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ɸʅʆʊɸʎɯʗ 

ɼʫʤʽʥ ʆ. ʄ. ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʫ ʥʝʣʽʥʽʡʥʠʭ, ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʥʘʫʢ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 01.04.03 ï ʨʘʜʽʦʬʽʟʠʢʘ (ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʽ ʥʘʫʢʠ). ï 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ.ʅ. ʂʘʨʘʟʽʥʘ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ 

ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ʍʘʨʢʽʚ, 2021. 

ɼʠʩʝʨʪʘʮʽʶ ʧʨʠʩʚʷʯʝʥʦ ʜʦʩʣʽʜʞʝʥʥʶ ʧʨʦʮʝʩʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʧʦʰʠʨʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʫ ʥʝʦʙʤʝʞʝʥʠʭ ʥʝʣʽʥʽʡʥʠʭ, 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ, ʰʘʨʫʚʘʪʦ ʥʝʦʜʥʦʨʽʜʥʠʭ, ʧʦʧʝʨʝʯʥʦ ʥʝʦʜʥʦʨʽʜʥʠʭ, ʘ ʪʘʢʦʞ 

ʙʽʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʤʝʪʦʜʘʤʠ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ.  

ʈʦʟʚʠʥʫʪʦ ʝʚʦʣʶʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʟʘʜʘʯ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʧʦʰʠʨʝʥʥʷ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʥʘ ʚʠʧʘʜʦʢ ʥʝʦʙʤʝʞʝʥʦʛʦ ʧʦʧʝʨʝʯʥʦ 

ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʟʤʝʥʰʫʻ ʨʦʟʤʽʨʥʽʩʪʴ ʢʽʥʮʝʚʦʾ 

ʟʘʜʘʯ ̔ ʥʘ ʜʚʽ ʦʜʠʥʠʮʽ. ʆʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ ʟʚôʷʟʘʥʠʭ ʥʝʩʢʽʥʯʝʥʥʦʚʠʤʽʨʥʠʭ 

ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʱʦ ʦʧʠʩʫʻ ʟʙʫʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʽ ʾʭ ʧʦʰʠʨʝʥʥʷ ʫ ʪʘʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʘʜʘʥʠʤʠ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʩʪʨʫʤʫ, ʟʘʨʷʜʘ ʽ ʧʦʣʷ ʪʘ ʾʭ ʤʦʜʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. 

ʊʘʢʦʞ ʦʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʚʠʧʘʜʢʫ ʨʘʜʽʘʣʴʥʦ 

ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʥʝʦʙʤʝʞʝʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʦʙʫʜʦʚʘʥʽ ʟʘʛʘʣʴʥʽ ʘʥʘʣʽʪʠʯʥʽ 

ʨʦʟʚôʷʟʢʠ ʮʠʭ ʨʽʚʥʷʥʴ ʤʝʪʦʜʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ ʽ, ʚ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ, 

ʘʥʘʣʽʪʠʯʥʠʤ ʽ ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʤ ʤʝʪʦʜʦʤ ʨʦʟʚôʷʟʘʥʘ ʟʘʜʘʯʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʽʤʧʫʣʴʩʥʦʾ ʭʚʠʣʽ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ ʩʪʨʫʤʦʤ ʫ ʬʦʨʤʽ ʤʘʣʦʾ ʧʝʪʣʽ, ʽ ʷʢʘ ʦʪʦʯʝʥʘ 

ʩʬʝʨʦʶ ʽʟ ʨʘʜʽʘʣʴʥʦ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʜʽʝʣʝʢʪʨʠʢʘ. ʈʦʟʚʠʪʦʢ ʝʚʦʣʶʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʦ ʪʘʢʠʭ ʟʘʜʘʯ ʜʦʟʚʦʣʷʻ ʥʘ ʧʨʘʢʪʠʮʽ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʘʥʪʝʥʥʠʭ ʧʦʢʨʠʪʴ ʥʘ 

ʥʘʧʨʷʤʣʝʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʪʘ ʩʧʦʪʚʦʨʝʥʥʷ ʯʘʩʦʚʠʭ ʬʦʨʤ ʧʦʣʽʚ, ʩʪʚʦʨʶʚʘʪʠ 

ʧʨʠʩʪʨʦʾ ʜʣʷ ʟʤʽʥʠ ʯʘʩʦʚʦʾ ʬʦʨʤʠ ʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ, 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʟʘʜʘʥʦʤʫ ʦʙôʻʤʽ, ʝʬʝʢʪʠʚʥʦ ʦʧʪʠʤʽʟʫʚʘʪʠ 



3 

 

ʪʘʢʽ ʧʨʠʩʪʨʦʾ ʟʘʚʜʷʢʠ ʩʫʪʪʻʚʦʤʫ ʧʨʠʩʢʦʨʝʥʥʶ ʨʦʟʨʘʭʫʥʢʽʚ ʾʭʥʽʭ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʟʤʝʥʰʝʥʥʶ ʦʙʩʷʛʫ ʥʝʦʙʭʽʜʥʦʾ ʦʧʝʨʘʪʠʚʥʦʾ 

ʧʘʤôʷʪʽ. 

ɸʥʘʣʽʪʠʯʥʦ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʟʘʜʘʯʘ ʧʦʰʠʨʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʭʚʠʣʽ ʫ 

ʥʝʣʽʥʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʤʝʪʦʜʦʤ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʽ ʪʝʦʨʽʾ ʟʙʫʨʝʥʴ. ɼʣʷ 

ʚʠʧʘʜʢʫ ʩʣʘʙʢʦʾ ʢʝʨʽʚʩʴʢʦʾ ʢʫʙʽʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʚʧʝʨʰʝ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

ʦʪʨʠʤʘʥʽ ʤʦʜʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʭʚʠʣʴ, ʯʘʩʦʚʽ ʬʦʨʤʠ ʩʧʦʪʚʦʨʝʥʠʭ ʧʦʣʽʚ, ʱʦ 

ʧʦʪʨʽʙʥʦ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʨʦʙʦʪʠ ʧʦʪʫʞʥʠʭ ʽʤʧʫʣʴʩʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ.  

ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʽ ʫʪʦʯʥʝʥʽ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʙʣʠʞʥʽʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʧʦʣʽʚ ʜʠʧʦʣʷ ɻʝʨʮʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʫ ʯʘʩʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ. ʆʜʝʨʞʘʥʝ ʫʪʦʯʥʝʥʥʷ ʜʦʟʚʦʣʷʻ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʣʘʩʠʯʥʠʤʠ ʚʠʨʘʟʘʤʠ, 

ʢʦʨʝʢʪʥʦ ʦʧʠʩʘʪʠ ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʫ ʙʣʠʞʥʽʡ ʟʦʥʽ 

ʚʠʧʨʦʤʽʥʶʚʘʯʘ. ɸʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʧʦʣʽʚ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ 

ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʯʣʝʥʽʚ ʨʷʜʫ, ʧʦ ʷʢʦʤʫ ʨʦʟʚʠʥʝʥʠʡ ʨʦʟʚôʷʟʦʢ ʮʽʻʾ ʟʘʜʘʯʽ ʜʣʷ 

ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʫ ʬʦʨʤʽ ʢʚʘʜʨʘʪʫʨʠ. ɺʧʝʨʰʝ ʧʨʦʧʦʥʫʻʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʢʨʠʪʝʨʽʡ ʛʨʘʥʠʮʽ ʜʘʣʴʥʴʦʾ ʟʦʥʠ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʥʘ ʟʘʤʽʥʫ 

ʯʘʩʦʟʘʣʝʞʥʦʤʫ ʢʨʠʪʝʨʽʶ, ʚʠʩʫʥʫʪʦʤʫ ʍʘʨʤʫʪʦʤ, ʪʘ ʥʘʙʣʠʞʝʥʦʤʫ ʜʦ ʢʣʘʩʠʯʥʦʛʦ 

ʢʨʠʪʝʨʽʶ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʉʦʜʽʥʠʤ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʪʨʽʙʥʽ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʩʠʩʪʝʤ, ʚ ʷʢʠʭ ʮʽʣʴʦʚʽ ʦʙôʻʢʪʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʙʣʠʞʥʽʡ 

ʟʦʥʽ: ʦʧʨʦʤʽʥʶʚʘʯʽʚ, ʨʘʜʘʨʘʭ ʧʽʜʧʦʚʝʨʭʥʝʚʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʧʨʠʩʪʨʦʷʭ ʙʣʠʞʥʴʦʛʦ 

ʟʚôʷʟʢʫ ʪʘ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʦʱʦ. 

ɼʣʷ ʤʦʜʝʣʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʟʙʫʜʞʝʥʥʷ ʪʦʥʢʦʛʦ ʜʨʦʪʷʥʦʛʦ ʚʽʙʨʘʪʦʨʘ 

ʙʽʞʥʦʶ ʭʚʠʣʝʶ ʟ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʟʘʪʫʭʘʥʥʷʤ ʨʦʟʚôʷʟʘʥʘ ʟʘʜʘʯʘ ʪʘ ʚʧʝʨʰʝ 

ʦʪʨʠʤʘʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʜʦʚʞʠʥʠ ʥʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʧʨʦʤʽʥʝʥʦʾ ʝʥʝʨʛʽʾ ʫ ʚʠʧʘʜʢʫ ʜʦʩʪʘʪʥʴʦ ʢʦʨʦʪʢʦʛʦ ʽʤʧʫʣʴʩʫ. ʆʜʝʨʞʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʚʘʞʣʠʚʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʩʪʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʣʝʛʢʠʭ ʽ ʜʝʰʝʚʠʭ 

ʽʤʧʫʣʴʩʥʠʭ ʘʥʪʝʥ.  



4 

 

ʈʦʟʛʣʷʥʫʪʘ ʟʘʜʘʯʘ ʜʠʬʨʘʢʮʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʊ-ʭʚʠʣʽ ʥʘ 

ʚʽʜʢʨʠʪʦʤʫ ʢʽʥʮʽ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʭʚʠʣʝʚʦʜʘ. ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʽ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ 

ʧʦʪʫʞʥʦʩʪʝʡ ʧʝʨʰʠʭ ʩʝʤʠ ɽ-ʭʚʠʣʴ, ʧʦʨʦʜʞʝʥʠʭ ʘʧʝʨʪʫʨʦʶ ʷʢ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ, 

ʧʝʨʝʚʽʨʝʥʦ ʚʠʢʦʥʘʥʥʷ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ, ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ 

ʭʚʠʣʝʚʦʜʘ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʚʠʧʨʦʤʽʥʝʥʦʾ ʭʚʠʣʽ. ɼʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʦʪʨʽʙʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʦʧʨʦʤʽʥʝʥʥʷ ʽʟ ʥʝʦʙʭʽʜʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʟʦʥʜʫʚʘʥʥʷ, ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʽʚ ʰʣʷʭʦʤ ʩʝʣʝʢʮʽʾ ʤʦʜ 

ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʭʚʠʣʝʚʦʜʘ ʚ ʩʠʩʪʝʤʘʭ ʽʤʧʫʣʴʩʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʜʣʷ ʮʠʬʨʦʚʦʛʦ 

ʟʚôʷʟʢʫ. 

ɺʧʝʨʰʝ ʜʦʩʣʽʜʞʝʥʘ ʚʠʧʨʦʤʽʥʶʶʯʘ ʽʤʧʫʣʴʩʥʘ ʩʠʩʪʝʤʘ ʥʘ ʢʦʘʢʩʽʘʣʴʥʦʤʫ 

ʭʚʠʣʝʚʦʜʽ ʟʽ ʟʤʽʱʝʥʠʤ ʮʝʥʪʨʘʣʴʥʠʤ ʧʨʦʚʽʜʥʠʢʦʤ, ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʘ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʘʧʝʨʪʫʨʠ ʽ ʟʨʫʯʥʘ ʜʣʷ ʟʙʫʜʞʝʥʥʷ ʧʦʣʷʤʠ ʜʦʚʽʣʴʥʦʾ 

ʯʘʩʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ. ʊʘʢʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʷʢʦʩʪʽ ʝʣʝʤʝʥʪʘ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ ʽʟ ʤʘʢʩʠʤʫʤʦʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʟʜʦʚʞ ʥʦʨʤʘʣʽ 

ʯʠ ʙʣʠʟʴʢʠʭ ʜʦ ʥʝʾ ʢʫʪʽʚ. ʁʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʨʝʰʽʪʢʠ ʽʟ 

ʰʠʨʦʢʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʢʝʨʫʚʘʥʥʷ ʥʘʧʨʷʤʣʝʥʽʩʪʶ ʪʘ ʙʽʯʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ. 

ʈʦʟʛʣʷʥʫʪʘ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʥʦʚʘ ʟʘʜʘʯʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʤʧʫʣʴʩʥʠʭ 

ʧʦʣʽʚ ʟ ʚʽʜʢʨʠʪʦʛʦ ʢʽʥʮʷ ʧʨʷʤʦʢʫʪʥʦʛʦ ʭʚʠʣʝʚʦʜʘ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʝʚʦʣʶʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʥʘʙʣʠʞʝʥʥʷ ʂʽʨʭʛʦʬʘ. ɿʘʚʜʷʢʠ ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʦʤʫ 

ʨʦʟʨʘʭʫʥʢʫ, ʚʧʝʨʰʝ ʦʪʨʠʤʘʥʽ ʯʘʩʦʚʽ ʬʦʨʤʠ ʚʠʧʨʦʤʽʥʝʥʠʭ ʭʚʠʣʴ ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʟʤʝʥʰʝʥʥʷ ʜʠʩʧʝʨʩʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʽʤʧʫʣʴʩʥʦʾ ʭʚʠʣʽ 

ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʙʫʜʞʫʚʘʯʘ ʫ ʭʚʠʣʝʚʦʜʽ ʫ ʚʠʛʣʷʜʽ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʧʦ ʰʠʨʠʥʽ 

ʩʠʥʬʘʟʥʦʛʦ ʩʪʨʫʤʫ. ʏʠʩʣʦʚʘ ʩʠʤʫʣʷʮʽʷ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʠʬʨʘʢʮʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ 

ʧʦʢʘʟʘʣʘ ʜʽʻʚʽʩʪʴ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʬʦʨʤʫʚʘʥʥʷ ʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʥʠʭ ʭʚʠʣʴ, 

ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʟʘʜʘʯ ʟʦʥʜʫʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. ʊʘʢʦʞ ʧʨʦʚʝʜʝʥʠʡ 

ʘʥʘʣʽʪʠʯʥʠʡ ʽ ʯʠʩʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʢʦʤʧʘʢʪʥʦʾ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ ʥʘ ʦʩʥʦʚʽ ʪʘʢʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʯʘ, ʷʢʠʡ ʧʽʜʪʚʝʨʜʠʚ ʥʝʩʫʪʪʻʚʽʩʪʴ ʝʬʝʢʪʽʚ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʾ ʾ ʝʣʝʤʝʥʪʘʤʠ 

ʽ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʪʘʢʦʾ ʨʝʰʽʪʢʠ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʯʘʩʦʚʠʭ ʟʘʪʨʠʤʦʢ ʫ ʟʙʫʜʞʝʥʥʽ. 
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ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʚôʷʟʢʠ ʟʘʜʘʯʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʤʧʫʣʴʩʥʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʧʦʪʫʞʥʠʤʠ ʨʝʣʴʩʦʪʨʦʥʘʤʠ ʚ ʤʦʤʝʥʪ ʨʦʟʽʨʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ. ʈʦʟʛʣʷʥʫʪʦ ʯʦʪʠʨʠ ʤʦʜʝʣʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʟ ʨʽʟʥʦʶ ʤʽʨʦʶ 

ʜʝʪʘʣʽʟʘʮʽʾ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʙʫʜʞʫʶʯʦʛʦ ʩʪʨʫʤʫ. ɺʧʝʨʰʝ 

ʦʪʨʠʤʘʥʽ ʯʘʩʦʚʽ ʬʦʨʤʠ ʧʦʣʽʚ ʥʘ ʜʦʚʽʣʴʥʠʭ ʚʽʜʩʪʘʥʷʭ ʪʘ ʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʝʡ ʜʦ 

ʛʨʘʥʠʮʽ ʜʘʣʴʥʴʦʾ ʟʦʥʠ ʪʘʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘʢʦʛʦ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʘʧʝʨʪʫʨʠ. 

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʨʦʙʦʪʫ ʧʦʜʽʙʥʠʭ ʨʝʣʴʩʦʪʨʦʥʽʚ, 

ʦʮʽʥʠʪʠ ʚʽʜʩʪʘʥʴ ʜʦ ʥʠʭ ʪʘ ʾʭʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʘʢʦʞ ʥʘʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʢʦʨʠʩʥʠʤ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʟʘʭʠʩʪʫ ʧʝʨʩʦʥʘʣʫ, ʷʢʠʡ ʦʙʩʣʫʛʦʚʫʻ 

ʮʽ ʩʠʩʪʝʤʠ, ʚʽʜ ʰʢʽʜʣʠʚʦʾ ʜʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. 

ɺʧʝʨʰʝ ʩʪʚʦʨʝʥʠʡ ʽ ʜʦʩʣʽʜʞʝʥʠʡ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʘʥʘʣʦʛ ʚʽʙʨʘʪʦʨʥʦ-

ʱʽʣʠʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʂʣʝʚʽʥʘ ʥʘ ʦʩʥʦʚʽ ʽʤʧʫʣʴʩʥʦʾ ʱʽʣʠʥʥʦʾ ʘʥʪʝʥʠ ɹʘʨʥʩʘ 

ʪʘ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʭ ʥʘ ʝʢʨʘʥ ʜʠʧʦʣʽʚ ʫ ʚʠʛʣʷʜʽ ʤʝʪʘʣʝʚʠʭ 

ʢʦʥʫʩʽʚ. ɼʦʩʷʛʥʫʪʘ ʚʠʩʦʢʘ ʥʘʧʨʷʤʣʝʥʽʩʪʴ, ʨʦʟʰʠʨʝʥʠʡ ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ ʚ ʙʽʢ 

ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ, ʟʥʘʯʥʦ ʧʽʜʚʠʱʝʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʫʜʞʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʯʘ. ʎʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʷʤʣʝʥʝ ʥʘ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʘʢʪʥʠʭ, ʝʬʝʢʪʠʚʥʠʭ ʦʜʠʥʦʯʥʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʪʘ ʝʣʝʤʝʥʪʽʚ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ ʜʣʷ 

ʚʠʩʦʢʦʥʘʧʨʷʤʣʝʥʦʾ ʧʝʨʝʜʘʯʽ ʽʤʧʫʣʴʩʥʠʭ ʭʚʠʣʴ. 

ɺʧʝʨʰʝ ʟʘʩʪʦʩʦʚʘʥʠʡ ʦʧʝʨʘʪʦʨ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʽ ʫ ʭʚʠʣʝʚʦʜʽ ʪʘ ʩʪʚʦʨʝʥʠʡ 

ʦʧʝʨʘʪʦʨ ʢʦʨʝʢʮʽʾ ʜʠʬʨʘʢʮʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʨʦʪʢʠʭ ʟʦʥʜʫʶʯʠʭ 

ʽʤʧʫʣʴʩʽʚ ʧʦʣʷ ʫ ʧʨʦʩʪʦʨʽ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ ʽʟ 

ʩʠʣʴʥʦʶ ʯʘʩʪʦʪʥʦʶ ʜʠʩʧʝʨʩʽʻʶ. ʅʘʷʚʥʽʩʪʴ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʫ ʯʘʩʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʽ ʜʘʣʘ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʥʦʛʦ ʚʠʧʨʘʚʣʝʥʥʷ 

ʜʠʩʧʝʨʩʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʰʣʷʭʦʤ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʯʘʩʫ ʥʘʟʘʜ, ʱʦ ʨʝʘʣʽʟʦʚʘʥʦ ʜʣʷ 

ʣʷʛʝʨʨʽʚʩʴʢʦʛʦ ʽʤʧʫʣʴʩʫ. ɯ ʭʦʯʘ ʷʚʠʱʘ ʜʠʬʨʘʢʮʽʾ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʢʽʥʮʽ ʭʚʠʣʝʚʦʜʘ, 

ʷʢ ʧʦʢʘʟʘʣʦ ʪʦʯʥʝ ʯʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʬʦʨʤʫʚʘʪʠ ʽʜʝʘʣʴʥʠʡ 

ʽʤʧʫʣʴʩ ʫ ʚʽʣʴʥʦʤʫ ʥʘʧʽʚʧʨʦʩʪʦʨʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʦʧʝʨʘʪʦʨ ʢʦʨʝʢʮʽʾ 

ʜʠʬʨʘʢʮʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʫʻ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʰʣʷʭʦʤ 
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ʨʦʟʨʘʭʫʥʢʫ ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʨʠʛʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ ʟʙʫʜʞʝʥʥʷ ʭʚʠʣʝʚʦʜʘ ʟʘʚʜʷʢʠ 

ʣʽʥʽʡʥʦʩʪʽ ʮʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʤʘʣʦʩʪʽ ʚʝʣʠʯʠʥʠ ʩʧʦʪʚʦʨʝʥʴ. ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʨʘʜʠʮʽʡʥʠʭ, ʛʘʨʥʦ ʘʧʨʦʙʦʚʘʥʠʭ 

ʜʠʩʧʝʨʩʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʽʚ ʟʦʥʜʫʚʘʥʥʷ ʪʘ 

ʧʝʨʝʜʘʯʽ ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʰʚʠʜʢʠʭ ʮʠʬʨʦ-

ʘʥʘʣʦʛʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. 

ɼʦʩʣʽʜʞʫʶʪʴʩʷ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ ʚ ʙʽʦʣʦʛʽʯʥʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʪʘ ʦʨʛʘʥʽʟʤʘʭ. ʈʦʟʨʘʭʫʥʦʢ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʯʠʩʣʦʚʠʤʠ ʤʝʪʦʜʘʤʠ 

ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʥʘʡʤʝʥʰʠʭ ʜʝʪʘʣʝʡ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʦʧʨʦʤʽʥʝʥʥʷ 

ʙʽʦʣʦʛʽʯʥʠʭ ʨʽʜʠʥ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʧʦʣʷʤʠ ʚʧʝʨʰʝ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ 

ʥʘʜʟʚʠʯʘʡʥʦ ʩʠʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʽʚ, ʱʦ ʜʽʶʪʴ ʥʘ ʞʠʚʽ ʢʣʽʪʠʥʠ, 

ʚ̔ ʜ ʥʘʡʜʨʽʙʥʽʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʧʨʠʣʘʜʜʷ. ʎʝ ʜʦʟʚʦʣʠʣʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʚʝʩʪʠ ʥʘʷʚʥʽʩʪʴ ʘʪʝʨʤʽʯʥʦʾ ʜʽʾ ʩʣʘʙʢʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, 

ʙʽʣʴʰʫ ʥʝʙʝʟʧʝʢʫ ʧʨʘʚʦʧʦʣʷʨʠʟʦʚʘʥʦʾ ʭʚʠʣʽ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʛʣʷʜʽ ʧʦʷʚʠ 

ʪʨʠʚʘʣʦʛʦ ʩʪʨʝʩʦʚʦʛʦ ʩʪʘʥʫ ʢʣʽʪʠʥʠ ʪʘ ʧʨʠʛʥʽʯʝʥʥʷ ʬʝʨʪʠʣʴʥʦʩʪʽ ʢʦʤʘʭ. ɺʧʝʨʰʝ 

ʨʦʟʨʘʭʦʚʘʥʘ, ʦʧʪʠʤʽʟʦʚʘʥʘ ʪʘ ʚʠʛʦʪʦʚʣʝʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ 

ʨʽʜʠʥ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʤʠ ʧʦʣʷʤʠ ʟ ʚʠʩʦʢʦʶ ʨʽʚʥʦʤʽʨʥʽʩʪʶ ʨʦʟʧʦʜʽʣʫ ʧʦʣʽʚ, ʥʘ 

ʦʩʥʦʚʽ ʷʢʦʾ ʙʫʣʠ ʧʽʜʪʚʝʨʜʞʝʥʽ ʘʪʝʨʤʽʯʥʽ ʚʧʣʠʚʠ ʽʤʧʫʣʴʩʥʠʭ ʧʦʣ̔ʚ, ʷʚʠʱʘ 

ʧʝʨʽʦʜʠʯʥʦʾ ʟʤʽʥʠ ʩʪʘʥʽʚ ʩʪʨʝʩʫ ʪʘ ʨʝʣʘʢʩʘʮʽʾ ʢʣʽʪʠʥ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʝʢʩʧʦʟʠʮʽʾ, 

ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʞʠʚʠʭ ʢʣʽʪʠʥ ʜʦ ʧʦʣʽʚ, ʦʩʦʙʣʠʚʦ ʜʦ ʾʭ ʛʘʨʤʦʥʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ. 

ʎʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ ʧʦʢʠ ʱʦ ʚʽʜʩʫʪʥʽʭ ʥʦʨʤ ʦʧʨʦʤʽʥʝʥʥʷ 

ʽʤʧʫʣʴʩʥʠʤʠ ʧʦʣʷʤʠ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ʨʘʜʘʨʥʠʭ ʩʠʩʪʝʤ ʪʘ 

ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʽʤʧʫʣʴʩʥʠʭ ʩʠʩʪʝʤ ʟʚôʷʟʢʫ, ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ 

ʧʨʦʬʽʣʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʘʙʢʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ.  

ɼʣʷ ʟʘʜʘʯ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʰʘʨʫʚʘʪʠʭ ʩʪʨʫʢʪʫʨ ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽ ʨʝʘʣʽʟʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʢʦʣʠ ʚʭʽʜʥʠʤʠ 

ʜʘʥʠʤʠ ʻ ʯʘʩʦʚʽ ʚʽʜʣʽʢʠ ʘʤʧʣʽʪʫʜʠ ʧʦʣʽʚ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʩʧʝʢʪʨʘʣʴʥʦʾ. ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʮʠʭ ʩʪʨʫʢʪʫʨ ʧʦʪʨʝʙʫʻ ʧʦʧʝʨʝʜʥʴʦʛʦ 
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ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʘʣʝ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʥʘʜʟʚʠʯʘʡʥʦ 

ʰʚʠʜʢʦʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʥʝʡʨʦʧʨʦʮʝʩʦʨʽʚ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʩʪʽʡʢʽʩʪʴ ʮʠʭ ʤʝʨʝʞ ʜʦ ʧʦʷʚʠ ʧʦʤʠʣʦʢ ʫ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʘʜʠʪʠʚʥʠʭ ʰʫʤʽʚ. ɸʥʘʣʦʛʽʯʥʠʤ ʧʽʜʭʦʜʦʤ ʚʠʨʽʰʝʥʽ ʟʘʜʘʯʽ 

ʚʠʷʚʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʧʨʝʜʤʝʪʽʚ ʧʽʜ ʟʝʤʣʝʶ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ ʾʭ ʟʘʣʷʛʘʥʥʷ 

ʰʣʷʭʦʤ ʦʧʨʦʤʽʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ ʽʤʧʫʣʴʩʥʠʤ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʤ ʧʦʣʝʤ 

ʧʣʦʩʢʦʾ ʭʚʠʣʽ ʘʙʦ ʪʦʯʢʦʚʦʛʦ ʦʧʨʦʤʽʥʶʚʘʯʘ ʡ ʘʥʘʣʽʟʫ ʚʽʜʙʠʪʦʾ ʭʚʠʣʽ ʰʪʫʯʥʦʶ 

ʥʝʡʨʦʥʥʦʶ ʤʝʨʝʞʝʶ. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʦʪʨʠʤʘʥʠʭ 

ʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʧʽʜʭʦʜʫ ʜʠʩʢʨʝʪʥʦʾ ʪʦʤʦʛʨʘʬʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʥʘ ʟʘʜʘʥʠʭ ʛʣʠʙʠʥʘʭ, ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʦʙʩʷʛ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʘʥʠʭ 

ʽ ʩʧʨʦʩʪʠʪʠ ʩʪʨʫʢʪʫʨʫ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʫ ʥʘʧʨʷʤʣʝʥʽʩʪʴ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʥʦʚʽʪʥʽʭ 

ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʽʤʧʫʣʴʩʥʠʭ ʨʘʜʘʨʽʚ ʧʽʜʧʦʚʝʨʭʥʝʚʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʜʣʷ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʦʪʨʝʙ, ʙʫʜʽʚʥʠʮʪʚʘ, ʘʨʭʝʦʣʦʛʽʾ, ʤʝʣʽʦʨʘʮʽʾ ʪʘ ʛʫʤʘʥʽʪʘʨʥʦʛʦ 

ʨʦʟʤʽʥʫʚʘʥʥʷ ʚ ʟʦʥʘʭ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʨʦʪʠʧʽʭʦʪʥʠʭ ʤʽʥ, 

ʱʦ ʤʘʡʞʝ ʥʝ ʤʘʶʪʴ ʤʝʪʘʣʝʚʠʭ ʩʢʣʘʜʦʚʠʭ ʚ ʩʚʦʾʡ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʘ ʨʦʟʨʘʭʦʚʘʥʘ ʥʦʚʘ ʩʠʩʪʝʤʘ ʣʦʢʘʣʴʥʦʛʦ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʥʘ 

ʽʤʧʫʣʴʩʥʠʭ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʧʦʣʷʭ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʽʜʭʦʜʽ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʽʚ 

ʧʨʠʭʦʜʫ ʭʚʠʣʽ ʪʘ ʨʝʘʣʽʟʦʚʘʥʘ ʟʘʚʜʷʢʠ ʚʠʥʷʪʢʦʚʽʡ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ 

ʽʤʧʫʣʴʩʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʟʤʽʥʶʚʘʪʠ ʯʘʩʦʚʫ ʬʦʨʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʠʭ ʽʤʧʫʣʴʩʽʚ 

ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʥʘʜʟʚʠʯʘʡʥʽʡ ʯʫʪʣʠʚʦʩʪʽ ʰʪʫʯʥʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʦ ʮʠʭ ʟʤʽʥ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʤʘʻ ʥʠʟʢʫ ʧʨʘʢʪʠʯʥʠʭ ʧʝʨʝʚʘʛ, ʪʦʤʫ 

ʱʦ ʥʝ ʧʦʪʨʝʙʫʻ ʯʘʩʦʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʝʨʝʜʘʚʘʯʽʚ ʷʢ ʤʽʞ ʩʦʙʦʶ, ʪʘʢ ̔ʟ ʧʨʠʡʤʘʯʝʤ, 

ʻ ʩʪʽʡʢʦʶ ʜʦ ʫʤʠʩʥʠʭ ʯʠ ʚʠʧʘʜʢʦʚʠʭ ʟʘʚʘʜ ʟʘʚʜʷʢʠ ʥʘʜʰʠʨʦʢʽʡ ʩʤʫʟʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʯʘʩʪʦʪ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʝʩʪʘʮʽʦʥʘʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʝʚʦʣʶʮʽʡʥʽ ʨʽʚʥʷʥʥʷ, 

ʥʝʦʜʥʦʨʽʜʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʥʝʣʽʥʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʙʣʠʞʥʷ ʟʦʥʘ, ʙʽʦʣʦʛʽʯʥʝ 

ʩʝʨʝʜʦʚʠʱʝ, ʧʽʜʧʦʚʝʨʭʥʝʚʝ ʟʦʥʜʫʚʘʥʥʷ, ʰʪʫʯʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙôʻʢʪʽʚ, ʩʠʩʪʝʤʘ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. 
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The dissertation is devoted to research of processes of radiation and propagation 

of transient electromagnetic fields in unbounded nonlinear, nonstationary, layered 

inhomogeneous, transversely inhomogeneous, and, also, biological media by time 

domain methods. 

An evolutionary approach to the problems of radiation and propagation of 

transient electromagnetic waves, which reduces the dimension of such problems by two 

units in the case of an unbounded transversely inhomogeneous nonstationary medium, 

has been developed. A system of connected infinite-dimensional evolutionary equations 

in time domain which describes the excitation of electromagnetic waves and their 

propagation in such a medium by given transient sources of current, charge, and field 

and their mode transformations is obtained. In addition, the system of evolutionary 

equations for the case of radially inhomogeneous unlimited medium is obtained. General 

analytical solutions of these equations by the Laplace transform method are constructed. 

As an example, the problem of impulse wave radiation by a small loop excited by 

transient current surrounded by the sphere of radially inhomogeneous dielectric is solved 

by means of analytical and numerical-analytical methods. The development of the 

evolutionary approach to such problems allows in practice to calculate the influence of 

antenna radomes on the directivity of the radiators, the distortion of the time forms and 

spectrum of the fields, to create devices for the change of the time shape and spectral 

composition of impulse signals, to concentrate the electromagnetic field in a given 

volume, to optimize effectively such devices by significant acceleration of the 
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calculation of their electrodynamic characteristics and reducing the amount of RAM 

needed. 

The problem of propagation of a transient wave in a nonlinear medium is 

analytically solved in time domain by the method of evolutionary equations and 

perturbation theory. For the case of weak Kerr cubic nonlinearity, modal wave 

transformations, time forms of distorted fields are obtained for the first time. It is 

required to detect the operation of high-power pulsed electromagnetic radiators. 

For the first time, the corrected analytical expressions for the transient near fields 

of Hertz dipole were obtained using the vector potential method in time domain. The 

obtained improvement allows, in comparison with classical expressions, to describe 

correctly the formation of an electromagnetic wave in the near zone of the radiator. The 

analytical expressions for the fields are obtained by taking into account the bigger 

number of terms of the series, which expands the solution of this problem for the vector 

potential in the form of quadrature. For the first time, the energy criterion of the 

boundary of the far zone of a transient radiator is proposed to replace the time-dependent 

criterion proposed by Harmuth and close to the classical one suggested by Sodin. The 

results obtained are needed to create and calculate the radiation systems, which are used 

for objects of interest situated in their near zone: irradiators, ground penetrating radars, 

short-range communication devices, non-destructive testing etc. 

For the model of transient excitation of a thin wire vibrator by a traveling wave 

with exponential attenuation, it was firstly obtained that the increasing of its length does 

not lead to the increase in the radiated energy in the case of a rather short pulse. The 

obtained results are important for the creation of simple, feasible, light, and cheap 

impulse antennas. 

The problem of diffractive transformations of a transient T-wave at the open end 

of a coaxial waveguide is considered. For the first time, the time dependences of the 

powers of the first seven E-waves generated by the inhomogeneity in form of the 

aperture are obtained. The fulfillment of the law of energy conservation and the 

influence of the geometric dimensions of the waveguide are checked. The process of 
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radiated wave formation is investigated. These results are required for the creation of 

irradiation devices with the necessary characteristics, for sounding, for the formation of 

short pulses by selecting the modes of the coaxial waveguide in pulse coding systems 

for digital communication. 

For the first time, a radiating impulse system on a coaxial waveguide with an 

offset central conductor has been studied, as it is promising for radiation directed along 

the normal to the aperture and is convenient for excitation by fields of arbitrary time 

dependence. The radiator is prospective for use as an element of an antenna array with 

a maximum of radiation along the normal or close to it. Its properties allow creating the 

arrays with wide possibilities of control of the directivity and side radiation. 

A new problem of radiation of impulse fields in time domain from the open end 

of a rectangular waveguide by applying the evolutionary approach and Kirchhoff's 

approximation is considered. Due to the numerical-analytical calculation, the time forms 

of the radiated waves were obtained for the first time. The method of reducing the 

dispersion distortions of the pulse wave by using the exciter inside the waveguide in the 

form of distributed in-phase current is proposed. Numerical simulation with taking into 

account the diffractive distortions has shown the effectiveness of this method of forming 

short pulse waves suitable for sounding and information transmission tasks. Also the 

analytical and numerical calculation of the compact antenna array based on such a 

radiator was performed which confirmed the possibility of controlling the radiation of 

the array by using time delays in excitation and the insignificance of the effects of 

interaction between its elements. 

For the first time the analytical solutions of the problem of radiation of impulse 

electromagnetic fields by powerful railguns in the moment of break of its electrical 

circuit are obtained. Four models, which describe the features of the spatial distribution 

of the excitation current with varying degrees of detail description, are considered. For 

the first time, time forms of fields at arbitrary distances and values of distances to the 

boundary of the far zone of such a radiator are received. The peculiarities of such 

nonstationary radiation in the immediate vicinity of the aperture are analyzed. The 
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obtained results allow detecting the operation of such railguns, to estimate the distance 

to them and their characteristics. This study is also useful for making recommendations 

for the protection of personnel operating these systems from the harmful effects of the 

electromagnetic fields. 

For the first time, the ultrawideband analogue of the Klevin vibrator-slotted 

radiator based on the impulse slot antenna by Barnes and ultrawideband short-circuited 

dipoles in the form of metal cones was created and studied. The high directivity is 

achieved, the operating range is extended in the direction of low frequencies, the 

efficiency of the excitation of the radiator is increased significantly. This study is useful 

for creating compact, efficient single radiator and elements of ultrawideband antenna 

arrays for high-directional impulse wave transmission. 

For the first time, the operator of wave propagation in a waveguide and a new 

diffractive distortion correction operator were used to generate short sounding field 

pulses in space using traditional transmission lines with strong frequency dispersion. 

The presence of the analytical solution in time domain for the wave propagation operator 

made it possible to correct completely the dispersion distortions by moving back in time, 

which is realized for the Laguerre pulse. And although the phenomena of diffraction at 

the open end of the waveguide, as shown by accurate numerical simulations, do not 

allow to form an ideal pulse in free half-space, the proposed diffraction distortion 

correction operator significantly improves the final result by obtaining an additional 

corrective pulse excitation of the waveguide due to the linearity of processes and 

smallness of distortions. The practical significance of the received results is the use of 

traditional well-tested dispersion elements for the formation of short pulses of sounding 

and transmission of digital information through the use of modern fast digital-to-analog 

converters. 

The transient electromagnetic fields in biological structures and organisms are 

studied. The calculation in time domain by numerical methods, taking into account the 

smallest details of experiments on irradiation of biological solutions by electromagnetic 

fields, is demonstrated for the first time the extremely strong dependence of the 
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characteristics of fields that influence on living cells on the smallest characteristics of 

the equipment used. This allowed substantiating the presence of athermal action of weak 

electromagnetic fields, the greater danger of the right-polarized wave, for example, in 

the form of prolonged stress of the cell and inhibition of insect fertility. For the first 

time, the setup for irradiation of biological solutions by ultrawideband fields with high 

uniformity of field distribution was calculated, optimized and fabricated. Athermal 

effects of pulsed fields, phenomena of periodic change of stress states and cell relaxation 

with increasing exposure, ultrahigh sensitivity of cells, especially to harmonic 

component of the field were confirmed using the setup. These studies are necessary for 

the development of yet non-existent norms of pulsed field irradiation of radar system 

and ultrawideband pulsed communication system personnel, recommendations for the 

preventive use of low irradiation. 

For remote sensing problems of geometric and electrical parameter determination 

of layered structures, the use of artificial neural networks in time domain was proposed 

and implemented for the first time, when the input data are time samples of field 

amplitude without pre-processing, including spectral. Defining the parameters of these 

structures requires prior training of the neural network, but its use allows achieving 

extremely fast information processing, especially using specialized neuroprocessors. 

The resistance of these networks to the appearance of input errors and additive noise has 

been demonstrated. The similar approach solves the problem of detecting metal objects 

situated underground and determining the depth of their occurrence by irradiating the 

ground  surface with impulse ultrawideband field of a plane wave or point irradiator and 

analysis of the reflected wave by an artificial neural network. For the first time, pre-

processing of the received signals based on the approach of discrete tomography is 

proposed, which allows improving the recognition at certain depths and significantly 

reduce the amount of processed data and simplify the structure of the neural network. 

The results of the research have a practical orientation, which is to create the new 

ultrawideband impulse subsurface radars for industrial use, building, archeology, land 
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reclamation, and humanitarian demining in war zones, especially to detect antipersonnel 

mines that almost have no metal components in their constructions. 

A new system of local positioning on impulse ultrawideband fields is proposed 

and calculated. It is based on the approach of determining the angles of arrival of the 

wave and is realized due to the exceptional property of ultrawideband pulsed radiators 

to change the time shape of radiated pulses depending on the angle of radiation and 

extremely high sensitivity of the artificial neural networks for the changes. Such a 

system has a number of practical advantages, because it does not require the time 

synchronization of transmitters both with each other and with the receiver. It is resistant 

to intentional or accidental interference due to the ultrawide bandwidth used. 

Keywords: transient radiation, evolutionary equations, inhomogeneous medium, 

nonlinear medium, near zone, biological medium, subsurface sounding, artificial neural 

network, object recognition, positioning system. 
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ʐʅʄ ï ʐʪʫʯʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ 
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FDTD ï ʄʝʪʦʜ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

ʂʇʇ (SAR) ï ʂʦʝʬʽʮʽʻʥʪ ʧʠʪʦʤʦʛʦ ʧʦʛʣʠʥʘʥʥʷ 
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ʂʅɼ ï ʂʦʝʬʽʮʽʻʥʪ ʥʘʧʨʷʤʣʝʥʦʾ ʜʽʾ 

Cʉʐ (SNR) ï ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ ʰʫʤ 
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ɺʉʊʋʇ 

 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʂʦʣʦ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʠʛʥʘʣʽʚ ʧʦʩʪʽʡʥʦ ʨʦʟʰʠʨʶʻʪʴʩʷ. ʎʝʡ ʧʨʦʮʝʩ, 

ʤʘʙʫʪʴ, ʽ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʥʝ ʙʫʜʝ ʩʧʦʚʽʣʴʥʶʚʘʪʠʩʷ, ʱʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʧʦʚ'ʷʟʘʥʦ ʟ 

ʙʫʨʭʣʠʚʠʤ ʨʦʟʚʠʪʢʦʤ ʽ ʥʘʜʟʚʠʯʘʡʥʠʤ ʧʦʰʠʨʝʥʥʷʤ ʮʠʬʨʦʚʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ ʽ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʟʚ'ʷʟʢʫ. ʆʜʥʘʢ ʥʝ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʫ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ 

ʦʙʣʘʩʪʷʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʩʠʛʥʘʣʽʚ ʾʭʥ ̔ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʽ 

ʧʦʚʥʽʩʪʶ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʥʘʷʚʥʽʩʪʶ ʮʽʣʦʛʦ ʨʷʜʫ ʥʝʨʦʟʚôʷʟʘʥʠʭ ʟʘʜʘʯ ʷʢ 

ʪʝʦʨʝʪʠʯʥʦʛʦ, ʪʘʢ ʽ ʧʨʘʢʪʠʯʥʦʛʦ ʧʣʘʥʫ. ʄʘʙʫʪʴ, ʛʦʣʦʚʥʦʶ ʩʝʨʝʜ ʥʠʭ ʻ ʟʘʜʘʯʘ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʦʚʦʾ ʬʦʨʤʠ 

ʘʤʧʣʽʪʫʜʠ ʧʦʣʽʚ ʫ ʥʝʣʽʥʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ 

ʘʤʧʣʽʪʫʜʠ ʧʦʣʷ ʜʦʩʷʛʘʻ ʥʘʩʪʽʣʴʢʠ ʪʘʢʠʭ ʚʝʣʠʯʠʥ, ʱʦ ʥʘʚʽʪʴ ʟʚʠʯʘʡʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʚʠʷʚʣʷʻ ʥʝʣʽʥʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʅʘ ʧʨʘʢʪʠʮʽ ʮʝ ʤʦʞʝ ʤʘʪʠ ʤʽʩʮʝ ʫ ʥʘʜʧʦʪʫʞʥʠʭ 

ʽʤʧʫʣʴʩʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʘʭ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʾ ʟʫʧʠʥʢʠ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʚʠʚʝʜʝʥʥʷ ʟ ʣʘʜʫ ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ, ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʦʱʦ. ʊʘʢʦʞ ʪʘʢʠʤʠ ʧʦʪʫʞʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʻ ʚʠʩʦʢʦʚʦʣʴʪʥʽ 

ʨʝʣʴʩʦʪʨʦʥʠ ʩʫʯʘʩʥʦʛʦ ʢʦʨʘʙʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘʧʫʩʢʫ ʣʽʪʘʢʽʚ ʽ ʥʘʜʟʚʫʢʦʚʠʭ 

ʩʥʘʨʷʜʽʚ. 

ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʟʘʜʘʯ, ʢʦʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʧʦʣʷ ʫ 

ʙʣʠʞʥʽʡ ʟʦʥʽ ʘʥʪʝʥ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʧʽʜʩʠʣʶʶʯʦʾ ʧʦʚʝʨʭʥʽ ʯʠ 

ʙʽʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ, ʩʪʘʥʦʚʣʷʪʴ ʤʝʪʦʜʠ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʩʝʨʝʜ ʷʢʠʭ ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʪʘʢʽ, ʱʦ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʜʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʧʦʣʽʚ. 

ɿ ʮʽʻʾ ʞ ʧʨʠʯʠʥʠ ʧʦʪʨʝʙʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʽ ʪʘ ʯʘʩʦʚʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ ʙʣʠʞʥʽʡ ʟʦʥʽ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ, ʪʘʢʠʭ ʷʢ 

ʤʘʣʝ ʜʞʝʨʝʣʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʦʾ ʟʘʜʘʯʽ ʧʨʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʠʧʦʣʷ ɻʝʨʮʘ ʧʦʪʨʝʙʫʻ ʚʠʚʯʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʯ ʽʟ ʩʢʽʥʯʝʥʥʦʶ 

ʜʦʚʞʠʥʦʶ ʪʘ ʪʦʚʱʠʥʦʶ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ. ʋʪʚʦʨʝʥʥʷ ʚʽʣʴʥʦʾ ʭʚʠʣʽ ʧʨʦʧʦʥʫʻʪʴʩʷ 
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ʜʦʩʣʽʜʞʫʚʘʪʠ ʥʘ ʧʨʠʢʣʘʜʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʊ-ʭʚʠʣʽ ʥʘ 

ʚʠʧʨʦʤʽʥʶʶʯʽʡ ʘʧʝʨʪʫʨʽ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʭʚʠʣʝʚʦʜʫ ʫ ʚʽʜʙʠʪʽ ʭʚʠʣʝʚʦʜʥʽ ʭʚʠʣʽ ʪʘ 

ʚʠʧʨʦʤʽʥʝʥʽ ʭʚʠʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʽʾ ʟʘʜʘʯʽ ʡ ʧʘʨʘʤʝʪʨʽʚ 

ʟʙʫʜʞʫʶʯʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʊʘʢ ʷʢ ʧʦʜʽʙʥʘ ʩʪʨʫʢʪʫʨʘ ʥʝ ʤʦʞʝ ʚʠʧʨʦʤʽʥʶʚʘʪʠ ʚʟʜʦʚʞ ʥʦʨʤʘʣʽ ʜʦ 

ʘʧʝʨʪʫʨʠ, ʧʦʪʨʝʙʫʻ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʷʤʠʭ ʯʠʩʣʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʚʽʜʢʨʠʪʦʛʦ ʢʽʥʮʷ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʭʚʠʣʝʚʦʜʘ ʟʽ ʟʤʽʱʝʥʠʤ 

ʬʣʘʥʮʝʤ  ̔ ʚʠʚʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʫ ʷʢʦʩʪʽ 

ʝʣʝʤʝʥʪʘ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ. 

ʇʦʢʨʘʱʝʥʥʷ ʥʘʧʨʷʤʣʝʥʠʭ ʽ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʥʘ ʜʦʩʷʛʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʙʽʥʦʚʘʥʠʭ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ, ʱʦ ʻ ʦʜʥʦʯʘʩʥʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘʤʠ ʷʢ ʝʣʝʢʪʨʠʯʥʦʛʦ, ʪʘʢ ʽ 

ʤʘʛʥʽʪʥʦʛʦ ʪʠʧʫ, ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʤʠ ʘʥʘʣʦʛʘʤʠ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʂʣʝʚʽʥʘ. ʅʘ 

ʦʩʥʦʚʽ ʯʠʩʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʤʦʞʣʠʚʘ ʦʧʪʠʤʽʟʘʮʽʷ ʾʭ ʧʘʨʘʤʝʪʨʽʚ.  

ɺʚʘʞʘʻʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʪʦʨʘ ʧʦʰʠʨʝʥʥʷ 

ʭʚʠʣʝʚʦʜʥʦʾ ʭʚʠʣʽ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʜʣʷ ʚʠʚʯʝʥʥ ̫ʤʦʞʣʠʚʦʩʪʽ ʢʦʤʧʝʥʩʘʮʽʾ 

ʜʠʩʧʝʨʩʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʫ ʭʚʠʣʝʚʦʜʽ ʯʘʩʦʚʦʾ ʬʦʨʤʠ ʚʠʧʨʦʤʽʥʝʥʦʛʦ ʟ ʡʦʛʦ 

ʘʧʝʨʪʫʨʠ ʧʦʣʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ  ̔

ʚʠʧʨʘʚʣʝʥʥʷ ʜʠʬʨʘʢʮʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʽʤʧʫʣʴʩʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ ʙʽʦʣʦʛʽʯʥʽ 

ʩʪʨʫʢʪʫʨʠ ʧʦʪʨʝʙʫʻ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʽʤʧʫʣʴʩʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʣʦʩʢʦʾ ʭʚʠʣʽ ʫ ʧʣʦʩʢʦʤʫ ʰʘʨʫʚʘʪʦʤʫ 

ʜʽʝʣʝʢʪʨʠʢʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʪʨʘʪ ʽ ʜʠʩʧʝʨʩʽʾ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʜʽʾ ʽʤʧʫʣʴʩʥʦʛʦ ʧʦʣʷ ʥʘ ʨʽʟʥʽ ʙʽʦʣʦʛʽʯʥʽ ʦʙôʻʢʪʠ. ɺʠʢʣʠʢʘʻ 

ʽʥʪʝʨʝʩ ʧʦʨʽʚʥʷʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʜʽʾ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʽ 

ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʽʤʧʫʣʴʩʥʠʭ ʟ ʨʽʟʥʠʤʠ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʪʘ ʯʘʩʦʚʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʨʽʟʥʠʤʠ ʜʦʟʘʤʠ ʪʘ ʝʢʩʧʦʟʠʮʽʷʤʠ ʥʘ ʞʠʚʽ ʣʶʜʩʴʢʽ ʢʣʽʪʠʥʠ. ɼʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʦʜʥʦʨʽʜʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʧʦʣʷ ʫ ʙʽʦʣʦʛʽʯʥʠʭ ʨʦʟʯʠʥʘʭ ʟ 
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ʞʠʚʠʤʠ ʢʣʽʪʠʥʘʤʠ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʩʧʝʮʽʘʣʴʥʫ ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʦʧʨʦʤʽʥʝʥʥʷ 

ʙʽʦʣʦʛʽʯʥʠʭ ʨʦʟʯʠʥʽʚ ʽʤʧʫʣʴʩʥʠʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ.  

ʇʦʪʨʝʙʫʻ ʚʠʨʽʰʝʥʥʷ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʚʠʷʚʣʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʤʝʪʘʣʝʚʠʭ ʽ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʧʦʚʝʨʭʥʝʶ ˇʨʫʥʪʫ, 

ʧʘʨʘʤʝʪʨʽʚ ʰʘʨʫʚʘʪʠʭ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʤʦʜʝʣʶʶʪʴ ʙʽʦʣʦʛʽʯʥʽ 

ʪʢʘʥʠʥʠ, ʰʣʷʭʦʤ ʟʦʥʜʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʠʤ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ 

ʧʦʣʝʤ. ʎʽʢʘʚʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʚʽʜʙʠʪʦʛʦ ʧʦʣʷ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ. ʇʦʪʨʝʙʫʶʪʴ ʚʠʚʯʝʥʥʷ ʚʠʧʘʜʢʠ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʽ ʬʦʨʤ ʧʽʜʧʦʚʝʨʭʥʝʚʠʭ 

ʦʙôʻʢʪʽʚ, ʛʣʠʙʠʥ ʾʭ ʟʘʣʷʛʘʥʥʷ, ʦʧʨʦʤʽʥʝʥʥʷ ʧʣʘʩʢʦʶ ʭʚʠʣʝʶ ʟ ʥʦʨʤʘʣʴʥʠʤ 

ʧʘʜʽʥʥʷʤ ʯʠ ʤʘʡʞʝ ʪʦʯʢʦʚʠʤ ʜʞʝʨʝʣʦʤ, ʩʪʽʡʢʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʦ ʘʜʠʪʠʚʥʠʭ 

ʰʫʤʽʚ ʨʽʟʥʦʛʦ ʨʽʚʥʷ, ʧʨʠʡʦʤʫ ʦʜʠʥʦʯʥʠʤ ʧʨʠʡʤʘʯʝʤ ʯʠ ʨʦʟʥʝʩʝʥʦʶ ʫ ʧʨʦʩʪʦʨʽ 

ʘʥʪʝʥʥʦʶ ʩʠʩʪʝʤʦʶ, ʱʦ ʟʜʽʡʩʥʶʻ ʧʨʠʡʦʤ ʭʚʠʣʴ ʨʽʟʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ, ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʙʨʦʙʢʠ ʧʨʠʡʥʷʪʠʭ ʩʠʛʥʘʣʽʚ. ʎʝʡ ʧʽʜʭʽʜ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʣʦʞʝʥʥʷ ʨʫʭʦʤʠʭ ʦʙôʻʢʪʽʚ ʫ ʧʨʦʩʪʦʨʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʨʦʟʚʠʪʦʢ 

ʝʚʦʣʶʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʟʘʜʘʯ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʽ ʥʘ ʚʠʨʽʰʝʥʥʷ ʘʢʪʫʘʣʴʥʦʾ ʥʘʫʢʦʚʦʾ ʧʨʦʙʣʝʤʠ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʮʠʭ ʧʦʣʽʚ ʫ ʥʝʣʽʥʽʡʥʠʭ, ʥʝʦʜʥʦʨʽʜʥʠʭ, 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʽ ʙʽʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʭʚʠʣʴ ʜʣʷ 

ʧʽʜʧʦʚʝʨʭʥʝʚʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʨʠʭʦʚʘʥʠʭ 

ʦʙôʻʢʪʽʚ. 

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

ʊʝʤʘʪʠʢʘ ʜʠʩʝʨʪʘʮʽʾ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʨʽʦʨʠʪʝʪʥʦʶ ʥʘʫʢʦʚʦʶ ʪʝʤʘʪʠʢʦʶ 

ʬʘʢʫʣʴʪʝʪʫ ʨʘʜʽʦʬʽʟʠʢʠ, ʙʽʦʤʝʜʠʯʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ ʡ ʻ ʩʢʣʘʜʦʚʦʶ 

ʯʘʩʪʠʥʦʶ ʚʠʢʦʥʘʥʠʭ ʥʘ ʬʘʢʫʣʴʪʝʪʽ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʅɼʈ, ʚ ʷʢʠʭ ʘʚʪʦʨ ʙʨʘʚ 

ʫʯʘʩʪʴ ʷʢ ʚʠʢʦʥʘʚʝʮʴ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʚʠʢʦʥʘʚʝʮʴ ʽ ʢʝʨʽʚʥʠʢ: ñɿʙʫʜʞʝʥʥʷ, 

ʨʦʟʩʽʷʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʤʘʛʥʽʪʥʠʤʠ ʪʘ ʝʣʝʢʪʨʠʯʥʠʤʠ 
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ʚʠʧʨʦʤʽʥʶʶʯʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʫ ʤʘʪʝʨʽʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽò (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ 

ʨʝʻʩʪʨʘʮʽʾ: 0108U001643), ñɽʣʝʢʪʨʦʜʠʥʘʤʽʢʘ ʢʦʤʙʽʥʦʚʘʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ 

ʤʘʛʥʽʪʥʦ-ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʠʧʫ ʚ ʦʙôʻʤʘʭ ʟ ʽʜʝʘʣʴʥʦ ʧʨʦʚʽʜʥʠʤʠ ʡ ʽʤʧʝʜʘʥʩʥʠʤʠ 

ʛʨʘʥʠʮʷʤʠò (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ: 0112U006929), ñʈʦʟʨʦʙʢʘ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʦʚʠʭ ʟʘʩʦʙʽʚ ʬʦʨʤʫʚʘʥʥʷ ʩʧʨʷʤʦʚʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʥʘʜʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚò (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ: 0107U000692), 

ñʐʠʨʦʢʦʩʤʫʛʦʚʽ ʪʘ ʘʜʘʧʪʠʚʥʽ ʘʥʪʝʥʥʽ ʩʠʩʪʝʤʠ ʽ ʘʥʪʝʥʥʽ ʨʝʰʽʪʢʠ ʥʘ ʦʩʥʦʚʽ 

ʨʘʜʽʦʢʝʨʘʤʽʢʠò (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ: 0118U002020), ñɿʙʫʜʞʝʥʥʷ ʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʤʠ ʫ ʭʚʠʣʝʚʝʜʫʯʠʭ ʽ 

ʭʚʠʣʝʚʦʜʥʦ-ʨʝʟʦʥʘʪʦʨʥʠʭ ʩʪʨʫʢʪʫʨʘʭò (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ 

ʨʝʻʩʪʨʘʮʽʾ: 0105U000707), ñɼʦʩʣʽʜʞʝʥʥʷ ʜʠʬʨʘʢʮʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʪʘ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʦʣʽʚ ʥʘ ʨʝʛʫʣʷʨʥʠʭ ʪʘ ʥʝʨʝʛʫʣʷʨʥʠʭ ʦʜʥʦʨʽʜʥʦʩʪʷʭ ʫ 

ʭʚʠʣʝʚʦʜʥʠʭ ʩʪʨʫʢʪʫʨʘʭò (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ: 0102U000356), 

ñɽʣʝʢʪʨʦʜʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʙʽʦʣʦʛʽʯʥʽ ʦʙôʻʢʪʠò (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ 

ʨʝʻʩʪʨʘʮʽʾ: 0107U000679), ñɽʣʝʢʪʨʦʜʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʽʤʧʫʣʴʩʥʠʭ 

ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʙʽʦʣʦʛʽʯʥʽ ʦʙôʻʢʪʠò (ʥʦʤʝʨ 

ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ: 0110U001428), ñɽʣʝʢʪʨʦʜʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ 

ʽʤʧʫʣʴʩʥʠʭ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʧʦʣʽʚ ʥʘ ʢʣʽʪʠʥʥʽ ʩʠʩʪʝʤʠ ʽ ʥʘ ʟʘʛʘʣʴʥʫ 

ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚò (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ: 0112U005887), 

ñʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʢʨʠʪʠʭ ʥʝʣʽʥʽʡʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʽʟ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ ʽ ʛʘʨʤʦʥʽʯʥʠʤ ʟʙʫʜʞʝʥʥʷʤ ʜʣʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʣʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʧʽʥʪʨʦʥʽʢʠò (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ 

ʨʝʻʩʪʨʘʮʽʾ: 0114U002585), ñɯʤʧʫʣʴʩʥʽ ʪʘ ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʧʦʣʷ ʫ ʥʝʣʽʥʽʡʥʠʭ ʽ 

ʰʘʨʫʚʘʪʠʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʪʘ ʥʘʥʦʩʠʩʪʝʤʘʭ ʷʢ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ 

ʧʦʣʽʚ ʽ ʤʦʜʝʣʝʡ ʝʣʝʤʝʥʪʽʚ ʩʧʽʥʪʨʦʥʽʢʠò (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ 

ʨʝʻʩʪʨʘʮʽʾ: 0117U004851), ñʌʦʨʤʫʚʘʥʥʷ ʛʘʨʤʦʥʽʯʥʠʭ ʽ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʠʤʠ, ʙʘʛʘʪʦʨʝʟʦʥʘʥʩʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 
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ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽ ʤʘʛʥʽʪʥʦʛʦ ʪʠʧʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʢʣʶʯʝʥʴò (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ: 0116U000814). 

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʚʠʷʚʣʝʥʥʷ 

ʬʽʟʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʧʦʰʠʨʝʥʥʷ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʦʣʽʚ ʫ ʥʝʣʽʥʽʡʥʠʭ, ʥʝʦʜʥʦʨʽʜʥʠʭ, ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ, ʥʘʛʨʽʚʫ ʜʽʝʣʝʢʪʨʠʢʽʚ ʜʣʷ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘʢʽ 

ʟʘʜʘʯʽ: 

ï ʦʪʨʠʤʘʥʥʷ ʩʠʩʪʝʤʠ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʥʝʦʙʤʝʞʝʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʱʦ 

ʤʦʞʝ ʙʫʪʠ ʟʘʧʦʚʥʝʥʠʡ ʧʦʧʝʨʝʯʥʦ-ʥʝʦʜʥʦʨʽʜʥʠʤ, ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ, ʨʘʜʽʘʣʴʥʦ-

ʥʝʦʜʥʦʨʽʜʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʧʦʰʠʨʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʭʚʠʣʴ ʫ ʤʦʜʝʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʨʘʜʽʘʣʴʥʦ-ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

ï ʧʦʰʠʨʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʫ ʥʝʣʽʥʽʡʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʤʘʣʠʭ ʟʙʫʨʝʥʴ ʫ 

ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ; 

ï ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʠʧʦʣʷ ɻʝʨʮʘ ʪʘ ʩʠʩʪʝʤ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ, ʜʨʦʪʷʥʦʾ ʘʥʪʝʥʠ, 

ʘʧʝʨʪʫʨʠ ʧʨʷʤʦʢʫʪʥʦʛʦ, ʢʨʫʛʣʦʛʦ ʪʘ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʭʚʠʣʝʚʦʜʘ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʽ 

ʟʤʽʱʝʥʠʤ ʮʝʥʪʨʘʣʴʥʠʤ ʧʨʦʚʽʜʥʠʢʦʤ, ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ; 

ï ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʦʧʨʦʤʽʥʝʥʥʷ 

ʙʽʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʣʷ ʪʘ ʡʦʛʦ ʪʝʧʣʦʚʫ ʜʽʶ; 

ï ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʰʘʨʫʚʘʪʠʭ ʩʪʨʫʢʪʫʨ ʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʨʠʭʦʚʘʥʠʭ ʚ 

ʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʨʦʤʽʥʝʥʥʷ ʽʤʧʫʣʴʩʥʠʤ ʧʦʣʝʤ ʪʘ 

ʘʥʘʣʽʟʫ ʚʽʜʙʠʪʦʛʦ ʧʦʣʷ ʰʪʫʯʥʦʶ ʥʝʡʨʦʥʥʦʶ ʤʝʨʝʞʝʶ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʧʦʰʠʨʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʫ ʥʝʣʽʥʽʡʥʠʭ, ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ, ʥʝʦʜʥʦʨʽʜʥʠʭ ʪʘ 

ʙʽʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʩʪʦʨʦʚʽ ʪʘ ʯʘʩʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʦʣʽʚ ʚ ʦʙʤʝʞʝʥʠʭ ʽ ʥʝʦʙʤʝʞʝʥʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ, ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ, 

ʥʝʣʽʥʽʡʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʫ ʙʣʠʞʥʽʡ ʟʦʥʽ 
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ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ, ʪʝʧʣʦʚʘ ʜʽʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʦʣʷ ʪʘ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ 

ʽʤʧʫʣʴʩʥʦʛʦ ʧʦʣʷ ʧʽʩʣʷ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʟ ʩʝʨʝʜʦʚʠʱʘʤʠ ʪʘ ʣʦʢʘʣʴʥʠʤʠ ʦʙôʻʢʪʘʤʠ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩ ̫

ʤʝʪʦʜ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʚ ʨʘʤʢʘʭ ʷʢʦʛʦ ʚʠʭʽʜʥʘ ʥʝʩʪʘʮʽʦʥʘʨʥʘ ʪʨʠʚʠʤʽʨʥʘ 

ʟʘʜʘʯʘ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʜʦ ʟʘʜʘʯʽ ʜʣʷ ʦʜʥʦʚʠʤʽʨʥʠʭ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʨʽʚʥʷʥʴ ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ ʤʦʜʦʚʦʛʦ ʙʘʟʠʩʫ ʜʣʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ ʜʦʚʽʣʴʥʦʶ ʯʘʩʦʚʦʶ ʟʘʣʝʞʥʽʩʪʶ. ʎʝ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨʥʽʩʪʴ ʟʘʜʘʯʽ ʥʘ ʜʚʽ ʦʜʠʥʠʮʽ, ʱʦ ʩʫʪʪʻʚʦ ʩʧʨʦʱʫʻ ʚʠʭʽʜʥʫ ʟʘʜʘʯʫ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʯʠ ʰʫʢʘʻʪʴʩʷ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ, ʯʠ ʯʠʩʣʦʚʠʡ. ʇʨʠ ʮʴʦʤʫ 

ʪʘʢʦʞ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʜʦʚʽʣʴʥʽ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʷʢ ʜʞʝʨʝʣ ʧʦʣʷ, 

ʪʘʢ ʽ ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʦʚʠʱʘ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʩʠʩʪʝʤʠ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʥʝʦʙʤʝʞʝʥʦʛʦ ʧʨʦʩʪʦʨʫ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʩʝʨʝʜʦʚʠʱʝ ʻ ʥʝ ʪʽʣʴʢʠ ʰʘʨʫʚʘʪʦ ʥʝʦʜʥʦʨʽʜʥʠʤ ʽ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ, ʘʣʝ ʽ ʥʘʷʚʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʧʦʧʝʨʝʯʥʠʭ ʢʦʦʨʜʠʥʘʪ ʽ ʜʣʷ ʚʠʧʘʜʢʫ 

ʨʘʜʽʘʣʴʥʦ-ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɽʚʦʣʶʮʽʡʥʽ ʨʽʚʥʷʥʥʷ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʨʦʟʚôʷʟʫʶʪʴʩʷ ʷʢ ʘʥʘʣʽʪʠʯʥʦ ʤʝʪʦʜʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ, ʪʘʢ ʽ ʦʜʥʦʚʠʤʽʨʥʠʤ 

ʤʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ ʥʝʣʽʥʽʡʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʚʦʜʠʪʴʩʷ ʪʘʢʦʞ ʥʘ ʦʩʥʦʚʽ ʝʚʦʣʶʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʽʟ ʧʦʙʫʜʦʚʦʶ 

ʘʣʛʦʨʠʪʤʫ ʽʪʝʨʘʪʠʚʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʦʩʪʽ ʩʫʪʦ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʤʘʣʠʭ ʟʙʫʨʝʥʴ. 

ɿʘʜʘʯʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʠʧʦʣʷ ɻʝʨʮʘ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʘʥʘʣʽʪʠʯʥʦ ʫ ʯʘʩʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʜʘʥʢʽʚ ʫ ʨʦʟʢʣʘʜʽ ʚ ʨʷʜ 

ʄʘʢʣʦʨʝʥʘ ʨʦʟʚôʷʟʢʫ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ.  

ɺ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʟʙʫʜʞʫʶʯʦʛʦ ʩʪʨʫʤʫ ʜʨʦʪʷʥʦʛʦ ʚʽʙʨʘʪʦʨʘ ʚʠʙʠʨʘʻʪʴʩʷ 

ʽʤʧʫʣʴʩ, ʱʦ ʧʦʰʠʨʶʻʪʴʩʷ ʚʟʜʦʚʞ ʜʦʚʛʦʾ ʣʽʥʽʾ ʟ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʩʧʘʜʘʥʥʷʤ 

ʘʤʧʣʽʪʫʜʠ, ʷʢʝ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ɺʨʘʭʦʚʫʻʪʴʩʷ ʚʽʜʙʠʪʪʷ 

ʭʚʠʣʽ ʩʪʨʫʤʫ ʚʽʜ ʢʽʥʮʷ ʚʽʙʨʘʪʦʨʘ ʪʘ ʚʽʜ ʪʦʯʢʠ ʞʠʚʣʝʥʥʷ ʚʽʙʨʘʪʦʨʘ. 
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ʄʝʪʦʜʦʤ ʬʫʥʢʮʽʾ ʈʽʤʘʥʘ ʨʦʟʚ'ʷʟʫʻʪʴʩʷ ʟʘʜʘʯʘ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʣʷ ʚʩʝʨʝʜʠʥʽ 

ʭʚʠʣʝʚʦʜʘ. ɺ ʥʘʙʣʠʞʝʥʥʽ ʂʽʨʭʛʦʬʘ, ʪʦʙʪʦ, ʥʝʭʪʫʶʯʠ ʩʧʦʪʚʦʨʝʥʥʷʤ ʧʦʣʷ ʥʘ 

ʚʽʜʢʨʠʪʦʤʫ ʢʽʥʮʽ ʭʚʠʣʝʚʦʜʘ, ʤʝʪʦʜʦʤ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚʠʧʨʦʤʽʥʶʚʘʥʝ ʧʦʣʝ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʰʣʷʭʦʤ 

ʧʨʷʤʦʛʦ ʯʠʩʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʩʽʪʢʦʚʠʤ ʤʝʪʦʜʦʤ.  

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʨʦʤʽʥʝʥʥʷ, ʪʘ ʯʘʩʪʦʪʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʚʪʨʘʪ ʟ ʤʝʪʦʶ ʟʥʘʭʦʜʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜ 

ʯʘʩ ʦʧʨʦʤʽʥʝʥʥʷ, ʧʘʨʘʤʝʪʨʽʚ ʰʘʨʫʚʘʪʠʭ ʩʪʨʫʢʪʫʨ ʽ ˇʨʫʥʪʽʚ ʽʟ ʚʢʣʶʯʝʥʥʷʤʠ, 

ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʯʠʩʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʦʣʽʚ ʤʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ ʫ 

ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ 

ʟʚôʷʟʘʥʠʭ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʻ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ ʫ 

ʧʦʧʝʨʝʯʥʦ-ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʪʘ ʧʦʟʜʦʚʞʥʴʦ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʥʝʦʙʤʝʞʝʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ, ʨʦʟʚôʷʟʘʥʥʷ ʷʢʦʾ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʮʝʥʪʨʫʚʘʪʠ ʽʤʧʫʣʴʩʥʝ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ ʫ ʧʨʦʩʪʦʨʽ ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʜ, ʟʤʽʥʶʚʘʪʠ ʯʘʩʦʚʫ 

ʬʦʨʤʫ ʪʘ ʩʧʝʢʪʨʘʣʴʥʠʡ ʩʢʣʘʜ ʭʚʠʣʴ ʜʣʷ ʟʘʜʘʯ ʯʘʩʦʚʦʾ ʪʘ ʯʘʩʪʦʪʥʦʾ ʬʽʣʴʪʨʘʮʽʾ. 

ɺʧʝʨʰʝ ʦʜʝʨʞʘʥʘ ʩʠʩʪʝʤʘ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʦʜʥʦʚʠʤʽʨʥʠʭ ʝʚʦʣʶʮʽʡʥʠʭ 

ʨʽʚʥʷʥʴ ʚ ʩʬʝʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʦʜʠ, ʱʦ ʤʽʩʪʠʪʴ 

ʢʦʥʩʪʘʥʪʥʫ ʨʘʜʽʘʣʴʥʫ ʩʢʣʘʜʦʚʫ, ʜʣʷ ʜʦʚʽʣʴʥʦʾ ʪʨʠʚʠʤʽʨʥʦʾ ʟʘʜʘʯʽ ʟʙʫʜʞʝʥʥʷ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʫ ʥʝʦʙʤʝʞʝʥʦʤʫ ʨʘʜʽʘʣʴʥʦ-

ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʘʥʘʣʽʪʠʯʥʦ ʨʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʞʝʨʝʣʘ ʥʘ ʩʬʝʨʽ ʽʟ ʜʦʚʽʣʴʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʽ 

ʜʦʚʽʣʴʥʦʶ ʯʘʩʦʚʦʶ ʟʘʣʝʞʥʽʩʪʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ. 

ɺʧʝʨʰʝ ʘʥʘʣʽʪʠʯʥʦ ʨʦʟʚôʷʟʘʥʘ ʟʘʜʘʯʘ ʧʦʰʠʨʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʚ ʩʣʘʙʦʥʝʣʽʥʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʤʝʪʦʜʦʤ ʪʝʦʨʽʾ ʟʙʫʨʝʥʴ 

ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʩʪʦʨʦʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʩʪʨʫʤʫ ʷʢ ʬʫʥʢʮʽʾ ʥʝʣʽʥʽʡʥʦʾ 

ʯʘʩʪʠʥʠ ʚʝʢʪʦʨʘ ʧʦʣʷʨʠʟʘʮʽʾ. ʅʘʚʝʜʝʥʘ ʟʘʜʘʯʘ ʜʣʷ ʤʦʜʝʣʽ ʢʝʨʽʚʩʴʢʦʾ ʢʫʙʽʯʥʦʾ 
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ʥʝʣʽʥʽʡʥʦʩʪʽ ʨʦʟʚôʷʟʘʥʘ ʚʠʢʣʶʯʥʦ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʟʘ ʯʘʩʦʚʦʶ ʟʤʽʥʥʦʶ. 

ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʽ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʚʠʧʨʦʤʽʥʝʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ 

ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʜʣʷ ʽʤʧʫʣʴʩʥʦʛʦ ʩʪʨʫʤʫ ʟ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʜʣʷ ʤʘʣʠʭ 

ʚʽʜʩʪʘʥʝʡ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʥʽʞ ʫ ʢʣʘʩʠʯʥʠʭ ʚʠʨʘʟʘʭ ʜʣʷ ʜʠʧʦʣʷ ɻʝʨʮʘ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʙʤʝʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ ʜʠʧʦʣʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ 

ʧʨʦʩʪʦʨʦʚʠʤ ʯʘʩʦʤ ʭʘʨʘʢʪʝʨʥʦʾ ʟʤʽʥʠ ʟʙʫʜʞʫʶʯʦʛʦ ʩʪʨʫʤʫ, ʘ ʪʘʢʦʞ ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʚʽʜʩʪʘʥʥʶ ʜʦ ʪʦʯʢʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɹʽʣʴʰ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʚʠʨʘʟʽʚ ʙʫʣʘ 

ʜʦʩʷʛʥʫʪʘ ʟʘʚʜʷʢʠ ʚʨʘʭʫʚʘʥʥʶ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʯʣʝʥʽʚ ʨʷʜʫ ʚ ʨʦʟʢʣʘʜʽ 

ʧʽʜʽʥʪʝʛʨʘʣʴʥʦʛʦ ʚʠʨʘʟʫ ʜʣʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ʋʪʦʯʥʝʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ 

ʨʦʟʚôʷʟʦʢ ʜʣʷ ʧʦʣʽʚ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʦʛʦ ʚʧʝʨʰʝ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʢʦʨʝʢʪʥʝ 

ʧʦʷʩʥʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʽʟ ʢʚʘʟʽʩʪʘʪʠʯʥʠʭ ʪʘ ʽʥʜʫʢʮʽʡʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʧʦʣʷ ʚ ʧʨʦʩʪʦʨʽ ʧʦʙʣʠʟʫ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʟʤʝʥʰʝʥʥʷʤ ʝʥʝʨʛʽʾ ʭʚʠʣʴʦʚʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʜʦ ʜʠʧʦʣʷ, ʪʦʜʽ ʷʢ ʫ ʢʣʘʩʠʯʥʠʭ ʚʠʨʘʟʘʭ ʮʷ ʩʢʣʘʜʦʚʘ 

ʤʘʻ ʥʝʟʤʽʥʥʫ ʝʥʝʨʛʽʶ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʩʪʘʥʽ ʜʦ ʟʘʜʘʥʦʛʦ ʩʪʨʫʤʫ. 

ɺʧʝʨʰʝ ʦʜʝʨʞʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʤʧʫʣʴʩʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜʢʨʠʪʦʛʦ 

ʢʽʥʮʷ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʭʚʠʣʝʚʦʜʘ ʽʟ ʟʤʽʱʝʥʠʤ ʮʝʥʪʨʘʣʴʥʠʤ ʧʨʦʚʽʜʥʠʢʦʤ, ʱʦ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʟʘʜʦʚʽʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʥʘʧʨʷʤʢʘʭ, 

ʙʣʠʟʴʢʠʭ ʜʦ ʥʦʨʤʘʣʽ ʜʦ ʧʣʦʱʠʥʠ ʘʧʝʨʪʫʨʠ. ʊʘʢʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʝʣʝʤʝʥʪ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʦʾ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ. 

ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʽ ʧʨʦʩʪʦʨʦʚʽ ʽ ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʤʧʫʣʴʩʥʦʛʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʱʦ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʨʝʣʴʩʦʪʨʦʥʘʤʠ ʚ ʤʦʤʝʥʪ ʨʦʟʨʠʚʫ 

ʧʦʪʫʞʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ ʜʣʷ ʯʦʪʠʨʴʦʭ ʤʦʜʝʣʝʡ ʦʙʪʽʢʘʥʥʷ ʩʪʨʫʤʘʤʠ ʧʦʚʝʨʭʥʽ 

ʩʥʘʨʷʜʫ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʨʦʙʦʪʠ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʽ ʚʠʨʦʙʣʝʥʥʷ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʙʝʟʧʝʢʠ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ʧʨʠ ʥʘʟʝʤʥʦʤʫ ʪʘ 

ʢʦʨʘʙʝʣʴʥʦʤʫ ʙʘʟʫʚʘʥʥʽ ʨʝʣʴʩʦʪʨʦʥʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭʥʴʦʛʦ ʰʢʽʜʣʠʚʦʛʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

ɺʧʝʨʰʝ ʩʪʚʦʨʝʥʠʡ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʘʥʘʣʦʛ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʂʣʝʚʽʥʘ, ʚ ʷʢʦʤʫ ʰʣʷʭʦʤ ʩʠʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʦʾ 
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ʱʽʣʠʥʥʦʾ ʘʥʪʝʥʠ ɹʘʨʥʩʘ ʟ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʤʠ ʟʘʤʢʥʝʥʠʤʠ ʥʘ ʝʢʨʘʥ 

ʤʦʥʦʧʦʣʷʤʠ ʫ ʚʠʛʣʷʜʽ ʢʦʥʫʩʽʚ ʜʦʩʷʛʥʫʪʦ ʧʦʢʨʘʱʝʥʥʷ ʥʘʧʨʷʤʣʝʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʽʤʧʫʣʴʩʽʚ ʫ ʥʘʧʨʷʤʢʫ ʛʦʣʦʚʥʦʛʦ 

ʤʘʢʩʠʤʫʤʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʦʜʠʥʦʯʥʦʾ ʱʽʣʠʥʥʦʾ ʘʥʪʝʥʠ ɹʘʨʥʩʘ. 

ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʘ ʧʨʦʪʝʩʪʦʚʘʥʘ ʧʨʦʮʝʜʫʨʘ ʢʦʨʝʢʮʽʾ ʯʘʩʦʚʦʾ ʬʦʨʤʠ 

ʽʤʧʫʣʴʩʫ, ʱʦ ʚʠʧʨʦʤʽʥʝʥʠʡ ʟ ʘʧʝʨʪʫʨʠ ʭʚʠʣʝʚʦʜʘ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʪʦʨʘ 

ʧʦʰʠʨʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʫ ʭʚʠʣʝʚʦʜʽ ʚ ʨʝʞʠʤʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʯʘʩʫ ʥʘʟʘʜ ʪʘ ʦʧʝʨʘʪʦʨʘ ʢʦʨʝʢʮʽʾ ʣʽʥʽʡʥʠʭ ʜʠʬʨʘʢʮʽʡʥʠʭ 

ʩʧʦʪʚʦʨʝʥʴ ʽʤʧʫʣʴʩʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʨʦʪʢʠʭ ʟʦʥʜʫʶʯʠʭ ʽʤʧʫʣʴʩʽʚ ʧʦʣʷ. 

ɺʧʝʨʰʝ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʠʡ ʩʠʣʴʥʠʡ ʚʧʣʠʚ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ 

ʦʧʨʦʤʽʥʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʽ 

ʢʦʝʬʽʮʽʻʥʪ ʧʠʪʦʤʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʚ ʙʽʦʣʦʛʽʯʥʽʡ ʨʝʯʦʚʠʥʽ. ʇʨʦʚʝʜʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ 

ʧʦʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʠʟʢʠ ʦʩʦʙʣʠʚʦʩʪʝʡ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʧʝʨʰʝ 

ʜʦʟʚʦʣʠʚ ʥʘʜʽʡʥʦ ʧʽʜʪʚʝʨʜʠʪʠ ʥʘʷʚʥʽʩʪʴ ʘʪʝʨʤʽʯʥʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʜʽʾ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ ʞʠʚʽ ʢʣʽʪʠʥʠ ʣʶʜʠʥʠ, ʙʽʣʴʰ ʩʠʣʴʥʠʡ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ 

ʧʨʘʚʦʧʦʣʷʨʠʟʦʚʘʥʦʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʥʽʞ ʣʽʚʦʧʦʣʷʨʠʟʦʚʘʥʦʾ. ɺʧʝʨʰʝ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʜʦʟʚʦʣʷʣʘ ʟʤʽʥʶʚʘʪʠ ʯʘʩʦʚʫ ʬʦʨʤʫ 

ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ, ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʩʫʪʪʻʚʦʾ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʛʘʨʤʦʥʽʯʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʧʽʜʩʠʣʶʻ ʰʢʽʜʣʠʚʫ ʜʽʶ ʧʦʣʷ ʥʘ ʞʠʚʽ ʢʣʽʪʠʥʠ ʣʶʜʠʥʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʨʦʙʣʝʥʦʾ ʪʘ ʚʠʛʦʪʦʚʣʝʥʦʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘʜʽʡʥʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ 

ʽʤʧʫʣʴʩʥʝ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʚʽʪʴ ʚʧʨʦʜʦʚʞ 10 ʩʝʢʫʥʜ ʥʘ ʨʽʚʥʽ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʚ 200 ʨʘʟʽʚ ʥʠʞʯʝ ʟʘ ʜʦʟʚʦʣʝʥʫ ʥʦʨʤʘʤʠ, ʚʠʨʦʙʣʝʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʚʦʾ ʜʽʾ ʧʦʣʷ, 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʨʝʩʦʚʦʛʦ ʩʪʘʥʫ ʣʶʜʩʴʢʠʭ ʢʣʽʪʠʥ. 

ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽ ʨʝʘʣʽʟʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʦʧʨʦʤʽʥʶʚʘʥʦʛʦ ʰʘʨʫʚʘʪʦʛʦ ʜʽʝʣʝʢʪʨʠʢʘ ʽʟ ʚʢʣʶʯʝʥʥʷʤʠ ʟʘ ʚʽʜʙʠʪʦʶ ʽʤʧʫʣʴʩʥʦʶ 

ʭʚʠʣʝʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʘʥʘʣʽʟʫʻ ʧʨʠʡʥʷʪʝ ʧʦʣʝ ʚ 

ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʧʨʠʯʦʤʫ ʚ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʠʢʣʶʯʥʦ 

ʯʘʩʦʚʽ ʚʽʜʣʽʢʠ ʘʤʧʣʽʪʫʜ, ʘ ʥʝ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʘʭʦʚʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʷ. ɺʧʝʨʰʝ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʜʭʦʜʫ ʜʠʩʢʨʝʪʥʦʾ ʪʦʤʦʛʨʘʬʽʾ ʪʘ ʧʨʦʤʝʥʝʚʦʛʦ ʤʝʪʦʜʫ ʚʠʨʦʙʣʝʥʘ 
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ʥʦʚʘ ʩʪʨʫʢʪʫʨʘ ʛʣʠʙʦʢʦʾ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʨʘʱʦʶ 

ʩʪʽʡʢʽʩʪʶ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʤʦʞʣʠʚʽʩʪʶ ʟʤʝʥʰʝʥʥʷ ʥʘ ʧʦʨʷʜʦʢ ʢʽʣʴʢʦʩʪʽ ʥʝʡʨʦʥʽʚ ʙʝʟ 

ʩʫʪʪʻʚʦʾ ʚʪʨʘʪʠ ʷʢʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʧʝʨʝʜʥʴʦʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʥʘʷʚʥʠʭ ʟʥʘʥʴ ʧʨʦ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʧʦʰʠʨʝʥʥʷ 

ʭʚʠʣʴ.  

ɺʧʝʨʰʝ ʩʪʚʦʨʝʥʘ ʣʦʢʘʣʴʥʘ ʩʠʩʪʝʤʘ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʥʘ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞʘʭ, ʱʦ ʘʥʘʣʽʟʫʶʪʴ ʧʨʠʡʥʷʪʽ ʽʤʧʫʣʴʩʥʽ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʽ ʧʦʣʷ, ʚ ʷʢʽʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʽʟʠʯʥʝ ʷʚʠʱʝ ʟʤʽʥʠ ʯʘʩʦʚʦʾ ʬʦʨʤʠ ʚʠʧʨʦʤʽʥʝʥʦʛʦ ʽʤʧʫʣʴʩʫ 

ʜʣʷ ʨʽʟʥʠʭ ʢʫʪʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʥʪʝʥʠ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʘʚʜʷʢʠ ʦʜʥʦʨʘʟʦʚʦʤʫ 

ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʜʥʦʛʦ ʪʠʧʫ ʭʚʠʣʴ ʚ ʽʥʰʠʡ, ʦʜʥʽʻʾ ʤʦʜʠ ʚ 

ʽʥʰʫ, ʚʠʭʽʜʥʘ ʪʨʠʚʠʤʽʨʥʘ ʥʝʩʪʘʮʽʦʥʘʨʥʘ ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʜʥʦʚʠʤʽʨʥʦʾ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʯʘʩʫ ʨʦʟʨʘʭʫʥʢʫ 

ʪʘ ʦʙʩʷʛʫ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʟʘʜʘʯ ʟʘʤʽʩʪʴ 

ʢʫʙʽʯʥʦʛʦ, ʱʦ ʩʪʚʦʨʶʻ ʽʩʪʦʪʥʽ ʧʝʨʝʚʘʛʠ ʫ ʟʘʜʘʯʘʭ ʘʥʘʣʽʟʫ ʡ ʦʧʪʠʤʽʟʘʮʽʾ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʚʝʣʠʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ. ɺʨʘʭʫʚʘʥʥʷ 

ʜʠʬʨʘʢʮʽʡʥʠʭ ʽ ʜʠʩʧʝʨʩʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʮʽʣʝʩʧʨʷʤʦʚʘʥʫ ʯʘʩʦʚʫ 

ʘʙʦ ʯʘʩʪʦʪʥʫ ʬʽʣʴʪʨʘʮʽʶ ʧʨʠʡʥʷʪʠʭ ʭʚʠʣʴ ʟ ʤʝʪʦʶ ʢʦʤʧʝʥʩʘʮʽʾ ʚʠʱʝʟʛʘʜʘʥʠʭ 

ʩʧʦʪʚʦʨʝʥʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʂʦʤʙʽʥʦʚʘʥʠʡ ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʜʣʷ ʟʘʜʘʯʽ ʟ 

ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʚʽʜʩʪʘʥʽ ʫ ʜʚʽ ʧʨʦʩʪʦʨʦʚʽ ʪʨʠʚʘʣʦʩʪʽ 

ʚʠʧʨʦʤʽʥʝʥʦʛʦ ʽʤʧʫʣʴʩʫ ʝʢʦʥʦʤʽʶ ʫ ʯʘʩʽ ʨʦʟʨʘʭʫʥʢʫ ʙʽʣʴʰʝ ʥʽʞ ʥʘ ʪʨʠ ʧʦʨʷʜʢʠ, 

ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ï ʙʽʣʴʰʝ ʥʽʞ ʥʘ ʯʦʪʠʨʠ ʧʦʨʷʜʢʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʧʦʧʫʣʷʨʥʠʤ 

ʧʨʷʤʠʤ ʯʠʩʣʦʚʠʤ ʧʽʜʭʦʜʦʤ ʥʘ ʦʩʥʦʚʽ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʝʪʦʜʫ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ ʫ 

ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. ʎʷ ʧʝʨʝʚʘʛʘ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʝʬʝʢʪʠʚʥʫ ʦʧʪʠʤʽʟʘʮʽʶ 

ʧʘʨʘʤʝʪʨʽʚ ʽʤʧʫʣʴʩʥʠʭ ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʩʠʩʪʝʤ ʚʝʣʠʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ, 

ʜʦʩʷʛʘʪʠ ʤʽʥʽʤʽʟʘʮʽʾ ʯʘʩʦʚʠʭ ʩʧʦʪʚʦʨʝʥʴ ʭʚʠʣʴ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʦʢʨʠʪʴ ʽʟ ʧʣʘʚʥʦʶ 

ʟʤʽʥʦʶ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʟʜʦʚʞ ʨʘʜʽʫʩʫ. 
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ʈʦʟʨʘʭʫʥʢʠ ʫʪʦʯʥʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʦʣʷ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʜʽʣʠʪʠ ʩʧʝʮʠʬʽʯʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʯʘʩʦʚʠʭ ʬʦʨʤ ʭʚʠʣʴ ʪʘ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ, 

ʪʦʙʪʦ ʢʫʪʦʚʠʭ ʤʦʜʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʚʠʢʣʠʢʘʥʠʭ ʥʝʣʽʥʽʡʥʽʩʪʶ, ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʨʦʙʦʪʠ ʥʘʜʧʦʪʫʞʥʠʭ ʜʞʝʨʝʣ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ.  

ʆʢʨʽʤ ʪʝʦʨʝʪʠʯʥʦʾ ʮʽʥʥʦʩʪʽ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʪʨʘʢʪʦʚʮʽ 

ʦʙʣʘʩʪʽ ʙʣʠʞʥʴʦʾ ʟʦʥʠ ʘʥʪʝʥʠ ʪʘ ʫʩʽʭ ʦʙôʻʢʪʽʚ ʚ ʥʽʡ ʷʢ ʪʘʢʠʭ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʬʦʨʤʫʶʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʭʚʠʣʶ, ʦʪʨʠʤʘʥʽ ʚʠʨʘʟʠ ʫ ʙʣʠʞʥʽʡ ʟʦʥʽ ʤʘʶʪʴ 

ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʫ ʩʠʩʪʝʤʘʭ, ʚ ʷʢʠʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʦʙôʻʢʪ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʚ ʙʣʠʞʥʽʡ ʟʦʥʽ ʘʥʪʝʥʠ, ʥʘʧʨʠʢʣʘʜ, ʚ 

ʨʘʜʘʨʘʭ ʧʽʜʧʦʚʝʨʭʥʝʚʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʧʨʠʩʪʨʦʷʭ ʙʣʠʞʥʴʦʛʦ ʟʚôʷʟʢʫ, ʥʝʨʫʡʥʽʚʥʦʛʦ 

ʢʦʥʪʨʦʣʶ, ʦʧʨʦʤʽʥʝʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʪʦʱʦ. 

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʨʦʪʷʥʠʭ 

ʘʥʪʝʥ ʻ ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʯʝʨʝʟ ʧʨʦʩʪʦʪʫ, ʜʦʩʪʫʧʥʽʩʪʴ, ʤʘʣʫ ʚʘʛʫ ʪʘ 

ʧʘʨʫʩʥʽʩʪʴ ʪʘʢʠʭ ʘʥʪʝʥ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʚʠʧʨʦʤʽʥʶʶʯʠʭ 

ʧʨʠʩʪʨʦʷʭ, ʥʘʧʨʠʢʣʘʜ, ʚ ʽʤʧʫʣʴʩʥʠʭ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʨʘʜʘʨʥʠʭ ʩʠʩʪʝʤʘʭ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʘʧʝʨʪʫʨʠ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʭʚʠʣʝʚʦʜʘ ʚʘʞʣʠʚʝ 

ʜʣʷ ʩʠʩʪʝʤ, ʱʦ ʦʧʨʦʤʽʥʶʶʪʴ ʦʙôʻʢʪʠ ʚ ʩʚʦʾʡ ʙʣʠʞʥʽ ʟʦʥʽ, ʪʦʤʫ ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʮʽʥʠʪʠ ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʤʽʨ ʦʙʣʘʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʭʚʠʣʽ ʪʘ ʜʽʟʥʘʪʠʩʷ ʧʨʦ ʨʽʟʢʠʡ 

ʭʘʨʘʢʪʝʨ ʧʨʦʩʪʦʨʦʚʦʛʦ ʩʧʘʜʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʧʦʣʷ. ʊʘʢʦʞ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʤʘʻ 

ʦʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜ ʥʦʤʝʨʘ ʤʦʜʠ ʚʽʜʙʠʪʦʾ ʭʚʠʣʽ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʽʚ ʰʣʷʭʦʤ ʚʠʜʽʣʝʥʥʷ ʚʠʱʠʭ ʤʦʜ ʢʦʘʢʩʽʘʣʴʥʦʛʦ 

ʭʚʠʣʝʚʦʜʘ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʟʦʥʜʫʚʘʥʥʷ, ʽʤʧʫʣʴʩʥʦʛʦ ʢʦʜʫʚʘʥʥʷ 

ʚ ʩʠʩʪʝʤʘʭ ʮʠʬʨʦʚʦʛʦ ʟʚôʷʟʢʫ ʪʦʱʦ. 

ɿʘʚʜʷʢʠ ʤʘʣʠʤ ʨʦʟʤʽʨʘʤ ʽ ʥʝʩʠʤʝʪʨʠʯʥʽʡ ʥʘʧʨʷʤʣʝʥʦʩʪʽ ʢʦʘʢʩʽʘʣʴʥʠʡ 

ʚʠʧʨʦʤʽʥʶʚʘʯ ʟʽ ʟʤʽʱʝʥʠʤ ʮʝʥʪʨʘʣʴʥʠʤ ʧʨʦʚʽʜʥʠʢʦʤ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ 

ʝʣʝʤʝʥʪ ʝʬʝʢʪʠʚʥʦʾ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʦʾ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ ʜʣʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʚʟʜʦʚʞ ʥʦʨʤʘʣʽ ʘʙʦ, ʱʝ ʢʨʘʱʝ, ʧʽʜ ʜʝʷʢʠʤ ʢʫʪʦʤ ʜʦ ʥʝʾ, ʟ ʰʠʨʦʢʠʤʠ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʢʝʨʫʚʘʥʥʷ ʥʘʧʨʷʤʢʦʤ ʛʦʣʦʚʥʦʾ ʧʝʣʶʩʪʢʠ ʽ ʨʽʚʥʝʤ ʙʽʯʥʠʭ. 
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ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʧʦʢʨʘʱʝʥʥʷ ʯʘʩʦʚʦʾ ʬʦʨʤʠ ʚʠʧʨʦʤʽʥʝʥʠʭ ʽʤʧʫʣʴʩʽʚ 

ʟ ʘʧʝʨʪʫʨʠ ʧʨʷʤʦʢʫʪʥʦʛʦ ʭʚʠʣʝʚʦʜʘ ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʚ 

ʽʤʧʫʣʴʩʥʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʢʘʭ ʽʟ ʜʦʩʪʫʧʥʠʭ ʩʢʣʘʜʦʚʠʭ ʪʨʘʜʠʮʽʡʥʠʭ 

ʚʫʟʴʢʦʩʤʫʛʦʚʠʭ ʩʠʩʪʝʤ, ʘʣʝ ʽ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʩʧʦʪʚʦʨʝʥʴ ʚ ʽʥʰʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʯʘʭ, ʥʘʧʨʠʢʣʘʜ, ʨʫʧʦʨʥʠʭ, ʽʟ ʥʘʷʚʥʠʤʠ ʜʠʩʧʝʨʩʽʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʨʝʰʽʪʢʘʭ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʘʤʧʣʽʪʫʜʥʠʭ ʽ ʯʘʩʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʠʧʨʦʤʽʥʝʥʠʭ ʧʦʣʽʚ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʜʞʝʨʝʣʘ ʧʨʦʩʪʦʨʦʚʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʱʦ 

ʘʧʨʦʢʩʠʤʫʻ ʦʙʪʽʢʘʥʥʷ ʩʪʨʫʤʽʚ ʥʘʚʢʦʣʦ ʨʝʣʴʩʦʪʨʦʥʥʦʛʦ ʩʥʘʨʷʜʫ, ʜʦʟʚʦʣʷʻ 

ʚʠʷʚʣʷʪʠ ʨʦʙʦʪʫ ʨʝʣʴʩʦʪʨʦʥʥʠʭ ʩʠʩʪʝʤ, ʦʮʽʥʠʪʠ ʚʽʜʩʪʘʥʴ ʜʦ ʥʠʭ ʽ ʾʭʥʽ ʧʘʨʘʤʝʪʨʠ 

ʧʨʠ ʚʝʣʠʢʠʭ ʚʽʜʜʘʣʝʥʥʷʭ. ʅʘʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʣʠʞʥʽʭ ʧʦʣʽʚ ʚʘʞʣʠʚʽ ʜʣʷ 

ʚʠʨʦʙʣʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʙʝʟʧʝʢʠ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ʧʨʠ 

ʥʘʟʝʤʥʦʤʫ ʪʘ ʢʦʨʘʙʝʣʴʥʦʤʫ ʙʘʟʫʚʘʥʥʽ ʨʝʣʴʩʦʪʨʦʥʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭʥʴʦʛʦ 

ʰʢʽʜʣʠʚʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʪʝʥʠ ʂʣʝʚʽʥʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʪʘʢʘ 

ʢʦʤʙʽʥʦʚʘʥʘ ʘʥʪʝʥʘ ʷʢ ʦʜʠʥʦʯʥʘ, ʪʘʢ ʽ ʷʢ ʝʣʝʤʝʥʪ ʨʝʰʽʪʢʠ, ʝʬʝʢʪʠʚʥʽʰʝ 

ʚʠʧʨʦʤʽʥʶʻ ʥʠʟʴʢʦʯʘʩʪʦʪʥʫ ʩʢʣʘʜʦʚʫ, ʧʦʢʨʘʱʫʻ ʥʘʧʨʷʤʣʝʥʽʩʪʴ, ʟʙʝʨʽʛʘʶʯʠ ʤʘʣʽ 

ʨʦʟʤʽʨʠ, ʪʘ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ ʧʝʨʝʪʚʦʨʶʻ ʩʪʨʫʤ ʚ ʭʚʠʣʶ ʯʝʨʝʟ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʽʾ 

ʽʤʧʫʣʴʩʽʚ, ʱʦ ʚʽʜʙʠʚʘʶʪʴʩʷ ʚʽʜ ʚʭʦʜʫ ʘʥʪʝʥʠ ʽ ʧʦʚʝʨʪʘʶʪʴʩʷ ʥʘʟʘʜ ʜʦ ʛʝʥʝʨʘʪʦʨʘ. 

ʆʪʨʠʤʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʦʧʝʨʘʪʦʨʽʚ ʧʦʰʠʨʝʥʥʷ ʽ ʢʦʤʧʝʥʩʘʮʽʾ 

ʜʦʟʚʦʣʷʶʪʴ ʥʘ ʧʨʘʢʪʠʮʽ ʬʦʨʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʘʜʽʦʟʦʥʜʫʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʦʪʢʽ ʽʤʧʫʣʴʩʠ ʥʘʚʽʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʠʩʧʝʨʩʽʡʥʠʭ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ 

ʪʘ ʥʘʷʚʥʦʩʪʽ ʜʠʬʨʘʢʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ʉʫʯʘʩʥʽ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

ʜʦʟʚʦʣʷʶʪʴ ʰʣʷʭʦʤ ʩʠʥʪʝʟʫ ʯʘʩʦʚʦʾ ʬʦʨʤʠ ʩʪʨʫʤʫ ʟʙʫʜʞʝʥʥʷ ʟʘ ʨʦʟʨʘʭʦʚʘʥʠʤʠ 

ʟʘʣʝʞʥʦʩʪʷʤʠ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʯʘʩʦʚʫ ʬʦʨʤʫ ʚʠʧʨʦʤʽʥʝʥʠʭ ʽʤʧʫʣʴʩʽʚ. 

ʇʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʦʣʽʚ ʫ ʩʪʨʫʢʪʫʨʘʭ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʙʽʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʦʢʠ ʱʦ ʚʽʜʩʫʪʥʽʭ ʥʦʨʤ 

ʙʝʟʧʝʯʥʦʛʦ ʨʽʚʥʷ ʦʧʨʦʤʽʥʝʥʥʷ ʣʶʜʝʡ ʽʤʧʫʣʴʩʥʠʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʧʦʣʷʤʠ, 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʤʽʥʽʤʽʟʘʮʽʾ ʾʭʥʴʦʾ ʰʢʽʜʣʠʚʦʾ ʜʽʾ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʘ ʬʝʨʪʠʣʴʥʽʩʪʴ 
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ʪʘ ʽʤʫʥʥʫ ʩʪʽʡʢʽʩʪʴ. ʇʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʪʘʢʦʞ ʤʘʻ ʦʧʠʩʘʥʠʡ ʩʧʦʩʽʙ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʬʝʨʤ ʟ ʚʠʨʦʱʫʚʘʥʥʷ ʨʘʢʦʧʦʜʽʙʥʠʭ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʻ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʽʪʥʽʭ ʽʤʧʫʣʴʩʥʠʭ ʧʽʜʧʦʚʝʨʭʥʝʚʠʭ ʨʘʜʘʨʽʚ, ʱʦ 

ʚʠʷʚʣʷʶʪʴ ʽ ʨʦʟʧʽʟʥʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʨʠʭʦʚʘʥʽ ʚ ʟʝʤʣʽ ʦʙôʻʢʪʠ, ʚʢʣʶʯʘʶʯʠ 

ʧʨʦʪʠʧʽʭʦʪʥʽ ʤʽʥʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʪʘʢʽ, ʷʢʽ ʤʘʡʞʝ ʥʝ ʤʘʶʪʴ ʫ ʩʢʣʘʜʽ ʤʝʪʘʣʝʚʠʭ 

ʜʝʪʘʣʝʡ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʾʭ ʚʠʷʚʣʷʪʠ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘ ʦʩʥʦʚʽ ʾʭʥʽʭ 

ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʇʝʨʝʚʘʛʦʶ ʩʠʩʪʝʤʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʧʦ ʢʫʪʘʤ 

ʧʨʠʭʦʜʫ ʭʚʠʣʴ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʯʘʩʦʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʤʽʞ ʧʨʠʡʤʘʯʝʤ ʪʘ 

ʧʝʨʝʜʘʚʘʯʘʤʠ. ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʧʦʣʷʛʘʻ ʚ ʾʾ ʩʪʽʡʢʦʩʪʽ ʜʦ 

ʚʠʧʘʜʢʦʚʠʭ ʯʠ ʫʤʠʩʥʠʭ ʟʘʚʘʜ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʽʡʢʠʭ ʜʦ ʮʠʭ ʯʠʥʥʠʢʽʚ 

ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʭʚʠʣʴ, ʧʨʦʩʪʦʪʘ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʜʝʰʝʚʠʟʥʘ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɺ ʨʦʙʦʪʽ [1] ʟʜʦʙʫʚʘʯ ʧʦʙʫʜʫʚʘʚ ʤʦʜʝʣʴ 

ʜʞʝʨʝʣʘ, ʧʨʦʚʽʚ ʯʠʩʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ, ʧʨʦʘʥʘʣʽʟʫʚʘʚ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ.  

ɺ ʨʦʙʦʪʘʭ [2, 3, 4, 5, 6, 7, 8, 9, 10] ʟʜʦʙʫʚʘʯ ʧʦʩʪʘʚʠʚ ʟʘʜʘʯʽ, ʦʙʨʘʚ ʤʝʪʦʜ 

ʨʦʟʚôʷʟʘʥʥʷ, ʧʨʦʘʥʘʣʽʟʫʚʘʚ ʦʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʪʘ ʯʠʩʣʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʽ 

ʩʬʦʨʤʫʣʶʚʘʚ ʚʽʜʧʦʚʽʜʥʽ ʚʠʩʥʦʚʢʠ. ʊʘʢʦʞ ʚ [4] ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ ʽʜʝʷ ʽʣʶʩʪʨʘʮʽʾ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʦʣʽʚ, ʚ [7] ï ʤʝʪʦʜ ʟʤʝʥʰʝʥʥʷ ʥʝʙʘʞʘʥʠʭ ʦʩʮʠʣʷʮʽʡ 

ʚʠʧʨʦʤʽʥʝʥʦʛʦ ʽʤʧʫʣʴʩʫ, ʚ [9] ï ʽʜʝʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʪʦʨʘ ʧʦʰʠʨʝʥʥʷ ʜʣʷ 

ʟʘʜʘʯ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʦʧʝʨʘʪʦʨʘ ʢʦʨʝʢʮʽʾ ʜʠʬʨʘʢʮʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ. 

ɿʜʦʙʫʚʘʯ ʚ ʨʦʙʦʪʘʭ [11, 12, 13, 14, 15] ʧʨʦʚʽʚ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʪʘ ʫʤʦʚ ʦʧʨʦʤʽʥʝʥʥ,̫ ʨʦʟʨʘʭʫʚʘʚ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ ʪʘ ʾʭʥʶ ʪʝʨʤʽʯʥʫ ʜʽʶ, ʧʨʦʚʽʚ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɼʦʜʘʪʢʦʚʦ, ʚ [11] ʟʘʧʨʦʧʦʥʫʚʘʚ ʧʦʯʘʪʢʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʪʘ ʧʘʨʘʤʝʪʨʠ ʾʾ ʦʧʪʠʤʽʟʘʮʽʾ. 

ɺ ʨʦʙʦʪʘʭ [16, 17, 18] ʧʦʩʪʘʚʠʚ ʟʘʜʘʯʫ, ʟʘʧʨʦʧʦʥʫʚʘʚ ʤʝʪʦʜ ʯʠʩʣʦʚʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʯʘʩʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʧʨʦʚʽʚ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʩʬʦʨʤʫʣʶʚʘʚ ʚʠʩʥʦʚʢʠ. 
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ɺ ʨʦʙʦʪʘʭ [19, 20] ʧʦʩʪʘʚʠʚ ʟʘʜʘʯʫ, ʧʨʦʚʽʚ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ̔  ʩʬʦʨʤʫʣʶʚʘʚ 

ʚʠʩʥʦʚʢʠ. ɼʦʜʘʪʢʦʚʦ ʚ [19] ʟʘʧʨʦʧʦʥʫʚʘʚ ʤʝʪʦʜ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ, ʘ ʚ [20] ʚʠʙʨʘʚ ʚʘʨʽʘʥʪʠ ʯʘʩʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʜʞʝʨʝʣʘ ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʚ ʽʜʝʶ ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 

ɺ ʨʦʙʦʪʽ [21] ʧʦʩʪʘʚʠʚ ʟʘʜʘʯʫ, ʟʘʧʨʦʧʦʥʫʚʘʚ ʽʜʝʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʽ 

ʽʤʧʫʣʴʩʥʠʭ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ 

ʧʨʠʡʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚ ʧʨʦʩʪʦʨʽ, ʧʨʦʚʽʚ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ  ̔

ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ. 

ɺ ʨʦʙʦʪʽ [22] ʟʜʦʙʫʚʘʯ ʚʠʙʨʘʚ ʧʦʯʘʪʢʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʫ 

ʚʠʛʣʷʜʽ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʦʾ ʱʽʣʠʥʠ ʟ ʧʨʦʚʽʜʥʠʤʠ ʢʦʥʫʩʘʤʠ, ʧʨʦʚʽʚ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʮʴʦʛʦ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʣʠʞʥʴʦʛʦ ʧʦʣʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʪʘ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

ɸʧʨʦʙʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ. ɺʠʢʣʘʜʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʽ ʦʙʛʦʚʦʨʝʥʽ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: 

1. Int. Conf. on Ultrawideband and Ultrashort Impulse Signals (UWBUSIS-2002), 

Kharkov, Ukraine, 2002, October 1; 

2. International Conf. on Math. Methods in Electromagnetic Theory (MMETï2002), 

Kiev, Ukraine, 2002, September 10-13; 

3. ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʩʠʛʥʘʣʳ ʚ 

ʨʘʜʠʦʣʦʢʘʮʠʠ, ʩʚʷʟʠ ʠ ʘʢʫʩʪʠʢʝè (ʉʈʉɸ-2003), ʄʫʨʦʤ, ʈʦʩʩʠʷ, 2003, ʀʶʣʴ 1-

3; 

4. IV International Conf. on Antenna Theory and Techniques (ICATTï2003), 

Sevastopol, Ukraine, 2003, September 9-12; 

5. ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ ñʂʘʨʘʟʽʥʩʴʢʽ ʧʨʠʨʦʜʦʟʥʘʚʯʽ ʩʪʫʜʽʾò, ʍʘʨʢʽʚ, 

ʋʢʨʘʾʥʘ, 2004, ʏʝʨʚʝʥʴ 14-16; 

6. The Fifth International Symposium on Physics and Engineering of Microwaves, 

Millimeter, and Submillimeter Waves (MSMWï04), Kharkov, Ukraine, 2004, June 

21-26; 
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7. International Workshop Ultrawideband and Ultrashort Impulse Signals 

(UWBUSISï2004), Sevastopol, Ukraine, 2004, September 19-22; 

8. International Conf. on Math. Methods in Electromagnetic Theory (MMETï2004), 

Dniepropetrovsk, Ukraine, 2004, September 14-17; 

9. XI-th International Conf. on Math. Methods in Electromagnetic Theory (MMETï

2006), Kharkiv, Ukraine, 2006, June 26-29; 

10. 3rd International Conference on Ultrawideband and Ultrashort Impulse Signals 

(UWBUSISï2006), Sevastopol, Ukraine, 2006, September 18-22; 

11. Workshop on Direct and Inverse Problems of Electromagnetic and Acoustic wave 

Theory (DIPEDï06), Tbilisi, Georgia, 2006, October 11-13; 

12. VI International Conf. on Antenna Theory and Techniques (ICATTï2007), 

Sevastopol, Ukraine, 2007, September 17-21; 

13. XII International Conf. on Math. Methods in Electromagnetic Theory (MMETï

2008), Odesa, Ukraine, 2008, June 29 ï July 2; 

14. 4rh International Conference on Ultrawideband and Ultrashort Impulse Signals 

(UWBUSISï2008), Sevastopol, Ukraine, 2008, September 15-19; 

15. 3rd European Conference on Antennas and Propagation (Eucapï2009), Berlin, 

Germany, 2009, March 23-27; 

16. VI International Conf. on Antenna Theory and Techniques (ICATTï2009), Lviv, 

Ukraine, 2009, October 6-9; 

17. International Symposium on Physics and Engineering of Microwaves, Millimeter, 

and Submillimeter Waves (MSMW-2010), Kharkov, Ukraine, 2010, June 21-26; 

18. XIII International Conf. on Math. Methods in Electromagnetic Theory (MMETï

2010), Kyiv, Ukraine, 2010, September 6-8; 

19. 5th International Conference on Ultrawideband and Ultrashort Impulse Signals 

(UWBUSISï2010), Sevastopol, Ukraine, 2010, September 6-10; 

20. VII International Conf. on Antenna Theory and Techniques (ICATTï2011), Kyiv, 

Ukraine, 2011, September 20-23; 

21. 6th International Conference on Ultrawideband and Ultrashort Impulse Signals 

(UWBUSISï2012), Sevastopol, Ukraine, 2012, September 17-21; 
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22. XV International Conf. on Math. Methods in Electromagnetic Theory (MMETï

2014), Dnipropetrovsk, Ukraine, 2014, August 26-28; 

23. 7th International Conference on Ultrawideband and Ultrashort Impulse Signals 

(UWBUSISï2014), Kharkiv, Ukraine, 2014, September 15-19; 

24. 10th International Conference on Antenna Theory and Techniques (ICATT-2015), 

Kharkiv, Ukraine, 2015, April  21-24; 

25. Workshop on Direct and Inverse Problems of Electromagnetic and Acoustic wave 

Theory (DIPEDï15), Lviv, Ukraine, 2015, September 21-24; 

26. 9th International Kharkiv Symposium On Physics And Engineering Of Microwaves, 

Millimeter And Submillimeter Waves (MSMWï2016), Kharkiv, Ukraine, 2016, 

June 21-24; 

27. 16th IEEE International Conference on Mathematical Methods in Electromagnetic 

Theory (MMETï2016), Lviv, Ukraine, 2016, July 5-7; 

28. 8th International Conference on Ultrawideband and Ultrashort Impulse Signals 

(UWBUSISï2016), Odessa, Ukraine, 2016, September 5-11; 

29. IEEE ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ (UkrMiCoô2016), ʂʠʾʚ, ʋʢʨʘʾʥʘ, 2016ʙ 

ɺʝʨʝʩʝʥʴ 11-15; 

30. 11th International Conference on Antenna Theory and Techniques (ICATT-2017), 

Kyiv, Ukraine, 2017, May 24-27; 

31. 2017 IEEE First Ukraine Conference on Electrical and Computer Engineering 

(UKRCON), Kyiv, Ukraine, 2017, May 29-June 2; 

32. IEEE International Young Scientists Forum on Applied Physics and Engineering 

(YSF-2017), Lviv, Ukraine, 2017, October 17-20; 

33. IEEE Second International Conference on Data Stream Mining & Processing 

(DSMP-2018), Lviv, Ukraine, 2018, August 21-25; 

34. 9th International Conference on Ultrawideband and Ultrashort Impulse Signals 

(UWBUSISï2018), Odessa, Ukraine, 2018, September 4-7; 

35. Intellectual Systems for Decision Making and Problems of Computational 

Intelligence (ISDMCIï2019), Zaliznyi Port, Ukraine, 2019, May 21-25; 
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36. 2019 IEEE 2nd Ukraine Conference on Electrical and Computer Engineering 

(UKRCON 2019), Lviv, Ukraine, 2019, July 2-6; 

37. Workshop on Direct and Inverse Problems of Electromagnetic and Acoustic wave 

Theory (DIPED 2019), Lviv, Ukraine, 2019, September 12-14; 

38. 2019 IEEE International Scientific and Practical Conference Problems of 

Infocommunications Science and Technology (PIC S&Tǋ2019), Kyiv, Ukraine, 

2019, October 08-11; 

39. 15th International Conference on Advanced Trends in Radioelectronics, 

Telecommunications and Computer Engineering (TCSET ï 2020), Lviv-Slavske, 

Ukraine, 2020, February 25-29; 

40. ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʡ ʩʝʤʽʥʘʨ çʂʦʤʙʽʥʘʪʦʨʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʘ ʾʭʥʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷè, ɿʘʧʦʨʽʞʞʷ-ʂʨʦʧʠʚʥʠʮʴʢʠʡ, ʋʢʨʘʾʥʘ, 2020, ʊʨʘʚʝʥʴ 15-16; 

41. IEEE XXVth International Seminar/Workshop Direct and Inverse Problems of 

Electromagnetic and Acoustic Wave Theory (DIPED-2020), Georgia, Tbilisi, 2020, 

September 15-18. 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ 1 

ʤʦʥʦʛʨʘʬʽʾ (ʚʠʜʘʚʥʠʮʪʚʦ ñSpringerò) ʪʘ 21 ʩʪʘʪʪʽ: 11 ï ʫ ʟʘʨʫʙʽʞʥʠʭ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʚʠʜʘʥʥʷʭ, ʟ ʷʢʠʭ 10 ʚʭʦʜʷʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ 

Scopus (1 ï ʚʭʦʜʠʪʴ ʜʦ ʞʫʨʥʘʣʫ ʧʝʨʰʦʛʦ ʢʚʘʨʪʠʣʶ), 10 ï ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ 

ʋʢʨʘʾʥʠ. ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʾ ʜʦʧʦʚʽʜʘʣʠʩʴ ʪʘ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʟʙʽʨʥʠʢʘʭ ʧʨʘʮʴ 41 

ʢʦʥʬʝʨʝʥʮʽʾ, ʟ ʷʢʠʭ 35 ʚʭʦʜʷʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ Scopus. 

ʊʘʢʦʞ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʜʘʪʢʦʚʦ ʚʽʜʦʙʨʘʞʝʥʽ ʚ 3 ʩʪʘʪʪʷʭ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ 

ʋʢʨʘʾʥʠ, 1 ʤʦʥʦʛʨʘʬʽʾ ʪʘ 1 ʧʘʪʝʥʪʽ ʋʢʨʘʾʥʠ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 

6 ʨʦʟʜʽʣʽʚ, ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʪʘ 1 ʜʦʜʘʪʢʫ. ʆʙʩʷʛ 

ʟʘʛʘʣʴʥʦʛʦ ʪʝʢʩʪʫ ʜʠʩʝʨʪʘʮʽʾ ʩʢʣʘʜʘʻ 374 ʩʪʦʨʽʥʢʠ, ʟ ʥʠʭ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ 265 

ʩʪʦʨʽʥʦʢ. ʈʦʙʦʪʘ ʽʣʶʩʪʨʦʚʘʥʘ 2 ʪʘʙʣʠʮʷʤʠ ʪʘ 169 ʨʠʩʫʥʢʘʤʠ. ʉʧʠʩʦʢ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʤʽʩʪʠʪʴ 275 ʥʘʡʤʝʥʫʚʘʥʴ. 
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ʈʆɿɼɯʃ 1 

ʅɽʉʊɸʎɯʆʅɸʈʅɯ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅɯ ʇʆʃʗ ɯ ɰʍ ɿɸʉʊʆʉʋɺɸʅʅʗ 

(ʃɯʊɽʈɸʊʋʈʅʀʁ ʆɻʃʗɼ) 

 

ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʩʪʽʡʥʝ ʨʦʟʰʠʨʝʥʥʷ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʴ 

ʢʦʨʦʪʢʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʽʤʧʫʣʴʩʽʚ, ʪʦʤʫ ʽʥʪʝʨʝʩ ʜʦ ʟʘʜʘʯ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ. 

ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʚ ʧʨʠʨʦʜʽ ʪʘ ʪʝʭʥʽʮʽ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʷʢ ʢʣʶʯʦʚʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. ʇʦʰʠʨʝʥʥʷ ʧʦʪʫʞʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

ʥʘ ʦʩʥʦʚʽ ʰʠʨʠʥʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ ʪʘ ʚʠʧʨʷʤʣʷʯʽʚ ʥʘ ʩʦʥʷʯʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ  ̔ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʷʭ ʚʠʤʘʛʘʻ ʚʠʚʯʝʥʥʷ ʟʘʚʘʜ, ʱʦ ʜʽʶʪʴ ʥʘ 

ʽʥʰʽ ʧʨʠʩʪʨʦʾ [23]. ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʷʪʠ ʧʦʤʠʣʢʠ ʚ ʣʽʥʽʷʭ 

ʧʝʨʝʜʘʯʽ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʧʝʨʝʨʠʚʘʪʠ ʨʦʙʦʪʫ ʧʨʠʩʪʨʦʾʚ ʨʘʜʽʦʯʘʩʪʦʪʥʦʾ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ (RFID) ʯʝʨʝʟ ʾʭ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʭʘʨʘʢʪʝʨ [24]. ʁʤʦʚʽʨʥʦ, 

ʥʘʡʧʦʪʫʞʥʽʰʦʶ ʟʘʚʘʜʦʶ ʜʣʷ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʪʘʢʠʭ ʷʢ ʙʦʨʪʦʚʽ 

ʩʠʩʪʝʤʠ, ʻ ʙʣʠʩʢʘʚʢʘ [25]. ʐʚʠʜʢʝ ʚʤʠʢʘʥʥʷ ʚʝʣʠʯʝʟʥʦʛʦ ʩʪʨʫʤʫ ʤʦʞʝ ʚʧʣʠʥʫʪʠ 

ʥʘ ʝʢʨʘʥʦʚʘʥʽ ʢʘʙʝʣʽ ʣʽʪʘʢʽʚ ʽ ʧʦʰʢʦʜʠʪʠ ʙʦʨʪʦʚʽ ʩʠʩʪʝʤʠ [24], ʘ ʪʘʢʦʞ ʟʘʭʠʱʝʥʽ 

ʢʘʙʝʣʽ, ʱʦ ʟʘʢʦʧʘʥʽ ʚ ʟʝʤʣʶ [26], [27], [28].  

ʑʦʙ ʚʠʨʽʰʠʪʠ ʮʽ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ ʘʢʪʫʘʣʴʥʠʭ ʟʘʜʘʯ ʩʫʯʘʩʥʦʛʦ ʞʠʪʪʷ 

ʥʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʤʦʜʝʣʽ ʮʠʭ ʧʨʦʮʝʩʽʚ, ʚ ʨʘʤʢʘʭ ʷʢʠʭ ʚʠʥʠʢʘʻ 

ʧʦʪʨʝʙʘ ʚ ʨʦʟʚôʷʟʘʥʥʽ ʧʝʚʥʠʭ ʟʘʜʘʯ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ. ʆʩʥʦʚʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ  ̔ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʭʚʠʣʽ ʩʪʘʶʪʴ ʙʽʣʴʰ ʟʨʦʟʫʤʽʣʠʤʠ, ʷʢʱʦ ʾʭ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. ʋ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʮʝʡ ʧʨʦʮʝʩ ʦʧʠʩʘʥʦ ʘʥʘʣʽʪʠʯʥʠʤ ʨʦʟʚôʷʟʢʦʤ, ʫʩʽ ʧʠʪʘʥʥʷ ʩʪʦʩʦʚʥʦ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚôʷʟʢʽʚ ʫ ʧʝʨʝʪʚʦʨʝʥʥʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʧʦʰʠʨʝʥʥʷ ʤʦʞʥʘ ʣʝʛʢʦ ʧʝʨʝʚʽʨʠʪʠ. ɺ ʪʦʡ 

ʞʝ ʯʘʩ, ʨʦʟʚôʷʟʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʟʘʜʘʯ ʫ ʯʘʩʪʦʪʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʦʚôʷʟʘʥʦ ʟ ʮʽʣʦʶ 

ʥʠʟʢʦʶ ʪʨʫʜʥʦʱʽʚ ʯʝʨʝʟ ʥʘʜʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʽʚ, ʱʦ ʫʩʢʣʘʜʥʶʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ. ʇʨʠʨʦʜʥʠʤ ʜʣʷ ʜʘʥʠʭ ʟʘʜʘʯ ʻ 
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ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʦʜʥʘʢ ʦʜʝʨʞʘʪʠ ʟʘ ʾ ʭ ʜʦʧʦʤʦʛʠ ʪʦʯʥʠʡ 

ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʤʦʞʥʘ ʪʽʣʴʢʠ ʜʣʷ ʦʢʨʝʤʠʭ ʧʨʦʩʪʠʭ ʚʠʧʘʜʢʽʚ, ʘ ʯʠʩʣʦʚʽ 

ʧʽʜʭʦʜʠ ʚʠʤʘʛʘʶʪʴ ʚʝʣʠʢʠʭ ʚʠʪʨʘʪ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤ'ʷʪʽ ʽ ʤʘʰʠʥʥʦʛʦ ʯʘʩʫ ʪʘ 

ʫʩʢʣʘʜʥʶʶʪʴ ʬʽʟʠʯʥʠʡ ʘʥʘʣʽʟ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ.  

ʅʦʚʽʪʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʧʘʢʝʪʠ ʪʘ ʩʫʯʘʩʥʽ ʢʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʷʤʦʛʦ ʯʠʩʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʟʘʜʘʯ ʚ ʦʙʤʝʞʝʥʠʭ ʦʙʣʘʩʪʷʭ, ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʘʭʦʚʫʚʘʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʣʘʜʥʠʭ ʩʪʨʫʢʪʫʨ, ʱʦ ʤʘʶʪʴ ʜʽʝʣʝʢʪʨʠʯʥʝ ʟʘʧʦʚʥʝʥʥʷ, 

ʥʝʢʦʦʨʜʠʥʘʪʥʽ ʛʨʘʥʠʮʽ, ʜʞʝʨʝʣʘ ʟ ʜʦʚʽʣʴʥʦʶ ʯʘʩʦʚʦʶ ʟʘʣʝʞʥʽʩʪʶ. ɸʣʝ 

ʢʦʥʩʪʨʫʶʚʘʪʠ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʧʨʦʤʽʥʶʶʯʽ ʩʠʩʪʝʤʠ ʟʘ ʾʭ ʜʦʧʦʤʦʛʠ ʚʘʞʢʦ ʯʝʨʝʟ 

ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʚʠʤʦʛ ʜʦ ʦʙôʻʤʽʚ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʪʘ ʯʘʩʫ ʨʦʟʨʘʭʫʥʢʫ. ʆʜʥʠʤ 

ʽʟ hʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʮ̔ ʻʾ ʧʨʦʙʣʝʤʠ ʻ ʦʙʤʝʞʝʥʥʷ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʙôʻʤʫ 

ʧʦʛʣʠʥʘʶʯʠʤʠ ʛʨʘʥʠʮʷʤʠ [29], ʘʣʝ ʮʝ ʥʝʩʫʪʪʻʚʦ ʩʧʨʦʱʫʻ ʟʘʜʘʯʫ ʧʨʠ ʚʝʣʠʢʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʨʦʟʤʽʨʘʭ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ. ɿʘʟʚʠʯʘʡ, ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʪʘʢʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚ ʦʙʤʝʞʝʥʦʤʫ ʦʙôʻʤʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʨʦʤʽʥʶʶʯʦʾ ʩʠʩʪʝʤʠ 

ʚ ʜʘʣʴʥʽʡ ʟʦʥʽ ʦʮʽʥʶʶʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʝʢʚʽʚʘʣʝʥʪʥʽ ʜʞʝʨʝʣʘ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽ ʤʘʛʥʽʪʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʛʨʘʥʠʮʷʭ. ɸʣʝ ʧʦʜʽʙʥʠʡ 

ʧʽʜʭʽʜ ʤʦʞʝ ʜʘʚʘʪʠ ʭʠʙʥʠʡ ʨʝʟʫʣʴʪʘʪ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʦʛʣʠʥʘʣʴʥʘ ʛʨʘʥʠʮʷ 

ʟʘʥʘʜʪʦ ʙʣʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʘ ʜʦ ʟʙʫʜʞʫʚʘʯʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʫ ʟʦʥʽ, ʜʝ 

ʢʚʘʟʽʩʪʘʪʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʨʝʚʘʣʶʶʪʴ.  

ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ ʜʣʷ ʨʦʟʛʣʷʜʫ ʧʨʦʮʝʩʫ ʧʦʰʠʨʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʚ ʭʚʠʣʝʚʦʜʘʭ. ɰʭ ʫʤʦʚʥʦ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʛʨʫʧʠ: 

ʯʠʩʣʦʚʽ, ʘʥʘʣʽʪʠʯʥʽ ʽ ʘʥʘʣʽʪʠʯʥʦ-ʯʠʩʣʦʚʽ. ʋ ʟʚ'ʷʟʢʫ ʟ ʙʫʨʭʣʠʚʠʤ ʧʨʦʛʨʝʩʦʤ ʚ 

ʦʙʣʘʩʪʽ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʦʩʦʙʣʠʚʫ ʧʦʧʫʣʷʨʥʽʩʪʴ ʥʘʙʫʣʠ 

ʯʠʩʣʦʚʽ ʤʝʪʦʜʠ ʨʦʟʚ'ʷʟʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʟʘʜʘʯ ʫ ʟʘʢʨʠʪʠʭ 

ʩʪʨʫʢʪʫʨʘʭ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʨʦʟʚ'ʷʟʫʚʘʪʠ ʟʘʜʘʯʽ ʟ ʢʦʥʢʨʝʪʥʠʤʠ 

ʧʦʯʘʪʢʦʚʠʤʠ ʽ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʽ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚʠʤʘʛʘʶʪʴ ʜʦʩʪʫʧʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʽ ʦʙ'ʻʤʽʚ ʧʘʤ'ʷʪʽ. ɸʣʝ ʚʠʥʠʢʘʶʪʴ ʩʢʣʘʜʥʦʱʽ ʟ 

ʧʝʨʝʚʽʨʢʦʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʾʭ ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʽ ʧʨʦʛʥʦʟʦʤ ʦʩʥʦʚʥʠʭ 
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ʪʝʥʜʝʥʮʽʡ ʚ ʾʭʥʽʡ ʧʦʚʝʜʽʥʮʽ. ɸʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʧʦʟʙʘʚʣʝʥʽ ʮʠʭ 

ʥʝʜʦʣʽʢʽʚ, ʘʣʝ ʟ ʾʭʥʴʦʶ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʚ'ʷʟʢʠ ʪʽʣʴʢʠ 

ʜʣʷ ʦʙʤʝʞʝʥʦʛʦ ʯʠʩʣʘ ʧʨʦʩʪʠʭ ʟʘʜʘʯ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʮʝ ʟʨʦʙʣʝʥʦ ʚ [30]. ʉʫʪʴ 

ʘʥʘʣʽʪʠʯʥʦ-ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʦʯʘʪʢʦʚʘ ʟʘʜʘʯʘ ʚ ʟʘʛʘʣʴʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ ʟʘʟʥʘʻ ʩʧʨʦʱʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʩʧʠʨʘʶʪʴʩʷ 

ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʛʝʦʤʝʪʨʽʶ ʟʘʜʘʯʽ, ʘ ʧʦʪʽʤ ʩʧʨʦʱʝʥʘ ʟʘʜʘʯʘ 

ʨʦʟʚ'ʷʟʫʻʪʴʩʷ ʯʠʩʣʦʚʠʤʠ ʤʝʪʦʜʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʥʝ ʪʽʣʴʢʠ ʟʘʦʱʘʜʞʫʶʪʴʩʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʘʣʝ ʽ ʧʨʦʮʝʩ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʩʪʘʻ ʙʽʣʴʰ ʧʨʦʟʦʨʠʤ, ʪʘ ʩʪʚʦʨʶʶʪʴʩʷ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʚʩʝʙʽʯʥʦʛʦ 

ʬʽʟʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɼʦ ʘʥʘʣʽʪʠʯʥʦ-ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚ'ʷʟʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʟʘʜʘʯ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʤʦʞʥʘ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʚʽʜʥʝʩʪʠ ʤʝʪʦʜ 

ʥʝʧʦʚʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʟʤʽʥʥʠʭ. ʉʫʪʥʽʩʪʴ ʡʦʛʦ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʫ ʚʠʭʽʜʥʽʡ 

ʪʨʠʚʠʤʽʨʥʽʡ ʥʝʩʪʘʮʽʦʥʘʨʥʽʡ ʟʘʜʘʯʽ ʧʦʟʙʫʚʘʶʪʴʩʷ ʦʜʥʽʻʾ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʥʝʟʘʣʝʞʥʠʭ 

ʟʤʽʥʥʠʭ ʽ ʧʝʨʝʭʦʜʷʪʴ ʜʦ ʙʽʣʴʰ ʧʨʦʩʪʦʾ ʟʘʜʘʯʽ ʟʤʝʥʰʝʥʦʾ ʚʠʤʽʨʥʦʩʪʽ. ʊʘʢ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʨʘʟʽ ʭʚʠʣʝʚʦʜʥʦʾ ʟʘʜʘʯʽ ʤʦʞʥʘ ʟʘʣʝʞʥʦʩʪʽ ʧʦʣʽʚ ʚʽʜ ʧʦʧʝʨʝʯʥʠʭ 

ʢʦʦʨʜʠʥʘʪ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʨʦʟʢʣʘʜʫ ʧʦ ʧʦʚʥʽʡ ʩʠʩʪʝʤʽ ʬʫʥʢʮʽʡ, ʽ ʚ 

ʩʧʨʦʱʝʥʫ ʟʘʜʘʯʫ ʟʘʤʽʩʪʴ ʜʚʦʭ ʟʤʽʥʥʠʭ ʫʚʽʡʜʫʪʴ ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʢʣʘʜʘʥʥʷ ʧʦʣʽʚ ʧʦ 

ʧʦʙʫʜʦʚʘʥʦʤʫ ʙʘʟʠʩʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʦʩʦʙʣʠʚʦ ʜʦʨʝʯʥʠʡ ʫ ʨʘʟʽ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʟʘʜʘʯ, ʦʩʢʽʣʴʢʠ ʚ ʩʧʨʦʱʝʥʫ ʟʘʜʘʯʫ ʫʚʽʡʜʝ ʯʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʧʦʣʽʚ ʥʘ ʛʨʘʥʠʮʷʭ ʽ 

ʧʘʨʘʤʝʪʨʠ ʰʘʨʫʚʘʪʦ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʥʝʣʽʥʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ. 

ʉʧʨʦʱʝʥʘ ʟʘʜʘʯʘ ʤʦʞʝ ʙʫʪʠ ʨʦʟʚ'ʷʟʘʥʘ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʘʥʘʣʽʪʠʯʥʦ ʘʙʦ, ʜʣʷ 

ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʭ ʚʠʧʘʜʢʽʚ, ʯʠʩʣʦʚʠʤʠ ʤʝʪʦʜʘʤʠ. ʊʘʢʠʤ ʘʥʘʣʽʪʠʯʥʦ-ʯʠʩʣʦʚʠʤ 

ʤʝʪʦʜʦʤ ʻ ʤʝʪʦʜ ʤʦʜʦʚʦʛʦ ʙʘʟʠʩʫ [31-33], ʱʦ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʨʦʟʢʣʘʜʘʥʥʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʦ ʧʦʚʥʽʡ ʩʠʩʪʝʤʽ ʬʫʥʢʮʽʡ, ʱʦ ʟʘʣʝʞʘʪʴ ʪʽʣʴʢʠ ʚʽʜ 

ʧʦʧʝʨʝʯʥʠʭ ʢʦʦʨʜʠʥʘʪ, ʧʨʠʯʦʤʫ ʩʘʤʽ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʜʣʷ ʩʢʣʘʜʥʠʭ ʢʦʥʪʫʨʽʚ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʪʠʥʫ ʤʦʞʫʪʴ ʽ ʥʝ ʤʘʪʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʚʦʥʠ 

ʤʦʞʫʪʴ ʦʪʨʠʤʫʚʘʪʠʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʘʙʦ ʯʠʩʣʦʚʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ, ʪʨʠʚʠʤʽʨʥʘ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʘ ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʚ'ʷʟʘʥʥʷ 
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ʜʚʦʚʠʤʽʨʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʫ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ. ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʣʽʥʽʡʥʝ, ʩʪʘʮʽʦʥʘʨʥʝ ʡ ʦʜʥʦʨʽʜʥʝ, 

ʪʘʢʘ ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʪʨʴʦʭ ʥʝʟʘʣʝʞʥʠʭ ʨʽʚʥʷʥʴ ʩʧʽʣʴʥʦ ʟ 

ʧʦʯʘʪʢʦʚʠʤʠ ʽ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʦʰʠʨʝʥʥʷ ɽ-, ʅ- ʽ ʊ-ʭʚʠʣʴ. 

ʈʦʟʚ'ʷʟʘʥʥʷ ʜʘʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʨʽʚʥʷʥʥʷ ʪʠʧʫ ʂʣʝʡʥʘ-ɻʦʨʜʦʥʘ, 

ʧʨʦʚʦʜʠʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʬʫʥʢʮʽʾ ʈʽʤʘʥʘ [34]. ʏʠʩʣʦʚʠʡ 

ʧʽʜʭʽʜ ʜʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʮʽʻʾ ʯʘʩʪʠʥʠ ʟʘʜʘʯʽ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʧʦʣʷ ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʙʫʜʞʫʶʯʦʛʦ ʩʪʨʫʤʫ ʟ ʜʦʚʽʣʴʥʦʶ ʯʘʩʦʚʦʶ ʟʘʣʝʞʥʽʩʪʶ 

[35].  

ʄʝʪʦʜ ʤʦʜʦʚʦʛʦ ʙʘʟʠʩʫ ʯʠ ʤʝʪʦʜ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʙʫʚ ʚʠʥʘʡʜʝʥʠʡ 

ʊʨʝʪʴʷʢʦʚʠʤ ʆ.ʆ. ʥʘʧʨʠʢʽʥʮʽ 80ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ [31]. ʍʦʯʘ ʚʽʥ ʻ 

ʨʽʟʥʦʚʠʜʦʤ ʤʝʪʦʜʫ ʥʝʧʦʚʥʦʛʦ ʨʦʟʜʽʣʫ ʟʤʽʥʥʠʭ, ʘʣʝ ʤʘʻ ʪʘʢʫ ʚʽʜʤʽʥʥʽʩʪʴ: ʚ ʥʴʦʤʫ 

ʩʪʨʦʛʦ ʜʦʚʝʜʝʥʦ ʽʩʥʫʚʘʥʥʷ ʪʨʴʦʭ ʥʝʟʘʣʝʞʥʠʭ ʪʠʧʽʚ ʭʚʠʣʴ ʪʘ ʧʦʚʥʦʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʙʘʟʠʩʫ ʫ ʭʚʠʣʝʚʦʜʽ (ʨʝʟʦʥʘʪʦʨʽ) ʟ ʜʦʚʽʣʴʥʠʤ ʙʘʛʘʪʦʟʚôʷʟʥʠʤ 

ʢʦʥʪʫʨʦʤ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʷʢʠʡ ʟʘʧʦʚʥʝʥʠʡ ʰʘʨʫʚʘʪʦ ʥʝʦʜʥʦʨʽʜʥʠʤ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ ʥʝʣʽʥʽʡʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʽʟ ʚʪʨʘʪʘʤʠ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʤʦʞʣʠʚʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʦʚʽʣʴʥʦʛʦ ʧʦʣʷ ʫ ʚʠʛʣʷʜʽ ʨʦʟʢʣʘʜʫ ʧʦ ʮʠʤ ʪʨʴʦʭ ʪʠʧʘʤ ʭʚʠʣʴ, ʷʢʽ, 

ʧʦ ʩʫʪʽ, ʫʪʚʦʨʶʶʪʴ ʙʘʟʠʩ. ʇʦʚʥʦʪʘ ʮʴʦʛʦ ʙʘʟʠʩʫ ʜʦʚʝʜʝʥʘ ʊʨʝʪʴʷʢʦʚʠʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʝʤʠ ɺʝʡʣʷ ʧʨʦ ʦʨʪʦʛʦʥʘʣʴʥʽ ʨʦʟʙʠʪʪʷ [36]. ʗʢ ʚʢʘʟʫʚʘʣʦʩʷ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʜʦʟʚʦʣʷʻ ʟʚʝʩʪʠ ʥʝʩʪʘʮʽʦʥʘʨʥʫ ʪʨʠʚʠʤʽʨʥʫ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʫ ʟʘʜʘʯʫ ʜʦ ʦʜʥʦʚʠʤʽʨʥʦʾ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʟʘʜʘʯʽ ʜʣʷ ʩʠʩʪʝʤʠ 

ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʽ ʪʘʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʰʘʥʩʠ ʥʘ ʟʥʘʭʦʜʞʝʥʥʷ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ [35] ʘʙʦ, ʧʨʠ ʯʠʩʣʦʚʦʤʫ ʧʽʜʭʦʜʽ, ʟʤʝʥʰʫʻ ʯʠʩʣʦ 

ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʦʙʩʷʛ ʧʘʤôʷʪʽ ʽ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʷʢ ʢʫʙʽʯʥʠʡ 

ʢʦʨʽʥʴ ʚʽʜ ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʦʟʤʽʨʫ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʾ ʟʘʜʘʯʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʚʠʭʽʜʥʦʶ ʟʘʜʘʯʝʶ. ɿʘʚʜʷʢʠ ʤʝʪʦʜʫ ʨʦʟʜʽʣʫ ʟʤʽʥʥʠʭ ʜʘʥʽ ʦʜʥʦʨʽʜʥʽ ʨʽʚʥʷʥʥʷ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʚôʷʟʘʥʽ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ, ʜʣʷ ʯʦʛʦ ʧʦʪʨʽʙʥʦ 

ʧʨʦʚʝʩʪʠ ʪʘʢʫ ʟʘʤʽʥʫ ʟʤʽʥʥʠʭ, ʧʽʩʣʷ ʷʢʦʾ ʚ ʥʦʚʦʤʫ ʨʽʚʥʷʥʥʽ ʟʤʽʥʥʽ ʨʦʟʜʽʣʷʶʪʴʩʷ. 

ʄʝʪʦʜʠ ʪʝʦʨʽʾ ʛʨʫʧ ʥʝ ʪʽʣʴʢʠ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʡʪʠ ʚʩʽ ʧʨʠʜʘʪʥʽ ʧʽʜʩʪʘʥʦʚʢʠ, ʘʣʝ ʽ 
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ʜʦʚʝʩʪʠ, ʱʦ ʽʥʰʠʭ ʟʘʤʽʥ ʟʤʽʥʥʠʭ, ʱʦ ʧʨʠʚʦʜʷʪʴ ʜʦ ʨʽʚʥʷʥʥʷ ʟ ʨʦʟʜʽʣʝʥʠʤʠ 

ʟʤʽʥʥʠʤʠ, ʥʝʤʘʻ [37]. ʅʝ ʚʩʽ ʟ ʤʦʞʣʠʚʠʭ ʟʘʤʽʥ ʟʤʽʥʥʠʭ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʾ ʟʘʜʘʯʽ, ʪʦʤʫ ʱʦ ʜʝʷʢʽ ʟ ʥʠʭ ʥʝ ʜʦʟʚʦʣʷʶʪʴ 

ʦʜʝʨʞʘʪʠ ʨʦʟʚôʷʟʦʢ ʜʣʷ ʚʩʽʭ ʟʥʘʯʝʥʴ ʢʦʦʨʜʠʥʘʪʠ ʽ ʯʘʩʫ, ʱʦ ʮʽʢʘʚʣʷʪʴ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʞ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʜʘʻ ʨʦʟʚôʷʟʦʢ, ʱʦ ʮʽʣʢʦʤ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʨʦʟʚôʷʟʢʦʤ, ʦʪʨʠʤʘʥʠʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ, ʽ ʪʦʤʫ ʥʝ ʻ ʮʽʢʘʚʠʤ. 

ʅʘʡʙʽʣʴʰ ʟʨʫʯʥʦʶ ʻ ʟʘʤʽʥʘ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ 

ʂʣʝʡʥʘ-ɻʦʨʜʦʥʘ ʫ ʚʠʛʣʷʜʽ ʢʦʤʙʽʥʘʮʽʾ ʮʠʣʽʥʜʨʠʯʥʠʭ ʬʫʥʢʮʽʡ, ʪʦʤʫ ʱʦ ʚʦʥʘ 

ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʦʜʝʨʞʫʚʘʪʠ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯ, ʚ ʷʢʦʤʫ ʯʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʜʞʝʨʝʣʘ 

ʬʦʨʤʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʾ ʍʝʚʽʩʘʡʜʘ [38]. 

ɺ ʷʢʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʫ ʨʦʙʦʪʽ [39] ʧʨʦʚʝʜʝʥʝ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʤʝʪʦʜʫ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʟʘʜʘʯ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʗʢ 

ʧʨʠʢʣʘʜ, ʫ ʥʘʙʣʠʞʝʥʥʽ ʂʽʨʭʛʦʬʘ ʙʫʣʘ ʨʦʟʚôʷʟʘʥʘ ʟʘʜʘʯʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʭʚʠʣʽ ʟ ʚʽʜʢʨʠʪʦʛʦ ʢʽʥʮʷ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʭʚʠʣʝʚʦʜʘ [40]. ʋ ʜʘʥʦʤʫ 

ʨʦʟʚôʷʟʢʫ ʥʝ ʚʨʘʭʦʚʫʚʘʣʘʩʷ ʟʤʽʥʘ ʯʘʩʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʊ-ʭʚʠʣʽ ʥʘ ʘʧʝʨʪʫʨʽ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʭʚʠʣʝʚʦʜʘ ʧʨʠ ʾʾ ʧʘʜʽʥʥʽ ʥʘ 

ʚʽʜʢʨʠʪʠʡ ʢʽʥʝʮʴ ʟ ʥʝʩʢʽʥʯʝʥʥʠʤ ʬʣʘʥʮʝʤ. ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʮʠʭ ʟʤʽʥ ʫ ʨʦʙʦʪʽ [41, 

42] ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʤʝʪʦʜ ʯʘʩʪʢʦʚʠʭ ʦʙʣʘʩʪʝʡ. ʇʦʣʝ ʚʩʝʨʝʜʠʥʽ ʭʚʠʣʝʚʦʜʫ ʪʘ ʫ 

ʚʽʣʴʥʦʤʫ ʧʽʚʧʨʦʩʪʦʨʽ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʩʫʧʝʨʧʦʟʠʮʽʾ ʤʦʜ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʫʤʦʚʠ ʩʧʦʣʫʯʝʥʥʷ ʧʦʣʽʚ ʥʘ ʛʨʘʥʠʮʽ ʜʚʦʭ ʦʙʣʘʩʪʝʡ ʽ ʫʤʦʚʫ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʚʽʣʴʥʦʤʫ ʧʽʚʧʨʦʩʪʦʨʽ ʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʚʠʧʘʜʢʫ, ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʘʤʧʣʽʪʫʜ ʧʦʣʽʚ ʫ ʚʽʣʴʥʦʤʫ ʥʘʧʽʚʧʨʦʩʪʦʨʽ ʽ ʜʣʷ 

ʘʤʧʣʽʪʫʜʠ ʚʽʜʙʠʪʦʛʦ ʚʽʜ ʨʦʟʢʨʠʚʫ ʧʦʣʷ ʊ-ʭʚʠʣʽ ʚ ʢʦʘʢʩʽʘʣʴʥʦʤʫ ʭʚʠʣʝʚʦʜʽ ʚ 

ʥʘʙʣʠʞʝʥʥʽ ʚʽʜʩʫʪʥʦʩʪʽ ʩʪʨʫʤʽʚ, ʱʦ ʥʘʚʦʜʷʪʴʩʷ ʥʘ ʬʣʘʥʮʽ, ʫ ʚʠʧʘʜʢʫ, ʱʦ ʢʦʣʠ ʥʘ 

ʨʦʟʢʨʠʚ ʧʘʜʘʻ ʭʚʠʣʝʚʦʜʥʘ ʊ-ʭʚʠʣʷ ʽʟ ʩʭʽʜʯʘʩʪʦʶ ʯʘʩʦʚʦʶ ʟʘʣʝʞʥʽʩʪʶ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʘʣʫ ɼʶʘʤʝʣʷ ʜʘʥʠʡ ʨʦʟʚôʷʟʦʢ ʙʫʣʦ ʫʟʘʛʘʣʴʥʝʥʦ ʥʘ ʚʠʧʘʜʦʢ 

ʜʦʚʽʣʴʥʦʾ ʯʘʩʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʘʜʘʶʯʦʾ ʭʚʠʣʽ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʧʝʨʝʚʽʨʢʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ [41,42]. 
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ʅʦʚʽ ʟʘʜʘʯʽ, ʥʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʪʝʭʥʽʯʥʘ ʙʘʟʘ ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ, ʱʦ ʟʤʽʥʶʻ 

ʫʩʽ ʩʬʝʨʠ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʞʠʪʪʷ ʤʘʶʪʴ ʧʝʚʥʠʡ ʚʧʣʠʚ ʽ ʥʘ ʢʦʣʦ ʧʨʘʢʪʠʯʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ ʽʤʧʫʣʴʩʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. ʈʦʟʚʠʪʦʢ, ʧʦʰʠʨʝʥʥʷ ʽ 

ʟʜʝʰʝʚʣʝʥʥʷ ʮʠʬʨʦʚʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʜʣʷ 

ʮʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʤʘʪʝʨʽʘʣʽʚ [43] ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʽ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʥʦʚʽ 

ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʽ ʚʠʧʨʦʤʽʥʶʶʯʽ ʩʠʩʪʝʤʠ [44], ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚʠʩʦʢʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ʎʝʡ ʧʨʦʮʝʩ ʛʘʣʴʤʫʻʪʴʩʷ ʥʠʟʢʦʶ ʥʝʨʦʟʚôʷʟʘʥʠʭ ʟʘʜʘʯ ʷʢ ʪʝʦʨʝʪʠʯʥʦʛʦ, ʪʘʢ ʽ 

ʧʨʘʢʪʠʯʥʦʛʦ ʧʣʘʥʫ. ʆʜʥʽʻʶ ʟ ʥʠʭ ʻ ʟʘʜʘʯʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʦʚʦʾ ʬʦʨʤʠ ʧʦʣʽʚ, ʢʦʣʠ 

ʩʝʨʝʜʦʚʠʱʝ ʧʦʰʠʨʝʥʥʷ ʚʠʷʚʣʷʻ ʩʚʦʾ ʥʝʣʽʥʽʡʥ ̔ʚʣʘʩʪʠʚʦʩʪʽ [45]. ʅʝʙʘʞʘʥ ̔ʘʙʦ 

ʟʘʧʣʘʥʦʚʘʥʽ ʥʝʣʽʥʽʡʥʽ ʟʤʽʥʠ ʧʦʣʽʚ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʥʝ ʪʽʣʴʢʠ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʤʠ ʥʝʣʽʥʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʘʣʝ ʽ 

ʧʨʦʩʪʦ ʯʝʨʝʟ ʚʝʣʠʢʽ ʘʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʜʣʷ ʥʠʟʢʠ ʾʭʥʽʭ 

ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. ʎʝ ʤʦʞʝ ʤʘʪʠ ʤʽʩʮʝ ʚ ʥʘʜʧʦʪʫʞʥʠʭ ʽʤʧʫʣʴʩʥʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʯʘʭ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʾ ʟʫʧʠʥʢʠ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʦʣʽʮʝʡʩʴʢʠʤʠ ʩʣʫʞʙʘʤʠ, ʧʦʩʪʘʥʦʚʢʠ ʥʘʜʽʡʥʠʭ 

ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʟʘʚʘʜ ʟʘʩʦʙʘʤ, ʱʦ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʶʪʴ ʥʦʩʽʡʥʫ ʯʘʩʪʦʪʫ 

ʩʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʦʛʦ ʚʫʟʴʢʦʩʤʫʛʦʚʦʛʦ ʧʦʣʷ ʪʦʱʦ.  

ʇʦʪʫʞʥʽ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʽ ʧʦʣʷ, ʱʦ ʦʧʨʦʤʽʥʶʶʪʴ ʘʧʘʨʘʪʫʨʫ ʪʘ 

ʦʙʩʣʫʛʦʚʫʶʯʠʡ ʧʝʨʩʦʥʘʣ, ʤʦʞʫʪʴ ʤʦʜʝʣʶʚʘʪʠʩʷ ʪʘʢʠʤʠ ʧʨʦʩʪʠʤʠ ʜʞʝʨʝʣʘʤʠ ʷʢ 

ʝʣʝʢʪʨʠʯʥʽ ʜʠʧʦʣʽ [46, 47, 48, 49, 50, 51]. ɸʣʝ, ʚʠʭʦʜʷʯʠ ʽʟ ʧʨʘʢʪʠʯʥʦʾ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʟʘʙʝʟʧʝʯʠʪʠ ʢʨʘʱʫ ʥʘʧʨʷʤʣʝʥʽʩʪʴ ʥʽʞ ʫ ʜʠʧʦʣʷ, ʫ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʜʣʷ ʟʘʜʘʯʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ ʧʦʣʷ ʫ ʥʝʣʽʥʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ 

ʧʣʘʩʢʫ ʘʧʝʨʪʫʨʫ ʫ ʬʦʨʤʽ ʜʠʩʢʫ ʽʟ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʩʪʨʫʤʫ. ʆʩʥʦʚʦʶ ʪʘ ʜʞʝʨʝʣʦʤ ʧʦʨʽʚʥʷʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ ʥʝʣʽʥʽʡʥʦʾ ʟʘʜʘʯʽ [52] 

ʙʫʜʫʪʴ ʧʦʧʝʨʝʜʥʴʦ ʦʪʨʠʤʘʥʽ ʨʦʟʚôʷʟʢʠ ʣʽʥʽʡʥʦʾ ʟʘʜʘʯʽ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʮʽʢʘʚʠʡ ʝʬʝʢʪ 

çʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʥʘʨʷʜʫè, ʱʦ ʧʦʣʷʛʘʻ ʫ ʥʝʪʠʧʦʚʦ ʩʣʘʙʢʦʤʫ ʟʤʝʥʰʝʥʥʽ ʧʦʣʷ ʽʟ 

ʚʽʜʩʪʘʥʥʶ [39, 53, 54, 55]. ʆʩʦʙʣʠʚʫ ʮʽʢʘʚʽʩʪʴ ʩʝʨʝʜ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʣʷ ʥʘʩ 

ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʚôʷʟʢʠ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʯʝʨʝʟ ʟʨʫʯʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʚ ʥʠʭ 

ʥʝʣʽʥʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ [56]. 
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ɿʘʜʘʯʘ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʣʷ, ʷʢʝ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʝʣʝʤʝʥʪʘʨʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʯʝʤ ʻ ʢʣʘʩʠʯʥʦʶ, ʘʣʝ ʜʝʷʢʽ ʘʩʧʝʢʪʠ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʻ ʮʽʢʘʚʠʤʠ ʽ 

ʩʴʦʛʦʜʥʽ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʾʾ ʧʽʚʪʦʨʘʩʪʦʣʽʪʥʶ ʽʩʪʦʨʽʶ. ɿʦʩʝʨʝʜʠʤʦʩʴ ʥʘ ʜʝʪʘʣʽʟʘʮʽʾ 

ʦʪʨʠʤʘʥʥʷ ʚʠʨʘʟʽʚ ʜʣʷ ʧʦʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʠʧʦʣʷ ɻʝʨʮʘ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʽʥ 

ʟʙʫʜʞʫʻʪʴʩʷ ʩʪʨʫʤʦʤ ʟ ʜʦʚʽʣʴʥʦʶ ʯʘʩʦʚʦʶ ʟʘʣʝʞʥʽʩʪʶ. ʄʘʛʥʽʪʥʠʡ ʜʠʧʦʣʴ ɻʝʨʮʘ 

ʤʦʞʝ ʙʫʪʠ ʨʦʟʛʣʷʥʫʪʠʡ ʘʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ, ʽ ʚʘʞʣʠʚʽʩʪʴ ʮʽʻʾ ʟʘʜʘʯʽ ʜʣʷ 

ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʽʤʧʫʣʴʩʥʠʭ ʩʠʩʪʝʤ ʥʝ ʚʪʨʘʯʘʻʪʴʩʷ [57]. ʋ ʤʦʥʦʛʨʘʬʽʾ [58], 

ʧʨʠʩʚʷʯʝʥʽʡ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʤ ʘʥʪʝʥʘʤ, ʦʧʠʩʫʶʪʴʩʷ ʪʘ ʘʥʘʣʽʟʫʶʪʴʩʷ ʚʠʨʘʟʠ 

ʜʣʷ ʧʦʣʷ ʜʠʧʦʣʷ ɻʝʨʮʘ ʫ ʚʠʧʘʜʢʫ ʛʘʨʤʦʥʽʯʥʦʾ ʯʘʩʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʩʪʨʫʤʽʚ. ɼʦ ʪʦʛʦ 

ʞ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ [58] ʚʠʢʣʘʜʢʠ ʜʫʞʝ ʩʪʠʩʣʽ, ʱʦ ʧʨʠʭʦʚʫʻ ʦʩʥʦʚʥʽ ʝʪʘʧʠ 

ʚʠʚʝʜʝʥʥ ̫ʚʠʨʘʟʽʚ. ʂʨʽʤ ʪʦʛʦ, ʱʦ ʜʫʞʝ ʚʘʞʣʠʚʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, 

ʚʽʜʩʫʪʥʽ ʦʩʥʦʚʥʽ ʜʦʧʫʱʝʥʥʷ, ʷʢʽ ʻ ʮʽʢʘʚʠʤʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. 

ɺʠʢʦʨʠʩʪʘʥʠʡ ʚ [59] ʧʽʜʭʽʜ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʚʦʨʦʪʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʜʣʷ ʚʠʨʘʟʽʚ ʧʦʣʷ ʜʠʧʦʣʷ ɻʝʨʮʘ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ 

ʢʦʤʧʣʝʢʩʥʠʭ ʘʤʧʣʽʪʫʜ, ʚʝʜʝ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʥʝʷʚʥʦʛʦ ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʦʙʤʝʞʝʥʴ ʥʘ ʬʫʥʢʮʽʾ ʟʘʣʝʞʥʦʩʪʽ ʩʪʨʫʤʫ ʚʽʜ ʯʘʩʫ, ʷʢʽ ʻ ʩʪʘʥʜʘʨʪʥʠʤʠ ʜʣʷ ʚʠʧʘʜʢʫ 

ʥʝʚʣʘʩʥʠʭ ʽʥʪʝʛʨʘʣʽʚ. ɺʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʜʦʜʘʪʢʦʚʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʜʘʥʦʛʦ 

ʧʠʪʘʥʥʷ ʧʽʜʭʦʜʦʤ, ʷʢʠʡ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ [60] ʪʘ [61], ʧʝʨʝʜʙʘʯʘʻ ʧʦʜʘʣʴʰʝ 

ʫʪʦʯʥʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʚʠʨʘʟʽʚ ʜʣʷ ʙʣʠʞʥʴʦʛʦ ʧʦʣʷ ʜʠʧʦʣʷ ɻʝʨʮʘ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʝʷʢʽ ʩʧʦʪʚʦʨʝʥʥʷ ʯʘʩʦʚʦʾ ʬʦʨʤʠ ʚʠʧʨʦʤʽʥʝʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʚʽʙʨʘʪʦʨʥʽ ʘʥʪʝʥʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʚʠʧʨʦʤʽʥʶʚʘʯʽ ʽʤʧʫʣʴʩʥʠʭ 

ʩʠʛʥʘʣʽʚ ʯʝʨʝʟ ʟʨʫʯʥʽʩʪʴ, ʧʨʦʩʪʦʪʫ, ʤʘʣʫ ʚʘʛʫ ʪʘ ʧʘʨʫʩʥʽʩʪʴ. ɿʘʜʘʯʘ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʭʚʠʣʴ ʚʽʙʨʘʪʦʨʥʦʶ ʘʥʪʝʥʦʶ ʙʫʣʘ 

ʜʦʩʣʽʜʞʝʥʘ ʫ ʨʦʙʦʪʽ [62] ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʫ ʯʘʩʪʦʪʥʦʤʫ ʧʨʦʩʪʦʨʽ. ɹʫʣʦ ʙ 

ʮʽʢʘʚʦ ʧʨʦʚʝʩʪʠ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʚʠʢʣʶʯʥʦ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʫ ʥʘʙʣʠʞʝʥʥʽ ʟʘʜʘʥʦʛʦ ʩʪʨʫʤʫ, ʧʝʨhʝ 

ʥʘʙʣʠʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʷʢʦʛʦ ʤʦʞʥʘ ʟʥʘʡʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʦʨʽʶ ʜʦʚʛʠʭ ʣʽʥʽʡ 

[63]. 
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ʄʦʜʝʣʴ ʜʠʧʦʣʷ ɻʝʨʮʘ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʰʢʽʜʣʠʚʦʛʦ 

ʚʧʣʠʚʫ ʚʠʩʦʢʠʭ ʥʘʧʨʫʛ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʨʦʟʨʷʜʽʚ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ [64]. 

ɿʘʛʘʣʴʥʦʚʽʜʦʤʠʡ ʨʦʟʚôʷʟʦʢ ʮʽʻʾ ʟʘʜʘʯʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʪʘʪʠʯʥʦʾ, ʽʥʜʫʢʪʠʚʥʦʾ ʪʘ 

ʨʘʜʽʘʮʽʡʥʦʾ ʢʦʤʧʦʥʝʥʪʠ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʦʪʫʞʥʦʩʪʽ ʽʤʧʫʣʴʩʥʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʠʩʪʝʤ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʣʠʩʴ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʻ 

ʨʝʣʴʩʦʪʨʦʥ. ɺʽʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʦʟʛʦʥʫ ʦʙôʻʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʣʠ ʃʦʨʝʥʮʘ, 

ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ ʚʝʣʠʢʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʨʫʭʦʤʠʡ 

ʧʨʦʚʽʜʥʠʢ. ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʥʝʤʘʻ ʪʝʦʨʝʪʠʯʥʠʭ ʦʙʤʝʞʝʥʴ ʜʣʷ ʚʝʨʭʥʴʦʾ ʤʝʞʽ 

ʟʥʘʯʝʥʥʷ ʮʽʻʾ ʩʠʣʠ, ʨʝʣʴʩʦʪʨʦʥ ʟʜʘʪʝʥ ʨʦʟʛʘʥʷʪʠ ʤʝʪʘʣʝʚʽ ʧʨʝʜʤʝʪʠ ʜʦ 

ʥʘʜʟʚʫʢʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ [65], [66]. ʏʠʩʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʪʦʯʥʦ 

ʟʤʦʜʝʣʶʚʘʪʠ ʨʦʟʧʦʜʽʣ ʩʪʨʫʤʫ ʪʘ ʚʝʣʠʯʠʥʫ ʩʠʣʠ ʃʦʨʝʥʮʘ [67, 68]. ʋ ʩʚʦʶ ʯʝʨʛʫ, 

ʥʘʤ ʮʽʢʘʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʱʦ ʚʠʧʨʦʤʽʥʶʻ ʮʷ ʩʠʩʪʝʤʘ. 

ʂʣʘʩʠʯʥʽ ʚʽʙʨʘʪʦʨʠ ʪʘ ʱʽʣʠʥʠ ʻ ʚʫʟʴʢʦʩʤʫʛʦʚʠʤʠ ʚʠʧʨʦʤʽʥʶʚʘʯʘʤʠ 

ʚʥʘʩʣʽʜʦʢ ʨʝʟʦʥʘʥʩʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʾʭʥʻ ʟʙʫʜʞʝʥʥʷ, ʭʦʯʘ 

ʽʩʥʫʶʪʴ ʰʠʨʦʢʦʩʤʫʛʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʙʨʘʪʦʨʽʚ [69] ʪʘ ʱʽʣʠʥ [70]. ɺʟʘʻʤʦʜʽʷ ʤʽʞ 

ʥʠʤʠ ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʚʠʤʘʛʘʻ 

ʟʥʘʥʴ ʧʨʦ ʙʣʠʞʥʻ ʧʦʣʝ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʜʣʷ ʧʝʨʝʭʽʜʥʦʛʦ ʟʙʫʜʞʝʥʥʷ. ʂʦʨʦʪʢʠʡ 

ʝʣʝʢʪʨʠʯʥʠʡ ʜʠʧʦʣʴ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʠʪʴ ʛʣʘʜʢʫ ʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢ ʚʽʜʦʤʦ ʟ [69]. ʂʨʽʤ ʪʦʛʦ, ʮʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʘʛʘʣʴʥʦʚʽʜʦʤʠʤ 

ʬʘʢʪʦʤ, ʱʦ ʜʽʘʛʨʘʤʘ ʥʘʧʨʷʤʣʝʥʦʩʪʽ (ɼʅ) ʢʦʨʦʪʢʦʛʦ ʜʠʧʦʣʷ ʤʘʻ ʬʦʨʤʫ, ʧʦʜʽʙʥʫ 

ʜʦ ɼʅ ʥʘʧʽʚʭʚʠʣʴʦʚʦʛʦ ʜʠʧʦʣʷ. ʊʘʢʦʞ ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ 

ʱʽʣʠʥ. ɺʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʦʢʨʘʱʝʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʭ ʘʥʪʝʥ ʚ ʨʝʞʠʤʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʤʧʫʣʴʩʽʚ ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʘʥʪʝʥ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽ ʤʘʛʥʽʪʥʦʛʦ 

ʪʠʧʫ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʝ ʟʛʘʩʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʫ ʙʽʦʣʦʛʽʯʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʯʝʨʝʟ ʚʝʣʠʢʽ ʚʪʨʘʪʠ, ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʤʽʪʥʝ 

ʟʨʦʩʪʘʥʥʷ ʫʚʘʛʠ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʟ ʤʝʪʦʶ 

ʣʦʢʘʮʽʾ ʨʽʟʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ. ɿʦʢʨʝʤʘ, ʜʣʷ ʧʦʰʫʢʫ ʧʫʭʣʠʥ ʫ ʛʣʠʙʠʥʽ ʞʠʚʦʾ 
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ʪʢʘʥʠʥʠ ʣʶʜʠʥʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʧʨʦʤʽʥʶʚʘʯʽ ʫ ʚʠʛʣʷʜʽ ʚʽʜʢʨʠʪʦʛʦ ʢʽʥʮʷ 

ʭʚʠʣʝʚʦʜʘ [71], ʨʫʧʦʨʘ [72], ʤʽʢʨʦʩʤʫʞʢʦʚʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ [73] ʪʦʱʦ, ʨʽʟʥʽ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʚʠʧʨʦʤʽʥʶʶʯʦʾ ʩʠʩʪʝʤʠ ï ʧʣʦʩʢʽ, ʢʨʫʛʦʚʽ, ʩʬʝʨʠʯʥʽ, ʟʘʢʨʠʪʽ, ʪʦʙʪʦ 

ʨʝʟʦʥʘʪʦʨʥʦʛʦ ʪʠʧʫ. ʅʘʧʨʠʢʣʘʜ, ʫ [74] ʧʦʢʘʟʘʥʦ, ʱʦ ʢʨʫʛʦʚʝ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ, ʷʢʝ ʬʦʢʫʩʫʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʝʥʝʨʛʽʶ ʫ ʛʣʠʙʠʥʽ ʞʠʚʦʾ ʪʢʘʥʠʥʠ, 

ʤʘʻ ʧʝʨʝʚʘʛʠ ʫ ʪʦʯʥʦʩʪʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʫʭʣʠʥ. ʊʘʢ ʷʢ ʚʽʜʪʚʦʨʝʥʥʷ ʧʨʦʬʽʣʶ ʟʤʽʥʠ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʫ ʰʘʨʫʚʘʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʘ ʚʽʜʙʠʪʠʤ ʧʦʣʝʤ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʙʝʨʥʝʥʠʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʟʘʜʘʯ, ʪʦ ʧʦʜʽʙʥʽ ʟʘʜʘʯʽ ʧʦʪʨʝʙʫʶʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʙʦ ʢʣʘʩʠʯʥʦʾ ʨʝʛʫʣʷʨʠʟʘʮʽʾ, ʘʙʦ ʥʦʚʽʪʥʽʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ [75], 

ʘʙʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʫ [76]. ʅʝʟʚʘʞʘʶʯʠ 

ʥʘ ʜʦʩʪʘʪʥʴʦ ʜʦʙʨʝ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʣʦʢʘʮʽʾ ʩʠʥʫʩʦʾʜʘʣʴʥʠʤʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʧʦʣʷʤʠ, ʷʢ ʙʫʣʦ ʚʽʜʤʽʯʝʥʦ ʚʠʱʝ, ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ 

ʧʽʜʭʦʜʘʤʠ ʜʦ ʣʦʢʘʮʽʾ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʻ ʪʘʢʽ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʽʤʧʫʣʴʩʥʠʭ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʧʦʣʽʚ ʪʘ ʦʙʨʦʙʮʽ ʽʥʬʦʨʤʘʮʽʾ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

[72, 73, 76-80]. 

ʊʘʢ ʷʢ ̔ ʤʧʫʣʴʩʥʘ ʪʝʭʥʽʢʘ ʚ ʦʩʪʘʥʥʽʡ ʯʘʩ ʨʦʟʚʠʚʘʻʪʴʩʷ ʙʫʨʭʣʠʚʦ, ̔  ̔ʤʧʫʣʴʩʥʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʚʠʣʽ ʚʩʝ ʰʠʨʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʽʩʥʫʻ ʧʦʪʨʝʙʘ ʚ 

ʜʦʜʘʪʢʦʚʦʤʫ ʚʠʚʯʝʥʥʽ ʚʧʣʠʚʫ ʽʤʧʫʣʴʩʥʠʭ ʧʦʣʽʚ ʥʘ ʙʽʦʣʦʛʽʯʥʽ ʦʙ'ʻʢʪʠ. ʑʝ ʥʝ 

ʚʚʝʜʝʥʽ ʙʝʟʧʝʯʥʽ ʜʣʷ ʣʶʜʝʡ ʥʦʨʤʘʪʠʚʠ ʜʣʷ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʚʽʜʩʫʪʥʽ ʥʘʜʽʡʥʽ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʽ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ 

ʾʭ ʚʧʣʠʚʫ, ʽ ʚʩʝ ʮʝ ʧʨʠ ʪʦʤʫ, ʱʦ ʟʥʘʯʥʘ ʧʨʦʥʠʢʘʶʯʘ ʟʜʘʪʥʽʩʪʴ ʽʤʧʫʣʴʩʥʦʛʦ 

ʩʠʛʥʘʣʫ ʨʦʙʠʪʴ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʚʽʜ ʽʤʧʫʣʴʩʥʠʭ 

ʧʦʣʽʚ [81]. ʉʢʣʘʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʜʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʙʽʦʣʦʛʽʯʥʽ 

ʦʙôʻʢʪʠ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ ʧʨʦʥʠʢʘʻ 

ʫ ʞʠʚʽ ʪʢʘʥʠʥʠ ʟʟʦʚʥʽ ʫ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ, ʷʢʘ, ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʙʘʛʘʪʴʦʭ ʫʤʦʚ, ʧʨʦʥʠʢʘʻ ʥʘ ʨʽʟʥʫ ʛʣʠʙʠʥʫ, ʪʦʤʫ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʧʦʣʷ ʫ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʙôʻʢʪʫ ʥʝʜʦʩʪʘʪʥʴʦ ʟʥʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʘʜʘʶʯʦʾ 

ʭʚʠʣʽ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʫ ʟʘʜʘʯʫ, ʚʨʘʭʦʚʫʶʯʠ ʧʘʨʘʤʝʪʨʠ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʦʭʦʜʞʝʥʥʷ ʭʚʠʣʽ ʚ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʷʢʠʤ 
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ʻ ʙʽʦʣʦʛʽʯʥʽ ʪʢʘʥʠʥʠ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʽʜʙʠʪʪʷ ʽ ʧʦʛʣʠʥʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʝʥʝʨʛʽʾ. ʂʽʣʴʢʽʩʥʦ ʷʚʠʱʝ ʚʽʜʙʠʪʪʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʽʜʙʠʪʪʷ, 

ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʚʽʜʙʠʪʦʾ ʽ ʧʘʜʘʶʯʦʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ. 

ɺʠʚʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʚʽʜʙʠʪʪʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʝʥʝʨʛʽʾ ʙʽʦʣʦʛʽʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʤʘʻ 

ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʴʦʭ ʟʘʜʘʯ ʙʽʦʣʦʛʽʾ ʽ ʤʝʜʠʮʠʥʠ. ɿʘ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʽʜʙʠʪʪʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʧʘʜʘʻ ʟ ʚʽʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘ 

ʧʦʚʝʨʭʥʶ ʪʽʣʘ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʝʥʝʨʛʽʶ, ʷʢʘ ʧʦʛʣʠʥʘʻʪʴʩʷ ʪʢʘʥʠʥʘʤʠ ʪʽʣʘ ʧʨʠ 

ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʦʧʨʦʤʽʥʝʥʥʽ [82]. ʊʨʝʙʘ ʚʽʜʨʘʟʫ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʜʝʷʢʠʭ ʽʥʰʠʭ ʚʠʜʽʚ ʦʧʨʦʤʽʥʶʚʘʥʴ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ ʜʦʩʪʘʪʥʴʦ ʩʠʣʴʥʦ 

ʧʦʛʣʠʥʘʶʪʴʩʷ ʫ ʙʽʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ʇʨʦʮʝʩ ʮʴʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚ̔ ʜ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʧʦʣʷ, 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʞʠʚʠʭ ʪʢʘʥʠʥ, ʾʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʱʦ [83]-[85]. 

ʄʦʙʽʣʴʥʠʡ ʟʚ'ʷʟʦʢ, ʙʝʟʜʨʦʪʦʚʽ ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ Wi-Fi ʽ WiMAX ʪʘ ʽʥʰʽ 

ʧʨʦʤʠʩʣʦʚʽ ʪʘ ʧʦʙʫʪʦʚʽ ʜʞʝʨʝʣʘ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʣʶʜʠʥʫ ʧʝʚʥʠʤ ʯʠʥʦʤ, ʽ ʤʝʭʘʥʽʟʤʠ ʮʴʦʛʦ ʚʧʣʠʚʫ ʪʘʢʦʞ ʜʦ ʢʽʥʮʷ ʥʝ ʚʠʚʯʝʥʽ [86]. 

ʎʝ ʥʝ ʪʽʣʴʢʠ ʚʘʞʣʠʚʦ ʜʣʷ ʥʘʫʢʦʚʦʛʦ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʧʝʨʩʦʥʘʣʫ, ʱʦ ʦʪʨʠʤʫʻ ʧʝʚʥʫ 

ʜʦʟʫ ʦʧʨʦʤʽʥʝʥʥʷ ʧʽʜ ʯʘʩ ʢʦʨʠʩʪʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʠʤʠ ʽ ʤʽʢʨʦʭʚʠʣʴʦʚʠʤʠ 

ʧʨʠʣʘʜʘʤʠ ʫ ʧʦʙʫʪʽ, ʘʣʝ ʽ ʧʘʮʽʻʥʪʽʚ, ʜʣʷ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ ʧʨʠʟʥʘʯʝʥʦ 

ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʝ ʦʧʨʦʤʽʥʝʥʥʷ ʚ ʷʢʦʩʪʽ ʣʽʢʫʚʘʣʴʥʦʾ ʧʨʦʮʝʜʫʨʠ [87]. ʅʘʧʨʠʢʣʘʜ, 

ʧʦʢʘʟʘʥʦ [88], ʱʦ ʩʘʤʝ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʝ ʦʧʨʦʤʽʥʝʥʥʷ ʣʶʜʩʴʢʦʛʦ ʪʽʣʘ ʩʪʚʦʨʶʻ 

ʥʝʦʙʭʽʜʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʛʨʘʜʽʻʥʪ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʛʽʧʝʨʪʝʨʤʽʯʥʦʛʦ ʣʽʢʫʚʘʥʥʷ 

ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. ʎʝʡ ʛʨʘʜʽʻʥʪ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʝ ʧʝʨʝʛʨʽʚʘʪʠ ʟʜʦʨʦʚʽ 

ʪʢʘʥʠʥʠ ʪʘ ʟʘʭʠʩʪʠʪʠ ʦʨʛʘʥʽʟʤ ʫ ʮʽʣʦʤʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʪʘʢʦʾ ʧʨʦʮʝʜʫʨʠ. ʇʠʪʘʥʥʶ 

ʚʟʘʻʤʦʜʽʾ ʩʪʘʮʽʦʥʘʨʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʽʟ ʣʶʜʩʴʢʠʤ ʦʨʛʘʥʽʟʤʦʤ 

ʧʨʠʩʚʷʯʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ, ʜʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ 

ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʽʚ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʨʽʟʥʽ ʦʨʛʘʥʠ ʽ ʙʽʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ. ʆʩʦʙʣʠʚʘ 

ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʠʚʯʝʥʥʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʯʘʩʪʦʪʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ 800-2200 ʄɻʮ ʫ ʟʚ'ʷʟʢʫ ʟ ʨʦʟʚʠʪʢʦʤ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ [89-90]. 

ʅʘʧʨʠʢʣʘʜ, ʚ ʨʦʙʦʪʽ [89] ʜʝʪʘʣʴʥʦ ʦʧʠʩʫʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
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ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʤʝʭʘʥʽʟʤʠ ʚʟʘʻʤʦʜʽʾ ʟ 

ʣʶʜʩʴʢʠʤ ʦʨʛʘʥʽʟʤʦʤ, ʘ ʪʘʢʦʞ ʚʢʘʟʘʥʽ ʩʪʘʥʜʘʨʪʠ, ʱʦ ʚʚʝʜʝʥʽ ANSI/IEEE [91]. ɺ 

[90] ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʠʪʦʤʦʛʦ ʧʦʛʣʠʥʘʥʥʷ, ʘʙʦ SAR (Specific 

Absorption Ratio), ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʜʣʷ ʯʘʩʪʦʪ 900 ʄɻʮ ʽ 1800 ʄɻʮ. 

ʉʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʠʪʦʤʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʜʣʷ 

ʪʢʘʥʠʥ ʩʢʣʘʜʘʶʪʴ: 1,6 ɺʪ/ʢʛ ʜʣʷ 1 ʛ ʪʢʘʥʠʥʠ, ʽ 2 ɺʪ/ʢʛ ʜʣʷ 10 ʛ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ. 

ʉʘʤʝ ʮʽ ʟʥʘʯʝʥʥʷ ʽ ʫʚʽʡʰʣʠ ʚ ʜʽʡʩʥʽ ʥʘ ʜʘʥʠʡ ʯʘʩ ʘʤʝʨʠʢʘʥʩʴʢʽ ʪʘ ̒ʚʨʦʧʝʡʩʴʢʽ 

ʩʪʘʥʜʘʨʪʠ. 

ʊʝ, ʱʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʻ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ 

ʥʘ ʩʪʘʥ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ, ʻ ʜʦʙʨʝ ʚʽʜʦʤʠʤ ʬʘʢʪʦʤ. ɯʩʥʫʶʪʴ ʜʘʥʽ ʧʨʦ ʧʽʜʚʠʱʝʥʥʷ 

ʯʘʩʪʦʪʠ ʥʠʟʢʠ ʟʘʭʚʦʨʶʚʘʥʴ, ʟʦʢʨʝʤʘ ʨʽʟʥʠʭ ʬʦʨʤ ʨʘʢʫ ʧʽʜ ʚʧʣʠʚʦʤ ʥʝʽʦʥʽʟʫʶʯʦʛʦ 

ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [92-93]. ɹʽʦʣʦʛʽʯʥʽ ʝʬʝʢʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʴ 

ʜʦʩʠʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ [94-95], ʱʦ ʚʠʧʨʘʚʜʦʚʫʻ ʧʦʩʪʽʡʥʠʡ ʽʥʪʝʨʝʩ ʜʦ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ 

ʣʶʜʠʥʠ ʚʽʜ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ [96-98]. ɺ ʣʽʪʝʨʘʪʫʨʽ ʥʘʚʦʜʷʪʴʩʷ ʨʦʟʨʘʭʫʥʢʠ, 

ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʙʽʣʴʰ ʩʠʣʴʥʦʾ ʜʽʾ ʧʦʣʷ ʥʘ ʜʠʪʠʥʫ, ʥʽʞ ʥʘ ʜʦʨʦʩʣʫ 

ʣʶʜʠʥʫ [99], ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʧʝʨʝʥʦʩʫ [100] ʽ ʫʰʢʦʜʞʝʥʴ 

ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ [101] ʥʘ ʩʠʣʫ ʜʽʾ ʧʦʣʷ, ʷʢʘ ʽʥʦʜʽ ʧʦʤʽʪʥʘ ʧʨʠ ʤʘʣʠʭ ʧʦʪʫʞʥʦʩʪʷʭ 

ʦʧʨʦʤʽʥʝʥʥʷ [102]. ʆʩʥʦʚʥʦʶ ʣʘʥʢʦʶ, ʥʘ ʷʢʫ ʚʧʣʠʚʘʻ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʻ ʢʣʽʪʠʥʘ, 

ʪʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʢʣʽʪʠʥʥʠʭ ʝʬʝʢʪʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ. 

ʋ ʩʢʣʘʜʽ ʢʣʽʪʠʥʠ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʘ ʨʝʯʦʚʠʥʘ ï ʚʦʜʘ, ʪʦʤʫ ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʫ 

ʮʽʢʘʚʽʩʪʴ ʨʦʟʛʣʷʜ ʤʝʭʘʥʽʟʤʽʚ ʜʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʚʦʜʫ ʪʘ ʨʦʟʯʠʥʝʥʠʭ ʫ 

ʥʽʡ ʛʘʟʘʭ [103-105]. ɺʽʜʦʤʽ ʜʘʥʽ ʧʨʦ ʚʧʣʠʚ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʥʠʟʴʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʩʪʨʫʢʪʫʨʫ ʽ ʬʫʥʢʮʽʾ ʢʣʽʪʠʥ. ʅʘʧʨʠʢʣʘʜ ʫ ʱʫʨʽʚ, ʱʦ ʙʫʣʠ 

ʦʧʨʦʤʽʥʝʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʶ ʭʚʠʣʝʶ ʟ ʯʘʩʪʦʪʦʶ 915 Mɻʮ ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

(0,24; 2,4 ʽ 24 ʤɺʪ/ʩʤ2), ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʢʣʠʢʘʻ ʧʦʰʢʦʜʞʝʥʥʷ ʥʝʡʨʦʥʽʚ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ [106]. ʆʧʨʦʤʽʥʝʥʥʷ ʢʣʽʪʠʥ ʢʨʠʰʪʘʣʠʢʫ ʢʨʦʣʠʢʘ ʧʦʣʝʤ ʟ 

ʯʘʩʪʦʪʦʶ 2,45 ɻɻʮ ʽ ʧʦʪʫʞʥʽʩʪʶ 0,5; 1 ʽ 2 ʤɺʪ/ʩʤ2 ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʢʣʽʪʠʥ ʪʘ ʩʠʥʪʝʟ ɼʅʂ [107]. ɭ ʩʚʽʜʦʮʪʚʘ ʤʫʪʘʛʝʥʥʦʾ ʜʽʾ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʚʠʢʣʠʢʘʻ ʘʙʝʨʘʮʽʾ ʭʨʦʤʦʩʦʤ [108]. 
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ɺ ʨʦʙʦʪʽ [82] ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʽ ʧʠʪʦʤʠʡ ʦʧʽʨ 

ʨʽʟʥʠʭ ʦʨʛʘʥʽʚ ʽ ʪʢʘʥʠʥ ʟʤʝʥʰʫʶʪʴʩʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʦʪʠ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʛʣʠʙʠʥʽ ʧʨʦʥʠʢʥʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʝʥʝʨʛʽʾ. ʊʘʢʦʞ ʚ [82] 

ʥʘʚʦʜʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʜʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʽʟʥʠʭ ʯʘʩʪʦʪʥʠʭ 

ʜʽʘʧʘʟʦʥʽʚ ʥʘ ʙʽʦʣʦʛʽʯʥʽ ʪʢʘʥʠʥʠ ʽ ʦʨʛʘʥʠ. ɸʚʪʦʨʠ ʧʨʠʭʦʜʷʪʴ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ, ʷʢʽ ʪʨʦʭʠ ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʧʫʩʪʠʤʠʡ ʙʝʟʧʝʯʥʠʡ ʨʽʚʝʥʴ 

ʧʦʪʫʞʥʦʩʪʽ, ʤʘʶʪʴ ʥʝʩʧʨʠʷʪʣʠʚʫ ʜʽʶ ʥʘ ʙʽʦʣʦʛʽʯʥʽ ʦʙ'ʻʢʪʠ, ʷʢʘ, ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʪʨʠʚʘʣʦʩʪʽ ʦʧʨʦʤʽʥʝʥʥʷ ʽ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʩʪʘʥʫ ʦʨʛʘʥʽʟʤʫ.  

ʋ ʨʦʙʦʪʘʭ [109-110] ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʙʽʦʬʽʟʠʢʘ ʜʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʅɺʏ-ʜʽʘʧʘʟʦʥʫ ʥʘ ʦʨʛʘʥʽʟʤ. ʆʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʜʽʾ ʘʚʪʦʨʠ ʥʘʟʠʚʘʶʪʴ ʪʝʧʣʦʚʫ 

ʜʽʶ ʨʘʜʽʦʭʚʠʣʴ ʅɺʏ. ʇʦʢʘʟʘʥʘ ʥʘʷʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʘʭ ʪʢʘʥʠʥ, ʷʢʽ 

ʤʽʩʪʷʪʴ ʢʨʦʚʦʥʦʩʥʽ ʩʫʜʠʥʠ, ʽ ʪʢʘʥʠʥ, ʷʢʽ ʥʝ ʤʽʩʪʷʪʴ ʾʭ. ʏʝʨʝʟ ʧʦʛʽʨʰʝʥʥʷ 

ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʚʽʜ ʜʝʷʢʠʭ ʪʢʘʥʠʥ (ʥʘʧʨʠʢʣʘʜ, ʦʢʦ, ʚ ʷʢʦʤʫ ʜʫʞʝ ʤʘʣʦ 

ʢʨʦʚʦʥʦʩʥʠʭ ʩʫʜʠʥ) ʮʽ ʦʨʛʘʥʠ ʻ ʥʘʡʫʨʘʟʣʠʚʽʰʠʤʠ ʜʣʷ ʦʧʨʦʤʽʥʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, 

ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʦʯʝʡ ʢʨʦʣʠʢʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʶ ʝʥʝʨʛʽʻʶ ʟ ʛʫʩʪʠʥʦʶ ʚʽʜ 0,12 ʜʦ 

0,6 ɺʪ / ʩʤ2 ʫʪʚʦʨʶʻʪʴʩʷ ʢʘʪʘʨʘʢʪʘ ʟʘ ʯʘʩ ʦʧʨʦʤʽʥʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ, ʚʽʜ 4 ʜʦ 5 

ʭʚʠʣʠʥ. ʇʨʠ ʮʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʫʩʝʨʝʜʠʥʽ ʦʢʘ ʧʽʜʥʽʤʘʻʪʴʩʷ ʥʘ 4-16 ʛʨʘʜʫʩʽʚ (ʟʘ 

ʢʨʠʪʠʯʥʝ ʜʣʷ ʦʯʝʡ ʚʚʘʞʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 10 ʛʨʘʜʫʩʽʚ ʟʘ 

ʎʝʣʴʩʽʻʤ). ʊʘʢʦʞ ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʧʨʦ ʩʧʝʮʠʬʽʯʥʫ ʜʽʶ ʅɺʏ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʩʘʤʝ 

ʧʨʦ ʪʝ, ʱʦ ʟʤʽʥʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʽʣʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʝʢʪʦʨʽʚ ʧʦʣʷ ʤʦʞʝ 

ʧʨʠʚʝʩʪʠ ʜʦ ʨʽʟʢʦʾ ʟʤʽʥʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʾ ʨʘʜʽʦʭʚʠʣʴ. 

ɯʩʥʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, ʱʦ ʩʚʽʜʯʘʪʴ ʧʨʦ ʘʢʫʤʫʣʶʶʯʫ ʜʽʶ 

ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ. ʎʝ ʜʦʩʣʽʜʞʝʥʦ ʥʘ ʪʚʘʨʠʥʘʭ ʥʘ ʧʨʠʢʣʘʜʽ 

ʢʘʨʜʽʦʚʘʩʢʫʣʷʨʥʦʾ ʩʠʩʪʝʤʠ, ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ, ʧʦʷʚʽ ʧʫʭʣʠʥ, ʛʝʥʦʪʦʢʩʠʯʥʦʩʪʽ 

ʪʦʱʦ [111]. ʄʽʪʦʛʝʥʝʪʠʯʥʠʡ ʝʬʝʢʪ ʪʘʢʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʥʘ 

ʛʝʧʘʪʦʮʠʪʘʭ ʤʠʰʽ AML-12. ʅʘʜʰʠʨʦʢʦʩʤʫʛʦʚʝ ʦʧʨʦʤʽʥʝʥʥʷ ʚʠʷʚʠʣʦ ʩʪʘʪʠʩʪʠʯʥʦ 

ʟʥʘʯʥʫ (p<0,05) ʚʽʜʧʦʚʽʜʴ ʥʘ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʢʣʽʪʠʥ. ɸʥʘʣʽʟ ʣʽʟʘʪʽʚ ʛʝʧʘʪʦʮʠʪʽʚ 
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ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ, ʱʦ ʮʠʢʣʽʥ ɸ ʙʫʚ ʥʘʚʝʜʝʥʠʡ ʫ ʛʝʧʘʪʦʮʠʪʘʭ ʦʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʱʦ 

ʽʥʜʫʢʫʚʘʣʦ ʧʨʦʣʽʬʝʨʘʮʽʶ ʢʣʽʪʠʥ [112].  

ɼʦʩʣʽʜʠ ʧʨʷʤʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʧʨʦʪʷʛʦʤ 0,25-3,0 ʛʦʜʠʥ ʽʤʧʫʣʴʩʘʤʠ ʧʦʣʷ 

10 ʥʘʥʦʩʝʢʫʥʜʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʥʘʧʨʫʞʝʥʽʩʪʶ ʧʦʣʷ 18 ʢɺ/ʤ ʽʟ ʯʘʩʪʦʪʦʶ 

ʧʦʚʪʦʨʝʥʥʷ 1 ʢɻʮ ʢʣʽʪʠʥ CL-S1 ʥʝ ʚʠʷʚʠʣʠ ʾʭ ʨʦʩʪʫ ʪʘ ʚʧʣʠʚʫ ʥʘ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ 

[113]. ɸʣʝ ʟʘ ʪʠʭ ʞʝ ʩʘʤʠʭ ʫʤʦʚ ʦʧʨʦʤʽʥʝʥʥʷ ʙʽʣʴʰʦʾ ʪʨʠʚʘʣʦʩʪʽ (4-6 ʛʦʜʠʥ) 

ʧʨʠʟʚʝʣʦ ʜʦ ʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʧʨʦʣʽʬʝʨʘʮʽʾ ʢʣʽʪʠʥ. ɺ ʨʦʙʦʪʘʭ [114] 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʩʫʪʪʻʚʘ ʟʤʽʥʘ ʩʪʘʥʫ ʭʨʦʤʘʪʠʥʫ ʫ ʷʜʨʽ ʢʣʽʪʠʥ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ 

ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ. ʑʦ ʦʩʦʙʣʠʚʦ ʮʽʢʘʚʦ, ʨʽʚʥʽ 

ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ ʚʠʷʚʣʷʶʪʴ ʩʚʦʶ ʜʽʶ ʥʘ ʢʣʽʪʠʥʫ, ʻ ʜʦʩʠʪʴ ʤʘʣʠʤʠ [115]. ʎʝʡ ʚʧʣʠʚ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʽ ʥʘ ʤʘʣʽ ʦʨʛʘʥʽʟʤʠ [12], [14], ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʣʷʨʠʟʘʮʽʾ ʧʦʣʷ 

[13] ʪʘ ʚʽʜ ʯʘʩʦʚʦʾ ʬʦʨʤʠ ʘʤʧʣʽʪʫʜʠ ʧʦʣʷ [47]. 

ɯʩʥʫʶʯʽ ʩʪʘʥʜʘʨʪʠ ʙʝʟʧʝʢʠ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘʩʥʦʚʘʥʽ ʥʘ ʦʙʤʝʞʝʥʥʽ ʨʽʚʥʷ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ ʘʙʦ ʨʽʚʥʷ 

ʧʦʛʣʠʥʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʧʝʚʥʠʭ ʯʘʩʘʭ ʝʢʩʧʦʟʠʮʽʾ [116]. ʆʙʠʜʚʘ ʮʽ ʧʽʜʭʦʜʠ ʜʦ 

ʙʝʟʧʝʢʠ, ʧʦ ʩʫʪʽ, ʚʽʜʦʙʨʘʞʘʶʪʴ ʜʚʽ ʛʽʧʦʪʝʟʠ ʧʨʦ ʦʩʥʦʚʥʽ ʧʨʠʯʠʥʠ ʰʢʽʜʣʠʚʦʛʦ 

ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ: ʧʝʨʰʠʡ ʧʽʜʭʽʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʛʽʧʦʪʝʟʽ ʧʨʦ ʪʝ, ʱʦ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʝʭʘʥʽʟʤʽʚ ʚʧʣʠʚʫ ʥʘ ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʧʦʣʷ ʷʢʠʤ-ʥʝʙʫʜʴ ʥʝʣʽʥʽʡʥʠʤ ʯʠʥʦʤ ʟʨʦʩʪʘʻ ʡʦʛʦ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ; ʜʨʫʛʠʡ ʧʽʜʭʽʜ 

ʦʜʥʦʟʥʘʯʥʦ ʧʦʚ'ʷʟʫʻ ʥʝʙʝʟʧʝʢʫ ʧʦʣʷ ʟ ʥʘʛʨʽʚʘʥʥʷʤ ʪʢʘʥʠʥ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, 

ʜʨʫʛʠʡ ʧʽʜʭʽʜ ʟʘʧʝʨʝʯʫʻ ʽʩʥʫʚʘʥʥʷ ʟʛʫʙʥʦʾ ʥʝʪʝʧʣʦʚʦʾ ʜʽʾ ʧʦʣʷ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʩʪʘʥ 

ʢʣʽʪʠʥʠ ʽ ʢʣʽʪʠʥʥʦʛʦ ʷʜʨʘ ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʩʘʤʝ ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʨʝʛʫʣʷʮʽʷ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʧʨʦʮʝʩʽʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ, ʧʽʜʩʫʤʢʦʤ ʷʢʠʭ ʥʘ ʨʽʚʥʽ 

ʚʩʴʦʛʦ ʦʨʛʘʥʽʟʤʫ ʤʦʞʝ ʩʪʘʪʠ ʪʠʤʯʘʩʦʚʝ ʧʦʨʫʰʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʘʙʦ 

ʟʘʭʚʦʨʶʚʘʥʥʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʧʦʣʷ ʥʘ 

ʞʠʚʽ ʢʣʽʪʠʥʠ ʚʚʘʞʘʻʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʟʘʧʘʪʝʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʧʦʣʷʛʘʻ ʚ 

ʢʦʥʪʨʦʣʽ ʩʪʘʥʫ ɼʅʂ, ʚ ʧʝʨʝʚʽʨʮʽ ʨʽʚʥʷ ʛʝʪʝʨʦʭʨʦʤʘʪʠʟʘʮʽʽ ʢʣʽʪʠʥʥʦʛʦ ʷʜʨʘ [117]. 

ɼʘʥʠʡ, ʚʝʣʴʤʠ ʯʫʪʣʠʚʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʠʚʯʠʪʠ ʨʝʟʫʣʴʪʫʶʯʫ ʙʽʦʣʦʛʽʯʥʫ ʜʽʶ 
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ʧʦʣʽʚ ʥʘ ʢʣʽʪʠʥʫ, ʥʝ ʧʨʠʚ'ʷʟʫʶʯʠʩʴ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʡʦʛʦ ʤʝʭʘʥʽʟʤʽʚ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ 

ʩʪʘʥ ɼʅʂ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʩʪʨʝʩʫ, ʚ ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʢʣʽʪʠʥʘ ʧʽʩʣʷ 

ʟʛʫʙʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʦʾ ʧʨʠʨʦʜʠ. ʊʘʢʦʛʦ ʨʦʜʫ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʤʘʛʘʻ ʧʨʦʚʝʜʝʥʥʷ ʦʧʨʦʤʽʥʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ 

ʩʧʝʮʽʘʣʴʥʦ ʧʨʠʛʦʪʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ, ʱʦ ʤʽʩʪʠʪʴ ʞʠʚʽ ʢʣʽʪʠʥʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ ʨʝʻʩʪʨʫʚʘʪʠ ʚʧʣʠʚ ʦʪʦʯʫʶʯʠʭ ʥʘʩ ʜʦʩʪʘʪʥʴʦ ʩʣʘʙʢʠʭ ʧʦʣʽʚ, ʚʧʣʠʚ ʷʢʠʭ 

ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʪʘʚ ʚʩʝ ʙʽʣʴʰʝ ʪʫʨʙʫʚʘʪʠ ʻʚʨʦʧʝʡʩʴʢʫ ʛʨʦʤʘʜʩʴʢʽʩʪʴ [118]. 

ʋ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʦʣʷʨʠʟʦʚʘʥʝ ʤʽʢʨʦʭʚʠʣʴʦʚʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʯʘʩʪʦʪʦʶ 35 ɻɻʮ ʽ ʛʫʩʪʠʥʦʶ ʧʦʪʫʞʥʦʩʪʽ 30 ʤʢɺʪ/ʩʤ2 ʚʠʢʣʠʢʘʻ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʛʨʘʥʫʣ ʛʝʪʝʨʦʭʨʦʤʘʪʠʥʫ ʚ ʷʜʨʘʭ ʢʣʽʪʠʥ ʣʶʜʠʥʠ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʦʣʷʨʠʟʘʮʽʾ [119]. ʑʝ ʤʦʞʥʘ ʟʛʘʜʘʪʠ ʽʥʰʽ ʩʚʽʜʯʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ 

ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ [120-123, 

124-125]. ʄʦʞʣʠʚʦ, ʦʩʥʦʚʦʶ ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʦʨʛʘʥʽʟʤ ʻ 

ʚʧʣʠʚ ʥʘ ʢʣʽʪʠʥʫ ʽ ʢʣʽʪʠʥʥʝ ʷʜʨʦ, ʦʩʢʽʣʴʢʠ ʬʘʢʪʦʨʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʧʨʠʨʦʜʠ 

ʟʜʘʪʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʦʥʠʢʘʪʠ ʚʩʝʨʝʜʠʥʫ ʢʣʽʪʠʥʠ ʽ ʚʟʘʻʤʦʜʽʷʪʠ ʟʽ ʩʪʨʫʢʪʫʨʘʤʠ 

ʢʣʽʪʠʥʠ. ɺʽʜʦʤʦ, ʱʦ ʤʽʢʨʦʭʚʠʣʴʦʚʝ ʦʧʨʦʤʽʥʝʥʥʷ ʚʠʢʣʠʢʘʻ ʨʷʜ ʤʦʨʬʦʣʦʛʽʯʥʠʭ 

ʟʤʽʥ, ʟʦʢʨʝʤʘ, ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʫ ʷʜʝʨ ʽ ʢʣʽʪʠʥ [126]. ɹʫʣʦ ʧʦʢʘʟʘʥʦ ʚʧʣʠʚ 

ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʭʨʦʤʘʪʠʥʫ 

[119], ʘ ʪʘʢʦʞ ʽʤʧʫʣʴʩʥʠʭ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʩʪʘʥ ʭʨʦʤʘʪʠʥʫ ʚ 

ʢʣ̔ʪʠʥʘʭ ʣʶʜʠʥʠ [127]. ɸʥʘʣʦʛʽʯʥʫ ʜʽʶ ʥʘʜʘʶʪʴ ʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʛʝʣʽʡ-

ʥʝʦʥʦʚʦʛʦ ʣʘʟʝʨʘ [127], ʪʝʧʣʦʚʦʛʦ ʰʦʢʫ ʽ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

[128]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʨʘʥʽʰʝ ʙʫʣʦ ʧʦʢʘʟʘʥʘ ʟʤʽʥʘ ʧʦʢʘʟʥʠʢʘ ʩʪʫʧʝʥʷ ʢʦʥʜʝʥʩʘʮʽʾ 

ʭʨʦʤʘʪʠʥʫ ʧʨʠ ʚʧʣʠʚʽ ʨʦʟʯʠʥʝʥʠʭ ʫ ʚʦʜʽ ʪʦʢʩʠʯʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ [129]. ʊʦʤʫ 

ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʟʘʛʘʣʴʥʦʛʦ ʽʥʜʠʢʘʪʦʨʘ ʚʧʣʠʚʫ 

ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʩʝʨʝʜʦʚʠʱʘ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʭʨʦʤʘʪʠʥʫ ʚ ʢʣʽʪʠʥʘʭ 

ʙʫʢʚʘʣʴʥʦʛʦ ʝʧʽʪʝʣʽʶ ʣʶʜʠʥʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʯʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʽʤʧʫʣʴʩʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʥʘ ʙʽʦʣʦʛʽʯʥʽ ʦʙôʻʢʪʠ ʻ ʘʢʪʫʘʣʴʥʦʶ ʽ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʾ ʨʦʟʨʦʙʢʠ. ʆʩʥʦʚʥʠʡ 

ʘʢʮʝʥʪ ʚʘʞʣʠʚʦ ʟʨʦʙʠʪʠ ʥʘ ʜʦʩʣʽʜʞʝʥʥʽ ʜʽʾ ʦʧʨʦʤʽʥʝʥʥʷ ʟ ʤʘʣʦʶ ʧʦʪʫʞʥʽʩʪʶ ʷʢ 
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ʥʘʡʤʝʥʰ ʚʠʚʯʝʥʝ ʷʚʠʱʝ. ʋ ʷʢʦʩʪʽ ʦʙôʻʢʪʘ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʞʠʚʽ ʢʣʽʪʠʥʠ 

ʙʫʢʚʘʣʴʥʦʛʦ ʝʧʽʪʝʣʽʶ ʣʶʜʠʥʠ. ʆʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʚʠʚʯʝʥʥʷ ʨʝʘʢʮʽʾ ʞʠʚʠʭ ʢʣʽʪʠʥ 

ʻ ʟʤʽʥʘ ʨʽʚʥʷ ʛʝʪʝʨʦʭʨʦʤʘʪʠʟʘʮʽʾ ʢʣʽʪʠʥ ʪʘ ʧʨʦʥʠʢʥʝʥʦʩʪʽ ʾʭ ʤʝʤʙʨʘʥ ʜʦ 

ʦʧʨʦʤʽʥʝʥʥʷ, ʧʽʜ ʯʘʩ ʦʧʨʦʤʽʥʝʥʥʷ ʽ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ [130].  

ʗʢ ʟʘʟʥʘʯʘʣʦʩʴ, ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʽ ʨʘʜʘʨʠ ʤʘʶʪʴ ʢʽʣʴʢʘ ʧʝʨʝʚʘʛ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ, ʚʢʣʶʯʘʶʯʠ ʢʨʘʱʫ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘ 

ʙʽʣʴʰ ʛʣʠʙʦʢʝ ʧʨʦʥʠʢʥʝʥʥʷ ʫ ʩʝʨʝʜʦʚʠʱʝ ʟ ʚʪʨʘʪʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʛʝʦʨʘʜʘʨʠ ʥʘ 

ʦʩʥʦʚʽ ʥʘʜʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʽʚ ʜʦʧʦʤʘʛʘʶʪʴ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʥʝʨʫʡʥʽʚʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʽʥʰʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʊʘʢʦʞ 

ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʧʽʜʧʦʚʝʨʭʥʝʚʠʭ ʨʘʜʘʨʽʚ ʻ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʧʽʜʟʝʤʥʠʭ ʦʙôʻʢʪʽʚ 

ʪʘ ʦʪʨʠʤʘʥʥʷ ʾʭʥʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʽ ʪʦʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ. ʎʶ ʟʘʜʘʯʫ ʤʦʞʥʘ 

ʚʠʨʽʰʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʠʡʤʘʣʴʥʦʾ 

ʘʥʪʝʥʥʦʾ ʩʠʩʪʝʤʠ. ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [131] ʧʦʨʽʚʥʶʶʪʴʩʷ ʜʚʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ 

ʩʠʩʪʝʤʠ ʽʟ ʩʠʤʝʪʨʠʯʥʠʤʠ ʧʨʠʡʤʘʣʴʥʠʤʠ ʘʥʪʝʥʘʤʠ, ʨʦʟʤʽʱʝʥʠʤʠ ʚʟʜʦʚʞ ʜʚʦʭ 

ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʥʘʧʨʷʤʢʽʚ ʚʽʜʥʦʩʥʦ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʘʥʪʝʥʠ. ʑʝ ʦʜʥʘ ʚʘʞʣʠʚʘ 

ʧʨʦʙʣʝʤʘ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʨʘʜʘʨʽʚ ï 

ʚʠʷʚʣʝʥʥʷ ʞʠʚʠʭ ʦʙôʻʢʪʽʚ ʟʘ ʥʝʧʨʦʟʦʨʦʶ ʩʪʽʥʦʶ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʜʝʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ, ʥʘʧʨʠʢʣʘʜ, ʫ [132] ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʜʽʶʯʘ ʤʦʜʝʣʴ 

ʧʨʠʩʪʨʦʶ. 

ʍʦʨʦʰʘ ʯʫʪʣʠʚʽʩʪʴ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʨʘʜʘʨʽʚ ʜʦ ʤʝʪʘʣʝʚʠʭ ʪʘ 

ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʟʘʙʝʟʧʝʯʫʻ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʛʫʤʘʥʽʪʘʨʥʦʛʦ 

ʨʦʟʤʽʥʫʚʘʥʥʷ. ʑʦʨʦʢʫ ʧʦʥʘʜ 20000 ʮʠʚʽʣʴʥʠʭ ʦʩʽʙ ʛʠʥʫʪʴ ʯʝʨʝʟ ʩʦʪʥʽ ʤʽʣʴʡʦʥʽʚ 

ʚʠʙʫʭʦʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʟʘʣʠʰʝʥʠʭ ʚ ʟʦʥʘʭ ʜʽʶʯʠʭ ʽ ʤʠʥʫʣʠʭ ʚʽʡʩʴʢʦʚʠʭ ʢʦʥʬʣʽʢʪʽʚ. 

ɺ ʨʦʙʦʪʽ [133] ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʠʤʦʛʠ, ʧʽʜʭʦʜʠ ʪʘ ʚʘʨʽʘʥʪʠ ʨʦʙʦʪʠʟʦʚʘʥʦʾ ʨʘʜʘʨʥʦʾ 

ʩʠʩʪʝʤʠ ʜʣʷ ʧʦʰʫʢʫ ʤʽʥ. ɺʘʨʪʦ ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʮʴʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ, ʷʢ ʦʧʠʩʘʥʦ ʚ [134ï136]. ʑʦʙ ʚʽʜʨʽʟʥʠʪʠ 

ʢʦʨʠʩʥʠʡ ʚʽʜʙʠʪʠʡ ʩʠʛʥʘʣ ʚʽʜ ʟʘʚʘʜ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʝʡʚʣʝʪ-

ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʽʥʰʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ. ʆʩʪʘʪʦʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʬʽʣʴʪʨʘʮʽʾ 

ʦʪʨʠʤʫʶʪʴ ʧʽʩʣʷ ʧʨʦʮʝʜʫʨʠ ʚʽʜʙʦʨʫ ʦʟʥʘʢ, ʽʟ ʧʦʜʘʣʴʰʦʶ ʦʧʪʠʤʽʟʘʮʽʻʶ 
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ʛʝʥʝʪʠʯʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʪʘ ʰʪʫʯʥʦʶ ʥʝʡʨʦʥʥʦʶ ʤʝʨʝʞʝʶ (ʐʅʄ) [134]. 

ɯʤʧʫʣʴʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙ'ʻʢʪʘ, ʦʧʨʦʤʽʥʝʥʦʛʦ ʢʦʨʦʪʢʠʤ ʽʤʧʫʣʴʩʥʠʤ ʩʠʛʥʘʣʦʤ, 

ʻ ʡʦʛʦ ʫʥʽʢʘʣʴʥʠʤ ʚʽʜʙʠʪʢʦʤ, ʧʽʜʧʠʩʦʤ [135]. ʅʘ ʮʽʡ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʢʦʞ 

ʟʘʩʥʦʚʘʥʠʡ ʤʝʪʦʜ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʨʠʭʦʚʘʥʠʭ ʧʨʝʜʤʝʪʽʚ ʥʘʧʝʨʝʜ ʚʽʜʦʤʦʾ ʬʦʨʤʠ. 

ʍʦʨʦʰʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʙʫʣʠ ʜʦʩʷʛʥʫʪʽ ʫ ʟʘʢʨʠʪʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʧʝʨʮʝʧʪʨʦʥʘ ʷʢ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ 

ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʽʟ ʜʦʟʚʦʣʝʥʦʛʦ ʜʣʷ ʽʤʧʫʣʴʩʽʚ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʚʽʜ 3 ɻɻʮ ʜʦ 10 ɻɻʮ [135]. ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʤʽʥʘ ʥʘʧʨʷʤʢʫ ʧʦʣʷʨʠʟʘʮʽʾ 

ʚʽʜʙʠʪʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʦʨʽʚʥʷʥʦ ʟ ʧʘʜʘʶʯʠʤ ʤʦʞʝ ʙʫʪʠ ʜʦʜʘʪʢʦʚʦ 

ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʭʘʨʘʢʪʝʨʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʝʚʥʠʭ ʧʽʜʧʦʚʝʨʭʥʝʚʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ 

[136]. 

ɯʩʥʫʻ ʩʫʯʘʩʥʘ ʪʝʥʜʝʥʮʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʤʝʪʘʣʝʚʠʭ ʇɺʍ ʪʨʫʙ ʜʣʷ 

ʧʨʦʢʣʘʜʘʥʥʷ ʢʦʤʫʥʽʢʘʮʽʡ ʫ ʤʽʩʪʘʭ, ʘʣʝ ʮʝ ʫʩʢʣʘʜʥʶʻ ʟʘʜʘʯʫ ʚʠʷʚʣʝʥʥʷ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʧʨʝʜʤʝʪʽʚ ʪʨʘʜʠʮʽʡʥʠʤʠ ʟʘʩʦʙʘʤʠ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʽʤʧʫʣʴʩʥʠʡ ʛʝʦʨʘʜʘʨ ʤʦʞʝ ʫʩʧʽʰʥʦ ʚʠʷʚʣʷʪʠ ʪʨʫʙʠ ʥʘʚʽʪʴ ʫ ʥʘʡʩʢʣʘʜʥʽʰʦʤʫ 

ʚʠʧʘʜʢʫ ʧʽʜʚʠʱʝʥʦʾ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ [137]. ɺʽʟʫʘʣʽʟʘʮʽʷ ʧʣʘʩʪʠʢʦʚʠʭ ʪʨʫʙ 

ʥʝʡʨʦʥʥʦʶ ʤʝʨʝʞʝʶ ʙʫʣʘ ʟʜʽʡʩʥʝʥʘ ʟʘ ʚʦʣʦʛʦʩʪʽ 20%. ɼʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ, 

ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʫ 

ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ ʦʙôʻʢʪʘ ʽ ʛʣʠʙʰʝ ʧʨʦʥʠʢʥʝʥʥʷ ʚ 

ʩʝʨʝʜʦʚʠʱʝ ʟ ʚʪʨʘʪʘʤʠ [138]. ʅʘʥʦʩʝʢʫʥʜʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʽʤʧʫʣʴʩʥʽ ʨʘʜʘʨʠ 

ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʚʽʜʩʪʝʞʫʚʘʪʠ ʩʪʘʥ ʪʘ ʷʢʽʩʪʴ ʘʩʬʘʣʴʪʦʚʦʛʦ ʧʦʢʨʠʪʪʷ [139]. ʊʘʢʽ 

ʩʠʩʪʝʤʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʛʫʤʘʥʽʪʘʨʥʦʛʦ ʨʦʟʤʽʥʫʚʘʥʥʷ 

ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ ʟ ʥʝʤʝʪʘʣʝʚʠʤʠ ʚʠʙʫʭʦʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ [132]. ʑʝ ʦʜʥʠʤ 

ʧʨʠʢʣʘʜʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʨʘʜʘʨʽʚ ʻ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ, ʟʜʘʪʥʠʭ 

ʚʠʷʚʣʷʪʠ ʦʙôʻʢʪʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʩʪʽʥʦʶ [140]. 

ʐʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (ʐʅʄ) ʻ ʧʦʪʫʞʥʠʤ ʤʝʪʦʜʦʤ ʫ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʚ ʫʤʦʚʘʭ, ʢʦʣʠ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ, ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʧʨʦʩʪʦʤʫ ʦʧʠʩʫ ʽ ʤʽʩʪʷʪʴ ʧʝʚʥʽ ʧʦʭʠʙʢʠ 

ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʪʝʦʨʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ. ʗʢʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʫ ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʘʻ ʷʢʽʩʥʫ ʢʘʨʪʠʥʫ ʧʦʚʝʨʭʥʽ ʧʨʠ 

ʜʠʩʪʘʥʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [141], ʪʦ ʭʚʠʣʽ ʜʝʮʠʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʥʠʢʥʝʥʥʷ ʧʽʜ ʟʝʤʥʫ ʧʦʚʝʨʭʥʶ ʥʘ ʧʝʚʥʫ ʛʣʠʙʠʥʫ. ɸʣʝ ʚ ʦʩʪʘʥʥʴʦʤʫ 

ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʘ ʩʢʣʘʜʥʘ ʦʙʨʦʙʢʘ ʧʨʠʡʥʷʪʦʛʦ ʧʦʣʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʐʅʄ. ʇʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʪʦʧʦʣʦʛʽʷ ʐʅʄ ʜʣʷ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʪʘʢʦʛʦ 

ʧʘʨʘʤʝʪʨʫ ʷʢ ʪʦʚʱʠʥʘ ʰʘʨʫ ʰʘʨʫʚʘʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫ 

ʚʽʜʙʠʪʠʭ ʽʤʧʫʣʴʩʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. ɯʤʧʫʣʴʩʥʠʤʠ ʧʦʣʷʤʠ ʦʧʨʦʤʽʥʶʶʪʴ 

ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʣʶʜʠʥʠ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʰʘʨʫʚʘʪʠʤ ʜʽʝʣʝʢʪʨʠʢʦʤ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʘʥʘʣʽʟ ʧʦʣʷ, ʚʽʜʙʠʪʦʛʦ 

ʪʘʢʠʤ ʜʽʝʣʝʢʪʨʠʢʦʤ, ʧʨʦʚʦʜʠʪʴʩʷ ʐʅʄ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʤʦʞʣʠʚʦ 

ʟʘʩʪʦʩʫʚʘʪʠ ʽ ʜʣʷ ʘʥʘʣʽʟʫ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʦʚʠʱʘ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʽʥʰʠʭ 

ʚʢʣʶʯʝʥʴ [142], ʥʘʧʨʠʢʣʘʜ ʧʨʦʪʠʧʽʭʦʪʥʠʭ ʤʝʪʘʣʝʚʠʭ ʽ, ʥʘʚʽʪʴ, ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʤʽʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʧʦʪʨʝʙʫʻ ʝʚʦʣʶʮʽʡʥʠʡ ʧʽʜʭʽʜ ʚ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʮʽ ʥʘ ʟʘʜʘʯʽ ʽʟ ʥʝʦʜʥʦʨʽʜʥʠʤ ʧʦʧʝʨʝʯʥʠʤ ʟʘʧʦʚʥʝʥʥʷʤ 

ʜʽʝʣʝʢʪʨʠʢʦʤ, ʥʘ ʦʪʨʠʤʘʥʥʷ ʩʠʩʪʝʤʠ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʩʬʝʨʠʯʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʟʘʜʘʯ ʽʟ ʨʘʜʽʘʣʴʥʦ-ʥʝʦʜʥʦʨʽʜʥʠʤ ʟʘʧʦʚʥʝʥʥʷʤ ʨʝʯʦʚʠʥʦʶ ʫ 

ʥʝʦʙʤʝʞʝʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʨʦʟʚôʷʟʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʟʘʜʘʯ ʫ 

ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʚʦʣʶʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʥʝʦʙʤʝʞʝʥʠʡ ʧʨʦʩʪʽʨ ʟʘʧʦʚʥʝʥʠʡ ʩʝʨʝʜʦʚʠʱʝʤ ʽʟ ʥʝʣʽʥʽʡʥʽʩʪʶ. ʊʘʢʦʞ 

ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʤʘʛʘʻ ʧʦʚʝʜʽʥʢʘ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʦʣʽʚ ʫ ʙʣʠʞʥʽʡ ʟʦʥʽ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʘʥʪʝʥ, ʜʝ ʧʨʦʭʦʜʠʪʴ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʢʚʘʟʽʩʪʘʪʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪ ʧʦʣʷ 

ʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʭʚʠʣʶ. ɿʘʚʜʷʢʠ ʦʙʤʝʞʝʥʦʩʪʽ ʪʘʢʠʭ ʩʠʛʥʘʣʽʚ ʫ ʯʘʩʽ ʪʘʢʠʡ ʘʥʘʣʽʟ 

ʤʦʞʝ ʙʽʣʴʰʝ ʧʨʦʷʩʥʠʪʠ ʬʽʟʠʯʥ ̔ ʦʩʦʙʣʠʚʦʩʪ ̔ ʮʴʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʤʠ ʥʘ ʧʨʘʢʪʠʮʽ. ɺ ʷʢʦʩʪʽ ʤʦʜʝʣʴʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ, ʙʣʠʞʥʷ ʟʦʥʘ 

ʷʢʠʭ ʥʘʩ ʮʽʢʘʚʠʪʴ, ʚʘʨʪʦ ʚʠʙʨʘʪʠ ʜʠʧʦʣʴ ɻʝʨʮʘ, ʪʦʥʢʠʡ ʜʨʦʪʷʥʠʡ ʚʽʙʨʘʪʦʨ, 

ʚʽʜʢʨʠʪʠʡ ʢʽʥʝʮʴ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʭʚʠʣʝʚʦʜʫ ʽʟ ʩʠʤʝʪʨʠʯʥʠʤ ʪʘ ʘʩʠʤʝʪʨʠʯʥʠʤ 

ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʚʽʜʥʠʢʘ, ʚʽʜʢʨʠʪʠʡ ʢʽʥʝʮʴ ʧʨʷʤʦʢʫʪʥʦʛʦ 

ʭʚʠʣʝʚʦʜʫ ʪʘ ʘʥʪʝʥʥʫ ʨʝʰʽʪʢʫ ʽʟ ʪʘʢʠʭ ʚʽʜʢʨʠʪʠʭ ʢʽʥʮʽʚ ʜʣʷ ʚʠʧʘʜʢʫ ʾʭ 

ʩʠʥʭʨʦʥʥʦʛʦ ʪʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʟʙʫʜʞʝʥʥʷ, ʚʠʤʠʢʘʥʥʷ ʩʪʨʫʤʫ ʧʦʪʫʞʥʦʛʦ 
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ʨʝʣʴʩʦʪʨʦʥʘ, ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʘʥʘʣʦʛ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ 

ʂʣʝʚʽʥʘ, ʘʧʝʨʪʫʨʘ ʜʦʚʽʣʴʥʦʛʦ ʦʜʥʦʟʚôʷʟʥʦʛʦ ʭʚʠʣʝʚʦʜʫ ʽʟ ʢʦʨʝʢʮʽʻʶ ʯʘʩʦʚʦʾ 

ʬʦʨʤʠ ʚʠʧʨʦʤʽʥʝʥʦʛʦ ʽʤʧʫʣʴʩʫ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʚʠʚʯʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʦʣʽʚ 

ʪʘ ʾʭ ʪʝʧʣʦʚʦʾ ʜʽʾ ʫ ʙʽʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʪʢʘʥʠʥʘʭ ʪʘ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʡʦʛʦ ʙʽʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʧʦʢʨʘʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʰʣʷʭʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʨʘʱʦʾ 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʧʦʣʷ ʫ ʧʽʜʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʘʭ. ʇʦʪʨʝʙʫʶʪʴ ʚʠʚʯʝʥʥʷ 

ʽʤʧʫʣʴʩʥʽ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʽ ʧʦʣʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʜʘʯ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ, ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʩʧʦʨʫʜ  ̔ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ 

ʦʙôʻʢʪʽʚ ʪʘ ʾʭʥʴʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʨʦʙʢʠ ʚʽʜʙʠʪʦʛʦ ʧʦʣʷ 

ʰʪʫʯʥʠʤʠ ʥʝʡʨʦʥʥʠʤʠ ʤʝʨʝʞʘʤʠ. ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ 

ʩʪʨʫʢʪʫʨʠ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʾʭʥʴʦʾ ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, ʱʦ ʦʪʨʠʤʘʥʽ ʧʨʠ ʧʨʠʡʦʤʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʫ ʨʽʟʥʠʭ 

ʪʦʯʢʘʭ ʧʨʦʩʪʦʨʫ. 
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ʈʆɿɼɯʃ 2 

ɽɺʆʃʖʎɯʗ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʀʍ ʍɺʀʃʔ ʋ ʅɽʆɼʅʆʈɯɼʅʆʄʋ 

ʅɽʉʊɸʎɯʆʅɸʈʅʆʄʋ ʉɽʈɽɼʆɺʀʑɯ 

 

2.1. ʅʝʩʪʘʮʽʦʥʘʨʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ ʫ ʥʝʦʙʤʝʞʝʥʦʤʫ ʧʨʦʩʪʦʨʽ ʟ 

ʥʝʦʜʥʦʨʽʜʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ 

 

2.1.1. ɺʩʪʫʧ 

 

ɿʘʜʘʯʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʚ 

ʥʝʦʙʤʝʞʝʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʟʘʧʦʚʥʝʥʦʤʫ ʰʘʨʫʚʘʪʦ ʥʝʦʜʥʦʨʽʜʥʠʤ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ, ʙʫʣʘ ʨʦʟʚôʷʟʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʚ 

ʮʠʣʽʥʜʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʚ [39]. ʇʨʠ ʮʴʦʤʫ ʧʘʨʘʤʝʪʨʠ ʩʝʨʝʜʦʚʠʱʘ ʥʝ 

ʤʘʶʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ ʧʦʧʝʨʝʯʥʠʭ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʤʦʜ. ʋ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʚ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʟʘʜʘʯʘ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʚ ʥʝʦʙʤʝʞʝʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʟ ʩʝʨʝʜʦʚʠʱʝʤ, ʷʢʝ ʪʘʢʦʞ ʻ ʥʝʦʜʥʦʨʽʜʥʠʤ ̔  ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ [143]. 

ʇʦʜʽʙʥʽ ʟʘʜʘʯʽ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʥʠʟʢʠ ʧʨʘʢʪʠʯʥʠʭ ʚʠʢʦʨʠʩʪʘʥʴ [144]. ʉʪʦʩʦʚʥʦ 

ʭʚʠʣʝʚʦʜʽʚ ʜʘʥʘ ʟʘʜʘʯʘ ʚʠʚʯʘʣʘʩʷ ʚ ʨʦʙʦʪʽ [145], ʚ ʷʢʽʡ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ 

ʟʚ'ʷʟʘʥʠʭ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʷʢʦʾ ʟʥʘʭʦʜʠʣʠʩʷ ʢʦʝʬʽʮʽʻʥʪʠ 

ʨʦʟʢʣʘʜʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʦ ʤʦʜʦʚʦʤʫ ʙʘʟʠʩʫ. ʗʢ ʧʨʠʢʣʘʜ, 

ʨʦʟʛʣʷʜʘʣʘʩʷ ʟʘʜʘʯʘ ʜʣʷ ʧʨʷʤʦʢʫʪʥʦʛʦ ʭʚʠʣʝʚʦʜʘ ʽʟ ʜʽʝʣʝʢʪʨʠʯʥʠʤ ʰʘʨʦʤ. ɺ 

ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʙʫʜʝ ʦʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫ ̒

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʚ ʥʝʦʙʤʝʞʝʥʦʤʫ 

ʧʨʦʩʪʦʨʽ, ʟʘʧʦʚʥʝʥʦʤʫ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ ʥʝʦʜʥʦʨʽʜʥʠʤ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʽ ʽ 

ʧʦʧʝʨʝʯʥʠʤ ʥʝʦʜʥʦʨʽʜʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʙʝʟ ʚʪʨʘʪ. 

ɼʣʷ ʮʴʦʛʦ ʟʘ ʧʨʦʮʝʜʫʨʦʶ, ʢʦʨʦʪʢʦ ʦʧʠʩʘʥʦʶ ʚ [146], ʙʫʜʫʪʴ ʚʠʢʣʶʯʝʥʽ ʟ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʄʘʢʩʚʝʣʣʘ ʧʦʟʜʦʚʞʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʦʣʷ ʽ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ 

ʨʽʚʥʷʥʴ ʙʫʜʫʪʴ ʧʦʙʫʜʦʚʘʥʽ ʜʚʘ ʯʦʪʠʨʠʚʠʤʽʨʥʽ ʦʧʝʨʘʪʦʨʠ, ʱʦ ʜʽʶʪʴ ʚ ʧʦʧʝʨʝʯʥʽʡ 
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ʧʣʦʱʠʥʽ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʢʣʘʜ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʣʽʚ ʚʽʜ ʧʦʧʝʨʝʯʥʠʭ ʢʦʦʨʜʠʥʘʪ 

ʚ ʨʷʜ ʌʫʨʴʝ-ɹʝʩʩʝʣʷ ʽ ʥʘʢʣʘʜʘʶʯʠ ʜʝʷʢʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʽʥʢʠ 

ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʧʦʧʝʨʝʯʥʦʾ ʢʦʦʨʜʠʥʘʪʠ, ʙʫʜʝ ʜʦʚʝʜʝʥʘ 

ʩʘʤʦʩʧʨʷʞʝʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʦʧʝʨʘʪʦʨʽʚ. ɺʣʘʩʥʽ ʬʫʥʢʮʽʾ ʮʠʭ ʦʧʝʨʘʪʦʨʽʚ 

ʚʠʟʥʘʯʘʪʠʤʫʪʴ ʨʦʟʧʦʜʽʣ ʧʦʣʷ ʚ ʧʦʧʝʨʝʯʥʽʡ ʧʣʦʱʠʥʽ. ɹʫʜʝ ʜʦʚʝʜʝʥʘ ʚʟʘʻʤʥʘ 

ʦʨʪʦʛʦʥʘʣʴʥʽʩʪʴ ʚʣʘʩʥʠʭ ʬʫʥʢʮʽʡ ʦʜʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʥʰʦʛʦ. 

ʇʦʚʥʦʪʘ ʦʪʨʠʤʘʥʦʛʦ ʙʘʟʠʩʫ ʙʫʜʝ ʜʦʚʝʜʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʝʤʠ ɺʝʡʣʷ ʧʨʦ 

ʦʨʪʦʛʦʥʘʣʴʥʽ ʨʦʟʙʠʪʪʷ ʛʽʣʴʙʝʨʪʦʚʦʛʦ ʧʨʦʩʪʦʨʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʣʘʩʪʠʚʦʩʪʽ 

ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ ʚʣʘʩʥʠʭ ʬʫʥʢʮʽʡ ʦʧʝʨʘʪʦʨʽʚ, ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʦʟʢʣʘʜʘʥʥʷ ʧʦʣʷ ʧʦ ʙʘʟʠʩʫ ʙʫʜʝ ʦʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ ʟʚ'ʷʟʘʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʱʦ ʦʧʠʩʫʶʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʊɽ- ʽ ʊʄ- ʭʚʠʣʴ ʚ ʥʝʦʙʤʝʞʝʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

 

2.1.2. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

 

ʄʘʻʤʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ ʽʟ ʜʦʚʽʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʯʘʩʫ ʚ 

ʥʝʦʙʤʝʞʝʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʟʘʧʦʚʥʝʥʦʤʫ ʽʜʝʘʣʴʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʧʘʨʘʤʝʪʨʠ ʷʢʦʛʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʦʨʜʠʥʘʪʠ ʽ ʯʘʩʫ ʽ ʚʽʜ ʧʦʧʝʨʝʯʥʦʾ ʢʦʦʨʜʠʥʘʪʠ. ʇʨʠ 

ʮʴʦʤʫ ʤʘʪʝʨʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʽ ʨʽʚʥʷʥʥʷ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʤʘʶʪʴ ʪʘʢʠʡ ʚʠʛʣʷʜ:  

() ( )0 , , ;r z t=e eD E E      (2.1) 

() ( )0 , ,r z t=m mB H H ,      (2.2) 

0 0div 0j
t

µ
+ r =
µ

,      (2.3) 

ʜʝ 

( ),r r¹ r j,       (2.4) 

( ) ()( )||, , ,r z t r z t^e =e e ,     (2.5) 

( ) () ( )||, , ,r z t r z t^m =m m ,     (2.6) 
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 ʧʨʠʯʦʤʫ ()rê  ʽ ()rm̂  ʧʦʚʠʥʥʽ ʙʫʪʠ ʛʣʘʜʢʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʱʦ ʥʘʙʣʠʞʫʶʪʴʩʷ ʜʦ 

ʧʦʩʪʽʡʥʦʾ ʚʝʣʠʯʠʥʠ ʟʘ ʫʤʦʚʠ  

r­¤.      (2.7) 

ʋ ʙʫʜʴ-ʷʢʽʡ ʦʙʣʘʩʪʽ ʥʘʰʦʛʦ ʧʨʦʩʪʦʨʫ ʟʘʜʦʚʦʣʴʥʷʶʪʴʩʷ ʨʽʚʥʷʥʥʷ ʄʘʢʩʚʝʣʣʘ 

( )0 0rot ;
t

µ
=e e +
µ

H E j      (2.8) 

( )0rot ;
t

µ
=-m m

µ
E H      (2.9) 

( )div 0;m =H       (2.10) 

( ) 0

0

div
r

e =
e

E .      (2.11) 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ, ʜʣʷ ʢʦʨʝʢʪʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʘ ʧʦʚʠʥʥʘ 

ʜʦʧʦʚʥʶʚʘʪʠʩʷ ʧʦʯʘʪʢʦʚʠʤʠ ʽ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ. ʆʢʨʽʤ ʮʴʦʛʦ ʚʠʤʘʛʘʻʤʦ 

ʚʠʢʦʥʘʥʥʷ ʬʽʟʠʯʥʦ ʚʠʧʨʘʚʜʘʥʦʾ ʫʤʦʚʠ ʦʙʤʝʞʝʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ ʟʘ ʯʘʩʦʤ ʝʥʝʨʛʽʾ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʦʙ'ʻʤʽ ʽʟ ʩʢʽʥʯʝʥʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ 

ʥʘʧʨʷʤʽ ʽ ʥʝʩʢʽʥʯʝʥʥʠʤʠ ʫ ʧʦʧʝʨʝʯʥʦʤʫ: 

( )
2 2

1 1

2
2 2

0 0

.

z t

z t

dz dt d d

p ¤

j r r + <¤ñ ñ ñ ñE H    (2.12) 

 

2.1.3. ɺʠʢʣʶʯʝʥʥʷ ʧʦʟʜʦʚʞʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʣʷ 

 

ɿʘʧʠʩʫʶʯʠ ʪʨʠʚʠʤʽʨʥʽ ʚʝʢʪʦʨʠ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ ʽ ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʪʨʫʤʫ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʡʦʛʦ ʧʨʦʝʢʮʽʡ ʥʘ ʧʦʧʝʨʝʯʥʫ ʧʣʦʱʠʥʫ ʽ ʥʘ ʧʦʟʜʦʚʞʥʶ ʚʽʩʴ, 

ʚʚʝʜʝʤʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ 

0 zE z E= +E ;      (2.13) 

0 zH z H= +H ;      (2.14) 

0 0 0 0zj z j= +j ,      (2.15) 
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ʜʝ 0z  ï ʦʜʠʥʠʯʥʠʡ ʦʨʪ ʧʦʟʜʦʚʞʥʴʦʾ ʚʽʩʽ. 

ʉʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ  

0t z
z

µ
Ð=Ð +

µ
,     (2.16) 

ʜʝ tÐ  ï ʦʧʝʨʘʪʦʨ, ʱʦ ʜʽʻ ʚʽʜʥʦʩʥʦ ʧʦʧʝʨʝʯʥʠʭ ʢʦʦʨʜʠʥʘʪ. ɿʘʩʪʦʩʦʚʫʶʯʠ ʜʘʥʠʡ 

ʧʽʜʭʽʜ, ʨʽʚʥʷʥʥʷ ʄʘʢʩʚʝʣʣʘ (2.8) ï (2.11) ʧʨʝʜʩʪʘʚʣʷʻʤʦ ʚ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ 

z tH H
z

µ
m =-Ð Öm

µ
;     (2.17) 

0

0

z tE E
z

µ r
e =-Ð Öe +

µ e
;     (2.18) 

0 0 0 ;z t zE H z j
t

µ
è øe e =Ð Ö ³ -ê úµ

    (2.19) 

0 0 ;z tH z E
t

µ
è øm m =Ð Ö ³ê úµ

    (2.20) 

[ ] ( )0 0 0 0;t z tz H E H z j
t z

µ µ
è øÐ ³ =e e + ³ +ê úµ µ

  (2.21) 

[ ] ( )0 0 0 .t zz E z E H
z t

µ µ
è ø³Ð = ³ +m mê úµ µ

  (2.22) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʧʝʨʘʮʽʾ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʟʘ ʧʦʟʜʦʚʞʥʴʦʶ ʢʦʦʨʜʠʥʘʪʦʶ 

ʽ ʯʘʩʦʤ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨʽʚʥʷʥʴ (2.17) ï (2.22), ʤʦʞʥʘ ʟ ʥʠʭ ʚʠʢʣʶʯʠʪʠ 

ʧʦʟʜʦʚʞʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʦʣʷ zE  ʽ zH  ʪʘ ʦʪʨʠʤʘʪʠ ʥʦʚʫ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ  

[ ] ( ) ( )

[ ] ( )

0 || 0 0 0

||

0 0 0 0 0 0

1 1
;

1
;

t t t

t t t

z H E H z j
z t z

z E z E H z j
t t z

^

^

^

^

µ µ µë ûè ø³Ð Ð Öm = m e e + ³ +ì üê úm m µ µ µí ý

µ µ µë ûè ø è øm Ð ³Ð Ö =-m m e e ³ + + ³ì üê úê úm µ µ µí ý

 (2.23) 

[ ] ( )

( ) ( )

0 0 0 0 0

0
0 || 0 0 0

|| 0

1 1
;

1 1 1
.

t t t z

t t t

z H E H z j
t z t

z E z E H z
z z t

^ ^

^ ^

^

^

µ µ µë ûè øe Ð Ð ³ Ö =-e e +m m ³ -e Ðì üê úe µ µ µ eí ý

è øè ø µ µ µ rë ûè øÐ ³ Ð Öe = e ³ +m m + Ð ³ì üé ùé ù ê úe e µ µ µ eeí ýê ú ê ú

(2.24) 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʧʦʚʥʶʶʯʠ ʨʽʚʥʷʥʥʷ (2.23) ï (2.24) ʧʦʯʘʪʢʦʚʠʤʠ ʽ 

ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʦʪʨʠʤʫʻʤʦ ʥʦʚʫ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ. ʇʽʩʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʜʘʥʦʾ 

ʟʘʜʘʯʽ ʧʦʟʜʦʚʞʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʦʣʷ ʤʦʞʥʘ ʟʥʘʡʪʠ ʽʟ ʧʦʧʝʨʝʯʥʠʭ ʰʣʷʭʦʤ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʬʦʨʤʫʣ (2.17) ï (2.20). 

 

2.1.4. ʏʦʪʠʨʠʚʠʤʽʨʥʽ ʚʝʢʪʦʨʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

 

ɼʦʚʽʣʴʥʽ ʚʝʢʪʦʨʠ E  ʽ H  ʬʦʨʤʫʶʪʴ ʯʦʪʠʨʠʚʠʤʽʨʥʠʡ ʚʝʢʪʦʨ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ  

()
()

()

E r
X r

H r

å õ
æ ö=
æ ö
ç ÷

.      (2.25) 

ɺʚʝʜʝʤʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʨʦʩʪʽʨ ɻʽʣʴʙʝʨʪʘ ()4

2L S  ʚʝʢʪʦʨʽʚ ()X r  ʟ 

ʝʥʝʨʛʝʪʠʯʥʦʶ ʤʝʪʨʠʢʦʶ  

( )
2

* *

1 2 1 2 1 2

0 0

1
,

4
X X d d E E H H

p ¤

^ ^= j r r e Ö +m Ö
pñ ñ ,  (2.26) 

ʜʝ ʩʠʤʚʦʣ * ʧʦʟʥʘʯʘʻ ʢʦʤʧʣʝʢʩʥʝ ʩʧʨʷʞʝʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʚʽ ʤʘʪʨʠʯʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʦʧʝʨʘʮʽʾ ʚ ʧʨʦʩʪʦʨʽ ()4

2L S  

[ ] [ ]

0 0

0 0

1 1 1 1
0

;
1 1

0

t t t t

H

t t t t

z z H
E

W X
H

z z E

^ ^

^ ^ ^ ^

^ ^

å õ å õè ø è ø
³ Ð Ð Öm ³ Ð Ð Ömæ ö æ öé ù é ùå õe m e mê ú ê úæ ö æ ö= =æ öæ öæ ö æ ö

ç ÷Ð ³Ð Ö Ð ³Ð Öæ ö æ öæ ö æ öm mç ÷ ç ÷

(2.27) 

[ ] [ ]0 0

0 0

1 1
0

,
1 1 1 1

0

t t t t

E

t t t t

z z H
E

W X
H

z z E

^ ^

^ ^

^ ^ ^ ^

å õ å õ
Ð Ð ³ Ö Ð Ð ³ Öæ ö æ öe eå õ

æ ö æ ö= =æ öæ öæ ö æ öè ø è øç ÷Ð ³ Ð Öe Ð ³ Ð Öeæ ö æ öé ù é ùæ ö æ öm e m eê ú ê úç ÷ ç ÷

(2.28) 

ʜʝ HW  ʽ EW  ï ʣʽʥʽʡʥʽ ʦʧʝʨʘʪʦʨʠ ʚ ()4

2L S , ʱʦ ʚʢʣʶʯʘʶʪʴ ʪʘʢʦʞ ʫʤʦʚʠ ʩʧʘʜʘʥʥʷ 

ʧʦʣʷ ʥʘ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʭʽʜʥʘ ʟʘʜʘʯʘ ʧʝʨʝʪʚʦʨʝʥʘ ʚ ʟʘʜʘʯʫ ʜʣʷ 

ʜʚʦʭ ʦʧʝʨʘʪʦʨʥʠʭ ʨʽʚʥʷʥʴ 
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|| 0 || 0 || 0

|| ||

0 || 0 || 0 0 || 0 0

1 1 1 1

;H

E H z j
z t z z

W X

z E H z j
t t z t

^ ^

^

å õë ûµ µ µ µ
è øm e e + ³ + mæ öì üê úm µ µ µ e m µ eí ýæ ö=

æ öµ µ µ µë ûè øæ öè ø-m m e ee ³ + -m m ³ì üæ öê úê úµ µ µ µí ýç ÷

  (2.29)

0 || 0 || 0 0

|| 0 0 || 0 0

|| || 0

1

.
1 1 1 1 1

t Z

E

t

E H z j
t z t

W X

z E H z
z z t

^

^

^ ^ ^

å õµ µ µë ûè ø-e e +m mm ³ -Ðì üæ öê úµ µ µ eí ýæ ö=
æ öè øë ûµ µ µ

è øe ³ +m m + Ð r ³æ öì ü é ùê úæ öe µ µ m µ e m e eí ý ê úç ÷

(2.30) 

ɼʣʷ ʜʦʢʘʟʫ ʩʘʤʦʩʧʨʷʞʝʥʦʩʪʽ ʦʧʝʨʘʪʦʨʽʚ HW  ʽ EW  ʥʝʦʙʭʽʜʥʦ, ʟʛʽʜʥʦ ʬʦʨʤʫʣ 

ɻʨʽʥʘ, ʧʝʨʝʡʪʠ ʚʽʜ ʽʥʪʝʛʨʘʣʫ ʧʦ ʧʦʧʝʨʝʯʥʽʡ ʧʣʦʱʠʥʽ ʜʦ ʽʥʪʝʛʨʘʣʫ ʧʦ ʢʦʥʪʫʨʫ, ʧʽʩʣʷ 

ʯʦʛʦ ʟʙʽʣʴʰʠʪʠ ʨʦʟʤʽʨʠ ʦʙʣʘʩʪʽ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. ʆʢʨʽʤ ʮʴʦʛʦ, ʧʦʪʨʽʙʥʦ 

ʚʠʨʘʟʠʪʠ ʧʦʧʝʨʝʯʥʽ ʚʝʢʪʦʨʠ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ ʯʝʨʝʟ ʩʢʘʣʷʨʥʽ ʬʫʥʢʮʽʾ, ʷʢ ʮʝ 

ʟʨʦʙʣʝʥʦ ʚ [31], ʧʨʝʜʩʪʘʚʠʚʰʠ ʮʽ ʬʫʥʢʮʽʾ ʫ ʚʠʛʣʷʜʽ ʨʦʟʢʣʘʜʫ ʌʫʨʴʝ-ɹʝʩʩʝʣʷ ʟ 

ʜʦʚʽʣʴʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʨʦʟʢʣʘʜʫ. ʆʧʝʨʘʪʦʨʠ HW  ʽ EW  ʙʫʜʫʪʴ 

ʩʘʤʦʩʧʨʷʞʝʥʠʤʠ, ʷʢʱʦ E  ʽ H  ʙʫʜʫʪʴ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʥʫʣʷ ʥʘ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʥʝ 

ʧʦʚʽʣʴʥʽʰʝ ʥʽʞ 
1

r
, ʪʘ ()rê  ʽ ()rm̂  ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʧʦʩʪʽʡʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ  

r­¤.     (2.31) 

ʊʦʜʽ ʮʽ ʦʧʝʨʘʪʦʨʠ ʤʘʶʪʴ ʜʽʡʩʥʽ ʚʣʘʩʥʽ ʯʠʩʣʘ ʽ ʚʟʘʻʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʽ ʚʣʘʩʥʽ 

ʬʫʥʢʮʽʾ ʫ ʚʠʛʣʷʜʽ 

0

1
t m

m

t m

z
Y ^°

å õ
¡ÐF ³æ öe=

æ ö
æ ö¡°ÐYç ÷

, 
0

1

t n

n

t n

Z
z°

^

¡¡ÐYå õ
æ ö
=
æ ö¡¡° ³ÐFæ ömç ÷

,  (2.32) 

ʜʝ ʩʢʘʣʷʨʥʽ ʤʝʤʙʨʘʥʥʽ ʬʫʥʢʮʽʾ ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ 

1
0;

0;

t t m m m

t t m m m

p

p

^

^

^ ^

ë
¡ ¡Ð Ö ÐF + m Y =î

eì
î ¡ ¡Ð Öm ÐY + m F =í

  

1
0;

0,

t t n n n

t t n n n

q

q

^

^

^ ^

ë
¡¡ ¡¡Ð Ö ÐF + e Y =î

mì
î ¡¡ ¡¡Ð Öe ÐY + e F =í

 (2.33) 

ʽ ʫʤʦʚʽ ¡ÐYt m, t n
¡¡ÐY, t m

¡ÐF , 0t n
¡¡ÐF ­  ʷʢ 

1 21 +ar  ʧʨʠ r­¤, ʜʝ 0a². 
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ɺʝʢʪʦʨ-ʬʫʥʢʮʽʾ 
mY  ʽ nZ  ʬʦʨʤʫʶʪʴ ʧʦʚʥʠʡ ʦʨʪʦʥʦʨʤʦʚʘʥʠʡ ʙʘʟʠʩ ʫ 

ʛʽʣʴʙʝʨʪʦʚʦʤʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ ()4

2L S  ʟʛʽʜʥʦ ʪʝʦʨʝʤʽ ɺʝʡʣʷ ʧʨʦ 

ʦʨʪʦʛʦʥʘʣʴʥʝ ʨʦʟʙʠʪʪʷ [36]. ʎʝ ʚʠʪʽʢʘʻ ʽʟ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʮʠʭ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ʯʝʨʝʟ 

ʩʢʘʣʷʨʥʽ ʬʫʥʢʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʧʝʨʝʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʦʣʷ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʨʦʟʢʣʘʜʘʥʥʷ ʧʦ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʷʭ 
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ʜʝ ʥʝʚʽʜʦʤʽ ʝʚʦʣʶʮʽʡʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʻ ʬʫʥʢʮʽʷʤʠ ʯʘʩʫ ʽ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʦʨʜʠʥʘʪʠ. 

 

2.1.5. ɽʚʦʣʶʮʽʡʥʽ ʨʽʚʥʷʥʥʷ 

 

ʅʝʚʽʜʦʤʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʢʣʘʜʫ ʧʦʧʝʨʝʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʣʷ, ʱʦ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʦʨʜʠʥʘʪʠ ʽ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦ ʰʫʢʘʪʠ ʟ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ 

ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʦʪʨʠʤʫʚʘʥʠʭ ʧʽʜʩʪʘʥʦʚʢʦʶ ʨʦʟʢʣʘʜʫ ʧʦʣʷ, ʫ ʚʠʨʘʟʠ (2.8) ï 

(2.22) ʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ ʚʣʘʩʥʠʭ ʬʫʥʢʮʽʡ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʦʜʝʨʞʫʻʤʦ ʩʠʩʪʝʤʫ ʟʚ'ʷʟʘʥʠʭ ʨʽʚʥʷʥʴ [3] 
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 (2.36) 

ʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʨʦʟʢʣʘʜʘʥʥʷ ʩʪʦʨʦʥʥʽʭ ʜʞʝʨʝʣ ʟʘ ʤʦʜʘʤʠ 
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ʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʟʘʻʤʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʜ 
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ɼʞʝʨʝʣʘ ʤʦʞʫʪʴ ʟʘʜʘʚʘʪʠʩʷ ʥʝ ʣʠʰʝ ʚ ʧʨʘʚʠʭ ʯʘʩʪʠʥʘʭ ʨʽʚʥʷʥʴ, ʘʣʝ ʽ ʚ 

ʧʦʯʘʪʢʦʚʠʭ ʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ. ʂʦʝʬʽʮʽʻʥʪʠ ʚʟʘʻʤʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʜʽʚ ʥʘ 

ʧʦʧʝʨʝʯʥʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʭ ʩʝʨʝʜʦʚʠʱʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʣʽʚʠʭ ʯʘʩʪʠʥʘʭ ʨʽʚʥʷʥʴ, 

ʱʦ ʨʦʙʠʪʴ ʮʶ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʩʢʽʥʯʝʥʥʦʚʠʤʽʨʥʦʶ. 

 

 

2.2. ʇʦʰʠʨʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʯʝʨʝʟ 

ʨʘʜʽʘʣʴʥʦ ʥʝʦʜʥʦʨʽʜʥʝ ʩʝʨʝʜʦʚʠʱʝ  

 

ʋ ʙʘʛʘʪʴʦʭ ʟʘʜʘʯʘʭ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʬʝʨʠʯʥʘ 

ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʯʝʨʝʟ ʪʝ, ʱʦ ʚʦʥʘ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʠʤ ʩʧʦʩʦʙʦʤ ʚʽʜʙʠʚʘʻ 

ʬʽʟʠʯʥʫ ʩʫʪʴ ʧʨʦʮʝʩʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʊʘʢʦʞ ʤʦʞʣʠʚʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘʜʘʯʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʷʤʦ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ 

ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʘʙʦ ʤʝʪʦʜʫ ʤʦʜʦʚʦʛʦ ʙʘʟʠʩʫ, ʜʣʷ ʷʢʦʛʦ ʙʘʟʠʩ ʫ ʮʠʣʽʥʜʨʠʯʥʽʡ 

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʙʫʚ ʧʦʙʫʜʦʚʘʥʠʡ ʫ [147, 39]. ʋ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʧʦʙʫʜʫʻʪʴʩʷ 

ʙʘʟʠʩ ʽ ʙʫʜʝ ʦʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʫ ʩʬʝʨʠʯʥʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ [148]. ʊʘʢʠʡ ʧʽʜʭʽʜ ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʫ ʨʦʙʦʪʽ [149], ʘʣʝ ʦʪʨʠʤʘʥʠʡ 

ʨʦʟʢʣʘʜ ʧʦʣʷ ʥʝ ʻ ʧʦʚʥʠʤ.  

ʄʝʪʦʶ ʜʘʥʦʛʦ ʧʽʜʨʦʟʜʽʣʫ ʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʚʦʣʶʮʽʡʥʦʛʦ 

ʧʽʜʭʦʜʫ ʚʠʭʽʜʥʦʾ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʨʠʚʠʤʽʨʥʦʾ ʟʘʜʘʯʽ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʫ ʩʬʝʨʠʯʥʽʡ 

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʜʦ ʟʘʜʘʯʽ ʜʣʷ ʦʜʥʦʚʠʤʽʨʥʠʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʨʽʚʥʷʥʴ ʰʣʷʭʦʤ 

ʧʦʙʫʜʦʚʠ ʤʦʜʦʚʦʛʦ ʙʘʟʠʩʫ ʜʣʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ ʜʦʚʽʣʴʥʦʶ ʯʘʩʦʚʦʶ 

ʟʘʣʝʞʥʽʩʪʶ ʚ ʩʬʝʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. 
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2.2.1. ʉʫʪʥʽʩʪʴ ʝʚʦʣʶʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ  

 

ɽʚʦʣʶʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ ʫʩʽ ʢʦʤʧʦʥʝʥʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʦʛʦ ʧʦʣʷ 

ʫ ʙʣʠʞʥʽʡ ʽ ʜʘʣʴʥʽʡ ʟʦʥʽ ʰʣʷʭʦʤ ʨʦʟʚôʷʟʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʦʜʥʦʚʠʤʽʨʥʠʭ 

ʨʽʚʥʷʥʴ ʫ ʯʘʩʪʢʦʚʠʭ ʧʦʭʽʜʥʠʭ. ʆʪʨʠʤʘʪʠ ʮʽ ʝʚʦʣʶʮʽʡʥʽ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʰʣʷʭʦʤ 

ʧʦʙʫʜʦʚʠ ʙʘʟʠʩʫ ʚ ʧʦʧʝʨʝʯʥʽʡ ʧʣʦʱʠʥʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʦʢʨʝʤʠʪʠ ʟʘʣʝʞʥʦʩʪʽ 

ʧʦʣʽʚ ʚʽʜ ʜʚʦʭ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ. ɼʦ ʮʴʦʛʦ ʤʠ ʦʪʨʠʤʘʣʠ ʤʦʞʣʠʚʽʩʪʴ 

ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘʜʘʯʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʷʤʦ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʤʝʪʦʜʫ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʫ ʮʠʣʽʥʜʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ [147,39]. ɿʘʨʘʟ ʚ 

ʷʢʦʩʪʽ ʜʚʦʭ ʢʦʦʨʜʠʥʘʪ, ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʷʢʠʭ ʙʫʜʫʪʴ ʚʽʜʦʢʨʝʤʣʝʥʽ, ʚʠʙʨʘʥʽ 

ʘʟʽʤʫʪʘʣʴʥʠʡ ʪʘ ʟʝʥʽʪʥʠʡ ʢʫʪʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʦʙʦʪʠ [149], ʙʫʜʫʪʴ ʚʨʘʭʦʚʘʥʽ 

ʩʬʝʨʠʯʥʽ ʤʦʜʠ ʽʟ ʢʦʥʩʪʘʥʪʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʨʘʜʽʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʣʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʦʪʫ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʢʣʘʜʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʷʢʘ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʘ ʚ ʪʦʯʢʘʭ, ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʡʦʛʦ ʜʞʝʨʝʣʘ.  

 

2.2.2. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʧʦʰʠʨʝʥʥʷ ʧʦʣʷ ʫ ʨʘʜʽʘʣʴʥʦ ʥʝʦʜʥʦʨʽʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ 

 

ɺʠʭʽʜʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʫ ʧʨʦʩʪʦʨʽ, ʷʢʠʡ ʟʘʧʦʚʥʝʥʠʡ 

ʨʘʜʽʘʣʴʥʦ ʥʝʦʜʥʦʨʽʜʥʠʤ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʤʘʪʝʨʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʽ 

ʨʽʚʥʷʥʥʷ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʦʪʨʠʤʫʶʪʴ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

( ) ( )( )0, , ,r t r t r te e=D E ,    (2.49) 

( ) ( ) ( )0, , ,r t r t r tm m=B H ,     (2.50) 

div
t
r
µ
=-

µ
J ,      (2.51) 

divm

t
r
µ

=-
µ

m
J ,      (2.52) 

ʜʝ  

( ), ,r r r q¹ j .      (2.53) 
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ɿʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ ʄʘʢʩʚʝʣʘ ʫ ʜʦʚʽʣʴʥʽʡ ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʫ: 

0rot
t
e e
µ
= +
µ

H E J ;     (2.54) 

 0rot m

t
m m
µ

=- -
µ

E H J ;     (2.55) 

( )0div e e r=E ;      (2.56) 

( )0div mm m r=H .      (2.57) 

ɼʘʥʘ ʟʘʜʘʯʘ ʜʦʧʦʚʥʶʻʪʴʩʷ ʧʦʯʘʪʢʦʚʠʤʠ ʽ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ. ɿʛʽʜʥʦ 

ʧʨʦʮʝʜʫʨʠ, ʱʦ ʚʧʝʨʰʝ ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʫ [31], ʧʦʙʫʜʫʻʤʦ ʤʦʜʦʚʠʡ ʙʘʟʠʩ ʫ 

ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʝʨʝʪʚʦʨʠʪʠ ʚʠʭʽʜʥʫ ʪʨʠʚʠʤʽʨʥʫ 

ʥʝʩʪʘʮʽʦʥʘʨʥʫ ʟʘʜʘʯʫ ʫ ʦʜʥʦʚʠʤʽʨʥʫ ʥʝʩʪʘʮʽʦʥʘʨʥʫ ʟʘʜʘʯʫ, ʷʢ ʮʝ ʙʫʣʦ ʟʨʦʙʣʝʥʦ 

ʜʣʷ ʚʠʧʘʜʢʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʭʚʠʣʴ ʫ ʭʚʠʣʝʚʦʜʘʭ [32]. 

 

2.2.3 ɺʠʢʣʶʯʝʥʥʷ ʧʦʟʜʦʚʞʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʣʷ 

 

ʉʧʨʦʩʪʠʤʦ ʚʠʭʽʜʥʫ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʄʘʢʩʚʝʣʘ. ɿʘʧʠʩʫʶʯʠ ʜʦʚʽʣʴʥʠʡ 

ʪʨʠʚʠʤʽʨʥʠʡ ʚʝʢʪʦʨ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʜʚʦʚʠʤʽʨʥʦʛʦ ʢʫʪʦʚʦʛʦ ʽ ʦʜʥʦʚʠʤʽʨʥʦʛʦ 

ʨʘʜʽʘʣʴʥʦʛʦ ʚʝʢʪʦʨʽʚ, ʚʚʦʜʠʤʦ ʪʘʢʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ: 

0 rE r E= +E ;      (2.58) 

0 rH r H= +H ;      (2.59) 

0 rJ r J= +J ;       (2.60) 

0

m m m

rJ r J= +J ,      (2.61) 

ʜʝ 0r  ï ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ. 

ʊʨʝʙʘ ʚʨʘʭʫʚʘʪʠ, ʱʦ  

0 0 0 0

1 1 1

sin
tr r

r r r r r
q j

q q j

µ µ µ µ
Ð= + + = Ð +

µ µ µ µ
,  (2.62) 

ʜʝ tÐ  ï ʢʫʪʦʚʠʡ ʦʧʝʨʘʪʦʨ ɻʘʤʽʣʴʪʦʥʘ. ʇʨʦʝʢʪʫʶʯʠ (2.54) ï(2.57) ʥʘ ʧʦʟʜʦʚʞʥʶ 
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ʚʽʩʴ ʪʘ ʩʬʝʨʫ, ʤʠ ʦʪʨʠʤʫʻʤʦ ʪʘʢʽ ʚʠʨʘʟʠ: 

( ) ( )2 2

0 0

m

r tr H r H r
r
m m m m r

µ
=- Ð Ö +

µ
;  (2.63) 

( ) ( )2 2

0 0r tr E r E r
r
e e e e r

µ
=- Ð Ö +

µ
;   (2.64) 

( )0 0

m

r t rr H r E rJ
t
m m

µ
è ø=- Ö Ð ³ -ê úµ

;   (2.65) 

( )0 0r t rr E r H rJ
t
e e

µ
è ø= Ö Ð ³ -ê úµ

;   (2.66) 

[ ] ( ) ( )0 0 0

1
t rr H r E rH r J

t r r
e e

µ µå õè øÐ ³ = + ³ +æ öê úµ µç ÷
  (2.67) 

[ ] ( ) ( )0 0 0

1 m

t rr E r H rE r J
t r r
m m

µ µå õè øÐ ³ = - + ³ -æ öê úµ µç ÷
 (2.68) 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʚ (2.67) ï (2.68) ʚʠʨʘʟʠ (2.63) ï (2.66), ʚʠʢʣʶʯʘʻʤʦ rE  ʪʘ rH  ʟ 

ʨʽʚʥʷʥʴ (2.63) ï (2.68) ʽ ʦʪʨʠʤʘʻʤʦ 

 

[ ] ( ) ( ) [ ]3

0 0 0 0

0

1 1 m

t t t

r
r H r E rH r J r

r r t r r
m e e r

m m m

µ å µ µ õë ûè ø³Ð Ð Ö = + ³ + - Ð ³ì üæ öê úµ µ µí ýç ÷
  (2.69) 

[ ] ( ) ( )2

0 0 0 0 0

1 m

t t t rr E r r E rH r J r J
t t r r
m m e e
å õµ è µ µ øë ûè øÐ ³Ð Ö =- ³ + ³ + - Ðì üæ öé ùê úµ µ µí ýê úç ÷

  (2.70) 

[ ] ( ) ( ) [ ]3

0 0 0 0

0

1 1 m

t t t

r
r E r H rE r J r

r r t r r
e m m r

e e e

µ å µ µ õë ûè øÐ ³ Ð Ö = - ³ + + Ð ³ì üæ öê úµ µ µí ýç ÷
  (2.71) 

[ ] ( ) ( )2

0 0 0 0 0

1 m

t t t rr H r r H rE r J r J
t t r r
e e m m
å õµ è µ µ øë ûè øÐ Ð ³ Ö = ³ - ³ + - Ðì üæ öé ùê úµ µ µí ýê úç ÷

  (2.72) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʠ ʩʪʘʚʠʤʦ ʟʘʜʘʯʫ ʫ ʚʠʛʣʷʜʽ (2.69) ï (2.72), ʜʦʧʦʚʥʶʶʯʠ ʾʾ 

ʧʦʯʘʪʢʦʚʠʤʠ ʽ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʧʦʣʽʚ. ʈʘʜʽʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ 
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ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʰʣʷʭʦʤ ʽʥʪʝʛʨʫʚʘʥʥʷ ʬʦʨʤʫʣ (2.63) ï 

(2.66). 

 

2.2.4 ʏʦʪʠʨʠʚʠʤʽʨʥʽ ʚʝʢʪʦʨʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʘʥʘʣʽʟʫ ʚʚʝʜʝʤʦ ʜʦʚʽʣʴʥʽ ʚʝʢʪʦʨʠ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ E  ʽ H, ʷʢʽ ʬʦʨʤʫʶʪʴ ʜʦʚʽʣʴʥʠʡ ʯʦʪʠʨʠʚʠʤʽʨʥʠʡ 

ʚʝʢʪʦʨ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ  

( )
( )

( )

,
,

,

E
X

H

q
q

q

å õj
j =æ ö

æ öjç ÷

.     (2.73) 

ɺʚʝʜʝʤʦ ʛʽʣʴʙʝʨʪʦʚʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʨʦʩʪʽʨ ()4

2L S  ʚʝʢʪʦʨ-ʬʫʥʢʮʽʡ 

( ),X qj  ʟ ʝʥʝʨʛʝʪʠʯʥʦʶ ʤʝʪʨʠʢʦʶ  

( )* *

1 2 1 2 1 2

1
,

4
S

X X dS E E H H
p

= Ö + Öñ ,   (2.74) 

ʜʝ ʩʠʤʚʦʣ * ʧʦʟʥʘʯʘʻ ʢʦʤʧʣʝʢʩʥʝ ʩʧʨʷʞʝʥʥʷ, S ï ʦʜʠʥʠʯʥʘ ʩʬʝʨʘ ʟ ʮʝʥʪʨʦʤ ʫ 

ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ. 

ɯʟ ʧʦʛʣʷʜʫ ʥʘ ʧʦʧʝʨʝʜʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʨʦʟʛʣʷʥʝʤʦ ʜʚʘ ʤʘʪʨʠʯʥʠʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʦʧʝʨʘʪʦʨʘ ʫ ʧʨʦʩʪʦʨʽ ()4

2L S  

[ ]
[ ]

[ ]
[ ]

0 0

0 0

0

0

t t t t

H

t t t t

r r HE
W X

r r EH

å õå õ³Ð Ð Öå õ ³Ð Ð Ö
= =æ öæ öæ öæ öÐ ³Ð Ö Ð ³Ð Öç ÷ç ÷ ç ÷

; (2.75) 

[ ]
[ ]

[ ]
[ ]

0 0

0 0

0

0

t t t t

E

t t t t

r r HE
W X

r r EH

å õå õÐ Ð ³ Öå õÐ Ð ³ Ö
= =æ öæ öæ öæ öÐ ³ Ð Ö Ð ³ Ð Öç ÷ç ÷ ç ÷

, (2.76) 

ʜʝ HW  ʽ EW  ï ʣʽʥʽʡʥʽ ʦʧʝʨʘʪʦʨʠ ʫ ()4

2L S , ʱʦ ʟʘʜʘʶʪʴʩʷ ʤʘʪʨʠʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ 

HW   ̔ EW  ʚʽʜʧʦʚʽʜʥʦ ʪʘ ʚʢʣʶʯʘʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ. ʆʧʝʨʘʪʦʨʠ HW  ʽ 

EW  ʤʘʶʪʴ ʥʘʙʽʨ ʦʨʪʦʥʦʨʤʦʚʘʥʠʭ ʚʣʘʩʥʠʭ ʬʫʥʢʮʽʡ  

0t mk

mk

t mk

r
Y°

ÐY ³å õ
=æ ö
°ÐYç ÷

,     (2.77) 
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0

t nl

nl

t nl

Z
r

°

ÐYå õ
=æ ö
° ³ÐYç ÷

     (2.78) 

ʽ ʜʽʡʩʥʽ ʚʣʘʩʥʽ ʯʠʩʣʘ  

( )1mp m m° =° +,      (2.79) 

( )1nq n n° =° +,      (2.80) 

ʜʝ  

( )
( )

( )
!2 1

cos
2 !

k ik

mk m

m km
P e

m k

jq
-+

Y =
+

,   (2.81) 

 

()k

mP x  ï ʧʨʠʻʜʥʘʥʽ ʬʫʥʢʮʽʾ ʃʝʞʘʥʜʨʘ, , 1,2,...n m= , ,k m m=- , ,l n n=- . ɺʝʢʪʦʨ-

ʬʫʥʢʮʽʾ mkY , nlZ  ʬʦʨʤʫʶʪʴ ʦʨʪʦʥʦʨʤʦʚʘʥʠʡ ʙʘʟʠʩ ʫ ʛʽʣʴʙʝʨʪʦʚʦʤʫ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ ()4

2L S  ʟʛʽʜʥʦ ʪʝʦʨʝʤʽ ɺʝʡʣʷ ʧʨʦ ʦʨʪʦʛʦʥʘʣʴʥʽ 

ʨʦʟʙʠʪʪʷ ʛʽʣʴʙʝʨʪʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʚʨʘʭʦʚʫʶʯʠ ʚʠʙʨʘʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʣʘʩʥʠʭ 

ʚʝʢʪʦʨʽʚ  

0t mk

mk

t mk

r
Y°

ÐY ³å õ
=æ ö
°ÐYç ÷

     (2.82) 

ʪʘ  

0

t nl

nl

t nl

Z
r

°

ÐYå õ
=æ ö
° ³ÐYç ÷

     (2.83) 

ʯʝʨʝʟ ʜʦʚʽʣʴʥʽ ʩʢʘʣʷʨʥʽ ʬʫʥʢʮʽʾ mkY  [36]. 

 

2.2.5 ɽʚʦʣʶʮʽʡʥʽ ʨʽʚʥʷʥʥʷ ʫ ʩʬʝʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

 

ʐʫʢʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʢʣʘʜʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟʘ ʤʦʜʦʚʠʤ ʙʘʟʠʩʦʤ 

ʟʥʘʭʦʜʷʪʴʩ ̫ʟ ʨʦʟʚôʷʟʢʽʚ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ. ʉʠʩʪʝʤʘ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ 

ʟʥʘʭʦʜʠʪʴʩʷ ʰʣʷʭʦʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʨʽʚʥʷʥʴ ʄʘʢʩʚʝʣʘ ʥʘ ʦʪʨʠʤʘʥʠʡ 

ʦʨʪʦʥʦʨʤʦʚʘʥʠʡ ʙʘʟʠʩ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʥʘʩʪʫʧʥʦʾ 
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ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʱʦ ʜʦʧʦʚʥʶʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʤʽʞ ʝʚʦʣʶʮʽʡʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʽ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʣʷ, ʤʦʜʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʘʨʷʜʽʚ ʽ ʩʪʨʫʤʽʚ 

[150]: 

H-ʭʚʠʣʽ 

( )2

2 2

1 1 mk
mk

p
r B

c t t r r r
e m

m m

ë ûµ µ µ µ
- + =ì ü

µ µ µ µí ý
 

[ ]
2 2

* * *

0 0 2

0

1

2

m m

mk t mk r mk

S S S

r r
dS r J r dS J dS

r c t
r m e

pm m

ë ûå õ å õµ µî î
=- Y - Ö Ð ³ Y + Yì üæ ö æ ö

µ µî îç ÷ ç ÷í ý
ñ ñ ñ ; (2.84) 

( )
22

2 0
02

0

1 1 1

4 4

m m

r

S S

rr
r B dS J dS

c t t r r r t

e
e m r e

m pm m p

å õ å õë ûµ µ µ µ µ µ
- =- -ì ü æ ö æ ö

µ µ µ µ µ µí ý ç ÷ ç ÷
ñ ñ ; (2.85) 

[ ] ( ) *

0 0

1 2

m
m

t mk mk r mk

m k m S

r
E r r B J dS

t
m m

p

¤

= =-

ë ûµ
= ÐY ³ - - Yì ü

µí ý
ää ñ ;  (2.86) 

( )2 *

1 0

1

2

m
m

t mk mk mk

m k m S

r
H r B dS

r r
m r

m pm m

¤

= =-

ë ûµ
= ÐY - Yì ü

µí ý
ää ñ ;  (2.87) 

0

1

m

r mk m mk

m k m

H B p B
¤

= =-

= Y +ää ,       (2.88) 

E-ʭʚʠʣʽ 

( )2

2 2

1 1 nl
nl

q
r A

c t t r r r
m e

e e

µ µ µ µë û
- + =ì ü

µ µ µ µí ý
 

[ ]
2 2

* * *

0 0 2

0

1

2

m

nl t nl r nl

S S S

r r
dS r J r dS J dS

r c t
r e m

pe e

ë ûå õ å õµ µî î
=- Y + Ö Ð ³ Y + Yì üæ ö æ ö

µ µî îç ÷ ç ÷í ý
ñ ñ ñ ;(2.89) 

( )
22

2 0
02

0

1 1 1

4 4
r

S S

rr
r A dS J dS

c t t r r r t

m
m e r m

e pe e p

å õ å õµ µ µ µ µ µë û
- =- -ì ü æ ö æ ö

µ µ µ µ µ µí ý ç ÷ ç ÷
ñ ñ ;(2.90) 

( )2 *

1 0

1

2

n

t nl nl nl

n l n S

r
E r A dS

r r
e r

e pe e

¤

= =-

ë ûµ
= ÐY - Yì ü

µí ý
ää ñ ;  (2.91) 

[ ] ( ) *

0 0

1 2

n

t nl nl r nl

n l n S

r
H r r A J dS

t
e e

p

¤

= =-

ë ûµ
= ³ÐY - - Yì ü

µí ý
ää ñ ;  (2.92) 
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0

1

n

r nl n nl

n l n

E A q A
¤

= =-

= Y +ää .      (2.93) 

ɼʣʷ ʧʦʚʥʦʪʠ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽ ʧʦʯʘʪʢʦʚʽ ʽ (ʘʙʦ) ʛʨʘʥʠʯʥʽ 

ʫʤʦʚʠ ʜʣʷ ʮʠʭ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʰʣʷʭʦʤ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʟʘʜʘʥʠʭ ʧʦʣʽʚ ʥʘ ʙʘʟʠʩ, ʪʘʢʠʤ ʯʠʥʦʤ, ʟʜʽʡʩʥʶʶʯʠ ʧʝʨʝʭʽʜ ʚʽʜ ʧʦʣʽʚ ʜʦ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʾʭ ʨʦʟʢʣʘʜʫ ʧʦ ʙʘʟʠʩʫ. ʄʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʘʢʘ ʞ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ 

ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʚ [149], ʘʣʝ ʙʝʟ ʢʦʝʬʽʮʽʻʥʪʽʚ 0A  ʽ 0B .  

 

2.2.6 ɸʥʘʣʽʪʠʯʥʽ ʨʦʟʚôʷʟʢʠ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʫ ʩʬʝʨʠʯʥʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ 

 

ɼʣʷ ʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʝʤʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʅ-ʭʚʠʣʴ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ 

 ( 1e¹ , 1m¹) ʙʝʟ ʜʞʝʨʝʣ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽ ʤʘʛʥʽʪʥʦʛʦ ʩʪʨʫʤʫ. ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʜʣʷ 

mkB  ʻ ʦʜʥʦʨʽʜʥʠʤʠ. ɼʞʝʨʝʣʦ ʧʦʣʷ ʟʘʜʘʥʦ ʥʘ ʩʬʝʨʽ ʨʘʜʽʫʩʫ 0r  ʫ ʚʠʛʣʷʜʽ  

( ) ()0,mk mkB r t F t= ,     (2.94) 

ʜʝ ()mkF t  ʻ ʜʦʚʽʣʴʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʯʘʩʫ, m ʽ k  ʦʧʠʩʫʶʪʴ ʢʫʪʦʚʫ ʟʘʣʝʞʥʽʩʪʴ ʧʦʣʷ 

ʜʞʝʨʝʣʘ ʥʘ ʩʬʝʨʽ. ɿʚʘʞʫʶʯʠ ʥʘ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ, ʙʫʜʝʤʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʪʽʣʴʢʠ 

ʭʚʠʣʽ, ʱʦ ʚʠʭʦʜʷʪʴ ʟ ʜʞʝʨʝʣʘ, ʙʦ ʚʽʜʩʫʪʥʽ ʭʚʠʣʽ, ʱʦ ʧʘʜʘʶʪʴ ʟ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʥʘ 

ʜʞʝʨʝʣʦ.  

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʩʧʨʦʱʝʥʥʷ ʟʘʜʘʯʽ, ʟʘʩʪʦʩʫʻʤʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ ʜʦ 

ʟʘʧʠʩʘʥʠʭ ʚʠʱʝ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ ʢʦʝʬʽʮʽʻʥʪʫ ( ),mkB r t . ʄʠ 

ʦʪʨʠʤʘʻʤʦ 

( ) ( )( )
2 2 2

2 2

2 2
1 , 0,mk

r s
r m m r B r s

r c

ë ûå õµ
- + + =ì üæ ö

µ ç ÷í ý
  (2.95) 

ʜʝ s ï ʧʘʨʘʤʝʪʨ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ. ɿʘʛʘʣʴʥʠʤ ʨʦʟʚôʷʟʢʦʤ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ [151] 

 ̒

( ) () ()3 2

1 1 2 2 1 2,mk m m

s s
B r s r C s J i r C s J i r

c c

-

+ - -

å õå õ å õ
= +æ ö æ öæ ö

ç ÷ ç ÷ç ÷
, (2.96) 
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ʜʝ ()J zn  ï ʬʫʥʢʮʽʷ ɹʝʩʩʝʣʷ ʧʝʨʰʦʛʦ ʨʦʜʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʜʦʤʽ ʧʦʜʘʥʥʷ 

ʬʫʥʢʮʽʾ ɹʝʩʩʝʣʷ ʥʘʧʽʚʮʽʣʦʛʦ ʧʦʨʷʜʢʫ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʨʦʟʚôʷʟʦʢ ʫ ʚʠʛʣʷʜʽ  

( ) 1

1 2

1 1
,

m s s
r r

m c c
mk

d
B r s r C e C e

r dr r

-
-

å õå õå õ
= +æ öæ öæ öæ öç ÷ ç ÷ç ÷

.  (2.97) 

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʪʽʣʴʢʠ ʭʚʠʣʽ, ʱʦ ʚʠʭʦʜʷʪʴ ʟ ʜʞʝʨʝʣʘ, ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ 

2 0C ¹ . ʂʦʝʬʽʮʽʻʥʪ 1C  ʟʥʘʭʦʜʠʪʴʩʷ ʟ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ  

( ) ()

0

1

0

1 1

,
1 1

m s
r

c
m

mk mk m s
r

c

r r

d
e

r dr rr
B r s F s

r d
e

r dr r

-

-

-

=

å õå õ
æ öæ ö

å õ ç ÷ç ÷
= æ ö

å õç ÷å õ
æ öæ ö

ç ÷ç ÷

.  (2.98) 

ʇʽʩʣʷ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʚʠʨʘʟ ʜʣʷ ( ),mkB r s  ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ 

( ) ()
( )

()
( )0 0

2 2 1

0 0

0

,

ms s m
r r r r

c c
mk mk mk

m

sr
Q

r r c
B r s F s e F s e

srr r
P

c

+ -
- - - -

å õ
æ ö

å õ å õ ç ÷
= +æ ö æ ö

å õç ÷ ç ÷
æ ö
ç ÷

, (2.99) 

ʜʝ ()1mQ x-  ʽ ()mP x   ʧʦʣʽʥʦʤʠ ʩʪʝʧʝʥ ̫ 1m-  ʽ m ʚʽʜʧʦʚʽʜʥʦ, 

( ) 2 1 1 1
1

ms s
r rm mc c

m

sr d
P e r e

c r dr r

-
+

å õå õ å õ
= - æ öæ ö æ ö

ç ÷ ç ÷ç ÷
;   (2.100) 

0
1

0

m

m m m

srsr sr r
Q P P

c c r c
-

å õ å õå õ å õ
= -æ öæ ö æ ö æ ö

ç ÷ ç ÷ ç ÷ç ÷
.   (2.101) 

ʇʽʩʣʷ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʧʨʦʩʪʦʨʫ ʦʨʠʛʽʥʘʣʽʚ, ʘʤʧʣʽʪʫʜʘ ʧʦʟʜʦʚʞʥʴʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʫ ʬʦʨʤʽ ʦʧʝʨʘʪʦʨʘ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʭʚʠʣʽ [152] 

( ) ( )
2 2

0 0 0 0, ,

m

mk mk mk m

r r r r r r
B r t F t F t G r t

r c r c

+
- -å õ å õ å õ å õ

= - + - *æ ö æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷ ç ÷

, (2.102) 

ʜʝ * ʧʦʟʥʘʯʘʻ ʦʧʝʨʘʮʽʶ ʟʛʦʨʪʢʠ,  



93 

 

( )
( )
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1
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,
l

l
cmm t
r

m

l l
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Q

r
G r t e
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-

=

å õ
æ ö
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=
¡

ä ,    (2.103) 

la ï ʧʨʦʩʪʽ ʢʦʨʝʥʽ ʧʦʣʽʥʦʤʫ ()mP x . ʅʘʧʨʠʢʣʘʜ, 

( ) ( ) 0

1 02

0

,

c
t

rc
G r t r r e

r

-

= - ,     (2.104) 

( ) ( ) 0

3

2

2 0 03

0 0 0

3 3
, 2 3 sin sin

2 6 2

c
t

rc ct ct
G r t r r e r r

r r r

p- å õå õ å õ
= - - -æ öæ ö æ öæ ö

ç ÷ ç ÷ç ÷
. (2.105) 

ɺʠʜʥʦ, ʱʦ ʧʝʨʰʘ ʩʢʣʘʜʦʚʘ ʫ ʚʠʨʘʟʽ ʜʣʷ ( ),mkB r t  ʩʧʽʚʧʘʜʘʻ ʟ ʨʦʟʚôʷʟʢʦʤ 

ʟʘʜʘʯʽ ʜʣʷ ʩʬʝʨʠʯʥʦ ʩʠʤʝʪʨʠʯʥʦʛʦ ʜʞʝʨʝʣʘ ( )0 ,B r t , ʽʥʰʽ ʩʢʣʘʜʦʚʽ ʦʧʠʩʫʶʪʴ 

ʯʘʩʪʠʥʠ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʭʚʠʣʽ, ʷʢʽ ʟʘʧʽʟʥʶʶʪʴʩʷ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʟʘʜʘʯʽ ʫ ʚʠʧʘʜʢʫ ʥʝʥʫʣʴʦʚʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʅʝʡʤʘʥʘ, 

ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ [153] 

( ) ( )
3

0 0 Ĕ, , ,

m

mk mk m

r r r
B r t r G t G r t

r c

+
-å õ å õ

= - *æ ö æ ö
ç ÷ ç ÷

   (2.106) 

ʜʝ  

( ) 0

3

2

1 02
0 00

3 3Ĕ , 2 3 sin sin
2 6 23

c
t

rc ct ct
G r t e r r

r rr

p- å õå õ å õ
= - -æ öæ ö æ öæ ö

ç ÷ ç ÷ç ÷
. (2.107) 

 

2.2.7 ʏʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ  

 

ɼʣʷ ʽʣʶʩʪʨʘʮʽʾ ʫ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʤʘʣʫ ʧʝʪʣʶ ʨʘʜʽʫʩʫ 0 0,01r =  ʤ 

ʟ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦʶ ʪʦʚʱʠʥʦʶ, ʯʝʨʝʟ ʷʢʫ ʧʨʦʪʽʢʘʻ ʟʙʫʜʞʫʶʯʠʡ ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ 

ʩʪʨʫʤ ʟ ʯʘʩʦʚʦʶ ʟʘʣʝʞʥʽʩʪʶ ʫ ʬʦʨʤʽ ʢʦʨʦʪʢʦʛʦ ʽʤʧʫʣʴʩʫ  

() () ( )( )
1 2

1 cos
2

t
f t H t H t T

T

på õå õ
= - - -æ öæ ö

ç ÷ç ÷
,  (2.108) 

ʜʝ T = 1 ʥʩ. 
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ʃʝʛʢʦ ʧʝʨʝʢʦʥʘʪʠʩʴ, ʱʦ ʪʘʢʝ ʜʞʝʨʝʣʦ ʧʦʚʠʥʥʦ ʚʠʧʨʦʤʽʥʶʚʘʪʠ ʣʠʰʝ ʅ-

ʭʚʠʣʶ, ʽ ʱʦ ʚʦʥʦ ʥʝ ʟʙʫʜʞʫʻ ʥʫʣʴʦʚʦʾ ʤʦʜʠ. ɿʘʜʘʯʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʧʦʩʪʘʚʣʝʥʘ ʘʙʦ ʫ ʬʦʨʤʽ ʟʘʜʘʯʽ ʜʣʷ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʝʚʦʣʶʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʫ 

ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʟ ʦʜʥʦʨʽʜʥʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʽ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʘʙʦ ʫ 

ʬʦʨʤʽ ʟʘʜʘʯʽ ʜʣʷ ʦʜʥʦʨʽʜʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟ ʦʜʥʦʨʽʜʥʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʪʘ 

ʥʝʦʜʥʦʨʽʜʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʅʝʡʤʘʥʘ. ʈʦʟʛʣʷʥʝʤʦ ʜʣʷ ʧʨʠʢʣʘʜʫ ʦʩʪʘʥʥʶ 

ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ, ʜʣʷ ʯʦʛʦ ʧʝʨʝʪʚʦʨʠʤʦ ʟʘʜʘʥʠʡ ʩʪʨʫʤ ʧʝʪʣʽ ʫ ʝʢʚʽʚʘʣʝʥʪʥʝ 

ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʥʘ ʩʬʝʨʽ ʨʘʜʽʫʩʫ 0r . 

ʆʯʝʚʠʜʥʦ, ʱʦ ʟʙʫʜʞʝʥʥʷ ʧʝʪʣʽ ʪʦʯʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʟ ʚʠʱʝʚʢʘʟʘʥʦʶ 

ʯʘʩʦʚʦʶ ʟʘʣʝʞʥʽʩʪʶ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʷʚʦʶ ʟʥʘʯʥʦʛʦ ʽʥʜʫʢʦʚʘʥʦʛʦ ʩʪʨʫʤʫ, ʷʢʝ 

ʧʦʤʽʪʥʦ ʟʤʽʥʶʻ ʯʘʩʦʚʫ ʟʘʣʝʞʥʽʩʪʴ ʧʦʚʥʦʛʦ ʩʪʨʫʤʫ. ʎʷ ʟʤʽʥʘ ʯʘʩʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʩʪʨʫʤʫ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʥʘʧʨʷʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʝʪʦʜʫ 

ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ (FDTD). ʅʦʨʤʦʚʘʥʘ ʯʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ 

ʟʙʫʜʞʫʶʯʦʛʦ ʩʪʨʫʤʫ ʽ ʧʦʚʥʦʛʦ ʩʪʨʫʤʫ, ʪʦʙʪʦ ʩʫʤʠ ʟʙʫʜʞʫʶʯʦʛʦ ʪʘ ʥʘʚʝʜʝʥʦʛʦ, 

ʷʢʽ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʝʪʦʜʫ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ, 

ʧʦʢʘʟʘʥʽ ʥʘ ʈʠʩ. 2.1. ʊʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʘʥʽ ʢʨʠʚʘ 1, ʥʽ ʢʨʠʚʘ 2 ʪʦʯʥʦ ʥʝ 

ʚʠʟʥʘʯʘʶʪʴ ʯʘʩʦʚʫ ʟʘʣʝʞʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʨʫʤʽʚ ʚ ʫʤʦʚʘʭ ʧʨʘʢʪʠʯʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʯʝʨʝʟ ʥʝʩʠʥʭʨʦʥʥʽʩʪʴ ʟʙʫʜʞʝʥʥʷ ʧʝʪʣʽ ʪʦʯʢʦʚʠʤ 

ʜʞʝʨʝʣʦʤ, ʘʣʝ ʫ ʧʦʜʘʣʴʰʦʤʫ ʤʠ ʙʫʜʝʤʦ ʟʥʝʚʘʞʘʪʠ ʮʠʤ ʯʝʨʝʟ ʪʝ, ʱʦ ʨʦʟʤʽʨʠ ʧʝʪʣʽ 

ʟʥʘʯʥʦ ʤʝʥʰʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʤʽʨʫ ʟʙʫʜʞʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ. 

ʆʜʥʦʚʠʤʽʨʥʽ ʝʚʦʣʶʮʽʡʥʽ ʨʽʚʥʷʥʥʷ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʚôʷʟʘʥʽ ʯʠʩʣʦʚʠʤ 

ʤʝʪʦʜʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʠ ʦʧʝʨʘʮʽʡ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʟʘ ʯʘʩʦʤ ʘʙʦ ʨʘʜʽʘʣʴʥʦʶ 

ʢʦʦʨʜʠʥʘʪʦʶ ʢʽʥʮʝʚʠʤʠ ʨʽʟʥʠʮʷʤʠ, ʪʦʙʪʦ ʦʜʥʦʚʠʤʽʨʥʠʤ ʤʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ 

ʨʽʟʥʠʮʴ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ (1D FDTD), ʷʢ ʮʝ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʜʣʷ ʽʥʰʦʾ ʟʘʜʘʯʽ 

ʚʽʜʥʦʩʥʦ ʨʽʚʥʷʥʥʷ ʂʣʝʡʥʘ-ɻʦʨʜʦʥʘ [154]. ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʈʠʩ. 2.2 ʪʘ ʈʠʩ. 2.3, ʜʝ ʟʦʙʨʘʞʝʥʽ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʘʤʧʣʽʪʫʜʠ 

ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

r=0,167 ʤ ʽ r=0,83 ʤ ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ 00q= .  
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ʈʠʩ. 2.1  ʅʦʨʤʦʚʘʥʽ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʩʪʨʫʤʫ ʟʙʫʜʞʫʶʯʦʛʦ ʜʞʝʨʝʣʘ (ʢʨʠʚʘ 1) ʽ 

ʧʦʚʥʦʛʦ ʩʪʨʫʤʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʠʭ ʩʪʨʫʤʽʚ (ʢʨʠʚʘ 2) 

 

 

ʂʨʠʚʽ 1 ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʘʩʦʚʽʡ ʟʘʣʝʞʥʦʩʪʽ ʟʙʫʜʞʫʶʯʦʛʦ ʩʪʨʫʤʫ, ʦʪʨʠʤʘʥʽʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʧʠʩʘʥʦʛʦ ʚʠʱʝ ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʢʨʠʚʽ 2 ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʜʥʦʚʠʤʽʨʥʦʛʦ FDTD ʤʝʪʦʜʫ ʜʣʷ ʪʘʢʦʾ ʞ ʬʦʨʤʠ ʟʙʫʜʞʫʶʯʦʛʦ ʩʪʨʫʤʫ, ʢʨʠʚʽ 3 

ʦʜʝʨʞʘʥʽ ʪʨʠʚʠʤʽʨʥʠʤ ʯʠʩʣʦʚʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʤʝʪʦʜʦʤ FDTD, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ 

ʩʧʦʪʚʦʨʝʥʥʷ ʯʘʩʦʚʦʾ ʬʦʨʤʠ ʩʪʨʫʤʫ ʪʘ ʥʝʩʠʥʭʨʦʥʥʽʩʪʴ ʟʙʫʜʞʝʥʥʷ ʚʩʽʻʾ ʧʦʚʝʨʭʥʽ 

ʧʝʪʣʽ. ɺʠʜʥʦ, ʱʦ ʢʨʠʚʽ 1 ʽ 2 ʥʘ ʦʙʦʭ ʨʠʩʫʥʢʘʭ ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʣʘʚʥʫ ʟʤʽʥʫ ʯʘʩʦʚʦʾ 

ʬʦʨʤʠ ʘʤʧʣʽʪʫʜʠ ʧʦʣʷ ʚʽʜ ʬʦʨʤʠ ʟʙʫʜʞʫʶʯʦʛʦ ʩʪʨʫʤʫ ʫ ʙʣʠʞʥʽʡ ʟʦʥʽ (ʜʠʚ. 

ʈʠʩ. 2.2) ʜʦ ʬʦʨʤʠ ʡʦʛʦ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ (ʜʠʚ. ʈʠʩ. 2.3) ʫ ʜʘʣʴʥʽʡ ʟʦʥʽ.  
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ʈʠʩ. 2.2  ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʜʣʷ 

0,167r= ʤ, 
00q=  (1 ï ʤʝʪʦʜ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ, 2 ï ʦʜʥʦʚʠʤʽʨʥʠʡ FDTD, 3 ï 

ʪʨʠʚʠʤʽʨʥʠʡ FDTD ʤʝʪʦʜ) 

 

 

ʈʠʩ. 2.3  ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʜʣʷ 

r=0,83 ʤ, 00q=  (1 ï ʤʝʪʦʜ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ, 2 ï ʦʜʥʦʚʠʤʽʨʥʠʡ FDTD, 3 ï 

ʪʨʠʚʠʤʽʨʥʠʡ FDTD ʤʝʪʦʜ) 
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ʈʦʟʛʣʷʥʝʤʦ ʟʥʘʯʥʦ ʙʽʣʴʰ ʩʢʣʘʜʥʠʡ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʚʠʱʝʦʧʠʩʘʥʠʡ 

ʚʠʧʨʦʤʽʥʶʚʘʯ ʦʪʦʯʝʥʠʡ ʩʬʝʨʠʯʥʠʤ ʰʘʨʦʤ ʨʘʜʽʘʣʴʥʦ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʟ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ  

()
( )

2
1

2

4

11

r r

hr ee e

- -

= +     (2.109) 

 

[155], ʜʝ 1 4e= , ʝʬʝʢʪʠʚʥʠʡ ʨʘʜʽʫʩ ʩʬʝʨʠ 1 0,6r = ʤ ʽ ʝʬʝʢʪʠʚʥʘ ʪʦʚʱʠʥʘ ʰʘʨʫ 

0,01h=  ʤ. ɼʘʥʘ ʧʨʦʙʣʝʤʘ ʤʦʞʝ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʦ ʽ ʰʚʠʜʢʦ ʨʦʟʚôʷʟʘʥʘ 

ʦʜʥʦʚʠʤʽʨʥʠʤ FDTD ʤʝʪʦʜʦʤ. ʈʦʟʤʽʨ ʢʨʦʢʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʙʠʨʘʚʩʷ ʽʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʥʘʡʰʚʠʜʰʦʾ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʨʝʜʦʚʠʱʘ ʚʟʜʦʚʞ 

ʨʘʜʽʘʣʴʥʦʛʦ ʥʘʧʨʷʤʢʫ r  ʽ ʯʘʩʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟʙʫʜʞʫʶʯʦʛʦ ʩʪʨʫʤʫ. 

ʏʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʘʤʧʣʽʪʫʜʠ ʨʘʜʽʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʈʠʩ. 2.4 ʪʘ ʈʠʩ. 2.5 ʜʣʷ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ r= 0,167 ʤ ʽ r=

0,83 ʤ, ʪʦʙʪʦ ʚʩʝʨʝʜʠʥʽ ʪʘ ʟʟʦʚʥʽ ʩʬʝʨʠ ʚʽʜʧʦʚʽʜʥʦ. ʂʨʠʚʽ 1 ʦʪʨʠʤʘʥʽ ʜʣʷ ʚʠʧʘʜʢʫ 

ʚʠʭʽʜʥʦʾ ʯʘʩʦʚʦʾ ʬʦʨʤʠ ʟʙʫʜʞʫʶʯʦʛʦ ʩʪʨʫʤʫ (ʢʨʠʚʘ 1 ʥʘ ʈʠʩ. 2.1), ʢʨʠʚʽ 3 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʧʨʘʚʣʝʥʽʡ ʬʦʨʤʽ ʩʪʨʫʤʫ (ʢʨʠʚʘ 2 ʥʘ ʈʠʩ. 2.1), ʢʨʠʚʽ 3 ʦʜʝʨʞʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʪʘʢʦʞ ʥʝʩʠʥʭʨʦʥʥʽʩʪʴ 

ʟʙʫʜʞʝʥʥʷ ʧʝʪʣʽ. ʇʨʠʯʦʤʫ, ʢʨʠʚʽ 2 ʨʦʟʨʘʭʦʚʘʥʽ ʫ ʥʘʙʣʠʞʝʥʥʽ ʧʦʢʨʠʪʪʷ 

ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʩʬʝʨʠʯʥʠʤ ʜʽʝʣʝʢʪʨʠʯʥʠʤ ʰʘʨʦʤ ʟ ʦʜʥʦʨʽʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ 

5e=  ʪʘ ʟ ʪʦʚʱʠʥʦʶ ʰʘʨʫ h=0,01 ʤ.  

ʍʚʠʣʽ, , ʱʦ ʧʨʠʡʰʣʠ ʚʽʜ ʧʝʪʣʽ (ct =0,17 ʤ), ʚʽʜʙʠʪʽ ʚʽʜ ʩʬʝʨʠʯʥʦʛʦ ʰʘʨʫ ʦʜʠʥ 

ʨʘʟ (ct =1 ʤ) ʪʘ ʜʚʘ ʨʘʟʠ (ct =2,2 ʤ), ʜʦʙʨʝ ʚʠʜʥʦ ʥʘ ʈʠʩ. 2.4. ʍʚʠʣʽ, ʱʦ ʧʨʦʡʰʣʠ 

ʢʨʽʟʴ ʩʬʝʨʠʯʥʠʡ ʰʘʨ, ʟʦʙʨʘʞʝʥʦ ʥʘ ʈʠʩ. 2.5, ʧʨʠʯʦʤʫ ʦʜʠʥ ʽʤʧʫʣʴʩ ʙʫʚ ʚʽʜʙʠʪʠʡ 

ʚʽʜ ʧʨʦʪʠʣʝʞʥʦʾ ʩʪʦʨʦʥʠ ʩʬʝʨʠ (ct = 2,1 ʤ). ɺʠʜʥʦ, ʱʦ ʢʦʨʝʢʮʽʷ ʯʘʩʦʚʦʾ ʬʦʨʤʠ 

ʟʙʫʜʞʫʶʯʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʦʪʨʠʤʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʠʚʠʤʽʨʥʦʛʦ FDTD ʤʝʪʦʜʫ, ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʦʜʥʦʚʠʤʽʨʥʦʤʫ FDTD ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʜʘʻ ʟʘʜʦʚʽʣʴʥʫ ʪʦʯʥʽʩʪʴ 

ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʽʟ ʟʥʘʯʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʯʘʩʫ ʨʦʟʨʘʭʫʥʢʫ.  
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ʈʠʩ. 2.4  ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʘʤʧʣʽʪʫʜʠ ʨʘʜʽʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʜʣʷ 

r=0,167 ʤ, 
00q= (1 ï ʯʠʩʣʦʚʠʡ ʨʦʟʚôʷʟʦʢ ʜʣʷ ʟʘʜʘʥʦʛʦ ʩʪʨʫʤʫ ʟʦʚʥʽʰʥʴʦʛʦ 

ʜʞʝʨʝʣʘ (1D FDTD ʤʝʪʦʜ), 2 ï ʪʨʠʚʠʤʽʨʥʠʡ ʯʠʩʣʦʚʠʡ ʨʦʟʚôʷʟʦʢ (3D FDTD ʤʝʪʦʜ), 

3 ï ʯʠʩʣʦʚʠʡ ʨʦʟʚôʷʟʦʢ ʜʣʷ ʟʘʜʘʥʦʛʦ ʩʪʨʫʤʫ, ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʽʥʜʫʢʦʚʘʥʠʭ ʩʪʨʫʤʽʚ (1D FDTD) 

 

ɿʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʽʤʧʫʣʴʩʽʚ ʥʘ ʢʨʠʚʠʭ 2 ʽ 3 ʧʦʷʩʥʶʻʪʴʩʷ ʨʦʟʰʠʨʝʥʥʷʤ 

ʟʙʫʜʞʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ, ʱʦ ʧʦʢʘʟʘʥʠʡ ʥʘ ʈʠʩ. 2.1, ʪʘ ʥʝʩʠʥʭʨʦʥʥʽʩʪʶ ʟʙʫʜʞʝʥʥʷ 

ʧʝʪʣʽ (ʢʨʠʚʘ 2). ɿʛʽʜʥʦ ʦʩʥʦʚʥʦʾ ʽʜʝʾ ʨʦʟʢʣʘʜʫ ʧʦʣʽʚ ʧʦ ʚʣʘʩʥʠʤ ʤʦʜʘʤ, ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʘʤʧʣʽʪʫʜ ʧʦʣʽʚ ʤʠ ʧʦʚʠʥʥʽ ʨʦʟʨʘʭʫʚʘʪʠ ʘʤʧʣʽʪʫʜʠ ʧʝʚʥʦʾ, ʤʦʞʣʠʚʦ, 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʦʜ, ʘʣʝ ʥʘʚʽʪʴ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʪʦʯʢʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʥʘʙʣʠʞʝʥʽ ʜʦ ʧʝʪʣʽ, ʜʦʩʪʘʪʥʴʦ ʨʦʟʨʘʭʫʚʘʪʠ ʘʤʧʣʽʪʫʜʠ ʪʽʣʴʢʠ ʜʝʢʽʣʴʢʦʭ ʤʦʜ. ʎʝ 
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ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʥʘ ʈʠʩ. 2.6, ʜʝ ʧʦʙʫʜʦʚʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ 

ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʤʦʜ ʜʦ 

ʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʩʢʽʥʯʝʥʥʦʾ ʢʽʣʴʢʦʩʪʽ ʤʦʜ ʜʣʷ 

ʙʣʠʟʴʢʠʭ ʚʽʜʩʪʘʥʝʡ r ʚʽʜ ʧʝʪʣʽ. ɺʠʜʥʦ, ʱʦ ʜʣʷ ʚʽʜʩʪʘʥʝʡ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʙʽʣʴʰʠʭ 

ʥʽʞ ʜʚʘ ʨʘʜʽʫʩʠ ʧʝʪʣʽ, ʜʦʩʪʘʪʥʴʦ ʚʨʘʭʫʚʘʪʠ ʪʽʣʴʢʠ ʪʨʠ ʧʝʨʰʽ ʤʦʜʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʟʘʜʦʚʽʣʴʥʦʾ ʪʦʯʥʦʩʪʽ. 

 

 

ʈʠʩ. 2.5  ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʘʤʧʣʽʪʫʜʠ ʨʘʜʽʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʜʣʷ 

r=0,83 ʤ, 00q=  (1 ï ʯʠʩʣʦʚʠʡ ʨʦʟʚôʷʟʦʢ ʜʣʷ ʟʘʜʘʥʦʛʦ ʩʪʨʫʤʫ ʟʦʚʥʽʰʥʴʦʛʦ 

ʜʞʝʨʝʣʘ (1D FDTD ʤʝʪʦʜ), 2 ï ʯʠʩʣʦʚʠʡ ʨʦʟʚôʷʟʦʢ ʽʟ ʨʦʟʨʘʭʫʥʢʦʤ ʥʘʚʝʜʝʥʠʭ 

ʩʪʨʫʤʽʚ (3D FDTD ʤʝʪʦʜ), 3 ï ʯʠʩʣʦʚʠʡ ʨʦʟʚôʷʟʦʢ ʜʣʷ ʟʘʜʘʥʦʛʦ ʩʪʨʫʤʫ, 

ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʽʥʜʫʢʦʚʘʥʠʭ ʩʪʨʫʤʽʚ (1D FDTD) 
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ʈʠʩ 2.6 ï ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʰʠʭ N ʤʦʜ ʜʦ ʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʜʣʷ ʨʽʟʥʠʭ 

ʚʽʜʩʪʘʥʝʡ ʩʧʦʩʪʝʨʝʞʝʥʥʷ r. 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʩʚʦʻʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʜʣʷ 

ʚʝʣʠʢʦʨʦʟʤʽʨʥʠʭ ʟʘʜʘʯ. ʅʘʧʨʠʢʣʘʜ, ʦʜʥʦʚʠʤʽʨʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʤʦʜʝʣʴʥʦʾ ʟʘʜʘʯʽ ʧʨʦʚʦʜʠʚʩʷ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʚ ʩʧʝʢʪʨʽ ʩʠʛʥʘʣʫ 

Fmax=400 ɻɻʮ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 2 ʄʙ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʪʨʠʚʠʤʽʨʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʚ ʩʧʝʢʪʨʽ Fmax=3 ɻɻʮ, 

ʧʦʪʨʝʙʫʚʘʣʦ ʫ 200 ʨʘʟʽʚ ʙʽʣʴʰʝ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʽ ʫ 40 ʨʘʟʽʚ ʙʽʣʴʰʝ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʯʘʩʫ. ʎʝ ʟʥʘʯʠʪʴ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʘʢʦʾ ʞ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʠʚʠʤʽʨʥʦʛʦ FDTD ʤʝʪʦʜʫ ʤʠ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʫ 27000 ʨʘʟʽʚ 

ʙʽʣʴʰʝ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʝʚʦʣʶʮʽʡʥʠʭ 

ʨʽʚʥʷʥʴ ʪʘ ʦʜʥʦʚʠʤʽʨʥʦʛʦ FDTD ʤʝʪʦʜʫ [10]. ʇʦʪʨʝʙʠ ʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʯʘʩʽ 

ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʷʢ ʙʽʣʴʰʽ ʫ 5000 ʨʘʟʽʚ, ʘʣʝ ʪʘʢʘ ʦʮʽʥʢʘ ʻ ʧʨʠʙʣʠʟʥʦʶ ʽ ʤʘʢʩʠʤʘʣʴʥʦ 
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ʟʘʥʠʞʝʥʦʶ ʯʝʨʝʟ ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ, 

ʱʦ ʙʫʜʝ ʧʦʪʨʝʙʫʚʘʪʠ ʜʦʜʘʪʢʦʚʦʛʦ ʯʘʩʫ. 

 

2.3 ɺʠʩʥʦʚʢʠ ʧʦ ʨʦʟʜʽʣʫ 

 

 ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ ʟʚôʷʟʘʥʠʭ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʻ 

ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ ʫ ʧʦʧʝʨʝʯʥʦ-ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʪʘ ʧʦʟʜʦʚʞʥʴʦ 

ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʥʝʦʙʤʝʞʝʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʮʝʥʪʨʫʚʘʪʠ ʪʘ 

ʢʘʥʘʣʽʟʫʚʘʪʠ ʽʤʧʫʣʴʩʥʝ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ ʫ ʧʨʦʩʪʦʨʽ ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʤʦʜ, ʟʤʽʥʶʚʘʪʠ ʯʘʩʦʚʫ ʬʦʨʤʫ ʽ ʩʧʝʢʪʨʘʣʴʥʠʡ ʩʢʣʘʜ ʮʠʭ ʭʚʠʣʴ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʯʘʩʦʚʦʾ ʪʘ ʯʘʩʪʦʪʥʦʾ ʬʽʣʴʪʨʘʮʽʾ. ɿʘʚʜʷʢʠ ʦʜʥʦʨʘʟʦʚʦʤʫ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʜʥʦʛʦ ʪʠʧʫ ʭʚʠʣʴ ʚ ʽʥʰʠʡ, ʦʜʥʽʻʾ ʤʦʜʠ ʚ ʽʥʰʫ, ʚʠʭʽʜʥʘ ʪʨʠʚʠʤʽʨʥʘ 

ʥʝʩʪʘʮʽʦʥʘʨʥʘ ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʜʥʦʚʠʤʽʨʥʦʾ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʧʨʷʤʦʧʨʦʧʦʨʮʽʡʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʯʘʩʫ ʨʦʟʨʘʭʫʥʢʫ ʽ ʦʙʩʷʛʫ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʟʘʜʘʯ ʟʘʤʽʩʪʴ ʢʫʙʽʯʥʦʛʦ, ʱʦ ʩʪʚʦʨʶʻ ʽʩʪʦʪʥʽ 

ʧʝʨʝʚʘʛʠ ʫ ʟʘʜʘʯʘʭ ʘʥʘʣʽʟʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʟʛʘʜʘʥʠʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʩʪʨʫʢʪʫʨ. 

 ɺʧʝʨʰʝ ʜʦʚʽʣʴʥʘ ʪʨʠʚʠʤʽʨʥʘ ʟʘʜʘʯʘ ʟʙʫʜʞʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʫ ʥʝʦʙʤʝʞʝʥʦʤʫ ʨʘʜʽʘʣʴʥʦ-ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʟʚʝʜʝʥʘ ʜʦ ʩʠʩʪʝʤʠ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʦʜʥʦʚʠʤʽʨʥʠʭ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʚ 

ʩʬʝʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʦʜʠ, ʱʦ ʤʽʩʪʠʪʴ ʢʦʥʩʪʘʥʪʥʫ 

ʨʘʜʽʘʣʴʥʫ ʩʢʣʘʜʦʚʫ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʘʥʘʣʽʪʠʯʥʦ ʨʦʟʚôʷʟʘʪʠ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

ʟʘʜʘʯʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʞʝʨʝʣʘ ʥʘ ʩʬʝʨʽ ʽʟ ʜʦʚʽʣʴʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʽ 

ʜʦʚʽʣʴʥʦʶ ʯʘʩʦʚʦʶ ʟʘʣʝʞʥʽʩʪʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ, ʱʦ 

ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʽʚ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʚʫ ʩʢʣʘʜʥʦʾ 

ʧʨʦʩʪʦʨʦʚʾ ʬʦʨʤʠ ʥʘ ʘʥʪʝʥʘʭ ʙʦʨʪʦʚʦʛʦ ʙʘʟʫʚʘʥʥʷ, ʷʢʠʡ ʧʦʨʦʜʞʫʻ ʧʘʨʘʟʠʪʥʽ 

ʚʽʜʙʠʪʪʷ ʽʤʧʫʣʴʩʽʚ. ɺʨʘʭʫʚʘʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʮʽʣʝʩʧʨʷʤʦʚʘʥʫ 

ʯʘʩʦʚʫ ʘʙʦ ʯʘʩʪʦʪʥʫ ʬʽʣʴʪʨʘʮʽʶ ʧʨʠʡʥʷʪʠʭ ʭʚʠʣʴ ʟ ʤʝʪʦʶ ʢʦʤʧʝʥʩʘʮʽʾ 

ʚʠʱʝʟʛʘʜʘʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ. ʇʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʫ 

ʘʤʧʣʽʪʫʜʽ ʪʘ ʯʘʩʦʚʽʡ ʬʦʨʤʽ ʭʚʠʣʴ ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʦʩʷʛʘʪʠ ʢʦʤʙʽʥʘʮʽʻʶ 
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ʘʥʘʣʽʪʠʯʥʦʛʦ ʝʚʦʣʶʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʽʟ ʫʪʦʯʥʝʥʥʷʤ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʦʚʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʥʘ ʜʞʝʨʝʣʽ ʪʨʠʚʠʤʽʨʥʠʤ ʯʠʩʣʦʚʠʤ ʤʝʪʦʜʦʤ ʽʟ ʤʦʞʣʠʚʽʩʪʶ, ʟʘ 

ʥʝʦʙʭʽʜʥʽʩʪʶ, ʧʦʜʘʣʴʰʦʛʦ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʯʠʩʣʦʚʦʛʦ ʦʙʨʘʭʫʥʢʫ ʧʦʰʠʨʝʥʥʷ ʧʦʣʷ 

ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ ʫ ʚʠʧʘʜʢʫ ʩʢʣʘʜʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʜʽʝʣʝʢʪʨʠʢʘ, ʷʢʫ ʤʦʞʥʘ 

ʟʘʜʘʚʘʪʠ ʥʘʚʽʪʴ ʧʦʪʦʯʢʦʚʦ. ʊʘʢʠʡ ʢʦʤʙʽʥʦʚʘʥʠʡ ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʜʣʷ ʟʘʜʘʯʽ ʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʚʽʜʩʪʘʥʽ ʫ ʜʚʽ 

ʧʨʦʩʪʦʨʦʚʽ ʪʨʠʚʘʣʦʩʪʽ ʚʠʧʨʦʤʽʥʝʥʦʛʦ ʽʤʧʫʣʴʩʫ ʝʢʦʥʦʤʽʶ ʫ ʯʘʩʽ ʨʦʟʨʘʭʫʥʢʫ 

ʙ̔ ʣʴʰʝ ʥʽʞ ʥʘ ʪʨʠ ʧʦʨʷʜʢʠ, ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ï ʙʽʣʴʰʝ ʥʽʞ ʥʘ ʯʦʪʠʨʠ ʧʦʨʷʜʢʠ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʧʦʧʫʣʷʨʥʠʤ ʧʨʷʤʠʤ ʯʠʩʣʦʚʠʤ ʧʽʜʭʦʜʦʤ ʥʘ ʦʩʥʦʚʽ ʪʨʠʚʠʤʽʨʥʦʛʦ 

ʤʝʪʦʜʫ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ ʫ ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. ʎ  ̫ʧʝʨʝʚʘʛʘ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ 

ʝʬʝʢʪʠʚʥʫ ʦʧʪʠʤʽʟʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʽʤʧʫʣʴʩʥʠʭ ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʩʠʩʪʝʤ ʚʝʣʠʢʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ, ʜʦʩʷʛʘʪʠ ʤʽʥʽʤʽʟʘʮʽʾ ʯʘʩʦʚʠʭ ʩʧʦʪʚʦʨʝʥʴ ʭʚʠʣʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʦʢʨʠʪʴ ʽʟ ʧʣʘʚʥʦʶ ʟʤʽʥʦʶ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʟʜʦʚʞ 

ʨʘʜʽʫʩʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʨʦʙʦʪʘʭ ʘʚʪʦʨʘ [10, 147, 146, 3, 150, 

152, 153, 155] 
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ʈʆɿɼɯʃ 3 

ʈʆɿʇʆɺʉʖɼɾɽʅʅʗ ʅɽʉʊɸʎɯʆʅɸʈʅʀʍ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʀʍ 

ʍɺʀʃʔ ʋ ʅɽʃɯʅɯʁʅʆʄʋ ʉɽʈɽɼʆɺʀʑɯ 

 

 

3.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʚʠʭʽʜʥʽ ʜʘʥʽ 

 

ʈʦʟʛʣʷʜ ʮʽʻʾ ʟʘʜʘʯʽ ʧʨʦʚʝʜʝʤʦ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʚôʷʟʢʽʚ ʣʽʥʽʡʥʠʭ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʟʘʜʘʯ ʜʣʷ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʫ ʚʠʛʣʷʜʽ ʘʧʝʨʪʫʨʠ [43]. ʇʽʜʢʨʝʩʣʠʤʦ, 

ʱʦ ʜʣʷ ʥʘʩ ʚʘʞʣʠʚʦ ʟʙʝʨʽʛʘʪʠ ʘʥʘʣʽʪʠʯʥʫ ʯʘʩʦʚʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʩʠʣʠ ʩʪʨʫʤʫ-

ʟʙʫʜʥʠʢʘ, ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʧʦʨʽʚʥʷʥʥʷ ʽʟ 

ʧʦʧʝʨʝʜʥʽʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʛʣʷʥʝʤʦ ʣʠʰʝ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʥʷ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ. 

ʗʢʱʦ ʜʣʷ ʣʽʥʽʡʥʠʭ ʟʘʜʘʯ ʮʝ ʜʦʟʚʦʣʷʻ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʛʨʘʣʫ ɼʶʘʤʝʣʷ 

ʫʟʘʛʘʣʴʥʠʪʠ ʦʪʨʠʤʘʥʠʡ ʨʦʟʚôʷʟʦʢ ʥʘ ʜʦʚʽʣʴʥʫ ʯʘʩʦʚʫ ʟʘʣʝʞʥʽʩʪʴ ʜʞʝʨʝʣʘ, ʪʦ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʮʝ ʥʝ ʤʘʻ ʪʘʢʦʾ ʚʠʟʥʘʯʥʦʾ ʨʦʣʽ ʯʝʨʝʟ ʪʝ, ʱʦ ʚ ʥʽʡ ʧʨʠʥʮʠʧ 

ʩʫʧʝʨʧʦʟʠʮʽʾ ʥʝ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ.  

ʉʫʪʥʽʩʪʴ ʝʚʦʣʶʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʟʘʜʘʯ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʥʘ ʢʦʨʦʪʢʦ 

ʚʠʢʣʘʩʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [39]. ʋ ʧʣʦʱʠʥʽ 0z=  ʟʥʘʭʦʜʠʪʴʩʷ ʜʞʝʨʝʣʦ ʽʟ ʟʘʜʘʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʩʪʦʨʦʥʥʴʦʛʦ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʦʣʷ ʘʙʦ ʩʪʨʫʤʫ, ʧʦʚ'ʷʟʘʥʦʛʦ ʽʟ 

ʛʫʩʪʠʥʦʶ ʩʪʦʨʦʥʥʽʭ ʟʘʨʷʜʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ ʥʝʧʝʨʝʨʚʥʦʩʪʽ  

 

0 0div 0j
t

µ
+ r =
µ

.      (3.1) 

 

ɺʽʣʴʥʠʡ ʥʘʧʽʚʧʨʦʩʪʽʨ ʤʦʞʝ ʙʫʪʠ ʟʘʧʦʚʥʝʥʠʡ ʥʝʣʽʥʽʡʥʠʤ ʰʘʨʫʚʘʪʦ-

ʥʝʦʜʥʦʨʽʜʥʠʤ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʦʧʦʚʥʶʻʪʴʩʷ 

ʧʦʯʘʪʢʦʚʠʤʠ ʽ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʧʦʣʷ. ʅʝʥʫʣʴʦʚʽ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ 

ʩʣʫʛʫʶʪʴ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʦʣʷ, ʱʦ ʙʫʣʦ ʟʙʫʜʞʝʥʝ ʫ 
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ʧʝʚʥʦʤʫ ʦʙôʻʤʽ, ʨʦʟʧʦʜʽʣ ʫ ʷʢʦʤʫ ʫ ʧʦʯʘʪʢʦʚʠʡ ʯʘʩ ʟʘʜʘʥʠʡ. ʅʝʥʫʣʴʦʚʽ ʛʨʘʥʠʯʥʽ 

ʫʤʦʚʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʜʘʯʽ, ʢʦʣʠ ʜʞʝʨʝʣʦʤ ʻ ʟʘʜʘʥʝ ʥʝʩʪʘʮʽʦʥʘʨʥʝ ʧʦʣʝ ʥʘ ʧʝʚʥʽʡ 

ʧʣʦʱʠʥʽ, ʱʦ ʦʙʤʝʞʫʻ ʦʙôʻʤ, ʚ ʷʢʦʤʫ ʰʫʢʘʻʪʴʩʷ ʧʦʣʝ. 

ʉʧʦʯʘʪʢʫ ʨʽʚʥʷʥʥʷ ʄʘʢʩʚʝʣʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ ʥʦʨʤʘʣʴʥʦ-

ʪʘʥʛʝʥʮʽʘʣʴʥʽʡ ʬʦʨʤʽ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʰʣʷʭʦʤ ʧʽʜʩʪʘʥʦʚʦʢ ʚʠʢʣʶʯʠʪʠ ʟ ʨʽʚʥʷʥʴ 

ʧʦʟʜʦʚʞʥʽ ʢʦʤʧʦʥʝʥʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʄʘʪʨʠʯʥʠʡ ʚʠʜ ʦʪʨʠʤʘʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʫʚʘʪʠ ʜʚʘ ʦʧʝʨʘʪʦʨʠ ʫ ʧʦʧʝʨʝʯʥʽʡ ʧʣʦʱʠʥʽ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʢʣʘʜʘʪʠ ʝʣʝʤʝʥʪʠ, ʥʘ ʷʢʽ ʜʽʶʪʴ ʮʽ ʦʧʝʨʘʪʦʨʠ, ʫ 

ʨʷʜ ʌʫʨôʻ-ɹʝʩʩʝʣʷ, ʤʦʞʥʘ ʜʦʚʝʩʪʠ, ʱʦ ʮʽ ʦʧʝʨʘʪʦʨʠ ʻ ʩʘʤʦʩʧʨʷʞʝʥʠʤʠ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʝʤʠ ɺʝʡʣʷ ʧʨʦ ʦʨʪʦʛʦʥʘʣʴʥʽ ʨʦʟʙʠʪʪʷ ʛʽʣʴʙʝʨʪʦʚʦʛʦ ʧʨʦʩʪʦʨʫ 

ʜʦʚʝʜʝʥʘ ʧʦʚʥʦʪʘ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʢʣʘʜʝʥʥʷ ʧʦʣʽʚ ʧʦ ʚʣʘʩʥʠʤ ʬʫʥʢʮʽʷʤ ʮʠʭ 

ʦʧʝʨʘʪʦʨʽʚ. ʇʽʜʩʪʘʥʦʚʢʘ ʮʴʦʛʦ ʨʦʟʢʣʘʜʫ ʜʦ ʚʠʭʽʜʥʠʭ ʨʽʚʥʷʥʴ ʄʘʢʩʚʝʣʣʘ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʮʴʦʛʦ ʨʦʟʢʣʘʜʫ ʰʣʷʭʦʤ ʨʦʟʚôʷʟʘʥʥʷ 

ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʥʝʟʘʣʝʞʥʝ ʧʦʰʠʨʝʥʥʷ ʅ- ʽ ɽ-ʭʚʠʣʴ ʫ 

ʙʝʟʤʝʞʥʦʤʫ ʥʘʧʽʚʧʨʦʩʪʦʨʽ, ʱʦ ʟʘʧʦʚʥʝʥʠʡ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ ʥʝʦʜʥʦʨʽʜʥʠʤ ʧʦ ʦʩʽ 

ʆZ ʩʝʨʝʜʦʚʠʱʝʤ: 
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ɽ - ʭʚʠʣʽ: 
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ʜʝ  
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  (3.6) 

ʌʫʥʢʮʽʾ ( ), ;my r f c ̔  ( ), ;nj r f x ʚʠʟʥʘʯʘʶʪʴ ʨʦʟʧʦʜʽʣ ʧʦʟʜʦʚʞʥʽʭ ʢʦʤʧʦʥʝʥʪ 

ʧʦʣʷ ʚ ʧʦʧʝʨʝʯʥʽʡ ʧʣʦʱʠʥʽ ʧʦ ʢʫʪʫ f (ʽʥʜʝʢʩʠ m, n) ʽ ʧʦ r (ʩʧʝʢʪʨʘʣʴʥʽ 

ʧʘʨʘʤʝʪʨʠ ,cx). ɼʞʝʨʝʣʘ ʤʦʞʥʘ ʟʘʜʘʚʘʪʠ ʘʙʦ ʚ ʧʨʘʚʠʭ ʯʘʩʪʠʥʘʭ ʨʽʚʥʷʥʴ 

ʂʣʝʡʥʘ-ɻʦʨʜʦʥʘ, ʨʦʟʚ'ʷʟʫʶʯʠ ʥʝʦʜʥʦʨʽʜʥʽ ʨʽʚʥʷʥʥʷ ʟ ʦʜʥʦʨʽʜʥʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ 

(ʛʨʘʥʠʯʥʠʤʠ) ʫʤʦʚʘʤʠ, ʘʙʦ ʟʘʜʘʚʘʪʠ ʨʦʟʧʦʜʽʣ ʧʦʣʷ ʥʘ ʧʣʦʱʠʥʽ, ʪʠʤ ʩʘʤʠʤ 

ʨʦʟʚ'ʷʟʫʶʯʠ ʦʜʥʦʨʽʜʥʽ ʨʽʚʥʷʥʥʷ ʟ ʥʝʦʜʥʦʨʽʜʥʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ (ʛʨʘʥʠʯʥʠʤʠ) 
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ʫʤʦʚʘʤʠ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʜʞʝʨʝʣʘʤʠ ʤʦʞʝ ʙʫʪʠ ʧʦʣʝ ʥʘ ʛʨʘʥʠʮʽ ʘʙʦ ʫ ʦʙôʻʤʽ, 

ʫ ʜʨʫʛʦʤʫ ï ʩʪʨʫʤʠ ʘʙʦ ʟʘʨʷʜʠ. 

ʗʢʱʦ ʤʠ ʚʠʙʝʨʝʤʦ ʫ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʩʪʨʫʤ ʥʘ ʧʝʚʥʽʡ 

ʧʣʦʱʠʥʽ, ʪʦʜʽ ʟʨʫʯʥʦ ʚ ʷʢʦʩʪʽ ʤʝʪʦʜʘ ʨʦʟʚôʷʟʘʥʥʷ ʝʚʦʣʶʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ  

2 2
2

2 2 2

1
A j

c t z

ë ûµ µ
- +c =ì ü

µ µí ý
    (3.7) 

ʚʠʙʨʘʪʠ ʤʝʪʦʜ ʬʫʥʢʮʽʾ ʈʽʤʘʥʘ [34], ʷʢʠʡ ʜʘʻ ʫ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʛʦʪʦʚʠʡ 

ʨʦʟʚôʷʟʦʢ ʯʝʨʝʟ ʢʚʘʜʨʘʪʫʨʠ 
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ʫ ʷʢʦʤʫ ʬʫʥʢʮʽʷ ɹʝʩʩʝʣʷ ʻ ʨʦʟʚ'ʷʟʢʦʤ ʜʣʷ ʧʣʦʩʢʦʛʦ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ʘʙʦ ʟʘʨʷʜʫ ʟ 

ʯʘʩʦʚʦʶ ʟʘʣʝʞʥʽʩʪʶ ʫ ʚʠʛʣʷʜʽ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʾ ɼʽʨʘʢʘ ʡ ʟ ʨʦʟʧʦʜʽʣʦʤ ʫ ʧʦʧʝʨʝʯʥʽʡ 

ʧʣʦʱʠʥʽ ʷʢ ʫ ʚʽʜʧʦʚʽʜʥʦʾ ʤʦʜʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʞʝʨʝʣʦ ʫ ʚʠʛʣʷʜʽ ʜʠʩʢʫ ʟʘʜʘʻʪʴʩʷ ʪʘʢʠʤ ʨʦʟʧʦʜʽʣʦʤ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ: 

() () ( )( )0 0 0 ( )j x A H t z H H Rd r r= - - .    (3.9) 

ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʚ ʜʘʥʽʡ ʟʘʜʘʯʽ ʪʨʝʙʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʧʦʜʘʥʠʡ ʩʪʨʫʤ ʯʝʨʝʟ ʡʦʛʦ ʨʦʟʢʣʘʜ ʧʦ ʦʪʨʠʤʘʥʦʤʫ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʨʦʟʜʽʣʽ ʙʘʟʠʩʫ 
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ʱʦ ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʧʦʨʦʜʞʫʻ ʪʽʣʴʢʠ ʜʚʽ ʢʫʪʦʚʽ ʤʦʜʠ ʧʦʣʷ 
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ʇʽʜʩʪʘʥʦʚʢʘ ʮʴʦʛʦ ʜʞʝʨʝʣʘ ʚ ʝʚʦʣʶʮʽʡʥʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʜʦʧʦʚʥʶʶʪʴʩʷ 

ʦʜʥʦʨʽʜʥʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʪʘ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ. ʗʢ ʟʘʟʥʘʯʝʥʦ, ʧʨʠʩʫʪʥʽ ʜʚʽ 

ʤʦʜʠ, ʘ ʦʪʞʝ, ʢʦʞʥʘ ʛʨʫʧʘ ʝʚʦʣʶʮʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʦʤʘ 

ʬʫʥʢʮʽʷʤʠ. ɺʠʧʠʰʝʤʦ ʩʠʩʪʝʤʫ ʝʚʦʣʶʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʟ ʦʛʣʷʜʦʤ ʥʘ ʫʤʦʚʠ ʟʘʜʘʯʽ: 
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2 2
2

2 2 2
( , ; );m m

m m

h h
h j z t

ʩ t z

em
n n

µ µ
- + =

µ µ
    (3.12) 

;h m
m

h
I

z

µ
=
µ

      (3.13) 

.h m
m

h
V

c t

mµ
=-

µ
      (3.14) 

ɯʥʰʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. ʌʘʢʪʠʯʥʦ, ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ 

ʄʘʢʩʚʝʣʣʘ ʟʚʦʜʠʪʴʩʷ ʣʠʰʝ ʜʦ ʧʦʰʫʢʫ ʨʦʟʚôʷʟʢʫ ʮʴʦʛʦ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʂʣʝʡʥʘ-ɻʦʨʜʦʥʘ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʟ [39], ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʡʦʛʦ ʨʦʟʚôʷʟʦʢ 

ʧʝʨʝʚʠʟʥʘʯʠʚʰʠ ʜʣʷ ʟʨʫʯʥʦʩʪʽ  

2 2V ʩem= .      (3.15) 

ʊʘʢʠʤ ʯʠʥʦʤ ʝʚʦʣʶʮʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʯʝʨʝʟ ʬʫʥʢʮʽʶ ʈʽʤʘʥʘ 

( ) ( )( )( )
( )

( )
22

2

0, , ,
2

c t tʩ
G z t z t H c t t z z J z zn

emem

å õ¡-
æ ö¡ ¡ ¡ ¡ ¡= - - - - -
æ ö
ç ÷

,(3.16) 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

( ) ( )( )( ) ( ) ( )( ) ( )
2 22

0

0 0

, ; , ;
2

m m

c
h z t dz dt H c t t z z J c t t z z j z tn n c

¤ ¤

¡ ¡ ¡ ¡ ¡ ¡ ¡ ¡= - - - - - -ñ ñ .  

(3.17) 

ʊʘʢ ʷʢ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʧʦʟʜʦʚʞʥʴʦʶ ʢʦʦʨʜʠʥʘʪʦʶ ʥʝ ʚʠʢʣʠʢʘʻ ʧʨʦʙʣʝʤ 

ʯʝʨʝʟ ʪʝ, ʱʦ ʥʘʰʝ ʜʞʝʨʝʣʦ ʻ ʥʝʩʢʽʥʯʝʥʥʦ ʪʦʥʢʠʤ, ʣʝʛʢʦ ʟʚʝʩʪʠ ʘʥʘʣʽʪʠʯʥʠʡ ʚʠʛʣʷʜ 

ʜʣʷ ʝʚʦʣʶʮʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʜʦ ʻʜʠʥʦʾ ʢʚʘʜʨʘʪʫʨʠ: 

( ) ( )
( )

22

,1 , 1 20 0
1 0

0

, ;
4

t z
c

m m

m

c t tiRA
h z t J R dt J z

em

d dm m
n n n

e emn

-

-
å õ¡+ -
æ ö¡=- -
æ ö
ç ÷

ñ . (3.18) 

ɯʥʪʝʛʨʘʣ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʦʩʪʘʥʥʽʡ ʬʦʨʤʫʣʽ ʟʨʫʯʥʦ ʟʘʧʠʩʫʻʪʴʩʷ ʯʝʨʝʟ ʬʫʥʢʮʽʾ 

ʃʦʤʤʝʣʷ ʜʚʦʭ ʟʤʽʥʥʠʭ 
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ä    (3.19) 

ʟʘʚʜʷʢʠ ʬʦʨʤʫʣʽ 

( ) ( ) ( ) ( ) ( )

( )( )

2 2

0 1 2 1 22

2 2 2

, , , ,
1

1 ; ; 0

i
i s e

dse J s U W Z iU W Z U W Z iU W Z

W Z

t gt
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x

x
g

g g t x t x t x

-
-

+ + - -

°

- = + - -è øê ú
-

= ° - - = - - >

ñ
 (3.20) 

ʽ ʧʝʨʝʪʚʦʨʶʻ ʚʠʨʘʟ (3.18) ʜʦ 

( ) ( ) [ ],1 , 10
0 1 13 2

, ; ,
2

m m

m

RA
h z t J R U W Z

d d
n m n

n

-+
=- ,   (3.21) 

ʜʝ 

[ ]
2 2

2

1 1, ,
ct c t

U W Z U i z zn n
emem

è øå õ
= - - - =é ùæ öæ ö
é ùç ÷ê ú

 

1 2
2 2

2

2 1

0

( 1)

m

m

m

m

ct z c t
J z

ct z

em
n
emem

+
¤

+

=

å õå õ-
= - -æ öæ öæ ö æ ö+ç ÷ ç ÷
ä . (3.22) 

ɿ ʬʦʨʤʫʣʠ (3.18) ʦʪʨʠʤʘʻʤʦ ʢʦʝʬʽʮʽʻʥʪ 
h

mV , ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʦʧʝʨʝʯʥʫ 

ʝʣʝʢʪʨʠʯʥʫ ʢʦʤʧʦʥʝʥʪʫ ʧʦʣʷ, 

( )
2 2

,1 , 1 20 0
1 0

4

m mh

m

iRA c t
V J R J z

d dm m
n n

e emn

-
å õ+

= -æ ö
æ ö
ç ÷

,  (3.23) 

ʜʣʷ ʯʦʛʦ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʧʨʘʚʠʣʦ ʃʝʡʙʥʽʮʘ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʽʥʪʝʛʨʘʣʫ ʽʟ 

ʤʝʞʘʤʠ, ʱʦ ʻ ʬʫʥʢʮʽʷʤʠ: 

( )
()

()

()

()

()( ) () ()( ) (), , ,

b b

a a

f
f x dx dx f b b f a a

q q

q q

q q q q q q q
q q

µ µ
¡ ¡= + Ö - Ö

µ µñ ñ . (3.24) 

ɿ ʬʦʨʤʫʣʠ (3.21) ʦʪʨʠʤʘʻʤʦ ʝʚʦʣʶʮʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 
h

mI , ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ 

ʧʦʧʝʨʝʯʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ: 

( ) [ ] [ ]( ),1 , 10
0 1 0 2, ,

4

m mh

m

iRA
I J R U W Z U W Z

d d
m n

n

-

- -

+
= - . (3.25) 
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ʂʦʨʠʩʪʫʶʯʠʩʴ ʨʦʟʢʣʘʜʝʥʥʷʤ ʧʦʣʷ ʧʦ ʤʦʜʦʚʦʤʫ ʙʘʟʠʩʫ ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ 

ʚʝʢʪʦʨʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

( ) ( )0
0 4 3 0 3 0 5, sin cos 2 sin

2

A
r t I I I z Ir j j j jè ø= - + -ê úH ,  (3.26) 

ʜʝ iI  ï ʥʝʚʣʘʩʥʽ ʽʥʪʝʛʨʘʣʠ ʚʽʜ ʜʦʙʫʪʢʫ ʪʨʴʦʭ ʬʫʥʢʮʽʡ ɹʝʩʩʝʣʷ: 

( ) ( ) [ ] [ ]( )3 1 1 0 2

0

, ,
d

I R J R J U W Z U W Z
n
n nr

nr

¤

- -= -ñ ;  (3.27) 

( ) ( ) [ ] [ ]( )4 1 0 0 2

0

, ,I R d J R J U W Z U W Zn n nr
¤

- -= -ñ ;  (3.28) 

( ) ( ) [ ]5 1 1 1

0

,I iR d J J R U W Zn nr n
¤

-= ñ .    (3.29) 

ɸʥʘʣʦʛʽʯʥʦ ʜʣʷ ʧʦʣʷ E  [20]: 

( ) ( ){ }0 0
0 1 0 2 1

0

, cos sin
2

A
r t I I I

m m
r j j j

e e
= - -E ;  (3.30) 

( ) ( )
2 2

2

1 1 1 0

0

d c t
I R J R J J z

n
n nr n

nr em

¤ å õ
= -æ ö

æ ö
ç ÷

ñ ;   (3.31) 

( ) ( )
2 2

2

2 1 0 0

0

c t
I R d J R J J zn n nr n

em

¤ å õ
= -æ ö

æ ö
ç ÷

ñ .   (3.32) 

ɺʠʨʘʟʠ ʜʣʷ ʟʥʘʯʝʥʴ ʽʥʪʝʛʨʘʣʽʚ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ 

ʢʫʩʢʦʚʽ ʬʫʥʢʮʽʾ. ʆʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʩʽʭ ʧʦʜʘʥʠʭ ʽʥʪʝʛʨʘʣʽʚ  

1 2 3S S S S= Ç Ç       (3.33) 

ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʪʨʠ ʯʘʩʪʠʥʠ, ʜʝ: 

2 2 2

1 : 0S R c t zr< < - -;    (3.34) 

2 2 2 2 2 2

2 :S c t z R c t zr r- - ¢ ¢ + -;   (3.35) 

2 2 2

3 :S c t z Rr+ - >.     (3.36) 
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ɺ ʦʙʣʘʩʪʽ 1S  ʚʩʽ ʽʥʪʝʛʨʘʣʠ ʜʘʶʪʴ ʥʫʣʴʦʚʠʡ ʚʢʣʘʜ. ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʥʮʠʧʫ 

ʧʨʠʯʠʥʥʦʩʪʽ: ʧʦʣʝ ʥʝ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʨʘʥʽʰʝ ʥʽʞ ʩʠʛʥʘʣ ʧʨʦʡʜʝ ʥʘʡʢʦʨʦʪʰʠʡ 

ʰʣʷʭ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ ʪʦʯʢʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ʆʙʣʘʩʪʴ 3S  ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʧʦʜʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʬʝʢʪʫ çʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʩʥʘʨʷʜʫè: ʘʤʧʣʽʪʫʜʘ ʧʦʣʷ ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʚʟʜʦʚʞ 

ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ. ɺ ʮʽʡ ʦʙʣʘʩʪʽ 
1 1 2I = , ʘ 

2 1I = . 

ɺ ʦʙʣʘʩʪʽ 2S  ʟʥʘʡʜʝʥʦ ʚʠʨʘʟ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʜʣʷ 1I  ʪʘ 2I : 
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1 2 2 22 2

2

2
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c t z

R RR c t z R
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c t zR

R

R R c t z

-
-

- +å õ+ - - -
= - -æ ö

-ç ÷ -
-

- + - +
-

r rr r

pr r pr

r

r r
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  (3.37) 

2 2 2 2 2

2 2 2 2

1
arccos

2

c t z R
I

c t z

r

p r

å õ- + -
= æ öæ ö-ç ÷

,    (3.38) 

ʟʘʚʜʷʢʠ ʚʽʜʦʤʠʤ ʬʦʨʤʫʣʘʤ ʽʟ ʤʘʪʝʤʘʪʠʯʥʠʭ ʜʦʚʽʜʥʠʢʽʚ [39]. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʯʘʩʪʦʪʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʨʦʟʚôʷʟʢʠ ʟʘʜʘʯ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ 

ʜʦʚʽʣʴʥʦʶ ʯʘʩʦʚʦʶ ʟʘʣʝʞʥʽʩʪʶ ʜʞʝʨʝʣ ʥʝʜʦʮʽʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʽʘʛʨʘʤʠ ʥʘʧʨʷʤʣʝʥʦʩʪʽ ʯʝʨʝʟ ʧʦʚʥʫ ʚʪʨʘʪʫ ʯʘʩʦʚʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [156]. ʏʘʩʦʚʘ ʪʘ ʧʨʦʩʪʦʨʦʚʽ ʟʤʽʥʥʽ ʥʝʨʦʟʨʠʚʥʦ ʟʚôʷʟʘʥʽ, ʦʪʞʝ 

ʥʘʛʣʷʜʥʦ ʙʫʜʝ ʧʦʙʫʜʫʚʘʪʠ ʪʨʠʚʠʤʽʨʥʠʡ ʛʨʘʬʽʢ: ʟʘʣʝʞʥʽʩʪʴ ʧʦʣʷ ʚʽʜ ʨʽʟʥʠʭ 

ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʪʘ ʯʘʩʫ ʧʨʠ ʽʥʰʠʭ ʬʽʢʩʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʘʭ. ʅʘ ʈʠʩ. 3.1 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʤʧʣʽʪʫʜʫ x-ʢʦʤʧʦʥʝʥʪʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʧʨʠ 0 1A =  ɸ/ʤ2, 

0 radj= , 1R ʤ= , 2z ʤ= . 

ʇʨʠ Rr<  ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʝʬʝʢʪ çʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʥʘʨʷʜʫè. ɺʽʥ ʧʦʣʷʛʘʻ 

ʫ ʪʦʤʫ, ʱʦ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʘʤʧʣʽʪʫʜʘ ʧʦʣʷ ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ, ʧʨʦ 

ʮʝ ʩʚʽʜʯʠʪʴ ʧʣʘʩʢʘ ʚʝʨʰʠʥʘ ʥʘ ʈʠʩ. 3.1. ɹʽʣʴʰ ʪʦʛʦ, ʚʦʥʘ ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ 

ʚʽʜʜʘʣʝʥʥʽ ʚʟʜʦʚʞ ʚʽʩʽ OZ. ʗʢ ʚʠʜʥʦ, ʧʨʠ ʚʽʜʜʘʣʝʥʥʽ ʚʽʜ ʦʩʽ ʮʝʡ ʝʬʝʢʪ ʜʝʱʦ 
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ʟʙʝʨʽʛʘʻʪʴʩʷ ʜʦ ʪʠʭ ʧʽʨ, ʜʦʢʠ ʮʝ ʚʽʜʜʘʣʝʥʥʷ ʥʝ ʧʝʨʝʚʠʱʠʪʴ ʨʘʜʽʫʩʫ ʜʠʩʢʘ. ʊʦʙʪʦ, 

ʮʝʡ ʝʬʝʢʪ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʽʣʴʢʠ ʫ çʧʨʦʞʝʢʪʦʨʥʦʤʫ ʧʨʦʤʝʥʽè ʥʘʰʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʯʘ. ɼʘʣʽ ʘʤʧʣʽʪʫʜʘ ʧʦʣʷ ʨʽʟʢʦ ʩʧʘʜʘʻ. ʇʽʩʣʷ ʤʦʤʝʥʪʫ ʧʨʠʭʦʜʫ 

ʩʠʛʥʘʣʫ ʚʽʜ ʥʘʡʚʽʜʜʘʣʝʥʽʰʦʾ ʪʦʯʢʠ ʜʠʩʢʫ ʤʠ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʥʫʣʴʦʚʫ ʘʤʧʣʽʪʫʜʫ. 

ʆʪʨʠʤʘʥʠʡ ʨʦʟʚôʷʟʦʢ ʩʪʘʥʝ ʙʘʟʦʚʠʤ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʝʬʝʢʪʽʚ ʚʧʣʠʚʫ ʥʝʣʽʥʽʡʥʦʩʪʽ 

ʩʝʨʝʜʦʚʠʱʘ ʫ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ. 

 

 

ʈʠʩ.3.1  ʏʘʩʦʚʘ ʪʘ ʧʨʦʩʪʦʨʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʘʤʧʣʽʪʫʜʠ ʝʣʝʢʪʨʠʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʧʦʣʷ 

ʧʨʠ 0 1A =ɸ/ʤ2, 0j= , 1R ʤ= , 2z ʤ=  

 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ ʫ ʥʝʣʽʥʽʡʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʽʟ ʩʣʘʙʢʦʶ ʢʫʙʽʯʥʦʶ ʥʝʣʽʥʽʡʥʽʩʪʶ. ʉʧʨʦʙʫʻʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʝʪʦʜ ʤʘʣʠʭ ʟʙʫʨʝʥʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʝʨʰʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʨʦʟʚôʷʟʢʫ ʥʝʣʽʥʽʡʥʦʾ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʾ ʟʘʜʘʯʽ [157, 158, 159, 160, 161, 162]. ɼʣʷ ʮʴʦʛʦ 

ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʧʠʩʘʥʠʡ ʪʫʪ ʨʦʟʚôʷʟʦʢ ʣʽʥʽʡʥʦʾ ʟʘʜʘʯʽ ʷʢ ʙʘʟʦʚʠʡ, ʟ 
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ʷʢʦʛʦ ʤʦʞʝʤʦ ʥʘʙʣʠʞʝʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʩʪʨʫʤ, ʱʦ ʧʦʨʦʜʞʝʥʠʡ 

ʥʝʣʽʥʽʡʥʽʩʪʶ ʩʝʨʝʜʦʚʠʱʘ, ʽ ʷʢʠʡ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʥʦʚʝ ʜʞʝʨʝʣʦ ʧʦʣʷ [163]:  

( )J P E E
t

s^ ^ ^

µ
¡ ¡= +
µ

.     (3.39) 

ɼʣʷ ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʫʪ ʪʘʢʦʞ ʚʨʘʭʦʚʘʥʽ ʚʪʨʘʪʠ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʥʝʟʥʘʯʥʫ 

ʧʨʦʚʽʜʥʽʩʪʴ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʟʘʢʦʥʦʤ ʆʤʘ. 

 

3.2 ɸʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚ`ʷʟʦʢ ʟʘʜʘʯʽ 

 

ʅʝʣʽʥʽʡʥʘ ʯʘʩʪʠʥʘ ʚʝʢʪʦʨʘ ʧʦʣʷʨʠʟʘʮʽʾ ʙʫʜʝ ʤʘʪʠ ʪʘʢʽ ʞ ʢʦʤʧʦʥʝʥʪʠ, ʷʢ ʽ 

ʚʠʧʨʦʤʽʥʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ:  

3/2
3

0 3 0

08

eA
P P

c m m

e e
^

å õ
¡ ¡= = ³æ ö

ç ÷
 

( )( )2 2 2 2

1 2 1 0 1 0 1 2cos ( ) sin cos ( )sinI I I I I Ij j r j j j³ + - + - . (3.40) 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʪʘʢʦʞ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʽ ʜʣʷ ʽʥʰʠʭ ʪʠʧʽʚ 

ʥʝʣʽʥʽʡʥʦʩʪʽ ʟʘ ʫʤʦʚʠ, ʱʦ ʽʪʝʨʘʮʽʡʥʘ ʧʨʦʮʝʜʫʨʘ ʦʪʨʠʤʘʥʥʷ ʧʦʧʨʘʚʦʢ ʙʫʜʝ 

ʩʭʦʜʠʪʠʩʴ ʜʦ ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʣʷ. ʅʘʞʘʣʴ, ʜʦʚʝʩʪʠ ʩʪʨʦʛʦ ʪʘʢʫ ʩʭʦʜʠʤʽʩʪʴ ʫ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʦʚʦʣʽ ʚʘʞʢʦ, ʘʣʝ ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʩʣʘʙʢʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ 

ʩʭʦʜʠʤʽʩʪʴ ʛʘʨʘʥʪʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʫ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠʨʦʜʥʽʤ 

ʯʠʥʦʤ ʯʝʨʝʟ ʦʯʝʚʠʜʥʝ ʬʽʟʠʯʥʝ ʧʽʜˇʨʫʥʪʷ ʩʪʽʡʢʦʩʪʽ ʟʚʠʯʘʡʥʠʭ ʩʝʨʝʜʦʚʠʱ ʜʦ 

ʜʦʩʪʘʪʥʴʦ ʧʦʪʫʞʥʠʭ ʧʦʣʽʚ. ʗʢʱʦ ʤʠ ʦʪʨʠʤʘʻʤʦ ʚʪʦʨʠʥʥʝ ʜʞʝʨʝʣʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʪʨʫʤʫ ʫ ʥʝʣʽʥʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʪʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʠʩʘʥʦʛʦ ʤʝʪʦʜʫ ʬʫʥʢʮʽʾ 

ʈʽʤʘʥʘ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʟʘʛʘʣʴʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʜʣʷ ʥʝʣʽʥʽʡʥʦʾ ʯʘʩʪʠʥʠ 

ʚʠʧʨʦʤʽʥʝʥʦʛʦ ʧʦʣʷ. ɼʦʜʘʶʯʠ ʡʦʛʦ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʨʦʟʚôʷʟʢʫ, ʤʠ 

ʦʪʨʠʤʘʻʤʦ ʧʦʚʥʠʡ ʨʦʟʚôʷʟʦʢ ʥʝʣʽʥʽʡʥʦʾ ʟʘʜʘʯʽ ʫ ʥʘʙʣʠʞʝʥʥʽ ʩʣʘʙʢʦʾ ʢʫʙʽʯʥʦʾ 

ʥʝʣʽʥʽʡʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʪʦʨʠʥʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: 
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µ µ µç ÷ç ÷ç ÷
 (3.41) 

. 

ɿʘʧʠʰʝʤʦ ʫ ʙʽʣʴʰ ʟʨʫʯʥʽʡ ʬʦʨʤʽ ʚʠʨʘʟ ʜʣʷ ʽʥʪʝʛʨʘʣʫ : 

, (3.42) 

ʜʝ 

,    (3.43) 

,    (3.44) 

.     (3.45) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ ʽʥʪʝʛʨʘʣʽʚ, ʤʦʞʝʤʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ 

ʧʦʚʝʜʽʥʢʫ ʾʭ ʧʦʭʽʜʥʠʭ ʫ ʨʽʟʥʠʭ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʦʙʣʘʩʪʷʭ: 

;     (3.46) 

;  (3.47) 

.    (3.48) 

ʇʦʧʝʨʝʯʥʠʡ ʨʦʟʧʦʜʽʣ ʚʪʦʨʠʥʥʠʭ ʩʪʨʫʤʽʚ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʴ ʾʭ ʨʦʟʢʣʘʜʦʤ ʟʘ 

ʢʫʪʦʚʠʤʠ ʤʦʜʘʤʠ: 




































































































































































































































































































































































































































































































