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ɸʅʆʊɸʎɯʗ 

 

ʂʥʷʟʻʚ ʉ. ɸ. ʇʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ ʤʘʰʠʥ 

ʙʦʨʫʚʘʥʥʷʤ ʽʟ ʰʚʠʜʢʽʩʥʠʤ ʥʘʛʨʽʚʦʤ ʉɺʏ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ 

ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.02.01 ï ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ (13 ï ʄʝʭʘʥʽʯʥʘ ʽʥʞʝʥʝʨʽʷ). ï 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤʝʥʽ 

ʇʝʪʨʘ ɺʘʩʠʣʝʥʢʘ, ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ʍʘʨʢʽʚ ï 2021. 

ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʥʘ ʢʘʬʝʜʨʽ çʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè. 

ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʝʘʣʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʘ ʧʦʻʜʥʫʻ 

ʜʠʬʫʟʽʡʥʝ ʥʘʩʠʯʝʥʥʷ ʟ ʰʚʠʜʢʽʩʥʦʶ ʧʦʚʝʨʭʥʝʚʦʶ ʦʙʨʦʙʢʦʶ ʟ ʤʝʪʦʶ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ ʟʤʽʮʥʝʥʠʭ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ.  

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʘ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʘ ʨʦʟʨʦʙʢʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟʤʽʮʥʝʥʥʷ ʚʫʛʣʝʮʝʚʦʾ ʪʘ ʣʝʛʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʩʪʘʣʝʡ ʟ ʧʦʻʜʥʘʥʥʷʤ ʤʝʪʦʜʫ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʽʥʜʫʢʮʽʡʥʦʛʦ ʥʘʛʨʽʚʫ, 

ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʩʫʪʪʻʚʝ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʧʦʚʝʨʭʥʝʚʦʾ ʪʚʝʨʜʦʩʪʽ, 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ, ʥʝ ʟʥʠʞʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʧʦʢʘʟʥʠʢʠ ʫʜʘʨʥʦʾ ʚôʷʟʢʦʩʪʽ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʦʩʥʦʚʽ ʜʝʪʘʣʴʥʦʛʦ 

ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʨʝʞʠʤʽʚ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʫ ʥʘ ʩʪʨʫʢʪʫʨʫ ʽ ʬʘʟʦʚʠʡ ʩʢʣʘʜ 

ʩʪʘʣʝʡ ʧʽʩʣʷ ʙʦʨʫʚʘʥʥʷ.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʤʽʮʥʝʥʥʷ ʧʨʦʚʦʜʠʚʩʷ ʧʽʜʙʽʨ ʨʝʞʠʤʽʚ 

ʙʦʨʫʚʘʥʥʷ ʽ ʩʢʣʘʜ ʥʘʩʠʯʫʶʯʠʭ ʧʘʩʪ. ʆʙʨʘʥʽ ʜʣʷ ʜʦʩʣʽʜʽʚ ʤʘʪʝʨʽʘʣʠ ʜʦʩʪʫʧʥʽ ʽ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʦʩʥʦʚʥʠʭ ʢʣʘʩʽʚ ʬʝʨʠʪʦ-ʧʝʨʣʠʪʥʠʭ, 

ʤʘʨʪʝʥʩʠʪʥʠʭ, ʘʫʩʪʝʥʽʪʥʠʭ ʩʪʘʣʝʡ.  

ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʧʽʜʽʙʨʘʥʦ ʫʤʦʚʠ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ 

ʧʨʠʩʢʦʨʝʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʧʽʯʥʦʛʦ ʥʘʛʨʽʚʫ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. ɿʘʛʘʣʴʥʠʡ ʯʘʩ ʙʦʨʫʚʘʥʥʷ ʙʫʣʦ ʟʤʝʥʰʝʥʦ ʟ 8 ʛʦʜʠʥ ʜʦ 3 ʛʦʜʠʥʠ. 

ʇʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʤʝʥʰ ʢʨʠʭʢʦʛʦ ʦʜʥʦʬʘʟʥʦʛʦ ʙʦʨʠʜʥʦʛʦ ʰʘʨʫ. 
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ɼʣʷ ʘʫʩʪʝʥʽʪʥʠʭ ʩʪʘʣʝʡ ʧʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ çʙʝʟʙʦʨʠʜʥʦʛʦè 

ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʟ ʩʫʮʽʣʴʥʦʶ ʪʘ ʤʽʞʟʝʨʝʥʥʦʶ ʜʠʬʫʟʽʻʶ. 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʤʽʞ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʫ ʉɺʏ ʪʘ ʜʠʬʫʟʽʡʥʦʛʦ 

ʥʘʩʠʯʝʥʥʷ, ʬʦʨʤʫʚʘʥʥʷʤ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʪʘʣʝʡ, ʟʤʽʮʥʝʥʠʭ 

ʙʦʨʫʚʘʥʥʷʤ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʨʽʰʝʥʘ ʟʘʜʘʯʘ ʚʧʣʠʚʫ ʨʝʞʠʤʽʚ ʥʘʛʨʽʚʫ ʽ ʩʢʣʘʜʫ 

ʧʘʩʪʠ, ʱʦ ʥʘʩʠʯʫʻ ʧʦʚʝʨʭʥʶ ʩʪʘʣʽ ʙʦʨʦʤ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʬʦʪʦʛʨʘʬʽʾ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ ʟʤʽʥʠ ʤʦʨʬʦʣʦʛʽʾ ʩʪʨʫʢʪʫʨʠ ʚ ʦʩʥʦʚʥʦʤʫ ʫ 

ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʟʨʘʟʢʽʚ. ɼʠʬʫʟʽʡʥʠʡ ʰʘʨ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʤʘʪʨʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʫʚʘʥʥʷ ʙʦʨʠʜʽʚ ʽ 

ʢʘʨʙʦʙʦʨʠʜʽʚ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷʤ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ. ɼʦʜʘʪʢʦʚʦ, ʥʘ 

ʩʢʣʘʜʥʠʭ ʟʘ ʤʦʨʬʦʣʦʛʽʻʶ ʩʪʨʫʢʪʫʨʘʭ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ ʧʨʠ ʰʚʠʜʢʽʩʥʦʤʫ ʥʘʛʨʽʚʽ 

ʧʨʦʚʦʜʠʣʠʩʴ ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʽ ʨʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʽʚ ʫ ʤʽʢʨʦʦʙôʻʤʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʫʤʦʚʘʭ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʥʘʛʨʽʚʫ ʬʦʨʤʫʶʪʴʩʷ ʩʪʨʫʢʪʫʨʠ, 

ʷʢʽ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʩʪʨʫʢʪʫʨ ʪʨʘʜʠʮʽʡʥʠʭ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ. ɺʦʥʠ 

ʤʦʞʫʪʴ ʤʘʪʠ ʜʝʥʜʨʠʪʥʫ ʙʫʜʦʚʫ, ʩʢʣʘʜʘʪʠʩʴ ʟ ʽʟʦʣʴʦʚʘʥʠʭ ʙʦʨʠʜʽʚ ʽ ʢʘʨʙʦʙʦʨʠʜʽʚ 

ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ ʙʦʨʫ ʚ ʟʘʣʽʟʽ ʪʦʱʦ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʩʫʪʥʽʩʪʴ ʩʫʮʽʣʴʥʦʛʦ 

ʰʘʨʫ ʙʦʨʠʜʽʚ ʭʦʯʘ ʽ ʟʤʝʥʰʫʻ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʰʘʨʫ, ʘʣʝ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʽʡ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʚ ʫʤʦʚʘʭ ʚʽʜʩʫʪʥʦʩʪʽ ʩʢʦʣʶʚʘʥʥʷ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʚ ʫʟʘʛʘʣʴʥʝʥʥʽ ʪʘ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʡ ʽ ʧʨʘʢʪʠʢʠ 

ʟʤʽʮʥʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʘ ʤʦʞʣʠʚʽʩʪʶ ʢʝʨʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷʤ ʪʘ ʜʠʬʫʟʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʥʘʩʠʯʝʥʥʽ ʙʦʨʦʤ ʚ ʫʤʦʚʘʭ ʰʚʠʜʢʽʩʥʦʛʦ 

ʥʘʛʨʽʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʘʢʪʫʘʣʴʥʫ ʧʨʦʙʣʝʤʫ ʧʽʜʚʠʱʝʥʥʷ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

ɺʧʝʨʰʝ: 

ï ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʷʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ 

ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʩʪʘʣʽ ʧʨʠ ʙʦʨʫʚʘʥʥʽ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʥʘʛʨʽʚʫ. 
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ï ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʠʨʦʜʫ ʚʧʣʠʚʫ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʫ ʥʘ ʨʦʟʚʠʪʦʢ ʜʠʬʫʟʽʾ ʧʨʠ 

ʙʦʨʫʚʘʥʥʽ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʥʘʩʠʯʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʛʨʘʥʠʮʴ ʨʦʟʜʽʣʫ ʧʨʠ ʬʘʟʦʚʽʡ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʱʦ ʨʘʟʦʤ ʟ 

ʛʦʨʦʬʽʣʴʥʦʶ ʧʨʠʨʦʜʦʶ ʙʦʨʫ ʚʠʟʥʘʯʘʻ ʟʝʨʥʦʛʨʘʥʠʯʥʠʡ ʤʝʭʘʥʽʟʤ ʜʠʬʫʟʽʾ ʚ ʷʢʦʩʪʽ 

ʜʦʤʽʥʘʥʪʥʦʛʦ ʽ ʙʽʣʴʰ ʜʠʥʘʤʽʯʥʦʛʦ. 

ï ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʴ ʟʚôʷʟʢʽʚ ʤʽʞ ʰʚʠʜʢʽʩʪʶ ʥʘʛʨʽʚʫ ʽ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʩʪʨʫʢʪʫʨʦ- ʪʘ ʬʘʟʦʫʪʚʦʨʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʦʪʨʠʤʘʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ ʜʦ 1000 ʦʉ/ʩ ʽ ʙʽʣʴʰʝ.  

ʆʪʨʠʤʘʣʦ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ: 

ï ʪʝʭʥʦʣʦʛʽʷ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʰʚʠʜʢʽʩʥʦʛʦ ʟʙʦʨʫ ʜʘʥʠʭ ʫ ʰʚʠʜʢʦʧʣʠʥʥʠʭ ʧʨʦʮʝʩʘʭ 

ʥʘʛʨʽʚʫ ʩʪʨʫʤʘʤʠ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʝʨʝʰʢʦʜʠ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ: 

ï ʧʨʦʮʝʩ ʧʽʯʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʰʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ ʽ ʩʢʣʘʜʫ ʧʘʩʪ ʟ 

ʤʝʪʦʶ ʩʢʦʨʦʯʝʥʥʷ ʡʦʛʦ ʪʨʠʚʘʣʦʩʪʽ ʽ ʫʩʫʥʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʤʘʪʨʠʯʥʫ 

ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʽʘʣʫ, ʧʦʚʝʨʭʥʷ ʷʢʦʛʦ ʦʙʨʦʙʣʷʻʪʴʩʷ; 

ï ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʦʜʥʦʬʘʟʥʦʛʦ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ 

ʢʨʠʭʢʦʩʪʽ ʽ ʪʨʽʱʽʥʦʫʪʚʦʨʝʥʥʷ; 

ï ʪʝʭʥʦʣʦʛʽʶ ʙʦʨʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ ʫ 

ʤʘʪʨʠʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʩʪʘʣʽ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʫ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

1. ʈʦʟʨʦʙʣʝʥʫ ʪʝʭʥʦʣʦʛʽʶ ʘʧʨʦʙʦʚʘʥʦ ʥʘ ɸʊ ñʊʫʨʙʦʘʪʦʤò ʪʘ ʨʝʢʦʤʝʥʜʦʚʘʥʦ 

ʚ ʷʢʦʩʪʽ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʮʥʝʥʥʷ ʢʨʦʤʦʢ ʣʦʧʘʪʦʢ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ ʥʘ ʙʘʟʽ 

ʽʩʥʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

2. ʊʝʭʥʦʣʦʛʽʶ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʧʽʯʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ 

ʟʤʽʮʥʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʩʧʝʮʽʘʣʴʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʥʘ 

ʧʨʦʤʠʩʣʦʚʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʊʆɺ çʍɸɼʆ ï ʍʦʣʜʽʥʛè. 

3. ʊʝʭʥʦʣʦʛʽʶ ʙʦʨʫʚʘʥʥʷ ʟ ʰʚʠʜʢʽʩʥʠʤ ʥʘʛʨʽʚʦʤ ʉɺʏ ʘʧʨʦʙʦʚʘʥʦ ʜʣʷ 

ʟʤʽʮʥʝʥʥʷ ʜʨʦʙʝʤʝʪʥʠʭ ʣʦʧʘʪʦʢ. ʇʦʨʽʚʥʷʥʦ ʩʪʨʦʢ ʝʢʩʧʣʫʘʪʘʮʽʾ ʣʦʧʘʪʦʢ, 

ʙʦʨʦʚʘʥʠʭ ʟʘ ʥʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʽ ʣʦʧʘʪʦʢ, ʟʤʽʮʥʝʥʠʭ ʟʘ ʟʚʠʯʘʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ 
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ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʨʽʚʥʷʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʙʦʨʫʚʘʥʥʷ ʟ 

ʰʚʠʜʢʽʩʥʠʤ ʥʘʛʨʽʚʦʤ ʉɺʏ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ 

ʊʆɺ çʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʽ ʬʽʥʘʥʩʦʚʦ-ʧʨʦʤʠʩʣʦʚʘ ʢʦʤʧʘʥʽʷ çɺɻɯʂèè. 

4. ʇʨʠʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ ʪʘʢʦʞ ʧʦʣʷʛʘʻ ʚ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʅʊʋ çʍʇɯè ʥʘ ʢʘʬʝʜʨʽ 

çʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè ʧʨʠ ʚʠʢʣʘʜʝʥʥʽ ʜʠʩʮʠʧʣʽʥ çɸʚʪʦʤʘʪʠʟʘʮʽʷ ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʦʮʝʩʽʚè, çʍʽʤʽʢʦ-ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʤʘʪʝʨʽʘʣʽʚè, çʉʪʨʫʢʪʫʨʠ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚè, ʘ ʪʘʢʦʞ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘ ʢʘʬʝʜʨʽ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽ ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʉʫʤʩʴʢʦʛʦ 

ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʜʠʩʮʠʧʣʽʥ çʊʝʭʥʦʣʦʛʽʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè, çʄʝʪʘʣʦʟʥʘʚʩʪʚʦ ʪʘ ʦʩʥʦʚʠ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠè, çʊʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚè. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʪʘ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ ʦʜʝʨʞʘʥʽ 

ʘʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ, ʫʯʘʩʪʴ ʫ ʧʫʙʣʽʢʘʮʽʷʭ ʚ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʩʢʣʘʜʘʻ ʚʽʜ 50 ʜʦ 100%. 

ɺʦʥʠ ʚʢʣʶʯʘʶʪʴ ʪʝʦʨʝʪʠʯʥʽ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʨʦʤʠʩʣʦʚʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʛʣʷʜʘʣʠʩʷ, ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʄʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʚ ʋʢʨʘʾʥʽ ʪʘ ʟʘʢʦʨʜʦʥʦʤ. 

 ʇʝʨʰʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʰʣʷʭʦʤ ʍʊʆ.  

 ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʦʧʠʩʘʥʽ ʤʝʪʦʜʠʢʠ, ʷʢʽ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʠ ʦʙʨʘʥʽ ʩʪʘʣʽ, ʷʢʽ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʪʘ ʪʫʨʙʽʥʦʙʫʜʫʚʘʥʥʽ. ʄʘʪʝʨʽʘʣʘʤʠ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʽ ʩʪʘʣʽ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʪʘ ʧʨʠʟʥʘʯʝʥʴ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʜʝʪʘʣʴʥʦ 

ʚʠʚʯʠʪʠ ʙʫʜʦʚʫ ʜʠʬʫʟʽʡʥʠʭ ʰʘʨʽʚ ʪʘ ʚʧʣʠʚ ʚʫʛʣʝʮʶ ʽ ʣʝʛʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʧʨʠ ʙʦʨʫʚʘʥʥʽ ʟʘ ʨʦʟʨʦʙʣʝʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ.  

ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʧʘʩʪʠ ʨʽʟʥʠʭ ʩʢʣʘʜʽʚ, 

ʦʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʢʠʭ ʙʫʣʠ ʢʘʨʙʽʜ ʙʦʨʫ, ʘʤʦʨʬʥʠʡ ʙʦʨ ʪʘ ʬʪʦʨʠʩʪʠʡ 

ʥʘʪʨʽʡ. ɹʦʨʫʚʘʥʥʷ ʟʘ ʪʨʘʜʠʮʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʧʨʦʚʦʜʠʣʦʩʷ ʰʣʷʭʦʤ ʥʘʛʨʽʚʘʥʥʷ 

ʚ ʧʝʯʽ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 950é1200 Áʉ ʟ ʚʠʪʨʠʤʢʦʶ ʚʽʜ 15 ʭʚ. ʜʦ 3 ʛʦʜʠʥ. 
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ɼʣʷ ʰʚʠʜʢʽʩʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʛʝʥʝʨʘʪʦʨ ʩʪʨʫʤʽʚ ʚʠʩʦʢʦʾ 

ʯʘʩʪʦʪʠ ɺʏɻ 60-3/0,44, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʘʥʥʷ ʧʨʠ ʮʴʦʤʫ ʚʘʨʽʶʚʘʣʘʩʴ ʚʽʜ 1050 

ʜʦ 1300 Áʉ, ʘ ʰʚʠʜʢʽʩʪʴ ï ʚʽʜ 1000 ʜʦ 1200 Áʉ/ʩ.  

ʄʽʢʨʦʩʪʨʫʢʪʫʨʫ ʪʘ ʪʦʚʱʠʥʫ ʜʠʬʫʟʽʡʥʠʭ ʰʘʨʽʚ ʜʦʩʣʽʜʞʫʚʘʣʠ ʤʝʪʦʜʦʤ 

ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʥʘ ʤʽʢʨʦʩʢʦʧʽ ZEISS AXIO Vert. A1 ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ 

ʤʝʪʦʜʠʢʦʶ ʩʚʽʪʣʦʛʦ ʧʦʣʷ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʭ1000. ʊʚʝʨʜʽʩʪʴ ʟʨʘʟʢʽʚ 

ʚʠʟʥʘʯʘʣʠ ʥʘ ʧʨʠʣʘʜʽ ʪʠʧʫ ʊʂ (ʈʦʢʚʝʣʣ) ʟʘ ʰʢʘʣʦʶ ɸ, ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ï ʥʘ 

ʧʨʠʣʘʜʽ ʇʄʊ-3 ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 200 ʛ ʽ ʚʠʪʨʠʤʮʽ 10 ʩ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ 

ʤʝʪʦʜʠʢʦʶ. ʇʦʢʘʟʥʠʢ ʤʽʢʨʦʢʨʠʭʢʦʩʪʽ ʜʠʬʫʟʽʡʥʠʭ ʰʘʨʽʚ ʦʮʽʥʶʚʘʣʠ ʧʨʠ ʨʽʟʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚʽʜ 20 ʜʦ 200 ʛ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ ʇʄʊ-3, ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ 

ʫʜʘʨʥʠʡ ʟʛʠʥ ʥʘ ʤʘʷʪʥʠʢʦʚʦʤʫ ʢʦʧʨʽ 2130ʂʄ-03. ɿʥʦʰʫʚʘʥʥʷ ʚʠʟʥʘʯʘʣʦʩʴ 

ʚʠʤʽʨʦʤ ʚʪʨʘʪʠ ʚʘʛʠ ʧʨʠ ʜʽʾ ʪʚʝʨʜʠʭ ʧʨʠʩʢʦʨʝʥʠʭ ʩʪʠʩʣʠʤ ʧʦʚʽʪʨʷʤ ʯʘʩʪʦʢ ʟ 

ʢʫʪʦʤ ʘʪʘʢʠ 45ʦ ʪʘ 90ʦ. ɽʣʝʤʝʥʪʥʠʡ ʘʥʘʣʽʟ ʧʨʦʚʦʜʠʚʩʷ ʥʘ ʧʨʠʣʘʜʘʭ ʉɽʌ-01-ʄ ʪʘ 

ʉɽʌ-01-ʄ-1 ʩʝʨʽʾ "ʉʇʈʋʊ". ɼʣʷ ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ 

ʜʠʬʨʘʢʪʦʤʝʪʨ ɼʈʆʅ-3, ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʤʽʢʨʦʨʦʟʧʦʜʽʣʫ 

ʝʣʝʤʝʥʪʽʚ ʨʘʩʪʨʦʚʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʤʽʢʨʦʩʢʦʧ Philips XL 30 ESEM ʟ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʭ 8000. 

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʰʚʠʜʢʽʩʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʪʘ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʙʦʨʦʤ ʧʨʠ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʥʘʛʨʽʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʤʘʪʝʤʘʪʠʯʥʝ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ.  

 ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʽʯʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʽʚ ʙʦʨʫʚʘʥʥʷ ʪʘ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ ʚ ʩʪʘʣʽ. ʊʝʭʥʦʣʦʛʽʶ ʧʽʯʥʦʛʦ 

ʙʦʨʫʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʦ ʟ ʤʝʪʦʶ ʚʠʙʦʨʫ ʦʩʥʦʚʥʠʭ ʨʝʘʛʝʥʪʽʚ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʪʘ ʦʪʨʠʤʘʥʥʷ ʙʘʟʦʚʠʭ ʟʨʘʟʢʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ 

ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʩʪʨʫʢʪʫʨ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʪʝʭʥʦʣʦʛʽʾ ʙʦʨʫʚʘʥʥʷ ʟʽ 

ʰʚʠʜʢʽʩʥʠʤ ʥʘʛʨʽʚʦʤ ʉɺʏ.  

ʗʢ ʚʠʷʚʠʣʠ ʜʦʩʣʽʜʠ ʟ ʢʦʨʦʪʢʦʯʘʩʥʠʤ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤ ʙʦʨʫʚʘʥʥʷʤ, 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʦʶ ʻ ʧʘʩʪʘ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʘʢʪʠʚʘʪʦʨʫ ʥʘ ʦʩʥʦʚʽ 60% 
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ʢʘʨʙʽʜʫ ʙʦʨʫ ʪʘ 40% NaF. ɺ ʮʽʣʦʤʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʧʽʯʥʦʤʫ ʙʦʨʫʚʘʥʥʶ ʧʦʢʘʟʘʣʠ 

ʧʦʪʝʥʮʽʡʥʫ ʤʦʞʣʠʚʽʩʪʴ ʩʢʦʨʦʯʝʥʥʷ ʧʨʦʮʝʩʫ ʙʦʨʫʚʘʥʥʷ. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʧʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ, ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ, ʦʪʨʠʤʘʥʠʭ ʚ 

ʫʤʦʚʘʭ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʉɺʏ. 

 ɹʦʨʦʚʘʥʠʡ ʰʘʨ, ʦʪʨʠʤʘʥʠʡ ʥʘ ʩʪʘʣʽ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʫ ʟ ʧʘʩʪʠ, ʤʘʻ 

ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ (235 ʤʢʤ), ʽ ʧʝʨʝʚʘʞʘʻ ʧʦ ʪʦʚʱʠʥʽ 

ʙʦʨʦʚʘʥʠʡ ʰʘʨ ʦʪʨʠʤʘʥʠʡ ʟʘ ʪʨʘʜʠʮʽʡʥʦʶ ʧʽʯʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʥʘʛʨʽʚʫ (40 ʤʢʤ). 

ʇʽʜ ʜʠʬʫʟʽʡʥʦʶ ʟʦʥʦʶ ʨʦʟʪʘʰʦʚʘʥʘ ʟʦʥʘ ʛʘʨʪʫʚʘʥʥʷ, ʷʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʪʚʝʨʜʠʡ 

ʧʽʜʰʘʨʦʢ. ɹʦʨʦʚʘʥʠʡ ʰʘʨ, ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʰʚʠʜʢʽʩʥʦʤʫ ʥʘʛʨʽʚʽ ʉɺʏ, ʭʦʯʘ ʽ 

ʧʦʩʪʫʧʘʻʪʴʩʷ ʟʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ ʙʦʨʦʚʘʥʦʤʫ ʰʘʨʫ, ʦʪʨʠʤʘʥʦʤʫ ʧʨʠ ʧʽʯʥʦʤʫ 

ʥʘʛʨʽʚʽ, ʦʜʥʘʢ ʤʘʻ ʙʽʣʴʰ ʧʣʘʚʥʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʦ ʛʣʠʙʠʥʽ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʨʠʭʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʟʤʽʮʥʝʥʠʭ ʰʘʨʽʚ. 

ʐʣʷʭʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ 

ʰʚʠʜʢʽʩʥʦʤʫ ʥʘʛʨʽʚʽ ʉɺʏ, ʚʠʷʚʣʝʥʦ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʘ, ʥʝʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʙʦʨʠʜʫ ʪʠʧʫ FeB (ʩʣʽʜʠ), ʙʦʨʠʜ ʪʠʧʫ Fe2B, ʢʘʨʙʦʙʦʨʠʜ Fe23(C,B)6.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʝʣʠʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʥʘʛʨʽʚʘʥʥʷ (1000 Áʉ/ʩ), 

ʟʫʩʪʨʽʯʥʦʾ ʜʠʬʫʟʽʾ ʭʨʦʤʫ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʢʦʨʦʪʢʦʯʘʩʥʦʩʪʽ ʧʨʦʮʝʩʫ ʽ 

ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʣʦʢʘʣʴʥʦ ʥʝ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʷʢ ʮʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʫ ʚʠʧʘʜʢʘʭ ʟ 

ʧʽʯʥʠʤ ʥʘʛʨʽʚʦʤ.  

ʇʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ ʧʦ ʫʜʘʨʥʽʡ ʚôʷʟʢʦʩʪʽ ʩʪʘʣʽ 15ʍ11ʄʌ ʧʽʩʣʷ ʧʽʯʥʦʛʦ ʪʘ 

ʰʚʠʜʢʽʩʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʟʘʩʚʽʜʯʠʣʠ, ʱʦ ʧʽʩʣʷ ʰʚʠʜʢʽʩʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʉɺʏ 

ʫʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 16 - 30 %, ʥʽʞ ʧʨʠ ʧʽʯʥʦʤʫ ʙʦʨʫʚʘʥʥʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʧʘʨʘʤʝʪʨʠ ʟʝʨʥʦʛʨʘʥʠʯʥʦʾ 

ʜʠʬʫʟʽʾ ʜʣʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʥʘʛʨʽʚʫ: DB1
ʆ = 0,18346 ʩʤ

2/ʩ  - ʜʣʷ ʰʚʠʜʢʽʩʥʦʛʦ 

ʥʘʛʨʽʚʘʥʥʷ ʉɺʏ; DB2
ʆ = 0,02036 ʩʤ

2/ʩ  - ʜʣʷ ʧʽʯʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʧʦʙʫʜʦʚʦʶ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʜʦʟʚʦʣʠʣʦ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʰʚʠʜʢʽʩʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʥʘ ʨʽʚʝʥʴ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʪʘ ʛʣʠʙʠʥʫ ʟʤʽʮʥʝʥʦʛʦ ʰʘʨʫ. ɼʣʷ ʩʪʘʣʽ 15ʍ11ʄʌ ʪʝʤʧʝʨʘʪʫʨʘ 
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ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʽʚ ʧʦʚʠʥʥʘ ʟʥʘʭʦʜʠʪʠʩʴ ʫ ʤʝʞʘʭ 1150 ï 1250 ʦʉ ʟʽ ʰʚʠʜʢʽʩʪʶ 

ʥʘʛʨʽʚʫ ʫ ʤʝʞʘʭ 1000 ï 1100 ʦʉ/ʩ. 

ʇôʷʪʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ ʧʨʘʢʪʠʯʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʙʦʨʫʚʘʥʥʷ ʟʽ 

ʰʚʠʜʢʽʩʥʠʤ ʥʘʛʨʽʚʦʤ ʉɺʏ ʜʣʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʤʽʮʥʝʥʥʷ ʚʠʨʦʙʽʚ, ʷʢʽ 

ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ 

ʦʙʨʘʥʽ ʜʝʪʘʣʽ, ʚ ʷʢʠʭ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʟʤʽʮʥʝʥʥʷ ʚʘʞʢʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ, ʘ ʩʘʤʝ, ʨʦʙʦʯʽ ʣʦʧʘʪʢʠ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ ʪʘ 

ʜʨʦʙʝʤʝʪʥʽ ʣʦʧʘʪʢʠ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ 

ʣʦʧʘʪʦʢ ʟʽ ʩʪʘʣʽ 15ʍ11ʄʌ, ʧʽʩʣʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʤʽʮʥʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʟʨʦʩʪʘʻ ʫ 1,5 ʨʘʟʠ. ʇʨʠ ʟʘʤʽʥʽ ʽʩʥʫʶʯʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʦʙʨʦʙʢʠ ʢʨʦʤʦʢ ʣʦʧʘʪʦʢ ʧʘʨʦʚʦʾ ʪʫʨʙʽʥʠ ʟ ʛʘʨʪʫʚʘʥʥʷ ʥʘ ʙʦʨʫʚʘʥʥʷ ʟ ʥʘʛʨʽʚʦʤ 

ʉɺʏ, ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʜʦʩʷʛʘʻ 25 ʪʠʩ. ʛʨʥ. ʥʘ ʦʜʥʽʡ ʣʦʧʘʪʮʽ ʚʥʘʩʣʽʜʦʢ 

ʧʦʜʦʚʞʝʥʥʷ ʩʪʨʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 ʇʨʦʚʝʜʝʥʦ ʘʧʨʦʙʘʮʽʶ ʪʝʭʥʦʣʦʛʽʾ ʙʦʨʫʚʘʥʥʷ ʟ ʥʘʛʨʽʚʦʤ ʉɺʏ ʥʘ 

ʜʨʦʙʝʤʝʪʥʠʭ ʣʦʧʘʪʢʘʭ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʤʽʥʘ ʚʞʝ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʤʽʮʥʝʥʥʷ 

ʥʘ ʙʦʨʫʚʘʥʥʷ ʟ ʰʚʠʜʢʽʩʥʠʤ ʥʘʛʨʽʚʦʤ ʉɺʏ, ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʟʥʘʯʥʠʡ 

ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʥʘʩʣʽʜʦʢ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʉʫʪʪʻʚʝ ʧʦʜʦʚʞʝʥʥʷ ʩʪʨʦʢʫ ʘʢʪʠʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʝʬʝʢʪʫ ʫ 500 ʪʠʩ. ʛʨʥ. ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 120 ʣʦʧʘʪʦʢ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ (ʍʊʆ), ʩʪʨʫʤʠ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ 

(ʉɺʏ), ʙʦʨʫʚʘʥʥʷ, ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ, ʧʘʩʪʘ, ʙʦʨʦʚʘʥʽ ʰʘʨʠ, ʰʚʠʜʢʽʩʥʠʡ ʥʘʛʨʽʚ, 

ʜʠʬʫʟʽʷ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʫʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ. 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʚ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʾ: 

1. ʇʦʛʨʽʙʥʠʡ ʄ.ɸ., ʂʥʷʟʻʚ ʉ.ɸ. ɹʦʨʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʝʡ ʟ 

ʚʠʢʦʨʠʩ-ʪʘʥʥʷʤ ʥʘʩʠʯʫʶʯʠʭ ʧʘʩʪ. ʄʝʪʘʣʦʟʥʘʚʩʪʚʦ ʪʘ ʦʙʨʦʙʢʘ ʤʝʪʘʣʽʚ. 2011. 

ˉ 1. ʉ. 33ï38. 
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2. Sobol O., Andreev A., Stolbovoy V., Knyazev S., Barmin A., Krivobok N. 

Study of the effect of ion nitriding regimes on the structure and hardness of steel. 

Eastern-European Journal of Enterprise Technologies. 2016. Vol. 2, Is. 5. ʈ. 63ï68. 

3. Postelnyk H., Knyazev S., Meylekhov A., Stolbovoy V., Kovteba D. A study 

of an effect of the parameters of niobium-based ion cleaning of a surface on its structure 

and properties. Eastern-European Journal of Enterprise Technologies. 2017. 1/5 (85). 

ʈ. 34ï39. 

4. Mikhailov I.F. Baturin A.A. Mikhailov A.I. Knyazev S.A. Light element 

depth distribution by the intensity ratio of incoherent and coherent scattering. X-Ray 

Spectrometry. 2019. ʈ. 1ï7. 

5. Knyazev S.A. Features of structure formation of surface layers with high 

content of boron on steel 15ʍ11ʄʌ in the conditions of furnace and induction heating. 

Ceramics: Science and Life. 2020. ˉ 2 (47). ʈ. 26ï30.  

6. Knyazev S., Rebrova O., Riumin V., Nikichanov V., Rebrova A. 

Establishment of structure and operational properties of boried layers on 40ʍ steel 

obtained from paste by induction heating. Functional Materi als. 2021. Vol. 28, Is. 1. 

P. 76 ï 83. 

ʇʨʘʮʽ, ʷʢʽ ʟʘʩʚʽʜʯʫʶʪʴ ʘʧʨʦʙʘʮʽʶ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ: 

7. ʂʥʷʟʻʚ ʉ.ɸ., ʇʦʛʨʽʙʥʠʡ ʄ.ɸ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʪʘ 

ʢʽʥʝʪʠʢʠ ʦʪʨʠʤʘʥʥʷ ʩʫʮʽʣʴʥʦʛʦ ʰʘʨʫ ʧʨʠ ʙʦʨʫʚʘʥʥʽ ʤʘʣʦʣʝʛʦʚʘʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʩʪʘʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʫ ʩʪʨʫʤʦʤ ʚʠʩʦʢʦʾ 

ʯʘʩʪʦʪʠ (ʉɺʏ). XVIIɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ: ʥʘʫʢʘ, ʪʝʭʥʽʢʘ, ʪʝʭʥʦʣʦʛʽʷ, ʦʩʚʽʪʘ, ʟʜʦʨʦʚôʷ. ʏ. ɯɯ. 

ʍʘʨʢʽʚ. ʅʊʋ çʍʇɯè. 2010. C. 26 

8. ʂʥʷʟʻʚ ʉ.ɸ., ʇʦʛʨʽʙʥʠʡ ʄ.ɸ. ʋʪʦʯʥʝʥʥʷ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʜʠʬʫʟʽʾ ʙʦʨʫ ʫ ʜʨʽʙʥʦʟʝʨʥʠʩʪʫ ʩʪʨʫʢʪʫʨʫ ʩʪʘʣʽ ʧʨʠ ʰʚʠʜʢʽʩʥʦʤʫ ʥʘʛʨʽʚʽ. XɯX 

ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ: ʥʘʫʢʘ, 

ʪʝʭʥʽʢʘ, ʪʝʭʥʦʣʦʛʽʷ, ʦʩʚʽʪʘ, ʟʜʦʨʦʚôʷ. ʏ. ɯɯ. ʍʘʨʢʽʚ. ʅʊʋ çʍʇɯè. 2011. C. 21 

9. ʂʥʷʟʻʚ ʉ.ɸ., ʇʦʛʨʽʙʥʠʡ ʄ.ɸ. ɺʧʣʠʚ ʟʝʨʥʠʩʪʦʩʪʽ ʥʘʩʠʯʫʶʯʦʛʦ ʧʦʨʦʰʢʫ 

ʧʨʠ ʙʦʨʫʚʘʥʥʽ ʚʠʩʦʢʦʣʝʛʦʚʘʥʦʾ ʩʪʘʣʽ ʤʝʪʦʜʦʤ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʫ. XX 
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ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ: ʥʘʫʢʘ, 

ʪʝʭʥʽʢʘ, ʪʝʭʥʦʣʦʛʽʷ, ʦʩʚʽʪʘ, ʟʜʦʨʦʚôʷ. ʏ. ɯɯ ʍʘʨʢʽʚ. 2012. ʅʊʋ çʍʇɯè. C. 21 

10. ʂʥʷʟʝʚ ʉ.ɸ., ʇʦʛʨʝʙʥʦʡ ʅ.ɸ. ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʦʯʥʝʥʠʷ 

ʧʘʨʦʪʫʨʙʠʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʫʪʝʤ ʙʦʨʠʨʦʚʘʥʠʷ ʩ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ 

ʥʘʛʨʝʚʦʤ ʊɺʏ. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʟʘʦʯʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʊʝʭʥʠʯʝʩʢʠʝ 

ʥʘʫʢʠ: ʪʨʘʜʠʮʠʠ ʠ ʠʥʥʦʚʘʮʠʠè. ʏʝʣʷʙʠʥʩʢ, 2012. ʉ. 125 ï 127 

11. ʂʥʷʟʝʚ ʉ. ɸ. ɹʦʨʠʨʦʚʘʥʠʝ ʩʦ ʩʢʦʨʦʩʪʥʳʤ ʥʘʛʨʝʚʦʤ ʊɺʏ ï ʢʘʢ ʩʧʦʩʦʙ 

ʧʦʚʳʰʝʥʠʷ ʵʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʢʨʦʤʦʢ ʣʦʧʘʪʦʢ ʧʘʨʦʚʳʭ ʪʫʨʙʠʥ. ɯɯ 

ʨʝʩʧʫʙʣʠʢʘʥʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʇʨʦʤʳʰʣʝʥʥʦʩʪʴ ʨʝʛʠʦʥʘ: ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷè (ɻʨʦʜʥʦ, ɹʽʣʘʨʫʩʴ, 2012 ʨ.) ʉ. 25 - 27 

12. ʂʥʷʟʻʚ ʉ.ɸ., ʇʦʛʨʽʙʥʠʡ ʄ.ɸ. ʇʦʨʽʚʥʷʥʥʷ ʩʪʨʫʢʪʫʨ ʪʘ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ 

ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ ʦʪʨʠʤʘʥʠʭ ʚ ʨʽʚʥʦʚʘʞʥʠʭ ʪʘ ʥʝ ʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚʘʭ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ. XXɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ɯʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ: ʥʘʫʢʘ, ʪʝʭʥʽʢʘ, ʪʝʭʥʦʣʦʛʽʷ, ʦʩʚʽʪʘ, ʟʜʦʨʦʚôʷ. ʏ. ɯɯ. ʍʘʨʢʽʚ. ʅʊʋ 

çʍʇɯè. 2013. C. 25 

13. ʂʥʷʟʝʚ ʉ.ɸ. ɹʦʨʠʨʦʚʘʥʠʝ ʩʪʘʣʠ 40ʍ ʩ ʠʤʧʫʣʴʩʥʳʤ ʥʘʛʨʝʚʦʤ ʊɺʏ. 

ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ: ʤʘʪʝʨʠʘʣʳ ɯɯ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʟʘʦʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʆʨʩʢ 2013 

ʨ. ʉ. 46 

14. ʂʥʷʟʝʚ ʉ.ɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨ ʙʦʨʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʦʨʦʩʪʥʦʛʦ ʥʘʛʨʝʚʘ ʪʦʢʘʤʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ. ɺʩʝʨʦʩʠʡʩʢʘʷ 

ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʀʥʥʦʚʘʮʠʠ ʚ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠè ʄʦʩʢʚʘ, 2013 ʛ. ʉ. 147 

15. ʂʥʷʟʻʚ ʉ.ɸ., ɺʫʻʮʴ ʆ.ɭ. ʂʦʤʧʣʝʢʩʥʘ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʘ ʪʘ ʪʝʨʤʽʯʥʘ 

ʦʙʨʦʙʢʘ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ ʤʘʰʠʥ XXɯɯ 

ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ: ʥʘʫʢʘ, 

ʪʝʭʥʽʢʘ, ʪʝʭʥʦʣʦʛʽʷ, ʦʩʚʽʪʘ, ʟʜʦʨʦʚôʷ. ʏ. ɯɯ. ʍʘʨʢʽʚ. ʅʊʋ çʍʇɯè. 2014. C. 26 
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16. ɺʦʣʢʦʚ ʆ.ɸ., ʂʥʷʟʝʚ ʉ.ɸ., ɾʫʨʙʠʡ ɸ.ɸ. ʋʧʨʦʯʥʝʥʠʝ ʶʚʝʣʠʨʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʧʦʤʦʱʴʶ ʙʦʨʠʨʦʚʘʥʠʷ ʠʟ ʧʘʩʪ. ʅʘʫʢʘ ʠ ʦʙʱʝʩʪʚʦ: 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ. ʏ.1. ʛ. ɼʦʥʝʮʢ, 15 ʬʝʚʨʘʣʷ 2014. ʉ. 33 - 36 

17. ʂʥʷʟʝʚ ʉ.ɸ., ɺʫʝʮ ɸ.ɽ. ʇʨʦʙʣʝʤʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʚ 

ʢʦʥʪʝʢʩʪʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʅʘʫʢʘ ʪʘ 

ʩʫʯʘʩʥʽʩʪʴ: ʚʠʢʣʠʢʠ ʍʍɯ ʩʪʦʣʽʪʪʷ. ʏ. ɯɯ ʂʠʾʚ. 2014. ʉ. 74 - 77 

18. ʂʥʷʟʻʚ ʉ.ɸ. ɿʤʽʮʥʝʥʥʷ ʥʦʞʽʚ-ʤʦʣʦʪʢʽʚ ʟ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʩʪʘʣʽ 65ɻ 

ʰʣʷʭʦʤ ʙʦʨʫʚʘʥʥʷ ʟ ʧʘʩʪ. XXɯɯɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ: ʥʘʫʢʘ, ʪʝʭʥʽʢʘ, ʪʝʭʥʦʣʦʛʽʷ, ʦʩʚʽʪʘ, ʟʜʦʨʦʚôʷ. ʏ. 

1.ʍʘʨʢʽʚ. ʅʊʋ çʍʇɯè. 2015 ʉ. 329 

19. ʂʘʚʫʥ ɼ.ɺ., ʂʥʷʟʻʚ ʉ.ɸ. ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʫ ʽ ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ 

ʟʤʽʮʥʝʥʥʷ ʜʣʷ ʣʦʧʘʪʦʢ ʜʨʦʙʦʤʝʪʥʠʭ ʫʩʪʘʥʦʚʦʢ. XXIV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ: ʥʘʫʢʘ, ʪʝʭʥʽʢʘ, ʪʝʭʥʦʣʦʛʽʷ, 
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ABSTRACT 

 

Knyazev S. A. Improving the operational properties of machine parts by 

borating with high-speed heating of HFC. ï Manuscript.  

Dissertation of the degree of Doctor of Technical sciences by specialty 05.02.01 

- Materials science. ï Petro Vasylenko Kharkiv National Technical University of 

Agriculture, Ministry of Education and Science of Ukraine, Kharkiv ï 2021. 

The work was performed at the department of Materials Science of the National 

Technical University "Kharkiv Polytechnic Institute". 

The aim of the study is to implement a technology that combines diffusion 

saturation with high-speed surface treatment to intensify the process of obtaining 

hardened borated layers. 

In the dissertation work, a scientifically substantiated development of a 

hardening complex for carbon and alloy structural steels with a combination of the 

method of chemical-heat treatment and induction heating was carried out, which made 

it possible to ensure a significant increase in their surface hardness, wear resistance 

without reducing the impact strength. 
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Experimental studies were carried out on the basis of a detailed study of the 

effect of high-speed heating modes on the structure and phase composition of steels 

after boriding. To ensure effective hardening, the selection of borating modes and the 

composition of saturating pastes were carried out. The materials selected for 

experiments are available and reflect a wide range of basic grades of ferrite-pearlitic, 

martensitic, austenitic steels. In the course of the experiments, the conditions were 

selected for the implementation of accelerated boriding under the conditions of furnace 

heating without using special equipment. The total boriding time has been reduced 

from 8 to 3 hours. The possibility of the formation of a less brittle single-phase boride 

layer is shown. On austenitic steel, the possibility of the formation of a "boride-free" 

boron layer with continuous and intergranular diffusion is shown. The main task of the 

work was to determine the relationship between the technological parameters of high-

speed heating of high-frequency current and diffusion saturation, the formation of the 

structure and properties of steels strengthened by borating. The study solved the 

problem of the influence of heating modes and the composition of the paste saturating 

the steel surface with boron. The photographs of microstructures are presented, which 

show changes in the morphology of the structure mainly in the cross section of the 

samples. The diffuse layer differs significantly from the matrix structure mainly due to 

the formation of borides and carboborides, which is confirmed by measuring the 

microhardness. Additionally, studies of the phase composition and the distribution of 

elements in microvolumes were carried out on structures of borated layers with 

complex morphology under high-speed heating. It was found that under conditions of 

non-stationary heating, the structures formed differ significantly from the structures of 

traditional armored layers. They can have a dendritic structure, consist of isolated 

borides and carboborides in a solid solution of boron in iron, and the like. It has been 

established that the absence of a continuous boride layer, although it reduces the 

microhardness of the layer, contributes to increased wear resistance in the absence of 

chipping. 

Scientific novelty lies in the generalization and development of the theory and 

practice of hardening materials, taking into account and the possibility of controlling 
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structure formation and diffusion processes by optimizing technological parameters 

when saturated with boron under conditions of high-speed heating, allows solving the 

urgent problem of increasing the wear resistance of machine parts and tools. 

For the first time: 

- on the basis of theoretical and experimental studies, the features of diffuse processes 

in the surface layers of steel during borating at high heating rates are revealed. 

- the nature of the effect of high-speed heating on the development of diffusion during 

borating has been established, which consists in intensifying saturation processes due 

to an increase in the number of interfaces during phase recrystallization, which, 

together with the horophilic nature of boron, determines the grain-boundary diffusion 

mechanism as dominant and more dynamic. 

- on the basis of studies of the relationships between the heating rate and the features 

of structure and phase formation, a physical and mathematical model is proposed for 

obtaining an effective diffusion borated layer with an increase in the heating rate to 

1000 ÁC/s and more. 

It was further developed: 

- Technology of measurement and high-speed data collection in high-speed heating 

processes with high-frequency currents that create electromagnetic interference. 

Improved: 

- the process of furnace borating by studying the modes and composition of pastes 

in order to reduce its duration and eliminate the negative effect on the matrix structure 

of the material, the surface of which is being processed; 

- The process of forming a single-phase borated layer in order to reduce brittleness 

and cracking; 

- Borating technology in order to reduce the amount of carbide phase in the matrix 

structure of martensitic steel with a high carbon content. 

The practical significance of the results obtained is as follows: 

1. The developed technology has been tested in JSC "Turboatom" and is 

recommended as a new technology for strengthening the edges of steam turbine blades 

on the basis of existing equipment. 
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2. The technology of short-term furnace borating has been proposed for 

hardening the inner surfaces of parts of special mechanical engineering at the industrial 

site of XADO-Holding LLC. 

3. The technology of borating with high-speed microwave heating has been 

approved for hardening shot blades. Based on the results of comparison of borating 

technology with high-speed microwave heating, it was recommended for 

implementation at the Scientific-Technical and Financial-Industrial Company VGIK 

LLC. 

4. The applied nature of the results of the dissertation also lies in their use in the 

educational process of NTU "KhPI" at the Department of Materials Science in the 

presentation of the disciplines "Automation of industrial processes", "Chemical and 

thermal treatment of materials", "Structures and functional properties of materials", as 

well as in the educational process at the Department of Materials Science and 

Technology of Structural Materials of Sumy State University while teaching the 

disciplines "Technology of structural materials and materials science", "Metallurgy 

and the basics of heat treatment", "Technology of production and processing of 

materials". 

The main results of the dissertation work and scientific positions received by the 

author personally, participation in publications in co-authorship ranges from 50 to 

100%. These include theoretical research, experimental research and industrial testing. 

The results were considered and discussed at International scientific and practical 

conferences in Ukraine and abroad. 

The first section is devoted to the analysis of the current state of research to 

improve the wear resistance of machine parts by CHT. 

In the second section, the choice of materials is justified and the methods that 

were used in the process of performing the work are described. 

For the experiments, steels were selected that are widely used in mechanical 

engineering and turbine engineering. The materials for the study were steels of various 

classes and purposes, which made it possible to study in detail the structure of diffuse 
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layers and the effect of carbon and alloying elements on the formation of the surface 

layer during boriding according to the developed technologies. 

In the course of the experiments, we used pastes of various compositions, the 

main components of which were boron carbide, amorphous boron, and sodium 

fluoride. Boring according to the traditional technology was carried out by heating in 

a furnace in the temperature range of 950 ... 1200 Á C with a holding time of 15 minutes. 

up to 3 hours. For high-speed boriding, a high-frequency current generator VChG 60-

3 / 0.44 was used, the heating temperature varied from 1050 to 1300 ÁC, and the rate - 

from 1000 to 1200 ÁC / s. 

The microstructure and thickness of the diffusion layers were studied by optical 

microscopy on a ZEISS AXIO Vert microscope. A1 according to the standard 

brightfield technique with a maximum magnification of x1000. The hardness of the 

samples was determined on a TK device (Rockwell) on the A scale, the microhardness 

- on a PMT-3 device at a load of 200 g and holding for 10 s according to the standard 

method. The micro-brittleness index of diffuse layers was assessed at various loads 

from 20 to 200 g using a PMT-3 device, impact bending tests on a 2130KM-03 

pendulum hammer. Wear was determined by measuring the weight loss when exposed 

to solid particles accelerated by compressed air with an angle of attack of 45 Á and 90Á. 

Elemental analysis was carried out on VEF-01-M and VEF-01-M-1 instruments of the 

Sprut series. For phase analysis, a DRON-3 X-ray diffractometer was used; for detailed 

structural analysis and microdistribution of elements, a Philips XL 30 ESEM scanning 

electron microscope with a maximum magnification of 8000 was used. 

To optimize the modes of high-speed boriding and to build a model of intense 

saturation of the surface with boron at high heating rates, mathematical planning of the 

experiment was carried out. 

The third section presents the results of a study of the influence of traditional 

furnace borating on the structure and properties of borated layers depending on the 

borating regimes and carbon content in steel. The furnace borating technology was 

investigated in order to select the main reagents for effective saturation and obtain basic 
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samples used in comparing the structures and properties of samples after borating 

technology with high-speed heating of high-frequency current. 

Experiments with short-term high-temperature borating have shown that a paste 

with an increased content of an activator based on 60% boron carbide and 40% NaF is 

effective. Overall, furnace borating studies have shown the potential to shorten the 

borating process. 

In the fourth section, the results of a study of the features of the phase 

composition, structure, and properties of borated layers obtained under the conditions 

of high-speed heating of HFC are presented. 

The borated layer obtained on martensitic steel from the paste has high values of 

the thickness of the diffusion layer (235 ɛm), which exceeds the thickness of the 

borated layer obtained by the traditional furnace heating technology (40 ɛm). A 

hardening zone is located under the diffuse zone, which is a hard sublayer. The 

borinated layer obtained by high-speed microwave heating, although inferior in 

microhardness to the borated layer obtained by furnace heating, has a smoother change 

in microhardness with depth, which leads to a decrease in the brittleness of the surface 

hardened layers. 

Structural analysis of borated layers obtained by high-speed heating of high-

frequency current revealed a solid solution based on iron, a small amount of FeB-type 

borides (traces), Fe2B-type borides, and Fe23(C, B)6 carboboride. 

It was found that at high heating rates (1000 ÁC / s), the counter diffusion of 

chromium does not occur due to the short duration of the process, and its concentration 

does not locally increase, as was observed in cases with furnace heating. 

Comparison of the data on the impact toughness of 15Kh11MF steel after 

furnace and high-speed borating showed that after high-speed borating with HFC, the 

impact toughness increases by 16 - 30% than with furnace borating. 

The parameters of grain-boundary diffusion for various heating options were 

established and experimentally confirmed: DB1O = 0.18346 cm2 / s - for high-speed 

microwave heating; DB2ʆ = 0.02036 cm2 / s - for furnace heating. 
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Mathematical planning of the experiment with the construction of a 

mathematical model made it possible to evaluate the influence of the parameters of the 

high-speed boriding process on the level of microhardness and the depth of the 

hardened layer. For 15Kh11MF steel, the layer formation temperature should be in the 

range of 1150 - 1250 ÁC with a heating rate in the range of 1000 - 1100 ÁC / s. 

The fifth section is devoted to the practical use of borating with high-speed 

microwave heating for surface hardening of products operated under conditions of 

intense wear. For the study, parts were selected in which it is difficult to achieve the 

required wear resistance by traditional methods of hardening, namely, the rotor blades 

of steam turbines and shot blades. 

Experimental tests have shown that the wear resistance of the material of blades 

made of steel 15Kh11MF, after surface hardening and application of the developed 

technology, increases by 1.5 times. When replacing the existing technology of 

processing the edges of steam turbine blades from hardening to borating with HFC 

heating, the economic effect reaches 25 thousand UAH. on one blade due to extended 

service life. 

Approbation of the technology of borating with heating of high frequency 

current on shot-blasting blades has been carried out. It is shown that replacing the 

existing hardening technologies with borating with high-speed microwave heating 

makes it possible to obtain a significant economic effect by increasing the operational 

properties. A significant lengthening of the active service life leads to an economic 

effect of 500 thousand UAH. in the manufacture of 120 blades. 

Keywords: chemical-heat treatment (CHT), high-frequency currents (HFC), 

borating, microhardness, paste, bored layers, high-speed heating, diffusion, wear 

resistance, impact strength. 
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ɿʄɯʉʊ 

ʩ. 

ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔééééééééééééééé.. 

ɺʉʊʋʇééééééééééééééééééééééééééé... 

ʈʆɿɼɯʃ 1 ʊɽʍʅʆʃʆɻɯɰ ʍɯʄɯʂʆ-ʊɽʈʄɯʏʅʆɰ ʆɹʈʆɹʂʀ, ʐʃʗʍʀ 

ɯʅʊɽʅʉʀʌɯʂɸʎɯɰ ɹʆʈʋɺɸʅʅʗ ʂʆʅʉʊʈʋʂʎɯʁʅʀʍ ʉʊɸʃɽʁ  

(ʃɯʊɽʈɸʊʋʈʅʀʁ ʆɻʃʗɼ)ééééééééééééééééééé.. 

1.1 ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ ʍʊʆééééééééééééééééé.. 

1.2 ɺʠʙʽʨ ʚʠʜʫ ʍʊʆ. ɹʦʨʫʚʘʥʥʷ, ʷʢ ʝʬʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʟʤʽʮʥʝʥʥʷ ééééééééééééééééééééééééé. 

1.3 ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ʥʘʩʠʯʝʥʥʷ ʙʦʨʦʤ, ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚééééééééééééééééééééééééé 

1.4 ɼʝʷʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʦʨʫ, ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ 

ʰʘʨʽʚ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʙʦʨʫʚʘʥʥʷ éééééééééééé... 

1.5 ɺʧʣʠʚ ʭʽʤʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʪʘʣʽ ʥʘ ʧʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ ʙʦʨʠʜʥʠʭ 

ʰʘʨʽʚééééééééééééééééééééééééééé.. 

1.6 ɹʦʨʫʚʘʥʥʷ ʩʪʘʣʽ ʟ ʧʘʩʪ ʪʘ ʧʦʨʦʰʢʽʚ, ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ 

ʙʦʨʫʚʘʥʥʷ ééééééééééééééééééééééééé 

1.7 ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʛʨʽʚʫ ʉɺʏ ʚ ʧʨʦʮʝʩʘʭ ʙʦʨʫʚʘʥʥʷééééééé 

1.8 ɽʨʦʟʽʡʥʝ ʟʥʦʰʫʚʘʥʥʷééééééééééééééééééé.. 

1.9 ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʠʬʫʟʽʡʥʠʭ ʰʘʨʽʚ ʫ ʷʢʦʩʪʽ ʧʽʜʢʣʘʜʢʠ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ 

ʤʝʪʦʜʽʚ ʬʽʟʠʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷééééééééééééééééé. 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1éééééééééééééééééééé. 

ʈʆɿɼɯʃ 2 ʄɸʊɽʈɯɸʃʀ ʊɸ ʄɽʊʆɼʀʂʀ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ 

ɼʆʉʃɯɼɾɽʅʔééééééééééééééééééééééééé 

2.1 ʆʙôʻʢʪʠ ʜʣʷ ʍʊʆ ʪʘ ʾʭ ʦʙʨʦʙʢʘééééééééééééééé. 

2.2 ʄʝʪʦʜʠʢʘ ʙʦʨʫʚʘʥʥʷ ʧʨʠ ʧʽʯʥʦʤʫ ʽ ʰʚʠʜʢʽʩʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ éé... 

2.3 ʄʝʪʘʣʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷéééééééééééééééé 

2.4 ɺʠʤʽʨʠ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʪʘ ʥʘʧʨʫʞʝʥʥʷ ʩʢʦʣʶʚʘʥʥʷééééééé. 
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2.5 ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʫʜʘʨʥʫ ʚôʷʟʢʽʩʪʴ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴééééééé 

2.6 ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ  

ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ ééé..éééééééééééééééééé.é.. 

2.7 ɼʦʩʣʽʜʞʝʥʥʷ ʈɽʄééééééééééééééééééééé. 

2.8 ʄʝʪʦʜʠʢʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫéééééé... 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2ééééééééééééééééééééé 

ʈʆɿɼɯʃ 3 ɼʆʉʃɯɼɾɽʅʅʗ ʉʊʈʋʂʊʋʈʀ ʊɸ ɺʃɸʉʊʀɺʆʉʊɽʁ 

ɹʆʈʆɺɸʅʀʍ ʐɸʈɯɺ ʇɯʉʃʗ ʊʈɸɼʀʎɯʁʅʆɻʆ ʇɯʏʅʆɻʆ ʅɸɻʈɯɺʋéé 
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ʽʥʪʝʥʩʠʬʽʢʘʮʽʾéééééééééééééééééééééééé.. 

3.2 ɹʦʨʫʚʘʥʥʷ ʚʠʩʦʢʦʣʝʛʦʚʘʥʦʾ ʩʪʘʣʽ ʟ ʧʽʜʚʠʱʝʥʥʠʤ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶé 

3.3 ʇʽʯʥʝ ʙʦʨʫʚʘʥʥʷ ʟʽ ʩʪʫʧʝʥʝʚʠʤ ʥʘʛʨʽʚʘʥʥʷʤéééééééééé. 

3.4 ɺʠʚʯʝʥʥʷ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʩʪʘʣʽ ʧʽʩʣʷ ʧʽʯʥʦʛʦ 

ʙʦʨʫʚʘʥʥʷééééééééééééééééééééééééé. 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3éééééééééééééééééééé. 

ʈʆɿɼɯʃ 4 ɼʆʉʃɯɼɾɽʅʅʗ ʆʉʆɹʃʀɺʆʉʊɽʁ ʉʊʈʋʂʊʋʈʀ ʊɸ 
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ʈʆɿɼɯʃ 5 ʇʈɸʂʊʀʏʅɸ ʈɽɸʃɯɿɸʎɯʗ ʂʆʈʆʊʂʆʏɸʉʅʆɻʆ 
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ʇɯɼɼɸʖʊʔʉʗ ɿʅʆʐʋɺɸʅʅʖéééééééééé.............................. 

5.1 ɹʦʨʫʚʘʥʥʷ ʢʨʦʤʦʢ ʣʦʧʘʪʦʢ ʧʘʨʦʚʦʾ ʪʫʨʙʽʥʠéééééééééé.. 

5.2 ɹʦʨʫʚʘʥʥʷ ʜʨʦʙʝʤʝʪʥʠʭ ʣʦʧʘʪʦʢééééééééééééééé 

5.3 ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʚ ʷʢʦʩʪʽ ʜʠʬʫʟʽʡʥʦʾ ʧʽʜʢʣʘʜʢʠ ʜʣʷ 

ʥʘʧʠʣʝʥʥʷéééééééééééééééééééééééééé 

5.4 ɽʢʦʥʦʤʽʯʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʦʨʫʚʘʥʥʷ ʟ ʰʚʠʜʢʽʩʥʠʤ 
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ɺʀʉʅʆɺʂʀéééééééééééééééééééééééééé 

ʉʇʀʉʆʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃééééééééééééééé 

ɼʆɼɸʊʆʂ ɸéééééééééééééééééééééééééé. 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʆʜʥʠʤ ʽʟ ʥʘʧʨʷʤʢʽʚ ʟʙʽʣʴʰʝʥʥʷ ʦʧʦʨʫ ʟʥʦʰʫʚʘʥʥʶ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʻ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʦʤ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʍʊʆ) ʥʘ 

ʧʦʚʝʨʭʥʷʭ ʰʘʨʽʚ ʟ ʚʠʩʦʢʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʪʝ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʍʊʆ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚʠʨʦʙʽʚ, ʪʨʘʜʠʮʽʡʥʽ 

ʤʝʪʦʜʠ ʪʘʢʦʾ ʦʙʨʦʙʢʠ ʤʘʶʪʴ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʛʦʣʦʚʥʠʤʠ ʽʟ ʷʢʠʭ ʻ ʟʥʘʯʥʘ ʪʨʠʚʘʣʽʩʪʴ 

ʧʨʦʮʝʩʫ ʪʘ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚ ʨʘʟʽ ʧʦʪʨʝʙʠ ʣʦʢʘʣʽʟʫʚʘʪʠ ʥʘʛʨʽʚʘʥʥʷ. ɯʥʽʮʽʶʚʘʥʥʷ 

ʘʢʪʠʚʥʦʩʪʽ ʪʠʭ ʧʨʦʮʝʩʽʚ ʍʊʆ, ʷʢʽ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʘʜʩʦʨʙʮʽʶ, ʜʠʬʫʟʽʶ ʘʢʪʠʚʥʠʭ 

ʘʪʦʤʽʚ ʥʘʩʠʯʫʶʯʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ ʤʦʞʝ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ 

ʪʨʠʚʘʣʽʩʪʴ ʍʊʆ ʪʘ ʧʦʢʨʘʱʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʟʤʽʮʥʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ.  

 ʊʘʢʠʤ ʘʢʪʠʚʽʟʘʪʦʨʦʤ ʤʦʞʝ ʙʫʪʠ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ, ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʷʢʦʾ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʜʫʢʮʽʡʥʦʛʦ ʥʘʛʨʽʚʫ ʩʪʨʫʤʦʤ ʚʠʩʦʢʦʾ 

ʯʘʩʪʦʪʠ (ʉɺʏ), ʟʘʤʽʩʪʴ ʪʨʘʜʠʮʽʡʥʦʛʦ, ʪʨʠʚʘʣʦʛʦ ʧʽʯʥʦʛʦ ʥʘʛʨʽʚʫ. ʇʨʠ ʮʴʦʤʫ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʛʨʽʚʫ ʉɺʏ ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʥʫ ʮʽʢʘʚʽʩʪʴ ʽ ʥʦʚʠʟʥʫ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʜʝʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʧʦʚʝʨʭʥʝʚʦʤʫ ʜʠʬʫʟʽʡʥʦʤʫ ʥʘʩʠʯʝʥʥʶ ʝʣʝʤʝʥʪʘʤʠ, 

ʱʦ ʟʤʽʮʥʶʶʪʴ, ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʥʘʛʨʽʚʫ. ʉʧʝʮʠʬʽʯʥʦʶ ʧʝʨʝʚʘʛʦʶ 

ʉɺʏ-ʦʙʨʦʙʢʠ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘʛʨʽʚʫ, ʻ ʪʘʢʦʞ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʣʦʢʘʣʴʥʦʛʦ (ʤʽʩʮʝʚʦʛʦ) ʥʘʛʨʽʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʷʢʦʤʫ 

ʜʦʩʠʪʴ ʛʦʩʪʨʦ ʜʠʢʪʫʻʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʨʦʙʫ, ʱʦ ʟʤʽʮʥʶʻʪʴʩʷ.  

ʇʨʠʢʣʘʜʦʤ ʚʠʨʦʙʫ, ʷʢʠʡ ʥʝʚʽʜʢʣʘʜʥʦ ʧʦʪʨʝʙʫʻ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ 

ʟʘ ʨʘʭʫʥʦʢ ʣʦʢʘʣʴʥʦʛʦ ʟʤʽʮʥʝʥʥʷ ʻ ʨʦʙʦʯʽ ʣʦʧʘʪʢʠ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ, ʨʝʩʫʨʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʢʠʭ, ʚʥʘʩʣʽʜʦʢ ʝʨʦʟʽʡʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʢʨʦʤʦʢ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʘ ʥʝʜʦʩʪʘʪʥʴʦʤʫ ʨʽʚʥʽ. ʈʦʟʨʦʙʣʝʥʘ ʥʘ ʢʘʬʝʜʨʽ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ 

ʅʊʋ çʍʇɯè ʪʝʭʥʦʣʦʛʽʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʽʥʜʫʢʮʽʡʥʦʛʦ ʛʘʨʪʫʚʘʥʥʷ 

ʜʦʟʚʦʣʠʣʘ ʟʥʘʯʥʦ ʧʦʜʦʚʞʠʪʠ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘʢʠʭ ʣʦʧʘʪʦʢ. ʆʜʥʘʢ 

ʟʨʦʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʙʽʣʴʰ ʞʦʨʩʪʢʽ ʫʤʦʚʠ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʚʠʤʘʛʘʶʪʴ 

ʧʦʜʘʣʴʰʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ 
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ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʘ ʩʘʤʝ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʍʊʆ, ʥʘʧʨʠʢʣʘʜ ʙʦʨʫʚʘʥʥʷ, ʨʘʟʦʤ ʟ ʰʚʠʜʢʽʩʥʠʤ ʥʘʛʨʽʚʦʤ ʉɺʏ. 

 ʆʢʨʽʤ ʟʤʽʮʥʝʥʥʷ ʣʦʧʘʪʦʢ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ, ʧʨʦʮʝʩ ʍʊʆ ʟ ʉɺʏ ʥʘʛʨʽʚʦʤ (ʘ 

ʩʘʤʝ ʙʦʨʫʚʘʥʥʷ) ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʜʣʷ ʟʤʽʮʥʝʥʥʷ ʽʥʰʠʭ ʜʝʪʘʣʝʡ, 

ʥʘʧʨʠʢʣʘʜ ʚʘʣʽʚ, ʟʫʙʯʘʪʠʭ ʢʦʣʽʩ, ʜʝʪʘʣʝʡ ʥʘʩʦʩʽʚ ʫ ʥʘʬʪʦʚʠʜʦʙʫʚʥʽʡ ʛʘʣʫʟʽ, 

ʨʽʞʫʯʦʛʦ ʪʘ ʰʪʘʤʧʫ-ʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢʽ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘʢʦʞ 

ʧʽʜʜʘʶʪʴʩʷ ʽʥʪʝʥʩʠʚʥʦʤʫ ʟʥʦʰʫʚʘʥʥʶ. 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʤʘ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʜʣʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʻ 

ʘʢʪʫʘʣʴʥʦʶ, ʧʨʝʜʩʪʘʚʣʷʻ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ, ʽ, ʢʨʽʤ ʪʦʛʦ, ʤʘʻ ʟʥʘʯʥʫ ʪʝʦʨʝʪʠʯʥʫ 

ʮʽʥʥʽʩʪʴ, ʦʩʢʽʣʴ-ʢʠ ʤʝʭʘʥʽʟʤʠ ʚʧʣʠʚʫ ʧʨʠʩʢʦʨʶʶʯʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʜʠʬʫʟʽʡʥʽ 

ʧʨʦʮʝʩʠ ʍʊʆ, ʤʦʨʬʦʣʦʛʽʷ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ, ʦʪʨʠʤʘʥʠʭ ʰʣʷʭʦʤ ʰʚʠʜʢʽʩʥʦʛʦ 

ʥʘʛʨʽʚʫ, ʤʘʣʦ ʚʠʚʯʝʥʽ.  

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʘ 

ʚʠʢʦʥʘʥʘ ʥʘ ʢʘʬʝʜʨʽ çʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè. ɼʦʩʣʽʜʞʝʥʥʷ ʟʘ ʪʝʤʦʶ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʥʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʫʛʦʜʠ ʤʽʞ ɸʊ 

ñʊʫʨʙʦʘʪʦʤò ʪʘ ʢʘʬʝʜʨʠ ñʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘò ʅʊʋ ñʍʇɯò ˉ 20016 

ñɺʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʮʥʝʥʥʷ ʚʭʽʜʥʠʭ ʢʨʦʤʦʢ ʣʦʧʘʪʦʢ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ 

ʰʣʷʭʦʤ ʥʘʛʨʽʚʫ ʉɺʏò (2010-2012 ʨʨ.), ʦʜʥʠʤ  

ʟ ʧʫʥʢʪʽʚ ʷʢʦʾ ʻ ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʚʠʱʝʥʥʷ ʝʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʣʦʧʘʪʦʢ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ ʤʝʪʦʜʦʤ ʉɺʏ ʙʦʨʫʚʘʥʥʷ; ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʫʛʦʜʠ ˉ 20604 çɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʽʩʣʷ ʪʝʨʤʽʯʥʦʾ ʪʘ ʭʽʤʽʢʦ-

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʦʢ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʝʡ ʥʘ ʤʦʜʝʣʴʥʠʭ ʟʨʘʟʢʘʭ ʚʠʨʦʙʽʚ ʜʣʷ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè ʟʘ 2016 ʨ. ʤʽʞ ʊʆɺ ʍɸɼʆ ï ʍʦʣʜʽʥʛ ʪʘ 

ʢʘʬʝʜʨʦʶ çʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè ʅʊʋ çʍʇɯè, ʽ ʙʫʣʘ ʯʘʩʪʠʥʦʶ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʨʦʙʦʪʠ ʟʘ ʛʦʩʧʦʜʘʨʩʴʢʠʤ ʜʦʛʦʚʦʨʦʤ ˉ 20679 (2017 ï 2018 ʨʨ. ) 

ʤʽʞ ɼʇ ʍʄɿ çʌɽɼè ʽ ʢʘʬʝʜʨʦʶ çʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè, ʪʘ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʾ 

ʨʦʙʦʪʠ ɼʈ 0117U0049970. 

 ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʜʝʪʘʣʝʡ 

ʤʘʰʠʥ, ʷʢʽ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʚʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʥʦʩʫ, ʪʘ 
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ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʦʾ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʮʥʝʥʥʷ, 

ʦʩʥʦʚʘʥʦʾ ʥʘ ʧʦʻʜʥʘʥʥʽ ʣʦʢʘʣʴʥʦʾ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʽ ʰʚʠʜʢʽʩʥʦʛʦ 

ʥʘʛʨʽʚʫ ʩʪʨʫʤʘʤʠ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ. 

ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʠ ʚʠʨʽʰʝʥʽ ʪʘʢʽ ʟʘʜʘʯʽ: 

¶ ɺʩʪʘʥʦʚʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʧʨʠ ʙʦʨʫʚʘʥʥʽ ʟʽ ʰʚʠʜʢʽʩʥʠʤ ʥʘʛʨʽʚʦʤ ʉɺʏ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤ ʧʽʯʥʠʤ ʙʦʨʫʚʘʥʥʷʤ. 

¶ ɺʠʚʯʠʪʠ ʚʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ 

ʧʽʜ ʯʘʩ ʙʦʨʫʚʘʥʥʷ, ʥʘ ʢʽʥʝʪʠʢʫ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʦʨʦʚʘʥʠʭ 

ʰʘʨʽʚ, ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʦʪʨʠʤʘʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ 

ʜʣʷ ʫʤʦʚ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʫ. 

¶ ɼʦʩʣʽʜʠʪʠ ʭʘʨʘʢʪʝʨ ʩʪʨʫʢʪʫʨʠ, ʬʘʟʦʚʠʡ ʩʢʣʘʜ, ʪʚʝʨʜʽʩʪʴ, ʫʜʘʨʥʫ 

ʚôʷʟʢʽʩʪʴ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʽʚ ʙʦʨʫʚʘʥʥʷ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʫ ʉɺʏ. 

¶ ʈʦʟʨʦʙʠʪʠ ʝʬʝʢʪʠʚʥʫ ʟʘ ʩʢʣʘʜʦʤ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʥʘʩʠʯʫʶʯʫ ʧʘʩʪʫ ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʥʘʥʝʩʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʟ ʥʘʩʪʫʧʥʠʤ 

ʽʥʜʫʢʮʽʡʥʠʤ ʥʘʛʨʽʚʦʤ ʉɺʏ. 

¶ ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ʣʦʢʘʣʴʥʦʛʦ 

ʙʦʨʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʫ ʩʪʨʫʤʦʤ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ 

ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʚʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʥʦʩʫ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʠʡ ʧʨʦʮʝʩ 

ʽʥʪʝʥʩʠʬʽʢʦʚʘʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʪʘ ʣʝʛʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʝʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʩʪ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʟʥʦʩʦʩʪʽʡʢʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ 

ʤʘʰʠʥ ʙʦʨʫʚʘʥʥʷʤ ʽʟ ʰʚʠʜʢʽʩʥʠʤ ʥʘʛʨʽʚʦʤ ʉɺʏ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʦʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʽ ʟʘʜʘʯʽ ʚʠʨʽʰʫʚʘʣʠʩʷ ʟ 

ʟʘʩʪʦʩʫʚʘʥ-ʥʷʤ ʨʝʛʽʩʪʨʘʮʽʾ ʪʝʨʤʽʯʥʠʭ ʢʨʠʚʠʭ ʧʨʦʮʝʩʫ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʫ  ʟ 

ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʘʛʨʽʚʫ: ʪʝʤʧʝʨʘʪʫʨʠ, ʪʨʠʚʘʣʦʩʪʽ, ʰʚʠʜʢʦʩʪʽ 
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ʥʘʛʨʽʚʫ; ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʨʤʽʯʥʠʭ ʪʘ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʘʚʠʣʴʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʝʬʽʮʽʻʥʪʫ ʟʝʨʥʦʛʨʘʥʠʯʥʦʾ ʜʠʬʫʟʽʾ; 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʠ ʟʨʘʟʢʽʚ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʨʦʣʶ 

ʪʦʚʱʠʥʠ ʪʘ ʤʦʨʬʦʣʦʛʽʾ ʩʪʨʫʢʪʫʨʠ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ; ʚʠʤʽʨʫ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ; 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ (ʈʌɸ) ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʦʰʘʨʦʚʦʛʦ ʘʥʘʣʽʟʫ 

ʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ; ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ  

ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʽ ʡʦʛʦ 

ʧʦʨʽʚʥʷʥʥʷ ʜʣʷ ʧʽʯʥʦʾ ʪʘ ʉɺʏ ʪʝʭʥʦʣʦʛʽʾ ʙʦʨʫʚʘʥʥʷ; ʨʘʩʪʨʦʚʦʾ ʝʣʝʢʪʨʦʥʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ (ʈɽʄ) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ ʽ ʤʽʢʨʦʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ 

ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ; ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʫʜʘʨʥʠʡ ʟʛʠʥ ʟ ʤʝʪʦʶ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚôʷʟʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʽʩʣʷ ʉɺʏ-

ʙʦʨʫʚʘʥʥʷ; ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ; ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʦʨʫʚʘʥʥʷ 

ʟ ʥʘʛʨʽʚʦʤ ʉɺʏ. ʆʙʨʦʙʢʘ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʽʜʙʫʚʘʣʘʩʴ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʘʢʝʪʽʚ ʪʘ ʤʽʢʨʦʧʨʦʛʨʘʤ ʥʘ ʾʭ ʦʩʥʦʚʽ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʚ ʫʟʘʛʘʣʴʥʝʥʥʽ ʪʘ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʡ ʽ ʧʨʘʢʪʠʢʠ 

ʟʤʽʮʥʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʘ ʤʦʞʣʠʚʽʩʪʶ ʢʝʨʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷʤ ʪʘ ʜʠʬʫʟʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʥʘʩʠʯʝʥʥʽ ʙʦʨʦʤ ʚ ʫʤʦʚʘʭ ʰʚʠʜʢʽʩʥʦʛʦ 

ʥʘʛʨʽʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʘʢʪʫʘʣʴʥʫ ʧʨʦʙʣʝʤʫ ʧʽʜʚʠʱʝʥʥʷ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

ɺʧʝʨʰʝ: 

ï ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʷʚʣʝʥʦ 

ʦʩʦʙʣʠʚʦʩʪʽ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʩʪʘʣʽ ʧʨʠ ʙʦʨʫʚʘʥʥʽ ʚ 

ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʥʘʛʨʽʚʫ. 

ï ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʠʨʦʜʫ ʚʧʣʠʚʫ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʫ ʥʘ ʨʦʟʚʠʪʦʢ ʜʠʬʫʟʽʾ 

ʧʨʠ ʙʦʨʫʚʘʥʥʽ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʥʘʩʠʯʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʛʨʘʥʠʮʴ ʨʦʟʜʽʣʫ ʧʨʠ ʬʘʟʦʚʽʡ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʱʦ ʨʘʟʦʤ ʟ 

ʛʦʨʦʬʽʣʴʥʦʶ ʧʨʠʨʦʜʦʶ ʙʦʨʫ ʚʠʟʥʘʯʘʻ ʟʝʨʥʦʛʨʘʥʠʯʥʠʡ ʤʝʭʘʥʽʟʤ ʜʠʬʫʟʽʾ ʚ ʷʢʦʩʪʽ 

ʜʦʤʽʥʘʥʪʥʦʛʦ ʽ ʙʽʣʴʰ ʜʠʥʘʤʽʯʥʦʛʦ. 
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ï ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʴ ʟʚôʷʟʢʽʚ ʤʽʞ ʰʚʠʜʢʽʩʪʶ ʥʘʛʨʽʚʫ ʽ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʩʪʨʫʢʪʫʨʦ- ʪʘ ʬʘʟʦʫʪʚʦʨʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʦʪʨʠʤʘʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ ʜʦ 1000 ʦʉ/ʩ ʽ ʙʽʣʴʰʝ.  

ʆʪʨʠʤʘʣʦ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ: 

ï ʪʝʭʥʦʣʦʛʽʷ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʰʚʠʜʢʽʩʥʦʛʦ ʟʙʦʨʫ ʜʘʥʠʭ ʫ ʰʚʠʜʢʦʧʣʠʥʥʠʭ 

ʧʨʦʮʝʩʘʭ ʥʘʛʨʽʚʫ ʩʪʨʫʤʘʤʠ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ 

ʧʝʨʝʰʢʦʜʠ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ: 

ï ʧʨʦʮʝʩ ʧʽʯʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʰʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ ʽ ʩʢʣʘʜʫ ʧʘʩʪ ʟ 

ʤʝʪʦʶ ʩʢʦʨʦʯʝʥʥʷ ʡʦʛʦ ʪʨʠʚʘʣʦʩʪʽ ʽ ʫʩʫʥʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʤʘʪʨʠʯʥʫ 

ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʽʘʣʫ, ʧʦʚʝʨʭʥʷ ʷʢʦʛʦ ʦʙʨʦʙʣʷʻʪʴʩʷ. 

ï ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʦʜʥʦʬʘʟʥʦʛʦ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ 

ʢʨʠʭʢʦʩʪʽ ʽ ʪʨʽʱʽʥʦʫʪʚʦʨʝʥʥʷ. 

ï ʪʝʭʥʦʣʦʛʽʶ ʙʦʨʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ ʫ 

ʤʘʪʨʠʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʩʪʘʣʽ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʫ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ.  

1. ʈʦʟʨʦʙʣʝʥʫ ʪʝʭʥʦʣʦʛʽʶ ʘʧʨʦʙʦʚʘʥʦ ʥʘ ɸʊ ñʊʫʨʙʦʘʪʦʤò ʪʘ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚ ʷʢʦʩʪʽ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʮʥʝʥʥʷ ʢʨʦʤʦʢ ʣʦʧʘʪʦʢ ʧʘʨʦʚʠʭ 

ʪʫʨʙʽʥ ʥʘ ʙʘʟʽ ʽʩʥʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

2. ʊʝʭʥʦʣʦʛʽʶ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʧʽʯʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ 

ʟʤʽʮʥʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʩʧʝʮʽʘʣʴʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʥʘ 

ʧʨʦʤʠʩʣʦʚʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʊʆɺ çʍɸɼʆ ï ʍʦʣʜʽʥʛè. 

3. ʊʝʭʥʦʣʦʛʽʶ ʙʦʨʫʚʘʥʥʷ ʟ ʰʚʠʜʢʽʩʥʠʤ ʥʘʛʨʽʚʦʤ ʉɺʏ ʘʧʨʦʙʦʚʘʥʦ ʜʣʷ 

ʟʤʽʮʥʝʥʥʷ ʜʨʦʙʝʤʝʪʥʠʭ ʣʦʧʘʪʦʢ. ʇʦʨʽʚʥʷʥʦ ʩʪʨʦʢ ʝʢʩʧʣʫʘʪʘʮʽʾ ʣʦʧʘʪʦʢ, 

ʙʦʨʦʚʘʥʠʭ ʟʘ ʥʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʽ ʣʦʧʘʪʦʢ, ʟʤʽʮʥʝʥʠʭ ʟʘ ʟʚʠʯʘʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʨʽʚʥʷʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʙʦʨʫʚʘʥʥʷ ʟ 

ʰʚʠʜʢʽʩʥʠʤ ʥʘʛʨʽʚʦʤ ʉɺʏ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ 

ʊʆɺ çʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʽ ʬʽʥʘʥʩʦʚʦ-ʧʨʦʤʠʩʣʦʚʘ ʢʦʤʧʘʥʽʷ çɺɻɯʂèè. 
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4. ʇʨʠʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ ʪʘʢʦʞ ʧʦʣʷʛʘʻ ʚ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʅʊʋ çʍʇɯè ʥʘ ʢʘʬʝʜʨʽ 

çʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè ʧʨʠ ʚʠʢʣʘʜʝʥʥʽ ʜʠʩʮʠʧʣʽʥ çɸʚʪʦʤʘʪʠʟʘʮʽʷ ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʦʮʝʩʽʚè, çʍʽʤʽʢʦ-ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʤʘʪʝʨʽʘʣʽʚè, çʉʪʨʫʢʪʫʨʠ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚè, ʘ ʪʘʢʦʞ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘ ʢʘʬʝʜʨʽ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽ ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʉʫʤʩʴʢʦʛʦ 

ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʜʠʩʮʠʧʣʽʥ çʊʝʭʥʦʣʦʛʽʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè, çʄʝʪʘʣʦʟʥʘʚʩʪʚʦ ʪʘ ʦʩʥʦʚʠ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠè, çʊʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʊʝʦʨʝʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ, ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ ʪʘ ʚʠʢʣʘʜʝʥʦ 

ʫ ʨʦʙʦʪʘʭ [1 ï 24]. ʋ ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ, ʷʢʽ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, 

ʟʜʦʙʫʚʘʯʫ ʥʘʣʝʞʘʪʴ: ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʢʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʛʦʪʦʚʢʠ 

ʟʨʘʟʢʽʚ, ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ, ʚʠʤʽʨ ʪʚʝʨʜʦʩʪʽ, ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ [2, 3, 21]; ʫ ʨʦʙʦʪʽ [4] ʧʨʦʚʝʜʝʥʦ ʧʽʜʛʦʪʦʚʢʫ ʽ ʦʪʨʠʤʘʥʥʷ 

ʯʘʩʪʠʥʠ ʟʨʘʟʢʽʚ ʙʦʨʫʚʘʥʥʷʤ, ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ, ʦʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ.  

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʚʠʢʦʥʘʥʠʭ 

ʚ ʨʘʤʢʘʭ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ ʩʝʨʽʾ 

ʢʦʥʬʝʨʝʥʮʽʡ MicroCAD (ʤ. ʍʘʨʢʽʚ, 2010 ï 2020 ʨ.ʨ.) ʫ ʩʝʢʮʽʾ çʅʦʚʽ ʤʘʪʝʨʽʘʣʠ, 

ʢʦʤʧôʶʪʝʨʥʘ ʛʨʘʬʽʢʘ ʪʘ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚè, ʥʘ ʄʽʞʥʘʨʦʜʥʽʡ 

ʟʘʦʯʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ: ʪʨʘʜʠʮʠʠ ʠ ʠʥʥʦʚʘʮʠʠè 

(ʩʝʢʮʽʷ çʄʘʰʠʥʦʙʫʜʫʚʘʥʥʷè) ʫ ʤ. ʏʝʣʷʙʽʥʩʴʢ (2012 ʨ.), ʥʘ ɯɯ ʨʝʩʧʫʙʣʽʢʘʥʩʴʢʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ çʇʨʦʤʳʰʣʝʥʥʦʩʪʴ 

ʨʝʛʠʦʥʘ: ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷè ʩʝʢʮʽʷ 

çʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè ʫ ʤ. ɻʨʦʜʥʦ (ɹʽʣʘʨʫʩʴ, 2012 ʨ.), ʥʘ ɯɯ ʄʽʞʥʘʨʦʜʥʽʡ ʟʘʦʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝè (ʩʝʢʮʽʷ çʅʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʧʦʢʨʠʪʪʷ ʽ ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʥʘʥʝʩʝʥʥʷè) ʫ ʤ. 

ʆʨʩʢ (2013 ʨ.), ʥʘ ʤʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʅʘʫʢʘ ʠ ʦʙʱʝʩʪʚʦè ʤ. ɼʦʥʝʮʴʢ (15 

ʣʶʪʦʛʦ 2014 ʨ.), ʥʘ ʍɯ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 
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çʈʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʦʙʨʦʙʢʠ 

ʪʠʩʢʦʤ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʪʘ ʤʝʪʘʣʫʨʛʽʾè ʤ. ʍʘʨʢʽʚ (20-22 ʣʠʩʪʦʧʘʜʘ 2019 ʨ.), 

ʥʘ 3-ʽʡ ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ DSMIE-2020 ʤ. ʍʘʨʢʽʚ (9-12 ʯʝʨʚʥʷ 2020 ʨ), ʥʘ 

ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɸʢʪʫʘʣʴʥʽ ʥʘʧʨʷʤʠ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ: ʟʙʽʣʴʰʝʥʥʷ ʨʝʩʫʨʩʫ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʦʩʥʦʚʽ ʢʦʥʚʝʨʛʝʥʮʽʾ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚè ʤ. ʍʘʨʢʽʚ (24-25 ʚʝʨʝʩʥʷ 2020 ʨ). 

 ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ 25 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ: 7 ʩʪʘʪʝʡ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ 

ʋʢʨʘʾʥʠ (ʟ ʥʠʭ 3 ʫ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʢʣʶʯʝʥʦ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ 

ï [2, 3, 6]); 1  

ʧʫʙʣʽʢʘʮʽʷ ʫ ʟʘʢʦʨʜʦʥʥʦʤʫ ʚʠʜʘʥʥʽ; ʪʘ 17 ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʟ ʫ ʟʙʽʨʥʠʢʘʭ ʜʦʧʦʚʽʜʝʡ 

ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. 

 ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 5 ʨʦʟʜʽʣʽʚ, 

ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽ ʜʦʜʘʪʢʽʚ. ʇʦʚʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ 

ʩʢʣʘʜʘʻ 226 ʩʪʦʨʽʥʦʢ ʫ ʪʦʤʫ ʯʠʩʣʽ 2 ʜʦʜʘʪʢʠ ʥʘ 11 ʩʪʦʨʽʥʢʘʭ. ʆʙʩʷʛ ʦʩʥʦʚʥʦʛʦ 

ʪʝʢʩʪʫ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 214 ʩʪʦʨʽʥʦʢ, ʤʽʩʪʠʪʴ 109 ʨʠʩʫʥʢʽʚ, 27 ʪʘʙʣʠʮʴ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʥʘʨʘʭʦʚʫʻ 128 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 11 ʩʪʦʨʽʥʢʘʭ. 
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ʈʆɿɼɯʃ 1 

ʊɽʍʅʆʃʆɻɯɰ ʍɯʄɯʂʆ-ʊɽʈʄɯʏʅʆɰ ʆɹʈʆɹʂʀ, ʐʃʗʍʀ ɯʅʊɽʅʉʀʌɯʂɸʎɯɰ 

ɹʆʈʋɺɸʅʅʗ ʂʆʅʉʊʈʋʂʎɯʁʅʀʍ ʉʊɸʃɽʁ  

(ʃɯʊɽʈɸʊʋʈʅʀʁ ʆɻʃʗɼ) 

 

ʉʫʯʘʩʥʽ ʨʝʘʣʽʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʜʠʢʪʫʶʪʴ ʫʤʦʚʠ ʱʦʜʦ 

ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʪʘ ʩʧʨʦʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʟʤʽʮʥʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʢʦʪʨʽ 

ʧʝʨʝʥʘʩʠʯʝʥʽ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ. ʎʝ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʩʪʦʩʫʻʪʴʩʷ ʭʽʤʽʢʦ-

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʍʊʆ). ʇʽʜʚʠʱʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʻ 

ʧʦʩʪʽʡʥʦʶ ʧʨʦʙʣʝʤʦʶ ʤʘʪʝʨʽʘʣʦʟʥʘʚʮʽʚ. ɺʽʜʦʤʽ ʝʬʝʢʪʠʚʥʽ ʩʧʦʩʦʙʠ ʭʽʤʽʢʦ-

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʍʊʆ), ʫ ʪʦʤʫ ʯʠʩʣʽ ʙʦʨʫʚʘʥʥʷ, ʥʘ ʜʘʥʠʡ ʯʘʩ ʚʞʝ ʥʝ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʨʝʩʫʨʩʦ- ʪʘ ʝʥʝʨʛʦʝʢʦʥʦʤʽʾ. ʊʦʤʫ ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ 

ʢʘʨʜʠʥʘʣʴʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʥʘʧʨʷʤʢʽʚ 

ʤʦʞʝ ʙʫʪʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʫ ʩʪʨʫʤʘʤʠ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ (ʉɺʏ). 

 

 1.1 ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ ʍʊʆ 

 ʍʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʶ ʦʙʨʦʙʢʦʶ (ʍʊʆ) ʥʘʟʠʚʘʶʪʴ ʪʝʨʤʽʯʥʫ ʦʙʨʦʙʢʫ (ʊʆ), ʷʢʘ 

ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʩʧʦʣʫʯʝʥʥʷ ʪʝʨʤʽʯʥʦʛʦ ʪʘ ʭʽʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʟ ʤʝʪʦʶ ʟʤʽʥʠ ʩʢʣʘʜʫ, 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ [1]. ɺʽʜʦʤʦ ʙʝʟʣʽʯ ʚʘʨʽʘʥʪʽʚ ʍʊʆ, 

ʧʨʠ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʝʨʭʥʝʚʝ ʥʘʩʠʯʝʥʥʷ ʩʪʘʣʝʡ ʪʘ ʽʥʰʠʭ ʩʧʣʘʚʽʚ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ (ʉ, N, B, Al, Cr, Si, P, Zn ʪʘ ʽʥ.) ʯʠ ʾʭ ʢʦʤʙʽʥʘʮʽʷʤʠ 

ʰʣʷʭʦʤ ʜʠʬʫʟʽʾ ʫ ʘʪʦʤʘʨʥʦʤʫ ʩʪʘʥʽ ʟʽ ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʦʛʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʙʦ ʜʦʜʘʪʢʦʚʠʭ, ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. 

ɹʽʣʴʰʽʩʪʴ ʚʠʜʽʚ ʍʊʆ ʻ ʜʫʞʝ ʝʬʝʢʪʠʚʥʠʤʠ ʱʦʜʦ ʟʙʽʣʴʰʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʚʥʘʩʣʽʜʦʢ ʫʪʚʦʨʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʪʦʚʩʪʠʭ ʟʤʽʮʥʝʥʠʭ ʰʘʨʽʚ 

(2 ï 0,01 ʤʤ) [2]. 

 ʇʨʦʮʝʩ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʻ ʛʝʪʝʨʦʛʝʥʥʠʤ, ʪʦʙʪʦ ʪʘʢʠʤ, ʱʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʨʽʟʥʠʭ ʢʦʥʪʘʢʪʫʶʯʠʭ ʬʘʟʘʭ, ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʤʽʞ ʩʦʙʦʶ ʧʦʚʝʨʭʥʝʶ 

ʨʦʟʜʽʣʫ [1, 3]. ʊʦʤʫ ʙʫʜʴ-ʷʢʠʡ ʧʨʦʮʝʩ ʍʊʆ ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʷʢ 
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ʙʘʛʘʪʦʩʪʘʜʽʡʥʠʡ: 1. ʋʪʚʦʨʝʥʥʷ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ. 2. ɼʦʩʪʘʚʢʘ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ 

ʜʦ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ. 3. ɸʜʩʦʨʙʮʽʷ ʘʢʪʠʚʥʠʭ ʘʪʦʤʽʚ ʘʙʦ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʶ: 3.1 

ʌʽʟʠʯʥʘ ʘʜʩʦʨʙʮʽʷ; 3.2 ʍʝʤʦʩʦʨʙʮʽʷ. 4. ʈʝʘʢʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ (ʟʘ ʨʘʭʫʥʦʢ ʭʽʤʽʯʥʠʭ 

ʘʙʦ ʜʠʬʫʟʽʡʥʠʭ ʫʪʚʦʨʝʥʴ). 5. ɼʝʩʦʨʙʮʽʷ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ. 6. ɺʽʜʚʽʜ ʧʨʦʜʫʢʪʽʚ 

ʨʝʘʢʮʽʾ. 

 ʂʦʞʥʘ ʟ ʥʘʚʝʜʝʥʠʭ ʩʪʘʜʽʡ ʤʦʞʝ ʙʫʪʠ ʣʽʤʽʪʫʶʯʦʶ, ʱʦ ʚʥʦʩʠʪʴ ʚʠʨʽʰʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʥʘ ʰʚʠʜʢʽʩʪʴ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʚ ʮʽʣʦʤʫ [1, 3]. 

 ʋʪʚʦʨʝʥʥʷ ʘʢʪʠʚʥʠʭ ʘʪʦʤʽʚ ʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʥʘʩʠʯʫʻ, ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ. ɸʜʩʦʨʙʮʽʷ ʻ ʩʢʣʘʜʥʠʤ 

ʧʨʦʮʝʩʦʤ, ʱʦ ʧʨʦʪʽʢʘʻ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʩʠʯʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ ʯʠʥʦʤ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʬʽʟʠʯʥʫ (ʦʙʦʨʦʪʥʫ) ʽ ʭʽʤʽʯʥʫ ʘʜʩʦʨʙʮʽʶ (ʭʝʤʦʩʦʨʙʮʽʶ). ʇʨʠ ʭʽʤʽʢʦ-

ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʦʙʠʜʚʘ ʪʠʧʠ ʘʜʩʦʨʙʮʽʾ ʥʘʢʣʘʜʘʶʪʴʩʷ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ. ʌʽʟʠʯʥʘ 

ʘʜʩʦʨʙʮʽʷ ʧʨʠʟʚʦʜʠʪʴ ʪʽʣʴʢʠ ʜʦ ʟʯʝʧʣʝʥʥʷ ʘʜʩʦʨʙʦʚʘʥʠʭ ʘʪʦʤʽʚ ʝʣʝʤʝʥʪʘ, ʱʦ 

ʥʘʩʠʯʫʻ (ʘʜʩʦʨʙʘʪʘ) ʟ ʦʙʨʦʙʣʶʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ (ʘʜʩʦʨʙʝʥʪʦʤ) ʟʘʚʜʷʢʠ ʜʽʾ ɺʘʥ-

ʜʝʨ-ɺʘʘʣʴʩʦʚʠʭ ʩʠʣ ʧʨʠʪʷʛʘʥʥʷ, ʽ ʜʣʷ ʥʝʾ ʭʘʨʘʢʪʝʨʥʘ ʣʝʛʢʘ ʦʙʦʨʦʪʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʘʜʩʦʨʙʮʽʾ (ʜʝʩʦʨʙʮʽʷ). ʇʨʠ ʭʝʤʦʩʦʨʙʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʘʪʦʤʘʤʠ 

ʘʜʩʦʨʙʘʪʘ ʡ ʘʜʩʦʨʙʝʥʪʫ, ʱʦ ʟʘ ʩʚʦʾʤ ʭʘʨʘʢʪʝʨʦʤ ʽ ʩʠʣʽ ʙʣʠʟʴʢʦ ʜʦ ʭʽʤʽʯʥʦʛʦ. 

ɸʜʩʦʨʙʮʽʷ ʧʦʯʠʥʘʻʪʴʩʷ ʥʘʩʘʤʧʝʨʝʜ ʥʘ ʪʠʭ ʜʽʣʷʥʢʘʭ ʧʦʚʝʨʭʥʽ, ʝʥʝʨʛʽʷ ʷʢʠʭ 

ʤʘʢʩʠʤʘʣʴʥʘ. ɸʜʩʦʨʙʦʚʘʥʽ ʘʪʦʤʠ ʚʪʨʠʤʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʟʘʚʜʷʢʠ ʧʨʘʛʥʝʥʥʶ 

ʩʠʩʪʝʤʠ ʧʦʥʠʟʠʪʠ ʟʘʧʘʩ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ. ɸʜʩʦʨʙʮʽʷ - ʟʘʚʞʜʠ ʝʢʟʦʪʝʨʤʽʯʥʠʡ 

ʧʨʦʮʝʩ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ. ʗʢʱʦ ʭʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʝʣʝʤʝʥʪʘ, ʱʦ ʜʠʬʫʥʜʫʻ, ʚ ʘʪʤʦʩʬʝʨʽ, ʱʦ ʥʘʩʠʯʫʻ, ʚʠʱʝ, ʥʽʞ ʚ ʦʙʨʦʙʣʶʚʘʥʦʤʫ 

ʤʝʪʘʣʽ, ʘʜʩʦʨʙʦʚʘʥʽ ʘʪʦʤʠ ʧʦʛʣʠʥʘʶʪʴʩʷ ʦʙʨʦʙʣʶʚʘʥʠʤ ʤʝʪʘʣʦʤ, 

ʚʧʨʦʚʘʜʞʫʶʯʠʩʴ ʫ ʚʘʢʘʥʪʥʽ ʤʽʩʮʷ ʨʝʰʽʪʢʠ, ʢʦʪʨʽ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʥʘʷʚʥʽ ʥʘ 

ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ. ɸʜʩʦʨʙʫʶʯʘ ʟʜʘʪʥʽʩʪʴ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ, ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ, ʧʨʠʨʦʜʠ ʤʝʪʘʣʫ ʡ ʝʣʝʤʝʥʪʘ, ʱʦ ʜʠʬʫʥʜʫʻ, ʽ 

ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. ʈʦʟʚʠʪʢʫ ʧʨʦʮʝʩʫ ʘʜʩʦʨʙʮʽʾ ʧʨʦʩʪʠʤʫʣʴʦʚʘʥʝ ʟʜʘʪʥʽʩʪʶ 

ʝʣʝʤʝʥʪʘ, ʱʦ ʜʠʬʫʥʜʫʻ, ʫʪʚʦʨʶʚʘʪʠ ʟ ʦʩʥʦʚʥʠʤ ʤʝʪʘʣʦʤ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ [1, 4]. 

ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʩʪʘʜʽʡ ʚ ʪʝʭʥʦʣʦʛʽʾ ʍʊʆ ʻ ʯʝʪʚʝʨʪʘ ʩʪʘʜʽʷ. ɺ 

ʧʨʦʮʝʩʽ ʜʠʬʫʟʽʾ ʚʠʥʠʢʘʻ ʜʠʬʫʟʽʡʥʠʡ ʧʦʪʽʢ ʚʽʜ ʧʦʚʝʨʭʥʽ ʫ ʛʣʠʙ ʤʝʪʘʣʫ. ʎʝʡ 
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ʧʨʦʮʝʩ ʤʦʞʣʠʚʠʡ ʧʨʠ ʟʜʘʪʥʦʩʪʽ ʜʠʬʫʥʜʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʨʦʟʯʠʥʷʪʠʩʷ ʫ ʤʘʪʝʨʽʘʣʽ 

ʦʙʨʦʙʣʶʚʘʣʴʥʦʾ ʜʝʪʘʣʽ ʪʘ ʧʨʠ ʜʦʩʪʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʟʘʚʜʷʢʠ ʷʢʽʡ ʘʪʦʤʠ 

ʦʪʨʠʤʫʶʪʴ ʥʝʦʙʭʽʜʥʫ ʝʥʝʨʛʽʶ ʘʢʪʠʚʘʮʽʾ ʧʨʦʮʝʩʫ ʜʠʬʫʟʽʾ [1]. 

 ʂʦʥʮʝʥʪʨʘʮʽʷ ʜʠʬʫʥʜʫʶʯʦʛʦ ʝʣʝʤʝʥʪʘ ʥʘ ʧʦʚʝʨʭʥʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʧʽʜʚʦʜʫ ʥʘ ʧʦʚʝʨʭʥʶ ʪʘ ʚʽʜʚʦʜʫ ʚ ʛʣʠʙʠʥʫ 

ʜʠʬʫʥʜʫʶʯʦʛʦ ʝʣʝʤʝʥʪʫ, ʥʘʷʚʥʽʩʪʴ ʷʢʦʛʦ ʥʘ ʧʦʚʝʨʭʥʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʘʜʩʦʨʙʦʚʘʥʠʭ ʘʪʦʤʽʚ ʥʘ ʧʦʚʝʨʭʥʽ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʠʬʫʟʽʡʥʦʾ ʩʪʘʜʽʾ. ɺ 

ʧʨʦʮʝʩʘʭ ʍʊʆ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʤʘʻ ʤʽʩʮʝ ʛʝʪʝʨʦʜʠʬʫʟʽʷ (ʧʨʦʭʦʜʠʪʴ ʟʽ ʟʤʽʥʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ) [5, 6], ʘ ʩʘʤʝ ʾʾ ʨʽʟʥʦʚʠʜ ï ʨʝʘʢʪʠʚʥʘ ʜʠʬʫʟʽʷ 

(ʧʨʦʭʦʜʠʪʴ ʟ ʫʪʚʦʨʝʥʥʷʤ ʥʦʚʠʭ ʬʘʟ) [1]. 

 ɺ ʦʩʥʦʚʽ ʧʨʦʮʝʩʫ ʜʠʬʫʟʽʾ ʣʝʞʘʪʴ ʩʢʘʯʢʠ ʧʝʨʝʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʚʽʜ ʧʦʣʦʞʝʥʥʷ 

ʨʽʚʥʦʚʘʛʠ, ʜʝ ʘʪʦʤʠ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʪʽʣʴʢʠ ʣʠʰʝ ʚ ʨʘʤʢʘʭ ʪʝʨʤʽʯʥʠʭ ʬʣʫʢʪʫʘʮʽʡ, 

ʜʦ ʽʥʰʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ʨʝʰʽʪʮʽ. ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ ʘʪʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʥʘʜʘʪʠ ʝʥʝʨʛʽʶ ʘʢʪʠʚʘʮʽʾ, ʷʢʘ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʙʽʣʴʰʘ ʟʘ ʝʥʝʨʛʽʶ 

ʪʝʧʣʦʚʠʭ ʬʣʫʢʪʫʘʮʽʡ [1, 5, 6]. 

 ɼʣʷ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʫ ʜʠʬʫʟʽʾ ʫ ʪʚʝʨʜʦʤʫ ʢʨʠʩʪʘʣʽʯʥʦʤʫ ʪʽʣʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʷʜ ʤʦʞʣʠʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʜʠʬʫʟʽʾ: ʤʽʞʚʫʟʝʣʴʥʠʡ, ʚʘʢʘʥʩʽʡʥʠʡ, 

ʮʠʢʣʽʯʥʠʡ, ʦʙʤʽʥʥʠʡ, ʢʨʘʫʜʽʡʥʠʡ. ʇʨʠ ʜʠʬʫʟʽʾ ʧʦ ʤʽʞʚʫʟʝʣʴʥʦʤʫ ʤʝʭʘʥʽʟʤʫ 

ʘʪʦʤ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʩʪʨʠʙʢʦʤ, ʰʣʷʭʦʤ ʚʽʜʪʠʩʥʝʥʥʷ ʩʫʩʽʜʥʴʦʛʦ ʘʪʦʤʫ ʟ 

ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʜʦ ʤʽʞʚʫʟʝʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ. ɿʘ ʚʘʢʘʥʩʽʡʥʠʤ ʤʝʭʘʥʽʟʤʦʤ 

ʟʤʽʱʝʥʥʷ ʘʪʦʤʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʩʫʩʽʜʥʶ ʚʘʢʘʥʩʽʶ, ʥʘ ʤʽʩʮ̔  ʷʢʦʛʦ, ʚʽʜʧʦʚʽʜʥʦ, 

ʫʪʚʦʨʶʻʪʴʩʷ ʥʦʚʘ ʚʘʢʘʥʩʽʷ. ʎʠʢʣʽʯʥʠʡ ʤʝʭʘʥʽʟʤ ʜʠʬʫʟʽʾ ʧʦʣʷʛʘʻ ʫ ʚʟʘʻʤʥʦʤʫ 

ʧʝʨʝʤʽʱʝʥʥʽ ʛʨʫʧʠ ʘʪʦʤʽʚ ʽ ʭʘʨʘʢʪʝʨʥʠʡ ʣʠʰʝ ʜʣʷ ʥʝʚʝʣʠʢʦʾ ʛʨʫʧʠ ʤʝʪʘʣʽʚ. 

ʆʙʤʽʥʥʠʡ ʤʝʭʘʥʽʟʤ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ʮʠʢʣʽʯʥʦʛʦ ʽ ʧʦʣʷʛʘʻ ʚ 

ʚʟʘʻʤʥʦʤʫ ʦʙʤʽʥʽ ʤʽʩʮʷʤʠ ʜʝʢʽʣʴʢʦʭ ʘʪʦʤʽʚ. ʂʨʘʫʜʽʡʥʠʡ ʤʝʭʘʥʽʟʤ ʧʦʣʷʛʘʻ ʚ ʨʫʩʽ 

ʩʪʠʩʥʫʪʠʭ ʚ ʜʝʷʢʦʤʫ ʥʘʧʨʷʤʢʫ ʘʪʦʤʽʚ [1, 3]. 

 ɼʣʷ ʧʨʦʮʝʩʫ ʜʠʬʫʟʽʾ ʩʧʨʘʚʝʜʣʠʚʽ ʨʷʜ ʚʘʞʣʠʚʠʭ ʟʘʢʦʥʽʚ:  

- ʨʫʰʽʡʥʘ ʩʠʣʘ ʜʠʬʫʟʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʨʘʜʽʻʥʪʦʤ ʭʽʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

(ʢʦʥʮʝʥʪʨʘʮʽʻʶ, ʚʽʣʴʥʦʶ ʝʥʝʨʛʽʻʶ) ʜʠʬʫʥʜʫʶʯʦʛʦ ʢʦʤʧʦʥʝʥʪʫ, ʪʦʤʫ 
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ʜʠʬʫʟʽʡʥʠʡ ʧʦʪʽʢ ʧʨʦʧʦʨʮʽʡʥʠʡ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ ʪʘ ʩʢʣʘʜʫ) 

ʮʴʦʤʫ ʛʨʘʜʽʻʥʪʫ; 

- ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʠʬʫʥʜʫʶʯʦʾ ʨʝʯʦʚʠʥʠ ʥʝʧʦʩʪʽʡʥʘ, ʘ ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ; 

- ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʷʜʫ ʧʘʨʘʤʝʪʨʽʚ (ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʧʨʦʮʝʩʫ 

ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ). ʏʠʤ ʥʠʞʯʘ ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʽ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʤ ʙʽʣʴʰʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ [6]. 

ʇʨʠ ʥʘʛʨʦʤʘʜʞʝʥʥʽ ʘʪʦʤʽʚ ʝʣʝʤʝʥʪʘ, ʱʦ ʜʠʬʫʥʜʫʻ, ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʩʠʯʝʥʥʷ, 

ʚʠʥʠʢʘʻ ʜʠʬʫʟʽʡʥʠʡ ʧʦʪʽʢ ʚʽʜ ʧʦʚʝʨʭʥʽ ʚʛʣʠʙ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʝʪʘʣʫ. ʇʨʦʮʝʩ 

ʤʦʞʣʠʚʠʡ ʪʽʣʴʢʠ ʟʘ ʫʤʦʚʠ ʨʦʟʯʠʥʥʦʩʪʽ ʝʣʝʤʝʥʪʘ, ʱʦ ʜʠʬʫʥʜʫʻ, ʚ 

ʦʙʨʦʙʣʶʚʘʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʡ ʜʦʩʠʪʴ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʥʝʦʙʭʽʜʥʫ ʰʚʠʜʢʽʩʪʴ ʜʠʬʫʟʽʾ [7]. 

ʐʚʠʜʢʽʩʪʴ ʜʠʬʫʟʽʾ ʘʪʦʤʽʚ ʝʣʝʤʝʥʪʘ, ʱʦ ʥʘʩʠʯʫʻ, ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʨʝʰʽʪʮʽ 

ʟʘʣʽʟʘ ʥʝʦʜʥʘʢʦʚʘ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʫ ʪʘ ʙʫʜʦʚʠ ʬʘʟ, ʱʦ ʫʪʚʦʨʷʪʴʩʷ: ʜʠʬʫʟʽʷ 

ʧʨʦʪʽʢʘʻ ʰʚʠʜʰʝ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ (ʧʨʠ ʥʘʩʠʯʝʥʥʽ 

ʚʫʛʣʝʮʝʤ ʘʙʦ ʘʟʦʪʦʤ, ʨʦʟʤʽʨʠ ʘʪʦʤʽʚ ʷʢʠʭ ʤʘʣʽ), ʥʽʞ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʟʘʤʽʱʝʥʥʷ. 

ʊʦʤʫ, ʧʨʠ ʜʠʬʫʟʽʡʥʽʡ ʤʝʪʘʣʽʟʘʮʽʾ (ʥʘʩʠʯʝʥʥʽ ʤʝʪʘʣʘʤʠ) ʧʨʦʮʝʩ ʚʝʜʫʪʴ ʧʨʠ ʙʽʣʴʰ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʜʦʚʛʦʩʪʨʦʢʦʚʦ, ʦʜʥʘʢ, ʦʜʝʨʞʫʶʪʴ ʤʝʥʰʫ ʪʦʚʱʠʥʫ ʰʘʨʫ, 

ʥʽʞ ʧʨʠ ʥʘʩʠʯʝʥʥʽ ʘʟʦʪʦʤ ʽ ʚʫʛʣʝʮʝʤ [8]. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʠʬʫʟʽʾ ʫʪʚʦʨʠʪʴʩʷ ʜʠʬʫʟʽʡʥʠʡ ʰʘʨ, ʥʘ ʧʦʚʝʨʭʥʽ ʷʢʦʛʦ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʤʝʥʪʘ, ʱʦ ʜʠʬʫʥʜʫʻ, ʥʘʡʙʽʣʴʰʘ. ʇʦ ʤʽʨʽ ʚʽʜʜʘʣʝʥʥʷ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʤʝʥʪʘ ʧʘʜʘʻ. ʐʘʨ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ ʚ ʧʦʚʝʨʭʥʽ 

ʥʘʩʠʯʝʥʥʷ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʠʭʽʜʥʦʛʦ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʜʠʬʫʟʽʡʥʠʤ ʰʘʨʦʤ [9]. ʄʘʪʝʨʽʘʣ ʜʝʪʘʣʽ ʧʽʜ ʜʠʬʫʟʽʡʥʠʤ ʰʘʨʦʤ, ʥʝ ʧʦʨʫʰʝʥʠʡ 

ʚʧʣʠʚʦʤ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʘʢʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʥʘʟʠʚʘʶʪʴ ʩʝʨʮʝʚʠʥʦʶ. ʇʽʜ 

ʟʘʛʘʣʴʥʦʶ ʪʦʚʱʠʥʦʶ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʨʦʟʫʤʽʶʪʴ ʥʘʡʢʦʨʦʪʰʫ ʚʽʜʩʪʘʥʴ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ʥʘʩʠʯʝʥʥʷ ʜʦ ʩʝʨʮʝʚʠʥʠ. ɽʬʝʢʪʠʚʥʦʶ ʪʦʚʱʠʥʦʶ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ 

ʥʘʟʠʚʘʶʪʴ ʯʘʩʪʠʥʫ ʟʘʛʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʘʡʢʦʨʦʪʰʦʶ ʚʽʜʩʪʘʥʥʶ ʚʽʜ ʧʦʚʝʨʭʥʽ ʥʘʩʠʯʝʥʥʷ ʜʦ ʤʽʨʥʦʾ ʜʽʣʷʥʢʠ, ʷʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʠʤ ʛʨʘʥʠʯʥʠʤ ʥʦʤʽʥʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʙʘʟʦʚʦʛʦ 

ʧʘʨʘʤʝʪʨʘ. ʇʨʠʣʷʛʘʶʯʘ ʜʦ ʩʝʨʮʝʚʠʥʠ ʚʥʫʪʨʽʰʥʷ ʯʘʩʪʠʥʘ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ, 
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ʜʦʚʞʠʥʘ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʟʥʠʮʝʶ ʟʘʛʘʣʴʥʦʾ ʡ ʝʬʝʢʪʠʚʥʦʾ ʪʦʚʱʠʥʠ, ʦʜʝʨʞʘʣʘ 

ʥʘʟʚʫ ʧʝʨʝʭʽʜʥʦʾ ʟʦʥʠ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ. ʗʢʽʩʥʦʶ ʡ ʢʽʣʴʢʽʩʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʻ ʪʦʚʱʠʥʘ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ, 

ʨʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʤʝʥʪʘ, ʱʦ ʜʠʬʫʥʜʫʻ, ʧʦ ʪʦʚʱʠʥʽ ʰʘʨʫ, ʬʘʟʦʚʠʡ ʩʢʣʘʜ 

ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʰʘʨʫ (ʪʚʝʨʜʽʩʪʴ, ʧʣʘʩʪʠʯʥʽʩʪʴ, ʦʧʽʨ ʟʥʦʰʫʚʘʥʥʷ, ʢʦʨʦʟʽʡʥʘ 

ʩʪʽʡʢʽʩʪʴ ʪʘ ʽʥ.). ɿʘʣʝʞʥʦ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʟʘʣʫʯʘʻʪʴʩʷ ʣʠʰʝ ʥʝʦʙʭʽʜʥʠʡ 

ʥʘʙʽʨ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʦʟʥʘʢ [1]. 

 

 1.2 ɺʠʙʽʨ ʚʠʜʫ ʍʊʆ. ɹʦʨʫʚʘʥʥʷ, ʷʢ ʝʬʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʟʤʽʮʥʝʥʥʷ  

ʇʦʪʨʝʙʘ ʚ ʣʦʢʘʣʴʥʽʡ ʧʦʚʝʨʭʥʝʚʽʡ ʦʙʨʦʙʮʽ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʙʽʣʴʰʽʩʪʴ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʟʥʦʩʫ, ʢʘʚʽʪʘʮʽʾ, ʮʠʢʣʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʢʦʨʦʟʽʾ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʘʙʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʮʴʦʤʫ 

ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʥʠʢʘʻ ʩʘʤʝ ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ. ʍʽʤʽʢʦ-ʪʝʨʤʽʯʥʘ 

ʦʙʨʦʙʢʘ ʧʽʜʚʠʱʫʻ ʪʚʝʨʜʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʢʘʚʽʪʘʮʽʡʥʫ ʪʘ ʢʦʨʦʟʽʡʥʫ 

ʩʪʽʡʢʽʩʪʴ ʽ ʩʪʚʦʨʶʻ ʥʘ ʧʦʚʝʨʭʥʽ ʩʧʨʠʷʪʣʠʚʽ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʥʝʥʥʷ, 

ʟʙʽʣʴʰʫʻ ʥʘʜʽʡʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ [10]. 

 ɺʠʙʽʨ ʚʠʜʫ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʫʞʝ ʚʘʞʣʠʚʠʡ ʪʘ ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ 

ʝʪʘʧ ʨʦʟʨʦʙʢʠ. ʁʦʛʦ ʟʜʽʡʩʥʶʶʪʴ ʦʧʠʨʘʶʯʠʩʴ ʥʘ ʢʽʥʮʝʚʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʧʦʚʠʥʝʥ ʤʘʪʠ ʚʠʨʽʙ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʍʊʆ, ʘ ʪʘʢʦʞ 

ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ [11 ï 14]. ʂʦʨʦʪʢʦ ʧʨʠʚʝʜʝʤʦ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʜʝʷʢʠʭ 

ʚʠʜʽʚ ʍʊʆ. 

 ʅʘ ʨʠʩ. 1.1 ʧʦʢʘʟʘʥʦ ʟʥʦʰʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʽ 7ʍ3 ʦʙʨʦʙʣʝʥʠʭ ʟʘ 

ʨʽʟʥʠʤʠ ʩʭʝʤʘʤʠ ʟʤʽʮʥʝʥʥʷ. ʇʘʨʘʤʝʪʨʠ ʚʠʧʨʦʙʫʚʘʥʴ: ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ 

0,42 ʤ/ʩ, ʪʠʩʢ 150 ʢʛʩ/ʩʤ2, ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʽ ʪʝʨʪʷ ~ 550 Áʉ [15]. 

 ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1.1 ʙʦʨʦʚʘʥʠʡ ʰʘʨ ʥʘ ʩʪʘʣʽ ʜʘʻ ʥʘʡʤʝʥʰʽ ʧʦʢʘʟʥʠʢʠ ʚʪʨʘʪʠ 

ʤʘʩʠ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʍʊʆ ʤʝʪʘʣʦʾʜʘʤʠ. ʇʨʠ ʍʊʆ ʤʝʪʘʣʘʤʠ 

ʪʦʚʱʠʥʘ ʟʤʽʮʥʝʥʦʛʦ ʰʘʨʫ, ʷʢ ʧʨʘʚʠʣʦ ʤʝʥʰʘ (ʪʘʙʣ. 1.1), ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʧʨʦʜʘʚʣʶʚʘʥʥʷ ʟʤʽʮʥʝʥʦʛʦ ʰʘʨʫ ʧʨʠ ʟʥʘʯʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ.  
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1 ï ʙʦʨʫʚʘʥʥʷ; 2 ï ʮʝʤʝʥʪʘʮʽʷ; 3 ï ʘʟʦʪʫʚʘʥʥʷ; 4 ï ʊʆ - ʧʦʢʨʘʱʝʥʥʷ.  

ʈʠʩʫʥʦʢ 1.1 ï ɿʥʦʰʫʚʘʥʥʷ ʩʪʘʣʽ 7ʍ3 

 

 ʊʘʙʣʠʮʷ 1.1 ï ʇʦʨʽʚʥʷʣʴʥʽ ʜʘʥʽ ʧʦ ʜʝʷʢʠʭ ʚʠʜʘʭ ʍʊʆ [16] 

ɺʠʜ ʰʘʨʫ ʉʪʨʫʢʪʫʨʘ ʰʘʨʫ ʊʚʝʨʜʽʩʪʴ HV 
ʊʦʚʱʠʥʘ ʰʘʨʫ, 

ʤʤ 

ʎʝʤʝʥʪʦʚʘʥʠʡ 
ʄʘʨʪʝʥʩʠʪ  

(ʧʽʩʣʷ ʊʆ) 
650-780 1 

ɸʟʦʪʦʚʘʥʠʡ 
ʅʽʪʨʠʜʠ, 

ʢʘʨʙʦʥʽʪʨʠʜʠ 
250-1100 0,2-0,6 

ɹʦʨʦʚʘʥʠʡ FeB, Fe2B 1100-1500 0,1-0,2 

ʍʨʦʤʦʚʘʥʠʡ 
ʂʘʨʙʽʜʠ ʭʨʦʤʫ, 

ʟʘʣʽʟʘ 
1800-2000 0,01-0,02 

ʊʠʪʘʥʦʚʘʥʠʡ TiC 3500-4000 0,01-0,15 

ʉʢʣʘʜʥʠʡ, 

ʢʘʨʙʽʜʥʠʡ 

ʂʘʨʙʽʜʠ ʪʠʪʘʥʫ, 

ʭʨʦʤʫ  
2000- 4000 0,015-0,02 

  

 ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʦʩʥʦʚʫ ʍʊʆ ʙʫʚ ʚʟʷʪʠʡ ʧʨʦʮʝʩ ʙʦʨʫʚʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ 

ʫʪʚʦʨʶʻʪʴʩʷ ʪʚʝʨʜʠʡ, ʟʥʦʩʦʩʪʽʡʢʠʡ ʰʘʨ ʟ ʦʢʘʣʠʥʦʩʪʽʡʢʽʩʪʴ ʜʦ 800 Áʉ, 

ʪʝʧʣʦʩʪʽʡʢʽʩʪʴʶ ʜʦ 950 Áʉ ʪʘ ʧʽʜʚʠʱʝʥʦʶ ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ 

ʙʦʨʫʚʘʥʥʽ ʫʪʚʦʨʶʶʪʴʩʷ ʜʠʬʫʟʽʡʥʽ ʰʘʨʠ ʟ ʩʫʮʽʣʴʥʠʤ ʭʽʤʽʯʥʠʤ ʟôʻʜʥʘʥʥʷʤ, ʷʢʽ ʟʘ 

ʪʦʚʱʠʥʦʶ ʧʦʤʽʪʥʦ ʧʦʩʪʫʧʘʶʪʴʩʷ ʣʠʰʝ ʮʝʤʝʥʪʦʚʘʥʠʤ ʰʘʨʘʤ. 

 ɹʦʨʫʚʘʥʥʷ ï ʥʘʩʠʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʤʝʪʘʣʫ ʪʘ ʩʧʣʘʚʽʚ ʙʦʨʦʤ ï 

ʧʨʦʚʦʜʷʪʴ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʧʦʚʝʨʭʥʝʚʦʾ ʪʚʝʨʜʦʩʪʽ, 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʢʦʨʦʟʽʡʥʦʾ 

ʩʪʽʡʢʦʩʪʽ [3, 17]. ʇʦʨʷʜ ʽʟ ʮʠʤ, ʙʦʨʫʚʘʥʥʷ ʧʽʜʚʠʱʫʻ ʢʠʩʣʦʪʦ-, ʞʘʨʦ- ʽ 

ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ. ɺʠʩʦʢʘ ʪʚʝʨʜʽʩʪʴ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ 950 Áʉ. ʆʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ʙʦʨʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ - ʧʽʜʚʠʱʝʥʘ ʢʨʠʭʢʽʩʪʴ, 
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ʱʦ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʙʽʣʴʰʝ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ 

ʚʠʜʫ ʦʙʨʦʙʢʠ [18]. 

ɹʦʨʫʚʘʥʥʶ ʧʽʜʜʘʶʪʴ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʽʚ ʽʟ ʟʘʣʽʟʘ, ʩʧʣʘʚʽʚ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ, ʘ 

ʪʘʢʦʞ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ [3, 17].  

 ʆʩʥʦʚʥʽ ʚʠʜʠ ʙʦʨʫʚʘʥʥʷ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1.2. 

 

 ʊʘʙʣʠʮʷ 1.2 ï ɹʦʨʫʚʘʥʥʷ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ [19] 

ʋ ʧʦʨʦʰʢʘʭ 

ʋ 

ʥʝʛʝʨʤʝʪʠʯʥʠʭ 

ʢʦʥʪʝʡʥʝʨʘʭ 

ʋ 

ʛʝʨʤʝʪʠʯʥʠʭ 

ʢʦʥʪʝʡʥʝʨʘʭ 

ʋ 

ʚʘʢʫʫʤʽ 

ʋ 

ʟʘʭʠʩʥʽʡ 

ʘʪʤʦʩʬʝʨʽ 

ʋ ʧʩʝʚʜʦʨʽʜʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ 

ɯʟ ʧʘʩʪ - 

ʋ ʨʽʜʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ 

ʋ ʨʦʟʯʠʥʘʭ 

ʩʦʣʝʡ 

ʋ ʨʦʟʯʠʥʘʭ 

ʦʢʠʩʣʽʚ 
ʋ ʨʦʟʯʠʥʘʭ ʝʣʝʢʪʨʦʣʽʪʽʚ 

- 
ʋ ʥʝʡʪʨʘʣʴʥʠʭ ʯʠ ʫ 

ʙʦʨʦʚʤʽʩʥʠʭ ʨʦʟʯʠʥʘʭ 
- 

ʋ ʛʘʟʦʚʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ 
ɿ ʛʘʣʦʾʜʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʙʦʨʫ 

ɿ ʚʦʜʥʝʚʠʤʠ 

ʩʧʦʣʫʢʘʤʠ ʙʦʨʫ 

ɿ ʘʣʢʽʣʙʦʨʠʜʥʠʤʠ 

ʩʧʦʣʫʢʘʤʠ 

 

ɺ ʦʩʥʦʚʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʦʨʫʚʘʥʥʷ ʤʦʞʥʘ ʧʦʢʣʘʩʪʠ ʘʛʨʝʛʘʪʥʠʡ ʩʪʘʥ 

ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʾ 

ʦʟʥʘʢʠ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʙʦʨʫʚʘʥʥʷ: ʫ ʪʚʝʨʜʠʭ, ʨʽʜʢʠʭ ʪʘ 

ʛʘʟʦʧʦʜʽʙʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 

 ɿʘʟʚʠʯʘʡ ʙʦʨʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 880 - 1050 Áʉ ʧʨʦʪʷʛʦʤ 2 

- 8 ʛʦʜʠʥ [20].  

ʇʨʠ ʝʣʝʢʪʨʦʣʽʟʥʦʤʫ ʯʠ ʙʝʟ ʝʣʝʢʪʨʦʣʽʟʥʦʤʫ ʙʦʨʫʚʘʥʥʽ ʫ ʨʽʜʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʪʨʠʚʘʣʽʩʪʴ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʫ ʜʝʱʦ ʟʥʠʞʫʻʪʴʩʷ. ʗʢʽʩʪʴ ʪʘ 

ʪʦʚʱʠʥʘ ʰʘʨʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʽʯʥʦʛʦ ʥʘʛʨʽʚʫ. ʅʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʥ ʪʘ ʥʠʟʴʢʘ ʩʪʽʡʢʽʩʪʴ ʪʠʛʣʽʚ (ʦʩʦʙʣʠʚʦ ʜʦ Na2B4O7) ʻ ʛʦʣʦʚʥʦʶ 

ʧʝʨʝʰʢʦʜʦʶ ʜʣʷ ʮʴʦʛʦ ʨʽʟʥʦʚʠʜʫ ʙʦʨʫʚʘʥʥʷ [3, 21]. 

ʈʽʜʠʥʥʦʾ ʩʧʦʩʽʙ ʙʦʨʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʘʢʪʠʯʥʦ ʥʘ ʙʫʜʴ-

ʷʢʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ. ʅʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʜʨʽʙʥʦʩʝʨʽʡʥʦʤʫ 



41 
 

ʡ ʩʝʨʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. ɺʽʥ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, 

ʩʪʘʙʽʣʴʥʽʩʪʶ ʦʜʝʨʞʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʚʠʩʦʢʦʶ ʱʽʣʴʥʽʩʪʶ ʡ ʙʝʟʜʝʬʝʢʪʥʽʩʪʶ 

ʙʦʨʠʜʥʠʭ ʰʘʨʽʚ. ʆʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʨʽʜʠʥʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʻ: ʟʥʘʯʥʝ 

ʚʽʜʥʝʩʝʥʥʷ ʨʦʟʧʣʘʚʫ ʟ ʦʙʨʦʙʣʶʚʘʥʠʤʠ ʚʠʨʦʙʘʤʠ ʡ ʪʨʫʜʥʦʱʽ ʚʽʜʤʠʚʘʥʥʷ ʚʽʜ 

ʨʦʟʧʣʘʚʫ ʜʝʪʘʣʝʡ ʩʢʣʘʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ [19]. 

 ɻʘʟʦʚʝ ʙʦʨʫʚʘʥʥʷ ʤʘʻ ʱʝ ʤʝʥʰʫ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʧʦ ʧʨʠʯʠʥʽ ʩʢʣʘʜʥʦʩʪʽ ʪʘ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ, ʘʜʞʝ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʘʩʠʯʝʥʥʷ ʰʘʨʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʦʢʩʠʯʥʽ, ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʽ ʛʘʟʠ. ʂʨʽʤ ʮʴʦʛʦ, ʚʦʥʠ ʻ 

ʜʝʬʽʮʠʪʥʠʤʠ, ʘ ʦʪʨʠʤʘʥʽ ʰʘʨʠ ʥʝ ʟʘʚʞʜʠ ʤʘʶʪʴ ʥʘʣʝʞʥʫ ʷʢʽʩʪʴ. ɻʘʟʦʚʽ 

ʩʝʨʝʜʦʚʠʱʘ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ ʘʢʪʠʚʥʽʩʪʴ, ʽ ʪʦʤʫ ʥʘʩʠʯʝʥʥʷ ʙʦʨʦʤ ʫ ʥʠʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʙʽʣʴʰ ʥʠʟʴʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʘ ʩʘʤ ʧʨʦʮʝʩ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʡ 

ʫʩʪʘʪʢʫʚʘʥʥʷʤ ʻ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤ. ʆʜʥʘʢ ʩʝʨʡʦʟʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʛʘʟʦʚʦʛʦ 

ʙʦʨʫʚʘʥʥʷʷ ʻ ʦʪʨʫʡʥʽʩʪʴ ʽ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʛʘʟʽʚ [12, 22]. 

ɹʦʨʫʚʘʥʥʷ ʽʟ ʧʘʩʪ (ʦʙʤʘʟʦʢ) ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠ ʟʤʽʮʥʝʥʥʽ 

ʤʘʩʠʚʥʠʭ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʚʠʨʦʙʽʚ, ʘ ʪʘʢʦʞ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʽʩʮʝʚʦʛʦ 

ʙʦʨʫʚʘʥʥʷ. ʈʦʟʚʠʪʦʢ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ ʚ ʙʦʨʫʚʘʥʥʽ ʩʪʠʤʫʣʶʻʪʴʩʷ ʪʘʢʦʞ 

ʤʦʞʣʠʚʽʩʪʶ ʩʧʦʣʫʯʝʥʥʷ ʙʦʨʫʚʘʥʥʷ ʟ ʽʩʥʫʶʯʠʤʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʨʝʞʠʤʘʤʠ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚʠʨʦʙʽʚ, ʱʦ ʟʤʽʮʥʶʶʪʴʩʷ. ʊʝʭʥʦʣʦʛʽʷ ʧʨʦʮʝʩʫ ʙʦʨʫʚʘʥʥʷ ʟ 

ʧʘʩʪ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʦʧʝʨʘʮʽʡ: ʛʦʪʫʚʘʥʥʷ ʦʙʤʘʟʢʠ, ʧʽʜʛʦʪʦʚʢʫ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʟʤʽʮʥʶʻʪʴʩʷ, ʜʦ ʥʘʩʠʯʝʥʥʷ, ʥʘʥʝʩʝʥʥʷ ʡ ʩʫʰʽʥʥʷ ʦʙʤʘʟʢʠ, ʥʘʛʨʽʚ ʡ 

ʚʠʪʨʠʤʢʘ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʜʦ ʥʘʩʠʯʝʥʥʷ ʜʝʪʘʣʝʡ ʧʦ ʟʘʜʘʥʦʤʫ ʨʝʞʠʤʫ, 

ʦʭʦʣʦʜʞʝʥʥʷ ʡ ʦʯʠʱʝʥʥʷ ʜʝʪʘʣʝʡ ʚʽʜ ʧʘʩʪʠ. ʋ ʚʠʧʘʜʢʫ ʧʽʯʥʦʛʦ ʥʘʛʨʽʚʫ ʫ 

ʟʚʠʯʘʡʥʦʤʫ ʦʢʠʩʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʜʝʪʘʣʽ ʽʟ ʰʘʨʦʤ ʦʙʤʘʟʢʠ ʚʠʤʘʛʘʶʪʴ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜ ʦʢʠʩʣʶʚʘʥʥʷ. ɹʽʣʴʰ ʧʨʦʛʨʝʩʠʚʥʦ ʁ ʻ ʪʝʭʥʦʣʦʛʽʷ 

ʥʘʩʠʯʝʥʥʷ ʟ ʦʙʤʘʟʦʢ: ʥʘ ʚʠʨʦʙʠ ʤʝʪʦʜʦʤ ʟʘʥʫʨʝʥʥʷ ʥʘʥʦʩʷʪʴ ʰʘʨ ʘʢʪʠʚʥʦʾ ʧʘʩʪʠ, 

ʧʨʦʩʫʰʫʶʪʴ ʡʦʛʦ, ʧʽʩʣʷ ʯʦʛʦ ʥʘʥʦʩʷʪʴ (ʪʘʢʦʞ ʤʝʪʦʜʦʤ ʟʘʥʫʨʝʥʥʷ) ʰʘʨ ʟʘʭʠʩʥʦʾ 

ʦʙʤʘʟʢʠ. ʇʽʜʛʦʪʦʚʣʝʥʽ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ ʜʝʪʘʣʽ ʤʦʞʥʘ ʥʘʛʨʽʚʘʪʠ ʙʫʜʴ-ʷʢʠʤ ʚʽʜʦʤʠʤ 

ʫ ʮʝʡ ʯʘʩ ʩʧʦʩʦʙʦʤ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʨʝʞʠʤʫ ʥʘʩʠʯʝʥʥʷ ʜʝʪʘʣʽ ʦʭʦʣʦʜʞʫʶʪʴ ʥʘ 

ʧʦʚʽʪʨʽ ʘʙʦ ʧʽʜʜʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʟʘʛʘʨʪʫʚʘʥʥʶ [17]. 
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 ɺʠʙʽʨ ʤʝʪʦʜʫ ʙʦʨʫʚʘʥʥʷ ʜʠʢʪʫʻʪʴʩʷ ʡʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʶ, ʫʤʦʚʘʤʠ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʢʦʥʬʽʛʫʨʘʮʽʻʶ, ʨʦʟʤʽʨʘʤʠ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʦʞ ʚʘʨʪʽʩʪʶ ʪʘ ʥʘʷʚʥʽʩʪʶ 

ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʮʝʩʫ. 

  

1.3 ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ʥʘʩʠʯʝʥʥʷ ʙʦʨʦʤ, ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ 

 ɹʫʜʴ-ʷʢʠʡ ʧʨʦʮʝʩ ʙʦʨʫʚʘʥʥʷ (ʦʢʨʽʤ ʝʣʝʢʪʨʦʣʽʟʥʦʛʦ, ʢʦʪʨʠʡ ʤʘʻ ʧʘʨʘʤʝʪʨ 

ʧʦ ʩʪʨʫʤʫ j [ɸ/ʩʤ2]) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʠʤ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʽʚ: 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʍʊʆ (t), ʪʨʠʚʘʣʽʩʪʶ ʍʊʆ (Ű), ʩʢʣʘʜʦʤ ʩʫʤʽʰʽ, ʛʣʠʙʠʥʦʶ 

ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ (h) ʪʘ ʡʦʛʦ ʬʘʟʦʚʠʤ ʩʢʣʘʜʦʤ. 

 ɺ ʪʘʙʣ. 1.3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦ ʜʝʷʢʠʤ ʩʧʦʩʦʙʘʤ 

ʙʦʨʫʚʘʥʥʷ [7]. ɼʘʥʥʽ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 1.3 ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʫʟʘʛʘʣʴʥʶʶʪʴ ʫʩʧʽʭʠ ʫ 

ʚʠʙʦʨʽ ʩʢʣʘʜʫ ʩʫʤʽʰʽ ʜʣʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʤʝʪʦʜʫ ʙʦʨʫʚʘʥʥʷ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠ 

ʚʠʙʦʨʽ ʩʫʤʽʰʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ ʚʽʜʧʨʘʚʥʦʶ ʪʦʯʢʦʶ ʙʫʜʝ ʩʘʤʝ ʮʽ ʜʘʥʥʽ. 

 

 ʊʘʙʣʠʮʷ 1.3 ï ʇʦʨʽʚʥʷʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʙʦʨʫʚʘʥʥʷ [7] 

ʄʝʪʦʜ ʙʦʨʫʚʘʥʥʷ ʉʧʦʩʽʙ 
ʉʢʣʘʜ ʩʫʤʽʰʽ, 

% 
t, ʦʉ 

Ű, 

ʛʦʜ. 

h, 

ʤʢʤ 

ʌʘʟʦʚʠʡ 

ʩʢʣʘʜ 

1 2 3 4 5 6 7 

ʋ ʧʦʨʦʰʢʦʚʠʭ 

ʩʫʤʽʰʘʭ 

ʋ ʛʝʨʤʝʪʠʯʥʠʭ 

ʢʦʥʪʝʡʥʝʨʘʭ  

ɺ4ʉ 900-1050 2-6 
50-

300 
FeB+Fe2B 

98 ɺ4ʉ+2 AlF3 850-1000 2-6 
60-

300 
FeB+Fe2B 

70 B+25 ʽʥʝʨʪʥʘ 

ʜʦʙʘʚʢʘ + 5 

ʘʢʪʠʚʘʪʦʨ 

950-1050 3-5 
70-

250 

FeB+Fe2B 

ʘʙʦ Fe2B 

ʋ 

ʥʝʛʝʨʤʝʪʠʯʥʠʭ 

ʢʦʥʪʝʡʥʝʨʘʭ 

50 ɺ4ʉ+ 43 

Al 2ʆ3+3 

ʂɺF4+4NaCl 

970 3-4 
100-

140 
FeB+Fe2B 

ʄʝʪʘʣʦʪʝʨʤʽʯʥʠʡ 
ʋ ʛʝʨʤʝʪʠʯʥʠʭ 

ʢʦʥʪʝʡʥʝʨʘʭ 

70 Al2O3+ 25 

B2O3+5 Al+0,5 

NaF 

850-1050 2-8 
50-

400 
FeB+Fe2B 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.3 

1 2 3 4 5 6 7 

ɿ ʦʙʤʘʟʦʢ 

ʇʽʯʥʠʡ ʥʘʛʨʽʚ 
40 ɺ4ʉ+40 

Al 2ʆ3+20Na3AlF6 

800-

1050 
2-4 

30-

250 
FeB+Fe2B 

ʈʘʜʽʘʮʽʡʥʠʡ ʥʘʛʨʽʚ 80 ɺ4ʉ+20 NaF 1100 0,5-1 
90-

120 
FeB+Fe2B 

ʅʘʛʨʽʚ 

ʝʥʝʨʛʦʚʠʜʽʣʷʶʯʦʶ 

ʧʘʩʪʦʶ 22 Al+58 

Fe2O3+10 B4C+5 

SiO2+5 NaNO3 

84 ɺ4ʉ+16 

Na2B4O7 

950-

1100 

0,15-

0,2 

20-

70 
Fe2B 

90 B+10 MgF2 
950-

1100 

0,15-

0,2 

15-

60 
Fe2B 

ʅʘʛʨʽʚ ʫ 

ʩʪʨʫʤʦʧʨʦʚʦʜʷʯʽʡ 

ʩʫʤʽʰʽ 30 

ʛʨʘʬʽʪ+30 ɺ4ʉ+40  

SiO2  

95 ɺ+5 MgF2 950 1,5 85 Fe2B 

ʈʽʜʢʠʡ 

ɽʣʝʢʪʨʦʣʽʟʥʠʡ 

100 Na2B4O7 

(j=0,1-0,3 ɸ/ʩʤ2) 

800-

1000 
2-6 

60-

450 
FeB+Fe2B 

90 Na2B4O7+10 

NaOH 

650-

800 
4-6 

25-

100 
FeB+Fe2B 

ɹʝʟʝʣʝʢʪʨʦʣʽʟʥʠʡ 

40 ɺ4ʉ+60 

Na2B4O7 

900-

1050 
3-5 

100-

400 
FeB+Fe2B 

6 ɺ+15NaCl+79 

Na2B4O7 
950 2-4 

50-

250 
FeB+Fe2B 

25 ɺ4ʉ+25 

B2O3+34 KF+10 

LiF+6 NaF 

550 6-12 
10-

35 
FeB+Fe2B 

65 Na2B4O7+35 

SiC 

900-

1050 
2-6 

40-

250 
Fe2B 

 

ɼʝʷʢʽ ʚʠʜʠ ʙʦʨʫʚʘʥʥʷ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʧʦʷʚʫ ʜʝʬʝʢʪʽʚ ʥʘ ʧʦʚʝʨʭʥʽ. ʅʘʧʨʠʢʣʘʜ, 

ʢʨʠʭʢʽʩʪʴ, ʣʫʰʧʠʥʥʷ, ʚʦʣʦʩʷʥʽ ʪʨʽʱʠʥʠ, ʦʧʣʘʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ, ʨʦʟ'ʾʜʘʥʥʷ ʧʦʚʝʨʭʥʽ ʪʘ 

ʽʥʰʝ. ʇʽʜʚʠʱʝʥʘ ʢʨʠʭʢʽʩʪʴ ʻ ʩʧʝʮʠʬʽʯʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ. ʅʘʡʤʝʥʰʘ 
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ʢʨʠʭʢʽʩʪʴ ʚʠʭʦʜʠʪʴ ʧʨʠ ʦʧʪʠʤʘʣʴʥʽʡ ʛʣʠʙʠʥʽ ʰʘʨʫ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʡ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʽ ʚʨʝʰʪʽ ʨʝʰʪ ʚʽʜ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ. ʇʨʠ 

ʝʣʝʢʪʨʦʣʽʟʥʦʤʫ ʙʦʨʫʚʘʥʥʽ ʢʨʠʭʢʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʘ ʚʠʩʦʢʦʶ ʱʽʣʴʥʽʩʪʶ ʩʪʨʫʤʫ. 

ʇʝʚʥʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʪʘʢʦʞ ʬʦʨʤʘ ʜʝʪʘʣʽ. ɻʦʩʪʨʽ ʢʫʪʠ, ʪʦʥʢʽ ʨʝʙʨʘ ʧʽʜʚʠʱʫʶʪʴ 

ʢʨʠʭʢʽʩʪʴ. ʃʫʰʧʠʥʥʷ ʦʙʫʤʦʚʣʝʥʦ ʙʽʣʴʰʠʤ ʨʦʟʭʦʜʞʝʥʥʷʤ ʫ ʢʦʝʬʽʮʽʻʥʪʘʭ ʪʝʧʣʦʚʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ ʩʪʘʣʽ ʡ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʚʤʽʩʪʫ ʚ ʩʪʘʣʽ ʣʝʛʫʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʮʝ ʨʦʟʭʦʜʞʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʊʦʤʫ, ʣʫʰʧʠʥʥʷ ʯʘʩʪʽʰʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʧʨʠ ʙʦʨʫʚʘʥʥʽ ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ. ɿʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʫ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʙʽʣʴʰ ʨʽʟʢʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʜʦ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ, ʽ ʮʝ ʧʽʜʩʠʣʶʻ 

ʥʝʙʝʟʧʝʢʫ ʣʫʰʧʠʥʥʷ. ʆʧʣʘʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʚʠʥʠʢʘʻ ʧʨʠ ʝʣʝʢʪʨʦʣʽʟʥʦʤʫ ʙʦʨʫʚʘʥʥʽ, 

ʷʢʱʦ ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʝʪʘʣʣʶ ʡ ʘʥʦʜʦʤ ʙʫʜʝ ʤʝʥʰʝ 15 ʤʤ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʥʠʢʘʻ 

ʜʫʛʦʚʠʡ ʨʦʟʨʷʜ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʤʽʩʮʝʚʦʛʦ ʨʦʟʽʛʨʽʚʫ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ  ̔

ʚ ʦʩʪʘʪʦʯʥʦʤʫ ʧʽʜʩʫʤʢʫ - ʦʧʣʘʚʣʝʥʥʶ. ʈʦʟ'ʾʜʘʥʥʷ ʧʦʚʝʨʭʥʽ ʚʠʥʠʢʘʻ ʧʨʠ 

ʝʣʝʢʪʨʦʣʽʟʥʦʤʫ ʙʦʨʫʚʘʥʥʽ ʚʥʘʩʣʽʜʦʢ ʪʨʴʦʭ ʧʨʠʯʠʥ: ʧʦʛʘʥʦʛʦ ʢʦʥʪʘʢʪʫ ʜʝʪʘʣʽ ʽʟ 

ʧʨʠʩʪʦʩʫʚʘʥʥʷʤ, ʟʘʙʨʫʜʥʝʥʥʷ ʙʫʨʠ ʟʘʣʽʟʦʤ ʽ ʥʠʟʢɹʦʶ ʪʝʤʧʝʨʘʪʫʨʦ  ʁʧʨʦʮʝʩʫ [23].  

 

1.4 ɼʝʷʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʦʨʫ, ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ 

ʰʘʨʽʚ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʙʦʨʫʚʘʥʥʷ 

 ɹʦʨ ʤʘʻ ʚʝʣʠʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ 2076 Áʉ [24]. ɸʪʦʤʥʠʡ ʨʘʜʽʫʩ 

ʩʪʘʥʦʚʠʪʴ 0,98 ¡ [25]. ɹʦʨ ʟʜʘʪʝʥ ʧʦʛʣʠʥʘʪʠ ʥʝʡʪʨʦʥʠ, ʪʘʢ ʤʽʣʽʡʦʥʥʘ ʜʦʣʷ ʙʦʨʘ 

ʫ ʛʨʘʬʽʪʽ ʟʜʘʪʥʘ ʟʘʛʘʣʴʤʫʚʘʪʠ ʣʘʥʮʶʛʦʚʠʡ ʧʨʦʮʝʩ ʫ ʷʜʝʨʥʠʭ ʫʨʘʥʦ-ʛʨʘʬʽʪʥʠʭ 

ʨʝʘʢʪʦʨʘʭ [26]. ʋ ʙʦʨʘ ʤʘʣʘ ʛʫʩʪʠʥʘ 2,34 ʛ/ʩʤ3, ʪʘʢʠʤ ʯʠʥʦʤ, ʤʘʪʝʨʽʘʣʠ ʟ ʚʝʣʠʢʠʤ 

ʧʠʪʦʤʠʤ ʩʢʣʘʜʦʤ ʙʦʨʚʤʽʩʥʠʭ ʟôʻʜʥʘʥʴ ʚʦʣʦʜʽʶʪʴ ʤʝʥʰʦʶ ʧʠʪʦʤʦʶ ʚʘʛʦʶ. 

ʊʘʢʠʤʠ ʟôʻʜʥʘʥʥʷʤʠ ʻ ʙʦʨʠʜʠ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʣʘʚʣʝʥʥʷ, ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ ʜʦ ʦʢʠʩʣʝʥʥʷ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʊʘʢ, ʢʘʨʙʽʜ ʙʦʨʫ ɺ4ʉ ʤʘʻ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʚ ʤʝʞʘʭ 37 ï 49,5 ɻʇʘ [27]. 

 ɹʦʨ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʤʽʢʨʦʣʝʛʫʶʯʠʭ ʪʘ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʟ ʚʠʩʦʢʦʶ 

ʭʽʤʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ, ʪʦʙʪʦ ʘʢʪʠʚʥʠʤʠ ʛʦʨʦʬʽʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤ, ʷʢʽ 

ʘʜʩʦʨʙʫʶʪʴʩʷ ʥʘ ʛʨʘʥʠʮʷʭ ʧʦʜʽʣʫ (ʟʝʨʥʘʭ) ʽ ʟʤʝʥʰʫʶʪʴ ʾʭ ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ. 

ʊʘʢʽ ʝʣʝʤʝʥʪʠ ʥʘʟʠʚʘʶʪʴ ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ I ʨʦʜʫ. ɺʦʥʠ ʘʜʩʦʨʙʫʶʪʴʩʷ ʚʠʙʽʨʢʦʚʦ 



45 
 

ʥʘ ʛʨʘʥʠʮʷʭ ʟʘʨʦʜʢʽʚ, ʟʥʠʞʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʚʩʴʦʛʦ ʟʘʨʦʜʢʘ, ʯʠ ʦʢʨʝʤʠʭ 

ʛʨʘʥʝʡ ʮʝʥʪʨʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʄʦʜʠʬʽʢʘʪʦʨʠ I ʨʦʜʫ ʧʦʚʠʥʥʽ ʚʦʣʦʜʽʪʠ ʥʠʟʴʢʦʶ 

ʨʦʟʯʠʥʥʽʩʪʶ ʫ ʨʽʜʢʦʤʫ ʨʦʟʧʣʘʚʽ ʪʘ ʤʘʪʠ ʥʠʟʴʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ. 

ʄʦʜʠʬʽʢʘʪʦʨʠ ɯɯ ʨʦʜʫ, ʥʘʚʧʘʢʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ 

ʚʠʢʦʥʫʶʯʠ ʨʦʣʴ ʥʦʚʠʭ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʟʤʝʥʰʫʶʯʠ ʨʦʙʦʪʫ ʫʪʚʦʨʝʥʥʷ 

ʟʘʨʦʜʢʽʚ ʽ ʟʙʽʣʴʰʫʶʯʠ ʾʭ ʢʽʣʴʢʽʩʪʴ. ʇʨʠ ʮʴʦʤʫ ʘʪʦʤʥʽ ʨʘʜʽʫʩʠ ʤʦʜʠʬʽʢʘʪʦʨʫ ʪʘ 

ʝʣʝʤʝʥʪʫ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʩʧʣʘʚʫ ʥʝ ʧʦʚʠʥʝʥ ʨʽʟʥʠʪʴʩʷ ʙʽʣʴʰ ʥʽʞ ʥʘ 12% [28]. 

ʇʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʘʪʦʤʥʽ ʨʘʜʽʫʩʠ ʙʦʨʫ 0,98 ¡ ʽ ʟʘʣʽʟʘ 1,26 ¡ ʦʪʨʠʤʫʻʤʦ 

ʨʽʟʥʠʮʶ 0,28 ¡, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 22,2 % ʨʽʟʥʦʩʪʽ. ʊʦʙʪʦ ʟʘ ʚʠʱʝ ʧʝʨʝʣʽʯʝʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʙʦʨ ʫ ʟʘʣʽʟʽ ʥʝ ʧʦʪʨʘʧʣʷʻ ʧʽʜ ʢʘʪʝʛʦʨʽʾ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ɯ ʯʠ ɯɯ ʨʦʜʫ. 

ʎʝ ʤʦʞʣʠʚʦ ʧʦʷʩʥʶʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷʤ ʭʽʤʽʯʥʠʭ ʟôʻʜʥʘʥʴ ï ʙʦʨʠʜʽʚ ʚʞʝ ʧʨʠ 

ʤʘʣʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ [28], ʷʢʽ ʫʩʢʣʘʜʥʶʶʪʴ ʢʘʨʪʠʥʫ ʚʟʘʻʤʦʜʽʾ. ʋ ʣʽʪʝʨʘʪʫʨʽ 

ʧʨʠʚʦʜʷʪʴʩʷ ʜʘʥʽ ʱʦʜʦ ʨʦʟʯʠʥʥʦʩʪʽ ʙʦʨʫ ʚ ʟʘʣʽʟʽ (ʪʘʙʣ. 1.4). 

 

ʊʘʙʣʠʮʷ 1.4 ï ʈʦʟʯʠʥʥʽʩʪʴ ʙʦʨʫ ʫ ʟʘʣʽʟʽ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [28] 

ʂʨʠʩʪʘʣʽʯʥʘ ʨʝʰʽʪʢʘ 

Ŭ-Fe ɔ-Fe 

ʊʝʤʧʝʨʘʪʫʨʘ, ʦʉ ʈʦʟʯʠʥʥʽʩʪʴ 

ʙʦʨʫ,% 

ʊʝʤʧʝʨʘʪʫʨʘ, ʦʉ ʈʦʟʯʠʥʥʽʩʪʴ 

ʙʦʨʫ,% 

700 0,0003 800 0,0006 

710 0,0004 817 0,0006 

751 0,0006 900 0,0012 

835 0,0018 906 0,0021 

850 0,0035 950 0,003 

906 0,0082 1002 0,008 

- - 1086 0,016 

- - 1149 0,021 

 

ɻʦʨʦʬʽʣʴʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʙʦʨʫ) ʻ ʧʨʦʷʚʦʤ ʚʥʫʪʨʽʰʥʴʦʾ 

ʘʜʩʦʨʙʮʽʾ, ʷʢʘ ʟʛʽʜʥʦ ɺ. ɯ. ɸʨʭʘʨʦʚʘ ʤʘʻ ʤʽʩʮʝ ʥʝ ʪʽʣʴʢʠ ʥʘ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ, ʘʣʝ ʽ 
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ʥʘ ʩʫʙʩʪʨʫʢʪʫʨʥʠʭ ʛʨʘʥʠʮʷʭ (ʛʨʘʥʠʮʷʭ ʙʣʦʢʽʚ ʤʦʟʘʡʢʠ) ʽ ʛʨʘʥʠʮʷʭ ʬʘʟ. 

ɺʽʜʤʽʯʝʥʦ, ʱʦ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʧʽʜʚʠʱʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ [27, 30]. ʊʦʤʫ ʤʝʭʘʥʽʟʤ ʧʝʨʝʭʦʜʫ ʚʽʜ ʥʘʩʠʯʝʥʦʛʦ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ ʜʦ ʙʦʨʠʜʽʚ ʻ ʚʘʞʣʠʚʠʤ ʤʦʤʝʥʪʦʤ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʷʢ ʧʨʠ 

ʤʽʢʨʦʣʝʛʫʚʘʥʥʽ, ʪʘʢ ʽ ʚ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʘʭ ʍʊʆ. ɻʦʩʪʨʫ ʯʫʪʣʠʚʽʩʪʴ ʫ 

ʤʦʨʬʦʣʦʛʽʯʥʽʡ ʧʝʨʝʙʫʜʦʚʽ ʩʪʨʫʢʪʫʨ ʧʨʠ ʥʘʩʠʯʝʥʽ ʙʦʨʦʤ ʩʧʨʠʷʻ ʜʫʞʝ ʤʘʣʘ 

ʨʦʟʯʠʥʥʽʩʪʴ ʙʦʨʫ ʚ ʟʘʣʽʟʽ. 

ʆʩʥʦʚʥʠʤʠ ʙʦʨʠʜʥʠʤʠ ʬʘʟʘʤʠ ʚ ʟʘʣʽʟʽ ʻ ʨʦʤʙʽʯʥʠʡ ʙʦʨʠʜ FeB (ʘ=4,06 ¡; 

b = 5,5 ¡; ʩ = 2,952 ¡) ʟ 16,25 % ʙʦʨʫ ʽ ʪʝʪʨʘʛʦʥʘʣʴʥʠʡ ʙʦʨʠʜ Fe2B (ʘ = 5,109 ¡; 

ʩ = 4,249 ¡) ʟ 8,84 % ʙʦʨʫ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʭʘʨʘʢʪʝʨʥʽ ʩʪʦʚʧʯʘʩʪʽ (ʛʦʣʢʦʧʦʜʽʙʥʽ) 

ʢʨʠʩʪʘʣʽʪʠ. ʗʢ ʧʨʘʚʠʣʦ ʥʘ ʧʦʚʝʨʭʥʽ ʫʪʚʦʨʠʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʬʘʟʘ 

FeB (ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ 1540 Áʉ; ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʅ100 ~ 2000 ʄʇʘ), ʩʣʽʜ ʟʘ 

ʥʝʶ Fe2B (ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ 1389 Áʉ; ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʅ100 ~ 1050 ʄʇʘ). ʇʽʜ 

ʰʘʨʦʤ ʙʦʨʠʜʽʚ ʫʪʚʦʨʠʪʴʩʷ ʰʘʨ Ŭ(ɔ)-ʨʦʟʯʠʥʫ ʙʦʨʫ ʚ ʟʘʣʽʟʽ. ʈʦʟʯʠʥʥʽʩʪʴ ʙʦʨʫ ʚ 

Ŭ(ɔ)-ʨʦʟʯʠʥʽ ʟʘʣʽʟʘ ʜʦʩʠʪʴ ʥʠʟʴʢʘ ʽ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 650 ʜʦ 910 Áʉ 

ʟʨʦʩʪʘʻ ʥʝʟʥʘʯʥʦ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ 910 Áʉ ʨʦʟʯʠʥʥʽʩʪʴ ʙʦʨʘ 

ʨʽʟʢʦ ʟʨʦʩʪʘʻ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʛʦ ʧʨʦʮʝʩʫ ʜʠʬʫʟʽʾ ʙʦʨʘ ʚ ʩʪʘʣʴ 

[1, 31]. 

ɹʽʣʴʰʽʩʪʴ ʘʚʪʦʨʽʚ ʚʢʘʟʫʶʪʴ ʥʘ ʤʝʭʘʥʽʟʤ ʧʨʦʥʠʢʥʝʥʥʷ ʘʪʦʤʽʚ ʧʨʠ ʫʪʚʦʨʝʥʥʽ 

ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ. ɸʣʝ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ ʜʘʥʥʽ ʥʘ ʷʢʽ ʚʢʘʟʫ ̒ ʘʚʪʦʨ [7]. ʊʘʢ, 

ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʙʦʨ ʨʦʟʯʠʥʷʻʪʴʩʷ ʫ Ŭ- Fe ʷʢ ʟʘ ʤʝʭʘʥʽʟʤʦʤ ʧʨʦʥʠʢʥʝʥʥʷ, ʪʘʢ ʽ ʟʘ 

ʤʝʭʘʥʽʟʤʦʤ ʟʘʤʽʱʝʥʥʷ (ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʦʩʣʽʜʞʝʥʴ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʪʘ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ) [7]. 

ɼʠʬʫʟʽʷ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ, ʘʟʦʪʫ, ʙʦʨʫ ʧʨʦʪʽʢʘʻ ʧʦ ʤʽʞʚʫʟʝʣʴʥʦʤʫ 

ʤʝʭʘʥʽʟʤʫ, ʷʢʠʡ ʥʝ ʚʠʤʘʛʘʻ ʫʪʚʦʨʝʥʥʷ ʪʘ ʤʽʛʨʘʮʽʾ ʚʘʢʘʥʩʽʡ. ʊʦʤʫ ʚ ʨʝʰʽʪʮʽ ʟʘʣʽʟʘ 

ʮ ̔ʝʣʝʤʝʥʪʠ ʟʘʡʤʘʶʪʴ ʯʘʩʪʠʥʫ ʤʽʞʘʪʦʤʥʠʭ ʦʢʪʘʝʜʨʠʯʥʠʭ ʚʫʟʣʽʚ. ʏʠʤ ʤʝʥʰʝ 

ʨʦʟʤʽʨ ʘʪʦʤʘ ʜʠʬʫʥʜʫʶʯʦʛʦ ʝʣʝʤʝʥʪʘ, ʪʠʤ ʤʝʥʰʝ ʜʝʬʦʨʤʘʮʽʷ ʨʝʰʽʪʢʠ ʟʘʣʽʟʘ, ʷʢʘ 

ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʥʦʩʫ ʟ ʦʜʥʦʛʦ ʚʫʟʣʘ ʚ ʩʫʩʽʜʥʻ, ʪʠʤ ʥʠʞʯʝ ʝʥʝʨʛʽʷ 

ʘʢʪʠʚʘʮʽʾ ʧʨʦʮʝʩʫ ʡ ʚʠʱʝ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ [8]. ɹʦʨ ʟ ʨʷʜʫ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʻ 

ʥʘʡʙʽʣʴʰʠʡ ʘʪʦʤʥʠʡ ʜʽʘʤʝʪʨ, ʘʣʝ ʥʘʡʤʝʥʰʫ ʨʽʟʥʠʮʶ ʜʽʘʤʝʪʨʽʚ ʚʽʜʥʦʩʥʦ ʟʘʣʽʟʘ. 
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ʆʯʝʚʠʜʥʦ, ʽʟ ʮʠʭ ʧʨʠʯʠʥ ʤʝʭʘʥʽʟʤ ʜʠʬʫʟʽʾ ʙʦʨʫ ʚ ʟʘʣʽʟʽ ʙʽʣʴʰ ʩʢʣʘʜʥʠʡ, ʥʽʞ 

ʤʝʭʘʥʽʟʤ ʜʠʬʫʟʽʾ ʚʦʜʥʶ, ʚʫʛʣʝʮʶ, ʘʟʦʪʫ ʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʙʦʨ ʣʝʛʰʝ 

ʚʟʘʻʤʦʜʽʻ ʟ ʚʘʢʘʥʩʽʷʤʠ ʨʝʰʽʪʢʠ ʟʘʣʽʟʘ, ʱʦ ʚʨʝʰʪʽ ʨʝʰʪ ʦʙʫʤʦʚʣʶʻ ʚʧʣʠʚ ʪʘʢʦʞ ʽ 

ʚʘʢʘʥʩʽʡʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʠʬʫʟʽʾ [1]. 

ɹʦʨ, ʷʢ ʛʦʨʦʬʽʣʴʥʠʡ ʝʣʝʤʝʥʪ, ʩʫʪʪʻʚʦ ʽ ʥʝʦʜʥʦʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʟʝʨʝʥʥʫ 

ʩʪʨʫʢʪʫʨʫ ʩʪʘʣʽ, ʘ ʩʘʤʝ ʥʘ ʨʦʟʤʽʨ ʟʝʨʥʘ. ɼʦ ʧʝʚʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʤʝʞʽ 

ʨʦʟʯʠʥʥʦʩʪʽ) ʙʦʨ ʧʦʜʨʽʙʥʶʻ ʟʝʨʥʦ, ʧʨʠ ʾʾ ʧʝʨʝʚʠʱʝʥʥʽ ï ʩʧʨʠʷʻ ʟʙʠʨʘʣʴʥʽʡ 

ʨʝʢʨʠʩʪʘʣʣʽʟʘʮʽʾ [32, 33]. 

ʂʦʨʝʣʷʮʽʷ ʪʚʝʨʜʦʩʪʽ ʟ ʙʘʛʘʪʴʤʘ ʬʽʟʠʯʥʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʜʦʟʚʦʣʷʻ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʨʠʨʦʜʘ ʚʠʩʦʢʦʾ ʪʚʝʨʜʦʩʪʽ ʙʦʨʠʜʥʠʭ ʬʘʟ ʧʦʚ'ʷʟʘʥʘ ʟ ʾʭ 

ʝʣʝʢʪʨʦʥʥʠʤ ʩʢʣʘʜʦʤ. ʇʨʠ ʙʦʨʫʚʘʥʥʽ ʩʪʘʣʽ ʟʘʣʽʟʦ, ʤʘʶʯʠ ʫ ʩʪʘʥʽ ʽʟʦʣʴʦʚʘʥʦʛʦ 

ʘʪʦʤʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʟʦʚʥʽʰʥʽʭ ʝʣʝʢʪʨʦʥʽʚ d6s2, ʥʘʤʘʛʘʻʪʴʩʷ ʚʽʜʜʘʪʠ ʯʘʩʪʠʥʫ 

ʝʣʝʢʪʨʦʥʽʚ ʘʪʦʤʘʤ ʙʦʨʫ, ʦʪʨʠʤʫʻ ʧʨʠ ʮʴʦʤʫ ʙʽʣʴʰʫ ʩʪʘʪʠʩʪʠʯʥʫ ʚʘʛʫ ʩʪʽʡʢʠʭ d5 

ʢʦʥʬʽʛʫʨʘʮʽʡ. ɿʘ ʨʘʭʫʥʦʢ ʝʣʝʢʪʨʦʥʽʚ ʟʘʣʽʟʘ ʟʨʦʩʪʘʻ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘʡʙʽʣʴʰ 

ʩʪʘʙʽʣʴʥʠʭ sp3 ʢʦʥʬʽʛʫʨʘʮʽʡ ʙʦʨʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʤʽʮʥʶʶʯʠʡ ʚʧʣʠʚ ʙʦʨʫʚʘʥʥʷ 

ʧʦʣʷʛʘʻ ʚ ʫʪʚʦʨʝʥʥʽ ʘʪʦʤʘʤʠ ʟʘʣʽʟʘ ʚʠʩʦʢʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʚʘʛʠ d5, ʘ ʘʪʦʤʘʤʠ ʙʦʨʫ 

sp3 ʩʪʘʙʽʣʴʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ [31]. 

ʅʘʷʚʥʽʩʪʴ ʚ ʩʠʩʪʝʤʽ Fe-B ʜʚʦʭ ʩʧʦʣʫʯʝʥʴ ʜʦʟʚʦʣʷʻ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʙʽʣʴʰ 

ʩʠʤʝʪʨʠʯʥʘ ʪʝʪʨʘʛʦʥʘʣʴʥʘ ʨʝʰʽʪʢʘ Fe2B ʙʫʜʫʻʪʴʩʷ ʥʘ ʚʠʩʦʢʽʡ ʩʪʘʪʠʩʪʠʯʥʽʡ ʙʘʟʽ 

sp3 ʢʦʥʬʽʛʫʨʘʮʽʡ, ʘ ʫ ʦʨʛʘʥʽʟʘʮʽʾ ʤʝʥʰ ʩʠʤʝʪʨʠʯʥʦʾ ʨʦʤʙʽʯʥʦʾ ʨʝʰʽʪʢʠ FeB 

ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ d5 ʢʦʥʬʽʛʫʨʘʮʽʾ. ɼʣʷ ʥʠʞʯʦʛʦ ʙʦʨʠʜʫ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ 

ʥʘʷʚʥʽʩʪʴ ʜʝʷʢʦʛʦ ʯʠʩʣʘ ʬʫʥʢʮʽʡ ʟʚôʷʟʢʽʚ ʟ ʫʪʚʦʨʝʥʥʷʤ ʤʝʥʰ ʩʪʽʡʢʠʭ spʭ 

ʢʦʥʬʽʛʫʨʘʮʽʡ, ʦʩʢʽʣʴʢʠ ʢʦʥʮʝʥʪʨʘʮʽʷ d5 ʢʦʥʬʽʛʫʨʘʮʽʡ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʘ. 

ɼʣʷ ʚʠʱʦʛʦ ʙʦʨʠʜʫ ʙʽʣʴʰʝ ʯʠʩʣʦ ʘʪʦʤʽʚ ʙʦʨʫ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʘʪʦʤ ʟʘʣʽʟʘ ʽ 

ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ ʟʘʣʽʟʘ, ʚʽʜʜʘʻ ʩʚʦʾ ʝʣʝʢʪʨʦʥʠ, ʦʪʨʠʤʫʶʪʴ ʩʪʽʡʢʽ d5 ʩʪʘʥʠ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʟʘʣʽʟʦ ʫ ʧʝʨʚʠʥʥʦʤʫ ʩʪʘʥʽ ʤʘʻ ʥʝʚʠʩʦʢʫ ʢʦʥʮʝʥʪʨʘʮʽʶ d5 

ʢʦʥʬʽʛʫʨʘʮʽʡ (20%), ʪʦʤʫ ʚʽʜʥʦʩʥʘ ʩʪʘʪʠʩʪʠʯʥʘ ʚʘʛʘ d5 ʢʦʥʬʽʛʫʨʘʮʽʡ ʫ ʬʘʟʽ FeB 

ʚʠʱʝ, ʥʽʞ ʫ ʥʠʞʯʦʛʦ ʙʦʨʠʜʫ. ɹʽʣʴʰʘ ʪʚʝʨʜʽʩʪʴ FeB ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʩʠʣʴʥʠʤ 

ʢʦʚʘʣʝʥʪʥʠʤ ʟʚôʷʟʢʦʤ ʩʪʘʙʽʣʴʥʠʭ d5 ʪʘ sp3 ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ, ʘ ʪʘʢʦʞ 

ʚʠʩʦʢʦʶ ʩʪʘʪʠʩʪʠʯʥʦʶ ʚʘʛʦʶ ʦʩʪʘʥʥʽʭ [34]. 
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ʉʧʨʦʱʝʥʦ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʭʽʤʽʯʥʽ ʟʚôʷʟʢʠ, ʫʪʚʦʨʝʥʽ ʫ ʙʦʨʠʜʘʭ 

ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ, ʩʭʝʤʦʶ: ʄʝõʄʝ-ɺ:ɺ, ʜʝ ʄʝõʄʝ ï ʮʝ ʟʚôʷʟʢʠ ʤʽʞ ʘʪʦʤʘʤʠ 

ʤʝʪʘʣʫ, ʷʢʽ ʤʘʶʪʴ ʟʤʽʰʘʥʠʡ ʢʦʚʘʣʝʥʪʥʦ-ʤʝʪʘʣʝʚʠʡ ʭʘʨʘʢʪʝʨ. ʄʝ-ɺ ï ʟʚôʷʟʢʠ 

ʧʝʨʝʚʘʞʥʦ ʤʝʪʘʣʽʯʥʦʛʦ ʪʠʧʫ (ʘʙʦ ʟʤʽʰʘʥʦʛʦ ʪʠʧʫ). ɺ:ɺ ï ʟʚôʷʟʢʠ ʢʦʚʘʣʝʥʪʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚʝʣʠʢʘ ʪʚʝʨʜʽʩʪʴ ʪʘ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʙʦʨʠʜʥʠʭ ʬʘʟ ʦʙʫʤʦʚʣʝʥʽ ʝʣʝʢʪʨʦʥʘʤʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ 

ʨʽʟʥʠʭ ʩʤʫʛʘʭ, ʪʦʙʪʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʷʢ ʄʝ-ʄʝ, ʪʘʢ ʄʝ-ɺ ʚʟʘʻʤʦʜʽʶ [31, 

34]. 

ʃ. ɻ. ɺʦʨʦʰʥʠʥ ʪʘ ʃ. ʉ. ʃʷʭʦʚʠʯ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʥʘʡʙʽʣʴʰ ʧʦʚʥʫ ʪʘ 

ʢʦʨʝʢʪʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʙʦʨʠʜʥʠʭ ʰʘʨʽʚ, ʱʦ ʤʦʞʫʪʴ ʦʪʨʠʤʫʚʘʪʠʩʴ ʚ ʧʨʦʮʝʩʽ 

ʙʦʨʫʚʘʥʥʷ. ʎʷ ʢʣʘʩʠʬʽʢʘʮʽʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.2 [ 19 ]. 

 

 

 

1 ï FeB;     2 ï Fe2B;      3 ï Ŭ-ʬʘʟʘ;  

4 ï Fe (B);    5 ï ʝʚʪʝʢʪʠʢʘ (Ŭ+ Fe2B);    6 ï ʧʝʨʣʽʪ 

ʈʠʩʫʥʦʢ 1.2 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʙʦʨʠʜʥʠʭ ʰʘʨʽʚ ʥʘ ʩʪʘʣʷʭ [19] 

 

ʋ ʧʦʯʘʪʢʦʚʽ ʤʦʤʝʥʪʠ ʥʘʩʠʯʝʥʥʷ ʫʪʚʦʨʠʪʴʩʷ ʚʢʨʘʡ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʧʦ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʙʦʨʫ ʩʪʽʡʢʽʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʩʠʯʝʥʥʷ ʤʦʜʠʬʽʢʘʮʽʾ 

ʟʘʣʽʟʘ. ʇʨʠ ʮʴʦʤʫ ʦʩʥʦʚʥʘ ʤʘʩʘ ʨʦʟʯʠʥʝʥʦʛʦ ʙʦʨʫ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʚ ʜʝʬʝʢʪʥʠʭ 
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ʜʽʣʷʥʢʘʭ ʩʪʨʫʢʪʫʨʠ: ʧʦ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ ʽ ʙʣʦʢʽʚ, ʫ ʤʽʩʮʷʭ ʚʠʭʦʜʫ ʥʘ ʧʦʚʝʨʭʥʶ 

ʜʠʩʣʦʢʘʮʽʾ, ʥʘ ʜʝʬʝʢʪʘʭ ʧʘʢʫʚʘʥʥʷ, ʙʽʣʷ ʩʢʫʧʯʝʥʴ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ ʽ ʽʥ. [35]. 

ɿʘʟʥʘʯʝʥʽ ʜʽʣʷʥʢʠ, ʟʘʚʜʷʢʠ ʚʠʩʦʢʦʾ ʛʦʨʦʬʽʣʴʥʦʩʪʽ ʙʦʨʫ, ʰʚʠʜʢʦ 

ʥʘʩʠʯʫʶʪʴʩʷ ʥʠʤ, ʥʘʙʘʛʘʪʦ ʰʚʠʜʰʝ, ʥʽʞ ʜʦʩʷʛʘʻʪʴʩʷ ʛʨʘʥʠʯʥʘ ʩʝʨʝʜʥʷ 

ʨʦʟʯʠʥʥʽʩʪʴ ʙʦʨʫ ʚ ʟʘʣʽʟʽ (2-3)Ŀ10-3 %. ʉʢʣʘʜ ʙʦʨʫ ʥʘ ʜʝʬʝʢʪʥʠʭ ʜʽʣʷʥʢʘʭ ʟʥʘʯʥʦ 

ʚʠʱʠʡ, ʪʦʤʫ ʩʘʤʝ ʫ ʥʠʭ ʫʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ, ʩʧʨʠʷʪʣʠʚʽ ʜʣʷ ʧʦʷʚʠ ʟʘʨʦʜʢʽʚ 

ʙʦʨʠʜʫ Fe2B. ɹʦʨ ʫʪʨʠʤʫʻ ʩʫʙʛʨʘʥʠʮʽ ʽ ʚʧʣʠʚʘʻ ʥʘ ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʫʙʛʨʘʥʠʮʴ 

ʜʠʩʣʦʢʘʮʽʡʥʦʾ ʩʫʙʩʪʨʫʢʪʫʨʠ. ʊʠʤ ʩʘʤʠʤ ʙʦʨ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʨʦʟʤʽʨʽʚ 

ʙʣʦʢʽʚ, ʟʙʽʣʴʰʝʥʥʶ ʛʫʩʪʠʥʠ ʜʠʩʣʦʢʘʮʽʡ ʥʘ ʩʫʙʛʨʘʥʠʮʷʭ. ɹʦʨ ʚʠʪʽʩʥʷʻ ʚʫʛʣʝʮʴ ʟ 

ʩʫʙʛʨʘʥʠʮʴ, ʧʨʠʜʫʰʫʶʯʽ ʚʠʜʽʣʝʥʥʷ ʢʘʨʙʽʜʽʚ [36, 37]. 

ɹʦʨ ʚʧʣʠʚʘʻ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʟʝʨʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ 

ʟʝʨʥʦʛʨʘʥʠʯʥʠʭ ʢʘʨʙʽʜʽʚ ʧʦʢʨʘʱʫʶʯʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʟʫʯʦʩʪʽ [38]. 

ʉʪʨʠʤʘʥʥʷ ʨʦʩʪʫ ʟʝʨʝʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʘʥʠʤʠ [39] ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ 0,005 % 

(ʨʦʟʤʽʨ ʟʝʨʥʘ ʙʝʟ ʤʽʢʨʦʜʦʙʘʚʦʢ ʙʦʨʫ 44 ʤʢʤ, ʟ ʙʦʨʦʤ 31 ʤʢʤ). ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʪʨʠʚʘʣʦʾ ʤʽʮʥʦʩʪʽ ʧʨʠ 580 ʦʉ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʩʪʘʣʝʡ ʟ ʤʘʣʠʤ ʚʤʽʩʪʦʤ 

ʚʫʛʣʝʮʶ. ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 550 ï 580 ʦʉ ʨʫʡʥʫʚʘʥʥʷ 

ʤʘʻ ʚʥʫʪʨʠʟʝʨʝʥʥʠʡ ʭʘʨʘʢʪʝʨʚ, ʘ ʧʨʠ 630 ï 700 ʦʉ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʽʞʟʝʨʝʥʥʝ 

ʨʫʡʥʫʚʘʥʥʷ. ɺ ʩʪʘʣʷʭ ʟ ʙʦʨʦʤ ʚʠʜʽʣʝʥʴ ʧʦ ʛʨʘʥʠʮʷʤ ʤʝʥʰʝ ʥʽʞ ʚ ʩʪʘʣʷʭ ʙʝʟ 

ʙʦʨʫ, ʪʘʢʠʤ ʯʠʥʦʤ ʙʦʨ ʟʤʝʥʰʫʻ ʜʠʬʫʟʽʡʥʝ ʚʠʜʽʣʝʥʥʷ ʧʦ ʛʨʘʥʠʮʷʤ, ʟʙʝʨʽʛʘʻ 

ʚʫʛʣʝʮʴ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ. ɿʝʨʥʘ ʟ ʙʦʨʦʤ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ ʟʙʽʣʴʰʫʶʪʴ 

ʩʫʧʨʦʪʠʚ ʟʜʚʠʛʫ, ʘ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʧʨʦʷʚʣʷʻ ʙʽʣʴʰʫ ʩʪʘʙʽʣʴʥʽʩʪʴ. ʇʨʠ ~ 1% 

ʚʫʛʣʝʮʶ ʽ 0,004 ï 0,005% ʙʦʨʫ ʚʽʜʤʽʯʘʶʪʴ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʽ ʚʠʜʽʣʝʥʥʷ, ʥʘʧʝʚʥʦ 

ʙʦʨʠʜʽʚ ʧʦ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ [39].  

ʏʘʩ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ Fe2B, ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʢʪʠʚʥʽʩʪʶ 

ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʥʘʩʠʯʫʻ.  

ʋʪʚʦʨʝʥʥʶ ʟʘʨʦʜʢʽʚ ʙʦʨʠʜʫ Fe2ɺ ʧʝʨʝʜʫʻ ʧʨʦʤʽʞʥʘ çʧʝʨʝʜʧʝʨʝʭʽʜʥʘ 

ʩʪʘʜʽʷè, ʢʦʣʠ ʚ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʜʝʬʝʢʪʥʠʭ ʦʙ'ʻʤʘʭ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʧʨʠʣʷʛʘʶʪʴ ʜʦ 

ʧʦʚʝʨʭʥʽ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʧʝʨʝʜʥʻ ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ʜʽʣʷʥʦʢ (çʘʢʪʠʚʦʚʘʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚè) ʟ ʘʪʦʤʽʚ ʙʦʨʫ ʡ ʟʘʣʽʟʘ ʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʽ ʩʧʦʣʫʢʦʶ, ʚʽʜʤʽʥʥʠʤ ʚʽʜ 

ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʪʘ ʚʽʜ ʬʘʟʠ Fe2B. ɺʤʽʩʪ ʙʦʨʫ ʫ ʘʢʪʠʚʦʚʘʥʦʤʫ ʢʦʤʧʣʝʢʩʽ 
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ʧʦʩʪʫʧʦʚʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʴ, ʙʣʠʟʴʢʠʭ ʜʦ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ 

ʙʦʨʠʜʫ Fʝ2ɺ. ʋʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʘ Fʝ2ɺ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʦʤʝʥʪ ʚʽʜʦʢʨʝʤʣʝʥʥʷ 

ʘʢʪʠʚʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚʽʜ ʤʘʪʨʠʯʥʦʾ ʬʘʟʠ [7].  

 ʇʦʚʝʨʭʥʷ, ʱʦ ʥʘʩʠʯʫʻʪʴʩʷ, ʥʝ ʻ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʶ ʽ ʥʝ ʤʘʻ ʪʝʢʩʪʫʨʠ, ʪʦʤʫ 

ʜʣʷ ʢʨʠʩʪʘʣʠʢʽʚ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʚ ʧʦʯʘʪʢʦʚʽ ʤʦʤʝʥʪʠ ʥʘʩʠʯʝʥʥʷ, ʜʣʷ Fe2B ʪʘʢʦʞ 

ʭʘʨʘʢʪʝʨʥʝ ʥʝʦʨʽʻʥʪʦʚʘʥʝ ʟʨʦʩʪʘʥʥʷ ʚʽʜ ʧʦʚʝʨʭʥʽ ʽ ʩʪʘʪʠʩʪʠʯʥʦ ʙʝʟʣʘʜʥʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ. ɿ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʢʨʠʩʪʘʣʠʢʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʩʧʦʯʘʪʢʫ ʙʝʟʣʘʜʥʦ, 

ʫʩʧʽʰʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʪʽʣʴʢʠ ʪʽ, ʜʣʷ ʷʢʠʭ, ʟʘ ʫʤʦʚʘʤʠ ʥʘʩʠʯʝʥʥʷ, ʟʘʙʝʟʧʝʯʝʥʠʡ 

ʨʽʩʪ. ʅʘʡʙʽʣʴʰʫ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʧʦʚʠʥʥʽ ʤʘʪʠ ʪʽ ʢʨʠʩʪʘʣʠʢʠ, ʷʢʽ ʦʨʽʻʥʪʦʚʘʥʽ ʚ 

ʥʘʧʨʷʤʢʫ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʦʩʝʡ ʟ ʥʘʡʙʽʣʴʰ ʱʽʣʴʥʠʤ ʧʘʢʫʚʘʥʥʷʤ ʘʪʦʤʽʚ ʘʙʦ ʧʦ 

ʥʦʨʤʘʣʷʭ ʜʦ ʧʣʦʱʠʥ ʥʘʡʙʽʣʴʰʦʾ ʱʽʣʴʥʦʩʪʽ. ʋ ʚʠʧʘʜʢʫ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ ʟ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʶ ʨʝʰʽʪʢʦʶ ʪʘʢʠʤ ʥʘʧʨʷʤʢʦʤ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʘʧʨʷʤʦʢ [001].  

ʉʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʛʨʘʥʝʡ ʟ ʥʘʡʙʽʣʴʰʦʶ ʱʽʣʴʥʽʩʪʶ ʧʘʢʫʚʘʥʥʷ ʪʘʢʽ, 

ʧʨʠ ʷʢʠʭ ʧʽʜʚʝʜʝʥʥʷ ʘʪʦʤʽʚ, ʱʦ ʜʠʬʫʥʜʫʶʪʴ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʥʦʨʤʘʣʽ ʜʦ 

ʟʨʦʩʪʘʶʯʦʾ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʧʣʦʱʠʥʠ. ɯʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʟ ʙʽʣʴʰʦʶ ʰʚʠʜʢʽʩʪʶ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʢʨʠʩʪʘʣʠ Fe2B, ʦʨʽʻʥʪʦʚʘʥʽ ʥʘʧʨʷʤʢʦʤ [001] ʧʘʨʘʣʝʣʴʥʦ 

ʜʠʬʫʟʽʡʥʦʤʫ ʧʦʪʦʢʫ. ʇʣʦʱʠʥʘ (002) ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʥʘʩʠʯʫʻʪʴʩʷ. ɺ ʩʠʣʫ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʦʾ ʩʠʤʝʪʨʽʾ ʨʝʰʽʪʢʠ Fe2B ʽ ʯʽʪʢʦ 

ʚʠʨʘʞʝʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ ʧʦ ʨʽʟʥʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʥʘʧʨʷʤʢʘʭ 

ʘʥʽʟʦʪʨʦʧʽʷ ʨʦʩʪʫ ʧʨʦʷʚʣʷʻʪʴʩʷ ʜʦʩʠʪʴ ʯʽʪʢʦ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʢʨʠʩʪʘʣʠ ʙʦʨʠʜʫ 

Fe2B ʽʟ ʟʘʟʥʘʯʝʥʠʤ ʦʨʽʻʥʪʫʚʘʥʥʷʤ ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʚʠʢʣʠʥʮʴʦʚʫʶʪʴ ʚʩʽ ʽʥʰʽ 

ʢʨʠʩʪʘʣʠ. ʉʘʤ ʨʽʩʪ ʙʦʨʠʜʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʥʘʧʨʷʤʢʫ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʘʪʦʤʽʚ ʙʦʨʫ. ɭʜʠʥʦ ʤʦʞʣʠʚʠʤ ʤʝʭʘʥʽʟʤʦʤ ʜʠʬʫʟʽʾ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʚʘʢʘʥʩʽʡʥʠʡ. ʉʝʨʝʜʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʘʢʘʥʩʽʡ ʜʣʷ ʩʫʤʽʰʽ 

ʙʦʨʠʜʥʠʭ ʬʘʟ ʩʪʘʥʦʚʠʪʴ 9,4 Ñ 0,4% [7, 40].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʙʫʜʦʚʠ ʙʦʨʠʜʽʚ Fe2B ʦʜʥʦʟʥʘʯʥʦ ʚʠʪʽʢʘʻ, ʱʦ 

ʜʠʬʫʟʽʡʥʠʡ ʧʦʪʽʢ ʙʦʨʫ ʯʝʨʝʟ ʙʦʨʠʜ ʧʦʚʠʥʝʥ ʟʥʘʯʥʦ ʧʝʨʝʚʝʨʰʫʚʘʪʠ ʧʦʪʽʢ ʟʘʣʽʟʘ 

ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʪʦʙʪʦ ʧʽʩʣʷ ʫʪʚʦʨʝʥʥʷ ʩʫʮʽʣʴʥʦʛʦ ʰʘʨʫ ʙʦʨʠʜʫ Fe2B 

ʩʘʤʝ ʜʠʬʫʟʽʷ ʙʦʨʫ ʚʠʟʥʘʯʘʻ ʨʽʩʪ ʙʦʨʠʜʥʦʛʦ ʰʘʨʫ. ʊʘʢʠʤʠ ʞ ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʘʣʝ 

ʙʽʣʴʰ ʩʠʣʴʥʦ ʚʠʨʘʞʝʥʠʤʠ, ʚʦʣʦʜʽʻ ʽ ʙʦʨʠʜ Fʝɺ [7, 41]. 
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ʆʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ ʙʦʨʠʜʽʚ ʟʘʣʽʟʘ, ʩʧʝʮʠʬʽʢʘ ʜʠʬʫʟʽʾ ʝʣʝʤʝʥʪʽʚ ʫ 

ʤʝʪʘʣʦʧʦʜʽʙʥʠʭ ʩʧʦʣʫʢʘʭ, ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʩʪʫ ʡ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʘ ʩʧʨʷʤʦʚʘʥʽʩʪʴ 

ʙʦʨʠʜʥʠʭ ʢʨʠʩʪʘʣʽʚ ʫ ʜʠʬʫʟʽʡʥʦʤʫ ʰʘʨʽ ʚʠʟʥʘʯʘʶʪʴ ʩʚʦʻʨʽʜʥʫ (ʢʦʥʫʩʦʧʦʜʽʙʥʫ) 

ʙʫʜʦʚʫ ʛʨʘʥʠʮʽ ʬʘʟʦʚʦʛʦ ʨʦʟʜʽʣʫ ʤʽʞ Fe2B ʽ ɔ (Ŭ)-ʬʘʟʦʶ [7, 42]. 

ʇʨʠ ʙʦʨʫʚʘʥʥʽ ʚ ʘʢʪʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʱʦ ʥʘʩʠʯʫʶʪʴ, ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʫ ʥʝ 

ʟʘʢʽʥʯʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʩʫʮʽʣʴʥʦʛʦ ʙʦʨʠʜʫ Fe2B ʽ ʡʦʛʦ ʨʦʩʪʦʤ. ʏʝʨʝʟ ʧʝʚʥʠʡ ʯʘʩ 

ʚʠʥʠʢʘʶʪʴ ʮʝʥʪʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʘ ʧʦʪʽʤ ʽ ʢʨʠʩʪʘʣʠ ʙʦʨʠʜʽʚ Fʝɺ. ʇʨʠ ʮʴʦʤʫ 

ʜʦʪʨʠʤʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʨʝʰʽʪʢʠ ʤʘʪʨʠʮʽ Fe2B ʽ 

ʨʝʰʽʪʢʠ ʙʦʨʠʜʘ Fʝɺ, ʪʦʙʪʦ ʢʨʠʩʪʘʣʠ ʙʦʨʠʜʫ FeB ʧʝʨʝʚʘʞʥʦ ʦʨʽʻʥʪʦʚʘʥʽ ʪʘʢʦʞ ʫ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʤʫ ʥʘʧʨʷʤʢʫ [001] [7, 43]. ʊʝʨʤʦʜʠʥʘʤʽʢʘ ʨʝʘʢʮʽʡ 

ʜʠʩʧʨʦʧʦʨʮʽʶʚʘʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ 

ʚʽʨʦʛʽʜʥʽʰʝ ʧʨʦʪʽʢʘʪʠʤʫʪʴ ʨʝʘʢʮʽʾ ʟ ʥʘʡʤʝʥʰʦʶ ʚʽʣʴʥʦʶ ʝʥʝʨʛʽʻʶ, ʘ ʩʘʤʝ 

Fe2B Ÿ FeB+Fe (ȹG = - 123,872 ʢʢʘʣ/ʤʦʣʴ) ʪʘ 2Fe2B Ÿ FeB+Fe3B (ȹG = - 

208,311 ʢʢʘʣ/ʤʦʣʴ). ʋʪʚʦʨʝʥʥʷ ʬʘʟʠ Fe3B (ʪʦʯʥʽʰʝ Fe3B0,9C0,1) ʪʘʢʦʞ 

ʚʽʨʦʛʽʜʥʘ ʚ ʧʝʚʥʠʭ ʫʤʦʚʘʭ [44]. ʋ ʨʦʙʦʪʽ [45] ʚʢʘʟʫʻʪʴʩʷ ʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʦʪʽʢʘʥʥʷ ʧʝʨʪʝʢʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʢʚʘʟʽʙʽʥʘʨʥʠʭ ʩʠʩʪʝʤʘʭ Fe ï Fe2B 

ï Fe3B: L + Fe2B Ÿ Fe3(B,C), ʟ ʧʨʠʩʢʦʨʝʥʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ 20 ï 1000 

ʛʨʘʜ./ʭʚ. 

ʇʽʩʣʷ ʫʪʚʦʨʝʥʥʷ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʙʦʨʠʜʫ FeB ʧʦʜʘʣʴʰʝ ʾʭ ʟʨʦʩʪʘʥʥʷ 

(ʽ ʬʦʨʤʫʚʘʥʥʷ ʩʫʮʽʣʴʥʦʛʦ ʰʘʨʫ ʤʦʥʦʙʦʨʠʜʫ ʟʘʣʽʟʘ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ 

ʟʨʦʩʪʘʥʥʶ ʙʦʨʠʜʫ Fe2B [7, 46]. 

ʗʢ ʚʞʝ ʚʽʜʤʽʯʘʣʦʩʴ, ʟʘʚʜʷʢʠ ʚʝʣʠʢʠʤʠ ʝʥʝʨʛʽʷʤ ʤʽʞʘʪʦʤʥʦʾ ʚʟʘʻʤʦʜʽʾ, 

ʙʦʨʠʜʥʽ ʬʘʟʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʪʚʝʨʜʦʩʪʽ, ʽ ʚʝʣʠʢʠʤ 

ʟʥʘʯʝʥʥʷʤ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ [31, 47]. ʎʝ ʟʘʙʝʟʧʝʯʫʻ, ʷʢ ʧʨʘʚʠʣʦ, ʧʽʜʚʠʱʝʥʫ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ. ʆʜʥʘʢ ʥʝ ʟʘʚʞʜʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʜʥʦʟʥʘʯʥʠʡ 

ʟʚ'ʷʟʦʢ ʤʽʞ ʪʚʝʨʜʽʩʪʶ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ [48, 49].  

ɺʠʩʦʢʘ ʩʪʽʡʢʽʩʪʴ ʙʦʨʠʜʥʠʭ ʬʘʟ ʫ ʨʽʟʥʠʭ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʷʢ ʟʘʭʠʩʥʝ ʧʦʢʨʠʪʪʷ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʙʦʨʠʜʥʠʡ ʰʘʨ ʤʘʚ 

ʟʜʘʪʥʽʩʪʴ ʟʘʭʠʱʘʪʠ, ʚʽʥ ʧʦʚʠʥʝʥ ʙʫʪʠ ʩʫʮʽʣʴʥʠʤ, ʦʜʥʦʨʽʜʥʠʤ, ʜʦʙʨʝ ʟʚ'ʷʟʫʚʘʪʠʩʷ 

ʟ ʤʘʪʝʨʽʘʣʦʤ ʦʩʥʦʚʠ ʪʘ ʤʘʪʠ ʟ ʥʠʤ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʰʠʨʝʥʥʷ. 
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ʅʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ʙʦʨʦʚʘʥʽ ʟʨʘʟʢʠ ʨʦʟʯʠʥʷʶʪʴʩʷ ʚ ʘʟʦʪʥʽʡ ʢʠʩʣʦʪʽ, ʤʝʥʰʝ ʚ 

ʩʦʣʷʥʽʡ ʪʘ ʩʽʨʥʽʡ ʢʠʩʣʦʪʘʭ. ʏʠʤ ʙʽʣʴʰʘ ʛʣʠʙʠʥʘ ʩʫʮʽʣʴʥʦʛʦ ʰʘʨʫ ʙʦʨʠʜʽʚ ʽ ʯʠʤ 

ʚʦʥʠ ʱʽʣʴʥʽʰʽ, ʪʠʤ ʢʨʘʱʝ ʯʠʥʠʪʴ ʦʧʽʨ ʙʦʨʦʚʘʥʘ ʩʪʘʣʴ ʢʦʨʦʟʽʾ [7, 50]. 

 ʋ ʨʝʟʫʣʴʪʘʪʽ ʙʦʨʫʚʘʥʥʷ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʝʪʦʜʫ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʘʛʘ ʜʝʪʘʣʝʡ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʙʦʨʫ, ʱʦ ʧʝʨʝʡʰʦʚ ʫ ʩʪʘʣʴ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʥʝʟʥʘʯʥʦ ʟʤʽʥʶʶʪʴʩʷ 

ʡ ʨʦʟʤʽʨʠ, ʱʦ ʚʘʨʪʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʜʝʪʘʣʝʡ. ɿʤʽʥʘ ʨʦʟʤʽʨʽʚ ʧʨʠ 

ʙʦʨʫʚʘʥʥʽ ʥʝ ʧʝʨʝʚʠʱʫʻ ʨʦʟʤʽʨʽʚ ʧʨʠ ʽʥʰʠʭ ʚʠʜʘʭ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, 

ʥʘʧʨʠʢʣʘʜ ʘʟʦʪʫʚʘʥʥʽ [20]. 

 ʐʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʫ ʨʝʟʫʣʴʪʘʪʽ ʙʦʨʫʚʘʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʡʞʝ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʘʶʯʠ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʜʦ ʟʤʽʮʥʝʥʥʷ [20, 51]. 

ʊʘʢʠʤ ʯʠʥʦʤ ʙʦʨ ʬʦʨʤʫʻ ʫ ʩʧʣʘʚʘʭ ʨʽʚʥʦʚʘʞʥʽ ʬʘʟʠ ʟ ʚʠʨʘʞʝʥʦʶ 

ʪʝʢʩʪʫʨʦʚʘʥʽʩʪʴʶ ʽ ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʬʘʟ ʟʘʚʜʷʢʠ ʪʦʤʫ, 

ʱʦ ʤʘʻ ʜʫʞʝ ʦʙʤʝʞʝʥʫ ʨʦʟʯʠʥʥʽʩʪʴ ʚ ʟʘʣʽʟʽ ʽ ʻ ʧʦʚʝʨʭʥʝʚʦ ʘʢʪʠʚʥʠʤ ʝʣʝʤʝʥʪʦʤ, 

ʷʢʠʡ ʘʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʻ ʟ ʧʦʚʝʨʭʥʝʶ ʨʦʟʜʽʣʫ ʬʘʟ. ʎʝ ʨʦʙʠʪʴ ʥʘʩʠʯʝʥʥʷ ʙʦʨʦʤ 

ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʪʘ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʧʨʦʮʝʩʘʭ. ʈʝʛʫʣʶʶʯʠ ʢʽʣʴʢʽʩʪʴ ʙʦʨʫ ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ ʥʝ ʪʽʣʴʢʠ 

ʧʨʦʮʝʩʦʤ ʬʘʟʦʫʪʚʦʨʝʥʥʷ, ʘʣʝ ʽ ʢʝʨʫʚʘʪʠ ʨʦʟʤʽʨʘʤʠ ʟʝʨʝʥ ʧʦʣʽʢʨʠʩʪʘʣʫ 

ʤʘʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫ ʷʢʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʠʬʫʟʽʷ. ʋ ʟʚʷʟʢʫ ʟ ʮʠʤ ʩʣʽʜ 

ʨʦʟʛʣʷʥʫʪʠ ʚʧʣʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʪʘʣʽ ʥʘ ʧʨʦʮʝʩʠ ʙʦʨʫʚʘʥʥʷ. 

 

1.5 ɺʧʣʠʚ ʭʽʤʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʪʘʣʽ ʥʘ ʧʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ ʙʦʨʠʜʥʠʭ 

ʰʘʨʽʚ 

 ɯʩʥʫʶʪʴ ʧʝʚʥʽ ʫʷʚʣʝʥʥʷ ʱʦʜʦ ʙʦʨʫʚʘʥʥʷ ʣʝʛʦʚʘʥʦʾ ʩʪʘʣʽ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 

ʭʨʦʤʫ, ʤʦʣʽʙʜʝʥʫ ʪʘ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ. ɹʦʨ ʤʘʻ ʧʽʜʚʠʱʝʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʭʨʦʤʫ 

ʪʘ ʤʦʣʽʙʜʝʥʫ, ʽ ʚ ʧʨʦʮʝʩʽ ʫʪʚʦʨʝʥʥʷ ʙʦʨʠʜʥʦʾ ʬʘʟʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʜʥʝʥʥʷ 

ʚʢʘʟʘʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʧʽʜʚʠʱʫʻ ʨʦʟʯʠʥʥʽʩʪʴ ʙʦʨʫ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ. ʇʽʩʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʤʝʞʽ ʥʘʩʠʯʝʥʥʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʙʦʨʦʤ ʪʘ ʣʝʛʫʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, 

ʥʘ ʧʦʚʝʨʭʥʽ ʦʢʨʽʤ ʥʘʩʠʯʝʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʟôʷʚʣʷʶʪʴʩʷ ʙʦʨʠʜʠ. ʋʪʚʦʨʝʥʥʷ 

ʙʦʨʠʜʽʚ, ʷʢʽ ʤʘʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʙʦʨʠʜʦʫʪʚʦʨʶʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʜʥʝʥʥʷʤ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʮʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ɹʦʨʠʜʠ 



53 
 

ʟôʷʚʣʷʶʪʴʩʷ ʩʧʦʯʘʪʢʫ ʧʦ ʛʨʘʥʠʮʷʤ ʟʝʨʝʥ, ʘ ʧʦʪʽʤ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʦʙôʻʤʽ ʟʝʨʥʘ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ. ʏʠʤ ʙʽʣʴʰʝ ʩʪʘʣʴ ʤʽʩʪʠʪʴ 

ʙʦʨʠʜʦʫʪʚʦʨʶʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʯʠʤ ʚʠʱʝ ʾʭ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʙʦʨʫ ʪʘ ʯʠʤ ʤʝʥʰʝ 

ʙʦʨʠʜ ʧʦʪʨʝʙʫʻ ʜʣʷ ʩʚʦʛʦ ʫʪʚʦʨʝʥʥʷ ʙʦʨʫ, ʪʠʤ ʙʽʣʴʰʝ ʢʽʣʴʢʽʩʪʴ ʜʚʦʬʘʟʥʦʾ ʟʦʥʠ 

ʧʨʠ ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚʘʭ ʚ ʧʨʦʮʝʩʽ ʙʦʨʫʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʧʦʚʝʨʭʥʽ 

ʫʪʚʦʨʶʻʪʴʩʷ ʰʘʨ ʙʦʨʠʜʽʚ, ʧʽʜ ʷʢʠʤ ʫʪʚʦʨʶʻʪʴʩʷ ʨʦʟʚʠʥʫʪʘ ʘʫʩʪʝʥʽʪʥʦʙʦʨʠʜʥʘ 

ʟʦʥʘ [7, 52]. 

 ʂʘʨʙʽʜʦʫʪʚʦʨʶʶʯʽ ʝʣʝʤʝʥʪʠ ʜʠʬʫʥʜʫʶʪʴ ʫ ʧʝʨʝʭʽʜʥʫ ʟʦʥʫ, ʧʨʠʪʦʤʫ ʭʨʦʤ 

ʪʘ ʤʦʣʽʙʜʝʥ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʫ ʬʘʟʽ Fe2B, ʘ ʪʠʪʘʥ ʫ ʬʘʟʽ FeB. ʉʢʣʘʜ ʣʝʛʫʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʫ ʰʘʨʽ FeB ʜʝʱʦ ʤʝʥʰʠʡ, ʥʽʞ ʫ Fe2B. ʄʦʣʽʙʜʝʥ, ʧʦʜʽʙʥʦ ʚʫʛʣʝʮʶ, 

ʚʽʜʪʽʩʥʷʻʪʴʩʷ ʙʦʨʦʚʘʥʠʤ ʰʘʨʦʤ ʫ ʛʣʠʙ ʤʝʪʘʣʫ [53, 54, 55]. 

 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʭʨʦʤʫ ʥʘ ʛʣʠʙʠʥʫ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ 

ʩʝʨʝʜʥʴʦʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠʩʘʜʢʠ ʭʨʦʤʫ ʜʦ 3% ʨʽʟʢʦ ʟʥʠʞʫʶʪʴ 

ʛʣʠʙʠʥʫ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ. ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʩʢʣʘʜʫ ʭʨʦʤʫ ʫ ʤʝʞʘʭ 3 - 8% 

ʥʝ ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʦʛʦ ʧʨʠʨʦʩʪʫ ʚʧʣʠʚʫ ʥʘ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʰʘʨʫ. ʇʨʠ ʚʤʽʩʪʽ 

ʭʨʦʤʫ 12 - 25% ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʜʘʣʴʰʝ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʛʣʠʙʠʥʠ ʰʘʨʫ [7].  

 ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʟʥʠʞʝʥʥʷ ʪʦʚʱʠʥʠ ʰʘʨʫ ʙʦʨʠʜʽʚ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʦ 3% ʩʢʣʘʜʫ ʭʨʦʤʫ ʪʘ ʤʘʣʦ ʟʤʽʥʶʻʪʴʩʷ ʜʦ 12%, ʘ ʤʦʣʽʙʜʝʥʫ ʜʦ 

1 % [56]. 

 ʇʦ ʩʠʣʽ ʛʘʣʴʤʫʶʯʦʾ ʜʽʾ ʝʣʝʤʝʥʪʠ ʤʦʞʥʘ ʨʦʟʪʘʰʫʚʘʪʠ ʫ ʥʘʩʪʫʧʥʠʡ ʨʷʜ (ʚʽʜ 

ʤʝʥʰ ʛʘʣʴʤʫʶʯʦʛʦ ʜʦ ʙʽʣʴʰ ʩʠʣʴʥʦ ʛʘʣʴʤʫʶʯʦʛʦ ʨʽʩʪ ʰʘʨʫ): Ni, Co, Mn, Si, Cr, 

Al, W, Mo [57, 58, 59]. 

 ɺʧʣʠʚ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʜʠʬʫʟʽʶ ʙʦʨʫ ʦʙʫʤʦʚʣʝʥʦ ʟʤʽʥʦʶ ʝʥʝʨʛʽʾ 

ʤʽʞʘʪʦʤʥʦʛʦ ʟʚôʷʟʢʫ ʟʘʣʽʟʦ ï ʣʝʛʫʶʯʠʡ ʝʣʝʤʝʥʪ (Fe-ʄʝ). ʃʝʛʫʚʘʥʥʷ ʚʥʦʩʠʪʴ 

ʚʠʢʨʠʚʣʝʥʥʷ ʨʝʰʽʪʢʠ, ʷʢʝ ʷʢʽʩʥʦ ʦʮʽʥʶʻʪʴʩʷ ʘʙʩʦʣʶʪʥʦʶ ʚʝʣʠʯʠʥʦʶ ʨʽʟʥʦʩʪʽ 

ʘʪʦʤʥʠʭ ʜʽʘʤʝʪʨʽʚ ʟʘʣʽʟʘ ʪʘ ʣʝʛʫʶʯʦʛʦ ʝʣʝʤʝʥʪʫ, ʪʦʙʪʦ ʟʤʝʥʰʫʻʪʴʩʷ ʯʠ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʙʦʨʫ [7]. 

 ʏʠʤ ʩʠʣʴʥʽʰʝ ʣʝʛʫʶʯʠʡ ʝʣʝʤʝʥʪ ʟʤʽʮʥʶʻ ʟʚôʷʟʦʢ Fe-ʄʝ, ʪʠʤ ʚʽʥ ʤʝʥʰʝ 

ʚʠʢʨʠʚʣʶʻ ʨʝʰʽʪʢʫ ʟʘʣʽʟʘ, ʪʘ ʤʽʮʥʽʰʝ ʟʚôʷʟʦʢ ɺ-ʄe, ʪʦʙʪʦ ʯʠʤ ʙʽʣʴʰ 

ʙʦʨʠʜʠʜʦʫʪʚʦʨʶʶʯʠʤ ʻ ʝʣʝʤʝʥʪ, ʪʠʤ ʙʽʣʴʰʝ ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʜʠʬʫʟʽʾ [60]. 
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 ʇʨʠʩʫʪʥʽʩʪʴ ʚ ʩʪʘʣʽ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ, ʱʦ ʤʘʶʪʴ ʚʠʩʦʢʫ ʩʪʘʪʠʩʪʠʯʥʫ ʚʘʛʫ 

d5 ʢʦʥʬʽʛʫʨʘʮʽʡ, ʟʙʽʣʴʰʫʻ ʫ ʰʘʨʽ ʢʽʣʴʢʽʩʪʴ ʬʘʟʠ FeB. ʍʨʦʤ, ʤʦʣʽʙʜʝʥ ʩʘʤʝ ʤʘʶʪʴ 

ʚʠʩʦʢʫ ʩʪʘʪʠʩʪʠʯʥʫ ʚʘʛʫ d5 ʢʦʥʬʽʛʫʨʘʮʽʡ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ (78% ʜʣʷ 

ʭʨʦʤʫ ʽ 88% ʜʣʷ ʤʦʣʽʙʜʝʥʫ). ʇʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʟʘʣʽʟʦʤ ʭʨʦʤ (3d54s1) ʪʘ ʤʦʣʽʙʜʝʥ 

(4d55s1) ʤʦʞʫʪʴ ʚʽʜʜʘʚʘʪʠ ʯʘʩʪʠʥʫ ʩʚʦʾʭ ʝʣʝʢʪʨʦʥʽʚ ʘʪʦʤʘʤ ʟʘʣʽʟʘ, ʧʨʠ ʮʴʦʤʫ 

ʚʦʥʠ ʦʪʨʠʤʫʶʪʴ ʱʝ ʙʽʣʴʰʫ ʚʘʛʫ d5 ʢʦʥʬʽʛʫʨʘʮʽʾ. ɿʘʣʽʟʦ, ʦʪʨʠʤʫʻ ʝʣʝʢʪʨʦʥʠ, 

ʪʘʢʦʞ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʚʘʛʠ ʝʣʝʢʪʨʦʥʽʚ 

ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʫ d10 ʢʦʥʬʽʛʫʨʘʮʽʾ. ɿʙʽʣʴʰʝʥʥʷ ʚʘʛʠ d5 ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʧʨʠʷʻ 

ʫʪʚʦʨʝʥʥʶ ʬʘʟʠ FeB. ʊʘʢ ʷʢ ʘʪʦʤʠ ʦʜʥʦʛʦ ʟ ʧʘʨʪʥʝʨʽʚ ʦʪʨʠʤʫʶʪʴ ʚʠʩʦʢʫ 

ʩʪʘʪʠʩʪʠʯʥʫ ʚʘʛʫ dʭ ʢʦʥʬʽʛʫʨʘʮʽʡ, ʪʦ ʚʽʜʧʦʚʽʜʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ 

ʜʠʬʫʟʽʾ. ʏʘʩʪʠʥʘ ʝʥʝʨʛʽʾ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʟʙʫʜʞʝʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ 

ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʝʣʝʤʝʥʪʠ, ʧʽʜʚʠʱʫʶʯʠ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʘʪʦʤʽʚ ʟʘʣʽʟʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʚʘʛʠ ʝʥʝʨʛʝʪʠʯʥʦ ʩʪʘʙʽʣʴʥʠʭ 

ʢʦʥʬʽʛʫʨʘʮʽʡ ʛʘʣʴʤʫʶʪʴ ʧʨʦʮʝʩ ʜʠʬʫʟʽʾ ʙʦʨʫ. ʊʦʤʫ ʤʦʣʽʙʜʝʥ ʤʘʶʯʠ ʙʽʣʴʰʝ 

ʛʦʣʦʚʥʝ ʢʚʘʥʪʦʚʝ ʯʠʩʣʦ, ʥʽʞ ʭʨʦʤ, ʩʠʣʴʥʽʰʝ ʛʘʣʴʤʫʻ ʧʨʦʮʝʩ ʜʠʬʫʟʽʡʥʦʛʦ 

ʧʨʦʥʠʢʥʝʥʥʷ ʙʦʨʫ, ʱʦ ʜʦʙʨʝ ʢʦʨʝʣʶʻ ʟ ʚʽʜʦʤʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ 

[7, 61, 62, 63]. 

 ɿ ʚʠʱʝ ʩʢʘʟʘʥʦʛʦ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʽ ʚʤʽʩʪ ʣʝʛʫʶʯʠʭʝʣʝʤʝʥʪʽʚ 

ʫ ʩʪʘʣʽ, ʷʢʘ ʟʘʟʥʘʻ ʜʠʬʫʟʽʡʥʝ ʧʨʦʥʠʢʥʝʥʥʷ, ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩʠ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʙʦʨʠʜʥʠʭ ʰʘʨʽʚ. ɯ ʷʢʱʦ ʚ ʨʽʚʥʦʚʘʞʥʠʭ (ʧʽʯʥʠʭ) ʧʨʦʮʝʩʘʭ ʚ 

ʣʽʪʝʨʘʪʫʨʽ ʻ ʚʽʜʥʦʩʥʦ ʙʘʛʘʪʦ ʚʽʜʦʤʦʩʪʝʡ, ʚ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚʘʭ ʬʦʨʤʫʚʘʥʥʷ 

(ʧʨʠ ʰʚʠʜʢʽʩʥʦʤʫ ʥʘʛʨʽʚʽ) ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʦʚʦʜʞʝʥʥʷ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ 

ʧʦʚʥʽʩʪʶ ʚʽʜʩʫʪʥʷ. 

 

 1.6 ɹʦʨʫʚʘʥʥʷ ʩʪʘʣʽ ʟ ʧʘʩʪ ʪʘ ʧʦʨʦʰʢʽʚ, ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ 

ʙʦʨʫʚʘʥʥʷ 

 ɸʥʘʣʽʟ ʪʨʘʜʠʮʽʡʥʠʭ ʩʧʦʩʦʙʽʚ ʙʦʨʫʚʘʥʥʷ ʟ ʧʦʨʦʰʢʦʚʠʭ, ʨʽʜʢʠʭ ʪʘ 

ʛʘʟʦʧʦʜʽʙʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʠʢʨʠʚʘʻ ʽʩʪʦʪʥʽ ʥʝʜʦʣʽʢʠ. ʆʩʥʦʚʥʠʤʠ ʟ ʥʠʭ ʻ ʥʘʩʪʫʧʥʽ:  

- ʙʽʣʴʰʽ ʪʨʫʜʥʦʱʽ, ʘ ʽʥʦʜʽ ʡ ʥʝʤʦʞʣʠʚʽʩʪʴ ʦʙʨʦʙʢʠ ʤʘʩʠʚʥʠʭ ʽ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ 

ʚʠʨʦʙʽʚ; - ʩʢʣʘʜʥʘ ʪʝʭʥʦʣʦʛʽʷ ʦʜʝʨʞʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ; - ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ 
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ʩʧʝʮʽʘʣʴʥʦʤʫ ʫʩʪʘʪʢʫʚʘʥʥʽ, ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʩʥʘʱʝʥʥʽ ʪʘ ʜʦʧʦʤʽʞʥʠʭ 

ʧʨʠʩʪʨʦʷʭ. 

  ɿʘʟʥʘʯʝʥʽ ʥʝʜʦʣʽʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʫʩʫʥʫʪʽ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ 

ʧʨʦʮʝʩʽʚ ʜʠʬʫʟʽʡʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʟ ʧʘʩʪ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʘʩʪ ʷʢ ʥʘʩʠʯʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʧʦʚ'ʷʟʘʥʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫ ʧʨʦʮʝʩʘʭ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʚʠʜʢʽʩʥʦʛʦ ʝʣʝʢʪʨʦʥʘʛʨʽʚʫ. ʋ ʚʠʨʦʙʥʠʯʠʭ 

ʫʤʦʚʘʭ ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ ʜʠʬʫʟʽʡʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʟ ʧʘʩʪ. ʇʨʦʮʝʩʠ ʥʘʩʠʯʝʥʥʷ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʧʨʠ ʮʴʦʤʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʯʥʦʛʦ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʛʨʽʚʫ, ʟʘ 

ʨʘʭʫʥʦʢ ʪʝʧʣʘ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʟʛʦʨʷʥʥʽ ʝʥʝʨʛʦʚʠʜʽʣʷʶʯʠʭ ʧʘʩʪ, ʫ ʨʦʟʧʣʘʚʘʭ 

ʤʝʪʘʣʽʚ ʽ ʩʦʣʝʡ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʘʣʦʪʝʨʤʽʯʥʠʭ ʪʘ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʩʫʤʽʰʝʡ. 

ɺʝʣʠʢʝ ʨʦʟʤʘʾʪʪʷ ʪʝʭʥʦʣʦʛʽʡ ʙʦʨʫʚʘʥʥʷ ʟ ʧʘʩʪ, ʨʦʟʨʦʙʣʝʥʠʭ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ, 

ʚʠʤʘʛʘʻ ʾʭʥʴʦʾ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʚʽʜʦʤʠʭ ʫ ʥʘʰ ʯʘʩ 

ʤʝʪʦʜʽʚ ʙʦʨʫʚʘʥʥʷ, ʧʨʠ ʷʢʠʭ ʥʘʩʠʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʘʩʪʠ 

(ʨʠʩ. 1.4) [4, 34, 64, 65].  

 

 

ʈʠʩʫʥʦʢ 1.3 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʙʦʨʫʚʘʥʥʷ ʟ ʧʘʩʪ [4, 34, 64, 65] 

 

  ɺ ʦʩʥʦʚʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʢʣʘʜʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ. ʊʘʢʠʤʠ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʤʠ ʦʟʥʘʢʘʤʠ ʻ: 1) ʩʧʦʩʽʙ ʥʘʛʨʽʚʫ; 2) ʩʧʦʩʽʙ 

ʟʘʭʠʩʪʫ ʘʢʪʠʚʥʦʾ ʧʘʩʪʠ ʪʘ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʚʠʨʦʙʫ ʚʽʜ ʦʢʠʩʣʶʚʘʥʥʷ; 3) ʰʚʠʜʢʽʩʪʴ 
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ʥʘʛʨʽʚʫ. ɿʘ ʩʧʦʩʦʙʦʤ ʥʘʛʨʽʚʫ ʧʨʦʮʝʩʠ ʙʦʨʫʚʘʥʥʷ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʽ ʛʨʫʧʠ: 1) 

ʥʘʛʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ ʪʝʧʣʘ; 2) ʥʘʛʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʥʫʪʨʽʰʥʽʭ 

ʜʞʝʨʝʣ ʪʝʧʣʘ. 

ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴʩʷ ʧʨʦʮʝʩʠ ʙʦʨʫʚʘʥʥʷ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʧʝʨʚʠʥʥʦʛʦ ʥʘʛʨʽʚʫ, ʥʘʛʨʽʚʘʥʥʷ ʝʥʝʨʛʦʚʠʜʽʣʷʶʯʠʤʠ ʧʘʩʪʘʤʠ ʡ 

ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʤʠ ʩʫʤʽʰʘʤʠ. 

ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ - ʧʨʦʮʝʩʠ, ʢʦʣʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʣʝʢʪʨʦʥʘʛʨʽʚ ʩʪʨʫʤʘʤʠ 

ʚʠʩʦʢʦʾ ʡ ʧʨʦʤʠʩʣʦʚʦʾ ʯʘʩʪʦʪʠ ʪʘ ʢʦʥʪʘʢʪʥʠʡ ʝʣʝʢʪʨʦʥʘʛʨʽʚ. 

ɿʘ ʭʘʨʘʢʪʝʨʦʤ ʟʘʭʠʩʥʠʭ ʟʘʭʦʜʽʚ ʦʙʨʦʙʣʶʚʘʥʠʭ ʚʠʨʦʙʽʚ ʪʘ ʘʢʪʠʚʥʦʾ ʧʘʩʪʠ 

ʚʽʜ ʦʢʠʩʣʶʚʘʥʥʷ ʜʦʮʽʣʴʥʦ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʩʧʦʩʦʙʠ: - ʙʦʨʫʚʘʥʥʷ ʙʝʟ ʙʫʜʴ-

ʷʢʦʛʦ ʟʘʭʠʩʪʫ; - ʙʦʨʫʚʘʥʥʷ ʚ ʛʝʨʤʝʪʠʯʥʠʭ ʽ ʥʝʛʝʨʤʝʪʠʯʥʠʭ ʢʦʥʪʝʡʥʝʨʘʭ; - ʫ 

ʚʘʢʫʫʤʽ; - ʫ ʟʘʭʠʩʥʠʭ ʪʘ ʥʝʡʪʨʘʣʴʥʠʭ ʘʪʤʦʩʬʝʨʘʭ; - ʙʦʨʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʘʭʠʩʥʠʭ ʦʙʤʘʟʦʢ. ʆʩʪʘʥʥʽ ʥʘʥʦʩʷʪʴʩʷ ʥʘ ʥʝʦʙʨʦʙʣʶʚʘʥʽ ʜʽʣʷʥʢʠ ʚʠʨʦʙʽʚ ʪʘ 

ʧʦʚʝʨʭ ʰʘʨʫ ʘʢʪʠʚʥʦʾ ʧʘʩʪʠ. 

 ɯ ʥʘʨʝʰʪʽ, ʟʘ ʰʚʠʜʢʽʩʪʶ ʥʘʛʨʽʚʫ ʧʨʦʮʝʩʠ ʙʦʨʫʚʘʥʥʷ ʚʘʨʪʦ ʧʦʜʽʣʠʪʠ ʥʘ 

ʟʚʠʯʘʡʥʽ (ʧʽʯʥʽ) ʪʘ ʰʚʠʜʢʽʩʥʽ. ʇʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʫ ʜʫʞʝ ʤʘʣʘ ʡ 

ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 10 ʛʨʘʜ/ʭʚ. ʐʚʠʜʢʽʩʥʠʡ ʥʘʛʨʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʝʣʝʢʪʨʦʥʘʛʨʽʚʦʤ ʩʪʨʫʤʘʤʠ ʚʠʩʦʢʦʾ ʡ ʧʨʦʤʠʩʣʦʚʦʾ ʯʘʩʪʦʪʠ, ʢʦʥʪʘʢʪʥʠʤ ʩʧʦʩʦʙʦʤ 

- ʰʣʷʭʦʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʧʨʦʧʫʱʝʥʥʷ ʩʪʨʫʤʫ ʯʝʨʝʟ ʚʠʨʽʙ [64]. 

 ʊʝʭʥʦʣʦʛʽʷ ʧʨʦʮʝʩʫ ʙʦʨʫʚʘʥʥʷ ʟ ʧʘʩʪ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ 

ʦʧʝʨʘʮʽʡ: ʛʦʪʫʚʘʥʥʷ ʦʙʤʘʟʢʠ, ʧʽʜʛʦʪʦʚʢʫ ʟʤʽʮʥʶʶʯʦʾ ʧʦʚʝʨʭʥʽ ʜʦ ʥʘʩʠʯʝʥʥʷ, 

ʥʘʥʝʩʝʥʥʷ ʡ ʩʫʰʽʥʥʷ ʦʙʤʘʟʢʠ, ʥʘʛʨʽʚʫ ʪʘ ʚʠʪʨʠʤʢʠ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʜʦ ʥʘʩʠʯʝʥʥʷ 

ʜʝʪʘʣʝʡ ʧʦ ʟʘʜʘʥʦʤʫ ʨʝʞʠʤʽ, ʦʭʦʣʦʜʞʝʥʥʷ ʡ ʦʯʠʱʝʥʥʷ ʜʝʪʘʣʽ ʚʽʜ ʧʘʩʪʠ. 

  ʆʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʘʩʪʠ ʨʝʪʝʣʴʥʦ ʟʤʽʰʫʶʪʴʩʷ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʟʤʽʰʫʚʘʯʘʭ 

ʽ ʨʦʟʙʘʚʣʷʶʪʴ ʟʚôʷʟʫʶʯʦʶ ʨʝʯʦʚʠʥʦʶ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʢʦʥʩʠʩʪʝʥʮʽʾ. ɺ ʷʢʦʩʪʽ 

ʟʚôʷʟʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʽʜʨʦʣʽʟʦʚʘʥʠʡ ʝʪʠʣʩʠʣʽʢʘʪ, ʨʽʜʢʝ ʩʢʣʦ, 

ʩʫʣʴʬʽʪʥʦ-ʩʧʠʨʪʦʚʫ ʙʘʨʜʫ, ʨʦʟʯʠʥ ʢʣʝʶ ɹʌ-2 ʚ ʘʮʝʪʦʥʽ, ʮʘʧʦʥ-ʣʘʢ, 

ʜʝʢʩʪʨʠʥʦʚʠʡ ʢʣʝʡ. ʂʦʥʩʠʩʪʝʥʮʽʷ ʧʘʩʪʠ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʙʨʘʥʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ ʥʘʥʝʩʝʥʥʷ ʾʾ ʥʘ ʜʝʪʘʣʴ: ʧʫʣʴʚʝʨʠʟʘʮʽʻʶ, ʟʘʥʫʨʝʥʥʷʤ, ʢʠʩʪʶ. ʇʨʠ 

ʙʦʨʫʚʘʥʥʽ ʜʨʽʙʥʠʭ ʜʝʪʘʣʝʡ ʧʘʩʪʫ ʜʦʮʽʣʴʥʦ ʥʘʥʦʩʠʪʠ ʟʘʥʫʨʝʥʥʷʤ, ʥʘ ʚʝʣʠʢʽ ʡ 
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ʩʢʣʘʜʥʽ ʧʦ ʢʦʥʬʽʛʫʨʘʮʽʾ ʚʠʨʦʙʠ - ʢʠʩʪʶ ʘʙʦ ʧʫʣʴʚʝʨʠʟʘʪʦʨʦʤ. ʊʦʚʱʠʥʘ ʧʘʩʪʠ 

ʧʦʚʠʥʥʘ ʩʪʘʥʦʚʠʪʠ 1,5 - 2,5 ʤʤ. ʆʙʤʘʟʢʠ ʥʘ ʦʩʥʦʚʽ ʘʮʝʪʦʥʫ, ʘʮʝʪʦʥʦʢʩʠʣʝʥʘ, 

ʙʫʪʠʣʘʮʝʪʘʪʘ, ʮʘʧʦʥ-ʣʘʢʘ, ʥʽʪʨʦʮʝʣʶʣʦʟʥʠʭ ʣʘʢʽʚ, ʩʧʠʨʪʽʚ ʽ ʽʥʰʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʨʝʯʦʚʠʥ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ ʚʠʧʘʨʫ ʧʨʦʩʫʰʫʶʪʴ ʥʘ ʧʦʚʽʪʨʽ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ. ʆʙʤʘʟʢʠ ʟʘʤʽʰʘʥʽ ʥʘ ʦʩʥʦʚʽ ʥʝʦʨʛʘʥʽʯʥʠʭ ʘʙʦ ʦʨʛʘʥʽʯʥʠʭ 

ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ, ʚʠʤʘʛʘʶʪʴ ʩʧʝʮʽʘʣʴʥʦʛʦ ʩʫʰʽʥʥʷ ʚ ʩʫʰʠʣʴʥʠʭ ʰʘʬʘʭ. 

ʇʦʜʘʣʴʰʘ ʧʽʜʛʦʪʦʚʢʘ ʜʝʪʘʣʝʡ ʜʦ ʥʘʩʠʯʝʥʥʷ ʜʠʢʪʫʻʪʴʩʷ ʦʙʨʘʥʠʤ ʩʧʦʩʦʙʦʤ 

ʥʘʛʨʽʚʫ. ʋ ʚʠʧʘʜʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʝʞʠʤʫ ʥʘʩʠʯʝʥʥʷ ʰʚʠʜʢʽʩʥʠʭ 

ʤʝʪʦʜʽʚ ʥʘʛʨʽʚʫ (ʽʥʜʫʢʮʽʡʥʠʡ ʥʘʛʨʽʚ ʉɺʏ, ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʠʡ ʥʘʛʨʽʚ ʉʇʏ), ʱʦ 

ʥʝ ʧʝʨʝʜʙʘʯʘʶʪʴ ʪʨʠʚʘʣʠʭ ʚʠʪʨʠʤʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʩʠʯʝʥʥʷ, ʜʦʜʘʪʢʦʚʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʜʝʪʘʣʝʡ ʜʦ ʙʦʨʫʚʘʥʥʷ ʥʝ ʧʦʪʨʽʙʥʦ. ʇʨʠ ʙʦʨʫʚʘʥʥʽ ʟ ʦʙʤʘʟʦʢ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡ ʽʥʰʽ ʧʨʠʩʢʦʨʝʥʽ ʤʝʪʦʜʠ ʥʘʛʨʽʚʫ: ʫ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʩʫʤʽʰʘʭ, 

ʫ ʤʝʪʘʣʝʚʠʭ ʽ ʩʦʣʴʦʚʠʭ ʨʦʟʧʣʘʚʘʭ ʪʦʱʦ. ʇʦ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ ʧʝʨʝʨʘʭʦʚʘʥʽ 

ʩʝʨʝʜʦʚʠʱʘ ʧʦʩʪʫʧʘʶʪʴʩʷ ʥʘʛʨʽʚʫ ʉɺʏ, ʘʣʝ ʟʥʘʯʥʦ ʧʝʨʝʚʝʨʰʫʶʪʴ ʟʘ ʟʜʘʪʥʽʩʪʶ, 

ʱʦ ʥʘʛʨʽʚʘʻ, ʝʣʝʢʪʨʠʯʥʽ ʧʝʯʽ ʟ ʧʦʚʽʪʨʷʥʦʶ ʘʪʤʦʩʬʝʨʦʶ [65]. ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ 

ʙʦʨʫʚʘʥʥʷ ʟ ʉɺʏ ʥʘʛʨʽʚʦʤ ʨʦʟʛʣʷʥʫʪʝ ʥʠʞʯʝ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʠʪʴ ʧʦʚʥʠʡ ʦʧʠʩ ʫ ʣʽʪʝʨʘʪʫʨʽ ʧʨʦʮʝʩʽʚ ʙʦʨʫʚʘʥʥʷ, 

ʟʘʣʠʰʘʶʪʴʩʷ ʜʝʷʢʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʥʶʘʥʩʠ. ɺʽʜʤʽʪʠʤʦ ʜʝʷʢʽ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʢʦʪʨʽ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʣʽʪʝʨʘʪʫʨʽ. 

 ʇʨʠ ʧʽʜʛʦʪʦʚʮʽ ʜʝʪʘʣʝʡ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʦʣʽʧʰʫʚʘʪʠ ʯʠʩʪʦʪʫ ʧʦʚʝʨʭʥʽ ʪʘ 

ʰʦʨʩʪʢʽʩʪʴ. ʂʨʽʤ ʪʦʛʦ, ʥʘʩʠʯʫʶʯʫ ʧʦʚʝʨʭʥʶ ʩʣʽʜ ʦʙʝʟʞʠʨʠʪʠ. ʇʨʠ ʥʘʥʝʩʝʥʥʽ 

ʧʘʩʪ ʩʣʽʜ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʫʚʘʪʠ ʟʚôʷʟʫʶʯʠ ʩʫʤʽʰ ʪʘ ʧʦʨʦʰʦʢ ʥʘʩʠʯʝʥʥʷ. ʅʝ 

ʩʣʽʜ ʜʦʧʫʩʢʘʪʠ ʩʫʮʽʣʴʥʦʛʦ ʥʘʥʝʩʝʥʥʷ ʟʚôʷʟʫʶʯʦʛʦ (ʢʣʝʶ), ʪʘʢ ʷʢ ʚʽʥ ʤʦʞʝ ʩʪʘʪʠ 

ʟʥʘʯʥʦʶ ʧʝʨʝʰʢʦʜʦʶ ʜʣʷ ʘʜʩʦʨʙʮʽʾ ʘʪʦʤʽʚ ʙʦʨʫ ʥʘ ʧʦʚʝʨʭʥʶ ʟʨʘʟʢʘ. ʆʯʝʚʠʜʥʠʤ 

ʻ ʩʢʣʘʜʥʽʩʪʴ ʚ ʟʤʽʰʫʚʘʥʥʽ ʧʦʨʦʰʢʫ ʟʽ ʟʚôʷʟʫʶʯʦʶ ʩʫʤʽʰʰʶ, ʪʦʤʫ ʯʘʩʪʦ 

ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʦʤʽʞʥʠʡ ʨʦʟʯʠʥʥʠʢ ʘʙʦ ʨʦʟʯʠʥʷʪʠ ʧʦʨʦʰʦʢ ʫ ʚʦʜʽ. 

ʂʨʽʤ ʮʴʦʛʦ, ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʜʠʩʧʝʨʩʥʽʩʪʴ ʥʘʩʠʯʫʶʯʦʛʦ ʧʦʨʦʰʢʫ: ʙʽʣʴʰʽ ʟʘ 

ʨʦʟʤʽʨʘʤʠ ʬʨʘʢʮʽʾ ʤʦʞʫʪʴ ʟʤʝʥʰʫʚʘʪʠ ʪʦʚʱʠʥʫ ʰʘʨʫ, ʘ ʜʨʽʙʥʽ ï ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʟʣʠʧʘʥʥʷ ʯʘʩʪʠʥʦʢ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʰʘʨʫ ʪʘ ʩʢʣʘʜʥʽʩʪʴ 

ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʾ ʩʫʤʽʰʽ ʧʽʩʣʷ ʦʙʨʦʙʢʠ [67]. 
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 ʏʘʩʪʽʰʝ ʜʝʪʘʣʽ ʧʽʩʣʷ ʙʦʨʫʚʘʥʥʷ ʧʽʜʜʘʶʪʴ ʟʘʛʘʨʪʫʚʘʥʥʶ ʡ ʚʽʜʧʫʩʢʫ 

ʦʩʦʙʣʠʚʦ ʧʨʠ ʨʦʙʦʪʽ ʜʝʪʘʣʝʡ ʚ ʫʤʦʚʠ ʟʥʘʯʥʠʭ ʪʠʩʢʽʚ. ʅʘʷʚʥʽʩʪʴ ʧʽʜ ʪʦʥʢʠʤ 

ʪʚʝʨʜʠʤ ʰʘʨʦʤ ʙʦʨʠʜʽʚ ʤôʷʢʦʾ ʩʝʨʮʝʚʠʥʠ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʧʨʦʜʘʚʣʝʥʥʷ ʡ 

ʚʠʢʨʠʭʢʫʚʘʥʥʷ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ [21]. ɹʽʣʴʰ ʧʨʦʛʨʝʩʠʚʥʠʤ ʜʣʷ ʙʦʨʦʚʘʥʠʭ ʜʝʪʘʣʝʡ 

ʻ ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʪʫʧʽʥʯʘʪʦʛʦ ʘʙʦ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʟʘʛʘʨʪʫʚʘʥʥʷ ʟ 

ʥʘʛʨʽʚʘʥʥʷʤ ʫ ʩʦʣʷʥʠʭ ʚʘʥʘʭ ʘʙʦ ʟ ʥʘʛʨʽʚʘʥʥʷʤ ʉɺʏ [7, 68, 69]. ʎʝ ʟʘʙʝʟʧʝʯʫʻ 

ʫʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʪʚʝʨʜʦʾ ʧʝʨʝʭʽʜʥʦʾ ʟʦʥʠ ʚʽʜ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʜʦ ʩʝʨʮʝʚʠʥʠ ʜʝʪʘʣʽ.  

 

 1.7 ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʛʨʽʚʫ ʉɺʏ ʚ ʧʨʦʮʝʩʘʭ ʙʦʨʫʚʘʥʥʷ 

ɿ ʫʩʽʭ ʩʧʦʩʦʙʽʚ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʫ ʥʘʛʨʽʚ ʩʪʨʫʤʘʤʠ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ ʻ 

ʥʘʡʙʽʣʴʰ ʪʝʭʥʦʣʦʛʽʯʥʦ ʧʨʠʚʘʙʣʠʚʽʰʠʤ [70 ï 72].  

ʅʘʛʨʽʚ ʩʪʨʫʤʦʤ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ (ʉɺʏ) ï ʮʝ ʤʝʪʦʜ ʥʘʛʨʽʚʫ ʥʘʡʯʘʩʪʽʰʝ 

ʤʘʛʥʽʪʥʠʭ, ʧʨʦʚʦʜʷʯʠ ʩʪʨʫʤ, ʤʘʪʝʨʽʘʣʽʚ (ʩʪʘʣʝʡ, ʯʘʚʫʥʽʚ ʪʘ ʽʥʰʠʭ ʤʝʪʘʣʽʚ), 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʷʚʠʱʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʧʨʦʪʽʢʘʥʥʷ ʩʪʨʫʤʫ ʫ ʜʝʪʘʣʽ-ʧʨʦʚʽʜʥʠʢʫ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʟʤʽʥʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ 

ʧʦʣʽ [70]. 

ʇʨʠ ʽʥʜʫʢʮʽʡʥʦʤʫ ʥʘʛʨʽʚʽ ʤʝʪʘʣʝʚʝ ʪʽʣʦ ʨʦʟʤʽʱʫʻʪʴʩʷ ʫ ʟʦʥʫ 

ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʨʦʚʽʜʥʠʢʘ ʘʙʦ ʢʘʪʫʰʢʠ ʟʽ ʟʤʽʥʥʠʤ 

ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ. ʇʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʧʦ ʚʠʪʢʘʭ ʢʘʪʫʰʢʠ 

(ʽʥʜʫʢʪʦʨʘ) ʫ ʾʾ ʩʝʨʝʜʠʥʽ ʩʪʚʦʨʶʻʪʴʩʷ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʧʦ ʚʝʣʠʯʠʥʽ 

ʡ ʥʘʧʨʷʤʢʫ ʘʥʘʣʦʛʽʯʥʦ ʩʪʨʫʤʫ. ɿʤʽʥʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʧʝʨʝʪʠʥʘʶʯʠ ʧʨʠ ʩʚʦʾʭ 

ʟʤʽʥʘʭ ʦʙ'ʻʤ ʤʝʪʘʣʫ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʫ ʟʦʥʽ ʜʽʾ ʧʦʣʷ ʽʥʜʫʢʪʦʨʘ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʟʙʫʜʞʫʻ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʝʣʝʢʪʨʦʨʫʰʽʡʥʫ ʩʠʣʫ. 

ʆʙ'ʻʢʪ ʥʘʛʨʽʚʫ ʻ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʤ, ʪʦʤʫ ʽʥʜʫʢʪʦʚʘʥʘ ɽʈʉ ʚʠʢʣʠʢʘʻ ʫ ʥʴʦʤʫ 

ʟʤʽʥʥʠʡ ʩʪʨʫʤ ʪʽʻʾ ʞ ʯʘʩʪʦʪʠ, ʱʦ ʡ ʩʪʨʫʤ ʽʥʜʫʢʪʦʨʘ. ʊʝʧʣʦʚʘ ʜʽʷ ʽʥʜʫʢʪʦʚʘʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʚʠʢʣʠʢʘʻ ʥʘʛʨʽʚ ʯʘʩʪʠʥʠ ʜʝʪʘʣʽ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʚ ʟʦʥʽ ʜʽʾ 

ʟʤʽʥʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʽʥʜʫʢʪʦʨʘ [70, 72].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʽʥʜʫʢʮʽʡʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʚʽʜ 

ʥʘʛʨʽʚʘʥʥʷ ʫ ʧʝʯʘʭ ʧʦʣʷʛʘʻ ʫ ʚʠʜʽʣʝʥʥʽ ʪʝʧʣʦʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʟʦʥʘʭ ʜʝʪʘʣʽ, ʱʦ 

ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʟʤʽʥʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ. ʎʝ 
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ʦʙʫʤʦʚʣʶʻ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ ʡ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʤʽʩʮʝʚʠʡ 

ʟʦʥʘʣʴʥʠʡ ʥʘʛʨʽʚ.  

ʇʨʠ ʥʘʛʨʽʚʽ ʫ ʧʝʯʘʭ ʘʙʦ ʚʘʥʥʘʭ ʪʝʧʣʦʪʘ ʚ ʦʙʨʦʙʣʶʚʘʥʫ ʜʝʪʘʣʴ ʧʝʨʝʜʘʻʪʴʩʷ 

ʟʘ ʨʘʭʫʥʦʢ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʡ ʢʦʥʚʝʢʮʽʾ, ʪʦʤʫ ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʫ ʩʠʣʴʥʦ 

ʦʙʤʝʞʫʻʪʴʩʷ ʫʤʦʚʘʤʠ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʽʟ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʤʝʪʘʣ ʽ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʫʩʝʨʝʜʠʥʽ ʦʩʪʘʥʥʴʦʛʦ. ʉʠʩʪʝʤʫ ʽʥʜʫʢʪʦʨ - ʜʝʪʘʣʴ, ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʝʣʝʢʪʨʠʯʥʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʧʝʨʚʠʥʥʦʶ ʦʙʤʦʪʢʦʶ ʷʢʦʛʦ ʻ 

ʽʥʜʫʢʪʦʨ, ʘ ʚʪʦʨʠʥʥʦʶ - ʢʦʥʪʫʨ ʩʪʨʫʤʫ ʫ ʤʝʪʘʣʝʚʦʤʫ ʦʙ'ʻʢʪʽ ʥʘʛʨʽʚʫ. ʋ ʮʽʡ 

ʩʠʩʪʝʤʽ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʢʦʥʪʘʢʪʥʘ ʧʝʨʝʜʘʯʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟ 

ʧʝʨʚʠʥʥʦʛʦ ʣʘʥʮʶʛʘ - ʽʥʜʫʢʪʦʨʘ ʫ ʚʪʦʨʠʥʥʠʡ ʣʘʥʮʶʛ ï ʚʠʨʽʙ, ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ, 

ʜʝ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʚ ʪʝʧʣʦʚʫ. ʋ ʪʝʦʨʽʾ ʽʥʜʫʢʮʽʡʥʦʛʦ ʥʘʛʨʽʚʫ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʜʝʪʘʣʽ, ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ, ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʜʦʙʫʪʢʫ ʢʦʝʬʽʮʽʻʥʪʫ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʟʦʨʫ ʤʽʞ ʽʥʜʫʢʪʦʨʦʤ ʽ ʜʝʪʘʣʣʶ, ʢʚʘʜʨʘʪʫ 

ʩʠʣʠ ʩʪʨʫʤʫ ʽʥʜʫʢʪʦʨʘ ʪʘ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʝʥʷ ʜʦʙʫʪʢʫ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ, ʤʘʛʥʽʪʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʦʙ'ʻʢʪʘ ʥʘʛʨʽʚʫ, ʯʘʩʪʦʪʠ ʩʪʨʫʤʫ [72, 73]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚ (ʦʜʥʘʢʦʚʽ ʨʦʟʤʽʨʠ ʜʝʪʘʣʝʡ ʪʘ 

ʽʥʜʫʢʪʦʨʘ, ʥʝʟʤʽʥʥʠʡ ʩʪʨʫʤ ʽʥʜʫʢʪʦʨʘ), ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʫ ʚʠʨʦʙʽ, 

ʧʨʦʧʦʨʮʽʡʥʘ ʢʦʨʝʥʶ ʢʚʘʜʨʘʪʥʦʤʫ ʽʟ ʯʘʩʪʦʪʠ ʩʪʨʫʤʫ. ʇʽʜʚʠʱʝʥʥʷ ʯʘʩʪʦʪʠ ʩʪʨʫʤʫ 

ʜʦʟʚʦʣʷʻ ʢʦʥʮʝʥʪʨʫʚʘʪʠ ʚ ʥʝʚʝʣʠʢʦʤʫ ʦʙ'ʻʤʽ ʜʝʪʘʣʽ ʟʥʘʯʥʫ ʧʦʪʫʞʥʽʩʪʴ (ʜʦ 3 - 5 

ʢɺʪ/ʩʤ2), ʽ ʪʠʤ ʩʘʤʠʤ ʚʠʢʦʥʫʚʘʪʠ ʽʥʜʫʢʮʽʡʥʠʡ ʥʘʛʨʽʚ ʟ ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ ð ʜʦ 

300 ð 500 Áʉ/ʩ [73, 74]. 

 ɿʦʢʨʝʤʘ, ʧʨʠ ʧʦʚʝʨʭʥʝʚʦʤʫ ʟʘʛʘʨʪʫʚʘʥʥʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʝʞʠʤʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʛʨʽʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʛʘʨʪʫʚʘʥʥʷ ʟʘ ʯʘʩ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʩʝʢʫʥʜ ʜʦ 

ʜʝʩʷʪʠʭ ʯʘʩʪʦʢ ʩʝʢʫʥʜʠ. 

ʐʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʫ ʩʪʘʣʝʚʦʛʦ ʚʠʨʦʙʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʜʫʢʮʽʡʥʦʛʦ 

ʤʝʪʦʜʫ ʥʝ ʻ ʧʦʩʪʽʡʥʦʶ ʫ ʚʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ. ɺʦʥʘ ʟʤʽʥʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʟʤʽʥʠ ʡʦʛʦ ʦʧʦʨʫ ʡ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʩʪʘʣʽ. ʇʠʪʦʤʠʡ ʦʧʽʨ ʩʪʘʣʽ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʟʨʦʩʪʘʻ ʽ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʛʘʨʪʫʚʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʠʤ ʫ 5 - 6 ʨʘʟʽʚ. ʄʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʜʘʻ. ɺʠʱʝ ʪʦʯʢʠ ʂʶʨʽ ʚʦʥʘ ʩʪʘʻ ʨʽʚʥʦʶ ʦʜʠʥʠʮʽ. ɺʠʭʽʜʥʘ 
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ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʩʪʘʣʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʽ ʚ 

ʫʤʦʚʘʭ ʽʥʜʫʢʮʽʡʥʦʛʦ ʥʘʛʨʽʚʫ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 5 ʜʦ 20. ʆʜʥʦʯʘʩʥʘ ʟʤʽʥʘ ʧʠʪʦʤʦʛʦ 

ʦʧʦʨʫ ʡ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ, ʫ ʤʽʨʫ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʚ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʜʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʧʝʨʝʭʦʜʽ ʯʝʨʝʟ 

ʪ. ʂʶʨʽ, ʷʢʱʦ ʥʘʧʨʫʞʝʥʽʩʪʴ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ [64, 74]. 

ɺʘʞʣʠʚʠʤ ʷʚʠʱʝʤ ʫ ʽʥʜʫʢʮʽʡʥʦʤʫ ʥʘʛʨʽʚʫ ʻ ʧʦʚʝʨʭʥʝʚʠʡ ʝʬʝʢʪ. ʉʧʨʘʚʘ ʚ 

ʪʦʤʫ, ʱʦ ʧʨʠ ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ ʱʽʣʴʥʽʩʪʴ ʩʪʨʫʤʫ ʚ ʧʝʨʝʪʠʥʽ ʧʨʦʚʽʜʥʠʢʘ ʥʝ 

ʦʜʥʘʢʦʚʘ. ʉʪʨʫʤ ʧʨʦʪʽʢʘʻ ʧʝʨʝʚʘʞʥʦ ʧʦ ʧʦʚʝʨʭʥʝʚʠʤ ʰʘʨʘʤ ʧʨʦʚʽʜʥʠʢʘ, ʽ ʧʨʠ 

ʜʦʩʠʪʴ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʚ ʡʦʛʦ ʩʝʨʮʝʚʠʥʽ ʤʽʟʝʨʥʦ ʤʘʣʘ. ɼʣʷ 

ʩʧʨʦʱʝʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʦʙʣʽʢʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʝʬʝʢʪʫ ʚʚʦʜʷʪʴ ʧʦʥʷʪʪʷ ʧʨʦ 

ʝʢʚʽʚʘʣʝʥʪʥʫ ʛʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥʥʷ ʩʪʨʫʤʫ. ɺʚʘʞʘʶʪʴ, ʱʦ ʩʪʨʫʤ ʧʨʦʪʽʢʘʻ ʧʦ 

ʧʦʚʝʨʭʥʽ ʧʨʦʚʽʜʥʠʢʘ ʪʽʣʴʢʠ ʚ ʰʘʨʽ, ʨʽʚʥʦʤʫ ʛʣʠʙʠʥʽ ʧʨʦʥʠʢʥʝʥʥʷ, ʽ ʤʘʻ ʥʘ ʮʽʡ 

ʛʣʠʙʠʥʽ ʨʽʚʥʦʤʽʨʥʫ ʱʽʣʴʥʽʩʪʴ, ʘ ʚ ʙʽʣʴʰ ʛʣʠʙʦʢʠʭ ʰʘʨʘʭ ʚʠʨʦʙʫ ʩʪʨʫʤ ʚʽʜʩʫʪʥʽʡ. 

ɺʝʣʠʯʠʥʫ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʛʣʠʙʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ ʩʪʨʫʤʫ ʚʠʟʥʘʯʘʶʪʴ ʽʟ ʫʤʦʚʠ, ʱʦ 

ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʩʪʨʫʤʫ ʦʜʥʘʢʦʚʦ ʷʢ ʫ ʚʠʧʘʜʢʫ ʜʽʡʩʥʦʛʦ, ʪʘʢ ʽ 

ʫʤʦʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʩʪʨʫʤʫ [72].  

ʆʪʞʝ, ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʩʪʨʫʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ, 

ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʦʙ'ʻʢʪʘ ʥʘʛʨʽʚʫ, ʯʘʩʪʦʪʠ ʩʪʨʫʤʫ. ʋ ʰʘʨʽ ʤʝʪʘʣʫ, 

ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ, ʨʽʚʥʦʤʫ ʛʣʠʙʠʥʽ ʧʨʦʥʠʢʥʝʥʥʷ ʩʪʨʫʤʫ, ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ 

87 % ʚʩʽʻʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʟʙʫʜʞʝʥʦʾ ʚ ʦʙ'ʻʢʪʽ ʥʘʛʨʽʚʫ, ʘ ʽʥʰʽ 13 % ʚʠʜʽʣʷʶʪʴʩʷ 

ʫ ʙʽʣʴʰ ʛʣʠʙʦʢʠʭ ʰʘʨʘʭ. ʋ ʟʚ'ʷʟʢʫ ʽʟ ʮʠʤ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʰʘʨ ʩʪʘʣʽ, ʨʽʚʥʠʡ 

ʛʣʠʙʠʥʽ ʧʨʦʥʠʢʥʝʥʥʷ, ʥʘʛʨʽʚʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʪʨʫʤʦʤ, ʱʦ ʮʠʨʢʫʣʶʻ ʫ 

ʥʴʦʤʫ, ʘ ʙʽʣʴʰ ʛʣʠʙʦʢʽ ʰʘʨʠ ʥʘʛʨʽʚʘʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ ʚʽʜ 

ʟʦʚʥʽʰʥʴʦʛʦ ʘʢʪʠʚʥʦʛʦ ʩʪʨʫʤʦʥʝʩʫʯʦʛʦ ʰʘʨʫ.  

ɿ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʽʥʜʫʢʮʽʡʥʠʡ ʥʘʛʨʽʚ ʜʦʩʠʪʴ ʧʦʚʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ: ʟʥʘʯʝʥʥʷʤ ʧʠʪʦʤʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʯʘʩʫ 

ʥʘʛʨʽʚʘʥʥʷ. ʇʠʪʦʤʦʶ ʧʦʪʫʞʥʽʩʪʶ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʧʝʨʝʭʦʜʠʪʴ ʚ 

ʪʝʧʣʦʪʫ ʚ ʦʜʥʦʤʫ ʢʚʘʜʨʘʪʥʦʤʫ ʩʘʥʪʠʤʝʪʨʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ. ɺʝʣʠʯʠʥʘ ʧʠʪʦʤʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʦʙʫʤʦʚʣʶʻ ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ ʜʝʪʘʣʽ. ʆʯʝʚʠʜʥʦ, ʱʦ ʯʠʤ ʙʽʣʴʰʝ 

ʧʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ, ʪʠʤ ʰʚʠʜʰʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʛʨʽʚ [73]. 
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ɯʥʜʫʢʮʽʡʥʠʡ ʥʘʛʨʽʚ ʧʽʜ ʟʘʛʘʨʪʫʚʘʥʥʷ (ʪʘ ʽʥʰʽ ʦʧʝʨʘʮʽʾ), ʟ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʪʦʯʢʠ ʟʦʨʫ, ʥʝʦʙʭʽʜʥʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʪʝʨʤʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʦʤʫ ʱʦ ʚʦʥʠ 

ʦʙʫʤʦʚʣʶʶʪʴ ʭʘʨʘʢʪʝʨ ʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʧʨʠ ʥʘʛʨʽʚʽ ʩʪʘʣʽ. ʊʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʻ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʫ ʚ ʦʙʣʘʩʪʽ 

ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʽ ʢʽʥʮʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʫ [74]. 

ʂʽʥʝʪʠʢʘ ʽʥʜʫʢʮʽʡʥʦʛʦ ʥʘʛʨʽʚʫ, ʪʦʙʪʦ ʟʤʽʥʘ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʯʘʩʽ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ: ʩʠʣʠ ʩʪʨʫʤʫ ʪʘ ʡʦʛʦ ʯʘʩʪʦʪ, ʤʘʛʥʽʪʥʠʭ, 

ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʫ, ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ. ʋ ʚʩʽʭ 

ʚʠʧʘʜʢʘʭ ʤʘʻ ʤʽʩʮʝ ʙʝʟʫʧʠʥʥʝ ʥʘʛʨʽʚʘʥʥʷ, ʱʦ ʧʽʜʚʠʱʫʻ ʪʝʤʧʝʨʘʪʫʨʫ, ʘ ʬʦʨʤʘ 

ʪʝʨʤʽʯʥʦʾ ʢʨʠʚʦʾ ʥʝ ʻ ʧʦʩʪʽʡʥʦʶ ʡ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʯʘʩʪʦʪʠ, ʧʠʪʦʤʦʾ ʧʦʪʫʞʥʦʩʪʽ, 

ʪʘʢ ʽ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʽ, ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ [74]. 

ʇʨʦʮʝʩ ʥʘʛʨʽʚʘʥʥʷ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʧʦʯʘʪʢʦʚʠʡ ʝʪʘʧ, ʟ ʚʽʜʥʦʩʥʦ 

ʚʝʣʠʢʦʶ ʡ ʤʘʡʞʝ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʥʘʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʘ ʝʪʘʧ 

ʫʧʦʚʽʣʴʥʝʥʦʛʦ ʥʘʛʨʽʚʫ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ ʚʪʨʘʪʠ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʪʘʣʽ. ʂʨʽʤ ʟʤʽʥʠ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘ ʧʨʦʮʝʩ ʥʘʛʨʽʚʫ ʩʪʘʣʽ ʚʧʣʠʚʘʶʪʴ 

ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʧʦʛʣʠʥʘʥʥʷʤ ʪʝʧʣʦʪʠ, ʽ ʪʝʧʣʦʚʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʨʽʟʢʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʚʝʨʭʥʽ 

ʚʠʨʦʙʫ. ɺ ʦʙʣʘʩʪʽ ʪʝʤʧʝʨʘʪʫʨ, ʙʣʠʟʴʢʠʭ ʜʦ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʢʨʠʪʠʯʥʦʾ 

ʪʦʯʢʠ ɸʩ1, ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʣʽʪʥʦ-ʘʫʩʪʝʥʽʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʤʘʻ ʨʽʟʥʠʮʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʫʛʣʝʮʶ ʚ ʤʝʞʘʭ ʘʫʩʪʝʥʽʪʥʦʛʦ ʧʨʦʰʘʨʢʫ ʤʽʞ 

ʜʽʣʷʥʢʘʤʠ ʮʝʤʝʥʪʠʪʫ ʪʘ ʬʝʨʠʪʫ. ʏʠʤ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʤ ʙʽʣʴʰʝ ʨʽʟʥʠʮʷ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʩʧ ð ʩʬ, ʽ ʪʠʤ ʰʚʠʜʰʝ ʟʘʚʝʨʰʫʻʪʴʩʷ ʧʨʦʮʝʩ. ɯʥʰʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ 

ʩʧʨʠʷʻ ʧʨʠʩʢʦʨʝʥʥʶ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʻ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ. ʆʜʥʘʢ ʚʧʣʠʚ ʮʴʦʛʦ ʬʘʢʪʦʨʫ ʚʠʷʚʣʷʻʪʴʩʷ ʽʩʪʦʪʥʠʤ 

ʪʽʣʴʢʠ ʧʨʠ ʟʥʘʯʥʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʝʨʝʪʚʦʨʝʥʥʷ ʧʝʨʣʽʪʫ ʚ ʘʫʩʪʝʥʽʪ 

ʧʦ ʩʚʦʾʡ ʧʨʠʨʦʜʽ - ʮʝ ʰʚʠʜʢʽʩʥʠʡ ʧʨʦʮʝʩ. ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʢʨʫʧʥʦʧʣʘʩʪʠʥʯʘʪʦʛʦ ʪʘ ʟʝʨʥʠʩʪʦʛʦ ʧʝʨʣʽʪʫ ʚ ʘʫʩʪʝʥʽʪʽ ʧʨʠ ʨʽʚʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʥʘʯʥʦ ʤʝʥʰʝ, ʥʽʞ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʨʽʙʥʠʭ ʩʪʨʫʢʪʫʨ. 

ʆʜʥʘʢ ʮʝ ʨʦʟʭʦʜʞʝʥʥʷ ʤʘʡʞʝ ʥʝ ʧʦʤʽʪʥʦ ʧʨʠ ʧʦʚʽʣʴʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ [74].  
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ʆʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʽʩʪʦʪʥʝ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʡ 

ʧʣʘʩʪʠʯʥʦʩʪʽ ʩʪʘʣʽ, ʟʘʛʘʨʪʦʚʘʥʦʾ ʧʽʩʣʷ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʫ, ʻ ʟʜʨʽʙʥʶʚʘʥʥʷ ʟʝʨʥʘ 

ʘʫʩʪʝʥʽʪʫ ʡ ʚʽʜʧʦʚʽʜʥʝ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʚ ʤʘʨʪʝʥʩʠʪʫ. ʏʠʤ ʜʨʽʙʥʽʰʝ 

ʟʝʨʥʦ, ʪʠʤ ʚʠʱʝ ʦʧʽʨ ʩʪʘʣʽ ʢʨʠʭʢʦʤʫ ʨʫʡʥʫʚʘʥʥʶ [74 ï 76].  

ɺʠʩʦʢʦʯʘʩʪʦʪʥʝ ʟʘʛʘʨʪʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʚʠʨʦʙʽʚ ʽʟ ʪʚʝʨʜʠʤ ʟʥʦʩʦʩʪʽʡʢʠʤ ʧʦʚʝʨʭʥʝʚʠʤ ʰʘʨʦʤ ʽ ʧʦʨʽʚʥʷʥʦ 

ʤ'ʷʢʦʶ ʡ ʚËʷʟʢʦʶ ʩʝʨʮʝʚʠʥʦʶ. ʇʝʨʰʦʶ ʡ ʦʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʪʘʢʦʛʦ 

ʟʘʛʘʨʪʫʚʘʥʥʷ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʩʢʨʽʟʥʠʤ ʟʘʛʘʨʪʫʚʘʥʥʷʤ, ʻ ʟʤʝʥʰʝʥʥʷ ʢʨʠʭʢʦʩʪʽ 

ʜʝʪʘʣʝʡ. ɼʨʫʛʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʟʤʝʥʰʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ ʽ 

ʦʭʦʣʦʜʞʝʥʥʷ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʭʦʣʦʜʥʦʾ ʩʝʨʮʝʚʠʥʠ. ʊʨʝʪʻ - ʧʨʘʢʪʠʯʥʦ 

ʧʦʚʥʝ ʫʩʫʥʝʥʥʷ ʦʢʠʩʣʝʥʥʷ ʡ ʚʠʭʦʜʫ ʚʫʛʣʝʮʶ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʱʦ ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ ʜʝʬʦʨʤʘʮʽʾ ʜʦʟʚʦʣʷʻ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʨʦʙʠʪʠ ʟʘʛʘʨʪʫʚʘʥʥʷ 

ʦʩʪʘʪʦʯʥʦ ʛʦʪʦʚʠʭ ʜʝʪʘʣʝʡ ʙʝʟ ʰʣʽʬʫʚʘʥʥʷ. ʇʨʠ ʟʘʛʘʨʪʫʚʘʥʥʽ ʉɺʏ ʚʠʨʦʙʽʚ, ʱʦ 

ʤʘʶʪʴ ʧʨʦʩʪʫ ʢʦʥʬʽʛʫʨʘʮʽʶ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʦʜʥʦʯʘʩʥʝ ʥʘʛʨʽʚʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ 

ʽʥʜʫʢʪʦʨʦʤ ʦʭʦʧʣʶʻʪʴʩʷ ʚʩʷ ʜʽʣʷʥʢʘ ʚʠʨʦʙʫ, ʱʦ ʧʽʜʣʷʛʘʻ ʥʘʛʨʽʚʘʥʥʶ, ʽ 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʜʥʦʯʘʩʥʦ ʦʜʥʘʢʦʚʘ ʧʦ ʚʩʽʡ ʜʽʣʷʥʮʽ. ɿʘʟʦʨ ʤʽʞ ʽʥʜʫʢʪʦʨʦʤ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʤ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʽʨʢʫʚʘʥʥʷʭ, ʱʦʙ ʽʥʜʫʢʪʦʨ ʥʝ 

ʪʦʨʢʘʚʩʷ ʜʝʪʘʣʽ, ʱʦ ʛʘʨʪʫʻʪʴʩʷ. ʇʨʘʢʪʠʯʥʠʡ ʟʘʟʦʨ ʚʠʙʠʨʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 2 - 5 ʤʤ. 

ʗʢʱʦ ʜʝʪʘʣʴ ʤʘʻ ʩʢʣʘʜʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ, ʪʦ ʦʜʝʨʞʘʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ 

ʚʠʢʣʠʢʘʻ ʩʢʣʘʜʥʦʱʽ [77]. 

ʇʨʠ ʧʦʚʝʨʭʥʝʚʦʤʫ ʟʘʛʘʨʪʫʚʘʥʥʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʰʚʠʜʢʠʡ ʥʘʛʨʽʚ, 

ʘʫʩʪʝʥʽʪʥʝ ʟʝʨʥʦ ʟʘʚʞʜʠ ʜʨʽʙʥʽʰʝ ʪʦʛʦ, ʢʦʪʨʝ ʟʚʠʯʘʡʥʦ ʚʠʭʦʜʠʪʴ ʧʨʠ ʧʦʚʽʣʴʥʦʤʫ 

ʥʘʛʨʽʚʘʥʥʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʘʫʩʪʝʥʽʟʘʮʽʾ. ʊʘʢʘ ʟʤʽʥʘ ʩʪʨʫʢʪʫʨʠ ʘʫʩʪʝʥʽʪʫ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʢʦʛʝʨʝʥʪʥʠʭ ʦʙʣʘʩʪʝʡ ʽ ʟʙʽʣʴʰʝʥʥʶ ʟʥʘʯʝʥʴ 

ʤʽʢʨʦʥʘʧʨʫʛ ʽ ʜʝʬʦʨʤʘʮʽʡ ʫ ʟʘʛʘʨʪʦʚʘʥʽʡ ʩʪʘʣʽ. ɺ ʫʤʦʚʘʭ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʟʘʛʘʨʪʫʚʘʥʥʷ ʮʝ ʤʦʞʝ ʩʪʘʪʠ ʧʨʠʯʠʥʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʟʘʛʘʨʪʦʚʘʥʦʛʦ 

ʰʘʨʫ. ʇʨʠ ʟʥʠʞʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ ʘʙʦ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ ʜʣʷ ʨʦʩʪʫ ʘʫʩʪʝʥʽʪʥʦʛʦ ʟʝʨʥʘ, ʱʦ ʟʤʝʥʰʫʻ ʷʢʽʩʥʫ ʧʝʨʝʚʘʛʫ 

ʤʘʨʪʝʥʩʠʪʫ, ʦʪʨʠʤʘʥʦʛʦ ʧʽʩʣʷ ʟʘʛʘʨʪʫʚʘʥʥʷ ʟʽ ʰʚʠʜʢʠʤ ʥʘʛʨʽʚʘʥʥʷʤ. ʋ 

ʜʦʝʚʪʝʢʪʦʾʜʥʽʡ ʩʪʘʣʽ, ʘʫʩʪʝʥʽʟʘʮʽʷ ʷʢʦʾ ʧʨʦʭʦʜʠʪʴ ʫ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ 
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ʪʝʤʧʝʨʘʪʫʨ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʬʝʨʠʪʫ ʥʝʤʠʥʫʯʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʨʦʩʪʦʤ ʟʝʨʥʘ ʘʫʩʪʝʥʽʪʫ ʽ ʚʧʣʠʚ ʰʚʠʜʢʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʡ ʪʚʝʨʜʽʩʪʴ 

ʧʦʤʽʪʥʦ ʤʝʥʰʝ. ʇʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʘʨʪʝʥʩʠʪʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʫʜʘʨʥʦʾ ʚ'ʷʟʢʦʩʪʽ. ʆʩʦʙʣʠʚʦ ʧʦʤʽʪʥʦ ʮʝʡ ʚʧʣʠʚ ʧʽʩʣʷ ʚʽʜʧʫʩʢʫ ʟʘʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ. 

ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʟʝʨʥʘ ʘʫʩʪʝʥʽʪʫ ʧʦʣʽʧʰʫʻʪʴʩʷ ʩʧʦʣʫʯʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʚʝʨʜʦʩʪʽ ʪʘ ʧʣʘʩʪʠʯʥʦʩʪʽ [78]. 

 ʅʝʦʙʭʽʜʥʽʩʪʴ ʰʚʠʜʢʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʧʦ-ʧʝʨʰʝ, ʜʝʷʢʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʡ ʪʝʧʣʦʚʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʧʦ-ʜʨʫʛʝ, ʦʩʦʙʣʠʚʽʩʪʶ ʙʫʜʦʚʠ 

ʘʫʩʪʝʥʽʪʫ, ʦʪʨʠʤʘʥʦʛʦ ʧʽʩʣʷ ʰʚʠʜʢʦʛʦ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʥʘʛʨʽʚʫ. ʐʚʠʜʢʝ 

ʦʭʦʣʦʜʞʝʥʥʷ ʟʘʧʦʙʽʛʘʻ ʚʠʨʽʚʥʶʚʘʥʥʷ ʪʝʧʣʘ ʧʦ ʧʝʨʝʪʠʥʫ ʜʝʪʘʣʽ, ʜʦʟʚʦʣʷʻ 

ʟʙʝʨʽʛʘʪʠ ʧʦʚʝʨʭʥʝʚʠʡ ʭʘʨʘʢʪʝʨ ʥʘʛʨʽʚʫ. ʇʨʠ ʥʝʜʦʩʪʘʪʥʽʡ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜ-

ʞʝʥʥʷ ʩʪʨʫʢʪʫʨʘ ʧʽʩʣʷ ʟʘʛʘʨʪʫʚʘʥʥʷ ʤʦʞʝ ʤʽʩʪʠʪʠ ʤʘʨʪʝʥʩʠʪ ʽ ʪʨʦʦʩʪʠʪ, ʧʨʠʯʦʤʫ 

ʪʨʦʦʩʪʠʪ ʙʫʜʝ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʩʽʪʢʦʶ ʥʘʚʢʦʣʦ ʤʘʨʪʝʥʩʠʪʥʠʭ ʦʙôʻʤʽʚ [78]. 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʽ ʫʤʦʚʠ ʥʘʛʨʽʚʘʥʥʷ, ʽ ʫʤʦʚʠ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜʽʛʨʘʶʪʴ ʽʩʪʦʪʥʫ 

ʨʦʣʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʩʪʨʫʢʪʫʨʠ ʡ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ ʧʽʩʣʷ 

ʽʥʜʫʢʮʽʡʥʦʛʦ ʥʘʛʨʽʚʫ. ʐʚʠʜʢʝ ʥʘʛʨʽʚʘʥʥʷ ʽ ʰʚʠʜʢʝ ʦʭʦʣʦʜʞʝʥʥʷ ʧʽʜʚʠʱʫʶʪʴ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʽ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʽ ʧʨʠ ʍʊʆ ʟ ʥʘʛʨʽʚʦʤ ʉɺʏ. 

ɺʚʝʜʝʥʥʷ ʫ ʩʪʘʣʴ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚʥʦʩʠʪʴ ʽʩʪʦʪʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚ 

ʢʽʥʝʪʠʢʫ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ. ʃʝʛʫʶʯʽ ʝʣʝʤʝʥʪʠ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʪʘʣʽ ʡ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʰʚʠʜʢʽʩʥʦʤʫ ʥʘʛʨʽʚʽ: ʟʤʽʥʶʶʪʴ 

ʚʠʭʽʜʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʩʪʘʥ ʩʪʘʣʽ; ʟʤʽʥʶʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʯʘʪʢʫ ʬʘʟʦʚʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ; ʟʙʽʣʴʰʫʶʪʴ ʘʙʦ ʟʤʝʥʰʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ; ʟʤʽʥʶʶʪʴ 

ʰʚʠʜʢʽʩʪʴ ʜʠʬʫʟʽʾ ʚʫʛʣʝʮʶ ʚ ʟʘʣʽʟʽ. ʎʝʡ ʚʧʣʠʚ ʧʦ-ʨʽʟʥʦʤʫ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʩʪʘʣʷʭ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʽʟʥʠʭ ʢʣʘʩʽʚ. ʂʘʨʙʽʜʦʫʪʚʦʨʶʶʯʽ ʣʝʛʫʶʯʽ ʝʣʝʤʝʥʪʠ: 

ʭʨʦʤ, ʚʦʣʴʬʨʘʤ, ʚʘʥʘʜʽʡ - ʽʩʪʦʪʥʦ ʩʧʦʚʽʣʴʥʶʶʪʴ ʧʨʦʮʝʩʠ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. 

ʎʝ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʦ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʟ ʚʝʣʠʢʦʶ ʩʪʽʡʢʽʩʪʶ ʢʘʨʙʽʜʽʚ, ʘ 

ʪʘʢʦʞ ʟ ʜʝʷʢʠʤ ʟʤʝʥʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʜʠʬʫʟʽʾ ʚʫʛʣʝʮʶ ʚ ʟʘʣʽʟʽ [74]. 

ʇʨʠ ʰʚʠʜʢʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʩʪʘʣʽ, ʣʝʛʦʚʘʥʦʾ ʢʘʨʙʽʜʦʫʪʚʦʨʶʶʯʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʝʨʣʽʪʫ ʚ ʘʫʩʪʝʥʽʪ ʧʨʦʪʽʢʘʻ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ. 

ʊʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʷʢʽʡ ʧʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʣʝʛʦʚʘʥʦʛʦ ʧʝʨʣʽʪʫ ʚ ʘʫʩʪʝʥʽʪ 
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ʧʨʦʪʽʢʘʻ ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ, ʟʤʽʱʘʻʪʴʩʷ ʚ ʦʙʣʘʩʪʴ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʽ ʟʘʟʚʠʯʘʡ ʟʙʽʛʘʻʪʴʩʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʤʘʛʥʽʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʘʣʽ. ʋ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ ʧʨʠ ʩʠʣʴʥʦʤʫ ʣʝʛʫʚʘʥʥʽ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʯʠʥʘʶʪʴʩʷ ʚʠʱʝ ʪʦʯʢʠ 

ʂʶʨʽ (ʥʘʧʨʠʢʣʘʜ ʫ ʩʪʘʣʽ ʍ12) [75]. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʪʘʣʽ, ʣʝʛʦʚʘʥʦʾ ʢʘʨʙʽʜʦʫʪʚʦʨʶʶʯʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ, ʡʜʫʪʴ ʟʥʘʯʥʦ ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʚ ʚʫʛʣʝʮʝʚʽʡ ʩʪʘʣʽ, ʟʨʦʩʪʘʻ ʨʦʣʴ 

ʚʠʭʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ɺʧʣʠʚ ʭʨʦʤʫ ʥʘ ʢʽʥʝʪʠʢʫ ʨʦʟʯʠʥʫ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʥʘʯʥʠʡ 

ʚʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ ʪʘ ʧʦʚʥʦʪʫ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʨʠ ʟʘʛʘʨʪʫʚʘʥʥʽ 

ʭʨʦʤʠʩʪʦʾ ʩʪʘʣʽ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʱʝ 1200 ʦʉ ʧʦʯʠʥʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʝ 

ʨʦʟʯʠʥʝʥʥʷ ʢʘʨʙʽʜʽʚ. ɿʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ ʧʨʠ ʛʘʨʪʫʚʘʥʥʽ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ 1260-1270 ʦʉ, ʚʠʢʣʠʢʘʥʦ ʧʦʯʘʪʢʦʤ ʧʣʘʚʣʝʥʥʷ 

ʩʪʘʣʽ ʪʘ ʧʦʷʚʦʶ ʫ ʩʪʨʫʢʪʫʨʽ ʩʪʘʣʽ, ʟʘʛʘʨʪʦʚʘʥʦʾ ʚʽʜ ʮʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʜʽʣʷʥʦʢ 

ʣʝʜʝʙʫʨʠʪʥʦʾ ʝʚʪʝʢʪʠʢʠ [76]. 

ʆʜʥʠʤ ʟʽ ʩʧʦʩʦʙʽʚ ʧʨʠʰʚʠʜʰʝʥʥʷ ʍʊʆ ʤʝʪʘʣʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʨʫʤʽʚ 

ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ. ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ 

ʥʘʛʨʽʚʫ ʚʠʨʦʙʫ, ʪʘʢ ʽ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʘʢʪʠʚʽʟʘʮʽʾ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [79].  

ʂʨʽʤ ʮʴʦʛʦ, ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ ʪʘʢʽ ʩʧʦʩʦʙʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʙʦʨʫʚʘʥʥʷ, ʢʦʪʨʽ 

ʟʘʟʥʘʯʝʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ: ʚʧʣʠʚ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʦʙʨʦʙʢʘ ʫʣʴʪʨʘʟʚʫʢʦʤ, ʦʙʨʦʙʢʘ ʫ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʧʨʦʧʫʩʢʘʥʥʷ ʩʪʨʫʤʽʚ ʯʝʨʝʟ ʦʙʤʘʟʢʫ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʝʥʜʦʪʝʨʤʽʯʥʦʾ ʨʝʘʢʮʽʾ. ʉʧʨʦʙʘ ʧʦʻʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ 

ʤʝʪʦʜʽʚ (ʥʘʧʨʠʢʣʘʜ ʦʙʨʦʙʢʘ ʉɺʏ ʪʘ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ) ʟʘ ʜʘʥʠʤʠ 

[80, 81, 82, 83, 84, 85] ʻ ʥʝʜʦʮʽʣʴʥʠʤʠ. 

 ʋ ʪʘʙʣ. 1.5 ʧʨʠʚʝʜʝʥʽ ʜʘʥʥʽ ʧʦ ʙʦʨʫʚʘʥʥʶ ʟ ʥʘʛʨʽʚʦʤ ʉɺʏ ʟʘ ʜʘʥʠʤʠ [86-

88]. ɿ ʪʘʙʣ. 1.5 ʚʠʜʥʦ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦ ʽʥʜʫʢʮʽʡʥʠʡ 

ʥʘʛʨʽʚ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʝ ʜʞʝʨʝʣʦ ʧʽʯʥʦʤʫ ʥʘʛʨʽʚʫ ʟ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʶ 

ʪʨʠʚʘʣʽʩʪʶ ʥʘʛʨʽʚʫ. ʊʘʢ ʚʠʧʨʦʙʫʚʘʥʦ ʧʨʦʮʝʩ ʛʘʟʦʚʦʛʦ ʙʦʨʫʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʚʦʜʥʶ ʡ ʜʠʙʦʨʘʥʫ ʟ ʽʥʜʫʢʮʽʡʥʠʤ ʥʘʛʨʽʚʦʤ [79]. ɿʨʘʟʢʠ ʜʽʘʤʝʪʨʦʤ 20 ʤʤ 

ʧʽʜʚʽʰʫʚʘʣʠ ʫʩʝʨʝʜʠʥʽ ʩʢʣʷʥʦʾ ʧʦʩʫʜʠʥʠ ʟ ʧʦʜʚʽʡʥʠʤʠ ʩʪʽʥʢʘʤʠ (ʨʦʙʦʯʠʡ ʦʙʩʷʛ 

1000 ʩʤ3), ʦʭʦʣʦʜʞʫʚʘʥʦʛʦ ʚʦʜʦʶ. ʅʘʛʨʽʚ ʉɺʏ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 
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ʛʝʥʝʨʘʪʦʨʘ ʃɻ-60 (6 ʢɺʪ, 150-200 ʢɻʮ), ʝʣʝʢʪʨʠʯʥʠʡ ʨʝʞʠʤ ʷʢʦʛʦ ʚʠʨʽʚʥʶʚʘʚʩʷ 

ʨʝʛʫʣʶʚʘʥʥʷʤ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ. ʉʫʤʽʰ ɺ2ʅ6 + ʅ2 ʧʦʜʘʚʘʣʠ ʚ ʧʦʩʫʜʠʥʫ ʟʥʠʟʫ. 

ɺʽʜʧʨʘʮʴʦʚʘʥʠʡ ʛʘʟ ʽʰʦʚ ʯʝʨʝʟ ʧʘʩʪʢʠ ʟ ʚʦʜʦʶ. ʈʝʟʫʣʴʪʘʪʠ ʛʘʟʦʚʦʛʦ ʙʦʨʫʚʘʥʥʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 950 ÁC, ʧʨʠ ʥʘʛʨʽʚʽ ʉɺʏ, ʧʨʦʪʷʛʦʤ 2 ʛʦʜʠʥ ʬʦʨʤʫʻʪʴʩʷ ʰʘʨ 

ʪʦʚʱʠʥʦʶ 150 ʤʢʤ. ɹʦʨʦʚʘʥʽ ʰʘʨʠ ʥʘ ʩʪʘʣʽ 45, ʦʪʨʠʤʘʥʽ ʚ ʛʘʟʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʧʨʠ ʥʘʛʨʽʚʽ ʉɺʏ, ʤʘʶʪʴ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ 1700-2000 ʢʛʩ/ʤʤ2. 

 

 ʊʘʙʣʠʮʷ 1.5 ï ɹʦʨʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʉɺʏ ʥʘʛʨʽʚʫ 

ʉʪʘʣʴ t, ʦʉ Ű 
Vʥ, 

ʦʉ/ʩ 
h ʰʘʨʫ 

HV, 

ʢʛʩ/ʤʤ2 

ʄʽʢʨʦʪʚʝʨ-

ʜʽʩʪʴ, ʢʛʩ/ʤʤ2 
ʉʧʦʩʽʙ ɿʘʫʚʘʞʝʥʥʷ 

45 

850  
2-6 

ʛʦʜ 
- 

110-

200 

ʤʢʤ 

1700-

2000 
- 

ɻʘʟʦʚʝ, 

ʫ ʩʨʝʜʦʚʠʱʽ 

ɺ2ʅ6+ʅ2 

- 

1200 
2-3 

ʭʚ 
- 

100-

125 

ʤʢʤ 

1000-

1100 
1150-1200 

ʇʘʩʪʘ: 50% 

ɺ4ʉ+50% Na3AlF6   
- 

ʋ8 

1100 30 ʩ - 40 ʤʢʤ 
900-

1000 
1050-1150 

ʇʘʩʪʘ:  

50% ɺ4ʉ+ 

 50% Na3AlF6  

- 

1200 
30 - 

120 ʩ 
50 

160-

360 

900-

1000 
1050-1150 

ʇʘʩʪʘ:  

50% ɺ4ʉ + 

50% Na3AlF6  

- 

1300 30 ʩ - 250 
900-

1000 
1050-1150 

ʇʘʩʪʘ: 50% 

ɺ4ʉ+50% Na3AlF6 

ʄʦʞʣʠʚʝ 

ʧʣʘʚʣʝʥʥʷ 

ʋ10 1200 
2-3 

ʭʚ 
- 

100-

125 

1000-

1100 
1150-1200 

ʇʘʩʪʘ: 50% 

ɺ4ʉ+50% Na3AlF6  
- 

 

 ɹʽʣʴʰ ʧʨʦʩʪʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʦʨʫʚʘʥʥʷ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʧʘʩʪʘʭ. ɹʦʨʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʚ ʧʘʩʪʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 50 % ʧʦʨʦʰʢʫ ʢʘʨʙʽʜʫ ʙʦʨʫ (ʨʦʟʤʽʨ ʯʘʩʪʦʢ 

240-270 ʤʝʰ.) ʽ 50% ʢʨʽʦʣʽʪʫ Na3AlF6. ɿʚôʷʟʫʶʯʠʤ ʤʘʪʝʨʽʘʣʦʤ ʩʣʫʞʠʚ 

ʛʽʜʨʦʣʽʟʦʚʘʥʠʡ ʝʪʠʣʩʠʣʽʢʘʪ. ʇʽʩʣʷ ʧʨʦʩʫʰʫʚʘʥʥʷ ʧʘʩʪʠ (ʧʨʦʪʷʛʦʤ 1 ʛʦʜ ʧʨʠ 

200 ÁC) ʥʘ ʟʨʘʟʢʘʭ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ ʧʨʠ 1200 ÁC ʟʘ 2 - 3 ʭʚ. ʫʪʚʦʨʶʚʘʣʠʩʷ 

ʙʦʨʦʚʘʥʽ h ʘʨʠ ʛʣʠʙʠʥʦʶ 100-125 ʤʢʤ. ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʪʘʢʦʾ ʞ ʛʣʠʙʠʥʠ ʰʘʨʽʚ ʧʨʠ 
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ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʘʭ ʙʦʨʫʚʘʥʥʷ ʧʦʪʨʽʙʥʦ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʯʘʩʫ. ʊʘʢ, ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʰʘʨʽʚ ʪʽʻʾ ʞ ʛʣʠʙʠʥʠ ʧʨʠ ʙʦʨʫʚʘʥʥʽ ʟ ʨʦʟʧʣʘʚʫ, ʱʦ ʤʽʩʪʠʪʴ 40% ɺ4ʉ 

ʪʘ 60% Nʘ2ɺ4ʆ7 ʧʨʠ 1100 ÁC, ʧʦʪʨʽʙʥʦ ʚ 30-40 ʨʘʟʽʚ, ʘ ʧʨʠ ʥʘʩʠʯʝʥʥʽ ʟ 

ʧʦʨʦʰʢʦʚʠʭ ʩʝʨʝʜʦʚʠʱ ʚ 50-60 ʨʘʟʽʚ ʙʽʣʴʰʠʡ ʯʘʩ [89].  

 ɿʘ ʜʘʥʠʤʠ [87] ʜʣʷ ʙʦʨʫʚʘʥʥʷ ʩʪʘʣʽ 45 ʟ ʥʘʛʨʽʚʦʤ ʉɺʏ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʩʢʣʘʜ ʩʫʤʽʰʽ: ʜʦ 30% ʘʤʦʨʬʥʦʛʦ ʙʦʨʫ, ʜʦ 20% ɺ4ʉ, ʜʦ 3% KBF4, ʜʦ 3% ʢʨʽʦʣʽʪʫ. 

ʇʨʦʮʝʩ ʪʨʠʚʘʚ 2 ʭʚʠʣʠʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 950 - 1000 ʦʉ. ʈʝʟʫʣʴʪʘʪʦʤ ʙʦʨʫʚʘʥʥʷ, 

ʙʫʣʠ ʜʠʬʫʟʽʡʥʽ ʰʘʨʠ ʛʣʠʙʠʥʦʶ ʥʝ ʙʽʣʴʰʝ 165 ʤʢʤ ʜʣʷ ʩʪʘʣʽ 20 ʪʘ 60 ʤʢʤ ʜʣʷ 

ʩʪʘʣʽ ʋ8. ɿʥʦʩʦʩʪʽʡʢʽʩʪʴ ʟʙʽʣʴʰʠʣʘʩʴ ʫ 5 ʨʘʟʽʚ. 

 ʋ ʧʫʙʣʽʢʘʮʽʾ [86] ʘʚʪʦʨʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʙʦʨʫʚʘʥʥʷ ʧʘʪʨʫʙʢʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʛʨʽʚʫ ʉɺʏ. ɹʦʨʫʚʘʥʥʶ ʧʽʜʜʘʚʘʣʘʩʴ ʩʪʘʣʴ 38ʍʅʄ ʟ ʦʙʤʘʟʢʦʶ 

ɺ4ʉ ʥʘ ʧʦʣʽʚʠʥʠʣʦʚʦʤʫ ʩʧʠʨʪʽ (ʪʦʚʱʠʥʘ ʦʙʤʘʟʢʠ 0,2-0,3 ʤʤ). ʇʨʦʮʝʩ ʧʨʦʪʽʢʘʚ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1170 - 1180 ʦʉ (ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʥʪʨʦʣʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʦʪʦʦʧʪʠʯʥʦʛʦ ʧʽʨʦʤʝʪʨʫ). ʊʘʢ, ʟʘ 10 - 20 ʩ ʪʦʚʱʠʥʘ ʙʦʨʠʜʥʦʛʦ ʰʘʨʫ, ʟʘ ʜʘʥʠʤʠ 

ʘʚʪʦʨʽʚ, ʜʦʩʷʛʘʣʘ 10-50 ʤʢʤ, ʘ ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ 30 ʩ ï ʪʦʚʱʠʥʘ ʜʦʩʷʛʘʣʘ 

200 ï 220 ʤʢʤ. ʊʚʝʨʜʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʰʘʨʽʚ ʙʫʣʘ ʜʝʱʦ ʥʠʞʯʝ ʟʚʠʯʘʡʥʦʾ ʽ 

ʩʪʘʥʦʚʠʣʘ HV 920-980. ɿʥʦʩʦʩʪʽʡʢʽʩʪʴ ʟʨʘʟʢʽʚ ʚʥʘʩʣʽʜʦʢ ʙʦʨʫʚʘʥʥʷ ʟʨʦʩʣʘ ʫ 8 

ʨʘʟʽʚ. ɿʘ ʜʫʤʢʦʶ ʘʚʪʦʨʽʚ, ʧʨʦʮʝʩ ʙʦʨʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʟ ɺ4ʉ ʟʘ 

ʫʯʘʩʪʶ ʢʠʩʥʶ ʧʦʚʽʪʨʷ ʚʽʣʴʥʠʭ ʘʪʦʤʽʚ ʙʦʨʫ, ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʟʘʣʽʟʦʤ ʩʪʘʣʽ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 1175 ʦʉ ʪʘ ʫʪʚʦʨʶʶʪʴ ʙʦʨʠʜʥʽ ʰʘʨʠ.  

 ʊʘʢʠʤ ʯʠʥʦʤ ʚʢʘʟʘʥʽ ʚʠʱʝ ʪʝʭʥʦʣʦʛʽʾ ʙʦʨʫʚʘʥʥʷ ʟ ʥʘʛʨʽʚʦʤ ʉɺʏ ʙʽʣʴʰʝ 

ʥʘʛʘʜʫʶʪʴ ʢʦʨʦʪʢʦʪʨʠʚʘʣʝ ʧʽʯʥʝ ʙʦʨʫʚʘʥʥʷ, ʥʽʞ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʫ ʪʝʭʥʦʣʦʛʽʶ.  

ɺ ʣʽʪʝʨʘʪʫʨʽ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʘ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʱʦʜʦ 

ʩʪʨʫʢʪʫʨʠ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʉɺʏ. ʇʨʠʚʦʜʷʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʨʬʦʣʦʛʽʾ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʝʚʪʝʢʪʠʯʥʦʛʦ ʪʠʧʫ, ʘ ʪʘʢʦʞ 

ʩʪʨʫʢʪʫʨʠ ʥʘ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ ʙʦʨʦʚʘʥʠʡ ʰʘʨ ï ʧʝʨʝʭʽʜʥʘ ʟʦʥʘ [90]. 

ɹʦʨʦʚʘʥʽ ʰʘʨʠ ʝʚʪʝʢʪʠʯʥʦʾ ʙʫʜʦʚʠ ʟʘʟʚʠʯʘʡ ʦʜʝʨʞʫʶʪʴ ʧʨʠ ʥʘʩʠʯʝʥʥʽ ʟ 

ʧʘʩʪ ʚ ʫʤʦʚʘʭ ʰʚʠʜʢʽʩʥʦʛʦ ʝʣʝʢʪʨʦʥʘʛʨʽʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʧʦʪʨʽʡʥʦʾ (Fe-B-C) ʘʙʦ ʧʦʜʚʽʡʥʦʾ (Fe-B) ʝʚʪʝʢʪʠʢʠ [91]. 

ɰʭ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʪʘʢʦʞ ʰʣʷʭʦʤ ʦʧʣʘʚʣʝʥʥʷ ʦʜʥʦ- ʪʘ ʜʚʦʬʘʟʥʠʭ ʙʦʨʠʜʥʠʭ 
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ʰʘʨʽʚ ʣʘʟʝʨʥʠʤ ʧʨʦʤʝʥʝʤ ʘʙʦ ʧʨʠ ʥʘʛʨʽʚʽ ʩʪʨʫʤʘʤʠ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ (ʉɺʏ) ʫ 

ʚʘʢʫʫʤʽ ʘʙʦ ʟʘʭʠʩʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʙʦʨʫʚʘʥʥʷʤ ʫ ʧʦʨʦʰʢʦʚʠʭ ʩʫʤʽʰʘʭ [92, 93, 

94].  

ʇʨʠ ʙʦʨʫʚʘʥʥʽ ʩʪʘʣʝʡ ʫʪʚʦʨʝʥʥʷ ʝʚʪʝʢʪʠʢʠ ʧʦʯʠʥʘʻʪʴʩʷ ʥʘ ʛʨʘʥʠʮʽ 

çʙʦʨʠʜʥʠʡ ʰʘʨ - ʧʝʨʝʭʽʜʥʘ ʟʦʥʘè, ʧʦʪʽʤ ʚʦʥʘ ʰʚʠʜʢʦ ʧʦʰʠʨʶʻʪʴʩʷ ʷʢ ʫ ʩʪʦʨʦʥʫ 

ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ, ʪʘʢ ʽ ʜʦ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 1.4 ʽ 1.5).  

 

                            

 

 

 

 

ʉʪʨʫʢʪʫʨʘ ʰʘʨʫ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʦʩʦʙʦʤ ʙʦʨʫʚʘʥʥʷ, 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʨʦʮʝʩʫ, ʯʘʩʦʤ ʚʠʪʨʠʤʢʠ, ʰʚʠʜʢʽʩʪʶ ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʤʦʞʝ ʙʫʪʠ ʷʢ 

ʯʠʩʪʦ ʝʚʪʝʢʪʠʯʥʦʶ, ʪʘʢ ʽ ʜʦ- ʘʙʦ ʟʘʝʚʪʝʢʪʠʯʥʦʶ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʜʠʩʧʝʨʩʥʦʩʪʽ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʝʚʥʽ ʥʝʷʩʥʦʩʪʽ ʚ ʤʝʭʘʥʽʟʤʽ ʬʦʨʤʫʚʘʥʥʷ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ 

ʝʚʪʝʢʪʠʯʥʦʛʦ ʪʠʧʫ ʡ ʥʝʜʦʨʦʙʢʠ ʚ ʪʝʭʥʦʣʦʛʽʾ ʾʭʥʴʦʛʦ ʦʜʝʨʞʘʥʥʷ, ʜʦʩʣʽʜʥʠʢʠ 

ʚʽʜʟʥʘʯʘʶʪʴ ʾʭ ʚʠʩʦʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɼʘʥʽ ʰʘʨʠ ʤʘʶʪʴ ʤʝʥʰʫ 

ʢʨʠʭʢʽʩʪʴ ʽ ʩʭʠʣʴʥʽʩʪʶ ʜʦ ʩʢʦʣʶʚʘʥʥʷ [92, 94]. 

ɺʽʜʦʤʦ, ʱʦ ʩʣʫʞʙʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʦʨʦʚʘʥʠʭ ʚʠʨʦʙʽʚ ʟʘʣʝʞʘʪʴ, ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ, ʚʽʜ ʪʦʚʱʠʥʠ, ʩʪʨʫʢʪʫʨʠ ʡ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʦʨʠʜʥʦʾ ʟʦʥʠ. ʇʨʦʪʝ ʽʩʪʦʪʥʠʡ 

ʈʠʩʫʥʦʢ 1.4 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ 

ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʝʚʪʝʢʪʠʯʥʦʛʦ ʪʠʧʫ 

(ʩʪʘʣʴ 45)Ĭ800 

ʈʠʩʫʥʦʢ 1.5 ï ʋʪʚʦʨʝʥʥʷ ʝʚʪʝʢʪʠʢʠ 

ʥʘ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ ʙʦʨʦʚʘʥʠʡ ʰʘʨ-

ʧʝʨʝʭʽʜʥʘ ʟʦʥʘ (ʩʪʘʣʴ 40)Ĭ200 
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ʚʧʣʠʚ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʙʦʨʦʚʘʥʠʭ ʜʝʪʘʣʝʡ ʟʜʽʡʩʥʶʻ ʽ ʧʝʨʝʭʽʜʥʘ ʟʦʥʘ. ɿʦʢʨʝʤʘ 

ʾʾ ʪʦʚʱʠʥʘ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʽ ʩʪʨʫʢʪʫʨʘ ʚʠʟʥʘʯʘʶʪʴ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʛ, ʤʽʮʥʽʩʪʴ ʟʚ'ʷʟʢʫ ʙʦʨʠʜʥʦʛʦ ʰʘʨʫ ʟ ʦʩʥʦʚʥʠʤ ʤʝʪʘʣʦʤ, 

ʩʭʠʣʴʥʽʩʪʴ ʡʦʛʦ ʜʦ ʩʢʦʣʶʚʘʥʥʷ, ʫʤʦʚʠ ʫʪʚʦʨʝʥʥʷ ʡ ʨʦʟʚʠʪʢʫ ʚʪʦʤʥʠʭ ʪʨʽʱʠʥ, 

ʤʦʞʣʠʚʽʩʪʶ ʧʨʦʜʘʚʣʶʚʘʥʥʷ ʰʘʨʫ. ʊʦʤʫ, ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʧʝʨʝʭʽʜʥʦʾ ʟʦʥʠ ʥʘ 

ʟʘʟʥʘʯʝʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʘʨʪʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʚʠʙʦʨʽ ʩʪʘʣʝʡ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʫ 

ʥʘʩʠʯʝʥʥʷ [90, 92, 93, 94]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ ʧʽʩʣʷ 

ʽʥʜʫʢʮʽʡʥʦʛʦ ʥʘʛʨʽʚʫ ʚʽʜʩʫʪʥʽ, ʘ ʫʨʠʚʯʘʩʪʘ ʽʥʬʦʨʤʘʮʽʷ ʥʝ ʜʘʻ ʟʤʦʛʫ 

ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʜʘʥʥʽ ʱʦʜʦ ʚʧʣʠʚʫ ʥʘ ʥʠʭ ʨʽʟʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʥʘʛʨʽʚʫ. ʇʠʪʘʥʥʷ 

ʱʦʜʦ ʤʦʨʬʦʣʦʛʽʾ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʪʘ ʩʪʨʫʢʪʫʨʠ ʙʦʨʦʚʘʥʠʭ ʟ 

ʥʘʛʨʽʚʦʤ ʉɺʏ ʰʘʨʽʚ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʚʯʝʥʥʷ, ʘʥʘʣʽʟʫ ʽ ʫʟʘʛʘʣʴʥʝʥʥʷ. 

 

1.8 ɽʨʦʟʽʡʥʝ ʟʥʦʰʫʚʘʥʥʷ 

ɽʨʦʟʽʡʥʝ ʟʥʦʰʫʚʘʥʥʷ ʻ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʠʯʠʥ, ʷʢʝ ʩʪʨʠʤʫʻ ʧʦʜʦʚʞʝʥʥʷ 

ʙʝʟʫʧʠʥʥʦʾ ʨʦʙʦʪʠ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ ʪʘ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽ ʪʨʠʚʘʣʦʩʪʽ 

ʨʝʤʦʥʪʥʠʭ ʧʨʦʩʪʦʾʚ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʣʦʧʘʪʦʢ ʧʘʨʦʚʠʭ ʽ 

ʛʘʟʦʚʠʭ ʪʫʨʙʽʥ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʪʦʜʠ ʦʩʘʜʞʝʥʥʷ ʽ ʜʠʬʫʟʽʡʥʦʛʦ ʥʘʩʠʯʝʥʥʷ 

ʤʝʪʘʣʘʤʠ, ʢʦʥʜʝʥʩʘʮʽʡʥʽ ʧʦʢʨʠʪʪʷ (ʘʟʦʪʫʚʘʥʥʷ, ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽ ʧʦʢʨʠʪʪʷ), 

ʝʣʝʢʪʨʦʽʩʢʨʦʚʝ ʟʤʽʮʥʝʥʥʷ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ, ʟʘʛʘʨʪʫʚʘʥʥʷ ʉɺʏ ʢʨʦʤʦʢ ʣʦʧʘʪʦʢ, 

ʧʨʠʧʘʡʢʫ ʟʘʭʠʩʥʠʭ ʧʣʘʩʪʠʥ, ʥʘʧʣʘʚʢʫ ʪʚʝʨʜʦʩʧʣʘʚʥʠʤʠ ʩʪʝʣʽʪʦʚʠʤʠ ʩʧʣʘʚʘʤʠ, 

ʪʝʨʤʦʤʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ ʧʦʚʝʨʭʥʽ, ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʥʦʚʽ, ʩʢʣʘʜʥʦʣʝʛʦʚʘʥʽ ʩʪʘʣʽ 

ʬʝʨʠʪʦ-ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʫ, ʞʘʨʦʤʽʮʥʽ ʩʧʣʘʚʠ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʦʙôʻʤʥʝ ʪʘ 

ʧʦʚʝʨʭʥʝʚʝ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʪʦʱʦ [38, 95 - 98]. ɸʣʝ ʧʦʚʥʽʩʪʶ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ 

ʝʨʦʟʽʡʥʦʛʦ ʟʥʦʩʫ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʦʙʣʘʜʝʥʥʷ ʧʘʨʦʚʦʾ ʪʫʨʙʽʥʠ ʮʝ 

ʥʝʜʦʟʚʦʣʷʻ. 

 ʇʦʯʘʪʦʢ ʜʽʾ ʝʨʦʟʽʡʥʦʛʦ ʚʧʣʠʚʫ ʧʦʯʠʥʘʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷ ʚ ʤʝʪʘʣʽ ʣʦʧʘʪʢʠ 

ʛʫʩʪʠʥʠ ʜʠʩʣʦʢʘʮʽʡ (ʜʦ 1012-1013 ʩʤ-2) ʧʽʜ ʜʽʻʶ ʜʞʝʨʝʣ ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʥʘʩʪʫʧʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ [99]. ʎʝ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʣʦʢʘʣʴʥʦʛʦ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʱʝ ʥʘ ʝʪʘʧʽ ñʽʥʢʫʙʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫò 
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ʟʥʦʰʫʚʘʥʥʷ, ʪʦʙʪʦ ʪʦʜʽ, ʢʦʣʠ ʚʠʜʠʤʦʛʦ ʝʨʦʟʽʡʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. ɿʘʨʦʜʢʦʚʽ ʤʽʢʨʦʪʨʽʱʠʥʠ ʧʨʠ ʾʭ ʨʦʟʢʨʠʪʪʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʣʦʢʘʣʴʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ.  

ʆʧʽʨ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ ʪʫʨʙʽʥʠ ʢʨʘʧʣʝʫʜʘʨʥʦʤʫ ʚʧʣʠʚʫ ʚʦʣʦʛʦʛʦ ʧʘʨʫ ʩʘʤʝ 

ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ. ʊʦʤʫ ʟʤʽʮʥʝʥʘ ʧʦʚʝʨʭʥʷ ʧʦʚʠʥʥʘ ʤʘʪʠ 

ʥʝ ʪʽʣʴʢʠ ʚʠʩʦʢʫ ʪʚʝʨʜʽʩʪʴ, ʘʣʝ ʡ ʭʦʨʦʰʽ ʟʚôʷʟʢʠ ʟ ʤʘʪʝʨʽʘʣʦʤ ʩʝʨʮʝʚʠʥʠ. ʇʨʠ 

ʮʴʦʤʫ ʝʥʝʨʛʽʷ ʢʨʘʧʣʝʫʜʘʨʥʦʛʦ ʚʧʣʠʚʫ ʧʦʚʠʥʥʘ ʧʝʨʝʜʘʚʘʪʠʩʷ ʯʝʨʝʟ ʪʚʝʨʜʫ, 

ʟʤʽʮʥʝʥʫ ʧʦʚʝʨʭʥʶ ʜʦ ʚôʷʟʢʦʾ ʩʝʨʮʝʚʠʥʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʢʘʧʣʝʫʜʘʨʥʳʡ ʜʽʾ 

ʤʘʪʝʨʽʘʣ ʧʦʚʠʥʝʥ ʤʘʪʠ ʟʤʦʛʫ ʜʦ ʨʝʣʘʢʩʘʮʽʾ ʥʘʧʨʫʛʠ ʽ ʜʝʬʦʨʤʫʚʘʥʥʷ. 

 

1.9 ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʠʬʫʟʽʡʥʠʭ ʰʘʨʽʚ ʫ ʷʢʦʩʪʽ ʧʽʜʢʣʘʜʢʠ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ 

ʤʝʪʦʜʽʚ ʬʽʟʠʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ 

 ʄʝʪʦʜʠ ʚʘʢʫʫʤʥʦ-ʢʘʪʦʜʥʦʛʦ ʽ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ 

ʦʪʨʠʤʘʪʠ ʪʚʝʨʜʽ, ʦʜʥʦ- ʪʘ ʙʘʛʘʪʦʰʘʨʦʚʽ ʧʦʢʨʠʪʪʷ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ 

ʥʘʜʪʚʝʨʜʦʛʦ ʩʪʘʥʫ ʫ ʪʦʥʢʠʭ ʧʦʚʝʨʭʥʷʭ [100]. ʅʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʽʜʢʣʘʜʢʠ ʥʘʥʦʩʷʪʴ 

ʢʘʨʙʽʜʠ, ʥʽʪʨʠʜʠ, ʙʦʨʠʜʠ [101]. ʅʘʡʧʦʧʫʣʷʨʥʽʰʠʤʠ ʻ ʥʽʪʨʠʜʠ ʪʘ ʾʭ ʢʦʤʧʦʟʠʮʽʾ, ʚ 

ʦʩʥʦʚʥʦʤʫ TiN, CrN, MoN, ZrN ʪʦʱʦ [101, 102]. ʇʨʘʢʪʠʯʥʦ ʟʘʚʞʜʠ ʤʘʪʝʨʽʘʣ 

ʚʠʨʦʙʫ ʤʘʻ ʟʥʘʯʥʫ ʨʽʟʥʠʮʶ ʧʦ ʪʚʝʨʜʦʩʪʽ ʟ ʤʘʪʝʨʽʘʣʦʤ ʧʦʢʨʠʪʪʷ. ʅʘʧʨʠʢʣʘʜ 

ʘʫʩʪʝʥʽʪʥʘ ʩʪʘʣʴ ʤʘʻ ʪʚʝʨʜʽʩʪʴ 1,5 ɻʇʘ, ʘ ʪʚʝʨʜʽʩʪʴ ʧʦʢʨʠʪʪʷ TiN ʤʦʞʝ ʜʦʩʷʛʘʪʠ 

30 ɻʇʘ. ʊʘʢʘ ʨʽʟʥʠʮʷ ʥʝ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʚ 

ʫʤʦʚʘʭ ʧʨʦʜʘʚʣʶʚʘʥʥʷ [101]. ʊʦʤʫ ʜʠʬʫʟʽʡʥʽ ʰʘʨʠ, ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʭʽʤʽʢʦ-

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʙʫʬʝʨʥʦʶ ʧʽʜʢʣʘʜʢʦʶ, ʟʤʝʥʰʫʶʯʠ 

ʧʨʦʜʘʚʣʶʚʘʥʥʷ ʧʨʠ ʚʝʣʠʢʠʭ ʢʦʥʪʘʢʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. ʊʘʢ ʚʽʜʦʤʘ ʢʦʤʙʽʥʦʚʘʥʘ 

ʦʙʨʦʙʢʘ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʘʟʦʪʫʚʘʥʥʽ ʩʪʘʣʽ ʟ ʥʘʩʪʫʧʥʠʤ ʥʘʥʝʩʝʥʥʷʤ ʚʘʢʫʫʤʥʦʛʦ 

ʧʦʢʨʠʪʪʷ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʽ ʧʨʦʙʣʝʤʠ ʟ ʘʜʛʝʟʽʻʶ ʚʥʘʩʣʽʜʦʢ ʚʠʜʽʣʝʥʥʷ ʢʨʠʭʢʠʭ 

ʥʽʪʨʠʜʽʚ ʟʘʣʽʟʘ ʯʠ ʤôʷʢʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʘʟʦʪʫ ʫ ʟʘʣʽʟʽ [100]. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

çʟʯʝʧʣʝʥʥʷè ʰʘʨʽʚ ʽ ʧʽʜʢʣʘʜʢʠ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʻ ʽʦʥʥʝ ʪʨʘʚʣʝʥʥʷ [100, 

101]. 
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 ɹʦʨʠʜʥʽ ʰʘʨʠ ʧʝʨʝʚʘʞʘʶʪʴ ʟʘ ʪʚʝʨʜʽʩʪʴʶ ʘʟʦʪʦʚʘʥʽ ʪʘ ʤʘʶʪʴ ʪʝʢʩʪʫʨʫ 

ʨʦʩʪʫ, ʪʦʤʫ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʥʘ ʨʦʣʴ ʧʨʦʤʽʞʥʦʛʦ çʙʫʬʝʨʫè ʤʽʞ ʦʩʘʜʞʝʥʠʤ 

ʧʦʢʨʠʪʪʷʤ ʽ ʧʦʚʝʨʭʥʝʶ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ: 

1. ʅʘʩʠʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʙʦʨʦʤ ʻ ʦʜʥʠʤ ʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʤʝʪʦʜʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʝʡ. ɹʦʨʠʜʠ ʟʘʣʽʟʘ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʟʥʘʯʥʠʡ ʨʽʚʝʥʴ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ, ʘ ʟʘ ʪʦʚʱʠʥʦʶ ʙʦʨʦʚʘʥʠʡ ʰʘʨ ʧʦʩʪʫʧʘʻʪʴʩʷ 

ʪʽʣʴʢʠ ʮʝʤʝʥʪʦʚʘʥʠʤ ʰʘʨʘʤ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʦʪʨʠʤʘʥʥʷ ʟʤʽʮʥʝʥʦʛʦ ʰʘʨʫ ʥʘ ʟʥʘʯʥʫ ʛʣʠʙʠʥʫ, ʨʽʚʝʥʴ ʷʢʦʾ ʟʤʝʥʰʫʻ ʨʠʟʠʢ 

ʧʨʦʜʘʚʣʶʚʘʥʥʷ. 

2. ɹʦʨʫʚʘʥʥʷ ʟ ʧʘʩʪ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʣʦʢʘʣʴʥʝ ʟʤʽʮʥʝʥʥʷ ʚʝʣʠʢʠʭ ʟʘ 

ʨʦʟʤʽʨʘʤʠ ʜʝʪʘʣʝʡ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʢʣʘʜʥʦʛʦ ʽ ʜʦʨʦʛʦʛʦ ʚʘʢʫʫʤʥʦʛʦ ʘʙʦ 

ʧ̔ ʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

3. ɹʦʨʫʚʘʥʥʷ ʟ ʽʥʜʫʢʮʽʡʥʠʤ ʥʘʛʨʽʚʦʤ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʣʦʢʘʣʴʥʫ 

ʦʙʨʦʙʢʫ ʩʢʣʘʜʥʠʭ ʟʘ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʜʝʪʘʣʝʡ ʚʥʝʧʽʯʥʠʤ ʩʧʦʩʦʙʦʤ ʪʘ ʩʢʦʨʦʪʠʪʠ 

ʪʨʠʚʘʣʽʩʪʴ ʥʘʩʠʯʝʥʥʷ ʜʦ ʜʝʢʽʣʴʢʦʭ ʩʝʢʫʥʜ ʘʙʦ ʭʚʠʣʠʥ. 

4. ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ ʧʦʢʘʟʘʚ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ ʙʦʨʫʚʘʥʥʷ ʚ ʧʦʨʚʥʷʥʥʽ ʟ 

ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʍʊʆ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʟʦʤ ʟ ʥʘʛʨʽʚʦʤ ʉɺʏ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ ʙʘʛʘʪʦ ʧʠʪʘʥʴ ʱʦʜʦ ʪʘʢʦʛʦ ʧʦʻʜʥʘʥʥʷ ʟʘʣʠʰʘʶʪʴʩʷ ʚʽʜʢʨʠʪʠʤʠ ʘʙʦ 

ʪʘʢʠʤʠ, ʱʦ ʥʘ ʜʘʥʠʡ ʯʘʩ ʚʟʘʛʘʣʽ ʥʝʜʦʩʣʽʜʞʫʚʘʣʠʩʴ. ɺʽʜʩʫʪʥʽ ʫʷʚʣʝʥʥʷ ʽ 

ʟʚʣʝʞʥʦʩʪʽ ʱʦʜʦ ʚʧʣʠʚʫ ʛʦʣʦʚʥʦʛʦ ʬʘʢʪʦʨʫ ʽʥʜʫʢʮʽʡʥʦʾ ʦʙʨʦʙʢʠ ï ʰʚʠʜʢʦʩʪʽ 

ʥʘʛʨʽʚʫ ï ʥʘ ʨʦʟʚʠʪʦʢ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʙʦʨʫʚʘʥʥʽ, ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʬʘʟʦ- 

ʪʘ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʚ ʫʤʦʚʘʭ ʰʚʠʜʢʽʩʥʦʛʦ ʙʦʨʫʚʘʥʥʷ, ʚʽʜʩʫʪʥʽ ʜʘʥʽ ʩʪʦʩʦʚʥʦ 

ʘʥʘʣʽʟʫ ʩʧʝʮʠʬʽʯʥʦʛʦ ʚʧʣʠʚʫ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʙʦʨʦʚʘʥʠʭ ʚʠʨʦʙʽʚ. 
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ʈʆɿɼɯʃ 2 

ʄɸʊɽʈɯɸʃʀ ʊɸ ʄɽʊʆɼʀʂʀ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼʆʉʃɯɼɾɽʅʔ 

 

2.1 ʆʙôʻʢʪʠ ʜʣʷ ʍʊʆ ʪʘ ʾʭ ʦʙʨʦʙʢʘ 

 ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʠ ʦʙʨʘʥʽ ʩʪʘʣʽ, ʷʢʽ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʪʘ ʪʫʨʙʽʥʦʙʫʜʫʚʘʥʥʽ. ɺʠʢʦʨʠʩʪʘʥʽ ʩʪʘʣʽ 

ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʽ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʜʝʪʘʣʴʥʦ ʚʠʚʯʠʪʠ ʙʫʜʦʚʫ ʜʠʬʫʟʽʡʥʠʭ 

ʰʘʨʽʚ ʧʽʩʣʷ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʍʊʆ, ʚʧʣʠʚ ʚʫʛʣʝʮʶ ʽ ʣʝʛʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʧʨʠ ʙʦʨʫʚʘʥʥʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʥʝʚʦʾ ʦʙʨʦʙʢʠ. 

ɺ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʪʘʣʝ ̔ 40, 40ʍ, 15ʍ11ʄʌ, X46Cr13 

(1.4034), AISI 304, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 2.1,  

 

ʊʘʙʣʠʮʷ 2.1 ï ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʪʘʣʝʡ, ʱʦ ʙʦʨʫʚʘʣʠʩʷ 

ʄʘʨʢʘ 

ʩʪʘʣʽ 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ, % ʚʘʛ. 

C Cr Ni Cu Mn Si S P 

40 0,41 0,23 0,11 0,11 0,6 0,17 0,023 0,030 

40ʍ 0,41 1,1 0,15 0,11 0,7 0,19 0,025 0,030 

15ʍ11ʄʌ 0,11 11,1 0,23 0,15 0,65 0,15 0,021 0,029 

X46Cr13 0,46 13,4 0.3 0.04 0.3 0,35 0,027 0,031 

AISI 304 0,08 17,7 9,1 0,11 0,3 0,1 0,02 0,027 

 

ʉʪʘʣʴ 40ʍ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʷʢʽʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʝʡ ʧʝʨʣʽʪʥʦʛʦ 

ʢʣʘʩʫ. ʋ ʨʽʚʥʦʚʘʞʥʦʤʫ ʩʪʘʥʽ ʤʘʻ ʩʪʨʫʢʪʫʨʫ ʧʝʨʣʽʪ + ʬʝʨʠʪ. ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʣʫʥʞʝʨʽʚ, ʰʪʦʢʽʚ, ʢʦʣʽʥʯʘʪʠʭ ʪʘ ʢʫʣʘʯʢʦʚʠʭ ʚʘʣʽʚ, ʰʧʠʥʜʝʣʽ, 

ʨʝʡʢʠ ʪʘ ʽʥʰʽ ʜʝʪʘʣʽ ʧʽʜʚʠʱʝʥʦʾ ʤʽʮʥʦʩʪʽ.  

ʅʝʨʞʘʚʽʶʯʘ ʩʪʘʣʴ 15ʍ11ʄʌ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʪʫʨʙʽʥʦʙʫʜʫʚʘʥʥʽ. 

ɺʦʥʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʦʙʦʯʠʭ ʽ ʩʦʧʣʦʚʠʭ ʣʦʧʘʪʦʢ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ ʟ 

ʨʦʙʦʯʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 540 - 560 ÁC. ʄʘʻ ʚʠʩʦʢʽ ʥʝʨʞʘʚʽʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʚʠʩʦʢʫ 

ʧʨʦʛʘʨʪʦʚʘʥʽʩʪʴ ʚ ʪʦʚʩʪʠʭ ʧʝʨʝʪʠʥʘʭ, ʟʜʘʪʥʘ ʜʦ ʛʘʨʪʫʚʘʥʥʷ ʥʘ ʧʦʚʽʪʨʽ, ʤʘʻ 
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ʥʝʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ. ɼʦ ʩʪʘʣʝʡ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʣʦʧʘʪʦʢ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ ʚʠʩʫʚʘʶʪʴʩʷ ʦʩʦʙʣʠʚʽ ʚʠʤʦʛʠ ʫ ʟʚ'ʷʟʢʫ ʟʽ 

ʩʧʝʮʠʬʽʯʥʠʤʠ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʄʘʪʝʨʽʘʣ ʜʣʷ ʣʦʧʘʪʦʢ ʪʫʨʙʽʥ ʧʦʚʠʥʝʥ 

ʚʦʣʦʜʽʪʠ: ʚʠʩʦʢʦʶ ʞʘʨʦʤʽʮʥʽʩʪʶ ʡ ʞʘʨʦʩʪʽʡʢʽʩʪʶ, ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ, 

ʧʽʜʚʠʱʝʥʠʤ ʦʧʦʨʦʤ ʪʝʨʪʶ [38]. ɿ ʮʠʭ ʧʨʠʯʠʥ, ʟʤʽʮʥʶʶʯʘ ʦʙʨʦʙʢʘ ʩʘʤʝ ʮʽʻʾ ʩʪʘʣʽ 

ʧʨʝʜʩʪʘʚʣʷʻ ʥʘʡʙʽʣʴʰʫ ʮʽʢʘʚʽʩʪʴ. ʉʪʘʣʴ 15ʍ11ʄʌ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʫ ʪʘ ʛʨʫʧʠ ʢʦʨʦʟʽʡʥʦ- ʪʘ ʞʘʨʦʩʪʽʡʢʠʭ ʩʪʘʣʝʡ.  

ʂʨʠʪʠʯʥʘ ʪʦʯʢʘ ɸʉ3 = 880 ʦʉ. ɺ ʦʢʨʝʤʠʭ ʜʞʝʨʝʣʘʭ ʚʠʜʽʣʷʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ɸʉ1 = 820 ʦʉ, ʦʜʥʘʢ, ʷʢʦʛʦʩʴ ʚʠʨʽʰʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʧʨʘʢʪʠʢʠ ʊʆ ʜʘʥʘ ʢʨʠʪʠʯʥʘ ʪʦʯʢʘ ʥʝʤʘʻ [103]. 

 ʊʝʨʤʦʢʽʥʝʪʠʯʥʘ ʜʽʘʛʨʘʤʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.1 [104]. 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʊʝʨʤʦʢʽʥʝʪʠʯʥʘ ʜʽʘʛʨʘʤʘ ʩʪʘʣʽ 15ʍ11ʄʌ [104] 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʧʨʠʚʝʜʝʥʽʡ ʜʽʘʛʨʘʤʽ ʢʨʠʪʠʯʥʽ ʪʦʯʢʠ ʤʘʶʪʴ ʚʠʱʠʡ 

ʨʽʚʝʥʴ, ʥʽʞ ʧʨʠʚʝʜʝʥʽ ʫ ʜʝʷʢʠʭ ʜʞʝʨʝʣʘʭ ʽʥʬʦʨʤʘʮʽʾ, ʢʨʽʤ ʪʦʛʦ, ʽʥʢʦʣʠ ʟʦʥʘ 

ʫʪʚʦʨʝʥʥʷ ʢʘʨʙʽʜʥʠʭ ʬʘʟ ʟʘʡʤʘʻ ʙʽʣʴʰʫ ʧʣʦʱʫ, ʥʽʞ ʧʨʠʚʝʜʝʥʦ ʥʘ ʜʽʘʛʨʘʤʽ. 

ʆʜʥʘʢ, ʮʽ ʦʙʩʪʘʚʠʥʠ ʩʫʪʪʻʚʦ ʥʝ ʧʦʟʥʘʯʘʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʠʭ ʥʘʤʠ ʨʝʞʠʤʘʭ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʫ, ʘʜʞʝ 

ʧʝʨʝʭʽʜ Ŭ Ÿ ɔ ʙʫʜʝ ʟʤʽʱʝʥʠʡ ʜʦ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʨʦʟʧʘʜ ʢʘʨʙʽʜʽʚ 

ʨʦʟʧʦʯʥʝʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʠʱʠʭ ʟʘ 1000 ʦʉ). ʊʝʤʧʝʨʘʪʫʨʠ ʙʦʨʫʚʘʥʥʷ ʫ 

ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʟʥʘʭʦʜʠʣʘʩʴ ʫ ʟʦʥʽ ʽʩʥʫʚʘʥʥʷ ɔ-Fe. 
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ɿ ʪʝʨʤʦʢʽʥʝʪʠʯʥʦʾ ʜʽʘʛʨʘʤʠ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʜʫʞʝ ʧʦʚʽʣʴʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ 

(ʚʝʢʪʦʨʠ ʰʚʠʜʢʦʩʪʽ 6-7 ʥʘ ʜʽʘʛʨʘʤʽ) ʤʦʞʣʠʚʝ ʧʝʨʣʽʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʩʪʨʫʢʪʫʨ, ʩʭʦʞʠʭ ʟʘ ʤʦʨʬʦʣʦʛʽʻʶ ʟʽ ʩʪʨʫʢʪʫʨʘʤʠ, ʫʪʚʦʨʝʥʠʤʠ ʧʽʩʣʷ 

ʛʘʨʪʫʚʘʥʥʷ ʪʘ ʥʘʩʪʫʧʥʦʛʦ ʚʠʩʦʢʦʛʦ ʚʽʜʧʫʩʢʫ (ʩʦʦʨʙʽʪʫ). ʇʨʠ ʚʽʜʥʦʩʥʦ 

ʧʦʚʽʣʴʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ( ʟʽ ʰʚʠʜʢʽʩʪʶ 800-400 ʛʨʘʜ/ʛʦʜ ) ʬʦʨʤʫʻʪʴʩʷ ʬʝʨʠʪʦ-

ʢʘʨʙʽʜʥʘ ʩʫʤʽʰ. ʇʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ, ʦʩʦʙʣʠʚʦ ʥʘ ʧʦʚʝʨʭʥʽ, 

ʫʪʚʦʨʶʻʪʴʩʷ ʩʪʨʫʢʪʫʨʠ ʤʘʨʪʝʥʩʠʪʥʦʛʦ (ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ 1 ʥʘ ʜʽʘʛʨʘʤʽ) ʘʙʦ 

ʤʘʨʪʝʥʩʠʪʥʦ-ʙʝʡʥʽʪʥʦʛʦ ʪʠʧʫ (ʚʝʢʪʦʨʠ ʰʚʠʜʢʦʩʪʽ 2-3 ʥʘ ʜʽʘʛʨʘʤʽ). ʆʪʨʠʤʘʥʥʷ 

ʪʠʭ ʯʠ ʽʥʰʠʭ ʩʪʨʫʢʪʫʨ ʚʧʣʠʚʘ ̫̒ ʢ ʥʘ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʦʙʨʦʙʢʠ, ʪʘʢ 

ʽ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʚʩʴʦʛʦ ʚʠʨʦʙʫ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʘʥʦʾ ʩʪʘʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʘʨʪʫʚʘʥʥʷ ʟ ʦʭʦʣʦʜʞʝʥʥʷʤ ʫ ʤʘʩʣʽ ʘʙʦ ʥʦʨʤʘʣʽʟʘʮʽʶ ʟ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ 1050 - 1100 ʦʉ ʪʘ ʥʘʩʪʫʧʥʠʡ ʚʽʜʧʫʩʢ ʧʨʠ 680-750 ʦʉ ʟ 

ʦʭʦʣʦʜʞʝʥʥʷʤ ʥʘ ʧʦʚʽʪʨʽ. ʇʨʠ ʮʴʦʤʫ ʙʘʞʘʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʧʦʚʥʝ 

ʨʦʟʯʠʥʝʥʥʷ ʢʘʨʙʽʜʽʚ ʪʘ ʚʠʜʽʣʝʥʥʷ ʾʭ ʫ ʜʠʩʧʝʨʩʥʦʤʫ ʚʠʛʣʷʜʽ, ʘ ʪʘʢʦʞ ʫʪʚʦʨʝʥʥʷ 

ʽʥʪʝʨʤʝʪʘʣʽʜʥʠʭ ʬʘʟ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ 

ʩʪʘʣʽ. ʇʣʘʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʽ ʪʘʢʦʞ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʽ ʧʽʩʣʷ ʥʦʨʤʘʣʽʟʘʮʽʾ, 

ʛʘʨʪʫʚʘʥʥʷ ʪʘ ʥʘʩʪʫʧʥʦʛʦ ʚʠʩʦʢʦʛʦ ʚʽʜʧʫʩʢʫ. 

ʉʪʘʣʴ 15ʍ11ʄʌ ʤʽʩʪʠʪʴ 0,15% ʚʫʛʣʝʮʶ, ʷʢʠʡ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʢʘʨʙʽʜʽʚ, 

ʟ ʤʽʮʥʠʤʠ ʤʽʞʘʪʦʤʥʠʤʠ ʟʚôʷʟʢʘʤʠ. ʃʝʛʦʚʘʥʽ ʝʣʝʤʝʥʪʠ ʟʤʝʥʰʫʶʪʴ ʨʫʭʦʤʽʩʪʴ 

ʚʫʛʣʝʮʶ ʫ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʚʫʛʣʝʮʴ ʫʪʚʦʨʶʻ ʙʽʣʴʰ ʤʽʮʥʽ ʟʚôʷʟʢʠ ʟ Mo, V, Cr, ʥʽʞ 

ʟ Fe. Mo ʧʽʜʚʠʱʫʻ ʞʘʨʦʤʽʮʥʽʩʪʴ ʪʘ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʟʘʣʽʟʥʠʭ ʩʧʣʘʚʽʚ. ɺʽʥ 

ʟʤʝʥʰʫʻ ʜʠʬʫʟʽʡʥʫ ʨʫʭʦʤʽʩʪʴ, ʪʠʤ ʩʘʤʠʤ ʟʙʝʨʽʛʘʻ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ 

ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʄʦ ʫ ʩʪʘʣʽ 15ʍ11ʄʌ - 0,6%. V ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ 

ʞʘʨʦʤʽʮʥʽʩʪʴ ʫ ʩʢʣʘʜʽ ʟ ʄʦ ʪʘ ʉ. V ʫ ʩʪʘʣʽ 15ʍ11ʄʌ 0,3%. ɻʦʣʦʚʥʘ ʨʦʣʴ Cr ʚ 

ʩʪʘʣʽ 15ʍ11ʄʌ ï ʮʝ ʧʽʜʚʠʱʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ. ʆʩʢʽʣʴʢʠ Cr ʚ ʩʢʣʘʜʽ ʩʪʘʣʽ 

~ 11%, ʪʦ ʢʦʨʦʟʽʡʥʫ ʟʘʭʠʱʝʥʽʩʪʴ ʩʪʘʣʽ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʷʢ ʟʘʜʦʚʽʣʴʥʫ. Si ʫ ʜʘʥʫ 

ʩʪʘʣʴ ʚʦʜʷʪʴ ʜʣʷ ʨʦʟʢʠʩʣʝʥʥʷ. Si ʟʤʝʥʰʫʻ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʉ, ʩʧʦʥʫʢʘʶʯʠ ʜʦ 

ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʚʽʜʧʫʩʢʫ. ʆʜʥʘʢ Si ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʤʽʨ ʟʝʨʥʘ ʫ 

ʩʪʦʨʦʥʫ ʡʦʛʦ ʨʦʩʪʫ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʫʻ ʧʣʘʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʽ [103, 104]. 
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 ʇʨʠʚʝʜʝʥʽ ʜʘʥʥʽ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʧʨʘʢʪʠʢʠ ʍʊʆ, ʦʩʢʽʣʴʢʠ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʪʘ ʩʪʨʫʢʪʫʨʘ ʩʪʘʣ ̔ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ ʜʠʬʫʟʽʡʥʦʛʦ ʥʘʩʠʯʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, 

ʧʦʪʨʽʙʥʦ ʧʘʤô̫ ʪʘʪʠ ʧʨʠ ʚʠʩʦʢʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʽ 15ʍ11ʄʌ, ʦʩʢʽʣʴʢʠ ʚ 

ʙʫʜʴ-ʷʢʦʤʫ ʨʘʟʽ ʪʝʭʥʦʣʦʛʽʷ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʥʝ ʧʦʚʠʥʥʘ ʟʥʠʞʫʚʘʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʪʘ ʫʜʘʨʥʦʾ ʚôʷʟʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ (ʩʝʨʮʝʚʠʥʠ). 

ʉʪʘʣʴ X46Cr13, ʷʢ ʽ 15ʍ11ʄʌ, ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʩʪʘʣʝʡ ʤʘʨʪʝʥʩʠʪʥʦʛʦ 

ʢʣʘʩʫ, ʦʜʥʘʢ ʤʘʻ ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ ʚʤʽʩʪ ʚʫʛʣʝʮʶ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʫ ʩʪʨʫʢʪʫʨʽ 

ʜʘʥʦʾ ʩʪʘʣʽ ʚʠʷʚʣʷʶʪʴʩʷ ʢʘʨʙʽʜʠ ʭʨʦʤʫ. ʊʦʤʫ ʪʘʢʽ ʩʪʘʣʽ ʟʘ ʩʪʫʧʝʥʝʤ ʣʝʛʦʚʘʥʦʩʪʽ 

ʻ ʘʥʘʣʦʛʘʤʠ, ʘʣʝ ʧʦʤʽʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʩʢʣʘʜʦʤ ʚʫʛʣʝʮʶ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʧʨʠ 

ʚʠʚʯʝʥʥʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʘʟʦʫʪʚʦʨʝʥʥʷ ʫ ʙʦʨʠʜʥʠʭ ʰʘʨʘʭ ʧʨʠ ʟʤʽʮʥʝʥʥʽ 

ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ.  

ʐʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʟʝʨʥʘ ʚ ʜʘʥʠʭ ʩʪʘʣʷʭ ʥʝʚʝʣʠʢʘ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ 

ʜʦʩʷʛʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʭʦʜʫ ʚ ʦʙʣʘʩʪʴ ŭ-ʬʝʨʠʪʫ (800 ÁC). ʅʘʷʚʥʽʩʪʴ 

ʢʘʨʙʽʜʽʚ, ʱʦ ʤʘʶʪʴ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʨʦʟʯʠʥʝʥʥʷ ʚ ʘʫʩʪʝʥʽʪʽ, 

ʟʘʪʨʠʤʫʶʪʴ ʨʽʩʪ ʟʝʨʥʘ. ʅʘʛʨʽʚʘʥʥʷ ʩʪʘʣʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʚʠʠɦʭ 1050 ÁC ʩʧʨʠʷʻ 

ʚʠʜʽʣʝʥʥʶ ʟ ʘʫʩʪʝʥʽʪʫ ŭ-ʬʝʨʠʪʫ, ʧʦʨʷʜ ʟ ʷʢʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʘʫʩʪʝʥʽʪ (ʜʦ 1350 ÁC), 

ʱʦ ʩʠʣʴʥʦ ʩʧʦʚʽʣʴʥʶʻ ʨʽʩʪ ʟʝʨʥʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʯʠʩʪʦ ʬʝʨʠʪʥʦʶ ʬʘʟʦʶ [105, 

106]. 

ʉʪʘʣʴ AISI 304 ʪʝʨʤʽʯʥʦ ʥʝ ʟʤʽʮʥʶʻʪʴʩʷ, ʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʻ ʧʨʘʢʪʠʯʥʠʡ 

ʽʥʪʝʨʝʩ, ʷʢ ʦʙô̒ ʢʪʘ ʜʣʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʤʽʮʥʝʥʥʷ. ʆʢʨʽʤ ʮʴʦʛʦ, ʷʢ, ʙʫʜʝ ʧʦʢʘʟʘʥʦ 

ʥʠʞʯʝ, ʩʪʨʫʢʪʫʨʘ ʘʫʩʪʝʥʽʪʥʦʾ ʩʪʘʣʽ ʜʦʙʨʝ ʜʝʤʦʥʩʪʨʫʻ ʦʩʦʙʣʠʚʦʩʪʽ 

ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʠʬʫʟʽʾ ʙʦʨʫ. 

 ɿʨʘʟʢʠ ʽʟ ʜʦʩʣʽʜʞʝʥʠʭ ʩʪʘʣʝʡ ʚʠʛʦʪʦʚʣʷʣʠʩʴ ʽʟ ʧʨʫʪʢʽʚ ʢʚʘʜʨʘʪʥʦʛʦ 

ʧʝʨʝʪʠʥʫ (ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʟʨʘʟʢʽʚ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʫʜʘʨʥʠʡ ʟʛʠʥ) ʘʙʦ ʽʟ 

ʧʨʫʪʢʽʚ ʢʨʫʛʣʦʛʦ ʧʝʨʝʪʠʥʫ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʟʨʘʟʢʽʚ ʚʠʛʦʪʦʚʣʷʣʘʩʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʟ ʥʘʪʫʨʥʠʭ ʣʦʧʘʪʦʢ ʪʫʨʙʽʥ ʽʟ ʩʪʘʣʽ 15ʍ11ʄʌ.  

ɹʦʨʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʩʪ, ʷʢʽ ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʶ 

ʟʨʘʟʢʽʚ ʪʘ ʥʘʪʫʨʥʠʭ ʚʠʨʦʙʽʚ ʰʘʨʦʤ ʪʦʚʱʠʥʦʶ ~ 1 ʤʤ.  

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʩʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʩʪʫʧʥʽ ʩʢʣʘʜʦʚʽ: ʨʝʯʦʚʠʥʘ-

ʧʦʩʪʘʯʘʣʴʥʠʢ ʘʢʪʠʚʥʠʭ ʘʪʦʤʽʚ ʙʦʨʫ; ʘʢʪʠʚʘʪʦʨ; ʟʚ'ʷʟʫʶʯʝ. 
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ʈʝʯʦʚʠʥʘ-ʧʦʩʪʘʯʘʣʴʥʠʢ ʘʢʪʠʚʥʠʭ ʘʪʦʤʽʚ ʙʦʨʫ ʻ ʦʩʥʦʚʥʦʶ ʩʢʣʘʜʦʚʦʶ ʧʘʩʪʠ 

ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʭʦʜʞʝʥʥʷ ʘʪʦʤʘʨʥʦʛʦ ʙʦʨʫ ʜʦ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ, ʱʦ 

ʥʘʩʠʯʫʻʪʴʩʷ. 

ʆʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘʩʠʯʫʶʯʦʾ ʧʘʩʪʠ ʻ: ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʦʢʠʩʣʝʥʥʷ ʪʘ ʚʦʣʦʛʠ; ʥʠʟʴʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʩʦʮʽʘʮʽʾ; ʧʽʜʚʠʱʝʥʽ ʘʜʛʝʟʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ; ʧʝʚʥʘ ʟʝʨʥʠʩʪʽʩʪʴ ʧʦʨʦʰʢʫ; ʙʝʟʜʝʬʽʮʠʪʥʽʩʪʴ ʪʘ ʥʠʟʴʢʘ ʩʦʙʽʚʘʨʪʽʩʪʴ. 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʚ ʷʢʦʩʪʽ ʨʝʯʦʚʠʥʠ-ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʘʢʪʠʚʥʠʭ ʘʪʦʤʽʚ ʙʦʨʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʝʭʥʽʯʥʠʡ ʢʘʨʙʽʜ ʙʦʨʫ CB4
 (ɻʆʉʊ 5744 ï 85) [107] ʟʝʨʥʠʩʪʽʩʪʶ 

160 ʤʢʤ, 60 ʤʢʤ, 50 ʤʢʤ. CB4  ʤʘʻ ʛʝʢʩʘʛʦʥʘʣʴʥʫ ʨʝʰʽʪʢʫ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʘ = 5,62 

Ȕ, ʩ = 12 Ȕ [31], ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ CB4
 ʩʪʘʥʦʚʠʪʴ 4260 Ñ 280 ʢʛĿʩ/ʤʤ2, ʘ ʪʘʢʦʞ ʤʘʻ 

ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ 2350ʧʣʊ =  ʦʉ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʜʠʩʦʮʽʘʮʽʾ (1200 - 1300 ʦʉ) (ʪʘʙʣ. 2.2). 

 

ʊʘʙʣʠʮʷ 2.2 ï ɺʘʛʦʚʘ ʯʘʩʪʢʘ ʨʝʯʦʚʠʥ ʫ ʧʦʨʦʰʢʫ ʢʘʨʙʽʜʫ ʙʦʨʘ [107] 

ɿʝʨʥʠʩʪʽʩʪʴ 
ɺʘʛʦʚʘ ʯʘʩʪʢʘ ʢʦʤʧʦʥʝʥʪʽʚ, % 

B4C, ʥʝ ʤʝʥʰʝ B2O3, ʥʝ ʙʽʣʴʰʝ C, ʥʝ ʙʽʣʴʰʝ 

6 96 0,2 3 

 

ɼʘʥʘ ʨʝʯʦʚʠʥʘ ʤʘʻ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʦʢʠʩʣʝʥʥʷ, ʚʠʩʦʢʫ 

ʚʦʣʦʛʦʩʪʽʡʢʽʩʪʴ ʪʘ ʤʘʣʫ ʪʝʥʜʝʥʮʽʶ ʜʦ ʩʧʽʢʘʥʥʷ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʝʨʥʠʩʪʦʩʪʽ 

ʩʧʽʢʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1000-1100 ʦʉ). 

ʂʨʽʤ ʪʦʛʦ, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʪʝʦʨʝʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʩʦʮʽʘʮʽʾ ʮʽʻʾ 

ʨʝʯʦʚʠʥʠ ʟʥʠʞʫʻʪʴʩʷ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ. ɺʠʭʽʜʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʨʠ 

ʚʟʘʻʤʦʜʽʾ CB4  ʟ ʘʢʪʠʚʘʪʦʨʦʤ ʻ ʙʦʨ ʬʪʦʨʠʜʠ ʪʠʧʫ 3BF , 2BF , BF , ʘ ʪʘʢʦʞ 

ʘʪʦʤʘʨʥʠʡ ʙʦʨ. ɹʦʨ ʤʘʻ ʘʪʦʤʥʠʡ ʜʽʘʤʝʪʨ 1,78 Ȕ, ʨʽʟʥʠʮʷ ʤʽʞ ʘʪʦʤʥʠʤʠ 

ʜʽʘʤʝʪʨʘʤʠ ʟʘʣʽʟʘ ʪʘ ʙʦʨʫ ʩʪʘʥʦʚʠʪʴ 0,76 Ȕ (ʱʦ ʥʘʡʤʝʥʰʝ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʦʜʥʝʤ, 

ʘʟʦʪʦʤ, ʚʫʛʣʝʮʝʤ). 

ɼʣʷ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʠʩʦʮʽʘʮʽʾ CB4 ʥʝʦʙʭʽʜʥʦ ʚʚʦʜʠʪʠ ʘʢʪʠʚʘʪʦʨʠ. 

ɺ ʷʢʦʩʪʽ ʘʢʪʠʚʘʪʦʨʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʬʪʦʨʠʩʪʠʡ ʥʘʪʨʽʡ (NaF). ʎʷ ʩʽʣʴ ʻ ʦʜʥʽʻʶ 
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ʟ ʝʬʝʢʪʠʚʥʽʰʠʭ ʪʘ ʜʦʩʪʫʧʥʽʰʠʭ ʽ ʤʘʻ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʫ ʚʽʣʴʥʫ ʝʥʝʨʛʽʶ 

ʧʨʦʭʦʜʞʝʥʥʷ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ (=D 0G - 543,3 ʢɼʞ/ʤʦʣʴ). ɺʽʜʦʤʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʘʢʪʠʚʘʪʦʨʫ ʚ ʢʽʣʴʢʦʩʪʽ ʙʽʣʴʰʝ 7% ʻ ʥʝʜʦʮʽʣʴʥʠʤ ʫ ʟʚôʷʟʢʫ ʟ ʥʘʜʤʽʨʥʦʶ 

ʘʢʪʠʚʥʽʩʪʶ ʩʝʨʝʜʦʚʠʱʘ ʥʘʩʠʯʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʫʪʚʦʨʝʥʥʷ ʘʢʪʠʚʥʠʭ ʘʪʦʤʽʚ ʙʦʨʫ 

ʤʦʞʣʠʚʦ ʧʦ ʥʘʩʪʫʧʥʽʡ ʨʝʘʢʮʽʾ: B4C + 4NaF + 2ʆ2 = 2BF + CO2 + 2NaO; 3BF = 

2B+BF3. 

 ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʘ ʨʝʘʢʮʽʷ ʟʘ ʫʯʘʩʪʶ ʘʤʦʨʬʥʦʛʦ ʙʦʨʫ. ʆʜʥʘʢ, ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʥʶ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʙʦʨ ʘʢʪʠʚʥʦ ʦʢʠʩʣʶʻʪʴʩʷ: 4ɺ 

+ 3ʆ2 = 2ɺ2ʆ3 (ʧʨʠ > 700
  ʦʉ). 

 ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʷʜ ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠʧʫʩʢʘʶʪʴ ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʾ ʟʘ 

ʫʯʘʩʪʶ ʘʤʦʨʬʥʦʛʦ ʙʦʨʫ ʧʦ-ʽʥʰʦʤʫ. ʋ ʧʨʦʧʦʥʦʚʘʥʦʤʫ ʥʠʤʠ ʧʦʷʩʥʝʥʥʽ, ʘʢʪʠʚʘʮʽʷ 

ʧʨʦʮʝʩʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʧʝʨʝʪʚʦʨʝʥʥʶ ʘʤʦʨʬʥʦʛʦ ʙʦʨʫ ʚ ɺ2ʆ3, ɺ2ʆ2, ʷʢʽ ʻ 

ʦʩʥʦʚʥʠʤʠ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʘʪʦʤʘʨʥʦʛʦ ʙʦʨʫ: ɺ2ʆ3 + B4C = 4B + ɺ2ʆ2 + ʉO. 

ɼʨʽʙʥʦʜʠʩʧʝʨʩʥʠʡ ʧʦʨʦʰʦʢ Al2O3, ʷʢ ʚʚʘʞʘʶʪʴ ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ, 

ʧʦʪʨʽʙʥʦ ʚʥʦʩʠʪʠ ʚ ʩʢʣʘʜ ʧʘʩʪʠ ʚ ʷʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ, ʱʦ ʙʫʜʝ ʧʝʨʝʰʢʦʜʞʘʪʠ 

ʧʝʨʝʜʯʘʩʥʦʤʫ ʩʧʽʢʘʥʥʶ ʦʙʤʘʟʢʠ. ʆʜʥʘʢ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ Al2O3 ʫ ʧʨʠʩʫʪʥʦʩʪʽ 

NaF ʽ KBF4 ʽ ʪʝʤʧʝʨʘʪʫʨʽ 950 
ʦʉ ʤʦʞʝ ʟʜʦʙʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʬʣʶʩʫ. ʇʨʠ ʮʴʦʤʫ 

ʤʦʞʣʠʚʦ ʚʠʜʽʣʝʥʥʷ ʯʠʩʪʦʛʦ ʘʣʶʤʽʥʽʶ ʡ ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʾ: ɺ2ʆ3 + 2Al = 2Al2ʆ3 

+ 2B. ʆʩʢʽʣʴʢʠ ʫ ʧʦʨʦʰʢʫ ʢʘʨʙʽʜʫ ʙʦʨʫ ʟʘʚʞʜʠ ʧʨʠʩʫʪʥʷ ʧʝʚʥʘ ʯʘʩʪʢʘ ɺ2ʆ3, ʘ 

ʪʘʢʦʞ ʦʢʠʩʣʝʥʥʷ ʙʦʨʫ. ʊʦʤʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ Al2ʆ3 ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʚʽʜʥʦʚʥʠʢʽʚ 

ʩʧʨʠʷʻ ʧʝʚʥʦʤʫ ʟʘʭʠʩʪʫ ʚʽʜ ʦʢʠʩʣʝʥʥʷ.  

 ʂʨʽʤ ʪʦʛʦ, ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ Al2ʆ3 ʫ ʩʫʤʽʰʽ (50 % B4C + 43% Al2O3 + 4% 

NaCl + 3% KBF4) ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ ʽ ʯʘʩʪʢʦʚʦʾ 

ʟʘʤʽʥʠ ʘʢʪʠʚʘʪʦʨʘ ʚ ʩʠʣʴʥʦʛʦ ʚʧʣʠʚʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʢʠʩʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ  ̒ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʪʽʢʘʥʥʶ ʟʘʭʠʩʥʠʭ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦ 

ʨʝʘʢʮʽʾ: 8Al + 3Fe3O4 = 9Fe + 4Al2O3. 

 ʊʘʢʠʤ ʯʠʥʦʤ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʧʝʚʥʦʾ ʯʘʩʪʢʠ ʘʣʶʤʽʥʽʶ ʯʠ ʥʘʚʽʪʴ Al 2O3 ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʩʠʣʴʥʠʭ ʚʽʜʥʦʚʥʠʢʽʚ ʨʝʘʢ ʥʘʩʠʯʝʥʥʷ ʤʦʞʝ ʪʝʦʨʝʪʠʯʥʦ ʧʨʦʪʽʢʘʪʠ 

ʥʘʚʽʪʴ ʥʘʥʝʧʽʜʛʦʪʦʚʣʝʥʫ ʦʢʠʩʣʝʥʫ ʧʦʚʝʨʭʥʶ ʩʪʘʣʴʥʦʛʦ ʚʠʨʦʙʫ. 
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ɿʘ ʽʥʰʠʤ ʜʘʥʠʤʠ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ KBF4, ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʜʽʣʝʥʥʷʤ ʘʢʪʠʚʥʦʛʦ ʢʘʪʘʣʽʟʘʪʦʨʘ BF6 [110]. 

ʆʩʢʽʣʴʢʠ ʧʨʠ ʥʘʛʨʽʚʽ ʽʥʪʝʥʩʠʚʥʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʦʢʠʩʣʝʥʥʷ, ʪʦ ʧʨʠ 

ʪʨʠʚʘʣʠʭ ʧʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʟʦʥʘ ʥʘʩʠʯʝʥʥʷ ʧʦʪʨʝʙʫʻ ʟʘʭʠʩʪʫ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʪʘʢʦʛʦ ʟʘʭʠʩʪʫ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʟʘʭʠʩʥʫ ʟʘʩʠʧʢʫ ʫ 

ʚʠʛʣʷʜʽ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ. ʇʨʘʢʪʠʯʥʦ ʚʽʜʨʘʟʫ ʞ ʧʽʩʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʫ ʧʽʯʴ, ʫ 

ʟʘʭʠʩʥʽʡ ʟʘʩʠʧʮ ̔ʧʦʯʠʥʘʻ ʧʨʦʪʽʢʘʪʠ ʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ: 2ʅ3ɺʆ3 
t   ɺ2ʆ3+3ʅ2ʆ, ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʾ ʫʪʚʦʨʠʪʴʩʷ ʙʦʨʥʠʡ ʘʥʛʽʜʨʠʜ ʫ ʨʦʟʧʣʘʚʣʝʥʦʤʫ ʚʠʜʽ. ɺʽʜʦʤʦ, ʱʦ 

ɺ2ʆ3 ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʨʦʧʫʩʢʘʻ ʛʘʟʦʧʦʜʽʙʥʽ ʨʝʯʦʚʠʥʠ, ʽ ʧʨʦʜʫʢʪʠ ʚʠʜʽʣʝʥʥʷ ʽʟ 

ʩʫʤʽʰʽ, ʱʦ ʥʘʩʠʯʫʻ. ʇʦ ʩʫʪʽ ɺ2ʆ3 ʫ ʨʦʟʧʣʘʚʣʝʥʦʤʫ ʚʠʛʣʷʜʽ ʚʽʜʽʛʨʘʻ ʨʦʣʴ 

ʩʚʦʻʨʽʜʥʦʛʦ ʧʣʘʚʠʢʦʚʦʛʦ ʟʘʪʚʦʨʫ [25, 27, 108 - 110].  

ʇʽʩʣʷ ʧʽʯʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʜʣʷ ʚʠʡʤʘʥʥʷ ʟʨʘʟʢʽʚ ʟ ʣʦʪʢʘ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʜʘʪʥʽʩʪʴ ɺ2O3 ʨʦʟʯʠʥʷʪʠʩʷ ʫ ʚʦʜʽ: ɺ2ʆ3+3ʅ2ʆ         2ʅ3ɺʆ3. 

ɿʘʢʨʽʧʣʝʥʥʷ ʥʘ ʟʨʘʟʢʘʭ ʧʘʩʪʠ ʚʽʜʙʫʚʘʣʦʩʴ ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʚ ʥʽʡ 

ʟʚ'ʷʟʫʶʯʦʛʦ, ʘ ʩʘʤʝ, ʢʣʝʶ ʪʠʧʫ ʂʄʎ [111]. ʂʦʥʩʠʩʪʝʥʮʽʷ ʦʙʤʘʟʦʢ ʟʤʽʥʶʚʘʣʘʩʴ 

ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʚʝʜʝʥʥʷ ʚʦʜʦʶ ʟ ʥʘʩʪʫʧʥʠʤ ʧʨʦʩʫʰʫʚʘʥʥʷʤ ʥʘʥʝʩʝʥʦʾ ʧʘʩʪʠ. 

 

2.2 ʄʝʪʦʜʠʢʘ ʙʦʨʫʚʘʥʥʷ ʧʨʠ ʧʽʯʥʦʤʫ ʽ ʰʚʠʜʢʽʩʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ 

ɼʣʷ ʙʦʨʫʚʘʥʥʷ ʩʧʦʯʘʪʢʫ ʛʦʪʫʚʘʣʘʩʴ ʩʫʤʽʰ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʨʦʰʢʽʚ NaF 

(25 ʛ) ʪʘ B4C (75 ʛ). ʇʽʩʣʷ ʮʴʦʛʦ ʩʫʤʽʰ ʟʤʽʰʫʻʪʴʩʷ ʟ ʢʣʝʻʤ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, 

ʦʪʨʠʤʫʻʪʴʩʷ ʧʘʩʪʘ ʜʣʷ ʙʦʨʫʚʘʥʥʷ. ɿʨʘʟʢʠ ʦʙʤʘʟʫʶʪʴʩʷ ʩʫʤʽʰʰʶ ʽ ʧʨʠ ʧʽʯʥʦʤʫ 

ʙʦʨʫʚʘʥʥʽ ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʫ ʣʦʪʦʢ. ʇʽʩʣʷ ʮʴʦʛʦ ʣʦʪʦʢ ʟʘʩʠʧʘʻʪʴʩʷ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʶ ʩʫʤʽʰʰʶ ʪʘ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʫ ʧʨʦʛʨʽʪʫ ʧʽʯ. ʋ ʚʠʧʘʜʢʫ ʧʽʯʥʦʛʦ 

ʙʦʨʫʚʘʥʥʷ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʧʘʩʪʠ ʟʨʘʟʢʠ ʨʦʟʧʦʜʽʣʷʣʠʩʴ ʧʦ ʣʦʪʢʘʤ ʟ ʥʘʩʪʫʧʥʠʤ 

ʟʘʩʠʧʘʥʥʷʤ ʟʘʭʠʩʥʦʶ ʩʫʤʽʰʰʶ. ɿʘʭʠʩʥʘ ʩʫʤʽʰ ʩʢʣʘʜʘʣʘʩʴ ʟ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ 

ʧʦʨʦʰʢʫ, ʛʣʠʥʠ ʪʘ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ (H3BO3) ʽ ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʟʘʭʠʩʪ ʚʽʜ ʦʢʠʩʥʝʥʥʷ 

ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʧʨʦʮʝʩʘʭ ʫ ʧʝʯʽ. ɿʘʭʠʩʥʘ ʟʘʩʠʧʢʘ ʚʽʜʽʛʨʘʚʘʣʘ ʨʦʣʴ ʙʘʨ'ʻʨʫ ʜʣʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʢʠʩʥʶ ʪʘ ʛʘʟʦʧʦʜʽʙʥʠʭ ʙʦʨʬʪʦʨʠʜʽʚ.  

ɹʦʨʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠʩʴ ʫ ʧʝʯʽ ʟ ʦʢʠʩʥʦʶ ʘʪʤʦʩʬʝʨʦʶ, ʟ 

ʥʘʛʨʽʚʘʥʥʷʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʚ ʽʥʪʝʨʚʘʣʽ 900 - 1200 ʦʉ. ɺʠʪʨʠʤʢʘ ʧʨʠ ʙʦʨʫʚʘʥʥʽ 
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ʩʢʣʘʜʘʣʘ ʚʽʜ 15 ʭʚʠʣʠʥ ʜʦ 3 ʛʦʜʠʥ. ʆʭʦʣʦʜʞʝʥʥʷ ʧʽʩʣʷ ʙʦʨʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ 

ʥʘ ʧʦʚʽʪʨʽ.  

ɼʣʷ ʥʘʛʨʽʚʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ "ɽʣʝʢʪʨʦʧʽʯ ʉʅʆ 7,2/1300 ʀ4ʇʈ" ʪʘ 

ʧʨʦʛʨʘʤʥʠʡ ʚʠʤʽʨʶʚʘʯ-ʨʝʛʫʣʷʪʦʨ "ʊʈʄ251". ʊʝʤʧʝʨʘʪʫʨʘ ʧʝʯʽ ʧʝʨʝʚʽʨʷʣʘʩʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ 

MS6550B.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ 

ʟʨʘʟʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʪʝʨʤʦʧʘʨʠ ʟ ʟʘʧʠʩʦʤ ʢʨʠʚʦʾ ʥʘʛʨʽʚʫ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ 

ʯʝʨʝʟ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ (ɸʎʇ). ɸʎʇ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʝʨʝʚʦʜʫ 

ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʊɽɼʉ ʟ ʪʝʨʤʦʧʘʨʠ ʫ ʮʠʬʨʦʚʠʡ ʚʠʜ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʤʘʩʠʚʫ 

ʜʘʥʠʭ. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ɸʎʇ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.2. 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ɸʎʇ 

 

ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ɸʎʇ ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ, ʙʣʦʢ-ʩʭʝʤʘ 

ʷʢʦʛʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.3.  

 

 

ʈʠʩʫʥʦʢ 2.3 ï ɹʣʦʢ-ʩʭʝʤʘ ɸʎʇ ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ 

 

ʋ ɸʎʇ, ʷʢʠʡ ʟʘʜʽʷʥʠʡ ʫ ʚʠʤʽʨʶʚʘʥʥʷʭ, ʜʦʩʷʛʥʫʪʠʡ ʢʦʤʧʨʦʤʽʩ ʤʽʞ 

ʨʝʟʫʣʴʪʫʶʯʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʰʚʠʜʢʦʜʽʻʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʚ ʦʙʨʘʥʠʡ 10 
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- ʨʦʟʨʷʜʥʠʡ ɸʎʇ TLC1549C ʬʽʨʤʠ Texas instruments [112], ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

ʷʢʦʛʦ ʙʫʣʘ ʧʽʜʚʠʱʝʥʘ ʥʘ ʧʦʨʷʜʦʢ ʟʘʩʪʦʩʦʚʘʥʦʾ ʫ ʩʭʝʤʽ ʧʽʜʩʠʣʶʚʘʯʘ LC 1009 

ʬʽʨʤʠ Leners instruments. ɼʘʥʽ ʪʠʧʠ ɸʎʇ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʜʦʩʪʫʧʥʽʩʪʶ, ʥʝʚʝʣʠʢʦʶ 

ʚʘʨʪʽʩʪʶ, ʤʘʣʠʤ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʪʘ ʧʨʦʩʪʦʪʦʶ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɸʎʇ ʧʨʠʚʝʜʝʥʘ ʫ ʪʘʙʣ. 2.3. 

 

ʊʘʙʣʠʮʷ 2.3 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɸʎʇ [112] 

ʇʘʨʘʤʝʪʨʠ ʇʦʟʥʘʯʝʥʥʷ min ʩʝʨʝʜʥʻ max 
ʆʜʠʥʠʮʽ 

ʚʠʤʽʨʶʚʘʥʥʷ 

ʈʦʟʨʷʜʥʽʩʪʴ   10  ɹʽʪ 

ʇʽʜʪʨʠʤʫʶʯʘ ʥʘʧʨʫʛʘ Vcc 4,5 5 5,5 ɺ 

ɺʭʽʜʥʘ ʥʘʧʨʫʛʘ V1 0,3 Ñ20 +0,3 ɺ 

ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ V2 0,3 Ñ30 +0,3 ɺ 

ʆʧʦʨʥʘ ʥʘʧʨʫʛʘ Vref = Vcc 2,5  Vcc+0,2 ɺ 

ʏʘʩʪʦʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʛʝʥʝʨʘʪʦʨʘ    2,1 ʄɻʮ 

ɿʘʛʘʣʴʥʠʡ ʯʘʩ ʮʠʢʣʫ ʨʘʭʫʥʢʫ ʜʘʥʠʭ tc   21 ʤʢʩ 

ɿʘʛʘʣʴʥʘ ʧʦʤʠʣʢʘ ʦʮʠʬʨʫʚʘʥʥʷ   Ñ1  LSB*  

*1LSB = 4,8 ʤB 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 2.3 ʧʦʩʣʽʜʦʚʥʠʡ 10 ʨʦʟʨʷʜʥʠʡ ɸʎʇ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʢʦʤʧʨʦʤʽʩ ʤʽʞ ʪʦʯʥʽʩʪʶ ʪʘ ʰʚʠʜʢʦʜʽʻʶ. ʇʨʠʚʝʜʝʥʘ ʨʦʟʨʷʜʥʽʩʪʴ ʪʘ ʚʥʫʪʨʽʰʥʷ 

ʯʘʩʪʦʪʘ ʛʝʥʝʨʘʪʦʨʫ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʰʚʠʜʢʽʩʪʴ ʚʠʤʽʨʫ ʚ ʢʦʞʥʽ 10 ʤʩ. 

ʇʽʜʪʨʠʤʫʶʯʘ ʥʘʧʨʫʛʘ ʫ 5 ɺ ʜʦʟʚʦʣʷʻ ʤʘʪʠ ʨʝʟʝʨʚ ʧʦ ʧʦʩʠʣʝʥʥʶ ʩʠʛʥʘʣʫ, ʱʦ ʽ 

ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʦʧʝʨʘʮʽʡʥʠʤ ʧʽʜʩʠʣʶʚʘʯʝʤ. ɺʮʽʣʦʤʫ ʩʠʛʥʘʣ ʚʽʜ ʪʝʨʤʦʧʘʨʠ ʙʫʣʦ 

ʧʦʩʠʣʝʥʦ ʫ 10 ʨʘʟʽʚ, ʭʦʯʘ ʧʽʜʩʠʣʶʚʘʯʘ LC 1009 ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʽ 100 ʢʨʘʪʥʝ 

ʧʦʩʠʣʝʥʥʷ ʩʠʛʥʘʣʫ. ɿʘʛʘʣʴʥʘ ʧʦʤʠʣʢʘ ʦʮʠʬʨʫʚʘʥʥʷ ʧʦʢʘʟʫʻ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʽʚ. 

ʊʦʯʥʽʩʪʴ ʟʨʦʩʪʘʻ ʧʨʠ ʧʦʩʠʣʝʥʽ ʩʠʛʥʘʣʫ. ʊʘʢ ʧʨʠ ʧʦʩʠʣʝʥʽ ʫ 10 ʨʘʟʽʚ ʪʦʯʥʽʩʪʴ 

ʚʠʤʽʨʫ ʊɽɼʉ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʪʝʨʤʦʧʘʨʦʶ ʩʪʘʥʦʚʠʪʴ 0,48 ʤɺ. ʇʦʩʠʣʝʥʥʷ 

ʩʠʛʥʘʣʫ ʫ 100 ʨʘʟʽʚ ʚʥʦʩʠʪʴ ʧʝʚʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʧʦʤʠʣʢʠ, ʦʩʢʽʣʴʢʠ ʧʨʠ 

ʧʦʩʠʣʝʥʥʽ ʩʠʛʥʘʣʫ ʟʘʣʝʞʥʽʩʪʴ ʧʦʩʠʣʝʥʥʷ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʣʽʥʽʡʥʦʛʦ ʭʦʜʫ. 
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ɼʨʘʡʚʝʨ ʪʘ ʧʨʦʛʨʘʤʘ ʟʙʦʨʫ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʚʠʚʽʜ ʜʘʥʠʭ ʥʘʧʠʩʘʥʠʡ ʫ ʧʘʢʝʪʽ 

Visual Basic. ʃʽʩʪʠʥʛ ʧʨʦʛʨʘʤʠ ʥʘʚʝʜʝʥʦ ʫ ʜʦʜʘʪʢʫ ɸ [113, 114]. 

ʉʪʨʫʢʪʫʨʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ: ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʪʘ ʦʧʠʩʦʤ ʟʤʽʥʥʠʭ; ʩʘʤʝ ʜʨʘʡʚʝʨʫ ʜʣʷ ɸʎʇ; ʘʧʘʨʘʪʫ 

ʟʘʩʦʙʽʚ ʧʝʨʝʨʘʭʫʥʢʫ ʊɽɼʉ ʫ ʛʨʘʜʫʩʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʧʨʘʚʦʢ; ʧʨʦʛʨʘʤʥʠʭ 

ʟʘʩʦʙʽʚ ʚʠʚʦʜʫ ʤʘʩʠʚʫ ʜʘʥʠʭ ʚ ʦʢʨʝʤʠʡ ʬʘʡʣ (Microsoft Exʩel). 

ʇʽʩʣʷ ʟʘʧʠʩʫ ʤʘʩʠʚʫ ʜʘʥʠʭ ʚʽʜʙʫʚʘʣʘʩʴ ʧʦʙʫʜʦʚʘ ʛʨʘʬʽʢʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʯʘʩʫ ʟ ʥʘʩʪʫʧʥʦʶ ʦʙʨʦʙʢʦʶ ʫ ʧʘʢʝʪʽ MatLab 7. ɿ ʮʠʭ ʛʨʘʬʽʢʽʚ 

ʨʦʙʠʣʠʩʴ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ. 

ʐʚʠʜʢʽʩʥʠʡ ʥʘʛʨʽʚ ʉɺʏ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʨʘʪʦʨʘ ʩʪʨʫʤʽʚ 

ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ (ʟ ʯʘʩʪʦʪʦʶ 440000 ɻʮ) ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʽʥʜʫʢʪʦʨʽʚ ʨʽʚʥʦʛʦ 

ʪʠʧʫ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʠʪʦʤʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʽʥʜʫʢʪʦʨʽ 

ʧʨʠʢʨʠʧʣʶʚʘʚʩʷ ʬʝʨʠʪʦʚʠʡ ʤʘʛʥʽʪʦʧʨʦʚʽʜ. ɿʘʟʦʨ ʤʽʞ ʽʥʜʫʢʪʦʨʦʤ ʽ ʟʨʘʟʢʦʤ 

ʟʥʘʭʦʜʠʚʩʷ ʚ ʤʝʞʘʭ 1 õ 1,5 ʤʤ, ʱʦ ʣʽʤʽʪʫʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʪʦʚʱʠʥʦʶ ʧʘʩʪʠ 

( ʨʠʩ. 2.4 ).  

 

 

ȹ ï ʧʦʚʝʨʭʥʝʚʘ ʟʦʥʘ, ʜʝ ʚʠʜʽʣʷʻʪʴʩʷ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʝʥʝʨʛʽʾ, z ï ʟʘʟʦʨ ʤʽʞ 

ʽʥʜʫʢʪʦʨʦʤ ʪʘ ʜʝʪʘʣʣʶ 

ʈʠʩʫʥʦʢ 2.4 ï ʉʭʝʤʘ ʽʥʜʫʢʪʦʨ-ʜʝʪʘʣʴ 

 

ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘʛʨʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʛʝʥʝʨʘʪʦʨʦʤ ɺʏɻ - 60 / 0,44. 

ʅʘʛʨʽʚ ʟʨʘʟʢʽʚ ʟ ʥʘʥʝʩʝʥʦʶ ʧʘʩʪʦʶ ʧʨʦʚʦʜʠʚʩʷ ʰʣʷʭʦʤ ʙʝʟʧʝʨʝʨʚʥʦ-

ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʟʨʘʟʢʘ ʧʦʚʟ ʽʥʜʫʢʪʦʨ ʟ ʚʽʜʥʦʩʥʦʶ ʰʚʠʜʢʽʩʪʶ 10 õ 30 

ʤʤ/ʩ. 
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ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʘʥʥʷ ʚʘʨʽʶʚʘʣʘʩʴ ʚʽʜ 1050 ʜʦ 1300 ʦʉ, ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʚʫ 

ʚʽʜ 150 ʜʦ 1200 ʦʉ/ʩ. ʐʚʠʜʢʽʩʥʝ ʙʦʨʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʙʝʟ ʚʠʪʨʠʤʢʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʛʨʽʚʘʥʥʷ ʟ ʥʘʩʪʫʧʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʥʘ ʧʦʚʽʪʨʽ ʘʙʦ ʚ ʚʦʜʽ. 

ɼʣʷ ʚʠʤʽʨʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʥʘʛʨʽʚʽ ʉɺʏ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʝʨʤʦʧʘʨʠ 

ʜʽʘʤʝʪʨʦʤ ʚʽʜ 0,4 ʜʦ 0,05 ʤʤ.  

ʊʝʨʤʦʧʘʨʘ ʧʨʠʚʘʨʶʚʘʣʘʩʷ ʫ ʤʽʩʮʽ ʥʘʛʨʽʚʫ ʜʦ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ, ʧʽʩʣʷ ʯʦʛʦ 

ʥʘʥʦʩʠʣʘʩʴ ʧʘʩʪʘ. ɼʣʷ ʚʠʤʽʨʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʘʧʠʩʫ ʢʨʠʚʠʭ ʥʘʛʨʽʚʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ ʪʝʨʤʦʧʘʨʘ ʧʨʠʻʜʥʫʚʘʣʘʩʴ ʜʦ ɸʎʇ ʷʢʠʡ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʧʽʜʻʜʥʫʚʘʚʩʷ ʜʦ ʢʦʤʧôʁ ʪʝʨʫ. ʐʚʠʜʢʩ̔ʪʴ ʥʘʛʨʚ̔ʫ ʚʠʨʘʭʦʚʫʚʘʣʘʩʴ ʧʦ ʚʜ̔ʥʦʰʝʥʥʶ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʷʛʥʫʪʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʯʘʩʫ, ʟʘ ʷʢʠʡ ʚʽʜʙʫʚʩʷ ʥʘʛʨʽʚ. 

ʇʽʩʣʷ ʧʨʠʚʘʨʢʠ ʪʝʨʤʦʧʘʨ ʪʘ ʥʘʥʝʩʝʥʥʷ ʧʘʩʪʠ ʟʨʘʟʢʠ ʟʘʢʨʽʧʣʷʣʠ ʫ 

ʩʧʝʮʽʘʣʴʥʝ ʦʙʣʘʜʥʝʥʥʷ ( ʨʠʩ. 2.5).  

ɼʘʥʝ ʦʙʣʘʜʥʝʥʥʷ ʷʚʣʷʻʪʴʩʷ ʘʥʘʣʦʛʦʤ ʤʝʭʘʥʽʟʤʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ 

ɸʊ çʊʫʨʙʦʘʪʦʤè ʜʣʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʨʦʪʠʝʨʦʟʽʡʥʦʛʦ ʟʤʽʮʥʝʥʥʷ ʚʭʽʜʥʠʭ ʢʨʦʤʦʢ 

ʣʦʧʘʪʦʢ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ ʚ ʨʝʞʠʤʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʛʘʨʪʫʚʘʥʥʷ ʟ ʥʘʛʨʽʚʦʤ ʉɺʏ.  

 

 

ʈʠʩʫʥʦʢ 2.5 ï ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʽʜʛʦʪʦʚʣʝʥʦʛʦ ʟʨʘʟʢʘ-ʜʝʪʘʣʽ ʥʘ 

ʩʧʝʮʽʘʣʴʥʦʤʫ ʦʙʣʘʜʥʝʥʥʽ 
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ɺʠʢʦʨʠʩʪʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʽʶʯʝ 

ʧʨʦʤʠʩʣʦʚʝ ʦʙʣʘʜʥʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʙʝʟ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʟʤʽʥ. 

 

2.3 ʄʝʪʘʣʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʇʨʦʮʝʩ ʧʽʜʛʦʪʦʚʢʠ ʰʘʨʽʚ ʪʘ ʾʭ ʪʨʘʚʣʝʥʥʷ ʧʨʦʚʦʜʠʚʩʷ ʟʛʽʜʥʦ ʟʽ ʩʪʘʥʜʘʨʪʥʦʶ 

ʤʝʪʦʜʠʢʦʶ. ɼʣʷ ʪʨʘʚʣʝʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʪʘ ʥʠʟʴʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ 

ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ 10% ʨʦʟʯʠʥ HNO3 ʫ ʩʧʠʨʪʽ. ɼʣʷ ʪʨʘʚʣʝʥʥʷ ʩʪʘʣʽ 15ʍ11ʄʌ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʨʝʘʢʪʠʚ: 50% HNO3+30% FeCl2 + 20% H2O. ɿʘʩʪʦʩʦʚʫʚʘʣʦʩʴ 

ʢʦʣʴʦʨʦʚʝ ʪʨʘʚʣʝʥʥʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʦ 45 Áʉ ʫ ʨʝʘʢʪʠʚʽ: 1 % C6H2OH(NO2)3 + 33 

% NaOH + 66 % H2O. ʇʨʠ ʮʴʦʤʫ ʙʦʨʠʜ FeB ʟʘʙʘʨʚʣʶʻʪʴʩʷ ʫ ʢʦʨʠʯʥʝʚʠʡ ʢʦʣʽʨ, 

ʘ Fe2B ï ʫ ʞʦʚʪʠʡ [115]. ʄʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ZEISS AXIO Vert.ɸ1 ʧʨʠ ʟʙʽʣʴʰʝʥʥʷʭ ʚ 50, 200, 

500, 1000 ʢʨʘʪ.  

 

2.4 ɺʠʤʽʨʠ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʪʘ ʥʘʧʨʫʞʝʥʥʷ ʩʢʦʣʶʚʘʥʥʷ 

ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʚʠʤʽʨʶʚʘʣʠ ʥʘ ʧʨʠʣʘʜʽ ʇʄʊï3 ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 10 ï 200 

ʛʨʘʤ, ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ [115], ʷʢ ʧʨʘʚʠʣʦ, ʥʘ ʧʦʧʝʨʝʯʥʠʭ ʤʽʢʨʦʰʣʽʬʘʭ 

( ʨʠʩ. 2.6 ). ʇʝʨʝʜ ʚʠʤʽʨʦʤ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʟʨʘʟʢʽʚ, ʶʩʪʫʚʘʥʥʷ ʧʨʠʣʘʜʫ 

ʧʨʦʚʦʜʠʪʴʩʷ ʰʣʷʭʦʤ ʚʠʤʽʨʫ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʤʦʥʦʢʨʠʩʪʘʣʽʚ NaCl, ʷʢʽ ʙʫʣʠ 

ʧʦʧʝʨʝʜʥʴʦ ʚʽʜʧʘʣʝʥʽ, ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 20 ʛʨʘʤ.  

 

 

 

ʈʠʩʫʥʦʢ 2.6 ï ʉʭʝʤʘ ʚʠʤʽʨʫ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʥʘ ʙʦʨʦʚʘʥʠʭ ʟʨʘʟʢʘʭ. 

 

ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʴ ʥʘʚʘʥʪʘʞʝʥʥʷ 200 ʛʨʘʤ. 

ʅʘʧʨʫʞʝʥʥʷ ʩʢʦʣʶʚʘʥʥʷ ʦʮʽʥʶʚʘʣʠʩʴ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʦʧʠʩʘʥʦʶ ʫ [116]. 

ʉʫʪʴ ʜʘʥʦʾ ʤʝʪʦʜʠʢʠ ʧʦʣʷʛʘʻ ʫ ʧʦʩʪʫʧʦʚʦʤʫ ʥʘʙʣʠʞʝʥʽ ʚʽʜʙʠʪʢʽʚ ʚʠʤʽʨʫ 
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ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʜʦ ʢʨʘʶ ʰʣʽʬʘ. ɺʠʤʽʨʠ ʟ ʥʘʙʣʠʞʝʥʥʷʤ ʜʦ ʢʨʘʶ ʚʽʜʙʫʚʘʶʪʴʩʷ ʜʦ 

ʪʠʭ ʧʽʨ, ʧʦʢʠ ʢʨʠʭʢʘ ʬʘʟʘ ʥʝ ʩʢʦʣʶʻʪʴʩʷ. ʂʨʠʪʠʯʥʫ ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ ʚʽʜʙʠʪʢʫ 

ʜʦ ʢʨʘʶ ʟʨʘʟʢʘ ʚʠʟʥʘʯʘʶʪʴ ʚʠʤʽʨʘʤʠ, ʷʢ ʽ ʜʽʘʛʦʥʘʣʴ ʚʽʜʙʠʪʢʽʚ, ʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ 

ʨʦʟʨʘʭʫʥʢʘʭ. ʅʘʧʨʫʞʝʥʥʷ ʩʢʦʣʶʚʘʥʥʷ ʦʮʽʥʶʚʘʣʦʩʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

ůʩʢ=0,174ʈ/(2L2+CL)     (2.1) 

 

ʜʝ P ï ʥʘʚʘʥʪʘʞʝʥʥʷ, ʛʨ.; 

 L ï ʜʦʚʞʠʥʘ ʚʽʜ ʚʽʜʙʠʪʢʫ ʜʦ ʢʨʘʶ ʰʘʨʫ, ʧʨʠ ʷʢʽʡ ʥʝʚʽʜʙʫʚʘʻʪʴʩʷ 

ʩʢʦʣʶʚʘʥʥʷ ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʜʽʘʛʦʥʘʣʝʡ, ʤʢʤ; 

 ʉ ï ʜʽʘʛʦʥʘʣʴ ʚʽʜʙʠʜʢʫ. 

 

ʄʝʪʦʜ ʻ ʥʝʧʨʠʜʘʪʥʠʤ ʜʦ ʧʣʘʩʪʠʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʦʩʢʽʣʴʢʠ ʥʘ ʥʠʭ ʜʦʙʠʪʠʩʴ 

ʩʢʦʣʶʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ. ʉʧʦʚʟʘʥʥʷ ʽʥʜʝʥʪʦʨʫ ʟ ʢʨʘʶ ʰʣʽʬʘ 

ʥʝʚʨʘʭʦʚʫʻʪʴʩʷ. 

 

2.5 ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʫʜʘʨʥʫ ʚô̫ ʟʢʽʩʪʴ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ 

ɼʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʫʜʘʨʥʫ ʚ'ʷʟʢʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʘʷʪʥʠʢʦʚʠʡ 

ʢʦʧʝʨ ʪʠʧʫ 2130 ʂʄ-03. ʈʦʟʤʽʨʠ ʟʨʘʟʢʽʚ ʩʪʘʥʜʘʨʪʥʽ ʟ U ʧʦʜʽʙʥʠʤ ʥʘʜʨʽʟʦʤ. 

ɹʦʨʦʚʘʥʽ ʰʘʨʠ ʬʦʨʤʫʚʘʣʠʩʴ ʧʦ ʙʦʢʘʤ ʟʨʘʟʢʽʚ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.7. 

 

 

ʈʠʩʫʥʦʢ 2.7 ï ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ ʥʘ ʟʨʘʟʢʫ ʜʣʷ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʫʜʘʨʥʠʡ ʟʛʠʥ 
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ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʝʨʦʟʽʡʥʝ ʟʥʦʰʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʧʨʠʩʢʦʨʝʥʽʡ 

ʤʝʪʦʜʠʮʽ ʧʽʜ ʜʽʻʶ ʘʙʨʘʟʠʚʥʠʭ ʯʘʩʪʦʭ ʧʨʠʩʢʦʨʝʥʠʭ ʩʪʠʩʣʠʤ ʧʦʚʽʪʨʷʤ ʥʘ ʧʨʦʪʷʟʽ 

ʚʽʜ 1 ʜʦ 7,5 ʛʦʜʠʥ. ʂʦʥʪʨʦʣʴ ʟʥʦʰʫʚʘʥʥʷ ʧʨʦʚʦʜʠʚʩʷ ʟʚʘʞʝʥʥʷʤ ʟʨʘʟʢʽʚ ʯʝʨʝʟ 

ʢʦʞʥʠʡ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʘʥʘʣʽʪʠʯʥʠʭ ʚʘʞʝʣʷʭ ʟ ʪʦʯʥʽʩʪʴʶ Ñ 1 ʤʛ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʠʧʠʥʷʣʦʩʴ ʧʨʠ ʩʫʪʪʻʚʽʡ ʟʤʽʥʽ ʛʝʦʤʝʪʨʽʾ ʟʨʘʟʢʘ. ɺʠʧʨʦʙʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʦʩʴ ʧʽʜ ʢʫʪʘʤʠ 45ʦ ʪʘ 90ʦ (ʧʦ ʥʦʨʤʘʣʽ) ʚʽʜʥʦʩʥʦ ʧʦʚʝʨʭʥʽ. ɺʠʧʨʦʙʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʩʪʘʮʽʦʥʘʨʥʽʡ ʧʽʩʢʦʩʪʨʫʡʥʽʡ ʤʘʰʠʥʽ. ʉʭʝʤʘ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.8. 

 

 

 

ʈʠʩʫʥʦʢ 2.8 ï ʉʭʝʤʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʟʥʦʩ 

 

ʈʦʙʦʯʠʡ ʪʠʩʢ 7 ʢʛʩ/ʩʤ2, ʨʦʟʤʽʨ ʯʘʩʪʦʢ ʧʽʩʢʫ 100 ï 400 ʤʢʤ. ʆʨʽʻʥʪʦʚʥʘ 

ʰʚʠʜʢʽʩʪʴ ʯʘʩʪʦʢ 100 ʤ/ʩ. ʄʘʩʩʦʚʽ ʚʠʪʨʘʪʠ ʝʨʦʜʝʥʪʫ ʧʨʠʙʣʠʟʥʦ 10 ʢʛ/ʛʦʜ. ɺ 

ʷʢʦʩʪʽ ʝʨʦʜʝʥʪʫ ʚʠʢʦʨʠʩʪʘʥʦ ʧʽʩʦʢ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ. 

 

2.6 ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ 

ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʢʫ ʙʫʣʦ ʧʨʦʝʜʝʥʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ 

ʘʥʘʣʽʟ ʧʦ ʛʣʠʙʠʥʽ ʙʦʨʫʚʘʥʥʷ ʧʨʦʚʦʜʠʚʩʷ ʧʦʩʣʽʜʦʚʥʦ, ʰʘʨ ʟʘ ʰʘʨʦʤ, ʟ ʢʦʥʪʨʦʣʝʤ 

ʛʣʠʙʠʥʠ ʧʦ ʤʽʪʢʘʤ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ, ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽ ɼʈʆʅ-3. 
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 ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽ ɼʈʆʅ-3 ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʽʜʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʬʽʣʴʪʨʘʮʽʶ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʣʽʥʽʡ ʨʝʻʩʪʨʫʚʘʣʠ ʟ ʤʘʩʰʪʘʙʦʤ 103, 

ʪʘ ʟ ʤʘʩʰʪʘʙʦʤ 104 ʪʠʭ ʣʽʥʽʡ, ʢʦʪʨʽ ʚʠʭʦʜʠʣʠ ʟʘ ʤʝʞʽ ʚʠʤʽʨʶʚʘʥʥʷ.  

 ɼʣʷ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʜʠʬʨʘʢʪʦʛʨʘʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʘʙʣʠʮʽ 

ʤʽʞʥʘʨʦʜʥʦʛʦ ʮʝʥʪʨʫ ʜʠʬʨʘʢʮʽʡʥʠʭ ʜʘʥʠʭ (ICDD) [117] ʟ ʬʘʡʣʘʤʠ ʧʦʨʦʰʢʦʚʦʾ 

ʜʠʬʨʘʢʮʽʾ (JCPDS) ʪʘ ʧʨʦʛʨʘʤʠ Match3! [118]. 

 ɽʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʙʦʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʧʨʦʚʦʜʠʚʩʷ ʧʦʰʘʨʦʚʦ ʤʝʪʦʜʘʤʠ 

ʨʝʥʪʛʝʥ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ (ʈʌɸ) ʥʘ ʧʨʠʣʘʜʽʚ ʪʠʧʫ ʉʇʈʋʊ ʟʘ ʭʚʠʣʴʦʚʦ-

ʜʠʩʧʝʨʩʽʡʥʠʤ ʽ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʠʤ ʧʨʠʥʮʠʧʘʤʠ ʨʦʙʦʪʠ. ɺʤʽʩʪ ʚʫʛʣʝʮʶ 

ʚʩʪʘʥʦʚʣʶʚʘʚʩʷ ʟʘ ʤʝʪʦʜʠʢʦʶ ʧʝʨʝʨʘʭʫʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʦʾ 

ʮʝʤʝʥʪʠʪʥʦʾ ʣʽʥʽʾ ʥʘ ʜʠʬʨʘʢʮʽʡʥʽʡ ʜʽʣʷʥʮʽ ʩʧʝʢʪʨʫ ʟʘ ʤʝʪʦʜʠʢʦʶ ʚʠʢʣʘʜʝʥʦʶ ʫ 

[119]. ʉʫʪʴ ʧʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʢʨʽʤ ʬʣʫʦʨʠʩʮʝʥʪʥʦʾ ʜʽʣʷʥʢʠ ʩʧʝʢʪʨʫ 

ʚʠʢʦʨʠʩʪʘʥʘ ʚʫʟʴʢʘ ʜʽʣʷʥʢʘ ʜʠʬʨʘʢʮʽʡʥʦʛʦ ʩʧʝʢʪʨʫ, ʘ ʩʘʤʝ ʜʽʣʷʥʢʘ ʜʝ ʟʷʚʣʷʻʪʴʩʷ 

ʣʽʥʽʷ ʮʝʤʝʥʪʠʪʫ. ʎʝʤʝʥʪʠʪ ʤʘʻ ʩʪʨʦʛʦ ʬʽʢʩʦʚʘʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʫʛʣʝʮʶ ʫ ʩʚʦʻʤʫ 

ʩʢʣʘʜʽ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʩʪʝʭʽʦʤʝʪʨʽʶ. ɺʠʟʥʘʯʠʚʰʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʮʝʤʝʥʪʠʪʫ ʫ 

ʟʨʘʟʢʫ, ʟʨʦʙʠʚʰʠ ʧʦʧʨʘʚʢʫ ʥʘ ʩʢʣʘʜ ʚʫʛʣʝʮʶ ʫ ʬʝʨʨʠʪʽ ʤʦʞʥʦ ʜʦʚʦʣʽ ʪʦʯʥʦ 

ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʫʛʣʝʮʶ ʫ ʩʪʘʣʽ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʩʢʣʘʜʫ ʙʦʨʫ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ 

ʩʧʝʮʽʘʣʴʥʦʶ ʤʝʪʦʜʠʢʦʶ, ʦʩʥʦʚʘʥʦʶ ʥʘ ʨʽʟʥʠʮʽ ʨʝʣʝʾʚʩʴʢʦʛʦ ʽ ʢʦʤʧʪʦʥʽʚʩʴʢʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ [120]. ʄʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʽʚ ʢʦʤʧʪʦʥʽʚʩʴʢʦʛʦ ʽ ʨʝʣʻʾʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʧʨʠ ʨʽʟʥʦʤʫ ʢʫʪʽ 

ʚʠʭʦʜʫ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ. ɺʘʨʽʶʚʘʥʥʷ ʢʫʪʘ 

ʚʠʭʦʜʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʢʫʪʽ ʨʦʟʩʽʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʤʘʡʞʝ ʥʘ ʜʚʘ 

ʧʦʨʷʜʢʠ ʟʤʽʥʶʚʘʪʠ ʛʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʟʨʘʟʦʢ, ʚʽʜʧʦʚʽʜʥʦ, 

ʟʤʽʥʶʚʘʪʠ ʟʦʥʫ ʫʩʝʨʝʜʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɺʠʟʥʘʯʝʥʥʷ ʣʝʛʢʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʞʣʠʚʦ 

ʧʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ ʧʽʢʽʚ ʢʦʤʧʪʦʥʽʚʩʴʢʦʛʦ ʽ ʨʝʣʻʾʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ. ʎʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ ʨʦʟʩʽʶʚʘʯʘ ʽ ʤʦʞʝ 

ʩʣʫʞʠʪʠ ʦʩʥʦʚʦʶ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʣʝʛʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʙʦʨʫ.  

ɺʠʤʽʨʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʽʚ ʨʝʣʻʾʚʩʴʢʦʛʦ ʽ ʢʦʤʧʪʦʥʽʚʩʴʢʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ WDXRF ʩʧʝʢʪʨʦʤʝʪʨʽ ʉɽʌ-01-ʄ "ʉʇʈʋʊ" ʫ ʨʝʞʠʤʽ 

ʟʡʦʤʦʢ ʢʘʣʽʙʨʦʚʦʢ. ʈʝʥʪʛʝʥʽʚʩʴʢʘ ʪʨʫʙʢʘ ʟ ʘʥʦʜʦʤ ʟ ʤʦʣʽʙʜʝʥʫ ʯʝʨʝʟ ʢʦʣʽʤʘʪʦʨ 



86 
 

ʦʩʚʽʪʣʶʻ ʧʦʚʝʨʭʥʶ ʟʨʘʟʢʘ. ɿʨʘʟʦʢ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʛʦʥʽʦʤʝʪʨʽ ʽ ʤʦʞʝ 

ʧʦʚʝʨʪʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʞʝʣʷ. ʈʦʟʩʽʷʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʝʻʩʪʨʫʻʪʴʩʷ 

WDRF ʩʧʝʢʪʨʦʤʝʪʨʦʤ. ʂʫʪ ʨʦʟʩʽʶʚʘʥʥʷ 2ɓ = 96Ü ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʢʦʣʽʤʘʪʦʨ ʉʦʣʣʝʨʘ ʟ ʢʫʪʦʚʠʤ ʨʦʟʭʦʜʞʝʥʥʷʤ 0,2 ʛʨʘʜʫʩʘ, ʚʽʜʙʠʚʘʻʪʴʩʷ ʚʽʜ 

ʤʦʥʦʭʨʦʤʘʪʦʨʘ - ʚʠʩʦʢʦʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧ̔ʨʦʣ̔ʪʠʯʥʦʛʦ ʛʨʘʬʽʪʫ (HOPG) - ʽ ʯʝʨʝʟ 

ʜʨʫʛʠʡ ʢʦʣʽʤʘʪʦʨ ʉʦʣʣʝʨʘ ʧʦʪʨʘʧʣʷʻ ʚ ʩʮʠʥʪʠʣʷʮʽʡʥʠʡ ʜʝʪʝʢʪʦʨ. ɺʠʤʽʨʶʚʘʥʥʷ 

ʧʽʢʦʚʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʝʣʻʾʚʩʴʢʦʛʦ ʽ ʢʦʤʧʪʦʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʬʦʥʫ ʚʠʨʦʙʣʷʣʠ ʰʣʷʭʦʤ ʥʘʙʦʨʫ ʽʤʧʫʣʴʩʽʚ 4ʭ60 ʩʝʢ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʚʠʤʽʨʶʚʘʥʴ 

[120]. 

 

2.7 ɼʦʩʣʽʜʞʝʥʥʷ ʈɽʄ 

 ʄʦʨʬʦʣʦʛʽʶ ʧʦʚʝʨʭʥʽ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ ʚʠʚʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʶʯʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ ʈɽʄʄɸ-101ɸ. 

ʆʩʢʽʣʴʢʠ ʦʪʨʠʤʘʥʽ ʙʦʨʦʚʘʥʽ ʰʘʨʠ ʤʘʣʠ ʧʽʜʚʠʱʝʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʽʾ 

ʪʨʘʚʥʠʢʽʚ (ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʦʟʯʠʥʽʚ ʢʠʩʣʦʪ, ʭʣʦʨʠʜʽʚ) ʥʘʚʽʪʴ ʧʨʠ ʥʘʛʨʽʚʽ, 

ʜʚʦʨʘʟʦʚʦʤʫ ʪʨʘʚʣʝʥʥʽ ʪʘ ʧʦʚʪʦʨʥʦʤʫ ʧʦʣʽʨʫʚʘʥʥʽ, ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʩʧʝʮʽʘʣʴʥʫ 

ʤʝʪʦʜʠʢʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʠ ʰʘʨʫ. ɺʦʥʘ ʧʦʣʷʛʘʣʘ ʚ ʪʦʤʫ, 

ʱʦ ʟʨʘʟʦʢ ʧʽʩʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ 

ʧʝʨʝʰʣʽʬʦʚʫʚʘʚʩʷ ʥʘ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʤʫ ʘʙʨʘʟʠʚʽ ʧʽʜ ʢʫʪʦʤ ~ 15ʦ, ʧʦʣʽʨʫʚʘʚʩʷ ʟʘ 

ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ, ʪʘ ʧʽʜʣʷʛʘʣʘ ʪʨʘʚʣʝʥʥʶ ʧʦʩʣʽʜʦʚʥʦ ʜʝʢʽʣʴʢʦʤʘ 

ʪʨʘʚʥʠʢʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʯʘʩ ʚʠʪʨʠʤʢʠ ʧʨʠ ʪʨʘʚʣʝʥʥʽ ʧʝʨʝʚʠʱʫʚʘʚ ʩʪʘʥʜʘʨʪʝ 

ʪʨʘʚʣʝʥʥʷʫ ʫ 10 ʨʘʟʽʚ.  

 ɿʘʚʜʷʢʠ ʧʝʚʥʦʤʫ ʥʘʭʠʣʫ, ʷʢʠʡ ʩʬʦʨʤʫʚʘʚʩʷ ʧʨʠ ʙʘʛʘʪʦʨʘʟʦʚʦʤʫ 

ʰʣʽʬʫʚʘʥʥʽ ʧʽʜ ʢʫʪʦʤ ~ 15ʦ, ʩʪʚʦʨʶʚʘʣʠʩʴ ʫʤʦʚʠ ʜʣʷ ʧʦʢʨʘʱʝʥʦʛʦ çʦʩʚʽʪʣʝʥʥʷè 

ʧʨʦʤʝʥʝʤ ʤʽʢʨʦʩʢʦʧʫ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʥʘ ʢʨʘʶ. ʂʨʽʤ ʪʦʛʦ, ʜʦʜʘʪʢʦʚʘ 

ʧʝʨʝʰʣʽʬʦʚʢʘ ʥʘ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʤʫ ʘʙʨʘʟʠʚʽ ʦʛʦʣʠʣʘ ʧʝʚʥʽ ʯʘʩʪʦʯʢʠ, ʧʨʠʩʫʪʥʽ ʚ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ ʰʘʨʫ, ʟʙʝʨʽʛʰʠ ʾʭ ʚʽʜ ʚʠʢʨʠʭʢʫʚʘʥʥʷ. 

ʅʘ ʨʠʩ. 2.9 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ çʦʩʚʽʪʣʝʥʥʷè ʧʦʚʝʨʭʥʽ ʥʘ ʢʨʘʶ ʟʨʘʟʢʘ. 
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ʈʠʩʫʥʦʢ 2.9 ï ɺʟʘʻʤʦʜʽʷ ʧʨʦʤʝʥʶ ʈɽʄ ʟʽ ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʛʦʪʦʚʣʝʥʦʶ ʧʦʚʝʨʭʥʝʶ 

ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ 

 

 ʇʽʜʛʦʪʦʚʣʝʥʽ ʟʘ ʧʨʠʚʝʜʝʥʦʶ ʤʝʪʦʜʠʢʦʶ ʟʨʘʟʢʠ ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ 

ʯʽʪʢʫ ʪʘ ʦʙô̒ ʤʥʫ ʢʘʨʪʠʥʫ ʧʦʚʝʨʭʥʽ ʰʘʨʫ. ɼʣʷ ʟʡʦʤʦʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ 

ʟʙʽʣʴʰʝʥʥʷ 300, 500, 1000 ʪʘ 2000 ʢʨʘʪ. 

 ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʱʦʜʦ ʨʦʟʧʦʜʽʣʫ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʩʪʨʫʢʪʫʨʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʽʢʨʦʩʢʦʧ Philips XL 30 ESEM, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʙʽʣʴʰʝʥʥʷ 8000 ʢʨʘʪ, ʜʦʟʚʦʣʷʻ ʨʦʟʤʽʩʪʠʪʠ ʟʨʘʟʢʠ 100 ʭ 100 ʤʤ ʫ 

ʢʘʤʝʨʽ ʟ ʚʘʢʫʫʤʦʤ 10-5 ʤɹʘʨ. 

 

2.8 ʄʝʪʦʜʠʢʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʰʚʠʜʢʽʩʥʦʛʦ ʙʦʨʫʚʘʥʥʷʪʘ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ 

ʥʘʩʠʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʙʦʨʦʤ ʧʨʠ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʥʘʛʨʽʚʫ ʧʨʦʚʦʜʠʣʠ 

ʤʘʪʝʤʘʪʠʯʥʝ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɼʣʷ ʮʴʦʛʦ ʦʙʨʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʫ 

ʚʠʛʣʷʜʽ ʥʝʧʦʚʥʦʛʦ ʧʦʣʽʥʦʤʫ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʶ: 

 

                                    y = b0 + b1x1 + b2x2 + b12x12,                                     (2.2) 

 

ʜʝ b0, b1, b2 ï ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ; ʭ1, ʭ2 ï ʢʦʜʦʚʝ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ 

(ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʙʦʨʫʚʘʥʥʷ); ʫ ï ʢʨʠʪʝʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ (ʪʚʝʨʜʽʩʪʴ ʪʘ 

ʨʦʟʤʽʨʠ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ). 
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ʇʨʠ ʚʠʙʦʨʽ ʤʝʞ ʚʘʨʽʶʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʚʠʭʦʜʠʤ ʟ 

ʪʦʛʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʽʯʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 950 ʦʉ, ʢʦʣʠ 

ʧʦʯʠʥʘʻ ʥʘʡʙʽʣʴʰ ʘʢʪʠʚʥʦ ʧʨʦʪʽʢʘʪʠ ʜʠʩʦʮʽʘʮʽʷ ʨʝʯʦʚʠʥ ï ʦʩʥʦʚʥʠʭ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʙʦʨʫ. ɹʝʨʫʯʽ ʜʦ ʫʚʘʛʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝ, ʱʦ ʚ ʫʤʦʚʘʭ 

ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʫ ʧʨʦʮʝʩʠ ʩʪʨʫʢʪʫʨʥʠʭ ʽ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʟʤʽʱʫʶʪʴʩʷ ʫ 

ʙʽʢ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʱʦʥʘʡʤʝʥʰ ʥʘ 150 ʦʉ ʥʠʞʥʴʦʶ ʛʨʘʥʠʮʝʶ 

ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʰʚʠʜʢʽʩʥʦʤʫ ʥʘʛʨʽʚʽ ʉɺʏ ʙʫʣʘ ʦʙʨʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 1100 ʦʉ. 

ɺʝʨʭʥʷ ʤʝʞʘ ï ʮʝ ʪʝʤʧʝʨʘʪʫʨʘ ʝʚʪʝʢʪʠʢʠ, ʚʠʱʝ ʷʢʦʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʧʽʜʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʫ, ʪʦʤʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʫ ʚʝʨʭʥʷ 

ʤʝʞʘ ʪʝʤʧʝʨʘʪʫʨ ʩʢʣʘʜʘʣʘ 1300 ʦʉ.  

ʏʘʩ ʥʘʛʨʽʚʫ ʚʠʟʥʘʯʘʚʩʷ ʟ ʢʨʠʚʠʭ ʥʘʛʨʽʚʫ. ʇʨʠ ʚʝʣʠʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʥʘʛʨʽʚʫ 

ʪʨʠʚʘʣʽʩʪʴ ʥʘʛʨʽʚʫ ʩʢʣʘʜʘʣʘ ʱʦʥʘʡʤʝʥʰ 1 ʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʦ ʰʚʠʜʢʦʩʪʽ 

ʥʘʛʨʽʚʘʥʥʷ ʥʝ ʤʝʥʰʝ 1000 ʦʉ/ʩ. ʇʨʠ ʪʨʠʚʘʣʦʩʪʽ ʥʘʛʨʽʚʫ ʙʽʣʴʰʝ 8 ʩ ʚʪʨʘʯʘʶʪʩʷ ʚʩʽ 

ʧʝʨʝʚʘʛʠ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʫ ʽ ʪʦʤʫ ʚʪʨʘʯʘʻʪʴʩʷ ʩʝʥʩ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʇʘʨʘʤʝʪʨʘʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʩʣʫʞʘʪʴ ʛʣʠʙʠʥʘ ʪʘ ʪʚʝʨʜʽʩʪʴ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ, 

ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ, ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʯʘʩ ʥʘʛʨʽʚʫ.  

ʂʦʜʫʚʘʥʥʷ ʬʘʢʪʦʨʽʚ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʧʝʨʝʚʦʜʫ ʥʘʪʫʨʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ ʫ 

ʙʝʟʨʦʟʤʽʨʥʽ ʚʝʣʠʯʠʥʠ, ʱʦʙ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʫʚʘʪʠ ʦʨʪʦʛʦʥʘʣʴʥʫ ʧʣʘʥ - 

ʤʘʪʨʠʮʶ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɼʣʷ ʧʝʨʝʚʦʜʫ ʥʘʪʫʨʘʣʴʥʠʭ ʧʝʨʝʤʽʥʥʠʭ ʫ ʢʦʜʦʚʝ ʍʽ 

ʟʘʧʦʚʥʶʻʪʴʩʷ ʪʘʙʣʠʮʷ ʢʦʜʫʚʘʥʥʷ ʧʝʨʝʤʽʥʥʠʭ ʜʚʦʭ ʨʽʚʥʽʚ. 

ɿʚôʷʟʦʢ ʤʽʞ ʢʦʜʦʚʠʤ ʪʘ ʥʘʪʫʨʘʣʴʥʠʤ  ʚʠʨʘʞʝʥʥʷʤ ʬʘʢʪʦʨʫ ʟʘʜʘʻʪʴʩʷ 

ʬʦʨʤʫʣʦʶ  

 

                                            ̨s  
ˢ̨ ˢ̨  

̨
                                                                                   (2.4) 

 

ʜʝ  ʍʽ  - ʥʘʪʫʨʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʘ; 

ʍ̔ 0  - ʟʥʘʯʝʥʥʷ ʽ-ʛʦ ʬʘʢʪʦʨʫ ʥʘ ʥʫʣʴʦʚʦʤʫ ʨʽʚʥʽ; 

ŭ̔ ï ʽʥʪʝʨʚʘʣ ʚʘʨʽʘʮʽʾ ʽ-ʛʦ ʬʘʢʪʦʨʘ. 
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ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʘ ʩʢʣʘʜʝʥʘ ʧʣʘʥ ï ʤʘʪʨʠʮʷ ʪʠʧʫ 22 ʫ ʪʘʙʣ. 

2.4. 

 

ʊʘʙʣʠʮʷ 2.4 - ʇʣʘʥ ï ʤʘʪʨʠʮʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʠʧʘ 22 

ɼʦʩʣʽʜ ʍ1 ʍ2 
1 -1 -1 

2 +1 -1 

3 -1 +1 

4 +1 +1 
 

ʇʝʨʝʚʽʨʢʘ ʚʽʜʪʚʦʨʝʥʥʷ ʜʦʩʣʽʜʽʚ. ʇʨʠ ʦʜʥʘʢʦʚʦʤʫ ʯʠʩʣʽ ʧʘʨʘʣʝʣʴʥʠʭ 

ʜʦʩʣʽʜʽʚ ʥʘ ʢʦʞʥʦʤʫ ʧʦʻʜʥʘʥʥʽ ʨʽʚʥʽʚ ʬʘʢʪʦʨʽʚ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʧʨʦʮʝʩʽʚ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʟʛʽʜʥʦ ʢʨʠʪʝʨʽʶ ʂʦʭʨʝʥʘ 

 

                                     ( )unn

u

u

ffG

S

SG u ::05,0

1

2

max
2

¢=

ä
=

                                          (2.3) 

 

ʜʝ   
( )

1
1

2

2

-

-

=
ä
=

m

YY

S

n

u

uup

u
 - ʜʠʩʧʝʨʩʽʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʦʟʩʽʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʽʚ 

ʥʘ u-ʤ ʧʦʻʜʥʘʥʥʽ ʨʽʚʥʽʚ ʬʘʢʪʦʨʽʚ; 

ʨ ï 1,2,é.; 

m ï ʯʠʩʣʦ ʧʘʨʘʣʝʣʴʥʠʭ ʜʦʩʣʽʜʽʚ; 

          ί  ï ʥʘʡʙʽʣʴʰʘ ʟ ʜʠʩʧʝʨʩʽʡ ʫ ʩʪʨʦʯʢʘʭ ʧʣʘʥʘ; 

G(0,05:fn : fu) - ʪʘʙʣʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʂʦʭʨʝʥʘ ʧʨʠ 5 %-ʥʦʤʫ ʨʽʚʥʽ 

ʟʥʘʯʠʤʦʩʪʽ; 

fn = n ï ʯʠʩʣʦ ʥʝʟʘʣʝʞʥʠʭ ʦʮʽʥʦʢ ʜʠʩʧʝʨʩʽʾ; 

fu = m-1 ï ʯʠʩʣʦ ʩʪʝʧʝʥʽʚ ʩʚʦʙʦʜʠ ʢʦʞʥʦʾ ʦʮʽʥʢʠ. 

 

ʇʨʦʮʝʩ ʚʚʘʞʘʻʪʴʩʷ ʚʽʜʪʚʦʨʝʥʠʤ, ʷʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʥʝʨʽʚʥʽʩʪʴ (2.3). ʇʨʠ 

ʮʴʦʤʫ ʜʠʩʧʝʨʩʽʷ ʚʽʜʪʚʦʨʝʥʥʷ (ʧʦʭʠʙʢʘ ʜʦʩʣʽʜʫ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ 

ʬʦʨʤʫʣʦʶ: 



90 
 

                                                      n

S

n

u

u

u

S
ä
== 12

2

                                                                  (2.4) 

 

ʋ ʚʠʧʘʜʢʫ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʧʨʦʮʝʩʫ, ʷʢʱʦ ʚʠʧʦʚʥʶʻʪʴʩʷ ʥʝʨʽʚʥʽʩʪʴ (2.4), 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ: 

              
n

y

b

n

u

uä
== 1

0    (2.5); 
n

yx

b

n

u

uiyä
== 1

1  ;   (2.6)   
n

yxx

b

n

u

uiuiyä
== 1

2  ;   (2.7)  

 

ʇʝʨʝʚʽʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʥʫʚʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ. ɸʜʝʢʚʘʪʥʽʩʪʴ ʦʙˇʨʫʥʪʦʚʘʥʘ, ʷʢʱʦ ʚʠʢʦʥʫ̒ ʪʴʩʷ ʥʘʩʪʫʧʥʘ 

ʥʝʨʽʚʥʽʩʪʴ 

 

                                  Ὂ  ́̅
 
 Ὂ Ȣ Ḋ ́ ȡ̅                                              (2.8) 

 

ʜʝ  ί́̅
      ; yu ï ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʚʽʜʛʫʢʫ ʚ u ïʤ ʜʦʩʣʽʜʽ; 

 Ὂ Ȣ Ḋ ́ ȡ̅   - ʢʨʠʪʝʨʽʡ ʌʽʰʝʨʘ ʧʨʠ 5%-ʥʦʤʫ ʨʽʚʥʽ ʟʥʘʯʠʤʦʩʪʽ; 

fʘʜ = n-k-1- ʯʠʩʣʦ ʩʪʝʧʝʥʽʚ ʩʚʦʙʦʜʠ ʜʠʩʧʝʨʩʽʾ ʘʜʝʢʚʘʪʥʦʩʪʽ; 

fy - ʯʠʩʣʦ ʩʪʝʧʝʥʽʚ ʩʚʦʙʦʜʠ ʜʠʩʧʝʨʩʽʾ ʚʽʜʪʚʦʨʝʥʥʷ. 

 

ʆʮʽʥʢʘ ʟʥʘʯʠʤʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʛʨʝʩʽʾ ʧʨʦʚʦʜʠʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʨʠʪʝʨʽʶ ʉʪôʶʜʝʥʪʘ. ʂʦʝʬʽʮʽʻʥʪ ʚʚʘʞʘʻʪʴʩʷ ʟʥʘʯʠʤʠʤ, ʷʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ 

ʥʘʩʪʫʧʥʘ ʥʝʨʽʚʥʽʩʪʴ 

 

                                 ȿὦȿ Ўὦ ὸ
Ȣ Ƞ  

Ѝ
    

                                         (2.9) 

 

ʜʝ ὸ
Ȣ Ƞ  

Ѝ
  
- 5%-ʥʘ ʪʦʯʢʘ ʨʦʟʧʦʜʽʣʫ ʉʪôʶʜʝʥʪʘ ʟ fy ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʠ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 1. ʋ ʨʦʟʜʽʣʽ ʧʨʠʚʝʜʝʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ. 

ʋʪʦʯʥʝʥʦ ʾʭ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʩʪʨʫʢʪʫʨʘ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ. ʆʩʥʦʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ 

ʜʣʷ ʧʘʩʪ ʩʣʫʛʫʻ ɺ4ʉ, NaF ʪʘ ʢʣʝʡ ʂʄʎ.  

 2. ʆʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ, 

ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ, ʨʝʥʪʛʝʥʽʚʩʴʢʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽʷ ʽ ʨʘʩʪʨʦʚʘ 

ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ.  

 3. ɺʠʤʽʨ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ ʟʜʽʡʩʥʶʚʘʣʠ ʪʝʨʤʦʧʘʨʘʤʠ, 

ʧʽʜôʻʜʥʘʥʠʤʠ ʜʦ ʢʦʤʧôʶʪʝʨʫ ʯʝʨʝʟ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ (ɸʎʇ) ʜʣʷ 

ʟʘʧʠʩʫ ʢʨʠʚʠʭ ʥʘʛʨʽʚʫ. ʆʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ 

ʜʦʟʚʦʣʠʣʦ ʟʜʽʡʩʥʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʤʘʪʝʤʘʪʠʯʥʠʤ ʧʣʘʥʫʚʘʥʥʷʤ ʽ ʫʟʘʛʘʣʴʥʠʪʠ 

ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʯʘʩʫ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʫ ʥʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʽ ʪʦʚʱʠʥʫ 

ʟʤʽʮʥʝʥʦʛʦ ʰʘʨʫ. 

4. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ ʟʘʩʪʦʩʦʚʘʥʦ 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʠʩʮʝʥʪʥʠʡ ʘʥʘʣʽʟ (ʈʌɸ) ʟ ʟʘʜʽʷʥʥʷʤ ʜʠʬʨʘʢʮʽʡʥʦʾ ʜʽʣʷʥʢʠ ʪʘ 

ʜʽʣʷʥʢʠ ʩʧʝʢʪʨʽʚ ʢʦʛʝʨʝʥʪʥʦʛʦ ʽ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʘ ʪʘʢʦʞ ʤʽʢʨʦ 

ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʨʘʩʪʨʦʚʦʶ ʝʣʝʢʪʨʦʥʥʦʶ 

ʤʽʢʨʦʩʢʦʧʽʻʶ (ʈɽʄ). 
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ʈʆɿɼɯʃ 3 

ɼʆʉʃɯɼɾɽʅʅʗ ʉʊʈʋʂʊʋʈʀ ʊɸ ɺʃɸʉʊʀɺʆʉʊɽʁ ɹʆʈʆɺɸʅʀʍ ʐɸʈɯɺ 

ʇɯʉʃʗ ʊʈɸɼʀʎɯʁʅʆɻʆ ʇɯʏʅʆɻʆ ʅɸɻʈɯɺʋ  

 

 ɼʣʷ ʧʦʨʽʚʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ, ʦʪʨʠʤʘʥʠʭ ʚ 

ʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚʘʭ ʪʘ ʚ ʫʤʦʚʘʭ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʫ ʉɺʏ ʧʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʧʽʯʥʦʤʫ ʙʦʨʫʚʘʥʥʶ. ʈʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʚʠʚʯʝʥʥʶ ʪʝʭʥʦʣʦʛʽʾ 

ʙʦʨʫʚʘʥʥʷ ʟ ʧʘʩʪ ʪʘ ʚʠʙʦʨʫ ʾʭ ʩʢʣʘʜʫ. ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʦʩʪʽ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ 

ʧʨʠ ʙʦʨʫʚʘʥʥʽ. ʇʦʢʘʟʘʥʦ ʤʦʨʬʦʣʦʛʽʶ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ 

ʧʽʩʣʷ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʽʯʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʟ ʨʽʟʥʠʤ ʯʘʩʦʤ ʚʠʪʨʠʤʢʠ. ʂʨʽʤ ʪʦʛʦ 

ʫ ʨʦʟʜʽʣʽ ʧʦʢʘʟʘʥʦ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʥʘʛʨʽʚʫ ʥʘ ʧʨʦʮʝʩʠ 

ʟʙʠʨʘʣʴʥʦʾ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚ ʤʘʪʨʠʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʚʫʛʣʝʮʝʚʦʾ ʪʘ ʥʠʟʴʢʦʣʝʛʦʚʘʥʦʾ 

ʩʪʘʣʝʡ. ʇʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʚʯʝʥʥʷ ʧʦʰʘʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʣʝʛʫʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʫ ʙʦʨʦʚʘʥʦʤʫ ʰʘʨʽ ʨʽʟʥʠʭ ʩʪʘʣʝʡ, ʦʪʨʠʤʘʥʦʤʫ ʚ ʫʤʦʚʘʭ ʨʽʚʥʦʚʘʞʥʦʛʦ 

ʥʘʩʠʯʝʥʥʷ.  

 

3.1 ɼʦʩʣʽʜʞʝʥʥʷ ʧʽʯʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʟ ʧʘʩʪ ʪʘ ʰʣʷʭʽʚ ʡʦʛʦ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ  

 ʊʨʘʜʠʮʽʡʥʝ (ʧʽʯʥʝ ʘʙʦ ʝʣʝʢʪʨʦʣʽʟʥʝ) ʙʦʨʫʚʘʥʥʷ ʟʘʟʚʠʯʘʡ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʦʪʷʛʦʤ 2-8 ʛʦʜʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 950 Áʉ ʽ ʚʠʱʝ ʙʝʟ ʧʨʦʥʠʢʥʝʥʥʷ ʢʠʩʥʶ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʩʫʮʽʣʴʥʦʛʦ ʰʘʨʫ ʪʚʝʨʜʠʭ ʙʦʨʠʜʥʠʭ ʛʦʣʦʢ ʚʠʩʦʢʦʾ 

ʱʽʣʴʥʦʩʪʽ, ʪʚʝʨʜʦʩʪʽ ʽ ʢʨʠʭʢʦʩʪʽ [11 - 13]. 

ʅʘ ʨʠʩ. 3.1 ʧʨʠʚʝʜʝʥʽ ʦʜʥʦʬʘʟʥʽ ʰʘʨʠ, ʷʢʽ ʟʘ ʜʘʥʠʤʠ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʪʘ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʙʦʨʠʜʫ Fe2B. ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ 

ʙʦʨʠʜʫ ʩʪʘʥʦʚʠʪʴ ~ 14000 ʄʇʘ. ʎʽ ʟʥʘʯʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʽ ʽ ʤʦʞʫʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʚʠʱʝʥʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. ɿʥʘʯʥʘ ʨʦʟʚʠʥʝʥʽʩʪʴ ʛʨʘʥʠʮʽ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʰʘʨʫ ʙʦʨʠʜʫ ʜʦ ʦʩʥʦʚʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʝ ʟʯʝʧʣʝʥʥʷ. ɺ ʪʦʡ 

ʞʝ ʯʘʩ ʚʠʭʦʜʷʯʠ ʟ ʚʝʣʠʢʦʾ ʤʽʢʨʦʪʚʝʨʜʽʩʪ,̔ ʥʘʷʚʥʦʩʪ̔ ʪʝʢʩʪʫʨʦʚʘʥʦʩʪʽ ʙʦʨʠʜʽʚ 

(ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʣʽʥʽʡ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʽ) ʪʘ ʚʨʘʭʦʚʫʶʯʠ 

ʜʘʥʽ ʣʽʪʝʨʘʪʫʨʠ [37, 42] ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʥʝʟʘʜʦʚʽʣʴʥʫ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 
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ʦʜʥʦʬʘʟʥʠʭ ʙʦʨʠʜʥʠʭ ʰʘʨʽʚ ʚ ʫʤʦʚʘʭ ʢʦʥʪʘʢʪʥʠʭ, ʚʪʦʤʥʠʭ ʪʘ ʢʨʘʧʣʝʫʜʘʨʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ. ʆʜʥʘʢ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʰʘʨʘʤʠ, ʢʦʪʨʽ ʤʘʶʪʴ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʙʽʣʴʰ 

ʪʚʝʨʜʠʡ ʙʦʨʠʜ FeB, ʚʩʝ ʞ ʦʜʥʦʬʘʟʥʽ ʰʘʨʠ ʤʝʥʰ ʢʨʠʭʢʽ [18]. 

 

           

ʘ                                                                             ʙ 

ʘ ï ʚ ʩʪʘʣʽ 15ʍ11ʄʌ; ʙ ï ʚ ʩʪʘʣʽ 40 

ʈʠʩʫʥʦʢ 3.1 ï ʉʪʨʫʢʪʫʨʘ ʙʦʨʠʜʥʠʭ ʰʘʨ̔ʚ, ʦʪʨʠʤʘʥʠʭ ʪʨʘʜʠʮʽʡʥʠʤ ʤʝʪʦʜʦʤ 

ʙʦʨʫʚʘʥʥʷ (ʚ ʧʝʯʽ) (ʭ 250) 

 

ʇʦʨʷʜ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ ʚʠʚʯʘʚʩʷ ʪʘʢʦʞ ʩʪʘʥ ʦʩʥʦʚʥʦʛʦ 

(ʤʘʪʨʠʯʥʦʛʦ) ʤʘʪʝʨʽʘʣʫ ʚʠʨʦʙʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʦʨʫʚʘʪʠʩʷ. 

ʇʨʠ ʙʦʨʫʚʘʥʥʽ ʚʫʛʣʝʮʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʝʡ ʟ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 900 Áʉ 

ʽ ʚʠʱʝ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʛʨʽʚʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʩʪʘʣʽ ʟʤʝʥʰʫʶʪʴʩʷ ʘ ʧʨʠ 

ʢʦʥʪʘʢʪʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʙʦʨʠʜʥʠʡ ʰʘʨ ʤʦʞʝ ʧʨʦʜʘʚʣʶʚʘʪʠʩʷ. ɽʬʝʢʪ 

ʧʨʦʜʘʚʣʶʚʘʥʥʷ ʽ ʚʽʜʢʦʣʶʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʥʘʚʽʪʴ ʧʨʠ 

ʩʠʣʴʥʦʤʫ ʩʪʠʩʢʘʥʥʽ ʟʨʘʟʢʘ ʟ ʰʘʨʦʤ ʫ ʩʪʨʫʙʮʠʥʽ ʧʽʜ ʯʘʩ ʧʽʜʛʦʪʦʚʢʠ ʰʣʽʬʘ. 

ʇʨʠ ʙʦʨʫʚʘʥʥʽ ʫ ʧʝʯʽ ʩʪʘʣʽ 15ʍ11ʄʌ ʧʨʠ ʪʘʢʠʭ ʞʝ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦʤʽʪʥʘ 

ʟʙʠʨʘʣʴʥʘ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽ ̫ ʩʝʨʮʝʚʠʥʠ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. ʆʜʥʘʢ ʧʨʠ ʮʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ, ʷʢ ʚʽʜʦʤʦ [39], ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʧʦʚʽʣʴʥʠʡ ʨʦʟʧʘʜ ʢʘʨʙʽʜʽʚ ʭʨʦʤʫ. 

ɿʥʘʯʥʦ ʰʚʠʜʰʝ ʚʦʥʠ ʨʦʟʧʘʜʘʶʪʴʩʷ, ʘ ʚʫʛʣʝʮʴ ʨʦʟʯʠʥʷʻʪʴʩʷ ʚ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ, 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ 1100 Áʉ. ʇʨʠ ʮʽʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʽ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʨʦʟʧʘʜ 

ʢʘʨʙʽʜʽʚ ʤʦʣʽʙʜʝʥʫ ʽ ʚʘʥʘʜʽʶ [76]. ɺʢʘʟʘʥʽ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʩʝʨʮʝʚʠʥʠ ʩʪʘʣʽ 

15ʍ11ʄʌ, ʙʦʨʦʚʘʥʽʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 950 Áʉ ʽ ʚʠʱʝ, ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʜʝʷʢʦʛʦ ʟʥʠʞʝʥʥʷ ʾʾ ʪʚʝʨʜʦʩʪʽ ʪʘ ʚô̫ ʟʢʦʩʪʽ ʤʝʪʘʣʫ.  
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ʇʨʠ ʚʠʙʦʨʽ ʩʢʣʘʜʫ ʥʘʩʠʯʫʶʯʦʾ ʩʫʤʽʰʽ ʧʽʯʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʚʨʘʭʦʚʫʚʘʣʦʩʴ, 

ʱʦ ʣʽʪʝʨʘʪʫʨʥʽ ʜʞʝʨʝʣʘ [17 ï 20] ʥʝ ʜʘʶʪʴ ʦʜʥʦʟʥʘʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʚʠʙʦʨʫ ʝʬʝʢʪʠʚʥʠʭ ʩʫʤʽʰʝʡ ʜʣʷ ʙʝʟʢʦʥʪʝʡʥʝʨʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʚ ʦʢʠʩʣʶʚʘʣʴʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ʂʨʽʤ ʪʦʛʦ, ʧʨʦʧʦʥʫʶʯʠ ʪʫ ʯʠ ʽʥʰʫ ʩʫʤʽʰ ʘʚʪʦʨʠ ʥʝ ʚ ʧʦʚʥʽʡ ʤʽʨʽ 

ʧʦʷʩʥʶʶʪʴ ʨʦʣʴ ʜʦʙʘʚʦʢ, ʷʢʽ ʚ ʥʝʾ ʚʭʦʜʷʪʴ, ʘ ʪʘʢʦʞ ʥʝ ʜʘʶʪʴ ʦʜʥʦʟʥʘʯʥʦʾ 

ʪʨʘʢʪʦʚʢʠ ʤʝʭʘʥʽʟʤʫ ʫʪʚʦʨʝʥʥʷ ʘʪʦʤʘʨʥʦʛʦ ʙʦʨʫ, ʱʦ ʻ ʛʦʣʦʚʥʦʶ ʫʤʦʚʦʶ ʜʣʷ 

ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ ʜʠʬʫʟʽʾ. 

ɼʦʩʣʽʜʠ ʟ ʚʠʷʚʣʝʥʥʷʤ ʤʦʞʣʠʚʦʩʪʝʡ ʧʦ ʧʽʯʥʦʤʫ ʙʦʨʫʚʘʥʥʶ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʪʝʡʥʝʨʘ ʧʨʦʚʝʜʝʥʦ ʥʘ ʩʪʘʣʽ 15ʍ11ʄʌ, ʷʢʘ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ. ɼʣʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ 

ʤʝʪʦʜʠʢʠ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʙʦʨʫʚʘʥʥʶ ʧʽʜʜʘʚʘʣʠ ʪʘʢʦʞ ʩʪʘʣʴ 40ʍ.  

ɹʦʨʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʩʠʯʫʶʯʦʾ ʩʫʤʽʰʽ ʫ ʚʠʛʣʷʜʽ 

ʦʙʤʘʟʢʠ (ʧʘʩʪʠ) ʟ ʢʘʨʙʽʜʫ ʙʦʨʫ, ʘʤʦʨʬʥʦʛʦ ʙʦʨʫ, ʘʢʪʠʚʘʪʦʨʫ ʪʘ ʟʚôʷʟʫʶʯʦʾ 

ʨʝʯʦʚʠʥʠ. ɺ ʷʢʦʩʪʽ ʟʚôʷʟʫʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʢʣʝʾ ʂʄʎ. ʉʫʤʽʰ 

ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʫʚʘʣʘʩʷ, ʧʽʩʣʷ ʯʦʛʦ ʥʘʥʦʩʠʣʘʩʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʦʚʝʨʭʥʶ 

ʟʨʘʟʢʽʚ. ɺ ʷʢʦʩʪʽ ʟʘʭʠʩʥʦʾ ʟʘʩʠʧʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʩʫʤʽʰ ʛʣʠʥʠ ʟ ʙʦʨʥʦʶ 

ʢʠʩʣʦʪʦʶ. ʉʭʝʤʘʪʠʯʥʦ ʧʽʜʛʦʪʦʚʢʘ ʟʨʘʟʢʽʚ ʜʣʷ ʙʦʨʫʚʘʥʥʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.2 ʘ,ʙ. 

 

 

                    ʘ                                                                ʙ 

 

ʘ ï ʙʦʨʫʚʘʥʥʷ ʽʟ ʟʘʭʠʩʥʦʶ ʟʘʩʠʧʢʦʶ; ʙ ï ʫʪʚʦʨʝʥʥʷ ʟʘʭʠʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʈʠʩʫʥʦʢ 3.2 ï ʉʭʝʤʘ ʙʦʨʫʚʘʥʥʷ ʽʟ ʟʘʭʠʩʥʦʶ ʟʘʩʠʧʢʦʶ ʪʘ ʫʪʚʦʨʝʥʥʷ ʟʘʭʠʩʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʧʽʯʥʦʤʫ ʥʘʛʨʽʚʽ  

 

ɹʦʨʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʧʨʦʪʷʛʦʤ 3-ʭ ʛʦʜʠʥ ʚ ʪʝʨʤʽʯʥʽʡ ʧʝʯʽ ʟ ʦʢʠʩʥʦʶ 

ʘʪʤʦʩʬʝʨʦʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 950 Áʉ ʟ ʥʘʩʪʫʧʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʥʘ ʧʦʚʽʪʨʽ. 
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 ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʟʘʭʠʩʥʘ ʟʘʩʠʧʢʘ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʫ ʚôʷʟʢʝ ʟʘʭʠʩʥʝ 

ʩʝʨʝʜʦʚʠʱʝ (ʨʠʩ. 1 ʙ), ʟ ʫʪʚʦʨʝʥʥʷʤ ɺ2ʆ3 ʫ ʨʦʟʧʣʘʚʣʝʥʦʤʫ ʚʠʛʣʷʜʽ. ʆʢʩʠʜ ʙʦʨʫ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʨʦʧʫʩʢʘʻ ʛʘʟʦʧʦʜʽʙʥʽ ʨʝʯʦʚʠʥʠ ʽ ʧʨʦʜʫʢʪʠ ʚʠʜʽʣʝʥʥʷ ʟ ʥʘʩʠʯʫʶʯʦʾ 

ʩʫʤʽʰʽ, ʪʦʙʪʦ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʩʚʦʻʨʽʜʥʦʛʦ ʧʣʘʚʢʦʛʦ ʟʘʪʚʦʨʘ. ɼʣʷ ʚʽʜʦʢʨʝʤʣʝʥʥʷ 

ʟʨʘʟʢʽʚ ʚʽʜ ʣʦʪʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʟʜʘʪʥʽʩʪʴ ɺ2ʆ3 ʨʦʟʯʠʥʷʪʠʩʷ ʫ ʚʦʜʽ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚʧʣʠʚ ʚʦʜʠ ʧʨʦʪʷʛʦʤ ʧʨʠʙʣʠʟʥʦ 10 ʭʚ. ʜʦʟʚʦʣʷʻ ʜʦʩʠʪʴ ʣʝʛʢʦ ʚʠʣʫʯʠʪʠ 

ʟʨʘʟʢʠ ʟ ʣʦʪʢʘ, ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʙʦʨʫʚʘʥʥʷ. 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʝʢʽʣʴʢʘ ʩʢʣʘʜʽʚ ʥʘʩʠʯʫʶʯʠʭ ʧʘʩʪ, 

ʧʽʜʽʙʨʘʥʠʭ ʚʠʭʦʜʷʯʠ ʟ ʤʦʞʣʠʚʦʾ ʨʦʣʽ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʫ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʫ 

ʙʦʨʫʚʘʥʥʷ: ˉ 1: 85 % B4C + 10 % B + 5% NaF; ˉ 2: 67 % B4C + 30 %Al2O3 + 3% 

NaF; ˉ 3: 67 % B + 30% Al2O3 + 3 % NaF; ˉ 4: 50 % B4C + 43% Al2O3 + 4% NaCl 

+ 3% KBF4; ˉ 5: 100 % B4C. 

ɿʘ ʦʩʥʦʚʫ ʙʫʣʘ ʦʙʨʘʥʘ ʚʽʜʦʤʘ [2] ʩʫʤʽʰ ˉ 2 (67% B4C + 30% Al2O3 + 3% 

NaF). ʋ ʩʫʤʽʰʽ ˉ 3 ʢʘʨʙʽʜ ʙʦʨʫ B4C ʙʫʚ ʟʘʤʽʥʝʥʠʡ ʘʤʦʨʬʥʠʤ ʙʦʨʦʤ ʟ ʤʝʪʦʶ 

ʧʦʨʽʚʥʷʥʥʷ ʚʧʣʠʚʫ ʮʠʭ ʨʝʯʦʚʠʥ ʥʘ ʧʨʦʮʝʩ ʙʦʨʫʚʘʥʥʷ ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ B4C ʽ 

ʘʤʦʨʬʥʠʡ ʙʦʨ ʻ ʛʦʣʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʘʪʦʤʽʚ ʙʦʨʫ. ʇʨʠ ʮʴʦʤʫ, ʾʭ ʚʤʽʩʪ 

ʧʦʚʠʥʥʠʡ ʙʫʪʠ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʫ ʜʠʬʫʟʽʾ ʽ ʫ ʪʦʡ ʞʝ ʯʘʩ ʥʝ 

ʧʦʚʠʥʝʥ ʧʨʠʚʦʜʠʪʠ ʜʦ ʩʧʽʢʘʥʥʷ ʥʘʩʠʯʫʶʯʦʛʦ ʧʦʨʦʰʢʫ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʚʤʽʩʪ 

ʨʝʯʦʚʠʥ - ʜʞʝʨʝʣʘ ʘʪʦʤʽʚ ʙʦʨʫ - ʧʦʚʠʥʥʠʡ ʧʝʨʝʙʫʚʘʪʠ ʫ ʤʝʞʘʭ 50 ï 85 % [1, 2, 

7]. ʌʪʦʨʠʩʪʠʡ ʥʘʪʨʽʡ (NaF) ʪʘ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ ʢʘʣʽʶ (KBF4) ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ 

ʘʢʪʠʚʘʪʦʨʽʚ [2, 5 ï 7]. ʅʘʷʚʥʽʩʪʴ ʫ ʥʘʚʝʜʝʥʠʭ ʩʫʤʽʰʘʭ ʘʢʪʠʚʘʪʦʨʽʚ, ʬʣʶʩʽʚ ʽ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʟʫʤʦʚʣʝʥʘ ʾʭ ʚʧʣʠʚʦʤ ʥʘ ʘʢʪʠʚʘʮʽʶ ʤʝʭʘʥʽʟʤʽʚ ʽ ʧʨʦʮʝʩʽʚ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʠʜʽʣʝʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ ʘʪʦʤʽʚ ʙʦʨʫ ʪʘ ʡʦʛʦ ʥʘʩʪʫʧʥʦʾ ʜʠʬʫʟʽʾ. 

ɼʠʬʫʟʽʡʥʽ ʰʘʨʠ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʥʘ ʚʩʽʭ ʟʨʘʟʢʘʭ ʟʽ ʩʪʘʣʝʡ 40ʍ ʽ 15ʍ11ʄʌ, 

ʢʨʽʤ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʥʘʩʠʯʝʥʥʷ ʟ ʧʘʩʪʠ ˉ 5. ʆʪʨʠʤʘʥʠʡ ʜʠʬʫʟʽʡʥʠʡ ʰʘʨ ʤʘʻ 

ʩʪʨʫʢʪʫʨʫ ʟ ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʙʦʨʠʜʽʚ ʪʝʢʩʪʫʨʦʶ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʶ ʜʦ ʧʦʚʝʨʭʥʽ 

ʥʘʩʠʯʝʥʥʷ. ʇʽʜ ʰʘʨʦʤ ʙʦʨʠʜʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʭʽʜʥʘ ʟʦʥʘ, ʟʙʘʛʘʯʝʥʘ 

ʚʫʛʣʝʮʝʤ, ʦʜʥʘʢ ʟʥʘʯʥʠʭ ʟʤʽʥ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʮʽʻʾ ʟʦʥʠ ʥʝ ʚʠʷʚʣʝʥʦ. ʐʘʨ, 

ʙʦʨʦʚʘʥʠʡ ʟ ʧʘʩʪʠ ˉ 1 ʤʘʻ ʪʦʚʱʠʥʫ ~ 150 ʤʢʤ, ʙʦʨʦʚʘʥʽ ʟ ʧʘʩʪ ˉ 2 ʽ ˉ 3 ʤʘʶʪʴ 

ʪʦʚʱʠʥʫ ~100 ʤʢʤ, ʙʦʨʦʚʘʥʠʡ ʟ ʧʘʩʪʠ ˉ 4 ~ 200 ʤʢʤ. 
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 ɼʘʥʽ ʧʦ ʨʦʟʧʦʜʽʣʫ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.3.  

 

 

 

ʘ, ʙ, ʚ, ʛ ï ʟʨʘʟʢʠ ʽʟ ʩʪʘʣʽ 40ʍ ʧʽʩʣʷ ʙʦʨʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʩʪ: ʘ ï ˉ 1,  

ʙ ï ˉ 2, ʚ ï ˉ 3, ʛ ï ˉ 4; ʜ ï ʟʨʘʟʢʠ ʽʟ ʩʪʘʣʽ 15ʍ11ʄʌ, ʙʦʨʦʚʘʥʠʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʘʩʪʠ ˉ 1 

ʈʠʩʫʥʦʢ 3.3 ï ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʟʨʘʟʢʽʚ ʩʪʘʣʽ 40ʍ ʪʘ 15ʍ11ʄʌ ʧʽʩʣʷ ʧʽʯʥʦʛʦ 

ʙʦʨʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʥʘʩʠʯʫʶʯʠʭ ʧʘʩʪ 

 

 ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.3, ʘ ʥʘʡʤʝʥʰʫ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ (ʥʘ ʨʽʚʥʽ 6000 ʄʇʘ) ʤʘʻ 

ʰʘʨ ʥʘ ʩʪʘʣʽ 40ʍ ʙʦʨʦʚʘʥʦʾ ʟ ʧʘʩʪʠ ˉ 3. ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʰʘʨʫ, ʙʦʨʦʚʘʥʦʛʦ ʟ 

ʧʘʩʪʠ ˉ 2 (ʨʠʩ. 3.3, ʙ) ʤʘʡʞʝ ʫ ʜʚʘ ʨʘʟʠ ʚʠʱʘ, ʪʘ ʩʪʘʥʦʚʠʪʴ ~12000 ʄʇʘ. ʐʘʨʠ, 
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ʦʪʨʠʤʘʥʽ ʧʨʠ ʙʦʨʫʚʘʥʥʽ ʟ ʧʘʩʪ ˉ 1 ʪʘ ˉ 4 ʤʘʶʪʴ ʥʘʡʚʠʱʽ ʧʦʢʘʟʥʠʢʠ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ~ 16000 ʄʇʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʙʦʨʠʜʫ Fe2B [2]. ʇʨʠ 

ʮʴʦʤʫ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʪʘʢʠʡ ʨʽʚʝʥʴ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʙʽʣʴʰʫ 

ʛʣʠʙʠʥʫ ʩʘʤʝ ʥʘ ʟʨʘʟʢʫ, ʙʦʨʦʚʘʥʦʛʦ ʟ ʧʘʩʪʠ ˉ 1, ʥʽʞ ʟ ʧʘʩʪʠ ˉ 4. ʅʠʟʴʢʽ 

ʧʦʢʘʟʥʠʢʠ ʪʦʚʱʠʥʠ ʪʘ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʟʤʽʮʥʝʥʦʛʦ ʰʘʨʫ ʥʘ ʟʨʘʟʢʘʭ, ʙʦʨʦʚʘʥʠʭ ʟ 

ʧʘʩʪ ˉ 2 ʪʘ ˉ 3, ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʚʚʝʜʝʥʥʷʤ ʙʽʣʴʰ ʽʥʝʨʪʥʦʛʦ, ʜʦ ʧʨʦʮʝʩʽʚ 

ʘʢʪʠʚʘʮʽʾ ʚʠʜʽʣʝʥʥʷ ʘʪʦʤʘʨʥʦʛʦ ʙʦʨʫ, ʢʦʤʧʦʥʝʥʪʘ Al2O3. ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ 

ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʠ ʮʝʡ ʢʦʤʧʦʥʝʥʪ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʥʝ ʚʠʜʽʣʷʻ ʧʨʦʜʫʢʪʽʚ, ʢʦʪʨʽ 

ʤʦʞʫʪʴ ʚʽʜʽʛʨʘʚʘʪʠ ʨʦʣʴ ʚʽʜʥʦʚʥʠʢʘ ʽ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʶʪʴ ʘʢʪʠʚʥʽʩʪʴ 

ʥʘʩʠʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

 ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʫ (ʨʠʩ. 3.3 ʚ) ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʢʪʠʚʘʪʦʨʫ ʪʘ ʟʘʤʽʥʘ 

ʢʘʨʙʽʜʫ ʙʦʨʫ ʥʘ ʘʤʦʨʬʥʠʡ ʙʦʨ ʪʘʢʦʞ ʧʦʟʥʘʯʠʣʦʩʴ ʥʘ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʪʘ ʛʣʠʙʠʥʽ 

ʟʤʽʮʥʝʥʦʛʦ ʰʘʨʫ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʙʽʣʴʰʦʶ ʩʭʠʣʴʥʽʩʪʶ ʘʤʦʨʬʥʦʛʦ ʙʦʨʫ ʜʦ 

ʦʢʠʩʣʝʥʥʷ ʪʘ ʩʧʽʢʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʙʦʨʫʚʘʥʥʷ ʧʨʠ ʧʦʩʣʘʙʣʝʥʦʤʫ ʟʘʭʠʩʪʽ ʚʽʜ 

ʦʢʠʩʣʝʥʥʷ. ʇʘʩʪʘ ˉ 4 ʜʦʟʚʦʣʠʣʘ ʦʪʨʠʤʘʪʠ ʥʘʡʚʠʱʫ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʥʘ ʨʽʚʥʽ ~ 

17000 ʄʇʘ (ʨʠʩ. 3.3 ʛ). ʇʨʠ ʮʴʦʤʫ, ʚʽʨʦʛʽʜʥʦ, Al2O3 ʚʽʜʽʛʨʘʻ ʫ ʧʨʠʩʫʪʥʦʩʪʽ NaCl 

ʪʘ KBF4 ʙʽʣʴʰ ʘʢʪʠʚʥʫ ʨʦʣʴ, ʥʽʞ ʧʨʦʩʪʦ ʥʘʧʦʚʥʶʚʘʯ. ʗʢ ʨʝʟʫʣʴʪʘʪ ï ʧʽʜʚʠʱʝʥʥʷ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ, ʪʦʚʱʠʥʠ ʰʘʨʫ, ʪʘ ʙʽʣʴʰ ʧʣʘʚʥʝ ʧʘʜʽʥʥʷ ʪʚʝʨʜʦʩʪʽ ʧʦ ʛʣʠʙʠʥʽ.  

 ɿʘ ʜʘʥʠʤʠ ʧʦ ʚʠʤʽʨʫ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʪʘ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʙʦʨʦʚʘʥʽ ʰʘʨʠ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʩʢʣʘʜʘʶʪʴʩʷ ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ ʟ ʙʦʨʠʜʫ Fe2B. ʗʢ ʚʽʜʦʤʦ ʟ ʣʽʪʝʨʘʪʫʨʠ [1, 2, 7], ʧʨʠ ʧʘʜʽʥʥʽ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ 

ʜʦ 10000 ʄʇʘ, ʚ ʩʪʨʫʢʪʫʨʽ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ ʧʦʚʠʥʝʥ ʟôʷʚʠʪʠʩʷ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ 

ʙʦʨʫ ʫ Ŭ-ʟʘʣʽʟʽ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ, ʪʘʢʠʡ ʪʠʧ ʩʪʨʫʢʪʫʨʠ ʧʦʯʠʥʘʻ ʜʦʤʽʥʫʚʘʪʠ ʥʘ 

ʚʽʜʩʪʘʥʽ 110 ï 150 ʤʢʤ ʚʽʜ ʢʨʘʶ ʟʨʘʟʢʽʚ (ʨʠʩ. 3.3). ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʟʦʥʠ ʦʩʥʦʚʥʦʛʦ 

ʤʝʪʘʣʫ, ʧʦʟʘ ʤʝʞʘʤʠ ʰʘʨʫ ʙʦʨʫʚʘʥʥʷ, ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ ʅ200 = 2000 ʄʇʘ. 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʢʘʨʙʽʜ ʙʦʨʫ, ʷʢ ʜʞʝʨʝʣʦ ʘʪʦʤʽʚ ʙʦʨʫ, ʟʘ ʜʘʥʠʭ ʫʤʦʚ ʦʙʨʦʙʢʠ, ʧʝʨʝʚʘʞʘʻ 

ʘʤʦʨʬʥʠʡ ʙʦʨ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʚʽʜʩʫʪʥʽʩʪʴ ʙʦʨʠʜʥʠʭ ʰʘʨʽʚ ʥʘ ʧ'ʷʪʦʤʫ ʟʨʘʟʢʫ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʙʦʚô̫ ʟʢʦʚʦʾ ʧʨʠʩʫʪʥʦʩʪʽ ʘʢʪʠʚʘʪʦʨʽʚ ʜʣʷ ʜʘʥʠʭ ʫʤʦʚ 

ʥʘʩʠʯʝʥʥʷ.  
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 ɼʣʷ ʩʪʘʣʽ 15ʍ11ʄʌ ʷʢʽʩʥʠʡ ʙʦʨʦʚʘʥʠʡ ʰʘʨ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʣʠʰʝ ʧʨʠ 

ʙʦʨʫʚʘʥʥʽ ʽʟ ʧʘʩʪʠ ˉ 1. ʅʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʚʠʷʚʣʝʥʦ ʙʽʣʫ ʟʦʥʫ, ʱʦ ʱʽʣʴʥʦ 

ʟʯʝʧʣʝʥʘ ʟ ʦʩʥʦʚʥʠʤ ʤʝʪʘʣʦʤ ʽ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʥʘ ʛʣʠʙʠʥʫ ʧʨʠʙʣʠʟʥʦ 80 ʤʢʤ. 

ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʮʽʻʾ ʜʽʣʷʥʢʠ ʩʢʣʘʣʘ ʅ200 å 22500 ʄʇʘ (ʨʠʩ. 3.3 ʜ). ɹʦʨʦʚʘʥʠʡ 

ʰʘʨ, ʦʩʥʦʚʫ ʷʢʦʛʦ ʩʢʣʘʜʘʻ ʙʦʨʠʜ Fe2B, ʤʽʩʪʠʪʴ ʩʫʤʽʰ ʙʦʨʠʜʽʚ ʣʝʛʦʚʘʥʠʭ 

ʭʨʦʤʦʤ, ʽ ʚ ʤʝʥʰʽʡ ʢʽʣʴʢʦʩʪʽ ʤʦʣʽʙʜʝʥʦʤ [2]. ɿʘ ʮʠʤ ʰʘʨʦʤ ʨʦʟʪʘʰʦʚʘʥʘ ʙʽʣʴʰ 

ʪʝʤʥʘ ʩʪʨʫʢʪʫʨʘ, ʷʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʙʘʛʘʯʝʥʘ ʚʫʛʣʝʮʝʤ ʪʘ ʩʢʣʘʜʘʪʠʩʷ ʟ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʦʤ ʙʦʨʫ ʫ Ŭ-ʟʘʣʽʟʽ. ʎʷ ʩʪʨʫʢʪʫʨʘ ʫʪʚʦʨʶʻ, ʪʘʢ ʟʚʘʥʫ ʧʝʨʝʭʽʜʥʫ ʟʦʥʫ, ʱʦ 

ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʚʽʜ 60 ʜʦ 150 ʤʢʤ ʥʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʢʨʘʶ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ. ʅʘ ʚʽʜʩʪʘʥʽ 

ʙʽʣʴʰʝ ʥʽʞ 150 ʤʢʤ ʧʦʯʠʥʘʻ ʜʦʤʽʥʫʚʘʪʠ ʟʦʥʘ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ, ʱʦ ʤʘʻ 

ʩʪʨʫʢʪʫʨʫ ʤʘʨʪʝʥʩʠʪʫ. ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʮʽʻʾ ʩʢʣʘʜʦʚʦʾ ʧʨʠʙʣʠʟʥʦ ʅ200 = 4000 

ʄʇʘ (ʨʠʩ. 3.3 ʜ). 

 ʅʘ ʽʥʰʠʭ ʟʨʘʟʢʘʭ ʟʽ ʩʪʘʣʽ 15ʍ11ʄʌ, ʙʦʨʦʚʘʥʠʭ ʟ ʧʘʩʪ ˉ 2 ï 5, ʙʦʨʠʜʥʽ 

ʰʘʨʠ ʤʘʣʠ ʬʨʘʛʤʝʥʪʘʨʥʠʡ ʭʘʨʘʢʪʝʨ. 

 ʉʫʪʥʽʩʪʴ ʙʦʨʫʚʘʥʥʷ ʩʪʘʣʽ 15ʍ11ʄʌ ʟ ʧʘʩʪʠ ˉ 1 (85 % B4C + 10 % B + 5 % 

NaF) ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʚʤʽʩʪʦʤ NaF ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʚʠʩʦʢʦʶ ʭʽʤʽʯʥʦʶ 

ʘʢʪʠʚʥʽʩʪʶ ʮʴʦʛʦ ʩʢʣʘʜʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʫ ʘʢʪʠʚʥʽʩʪʴ ʘʪʦʤʽʚ ʙʦʨʫ, ʷʢʘ 

ʢʦʤʧʝʥʩʫʻ ʛʘʣʴʤʽʚʥʫ ʜʽʶ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʩʪʘʣʽ. ɿʙʝʨʝʞʝʥʥʷ ʷʢʽʩʥʦʾ ʧʦʚʝʨʭʥʽ 

ʥʘ ʟʨʘʟʢʘʭ ʟʽ ʩʪʘʣʽ 15ʍ11ʄʌ ʧʨʠ ʙʦʨʫʚʘʥʥʽ ʟ ʧʘʩʪʠ ˉ1 ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʾʾ 

ʙʽʣʴʰʦʶ ʭʽʤʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʨʘʟʢʘʤʠ ʟʽ ʩʪʘʣʽ 40ʍ. ʇʨʠ ʮʴʦʤʫ 

ʤʦʞʥʘ ʪʘʢʦʞ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʨʦʣʴ ʧʨʦʜʫʢʪʫ ʚʟʘʻʤʦʜʽʾ Al2O3 ʟ ʘʢʪʠʚʘʪʦʨʘʤʠ, ʷʢ 

ʚʽʜʥʦʚʥʠʢʘ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʟʥʘʯʥʘ, ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩʠ ʦʢʠʩʣʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ʩʪʘʣʽ 15ʍ11ʄʌ ʧʨʦʪʽʢʘʶʪʴ ʩʣʘʙʢʦ, ʘ ʤʦʞʣʠʚʽʩʪʴ ʩʫʧʫʪʥʴʦʛʦ ʜʠʬʫʥʜʫʚʘʥʥʷ, ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʥʰ ʣʝʛʦʚʘʥʠʤʠ ʩʪʘʣʷʤʠ, ʟʤʝʥʰʫʻʪʴʩʷ. 

ɺʥʘʩʣʽʜʦʢ ʙʽʣʴʰʦʾ ʭʽʤʽʯʥʦʾ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʙʦʨʫ ʟ ʣʝʛʫʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, 

ʥʽʞ ʟ ʟʘʣʽʟʦʤ, ʜʠʬʫʟʽʷ ʙʦʨʫ ʧʨʠ ʧʽʯʥʦʤʫ ʙʦʨʫʚʘʥʥʽ ʤʝʥʰ ʰʚʠʜʢʦʧʣʠʥʥʘ, ʪʦʤʫ 

ʙʦʨʦʚʘʥʽ ʰʘʨʠ ʥʘ ʩʪʘʣʽ 15ʍ11ʄʌ ʤʘʶʪʴ ʪʦʚʱʠʥʫ ʥʝ ʙʽʣʴʰʝ 60 ʤʢʤ ʥʘʚʽʪʴ ʧʨʠ 4 

ʛʦʜʠʥʘʭ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ. 

ʇʨʝʜʩʪʘʚʣʷʣʦ ʽʥʪʝʨʝʩ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʙʦʨʫʚʘʥʥʷ ʟʘ 

ʢʦʨʦʪʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ɼʣʷ ʮʴʦʛʦ ʙʦʨʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʟʨʘʟʢʘʭ ʟʽ ʩʪʘʣʽ 
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15ʍ11ʄʌ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ t = 950 ï 1200 ÁC (ʟ ʥʘʛʨʽʚʦʤ ʟʨʘʟʢʽʚ ʯʝʨʝʟ ʢʦʞʥʽ 

50 ÁC) ʧʨʦʪʷʛʦʤ ʢʦʨʦʪʢʠʭ ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ (15 ʭʚ.). ɿʘʭʠʩʪ ʚʽʜ ʦʢʠʩʣʝʥʥʷ 

ʚʽʜʙʫʚʘʚʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʧʝʮʽʘʣʴʥʦʾ ʟʘʭʠʩʥʦʾ ʟʘʩʠʧʢʠ, ʙʝʟ ʛʝʨʤʝʪʠʯʥʦʛʦ 

ʢʦʥʪʝʡʥʝʨʫ (ʜʠʚ. ʨʠʩ. 3.2). 

ʄʝʪʦʶ ʜʦʩʣʽʜʽʚ ʙʫʣʦ ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʪʨʠʚʘʣʦʩʪʽ ʙʦʨʫʚʘʥʥʷ ʥʘ ʜʠʥʘʤʽʢʫ 

ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟ ʙʦʨʦʚʘʥʠʤʠ ʰʘʨʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʰʣʷʭʦʤ 

ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʩʪʨʫʤʘʤʠ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ. 

ʆʩʥʦʚʥʘ ʫʚʘʛʘ, ʚ ʜʦʩʣʽʜʘʭ ʧʨʠʜʽʣʷʣʘʩʴ ʚʠʚʯʝʥʥʶ ʫʪʚʦʨʝʥʥʷ ʙʦʨʠʜʥʦʛʦ 

ʰʘʨʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1150 ʪʘ 1200 Áʉ, ʱʦ ʦʙʫʤʦʚʣʝʥʘ ʜʚʦʤʘ ʧʨʠʯʠʥʘʤ: ʧʝʨʰʘ 

ï ʩʘʤʝ ʧʨʠ ʮʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʞʝ ʟʚ'ʷʟʘʪʠʩʷ ʝʚʪʝʢʪʠʯʥʘ ʩʫʤʽʰ ʟ ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ 

ʨʽʟʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʽ ʚʽʜʧʦʚʽʜʥʦ ʨʠʟʠʢʫ ʦʧʣʘʚʣʝʥʥʷ; ʜʨʫʛʘ ï ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʰʚʠʜʢʽʩʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʟ ʥʘʛʨʽʚʘʥʥʷʤ ʉɺʏ ʧʽʜʚʠʱʝʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʽʥʪʝʥʩʠʬʽʢʫʶʪʴ ʮʝʡ ʧʨʦʮʝʩ, ʘ ʦʪʨʠʤʘʥʽ ʧʨʠ ʮʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʘʥʽ ʤʦʞʫʪʴ 

ʩʣʫʛʫʚʘʪʠ ʙʘʟʦʶ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʧʦʨʽʚʥʷʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʽʭ ʰʚʠʜʢʦʩʪʝʡ ʥʘʛʨʽʚʫ ʬʽʢʩʫʚʘʣʠʩʴ ʢʨʠʚʽ ʥʘʛʨʽʚʘʥʥʷ 

ʟ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ ʜʣʷ ʜʚʦʭʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʽʥʪʝʨʚʘʣʽʚ: 

ïï ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʽʜ 950 ʜʦ 1050 Áʉ:  ὠ Ј
̎́̄̑Ȣ

τȟχ Áʉ/ʩʝʢ 

ïï ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʽʜ 1150 ʜʦ 1200 Áʉ: ὠ Ј
̎́̄̑Ȣ

ρπȟχ Áʉ/ʩʝʢ 

ʎʽ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʘʥʥʷ, ʫʤʦʚʥʦ ʧʦʜʽʣʝʥʦ ʥʘ ʟʚʠʯʘʡʥʠʡ ʪʘ ʧʨʠʩʢʦʨʝʥʠʡ 

ʚʠʧʘʜʢʠ ʥʘʛʨʽʚʘʥʥʷ. ʎʝ ʟʨʦʙʣʝʥʦ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʚʽʜʦʢʨʝʤʣʝʥʥʷ 

ʚʧʣʠʚʫ ʬʘʢʪʦʨʫ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʘʥʥʷ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʜʠʬʫʟʽʡʥʠʭ ʰʘʨʽʚ.  

ɿʘ ʨʫʟʝʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʯʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʟ ʧʘʩʪ ʤʦʞʥʦ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʚ ʫʤʦʚʘʭ ʧʨʠʩʫʪʥʦʩʪʽ ʦʢʠʩʣʶʚʘʯʘ ʜʞʝʨʝʣʦʤ ʙʦʨʫ 

ʤʘʻ ʙʫʪʠ ʢʘʨʙʽʜ ʙʦʨʫ (ʜʦʩʚʽʜ ʙʦʨʫʚʘʥʥʷ ʟ ʧʘʩʪʠ ˉ1), ʘ ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʘʪʦʨʽʚ ʤʦʞʝ 

ʙʫʪʠ ʟʙʽʣʴʰʝʥʥʘ ʟ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʰʘʨʫ (ʜʦʩʚʽʜ ʙʦʨʫʚʘʥʥʷ ʟ ʧʘʩʪʠ 

ˉ4). 
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ɼʣʷ ʧʨʦʮʝʩʫ ʙʦʨʫʚʘʥʥʷ ʟʽ ʩʢʣʘʜʫ ʧʘʩʪʠ 60% CB4 ʪʘ 40% NaF  (ʷʢʘ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʽ ʜʣʷ ʙʦʨʫʚʘʥʥʷ ʟ ʥʘʛʨʽʚʘʥʥʷʤ ʉɺʏ), ʭʘʨʘʢʪʝʨʥʽ 

ʪʘʢʽ ʨʝʘʢʮʽʾ: ONaCOBFONaFCB 2224 2224 ++­++ ; 323 BFBBF += . 

ɻʘʟʦʧʦʜʽʙʥʠʡ ʙʦʨʬʪʦʨʠʜ BF3 ʻ ʦʩʥʦʚʥʠʤ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ ʘʪʦʤʽʚ ʙʦʨʫ ʜʦ 

ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ. ʎʝʡ ʚʠʩʥʦʚʦʢ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʭʦʜʷʯʠ ʟ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 

ʧʨʦʮʝʩʫ (ʨʠʩ. 3.4) [26 - 27]. 

 

 

ʊZD  ï ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ (
ʦ

ʊ

ʦ

ʊ

ʦ

ʊ SʊHZ D-D=D ) 

ʈʠʩʫʥʦʢ 3.4 ï ɿʤʽʥʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʬʪʦʨʠʜʽʚ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.4 ʨʝʘʢʮʽʷ ʟ ʫʪʚʦʨʝʥʥʷʤ BF3 ʤʘʻ ʥʘʡʤʝʥʰʠʡ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʽ ʻ ʙʽʣʴʰ ʚʽʨʦʛʽʜʥʦʶ. ɸʣʝ ʥʘ ʭʽʜ ʨʝʘʢʮʽʾ ʙʽʣʷ 

ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʚʧʣʠʚʘʻ ʪʘʢʦʞ ʨʝʘʛʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ ʟ ʙʦʨʦʤ ʪʘ ʦʢʠʩʣʘʤʠ, 

ʱʦ ʧʽʜʚʠʱʫʻ ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʣʠʥʫ ʦʩʥʦʚʥʦʾ ʨʝʘʢʮʽʾ ʫʪʚʦʨʝʥʥʷ ʙʦʨʬʪʦʨʠʜʽʚ. 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʠ ʙʦʨʠʜʥʠʭ ʰʘʨʽʚ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʩʪʘʣʽ 15ʍ11ʄʌ ʧʨʠ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.5 ï 3.10. 

ʇʨʠ ʙʦʨʫʚʘʥʥʽ ʟ ʪʝʤʧʝʨʘʪʫʨ 950 ï 1000 Áʉ, ʦʪʨʠʤʘʥʽ ʰʘʨʠ ʤʘʣʠ ʩʣʘʙʢʦ 

ʚʠʨʘʞʝʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʩʢʣʘʜʘʣʠʩʴ ʟ ʧʝʨʝʭʽʜʥʠʭ ʩʪʨʫʢʪʫʨ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʙʦʨʫ 

ʚ ʟʘʣʽʟʽ, ʦʜʥʘʢ ʙʫʣʠ ʨʝʟʫʣʴʪʘʪʦʤ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʤʘʣʠ ʪʦʚʱʠʥʫ 5 - 10 ʤʢʤ. 
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ʈʠʩʫʥʦʢ 3.5 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʚ ʩʪʘʣʽ 15ʍ11ʄʌ ʧʨʠ 

t = 950 Áʉ  ʧʨʦʪʷʛʦʤ 15 ʭʚʠʣʠʥ (ʭ 250) 

 

ʇʨʠ ʙʦʨʫʚʘʥʥʽ ʟ ʪʝʤʧʝʨʘʪʫʨʠ 1000 Áʉ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ 

ʩʫʮʽʣʴʥʦʛʦ ʙʽʣʦʛʦ ʰʘʨʫ ʙʦʨʠʜʽʚ ʟ ʪʦʚʱʠʥʦʶ 50 ʤʢʤ ʟ ʜʦʩʪʘʪʥʴʦ ʨʽʚʥʦʤʽʨʥʠʤʠ 

ʛʨʘʥʠʮʷʤʠ (ʨʠʩ. 3.6). 

 

           
 

ʈʠʩʫʥʦʢ 3.6 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʚ ʩʪʘʣʽ 15ʍ11ʄʌ ʧʨʠ 

t = 1000 ʦʉ ʧʨʦʪʷʛʦʤ 15 ʭʚʠʣʠʥ (ʭ 250) 

 

ʅʘ ʨʠʩ. 3.6 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ, ʷʢʘ ʫʪʚʦʨʠʣʘʩʴ ʥʘ ʛʦʩʪʨʽʡ 

ʢʨʦʤʮʽ ʟʨʘʟʢʘ ʪʘ ʟʙʝʨʽʛʣʘʩʷ ʧʽʩʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʣʽʬʘ. ʎʝ ʩʚʽʜʯʠʪʠ ʧʨʦ 

ʧʽʜʚʠʱʝʥʫ ʩʪʽʡʢʽʩʪʴ ʜʘʥʦʛʦ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʜʦ ʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. 

ʇʨʠ ʙʦʨʫʚʘʥʥʽ ʟ ʪʝʤʧʝʨʘʪʫʨʠ 1050 Áʉ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʙʽʣʦʛʦ 

ʰʘʨʫ ʙʦʨʠʜʽʚ ʟ ʪʦʚʱʠʥʦʶ 100 ʤʢʤ. ɺʽʥ ʥʝ ʤʘʻ ʛʦʣʯʘʩʪʦʾ ʩʪʨʫʢʪʫʨʠ, ʘ ʥʘ ʡʦʛʦ 

ʧʝʨʠʬʝʨʽʾ ʚʠʷʚʣʷʶʪʴʩʷ ʩʬʝʨʠʯʥʽ ʚʢʣʶʯʝʥʥʷ (ʟʘ ʧʨʠʧʫʱʝʥʥʷʤ ʢʘʨʙʦʙʦʨʠʜʠ) 

(ʨʠʩ. 3.7). 
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ʈʠʩʫʥʦʢ 3.7 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʚ ʩʪʘʣʽ 15ʍ11ʄʌ ʧʨʠ 

t = 1050 Áʉ ʧʨʦʪʷʛʦʤ 15 ʭʚʠʣʠʥ (ʭ 250) 

 

ʅʘ ʨʠʩ. 3.8 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʧʽʩʣʷ ʥʘʛʨʽʚʘʥʥʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ 1100 Áʉ. ɺʦʥʘ ʤʝʥʰʘ ʟʘ ʪʦʚʱʠʥʦʶ - 50 ʤʢʤ, ʘʣʝ ʟ ʜʝʱʦ ʚʠʨʘʞʝʥʦʶ 

ʛʦʣʯʘʪʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʧʝʨʝʭʽʜʥʦʶ ʟʦʥʦʶ. ʇʝʨʝʭʽʜʥʘ ʟʦʥʘ ʩʬʦʨʤʦʚʘʥʘ 

ʟʘʨʦʜʢʘʤʠ ʧʨʦʨʦʩʪʽʚ ʙʦʨʠʜʥʦʾ ʬʘʟʠ.  

 

 
 

ʈʠʩʫʥʦʢ 3.8 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʚ ʩʪʘʣʽ 15ʍ11ʄʌ ʧʨʠ 

t = 1100 Áʉ ʧʨʦʪʷʛʦʤ 15 ʭʚʠʣʠʥ (ʭ 250) 

 

ʉʪʨʫʢʪʫʨʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.9 ʽ 3.10 ʻ ʩʪʨʫʢʪʫʨʘʤʠ ʙʦʨʠʜʥʠʭ 

ʝʚʪʝʢʪʠʢ, ʷʢʽ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʴ ʟʛʽʜʥʦ ʜʽʘʛʨʘʤʠ Fe-B ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1150 

Áʉ ʽ 1200 Áʉ. ʅʘ ʨʠʩ. 3.10 ʧʨʠʩʫʪʥʷ ʯʘʩʪʦʯʢʘ ɺ4ʉ, ʷʢʘ ʚʧʣʘʚʠʣʘʩʴ ʫ ʧʦʚʝʨʭʥʶ 

ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ. ɼʘʥʥʽ ʩʪʨʫʢʪʫʨʠ ʤʘʶʪʴ ʟʥʘʯʥʽ ʪʦʚʱʠʥʠ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ ʙʽʣʴʰʝ 

ʥʽʞ 200 ʤʢʤ. 
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ɺʠʤʽʨʠ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʜʦʧʦʚʥʶʶʪʴ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ. 

ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʧʨʠ ʙʦʨʫʚʘʥʥʽ ʟ ʪʝʤʧʝʨʘʪʫʨ 950 Áʉ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 6000 ʄʇʘ.  

ʇʨʠ ʙʦʨʫʚʘʥʥʽ ʩʪʘʣʽ 15ʍ11ʄʌ ʟ ʪʝʤʧʝʨʘʪʫʨʠ 1000 Áʉ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚʠʩʦʢʽ 

ʧʦʢʘʟʥʠʢʠ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʥʘ ʨʽʚʥʽ 20000 ʄʇʘ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʬʦʨʤʫʚʘʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʙʦʨʠʜʽʚ.  

ʅʝʩʧʦʜʽʚʘʥʠʤ ʩʪʘʚ ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʫ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʟʨʘʟʢʘ ʙʦʨʦʚʘʥʦʛʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 1050 Áʉ. ʅʘ ʨʠʩ. 3.7 ʚʠʜʥʦ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʽ ʚʽʜʙʠʪʢʠ ʚʽʜ ʽʥʜʝʥʪʦʨʫ 

ʟ ʨʽʚʥʝʤ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʥʝ ʙʽʣʴʰʝ 8000 ʄʇʘ. ʊʘʢʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʚ ʮʽʣʦʤʫ 

ʥʝʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʟ ʙʦʨʠʜʘʤʠ. ʇʦʷʩʥʠʪʠ ʪʘʢʠʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʘ 

ʫʪʚʦʨʝʥʥʷʤ ʢʘʨʙʦʙʦʨʠʜʽʚ, ʢʦʪʨʽ ñʚʠʪʷʛʣʠò ʥʘ ʩʝʙʝ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʙʦʨʫ, ʪʠʤ 

ʩʘʤʠʤ ʟʙʽʜʥʽʚʰʠ ʦʩʥʦʚʥʠʡ ʜʠʬʫʟʽʡʥʠʡ ʰʘʨ, ʥʝ ʜʘʶʯʠ ʩʬʦʨʤʫʚʘʪʠ ʧʦʚʥʦʮʽʥʥʽ 

ʈʠʩʫʥʦʢ 3.9 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ 

ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʩʪʘʣʽ 15ʍ11ʄʌ ʧʨʠ t 

= 1150 ʦʉ ʧʨʦʪʷʛʦʤ 15 ʭʚʠʣʠʥ (ʭ 250) 

 

ʈʠʩʫʥʦʢ 3.10 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ 

ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʩʪʘʣʽ 15ʍ11ʄʌ 

ʧʨʠ t = 1200 ʦʉ ʧʨʦʪʷʛʦʤ 15 ʭʚʠʣʠʥ 

(ʭ 250) 
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ʙʦʨʠʜʠ. ɿʨʘʟʦʢ ʟʽ ʩʪʘʣʽ 15ʍ11ʄʌ, ʙʦʨʦʚʘʥʠʡ ʧʨʠ 1150 Áʉ, ʤʘʻ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʥʘ 

ʨʽʚʥʽ 9000 ʄʇʘ. 

 ʎʽʢʘʚʠʡ ʨʝʟʫʣʴʪʘʪ ʜʘʚ ʨʦʟʧʦʜʽʣ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʥʘ ʩʪʘʣʽ 15ʍ11ʄʌ ʧʨʠ 

ʙʦʨʫʚʘʥʥʽ ʟ ʪʝʤʧʝʨʘʪʫʨʠ 1200 Áʉ. ʇʽʢ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʫʪʚʦʨʠʚʩʷ ʥʝ ʥʘ ʧʦʚʝʨʭʥʽ, ʘ 

ʜʝʱʦ ʛʣʠʙʰʝ ʽ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 13000 ʄʇʘ, ʭʦʯʘ ʨʦʟʙʽʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʥʘ ʨʽʟʥʠʭ ʧʨʦʤʽʞʢʘʭ ʰʘʨʫ ʚʝʣʠʢʠʡ (ʚʽʜ 10000 ʜʦ 18000 ʄʇʘ).  

ɼʣʷ ʫʪʦʯʥʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ ʪʘ ʙʫʜʦʚʠ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ. ʅʘ ʨʝʥʪʛʝʥʦʛʨʘʤʘʭ ʧʨʠʩʫʪʥʽ ʣʽʥʽʾ ʙʦʨʠʜʽʚ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʽʯʥʦʛʦ ʙʦʨʫʚʘʥʥʷ (ʨʠʩ. 3.11). 

 

 

ʈʠʩʫʥʦʢ 3.11 ï ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʙʦʨʦʚʘʥʦʛʦ ʟʨʘʟʢʘ, ʟʥʷʪʘ ʟ ʧʦʚʝʨʭʥʽ, ʧʽʩʣʷ 

ʧʽʯʥʦʛʦ ʙʦʨʫʚʘʥʥʷ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʭʦʜʷʯʠ ʟ ʚʠʱʝ ʧʨʠʚʝʜʝʥʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʙʦʨʦʚʘʥʽ ʰʘʨʠ, ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʥʘʛʨʽʚʫ ʚ ʧʝʯʽ ʧʨʦʪʷʛʦʤ 15 

ʭʚʠʣʠʥ, ʭʦʯʘ ʽ ʤʘʶʪʴ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ (ʜʦ 20000 ʄʇʘ) ʦʜʥʘʢ, 

ʚʠʭʦʜʷʯʠ ʟ ʤʦʨʬʦʣʦʛʽʾ ʾʭ ʩʪʨʫʢʪʫʨʠ, ʥʝ ʟʤʦʞʫʪʴ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʧʨʦʪʠʩʪʦʷʪʠ 

ʢʨʠʭʢʦʤʫ ʨʫʡʥʫʚʘʥʥʽ ʧʨʠ ʣʦʢʘʣʴʥʦʤʫ ʢʦʥʪʘʢʪʽ ʙʫʣʴʙʘʰʦʢ ʚʦʣʦʛʠ ʪʘ ʧʘʨʫ, 
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ʦʩʢʽʣʴʢʠ ʪʝʢʩʪʫʨʦʚʘʥʦ ʥʘʧʨʘʚʣʝʥʽ ʙʦʨʠʜʠ ʤʘʶʪʴ ʨʽʟʢʦ ʚʠʨʘʞʝʥʫ ʘʥʽʟʦʪʨʦʧʽʶ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚʝʣʠʢʫ ʢʨʠʭʢʽʩʪʴ ʚʥʘʩʣʽʜʦʢ ʜʦʤʽʥʫʶʯʠʭ ʢʦʚʘʣʝʥʪʥʠʭ ʟʚôʷʟʢʽʚ ʪʘ 

ʩʣʘʙʢʠʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʦʢʨʝʤʠʤʠ ʢʨʠʩʪʘʣʽʪʘʤʠ ʙʦʨʠʜʽʚ. ʅʘʡʧʨʠʡʥʷʪʥʽʰʠʤ 

ʚʘʨʽʘʥʪʦʤ ʤʦʞʝ ʙʫʪʠ ʧʨʠʰʚʠʜʰʝʥʝ ʙʦʨʫʚʘʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʠʙʣʠʟʥʦ 1000 

Áʉ, ʘʣʝ ʟ ʜʫʞʝ ʣʽʤʽʪʦʚʘʥʠʤ ʯʘʩʦʤ ʥʘʛʨʽʚʘʥʥʷ. ʆʯʝʚʠʜʥʦ, ʧʨʦʙʣʝʤʫ ʧʽʜʚʠʱʝʥʥʷ 

ʝʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʙʦʨʫʚʘʥʥʷ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʉɺʏ. 

 

3.2 ɹʦʨʫʚʘʥʥʷ ʚʠʩʦʢʦʣʝʛʦʚʘʥʦʾ ʩʪʘʣʽ ʟʽ ʟ ʧʽʜʚʠʱʝʥʥʠʤ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ 

ʅʠʞʯʝ ʧʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦ ʚʠʚʯʝʥʥʶ ʚʧʣʠʚʫ ʨʝʞʠʤʽʚ ʧʽʯʥʦʛʦ 

ʙʦʨʫʚʘʥʥʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʽ X46Cr13. ʎʷ ʩʪʘʣʴ, ʷʢ ʽ 15ʍ11ʄʌ, 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʩʫ, ʦʜʥʘʢ ʤʘʻ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ 

ʚʫʛʣʝʮʶ. ɿʙʽʣʴʰʝʥʥʷ ʫ ʩʢʣʘʜʽ ʢʽʣʴʢʦʩʪʽ ʚʫʛʣʝʮʶ ʫ ʚʠʩʦʢʦʣʝʛʦʚʘʥʽʡ ʩʪʘʣʽ ʚʧʣʠʚʘʻ 

ʥʘ ʧʨʦʮʝʩ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʙʦʨʠʜʽʚ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʚʠʩʦʢʦʭʨʦʤʠʩʪʠʭ ʩʪʘʣʝʡ 

ʟʽ ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʚʫʛʣʝʮʶ, ʪʨʠʚʘʣʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʚʠʪʨʠʤʢʘ ʩʧʨʠʷʻ 

ʟʤʝʥʰʝʥʥʶ ʚʤʽʩʪʫ ʢʘʨʙʽʜʽʚ ʭʨʦʤʫ ʫ ʤʘʪʨʠʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʩʪʘʣʽ, ʱʦ ʧʦʟʠʪʠʚʥʦ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʢʦʥʪʘʢʪʥʽʡ ʚʪʦʤʥʦʩʪʽ ʽ ʫʜʘʨʥʽʡ ʚôʷʟʢʦʩʪʽ. 

ʇʨʠʚʝʜʝʥʘ ʩʪʘʣʴ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʧʨʘʮʶʶʯʦʛʦ ʚ ʘʛʨʝʩʠʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚ ʫʤʦʚʘʭ 

ʟʥʦʩʫ (ʥʘʧʨʠʢʣʘʜ, ʚʽʩʽ ʝʣʝʤʝʥʪʽʚ ʧʘʣʠʚʥʠʭ ʥʘʩʦʩʽʚ), ʤʘʥʽʢʶʨʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ 

(ʜʣʷ ʷʢʦʛʦ ʚʘʞʣʠʚʘ ʩʪʽʡʢʽʩʪʴ ʨʽʞʫʯʦʾ ʢʨʦʤʢʠ, ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʽ ʤʝʭʘʥʽʯʥʘ 

ʤʽʮʥʽʩʪʴ ʚ ʤʽʩʮʷʭ ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʪʠʥʫ ʜʝʪʘʣʝʡ) ʪʦʱʦ. ʊʦʤʫ, ʦʢʨʽʤ ʟʤʽʮʥʝʥʥʷ, 

ʜʣʷ ʮʽʻʾ ʤʘʨʢʠ ʩʪʘʣʽ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʧʠʪʘʥʥʷ ʧʦʢʨʘʱʝʥʥʷ ʤʘʪʨʠʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʯʠʥʝʥʥʷ ʟʘʣʠʰʢʦʚʦʾ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ. ʎʽ 

ʜʚʘ ʧʨʦʮʝʩʠ ʟ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʽ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʧʦʚʠʥʥʽ ʧʦʻʜʥʫʚʘʪʠʩʴ.  

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʙʦʨʫʚʘʥʥʷ ʩʪʘʣʽ X46Cr13 ʚʠʷʚʠʣʦʩʴ, ʱʦ ʧʘʩʪʠ, ʷʢʽ 

ʝʬʝʢʪʠʚʥʦ ʬʦʨʤʫʚʘʣʠ ʰʘʨ ʥʘ ʩʪʘʣʷʭ 40ʍ ʪʘ 15ʍ11ʄʌ ʤʘʣʦʧʨʠʜʘʪʥʽ ʜʣʷ 

ʙʦʨʫʚʘʥʥʷ ʚʠʩʦʢʦʭʨʦʤʠʩʪʦʾ ʩʪʘʣʽ ʟʽ ʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ. ʊʦʤʫ ʜʣʷ ʜʦʩʣʽʜʽʚ 

ʟ ʮʽʻʶ ʩʪʘʣʴʶ ʚ ʫʤʦʚʘʭ ʙʦʨʫʚʘʥʥʷ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʙʫʚ ʚʨʘʭʦʚʘʥʠʡ 

ʜʦʩʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦ ʙʦʨʫʚʘʥʥʶ ʟ ʢʦʨʦʪʢʦʯʘʩʥʠʤ ʥʘʛʨʽʚʦʤ (15 ʭʚ.) ʧʨʠ ʨʽʟʥʠʭ 



106 
 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʜʝ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʧʘʩʪʘ ʟ ʧʽʜʚʠʱʝʥʥʠʤ ʚʤʽʩʪʦʤ ʘʢʪʠʚʘʪʦʨʫ. 

ʇʘʩʪʘ ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʽʜʫ ʙʦʨʫ ʟ 40 % ʘʢʪʠʚʘʪʦʨʫ NaF ʚ ʫʤʦʚʘʭ ʥʘʛʨʽʚʫ ʜʦ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʟʘʙʝʟʧʝʯʫʻ ʧʦʪʨʽʙʥʫ ʜʠʥʘʤʽʢʫ ʜʠʩʦʮʽʘʮʽʾ ʙʦʨʩʢʣʘʜʦʚʦʾ ʨʝʯʦʚʠʥʠ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʧʨʠʪʦʢʫ ʘʪʦʤʘʨʥʦʛʦ ʙʦʨʫ ʜʦ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ. ʇʨʠ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʩʧʽʢʘʥʥʷ ʧʦʨʦʰʢʽʚ ʽ ʧʘʩʪ ʪʦʤʫ ʧʦʧʝʨʝʜʥʽʡ 

ʚʠʙʽʨ ʨʝʯʦʚʠʥ ï ʩʢʣʘʜʦʚʠʭ ʧʘʩʪ ʭʦʯʘ ʽ ʚʠʟʥʘʯʠʚ ʥʘʧʨʷʤ, ʟʘ ʷʢʠʤʠ ʚʦʥʠ ʙʫʣʠ 

ʦʙʨʘʥʽ, ʦʜʥʘʢ ʥʝ ʚʨʘʭʦʚʫʚʘʚ ʬʘʢʪʦʨ ʩʧʽʢʘʥʥʷ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ ʜʦ 1050 ʦʉ ʧʨʠ ʷʢʽʡ ʚʽʜʙʫʚʘʣʦʩʴ ʙʦʨʫʚʘʥʥʷ ʥʘ ʧʨʦʪʷʟʽ 

ʪʨʴʦʭ ʛʦʜʠʥ ʚʠʤʘʛʘʻ ʰʚʠʜʢʦʾ ʘʢʪʠʚʽʟʘʮʽʾ ʨʦʟʧʘʜʫ ʙʦʨʩʢʣʘʜʦʚʦʾ ʯʘʩʪʠʥʠ ʧʘʩʪʠ ʧʦ 

ʚʩʽʡ ʾʾ ʪʦʚʱʠʥʽ. ɿʙʽʣʴʰʝʥʠʡ ʚʤʽʩʪ ʘʢʪʠʚʘʪʦʨʫ ʽʟʦʣʶʻ ʯʘʩʪʦʯʢʠ ʢʘʨʙʽʜʫ ʙʦʨʫ ʽ 

ʟʤʝʥʰʫʻ ʨʠʟʠʢ ʩʧʽʢʘʥʥʷ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʠʪʦʤʦʾ ʚʘʛʠ 

ʘʢʪʠʚʘʪʦʨʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʘʢʪʠʚʘʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ, ʪʦʙʪʦ ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʧʨʦʪʽʢʘʪʥʥʷ ʨʝʘʢʮʽʾ ʜʠʩʦʮʽʘʮʽʾ ʫ ʢʦʞʥʽʡ ʪʦʯʮʽ ʤʽʢʨʦʦʙô̒ ʤʫ ʧʘʩʪʠ ʨʽʟʢʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ʇʦʨʽʚʥʷʥʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʚʫʛʣʝʮʶ ʜʣʷ ʚʠʩʦʢʦʭʨʦʤʠʩʪʦʾ ʩʪʘʣʽ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʪʦʥʢʠʭ, ʘʣʝ ʙʽʣʴʰ ʪʚʝʨʜʠʭ ʬʘʟ. ʇʨʠʚʦʜʦʤ ʜʣʷ ʮʴʦʛʦ ʻ 

ʪʦʡ ʬʘʢʪ, ʱʦ ʧʨʠ ʜʦʚʛʦʤʫ ʧʨʦʪʽʢʘʥʥʽ ʧʨʦʮʝʩʫ ʬʦʨʤʫʶʪʴʩʷ ʱʽʣʴʥʽ ʙʦʨʠʜʠ, ʷʢʽ 

ʫʩʢʣʘʜʥʶʶʪʴ ʧʨʦʮʝʩ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʘʪʦʤʽʚ ʙʦʨʫ ʫ ʛʣʠʙʠʥʫ ʤʝʪʘʣʫ. 

ʊʦʤʫ ʜʦʮʽʣʴʥʽʰʝ ʤʘʢʩʠʤʘʣʴʥʦ ʘʢʪʠʚʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʥʘʩʠʯʝʥʥʷ ʥʘ ʧʦʯʘʪʢʦʚʽʡ 

ʩʪʘʜʽʾ, ʢʦʣʠ ʱʝ ʥʝ ʩʬʦʨʤʫʚʘʣʠʩʷ ʱʽʣʴʥʽ ʙʦʨʠʜʥʽ ʛʦʣʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʙʦʨʫʚʘʥʥʷ ʧʦʢʘʟʘʥʽ ʫ ʚʠʛʣʷʜʽ ʧʦʧʝʨʝʯʥʠʭ ʰʣʽʬʽʚ ʧʽʩʣʷ ʪʨʘʚʣʝʥʥʷ. 

ʅʘ ʨʠʩ. 3.12 ʧʨʝʜʩʪʘʚʣʝʥʽ ʬʨʘʛʤʝʥʪʠ ʟʨʘʟʢʽʚ, ʥʘ ʷʢʠʭ ʚʠʜʥʦ ʜʦʩʪʘʪʥʴʦ ʛʣʠʙʦʢʽ 

ʪʨʽʱʠʥʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦ ʧʝʨʠʤʝʪʨʫ, ʘ ʪʘʢʦʞ ʧʨʦʩʪʷʛʘʶʪʴʩʷ ʚʽʜ ʢʨʘʶ ʜʦ 

ʮʝʥʪʨʫ ʟʨʘʟʢʘ. ʇʦʷʚʘ ʪʨʽʱʽʥ ʧʦʚʷʟʫʻʪʴʩʷ ʟ ʧʨʠʩʢʦʨʝʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʟʨʘʟʢʽʚ, 

ʷʢʝ ʧʨʦʚʦʜʠʣʦʩʴ ʟ ʤʝʪʦʶ ʝʢʦʥʦʤʽʾ ʯʘʩʫ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦ 

ʟʘʢʽʥʯʝʥʥʶ ʙʦʨʫʚʘʥʥʷ ʩʪʘʣʝʡ 40, 40ʍ, 15ʍ11ʄʌ, AISI 304 ʥʘʚʽʪʴ ʫ ʚʦʜʽ ʧʦʷʚʠ 

ʤʽʢʨʦ- ʪʘ ʤʘʢʨʦʪʨʽʱʠʥ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ. ʊʘʢʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʨʠʪʘʤʘʥʥʘ ʪʽʣʴʢʠ 

ʜʣʷ ʩʪʘʣʽ X46Cr13, ʱʦ ʧʦʚʷʟʘʥʦ ʟ ʧʽʜʚʠʱʝʥʥʠʤ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ ʽ ʥʘʷʚʥʽʩʪʴʶ ʫ 

ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʩʠʣʴʥʦʛʦ ʢʘʨʙʽʜʦʫʪʚʦʨʶʶʯʦʛʦ ʝʣʝʤʝʥʪʫ ï ʭʨʦʤʫ. 
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ʈʠʩʫʥʦʢ 3.12 ï ʄʘʢʨʦʩʪʨʫʢʪʫʨʘ ʟʨʘʟʢʽʚ ʽʟ ʩʪʘʣʽ X46Cr13 ʧʽʩʣʷ ʧʽʯʥʦʛʦ 

ʙʦʨʫʚʘʥʥʷ (ʭ50) 

 

 ʅʘ ʨʠʩ. 3.13 ʧʨʠ ʙʽʣʴʰʠʭ ʟʙʽʣʴʰʝʥʥʷʭ ʚʠʜʥʦ, ʱʦ ʜʠʬʫʟʽʡʥʠʡ ʰʘʨ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʟʦʥʠ ʙʦʨʠʜʽʚ ʪʘ ʟʦʥʠ ʟ ʚʽʜʪʽʩʥʝʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

 

     

                                     ʘ                                                               ʙ 

ʘ ï ʭ200,   ʙ ï ʭ1000 

ʈʠʩʫʥʦʢ 3.13 ï ɼʚʦʬʘʟʥʠʡ ʙʦʨʦʚʘʥʠʡ ʰʘʨ ʥʘ ʩʪʘʣʽ X46Cr13 

 

 ʅʘ ʨʠʩ. 3.13, ʙ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʫ ʙʦʨʠʜʥʦʤʫ ʰʘʨʽ ʚʠʷʚʣʝʥʦ 

ʜʚʦʬʘʟʥʫ ʩʪʨʫʢʪʫʨʫ. ʅʘ ʧʦʚʝʨʭʥʽ ʫʪʚʦʨʶʻʪʴʩʷ ʛʦʣʢʦʧʦʜʽʙʥʽʡ ʙʦʨʠʜ FeB, ʟʘ ʷʢʠʤ 

ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʥʘʷʚʥʽʩʪʴ ʙʦʨʠʜʫ Fe2B. ʊʦʙʪʦ ʙʦʨʦʚʘʥʠʡ ʰʘʨ ʤʘʻ ʜʚʦʬʘʟʥʠʡ 

ʭʘʨʘʢʪʝʨ. 

 ʅʘ ʨʠʩ. 3.14 ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʨʘʛʤʝʥʪ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʫ ʤʽʩʮʽ ʩʢʦʣʶʚʘʥʥʷ. 

ʉʢʦʣʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʛʨʘʥʠʮʽ ʜʚʦʭ ʙʦʨʠʜʽʚ.  
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ʄʘʪʨʠʯʥʘ ʩʪʨʫʢʪʫʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.15, ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʘʻ ʧʦʤʽʪʥʽ 

ʚʢʣʶʯʝʥʥʷ ʢʘʨʙʽʜʽʚ ʭʨʦʤʫ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʽʩʪʶ ʯʘʩʫ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ 

ʚʠʜʽʣʝʥʴ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʢʘʨʙʽʜʽʚ.  

 

    
 

 

  

 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʧʦʷʚʠ ʪʨʽʱʠʥ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʙʦʨʫʚʘʥʥʷ ʟʘ ʪʘʢʠʤ ʞʝ 

ʨʝʞʠʤʦʤ, ʘʣʝ ʦʭʦʣʦʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʧʦʚʽʪʨʽ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.16 

ʪʨʽʱʠʥʠ ʥʘ ʟʨʘʟʢʫ ʚʽʜʩʫʪʥʽ, ʘ ʫ ʤʘʪʨʠʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʧʨʠʩʫʪʥʷ ʥʝʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ 

ʢʘʨʙʽʜʽʚ (ʨʠʩ. 3.17). 

 

                  

 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.17 ʧʦʚʽʣʴʥʝ ʦʭʦʣʦʞʜʝʥʥʷ ʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʜʦʟʚʦʣʠʚ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʴʶ ʨʦʟʯʠʥʠʪʠ ʢʘʨʙʽʜʠ ʭʨʦʤʫ ʫ ʤʘʪʨʠʯʥʽʡ 

ʩʪʨʫʢʪʫʨʽ ʩʪʘʣʽ. ʎʝʡ ʬʘʢʪ ʜʦʟʚʦʣʷʻ ʧʨʠʧʫʩʪʠʪʠ ʧʽʜʚʠʱʝʥʥʷ ʫʜʘʨʥʦʾ ʚô̫ ʟʢʦʩʪʽ ʪʘ 

ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʠʤ ʩʪʘʥʦʤ. 

ʈʠʩʫʥʦʢ 3.14 ï ʄʽʩʮʝ ʩʢʦʣʶʚʘʥʥʷ 

ʙʦʨʠʜʫ FeB (ʭ1000) 

 

ʈʠʩʫʥʦʢ 3.15 ï ʄʘʪʨʠʯʥʘ 

ʩʪʨʫʢʪʫʨʘ ʩʪʘʣʽ X46Cr13 ʧʽʩʣʷ 

ʙʦʨʫʚʘʥʥʷ (ʭ1000) 

 

ʈʠʩʫʥʦʢ 3.16 ï ʈʝʟʫʣʴʪʘʪʠ 

ʙʦʨʫʚʘʥʥʷ ʟ ʙʽʣʴʰ ʧʦʚʽʣʴʥʠʤ 

ʦʭʦʣʦʜʞʝʥʥʷʤ (ʭ50) 

 

ʈʠʩʫʥʦʢ 3.17 ï ʄʘʪʨʠʯʥʘ ʩʪʨʫʢʪʫʨʘ 

ʩʪʘʣʽ ʧʽʩʣʷ ʧʦʚʽʣʴʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ 

(ʭ1000) 
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 ʅʘ ʛʨʘʬʽʢʫ ʨʠʩ. 3.18 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʧʦʜʽʣ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʦ ʛʣʠʙʠʥʽ 

ʟʨʘʟʢʘ.  

 

 

 

ʈʠʩʫʥʦʢ 3.18 ï ʈʦʟʧʦʜʽʣ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ 

 

ʇʽʜʚʠʱʝʥʥʷ ʟʥʘʯʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʫ ʙʦʨʦʚʘʥʦʤʫ ʰʘʨʽ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʣʝʛʫʚʘʥʥʷ ʙʦʨʠʜʽʚ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʩʪʘʣʽ.  

ʇʘʥʦʨʘʤʘ ʰʘʨʫ ʟ ʚʽʜʙʠʪʢʘʤʠ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.19. ʅʘ 

ʦʪʨʠʤʘʥʠʭ ʬʦʪʦʛʨʘʬʽʷʭ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʠ ʙʦʨʠʜʥʠʭ ʰʘʨʽʚ. ʈʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 3.1. 

 

ʊʘʙʣʠʮʷ 3.1 ï ʂʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ 

ʅʘʟʚʘ ʰʘʨʫ ʂʽʣʴʢʽʩʪʴ 

ʚʠʤʽʨʽʚ 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʪʦʚʱʠʥʠ, ʤʢʤ 

ʄʽʥʽʤʘʣʴʥʘ 

ʪʦʚʱʠʥʘ, ʤʢʤ 

ʄʘʢʩʠʤʘʣʴʥʘ 

ʪʦʚʱʠʥʘ, ʤʢʤ 

ɿʘʛʘʣʴʥʠʡ 10 119,15 44,27 127,62 

FeB 10 71,57 44,26 88,34 

Fe2B 10 53,80 29,55 68,82 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 3.1 ʥʘʡʙʽʣʴʰʫ ʪʦʚʱʠʥʫ ʤʘʻ ʙʦʨʠʜ FeB. ɿʘʛʘʣʴʥʘ ʪʦʚʱʠʥʘ 

ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʩʢʣʘʜʘʻ ~ 119,2 ʤʢʤ. 

ʅʘ ʨʠʩ. 3.20 ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦʨʦʚʘʥʠʡ ʰʘʨ ʟ ʥʘʢʣʘʜʝʥʠʤʠ ʤʘʨʢʝʨʘʤʠ ʜʣʷ 

ʚʠʤʽʨʫ ʧʨʦʪʷʞʥʦʩʪʽ ʛʨʘʥʠʮʴ ʧʦʜʽʣʫ ʤʽʞ ʙʦʨʠʜʦʤ FeB ʪʘ ʙʦʨʠʜʦʤ Fe2B. 
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ɺʠʤʽʨ ʧʨʦʚʦʜʠʚʩʷ ʚ ʧʨʦʛʨʘʤʽ Digimizer [122]. ɼʣʷ ʮʴʦʛʦ ʩʧʦʯʘʪʢʫ 

ʽʥʩʪʨʫʤʝʥʪʦʤ çUnitè ʟʘʜʘʣʠ ʤʘʩʰʪʘʙ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʤʘʨʢʝʨ ʚ ʧʨʘʚʦʤʫ 

ʥʠʞʥʴʦʤʫ ʢʫʪʽ, ʜʣʷ ʧʝʨʝʚʦʜʫ ʧʽʢʩʝʣʝʡ ʫ ʤʽʢʨʦʤʝʪʨʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʽʥʩʪʨʫʤʝʥʪ çPathè (ʯʝʨʚʦʥʘ ʣʽʥʽʷ) ʚʠʤʽʨʷʣʠ ʜʦʚʞʠʥʫ ʬʨʘʛʤʝʥʪʫ ʧʦʚʝʨʭʥʽ, ʘ ʪʘʢʦʞ 

ʜʦʚʞʠʥʫ ʛʨʘʥʠʮʽ ʧʦʜʽʣʫ ʙʦʨʠʜʘ Fe2B (ʟʝʣʝʥʘ ʢʨʠʚʘ). 

ʏʝʨʚʦʥʘ ʣʽʥʽʷ ʙʣʠʟʴʢʘ ʜʦ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʚʽʜʨʽʟʢʘ ʽ ʩʪʘʥʦʚʠʪʴ 246,69 ʤʢʤ. 

ɿʝʣʝʥʘ ʣʽʥʽʷ (ʛʨʘʥʠʮʷ ʧʦʜʽʣʫ ʤʽʞ ʙʦʨʠʜʘʤʠ) ʩʪʘʥʦʚʠʪʴ 975,43 ʤʢʤ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʤʠ ʙʘʯʠʤʦ, ʱʦ ʛʨʘʥʠʮʷ ʧʦʜʽʣʫ ʚ 3,9 ʨʘʟʠ ʙʽʣʴʰʘ ʟʘ ʧʨʷʤʦʣʽʥʽʡʥʠʡ ʚʽʜʨʽʟʦʢ. ʎʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʩʪʘʪʥʴʦ ʱʽʣʴʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʜʚʦʤʘ ʙʦʨʠʜʘʤʠ. ʉʢʦʣʶʚʘʥʥʷ, 

ʚʦʯʝʚʠʜʴ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʥʠʟʴʢʦʾ ʨʝʣʘʢʩʘʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʙʦʨʠʜʫ FeB, ʘ ʥʝ 

ʟʘʚʜʷʢʠ ʥʠʟʴʢʦʾ ʘʜʛʝʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ. 

ʈʠʩʫʥʦʢ 3.19 ï ʇʘʥʦʨʘʤʘ ʙʦʨʦʚʘʥʦʛʦ 

ʰʘʨʫ (ʭ500) 

 

ʈʠʩʫʥʦʢ 3.20 ï ʇʨʦʮʝʩ ʚʠʤʽʨʫ 

ʧʨʦʪʷʞʥʦʩʪʽ ʛʨʘʥʠʮʴ ʧʦʜʽʣʫ (ʭ500) 
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ʅʘ ʨʠʩʫʥʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʘʨʙʽʜʠ Cr ʚ ʤʘʪʨʠʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʩʪʘʣʽ ʜʦ 

ʦʙʨʦʙʢʠ (ʨʠʩ. 3.21) ʪʘ ʧʽʩʣʷ (ʨʠʩ. 3.22).  

 

    

 

 

 

ʂʦʨʠʩʪʫʶʯʠʩʴ ʧʨʦʛʨʘʤʦʶ Digimizer, ʚʠʷʚʠʣʠ, ʱʦ ʜʦ ʙʦʨʫʚʘʥʥʷ ʧʣʦʱʘ 

ʢʘʨʙʽʜʽʚ ʩʪʘʥʦʚʠʣʘ 5,61%. ʇʽʩʣʷ ʙʦʨʫʚʘʥʥʷ ʾʭ ʧʣʦʱʘ ʩʪʘʥʦʚʠʣʘ 1,41%. ʎʝ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʽʩʣʷ ʙʦʨʫʚʘʥʥʷ ʚʤʽʩʪ ʢʘʨʙʽʜʽʚ Cr ʟʤʝʥʰʠʚʩʷ 

ʤʘʡʞʝ ʚ 4 ʨʘʟʠ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʚʠʤʽʨʫ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ 

ʚʠʷʚʣʝʥʦ ʜʠʬʫʟʽʡʥʽ ʰʘʨʠ, ʷʢʽ ʤʘʶʪʴ ʜʚʦʬʘʟʥʫ ʧʨʠʨʦʜʫ. ɺʩʪʘʥʦʚʣʝʥʦ ʧʦʟʠʪʠʚʥʠʡ 

ʚʧʣʠʚ ʪʨʠʚʘʣʦʾ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʚʠʪʨʠʤʢʠ ʥʘ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʢʘʨʙʽʜʽʚ Cr 

ʫ ʤʘʪʨʠʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʩʪʘʣʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʟ 

ʤʘʣʦʶ ʢʽʣʴʢʽʩʪʶ ʚʫʛʣʝʮʶ ʫ ʩʪʘʣʽ ʍ46Cr13 ʬʦʨʤʫʻʪʴʩʷ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ 

ʥʘʩʠʯʝʥʥʷ ʥʝ ʦʜʥʦʬʘʟʥʠʡ, ʘ ʜʚʦʬʘʟʥʠʡ ʰʘʨ. ʊʦʙʪʦ ʚʫʛʣʝʮʴ ʽ ʭʨʦʤ ʩʧʨʠʷʻ 

ʫʪʚʦʨʝʥʥʶ ʙʦʨʠʜʫ FeB, ʷʢʠʡ ʤʘʻ ʧʽʜʚʠʱʝʥʫ ʢʨʠʭʢʽʩʪʴ, ʱʦ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʙʦʨʫʚʘʥʥʽ ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ 

ʚʩʪʘʥʦʚʣʝʥʦ ʨʝʞʠʤʠ ʧʨʠ ʷʢʠʭ ʥʝ ʫʪʚʦʨʶʶʪʴʩʷ ʪʨʽʱʠʥʠ ʥʘ ʧʨʦʢʘʪʽ ʫ ʚʠʜʽ ʧʨʫʪʢʽʚ. 

ʈʠʩʫʥʦʢ 3.21 ï ɺʤʽʩʪ ʢʘʨʙʽʜʽʚ Cr 

ʜʦ ʦʙʨʦʙʢʠ (ʭ1000) 

 

ʈʠʩʫʥʦʢ 3.22 ï ɺʤʽʩʪ ʢʘʨʙʽʜʽʚ Cr 

ʧʽʩʣʷ ʦʙʨʦʙʢʠ (ʭ1000) 
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ɺʠʟʥʘʯʝʥʦ, ʱʦ ʩʢʣʘʜ ʧʘʩʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʙʦʨʫʚʘʥʥʷ ʪʘ ʩʪʘʣʽ ʜʘʻ 

ʩʫʪʪʻʚʦ ʨʽʟʥʽ ʨʝʟʫʣʴʪʘʪʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʘʩʪʠ ʟ ʧʽʜʚʠʱʝʥʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʘʢʪʠʚʘʪʦʨʫ ʜʦʮʽʣʴʥʦ ʧʨʠ ʟʤʝʥʰʝʥʠʭ ʟʘ ʯʘʩʦʤ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʨʦʮʝʩʘʭ 

ʙʦʨʫʚʘʥʥʷ. 

 

3.3 ʇʽʯʥʝ ʙʦʨʫʚʘʥʥʷ ʟʽ ʩʪʫʧʝʥʝʚʠʤ ʥʘʛʨʽʚʘʥʥʷʤ 

ʆʩʢʽʣʴʢʠ ʥʘ ʨʷʜʫ ʟ ʦʪʨʠʤʘʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʤʽʮʥʝʥʦʛʦ ʰʘʨʫ ʚʘʞʣʠʚʠʤ 

ʻ ʧʦʢʨʘʱʝʥʥʷ ʘʙʦ ʟʙʝʨʝʞʝʥʥʷ ʥʘ ʥʘʣʝʞʥʦʤʫ ʨʽʚʥʽ ʤʘʪʨʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʤʘʪʝʨʽʘʣʫ ʚʘʞʣʠʚʠʤ ʻ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʩʥʦʚʥʦʾ ʩʪʨʫʢʪʫʨʠ ʫ 

ʩʪʘʣʷʭ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʙʦʨʫʚʘʥʥʽ. ʊʘʢʘ ʟʘʜʘʯʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʩʘʤʝ ʜʣʷ 

ʚʫʛʣʝʮʝʚʠʭ ʪʘ ʥʠʟʴʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʷʭ ʟ ʥʠʟʴʢʦʶ ʪʝʤʧʝʨʘʪʢʨʦʶ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

ɻʦʣʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʧʦʛʽʨʰʫʻ ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ 

ʮʴʦʤʫ ʻ ʧʨʦʮʝʩ ʫʢʨʫʧʥʝʥʥʷ ʟʝʨʝʥʦʾ ʤʘʪʨʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʥʘʩʣʽʜʦʢ ʟʙʠʨʘʣʴʥʦʾ 

ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʊʦʤʫ ʻ ʘʢʪʫʘʣʴʥʠʤ ʧʦʰʫʢ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʟ ʨʦʟʨʦʙʢʠ 

ʪʘʢʦʾ ʪʝʭʥʦʣʦʛʽʾ ʙʦʨʫʚʘʥʥʷ, ʷʢʘ ʙ ʥʝ ʧʨʠʟʚʦʜʠʣʘ ʜʦ ʧʦʤʽʪʥʦʾ ʟʙʠʨʘʣʴʥʦʾ 

ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚ ʦʩʥʦʚʥʦʤʫ ʤʝʪʘʣʽ ʚʠʨʦʙʫ, ʘʣʝ ʜʦʟʚʦʣʠʣʘ ʙ ʝʬʝʢʪʠʚʥʦ 

ʧʨʦʚʦʜʠʪʠ ʥʘʩʠʯʝʥʥʷ ʧʦʚʝʨʭʥʽ. ɺʠʭʦʜʷʯʽ ʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʽʚ ʙʫʣʘ ʦʙʨʘʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ 1000 ʦʉ (ʷʢʦʾ ʜʦʩʪʘʪʥʴʦ) ʜʣʷ ʜʠʥʘʤʽʯʥʦʾ ʘʢʪʠʚʽʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʜʠʩʦʮʽʘʮʽʾ ʙʦʨʚʤʽʩʥʦʾ ʨʝʯʦʚʠʥʠ ʫ ʧʘʩʪʽ ʟ 15 ʭʚʠʣʠʥʥʦʶ ʚʠʪʨʠʤʢʦʶ, ʱʦ ʜʦʩʪʘʪʥʴʦ 

ʜʣʷ ʧʨʦʛʨʽʚʫ ʧʘʩʪʠ ʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʤʝʪʘʣʫ ʪʦʚʱʠʥʦʶ ʧʨʠʙʣʠʟʥʦ 5 ʤʤ.  

ʇʨʦʚʦʜʠʣʦʩʴ ʧʽʯʥʝ ʙʦʨʫʚʘʥʥʷ ʟʘ ʪʨʘʜʠʮʽʡʥʠʤ ʨʝʞʠʤʦʤ ʽ ʟʘ ʨʝʞʠʤʦʤ, ʷʢʠʡ 

ʧʝʨʝʜʙʘʯʘʚ ʢʦʨʦʪʢʦʯʘʩʥʝ ʧʝʨʝʛʨʽʚʘʥʥʷ ʧʨʦʪʷʛʦʤ 15 ʭʚʠʣʠʥ ʟ ʥʘʩʪʫʧʥʠʤ 

ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ (ʨʠʩ. 3.23).  

ʇʩ̔ʣʷ 15 ʭʚ. ʚʠʪʨʠʤʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʧʝʯʽ ʟʤʝʥʰʫʚʘʣʘʩʴ ʜʦ 830 ÁC. ɺʝʩʴ 

ʮʠʢʣ ʦʙʨʦʙʢʠ ʩʢʣʘʜʘʚ ʥʝ ʙʽʣʴʰʝ 3-ʭ ʛʦʜʠʥ. ʆʭʦʣʦʜʞʝʥʥʷ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʦʚʽʪʨʽ.  
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                                ɺʘʨʽʘʥʪ ɸ                                          ɺʘʨʽʘʥʪ ɹ 

 

ʈʠʩʫʥʦʢ 3.23 ï ʉʭʝʤʘ ʙʦʨʫʚʘʥʥʷ ʩʪʘʣʽ 40ʍ ʟʘ ʪʨʘʜʠʮʽʡʥʠʤ ʥʘʛʨʽʚʘʥʥʷʤ (ʚʘʨʽʘʥʪ 

ɸ) ʽ ʩʪʫʧʝʥʝʚʠʤ ʥʘʛʨʽʚʘʥʥʷʤ (ʚʘʨʽʘʥʪ ɹ) 

  

ʄʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ ʧʦʧʝʨʝʯʥʠʭ ʰʣʽʬʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʙʦʨʦʚʘʥʽ ʰʘʨʠ ʥʘ 

ʦʙʦʭ ʟʨʘʟʢʘʭ, ʤʘʣʠ ʧʦʚʥʽʩʪʶ ʽʜʝʥʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ.  

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.24 ʤʦʨʬʦʣʦʛʽʷ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʤʘʻ ʛʦʣʴʯʘʩʪʠʡ ʚʠʛʣʷʜ, 

ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʦʨʠʜʽʚ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʷʭ.  

 

 

 

ʈʠʩʫʥʦʢ 3.24 ï ʇʘʥʦʨʘʤʘ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʥʘ ʩʪʘʣʽ 40ʍ (ʚʘʨʽʘʥʪ ʦʙʨʦʙʢʠ ɹ) 

(ʭ50) 
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ʇʽʜ ʰʘʨʦʤ ʙʦʨʠʜʽʚ ʟʘ ʪʦʚʱʠʥʦʶ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʭʽʜʥʘ ʟʦʥʘ. ɺʦʥʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʫʮʽʣʴʥʦʛʦ ʧʝʨʣʽʪʫ, ʟ ʜʝʷʢʠʤʠ ʧʨʦʤʽʞʢʘʤʠ ʣʝʛʦʚʘʥʦʛʦ ʙʦʨʫ 

ʬʝʨʠʪʫ. ʉʪʨʫʢʪʫʨʘ ʧʝʨʣʽʪʫ ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʫʟʽʡʥʦʛʦ ʚʽʜʪʠʩʥʝʥʥʷ 

ʚʫʛʣʝʮʶ ʟ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ. 

ɼʝʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʦʛʣʷʜ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʜʦʟʚʦʣʠʣʦ 

ʚʠʷʚʠʪʠ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʡʦʛʦ ʧʦʙʫʜʦʚʠ. ɿʘʚʜʷʢʠ ʨʽʟʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʪʨʘʚʣʝʥʥʷ 

ʤʠ ʤʦʞʝʤʦ ʙʘʯʠʪʠ ʢʦʥʪʨʘʩʪʥʫ ʨʽʟʥʠʮʶ ʤʽʞ ʜʝʷʢʠʤʠ ʛʦʣʢʘʤʠ ʙʦʨʠʜʥʦʾ ʬʘʟʠ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.25 ʧʝʨʝʚʘʞʥʦ ʯʘʩʪʠʥʘ ʛʦʣʦʢ ʥʘʣʝʞʠʪʴ ʙʦʨʠʜʫ Fe2B, ̫ ʢʠʡ 

ʤʘʻ ʥʘʡʚʠʱʫ ʭʽʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʥʘʡʩʚʽʪʣʽʰʝ ʟʦʙʨʘʞʝʥʥʷ.  

ʇʦʨʷʜ ʟ ʦʩʥʦʚʥʦʶ ʬʘʟʦʶ ʧʨʠʩʫʪʥʽ ʥʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚ 

ʬʘʟʘ ʤʝʪʘʩʪʘʙʽʣʴʥʦʛʦ ʙʦʨʠʜʫ Fe3B. ɺʽʥ ʤʘʻ ʢʦʨʠʯʥʝʚʠʡ ʚʽʜʪʽʥʦʢ, ʤʝʥʰʫ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʽ ʬʦʨʤʫʻʪʴʩʷ ʚ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚʘʭ ʜʝʬʽʮʠʪʫ ʙʦʨʫ ʧʨʠ 

ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʅʘʡʤʝʥʰ ʧʦʤʽʪʥʦʶ ʙʦʨʩʢʣʘʜʦʚʦʶ ʬʘʟʦʶ ʫ ʜʠʬʫʟʽʡʥʦʤʫ ʰʘʨʽ ʻ ʣʝʛʦʚʘʥʠʡ 

ʬʝʨʠʪ - ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʙʦʨʫ ʚ ʟʘʣʽʟʽ (Ŭ-Fe(B)), ʷʢʠʡ ʧʨʠʩʫʪʥʽʡ ʫ 3-ʭ ʚʘʨʽʘʮʽʷʭ: ʫ 

ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʟʝʨʝʥ; ʫ ʚʠʜʽ ʧʨʦʨʦʩʪʽʚ ʫ ʛʣʠʙ ʧʝʨʝʭʽʜʥʦʾ ʟʦʥʠ ʪʘ ʫ ʚʠʛʣʷʜʽ 

ʦʙʦʣʦʥʢʦʚʦʾ ʩʪʨʫʢʪʫʨʠ (ʨʠʩ. 3.26). 

 

    
 

 

 

 

ɺʽʜʩʫʪʥʽʩʪʴ ʬʘʟʠ ʤʦʥʦʙʦʨʠʜʫ FeB ʟʤʝʥʰʫʻ ʪʚʝʨʜʦʩʪʽ ʰʘʨʫ ʘʣʝ ʨʦʙʠʪʴ ʡʦʛʦ 

ʤʝʥʰ ʢʨʠʭʢʠʤ. ɺʠʤʽʨ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʽʜʪʚʝʨʜʞʫʻ ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʚʠʱʝ 

ʦʧʠʩʘʥʠʭ ʬʘʟ. ʅʘ ʨʠʩ. 3.27 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʛʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʪʘ 

ʈʠʩʫʥʦʢ 3.25 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ 

ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʥʘ ʩʪʘʣʽ 40ʍ 

(ʭ1000) 

ʈʠʩʫʥʦʢ 3.26 ï ʆʙʦʣʦʥʢʦʚʘ ʩʪʨʫʢʪʫʨʘ 

ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʙʦʨʫ ʥʘʚʢʦʣʦ 

ʙʦʨʠʜʥʠʭ ʛʦʣʦʢ (ʭ1000) 
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ʨʦʟʧʦʜʽʣʫ ʪʦʚʱʠʥʠ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ. ɿ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʛʨʘʬʽʢʫ ʜʘʥʠʭ ʚʠʜʥʦ, 

ʱʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʜʦ 830 ÁC ʥʘ ʧʨʦʪʷʟʽ ʦʩʥʦʚʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ 

ʚʠʪʨʠʤʢʠ (ʚʘʨʽʘʥʪ ï ɹ) ʥʝ ʧʦʛʽʨʰʫʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʨʝʞʠʤʘʤʠ ʦʙʨʦʙʢʠ (ʚʘʨʽʘʥʪ ï ɸ). ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ 

ʪʠʤ, ʱʦ ʫ ʧʝʨʰʠʡ ʧʝʨʽʦʜ ʥʘʛʨʽʚʘʥʥʷ (15 ʭʚ. ï 1000 ÁC), ʘʢʪʠʚʥʦ ʽʥʽʮʽʶʻʪʴʩʷ 

ʨʝʘʢʮʽʷ, ʱʦ ʜʦ ʜʠʩʦʮʽʘʮʽʾ ʢʘʨʙʽʜʫ ʙʦʨʘ, ʘ ʧʦʪʽʤ ʚ ʦʩʥʦʚʥʠʡ ʧʨʦʤʽʞʥʠʡ ʯʘʩ ʣʠʰʝ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʨʠ 830ÁC. ʋʧʦʚʽʣʴʥʝʥʝ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʚʠʜʽʣʝʥʥʷ 

ʘʪʦʤʘʨʥʦʛʦ ʙʦʨʫ ʟ ʧʘʩʪʠ ʽ ʡʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʽʜʪʨʠʤʢʠ ʨʽʚʥʦʚʘʛʠ ʟ ʧʨʦʮʝʩʦʤ ʜʠʬʫʟʽʡʥʦʛʦ ʟʘʛʣʠʙʣʝʥʥʷ ʙʦʨʫ ʫ ʩʪʘʣʴ, 

ʚʠʢʣʶʯʘʶʯʠ ʪʠʤ ʩʘʤʠʤ ʚʠʥʝʢʥʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʧʝʨʝʜʫʤʦʚ ʜʣʷ ʫʪʚʦʨʝʥʥʷ 

ʤʦʥʦʙʦʨʠʜʫ FeB. 
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ʈʠʩʫʥʦʢ 3.27 ï ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʦ ʪʦʚʱʠʥʽ ʜʠʬʫʟʽʡʥʦʛʦ 

ʰʘʨʫ ʧʽʩʣʷ ʙʦʨʫʚʘʥʥʷ ʩʪʘʣʽ 40ʍ 

 

ʎʢ̔ʘʚʠʤ ʻ ʨʦʟʧʦʜʽʣ ʭʨʦʤʫ ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʧʽʩʣʷ ʙʦʨʫʚʘʥʥʷ ʟʘ 

ʚʘʨʽʘʥʪʦʤ ɸ ʽ ɺ, ʷʢʠʡ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʧʦʰʘʨʦʚʦʤʫ ʟʥʷʪʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʤʘʪʝʨʽʷʣʫ ʽ ʈʌɸ. ʆʩʢʽʣʴʢʠ ʦʪʨʠʤʘʥʽ ʰʘʨʠ ʧʽʩʣʷ ʧʽʯʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʟʘ ʚʢʘʟʘʥʠʤʠ 

ʨʝʞʠʤʘʤʠ ʙʫʣʠ ʧʦʚʥʽʩʪʶ ʽʜʝʥʪʠʯʥʠʤʠ ʥʘ ʛʨʘʬʽʢʫ ʨʠʩ. 3.28 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʝʨʝʜʥʽ 

ʟʥʘʯʝʥʥʷ ʭʨʦʤʫ ʧʽʩʣʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʙʦʨʫʚʘʥʥʷ. ɿ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʚʠʜʥʦ, ʱʦ ʥʘ ʧʝʚʥʠʭ ʛʣʠʙʠʥʘʭ ʯʽʪʢʦ ʬʽʢʩʫʶʪʴʩʷ ʤʘʢʩʠʤʫʤʠ ʪʘ ʽ ʤʽʥʽʤʫʤʠ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʭʨʦʤʫ ʫ ʙʦʨʦʚʘʥʦʤʫ ʰʘʨʽ ʽ ʧʝʨʝʭʽʜʥʽʡ ʟʦʥʽ. ʊʘʢʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ 

ɻʣʠʙʠʥʘ ʚʽʜ ʢʨʘʶ ʟʨʘʟʢʘ, ʤʢʤ 
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ʭʨʦʤʫ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʫʩʪʨʽʯʥʦʶ ʜʠʬʫʟʽʻʶ ʮʴʦʛʦ ʝʣʝʤʝʥʪʫ. ɿ ʟʦʥʠ, ʷʢʘ ʥʘ 

ʬʽʥʘʣʴʥʽʡ ʩʪʘʜʽʾ ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʫ ʩʪʘʻ ʧʝʨʝʭʽʜʥʦʶ, ʦʯʝʚʠʜʥʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʽʜʪʽʢ ʭʨʦʤʫ ʥʘ ʟʫʩʪʨʽʯ ʧʨʠʧʦʚʝʨʭʥʝʚʠʤ ʰʘʨʘʤ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʠʬʫʟʽʷ ʙʦʨʫ. ʅʘ 

ʛʣʠʙʠʥʽ ~30 ʤʢʤ ʬʦʨʤʫʻʪʴʩʷ ʣʦʢʘʣʴʥʠʡ ʤʘʢʩʠʤʫʤ, ʘ ʫ ʧʝʨʝʭʽʜʥʽʡ ʟʦʥʽ ʥʘ ʛʣʠʙʠʥʽ 

~150 ʤʢʤ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʙʦʨʠʜʽʚ ʬʦʨʤʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʰʠʨʦʢʠʡ ʤʽʥʽʤʫʤ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʨʦʤʫ. ʃʦʛʽʯʥʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʶ ʨʦʟʤʽʨʽʚ ʟʝʨʝʥ ʫ 

ʧʝʨʝʭʽʜʥʽʡ ʟʦʥʽ ʩʧʨʠʷʻ ʥʝ ʪʽʣʴʢʠ ʚʽʜʪʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ ʟ ʧʦʚʝʨʭʥʽ ʫ ʧʝʨʝʭʽʜʥʫ 

ʟʦʥʫ, ʷʢʝ ʦʧʠʩʘʥʦ ʫ ʣʽʪʝʨʘʪʫʨʽ [7] ʘʣʝ ʽ ʚʽʜʪʽʢ ʭʨʦʤʫ ʫ ʧʨʠʧʦʚʝʨʭʥʝʚʽ ʰʘʨʠ, ʱʦ 

ʩʪʨʠʤʫʻ ʨʫʭʦʤʽʩʪʴ ʛʨʘʥʠʮʴ ʟʝʨʝʥ. 

 

 
 

 

ʈʠʩʫʥʦʢ 3.28 ï ʇʦʰʘʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʭʨʦʤʫ ʫ ʙʦʨʦʚʘʥʠʭ ʟʨʘʟʢʘʭ ʥʘ ʩʪʘʣʽ 40ʍ 

ʧʽʩʣʷ ʧʽʯʥʦʛʦ ʙʦʨʫʚʘʥʥʷ (ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʘʨʽʘʥʪʽʚ ʦʙʨʦʙʢʠ ɸ ʽ ɹ) 

 

ɿ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚʠʱʝ ʜʘʥʠʭ ʚʠʜʥʦ, ʱʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 830 ÁC, ʽ 

ʚʠʪʨʠʤʢʘ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (ʚʘʨʽʘʥʪ ɹ), ʥʝ ʧʦʛʽʨʰʫʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʨʝʞʠʤʘʤʠ ʦʙʨʦʙʢʠ (ʚʘʨʽʘʥʪ ɸ). 

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʫ ʧʝʨʰʠʡ ʧʝʨʽʦʜ ʥʘʛʨʽʚʘʥʥʷ (15 ʭʚ. ʧʨʠ 1000 ÁC), 

ʘʢʪʠʚʥʦ ʽʥʽʮʽʶʻʪʴʩʷ ʨʝʘʢʮʽʷ ʱʦʜʦ ʜʠʩʦʮʽʘʮʽʾ ʢʘʨʙʽʜʫ ʙʦʨʘ, ʷʢʘ ʧʦʪʽʤ ʚ ʦʩʥʦʚʥʠʡ 

ʯʘʩ ʚʠʪʨʠʤʢʠ ʣʠʰʝ ʧʽʜʪʨʠʤʫʻʪʴʩʷ (ʧʨʠ 830 ÁC). 

ʆʢʨʽʤ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʩʪʨʫʢʪʫʨʘ 

ʩʝʨʮʝʚʠʥʠ ʽ ʧʦʨʽʚʥʶʚʘʚʩʷ ʨʦʟʤʽʨ ʟʝʨʝʥ ʩʪʨʫʢʪʫʨʘ ʧʽʩʣʷ ʚʘʨʽʘʥʪʽʚ ʦʙʨʦʙʢʠ ɸ ʽ ɹ.  

ɿ ʨʠʩ. 3.29 ʚʠʜʥʦ, ʱʦ ʙʦʨʫʚʘʥʥʶ ʧʦ ʚʘʨʽʘʥʪʫ ɹ ʜʦʟʚʦʣʷʻ ʚ ʧʝʚʥʽʡ ʤʽʨʽ 

ʟʙʝʨʝʛʪʠ ʜʨʽʙʥʫ ʤʘʪʨʠʯʥʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʩʪʘʣʽ. ʂʽʣʴʢʽʩʥʽ ʨʦʟʨʘʭʫʥʢʠ ʨʦʟʤʽʨʽʚ 
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ʟʝʨʝʥ ʧʦʢʘʟʘʣʠ, ʱʦ ʫ ʩʪʘʣʽ, ʷʢʘ ʙʦʨʫʚʘʣʘʩʴ ʟʘ ʚʘʨʽʘʥʪʦʤ ɸ, ʩʝʨʝʜʥʽʡ ʣʽʥʽʡʥʠʡ 

ʨʦʟʤʽʨ ʧʝʨʣʠʪʫ ʩʢʣʘʜʘʻ ~70 ʤʢʤ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʨʦʙʢʠ ʩʭʝʤʠ ɹ ʩʝʨʝʜʥʽʡ 

ʨʦʟʤʽʨ ʧʝʨʣʠʪʫ ʩʢʣʘʜʘʻ ~45 ʤʢʤ. ʋ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ (ʧʽʩʣʷ ʥʦʨʤʘʣʽʟʘʮʽʾ) ʩʝʨʝʜʥʽʡ 

ʨʦʟʤʽʨ ʟʝʨʥʘ ʚ ʩʪʘʣʽ ʩʢʣʘʜʘʻ 30 ʤʢʤ. 

 

    
   ʘ       ʙ 

 

ʈʠʩʫʥʦʢ 3.29 ï ɿʝʨʝʥʥʘ ʩʪʨʫʢʪʫʨʘ ʩʪʘʣʽ 40ʍ ʧʽʩʣʷ ʚʘʨʽʘʥʪʽʚ ʦʙʨʦʙʢʠ ɸ ʽ ɹ 

 

ʎʽʢʘʚʠʤ ʻ ʚʩʪʘʥʦʚʣʝʥʠʡ ʬʘʢʪ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʠʤʢʠ ʧʨʠ 1000 ÁC ʟ 15 

ʭʚ. ʜʦ 30 ʭʚ. ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʫʢʨʫʧʥʝʥʥʷ ʟʝʨʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʥʘʩʣʽʜʦʢ 

ʟʙʠʨʘʣʴʥʦʾ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ (ʨʠʩ. 3.30). 

 

 

 

ʈʠʩʫʥʦʢ 3.30 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʚ ʩʝʨʮʝʚʠʥʽ ʟʨʘʟʢʘ ʽʟ ʩʪʘʣʽ 40ʍ ʧʽʩʣʷ ʙʦʨʫʚʘʥʥʷ 

ʧʨʦʪʷʛʦʤ 30 ʭʚʠʣʠʥ (tʥ = 1000 Áʉ) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʤʽʥʘ ʨʝʞʠʤʫ ʙʦʨʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʪʘ ʥʠʟʴʢʦʣʝʛʦʚʘʥʠʭ 

ʩʪʘʣʝʡ ʪʨʘʜʠʮʽʡʥʦʛʦ ʥʘ ʩʪʫʧʝʥʝʚʠʡ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʘʥʘʣʦʛʽʯʥʽ ʙʦʨʦʚʘʥʽ ʰʘʨʠ, 
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ʘʣʝ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʨʝʞʠʤʫ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʜʨʽʙʥʦʟʝʨʥʠʩʪʫ 

ʩʪʨʫʢʪʫʨʫ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ, ʪʠʤ ʩʘʤʠʤ ʧʽʜʪʚʝʨʜʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʩʢʦʨʦʯʝʥʥʷ 

ʯʘʩʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʙʝʟ ʧʦʛʽʨʰʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʷʢ ʜʠʬʫʟʽʡʥʦʛʦ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ, ʪʘʢ ʽ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʚʠʨʦʙʫ. 

 

3.4 ɺʠʚʯʝʥʥʷ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʩʪʘʣʽ ʧʽʩʣʷ ʧʽʯʥʦʛʦ 

ʙʦʨʫʚʘʥʥʷ 

ɼʦʩʣʽʜʠ ʧʦ ʙʦʨʫʚʘʥʥʶ ʥʘ ʩʪʘʣʷʭ 40ʍ, X46Cr13 ʟʘʩʚʽʜʯʠʣʠ ʤʦʞʣʠʚʽʩʪʴ 

ʩʢʦʨʦʯʝʥʥʷ ʧʨʦʮʝʩʫ ʙʦʨʫʚʘʥʥʷ ʟ ʧʘʩʪ ʧʨʠ ʧʦʨʽʚʥʷʥʦ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʧʨʦʮʝʩʫ. ʆʜʥʘʢ ʩʢʣʘʜ ʧʘʩʪʠ ʪʘ ʨʝʞʠʤʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ 

ʙʦʨʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʪʘʣʽ ʯʘʩʪʢʦʚʦ ʚʠʟʥʘʯʘʻ ʧʘʨʘʤʝʪʨʠ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʪʘ ʪʦʚʱʠʥʠ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ. ʆʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʙʦʨʫʚʘʥʥʷ ʥʘ 

ʩʪʘʣʽ 15ʍ11ʄʌ ʨʘʥʽʰʝ ʥʝʚʠʚʯʘʚʩʷ, ʘ ʩʢʣʘʜ ʩʪʘʣʽ ʤʘʻ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʡ 

ʭʘʨʘʢʪʝʨ, ʚʘʞʣʠʚʠʤ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʣʝʛʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʾʭ 

ʚʧʣʠʚ ʥʘ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʥʘ ʚʠʩʦʢʦʣʝʛʦʚʘʥʽʡ ʩʪʘʣʽ 15ʍ11ʄʌ 

ʧʨʦʚʦʜʠʚʩʷ ʧʽʯʥʠʡ ʧʨʦʮʝʩ ʟ ʥʘʩʠʯʝʥʥʷʤ ʧʘʩʪʦʶ ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʽʜʫ ʙʦʨʫ ʪʘ 

ʧʽʜʚʠʱʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʘʢʪʠʚʘʪʦʨʫ (40%) NaF. ʍʦʯʘ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.1 ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʧʦʨʽʚʥʷʥʦ ʚʜʘʣʠʡ ʩʢʣʘʜ ʧʘʩʪʠ, ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʠ ʟ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤ ʙʦʨʫʚʘʥʥʷʤ ʟʘʩʚʽʜʯʠʣʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʽʣʴʰʫʚʘʪʠ 

ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʘʪʦʨʫ ʫ ʩʢʣʘʜʽ ʧʘʩʪʠ. ʇʨʠ ʚʠʭʦʜʽ ʥʘ ʨʝʞʠʤ 1000 ÁC ʟʨʘʟʢʠ 

ʚʠʪʨʠʤʫʚʘʣʠʩʷ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ 3-ʭ ʛʦʜʠʥ, ʧʽʩʣʷ ʯʦʛʦ 

ʦʭʦʣʦʜʞʫʚʘʣʠʩʴ ʥʘ ʧʦʚʽʪʨʽ. 

ʆʩʢʽʣʴʢʠ ʩʪʘʣʴ ʥʘʩʠʯʝʥʘ ʢʘʨʙʽʜʦʫʪʚʦʨʶʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʪʝʤʧʝʨʘʪʫʨʘ 

1000 ÁC ʙʣʠʟʴʢʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ (1050 ÁC) ʧʽʜ ʛʘʨʪʫʚʘʥʥʷ, ʧʨʠ ʷʢʽʡ ʤʘʢʩʠʤʘʣʴʥʦ 

ʨʦʟʯʠʥʷʻʪʴʩʷ ʢʘʨʙʽʜʥʘ ʬʘʟʘ ʙʝʟ ʧʦʪʦʯʥʦʛʦ ʫʢʨʫʧʥʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ. 

ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʧʦʚʽʪʨʽ ʩʪʨʫʢʪʫʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʘʨʪʝʥʩʠʪʥʘ (ʨʠʩ. 3.31). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʜʘʪʥʽʩʪʴ ʩʪʘʣʽ ʩʪʨʠʤʫʚʘʪʠ ʟʙʠʨʘʣʴʥʫ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʶ ʧʨʠ 

ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʧʨʦʮʝʩ ʾʾ ʦʙʨʦʙʢʠ. 
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ʈʠʩʫʥʦʢ 3.31 ï ʉʪʨʫʢʪʫʨʘ ʩʝʨʮʝʚʠʥʠ ʩʪʘʣʽ 15ʍ11ʄʌ ʧʽʩʣʷ ʙʦʨʫʚʘʥʥʷ  

 

ʅʘ ʨʠʩ. 3.32 ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʨʠʢʣʘʜʠ ʧʨʦʤʽʨʫ ʪʦʚʱʠʥʠ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʧʦ 

ʬʦʪʦʛʨʘʬʽʷʭ. 

 

             

 

ʈʠʩʫʥʦʢ 3.32 ï ɿʘʤʽʨʠ ʪʦʚʱʠʥʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʥʘ ʩʪʘʣʽ 

15ʍ11ʄʌ 

 

ɿʘʤʽʨʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʪʦʚʱʠʥʘ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ 

ʟʥʘʯʝʥʴ ʚʽʜ 30 ʜʦ 60 ʤʢʤ. ʊʦʙʪʦ ʰʚʠʜʢʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ 10 

ʤʢʤ/ʛʦʜ õ 20 ʤʢʤ/ʛʦʜ. ʇʨʠ ʜʝʪʘʣʴʥʦʤʫ ʨʦʟʛʣʷʜʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʙʦʨʦʚʘʥʦʛʦ 

ʰʘʨʫ (ʨʠʩ. 3.32) ʧʦʤʽʪʥʽ ʪʨʠ ʦʩʥʦʚʥʽ ʟʦʥʠ: 1. ʋ ʧʦʚʝʨʭʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʛʦʣʢʦʧʦʜʽʙʥʘ ʟʦʥʘ ʙʦʨʠʜʽʚ FeB. ɿʛʽʜʥʦ ʟ ʟʘʤʽʨʘʤʠ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʡʦʛʦ ʪʚʝʨʜʽʩʪʴ 

ʧʝʨʝʚʠʱʫʻ 20000 ʄʇʘ. ʌʘʟʘ ʢʨʠʭʢʘ, ʘʜʞʝ ʯʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʢʦʣʠ, ʷʢʽ 

ʫʪʚʦʨʠʣʠʩʷ ʚ ʧʨʦʮʝʩʽ ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ; 2. ʆʩʥʦʚʫ ʰʘʨʫ ʩʢʣʘʜʘʻ 

ʙʦʨʠʜ Fe2B; 3. ʇʝʨʝʭʽʜ ʚʽʜ ʰʘʨʫ ʩʫʮʽʣʴʥʠʭ ʙʦʨʠʜʽʚ ʜʦ ʦʩʥʦʚʥʦʾ ʩʪʨʫʢʪʫʨʠ 
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ʯʘʩʪʽʰʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ, ʱʦ ʤʘʻ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʚʫʛʣʝʮʴ, ʙʦʨ, 

ʭʨʦʤ, ʟʘʣʽʟʦ ʟ çʧʨʦʨʦʩʪʘʤʠè ʫ ʦʩʥʦʚʥʠʡ ʤʝʪʘʣ. ʅʝʤʝʪʘʣʠ ʟʘʡʤʘʶʪʴ ʤʽʞʚʫʟʝʣʴʥʽ 

ʧʫʩʪʦʪʠ, ʘ ʟʘʣʽʟʦ ʪʘ ʭʨʦʤ ʬʦʨʤʫʶʪʴ ʨʝʰʽʪʢʠ ʟʘ ʤʝʭʘʥʽʟʤʦʤ ʟʘʤʽʱʝʥʥʷ. ʊʘʢʘ 

ʧʝʨʝʭʽʜʥʘ ʟʦʥʘ ʟʙʽʣʴʰʫʻ ʘʜʛʝʟʽʡʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʙʦʨʠʜʥʠʤʠ ʰʘʨʘʤʠ ʪʘ 

ʤʘʪʨʠʯʥʠʤʠ ʤʝʪʘʣʘʤʠ, ʘʜʞʝ ʤʘʻ ʟʥʘʯʥʽ ʜʦʪʠʯʥʽ ʧʣʦʱʠʥʠ ʥʘ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ. 

ʆʩʢʽʣʴʢʠ ʫ ʣʽʪʝʨʘʪʫʨʽ ʯʘʩʪʦ ʟʛʘʜʫʻʪʴʩʷ ʧʨʦʮʝʩ ʚʽʜʪʠʩʥʝʥʥʷ ʜʠʬʫʟʽʡʥʠʤʠ 

ʧʦʪʦʢʘʤʠ ʝʣʝʤʝʥʪʽʚ ʟ ʧʦʚʝʨʭʥʽ ʩʪʘʣʽ, ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʧʦʰʘʨʦʚʠʡ ʝʣʝʤʝʥʪʥʠʡ 

ʈʌɸ ʘʥʘʣʽʟ ʥʘ ʧʨʝʜʤʝʪ ʨʦʟʧʦʜʽʣʫ ʧʦʨʽʚʥʷʥʦ ʚʘʞʢʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʩʪʘʣʽ (ʨʠʩ. 3.33). 

 

              

 

 

 

ʈʠʩʫʥʦʢ 3.33 ï ʈʦʟʧʦʜʽʣ ʭʨʦʤʫ, ʤʦʣʽʙʜʝʥʫ, ʚʘʥʘʜʽʶ ʚʽʜʧʦʚʽʜʥʦ ʧʦ ʪʦʚʱʠʥʽ 

ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʫ ʩʪʘʣʽ 15ʍ11ʄʌ 

 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩ. 3.33 ʚʩʽ ʚʘʞʢʽ ʝʣʝʤʝʥʪʠ, ʷʢʠʤʠ ʣʝʛʦʚʘʥʘ ʩʪʘʣʴ, 

ʚʽʜʪʽʩʥʷʶʪʴʩʷ ʟ ʧʦʚʝʨʭʥʽ ʜʠʬʫʟʽʡʥʠʤ ʧʦʪʦʢʘʤ. ʍʦʯʘ ʭʨʦʤ ʩʠʣʴʥʦ ʚʽʜʪʠʩʥʫʪʠʡ ʟ 
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ʧʦʚʝʨʭʥʽ, ʡʦʛʦ ʧʨʠʩʫʪʥʽʩʪʴ ʧʦʤʽʪʥʘ ʥʘʚʽʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʪʝ, ʱʦ ʭʨʦʤ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʽ ʟʘʙʠʨʘʻ ʩʚʦʾ ʧʦʨʮʽʾ ʫ ʰʘʨʽ ʙʦʨʠʜʽʚ. 

ɼʽʡʩʥʦ, ʧʦʨʽʚʥʶʶʯʠ ʜʘʥʽ ʧʦ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʦʪʨʠʤʘʥʽ ʚ ʭʦʜʽ ʨʦʙʦʪʠ ʽ ʜʘʥʽ ʟ 

ʣʽʪʝʨʘʪʫʨʠ ʙʘʯʠʤʦ (ʪʘʙʣ. 3.2), ʱʦ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʙʦʨʠʜʥʠʭ ʬʘʟ ʙʣʠʟʴʢʘ ʜʦ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʰʘʨʽʚ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʥʘʩʠʯʝʥʥʽ ʭʨʦʤʦʤ ʪʘ ʙʦʨʦʤ. 

 

ʊʘʙʣʠʮʷ 3.2 ï ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʙʦʨʠʜʥʠʭ ʬʘʟ 

ɹʦʨʠʜ ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ, ʄʇʘ 

ɹʦʨʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ ɹʦʨʭʨʦʤʫʚʘʥʥʷ ɹʦʨʫʚʘʥʥʷ15ʍ11ʄʌ 

FeB 18500 22500 22000 

Fe2B 15500 18500 18000 

 

ʄʦʣʽʙʜʝʥ ʪʘ ʚʘʥʘʜʽʡ ʜʽʻ ʩʭʦʞʝ ʟ ʭʨʦʤʦʤ, ʪʠʤ ʧʘʯʝ, ʱʦ ʤʦʣʽʙʜʝʥ ʘʢʪʠʚʥʦ 

ʜʠʬʫʥʜʫʻ ʧʨʠ 1000 ÁC, ʚʘʥʘʜʽʡ ʩʣʘʙʢʦ.  

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʙʦʨʫ ʫ ʰʘʨʽ ʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʘʥʘʣʽʟʫ 

ʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ ʟ ʤʘʣʠʤ ʘʪʦʤʥʠʤ ʥʦʤʝʨʦʤ Z < 9 ʧʦ ʛʣʠʙʠʥʽ ʧʽʜʢʣʘʜʢʠ. 

ʄʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʚʽʜʥʦʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʽʚ 

ʢʦʤʧʪʦʥʽʚʩʴʢʦʛʦ ʽ ʨʝʣʻʾʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʧʨʠ ʨʽʟʥʦʤʫ ʢʫʪʽ ʚʠʭʦʜʫ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ. ɺʘʨʽʶʚʘʥʥʷ ʢʫʪʘ ʚʠʭʦʜʫ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʢʫʪʽ ʨʦʟʩʽʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʤʘʡʞʝ ʥʘ ʜʚʘ 

ʧʦʨʷʜʢʠ ʟʤʽʥʶʚʘʪʠ ʛʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʟʨʘʟʦʢ, ʚʽʜʧʦʚʽʜʥʦ, 

ʟʤʽʥʶʚʘʪʠ ʟʦʥʫ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɸʪʝʩʪʘʮʽʷ ʨʝʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʨʦʚʝʜʝʥʘ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʣʦʛʨʘʬʽʾ ʧʦʧʝʨʝʯʥʦʛʦ ʟʨʘʟʢʘ (ʨʠʩ. 3.32), ʘ ʪʘʢʦʞ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʚ Cu-KŬ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ. ɺʠʤʽʨʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʧʽʢʽʚ ʨʝʣʻʾʚʩʴʢʦʛʦ ʽ ʢʦʤʧʪʦʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ WDXRF 

ʩʧʝʢʪʨʦʤʝʪʨʽ ʉɽʌ-01-ʄ "ʉʇʈʋʊ" ʚ ʨʝʞʠʤʽ ʟʡʦʤʢʠ ʢʘʣʠʙʨʦʚʦʢ. ʇʽʜʛʦʥʢʘ 

ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʽʢʽʚ ʢʦʤʧʪʦʥʽʚʩʴʢʦʛʦ ʽ ʨʝʣʻʾʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʨʽʰʝʥʥʷ C0 = 84 % ʘʪ. (ʥʘ ʧʦʚʝʨʭʥʽ) ʽ x0 = 8 ʤʢʤ 50% ʘʪ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʨʽʤ 

FeB ʟ C0 = 50% ʘʪ., ʥʘ ʧʦʚʝʨʭʥʽ ʻ ʪʦʥʢʠʡ ʰʘʨ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʙʦʨʫ. ʄʦʞʣʠʚʦ, 

ʚʽʥ ʦʙʫʤʦʚʣʝʥʠʡ ʧʨʠʧʝʢʘʥʠʠ ʯʘʩʪʦʢ ʧʘʩʪʠ. ɼʣʷ ʚʠʜʘʣʝʥʥʷ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ 

ʟʘʚʪʦʚʰʢʠ 3-5 ʤʢʤ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʰʣʽʬʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ. ʇʽʩʣʷ ʰʣʽʬʫʚʘʥʥʷ ʥʘ 
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XRD ʟʘʣʠʰʘʶʪʴʩʷ ʪʽʣʴʢʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʩʥʦʚ-ʥʦʾ ʬʘʟʠ FeB, ʘ ʘʤʦʨʬʥʝ ʛʘʣʦ ʽ 

ʩʪʦʨʦʥʥʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʘʨʪʝʬʘʢʪʥʠʡ ʰʘʨ ʟ 

ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʙʦʨʫ ʙʫʚ ʚʠʜʘʣʝʥʠʡ. ʇʽʩʣʷ ʰʣʽʬʫʚʘʥʥʷ ʟʘʣʝʞʥʽʩʪʴ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʽʢʽʚ ʚʽʜ ʢʫʪʘ ʚʠʭʦʜʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʷʢʽʩʥʦ ʟʤʽʥʠʣʘʩʷ. 

ɺʝʣʠʯʠʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʥʘʯʥʦ ʟʤʝʥʰʠʣʘʩʷ ʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʛʣʠʙʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʽʩʣʷ ʰʣʽʬʫʚʘʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʟʘʣʠʰʠʚʩʷ ʜʦʩʠʪʴ ʪʦʚʩʪʠʡ ʰʘʨ ʙʦʨʠʜʽʚ ʟ ʧʦʩʪʽʡʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ. ʎʽ 

ʜʘʥʽ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʝʪʘʣʦʛʨʘʬʽʾ ʧʦʧʝʨʝʯʥʦʛʦʥʦʛʦ ʟʨʽʟʫ 

(ʨʠʩ. 3.32). ʅʘ ʧʦʚʝʨʭʥʽ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʧʦʨʠʩʪʠʡ ʰʘʨ ʪʦʚʱʠʥʦʶ 1-5 ʤʢʤ, 

ʘ ʧʽʜ ʥʠʤ ʱʽʣʴʥʠʡ ʰʘʨ ʪʦʚʱʠʥʦʶ 25-30 ʤʢʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʦʨʫʚʘʥʥʷ ʩʪʘʣʽ 15ʍ11ʄʌ ʜʘʻ ʨʽʚʥʦʟʥʘʯʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʷʢ ʽ 

ʙʦʨʭʨʦʤʫʚʘʥʥʷ. ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʫʩʢʣʘʜʘʥʝʥʥʷ ʜʠʬʫʟʽʡʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʥʘ 

ʚʠʩʦʢʦʣʝʛʦʚʘʥʽʡ ʩʪʘʣʽ ʩʣʽʜ ʚʚʘʞʘʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʽʜʪʠʩʥʝʥʥʷ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢ 

ʭʨʦʤ, ʤʦʣʽʙʜʝʥ ʽ ʚʘʥʘʜʽʡ. ɺʽʜʩʫʪʥʽʩʪʴ ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʩʪʦʨʦʥʥʽʭ ʣʝʛʫʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʫʚʘʪʠ ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʣʝʛʢʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʘ ʩʘʤʝ ʙʦʨʫ. ʃʝʛʢʽʩʪʴ ʢʦʪʨʦʣʶ ʫʪʚʦʨʝʥʠʭ ʬʘʟ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʪʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʷʻ ʥʘʡʪʠ ʟʘʣʝʞʥʽʩʪʴ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʫ ʟ ʚʽʜʥʦʰʝʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʢʦʤʧʪʦʥʽʚʩʴʢʦʛʦ ʽ 

ʨʝʣʝʻʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʙʦʨʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʪʘʣʽ 

X46Cr13 ʫ ʩʪʘʣʽ 15ʍ11ʄʌ ʧʨʠ ʙʦʨʫʚʘʥʥʽ ʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʦʙʣʘʩʪʽ ʟ ʦʜʥʽʻʾ 

ʡ ʪʽʻʾ ʞ ʧʘʩʪʠ ʤʘʡʞʝ ʥʝ ʬʦʨʤʫʻʪʴʩʷ ʢʨʠʭʢʦʛʦ ʙʦʨʠʜʫ FeB, ʘ ʙʽʣʴʰʽʩʪʴ ʰʘʨʫ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʦʨʠʜʫ Fe2B, ʷʢʠʡ ʚʥʘʩʣʽʜʦʢ ʣʝʛʫʚʘʥʥʷ ʤʘʻ ʧʽʜʚʠʰʝʥʫ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʦʨʠʜʦʤ, ʷʢʠʡ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʚʫʛʣʝʮʝʚʽʡ ʯʠ 

ʥʠʟʴʢʦʣʝʛʦʚʘʥʽʡ ʩʪʘʣʽ. ʊʦʙʪʦ ʙʦʨʫʚʘʥʥʷ ʩʪʘʣʽ 15ʍ11ʄʌ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʙʽʣʴʰ ʪʚʝʨʜʠʡ ʰʘʨ ʟʽ ʟʤʝʥʰʝʥʦʶ ʢʨʠʭʢʽʩʪʶ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

1. ʐʣʷʭʦʤ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʘʨʙʽʜ ʙʦʨʫ, ʷʢ ʜʞʝʨʝʣʦ ʘʪʦʤʽʚ 

ʙʦʨʫ ʟʘ ʫʤʦʚ ʚʠʩʦʢʦʾ ʚʽʨʦʛʽʜʥʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʦʢʠʩʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʙʦʨʫʚʘʥʥʽ ʟ 
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ʧʘʩʪ ʤʘʻ ʧʝʨʝʚʘʛʫ ʧʝʨʝʜ ʘʤʦʨʬʥʠʤ ʙʦʨʦʤ. ɼʣʷ ʚʫʛʣʝʮʝʚʠʭ, ʥʠʟʴʢʦ- ʪʘ 

ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʦʧʪʠʤʘʣʴʥʠʤ ʧʨʠ ʙʦʨʫʚʘʥʥʽ ʥʠʞʯʝ 1000 ʦʉ ʻ ʩʢʣʘʜ 

ʧʘʩʪʠ: 85 % B4C + 10 % B + 5% NaF; ʜʣʷ ʙʦʨʫʚʘʥʥʷ ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ 

ʦʧʪʠʤʘʣʴʥʠʤ ʧʨʠ ʙʦʨʫʚʘʥʥʽ ʚʠʞʯʝ 1000 ʦʉ ʻ ʩʢʣʘʜ ʧʘʩʪʠ: 60 % B4C + 40 % NaF. 

2. ʂʦʨʦʪʢʦʯʘʩʥʝ ʙʦʨʫʚʘʥʥʷ ʟ ʚʝʣʠʢʠʤ ʚʤʽʩʪʦʤ ʘʢʪʠʚʘʪʦʨʫ (40 %) ʥʘ ʧʨʦʪʷʟʽ 

15 ʭʚʠʣʠʥ ʧʨʠ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 1050 ï 1150 ʦʉ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʪʦʚʱʠʥʦʶ ʜʦ 50 ʤʢʤ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1150 ʦʉ 

ʫʪʚʦʨʶʻʪʴʩʷ ʛʨʫʙʘ ʥʝʨʝʛʫʣʷʨʥʘ ʝʚʪʝʢʪʠʢʘ ʟʽ ʟʥʘʯʥʦʶ ʪʦʚʱʠʥʦʶ. ʇʨʠ 1200 ʦʉ 

ʤʦʞʣʠʚʝ ʚʧʽʢʘʥʥʷ ʯʘʩʪʠʥʦʢ ʢʘʨʙʽʜʫ ʙʦʨʫ. 

3. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʫʤʽʰʽ ʥʘ ʦʩʥʦʚʽ B4C ʪʘ NaF ʜʣʷ ʙʦʨʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʽ 

ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʟ Mo ʽ V ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʟ 

ʙʦʨʠʜʫ Fe2B, ʷʢʠʡ ʤʝʥʰʝ ʟʘ ʢʨʠʭʢʽʩʪʶ ʥʽʞ ʙʦʨʠʜ FeB. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʞʝ 

ʫʤʦʚ ʥʘʩʠʯʝʥʥʷ ʜʣʷ ʩʪʘʣʽ X46Cr13 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʜʚʦʬʘʟʥʦʛʦ ʩʪʘʥʫ 

ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʽʜʚʠʱʝʥʥʷʤ ʢʨʠʭʢʦʩʪʽ. ʇʨʠ ʙʦʨʫʚʘʥʥʽ ʩʪʘʣʝʡ ʫ ʩʪʨʫʢʪʫʨʽ ʷʢʠʭ 

ʧʨʠʩʫʪʥʽ ʢʘʨʙʽʜʠ ʭʨʦʤʫ ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʽʜʚʠʱʝʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʙʦʨʫʚʘʥʥʷ 

(1000 ï 1100 ʦʉ) ʜʣʷ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʢʘʨʙʽʜʽʚ. 

4. ɹʦʨʫʚʘʥʥʷ ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʫ ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ (ʥʘ ʧʨʦʪʷʟʽ 3-ʴʦʭ ʛʦʜʠʥʦʛʦ ʥʘʛʨʽʚʫ). ɼʣʷ ʚʫʛʣʝʮʝʚʠʭ ʪʘ 

ʥʠʟʴʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʪʫʧʝʥʝʚʠʡ ʥʘʛʨʽʚ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ 

ʥʘʛʨʽʚʽ ʜʦ 1000 ï 1050 ʦʉ, ʚʠʪʨʠʤʢʠ 15 ʭʚ. ʟ ʤʝʪʦʶ ʘʢʪʠʚʘʮʽʾ ʧʨʦʮʝʩʫ ʥʘʩʠʯʝʥʥʷ 

ʟ ʥʘʩʪʫʧʥʠʤ ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 830 ʦʉ ʽ ʚʠʪʨʠʤʢʠ ʧʨʦʪʷʛʦʤ 3 ʛʦʜʠʥ, ʷʢʦʾ 

ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʦʮʝʩʫ ʥʘʩʠʯʝʥʥʷ ʽ ʟʤʝʥʰʝʥʥʷ ʝʬʝʢʪʫ ʨʦʩʪʫ ʟʝʨʝʥ 

ʚʥʘʩʣʽʜʦʢ ʟʙʠʨʘʣʴʥʦʾ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

5. ʇʨʠ ʧʽʯʥʦʤʫ ʙʦʨʫʚʘʥʥʽ ʫ ʙʦʨʦʚʘʥʦʤʫ ʰʘʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ 

ʝʣʝʤʝʥʪʽʚ. Cr, Mo, V ʚʽʜʪʠʩʥʫʶʪʴʩʷ ʫ ʛʣʠʙ ʰʘʨʫ, ʧʨʠ ʯʦʤʫ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʭʨʦʤʫ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʽ ʣʝʛʫʻ ʙʦʨʠʜʥʫ ʬʘʟʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʙʦʨʠʜʫ.  
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ʈʆɿɼɯʃ 4 

ɼʆʉʃɯɼɾɽʅʅʗ ʆʉʆɹʃʀɺʆʉʊɽʁ ʉʊʈʋʂʊʋʈʀ ʊɸ ɺʃɸʉʊʀɺʆʉʊɽʁ 

ɹʆʈʆɺɸʅʀʍ ʐɸʈɯɺ, ʆʊʈʀʄɸʅʀʍ ɺ ʋʄʆɺɸʍ ʐɺʀɼʂɯʉʅʆɻʆ 

ʅɸɻʈɯɺɸʅʅʗ ʉɺʏ 

 

ʇʦʻʜʥʘʥʥʷ ʙʦʨʫʚʘʥʥʷ ʟ ʰʚʠʜʢʽʩʥʠʤ ʥʘʛʨʽʚʦʤ ʉɺʏ ʜʦʟʚʦʣʠʪʴ ʚʠʨʽʰʠʪʠ 

ʚʘʞʣʠʚʫ ʪʝʭʥʽʯʥʫ ʧʨʦʙʣʝʤʫ - ʪʝʨʤʽʯʥʦ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʽ ʜʝʪʘʣʽ, ʥʝ 

ʟʘʩʪʦʩʦʚʫʶʯʠ ʜʦʨʦʛʝ ʽ ʛʨʦʤʽʟʴʢʝ ʦʙʣʘʜʥʝʥʥʷ, ʝʢʦʥʦʤʠʪʠ ʝʥʝʨʛʦʨʝʩʫʨʩʠ ʟʘ 

ʨʘʭʫʥʦʢ ʣʦʢʘʣʽʟʘʮʽʾ ʥʘʛʨʽʚʫ ʽ ʚʠʜʽʣʝʥʥʷʤ ʝʥʝʨʛʽʾ ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʜʝʪʘʣʽ ʥʝ 

ʚʠʪʨʘʯʘʶʯʽ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʥʘ ʧʨʦʛʨʽʚ ʬʫʪʝʨʦʚʢʠ ʧʝʯʽ ʽ ʚʩʴʦʛʦ ʤʘʩʠʚʫ ʜʝʪʘʣʽ. 

ɸʣʝ ʛʦʣʦʚʥʘ ʧʝʨʝʚʘʛʘ ʪʘʢʦʛʦ ʧʦʻʜʥʘʥʥʷ ʫ ʥʘʩʪʫʧʥʦʤʫ: ʰʚʠʜʢʽʩʥʠʡ ʥʘʛʨʽʚ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʥʝʨʽʚʥʦʚʘʞʥʽ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʟʤʽʮʥʶʶʯʦʛʦ ʰʘʨʫ, ʱʦ 

ʨʘʟʦʤ ʟ ʩʧʝʮʠʬʽʯʥʦʶ ʧʦʚʝʜʽʥʢʦʶ ʙʦʨʫ ʥʘ ʛʨʘʥʠʮʷʭ ʨʦʟʜʽʣʫ ʬʘʟ ʩʪʚʦʨʶʻ 

ʧʝʨʝʜʫʤʦʚʠ ʦʪʨʠʤʘʥʥʷ ʚʽʜʤʽʥʥʠʭ ʟʘ ʤʦʨʬʦʣʦʛʽʻʶ (ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʽʯʥʠʤ 

ʙʦʨʫʚʘʥʥʷʤ) ʥʦʚʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʟʘʙʝʟʧʝʯʠʣʠ ʧʽʜʚʠʱʝʥʽ ʚʣʘʩʪʠʚʦʩʪʽ; ʢʨʽʤ ʪʦʛʦ, 

ʧʦʚʝʨʭʥʝʚʝ ʟʤʽʮʥʝʥʥʷ ʟ ʥʘʛʨʽʚʦʤ ʉɺʏ ʜʘʻ ʟʤʦʛʫ ʫʪʚʦʨʠʪʠ ʣʦʢʘʣʴʥʠʡ ʟʤʽʮʥʝʥʠʡ 

ʰʘʨ ʥʘ ʧʦʚʝʨʭʥʽ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʟʙʝʨʽʛʪʠ ʙʝʟ ʟʤʽʥ ʤʘʪʨʠʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʪʘʢ ʷʢ 

ʟʙʠʨʘʣʴʥʘ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʷ ʩʪʘʻ ʥʝʤʦʞʣʠʚʦ  ʁ ʚʥʘʩʣʽʜʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʚʥʦʛʦ 

ʧʨʦʛʨʽʚʫ ʚʠʨʦʙʫ ʪʘ ʢʦʨʦʪʢʦʯʘʩʥʦʩʪʽ ʧʨʦʮʝʩʫ. ʃʦʢʘʣʽʟʘʮʽʷ ʦʙʨʦʙʢʠ ʜʦʩʷʛʘʻʪʴʩʷ 

ʥʘʥʝʩʝʥʥʷʤ ʧʘʩʪʠ ʪʽʣʴʢʠ ʥʘ ʪʫ ʜʽʣʷʥʢʫ ʜʝʪʘʣʽ, ʢʦʪʨʫ ʥʝʦʙʭʽʜʥʦ ʟʤʽʮʥʠʪʠ, ʘ ʪʘʢʦʞ 

ʨʦʟʤʽʨʘʤʠ ʽʥʜʫʢʪʦʨʫ.  

ʋ ʨʦʟʜʽʣʽ ʧʨʠʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʪʘ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ ʟ ʰʚʠʜʢʽʩʥʠʤ 

ʥʘʛʨʽʚʘʥʥʷʤ ʉɺʏ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʤʽʮʥʝʥʥʷ. 

ʅʘʜʘʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʥʦʾ ʙʫʜʦʚʠ ʪʘ ʤʦʨʬʦʣʦʛʽʯʥʽ ʚʽʜʟʥʘʢʠ 

ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ; ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʙʦʨʫʚʘʥʥʷ ʥʘ ʟʥʦʩʦʩʪ̔ʡʢʽʩʪʴ, ʫʜʘʨʥʫ 

ʚôʷʟʢʽʩʪʴ ʪʘ ʤʽʢʨʦʢʨʠʭʢʦʩʪʽ ʙʦʨʦʚʘʥʠʭ ʰʘʨʘʭ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʪʝʦʨʝʪʠʯʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʝʢʩʧʝʨʝʤʝʥʪʘʣʴʥʽ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʤʦʜʝʣʽ ʜʠʬʫʟʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʚ 

ʫʤʦʚʘʭ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʫ, ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʮʝʩʽʚ ʟʝʨʥʦʛʨʘʥʠʯʥʦʾ (ɿɻ) ʜʠʬʫʟʽʾ. 
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4.1. ʇʦʨʽʚʥʷʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ ʧʽʩʣʷ ʧʽʯʥʦʛʦ ʪʘ ʉɺʏ-

ʙʦʨʫʚʘʥʥʷ 

ɺʨʘʭʦʚʫʶʯʠ ʧʽʜʚʠʱʝʥʫ ʘʢʪʠʚʥʦʩʪʽ ʥʘʩʠʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ 

ʜʠʥʘʤʽʯʥʦʤʫ ʥʘʛʨʽʚʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʷʜ ʜʦʩʣʽʜʽʚ, ʤʝʪʦʶ ʷʢʠʭ  ̒ʚʩʪʘʥʦʚʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʢʣʘʜʫ ʥʘʩʠʯʫʶʯʦʾ ʧʘʩʪʠ ʚ ʩʧʝʮʠʬʽʯʥʠʭ ʫʤʦʚʘʭ ʰʚʠʜʢʽʩʥʦʛʦ 

ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʟ ʥʘʛʨʽʚʦʤ ʉɺʏ. ɿʘ ʦʩʥʦʚʫ ʙʫʣʠ ʚʟʷʪʽ ʧʘʩʪʠ ʟ 

ʧʽʜʚʠʱʝʥʥʠʤ ʚʤʽʩʪʦʤ ʘʢʪʠʚʘʪʦʨʘ. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʧʘʩʪʠ ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʽʜʫ ʙʦʨʫ: 1) 100% B4C; 2) 

80% B4C + 20% NaF; 3) 60% B4C + 40% NaF; 4) 40% B4C + 60% NaF; 5) 20% B4C 

+ 80% NaF ʪʘ ʘʤʦʨʬʥʦʛʦ ʙʦʨʫ: 6) 100% B; 7) 80% B + 20% NaF; 8) 60% B + 40% 

NaF; 9) 40% B + 60% NaF; 10) 20% B + 80% NaF.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʦʨʫʚʘʥʥʷ ʟ ʥʘʛʨʽʚʘʥʥʷʤ ʉɺʏ ʦʪʨʠʤʘʥʽ ʜʠʬʫʟʽʡʥʽ ʰʘʨʠ ʨʽʟʥʽ 

ʟʘ ʛʣʠʙʠʥʦʶ ʪʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ. ʅʘʡʙʽʣʴʰʽ ʨʦʟʤʽʨʠ ʰʘʨʽʚ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʘʩʪʠ, ʫ ʩʢʣʘʜʽ ʷʢʠʭ ʟʥʘʭʦʜʠʚʩʷ ʢʘʨʙʽʜ ʙʦʨʫ (B4C); ʜʦ ʩʢʣʘʜʫ ʚʭʦʜʷʪʴ 

ʚʽʜ 80% ʜʦ 60% B4C ʪʘ ʚʽʜ 20% - 40% NaF. ʇʦʤʽʪʥʦ ʤʝʥʰʘ ʪʦʚʱʠʥʘ ʰʘʨʫ ʙʫʣʘ 

ʥʘ ʟʨʘʟʢʘʭ, ʦʪʨʠʤʘʥʠʭ ʟ ʧʘʩʪ 40% B4C + 60% NaF ʪʘ 100% ʉ. ʅʘʡʤʝʥʰʘ ʪʦʚʱʠʥʘ 

ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʦʪʨʠʤʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʩʪʠ ʩʢʣʘʜʫ 20% B4C + 80% NaF. 

ʇʘʩʪʠ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʠʭʦʜʠʚ ʘʤʦʨʬʥʠʡ ʙʦʨ, ʜʘʣʠ ʥʝʟʥʘʯʥʽ ʟʘ ʨʦʟʤʽʨʘʤʠ 

ʙʦʨʦʚʘʥʽ ʰʘʨʠ. ʊʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʚ ʦʜʥʦʤʫ ʚʠʧʘʜʢʫ ʙʫʣʘ 

ʧʦʨʽʚʥʷʥʦ ʥʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ B4C (ʩʢʣʘʜ ˉ 5), ʘ ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʩʫʪʥʽʩʪʴ 

ʘʢʪʠʚʘʪʦʨʫ (ʩʢʣʘʜ ˉ 1). ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʪʨʘʜʠʮʽʡʥʦʤʫ ʙʦʨʫʚʘʥʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʯʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʘʪʦʨʫ ʫ ʩʢʣʘʜʽ ʥʘʩʠʯʫʶʯʦʾ 

ʩʫʤʽʰ, ʷʢ ʧʨʘʚʠʣʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 5%. ʅʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʘʩʪʫ ʟʽ ʩʢʣʘʜʦʤ ˉ 3 (60% B4C + 40% NaF), ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʤʽʩʪʠʪʴ 

ʤʝʥʰʝ ʧʦʨʽʚʥʷʥʦ ʢʦʰʪʦʚʥʦʛʦ B4C, ʪʦʙʪʦ ʻ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʽʰʘ. 

ʅʘʡʙʽʣʴʰʽ ʰʘʨʠ ʤʘʣʠ ʛʣʠʙʠʥʫ ʜʦ 240 ʤʢʤ (ʦʪʨʠʤʘʥʽ ʽʟ ʧʘʩʪ  ̄2 ʪʘ ˉ 3); 

ʰʘʨ, ʦʪʨʠʤʘʥʠʡ ʟʽ ʩʢʣʘʜʫ ˉ 4 ʤʘʚ ʪʦʚʱʠʥʫ ʧʨʠʙʣʠʟʥʦ 60 ʤʢʤ; ʰʘʨ, ʦʪʨʠʤʘʥʠʡ 

ʽʟ ʧʘʩʪʠ ˉ 1 ï ʧʨʠʙʣʠʟʥʦ 58 ʤʢʤ ʽ ʥʘʡʤʝʥʰʠʡ ʰʘʨ, ʦʪʨʠʤʘʥʠʡ ʽʟ ʧʘʩʪʠ ˉ5 ʤʘʚ 

ʪʦʚʱʠʥʫ 25 ʤʢʤ. ʆʪʨʠʤʘʥʽ ʩʪʨʫʢʪʫʨʠ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʤʘʣʠ ʩʭʦʞʫ ʤʦʨʬʦʣʦʛʽʶ. 
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ʇʦ ʚʩʴʦʤʫ ʦʙôʻʤʫ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʪʨʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʟ 

ʭʘʨʘʢʪʝʨʥʠʤ ʢʦʨʠʯʥʝʚʠʤ ʚʽʜʪʽʥʢʦʤ, ʚʣʘʩʪʠʚʠʤ ʜʣʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʙʦʨʫ.  

ʂʣʶʯʦʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ, ʦʪʨʠʤʘʥʠʭ ʧʽʩʣʷ ʧʽʯʥʦʛʦ ʙʦʨʫʚʘʥʥʷ 

ʪʘ ʙʦʨʫʚʘʥʥʷ ʟ ʥʘʛʨʽʚʦʤ ʉɺʏ, ʧʦʣʷʛʘʶʪʴ ʚ ʢʦʨʽʥʥʽʡ ʚʽʜʤʽʥʥʦʩʪʽ ʤʦʨʬʦʣʦʛʽʾ 

ʩʪʨʫʢʪʫʨʠ, ʨʦʟʤʽʨʽ ʟʤʽʮʥʝʥʠʭ ʰʘʨʽʚ (ʨʠʩ. 4.1) ʪʘ ʾʭ ʬʘʟʦʚʦʤʫ ʩʢʣʘʜʽ (ʪʘʙʣʠʮʷ 4.1).  

 

 
 

ʈʠʩʫʥʦʢ 4.1 ï ɹʦʨʦʚʘʥʽ ʰʘʨʠ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʩʪʠ ʩʢʣʘʜʫ 60% 

B4C + 40% NaF ʧʽʩʣʷ ʙʦʨʫʚʘʥʥʷ ʟ ʰʚʠʜʢʽʩʥʠʤ ʥʘʛʨʽʚʦʤ ʉɺʏ (ʘ) ʪʘ ʧʽʯʥʦʛʦ 

ʙʦʨʫʚʘʥʥʷ (ʙ) (ʭ 200) 
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ʊʘʙʣʠʮʷ 4.1 ï ʗʢʽʩʥʠʡ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʙʦʨʠʜʥʠʭ ʰʘʨʽʚ ʧʽʩʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʦʙʨʦʙʢʠ 

ʉʧʦʩʽʙ ʪʘ 

ʰʚʠʜʢʽʩʪʴ 

ʥʘʛʨʽʚʫ 

ʌʘʟʦʚʠʡ ʩʢʣʘʜ 

ʊʚʝʨʜʠʡ 

ʨʦʟʯʠʥ ʙʦʨʫ 

ʚ ʟʘʣʽʟʽ 

ʂʘʨʙʦʙʦʨʠʜʠ ɹʦʨʠʜ 

ʩʫʮʽʣʴʥʠʡ 

ɹʦʨʠʜ 

ʽʟʦʣʴʦʚʘʥʠʡ 

ɽʚʪʝʢʪʠʢʘ 

ʇʽʯʥʠʡ 

ʥʘʛʨʽʚ Vʥ = 

0,2 ʦʉ/ʩ 

- - + - ʊʽʣʴʢʠ ʧʨʠ 

1200 ʦʉ 

ʅʘʛʨʽʚ ʉɺʏ, 

Vʥ = 150 ï 

350 ʦʉ/ʩ 

- - - - - 

ʅʘʛʨʽʚ ʉɺʏ, 

Vʥ = 500 ï 

1000 ʦʉ/ʩ 

+ + - + + 

 

ʊʘʢ ʫ ʙʦʨʦʚʘʥʦʤʫ ʰʘʨʽ ʦʪʨʠʤʘʥʦʤʫ ʟ ʰʚʠʜʢʽʩʥʠʤ ʥʘʛʨʽʚʦʤ ʚʽʜʩʫʪʥʷ 

ʩʫʮʽʣʴʥʘ ʙʦʨʠʜʥʘ ʬʘʟʘ, ʘ ʩʘʤʽ ʙʦʨʠʜʠ ʽʟʦʣʴʚʘʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ɺ ʜʘʥʽʡ 

ʤʘʪʨʠʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʙʽʣʴʰ ʪʚʝʨʜʠʭ ʚʢʣʶʯʝʥʴ 

ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ, ʪʘʢ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʜʫʞʝ ʜʨʽʙʥʠʭ 

ʩʢʫʧʯʝʥʴ (ʟʘ ʧʨʠʧʫʱʝʥʥʷʤ ʢʘʨʙʦʙʦʨʠʜʽʚ), ʩʚʽʪʣʠʭ ʚʢʣʶʯʝʥʴ ʨʦʤʙʦʚʠʜʥʦʾ ʬʦʨʤʠ 

ʪʘ ʧʨʦʤʝʥʝʚʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʟʘ ʤʦʨʬʦʣʦʛʽʻʶ ʥʘʛʘʜʫʶʪʴ ʬʘʟʠ ʙʦʨʠʜʫ Fe2B. ʊʘʢʠʡ 

ʚʠʩʥʦʚʦʢ ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʦʨʤʽ ʢʨʠʩʪʘʣʽʪʽʚ, ʦʩʢʽʣʴʢʠ ʙʦʨʠʜʠ ʤʘʶʪʴ ʨʦʤʙʽʯʥʫ 

ʨʝʰʽʪʢʫ. ʇʨʦʤʝʥʝʚʽ ʩʪʨʫʢʪʫʨʠ ʚʽʜʥʦʩʷʪʴʩʷ ʪʘʢʦʞ ʜʦ ʙʦʨʠʜʽʚ ʪʠʧʫ Fe2B, ʦʜʥʘʢ, 

ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʚʟʜʦʚʞ ʧʣʦʱʠʥʠ ʰʣʽʬʘ. ʅʘʨʝʰʪʽ, ʥʘ ʚʩʽʭ ʟʨʘʟʢʘʭ ʫ ʜʠʬʫʟʽʡʥʦʤʫ 

ʰʘʨʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʢʨʫʧʥʠʭ ʯʘʩʪʦʢ ʥʘ ʪʚʝʨʜʽʡ ʬʘʟʽ B4C 

(ʨʠʩ. 4.1 ʘ). ʎʷ ʬʘʟʘ, ʷʢ ʧʨʘʚʠʣʦ, ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ, 

ʦʜʥʘʢ, ʫ ʚʠʧʘʜʢʘʭ ʙʦʨʫʚʘʥʥʷ ʟ ʧʘʩʪ ˉ 2 ʽ ˉ 3 ʦʧʠʥʠʣʠʩʴ ʫ ʛʣʠʙʠʥʽ ʜʠʬʫʟʽʡʥʦʛʦ 

ʰʘʨʫ. 

ʅʘ ʨʠʩ. 4.2 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʧʦʜʽʣ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʥʘ 

ʙʦʨʦʚʘʥʠʭ ʟʨʘʟʢʘʭ ʧʽʩʣʷ ʧʽʯʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʪʘ ʙʦʨʫʚʘʥʥʷ ʟ ʰʚʠʜʢʽʩʥʠʤ ʥʘʛʨʽʚʦʤ 

ʉɺʏ. 
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ʈʠʩʫʥʦʢ 4.2 ï ʈʦʟʧʦʜʽʣ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ, ʦʪʨʠʤʘʥʠʭ 

ʨʽʟʥʠʤ ʩʧʦʩʦʙʦʤ ʟ ʧʘʩʪʠ ʩʢʣʘʜʫ 40% B4C + 60% NaF ʥʘ ʩʪʘʣʽ 15ʍ11ʄʌ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.1, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʦʨʦʚʘʥʦʛʦ ʙʘʨʫ ʧʽʩʣʷ ʧʽʯʥʦʛʦ ʙʦʨʫʚʘʥʥʷ 

ʙʦʨʦʚʘʥʠʡ ʰʘʨ ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʉɺʏ ʩʢʣʘʜʘʻʪʴʩʷ ʥʝ ʟ ʩʫʮʽʣʴʥʦʾ ʙʦʨʠʜʥʦʾ ʟʦʥʠ ʥʘ 

ʧʦʚʝʨʭʥʽ ʘ ʟ ʙʘʛʘʪʴʦʾ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʦʢ ʙʦʨʠʜʫ ʪʘ ʢʘʨʙʦʙʦʨʠʜʽʚ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʦʨʽʚʥʷʥʦ ʧʣʘʩʪʠʯʥʦʤʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ (ʪʘʙʣʠʮʷ 4.1). ʊʘʢʘ 

ʚʽʜʤʽʥʽʩʪʴ ʦʙʫʤʦʚʣʝʥʘ, ʧʝʨʰ ʟʘ ʚʩʝ, ʨʽʟʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʽ ʜʠʥʘʤʽʢʦʶ 

ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ʊʘʢ, ʙʦʨʦʚʘʥʠʡ ʰʘʨ ʧʨʠ ʧʽʯʥʦʤʫ ʥʘʛʨʽʚʽ ʨʦʟʧʦʯʠʥʘʻ 

ʬʦʨʤʫʚʘʪʠʩʴ ʟ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʙʦʨʫ ʫ ʟʘʣʽʟʽ ʪʘ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɺʥʘʩʣʽʜʦʢ ʤʘʣʦʾ ʨʦʟʯʠʥʥʦʩʪʽ ʙʦʨʫ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʨʝʰʽʪʮʽ ʟʘʣʽʟʘ ʤʘʡʞʝ ʦʜʨʘʟʫ ʟ 

ʬʦʨʤʫʚʘʥʥʷʤ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʙʦʨʫ ʧʦʯʠʥʘʻ ʬʦʨʤʫʚʘʪʠʩʴ ʙʦʨʠʜʥʘ ʜʘʟʘ ʪʠʧʫ 

Me2B. ɺʥʘʩʣʽʜʦʢ ʩʣʘʙʢʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʚʽʜʪʦʢʫ ʙʦʨʫ, ʷʢʝ ʧʨʦʭʦʜʠʪʴ ʚ ʦʩʥʦʚʥʦʤʫ 

ʧʦ ʪʽʣʫ ʟʝʨʥʘ, ʧʨʠ ʧʽʯʥʦʤʫ ʙʦʨʫʚʘʥʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ʚʩʽ ʟʘʨʦʜʢʠ ʙʦʨʠʜʥʦʾ ʬʘʟʠ 

ʟʤʠʢʘʶʪʴʩʷ ʽ ʫʪʚʦʨʶʶʪʴ ʩʫʮʽʣʴʥʠʡ ʙʦʨʠʜʥʠʡ ʰʘʨ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʩʬʦʨʤʦʚʘʥʠʡ ʙʦʨʠʜʥʠʡ ʰʘʨ ʻ ʜʫʞʝ ʱʽʣʴʥʠʤ ʽ ʚʠʩʪʫʧʘʻ ʩʚʦʻʨʽʜʥʠʤ ʙʘʨʻʨʦʤ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʥʦʚʠʭ ʘʪʦʤʽʚ ʙʦʨʫ, ʱʦ ʧʦʩʪʫʧʘʶʪʴ ʟ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʜʞʝʨʝʣʘ (ʧʘʩʪʠ). ʇʦʜʘʣʴʰʝ ʟʨʦʩʪʘʥʥʷ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʫ ʽ 
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ʪʨʫʜʥʦʱʽ, ʧʦʚʷʟʘʥʽ ʟ ʧʨʦʥʠʢʥʝʥʥʷʤ ʙʦʨʫ ʫ ʛʣʠʙʠʥʫ ʩʪʚʦʨʶʶʪʴ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ 

ʫʤʦʚʠ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʦʙʦʨʠʩʪʦʾ ʬʘʟʠ ʪʠʧʫ ʄʝɺ.  

ɺ ʪʦʡ ʞʝ ʯʘʩ ʢʦʨʦʪʢʦʯʘʩʥʽʩʪʴ ʥʘʛʨʽʚʫ ʉɺʏ ʥʝ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ 

ʩʫʮʽʣʴʥʠʡ ʙʦʨʦʚʘʥʠʡ ʰʘʨ. ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ ʙʦʨʠʜʠ ʽ ʢʘʨʙʦʙʦʨʠʜʠ ʟʦʩʪʘʶʪʴʩʷ 

ʚʽʜʥʦʩʥʦ ʽʟʦʣʴʦʚʘʥʠʤʠ. ʂʘʨʙʦʙʦʨʠʜʥʘ ʬʘʟʘ ʥʝʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʧʽʯʥʠʭ ʰʘʨʽʚ. ɺʦʥʘ 

ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʜʠʬʽʮʠʪʫ ʙʦʨʫ ʪʘ ʥʝʜʦʩʪʘʪʥʦʩʪʽ ʯʘʩʫ ʜʣʷ ʜʠʬʫʟʽʡʥʦʛʦ 

ʚʽʜʪʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ. ʊʘʢʠʤ ʯʠʥʦʤ ʙʦʨ, ʚʫʛʣʝʮʴ, ʟʘʣʽʟʦ ʪʘ, ʤʦʞʣʠʚʦ, ʜʝʷʢʽ 

ʣʝʛʫʶʯʽ ʝʣʝʤʝʥʪʠ ʧʨʠ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʥʘʛʨʽʚʫ ʬʦʨʤʫʶʪʴ ʢʘʨʙʦʙʦʨʠʜʥʫ 

ʬʘʟʫ.  

ʐʚʠʜʢʠʡ ʜʠʬʫʟʽʡʥʠʡ ʚʽʜʪʽʢ ʙʦʨʫ ʫ ʛʣʠʙʠʥʫ ʧʨʠ ʰʚʠʜʢʽʩʥʦʤʫ ʥʘʛʨʽʚʽ ʉɺʏ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ ʟ ʧʦʨʽʚʥʷʥʦ ʤʘʣʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʙʦʨʫ. ʎʝ 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʽ ʥʘ ʧʣʘʚʥʦʤʫ ʟʥʠʞʝʥʥʶ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ (ʨʠʩ. 4.2, ʩʠʥʷ ʢʨʠʚʘ), ʱʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʧʦʩʪʫʧʦʚʠʤ ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʪʚʝʨʜʠʭ ʙʦʨʠʜʽʚ ʪʘ ʢʘʨʙʦʙʦʨʠʜʽʚ 

ʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʣʘʩʪʠʯʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʙʦʨʫ ʚ ʟʘʣʽʟʽ. 

ʄʝʭʘʥʽʟʤʦʤ, ʷʢʠʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʜʠʬʫʟʽʡʥʦʾ ʨʫʭʦʤʦʩʪʽ ʙʦʨʫ ʧʨʠ 

ʰʚʠʜʢʽʩʥʦʤʫ ʥʘʛʨʽʚʽ, ʩʣʽʜ ʚʚʘʞʘʪʠ ʤʝʭʘʥʽʟʤ ʟʝʨʥʦʛʨʘʥʠʯʥʦʾ ʜʠʬʫʟʽʾ, ʨʦʟʚʠʪʢʫ 

ʷʢʦʤʫ ʩʧʨʠʷʻ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʬʘʟʦʚʦʾ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʦʢʨʝʤʠʭ ʤʽʢʨʦʦʙô̒ ʤʽʚ ʪʘ 

ʛʦʨʦʬʽʣʴʥʽʩʪʴ ʙʦʨʫ (ʜʦ ʤʦʤʝʥʪʫ ʫʪʚʦʨʝʥʥʷ ʙʦʨʠʜʽʚ). ʐʚʠʜʢʽʩʥʠʡ ʥʘʛʨʽʚ 

ʩʪʠʤʫʣʶʻ ʝʬʝʢʪ ʬʘʟʦʚʦʛʦ ʥʘʢʣʝʧʫ, ʢʦʣʠ ʦʢʨʝʤʽ ʤʽʢʨʦʙô̒ ʤʠ ʧʝʨʝʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ 

ʥʝʦʜʥʦʯʘʩʥʦ. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʩʪʚʦʨʶʻ ʟʥʘʯʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʨʽʟʥʽ ʬʘʟʠ 

(ʨʝʢʨʠʩʪʘʣʽʟʦʚʘʥʘ (ʘʫʩʪʝʥʽʪ) ʪʘ ʥʝʨʽʢʨʠʩʪʘʣʽʟʦʚʘʥʘ (ʬʝʨʽʪ ʘʙʦ ʤʘʨʪʝʥʩʠʪ)) ʤʘʶʪʴ 

ʨʽʟʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʝʥ ʽ 

ʫʪʚʦʨʝʥʥʶ ʥʦʚʠʭ ʛʨʘʥʠʮʴ ʧʦʜʽʣʫ. ʊʘʢʽ ʛʨʘʥʠʮʽ ʧʦʜʽʣʫ ʻ ʝʥʝʨʛʝʪʠʯʥʦ 

ʧʨʠʚʘʙʣʠʚʠʤʠ ʤʽʩʮʷʤʠ ʩʪʦʢʫ ʛʦʨʦʬʽʣʴʥʦʛʦ ʙʦʨʫ ʽ ʩʪʘʥʦʚʣʷʪʴʩʷ ʤʘʛʽʩʪʨʘʣʷʤʠ ʜʣʷ 

ʡʦʛʦ ʜʠʬʫʟʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʟ ʰʚʠʜʢʽʩʥʠʤ 

ʥʘʛʨʽʚʦʤ ʉɺʏ ʬʘʢʪʠʯʥʦ ʬʦʨʤʫʻʪʴʩʷ ʢʦʤʧʦʟʠʪ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʟ 

ʚʽʜʥʦʩʥʦ ʨʽʚʥʦʤʽʨʥʝ ʨʘʟʪʦʰʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʟʤʽʮʥʶʶʯʠʭ ʬʘʟ ʫ ʧʣʘʩʪʠʯʥʽʡ 

ʤʘʪʨʠʮʽ. ʅʘʚʧʨʦʪʠ ʮʴʦʤʫ, ʧʨʠ ʧʽʯʥʦʤʫ ʙʦʨʫʚʘʥʥʽ ʬʦʨʤʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʪʦʥʢʘ ʽ 

ʪʚʝʨʜʘ ʢʽʨʢʘ ʙʦʨʠʜʽʚ, ʷʢʽʡ ʧʨʠʪʘʤʘʥʥʝ ʩʢʦʣʶʚʘʥʥʷ ʽ ʢʨʠʭʢʝ ʨʫʡʥʫʚʘʥʥʷ. 
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ʆʩʦʙʣʠʚʽʩʪʶ ʙʦʨʫʚʘʥʥʷ ʧʨʠ ʰʚʠʜʢʩʥʽʡ ʽʥʜʫʢʮʽʡʥʽʡ ʦʙʨʦʙʮʽ, ʻ ʪʘʢʦʞ ʪʝ, ʱʦ 

ʧʝʨʝʭʽʜ ʚʽʜ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʜʦ ʦʩʥʦʚʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ 

ʩʪʨʫʢʪʫʨʫ ʛʘʨʪʫʚʘʥʥʷ, ʷʢʘ ʙʫʣʘ ʩʬʦʨʤʦʚʘʥʘ ʧʽʜ ʜʽʻʶ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʛʨʽʚʘʥʥʷ 

ʉɺʏ. ɺʽʟʫʘʣʴʥʦ, ʧʨʠ ʢʦʣʴʦʨʦʚʦʤʫ ʪʨʘʚʣʝʥʥʽ, ʚʠʷʚʣʷʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʯʽʪʢʘ 

ʛʨʘʥʠʮʷ ʧʝʨʝʭʦʜʫ ʚʽʜ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʜʦ ʛʘʨʪʦʚʘʥʦʛʦ, ʦʜʥʘʢ, ʧʨʠ ʜʦʜʘʪʢʦʚʦʤʫ 

ʧʨʦʪʨʘʚʣʝʥʥʽ ʚʠʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰ ʩʢʣʘʜʥʘ ʧʦʙʫʜʦʚʘ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ ʟʝʨʝʥ, ʷʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.3, ʽ ʦʙʫʤʦʚʣʝʥʘ ʚʟʘʻʤʥʠʤ ʧʨʦʥʠʢʥʝʥʥʷʤ ʩʪʨʫʢʪʫʨ 

ʤʘʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʤʘʪʝʨʽʘʣʫ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ.  

 

 

 

ʈʠʩʫʥʦʢ 4.3 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʛʨʘʥʠʮʽ ʧʝʨʝʭʦʜʫ ʚʽʜ ʜʠʬʫʟʽʡʥʦʛʦ ʜʦ ʛʘʨʪʦʚʘʥʦʛʦ 

ʰʘʨʫ (ʭ 500) 

 

ɼʨʽʙʥʽ ʟʝʨʥʘ ʤʘʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʛʨʘʥʠʮʽ ʧʦʜʽʣʫ, 

ʫʪʚʦʨʶʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʘʢʪʠʚʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʘʪʦʤʽʚ ʙʦʨʫ ʧʦ ʛʨʘʥʠʮʷʤ 

ʩʫʙʩʪʨʫʢʪʫʨʠ ʽ ʬʦʨʤʫʚʘʥʥʷʤ ʥʦʚʠʭ ʛʨʘʥʠʮʴ ʩʪʨʫʢʪʫʨʠ. ʋʪʚʦʨʝʥʘ ʛʨʘʥʠʮʷ ʧʦʜʽʣʫ 

ʤʽʞ ʜʠʬʫʟʽʡʥʠʤ ʽ ʛʘʨʪʦʚʘʥʠʤʠ ʰʘʨʘʤʠ ʩʧʨʠʷʻ ʙʽʣʴʰʦʾ ʤʽʮʥʦʩʪʽ ʜʠʬʫʟʽʡʥʦʛʦ 

ʰʘʨʫ ʟ ʦʩʥʦʚʥʠʤ ʤʝʪʘʣʦʤ ʟʘ ʨʘʭʫʥʦʢ ʚʟʘʻʤʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʪʘ ʽʜʝʥʪʠʯʥʽʩʪʶ ʢʨʠʩʪʘʣʽʯʥʠʭ ʨʝʰʽʪʦʢ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ, ʢʦʪʨʽ ʾʭ 

ʫʪʚʦʨʶʶʪʴ.  

 

4.2 ɼʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʪʘ ʩʪʨʢʪʫʨʠ ʙʦʨʦʚʘʥʠʭ 

ʰʘʨʽʚ, ʦʪʨʠʤʘʥʠʭ ʚ ʫʤʦʚʘʭ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʉɺʏ 

ʗʢ ʩʚʽʜʯʘʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ 

ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ( ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʪʝʤʧʝʨʘʪʫʨʠ  ̔ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʘʥʥʷ ) ʫ 
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ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʙʦʨʫʚʘʥʥʽ ʟ ʧʘʩʪ ʟ ʥʘʛʨʽʚʘʥʥʷʤ ʉɺʏ, 

ʤʦʞʫʪʴ ʬʦʨʤʫʚʘʪʠʩʷ ʪʘʢʽ ʤʦʨʬʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʙʫʜʦʚʠ: 

 1. ʅʘ ʚʫʛʣʝʮʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʷʭ ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

(1300 ʦʉ ʽ ʚʠʱʝ) ʯʘʩʪʦ ʬʦʨʤʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʝʚʪʝʢʪʠʢʠ ʽ ʙʦʨʠʜʽʚ ʟ 

ʟʘʦʢʨʫʛʣʝʥʠʤʠ ʛʨʘʥʷʤʠ, ʷʢʽ ʧʨʠ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʥʘʛʨʽʚʘʥʥʷ (100 

ï 350 ʦʉ/ʩ ) ʫʪʚʦʨʶʶʪʴ ʜʝʥʜʨʠʪʥʠʡ ʩʢʝʣʝʪ (ʨʠʩ. 4.4). 

  

 

 

ʈʠʩʫʥʦʢ 4.4 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʝʚʪʝʢʪʠʢʠ ʽ ʙʦʨʠʜʽʚ ʚ ʩʪʘʣʽ 40 ʧʽʩʣʷ ʙʦʨʫʚʘʥʥʷ ( 

Vʥ = 100 ï 350 ʦʉ/ʩ ) ( ʭ1000 ) 

 

 2. ʇʨʠ ʙʽʣʴʰ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚʘʭ (500 ï 1000 ʦʉ/ʩ) ʚ ʙʦʨʦʚʘʥʦʤʫ ʰʘʨ̔, 

ʥʘ ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʷʭ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʫ ʬʦʨʤʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ 

ʽʟʦʣʴʦʚʘʥʠʭ ʙʦʨʠʜʽʚ ʪʠʧʫ Fe2B ʟ ʧʨʘʚʠʣʴʥʠʤʠ ʧʨʷʤʦʣʽʥʽʡʥʠʤʠ ʛʨʘʥʷʤʠ, 

ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʤʠ ʢʘʨʙʦʙʦʨʠʜʘʤʠ ʪʘ ʪʚʝʨʜʠʤ ʨʦʟʯʠʥʦʤ ʙʦʨʫ ʚ ʟʘʣʽʟʽ ʚ ʷʢʦʩʪʽ 

ʤʘʪʨʠʮʽ (ʨʠʩ. 4.5). 

 3. ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʫ ʢʽʣʴʢʽʩʪʴ ʢʘʨʙʦʙʦʨʠʜʽʚ ʚ ʰʘʨʽ ʤʦʞʝ 

ʧʦʤʽʪʥʦ ʟʤʝʥʰʫʚʘʪʠʩʴ, ʱʦ ʦʯʝʚʠʜʥʦ ʧʨʠʟʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʣʘʩʪʠʯʥʦʩʪʽ ʤʝʪʘʣʫ (ʨʠʩ. 4.6). 
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ʈʠʩʫʥʦʢ 4.5 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʙʦʨʠʜʫ, ʢʘʨʙʦʙʦʨʠʜʽʚ ʪʘ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʚ 

ʩʪʘʣʽ 15ʍ11ʄʌ ʧʽʩʣʷ ʙʦʨʫʚʘʥʥʷ ( Vʥ = 500 ï 1000 ʦʉ/ʩ ) ( ʭ 500 ) 

 

 

 

ʈʠʩʫʥʦʢ 4.6 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʙʦʨʠʜʫ, ʢʘʨʙʦʙʦʨʠʜʽʚ ʪʘ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʚ 

ʩʪʘʣʽ 15ʍ11ʄʌ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʫ ( ʭ 500 ) 

 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ, ʩʬʝʨʠʯʥʦ-

ʜʝʥʜʨʠʪʥʘ ʤʦʨʬʦʣʦʛʽʷ ʤʦʞʝ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠʩʷ ʫ ʨʦʤʙʽʯʥʫ. ʇʽʜʪʚʝʨʜʞʝʥʥʷ 

ʮʴʦʤʫ ʻ ʜʽʣ̫ʥʢʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʥʘ ʨʠʩ. 4.7. 
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ʈʠʩʫʥʦʢ 4.7 ï ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʢʫʣʷʩʪʦ-ʜʝʥʜʨʠʪʥʦʾ ʤʦʨʬʦʣʦʛʽʾ ʙʦʨʠʜʫ ʫ 

ʨʦʤʙʽʯʥʫ ʚ ʙʦʨʦʚʘʥʦʤʫ ʰʘʨʽ ʩʪʘʣʽ 15ʍ11ʄʌ ʧʨʠ ʟʤʽʥʽ ʰʚʠʜʢʦʩʪʽ 

ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ( ʭ 1000 ) 

 

 ɺ ʫʤʦʚʘʭ ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʘ 

ʫʢʨʫʧʥʝʥʥʷ ʢʘʨʙʦʙʦʨʠʜʥʦʾ ʬʘʟʠ. ʉʘʤʽ ʢʘʨʙʦʙʦʨʠʜʠ ʬʦʨʤʫʶʪʴ ʣʘʥʮʶʛʠ ʫ 

ʥʘʧʨʷʤʢʫ ʚʽʜ ʚʝʣʠʢʠʭ ʙʦʨʠʜʽʚ (ʨʠʩ. 4.8).  

 

 
 

ʈʠʩʫʥʦʢ 4.8 ï ɿʙʽʣʴʰʝʥʥʷ ʪʘ ʫʪʚʦʨʝʥʥʷ ʣʘʥʮʶʛʽʚ ʢʘʨʙʦʙʦʨʠʜʥʦʾ ʬʘʟʠ ʚ ʫʤʦʚʘʭ 

ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʷ ʥʘ ʩʪʘʣʽ 15ʍ11ʄʌ 



134 
 

ʉʢʦʨʽʰʝ ʟʘ ʚʩʝ, ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ ʚʝʣʠʢʽ ʙʦʨʠʜʠ ʻ ʜʦʥʦʨʘʤʠ ʙʦʨʫ, ʘ ʚʫʛʣʝʮʴ 

ʚʠʜʽʣʷʻʪʴʩʷ ʟ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ. 

 ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʥʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʘʩʪʘ ʟ ʚʝʣʠʢʠʤʠ 

ʟʘ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʦʯʢʘʤʠ ʢʘʨʙʽʜʫ ʙʦʨʫ (160 ï 90 ʤʢʤ) ʪʘ ʧʨʠ ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʛʨʽʚʘʥʥʷ (ʚʠʱʝ 1350 ʦʉ), ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʦʥʠʢʥʝʥʥʷ ʫ 

ʙʦʨʠʜʥʠʡ h ʘʨ ʯʘʩʪʦʯʦʢ ʧʦʨʦʰʢʫ ʢʘʨʙʽʜʫ ʙʦʨʫ (ʨʠʩ. 4.9). ʇʨʠ ʮʴʦʤʫ, ʷʢ ʧʨʘʚʠʣʦ, 

ʥʘʚʢʦʣʦ ʯʘʩʪʦʯʦʢ ʢʘʨʙʽʜʫ ʙʦʨʫ ʩʪʚʦʨʶʻʪʴʩʷ ʦʙʦʣʦʥʢʘ ʙʦʨʠʜʥʦʾ ʬʘʟʠ, ʘ ʚʽʜ ʥʝʾ 

ʚʽʜʭʦʜʷʪʴ ʙʦʨʠʜʠ ʧʨʦʤʝʥʝʚʦʾ ʤʦʨʬʦʣʦʛʽʾ. 

 

 
 

ʈʠʩʫʥʦʢ 4.9 ï ʏʘʩʪʦʯʢʠ ʧʦʨʦʰʢʫ ʢʘʨʙʽʜʫ ʙʦʨʫ ʚ ʙʦʨʦʚʘʥʦʤʫ ʰʘʨ̔ ʚ ʩʪʘʣʽ 

15ʍ11ʄʌ ( ʭ 1000 ) 

 

 ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʚ ʫʤʦʚʘʭ 

ʦʭʦʣʦʜʞʝʥʥʷ ʚʦʜʦʶ ʟʽ ʩʧʨʝʻʨʘ ʧʦʚʝʨʭʥʽ, ʧʨʦʪʠʣʝʞʥʽʡ ʧʦʚʝʨʭʥʽ ʥʘʩʠʯʝʥʥʷ, ʫ ʟʦʥʽ 

ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ, ʷʢʘ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠʣʷʛʘʻ ʙʣʠʞʯʝ ʜʦ ʛʨʘʥʠʮʽ ʧʦʜʽʣʫ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʪʘ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʯʠ ʰʘʨʫ ʛʘʨʪʫʚʘʥʥʷ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʚʠʪʷʛʥʫʪʽʩʪʴ ʟʝʨʝʥ ʪʘ ʝʚʪʝʢʪʠʯʥʠʭ ʢʦʣʦʥʽʡ ʫ ʥʘʧʨʷʤʢʫ ʜʠʬʫʟʽʡʥʦʛʦ ʨʦʩʪʫ ʪʘ 

ʪʝʧʣʦʚʽʜʚʦʜʫ (ʨʠʩ. 4.10). ʈʦʟʤʽʨ ʟʝʨʝʥ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʝʨʝʚʠʱʫʻ 10 ʤʢʤ, ʘ ʥʘ 
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ʛʨʘʥʠʮʷʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʝʛʨʝʛʘʮʽʾ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʢʘʨʙʦʙʦʨʠʜʽʚ. ʅʘʷʚʥʽʩʪʴ 

ʩʝʛʨʝʛʘʮʽʡ ʧʦʷʩʥʶʻʪʴʩʷ ʛʦʨʦʬʽʣʴʥʽʩʪʶ ʙʦʨʫ, ʷʢʠʡ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʥʘ 

ʛʨʘʥʠʮʷʭ, ʫʪʚʦʨʶʶʯʽ ʥʦʚʽ ʬʘʟʠ ʙʦʨʠʜʽʚ ʽ ʢʘʨʙʦʙʦʨʠʜʽʚ. 

 

 

 

ʈʠʩʫʥʦʢ 4.10 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʙʦʨʫʚʘʥʥʷ ʚ ʩʪʘʣʽ 

15ʍ11ʄʌ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʚʦʜʦʶ (ʩʪʨʽʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʥʘʧʨʷʤ ʜʠʬʫʟʽʡʥʦʛʦ 

ʨʦʩʪʫ) (ʭ 200) 

 

ʋ ʧʨʠʚʝʜʝʥʽʡ ʥʘ ʨʠʩ. 4.10 ʩʪʨʫʢʪʫʨʽ ʯʽʪʢʦ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ 

ʥʘʧʨʷʤʢʫ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ ʟ ʥʘʧʨʷʤʢʦʤ ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ. ɺ ʫʤʦʚʘʭ 
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ʰʚʠʜʢʦʛʦ ʥʘʛʨʽʚʫ ʪʘ ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʝ ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʝʥʦʾ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʛʨʘʥʠʮʴ ʧʦʜʽʣʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʰʣʷʭʽʚ ʜʠʬʫʟʽʾ ʙʦʨʫ. 

ʅʘ ʨʠʩ. 4.11 ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʨʘʛʤʝʥʪʠ ʩʪʨʫʢʪʫʨ, ʷʢʘ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʥʘ ʨʠʩ. 4.10 ʟ ʥʘʷʚʥʠʤʠ, ʷʢ ʤʽʥʽʤʫʤ ʪʨʴʦʤʘ ʬʘʟʘʤʠ. ɼʘʥʽ ʩʪʨʫʢʪʫʨʠ 

ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʟʘʚʜʷʢʠ ʧʦʜʚʽʡʥʦʤʫ ʪʨʘʚʣʝʥʥʶ. ʈʦʤʙʦʚʠʜʥʽ ʯʘʩʪʦʯʢʠ ʻ ʙʦʨʠʜʘʤʠ, 

ʦʩʢʽʣʴʢʠ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦ ʫʩʧʘʜʢʦʚʫʶʪʴ ʨʦʤʙʦʚʠʜʥʫ ʨʝʰʽʪʢʫ ʙʦʨʠʜʫ, ʧʨʠ 

ʪʨʘʚʣʝʥʽ ʧʨʦʷʚʣʷʶʪʴ ʭʽʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʽ ʚ ʨʝʰʪʽ ʨʝʰʪ, ʤʘʶʪʴ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ 

ʙʦʨʠʜʫ. 

 

 
 

ʈʠʩʫʥʦʢ 4.11 ï ɼʠʬʫʟʽʡʥʠʡ ʰʘʨ ʟ ʙʦʨʠʜʘʤʠ, ʢʘʨʙʦʙʦʨʠʜʘʤʠ  

 

ɹʦʨʠʜ 

ʪʠʧʫ Fe2B 

ʂʘʨʙʦʙʦʨʠʜʠ  

ʊʚʝʨʜʠʡ 

ʨʦʟʯʠʥ ʙʦʨʫ ʚ 

ʟʘʣʽʟʽ 
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 ʅʘ ʨʠʩ. 4.11 ʯʽʪʢʦ ʚʠʜʥʦ, ʷʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ ʙʦʨʠʜʥʦʛʦ 

ʢʨʠʩʪʘʣʽʪʫ ʫ ʧʣʦʱʠʥʽ ʰʣʽʬʘ ʤʽʥʷʻʪʴʩʷ ʡʦʛʦ ʢʦʥʬʽʛʫʨʘʮʽʷ. ʊʦʤʫ ʤʦʞʥʘ 

ʦʪʦʪʦʞʥʶʚʘʪʠ ʨʦʤʙʦʚʠʜʥʽ ʽ ʧʨʦʤʝʥʝʚʽ ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʙʫʣʠ ʧʨʠʚʝʜʝʥʽ ʥʘ 

ʧʦʧʝʨʝʜʥʽʭ ʬʦʪʦʛʨʘʬʽʷʭ.  

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʘʟ ʽ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.12. ɺʠʜʥʦ, ʱʦ 

ʦʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʚ ʙʦʨʦʚʘʥʦʤʫ ʰʘʨʽ ʩʪʘʣʽ 15ʍ11ʄʌ ʧʽʩʣʷ ʰʚʠʜʢʽʩʥʦʛʦ 

ʥʘʛʨʽʚʫ ʉɺʏ ʻ: ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʘ, ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʙʦʨʠʜʠ ʪʠʧʫ 

FeB, ʙʦʨʠʜ ʪʠʧʫ Fe2B, ʢʘʨʙʦʙʦʨʠʜ Fe23(C,B)6. 

 

 

 

ʈʠʩʫʥʦʢ 4.12 ï ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʦʪʨʠʤʘʥʦʛʦ ʰʣʷʭʦʤ ʥʘʛʨʽʚʦʤ 

ʉɺʏ ʚ ʩʪʘʣʽ 15ʍ11ʄʌ 

 

ɹʦʨʦʚʘʥʠʡ ʰʘʨ, ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʽʥʜʫʢʮʽʡʥʦʤʫ ʥʘʛʨʽʚʽ, ʤʘʻ ʛʝʪʝʨʦʛʝʥʥʫ 

ʩʪʨʫʢʪʫʨʫ, ʤʘʪʨʠʮʷ ʷʢʦʾ - ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʙʦʨʫ ʚ ʟʘʣʽʟʽ, ʤʘʻ ʤʽʢʨʦʪʚʝʨʜʽʩʪ ɹ4000 

ʄʇʘ, ʤ̔ ʢʨʦʪʚʝʨʜʽʩʪʴ ʩʢʫʧʯʝʥʴ Fe23(ʉ,ɺ)6 ʜʦʩʷʛʘʻ 7000 ʄʇʘ, ʤ̔ ʢʨʦʪʚʝʨʜʽʩʪʴ Fe2B 

ʜʦʩʷʛʘʻ 14000 ʄʇʘ. 

 ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ ʟ ʧʘʩʪ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʣʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʘʢʪʠʚʥʦʛʦ ʙʦʨʫ, ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʝʚʪʝʢʪʠʯʥʽ ʩʪʨʫʢʪʫʨʠ 

Fe Fe2B Fe2B Fe FeB Fe23(C,B)6 Fe2B Fe 
Fe 

Fe2B, Fe23(C,B)6 

 

Fe23(C,B)6 Fe2B 

н ̒

I 103 
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ʢʦʤʽʨʢʦʚʦʛʦ ʪʠʧʫ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʰʘʨʫ, ʦʪʨʠʤʘʥʠʡ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.13, ʙ̔ ʣʴʰ ʜʝʪʘʣʴʥʦ ʩʪʨʫʢʪʫʨʘ ʰʘʨʫ ʥʘ ʨʠʩ. 4.14.  

 

 
 

ʈʠʩʫʥʦʢ 4.13 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ, ʦʪʨʠʤʘʥʦʛʦ ʧʨʠ ʰʚʠʜʢʽʩʥʦʤʫ 

ʥʘʛʨʽʚʽ ʉɺʏ ʥʘ ʩʪʘʣʽ 40ʍ (ʭ 50) 

 

 
 

ʈʠʩʫʥʦʢ 4.14 ï ʆʩʦʙʣʠʚʦʩʪʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ, ʦʪʨʠʤʘʥʦʛʦ ʧʨʠ 

ʚhʠʜʢʽʩʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʉɺʏ ʥʘ ʩʪʘʣʽ 40ʍ (ʭ 1000) 
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ɼʨʽʙʥʽ ʧʣʘʩʪʠʥʢʠ ʝʚʪʝʢʪʠʢʠ ʥʘ ʨʠʩ. 4.14, ʜʦ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʠʪʴ 

ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʙʫʜʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʽʣʴʰ ʚʠʩʦʢʫ ʧʣʘʩʪʠʯʥʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʙʦʨʠʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʯʠ ʩʪʨʫʢʪʫʨʦʶ ʛʨʫʙʠʭ ʝʚʪʝʢʪʠʢ. ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʪʘʢʦʾ 

ʩʪʨʫʢʪʫʨʠ ʩʪʘʥʦʚʠʪʴ 8000 ʄʇʘ. 

ʇʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ 

ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʩʪʨʫʢʪʫʨʘ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ 

ʰʚʠʜʢʽʩʥʦʛʦ ʙʦʨʫʚʘʥʥʷ ʟ ʥʘʛʨʽʚʦʤ ʉɺʏ ʧʦʪʝʥʮʽʡʥʦ ʤʘʻ ʙʽʣʴʰʠʡ ʨʝʩʫʨʩ 

ʧʣʘʩʪʠʯʥʦʩʪʽ, ʥʽʞ ʙʦʨʦʚʘʥʠʡ ʰʘʨ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʩʫʮʽʣʴʥʦʛʦ ʙʦʨʠʜʫ Fe2B, 

ʦʪʨʠʤʘʥʦʛʦ ʧʨʠ ʙʦʨʫʚʘʥʥʽ ʚ ʧʝʯʽ. 

 ɼʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʪʘ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ 

ʜʠʬʨʘʢʪʦʤʝʪʨʽʾ ʙʫʣʠ ʜʦʧʦʚʥʝʥʽ ʘʥʘʣʽʟʦʤ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʈɽʄ. 

 ʇʨʝʜʩʪʘʚʣʷʻ ʮʽʢʘʚʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ ʧʨʠ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʘ ʰʚʠʜʢʦʩʪʷʭ ʥʘʛʨʽʚʫ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʽ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʧʨʠ 

ʮʴʦʤʫ ʪʘʢʠʭ ʚʘʞʣʠʚʠʭ ʩʢʣʘʜʦʚʠʭ ʰʘʨʫ, ʷʢ ʙʦʨʠʜʽʚ, ʢʘʨʙʦʙʦʨʠʜʽʚ ʪʘ ʢʘʨʙʽʜʫ 

ʙʦʨʫ. 

 ʅʘ ʨʠʩ. 4.15 ʧʨʝʜʩʪʘʚʣʝʥʽ ʬʦʪʦʛʨʘʬʽʾ ʧʦʚʝʨʭʥʽ ʩʪʘʣʽ 40ʍ, ʙʦʨʦʚʘʥʦʾ ʟ 

ʥʘʛʨʽʚʘʥʥʷʤ ʉɺʏ. 

 

       
 

ʈʠʩʫʥʦʢ 4.15 ï ʉʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ ʥʘ ʩʪʘʣʽ 40ʍ, ʦʪʨʠʤʘʥʽ 

ʰʣʷʭʦʤ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʉɺʏ ʜʦ 1100 Áʉ 
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 ʐʘʨʠ, ʦʪʨʠʤʘʥʽ ʧʨʠ ʰʚʠʜʢʽʩʥʦʤʫ ʥʘʛʨʽʚʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 1100 Áʉ, ʤʘʶʪʴ 

ʨʦʟʚʠʥʝʥʫ ʧʦʚʝʨʭʥʶ. ʅʘ ʩʘʤʽʡ ʧʦʚʝʨʭʥʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʯʘʩʪʦʯʢʠ ʨʦʟʤʽʨʦʤ å 10 

ʤʢʤ ʟ ʛʦʩʪʨʠʤʠ ʛʨʘʥʷʤʠ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ ʾʭ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʜʦ 

ʜʨʽʙʥʠʭ ʚʢʣʶʯʝʥʴ ʢʘʨʙʽʜʫ ʙʦʨʫ (ɺ4ʉ). ʊʘʢʠʡ ʚʠʜ ʧʦʚʝʨʭʥʽ ʭʘʨʘʢʪʝʨʥʠʡ ʩʘʤʝ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʙʦʨʫʚʘʥʥʷ ʉɺʏ (ʱʦ ʢʦʨʝʣʶʻ ʟ ʜʘʥʠʤʠ 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ). 

 ɹʽʣʴʰ ʨʦʟʚʠʥʝʥʦʶ ʻ ʧʦʚʝʨʭʥʷ ʰʘʨʫ, ʦʪʨʠʤʘʥʦʛʦ ʧʨʠ ʰʚʠʜʢʽʩʥʦʤʫ 

ʥʘʛʨʽʚʘʥʥʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1200 Áʉ (ʨʠʩ. 4.16). ʊʫʪ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʢʣʶʯʝʥʥʷ 

ʟ ʛʦʩʪʨʦʶ ʬʦʨʤʦʶ ʛʨʘʥʝʡ, ʦʜʥʘʢ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ ʥʘʷʚʥʽ ʢʫʣʷʩʪʽ ʯʘʩʪʠʥʢʠ, ʢʦʪʨʽ 

ʧʨʠʩʫʪʥʽ ̔  ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʟʨʘʟʢʘʭ ( ʜʠʚʠʩʴ ʨʠʩ. 4.15 ). ɰʭ ʨʦʟʤʽʨʠ ʤʝʥʰʽ (ʜʦ 5 ʤʢʤ), 

ʽ ʟʛʽʜʥʦ ʟ ʪʝʦʨʽʻʶ ʧʨʦ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʧʦʜʽʙʥʠʭ 

ʰʘʨʽʚ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʢʘʨʙʦʙʦʨʠʜʥʫ ʧʨʠʨʦʜʫ ʮʠʭ ʯʘʩʪʦʢ.  

 

 

 

ʈʠʩʫʥʦʢ 4.16 ï ʉʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʥʘ ʩʪʘʣʽ 40ʍ, ʦʪʨʠʤʘʥʘ 

ʰʣʷʭʦʤ ʰʚʠʜʢʽʩʥʦʛʦ ʥʘʛʨʽʚʷ ʉɺʏ ʜʦ 1200 Áʉ 

 

 ʉʪʨʫʢʪʫʨʘ ʟʨʘʟʢʽʚ ʟ ʙʦʨʦʚʘʥʠʤʠ ʰʘʨʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʉɺʏ 

ʥʘ ʩʪʘʣʽ 15ʍ11ʄʌ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.17. 
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ʈʠʩʫʥʦʢ 4.17 ï ʉʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʥʘ ʩʪʘʣʽ 15ʍ11ʄʌ, 

ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ ʥʘʛʨʽʚʘʥʥʷ ʉɺʏ ʜʦ 1200 Áʉ 

 

 ʅʘ ʰʘʨʘʭ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1200 ʦʉ, ʷʢ ʽ ʚ 

ʧʦʧʝʨʝʜʥʽʭ ʟʨʘʟʢʘʭ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʟʚʠʥʝʥʘ ʧʦʚʝʨʭʥʷ. ʅʘ ʧʦʚʝʨʭʥʽ 

ʚʠʷʚʣʷʶʪʴʩʷ ʦʛʦʣʝʥʽ, ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʥʷ ʟʨʘʟʢʘ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ ʫʜʘʨʥʠʡ 

ʟʛʠʥ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʢʨʦʰʣʽʬʘ, ʚʢʣʶʯʝʥʥʷ. ʋ ʛʣʠʙʠʥʽ ʰʘʨʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʧʦʨʽʚʥ ʷʥʦ ʚʝʣʠʢʽ ʯʘʩʪʦʯʢʠ ʟ ʪʝʤʥʽʰʠʤ ʚʽʜʪʽʥʢʦʤ, ʢʦʪʨʽ ʤʘʶʪʴ ʷʚʥʦ ʚʠʨʘʞʝʥʫ 

ʢʫʪʦʚʘʪʫ ʬʦʨʤʫ. ʊʘʢʽ ʚʢʣʶʯʝʥʥʷ ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʷʢ ʢʘʨʙʽʜ ʙʦʨʫ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʠ ʪʘʢʦʞ ʚʠʷʚʣʷʶʪʴʩʷ ʦʧʪʠʯʥʦʶ ʤʽʢʨʦʩʢʦʧʽʻʶ, ʘ ʾʭ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʪʘ ʬʦʨʤʘ 

ʭʘʨʘʢʪʝʨʥʘ ʩʘʤʝ ʜʣʷ ɺ4ʉ. 

 ʅʘ ʨʠʩ. 4.18 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʬʨʘʛʤʝʥʪ ʧʦʚʝʨʭʥʽ h ʘʨʫ ʥʘ ʩʪʘʣʽ 15ʍ11ʄʌ, ʥʘ  

 

       

ʈʠʩʫʥʦʢ 4.18 ï ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʟ ʚʢʣʶʯʝʥʥʷʤʠ ɺ4ʉ ʪʘ ʙʦʨʠʜʥʦʶ 

ʯʘʩʪʢʦʶ ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʥʘ ʩʪʘʣʽ 15ʍ11ʄʌ ʧʽʩʣʷ ʙʦʨʫʚʘʥʷ ʟ ʰʚʠʜʢʽʩʥʠʤ 

ʥʘʛʨʽʚʦʤ ʉɺʏ 


