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ɸʅʆʊɸʎɯʗ 

ɼʘʥʠʣʶʢ ʆ.ʄ. ñʄʘʩʦʦʙʤʽʥ ʫ ʧʨʦʮʝʩʘʭ ʨʦʟʯʠʥʝʥʥʷ ʫ ʰʘʨʽ ʜʠʩʧʝʨʩʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫò. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.17.08 ï ñʇʨʦʮʝʩʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾò. ï 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò ʄʆʅ ʋʢʨʘʾʥʠ, ʃʴʚʽʚ, 2019. 

ʈʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʩʢʣʘʜʥʠʤ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ, ʪʝʧʣʦ- ̔  ʤʘʩʦʦʙʤʽʥʥʠʤ ʧʨʦʮʝʩʦʤ. ʎʝ ʧʦʚôʷʟʘʥʦ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʽʟ ʝʥʝʨʛʦʻʤʥʽʩʪʶ ʪʘ ʩʢʣʘʜʥʽʩʪʶ ʧʨʦʮʝʩʫ ʤʽʞʬʘʟʥʦʾ ʜʠʬʫʟʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʨʝʯʦʚʠʥ ʫ ʩʠʩʪʝʤʽ ʨʽʜʠʥʘ ï ʪʚʝʨʜʘ ʬʘʟʘ. ʁʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʚʧʣʠʚʘʻ ʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʈʘʟʦʤ ʟ ʪʠʤ, ʧʨʦʮʝʩʠ ʨʦʟʯʠʥʝʥʥʷ 

ʪʚʝʨʜʦʛʦ ʪʽʣʘ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʜʠʬʫʟʽʡʥʽʡ ʦʙʣʘʩʪʽ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ 

ʟʘʢʦʥʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʾ ʪʘ ʢʦʥʚʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ. ʂʦʞʥʘ ʚʟʘʻʤʦʜʽʷ ʧʽʜ ʯʘʩ 

ʨʦʟʯʠʥʝʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʝʚʥʠʤ ʪʝʧʣʦʚʠʤ ʝʬʝʢʪʦʤ, ʷʢʠʤ ʥʝ ʟʘʚʞʜʠ 

ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ, ʦʩʢʽʣʴʢʠ ʪʘʢʠʡ ʤʘʩʦʦʙʤʽʥ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚôʷʟʘʥʠʡ ʽʟ 

ʪʝʧʣʦʦʙʤʽʥʦʤ. ɸʧʘʨʘʪʠ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʻ ʛʨʦʤʽʟʜʢʠʤʠ, ʘ ʩʘʤ ʧʨʦʮʝʩ ʚʠʤʘʛʘʻ, 

ʦʢʨʽʤ ʝʥʝʨʛʝʪʠʯʥʠʭ, ʟʥʘʯʥʠʭ ʢʘʧʽʪʘʣʴʥʠʭ ʟʘʪʨʘʪ. ʅʘ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ 

ʨʦʟʯʠʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚ. ʊʦʤʫ, ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ 

ʨʦʟʚʠʪʢʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ ʋʢʨʘʾʥʽ ʽʩʥʫʻ ʧʦʪʨʝʙʘ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʨʦʟʯʠʥʝʥʥʷ, ʩʪʚʦʨʝʥʥʽ, ʨʦʟʨʦʙʣʝʥʥʽ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʡʦʛʦ 

ʟʜʽʡʩʥʝʥʥʷ. ɺʠʙʽʨ ʩʧʦʩʦʙʫ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʽ ʢʦʥʩʪʨʫʢʮʽʾ ʘʧʘʨʘʪʽʚ 

ʨʦʟʯʠʥʥʠʢʽʚ ʧʦʚ'ʷʟʘʥʽ ʽʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʨʦʟʯʠʥʶʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʽ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʙʝʨʽʛʘʥʥʷ 

ʾʭ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʦʾ 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ʻ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʚ ʫʤʦʚʘʭ ʙʘʨʙʦʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʩʪʠʩʥʫʪʠʤ ʧʦʚʽʪʨʷʤ. ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʧʨʦʮʝʩʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ 

ʽʥʪʝʥʩʠʚʥʦʤʫ ʧʝʨʝʤʽʱʝʥʥʶ ʙʫʣʴʙʘʰʦʢ ʧʦ ʦʙôʻʤʫ ʘʧʘʨʘʪʫ, ʾʭ ʨʦʟʪʨʽʩʢʫʚʘʥʥʶ 
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ʪʘ ʧʦʩʪʽʡʥʦʤʫ ʦʤʠʚʘʥʥʽ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʨʽʜʠʥʦʶ. ʈʦʟʯʠʥʥʠʢ ʽʟ ʥʠʟʴʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʦʤʧʦʥʝʥʪʫ ʙʝʟʧʝʨʝʨʚʥʦ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʾ 

ʯʘʩʪʠʥʢʠ ʪʘ ʩʪʚʦʨʶʻ ʚʠʩʦʢʠʡ ʛʨʘʜʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʘ ʧʦʚʝʨʭʥʽ. ɿʘʚʜʷʢʠ 

ʚʠʩʦʢʦʤʫ ʛʨʘʜʽʻʥʪʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫʪʚʦʨʶʶʪʴʩʷ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʫʤʦʚʠ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʤʘʩʦʦʙʤʽʥʫ, ʟʘ ʷʢʠʭ ʢʦʝʬʽʮʽʻʥʪʠ ʤʘʩʦʧʝʨʝʜʘʯʽ ʜʦʩʷʛʘʶʪʴ 

ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ.  

ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʜʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʨʦʟʯʠʥʫ ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʥʝʜʦʣʽʢʠ, ʧʦʚôʷʟʘʥʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʭʘʥʽʯʥʠʭ 

ʧʝʨʝʤʽʰʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ. ɹʘʨʙʦʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʪʘʢʦʞ ʜʘʻ ʟʤʦʛʫ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʪʘʙʽʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʨʦʟʯʠʥʫ, ʦʩʢʽʣʴʢʠ ʪʝʧʣʦ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ 

ʚ ʩʠʩʪʝʤʽ ʧʽʜ ʯʘʩ ʨʦʟʯʠʥʝʥʥʷ, ʚʠʚʦʜʠʪʴʩʷ ʟ ʙʫʣʴʙʘʰʢʘʤʠ ʟʘ ʤʝʞʽ ʟʦʥʠ 

ʨʦʟʯʠʥʝʥʥʷ. 

ʅʘ ʦʩʥʦʚʽ ʢʨʠʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʞʝʨʝʣ ʣʽʪʝʨʘʪʫʨʠ ʱʦʜʦ ʦʩʥʦʚʥʠʭ 

ʤʝʪʦʜʽʚ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʨʦʟʯʠʥʝʥʥʷ ʧʽʜ ʯʘʩ ʙʘʨʙʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʩʪʠʩʥʫʪʠʤ ʧʦʚʽʪʨʷʤ ʻ ʥʝʜʦʩʪʘʪʥʴʦ 

ʜʦʩʣʽʜʞʝʥʠʤ. ɺ ʨʦʙʦʪʽ ʦʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʥʘʷʚʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʛʽʜʨʦʜʠʥʘʤʽʢʠ, ʟʦʚʥʽʰʥʴʦʛʦ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʤʘʩʦʦʙʤʽʥʫ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʮʴʦʛʦ 

ʤʝʪʦʜʫ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʘʧʘʨʘʪʽʚ ʜʣʷ ʡʦʛʦ ʟʜʽʡʩʥʝʥʥʷ, 

ʟʦʢʨʝʤʘ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʽʜ ʯʘʩ 

ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ʅʘʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʢʠ, ʢʽʥʝʪʠʢʠ ʪʘ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ 

ʨʦʟʯʠʥʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 

ʜʞʝʨʝʣ ʣʽʪʝʨʘʪʫʨʠ ʩʬʦʨʤʦʚʘʥʦ ʤʝʪʫ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. 

ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ 

ʩʫʤʽʰʽ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʦʣʝʡ, ʦʧʠʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʪʘ 

ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʧʽʜ ʯʘʩ ʨʦʟʯʠʥʝʥʥʷ ʚʢʘʟʘʥʠʭ ʜʠʩʧʝʨʩʥʠʭ 
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ʤʘʪʝʨʽʘʣʽʚ, ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʽ ʷʢ ʧʦʨʠʩʪʽʩʪʴ, ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ, ʥʘʩʠʧʥʘ 

ʛʫʩʪʠʥʘ, ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ, ʫʩʝʨʝʜʥʝʥʠʡ ʜʽʘʤʝʪʨ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ. 

ʇʨʦʚʝʜʝʥʦ ʪʘʢʦʞ ʦʮʽʥʢʫ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʫʭʫ 

ʙʫʣʴʙʘʰʢʠ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ, ʚ ʘʧʘʨʘʪʽ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ 

ʧʽʜ ʯʘʩ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ɺʠʟʥʘʯʝʥʦ ʚʽʜʨʠʚʥʽ ʨʦʟʤʽʨʠ 

ʙʫʣʴʙʘʰʦʢ ʟʘ ʫʤʦʚ ʢʚʘʟʽʩʪʘʪʠʯʥʦʛʦ ʚʠʪʽʢʘʥʥʷ ʧʦʚʽʪʨʷ ʟ ʦʪʚʦʨʽʚ ʙʘʨʙʦʪʝʨʫ ʪʘ 

ʨʦʟʨʘʭʦʚʘʥʦ ʾʭʥʽ ʰʚʠʜʢʦʩʪʽ ʩʧʣʠʚʘʥʥʷ ʫ ʨʦʟʯʠʥʽ. ɺʠʟʥʘʯʝʥʦ ʨʦʟʧʦʜʽʣ ʝʥʝʨʛʽʾ ʚ 

ʘʧʘʨʘʪʽ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʧʽʜ ʯʘʩ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʚ 

ʤʝʞʘʭ ʢʚʘʟʽʩʪʘʪʠʯʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʽ ʟʥʘʡʜʝʥʦ ʦʧʪʠʤʘʣʴʥʫ ʽ ʝʢʦʥʦʤʽʯʥʦ 

ʜʦʮʽʣʴʥʫ ʚʠʪʨʘʪʫ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʮʝʩʫ. ʊʘʢʦʞ, ʥʘ ʦʩʥʦʚʽ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʝʥʦ ʥʝʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ 

ʤʘʩʦʚʽʜʜʘʯʽ ʚʽʜ ʜʽʘʤʝʪʨʘ ʯʘʩʪʠʥʦʢ ʧʽʜ ʯʘʩ ʨʦʟʯʠʥʝʥʥʷ ʫ ʛʘʟʦʨʽʜʠʥʥʦʤʫ ʧʦʪʦʮʽ 

ʨʦʟʯʠʥʥʠʢʘ.  

ɺʠʢʦʥʘʥʦ ʪʝʦʨʝʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʨʦʟʯʠʥʝʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ʥʘ 

ʦʩʥʦʚʽ ʢʽʥʝʪʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʫ, ʧʦʢʘʟʘʥʦ ʟʘʜʦʚʽʣʴʥʝ ʩʧʽʚʧʘʜʽʥʥʷ 

ʪʝʦʨʝʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʜʦʜʘʚʘʥʥʷ ʭʽʤʽʯʥʦ ʽʥʝʨʪʥʠʭ ʧʝʨʝʤʽʰʫʶʯʠʭ ʜʦʜʘʪʢʽʚ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʢʽʥʝʪʠʢʫ ʧʨʦʮʝʩʫ ʨʦʟʯʠʥʝʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ, ʟʥʠʞʫʶʯʠ ʡʦʛʦ 

ʪʨʠʚʘʣʽʩʪʴ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʝʥʝʨʛʦʟʘʪʨʘʪʠ, ʟʘ ʨʘʭʫʥʦʢ ʯʘʩʪʢʦʚʦʛʦ ʟʘʧʦʙʽʛʘʥʥʷ 

ʚʠʥʝʩʝʥʥʶ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʰʘʨ ʧʽʥʠ. ʊʘʢʦʞ ʚʠʟʥʘʯʝʥʦ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʫ 

ʝʢʦʥʦʤʽʯʥʦ ʦʙʨ̌ʫʥʪʦʚʘʥʫ ʚʠʪʨʘʪʫ, ʟʘ ʷʢʦʾ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʡ ʤʘʩʦʦʙʤʽʥ 

ʪʚʝʨʜʦʾ ʬʘʟʠ ʟ ʨʽʜʢʦʶ. 

ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʙʯʠʩʣʝʥʠʭ ʜʘʥʠʭ 

ʚʩʪʘʥʦʚʣʝʥʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʤʘʩʦʚʽʜʜʘʯʽ ʧʽʜ ʯʘʩ ʨʦʟʯʠʥʝʥʥʷ 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʟʘ ʨʽʟʥʠʭ ʚʠʪʨʘʪ ʧʦʚʽʪʨʷ ʽ 

ʫʟʘʛʘʣʴʥʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʤʘʩʦʚʽʜʜʘʯʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʟ 

ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʦʯʥʽʩʪʶ. ʆʪʨʠʤʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʫ 
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ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʐʝʨʚʫʜʘ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʘʪʠ 

ʢʦʝʬʽʮʽʻʥʪʠ ʤʘʩʦʚʽʜʜʘʯʽ ʟʘʣʝʞʥʦ ʚʽʜ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ, ʟʘ ʷʢʦʛʦ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʮʝʩ. ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʤʘʩʦʚʽʜʜʘʯʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʠʤʠ ʧʦʢʘʟʘʣʦ ʾʭ ʟʘʜʦʚʽʣʴʥʝ 

ʩʧʽʚʧʘʜʽʥʥʷ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʥʘ 

ʧʨʘʢʪʠʮʽ. 

ɺʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʬʫʟʽʾ ʧʽʜ ʯʘʩ ʨʦʟʯʠʥʝʥʥʷ ʟʘ ʫʤʦʚ 

ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʣʽʜʠʩʧʝʨʩʥʘ ʩʫʤʽʰ, ʙʝʥʟʦʡʥʘ ʢʠʩʣʦʪʘ, ʧʥʝʚʤʘʪʠʯʥʝ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʙʘʨʙʦʪʝʨ, ʛʘʟʦʨʽʜʠʥʥʠʡ ʧʦʪʽʢ, ʢʦʝʬʽʮʽʻʥʪ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʜʠʬʫʟʽʾ, ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ. 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ: 

ï ɸʪʘʤʘʥʶʢ ɺ. ʄ., ʉʠʤʘʢ ɼ. ʄ., ɼʘʥʠʣʶʢ ʆ. ʄ. ʈʦʟʯʠʥʝʥʥʷ 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʛʘʟʦʨʽʜʠʥʥʦʤʫ ʧʦʪʦʮʽ // ɺʽʩʥ. ʅʘʮ. ʫʥ-ʪʫ "ʃʴʚʽʚ. 

ʧʦʣʽʪʝʭʥʽʢʘ". ï 2016. ï ˉ 841. ï ʉ. 271ï273. 

ï ɼʘʥʠʣʶʢ ʆ. ʄ., ɸʪʘʤʘʥʶʢ ɺ. ʄ., ɻʫʤʥʠʮʴʢʠʡ ʗ. ʄ., ɹʘʯʠʢ ʄ. ɼ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʫ ʧʝʨʽʦʜʠʯʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ 

ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʧʽʜ ʯʘʩ ʧʥʝʚʤʘʪʠʯʥʦʛʦ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ // ɯʥʪʝʛʨʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ɺ.4. ï 2017. ï ʩ. 

36-40. 

ï ɸʪʘʤʘʥʶʢ ɺ. ʄ., ʉʠʤʘʢ ɼ. ʄ., ɼʘʥʠʣʶʢ ʆ. ʄ., ɻʫʤʥʠʮʴʢʠʡ ʗ. ʄ. 

ʇʝʨʽʦʜʠʯʥʝ ʨʦʟʯʠʥʝʥʥʷ ʢʘʣʽʡ ʭʣʦʨʠʜʫ ʟʘ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ // ɺʽʩʥʠʢ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò. ʉʝʨʽʷ: ʍʽʤʽʷ, ʪʝʭʥʦʣʦʛʽʷ 

ʨʝʯʦʚʠʥ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. ï ʃʴʚʽʚ : ɺʠʜʘʚʥʠʮʪʚʦ ʃʴʚʽʚʩʴʢʦʾ ʧʦʣʽʪʝʭʥʽʢʠ, 

2017. ï ˉ 868. ï ʉ. 100ï105. 

ï ɻʫʤʥʠʮʴʢʠʡ ʗ. ʄ., ɸʪʘʤʘʥʶʢ ɺ. ʄ., ʉʠʤʘʢ ɼ. ʄ., ɼʘʥʠʣʶʢ ʆ. ʄ. 

ʊʝʧʣʦʤʘʩʦʦʙʤʽʥ ʧʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʟ ʨʽʜʢʠʤ ʨʝʘʛʝʥʪʦʤ // ʅʘʫʢʦʚʽ 

ʧʨʘʮʽ ʆʜʝʩʴʢʦʾ ʥʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ï 2017. ï ʊ. 81(1). ï 

ʉ. 50ï54. 
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ï ɼʘʥʠʣʶʢ ʆ. ʄ., ɸʪʘʤʘʥʶʢ ɺ. ʄ., ɻʫʤʥʠʮʴʢʠʡ ʗ. ʄ. ʄʦʜʝʣʶʚʘʥʥʷ 

ʨʫʭʫ ʙʫʣʴʙʘʰʦʢ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʫ ʘʧʘʨʘʪʽ ʟ ʧʥʝʚʤʘʪʠʯʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ 

// ʆʜʝʩʴʢʘ ʥʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʄʦʜʝʣʶʚʘʥʥʷ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʦʩʫ. ʆʧʪʠʤʽʟʘʮʽʷ ʦʙʣʘʜʥʘʥʥʷ ʽ ʩʠʩʪʝʤ. ʅʘʫʢʦʚʽ 

ʧʨʘʮʽ, ʊ.82 (1). ï 2018. ï c.61ï65. 

ï Danyliuk O.M., Atamaniuk V. M., Hnativ Z. Ya. The influence of mixing 

solid particles on the kinetic of benzoic acid dissociation during the pneumatic mixing 

of solution // ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʣʽʩʦʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʋʢʨʘʾʥʠ ʉʝʨʽʷ: ʊʝʭʥʦʣʦʛʽʷ ʪʘ ʫʩʪʘʪʢʫʚʘʥʥʷ. ï ʃʴʚʽʚ : 2018. ï ʊ. 28 (7) ï ʉ. 92ï

96. 

ï ɼʘʥʠʣʶʢ ʆ. ʄ., ɸʪʘʤʘʥʶʢ ɺ. ʄ., ɻʥʘʪʽʚ ɿ. ʗ., ɻʫʤʥʠʮʴʢʠʡ ʗ. ʄ., 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʘʩʦʦʙʤʽʥʫ ʧʽʜ ʯʘʩ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ 

ʩʫʤʽʰʽ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ // ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʣʽʩʦʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ ʉʝʨʽʷ: ʊʝʭʥʦʣʦʛʽʷ ʪʘ ʫʩʪʘʪʢʫʚʘʥʥʷ. ï ʃʴʚʽʚ : 2018. ï ʊ. 28 

(8) ï ʉ. 101ï106. 

 

ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʾ ʜʦʧʦʚʽʜʘʣʠʩʴ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ: 6-th 

international youth science forum ñlitteris et artibusò 2016 Lviv , Ukraine; 

International Scientific Conference çChemical Technology and Engineeringè, 

Ukraine, Lviv , 2017; ʉʝʤʽʥʘʨ ñʉʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ï ʧʦʛʣʷʜ ʫ ʤʘʡʙʫʪʥʻò, ʃʴʚʽʚ,  

2017; 7-th international youth science forum ñlitteris et artibusò 2017, Lviv ; ʐʦʩʪʘ 

ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʂʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

ʭʽʤʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʷʭ ʽ ʩʠʩʪʝʤʘʭ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ï ʂʄʍʊ-2018è, ʂʠʾʚ, 2018; V 

ʄʽʞʥʘʨʦʜʥʠʡ ʢʦʥʛʨʝʩ çʉʪʘʣʠʡ ʨʦʟʚʠʪʦʢ: ʟʘʭʠʩʪ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɽʥʝʨʛʦʦʱʘʜʥʽʩʪʴ. ɿʙʘʣʘʥʩʦʚʘʥʝ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷò (ʤ. ʃʴʚʽʚ, 2018).  

 

ANNOTATION  

O.M. Danyliuk ñMass exchange in processes of dissolution in disperse 

material layerò. ï Qualification scientific work (manuscript).  
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Dissertation for obtaining of scientific degree of Candidate of Technical 

Sciences (Ph.D.) on specialty 05.17.08 ï ñProcesses and equipment for chemical 

industriesò (16 ï Chemical and biological engineering) ï Lviv Polytechnic National 

University, Ministry of Education and Sciences of Ukraine, Lviv, 2018. 

The dissolution of solid polydisperse materials is technologically 

complicated heat and mass exchange process. In major cases, it is related to the high 

energy consumption and complicated process of interphase diffusion interaction of 

substances in the liquid ï solid phase system. Its efficiency highly influences the 

cost of products. From the other side, the solid body dissolution processes, which 

occur in the diffusion area, can be determined by laws of molecular and convective 

diffusion. Each interaction during dissolution is accompanied by the proper heat 

effect, which canôt be neglected, as such mass exchange continuously connected 

with heat and mass exchange. Dissolution apparatuses have big sizes, and the 

process require big capital expenses additionally to energy. In the initial stages 

dissolution occurs in non-stationary conditions. Thus, on the modern stage of 

development of many industrial branches of Ukraine there exists the necessity of 

dissolution processes intensification, creation and development of highly effective 

and ecologically safe technologies and equipment for their realization. The selection 

of method, optimal mode, and dissolution apparatus construction refers to 

specificities of technological processes and properties of dissolution materials, and 

should ensure the conservation of their qualitative features and minimal energy 

consumption. 

Among the perspective methods of intensification of solid polydisperse 

phase dissolution is process fulfilment in conditions of bubbling of system by 

compressed air. Process intensification occurs due to intensive mixing of bubbles in 

the apparatus volume, their cracking and continuous washing of solid particles by 

liquid. The solvent with low concentration of component is constantly supplied into 

the surface of the diffusion area with the high solid phase concentration, with the 

formation of high concentration gradient. Thus, there creates non-stationary 
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conditions of intensive mass exchange, which characterizes by high values of mass 

transfer coefficients. 

Additionally, the application of compressed air for solution mixing allow 

excluding of shortcomings, which refers to application of mechanical mixing 

devices. System bubbling allow also maintaining of stable temperature of solution, 

as heat, which emits from the system, transfers out of the dissolution zone. 

Based on the critical analysis of literature sources on the main methods of 

solid disperse materials dissolution, it was determined that dissolution during 

bubbling of solution by compressed air is insufficiently investigated. In the research 

it was proved that the present theoretical and experimental investigations of 

hydrodynamics, external and internal mass exchange is insufficient for wide 

industrial application of such method of benzoic acid dissolution and apparatus for 

such processes, namely for dissolution of solid polydisperse materials during 

pneumatic mixing. In the research there are presented theoretical and experimental 

investigations of hydrodynamics, kinetics, and heat and mass exchange processes 

for using of scientifically proved parameters of dissolution processes fulfilment with 

using of compressed air energy. Based on the analysis of literature sources there 

were formed goal and tasks of the investigation. 

In the current research there presented characteristics of polydisperse 

mixture of benzoic acid, description of experimental laboratory stand for 

investigation of hydrodynamics, heat and mass transfer processes during dissolution 

of disperse materials, methods of determination of main physical and mechanical 

properties of investigated materials, namely porosity, specific surface, bulk density, 

fractional content, averaged diameter of polydisperse mixture. Additionally, there 

was performed measuring error estimate.  

The results of experimental investigations of compressed air bubble motion 

in water solution inside the apparatus of for dissolution during pneumatic mixing 

were represented. There was determined the separation sizes of bubbles in 

conditions of quasi-static air flow from the bubbler and calculated their motion 
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velocity during upward movement in solution. There was determined the energy 

distribution in apparatus for dissolution during pneumatic mixing of solution in the 

range of quasi-static mode of motion, and determined optimal and economically 

feasible compressed air consumption for process execution. In addition, considering 

the research results generalization it was proved the independency of coefficient of 

mass deduction from diameter of particles during the dissolution in the gas-liquid 

flow of solvent. 

The theoretical calculation of dissolution of polydisperse phase based on the 

kinetic process regularities, and show satisfactory coincidence of theoretical results 

and experimental data was performed. It was determined, that adding of chemically 

inertial mixing additives positively influences on the polydisperse mixture 

dissolution process kinetics, reducing its duration and, correspondingly, energy 

consumption, by means of the partial avoiding of solid phase displacement into foam 

layer. Also, it was determined the maximum permissible economically feasible 

consumption, by which preserves intensive mass exchange between solid and liquid 

phase. 

Based on the experimental investigations and calculated data it was 

determined the value of mass deduction coefficient during dissolution of 

polydisperse mixture of benzoic acid on various compressed air consumption, and 

generalized the dependency of mass deduction coefficient from the solution 

concentration with sufficient for practical calculations precision. There was received 

the calculated dependency for Sherwood criteria determination, which allow 

determination of coefficients of mass deduction depending on the hydrodynamic 

mode, during which the process is fulfilled. The comparison of calculated values of 

mass deduction coefficients with experimentally determined values reveal their 

satisfactory coincidence for application of practically received calculated 

dependencies. 

There was determined coefficient of molecular diffusion during dissolution in 

conditions of pneumatic solution mixing. 
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ʇʝʨʝʣʽʢ ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴ 

A, m ï ʥʝʚʽʜʦʤʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʚʠʟʥʘʯʘʣʠ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʯʠʩʣʘ ʐʝʨʚʫʜʘ;  

1-- ii ʉʉ  ï ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʫ ʨʦʟʯʠʥʽ ʟʘ ʧʝʚʥʠʡ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʢʛ/ʤ3; 

ȅ˞ ï ʩʝʨʝʜʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʦʣʽ ʫ ʚʽʜʽʙʨʘʥʽʡ ʧʨʦʙʽ, ʢʛ/ʤ3;  

ʉs ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘʩʠʯʝʥʥʷ, ʢʛ/ʤ3;  

C6H5COOHï ʙʝʥʟʦʡʥʘ ʢʠʩʣʦʪʘ;  

d ï ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʢʠ, ʤ; 

Dt ï ʢʦʝʬʽʮʽʻʥʪ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʬʫʟʽʾ, ʤ2/ʩ;  

iʯ
d  ï ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ ʚʧʨʦʜʦʚʞ ʜʦʩʣʽʜʫ ʟʘ ʜʘʥʦʾ ʚʠʪʨʘʪʠ ʩʪʠʩʥʫʪʦʛʦ 

ʧʦʚʽʪʨʷ, ʤ;  

jʯ
d ï ʫʩʝʨʝʜʥʝʥʠʡ ʧʦʯʘʪʢʦʚʠʡ ʜʽʘʤʝʪʨ jï ʪʦʾ ʬʨʘʢʮʽʾ, ʤ.;  

F ï ʧʦʚʝʨʭʥʷ ʯʘʩʪʠʥʦʢ, ʤ2;  

mi ...1= , m ï ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʝʢʩʧʝʨʠʤʝʥʪʫ; 

j ï ʢʽʣʴʢʽʩʪʴ ʬʨʘʢʮʽʡ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ;  

KClï ʢʘʣʽʶ ʭʣʦʨʠʜ;  

K2SO4ï ʩʫʣʴʬʘʪ ʢʘʣʽʶ;  

Lï ʣʽʥʽʡʥʠʡ ʨʦʟʤʽʨ (ʜʽʘʤʝʪʨ) ʘʧʘʨʘʪʫ, ʤ;  

ʄ ï ʙʽʞʫʯʝ ʟʥʘʯʝʥʥʷ ʤʘʩʠ, ʢʛ; 

ʄ0 ï ʧʦʯʘʪʢʦʚʘ ʤʘʩʘ ʪʚʝʨʜʦʾ ʬʘʟʠ, ʢʛ;  

jm ï ʤʘʩʘ ʥʘʚʘʞʢʠ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ j-ʪʦʾ ʬʨʘʢʮʽʾ, ʢʛ; 

ʄ0 , ʄ ï ʧʦʯʘʪʢʦʚʘ ʪʘ ʧʦʪʦʯʥʘ ʤʘʩʠ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʙʫʜʴ-ʷʢʠʡ ʟʘʜʘʥʠʡ ʤʦʤʝʥʪ 

ʯʘʩʫ,  ʢʛ;  

t ï ʪʝʤʧʝʨʘʪʫʨʘ, ęC; 

V ï ʦʙôʻʤ, ʤ3; 

Vc ï ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ, ʤ3/ʩ; 

ɤ0 ï ʬʽʢʪʠʚʥʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʟ ʦʪʚʦʨʫ ʙʘʨʙʦʪʝʨʘ, ʤ/ʩ;  
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ɓ ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ ʧʽʜ ʯʘʩ ʨʦʟʯʠʥʝʥʥʷ, ʤ/ʩ; 

Ű ï ʯʘʩ, ʩ;  

ȹ ï ʟʤʽʥʘ ʜʽʘʤʝʪʨʘ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ, ʤ;  

r ï ʛʫʩʪʠʥʘ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ, ʢʛ/ʤ3;  

ɛ ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʨʦʟʯʠʥʫ, ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʇʘÅʩ;  

ɜ ï ʢʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ ʨʦʟʯʠʥʫ, ʤ2/ʩ;  

ŭï ʧʦʭʠʙʢʘ ʤʽʞ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʯʠʩʝʣ 

ʐʝʨʚʫʜʘ, %. 

  



17 

ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ. ʈʦʟʯʠʥʝʥʥʷ ʻ ʧʨʦʮʝʩʦʤ ʧʝʨʝʭʦʜʫ ʪʚʝʨʜʦʾ ʬʘʟʠ 

ʫ ʨʦʟʯʠʥ ʽ ʤʦʞʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʧʦʚʥʠʤ ʟʥʠʢʥʝʥʥʷʤ ʪʚʝʨʜʦʾ ʬʘʟʠ. 

ʈʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʮʝ ʩʢʣʘʜʥʠʡ ʤʘʩʦʦʙʤʽʥʥʠʡ 

ʧʨʦʮʝʩ, ʷʢʠʡ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʭʽʤʽʯʥʦʾ, 

ʭʘʨʯʦʚʦʾ, ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʷʢ ʦʩʥʦʚʥʠʡ ʝʪʘʧ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʘʙʦ ʾʭ ʟʘʢʣʶʯʥʘ ʩʪʘʜʽʷ. ɿʦʢʨʝʤʘ, ʨʦʟʯʠʥʝʥʥʷ 

ʧʦʰʠʨʝʥʝ ʫ ʛʘʣʫʨʛʽʾ ʧʽʜ ʯʘʩ ʧʝʨʝʨʦʙʣʝʥʥʷ ʨʫʜʠ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʮʽʣʴʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ. ʈʦʟʯʠʥʥʠʢʦʤ ʤʦʞʝ ʙʫʪʠ ʚʦʜʘ ʘʙʦ ʚʦʜʥʽ ʨʦʟʯʠʥʠ ʢʠʩʣʦʪ, ʣʫʛʽʚ ʪʘ 

ʩʦʣʝʡ. ʎʝ ʝʥʝʨʛʦʻʤʥʠʡ ʪʘ ʩʢʣʘʜʥʠʡ, ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʣʘʥʽ, ʧʨʦʮʝʩ ʤʽʞʬʘʟʥʦʾ 

ʜʠʬʫʟʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʨʝʯʦʚʠʥ ʚ ʩʠʩʪʝʤʽ ʪʚʝʨʜʘ ʬʘʟʘ ï ʨʽʜʠʥʘ, ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʷʢʦʛʦ, ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʩʦʙʽʚʘʨʪʽʩʪʴ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʆʙʣʘʜʥʘʥʥʷ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʻ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʤʠ, ʘ ʧʨʦʮʝʩ 

ʚʠʤʘʛʘʻ ʷʢ ʝʥʝʨʛʝʪʠʯʥʠʭ, ʪʘʢ ʽ ʟʥʘʯʥʠʭ ʢʘʧʽʪʘʣʴʥʠʭ ʟʘʪʨʘʪ. ʇʦʯʘʪʢʦʚ ̔ʩʪʘʜʽ ʾ

ʨʦʟʯʠʥʝʥʥʷ ʚʽʜʙʫʚʘʪʁʴʩʷ ʚ ʫʤʦʚʘʭ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ. 

ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ ʽʩʥʫʻ ʧʦʪʨʝʙʘ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʨʦʟʯʠʥʝʥʥʷ, ʩʪʚʦʨʝʥʥʽ ʪʘ ʨʦʟʨʦʙʮ ̔ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ 

ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ. ɺʠʙʽʨ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʦʟʯʠʥʝʥʥʷ, ʩʧʦʩʦʙʫ ʽ ʢʦʥʩʪʨʫʢʮʽʾ ʘʧʘʨʘʪʽʚ ʧʦʚ'ʷʟʘʥʽ ʽʟ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʪʘʢʦʞ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʨʦʟʯʠʥʶʚʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʦʾ 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ʻ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʚ ʫʤʦʚʘʭ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʩʪʠʩʥʫʪʠʤ ʧʦʚʽʪʨʷʤ. ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʧʨʠʩʢʦʨʝʥʦʤʫ 

ʧʝʨʝʤʽʱʝʥʥʶ ʙʫʣʴʙʘʰʦʢ ʧʦ ʦʙôʻʤ ̔ ʘʧʘʨʘʪʫ, ʾʭ ʨʫʡʥʘʮʽʾ ʪʘ ʧʦʩʪʽʡʥʦʤʫ 

ʦʤʠʚʘʥʥʽ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʨʽʜʠʥʦʶ. ʈʦʟʯʠʥʥʠʢ ʟ ʥʠʟʴʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʢʦʤʧʦʥʝʥʪʫ ʥʝʧʝʨʝʨʚʥʦ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʧʦʚʝʨʭʥʽ ʜʠʬʫʟʽʡʥʦʾ ʦʙʣʘʩʪʽ ʟ ʚʠʩʦʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʘ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʾ ʬʘʟʠ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʩʪʚʦʨʶʻʪʴʩʷ ʚʠʩʦʢʠʡ 
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ʛʨʘʜʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʡ  ̔ ʫʪʚʦʨʶʶʪʴʩʷ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʫʤʦʚʠ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʤʘʩʦʦʙʤʽʥʫ, ʟʘ ʷʢʠʭ ʢʦʝʬʽʮʽʻʥʪʠ ʤʘʩʦʧʝʨʝʜʘʯʽ ʜʦʩʷʛʘʶʪʴ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥ.ɹ 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ ʜʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʤʦʞʥʘ 

ʫʩʫʥʫʪʠ ʥʝʜʦʣʽʢʠ, ʧʦʚôʷʟʘʥʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʭʘʥʽʯʥʠʭ ʤʽʰʘʣʦʢ. 

ɹʘʨʙʦʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʜʘʻ ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʫ ʚ ʯʘʩʽ ʪʝʤʧʝʨʘʪʫʨʫ 

ʨʦʟʯʠʥʫ, ʦʩʢʽʣʴʢʠ ʪʝʧʣʦ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ, ʚʠʚʦʜʠʪʴʩʷ ʟ ʙʫʣʴʙʘʰʢʘʤʠ 

ʟʘ ʤʝʞʽ ʟʦʥʠ ʨʦʟʯʠʥʝʥʥʷ. 

ʊʦʤʫ, ʪʝʦʨʝʪʠʯʥʝ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʙʦʪʠ 

ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʨʝʘʣʽʟʫʻ ʮʽ ʧʨʦʮʝʩʠ, ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʱʦ ʚʠʨʽʰʫʻ 

ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ ʟʘʜʘʯʫ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ʊʝʤʘ ʜʠʩʝʨʪʘʮʽʾ ʚʽʜʧʦʚʽʜʘʻ ʥʘʫʢʦʚʦʤʫ ʥʘʧʨʷʤʫ ʢʘʬʝʜʨʠ ʭ̔ ʤʽʯʥʦʾ 

ʽʥʞʝʥʝʨʽʾ ʟʛʽʜʥʦ ʟ ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʚ 

ʋʢʨʘʾʥʽ ʥʘ ʧʝʨʽʦʜ ʜʦ 2020 ʨ. (ɿʘʢʦʥ ʋʢʨʘʾʥʠ ñʇʨʦ ʧʨʽʦʨʠʪʝʪʥʽ ʥʘʧʨʷʤʠ 

ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠò, ʩʪ. 3, ʧ.3), ʘ ʩʘʤʝ ñʄʘʩʦʦʙʤʽʥ ʫ ʩʠʩʪʝʤʘʭ ʟ ʪʚʝʨʜʠʤ 

ʪʽʣʦʤò. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ʤʝʞʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ 

ʢʘʬʝʜʨʠ ʭ̔ ʤʽʯʥʦʾ ʽʥʞʝʥʝʨʽʾ ʟʛʽʜʥʦ ʟʽ ʟʘʨʝʻʩʪʨʦʚʘʥʦʶ ʪʝʤʘʪʠʢʦʶ: 

ñɻʽʜʨʦʜʠʥʘʤʽʢʘ ʽ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥ ʚ ʩʠʩʪʝʤʽ ʪʚʝʨʜʝ ʪʽʣʦ ï ʛʘʟ, ʪʚʝʨʜʝ ʪʽʣʦ ï 

ʨʽʜʠʥʘò (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0117U004122). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ 

ʨʦʟʯʠʥʝʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʦʣʝʡ ʫ 

ʚʦʜʽ ʧʽʜ ʯʘʩ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

ï ʨʦʟʨʦʙʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʫʩʪʘʥʦʚʢʫ ʪʘ ʤʝʪʦʜʠʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʯʠʥʝʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʪʘ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʦʣʝʡ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʧʽʜ ʯʘʩ ʾʭ ʧʥʝʚʤʘʪʠʯʥʦʛʦ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ; 
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ï ʜʦʩʣʽʜʠʪʠ ʛʽʜʨʦʜʠʥʘʤʽʢʫ ʨʫʭʫ ʙʫʣʴʙʘʰʦʢ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʢʨʽʟʴ ʰʘʨ 

ʨʽʜʠʥʠ; 

ï ʚʩʪʘʥʦʚʠʪʠ ʚʧʣʠʚ ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʘʩʠʯʝʥʥʷ; 

ï ʜʦʩʣʽʜʠʪʠ ʢʽʥʝʪʠʢʫ ʨʦʟʯʠʥʝʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ 

ʛʘʟʦʨʽʜʠʥʥʦʤʫ ʧʦʪʦʮʽ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʙʦʨʦʪʴʙʠ ʟ ʧʽʥʦʫʪʚʦʨʝʥʥʷʤ; 

ï ʜʦʩʣʽʜʠʪʠ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥ ʧʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʟ ʨʽʜʢʠʤ 

ʨʝʘʛʝʥʪʦʤ; 

ï ʚʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʤʘʩʦʚʽʜʜʘʯʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ, 

ʚʠʪʨʘʪ ʛʘʟʦʚʦʾ ʬʘʟʠ, ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʟʤʽʥʠ ʩʫʤʘʨʥʦʾ ʧʦʚʝʨʭʥʽ ʚʩʽʭ ʬʨʘʢʮʽʡ ʪʚʝʨʜʦʾ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʧʽʜ 

ʯʘʩ ʨʦʟʯʠʥʝʥʥʷ; 

ï ʨʦʟʨʦʙʠʪʠ ʧʨʠʥʮʠʧʦʚʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʫʩʪʘʥʦʚʢʠ ʽ ʤʝʪʦʜʠʢʫ 

ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʮʝʩʫ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʧʽʜ ʯʘʩ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʨʦʟʯʠʥʝʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʙʝʥʟʦʡʥʦʾ 

ʢʠʩʣʦʪʠ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʦʣʝʡ ʫ ʚʦ-ʜʥʦʤʫ ʨʦʟʯʠʥʽ ʧʽʜ ʯʘʩ ʧʥʝʚʤʘʪʠʯʥʦʛʦ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʧʥʝʚʤʘʪʠʯʥʦʛʦ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʯʠʥʝʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʙʝʥʟʦʡʥʦʾ 

ʢʠʩʣʦʪʠ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʦʣʝʡ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʦʟʯʠʥʝʥʥʷ; ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʯʠʥʝʥʥʷ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜʠ ʬʽʟʠʯʥʦʛʦ ʡ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʯʠʥʝʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ 

ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʦʣʝʡ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʧʽʜ ʯʘʩ 

ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʠʪʦʚʠʡ ʘʥʘʣʽʟ, ʙʫʜʦʚʠ ʽ ʬʦʨʤʠ 
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ʯʘʩʪʠʥʦʢ ï ʤʽʢʨʦʩʢʦʧʽʯʥʠʡ ʤʝʪʦʜ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʦʟʯʠʥʫ ʮʽʣʴʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ Specord 

m40. ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʯʠʥʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ SolidWorks ʪʘ Ansys Fluent. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʦʧʨʘʮʴʦʚʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ 

(Excel, MathCAD, Grapher). ʂʨʝʩʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʪʘ ʘʧʘʨʘʪʽʚ 

ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ  AutoCAD. 

 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ɺ ʨʦʙʦʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʽ ʪʝʦʨʝʪʠʯʥʦ ʜʦʩʣʽʜʞʝʥʦ ʢʽʥʝʪʠʢʫ 

ʨʦʟʯʠʥʝʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʩʫʤʽʰʝʡ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʦʣʝʡ 

ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʧʽʜ ʯʘʩ ʡʦʛʦ ʙʘʨʙʦʪʫʚʘʥʥʷ ʽ ʚʩʪʘʥʦʚʣʝʥʦ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ: 

- ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʨʦʟʯʠʥʝʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ 

ʩʫʤʽʰʽ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ, ʢʘʣʽʶ ʭʣʦʨʠʜʫ ʪʘ ʢʘʣʽʶ ʩʫʣʴʬʘʪʫ ʧʽʜ ʯʘʩ 

ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʨʦʛʥʦʟʫʚʘʪʠ ʢʽʥʝʪʠʢʫ 

ʾʾ ʨʦʟʯʠʥʝʥʥʷ; 

- ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʯʠʥʝʥʥʷ ʦʢʨʝʤʠʭ 

ʬʨʘʢʮʽʡ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʨʦʟʤʽʨʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʯʘʩ ʧʦʚʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ; 

- ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ ʧʽʜ ʯʘʩ 

ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʙʘʨʙʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʪʘ 

ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ; 

- ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʫ ʟʘʣʝʞʥʽʩʪʴ ʫ ʙʝʟʨʦʟʤʽʨʥʠʭ ʢʦʤʧʣʝʢʩʘʭ, ʷʢʘ 

ʜʘʻ ʟʤʦʛʫ ʪʝʦʨʝʪʠʯʥʦ ʚʠʟʥʘʯʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʥʝʦʙʭʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʡʦʛʦ ʙʘʨʙʦʪʫʚʘʥʥʷ; 

- ʥʘʙʫʣʦ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʬʫʟʽʡʥʦ-ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 

ʧʨʦʮʝʩʽʚ ʨʦʟʯʠʥʝʥʥʷ ʟ ʚʠʩʦʢʠʤ ʪʝʧʣʦʚʠʤ ʝʬʝʢʪʦʤ ʪʘ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ. 
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ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ 

ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʨʦʟʚʠʪʢʫ ʪʝʦʨʝʪʠʯʥʠʭ ʫʷʚʣʝʥʴ ʱʦʜʦ ʨʦʟʯʠʥʝʥʥʷ 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ, ʢʘʣʽʶ ʭʣʦʨʠʜʫ, ʢʘʣʽʶ ʩʫʣʴʬʘʪʫ 

ʰʣʷʭʦʤ ʙʘʨʙʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʫ. ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʚʠʛʣʷʜʽ ʙʝʟʨʦʟʤʽʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʘʻ ʟʤʦʛʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʥʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʚʠʟʥʘʯʘʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʟʘʪʨʘʪʠ ʥʘ ʧʨʦʮʝʩ ʨʦʟʯʠʥʝʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʽ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʨʦʟʯʠʥʝʥʥʷ 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʚ ʘʧʘʨʘʪʽ ʟ ʧʥʝʚʤʘʪʠʯʥʠʤ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʨʦʟʯʠʥʫ ʜʘʻ ʟʤʦʛʫ ʧʨʦʛʥʦʟʫʚʘʪʠ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ 

ʩʪʚʦʨʶʚʘʥʦʛʦ ʥʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʾʾ ʨʦʟʯʠʥʝʥʥʷ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʝʨʝʜʘʥʦ ʥʘ ʇɸʊ 

ñɻʘʣʠʯʬʘʨʤò, ʇʽʜʧʨʠʻʤʩʪʚʦ ñɸʨʛʝʥʪʫʤò ɻʆ ñʅɼʆò ʪʘ ʚʧʨʦʚʘʜʞʝʥʦ ʫ 

ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʢʘʬʝʜʨʠ ʭʽʤʽʯʥʦʾ ʽʥʞʝʥʝʨʽʾ ʧʽʜ ʯʘʩ ʚʠʢʣʘʜʘʥʥʷ ʢʫʨʩʫ 

ñʇʨʦʮʝʩʠ ʪʘ ʘʧʘʨʘʪʠ ʭʽʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚò, ʘ ʪʘʢʦʞ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ 

ʢʫʨʩʦʚʠʭ ʧʨʦʝʢʪʽʚ ʽ ʤʘʛʽʩʪʝʨʩʴʢʠʭ ʜʠʧʣʦʤʥʠʭ ʨʦʙʽʪ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʚ ʧʨʦʚʝʜʝʥʥʽ ʦʛʣʷʜʫ ʜʞʝʨʝʣ 

ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜ ʽ ʧʨʘʢʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʯʠʥʝʥʥʷ ʩʦʣʝʡ, 

ʨʦʟʨʦʙʣʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʪʘ ʤʝʪʦʜʠʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʬʽʟʠʯʥʦʤʫ ʪʘ 

ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʢʽʥʝʪʠʢʠ ʨʦʟʯʠʥʝʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ 

ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʫ ʚʦʜʽ, ʧʽʜʛʦʪʦʚʮʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ 

ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦ ʧʫʙʣʽʢʘʮʽʾ ʚ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ. ɺʥʝʩʦʢ ʜʠʩʝʨʪʘʥʪʘ 

ʚ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʨʦʙʦʪʘʭ ʻ ʦʩʥʦʚʥʠʤ. ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʽ ʟʘʚʜʘʥʥʷ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʥʘʥʦ ʨʘʟʦʤ ʽʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ. 
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ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʾ 

ʜʦʧʦʚʽʜʘʣʠʩʴ, ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʪʘ ʦʜʝʨʞʘʣʠ ʧʦʟʠʪʠʚʥʽ ʚʽʜʛʫʢʠ ʥʘ: 6-th 

International youth science forum ñlitteris et artibusò 2016 Lviv , Ukraine; 

International Scientific Conference çChemical Technology and Engineeringè, 

Ukraine, Lviv , 2017; ʉʝʤʽʥʘʨ ñʉʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ï ʧʦʛʣʷʜ ʫ ʤʘʡʙʫʪʥʻò, ʃʴʚʽʚ,  

2017; 7-th international youth science forum ñlitteris et artibusò 2017, Lviv ; ʐʦʩʪʘ 

ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʂʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

ʭʽʤʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʷʭ ʽ ʩʠʩʪʝʤʘʭ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ï ʂʄʍʊ-2018è, ʂʠʾʚ, 2018; V 

ʄʽʞʥʘʨʦʜʥʠʡ ʢʦʥʛʨʝʩ çʉʪʘʣʠʡ ʨʦʟʚʠʪʦʢ: ʟʘʭʠʩʪ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɽʥʝʨʛʦʦʱʘʜʥʽʩʪʴ. ɿʙʘʣʘʥʩʦʚʘʥʝ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷò (ʤ. ʃʴʚʽʚ, 2018). 

ʇʫʙʣʽʢʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʽʜʦʙʨʘʞʝʥʽ ʫ 13 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ: 7 ʧʫʙʣʽʢʘʮʽʡ ʫ ʬʘʭʦʚʠʭ 

ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, ʟʦʢʨʝʤʘ 2 ʩʪʘʪʪʽ ʫ ʚʠʜʘʥʥʷʭ, ʷʢ ̔ʚʭʦʜʪ̫ʴ ʜʦ ʥʘʫʢʦʚʦ 

ʤʝʪʨʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ Index Copernicus, Google Scholarships ʽ Crossref, ʘ ʪʘʢʦʞ 

6 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ɺʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ.  

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ 

ʚʩʪʫʧʫ, 5 ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʪʘ ʜʦʜʘʪʢʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʣʘʜʝʥʦ ʥʘ 161 ʩʪʦʨʽʥʦʢ ʤʘʰʠʥʦʧʠʩʥʦʛʦ 

ʪʝʢʩʪʫ, ʽʣʶʩʪʨʦʚʘʥʦ 40 ʨʠʩʫʥʢʘʤʠ, ʪʝʢʩʪ ʤʽʩʪʠʪʴ 16 ʪʘʙʣʠʮʴ, ʫ ʙʽʙʣʽʦʛʨʘʬʽʾ 

ʥʘʚʝʜʝʥʦ 170 ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʥʘʚʝʜʝʥʦ 5 ʜʦʜʘʪʢʽʚ ʥʘ 17 ʩʪʦʨʽʥʢʘʭ. 
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ʈʆɿɼɯʃ 1 

ʆɻʃʗɼ ɼɾɽʈɽʃ ʃɯʊɽʈɸʊʋʈʀ 

 

 

1.1 . ʄʝʪʦʜʠ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ 

 

ʈʦʟʯʠʥʝʥʥʷ ʨʝʯʦʚʠʥ ʥʘʣʝʞʠʪʴ ʜʦ ʦʜʥʦʛʦ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ 

ʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʮʽʣʴʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽʟ ʨʫʜʠ ʘʙʦ 

ʮʽʥʥʠʭ ʨʝʯʦʚʠʥ ʚʽʜ ʽʥʝʨʪʥʠʭ ʜʦʤʽʰʦʢ, ʱʦ ʻ ʧʦʯʘʪʢʦʚʦʶ ʩʪʘʜʽʻʶ 

ʛʽʜʨʦʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ; ʟ ʤʝʪʦʶ ʫʪʚʦʨʝʥʥʷ ʧʦʨʦʞʥʠʥ ʚʝʣʠʢʦʛʦ 

ʦʙôʻʤʫ ʫ ʩʦʣʷʥʦʤʫ ʰʘʨʽ, ʷʢʽ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʥʘʜʽʡʥʠʤʠ ʩʭʦʚʠʱʘʤʠ ʜʣʷ ʨʽʜʠʥ 

ʪʘ ʛʘʟʽʚ ʪʘ ʽʥ. [1ï4]. ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ 

ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʛʘʣʫʨʛʽʾ, ʫ ʚʩʽʭ ʛʘʣʫʟʷʭ ʭʘʨʯʦʚʦʾ, ʭʽʤʽʯʥʦʾ, 

ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʝʡ. ʄʝʪʦʶ ʨʦʟʨʦʙʣʝʥʥʷ ʫʩʽʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʻ ʾʭ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ. ʊʦʤʫ, ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʨʦʮʝʩʫ 

ʨʦʟʯʠʥʝʥʥʷ ʻ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ʋ ʨʽʜʢʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʩʫʩʧʝʥʟʽʡ, ʝʤʫʣʴʩʽʡ, ʦʪʨʠʤʘʥʥʷ ʛʦʤʦʛʝʥʥʠʭ 

ʩʠʩʪʝʤ (ʨʦʟʯʠʥʽʚ), ʘ ʪʘʢʦʞ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʭʽʤʽʯʥʠʭ, ʪʝʧʣʦʚʠʭ ʽ ʜʠʬʫʟʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ. ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟʜʽʡʩʥʶʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʘʧʘʨʘʪʘʭ. ʋ ʙʘʛʘʪʴʦʭ ʚʠʨʦʙʥʠʮʪʚʘʭ 

ʚhʠʜʢʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʷʢ ʽ ʨʦʟʯʠʥʝʥʥʷ, ʻ ʩʪʘʜʽʻʶ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʟʘʛʘʣʴʥʫ 

ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ. 

ʈʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʨʽʟʥʠʤʠ 

ʤʝʪʦʜʘʤʠ: ʨʦʟʯʠʥʝʥʥʷ ʚ ʘʧʘʨʘʪʽ ʟ ʤʝʭʘʥʽʯʥʠʤ ʯʠ ʧʥʝʚʤʘʪʠʯʥʠʤ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ, ʛʽʜʨʘʚʣʽʯʥʝ (ʽʥʝʨʮʽʡʥʝ) ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʫ ʧʦʪʦʮʽ, 

ʮʠʨʢʫʣʷʮʽʡʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʽʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ 

ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʫ ʰʥʝʢʦʚʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ʪʘ ʘʧʘʨʘʪʘʭ ʟ ʨʫʭʦʤʠʤ ʪʘ 

ʥʝʨʫʭʦʤʠʤ ʰʘʨʦʤ ʪʚʝʨʜʦʾ ʬʘʟʠ [5, 6]. 
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ʄʝʪʦʜ ʨʦʟʯʠʥʝʥʥʷ ʚ ʘʧʘʨʘʪʽ ʟʽ ʩʪʘʮʽʦʥʘʨʥʠʤ ʰʘʨʦʤ ʥʘʟʠʚʘʻʪʴʩʷ 

ʨʦʟʯʠʥʝʥʥʷʤ ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʰʘʨʽ, ʢʨʽʟʴ ʷʢʠʡ ʬʽʣʴʪʨʫʻʪʴʩʷ ʨʽʜʢʘ ʬʘʟʘ. 

ʈʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ ʤʝʪʦʜʦʤ ʬʽʣʴʪʨʫʚʘʥʥʷ ʢʨʽʟʴ ʰʘʨ ʜʠʩʧʝʨʩʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʽʜ ʯʘʩ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ 

ʫ ʚʠʛʣʷʜʽ ʜʦʱʫ ʽ ʪʘʥʝʥʥʷ ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ. ɺʦʜʘ ʟ ʨʦʟʯʠʥʝʥʠʤʠ ʫ ʥʽʡ ʩʦʣʷʤʠ 

ʟʙʠʨʘʻʪʴʩʷ ʫ ʧʽʜʟʝʤʥʠʭ ʩʭʦʚʠʱʘʭ [7]. ɼʦʩʣʽʜʞʝʥʥʶ ʨʦʟʯʠʥʝʥʥʷ ʫ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʰʘʨʽ ʧʨʠʜʽʣʷʻʪʴʩʷ ʯʠʤʘʣʦ ʫʚʘʛʠ ʨʽʟʥʠʤʠ ʥʘʫʢʦʚʮʷʤʠ. ʋ ʨʦʙʦʪʽ 

[8] ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʦʮʝʩ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʰʘʨʽ 

ʤʘʪʝʨʽʘʣʫ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʶ. ʋ 

ʮʽʡ ʨʦʙʦʪʽ ʚʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ ʪʘ ʧʦʨʽʚʥʷʥʦ ʡʦʛʦ ʟ ʪʝʦʨʝʪʠʯʥʦ 

ʨʦʟʨʘʭʦʚʘʥʠʤ ʟʥʘʯʝʥʥʷʤ. ʈʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʰʘʨʽ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʷʢʽ ʤʦʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ ʥʘ 

ʦʩʥʦʚʽ ʢʽʥʝʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʪʘ ʨʽʚʥʷʥʴ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ. ɺ ʨʦʙʦʪʽ 

ʥʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʟʤʽʥʠ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ, ʚʥʘʩʣʽʜʦʢ ʨʦʟʯʠʥʝʥʥʷ 

ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʩʦʪʠ ʰʘʨʫ. ɸʥʘʣʽʟ ʨʦʟʯʠʥʝʥʥʷ ʫ ʰʘʨʽ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢ 

ʩʪʘʮʽʦʥʘʨʥʠʡ ʧʨʦʮʝʩ, ʢʦʣʠ ʪʚʝʨʜʘ ʬʘʟʘ ʧʦʜʘʻʪʴʩʷ ʥʘ ʨʦʟʯʠʥʝʥʥʷ ʪʘ, 

ʧʝʨʝʤʽʱʫʶʯʠʩʴ ʧʦ ʜʦʚʞʠʥʽ ʘʧʘʨʘʪʫ, ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʨʦʟʤʽʨʘʭ ʜʦ ʧʦʚʥʦʛʦ 

ʨʦʟʯʠʥʝʥʥʷ, ʘʥʘʣʽʪʠʯʥʦ ʨʦʟʛʣʷʥʫʪʦ ʫ [9]. ɸʚʪʦʨʘʤʠ ʨʦʙʽʪ [10, 11] ʨʦʟʛʣʷʥʫʪʦ 

ʩʢʣʘʜʥʠʡ ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʧʨʦʮʝʩ ʨʦʟʯʠʥʝʥʥʷ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʦʜʥʦʯʘʩʥʦʶ ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ, ʪʦʙʪʦ ʧʨʦʮʝʩʦʤ, ʦʙʝʨʥʝʥʠʤ ʜʦ ʨʦʟʯʠʥʝʥʥʷ. 

ɸʚʪʦʨʠ ʜʦʩʣʽʜʞʫʶʪʴ ʢʽʥʝʪʠʢʫ ʨʦʩʪʫ ʤʽʢʨʦʢʨʠʩʪʘʣʽʚ, ʟʘ ʷʢʦʛʦ ʚʘʞʢʦ ʚʠʟʥʘʯʠʪʠ 

ʢʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʷ ʽʦʥʽʚ ʟ ʨʦʟʯʠʥʫ ʜʦ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʢʠ ʽ 

ʾʭ ʚʙʫʜʦʚʫʚʘʥʥʷ ʫ ʢʨʠʩʪʘʣʽʯʥʫ ʨʝʰʽʪʢʫ ʟʘʨʦʜʢʽʚ, ʷʢʽ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʚ 

ʽʩʥʫʶʯʠʭ ʪʝʦʨʽʷʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʘʙʦ ʥʘ ʦʩʥʦʚʽ 

ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ.  ʅʘʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʨʽʚ ʚʢʘʟʫʶʪʴ ʥʘ ʪʨʫʜʥʦʱʽ 

ʫʷʚʣʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ, ʷʢʽ ʥʝ ʜʘʶʪʴ ʟʤʦʛʠ ʚʩʪʘʥʦʚʠʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʤʽʢʨʦʢʨʠʩʪʘʣʽʚ ʽ ʨʦʟʯʠʥʝʥʥʷ ʚʽʜ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ 

ʨʝʞʠʤʽʚ ʚ ʘʧʘʨʘʪʽ. ʎʝ ʪʘʢʦʞ ʦʙʤʝʞʫʻ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʦʙʣʘʜʥʘʥʥʷ 

ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʧʨʦʮʝʩʫ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʷʢʘ ʟʘʚʞʜʠ ʽʩʥʫʻ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʨʦʟʯʠʥʝʥʥʷ, ʥʝ ʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʝ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʽʟ ʩʪʘʮʽʦʥʘʨʥʠʤ ʰʘʨʦʤ 

ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʘʢʠʭ ʷʢ ʘʜʩʦʨʙʮʽʷ, ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʟ ʪʚʝʨʜʦʾ ʬʘʟʠ, 

ʬʽʣʴʪʨʘʮʽʡʥʝ ʩʫʰʽʥʥʷ ʥʘʚʝʜʝʥʽ ʫ [12, 13]. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ 

ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʰʘʨʽ 

ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʘʭ [14, 15]. ʆʪʞʝ, ʧʨʦʮʝʩʠ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʜʠʩʧʝʨʩʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʰʘʨʽ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ, ʤʘʶʪʴ 

ʦʙʤʝʞʝʥʝ  ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʄʝʭʘʥʽʯʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʫ ʙʽʣʴʰʦʩʪʽ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘʙʫʣʦ 

ʥʘʡʰʠʨʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʚʽʜʥʦʩʥʽʡ ʧʨʦʩʪʦʪʽ, ʘ ʪʘʢʦʞ 

ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʪʠʧʦʨʦʟʤʽʨʽʚ ʽ ʢʦʥʩʪʨʫʢʮʽʡ ʤʽʰʘʣʦʢ. ʄʽʰʘʣʢʘ ʥʘʡʯʘʩʪʽʰʝ ʻ 

ʢʦʤʙʽʥʘʮʽʻʶ ʣʦʧʘʪʝʡ, ʥʘʩʘʜʞʝʥʠʭ ʥʘ ʚʘʣ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ. ʄʝʭʘʥʽʯʥʝ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʟʘʩʦʙʦʤ ʜʣʷ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʤʘʣʦʚ'ʷʟʢʠʭ ʽ 

ʚ'ʷʟʢʠʭ ʩʝʨʝʜʦʚʠʱ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʟʙʘʛʘʯʝʥʥʷ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʫ ʧʨʦʮʝʩʽ 

ʬʣʦʪʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʥʪʘʢʪʥʠʡ ʯʘʥ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʧʫʣʴʧʠ ʟ ʬʣʦʪʘʮʽʡʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʧʨʦʪʷʛʦʤ ʥʝʦʙʭʽʜʥʦʛʦ ʯʘʩʫ ʽ ʩʪʚʦʨʝʥʥʷ 

ʫʤʦʚ ʜʣʷ ʾʭʥʴʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʥʘ ʤʽʥʝʨʘʣʴʥʠʭ ʯʘʩʪʠʥʢʘʭ, ʘ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʻ 

ʣʦʧʘʪʝʚʘ ʤʽʰʘʣʢʘ [16ï18]. ʇʦʨʷʜ ʽʟ ʣʦʧʘʪʝʚʠʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʧʝʣʝʨʥʽ, 

ʛʚʠʥʪʦʚʽ, ʨʘʤʥʽ ʧʝʨʝʤʽʰʫʶʯʽ ʧʨʠʩʪʨʦʾ. ʗʢ ʩʪʚʝʨʜʞʫʶʪʴ ʘʚʪʦʨʠ [19], 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʧʝʨʝʤʽʰʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ  ʻ ʚʠʱʦʶ, 

ʥʽʞ ʧʽʜ ʯʘʩ ʨʦʟʯʠʥʝʥʥʷ ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʰʘʨʽ ʤʘʪʝʨʽʘʣʫ. ʆʜʥʘʢ, ʷʢ ʩʚʽʜʯʠʪʴ 

ʘʥʘʣʽʟ ʜʞʝʨʝʣ ʣʽʪʝʨʘʪʫʨʠ, ʚʦʥʠ ʤʘʶʪʴ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʚʝʣʠʢʠʤʠ 

ʟʘʪʨʘʪʘʤʠ ʝʥʝʨʛʽʾ, ʩʢʣʘʜʥʠʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʚʥʫʪʨʽʰʥʴʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʘʧʘʨʘʪʫ. 

ɿʘʟʚʠʯʘʡ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʦʟʯʠʥʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ 

ʨʦʟʯʠʥʥʦʩʪʽ, ʪʦʙʪʦ ʢʽʥʝʪʠʢʠ ʧʨʦʮʝʩʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ, ʘ 

ʪʘʢʦʞ ʙʦʨʦʪʴʙʠ ʟ ʧʽʥʦʫʪʚʦʨʝʥʥʷʤ. ɸʚʪʦʨʘʤʠ [20] ʥʘ ʦʩʥʦʚʽ ʟʘʣʝʞʥʦʩʪʽ 

ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ, ʜʣʷ ʧʦʯʘʪʢʦʚʠʭ ʜʽʣʷʥʦʢ ʨʫʡʥʫʚʘʥʥʷ ʧʽʥʠ ʚʽʜ 
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ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʽʥʦʛʘʩʥʠʢʽʚ, ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʚʠʙʽʨ 

ʧʽʥʦʛʘʩʥʠʢʽʚ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʝʤʫʣʴʩʽʡ ʫ ʩʠʩʪʝʤʽ ʚʦʜʥʠʭ 

ʤʘʩʪʠʣʴʥʦ-ʦʭʦʣʦʜʞʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʜʠʥ ʜʣʷ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ. ʋ ʨʦʙʦʪʽ 

[21] ʜʦʩʣʽʜʞʝʥʦ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʪʘ ʤʝʪʦʜʠ ʨʫʡʥʫʚʘʥʥʷ ʧʽʥʠ. ʆʢʨʽʤ ʪʦʛʦ, 

ʜʦʩʣʽʜʞʝʥʦ ʤʝʭʘʥʽʟʤ ʛʝʥʝʨʫʚʘʥʥʷ ʧʽʥʠ ʽ ʚʢʘʟʫʻʪʴʩʷ, ʱʦ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 

ʙʫʣʴʙʘʰʦʢ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʦʜʘʣʴʰʫ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʚʞʝ ʩʬʦʨʤʦʚʘʥʦʾ ʧʽʥʠ. 

ɹʘʨʙʦʪʫʚʘʥʥʷ ʩʪʠʩʥʝʥʠʤ ʧʦʚʽʪʨʷʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʧʨʦʮʝʩʘʭ 

ʬʣʦʪʘʮʽʾ [22]. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʙʘʨʙʦʪʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʴ ʬʣʦʪʘʮʽʾ ʟʨʦʩʪʘʻ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚʠʙʠʨʘʶʪʴ ʪʘʢʦʶ, ʱʦʙ 

ʧʝʨʝʰʢʦʜʞʘʪʠ ʚʠʧʘʜʘʥʥʶ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʟ ʤʝʥʰʦʶ ʧʠʪʦʤʦʶ ʚʘʛʦʶ. 

ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʪʘʢʦʞ ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʪʘ 

ʧʦʚʽʪʨʷʥʠʭ ʙʫʣʴʙʘʰʢʘʭ ʚ ʫʩʴʦʤʫ ʦʙôʻʤʽ ʥʠʞʥʴʦʾ ʟʦʥʠ ʘʧʘʨʘʪʫ. ʎʠʤ ʚʠʤʦʛʘʤ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʬʣʦʪʘʮʽʡʥʽ ʤʘʰʠʥʠ ʧʥʝʚʤʦʤʝʭʘʥʽʯʥʦʛʦ ʪʠʧʫ. ʅʘʷʚʥʽʩʪʴ 

ʙʫʣʴʙʘʰʦʢ ʚ ʨʽʜʢʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʟʤʽʥʶʻ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʻ ʜʠʥʘʤʽʢʫ 

ʛʘʟʦʨʽʜʠʥʥʠʭ (ʜʚʦʬʘʟʥʠʭ) ʩʝʨʝʜʦʚʠʱ. 

ʉʭʦʞʠʤ ʤʝʪʦʜʦʤ ʻ ʙʘʨʙʦʪʫʚʘʥʥʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʢʨʽʟʴ ʨʦʟʯʠʥ. ɿʘ ʮʠʭ 

ʫʤʦʚ ʫʪʚʦʨʶʶʪʴʩʷ ʙʫʣʴʙʘʰʢʠ ʧʘʨʦʚʦʾ ʬʘʟʠ, ʷʢʽ ʧʽʩʣʷ ʢʦʥʜʝʥʩʫʚʘʥʥʷ ʧʘʨʠ 

ʨʦʟʪʨʽʩʢʫʶʪʴʩʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʥʘʛʨʽʚʘʥʥʷ ʨʦʟʯʠʥʫ ʧʘʨʦʶ, ʽʥʪʝʥʩʠʚʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʶ ʽ ʢʘʚʽʪʘʮʽʾ ʧʽʜ ʯʘʩ 

ʩʭʣʦʧʫʚʘʥʥʷ ʧʘʨʦʚʦʾ ʙʫʣʴʙʘʰʢʠ [23, 24].  

ɼʦ ʧʝʨʝʚʘʛ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʥʘʣʝʞʠʪʴ 

ʨʽʚʥʦʤʽʨʥʠʡ ʪʘ ʽʥʪʝʥʩʠʚʥʠʡ ʤʘʩʦʦʙʤʽʥ ʤʽʞ ʪʚʝʨʜʦʶ ʬʘʟʦʶ ʪʘ ʨʽʜʠʥʦʶ. ʋ 

ʘʧʘʨʘʪʘʭ ʟ ʧʥʝʚʤʘʪʠʯʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʩʧʨʦʱʝʥʘ ʚʥʫʪʨʽʰʥʷ ʢʦʥʩʪʨʫʢʮʽʷ, 

ʫ ʥʠʭ ʚʽʜʩʫʪʥʽ ʧʝʨʝʤʽʰʫʶʯʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʜʦʜʘʪʢʦʚʦ ʤʦʞʫʪʴ ʟʘʙʨʫʜʥʶʚʘʪʠ 

ʮʽʣʴʦʚʠʡ ʧʨʦʜʫʢʪ ʨʦʟʯʠʥʝʥʥʷ ʜʦʤʽʰʢʘʤʠ ʢʦʨʦʟʽʾ ʤʝʪʘʣʫ. ʆʪʞʝ, ʧʨʦʮʝʩʠ 

ʧʽʥʦʫʪʚʦʨʝʥʥʷ ʤʘʶʪʴ ʤʽʩʮʝ ʫ ʙʘʛʘʪʴʦʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ, ʘ ʩʢʣʘʜʥʽʩʪʴ 

ʾʭ ʜʦʩʣʽʜʞʝʥʥʷ ̔  ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʩʪʝʤʝʥʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʮʽ ʧʨʦʮʝʩʠ ʧʨʠʚʝʨʪʘʻ 

ʫʚʘʛʫ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʥʠʢʽʚ. 
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ʐʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʦʙʫʤʦʚʣʝʥʦ ʨʷʜʦʤ ʡʦʛʦ ʧʝʨʝʚʘʛ, ʜʦ ʯʠʩʣʘ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴ 

ʽʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʽ ʟʨʽʜʞʫʶʯʦʛʦ ʘʛʝʥʪʫ, ʨʦʟʚʠʥʝʥʫ 

ʧʦʚʝʨʭʥʷ ʢʦʥʪʘʢʪʫ ʬʘʟ, ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ [25].  

ɸʚʪʦʨʘʤʠ ʨʦʙʽʪ [26 ï 28] ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʫʭʫ ʙʫʣʴʙʘʰʦʢ 

ʧʦʚʽʪʨʷ ʚ ʧʫʣʴʩʫʶʯʽʡ ʨʽʜʠʥʽ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʢʦʣʠʚʘʣʴʥʦʾ 

ʬʣʦʪʘʮʽʾ. ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʘʙʩʦʣʶʪʥʠʭ ʽ ʚʽʜʥʦʩʥʠʭ ʰʚʠʜʢʦʩʪʝʡ 

ʢʦʣʠʚʘʥʴ ʙʫʣʴʙʘʰʦʢ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʧʫʣʴʩʘʮʽʾ ʨʽʜʠʥʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʧʫʣʴʩʫʶʯʦʛʦ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʢʨʽʟʴ ʰʘʨ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʜʘʻ ʟʤʦʛʫ 

ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʧʨʦʮʝʩ ʨʦʟʯʠʥʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʤʘʩʦʚʽʜʜʘʯʽ. ɿʘ ʤʘʣʠʭ ʰʚʠʜʢʦʩʪʝʡ ʬʽʣʴʪʨʫʚʘʥʥʷ ʢʨʽʟʴ ʰʘʨ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʻ ʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʠʤ. ʈʘʟʦʤ ʟ ʪʠʤ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʫʣʴʩʫʶʯʦʛʦ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʤʘʩʦʚʽʜʜʘʯʽ, ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʤʝʪʦʜʫ  ʥʝ ʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʘ 

ʜʦʩʣʽʜʥʠʢʘʤʠ. 

ɺʧʣʠʚ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʥʘ ʤʘʩʦʦʙʤʽʥ ʚ ʩʠʩʪʝʤʽ ʪʚʝʨʜʝ ʪʽʣʦï

ʨʽʜʠʥʘ ʥʘʚʝʜʝʥʦ ʫ [29, 30]. ɿʦʢʨʝʤʘ ʜʦʩʣʽʜʞʝʥʦ ʪʝʧʣʦʚʠʡ ʚʧʣʠʚ ʚʥʘʩʣʽʜʦʢ 

ʧʦʛʣʠʥʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʝʥʝʨʛʽʾ; ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʽʚ ʜʠʬʫʟʽʾ; ʟʙʽʣʴʰʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʦʙʪʽʢʘʥʥʷ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ. 

ʇʽʜ ʯʘʩ ʧʦʰʠʨʝʥʥʷ ʟʚʫʢʦʚʦʾ ʭʚʠʣʽ ʚ ʩʝʨʝʜʦʚʠʱʽ ʧʝʨʽʦʜʠʯʥʦ ʯʝʨʛʫʶʪʴʩʷ 

ʧʨʦʮʝʩʠ ʩʪʠʩʥʝʥʥʷ ʪʘ ʨʦʟʨʽʜʞʝʥʥʷ ʨʽʜʠʥʠ. ɸʤʧʣʽʪʫʜʘ ʩʪʠʩʥʝʥʥʷ ʨʽʚʥʘ 

ʘʤʧʣʽʪʫʜʽ ʨʦʟʨʽʜʞʝʥʥʷ, ʘ ʾʭ ʯʝʨʛʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʦʪʽ ʢʦʣʠʚʘʥʴ ʟʚʫʢʦʚʦʾ 

ʭʚʠʣʽ. ʇʽʜ ʯʘʩ ʨʦʟʯʠʥʝʥʥʷ ʛʨʫʙʦʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʮʝ ʷʚʠʱʝ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠ ʤʝʭʘʥʽʟʤ ʜʠʬʫʟʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ, ʟʙʽʣʴʰʠʚʰʠ ʟʘʛʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ 

ʨʦʟʯʠʥʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʦʪʦʢʽʚ ʫ ʧʦʨʘʭ ʯʠ ʢʘʧʽʣʷʨʘʭ. 

ɻʽʜʨʦʜʠʥʘʤʽʯʥʽ ʫʤʦʚʠ, ʟʘ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ, ʩʪʚʦʨʶʶʪʴ. 

ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʯʠʥʝʥʥʷ. ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʘʩʦʚʽʜʜʘʯʽ. ʆʜʥʘʢ, 

ʟʙʽʣʴʰʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʱʝ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʙʽʯʥʠʭ 
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ʝʬʝʢʪʽʚ, ʷʢ ʦʪ ʧʽʥʦʫʪʚʦʨʝʥʥʷ, ʷʢʝ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʝ ʜʦʩʣʽʜʥʠʢʘʤʠ ʽ 

ʙʦʨʦʪʴʙʘ ʟ ʷʢʠʤ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʠʭ ʟʘʪʨʘʪ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ.  

 

1.2. ɸʥʘʣʽʟ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ 

ʇʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʧʨʦʛʨʝʩʠʚʥʠʭ ʤʝʪʦʜʽʚ 

ʟʜʽʡʩʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽʟ ʜʠʩʧʝʨʩʥʦʶ ʬʘʟʦʶ, ʪʘʢʠʭ ʷʢ 

ʨʦʟʯʠʥʝʥʥʷ, ʩʫʰʽʥʥʷ, ʛʨʘʥʫʣʶʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʪʦʱʦ. ʎʝʡ ʤʝʪʦʜ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʭʽʤʽʯʥʽʡ, ʥʘʬʪʦʧʝʨʝʨʦʙʥʽʡ, ʤʝʪʘʣʫʨʛʽʡʥʽʡ, ʙʫʜʽʚʝʣʴʥʽʡ, 

ʭʘʨʯʦʚʽʡ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʐʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʦʙʫʤʦʚʣʝʥʦ ʨʷʜʦʤ 

ʡʦʛʦ ʧʝʨʝʚʘʛ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴ ʽʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ 

ʟʽ ʟʨʽʜʞʫʶʯʠʤ ʘʛʝʥʪʦʤ, ʨʦʟʚʠʥʝʥʘ ʧʦʚʝʨʭʥʷ ʢʦʥʪʘʢʪʫ ʬʘʟ [32]. 

ʋ ʩʪʘʪʪʽ [33] ʘʚʪʦʨʠ ʚʠʟʥʘʯʘʣʠ ʟʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʧʦʢʨʠʪʪʷ ʧʽʜ ʯʘʩ 

ʢʘʧʩʫʣʶʚʘʥʥʷ ʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʪʝʧʣʦʚʠʭ ʫʤʦʚ 

ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʚ ʘʧʘʨʘʪʽ 

ʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ. ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʫʩʪʘʥʦʚʢʠ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʚ ʢʠʧʣʷʯʦʤʫ ʰʘʨʽ, ʷʢʘ ʦʙʣʘʜʥʘʥʘ 

ʧʨʠʣʘʜʘʤʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʪʘ ʜʘʻ ʟʤʦʛʫ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ 

ʚʘʨʽʶʚʘʪʠ ʚʝʣʠʯʠʥʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʚʠʟʥʘʯʘʣʴʥʠʡ ʚʧʣʠʚ.  

ʇʦʨʷʜ ʽʟ ʪʠʤ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ ʧʽʜ ʯʘʩ 

ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʝ, ʽʩʥʫʶʪʴ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ, 

ʧʦʚôʷʟʘʥʽ ʽʟ ʣʽʤʽʪʦʚʘʥʽʩʪʶ ʰʚʠʜʢʦʩʪʝʡ ʧʦʜʘʯʽ ʨʦʟʯʠʥʥʠʢʘ.  

ʋ ʨʦʙʦʪʽ [34] ʘʚʪʦʨʘʤʠ ʚʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʽʜ 

ʧʩʝʚʜʦʟʨʽʜʞʫʶʯʦʛʦ ʘʛʝʥʪʫ ʜʦ ʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʋ ʩʪʘʪʪʽ [35] ʨʦʟʛʣʷʥʫʪʦ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʧʨʦʮʝʩʽʚ ʫ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʙʘʛʘʪʦʬʘʟʥʠʭ ʩʠʩʪʝʤʘʭ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʦʧʠʩʫʻ ʨʫʭ ʯʘʩʪʠʥʦʢ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ 

ʚ ʧʦʣʽʜʠʩʧʝʨʩʥʦʤʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ. ʄʦʜʝʣʴ ʚʠʧʨʦʙʫʚʘʥʘ ʥʘ 
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ʢʦʤʧôʶʪʝʨʥʽʡ ʪʝʭʥʽʮʽ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɺ ʨʦʙʦʪʽ [36] 

ʨʦʟʛʣʷʥʫʪʘ ʧʨʦʙʣʝʤʘ ʩʝʛʨʝʛʘʮʽʾ ʙʽʥʘʨʥʠʭ ʩʫʤʽʰʝʡ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ 

ʤʦʜʝʣʴ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʟ ʽʥʝʨʪʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. 

ɹʘʟʫʻʪʴʩʷ ʮʷ ʤʦʜʝʣʴ ʥʘ ʢʦʥʮʝʧʮʽʾ ʙʘʣʘʥʩʫʚʘʥʥʷ ʯʘʩʪʠʥʢʠ ʚ ʙʽʥʘʨʥʦʤʫ ʰʘʨʽ ʟʘ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ. ʆʜʥʘʢ, ʪʦʯʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʷʢ 

ʚʢʘʟʫʶʪʴ ʘʚʪʦʨʠ ʧʦʪʨʝʙʫʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ.  

ɸʚʪʦʨʘʤʠ ʩʪʘʪʪʽ [37] ʨʦʟʛʣʷʥʫʪʦ ʤʦʜʝʣʽ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ 

ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʩʫʩʧʝʥʟʽʡ. ʅʘ ʦʩʥʦʚʽ ʬʽʟʠʯʥʦʾ ʩʫʪʽ ʧʨʦʮʝʩʫ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʠʧʣʷʯʦʛʦ 

ʰʘʨʫ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʩʧʝʥʟʽʾ. ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʨʽʚʥʷʥʥʷ, ʛʨʘʬʽʢʠ ʪʘ 

ʜʽʘʛʨʘʤʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ. ʅʝʜʦʣʽʢʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʻ ʪʝ, 

ʱʦ ʚʦʥʘ ʥʝ ʚʨʘʭʦʚʫʻ ʨʽʟʥʫ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʯʘʩʪʠʥʦʢ. 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦ-ʤʘʩʦʦʙʤʽʥʫ ʚ ʘʧʘʨʘʪʽ ʽʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ 

ʰʘʨʦʤ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʧʦʪʦʢʫ ʙʽʥʘʨʥʦʾ 

ʩʫʤʽʰʽ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʚʽʜʧʦʚʽʜʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ɸʥʘʣʽʟ ʜʞʝʨʝʣ 

ʣʽʪʝʨʘʪʫʨʠ ʜʘʻ ʟʤʦʛʫ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘʡʙʽʣʴʰ ʥʘʫʢʦʚʦ-ʦʙ̌ʨʫʥʪʦʚʘʥʠʡ 

ʧʽʜʭʽʜ ʜʦ ʦʧʠʩʫ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʙʽʥʘʨʥʦʛʦ ʰʘʨʫ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ [38]. 

ʇʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʚ ʰʘʨʽ ʟ ʽʥʝʨʪʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʻ ʥʠʟʴʢʦʟʘʪʨʘʪʥʠʤ 

ʧʨʦʮʝʩʦʤ ʽ ʪʦʤʫ ʟʥʘʡʰʦʚ ʩʚʦʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʉʫʯʘʩʥʽ ʧʘʢʝʪʠ ʧʨʠʢʣʘʜʥʠʭ 

ʢʦʤʧôʁ ʪʝʨʥʠʭ ʧʨʦʛʨʘʤ ʜʘʶʪʴ ʟʤʦʛʫ ʧʦʜʦʣʘʪʠ ʧʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟʽ 

ʩʢʣʘʜʥʽʩʪʶ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʘʧʘʨʘʪʽ ʽ ʜʘʶʪʴ ʟʤʦʛʫ ʜʦʩʷʛʥʫʪʠ 

ʥʝʦʙʭʽʜʥʫ ʪʦʯʥʽʩʪʴ. ʈʦʙʦʪʘ [39] ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚ ʪʘ ʢʽʥʝʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʛʨʘʥʫʣʷʮʽʾ ʫ ʚʠʭʨʦʚʠʭ ʧʨʠʩʪʨʦʷʭ. ɺ ʦʩʥʦʚʫ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Vortex GranulatorÉ  ʫ ʚʠʭʨʦʚʦʤʫ ʧʦʪʦʮʽ ʧʦʢʣʘʜʝʥʦ 

ʦʨʠʛʽʥʘʣʴʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʛʘʟʫ ʪʘ 

ʛʨʘʥʫʣʷʮʽʾ ʧʨʦʮʝʩʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʩʝʧʘʨʘʮʽʾ ʛʨʘʥʫʣ ʫ ʚʠʭʨʦʚʦʤʫ ʛʨʘʥʫʣʷʪʦʨʽ, 
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ʢʽʥʝʪʠʢʫ ʥʘʛʨʽʚʘʥʥʷ ʛʨʘʥʫʣ ʪʘ ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ ʟ ʛʨʘʥʫʣ. ʇʦʢʘʟʘʥʦ 

ʪʝʦʨʝʪʠʯʥʫ ʤʦʜʝʣʴ, ʩʪʨʫʢʪʫʨʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʘʣʛʦʨʠʪʤ ʾʭ 

ʨʦʙʦʪʠ.  

ʅʘʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʱʦʜʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫ ʜʚʦʬʘʟʥʠʭ ʧʦʪʦʢʘʭ ʜʘʻ ʟʤʦʛʫ 

ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʚʠʧʘʜʢʫ 

ʨʦʟʯʠʥʝʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʽʜ ʯʘʩ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, 

ʢʦʣʠ ʨʦʟʤʽʨʠ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʟʤʝʥʰʫʶʪʴʩʷ ʚ ʯʘʩʽ. ʊʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʽ 

ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʦʟʯʠʥʝʥʥʷ ʟ ʤʝʪʦʶ ʾʭ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ, 

ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʪʨʘʪ, ʧʦʰʫʢ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʨʦʟʯʠʥʝʥʥʷ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ.  

 

1.3. ɸʥʘʣʽʟ ʢʽʥʝʪʠʢʠ ʧʨʦʮʝʩʽʚ ʨʦʟʯʠʥʝʥʥʷ 

ʆʢʨʽʤ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʧʨʦʮʝʩʫ, ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʨʦʟʯʠʥʝʥʥʷ 

ʻ ʾʾ ʢʽʥʝʪʠʢʘ. ʉʫʤʘʨʥʘ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ ʨʦʟʯʠʥʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʢʽʥʝʪʠʯʥʦʾ ʪʘ ʜʠʬʫʟʽʡʥʦʾ ʩʪʘʜʽʡ. ʂʽʥʝʪʠʢʘ ʻ ʦʜʥʠʤ ʽʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʘʩʧʝʢʪʽʚ ʨʦʟʯʠʥʝʥʥʷ. ɺʦʥʘ ʚʩʪʘʥʦʚʣʶʻ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ ʫ ʯʘʩʽ, ʚʠʟʥʘʯʘʻ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ. ʅʝʶ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʘʧʘʨʘʪʽʚ-ʨʦʟʯʠʥʥʠʢʽʚ [40, 41]. ʌʦʨʤʫʚʘʥʥʷ ʘʜʝʢʚʘʪʥʠʭ 

ʢʽʥʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʟʘʟʚʠʯʘʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ. ʋ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʧʨʦʚʝʜʝʥʝ ʚ ʦʙʣʘʩʪʽ ʛʝʪʝʨʦʛʝʥʥʦʾ ʢʨʽʦʛʝʥʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʨʦʟʯʠʥʽʚ [42]. 

ɺʘʞʣʠʚʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʰʚʠʜʢʽʩʪʴ, ʟ ʷʢʦʶ 

ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ ʨʦʟʯʠʥʷʻʪʴʩʷ ʫ ʨʦʟʯʠʥʥʠʢʫ. ɼʦʩʣʽʜʥʠʢʘʤʠ ʨʦʙʦʪʠ [43] 

ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʰʚʠʜʢʽʩʪʴ, ʟ ʷʢʦʶ ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ ʨʦʟʯʠʥʷʻʪʴʩʷ ʫ 

ʨʦʟʯʠʥʽ, ʧʨʦʧʦʨʮʽʡʥʘ ʨʽʟʥʠʮʽ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʘʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ. ʋ ʨʦʙʦʪʘʭ [44, 45] ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʨʦʟʯʠʥʝʥʥʷ ʟʘʣʽʟʥʦʾ ʨʫʜʠ ʚ ʨʽʟʥʠʭ ʨʝʘʛʝʥʪʘʭ, ʟʦʢʨʝʤʘ, ʚ 

ʅʉɯ, ʅ2Sʆ4, ʱʘʚʣʝʚʽʡ ʢʠʩʣʦʪʽ ʪʘ ʽʥ. 



31 

ɼʣʷ ʚʠʜʦʙʫʪʢʫ ʥʽʦʙʽʶ ʪʘ ʪʘʥʪʘʣʫ ʟ ʨʫʜ ʨʦʟʨʦʙʣʝʥʦ ʨʽʟʥʽ ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ, 

ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʨʝʜʫʢʮʽʶ, ʭʣʦʨʫʚʘʥʥʷ, ʣʫʞʥʝ ʟʣʠʪʪʷ ʪʘ ʨʦʟʯʠʥʝʥʥʷ ʫ ʢʠʩʣʦʪ ̔

[46]. ʋ ʨʦʙʦʪʽ [47] ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʨʦʟʯʠʥʝʥʥʷ 

ʥʽʛʝʨʽʡʩʴʢʦʾ ʪʘʥʪʘʣʽʪʦʚʦʾ ʨʫʜʠ ʚ ʘʟʦʪʥʽʡ ʢʠʩʣʦʪʽ, ʘ ʪʘʢʦʞ  ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʤʽʥʝʨʘʣʫ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʠ, 

ʯʘʩʫ ʨʦʟʯʠʥʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʠ, ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʥʘ ʧʨʦʮʝʩ ʨʦʟʯʠʥʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʰʚʠʜʢʽʩʪʴ 

ʨʝʘʢʮʽʾ ʟʨʦʩʪʘʻ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʘ ʚʦʜʥʶ [H+], ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʨʝʘʢʮʽʾ, ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʽʥʝʪʠʢʘ ʨʦʟʯʠʥʝʥʥʷ 

ʥʽʛʝʨʽʡʩʴʢʦʾ ʪʘʥʪʘʣʽʪʦʚʦʾ ʨʫʜʠ ʻ ʜʠʬʫʟʽʡʥʦ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʧʨʦʮʝʩʦʤ. 

ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [48] ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ 

ʢʫʣʷʩʪʦʾ ʬʦʨʤʠ ʚ ʫʤʦʚʘʭ ʚʘʢʫʫʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʧʦʢʘʟʘʥʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ 

ʤʘʩʦʦʙʤʽʥʫ ʧʽʜ ʯʘʩ ʢʠʧʽʥʥʷ ʨʦʟʯʠʥʫ; ʚʧʣʠʚ ʚʘʢʫʫʤʫʚʘʥʥʷ ʥʘ ʢʽʥʝʪʠʢʫ ʧʨʦʮʝʩʫ; 

ʚʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪʠ ʤʘʩʦʚʽʜʜʘʯʽ, ʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʫʟʘʛʘʣʴʥʝʥʽ 

ʢʨʠʪʝʨʽʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʟʯʠʥʝʥʥʷ ʚ ʫʤʦʚʘʭ ʢʠʧʽʥʥʷ ʧʽʜ ʚʘʢʫʫʤʦʤ ʧʦʢʘʟʫʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʯʥʦʾ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʟʘʚʜʷʢʠ ʟʨʦʩʪʘʥʥʶ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʤʘʩʦʚʽʜʜʘʯʽ [49ï53], ʷʢʝ ʧʦʚôʷʟʘʥʝ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʚ ʘʧʘʨʘʪʽ, ʘ 

ʪʘʢʦʞ ʟ ʧʨʦʮʝʩʘʤʠ ʫʪʚʦʨʝʥʥʷ, ʨʦʩʪʫ ʽ ʚʽʜʨʠʚʫ ʙʫʣʴʙʘʰʦʢ ʧʘʨʦʚʦʾ ʬʘʟʠ ʟ 

ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʮʽʣʴʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʧʦʚʝʨʭʥʽ 

ʯʘʩʪʠʥʢʠ ʟ ʯʘʩʦʤ ʟʨʦʩʪʘʻ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʩʠʯʝʥʥʷ, ʘ ʙʽʣʷ ʩʘʤʦʾ ʧʦʚʝʨʭʥʽ 

ʬʦʨʤʫʻʪʴʩʷ ʜʠʬʫʟʽʡʥʠʡ ʧʦʛʨʘʥʠʯʥʠʡ ʰʘʨ. ʇʽʜ ʯʘʩ ʚʽʜʨʠʚʫ ʙʫʣʴʙʘʰʢʠ 

ʪʦʚʱʠʥʘ ʰʘʨʫ ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʦʶ, ʘ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ ʧʨʷʤʫʚʘʪʠʤʝ ʜʦ 

ʙʝʟʤʝʞʥʦʩʪʽ. 

ʋ ʨʦʙʦʪʽ [54] ʜʦʩʣʽʜʞʝʥʦ ʨʦʟʯʠʥʝʥʥʷ ʣʘʪʝʨʠʪʫ ʚ ʨʦʟʯʠʥʘʭ ʩʦʣʷʥʦʾ, 

ʘʟʦʪʥʦʾ ʪʘ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʨʦʟʯʠʥʝʥʥʷ ʣʘʪʝʨʠʪʫ 

ʟʨʦʩʪʘʻ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʠʩʥʶ, ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ, ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʽ ʟʤʝʥʰʝʥʥʷʤ ʫ ʨʦʟʤʽʨʽʚ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʨʦʟʯʠʥʝʥʥʷ ʣʘʪʝʨʠʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʫ ʜʠʬʫʟʽʡʥʽʡ ʦʙʣʘʩʪʽ. 
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ʋ ʨʦʙʦʪʽ [55] ʨʦʟʛʣʷʥʫʪʦ ʧʨʦʮʝʩ ʬʽʟʠʯʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ 

ʩʫʤʽʰʽ ʯʘʩʪʠʥʦʢ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʫ ʛʘʟʦʨʽʜʠʥʥʦʤʫ ʧʦʪʦʮʽ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʘʧʘʨʘʪ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʮʝʩʫ, ʫ ʷʢʦʤʫ ʛʘʟ ʽʟ ʨʽʜʠʥʦʶ ʧʦʜʘʶʪʴʩʷ ʫ ʰʘʨ 

ʤʘʪʝʨʽʘʣʫ ʧʨʦʪʠʪʝʯʽʡʥʦ, ʫʪʚʦʨʶʶʯʠ ʛʘʟʦʨʽʜʠʥʥʫ ʩʫʤʽʰ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʚʝʣʠʢʫ 

ʧʣʦʱʫ ʢʦʥʪʘʢʪʫ ʬʘʟ ʽ ʧʦʩʪʽʡʥʠʡ ʚʽʜʚʽʜ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ ʚʽʜ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ. ʈʽʜʠʥʘ ʟ ʛʘʟʦʤ ʧʦʜʘʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʦ, ʦʤʠʚʘʶʯʠ ʪʚʝʨʜʽ 

ʯʘʩʪʠʥʢʠ ʽ ʚʠʚʦʜʷʯʠʩʴ ʟ ʘʧʘʨʘʪʫ. 

ʋ ʨʦʙʦʪ ̔ [56] ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʢʽʥʝʪʠʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʟʯʠʥʝʥʥʷ ʫ 

ʨʦʟʯʠʥʘʭ ʩʦʣʝʡ ʪʘ ʫ ʨʦʟʧʣʘʚʘʭ. ɸʚʪʦʨʠ ʨʦʙʦʪʠ [57] ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʤʝʭʘʥʽʟʤ 

ʧʨʦʮʝʩʫ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʠʬʫʟʽʡʥʦʾ, ʧʝʨʝʭʽʜʥʦʾ ʽ ʢʽʥʝʪʠʯʥʦʾ ʩʪʘʜʽʡ. ʋ ʨʦʙʦʪʽ 

ʚʠʟʥʘʯʝʥʦ ʢʽʥʝʪʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʦʮʝʩʫ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʤʝʭʘʥʽʟʤ 

ʧʨʦʮʝʩʫ ʨʦʟʯʠʥʝʥʥʷ ʥʘʣʝʞʠʪʴ ʜʦ ʜʠʬʫʟʽʡʥʠʭ, ʜʣʷ ʷʢʠʭ ʻ ʭʘʨʘʢʪʝʨʥʠʤ 

ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʤʘʩʦʚʽʜʜʘʯʽ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. 

ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [58] ʧʽʜʪʚʝʨʜʞʝʥʦ ʥʝʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ 

ʤʘʩʦʚʽʜʜʘʯʽ ʚʽʜ ʜʽʘʤʝʪʨʘ ʯʘʩʪʠʥʦʢ ʧʽʜ ʯʘʩ ʨʦʟʯʠʥʝʥʥʷ ʫ ʛʘʟʦʨʽʜʠʥʥʦʤʫ ʧʦʪʦʮʽ. 

ɺʠʢʦʥʘʥʦ ʪʝʦʨʝʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʨʦʟʯʠʥʝʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ʥʘ ʦʩʥʦʚʽ 

ʢʽʥʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ. ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʨʦʟʯʠʥʝʥʥʷ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʢʽʥʝʪʠʮʽ ʧʨʦʮʝʩʫ ʥʘ ʧʨʠʢʣʘʜʽ ʨʦʟʯʠʥʝʥʥʷ ʦʜʠʥʘʨʥʠʭ ʯʘʩʪʠʥʦʢ 

ʢʫʣʷʩʪʦʾ ʬʦʨʤʠ [59, 60]. ʈʘʟʦʤ ʽʟ ʮʠʤ, ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʘʤʠ ʨʝʟʫʣʴʪʘʪʠ 

ʩʪʦʩʫʶʪʴʩʷ ʣʠʰʝ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʦʟʤʽʨʽʚ 

ʯʘʩʪʠʥʦʢ, ʷʢʽ ʚʦʥʠ ʨʦʟʯʠʥʷʣʠ.  

 

1.4. ɸʧʘʨʘʪʫʨʥʝ ʦʬʦʨʤʣʝʥʥʷ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ 

ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ɸʧʘʨʘʪʠ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʚʠʨʽʟʥʷʶʪʴʩʷ ʩʚʦʾʤ ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷʤ ʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʨʦʟʯʠʥʷʶʪʴ, 

ʡʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ, ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʝ 
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ʧʝʨʝʤʽʰʫʻʪʴʩʷ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʣʽʥʽʾ, ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʫ ʽ ʪʠʩʢʦʤ, ʟʘ ʷʢʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʮʝʡ ʧʨʦʮʝʩ. 

ʆʩʢʽʣʴʢʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʧʨʦʮʝʩʫ ʨʦʟʯʠʥʝʥʥʷ ʥʝ ʦʙʭʦʜʠʪʴʩʷ ʙʝʟ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʫ, ʪʦ ʚʠʟʥʘʯʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʜʣʷ ʪʘʢʠʭ 

ʘʧʘʨʘʪʽʚ ʻ ʩʧʦʩʽʙ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ. 

ʋ ʨʦʙʦʪʽ [61] ʥʘʚʝʜʝʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʜʦʩʷʛʥʝʥʴ ʫ ʛʘʣʫʟʽ ʨʦʟʨʦʙʢʠ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʧʽʜ ʯʘʩ 

ʨʦʟʯʠʥʝʥʥʷ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʭʘʥʽʯʥʽ, ʧʥʝʚʤʘʪʠʯʥʽ, ʩʪʨʫʤʝʥʝʚʽ, ʢʦʣʠʚʘʣʴʥʽ 

ʪʘ ʤʘʛʥʽʪʥʽ ʩʧʦʩʦʙʠ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ʈʦʟʛʣʷʥʫʪʦ ʥʝʪʨʘʜʠʮʽʡʥʽ ʟʤʽʰʫʚʘʯʽ ʟʽ 

ʟʚʦʨʦʪʥʠʤ ʨʫʭʦʤ ʯʘʩʪʠʥ ʟʤʽʰʫʚʘʯʘ, ʘ ʪʘʢʦʞ ʩʪʘʪʠʯʥʽ, ʨʦʪʘʮʽʡʥʽ, ʨʦʪʦʨʥʦ-

ʩʪʘʪʦʨʥʽ, ʚʠʭʨʦʚʽ ʪʘ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʧʨʠʩʪʨʦʾ. 

ɺʠʤʦʛʠ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʦʾ 

ʚʘʨʪʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʯʘʩʪʦ ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʝʛʣʷʜʫ ʢʣʘʩʠʯʥʦʾ ʩʭʝʤʠ 

ʧʨʠʩʪʨʦʾʚ. ʇʦʩʪʽʡʥʦ ʧʨʦʚʦʜʷʪʴʩʷ ʨʦʙʦʪʠ ʽʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʤʝʥʰ ʝʥʝʨʛʦʻʤʥʠʭ 

ʟʤʽʰʫʚʘʯʽʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʤʽʰʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʟʤʽʱʝʥʠʭ ʚʽʜʥʦʩʥʦ ʦʩʽ 

ʘʧʘʨʘʪʫ [62, 63]. ʅʘ ʨʠʥʢʫ ʟʤʽʰʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʥʘʙʫʚʘʶʪʴ ʟʤʽʰʫʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ʟ ʢʦʥʫʩʦʧʦʜʽʙʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ (Visco Jet) ʪʘ 

ʧʨʝʮʝʩʽʡʥʽ ʟʤʽʰʫʚʘʯʽ [64, 65] ï ʦʜʠʥ ʽʟ ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʨʽʟʥʦʚʠʜʽʚ ʤʝʭʘʥʽʯʥʠʭ 

ʧʝʨʝʤʽʰʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ. 

ɿʤʽʰʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʝʨʪʦʚʠʭ ʤʽʰʘʣʦʢ ï ʛʽʜʨʦʤʝʭʘʥʽʯʥʠʡ 

ʧʨʦʮʝʩ, ʚ ʷʢʦʤʫ ʛʽʜʨʦʜʠʥʘʤʽʢʘ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʷʢʦʩʪʽ ʢʽʥʮʝʚʦʛʦ 

ʧʨʦʜʫʢʪʫ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ. ʂʦʥʩʪʨʫʢʮʽʷ ʟʤʽʰʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʤʽʰʘʣʢʠ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʧʦʣʷ 

ʰʚʠʜʢʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʘ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ, ʷʢʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʽ ʨʦʟʯʠʥʝʥʥʷ 

ʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʽʜ ʯʘʩ ʟʤʽʰʫʚʘʥʥʷ ʚʟʘʻʤʥʦ ʨʦʟʯʠʥʥʠʭ ʨʽʜʠʥ ʮʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʶʪʴ ʯʘʩ ʨʦʟʯʠʥʝʥʥʷ (ʛʦʤʦʛʝʥʽʟʘʮʽʾ). 

ʆʢʨʽʤ ʢʦʥʩʪʨʫʢʮʽʾ ʟʤʽʰʫʚʘʯʽʚ, ʢʦʨʧʫʩ ʨʦʟʯʠʥʥʠʢʘ ʪʘʢʦʞ ʤʘʻ ʚʧʣʠʚ ʥʘ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʫʭʦʤʦʛʦ ʧʦʪʦʢʫ ʚ ʘʧʘʨʘʪʽ. ʅʘʷʚʥʽʩʪʴ 
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ʧʝʨʝʛʦʨʦʜʦʢ, ʟʘʪʠʩʢʘʯʽʚ ʪʨʫʙ, ʢʦʪʫʰʦʢ, ʨʦʟʧʦʜʽʣʴʥʠʢʽʚ ʛʘʟʫ (ʙʘʨʙʦʪʝʨʽʚ) ʪʘ 

ʽʥʰʠʭ ʚʥʫʪʨʽʰʥʽʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʨʦʙʦʯʦʤʫ 

ʦʙôʻʤʽ ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʪʦʢʫ ʪʘ ʧʦʣʝ ʰʚʠʜʢʦʩʪʝʡ ʚ ʘʧʘʨʘʪʽ, ʽ, 

ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʷ. 

ʋ ʨʦʙʦʪʘʭ [66, 67] ʥʘʚʝʜʝʥʦ ʨʦʟʯʠʥʥʠʢ ʟ ʤʝʭʘʥʽʯʥʠʤ ʧʝʨʝʤʽʰʫʚʘʣʴʥʠʤ 

ʧʨʠʩʪʨʦʻʤ, ʱʦ ʤʽʩʪʠʪʴ ʮʠʣʽʥʜʨʠʯʥʠʡ ʢʦʨʧʫʩ ʟ ʜʥʠʱʝʤ, ʢʨʠʰʢʦʶ ʽ 

ʧʘʪʨʫʙʢʘʤʠ, ʚʝʨʪʠʢʘʣʴʥʠʡ ʚʘʣ ʟ ʤʽʰʘʣʢʦʶ, ʘ ʪʘʢʦʞ ʟʤʦʥʪʦʚʘʥʽ ʥʘ ʚʥʫʪʨʽʰʥʽʡ 

ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʫ ʛʘʣʴʤʽʚʥʽ ʝʣʝʤʝʥʪʠ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʜʘʻ ʟʤʦʛʫ ʽʩʪʦʪʥʦ 

ʟʥʠʟʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʟʘʩʪʽʡʥʠʭ ʟʦʥ ʚ ʘʧʘʨʘʪʽ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ 

ʧʽʜ ʯʘʩ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʝʨʤʦʤʝʭʘʥʦʯʫʪʣʠʚʠʭ ʨʽʜʠʥ. ʃʦʧʘʪʝʚʘ ʤʽʰʘʣʢʘ [68, 

69], ʱʦ ʤʽʩʪʠʪʴ ʚʝʨʪʠʢʘʣʴʥʠʡ ʮʠʣʽʥʜʨʠʯʥʠʡ ʢʦʨʧʫʩ ʟ ʢʨʠʰʢʦʶ, ʚʚʽʜʥʠʤ ʽ 

ʚʠʚʽʜʥʠʤ ʧʘʪʨʫʙʢʘʤʠ, ʧʨʠʚʽʜ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʝʨʝʜʘʯʽ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ ʥʘ 

ʮʝʥʪʨʘʣʴʥʠʡ ʚʘʣ, ʥʘ ʷʢʦʤʫ ʟʘʢʨʽʧʣʝʥʽ ʣʦʧʘʪʝʚʽ ʨʦʙʦʯʽ ʦʨʛʘʥʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʘʧʘʨʘʪʘʭ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʭʽʤʽʯʥʦʾ, 

ʤʝʪʘʣʫʨʛʽʡʥʦʾ, ʛʽʨʥʠʯʦʾ, ʥʘʬʪʦʛʘʟʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ 

ʪʘʢʦʾ ʤʽʰʘʣʢʠ ʻ ʥʝʨʽʚʥʦʤʽʨʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʫʩʧʝʥʟʽʾ, ʦʩʽʜʘʥʥʷ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ ʥʘ ʩʪʽʥʢʘʭ ʽ ʜʥʽ. ʎʝ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʥʝʦʜʥʦʨʽʜʥʠʤ ʧʦʣʝʤ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʫ ʨʦʙʦʯʦʤʫ ʦʙ'ʻʤʽ ʘʧʘʨʘʪʫ. 

ʏʘʩʪʦ ʜʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʫʙʩʪʨʘʪʫ ʚ ʤʝʪʘʥʪʝʥʢʘʭ ʙʽʦʛʘʟʦʚʠʭ 

ʫʩʪʘʥʦʚʦʢ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʟʘʛʣʠʙʣʝʥʽ ʤʝʭʘʥʽʯʥʽ ʤʽʰʘʣʢʠ. ɿʘʛʣʠʙʣʝʥʘ ʤʽʰʘʣʢʘ 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʻ ʩʧʝʮʠʬʽʯʥʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʾʾ ʨʦʟʤʽʱʝʥʥʷ ʚ ʻʤʥʦʩʪʷʭ ʩʧʨʠʷʻ ʧʽʜʪʨʠʤʮʽ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʦʪʦʢʽʚ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʦʨʽʻʥʪʘʮʽʾ. ɰʾ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʟʜʘʪʥʽʩʪʴ 

ʟʜʽʡʩʥʶʚʘʪʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʧʦʪʦʢʠ ʨʽʜʠʥʠ ʨʽʟʥʦʛʦ ʪʠʧʫ [70, 71].  

ʈʘʟʦʤ ʟ ʪʠʤ, ʱʦ ʤʝʭʘʥʽʯʥʽ ʤʽʰʘʣʢʠ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʧʨʦʮʝʩʘʭ ʨʦʟʯʠʥʝʥʥʷ, ʚʦʥʠ ʤʘʶʪʴ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʥʝʜʦʩʪʘʪʥʴʦʶ 

ʨʽʚʥʦʤʽʨʥʽʩʪʶ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʩʢʣʘʜʥʽʩʪʶ ʚʥʫʪʨʽʰʥʴʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʘʧʘʨʘʪʽʚ 

ʪʘ ʤʝʭʘʥʽʯʥʠʤ ʟʥʦʰʝʥʥʷʤ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ.  
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ɿʘʟʚʠʯʘʡ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʟʯʠʥʝʥʥʷ 

ʪʚʝʨʜʠʡ ʜʠʩʧʝʨʩʥʠʡ ʤʘʪʝʨʽʘʣ ʜʦʜʘʪʢʦʚʦ ʧʦʜʨʽʙʥʶʶʪʴ. ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʚʝʨʭʥʷ 

ʢʦʥʪʘʢʪʫ ʬʘʟ ʜʦʩʷʛʘʻʪʴʩʷ ʨʦʟ'ʻʜʥʘʥʥʷʤ ʯʘʩʪʠʥʦʢ ʪʚʝʨʜʦʾ ʬʘʟʠ ʥʘ ʚʽʜʩʪʘʥʽ, ʱʦ 

ʧʝʨʝʚʠʱʫʶʪʴ ʪʦʚʱʠʥʫ ʧʦʛʨʘʥʠʯʥʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ. ɼʣʷ ʮʠʭ ʮʽʣʝʡ ʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʙʫʣʠ ʨʦʪʦʨʥʦ-ʧʫʣʴʩʘʮʽʡʥʽ ʘʧʘʨʘʪʠ 

(ʈʇɸ). ɺ ʥʠʭ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠʥʮʠʧ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʦʙʨʦʙʣʶʚʘʥʝ 

ʩʝʨʝʜʦʚʠʱʝ. ʈʦʪʦʨʥʦ-ʧʫʣʴʩʘʮʽʡʥʽ ʘʧʘʨʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʽʥʪʝʥʩʠʚʥʦʛʦ ʽ ʝʬʝʢʪʠʚʥʦʛʦ 

ʟʤʽʰʫʚʘʥʥʷ ʛʦʤʦʛʝʥʥʠʭ ʪʘ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟ ʚʠʩʦʢʦʶ ʚ'ʷʟʢʽʩʪʶ. 

ʈʦʙʦʯʽ ʦʨʛʘʥʠ ʪʘʢʠʭ ʘʧʘʨʘʪʽʚ ʚʠʛʦʪʦʚʣʷʶʪʴ ʧʝʨʝʚʘʞʥʦ ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ 

ʮʠʣʽʥʜʨʽʚ, ʢʦʥʫʩʽʚ ʘʙʦ ʜʠʩʢʽʚ ʟ ʧʨʦʨʽʟʘʤʠ ʨʽʟʥʦʾ ʬʦʨʤʠ. ʇʽʜ ʯʘʩ ʦʙʝʨʪʘʥʥʷ 

ʦʜʥʦʛʦ ʥʘʙʦʨʫ ʮʠʣʽʥʜʨʽʚ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ ʥʘʙʦʨʫ ʮʠʣʽʥʜʨʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʰʚʠʜʢʝ ʯʝʨʛʫʚʘʥʥʷ ʩʫʤʽʱʝʥʥʷ ʪʘ ʥʝʩʫʤʽʱʝʥʥʷ ʧʨʦʨʽʟʽʚ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʩʠʥʭʨʦʥʥʦʾ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʯʝʨʝʟ ʧʨʦʨʽʟʠ, 

ʪʦʙʪʦ ʚʠʥʠʢʘʻ ʧʫʣʴʩʫʶʯʠʡ ʟ ʚʝʣʠʢʦʶ ʯʘʩʪʦʪʦʶ ʧʦʪʽʢ. ɺ ʱʽʣʠʥʘʭ ʤʽʞ 

ʨʫʭʦʤʠʤʠ ʽ ʥʝʨʫʭʦʤʠʤʠ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʥʘ ʦʙʨʦʙʣʶʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʽʻ 

ʢʦʤʧʣʝʢʩ ʩʠʣ ʟʨʽʟʫ, ʪʝʨʪʷ, ʨʦʟʨʠʚʫ, ʧʫʣʴʩʘʮʽʡ ʪʠʩʢʫ ʪʘ ʰʚʠʜʢʦʩʪʽ, ʘ ʚ ʦʢʨʝʤʠʭ 

ʚʠʧʘʜʢʘʭ ï ʛʽʜʨʘʚʣʽʯʥʠʭ ʫʜʘʨʽʚ ʪʘ ʷʚʠʱ ʢʘʚʽʪʘʮʽʾ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʜʦʩʷʛʪʠ 

ʽʥʪʝʥʩʠʚʥʦʾ ʦʙʨʦʙʢʠ ʫ ʚʽʜʥʦʩʥʦ ʤʘʣʦʤʫ ʦʙ'ʻʤʽ. ʋ ʪʘʢʠʭ ʧʨʠʩʪʨʦʷʭ ʨʦʟʯʠʥʝʥʥʷ 

ʽʥʪʝʥʩʠʬʽʢʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʤʽʞʬʘʟʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʦʜʥʦʯʘʩʥʦʛʦ 

ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʘʩʦʧʝʨʝʜʘʯʽ ʚʥʘʩʣʽʜʦʢ ʧʦʣʽʧʰʝʥʥʷ ʚʽʜʚʝʜʝʥʥʷ 

ʨʝʯʦʚʠʥʠ ʚʽʜ ʪʚʝʨʜʦʾ ʧʦʚʝʨʭʥʽ ʚ ʨʦʟʯʠʥ [72, 73]. ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [74] ʦʧʠʩʘʥʦ 

ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʪʦʨʥʦ-ʧʫʣʴʩʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ, ʥʘʜʘʥʦ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʨʦʟʨʘʭʫʥʢʫ ʦʩʥʦʚʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʪʦʨʥʠʭ ʘʧʘʨʘʪʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʤʘʩʦʦʙʤʽʥʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʜʚʦʬʘʟʥʠʭ ʩʠʩʪʝʤʘʭ. ʋ [75] ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʥʘʧʽʚʧʨʦʤʠʩʣʦʚʦʾ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʦʪʦʨʥʦ-ʧʫʣʴʩʘʮʽʡʥʦʛʦ ʘʧʘʨʘʪʫ, ʫ ʷʢʠʭ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʨʦʟʯʠʥʝʥʥʷ ʙʝʥʟʦʡʥʦʾ ʪʘ ʩʘʣʽʮʠʣʦʚʦʾ ʢʠʩʣʦʪ. 
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ʈʦʪʦʨʥʦ-ʧʫʣʴʩʘʮʽʡʥʽ ʘʧʘʨʘʪʠ [76, 77] ʤʽʩʪʷʪʴ ʩʪʘʪʦʨ ʫ ʚʠʛʣʷʜʽ ʢʦʨʧʫʩʫ 

ʟ ʧʘʪʨʫʙʢʘʤʠ ʜʣʷ ʚʭʦʜʫ ʪʘ ʚʠʭʦʜʫ ʢʦʤʧʦʥʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʢʦʘʢʩʽʘʣʴʥʦ 

ʚʩʪʘʥʦʚʣʝʥʽ ʮʠʣʽʥʜʨʠ ʟ ʧʨʦʨʽʟʘʤʠ, ʱʦ ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʜʠʩʢʫ ʨʦʪʦʨʘ, ʧʨʠ ʮʴʦʤʫ 

ʨʦʙʦʯʘ ʧʘʨʘ ʩʪʘʪʦʨ-ʨʦʪʦʨ ʽ ʢʦʨʧʫʩ ʫʪʚʦʨʶʶʪʴ ʢʽʣʴʮʝʚʠʡ ʧʨʦʩʪʽʨ. ɼʦ ʥʝʜʦʣʽʢʽʚ 

ʪʘʢʠʭ ʈʇɸ ʥʘʣʝʞʠʪʴ ʟʤʝʥʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʽʜ ʯʘʩ ʟʤʝʥʰʝʥʥʷ ʪʠʩʢʫ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʚʭʦʜʽ ʜʦ ʘʧʘʨʘʪʫ. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʽ ʘʧʘʨʘʪʠ ʜʘʶʪʴ 

ʟʤʦʛʫ ʣʠʰʝ ʦʜʥʦʨʘʟʦʚʦ ʧʨʦʚʦʜʠʪʠ ʦʙʨʦʙʢʫ ʩʝʨʝʜʦʚʠʱʘ ʫ ʨʦʙʦʯʽʡ ʧʘʨʽ ʩʪʘʪʦʨ-

ʨʦʪʦʨ, ʱʦ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʻ ʥʝʜʦʩʪʘʪʥʽʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 

ʛʣʠʙʠʥʠ ʟʜʽʡʩʥʶʚʘʥʠʭ ʚ ʘʧʘʨʘʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʪʘʢʦʞ 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʯʝʨʝʟ 

ʨʦʙʦʯʫ ʧʘʨʫ ʩʪʘʪʦʨ-ʨʦʪʦʨ, ʦʩʢʽʣʴʢʠ ʧʽʩʣʷ ʦʜʥʦʨʘʟʦʚʦʾ ʦʙʨʦʙʢʠ ʩʝʨʝʜʦʚʠʱʝ 

ʚʠʚʦʜʷʪʴ ʟ ʘʧʘʨʘʪʫ ʯʝʨʝʟ ʚʠʧʫʩʢʥʠʡ ʧʘʪʨʫʙʦʢ.  

ɸʧʘʨʘʪʠ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʟʽ ʰʥʝʢʦʚʠʤʠ ʧʝʨʝʤʽʰʫʶʯʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʷʢ 

ʽ ʨʦʪʦʨʥʦ-ʧʫʣʴʩʘʮʽʡʥʽ ʘʧʘʨʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʝʨʝʜʦʚʠʱ ʽʟ ʚʠʩʦʢʦʶ 

ʚôʷʟʢʽʩʪʶ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʜʠʬʽʢʦʚʘʥʽ ʛʚʠʥʪʦʚʽ ʤʽʰʘʣʢʠ, 

ʟʤʽʰʫʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ʟ ʢʘʨʢʘʩʦʤ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʠʤʠ ʩʧʽʨʘʣʴʥʠʤʠ ʤʽʰʘʣʢʘʤʠ 

[78]. ɸʧʘʨʘʪʠ ʟʽ ʰʥʝʢʦʚʠʤʠ ʧʝʨʝʤʽʰʫʶʯʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʧʽʜ ʯʘʩ ʧʝʨʝʨʦʙʣʝʥʥʷ ʨʫʜ, ʚʠʣʫʛʦʚʫʚʘʥʥʷ, ʫ ʯʘʥʘʭ ʽʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʘʙʦ 

ʚʝʨʪʠʢʘʣʴʥʠʤ ʰʥʝʢʦʤ (ʰʥʝʢ ʚʠʢʦʥʫʻ ʜʚʽ ʬʫʥʢʮʽʾ: ʧʝʨʝʤʽʰʫʻ ʧʫʣʴʧʫ ʽ 

ʪʨʘʥʩʧʦʨʪʫʻ ʨʫʜʫ ʜʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ), ʫ ʷʢʦʤʫ ʛʚʠʥʪ ʧʽʜʥʽʤʘʻ ʧʫʣʴʧʫ ʚ 

ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ, ʘ ʧʦ ʧʝʨʠʬʝʨʽʾ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʠʟʭʽʜʥʽ ʧʦʪʦʢʠ ʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʢʪʠʚʥʝ ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʟ ʨʦʟʯʠʥʦʤ. ɿʙʘʛʘʯʝʥʥʷ 

ʩʠʣʴʚʽʥʽʪʦʚʠʭ ʨʫʜ ʨʦʟʯʠʥʝʥʥʷ ʪʘʢʦʞ ʧʨʦʚʦʜʷʪʴ ʚ ʰʥʝʢʦʚʠʭ ʨʦʟʯʠʥʥʠʢʘʭ. ʇʽʜ 

ʯʘʩ ʦʙʝʨʪʘʥʥʷ ʰʥʝʢʘ ʨʫʜʘ ʧʝʨʝʤʽʰʫʻʪʴʩʷ ʽ ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʜʦ 

ʨʦʟʚʘʥʪʘʞʝʥʥʷ. ʍʚʦʩʪʠ ʨʦʟʚʘʥʪʘʞʫʶʪʴʩʷ ʚ ʧʨʠʡʤʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʝʣʝʚʘʪʦʨʘ, 

ʟʥʝʚʦʜʥʶʶʪʴʩʷ ʽ ʥʘʜʭʦʜʷʪʴ ʥʘ ʬʽʣʴʪʨʫʚʘʥʥʷ [79] ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ ʢʦʨʠʩʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʜ ʜʦʤʽʰʢʽʚ. 

ʈʦʟʯʠʥʝʥʥʶ ʩʦʣʝʡ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʨʠʜʽʣʷʻʪʴʩʷ ʯʠʤʘʣʦ ʫʚʘʛʠ. ʋ 

ʨʦʙʦʪʽ [80] ʜʦʩʣʽʜʞʝʥʦ ʨʦʙʦʪʫ ʘʧʘʨʘʪʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʦʟʯʠʥʽʚ ʩʦʣʝʡ ʨʽʟʥʠʭ 
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ʢʦʥʮʝʥʪʨʘʮʽʡ ʽ ʩʢʣʘʜʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʜʣʷ ʥʘʩʠʯʝʥʥʷ ʭʣʦʨʠʜʦʤ ʥʘʪʨʽʶ 

ʢʦʥʜʝʥʩʘʪʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʘʧʘʨʘʪʘʭ ʦʭʦʣʦʜʞʝʥʥʷ ʛʘʟʽʚ ʜʠʩʪʠʣʷʮʽʾ 

ʩʦʜʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʅʘʚʝʜʝʥʠʡ ʫ ʨʦʙʦʪʽ [81] ʧʨʠʩʪʨʽʡ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ 

ʤʽʩʪʠʪʴ ʻʤʥʽʩʪʴ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʾ ʨʦʟʪʘʰʦʚʘʥʽ ʪʨʫʙʠ ʟ ʦʪʚʦʨʘʤʠ. ʎʝʡ ʘʧʘʨʘʪ 

ʥʘʣʝʞʠʪʴ ʜʦ ʟʤʽʰʫʚʘʯʽʚ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ 

ʨʦʟʯʠʥʝʥʥʷ ʚ'ʷʟʢʠʭ ʽ ʩʣʘʙʦ ʨʦʟʯʠʥʥʠʭ ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ, ʟʦʢʨʝʤʘ ʜʣʷ 

ʨʦʟʯʠʥʝʥʥʷ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ 

ʚʠʩʦʢʦʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʨʦʟʯʠʥʽʚ ʝʣʝʢʪʨʦʣʽʪʽʚ.  

ʋ ʨʦʙʦʪʽ [82] ʦʧʠʩʘʥʠʡ ʘʧʘʨʘʪ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʫ 

ʨʽʜʠʥʽ, ʚ ʷʢʦʤʫ ʨʽʜʠʥʘ, ʱʦ ʥʝʩʝ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ, ʨʫʭʘʻʪʴʩʷ ʧʦ ʪʨʫʙʽ, ʱʦ ʤʘʻ 

ʟʤʽʥʥʠʡ ʧʝʨʝʨʽʟ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ. ʅʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ ʨʦʟʯʠʥʝʥʥʷ ʻ 

ʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ ʫʩʪʘʥʦʚʢʠ, ʚʪʨʘʪʘ ʥʘʧʦʨʫ ʫ ʟʤʽʥʥʠʭ ʧʝʨʝʨʽʟʘʭ, ʘ ʪʘʢʦʞ 

ʤʦʞʣʠʚʘ ʝʨʦʟʽʷ ʩʪʽʥʦʢ ʪʨʫʙʠ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʟʯʠʥʫ ʤʘʪʝʨʽʘʣʦʤ ʟ ʷʢʦʛʦ 

ʚʠʛʦʪʦʚʣʝʥʠʡ ʘʧʘʨʘʪ. ɺʠʱʝʥʘʚʝʜʝʥʽ ʘʧʘʨʘʪʠ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʻ ʤʝʥʰ 

ʫʥʽʚʝʨʩʘʣʴʥʽ, ʥʽʞ ʘʧʘʨʘʪʠ ʟ ʤʽʰʘʣʢʘʤʠ, ʧʨʦʪʝ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʧʨʦʮʝʩʽʚ 

ʨʦʟʯʠʥʝʥʥʷ ʤʘʣʦ ʧʦʰʠʨʝʥʝ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʚʥʘʩʣʽʜʦʢ 

ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʫʢʦʚʦ ʦʙʨ̌ʫʥʪʦʚʘʥʠʭ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʢʽʥʝʪʠʢʠ ʨʦʟʯʠʥʝʥʥʷ 

ʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʈʘʟʦʤ ʽʟ ʮʠʤ, ʧʥʝʚʤʘʪʠʯʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʥʝ ʚʠʤʘʛʘʻ 

ʩʢʣʘʜʥʠʭ ʧʨʠʩʪʦʩʫʚʘʥʴ: ʟʘ ʥʘʷʚʥʦʩʪʽ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʜʦʩʪʘʪʥʴʦ ʙʘʨʙʦʪʝʨʘ, 

ʧʨʠʻʜʥʘʥʦʛʦ ʜʦ ʧʦʚʽʪʨʦʧʨʦʚʦʜʫ. ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʩʪʠʩʥʫʪʠʤ ʧʦʚʽʪʨʷʤ ʚʠʥʠʢʘʻ 

ʧʽʜ ʯʘʩ ʧʨʦʧʫʩʢʘʥʥʷ ʛʘʟʦʚʦʾ ʬʘʟʠ ʢʨʽʟʴ ʨʽʜʠʥʫ [83, 84]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʘʟʦʚʦʾ ʪʘ 

ʧʘʨʦʚʦʾ ʬʘʟ ʜʘʻ ʟʤʦʛʫ ʧʦʢʨʘʱʠʪʠ ʤʘʩʦʦʙʤʽʥ ʚ ʩʠʩʪʝʤʽ ʪʚʝʨʜʘ ʬʘʟʘ ï ʨʽʜʠʥʘ ʟʘ 

ʨʘʭʫʥʦʢ ʪʘʢʠʭ ʝʬʝʢʪʽʚ, ʷʢ ʪʫʨʙʫʣʽʟʘʮʽʷ ʨʽʜʠʥʠ ʚ ʘʧʘʨʘʪʽ ʟʘʚʜʷʢʠ 

ʧʝʨʝʤʽʰʫʚʘʥʥʶ; ʨʫʡʥʘʮʽʾ ʧʦʛʨʘʥʠʯʥʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʾ 

ʯʘʩʪʠʥʢʠ; ʢʘʚʽʪʘʮʽʷ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟ ʧʨʦʮʝʩʦʤ ʫʪʚʦʨʝʥʥʷʤ ʽ ʩʭʣʦʧʫʚʘʥʥʷʤ 

ʙʫʣʴʙʘʰʦʢ ʫ ʨʽʜʠʥʽ [85ï87]. ʇʥʝʚʤʘʪʠʯʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʧʨʠʷʻ ʩʪʚʦʨʝʥʥʶ 

ʽʥʪʝʥʩʠʚʥʠʭ ʪʫʨʙʫʣʝʥʪʥʠʭ ʧʦʪʦʢʽʚ ʨʝʘʛʝʥʪʽʚ ʚ ʨʝʘʢʪʦʨʽ. ɺʦʥʦ ʟʘʟʚʠʯʘʡ 
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ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʝʨʝʤʽʰʫʚʘʥʘ ʧʫʣʴʧʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʝʣʠʢʦʶ ʘʛʨʝʩʠʚʥʽʩʪʶ ʽ ʘʙʨʘʟʠʚʥʽʩʪʶ ʪʘ ʰʚʠʜʢʦ ʨʫʡʥʫʻ ʤʝʭʘʥʽʯʥʽ ʤʽʰʘʣʢʠ. 

ʉʪʠʩʥʫʪʠʡ ʛʘʟ ʧʦʜʘʻʪʴʩʷ ʚ ʘʧʘʨʘʪ, ʥʘʧʦʚʥʝʥʠʡ ʨʽʜʠʥʦʶ. ɻʘʟ 

ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʚ ʦʙôʻʤʽ ʘʧʘʨʘʪʫ ʙʘʨʙʦʪʝʨʦʤ. ɼʣʷ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʛʘʟʫ ʟʘ ʦʙôʻʤʦʤ ʘʧʘʨʘʪʘ ʦʪʚʦʨʠ ʙʘʨʙʦʪʝʨʘ ʨʦʟʪʘʰʦʚʫʶʪʴ ʧʦ ʢʦʣʫ ʘʙʦ 

ʩʧʽʨʘʣʽ. ɯʥʦʜʽ ʙʘʨʙʦʪʝʨ ʚʠʢʦʥʫʶʪʴ ʫ ʚʠʛʣʷʜʽ ʨʷʜʫ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʷʤʠʭ ʪʨʫʙ. 

ɻʘʟ, ʱʦ ʚʠʭʦʜʠʪʴ ʯʝʨʝʟ ʦʪʚʦʨʠ ʚ ʪʨʫʙʘʭ, ʧʝʨʝʤʽʰʫʻ ʨʽʜʠʥʫ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʽ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʘʭ. ʗʢ ʥʘʩʣʽʜʦʢ, ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʝʡ 

ʦʙʪʽʢʘʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʨʦʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʤʘʩʦʚʽʜʜʘʯʽ 

[88]. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʽʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ ʤʘʻ ʥʘʩʣʽʜʢʦʤ 

ʫʪʚʦʨʝʥʥʷ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʩʪʘʥʫ, ʱʦ ʪʘʢʦʞ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʧʦʚʝʨʭʥʽ 

ʤʘʩʦʦʙʤʽʥʫ. 

ʇʽʜ ʯʘʩ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʩʪʠʩʥʫʪʠʤ ʧʦʚʽʪʨʷʤ [89] ʛʘʟʦʚʘ ʬʘʟʘ ʚ 

ʨʽʜʠʥʽ ʜʨʦʙʠʪʴʩʷ ʥʘ ʙʫʣʴʙʘʰʢʠ, ʷʢʽ, ʧʽʜʥʽʤʘʶʯʠʩʴ, ʟʙʽʣʴʰʫʶʪʴʩʷ ʚ ʦʙôʻʤʽ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʝʬʝʢʪ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ʈʦʙʦʪʘ ʨʦʟʰʠʨʝʥʥʷ ʛʘʟʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ ʩʘʤʦʾ ʨʽʜʠʥʠ, ʷʢʘ ʧʨʠ ʮʴʦʤʫ ʦʭʦʣʦʜʞʫʻʪʴʩʷ 

[90]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʟʘʙʝʟʧʝʯʫʻ ʪʘʢʦʞ ʩʪʘʣʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʨʦʟʯʠʥʫ. ʊʝʧʣʦʪʘ, ʷʢʘ ʚʠʜʽʣʷʪʴʩʷ ʧʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʨʦʟʯʠʥ ʨʘʟʦʤ 

ʽʟ ʙʫʣʴʙʘʰʢʘʤʠ ʧʦʚʽʪʨʷ ʚʠʥʦʩʠʪʴʩʷ ʟʘ ʤʝʞʽ ʘʧʘʨʘʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʧʨʦʮʝʩʫ [91]. ɹʘʨʙʦʪʝʨ ʢʦʥʩʪʨʫʶʶʪʴ ʫ ʚʠʛʣʷʜʽ ʧʝʨʬʦʨʦʚʘʥʦʾ 

ʧʝʨʝʛʦʨʦʜʢʠ, ʱʦ ʚʽʜʦʢʨʝʤʣʶʻ ʧʦʚʽʪʨʷʥʫ ʢʘʤʝʨʫ ʚʽʜ ʢʘʤʝʨʠ, ʫ ʷʢʽʡ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʯʠʥʝʥʥʷ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʝʭʥʽʯʥʠʭ 

ʦʙôʻʢʪʽʚ ʻ ʩʧʨʦʱʝʥʥʷ ʾʭ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʦʛʦ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʦʩʽʡ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʙʫʜʝ ʥʘʜʽʣʝʥʠʡ ʬʫʥʢʮʽʷʤʠ 

ʚʠʢʦʥʘʚʯʦʛʦ ʧʝʨʝʤʽʰʫʶʯʦʛʦ ʦʨʛʘʥʫ [92]. 

ɺʠʭʽʜ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʦʪʚʦʨʠ ʧʝʨʬʦʨʦʚʘʥʦʾ ʧʝʨʝʛʦʨʦʜʢʠ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷʤ ʩʪʨʫʤʝʥʶ, ʷʢʠʡ ʫ ʧʨʦʮʝʩʽ ʨʫʭʫ ʧʦʜʨʽʙʥʶʻʪʴʩʷ 

ʥʘ ʦʢʨʝʤʽ ʙʫʣʴʙʘʰʢʠ ʨʽʟʥʦʛʦ ʦʙôʻʤʫ, ʱʦ ʧʽʜʥʽʤʘʶʪʴʩʷ ʫ ʚʠʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʙʫʣʴʙʘʰʦʢ, ʷʢ ʧʦʯʘʪʢʦʚʦʛʦ, ʚ ʫʩʪʘʥʦʚʮʽ ʜʣʷ 
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ʨʦʟʯʠʥʝʥʥʷ ʧʽʜ ʯʘʩ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʩʬʦʨʤʫʚʘʪʠ 

ʜʦʩʪʦʚʽʨʥʫ ʙʘʟʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʽ ʨʝʞʠʤʫ ʨʫʭʫ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʘʧʘʨʘʪʫ, ʘ ʪʘʢʦʞ ʻ ʦʩʥʦʚʦʶ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʛʘʟʦʨʽʜʠʥʥʠʭ ʩʫʤʽʰʝʡ.  

ɸʧʘʨʘʪʠ ʽʟ ʧʥʝʚʤʘʪʠʯʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʷʜʦʤ 

ʧʝʨʝʚʘʛ, ʧʦʨʽʚʥʷʥʦ ʽʟ ʤʝʭʘʥʽʯʥʠʤʠ ʤʽʰʘʣʢʘʤʠ. ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʩʪʠʩʥʫʪʠʤ 

ʧʦʚʽʪʨʷʤ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʬʝʨʤʝʥʪʘʪʦʨʘʭ ʙʽʦʛʘʟʦʚʠʭ ʫʩʪʘʥʦʚʦʢ [93, 

94]. ʋ ʨʽʜʠʥʥʦʤʫ ʨʝʘʢʪʦʨʽ [95], ̫ ʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʭʽʤʽʯʥʽʡ, ʭʘʨʯʦʚʽʡ ʪʘ 

ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʷʭ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʯʠʥʝʥʥʷ ʧʽʜ ʯʘʩ 

ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ʁʦʛʦ ʢʦʥʩʪʨʫʢʮʽʷ ʜʘʻ ʟʤʦʛʫ ʫʥʠʢʥʫʪʠ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʫʭʫ 

ʧʝʨʝʤʽʰʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʠʩʢʨʝʪʥʦʛʦ ʙʘʨʙʦʪʝʨʘ, ʙʦ 

ʧʥʝʚʤʘʪʠʯʥʠʡ ʧʝʨʝʤʽʰʫʶʯʠʡ ʧʨʠʩʪʨʽʡ ʧʨʠʚʦʜʠʪʴʩʷ ʫ ʨʫʭ ʟʘ ʨʘʭʫʥʦʢ ʧʦʜʘʯʽ 

ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʧʽʜ ʪʠʩʢʦʤ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʝʨʘʮʽʷ ʽ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ. ɺʽʜʦʤʽ ʘʧʘʨʘʪʠ ʜʣʷ ʧʥʝʚʤʘʪʠʯʥʦʛʦ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʠʥ ʛʘʟʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʟʦʚʦʛʦ ʩʦʧʣʘ ʧʽʜô̒ ʜʥʘʥʦʛʦ ʜʦ 

ʪʨʫʙʦʧʨʦʚʦʜʫ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ, ʷʢʝ ʨʦʟʪʘʰʦʚʘʥʝ ʧʦʙʣʠʟʫ ʜʥʘ ʧʦʩʫʜʠʥʠ ʟ 

ʨʽʜʠʥʦʶ [96]. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʪʝ, ʱʦ ʧʽʜ 

ʯʘʩ ʙʘʨʙʦʪʫʚʘʥʥʷ ʤʦʞʫʪʴ ʟʘʭʦʧʣʶʚʘʪʠʩʷ ʟ ʧʦʚʽʪʨʷʤ ʮʽʥʥʽ ʣʝʪʢʽ ʧʘʨʠ ʽ ʛʘʟʠ, 

ʨʦʟʯʠʥʝʥʽ ʚ ʨʽʜʠʥʽ, ʘ ʧʨʠʩʫʪʥʽʩʪʴ ʧʦʚʽʪʨʷ ʚ ʨʝʘʢʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʩʧʨʠʷʻ 

ʚʠʥʠʢʥʝʥʥʶ ʥʝʙʘʞʘʥʠʭ ʧʦʙʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʥʘʧʨʠʢʣʘʜ, ʦʢʠʩʥʝʥʥʷ ʯʠ ʨʷʩʥʦʛʦ 

ʧʽʥʦʫʪʚʦʨʝʥʥʷ [97]. ʋʪʚʦʨʝʥʥʷ ʧʽʥʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʥʝʩʝʥʥʷʤ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ ʤʘʪʝʨʽʘʣʫ ʟʘ ʤʝʞʽ ʟʦʥʠ ʽʥʪʝʥʩʠʚʥʦʛʦ ʤʘʩʦʦʙʤʽʥʫ ʽ, ʪʠʤ ʩʘʤʠʤ, 

ʟʙʽʣʴʰʝʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʨʦʟʯʠʥʝʥʥʷ. 

ɼʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʽʥʦʫʪʚʦʨʝʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʦʢʨʽʤ ʤʝʭʘʥʽʯʥʠʭ, ʪʘʢʦʞ ʽ ʭʽʤʽʯʥʽ ʟʘʩʦʙʠ, ʟʦʢʨʝʤʘ 

ʧʦʚʝʨʭʥʝʚʦ ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʟʤʝʥʰʫʶʪʴ ʚôʷʟʢʽʩʪʴ ʨʦʟʯʠʥʫ ʪʘ ʟʘʧʦʙʽʛʘʶʪʴ 

ʫʪʚʦʨʝʥʥʶ ʧʽʥʠ. ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ ʥʝ ʟʦʚʩʽʤ ʚʠʧʨʘʚʜʦʚʫʻ 
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ʨʝʟʫʣʴʪʘʪ, ʙʦ ʪʘʢʽ ʨʝʯʦʚʠʥʠ ʟʘʙʨʫʜʥʶʶʪʴ ʛʦʪʦʚʫ ʧʨʦʜʫʢʮʽʶ, ʘ ʪʘʢʦʞ 

ʫʩʢʣʘʜʥʶʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʢʦʥʦʤʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʚ ʮʽʣʦʤʫ. ʊʦʤʫ ʧʨʦʙʣʝʤʘ ʚʠʥʝʩʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʟʘ 

ʤʝʞʽ ʟʦʥʠ ʽʥʪʝʥʩʠʚʥʦʛʦ ʤʘʩʦʦʙʤʽʥʫ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʚʘʞʣʠʚʦʶ ʽ ʚʠʨʽʰʫʻʪʴʩʷ 

ʨʟ̔ʥʦʤʘʥʽʪʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʣʴʪʨʘʟʚʫʢʫ, 

ʙʨʘʥʜʩʧʦʡʪʽʚ ʜʣʷ ʨʦʟʙʠʚʘʥʥʷ ʧʽʥʠ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʙʦʨʦʪʴʙʠ ʽʟ ʧʽʥʦʫʪʚʦʨʝʥʥʷ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʥʘʚʝʜʝʥʠʭ ʫ ʥʘʫʢʦʚʠʭ ʤʦʥʦʛʨʘʬʽʷʭ [98ï100]. ʋ ʥʠʭ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʢʽʥʝʪʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʫʡʥʫʚʘʥʥʷ ʧʽʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʠʣʽʢʦʥʦʚʠʭ ʦʣʠʚ ʪʘ ʧʽʥʦʛʘʩʥʠʢʽʚ ʩʧʠʨʪʦʚʦʛʦ ʪʠʧʫ ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ 

ʧʦʣʽʘʢʨʠʣʘʤʽʜʫ ʪʘ ʣʘʫʨʝʪʩʫʣʴʬʘʪʫ ʥʘʪʨʽʶ ʷʢ ʘʥʽʦʥʥʦʾ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʾ 

ʨʝʯʦʚʠʥʠ. ʇʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ ʘʟʦʪʥʠʭ ʜʦʙʨʠʚ ʧʽʥʦʫʪʚʦʨʝʥʥʷ ʻ ʧʨʠʯʠʥʦʶ 

ʘʚʘʨʽʡ, ʘ ʜʦʜʘʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʛʽʜʨʦʛʫʤʘʪʘ), ʟʥʠʞʫʻ ʷʢʽʩʪʴ 

ʧʨʦʜʫʢʮʽʾ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ [101]. ʋ ʭʽʤʽʯʥʽʡ ʪʘ ʭʘʨʯʦʚʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʨʦʙʣʝʤʘ ʧʽʥʦʫʪʚʦʨʝʥʥʷ ʪʘʢʦʞ ʧʦʪʨʝʙʫʻ ʚʠʨʽʰʝʥʥʷ. ʇʽʜ ʯʘʩ 

ʚʠʨʦʙʥʠʮʪʚʘ ʮʫʢʨʫ, ʚʥʘʩʣʽʜʦʢ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʚ ʧʨʦʮʝʩʽ 

ʦʙʤʽʥʫ ʨʝʯʦʚʠʥ ʩʧʦʞʠʚʘʶʪʴ ʩʘʭʘʨʦʟʫ, ʚʠʜʽʣʷʶʪʴʩʷ ʛʘʟʠ, ʷʢʽ ʧʨʠ ʮʴʦʤʫ ʪʘʢʦʞ 

ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ ʧʽʥʠ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʩʪʘʥʮʽʾ ʮʫʢʨʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʥʘ 

ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʧʽʥʠ, ʦʙʣʘʰʪʦʚʫʶʪʴ ʜʦʟʫʚʘʣʴʥʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷʤ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʚʦʜʥʠʭ ʝʤʫʣʴʩʽʡ ʟ ʜʦʜʘʚʘʥʥʷʤ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ [102]. ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [103] ʜʦʩʣʽʜʞʝʥʦ 

ʟʘʣʝʞʥʽʩʪʴ ʧʽʥʦʫʪʚʦʨʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʝʨʥʦ-ʤʠʡʥʦʾ ʚʦʜʠ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʽʥʦʫʪʚʦʨʶʚʘʯʽʚ ï ʩʘʧʦʥʽʥʫ, ʧʝʢʪʠʥʦʚʠʭ ʨʝʯʦʚʠʥ, ʢʦʣʦʾʜʥʦ-

ʜʠʩʧʝʨʛʦʚʘʥʠʭ ʨʝʯʦʚʠʥ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʮʫʢʨʫ. ʋ 

ʨʦʙʦʪʽ [104] ʜʦʩʣʽʜʞʝʥʦ ʟʜʘʪʥʽʩʪʴ ʨʦʩʣʠʥʥʠʭ ʤʘʩʝʣ ʟʘʧʦʙʽʛʘʪʠ ʩʪʽʡʢʦʩʪʽ 

ʤʦʣʦʯʥʦʾ ʧʽʥʠ. ɺʠʚʯʝʥʦ ʚʧʣʠʚ ʨʽʜʢʦʛʦ ʘʟʦʪʫ, ʋɺʏ ʽ ʅɺʏ ï ʥʘ ʩʪʽʡʢʽʩʪʴ ʧʽʥʠ ʪʘ 

ʾʭ ʚʧʣʠʚ ʥʘ ʟʤʽʥʫ ʩʢʣʘʜʫ ʤʦʣʦʢʘ ʧʽʩʣʷ ʝʣʝʢʪʨʦʬʽʟʠʯʥʦʾ ʦʙʨʦʙʢʠ. ɸʚʪʦʨʘʤʠ 

[105] ʜʦʩʣʽʜʞʝʥʦ ʨʫʡʥʫʚʘʥʥʷ ʧʽʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʭʚʠʣʴ ʨʽʟʥʦʾ 

ʯʘʩʪʦʪʠ. ʋ [106] ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʽʥʦʫʪʚʦʨʝʥʥʷ ʚ ʙʽʦʧʨʦʮʝʩʘʭ, 
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ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʽ ʨʫʡʥʫʚʘʥʥʷ ʧʽʥʠ, ʘ ʪʘʢʦʞ ʩʧʦʩʦʙʠ ʾʾ ʢʦʥʪʨʦʣʶ. 

ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʭʽʤʽʯʥʠʤ ʤʝʪʦʜʘʤ ʙʦʨʦʪʴʙʠ ʟ ʧʽʥʦʫʪʚʦʨʝʥʥʷʤ ʪʘ 

ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʆʙˇʨʫʥʪʦʚʫʶʪʴʩʷ ʢʨʠʪʝʨʽʾ ʚʠʙʦʨʫ ʧʽʥʦʛʘʩʥʠʢʽʚ. ʋ [107] 

ʨʦʟʛʣʷʥʫʪʦ ʘʧʘʨʘʪʠ ʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʫʤʦʚ ʫʪʚʦʨʝʥʥʷ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʧʽʥʠ. 

ɿʦʢʨʝʤʘ, ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʚʱʠʥʠ 

ʪʦʥʢʠʭ ʨʽʜʢʠʭ ʧʣʽʚʦʢ ʜʣʷ ʩʠʩʪʝʤʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʙʫʣʴʙʘʰʦʢ. ʋ 

ʨʦʙʦʪʽ [108] ʦʧʠʩʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʥʦʫʪʚʦʨʶʚʘʯʽʚ ʪʘ ʧʽʥʦʛʘʩʥʠʢʽʚ ʫ 

ʧʨʦʮʝʩʘʭ ʜʦʙʫʚʘʥʥʷ ʥʘʬʪʠ ʪʘ ʛʘʟʫ ʧʽʜ ʯʘʩ ʙʫʨʽʥʥʷ ʪʘ ʮʝʤʝʥʪʘʮʽʾ ʩʚʝʨʜʣʦʚʠʥ. 

ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [109] ʨʦʟʛʣʷʥʫʪʦ ʜʽʶ ʧʽʥʦʛʘʩʥʠʢʽʚ ʪʘ ʤʝʪʦʜʠ ʤʝʭʘʥʽʯʥʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ ʧʽʥʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʘ ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʦ 

ʨʫʡʥʫʚʘʥʥʷ ʧʽʥʠ ʧʽʜ ʜʽʻʶ ʤʽʢʨʦʛʨʘʚʽʪʘʮʽʾ. ʄʦʞʣʠʚʽʩʪʴ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʧʽʥʦʛʘʩʽʥʥʷ ʤʝʭʘʥʽʯʥʠʤ ʧʨʠʩʪʨʦʻʤ ʽʟ ʧʝʨʬʦʨʦʚʘʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ, ʷʢʽ 

ʩʧʨʠʷʶʪʴ ʬʨʘʢʮʽʦʥʫʚʘʥʥʶ ʧʽʥʠ ʨʦʟʛʣʷʥʫʪʦ ʘʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [110, 111]. ʊʦʤʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʽ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʦʨʦʪʴʙʠ ʟ ʧʽʥʦʫʪʚʦʨʝʥʥʷʤ ʧʽʜ ʯʘʩ 

ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

 

 

1.5. ʄʦʜʝʣʶʚʘʥʥʷ ʘʧʘʨʘʪʽʚ ʧʽʜ ʯʘʩ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʚ CFD (Computational Fluid  Dynamics) 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʽʚ ʩʪʠʩʥʫʪʠʤ ʧʦʚʽʪʨʷʤ ʻ 

ʩʢʣʘʜʥʽʰʠʤ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʤʝʭʘʥʽʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ɼʣʷ ʪʦʛʦ, ʱʦʙ 

ʦʧʠʩʘʪʠ ʨʫʭ ʨʽʜʠʥʠ ʚʩʝʨʝʜʠʥʽ ʘʧʘʨʘʪʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʫ 

ʜʠʥʘʤʽʢʫ ʨʽʜʠʥ ï Computational Fluid Dynamics (CFD) [112]. ɺʦʥʘ ʨʦʟʚôʷʟʫʻ 

ʪʨʘʥʩʧʦʨʪʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʽʟ ʬʘʟ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʽ 

ʨʦʟʯʠʥʝʥʥʷ ʽ ʚʨʘʭʦʚʫʻ ʾʭ ʚʟʘʻʤʦʜʽʶ ʫ ʜʚʦʚʠʤʽʨʥʠʭ ʯʠ ʪʨʠʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ. 

ɸʥʘʣʽʟʫʶʯʠ ʘʧʘʨʘʪʠ ʽʟ ʧʥʝʚʤʘʪʠʯʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ, ʚʩʽ ʧʽʜʭʦʜʠ ʜʦ 
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ʤʦʜʝʣʶʚʘʥʥʷ ʚ CFD ʜʽʣʷʪʴ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʽʾ: ʧʨʷʤʝ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

(DNS), ɽʡʣʝʨ-ʃʘʛʨʘʥʞʝʚʠʡ [113] ʽ ɽʡʣʝʨ-ɽʡʣʝʨʦʚʠʡ ʧʽʜʭʦʜʠ. 

ʇʨʦʤʠʩʣʦʚʝ ʦʙʣʘʜʥʘʥʥʷ, ʫ ʷʢʦʤʫ ʦʜʥʽʻʶ ʽʟ ʬʘʟ ʻ ʙʫʣʴʙʘʰʢʠ ʧʦʚʽʪʨʷ, 

ʰʠʨʦʢʦ ʤʦʜʝʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽʡʣʝʨʦ-ɽʡʣʝʨʦʚʦʛʦ (Eulerian-Eulerian) 

ʧʽʜʭʦʜʫ [114], ʷʢʠʡ ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʯʠʥʝʥʥʷ 

ʧʽʜ ʯʘʩ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ʉʫʪʴ ɽʡʣʝʨʦʚʦʛʦ ʧʽʜʭʽʜʫ ʫ 

ʧʨʠʧʫʱʝʥʥʽ, ʱʦ  ʨʽʜʠʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʫʩʽ, ʧʨʦʪʝ ʩʽʪʢʘ ʻ ʬʽʢʩʦʚʘʥʦʶ, ʘ ʡʦʛʦ 

ʪʝʦʨʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʟʘʻʤʦʧʨʦʥʠʢʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱ ɿʘʟʚʠʯʘʡ, ʫ ʪʨʠʬʘʟʥʽʡ 

ʩʠʩʪʝʤʽ, ʨʽʜʠʥʫ ʨʦʟʛʣʷʜʘʶʪʴ, ʷʢ ʙʝʟʧʝʨʝʨʚʥʘ ʬʘʟʘ, ʘ ʛʘʟ ʽ ʪʚʝʨʜʽ ʨʝʯʦʚʠʥʠ ï ʷʢ 

ʜʠʩʧʝʨʩʥʽ ʬʘʟʠ. ʈʽʚʥʷʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʫ ʮʽʡ ʩʪʨʫʢʪʫʨʽ ʫʩʝʨʝʜʥʝʥʽ ʽ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʤʘʢʨʦʩʢʦʧʽʯʥʫ ʤʦʜʝʣʴ ʧʦʚʝʜʽʥʢʠ ʩʪʨʫʢʪʫʨ ʧʦʪʦʢʽʚ. 

ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʜʠʥʘʤʽʢʘ ʨʽʜʠʥʠ (CFD) ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʙʘʛʘʪʴʤʘ 

ʘʚʪʦʨʘʤʠ ʱʦʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʧʽʣʦʪʥʠʭ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʘʧʘʨʘʪʽʚ 

ʟ ʧʥʝʚʤʘʪʠʯʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʦʜʥʦʨʽʜʥʦʤʫ, 

ʛʝʪʝʨʦʛʝʥʥʦʤʫ ʯʠ ʧʫʣʴʧʦʚʦʤʫ ʨʝʞʠʤʘʭ. ʈʦʟʫʤʽʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʭʫ ʙʫʣʴʙʘʰʦʢ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ, 

ʦʩʢʽʣʴʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʘʛʘʪʴʤʘ ʟʤʽʥʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ 

ʤʘʩʦʦʙʤʽʥʥʽ ʧʨʦʮʝʩʠ, ʧʦʚʝʨʭʥʝʚʘ ʰʚʠʜʢʽʩʪʴ ʪʘ ʛʘʟʦʚʠʡ ʨʦʟʧʦʜʽʣ ʚ ʦʙôʻʤʽ 

ʘʧʘʨʘʪʫ. ɸʥʘʣʽʟ ʜʽʾ ʩʠʣ ʫ ʙʘʛʘʪʦʬʘʟʥʠʭ ʧʦʪʦʢʘʭ ʨʦʟʛʣʷʥʫʪʦ ʘʚʪʦʨʘʤʠ  [115ï

117], ʷʢʽ ʚ ʩʚʦʾʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʦʧʫʱʝʥʥʷ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ 

ʩʠʣ ʪʷʞʽʥʥʷ, ʧʽʜʽʡʤʘʣʴʥʦʾ ʩʠʣʠ ʽ ʪʘ ʩʠʣʠ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ ʦʙ ʩʪʽʥʢʠ ʘʧʘʨʘʪʫ ʻ 

ʥʝʦʙʭʽʜʥʠʤʠ ʽ ʦʙʦʚôʷʟʢʦʚʠʤʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʙʫʣʴʙʘʰʦʢ. ʂʦʞʥʘ ʽʟ 

ʤʦʜʝʣʝʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʽʚ ʪʨʠʬʘʟʥʠʭ ʩʠʩʪʝʤ ʚ 

ʘʧʘʨʘʪʽ, ʤʘʻ ʩʚʦʾ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʨʦʟʤʽʨʦʤ ʪʘ ʬʦʨʤʦʶ ʙʫʣʴʙʘʰʦʢ, 

ʨʝʞʠʤʘʤʠ ʨʫʭʽʚ ʧʦʪʦʢʽʚ ʪʘ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʥʝ ʽʩʥʫʻ 

ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʙʠ ʚʽʜʧʦʚʽʜʘʣʘ ʚʩʽʤ ʚʠʤʦʛʘʤ. ʊʦʤʫ, ʚʠʙʽʨ 

ʦʧʪʠʤʘʣʴʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʙʠ ʥʘʡʧʦʚʥʽʰʝ ʦʧʠʩʫʚʘʣʘ ʨʫʭ ʽ ʚʟʘʻʤʦʜʽʶ ʬʘʟ 

ʚʩʝʨʝʜʠʥʽ ʘʧʘʨʘʪʫ, ʙʫʜʝ ʚʠʟʥʘʯʘʣʴʥʦʶ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦ ʨʝʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ.  
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1.6. ɺʠʩʥʦʚʢʠ ʜʦ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫ 

ɸʥʘʣʽʟ ʜʞʝʨʝʣ ʣʽʪʝʨʘʪʫʨʠ ʜʘʻ ʟʤʦʛʫ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʦʟʯʠʥʝʥʥʷ 

ʪʚʝʨʜʠʭ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʭʽʤʽʯʥʽʡ ʪʘ ʽʥʰʠʭ 

ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʻ ʩʢʣʘʜʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ, ʪʝʧʣʦ- ʽ ʤʘʩʦʦʙʤʽʥʥʠʤ 

ʧʨʦʮʝʩʦʤ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʧʨʦʮʝʩ ʨʦʟʯʠʥʝʥʥʷ ʨʘʟʦʤ ʟʽ 

ʟʙʝʨʝʞʝʥʥʷʤ ʯʠʩʪʦʪʠ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʘ ʪʘʢʦʞ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʩʧʨʦʱʝʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʟʘʣʠʰʘʶʪʴʩʷ ʧʠʪʘʥʥʷʤʠ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ 

ʚʠʨʽʰʝʥʥʷ. ʈʘʟʦʤ ʽʟ ʮʠʤ, ʥʘʷʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

1. ʈʝʟʫʣʴʪʘʪʠ ʫʟʘʛʘʣʴʥʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʘʭ [56 ï 

60] ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʘʤʠ ʟ ʧʝʚʥʠʤʠ ʜʦʧʫʱʝʥʥʷʤʠ, ʷʢʽ ʙʝʟʫʤʦʚʥʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʘ ʾʭ ʨʦʟʯʠʥʝʥʥʷ, 

ʩʪʦʩʫʶʪʴʩʷ ʢʦʥʢʨʝʪʥʠʭ ʘʧʘʨʘʪʽʚ-ʨʦʟʯʠʥʥʠʢʽʚ ʻ ʩʧʨʘʚʝʜʣʠʚʠʤʠ ʣʠʰʝ ʜʣʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʘʚʪʦʨʘʤʠ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʠʩʧʝʨʩʥʦʛʦ ʩʢʣʘʜʫ, 

ʪʦʤʫ ʾʭ ʥʝ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʯʠʥʝʥʥʷ 

ʪʚʝʨʜʠʭ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʽʜ ʯʘʩ ʧʥʝʚʤʘʪʠʯʥʦʛʦ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʫ. 

2. ʊʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʽʥʝʪʠʢʠ ʧʥʝʚʤʘʪʠʯʥʦʛʦ 

ʨʦʟʯʠʥʝʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ, ʩʫʣʴʬʘʪʫ ʢʘʣʽʶ ʽ 

ʢʘʣʽʡ ʭʣʦʨʠʜʫ ʚ ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʝ ʚʠʷʚʣʝʥʦ. 

3. ɸʥʘʣʽʟ ʜʞʝʨʝʣ ʣʽʪʝʨʘʪʫʨʠ ʜʘʚ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ 

ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ 

ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ, ʘ ʪʘʢʦʞ ʩʫʣʴʬʘʪʫ ʢʘʣʽʶ ʽ ʢʘʣʽʡ ʭʣʦʨʠʜʫ. 
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ʈʆɿɼɯʃ 2 

ʆɹôɭʂʊʀ ɼʆʉʃɯɼɾɽʅʅʗ, ɰʍ ʆʉʅʆɺʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʊɸ 

ʄɽʊʆɼʀʂʀ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼʆʉʃɯɼɾɽʅʔ 

 

 

2.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʆʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʦʙʨʘʥʦ ʙʝʥʟʦʡʥʫ ʢʠʩʣʦʪʫ ʪʘ ʥʝʦʨʛʘʥʽʯʥʽ ʩʦʣʽ, ʷʢʽ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʭʽʤʽʯʥʽʡ, ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ, ʭʘʨʯʦʚʽʡ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺʠʱʝʚʢʘʟʘʥʽ ʪʚʝʨʜʽ ʧʦʣʽʜʠʩʧʝʨʩʥʽ ʤʘʪʝʨʽʘʣʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʠʬʫʟʽʡʥʦʶ ʧʨʠʨʦʜʦʶ ʨʦʟʯʠʥʝʥʥʷ, ʪʦʤʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʾʭ 

ʨʦʟʯʠʥʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚ ʽ ʚʽʜ ʾʭ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ. 

ʉʣʘʙʢʘ ʨʦʟʯʠʥʥʽʩʪʴ ʙʘʛʘʪʴʦʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʫ ʚʦʜʽ, ʟʦʢʨʝʤʘ ʽ ʙʝʥʟʦʡʥʦʾ 

ʢʠʩʣʦʪʠ, ʻ ʦʜʥʠʤ ʽʟ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ 

ʘʧʘʨʘʪʽʚ-ʨʦʟʯʠʥʥʠʢʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ 

ʛʦʪʦʚʦʛʦ ʨʦʟʯʠʥʫ.  

ɹʝʥʟʦʡʥʘ ʢʠʩʣʦʪʘ (C6H5COOH) ʻ ʦʨʛʘʥʽʯʥʦʶ ʩʧʦʣʫʢʦʶ, ʷʢʘ 

ʤʘʣʦʨʦʟʯʠʥʥʘ ʫ ʚʦʜʽ, ʦʜʥʘʢ, ʾʾ ʚʦʜʥʽ ʨʦʟʯʠʥʠ ʤʘʶʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɹʝʥʟʦʡʥʘ ʢʠʩʣʦʪʘ ï ʙʝʟʙʘʨʚʥʘ ʢʨʠʩʪʘʣʽʯʥʘ 

ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ, ʷʢʘ ʻ ʥʘʡʧʨʦʩʪʽʰʦʶ ʘʨʦʤʘʪʠʯʥʦʶ ʢʘʨʙʦʥʦʚʦʶ ʢʠʩʣʦʪʦʶ. 

ɼʣʷ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʯʠʥʥʦʩʪʽ ʻ ʥʝʟʥʘʯʥʠʤ, 

ʱʦ ʽ ʚʠʟʥʘʯʘʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʾʾ ʨʦʟʯʠʥʝʥʥʷ. ʈʘʟʦʤ ʟ ʪʠʤ, ʚʦʥʘ ʜʦʙʨʝ ʨʦʟʯʠʥʥʘ ʫ 

ʩʧʠʨʪʘʭ, ʙʝʥʟʦʣʽ ʪʘ ʝʬʽʨʘʭ. ʋʪʚʦʨʶʻʪʴʩʷ ʚʦʜʦʨʦʟʯʠʥʥʠʡ, ʧʨʠʻʤʥʠʡ ʥʘ ʟʘʧʘʭ 

ʙʽʣʠʡ ʧʦʨʦʰʦʢ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʨʦʤʘʪʠʟʘʪʦʨʽʚ ʪʘ ʧʘʨʬʫʤʽʚ.  

ɹʝʥʟʦʡʥʘ ʢʠʩʣʦʪʘ ʥʘʣʝʞʠʪʴ ʜʦ ʪʚʝʨʜʠʭ ʪʽʣ ʟ ʽʦʥʥʦʶ ʢʨʠʩʪʘʣʽʯʥʦʶ 

ʨʝʰʽʪʢʦʶ, ʥʘ ʨʫʡʥʫʚʘʥʥʷ ʷʢʦʾ ʧʽʜ ʯʘʩ ʨʦʟʯʠʥʝʥʥʷ ʧʦʪʨʽʙʥʦ ʟʘʪʨʘʪʠʪʠ ʝʥʝʨʛʽʶ 

[118]. ʅʘ ʨʠʩ. 2.1 ʟʦʙʨʘʞʝʥʦ ʢʨʠʩʪʘʣ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʟʘ ʨʽʟʥʦʾ ʢʨʘʪʥʦʩʪʽ 

ʟʙʽʣʴʰʝʥʥʷ, ʷʢʠʡ ʤʘʻ ʛʦʣʢʦʚʫ ʩʪʨʫʢʪʫʨʫ ʟ ʛʦʩʪʨʠʤʠ ʢʨʘʷʤʠ [119]. ʈʽʩʪ 

ʢʨʠʩʪʘʣʽʚ ʧʽʜ ʯʘʩ ʩʠʥʪʝʟʫ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʫ ʨʦʙʦʪʽ [120]. 
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ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʯʠʥʥʦʩʪʽ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʽ ʦʨʛʘʥʽʯʥʽ 

ʨʦʟʯʠʥʥʠʢʠ ʪʘ ʚʦʜʫ ʚ ʥʘʜʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʽ, ʘʣʝ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʤʝʞʫʻʪʴʩʷ 

ʯʝʨʝʟ ʚʠʩʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʚʘʨʪʽʩʪʴ, ʪʘ ʚʧʣʠʚ ʨʦʟʯʠʥʥʠʢʽʚ ʥʘ ʝʢʦʣʦʛʽʶ [121].  

ʆʪʨʠʤʫʶʪʴ ʙʝʥʟʦʡʥʫ ʢʠʩʣʦʪʫ ʟ ʙʝʥʟʦʣʫ ʰʣʷʭʦʤ ʦʙ'ʻʜʥʘʥʥʷ 

ʥʝʨʦʟʯʠʥʥʦʾ ʫ ʚʦʜʽ ʤʦʣʝʢʫʣʠ ʙʝʥʟʦʣʫ ʟ ʛʨʫʧʦʶ ʢʘʨʙʦʥʦʚʦʾ ʢʠʩʣʦʪʠ (-COOH). 

ɹʝʥʟʦʡʥʘ ʢʠʩʣʦʪʘ ʪʘʢʦʞ ʚʠʨʦʙʣʷʻʪʴʩʷ ʰʣʷʭʦʤ ʯʘʩʪʢʦʚʦʛʦ ʦʢʠʩʥʝʥʥʷ ʪʦʣʫʦʣʫ 

ʢʠʩʥʝʤ [122, 123]. ʎʝʡ ʧʨʦʮʝʩ ʢʘʪʘʣʽʟʫʻʪʴʩʷ ʢʦʙʘʣʴʪʦʚʠʤʠ ʘʙʦ ʤʘʨʛʘʥʮʝʚʠʤʠ 

ʥʘʬʪʝʥʘʪʘʤʠ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʝʰʝʚʽ ʩʠʨʦʚʠʥʥʽ ʨʝʩʫʨʩʠ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʚʚʘʞʘʻʪʴʩʷ ʙʝʟʧʝʯʥʠʤ ʜʣʷ ʝʢʦʣʦʛʽʾ ʜʦʚʢʽʣʣʷ. ʋʪʚʦʨʝʥʥʷ 

ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʧʦʚ'ʷʟʘʥʝ ʽʟ ʧʨʦʮʝʩʦʤ "ʽʦʥʽʟʘʮʽʾ". ʄʦʣʝʢʫʣʠ ʚʦʜʠ ʤʦʞʫʪʴ 

ʧʨʠʻʜʥʫʚʘʪʠʩʷ ʜʦ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʰʣʷʭʦʤ ʚʦʜʥʝʚʦʛʦ ʟ'ʻʜʥʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, 

ʤʦʣʝʢʫʣʠ ʚʦʜʠ ʩʪʘʙʽʣʽʟʫʶʪʴ ʫʪʚʦʨʝʥʥʷ ʽʦʥʫ "ʙʝʥʟʦʘʪʫ". 

 

  

ʈʠʩ.2.1. ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʯʘʩʪʠʥʦʢ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ 

ɹʝʥʟʦʡʥʘ ʢʠʩʣʦʪʘ ʤʘʻ ʥʠʟʴʢʫ ʨʦʟʯʠʥʥʽʩʪʴ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʦʜʠ, ʦʩʢʽʣʴʢʠ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʾʾ ʤʦʣʝʢʫʣ ʻ ʥʝʧʦʣʷʨʥʠʤʠ.  

ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʙʝʥʟʦʡʥʦʾ 

ʢʠʩʣʦʪʠ ʻ: ʛʫʩʪʠʥʘ ɟ=1270 ʢʛ/ʤ3, ʤʦʣʷʨʥʘ ʤʘʩʘ M=122,12 ʛ/ʤʦʣʴ, ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʥʘʩʠʯʝʥʥʷ ʉs=2,63 ʢʛ/ʤ
3 ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 16ęʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʽʥʥʷ 249, 2 ÁC. 

ɺʦʥʘ, ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʷʢ ʭʽʤʽʯʥʠʡ ʧʨʦʤʽʞʥʠʡ ʧʨʦʜʫʢʪ 

ʜʣʷ ʩʠʥʪʝʟʫ ʽʥʰʠʭ ʭʽʤʽʢʘʪʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʪʨʽʻʚʦʾ ʩʦʣʽ. ʉʦʣʽ ʪʘ 

ʝʩʪʝʨʠ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʚʽʜʦʤʽ ʷʢ ʙʝʥʟʦʘʪʠ. 
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ɹʝʥʟʦʡʥʘ ʢʠʩʣʦʪʘ ʪʘ ʾʾ ʧʦʭʽʜʥʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʷʢ ʚʘʞʣʠʚʠʡ 

ʢʦʤʧʦʥʝʥʪ ʩʤʦʣ, ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ, ʙʘʨʚʥʠʢʽʚ, ʬʘʨʙ ʪʘ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ 

ʧʨʦʜʫʢʪʽʚ [124, 125].  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴ ʷʢ ʩʘʤʘ ʙʝʥʟʦʡʥʘ ʢʠʩʣʦʪʘ, ʪʘʢ ʽ ʾʾ ʥʘʪʨʽʻʚʘ ʩʽʣʴ 

(ʙʝʥʟʦʘʪ ʥʘʪʨʽʶ), ʷʢʘ ʢʨʘʱʝ ʨʦʟʯʠʥʷʻʪʴʩʷ ʫ ʚʦʜʽ. ʆʢʨʽʤ ʮʴʦʛʦ, ʝʬʽʨʠ ʙʝʥʟʦʡʥʦʾ 

ʢʠʩʣʦʪʠ (ʚʽʜ ʤʝʪʠʣʦʚʦʛʦ ʜʦ ʘʤʽʣʦʚʦʛʦ) ʤʘʶʪʴ ʩʠʣʴʥʠʡ ʟʘʧʘʭ ʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʫ ʧʘʨʬʫʤʝʨʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [126]. ɹʝʥʟʦʡʥʘ ʢʠʩʣʦʪʘ ʪʘ ʾʾ ʩʦʣʽ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʽ ʫ ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [127]. 

ɺ ʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʙʝʥʟʦʡʥʫ ʢʠʩʣʦʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ 

ʦʩʥʦʚʥʠʡ ʨʝʘʛʝʥʪ ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ. ɿʦʢʨʝʤʘ, ʧʦʥʘʜ 90 

ʚʽʜʩʦʪʢʽʚ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʧʝʨʝʨʦʙʣʷʶʪʴ ʥʘ ʬʝʥʦʣ ʽ ʢʘʧʨʦʣʘʢʪʘʤ, ʷʢʠʡ ʚʩʝ 

ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ ʛʣʽʢʦʣʴʙʝʥʟʦʘʪʫ. ʂʘʧʨʦʣʘʢʪʘʤ 

ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʷʢʦʩʪʽ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʜʣʷ ʢʣʝʶ. ʎʷ ʦʨʛʘʥʽʯʥʘ ʩʧʦʣʫʢʘ 

ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʣʢʽʜʥʠʭ ʩʤʦʣ ʪʘ ʜʦʙʘʚʦʢ ʜʣʷ 

ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ ʜʣʷ ʚʠʜʦʙʫʚʘʥʥʷ ʩʠʨʦʾ ʥʘʬʪʠ [128].  

ʉʫʣʴʬʘʪ ʢʘʣʽʶ (K2SO4) ï ʥʝʦʨʛʘʥʽʯʥʘ ʩʧʦʣʫʢʘ, ʢʘʣʽʻʚʘ ʩʽʣʴ ʩʫʣʴʬʘʪʥʦʾ 

ʢʠʩʣʦʪʠ, ʙʽʣʠʡ ʢʨʠʩʪʘʣʽʯʥʠʡ ʧʦʨʦʰʦʢ ʟ ʩʽʨʫʚʘʪʠʤ ʚʽʜʪʽʥʢʦʤ. ʋ ʨʦʙʦʪʽ [129] 

ʘʚʪʦʨʠ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʽ 

ʬʦʨʤʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ. ʅʘ ʨʠʩ. 2.2 ʟʦʙʨʘʞʝʥʦ ʢʨʠʩʪʘʣʦʧʦʜʽʙʥʫ ʩʪʨʫʢʪʫʨʫ 

ʧʦʨʦʰʢʫ ʢʘʣʽʶ ʩʫʣʴʬʘʪʫ.  

ʋ ʚʽʣʴʥʦʤʫ ʩʪʘʥʽ ʢʘʣʽʶ ʩʫʣʴʬʘʪ ʥʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ. ɺ ʧʨʠʨʦʜʽ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʨʦʜʦʚʠʱʘʭ ʢʘʣʽʡʥʠʭ ʩʦʣʝʡ, ʘ ʪʘʢʦʞ ʫ ʚʦʜʘʭ ʩʦʣʦʥʠʭ ʦʟʝʨ. 

ɺʠʨʦʙʥʠʮʪʚʦ ʩʫʣʴʬʘʪʫ ʢʘʣʽʶ ʤʦʞʣʠʚʝ ʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʟʘʣʝʞʥʦ ʚʽʜ 

ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ ʚʘʨʪʦʩʪʽ ʦʙʨʘʥʦʾ ʩʠʨʦʚʠʥʠ. ʆʜʥʠʤ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʝʪʦʜʽʚ 

ʻ ʜʦʙʫʚʘʥʥʷ ʩʦʣʽ ʟ ʤʽʥʝʨʘʣʫ ʣʘʥʛʙʝʡʥʽʪʫ K2SO4Ŀ2MgSO4. ʇʽʩʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʟ 

ʤʽʥʝʨʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ ʚʠʤʠʚʘʶʪʴ ʚʦʜʦʶ ʩʫʧʫʪʥʽʡ ʭʣʦʨʠʜ ʥʘʪʨʽʶ, ʘ ʟʛʦʜʦʤ 

ʤʘʛʥʽʪʥʦʶ ʩʝʧʘʨʘʮʽʻʶ ʚʽʜʦʢʨʝʤʣʶʶʪʴ ʽʥʰʫ ʜʦʤʽʰʢʫ ï ʤʘʛʥʝʪʠʪ. 
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ʈʠʩ.2.2. ʂʨʠʩʪʘʣʠ ʢʘʣʽʶ ʩʫʣʴʬʘʪʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʽʜ: 

a ï ʝʣʝʢʪʨʦʥʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ; b ï ʩʚʽʪʣʦʚʠʤ ʤʽʢʨʦʩʢʦʧʦʤ 

ʆʯʠʱʝʥʫ ʩʽʣʴ ʦʙʨʦʙʣʷʶʪʴ ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ ʭʣʦʨʠʜʫ ʢʘʣʽʶ. ʇʽʩʣʷ 

ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʥʥʷ ʥʝʨʦʟʯʠʥʥʠʭ ʜʦʤʽʰʦʢ, ʩʫʣʴʬʘʪ ʢʘʣʽʶ ʚʠʦʢʨʝʤʣʶʶʪʴ ʟ 

ʨʦʟʯʠʥʫ ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʟʘʚʜʷʢʠ ʡʦʛʦ ʤʝʥʰʽʡ, ʥʽʞ ʫ ʭʣʦʨʠʜʫ ʤʘʛʥʽʶ, 

ʨʦʟʯʠʥʥʦʩʪʽ. ɸʥʘʣʦʛʽʯʥʠʤʠ ʻ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʰʣʷʭʦʤ ʚʟʘʻʤʦʜʽʾ ʭʣʦʨʠʜʫ ʢʘʣʽʶ 

ʟ ʩʫʣʴʬʘʪʥʦʶ ʢʠʩʣʦʪʦʶ ʪʘ ʽʥʰʠʤʠ ʩʫʣʴʬʘʪʘʤʠ: Na2SO4, CaSO4Ŀ2H2O, FeSO4. 

ʉʫʣʴʬʘʪ ʢʘʣʽʶ ʦʪʨʠʤʫʶʪʴ ʨʝʘʢʮʽʻʶ ʦʙʤʽʥʫ ʤʽʞ ʛʽʜʨʦʢʩʠʜʦʤ ʢʘʣʽʶ ʪʘ 

ʩʫʣʴʬʘʪʥʦʶ ʢʠʩʣʦʪʦʶ (ʤʝʪʦʜ ʄʘʥʛʝʡʤʘ). ɿʘ ʤʝʪʦʜʦʤ ʍʘʨʛʨʽʚʟʘ K2SO4 ʤʦʞʥʘ 

ʩʠʥʪʝʟʫʚʘʪʠ ʥʘʛʨʽʚʘʥʥʷʤ ʩʫʤʽʰʽ ʟ ʭʣʦʨʠʜʫ ʢʘʣʽʶ, ʜʽʦʢʩʠʜʫ ʩʽʨʢʠ, ʧʦʚʽʪʨʷ ʽ 

ʚʦʜʠ. 

ʆʩʥʦʚʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʘʣʽʶ ʩʫʣʴʬʘʪʫ ʻ: 

ʛʫʩʪʠʥʘ ɟ = 2660 ʢʛ/ʤ3, ʤʦʣʷʨʥʘ ʤʘʩʘ M = 174, 27 ʛ/ʤʦʣʴ, ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʥʘʩʠʯʝʥʥʷ ʉs=120 ʢʛ/ʤ
3 ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 25Áʉ. 

ʂʘʣʽʶ ʩʫʣʴʬʘʪ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʛʘʣʫʥʽʚ, ʩʢʣʘ, 

ʢʘʣʽʡʥʠʭ ʜʦʙʨʠʚ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ: 50% ʢʘʣʽʶ, 18% ʩʽʨʢʠ, 3% ʤʘʛʥʽʶ ʽ 

0,4% ʢʘʣʴʮʽʶ. ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʠʩʣʦʛʦ ʩʫʣʴʬʘʪʫ ʢʘʣʽʶ (ʛʽʜʨʦʩʫʣʴʬʘʪʫ), ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʚʽʜʙʽʣʶʚʘʯ ʫ ʶʚʝʣʽʨʥʽʡ ʩʧʨʘʚʽ. ʂʨʽʤ ʪʦʛʦ, ʡʦʛʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʷʢ ʢʦʤʧʦʥʝʥʪ ʬʣʶʩʫ ʫ ʤʝʪʘʣʫʨʛʽʾ, ʩʫʣʴʬʫʶʯʠʡ ʘʛʝʥʪ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʙʘʨʚʥʠʢʽʚ, ʚ ʘʥʘʣʽʪʠʯʥʽʡ ʭʽʤʽʾ ï ʜʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʚʘʞʢʦʨʦʟʯʠʥʥʠʭ 
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ʩʧʦʣʫʢ ʫ ʣʝʛʢʦʨʦʟʯʠʥʥʽ. ɺ ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʉʦʶʟʽ ʢʘʣʽʶ ʩʫʣʴʬʘʪ ʜʦʧʫʱʝʥʠʡ ʷʢ 

ʭʘʨʯʦʚʠʡ ʜʦʜʘʪʦʢ ï ʨʝʛʫʣʷʪʦʨ ʢʠʩʣʦʪʥʦʩʪʽ ɽ 515.   

ʍʣʦʨʠʜ ʢʘʣʽʶ (KCl) ï ʙʝʟʙʘʨʚʥʽ ʢʨʠʩʪʘʣʠ ʘʙʦ ʙʽʣʠʡ ʢʨʠʩʪʘʣʽʯʥʠʡ 

ʧʦʨʦʰʦʢ ʟ ʥʝʧʨʠʻʤʥʠʤ ʩʦʣʦʥʠʤ ʩʤʘʢʦʤ, ʙʝʟ ʟʘʧʘʭʫ. ɺ ʧʨʠʨʦʜʽ ʟʫʩʪʨʽʯʘʻʪʴʩʷ 

ʫ ʚʠʛʣʷʜʽ ʤʽʥʝʨʘʣʫ (ʩʠʣʴʚʽʪ ʘʙʦ ʩʠʣʴʚʽʥ, ʩʠʣʴʚʽʥʽʪ, ʢʘʨʥʘʣʽʪ ʽ ʢʘʾʥʽʪ). 

ʆʩʥʦʚʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʭʣʦʨʠʜʫ ʢʘʣʽʶ ʻ: 

ʛʫʩʪʠʥʘ ɟ = 1984 ʢʛ/ʤ3, ʤʦʣʷʨʥʘ ʤʘʩʘ M = 74,55 ʛ/ʤʦʣʴ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘʩʠʯʝʥʥʷ 

ʉs=281 ʢʛ/ʤ
3 ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 20 Áʉ, ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ï 0,084 ʤ2/ʛ; ʨʦʟʯʠʥʥʽʩʪʴ 

ʚ ʝʪʘʥʦʣʽ (95%) 1:250, ʛʣʽʮʝʨʠʥʽ 1:14, ʚʦʜʽ 1:2,8 ï ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 20 Áʉ, 1:1,8 ï 

ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 100 Áʉ. 

ʍʣʦʨʠʜ ʢʘʣʽʶ ʥʝ ʛʦʨʶʯʠʡ, ʧʦʞʝʞʦ- ʽ ʚʠʙʫʭʦʙʝʟʧʝʯʥʠʡ. ɺ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʭʣʦʨʠʜ ʢʘʣʽʶ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʟʘʻʤʦʜʽʻʶ ʛʽʜʨʦʢʩʠʜʫ 

ʢʘʣʽʶ ʟ ʩʦʣʷʥʦʶ ʢʠʩʣʦʪʦʶ. ʍʣʦʨʠʜ ʢʘʣʽʶ ʦʪʨʠʤʫʶʪʴ ʪʘʢʦʞ ʰʣʷʭʦʤ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʩʦʣʷʥʦʛʦ ʨʦʟʯʠʥʫ.  

ɺʽʥ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʷʢ ʢʘʣʽʡʥʝ ʜʦʙʨʠʚʦ. ʂʨʽʤ ʪʦʛʦ, ʩʣʫʞʠʪʴ 

ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʽʶ ʪʘ ʽʥʰʠʭ ʩʧʦʣʫʢ ʢʘʣʽʶ, ʘ ʪʘʢʦʞ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʷʢ ʜʦʙʘʚʢʘ ʜʦ ʢʫʭʦʥʥʦʾ ʩʦʣʽ (ʪʘʢ ʟʚʘʥʘ çʩʽʣʴ ʟ ʧʦʥʠʞʝʥʠʤ 

ʚʤʽʩʪʦʤ ʥʘʪʨʽʶè). KCl ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽ ʫ ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

 

 

2.2. ʇʨʠʥʮʠʧʦʚʽ ʩʭʝʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ 

 

ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʩʫʤʽʰʝʡ ʧʽʜ 

ʯʘʩ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʫ. ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʮʝʩʫ 

ʧʝʨʽʦʜʠʯʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʩʫʤʽʰʝʡ: ʙʝʥʟʦʡʥʦʾ 

ʢʠʩʣʦʪʠ, ʩʫʣʴʬʘʪʫ ʢʘʣʽʶ ʪʘ ʭʣʦʨʠʜʫ ʢʘʣʽʶ ʨʦʟʨʦʙʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ 

ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʮʽ, ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʫ 2.3.  
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ʈʠʩ.2.3. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 

1 ï ʢʦʤʧʨʝʩʦʨ; 2 ï ʢʨʘʥ; 3ï ʟʚʦʨʦʪʥʽʡ ʢʣʘʧʘʥ; 4 ï ʧʦʚʽʪʨʷʥʠʡ ʟʙʽʨʥʠʢ; 5,10 ï 

ʤʘʥʦʤʝʪʨʠ; 6 ï ʨʝʛʫʣʷʪʦʨ ʪʠʩʢʫ; 7 ï ʧʦʚʽʪʨʷʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ; 8 ï ʤʘʩʣʷʥʠʡ 

ʬʽʣʴʪʨ; 9 ï ʨʦʪʘʤʝʪʨ; 11 ï ʘʧʘʨʘʪ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ 

ʦʪʨʠʤʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʨʰʥʝʚʦʛʦ ʢʦʤʧʨʝʩʦʨʘ 1. ʉʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ ʯʝʨʝʟ 

ʟʚʦʨʦʪʥʽʡ ʢʣʘʧʘʥ 3 ʧʦʪʨʘʧʣʷʣʦ ʫ ʧʦʚʽʪʨʷʥʠʡ ʟʙʽʨʥʠʢ (ʨʝʩʠʚʝʨ) 4. ʋ ʨʝʩʠʚʝʨʽ 

ʦʩʘʜʞʫʚʘʣʠʩʷ ʢʨʘʧʝʣʴʢʠ ʚʦʣʦʛʠ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʜʦʜʘʪʢʦʚʦ 

ʟʥʠʞʫʚʘʣʘʩʷ. ɿʙʽʨʥʠʢ ʦʙʣʘʜʥʘʥʠʡ ʤʘʥʦʤʝʪʨʦʤ ʽ ʢʨʘʥʦʤ ʜʣʷ ʟʣʠʚʫ ʢʦʥʜʝʥʩʘʪʫ 

2. ɿ ʨʝʩʠʚʝʨʘ, ʦʙôʻʤʦʤ V= 0,5 ʤ3, ʧʦʚʽʪʨʷ ʧʦʜʘʚʘʣʠ ʥʘ ʨʝʛʫʣʷʪʦʨ 6, ʷʢʠʤ 

ʚʠʩʪʘʚʣʷʣʠ ʥʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ. ʆʩʢʽʣʴʢʠ ʮʽʣʴʦʚʠʡ ʧʨʦʜʫʢʪ ʨʦʟʯʠʥʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʪʘʢʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʷʢ ʭʽʤʽʯʥʘ, ʭʘʨʯʦʚʘ ʪʘ 

ʬʘʨʤʘʮʝʚʪʠʯʥʘ, ʪʦ ʜʦ ʡʦʛʦ ʯʠʩʪʦʪʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʷʢʦʩʪʽ, ʩʪʘʚʣʷʪʴʩʷ ʚʠʩʦʢʽ 

ʚʠʤʦʛʠ. ʊʦʤʫ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʫ, ʧʽʩʣʷ ʨʝʛʫʣʷʪʦʨʘ 

ʪʠʩʢʫ, ʟ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʪʨʘʧʣʷʥʥʶ ʤʘʩʣʷʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʚ 

ʨʦʟʯʠʥ, ʧʦʚʽʪʨʷ ʧʦʜʘʚʘʣʠ ʯʝʨʝʟ ʤʘʛʽʩʪʨʘʣʴʥʠʡ ʤʘʩʣʷʥʠʡ ʬʽʣʴʪʨ 8. ʇʽʩʣʷ ʥʴʦʛʦ 

ʚʽʜʢʘʣʽʙʨʦʚʘʥʠʤ ʨʦʪʘʤʝʪʨʦʤ 9 ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʥʝʦʙʭʽʜʥʫ ʚʠʪʨʘʪʫ ʧʦʚʽʪʨʷ. ʅʘ 
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ʚʭʦʜʽ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʚ ʘʧʘʨʘʪ 11 ʚʩʪʘʥʦʚʣʝʥʠʡ ʤʘʥʦʤʝʪʨ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʫ ʧʦʚʽʪʨʷʥʽʡ ʢʘʤʝʨʽ. 

ʇʨʦʮʝʩ ʨʦʟʯʠʥʝʥʥʷ ʚʽʜʙʫʚʘʚʩʷ ʚ ʘʧʘʨʘʪʽ, ʱʦ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 2.4. 

ʂʦʨʧʫʩ ʘʧʘʨʘʪʫ ʚʠʛʦʪʦʚʣʝʥʠʡ ʽʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ. ɺʽʥ ʦʩʥʘʱʝʥʠʡ ʜʚʦʤʘ 

ʦʛʣʷʜʦʚʠʤʠ ʚʽʢʥʘʤʠ ʽʟ ʭʽʤʽʯʥʦ ʩʪʽʡʢʦʛʦ ʩʢʣʘ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʚʽʟʫʘʣʴʥʦ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʧʝʨʝʙʽʛʦʤ ʧʨʦʮʝʩʫ ʨʦʟʯʠʥʝʥʥʷ. ʇʝʨʬʦʨʦʚʘʥʘ ʧʝʨʝʛʦʨʦʜʢʘ, 

ʢʨʽʟʴ ʷʢʫ ʧʨʦʭʦʜʠʪʴ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ ʽ ʷʢʘ ʚʠʢʦʥʫʻ ʨʦʣʴ ʙʘʨʙʦʪʝʨʘ, 

ʚʠʛʦʪʦʚʣʝʥʘ ʽʟ ʭʽʤʽʯʥʦ- ʽ ʪʝʨʤʦʩʪʽʡʢʦʾ ʧʦʣʽʘʮʝʪʘʣʽ. ɼʣʷ ʢʦʥʪʨʦʣʶ 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʦʙôʻʤʽ 

ʘʧʘʨʘʪʫ, ʚʽʥ ʧʦ ʚʩʽʡ ʚʠʩʦʪʽ ʦʙʣʘʜʥʘʥʠʡ ʧʨʠʩʪʨʦʷʤʠ ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʽʜʙʦʨʫ 

ʧʨʦʙ. ʈʽʜʠʥʘ ʚ ʘʧʘʨʘʪʽ ʧʝʨʝʤʽʰʫʚʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ 

ʙʘʨʙʦʪʫʚʘʣʦʩʷ ʢʨʽʟʴ ʦʪʚʦʨʠ ʧʝʨʝʛʦʨʦʜʢʠ. 

ʇʝʨʽʦʜʠʯʥʝ ʨʦʟʯʠʥʝʥʥʷ ʚ ʘʧʘʨʘʪʽ ʽʟ ʧʥʝʚʤʘʪʠʯʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ 

(ʈʠʩ.24) ʧʨʦʚʦʜʠʣʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɸʧʘʨʘʪ ʟʘʧʦʚʥʶʚʘʣʠ ʟʘʜʘʥʠʤ ʦʙôʻʤʦʤ 

ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ ʩʪʘʥʦʚʠʣʘ t=16ęC. ʋʚʽʤʢʥʫʚʰʠ 

ʢʦʤʧʨʝʩʦʨ, ʚʠʩʪʘʚʣʷʣʠ ʨʝʛʫʣʷʪʦʨʦʤ ʟʘʜʘʥʝ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ. ʈʦʪʘʤʝʪʨʦʤ 

ʟʘʤʽʨʷʣʠ ʚʠʪʨʘʪʫ ʧʦʚʽʪʨʷ ʜʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʫ. ɿʘʩʠʧʘʣʠ ʧʦʧʝʨʝʜʥʴʦ 

ʟʚʘʞʝʥʫ ʩʫʤʽʰ ʪʚʝʨʜʦʾ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʽ ʚʤʠʢʘʣʠ ʩʝʢʫʥʜʦʤʽʨ. ʈʦʟʯʠʥ 

ʧʝʨʝʤʽʰʫʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʫʣʴʙʘʰʦʢ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʚʚʦʜʠʣʦʩʷ ʫ 

ʧʦʚʽʪʨʷʥʫ ʢʘʤʝʨʫ ʘʧʘʨʘʪʫ, ʘ ʟʚʽʜʪʠ ʢʨʽʟʴ ʧʝʨʬʦʨʦʚʘʥʫ ʧʝʨʝʛʦʨʦʜʢʫïʙʘʨʙʦʪʝʨ 

ʧʦʜʘʚʘʣʦʩʷ ʫ ʟʦʥʫ ʨʦʟʯʠʥʝʥʥʷ. ʈʦʟʤʽʨʠ ʪʘ ʢʽʣʴʢʽʩʪʴ ʦʪʚʦʨʽʚ ʙʘʨʙʦʪʝʨʘ 

ʧʽʜʙʠʨʘʣʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʫʤʦʚʫ ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ 

ʧʝʨʬʦʨʦʚʘʥʦʾ ʧʝʨʝʛʦʨʦʜʢʠ, ʘ ʪʘʢʦʞ, ʱʦʙ ʫʥʝʤʦʞʣʠʚʠʪʠ ʧʦʪʨʘʧʣʷʥʥʷ ʨʦʟʯʠʥʫ 

ʚ ʥʠʞʥʶ ʧʦʚʽʪʨʷʥʫ ʢʘʤʝʨʫ ʻʤʥʦʩʪʽ. ʏʝʨʝʟ ʨʽʚʥʽ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ ʽʟ 

ʧʨʦʙʦʚʽʜʙʽʨʥʠʢʽʚ ʚʽʜʙʠʨʘʣʠ ʥʘ ʘʥʘʣʽʟ ʨʦʟʯʠʥ ʪʘ ʚʠʟʥʘʯʘʣʠ ʚʤʽʩʪ ʙʝʥʟʦʡʥʦʾ 

ʢʠʩʣʦʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ Specord m40. ɼʘʥʽ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʾ ʧʦʨʽʚʥʶʚʘʣʠ ʽʟ ʜʘʥʠʤʠ ʪʠʪʨʠʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʦʪʨʠʤʘʚʰʠ ʾʭ ʩʧʽʚʧʘʜʽʥʥʷ ʚ ʟʘʜʦʚʽʣʴʥʠʭ ʤʝʞʘʭ, ʦʪʨʠʤʫʚʘʣʠ ʚʠʟʥʘʯʝʥʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʨʦʟʯʠʥʶʚʘʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 
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ʈʠʩ.2.4. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʻʤʥʽʩʪʴ  ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʦʾ 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʧʽʜ ʯʘʩ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ  

1 ï ʢʦʨʧʫʩ; 2 ï ʧʝʨʬʦʨʦʚʘʥʘ ʧʝʨʝʛʦʨʦʜʢʘ; 3ï ʟʣʠʚʥʠʡ ʧʘʪʨʫʙʦʢ 

ʢʦʥʜʝʥʩʘʪʫ; 4 ï ʧʘʪʨʫʙʦʢ ʚʭʦʜʫ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ; 5ï ʧʨʦʙʦʚʽʜʙʽʨʥʠʢʠ; 6 ï 

ʧʦʚʽʪʨʷʥʘ ʢʘʤʝʨʘ; 7 ï ʪʚʝʨʜʘ ʬʘʟʘ; 8 ï ʨʽʜʢʘ ʬʘʟʘ; 9 ïʙʫʣʴʙʘʰʢʠ ʧʦʚʽʪʨʷ 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʜʦʩʣʽʜʽʚ ʟʘʢʨʠʚʘʣʠ ʟʘʧʽʨʥʦ-ʨʝʛʫʣʶʶʯʫ ʘʨʤʘʪʫʨʫ, 

ʩʪʨʘʚʣʶʚʘʣʠ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʽʟ ʧʦʚʽʪʨʷʥʦʛʦ ʟʙʽʨʥʠʢʘ ʪʘ ʝʣʝʤʝʥʪʽʚ 

ʫʩʪʘʥʦʚʢʠ, ʟʣʠʚʘʣʠ ʢʦʥʜʝʥʩʘʪ, ʧʝʨʝʚʽʨʷʣʠ ʬʽʣʴʪʨʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʚʣʦʚʣʝʥʠʭ 

ʟʘʙʨʫʜʥʝʥʴ ʪʘ ʦʯʠʱʘʣʠ ʾʭ. 

ɺʠʭʽʜ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʦʪʚʦʨʠ ʧʝʨʬʦʨʦʚʘʥʦʾ ʧʝʨʝʛʦʨʦʜʢʠ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷʤ ʩʪʨʫʤʝʥʶ, ʷʢʠʡ ʫ ʧʨʦʮʝʩʽ ʨʫʭʫ ʧʦʜʨʽʙʥʶʻʪʴʩʷ 

ʥʘ ʦʢʨʝʤʽ ʙʫʣʴʙʘʰʢʠ ʨʽʟʥʦʛʦ ʦʙôʻʤʫ, ʱʦ ʧʽʜʥʽʤʘʶʪʴʩʷ ʫ ʚʠʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ 

[130]. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʙʫʣʴʙʘʰʦʢ, ʷʢ ʧʦʯʘʪʢʦʚʦʛʦ, ʚ ʫʩʪʘʥʦʚʮʽ 
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ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʧʽʜ ʯʘʩ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʩʬʦʨʤʫʚʘʪʠ 

ʜʦʩʪʦʚʽʨʥʫ ʙʘʟʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʽ ʨʝʞʠʤʫ ʨʫʭʫ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʘʧʘʨʘʪʫ, ʘ ʪʘʢʦʞ ʻ ʦʩʥʦʚʦʶ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʛʘʟʦʨʽʜʠʥʥʠʭ ʩʫʤʽʰʝʡ.  

ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʯʠʥʝʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʪʚʝʨʜʦʾ 

ʬʘʟʠ ʫ ʛʘʟʦʨʽʜʠʥʥʦʤʫ ʧʦʪʦʮʽ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʯʠʥʝʥʥʷ 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʛʘʟʦʨʽʜʠʥʥʦʤʫ ʧʦʪʦʮʽ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʩʭʝʤʘ ʷʢʦʾ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.5.  

 

ʈʠʩ. 2.5. ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʯʠʥʝʥʥʷ 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʫ ʛʘʟʦʨʽʜʠʥʥʦʤʫ ʧʦʪʦʮʽ: 

1 ï ʨʽʜʠʥʘ (ʩʫʮʽʣʴʥʘ ʬʘʟʘ); 2 ï ʙʫʣʴʙʘʰʢʠ ʧʦʚʽʪʨʷ; 3 ï ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ  

ɸʧʘʨʘʪ-ʨʦʟʯʠʥʥʠʢ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʝʨʪʠʢʘʣʴʥʫ ʢʦʣʦʥʫ, ʫ ʥʠʞʥʽʡ 

ʯʘʩʪʠʥʽ ʷʢʦʾ ʙʫʣʘ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʘ ʨʝʰʽʪʢʘ. ʈʽʜʠʥʫ ʽ ʧʦʚʽʪʨʷ ʚʚʦʜʠʣʠ ʟʟʦʚʥʽ 
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ʧʝʨʬʦʨʦʚʘʥʦʾ ʧʝʨʝʛʦʨʦʜʢʠ ʽ ʚʚʝʨʭ ʢʦʣʦʥʠ ʧʽʜʥʽʤʘʣʘʩʴ ʛʘʟʦʨʽʜʠʥʥʘ ʩʫʤʽʰ, 

ʨʦʟʜʽʣʝʥʥʷ ʷʢʦʾ ʚʽʜʙʫʚʘʣʦʩʴ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʢʦʣʦʥʠ. ɺ ʘʧʘʨʘʪ ʧʦʜʘʚʘʣʠ 

ʥʘʚʘʞʢʫ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʢʘʣʽʶ ʩʫʣʴʬʘʪʫ, ʷʢʠʡ ʟʥʘʭʦʜʠʚʩʷ ʫ 

ʛʘʟʦʨʽʜʠʥʥʦʤʫ ʧʦʪʦʮʽ ʫ ʟʚʘʞʝʥʦʤʫ ʩʪʘʥʽ. 

 

2.3. ʄʝʪʦʜʠʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ɼʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʨʦʟʯʠʥʝʥʥʷ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʙʝʥʟʦʡʥʦʾ 

ʢʠʩʣʦʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʾʾ ʦʩʥʦʚʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ, ʫʩʝʨʝʜʥʝʥʠʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ ʪʘ ʬʘʢʪʦʨ ʬʦʨʤʠ). 

ʋʩʝʨʝʜʥʝʥʠʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʚʠʟʥʘʯʘʣʠ ʧʦʩʣʽʜʦʚʥʦ ʤʝʪʦʜʘʤʠ ʩʠʪʦʚʦʛʦ 

(ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ) ʪʘ ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʘʥʘʣʽʟʽʚ. ʅʘ ʨʠʩ. 2.6 ʟʦʙʨʘʞʝʥʦ 

ʬʦʪʦʛʨʘʬʽʶ ʯʘʩʪʠʥʦʢ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʥʘʡʙʽʣʴʰʦʾ ʪʘ ʥʘʡʤʝʥʰʦʾ ʬʨʘʢʮʽʡ, 

ʷʢʽ ʜʦʩʣʽʜʞʫʚʘʣʠ. 

 

ʈʠʩ.2.6. ʌʦʪʦʛʨʘʬʽʷ ʯʘʩʪʠʥʢʠ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ: 

a ï ʬʨʘʢʮʽʷ (x4) >2,5Ā10-3 ʤ; b ï ʬʨʘʢʮʽʷ (x7) (0,16õ1,25)Ā10-3 ʤ 

ɺʠʟʥʘʯʝʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ 

ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ (ʨʠʩ. 2.7) 

ʙʨʘʣʠ 6 ʢʛ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʟʛʽʜʥʦ ʟʽ ʩʪʘʥʜʘʨʪʥʦʶ 

  

a b 
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ʤʝʪʦʜʠʢʦʶ ʩʠʪʦʚʦʛʦ ʘʥʘʣʽʟʫ [131] ʧʨʦʚʦʜʠʣʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʨʦʟʩʽʚʫ 

ʤʘʪʝʨʽʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʙʽʨ ʩʠʪ ʟ ʨʦʟʤʽʨʘʤʠ ʦʪʚʦʨʽʚ: 0,16; 0,315; 0,63; 

1,25; 2,5; 5 ʤʤ. ɼʣʷ ʨʦʟʩʽʚʫ ʟʘʩʠʧʘʣʠ ʤʘʪʝʨʽʘʣ ʥʘ ʚʝʨʭʥʻ ʩʠʪʦ ʽ ʚʝʩʴ ʢʦʤʧʣʝʢʪ 

ʩʠʪ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʠʡ ʛʨʦʭʦʪ AS 300 ʪʘ ʩʪʨʫʰʫʚʘʣʠ 20 ʭʚ. 

ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʦʪʨʠʤʘʣʠ 5 ʬʨʘʢʮʽʡ. 

 

ʈʠʩ.2.7. ʇʦʣʽʜʠʩʧʝʨʩʥʘ ʩʫʤʽʰ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ 

ʇʽʩʣʷ ʧʨʦʩʽʶʚʘʥʥʷ, ʟʘʣʠʰʦʢ ʤʘʪʝʨʽʘʣʫ ʥʘ ʢʦʞʥʦʤʫ ʩʠʪʽ ʟʚʘʞʫʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʣʘʙʦʨʘʪʦʨʥʦʾ ʚʘʛʠ AXIS-AD3000, ʽ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʚʽʜʩʦʪʢʦʚʠʡ 

ʚʤʽʩʪ ʢʦʞʥʦʾ ʫʪʚʦʨʝʥʦʾ ʬʨʘʢʮʽʾ ʫ ʚʠʭʽʜʥʽʡ ʧʨʦʙʽ. ʐʣʷʭʦʤ ʟʥʘʭʦʜʞʝʥʥʷ 

ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ, ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ 

ʩʫʤʽʰʽ. 

ʈʝʟʫʣʴʪʘʪ ʩʠʪʦʚʦʛʦ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 2.1 ʪʘ ʥʘ ʛʽʩʪʦʛʨʘʤʽ 

(ʨʠʩ.2.8). 
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ʈʠʩ. 2.8.  ʈʝʟʫʣʴʪʘʪʠ ʩʠʪʦʚʦʛʦ ʘʥʘʣʽʟʫ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ 

ɺʠʟʥʘʯʝʥʥʷ ʫʩʝʨʝʜʥʝʥʦʛʦ ʜʽʘʤʝʪʨʘ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ 

ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ. ʆʪʨʠʤʘʚʰʠ ʤʝʪʦʜʦʤ ʩʠʪʦʚʦʛʦ ʘʥʘʣʽʟʫ ʧôʷʪʴ ʬʨʘʢʮʽʡ 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʯʘʩʪʠʥʦʢ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ, ʟʥʘʭʦʜʠʣʠ ʫʩʝʨʝʜʥʝʥʠʡ 

ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ. ɼʣʷ ʮʴʦʛʦ, ʽʟ ʢʦʞʥʦʾ ʟ ʬʨʘʢʮʽʾ ʚʽʜʙʠʨʘʣʠ ʧʦ 60 ʯʘʩʪʠʥʦʢ, ʷʢʽ 

ʨʦʟʜʽʣʠʣʠ ʥʘ ʪʨʠ ʧʨʦʙʠ. ɼʘʣʽ, ʤʽʢʨʦʩʢʦʧʽʯʥʠʤ ʘʥʘʣʽʟʦʤ, ʟʛʽʜʥʦ ʽʟ ʤʝʪʦʜʠʢʘʤʠ, 

ʥʘʚʝʜʝʥʠʤʠ ʫ [132ï136], ʚʠʟʥʘʯʘʣʠ ʪʨʠ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʨʦʟʤʽʨʠ ʽ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʫʩʝʨʝʜʥʝʥʠʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ ʜʣʷ ʢʦʞʥʦʾ ʧʨʦʙʠ, ʟʛʽʜʥʦ ʽʟ 

ʟʘʣʝʞʥʽʩʪʶ (2.1). ʋʩʝʨʝʜʥʝʥʠʡ ʜʽʘʤʝʪʨ ʢʦʞʥʦʾ ʬʨʘʢʮʽʾ ʨʦʟʨʘʭʦʚʫʚʘʣʠ, ʷʢ 

ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʽʟ ʪʨʴʦʭ ʧʨʦʙ, ʘ ʫʩʝʨʝʜʥʝʥʠʡ ʜʽʘʤʝʪʨ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ 

ʩʫʤʽʰʽ (ʚʩʽʭ ʬʨʘʢʮʽʡ) ʚʠʟʥʘʯʘʣʠ ʽʟ ʟʘʣʝʞʥʦʩʪʽ (2.2). ɼʘʥʽ ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʧʦʜʘʥʽ ʫ ʪʘʙʣʠʮʽ 2.1.  

ʋʩʝʨʝʜʥʝʥʠʡ ὨӶ̑̕ ʜʽʘʤʝʪʨ ʚʠʟʥʘʯʘʣʠ ʜʣʷ ʢʦʞʥʦʾ ʽʟ ʬʨʘʢʮʽʡ, ʘ ʪʘʢʦʞ 

ʟʘʛʘʣʴʥʠʡ ʫʩʝʨʝʜʥʝʥʠʡ ὨӶ̘ ʜʽʘʤʝʪʨ, ʜʣʷ ʫʩʴʦʛʦ ʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʽ 

ʟʘʣʝʞʥʦʩʪʝʡ: 

Ὠ̕ ̑ В
ϽϽ

;    (2.1) 
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ʜʝ:  ʘi, bi, hi ï ʨʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ ʫ ʪʨʴʦʭ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʥʘʧʨʷʤʢʘʭ, 

ʤ;  

N ï ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ ʫ ʧʨʦʙʽ;  

ʊʘʙʣʠʮʷ 2.1  

ʈʝʟʫʣʴʪʘʪʠ ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʯʘʩʪʠʥʦʢ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ 

ʈʦʟʤʽʨ 

ʬʨʘʢʮʽʾ, 

dÅ103 ʤ 

dʬʨÅ10
3 ʤ aÅ103  bÅ103  hÅ103  

ɺʽʜʩʦʪʢʦʚʠʡ 

ʚʤʽʩʪ, xi, % 

ʋʩʝʨʝʜʥʝʥʠʡ 

ʜʽʘʤʝʪʨ, 

ὨӶ̘Å103 ʤ  ʤ 

0,16õ0,315 0,176 0,29 0,21 0,09 1,67 

0,776 

0,315õ0,63 0,338 0,64 0,49 0,13 13,45 

0,63õ1,25 0,666 1,24 1,01 0,24 53,94 

1,25õ2,5 1,116 2,39 2,03 0,29 25,22 

2,5õ5 1,753 4,46 3,83 0,32 4,35 

 

Ὠ̘ В
Ͻ

;     (2.2) 

ʜʝ: xʽ ï ʚʽʜʩʦʪʢʦʚʠʡ ʚʤʽʩʪ ʢʦʞʥʦʾ ʬʨʘʢʮʽʾ, %; diÅ103 ï ʫʩʝʨʝʜʥʝʥʠʡ ʜʽʘʤʝʪʨ 

ʢʦʞʥʦʾ ʽʟ ʬʨʘʢʮʽʡ, ʤ; m ï ʢʽʣʴʢʽʩʪʴ ʬʨʘʢʮʽʡ. 

ɺʠʟʥʘʯʝʥʥʷ ʥʘʩʠʧʥʦʾ ʛʫʩʪʠʥʠ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʙʝʥʟʦʡʥʦʾ 

ʢʠʩʣʦʪʠ. ʅʘʩʠʧʥʫ ʛʫʩʪʠʥʫ ɟʥʘʩ ʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ, ʥʘʚʝʜʝʥʦʶ ʫ ɼʉʊʋ ISO 567-2002. ʉʫʭʫ ʥʘʚʘʞʢʫ 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʟʘʩʠʧʘʣʠ ʧʦ ʮʝʥʪʨʫ ʫ ʪʦʨʦʚʘʥʠʡ 

ʮʠʣʽʥʜʨ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʡʢʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʦʥʫʩʘ ʥʘʜ ʚʝʨʭʥʽʤʠ ʢʨʘʷʤʠ 

ʻʤʥʦʩʪʽ. ɿʘʡʚʠʡ ʤʘʪʝʨʽʘʣ ʟʨʽʟʘʣʠ ʣʽʥʽʡʢʦʶ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʜʽʘʤʝʪʨʦʤ D 
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ʻʤʥʦʩʪʽ ʪʘ ʫʩʝʨʝʜʥʝʥʠʤ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ ὨӶ̘ ʩʪʘʥʦʚʠʣʦ 
̘
ςπ. ɿʚʘʞʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʽʡ ʚʘʟʽ AXIS-AD3000, ʽʟ ʪʦʯʥʽʩʪʶ ʚʠʤʽʨʽʚ ʜʦ 1Å10-5 

ʢʛ. ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ 6 ʨʘʟʽʚ. ɺʨʘʭʦʚʫʶʯʠ ʧʦʣʽʜʠʩʧʝʨʩʥʽʩʪʴ ʪʘ 

ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ çʜʨʽʙʥʠʭè ʪʘ çʚʝʣʠʢʠʭè ʯʘʩʪʠʥʦʢ ʫ ʧʨʦʙʽ, ʥʘʡʙʽʣʴʰʝ 

(Gi = 21,23Å10-3 ʢʛ) ʽ ʥʘʡʤʝʥʰʝ (Gi = 19,68Å10-3 ʢʛ) ʟʥʘʯʝʥʥʷ ʚʽʜʢʠʥʫʣʠ. 

ʆʪʨʠʤʘʥʽ ʪʘ ʧʦʨʘʭʦʚʘʥʽ ʜʘʥʽ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 2.2.  

ʅʘʩʠʧʥʫ ʛʫʩʪʠʥʫ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

”̎ ́̒ ϽВ ;    (2.3) 

ʜʝ: Giï ʤʘʩʘ ʥʘʚʘʞʢʠ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ, ʢʛ;  

V iï ʦʙôʻʤ ʮʠʣʽʥʜʨʘ, ʤ
3;  

ɟʥʘʩ ï ʥʘʩʠʧʥʘ ʛʫʩʪʠʥʘ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ, ʢʛ/ʤ
3,  

ɟ̔ ï ʥʘʩʠʧʥʘ ʛʫʩʪʠʥʘ ʽ-ʦʾ ʥʘʚʘʞʢʠ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ, ʢʛ/ʤ3. 

ʊʘʙʣʠʮʷ 2.2 

ɺʠʟʥʘʯʝʥʥʷ ʥʘʩʠʧʥʦʾ ʛʫʩʪʠʥʠ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ 

ī 
GiÅ10

3, ʢʛ V iÅ10
6, ʤ3 ɟi Å10

-3
, ʢʛ/ʤ

3 ɟʥʘʩÅ10
-3

, ʢʛ/ʤ
3 

1 20,88 

36 

0,574 

0,575 

2 20,97 0,577 

3 20,85 0,574 

4 20,87 0,574 

5 20,85 0,573 

6 20,98 0,577 

ɺʠʟʥʘʯʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ ʀ̙ ʜʠʩʧʝʨʩʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʢʦʨʠʩʪʫʚʘʣʠʩʷ ʤʝʪʦʜʦʤ ʜʚʦʭ ʨʽʜʠʥ. ʉʫʭʠʡ ʤʘʪʝʨʽʘʣ (ʙʝʥʟʦʡʥʘ 

ʢʠʩʣʦʪʘ) ʟʚʘʞʫʚʘʣʠ ʥʘ ʘʥʘʣʽʪʠʯʥʠʭ ʚʘʛʘʭ ʽʟ ʪʦʯʥʽʩʪʶ Ñ 0,01Å10-3 ʢʛ. 



58 

 

 

ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʧʦʤʽʱʘʣʠ ʫ ʤʽʨʥʠʡ ʮʠʣʽʥʜʨ, ʟʘʧʦʚʥʝʥʠʡ 

ʧʝʪʨʦʣʝʡʥʠʤ ʝʬʽʨʦʤ ʜʦ ʧʝʚʥʦʛʦ ʦʙôʻʤʫ. ɺʠʜʘʣʷʣʠ ʟʘʣʠʰʢʠ ʧʦʚʽʪʨʷ ʽʟ ʰʘʨʫ ʜʣʷ 

ʟʘʧʦʚʥʝʥʥʷ ʨʽʜʠʥʦʶ ʫʩʽʭ ʧʦʨ. ʌʽʢʩʫʚʘʣʠ ʦʙôʻʤ, ʷʢʠʡ ʟʘʡʤʘʻ ʜʦʩʣʽʜʞʫʚʘʥʠʡ 

ʤʘʪʝʨʽʘʣ (Vʤʘʪ) ʪʘ ʩʫʤʘʨʥʠʡ ʦʙôʻʤ ʤʘʪʝʨʽʘʣʫ ʟ ʝʬʽʨʦʤ (Vʟ) ʫ ʤʽʨʥʦʤʫ ʮʠʣʽʥʜʨʽ. 

ʆʙôʻʤ ʧʦʨ (Vʧ) ʚʠʟʥʘʯʘʣʠ ʟʽ ʟʘʣʝʞʥʦʩʪʽ: 

ὠ̐ ὠ̨̆̑̕ ὠ̔̍́̓ ὠ̈      (2.4) 

ɿʘʣʠʰʢʠ ʝʬʽʨʫ ʽʟ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʚʠʜʘʣʷʣʠ ʬʽʣʴʪʨʫʚʘʣʴʥʠʤ 

ʧʘʧʝʨʦʤ. ʇʨʦʩʦʯʝʥʠʡ ʝʬʽʨʦʤ ʜʠʩʧʝʨʩʥʠʡ ʤʘʪʝʨʽʘʣ ʧʦʤʽʱʘʣʠ ʫ ʤʽʨʥʠʡ ʮʠʣʽʥʜʨ 

ʽ ʟʥʘʭʦʜʠʣʠ ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ Vʟ, ʷʢʠʡ ʟʘʡʤʘʚ ʜʠʩʧʝʨʩʥʠʡ ʤʘʪʝʨʽʘʣ ʟʘ ʡʦʛʦ 

ʧʦʜʽʣʢʘʤʠ. ɼʘʣʽ ʤʽʨʥʠʡ ʮʠʣʽʥʜʨ ʟʘʧʦʚʥʶʚʘʣʠ ʦʭʦʣʦʜʞʝʥʦʶ ʜʠʩʪʠʣʴʦʚʘʥʦʶ 

ʚʦʜʦʶ ʜʦ ʚʝʨʭʥʴʦʾ ʤʝʞʽ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ. ʆʙôʻʤ ʚʦʜʠ ʨʽʚʥʠʡ ʦʙôʻʤʫ ʧʦʨ Vʧ 

ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ.  

ʇʦʨʠʩʪʽʩʪʴ ʰʘʨʫ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʟʘʣʝʞʥʽʩʪʶ (2.4), ʘ ʜʘʥʽ ʨʦʟʨʘʭʫʥʢʽʚ 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 2.3: 

ʀ̙ ̐

̈
      (2.5) 

ɿʘ ʚʽʜʦʤʦʶ ʽʩʪʠʥʥʦʶ ʛʫʩʪʠʥʦʶ ʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘ ʪʘʢʦʞ 

ʚʠʟʥʘʯʝʥʦʶ ʡʦʛʦ ʥʘʩʠʧʥʦʶ ʛʫʩʪʠʥʦʶ, ʟʥʘʭʦʜʠʣʠ ʟʘʛʘʣʴʥʫ ʧʦʨʠʩʪʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ:  

ʀ ρ ̎́̒     (2.6) 

ʊʘʙʣʠʮʷ 2.3  

ɺʠʟʥʘʯʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ 

VʧÅ10
6, ʤ3 VʟÅ10

6, ʤ3 ɟÅ10-3
, ʢʛ/ʤ

3 ɟʥʘʩÅ10
-3

, ʢʛ/ʤ
3 Ů h 

50,50 150 1,27 0,575 0,337 
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ɺʠʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ. ʇʠʪʦʤʫ 

ʧʦʚʝʨʭʥʶ ʯʘʩʪʠʥʦʢ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ ůʫʤ ʚʠʟʥʘʯʘʣʠ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ 

ʟʘʣʝʞʥʦʩʪʷʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʫ [137, 138]. 

ɼʣʷ ʯʘʩʪʠʥʦʢ ʥʝʧʨʘʚʠʣʴʥʦʾ ʧʣʘʩʪʠʥʯʘʩʪʦʾ ʬʦʨʤʠ ʟʛʽʜʥʦ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʥʘʚʝʜʝʥʠʭ ʫ [139] ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʠʡʤʘʪʠ ʬʘʢʪʦʨ ʬʦʨʤʠ űʩ=0,2 ï 0,4. ʅʘ 

ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʬʦʪʦʛʨʘʬʽʡ ʯʘʩʪʠʥʦʢ ʧʽʜ ʤʽʢʨʦʩʢʦʧʦʤ ʨʽʟʥʠʭ ʬʨʘʢʮʽʡ ʯʘʩʪʠʥʦʢ 

ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʧʨʠʡʥʷʪʦ ʬʘʢʪʦʨ ʬʦʨʤʠ űʩ = 0,3. 

ʇʠʪʦʤʫ ʧʦʚʝʨʭʥʶ ʯʘʩʪʠʥʦʢ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ ʟʥʘʭʦʜʠʣʠ ʟʽ 

ʟʘʣʝʞʥʦʩʪʝʡ (2.7) ʽ ʨʝʟʫʣʴʪʘʪʠ ʚʥʝʩʣʠ ʫ ʪʘʙʣʠʮʶ 2.4: 

„̔ ̍
Ͻ Ͻ̘̒ Ͻ

Ͻ Ͻ̘̒
Ͻ ̙

Ͻ

 
 Ͻ ̙

Ͻ̘̒
 ,    (2.7) 

ʜʝ: Ὠ̘ ï ʫʩʝʨʝʜʥʝʥʠʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʢʠ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʙʝʥʟʦʡʥʦʾ 

ʢʠʩʣʦʪʠ, ʤʤ;  

űʩ = 0,3 ï ʢʦʝʬʽʮʽʻʥʪ ʩʬʝʨʠʯʥʦʩʪʽ;  

N ï ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ; Ů hï ʟʘʛʘʣʴʥʘ ʧʦʨʠʩʪʽʩʪʴ, ʤ3/ʤ3. 

ʊʘʙʣʠʮʷ 2.4 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʠʥʦʢ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ 

Ὠ̘, Å103 ʤ Ů ,h ʤ3/ʤ3 ◖ʩ ůʫʤ, Å10
3 ʤ2/ʤ3 

0,776 0,337 0,3 11,675 

 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʫ ʨʦʟʯʠʥʽ. ɺʠʟʥʘʯʝʥʥʷ 

ʚʤʽʩʪʫ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʫ ʨʦʟʯʠʥʽ ʧʨʦʚʦʜʠʣʠ  ʤʝʪʦʜʦʤ ʪʠʪʨʠʤʝʪʨʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʪʘ ʧʦʨʽʚʥʶʚʘʣʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ Specord m40 (ʨʠʩ.2.9) ʥʘ ʦʩʥʦʚʽ ʩʪʘʥʜʘʨʪʥʠʭ 

ʤʝʪʦʜʠʢ, ʥʘʚʝʜʝʥʠʭ ʫ [140].  
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ʈʠʩ.2.9.  ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨ Specord m40 

 

2.4. ʆʮʽʥʢʘ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʥʷ 

ʊʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʭʠʙʢʦʶ ʚʠʤʽʨʶʚʘʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʆʮʽʥʢʘ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ (ʪʘʙʣ. 

2.5) ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʽ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʥʘʚʝʜʝʥʠʭ ʚ [141]. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʜʦʧʦʤʽʞʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʻʤʥʦʩʪʝʡ, ʢʦʥʪʝʡʥʝʨʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʝʣʝʢʪʨʦʥʥʠʡ ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ IP-40 

(ʐʎʎ-I), 0 ï 125 ʤʤ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʦʢʨʝʤʠʭ 

ʯʘʩʪʠʥʦʢ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʚʽʪʣʦʚʠʡ ʤʽʢʨʦʩʢʦʧ 

Carson MS-040. ɺʘʛʘ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʤʽʨʶʚʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʣʘʙʦʨʘʪʦʨʥʦʾ ʚʘʛʠ AXIS-AD3000 ʜʦ 3000 ʛ ʟ ʪʦʯʥʽʩʪʶ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦ 0,01 ʛ. 

ʏʘʩ  ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʩʝʢʫʥʜʦʤʽʨʘ ʬʽʨʤʠ Casio HS-6, ʟ ʪʦʯʥʽʩʪʶ ʚʠʤʽʨʶʚʘʥʥʷ 0,01 ʩ. ʊʝʤʧʝʨʘʪʫʨʫ, 

ʟʘ ʷʢʦʾ ʧʨʦʚʦʜʠʣʠʩʷ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʨʪʠʬʽʢʦʚʘʥʠʭ 

ʪʝʨʤʦʧʘʨ ʍʂ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʈʊ-0102, ʈʊ-0102-8. ɺʠʤʽʨʶʚʘʥʥʷ 

ʚʠʪʨʘʪʠ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʪʘʤʝʪʨʘ ʈʇʌ-I, 

ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʫ ʧʦʚʽʪʨʷʥʦʤʫ ʟʙʽʨʥʠʢʫ ï ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʥʦʤʝʪʨʘ ɼʄ 

05160. 
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ʊʘʙʣʠʮʷ 2.5  

ɻʨʘʥʠʯʥʽ ʧʦʭʠʙʢʠ ʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ɺʝʣʠʯʠʥʘ 
ʇʦʟʥʘ-

ʯʝʥʥʷ 

ʆʜʠʥ. 

ʚʠʤ. 
ʇʨʠʣʘʜ 

ʇʦʭʠʙʢʘ 

ʘʙʩʦʣʶʪʥʘ ʚʽʜʥʦʩʥʘ 

ʃʽʥʽʡʥʽ 

ʨʦʟʤʽʨʠ 
d, l, r ʤ 

ɽʣʝʢʪʨʦʥʥʠʡ 

ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ 

IP-40 (ʐʎʎ-I) 

1Å10-4 1Å10-5 

ɺʘʛʘ G ʢʛ AXIS-AD3000 1Å10-5 5Å10-8 

ʆʙôʻʤ V 3ʤ  ʄʽʨʥʠʡ ʮʠʣʽʥʜʨ 1Å10-6 5Å10-9 

ʊʝʤʧʝʨʘʪʫʨʘ t  

ʊʝʨʤʦʧʘʨʠ ʍʂ: 

ʈʊ-0102, ʈʊ-

0102-8, SESTOS 

D1S 

1Å10-1 1Å10-4 

ʆʙôʻʤʥʘ 

ʚʠʪʨʘʪʘ 
cV  

ʩ
ʤ3  ʈʦʪʘʤʝʪʨ ʈʇʌ-I 1Å10-3 1Å10-5 

ʇʝʨʝʧʘʜ 

ʪʠʩʢʽʚ 
æʈ 2ʩʤ

ʢɻʩ  
ʄʘʥʦʤʝʪʨ ɼʄ 

05160 
2Å10-3 2Å10-5 

ʏʘʩ t ʩ 

ɽʣʝʢʪʨʦʥʥʠʡ 

ʩʝʢʫʥʜʦʤʽʨ Casio 

HS-6 

1Å10-2 5Å10-6 

 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʚʽʜ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʭ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ [141], ʷʢ 

ʢʦʨʝʛʦʚʘʥʝ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʜʣʷ ʚʠʙʽʨʢʠ (ʢʦʣʠ ὲ υπ): 

CO
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Ὓ
В

       (2.8) 

ʍ ï ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ; 

X  ï ʫʩʝʨʝʜʥʝʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥʷ; 

n ï ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. 

ɺʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ ʤʽʞ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ [141]: 

100
X

XX

e

ʪe Ö
-

=D     (2.9) 

ʜʝ  ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ; 

 ï ʟʥʘʯʝʥʥʷ, ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. 

 

2.5. ɺʠʩʥʦʚʢʠ ʜʦ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ 

1. ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʥʘʚʝʜʝʥʦ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

2. ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʽ ʷʢ ʧʦʨʠʩʪʽʩʪʴ, ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ, ʥʘʩʠʧʥʘ ʛʫʩʪʠʥʘ, ʬʨʘʢʮʽʡʥʠʡ 

ʩʢʣʘʜ, ʫʩʝʨʝʜʥʝʥʠʡ ʜʽʘʤʝʪʨ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ (ʪʘʙʣ. 2.1 ï 24). 

3. ʅʘʚʝʜʝʥʦ ʧʨʠʥʮʠʧʦʚʽ ʩʭʝʤʠ ʨʦʟʨʦʙʣʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ 

(ʨʠʩ. 2.3 ï 2.5). 

4. ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

5. ʅʘʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ (2.8) ʽ (2.9) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʠʙʦʢ 

ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʪʘ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ 

ʧʦʭʠʙʦʢ ʧʨʷʤʠʭ ʚʠʤʽʨʽʚ (ʪʘʙʣ. 2.5). 

6. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ [165]. 

  

eX

mX
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ʈʆɿɼɯʃ 3 

ʄɸʉʆʆɹʄɯʅ ʋ ʉʀʉʊɽʄɯ ʊɺɽʈɼɽ ʊɯʃʆ ï ʈɯɼʀʅɸ, ʑʆ 

ʇɽʈɽʄɯʐʋɭʊʔʉʗ ɻɸɿʆʄ 

 

 

3.1 ʄʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʙʫʣʴʙʘʰʦʢ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʧʽʜ ʯʘʩ 

ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʫ 

 

ʇʨʦʙʣʝʤʘ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʠʨʽʰʫʻʪʴʩʷ 

ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ: ʚ ʘʧʘʨʘʪʘʭ ʟ ʤʝʭʘʥʽʯʥʠʤ ʘʙʦ ʧʥʝʚʤʘʪʠʯʥʠʤ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ, ʽʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʘʙʦ ʧʦʚʽʪʨʷ, ʫ ʰʥʝʢʦʚʠʭ ʘʧʘʨʘʪʘʭ ʪʘ ʟ 

ʨʫʭʦʤʠʤ ʘʙʦ ʩʪʘʮʽʦʥʘʨʥʠʤ ʰʘʨʦʤ ʪʚʝʨʜʦʾ ʬʘʟʠ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʘʧʘʨʘʪʽʚ ʽʟ ʧʥʝʚʤʘʪʠʯʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʝ ʽʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʨʫʭʫ ʙʫʣʴʙʘʰʦʢ ʩʪʠʩʥʝʥʦʛʦ ʛʘʟʫ ʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʷʢʝ ʧʝʨʝʤʽʰʫʶʪʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʭʫ ʙʫʣʴʙʘʰʦʢ 

ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʫ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʚʦʜʠʣʠ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ 

ʫʩʪʘʥʦʚʮʽ, ʩʭʝʤʘ ʽ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠ ʟʘ ʫʤʦʚ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ, ʷʢʠʡ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘ ʥʝʚʝʣʠʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʧʦʚʽʪʨʷ, ʢʦʣʠ ʤʦʞʥʘ ʥʝ 

ʚʨʘʭʦʚʫʚʘʪʠ ʽʥʝʨʮʽʶ ʚʟʘʻʤʦʜʽʶʯʠʭ ʩʝʨʝʜʦʚʠʱ. ɿʘ ʫʤʦʚ ʮʴʦʛʦ ʨʝʞʠʤʫ ʦʙôʻʤ 

ʙʫʣʴʙʘʰʦʢ ʚ ʤʦʤʝʥʪ ʚʽʜʨʠʚʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʪʨʘʪʠ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʫ 

ʪʦʡ ʞʝ ʯʘʩ ʷʢ ʯʘʩʪʦʪʘ ʾʭ ʫʪʚʦʨʝʥʥʷ ʟʨʦʩʪʘʻ ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ. 

ɼʣʷ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʨʠʡʥʷʪʦ, 

ʱʦ ʧʦʚʽʪʨʷʥʠʡ ʧʦʪʽʢ ʫ ʨʽʜʠʥʽ ʫʪʚʦʨʝʥʠʡ ʽʟ ʦʢʨʝʤʠʭ ʙʫʣʴʙʘʰʦʢ ʢʫʣʷʩʪʦʾ ʬʦʨʤʠ. 

ɼʦʩʣʽʜʞʫʚʘʣʠ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʦʢʨʝʤʦʾ ʙʫʣʴʙʘʰʢʠ, ʷʢʘ ʚʽʜʨʠʚʘʻʪʴʩʷ ʚʽʜ 

ʦʪʚʦʨʫ ʟ ʛʦʩʪʨʠʤʠ ʢʨʦʤʢʘʤʠ (ʨʠʩ. 3.1) ʽʟ ʭʘʨʘʢʪʝʨʥʠʤ ʨʦʟʤʽʨʦʤ ŭ ʽ ʦʙôʻʤʦʤ V, 

ʫ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʛʣʠʙʠʥʠ H ʧʽʜ ʯʘʩ ʧʦʚʽʣʴʥʦʛʦ ʚʠʪʽʢʘʥʥʷ ʧʦʚʽʪʨʷ ʫ 

ʨʽʜʠʥʫ ʢʨʽʟʴ ʧʝʨʬʦʨʦʚʘʥʫ ʧʝʨʝʛʦʨʦʜʢʫ.  
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ʈʠʩ. 3.1. ʉʭʝʤʘ ʚʽʜʨʠʚʫ ʙʫʣʴʙʘʰʢʠ ʧʦʚʽʪʨʷ 

ɿʘ ʫʤʦʚ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʥʘʜ ʦʪʚʦʨʦʤ ʧʝʨʽʦʜʠʯʥʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʙʫʣʴʙʘʰʢʠ ʦʜʥʘʢʦʚʦʛʦ ʨʦʟʤʽʨʫ, ʱʦ ʩʧʣʠʚʘʶʪʴ ʟ ʦʜʥʽʻʶ ʽ ʪʽʻʶ ʞ 

ʰʚʠʜʢʽʩʪʶ ʥʘ ʦʜʥʘʢʦʚʽʡ ʚʽʜʩʪʘʥʽ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʪʨʘʪʠ 

ʧʦʚʽʪʨʷ ʾʭ ʨʦʟʤʽʨʠ ʽ ʰʚʠʜʢʽʩʪʴ ʩʧʣʠʚʘʥʥʷ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ, 

ʟʤʝʥʰʫʻʪʴʩʷ ʣʠʰʝ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ. ʇʦʜʘʣʴʰʝ ʟʨʦʩʪʘʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʘʢʦʛʦ ʨʝʞʠʤʫ ʫʪʚʦʨʝʥʥʷ ʙʫʣʴʙʘʰʦʢ, ʟʘ ʷʢʦʛʦ 

ʚʦʥʠ, ʩʪʠʢʘʶʯʠʩʴ, ʨʫʭʘʶʪʴʩʷ ʣʘʥʮʶʞʢʦʤ ʘʙʦ ʫ ʩʪʨʫʤʝʥʝʚʦʤʫ ʨʝʞʠʤʽ.  

ʅʘ ʙʫʣʴʙʘʰʢʠ ʛʘʟʫ, ʷʢʽ ʩʧʣʠʚʘʶʪʴ ʫ ʨʽʜʠʥʽ, ʜʽʶʪʴ ʧʽʜʡʦʤʥʘ ʩʠʣʘ, 

ʚʠʢʣʠʢʘʥʘ ʛʨʘʜʽʻʥʪʦʤ ʪʠʩʢʫ ʚ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʙʫʣʴʙʘʰʢʠ, ʩʠʣʘ ʦʧʦʨʫ ʨʽʜʠʥʠ, 

ʱʦ ʦʪʦʯʫʻ ʙʫʣʴʙʘʰʢʫ, ʪʘ ʩʠʣʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ. 

ɼʣʷ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʫ ʫʤʦʚʠ ʚʽʜʨʠʚʫ ʙʫʣʴʙʘʰʢʠ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʨʽʚʥʦʚʘʛʫ ʩʠʣ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, ʱʦ ʫʪʨʠʤʫʶʪʴ ʙʫʣʴʙʘʰʢʫ 

ʧʦ ʧʝʨʠʤʝʪʨʫ ʦʪʚʦʨʫ, ʽ ʨʽʚʥʦʜʽʡʥʦʾ ʩʠʣ ʚʘʛʠ ʧʦʚʽʪʨʷ ʪʘ ʩʠʣʠ ɸʨʭʽʤʝʜʘ, ʷʢʽ 

ʚʽʜʨʠʚʘʶʪʴ ʙʫʣʴʙʘʰʢʫ. 

ʋʤʦʚʘ ʨʽʚʥʦʚʘʛʠ ʟʘ ʜʘʥʠʭ ʫʤʦʚ ʟʘʧʠʰʝʪʴʩʷ ʫ ʚʠʛʣʷʜʽ [141]: 

Ͻ
Ͻʍ ʍ ϽÇ ʌϽÄ̏Ͻʎ ,   (3.1) 

ʟʚʽʜʢʠ, ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʢʦʨʠʛʫʶʯʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ɖů, ʱʦ ʚʨʘʭʦʚʫʻ ʩʧʨʦʱʝʥʥʷ 

ʤʦʜʝʣʽ ʽ ʚʽʜʭʠʣʝʥʥʷ ʬʦʨʤʠ ʙʫʣʴʙʘʰʢʠ ʚʽʜ ʩʬʝʨʠʯʥʦʾ ʚ ʤʦʤʝʥʪ ʚʽʜʨʠʚʫ, 

ʦʪʨʠʤʘʻʤʦ: 
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ɿ ʂϽ
Ͻ Ͻ̏

Ͻ
 ,     (3.2) 

ʜʝ ŭ ï ʚʽʜʨʠʚʥʠʡ ʜʽʘʤʝʪʨ ʙʫʣʴʙʘʰʢʠ, ʤ;  

dʦ ï ʜʽʘʤʝʪʨ ʦʪʚʦʨʫ ʧʝʨʬʦʨʦʚʘʥʦʾ ʧʝʨʝʛʦʨʦʜʢʠ, ʤ;  

ɟ1, ɟ2 ï ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ ʪʘ ʧʦʚʽʪʨʷ ʚʽʜʧʦʚʽʜʥʦ, ʢʛ/ʤ
3;  

ů ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʚʦʜʠ, ʅ/ʤ (ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 16Üʉ ů = 0,0732 ʅ/ʤ). 

ɺʝʣʠʯʠʥʘ ʢʦʨʠʛʫʶʯʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ɖů ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ 0,6 ï 1,0 ʽ 

ʜʣʷ ʛʘʟʽʚ ʩʪʘʥʦʚʠʪʴ ɖů å 0,89 [142]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ ɹʝʨʥʫʣʣʽ, ʪʠʩʢ ʧʦʚʽʪʨʷ ʚ ʙʫʣʴʙʘʰʮʽ P 

ʩʪʘʥʦʚʠʪʴ: 

0 Ð́ ʍϽÇϽ(
Ͻ

     (3.3) 

ʜʝ pʘ ï ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ, ʇʘ;  

ʖ ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʙʫʣʴʙʘʰʢʠ, ʤ/ʩ. 

ʆʩʢʽʣʴʢʠ ʫ ʤʦʤʝʥʪ ʚʽʜʨʠʚʫ ʖ = 0, ʪʦ ʨʽʚʥʷʥʥʷ (3.3) ʟʘʧʠʰʝʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ: 

0 Ð́ ʍϽÇϽ(     (3.4) 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʷʢʝ ʬʦʨʤʫʻ ʙʫʣʴʙʘʰʢʫ, ʫ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʤʘʣʘ ʟʥʘʯʝʥʥʷ t å 16 ↔C (Tå289 ʂ). ɻʫʩʪʠʥʘ ʧʦʚʽʪʨʷ ʟʘ ʪʠʩʢʫ 

ʈ =  98,1 ʢʇʘ ʽ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʩʪʘʥʦʚʠʪʴ ɟ2 = ρȟρφ ̋ Ⱦ̄̍ . 

ɺʨʘʭʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ (3.1) ï (3.3), ʚʽʜʨʠʚʥʠʡ ʨʦʟʤʽʨ ʙʫʣʴʙʘʰʢʠ ʧʦʚʽʪʨʷ 

ʜʣʷ ʥʘʰʠʭ ʫʤʦʚ ʩʪʘʥʦʚʠʪʠʤʝ: ɿ σȟτϽρπ .̍ 

ɿʘʣʝʞʥʦ ʚʽʜ ʦʙôʻʤʥʦʾ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ 6, ʯʘʩʪʦʪʘ ʚʽʜʨʠʚʫ ʙʫʣʴʙʘʰʦʢ 

ʚʽʜ ʢʨʦʤʢʠ ʦʪʚʦʨʫ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ, ʙʫʜʝ [142]: 

Î
Ͻ

ϽϽ
ȟρϳ̒ ,     (3.5) 

ʜʝ 6 ï ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ, ʤ3/ʩ;  
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z ï ʢʽʣʴʢʽʩʪʴ ʦʪʚʦʨʽʚ ʧʝʨʬʦʨʦʚʘʥʦʾ ʧʝʨʝʛʦʨʦʜʢʠ ʙʘʨʙʦʪʝʨʘ ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ (ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ z = 560). 

ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ɤʩ ʩʝʨʝʜʥʶ ʰʚʠʜʢʽʩʪʴ ʩʧʣʠʚʘʥʥʷ ʙʫʣʴʙʘʰʢʠ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʾʾ ʩʧʣʠʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʻʤʦ ʨʽʚʥʷʥʥʷ ʟʘ ʫʤʦʚʠ ɟ1 >> ɟ2, 

ʷʢʝ ʥʘʚʝʜʝʥʦ ʫ [142]:  

ʖ̒
ϽϽ

Ͻ˞
     (3.6) 

ʜʝ ʉ ï ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʩʝʨʝʜʦʚʠʱʘ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ ʩʝʨʝʜʦʚʠʱʘ ʉ ʚʠʢʦʨʠʩʪʘʻʤʦ 

ʟʘʣʝʞʥʽʩʪʴ ʍʘʨʤʦʥʪʽ, ʷʢʘ ʻ ʩʧʨʘʚʝʜʣʠʚʘ, ʢʦʣʠ ʢʨʠʪʝʨʽʡ ɺʝʙʝʨʘ ʻ We > 1 ʽ 

ʈʝʡʥʦʣʴʜʩʘ Re > 600, ʘ ʢʨʠʪʝʨʽʡ ɹʦʥʜʘ Bo<13 [142], ʪʦʜʽ: 

˞ πȟυφψϽЍ"Ï,     (3.7) 

ʜʝ ʯʠʩʣʦ ɹʦʥʜʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʟʘʣʝʞʥʦʩʪʽ:  

"Ï
Ͻ Ͻ

     (3.8) 

ɼʣʷ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʯʠʩʣʦ ɹʦʥʜʘ Bo = 1,57; ʘ ʢʦʝʬʽʮʽʻʥʪ 

ʦʧʦʨʫ ʩʝʨʝʜʦʚʠʱʘ ʉ = 0,71. ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʩʢʦʨʠʩʪʫʚʘʪʠʩʷ 

ʟʘʣʝʞʥʽʩʪʶ ʍʘʨʤʦʥʪʽ, ʽʟ ʟʘʣʝʞʥʦʩʪʽ (3.6) ʚʠʟʥʘʯʘʣʠ ʰʚʠʜʢʽʩʪʴ ʩʧʣʠʚʘʥʥʷ 

ʙʫʣʴʙʘʰʦʢ, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʜʣʷ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʪʘʥʦʚʠʣʦ ʖ̒

πȟςσ ̍ϳ̒Ȣ ʊʦʜʽ ʢʨʠʪʝʨʽʡ ʈʝʡʥʦʣʴʜʩʘ 2Å
Ͻ̒ Ͻ

χρρ; ʢʨʠʪʝʨʽʡ ɺʝʙʝʨʘ 7Å

Ͻ Ͻ
ρȟψ. ʊʦʙʪʦ, ʫʤʦʚʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʍʘʨʤʦʥʪʽ ʚʠʢʦʥʫʻʪʴʩʷ.  

ɽʥʝʨʛʽʷ, ʷʢʘ ʚʥʦʩʠʪʴʩʷ ʫ ʨʦʟʯʠʥ ʛʘʟʦʤ ʧʝʨʝʜʘʻʪʴʩʷ ʨʽʜʠʥʽ ʪʘ ʟʫʤʦʚʣʶʻ 

ʾʾ ʪʫʨʙʫʣʝʥʪʥʽ ʧʝʨʝʤʽʱʝʥʥʷ. ʎʷ ʝʥʝʨʛʽʷ ʚʽʜ ʚʝʣʠʢʠʭ ʤʘʩʰʪʘʙʽʚ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ 

ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʤʘʣʠʭ ʤʘʩʰʪʘʙʽʚ ʪʘ ʫ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ʜʠʩʠʧʫʻʪʴʩʷ ʫ 

ʜʘʥʦʤʫ ʦʙôʻʤʽ ʨʦʟʯʠʥʫ. 
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ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ, ʷʢʫ ʚʚʦʜʠʣʠ ʫ ʘʧʘʨʘʪ ʜʣʷ 

ʨʦʟʯʠʥʝʥʥʷ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʧʽʜ ʯʘʩ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟʘ ʫʤʦʚ 

ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʫʭʫ ʙʫʣʴʙʘʰʦʢ ʧʦʚʽʪʨʷ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.1. 

ʊʘʙʣʠʮʷ 3.1 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ ʚ ʦʙôʻʤʽ ʘʧʘʨʘʪʫ 

ʆʙôʻʤʥʘ 

ʚʠʪʨʘʪʘ ʛʘʟʫ 

VcÅ105, ʤ3/ʩ 

ʏʘʩ 

ʜʦʩʣʽʜʫ 

ŰÅ10-2, ʩ 

ʐʚʠʜʢʽʩʪʴ 

ʚʠʪʽʢʘʥʥʷ 

ɤ, ʤ/ʩ 

ʌʽʢʪʠʚʥʘ 

ʰʚʠʜʢʽʩʪʴ ɤʦ, 

ʤ/ʩ 

ʇʠʪʦʤʘ ʝʥʝʨʛʽʷ 

ʜʠʩʠʧʘʮʽʾ Ůʦ, ɺʪ/ʢʛ 

22 96 0,52 0,01 0,13 

44 86 1,01 0,02 0,28 

67 78 1,51 0,04 0,40 

89 72 2,02 0,05 0,51 

111 66 2,53 0,06 0,62 

133 57 3,03 0,07 0,74 

156 51 3,55 0,08 0,86 

 

ɼʠʩʠʧʘʮʽʶ ʝʥʝʨʛʽʾ Ůʦ ʚ ʦʙôʻʤʽ ʘʧʘʨʘʪʫ, ʷʢʘ ʥʘʚʝʜʝʥʘ ʫ ʪʘʙʣʠʮʽ 3.1 

ʚʠʟʥʘʯʘʣʠ ʯʝʨʝʟ ʧʦʪʫʞʥʽʩʪʴ Nʧ [143 ï 149], ʷʢʘ ʚʚʦʜʠʪʴʩʷ ʚ ʘʧʘʨʘʪ ʽʟ ʛʘʟʦʚʦʶ 

ʬʘʟʦʶ ʽ ʜʦʨʽʚʥʶʻ ʢʽʥʝʪʠʯʥʽʡ ʪʘ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʝʥʝʨʛʽʾ ʧʦʚʽʪʨʷ: 

.̐ Ð ʍϽÇϽ(
Ͻ
Ͻ6     (3.8) 

ʆʩʢʽʣʴʢʠ pʘ >> ʍϽÇϽ(, ʪʦʜʽ, ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʚʠʭʦʜʠʪʴ ʟ ʘʧʘʨʘʪʫ ʨʘʟʦʤ 

ʽʟ ʧʦʚʽʪʨʷʤ: 



68 

 

 

.̋ Ð
Ͻ
Ͻ6      (3.9) 

ɼʠʩʠʧʘʮʽʶ ʝʥʝʨʛʽʾ ʚ ʘʧʘʨʘʪʽ ʚʠʟʥʘʯʠʤʦ ʽʟ ʨʽʚʥʷʥʥʷ: 

ʀ ̐

Ͻ Ͻ
Ͻ

ʖ ϽÇ
Ͻ

Ͻ Ͻ
Ͻʖ ʖ̒ ȟ   (3.10) 

ʜʝ ʖ
Ͻ

Ͻ
 ï ʬʽʢʪʠʚʥʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ, ʤ/ʩ;  

D ï ʜʽʘʤʝʪʨ ʘʧʘʨʘʪʫ, ʤ;  

ɤʩ ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʩʧʣʠʚʘʥʥʷ ʙʫʣʴʙʘʰʢʠ, ʤ/ʩ;  

ɤ ï ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ ʧʦʚʽʪʨʷ ʢʨʽʟʴ ʦʪʚʦʨʠ ʧʝʨʬʦʨʦʚʘʥʦʾ ʧʝʨʝʛʦʨʦʜʢʠ, ʤ/ʩ. 

ʌʽʢʪʠʚʥʫ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʚʽʪʨʷ ʢʨʽʟʴ ʦʪʚʦʨʠ ʙʘʨʙʦʪʝʨʘ ʚ ʨʽʜʢʝ 

ʩʝʨʝʜʦʚʠʱʝ ʘʧʘʨʘʪʫ ʚʠʟʥʘʯʘʣʠ ʽʟ ʟʘʣʝʞʥʦʩʪʽ: 

ʖ
Ͻ

,   (3.11) 

ʜʝ S ï ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʦʪʚʦʨʫ, ʤ2. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ, ʟʘ ʷʢʦʾ 

ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʦʮʝʩ ʨʦʟʯʠʥʝʥʥʷ ʧʽʜ ʯʘʩ ʧʥʝʚʤʘʪʠʯʥʦʛʦ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʫ, ʥʘ ʦʩʥʦʚʽ ʪʘʙʣʠʮʽ 3.1, ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʯʥʫ 

ʟʘʣʝʞʥʽʩʪʴ (ʨʠʩ. 3.2) ʨʦʟʧʦʜʽʣʫ ʚʚʝʜʝʥʦʾ ʝʥʝʨʛʽʾ ʚ ʦʙôʻʤ ʘʧʘʨʘʪʫ ʚʽʜ ʚʠʪʨʘʪʠ 

ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʽ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʨʦʟʯʠʥʝʥʥʷ Ű ʜʦ ʜʦʩʷʛʥʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʩʠʯʝʥʥʷ. 

ɸʥʘʣʽʟ ʛʨʘʬʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʥʘʚʝʜʝʥʦʾ ʥʘ ʨʠʩ. 3.2, ʜʘʻ ʟʤʦʛʫ 

ʚʩʪʘʥʦʚʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʚʠʪʨʘʪʫ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ 6, ʟʘ ʷʢʦʾ ʜʦʮʽʣʴʥʦ 

ʧʨʦʚʦʜʠʪʠ ʧʨʦʮʝʩ ʨʦʟʯʠʥʝʥʥʷ ʧʽʜ ʯʘʩ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʫ. 

ʊʘʢʦʶ ʚʠʪʨʘʪʦʶ ʫ ʟʘʜʘʥʦʤʫ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ʻ 101,5 Å 10ï5 ʤ3/ʩ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʚʚʝʜʝʥʽʡ ʝʥʝʨʛʽʾ ʫ ʢʽʣʴʢʦʩʪʽ 0,57 ɺʪ/ʢʛ. ʏʘʩ ʨʦʟʯʠʥʝʥʥʷ ʜʦ 

ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʥʫ ʥʘʩʠʯʝʥʥʷ ʩʢʣʘʜʘʻ Ű = 6800 ʩ. 
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ʈʠʩ. 3.2. ɿʘʣʝʞʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ ʚ ʘʧʘʨʘʪʽ ʚʽʜ ʚʠʪʨʘʪʠ ʩʪʠʩʥʫʪʦʛʦ 

ʧʦʚʽʪʨʷ ʽ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʩʠʯʝʥʥʷ ʨʦʟʯʠʥʫ 

ƶï ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ, ʩ; ǒï ʟʤʽʥʘ ʝʥʝʨʛʽʾ ʜʠʩʠʧʘʮʽʾ ʚ ʘʧʘʨʘʪʽ, ɺʪ/ʢʛ 

 

 

3.2. ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʥʝʚʤʘʪʠʯʥʦʛʦ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʫ  

ɼʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʫʨʙʫʣʝʥʪʥʠʭ ʧʦʪʦʢʽʚ ʨʽʜʠʥʠ ʧʽʜ ʯʘʩ ʧʥʝʚʤʘʪʠʯʥʦʛʦ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʻʤʥʦʩʪʽ ʧʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʩʦʙʘʤʠ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ SolidWorks ʪʘ Ansys Fluent. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ SolidWorks ʙʫʣʦ ʩʪʚʦʨʝʥʦ 3D ʤʦʜʝʣʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʻʤʥʦʩʪʽ (ʨʠʩ. 3.3) ʘ ʟʘʩʦʙʘʤʠ ʧʨʝʧʨʦʮʝʩʦʨʘ ANSYS Design 

Modeler ʤʦʜʝʣʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʻʤʥʦʩʪʽ (ʨʝʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ) ʫ ʚʠʛʣʷʜʽ 

ʩʫʮʽʣʴʥʦʛʦ ʜʦʤʝʥʫ ʙʝʟ ʪʚʝʨʜʠʭ ʩʪʽʥʦʢ (ʨʠʩ. 3.4).  

ɼʠʩʢʨʝʪʠʟʘʮʽʶ ʩʪʚʦʨʝʥʦʾ ʤʦʜʝʣʽ ʥʘ ʢʽʥʮʝʚʽ ʝʣʝʤʝʥʪʠ ʚʠʢʦʥʫʚʘʣʠ ʚ 

ʩʽʪʢʦʚʦʤʫ ʧʨʝʧʨʦʮʝʩʦʨʽ Ansys Mesh. ʉʽʪʢʘ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʤʽʩʪʠʣʘ 413 ʪʠʩ. 

ʢʦʤʽʨʦʢ ʪʘ ʚʽʜʧʦʚʽʜʘʣʘ ʦʩʥʦʚʥʠʤ ʨʝʢʦʤʝʥʜʘʮʽʷʤ ʱʦʜʦ ʬʦʨʤʠ ʝʣʝʤʝʥʪʽʚ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʤʦʜʫʣʷ Fluent: ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ orthogonal quality 
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ʩʪʘʥʦʚʠʣʦ 0,812195 > 0.1, ʘ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ skewness 0,558725 < 0.95. ɺ 

ʫʩʽʭ ʯʠʩʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʯʠʩʣʦ ʂʫʨʘʥʪʘ ʙʫʣʦ ʤʝʥʰʠʤ ʦʜʠʥʠʮʽ. 

 

ʈʠʩ. 3.3. ʇʦʟʜʦʚʞʥʽʡ ʧʝʨʝʨʽʟ 3D ʤʦʜʝʣʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʻʤʥʦʩʪʽ ʜʣʷ 

ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʫ  

1 ï ʢʦʨʧʫʩ ʘʧʘʨʘʪʫ; 2 ï ʦʪʚʦʨʠ ʧʝʨʬʦʨʦʚʘʥʦʾ ʧʝʨʝʛʦʨʦʜʢʠ; 

3 ï ʧʝʨʬʦʨʦʚʘʥʘ ʧʝʨʝʛʦʨʦʜʢʘ; 4 ï ʢʘʤʝʨʘ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ;  

5 ï ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʘʪʨʫʙʦʢ; 6 ï ʧʘʪʨʫʙʦʢ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 

 

           

ʈʠʩ. 3.4. 3D ʤʦʜʝʣʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʻʤʥʦʩʪʽ  
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ʇʨʦʤʽʞʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʧʮʽʡ ʧʨʦʛʨʘʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ɼʦʜʘʪʢʫ ɸ. 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʨʦʟʯʠʥʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ɽʡʣʝʨʦ-ɽʡʣʝʨʦʚʠʡ ʧʽʜʭʽʜ, ʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʨʫʭʫ ʙʫʣʴʙʘʰʦʢ ʫ ʨʽʜʠʥʽ ʫ ʢʦʤʧôʶʪʝʨʥʽʡ ʧʨʦʛʨʘʤʽ ANSYS 

(ʤʦʜʝʣʴ Volume of Fluid (VOF). 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʽʜ ʯʘʩ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

(ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʩʽʪʢʘ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʻʤʥʦʩʪʽ ʤʽʩʪʠʣʘ 

413 ʪʠʩ. ʢʦʤʽʨʦʢ.) ʪʘ ʚʨʘʭʦʚʫʶʯʠ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʛʘʟʦʚʦʾ ʬʘʟʠ ʧʦ 

ʧʣʦʱʠʥʽ ʧʝʨʬʦʨʦʚʘʥʦʾ ʧʝʨʝʛʦʨʦʜʢʠ ʚʩʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠ ʜʣʷ 2D ʤʦʜʝʣʽ. 

ɺʚʘʞʘʣʠ, ʱʦ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʽʟʦʪʝʨʤʽʯʥʠʭ ʫʤʦʚ. ʇʦʯʘʪʢʦʚʽ ʪʘ ʛʨʘʥʠʯʥʽ 

ʫʤʦʚʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʽʜ ʯʘʩ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʽ ʫ 

ɼʦʜʘʪʢʫ ɸ.  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʣʽʚ ʰʚʠʜʢʦʩʪʝʡ ʟʘʩʦʙʘʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʧʨʦʛʨʘʤʠ Ansys Fluent ʛʘʟʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.5 ʽ 3.6. 

 

ʈʠʩ. 3.5. ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʦʟʧʦʜʽʣʫ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʫ ʨʽʜʢʽʡ ʬʘʟʽ  

(ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʥʘ ʚʭʦʜʽ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʻʤʥʽʩʪʴ w = 17,5 ʤ/ʩ) 


