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ɸʅʆʊɸʎɯʗ 

ʂʦʥʦʨʝʚ ʉ.ɯ. ʉʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʚ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʷʭ "ʛʨʘʬʝʥ-ʤʝʪʘʣ" ʪʘ "ʤʝʪʘʣ-

ʢʨʝʤʥʽʡ" ï ʅʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.16.01 ï ʄʝʪʘʣʦʟʥʘʚʩʪʚʦ ʪʘ ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʤʝʪʘʣʽʚ. ï 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʄʆʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2021. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʩʪʘʥʦʚʣʝʥʥʶ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʩʠʩʪʝʤ  "ʛʨʘʬʝʥ-ʤʝʪʘʣ (Fe, 

Pt, Ti)" ʪʘ "ʰʘʨ ʤʝʪʘʣʫ (Fe, Pt, Mn) ʜʦ 25 ʥʤ - Si (100)" ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠʩʪʨʦʾʚ ʤʽʢʨʦʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ 

ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. ʆʩʦʙʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʻ ʪʝ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ, 

ʟʘʩʪʦʩʦʚʘʥʦ ʢʦʤʙʽʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʨʽʟʥʦʛʦ ʪʠʧʫ: ʤʝʪʦʜʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʥʠʭ ʨʽʚʥʷʭ ʧʦʻʜʥʫʚʘʣʠʩʴ ʽʟ ʩʫʯʘʩʥʠʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ï ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʻʶ ʚʪʦʨʠʥʥʠʭ 

ʡʦʥʽʚ, ʨʝʥʪʛʝʥʽʚʩʴʢʦʶ ʜʠʬʨʘʢʪʦʤʝʪʨʽʻʶ, ʪʨʘʥʩʤʽʩʽʡʥʦʶ ʝʣʝʢʪʨʦʥʥʦʶ 

ʤʽʢʨʦʩʢʦʧʽʻʶ, ʨʝʟʠʩʪʦʤʝʪʨʽʻʶ. 

ɺ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʘʫʢʦʚʽ ʜʞʝʨʝʣʘ ʟʘ ʪʝʤʘʪʠʢʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʈʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʽ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ 

ʛʨʫʥʪʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʨʘʬʝʥʫ. ʇʦʢʘʟʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʛʨʘʬʝʥʦʤ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʬʽʟʠʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʚʘʢʫʫʤʥʦ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʤʝʪʘʣʝʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʾʭ ʩʪʨʫʢʪʫʨʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʚʠʟʥʘʯʝʥʦ ʨʦʣʴ ʬʘʢʪʦʨʫ ʪʦʚʱʠʥʠ 

ʰʘʨʽʚ ʪʘ ʥʘʷʚʥʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʧʨʦʤʽʞʥʠʭ ʰʘʨʽʚ ʫ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʢʦʚʠʭ 

ʢʦʤʧʦʟʠʮʽʷʭ ʥʘ ʨʦʟʚʠʪʦʢ ʜʠʬʫʟʽʡʥʦʛʦ ʬʘʟʦʫʪʚʦʨʝʥʥʷ. 
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ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʤʝʞ ʨʦʟʜʽʣʫ "ʛʨʘʬʝʥ-ʤʝʪʘʣ" ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ. ʆʩʥʦʚʥʠʡ ʦʙôʻʤ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʥʘʥʠʡ ʚ ʋʥʽʚʝʨʩʠʪʝʪʽ 

ʤ. ʍʫʝʡʯʞʦʫ (ʂʅʈ) ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʧʝʨʢʦʤʧôʶʪʝʨʫ TianHe-II. ɿ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ ʚʥʝʩʢʫ, ʽʥʜʫʢʦʚʘʥʦʛʦ ʥʘʥʝʩʝʥʥʷʤ ʛʨʘʬʝʥʫ, ʩʪʚʦʨʶʚʘʣʠʩʴ ʤʦʜʝʣʽ 

ʜʣʷ ʯʠʩʪʦʛʦ ʤʝʪʘʣʫ, ʚʽʣʴʥʦʛʦ ʛʨʘʬʝʥʫ, ʩʠʩʪʝʤ "ʛʨʘʬʝʥ-ʤʝʪʘʣ" ʜʚʦʭ ʨʽʟʥʠʭ 

ʚʟʘʻʤʥʠʭ ʦʨʽʻʥʪʘʮʽʡ ʜʣʷ ʢʦʞʥʦʛʦ ʤʝʪʘʣʫ, ʜʚʦʭ ʪʝʤʧʝʨʘʪʫʨ ï 300 ʂ ʪʘ 400 ʂ, ʘ 

ʪʘʢʦʞ ʪʨʴʦʭ ʥʘʡʙʽʣʴʰ ʱʽʣʴʥʦ ʩʧʘʢʦʚʘʥʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʦʱʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʙʽʣʴʰʝ 70 ʨʽʟʥʠʭ ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʩʪʨʫʢʪʫʨʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʤʝʞʘʭ 

ʨʦʟʜʽʣʫ ʩʠʩʪʝʤ "ʛʨʘʬʝʥ - ʤʦʥʦʢʨʠʩʪʘʣ ʤʝʪʘʣʫ (Fe, Pt, Ti) ʟ ʨʽʟʥʦʶ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʶ ʦʨʽʻʥʪʘʮʽʻʶ ʧʦʚʝʨʭʥʽ" ʪʘ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʫ. 

ʄʝʞʽ ʨʦʟʜʽʣʫ ʜʨʫʛʦʛʦ ʪʠʧʫ "ʤʝʪʘʣ-ʢʨʝʤʥʽʡ" ʜʦʩʣʽʜʞʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʥʪʠʥʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʩʫʯʘʩʥʦʛʦ ʥʝʣʽʥʽʡʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʪʝʦʨʽʾ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʟ ʯʘʩʪʠʥʥʠʤʠ ʧʦʭʽʜʥʠʤʠ, 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʘ ʪʘʢʦʞ ʩʫʯʘʩʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʠʢ. 

ʈʦʟʛʣʷʥʫʪʦ ʟʘʜʘʯʽ ʟʘʨʦʜʞʝʥʥʷ ʪʘ ʨʦʩʪʫ ʯʘʩʪʠʥʦʢ ʥʦʚʦʾ ʬʘʟʠ (ʷʢ 

ʘʥʩʘʤʙʣʶ) ʮʠʣʽʥʜʨʠʯʥʦʾ ʪʘ ʧʣʦʩʢʦʾ ʬʦʨʤʠ, ʱʦ ʚʠʨʦʩʪʘʶʪʴ ʚ ʦʙʣʘʩʪʽ ʟ 

ʚʠʯʝʨʧʥʠʤ ʜʞʝʨʝʣʦʤ ʜʠʬʫʟʘʥʪʫ, ʽ ʦʪʨʠʤʘʥʦ ʨʦʟʚôʷʟʢʠ ʮʠʭ ʜʠʬʫʟʽʡʥʠʭ ʟʘʜʘʯ ʫ 

ʥʦʚʽʡ ʧʦʩʪʘʥʦʚʮʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ: ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ 

ʚʢʣʶʯʝʥʴ ʧʽʜ ʯʘʩ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ; ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʟʨʦʩʪʘʶʯʠʭ 

ʯʘʩʪʠʥʦʢ ʪʘ ʯʘʩ ʡʦʛʦ ʜʦʩʷʛʥʝʥʥʷ;  ʢʦʥʮʝʥʪʨʘʮʽʡʥʦ-ʯʘʩʦʚʽ ʨʦʟʧʦʜʽʣʠ ʚ ʦʢʦʣʽ 

ʯʘʩʪʠʥʢʠ; ʜʠʬʫʟʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʭʥʽʯʥʦ ʘʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ "ʤʝʪʘʣ-

ʢʨʝʤʥʽʡ" ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 723 ʂ ï 1273 ʂ ʚʠʢʦʨʠʩʪʘʥʦ ʤʘʩ-

ʩʧʝʢʪʨʦʤʝʪʨʽʶ ʚʪʦʨʠʥʥʠʭ ʡʦʥʽʚ, ʨʝʥʪʛʝʥʽʚʩʴʢʫ ʜʠʬʨʘʢʪʦʤʝʪʨʽʶ, ʪʨʘʥʩʤʽʩʽʡʥʫ 

ʝʣʝʢʪʨʦʥʥʫ ʤʽʢʨʦʩʢʦʧʽʶ, ʯʦʪʠʨʠʟʦʥʜʦʚʫ ʨʝʟʠʩʪʦʤʝʪʨʽʶ ʪʦʱʦ. ɺʠʟʥʘʯʝʥʦ, ʱʦ 

ʦʩʦʙʣʠʚʽʩʪʶ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ ʟʤʽʥ ʚ ʜʦʩʣʽʜʞʝʥʠʭ ʰʘʨʘʭ ʩʠʣʽʮʠʜʽʚ (Mn4Si7) 

ʪʘ ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ (L10-FePt) ʻ ʬʦʨʤʫʚʘʥʥʷ ʘʥʩʘʤʙʣʶ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʧʣʦʩʢʦʾ ʪʘ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ. ʆʜʝʨʞʘʥʽ ʨʦʟʚôʷʟʢʠ ʟʘʜʘʯ ʜʠʬʫʟʽʾ ʚ ʥʦʚʽʡ 
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ʧʦʩʪʘʥʦʚʮʽ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽ ʝʚʦʣʶʮʽʾ  ʚʠʷʚʣʝʥʠʭ 

ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ.  

ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʢʽʥʝʪʠʢʠ ʨʦʩʪʫ ʮʠʣʽʥʜʨʠʯʥʠʭ ʚʢʣʶʯʝʥʴ 

ʩʠʣʽʮʠʜʥʦʾ ʬʘʟʠ Mn4Si7 ʚ ʧʨʦʮʝʩʽ ʩʧʽʚʦʩʘʜʞʝʥʥʷ Mn ʪʘ Si, ʟʘ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʜʠʬʫʟʽʾ ʧʝʨʝʩʠʯʝʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ Mn-Si, ʧʦʢʘʟʘʣʦ 

ʟʘʜʦʚʽʣʴʥʝ ʫʟʛʦʜʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ  

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ.  

ʅʘ ʧʨʠʢʣʘʜʽ ʩʠʩʪʝʤʠ Fe-Pt/Si(100) ʜʦʚʝʜʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʫ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʝʥʝʨʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʚʘʢʘʥʩʽʡ, ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʜʠʬʫʟʽʾ, ʝʥʝʨʛʽʾ ʤʽʛʨʘʮʽʾ ʘʪʦʤʽʚ 

Fe ʪʘ Pt ʚ ʽʥʪʝʨʤʝʪʘʣʽʜʽ L10-FePt. 

ʆʪʨʠʤʘʥʽ ʚ ʨʦʙʦʪʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠʩʪʨʦʾʚ ʤʽʢʨʦ- 

ʪʘ ʥʘʥʦʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ ʟ ʜʦʩʣʽʜʞʝʥʠʤʠ ʚ ʨʦʙʦʪʽ ʰʘʨʘʤʠ ʛʨʘʬʝʥʫ, ʤʝʪʘʣʽʚ, 

ʢʨʝʤʥʽʶ. 

ɺʧʝʨʰʝ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ ʚʩʪʘʥʦʚʣʝʥʦ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʩʪʨʫʢʪʫʨʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʤʝʞʘʭ 

ʨʦʟʜʽʣʫ ʩʠʩʪʝʤ ï "ʛʨʘʬʝʥ - ʤʦʥʦʢʨʠʩʪʘʣ ʤʝʪʘʣʫ (Fe, Pt, Ti) ʟ ʨʽʟʥʦʶ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʶ ʦʨʽʻʥʪʘʮʽʻʶ ʧʦʚʝʨʭʥʽ" ʪʘ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʫ: 

ï ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʜʦ 400 ʂ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʫ ʥʘ ʧʦʚʝʨʭʥʷʭ ʤʝʪʘʣʽʚ 

ʧʽʜʜʘʻʪʴʩʷ ʣʠʰʝ ʨʝʣʘʢʩʘʮʽʡʥʠʤ ʟʤʽʥʘʤ (ʨʦʟʪʷʛ ʜʦ 3 %) ʙʝʟ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʽʾ; 

ï ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʘʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ ʩʪʫʧʽʥʴ ʡʦʛʦ ʨʝʣʘʢʩʘʮʽʾ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ; ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 400 ʂ ï ʟʨʦʩʪʘʻ. 

ʅʘ ʦʩʥʦʚʽ ʟʘʟʥʘʯʝʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦʾ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʤʝʞ ʨʦʟʜʽʣʫ "ʛʨʘʬʝʥ-ʤʝʪʘʣ" ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘʢʽ ʢʨʠʪʝʨʽʾ:  

ï ʟʘ ʤʘʣʦʾ ʨʽʟʥʠʮʽ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʨʘʪʦʢ ʤʝʪʘʣʫ ʪʘ 

ʛʨʘʬʝʥʫ ïʦʙʠʨʘʪʠ ʛʨʘʥʽ ʤʝʪʘʣʽʚ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʱʽʣʴʥʽʩʪʶ ʧʘʢʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ; 
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ï ʟʘ ʚʝʣʠʢʦʾ ʨʽʟʥʠʮʽ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʨʘʪʦʢ ʤʝʪʘʣʫ ʪʘ 

ʛʨʘʬʝʥʫ ï ʦʙʠʨʘʪʠ ʛʨʘʥʽ ʤʝʪʘʣʽʚ ʟ ʷʢʥʘʡʤʝʥʰʦʶ ʱʽʣʴʥʽʩʪʶ ʧʘʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ. 

ɺʧʝʨʰʝ ʚ ʥʦʚʽʡ ʧʦʩʪʘʥʦʚʮʽ ʨʦʟʛʣʷʥʫʪʦ ʟʘʜʘʯʽ ʟʘʨʦʜʞʝʥʥʷ ʪʘ ʨʦʩʪʫ 

ʯʘʩʪʠʥʦʢ ʥʦʚʦʾ ʬʘʟʠ (ʷʢ ʘʥʩʘʤʙʣʶ) ʮʠʣʽʥʜʨʠʯʥʦʾ ʪʘ ʧʣʦʩʢʦʾ ʬʦʨʤʠ, ʱʦ 

ʚʠʨʦʩʪʘʶʪʴ ʚ ʦʙʣʘʩʪʽ ʟ ʚʠʯʝʨʧʥʠʤ ʜʞʝʨʝʣʦʤ ʜʠʬʫʟʘʥʪʫ, ʽ ʦʪʨʠʤʘʥʦ ʨʦʟʚôʷʟʢʠ 

ʮʠʭ ʟʘʜʘʯ;  

ʮʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ: 

ï ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʚʢʣʶʯʝʥʴ ʧʽʜ ʯʘʩ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ; 

ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʟʨʦʩʪʘʶʯʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʯʘʩ ʡʦʛʦ ʜʦʩʷʛʥʝʥʥʷ;  

ï ʢʦʥʮʝʥʪʨʘʮʽʡʥʦ-ʯʘʩʦʚʽ ʨʦʟʧʦʜʽʣʠ ʚ ʦʢʦʣʽ ʯʘʩʪʠʥʢʠ; 

ï ʜʠʬʫʟʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʦʙʣʠʚʽʩʪʶ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ ʟʤʽʥ ʚ ʜʦʩʣʽʜʞʝʥʠʭ 

ʰʘʨʘʭ ʩʠʣʽʮʠʜʽʚ (Mn4Si7) ʪʘ ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ (L10-FePt) ʻ ʬʦʨʤʫʚʘʥʥʷ ʘʥʩʘʤʙʣʶ 

ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʣʦʩʢʦʾ ʪʘ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ, ʧʘʨʘʤʝʪʨʠ ʽ ʝʚʦʣʶʮʽʷ  

ʷʢʠʭ ʧʨʦʛʥʦʟʫʶʪʴʩʷ ʦʜʝʨʞʘʥʠʤʠ ʚ ʨʦʙʦʪʽ ʨʦʟʚôʷʟʢʘʤʠ ʟʘʜʘʯ ʜʠʬʫʟʽʾ ʚ ʥʦʚʽʡ 

ʧʦʩʪʘʥʦʚʮʽ. 

ɺʧʝʨʰʝ ʥʘ ʧʨʠʢʣʘʜʽ ʩʠʩʪʝʤʠ Fe-Pt/Si(100) ʧʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʬʫʟʽʡʥʦʛʦ 

ʤʘʩʦʧʝʨʝʥʦʩʫ: ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʟʥʘʯʠʪʠ ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʚʘʢʘʥʩʽʡ, ʝʥʝʨʛʽʾ 

ʘʢʪʠʚʘʮʽʾ ʜʠʬʫʟʽʾ, ʝʥʝʨʛʽʾ ʤʽʛʨʘʮʽʾ ʘʪʦʤʽʚ Fe ʪʘ Pt ʚ ʽʥʪʝʨʤʝʪʘʣʽʜʽ L10-FePt. 

ɺʩʪʘʥʦʚʣʝʥʽ ʨʦʟʤʽʨʥʽ, ʤʦʨʬʦʣʦʛʽʯʥʽ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʝʬʝʢʪʠ ʚ ʧʨʦʮʝʩʘʭ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʜʦʩʣʽʜʞʝʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʧʨʠ ʪʝʨʤʽʯʥʦʤʫ 

ʚʧʣʠʚʽ ʚʠʩʪʫʧʘʶʪʴ ʚ ʷʢʦʩʪʽ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ 

ʥʘʥʦʬʘʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʠʨʦʢʦʛʦ ʧʨʦʬʽʣʶ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʨʘʬʝʥ, ʧʦʚʝʨʭʥʷ, ʤʝʞʘ ʨʦʟʜʽʣʫ, ʨʝʣʘʢʩʘʮʽʷ, 

ʨʝʢʦʥʩʪʨʫʢʮʽʷ, ʥʘʥʦʨʦʟʤʽʨʥʘ ʢʦʤʧʦʟʠʮʽʷ, ʜʠʬʫʟʽʷ, ʩʪʨʫʢʪʫʨʘ, ʩʠʣʽʮʠʜ, 

ʬʘʟʦʫʪʚʦʨʝʥʥʷ.  



6 

SUMMARY  

Konorev S.I. Structural phase transitions at the interfaces of nanoscale 

functional stacks "graphene-metal" and "metal-silicon" ï Manuscript. 

 

Thesis for receiving the candidate of technical sciences degree within the 

specialty ï 05.16.01 Metal science and heat treatment of metals. ï National Technical 

University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute", Ministry of 

Education and Science of Ukraine, Kyiv, 2021. 

The thesis is devoted to investigation of regularities of structural phase 

transitions at the interfaces of "graphene-metal (Fe, Pt, Ti)" and "metal layer (Fe, Pt, 

Mn) below 25 nm-Si(100)" systems for formation of scientific bases of next 

generation microdevices fabrication. The feature of this work is the fact that, in 

contrast to other studies, combined approach for investigation of structural phase 

transitions at the interfaces of different types was applied: computer simulation 

methods of different scale levels were combined with modern experimental 

investigation methods ï secondary ions mass-spectrometry, X-ray diffraction, 

transmission electron microscopy, four-probe resistometry. 

Literature sources related to the topic of dissertation study were analyzed in 

this work. Modern state of the field of technologies based on graphene applications 

was reviewed.  Features of experimental and theoretical investigation of structure and 

properties of contacting with graphene materials were shown. Influence of 

manufacturing physical and technological parameters of condensed in vacuum 

metallic materials on its structure and properties was analyzed. The impact of layers 

thickness and presence of additional layers in metallic layer stacks on the 

development of diffusion phase formation process was determined. 

Molecular dynamics approach was used for investigation of "graphene-metal" 

interfaces. Main part of calculations was realized at Huizhou University (PRC), using 
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TianHe-II supercomputer. The models of pure metal, free graphene, "graphene-metal 

system" of two different orientations for each metal, two temperatures ï 300 K and 

400K, three most densely packed metal planes were created in order to determine the 

impact induced by graphene coating. As a result, more than 70 model systems were 

analyzed, allowing to determine regularities of structural relaxation and 

reconstruction processes at the interfaces of systems "graphene-single crystal of metal 

Fe, Pt, Ti of various surface orientations" as well as impact of temperature factor. 

Interfaces of the second type "metal-silicon" were investigated by means of 

continuous approach, using modern nonlinear mathematical analysis methods, theory 

of differential equations with partial derivatives, integral equations as well modern 

experimental methods.  

The tasks of nucleation and growth of new phase particles (ensemble like) of 

flat and cylindrical shapes, growing from the area with a limited diffusant source, 

were considered as well. The solutions of these diffusion tasks in new forms were 

obtained, allowing to determine the following parameters: growth rate of new 

particles during heat treatment; maximum size of growing particles and time needed 

to achieve this size; concentration and time distributions in the area close to these 

particles; diffusion characteristics. 

For experimental study of technically promising ñmetal-siliconò systems in the 

temperature range of 723 K ï 1273 K the following methods were used: secondary 

ions mass-spectrometry, X-ray diffraction, transmission electron microscopy, four-

point resistivity measurements, etc. It was determined that feature of structural and 

phase modifications in the investigated layers of silicides (Mn4Si7) and intermetallics 

(L10-FePt) is a formation of structural elements ensemble of flat shape. Obtained 

solutions of diffusion tasks in a new form were used to forecast of parameters and 

evolution of found structural elements.  
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Computer simulation of growth kinetics of Mn4Si7 silicide phase during co-

deposition of Mn and Si, in case of oversaturated Mn-Si solid solution formation 

during initial diffusion stages, reveled satisfied agreement between calculation 

parameters and transmission electron microscopy experimental results. 

Using Fe-Pt/Si(100) system as an example, it was proved that molecular 

dynamics is an effective approach to determine temperature dependence of vacancy 

formation energy, diffusion activation energy, migration energies of Fe and Pt atoms 

in the L10-FePt intermetallic. 

Obtained results are of practical interest for scientific basis formation of 

modern technologies of micro- and nano- devices creation with layers of graphene, 

metals and silicon. 

Regularities of structural relaxation and reconstruction processes at the 

interfaces of ñgraphene - single crystal of metal (Fe, Pt, Ti) with different 

crystallographic surface orientationsò as well as effect of the temperature factor were 

determined for a first time using molecular dynamics method:  

ï At temperatures below 400 K structure of graphene on metal surfaces reveals 

just relaxation changes (expansion up to 3%) without reconstruction.    

ï Level of relaxation and reconstruction goes down with a lowering of packing 

density of the metal surface layer and increases with rise of the temperature up to 400 

K. 

In order to provide structural stability of the interfaces ñgraphene ï metalò the 

following criteria were proposed based on these regularities:  

ï in case of small mismatch between crystal lattice parameters of metal and 

graphene it is desirable to choose planes with a maximum surface packing density; 

ï in case of large mismatch between crystal lattice parameters of metal and 

graphene it is desirable to choose planes with a lowest surface packing density; 
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The tasks of nucleation and growth of new phase particles (ensemble like) of 

flat and cylindrical shapes, growing from the area with a limited diffusant source, 

were considered for a first time and solutions of these tasks were obtained, allowing 

to determine the following parameters:  

ï growth rate of new particles during heat treatment;  

ï maximum size of growing particles and time needed to achieve this size; 

ï concentration and time distributions in the area close to these particles; 

ï diffusion characteristics. 

It was determined that feature of structural and phase modifications in the 

investigated layers of silicides (Mn4Si7) and intermetallics (L10-FePt) is a formation 

of structural elements of flat and cylindrical shapes. Parameters and evolution of 

these particles could be predicted by obtained in this study solutions of diffusion 

tasks in new forms. 

Using Fe-Pt/Si(100) system as an example, possibility to apply molecular 

dynamics method for characterization of diffusion mass transfer was shown for a first 

time: obtained by simulation results allow to determine temperature dependence of 

vacancy formation energy, diffusion activation energy, migration energies of Fe and 

Pt atoms in the L10-FePt intermetallic.  

Determined size, morphological, and concentration effects during structural 

and phase transitions in the investigated materials under heat influence are scientific 

basis of manufacturing technologies of nanoscale materials of wide application range. 

 

Key words: graphene, surface, interfaces, surface relaxation, reconstruction, 

nanoscale stack, diffusion, structure, silicide, phase formation. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ ʊɸ ʇʆɿʅɸʏɽʅʔ 

 

ʄɼ (MD) ï ʤʦʣʝʢʫʣʷʨʥʘ ʜʠʥʘʤʽʢʘ 

EAM ï ʤʝʪʦʜ ʟʘʥʫʨʝʥʦʛʦ ʘʪʦʤʘ (embedded atom method) 

MEAM ï ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʥʫʨʝʥʦʛʦ ʘʪʦʤʘ (modified embedded atom 

method) 

MCɺɯ (SIMS) ï ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʷ ʚʪʦʨʠʥʥʠʭ ʽʦʥʽʚ 

ʊʂʃʈ ï ʪʝʨʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 

ɻʎʂ ï ʛʨʘʥʝʮʝʥʪʨʦʚʘʥʘ ʢʫʙʽʯʥʘ ʛʨʘʪʢʘ 

ʆʎʂ ï ʦʙ'ʻʤʦʮʝʥʪʨʦʚʘʥʘ ʢʫʙʽʯʥʘ ʛʨʘʪʢʘ  

ɻʑʇ ï ʛʝʢʩʘʛʦʥʘʣʴʥʘ ʱʽʣʴʥʦ ʩʧʘʢʦʚʘʥʘ ʛʨʘʪʢʘ 

a, b, c ï ʧʝʨʽʦʜʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ 

ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʊɽʄ ï ʪʨʘʥʩʤʽʩʽʡʥʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽ ̫

ɯʂʄ ï ʽʤʽʪʘʮʽʡʥʝ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ȹd ï ʟʤʽʥʘ ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ 

Dʅ ï ʚʽʣʴʥʘ ʝʥʝʨʛʽʷ 

D ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ 

MSD ï ʩʝʨʝʜʥʴʦ-ʢʚʘʜʨʘʪʠʯʥʝ ʧʝʨʝʤʽʱʝʥʥʷ (mean squared displacement) 

Gr/Me ï ʩʠʩʪʝʤʘ "ʛʨʘʬʝʥ-ʤʝʪʘʣ" 

ʄʝ/Si ï ʩʠʩʪʝʤʘ "ʤʝʪʘʣ-ʢʨʝʤʥʽʡ" 
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ɺʉʊʋʇ 

ɻʨʘʬʝʥ (ʘʙʦ ʤʦʥʦʘʪʦʤʥʠʡ ʰʘʨ ʚʫʛʣʝʮʶ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʫʥʽʢʘʣʴʥʠʤ 

ʢʦʤʧʣʝʢʩʦʤ ʤʝʭʘʥʽʯʥʠʭ, ʝʣʝʢʪʨʠʯʥʠʭ, ʦʧʪʠʯʥʠʭ ʪʘ ʽʥʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʚʘʞʘʪʠ ʡʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ 

ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ. ʆʜʥʘʢ ʥʘ ʩʴʦʛʦʜʥʽ ʢʨʝʤʥʽʡ ʧʨʦʜʦʚʞʫʻ ʟʘʣʠʰʘʪʠʩʷ ʦʩʥʦʚʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ʽ ʨʦʟʚʠʪʦʢ ʚʫʛʣʝʮʝʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʴ ʰʣʷʭʦʤ 

ʧʦʩʪʫʧʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʨʘʬʝʥʫ ʜʦ ʚʞʝ ʽʩʥʫʶʯʠʭ ʩʠʣʽʮʠʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɺʘʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʥʘʙʫʚʘʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʞ ʨʦʟʜʽʣʫ ʛʨʘʬʝʥʫ ʟ 

ʤʝʪʘʣʘʤʠ, ʢʨʝʤʥʽʶ ʟ ʤʝʪʘʣʘʤʠ ʪʘ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʰʘʨʽʚ 

ʩʠʣʽʮʠʜʽʚ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʟʘ ʫʤʦʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. 

ʑʝ ʦʜʥʠʤ ʟ ʷʩʢʨʘʚʠʭ ʧʨʠʢʣʘʜʽʚ ʤʦʞʣʠʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʨʘʬʝʥʫ ʻ 

ʩʦʥʷʯʥʘ ʝʥʝʨʛʝʪʠʢʘ. ɯ ʪʫʪ ʛʨʘʬʝʥ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʥʘʡʚʘʞʣʠʚʽʰʘ ʩʢʣʘʜʦʚʘ 

ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʢʨʝʤʥʽʶ ʜʣʷ ʢʘʨʜʠʥʘʣʴʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʾʭ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʛʨʘʬʝʥ ʤʝʞʫʻ ʟ ʤʝʪʘʣʝʚʠʤʠ ʢʦʥʪʘʢʪʘʤʠ ʪʘ ʟ 

ʢʨʝʤʥʽʻʤ ʚ ʦʙʣʘʩʪʽ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʬʦʪʦʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʘ ʢʨʝʤʥʽʡ ʫ ʩʚʦʶ ʯʝʨʛʫ 

ʥʝ ʧʦʚʠʥʝʥ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʽʥʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɾʦʨʩʪʢʽ ʫʤʦʚʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʦʥʷʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʜʙʘʯʘʶʪʴ ʢʦʨʦʪʢʦʪʝʨʤʽʥʦʚʠʡ ʥʘʛʨʽʚ ʜʦ 900 Áʉ, ʘ ʜʦʚʛʦʪʨʠʚʘʣʘ 

ʝʢʩʧʣʫʘʪʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʷʢ ʟʘ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʪʘʢ ʽ ʟʘ ʥʠʟʴʢʠʭ ʜʦ -

150 Áʉ, ʜʣʷ ʪʠʭ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʷʢʽ ʥʘʧʨʠʢʣʘʜ ʻ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ. ɺʠʩʦʢʽ ʛʨʘʜʽʻʥʪʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, 

ʚʠʩʦʢʽ ʱʽʣʴʥʦʩʪʽ ʩʪʨʫʤʫ ʦʙʫʤʦʚʣʶʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ, 

ʜʠʬʫʟʽʡʥʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʽʚ, ʾʭ ʝʣʝʢʪʨʦʤʽʛʨʘʮʽʶ, ʩʫʪʪʻʚʫ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʬʨʦʥʪʫ ʜʠʬʫʟʽʾ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ ï ʜʝʛʨʘʜʘʮʽʶ ʪʘʢʠʭ ʩʦʥʷʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʎʝ ʚʠʤʘʛʘʻ ʜʝʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʽʥʝʪʠʢʠ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʜʠʬʫʟʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʩʪʨʫʢʪʫʨʥʠʭ ʪʘ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ "ʤʝʪʘʣ-

ʛʨʘʬʝʥ" ʪʘ "ʤʝʪʘʣ-ʢʨʝʤʥʽʡ", ʟʦʢʨʝʤʘ ʽ ʥʘ ʘʪʦʤʥʦʤʫ ʨʽʚʥʽ. ɺʠʨʽʰʝʥʥʷ ʪʘʢʠʭ 

ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ, ʤʝʪʦʜʠʢ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ 
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ʦʜʝʨʞʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦʤʦʞʫʪʴ ʤʘʪʠ ʧʨʦʨʠʚʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʥʦʚʠʭ ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʥʘ ʢʘʬʝʜʨʽ ʬʽʟʠʢʠ ʤʝʪʘʣʽʚ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ" ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʪʝʤ: "ʊʝʨʤʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʥʘʜʽʡʥʽʩʪʴ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ ʥʘ ʜʽʝʣʝʢʪʨʠʢʘʭ ʪʘ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ" (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0112U000818) ʪʘ "ʌʦʨʤʫʚʘʥʥʷ 

ʛʨʘʜʽʻʥʪʥʠʭ ʩʪʘʥʽʚ ʚ ʥʘʥʦʰʘʨʦʚʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʷʭ ʯʝʨʝʟ 

ʧʨʦʮʝʩʠ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ" (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0115U002319), 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʧʨʦʛʨʘʤʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ; 

ʘ ʪʘʢʦʞ ʧʨʦʝʢʪʫ "ʊʦʥʢʦʧʣʽʚʢʦʚʽ ʩʦʥʷʯʥʽ ʝʣʝʤʝʥʪʠ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ 

ʢʨʝʤʥʽʶ, ʣʝʛʦʚʘʥʦʛʦ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ" ʟʘ ʧʽʜʪʨʠʤʢʠ ʌʦʥʜʫ 

ʮʠʚʽʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʚʠʪʢʫ ʉʐɸ (UKP2-7040-KV-11); ʤʽʞʥʘʨʦʜʥʦʛʦ 

ʧʨʦʝʢʪʫ "ʉʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ: ʢʦʤʧ'ʶʪʝʨʥʝ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʢʦʥʪʘʢʪʽʚ" ʟ ʋʥʽʚʝʨʩʠʪʝʪʦʤ ʤ. ʍʫʻʡʜʞʦʫ 

(ʂʅʈ). 

ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ  ̒ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʩʠʩʪʝʤ "ʛʨʘʬʝʥ - ʤʝʪʘʣ (Fe, 

Pt, Ti)" ʪʘ "ʰʘʨ ʤʝʪʘʣʫ (Fe, Pt, Mn) ʜʦ 25 ʥʤ - Si (100)" ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠʩʪʨʦʾʚ ʤʽʢʨʦʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ 

ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʧʦʩʪʘʚʣʝʥʦ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ: 

1. ɯʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ ʜʦʩʣʽʜʠʪʠ ʩʪʨʫʢʪʫʨʥʽ 

ʟʤʽʥʠ (ʨʝʣʘʢʩʘʮʽʷ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʷ) ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤ ï 

"ʛʨʘʬʝʥ - ʤʦʥʦʢʨʠʩʪʘʣ ʤʝʪʘʣʫ (Fe, Pt, Ti) ʟ ʨʽʟʥʦʶ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʶ 

ʦʨʽʻʥʪʘʮʽʻʶ ʧʦʚʝʨʭʥʽ". 

2. ʈʦʟʛʣʷʥʫʪʠ ʟʘʜʘʯʽ ʜʠʬʫʟʽʾ ʚ ʥʦʚʽʡ ʧʦʩʪʘʥʦʚʮʽ ʜʣʷ ʚʠʧʘʜʢʫ ʘʥʩʘʤʙʣʶ 

ʯʘʩʪʠʥʦʢ ʥʦʚʦʾ ʬʘʟʠ ʮʠʣʽʥʜʨʠʯʥʦʾ ʪʘ ʧʣʦʩʢʦʾ ʬʦʨʤʠ, ʱʦ ʚʠʨʦʩʪʘʶʪʴ ʚ ʦʙʣʘʩʪʽ ʟ 

ʚʠʯʝʨʧʥʠʤ ʜʞʝʨʝʣʦʤ ʜʠʬʫʟʘʥʪʫ, ʽ ʧʦʨʽʚʥʷʪʠ ʟ ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 
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ʜʦʩʣʽʜʞʝʥʴ ʪʝʭʥʽʯʥʦ ʘʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ "ʰʘʨ ʤʝʪʘʣʫ (Fe, Pt, Mn) ʜʦ 25 ʥʤ - Si 

(100)". 

3. ɺʠʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʬʫʟʽʡʥʦʛʦ ʤʘʩʦʧʝʨʝʥʦʩʫ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʚ ʨʦʙʦʪʽ ʩʠʩʪʝʤʘʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ ʪʘ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʨʦʟʚ'ʷʟʢʘʤʠ ʟʘʜʘʯ ʜʠʬʫʟʽʾ ʚ ʥʦʚʽʡ ʧʦʩʪʘʥʦʚʮʽ. 

4. ʇʦʢʘʟʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʚ ʨʦʙʦʪʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʨʠʩʪʨʦʾʚ ʤʽʢʨʦʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʟ ʜʦʩʣʽʜʞʝʥʠʤʠ ʚ ʨʦʙʦʪʽ 

ʰʘʨʘʤʠ ʛʨʘʬʝʥʫ, ʤʝʪʘʣʽʚ, ʢʨʝʤʥʽʶ. 

ʆʙôʻʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ï ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʷ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʨʽʟʥʦʛʦ ʪʠʧʫ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ ʟʤʽʥ ʥʘ 

ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʥʘʥʦʰʘʨʫʚʘʪʠʭ ʩʪʨʫʢʪʫʨ "ʛʨʘʬʝʥ-ʤʝʪʘʣ" ʽ "ʤʝʪʘʣ-ʢʨʝʤʥʽʡ" ʟʘ 

ʫʤʦʚ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʦʩʪʘʚʣʝʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ, 

ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʷ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʚ ʨʦʙʦʪʽ 

ʨʦʟʚôʷʟʢʘʤʠ ʟʘʜʘʯ ʜʠʬʫʟʽʾ ʚ ʥʦʚʽʡ ʧʦʩʪʘʥʦʚʮʽ ʽ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ 

ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʥʘʩʪʫʧʥʠʤʠ ʩʫʯʘʩʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʤʘʩ-

ʩʧʝʢʪʨʦʤʝʪʨʽʻʶ ʚʪʦʨʠʥʥʠʭ ʡʦʥʽʚ (ʄʉɺɯ), ʨʝʥʪʛʝʥʽʚʩʴʢʦʶ ʜʠʬʨʘʢʪʦʤʝʪʨʽʻʶ, 

ʪʨʘʥʩʤʽʩʽʡʥʦʶ ʝʣʝʢʪʨʦʥʥʦʶ ʤʽʢʨʦʩʢʦʧʽʻʶ (ʊɽʄ), ʨʝʟʠʩʪʦʤʝʪʨʽʻʶ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʦʙʦʪʽ ʙʫʣʠ ʦʙʨʘʥʽ ʤʝʞʽ ʨʦʟʜʽʣʽʚ ʜʚʦʭ ʪʠʧʽʚ "ʛʨʘʬʝʥ-

ʤʝʪʘʣ" ʽ "ʤʝʪʘʣ-ʢʨʝʤʥʽʡ". 

ɼʣʷ ʧʝʨʰʦʛʦ ʪʠʧʫ ʤʝʞ ʨʦʟʜʽʣʽʚ ʙʫʣʠ ʦʙʨʘʥʽ ʤʝʪʘʣʠ ʽʟ ʨʽʟʥʠʤ ʪʠʧʦʤ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ. ɹʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʥʘʡʙʽʣʴʰ ʱʽʣʴʥʦ ʩʧʘʢʦʚʘʥʽ ʛʨʘʥʽ. ʇʦ-

ʜʨʫʛʝ, ʦʙʨʘʥʽ ʤʝʪʘʣʠ ʤʘʣʠ ʨʽʟʥʠʡ ʪʠʧ ʟʚ'ʷʟʢʫ ʟ ʛʨʘʬʝʥʦʤ ï ʘʙʦ ʩʠʣʴʥʠʡ ʟʚ'ʷʟʦʢ 

ʪʠʧʫ ʭʝʤʦʩʦʨʙʮʽʾ ï Ti, Fe (ʝʥʝʨʛʽʷ ʟʚôʷʟʢʫ ʛʨʘʬʝʥʫ ʟ ʧʽʜʢʣʘʜʢʦʶ ʥʘ ʨʽʚʥʽ 

0,125 ʝɺ) ʘʙʦ ʩʣʘʙʢʠʡ ï ʪʠʧʫ ʬʽʟʠʯʥʦʾ ʘʜʩʦʨʙʮʽʾ ï Pt (0, 038 ʝɺ). 

ɼʣʷ ʤʝʞ ʨʦʟʜʽʣʫ ʜʨʫʛʦʛʦ ʪʠʧʫ ʦʙʨʘʥʽ ʤʝʪʘʣʠ, ʩʠʣʽʮʠʜʠ ʷʢʠʭ ʥʘ ʩʴʦʛʦʜʥʽ ʻ 

ʥʘʡʙʽʣʴʰ ʟʘʪʨʝʙʫʚʘʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʚ ʤʽʢʨʦʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ. ʎʝ ʩʠʣʽʮʠʜʠ ʟ 

ʤʝʪʘʣʝʚʠʤ ʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤ ʪʠʧʦʤ ʧʨʦʚʽʜʥʦʩʪʽ, ʷʢʽ ʤʦʞʫʪʴ ʟʨʦʩʪʘʪʠ 
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ʝʧʽʪʘʢʩʽʘʣʴʥʦ, ʱʦ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʻ ʩʪʨʫʢʪʫʨʥʦ ʙʽʣʴʰ 

ʜʦʩʢʦʥʘʣʠʤʠ, ʘ ʦʪʞʝ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʤʠ ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚ ʢʦʥʪʘʢʪʽ ʟ ʛʨʘʬʝʥʦʤ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʪʝ, ʱʦ ï ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ï ʥʘʤʠ 

ʟʘʩʪʦʩʦʚʘʥʦ ʢʦʤʙʽʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʨʽʟʥʦʛʦ ʪʠʧʫ: ʥʘ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʥʠʭ ʨʽʚʥʷʭ 

ʤʝʪʦʜʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʠ ʧʦʻʜʥʘʥʽ ʟ ʩʫʯʘʩʥʠʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʴ. 

ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩʠ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʚ 

ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ï "ʛʨʘʬʝʥ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʘʭ Fe, Pt, Ti ʟ ʨʽʟʥʦʶ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʶ ʦʨʽʻʥʪʘʮʽʻʶ" ʟʘ ʪʝʤʧʝʨʘʪʫʨ 300 ʂ ʪʘ 400 ʂ. ʅʘ ʦʩʥʦʚʽ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦʾ ʪʘ ʪʝʨʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʽʥʪʝʨʬʝʡʩʽʚ "ʛʨʘʬʝʥ-ʤʝʪʘʣ". 

ʎʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ. 

ɸʥʘʣʽʟʫʚʘʣʘʩʴ ʘʪʦʤʥʘ ʩʪʨʫʢʪʫʨʘ, ʪʝʥʟʦʨʠ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʪʘ ʝʥʝʨʛʽʷ 

ʩʠʩʪʝʤʠ. ɺʠʟʥʘʯʘʚʩʷ ʚʧʣʠʚ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʧʨʫʞʝʥʴ, 

ʽʥʜʫʢʦʚʘʥʠʭ ʚʽʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ ʪʘ ʥʘʥʝʩʝʥʥʷʤ ʛʨʘʬʝʥʫ. ʇʨʠʜʘʪʥʽʩʪʴ 

ʧʦʪʝʥʮʽʘʣʽʚ ʄɼ ʤʦʜʝʣʶʚʘʥʥʷ ʘʥʘʣʽʟʫʚʘʣʘʩʴ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ˇʨʘʪʦʢ ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʣʽʥʽʡʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ (ʂʃʊʈ), 

ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʯʠʩʪʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽʟ ʩʪʘʥʜʘʨʪʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ. 

ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ ʤʝʭʘʥʽʟʤʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʽ 

ʬʦʨʤʫʚʘʥʥʷ ʩʠʣʽʮʠʜʥʠʭ ʬʘʟ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʚ ʢʦʤʧʦʟʠʮʽʷʭ "ʥʘʥʦʨʦʟʤʽʨʥʠʡ 

ʰʘʨ ʤʝʪʘʣʫ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʽ ʢʨʝʤʥʽʶ" ʟʘ ʫʤʦʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 723 ʜʦ 1273 ʂ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʤʧʣʝʢʩ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ: ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʶ ʚʪʦʨʠʥʥʠʭ ʡʦʥʽʚ, 

ʨʝʥʪʛʝʥʽʚʩʴʢʫ ʜʠʬʨʘʢʪʦʤʝʪʨʽʶ, ʪʨʘʥʩʤʽʩʽʡʥʫ ʝʣʝʢʪʨʦʥʥʫ ʤʽʢʨʦʩʢʦʧʽʶ, 

ʯʦʪʠʨʠʟʦʥʜʦʚʫ ʨʝʟʠʩʪʦʤʝʪʨʽʶ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

1. ɺʧʝʨʰʝ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ ʚʩʪʘʥʦʚʣʝʥʦ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʩʪʨʫʢʪʫʨʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʤʝʞʘʭ 
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ʨʦʟʜʽʣʫ ʩʠʩʪʝʤ ï "ʛʨʘʬʝʥ - ʤʦʥʦʢʨʠʩʪʘʣ ʤʝʪʘʣʫ (Fe, Pt, Ti) ʟ ʨʽʟʥʦʶ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʶ ʦʨʽʻʥʪʘʮʽʻʶ ʧʦʚʝʨʭʥʽ" ʪʘ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʫ: 

ï ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʜʦ 400 ʂ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʫ ʥʘ ʧʦʚʝʨʭʥʷʭ ʤʝʪʘʣʽʚ 

ʧʽʜʜʘʻʪʴʩʷ ʣʠʰʝ ʨʝʣʘʢʩʘʮʽʡʥʠʤ ʟʤʽʥʘʤ (ʨʦʟʪʷʛ ʜʦ 3 %) ʙʝʟ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʽʾ; 

ï ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʘʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ ʩʪʫʧʽʥʴ ʡʦʛʦ ʨʝʣʘʢʩʘʮʽʾ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ; ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 400 ʂ ï ʟʨʦʩʪʘʻ. 

2. ʅʘ ʦʩʥʦʚʽ ʟʘʟʥʘʯʝʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦʾ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʤʝʞ ʨʦʟʜʽʣʫ "ʛʨʘʬʝʥ-ʤʝʪʘʣ" ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘʢʽ ʢʨʠʪʝʨʽʾ:  

ï ʟʘ ʤʘʣʦʾ ʨʽʟʥʠʮʽ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʨʘʪʦʢ ʤʝʪʘʣʫ ʪʘ 

ʛʨʘʬʝʥʫ ïʦʙʠʨʘʪʠ ʛʨʘʥʽ ʤʝʪʘʣʽʚ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʱʽʣʴʥʽʩʪʶ ʧʘʢʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ; 

ï ʟʘ ʚʝʣʠʢʦʾ ʨʽʟʥʠʮʽ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʨʘʪʦʢ ʤʝʪʘʣʫ ʪʘ 

ʛʨʘʬʝʥʫ ï ʦʙʠʨʘʪʠ ʛʨʘʥʽ ʤʝʪʘʣʽʚ ʟ ʷʢʥʘʡʤʝʥʰʦʶ ʱʽʣʴʥʽʩʪʶ ʧʘʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ.   

3. ɺʧʝʨʰʝ ʚ ʥʦʚʽʡ ʧʦʩʪʘʥʦʚʮʽ ʨʦʟʛʣʷʥʫʪʦ ʟʘʜʘʯʽ ʟʘʨʦʜʞʝʥʥʷ ʪʘ ʨʦʩʪʫ 

ʯʘʩʪʠʥʦʢ ʥʦʚʦʾ ʬʘʟʠ (ʷʢ ʘʥʩʘʤʙʣʶ) ʮʠʣʽʥʜʨʠʯʥʦʾ ʪʘ ʧʣʦʩʢʦʾ ʬʦʨʤʠ, ʱʦ 

ʚʠʨʦʩʪʘʶʪʴ ʚ ʦʙʣʘʩʪʽ ʟ ʚʠʯʝʨʧʥʠʤ ʜʞʝʨʝʣʦʤ ʜʠʬʫʟʘʥʪʫ, ʽ ʦʪʨʠʤʘʥʦ ʨʦʟʚôʷʟʢʠ 

ʮʠʭ ʟʘʜʘʯ;  

ʮʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ: 

ï ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʚʢʣʶʯʝʥʴ ʧʽʜ ʯʘʩ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ; 

ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʟʨʦʩʪʘʶʯʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʯʘʩ ʡʦʛʦ ʜʦʩʷʛʥʝʥʥʷ;  

ï ʢʦʥʮʝʥʪʨʘʮʽʡʥʦ-ʯʘʩʦʚʽ ʨʦʟʧʦʜʽʣʠ ʚ ʦʢʦʣʽ ʯʘʩʪʠʥʢʠ; 

ï ʜʠʬʫʟʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

4. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʦʙʣʠʚʽʩʪʶ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ ʟʤʽʥ ʚ ʜʦʩʣʽʜʞʝʥʠʭ 

ʰʘʨʘʭ ʩʠʣʽʮʠʜʽʚ (Mn4Si7) ʪʘ ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ (L10-FePt) ʻ ʬʦʨʤʫʚʘʥʥʷ ʘʥʩʘʤʙʣʶ 

ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʣʦʩʢʦʾ ʪʘ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ, ʧʘʨʘʤʝʪʨʠ ʽ ʝʚʦʣʶʮʽʷ  

ʷʢʠʭ ʧʨʦʛʥʦʟʫʶʪʴʩʷ ʦʜʝʨʞʘʥʠʤʠ ʚ ʨʦʙʦʪʽ ʨʦʟʚôʷʟʢʘʤʠ ʟʘʜʘʯ ʜʠʬʫʟʽʾ ʚ ʥʦʚʽʡ 

ʧʦʩʪʘʥʦʚʮʽ. 

5. ɺʧʝʨʰʝ ʥʘ ʧʨʠʢʣʘʜʽ ʩʠʩʪʝʤʠ Fe-Pt/Si(100) ʧʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʬʫʟʽʡʥʦʛʦ 
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ʤʘʩʦʧʝʨʝʥʦʩʫ: ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʟʥʘʯʠʪʠ ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʚʘʢʘʥʩʽʡ, ʝʥʝʨʛʽʾ 

ʘʢʪʠʚʘʮʽʾ ʜʠʬʫʟʽʾ, ʝʥʝʨʛʽʾ ʤʽʛʨʘʮʽʾ ʘʪʦʤʽʚ Fe ʪʘ Pt ʚ ʽʥʪʝʨʤʝʪʘʣʽʜʽ L10-FePt. 

6. ɺʩʪʘʥʦʚʣʝʥʽ ʨʦʟʤʽʨʥʽ, ʤʦʨʬʦʣʦʛʽʯʥʽ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʝʬʝʢʪʠ ʚ 

ʧʨʦʮʝʩʘʭ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʜʦʩʣʽʜʞʝʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʧʨʠ 

ʪʝʨʤʽʯʥʦʤʫ ʚʧʣʠʚʽ ʚʠʩʪʫʧʘʶʪʴ ʚ ʷʢʦʩʪʽ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ 

ʥʘʥʦʬʘʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʠʨʦʢʦʛʦ ʧʨʦʬʽʣʶ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʜʠʩʝʨʪʘʥʪʘ ʧʦʣʷʛʘʻ ʫ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ 

ʜʠʬʫʟʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʠʟʥʘʯʝʥʥʽ ʩʪʨʫʢʪʫʨʥo-ʬʘʟoʚoʛo ʩʪʘʥʫ ʤʘʪʝʨʽʘʣʽʚ, 

ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʟʤʽʥ, ʚʩʪʘʥʦʚʣʝʥʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʚʢʣʶʯʝʥʴ 

ʥʦʚʠʭ ʬʘʟ ʨʽʟʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ, ʦʙʨʦʙʮʽ, ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʽ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

ʉʪʨʫʢʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤ "ʤʝʪʘʣ-ʢʨʝʤʥʽʡ" 

ʚʠʢʦʥʘʥʦ ʧʽʜ ʯʘʩ ʥʘʫʢʦʚʦʛʦ ʩʪʘʞʫʚʘʥʥʷ ʥʘ ʢʘʬʝʜʨʽ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʪʘ 

ʽʥʞʝʥʝʨʽʾ ʅʘʥʴʷʥʩʴʢʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʉʽʥʛʘʧʫʨ (School of 

materials science and engineering, Nanyang Technological University, Singapoor). 

ʇʽʜ ʯʘʩ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʦʤ ʤʘʪʝʤʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʦ 

ʧʦʩʪʘʥʦʚʢʫ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ, ʧʨʠʡʥʷʪʦ ʫʯʘʩʪʴ ʫ ʾʭ ʨʦʟʚôʷʟʘʥʥʽ 

ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʟʜʽʡʩʥʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ: 

ʚʽʟʫʘʣʽʟʘʮʽʶ ʨʦʟʚôʷʟʢʽʚ ʮʠʭ ʟʘʜʘʯ ʯʠʩʣʦʚʠʤʠ ʤʝʪʦʜʘʤʠ ʽ ʽʥʪʝʨʧʨʝʪʘʮʽʶ 

ʨʝʟʫʣʴʪʘʪʽʚ.  

ʋʩʽ ʨʦʟʨʘʭʫʥʢʠ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ ʧʨʦʚʝʜʝʥʦ ʘʚʪʦʨʦʤ 

ʦʩʦʙʠʩʪʦ, ʫ ʪʦʤʫ ʯʠʩʣʽ ï ʧʽʜ ʯʘʩ ʩʪʘʞʫʚʘʥʥʷ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʝʣʝʢʪʨʦʥʽʢʠ ʋʥʽʚʝʨʩʠʪʝʪʫ ʤ. ʍʫʻʡʜʞʦʫ, ʂʅʈ (Huizhou University, 

China) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʧʝʨʢʦʤʧôʶʪʝʨʘ TianHe-II (2015-2017 ʨʨ.).  

ɸʚʪʦʨ ʪʘʢʦʞ ʧʨʠʡʤʘʚ ʫʯʘʩʪʴ ʚ ʫʟʘʛʘʣʴʥʝʥʥʽ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʦʪʨʠʤʘʥʠʭ 

ʜʘʥʠʭ ʪʘ ʦʩʦʙʠʩʪʦ ʧʨʝʜʩʪʘʚʣʷʚ ʾʭ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʪʘ ʥʘʫʢʦʚʠʭ 

ʩʝʤʽʥʘʨʘʭ, ʟʦʢʨʝʤʘ, ï ʚ ʫʥʽʚʝʨʩʠʪʝʪʘʭ ʤ. ʍʫʻʡʜʞʦʫ ʪʘ ʤ. ʉʽʥʛʘʧʫʨ. 
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ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʽ ʜʦʧʦʚʽʜʘʣʠʩʷ ʥʘ 9 ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: 

International Students, Postgraduates and Young Scientists Conference çPerspective 

technologies on the base of advanced physical materials science research and 

computer materials designè (ʋʢʨʘʾʥʘ, ʂʠʾʚ ï 2007, 2008, 2010, 2017- 2019); çE-

MRS Fall Meetingè (ʇʦʣʴʱʘ, ɺʘʨʰʘʚʘ ï 2016, 2017); ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ 

ʢʦʥʬʝʨʝʥʮʽʷ "ʌʽʟʠʢʘ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʩʠʩʪʝʤ ʪʘ ʧʨʠʢʣʘʜʥʝ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ" 

(ʋʢʨʘʾʥʘ, ʃʴʚʽʚ ï 2007).   

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ 25 ʨʦʙʽʪ: 8 

ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ (ʟ ʥʠʭ 2 ʩʪʘʪʽ ʫ ʧʝʨʽʦʜʠʯʥʠʭ ʥʘʫʢʦʚʠʭ 

ʚʠʜʘʥʥʷʭ ʽʥʰʠʭ ʜʝʨʞʘʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʆɽʉʈ  ʪʘ/ʘʙʦ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ, 2 ʫ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ ʢʘʪʝʛʦʨʽʾ "ɸ", ʘʙʦ ʟʘʢʦʨʜʦʥʥʠʭ ʚʠʜʘʥʥʷʭ, ʱʦ 

ʚʭʦʜʷʪʴ ʜʦ WoS ʘʙʦ Scopus), 17 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʚ ʟʙʽʨʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ 

ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ 

ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ ʧʦ ʨʦʟʜʽʣʘʭ ʪʘ ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ. 

ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ʩʪʘʥʦʚʠʪʴ 209 ʩ. ʈʦʙʦʪʘ ʤʽʩʪʠʪʴ 13 ʪʘʙʣʠʮʴ, 79 

ʨʠʩʫʥʢʽʚ ʪʘ ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 244 ʥʘʡʤʝʥʫʚʘʥʴ. 
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ʈʆɿɼɯʃ 1  ʃʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ  

1.1 ɻʨʘʬʝʥ, ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʪʝʭʥʦʣʦʛʽʡ 

ʤʽʢʨʦʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ. 

ɿʘʚʜʷʢʠ ʩʚʦʾʤ ʫʥʽʢʘʣʴʥʠʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʛʨʘʬʝʥ ʤʘʻ 

ʧʝʨʩʧʝʢʪʠʚʫ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʫʯʘʩʥʠʭ ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʷʭ 

ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ. ʆʜʥʘʢ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʣʘʜʽʚ, ʚ ʷʢʦʩʪʽ ʬʫʢʥʮʽʦʥʘʣʴʥʠʭ ʰʘʨʽʚ 

ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʛʨʘʬʝʥ, ʧʝʨʝʜʙʘʯʘʻ ʚʠʨʽʰʝʥʥʷ ʥʠʟʢʠ ʬʽʟʠʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʜʘʯ, ʟʦʢʨʝʤʘ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʢʦʥʪʘʢʪʽʚ ʤʽʞ 

ʛʨʘʬʝʥʦʤ ʽ ʤʝʪʘʣʝʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʱʦ ʽ ʦʙʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʨʬʝʡʩʽʚ "ʤʝʪʘʣ-ʛʨʘʬʝʥ", ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʜʘʥʽʡ ʨʦʙʦʪʽ.  

ɺ ʦʛʣʷʜʽ ʥʘʚʝʜʝʥʦ ʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʥʝʱʦʜʘʚʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʟʘʻʤʦʜʽʾ ʽ ʨʦʩʪʫ ʛʨʘʬʝʥʫ ʥʘ ʨʽʟʥʠʭ ʤʝʪʘʣʝʚʠʭ 

ʧʦʚʝʨʭʥʷʭ. ɻʨʘʬʝʥ, ʥʘʥʝʩʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʶ ʤʝʪʘʣʫ, ʪʘʢʦʞ ʻ ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʴ ʤʦʜʝʣʴʥʦʶ ʩʠʩʪʝʤʦʶ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʚʯʘʪʠ ʘʜʩʦʨʙʮʽʶ ʪʘ 

ʤʦʜʠʬʽʢʘʮʽʶ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺ ʦʛʣʷʜʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʦʩʥʦʚʥʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʩʪʚʦʨʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʛʨʘʬʝʥʦʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ. 

ʋʤʦʚʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʛʨʘʬʝʥʫ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʪʨʠ ʥʘʧʨʷʤʢʠ: 

ʚʠʚʯʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴʩʷ ʜʚʦʚʠʤʽʨʥʠʤ 

ʭʘʨʘʢʪʝʨʦʤ ʤʘʪʝʨʽʘʣʫ ʪʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʡʦʛʦ ʝʣʝʢʪʨʦʥʥʦʾ ʙʫʜʦʚʠ, ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʨʠʩʪʨʦʾʚ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ, ʪʘ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ ʛʨʘʬʝʥʫ, ʪʦʙʪʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ 

ʦʙʨʦʙʢʘ ʛʨʘʬʝʥʦʚʠʭ ʧʣʘʩʪʽʚ, ʣʝʛʫʚʘʥʥʷ ʛʨʘʬʝʥʫ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʜʦʤʽʰʢʘʤʠ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʤʽʞ ʛʨʘʬʝʥʦʤ ʪʘ ʨʽʟʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ɸʥʘʣʽʟʫ 

ʥʘʷʚʥʦʛʦ ʥʘ ʜʘʥʠʡ ʯʘʩ ʥʘʫʢʦʚʦʛʦ ʜʦʨʦʙʢʫ ʩʘʤʝ ʟʘ ʦʩʪʘʥʥʽʤ ʥʘʧʨʷʤʢʦʤ ʽ 

ʧʨʠʩʚʷʯʝʥʦ ʜʘʥʠʡ ʨʦʟʜʽʣ. 

1.1.1 ɯʩʪʦʨʽʷ ʛʨʘʬʝʥʫ  

ɻʨʘʬʝʥ, ʘʙʦ ʤʦʥʦʘʪʦʤʥʠʡ ʰʘʨ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ, ʻ ʦʩʥʦʚʥʠʤ "ʙʫʜʽʚʝʣʴʥʠʤ 

ʙʣʦʢʦʤ", ʟ ʷʢʦʛʦ ʫʪʚʦʨʝʥʽ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ, ʬʫʣʝʨʝʥʠ ʽ, ʟʚʠʯʘʡʥʦ, ʛʨʘʬʽʪ. 
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ʊʦʤʫ ʫʚʘʛʠ ʚʘʨʪʠʡ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʛʨʘʬʝʥ ʻ ʥʘʡʤʝʥʰ ʜʦʩʣʽʜʞʝʥʠʤ 

ʩʝʨʝʜ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʚʫʛʣʝʮʶ. ʆʜʥʘʢ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʧʨʠʚʝʣʠ ʜʦ 

ʚʽʜʢʨʠʪʪʷ ʛʨʘʬʝʥʫ, ʤʘʶʪʴ ʙʽʣʴʰ ʥʽʞ ʩʝʤʠʜʝʩʷʪʠʨʽʯʥʫ ʽʩʪʦʨʽʶ. ʑʝ ʚ 1947 ʨ. 

ʋʦʣʣʝʩ [1] ʚʠʷʚʠʚ, ʱʦ ʣʠʩʪ ʛʽʙʨʠʜʠʟʦʚʘʥʦʛʦ sp
2
 ʚʫʛʣʝʮʶ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʣʽʥʽʡʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʶ ʜʠʩʧʝʨʩʽʻʶ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʢʪʦʨʘ ʽʤʧʫʣʴʩʫ 

ʝʣʝʢʪʨʦʥʽʚ ʫ K-ʪʦʯʮʽ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ. ʇʝʨʰʠʡ ʩʠʥʪʝʟ ʦʜʥʦ- ʪʘ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ 

ʛʨʘʬʝʥʫ ʙʫʚ, ʡʤʦʚʽʨʥʦ, ʟʜʽʡʩʥʝʥʠʡ ɹʦʝʤʦʤ ʫ 1962 ʨ. [2]. ɹʦʝʤ ʟʘʩʪʦʩʫʚʘʚ ʤʝʪʦʜ, 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʽʜʥʦʚʣʝʥʥʽ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ, ʷʢʠʡ ʚ ʥʘʰ ʯʘʩ ʚʽʜʦʤʠʡ ʷʢ ʤʝʪʦʜ 

ʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʛʨʘʬʝʥʫ. ɿʥʘʯʥʠʡ ʚʥʝʩʦʢ ʚ ʨʦʟʚʠʪʦʢ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ ʤʘʣʠ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʦʙʦʪʠ, ʧʨʠʩʚʷʯʝʥʽ ʩʠʥʪʝʟʫ ʪʘ ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʾ ʢʨʠʩʪʘʣʽʚ 

ʚʠʩʦʢʦʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʨʦʣʽʪʠʯʥʦʛʦ ʛʨʘʬʝʥʫ (HOPG), ʧʨʦʚʝʜʝʥʽ ʚ 1960-ʭ ʨʦʢʘʭ. 

ɹʽʣʴʰ ʪʦʛʦ, ʩʘʤʝ ʨʦʙʦʪʠ ʟ ʜʦʩʣʽʜʞʝʥʥʷ HOPG ʯʦʪʠʨʤʘ ʜʝʩʷʪʠʣʽʪʪʷʤʠ ʧʽʟʥʽʰʝ 

ʜʦʟʚʦʣʠʣʠ ʅʦʚʦʩʝʣʦʚʫ ʉ.ʂ. ʪʘ ɻʝʡʤʫ ɸ.ʂ. ʟʨʦʙʠʪʠ ʩʚʦʻ ʚʽʜʢʨʠʪʪʷ. ɸʣʝ ʫ 1970-ʭ 

ʨʦʢʘʭ ʥʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʩʝʨʝʜ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʣʠʢʘʣʠ 

ʽʥʪʝʨʢʘʣʷʮʽʡʥʽ ʩʧʦʣʫʢʠ [3] ï ʦʜʥʦʰʘʨʦʚʠʡ ʘʙʦ ʙʘʛʘʪʦʰʘʨʦʚʠʡ ʛʨʘʬʝʥ, 

ʧʨʦʩʦʯʝʥʠʡ ʤʽʞ ʰʘʨʘʤʠ ʘʪʦʤʽʚ ʘʙʦ ʽʥʰʠʭ ʤʦʣʝʢʫʣ. 

ɼʦ ʚʽʜʢʨʠʪʪʷ ʛʨʘʬʝʥʫ ʩʝʨʝʜ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʩʧʦʯʘʪʢʫ ʫʚʘʛʘ 

ʙʫʣʘ ʧʨʠʢʫʪʘ ʜʦ ʬʫʣʝʨʝʥʽʚ ʽ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʷʢʽ ʙʫʣʠ ʚʽʜʢʨʠʪʽ ʫ 1985 ʽ 

1991 ʨʦʢʘʭ, ʚʽʜʧʦʚʽʜʥʦ [4, 5]. ʄʦʞʣʠʚʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʚʽʣʴʥʦʛʦ ʛʨʘʬʝʥʫ ʜʝʷʢʠʡ 

ʯʘʩ ʚʽʜʭʠʣʷʣʘʩʴ ʥʘʫʢʦʚʮʷʤʠ ʫ ʟʚôʷʟʢʫ ʟ ʡʦʛʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʶ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ 

[6]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʦʥʦ- ʪʘ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʛʨʘʬʝʥʫ 

ʥʘ ʧʽʜʢʣʘʜʠʥʢʘʭ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʫ ʚʘʢʫʫʤʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʩʝʛʨʝʛʘʮʽʾ ʚʫʛʣʝʮʶ ʘʙʦ ʚʧʣʠʚʫ ʛʘʨʷʯʠʭ ʧʘʨʽʚ ʚʫʛʣʝʚʦʜʥʽʚ. ɺʧʝʨʰʝ ʤʦʞʣʠʚʽʩʪʴ 

ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʬʝʥʫ ʥʘ ʧʦʚʝʨʭʥʽ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʰʣʷʭʦʤ ʜʠʩʦʮʽʘʮʽʾ 

ʚʫʛʣʝʚʦʜʥʽʚ ʦʙʛʦʚʦʨʝʥʦ ʫ 1968 ʨ. ʄʦʨʛʘʥʦʤ [7]. ɸ ʧʝʨʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʨʘʬʝʥʫ 

ʥʘ ʧʦʚʝʨʭʥʽ Pt(111) ʤʝʪʦʜʦʤ ʩʢʘʥʫʶʯʦʾ ʪʫʥʝʣʴʥʦʾ ʤʽʢʨʦʩʢʦʧʽʭ ʧʨʦʚʝʜʝʥʽ ʫ 1991 

ʨʦʮʽ [8]. ɹʣʝʡʢʣʽ ʪʘ ʩʧʽʚʘʚʪʦʨʠ ʚʠʚʯʘʣʠ ʦʩʦʙʣʠʚʦʩʪʽ ʩʝʛʨʝʛʘʮʽʾ ʚʫʛʣʝʮʶ ʚ 

ʢʨʠʩʪʘʣʘʭ Ni ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʥʥʦʾ ʆʞʝ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʽ ʚʠʷʚʠʣʠ ʫʪʚʦʨʝʥʥʷ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʽʡʢʦʛʦ ʦʜʥʦʰʘʨʦʚʦʛʦ ʛʨʘʬʝʥʫ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ. 

ɹʘʛʘʪʦʰʘʨʦʚʠʡ ʛʨʘʬʝʥ ʫʪʚʦʨʶʚʘʚʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʩʘʜʞʝʥʥʷ ʚʫʛʣʝʮʶ ʫ ʚʠʧʘʜʢʫ 
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ʦʭʦʣʦʜʞʝʥʥʷ ʟʨʘʟʢʘ [9]. ʆʜʥʦʰʘʨʦʚʠʡ ʛʨʘʬʝʥ ʥʘ Ni ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ 

ʦʪʨʠʤʘʥʠʡ ʰʣʷʭʦʤ ʦʩʘʜʞʝʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ ʫ ʥʘʜʚʠʩʦʢʦʤʫ ʚʘʢʫʫʤʽ [10]. ɺʽʜʦʤʽ 

ʨʦʙʦʪʠ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʛʨʘʬʝʥʫ ʥʘ ʧʽʜʢʣʘʜʠʥʮʽ Ni ʰʣʷʭʦʤ ʤʝʪʘʣʝʚʦʾ ʽʥʪʝʨʢʘʣʷʮʽʾ 

[11]. ʆʜʥʘʢ ʟʘʟʥʘʯʝʥʽ ʨʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʨʘʬʝʥʫ ʥʘ ʤʝʪʘʣʘʭ ʤʘʣʠ ʩʫʪʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ, ʫʚʘʛʘ ʥʝ ʧʨʠʜʽʣʷʣʘʩʴ ʜʦʩʣʽʜʞʝʥʥʶ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʘʬʝʥʫ ʽ ʤʦʞʣʠʚʦʩʪʽ ʡʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʉʠʪʫʘʮʽʷ 

ʟʤʽʥʠʣʘʩʴ ʧʽʩʣʷ ʫʩʧʽʰʥʦʛʦ ʬʦʨʤʫʚʘʥʥʽ ʛʨʘʬʝʥʫ ʥʘ SiC, ʷʢʝ ʚʧʝʨʰʝ ʜʦʩʷʛʥʫʪʦ ʫ 

1975 ʨ. Van Bommel et al. [12]. ʋ 2001 ʨʦʮʽ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ 

ʧʣʦʩʢʠʭ ʛʨʘʬʝʥʦʚʠʭ ʰʘʨʽʚ ʥʘ ʧʽʜʢʣʘʜʠʥʢʘʭ SiC ʰʣʷʭʦʤ ʥʘʛʨʽʚʘʥʥʷ ʧʣʘʩʪʠʥ ʟ 

ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʚʠʱʠʭ ʟʘ 1300 ÁC. ʎʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ 

ʤʦʪʠʚʦʚʘʥʽ ʧʝʨʩʧʝʢʪʠʚʦʶ ʩʪʚʦʨʝʥʥʷ ʧʨʠʣʘʜʽʚ ʜʚʦʚʠʤʽʨʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. ɺ 2004 

ʨʦʮʽ ʦʧʫʙʣʽʢʦʚʘʥʦ ʨʦʙʦʪʫ, ʚ ʷʢʽʡ ʚʠʩʚʽʪʣʶʶʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʽ 2D ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʛʘʟʫ ʥʦʩʽʾʚ ʛʨʘʬʝʥʦʚʦʛʦ ʟʘʨʷʜʫ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ [13]. ʇʨʦʛʨʝʩ ʚ ʜʦʩʣʽʜʞʝʥʥʽ 

ʦʩʥʦʚʥʠʭ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʘʬʝʥʫ ʦʙʫʤʦʚʣʝʥʦ ʨʦʟʨʦʙʢʦʶ ɸ. ɻʝʡʤʦʤ ʪʘ 

ʂ. ʅʦʚʦʩʝʣʦʚʠʤ ʤʝʪʦʜʫ ʤʝʭʘʥʽʯʥʦʛʦ ʚʽʜʣʫʱʫʚʘʥʥʷ ʦʜʥʦʰʘʨʦʚʦʛʦ ʪʘ 

ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʛʨʘʬʝʥʫ ʚʽʜ HOPG [14-17]. ʄʝʪʦʜ ʚʽʜʣʫʱʫʚʘʥʥʷ ʛʨʘʬʝʥʫ ʪʘʢʦʞ 

ʨʦʟʨʦʙʣʷʚʩʷ ʥʘʫʢʚʦʶ ʛʨʫʧʦʶ ʧʨʦʬ. ʂʽʤʘ [18, 19]. ʆʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ 

ʛʨʘʬʝʥʫ ʜʦʟʚʦʣʠʣʦ ʧʝʨʝʚʽʨʠʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʠʩʚʽʪʣʝʥʠʭ ʪʝʦʨʽʡ ʱʦʜʦ 

ʧʦʚʝʜʽʥʢʠ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʛʨʘʬʝʥʽ. ɺ 2010 ʨʦʮʽ ʟʘ ʮʽ ʨʦʙʦʪʠ ʧʨʠʩʫʜʞʝʥʦ 

ʅʦʙʝʣʽʚʩʴʢʫ ʧʨʝʤʽʶ ʟ ʬʽʟʠʢʠ. ʆʜʥʘʢ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʠʢʣʘʜʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ 

ʤʝʪʦʜ ʚʽʜʣʫʱʫʚʘʥʥʷ ʥʝ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʦʪʨʠʤʘʥʥʷ ʛʨʘʬʝʥʫ ʜʣʷ ʤʘʩʰʪʘʙʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ. ʊʦʤʫ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ 

ʚʜʦʩʢʦʥʘʣʶʚʘʣʠʩʴ ʤʝʪʦʜʠ ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ [20, 21] ʪʘ ʭʽʤʽʯʥʦʛʦ 

ʦʩʘʜʞʝʥʥʷ ʟ ʧʘʨʦʚʦʾ ʬʘʟʠ (CVD) ʥʘ ʤʝʪʘʣʝʚʽ ʧʽʜʢʣʘʜʠʥʢʠ [22, 23]. 

ʆʜʥʠʤ ʟ ʘʩʧʝʢʪʽʚ, ʷʢʠʡ ʦʙʫʤʦʚʣʶʻ ʚʠʥʠʢʥʝʥʥʷ ʧʨʘʢʪʠʯʥʦʛʦ ʽʥʪʝʨʝʩʫ ʜʦ 

ʛʨʘʬʝʥʫ, ʻ ʧʝʨʩʧʝʢʪʠʚʘ ʩʪʚʦʨʝʥʥʷ ʚʝʣʠʢʠʭ ʛʨʘʬʝʥʦʚʠʭ ʧʣʘʩʪʽʚ ʽ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʤʝʪʦʜʘʭ ʣʽʪʦʛʨʘʬʽʾ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ 

ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ. ʄʝʪʦʜʠ ʧʝʨʝʥʝʩʝʥʥʷ ʟ ʤʝʪʘʣʝʚʦʾ ʧʽʜʢʣʘʜʠʥʢʠ, ʥʘ ʷʢʽʡ 

ʚʠʨʦʱʫʻʪʴʩʷ ʛʨʘʬʝʥ, ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʤʽʱʫʚʘʪʠ ʮʽ ʰʘʨʠ ʥʘ ʙʫʜʴ-ʷʢʽʡ ʜʦʚʽʣʴʥʽʡ 

ʧʽʜʢʣʘʜʠʥʮʽ. 
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1.1.2 ʆʙʣʘʩʪʽ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʝʥʫ 

ʂʨʽʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʽʥʪʝʨʝʩʫ ʯʝʨʝʟ ʩʧʝʮʠʬʽʯʥʫ ʬʽʟʠʢʫ ʧʦʚʝʜʽʥʢʠ 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʮʴʦʤʫ ʤʘʪʝʨʽʘʣʽ, ʛʨʘʬʝʥ ʻ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʤʘʪʝʨʽʘʣʦʤ 

ʯʝʨʝʟ ʫʥʽʢʘʣʴʥʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʛʨʘʬʝʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʡʚʠʱʦʶ ʩʝʨʝʜ ʫʩʽʭ ʤʘʪʝʨʽʘʣʽʚ ʧʠʪʦʤʦʶ (ʟʘ ʚʘʛʦʶ) ʤʽʮʥʽʩʪʶ [24], ʘ ʪʘʢʦʞ ʤʘʻ 

ʥʝʛʘʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ [25].  

ʑʝ ʦʜʥʽʻʶ ʦʩʦʙʣʠʚʽʩʪʶ ʛʨʘʬʝʥʫ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʘ ʨʫʭʣʠʚʽʩʪʴ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ (>200000 ʩʤ
2
ɺ
ī1
ʩ
ī1
) [26]. ɻʨʘʬʝʥ ʚʚʘʞʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʧʦʪʝʥʮʽʡʥʦ 

ʧʨʠʜʘʪʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ, 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʛʘʟʦʚʠʭ ʜʘʪʯʠʢʘʭ, ʧʨʠʩʪʨʦʷʭ ʛʥʫʯʢʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʽ 

ʬʦʪʦʥʽʢʠ, ʘ ʪʘʢʦʞ ʥʘʥʦʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ [27-40]. 

ʊʘʢʦʞ ʛʨʘʬʝʥ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ ʷʢʦʩʪʽ ʟʘʭʠʩʥʠʭ ʰʘʨʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʫʪʚʦʨʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʽ Ni ʧʘʩʠʚʥʠʡ ʰʘʨ ʛʨʘʬʝʥʫ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʭʠʩʪ ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʧʦʚʝʨʭʥʝʚʦʾ ʘʜʩʦʨʙʮʽʾ ʪʘ ʭʽʤʽʯʥʦʛʦ 

ʦʢʠʩʥʝʥʥʷ [41, 42]. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʘʙʫʚʘʶʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʨʠʩʪʨʦʾ, ʚ ʷʢʠʭ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘʥʦʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʛʨʘʬʝʥʫ [43-52]. 

ɹʘʛʘʪʦ ʽʟ ʧʝʨʝʣʽʯʝʥʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʢʦʥʪʘʢʪʽʚ ʤʽʞ ʛʨʘʬʝʥʦʤ ʪʘ ʤʝʪʘʣʝʚʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ 

[53-56], ʱʦ ʯʠʥʠʪʴ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʨʘʬʝʥʫ 

ʧʦʙʣʠʟʫ ʟʦʥʠ ʢʦʥʪʘʢʪʫ [57-59]. ʊʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʩʫʯʘʩʥʦʛʦ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ ʥʘ 

ʽʥʪʝʨʬʝʡʩʘʭ ʪʠʧʫ "ʤʝʪʘʣ-ʛʨʘʬʝʥ" [60-65]. ʊʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʥʝ ʜʦʟʚʦʣʷʶʪʴ 

ʜʦʩʷʛʪʠ ʟʘʜʦʚʽʣʴʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʝʨʝʟ ʚʠʩʦʢʠʡ ʢʦʥʪʘʢʪʥʠʡ 

ʦʧʽʨ, ʟʫʤʦʚʣʝʥʠʡ ʚʝʣʠʢʦʶ ʧʣʦʱʝʶ ʧʝʨʝʢʨʠʪʪʷ ʤʽʞ ʛʨʘʬʝʥʦʤ ʽ ʤʝʪʘʣʽʯʥʦʶ 

ʧʦʚʝʨʭʥʝʶ [66-70]. 

ʂʦʥʪʘʢʪʥʽ ʷʚʠʱʘ ʥʘ ʽʥʪʝʨʬʝʡʩʘʭ ʪʠʧʫ "ʤʝʪʘʣ-ʛʨʘʬʝʥ" ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ 

ʥʠʟʮʽ ʨʦʙʽʪ [71-74]. 
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ʆʙʯʠʩʣʝʥʥʷ ab initio ʜʘʶʪʴ ʙʽʣʴʰ ʛʣʠʙʦʢʝ ʫʷʚʣʝʥʥʷ ʱʦʜʦ ʧʨʦʙʣʝʤʠ 

ʢʦʥʪʘʢʪʽʚ ʜʦ ʛʨʘʬʝʥʫ, ʚʦʥʠ ʪʘʢʦʞ ʧʽʜʢʨʝʩʣʶʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʤʝʪʘʣʫ [75-

77].  

ɺ ʨʦʙʦʪʘʭ [78-80] ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʝʣʝʢʪʨʦʦʧʦʨʫ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʧʘʣʫ ʟ ʥʘʩʪʫʧʥʦʶ ʤʝʪʘʣʽʟʘʮʽʻʶ. ɺʽʜʦʤʽ ʽ ʽʥʰʽ 

ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʤʦʜʠʬʽʢʘʮʽʾ ʛʨʘʬʝʥʫ, ʥʘʧʨʠʢʣʘʜ, ï ʪʨʘʚʣʝʥʥʷ ʢʠʩʥʝʚʦʶ 

ʧʣʘʟʤʦʶ ʥʠʟʴʢʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʟ ʘʙʦ ʙʝʟ ʥʘʩʪʫʧʥʦʛʦ ʚʽʜʧʘʣʫ) [81], ʧʦʧʝʨʝʜʥʷ 

ʦʙʨʦʙʢʘ ʦʟʦʥʦʤ [82], ʣʝʛʫʚʘʥʥʷ ʛʨʘʬʝʥʫ [83] ʪʘ ʽʦʥʥʝ ʦʧʨʦʤʽʥʝʥʥʷ [84, 85].  

ɺ ʨʦʙʦʪʽ [86] ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʝʣʝʢʪʨʦʦʧʦʨʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʩʪʚʦʨʝʥʥʷ ʪʘʢ ʟʚʘʥʠʭ "ʢʨʘʡʦʚʠʭ" ʢʦʥʪʘʢʪʽʚ ï ʧʽʜ ʢʦʥʪʘʢʪʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʯʘʩʪʢʦʚʝ ʚʠʜʘʣʝʥʥʷ ʛʨʘʬʝʥʫ ʤʝʪʦʜʘʤʠ ʣʽʪʦʛʨʘʬʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʫʪʚʦʨʝʥʥʷ 

ʢʦʚʘʣʝʥʪʥʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʛʨʘʬʝʥʦʤ ʪʘ ʤʝʪʘʣʦʤ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʩʪʦʨʦʚʝ 

ʧʝʨʝʢʨʠʪʪʷ ʤʽʞ ʛʨʘʬʝʥʦʤ ʪʘ ʤʝʪʘʣʦʤ ʩʪʘʻ ʤʝʥʰʠʤ, ʬʦʨʤʫʶʪʴʩʷ ʢʦʚʘʣʝʥʪʥʽ 

ʟʚôʷʟʢʠ ʤʽʞ ʘʪʦʤʘʤʠ ʤʝʪʘʣʫ ʪʘ ʛʨʘʬʝʥʦʤ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʜʦʩʷʛʥʝʥʥʷ ʟʥʘʯʥʦ 

ʤʝʥʰʦʛʦ ʦʧʦʨʫ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʧʣʦʱʠʥʥʠʤʠ ʢʦʥʪʘʢʪʘʤʠ [86-92]. 

ɺ ʧʦʜʘʣʴʰʦʤʫ ʪʝʭʥʦʣʦʛʽʾ ʯʘʩʪʢʦʚʦʛʦ ʚʠʜʘʣʝʥʥʷ ʛʨʘʬʝʥʫ ʧʽʜ ʢʦʥʪʘʢʪʦʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʣʽʪʦʛʨʘʬʽʾ, ʦʙʨʦʙʢʠ ʧʣʘʟʤʦʶ ʯʠ ʽʦʥʥʠʤʠ ʧʨʦʤʝʥʷʤʠ ʜʦʟʚʦʣʠʣʠ 

ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʢʦʥʪʘʢʪʫ. ɿʦʢʨʝʤʘ, ʚ ʨʦʙʦʪʽ [88] 

ʜʦʩʣʽʜʞʝʥʦ ʢʨʘʡʦʚʫ ʦʙʨʦʙʢʫ ʛʨʘʬʝʥʫ ʟ ʧʨʷʤʦʢʫʪʥʠʤʠ ʥʘʜʨʽʟʘʤʠ ʧʽʜ 

ʢʦʥʪʘʢʪʘʤʠ ʟ Pd ʪʘ Cu. ɺʠʩʥʦʚʢʠ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʚʠʥʫʪʦ ʫ ʨʦʙʦʪʘʭ [92], ʚ 

ʷʢʠʭ ʨʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʣʝʛʫʚʘʥʥʷ ʥʘ ʢʦʥʪʘʢʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʥʪʝʨʬʝʡʩʫ ʟ Ti. 

ɺ ʨʦʙʦʪʽ [93] ʜʦʩʣʽʜʞʝʥʦ ʢʨʘʡʦʚʽ ʢʦʥʪʘʢʪʠ ʟ Pt ʪʘ Cu, ʘ ʪʘʢʦʞ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʩʪʚʦʨʝʥʥʷ ʢʦʚʘʣʝʥʪʥʠʭ ʟʚ'ʷʟʢʽʚ. 

ɺʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʩʫʯʘʩʥʠʭ ʨʦʙʽʪ ʧʨʠʩʚʷʯʝʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʶ ʛʨʘʬʝʥʫ, 

ʤʝʪʦʜʠʢʘʤ ʡʦʛʦ ʦʪʨʠʤʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʱʝ ʨʘʟ ʟʘʡʚʠʡ ʨʘʟ ʜʦʚʦʜʠʪʴ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʛʨʘʬʝʥʫ ʟ ʤʝʪʦʶ ʬʦʨʤʫʚʘʥʥʷ ʷʢʽʩʥʠʭ 

ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʠʭ ʟʥʘʥʴ ʜʣʷ ʧʦʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʟʘ 

ʫʯʘʩʪʶ ʛʨʘʬʝʥʫ.  
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1.1.3 ʆʩʦʙʣʠʚʦʩʪʽ ʽʥʪʝʨʬʝʡʩʫ "ʤʝʪʘʣ-ʛʨʘʬʝʥ" . 

ɼʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʨʬʝʡʩʽʚ "ʤʝʪʘʣ-ʛʨʘʬʝʥ" ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ 

ʩʫʯʘʩʥʦʛʦ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ. ɺ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʩʪʨʽʤʢʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽʟ ʯʘʩʦʤ. ʈʦʟʚʠʪʦʢ 

ʪʝʭʥʦʣʦʛʽʡ ʥʘʥʝʩʝʥʥʷ ʦʜʥʦʰʘʨʦʚʦʛʦ ʛʨʘʬʝʥʫ ʥʘ ʧʽʜʢʣʘʜʠʥʢʠ-ʽʟʦʣʷʪʦʨʠ 

ʟʘʙʝʟʧʝʯʠʚ ʤʦʞʣʠʚʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʥʽʚ ʫ ʮʽʡ ʜʚʦʚʠʤʽʨʥʽʡ ʩʠʩʪʝʤʽ [15, 94]. ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʫ ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʛʨʘʬʝʥʽ, ʢʚʘʥʪʫʚʘʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʥʫʣʴʦʚʫ ʝʥʝʨʛʽʶ, ʘʥʦʤʘʣʽʾ ʢʚʘʥʪʦʚʦʛʦ 

ʝʬʝʢʪʫ ʍʦʣʣʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʧʝʨʝʜʙʘʯʝʥʥʷʤʠ [95-99]. ʊʘʢʽ 

ʝʬʝʢʪʠ ʚʠʥʠʢʘʶʪʴ ʟʘʚʜʷʢʠ ʫʥʽʢʘʣʴʥʽʡ ʝʣʝʢʪʨʦʥʥʽʡ ʩʪʨʫʢʪʫʨʽ ʛʨʘʬʝʥʫ, ʷʢʠʡ 

ʚʠʷʚʣʷʻ ʤʝʪʘʣʝʚʫ ʧʦʚʝʜʽʥʢʫ ʯʝʨʝʟ ʪʦʧʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚ ʂ ʪʦʯʢʘʭ ʟʦʥʠ 

ɹʨʽʣʣʶʝʥʘ [95, 96]. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʦʥʘ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʟʦʥʘ ʚʘʣʝʥʪʥʦʩʪʽ ʻ 

ʜʦʪʠʯʥʠʤʠ ʜʦ ʪʦʯʢʠ ɼʽʨʘʢʘ ʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʣʽʥʽʡʥʘ ʜʠʩʧʝʨʩʽʷ ʝʥʝʨʛʽʾ ʌʝʨʤʽ ʫ 

ʤʝʞʘʭ Ñ 1 ʝɺ. 

ʋ ʚʽʣʴʥʦʤʫ ʰʘʨʽ ʛʨʘʬʝʥʫ ʝʥʝʨʛʽʷ ʌʝʨʤʽ ʩʧʽʚʧʘʜʘʻ ʟ ʪʦʯʢʘʤʠ ɼʽʨʘʢʘ. 

ʆʜʥʘʢ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʘʙʦ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʧʽʜʢʣʘʜʠʥʦʢ 

ʧʨʦʮʝʩʠ ʘʜʩʦʨʙʮʽʾ ʤʦʞʫʪʴ ʯʠʥʠʪʠ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʛʨʘʬʝʥʫ [100-107]. ʆʩʢʽʣʴʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ 

ʝʣʝʢʪʨʦʥʽʚ ʯʝʨʝʟ ʛʨʘʬʝʥʦʚʠʡ ʣʠʩʪ ʥʝʦʙʭʽʜʥʽ ʢʦʥʪʘʢʪʠ ʟ ʤʝʪʘʣʝʚʠʤʠ 

ʝʣʝʢʪʨʦʜʘʤʠ [15, 104, 108, 109], ʚʘʞʣʠʚʦ ʤʘʪʠ ʧʦʚʥʝ ʨʦʟʫʤʽʥʥʷ ʽ ʚʤʽʪʠ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʝʨʝʙʽʛ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʽʥʪʝʨʬʝʡʩʘʭ "ʤʝʪʘʣ-ʛʨʘʬʝʥ".  

ɺ ʨʦʙʦʪʽ [110] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ  ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʪʝʦʨʽʾ ʱʽʣʴʥʦʩʪʽ 

ʜʦʩʣʽʜʞʝʥʦ ʘʜʩʦʨʙʮʽʡʥʽ ʧʨʦʮʝʩʠ ʫ ʛʨʘʬʝʥʽ ʥʘ ʤʝʪʘʣʝʚʠʭ ʧʽʜʢʣʘʜʠʥʢʘʭ Al, Ag, 

Cu, Au ʪʘ Pt. ɸʚʪʦʨʠ ʮʽʻʾ ʨʦʙʦʪʠ ʨʦʟʨʦʙʠʣʠ ʧʨʦʩʪʫ ʤʦʜʝʣʴ, ʷʢʘ ʚʨʘʭʦʚʫʻ 

ʧʝʨʝʥʝʩʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʤʽʞ ʤʝʪʘʣʦʤ ʪʘ ʛʨʘʬʝʥʦʤ, ʚʠʢʣʠʢʘʥʝ ʭʽʤʽʯʥʦʶ 

ʚʟʘʻʤʦʜʽʻʶ ʤʽʞ ʥʠʤʠ. ʄʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ 

ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʬʫʥʢʮʽʦʥʘʣʫ ʱʽʣʴʥʦʩʪʽ, ʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ 

ʩʠʩʪʝʤ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʘʭ. ʄʦʞʣʠʚʦ 
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ʧʝʨʝʜʙʘʯʠʪʠ ʢʦʤʙʽʥʘʮʽʾ ʤʝʪʘʣʽʚ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ p-n 

ʧʝʨʝʭʦʜʽʚ [111]. ʆʪʨʠʤʘʥʽ ʚ ʨʦʙʦʪʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʮʽ ʧʽʜʢʣʘʜʠʥʢʠ 

ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʘ ʢʣʘʩʠ. ʍʘʨʘʢʪʝʨʥʘ ʝʣʝʢʪʨʦʥʥʘ ʩʪʨʫʢʪʫʨʘ 

ʛʨʘʬʝʥʫ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻʪʴʩʷ ʜʣʷ ʚʠʧʘʜʢʫ ʩʠʣʴʥʦʛʦ ʪʠʧʫ ʟʚôʷʟʢʫ (ʭʝʤʦʩʦʨʙʮʽʷ) 

ʥʘ ʧʽʜʢʣʘʜʠʥʢʘʭ Co, Ni ʪʘ Pd ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ ʜʣʷ ʚʠʧʘʜʢʫ ʩʣʘʙʢʦʛʦ 

ʟʚôʷʟʢʫ (ʬʽʟʠʯʥʘ ʘʜʩʦʨʙʮʽʷ) ʥʘ ʧʽʜʢʣʘʜʠʥʢʘʭ Al, Cu, Ag, Au ʪʘ Pt. ʆʜʥʘʢ, ʥʘʚʽʪʴ 

ʢʦʣʠ ʟʚ'ʷʟʦʢ ʩʣʘʙʢʠʡ, ʤʝʪʘʣʝʚʽ ʧʽʜʢʣʘʜʠʥʢʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʽʜʭʠʣʝʥʥʷ ʨʽʚʥʷ 

ʌʝʨʤʽ ʚʽʜ ʪʦʯʢʠ ɼʽʨʘʢʘ ʛʨʘʬʝʥʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʤʘʪʝʨʽʘʣ ʥʘʩʠʯʫʻʪʴʩʷ ʘʙʦ 

ʝʣʝʢʪʨʦʥʘʤʠ, ʘʙʦ ʜʽʨʢʘʤʠ. ɿʥʘʢ ʽ ʢʽʣʴʢʽʩʪʴ ʜʦʧʽʥʛʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ 

ʨʽʟʥʠʮʝʶ ʨʦʙʦʯʠʭ ʬʫʥʢʮʽʡ ʤʝʪʘʣʫ ʽ ʛʨʘʬʝʥʫ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʦʥʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘʩʪʽʣʴʢʠ ʜʘʣʝʢʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʱʦ ʥʝ ʚʠʥʠʢʘʻ ʧʝʨʝʢʨʠʪʪʷ 

ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ. ɺʠʨʘʞʝʥʠʡ ʚʧʣʠʚ ʥʘ ʨʽʚʝʥʴ ʥʘʩʠʯʝʥʥʷ ʤʘʻ ʩʪʫʧʽʥʴ 

ʧʦʪʝʥʮʽʘʣʫ ʽʥʪʝʨʬʝʡʩʫ, ʱʦ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ "ʤʝʪʘʣ-ʛʨʘʬʝʥ". ʅʘ 

ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʪʝʦʨʽʾ ʬʫʥʢʮʽʦʥʘʣʫ ʱʽʣʴʥʦʩʪʽ 

ʨʦʟʨʦʙʣʝʥʫ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʦʧʠʩʫ ʥʘʩʠʯʝʥʥʷ ʛʨʘʬʝʥʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʮʽʻʾ ʚʟʘʻʤʦʜʽʾ. 

ɼʝʷʢʽ ʜʝʪʘʣʽ ʦʙʯʠʩʣʝʥʥʷ ʝʥʝʨʛʽʾ ʩʪʘʥʽʚ ʪʘ ʦʧʪʠʤʽʟʦʚʘʥʽ ʛʝʦʤʝʪʨʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʘʬʝʥʫ ʥʘ ʤʝʪʘʣʝʚʠʭ  ʧʦʚʝʨʭʥʷʭ (111) ʥʘʚʝʜʝʥʽ ʫ ʨʦʙʦʪʽ [112-

114]. ʇʣʦʱʠʥʘ ʨʝʰʽʪʢʠ ʛʨʘʬʝʥʫ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʦʚʘʞʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʾʾ ʧʝʨʽʦʜʫ ï 2,445 ¡ ʟ ʥʘʩʪʫʧʥʦʶ ʟʤʽʥʦʶ ʧʝʨʽʦʜʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ 

ʤʝʪʘʣʫ. ɻʝʢʩʘʛʦʥʘʣʴʥʘ ʩʦʪʘ ʛʨʘʬʝʥʫ ʚʽʜʧʦʚʽʜʘʻ ʪʨʠʢʫʪʥʽʡ ʨʝʰʽʪʮʽ (111) 

ʧʦʚʝʨʭʦʥʴ ʤʝʪʘʣʫ. ɼʘʥʝ ʤʦʜʝʣʴʥʝ ʥʘʙʣʠʞʝʥʥʷ ʚʠʷʚʣʷʻʪʴʩʷ ʘʜʝʢʚʘʪʥʠʤ, 

ʦʩʢʽʣʴʢʠ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟ ʨʽʚʥʦʚʘʞʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʰʽʪʢʠ ʤʝʪʘʣʫ 

ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ 0,8 % ï 3,8 %. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʦʩʣʽʜʞʝʥʽ ʩʪʨʫʢʪʫʨʠ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʥʘʡʙʽʣʴʰ ʩʪʽʡʢʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʛʨʘʬʝʥʫ ʥʘ ʤʝʪʘʣʝʚʠʭ ʧʽʜʢʣʘʜʠʥʢʘʭ. 

ʈʝʟʫʣʴʪʘʪʠ ʟʘʩʚʽʜʯʠʣʠ, ʱʦ ʤʝʪʘʣʠ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʘ ʢʣʘʩʠ. 

ɻʨʘʬʝʥ ʭʝʤʦʩʦʨʙʫʻʪʴʩʷ ʥʘ Co, Ni ʪʘ Pd (111), ʧʨʠʚʦʜʷʯʠ ʜʦ ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ 

ȹE ~ 0,1 ʝɺ ʥʘ ʦʜʠʥ ʘʪʦʤ ʚʫʛʣʝʮʶ. ɯ ʥʘʚʧʘʢʠ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʜʩʦʨʙʮʽʷ ʥʘ Al, Cu, 

Ag, Au ʪʘ Pt (111) ʟʽ ʩʣʘʙʰʠʤ ʟʚôʷʟʢʦʤ, ȹE Ò 0,04 ʝɺ ʥʘ ʦʜʠʥ ʘʪʦʤ ʚʫʛʣʝʮʶ. 



32 

ʇʦʜʽʙʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘʢʦʞ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚ ʨʦʙʦʪʘʭ [115-118]. 

ɺ ʨʦʙʦʪʘʭ [119-121] ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʣʠ ʠ ʜʦʩʣʽʜʠʣʠ ʚʣʘʩʪʠʚʦʩʪʽ 

ʝʧʽʪʘʢʩʽʘʣʴʥʦʛʦ ʛʨʘʬʝʥʫ. 

ɺʧʣʠʚ ʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ ʤʽʞ ʛʨʘʬʝʥʦʤ ʪʘ ʤʝʪʘʣʝʚʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʦʙʦʪʘʭ [122-124]. ʗʢ 

ʚʠʷʚʠʣʦʩʷ, ʢʦʥʪʨʦʣʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʥʪʘʢʪʫ ʚʘʞʣʠʚʽʰʠʡ, ʥʽʞ ʚʥʫʪʨʽʰʥʷ 

ʨʫʭʣʠʚʽʩʪʴ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʦʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʚʠʩʦʢʦʾ ʨʫʭʣʠʚʦʩʪʽ ʟʘʨʷʜʽʚ ʫ ʛʨʘʬʝʥʽ [122]. 

ɺ ʨʦʙʦʪʽ [125] ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʘʞʣʠʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʝʥʫ ʫ ʤʽʢʨʦʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ.  ɸʥʘʣʽʟʫʶʯʠ ʩʠʣʠ ʚʟʘʻʤʦʜʽʾ 

ʛʨʘʬʝʥ-ʤʝʪʘʣ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʘʚʪʦʨʠ ʚʠʷʚʠʣʠ 

ʤʝʭʘʥʽʟʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʜʦʩʷʛʥʝʥʥʷ ʪʠʭ ʯʠ ʽʥʰʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʘʡʦʚʠʭ ʢʦʥʪʘʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʛʨʘʬʝʥʫ. 

1.2 Cʠʣʽʮʠʜʥʽ ʪʝʭʥʦʣʦʛʽ ʾʚ ʤ̔ʢʨʦʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ 

ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʚʠʤʦʛ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʚ ʤʽʢʨʦʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʩʠʣʽʮʠʜʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʚ ʩʠʩʪʝʤʘʭ "ʤʝʪʘʣ-ʢʨʝʤʥ̔ʡ" ʟʘ ʫʤʦʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ [126-130]. 

ʊʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʻ ʦʩʥʦʚʥʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʦʧʝʨʘʮʽʻʶ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʷʢʦʾ ʦʪʨʠʤʫʶʪʴ ʥʝʦʙʭʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʩʠʣʽʮʠʜʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʽʚ ʾʭ ʦʪʨʠʤʘʥʥʷ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʦʤʫ, ʱʦ 

ʩʠʣʽʮʠʜʠ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʝʨʤʽʯʥʦ ʘʢʪʠʚʦʚʘʥʦʾ ʨʝʘʢʮʽʾ ʟ ʢʨʝʤʥʽʻʤ. ɭ 

ʜʝʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʾʭ ʦʪʨʠʤʘʥʥʷ: ʧʝʨʰʠʡ ʟ ʷʢʠʭ ʮʝ ï ʦʩʘʜʞʝʥʥʷ ʤʝʪʘʣʫ ʥʘ 

ʢʨʝʤʥʽʻʚʫ ʧʣʘʩʪʠʥʫ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʞʝʨʝʣʦʤ ʢʨʝʤʥʽʶ ʻ ʧʽʜʢʣʘʜʠʥʢʘ. ɼʨʫʛʠʡ 

ʩʧʦʩʽʙ ï ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʤʝʪʘʣʫ ʪʘ ʢʨʝʤʥʽʶ, ʘʙʦ ʨʦʟʧʠʣʝʥʥʷ ʩʠʣʽʮʠʜʥʠʭ 

ʤʽʰʝʥʝʡ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʽʜʙʠʨʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʝ ʩʧʽʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʚ 

ʧʨʦʮʝʩʽ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʘʙʦ ʫ ʩʢʣʘʜʽ ʤʽʰʝʥʽ. ɿʘʟʚʠʯʘʡ, ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ ʪʘʢʽ 

ʤʘʪʝʨʽʘʣʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʘʤʦʨʬʥʦʤʫ ʩʪʘʥʽ ʪʘ ʚʞʝ ʧʽʜ ʯʘʩ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ 
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ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʆʩʥʦʚʥʠʤ ʩʧʦʩʦʙʦʤ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʻ 

ʚʽʜʧʘʣ ʫ ʚʘʢʫʫʤʽ, ʘʙʦ ʚ ʽʥʝʨʪʥʠʭ ʘʪʤʦʩʬʝʨʘʭ. ɸʣʝ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʽʤʧʫʣʴʩʥʽ ʚʠʜʠ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʫ ʛʘʟʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʪʷʛʦʤ ʥʝʚʝʣʠʢʦʛʦ 

ʯʘʩʫ ʚʽʜʧʘʣʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤ "ʤʝʪʘʣ-ʢʨʝʤʥʽʡ" ʜʦʟʚʦʣʷʻ 

ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ ʧʘʨʘʤʝʪʨʠ ʢʨʝʤʥʽʻʚʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ, 

ʥʘʧʨʠʢʣʘʜ, ʩʪʘʙʽʣʴʥʽʩʪʴ, ʰʚʠʜʢʦʜʽʷ, ʩʪʫʧʽʥʴ ʽʥʪʝʛʨʘʮʽʾ, ʥʘʜʽʡʥʽʩʪʴ [129, 130]. 

ʆʩʦʙʣʠʚʦ ʮʝ ʩʧʨʘʚʝʜʣʠʚʦ ʩʪʦʩʦʚʥʦ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʩʠʣʽʮʠʜʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʟ 

ʪʦʚʱʠʥʦʶ ʰʘʨʽʚ ʜʦ 100 ʥʤ, ʷʢʽ ʤʘʶʪʴ ʧʝʨʩʧʝʢʪʠʚʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʥʘʥʦʝʣʝʢʪʨʦʥʽʮʽ.  

ʉʠʣʽʮʠʜʠ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ. ɼʦ 

ʧʝʨʰʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴʩʷ ʩʠʣʽʮʠʜʠ ʥʘ ʦʩʥʦʚʽ ʪʘʢʠʭ ʤʝʪʘʣʽʚ ʷʢ Fe, Re, Cr, Mn, 

ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʦʦʧʽʨ ʷʢʠʭ ʟʨʦʩʪʘʻ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʢʨʝʤʥʽʶ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʢʦʚʘʣʝʥʪʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʩʠʣ ʟʚ'ʷʟʢʫ. ʊʘʢʠ ʩʠʣʽʮʠʜʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʤʝʪʘʣʘʤʠ ʤʘʶʪʴ ʽʩʪʦʪʥʦ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʦʦʧʽʨ [129].  

ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʩʠʣʽʮʠʜʽʚ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʪʽ, ʚ ʷʢʠʭ ʽʟ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʢʨʝʤʥʽʶ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʦʦʧʽʨ ʟʤʝʥʰʫʻʪʴʩʷ. ɯʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʩʠʣʽʮʠʜʠ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʚʤʽʩʪʦʤ ʢʨʝʤʥʽʶ, ʱʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʾʭ ʦʧʪʠʤʘʣʴʥʠʤʠ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʤʝʪʘʣʝʚʠʤ 

ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʚʽʜʥʦʩʪʽ ʽ ʪʝʨʤʦʩʪʘʙʽʣʴʥʽʩʪʶ. 

ʈʦʟʧʦʚʩʶʜʞʝʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʧʨʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ ʻ ʘʣʶʤʽʥʽʡ, ʱʦ ʤʘʻ ʥʠʟʴʢʠʡ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʦʦʧʽʨ (~3 ʤʢʆʤÖʩʤ). 

ʇʨʦʪʝ, ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʶʤʽʥʽʶ ʽ ʩʧʣʘʚʽʚ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ (Al-Si, Al-

Cu) ʦʙʤʝʞʝʥʽ ʯʝʨʝʟ ʩʠʣʴʥʫ ʚʟʘʻʤʦʜʽʶ ʘʣʶʤʽʥʽʶ ʟ ʢʨʝʤʥʽʻʤ ʚ ʧʨʠʢʦʥʪʘʢʪʥʠʭ 

ʦʙʣʘʩʪʷʭ ʥʘʚʽʪʴ ʟʘ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʙʨʦʙʢʠ (943 ʂ ï 1043 ʂ), ʘ ʪʘʢʦʞ 

ʥʠʟʴʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʝʣʝʢʪʨʦʤʽʛʨʘʮʽʾ ʪʘ ʦʢʠʩʥʝʥʥʷ [131-135]. 

ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟóʻʜʥʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʣʝʛʦʚʘʥʦʛʦ 

ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ, ʷʢʽ ʤʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ ʚʝʣʠʯʠʥʠ 

ʙʽʣʴʰʠʡ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʦʦʧʽʨ, ʥʽʞ ʘʣʶʤʽʥʽʡ. ʇʨʦʪʝ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʚʠʢʣʠʢʘʻ ʪʨʫʜʥʦʱʽ ʥʝ ʣʠʰʝ ʯʝʨʝʟ 
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ʚʝʣʠʢʠʡ ʝʣʝʢʪʨʦʦʧʽʨ, ʘʣʝ ʽ ʚʥʘʩʣʽʜʦʢ ʨʦʩʪʫ ʟʝʨʝʥ ʚ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ 

ʢʨʝʤʥʽʻʚʠʭ ʰʘʨʘʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʧʨʦʙʣʝʤ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʣʽʪʦʛʨʘʬʽʾ [136, 138].  

ʊʘʢʦʞ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʧʣʽʚʢʦʚʽ ʩʪʨʫʢʪʫʨʠ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ, ʧʣʽʚʢʠ ʚʦʣʴʬʨʘʤʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʫʜʚʽʯʽ ʙʽʣʴʰʠʤ ʧʠʪʦʤʠʤ 

ʝʣʝʢʪʨʦʦʧʦʨʦʤ, ʥʽʞ ʘʣʶʤʽʥʽʡ (~ 6 ʤʢʆʤÖʩʤ), ʘʣʝ ʩʪʽʡʢʽʩʪʴ ʜʦ ʝʣʝʢʪʨʦʤʽʛʨʘʮʽʾ ʥʘ 

ʪʨʠ ʧʦʨʷʜʢʠ ʚʝʣʠʯʠʥʠ ʚʠʱʘ. ʊʫʛʦʧʣʘʚʢʽ ʤʝʪʘʣʠ ʥʝʜʦʩʪʘʪʥʴʦ ʩʪʽʡʢʽ ʜʦ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʚ ʦʢʠʩʣʶʚʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽ ʜʦ ʜʽʾ ʭʽʤʽʯʥʠʭ ʨʝʘʢʪʠʚʽʚ ʚ ʪʝʭʥʦʣʦʛʽʷʭ 

ʣʽʪʦʛʨʘʬʽʾ [136-138]. ʇʣʽʚʢʦʚʽ ʩʠʣʽʮʠʜʠ ʧʦʟʙʘʚʣʝʥʽ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʥʝʜʦʣʽʢʽʚ ʽ 

ʪʦʤʫ ʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʽ, ʥʽʞ ʩʪʨʫʢʪʫʨʠ ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ ʽ 

ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʡ ʢʨʝʤʥʽʡ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʤʽʢʨʦʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ. 

ʇʦʩʪʽʡʥʦ ʚʠʥʠʢʘʶʪʴ ʤʝʪʘʣʦʟʥʘʚʯʽ ʟʘʜʘʯʽ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʨʦʙʣʝʤʦʶ 

ʧʦʜʘʣʴʰʦʾ ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ, ʧʝʨʝʭʦʜʦʤ ʜʦ ʱʝ ʤʝʥʰʠʭ ʤʘʩʰʪʘʙʥʠʭ ʨʽʚʥʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ. ɺʽʜʦʤʦ [129], ʱʦ ʪʦʚʱʠʥʘ ʩʠʣʽʮʠʜʥʦʛʦ ʰʘʨʫ ʚ ʩʠʩʪʝʤʘʭ "ʤʝʪʘʣ-

ʢʨʝʤʥʽʡ" ʧʽʩʣʷ ʧʨʦʮʝʩʫ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʥʝ ʩʧʽʚʧʘʜʘʻ ʟ ʚʠʭʽʜʥʦʶ ʪʦʚʱʠʥʦʶ 

ʰʘʨʫ ʤʝʪʘʣʫ. ʊʦʤʫ ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʫ ʚʘʞʣʠʚʦ ʟʥʘʪʠ ʨʦʟʧʦʜʽʣ ʢʦʤʧʦʥʝʥʪʽʚ 

ʚ ʦʙʣʘʩʪʽ ʰʘʨʫ ʩʠʣʽʮʠʜʫ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ (ʪʦʙʪʦ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ "ʤʝʪʘʣ-

ʢʨʝʤʥʽʡ"). ɺʧʣʠʚ ʥʘ ʬʘʟʦʚʠʡ ʩʢʣʘʜ, ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʨʽʚʝʥʴ ʤʝʭʘʥʽʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ, ʨʦʟʚʠʪʦʢ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʨʝʘʢʮʽʡ ʚ ʩʠʣʽʮʠʜʥʠʭ ʧʣʽʚʢʘʭ ʥʘʥʦʤʝʪʨʦʚʦʾ 

ʪʦʚʱʠʥʠ ʯʠʥʷʪʴ ʜʦʤʽʰʢʦʚʽ ʘʪʦʤʠ ʚʫʛʣʝʮʶ ʪʘ ʢʠʩʥʶ, ʜʞʝʨʝʣʦʤ ʧʦʧʘʜʘʥʥʷ ʷʢʠʭ 

ʫ ʧʣʽʚʢʫ ʻ ʚʠʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ ʱʦ ʚʠʧʘʨʦʚʫʻʪʴʩʷ, ʛʘʟʦʚʘ ʘʪʤʦʩʬʝʨʘ ʧʨʠʣʘʜʽʚ ʜʣʷ 

ʥʘʧʠʣʝʥʥʷ ʪʘ ʚʽʜʧʘʣʫ, ʤʘʪʝʨʽʘʣ ʧʽʜʢʣʘʜʠʥʦʢ. 

ɼʦʤʽʰʢʠ (ʧʝʨʰ ʟʘ ʚʩʝ ï ʢʠʩʝʥʴ, ʚʫʛʣʝʮʴ) ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʦʙʣʘʩʪʴ 

ʽʩʥʫʚʘʥʥʷ ʧʨʦʤʽʞʥʠʭ ʩʠʣʽʮʠʜʥʠʭ ʬʘʟ; ʤʦʞʫʪʴ ʙʣʦʢʫʚʘʪʠ ʨʝʘʢʮʽʶ ʥʘ ʩʪʘʜʽʾ 

ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʤʽʞʥʦʛʦ ʩʠʣʽʮʠʜʫ. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʩʠʣʽʮʠʜʥʠʭ ʬʘʟ, 

ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʚ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ ʤʦʞʝ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʪʠʩʴ 

ʚʽʜ ʪʽʻʾ, ʱʦ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʜʽʘʛʨʘʤʘʤʠ ʬʘʟʦʚʦʾ ʨʽʚʥʦʚʘʛʠ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʘʩʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʨʝʘʢʮʽʷʭ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ 

ʧʽʜʚʠʱʝʥʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʤʦʞʫʪʴ ʬʦʨʤʫʚʘʪʠʩʴ ʬʘʟʠ, ʥʝʪʠʧʦʚʽ ʜʣʷ ʤʘʩʠʚʥʦʛʦ 

ʩʪʘʥʫ, ʫʪʚʦʨʶʚʘʪʠʩʴ ʩʢʣʘʜʥʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʷʢ ʩʫʤʽʰ ʜʝʢʽʣʴʢʦʭ ʬʘʟ. 
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ʊʘʢʦʞ ʧʝʨʝʭʽʜ ʜʦ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʦʙʫʤʦʚʣʶʻ ʨʽʩʪ ʱʽʣʴʥʦʩʪʝʡ ʩʪʨʫʤʽʚ 

ʢʨʽʟʴ ʢʦʥʪʘʢʪʥʽ ʧʣʦʱʘʜʢʠ ʜʦ 10
6
 ɸ ʥʘ ʢʚʘʜʨʘʪʥʠʡ ʩʘʥʪʠʤʝʪʨ. ʑʦ ʩʪʚʦʨʶʻ 

ʫʤʦʚʠ ʜʣʷ ʝʣʝʢʪʨʦʜʠʬʫʟʽʾ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʩʝ ʙʽʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʭʦʜʷʪʴ 

ʙʘʛʘʪʦʰʘʨʦʚʽ ʧʣʽʚʢʦʚʽ ʥʘʥʦʩʪʨʫʢʪʫʨʠ, ʥʘʥʦʬʘʟʥʽ ʤʘʪʝʨʽʘʣʠ, ʩʢʣʘʜʥʽ ʩʧʦʣʫʯʝʥʥʷ 

ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʝʣʝʢʪʨʠʯʥʽ ʪʘ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʥʪʘʢʪʽʚ [139-142]. 

ʇʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʤʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʣʽʮʠʜʥʠʭ ʰʘʨʽʚ ʚ ʷʢʦʩʪʽ 

ʜʠʬʫʟʽʡʥʠʭ ʙʘʨôʻʨʽʚ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʥʝʙʘʞʘʥʽʡ ʜʠʬʫʟʽʾ ʤʘʪʝʨʽʘʣʽʚ. 

ɿʤʝʥʰʠʪʠ ʚʟʘʻʤʦʜʠʬʫʟʽʶ ʝʣʝʤʝʥʪʽʚ ʢʦʥʪʘʢʪʫʶʯʠʭ ʰʘʨʽʚ ʪʘ ʤʘʩʦʧʝʨʝʥʦʩ 

ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʞʥʘ ʟʤʝʥʰʝʥʥʷʤ ʘʙʦ ʯʘʩʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʘʜʽʾ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʘʙʦ ʪʝʤʧʝʨʘʪʫʨʠ ʨʝʘʢʮʽʾ ʩʠʣʽʮʠʜʦʫʪʚʦʨʝʥʥʷ. ʐʣʷʭʦʤ 

ʜʦʩʷʛʥʝʥʥʷ ʮʴʦʛʦ ʻ ʫʩʢʣʘʜʥʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʠʣʽʮʠʜʥʠʭ ʧʣʽʚʦʢ ʟʘ ʨʘʭʫʥʦʢ 

ʜʦʜʘʪʢʦʚʦʛʦ ʚʚʝʜʝʥʥʷ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʟʥʠʞʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʫʪʚʦʨʝʥʥʷ ʜʠʩʠʣʽʮʠʜʽʚ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʽʚ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʥʘʩʣʽʜʦʢ 

ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʨʝʘʢʮʽʡ ʚ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʩʠʣʽʮʠʜʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ "ʰʘʨ 

ʧʝʨʝʭʽʜʥʦʛʦ ʤʝʪʘʣʫ-ʢʨʝʤʥʽʡ", ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʦʣʽ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʤʝʞ 

ʨʦʟʜʽʣʫ ʚ ʨʦʟʚʠʪʢʫ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʩʫʯʘʩʥʦʛʦ 

ʤʝʪʘʣʦʟʥʘʚʩʪʚʘ.  

1.2.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʩʪʨʫʢʪʫʨ "ʤʝʪʘʣ-ʢʨʝʤʥʽʡ" 

ɿʘʟʚʠʯʘʡ ʩʪʨʫʢʪʫʨʫ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʘ ʥʘʩʪʫʧʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʨʦʟʤʽʨ ʟʝʨʥʘ ʪʘ ʪʝʢʩʪʫʨʘ; ʨʽʚʝʥʴ ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʾ; ʪʠʧ 

ʜʝʬʝʢʪʥʦʾ ʩʪʨʫʢʪʫʨʠ; ʝʧʽʪʘʢʩʽʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ; ʩʪʫʧʽʥʴ ʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ 

ʩʪʨʫʢʪʫʨʠ; ʬʘʟʦʚʠʡ ʩʢʣʘʜ. ɸʣʝ ʮʝ ʧʠʪʘʥʥʷ ʻ ʙʽʣʴʰ  ʩʢʣʘʜʥʠʤ ʽ ʜʣʷ ʧʦʚʥʦʾ 

ʢʘʨʪʠʥʠ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʚʤʽʩʪ ʜʦʤʽʰʦʢ ʪʘ ʾʭ ʩʝʛʨʝʛʘʮʽʶ ʥʘ ʤʝʞʘʭ ʟʝʨʝʥ, 

ʛʨʘʜʽʻʥʪʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʽʥ. ʅʘ ʢʽʥʝʪʠʢʫ ʧʨʦʮʝʩʽʚ ʩʪʨʫʢʪʫʨʥʦ-

ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʟ ʨʝʘʢʮʽʻʶ ʚ ʪʦʥʢʠʭ ʧʣʽʚʢʘʭ ʯʠʥʠʪʴ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ, ʦʩʢʽʣʴʢʠ ʚʽʜ ʥʝʾ ʟʘʣʝʞʠʪʴ ʥʘʚʽʪʴ "ʨʫʰʽʡʥʘ ʩʠʣʘ" ʨʝʘʢʮʽʾ ʪʘ ʾʾ 



36 

ʥʘʧʨʷʤʦʢ. ʅʘʧʨʠʢʣʘʜ, ʰʚʠʜʢʽʩʪʴ ʜʠʬʫʟʽ ʾ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʝʧʽʪʘʢʩʽʘʣʴʥʠʭ 

ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʧʣʽʚʢʘʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʚʽʜ ʜʠʬʫʟʽʾ ʚ 

ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʪʦʥʢʠʭ ʧʣʽʚʢʘʭ ʪʦʛʦ ʞ  ʩʢʣʘʜʫ [143, 144]. ʊʦʤʫ, ʜʣʷ 

ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʢʽʥʝʪʠʢʠ ʷʚʠʱ ʚ ʪʦʥʢʠʭ ʧʣʽʚʢʘʭ ʥʝʤʦʞʣʠʚʦ ʦʙʽʡʪʠʩʴ 

ʙʝʟ ʜʦʩʢʦʥʘʣʦʛʦ ʚʠʚʯʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. 

ʗʢ ʚʽʜʦʤʦ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʭʥʦʣʦʛʽʡ ʦʜʝʨʞʘʥʥʷ (ʨʠʩ. 1.1) ʧʣʽʚʢʘ 

ʤʘʪʝʨʽʘʣʫ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʴ ʫ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʤʫ, ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʤʫ ʽ 

ʘʤʦʨʬʥʦʤʫ ʩʪʘʥʽ. ɸʣʝ ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ 

ʪʦʥʢʽ ʤʝʪʘʣʝʚʽ ʧʣʽʚʢʠ ʽ ʟ ʽʥʰʦʶ ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʶ. ɹʘʛʘʪʦ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʻ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʪʣʠʚʠʤʠ, ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʩʘʤʝ ʥʘ 

ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʟʨʘʟʢʘʭ. 

ɺ ʨʦʙʦʪʽ [128] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʩʪʫʧʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʟʘ ʾʭ 

ʩʪʨʫʢʪʫʨʦʶ: 

1. ɽʧʽʪʘʢʩʽʘʣʴʥʘ ʧʣʽʚʢʘ ï ʮʝ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʡ ʰʘʨ, ʚʠʨʦʱʝʥʠʡ ʥʘ 

ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʽʡ ʦʩʥʦʚʽ, ʟ ʷʢʠʤ ʚʽʥ ʤʘʻ ʚʠʟʥʘʯʝʥʫ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ. ɻʦʤʦʝʧʽʪʘʢʩʽʘʣʴʥʠʡ ʰʘʨ ʤʘʻ ʪʦʡ ʞʝ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʱʦ ʽ ʦʩʥʦʚʘ. 

ɻʦʤʦʝʧʽʪʘʢʩʽʘʣʴʥʠʡ ʰʘʨ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʘ ʩʚʦʾʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʚʽʜ ʩʢʣʘʜʫ 

ʦʩʥʦʚʠ. ɽʧʽʪʘʢʩʽʘʣʴʥʽ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʽ  ʧʣʽʚʢʠ ʟʚʠʯʘʡʥʦ ʤʽʩʪʷʪʴ ʜʝʬʝʢʪʠ, ʪʘʢʽ 

ʷʢ  ʜʠʩʣʦʢʘʮʽʾ, ʜʚʽʡʥʠʢʠ ʪʘ ʩʫʙʩʪʨʫʢʪʫʨʠ. ʃʠʰʝ ʚ ʜʫʞʝ ʨʽʜʢʠʭ ʚʠʧʘʜʢʘʭ 

ʝʧʽʪʘʢʩʽʘʣʴʥʽ ʰʘʨʠ ʤʘʶʪʴ ʜʦʩʢʦʥʘʣʫ ʩʪʨʫʢʪʫʨʫ. 

2. ʂʚʘʟʽʝʧʽʪʘʢʩʽʘʣʴʥʽ ï ʧʣʽʚʢʠ ʚ ʷʢʠʭ ʧʨʠʩʫʪʥʽʡ ʧʨʠʙʣʠʟʥʠʡ ʙʣʠʞʥʽʡ 

ʧʦʨʷʜʦʢ ʥʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʩʪʚʦʨʶʻ ʝʣʝʢʪʨʦʥʥʫ ʜʠʬʨʘʢʮʽʶ. 

3. ʆʜʥʦʦʩʴʦʚʽ ʪʝʢʩʪʫʨʦʚʘʥʽ ʧʣʽʚʢʠ ï ʫʩʽ ʩʪʦʚʧʯʘʩʪʽ ʟʝʨʥʘ ʪʘʢʦʾ ʧʣʽʚʢʠ 

ʤʘʶʪʴ ʟʘʛʘʣʴʥʫ ʚʽʩʴ, ʷʢʘ ʟʘʟʚʠʯʘʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ. 

4. ɼʝʟʦʨʽʻʥʪʦʚʘʥʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʽ ʪʦʥʢʽ ʧʣʽʚʢʠ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʚ ʧʣʽʚʮʽ,  

ʪʦʚʱʠʥʘ ʷʢʦʾ ʧʦʨʽʚʥʷʥʘ ʟ ʨʦʟʤʽʨʦʤ ʟʝʨʥʘ, ʤʘʡʞʝ ʥʘʧʝʚʥʦ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʪʝʢʩʪʫʨʘ, ʫ ʧʣʽʚʮʽ ʞ, ʪʦʚʱʠʥʘ ʷʢʦʾ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʨʦʟʤʽʨ ʟʝʨʥʘ, 

ʩʪʨʫʢʪʫʨʘ ʤʦʞʝ ʥʝ ʤʘʪʠ ʧʝʚʥʦʾ ʦʨʽʻʥʪʘʮʽʾ. 
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5. ɸʤʦʨʬʥʽ ʪʦʥʢʽ ʧʣʽʚʢʠ ï ʩʫʮʽʣʴʥʽ ʰʘʨʠ ʤʘʪʝʨʽʘʣʽʚ ʚ ʘʤʦʨʬʥʦʤʫ ʯʠ 

ʩʢʣʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ (ʥʝ ʤʘʶʪʴ ʧʝʨʽʦʜʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʘʣʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʪʦʧʦʣʦʛʽʯʥʠʤ ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʠʤ ʙʣʠʞʥʽʤ ʧʦʨʷʜʢʦʤ). 

6. ʐʪʫʯʥʽ ʪʦʥʢʽ ʧʣʽʚʢʠ ʟ ʥʘʜˇʨʘʪʢʦʶ ï ʥʘʜʪʦʥʢʽ ʝʧʽʪʘʢʩʽʘʣʴʥʽ ʰʘʨʠ, ʪʘʢ 

ʟʚʘʥʽ "ʤʦʜʫʣʴʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ", ʟ ʟʘʜʘʥʦʶ ʟʤʽʥʦʶ ʩʢʣʘʜʫ ʧʦ ʪʦʚʱʠʥʽ ʚ ʤʝʞʘʭ 

ʚʽʜ 1 ʥʤ ʜʦ 10 ʥʤ.  

ɺʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʤ ʤʘʪʝʨʽʘʣʘʤ [145]. ɺʽʜʥʦʩʥʦ 

ʧʣʦʩʢʦʰʘʨʫʚʘʪʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʦʚʱʠʥʘ ʷʢʠʭ ʣʝʞʠʪʴ ʚ ʩʫʙʤʽʢʨʦʥʥʦʤʫ ʽ ʥʠʞʯʝ 

ʜʽʘʧʘʟʦʥʽ ʪʦʚʱʠʥʠ ("ʪʦʥʢʽ ʧʣʽʚʢʠ"), ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʪʘʢʽ ʰʘʨʠ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʘʪʝʛʦʨʽʾ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʱʦ ʛʝʦʤʝʪʨʠʯʥʽ 

ʨʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʪʽʚ ʚ ʥʠʭ ʭʦʯ ʙʠ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʽ ʣʝʞʘʪʴ ʚ ʥʘʥʦʤʝʪʨʦʚʦʤʫ 

ʜʽʘʧʘʟʦʥʽ. ʆʪʞʝ, ʢʨʠʪʝʨʽʻʤ ʚʽʜʥʝʩʝʥʥʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʜʦ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʫʪʴ ʙʫʪʠ: 

ï ʥʘʥʦʤʝʪʨʦʚʠʡ ʜʽʘʧʘʟʦʥ ʩʝʨʝʜʥʽʭ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʪʽʚ ʚ ʧʣʽʚʢʘʭ 

ʩʫʙʤʽʢʨʦʥʥʦʾ ʪʦʚʱʠʥʠ; 

ʈʠʩʠʥʦʢ 1.1 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʦʜʝʨʞʘʥʥʷ 

ʪʦʥʢʠʭ ʧʣʽʚʦʢ [143] 

ʊʦʥʢʦʧʣʽʚʢʦʚʘ ʪʝʭʥʦʣʦʛʽʷ 

ɯʦʥʥʝ ʨʦʟʧʠʣʝʥʥʷ ʊʝʨʤʽʯʥʝ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

ʍʽʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ 

ʟ ʛʘʟʦʚʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ 

ʈʝʟʠʩʪʠʚʥʝ 

ʥʘʛʨʽʚʘʥʥʷ 

ɼʽʦʜʥʘ 

ʩʠʩʪʝʤʘ 

ɽʣʝʢʪʨʦʥʥʦ-

ʧʨʦʤʝʥʝʚʝ ʥʘʛʨʽʚʘʥʥʷ 

ʄʘʛʥʝʪʨʦʥʥʘ 

ʩʠʩʪʝʤʘ 
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ï ʥʘʥʦʤʝʪʨʦʚʠʡ ʜʽʘʧʘʟʦʥ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʪʽʚ, ʱʦ ʦʙʤʝʞʫʻʪʴʩʷ 

ʥʘʥʦʤʝʪʨʦʚʦʶ ʪʦʚʱʠʥʦʶ ʧʣʽʚʢʠ. 

ʑʝ ʚ 60-ʭ ʨʦʢʘʭ, ʫ ʜʦʙʨʝ ʚʽʜʦʤʠʭ ʨʦʙʦʪʘʭ ʥʘʫʢʦʚʦʾ ʰʢʦʣʠ 

ʃ.ʉ. ʇʘʣʘʪʥʠʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʨʦʩʪʘʥʥʷ ʚʢʣʶʯʝʥʴ ʚ 

ʧʨʦʮʝʩʽ ʢʦʥʜʝʥʩʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʙʫʣʦ 

ʟʘʬʽʢʩʦʚʘʥʦ, ʱʦ ʨʦʟʤʽʨ ʢʨʠʩʪʘʣʽʪʽʚ ʩʢʣʘʜʘʻ ʚʝʣʠʯʠʥʫ ʙʣʠʟʴʢʦ ʜʝʢʽʣʴʢʦʭ 

ʜʝʩʷʪʢʽʚ ʥʘʥʦʤʝʪʨʽʚ (ʧʨʠ ʮʴʦʤʫ ʻ ʜʝʷʢʠʡ ʨʦʟʧʦʜʽʣ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʪʽʚ ʧʦ 

ʪʦʚʱʠʥʽ ʪʦʥʢʦʾ ʧʣʽʚʢʠ). ʇʨʠ ʮʴʦʤʫ ʽʩʪʦʪʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʩʪʨʫʢʪʫʨʠ ʪʦʥʢʠʭ 

ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ, ʻ ʪʝ, ʱʦ ʭʦʯʘ ʨʦʟʤʽʨ ʢʨʠʩʪʘʣʽʪʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 

ʙʣʠʟʴʢʦ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʥʘʥʦʤʝʪʨʽʚ (ʪʘʢʝ ʟʥʘʯʝʥʥʷ ʻ ʪʠʧʦʚʠʤ ʜʣʷ ʨʦʟʤʽʨʽʚ 

ʙʣʦʢʽʚ, ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ, ʟʝʨʝʥ ʤʘʩʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ), 

ʤʽʞʢʨʠʩʪʘʣʽʪʥʽ ʤʝʞʽ ʻ ʨʘʟʫʧʦʨʷʜʢʦʚʘʥʠʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʫʷʚʣʝʥʴ ʧʨʦ 

ʙʫʜʦʚʫ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʎʝ ʪʘʢʦʞ ʚʚʘʞʘʶʪʴ ʢʨʠʪʝʨʽʻʤ, ʥʘ ʧʽʜʩʪʘʚʽ 

ʷʢʦʛʦ ʪʦʥʢʽ ʧʣʽʚʢʠ ʚʽʜʥʦʩʷʪʴ ʜʦ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

1.2.2 ʊʝʨʤʦʜʠʥʘʤʽʯʥ ̔ʧʘʨʘʤʝʪʨʠ ʩʠʣʽʮʠʜʽʚ 

ʂʽʥʮʝʚʽ ʩʠʣʽʮʠʜʥʽ ʬʘʟʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʪʘʙʽʣʴʥʦʤʫ ʩʪʘʥʽ ʟ ʢʨʝʤʥʽʻʤ, 

ʜʣʷ ʨʽʟʥʠʭ ʤʝʪʘʣʽʚ ʚʧʝʨʰʝ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʽ ʚ ʨʦʙʦʪʽ [146] ʥʘ ʦʩʥʦʚʽ ʧʝʨʽʦʜʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʝʣʝʤʝʥʪʽʚ. ʇʽʜ "ʢʽʥʮʝʚʦʶ ʩʠʣʽʮʠʜʥʦʶ ʬʘʟʦʶ", ʘʙʦ "ʢʽʥʮʝʚʠʤ 

ʩʠʣʽʮʠʜʦʤ" ʨʦʟʫʤʽʶʪʴ ʩʠʣʽʮʠʜʥʫ ʬʘʟʫ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʚʤʽʩʪʦʤ ʢʨʝʤʥʽʶ 

(ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʽʘʛʨʘʤʠ ʬʘʟʦʚʦʾ ʨʽʚʥʦʚʘʛʠ). ɼʣʷ ʧʦʟʥʘʯʝʥʥʷ ʩʠʣʽʮʠʜʥʠʭ ʬʘʟ ʟ 

ʤʝʥʰʠʤ ʚʤʽʩʪʦʤ ʢʨʝʤʥʽʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʨʤʽʥ "ʧʨʦʤʽʞʥʠʡ ʩʠʣʽʮʠʜ". 

ʅʘ ʨʠʩ. 1.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʢʘ ʩʠʩʪʝʤʘ ʟ ʥʝʟʥʘʯʥʠʤʠ ʟʤʽʥʘʤʠ. ʄʦʞʥʘ 

ʧʝʨʝʜʙʘʯʠʪʠ, ʱʦ, ʥʘʧʨʠʢʣʘʜ, ʟʦʣʦʪʦ ʫʪʚʦʨʠʪʴ ʟ ʢʨʝʤʥʽʻʤ ʤʝʪʘʩʪʘʙʽʣʴʥʠʡ 

ʩʠʣʽʮʠʜ, ʟʙʘʛʘʯʝʥʠʡ ʤʝʪʘʣʦʤ. ɿʘʛʘʣʴʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ, ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʧʨʠ 

ʧʝʨʝʤʽʱʝʥʥʽ ʣʽʚʦʨʫʯ ʧʦ ʪʘʙʣʠʮʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʣʫ ʚ ʢʽʥʮʝʚʽʡ 

ʬʘʟʽ: ʜʠʩʠʣʽʮʠʜ, ʤʦʥʦʩʠʣʽʮʠʜ, ʟʙʘʛʘʯʝʥʠʡ ʤʝʪʘʣʦʤ ʩʠʣʽʮʠʜ ʽ, ʥʘʨʝʰʪʽ, ʤʝʪʘʣ ʟ 

ʤʘʣʦʶ ʢʽʣʴʢʽʩʪʶ ʢʨʝʤʥʽʶ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ. ɿ ʮʽʻʶ ʟʘʢʦʥʦʤʽʨʥʽʩʪʶ ʢʦʨʝʣʶʻ 

ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʮʠʭ ʢʽʥʮʝʚʠʭ ʬʘʟ, ʘʣʝ ʚ ʪʦʡ ʞʝ ʯʘʩ ʙʫʜʴ-ʷʢʘ 

ʢʦʨʝʣʷʮʽʷ ʟ ʤʝʭʘʥʽʟʤʦʤ ʫʪʚʦʨʝʥʥʷ ʩʠʣʽʮʠʜʫ ʧʦʢʠ ʱʝ ʥʝ ʚʩʪʘʥʦʚʣʝʥʘ. 
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ʈʦʟʯʠʥʥʽʩʪʴ ʢʨʝʤʥʽʶ ʚ ʤʝʪʘʣʘʭ ʤʦʞʝ ʙʫʪʠ ʩʧʨʦʱʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʜʽʘʛʨʘʤʦʶ ɼʘʨʢʝʥʘ - ɻʫʨʨʽ (ʨʠʩ. 1.3). ʄʝʪʘʣʝʚʽ ʝʣʝʤʝʥʪʠ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʧʦ 

ʯʦʪʠʨʴʦʭ ʛʨʫʧʘʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʯʠʥʥʦʩʪʽ Si. ʎʷ ʜʽʘʛʨʘʤʘ ʧʦʪʨʽʙʥʘ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʯʠʥʝʥʥʷ Si ʚ ʤʝʪʘʣʽ ʜʦ ʧʦʯʘʪʢʫ ʫʪʚʦʨʝʥʥʷ ʩʠʣʽʮʠʜʫ. 

ʅʘʚʝʜʝʥʘ ʜʽʘʛʨʘʤʘ ʥʝʧʨʠʜʘʪʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʯʠʥʥʦʩʪʽ ʤʝʪʘʣʝʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʫ Si.  

 

ʈʠʩʫʥʦʢ 1.2 ï ʏʘʩʪʠʥʘ ʧʝʨʽʦʜʠʯʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʤʽʩʪʠʪʴ ʤʝʪʘʣʝʚʽ 

ʝʣʝʤʝʥʪʠ, ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʢʽʥʮʝʚʠʭ ʬʘʟ, ʩʪʘʙʽʣʴʥʠʭ ʫ ʢʦʥʪʘʢʪʽ ʟ ʢʨʝʤʥʽʻʤ [146]: 

I-ʝʚʪʝʢʪʠʯʥʘ ʩʫʤʽʰ ʝʣʝʤʝʥʪʽʚ; II-ʝʚʪʝʢʪʠʯʥʘ ʩʫʤʽʰ Si ʽ ʙʽʩʠʣʽʮʠʜʘ ʯʠ 

ʪʨʠʩʠʣʽʮʠʜʘ; III-ʝʚʪʝʢʪʠʯʥʘ ʩʫʤʽʰ Si ʽ M3Si2; IV-ʝʚʪʝʢʪʠʯʥʘ ʩʫʤʽʰ Si ʽ ʩʧʦʣʫʢ 

 

ʈʠʩʫʥʦʢ 1.3 ï ɼʽʘʛʨʘʤʘ ɼʘʨʢʝʥʘ ʽ ɻʫʨʨʽ: ʟʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʦʩʪʽ 

ʤʝʪʘʣʽʚ c ʚʽʜ ʘʪʦʤʥʦʛʦ ʨʘʜʽʫʩʫ r ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʨʦʟʯʠʥʥʦʩʪʽ Si ʫ ʨʽʟʥʠʭ ʤʝʪʘʣʘʭ 

[147]. ʈʦʟʯʠʥʥʽʩʪʴ Si: 1 - ʙʽʣʴʰ ʥʽʞ 10 % Si; 2- ~ 5 % Si; 3- ~ 1 % Si; 4 -ʥʝʟʥʘʯʥʘ; 

5-ʥʝʚʽʜʦʤʘ 
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ɺʽʜʦʤʦ, ʱʦ ʨʦʟʯʠʥʥʽʩʪʴ ʫʩʽʭ ʙʝʟ ʚʠʥʷʪʢʫ ʤʝʪʘʣʽʚ ʫ ʢʨʝʤʥʽʾ ʚʢʨʘʡ ʤʘʣʘ. 

ɸʣʝ ʥʘʚʽʪʴ ʮʠʭ ʥʠʟʴʢʠʭ ʤʝʞ ʨʦʟʯʠʥʥʦʩʪʽ ʚʘʞʢʦ ʜʦʩʷʛʪʠ ʧʨʠ ʥʝʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʷʢʱʦ ʘʪʦʤʠ ʨʝʯʦʚʠʥʠ, ʱʦ ʨʦʟʯʠʥʷʻʪʴʩʷ, ʧʦʚʠʥʥʽ ʟʘʡʤʘʪʠ ʚʫʟʣʠ 

Si ʟʘ ʨʘʭʫʥʦʢ ʚʘʢʘʥʩʽʡʥʦʾ ʜʠʬʫʟʽʾ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʚʠʩʦʢʦʶ ʝʥʝʨʛʽʻʶ ʫʪʚʦʨʝʥʥʷ 

ʚʘʢʘʥʩʽʡ ʫ Si. ʋ ʪʦʡ ʞʝ ʯʘʩ ʽʩʥʫʶʪʴ ʤʝʪʘʣʠ, ʱʦ ʚʽʜʦʤʽ ʷʢ ʛʘʨʥʽ ʜʠʬʫʟʘʥʪʠ ʚ Si (ʟ 

ʝʥʝʨʛʽʻʶ ʘʢʪʠʚʘʮʽʾ ʙʣʠʟʴʢʦ 1 ʝɺ) ʽ ʷʢʽ ʤʦʞʫʪʴ ʨʦʟʯʠʥʷʪʠʩʷ ʚ Si ʥʘʚʽʪʴ ʧʨʠ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [148]. 

ʋ ʪʘʙʣ. 1.1 ʥʘʚʝʜʝʥʽ ʥʘʷʚʥʽ ʜʘʥʽ ʧʨʦ ʢʦʝʬʽʮʽʻʥʪʠ ʩʘʤʦʜʠʬʫʟʽʾ ʽ ʜʠʬʫʟʽʾ 

ʜʦʤʽʰʦʢ ʫ Si. ɺʝʣʠʢʘ ʯʘʩʪʠʥʘ ʮʠʭ ʜʘʥʠʭ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʤʝʪʦʜʦʤ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʤʽʪʦʢ ʥʘ ʟʨʘʟʢʘʭ ʢʨʝʤʥʽʶ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ ʟ ʥʝʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ. 

ɿ ʪʘʙʣ. 1.1 ʚʠʜʥʦ, ʱʦ ʙʣʘʛʦʨʦʜʥʽ ʽ ʙʣʠʟʴʢʽ ʜʦ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʠ ʤʦʞʫʪʴ 

ʜʠʬʫʥʜʫʚʘʪʠ ʚ Si ʟʥʘʯʥʦ ʰʚʠʜʰʝ, ʥʽʞ ʩʘʤ Si. ʐʚʠʜʢʘ ʜʠʬʫʟʽʷ ʤʦʞʝ 

ʚʽʜʙʫʚʘʪʠʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʯʠʭ ʟʘ 473 ʂ, ʽ ʚʦʥʘ, ʽʤʦʚʽʨʥʽʰʝ ʟʘ ʚʩʝ, ʻ 

ʜʠʬʫʟʽʻʶ ʧʦ ʤʽʞʚʫʟʣʷʭ. ɼʘʥʽ ʱʦʜʦ ʜʠʬʫʟʽʾ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ʫ Si ʚʽʜʩʫʪʥʽ. 

ʏʝʨʝʟ ʚʝʣʠʢʝ ʯʠʩʣʦ ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʽ ʚʝʣʠʢʽ ʨʦʟʤʽʨʠ ʘʪʦʤʽʚ, ʪʫʛʦʧʣʘʚʢʽ 

ʤʝʪʘʣʠ, ʦʯʝʚʠʜʥʦ, ʨʦʟʯʠʥʷʶʪʴʩʷ ʽ ʜʠʬʫʥʜʫʶʪʴ ʫ Si ʰʣʷʭʦʤ ʡʦʛʦ ʟʘʤʽʱʝʥʥʷ 

(ʤʦʞʣʠʚʦ, ʣʠʰʝ ʟʘ ʚʠʥʷʪʢʦʤ Cr). ʊʘʢ ʷʢ ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʜʠʬʫʟʽʾ ʟʘ ʤʝʭʘʥʽʟʤʦʤ 

ʟʘʤʽʱʝʥʥʷ ʘʪʦʤʽʚ Si ʧʦʨʽʚʥʷʥʘ ʟ ʝʥʝʨʛʽʻʶ ʘʢʪʠʚʘʮʽʾ ʩʘʤʦʜʠʬʫʟʽʾ, ʪʫʛʦʧʣʘʚʢʽ 

ʤʝʪʘʣʠ, ʦʯʝʚʠʜʥʦ, ʥʝ ʧʦʚʠʥʥʽ ʨʦʟʯʠʥʷʪʠʩʷ ʚ ʢʨʝʤʥʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʣʠʟʴʢʦ 

500 ʂ. 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʦʜʥʦʨʽʜʥʦʛʦ ʰʘʨʫ ʩʠʣʽʮʠʜʫ ʟ ʚʽʜʪʚʦʨʶʚʘʥʠʤʠ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʟʘʜʦʚʽʣʴʥʦʶ ʘʜʛʝʟʽʻʶ ʜʦ ʢʨʝʤʥʽʶ, ʫ ʨʦʙʦʪʽ 

[128] ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʢʦʥʪʘʢʪʽʚ ʤʝʪʘʣ, ʷʢʠʡ ʫʪʚʦʨʶʻ 

ʩʠʣʽʮʠʜ, ʘ ʧʦʪʽʤ ʥʘʥʦʩʠʪʠ ʽʥʰʠʡ ʤʝʪʘʣ (Ni, Ti), ʷʢʠʡ ʙʠ ʟʘʙʝʟʧʝʯʫʚʘʚ ʥʠʟʴʢʠʡ 

ʦʧʽʨ. 

ɿʘʛʘʣʴʥʘ ʚʠʤʦʛʘ ʜʦ ʙʫʜʴ-ʷʢʦʛʦ ʢʦʥʪʘʢʪʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚʟʘʻʤʦʜʽʷ 

ʤʽʞ ʤʘʪʝʨʽʘʣʘʤʠ ʜʚʦʭ ʰʘʨʽʚ ʢʦʥʪʘʢʪʫ ʙʫʣʘ ʦʜʥʦʨʽʜʥʦʶ ʠ ʥʝ ʜʫʞʝ ʩʠʣʴʥʦʶ. "ʅʝ 

ʜʫʞʝ ʩʠʣʴʥʘ" ʚʟʘʻʤʦʜʽʷ ʦʟʥʘʯʘʻ ʚʽʜʩʫʪʥʽʩʪʴ ʤʽʛʨʘʮʽʾ ʘʪʦʤʽʚ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ, 

ʷʢʘ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʟʘʻʤʥʦʾ ʜʠʬʫʟʽʾ ʘʙʦ ʟʘʤʠʢʘʥʥʷ p-n ʧʝʨʝʭʦʜʫ. ɺʠʤʦʛʘ 
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ʦʜʥʦʨʽʜʥʦʩʪʽ ʦʟʥʘʯʘʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʛʦ ʚʟʘʻʤʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ 

ʢʦʤʧʦʥʝʥʪ, ʚ ʦʢʨʝʤʠʭ ʦʙʣʘʩʪʷʭ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ, ʷʢʝ ʩʧʨʠʯʠʥʷʻ ʩʠʣʴʥʫ ʢʦʨʦʟʽʶ. 

 

ʊʘʙʣʠʮʷ 1.1 ï ʂʦʝʬʽʮʽʻʥʪʠ ʩʘʤʦʜʠʬʫʟʽʾ ʽ ʜʠʬʫʟʽʾ ʚ Si [147] 

 

 

ɽʣʝʤʝʥʪ D, ʩʤ
2
Öʩ

-1
 ʊʝʤʧʝʨʘʪʫʨʘ, ʂ 

Cu 4,7Ö10
-3
exp(-0,43/kT) 573-973 

Ag 2Ö10
-3
exp(-1,6/kʊ) 1373-1623 

Au 2,4Ö10
-4
exp(-0,39/kʊ) 973-1573 

Al  8 exp(-3,47/kʊ) 1358-1645 

Si 1,81Ö10
4
exp(-4,86/kʊ) 1173-1573 

As 60 exp(-4,2/kʊ) 1123-1423 

Cr < 10
-3
 1473 

Mn > 2Ö10
-7
 1473 

Fe > 5Ö10
-6
 373-1388 

Ni 1,57Ö10
-7
 1073 

Pt ɸʥʘʣʦʛʽʯʥʦ Au ʽ Si  

 

ʋ ʪʘʙʣ. 1.2 ʥʘʚʝʜʝʥʽ ʚʽʣʴʥʽ ʝʥʝʨʛʽʾ ʫʪʚʦʨʝʥʥʷ ʩʠʣʽʮʠʜʽʚ [149, 150]. ʊʫʪ 

ʥʝʤʘʻ ʷʚʥʦʾ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ. ʆʜʥʘʢ ʩʠʣʽʮʠʜʠ, ʟʙʘʛʘʯʝʥʽ ʤʝʪʘʣʦʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʫʪʚʦʨʝʥʥʷ. ʇʠʪʘʥʥʷ ʧʨʦ ʪʝ, ʯʠ 

ʤʦʞʫʪʴ ʘʪʦʤʠ ʟʜʽʡʩʥʶʚʘʪʠ ʩʪʨʠʙʢʠ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʘʩʪʦ 

ʚʠʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰ ʽʩʪʦʪʥʠʤ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʠʣʽʮʠʜʫ, ʥʽʞ ʟʤʽʥʘ ʝʥʝʨʛʽʾ, ʱʦ 

ʚʠʤʘʛʘʻʪʴʩʷ ʧʨʠ ʮʴʦʤʫ. 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʨʦ 

ʫʪʚʦʨʝʥʥʷ ʩʠʣʽʮʠʜʫ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʪʘʙʣʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʽʣʴʥʠʭ ʝʥʝʨʛʽʡ. 

ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʢʦʨʝʣʷʮʽʷ ʚʠʷʚʣʷʻʪʴʩʷ ʥʝ ʜʦʩʠʪʴ ʩʠʣʴʥʦʶ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʧʝʨʝʜʙʘʯʠʪʠ ʫʪʚʦʨʝʥʥʷ ʩʠʣʽʮʠʜʫ ʚ ʢʦʥʢʨʝʪʥʠʭ ʚʠʧʘʜʢʘʭ, ʧʨʦʪʝ 

ʟʘʛʘʣʴʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ. 

ʇʨʠ ʫʪʚʦʨʝʥʥʽ ʦʜʥʽʻʾ ʬʘʟʠ ʩʠʣʽʮʠʜʫ ʻ ʪʨʠ ʤʝʞʽ ʨʦʟʜʽʣʫ: ʤʝʪʘʣ-ʢʨʝʤʥʽʡ, 

ʤʝʪʘʣ-ʩʠʣʽʮʠʜ ʽ ʩʠʣʽʮʠʜ-ʢʨʝʤʥʽʡ. ʇʨʦʮʝʩ ʟʘʨʦʜʞʝʥʥʷ ʩʠʣʽʮʠʜʫ ʤʦʞʥʘ ʙʫʣʦ ʙ 

ʢʨʘʱʝ ʩʦʙʽ ʫʷʚʠʪʠ, ʷʢʙʠ ʙʫʣʠ ʚʽʜʦʤʽ ʝʥʝʨʛʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʛʨʘʥʠʮʴ ʨʦʟʜʽʣʫ, ʘʣʝ ʚ 

ʣʽʪʝʨʘʪʫʨʽ ʥʝʤʘʻ ʪʘʢʠʭ ʜʘʥʠʭ. ʐʚʠʜʢʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʩʠʣʽʮʠʜʫ ʤʦʞʝ ʪʘʢʦʞ 

ʟʘʣʝʞʘʪʠ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ. ʆʩʢʽʣʴʢʠ ʢʨʝʤʥʽʻʚʘ ʧʽʜʢʣʘʜʠʥʢʘ 
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ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʘ, ʩʠʣʽʮʠʜ, ʱʦ ʟʨʦʩʪʘʻ ʝʧʠʪʘʢʩʽʘʣʴʥʦ ʥʘ Si, ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠ 

ʢʦʛʝʨʝʥʪʥʫ ʯʠ ʥʘʧʽʚʢʦʛʝʨʝʥʪʥʫ ʛʨʘʥʠʮʶ ʨʦʟʜʽʣʫ ʟ Si ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʷ 

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ.  

 

ʊʘʙʣʠʮʷ 1.2 ï ɺʽʣʴʥʘ ʝʥʝʨʛʽʷ ʫʪʚʦʨʝʥʥʷ ʩʠʣʽʮʠʜʽʚ [149, 150] 

ʉʠʣʽʮʠʜ 
DH, 

ʢʢʘʣ/ʤʦʣʴ 
ʉʠʣʽʮʠʜ 

DH, 

ʢʢʘʣ/ʤʦʣʴ 
ʉʠʣʽʮʠʜ 

DH, 

ʢʢʘʣ/ʤʦʣʴ 

Mg2Si 6,2 Ti5Si3 17.3 V3Si 6,5 

  TiSi 15,5 V5Si3 11,8 

FeSi 8,8 TiSi2 10,7 VSi2 24,3 

FeSi2 6,2     

  Zr2Si 16,7 Nb5Si3 10,9 

Co2Si 9,2 Zr5Si3 18,3 NbSi2 10,7 

CoSi 12 ZrSi 18,5-17,7   

CoSi2 8,2 ZrSi2 12,9-11,9 Ta5Si3 9,5 

    TaSi2 8,7-9,3 

Ni2Si 11,2-10,5     

NiSi 10,3   Cr3Si 7,5 

    Cr5Si3 8 

Pd2Si 6,9   CrSi 7,5 

PdSi 6,9   CrSi2 7,7 

    Mo3Si 5,6 

Pt2Si 6,9   Mo5Si3 8,5 

PtSi 7,9   MoSi2 8,7-10,5 

RhSi 8,1   W5Si3 5 

    WSi2 7,3 

 

1.2.3 ʉʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʠʩʪʝʤʘʭ "ʤʝʪʘʣ-ʢʨʝʤʥʽʡ" 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʫ ʩʠʩʪʝʤʘʭ 

"ʤʝʪʘʣ-ʢʨʝʤʥʽʡ" ʜʣʷ ʜʝʢʽʣʴʢʦʭ ʧʨʠʢʣʘʜʽʚ. 
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ɼʽʘʛʨʘʤʘ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ Ti ï Si ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ ʚ ʨʦʙʦʪʽ 

[151] ʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ 1.4. ɺʩʪʘʥʦʚʣʝʥʦ ʽʩʥʫʚʘʥʥʷ ʧôʷʪʠ ʩʠʣʽʮʠʜʥʠʭ ʬʘʟ: 

Ti3Si, Ti5Si3, Ti5Si4, TiSi, TiSi2. 

ʉʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʠʩʪʝʤʽ "ʧʣʽʚʢʘ ʪʠʪʘʥʫ ï ʧʽʜʢʣʘʜʠʥʢʘ 

ʢʨʝʤʥʽʶ" ʜʦʩʣʽʜʞʝʥʦ ʚ ʨʦʙʦʪʘʭ [151-182]. ɿ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʚʠʟʥʘʯʝʥʽ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʽʥʪʝʨʚʘʣʠ ʽʩʥʫʚʘʥʥʷ ʩʠʣʽʮʠʜʥʠʭ ʬʘʟ [172-182], ʢʽʥʝʪʠʢʘ ʬʘʟʦʚʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ [152, 182], ʚʧʣʠʚ ʣʝʛʫʚʘʥʥʷ ʽ ʦʨʽʻʥʪʘʮʽʾ ʧʽʜʢʣʘʜʢʠ [154-162]. 

ʅʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʦʪʨʠʤʘʥʥʷ ʧʣʽʚʦʢ ʪʠʪʘʥʫ ʽ ʩʪʘʥ 

ʢʨʝʤʥʽʻʚʦʾ ʧʽʜʢʣʘʜʠʥʢʠ. 

 

 

ʈʠʩʫʥʦʢ 1.4 ï ɼʽʘʛʨʘʤʘ ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ "ʪʠʪʘʥ-ʢʨʝʤʥʽʡ" [151] 

 

ɺ ʨʦʙʦʪʘʭ [178, 183-188] ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʽ 

ʧʣʽʚʢʠ ʪʠʪʘʥʫ ʟʘʚʪʦʚʰʢʠ 200 ʥʤ. ʇʣʽʚʢʠ ʦʪʨʠʤʫʚʘʣʠʩʴ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʠʤ 

ʤʝʪʦʜʦʤ ʥʘ ʢʨʝʤʥʽʻʚʠʭ ʧʽʜʢʣʘʜʠʥʢʘʭ ʨʽʟʥʦʛʦ ʪʠʧʫ. ɿʘʛʘʣʴʥʦʶ ʟʘʢʦʥʦʤʽʨʥʽʩʪʶ ʻ 
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ʪʝ, ʱʦ ʧʣʽʚʢʠ ʊi (200 ʥʤ) / Si (111) ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʧʽʩʣʷ ʥʘʧʠʣʝʥʥʷ ʤʘʶʪʴ 

ʘʢʩʽʘʣʴʥʫ ʪʝʢʩʪʫʨʫ, ʘ ʚʽʜʧʘʣ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʧʨʦʤʽʞʥʦʛʦ ʰʘʨʫ 

ʩʠʣʽʮʠʜʫ Ti5Si3, ʷʢʠʡ ʪʘʢʦʞ ʨʦʩʪʝ ʦʨʽʻʥʪʦʚʘʥʦ. 

ʊʘʢʦʞ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʱʦ ʬʦʨʤʫʚʘʥʥʷ ʩʠʣʽʮʠʜʥʠʭ ʬʘʟ ʟʘ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʨʽʟʥʦʤʫ. ʇʨʦ ʮʝ ʩʚʽʜʯʘʪʴ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʦʧʦʨʫ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʫ ʟʨʘʟʢʽʚ. ʇʨʠʯʠʥ ʪʘʢʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʦʞʝ ʙʫʪʠ 

ʜʝʢʽʣʴʢʘ. ʅʘʧʨʠʢʣʘʜ, ʨʽʟʥʠʡ ʩʪʫʧʽʥʴ ʨʦʟʚʠʪʢʫ ʦʢʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʨʦ ʮʝ 

ʟʛʘʜʫʻʪʴʩʷ ʫ ʨʦʙʦʪʘʭ [153, 166]. ɺ ʮʠʭ ʨʦʙʦʪʘʭ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʦʢʠʩʣʶʚʘʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʫ ʩʠʣʽʮʠʜʽʚ ʪʠʪʘʥʘ ʨʽʟʥʘ, ʩʠʣʽʮʠʜʠ ʟ ʤʝʥʰʠʤ ʚʤʽʩʪʦʤ ʢʨʝʤʥʽʶ 

ʧʽʜʜʘʶʪʴʩʷ ʦʢʠʩʣʝʥʥʶ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ. ʄʦʥʦʩʠʣʽʮʠʜ TiSi ʦʢʠʩʣʶʻʪʴʩʷ ʧʨʠ 

870 ʂ ʽ ʩʪʫʧʽʥʴ ʦʢʠʩʣʝʥʥʷ ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ 1270 ʂ ʤʘʣʦ ʟʤʽʥʶʻʪʴʩʷ. ʉʠʣʽʮʠʜ 

Ti5Si3 ʧʦʯʠʥʘʻ ʦʢʠʩʣʶʚʘʪʠʩʷ ʧʨʠ 770 ʂ ʽ ʦʢʠʩʣʶʻʪʴʩʷ ʚ ʙʽʣʴʰ ʟʥʘʯʥʽʡ ʤʽʨʽ ʧʨʠ 

ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʠʩʠʣʽʮʠʜ TiSi2 ʥʝ ʦʢʠʩʣʶʻʪʴʩʷ ʥʘ ʧʦʚʽʪʨʽ ʜʦ 970 ʂ 

[167]. 

ɺ ʨʦʙʦʪʽ [189] ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʰʚʠʜʢʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʚʽʜʧʘʣʫ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʦʜʥʦʩʪʘʜʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʜʠʩʠʣʽʮʠʜʫ ʪʠʪʘʥʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʝʡ ʤʝʪʦʜ ʧʨʦʧʦʥʫʻʪʴʩʷ ʫʧʦʚʽʣʴʥʠʪʠ ʥʝʙʘʞʘʥʽ ʜʠʬʫʟʽʡʥʽ 

ʧʨʦʮʝʩʠ, ʟʤʝʥʰʠʪʠ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ, ʤʝʭʘʥʽʯʥʠʭ ʪʘ 

ʪʝʨʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ.  

ɺ ʫʤʦʚʘʭ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʥʘʛʨʽʚʫ ʚ ʜʽʘʧʘʟʦʥʽ 473 - 1473 ʂ ʧʨʦʪʷʛʦʤ 10 - 60 

ʭʚʠʣʠʥ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʜʠʩʠʣʽʮʠʜʫ ʪʠʪʘʥʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʜʚʦʩʪʘʜʽʡʥʫ 

ʪʝʨʤʦʦʙʨʦʙʢʫ. ʇʝʨʰʘ ʩʪʘʜʽʷ ï ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʛʨʽʚ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ 

ʬʦʨʤʫʶʪʴʩʷ ʩʠʣʽʮʠʜʠ, ʟʙʘʛʘʯʝʥʽ ʤʝʪʘʣʦʤ. ɼʨʫʛʘ ʩʪʘʜʽʷ ï ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʚʽʜʧʘʣ, ʧʨʠ ʷʢʦʤʫ ʚʞʝ ʬʦʨʤʫʻʪʴʩʷ ʜʠʩʠʣʽʮʠʜ ʪʠʪʘʥʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʨʦʙʦʪʽ [190] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʰʚʠʜʢʠʡ ʪʝʨʤʽʯʥʠʡ ʚʽʜʧʘʣ ʫ ʚʘʢʫʫʤʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʢʠʩʣʝʥʥʷ ʪʠʪʘʥʫ, ʪʦʤʫ 

ʪʘʢʽ ʚʽʜʧʘʣʠ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʚ ʽʥʝʨʪʥʽʡ ʘʪʤʦʩʬʝʨʽ ʘʟʦʪʫ, ʘʙʦ ʘʨʛʦʥʫ. 

ʇʝʨʝʚʘʛʦʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ ʬʦʨʤʫʚʘʥʥʷ ʜʠʩʠʣʽʮʠʜʫ ʪʠʪʘʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘ 100 ʂ ʥʠʞʯʝ, ʥʽʞ ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ ʪʝʨʤʽʯʥʦʤʫ ʚʽʜʧʘʣʽ.  
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ɺ ʨʦʙʦʪʘʭ [190-192] ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤʘʭ "ʪʠʪʘʥ ï ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʡ ʢʨʝʤʥʽʡ", 

ʧʦʢʘʟʘʥʦ ʱʦ ʥʘ ʮʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʘʶʪʴ ʚʧʣʠʚ ʥʝ ʪʽʣʴʢʠ ʧʘʨʘʤʝʪʨʠ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜʧʘʣʫ, ʯʘʩ ʚʽʜʧʘʣʫ, ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʫ), ʘ ʡ ʪʦʚʱʠʥʘ 

ʰʘʨʫ Ti. ɺ ʨʦʙʦʪʽ [192] ʪʘʢʦʞ ʧʦʢʘʟʘʥʦ ʱʦ ʧʨʠ ʪʦʚʱʠʥʽ ʪʠʪʘʥʫ ʜʦ 2 ʥʤ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʦʩʪʨʽʚʮʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʬʘʟʠ TiSi2 ʧʽʩʣʷ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʽʜʧʘʣʫ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 1073 ʂ ï 1273 ʂ (ʯʘʩ 

ʚʽʜʧʘʣʫ ʩʢʣʘʜʘʚ 10 ʭʚʠʣʠʥ). ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘʢʦʞ ʙʫʣʠ ʧʽʜʪʚʝʨʜʞʝʥʽ ʫ ʨʦʙʦʪʘʭ 

[193, 194]. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʚʠʪʨʠʤʢʠ ʧʨʠ ʧʝʚʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʢʽʣʴʢʽʩʪʴ 

ʦʩʪʨʽʚʮʽʚ ʪʘ ʾʭ ʱʽʣʴʥʽʩʪʴ ʟʤʝʥʰʫʶʪʴʩʷ, ʚ ʪʦʡ ʞʝ ʯʘʩ ʟʙʽʣʴʰʫʻʪʴʩʷ ʾʭ ʨʦʟʤʽʨ ʪʘ 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ.  

ɺ ʷʢʦʩʪʽ ʚʠʩʥʦʚʢʫ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʚ ʩʠʩʪʝʤʽ "ʪʠʪʘʥ ï 

ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʡ ʢʨʝʤʥʽʡ" ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʩʠʣʽʮʠʜʽʚ 

ʰʣʷʭʦʤ ʟʘʨʦʜʞʝʥʥʷ ʪʘ ʨʦʩʪʫ ʚʢʣʶʯʝʥʴ ʧʝʚʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ, ʙʣʠʟʴʢʦʾ ʜʦ 

ʮʠʣʽʥʜʨʠʯʥʦʾ, ʧʦ ʜʦʩʷʛʥʝʥʥʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ 

ʢʦʘʛʫʣʷʮʽʾ ʚʢʣʶʯʝʥʴ. 

ʋ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤʘʭ Ni/Ti/Si ʧʨʠ ʪʦʚʱʠʥʽ ʰʘʨʽʚ Ni ʪʘ ʊʽ 

ʙʽʣʴʰ ʥʽʞ 30 ʥʤ ʧʽʩʣʷ ʚʽʜʧʘʣʫ ʩʧʦʯʘʪʢʫ ʫʪʚʦʨʶʻʪʴʩʷ ʟʙʘʛʘʯʝʥʘ ʥʘ ʥʽʢʝʣʴ ʬʘʟʘ 

Ni3Ti, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʦ ʤʦʜʝʣʣʶ ʇʨʝʪʦʨʽʫʩʘ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʘʡʥʠʞʯʦʾ ʝʚʪʝʢʪʠʢʠ (24 %Ni, 76 %Ti) ʬʘʟʘ NiTi2 ʤʘʻ ʙʽʣʴʰʫ ʚʽʜ'ʻʤʥʫ ʪʝʧʣʦʪʫ 

ʫʪʚʦʨʝʥʥʷ. ʆʜʥʘʢ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʨʘʚʠʣʘ ʇʨʝʪʦʨʽʫʩʘ, ʧʝʨʰʦʶ ʧʦʚʠʥʥʘ 

ʙʫʣʘ ʙ ʟʘʨʦʜʞʫʚʘʪʠʩʴ ʢʦʥʛʨʫʝʥʪʥʘ ʬʘʟʘ. ʇʨʦ ʪʝ, ʮʷ ʟʙʘʛʘʯʝʥʘ ʥʘ ʪʠʪʘʥ ʬʘʟʘ 

ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʠʪʝʢʪʠʮʽ ʽ ʪʦʤʫ ʥʝ ʫʪʚʦʨʶʻʪʴʩʷ. ʋʪʚʦʨʶʻʪʴʩʷ ʥʘʡʙʣʠʞʯʘ, ʷʢʘ 

ʢʦʥʛʨʫʝʥʪʥʦ ʧʣʘʚʠʪʴʩʷ, ï NiTi. ɸʣʝ ʬʘʟʘ NiTi ʥʝ ʻ ʩʪʘʙʽʣʴʥʦʶ ʧʨʠ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʯʠʭ ʟʘ 1070 ʂ ʚʦʥʘ ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ NiTi2 

ʪʘ Ni3Ti. ʊʝʨʤʦʜʠʥʘʤʽʯʥʦ ʙʽʣʴʰ ʚʠʛʽʜʥʘ ʽʥʪʝʨʤʝʪʘʣʝʚʘ ʩʧʦʣʫʢʘ, ʷʢʘ ʪʘʢʦʞ 

ʢʦʥʛʨʫʝʥʪʥʦ ʧʣʘʚʠʪʴʩʷ ï Ni3Ti. ʎʷ ʬʘʟʘ Ni3Ti ʻ ʧʝʨʰʦʶ ʩʧʦʣʫʢʦʶ 

ʟʘʨʦʜʞʫʻʪʴʩʷ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʫʭʣʠʚʦʩʪʽ ʘʪʦʤʽʚ Ni ʪʘ Ti. ʆʩʢʽʣʴʢʠ ʧʨʠ ʥʠʟʴʢʠʭ  

ʪʝʤʧʝʨʘʪʫʨʘʭ Ni ʻ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʨʫʭʣʠʚʽʰʠʤ, ʥʽʞ ʊʽ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ 
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ʚʠʩʥʦʚʦʢ, ʱʦ ʧʦʚʝʨʭʥʷ ʨʦʟʜʽʣʫ ʟʙʘʛʘʯʫʻʪʴʩʷ ʥʘ ʥʽʢʝʣʴ ʽ Ni3Ti ʙʫʜʝ 

ʧʝʨʝʚʘʞʘʶʯʦʶ ʬʘʟʦʶ, ʷʢʘ ʫʪʚʦʨʠʪʴʩʷ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʧʨʠ ʜʝʩʷʪʠʜʝʥʥʦʤʫ ʚʽʜʧʘʣʽ ʧʨʠ 923 ʂ ʪʘ 1073 ʂ ʬʘʟʘ NiTi 

ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ NiTi2 ʪʘ Ni3Ti ʫ ʚʠʛʣʷʜʽ ʚʢʣʶʯʝʥʴ ʨʽʟʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ. 

ɺ ʨʦʙʦʪʽ [194] ʜʦʩʣʽʜʞʝʥʦ ʪʚʝʨʜʦʪʽʣʴʥʽ ʨʝʘʢʮʽʾ ʩʠʣʽʮʠʜʦʫʪʚʦʨʝʥʥʷ ʫ 

ʩʠʩʪʝʤʘʭ Ti(200 ʥʤ)/Ni(200 ʥʤ)/Si(001) ʪʘ Ni(200 ʥʤ)/Ti(200 ʥʤ)/Si(001) ʧʽʩʣʷ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʫ ʚʘʢʫʫʤʽ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 770 - 1270 ʂ.  

ɺ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʩʠʣʽʮʠʜ ʥʽʢʝʣʶ NiSi ʪʝʨʤʽʯʥʦ ʩʪʽʡʢʠʡ ʜʦ 

1170 ʂ, ʱʦ ʥʘ 150 ʂ ʚʠʱʝ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʨʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ NiSi ʫ ʩʠʩʪʝʤʽ Ni-

Si. ɺ ʩʠʩʪʝʤʽ Ti(200 ʥʤ)/Ni(200 ʥʤ)/Si(001) ʘʪʦʤʠ ʪʠʪʘʥʫ, ʨʦʟʪʘʰʦʚʫʶʯʠʩʴ ʧʦ 

ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ ʩʠʣʽʮʠʜʫ NiSi ʯʠ ʟʚȭʷʟʫʶʯʠ ʥʽʢʝʣʴ ʚ ʽʥʪʝʨʤʝʪʘʣʽʜ Ni3Ti ʫ 

ʚʠʛʣʷʜʽ ʩʬʝʨʠʯʥʠʭ ʚʢʣʶʯʝʥʴ, ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʟʘʨʦʜʞʝʥʥʶ ʪʘ ʨʦʩʪʫ ʩʬʝʨʠʯʥʠʭ 

ʚʢʣʶʯʝʥʴ ʬʘʟʠ NiSi2. ɺ ʩʠʩʪʝʤʽ Ni(200 ʥʤ)/Ti(200 ʥʤ)/Si(001) ʪʝʨʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ 

NiSi ʦʙʫʤʦʚʣʝʥʘ ʫʪʚʦʨʝʥʥʷʤ ʚʢʣʶʯʝʥʴ ʧʦʪʨʽʡʥʦʾ ʩʧʦʣʫʢʠ Ti4Ni4Si7 ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʽʥʪʝʥʩʠʚʥʦʾ ʜʠʬʫʟʽʾ ʘʪʦʤʽʚ ʢʨʝʤʥʽʶ ʚ ʽʥʪʝʨʤʝʪʘʣʽʜʥʫ ʬʘʟʫ Ni3Ti. 

1.3 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

ɺ̔ʜʦʢʨʝʤʣʝʥʥʷ ʦʜʥʦʰʘʨʦʚʦʛʦ ʛʨʘʬʝʥʫ ʤʝʭʘʥʽʯʥʠʤ ʚʽʜʰʘʨʦʚʫʚʘʥʥʷʤ 

ʜʦʟʚʦʣʠʣʦ ʜʦʩʣʽʜʠʪʠ ʡʦʛʦ ʦʩʦʙʣʠʚʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢ ʚʽʣʴʥʦ 

ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢ ʚʠʩʦʢʘ ʨʫʭʣʠʚʽʩʪʴ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʭʦʨʦʰʘ ʦʧʪʠʯʥʘ ʧʨʦʟʦʨʽʩʪʴ ʪʘ ʤʝʭʘʥʽʯʥʘ ʚ'ʷʟʢʽʩʪʴ, ʨʦʙʣʷʪʴ ʡʦʛʦ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʧʨʦʟʦʨʠʭ 

ʝʣʝʢʪʨʦʜʽʚ ʚ ʦʧʪʦʝʣʝʢʪʨʦʥʽʮʽ ʪʘ ʽʥʰʠʭ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. ɼʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʛʨʘʬʝʥʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚʠʚʘʪʠ ʤʝʪʘʣʦʟʥʘʚʯʽ 

ʫʷʚʣʝʥʥʷ. ɿʘʨʘʟ ʚʞʝ ʽʩʥʫʻ ʙʘʟʦʚʝ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʷʢ ʩʠʥʪʝʟʫʚʘʪʠ 

ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʽ ʧʣʘʩʪʠʥʠ ʛʨʘʬʝʥʫ, ʷʢʠʭ ʥʝʜʦʩʢʦʥʘʣʦʩʪʝʡ ʦʯʽʢʫʚʘʪʠ ʚʽʜ 

ʛʨʘʬʝʥʫ ʪʘ ʷʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ʥʝʜʦʩʢʦʥʘʣʦʩʪʝʡ. 

ʈʦʟʚʠʚʘʶʪʴʩʷ ʪʘʢʦʞ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʛʨʘʬʝʥʫ ʜʣʷ ʟʤʽʥʠ ʡʦʛʦ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ɻʨʘʬʝʥ ʻ ʦʩʪʘʪʦʯʥʦ "ʧʦʚʝʨʭʥʝʚʠʤ ʤʘʪʝʨʽʘʣʦʤ", ʽ ʪʦʤʫ ʤʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʧʨʦʜʦʚʞʫʶʪʴ ʚʽʜʽʛʨʘʚʘʪʠ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ.  
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ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʚʦʜʷʪʴʩʷ ʜʣʷ ʛʨʘʬʝʥʫ, 

ʨʦʟʪʘʰʦʚʘʥʦʤʫ ʥʘ ʧʽʜʢʣʘʜʠʥʮʽ, ʥʘ ʷʢʽʡ ʚʽʥ ʩʠʥʪʝʟʦʚʘʥʠʡ, ʘʣʝ ʧʝʨʝʥʝʩʝʥʥʷ 

ʛʨʘʬʝʥʫ ʥʘ ʧʦʚʝʨʭʥʶ ʽʥʰʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦʩʪʫʧʦʚʦ ʩʪʘʻ ʚʞʝ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʶ 

ʧʨʘʢʪʠʢʦʶ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʤʽʢʨʦʧʨʠʣʘʜʫʚʘʥʥʷ. ʊʦʤʫ ʦʩʦʙʣʠʚʦʾ 

ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʶʪʴ ʟʘʜʘʯʽ ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʘʬʝʥʫ ʥʘ ʧʽʜʢʣʘʜʠʥʢʘʭ, ʥʘ ʷʢʠʭ ʥʝ ʤʦʞʣʠʚʠʡ ʧʨʦʮʝʩ ʡʦʛʦ 

ʟʨʦʩʪʘʥʥʷ, ʘʣʝ ʤʦʞʣʠʚʝ ʡʦʛʦ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ʉʠʩʪʝʤʠ "ʧʣʽʚʢʠ ʤʝʪʘʣʫ ï ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʡ ʢʨʝʤʥʽʡ" ʜʦʩʠʪʴ ʜʦʙʨʝ 

ʚʠʚʯʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʣʷ ʚʠʧʘʜʢʚ̔ ʢʦʣʠ ʪʦʚʱʠʥʘ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻ 200 ʥʤ ï

 300 ʥʤ ʽ ʧʦʢʘʟʘʥʦ ʬʦʨʤʫʚʘʥʥʷ ʚʢʣʶʯʝʥʴ ʩʠʣʽʮʠʜʽʚ ʪʘ ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ ʨʽʟʥʦʾ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ, ʘʣʝ ʩʠʩʪʝʤʠ ʟ ʥʘʜʪʦʥʢʠʤʠ ʤʝʪʘʣʝʚʠʤʠ ʰʘʨʘʤʠ (< 50 ʥʤ) 

ʜʦʩʣʽʜʞʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦ. ʆʜʥʘʢ ʮʽ ʥʘʥʦʨʦʟʤʽʨʥʽ ʩʠʩʪʝʤʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ ʤʽʢʨʦʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ, ʪʦʤʫ ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ ʩʪʘʶʪʴ 

ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʝ ʪʽʣʴʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ, ʘ ʡ 

ʪʝʦʨʝʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʟʦʢʨʝʤʘ ʤʝʪʦʜʘʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. 
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ʈʆɿɼɯʃ 2 ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ 

2.1 ʄʦʣʝʢʫʣʷʨʥʘ ʜʠʥʘʤʽʢʘ 

ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ (ʄɼ) ʧʦʣʷʛʘʻ ʫ ʤʦʜʝʣʶʚʘʥʥʽ 

ʨʫʭʫ ʚ ʯʘʩʽ ʪʘ ʧʨʦʩʪʦʨʽ ʘʥʩʘʤʙʣʶ ʘʪʦʤʽʚ ʧʽʜ ʜʽʻʶ ʪʘʢʠʭ ʬʽʟʠʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢ 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʪʠʩʢ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʤʦʞʥʘ ʜʦʩʣʽʜʞʫʚʘʪʠ ʜʠʥʘʤʽʢʫ 

ʧʨʦʮʝʩʽʚ ʪʨʠʚʘʣʽʩʪʶ ʜʦ 10 ʥʩ ʚ ʩʠʩʪʝʤʘʭ ʟ ʢʽʣʴʢʽʩʪʶ ʘʪʦʤʽʚ ʜʦ 100000. ʄʝʪʦʜ 

ʜʦʟʚʦʣʷʻ ʥʘ ʢʦʞʥʦʤʫ ʯʘʩʦʚʦʤʫ ʢʨʦʮʽ ʬʽʢʩʫʚʘʪʠ ʧʦʣʦʞʝʥʥʷ ʘʪʦʤʽʚ, ʥʘʧʨʫʞʝʥʥʷ, 

ʝʥʝʨʛʽʶ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʝʪʦʜ ʄɼ ʻ ʤʘʡʞʝ ʽʜʝʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʄɼ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ LAMMPS [195]. ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʻ 

ʨʦʟʨʘʭʫʥʢʦʚʘ ʢʦʤʽʨʢʘ ʟ ʧʝʚʥʦʶ ʘʪʦʤʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʧʦʪʝʥʮʽʘʣ ʘʪʦʤʥʦʾ 

ʧʘʨʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʩʠʣʫ ʚʟʘʻʤʦʜʽʾ ʘʪʦʤʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʩʪʘʥʽ 

ʤʽʞ ʥʠʤʠ.  

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʧʦʪʝʥʮʽʘʣʠ [196, 197]. 

2.1.1 ɿʘʛʘʣʴʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʆʩʢʽʣʴʢʠ ʤʝʪʦʜʦʤ ʄɼ ʬʘʢʪʠʯʥʦ ʬʽʢʩʫʻʪʴʩʷ ʪʽʣʴʢʠ ʢʦʦʨʜʠʥʘʪʠ ὶᴆὸ ʽ 

ʰʚʠʜʢʽʩʪʴ ὺᴆ ὸ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ὔ ʘʪʦʤʽʚ ʥʘ ʢʦʞʥʦʤʫ ʯʘʩʦʚʦʤʫ ʢʨʦʮʽ ὸ, ʪʦ ʚʩʽ 

ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʻ ʬʫʥʢʮʽʷʤʠ ʚʽʜ ʥʠʭ ʽ ʦʙʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʧʝʚʥʠʤʠ ʬʦʨʤʫʣʘʤʠ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʢʽʥʮʝʚʠʭ ʟʥʘʯʝʥʴ ʚʽʜʧʦʚʽʜʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʚʝʣʠʯʠʥ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʝʩʪʠ ʫʩʝʨʝʜʥʝʥʥʷ ʧʦ ʯʘʩʫ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʜʝʷʢʦʛʦ 

ʧʘʨʘʤʝʪʨʫ ὃ ʚ ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ὸ ʜʦʨʽʚʥʶʻ: 

ὃὸ ὪὶᴆὸȟȢȢȢȟὶᴆὸȟὺᴆὸȟȢȢȢȟὺᴆ ὸȟ (2.1) 

ʪʦʜʽ ʡʦʛʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʜʦʨʽʚʥʶʻ: 

ὃ В ὃὯ, (2.2) 

ʜʝ k ï ʽʥʜʝʢʩ, ʷʢʠʡ ʧʨʦʙʽʛʘʻ ʢʨʦʢʠ ʟʘ ʯʘʩʦʤ ʚʽʜ 1 ʜʦ ʦʩʪʘʥʥʴʦʛʦ ὔ . 
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ɭ ʜʚʘ ʨʽʚʥʦʟʥʘʯʥʽ ʰʣʷʭʠ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʫʩʝʨʝʜʥʝʥʥʷ. 

1. ɺʝʣʠʯʠʥʘ ὃὸ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʟʘ ʯʘʩʦʤ ʚ ʧʨʦʮʝʩʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʄɼ ʽ ʦʙʨʘʭʦʚʫʻʪʴʩʷ ʩʫʤʘ Вὃὸ ʪʘʢʦʞ ʧʽʩʣʷ ʢʦʞʥʦʛʦ 

ʢʨʦʢʫ. ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʜʽʣʝʥʥʷʤ ʩʫʤʠ ʥʘ ʯʠʩʣʦ ʢʨʦʢʽʚ ʚ ʙʫʜʴ 

ʷʢʠʡ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ. ʎʝʡ ʩʧʦʩʽʙ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʢʦʣʠ ʨʦʟʨʘʭʫʥʦʢ 

ʚʝʣʠʯʠʥʠ ʘʙʦ ʧʨʦʩʪʠʡ ʘʙʦ ʜʫʞʝ ʚʘʞʣʠʚʠʡ ʽ ʧʽʜʣʷʛʘʻ ʢʦʥʪʨʦʣʶ ʚ ʧʨʦʮʝʩʽ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʊʝʤʧʝʨʘʪʫʨʘ, ʝʥʝʨʛʽʷ ʪʘ ʪʠʩʢ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʽ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ 

ʩʘʤʝ ʪʘʢʠʤ ʯʠʥʦʤ. 

2. ʋ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʄɼ ʢʦʦʨʜʠʥʘʪʠ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʽʦʜʠʯʥʦ ʟʘʧʠʩʫʶʪʴʩʷ ʚ ʬʘʡʣ. ʆʙʨʦʙʢʘ ʜʘʥʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʢʨʝʤʦʾ ʧʨʦʛʨʘʤʠ, ʨʦʟʨʘʭʦʚʫʶʯʠ ʥʝʦʙʭʽʜʥʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ. ʎʝʡ 

ʩʧʦʩʽʙ ʚʠʤʘʛʘʻ ʚʝʣʠʢʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘ ʜʠʩʢʫ, ʪʘʢ ʷʢ ʥʝʦʙʭʽʜʥʦ ʟʙʝʨʽʛʘʪʠ 

ʢʦʦʨʜʠʥʘʪʠ ʪʘ ʧʨʦʝʢʮʽʾ ʰʚʠʜʢʦʩʪʝʡ ʚʩʽʭ ʯʘʩʪʦʢ ʜʣʷ ʢʦʞʥʦʛʦ ʯʘʩʦʚʦʛʦ ʢʨʦʢʫ. 

ʎʝʡ ʤʝʪʦʜ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʚʠʧʘʜʢʘʭ, ʷʢʱʦ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ 

ʩʢʣʘʜʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ/ʘʙʦ ʮʽ ʧʘʨʘʤʝʪʨʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʚ ʨʽʟʥʽ 

ʤʦʤʝʥʪʠ ʯʘʩʫ. 

2.1.2 ʇʦʪʝʥʮʽʘʣʴʥʘ, ʢʽʥʝʪʠʯʥʘ ʽ ʧʦʚʥʘ ʝʥʝʨʛʽʷ 

ʇʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ Ὗ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʩʝʨʝʜʥʝʥʥʷʤ ʟʘ ʚʩʽʤʘ 

ʘʪʦʤʘʤʠ ʩʠʩʪʝʤʠ ʾʾ ʤʠʪʪʻʚʦʛʦ ʟʥʘʯʝʥʥʷ. ɼʣʷ ʚʠʧʘʜʢʫ ʧʘʨʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ 

ʚʟʘʻʤʦʜʽʾ: 

Ὗ ‰ȿὶᴆὸ ὶᴆὸȿȢ (2.3) 

 

ʇʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʤʝʪʦʜʘʤʠ ʄɼ ʧʦʪʨʽʙʥʘ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ 

ʝʥʝʨʛʽʾ. ʎʷ ʧʝʨʝʚʽʨʢʘ ʻ ʜʫʞʝ ʚʘʞʣʠʚʦʶ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʤʝʪʦʜʫ ʄɼ. 

ʂʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ ʽʥʪʝʛʨʫʚʘʥʥʷʤ 

ʧʦ ʚʩʽʤ ʯʘʩʪʢʘʤ ʩʠʩʪʝʤʠ ʟ ʥʘʩʪʫʧʥʠʤ ʫʩʝʨʝʜʥʝʥʥʷʤ ʟʘ ʯʘʩʦʤ: 
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ὑ ὑὸ Вάὺ ὸ . (2.4) 

 

ʇʦʚʥʘ ʝʥʝʨʛʽʷ Ὁ ὑ Ὗ ʟʘʤʢʥʝʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʢʣʘʩʠʯʥʦʾ ʤʝʭʘʥʽʢʽ ʻ 

ʚʝʣʠʯʠʥʘ ʧʦʩʪʽʡʥʘ. ʎʷ ʚʝʣʠʯʠʥʘ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʤʝʪʦʜʘʤʠ ʄɼ ʚʽʜʽʛʨʘʻ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʜʣʷ ʢʦʥʪʨʦʣʶ ʥʘʜʽʡʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ. ʗʢʱʦ ʧʦʚʥʘ ʝʥʝʨʛʽʷ 

ʩʠʩʪʝʤʠ ʧʽʩʣʷ ʧʝʨʽʦʜʫ ʨʝʣʘʢʩʘʮʽʾ ʩʠʩʪʝʤʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ï ʮʝ ʦʟʥʘʢʘ ʪʦʛʦ, ʱʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʝ ʥʘʜʽʡʥʝ (ʪʘʢʝ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʥʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʢʨʦʢ ʟʘ 

ʯʘʩʦʤʦʙʨʘʥʠʡ ʥʝ ʧʨʘʚʠʣʴʥʦ), ʷʢʱʦ ʟʤʝʥʰʫʻʪʴʩʷ ï ʪʦ ʮʝ ʦʟʥʘʢʘ ʪʦʛʦ, ʱʦ 

ʩʠʩʪʝʤʘ ʱʝ ʥʝ ʜʦʩʷʛʣʘ ʩʚʦʛʦ ʨʽʚʥʦʚʘʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟ ʤʽʥʽʤʫʤʦʤ ʝʥʝʨʛʽʾ. 

ʇʨʘʢʪʠʯʥʦ, ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʤʘʻ ʜʝʷʢʽ ʬʣʫʢʪʫʘʮʽʾ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ, 

ʷʢʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʦʭʠʙʢʘʤʠ ʧʽʜ ʯʘʩ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʴ ʨʫʭʫ, ʮʽ ʬʣʫʢʪʫʘʮʽʾ 

ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ (ʷʢʱʦ ʥʘʧʨʠʢʣʘʜ ʥʝʦʙʭʽʜʥʠʡ ʧʨʝʮʠʟʽʡʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ) 

ʩʢʦʨʦʯʝʥʥʷʤ ʢʨʦʢʫ ʟʘ ʯʘʩʦʤ. 

2.1.3 ʈʦʟʨʘʭʫʥʦʢ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʠʩʢʫ 

ʊʝʤʧʝʨʘʪʫʨʘ Ὕ ʧʦʚ'ʷʟʘʥʘ ʟ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʻʶ ὑ ʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ. 

ɿʛʽʜʥʦ ʮʽʻʾ ʬʦʨʤʫʣʠ ʩʠʩʪʝʤʘ ʟ ὔ ʯʘʩʪʠʥʦʢ ʤʘʻ σὔ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʽ ʾʾ 

ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʜʦʨʽʚʥʶʻ 

ὑ
σ

ς
ὔὯὝȟ ʘ  ʦʪʞʝ       Ὕ

ς

σ

ὑ

ὔὯ
 Ȣ (2.5) 

 

ɼʣʷ ʧʨʘʢʪʠʯʥʠʭ ʮʽʣʝʡ ʚʠʟʥʘʯʘʻʪʴʩʷ "ʤʠʪʪʻʚʘ ʪʝʤʧʝʨʘʪʫʨʘ" Ὕὸ, ʷʢʘ 

ʧʨʦʧʦʨʮʽʡʥʘ ʤʠʪʪʻʚʽʡ ʢʽʥʝʪʠʯʥʽʡ ʝʥʝʨʛʽʾ ὑὸ. 

ʊʠʩʢ ʚ ʧʝʚʥʦʤʫ ʦʙ'ʻʤʽ ὠ ʚ ʄɼ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ, 

ʷʢʘ ʦʪʨʠʤʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʝʤʠ ɺʽʨʽʘʣʘ: 

ὖὠ ὔὯὝ
ρ

σ
ὶ
Ὠ‰

Ὠὶ
Ȣ (2.6) 
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ʋ ʮʴʦʤʫ ʚʠʨʘʟʽ ʚʩʽ ʚʝʣʠʯʠʥʠ, ʢʨʽʤ ʪʠʩʢʫ P, ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʪʦʤʫ ʟ ʥʴʦʛʦ ʣʝʛʢʦ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʪʠʩʢ.  

2.1.4 ʇʝʨʝʚʽʨʢʘ ʧʦʪʝʥʮʽʘʣʫ ʧʘʨʥʦʾ ʚʟʘʻʤʦʜʽʾ  

ʗʢ ʫʞʝ ʟʛʘʜʫʚʘʣʦʩʴ ʚʠʱʝ, ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʧʦʪʝʥʮʽʘʣʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʩʠʣʫ ʚʟʘʻʤʦʜʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʩʪʘʥʽ ʪʘ ʢʫʪʽʚ ʤʽʞ 

ʘʪʦʤʘʤʠ. ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʜʘʪʥʦʩʪʽ ʧʦʪʝʥʮʽʘʣʫ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʦʮʝʜʫʨʘ ʡʦʛʦ ʧʝʨʝʚʽʨʢʠ. ɼʣʷ ʮʴʦʛʦ ʦʙʨʘʭʦʚʫʻʪʴʩʷ ʧʘʨʘʤʝʪʨʠ 

ˇʨʘʪʦʢ, ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ, ʪʘ ʽʥʰʽ ʪʘʙʣʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʜʘʥʠʤʠ ʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. 

 

ʊʘʙʣʠʮʷ 2.1 ï ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤ 

"ʛʨʘʬʝʥ-ʤʝʪʘʣ" 

  

  

ɿʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʽ ʚ ʨʦʙʦʪʽ ʃʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ 

ʇ
ʘ
ʨ
ʘ
ʤ
ʝ
ʪ
ʨ
ʠ
 

ʨ̌
ʘ
ʪ
ʢ
ʠ
,

 ʥ
ʤ 

ʂ
ʦ
ʝ
ʬ
ʽ
ʮ
ʽ
ʻ
ʥ
ʪ
 

ʪ
ʝ
ʧ
ʣ
ʦ
ʚ
ʦ
ʛ
ʦ
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ʦ
ʟ
ʰ
ʠ
ʨ
ʝ
ʥ
ʥ
ʷ
,

  

1
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 K
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ʝ
ʟ
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ʚ
ʥ
ʘ

 

ʝ
ʥ
ʝ
ʨ
ʛ
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ʷ
,

 e
ɺ

/ʘ
ʪ
ʦ
ʤ

 

ʇ
ʘ
ʨ
ʘ
ʤ
ʝ
ʪ
ʨ
ʠ
 

ʨ̌
ʘ
ʪ
ʢ
ʠ
,

 ʥ
ʤ 

ʂ
ʦ
ʝ
ʬ
ʽ
ʮ
ʽ
ʻ
ʥ
ʪ
 

ʪ
ʝ
ʧ
ʣ
ʦ
ʚ
ʦ
ʛ
ʦ
 

ʨ
ʦ
ʟ
ʰ
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ʨ
ʝ
ʥ
ʥ
ʷ
,

  

1
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ʂ
ʦ
ʛ
ʝ
ʟ
ʠ
ʚ
ʥ
ʘ
 

ʝ
ʥ
ʝ
ʨ
ʛ
ʽ
ʷ
,

 e
ɺ

/ʘ
ʪ
ʦ
ʤ

 
Fe 2,864 7,1 4,26 2,867 [198] 11,8 [199,200] 4,28 [201,202] 

Ti 
2,953 

4,705 
8,5 4,85 

2,951 [198] 

4,697 [198] 
8,3 [198] 4,80 [198] 

Pt 3,925 9,34 5,69 3,924 [203] 8,8 [204] 5,84 [205] 

ʉ 1,452 9,5 7,68 1,42 [206]  7,37 [201] 

 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʧʦʪʝʥʮʽʘʣʠ ʦʪʨʠʤʘʥʽ ʚ ʨʦʙʦʪʘʭ [196, 

197]. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʟʚʦʣʷʻ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʦʪʝʥʮʽʘʣʠ ʚ ʮʽʣʦʤʫ ʜʦʙʨʝ ʦʧʠʩʫʶʪʴ ʥʘʰʽ ʩʠʩʪʝʤʠ ʽ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʮʽʣʴʥʝ. 
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2.1.5 ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʶʚʘʥʥʷ 

ʂʨʦʢ ʟʘ ʯʘʩʦʤ. ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʜʣʷ ʄɼ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʢʨʦʢ 

ʟʘ ʯʘʩʦʤ ï ʮʝ ʯʘʩʦʚʠʡ ʧʨʦʤʽʞʦʢ ʯʝʨʝʟ ʷʢʠʡ ʬʽʢʩʫʶʪʴʩʷ ʧʦʣʦʞʝʥʥʷ ʽ ʰʚʠʜʢʦʩʪʽ 

ʘʪʦʤʽʚ ʚ ʩʠʩʪʝʤʽ. ʅʘ ʦʩʥʦʚʽ ʟʥʘʯʝʥʴ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʶʪʴ ʦʧʪʠʤʘʣʴʥʠʡ 

ʢʨʦʢ ʟʘ ʯʘʩʦʤ. ʗʢʱʦ ʮʝʡ ʢʨʦʢ ʙʫʜʝ ʟʘʥʘʜʪʦ ʚʝʣʠʢʠʡ, ʥʘʜʽʡʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʽʜ ʟʘʛʨʦʟʦʶ, ʷʢʱʦ ʟʘʥʘʜʪʦ ʤʘʣʠʡ ï ʚʠʪʨʘʯʘʻʪʴʩʷ ʟʘʙʘʛʘʪʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʯʘʩʫ, 

ʥʽʞ ʧʦʪʨʽʙʥʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʦʛʦ ʩʘʤʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ʊʦʤʫ ʢʨʠʪʝʨʽʻʤ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʯʘʩʦʚʦʛʦ ʢʨʦʢʫ ʻ ʥʘʡʙʽʣʴʰʝ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘ ʷʢʦʛʦ ʧʦʚʥʘ 

ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ ʥʝ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʦʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʢʨʦʢ ʟʘ ʯʘʩʦʤ. ʂʨʠʪʝʨʽʻʤ ʪʘʢʦʛʦ 

ʚʠʙʦʨʫ ʻ ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ, ʷʢʘ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʧʦʚʠʥʥʘ 

ʟʘʣʠʰʘʪʠʩʴ ʧʦʩʪʽʡʥʦʶ. ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʨʦʢʫ ʟʘ 

ʯʘʩʦʤ ʥʘʩʪʫʧʥʘ: ʤʦʜʝʣʶʻʪʴʩʷ ʢʘʥʦʥʽʯʥʠʡ ʘʥʩʘʤʙʣʴ (ʦʙôʻʤ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʪʘʣʽ) ʟ ʧʦʩʪʫʧʦʚʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʟʥʘʯʝʥʥʷ ʢʨʦʢʫ ʟʘ ʯʘʩʦʤ. ʇʨʠ ʮʴʦʤʫ 

ʚʠʤʽʨʶʻʪʴʩʷ ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʢʨʦʢ ʟʘ ʯʘʩʦʤ ʧʨʠ ʷʢʦʤʫ 

ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʦʶ ʽ ʻ ʦʧʪʠʤʘʣʴʥʠʤ (ʨʠʩ. 2.1). 

ʇʘʨʘʤʝʪʨʠ ˇʨʘʪʢʠ 

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʄɼ ʻ ʨʽʚʥʦʚʘʞʥʽ ʧʘʨʘʤʝʪʨʠ ʛʨʘʪʢʠ. ɰʭ 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ ʜʣʷ ʚʩʽʭ ʬʘʟ ʽ ʢʦʞʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʈʽʚʥʦʚʘʞʥʽ ʧʘʨʘʤʝʪʨʠ ˇʨʘʪʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ, 

ʩʫʪʴ ʷʢʦʾ ʧʦʣʷʛʘʻ ʚ ʟʥʘʭʦʜʞʝʥʥʽ ʪʘʢʠʭ ʾʭ ʟʥʘʯʝʥʴ, ʟʘ ʷʢʠʭ ʥʘʧʨʫʞʝʥʥʷ ʚ ʩʠʩʪʝʤʽ 

ʙʣʠʟʴʢʽ ʜʦ ʥʫʣʷ. ʇʨʘʢʪʠʯʥʦ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʟʤʽʥʶʶʪʴʩʷ 

ʧʘʨʘʤʝʪʨʠ ʛʨʘʪʢʠ ʽ ʧʨʦʚʦʜʠʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟ ʬʽʢʩʘʮʽʻʶ ʥʘʧʨʫʞʝʥʴ 

(ʧʝʨʽʦʜ ʨʝʣʘʢʩʘʮʽʾ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ). ʇʽʩʣʷ ʯʦʛʦ ʙʫʜʫʻʪʴʩʷ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ 

ʥʘʧʨʫʞʝʥʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ˇʨʘʪʢʠ ʽ ʨʽʚʥʦʚʘʞʥʠʤʠ ʦʙʠʨʘʶʪʴʩʷ ʪʘʢʽ 

ʧʘʨʘʤʝʪʨʠ ʟʘ ʷʢʠʭ ʥʘʧʨʫʞʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ (ʨʠʩ. 2.2). 
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ʈʠʩʫʥʦʢ 2.1 ï ɿʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥ ̔ʟʘ ʨʟ̔ʥʠʭ ʢʨʦʢʽʚ ʧʦ 

ʯʘʩʫ 

 

  

ʈʠʩʫʥʦʢ 2.2 ï ʇʨʠʢʣʘʜ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚ ʩʠʩʪʝʤʽ ʟʘ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʛʨʘʪʢʠ (ʘ), ʟʥʘʭʦʜʞʝʥʥʷ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʛʨʘʪʢʠ(ʙ) 
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ʉʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ ʤʘʪʝʨʽʘʣʫ ʟ ʚʽʣʴʥʦʶ ʧʦʚʝʨʭʥʝ ʁ

ɼʣʷ ʄɼ ʤʦʜʝʣʶʚʘʥʥʷ ʧʣʦʩʢʦʰʘʨʦʚʠʭ ʩʠʩʪʝʤ ʟ ʚʽʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ ʧʨʠʡʦʤ. ɺ ʜʚʦʭ ʥʘʧʨʷʤʢʘʭ (ʧʘʨʘʣʝʣʴʥʠʭ ʧʦʚʝʨʭʥʽ, 

ʦʩʽ X ʪʘ Y) ʦʙʠʨʘʶʪʴʩʷ ʧʝʨʽʦʜʠʯʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʘ ʚ ʪʨʝʪʴʦʤʫ ʥʘʧʨʷʤʢʫ 

(ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʽ, ʚʽʩʴ Z) ï ʬʽʢʩʦʚʘʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʟ ʚʽʣʴʥʠʤ 

ʧʨʦʩʪʦʨʦʤ ʟ ʦʜʥʦʛʦ ʙʦʢʫ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʧʦʷʚʠ ʜʨʫʛʦʾ ʚʽʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ï "ʟʘʤʦʨʦʞʫʶʪʴ" ʜʝʢʽʣʴʢʘ ʰʘʨʽʚ ʟ ʨʽʚʥʦʚʘʞʥʠʤʠ ʦʙôʻʤʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʛʨʘʪʢʠ. ʂʽʣʴʢʽʩʪʴ "ʟʘʤʦʨʦʞʝʥʠʭ" ʰʘʨʽʚ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʦ ʪʦʚʱʠʥʽ 

ʙʽʣʴʰʦʶ ʥʽʞ ʨʘʜʽʫʩ ʝʥʝʨʛʽʾ ʦʙʨʽʟʘʥʥʷ (cutoff energy). ʂʽʣʴʢʽʩʪʴ "ʚʽʣʴʥʠʭ" ʰʘʨʽʚ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʙʽʣʴʰʝ ʥʽʞ ʛʣʠʙʠʥʘ ʚʧʣʠʚʫ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ (ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʧʘʜʢʫ ʦʢʨʝʤʦ). 

 

 

ʈʠʩʫʥʦʢ 2.3 ï ʄʦʜʝʣʴʥʘ ʢʦʤʽʨʢʘ ʩʠʩʪʝʤ "ʛʨʘʬʝʥ-ʤʝʪʘʣ" 

 

2.2 ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʘʤʦʜʠʬʫʟʽʾ 

ʇʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʩʘʤʦʜʠʬʫʟʽʷ ʘʪʦʤʽʚ Fe ʪʘ Pt ʫ ʬʘʟʽ L10-FePt 

ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤ ʨʫʭʦʤ ʚʘʢʘʥʩʽʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʦʮʽʥʢʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʘʤʦʜʠʬʫʟʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʪʦʤʽʩʪʠʯʥʦʛʦ 

ʬʦʨʤʘʣʽʟʤʫ, ʨʦʟʨʦʙʣʝʥʦʛʦ ɽʡʥʰʪʝʡʥʦʤ ʪʘ ʉʤʦʣʫʯʦʚʩʴʢʠ [207, 208]. ʆʩʢʽʣʴʢʠ 

ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʚʧʦʨʷʜʢʦʚʘʥʦʾ ʬʘʟʠ L10-FePt ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

"ɿʘʤʦʨʦʞʝʥ"̔ ʰʘʨʠ 

ʤʝʪʘʣʫ 
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ʤʦʥʦʘʪʦʤʥʽ ʧʣʦʱʠʥʠ Fe ʽ Pt, ʷʢʽ ʨʝʛʫʣʷʨʥʦ ʯʝʨʛʫʶʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ [001] ʽ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷ ʛʨʘʪʢʠ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ, 

ʜʠʬʫʟʽʡʥʠʡ ʧʨʦʮʝʩ ʩʣʽʜ ʦʢʨʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʚʟʜʦʚʞ ʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʷʤʢʫ 

[001]. ʊʦʤʫ ʥʝʟʘʣʝʞʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʚʘ ʢʦʝʬʽʮʽʻʥʪʠ ʜʠʬʫʟʽʾ: D  ᷆ʜʣʷ ʚʠʧʘʜʢʫ 

ʜʠʬʫʟʽʾ ʫ ʥʘʧʨʷʤʢʫ [001] ʪʘ DṶ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʷʢ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʜʠʬʫʟʽʾ ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʽʚ [100] ʪʘ [010]. ʅʝʦʙʭʽʜʥʽʩʪʴ ʦʢʨʝʤʦʛʦ ʨʦʟʛʣʷʜʫ ʜʚʦʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʬʫʟʽʾ ʪʘʢʦʞ ʩʣʽʜʫʻ ʟ ʨʽʟʥʠʭ ʜʠʬʫʟʽʡʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʫ ʟʘʟʥʘʯʝʥʠʭ 

ʥʘʧʨʷʤʢʘʭ: ʧʘʨʘʣʝʣʴʥʦ ʤʦʥʦʘʪʦʤʥʠʤ ʧʣʦʱʠʥʘʤ (DṶ) ʜʠʬʫʟʽʡʥʠʡ ʦʙʤʽʥ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʤʽʞ ʘʪʦʤʘʤʠ ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʮʠʤ 

ʧʣʦʱʠʥʘʤ (D )᷆ ï ʤʽʞ ʘʪʦʤʘʤʠ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʽʜʧʦʚʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʠʬʫʟʽʾ 

ʘʪʦʤʽʚ ʍ (X = Fe; Pt) ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ɽʡʥʰʪʝʡʥʘ-ʉʤʦʣʫʭʦʚʩʴʢʠ: 

Ὀ
᷆ ὓὛὈ

᷆
ὸ

ςὸ
 (2.12) 

ʜʝ ὓὛὈ
᷆
ὸ (X = Fe; Pt) ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʍ, 

ʜʦʩʷʛʥʫʪʝ ʟʘ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ t ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʛʨʘʪʢʠ.  

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʫʩʝʨʝʜʥʝʥʦ ʟʘ ʟʘʛʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʘʪʦʤʽʚ ʩʦʨʪʫ X ʫ ʢʦʤʽʨʮʽ ʤʦʜʝʣʶʚʘʥʥʷ. ʊʘʢʦʞ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ὓὛὈὸ 

ʚʠʟʥʘʯʘʣʦʩʴ ʷʢ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ MSD, ʦʪʨʠʤʘʥʝ ʜʣʷ ʥʘʧʨʷʤʢʽʚ [100] ʪʘ [010]. 

2.2.1 ʇʘʨʘʤʝʪʨʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʘʤʦʜʠʬʫʟʽʾ 

ʂʦʨʝʢʪʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʄɼ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʘʤʦʜʠʬʫʟʽʾ ʫ ʬʘʟʽ L10-

FePt ʧʽʜʪʚʝʨʜʞʝʥʦ ʬʘʢʪʦʤ ʪʦʛʦ, ʱʦ ʜʘʥʠʡ ʤʝʪʦʜ ʜʽʡʩʥʦ ʚʽʜʪʚʦʨʶʻ ʤʽʛʨʘʮʽʶ 

ʘʪʦʤʽʚ, ʷʢʘ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʚʘʢʘʥʩʽʷʤʠ, ʱʦ ʚʠʷʚʣʝʥʦ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ 

ʦʢʨʝʤʦʛʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʚ ʷʢʦʤʫ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʘʪʦʤʽʚ Fe ʫ ʥʘʧʨʷʤʢʫ [100] (ὓὛὈ) ʬʽʢʩʫʚʘʣʦʩʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

1327 Áʉ ʫ ʜʚʦʭ ʟʨʘʟʢʘʭ L10-FePt, ʧʦʙʫʜʦʚʘʥʠʭ ʟ 12x12x12 ɻʎʊ ʢʦʤʽʨʦʢ (ʪʦʙʪʦ 

ʢʦʤʽʨʦʢ, ʱʦ ʤʽʩʪʷʪʴ 6912 ʚʫʟʣʽʚ). ʋ ʪʦʡ ʯʘʩ ʷʢ ʦʜʠʥ ʟʽ ʟʨʘʟʢʽʚ ʤʽʩʪʠʚ ʚʠʢʣʶʯʥʦ 

ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ Fe ʪʘ Pt ʙʝʟ ʜʝʬʝʢʪʽʚ, ʫ ʜʨʫʛʦʤʫ ʟʨʘʟʢʫ 9 ʦʙʨʘʥʠʭ 

ʜʦʚʽʣʴʥʠʤ ʯʠʥʦʤ ʚʫʟʣʽʚ ʥʝ ʤʽʩʪʠʣʠ ʘʪʦʤʽʚ, ʪʦʙʪʦ ʙʫʣʠ ʟʘʡʥʷʪʽ ʚʘʢʘʥʩʽʷʤʠ. ɼʣʷ 
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ʦʙʦʭ ʟʨʘʟʢʽʚ ʟʘʩʪʦʩʦʚʘʥʦ ʪʨʠʚʠʤʽʨʥʽ ʧʝʨʽʦʜʠʯʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ. ʅʘ ʨʠʩ. 2.4 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʽʜʧʦʚʽʜʥʽ ʢʨʠʚʽ ὓὛὈ ὸ, ʷʢʽ ʧʝʨʝʢʦʥʣʠʚʦ ʩʚʽʜʯʘʪʴ, ʱʦ ʜʠʬʫʟʽʷ 

ʘʪʦʤʽʚ Fe ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʫ ʟʨʘʟʢʫ, ʱʦ ʤʽʩʪʠʪʴ ʚʘʢʘʥʩʽʾ. 

 

ʈʠʩʫʥʦʢ 2.4 ï ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʘʪʦʤʽʚ Fe 

ʫ ʥʘʧʨʷʤʢʫ [100] (ὓὛὈ) ʬʘʟʠ L10-FePt ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1327 Áʉ ʜʣʷ ʚʠʧʘʜʢʽʚ 

ʥʘʷʚʥʦʩʪʽ ʽ ʚʽʜʩʫʪʥʦʩʪʽ ʚʘʢʘʥʩʽʡ  

 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.4 ʢʨʠʚʽ MSD(t) ʦʪʨʠʤʘʥʽ 

ʰʣʷʭʦʤ ʟʛʣʘʜʞʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʄɼ, ʷʢʽ ʤʽʩʪʷʪʴ ʦʩʮʠʣʷʮʽʾ, 

ʚʠʢʣʠʢʘʥʽ ʪʝʧʣʦʚʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʘʪʦʤʽʚ. ɼʽʘʧʘʟʦʥʠ ʧʦʭʠʙʦʢ ʟʘʣʝʞʥʦʩʪʝʡ 

MSD(t) ʚʠʟʥʘʯʘʶʪʴʩʷ ʘʤʧʣʽʪʫʜʘʤʠ ʮʠʭ ʦʩʮʠʣʷʮʽʡ. 

ʍʦʯʘ ʩʪʘʣʝ ʟʙʽʣʴʰʝʥʥʷ ὓὛὈ
╪
ὸ, ʟʘʨʝʻʩʪʨʦʚʘʥʝ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʘʢʘʥʩʽʡ, ʽ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʜʽʡʩʥʝʥʥʷ ʘʪʦʤʘʤʠ ʩʪʨʠʙʢʽʚ ʥʘ ʤʽʩʮʷ ʚʘʢʘʥʩʽʡ, ʧʨʦʪʝ ʥʠʟʴʢʽ 

ʘʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʫʧʨʦʜʦʚʞ ʯʘʩʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʣʠʰʝ ʥʝʚʝʣʠʢʘ ʯʘʩʪʢʘ ʘʪʦʤʽʚ Fe ʟʜʽʡʩʥʠʣʠ ʧʝʨʝʤʽʱʝʥʥʷ. ʅʘ 

ʨʠʩ. 2.5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʪʢʠ ʘʪʦʤʽʚ Fe, ʷʢʽ ʧʝʨʝʤʽʱʝʥʦ ʙʽʣʴʰ 

ʥʽʞ ʥʘ ʦʜʥʫ ʚʽʜʩʪʘʥʴ ʜʦ ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ (nn). ɺʘʞʣʠʚʦ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ 
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ʚʥʘʩʣʽʜʦʢ ʝʬʝʢʪʽʚ ʢʦʨʝʣʷʮʽʾ ʥʝ ʚʩʽ ʧʝʨʝʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʧʨʠʚʦʜʷʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

MSD: ʜʝʷʢʘ ʯʘʩʪʠʥʘ ʧʝʨʝʤʽʱʝʥʠʭ ʘʪʦʤʽʚ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ 

ʩʚʦʾ ʧʦʯʘʪʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʥʝ ʚʠʢʣʠʢʘʶʯʠ ʟʙʽʣʴʰʝʥʥʷ MSD. 

 

ʈʠʩʫʥʦʢ 2.5 ï ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʪʢʠ ʘʪʦʤʽʚ Fe ʧʝʨʝʤʽʱʝʥʦ ʙʽʣʴʰ ʥʽʞ ʥʘ 

ʦʜʥʫ ʚʽʜʩʪʘʥʴ ʜʦ ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1327 Áʉ 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʽʚʥʦʚʘʞʥʘ ʘʪʦʤʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʤʘʪʝʨʽʘʣʫ ʟ ʜʘʣʴʥʽʤ 

ʩʪʫʧʝʥʝʤ ʚʧʦʨʷʜʢʫʚʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘʣʝʞʥʠʡ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʫʧʽʥʴ 

ʜʘʣʴʥʴʦʛʦ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʘʪʦʤʽʚ ʽ ʚʘʢʘʥʩʽʡ, ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʘʪʦʤʥʦʾ 

ʤʽʛʨʘʮʽʾ, ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʚʘʢʘʥʩʽʷʤʠ. ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʩʠʩʪʝʤʘ ʧʨʘʛʥʝ ʜʦʩʷʛʪʠ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ, ʪʦʙʪʦ ʤʽʛʨʘʮʽʷ 

ʘʪʦʤʽʚ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʘʤʦʜʠʬʫʟʽʶ. ʎʝʡ ʝʬʝʢʪ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʭʘʨʘʢʪʝʨʥʦʾ ʬʦʨʤʠ ʟʘʣʝʞʥʦʩʪʽ ὓὛὈ
᷆
ὸ, ʷʢʽ ʩʪʘʶʪʴ ʣʽʥʽʡʥʠʤʠ ʧʦʯʠʥʘʶʯʠ 

ʣʠʰʝ ʟ ʧʝʚʥʦʛʦ ʤʦʤʝʥʪʫ, ʷʢʠʡ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ 

ʩʠʩʪʝʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʝʬʽʮʽʻʥʪʠ ʩʘʤʦʜʠʬʫʟʽʾ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ 

ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʣʠʰʝ ʣʽʥʽʡʥʠʭ ʜʽʣʷʥʦʢ ʟʘʣʝʞʥʦʩʪʽ ὓὛὈ
᷆
ὸ. 

ɸʪʦʤʽʩʪʠʯʥʘ ʪʝʦʨʽʷ [209] ʩʚʽʜʯʠʪʴ, ʱʦ ʢʨʠʚʽ ὓὛὈὸ, ʘ ʦʪʞʝ ʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʚʘʢʘʥʩʽʷʤʠ ʩʘʤʦʜʠʬʫʟʽʾ Dʍ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʘʢ 
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ʟʚʘʥʦʛʦ ʬʘʢʪʦʨʫ ʜʦʩʪʫʧʥʦʩʪʽ ʚʘʢʘʥʩʽʡ. ʋ ʨʘʟʽ ʥʠʟʴʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʢʘʥʩʽʡ ʮʷ 

ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʘʧʨʦʢʩʠʤʦʚʘʥʘ ʧʨʦʧʦʨʮʽʡʥʽʩʪʶ ʤʽʞ ʨʽʚʥʝʤ ὓὛὈ ʽ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚʘʢʘʥʩʽʡ ὅ , ʜʝ NV ʪʘ N ï ʢʽʣʴʢʽʩʪʴ ʚʘʢʘʥʩʽʡ ʪʘ ʢʽʣʴʢʽʩʪʴ 

ʚʫʟʣʽʚ ʛʨʘʪʢʠ ʤʘʪʝʨʽʘʣʫ, ʚʽʜʧʦʚʽʜʥʦ. 

ʆʩʪʘʥʥʻ ʧʨʠʧʫʱʝʥʥʷ ʟʘʩʪʦʩʦʚʘʥʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʥʠʟʴʢʦʾ 

ʨʽʚʥʦʚʘʞʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʢʘʥʩʽʡ ὅ  ʫ ʬʘʟʽ L10-FePt. ʎʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʻ 

ʟʥʘʯʥʦʶ ʥʠʞʯʦʶ, ʥʽʞ 10
-4
 ï ʟʥʘʯʝʥʥʷ CV, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʽʡ ʚʘʢʘʥʩʽʾ, ʚʚʝʜʝʥʽʡ 

ʫ ʚʠʢʦʨʠʩʪʘʥʫ ʢʦʤʽʨʢʫ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʨʦʮʝʜʫʨʘ ʩʢʣʘʜʘʣʘʩʴ ʟ ʜʚʦʭ ʝʪʘʧʽʚ: 

ς ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ Ὀͺ
᷆

 ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ 

ʄɼ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʢʘʥʩʽʡ ὅͺ , ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʾ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʽʩʪʦʪʥʦʛʦ ʨʽʚʥʷ ὓὛὈ
᷆
ὸ; 

ï ʚʠʟʥʘʯʝʥʥʷ ʽʩʪʠʥʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʬʫʟʽʾ ʰʣʷʭʦʤ ʥʦʨʤʫʚʘʥʥʷ Ὀͺ
᷆

 ʜʦ 

ʨʽʚʥʦʚʘʞʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʢʘʥʩʽʡ ὅ : 

Ὀ
᷆
 Ὀͺ

᷆ ὅ

ὅͺ
Ȣ (2.13) 

 

ʅʘ ʨʠʩ. 2.6 ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʥʘʯʝʥʥʷ Ὀ  ʽ Ὀ᷆, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʄɼ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1600 ʂ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʽʨʦʢ, 

ʱʦ ʤʽʩʪʷʪʴ 1, 3, 9, 18 ʽ 27 ʚʘʢʘʥʩʽʡ (ʪʦʙʪʦ ʟ ρπ ὅͺ τ ρπ). 

ʇʦʩʪʽʡʥʽ ʟʥʘʯʝʥʥʷ Ὀ  ʪʘ Ὀ᷆, ʱʦ ʚʢʘʟʫʶʪʴ ʥʘ ʟʙʝʨʝʞʝʥʥʷ ʾʭʥʴʦʾ 

ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʜʦ ὅ, ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʜʣʷ ʢʦʤʽʨʦʢ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʤʽʩʪʷʪʴ ʥʝ 

ʙʽʣʴʰʝ 9 ʚʘʢʘʥʩʽʡ. ʊʦʤʫ ʚʩʽ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʄɼ ʚʠʢʦʥʫʚʘʣʠʩʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʽʨʦʢ, ʱʦ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʽʟ 12x12x12 L10 ʚʧʦʨʷʜʢʦʚʘʥʠʭ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ɻʎʊ ʢʦʤʽʨʦʢ, ʷʢʽ ʤʽʩʪʠʣʠ 9 ʚʘʢʘʥʩʽʡ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ (N = 6912) 

ʚʚʝʜʝʥʥʷ 9 ʚʘʢʘʥʩʽʡ ʧʦʨʫʰʫʻ ʩʪʝʭʽʦʤʝʪʨʽʶ ʬʘʟʠ L10-FePt ʥʝ ʙʽʣʴʰ ʷʢ ʥʘ 0,13%. 
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ʈʠʩʫʥʦʢ 2.6. ï ɿʘʣʝʞʥʽʩʪʴ Ὀ  ́  ̨  Ὀ᷆ ̂  ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʘʢʘʥʩʽʡ, ʚʚʝʜʝʥʠʭ ʚ 

ʢʦʤʽʨʢʫ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1600 ʂ  

2.2.2 ɺʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʚʘʢʘʥʩʽʡ ʥʘ ʧʘʨʘʤʝʪʨʠ ʩʘʤʦʜʠʬʫʟʽʾ 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʷʚʥʽʩʪʴ ʜʘʣʴʥʴʦʛʦ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʦʙʫʤʦʚʣʶʻ 

ʩʧʝʮʠʬʽʯʥʠʡ ʨʦʟʧʦʜʽʣ ʚʘʢʘʥʩʽʡ ʫ ʧʽʜʨʝʰʽʪʢʘʭ. ʋ ʚʠʧʘʜʢʫ ʧʦʜʚʽʡʥʦʛʦ ʩʧʣʘʚʫ 

L10-FePt ʩʣʽʜ ʚʚʘʞʘʪʠ, ʱʦ ὅ ὅ , ʜʝ ὅ  (X = Fe, Pt) ï 

ʨʽʚʥʦʚʘʞʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʘʢʘʥʩʽʡ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʽʜʨʝʰʽʪʮʽ X, ʘ ὔ  ï

ʨʽʚʥʦʚʘʞʥʘ ʢʽʣʴʢʽʩʪʴ ʚʘʢʘʥʩʽʡ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʽʜʨʝʰʽʪʮʽ X. ʆʯʝʚʠʜʥʦ, ʱʦ 

ὔ ὔ ὔ . 

ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʙʫʣʦ ʧʨʠʧʫʱʝʥʦ, ʱʦ ʩʧʨʘʚʝʜʣʠʚʠʤ ʻ ʥʘʩʪʫʧʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

ὓὛὈ
᷆
ὓὛὈͅ

᷆
ὓὛὈͅ

᷆
, (2.14) 

ʜʝ ὓὛὈͅ
᷆

 (X, Y = Fe, Pt) ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ X ʚ 

ʦʢʨʝʤʦʤʫ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʫʩʽ ʚʘʢʘʥʩʽʾ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ, ʪʦʙʪʦ ʜʦ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʣʦʱʠʥʽ ʧʽʜʨʝʰʽʪʦʢ X(Y). 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʽʨʢʫʚʘʥʴ, ʚʠʢʣʘʜʝʥʠʭ ʫ ʨʦʟʜʽʣʽ 1.3: 
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ὓὛὈͅ
᷆

ὔ ὓὛὈͅ
᷆

, (2.15) 

ʜʝ ὓὛὈͅ
᷆

 ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʍ ʫ ʧʝʚʥʦʤʫ ʥʘʧʨʷʤʢʫ, 

ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʦʤʽʨʢʘ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʩʪʠʪʴ ʣʠʰʝ ʦʜʥʫ 

ʚʘʢʘʥʩʽʶ, ʷʢʘ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʣʦʱʠʥʽ ʧʽʜʨʝʰʽʪʢʠ X(Y). 

ʇʦʻʜʥʫʶʯʠ ʨʽʚʥʷʥʥʷ (2.14) ʪʘ (2.15), ʦʪʨʠʤʫʻʤʦ: 

ὓὛὈ
᷆
ὔ ὓὛὈͅ

᷆
ὔ ὓὛὈͅ

᷆
. (2.16) 

ʉʧʨʘʚʝʜʣʠʚʽʩʪʴ ʨʽʚʥʷʥʥʷ (2.16) ʧʝʨʝʚʽʨʝʥʦ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʦʢʨʝʤʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʄɼ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚʟʜʦʚʞ ʜʚʦʭ ʨʦʟʛʣʷʥʫʪʠʭ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʥʘʧʨʷʤʢʽʚ ʬʘʟʠ L10-FePt (ʨʠʩ. 2.7). ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ὓὛὈ᷆ὸ ̓  ́ὓὛὈὸ  ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1327 Áʉ ʜʣʷ ʪʨʴʦʭ ʨʽʟʥʠʭ ʚʠʧʘʜʢʽʚ:  

1) ʢʦʤʽʨʢʘ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʩʪʠʪʴ 4 ʚʘʢʘʥʩʽʾ, ʷʢʽ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ 

ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʣʦʱʠʥʽ ʧʽʜʨʝʰʽʪʢʠ Fe;  

2) ʢʦʤʽʨʢʘ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʩʪʠʪʴ 4 ʚʘʢʘʥʩʽʾ, ʷʢʽ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ 

ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʣʦʱʠʥʽ ʧʽʜʨʝʰʽʪʢʠ;  

3) ʢʦʤʽʨʢʘ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʩʪʠʪʴ 4 ʚʘʢʘʥʩʽʾ, ʷʢʽ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ 

ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʣʦʱʠʥʽ ʧʽʜʨʝʰʽʪʢʠ Fe, ʽ 4 ʚʘʢʘʥʩʽʾ, ʷʢʽ ʚ ʧʦʯʘʪʢʦʚʠʡ 

ʤʦʤʝʥʪ ʨʦʟʪʘʰʦʚʘʥʽ ʧʣʦʱʠʥʽ ʧʽʜʨʝʰʽʪʢʠ Pt.  

ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʨʠʩ. 2.7, MSD, ʦʪʨʠʤʘʥʠʡ ʜʣʷ ʚʠʧʘʜʢʫ (2.14), ʜʦʙʨʝ 

ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʩʫʤʦʶ MSD, ʦʪʨʠʤʘʥʠʭ ʜʣʷ ʚʠʧʘʜʢʽʚ (2.12) ʪʘ (2.13). 

ʈʦʟʨʘʭʫʥʦʢ ʢʦʨʝʢʪʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʬʫʟʽʾ ʚʠʤʘʛʘʻ ʧʨʦʚʝʜʝʥʥʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʽʟ ʢʽʣʴʢʽʩʪʶ ʚʘʢʘʥʩʽʡ ὔ  ʪʘ ὔ  ʚ ʧʽʜʨʝʰʽʪʢʘʭ Fe ʪʘ Pt, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʾʭ ʨʽʚʥʦʚʘʞʥʠʤ ʢʦʥʮʝʥʪʨʘʮʽʷʤ ὅ  ʪʘ ὅ . ɿʘʜʘʯʘ ʨʦʟʨʘʭʫʥʢʫ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʬʫʟʽʾ ʟʚʦʜʠʪʴʩʷ ʜʦ ʜʚʦʭ ʧʽʜʟʘʜʘʯ: (1) ʦʮʽʥʢʘ ʨʽʚʥʦʚʘʞʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʘʢʘʥʩʽʡ ὅ  ʽ ὅ  ʪʘ (2) ʦʮʽʥʢʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʭ 

ʚʽʜʭʠʣʝʥʴ ὓὛὈͺ
᷆
ȟὓὛὈͺ

᷆
ȟὓὛὈͅ

᷆
ȟ ὓὛὈͅ

᷆
. 
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ʈʠʩʫʥʦʢ 2.7 ï ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʘʪʦʤʽʚ Fe 

ʫ ʥʘʧʨʷʤʢʘʭ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ (Ṷ) (ʘ) ʪʘ ʧʘʨʘʣʝʣʴʥʦʤʫ ()᷆ (ʙ) ʜʦ ʥʘʧʨʷʤʢʫ 

[001] ʬʘʟʠ L10-FePt, ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1600 ʂ ʜʣʷ ʚʠʧʘʜʢʽʚ ʨʽʟʥʠʭ ʢʽʣʴʢʦʩʪʽ ʽ 

ʧʦʯʘʪʢʦʚʠʭ ʧʦʟʠʮʽʡ ʚʘʢʘʥʩʽʡ, ʚʚʝʜʝʥʠʭ ʚ ʢʦʤʽʨʢʫ ʤʦʜʝʣʶʚʘʥʥʷ 

 

2.3 ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʬʘʟʦʚʠʡ ʘʥʘʣʽʟ  

ʆʩʥʦʚʦʶ ʤʝʪʦʜʫ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʻ ʚʟʘʻʤʦʜʽʷ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʢʨʠʩʪʘʣʽʯʥʦʶ ˇʨʘʪʢʦʶ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʠʬʨʘʢʮʽʾ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ. 

ɼʠʬʨʘʢʮʽʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ ï ʨʦʟʩʽʶʚʘʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ 

ʧʨʦʤʝʥʽʚ ʢʨʠʩʪʘʣʘʤʠ, ʧʨʠ ʷʢʦʤʫ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʧʫʯʢʘ ʧʨʦʤʝʥʽʚ ʚʠʥʠʢʘʶʪʴ 

ʚʪʦʨʠʥʥʽ ʚʽʜʭʠʣʝʥʽ ʧʫʯʢʠ ʟ ʦʜʥʘʢʦʚʦʶ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ, ʱʦ ʟôʷʚʣʷʶʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʧʝʨʚʠʥʥʦʛʦ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ-ʧʨʦʤʝʥʷ ʟ ʝʣʝʢʪʨʦʥʘʤʠ 

ʨʝʯʦʚʠʥʠ. ɼʠʬʨʘʢʮʽʡʥʘ ʢʘʨʪʠʥʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ 

ʧʨʦʤʝʥʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʘ ʪʘʢʦʞ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʦʙôʻʢʪʘ. ʎʝʡ ʤʝʪʦʜ 

ʥʘʡʙʽʣʴʰ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʪʦʤʥʦʾ ʙʫʜʦʚʠ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʪʽʣ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʢʨʠʩʪʘʣʠ ʤʘʶʪʴ ʯʽʪʢʫ ʪʘ ʩʪʨʦʛʫ 

ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʩʚʦʻʾ ʩʪʨʫʢʪʫʨʠ ʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʜʠʬʨʘʢʮʽʡʥʫ ˇʨʘʪʢʫ ʜʣʷ 

ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ. 

ʋʤʦʚʦʶ ʜʠʬʨʘʢʮʽʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʢʨʠʩʪʘʣʽʯʥʽʡ 

ˇʨʘʪʮʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʻ ʬʦʨʤʫʣʘ ɺʫʣʴʬʘ-ɹʨʝʛʛʘ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʥʘʧʨʷʤ 
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ʜʠʬʨʘʢʮʽʡʥʠʭ ʤʘʢʩʠʤʫʤʽʚ ʨʦʟʩʽʷʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʢʨʠʩʪʘʣʽ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ: 

2Ὠsin— = ὲ‗, (2.17) 

ʜʝ Ὠ ï ʤʽʞʧʣʦʱʠʥʥʘ ʚʽʜʩʪʘʥʴ;  

— ï ʢʫʪ ʢʦʚʟʘʥʥʷ (ʙʨʝʛʛʽʚʩʴʢʠʡ ʢʫʪ);  

ὲ ï ʧʦʨʷʜʦʢ ʚʽʜʙʠʪʪʷ;  

‗ ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ.  

ʇʨʦʥʠʢʥʝʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ ʚ ʪʚʝʨʜʝ ʪʽʣʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ 

ʛʣʠʙʠʥʫ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʤʽʢʨʦʥ. ɼʣʷ ʬʽʢʩʘʮʽʾ ʜʠʬʨʘʢʮʽʡʥʦʾ ʢʘʨʪʠʥʠ 

ʬʦʪʦʤʝʪʦʜʦʤ ʚʽʜ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʥʝʦʙʭʽʜʥʠʡ ʚʝʣʠʢʠʡ ʯʘʩ ʚʠʪʨʠʤʢʠ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʻ ʪʝ, ʱʦ ʨʝʥʪʛʝʥʦʛʨʘʬʽʯʥʦ ʤʦʞʥʘ ʥʝ 

ʧʦʤʽʪʠʪʠ ʬʘʟʫ, ʚʤʽʩʪ ʷʢʦʾ ʫ ʚʽʜʩʦʪʢʦʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʫ ʧʣʽʚʮʽ ʤʦʞʝ ʙʫʪʠ 

ʚʠʩʦʢʠʤ, ʘʣʝ ʫ ʟʚôʷʟʢʫ ʟ ʤʘʣʦʶ ʪʦʚʱʠʥʦʶ ʧʣʽʚʢʠ ʤʘʣʠʡ ʟʘ ʘʙʩʦʣʶʪʥʠʤ 

ʟʥʘʯʝʥʥʷʤ. 

ʆʩʢ̔ʣʴʢʠ ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ ʙʽʣʴʰʘ ʪʦʚʱʠʥʠ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ, ʪʦ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʽ ʤʦʞʫʪʴ ʬʽʢʩʫʚʘʪʠʩʴ ʨʝʬʣʝʢʩʠ ʚʽʜ 

ʧʽʜʢʣʘʜʢʠ (ʫ ʚʠʧʘʜʢʫ ʷʢʱʦ ʚʦʥʘ ʥʝ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʘʤʦʨʬʥʦʤʫ ʩʪʘʥʽ ʷʢ, 

ʥʘʧʨʠʢʣʘʜ, ʦʢʠʩ ʢʨʝʤʥʽʶ). ʅʘʷʚʥʽʩʪʴ ʮʠʭ ʣʽʥʽʡ ʟʘʪʨʫʜʥʷʻ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʽ ʤʦʞʝ 

ʙʫʪʠ ʧʨʠʯʠʥʦʶ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʽ ʚʠʩʥʦʚʢʽʚ ʱʦʜʦ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʧʣʽʚʦʢ. ʊʦʤʫ 

ʥʝʦʙʭʽʜʥʦ, ʟʥʘʶʯʠ ʪʠʧ ʧʽʜʢʣʘʜʢʠ, ʨʦʟʨʘʭʫʚʘʪʠ ʪʝʦʨʝʪʠʯʥʦ ʧʦʣʦʞʝʥʥʷ 

ʨʝʬʣʝʢʩʽʚ ʚʽʜ ʦʩʪʘʥʥʴʦʾ. 

ʏʫʪʣʠʚʽʩʪʴ ʷʢʽʩʥʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʝ ʙʫʪʠ ʧʽʜʚʠʱʝʥʘ ʧʦʣʽʧʰʝʥʥʷʤ 

ʪʝʭʥʽʢʠ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʟʡʦʤʢʠ (ʧʨʠ ʬʦʪʦʛʨʘʬʽʯʥʽʡ ʨʝʻʩʪʨʘʮʽʾ) ʽ ʚʽʜʧʦʚʽʜʥʦʶ 

ʧʽʜʛʦʪʦʚʢʦʶ ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʟʨʘʟʢʘ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʥʦʭʨʦʤʘʪʦʨʽʚ ʟʤʝʥʰʫʻ 

ʟʘʛʘʣʴʥʠʡ ʬʦʥ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʘʭ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʚʜʘʻʪʴʩʷ ʨʝʻʩʪʨʫʚʘʪʠ ʜʫʞʝ 

ʩʣʘʙʢʽ ʣʽʥʽʾ. ʆʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʥʦʭʨʦʤʘʪʦʨʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ 

ʟʨʦʩʪʘʥʥʷ ʯʘʩʫ ʝʢʩʧʦʟʠʮʽʾ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʢʣʘʜʝʥʥʷ ʣʽʥʽʡ ʨʽʟʥʠʭ 

ʬʘʟ ʙʘʞʘʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʘʤʝʨʠ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʘ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʧʨʦʚʦʜʠʣʦʩʴ ʨʝʥʪʛʝʥʦʛʨʘʬʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʟ ʬʦʪʦʛʨʘʬʽʯʥʦʶ ʨʝʻʩʪʨʘʮʽʻʶ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ. ɼʣʷ ʮʴʦʛʦ 
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ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʋʈʉ-2.0 ʫ ʚʠʧʨʦʤʽʥʝʥʥʽ ʢʦʙʘʣʴʪʦʚʦʛʦ ʘʥʦʜʫ ʪʘ ʋʈʉ-55 ʫ 

ʚʠʧʨʦʤʽʥʝʥʥʽ ʭʨʦʤʦʚʦʛʦ ʘʥʦʜʫ ʚ ʢʘʤʝʨʘʭ ɼʝʙʘʷ-ʐʝʨʝʨʘ ʟ ʧʨʠʩʢʦʨʶʶʯʦʶ 

ʥʘʧʨʫʛʦʶ 24 ʢɺ ʪʘ ʘʥʦʜʥʠʤ ʩʪʨʫʤʦʤ 25 ʤɸ, ʪʨʠʚʘʣʽʩʪʴ ʝʢʩʧʦʟʠʮʽʾ ʩʢʣʘʜʘʣʘ 3 ï

 5 ʛʦʜʠʥ. 

2.4 ʏʦʪʠʨʠʟʦʥʜʦʚʠʡ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʦʦʧʦʨʫ  

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʦʧʦʨʫ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʯʦʪʠʨʠʟʦʥʜʦʚʠʡ ʤʝʪʦʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʦʧʦʨʫ. ʄʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʷʚʠʱʽ 

ʧʦʰʠʨʝʥʥʷ ʩʪʨʫʤʫ ʚ ʤʽʩʮʽ ʢʦʥʪʘʢʪʫ ʤʝʪʘʣʝʚʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʟ ʤʝʪʘʣʝʚʦʶ 

ʧʣʽʚʢʦʶ. ʇʝʨʝʚʘʛʘ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʦʤʽʯʥʠʭ 

ʢʦʥʪʘʢʪʽʚ ʽʟ ʟʨʘʟʢʦʤ. ʊʘʢʦʞ ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ ʧʠʪʦʤʠʡ ʦʧʽʨ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʭ 

ʟʨʘʟʢʽʚ ʨʽʟʥʦʾ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʦʨʽʻʥʪʘʮʽʾ [210]. 

ʋʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʦʪʠʨʠʟʦʥʜʦʚʦʛʦ ʤʝʪʦʜʫ: 

1) ʟʦʥʜʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʨʽʚʥʽʡ ʧʦʚʝʨʭʥʽ ʦʜʥʦʨʽʜʥʦʾ ʟʨʘʟʢʘ 

ʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʦʛʦ ʦʙôʻʤʫ; 

2) ʚʽʜʩʫʪʥʷ ʽʥʞʝʢʮʽʷ ʝʣʝʢʪʨʦʥʽʚ ʚ ʦʙôʻʤ ʟʨʘʟʢʘ; 

3) ʟʦʥʜ ʥʝ ʧʦʚʠʥʝʥ ʭʽʤʽʯʥʦ ʨʝʘʛʫʚʘʪʠ ʟ ʤʝʪʘʣʝʚʠʤ ʤʘʪʝʨʽʘʣʦʤ ʧʣʽʚʢʠ. 

ʗʢ ʧʨʘʚʠʣʦ, ʟʦʥʜʠ ʤʘʶʪʴ ʢʦʥʪʘʢʪʠ ʟ ʧʦʚʝʨʭʥʝʶ ʟʨʘʟʢʘ ʚ ʪʦʯʢʘʭ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʚʟʜʦʚʞ ʧʨʷʤʦʾ ʣʽʥʽʾ ʘʙʦ ʧʦ ʢʫʪʘʭ ʢʚʘʜʨʘʪʘ. 

ʉʭʝʤʘʪʠʯʥʦ ʯʦʪʠʨʠʟʦʥʥʠʡ ʤʝʪʦʜ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.8. 

 

 

ʈʠʩʫʥʦʢ 2.8 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʨʝʘʣʽʟʘʮʽʾ ʯʦʪʠʨʠʟʦʥʜʦʚʦʛʦ ʤʝʪʦʜʫ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ [211] 
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2.5 ʄʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʷ ʚʪʦʨʠʥʥʠʭ ʽʦʥʽʚ  

ʋ ʤʝʪʦʜʽ ʚʪʦʨʠʥʥʦʾ ʽʦʥʥʦʾ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʧʦʚʝʨʭʥʶ ʟʨʘʟʢʘ 

ʦʧʨʦʤʽʥʶʶʪʴ ʧʝʨʚʠʥʥʠʤʠ ʽʦʥʘʤʠ ʧʝʚʥʦʾ ʝʥʝʨʛʽʾ. ɽʥʝʨʛʽʷ ʧʝʨʚʠʥʥʠʭ ʽʦʥʽʚ 

ʧʝʨʝʜʘʻʪʴʩʷ ʘʪʦʤʘʤ ʟʨʘʟʢʘ ʯʝʨʝʟ ʟʽʪʢʥʝʥʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʠʥʠʢʘʻ ʪʘʢ 

ʟʚʘʥʠʡ ʢʘʩʢʘʜ ʟʽʪʢʥʝʥʴ. ʏʘʩʪʠʥʘ ʝʥʝʨʛʽʾ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘʟʘʜ ʥʘ ʧʦʚʝʨʭʥʶ, 

ʜʦʟʚʦʣʷʶʯʠ ʧʨʠʧʦʚʝʨʭʥʝʚʠʤ ʘʪʦʤʘʤ ʽ ʤʦʣʝʢʫʣʘʤ ʜʦʣʘʪʠ ʝʥʝʨʛʽʶ ʟʚôʷʟʢʫ ʟ 

ʧʦʚʝʨʭʥʝʶ. ɺʟʘʻʤʦʜʽʷ ʛʨʫʧʠ ʟʽʪʢʥʝʥʴ ʟ ʧʦʚʝʨʭʥʝʚʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʜʦʩʠʪʴ ʤ'ʷʢʘ, 

ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟ ʤʝʪʦʶ ʜʦʟʚʦʣʠʪʠ ʥʘʚʽʪʴ ʚʝʣʠʢʠʤ ʘʪʦʤʘʤ ʽ ʤʦʣʝʢʫʣʘʤ 

ʚʽʜʽʨʚʘʪʠʩʷ ʙʝʟ ʘʙʦ ʟ ʥʝʚʝʣʠʢʠʤʠ ʧʦʰʢʦʜʞʝʥʥʷʤʠ. 

ɹʽʣʴʰʽʩʪʴ ʚʠʧʫʱʝʥʠʭ ʯʘʩʪʠʥʦʢ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʽ, ʘʣʝ ʥʝʚʝʣʠʢʘ ʯʘʩʪʠʥʘ 

ʻ ʧʦʟʠʪʠʚʥʦ ʘʙʦ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʘ. ʇʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ ʚʠʧʫʱʝʥʠʭ ʽʦʥʽʚ ʥʘʜʘʻ 

ʜʝʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʝʣʝʤʝʥʪʥʠʡ ʽ ʤʦʣʝʢʫʣʷʨʥʠʡ ʩʢʣʘʜ ʧʦʚʝʨʭʥʽ. 

ʄʝʪʦʜʠʢʘ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʷ ʚʪʦʨʠʥʥʠʭ ʽʦʥʽʚ ʻ ʜʫʞʝ ʯʫʪʣʠʚʦʶ ʜʦ 

ʧʦʚʝʨʭʥʽ, ʦʩʢʽʣʴʢʠ ʚʪʦʨʠʥʥʽ ʽʦʥʠ ʚʠʙʠʚʘʶʪʴʩʷ ʟ ʚʝʨʭʥʽʭ ʰʘʨʽʚ. ʈʦʟʤʽʨ ʛʨʫʧʠ 

ʟʽʪʢʥʝʥʴ ʜʦʩʠʪʴ ʤʘʣʠʡ, ʽ ʚʪʦʨʠʥʥʽ ʽʦʥʠ ʚʠʧʫʩʢʘʶʪʴʩʷ ʟ ʦʙʣʘʩʪʽ ʚ ʜʽʘʤʝʪʨʽ 

ʜʝʢʽʣʴʢʦʭ ʥʘʥʦʤʝʪʨʽʚ. ʆʪʞʝ, ʧʨʠ ʯʽʪʢʦʤʫ ʬʦʢʫʩʫʚʘʥʥʽ ʧʫʯʢʘ ʧʝʨʚʠʥʥʠʭ ʽʦʥʽʚ 

ʮʝʡ ʤʝʪʦʜ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʤʽʢʨʦʘʥʘʣʽʟʫ ʟ ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ. 

ɺʪʦʨʠʥʥʘ ʽʦʥʥʘ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʷ ʻ ʨʫʡʥʽʚʥʠʤ ʤʝʪʦʜʦʤ, ʦʩʢʽʣʴʢʠ 

ʯʘʩʪʠʥʢʠ ʚʠʜʘʣʷʶʪʴʩʷ ʟ ʧʦʚʝʨʭʥʽ. ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ 

ʩʧʨʷʤʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʪʨʘʚʣʝʥʥʷ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʦʟʧʦʜʽʣ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦ ʪʦʚʱʠʥʽ ʤʘʪʝʨʽʘʣʫ. ʎʝ ʜʘʻ ʟʤʦʛʫ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʘʥʠʡ ʜʠʥʘʤʽʯʥʠʡ ʨʝʞʠʤ ʜʣʷ ʘʥʘʣʽʟʫ ʪʦʥʢʠʭ ʧʣʽʚʦʢ, 

ʰʘʨʫʚʘʪʠʭ ʩʪʨʫʢʪʫʨ ʪʘ ʜʦʤʽʰʢʦʚʠʭ ʧʨʦʬʽʣʽʚ. 

ʏʘʩʦʧʨʦʣʽʪʥʘ ʤʘʩʦʚʘ ʩʧʝʢʪʨʦʤʝʪʨʽʷ ʟʘʩʥʦʚʘʥʘ ʥʘ ʪʦʤʫ, ʱʦ ʽʦʥʠ ʟ 

ʦʜʥʘʢʦʚʠʤʠ ʝʥʝʨʛʽʷʤʠ, ʘʣʝ ʨʽʟʥʠʤʠ ʤʘʩʘʤʠ ʨʫʭʘʶʪʴʩʷ ʟ ʨʽʟʥʦʶ ʰʚʠʜʢʽʩʪʶ. 

ʅʘʩʧʨʘʚʜʽ ʽʦʥʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʢʦʨʦʪʢʽʡ ʽʦʥʽʟʘʮʽʾ, ʧʨʠʩʢʦʨʶʶʪʴʩʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ ʪʽʻʾ ʩʘʤʦʾ ʝʥʝʨʛʽʾ ʽ ʧʨʦʣʽʪʘʶʪʴ ʜʦ ʜʝʪʝʢʪʦʨʘ. ʃʝʛʰʽ 

ʽʦʥʠ ʧʨʠʣʽʪʘʶʪʴ ʨʘʥʽʰʝ ʚʘʞʯʠʭ ʽ ʨʝʻʩʪʨʫʶʪʴʩʷ ʫ ʤʘʩʦʚʠʡ ʩʧʝʢʪʨ. ɺʠʤʽʨʶʚʘʥʥʷ 

ʯʘʩʫ ʧʦʣʴʦʪʫ ʢʦʞʥʦʛʦ ʽʦʥʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʤʘʩʫ. ʎʝʡ ʮʠʢʣ 
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ʧʦʚʪʦʨʶʻʪʴʩʷ ʟ ʯʘʩʪʦʪʦʶ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ ʧʦʣʴʦʪʫ ʥʘʡʚʘʞʯʦʛʦ ʘʪʦʤʘ. 

ʈʝʘʣʽʟʘʮʽʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.9. 

 

 

ʈʠʩʫʥʦʢ 2.9 ï ʉʭʝʤʘ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʯʘʩʦʧʨʦʣʽʪʥʦʾ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ 

ʚʪʦʨʠʥʥʠʭ ʽʦʥʽʚ [212] 

 

ʋ ʯʘʩʦʧʨʦʣʽʪʥʽʡ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʯʘʩ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʚʩʽʭ ʚʪʦʨʠʥʥʠʭ 

ʽʦʥʽʚ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʤʧʫʣʴʩʥʦʛʦ ʧʫʯʢʘ ʧʝʨʚʠʥʥʠʭ ʽʦʥʽʚ. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʾ ʤʘʩʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ 

ʢʦʨʦʪʢʽ ʽʦʥʥʽ ʽʤʧʫʣʴʩʠ ʪʨʠʚʘʣʽʩʪʶ ʤʝʥʰʝ 1 ʥʘʥʦʩʝʢʫʥʜʠ. ʎʽ ʽʦʥʥʽ ʽʤʧʫʣʴʩʠ 

ʬʦʨʤʫʶʪʴʩʷ ʟ ʥʝʧʝʨʝʨʚʥʦʛʦ ʧʫʯʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʫʣʴʩʫʶʯʦʛʦ ʝʣʝʤʝʥʪʘ ʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʠʩʥʝʥʽ ʚ ʯʘʩʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʧʦʣʽʚ. 

ɯʤʧʫʣʴʩʥʠʡ ʧʨʦʤʽʥʴ ʤʦʞʥʘ ʩʬʦʢʫʩʫʚʘʪʠ ʚ ʤʘʣʫ ʪʦʯʢʫ (ʽʦʥʥʠʡ ʤʽʢʨʦʟʦʥʜ), 

ʜʣʷ ʟʙʫʜʞʝʥʥʷ ʤʘʣʦʾ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʽ "ʨʦʟʛʦʨʥʫʪʠ" ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ ʽ ʤʦʣʝʢʫʣ (ʧʨʦʩʪʦʨʦʚʘ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʷ 

ʚʪʦʨʠʥʥʦʛʦ ʽʦʥʘ). 

ʇʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʚʪʦʨʠʥʥʠʭ ʽʦʥʽʚ ʧʦʣʝ ʚʠʣʫʯʝʥʥʷ ʚʠʤʠʢʘʻʪʴʩʷ ʽ 

ʝʣʝʢʪʨʦʥʠ ʟ ʥʠʟʴʢʦʶ ʝʥʝʨʛʽʻʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦʛʦ 
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ʟʘʨʷʜʫ, ʩʧʨʠʯʠʥʝʥʦʛʦ ʧʝʨʚʠʥʥʠʤʠ ʘʙʦ ʚʪʦʨʠʥʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʮʝ ʜʘʻ ʟʤʦʛʫ ʜʦʩʣʽʜʞʫʚʘʪʠ ʙʫʜʴ-ʷʢʽ ʚʠʜʠ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʏʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʧʦʣʝ ʚʠʣʫʯʝʥʥʷ ʚʠʤʢʥʝʥʦ, ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʙʦʤʙʘʨʜʫʚʘʥʥʷ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʤʠ ʽʦʥʘʤʠ ʜʣʷ ʪʨʘʚʣʝʥʥʷ 

ʟʨʘʟʢʘ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʽʦʥʠ ʥʠʟʴʢʦʾ ʝʥʝʨʛʽʾ ʫʪʚʦʨʶʶʪʴ ʢʨʘʪʝʨ, ʮʝʥʪʨ ʷʢʦʛʦ 

ʘʥʘʣʽʟʫʻʪʴʩʷ ʽʤʧʫʣʴʩʥʠʤ ʧʨʦʤʝʥʝʤ [212]. 

2.6 ʊʨʘʥʩʤʽʩʽʡʥʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ  

ʊʨʘʥʩʤʽʩʽʡʥʘ (ʧʨʦʩʚʽʯʫʶʯʘ) ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ (ʊɽʄ) ï ʮʝ ʨʽʟʥʦʚʠʜ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʧʨʷʤʝ ʟʦʙʨʘʞʝʥʥʷ ʦʙôʻʢʪʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ [213]. ʎʝʡ ʤʝʪʦʜ ʤʽʢʨʦʩʢʦʧʽʾ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʥʘʜʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʦ 0,08 ʥʤ, ʟʘʚʜʷʢʠ 

ʧʨʦʭʦʜʞʝʥʥʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʯʝʨʝʟ ʟʨʘʟʦʢ. 

ʇʨʠʥʮʠʧ ʜʽʾ ʪʨʘʥʩʤʽʩʽʡʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʝʣʝʢʪʨʦʥʠ 

ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʦʙ'ʻʢʪ, ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʛʦʪʦʚʣʝʥʠʡ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʠʡ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʪʦʥʢʠʤ. ʗʢ ʧʨʘʚʠʣʦ, ʜʦʩʪʘʪʥʴʦ ʪʦʚʱʠʥʠ ʟʨʘʟʢʘ ʚʽʜ 

ʜʝʢʽʣʴʢʦʭ ʥʘʥʦʤʝʪʨʽʚ ʜʦ ʤʽʢʨʦʤʝʪʨʘ. ʂʘʤʝʨʘ ʤʽʢʨʦʩʢʦʧʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʚʠʩʦʢʠʡ 

ʚʘʢʫʫʤ (10
-7
 ʤɹʘʨ), ʱʦʙ ʚʠʢʣʶʯʠʪʠ ʚʟʘʻʤʦʜʽʶ ʝʣʝʢʪʨʦʥʽʚ ʟ ʤʦʣʝʢʫʣʘʤʠ ʧʦʚʽʪʨʷ. 

ɽʣʝʢʪʨʦʥʥʠʡ ʧʨʦʤʽʥʴ ʟʘʣʠʰʘʻ ʜʞʝʨʝʣʦ ï ʢʘʪʦʜ, ʪʘʢ ʟʚʘʥʫ ʝʣʝʢʪʨʦʥʥʫ ʛʘʨʤʘʪʫ ʽ 

ʧʨʠʩʢʦʨʶʻʪʴʩʷ ʚʠʩʦʢʦʶ ʥʘʧʨʫʛʦʶ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʫʯʢʦʤ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʠʭ ʣʽʥʟ, ʱʦʙ ʚʽʥ ʧʘʜʘʚ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʚʠʙʨʘʥʦʾ ʜʽʣʷʥʢʠ ʦʙôʻʢʪʘ [214]. 

ʇʨʠ ʧʦʧʘʜʘʥʥʽ ʥʘ ʧʨʝʜʤʝʪ ʯʘʩʪʠʥʘ ʝʣʝʢʪʨʦʥʽʚ ʨʦʟʩʽʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʝʣʝʤʝʥʪʘ ʘʙʦ ʡʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʜʽʘʬʨʘʛʤʠ ʧʝʨʝʜʘʶʪʴʩʷ ʥʝ ʨʦʟʩʽʷʥʽ ʝʣʝʢʪʨʦʥʠ, ʽ ʥʘ ʝʢʨʘʥʽ ʚʠʭʦʜʠʪʴ 

ʧʨʷʤʝ ʟʦʙʨʘʞʝʥʥʷ ʨʝʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢʝ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʘʙʦ ʨʦʟʨʘʭʫʥʢʽʚ [214]. 

ʊʘʢʦʞ ʚ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʤʝʪʦʜ ʝʥʝʨʛʝʪʠʯʥʦ-ʜʠʩʧʝʨʩʽʡʥʦʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ 
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ʢʦʤʧʦʟʠʮʽʷʭ. ʎʝʡ ʤʝʪʦʜ ʻ ʘʥʘʣʽʪʠʯʥʠʤ ʤʝʪʦʜʦʤ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʘʥʘʣʽʟʫ 

ʪʚʝʨʜʦʛʦ ʪʽʣʘ, ʟʘʩʥʦʚʘʥʠʤ ʥʘ ʘʥʘʣʽʟʽ ʝʥʝʨʛʽʾ ʡʦʛʦ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʩʧʝʢʪʨʘ ʽ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʷʢʽʩʥʠʡ ʪʘ ʢʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʟʨʘʟʢʘ. 

2.7 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

ɿ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʥʦ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ "ʛʨʘʬʝʥ-ʤʝʪʘʣ" ʪʘ "ʤʝʪʘʣ-ʢʨʝʤʥʽʡ" ʙʫʣʦ ʦʙʨʘʥʦ ʤʝʪʦʜʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʥʠʭ ʨʽʚʥʷʭ ʚ ʢʦʤʙʽʥʘʮʽʾ ʟ ʩʫʯʘʩʥʠʤʠ ʬʽʟʠʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ï ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʶ ʚʪʦʨʠʥʥʠʭ ʡʦʥʽʚ, ʨʝʥʪʛʝʥʽʚʩʴʢʫ 

ʜʠʬʨʘʢʪʦʤʝʪʨʽʶ, ʪʨʘʥʩʤʽʩʽʡʥʫ ʝʣʝʢʪʨʦʥʥʫ ʤʽʢʨʦʩʢʦʧʽʶ, ʯʦʪʠʨʠʟʦʥʜʦʚʫ 

ʨʝʟʠʩʪʦʤʝʪʨʽʶ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʘʪʦʤʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʪʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʷʭ ʻ ʜʦʮʽʣʴʥʠʤ ʪʘ 

ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʽʚ ʧʦʚʝʨʭʥʝʚʦʾ ʨʝʣʘʢʩʘʮʽʾ ʪʘ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʜʽʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʚʩʪʘʥʦʚʠʪʠ ʥʝ ʚʜʘʻʪʴʩʷ. 
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ʈʆɿɼɯʃ 3 ʉʪʨʫʢʪʫʨʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ "ʛʨʘʬʝʥ-ʤʝʪʘʣ"  ʟʘ 

ʜʘʥʠʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

3.1 ʂʦʤʧôʶʪʝʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʫ ʩʫʯʘʩʥʦʤʫ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʤʫ 

ʤʝʪʘʣʦʟʥʘʚʩʪʚʽ 

3.1.1 ʂʦʥʮʝʧʮʽʷ ʤʫʣʴʪʠʤʘʩʰʪʘʙʥʦʛʦ ʧʽʜʭʦʜʫ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʦʩʪʘʥʦʚʢʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, çʢʦʥʩʪʨʫʶʚʘʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚè ʥʘ ʦʩʥʦʚʽ 

ʙʘʟ ʜʘʥʠʭ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʚʯʝʥʠʭ ʚ ʦʙʣʘʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ [215-221].  

ɺ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʽ ʽʤʽʪʘʮʽʡʥʦʤʫ 

ʢʦʤʧ'ʶʪʝʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʜʽʣʝʥʽ 6 ʢʘʪʝʛʦʨʽʡ [222]. 

ʇʝʨʰʘ ʟ ʥʠʭ ï ʝʢʩʧʝʨʠʤʝʥʪʠ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 

ʄʦʥʪʝ-ʂʘʨʣʦ. 

ɼʨʫʛʘ ï ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʥʘʤʽʯʥʦʛʦ ʧʽʜʭʦʜʫ, "ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ", 

ʢʦʣʠ ὔ ʯʘʩʪʠʥʦʢ ʦʧʠʩʫʶʪʴʩʷ ʩʠʩʪʝʤʦʶ ʟ σὔ ʨʽʚʥʷʥʴ ʨʫʭʫ, ʦʙʫʤʦʚʣʝʥʦʛʦ ʜʽʻʶ 

ʧʦʪʝʥʮʽʘʣʫ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʜʚʦʤʘ ʯʘʩʪʠʥʢʘʤʠ. ɺʽʜʧʦʚʽʜʥʘ ʩʠʩʪʝʤʘ σὔ 

ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʯʠʩʝʣʴʥʦ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʪʨʘʻʢʪʦʨʽʡ, ʰʣʷʭʫ ʽ ʰʚʠʜʢʦʩʪʽ ʚʩʽʭ ʯʘʩʪʠʥʦʢ ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ. 

ʊʨʝʪʷ ï ʚʘʨʽʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʦʚʘʞʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ 

ʘʪʦʤʽʚ ʫ ʩʪʨʫʢʪʫʨʽ ʜʝʬʝʢʪʫ, ʥʘʧʨʠʢʣʘʜ, ʜʠʩʣʦʢʘʮʽʾ; ʘʪʦʤʠ ʨʫʭʘʶʪʴʩʷ ʧʦʢʨʦʢʦʚʦ, 

ʚ ʜʝʷʢʦʤʫ ʩʘʤʦʫʟʛʦʜʞʝʥʦʤʫ ʽʪʝʨʘʮʽʡʥʦʤʫ ʧʨʦʮʝʩʽ, ʧʦʢʠ ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ 

ʥʝ ʩʪʘʥʝ ʤʽʥʽʤʘʣʴʥʦʶ. 

ʏʝʪʚʝʨʪʘ ʢʘʪʝʛʦʨʽʷ ï ʩʪʨʫʢʪʫʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ (pattern development 

calculation), ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, 

ʨʷʜ ʟʤʦʜʝʣʴʦʚʘʥʠʭ (ʟ ʨʽʟʥʠʭ ʬʽʟʠʢʦ-ʤʝʪʘʣʦʟʥʘʚʯʠʭ ʤʽʨʢʫʚʘʥʴ ʘʙʦ ʫʤʦʚ) 

ʟʦʙʨʘʞʝʥʴ ʚ ʘʚʪʦʡʦʥʥʽʡ ʘʙʦ ʝʣʝʢʪʨʦʥʥʽʡ ʤʽʢʨʦʩʢʦʧʽʾ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʜʝʬʝʢʪʫ 

ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ, ʱʦʙ 

ʚʩʪʘʥʦʚʠʪʠ, ʷʢʘ ʟʽ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʻ ʽʩʪʠʥʥʦʶ. ɸʙʦ 
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ʧʦʙʫʜʦʚʘ ʢʘʨʪʠʥ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʜʠʬʨʘʢʮʽʾ ʟ ʪʝʦʨʝʪʠʯʥʠʭ ʤʦʜʝʣʴʥʠʭ ʤʽʨʢʫʚʘʥʴ 

ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘʨʝʻʩʪʨʦʚʘʥʠʤʠ ʽ ʧʝʨʝʚʽʨʢʠ ʢʦʨʝʢʪʥʦʩʪʽ 

ʚʠʭʽʜʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʤʦʜʝʣʴʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ.  

ʇ'ʷʪʘ ʢʘʪʝʛʦʨʽʷ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ï ʽʤʽʪʘʮʽʡʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʘʤʠ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʽʥʰʠʤʠ ʢʦʥʪʠʥʫʘʣʴʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʥʘ ʧʽʜʩʪʘʚʽ ʤʘʢʨʦʩʢʦʧʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: 

ʯʘʩʪʠʥʢʠ ʘʙʦ ʘʪʦʤʠ ʦʢʨʝʤʦ ʚ ʮʠʭ ʤʦʜʝʣʷʭ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ. 

ʐʦʩʪʘ ʢʘʪʝʛʦʨʽʷ ï ʢʦʤʧ'ʶʪʝʨʥʝ "ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ" ʥʘ ʦʩʥʦʚʽ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʛʽʛʘʥʪʩʴʢʠʭ ʙʘʟ ʜʘʥʠʭ ʚʞʝ ʥʘʷʚʥʠʭ ʥʘʫʢʦʚʠʭ ʬʘʢʪʽʚ (Data 

Base Science and Materials Design). ʂʣʘʩʠʯʥʠʤ ʚʽʜʦʤʠʤ ʫʩʽʤ ʤʝʪʘʣʦʟʥʘʚʮʷʤ 

ʧʨʠʢʣʘʜʦʤ ʙʘʟ ʜʘʥʠʭ ʻ ʜʦʚʽʜʥʠʢʠ ʜʽʘʛʨʘʤ ʩʪʘʥʫ. ʎʝʡ ʧʽʜʭʽʜ ʻ ʣʦʛʽʯʥʠʤ 

ʨʦʟʚʠʪʢʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʦ ʟʘʜʘʯ ʤʝʪʘʣʦʟʥʘʚʩʪʚʘ. ʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʧʽʜʭʽʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʽʜʝʷʭ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʩʧʦʯʘʪʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʢʘʪʘʩʪʨʦʬ, 

ʩʧʨʠʯʠʥʝʥʠʭ ʧʦʰʢʦʜʞʝʥʥʷʤ ʤʝʪʘʣʽʚ. 

ɿʘʛʘʣʴʥʘ ʤʝʪʘ, ʷʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ï ʧʝʨʝʜʙʘʯʠʪʠ, ʷʢʽ ʥʝʚʽʜʦʤʽ, ʘʣʝ ʬʽʟʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʦʯʽʢʫʚʘʥʠʤʠ ʥʘ ʧʽʜʩʪʘʚʽ ʫʨʘʭʫʚʘʥʥʷ ʪʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʻ 

ʚʩʪʘʥʦʚʣʝʥʠʤʠ. ɺʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʢʦʤʧ'ʶʪʝʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʶ ʪʘʢʠʭ 

ʧʨʦʮʝʩʽʚ, ʜʣʷ ʷʢʠʭ ʧʨʦʚʦʜʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪ ʜʫʞʝ ʜʦʨʦʛʦ ʘʙʦ ʜʫʞʝ ʜʦʚʛʦ, ʘ 

ʤʦʜʝʣʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʨʘʭʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʟ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ ʽ ʚʽʜʥʦʩʥʦ ʰʚʠʜʢʦ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʦʞʥʘ ʘʥʘʣʽʟʫʚʘʪʠ 

ʪʘʢʦʞ ʨʽʟʥʽ ʧʨʦʮʝʩʠ ʫ ʥʘʥʦʨʦʟʤʽʨʥʦʤʫ ʤʝʪʘʣʦʟʥʘʚʩʪʚʽ, ʥʘʧʨʠʢʣʘʜ, ï ʩʪʨʫʢʪʫʨʥʫ 

ʪʘ ʪʝʨʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽʥʪʝʨʬʝʡʩʽʚ Gr/ʄʝ ʪʘ ʄʝ/Si, ʷʢ ʮʝ ʧʨʦʧʦʥʫʻʪʴʩʷ ʫ 

ʜʘʥʽʡ ʨʦʙʦʪʽ. 

3.1.2 ɸʣʛʦʨʠʪʤ ʽʥʞʝʥʝʨʥʦʛʦ ʩʠʥʪʝʟʫ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʢʦʤʧ'ʶʪʝʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʩʪʘʻ ʥʝ ʤʝʥʰ 

ʚʘʞʣʠʚʠʤ, ʥʽʞ ʬʽʟʠʯʥʠʡ. ʋ ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ (5-10 ʨʦʢʽʚ) 
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ʨʝʟʫʣʴʪʘʪʠ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʽʛʨʘʚʘʪʠʤʫʪʴ ʪʘʢʫ ʞ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ 

ʥʘʥʦʪʝʭʥʦʣʦʛʽʷʭ, ʷʢ ʽ ʩʠʩʪʝʤʠ Computer-Aided Engineering (CAE) ʽ ʨʦʟʨʘʭʫʥʢʠ 

ʥʘ ʾʭ ʦʩʥʦʚʽ ʚ ʩʫʯʘʩʥʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ 

ʧʦʙʫʜʦʚʽ ʘʣʛʦʨʠʪʤʽʚ ʽ ʫʟʘʛʘʣʴʥʝʥʠʭ ʩʭʝʤ, ʟʘ ʷʢʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʚʦʨʝʥʽ 

ʤʘʪʝʨʽʘʣʠ ʟ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʅʘ ʥʘʰ ʧʦʛʣʷʜ, ʽʥʞʝʥʝʨʥʝ "ʢʦʥʩʪʨʫʶʚʘʥʥʷ" ʤʘʪʝʨʽʘʣʽʚ (ɯʂʄ) ʟʚʦʜʠʪʴʩʷ 

ʜʦ ʥʘʩʪʫʧʥʠʭ ʪʨʴʦʭ ʟʘʜʘʯ: ʧʨʷʤʦʾ ʟʘʜʘʯʽ, ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯʽ ʧʝʨʰʦʛʦ ʨʦʜʫ ʽ 

ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯʽ ʜʨʫʛʦʛʦ ʨʦʜʫ [222]. ʈʦʟʚôʷʟʘʥʥʷʤ ʧʝʨʰʠʭ ʜʚʦʭ ʟʘʜʘʯ ʻ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʽʪʥʽʭ ʟʥʘʥʴ ʥʘ ʦʩʥʦʚʽ ʚʞʝ ʥʘʢʦʧʠʯʝʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʯʠʭ ʙʘʟ ʜʘʥʠʭ. ʈʽʰʝʥʥʷ ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯʽ ʜʨʫʛʦʛʦ ʨʦʜʫ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʧʝʨʝʜʙʘʯʘʶʪʴ ʤʘʪʝʨʽʘʣʠ ʟ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɸʣʛʦʨʠʪʤʠ ʽ ʩʭʝʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʧʨʷʤʦʾ 

ʟʘʜʘʯʽ ʽ ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯʽ ʧʝʨʰʦʛʦ ʨʦʜʫ, ʪʘʢʽ: 

1. ʂʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ ï ʜʣʷ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʜʘʥʠʭ. 

2. ʄʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ï ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʘʥʠʭ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʧʨʦʮʝʩʽʚ, ʚʣʘʩʪʠʚʦʩʪʝʡ, ʦʟʥʘʢ ʽ ʽʥʰʠʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʽ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ. 

ʋʤʦʚʦʶ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ ʢʽʥʮʝʚʠʡ ʥʘʙʽʨ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ. 

3. ɸʥʘʣʽʟ ʥʘ ʘʩʦʮʽʘʮʽʾ ï ʜʣʷ ʨʦʟʨʦʙʢʠ ʝʚʨʠʩʪʠʯʥʠʭ ʧʨʘʚʠʣ ʘʥʘʣʽʟʫ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʽ ʾʭ ʧʦʚʝʜʽʥʢʠ, ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʝʣʠʢʠʭ ʤʘʩʠʚʘʭ ʜʘʥʠʭ. 

4. ɺʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ï ʷʢ ʩʪʘʜʽʷ ʦʮʽʥʢʠ ʽ ʧʝʨʝʚʽʨʢʠ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʥʘ 

ʾʭ ʘʜʝʢʚʘʪʥʽʩʪʴ. 

ʋʟʘʛʘʣʴʥʝʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʷʤʦʾ ʟʘʜʘʯʽ ʚʠʛʣʷʜʘʻ ʧʨʠʙʣʠʟʥʦ ʪʘʢ [222]. 

ʇʨʠʧʫʩʪʠʤʦ, ʻ Ὧʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʟ ʷʢʠʭ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʥʦʚʠʡ 

ʤʘʪʝʨʽʘʣ: 

ὔȟὔȟȣ ȟὔȟȣ ȟὔȢ (3.1) 

 

ʊʦʜʽ Ὦ-ʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʤʘʪʝʨʽʘʣʫ Ὂ ʻ: 
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Ὂ ὔ ȟὔ ȟȣȟὔ ȟȣȟὔ ȟὝȟ (3.2) 

ʜʝ ὅï ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ὔ, ʱʦ ʚʭʦʜʠʪʴ ʜʦʩʢʣʘʜʫ ʥʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ Вὅ ρ; 

Ὕï ʪʝʤʧʝʨʘʪʫʨʘ. 

 

ʌʫʥʢʮʽʷ Ὂ ʥʝʧʝʨʝʨʚʥʘ ʚ ʧʝʚʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʚʠʟʥʘʯʝʥʠʭ ʜʽʘʛʨʘʤʦʶ ʬʘʟʦʚʦʾ ʨʽʚʥʦʚʘʛʠ. 

ɿʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʧʦʙʫʜʦʚʽ ʽʥʪʝʨʧʦʣʷʮʽʡʥʦʾ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʬʫʥʢʮʽʾ Ὂ ʥʘ 

ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʥʷʭ ʽʟ ʙʘʟ ʜʘʥʠʭ: 

Ὂ ὔ ȟὔ ȟȣȟὔ ȟȣȟὔ ȟὝ  

Ὢ Ὢ ὔ ὪὝȟ 

(3.3) 

ʜʝ ά ï ʩʪʫʧʽʥʴ, ʧʨʠ ʷʢʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʙʘʞʘʥʘ ʪʦʯʥʽʩʪʴ ʽʥʪʝʨʧʦʣʷʮʽʾ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ (ʱʦʜʦ ʢʨʠʪʝʨʽʾʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʜʦʩʣʽʜʥʠʢʦʤ), 

Ὢ ï ʰʫʢʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʣʽʥʦʤʘ, 

ὅ ï ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ὅ ὅ , 

Ὕ ï ʟʤʽʥʶʻʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ Ὕ Ὕ . 

 

ʉʢʣʘʜʥʽʩʪʴ ʧʦʙʫʜʦʚʠ ʘʣʛʦʨʠʪʤʫ ʧʦʚôʷʟʘʥʘ ʟ ʪʠʤ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʥʝ ʽʩʥʫʻ ʻʜʠʥʦʛʦ ʩʚʽʪʦʚʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʣʷ ʙʘʟ ʜʘʥʠʭ, ʚ ʷʢʦʤʫ ʘʣʛʦʨʠʪʤʠ 

ʟʚʝʨʥʝʥʥʷ ʜʦ ʙʘʟ ʜʘʥʠʭ ʪʘ ʧʦʚʦʜʞʝʥʥʷ ʟ ʥʠʤʠ ʙʫʣʠ ʙ ʻʜʠʥʠʤʠ (ʱʦ ʧʦʣʝʛʰʠʣʦ ʙ 

ʨʦʙʦʪʫ ʜʦʩʣʽʜʥʠʢʽʚ). ɯʩʥʫʶʯʽ ʙʘʟʠ ʜʘʥʠʭ ʩʪʚʦʨʶʶʪʴʩʷ ʨʽʟʥʠʤʠ ʢʦʤʘʥʜʘʤʠ 

ʜʦʩʣʽʜʥʠʢʽʚ ʫ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʽ ʤʽʩʪʷʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʨʽʟʥʦʛʦ ʪʠʧʫ, ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʘʛʨʝʛʘʮʽʾ ʪʦʱʦ. ɿʛʘʜʘʥʝ ʚʠʱʝ, ʟʚʠʯʘʡʥʦ, 

ʫʩʢʣʘʜʥʶʻ ʟʘʚʜʘʥʥʷ ʧʦʙʫʜʦʚʠ ʟʘʛʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. 

ɿʛʽʜʥʦ [222] ʘʣʛʦʨʠʪʤ ɯʂʄ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʢ ʽʪʝʨʘʮʽʡʥʠʡ 

ʧʨʦʮʝʩ ʟ ʥʘʩʪʫʧʥʠʤʠ ʢʨʦʢʘʤʠ: 
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ʧʝʨʰʠʡ ʢʨʦʢ ï ʽʤʽʪʘʮʽʡʥʦʛʦ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ 

ʷʢʦʛʦ ʻ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʨʝʢʦʤʝʥʜʘʮʽʾ ʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

ʜʨʫʛʠʡ ʢʨʦʢ ï ʚʠʙʽʨ ʤʝʪʦʜʫ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

(ʥʘʧʨʠʢʣʘʜ, ʽʦʥʥʝ ʨʦʟʧʠʣʝʥʥʷ, ʝʣʝʢʪʨʦʣʽʪʠʯʥʝ ʽ ʚʘʢʫʫʤʥʝ ʦʩʘʜʞʝʥʥʷ ʪʘ ʽʥ.); 

ʪʨʝʪʽʡ ʢʨʦʢ ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ, ʯʠ ʜʽʡʩʥʦ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ 

ʤʘʪʝʨʽʘʣ ʤʘʻ ʥʘʧʝʨʝʜ ʟʘʜʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ; 

ʯʝʪʚʝʨʪʠʡ ʢʨʦʢ ï ʧʨʷʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʧʝʨʝʚʽʨʢʘ 

ʦʙʨʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʪʦʙʪʦ ʯʠ ʤʦʞʥʘ ʟ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʛʦʪʦʚʠʪʠ ʥʝʦʙʭʽʜʥʽ 

ʜʝʪʘʣʽ, ʝʣʝʤʝʥʪʠ ʽ ʽʥ.).  

ʎʽ ʢʨʦʢʠ ʧʦʚʪʦʨʶʶʪʴʩʷ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʜʦʩʣʽʜʥʠʢ ʥʝ ʨʦʟʨʦʙʠʪʴ ʤʘʪʝʨʽʘʣ, 

ʱʦ ʚʦʣʦʜʽʻ ʥʝʦʙʭʽʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʆʜʥʘʢ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʤʝʪʦʜʠʯʥʦ 

ʥʝ ʻ ʚʠʯʝʨʧʥʦʶ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚʠʭʽʜʥʠʡ ʧʫʥʢʪ ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯʽ ï 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ï ʚ ʥʽʡ ʚʽʜʩʫʪʥʽʡ, ʘ ʪʘʢʦʞ ʻ ʽʥʰʽ 

ʤʝʪʦʜʠʯʥʽ ʥʝʪʦʯʥʦʩʪʽ. ʆʜʥʘʢ ʘʚʪʦʨʘʤ ʨʦʙʦʪʠ [222] ʚʜʘʣʦʩʷ ʟʜʽʡʩʥʠʪʠ ʛʦʣʦʚʥʝ: ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʥʠʤʠ ʘʣʛʦʨʠʪʤʫ 

Computational Materials Design ʥʘ ʦʩʥʦʚʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ (ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯʽ 

ʜʨʫʛʦʛʦ ʨʦʜʫ) ʽ ʨʝʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʩʪʚʦʨʠʪʠ ʥʦʚʽ ʢʦʤʙʽʥʘʮʽʾ 

ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʟʘʧʠʩʫ ʤʘʛʥʽʪʥʠʭ ʥʦʩʽʾʚ 

ʽʥʬʦʨʤʘʮʽʾ. 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʘʤʠ ʫʪʦʯʥʝʥʠʡ ʘʣʛʦʨʠʪʤ ɯʂʄ [222], ʷʢʠʡ 

ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 3.1. ɺʠʭʽʜʥʠʤ ʝʪʘʧʦʤ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ 

ʢʨʦʢ 1 ï ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʚʠʥʝʥ ʚʦʣʦʜʽʪʠ ʽ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʷʢʠʭ ʟʘʚʜʘʥʴ ʥʝʦʙʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ, ʩʢʣʘʜ ʽ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ ʷʢʦʛʦ ʥʝʦʙʭʽʜʥʦ ʩʧʨʦʛʥʦʟʫʚʘʪʠ. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ (ʢʨʦʢ 1ʘ) 

ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ ʚʠʙʽʨ ʽʥʪʝʨʚʘʣʽʚ, ʚ ʷʢʠʭ ʧʦʰʫʢ ʤʘʪʝʨʽʘʣʫ ʟ ʙʘʞʘʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ (ʧʨʷʤʘ ʟʘʜʘʯʘ ʽ ʦʙʝʨʥʝʥʘ ʟʘʜʘʯʘ ʧʝʨʰʦʛʦ ʨʦʜʫ). 

ʇʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 2 ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʽʥʪʝʨʚʘʣʫ. ʅʘ 

ʮʴʦʤʫ ʝʪʘʧʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɼʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 3. 
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ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʨʦʢʽʚ 3-5 ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ 

(ʢʨʦʢʠ 6 ʽ 7): ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʨʘʟʢʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷ, ʯʠ ʜʽʡʩʥʦ ʮʽ ʨʝʘʣʴʥʦ 

ʚʠʛʦʪʦʚʣʝʥʽ ʟʨʘʟʢʠ ʤʘʶʪʴ ʥʝʦʙʭʽʜʥʽ, ʥʘʧʝʨʝʜ ʟʧʨʦʛʥʦʟʦʚʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʏʠʩʣʦ 

ʮʠʢʣʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ (5-6-7) ʤʦʞʝ ʙʫʪʠ ʙʘʛʘʪʦʨʘʟʦʚʠʤ. ʋ ʨʘʟʽ 

ʥʝʜʦʩʷʛʥʝʥʥʷ ʫʩʧʽʭʫ ʥʘ ʩʪʘʜʽʷʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ ʥʝʦʙʭʽʜʥʦ 

ʧʦʚʪʦʨʠʪʠ ʽʪʝʨʘʮʽʡʥʠʡ ʮʠʢʣ 1ʘ-2-3-4-5-6-7. 

ʗʢʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʜʘʣʘ ʧʦʟʠʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʪʦ 

ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʢʨʦʢʫ 9. ʗʢʱʦ ʨʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʢʠ ʥʘ ʢʨʦʮʽ 9 ʜʦʩʣʽʜʥʠʢʘ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ, ʟʘʚʜʘʥʥʷ ʚʚʘʞʘʻʪʴʩʷ ʚʠʢʦʥʘʥʠʤ ï ʩʪʚʦʨʝʥʦ ʥʦʚʠʡ ʤʘʪʝʨʽʘʣ. 

ʗʢʱʦ ʨʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʢʠ ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʜʦʩʣʽʜʥʠʢʘ, ʥʝʦʙʭʽʜʥʦ ʧʦʚʪʦʨʠʪʠ 

ʽʪʝʨʘʮʽʡʥʠʡ ʮʠʢʣ, ʧʦʯʠʥʘʶʯʠ ʟ ʧʫʥʢʪʫ 2. ʏʠʩʣʦ ʽʪʝʨʘʮʽʡʥʠʭ ʮʠʢʣʽʚ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ ʟʜʽʡʩʥʠʪʠ, ʧʝʨʝʜʙʘʯʠʪʠ ʥʝʤʦʞʣʠʚʦ. ʆʜʥʘʢ ʟʨʦʟʫʤʽʣʦ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʽ ʘʥʘʣʦʛʽʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʽʰʝ, 

ʥʽʞ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʦʪʥʽ ʩʧʣʘʚʽʚ ʽ ʾʭ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʥʘʜʽʾ ʚʽʜʰʫʢʘʪʠ "ʱʘʩʣʠʚʠʡ" 

ʩʢʣʘʜ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

 

 

ʈʠʩʫʥʦʢ 3.1 ï ɸʣʛʦʨʠʪʤ ɯʂʄ [222] 
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ʊʘʢʠʤ ʯʠʥʦʤ ʨʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ɯʂʄ-ʜʚʠʛʫʥʘ, ʷʢ ʽʪʝʨʘʮʽʡʥʠʡ ʮʠʢʣ, 

ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺ ʡʦʛʦ ʦʩʥʦʚʽ ʣʝʞʠʪʴ 

ʢʦʤʙʽʥʘʮʽʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɸʣʛʦʨʠʪʤ ɯʂʄ ʜʦʟʚʦʣʷʻ ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʽ 

ʫʟʘʛʘʣʴʥʶʚʘʪʠ ʧʨʦʮʝʩ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʘ ʪʘʢʦʞ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʬʽʟʠʯʥʦ ʤʦʞʣʠʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɸʣʛʦʨʠʪʤ ɯʂʄ ʦʙ'ʻʜʥʫʻ ʧʨʷʤʫ ʽ ʦʙʝʨʥʝʥʫ ʟʘʜʘʯʽ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʢʘʟʫʻ ʥʘʡʢʦʨʦʪʰʠʡ ʰʣʷʭ 

ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ɯʂʄ-ʜʚʠʛʫʥʘ ʩʧʨʠʷʻ ʩʢʦʨʦʯʝʥʥʶ 

ʪʝʨʤʽʥʽʚ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʽ ʚʠʚʝʜʝʥʥʷ ʡʦʛʦ ʥʘ ʨʠʥʦʢ, ʟʤʝʥʰʝʥʥʷ 

ʚʠʪʨʘʪ ʥʘ ʡʦʛʦ ʨʦʟʨʦʙʢʫ, ʪʠʤ ʩʘʤʠʤ ʧʽʜʚʠʱʫʶʯʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ. 

ʗʢ ʟʨʦʟʫʤʽʣʦ ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʯʘʩʪʠʥʦʶ ʘʣʛʦʨʠʪʤʫ ʻ ʧʫʥʢʪ 2 ï ʽʤʽʪʘʮʽʡʥʝ 

ʢʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ɺʽʜ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʷʢʦʛʦ ʟʘʣʝʞʘʪʴ ʚʩʽ ʥʘʩʪʫʧʥʽ 

ʧʫʥʢʪʠ. ʈʦʟʛʣʷʥʝʤʦ ʡʦʛʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʽʰʝ. 

ʇʦʥʷʪʪʷ "ʤʦʜʝʣʽ" ʽ ʟʦʢʨʝʤʘ "ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ" ʧʝʨʝʜʙʘʯʘʻ ʱʦ ʮʝ 

ʽʤʽʪʘʮʽʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʚʥʦʛʦ ʦʙôʻʢʪʫ ʘʙʦ ʷʚʠʱʘ. ʄʦʜʝʣʽ ʥʘʤʘʛʘʶʪʴʩʷ 

ʟʨʦʙʠʪʠ ʷʢʦʤʦʛʘ ʧʨʦʩʪʽʰʝ (ʮʝ ʟʤʝʥʰʫʻ ʯʘʩ ʽ ʩʧʨʦʱʫʻ ʧʨʦʮʝʜʫʨʫ ʤʦʜʝʣʶʚʘʥʥʷ), 

ʘʣʝ ʚʦʜʥʦʯʘʩ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʦʶ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʷʢʽ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ. ʊʦʙʪʦ ʤʦʜʝʣʴ ï ʮʝ ʩʧʨʦʱʝʥʘ ʚʝʨʩʽʷ ʨʝʘʣʴʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʦʙôʻʢʪʫ 

ʘʙʦ ʷʚʠʱʘ, ʽ ʢʣʶʯʦʚʠʤ ʤʦʤʝʥʪʦʤ ʪʫʪ ʻ ʩʘʤʝ ʩʧʨʦʱʝʥʥʷ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʜʣʷ 

ʦʧʠʩʫ ʚʟʘʻʤʦʜʽʾ ʘʪʦʤʽʚ ʥʝʤʘ ʧʦʪʨʝʙʠ ʨʦʟʛʣʷʜʘʪʠ ʚʩʽ ʝʣʝʢʪʨʦʥʥʽ ʨʽʚʥʽ, ʜʦʩʪʘʪʥʴʦ 

ʪʽʣʴʢʠ ʚʘʣʝʥʪʥʠʭ, ʘ ʜʣʷ ʦʧʠʩʫ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ ʚʟʘʛʘʣʽ ʥʝʤʘ 

ʧʦʪʨʝʙʠ ʨʦʟʛʣʷʜʘʪʠ ʝʣʝʢʪʨʦʥʥʽ ʨʽʚʥʽ ʢʦʞʥʦʛʦ ʘʪʦʤʘ. ʆʪʞʝ ʜʣʷ ʢʦʞʥʦʾ 

ʚʣʘʩʪʠʚʦʩʪʽ ʙʫʜʫʪʴ ʩʚʦʾ ʤʦʜʝʣʽ ʟʽ ʩʚʦʾʤʠ ʩʧʨʦʱʝʥʥʷʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʪʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʷʢʽ ʤʠ ʚʠʟʥʘʯʘʻʤʦ ʚ ʧʝʨʰʦʤʫ 

ʧʫʥʢʪʽ ʘʣʛʦʨʠʪʤʫ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝ ʷʢʽ ʤʦʜʝʣʽ ʤʠ ʙʫʜʝʤʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ. ɺʩʽ 

ʤʦʜʝʣʽ ʫʤʦʚʥʦ ʧʦʜʽʣʷʶʪʴ ʥʘ ʨʽʚʥʽ, ʘʙʦ ʤʘʩʰʪʘʙʠ (ʨʠʩ. 3.2). ʅʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ 

ʜʽʶʪʴ ʩʚʦʾ ʟʘʢʦʥʠ ʽ ʦʙʤʝʞʝʥʥʷ. ɯ ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʪʽʣʴʢʠ 

ʧʝʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɯ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 
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ʤʘʪʝʨʽʘʣʫ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʦʜʝʣʽ ʟ ʨʽʟʥʠʭ ʨʽʚʥʽʚ. ʊʦʙʪʦ ʽʤʽʪʘʮʽʡʥʝ 

ʢʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʤʫʣʴʪʠʤʘʩʰʪʘʙʥʠʤ. 

 

 

ʈʠʩʫʥʦʢ 3.2 ï ʈʽʚʥʽ (ʤʘʩʰʪʘʙʠ) ʢʦʤʧôʶʪʝʨʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

 

ʅʘʚʝʜʝʤʦ ʧʨʠʢʣʘʜ, ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʝʣʝʢʪʨʦʦʧʦʨʫ ʧʝʚʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʡʦʛʦ ʬʘʟʦʚʦ-ʩʪʨʫʢʪʫʨʥʠʡ ʩʢʣʘʜ, 

ʷʢʠʡ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷʤ ʥʘ ʢʦʥʪʠʥʫʘʣʴʥʦʤʫ ʨʽʚʥʽ, ʘʣʝ ʜʣʷ ʮʴʦʛʦ 

ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʷʢ ʤʽʥʽʤʫʤ ʢʦʝʬʽʮʽʻʥʪʠ ʜʠʬʫʟʽʾ, ʷʢʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʘ 

ʘʪʦʤʥʦʤʫ ʨʽʚʥʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʜʣʷ ʷʢʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʩʠʣʠ ʤʽʞʘʪʦʤʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʟ ʢʚʘʥʪʦʚʦʛʦ ʨʽʚʥʷ. 

ʆʪʞʝ ʜʣʷ ʢʦʞʥʦʾ ʟʘʜʘʯʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ 

ʧʽʜʙʠʨʘʪʠ ʩʚʽʡ ʢʦʤʧʣʝʢʩ ʢʦʤʧôʶʪʝʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʷʢʠʡ ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ ʟ 

ʜʝʢʽʣʴʢʦʭ ʦʢʨʝʤʠʭ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʶʚʘʥʴ ʟ ʨʽʟʥʠʭ ʨʽʚʥʽʚ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʠ ʧʦʢʘʟʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʤʫʣʴʪʠʤʘʩʰʪʘʙʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʪʝʭʥʦʣʦʛʽʾ 
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ʦʪʨʠʤʘʥʥʷ ʩʢʣʘʜʥʦʛʦ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ 

ʩʠʣʽʮʠʜʫ ʤʝʪʘʣʫ ʪʘ ʛʨʘʬʝʥʫ (ʨʠʩ. 3.3). 

 

 

ʈʠʩʫʥʦʢ 3.3 ï ʉʭʝʤʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʫʣʴʪʠʤʘʩʰʪʘʙʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

 

ʎʝʡ ʣʘʥʮʶʛ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʇʦʪʝʥʮʽʘʣ ʤʽʞʘʪʦʤʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ 

ʧʝʨʰʦʧʨʠʥʮʠʧʥʦʛʦ ʨʽʚʥʷ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʷʜʫ ʩʪʨʫʢʪʫʨʥʠʭ, 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʜʠʬʫʟʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ. 

ʅʘ ʤʝʟʦʨʽʚʥʽ ʜʣʷ ʟʘʜʘʥʦʾ ʩʪʨʫʢʪʫʨʠ (ʟʝʨʝʥʥʦʾ, ʜʝʬʝʢʪʥʦʾ ʽ ʪ.ʜ.) ʚʠʟʥʘʯʘʣʠʩʷ 

ʢʦʝʬʽʮʽʻʥʪʠ ʜʠʬʫʟʽʾ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʾʭ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ. ɸ ʥʘʜʘʣʽ ʚʞʝ ʟʜʽʡʩʥʶʚʘʚʩʷ ʧʝʨʝʭʽʜ ʥʘ ʢʦʥʪʠʥʫʘʣʴʥʠʡ ʨʽʚʝʥʴ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ʊʘʢʠʡ ʧʽʜʭʽʜ ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʫ ʥʘʜʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽʥʪʝʨʬʝʡʩʽʚ ʛʽʙʨʠʜʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʠʩʪʝʤ 

"ʛʨʘʬʝʥ-ʤʝʪʘʣ/Si". 
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3.2 ʉʪʨʫʢʪʫʨʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ "ʛʨʘʬʝʥ-Fe"  ʟʘ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ 

3.2.1 ʆʩʦʙʣʠʚʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʾ ʨʝʣʘʢʩʘʮʽʾ Fe ʟʘ ʥʘʷʚʥʦʩʪʽ ʛʨʘʬʝʥʫ  

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʨʝʣʘʢʩʘʮʽʾ ʨʽʟʥʠʭ ʛʨʘʥʝʡ Fe ʟʘ 

ʪʝʤʧʝʨʘʪʫʨ 300 ʂ ʪʘ 400 ʂ, ʽʥʜʫʢʦʚʘʥʦʾ ʥʘʥʝʩʝʥʥʷʤ ʧʣʽʚʢʠ ʛʨʘʬʝʥʫ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʧʦʨʷʜʢʫ ʟʤʝʥʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʧʘʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʧʣʦʱʠʥ ï 

(011), (001), (111). 

ʅʘʡʙʽʣʴʰ ʱʽʣʴʥʦ ʩʧʘʢʦʚʘʥʦʶ ʧʣʦʱʠʥʦʶ ʚ ʆʎʂ ʛʨʘʪʮʽ ʻ (011). ɼʣʷ Fe 

ʱʽʣʴʥʽʩʪʴ ʧʘʢʫʚʘʥʥʷ ʮʽʻʾ ʛʨʘʥʽ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʥʦʚʠʪʴ ρȟχςωẗ

ρπ  ʘʪʦʤ/ʩʤ
2
. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʱʽʣʴʥʽʩʪʴ ʧʘʢʫʚʘʥʥʷ 

ʧʣʦʱʠʥ ʚʽʜʥʦʩʥʦ ʧʣʦʱʠʥʠ (011). ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʧʣʦʱʠʥʠ (011) ʮʷ ʚʝʣʠʯʠʥʘ 

ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 1; ʜʣʷ ʧʣʦʱʠʥʠ (001) ï 0,707; ʜʣʷ ʧʣʦʱʠʥʠ (111) ï 0,409. 

Fe (011). ʈʽʚʥʦʚʘʞʥʽ ʟʥʘʯʝʥʥʷ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ ʜʣʷ ʛʨʘʥʽ (011) ʚ 

ʦʙôʻʤʽ ʩʢʣʘʜʘʶʪʴ ʜʣʷ 300 ʂ ïὨ ςȟπςυρπȟπππρ¡, ʜʣʷ 400 ʂ ï Ὠ

ςȟπςυφπȟπππρ ¡. ɿʤʽʥʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʘʨʘʤʝʪʨʫ Ὠ  (ʜʝ i ʪʘ j ï ʥʦʤʝʨʘ 

ʧʣʦʱʠʥ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʬʘʢʪʠʯʥʦ ʪʽʣʴʢʠ ʜʣʷ ʧʝʨʰʦʾ ʚʽʜ ʧʦʚʝʨʭʥʽ Fe 

ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ ʽ ʜʦʨʽʚʥʶʻ Ὠ ρȟωχτπȟππς ¡ (ʨʠʩ. 3.4). 

ɿʘʬʽʢʩʦʚʘʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʨʽʚʥʦʚʘʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʽʚʥʽ 2,5 % ʽ 

ʻ ʚʽʜ'ʻʤʥʠʤ (ʩʪʠʩʢʘʥʥʷ). ʈʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ ʜʣʷ ʧʝʨʰʠʭ ʜʚʦʭ ʤʽʞʧʣʦʱʠʥʥʠʭ 

ʚʽʜʩʪʘʥʝʡ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣ. 3.1. ɸʚʪʦʨʠ ʨʦʙʦʪʠ [223] ʦʪʨʠʤʘʣʠ ʟʥʘʯʝʥʥʷ 

Ὠ ςȟπτπȟπτ ¡. 

ɿʤʽʥʠ, ʽʥʜʫʢʦʚʘʥʽ ʥʘʥʝʩʝʥʥʷʤ ʛʨʘʬʝʥʫ, ʪʘʢʦʞ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʣʠʰʝ ʥʘ 

ʦʜʥʫ ʤʽʞʧʣʦʱʠʥʥʫ ʚʽʜʩʪʘʥʴ. ɺʽʜʭʠʣʝʥʥʷ ʟʥʘʯʝʥʥʷ ʧʝʨʰʦʾ ʤʽʞʧʣʦʱʠʥʥʦʾ 

ʚʽʜʩʪʘʥʽ ʚʽʜ ʨʽʚʥʦʚʘʞʥʦʛʦ ʦʙôʻʤʥʦʛʦ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 1,3 % ʽ ʩʪʘʻ ʜʦʜʘʪʥʽʤ 

(ʨʦʟʰʠʨʝʥʥʷ). 

ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 300 ʂ ʜʦ 400 ʂ ʪʘ ʚʟʘʻʤʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʛʨʘʬʝʥʫ ʪʘ 

ʧʦʚʝʨʭʥʽ Fe (011) ʥʝʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʧʦʚʝʨʭʥʝʚʦʾ ʨʝʣʘʢʩʘʮʽʾ, ʟʤʽʥʘ 

ʟʥʘʯʝʥʴ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʧʦʭʠʙʢʠ. 
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ʈʠʩʫʥʦʢ 3.4 ï ɺʽʜʭʠʣʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ Ὠ  ʜʣʷ ʛʨʘʥʽ Fe (011) ʜʦ ʪʘ 

ʧʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʛʨʘʬʝʥʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 300 ʂ (ʘ) ʪʘ 400 ʂ (ʙ) 

 

ʊʘʙʣʠʮʷ 3.1 ï ɿʥʘʯʝʥʥʷ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ Ὠ  (ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ ʥʝ 

ʧʝʨʝʚʠʱʫʻ Ñ0,002 ¡) ʪʘ ʾʭ ʚʽʜʭʠʣʝʥʥʷ ȹd ʚʽʜ ʟʥʘʯʝʥʴ ʫ ʦʙôʻʤʽ ʜʣʷ Fe (011) ʪʘ 

Fe (011)/ʛʨʘʬʝʥ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 300 ʂ ʪʘ 400 ʂ. 
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d12 1,974 -2,53 1,975 -2,47 2,051 1,31 2,057 1,55 

d23 2,024 -0,02 2,025 -0,04 2,024 -0,05 2,026 0,02 

 

Fe (001). ɽʬʝʢʪ ʧʦʚʝʨʭʥʝʚʦʾ ʨʝʣʘʢʩʘʮʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʧʝʨʰʠʭ ʪʨʴʦʭ 

ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ (ʨʠʩ. 3.5). ʈʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʝʨʰʦʾ ʚʽʜ ʧʦʚʝʨʭʥʽ 

ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ Ὠ ρȟτρψπȟππς ¡ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ ʨʦʙʦʪʠ 

[224] ï Ὠ ρȟτρπȟπρ ¡. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʽ ʨʽʚʥʦʚʘʞʥʽ ʟʥʘʯʝʥʥʷ ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ 

ʜʣʷ ʛʨʘʥʽ (001) ʚ ʦʙôʻʤʽ. ɺʦʥʠ ʩʢʣʘʣʠ: ʜʣʷ 300 ʂ ïὨ ρȟτσςππȢπππρ ¡, 

ʜʣʷ 400 ʂ ï Ὠ ρȟτσςσπȢπππρ ¡. ɿʥʘʯʝʥʥʷ ʧʝʨʰʦʾ ïὨ , ʜʨʫʛʦʾ ï Ὠ  ʪʘ 

ʪʨʝʪʴʦʾ ï Ὠ  ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ ʪʘ ʾʭ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʟʥʘʯʝʥʴ ʫ ʦʙôʻʤʽ 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.2. ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ 300 ʂ ʧʝʨʰʘ ʪʘ ʜʨʫʛʘ ʤʽʞʧʣʦʱʠʥʥʽ 
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ʚʽʜʩʪʘʥʽ ʟʤʝʥʰʫʶʪʴʩʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʪʠʩʢʘʥʥʶ, ʘ ʪʨʝʪʷ, ʥʘʚʧʘʢʠ, ʜʝʱʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ (ʨʦʟʰʠʨʝʥʥʷ). ʅʘʡʙʽʣʴʰʝ ʚʽʜʭʠʣʝʥʥʷ ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʦʙôʻʤʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʽʞ ʜʨʫʛʠʤ ʪʘ ʪʨʝʪʽʤ ʰʘʨʦʤ ʚʽʜ ʧʦʚʝʨʭʥʽ ʽ 

ʩʢʣʘʜʘʻ ῳὨ ςȢςρϷ. ɿʥʘʯʝʥʥʷ ῳὨ  ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʩʢʣʘʜʘʻ -0,94 %, ʪʦʜʽ 

ʷʢ ʘʚʪʦʨʠ [225] ʥʘʚʦʜʷʪʴ ʟʥʘʯʝʥʥʷ -4 % ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʢʽʥʝʤʘʪʠʯʥʦʤʫ 

ʥʘʙʣʠʞʝʥʥʽ, ʘ ʫ [224] ʮʷ ʚʝʣʠʯʠʥʘ ʩʢʣʘʜʘʻ -1,4 % ʟʘ ʜʘʥʠʤʠ ʜʠʥʘʤʽʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʤʝʪʦʜʦʤ ɼʇɽ (ʜʠʬʨʘʢʮʽʷ ʧʦʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ). ɸ ʚ [226] 

ʚʽʜʤʽʯʘʻʪʴʩʷ ʟʤʽʥʘ ῳὨ  ʥʘ +0,5 %, ʪʦʙʪʦ, ʥʘʚʧʘʢʠ, ʫ ʙʽʢ ʟʙʽʣʴʰʝʥʥʷ. 

 

  

ʈʠʩʫʥʦʢ 3.5 ï ɺʽʜʭʠʣʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ Ὠ  ʜʣʷ ʛʨʘʥʽ Fe (001) ʜʦ ʪʘ 

ʧʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʛʨʘʬʝʥʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 300 ʂ (ʘ) ʪʘ 400 ʂ (ʙ) 

 

ʊʘʙʣʠʮʷ 3.2 ï ɿʥʘʯʝʥʥʷ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ Ὠ  (ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ ʥʝ 

ʧʝʨʝʚʠʱʫʻ Ñ0,002 ¡) ʪʘ ʾʭ ʚʽʜʭʠʣʝʥʥʷ ῳὨ ʚʽʜ ʟʥʘʯʝʥʴ ʫ ʦʙôʻʤʽ ʜʣʷ Fe (001) ʪʘ 

Fe (001)/ʛʨʘʬʝʥ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 300 ʂ ʪʘ 400 ʂ. 
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d12 1,418 -0,94 1,419 -0,93 1,475 3,00 1,472 2,72 

d23 1,400 -2,21 1,400 -2,25 1,423 -0,61 1,426 -0,44 

d34 1,433 0,13 1,434 0,12 1,427 -0,39 1,427 -0,40 
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ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 400 ʂ ʩʫʪʪʻʚʦʾ ʟʤʽʥʠ ʟʥʘʯʝʥʴ 

ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʚʦʥʠ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʽʚʥʽ ʧʦʭʠʙʢʠ. 

ʅʘʥʝʩʝʥʥʷ ʧʣʽʚʢʠ ʛʨʘʬʝʥʫ ʥʘ ʛʨʘʥʴ Fe (001) ʟʤʽʥʶʻ ʭʘʨʘʢʪʝʨ ʧʦʚʝʨʭʥʝʚʦʾ 

ʨʝʣʘʢʩʘʮʽʾ. ʅʘʡʙʽʣʴʰʝ ʚʽʜʭʠʣʝʥʥʷ ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʽʞ 

ʧʝʨʰʠʤ ʪʘ ʜʨʫʛʠʤ ʰʘʨʦʤ ʚʽʜ ʧʦʚʝʨʭʥʽ ʽ ʜʦʩʷʛʘʻ 3 %. ʂʨʽʤ ʪʦʛʦ ʚʦʥʦ ʩʪʘʻ 

ʜʦʜʘʪʥʽʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʰʠʨʝʥʥʶ. 

Fe (111). ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʛʨʘʥʷʤʠ (001) ʪʘ (011), ʧʦʚʝʨʭʥʝʚʘ ʛʨʘʪʢʘ ʛʨʘʥʽ 

(111) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʽʣʴʰʦʶ ʝʣʝʤʝʥʪʘʨʥʦʶ ʢʦʤʽʨʢʦʶ ʽ ʤʝʥʰʦʶ 

ʤʽʞʧʣʦʱʠʥʥʦʶ ʚʽʜʩʪʘʥʥʶ. ɼʣʷ ʛʨʘʥʽ Fe ʟ ʦʨʽʻʥʪʘʮʽʶ (111) ʽʩʪʦʪʥʽ ʟʤʽʥʠ 

Ὠʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʣʷ 8 ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ ʚʽʜ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 3.6, ʘ). 

ɿʥʘʯʝʥʥʷ ʧʝʨʰʦʾ ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ Ὠ πȟχτφπȟππς ¡ ʜʣʷ Fe ʜʦʙʨʝ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ ʨʦʙʦʪʠ [226] ï Ὠ πȟχ πȟπσ¡. 

ɿʥʘʯʝʥʥʷ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ ʜʣʷ Fe (111) ʚ ʦʙôʻʤʽ ʩʢʣʘʜʘʶʪʴ ʜʣʷ 

300 ʂ ï Ὠ πȟψςφχπȢπππρ¡, ʜʣʷ 400 ʂ ï Ὠ πȟψςφωπȢπππρ¡. 

ʆʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ ʜʣʷ ʧʝʨʰʠʭ 8-ʤʠ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.3. ʆʩʢʽʣʴʢʠ ʟʥʘʢ ʨʝʣʘʢʩʘʮʽʾ ʤʽʞʧʣʦʱʠʥʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʟʤʽʥʶʻʪʴʩʷ ʧʦ ʛʣʠʙʠʥʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʘ ʚʝʣʠʯʠʥʘ ʾʾ ʧʦʩʪʫʧʦʚʦ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʪʦ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʙʘʛʘʪʦʰʘʨʦʚʘ ʨʝʣʘʢʩʘʮʽʷ ʤʘʻ 

ʦʩʮʠʣʶʶʯʠʡ ʟʘʪʫʭʘʶʯʠʡ ʭʘʨʘʢʪʝʨ. 

 

  

ʈʠʩʫʥʦʢ 3.6 ï ɺʽʜʭʠʣʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ Ὠ  ʜʣʷ ʛʨʘʥʽ Fe (111) ʜʦ ʪʘ 

ʧʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʛʨʘʬʝʥʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 300 ʂ (ʘ) ʪʘ 400 ʂ (ʙ) 
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ʊʘʙʣʠʮʷ 3.3 ï ɿʥʘʯʝʥʥʷ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ Ὠ  (ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ ʥʝ 

ʧʝʨʝʚʠʱʫʻ Ñ0,002 ¡) ʪʘ ʾʭ ʚʽʜʭʠʣʝʥʥʷ ȹd ʚʽʜ ʟʥʘʯʝʥʴ ʫ ʦʙôʻʤʽ ʜʣʷ Fe (111) ʪʘ 

Fe (111)/ʛʨʘʬʝʥ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 300 ʂ ʪʘ 400 ʂ. 
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d12 0,746 -9,74 0,750 -9,04 0,921 11,36 0,868 5,23 

d23 0,708 -14,34 0,708 -14,17 0,696 -15,86 0,894 8,43 

d34 0,899 8,69 0,897 8,83 0,858 3,83 0,852 3,36 

d45 0,803 -2,89 0,805 -2,42 0,838 1,41 0,768 -6,89 

d56 0,809 -2,10 0,809 -1,90 0,798 -3,48 0,849 2,97 

d67 0,850 2,79 0,849 3,03 0,844 2,07 0,835 1,31 

d78 0,819 -0,93 0,819 -0,68 0,828 0,19 0,812 -1,58 

d89 0,823 -0,44 0,824 -0,11 0,819 -0,98 0,833 1,08 

 

ɼʦʜʘʚʘʥʥʷ ʧʣʽʚʢʠ ʛʨʘʬʝʥʫ ʥʝ ʟʤʽʥʶʻ ʦʩʮʠʣʶʶʯʠʡ ʭʘʨʘʢʪʝʨ ʧʦʚʝʨʭʥʝʚʦʾ 

ʨʝʣʘʢʩʘʮʽʾ. ɸʣʝ, ʷʢʱʦ ʚʽʜʭʠʣʝʥʥʷ ʧʝʨʰʦʾ ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʨʽʚʥʦʚʘʞʥʦʛʦ ʦʙôʻʤʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ Fe (111) ʩʪʘʥʦʚʠʪʴ ῳὨ ρπϷ 

(ʩʪʠʩʢʘʥʥʷ), ʪʦ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʚʦʥʦ ʜʦʨʽʚʥʶʻ ῳὨ
Ⱦ

ρȟτϷ ʽ 

ʟʤʽʥʶʻ ʟʥʘʢ (ʨʦʟʰʠʨʝʥʥʷ). 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʛʨʘʥʝʡ ï Fe (001) ʪʘ Fe (011), ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 

300 ʂ ʜʦ 400 ʂ ʚʧʣʠʚʘʻ ʥʘ ʭʘʨʘʢʪʝʨ ʧʦʚʝʨʭʥʝʚʦʾ ʨʝʣʘʢʩʘʮʽʾ ʩʠʩʪʝʤʠ 

Fe (111)/ʛʨʘʬʝʥ. ɿʥʘʯʝʥʥʷ ʧʝʨʰʦʾ ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ ῳὨ
Ⱦ

 ʟʤʝʥʰʫʻʪʴʩʷ ʟ 

11% ʜʦ 5%, ʘ ʜʨʫʛʦʾ ῳὨ
Ⱦ
ï ʥʘʚʧʘʢʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ -15% ʜʦ +8%. ɺʽʜʧʦʚʽʜʥʽ 

ʟʤʽʥʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʽ ʜʣʷ ʽʥʰʠʭ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ (ʨʠʩ. 3.6, ʙ), ʘʣʝ 

ʤʝʥʰ ʩʫʪʪʻʚʽ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ Fe (111) ʙʝʟ ʛʨʘʬʝʥʫ, ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘ 100 ʂ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʧʦʚʝʨʭʥʝʚʫ ʨʝʣʘʢʩʘʮʽʶ. 

ɿʤʝʥʰʝʥʥʷ ʦʙôʻʤʥʦʾ ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ ῳὨ  ʜʣʷ ʛʨʘʥʝʡ 

(011) ­ (001) ­ (111) ʚʽʜ 2,0251 ¡ ʜʦ 0,8267 ¡ ʦʙʫʤʦʚʣʶʻ ʟʙʽʣʴʰʝʥʥʷ 
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ʢʽʣʴʢʦʩʪʽ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ, ʟʘʜʽʷʥʠʭ ʫ ʧʨʦʮʝʩʽ ʧʦʚʝʨʭʥʝʚʦʾ ʨʝʣʘʢʩʘʮʽʾ 

ʚʽʜ 1 ʜʦ 8 (ʨʠʩ. 3.7). ʅʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʥʝ ʟʤʽʥʶʻ ʢʽʣʴʢʽʩʪʴ ʮʠʭ ʧʣʦʱʠʥ, ʘʣʝ ʫ 

ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʘʭ ʚʽʜôʻʤʥʝ ʟʥʘʯʝʥʥʷ Ὠ  ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʜʦʜʘʪʥʻ. ʇʨʠ 

ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ῳὨ  ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ 1,31% ʜʦ 16% ʚ 

ʥʘʧʨʷʤʢʫ (011) ­ (001) ­ (111), ʪʦʙʪʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʧʘʢʫʚʘʥʥʷ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ῳὨ. ɿʤʝʥʰʝʥʥʷ ῳὨ  ʫ ~1,5 ʨʘʟʠ ʟʙʽʣʴʰʫʻ ʤʘʢʩʠʤʘʣʴʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ῳὨ  ʫ ~2 ʨʘʟʠ, ʘ ʟʤʝʥʰʝʥʥʷ ῳὨ  ʫ ~2,5 ʨʘʟʠ ʟʙʽʣʴʰʫʻ ῳὨ  ʥʘ 

ʧʦʨʷʜʦʢ (ʨʠʩ. 3.8). 

 

  

ʈʠʩʫʥʦʢ 3.7 ï ɿʘʣʝʞʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ 

ʧʣʦʱʠʥ, ʱʦ ʟʘʜʽʷʥʽ ʜʦ ʧʨʦʮʝʩʫ 

ʧʦʚʝʨʭʥʝʚʦʾ ʨʝʣʘʢʩʘʮʽʾ, ʚʽʜ ʱʽʣʴʥʦʩʪʽ 

ʧʘʢʫʚʘʥʥʷ ʛʨʘʥʝʡ Fe, ʜʦ ʪʘ ʧʽʩʣʷ 

ʜʦʜʘʚʘʥʥʷ ʛʨʘʬʝʥʫ 

ʈʠʩʫʥʦʢ 3.8 ï ɿʘʣʝʞʥʽʩʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ 

ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ ʚʽʜ ʱʽʣʴʥʽʩʪʽ 

ʧʘʢʫʚʘʥʥʷ ʛʨʘʥʝʡ Fe ʚ ʩʠʩʪʝʤʘʭ 

Fe/ʛʨʘʬʝʥ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 300 ʂ ʪʘ 

400 ʂ 

3.2.2 ʉʪʨʫʢʪʫʨʥʘ ʧʝʨʝʙʫʜʦʚʘ ʧʦʚʝʨʭʥʝʚʠʭ ʛʨʘʥʝʡ (001), (011), (111) Fe 

ɼʣʷ ʫʩʽʭ ʛʨʘʥʝʡ Fe ʙʝʟ ʛʨʘʬʝʥʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʽʣʴʢʠ ʧʦʚʝʨʭʥʝʚʘ 

ʨʝʣʘʢʩʘʮʽʷ. ʇʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʦʜʥʦʯʘʩʥʦ ʟ ʨʝʣʘʢʩʘʮʽʻʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʪʘʢʦʞ ʝʬʝʢʪ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ. ɸʥʘʣʽʟ ʮʴʦʛʦ ʝʬʝʢʪʫ ʜʣʷ 

ʨʽʟʥʠʭ ʛʨʘʥʝʡ Fe ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ. 
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Fe (011). ʈʦʟʧʦʜʽʣ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 3.9) 

ʩʚʽʜʯʠʪʴ, ʱʦ ʘʪʦʤʠ ʉ ʫ ʛʨʘʬʝʥʽ (ʧʝʨʰʠʡ ʧʦʜʚʽʡʥʠʡ ʧʽʢ) ʥʘ ʛʨʘʥʽ (011) Fe 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚ ʤʝʞʘʭ ῳὰ ς¡. ʈʦʟʱʝʧʣʝʥʥʷ ʧʝʨʰʦʛʦ ʧʽʢʫ, ʷʢʝ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 300 ʂ ʜʦ 400 ʂ ʧʨʦʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰ ʥʘʦʯʥʦ, 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʘʪʦʤʠ ʉ ʟʘʡʤʘʶʪʴ ʧʝʨʝʚʘʞʥʽ ʧʦʣʦʞʝʥʥʷ ʥʘ ʜʚʦʭ ʚʽʜʩʪʘʥʷʭ 

ʚʽʜ ʧʦʚʝʨʭʥʽ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ 300 ʂ ʮʽ ʚʽʜʩʪʘʥʽ ʩʪʘʥʦʚʣʷʪʴ ὰ ςȟτχπȟπφ¡ 

ʪʘ ὰ ς πȟπφ¡, ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 400 ʂ ʧʝʨʰʘ ʚʽʜʩʪʘʥʴ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ ὰ ςȟτχπȟπφ¡, ʘ ʦʪ ʜʨʫʛʘ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʥʷ ὰ

ρȟψψπȟπφ¡. ʇʦʟʠʮʽʾ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʪʦʤʽʚ ʉ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ 

ʚʽʟʫʘʣʽʟʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 2D-ʤʘʧ ʘʪʦʤʥʦʛʦ ʨʦʟʧʦʜʽʣʫ (ʨʠʩ. 3.9 ʘ, ʙ), ʷʢʘ 

ʧʽʜʪʚʝʨʜʞʫʻ ʥʘʷʚʥʽʩʪʴ ʧʝʚʥʦʾ ʩʪʨʫʢʪʫʨʦʚʘʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʨʝʣʴʻʬʫ ʟ 

ʥʝʯʽʪʢʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ. 

ʌʫʥʢʮʽʷ ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ Ὣὶ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʟʥʘʭʦʜʞʝʥʥʷ ʘʪʦʤʽʚ ʥʘ ʧʝʚʥʽʡ ʚʽʜʩʪʘʥʽ ὶ. ʇʝʨʰʠʡ ʧʽʢ ʚʽʜʧʦʚʽʜʘʻ ʙʣʠʞʥʴʦʤʫ 

ʧʦʨʷʜʢʫ, ʘ ʡʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʬʘʢʪʠʯʥʦ ʟʘʜʘʻ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʥʘʡʙʣʠʞʯʠʤʠ ʘʪʦʤʘʤʠ ʫ ʩʠʩʪʝʤʽ. ʎʷ ʚʽʜʩʪʘʥʴ ʜʣʷ ʘʪʦʤʽʚ ʉ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ 

ʛʨʘʬʝʥʫ ʥʘ Fe (011) ὶ ρȟτψπȟπρ¡ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʽʟ ʚʠʭʽʜʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ὶ ρȟτφπȟπρ¡ (ʨʠʩ. 3.10). ɯʥʰʽ ʧʽʢʠ ʬʫʥʢʮʽʾ Ὣὶ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʽʥʰʽ ʧʦʨʷʜʢʠ ʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʘʪʦʤʽʚ. ɰʭ ʢʽʣʴʢʽʩʪʴ ʪʘ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ. ɿʤʝʥʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʨʦʟʤʠʪʪʷ ʪʘ ʟʤʽʱʝʥʥʷ ʫ ʙʽʢ ʙʽʣʴʰʠʭ ʟʥʘʯʝʥʴ ὶ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʚʩʽʭ ʧʽʢʽʚ Ὣὶ, ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʪʷʛ ʧʣʽʚʢʠ ʛʨʘʬʝʥʫ ʥʘ ʛʨʘʥʽ 

(011) Fe. 

ʌʫʥʢʮʽʷ ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ Ὣὶ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʟʥʘʭʦʜʞʝʥʥʷ ʘʪʦʤʽʚ ʥʘ ʧʝʚʥʽʡ ʚʽʜʩʪʘʥʽ ὶ. ʇʝʨʰʠʡ ʧʽʢ ʚʽʜʧʦʚʽʜʘʻ ʙʣʠʞʥʴʦʤʫ 

ʧʦʨʷʜʢʫ, ʘ ʡʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʬʘʢʪʠʯʥʦ ʟʘʜʘʻ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʥʘʡʙʣʠʞʯʠʤʠ ʘʪʦʤʘʤʠ ʫ ʩʠʩʪʝʤʽ. ʎʷ ʚʽʜʩʪʘʥʴ ʜʣʷ ʘʪʦʤʽʚ ʉ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ 

ʛʨʘʬʝʥʫ ʥʘ Fe (011) ὶ ρȟτψπȟπρ¡ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʽʟ ʚʠʭʽʜʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ὶ ρȟτφπȟπρ¡ (ʨʠʩ. 3.10). ɯʥʰʽ ʧʽʢʠ ʬʫʥʢʮʽʾ Ὣὶ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʽʥʰʽ ʧʦʨʷʜʢʠ ʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʘʪʦʤʽʚ. ɰʭ ʢʽʣʴʢʽʩʪʴ ʪʘ 
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ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ. ɿʤʝʥʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʨʦʟʤʠʪʪʷ ʪʘ ʟʤʽʱʝʥʥʷ ʫ ʙʽʢ ʙʽʣʴʰʠʭ ʟʥʘʯʝʥʴ ὶ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʚʩʽʭ ʧʽʢʽʚ Ὣὶ, ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʪʷʛ ʧʣʽʚʢʠ ʛʨʘʬʝʥʫ ʥʘ ʛʨʘʥʽ 

(011) Fe. 

 

 

 

ʈʠʩʫʥʦʢ 3.9 ï ʈʦʟʧʦʜʽʣ ʘʪʦʤʽʚ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʚ ʩʠʩʪʝʤʘʭ 

Fe (011)/ʛʨʘʬʝʥ (ʧʝʨʰʠʡ ʧʽʢ ʚʽʜ ʧʦʚʝʨʭʥʽ ï ʘʪʦʤʠ ʉ, ʜʘʣʽ ʘʪʦʤʠ Fe) ʪʘ Fe (011) 

ʟʘ ʪʝʤʧʝʨʘʪʫʨ 300 ʂ (ʘ) ʪʘ 400 ʂ (ʙ) 

 

ʈʦʟʧʦʜʽʣ ʘʪʦʤʽʚ Fe ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʥʘ ʚʩʽʭ ʧʣʦʱʠʥʘʭ, ʢʨʽʤ ʧʝʨʰʦʾ 

(ʜʨʫʛʠʡ ʧʽʢ ʨʠʩ. 3.10), ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʘʥʘʣʦʛʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʦ 

ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ. ʈʦʟʰʠʨʝʥʥʷ ʜʨʫʛʦʛʦ ʧʽʢʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʘʥʝʩʝʥʥʷ 

ʧʣʽʚʢʠ ʛʨʘʬʝʥʫ ʟʙʽʣʴʰʫʻ ʨʦʟʢʠʜ ʘʪʦʤʽʚ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʚ ʧʝʨʰʽʡ 
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ʧʣʦʱʠʥʽ Fe, ʪʦʙʪʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʾ ʜʝʬʦʨʤʘʮʽʷ. ʅʘ ʯʠʩʪʽʡ ʛʨʘʥʽ Fe ʨʦʟʢʠʜ ʘʪʦʤʽʚ 

ʜʣʷ ʧʣʦʱʠʥʠ (011) ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ῳὰ πȟφ¡ ʪʘ ῳὰ πȟχ¡ ʚʽʜʧʦʚʽʜʥʦ 

ʜʣʷ 300 ʂ ʪʘ 400 ʂ, ʘ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ï ʮʽ ʟʥʘʯʝʥʥʷ ʟʨʦʩʪʘʶʪʴ ʜʦ 

ῳὰ ρȟτ¡ ʦʜʥʘʢʦʚʦ ʜʣʷ ʦʙʦʭ ʪʝʤʧʝʨʘʪʫʨ. ʇʦʷʚʘ ʧʣʝʯʘ ʟʣʽʚʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ 

ʮʴʦʛʦ ʧʽʢʫ, ʩʚʽʜʯʠʪʴ, ʱʦ ʨʦʟʢʠʜ ʘʪʦʤʽʚ Fe ʧʝʨʝʚʘʞʘʻ ʟ ʙʦʢʫ ʛʨʘʬʝʥʘ. 

 

 

ʈʠʩʫʥʦʢ 3.10 ï ʌʫʥʢʮʽʷ ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ (Ὣὶ) ʘʪʦʤʽʚ ʉ ʫ ʚʽʣʴʥʦʤʫ 

ʛʨʘʬʝʥʽ ʪʘ ʫ ʛʨʘʬʝʥʽ ʥʘ ʧʦʚʝʨʭʥʽ (011) Fe ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 300 ʂ. 

 

ɸʥʘʣʽʟ ʬʫʥʢʮʽʾ Ὣὶ ʜʣʷ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʧʣʦʱʠʥ Fe ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 300 ʂ 

ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ (ʨʠʩ. 3.11) ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʫʪʪʻʚʽ ʩʪʨʫʢʪʫʨʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʢʣʶʯʥʦ ʚ ʧʝʨʰʽʡ ʚʽʜ ʧʦʚʝʨʭʥʽ ʧʣʦʱʠʥʽ Fe. ʅʝʦʙʭʽʜʥʦ 

ʚʽʜʤʽʪʠʪʠ, ʱʦ ʩʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʘʡʙʣʠʞʯʠʤʠ ʘʪʦʤʘʤʠ ʚ ʮʽʡ ʧʣʦʱʠʥʽ ʥʝ 

ʟʘʟʥʘʻ ʟʤʽʥ ʽ ʤʘʻ ʪʘʢʝ ʩʘʤʝ ʟʥʘʯʝʥʥʷ, ʷʢ ʽ ʜʣʷ ʥʝʜʝʬʦʨʤʦʚʘʥʠʭ ʧʣʦʱʠʥ ï 

ὶ ςȟτψπȟπς ¡. ɯ ʭʦʯʘ ʙʽʣʴʰʽʩʪʴ ʧʽʢʽʚ Ὣὶ ʥʝ ʟʤʽʥʶʻ ʩʚʦʛʦ ʧʦʣʦʞʝʥʥʷ, 

ʟʤʝʥʰʝʥʥʷ ʾʭ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʨʦʟʰʠʨʝʥʥʷ, ʟʣʠʪʪʷ ʧʝʨʰʦʛʦ-ʜʨʫʛʦʛʦ ʪʘ 

ʯʝʪʚʝʨʪʦʛʦ-ʧôʷʪʦʛʦ ʧʽʢʽʚ, ʧʦʷʚʘ ʥʦʚʦʛʦ ʩʣʘʙʢʦʛʦ ʧʽʢʫ ʥʘ ʚʽʜʩʪʘʥʽ ὶ σȟςω

πȟπς ¡ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʥʘʯʥʫ ʩʪʨʫʢʪʫʨʥʫ ʪʨʘʥʩʬʦʨʤʘʮʽʶ. ɼʣʷ ʪʝʤʧʝʨʘʪʫʨʠ 400 ʂ 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʘʡʙʣʠʞʯʠʤʠ ʘʪʦʤʘʤʠ ʪʘʢʦʞ ʩʢʣʘʜʘʻ ὶ ςȟτψπȟπς ¡ 

(ʪʦʙʪʦ ʪʘʢʽ ʟʤʽʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʨʦʟʨʘʭʫʥʢʽʚ), ʪʘʢʦʞ ʬʽʢʩʫʻʪʴʩʷ 

ʧʦʷʚʘ ʥʦʚʦʛʦ ʧʽʢʫ ʥʘ ʚʽʜʩʪʘʥʽ ὶ σȟςωπȟπς ¡. ʇʦʙʫʜʦʚʘʥʘ ʤʘʧʘ 
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ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʪʦʤʽʚ Fe ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 3.12) ʽʣʶʩʪʨʫʻ 

ʩʪʨʫʢʪʫʨʦʚʘʥʽʩʪʴ ʧʝʨʰʦʛʦ ʰʘʨʫ Fe ʧʦʜʽʙʥʦ ʜʦ ʛʨʘʬʝʥʫ.  

 

 

ʈʠʩʫʥʦʢ 3.11 ï ʌʫʥʢʮʽʷ ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ (Ὣὶ) ʘʪʦʤʽʚ Fe ʚ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʩʠʩʪʝʤʠ Fe (011)/ʛʨʘʬʝʥ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 300 ʂ. 

 

Fe (001). ʗʢ ʚʠʜʥʦ ʟ ʨʦʟʧʦʜʽʣʫ ʘʪʦʤʽʚ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 3.13), 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʪʦʤʽʚ ʉ (ʧʝʨʰʠʡ ʧʽʢ ʚʽʜ ʧʦʚʝʨʭʥʽ) ʤʘʻ ʥʝʽʜʝʘʣʴʥʫ ʬʦʨʤʫ ʟ 

ʜʝʢʽʣʴʢʦʤʘ ʣʦʢʘʣʴʥʠʤʠ ʝʢʩʪʨʝʤʫʤʘʤʠ, ʤʘʢʩʠʤʫʤ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 

ὰ ρȟψρπȟπφ ¡ ʚʽʜ ʧʦʚʝʨʭʥʽ Fe ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 300 ʂ ʪʘ ὰ ρȟχψ

πȟπφ ¡ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 400 ʂ, ʪʦʙʪʦ ʡʦʛʦ ʧʦʣʦʞʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ (ʚ 

ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʨʦʟʨʘʭʫʥʢʽʚ). ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ 300 ʂ ʨʦʟʢʠʜ ʘʪʦʤʽʚ ʉ ʩʢʣʘʜʘʻ 

ῳὰ ρȟψ ¡, ʘ ʧʨʠ ʧʽʜʚʠʱʝʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 400 ʂ ʮʝʡ ʧʘʨʘʤʝʪʨ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʜʦ ῳὰ ς ¡. 

ʌʫʥʢʮʽʷ ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʘʪʦʤʽʚ ʉ ʜʣʷ ʩʠʩʪʝʤʠ Fe (001)/ʛʨʘʬʝʥ 

ʧʦʚʥʽʩʪʶ ʘʥʘʣʦʛʽʯʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʩʠʩʪʝʤʠ Fe (011)/ʛʨʘʬʝʥ, ʟ ʪʽʻʶ 

ʨʽʟʥʠʮʝʶ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʝʥʰʠʡ ʩʪʫʧʽʥʴ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ï ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ 

ʟʙʽʣʴʰʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʚʽʨʦʛʽʜʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʘʪʦʤʽʚ ʚ ʧʝʚʥʦʤʫ ʧʦʣʦʞʝʥʥʽ 

ʜʣʷ ʧʝʨʰʦʾ ʢʦʦʨʜʠʥʘʮʽʡʥʦʾ ʩʬʝʨʠ ʟ 26% ʜʦ 34%. ʈʘʜʽʫʩ ʧʝʨʰʦʾ ʢʦʦʨʜʠʥʘʮʽʡʥʦʾ 

ʩʬʝʨʠ ʚ ʛʨʘʬʝʥʽ ʫ ʚʽʣʴʥʦʤʫ ʩʪʘʥʽ ï ὶ ρȟτφπȟπρ ¡, ʥʘ ʧʦʚʝʨʭʥʽ Fe ï 

ὶ ρȟτψπȟπρ ¡. 
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ʈʠʩʫʥʦʢ 3.12 ï ʄʘʧʠ ʨʦʟʧʦʜʽʣʫ ʘʪʦʤʽʚ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʚ ʩʠʩʪʝʤʽ 

Fe (011)/ʛʨʘʬʝʥ ʧʨʠ 300 ʂ (ʨʦʟʤʽʨʥʽʩʪʴ ¡): ʘ ï ʛʨʘʬʝʥ, ʙ ï ʧʝʨʰʠʡ ʰʘʨ Fe (011) 

ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʦʨʽʻʥʪʘʮʽʻʶ 1; ʚ ï ʛʨʘʬʝʥ, ʛ ï ʧʝʨʰʠʡ ʰʘʨ Fe (011) ʜʣʷ 

ʤʦʜʝʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʦʨʽʻʥʪʘʮʽʻʶ 2 

 

 

ʙ) ʘ) 

ʚ) ʛ) 
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ʈʠʩʫʥʦʢ 3.13 ï ʈʦʟʧʦʜʽʣ ʘʪʦʤʽʚ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʚ ʩʠʩʪʝʤʘʭ 

Fe (001)/ʛʨʘʬʝʥ (ʧʝʨʰʠʡ ʧʽʢ ʚʽʜ ʧʦʚʝʨʭʥʽ ï ʘʪʦʤʠ ʉ, ʜʘʣʽ ʘʪʦʤʠ Fe) ʪʘ Fe (001) 

ʟʘ ʪʝʤʧʝʨʘʪʫʨ 300 ʂ (ʘ) ʪʘ 400 ʂ (ʙ) 

 

ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ Fe (011), ʥʘ ʛʨʘʥʽ Fe (001) ʨʦʟʧʦʜʽʣ ʘʪʦʤʽʚ Fe ʧʦ ʥʦʨʤʘʣʽ 

ʜʦ ʧʦʚʝʨʭʥʽ ʥʘ ʚʩʽʭ ʧʣʦʱʠʥʘʭ ʢʨʽʤ ʧʝʨʰʦʾ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʘʥʘʣʦʛʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʦ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ. ʊʦʜʽ ʷʢ ʧʝʨʰʘ ʧʣʦʱʠʥʘ ʟʘʟʥʘʻ 

ʟʤʽʥ, ʧʦ-ʧʝʨʰʝ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʤʽʞʧʣʦʱʠʥʥʘ ʚʽʜʩʪʘʥʴ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʰʘʨʫ, ʧʦ-

ʜʨʫʛʝ, ʟʤʽʥʶʻʪʴʩʷ ʨʦʟʢʠʜ ʘʪʦʤʽʚ ʜʣʷ ʮʽʻʾ ʧʣʦʱʠʥʠ, ʷʢʱʦ ʜʦ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ 

ʚʽʥ ʙʫʚ ʚ ʤʝʞʘʭ ῳὰ πȟφ ¡ ʪʘ ῳὰ πȟχ ¡ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ 300 ʂ ʪʘ 400 ʂ, ʪʦ 

ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʮʽ ʟʥʘʯʝʥʥʷ ʟʨʦʩʪʘʶʪʴ ʜʦ ῳὰ ρȟρ ¡ ʪʘ ῳὰ ρȟς ¡ 

ʜʣʷ ʮʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʅʝʩʠʤʝʪʨʠʯʥʽʩʪʴ ʮʴʦʛʦ ʧʽʢʫ, ʩʚʽʜʯʠʪʴ, ʱʦ ʨʦʟʢʠʜ 

ʧʝʨʝʚʘʞʥʦ ʩʧʨʷʤʦʚʘʥʠʡ ʚ ʙʽʢ ʛʨʘʬʝʥʫ. 
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ʉʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ ʚ ʧʝʨʰʽʡ ʧʣʦʱʠʥʽ Fe ʽʣʶʩʪʨʫʻ ʬʫʥʢʮʽʷ Ὣὶ (ʨʠʩ. 3.14) 

ï ʧʝʨʰʠʡ ʧʽʢ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʝʨʝʜʥʶ ʚʽʜʩʪʘʥʴ ʤʽʞ ʘʪʦʤʘʤʠ Fe ʫ 

ʰʘʨʽὶ ςȟψψπȟπρ ¡ ʟʤʽʱʫʻʪʴʩʷ ʚ ʙʽʢ ʤʝʥʰʠʭ ʚʽʜʩʪʘʥʝʡ ὶ ςȟψς

πȟπρ ¡, ʬʽʢʩʫʻʪʴʩʷ ʪʘʢʦʞ ʧʦʷʚʘ ʥʦʚʦʛʦ ʧʽʢʫ ʥʘ ʚʽʜʩʪʘʥʽ ὶ σȟσυπȟπρ ¡. 

ʄʘʧʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʪʦʤʽʚ Fe ʪʘ ʚʫʛʣʝʮʶ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʠʩ. 3.15. 

Fe (111). ɿ ʪʨʴʦʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʽʚ ʮʷ ʛʨʘʥʴ ʚʠʷʚʠʣʘʩʷ ʥʘʡʤʝʥʰ 

ʪʝʨʤʽʯʥʦ ʩʪʘʙʽʣʴʥʦʶ. ʗʢ ʧʦʢʘʟʫʻ ʨʦʟʧʦʜʽʣ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʧʦ ʥʦʨʤʘʣʽ ʜʦ 

ʧʦʚʝʨʭʥʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 300 ʂ (ʨʠʩ. 3.16, ʘ) ʘʪʦʤʠ ʉ ʚ ʛʨʘʬʝʥʽ (ʧʝʨʰʠʡ ʧʽʢ) ʥʘ 

ʛʨʘʥʽ (111) Fe ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚ ʤʝʞʘʭ ῳὰ ρȟτ ¡, ʘ ʚʞʝ ʟʘ 400 ʂ 

(ʨʠʩ. 3.16, ʙ) ʮʝʡ ʽʥʪʝʨʚʘʣ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ ῳὰ ς ¡. ʇʨʠ ʮʴʦʤʫ ʮʝʡ ʧʠʢ 

ʧʦʜʚʦʶʻʪʴʩʷ, ʪʦʙʪʦ ʟôʷʚʣʷʶʪʴʩʷ ʜʚʽ ʧʝʨʝʚʘʞʥʽ ʧʦʟʠʮʽʾ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʪʦʤʽʚ ʉ. 

ʊʘʢʦʞ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜʩʪʘʥʴ ʤʽʞ ʛʨʘʬʝʥʦʤ ʪʘ ʧʝʨʰʠʤ ʰʘʨʦʤ Fe ʟ 1,92 ¡ 

ʧʨʠ 300 ʂ ʜʦ 1,65 ¡ ʧʨʠ 400 ʂ ʪʘ "ʨʦʟʤʠʚʘʶʪʴʩʷ" ʧʦʣʦʞʝʥʥʷ ʘʪʦʤʽʚ Fe ʚ 

ʧʝʨʰʦʤʫ ʰʘʨʽ.  

 

 

ʈʠʩʫʥʦʢ 3.14 ï ʌʫʥʢʮʽʷ ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ (Ὣὶ) ʘʪʦʤʽʚ Fe ʚ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʩʠʩʪʝʤʠ Fe (001)/ʛʨʘʬʝʥ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 300 ʂ. 

 

ʆʜʥʘʢ, ʥʘʚʽʪʴ ʧʨʠ ʪʘʢʦʤʫ ʨʦʟʢʠʜʽ ʘʪʦʤʽʚ ʉ ʚ ʥʘʧʨʷʤʢʫ ʥʦʨʤʘʣʽ ʜʦ 

ʧʦʚʝʨʭʥʽ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʫ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʦʶ. ʌʫʥʢʮʽʷ ʨʘʜʽʘʣʴʥʦʛʦ 
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ʨʦʟʧʦʜʽʣʫ Ὣὶ ʘʪʦʤʽʚ ʉ ʜʣʷ ʛʨʘʥʽ (111) ʧʦʢʘʟʫʻ ʥʘʡʚʠʱʫ ʩʪʘʙʽʣʴʥʽʩʪʴ (ʩʝʨʝʜ 

ʫʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʽʚ) ʧʨʠ 300 ʂ (ʨʠʩ. 3.17, ʘ), ʧʨʠ 400 ʂ (ʨʠʩ. 3.17, ʙ) 

ʛʨʘʬʝʥ ʪʘʢʦʞ ʩʪʨʫʢʪʫʨʥʦ ʩʪʘʙʽʣʴʥʠʡ. ɿʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʨʦʟʤʠʪʪʷ ʪʘ 

ʟʤʽʱʝʥʥʷ ʫ ʙʽʢ ʙʽʣʴʰʠʭ ʟʥʘʯʝʥʴ ὶ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʚʩʽʭ ʧʽʢʽʚ ʬʫʥʢʮʽʾ Ὣὶ 

ʩʠʩʪʝʤʠ ʟ ʛʨʘʬʝʥʦʤ ʧʨʠ 400 ʂ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʪʷʛ ʰʘʨʫ ʛʨʘʬʝʥʘ 

ʥʘ ʛʨʘʥʽ (111) Fe. ʇʨʠ 300 ʂ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʥʘʡʙʣʠʞʯʠʤʠ 

ʘʪʦʤʘʤʠ ʉ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʢʠ ʥʘ Fe (111) ʩʢʣʘʜʘʻ ὶ ͺ ρȟτχπȟπρ ¡ ʽ 

ʥʝʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʽʟ ʚʠʭʽʜʥʠʤ ʟʥʘʯʝʥʥʷʤ ὶ ρȟτφπȟπρ ¡ 

(ʨʠʩ. 3.17, ʘ). ʇʨʠ 400 ʂ ʪʘ ʞ ʚʝʣʠʯʠʥʘ ʩʪʘʥʦʚʠʪʴ ὶ ͺ ρȟυ πȟπρ ¡ ʽ 

ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʽʟ ʚʠʭʽʜʥʠʤ ʟʥʘʯʝʥʥʷʤ ὶ ρȟτφπȟπρ ¡ 

(ʨʠʩ. 3.17, ʙ). 

ʈʦʟʧʦʜʽʣ ʘʪʦʤʽʚ Fe ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʥʘ ʚʩʽʭ ʧʣʦʱʠʥʘʭ, ʢʨʽʤ ʧʝʨʰʦʾ 

(ʜʨʫʛʠʡ ʧʽʢ ʥʘ ʨʠʩ. 3.18), ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʘʥʘʣʦʛʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʜʦ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ. ʈʦʟʰʠʨʝʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʨʫʛʦʛʦ ʧʽʢʫ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʢʠ ʛʨʘʬʝʥʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ 

ʩʧʦʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚ ʧʝʨʰʦʤʫ ʰʘʨʽ Fe, ʦʩʦʙʣʠʚʦ ʧʨʠ 400 ʂ. ʅʘ ʯʠʩʪʽʡ ʛʨʘʥʽ 

Fe ʨʦʟʢʠʜ ʘʪʦʤʽʚ ʜʣʷ ʮʽʻʾ ʧʣʦʱʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ῳὰ πȟφ ¡ ʪʘ 

ῳὰ πȟχ ¡ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ 300 ʂ ʪʘ 400 ʂ, ʘ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʮʽ 

ʟʥʘʯʝʥʥʷ ʟʨʦʩʪʘʶʪʴ ʜʦ ῳὰ πȟχ ¡ ʪʘ ῳὰ ρȟτ ¡. ʇʦʷʚʘ ʧʣʝʯʘ ʟʣʽʚʘ ʧʨʠ 

400 ʂ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʝʨʝʚʘʞʥʠʡ ʨʦʟʢʠʜ ʘʪʦʤʽʚ Fe ʚ ʮʴʦʤʫ ʰʘʨʽ ʚ ʙʽʢ ʛʨʘʬʝʥʫ. 

ɸʥʘʣʽʟ ʭʘʨʘʢʪʝʨʫ ʬʫʥʢʮʽʾ Ὣὶ ʜʣʷ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʧʣʦʱʠʥ Fe ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 300 ʂ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ (ʨʠʩ. 18, ʘ) ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʫʪʪʻʚʫ 

ʩʪʨʫʢʪʫʨʥʫ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʧʝʨʝʚʘʞʥʦ ʧʝʨʰʦʾ ʚʽʜ ʧʦʚʝʨʭʥʽ ʧʣʦʱʠʥʠ ʟʘʣʽʟʘ, ʧʨʠ 

400 ʂ ï ʮʷ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʦʭʦʧʣʶʻ ʚʞʝ ʜʚʽ ʧʦʚʝʨʭʥʝʚʽ ʧʣʦʱʠʥʠ (ʨʠʩ. 18, ʙ). 

ʇʦʷʚʘ ʥʦʚʦʛʦ ʧʽʢʘ ʥʝʚʝʣʠʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʚʽʜʩʪʘʥʽ 2,7 ¡ ʧʨʠ 300 ʂ ʪʘ ʟʩʫʚ 

ʡʦʛʦ ʜʦ 2,5 ¡ ʧʨʠ 400 ʂ ʩʚʽʜʯʠʪʴ ʧʨʦ ʯʘʩʪʢʦʚʫ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʽʶ ʧʝʨʰʦʛʦ ʰʘʨʫ 

Fe ʧʨʠ 300 ʂ ʪʘ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʰʘʨʽʚ Fe ʧʨʠ 400 ʂ. 
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ʈʠʩʫʥʦʢ 3.15 ï ʄʘʧʠ ʨʦʟʧʦʜʽʣʫ ʘʪʦʤʽʚ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʚ ʩʠʩʪʝʤʽ 

Fe (001)/ʛʨʘʬʝʥ ʧʨʠ 300 ʂ (ʨʦʟʤʽʨʥʽʩʪʴ ¡): ʘ ï ʛʨʘʬʝʥ, ʙ ï ʧʝʨʰʠʡ ʰʘʨ 

Fe (001) ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʦʨʽʻʥʪʘʮʽʻʶ 1; ʚ ï ʛʨʘʬʝʥ, ʛ ï ʧʝʨʰʠʡ ʰʘʨ 

Fe (001) ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʦʨʽʻʥʪʘʮʽʻʶ 2 

 

ʙ) ʘ) 

ʚ) ʛ) 
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ʈʠʩʫʥʦʢ 3.16 ï ʈʦʟʧʦʜʽʣ ʘʪʦʤʽʚ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʚ ʩʠʩʪʝʤʘʭ 

Fe (111)/ʛʨʘʬʝʥ (ʧʝʨʰʠʡ ʧʽʢ ʚʽʜ ʧʦʚʝʨʭʥʽ ï ʘʪʦʤʠ ʉ, ʜʘʣʽ ʘʪʦʤʠ Fe) ʪʘ Fe (111) 

ʟʘ ʪʝʤʧʝʨʘʪʫʨ 300 ʂ (ʘ) ʪʘ 400 ʂ (ʙ) 
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ʈʠʩʫʥʦʢ 3.17 ï ʌʫʥʢʮʽʷ ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ (Ὣὶ)ʜʣʷ ʘʪʦʤʽʚ ʉ ʫ ʚʽʣʴʥʦʤʫ 

ʛʨʘʬʝʥʽ ʪʘ ʫ ʛʨʘʬʝʥʽ ʥʘ ʧʦʚʝʨʭʥʽ (111) Fe ʟʘ ʪʝʤʧʝʨʘʪʫʨ 300 ʂ (ʘ) ʪʘ 400 ʂ (ʙ). 
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ʅʘ ʤʘʧʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʪʦʤʽʚ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 3.19) 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʝʚʥʠʡ ʧʝʨʽʦʜʠʯʥʠʡ ʨʝʣʴʻʬ ʜʣʷ ʛʨʘʬʝʥʫ ʽ ʚʽʜʧʦʚʽʜʥʠʡ ʡʦʤʫ, ʘʣʝ ʟ 

ʤʝʥʰʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʜʣʷ ʧʝʨʰʦʛʦ ʰʘʨʫ Fe. ʍʘʨʘʢʪʝʨ ʮʴʦʛʦ ʨʝʣʴʻʬʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʘ ʚʟʘʻʤʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʛʨʘʬʝʥʫ ʽ ʧʦʚʝʨʭʥʽ Fe. ʇʝʨʽʦʜʠʯʥʽʩʪʴ 

ʨʝʣʴʻʬʫ, ʷʢʘ ʭʘʨʘʢʪʝʨʥʘ ʪʽʣʴʢʠ ʜʣʷ ʛʨʘʥʽ (111) Fe, ʚʠʥʠʢʘʻ ʟʘʚʜʷʢʠ ʦʜʥʘʢʦʚʽʡ 

ʩʠʤʝʪʨʽʾ (ʛʝʢʩʘʛʦʥʘʣʴʥʽʡ) ʛʨʘʬʝʥʫ ʪʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ (111) Fe. 

 

 

 

ʈʠʩʫʥʦʢ 3.18 ï ʌʫʥʢʮʽʷ ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ (Ὣὶ) ʘʪʦʤʽʚ Fe ʚ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʩʠʩʪʝʤʠ Fe (111)/ʛʨʘʬʝʥ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 300 ʂ (ʘ) ʪʘ 

400 ʂ (ʙ) 
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ʈʠʩʫʥʦʢ 3.19 ï ʄʘʧʠ ʨʦʟʧʦʜʽʣʫ ʘʪʦʤʽʚ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʚ ʩʠʩʪʝʤʽ 

Fe (111)/ʛʨʘʬʝʥ ʧʨʠ 300 ʂ (ʨʦʟʤʽʨʥʽʩʪʴ ¡): ʘ ï ʛʨʘʬʝʥ, ʙ ï ʧʝʨʰʠʡ ʰʘʨ 

Fe (111) ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʦʨʽʻʥʪʘʮʽʻʶ 5; ʚ ï ʛʨʘʬʝʥ, ʛ ï ʧʝʨʰʠʡ ʰʘʨ 

Fe (111) ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʦʨʽʻʥʪʘʮʽʻʶ 6  

ʙ) ʘ) 

ʚ) ʛ) 
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3.3 ʉʪʨʫʢʪʫʨʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ "ʛʨʘʬʝʥ-ʊ"̔ , "ʛʨʘʬʝʥ-Pt"  

ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʥʘʧʨʫʞʝʥʴ 

3.3.1 ʉʠʩʪʝʤʘ "ʛʨʘʬʝʥ-Ti"  

ʋ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʷʚʠʱʘ ʩʪʨʫʢʪʫʨʥʦʾ 

ʧʦʚʝʨʭʥʝʚʦʾ ʨʝʣʘʢʩʘʮʽʾ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʛʨʘʥʝʡ Fe ʜʦ ʪʘ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ 

ʛʨʘʬʝʥʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 300 ʂ ʪʘ 400 ʂ. ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʫʟʘʛʘʣʴʥʶʶʯʠʡ ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʦʚʝʨʭʥʽ Ti ʜʦ ʪʘ ʧʽʩʣʷ 

ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ. 

ʗʢ ʚʽʜʦʤʦ, Ti ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʤʘʻ ɻʑʇ ʛʨʘʪʢʫ, ʜʣʷ ʷʢʦʾ ʥʘʡʙʽʣʴʰ 

ʩʪʘʙʽʣʴʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʪʨʫʢʪʫʨʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʻ ʧʣʦʱʠʥʠ πππρ, 

ρρππ, ρρςπ. ʊʦʤʫ ʥʘʜʘʣʽ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʛʨʘʥʽ ʩʘʤʝ ʮʠʭ ʧʣʦʱʠʥ. ɿʘ 

ʜʘʥʠʤʠ, ʱʦ ʦʜʝʨʞʘʥʽ ʜʣʷ ʟʘʣʽʟʘ, ʩʪʫʧʽʥʴ ʨʝʣʘʢʩʘʮʽʾ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʦʚʝʨʭʥʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʱʽʣʴʥʽʩʪʶ ʧʘʢʫʚʘʥʥʷ ʨʽʟʥʠʭ ʧʣʦʱʠʥ. ʅʘʡʙʽʣʴʰ ʱʽʣʴʥʦ 

ʩʧʘʢʦʚʘʥʦʶ ʧʣʦʱʠʥʦʶ ʜʣʷ ɻʑʇ Ti ʻ ʧʣʦʱʠʥʘ πππρ ʽ ʱʽʣʴʥʽʩʪʴ ʾʾ ʧʘʢʫʚʘʥʥʷ 

ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʩʢʣʘʜʘʻ 1,323Ĭ10
-19

 ʘʪʦʤ / ʤ
2
. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʱʽʣʴʥʽʩʪʴ ʧʘʢʫʚʘʥʥʷ ʫʩʽʭ ʛʨʘʥʝʡ ʩʘʤʝ ʚʽʜʥʦʩʥʦ ʮʽʻʾ 

ʧʣʦʱʠʥʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʽʜʥʦʩʥʘ ʱʽʣʴʥʽʩʪʴ ʧʘʢʫʚʘʥʥʷ ʜʣʷ ʧʣʦʱʠʥʠ πππρ 

ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 1; ʜʣʷ ʧʣʦʱʠʥʠ ρρππ ï  0,9412; ʜʣʷ ʧʣʦʱʠʥʠ ρρςπ ï

 0,6275. 

ʉʧʦʯʘʪʢʫ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʫ ʙʘʛʘʪʦʰʘʨʦʚʦʾ 

ʨʝʣʘʢʩʘʮʽʾ ʧʦʚʝʨʭʥʽ Ti ʜʦ ʪʘ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʽʣʴʢʦʩʪʽ 

ʟʘʜʽʷʥʠʭ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ, ʷʢʽ ʧʦʤʽʪʥʦ ʟʤʽʥʶʶʪʴʩʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʨʽʚʥʦʚʘʞʥʠʤ ʟʥʘʯʝʥʥʷʤ ʜʣʷ ʦʙôʻʤʫ. ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʧʨʠʡʤʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʨʽʚʥʦʚʘʞʥʦʛʦ. 

ʊʘʢ ʜʣʷ ʛʨʘʥʽ πππρ Ti ʜʦ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʧʨʦʮʝʩ ʨʝʣʘʢʩʘʮʽʾ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʣʠʰʝ ʥʘ ʧʝʨʰʫ ʤʽʞʧʣʦʱʠʥʥʫ ʚʽʜʩʪʘʥʴ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 0,05 % ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʮʠʤ ʟʥʘʯʝʥʥʷʤ ʫ ʦʙôʻʤʽ. ʇʽʩʣʷ ʥʘʥʝʩʝʥʥʷ 

ʛʨʘʬʝʥʫ ʛʣʠʙʠʥʘ ʚʧʣʠʚʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ ʜʚʦʭ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ ʚʽʜ 
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ʧʦʚʝʨʭʥʽ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ ʚʽʜ ʨʽʚʥʦʚʘʞʥʦʛʦ ʟʥʘʯʝʥʥʷ +1,5 % ʜʣʷ 

ʧʝʨʰʦʾ ʧʣʦʱʠʥʠ. 

ɼʣʷ ʛʨʘʥʽ ρρππ Ti ʟʙʫʨʝʥʥʷ ʚʽʜ ʧʦʚʝʨʭʥʽ ʜʦʩʷʛʘʶʪʴ 2-ʦʭ ʪʘ 5-ʪʠ 

ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʘ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ. 

ʄʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʟʥʘʯʝʥʥʷ ʚ ʦʙôʻʤʽ ʜʣʷ ʦʙʦʭ ʚʠʧʘʜʢʽʚ ʟʘʬʽʢʩʦʚʘʥʝ 

ʜʣʷ ʧʝʨʰʦʾ ʚʽʜ ʧʦʚʝʨʭʥʽ ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ ʽ ʩʢʣʘʜʘʻ -10 % ʪʘ -30 % 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʘ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ. 

ɼʣʷ ʥʘʡʤʝʥʰ ʱʽʣʴʥʦ ʩʧʘʢʦʚʘʥʦʾ ʛʨʘʥʽ ρρςπ ʊʽ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ 

ʢʽʣʴʢʽʩʪʴ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 3-ʦʭ ʜʦ 4-ʦʭ. ʄʘʢʩʠʤʘʣʴʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ ʚʽʜ ʦʙôʻʤʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʜʦ ʥʘʥʝʩʝʥʥʷ 

ʛʨʘʬʝʥʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʧʝʨʰʦʾ ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ ʽ ʩʪʘʥʦʚʠʪʴ 15 %, ʘ 

ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ï ʜʣʷ ʜʨʫʛʦʾ ʽ ʩʪʘʥʦʚʠʪʴ 6 %.  

ʋ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟ 300 K ʜʦ 400 K ʥʝ ʟʤʽʥʶʻ 

ʭʘʨʘʢʪʝʨ ʩʪʨʫʢʪʫʨʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ, ʣʠʰʝ ʜʝʱʦ ʟʤʽʥʶʶʪʴʩʷ 

ʘʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ. 

ʆʪʞʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʨʝʣʘʢʩʘʮʽʾ 

ʧʦʚʝʨʭʥʽ ʊʽ ʜʦ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʢʦʨʝʣʶʻ ʟʽ ʱʽʣʴʥʽʩʪʶ ʧʘʢʫʚʘʥʥʷ ʛʨʘʥʝʡ 

(ʨʠʩ. 3.20), ʧʨʦʪʝ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʮʷ ʢʦʨʝʣʷʮʽʷ ʟʥʠʢʘʻ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʪʝ, ʱʦ ʚʧʣʠʚ ʛʨʘʬʝʥʫ ʥʘ ʮʝʡ ʧʨʦʮʝʩ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʧʘʢʫʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʧʣʦʱʠʥ Ti, ʘ ʡ ʚʽʜ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʥʘʧʨʠʢʣʘʜ ʩʪʫʧʝʥʷ 

ʩʧʽʚʧʘʜʽʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ˇʨʘʪʦʢ Ti ʪʘ ʛʨʘʬʝʥʫ ʥʘ ʽʥʪʝʨʬʝʡʩʽ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʧʦʚʝʨʭʥʝʚʦʾ ʨʝʣʘʢʩʘʮʽʾ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʤʦʞʝ ʷʢ 

ʟʙʽʣʴʰʫʚʘʪʠʩʴ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʚʠʧʘʜʢʫ πππρ, ρρππ  Ti, ʪʘʢ ʽ ʟʤʝʥʰʫʚʘʪʠʩʴ ï 

ʜʣʷ ʚʠʧʘʜʢʫ ρρςπ Ti. 

ɼʨʫʛʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ, ʻ ʩʪʨʫʢʪʫʨʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ Ti ʪʘ ʛʨʘʬʝʥʫ. ɼʣʷ ʮʴʦʛʦ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʨʦʟʧʦʜʽʣ ʘʪʦʤʽʚ ʟʘ 

ʥʦʨʤʘʣʣʶ ʜʦ ʧʦʚʝʨʭʥʽ ʪʘ ʬʫʥʢʮʽʾ ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ 

Ti ʪʘ ʫ ʛʨʘʬʝʥʽ, ʷʢ ʜʦ, ʪʘʢ ʽ ʧʽʩʣʷ ʡʦʛʦ ʥʘʥʝʩʝʥʥʷ. ɼʣʷ ʚʩʽʭ ʚʠʧʘʜʢʽʚ ʜʦ 

ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʧʦʤʽʪʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ 

Ti ʥʝ ʬʽʢʩʫʻʪʴʩʷ. 
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ʈʠʩʫʥʦʢ 3.20 ï ɿʘʣʝʞʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʨʝʣʘʢʩʦʚʘʥʠʭ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ 

Ti ʜʦ ʪʘ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʧʘʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ 

ʧʣʦʱʠʥ  

 

ʅʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʥʘ ʧʦʚʝʨʭʥʶ ʛʨʘʥʽ πππρ  Ti ʦʙʫʤʦʚʣʶʻ ʩʪʨʫʢʪʫʨʥʽ 

ʟʤʽʥʠ ʣʠʰʝ ʧʝʨʰʦʾ ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ, ʷʢʘ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 

0,1 ¡ ʟ ʥʝʩʠʤʝʪʨʠʯʥʠʤ ʩʪʘʪʠʯʥʠʤ ʨʦʟʢʠʜʦʤ, ʷʢʠʡ ʧʨʦʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰ ʧʦʤʽʪʥʦ ʟ 

ʙʦʢʫ ʛʨʘʬʝʥʘ. ɻʨʘʬʝʥ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʠ ʮʴʦʤʫ ʩʪʘʙʽʣʴʥʠʤ, ʩʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 0,05 ¡. ʗʢ ʜʣʷ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ Ti, ʪʘʢ ʽ ʜʣʷ ʛʨʘʬʝʥʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʚʥʠʡ ʩʠʤʝʪʨʠʯʥʠʡ ʨʝʣʴʻʬ. 

ʂʦʣʠʚʘʥʥʷ ʤʽʞ ʥʘʡʤʝʥʰʠʤ ʪʘ ʥʘʡʙʽʣʴʰʠʤ ʟʥʘʯʝʥʥʷʤ ʜʣʷ Ti ʩʢʣʘʜʘʻ 0,7 ¡, ʘ 

ʜʣʷ ʛʨʘʬʝʥʫ ï 1,4 ¡. ɺʠʷʚʣʝʥʠʡ ʩʠʤʝʪʨʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʨʝʣʴʻʬʫ, ʷʢ ʽ ʜʣʷ 

ʚʠʧʘʜʢʫ Fe, ʻ ʥʘʩʣʽʜʢʦʤ ʫʟʛʦʜʞʝʥʥʷ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʩʠʤʝʪʨʽʾ ʛʨʘʥʽ 

πππρ  Ti ʽ ʛʨʘʬʝʥʫ. 

ʋ ʚʠʧʘʜʢʫ ʢʦʣʠ ʛʨʘʬʝʥ ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʶ ʛʨʘʥʽ ρρππ  Ti, ʪʦ 

ʧʦʤʽʪʥʽ ʟʤʽʥʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʞʝ ʜʣʷ ʧʝʨʰʠʭ ʜʚʦʭ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ, 

ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 30 %. ʏʽʪʢʘ ʛʨʘʥʠʮʷ ʤʽʞ ʮʠʤʠ ʧʣʦʱʠʥʘʤʠ 

ʟʥʠʢʘʻ, ʬʘʢʪʠʯʥʦ ʬʦʨʤʫʻʪʴʩʷ ʦʜʥʘ ʨʝʣʘʢʩʦʚʘʥʘ ʦʙʣʘʩʪʴ ʟ ʜʚʦʤʘ ʨʦʟʜʽʣʝʥʠʤʠ ʟʘ 

ʥʦʨʤʘʣʣʶ ʜʦ ʧʦʚʝʨʭʥʽ ʧʦʣʦʞʝʥʥʷʤʠ ʘʪʦʤʽʚ. ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʩʝʨʝʜʥʷ 
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ʚʽʜʩʪʘʥʴ ʤʽʞ ʘʪʦʤʘʤʠ Ti (ʙʣʠʞʥʽʡ ʧʦʨʷʜʦʢ) ʫ ʮʽʡ ʦʙʣʘʩʪʽ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʜʝʱʦ 

ʩʧʦʪʚʦʨʶʻʪʴʩʷ ʜʘʣʴʥʽʡ ʧʦʨʷʜʦʢ ï ʘʪʦʤʠ ʫ ʪʨʝʪʽʡ ʢʦʦʨʜʠʥʘʮʽʡʥʽʡ ʩʬʝʨʽ ʽ ʜʘʣʽ 

ʧʦʯʠʥʘʶʪʴ ʟʘʡʤʘʪʠ ʥʦʚʽ ʧʦʣʦʞʝʥʥʷ. ɸʣʝ ʛʨʘʬʝʥ ʧʨʠ ʮʴʦʤʫ ʟʘʣʠʰʘʻʪʴʩʷ 

ʩʪʨʫʢʪʫʨʥʦ ʩʪʘʙʽʣʴʥʠʤ. ʋ ʧʨʦʮʝʩʽ ʟʘʟʥʘʯʝʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʚʠʥʠʢʘʻ ʨʝʣʴʻʬ 

ʙʝʟ ʯʽʪʢʦʾ ʧʝʨʽʦʜʠʯʥʦʩʪʽ, ʟ ʧʝʨʝʧʘʜʘʤʠ ʚʠʩʦʪ ʫ 0,2 ¡ ʜʣʷ ʰʘʨʫ Ti ʪʘ 1,4 ¡ ï ʜʣ̫ 

ʰʘʨʫ ʛʨʘʬʝʥʫ. 

ʅʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʥʘ ʧʦʚʝʨʭʥʶ ʛʨʘʥʽ ρρςπ Ti ʩʧʨʠʯʠʥʷʻ ʥʘʡʙʽʣʴʰʽ 

ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ ʩʝʨʝʜ ʪʨʴʦʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʽʚ. ʂʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ Ti ʫ 

ʧʝʨʰʽʡ ʢʦʦʨʜʠʥʘʮʽʡʥʽʡ ʩʬʝʨʽ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 37 %. ɿʥʘʯʝʥʥʷ ʤʽʞʧʣʦʱʠʥʥʦʾ 

ʚʽʜʩʪʘʥʽ ʜʣʷ ʧʝʨʰʦʾ ʢʦʦʨʜʠʥʘʮʽʡʥʦʾ ʩʬʝʨʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 2,88 ¡ ʜʦ 3,03 ¡, ʘ 

ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʷʭ 4,13 ¡, 4,68 ¡, 5,13 ¡, ʪʘʢʦʞ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʦʚʽ ʟʥʘʯʝʥʥʷ ʤʽʞʘʪʦʤʥʦʾ ʚʽʜʩʪʘʥʽ ï 3,58 ¡, 4,83 ¡, ʷʢʽ ʥʝ 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʽʥʰʠʭ ʛʨʘʥʝʡ. ɼʦʩʠʪʴ ʩʫʪʪʻʚʦ ʧʦʨʫʰʫʻʪʴʩʷ ʽ ʙʽʣʴʰ ʜʘʣʴʥʽʡ 

ʧʦʨʷʜʦʢ. ʉʪʨʫʢʪʫʨʫ ʧʝʨʰʦʛʦ ʚʽʜ ʧʦʚʝʨʭʥʽ ʰʘʨʫ Ti ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.21. ʄʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʷʢ ʤʽʥʽʤʫʤ ʜʚʘ ʨʽʟʥʦʚʠʜʠ 

ʩʪʨʫʢʪʫʨʥʠʭ ʢʣʘʩʪʝʨʽʚ, ʦʜʠʥ ʟ ʷʢʠʭ ʥʝ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʮʽʻʾ ʧʣʦʱʠʥʠ. ʈʝʣʴʻʬ, 

ʷʢʠʡ ʚʠʥʠʢʘʻ ʫ ʧʝʨʰʦʤʫ ʰʘʨʽ Ti ʪʘ ʛʨʘʬʝʥʽ, ʤʘʻ ʩʤʫʛʘʩʪʠʡ ʭʘʨʘʢʪʝʨ ʟ 

ʥʘʡʙʽʣʴʰʠʤʠ ʩʝʨʝʜ ʨʦʟʛʣʷʥʫʪʠʭ ʪʨʴʦʭ ʚʠʧʘʜʢʽʚ ʧʝʨʝʧʘʜʘʤʠ ʚʠʩʦʪ: 1,0 ¡ ʜʣʷ Ti 

ʪʘ 1,6 ¡ ʜʣʷ ʛʨʘʬʝʥʫ. ʇʨʠ ʮʴʦʤʫ ʛʨʘʬʝʥ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʟʥʘʻ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʧʝʨʰʦʛʦ ʚʽʜ ʧʦʚʝʨʭʥʽ ʰʘʨʫ Ti ʧʽʩʣʷ 

ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʤʘʻ ʬʨʘʛʤʝʥʪʘʨʥʠʡ ʭʘʨʘʢʪʝʨ, ʷʢ ʜʣʷ ʧʘʨʘʣʝʣʴʥʦʛʦ, ʪʘʢ ʽ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʜʦ ʧʦʚʝʨʭʥʽ ʥʘʧʨʷʤʢʽʚ. 

ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 300 ʂ ʜʦ 400 ʂ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʭʘʨʘʢʪʝʨ ʩʪʨʫʢʪʫʨʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʛʨʘʥʝʡ πππρ, ρρππ Ti, ʘ ʜʣʷ ʛʨʘʥʽ ρρςπTi ʦʙʫʤʦʚʣʶʻ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʫ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʠʭ ʢʣʘʩʪʨʽʚ ʟ 37 % ʜʦ 50 %. 

ʊʨʝʪʽʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʬʘʢʪʠʯʥʦ ʻ ʦʩʥʦʚʥʦʶ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ 

ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʻ ʥʘʧʨʫʞʝʥʥʷ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʧʨʫʞʝʥʥʷ 

ʚʠʥʠʢʘʶʪʴ ʟ ʜʝʢʽʣʴʢʦʭ ʧʨʠʯʠʥ: 1 ï ʚʧʣʠʚ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ (ʢʦʤʧʝʥʩʫʶʪʴʩʷ 

ʚʽʜʩʫʪʥʽ ʘʪʦʤʥʽ ʟʚôʷʟʢʠ); 2 ï ʚʟʘʻʤʦʜʽʷ ʧʦʚʝʨʭʥʝʚʠʭ ʘʪʦʤʽʚ Ti ʟ ʘʪʦʤʘʤʠ 

ʚʫʛʣʝʮʶ, ʽʥʜʫʢʦʚʘʥʘ ʥʘʥʝʩʝʥʥʷʤ ʛʨʘʬʝʥʫ (ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʧʨʫʞʝʥʥʷ ʩʫʪʪʻʚʦ 
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ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʫʧʝʥʷ ʩʧʽʚʧʘʜʽʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʛʨʘʪʦʢ); 3 ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʬʘʢʪʦʨ, ʷʢʠʡ ʬʘʢʪʠʯʥʦ ʟʘʜʘʻ ʨʽʚʝʥʴ ʮʠʭ ʥʘʧʨʫʞʝʥʴ. 

 

 

1 ï ʢʣʘʩʪʝʨʠ ʽʟ ʩʪʨʫʢʪʫʨʦʶ, ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʮʽʻʾ ʛʨʘʥʽ 

2 ï ʢʣʘʩʪʝʨʠ ʟ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʈʠʩʫʥʦʢ 3.21 ï ʈʦʟʪʘʰʫʚʘʥʥʷ ʘʪʦʤʽʚ ʫ ʧʝʨʰʦʤʫ ʰʘʨʽ ʛʨʘʥʽ ρρςπ Ti ʧʽʩʣʷ 

ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 400 ʂ 

 

ʊʨʝʪʽʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʬʘʢʪʠʯʥʦ ʻ ʦʩʥʦʚʥʦʶ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ 

ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʻ ʥʘʧʨʫʞʝʥʥʷ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʧʨʫʞʝʥʥʷ 

ʚʠʥʠʢʘʶʪʴ ʟ ʜʝʢʽʣʴʢʦʭ ʧʨʠʯʠʥ: 1 ï ʚʧʣʠʚ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ (ʢʦʤʧʝʥʩʫʶʪʴʩʷ 

ʚʽʜʩʫʪʥʽ ʘʪʦʤʥʽ ʟʚôʷʟʢʠ); 2 ï ʚʟʘʻʤʦʜʽʷ ʧʦʚʝʨʭʥʝʚʠʭ ʘʪʦʤʽʚ Ti ʟ ʘʪʦʤʘʤʠ 

ʚʫʛʣʝʮʶ, ʽʥʜʫʢʦʚʘʥʘ ʥʘʥʝʩʝʥʥʷʤ ʛʨʘʬʝʥʫ (ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʧʨʫʞʝʥʥʷ ʩʫʪʪʻʚʦ 
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ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʫʧʝʥʷ ʩʧʽʚʧʘʜʽʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʛʨʘʪʦʢ); 3 ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʬʘʢʪʦʨ, ʷʢʠʡ ʬʘʢʪʠʯʥʦ ʟʘʜʘʻ ʨʽʚʝʥʴ ʮʠʭ ʥʘʧʨʫʞʝʥʴ. 

ʗʢʱʦ ʨʽʚʝʥʴ ʥʘʧʨʫʞʝʥʴ ʜʦʩʪʘʪʥʽʡ, ʚʽʥ ʦʙʫʤʦʚʣʶʻ ʧʝʚʥʽ ʩʪʨʫʢʪʫʨʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʚʥʘʩʣʽʜʦʢ ʷʢʠʭ ʚʝʣʠʯʠʥʘ ʥʘʧʨʫʞʝʥʴ ʟʤʝʥʰʫʻʪʴʩʷ (ʦʩʢʽʣʴʢʠ 

ʝʥʝʨʛʽʷ ʚʠʪʨʘʯʘʻʪʴʩʷ). ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ ʥʘʧʨʫʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʬʘʢʪʦʨʽʚ ʜʣʷ ʨʽʟʥʠʭ ʛʨʘʥʝʡ πππρ, ρρππ, ρρςπ  Ti. 

ɼʦ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʧʨʦʮʝʩ ʩʪʨʫʢʪʫʨʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʮʠʭ ʛʨʘʥʝʡ ʤʘʻ 

ʘʥʘʣʦʛʽʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʽ ʷʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. 

ɿʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʟʘʣʝʞʘʪʴ ʧʝʨʝʚʘʞʥʦ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʧʘʢʫʚʘʥʥʷ ʨʽʟʥʠʭ 

ʛʨʘʥʝʡ: ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʱʽʣʴʥʦʩʪʽ ʧʘʢʫʚʘʥʥʷ, ʨʽʚʝʥʴ ʥʘʧʨʫʞʝʥʴ ʪʘʢʦʞ ʟʨʦʩʪʘʻ. 

ʅʦʨʤʘʣʴʥʘ ʜʦ ʧʦʚʝʨʭʥʽ ʩʢʣʘʜʦʚʘ ʪʝʥʟʦʨʫ ʥʘʧʨʫʞʝʥʴ (ʩʢʣʘʜʦʚʘ ὤ) ʜʣʷ ʛʨʘʥʝʡ 

 πππρ, ρρππ  Ti ʤʘʻ ʥʘʡʤʝʥʰʽ ʟʥʘʯʝʥʥʷ, ʘ ʜʣʷ ʛʨʘʥʽ ρρςπ Ti ï ʥʘʚʧʘʢʠ 

ʥʘʡʙʽʣʴʰʽ. ɸʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ  ʮʽʻʾ ʚʝʣʠʯʠʥʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.4. 

 

ʊʘʙʣʠʮʷ 3.4 ï ɿʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʜʦ ʪʘ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʥʘ ʧʦʚʝʨʭʥʶ 

Ti ʟʘ ʪʝʤʧʝʨʘʪʫʨ 300 ʂ ʪʘ 400 ʂ  

ʊʝʤʧʝʨʘʪʫʨʘ 300 ʂ ʊʝʤʧʝʨʘʪʫʨʘ 400 ʂ 
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ʜʦ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ 

1 πππρ -42 -59 -59 -7 7 πππρ -35 -49 -49 -6 

2 ρρππ -35 -41 -53 -12 8 ρρππ -27 -28 -43 -11 

3 ρρςπ -24 -13 -31 -28 9 ρρςπ -17 -5 -19 -27 

ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ 

4 πππρ -22 -30 -30 -4 10 πππρ -14 -19 -21 -0,8 

5 ρρππ -8 -11 -0,3 -11 11 ρρππ -0,2 0,7 8 -10 

6 ρρςπ -48 -60 -48 -35 12 ρρςπ -38 -45 -34 -35 
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ʇʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʥʘʧʨʫʞʝʥʥʷ ʟʤʽʥʶʶʪʴʩʷ, ʘʣʝ ʷʢʦʾ-ʥʝʙʫʜʴ 

ʦʜʥʦʟʥʘʯʥʦʾ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ï ʜʣʷ ʛʨʘʥʝʡ  πππρ, ρρππ Ti 

ʾʭ ʟʥʘʯʝʥʥʷ  ʟʤʝʥʰʫʶʪʴʩʷ, ʘ ʜʣʷ ʛʨʘʥʽ ρρςπ Ti ï ʥʘʚʧʘʢʠ ʟʙʽʣʴʰʫʶʪʴʩʷ. ʇʨʠ 

ʮʴʦʤʫ ʥʦʨʤʘʣʴʥʘ ʜʦ ʧʦʚʝʨʭʥʽ ʩʢʣʘʜʦʚʘ ʪʝʥʟʦʨʫ ʥʘʧʨʫʞʝʥʴ (ʩʢʣʘʜʦʚʘ ὤ) ʟʘʟʥʘʻ 

ʥʘʡʤʝʥʰʠʭ ʟʤʽʥ ʽ ʜʣʷ ʛʨʘʥʽ ρρςπ Ti ʚʞʝ ʥʝ ʥʘʙʫʚʘʻ ʥʘʡʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ ʛʨʘʥʴ ρρππ Ti, ʜʣʷ ʷʢʦʾ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʬʽʢʩʫʶʪʴʩʷ 

ʥʘʡʤʝʥʰʽ ʥʘʧʨʫʞʝʥʥʷ (ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 400 ʂ ʚʦʥʠ ʤʘʡʞʝ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ) ʽ, 

ʷʢ ʚʽʜʤʽʯʘʣʦʩʷ ʨʘʥʽʰʝ, ʥʘʡʙʽʣʴʰʘ ʛʣʠʙʠʥʘ ʨʝʣʘʢʩʘʮʽʾ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ 

(ʪʘʙʣ. 3.4).  

ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟ 300 ʂ ʜʦ 400 ʂ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʩʧʨʠʷʻ 

ʟʤʝʥʰʝʥʥʶ ʥʘʧʨʫʞʝʥʴ ʟʘ ʘʙʩʦʣʶʪʥʦʶ ʚʝʣʠʯʠʥʦʶ. ɼʣʷ ʥʦʨʤʘʣʴʥʦʾ ʜʦ ʧʦʚʝʨʭʥʽ 

ʩʢʣʘʜʦʚʦʾ ʪʝʥʟʦʨʫ ʥʘʧʨʫʞʝʥʴ (ʩʢʣʘʜʦʚʘ ὤ) ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʻ ʤʽʥʽʤʘʣʴʥʠʤ, ʘ 

ʥʘʡʙʽʣʴʰ ʟʥʘʯʥʽ ʟʤʽʥʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʢʣʘʜʦʚʠʭ, ʷʢʽ ʻ ʧʘʨʘʣʝʣʴʥʠʤʠ 

ʜʦ ʧʦʚʝʨʭʥʽ (ʩʢʣʘʜʦʚʽ ὢ ʪʘ ὣ) (ʪʘʙʣ. 3.4). 

3.3.2 ʉʠʩʪʝʤʘ "ʛʨʘʬʝʥ-Pt"  

ɺ ʯʘʩʪʠʥʽ 3.2 ʙʫʣʠ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʛʨʘʥʝʡ Fe ʜʦ ʪʘ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 

300 ʂ ʪʘ 400 ʂ. ɺ ʮʽʡ ʯʘʩʪʠʥʽ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫʟʘʛʘʣʴʥʶʶʯʠʡ ʘʥʘʣʽʟ 

ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʛʨʘʥʝʡ Pt. 

ʗʢ ʚʽʜʦʤʦ Pt ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʤʘʻ ɻʎʂ ʛʨʘʪʢʫ. ʅʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʽ 

ʧʦʚʝʨʭʥʽ ʜʣʷ ɻʎʂ ʛʨʘʪʢʠ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ (001), (011) ʪʘ (111) ʧʣʦʱʠʥʘʭ. ʊʦʤʫ 

ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʛʨʘʥʽ ʫʪʚʦʨʝʥʥʽ ʩʘʤʝ ʥʘ ʮʠʭ ʧʣʦʱʠʥʘʭ. ɿʘ ʜʘʥʠʤʠ 

ʦʪʨʠʤʘʥʠʤʠ ʚ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ ʚʽʜʦʤʦ ʱʦ, ʩʪʫʧʽʥʴ ʨʝʣʘʢʩʘʮʽʾ ʪʘ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʧʘʢʫʚʘʥʥʷ ʾʾ 

ʧʦʚʝʨʭʥʝʚʠʭ ʧʣʦʱʠʥ. ʅʘʡʙʽʣʴʰ ʱʽʣʴʥʦ ʩʧʘʢʦʚʘʥʦʶ ʧʣʦʱʠʥʦʶ ʚ ɻʎʂ ʛʨʘʪʮʽ ʻ 

ʧʣʦʱʠʥʘ (111). ɼʣʷ Pt ʱʽʣʴʥʽʩʪʴ ʧʘʢʫʚʘʥʥʷ ʮʽʻʾ ʛʨʘʥʽ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ 

ʩʪʘʥʦʚʠʪʴ 1,503Ŀ10
-19 
ʘʪʦʤ/ʤ

2
. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʥʘʜʘʣʽ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʱʽʣʴʥʽʩʪʴ ʧʘʢʫʚʘʥʥʷ ʚʽʜʥʦʩʥʦ ʧʣʦʱʠʥʠ (111) Pt. ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ ʧʣʦʱʠʥʠ 
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(111) Pt ʮʷ ʚʝʣʠʯʠʥʘ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 1, ʜʣʷ ʧʣʦʱʠʥʠ (001) Pt ï 0,866, ʜʣʷ 

ʧʣʦʱʠʥʠ (011) Pt ï 0,612. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʛʣʠʙʠʥʠ ʽ ʩʠʣʠ ʚʧʣʠʚʫ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʘʥʘʣʽʟʫʚʘʣʠʩʷ 

ʢʽʣʴʢʽʩʪʴ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʟʤʽʥʠʣʦʩʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʨʽʚʥʦʚʘʞʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʫ ʦʙôʻʤʽ ʪʘ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʮʠʭ ʚʽʜʭʠʣʝʥʴ. 

ɻʨʘʥʽ (111), (001) Pt ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʽʥʦʶ ʪʽʣʴʢʠ ʧʝʨʰʦʾ 

ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ ʚʽʜ ʧʦʚʝʨʭʥʽ ʟ ʻʜʠʥʠʤ ʽ ʚʽʜʧʦʚʽʜʥʦ ʤʘʢʩʠʤʘʣʴʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʨʽʚʥʦʚʘʞʥʠʭ ʦʙôʻʤʥʠʭ ʫ 1,7 % ʪʘ -0,7 % ʚʽʜʧʦʚʽʜʥʦ. 

ɼʣʷ ʛʨʘʥʽ (011) Pt ʚʧʣʠʚ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʙʫʚ ʟʘʬʽʢʩʦʚʘʥʠʡ ʚʞʝ ʥʘ ʛʣʠʙʠʥʫ 

ʯʦʪʠʨʴʦʭ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ ʚʽʜ ʧʦʚʝʨʭʥʽ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʚʽʜʭʠʣʝʥʥʷ ʫ -12,6 % ʜʣʷ ʧʝʨʰʦʾ ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ (ʨʠʩ. 3.22, 3.23). 

 

 

ʈʠʩʫʥʦʢ 3.22 ï ɿʘʣʝʞʥʽʩʪʴ ʛʣʠʙʠʥʠ ʚʧʣʠʚʫ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʜʦ ʪʘ ʧʽʩʣʷ 

ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʧʘʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʧʣʦʱʠʥ Pt 

 

ʅʘʥʝʩʝʥʥʷ ʰʘʨʫ ʛʨʘʬʝʥʫ ʥʘ ʛʨʘʥʽ (111) ʪʘ (001) Pt ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ 

ʢʽʣʴʢʦʩʪʽ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ ʟ ʚʽʜʭʠʣʝʥʥʷʤʠ ʽ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʮʠʭ 

ʚʽʜʭʠʣʝʥʴ ʜʣʷ ʛʨʘʥʽ (111) Pt ʥʝʟʥʘʯʥʽ (ʫ ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʦʙʯʠʩʣʝʥʴ), ʘ ʜʣʷ ʛʨʘʥʽ 

(001) Pt ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 1 %. ɸ ʦʪ 
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ʥʘʡʤʝʥʰ ʱʽʣʴʥʦ ʩʧʘʢʦʚʘʥʘ, ʟ ʪʨʴʦʭ ʨʦʟʛʣʷʥʫʪʠʭ, ʛʨʘʥʴ (011) Pt ʟʘʟʥʘʣʘ ʙʽʣʴʰ 

ʧʦʤʽʪʥʦʛʦ ʚʧʣʠʚʫ. ʂʽʣʴʢʽʩʪʴ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ, ʷʢʽ ʟʘʟʥʘʣʠ ʚʧʣʠʚʫ, 

ʟʤʝʥʰʠʣʘʩʷ ʜʦ 3 ʽ ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʟʤʽʥʠʣʦʩʷ ʟ -12,6 % ʜʦ 2,7 % 

(ʨʠʩ. 3.22, 3.23). 

 

 

ʈʠʩʫʥʦʢ 3.23 ï ɿʘʣʝʞʥʽʩʪʴ ʟʥʘʯʝʥʴ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʽʜʭʠʣʝʥʴ ʤʽʞʧʣʦʱʠʥʥʠʭ 

ʚʽʜʩʪʘʥʝʡ ʚʽʜ ʨʽʚʥʦʚʘʞʥʠʭ ʫ ʦʙôʻʤʽ ʜʦ ʪʘ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʚʽʜ 

ʱʽʣʴʥʦʩʪʽ ʧʘʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʧʣʦʱʠʥ Pt 

 

ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟ 300 ʂ ʜʦ 400 ʂ ʜʣʷ ʛʨʘʥʝʡ (111) ʪʘ (001) Pt ʥʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʫ ʚʧʣʠʚʫ, ʣʠʰʝ ʜʝʱʦ ʟʤʽʥʶʶʪʴʩʷ ʘʙʩʦʣʶʪʥʽ 

ʟʥʘʯʝʥʥʷ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ. ʊʘʢʝ ʩʘʤʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ 

ʛʨʘʥʽ (011) Pt ʜʦ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʪʘʢʦʞ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʫ 

ʚʧʣʠʚʫ, ʘ ʦʪ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʛʣʠʙʠʥʘ ʚʧʣʠʚʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʜʦʨʽʚʥʶʻ 

ʯʦʪʠʨʴʦʤ ʤʽʞʧʣʦʱʠʥʥʠʤ ʚʽʜʩʪʘʥʷʤ, ʪʘʢʦʞ ʟʤʽʥʶʶʪʴʩʷ ʽ ʟʥʘʯʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, ʷʢʝ ʚʞʝ ʩʪʘʥʦʚʠʪʴ -10,5 % ʜʣʷ ʧʝʨʰʦʾ 

ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ. 
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ɼʣʷ ʟôʷʩʫʚʘʥʥʷ ʩʪʫʧʝʥʷ ʩʪʨʫʢʪʫʨʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ Pt 

ʪʘ ʰʘʨʽ ʛʨʘʬʝʥʫ ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ: ʨʦʟʧʦʜʽʣ ʘʪʦʤʽʚ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʪʘ 

ʨʘʜʽʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʘʪʦʤʽʚ ʫ ʰʘʨʘʭ. 

ɼʣʷ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʛʨʘʥʝʡ Pt ʜʦ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʬʫʥʢʮʽʷ 

ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʤʘʡʞʝ ʽʜʝʘʣʴʥʦ ʧʦʚʪʦʨʶʻ ʪʘʢʫ 

ʩʘʤʫ ʜʣʷ ʰʘʨʽʚ ʚ ʦʙôʻʤʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ ʱʦ ʩʪʨʫʢʪʫʨʘ ʰʘʨʽʚ ʟʘʣʠʰʘʻʪʴʩʷ 

ʩʪʘʙʽʣʴʥʦʾ. ʎʝ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʻ ʽ ʨʦʟʧʦʜʽʣ ʘʪʦʤʽʚ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ. 

ʇʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ Pt ʥʘ ʚʩʽʭ 

ʨʦʟʛʣʷʥʫʪʠʭ ʛʨʘʥʷʭ ʪʘʢʦʞ ʤʘʡʞʝ ʥʝ ʟʘʟʥʘʻ ʟʤʽʥ, ʪʦʙʪʦ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʦʶ. 

ʉʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʣʠʰʝ ʫ ʰʘʨʽ ʛʨʘʬʝʥʫ. 

ʅʘ ʛʨʘʥʽ (111) Pt ʰʘʨ ʛʨʘʬʝʥʫ ʟʙʝʨʽʛʘʻ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ, ʭʦʯʘ ʧʦʤʽʪʥʝ 

ʥʝʨʽʚʥʦʤʽʨʥʝ ʨʦʟʪʷʛʥʝʥʥʷ (ʚʩʽ ʧʽʢʠ ʬʫʥʢʮʽʾ ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʨʦʟʰʠʨʶʶʪʴʩʷ ʪʘ ʟʤʽʱʫʶʪʴʩʷ ʚ ʙʽʢ ʙʽʣʴʰʠʭ ʨʘʜʽʫʩʽʚ). ʉʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʘʪʦʤʘʤʠ ʉ ʫ ʰʘʨʽ ʛʨʘʬʝʥʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 1,45 ¡ ʜʦ 1,55 ¡. ʗʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ 

ʨʦʟʧʦʜʽʣʫ ʘʪʦʤʽʚ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ï ʘʪʦʤʠ ʉ ʧʝʨʝʚʘʞʥʦ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ 

ʫ ʜʚʦʭ ʧʦʟʠʮʽʷʭ (ʨʦʟʜʚʦʻʥʥʷ ʧʽʢʫ), ʪʦʙʪʦ ʰʘʨʫ ʛʨʘʬʝʥʫ ʥʘ ʮʽʡ ʛʨʘʥʽ 

ʧʨʠʪʘʤʘʥʥʠʡ ʧʝʚʥʠʡ ʧʝʨʽʦʜʠʯʥʠʡ ʨʝʣʴʻʬ. ʗʢ ʙʫʣʦ ʚʽʜʤʽʯʝʥʦ ʨʘʥʽʰʝ, 

ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʤʘʣʶʥʢʫ ʨʝʣʴʻʬʫ ʚʠʥʠʢʘʻ ʚ ʥʘʩʣʽʜʦʢ ʩʧʽʚʧʘʜʽʥʥʷ ʩʠʤʝʪʨʽʾ 

ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʛʨʘʥʽ Pt ʪʘ ʰʘʨʫ ʛʨʘʬʝʥʫ.  

ʅʘ ʛʨʘʥʽ (001) Pt ʰʘʨ ʛʨʘʬʝʥʫ ʩʪʨʫʢʪʫʨʥʦ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʠʤ, 

ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʪʦʤʘʤʠ ʥʝʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 1,45 ¡ ʜʦ 

1,46 ¡. ɸʪʦʤʠ ʉ ʚ ʰʘʨʽ ʛʨʘʬʝʥʫ ʪʘʢʦʞ ʤʘʶʪʴ ʜʚʘ ʧʝʨʝʚʘʞʥʽ ʧʦʣʦʞʝʥʥʷ ʫ 

ʨʦʟʪʘʰʫʚʘʥʥʽ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ, ʪʦʙʪʦ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʥʠʡ ʧʝʚʥʠʡ ʨʝʣʴʻʬ 

ʟ ʥʝʯʽʪʢʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʽ ʤʝʥʰʠʤʠ ʧʝʨʝʧʘʜʘʤʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʣʴʻʬʦʤ 

ʛʨʘʬʝʥʫ ʛʘ ʛʨʘʥʽ (111) Pt. 

ɼʣʷ ʰʘʨʫ ʛʨʘʬʝʥʫ ʥʘ ʛʨʘʥʽ (011) Pt ʪʘʢʦʞ ʷʢ ʽ ʜʣʷ ʛʨʘʥʽ (001) Pt 

ʭʘʨʘʢʪʝʨʥʠʡ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʪʨʫʢʪʫʨʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ, ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʪʦʤʘʤʠ ʥʝʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 1,45 ¡ ʜʦ 1,46 ¡. ɸʣʝ ʥʘ ʬʫʥʢʮʽʾ 

ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʣʷ ʮʽʻʾ ʛʨʘʥʽ ʟôʷʚʣʷʻʪʴʩʷ ʥʦʚʠʡ, ʥʝ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ 

ʰʘʨʫ ʛʨʘʬʝʥʫ ʧʽʢ ʥʘ ʨʘʜʽʫʩʽ ʫ 2,05 ¡ ʟ ʥʠʟʴʢʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 
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ʪʝ, ʱʦ ʚ ʰʘʨʽ ʛʨʘʬʝʥʫ ʚʠʥʠʢʘʶʪʴ ʥʝʚʝʣʠʢʽ ʦʙʣʘʩʪʽ ʟ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʟʘʛʘʣʴʥʠʤ ʦʙôʻʤʦʤ ʥʝ ʙʽʣʴʰʝ 0,1 % (ʨʠʩ. 3.24). 

 

 

ʈʠʩʫʥʦʢ 3.24 ï ɻʨʘʬʽʢʠ ʬʫʥʢʮʽʾ ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʨʘʬʝʥʫ ʜʦ ʪʘ ʧʽʩʣʷ 

ʥʘʥʝʩʝʥʥʷ ʥʘ ʛʨʘʥʴ (011) Pt 

 

ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟ 300 ʂ ʜʦ 400 ʂ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʫʢʪʫʨʥʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʨʦʟʛʣʷʥʫʪʠʭ ʛʨʘʥʝʡ Pt, ʘʣʝ ʚʧʣʠʚʘʻ ʥʘ ʰʘʨ 

ʛʨʘʬʝʥʫ. ʋ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʰʘʨ ʛʨʘʬʝʥʫ ʙʽʣʴʰ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ. ʗʢʱʦ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 300 ʂ ʧʝʨʝʚʘʞʥʽ ʧʦʣʦʞʝʥʥʷ ʘʪʦʤʽʚ ʉ ʧʦ ʥʦʨʤʘʣʴʥʽ ʜʦ ʧʦʚʝʨʭʥʽ 

ʤʘʣʠ ʜʚʽ ʧʦʟʠʮʽʾ, ʪʦ ʟʘ 400 ʂ ʧʝʨʝʚʘʞʘʻ ʪʽʣʴʢʠ ʦʜʥʦ ʧʦʟʠʮʽʷ. ʅʝ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʛʨʘʬʝʥʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʪʦʤʽʚ ʥʘ ʚʽʜʩʪʘʥʽ 2,05 ¡ ʥʘ ʛʨʘʥʽ (011) Pt ʤʘʡʞʝ 

ʟʥʠʢʘʶʪʴ. 

ɸʥʘʣʽʟ ʥʘʧʨʫʞʝʥʴ ʽ ʾʭ ʪʝʥʟʦʨʽʚ ʚ ʩʠʩʪʝʤʘʭ (001), (011), (111) Pt ʜʦ ʪʘ ʧʽʩʣʷ 

ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ (ʪʘʙʣ. 3.5) ʧʦʢʘʟʘʚ ʚʠʩʦʢʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʘʥʽʰʝ 

ʨʦʟʛʣʷʥʫʪʠʤʠ ʩʠʩʪʝʤʘʤʠ Fe ʪʘ Ti. 

ɼʦ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʜʣʷ ʚʩʽʭ ʛʨʘʥʝʡ Pt ʭʘʨʘʢʪʝʨʥʠʡ ʥʝ ʚʠʩʦʢʠʡ, ʤʘʡʞʝ 

ʦʜʥʘʢʦʚʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʞʝʥʴ ʚʽʜ -7,3 ʄʇʘ ʜʦ -10 ʄʇʘ. ɺ ʦʩʥʦʚʥʦʤʫ ʮʝ 

ʥʘʧʨʫʞʝʥʥʷ ʚ ʧʘʨʘʣʝʣʴʥʠʭ ʧʦʚʝʨʭʥʽ ʥʘʧʨʷʤʢʘʭ (ʩʢʣʘʜʦʚʽ ὢʪʘ ὣʪʝʥʟʦʨʫ 

ʥʘʧʨʫʞʝʥʴ). ʅʘʧʨʫʞʝʥʥʷ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʧʦʚʝʨʭʥʽ ʥʘʧʨʷʤʢʫ (cʢʣʘʜʦʚʘ ὤ) 

ʤʘʡʞʝ ʚʽʜʩʫʪʥʽ. 
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ʇʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʰʘʨʫ ʛʨʘʬʝʥʫ ʤʘʡʞʝ ʥʘ 40 % ʟʤʝʥʰʫʶʪʴʩʷ ʥʘʧʨʫʞʝʥʥʷ 

ʚ ʩʠʩʪʝʤʽ (001) Pt ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʧʨʫʞʝʥʥʷʤʠ ʜʦ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ. ɼʣʷ 

ʩʠʩʪʝʤʠ (011) Pt ʧʨʠ 400 ʂ ʟʘʬʽʢʩʦʚʘʥʽ ʙʽʣʴʰʽ ʥʘʧʨʫʞʝʥʥʷ ʥʽʞ ʜʣʷ ʪʽʻʾ ʞ 

ʩʠʩʪʝʤʠ ʧʨʠ 300 ʂ, ʮʝ ʢʦʨʝʣʶʻ ʟʽ ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʮʽʡ ʩʠʩʪʝʤʽ ʧʨʠ ʜʘʥʦʤʫ ʧʝʨʝʭʦʜʽ. ɼʣʷ ʛʨʘʥʽ (111) Pt ʩʠʪʫʘʮʽʷ 

ʟʘʣʠʰʘʻʪʴʩʷ ʤʘʡʞʝ ʙʝʟ ʟʤʽʥ, ʥʘʧʨʫʞʝʥʥʷ ʟʤʽʥʶʶʪʴʩʷ ʚ ʤʝʞʘʭ ʧʦʭʠʙʢʠ. 

 

ʊʘʙʣʠʮʷ 3.5 ï ʅʘʧʨʫʞʝʥʥʷ ʚ ʩʠʩʪʝʤʘʭ (001), (011), (111) Pt ʜʦ ʪʘ ʧʽʩʣʷ 

ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 300 ʂ ʪʘ 400 ʂ 

ʊʝʤʧʝʨʘʪʫʨʘ 300 ʂ ʊʝʤʧʝʨʘʪʫʨʘ 400 ʂ 
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ʅʘʧʨʫʞʝʥʥʷ, 
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ʜʦ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ 

1 (001) -10 -14 -14 -1,9 7 (001) -9,9 -14,1 -14,1 -1,6 

2 (011) -7,3 -4,6 -15 -2,4 8 (011) -7,7 -4,9 -15,4 -2,7 

3 (111) -8,1 -12,3 -12,3 -0,1 9 (111) -8,4 -12,6 -12,6 -0,2 

ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ 

4 (001) -5,7 -8,4 -7,8 -1 10 (001) -6,1 -9,6 -8,7 0,4 

5 (011) -6,9 -5,6 -12,7 -2,3 11 (011) -8,6 -6,7 -16,5 -2,5 

6 (111) -8,7 -12,3 -12,3 -1,5 12 (111) -7,9 -12 -12 0,1 

 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʚʩʽ ʨʝʟʫʣʴʪʘʪʠ ʮʽʻʾ ʯʘʩʪʠʥʠ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʛʨʘʥʴ 

(111) Pt ʩʝʨʝʜ ʽʥʰʠʭ ʛʨʘʥʝʡ Pt ʻ ʥʘʡʢʨʘʱʠʤ ʢʘʥʜʠʜʘʪʦʤ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʥʘ ʧʦʚʝʨʭʥʶ. 

ʇʦʚʝʨʭʥʝʚʽ ʰʘʨʠ ʛʨʘʥʽ (111) Pt ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʱʽʣʴʥʽʩʪʴ ʧʘʢʫʚʘʥʥʷ, ʱʦ 

ʦʙʫʤʦʚʣʶʻ ʥʘʡʢʨʘʱʫ ʩʪʨʫʢʪʫʨʥʫ ʪʘ ʪʝʨʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʥʘ ʥʠʭ 

ʛʨʘʬʝʥʫ. ʊʘʢʦʞ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʛʨʘʪʦʢ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʛʨʘʥʽ 

(111) Pt ʪʘ ʰʘʨʫ ʛʨʘʬʝʥʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʜʦʜʘʻ ʮʽʡ 
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ʩʠʩʪʝʤʽ ʩʪʘʙʽʣʴʥʦʩʪʽ, ʘ ʩʧʽʚʧʘʜʽʥʥʷ ʩʪʨʫʢʪʫʨʥʦʾ ʩʠʤʝʪʨʽʾ ʟʘʙʝʟʧʝʯʫʻ 

ʘʥʽʟʦʪʨʦʧʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʷʚʣʷʻʪʴʩʷ ʚʘʞʣʠʚʠʤ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ. 

3.4 ɿʘʛʘʣʴʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʩʪʨʫʢʪʫʨʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʪʘ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʩʠʩʪʝʤ "ʛʨʘʬʝʥ-ʤʝʪʘʣ (Fe, ʊʽ, Pt)"  

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʨʝʣʘʢʩʘʮʽʾ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ Fe, Pt, Ti ʽʟ ʨʽʟʥʠʤ ʪʠʧʦʤ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʧʦʚʝʨʭʥʽ (ʛʨʘʥʽ (001), (011), (111) ï ʜʣʷ ʆʎʂ Fe ʽ 

ɻʎʂ Pt, ʪʘ ʛʨʘʥʽ (0001), (1ρ00), (11ς0) ï ʜʣʷ ɻʑʇ Ti ʜʦ ʪʘ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ 

ʛʨʘʬʝʥʫ ʽʟ ʚʘʨʽʶʚʘʥʥʷʤ ʢʫʪʘ ʩʧʨʷʞʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʨʘʪʦʢ ʛʨʘʬʝʥʫ ʪʘ ʤʝʪʘʣʫ 

ʜʣʷ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ï 300 ʂ ʽ 400 ʂ ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ ʥʘʩʪʫʧʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ: 

1. ɿ ʜʦʩʣʽʜʞʝʥʠʭ ʛʨʘʥʝʡ Fe, Pt, Ti ʙʝʟ ʛʨʘʬʝʥʫ ʥʘʡʙʽʣʴʰ ʩʪʨʫʢʪʫʨʥʦ ʪʘ 

ʪʝʨʤʽʯʥʦ ʩʪʘʙʽʣʴʥʦʶ ʻ ʛʨʘʥʽ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʱʽʣʴʥʽʩʪʶ ʧʘʢʫʚʘʥʥʷ: ʜʣʷ ʆʎʂ Fe 

ï (011), ʜʣʷ  ɻʎʂ Pt ï ʛʨʘʥʴ (111), ʜʣʷ ɻʑʇ Ti ï ʛʨʘʥʴ (0001). 

2. ʈʝʣʘʢʩʘʮʽʷ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʨʦʟʛʣʷʥʫʪʠʭ ʛʨʘʥʝʡ Fe, Pt, Ti ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʨʽʚʥʷ ʚʠʥʠʢʘʶʯʠʭ ʥʘʧʨʫʞʝʥʴ ʧʽʜ ʚʧʣʠʚʦʤ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ. ɯʟ ʟʤʝʥʰʝʥʥʷʤ 

ʱʽʣʴʥʦʩʪʽ ʧʘʢʫʚʘʥʥʷ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ (ʜʣʷ ʆʎʂ ʛʨʘʪʢʠ ʚ ʧʦʨʷʜʢʫ 

(011) ­ (001) ­ (111), ʜʣʷ ɻʎʂ ï (111) ­ (001) ­ (011), ʜʣʷ ɻʑʇ ï 

(0001) ­ (1ρ00) ­ (11ς0)) ʟʤʝʥʰʫʻʪʴʩʷ ʨʽʚʝʥʴ, ʘʣʝ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ, ʟʘʜʽʷʥʠʭ ʫ ʧʨʦʮʝʩʽ ʧʦʚʝʨʭʥʝʚʦʾ ʨʝʣʘʢʩʘʮʽʾ (ʜʣʷ  

ʛʨʘʥʽ (111) Fe ï ʮʝ 8 ʘʪʦʤʥʠʭ ʰʘʨʽʚ, ʜʣʷ (011) Fe, (111) Pt, (0001) Ti ï ʤʦʥʦʰʘʨ). 

ʇʨʠ ʮʴʦʤʫ ʥʦʨʤʘʣʴʥʘ ʜʦ ʧʦʚʝʨʭʥʽ ʩʢʣʘʜʦʚʘ ʚʝʢʪʦʨʫ ʥʘʧʨʫʞʝʥʴ ʟʘʚʞʜʠ ʙʣʠʟʴʢʘ 

ʜʦ ʥʫʣʷ, ʘ ʡʦʛʦ ʩʢʣʘʜʦʚʽ ʚ ʽʥʰʠʭ ʥʘʧʨʷʤʢʘʭ ʚʽʜʤʽʥʥʽ ʚʽʜ ʥʫʣʴʦʚʠʭ ʟʥʘʯʝʥʴ. 

ʆʜʥʦʟʥʘʯʥʦʾ ʢʦʨʝʣʷʮʽʾ ʨʽʚʥʷ ʥʘʧʨʫʞʝʥʴ ʟ ʪʠʧʦʤ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʤʝʪʘʣʫ ʪʘ 

ʾʾ ʧʘʨʘʤʝʪʨʘʤʠ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʥʝ ʚʠʷʚʣʝʥʦ. 

3. ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ, ʟʘʜʽʷʥʠʭ ʫ 

ʧʨʦʮʝʩʽ ʨʝʣʘʢʩʘʮʽʾ, ʚʦʥʘ ʥʘʙʫʚʘʻ ʦʩʮʠʣʶʶʯʦʛʦ ʭʘʨʘʢʪʝʨʫ ï ʜʦʜʘʪʥʽ ʚʽʜʭʠʣʝʥʥʷ 
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ʟʥʘʯʝʥʴ ʧʦʚʝʨʭʥʝʚʠʭ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ ʧʝʨʽʦʜʠʯʥʦ ʟʤʽʥʶʶʪʴʩʷ ʥʘ 

ʚʽʜôʻʤʥʽ. 

4. ʉʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʫ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʦʶ ʥʘ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʛʨʘʥʷʭ (001), (011), (111) Fe ʟʘ ʪʝʤʧʝʨʘʪʫʨ 300 ʂ ʪʘ 400 ʂ. ʅʘʡʙʽʣʴʰʠʡ ʨʦʟʪʷʛ 

ʛʨʘʬʝʥʫ ʟʘʬʽʢʩʦʚʘʥʠʡ ʜʣʷ ʛʨʘʥʽ (111) Fe ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 400 ʂ ʽ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 

2,7 %. ʋ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʥʘ ʤʝʪʘʣʝʚʫ ʧʦʚʝʨʭʥʶ ʚʽʥ ʥʘʙʫʚʘʻ 

ʧʝʚʥʦʛʦ ʨʝʣʴʻʬʫ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʤʽʥʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʨʘʪʦʢ 

ʚʫʛʣʝʮʶ ʪʘ ʤʝʪʘʣʫ.  

5. ʅʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʥʝ ʟʤʽʥʶʻ ʢʽʣʴʢʦʩʪʽ ʧʣʦʱʠʥ, ʟʘʜʽʷʥʠʭ ʜʦ ʧʨʦʮʝʩʫ 

ʧʦʚʝʨʭʥʝʚʦʾ ʨʝʣʘʢʩʘʮʽʾ, ʘʣʝ ʘʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʭʠʣʝʥʴ ʧʦʚʝʨʭʥʝʚʠʭ ʟʥʘʯʝʥʴ 

ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ ʚʽʜ ʨʽʚʥʦʚʘʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʦʙôʻʤʽ ʩʫʪʪʻʚʦ 

ʟʤʽʥʶʶʪʴʩʷ (ʥʘʚʽʪʴ ʟ ʚʽʜôʻʤʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʜʦʜʘʪʥʻ). ʇʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʥʽ ʜʣʷ Fe ʪʘ Ti ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 

15 %, ʘ ʜʣʷ  Pt ï ʥʘ 12,5 % ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʱʽʣʴʥʦʩʪʽ ʧʘʢʫʚʘʥʥʷ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ.  

6. ʋ ʩʠʩʪʝʤʘʭ "ʛʨʘʬʝʥ-ʤʝʪʘʣ" ʧʨʦʮʝʩ ʩʪʨʫʢʪʫʨʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ ʚʠʙʽʨʢʦʚʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ ʜʝʷʢʠʭ ʤʝʪʘʣʽʚ ʽ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʩʪʫʧʝʥʽ ʜʣʷ ʥʘʡʤʝʥʰ ʱʽʣʴʥʦ ʩʧʘʢʦʚʘʥʠʭ 

ʧʣʦʱʠʥ ʟʘ ʧʽʜʚʠʱʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʣʷ ʫʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʧʣʦʱʠʥ Pt (111), 

(001), (011) ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʧʽʜ ʜʽʻʶ ʛʨʘʬʝʥʫ 

ʚʟʘʛʘʣʽ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ʉʝʨʝʜ ʧʣʦʱʠʥ (0001), (1ρ00), (11ς0) Ti ʧʽʜ ʜʽʻʶ 

ʛʨʘʬʝʥʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʯʘʩʪʢʦʚʘ ʨʝʢʦʥʩʪʨʫʢʮʽʷ (ʙʣʠʟʴʢʦ 37 %) ʧʝʨʰʦʛʦ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʪʽʣʴʢʠ ʜʣʷ ʥʘʡʤʝʥʰ ʱʽʣʴʥʦ ʩʧʘʢʦʚʘʥʦʾ ʛʨʘʥʽ (11ς0) Ti. ʇʨʠ 

ʮʴʦʤʫ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʭʘʨʘʢʪʝʨ ʩʪʨʫʢʪʫʨʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ, ʘ ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʦʾ ʦʙʣʘʩʪʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ ~ 50 

%. ʄʘʢʩʠʤʘʣʴʥʠʡ ʝʬʝʢʪ ʚʠʷʚʣʝʥʠʡ ʜʣʷ Fe ï ʫʩʽ ʡʦʛʦ ʜʦʩʣʽʜʞʫʚʘʥʽ ʛʨʘʥʽ (001), 

(011), (111) ʟʘʟʥʘʶʪʴ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 300 ʂ ʪʘ 400 ʂ ʧʽʜ ʚʧʣʠʚʦʤ 

ʛʨʘʬʝʥʫ,  ʘʣʝ ʢʽʣʴʢʽʩʪʴ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʠʭ ʧʣʦʱʠʥ ʦʙʤʝʞʫʻʪʴʩʷ ʧʝʨʰʦʶ, ʦʢʨʽʤ 

ʛʨʘʥʽ (111) Fe ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 400 ʂ ï ʜʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʮʝ 2 ʧʣʦʱʠʥʠ. 

ʅʘʡʙʽʣʴʰ ʩʪʨʫʢʪʫʨʥʦ ʩʪʘʙʽʣʴʥʦʶ ʻ ʛʨʘʥʴ (011) Fe ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʱʽʣʴʥʽʩʪʶ 
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ʧʘʢʫʚʘʥʥʷ, ʘ ʥʘʡʤʝʥʰ ʩʪʘʙʽʣʴʥʦʶ ï ʛʨʘʥʴ (111) Fe ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʱʽʣʴʥʽʩʪʶ 

ʧʘʢʫʚʘʥʥʷ.  

ʏʘʩʪʢʦʚʘ (ʙʣʠʟʴʢʦ 3 %) ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʩʪʨʫʢʪʫʨʠ ʛʨʘʬʝʥʫ (ʙʝʟ ʚʪʨʘʪʠ ʡʦʛʦ 

ʩʫʮʽʣʴʥʦʩʪʽ) ʚʠʷʚʣʝʥʘ ʚʠʢʣʶʯʥʦ ʜʣʷ ʥʘʡʤʝʥʰ ʱʽʣʴʥʦ ʩʧʘʢʦʚʘʥʦʾ ʛʨʘʥʽ (011) Pt, 

ʦʙôʻʤ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʦʾ ʦʙʣʘʩʪʽ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʟ 300 ʂ ʜʦ 400 ʂ 

ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,1 %. ʇʨʠ ʮʴʦʤʫ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʩʘʤʝ 

ʥʘ ʮʶ ʛʨʘʥʴ ʦʙʫʤʦʚʣʶʻ ʧʦʷʚʫ ʚ ʩʪʨʫʢʪʫʨʽ ʛʨʘʬʝʥʫ ʥʝʭʘʨʘʢʪʝʨʥʦʾ ʤʽʞʘʪʦʤʥʦʾ 

ʚʽʜʩʪʘʥʽ 2,05 ¡.  

7. ɺʽʜʤʽʥʥʽʩʪʶ ʧʨʦʮʝʩʫ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʧʨʠʢʣʘʜʽʚ, ʻ 

ʬʦʨʤʫʚʘʥʥʷ ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʤʝʪʘʣʫ ʦʢʨʝʤʠʭ ʬʨʘʛʤʝʥʪʘʨʥʠʭ ʦʙʣʘʩʪʝʡ ʟ 

ʥʝʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʘʥʘʣʽʟʫʻʤʠʭ ʧʣʦʱʠʥ ʩʠʤʝʪʨʽʻʶ, ʟʦʢʨʝʤʘ,  ʥʘ ʛʨʘʥʷʭ Fe (011) 

ʪʘ Fe (001) ʟôʷʚʣʷʶʪʴʩʷ ʢʣʘʩʪʝʨʠ ʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʘʪʦʤʽʚ ʥʘ ʚʽʜʩʪʘʥʽ ʙʣʠʟʴʢʦ 

3,29  (ʥʝ ʧʨʠʪʘʤʘʥʥʠʤ ʞʦʜʥʽʡ ʟ ʛʨʘʥʝʡ), ʘ ʥʘ ʛʨʘʥʽ (111) ï ʢʣʘʩʪʝʨʠ ʟʽ 

ʩʪʨʫʢʪʫʨʦʶ ʛʨʘʥʽ (011). ɼʣʷ ʛʨʘʥʽ (11ς0) Ti ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʤʘʻ ʩʢʣʘʜʥʠʡ 

ʭʘʨʘʢʪʝʨ ʦʩʢʽʣʴʢʠ ʤʽʞʘʪʦʤʥʽ ʚʽʜʩʪʘʥʽ ʟʘʟʥʘʶʪʴ ʩʫʪʪʻʚʠʭ ʟʤʽʥ: ʧʝʨʰʘ 

ʢʦʦʨʜʠʥʘʮʽʡʥʘ ʚʽʜʩʪʘʥʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 2,88 ¡ ʜʦ 3,03 ¡; ʚʽʜʩʪʘʥʽ 4,13 ¡, 4,68 ¡, 

5,13 ¡ ʧʨʘʢʪʠʯʥʦ ʟʥʠʢʘʶʪʴ, ʾʭ ʟʘʤʽʥʶʶʪʴ ʥʦʚʽ ʭʘʨʘʢʪʝʨʥʽ ʚʽʜʩʪʘʥʽ ï 3,58 ¡, 4,83 

¡; ʩʫʪʪʻʚʦ ʧʦʨʫʰʫʻʪʴʩʷ ʽ ʜʘʣʴʥʽʡ ʧʦʨʷʜʦʢ. 

ɿʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʱʽʣʴʥʽʩʪʶ 

ʧʘʢʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʽ ʩʪʫʧʝʥʝʤ ʩʧʽʚʧʘʜʽʥʥʷ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʛʨʘʬʝʥʫ ʪʘ ʧʦʚʝʨʭʥʝʚʦʾ ʧʣʦʱʠʥʠ. ʏʠʤ ʤʝʥʰʘ ʱʽʣʴʥʽʩʪʴ ʧʘʢʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʾ ʧʣʦʱʠʥʠ ʤʝʪʘʣʫ ï ʪʠʤ ʙʽʣʴʰʠʡ ʦʙôʻʤ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʠʭ 

ʬʨʘʛʤʝʥʪʽʚ. 

8. ʂʫʪ ʚʟʘʻʤʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʛʨʘʬʝʥʫ ʪʘ ʧʦʚʝʨʭʥʝʚʦʾ ʧʣʦʱʠʥʠ ʤʝʪʘʣʫ 

ʥʝʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩʠ ʨʝʣʘʢʩʘʮʽʾ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ: ʚʽʥ ʦʙʤʝʞʫʻʪʴʩʷ 

ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʥʘʧʨʫʞʝʥʴ ʫ ʧʘʨʘʣʝʣʴʥʠʭ ʧʦʚʝʨʭʥʽ ʥʘʧʨʷʤʢʘʭ ʪʘ ʟʤʽʥʘʤʠ 

ʨʝʣʴʻʬʫ ʛʨʘʬʝʥʫ ʪʘ ʤʝʪʘʣʝʚʦʾ ʧʦʚʝʨʭʥʽ. ʋ ʚʠʧʘʜʢʘʭ ʩʧʽʚʧʘʜʽʥʥʷ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʩʠʤʝʪʨʽʡ ʛʨʘʬʝʥʫ ʪʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʤʝʪʘʣʫ (ʥʘʧʨʠʢʣʘʜ, 

ʜʣʷ ʛʨʘʥʝʡ (111) Fe,(111) Pt,(0001) ʊʽ) ʩʬʦʨʤʦʚʘʥʠʡ  ʨʝʣʴʻʬ ʤʘʻ ʯʽʪʢʫ 

ʧʝʨʽʦʜʠʯʥʽʩʪʴ.  
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ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʱʝʟʘʟʥʘʯʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʤʦʞʥʘ ʥʘʜʘʪʠ ʥʘʩʪʫʧʥʽ 

ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ. 

ʆʩʢʽʣʴʢʠ ʚʥʫʪʨʽʰʥʽ ʢʦʚʘʣʝʥʪʥʽ ʟʚôʷʟʢʠ ʫ ʛʨʘʬʝʥʽ ʤʽʮʥʽʰʽ ʟʘ ʚʥʫʪʨʽʰʥʽ 

ʤʝʪʘʣʝʚʽ ʟʚôʷʟʢʠ ʫ Fe, Pt, Ti, ʛʨʘʬʝʥ ʤʦʞʝ ʜʝʬʦʨʤʫʚʘʪʠʩʷ ʥʘ ʤʝʪʘʣʝʚʠʭ 

ʧʦʚʝʨʭʥʷʭ ʙʝʟ ʨʫʡʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ. ɺʠʙʽʨ ʤʝʪʘʣʫ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ 

ʧʦʚʠʥʝʥ ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʛʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʩʧʽʚʧʘʜʽʥʥʽ ʧʘʨʘʤʝʪʨʽʚ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʨʘʪʦʢ ʮʴʦʛʦ ʤʝʪʘʣʫ ʪʘ ʚʫʛʣʝʮʶ. ʅʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʦʩʦʚʥʦ 

ʩʪʨʫʢʪʫʨʥʦʾ ʪʘ ʪʝʨʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʦʜʝʨʞʘʥʽ ʜʣʷ ʥʘʡʙʽʣʴʰ ʱʽʣʴʥʦ 

ʩʧʘʢʦʚʘʥʠʭ ʤʝʪʘʣʝʚʠʭ ʛʨʘʥʝʡ ʟ ʛʝʢʩʘʛʦʥʘʣʴʥʦʶ ʩʠʤʝʪʨʽʻʶ. ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ 

ʜʣʷ ʪʘʢʠʭ ʛʨʘʥʝʡ ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʨʘʪʦʢ ʛʨʘʬʝʥʫ ʪʘ ʤʝʪʘʣʫ ʙʫʜʫʪʴ 

ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ, ʪʦ ʧʝʨʝʚʘʛʫ ʩʣʽʜ ʥʘʜʘʪʠ ʛʨʘʥʷʤ ʽʟ ʤʝʥʰʦʶ ʱʽʣʴʥʽʩʪʶ 

ʧʘʢʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʽʜ ʜʽʻʶ ʛʨʘʬʝʥʫ ʚʽʜʙʫʜʝʪʴʩʷ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʧʦʚʝʨʭʥʽ 

ʤʝʪʘʣʫ ʟ ʨʝʣʘʢʩʘʮʽʻʶ ʥʘʧʨʫʞʝʥʴ ʽ ʪʘʢʘ ʢʦʤʧʦʟʠʮʽʷ "ʛʨʘʬʝʥ-ʤʝʪʘʣ" ʙʫʜʝ ʤʘʪʠ 

ʮʽʣʢʦʤ ʟʘʜʦʚʽʣʴʥʫ ʩʪʨʫʢʪʫʨʥʫ ʪʘ ʪʝʨʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. 

3.5 ɸʥʘʣʽʟ ʧʦʚʝʨʭʥʝʚʦʾ ʩʘʤʦʜʠʬʫʟʽʾ ʘʪʦʤʽʚ ʤʝʪʘʣʫ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʜʠʥʘʤʽʢʠ  

ʋ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ ʥʘ ʧʨʠʢʣʘʜʽ Fe, Ti, Pt ʧʦʢʘʟʘʥʦ, ʱʦ ʩʪʨʫʢʪʫʨʘ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʴ ʚʽʜ ʦʙôʻʤʫ ʤʘʪʝʨʽʘʣʫ. 

ʅʝʜʦʩʢʦʥʘʣʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʦʙʫʤʦʚʣʶʻ ʚʠʥʠʢʥʝʥʥʷ ʧʝʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ 

ʧʨʠʧʦʚʝʨʭʥʝʚʽʡ ʦʙʣʘʩʪʽ. ʌʘʢʪʠʯʥʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʧʨʫʞʝʥʥʷ ʻ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʪʫʧʝʥʷ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʙʫʜʦʚʠ. ɺʝʣʠʯʠʥʘ ʽ ʟʥʘʢ 

ʮʠʭ ʥʘʧʨʫʞʝʥʴ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʧʦʚʝʨʭʥʽ, ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ʪʦʱʦ.  

ʗʢ ʜʦʙʨʝ ʚʽʜʦʤʦ, ʥʘʧʨʫʞʝʥʥʷ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʨʽʚʥʦʚʘʞʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ (ʚʘʢʘʥʩʽʡ ʽ ʤʽʞʚʫʟʣʦʚʠʭ ʘʪʦʤʽʚ) ʫ 

ʤʘʪʝʨʽʘʣʽ ʽ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʧʘʨʘʤʝʪʨʠ ʩʘʤʦʜʠʬʫʟʽʾ.  

ʋ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʜʦʩʣʽʜʞʝʥʠʡ ʚʧʣʠʚ ʥʘʧʨʫʞʝʥʴ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

ʨʽʚʥʦʚʘʞʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʘʢʘʥʩʽʡ ʽ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʧʘʨʘʤʝʪʨʠ ʩʘʤʦʜʠʬʫʟʽʾ [220] 
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ɺ ʷʢʦʩʪʽ ʤʦʜʝʣʴʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ 

ʦʙʨʘʥʦ ʤʦʥʦʢʨʠʩʪʘʣ Ti. ɼʝʪʘʣʴʥʦ ʤʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ ʦʧʠʩʘʥʘ ʫ 2 ʨʦʟʜʽʣʽ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʥʝʨʛʽʷ ʫʪʚʦʨʝʥʥʷ ʤʽʞʚʫʟʣʦʚʠʭ ʘʪʦʤʽʚ ʫ ʨʝʰʽʪʮʽ Ti 

ʥʘʙʘʛʘʪʦ ʚʠʱʘ ʟʘ ʝʥʝʨʛʽʶ ʫʪʚʦʨʝʥʥʷ ʚʘʢʘʥʩʽʡ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʝʥʝʨʛʽʷ ʫʪʚʦʨʝʥʥʷ ʚʘʢʘʥʩʽʡ ʟʨʦʩʪʘʻ, ʘ ʝʥʝʨʛʽʷ ʫʪʚʦʨʝʥʥʷ ʤʽʞʚʫʟʣʦʚʠʭ ʘʪʦʤʽʚ 

ʟʤʝʥʰʫʻʪʴʩʷ (ʨʠʩ. 3.25), ʘʣʝ ʥʘʚʽʪʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1100 ʂ ʮʷ ʨʽʟʥʠʮʷ 

ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʠʪʴ ʩʫʪʪʻʚʦʶ. ɼʦʙʨʝ ʚʽʜʦʤʦ, ʱʦ ʨʽʚʥʦʚʘʞʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ ὅ ʧʨʦʧʦʨʮʽʡʥʘ ʝʥʝʨʛʽʾ ʾʭ ʫʪʚʦʨʝʥʥʷ Ὁ  

ὅ ÅØÐ
Ὁ

ὯὝ
ȟ (3.4) 

ʜʝ Ὧ  ï ʢʦʥʩʪʘʥʪʘ ɹʦʣʴʮʤʘʥʘ;  

Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʽʞʚʫʟʣʦʚʠʭ ʘʪʦʤʽʚ ʙʫʜʝ ʥʘʙʘʛʘʪʦ ʤʝʥʰʘ ʟʘ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʘʢʘʥʩʽʡ (ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 300 ʂ ï ʥʘ 10 ʧʦʨʷʜʢʽʚ, ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

1100 ʂ ï ʥʘ ʧʦʨʷʜʦʢ). ʂʨʽʤ ʪʦʛʦ ʦʯʝʚʠʜʥʦ, ʱʦ ʜʠʬʫʟʽʡʥʘ ʨʫʭʣʠʚʽʩʪʴ 

ʤʽʞʚʫʟʣʦʚʠʭ ʘʪʦʤʽʚ ʚ Ti ʙʫʜʝ ʥʘʙʘʛʘʪʦ ʤʝʥʰʦʶ ʥʽʞ ʚʘʢʘʥʩʽʡ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ 

ʮʠʭ ʤʽʨʢʫʚʘʥʴ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʟʨʦʙʣʝʥʝ ʩʧʨʦʱʝʥʥʷ ʽ ʜʦʩʣʽʜʞʫʚʘʚʩʷ 

ʪʽʣʴʢʠ ʨʫʭ ʚʘʢʘʥʩʽʡ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʥʝʩʢʫ ʚʘʢʘʥʩʽʡ ʚ ʩʘʤʦʜʠʬʫʟʽʶ Ti ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʴʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʢʦʤʽʨʢʠ ʙʝʟʜʝʬʝʢʪʥʦʛʦ Ti ʪʘ Ti ʟ ʚʘʢʘʥʩʽʷʤʠ. 

ʊʘʢʦʞ ʚʘʨʽʶʚʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ï 300 ʂ, 500 ʂ, 700 ʂ, 900 ʂ, 1100 ʂ, ʪʘ ʪʠʩʢ ï 

ʥʫʣʴʦʚʠʡ, ʜʦʜʘʪʥʽʡ, ʚʽʜôʻʤʥʠʡ. ɼʣʷ ʢʦʞʥʦʾ ʩʠʩʪʝʤʠ ʙʫʣʠ ʧʦʧʝʨʝʜʥʴʦ 

ʦʙʨʘʭʦʚʘʥʽ: ʝʥʝʨʛʽʷ ʫʪʚʦʨʝʥʥʷ ʚʘʢʘʥʩʽʡ ʪʘ ʨʽʚʥʦʚʘʞʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʘʢʘʥʩʽʡ. 

ʇʽʩʣʷ ʯʦʛʦ ʧʨʦʚʦʜʠʣʦʩʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʨʫʭʫ ʘʪʦʤʽʚ ʚ 

ʮʠʭ ʩʠʩʪʝʤʘʭ ʟ ʬʽʢʩʘʮʽʻʶ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʟʩʫʚʫ ʘʪʦʤʽʚ ʚ ʩʠʩʪʝʤʽ ộὶỚȟ ʟʘ 

ʟʥʘʯʝʥʥʷʤ ʷʢʦʛʦ ʪʘ ʚʽʜʦʤʠʤ ʯʘʩʦʤ ὸ ʚʠʟʥʘʯʘʣʠʩʴ ʢʦʝʬʽʮʽʻʥʪʠ ʩʘʤʦʜʠʬʫʟʽʾ ʟʘ 

ʬʦʨʤʫʣʦʶ 

Ὀ
ộὶỚ

φὸ
Ȣ (3.5) 
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ʈʠʩʫʥʦʢ 3.25 ï ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʡ ʫʪʚʦʨʝʥʥʷ ʚʘʢʘʥʩʽʡ ʪʘ 

ʤʽʞʚʫʟʣʦʚʠʭ ʘʪʦʤʽʚ ʫ Ti 

 

ʂʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʢʽʣʴʢʦʩʪʽ ʚʘʢʘʥʩʽʡ, ʪʦʤʫ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʨʝʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʬʫʟʽʾ Ὀ  ʧʨʦʚʦʜʠʣʦʩʴ ʥʦʨʤʫʚʘʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʜʠʬʫʟʽʾ ʩʠʤʫʣʷʮʽʾ Ὀ  ʥʘ ʨʽʚʥʦʚʘʞʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʘʢʘʥʩʽʡ ὅ  

Ὀ

ὅ

Ὀ

ὅ
          Ὀ

ὅὈ

ὅ
  Ȣ (3.6) 

 

ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʩʘʤʦʜʠʬʫʟʽʾ ʊʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ, ʪʦʙʪʦ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.26. 

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʫ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ, ʚʽʣʴʥʘ ʧʦʚʝʨʭʥʷ ʪʘ ʥʘʥʝʩʝʥʠʡ ʥʘ 

ʥʝʾ ʛʨʘʬʝʥ ʻ ʧʣʦʩʢʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʜʝʬʝʢʪʘʤʠ ʜʣʷ ʽʜʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʫ, ʷʢʽ 

ʦʙʫʤʦʚʣʶʶʪʴ ʩʪʨʫʢʪʫʨʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʤʝʪʘʣʽʚ. 

1.6

1.8

2

2.2

2.4

100 300 500 700 900 1100

ɽ
ʥ
ʝ
ʨ
ʛ
ʽ
ʷ
 
ʫ
ʪ
ʚ
ʦ
ʨ
ʝ
ʥ
ʥ
ʷ
,
 
ʝ
ɺ

 

ʊʝʤʧʝʨʘʪʫʨʘ, ʂ 

ɺʘʢʘʥʩʽʾ 

ʄʽʞʚʫʟʝʣʴʥʽ ʘʪʦʤʠ 



114 

ʅʘʧʨʫʞʝʥʥʷ ʚ ʮʠʭ ʰʘʨʘʭ ʧʨʦʧʦʨʮʽʡʥʽ ʩʪʫʧʝʥʶ ʩʪʨʫʢʪʫʨʥʦʾ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʽ 

ʟʤʽʥʶʶʪʴʩʷ ʧʦ ʛʣʠʙʠʥʽ ʚʽʜ ʧʦʚʝʨʭʥʽ. ʊʝʥʟʦʨ ʮʠʭ ʥʘʧʨʫʞʝʥʴ ʚʠʟʥʘʯʝʥʠʡ ʦʢʨʝʤʦ 

ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. ʇʨʠʧʫʩʢʘʣʦʩʷ, ʱʦ ʚʠʥʠʢʥʝʥʥʷ ʥʘʧʨʫʞʝʥʴ 

ʟʤʽʥʶʻ ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ʰʘʨʽʚ, ʟʦʢʨʝʤʘ ʜʠʬʫʟʽʡʥʽ ʽ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʮʴʦʛʦ 

ʬʘʢʪʫ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚ ʚʨʘʭʦʚʫʚʘʚʩʷ ʧʝʚʥʠʡ ʨʽʚʝʥʴ 

ʥʘʧʨʫʞʝʥʴ. 

ɿʘ ʥʘʷʚʥʦʩʪʽ ʫ ʤʦʜʝʣʴʥʽʡ ʩʠʩʪʝʤʽ ʥʘʧʨʫʞʝʥʴ, ʧʝʨʰ ʟʘ ʚʩʝ, ʟʤʽʥʶʻʪʴʩʷ 

ʝʥʝʨʛʽʷ ʫʪʚʦʨʝʥʥʷ ʚʘʢʘʥʩʽʡ. ʇʨʠʯʦʤʫ ʮʽ ʟʤʽʥʠ ʚʽʜʥʦʩʥʦ ʥʝʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ 

ʙʫʣʠ ʥʝ ʩʠʤʝʪʨʠʯʥʽ ʜʣʷ ʥʘʧʨʫʞʝʥʴ ʨʽʟʥʦʛʦ ʟʥʘʢʫ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʚʽʜ'ʻʤʥʠʭ 

ʥʘʧʨʫʞʝʥʴ (ʨʦʟʪʷʛ) ʝʥʝʨʛʽʷ ʫʪʚʦʨʝʥʥʷ ʚʘʢʘʥʩʽʡ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʝ ʪʘʢ ʩʫʪʪʻʚʦ 

(ͯ πȟρ πȟς ̆ )ˏ, ʥʽʞ ʟʘ ʥʘʷʚʥʦʩʪʽ ʪʘʢʠʭ ʩʘʤʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʦʪʠʣʝʞʥʦʛʦ 

ʟʥʘʢʫ (ʩʪʠʩʢ) (ͯ πȟσ πȟυ ̆ )ˏ (ʨʠʩ. 3.27). 

 

 

ʈʠʩʫʥʦʢ 3.26 ï ʂʦʝʬʽʮʽʻʥʪʠ ʩʘʤʦʜʠʬʫʟʽʾ ʊʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ ɸʨʝʥʽʫʩʘ 

 

ɺʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʟʤʽʥʶʻʪʴʩʷ ʽ ʨʽʚʥʦʚʘʞʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʘʢʘʥʩʽʡ 

(ʨʠʩ. 3.28). ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘ ʪʠʩʢʫ ʚ 100 ʄʇʘ, ʨʽʚʥʦʚʘʞʥʘ 
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ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʘʢʘʥʩʽʡ ʜʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʶ, ʷʢʝ ʚ ʩʠʩʪʝʤʽ ʙʝʟ ʥʘʧʨʫʞʝʥʴ 

ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ 1100 ʂ. 

ɿʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʬʫʟʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʦʜʘʪʢʦʚʦ ʧʨʠʢʣʘʜʝʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʽ ʥʘ (ʨʠʩ. 3.29). ʈʽʚʝʥʴ ʥʘʧʨʫʞʝʥʴ ʪʘ ʾʭ ʟʥʘʢ, ʷʢ 

ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʽʰʝ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʦʨʽʻʥʪʘʮʽʡ ʧʦʚʝʨʭʥʽ 

ʤʝʪʘʣʫ ʪʘ ʛʨʘʬʝʥʫ, ʘ ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʠ. ʆʩʢʽʣʴʢʠ ʮʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʠʬʫʟʽʡʥʫ ʨʫʭʣʠʚʽʩʪʴ ʘʪʦʤʽʚ ʤʝʪʘʣʫ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ, ʪʦ 

ʧʨʝʜʩʪʘʚʣʷʣʦ ʽʥʪʝʨʝʩ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʘʥʽʟʦʪʨʦʧʽʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʬʫʟʽʾ ʜʣʷ 

ʨʽʟʥʠʭ ʛʨʘʥʝʡ ʊʽ (0001), (1120), (1100) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʟʥʠʭ ʟʘ ʟʥʘʯʝʥʥʷʤ 

ʩʢʣʘʜʦʚʠʭ ʪʝʥʟʦʨʫ ʥʘʧʨʫʞʝʥʴ. ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʟ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʽʢʽʚ (ʨʠʩ. 

3.29). ʗʢ ʙʘʯʠʤʦ ʩʪʠʩʢʘʶʯʽ ʥʘʧʨʫʞʝʥʥʷ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʶʪʴ ʢʦʝʬʽʮʽʻʥʪʠ 

ʜʠʬʫʟʽʾ. 

 

 

ʈʠʩʫʥʦʢ 3.27 ï ɿʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʫʪʚʦʨʝʥʥʷ ʚʘʢʘʥʩʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʘ 

ʜʦʜʘʪʥʠʭ ʪʘ ʟʘ ʚʽʜôʻʤʥʠʭ ʥʘʧʨʫʞʝʥʴ 
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ʈʠʩʫʥʦʢ 3.28 ï ɿʘʣʝʞʥʽʩʪʴ ʨʽʚʥʦʚʘʞʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʢʘʥʩʽʡ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʟʘ ʜʦʜʘʪʥʠʭ ʪʘ ʟʘ ʚʽʜôʻʤʥʠʭ ʥʘʧʨʫʞʝʥʴ  

 

ʈʠʩʫʥʦʢ 3.29 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʜʠʬʫʟʽʾ ʟʘ ʚʘʢʘʥʩʽʡʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʟʘ ʜʦʜʘʪʥʠʭ ʪʘ ʟʘ ʚʽʜôʻʤʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ɸʨʝʥʽʫʩʘ  
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3.6 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

1. ʄʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʽʚ 

ʨʝʣʘʢʩʘʮʽʾ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ Fe, Pt, Ti ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʧʦʚʝʨʭʥʽ (ʛʨʘʥʽ (001), (011), (111) ï ʜʣʷ ʆʎʂ Fe ̔ 

ɻʎʂ Pt, ʪʘ ʛʨʘʥʽ (0001), (1"1"  ←00), (11"2"  ←0) ï ʜʣʷ ɻʑʇ Ti) ʜʦ ʪʘ ʧʽʩʣʷ 

ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ ʽʟ ʚʘʨʽʶʚʘʥʥʷʤ ʢʫʪʘ ʩʧʨʷʞʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʨʘʪʦʢ 

ʛʨʘʬʝʥʫ ʪʘ ʤʝʪʘʣʫ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ 300 ʂ ʽ 400 ʂ;  

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʦʣʷʛʘʶʪʴ ʚ ʥʘʩʪʫʧʥʦʤʫ:  

ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʪʷʛ ʛʨʘʬʝʥʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 3 % ʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ 

ʛʨʘʥʽ (111) Fe ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 400 ʂ;  

ï ʥʘʷʚʥʽʩʪʴ ʛʨʘʬʝʥʫ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʽʚ ʥʝ ʟʤʽʥʶʻ ʛʣʠʙʠʥʠ ʧʦʚʝʨʭʥʝʚʦʾ 

ʨʝʣʘʢʩʘʮʽʾ; ʧʨʠ ʮʴʦʤʫ ʚʽʜʭʠʣʝʥʥʷ ʟʥʘʯʝʥʴ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ ʚ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʚʽʜ ʨʽʚʥʦʚʘʞʥʠʭ ʚ ʦʙôʻʤʽ ʟʙʽʣʴʰʫʶʪʴʩʷ ʜʣʷ Fe ʪʘ Ti ï ʜʦ 15 

%, ʜʣʷ Pt ï ʜʦ 12,5 %; 

ï ʣʠʰʝ ʜʣʷ ʚʠʧʘʜʢʽʚ ʥʘʡʤʝʥʰ ʱʽʣʴʥʦ ʩʧʘʢʦʚʘʥʠʭ ʧʣʦʱʠʥ ʤʝʪʘʣʽʚ ʚ 

ʩʠʩʪʝʤʘʭ "ʤʝʪʘʣ-ʛʨʘʬʝʥ" ʚʩʪʘʥʦʚʣʝʥʦ ʝʬʝʢʪʠ ʧʦʚʝʨʭʥʝʚʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʚʧʣʠʚ ʥʘ ʥʠʭ ʪʝʤʧʝʨʘʪʫʨʠ: ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʘʤ ʩʪʨʫʢʪʫʨʥʦʾ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʜʘʶʪʴʩʷ ʙʽʣʴʰʽ ʧʨʠʧʦʚʝʨʭʥʝʚʽ ʦʙʣʘʩʪʽ (ʧʽʜ ʜʽʻʶ ʛʨʘʬʝʥʫ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 300 ʂ ʤʘʻ ʤʽʩʮʝ ʯʘʩʪʢʦʚʘ ʨʝʢʦʥʩʪʨʫʢʮʽʷ (ʜʦ 37 %) ʧʝʨʰʦʛʦ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ï ʚʠʢʣʶʯʥʦ ʜʣʷ ʥʘʡʤʝʥʰ ʱʽʣʴʥʦ ʩʧʘʢʦʚʘʥʦʾ ʛʨʘʥʽ (1120) Ti, 

ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 400 ʂ ʯʘʩʪʢʘ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʦʾ ʦʙʣʘʩʪʽ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 50 %); 

ï ʯʘʩʪʢʦʚʘ (º3 %) ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʰʘʨʫ ʛʨʘʬʝʥʫ (ʙʝʟ ʚʪʨʘʪʠ ʡʦʛʦ 

ʩʫʮʽʣʴʥʦʩʪʽ) ʧʨʦʷʚʣʷʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʜʣʷ ʥʘʡʤʝʥʰ ʱʽʣʴʥʦ ʩʧʘʢʦʚʘʥʦʾ ʛʨʘʥʽ 

(011) Pt, ʯʘʩʪʢʘ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʦʾ ʦʙʣʘʩʪʽ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 400 ʂ 

ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,1 %, ʧʨʠ ʮʴʦʤʫ ʚ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʛʨʘʬʝʥʫ ʩʘʤʝ ʥʘ ʮʽʡ ʛʨʘʥʽ ʩʪʘʻ ʥʘʷʚʥʦʶ ʥʝʭʘʨʘʢʪʝʨʥʘ 

ʤʽʞʘʪʦʤʥʘ ʚʽʜʩʪʘʥʴ 2,05 ¡; 
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ï ʟʘʛʘʣʴʥʘ ʯʘʩʪʢʘ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʠʭ ʦʙʣʘʩʪʝʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʱʽʣʴʥʽʩʪʶ 

ʧʘʢʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʽ ʩʪʫʧʝʥʝʤ ʩʧʽʚʧʘʜʽʥʥʷ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʛʨʘʬʝʥʫ ʪʘ ʧʦʚʝʨʭʥʝʚʠʭ ʧʣʦʱʠʥ ʤʝʪʘʣʽʚ: ʯʠʤ ʤʝʥʰʦʶ ʻ ʱʽʣʴʥʽʩʪʴ 

ʧʘʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʧʣʦʱʠʥʠ ʤʝʪʘʣʫ, ʪʠʤ ʙʽʣʴʰʦʶ ʩʪʘʻ ʯʘʩʪʢʘ 

ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʠʭ ʦʙʣʘʩʪʝʡ. 

2. ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʤʝʥʪʽʚ 

ʤʽʢʨʦ- ʪʘ ʥʘʥʦʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʜʣʷ ʤʝʞ ʨʦʟʜʽʣʫ "ʛʨʘʬʝʥ-ʤʝʪʘʣ" 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʩʪʫʧʥʽ ʢʨʠʪʝʨʽʾ ʚʠʙʦʨʫ ʤʝʪʘʣʫ ʽ ʢʨʠʩʪʘʣʦʛʨʘʬʽʾ ʡʦʛʦ ʧʦʚʝʨʭʥʽ 

ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʛʨʘʬʝʥʫ: 1) ʤʘʢʩʠʤʘʣʴʥʝ ʩʧʽʚʧʘʜʽʥʥʷ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʥʝʚʦʾ ʛʨʘʥʽ ʤʝʪʘʣʫ ʪʘ ʛʨʘʬʝʥʫ (ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʦʩʦʚʥʦ 

ʩʪʨʫʢʪʫʨʥʦʾ ʪʘ ʪʝʨʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʦʜʝʨʞʘʥʽ ʜʣʷ ʥʘʡʙʽʣʴʰ ʱʽʣʴʥʦ 

ʩʧʘʢʦʚʘʥʠʭ ʤʝʪʘʣʝʚʠʭ ʛʨʘʥʝʡ ʟ ʛʝʢʩʘʛʦʥʘʣʴʥʦʶ ʩʠʤʝʪʨʽʻʶ); 2) ʷʢʱʦ ʧʘʨʘʤʝʪʨʠ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʨʘʪʦʢ ʛʨʘʬʝʥʫ ʪʘ ʤʝʪʘʣʫ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʧʝʨʝʚʘʛʫ ʩʣʽʜ 

ʥʘʜʘʚʘʪʠ ʛʨʘʥʷʤ ʽʟ ʤʝʥʰʦʶ ʱʽʣʴʥʽʩʪʶ ʧʘʢʫʚʘʥʥʷ (ʚʨʘʭʦʚʫʻʪʴʩʷ, ʱʦ ʧʽʜ ʜʽʻʶ 

ʛʨʘʬʝʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ ʟ ʨʝʣʘʢʩʘʮʽʻʶ ʥʘʧʨʫʞʝʥʴ). 
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ʈʆɿɼɯʃ 4 ʊʝʨʤʦʽʥʜʫʢʦʚʘʥʽ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʤʝʞʘʭ 

ʨʦʟʜʽʣʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʠʩʪʝʤ "ʤʝʪʘʣ-ʢʨʝʤʥʽʡ"  

4.1 ʊʝʦʨʝʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʦʧʠʩʫ ʜʠʬʫʟʽʡʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʘʥʩʘʤʙʣʶ 

ʚʢʣʶʯʝʥʴ ʥʦʚʦʾ ʬʘʟʠ ʨʽʟʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ (ʢʦʥʪʠʥʫʘʣʴʥʠʡ ʧʽʜʭʽʜ) 

4.1.1 ʇʦʩʪʘʥʦʚʢʘ ʥʦʚʠʭ ʜʠʬʫʟʽʡʥʠʭ ʟʘʜʘʯ ʤʝʪʘʣʦʟʥʘʚʩʪʚʘ 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʥʦʚʠʭ ʟʘʜʘʯ ʜʠʬʫʟʽʾ ʫ ʩʫʯʘʩʥʦʤʫ 

ʤʝʪʘʣʦʟʥʘʚʩʪʽ ʦʙʫʤʦʚʣʝʥʘ ʥʘʩʪʫʧʥʠʤ.  

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʦʙô̒ ʢʪʠʚʥʠʭ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʧʽʜʭʦʜʽʚ ʩʫʯʘʩʥʦʛʦ 

ʤʝʪʘʣʦʟʥʘʚʩʪʚʘ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦ ʚʠʚʯʝʥʥʷ, 

ʨʦʟʨʦʙʢʠ ʽ ʩʪʚʦʨʝʥʥʷ ʘʢʪʫʘʣʴʥʠʭ ʥʦʚʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʝʪʘʣʝʚʠʭ ʢʦʤʧʦʟʠʮʡ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʮʽʣʦʛʦ ʨʷʜʫ ʚʘʞʣʠʚʠʭ 

ʥʘʫʢʦʚʠʭ ʟʘʜʘʯ ʪʝʦʨʝʪʠʯʥʦʛʦ ʽ ʧʨʠʢʣʘʜʥʦʛʦ ʭʘʨʘʢʪʝʨʫ.  

ʉʝʨʝʜ ʮʠʭ ʪʝʥʜʝʥʮʽʡ ï ʦʨʽʻʥʪʘʮʽʷ ʥʘ ʩʪʚʦʨʝʥʥʷ ʤʝʪʘʣʦʟʥʘʚʯʠʭ ʦʩʥʦʚ 

çʢʦʥʩʪʨʫʶʚʘʥʥʷè ï ʥʘʧʝʨʝʜ ʟʘʜʘʥʦʛʦ, ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʩʢʣʘʜʫ 

(ʭʽʤʽʯʥʦʛʦ ʪʘ ʬʘʟʦʚʦʛʦ) ʽ ʩʪʨʫʢʪʫʨʠ (ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ, ʜʝʬʝʢʪʥʦʾ, ʝʣʝʢʪʨʦʥʥʦ-

ʝʥʝʨʛʝʪʠʯʥʦʾ) ʟ ʤʝʪʦʶ ʜʦʩʷʛʥʝʥʥʷ ʥʦʚʠʭ ʥʝʦʙʭʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʉʫʯʘʩʥʽ ʤʽʢʨʦ- ʽ ʥʘʥʦʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ ʚʠʤʘʛʘʶʪʴ ʚʩʝ ʥʦʚʠʭ ʽ ʥʦʚʠʭ 

ʧʦʻʜʥʘʥʴ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʪʝʭʥʽʯʥʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʦʥʢʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ, ʱʦ ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʽʣʴʢʠ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. çʂʦʥʩʪʨʫʶʚʘʥʥʷè ʚ ʜʘʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ï ʮʝ 

ʧʦʩʠʣʝʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʩʪʽ, ʫʩʢʣʘʜʥʝʥʥʷ ʩʢʣʘʜʫ ʰʘʨʫʚʘʪʠʭ ʢʦʤʧʦʟʠʮʽʡ, 

ʥʝʪʨʘʜʠʮʽʡʥʝ ʧʦʻʜʥʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʝʤʝʪʘʣʝʚʠʤʠ. ʆʩʥʦʚʥʽ ʪʠʧʠ 

ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʤʝʪʘʣʝʚʠʭ ʩʠʩʪʝʤ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʴʦʛʦʜʥʽ, ï ʮʝ 

ʙʘʛʘʪʦʰʘʨʦʚʽ ʽ ʢʚʘʟʽʙʘʛʘʪʦʰʘʨʦʚʽ ʩʠʩʪʝʤʠ, ʢʦʤʧʦʟʠʮʽʾ ʟ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʦʶ 

ʬʘʟʦʚʦʶ ʪʘ (ʘʙʦ) ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʟʘ ʦʙô̒ ʤʦʤ, ʫ ʪʦʤʫ ʯʠʩʣʽ ï ʚ 

ʛʨʘʥʠʮʷʭ ʦʜʥʦʛʦ ʟʝʨʥʘ, ʪʝʢʩʪʫʨʦʚʘʥʽ, ʝʧʽʪʘʢʩʽʡʥʽ, ʦʩʪʨʽʚʮʝʚʽ, ʛʨʘʥʫʣʴʦʚʘʥʽ 

ʧʣʽʚʢʠ ʪʘ ʽʥʰʽ ʩʧʝʮʽʘʣʴʥʽ ʪʦʥʢʦʧʣʽʚʢʦʚʽ ʦʙô̒ ʢʪʠ ʩʢʣʘʜʥʦʛʦ ʩʢʣʘʜʫ.  

ʑʝ ʦʜʥʽʻʶ ʪʝʥʜʝʥʮʽʻʶ ʻ ʧʝʨʝʭʽʜ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʦʢ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 
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ʥʘ ʚʩʝ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʽʥʪʝʛʨʘʮʽʾ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ ʧʨʠʣʘʜʽʚ 

ʪʘ ʧʨʠʩʪʨʦʾʚ ï ʥʘ ʨʽʚʝʥʴ ʥʘʥʦ-, ʩʫʙʥʘʥʦʤʘʩʰʪʘʙʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʦʢ.  

ʊʘʢʦʞ ʚʘʨʪʦ ʥʘʟʚʘʪʠ ʧʦʜʘʣʴʰʝ ʫʩʢʣʘʜʥʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʧʨʦʮʝʩʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʥʘʥʦ-, ʩʫʙʥʘʥʦʤʘʩʰʪʘʙʥʠʭ 

ʨʽʚʥʷʭ: ʧʝʨʝʭʽʜ ʜʦʩʣʽʜʞʝʥʴ ʚʘʢʫʫʤʥʦ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʾʭ 

ʦʪʨʠʤʘʥʥʷ ʚ ʦʙʣʘʩʪʴ ʚʠʩʦʢʦʛʦ, ʥʘʜʚʠʩʦʢʦʛʦ ʽ ʫʣʴʪʨʘʚʠʩʦʢʦʛʦ ʚʘʢʫʫʤʫ ʽ 

ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʩʢʣʘʜʫ ʘʪʤʦʩʬʝʨʠ ʚʘʢʫʫʤʥʦʾ ʢʘʤʝʨʠ; ʧʽʜʚʠʱʝʥʥʷ 

ʩʪʫʧʝʥʶ ʢʦʥʪʨʦʣʴʦʚʘʥʦʩʪʽ ʚʩʽʭ ʦʧʝʨʘʮʽʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ, 

ʦʙʨʦʙʢʠ ʪʘ ʧʦʻʜʥʘʥʥʷ ʨʽʟʥʦʨʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʽʭ 

ʦʧʝʨʘʮʽʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʪʘ ʽʥʰʝ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʨʠʚ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʧʣʦʩʢʦʰʘʨʦʚʠʭ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʠʩʪʝʤ ʙʫʚ ʟʘʙʝʟʧʝʯʝʥʠʡ ʨʦʟʚʠʪʢʦʤ ʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ in-

situ ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ çʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʧʦʪʚʦʨʝʥʴè ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʽ ʧʦʧʝʨʝʯʥʠʭ ʟʨʽʟʽʚ. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʮʠʭ ʤʝʪʦʜʠʢ 

ʦʜʝʨʞʘʥʦ ʟʥʘʯʥʠʡ ʤʘʩʠʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʩʪʦʩʦʚʥʦ ʨʦʟʚʠʪʢʫ 

ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ 

ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʩʪʘʥʦʚʣʝʥʽ ʪʦʥʢʽ ʝʬʝʢʪʠ ʩʪʨʫʢʪʫʨʥʠʭ 

ʟʤʽʥ ʽ ʚʘʨʽʘʮʽʡ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦ-ʬʘʟʦʚʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʥʘ ʽʥʪʝʨʬʝʡʩʘʭ, 

ʚʧʣʠʚʫ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʚ ʤʝʪʘʣʝʚʠʭ 

ʧʣʽʚʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʷʭ ʚʥʘʩʣʽʜʦʢ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, ï ʝʬʝʢʪʽʚ, ʷʢʽ ʥʝ ʤʦʛʣʠ 

ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ. 

ɺʩʝ ʮʝ ʦʙʫʤʦʚʣʶʻ ʧʦʩʪʘʥʦʚʢʫ ʪʘ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ, ʫ ʷʢʠʭ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʪʝʥʜʝʥʮʽʾ ʥʝ ʧʨʦʩʪʦ ʟʥʘʭʦʜʷʪʴ ʩʚʦʶ ʨʝʘʣʽʟʘʮʽʶ ʚ ʪʽʡ ʯʠ ʽʥʰʽʡ 

ʤʨ̔ʽ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦʩʷʛʘʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʤʘʪʠ ʧʨʦʨʠʚʥʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʥʦʚʠʭ ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʡ.  

 ʆʩʥʦʚʥʽ ʽʜʝʷ ʮʽʻʾ ʯʘʩʪʠʥʠ ʨʦʙʦʪʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʚô̫ ʟʘʥʥʽ ʟʘʜʘʯʽ 

ʤʦʜʠʬʽʢʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʩʢʣʘʜʫ ʩʫʙʥʘʥʦ- ʪʘ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʙʘʛʘʪʦʰʘʨʦʚʠʭ 
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ʤʝʪʘʣʝʚʠʭ ʢʦʤʧʦʟʠʮʽʡ ʯʝʨʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʷʢ ʪʝʦʨʝʪʠʯʥʠʭ, ʪʘʢ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʥʘʥʦʤʝʪʘʣʦʟʥʘʚʩʪʚʘ ʽ ʪʝʭʥʦʣʦʛʽʡ "ʚʠʧʘʨʦʚʫʚʘʥʥʷ-

ʢʦʥʜʝʥʩʘʮʽʾ" ʨʝʯʦʚʠʥʠ ʚ ʚʠʩʦʢʦʤʫ ʚʘʢʫʫʤʽ. ɿʥʘʯʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ 

ʢʦʤʧôʁ ʪʝʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʶ ʪʘ ʨʦʟʚô̫ ʟʘʥʥʶ ʟʘʜʘʯ ʤʘʩʦʧʝʨʝʥʦʩʫ ʫ ʥʦʚʽʡ 

ʙʽʣʴʰ ʩʢʣʘʜʥʽʡ ʧʦʩʪʘʥʦʚʮʽ, ʘ ʪʘʢʦʞ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ 

ʧʨʘʢʪʠʮʽ.  

ɺʠʟʥʘʯʝʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʦʩʥʦʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʩʪʨʫʢʪʫʨʦ- ʪʘ 

ʬʘʟʦʫʪʚʦʨʝʥʥʷ ʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʚʘʢʫʫʤʥʦ ʢʦʥʜʝʥʩʦʚʘʥʠʭ (ʧʣʽʚʢʦʚʠʭ) 

ʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘʣʘʭ ʤʦʞʫʪʴ ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʨʦʛʥʦʟʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʩʫʤʽʩʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʰʘʨʽʚ, ʚʠʙʦʨʫ ʩʧʦʣʫʯʝʥʴ ʤʘʪʝʨʽʘʣʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʦʧʪʠʤʘʣʴʥʠʭ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ, ʤʽʥʽʤʽʟʘʮʽʾ ʤʦʞʣʠʚʠʭ ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʟʤʽʥ ʪʦʱʦ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʥʦʚʽ ʪʝʦʨʝʪʠʯʥʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʰʚʠʜʢʦʩʪʽ ʤʘʩʦʧʝʨʝʥʦʩʫ ʚ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ, ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʨʝʘʢʮʽʡ ʥʘ ʚʥʫʪʨʽʰʥʽʭ 

ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʪʦʱʦ. 

4.1.2 ɿʘʜʘʯʘ ʤʘʩʦʧʝʨʝʥʦʩʫ ʚ ʧʣʦʩʢʦʰʘʨʦʚʽʡ ʩʠʩʪʝʤʽ ʟ ʦʙʤʝʞʝʥʦʶ 

ʨʦʟʯʠʥʥʽʩʪʶ ʢʦʤʧʦʥʝʥʪʽʚ 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʚ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʷʭ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʤʘʩʦʧʝʨʝʥʦʩʫ ʢʦʤʧʦʥʝʥʪʽʚ ʽʟ ʨʽʟʥʦʶ ʜʠʬʫʟʽʡʥʦʶ ʨʫʭʣʠʚʽʩʪʶ. 

ʅʘʧʨʠʢʣʘʜ, ʚ ʩʠʩʪʝʤʘʭ ʤʝʪʘʣ-ʢʨʝʤʥʽʡ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʩʠʣʽʮʠʜʽʚ ʩʣʽʜ ʟʚʘʞʘʪʠ ʥʘ ʪʝ, ʱʦ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ ʚʽʜʧʘʣʫ ʧʝʨʝʚʘʞʥʦ 

ʤʝʪʘʣ ʜʠʬʫʥʜʫʻ ʚ ʢʨʝʤʥʽʡ. ʆʩʢʽʣʴʢʠ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʤʝʞʽ ʨʦʟʜʽʣʫ ʬʦʨʤʫʻʪʴʩʷ 

ʩʠʣʽʮʠʜ, ʪʦ ʧʽʜ ʯʘʩ ʤʘʪʝʤʘʪʠʯʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʪʘʢʦʾ ʟʘʜʘʯʽ ʧʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʜʘʚʘʪʠ ʦʙʤʝʞʝʥʫ ʨʦʟʯʠʥʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ. ɺʨʘʭʫʚʘʪʠ ʩʫʪʪʻʚʫ ʨʽʟʥʠʮʶ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʬʫʟʽʾ ʤʦʞʥʘ ʟʘ ʫʤʦʚʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʝʯʦʚʠʥʠ ʚ 

ʦʜʥʦʤʫ ʟ ʰʘʨʽʚ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʯʘʩʫ. ʋ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʧʨʘʢʪʠʮʽ ʪʘʢʘ 

ʤʦʜʝʣʴ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʟʨʦʩʪʘʥʥʷ ʥʘ 

ʧʽʜʢʣʘʜʠʥʮʽ ʢʨʝʤʥʽʶ ʤʝʪʘʣʝʚʦʛʦ ʰʘʨʫ ʟ ʨʽʜʢʦʾ ʬʘʟʠ, ʥʘʧʨʠʢʣʘʜ ʧʽʜ ʯʘʩ 
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ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʤʘʨʛʘʥʮʶ ʪʘ ʢʨʝʤʥʽʶ ʥʘ ʧʽʜʢʣʘʜʠʥʢʫ ʤʦʥʦʢʨʠʩʪʘʣʫ Si(001) ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʩʠʣʽʮʠʜʫ Mn4Si7.  

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʚ ʧʣʘʩʪʠʥʫ (ʧʽʜʢʣʘʜʠʥʢʘ) ʪʦʚʱʠʥʠ l ʜʠʬʫʥʜʫʻ 

ʨʝʯʦʚʠʥʘ ʟ ʨʦʟʯʠʥʫ ʘʙʦ ʟ ʰʘʨʫ ʨʝʯʦʚʠʥʠ ʟ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʜʠʬʫʟʽʾ. ʇʣʘʩʪʠʥʘ ʟʘʡʤʘʻ ʦʙʣʘʩʪʴ 0 Ò x Ò l, ʘ ʰʘʨ ʦʙʤʝʞʝʥʠʡ ʟʟʦʚʥʽ ʽ ʟʘʡʤʘʻ 

ʦʙʣʘʩʪʴ ὰ ὼ ὰ Ὤ (ʨʠʩ. 4.1). ʂʦʥʮʝʥʪʨʘʮʽʷ ʜʠʬʫʟʘʥʪʘ ʚ ʰʘʨʽ ʟʘʚʞʜʠ 

ʨʽʚʥʦʤʽʨʥʘ ʽ ʩʧʦʯʘʪʢʫ ʜʦʨʽʚʥʶʻ ʉ, ʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʠʬʫʟʘʥʪʫ ʚ ʧʣʘʩʪʠʥʽ ʫ 

ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

 

 

ʈʠʩʫʥʦʢ 4.1 ï ɼʠʬʫʟʽʷ ʚ ʩʠʩʪʝʤʽ ʟ ʦʙʤʝʞʝʥʦʶ ʨʦʟʯʠʥʥʽʩʪʶ ʢʦʤʧʦʥʝʥʪʽʚ 

 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʣʷ ʪʘʢʦʾ ʜʠʬʫʟʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚ'ʷʟʢʫ ʨʽʚʥʷʥʥʷ ʜʠʬʫʟʽʾ 

Ὀ
‬ὅ

‬ὼ

‬ὅ

‬ὸ
πȟ ὼɴ πȟὰ ȟ ὸ πȟ (4.1) 

ʜʝ Ὀ
Ὀȟ ὼɴ πȟὰȟ
Ὀȟ ὼɴ ὰȟὰ

 ς ʨʦʟʨʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ, ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʷʻ 

ʨʦʟʨʠʚʥʫ ʧʦʯʘʪʢʦʚʫ ʫʤʦʚʫ 

ὅὼȟπ
πȟ ὼ ὰȟ
ὥὅȟ ȿὼȿ ὰȟ

 (4.2) 
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ʜʝ ὥ ρï ʢʦʝʬʽʮʽʻʥʪ ʦʙʤʝʞʝʥʦʾ ʨʦʟʯʠʥʥʦʩʪʽ. ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ 

Ὀ
‬ὅπȟὸ

‬ὼ
πȟ Ὀ

‬ὅὰ ȟὸ

‬ὼ
πȟ ὸ πȟ (4.3) 

ʽ ʫʤʦʚʠ ʩʧʨʷʞʝʥʥʷ 

ὥὅὰ πȟὸ ὅὰ πȟὸȟ Ὀ
‬ὅὰ πȟὸ

‬ὼ
Ὀ
‬ὅὰ πȟὸ

‬ὼ
ȟ ὸ πȢ (4.4) 

 

ʎʷ ʟʘʜʘʯʘ ʽʩʪʦʪʥʦ ʩʧʨʦʱʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʽʤʧʝʜʘʥʩʥʦʾ ʢʨʘʡʦʚʦʾ 

ʫʤʦʚʠ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʦʝʬʽʮʽʻʥʪʠ ʜʠʬʫʟʽʾʾ ʩʫʪʪʻʚʦ ʨʽʟʥʷʪʴʩʷ, ʤʦʞʥʘ 

ʦʙʤʝʞʠʪʠʩʴ ʚʠʟʥʘʯʝʥʥʷʤ ʩʝʨʝʜʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʠʬʫʟʘʥʪʘ ʚ ʰʘʨʽ, 

ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʦʧʝʨʘʪʦʨʦʤ ʫʩʝʨʝʜʥʝʥʥʷ 

ὅὸ
ρ

ὅὼȟὸ‬ὼȟ ὅὸḙὅὰȟὸ ὅὰ ȟὸȢ (4.5) 

 

ʇʨʦʽʥʪʝʛʨʫʻʤʦ ʨʽʚʥʷʥʥʷ (4.1) ʧʦ ʭ ʚʽʜ l ʜʦ l+h. ʊʦʜʽ, ʚʨʘʭʦʚʫʶʯʠ (4.5), ʘ 

ʧʦʪʽʤ ʛʨʘʥʠʯʥʫ ʫʤʦʚʫ (4.3) ʧʨʠ x = l + h ʽ ʫʤʦʚʠ ʩʧʨʷʞʝʥʥʷ (4.4), ʧʦʩʣʽʜʦʚʥʦ 

ʦʪʨʠʤʘʻʤʦ 

Ὀ
‬ὅὼȟὸ

‬ὼ
Ὠὼ

‬

‬ὸ
ὅὼȟὸὨὼ 

Ὀ
‬ὅὰ Ὤȟὸ

‬ὼ
Ὀ
‬ὅὰ πȟὸ

‬ὼ
Ὤ
Ὠὅὸ

Ὠὸ
 

Ὀ
‬ὅὰ πȟὸ

‬ὼ
Ὤ
Ὠὅὰ πȟὸ

Ὠὸ
πȢ 

 

ɿʚʽʜʩʠ ʦʪʨʠʤʫʻʤʦ ʢʨʘʡʦʚʫ ʫʤʦʚʫ ʟ ʧʦʭʽʜʥʦʶ ʟʘ ʯʘʩʦʤ 

Ὤ
‬ὅὰȟὸ

‬ὸ
Ὀ
‬ὅὰȟὸ

‬ὼ
ȟ 

ʷʢʘ ʻ ʽʤʧʝʥʜʘʩʥʦʶ ʢʨʘʡʦʚʦʶ ʫʤʦʚʦʶ. ɯʤʧʝʜʘʥʩʥʘ ʢʨʘʡʦʚʘ ʫʤʦʚʘ ʚ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʩʠʤʚʦʣʘʭ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʰʚʠʜʢʽʩʪʴ, ʟ ʷʢʦʶ ʜʠʬʫʟʘʥʪ 

ʟʘʣʠʰʘʻ ʰʘʨ, ʜʦʨʽʚʥʶʻ ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʧʣʘʩʪʠʥʫ ʯʝʨʝʟ 

ʧʦʚʝʨʭʥʶ ὼ ὰȢ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʠʬʫʟʘʥʪʫ ʚ ʧʣʘʩʪʠʥʽ ʟʚʦʜʠʪʴʩʷ 

ʜʦ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚ'ʷʟʢʫ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʟ ʽʤʧʝʜʘʥʩʥʦʶ ʢʨʘʡʦʚʦʶ 

ʫʤʦʚʦʶ 

Ὀ
‬ὅ

‬ὼ

‬ὅ

‬ὸ
πȟ ὼɴ πȟὰȟ ὸ πȟ 

ὅὼȟπ πȟ ὼɴ πȟὰȟ ὅὼȟπ ὥὅȟ ὼ ὰȟ 

‬ὅπȟὸ

‬ὼ
πȟ

‬ὅὸ

‬ὸ
Ὀ
‬ὅὰȟὸ

‬ὼ
ȟ ὸ πȢ 

(4.6) 

 

ɼʝʪʘʣʴʥʝ ʨʦʟʚ'ʷʟʘʥʥʷ ʮʽʻʾ ʜʠʬʫʟʽʡʥʦʾ ʟʘʜʘʯʽ ʥʘʚʝʜʝʥʦ ʥʘʤʠ ʚ ʨʦʙʦʪʽ [217]. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʷʜʫ ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʠʡ ʨʦʟʚ'ʷʟʦʢ 

ὅὼȟὸ
ὅὥ

ρ
ςὰὅὥ

ὧέί‘
ὼ
ὰ

ÃÏÓ‘ ὰ ὰ ‘

Ð

ẗὩὼὴ
‘Ὀ

ὰ
ὸȟ (4.7) 

ʜʝ ‘ ï ʢʦʨʝʥʽ ʨʽʚʥʷʥʥʷ 

ὰίὭὲ‘ Ὤ‘ὧέί‘ πȟ tg‘
Ὤ‘

ὰ
Ȣ 

 

ɼʣʷ ʧʦʪʦʢʫ ʜʠʬʫʥʜʫʶʯʦʾ ʚ ʧʣʘʩʪʠʥʫ ʨʝʯʦʚʠʥʠ ʦʜʝʨʞʘʥʦ ʚʠʨʘʟ 

Ὂὸ
‬ὅὰȟὸ

‬ὼ
ςὅὥὈ

‘ÔÇ‘

ὰ ὰ ‘
ẗὩὼὴ

‘Ὀ

ὰ
ὸ

Ð

ȟ (4.8) 

ʘ ʜʣʷ ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥʠ ὓὸȟ ʷʢʘ ʧʨʦʜʠʬʫʥʜʫʚʘʣʘ ʚ ʧʣʘʩʪʠʥʫ ʟʘ ʯʘʩ ὸ ï 

ὓὸ ςὅὥὰ
‘ÔÇ‘

ὰ ὰ ‘
ẗὩὼὴ

‘Ὀὸ

ὰ
ρ

Ð

Ȣ (4.9) 

 

ʂʦʤʧ'ʶʪʝʨʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʚôʷʟʢʽʚ (4.7ï4.9) ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʪʠ ʤʦʜʝʣʴʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ 

ʜʠʬʫʟʘʥʪʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʧʣʘʩʪʠʥʫ ʧʽʜ ʯʘʩ ʦʩʘʜʞʝʥʥʷ ʤʝʪʘʣʝʚʦʛʦ ʰʘʨʫ, ʚ 

ʜʦʚʽʣʴʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ; ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʧʨʦʥʠʢʥʝʥʥʷ ʜʠʬʫʟʘʥʪʫ ʟʘ 

ʫʤʦʚ ʦʙʤʝʞʝʥʦʾ ʪʘ ʥʝʦʙʤʝʞʝʥʦʾ ʡʦʛʦ ʨʦʟʯʠʥʥʦʩʪʽ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʤʘʪʝʨʽʘʣʽ; 

ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʜʠʬʫʥʜʫʶʯʦʾ ʨʝʯʦʚʠʥʠ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʚʽʜʧʘʣʫ. 



125 

ɺʨʘʭʫʚʘʥʥʷ ʬʘʢʪʦʨʫ ʦʙʤʝʞʝʥʦʾ ʨʦʟʯʠʥʥʦʩʪʽ ʻ ʩʫʪʪʻʚʦʶ ʧʝʨʝʚʘʛʦʶ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʜʠʬʫʟʽʡʥʠʭ ʩʠʩʪʝʤ, ʜʣʷ ʷʢʠʭ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ. ʇʨʠ ʮʴʦʤʫ ʢʨʽʤ ʢʦʝʬʽʮʽʻʥʪʫ ʦʙʤʝʞʝʥʦʾ 

ʨʦʟʯʠʥʥʦʩʪʽ ʚʘʨʴʶʶʪʴʩʷ ʪʘʢʦʞ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ: ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ 

ʨʝʯʦʚʠʥʠ ʚ ʧʣʘʩʪʠʥʽ (D), ʪʦʚʱʠʥʫ ʤʝʪʘʣʝʚʦʛʦ ʰʘʨʫ ʪʘ ʧʽʜʢʣʘʜʠʥʢʠ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʾ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ. 

ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʥʘ ʨʠʩ. 4.2, 4.3 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʜʝʷʢʠʭ ʟʥʘʯʝʥʴ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

 

 

 

ʈʠʩʫʥʦʢ 4.2 ï ʈʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʠʬʫʟʘʥʪʫ ʚ ʧʣʘʩʪʠʥʽ ʟʘ ʥʘʩʪʫʧʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ: D = 10
-7
 ʩʤ

2
/ʩ, l = 0,1 ʩʤ, h = 0,5 ʩʤ, ʢʦʝʬʽʮʽʻʥʪʘʭ ʦʙʤʝʞʝʥʦʾ 

ʨʦʟʯʠʥʥʦʩʪʽ a = 0,95 (ïïï) ʪʘ a = 0,7 (ï  ï); ʯʠʩʣʘ ʥʘ ʢʨʠʚʠʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʯʘʩʫ ʚʽʜʧʘʣʫ (1, 2 ï 0,25 ʛʦʜ.; 3, 4 ï 3 ʛʦʜ.; 5, 6 ï 6 ʛʦʜ.; 7, 8 ï 12 ʛʦʜ.) 
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ʈʠʩʫʥʦʢ 4.3 ï ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥʠ, ʷʢʘ ʧʨʦʜʠʬʫʥʜʫʚʘʣʘ ʚ 

ʧʣʘʩʪʠʥʫ ʚʽʜ ʯʘʩʫ, ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʧʘʨʘʤʝʪʨʽʚ D = 10
-7
 ʩʤ

2
/ʩ, l = 0,1 ʩʤ, 

h = 0,5 ʩʤ; ʯʠʩʣʘ ʥʘ ʢʨʠʚʠʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʝʥʪʫ 

ʦʙʤʝʞʝʥʦʾ ʨʦʟʯʠʥʥʦʩʪʽ (1 ï a = 1; 2 ï a = 0,8; 3 ï a = 0,6; 4 ï a = 0,4; 5 ï a = 0,2) 

 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʜʠʬʫʟʘʥʪʫ ʚ ʤʝʪʘʣʝʚʦʤʫ ʰʘʨʽ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 

ʜʦʨʽʚʥʶʻ ʉ0 = 1 ʽ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ ʢʦʥʪʘʢʪʫʶʯʠʭ 

ʬʘʟ x = l ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ a, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʚʠʙʠʨʘʻʪʴʩʷ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʜʽʘʛʨʘʤʠ ʬʘʟʦʚʦʾ ʨʽʚʥʦʚʘʛʠ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʜʠʬʫʟʘʥʪʫ ʚ ʰʘʨʽ 

ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʯʘʩʦʤ, ʘʣʝ ʟʘʚʞʜʠ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʦʶ ʚʝʣʠʯʠʥʦʶ ʫ 

ʚʩʽʭ ʪʦʯʢʘʭ x > l. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʥʘ ʨʠʩ. 4.2 ʥʘʚʝʜʝʥʦ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʪʽʣʴʢʠ ʜʣʷ ʧʣʘʩʪʠʥʠ, ʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʠʬʫʟʘʥʪʫ ʚ ʰʘʨʽ ʚʽʜʧʦʚʽʜʘʻ 

ʟʥʘʯʝʥʥʶ C/C0 ʧʨʠ x = l ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ a. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʜʠʬʫʟʘʥʪʫ ʷʢ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ, ʪʘʢ ʽ ʚ ʦʙôʻʤʽ ʧʽʜʢʣʘʜʢʠ ʟʘ ʚʽʜʦʤʠʤ ʟʥʘʯʝʥʥʷʤ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʤʝʪʘʣʝʚʦʤʫ ʰʘʨʽ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ  ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʠʣʽʮʠʜʽʚ. 

ʊʦʙʪʦ ʤʦʞʥʘ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʧʣʠʚ ʪʨʠʚʘʣʦʩʪʽ ʦʙʨʦʙʢʠ ʟʘ ʧʝʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

ʛʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥʥʷ ʘʪʦʤʽʚ ʤʝʪʘʣʫ ʚ ʢʨʝʤʥʽʡ. 
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ʂʨʽʤ ʪʦʛʦ, ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʨʝʯʦʚʠʥʠ, ʱʦ ʜʠʬʫʥʜʫʻ, ʟʘ 

ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ. ɼʘʥʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.3 ʩʚʽʜʯʘʪʴ, ʱʦ ʮʷ ʚʝʣʠʯʠʥʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʶ ʚʟʘʻʤʥʦʾ ʨʦʟʯʠʥʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ. ʊʘʢ 

ʧʨʠ ʟʥʘʯʝʥʥʽ ʘ = 0,8 ʢʽʣʴʢʽʩʪʴ ʨʝʯʦʚʠʥʠ, ʱʦ ʧʨʦʥʠʢʘʻ ʚ ʧʣʘʩʪʠʥʫ ʪʦʚʱʠʥʦʶ 

0,1 ʩʤ ʟʘ 40 ʛʦʜʠʥ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 13 % ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ, ʘ ʧʨʠ ʘ = 0,4 ï 6 %. 

ɿʘ ʜʘʥʠʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʨʽʰʫʻʪʴʩʷ ʽ ʦʙʝʨʥʝʥʘ ʟʘʜʘʯʘ. ʗʢʱʦ ʚʽʜʦʤʦ ʷʢʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʠʬʫʟʘʥʪʫ ʥʝʦʙʭʽʜʥʦ ʜʦʩʷʛʥʫʪʠ ʫ ʤʘʪʝʨʽʘʣʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʧʝʚʥʦʾ ʩʧʦʣʫʢʠ, ʪʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚʽʜʧʦʚʽʜʥʫ ʤʝʞʫ ʨʦʟʯʠʥʥʦʩʪʽ ʽ ʪʠʤ ʩʘʤʠʤ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʽʜʧʘʣʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʦʜʝʨʞʘʥʽ ʨʦʟʚôʷʟʢʠ ʜʠʬʫʟʽʡʥʦʾ ʟʘʜʘʯʽ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʚʠʷʚʣʝʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʘʩʦʧʝʨʝʥʦʩʫ ʨʝʯʦʚʠʥʠ ʚ ʧʽʜʢʣʘʜʢʫ ʘʙʦ ʟ ʨʽʜʢʦʾ ʬʘʟʠ ʧʽʜ ʯʘʩ 

ʦʩʘʜʞʝʥʥʷ ʤʝʪʘʣʝʚʦʛʦ ʰʘʨʫ, ʘʙʦ ʟ ʰʘʨʫ ʤʝʪʘʣʫ, ʷʢʠʡ ʤʘʻ ʦʙʤʝʞʝʥʫ 

ʨʦʟʯʠʥʥʽʩʪʴ ʟ ʤʘʪʝʨʽʘʣʦʤ ʧʽʜʢʣʘʜʠʥʢʠ ʪʘ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʧʽʜ ʯʘʩ 

ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ. ʎʝ ʩʪʚʦʨʶʻ ʨʝʘʣʴʥʫ ʧʝʨʩʧʝʢʪʠʚʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʰʚʠʜʢʦʩʪʽ ʜʠʬʫʟʽʡʥʦʛʦ ʧʦʪʦʢʫ ʨʝʯʦʚʠʥʠ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʜʠʬʫʟʽʡʥʠʭ ʩʠʣʽʮʠʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

4.1.3 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʘʥʩʘʤʙʣʶ ʚʢʣʶʯʝʥʴ ʥʦʚʦʾ ʬʘʟʠ  

ʊʝʨʤʦʽʥʜʫʢʦʚʘʥʽ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʠʩʪʝʤ ᾴʤʝʪʘʣ-ʢʨʝʤʥʽʡᾴ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʴ ʥʝ ʪʽʣʴʢʠ ʟ 

ʬʦʨʤʫʚʘʥʥʷʤ ʧʣʘʥʘʨʥʦʛʦ ʩʠʣʽʮʠʜʥʦʛʦ ʰʘʨʫ, ʘ ʽ ʚʢʣʶʯʝʥʴ ʥʦʚʦʾ ʩʠʣʽʮʠʜʥʦʾ 

ʬʘʟʠ ʨʽʟʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ. ʄʦʨʬʦʣʦʛʽʷ ʪʘʢʠʭ ʚʢʣʶʯʝʥʴ ʧʦʩʪʫʧʦʚʦ 

ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʫ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʽ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʧʨʦʮʝʩ 

ʟʘʚʝʨʰʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʩʫʮʽʣʴʥʦʛʦ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʰʘʨʫ ʩʠʣʽʮʠʜʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʠʪʠ ʜʝʪʘʣʽ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ, ʪʦʤʫ 

ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʘʣʝ ʥʝʦʙʭʽʜʥʶ 

ʫʤʦʚʦʶ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʝʢʚʘʪʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʥʝʣʽʥʽʡʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. ɿʘʟʚʠʯʘʡ ʧʽʜ ʯʘʩ ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʦʟʛʣʷʜʫ ʧʨʦʮʝʩʫ 

ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʾ ʬʘʟʠ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʚʢʣʶʯʝʥʥʷ ʮʽʻʾ ʬʘʟʠ ʻ ʥʝʟʘʣʝʞʥʠʤʠ ʽ 



128 

ʟʨʦʩʪʘʶʪʴ ʚ ʥʝʦʙʤʝʞʝʥʽʡ ʦʙʣʘʩʪʽ ʟʘ ʟʘʢʦʥʦʤ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʝʥʷ ʟ ʯʘʩʫ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʾʭ ʨʦʟʤʽʨ ʥʝ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʊʘʢʝ ʧʨʠʧʫʱʝʥʥʷ 

ʜʦʙʨʝ ʩʧʨʘʮʴʦʚʫʻ ʜʣʷ ʤʘʩʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘʣʝ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʣʴʥʽʡ ʩʠʪʫʘʮʽʾ 

ʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʰʘʨʫʚʘʪʠʭ ʩʠʩʪʝʤʘʭ, ʟʦʢʨʝʤʘ ʽ ʪʘʢʠʭ ʷʢ ᾴʤʝʪʘʣ-ʢʨʝʤʥʽʡᾴ. 

ʅʘʥʦʚʢʣʶʯʝʥʥʷ ʩʠʣʽʮʠʜʥʠʭ ʬʘʟ, ʱʦ ʟʨʦʩʪʘʶʪʴ ʫ ʜʠʬʫʟʽʡʥʽʡ ʟʦʥʽ, ʧʽʩʣʷ ʧʝʚʥʦʛʦ 

ʯʘʩʫ ʚʽʜʧʘʣʫ ʧʦʯʠʥʘʶʪʴ ʦʙôʻʜʥʫʚʘʪʠʩʴ ʚ ʢʦʥʛʣʦʤʝʨʘʪʠ, ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ 

ʢʦʘʣʝʩʮʝʥʮʽʾ ʽ ʪ.ʜ. ʊʦʙʪʦ ʚʚʘʞʘʪʠ ʾʭ ʧʦʦʜʠʥʦʢʠʤʠ ʥʝ ʢʦʨʝʢʪʥʦ, ʢʨʽʤ ʪʦʛʦ 

ʦʩʢʽʣʴʢʠ ʰʘʨʠ ʤʘʶʪʴ ʦʙʤʝʞʝʥʽ ʨʦʟʤʽʨʠ, ʪʦ ʽ ʨʦʟʤʽʨ ʚʢʣʶʯʝʥʥʷ ʥʝ ʤʦʞʝ 

ʟʨʦʩʪʘʪʠ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. ʎʽ ʤʽʨʢʫʚʘʥʥʷ ʦʙʫʤʦʚʠʣʠ ʧʦʩʪʘʥʦʚʢʫ ʥʦʚʠʭ 

ʜʠʬʫʟʽʡʥʠʭ ʟʘʜʘʯ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʩʪʫ ʘʥʩʘʤʙʣʶ ʚʢʣʶʯʝʥʴ ʥʦʚʦʾ ʬʘʟʠ ʨʽʟʥʦʾ 

ʬʦʨʤʠ ʫ ʦʙʤʝʞʝʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ [216, 218] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʦʜʥʦʨʽʜʥʝ ʧʝʨʝʩʠʯʝʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ï a-ʬʘʟʘ, ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʠʬʫʟʘʥʪʘ ʚ ʷʢʠʡ ʜʦʨʽʚʥʶʻ 

ὅ ὖȟπ ὅ . ɿ ʯʘʩʦʤ ʚ ʩʝʨʝʜʦʚʠʱʽ ʫʪʚʦʨʶʶʪʴʩʷ ʟʘʨʦʜʢʠ ʽ ʨʦʩʪʫʪʴ ʯʘʩʪʠʥʢʠ 

ʥʦʚʦʾ g-ʬʘʟʠ ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʫʟʽʡʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʜʠʬʫʟʘʥʪʘ.  

 

ʈʠʩʫʥʦʢ 4.4 ï ʌʦʨʤʫʚʘʥʥʷ ʥʦʚʦʾ -g ʬʘʟʠ 

 

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʫʪʚʦʨʝʥʥʷ ʦʢʨʝʤʦʾ ʯʘʩʪʠʥʢʠ ʥʦʚʦʾ g-ʬʘʟʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʜʝʷʢʽʡ ʦʙʤʝʞʝʥʽʡ ʦʙʣʘʩʪʽ  , ʟ ʥʝʧʨʦʥʠʢʥʦʶ ʤʝʞʦʚʦʶ ʧʦʚʝʨʭʥʝʶ 

ʬʘʟʘ 

ʬʘʟʘ 
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‬  (ʨʠʩ. 4.4). ʅʝʭʘʡ ʚ ʜʝʷʢʽʡ ʪʦʯʮʽ ὖᶰ  ʟʘʨʦʜʞʫʻʪʴʩʷ ʯʘʩʪʠʥʢʘ ʥʦʚʦʾ g-ʬʘʟʠ 

ʟʘ ʨʘʭʫʥʦʢ ʩʪʦʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ),( tPCa  ʽʟ ʤʘʪʨʠʮʽ. ɿ ʯʘʩʦʤ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ὅ ὖȟὸ ʯʘʩʪʠʥʦʢ ʥʦʚʦʾ ‎ ʬʘʟʠ ʟʘʡʤʘʪʠʤʝ ʜʝʷʢʫ ʟʨʦʩʪʘʶʯʫ ʦʙʣʘʩʪʴ .‫ὸ 

ɿʘʜʘʯʘ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʟʨʦʩʪʘʥʥʷ ʟʘʨʦʜʢʫ, ʪʦʙʪʦ ʰʚʠʜʢʦʩʪʽ 

ʟʤʽʥʠ ʦʙôʻʤʫ ὠὸ ʦʙʣʘʩʪʽ ‫ὸ  

ḁ Ὠὺ, (4.10) 

ʘʙʦ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʤʘʩʠ ὓὸ ʨʝʯʦʚʠʥʠ ‎ ʬʘʟʠ, ʟʦʩʝʨʝʜʞʝʥʦʾ ʚ ‫ὸ  

ḁ ὅ ὖȟὸὨὺ, (4.11) 

ʜʝ Ὠὺ ï ʝʣʝʤʝʥʪ ʦʙôʻʤʫ. 

ʇʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

Ὀ
ρ

ὶ

‬

‬ὶ
ὶ

‬ὅ

‬ὶ

‬ὅ

‬ὸ
ȟשὶ ὸ ὶ Ὑ Њȟשὸ πȟ 

ὅὶȟπ ὅȟשὶ π ὶ Ὑȟ 

ὅὶ ὸȟὸ ὅᶻȟ 

Ὀ
‬ὅὶ ὸȟὸ

‬ὶ
ὅ ὅᶻ

Ὠὶ ὸ

Ὠὸ
ȟש
‬ὅὙȟὸ

‬ὶ
πȟשὸ πȢ 

(4.12) 

ʊʫʪ Ὧ ρȟςȟσ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʚʠʧʘʜʢʫ ʨʽʟʥʦʛʦ ʪʠʧʫ ʩʠʤʝʪʨʽʾ; R ï 

ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʤʽʨ ʦʙʣʘʩʪʽ ʧʽʜʞʠʚʣʝʥʥʷ.  

ɯʟ (4.12) ʧʽʩʣʷ ʧʝʨʝʭʦʜʫ ʜʦ ʙʝʟʨʦʟʤʽʨʥʠʭ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ὼ , 

†  ʽ ʚʽʜʥʦʩʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ό
ȟ Ⱦ

, ό , όᶻ
ᶻ

 ʦʪʨʠʤʫʻʤʦ 

ʢʘʥʦʥʽʯʥʫ ʬʦʨʤʫ ʦʜʥʦʬʘʟʥʦʾ ʦʜʥʦʤʽʨʥʦʾ ʟʘʜʘʯʽ ʉʪʝʬʘʥʘ 

ρ

ὼ

‬

‬ὼ
ὼ

‬ό

‬ὼ

‬ό

‬†
πȟשὼɴ ί†ȟρȟש† πȟ 

όὼȟπ όȟשὼɴ ίπȟρȟ 

όί†ȟ† όᶻȟ 
ȟ

ό όᶻ πȟ † π, 

‬όρȟ†

‬ὼ
ȟש† πȢ 

(4.13) 
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ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʪʘʢʘ ʜʠʬʫʟʽʡʥʘ ʟʘʜʘʯʘ ʟ ʚʽʣʴʥʦʶ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʥʦʚʽʡ ʧʦʩʪʘʥʦʚʮʽ, ʷʢʘ ʚʨʘʭʦʚʫʻ, ʱʦ ʬʦʨʤʫʚʘʥʥʷ ʚʢʣʶʯʝʥʥʷ 

ʥʦʚʦʾ ʬʘʟʠ ʧʨʦʭʦʜʠʪʴ ʚ ʩʢʣʘʜʽ ʘʥʩʘʤʙʣʶ ʯʘʩʪʦʢ, ʷʢʽ ʩʪʘʪʠʩʪʠʯʥʦ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʽ ʚ ʦʙôʻʤʽ ʧʝʨʝʩʠʯʝʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ. ʇʨʠ ʮʴʦʤʫ ʢʦʞʥʘ 

ʯʘʩʪʠʥʢʘ ʨʦʩʪʝ ʚ ʜʝʷʢʽʡ ʜʦʩʪʘʪʥʴʦ ʤʘʣʽʡ ʽʟʦʣʴʦʚʘʥʽʡ ʜʠʬʫʟʽʡʥʽʡ ʦʙʣʘʩʪʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʜʣʷ ʚʠʧʘʜʢʽʚ ʧʣʦʩʢʦʾ ʪʘ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ 

ʯʘʩʪʠʥʦʢ. 

4.1.3.1 ʌʦʨʤʫʚʘʥʥʷ ʘʥʩʘʤʙʣʶ ʚʢʣʶʯʝʥʴ ʥʦʚʦʾ ʬʘʟʠ ʧʣʦʩʢʦʾ ʬʦʨʤʠ  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʎʷ ʟʘʜʘʯʘ ʻ ʚʠʧʘʜʢʦʤ, ʢʦʣʠ Ὧ ρ ʫ ʬʦʨʤʫʣʽ (4.12). ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʨʦʟʚôʷʟʢʫ ʮʽʻʾ ʟʘʜʘʯʽ ʤʦʞʥʘ ʤʦʜʝʣʶʚʘʪʠ ʧʨʦʮʝʩ ʜʠʬʫʟʽʡʥʦʛʦ ʨʦʩʪʫ 

ʚʢʣʶʯʝʥʴ ʥʦʚʦʾ ʬʘʟʠ ʧʣʦʩʢʦʾ ʬʦʨʤʠ ʚ ʧʝʨʝʩʠʯʝʥʦʤʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ [218]. 

ʊʘʢʦʞ ʤʦʞʥʘ ʘʥʘʣʽʟʫʚʘʪʠ ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʠʥʦʢ ʢʫʙʽʯʥʦʾ ʬʦʨʤʠ, ʷʢʱʦ ʨʦʟʛʣʷʜʘʪʠ 

ʾʾ ʥʝʟʘʣʝʞʥʦ ʚ ʢʦʞʥʦʤʫ ʽʟ ʥʘʧʨʷʤʢʽʚ ὼȟώȟᾀ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʜʠʬʫʟʽʾ ὈȟὈȟὈ, ʪʘ ʟʥʝʭʪʫʚʘʪʠ ʧʨʦʮʝʩʘʤʠ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʥʘ ʧʝʨʝʪʠʥʽ ʛʨʘʥʝʡ 

ʯʘʩʪʠʥʢʠ. ɼʘʣʽ ʤʠ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʝʤʦ ʧʦʩʪʘʥʦʚʢʫ ʽ ʤʝʪʦʜʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʧʨʦ ʬʦʨʤʫʚʘʥʥʷ ʧʣʦʩʢʠʭ ʚʢʣʶʯʝʥʴ ʥʦʚʦʾ ʬʘʟʠ ʚ ʧʣʦʩʢʦʤʫ ʰʘʨʽ ʦʙʤʝʞʝʥʦʛʦ 

ʦʙôʻʤʫ.  

ɺʥʘʩʣʽʜʦʢ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʣʦʩʢʦʛʦ ʰʘʨʫ π ᾀ ὒ ʟ ʧʦʯʘʪʢʦʚʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ὅ ʨʝʯʦʚʠʥʠ ʚ ‌ ʬʘʟʽ ʚ ʥʴʦʤʫ ʫʪʚʦʨʶʶʪʴʩʷ ʧʣʦʩʢʽ ʟʘʨʦʜʢʠ 

ʯʘʩʪʠʥʦʢ ʥʦʚʦʾ ‎ ʬʘʟʠ ʟʘ ʨʘʭʫʥʦʢ ʩʪʦʢʫ ʨʝʯʦʚʠʥʠ ʽʟ ʰʘʨʫ. ʅʝʭʘʡ ʚʢʣʶʯʝʥʥʷ 

‎ ʬʘʟʠ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʣʦʱʠʥʽ ᾀ π. ɿ ʯʘʩʦʤ ʢʦʥʮʝʥʪʨʘʮʽʷ ὅ ÃÏÎÓÔ 

ʯʘʩʪʠʥʦʢ ʥʦʚʦʾ ʬʘʟʠ ʟʘʡʤʘʻ ʟʨʦʩʪʘʶʯʠʡ ʰʘʨ π ᾀ ᾀ ὸ, ʽ ʧʦʩʪʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ‌ ʬʘʟʠ ὅᾀȟὸ ʧʨʠ ᾀ ὸ ᾀ ὒȟ 

ὸ π ʪʘ ʜʠʥʘʤʽʢʠ ʨʦʩʪʫ ʧʣʦʩʢʦʛʦ ʚʢʣʶʯʝʥʥʷ ᾀ ᾀ ὸȟ ὸ π. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʟʘʜʘʯʘ ʚ ʢʘʥʦʥʽʯʥʽʡ ʬʦʨʤʽ ʚʽʜʥʦʩʥʦ ʧʘʨʠ ʙʝʟʨʦʟʤʽʨʥʠʭ ʚʠʟʥʘʯʘʣʴʥʠʭ ʬʫʥʢʮʽʡ 

όὼȟ† ὅᾀȟὸȾὅ ʽ ί† ᾀ ὸȾὒ, † π ʚʠʧʣʠʚʘʻ ʽʟ ʟʘʜʘʯʽ (4.13) ʽ 

ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 
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ό ό πȟשί† ὼ ρȟש† πȟ 

όὼȟπ ρȟשίπ ὼ ρȟ 

όὼȟ† όᶻȟשό ὼȟ† ό όᶻ
Ὠί

Ὠ†
ȟשὼ ί†ȟש† πȟ 

ό ὼȟ† πȟשὼ ρȟש† πȟ 

(4.14) 

ʜʝ ὼ ᾀȾὒ, † ὈὸȾὒ, ό ὅȾὅ, όᶻ ὅᶻȾὅ; ʚʠʙʽʨ ʟʥʘʢʫ ñ+ò ʯʠ ñïò 

ʚʽʜʧʦʚʽʜʘʻ ʨʦʩʪʫ ʯʠ ʨʦʟʯʠʥʝʥʥʶ ʚʢʣʶʯʝʥʥʷ ‎ ʬʘʟʠ.  

 

ɿʨʦʩʪʘʥʥʷ ʘʙʦ ʨʦʟʯʠʥʝʥʥʷ ʚʢʣʶʯʝʥʴ ʥʦʚʦʾ ʬʘʟʠ ʧʣʦʩʢʦʾ ʬʦʨʤʠ (ʪʦʯʥʽ 

ʨʦʟʚôʷʟʢʠ). ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩ ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʠʥʦʢ ʥʦʚʦʾ ‎ ʬʘʟʠ ʫ ʚʠʧʘʜʢʫ 

ʥʝʦʙʤʝʞʝʥʦʾ ʦʙʣʘʩʪʽ ʧʽʜʞʠʚʣʝʥʥʷ, ʢʦʣʠ ὒ Њ. ʊʦʜʽ ό όᶻ, ʚ ʟʘʜʘʯʽ (4.14) 

ʪʨʝʙʘ ʟʘʣʠʰʠʪʠ ʟʥʘʢ + ʽ ʟʘʤʽʥʠʪʠ ʢʨʘʡʦʚʫ ʫʤʦʚʫ ʧʨʠ ὼ ρ ʥʘ ʫʤʦʚʫ 

ʨʝʛʫʣʷʨʥʦʩʪʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʢʘʟʘʥʘ ʟʘʜʘʯʘ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ  

ό ό πȟשί† ὼ Њȟש† πȟ 

όὼȟπ ρȟשίπ ὼ Њȟ 

όὼȟ† όᶻȟשό ὼȟ† ό όᶻ ẗ
Ὠί

Ὠ†
ȟשὼ ί†ȟש† πȟ 

ὰὭά
ᴼ
όὼȟ† ρȟש† πȢ 

(4.15) 

 

ɿʘʜʘʯʘ (4.15) ʤʘʻ ʪʦʯʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ, ʷʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ 

ίὸ ςὯЍὸ, ʜʝ Ὧ ï ʩʪʘʣʘ, ʷʢʫ ʥʘʣʝʞʠʪʴ ʚʠʟʥʘʯʠʪʠ ʚ ʧʨʦʮʝʩʽ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ. 

ɼʽʡʩʥʦ, ʟʘ ʪʘʢʦʛʦ ʧʨʠʧʫʱʝʥʥʷ, ʨʦʟʚôʷʟʦʢ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟʘʜʘʯʽ 

(4.15), ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʷʻ ʧʦʯʘʪʢʦʚʫ ʫʤʦʚʫ ʪʘ ʢʨʘʡʦʚʽ ʫʤʦʚʠ όί†ȟ† όᶻ ʽ 

ὰὭά
ÐO
όὼȟ† ρʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

όὼȟ† ρ
ρ όᶻ

erfcὯ
ẗerfc

ὼ

ςЍ†
ȟ (4.16) 

ʜʝ ÅÒÆÃᾀ ρ ÅÒÆᾀ ρ
Ѝ
᷿Ὡ Ὠ–Ȣ 
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ɺ ʮʴʦʤʫ ʣʝʛʢʦ ʚʧʝʚʥʠʪʠʩʴ, ʚʠʢʦʥʫʶʯʠ ʦʧʝʨʘʮʽʾ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʧʦ ὼ ʽ † 

ʪʘ ʧʽʜʩʪʘʥʦʚʢʠ † π, ὼ ςὯЍ†.  

ɺʠʤʘʛʘʶʯʠ ʚʠʢʦʥʘʥʥʷ ʢʨʘʡʦʚʦʾ ʫʤʦʚʠ ʧʨʠ ὼ ί† ςὯЍ†, ʽʟ (4.16) 

ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ Ὧ Ѝ“ὯὩὼὴὯ ÅÒÆÃὯ ρ όᶻȾό όᶻ . 

ʃʽʚʘ ʯʘʩʪʠʥʘ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ï ʥʝʚʽʜôʻʤʥʘ ʤʦʥʦʪʦʥʥʦ ʟʨʦʩʪʘʶʯʘ ʬʫʥʢʮʽʷ Ὧ, ʷʢʘ 

ʧʨʠ Ὧ π ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʽ ʧʨʷʤʫʻ ʜʦ ʦʜʠʥʠʮʽ ʧʨʠ ὯᴼЊ. ʊʦʤʫ ʨʽʚʥʷʥʥʷ ʤʘʻ 

ʻʜʠʥʠʡ ʨʦʟʚôʷʟʦʢ Ὧ Ὧᶻ, ʷʢʱʦ ό ρ. ɺʠʟʥʘʯʝʥʥʷ Ὧᶻ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇɽʆʄ ʥʝ 

ʚʠʢʣʠʢʘʻ ʞʦʜʥʠʭ ʟʘʙʨʫʜʥʝʥʴ.  

ʌʨʽʜʤʘʥ ʟʜʽʡʩʥʠʚ ʧʦʩʪʘʥʦʚʢʫ ʦʜʥʦʬʘʟʥʠʭ ʟʘʜʘʯ ʪʠʧʫ (4.15) ʜʣʷ ʨʽʚʥʷʥʴ 

ʧʘʨʘʙʦʣʽʯʥʦʛʦ ʪʠʧʫ ʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʧʣʦʚʽ ʧʦʪʝʥʮʽʘʣʠ, ʜʦʚʽʚ ʪʝʦʨʝʤʫ 

ʽʩʥʫʚʘʥʥʷ ʽ ʻʜʥʦʩʪʽ ʨʦʟʚôʷʟʢʫ ʪʘʢʠʭ ʟʘʜʘʯ [28]. ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʮʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʥʘʚʝʜʝʥʠʡ ʪʦʯʥʠʡ ʨʦʟʚôʷʟʦʢ (4.16) ʟʘʜʘʯʽ (4.15) 

ʻʜʠʥʠʡ. 

 

ʅʘʙʣʠʞʝʥʠʡ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʦʜʥʦʬʘʟʥʦʾ ʟʘʜʘʯʽ. 

ʗʢʱʦ ὒ Ð, ʪʦʙʪʦ, ʦʙʣʘʩʪʴ ʧʽʜʞʠʚʣʝʥʥʷ ʩʢʽʥʯʝʥʥʘ, ʟʘʜʘʯʘ (4.14) ʪʦʯʥʦʛʦ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʥʝ ʤʘʻ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʥʘʙʣʠʞʝʥʦʛʦ ʯʠʩʝʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʪʘʢʦʾ ʟʘʜʘʯʽ ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʤʝʪʦʜʦʤ ʈʦʪʝ ʚ ʧʦʻʜʥʘʥʥʽ ʟ 

ʤʝʪʦʜʦʤ ʬʫʥʢʮʽʡ ɻʨʽʥʘ.  

ɿʛʽʜʥʦ ʟʽ ʩʭʝʤʦʶ ʤʝʪʦʜʫ ʈʦʪʝ ʟʘʤʽʥʠʤʦ ʧʦʭʽʜʥʫ ʟʘ ʯʘʩʦʤ † ʩʢʽʥʯʝʥʥʦʶ 

ʨʽʟʥʠʮʝʶ ὧ ό όȟ ʜʝ ὧ ρȾῳ†ȟ ῳ† - ʢʨʦʢ ʟʘ ʯʘʩʦʤ; ό ʽ ί - ʟʥʘʯʝʥʥʷ 

όὼȟ† ʽ ί† ʧʨʠ ʜʘʥʦʤʫ †, ʘ όὼ ʽ ίȋ - ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ † ῳ† ʯʘʩʦʚʦʤʫ ʰʘʨʽ. 

ʊʦʜʽ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ (4.15) ʟʚʝʜʝʪʴʩʷ ʜʦ ʧʦʩʣʽʜʦʚʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ 

ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʟ ʚʽʣʴʥʠʤʠ ʤʝʞʘʤʠ ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ  

ό ὧό ὧόȟשί ὼ ρȟ 

ό ὧ ί ίȋό ὧ ί ίȋόȟשὼ ίȟשό ρ πȟ 

όί όᶻȢ 

(4.17) 

(4.18) 

(4.19) 
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ɿʘʜʘʯʘ ʟ ʚʽʣʴʥʦʶ ʤʝʞʝʶ ʥʘ ʬʽʢʩʦʚʘʥʦʤʫ ʯʘʩʦʚʦʤʫ ʰʘʨʽ. ɹʫʜʝʤʦ 

ʰʫʢʘʪʠ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ (4.17)-(4.18), ʟʘʣʠʰʘʶʯʠ ʧʦʢʠ ʱʦ 

ʦʩʪʦʨʦʥʴ ʜʦʜʘʪʢʦʚʫ ʫʤʦʚʫ (4.19). ɿʛʽʜʥʦ ʜʦ ʟʘʛʘʣʴʥʦʾ ʩʭʝʤʠ ʤʝʪʦʜʫ ʬʫʥʢʮʽʡ 

ɻʨʽʥʘ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ (4.17)-(4.18) ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ ί ʽ ίȋ ʙʫʜʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʨʫʛʦʾ ʬʦʨʤʫʣʠ ɻʨʽʥʘ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ὧ  

Ὣẗό ὧό όẗὫ ὧὫ Ὠὼ Ὣό Ὣόȿ  

Ὣẗό ὧ ί ίȋό όẗὫ ὧ ί ίȋὫȿ ȟ 

(4.20) 

ʽ ʬʫʥʢʮʽʾ ɻʨʽʥʘ Ὣὼȟ‚, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʨʦʟʚôʷʟʦʢ ʪʘʢʦʾ ʟʘʜʘʯʽ: 

Ὣ ὧὫ ὼ‏ ‚ȟשί ὼȟ‚ ρȠ 

Ὣ ὧ ί ίȋὫ πȟשὼ ίȠשὫ πȟ ὼש ρȟ 
(4.21) 

ʜʝ ‏ὼ ‚ - ʜʝʣʴʪʘ-ʬʫʥʢʮʽʷ ɼʽʨʘʢʘ. ʇʽʜʩʪʘʚʣʷʶʯʠ (4.17), (4.18) ʽ (4.21) ʚ (4.20) 

ʽ ʚʨʘʭʦʚʫʶʯʠ ʚʣʘʩʪʠʚʽʩʪʴ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʾ ɼʽʨʘʢʘ  

όὼ‏ὼ ‚Ὠὼ ύ‚ȟ 

ʦʪʨʠʤʘʻʤʦ ʽʥʪʝʛʨʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ (4.17), (4.18)  

ό‚ ὧ Ὣὼȟ‚όὼὨὼ ὧᴜὫίȟ‚ ί ίȋό Ȣ (4.22) 

 

ʈʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʟ ʚʽʣʴʥʦʶ ʤʝʞʝʶ (4.17)-(4.18) 

όὼ
ὧ

ῳίȟίȋ
chὧρ ὼ ‰‚ȟίȟίȋό‚Ὠ‚ 

ὧ

ῳίȟίȋ
‰ὼȟίȟίȋ chὧρ ‚ό‚Ὠ‚

ὧ

ῳίȟίȋ
chὧρ ὼ ί ίȋό Ȣ 

(4.23) 

 

ɹʫʜʝʤʦ ʚʠʤʘʛʘʪʠ, ʱʦʙ ʧʦʙʫʜʦʚʘʥʠʡ ʨʦʟʚôʷʟʦʢ ʟʘʜʦʚʦʣʴʥʷʚ ʜʦʪʝʧʝʨ ʥʝ 

ʟʘʜʽʷʥʫ ʢʨʘʡʦʚʫ ʫʤʦʚʫ (4.19). ʇʽʜʩʪʘʚʣʷʶʯʠ (4.23) ʚ (4.18) ʽ ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ, ʱʦ  

‰ίȟίȟίȋ chὧί ί ᶸὧί ίȋshὧί ί ρ, 
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ʦʪʨʠʤʘʻʤʦ  

όί
ὧ

ῳίȟίȋ
chὧρ ‚ό‚Ὠ‚

ὧ

ῳίȟίȋ
chὧρ ί ί ίȋό 

ὧ

ῳίȟίȋ
chὧρ ‚ό‚Ὠ‚chὧρ ί ί ίȋό όᶻȢ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ (4.17)-(4.19), ʷʢʘ ʟʛʽʜʥʦ ʟ ʤʝʪʦʜʦʤ ʈʦʪʝ 

ʤʦʜʝʣʶʻ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʨʦʮʝʩ ʟʨʦʩʪʘʥʥʷ ʘʙʦ ʨʦʟʯʠʥʝʥʥʷ ʥʦʚʦʾ ‎ ʬʘʟʠ ʥʘ 

ʬʽʢʩʦʚʘʥʦʤʫ ʯʘʩʦʚʦʤʫ ʰʘʨʽ, ʽ ʦʪʞʝ, ʚʠʟʥʘʯʘʻ ʥʘʙʣʠʞʝʥʠʡ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ 

(4.14), ʟʘʜʘʻʪʴʩʷ ʚʠʨʘʟʦʤ (4.23) ʽ ʨʽʚʥʷʥʥʷʤ  

Ὢί όᶻ, (4.24) 

ʜʝ  

Ὢί
ȟȋ
᷿chὧρ ‚ ẗό‚Ὠ‚ ί ίȋόẗchὧρ ί . (4.25) 

 

ɿʥʘʢ ᾴïᾴ ʚʜ̔ʧʦʚʽʜʘʻ ʨʦʟʯʠʥʝʥʥʶ ʚʢʣʶʯʝʥʥʷ, ʢʦʣʠ ίὸ ʩʧʘʜʘʻ ʟ ʯʘʩʦʤ 

(ί ίȋ), ʘ ʟʥʘʢ ᾴ+ᾴ ï ʨʦʩʪʫ ʚʢʣʶʯʝʥʥʷ, ʢʦʣʠ ίὸ ʟʨʦʩʪʘʻ (ί ίȋ). ɺ ʦʙʦʭ 

ʚʠʧʘʜʢʘʭ ʦʯʝʚʠʜʥʦ, ʱʦ ʬʫʥʢʮʽʷ Ὢί ʜʦʜʘʪʥʷ. ʇʨʠ ί ίȋ 

Ὢίȋ
ȋ
᷿ÃÈὧρ ‚ό‚Ὠ‚
ȋ

π. 

 

ɸʣʛʦʨʠʪʤ ʯʠʩʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʘʣʛʦʨʠʪʤʫ 

ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʢʫ ʦʙʤʝʞʠʤʦʩʴ ʜʦʩʣʽʜʞʝʥʥʷʤ ʟʘʜʘʯʽ ʱʦʜʦ ʟʨʦʩʪʘʥʥʷ 

ʯʘʩʪʠʥʢʠ ‎ ʬʘʟʠ. ʆʩʢʽʣʴʢʠ Ὢ ί π, ʪʦ ʬʫʥʢʮʽʷ Ὢί ʤʦʥʦʪʦʥʥʦ ʩʧʘʜʥʘ ʜʣʷ 

ʚʩʽʭ ί ίȋ, ʽ ʪʦʤʫ ʨʽʚʥʷʥʥʷ Ὢί όᶻ ʤʘʻ ʻʜʠʥʠʡ ʨʦʟʚôʷʟʦʢ ί ίᶻ. ʆʙʯʠʩʣʝʥʥʷ 

ʢʦʨʝʥʷ ί ίᶻ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʩʪʠʤ ʧʝʨʝʨʘʭʫʥʢʦʤ ʬʫʥʢʮʽʾ Ὢί ʽ ʟʘʤʽʥʦʶ 

ʽʥʪʝʛʨʘʣʫ, ʱʦ ʚ ʥʽʡ ʤʽʩʪʠʪʴʩʷ, ʦʜʥʽʻʶ ʽʟ ʢʚʘʜʨʘʪʫʨʥʠʭ ʬʦʨʤʫʣ, ʥʘʧʨʠʢʣʘʜ, 

ʬʦʨʤʫʣʦʶ ʉʽʤʧʩʦʥʘ.  

ʅʝʭʘʡ ί ï ʢʦʦʨʜʠʥʘʪʠ ʨʦʟʙʠʪʪʷ ʚʽʜʨʽʟʢʫ π ὼ ρ. ʊʦʜʽ ʟʥʘʯʝʥʥʷ Ὢί  

ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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Ὢί
ρ

ῳίȟίȋ
ÃÈὧρ Ὥ ρȹὼ ÃÈὧρ Ὥȹὼ ẗ

ό ςὭ ρῳὼ

ς
 

ὧό ί ίȋÃÈὧρ ί Ȣ 

 

ʊʫʪ ί Ὦῳὼȟίȋ ὯῳὼȟὯ ρȟὔȟὮ Ὧȟὔ ρȾῳὼȢ ʆʙʯʠʩʣʝʥʥʷ 

ʧʨʦʚʦʜʷʪʴʩʷ ʜʦ ʪʦʯʦʢ ί ʽ ί , ʚʫʟʣʦʚʽ ʟʥʘʯʝʥʥʷ Ὢί ʚ ʷʢʠʭ ʫʪʚʦʨʶʶʪʴ ʚʠʣʢʫ, 

ʱʦ ʤʽʩʪʠʪʴ όᶻ ï Ὢί όᶻ Ὢί . ʂʦʨʽʥʴ ʨʽʚʥʷʥʥʷ (4.13) ʥʘ ʜʘʥʦʤʫ 

ʯʘʩʦʚʦʤʫ ʰʘʨʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʽʚʩʫʤʘ ί ʽ ί  ï ίᶻ ςὰ ρῳὼȾς. ɿʘ 

ʟʥʘʡʜʝʥʠʤ ί ίᶻ ʦʙʯʠʩʣʶʻʤʦ όὼ ʥʘ ʜʘʥʦʤʫ ʯʘʩʦʚʦʤʫ ʧʨʦʤʽʞʢʫ ʟʘ ʬʦʨʤʫʣʦʶ 

(4.23), ʷʢʠʡ ʧʦʪʽʤ ʧʨʠʡʤʘʻʤʦ ʟʘ ό όὼ, ʽ ʧʦʚʪʦʨʶʻʤʦ ʦʙʯʠʩʣʝʥʥʷ ʟʘ 

ʥʘʚʝʜʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ.  

ʏʠʩʝʣʴʥʘ ʨʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟʜʽʡʩʥʝʥʘ ʥʘ ʇɽʆʄ.  

ʅʘ ʨʠʩ. 4.5-4.7 ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʛʨʘʬʽʢʠ ʧʨʠ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

όᶻ πȟυ ʽ ό ς.  

ɿʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʨʝʯʦʚʠʥʠ. ɿʘ ʬʽʟʠʯʥʠʤ ʟʤʽʩʪʦʤ ʧʨʠ †O Њ ʧʨʦʮʝʩ 

ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʽ ίЊ ί ÃÏÎÓÔȟ όὼȟЊ ό ÃÏÎÓÔȟ ί ὼ ρ. ɺʽʜʧʦʚʽʜʥʦ 

ʩʪʘʮʽʦʥʘʨʥʘ ʟʘʜʘʯʘ ʻ ʟʘʜʘʯʝʶ ʅʝʡʤʘʥʘ, ʽ ʪʨʝʙʘ ʟʘʣʫʯʘʪʠ ʫʤʦʚʫ ʽʩʥʫʚʘʥʥʷ ʾʾ 

ʨʦʟʚôʷʟʢʫ, ʷʢʫ ʜʘʻ ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʨʝʯʦʚʠʥʠ.  

ɼʣʷ ʚʠʚʝʜʝʥʥʷ ʮʽʻʾ ʫʤʦʚʠ ʧʨʦʽʥʪʝʛʨʫʻʤʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʟʘʜʘʯʽ 

(4.14) ʧʦ ὼ ʽ †, ʚʨʘʭʦʚʫʶʯʠ ʧʦʯʘʪʢʦʚʫ ʽ ʢʨʘʡʦʚʽ ʫʤʦʚʠ ʟʘʜʘʯʽ.  

ό ὨὼὨ† ό ρȟ† ό ί†ȟ†Ὠ†

ό ό ẗί†Ὠ† 

ό ό ί† ίπ ό ό ί†Ȣ 

(4.26) 
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ʽ
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ʥ
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ʦ
ʜ
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x, ʚʽʜʥ. ʦʜ. 

ʈʠʩʫʥʦʢ 4.5 ï ɼʠʥʘʤʽʢʘ ʨʦʩʪʫ ʧʣʦʩʢʦʛʦ ʚʢʣʶʯʝʥʥʷ ʥʦʚʦʾ ʬʘʟʠ 

 

ʏ
ʘ
ʩ
,
 
ʚ
ʽ
ʜ
ʥ
.
 
ʦ
ʜ
.

 

 

x, ʚʽʜʥ. ʦʜ. 

ʈʠʩʫʥʦʢ 4.6 ï ɼʠʥʘʤʽʢʘ ʨʦʩʪʫ ʪʦʚʱʠʥʠ ʧʣʦʩʢʦʛʦ ʚʢʣʶʯʝʥʥʷ ʥʦʚʦʾ ʬʘʟʠ: 

ʢʨʠʚʘ 1 ï ὒ Њ; ʢʨʠʚʘ 2 ï ὒ Ð 
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ʐ
ʚ
ʠ
ʜ
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ʽ
ʩ
ʪ
ʴ
,
 
ʚ
ʽ
ʜ
ʥ
.
 
ʦ
ʜ
.

 

 

ʏʘʩ, ʚʽʜʥ. ʦʜ. 

ʈʠʩʫʥʦʢ 4.7 ï ʐʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʧʣʦʩʢʦʛʦ ʚʢʣʶʯʝʥʥʷ ʥʦʚʦʾ ʬʘʟʠ: 

ʢʨʠʚʘ 1 ï ὒ Њ; ʢʨʠʚʘ 2 ï ὒ Ð 

C
/C

0
, 
ʚ
ʽ
ʜ
ʥ
.
 
ʦ
ʜ
.

 

 
ʈʠʩʫʥʦʢ 4.8 ï ʇʦʚʝʨʭʥʷ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʟʤʽʥʠ ʨʦʟʤʽʨʫ 

ʧʣʦʩʢʦʛʦ ʚʢʣʶʯʝʥʥʷ ʥʦʚʦʾ ʬʘʟʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ 

 

x, ʚʽʜʥ. ʦʜ. 
ʏʘʩ, ʚʽʜʥ. ʦʜ. 
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ʇʽʩʣʷ ʨʷʜʫ ʧʝʨʝʪʚʦʨʝʥʴ ʦʩʪʘʪʦʯʥʦ ʤʘʪʠʤʝʤʦ 

 ό ό ί† ρ όί† ᷿ όὼȟ†Ὠὼ π,  

ʘʙʦ  

ρ όί† όὼȟ†Ὠὼ πȢ (4.27) 

 

ʆʪʨʠʤʘʥʠʡ ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʨʝʯʦʚʠʥʠ (5.27) ʜʦʟʚʦʣʷʻ ʧʽʩʣʷ ʧʝʨʝʭʦʜʫ ʜʦ 

ʛʨʘʥʠʮʽ ʧʨʠ †O Њȟ  ί†ᴼίȟ  όὼȟ†ᴼό  ʟʘʧʠʩʘʪʠ ʚʘʞʣʠʚʫ ʜʣʷ ʧʨʘʢʪʠʢʠ 

ʬʦʨʤʫʣʫ, ʟʘ ʷʢʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ Ὠ ʚʢʣʶʯʝʥʥʷ ‎ ʬʘʟʠ  

ρ όί όὨὼ πשᵼשρ όί ό ρ ί πשᵼשί
ρ ό

ό ό
 ᵼש

Ὠ ᾀ Ð
ὧ ὧ

ὧ ὧ
ẗὒȢ 

4.1.3.2 ʌʦʨʤʫʚʘʥʥʷ ʘʥʩʘʤʙʣʶ ʚʢʣʶʯʝʥʴ ʥʦʚʦʾ ʬʘʟʠ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ 

ʗʢʱʦ ʯʘʩʪʠʥʢʘ ʽ ʦʙʣʘʩʪʴ ʾʾ ʧʽʜʞʠʚʣʝʥʥʷ ʮʠʣʽʥʜʨʠʯʥʽ ʟ ʨʘʜʽʫʩʘʤʠ 

ʚʽʜʧʦʚʽʜʥʦ ὶ ὸ π ʽ Ὑ, ʪʦ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʠʥʢʠ ʥʦʚʦʾ 

‎ ʬʘʟʠ ὶ ὶ ὸ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʯʦʚʠʥʠ ʚ ‌ ʬʘʟʽ ὅ ὅὶȟὸ ʧʽʩʣʷ 

ʤʽʨʢʫʚʘʥʴ, ʘʥʘʣʦʛʽʯʥʠʭ ʧʨʦʚʝʜʝʥʠʤ ʜʣʷ ʚʠʧʘʜʢʫ ʯʘʩʪʠʥʢʠ ʧʣʦʩʢʦʾ ʬʦʨʤʠ, 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʪʘʢʦʾ ʦʜʥʦʤʽʨʥʦʾ ʟʘʜʘʯʽ (ʨʠʩ. 4.9) [216]: 

 

Ὀ
ρ

ὶ

‬

‬ὶ
ὶ
ὅ

‬ὶ

‬ὅ

‬ὸ
πȟשὶ ὸ ὶ Ὑ Њȟשὸ πȟ 

ὅὶȟπ ὅȟשὶ π ὶ Ὑȟ 

ὅὶ ὸȟὸ ὅȟשὈ
‬ὅὶ ὸȟὸ

‬ὶ
ὅ ὅ

Ὠὶ ὸ

Ὠὸ
ȟשὸ πȟ 

Ὀ
‬ὅὙȟὸ

‬ὶ
πשʘʙʦשὰὭά

ᴼ
ὅὶȟὸ ὅȟשὸ πȢ 

(4.28) 
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ʈʠʩʫʥʦʢ 4.9 ï ʉʭʝʤʘʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʘʥʩʘʤʙʣʶ 

ʚʢʣʶʯʝʥʴ ʥʦʚʦʾ ʬʘʟʠ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ 

 

ʅʘʙʣʠʞʝʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ.  ɺʚʝʜʝʤʦ ʥʦʚʽ ʟʘʣʝʞʥʽ ʽ ʥʝʟʘʣʝʞʥʽ 

ʟʤʽʥʥʽ  

όὼȟ†
ὅὶȟὸ

ὅ
ȟשό

ὅ

ὅ
ȟשό

ὅ

ὅ
ȟשὶ Ὑὼȟשὸ

Ὑ†

Ὀ
ȟשίὸ

Ὑ

ὶ ὸ
Ȣ 

 

ʊʦʜʽ ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ (4.28) ʦʪʨʠʤʘʻʤʦ ʜʠʬʫʟʽʡʥʫ ʟʘʜʘʯʫ 

ʚʽʜʥʦʩʥʦ ʙʝʟʨʦʟʤʽʨʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ όὼȟ† 

ρ

ὼ

‬

‬ὼ
”
‬ό

‬ὼ

‬ό

‬†
πȟשί† ὼ ρȟשʘʙʦשί† Њש† πȟ 

όὼȟπ ρȟשίπ ὼ ρȟשίπ πȟ 

όὼȟ† όȟש
‬ό

‬ὼ
ό ό

Ὠί†

Ὠ†
ȟשὼ ί†ȟש† πȟ 

(4.29) 

w 
Ǌͅόǘύ 

-ɹͺ
͊
͘
͊

 

-hͺ͊͊͘ 



140 

‬ό

‬ὼ
πȟשὼ ρשʘʙʦשὰὭά

ᴼ
όὼȟ† ρȟש† πȢ 

 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ (4.29) ʟʘʩʪʦʩʫʻʤʦ ʤʝʪʦʜ ʈʦʪʝ, 

ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʟʘʤʽʥʠʤʦ ʧʦʭʽʜʥʫ ʧʦ † ʩʢʽʥʯʝʥʥʦʶ ʨʽʟʥʠʮʝʶ 

‬ό

‬†
ὧ ό όȟ 

ʜʝ ὧ ρȾῳ†ȟ ῳ† - ʢʨʦʢ ʟʘ ʯʘʩʦʤ; ό ʽ ί - ʟʥʘʯʝʥʥʷ όὼȟ† ʽ ί† ʥʘ 

ʨʦʟʛʣʷʜʫʚʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ †, ʘ όὼ ʽ ίȋ - ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʽʥʪʝʨʚʘʣʽ. ʊʦʜʽ 

ʟʘʜʘʯʘ (4.29) ʟʚʝʜʝʪʴʩʷ ʜʦ ʧʦʩʣʽʜʦʚʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʟ ʚʽʣʴʥʠʤʠ 

ʤʝʞʘʤʠ ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ  

ρ

ὼ

Ὠ

Ὠὼ
ὼ
Ὠό

Ὠὼ
ὧό ὧόȟשί ὼ ρȟ 

Ὠό

Ὠὼ
ό ό ẗὧ ί ίȋȟשὼ ίȟ 

Ὠό

Ὠὼ
πȟשὼ ρȟשόί όȢ 

(4.30) 

 

ʈʦʟʛʣʷʥʝʤʦ ʜʦʧʦʤʽʞʥʫ ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ 

ρ

ὼ

Ὠ

Ὠὼ
ὼ
Ὠύ

Ὠὼ
ὧύ ὧύȟשί ὼ ρȠ 

Ὠύ

Ὠὼ
ὧ ύ ύ ί ίȋȟשὼ ίȠש

Ὠύ

Ὠὼ
πȟשὼ ρȟ 

(4.31) 

ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʘʜʘʯʽ (4.30) ʪʠʤ, ʱʦ ʚ ʥʽʡ ʥʝʤʘʻ ʜʦʜʘʪʢʦʚʦʾ ʫʤʦʚʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʽʣʴʥʦʾ ʤʝʞʽ ί.  

ɿʘʧʠʰʝʤʦ ʜʨʫʛʫ ʬʦʨʤʫʣʫ ɻʨʽʥʘ ʦʧʝʨʘʪʦʨʘ ʟʘʜʘʯʽ (4.31)  

Ὣ
ρ

ὼ

Ὠ

Ὠὼ
ὼ
Ὠύ

Ὠὼ
ὧύ ύ

ρ

ὼ

Ὠ

Ὠὼ
ὼ
ὨὫ

Ὠὼ
ὧὫ ὼὨὼ 

ὼὫ
Ὠύ

Ὠὼ
ὼύ
ὨὫ

Ὠὼ
ὼὫ
Ὠύ

Ὠὼ
ὼύ
ὨὫ

Ὠὼ
 

(4.32) 

ʽ ʟʘʜʘʯʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ɻʨʽʥʘ Ὣὼȟ‚ 
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ρ

ὼ

Ὠ

Ὠὼ
ὼ
ὨὫ

Ὠὼ
ὧὫ ὼ‏ ‚ȟשί ὼȟ‚ ρȠ 

ὨὫ

Ὠὼ
πȟשὼ ίȠש

ὨὫ

Ὠὼ
πȟ ὼש ρȟ 

(4.33) 

ʜʝ ‏ὼ ‚ - ʜʝʣʴʪʘ-ʬʫʥʢʮʽʷ ɼʽʨʘʢʘ. ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ 

ʪʘ ʢʨʘʡʦʚʽ ʫʤʦʚʠ ʟʘʜʘʯ (4.31) ʽ (4.33) ʽ ʚʨʘʭʦʚʫʶʯʠ ʚʣʘʩʪʠʚʽʩʪʴ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʾ 

ɼʽʨʘʢʘ  

ύὼ‏ὼ ‚ὼὨὼύ‚ȟשί ‚ ρȟ 

ʽʟ (4.32) ʦʪʨʠʤʘʻʤʦ ʽʥʪʝʛʨʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ (4.31) - 

ύ‚ ὧ Ὣὼȟ‚όὼὼὨὼὧ ό ό ίί ίȋὫίȟ‚Ȣ (4.34) 

 

ʇʽʩʣʷ ʨʷʜʫ ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʘʻʤʦ  

ύὼ
ὧ‪ὼ

ῳί
‰‚ό‚‚Ὠ‚

ὧ‰ὼ

ῳί
‪‚ό‚‚Ὠ‚ 

ὧό ό ί ίȋẗ
‪ὼ

ῳί
Ȣ 

(4.35) 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʬʫʥʢʮʽʷ ύὼ (4.35), ʷʢʘ ʻ ʨʦʟʚôʷʟʢʦʤ ʟʘʜʘʯʽ (4.33), ʙʫʜʝ 

ʨʦʟʚôʷʟʢʦʤ ʟʘʜʘʯʽ (4.32), ʷʢʱʦ ʚʦʥʘ ʟʘʜʦʚʦʣʴʥʷʪʠʤʝ ʢʨʘʡʦʚʫ ʫʤʦʚʫ ύί ί, 

ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʣʽʥʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʚʽʜʥʦʩʥʦ ί 

Ὣί
ὧ

ίῳί
‪‚ό‚‚Ὠ‚ὧό ό ί ίȋẗ

‪ί

ῳί
ό πȟ (4.36) 

ʜʝ 

Ὢί
ὧ

ίῳί
‪‚ό‚‚Ὠ‚ὧό ό ί ίȋẗ

‪ί

ῳί
Ȣ (4.37) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ (4.32) ʟ ʚʽʣʴʥʦʶ ʤʝʞʝʶ ʜʘʶʪʴ ʨʽʚʥʷʥʥʷ 

(4.35)-(4.37). 
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ɸʣʛʦʨʠʪʤ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʢʫ. ʇʦʙʫʜʦʚʫ ʥʘʙʣʠʞʝʥʦʛʦ ʯʠʩʣʦʚʦʛʦ 

ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʧʦʯʥʝʤʦ ʟ ʦʙʯʠʩʣʝʥʥʷ ʢʦʨʝʥʷ ί ίᶻ ʨʽʚʥʷʥʥʷ (4.36). ɼʣʷ ʮʴʦʛʦ 

ʟʘʤʽʥʠʤʦ ʽʥʪʝʛʨʘʣ, ʷʢʠʡ ʤʽʩʪʠʪʴʩʷ ʚ ʥʽʡ, ʬʦʨʤʫʣʦʶ ʉʽʤʧʩʦʥʘ, ʽ ʟʜʽʡʩʥʠʤʦ 

ʧʨʦʨʘʭʫʥʦʢ ʬʫʥʢʮʽʾ Ὣί.  

ʅʝʭʘʡ ί ï ʢʦʦʨʜʠʥʘʪʠ ʨʦʟʙʠʪʪʷ ʚʽʜʨʽʟʢʫ π ὼ ρ. ɺʠʢʦʨʠʩʪʘʻʤʦ ʪʘʢʫ 

ʬʦʨʤʫʣʫ ʥʘʙʣʠʞʝʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʫ 

ὧ ‪ὼόὼὼὨὼ ὧ ὑ ὧὍὧὼ Ὅὧὑ ὧὼόὼὼὨὼ 

ὑ ὧὍὧẗὭῳὼὍὧẗὭ ρῳὼ  

Ὅὧὑ ὧẗὭῳὼὑ ὧẗὭ ρῳὼ ẗό
ςὭ ρῳὼ

ς
ȟ 

ʘ ʟʥʘʯʝʥʥʷ Ὣί  ʦʙʯʠʩʣʶʚʘʪʠʤʝʤʦ ʟʘ ʬʦʨʤʫʣʦʶ 

Ὣί
ρ

ίῳί
ẗ ὑ ὧὍὧẗὭῳὼὍὧẗὭ ρῳὼ  

Ὅὧὑ ὧẗὭῳὼὑ ὧẗὭ ρῳὼ ẗό
ςὭ ρῳὼ

ς
ὧό ό ί ίȋ

ẗ
‪ί

ῳί
ȟ 

ʜʝ ί Ὦῳὼ, ίȋ Ὧῳὼ, Ὧ ρȟὔ, Ὦ Ὧ, ὔ ρȾῳὼȢ ʆʙʯʠʩʣʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʜʦ 

ʪʦʯʦʢ ί ʽ ί , ʚ ʷʢʠʭ Ὣί ʟʤʽʥʶʻ ʟʥʘʢ. ʂʦʨʽʥʴ ʨʽʚʥʷʥʥʷ (4.36) ʥʘ ʦʙʨʘʥʦʤʫ 

ʯʘʩʦʚʦʤʫ ʧʨʦʤʽʞʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʽʚʩʫʤʘ ί ʽ ί  ï ίᶻ ςὰ ρῳὼȾς. ɿʘ 

ʟʥʘʡʜʝʥʠʤ ί ίᶻ ʦʙʯʠʩʣʶʻʤʦ ʨʦʟʚôʷʟʦʢ όὼ ʥʘ ʮʴʦʤʫ ʯʘʩʦʚʦʤʫ ʧʨʦʤʽʞʢʫ ï  

όὼ
ὧ‪ὼ

ῳί
‰‚ό‚‚Ὠ‚

ὧ‰ὼ

ῳί
‪‚ό‚‚Ὠ‚ 

ὧό ό ί ίȋẗ
‪ὼ

ῳί
Ȣ 

(4.38) 
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ʇʦʪʽʤ ʚʚʘʞʘʻʤʦ, ʱʦ ʨʦʟʚôʷʟʦʢ (4.38) όὼ όὼ, ʽ ʧʦʚʪʦʨʶʻʤʦ 

ʦʙʯʠʩʣʝʥʥʷ. ɿʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʧʨʦʚʝʜʝʥʽ ʯʠʩʣʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʥʘ 

ʇɽʆʄ.  

ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʜʠʬʫʟʽʾ ʚʽʜʥʦʩʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ όὼȟὸ ʧʨʷʤʫʻ ʜʦ 

ʩʪʘʣʦʛʦ ʟʥʘʯʝʥʥʷ ό, ʘ ʨʘʜʽʫʩ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ï ʜʦ ʩʚʦʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʨʘʥʠʯʥʠʤ ʧʝʨʝʭʦʜʦʤ ʧʨʠ †O Ð ʚ 

ʟʘʢʦʥʽ ʟʙʝʨʝʞʝʥʥʷ ʨʝʯʦʚʠʥʠ. 

ɿʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʨʝʯʦʚʠʥʠ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʮʠʣʽʥʜʨʠʯʥʦʛʦ 

ʚʢʣʶʯʝʥʥʷ ʥʦʚʦʾ ʬʘʟʠ. ɺʽʜʧʦʚʽʜʥʘ (4.38) ʩʪʘʮʽʦʥʘʨʥʘ ʟʘʜʘʯʘ, ʷʢʘ ʦʧʠʩʫʻ 

ʨʦʟʛʣʷʜʫʚʘʥʠʡ ʧʨʦʮʝʩ ʧʨʠ †O Њ, ʻ ʟʘʜʘʯʝʶ ʅʝʡʤʘʥʘ. ʋʤʦʚʘ ʽʩʥʫʚʘʥʥʷ 

ʨʦʟʚôʷʟʢʫ ʪʘʢʦʾ ʟʘʜʘʯʽ ʚʠʧʣʠʚʘʻ ʽʟ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʨʝʯʦʚʠʥʠ, ʜʣʷ ʚʠʚʝʜʝʥʥʷ 

ʷʢʦʛʦ ʧʦʤʥʦʞʠʤʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʟʘʜʘʯʽ (4.38) ʥʘ ὼ ʽ ʜʦʙʫʪʦʢ 

ʧʨʦʽʥʪʝʛʨʫʻʤʦ ʧʦ ὼ ʪʘ ʧʦ †, ʢʨʘʡʦʚʽ ʫʤʦʚʠ. ʊʦʜʽ ʧʦʩʣʽʜʦʚʥʦ ʦʪʨʠʤʘʻʤʦ 

ρ

ὼ

‬

‬ὼ
ὼ
‬ό

‬ὼ

‬ό

‬†
ὼὨὼὨ† 

ὼ
‬ό

‬ὼ
Ὠ†

‬

‬†
ὼ
‬όὼȟ†

‬†
ὨὼὨ†πȢ 

(4.39) 

 

ʇʽʩʣʷ ʨʷʜʫ ʧʝʨʝʪʚʦʨʝʥʴ ʟʥʘʭʦʜʠʤʦ  

ρ

ὼ

‬

‬ὼ
ὼ
‬ό

‬ὼ

‬ό

‬†
ὼὨὼὨ† 

ό ό
ί †

ς
ὼẗόὼȟ†Ὠὼ

ρ

ς

ό

ς
ί † πȢ 

(4.40) 

 

ɯʟ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʨʝʯʦʚʠʥʠ (4.40) ʛʨʘʥʠʯʥʠʤ ʧʝʨʝʭʦʜʦʤ ʧʨʠ †O Њȟ 

ί†ᴼί ÃÏÎÓÔ, όὼȟ†ᴼό  ʦʪʨʠʤʫʻʤʦ ʪʘʢʫ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ί: 

ί , ʘʙʦ ʧʽʩʣʷ ʚʠʢʣʶʯʝʥʥʷ ό  ʽ ό  ï ί . ɿʥʘʶʯʠ ί 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʚʢʣʶʯʝʥʥʷ ‎ ʬʘʟʠ ï ὶ ίὙ.  
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ʅʘʜʘʣʽ ʧʦʢʘʞʝʤʦ ʷʢ ʟʘʩʪʦʩʫʚʘʪʠ ʦʜʝʨʞʘʥʽ ʨʦʟʚôʷʟʢʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʦʩʪʫ ʮʠʣʽʥʜʨʠʯʥʠʭ ʚʢʣʶʯʝʥʴ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʧʘʜʢʫ. 

4.2 ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʜʣʷ ʦʧʠʩʫ ʜʠʬʫʟʽʾ ʚ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ "ʤʝʪʘʣ-ʢʨʝʤʥʽʡ" 

4.2.1 ʆʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʄn-

Si: ʬʦʨʤʫʚʘʥʥʷ ʚʢʣʶʯʝʥʴ ʬʘʟʠ Mn4Si7 ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ 

ʈʦʟʛʣʷʥʝʤʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʽʥʝʪʠʢʠ ʨʦʩʪʫ 

ʚʢʣʯʁʝʥʴ ʩʠʣʽʮʠʜʥʦʾ ʬʘʟʠ Mn4Si7, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʷʭ Mn-Si ʧʽʜ ʯʘʩ ʚʽʜʧʘʣʫ ʥʘʥʦʨʦʟʤʽʨʥʦʾ ʩʠʩʪʝʤʠ Mn(100 ʥʤ)-Si(001) 

ʪʘ ʚ ʧʨʦʮʝʩʽ ʪʝʨʤʽʯʥʦʛʦ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʤʘʨʛʘʥʮʶ ʪʘ ʢʨʝʤʥʽʶ [215, 227]. 

ʉʠʩʪʝʤʘ Mn(100 ʥʤ)-Si(001). ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩʠ ʜʠʬʫʟʽʾ ʪʘ 

ʩʠʣʽʮʠʜʦʫʪʚʦʨʝʥʥʷ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʩʠʩʪʝʤʠ Mn(100 ʥʤ)-Si(001), ʱʦ 

ʦʜʝʨʞʫʚʘʣʘʩʴ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʠʤ ʦʩʘʜʞʝʥʥʷʤ ʰʘʨʫ ʤʘʨʛʘʥʮʶ ʥʘ 

ʤʦʥʦʢʨʠʩʪʘʣ ʢʨʝʤʥʽʶ. ʇʽʜʢʣʘʜʠʥʢʘ ʧʽʜʪʨʠʤʫʚʘʣʘʩʴ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʘ 

ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ ʰʘʨʫ ʤʘʨʛʘʥʮʶ ʧʨʦʚʦʜʠʚʩʷ ʚʽʜʧʘʣ ʫ ʚʘʢʫʫʤʽ 10
-3 
ʇʘ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 670 ʂ ʜʦ 1070 ʂ ʫʧʨʦʜʦʚʞ 10-60 ʭʚʠʣʠʥ (ʪʘʙʣ. 4.1).  

ʋ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʟʘ ʜʘʥʠʤʠ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʬʦʨʤʫʻʪʴʩʷ 

ʧʣʘʥʘʨʥʠʡ ʰʘʨ ʤʘʨʛʘʥʮʶ, ʪʦʚʱʠʥʘ ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʻ 100 ʥʤ. ʅʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʟ 

ʢʨʝʤʥʽʻʤ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʪʦʥʢʠʡ (ʜʝʢʽʣʴʢʘ ʥʤ) ʘʤʦʨʬʥʠʡ ʧʨʦʰʘʨʦʢ 

(ʨʠʩ. 4.11, ʘ). ʈʝʟʫʣʴʪʘʪʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʥʘʷʚʥʽʩʪʴ 

ʨʝʬʣʝʢʩʽʚ ʚʠʢʣʶʯʥʦ ʚʽʜ Mn (ʨʠʩ. 4.10). 

 

ʈʠʩʫʥʦʢ 4.10 ï ʇʨʠʢʣʘʜ ʨʝʥʪʛʝʥʦʛʨʘʤʠ ʜʣʷ ʥʘʥʦʨʦʟʤʽʨʥʦʾ ʩʠʩʪʝʤʽ Mn(100 ʥʤ)-

Si(001) ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ 
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ʊʘʙʣʠʮʷ 4.1 ï ʌʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʥʘʥʦʨʦʟʤʽʨʥʽʡ ʩʠʩʪʝʤʽ Mn(100 ʥʤ)-Si(001) 

ʧʽʜ ʯʘʩ ʚʽʜʧʘʣʫ ʨʽʟʥʦʾ ʪʨʠʚʘʣʦʩʪʽ 

ʌʘʟʠ 2ɗ 

ʇ̔ʩʣʷ 

ʦʩʘʜʞʝʥʥʷ 

770 ʂ, 

30 ʭʚ. 

870 ʂ, 

10 ʭʚ. 

870 ʂ, 

30 ʭʚ. 

870 ʂ, 

60 ʭʚ. 

(104) Mn4Si7  39.12    

(110) MnSi    39.43 39.45 

(111) MnSi    51.18 51.2 

(214) Mn4Si7  64.41  64.39 64.41 

(102) Mn5Si3   64.88   

(330) Mn 69.22 69.23 69.21   

(211) Mn5Si3   70.78 70.79 70.81 

(220) Mn4Si7  71.93  71.95 71.97 

(211) MnSi    76.25 76.28 

 

ʊʚʝʨʜʦʬʘʟʥʽ ʨʝʘʢʮʽʾ ʨʦʟʧʦʯʠʥʘʶʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 570 ʂ. ʇʽʩʣʷ 

10 ʭʚʠʣʠʥ ʚʽʜʧʘʣʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 670 ʂ (ʨʠʩ. 4.11, ʙ) ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ Mn-Si 

ʫʪʚʦʨʶʻʪʴʩʷ ʩʠʣʽʮʠʜ MnSi, ʘ ʚ ʧʨʠʧʦʚʝʨʭʥʝʚʽʡ ʦʙʣʘʩʪʽ ï ʩʠʣʽʮʠʜ ʟʙʘʛʘʯʝʥʠʡ ʥʘ 

ʤʘʨʛʘʥʝʮʴ Mn5Si3, ʥʘ ʧʦʚʝʨʭʥʽ ʟʙʝʨʽʛʘʻʪʴʩʷ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ Mn ʫ ʚʠʛʣʷʜʽ 

ʪʦʥʢʦʛʦ ʰʘʨʫ. ɿʘʛʘʣʴʥʘ ʪʦʚʱʠʥʘ ʰʘʨʫ ʩʠʣʽʜʥʠʭ ʬʘʟ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʚʠʭʽʜʥʠʤ ʩʪʘʥʦʤ ʽ ʜʦʩʷʛʘʻ 300 ʥʤ ʟʘ ʨʘʭʫʥʦʢ ʩʧʦʞʠʚʘʥʥʷ ʢʨʝʤʥʽʶ ʧʽʜʢʣʘʜʢʠ 

ʧʽʜ ʯʘʩ ʪʚʝʨʜʦʬʘʟʥʠʭ ʨʝʘʢʮʽʡ. ɿʝʨʥʘ ʩʠʣʽʮʠʜʫ Mn5Si3 ʤʘʶʪʴ ʮʠʣʽʥʜʨʠʯʥʫ ʬʦʨʤʫ 

ʽʟ ʩʝʨʝʜʥʽʤʠ ʨʦʟʤʽʨʘʤʠ ʧʨʠʙʣʠʟʥʦ 50 ʥʤ ʥʘ 150 ʥʤ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʭʚʠʣʷʩʪʘ 

ʤʝʞʘ ʨʦʟʜʽʣʫ ʩʠʣʽʮʠʜʫ MnSi ʟ ʢʨʝʤʥʽʻʤ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 770 ʂ 

ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʚʽʜʧʘʣʫ ʜʦ 30 ʭʚʠʣʠʥ (ʨʠʩ. 4.11, ʚ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ 

ʦʜʥʦʬʘʟʥʦʛʦ ʰʘʨʫ ʩʠʣʽʮʠʜʫ Mn4Si7 ʪʦʚʱʠʥʦʶ ʜʦ 400 ʥʤ. ʉʪʦʩʦʚʥʦ ʤʦʨʬʦʣʦʛʽʾ 

ʮʴʦʛʦ ʰʘʨʫ, ʪʦ ʨʘʜʽʫʩ ʮʠʣʽʥʜʨʠʯʥʠʭ ʚʢʣʶʯʝʥʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 200 ʥʤ, ʘ ʤʝʞʘ 

ʨʦʟʜʽʣʫ ʩʠʣʽʮʠʜʫ Mn4Si7 ʟ ʢʨʝʤʥʽʻʤ ʩʪʘʻ ʙʽʣʴʰ ʧʣʘʥʘʨʥʦʶ. ɼʦʙʨʝ 

ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʟʘ ʫʩʽʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘʷʚʥʽʩʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʰʘʨʫ ʽʟ ʟʤʽʥʝʥʠʤ 

ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ. 
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ʘ) ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ 

ʙ) ʚʽʜʧʘʣ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 670 ʂ ʫʧʨʦʜʦʚʞ 10 ʭʚʠʣʠʥ 

ʚ) ʚʽʜʧʘʣ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 770 ʂ ʫʧʨʦʜʦʚʞ 10 ʭʚʠʣʠʥ 

ʛ) ʚʽʜʧʘʣ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 770 ʂ ʫʧʨʦʜʦʚʞ 30 ʭʚʠʣʠʥ 

ʜ) ʚʽʜʧʘʣ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 870 ʂ ʫʧʨʦʜʦʚʞ 10 ʭʚʠʣʠʥ 

ʝ) ʚʽʜʧʘʣ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1070 ʂ ʫʧʨʦʜʦʚʞ 10 ʭʚʠʣʠʥ 

ʈʠʩʫʥʦʢ 4.11 ï ʌʦʨʤʫʚʘʥʥʷ ʰʘʨʫ ʩʠʣʽʮʠʜʥʦʾ ʬʘʟʠ Mn4Si7 ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ Mn-

Si ʟʘ ʜʘʥʠʤʠ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ  
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ʈʠʩʫʥʦʢ 4.12 ï ɿʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʦʦʧʦʨʫ ʟʨʘʟʢʘ  

Mn(100 ʥʤ)-Si(001) ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʚʽʜʧʘʣʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 870 ʂ 

 

ʐʘʨ ʩʠʣʽʮʠʜʫ Mn4Si7 ʚ ʥʘʥʦʨʦʟʤʽʨʥʽʡ ʩʠʩʪʝʤʽ Mn(100 ʥʤ)-Si(001) ʤʦʞʥʘ 

ʩʬʦʨʤʫʚʘʪʠ ʽ ʟʘ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʨʠʩ. 4.11). ʊʘʢ, ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

870 ʂ ʜʣʷ ʮʴʦʛʦ ʜʦʩʪʘʪʥʴʦ 10 ʭʚʠʣʠʥ ʚʽʜʧʘʣʫ ʭʦʯʘ ʥʝʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʩʠʣʽʮʠʜʫ 

MnSi ʧʨʠ ʮʴʦʤʫ ʟʘʣʠʰʘʻʪʴʩʷ (ʨʠʩ. 4.11, ʙ). ʗʢʱʦ ʟʙʽʣʴʰʫʚʘʪʠ ʪʨʠʚʘʣʽʩʪʴ ʜʦ 

ʦʜʥʽʻʾ ʛʦʜʠʥʠ, ʪʦ ʧʦʩʪʫʧʦʚʦ ʤʦʞʥʘ ʩʬʦʨʤʫʚʘʪʠ ʦʜʥʦʬʘʟʥʠʡ ʩʠʣʽʮʠʜʥʠʡ ʰʘʨ 

Mn4Si7 (ʨʠʩ. 4.11, ʛ, ʜ).  

ɺʠʤʽʨʶʚʘʥʥʷ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʦʦʧʦʨʫ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ 

ʚʽʜʧʘʣʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 870 ʂ ʽ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ (ʨʠʩ. 4.12) ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʧʦʩʪʫʧʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʟʥʘʯʝʥʥʷ, ʧʽʩʣʷ ʛʦʜʠʥʠ ʮʝ ʟʥʘʯʝʥʥʷ ʟʨʦʩʪʘʻ 

ʧʨʘʢʪʠʯʥʦ ʚʜʚʽʯʽ. ʊʘʢʠʡ ʨʝʟʫʣʴʪʘʪ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʩʫʪʪʻʚʦʶ ʨʽʟʥʠʮʝʶ ʧʠʪʦʤʦʛʦ 

ʝʣʝʢʪʨʦʦʧʦʨʫ ʩʠʣʽʮʠʜʽʚ MnSi (220 õ 260 ʤʢʆʤĿʩʤ) ʪʘ Mn4Si7 (450 ʜʦ 

500 ʤʢʆʤĿʩʤ) [122, 132, 133]. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʟʘʻʤʥʘ ʜʠʬʫʟʽʷ ʘʪʦʤʽʚ ʤʘʨʛʘʥʮʶ ʪʘ ʢʨʝʤʥʽʶ ʟʘ ʧʽʜʚʠʱʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʘʨʦʜʞʝʥʥʷʤ, ʟʨʦʩʪʘʥʥʷʤ ʪʘ ʢʦʘʣʝʩʮʝʥʮʽʻʶ 

ʚʢʣʶʯʝʥʴ ʩʠʣʽʮʠʜʥʠʭ ʬʘʟ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʚ ʦʙôʻʤʽ ʤʦʥʦʢʨʠʩʪʘʣʫ ʢʨʝʤʥʽʶ.  

ʄʦʨʬʦʣʦʛʽʷ ʚʢʣʶʯʝʥʴ ʩʠʣʽʮʠʜʥʠʭ ʬʘʟ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʞʠʤʫ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ. ʊʘʢ ʬʦʨʤʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʦʜʥʦʬʘʟʥʦʛʦ ʩʪʘʥʫ ʫ ʚʠʛʣʷʜʽ 

ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʛʦ ʩʠʣʽʮʠʜʥʦʛʦ ʰʘʨʫ Mn4Si7 ʟʘʚʪʦʚʰʢʠ ~ 300 ʥʤ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʩʠʩʪʝʤʠ Mn(100 ʥʤ)-Si(001) ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʘ 
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ʏʘʩ ʚʽʜʧʘʣʫ, ʭʚ. 
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ʪʝʤʧʝʨʘʪʫʨʠ 770 ʂ ʫʧʨʦʜʦʚʞ 30 ʭʚʠʣʠʥ ʪʘ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 870 ʂ ʫʧʨʦʜʦʚʞ 

10 ʭʚʠʣʠʥ. 

 

ʉʠʩʪʝʤʠ Mn+Si-Si(001). ʌʦʨʤʫʚʘʥʥʷ ʩʠʣʽʮʠʜʥʦʛʦ ʰʘʨʫ Mn4Si7 ʤʦʞʝ 

ʚʽʜʙʫʚʘʪʠʩʴ ʽ ʚ ʽʥʰʠʡ ʩʧʦʩʽʙ, ʟʘʚʜʷʢʠ ʦʜʥʦʯʘʩʥʦʤʫ ʦʩʘʜʞʝʥʥʶ ʤʘʨʛʘʥʮʶ ʪʘ 

ʢʨʝʤʥʽʶ ʟ ʤʽʰʝʥʝʡ, ʱʦ ʤʽʩʪʷʪʴ ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ ʤʘʨʛʘʥʮʶ. ʇʨʠ ʮʴʦʤʫ ʧʽʜʢʣʘʜʢʘ 

Si(001) ʧʦʚʠʥʥʘ ʧʽʜʪʨʠʤʫʚʘʪʠʩʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʽ 

ʬʦʨʤʫʚʘʥʥʷ ʧʝʚʥʦʛʦ ʩʠʣʽʮʠʜʫ. ʋ ʜʘʥʦʤʫ ʨʘʟʽ ʮʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʢʣʘʜʘʣʘ 720 ʂ 

[130,131], ʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʘʨʛʘʥʮʶ ʚʘʨʽʶʚʘʣʘʩʷ ʚʽʜ 24 ʜʦ 30 ʘʪ.%. ʊʘʢʠʤ ʯʠʥʦʤ 

ʙʫʣʘ ʩʬʦʨʤʦʚʘʥʘ ʩʝʨʽʷ ʟʨʘʟʢʽʚ [Mn (24, 27, 30 ʘʪ.%) + Si]-Si(001) ʙʝʟ 

ʜʦʜʘʪʢʦʚʦʛʦ ʮʠʢʣʫ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. ɿʘ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤʠ ʜʘʥʠʤʠ ʫʩʽ ʟʨʘʟʢʠ 

ʦʜʝʨʞʘʥʽ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ ʤʽʩʪʠʣʠ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʫ ʬʘʟʫ Mn4Si7 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʤʽʩʪʫ ʤʘʨʛʘʥʮʶ (ʨʠʩ. 4.13).  

 

 

ʘ) 24 ʘʪ. % Mn 

ʙ) 27 ʘʪ. % Mn 

ʚ) 30 ʘʪ. % Mn 

ʈʠʩʫʥʦʢ 4.13 ï ʌʦʨʤʫʚʘʥʥʷ ʬʘʟʠ Mn4Si7 ʧʽʜ ʯʘʩ ʦʩʘʜʞʝʥʥʷ ʟʨʘʟʢʽʚ (Mn+Si)-

Si(001) ʽʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʤʘʨʛʘʥʮʶ 

 

ʄʦʨʬʦʣʦʛʽʷ ʟʝʨʝʥ ʮʽʻʾ ʬʘʟʠ ʟʘ ʜʘʥʠʤʠ "cross-section" (ʨʠʩ. 4.14) ʩʫʪʪʻʚʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʘʨʛʘʥʮʶ.  
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ʘ) 24 ʘʪ. % Mn 

ʙ) 27 ʘʪ. % Mn 

ʚ) 30 ʘʪ. % Mn 

ʈʠʩʫʥʦʢ 4.14 ï ʄʦʨʬʦʣʦʛʽʷ ʟʝʨʝʥ ʬʘʟʠ Mn4Si7 ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ ʟʨʘʟʢʽʚ 

(Mn+Si)-Si(001) ʽʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʤʘʨʛʘʥʮʶ 

 

  

 

 

ʈʠʩʫʥʦʢ 4.15 ï ʄʦʨʬʦʣʦʛʽʷ ʟʝʨʝʥ ʬʘʟʠ Mn4Si7 ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ ʟʨʘʟʢʽʚ 

 (30 ʘʪ.% Mn+Si)-(001)Si ʟʘ ʨʽʟʥʦʛʦ ʤʘʩʰʪʘʙʫ 
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ʗʢʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʘʨʛʘʥʮʶ ʩʢʣʘʜʘʻ 24 ʘʪ. %, ʟʝʨʥʘ ʤʘʶʪʴ ʬʦʨʤʫ 

ʙʣʠʟʴʢʫ ʜʦ ʮʠʣʽʥʜʨʠʯʥʦʾ ʟ ʜʽʘʤʝʪʨʦʤ ʧʨʠʙʣʠʟʥʦ 100 ʥʤ, ʚʦʥʠ ʨʦʟʪʘʰʦʚʘʥʽ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʤʝʞʽ ʨʦʟʜʽʣʫ "ʧʣʽʚʢʘ/ʧʽʜʢʣʘʜʢʘ. ʌʦʨʤʫʚʘʥʥʷ ʘʥʩʘʤʙʣʶ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʧʽʜ ʯʘʩ ʦʩʘʜʞʝʥʥʷ 

ʧʣʽʚʢʠ (Mn+Si)-Si(001) ʻ ʧʦʜʽʙʥʠʤ ʜʦ ʪʦʛʦ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʩʣʷ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 670 ʂ ʫʧʨʦʜʦʚʞ 10 ʭʚʠʣʠʥ ʩʠʩʪʝʤʠ Mn-Si(001). ʆʜʥʘʢ 

ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʣʽʚʢʦʚʠʡ ʤʘʪʝʨʽʘʣ ʻ ʦʜʥʦʬʘʟʥʠʤ ʽ ʤʽʩʪʠʪʴ ʚʠʢʣʶʯʥʦ ʩʠʣʽʮʠʜ 

Mn4Si7.  

 ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʘʨʛʘʥʮʶ ʜʦ 30 ʘʪ. % ʬʦʨʤʫʶʪʴʩʷ ʚʝʣʠʢʽ 

ʟʝʨʥʘ, ʷʢʽ ʟʨʦʩʪʘʶʪʴ ʧʣʘʥʘʨʥʦ ʽ ʚʠʪʷʛʥʫʪʽ ʚʟʜʦʚʞ ʤʝʞʽ ʨʦʟʜʽʣʫ Mn-Si. ɰʭ ʨʦʟʤʽʨ 

ʤʦʞʝ ʜʦʩʷʛʘʪʠ 500 ʥʤ ʟʘʚʜʷʢʠ ʜʦʤʽʥʫʚʘʥʥʶ ʧʦʚʝʨʭʥʝʚʦʾ ʜʠʬʫʟʽʾ. ɿʚʝʨʪʘʻ ʥʘ 

ʩʝʙʝ ʫʚʘʛʫ, ʱʦ ʪʦʚʱʠʥʘ ʩʠʣʽʮʠʜʥʦʛʦ ʰʘʨʫ Mn4Si7 ʟʘ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʤʘʨʛʘʥʮʶ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʽ ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ 200-250 ʥʤ. ɹʽʣʴʰ 

ʜʝʪʘʣʴʥʦ ʤʦʨʬʦʣʦʛʽʶ ʟʝʨʝʥ ʬʘʟʠ Mn4Si7 ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ ʟʨʘʟʢʽʚ (30ʘʪ.% 

Mn+Si)/(001)Si ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.15. 

ʉʬʦʨʤʦʚʘʥʠʡ ʩʠʣʽʮʠʜʥʠʡ ʰʘʨ Mn4Si7 ʻ ʪʝʨʤʽʯʥʦ ʩʪʘʙʽʣʴʥʠʤ, ʟʘ 

ʪʝʤʧʝʨʘʪʫʨ 770 ʂ ʽ 870 ʂ ʬʘʟʦʚʠʭ ʟʤʽʥ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ (ʨʠʩ. 4.16; ʨʠʩ. 4.17). 

ʆʜʥʘʢ ʜʣʷ ʟʨʘʟʢʘ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʘʨʛʘʥʮʶ 24 ʘʪ. % ʧʽʩʣʷ ʚʽʜʧʘʣʫ ʪʦʚʱʠʥʘ 

ʰʘʨʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 400 ʥʤ ʽ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ ʢʦʘʣʝʩʮʝʥʮʽʾ 

(ʨʠʩ. 4.16, ʘ). ɼʝʷʢʽ ʟʝʨʥʘ ʤʘʶʪʴ ʜʽʘʤʝʪʨ ʙʣʠʟʴʢʦ 200 ʥʤ.  

ɼʣʷ ʟʨʘʟʢʘ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʘʨʛʘʥʮʶ 27 ʘʪ. % ʧʽʩʣʷ ʘʥʘʣʦʛʽʯʥʦʛʦ ʚʽʜʧʘʣʫ 

(ʨʠʩ. 4.16, ʙ) ʮʝʡ ʧʨʦʮʝʩ ʧʨʦʷʚʣʷʻʪʴʩʷ ʱʝ ʙʽʣʴʰ ʥʘʦʯʥʦ. ɿʝʨʥʘ ʩʠʣʽʮʠʜʫ Mn4Si7 

ʜʦʩʷʛʘʶʪʴ ʜʽʘʤʝʪʨʫ 600 ʥʤ (ʨʠʩ. 4.18), ʾʭ ʢʽʣʴʢʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ, ʘʣʝ ʟʘʛʘʣʴʥʘ 

ʪʦʚʱʠʥʘ ʩʠʣʽʮʠʜʥʦʛʦ ʰʘʨʫ ʻ ʟʥʘʯʥʦ ʤʝʥʰʦʶ (ʧʨʠʙʣʠʟʥʦ ʚʜʚʽʯʽ) ʥʽʞ ʜʣʷ 

ʚʠʧʘʜʢʫ ʟʨʘʟʢʘ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʘʨʛʘʥʮʶ 24 ʘʪ. % (ʨʠʩ. 4.17). ʊʘʢʠʤ ʯʠʥʦʤ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʨʽʟʥʠʡ ʤʝʭʘʥʽʟʤ ʨʦʩʪʫ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʽʜ ʯʘʩ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʩʠʩʪʝʤ ʽʟ ʨʽʟʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʘʨʛʘʥʮʶ ʧʦʚʥʽʩʪʶ 

ʚʽʜʧʦʚʽʜʘʻ ʪʝʦʨʝʪʠʯʥʠʤ ʚʽʜʦʤʦʩʪʷʤ ʱʦʜʦ ʬʘʟʠ Mn4Si7 ï ʥʘ ʨʠʩ. 4.19 ʜʣʷ 

ʧʨʠʢʣʘʜʫ ʥʘʚʝʜʝʥʦ ʦʜʝʨʞʘʥʫ ʥʘʤʠ ʨʝʥʪʛʝʥʦʛʨʘʤʫ ʜʣʷ ʩʠʩʪʝʤʠ (30 ʘʪ. % Mn) + 

Si-Si(001). 



151  

   

200 ʥʤ 
Si 

Mn 4Si7 
 

Mn 4Si7 
 

Si 
200 ʥʤ 

ʘ ʙ 

 

ʘ) 24 ʘʪ.% Mn 

ʙ) 27 ʘʪ.% Mn 

 

ʈʠʩʫʥʦʢ 4.16 ï ʄʦʨʬʦʣʦʛʽʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʽʩʣʷ 

ʚʽʜʧʘʣʫ ʩʠʩʪʝʤ (Mn+Si)-Si(001) ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 770 ʂ ʫʧʨʦʜʦʚʞ 10 ʭʚʠʣʠʥ 

 

  

 

ʈʠʩʫʥʦʢ 4.17 ï ʄʦʨʬʦʣʦʛʽʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʽʩʣʷ 

ʦʩʘʜʞʝʥʥʷ (ʘ) ʪʘ ʚʽʜʧʘʣʫ ʩʠʩʪʝʤʠ (24 ʘʪ.% Mn+Si)-Si(001) ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 770 ʂ 

ʫʧʨʦʜʦʚʞ 10 ʭʚʠʣʠʥ (ʙ)  

 

ʈʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʽʚ ʟʘ ʪʦʚʱʠʥʦʶ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʠʩʪʝʤ (Mn+Si)-Si(001) ʽʟ 

ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʤʘʨʛʘʥʮʶ ʜʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʦʤ ʚʪʦʨʠʥʥʦ-ʽʦʥʥʦʾ ʤʘʩ-

ʩʧʝʢʪʨʦʤʝʪʨʽʾ (ɺɯʄʉ). ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʤʝʪʦʜʠʢʠ ʜʣʷ ʘʥʘʣʽʟʫ 

ʨʝʘʢʮʽʡʥʦʾ ʜʠʬʫʟʽʾ ʚ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʪʦʥʢʠʭ ʧʣʽʚʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʤʠ ʚ [228].  

 

200 ʥʤ 100 ʥʤ Si 
Si 

ʘ) ʙ) 
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ʈʠʩʫʥʦʢ 4.18 ï ʄʦʨʬʦʣʦʛʽʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʽʩʣʷ 

ʦʩʘʜʞʝʥʥʷ (ʘ, ʙ) ʪʘ ʚʽʜʧʘʣʫ ʩʠʩʪʝʤʠ (27 ʘʪ.% Mn+Si)-Si(001) ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

770 ʂ ʫʧʨʦʜʦʚʞ 10 ʭʚʠʣʠʥ (ʚ) 

 

                        Mn4Si7                   (213)      (220)    (118)         (304) 
 

                        
 

                        Mn4Si7        104    214       117                400 

                       Mn 4Si7                              (220)    (118)     

 

                       
                     

                        Mn 4Si7  (104) (200) (213) (214) (117)        304 

 

 

ʘ 

 

ʈʠʩʫʥʦʢ 4.19 ï ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʩʠʩʪʝʤʠ (30 ʘʪ. % Mn + Si)/Si(001) ʧʽʩʣʷ 

ʚʽʜʧʘʣʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 770 ʂ ʫʧʨʦʜʦʚʞ 10 ʭʚʠʣʠʥ 

 

ʋ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʩʠʩʪʝʤʠ (24 ʘʪ. % Mn + Si)-Si(001) (ʨʠʩ. 4.20, ʘ) 

ʧʨʦʬʽʣʴ ʨʦʟʧʦʜʽʣʫ ʤʘʨʛʘʥʮʶ ʻ ʙʣʠʟʴʢʠʤ ʜʦ ʩʠʤʝʪʨʠʯʥʦʛʦ, ʤʘʢʩʠʤʫʤ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʪʨʫʤʫ ʚʪʦʨʠʥʥʠʭ ʽʦʥʽʚ Mn ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʩʣʷ 30 ʭʚʠʣʠʥ 

ʽʦʥʥʦʛʦ ʨʦʟʧʦʨʦʰʝʥʥʷ ʽ ʧʣʘʚʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʤʦʥʦʢʨʠʩʪʘʣʫ 

200 ʥʤ 100 ʥʤ 

100 ʥʤ 

Si 
Si 

Si 

ʘ) ʙ) 

ʚ) 
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ʢʨʝʤʥʽʶ; ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʪʦʨʠʥʥʠʭ ʡʦʥʽʚ ʢʨʝʤʥʽʶ 
28

I
Si+

 

ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʫ ʽ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʪʦʚʱʠʥʦʶ ʩʠʩʪʝʤʠ. ʇʽʩʣʷ 

ʚʽʜʧʘʣʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 770 ʂ (ʨʠʩ. 4.20, ʙ) ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʫʪʪʻʚʽ ʟʤʽʥʠ. 

ʌʨʦʥʪ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʘʨʛʘʥʮʶ ʟʤʽʱʫʻʪʴʩʷ ʚʽʜ ʧʽʜʢʣʘʜʠʥʢʠ ʚ ʥʘʧʨʷʤʢʫ 

ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʽ ʧʽʩʣʷ ʮʴʦʛʦ ʚʤʽʩʪ Mn ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʥʫʣʷ ʥʘ 

ʧʦʚʝʨʭʥʽ; ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʨʝʤʥʽʶ ʚʠʨʽʚʥʶʻʪʴʩʷ ʧʦ ʪʦʚʱʠʥʽ ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʾ ʦʙʣʘʩʪʽ. ʗʢ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ, ʪʘʢ ʽ ʧʽʩʣʷ ʚʽʜʧʘʣʫ ʽʩʥʫʻ 

ʧʨʠʧʦʚʝʨʭʥʝʚʘ ʦʙʣʘʩʪʴ, ʚ ʷʢʽʡ ʚʠʷʚʣʷʻʪʴʩʷ ʪʽʣʴʢʠ ʢʨʝʤʥʽʡ. ʆʩʢʽʣʴʢʠ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ 
28

I
Si+

 ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʨʽʟʢʦ ʟʨʦʩʪʘʻ, ʤʦʞʣʠʚʠʤ ʻ ʬʦʨʤʫʚʘʥʥʷ ʦʢʩʠʜʫ 

ʢʨʝʤʥʽʶ. ʅʘʷʚʥʽʩʪʴ ʧʨʠʧʦʚʝʨʭʥʝʚʦʾ ʦʙʣʘʩʪʽ ʟ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ, ʚʽʜʤʽʥʥʠʤ ʚʽʜ 

ʦʙôʻʤʫ ʟʨʘʟʢʫ, ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʣʝʢʪʨʦʥʥʦʾ-ʤʽʢʨʦʩʢʦʧʽʾ 

ʧʦʧʝʨʝʯʥʠʭ ʟʨʽʟʽʚ. 
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ʏʘʩ ʪʨʘʚʣʝʥʥʷ, ʭʚ.
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ʏʘʩ ʪʨʘʚʣʝʥʥʷ, ʭʚ.

 Si

 Mn

 

ʘ) ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ 

ʙ) ʧʽʩʣʷ ʚʽʜʧʘʣʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 770 ʂ ʫʧʨʦʜʦʚʞ 10 ʭʚʠʣʠʥ 

ʈʠʩʫʥʦʢ 4.20 ï ʈʝʟʫʣʴʪʘʪʠ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʚʪʦʨʠʥʥʠʭ ʡʦʥʽʚ ʜʣʷ 

ʥʘʥʦʨʦʟʤʽʨʥʦʾ ʩʠʩʪʝʤʠ (24 ʘʪ. % Mn + Si)-Si(001). 

 

ʅʘ ʨʠʩ. 4.21 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʪʨʫʤʫ ʚʪʦʨʠʥʥʠʭ 

ʽʦʥʽʚ ʚʽʜ ʯʘʩʫ ʨʦʟʧʦʨʦʰʝʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʦʾ ʩʠʩʪʝʤʠ (27 ʘʪ. % Mn + Si)-Si(001). 
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ʋ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ (ʨʠʩ. 4.21, ʘ) ʤʘʢʩʠʤʫʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʪʨʫʤʫ ʚʪʦʨʠʥʥʠʭ 

ʽʦʥʽʚ Mn ʜʦʩʷʛʘʻʪʴʩʷ ʧʽʩʣʷ 5 ʭʚʠʣʠʥ  ʽʦʥʥʦʛʦ ʪʨʘʚʣʝʥʥʷ ʽ ʥʝ ʟʤʽʥʶʻʪʴʩʷ 

ʫʧʨʦʜʦʚʞ 30 ʭʚʠʣʠʥ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʨʝʤʥʽʶ ʻ ʧʨʘʢʪʠʯʥʦ ʧʦʩʪʽʡʥʦʶ ʟʘ 

ʪʦʚʱʠʥʦʶ ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʜʫʞʝ ʪʦʥʢʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ (ʚʽʜʧʦʚʽʜʘʻ 

ʧʨʠʙʣʠʟʥʦ 60 ʩ ʡʦʥʥʦʛʦ ʨʦʟʧʦʨʦʰʝʥʥʷ). ʇʦʨʽʚʥʷʥʦ ʽʟ ʚʠʭʽʜʥʠʤ ʩʪʘʥʦʤ ʩʠʩʪʝʤʠ 

(24 ʘʪ. % Mn + Si)-Si(001) ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ (ʧʨʠʙʣʠʟʥʦ ʫ 6 

ʨʘʟʽʚ) ʪʦʚʱʠʥʘ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʱʦ ʟʙʘʛʘʯʝʥʠʡ ʥʘ ʢʨʝʤʥʽʡ. ʇʽʩʣʷ 

ʚʽʜʧʘʣʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 770 ʂ (ʨʠʩ. 4.21, ʙ) ʬʨʦʥʪ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʘʨʛʘʥʮʶ ʥʝ 

ʟʤʽʱʫʻʪʴʩʷ ʚʽʜ ʧʽʜʢʣʘʜʠʥʢʠ ʚ ʥʘʧʨʷʤʢʫ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ, ʷʢ ʮʝ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʟʘ ʤʝʥʰʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʘʨʛʘʥʮʶ, ʘ ʥʘʚʧʘʢʠ ʘʪʦʤʠ Mn 

ʜʠʬʫʥʜʫʶʪʴ ʚ ʧʽʜʢʣʘʜʠʥʢʫ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʢʨʝʤʥʽʶ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 

ʧʨʠʧʦʚʝʨʭʥʝʚʽʡ ʦʙʣʘʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʭʽʜʥʠʤ ʩʪʘʥʦʤ, ʘʣʝ ʪʦʚʱʠʥʘ ʮʽʻʾ ʦʙʣʘʩʪʽ 

ʥʘʙʘʛʘʪʦ ʤʝʥʰʘ ʥʽʞ ʜʣʷ ʩʠʩʪʝʤʠ (24 ʘʪ. % Mn + Si)-Si(001). ʗʢ ʫ ʚʠʭʽʜʥʦʤʫ 

ʩʪʘʥʽ, ʪʘʢ ʽ ʧʽʩʣʷ ʚʽʜʧʘʣʫ ʚʽʜʩʫʪʥʷ ʥʘʷʚʥʽʩʪʴ ʰʘʨʫ ʥʘ ʧʦʚʝʨʭʥʽ, ʚ ʷʢʦʤʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʢʨʝʤʥʽʡ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʩʠʛʥʘʣʫ 
28

I
Si+

 ʫ 

ʧʨʠʧʦʚʝʨʭʥʝʚʽʡ ʦʙʣʘʩʪʽ ʧʽʩʣʷ ʚʽʜʧʘʣʫ ʨʽʟʢʦ ʟʨʦʩʪʘʻ. 
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ʘ) ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ 

ʙ) ʧʽʩʣʷ ʚʽʜʧʘʣʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 770 ʂ ʫʧʨʦʜʦʚʞ 10 ʭʚʠʣʠʥ 

ʈʠʩʫʥʦʢ 4.21 ï ʈʝʟʫʣʴʪʘʪʠ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʚʪʦʨʠʥʥʠʭ ʡʦʥʽʚ ʜʣʷ 

ʥʘʥʦʨʦʟʤʽʨʥʦʾ ʩʠʩʪʝʤʠ (27 ʘʪ. % Mn + Si)-Si(001) 
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ʊʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 870 ʂ ʫʧʨʦʜʦʚʞ 10 ʭʚʠʣʠʥ ʨʦʟʛʣʷʥʫʪʠʭ 

ʩʠʩʪʝʤ (Mn + Si)-Si(001) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʥʠʟʴʢʦʦʤʥʠʭ ʩʠʣʽʮʠʜʽʚ. 

ʇʨʠ ʮʴʦʤʫ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʦʦʧʽʨ ʩʠʩʪʝʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ Mn. ʊʘʢ ʧʨʠ 

24 ʘʪ.% Mn ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʦʦʧʦʨʫ ʩʪʘʥʦʚʠʪʴ 100 ʤʢʆʤÅʩʤ, ʧʨʠ 

27 ʘʪ.% Mn ï 100 ʤʢʆʤÅʩʤ, ʘ ʧʨʠ 30 ʘʪ.% Mn ï 10 ʤʢʆʤÅʩʤ. 

ʇʣʘʥʘʨʥʘ ʩʪʨʫʢʪʫʨʘ ʩʬʦʨʤʦʚʘʥʦʛʦ ʩʠʣʽʮʠʜʥʦʛʦ ʰʘʨʫ ʫ ʥʘʥʦʨʦʟʤʽʨʥʽʡ 

ʩʠʩʪʝʤʽ (30 ʘʪ. % Mn) + Si-Si(001) ʟ ʥʘʡʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʛʨʘʥʠʮʴ ʟʝʨʝʥ ʪʘ 

ʥʘʡʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʬʘʟʠ Mn4Si7 ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʝʣʝʢʪʨʦʦʧʦʨʫ. 

4.2.2 ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʢʽʥʝʪʠʢʠ ʨʦʩʪʫ ʚʢʣʶʯʝʥʴ ʩʠʣʽʮʠʜʥʦʾ ʬʘʟʠ 

Mn 4Si7  

ɿʘ ʨʦʟʨʦʙʣʝʥʠʤ ʪʘ ʨʝʘʣʽʟʦʚʘʥʠʤ ʥʘ ʇɽʆʄ ʘʣʛʦʨʠʪʤʦʤ ʯʠʩʝʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʜʘʥʦʾ ʟʘʜʘʯʽ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʢʽʥʝʪʠʢʠ ʨʦʩʪʫ ʚʢʣʶʯʝʥʴ ʩʠʣʽʮʠʜʥʦʾ ʬʘʟʠ Mn4Si7 ʚ ʧʨʦʮʝʩʽ ʩʧʽʚʦʩʘʜʞʝʥʥʷ 

ʤʘʨʛʘʥʮʶ ʪʘ ʢʨʝʤʥʽʶ ʟʘ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʜʠʬʫʟʽʾ 

ʧʝʨʝʩʠʯʝʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ Mn-Si ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ Mn 24 ʘʪ.%. [215]. 

ʉʝʨʝʜʥʽʡ ʨʘʜʽʫʩ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʝʨʝʥ ʪʘ ʩʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ (ʨʦʟʤʽʨ 

ʜʠʬʫʟʽʡʥʦʾ ʦʙʣʘʩʪʽ) ʚʠʟʥʘʯʝʥʽ ʟʘ ʜʘʥʠʤʠ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽ, ʱʦ ʥʘʚʝʜʝʥʽ ʫ 

ʨʦʟʜʽʣʽ 4.2.1. ɼʘʥʽ, ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.2.  

 

ʊʘʙʣʠʮʷ 4.2 ï ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʚʢʣʶʯʝʥʴ 

Mn4Si7 

ʉʝʨʝʜʥʽʡ ʨʘʜʽʫʩ ʚʢʣʶʯʝʥʥʷ Mn4Si7 ï r, ʥʤ 30,8 

ʉʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʜʠʬʫʟʽʡʥʦʾ ʦʙʣʘʩʪʽ ï R, ʥʤ 39,5 

ɺʽʜʥʦʩʥʠʡ ʨʦʟʤʽʨ ʚʢʣʶʯʝʥʥʷ ï , ʚʽʜ. ʦʜ.  0,78 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʤʘʨʛʘʥʮʶ ʚ ʧʝʨʝʩʠʯʝʥʦʤʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ ï ὧ, ʘʪ.% 24 

ʈʽʚʥʦʚʘʞʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʘʨʛʘʥʮʶ ʚ ʬʘʟʽ Mn4Si7 ï ὧ, ʘʪ.% 36,36 

ʈʦʟʯʠʥʥʽʩʪʴ Mn ʚ Si ï ὧ, ʘʪ.% 0 
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ʅʘ ʨʠʩ. 4.22 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʨʦʟʧʦʜʽʣʫ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʘʨʛʘʥʮʶ ʫ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʽʟ ʚʠʟʥʘʯʝʥʠʤ ʽʥʪʝʨʚʘʣʦʤ, ʘ ʥʘ 

ʨʠʩ. 4.23 ï ʟʘʣʝʞʥʽʩʪʴ ʨʦʟʤʽʨʫ ʮʠʣʽʥʜʨʠʯʥʠʭ ʚʢʣʶʯʝʥʴ ʩʠʣʽʮʠʜʥʦʾ ʬʘʟʠ Mn4Si7 

ʚʽʜ ʯʘʩʫ. ʇʦʙʫʜʦʚʘʥʦ ʪʘʢʦʞ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʚʢʣʶʯʝʥʴ ʫ ʘʥʩʘʤʙʣʽ ʯʘʩʪʠʥʦʢ ʚʽʜ ʯʘʩʫ (ʨʠʩ. 4.24). ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʦ 

ʙʝʟʨʦʟʤʽʨʥʽ ʚʝʣʠʯʠʥʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʦʦʨʜʠʥʘʪʫ ï ʭ = r/R ʪʘ ʯʘʩ ï 

t = tD/R
2
. ʂʨʽʤ ʪʦʛʦ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʪʨʠʚʘʣʦʩʪʽ ʨʦʩʪʫ 

ʚʢʣʶʯʝʥʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʜʠʬʫʟʽʾ, ʪʦʙʪʦ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʯʘʩ 

ʧʨʦʭʦʜʞʝʥʥʷ ʨʝʘʢʮʽʾ, ʷʢʱʦ ʚʽʜʦʤʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ, ʪʘ ʥʘʚʧʘʢʠ ï ʚʠʟʥʘʯʠʪʠ 

ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ, ʷʢʱʦ ʚʽʜʦʤʠʡ ʯʘʩ ʜʠʬʫʟʽʡʥʦʛʦ ʚʽʜʧʘʣʫ (ʨʠʩ. 4.25). 

 

 
 

ʈʠʩʫʥʦʢ 4.22 ï ʈʦʟʧʦʜʽʣʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʠʬʫʟʘʥʪʫ ʚ 

ʮʠʣʽʥʜʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʯʘʩʫ, ʢʨʦʢ ʟʘ ʯʘʩʦʤ 

t = 0,05 ʚʽʜ.ʦʜ. 

ʈʠʩʫʥʦʢ 4.23 ï ɼʠʥʘʤʽʢʘ ʨʦʩʪʫ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʚʢʣʶʯʝʥʥʷ 

ɼʘʥʽ, ʦʜʝʨʞʘʥʽ ʫ ʨʘʤʢʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʫ ʧʽʜʨʦʟʜʽʣʽ 4.1.3 ʤʦʜʝʣʽ, 

ʩʚʽʜʯʘʪʴ, ʱʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʜʠʬʫʟʽʾ ʚʽʜʥʦʩʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʘʨʛʘʥʮʶ ʚ 

ʧʝʨʝʩʠʯʝʥʦʤʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ ʥʘʙʣʠʞʫʻʪʴʩʷ ʜʦ ʥʫʣʷ, ʘ ʨʘʜʽʫʩ ʚʢʣʶʯʝʥʥʷ ï ʜʦ 

ʩʚʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʽʜʦʤʠʭ ʪʦʯʥʠʭ ʨʦʟʚôʷʟʢʽʚ 

ʜʣʷ ʥʘʧʽʚʧʨʦʩʪʦʨʫ ʨʘʜʽʫʩ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʨʦʩʪʝ ʥʝʦʙʤʝʞʝʥʦ. ʊʘʢʠʤ 
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ʯʠʥʦʤ ʚʨʘʭʫʚʘʥʥʷ ʘʜʝʢʚʘʪʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʪʦʯʥʽʩʪʴ 

ʟʥʘʭʦʜʞʝʥʥʷ ʜʠʬʫʟʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʊʘʢ ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʫ 

ʚʢʣʶʯʝʥʴ ʬʘʟʠ Mn4Si7 ï r = 31 ʥʤ ï ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʜʘʥʠʤʠ. 
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ʈʠʩʫʥʦʢ 4.25 ï ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʨʦʩʪʫ 

ʚʢʣʶʯʝʥʴ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ ʜʠʬʫʟʽʾ 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʜʝʨʞʘʥʠʭ ʜʘʥʠʭ ʧʦʙʫʜʦʚʘʥʦ ʧʦʚʝʨʭʥʶ ʧʝʨʝʨʦʟʧʦʜʽʣʫ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Mn ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ ʪʘ ʯʘʩʫ ʫ ʧʘʢʝʪʽ Origin (ʨʠʩ. 4.26), 

ʷʢʘ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʙʽʣʴʰ ʧʦʚʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʜʠʥʘʤʽʢʫ ʧʨʦʮʝʩʫ, ʱʦ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ. 

4.3 ʌʦʨʤʫʚʘʥʥʷ ʽʥʪʝʨʤʝʪʘʣʽʜʥʠʭ ʬʘʟ ʚ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʩʠʩʪʝʤʘʭ "ʤʝʪʘʣ-ʢʨʝʤʥʽʡ" 

4.3.1 ʉʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʤʝʪʘʣʝʚʠʭ ʰʘʨʽʚ 

ʥʘ ʧʨʠʢʣʘʜʽ ʩʠʩʪʝʤʠ Pt-Fe 

ɺ ʩʫʯʘʩʥʠʭ ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ ʪʘʢʦʞ ʤʦʞʝ ʚʠʥʠʢʘʪʠ 

ʧʦʪʨʝʙʘ ʪʝʨʤʽʯʥʦ-ʽʥʜʫʢʦʚʘʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʰʘʨʽʚ 

ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ ʽʟ ʟʘʜʘʥʠʤ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʤ ʩʢʣʘʜʦʤ ʥʘ ʢʨʝʤʥʽʻʚʠʭ 

ʧʽʜʢʣʘʜʠʥʢʘʭ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʠʣʽʮʠʜʥʠʭ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ, 

ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʧʣʽʚʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʝ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʠʬʫʟʽʡʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ "ʤʝʪʘʣ-ʢʨʝʤʥʽʡ". ʆʜʥʠʤ ʽʟ ʧʨʠʢʣʘʜʽʚ 

ʪʘʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʦʞʫʪʴ ʙʫʪʠ ʪʦʥʢʽ ʧʣʽʚʢʠ FePt ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʘʭ ʢʨʝʤʥʽʶ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʢʦʤʧʣʝʢʩʦʤ ʫʥʽʢʘʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʩʧʝʢʪʠʚʫ ʾʭʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʰʘʨʽʚ 

ʧʨʠʣʘʜʽʚ ʩʧʽʥʪʨʦʥʽʢʠ ʪʘ ʥʦʩʽʾʚ ʤʘʛʥʽʪʥʦʛʦ ʟʘʧʠʩʫ ʽʥʬʦʨʤʘʮʽʾ ʟ ʥʘʜʚʠʩʦʢʦʶ 

ʱʽʣʴʥʽʩʪʶ.  

ʇʨʠ ʮʴʦʤʫ ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʬʦʨʤʫʚʘʥʥʷ ʮʴʦʛʦ 

ʢʣʘʩʫ ʤʘʪʝʨʽʘʣʽʚ, ʘʜʞʝ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʬʘʟʠ FePt ʪʘ ʾʾ ʧʦʜʘʣʴʰʦʛʦ 

ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʻ ʪʝʨʤʽʯʥʦ-ʽʥʜʫʢʦʚʘʥʠʤ. ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʦʜʥʠʤ ʟ 

ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʤʝʪʦʜʽʚ ʬʦʨʤʫʚʘʥʥʷ ʧʣʽʚʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ 

ʬʘʟʠ L10-FePt ʻ ʚʽʜʧʘʣ ʚʠʭʽʜʥʠʭ ʜʚʦʰʘʨʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ Pt/Fe/Si. ʇʨʠʡʤʘʶʯʠ 

ʜʦ ʫʚʘʛʠ, ʱʦ ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʝʥʥʷ ʧʨʠʣʘʜʽʚ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ ʚʠʤʘʛʘʶʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʧʽʜʢʣʘʜʠʥʢʠ ʩʘʤʝ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ Si, ʘ ʪʘʢʦʞ 

ʩʭʠʣʴʥʽʩʪʴ Fe ʜʦ ʜʠʬʫʟʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ Si ʟʘ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟ 
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ʧʦʜʘʣʴʰʠʤ ʬʦʨʤʫʚʘʥʥʷ ʩʠʣʽʮʠʜʥʠʭ ʬʘʟ, ʧʦʩʪʘʻ ʟʘʜʘʯʘ ʟʘʧʦʙʽʛʘʥʥʶ ʨʦʟʚʠʪʢʫ 

ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ ʟʤʽʥ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ Fe-Si.  

ɽʬʝʢʪʠʚʥʠʤ ʚʠʨʽʰʝʥʥʷʤ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʤʦʞʝ ʩʪʘʪʠ ʧʦʧʝʨʝʜʥʷ ʪʝʨʤʽʯʥʘ 

ʦʙʨʦʙʢʘ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʧʽʜʢʣʘʜʠʥʦʢ ʫ ʢʠʩʥʝʚʤʽʩʥʽʡ ʘʪʤʦʩʬʝʨʽ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʘʤʦʨʬʥʦʛʦ ʪʦʥʢʦʛʦ ʧʨʦʰʘʨʢʫ SiO2 ʥʘ ʧʦʚʝʨʭʥʽ 

ʧʽʜʢʣʘʜʠʥʢʠ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʜʠʬʫʟʽʡʥʦʛʦ ʙʘʨôʻʨʫ ʤʽʞ ʤʝʪʘʣʝʚʠʤʠ 

ʰʘʨʘʤʠ ʽ Si. ɼʣʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʜʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩ 

ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʾ ʽʥʪʝʨʤʝʪʘʣʽʜʥʦʾ ʬʘʟʠ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʤʝʪʘʣʝʚʠʭ ʰʘʨʽʚ ʫ 

ʢʦʤʧʦʟʠʮʽʾ ʄʝ1/ʄʝ2-Si ʪʘ ʚʠʟʥʘʯʠʪʠ ʤʦʨʬʦʣʦʛʽʶ ʟʘʨʦʜʢʽʚ ʮʽʻʾ ʬʘʟʠ. 

ʋ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʜʦʩʣʽʜʞʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʝʨʤʽʯʥʦ-ʽʥʜʫʢʦʚʘʥʠʭ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʭ ʟʤʽʥ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʣʽʚʢʦʚʠʭ 

ʢʦʤʧʦʟʠʮʽʡ Pt(15 ʥʤ)/Tb(10 ʥʤ)/Fe(15 ʥʤ), ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ 

ʦʩʘʜʞʝʥʥʷ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʫ ʧʽʜʢʣʘʜʠʥʢʫ Si(001) ʟ ʧʽʜʰʘʨʦʤ SiO2 ʪʦʚʱʠʥʦʶ 

100 ʥʤ. ʇʨʦʤʽʞʥʠʡ ʰʘʨ Tb ʚʠʢʦʨʠʩʪʘʥʦ ʫ ʷʢʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʫ ʪʚʝʨʜʦʬʘʟʥʦʾ 

ʨʝʘʢʮʽʾ ʟ ʦʛʣʷʜʫ ʥʘ ʚʠʩʦʢʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʘʥʦʛʦ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʦʛʦ ʤʝʪʘʣʫ ʜʦ 

ʢʠʩʥʶ, ʱʦ ʤʦʞʝ ʩʧʨʠʷʪʠ ʧʨʠʩʢʦʨʝʥʥʶ ʡʦʛʦ ʜʠʬʫʟʽʾ ʚ ʥʘʧʨʷʤʢʫ ʚʽʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ ʚ ʧʨʦʮʝʩʽ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʜʦ 823 ʂ ʫ ʚʘʢʫʫʤʽ 

10
-3 
ʇa) ʪʘ ʬʦʨʤʫʚʘʥʥʶ ʥʦʚʦʾ ʬʘʟʠ FePt. 

ʊʨʠʰʘʨʦʚʽ ʢʦʤʧʦʟʠʮʽʾ ʧʽʜʜʘʥʦ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘ 

ʬʽʢʩʦʚʘʥʦʾ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ 0,5 ʂ/ʩ.  

ʅʘ ʨʠʩ. 4.27 ʧʨʝʜʩʪʘʚʣʝʥʦ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ 

ʧʦʧʝʨʝʯʥʦʛʦ ʟʨʽʟʫ ʧʣʽʚʢʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ Pt/Tb/Fe ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ, ʦʪʨʠʤʘʥʽ ʫ 

ʪʝʤʥʦʤʫ (ʨʠʩ. 4.27, ʘ, ʚ, ʛ) ʽ ʩʚʽʪʣʦʤʫ (ʨʠʩ. 4.27, ʙ) ʧʦʣʷʭ. ʈʦʟʤʽʨ ʟʝʨʝʥ Fe ʪʘ Pt 

ʟʥʘʭʦʜʠʚʩʷ ʫ ʤʝʞʘʭ 5 ʥʤ ï 15 ʥʤ, Tb ï ʜʦ 3 ʥʤ. 

ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʧʣʽʚʢʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ Pt/Tb/Fe ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ ʽ ʚʽʜʧʘʣʫ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 823 ʂ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.28. ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʽ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ (ʨʠʩ. 4.28, ʘ) ʥʘʷʚʥʽ ʜʠʬʨʘʢʮʽʡʥʽ 

ʤʘʢʩʠʤʫʤʠ ʣʠʰʝ ʚʽʜ ʰʘʨʫ Pt ʟ ɻʎʂ ʛʨʘʪʢʦʶ ʽ ʰʘʨʫ Fe ʟ ʆʎʂ ʛʨʘʪʢʦʶ. ɺ ʪʦʡ 

ʩʘʤʠʡ ʯʘʩ, Tb ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʤʫ ʩʪʘʥʽ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ, ʷʢ 

ʚʠʷʚʣʝʥʦ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʫʣʴʪʨʘʤʘʣʠʤʠ ʨʦʟʤʽʨʘʤʠ ʡʦʛʦ 
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ʟʝʨʝʥ. ʇʦʰʘʨʦʚʽ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʨʦʟʧʦʜʽʣʠ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʪʦʚʱʠʥʦʶ 

ʧʣʽʚʢʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʥʥʦʾ ʆʞʝ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ʨʠʩ. 4.28, ʘ), ʟʘʩʚʽʜʯʠʣʠ ʥʘʷʚʥʽʩʪʴ ʯʽʪʢʦʾ ʛʨʘʥʠʮʽ ʧʦʜʽʣʫ ʤʽʞ 

ʰʘʨʘʤʠ Fe ʽ Tb. ɺ ʪʦʡ ʩʘʤʠʡ ʯʘʩ, ʤʽʞ ʰʘʨʘʤʠ Pt ʽ Tb ʯʽʪʢʦʾ ʤʝʞʽ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʬʦʨʤʫʻʪʴʩʷ ʦʩʪʨʽʚʮʝʚʘ ʩʪʨʫʢʪʫʨʘ ʰʘʨʫ Tb ʪʘ ʭʚʠʣʷʩʪʘ ʤʝʞʘ 

ʨʦʟʜʽʣʫ Pt/Tb ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʧʨʦʬʽʣʷʭ. ɹʽʣʴʰ ʪʦʛʦ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʯʽʪʢʦʾ ʛʨʘʥʠʮʽ ʤʽʞ ʮʠʤʠ ʰʘʨʘʤʠ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ (ʨʠʩ. 4.27, a, ʙ).  

 
ʘ) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

ʈʠʩʫʥʦʢ 4.27 ï ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʧʦʧʝʨʝʯʥʦʛʦ ʟʨʽʟʫ 

ʧʣʽʚʢʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ Pt/Tb/Fe ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ, ʦʪʨʠʤʘʥʽ ʫ ʪʝʤʥʦʤʫ (ʘ, ʛ) ʽ 

ʩʚʽʪʣʦʤʫ (ʙ) ʧʦʣʷʭ. ʂʦʣʴʦʨʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʟʝʨʝʥ ʟ ʨʽʟʥʠʤʠ ʦʨʽʻʥʪʘʮʽʷʤʠ, 

ʦʪʨʠʤʘʥʝ ʚ ʨʝʞʠʤʽ ʪʝʤʥʦʛʦ ʧʦʣʷ (ʚ) 
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ʈʠʩʫʥʦʢ 4.28 ï ʈʝʟʫʣʴʪʘʪʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʧʣʽʚʢʦʚʠʭ 

ʢʦʤʧʦʟʠʮʽʡ Pt/Tb/Fe ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ ʽ ʚʽʜʧʘʣʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 823 ʂ 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ ʽ 

ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.30.  

ʌʦʨʤʫʚʘʥʥʷ ʥʝʚʧʦʨʷʜʢʦʚʘʥʦʾ ʬʘʟʠ A1-FePt ʟ ɻʎʂ ʨʝʰʽʪʢʦʶ ʧʽʩʣʷ 

ʯʘʩʪʢʦʚʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ Pt ʜʦ ʰʘʨʫ Fe ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ 

553 ʂ: ʥʘ ʨʠʩ. 4.30, ʚ ʤʦʞʥʘ ʙʘʯʠʪʠ ʜʝʷʢʫ ʢʽʣʴʢʽʩʪʴ Pt (ʧʦʟʥʘʯʝʥʘ ʙʣʘʢʠʪʥʠʤ 

ʢʦʣʴʦʨʦʤ) ʚ ʰʘʨʽ Fe (ʧʦʟʥʘʯʝʥʦ ʬʽʦʣʝʪʦʚʠʤ ʢʦʣʴʦʨʦʤ).  

ʇʽʩʣʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 823 ʂ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʽ 

ʧʣʽʚʢʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ ʟôʷʚʣʷʻʪʴʩʷ ʜʠʬʨʘʢʮʽʡʥʠʡ ʥʘʜʩʪʨʫʢʪʫʨʥʠʡ ʨʝʬʣʝʢʩ (001), 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʬʦʨʤʫʚʘʥʥʷ ʚʧʦʨʷʜʢʦʚʘʥʦʾ ʬʘʟʠ L10-FePt ʟ ʛʨʘʥʝʮʝʥʪʨʦʚʘʥʠʤ 

ʪʝʪʨʘʛʦʥʘʣʴʥʠʤ ʪʠʧʦʤ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ. ʅʘ ʢʘʨʪʘʭ ʨʦʟʧʦʜʽʣʫ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʚʥʝ ʜʠʬʫʟʽʡʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʘʪʦʤʽʚ Fe ʽ Pt 

(ʨʠʩ. 4.30, ʝ).  
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 ʚ) 

  

ʙ) ʛ) 

ʈʠʩʫʥʦʢ 4.29 ï ʇʦʰʘʨʦʚʽ ʭʽʤʽʯʥʽ ʨʦʟʧʦʜʽʣʠ ʟʘ ʪʦʚʱʠʥʦʶ ʧʣʽʚʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ 

Pt/Tb/Fe ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ (ʘ) ʽ ʚʽʜʧʘʣʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 823 ʂ (ʚ), ʘ ʪʘʢʦʞ 

ʚʽʜʧʦʚʽʜʥʽ ʤʘʧʠ ʨʦʟʧʦʜʽʣʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ (ʙ, ʛ), ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ 

ʝʣʝʢʪʨʦʥʥʦʾ ʆʞʝ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ 

ɸʥʘʣʽʟ ʤʘʧ ʨʦʟʧʦʜʽʣʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʱʦʜʦ 

ʥʝʩʫʮʽʣʴʥʦʾ ʦʩʪʨʽʚʮʝʚʦʾ ʤʦʨʬʦʣʦʛʽʾ ʩʝʛʨʝʛʘʮʽʡʥʦʛʦ ʰʘʨʫ Tb ʥʘ ʚʽʣʴʥʽʡ ʧʦʚʝʨʭʥʽ 

ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʟʝʨʝʥ ʬʘʟʠ FePt ʚʠʪʷʛʥʫʪʦʾ ʬʦʨʤʠ ʙʣʠʟʴʢʦʾ ʜʦ ʮʠʣʽʥʜʨʠʯʥʦʾ 

(ʨʠʩ. 4.30, ʟ). 

ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʤʘʧʘʭ ʨʦʟʧʦʜʽʣʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʦʪʨʠʤʘʥʠʭ 

ʤʝʪʦʜʦʤ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʛʦ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʤʝʪʦʜʦʤ 

ʝʣʝʢʪʨʦʥʥʦʾ ʆʞʝ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʜʣʷ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʚʽʜʧʘʣʫ ʥʘʚʽʪʴ ʟʘ ʚʽʜʥʦʩʥʦ 

ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 823 ʂ ʚʽʜʩʫʪʥʽ ʙʫʜʴ-ʷʢʽ ʦʟʥʘʢʠ ʜʠʬʫʟʽʾ Si ʜʦ ʤʝʪʘʣʝʚʠʭ 
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ʰʘʨʽʚ ʧʣʽʚʢʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ ʯʠ ʤʝʪʘʣʝʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦ ʧʽʜʢʣʘʜʠʥʢʠ (ʨʠʩ. 4.29 

ʽ ʨʠʩ. 4.30).  

ʆʪʞʝ, ʚʠʷʚʣʝʥʦ, ʱʦ ʟʘ ʫʤʦʚʠ ʪʝʨʤʽʯʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʾ 

ʧʽʜʢʣʘʜʠʥʢʠ Si(001) ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʘʤʦʨʬʥʦʛʦ ʰʘʨʫ SiO2 ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʘʻʤʥʘ 

ʜʠʬʫʟʽʷ ʚʠʢʣʶʯʥʦ ʤʽʞ ʤʝʪʘʣʝʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʦʟʠʮʽʾ Pt/Tb/Fe ʟ 

ʬʦʨʤʫʚʘʥʥʷʤ ʚʽʜʥʦʩʥʦ ʧʣʘʥʘʨʥʦʛʦ ʰʘʨʫ ʥʦʚʦʾ ʬʘʟʠ L10-FePt. 

 

 

ʈʠʩʫʥʦʢ 4.30 ï ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʽ ʚʽʜʧʦʚʽʜʥʽ ʤʘʧʠ 

ʨʦʟʧʦʜʽʣʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʣʽʚʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ Pt/Tb/Fe ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ ʽ 

ʚʽʜʧʘʣʫ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ 

4.3.2 ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʘʤʦʜʠʬʫʟʽʾ Pt ʪʘ Fe ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʜʠʥʘʤʽʢʠ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʝʥʝʨʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʚʘʢʘʥʩʽʡ, 

ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʜʠʬʫʟʽʾ, ʝʥʝʨʛʽʾ ʤʽʛʨʘʮʽʾ ʘʪʦʤʽʚ Fe ʽ Pt ʪʘ ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʠʬʫʟʽʡʥʦʛʦ ʤʘʩʦʧʝʨʝʥʦʩʫ ʚ ʽʥʪʝʨʤʝʪʘʣʽʜʽ L10-FePt ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ.  

ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʦʙʯʠʩʣʝʥʠʭ ʝʥʝʨʛʽʡ ʬʦʨʤʫʚʘʥʥʷ ʚʘʢʘʥʩʽʡ Ὁ  

ʪʘ Ὁ  ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.31. 
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ʈʠʩʫʥʦʢ 4.31 ï ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʥʝʨʛʽʡ ʬʦʨʤʫʚʘʥʥʷ ʚʘʢʘʥʩʽʡ Fe ʪʘ Pt ʫ 

ʬʘʟʽ  L10- FePt, ʚʠʟʥʘʯʝʥʽ ʤʝʪʦʜʦʤ ʄɼ 

 

ʆʙʠʜʚʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.31 ʢʨʠʚʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʠʚʦʜʠʪʴ ʥʝ ʪʽʣʴʢʠ ʜʦ ʧʦʩʪʫʧʦʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ Ὁ , ʘʣʝ ʡ ʜʦ ʟʥʠʞʝʥʥʷ 

Ὁ Ὁ . ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʪʘʢʦʞ ʻ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʧʨʦ ʩʪʘʣʝ ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʚʘʢʘʥʩʽʡ ʽʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʽ ʜʣʷ ʽʥʰʠʭ ʩʠʩʪʝʤ (ʜʠʚ. ʥʘʧʨʠʢʣʘʜ [229-231]). ɽʢʩʪʨʘʧʦʣʷʮʽʷ Ὁ Ὕ ʪʘ 

Ὁ Ὕ ʥʘ Ὕᴼπ + ʥʘʜʘʻ ʟʥʘʯʝʥʥʷ 2,53 ʝɺ ʪʘ 2,31 ʝɺ ʜʣʷ Ὁ  ʪʘ Ὁ , 

ʚʽʜʧʦʚʽʜʥʦ. 

ʅʘ ʨʠʩ. 4.32 ʥʘʚʝʜʝʥʦ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ὅ  ʪʘ ὅ , ʨʦʟʨʘʭʦʚʘʥʽ 

ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʽʡ ʬʦʨʤʫʚʘʥʥʷ ʚʘʢʘʥʩʽʡ Ὁ  ʪʘ Ὁ , ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ 

ʨʠʩ. 4.31. 
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ʈʠʩʫʥʦʢ 4.32 ïʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʨʽʚʥʦʚʘʞʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʘʢʘʥʩʽʡ ʚ 

ʧʽʜʨʝʰʽʪʢʘʭ Fe ʪʘ Pt ʬʘʟʠ L10-FePt (a) ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʟʘʣʝʞʥʦʩʪʽ ɸʨʨʝʥʽʫʩʘ (ʙ) 

ɿʥʘʯʝʥʥʷ ộὉ Ớ ʪʘ ộὉ Ớ, ʨʦʟʨʘʭʦʚʘʥʽ ʟ ʥʘʭʠʣʽʚ ʚʽʜʧʦʚʽʜʥʠʭ 




















































































