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ɸʅʆʊɸʎɯʗ 

ɹʫʮʽʡ ʈ. ɸ. ñʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʤʝʪʦʜʠ ʝʬʝʢʪʠʚʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ 

ʮʠʢʣʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʪʘ ʢʘʨʜʽʦʜʽʘʛʥʦʩʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭò. 

ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 113 ñʇʨʠʢʣʘʜʥʘ ʤʘʪʝʤʘʪʠʢʘò. ï ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ 

ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2024. 

ɿʤʽʩʪ ʘʥʦʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʪʘ ʘʥʘʣʽʟʫ ʥʦʚʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ʮʠʢʣʽʯʥʠʭ ʙʽʦʤʝʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, 

ʧʝʨʰ ʟʘ ʚʩʝ, ʩʠʛʥʘʣʽʚ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʾ (ɽɽɻ) ʪʘ ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʬʽʾ 

(ɽʂɻ). ɿʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʤʝʪʦʜʽʚ ʮʠʬʨʦʚʦʛʦ 

ʦʧʨʘʮʶʚʘʥʥʷ ʮʠʢʣʽʯʥʠʭ ʙʽʦʤʝʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʪʦʯʥʦʩʪʽ 

ʪʘ ʟʥʠʞʝʥʥ ʁʯʘʩʦʚʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ ʩʠʛʥʘʣʽʚ ʚ 

ʢʘʨʜʽʦ-ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ, ʩʠʩʪʝʤʘʭ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʪʘ 

ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ ʩʠʛʥʘʣʽʚ ʚ  ʥʝʽʥʚʘʟʠʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʚʝʢʪʦʨʥʦʾ ɽɽɻ, ʟʘʨʝʻʩʪʨʦʚʘʥʦʾ ʚ ʫʤʦʚʘʭ ʙʘʛʘʪʦʢʨʘʪʥʦʛʦ ʧʦʚʪʦʨʝʥʥʷ 

ʤʝʥʪʘʣʴʥʦʛʦ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʦʧʝʨʘʪʦʨʘ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʫ, ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ 

ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʘ ʤʘʻ ʙʽʣʴʰʠʡ 

ʪʝʦʨʝʪʠʯʥʠʡ ʪʘ ʧʨʘʢʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʦʤʠʤʠ ʤʦʜʝʣʷʤʠ ɽɽɻ 

ʩʠʛʥʘʣʽʚ. ʎʷ ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʮʠʢʣʽʯʥʽʩʪʴ ʽ ʩʪʦʭʘʩʪʠʯʥʽʩʪʴ ʩʠʥʭʨʦʥʥʦ 

ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʙʽʦʩʠʛʥʘʣʽʚ, ʟʤʽʥʥʽʩʪʴ ʪʘ ʩʧʽʣʴʥʽʩʪʴ ʾʭ ʨʠʪʤʫ, ʥʘʜʘʶʯʠ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ, ʽʥʬʦʨʤʘʪʠʚʦʩʪʽ ʤʝʪʦʜʽʚ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʮʠʬʨʦʚʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ ʚ ʩʫʯʘʩʥʠʭ ʥʝʽʥʚʘʟʠʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ  

ʩʠʩʪʝʤʘʭ. ɺʘʞʣʠʚʽʩʪʴ ʮʽʻʾ ʤʦʜʝʣʽ ʜʣʷ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤ ʧʦʣʷʛʘʻ ʫ 

ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʤʝʪʦʜʽʚ ʨʠʪʤʦʘʜʘʧʪʠʚʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ 

ʩʠʛʥʘʣʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ̔ ʜʝʥʪʠʬʽʢʘʮʽʾ (ʜʝʪʝʢʮʽʾ) ʤʝʥʪʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ 

ʦʧʝʨʘʪʦʨʘ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʟʘʻʤʦʜʽ ʾʤʽʞ ʣʶʜʠʥʦʶ ʪʘ ʢʦʤʧôʶʪʝʨʦʤ. 
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ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ 

ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʨʠʪʤʦʘʜʘʧʪʠʚʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ɽʂɻ ʩʠʛʥʘʣʽʚ ʚ ʩʠʩʪʝʤʘʭ 

ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʥʘ ʦʩʥʦʚʽ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ɽʂɻ ʩʠʛʥʘʣʽʚ ʫ ʚʠʛʣʷʜʽ ʮʠʢʣʽʯʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ. 

ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʪʘ ʥʠʟʴʢʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʙʽʦʤʝʪʨʠʯʥʦʾ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʟʘ ɽʂɻ ʩʠʛʥʘʣʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʷ ʪʘʢʦʞ ʚʢʣʶʯʘʻ ʨʦʟʨʦʙʢʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʤʦʚʽ 

Python, ʷʢʝ ʨʝʘʣʽʟʫʻ ʚʠʱʝʟʛʘʜʘʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ. ʎʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʦʧʨʘʮʶʚʘʥʷ, ʘʥʘʣʽʟ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʶ ɽɽɻ 

ʪʘ ɽʂɻ ʩʠʛʥʘʣʽʚ. 

ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʚʝʜʝʥʦ ʟʚôʷʟʦʢ ʨʦʙʦʪʠ 

ʟ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʶ ʪʝʤʦʶ, ʧʦʩʪʘʚʣʝʥʦ ʤʝʪʫ ʪʘ ʚʠʟʥʘʯʝʥʦ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʦʙôʻʢʪ ʪʘ ʧʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʚʝʜʝʥʦ ʧʝʨʝʣʽʢ ʤʝʪʦʜʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ, ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ 

ʦʩʦʙʠʩʪʠʡ ʪʚʦʨʯʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʇʦʜʘʥʦ ʚʽʜʦʤʦʩʪʽ ʱʦʜʦ ʘʧʨʦʙʘʮʽʾ ʪʘ 

ʦʧʫʙʣʽʢʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʘʥʘʣʽʟʫ 

ʙʽʦʩʠʛʥʘʣʽʚ, ʷʢʽ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ. ʆʩʥʦʚʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʮʠʢʣʽʯʥʠʤ ʙʽʦʩʠʛʥʘʣʘʤ, ʪʘʢʠʤ ʷʢ 

ɽʂɻ ʽ ɽɽɻ, ʷʢʽ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʤʝʜʠʯʥʽʡ ʜʽʘʛʥʦʩʪʠʮʽ, ʙʽʦʤʝʪʨʠʯʥʽʡ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʪʘ ʫ ʥʝʽʥʚʘʟʠʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤʘʭ. ʈʦʟʛʣʷʥʫʪʦ 

ʥʘʧʨʷʤʠ ʧʦʢʨʘʱʝʥʥʷ ʤʝʪʦʜʽʚ ʟʙʦʨʫ ʙʽʦʤʝʜʠʯʥʠʭ ʜʘʥʠʭ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʥʦʩʠʤʽ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʙʽʣʴʰʽʡ 

ʟʨʫʯʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʚ ʘʥʘʣʽʟʽ ʮʠʢʣʽʯʥʠʭ ʙʽʦʩʠʛʥʘʣʽʚ. ʊʘʢʦʞ ʘʢʮʝʥʪʫʻʪʴʩʷ ʫʚʘʛʘ 

ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʠʭ ʩʠʛʥʘʣʽʚ ʜʣʷ ʧʦʪʨʝʙ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʟʘ 

ɽʂɻ ʩʠʛʥʘʣʘʤʠ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʽʜʦʤʽ ʤʘʪʝʤʘʪʠʯʥ ̔ʤʦʜʝʣ ̔ʪʘ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʮʠʢʣʽʯʥʠʭ 

ʙʽʦʩʠʛʥʘʣʽʚ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ɽɽɻ ʪʘ ɽʂɻ. ɿʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʠʪʘʥʥʶ 
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ʘʜʝʢʚʘʪʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʮʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʫ ʟʘʜʘʯʘʭ ʤʝʜʠʯʥʦʾ  

ʜʽʘʛʥʦʩʪʠʢʠ, ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʜʝʪʝʢʮʽʾ ʤʝʥʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ 

ʽʤʧʫʣʴʩʽʚ ʦʧʝʨʘʪʦʨʘ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʦʾ ʩʠʩʪʝʤʠ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʩʪʦʭʘʩʪʠʯʥʽ, 

ʪʘʢ ʽ ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʧʽʜʭʦʜʠ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʢʣʽʯʥʠʭ ʙ̔ ʦʤʝʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʘ 

ʪʘʢʦʞ ʾʭʥʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʣʽʥʽʯʥʠʭ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʮʽʣʷʭ, ʟ ʦʩʦʙʣʠʚʠʤ 

ʘʢʮʝʥʪʦʤ ʥʘ ʨʦʟʚʠʪʦʢ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʮʠʭ ʤʦʜʝʣʝʡ. 

ʊʘʢʦʞ ʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʽʜʦʤʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ɽʂɻ ʪʘ ɽɽɻ. ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʥʘʧʨʷʤʘʤ ʧʽʜʚʠʱʝʥʥʷ 

ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʝʡ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ɽʂɻ 

ʪʘ ɽɽɻ ʚ ʩʠʩʪʝʤʘʭ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʪʘ ʚ 

ʥʝʽʥʚʘʟʠʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʚʠʟʥʘʯʘʣʴʥʽ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚʝʢʪʦʨʥʦʾ ɽɽɻ. ɺʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʦʪʨʝʙʘ ʫ ʙʘʛʘʪʦʮʠʢʣʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʣʷ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤ ʟ ʮʽʣʣʶ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʷʚʣʝʥʥʷ ʤʝʥʪʘʣʴʥʠʭ ʚʧʣʠʚʽʚ, ʘ ʪʘʢʦʞ ʟʘʣʫʯʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʢʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʝʢʪʦʨʥʦʾ ɽɽɻ. 

ɼʝʪʘʣʴʥʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʮʝʜʫʨʘ ʧʦʙʫʜʦʚʠ ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ 

ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʠʡ ʦʧʠʩʫʻ ʚʝʢʪʦʨʥʠʡ ɽɽɻ ʟʘ ʫʤʦʚʠ 

ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʧʦʚʪʦʨʝʥʥʷ ʤʝʥʪʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʦʧʝʨʘʪʦʨʘ 

ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʫ. ʆʧʠʩʫʻʪʴʩʷ ʤʝʪʦʜʦʣʦʛʽʷ ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ, ʷʢʘ ʤʘʻ ʟʘʩʦʙʠ 

ʨʠʪʤʦʘʜʘʧʪʘʮʽʾ  ʪʘ ʟʘʙʝʟʧʝʯʫ ̒ʪʦʯʥʝ ʚʜ̔ʪʚʦʨʝʥʥʷ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʮʠʢʣʘʤʠ 

ɽɽɻ, ɦʦ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʪʘ ʤʽʥʣʠʚʦʩʪʽ  

ɽɽɻ ʩʠʛʥʘʣʽʚ ʚ ʤʝʪʦʜʘʭ ʾʭ ʝʬʝʢʪʠʚʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ. ʅʘʚʝʜʝʥʦ ʨʠʪʤʦʘʜʘʧʪʠʚʥʽ 

ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɽɽɻ, ɦʦ 

ʜʦʟʚʦʣʠʣʦ ʪʦʯʥʽʰʝ ʜʦʩʣʽʜʞʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʥʫ ʩʪʨʫʢʪʫʨʫ ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʫ 

ʩʠʩʪʝʤʘʭ ̔ʥʪʝʨʬʝʡʩ ʤʦʟʦʢ-ʢʦʤʧ'ʶʪʝʨ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʨʦʟʛʣʷʥʫʪʦ ʢʣʶʯʦʚʽ ʝʪʘʧʠ 

ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ ʩʠʛʥʘʣʽʚ ʫ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤʘʭ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʫ ʩʝʙʝ 

ʨʝ̒ʩʪʨʘʮʽ ʁɽɽɻ ʩʠʛʥʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʪʬʦʨʤʠ OpenBCI, ʾʭ ʧʦʧʝʨʝʜʥʻ 
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ʦʧʨʘʮʶʚʘʥʥʷ, ʩʪʘʪʠʩʪʠʯʥʠʡ  ʘʥʘʣʽʟ ʥʘ ʦʩʥʦʚʽ ʥʦʚʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽ.ʁ 

ʅʘ ʝʪʘʧʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ ʩʠʛʥʘʣʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʾʭ 

ʬʽʣʴʪʨʘʮʽʷ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʰʫʤʽʚ ʽ ʟʦʚʥʽʰʥʽʭ ʘʨʪʝʬʘʢʪʽʚ, ʱʦ ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ 

ʜʘʥʠʭ ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ ʘʥʘʣʽʟʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʜʘʻ ʟʤʦʛʫ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʦʮʽʥʠʪʠ 

ʡʤʦʚʽʨʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɽɽɻ ʩʠʛʥʘʣʽʚ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʝʥʪʘʣʴʥʦʛʦ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʦʧʝʨʘʪʦʨʘ  

ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʫ. 

ʋ ʨʦʟʜʽʣʽ ʦʧʠʩʘʥʦ ʨʦʟʨʦʙʣʝʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥ ̫ʥʘ ʙʘʟʽ Python ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢ ʪʘʢʠʭ ʷʢ Pandas, Numpy, Scipy, Sklearn ʪʘ Matplotlib, ɦʦ 

ʥʘʜʘʻ ʟʨʫʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ, ʘʥʘʣʽʟʫ ʪʘ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ɽɽɻ ʜʘʥʠʭ. ʆʧʠʩʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʯʘʩʪʠʥʫ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ 

ʚʢʣʶʯʘʻ ʜʝʪʘʣʴʥʫ ʧʝʨʝʚʽʨʢʫ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʘʥʘʣʽʟ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʯʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʩʚʽʜʫ ʪʘ ʪʨʝʥʫʚʘʥʴ ʦʧʝʨʘʪʦʨʽʚ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʦʾ ʩʠʩʪʝʤʠ. 

ɿʘʚʝʨʰʫʻʪʴʩʷ ʨʦʟʜʽʣ ʜʠʩʢʫʩʽʻʶ ʧʨʦ ʨʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʜʝ 

ʧʦʨʽʚʥʶʶʪʴʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠʢʠ ʽ ʧʽʜʭʦʜʠ ʜʦ ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ ʩʠʛʥʘʣʽʚ, ʟ 

ʦʩʦʙʣʠʚʠʤ ʘʢʮʝʥʪʦʤ ʥʘ ʾʭ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʘʥʘʣʽʟʽ, ʷʢʠʡ ʚʠʷʚʠʚʩʷ ʦʩʦʙʣʠʚʦ 

ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʝʥʪʘʣʴʥʠʭ ʢʦʤʘʥʜ. ɺʠʩʚʽʪʣʝʥʦ ʢʣʶʯʦʚʽ ʽʜʝʾ ʪʘ 

ʧʦʪʝʥʮʽʘʣ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʜʘʥʽʡ ʦʙʣʘʩʪʽ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʣʷ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʥʝʽʚʘʟʠʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤ. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʨʠʪʤʦʘʜʘʧʪʠʚʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʯʥʠʭ (ɽʂɻ) ʪʘ 

ʩʝʡʩʤʦʢʘʨʜʽʦʛʨʘʬʽʯʥʠʭ (ʉʂɻ) ʩʠʛʥʘʣʽʚ ʚ ʟʘʜʘʯʘʭ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ 

ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ. ʋ ʨʦʟʜʽʣʽ ʦʩʥʦʚʥʫ ʫʚʘʛʫ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ 

ʘʥʘʣʽʟʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɽʂɻ ʪʘ ʉʂɻ ʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʨʠʪʤʦʘʜʘʧʪʠʚʥʠʭ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ ʾʭ ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʚʠʩʦʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʟʘ ʾʾ ɽʂɻ ʩʠʛʥʘʣʘʤʠ ʥʘ ʦʩʥʦʚʽ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʫ ʜʠʩʝʨʪʘʮʽʾ ʤʝʪʦʜʫ, ʜʝʤʦʥʩʪʨʫʶʯʠ ʟʚ'ʷʟʦʢ ʤʽʞ ʙʽʦʤʝʪʨʠʯʥʠʤʠ 
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ʜʘʥʠʤʠ ʪʘ ʧʦʪʝʥʮʽʘʣʦʤ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʙʝʟʧʝʢʦʚʠʭ ʩʠʩʪʝʤʘʭ. ʆʙʛʦʚʦʨʶʶʪʴʩʷ 

ʝʪʘʧʠ ʦʧʨʘʮʶʚʘʥʥʷ ɽʂɻ ʩʠʛʥʘʣʽʚ, ʚʢʣʶʯʘʶʯʠ ʾʭ ʨʝʻʩʪʨʘʮʽʶ, ʩʝʛʤʝʥʪʘʮʽʶ, 

ʥʦʨʤʘʣʽʟʘʮʽʶ, ʘ ʪʘʢʦʞ ʢʣʘʩʠʬʽʢʘʮʽʶ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʽʟʥʠʭ 

ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʾʭʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫ ʙʽʦʤʝʪʨʠʯʥʽʡ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʽʙ 

ʟ ʙʘʟʠ ʜʘʥʠʭ Combined Measurement of Electrocardiograms, Breathing, and 

Seismocardiograms. ɼʝʤʦʥʩʪʨʫʻʪʴʩʷ, ʷʢ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʯʘʩ 

ʦʧʨʘʮʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʙʽʨ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ, ʚʨʘʭʦʚʫʶʯʠ ʧʦʪʨʝʙʠ 

ʰʚʠʜʢʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʚ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ ʙʝʟʧʝʢʠ. 

ʇʨʦʜʝʤʦʥʪʨʦʚʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʫ ʜʠʩʝʨʪʘʮʽʾ ʧʽʜʭʦʜʫ ʜʦ 

ʦʧʨʘʮʶʚʘʥʥʷ ɽʂɻ ʩʠʛʥʘʣʽʚ ʥʘ ʧʨʠʢʣʘʜʽ ʚʠʨʽʰʝʥʥʷ ʘʢʪʫʘʣʴʥʦʛʦ ʟʘʚʜʘʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʘʨʠʪʤʽʾ ʫ ʧʘʮʽʻʥʪʽʚ. ɼʦʩʣʽʜʞʝʥʦ ʦʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʯʘʩʦʚʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ 

ʜʣʷ ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʫ ʩʠʩʪʝʤʘʭ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢ 

ʘʨʠʪʤʽʡ ʟʘ ɽʂɻ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ 

ʦʧʨʘʮʶʚʘʥʥʷ, ʮʠʢʣʽʯʥʽ ʩʠʛʥʘʣʠ, ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʤʘ, ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʤʘ, 

ʤʝʜʠʯʥʘ ʜʽʘʛʥʦʩʪʠʢʘ, ʙʽʦʤʝʪʨʠʯʥʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ, ʥʝʡʨʦʽʥʪʝʨʬʝʡʩ. 
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SUMMARY 

 

Butsiy R. A. ñModeling and Methods for Effective Processing of Cyclic Signals 

in Neurointerface and Cardio-diagnostic Systemsò. ï Qualifying scientific work on the 

rights of the manuscript. 

Thesis for the degree of Doctor of Philosophy in specialty 113 "Applied 

Mathematics". ï Institute of Telecommunications and Global Information Space of the 

National Academy of Sciences of Ukraine, Kyiv, 2024. 

Abstract Content. The thesis is dedicated to the development and analysis of new 

mathematical models and methods for processing cyclic biomedical signals, primarily 

electroencephalography (EEG) and electrocardiography (ECG) signals. Significant 

attention is given to the improvement of digital processing methods for cyclic 

biomedical signals, which enhances the accuracy and reduces the computational time 

for processing EEG signals in cardio-diagnostic systems, biometric authentication 

systems, and processing EEG signals in non-invasive neurointerface systems. 

One of the main results of the thesis is the development of a new mathematical 

model of vector EEG, recorded under conditions of repeated mental control influence 

by a neurointerface operator, in the form of a vector of cyclic rhythmically connected 

random processes. This model surpasses the theoretical and practical potential 

compared to known EEG signal models. It accounts for the cyclicality and stochasticity 

of synchronously registered biosignals, the variability and commonality of their 

rhythm, providing new possibilities for enhancing the accuracy and informativeness of 

statistical digital processing methods of EEG in modern non-invasive neurointerface 

systems. The significance of this model for neurointerface systems lies in the 

enhancement of rhythm-adaptive statistical processing methods of EEG signals and 

identification (detection) algorithms of mental control influences of the neurointerface 

system operator, significantly improving the interaction between human and computer. 

A substantial part of the thesis research is dedicated to developing effective 

methods for rhythm-adaptive processing of ECG signals in medical diagnostic and 

biometric authentication systems based on a mathematical model of ECG signals as a 
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cyclic random process. The developed methods and algorithms ensure high accuracy 

and low computational complexity of algorithms for medical diagnosis and biometric 

authentication by ECG signals. 

The thesis also includes the development of software in Python, which 

implements the aforementioned mathematical model. This software enables the 

automation of processing, analysis, and classification of EEG and ECG signals. 

In the introduction, the relevance of the research is justified, the connection of 

the work with the scientific research topic is presented, the goal is set and the tasks of 

the research are defined, the object and subject of the research are outlined, and a list 

of research methods applied to achieve the goals of the thesis is provided. The scientific 

novelty, practical significance of the obtained results, and the personal creative 

contribution of the candidate are articulated. Information regarding the validation and 

publication of the research results is also presented. 

In the first section, an analysis of modern technologies for bio-signal analysis, 

which are critically important for understanding physiological processes in living 

organisms, is conducted. Special attention is paid to cyclic bio-signals such as ECG 

and EEG, which play a key role in medical diagnostics, biometric authentication, and 

non-invasive neurointerface systems. Directions for improving methods of biomedical 

data collection are considered, including wearable technologies and remote monitoring 

technologies, which enhance convenience and accuracy in cyclic bio-signal analysis. 

The use of these signals for biometric authentication purposes based on ECG signals is 

also emphasized. 

Known mathematical models and methods for analyzing cyclic bio-signals, 

including EEG and ECG, are examined. Considerable attention is given to the 

adequacy and accuracy of these mathematical models in tasks of medical diagnostics, 

biometric authentication, and detection of mental control impulses by a neurointerface 

system operator. Both stochastic and deterministic approaches to modeling cyclic 

biomedical signals are discussed, as well as their application in clinical and research 

purposes, with a special focus on the development of software for implementing these 

models. 
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The section also conducts a comparative analysis of known mathematical 

models of ECG and EEG. The main focus is on directions for improving the adequacy 

of models and the effectiveness of statistical processing methods of ECG and EEG in 

systems for medical diagnostics, biometric authentication, and in non-invasive 

neurointerface systems. 

In the second section, the defining properties for mathematical modeling of 

vector EEG are considered. The need for multicycle studies for training neurointerface 

systems with the aim of effectively detecting mental influences, as well as the 

involvement of statistical methods for modeling the cyclic structure of vector EEG, is 

established. 

A detailed examination of the process of constructing a vector of cyclic 

rhythmically connected random processes, which describes vector EEG under 

conditions of repeated mental control influences by a neurointerface operator, is 

conducted. The methodology for processing EEG, which has rhythm-adaptation 

capabilities and ensures accurate reproduction of time intervals between EEG cycles, 

is described. This is crucial for accounting for the repeatability and variability of EEG 

signals in their effective processing methods. Rhythm-adaptive statistical methods for 

assessing the probabilistic characteristics of EEG are presented, allowing for a more 

accurate study of the probabilistic structure of vector EEG in brainïcomputer 

interface systems.  

In the third section of the thesis, key stages in the processing of EEG signals in 

neurointerface systems are examined, which include the registration of EEG signals 

using the OpenBCI platform, their preliminary processing, statistical analysis based on 

the new mathematical model of vector EEG, and classification. 

In the preliminary processing stage of EEG signals, filtration is carried out to 

remove noise and external artifacts, which improves the quality of data for subsequent 

analysis stages. It is shown that the use of new statistical methods and algorithms 

allows for a highly accurate estimation of the probabilistic characteristics of EEG 

signals, which is critically important for effective classification of the mental control 

influence of a neurointerface operator. 
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The section describes the developed software based on Python using libraries 

such as Pandas, Numpy, Scipy, Sklearn, and Matplotlib, which provides convenient 

tools for automated processing, analysis, and visualization of EEG data. The 

experimental part of the research, which includes a detailed verification of the 

developed mathematical model and analysis of the effectiveness of neurointerface 

systems depending on the presence or absence of experience and training of 

neurointerface system operators, is described. 

The section concludes with a discussion on classification results, comparing 

various methodologies and approaches to EEG signal processing, with a particular 

emphasis on their spectral analysis, which proved to be particularly effective for 

identifying mental commands. Key ideas and the potential for further research in this 

area are highlighted, paving the way for the improvement of non-invasive 

neurointerface systems. 

The fourth section examines the methods of statistical rhythm-adaptive 

processing of electroencephalographic (EEG) and seismocardiographic (SCG) signals 

in the tasks of medical diagnostics and biometric authentication of a person. In the 

section, the main attention is focused on the analysis of the characteristics of ECG and 

SCG signals on the basis of rhythm-adaptive statistical estimates of their moment 

functions. High effectiveness of biometric authentication of persons based on their 

ECG signals using the developed method in the thesis is also demonstrated, 

highlighting the connection between biometric data and the potential for their use in 

security systems. The stages of processing ECG signals, including their registration, 

segmentation, normalization, and classification, are discussed. The section also 

discusses comparative analysis of different classifiers based on their effectiveness in 

biometric authentication of persons from the Combined Measurement of 

Electrocardiograms, Breathing, and Seismocardiograms database. It is demonstrated 

how statistical characteristics and the time of signal processing influence the choice of 

classifiers, considering the needs for speed and accuracy in modern security systems. 

The effectiveness of the approach to the processing of ECG signals developed 

in the dissertation was demonstrated on the example of solving the actual task of 
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automated diagnosis of arrhythmia in patients. The main efficiency characteristics and 

time computational complexity of algorithms for training and testing classifiers in 

systems of medical diagnosis of arrhythmias based on ECG were studied. 

 

Key words: mathematical modeling, statistical signal processing, cyclic signals, 

electroencephalogram, electrocardiogram, medical diagnostics, biometric 

authentication, neurointerface. 
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ʇɽʈɽʃɯʂ ʉʂʆʈʆʏɽʅʔ ɯ ʊɽʈʄɯʅɯɺ 

 

ɽɽɻ ɽʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʷ 

ɽʂɻ ɽʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʬʽʷ 

ʉʂɻ ʉʝʡʩʤʦʢʘʨʜʽʦʛʨʘʬʽʷ 

ɯʄʂ ɯʥʪʝʨʬʝʡʩ ʤʦʟʦʢ-ʢʦʤʧ'ʶʪʝʨ 

OpenBCI Open Source Brain-Computer Interface 

GUI ɻʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ 

ADC ɸʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

Ag-AgCl electrode ɽʣʝʢʪʨʦʜ ʟ ʧʦʢʨʠʪʪʷʤ ʭʣʦʨʠʜʫ ʩʨʽʙʣʘ 

SIC Statistical Interval Classifier 

SPC Statistical Point Classifier 

TP ɯʩʪʠʥʥʦ ʧʦʟʠʪʠʚʥʠʡ 

TN ɯʩʪʠʥʥʦ ʥʝʛʘʪʠʚʥʠʡ 

FP ʇʦʤʠʣʢʦʚʦ ʧʦʟʠʪʠʚʥʠʡ 

FN ʇʦʤʠʣʢʦʚʦ ʥʝʛʘʪʠʚʥʠʡ 

TPR ɯʩʪʠʥʥʦ ʧʦʟʠʪʠʚʥʠʡ ʨʽʚʝʥʴ 

TNR ɯʩʪʠʥʥʦ ʥʝʛʘʪʠʚʥʠʡ ʨʽʚʝʥʴ 

FNR ʇʦʤʠʣʢʦʚʦ ʥʝʛʘʪʠʚʥʠʡ ʨʽʚʝʥʴ 

FPR ʇʦʤʠʣʢʦʚʦ ʧʦʟʠʪʠʚʥʠʡ ʨʽʚʝʥʴ 

PPV ʇʦʟʠʪʠʚʥʦ ʧʨʦʛʥʦʩʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 

NPV ʅʝʛʘʪʠʚʥʦ ʧʨʦʛʥʦʩʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 

R ʄʥʦʞʠʥʘ ʜʽʡʩʥʠʭ ʯʠʩʝʣ 

Z ʄʥʦʞʠʥʘ ʮʽʣʠʭ ʯʠʩʝʣ 

N ʄʥʦʞʠʥʘ ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ 

Ý ʄʥʦʞʠʥʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʦʜʽʡ 

N ʂʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʜʽʚ (ʚʽʜʚʝʜʝʥʴ) ʥʘ ʧʦʚʝʨʭʥʽ 

ʛʦʣʦʚʠ ʦʧʝʨʘʪʦʨʘ 
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M ʂʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʦʜʥʦʛʦ ʪʠʧʫ, 

ʧʨʦʚʝʜʝʥʠʭ ʜʣʷ ʦʜʥʦʛʦ ʦʧʝʨʘʪʦʨʘ 

♬ ʇʘʨʘʤʝʪʨ, ʱʦ ʧʦʟʥʘʯʘʻ (ʤʘʨʢʫʻ) ʽʥʚʘʨʽʘʥʪ ʟ 

ʛʨʫʧʠ ʽʥʚʘʨʽʘʥʪʽʚ ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ 

ʧʦʚ'ʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ 

╔Ö ʆʧʝʨʘʪʦʨ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ 

◙ ‫ȟὸ ɺʝʢʪʦʨ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚ'ʷʟʘʥʠʭ 

ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ 

‚‫ȟὸ i-ʪʘ ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ 

ʧʦʚ'ʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ 

Ὕὸȟὲ ʌʫʥʢʮʽʷ ʨʠʪʤʫ ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ 

ʧʦʚ'ʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ 

◙ ὸ ʈʝʘʣʽʟʘʮʽʷ ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ 

ʧʦʚ'ʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ 

Ὂ
ȣ
ὼȟȣȟὼȠὸȟȣȟὸ  ʉʫʤʽʩʥʘ k-ʚʠʤʽʨʥʘ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʚʝʢʪʦʨʘ 

ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚ'ʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ 

ʧʨʦʮʝʩʽʚ 

Ὢ
ȢȢȢ
όȟȢȢȢȟόȠὸȟȢȢȢȟὸ  ʉʫʤʽʩʥʘ k-ʚʠʤʽʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʬʫʥʢʮʽʷ 

ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚ'ʷʟʘʥʠʭ 

ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ 

ὅ
ȢȢȢ
ὸȟȢȢȢȟὸ  ɿʤʽʰʘʥʘ ʧʦʯʘʪʢʦʚʘ ʤʦʤʝʥʪʥʘ ʬʫʥʢʮʽʷ ʚʝʢʪʦʨʘ 

ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚ'ʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ 

ʧʨʦʮʝʩʽʚ 

Ὑ
ȣ

ὸȟȣȟὸ  ɿʤʽʰʘʥʘ ʮʝʥʪʨʘʣʴʥʘ ʤʦʤʝʥʪʥʘ ʬʫʥʢʮʽʷ ʚʝʢʪʦʨʘ 

ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚ'ʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ 

ʧʨʦʮʝʩʽʚ 

╦ ȟ ʏʘʩʦʚʘ ʦʙʣʘʩʪʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʫ ʧʘʩʠʚʥʦʩʪʽ 

ʦʧʝʨʘʪʦʨʘ ʚ m-ʤʫ ʮʠʢʣʽ 

ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʯʥʦʛʦ ʩʠʛʥʘʣʫ 
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╦ ȟ ʏʘʩʦʚʘ ʦʙʣʘʩʪʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʫ ʘʢʪʠʚʥʦʩʪʽ 

ʦʧʝʨʘʪʦʨʘ ʚ m-ʤʫ ʮʠʢʣʽ 

ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʯʥʦʛʦ ʩʠʛʥʘʣʫ 

╦  ʏʘʩʦʚʘ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ m-ʛʦ ʮʠʢʣʫ 

ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʯʥʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ m-ʤʫ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʨʦʚʝʜʝʥʦʤʫ ʜʣʷ 

ʦʜʥʦʛʦ ʦʧʝʨʘʪʦʨʘ 

╦ ὸǿȟὸǿȟ  ʏʘʩʦʚʘ ʦʙʣʘʩʪʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ k-ʪʽʡ ʟʦʥʽ ʚ m-ʤʫ 

ʮʠʢʣʽ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʯʥʦʛʦ ʩʠʛʥʘʣʫ 

╦ ȟ ɯʥʜʠʢʘʪʦʨʥʘ ʬʫʥʢʮʽʷ ʯʘʩʦʚʦʾ ʦʙʣʘʩʪʽ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʫ ʧʘʩʠʚʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ʚ m-ʤʫ 

ʮʠʢʣʽ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʯʥʦʛʦ ʩʠʛʥʘʣʫ 

╦ ȟ ɯʥʜʠʢʘʪʦʨʥʘ ʬʫʥʢʮʽʷ ʯʘʩʦʚʦʾ ʦʙʣʘʩʪʽ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʫ ʘʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ʚ m-ʤʫ 

ʮʠʢʣʽ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʯʥʦʛʦ ʩʠʛʥʘʣʫ 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. 

ʉʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʪʦʯʥʠʭ ʥʝʽʥʚʘʟʠʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤ, ʩʠʩʪʝʤ 

ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʩʝʨʮʷ ʣʶʜʠʥʠ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤ ʜʠ-

ʥʘʤʽʯʥʦʾ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʟʘ ʾʾ ʙʽʦʤʝʜʠʯʥʠʤʠ ʮʠʢʣʽʯʥʠʤʠ ʩʠʛ-

ʥʘʣʘʤʠ ʻ ʚʘʞʣʠʚʠʤ ʪʘ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ ʪʘ ʽʥʞʝʥʝʨʽʾ. ɿʦʢ-

ʨʝʤʘ, ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʤʦʟʦʢ-ʢʦʤʧôʶʪʝʨ (ɯʄʂ), ʷʢʽ ʟʘʙʝʟʧʝʯʫ-

ʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʣʶʜʩʴʢʠʤ ʤʦʟʢʦʤ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʯʝʨʝʟ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʯʥʽ (ɽɽɻ) ʪʘ ʽʥʰʽ ʥʝʡʨʦʥʥʽ ʩʠʛʥʘʣʠ, ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ 

ʘʢʪʫʘʣʴʥʠʤ. ʈʦʟʚʠʪʦʢ ɯʄʂ ʚʠʤʘʛʘʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ ʦʙʯʠʩʣʶ-

ʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʘʪʝʨʥʽʚ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ɽɽɻ ʩʠʛ-

ʥʘʣʽʚ, ʱʦ ʻ ʚʘʞʣʠʚʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯ-

ʥʠʭ ʩʠʩʪʝʤ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʠʡ ʧʨʦʛʨʝʩ ʫ ʮʽʡ ʛʘʣʫʟʽ, ʽʩʥʫʶʪʴ ʯʠʩʣʝʥʥʽ ʥʝʚʠʨʽʰʝʥʽ 

ʧʠʪʘʥʥʷ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʉʝʨʝʜ ʥʠʭ ð ʨʦʟʨʦʙʢʘ ʙʽʣʴʰ 

ʘʜʝʢʚʘʪʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʙʽʣʴʰ ʪʦʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʙʽʦʤʝʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʟʦʢʨʝʤʘ ɽɽɻ ʪʘ ɽʂɻ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʤʘʶʪʴ ʩʢʣʘʜʥʫ ʜʠʥʘʤʽ-

ʯʥʫ ʮʠʢʣʽʯʥʫ ʩʪʦʭʘʩʪʠʯʥʫ ʯʘʩʦʚʫ ʩʪʨʫʢʪʫʨʫ. ʉʫʯʘʩʥʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʯʘʩʪʦ ʥʝ 

ʚ ʟʤʦʟʽ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʨʘʭʦʚʫʚʘʪʠ ʩʪʦʭʘʩʪʠʯʥʽʩʪʴ ʪʘ ʮʠʢʣʽʯʥʽʩʪʴ, ʤʽʥʣʠʚʽʩʪʴ ʪʘ 

ʩʧʽʣʴʥʽʩʪʴ ʨʠʪʤʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʽʦʩʠʛʥʘʣʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʪʦʯʥʦʩʪʝʡ ʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʊʦʤʫ ʟʥʘʯʥʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠ-

ʜʽʣʠʪʠ ʨʠʪʤʦʘʜʘʧʪʠʚʥʠʤ ʤʝʪʦʜʘʤ ʘʥʘʣʽʟʫ, ʷʢʽ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯ-

ʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʟʜʦʨʦʚ'ʷ, ʙʽʦʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʪʘ 

ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤ. ʎʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʙʽʣʴʰ ʘʜʝʢʚʘʪʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʟʤʽʥʠ ʨʠʪʤʫ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʽʦʤʝʜʠʯʥʠʭ ʩʠʛʥʘʣʘʭ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤ, 

ʩʠʩʪʝʤ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʬʽʢʘʮʽʾ. 

ʆʪʞʝ, ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʘʢʪʫʘʣʴʥʦʩʪʽ 

ʜʘʥʦʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʘ ʩʘʤʝ, ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪ ɹʨʦʟʨʦʙʢʠ ʘʜʝʢʚʘʪʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ʮʠʢʣʽʯʥʠʭ 
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ʩʪʦʭʘʩʪʠʯʥʠʭ ʙʽʦʤʝʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʟʽ ʟʤʽʥʥʠʤ ʨʠʪʤʦʤ ʚ ʦʙʣʘʩʪʽ ʥʝʽʥʚʘʟʠʚʥʠʭ 

ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʽʚ, ʢʘʨʜʽʦʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʩʠʩʪʝʤ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ 

ʦʩʦʙʠ. 

 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ:  

ɼʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚôʷʟʘʥʝ ʟ ʚʠʢʦʥʘʥʥʷʤ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʪeʤʠ 

ñʂʽʙʝʨ-ʬʽʟʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʤʝʜʠʢʦ-ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚò (ˉ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0119U000509). ʈʦʟʨʦʙʣʝʥʘ ʜʠʩʝʨʪʘʥʪʦʤ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʘ ʩʠʩ-

ʪʝʤʘ ʚʢʣʶʯʘʻ ʚʠʙʽʨ ʪʘ ʘʜʘʧʪʘʮʽʶ ʧʨʦʛʨʘʤʥʠʭ ʪʘ ʘʧʘʨʘʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʝʬʝ-

ʢʪʠʚʥʦʛʦ ʚʟʘʻʤʦʜʽʾ ʤʦʟʢʫ ʟ ʢʦʤʧôʶʪʝʨʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʷʤ ɽɽɻ ʩʠʛʥʘʣʽʚ. ɺʠʢʦʨʠ-

ʩʪʘʥʥʷ ʧʣʘʪʬʦʨʤʠ OpenBCI ʜʦʟʚʦʣʠʣʦ ʝʢʩʧʝʨʠʤʝʥʪʫʚʘʪʠ ʟ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ ʪʘ ʩʪʚʦʨʶʚʘʪʠ ɯʄʂ ʟ ʚʽʜʢʨʠʪʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʦʜʦʤ, ʱʦ ʨʦʟʰʠ-

ʨʠʣʦ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʚ ʦʙʣʘʩʪʽ ʙʽʦʤʝʜʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟ-

ʚʠʪʦʢ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʝʬʝʢʪʠʚʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʮʠʢʣʽʯʥʠʭ 

ʙʽʦʤʝʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʫ ʩʫʯʘʩʥʠʭ ʥʝʽʥʚʘʟʠʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʘʭ, ʩʠʩʪʝʤʘʭ ʙʽʦ-

ʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʪʘ ʩʠʩʪʝʤʘʭ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʤʝʪʠ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʚôʷʟʘʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

1) ʧʨʦʚʝʩʪʠ ʢʦʤʧʘʨʘʪʠʚʥʠʡ ʘʥʘʣʽʟ ʚʽʜʦʤʠʭ ʥʘʫʢʦʚʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʦ-

ʩʷʛʥʝʥʴ ʚ ʛʘʣʫʟʽ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʨʘʮʶʚʘʥʥʷ ʮʠʢʣʽʯʥʠʭ ʙʽʦʤʝʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, 

ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʾʭ ʥʝʜʦʣʽʢʽʚ ʪʘ ʟʘʜʣʷ ʬʦʨʤʫʣʶʚʘʥʥʷ ʥʘʫʢʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ʜʠ-

ʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ; 

2) ʨʦʟʨʦʙʠʪʠ ʥʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʫʢʫʧʥʦʩʪʽ ɽɽɻ ʩʠʛʥʘʣʽʚ, ʟʘʨʝʻʩʪ-

ʨʦʚʘʥʠʭ ʚ ʫʤʦʚʘʭ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʧʦʚʪʦʨʝʥʥʷ ʤʝʥʪʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ, ʷʢʘ 

ʙ ʚʨʘʭʦʚʫʚʘʣʘ ʩʪʦʭʘʩʪʠʯʥʽʩʪʴ, ʮʠʢʣʽʯʥʽʩʪʴ, ʤʽʥʣʠʚʽʩʪʴ ʪʘ ʩʧʽʣʴʥʽʩʪʴ ʨʠʪʤʫ ʜʦʩʣʽ-

ʜʞʫʚʘʥʠʭ ʙʽʦʩʠʛʥʘʣʽʚ, ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʦʧʨʘʮʶʚʘʥʥʷ 

ɽɽɻ ʩʠʛʥʘʣʽʚ ʚ ʥʝʽʥʚʘʟʠʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤʘʭ; 

3) ʚʝʨʠʬʽʢʫʚʘʪʠ ʥʦʚʽ ʤʝʪʦʜʠ ʦʧʨʘʮʶʚʘʥʥʷ ʩʫʢʫʧʥʦʩʪʽ ɽɽɻ ʩʠʛʥʘʣʽʚ ʜʣʷ ʚʠ-

ʷʚʣʝʥʥʷ ʤʝʥʪʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʚ ʥʝʽʥʚʘʟʠʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ 
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ʩʠʩʪʝʤʘʭ, ʟʦʩʝʨʝʜʠʚʰʠʩʴ ʥʘ ʧʦʢʨʘʱʝʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʯʥʦʩʪʽ ʪʘ ʯʘʩʦʚʦʾ ʦʙ-

ʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ; 

4) ʨʦʟʨʦʙʠʪʠ ʨʠʪʤʦʘʜʘʧʪʠʚʥʠʡ ʤʝʪʦʜ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ 

ʟʘ ʾʾ ɽʂɻ, ʱʦ ʙ ʟʘʙʝʟʧʝʯʠʣʘ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ; 

5) ʦʙˇʨʫʥʪʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʯʥʦʩʪʽ ʪʘ ʯʘʩʦ-

ʚʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ) ʚʝʢʪʦʨʠ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ ʜʣʷ ʥʝʡʨʦʽʥʪʝʨ-

ʬʝʡʩʥʠʭ ʩʠʩʪʝʤ ʪʘ ʩʠʩʪʝʤ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʟʘ ɽʂɻ; 

6) ʽʤʧʣʝʤʝʥʪʫʚʘʪʠ ʨʦʟʨʦʙʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʚ ʩʠʩʪʝʤʫ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ ʥʘ ʤʦʚʽ Python, ʱʦ ʜʦʟʚʦʣʠʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʬʽ-

ʣʴʪʨʘʮʽʾ ʟʘʚʘʜ, ʦʮʽʥʶʚʘʥʥʷ ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʦʚʝʜʝʥʥʷ ʩʧʝʢʪʨʘʣʴ-

ʥʠʭ ʨʦʟʢʣʘʜʽʚ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʮʠʢʣʽʯʥʠʭ ʙʽʦʤʝʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʥʝʽʥʚʘʟʠʚʥʠʭ 

ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤʘʭ, ʩʠʩʪʝʤʘʭ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʩʠʩʪʝʤʘʭ ʙʽʦʤʝ-

ʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ̒  ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʽʚ 

ʝʬʝʢʪʠʚʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʮʠʢʣʽʯʥʠʭ ʙʽʦʤʝʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʩʫʯʘʩʥʠʭ ʥʝʽʚʘʟʠ-

ʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʘʭ, ʩʠʩʪʝʤʘʭ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʩʠʩʪʝʤʘʭ ʙʽʦʤʝʪʨʠʯ-

ʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʝʬʝʢʪʠʚʥʦʛʦ 

ʦʧʨʘʮʶʚʘʥʥʷ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʪʘ ʢʘʨʜʽʦʜʽʘʛʥʦʩʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʜʠ ʪʝʦʨʽʾ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʚʝʢʪʦʨʽʚ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ɽɽɻ ʪʘ ɽʂɻ ʩʠʛʥʘʣʽʚ, ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʘ ʩʘʤʝ, ʤʝ-

ʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʪʦʯʢʦʚʦʛʦ ʪʘ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʝʪʦ-

ʜʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ʙʽʦʤʝʜʠʯʥʠʭ ʮʠʢʣʽʯʥʠʭ ʪʘ ʚʝʨʠʬʽʢʘʮʽʾ ʾʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝ-

ʣʝʡ. ʄʝʪʦʜʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʜʽʘʛʥʦ-

ʩʪʠʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ʫ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʪʘ ʢʘʨʜʽʦʜʽʘʛʥʦʩʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ. ʄʝ-

ʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʟʘʜʘʯʘʭ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʠʛʥʘʣʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺʧʝʨʰʝ, ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʚʝʨʠʬʽʢʦʚʘʥʦ ʥʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʫʢʫʧʥʦʩʪʽ 

ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʯʥʠʭ (ɽɽɻ) ʩʠʛʥʘʣʽʚ ʽʟ ʨʽʟʥʠʭ ʚʽʜʚʝʜʝʥʴ (ʝʣʝʢʪʨʦʜʽʚ), ʟʘʨʝ-

ʻʩʪʨʦʚʘʥʠʭ ʚ ʫʤʦʚʘʭ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʧʦʚʪʦʨʝʥʥʷ ʤʝʥʪʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ 
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ʦʧʝʨʘʪʦʨʘ ʥʝʽʥʚʘʟʠʚʥʦʛʦ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʫ, ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽ-

ʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. 

ˆʨʫʥʪʫʶʯʠʩʴ ʥʘ ʨʦʟʨʦʙʣʝʥʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʩʫʢʫʧʥʦʩʪʽ ɽɽɻ ʩʠʛʥʘ-

ʣʽʚ, ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʚ ʫʤʦʚʘʭ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʧʦʚʪʦʨʝʥʥʷ ʤʝʥʪʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ 

ʚʧʣʠʚʽʚ ʦʧʝʨʘʪʦʨʘ ʥʝʽʥʚʘʟʠʚʥʦʛʦ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʫ, ʚʧʝʨʰʝ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʤʝ-

ʪʦʜʠ ʾʭ ʨʠʪʤʦʘʜʘʧʪʠʚʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʩʬʦʨʤʫ-

ʚʘʪʠ ʤʥʦʞʠʥʫ ʧʦʪʝʥʮʽʡʥʦ ʯʫʪʣʠʚʠʭ ʜʦ ʤʝʥʪʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʦʧʝʨʘʪʦʨʘ ʥʝʡʨʦ-

ʽʥʝʨʬʝʩʫ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɽɽɻ ʩʠʛʥʘʣʽʚ. 

ɺʧʝʨʰʝ, ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ɽʂɻ ʫ ʚʠʛʣʷʜʽ ʮʠʢʣʽʯʥʦʛʦ ʚʠʧʘʜ-

ʢʦʚʦʛʦ ʧʨʦʮʝʩʫ, ʨʦʟʨʦʙʣʝʥʦ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ ʨʠʪʤʦʘʜʘʧʪʠʚʥʠʡ ʤʝʪʦʜ ʙʽʦʤʝʪ-

ʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʟʘ ʾʾ ɽʂɻ, ʟʦʢʨʝʤʘ, ʟʘ ʣʠʰʝ ʦʜʥʠʤ ʮʠʢʣʦʤ ɽʂɻ.  

ɺʧʝʨhʝ, ʚ ʨʘʤʢʘʭ ʨʠʪʤʦʘʜʘʧʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʧʨʘʮʶ-

ʚʘʥʥʷ ʮʠʢʣʽʯʥʠʭ ʙʽʦʤʝʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʦʧʪʠʤʘʣʴʥʽ (ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʯʥʦʩʪʽ ʪʘ ʯʘʩʦʚʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ) ʚʝʢʪʦʨʠ ʽʥʬʦʨʤʘ-

ʪʠʚʥʠʭ ʦʟʥʘʢ (ʧʝʨʰʠʭ 40 ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʢʣʘʜʫ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽ-

ʥʦʢ ʧʦʯʘʪʢʦʚʠʭ ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ ɽɽɻ ʪʘ ɽʂɻ ʩʠʛʥʘʣʽʚ ʫ ʨʷʜ ʌʫʨôʻ) ʚ ʥʝʡʨʦ-

ʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʚ ʩʠʩʪʝʤʘʭ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ  ʦʩʦʙʠ ʟʘ ɽʂɻ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʦʟʨʦʙʣʝʥʘ ʫ ʜʠʩʝʨʪʘʮʽʾ 

ʥʦʚʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʩʫʢʫʧʥʦʩʪʽ ɽɽɻ ʩʠʛʥʘʣʽʚ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ 

ʨʠʪʤʽʯʥʦ ʧʦʚʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʽʚ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ ʪʘ ɽʂɻ ʩʠʛʥʘʣʽʚ ʫʜʦʩʢʦʥʘʣʶʶʪʴ ʚʽʜʦʤʝ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʩʫʯʘʩʥʠʭ ʥʝʽʥʚʘʟʠʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʽʚ, ʩʠʩʪʝʤ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ 

ʩʠʩʪʝʤ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʟʘ ʾʾ ʬʽʟʽʦʣʦʛʽʯʥʠʤʠ ʩʠʛʥʘʣʘʤʠ.   

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʫ ʜʠʩʝʨʪʘʮʽʾ ʥʦʚʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʧʨʠʢʣʘʜʥʠʭ ʨʝ-

ʟʫʣʴʪʘʪʽʚ, ʥʘ ʤʦʚʽ Python ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʪʘ ʦʩʥʦʚʥʦʛʦ (ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ) ʨʠʪʤʦʘʜʘʧʪʠʚʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ 

ʮʠʢʣʽʯʥʠʭ ʙʽʦʤʝʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʢʣʘʩʠʬʽʢʘ-

ʮʽʾ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  ʪʠʧʦʚʠʭ ʟʘʩʦʙʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ  (k-Nearest Neighbors, 

Linear SVM, Decision Tree, Random Forest, Multilayer Perceptron, Adaptive 
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Boosting, Naive Bayes) ʚ ʥʝʽʥʚʘʟʠʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʩʠʩʪʝʤʘʭ 

ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʟʘ ɽʂɻ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ 

ʊʝʨʥʦʧʽʣʴʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶʷ ʪʘ ʚ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʫ ʨʦʙʦʪʫ ʊʝʨʥʦʧʽʣʴʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʫʥʽʚʝʨʩʠ-

ʪʝʪʫ ʽʤʝʥʽ ɯ. ʗ. ɻʦʨʙʘʯʝʚʩʴʢʦʛʦ (ɼʦʜʘʪʦʢ ɹ). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɺʩʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦ-

ʙʦʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʪʘ ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. ɿ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʦʧʫʙʣʽ-

ʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʫ ʜʠʩʝʨʪʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʩʦʙʠʩʪʠʭ ʜʦʩʣʽ-

ʜʞʝʥʴ ʟʜʦʙʫʚʘʯʘ. ʋ ʥʘʚʝʜʝʥʠʭ ʧʨʘʮʷʭ (ɼʦʜʘʪʦʢ ɸ), ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʽʟ ʩʧʽʚʘʚʪʦ-

ʨʘʤʠ, ʟʜʦʙʫʚʘʯʝʚʽ ʥʘʣʝʞʘʪʴ: ʫ [1] ð ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽ-

ʜʞʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʨʠʪʤʦʘʜʘʧʪʠʚʥʦʛʦ ʪʘ ʥʝʨʠʪʤʦʘʜʘʧʪʠʚʥʦʛʦ ʩʪʘʪʠʩ-

ʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ɽʂɻ ʩʠʛʥʘʣʽʚ ʚ ʩʠʩʪʝʤʘʭ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ 

ʦʩʦʙʠ, ʫ [2, 14] ð ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʫ ʚʠʛʣʷʜʽ 

ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚ'ʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʫ [3, 15] ð ʧʨʦʚʝ-

ʜʝʥʦ ʜʝʪʘʣʴʥʫ ʦʮʽʥʢʫ ʨʷʜʫ ʩʫʯʘʩʥʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʜʣʷ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ ɽɽɻ ʚ 

ʩʠʩʪʝʤʘʭ ʽʥʪʝʨʬʝʡʩʫ ʤʦʟʦʢ-ʢʦʤʧ'ʶʪʝʨ, ʚʠʢʦʨʠʩʪʘʚʰʠ ʨʦʟʨʦʙʣʝʥʫ ʤʘʪʝʤʘʪʠʯʥʦ 

ʤʦʜʝʣʴ ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚ'ʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʫ [4] ð 

ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʠ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʧʦʨʽʚʥʷʥʦ ʪʦʯʥʽʩʪʴ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʪʴʩʷ ʫ ʩʫʯʘʩʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʘʭ, ʫ [5] ð ʨʦʟʛʣʷʥʫʪʦ ʩʪʨʘʪʝʛʽʾ ʚʠʙʦʨʫ 

ʧʨʦʛʨʘʤ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤ, ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʨʦʟʨʦʙʢʫ 

ʚʣʘʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ɽɽɻ, ʫ [6, 9, 11] ð ʚʠʢʦʥʘʥʦ ʧʦ-

ʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʽʚ, ʟʦʢʨʝʤʘ, ʨʽʟʥʠʭ ʮʽʥʦʚʠʭ ʩʝʛʤʝʥʪʽʚ 

ʨʠʥʢʫ ʪʘ ʧʨʦʜʫʢʮʽʾ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʩʠʩʪʝʤ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʽʚ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙ-

ʣʝʥʦ ʧʽʜʭʽʜ ʜʦ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʤʝʪʦʜʽʚ ʪʘ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʽʚ ʫ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʫ 

[7] ð ʨʦʟʨʦʙʣʝʥʦ ʝʬʝʢʪʠʚʥʠʡ ʝʢʩʧʨʝʩ-ʤʝʪʦʜ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ 

ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʛʦ ʮʠʢʣʫ ɽʂɻ ʩʠʛʥʘʣʫ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʫ [8] ð ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ 
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ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʦʧʠʩʘʥʦ ʾʭ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ, ʨʦʟʛʣʷ-

ʥʫʪʦ ʨʽʟʥʽ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʩʢʣʘʜʥʦʩʪʽ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʪʘ ʨʦʟʚʠʪʢʦʤ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʽʚ, ʫ [10] ð ʨʦʟʛʣʷʥʫʪʦ ʨʽʟʥʽ ʽʥʪʝʨ-

ʬʝʡʩʠ ʜʣʷ ʚʚʦʜʫ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ñɯʤʽʜʞ-ʊʝʨʘ-

ʧʝʚʪò, ʚʢʣʶʯʘʶʯʠ ʘʫʜʽʦʽʥʪʝʨʬʝʡʩ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʘ ʢʦʨʝʢʮʽʾ ʜʘʥʠʭ ʯʝʨʝʟ ʛʦʣʦʩʦʚʽ 

ʢʦʤʘʥʜʠ, ʥʝʡʨʦʽʥʪʝʨʬʝʡʩ, ʱʦ ʫʤʦʞʣʠʚʣʶʻ ʥʝʚʝʨʙʘʣʴʥʫ ʚʟʘʻʤʦʜʽʶ ʟ ʩʠʩʪʝʤʦʶ, 

ʫ [12] ð ʨʦʟʛʣʷʥʫʪʦ ʧʽʜʭʽʜ ʜʦ ʩʪʚʦʨʝʥʥʷ ʜʦʩʪʫʧʥʠʭ ʟʘ ʮʽʥʦʶ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʥʝʡ-

ʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʣʘʪʬʦʨʤʠ OpenBCI, ʫ [13] ð  ʦʧʠʩʘʥʦ 

ʨʦʟʨʦʙʢʫ ʧʨʠʥʮʠʧʽʚ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʠʟʦʚʘʥʦʶ ʨʫʢʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʡʨʦʽʥʪʝʨ-

ʬʝʡʩʫ, ʫʚʘʛʫ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʫ ʯʝʨʝʟ ʧʨʦʪʦʪʠʧ, 

ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʫ ʫʧʨʘʚʣʷʪʠ ʚʽʨʪʫʘʣʴʥʠʤ ʢʫʨʩʦʨʦʤ ʽ ʨʝʘʣʴʥʦʶ ʨʦʙʦʪʠ-

ʟʦʚʘʥʦʶ ʨʫʢʦʶ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʅʘ-

ʫʢʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʦʙ-

ʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, ʘ ʩʘʤʝ, ʥʘ: ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ "ɯʚʘʥ ʇʫʣʶʡ: ʞʠʪʪʷ ʚ ʽʤôʷ ʥʘʫʢʠ ʪʘ ʋʢʨʘʾʥʠ" (ʜʦ 175-ʣʽʪʪʷ ʚʽʜ ʜʥʷ 

ʥʘʨʦʜʞʝʥʥʷ), ʊʝʨʥʦʧʽʣʴ, 2020 ʨ.; IX ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥ-

ʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʊʝʨʥʦʧʽʣʴ, 2020 ʨ.; VIII ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥ-

ʬʝʨʝʥʮʽʾ "ɯʥʬʦʨʤʘʮʽʡʥʽ ʤʦʜʝʣʽ, ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ", ʊʝʨʥʦʧʽʣʴ, 2020 ʨ.; XX 

ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʫʧʨʘʚʣʽʥʥʷ ʝʢʦʣʦʛʽʯʥʦʶ ʙʝʟʧʝʢʦʶ, ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷʤ, ʟʘʭʦʜʘʤʠ ʚ ʥʘʜʟʚʠ-

ʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ", ʂʠʾʚ, 2021 ʨ.; IX ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ɯʥʬʦʨʤʘ-

ʮʽʡʥʽ ʤʦʜʝʣʽ, ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ", ʊʝʨʥʦʧʽʣʴ, 2021 ʨ.; XXI ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫ-

ʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ɯʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʩʪʘʣʠʡ 

ʨʦʟʚʠʪʦʢ", ʂʠʾʚ, 2022 ʨ.; XXII ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ɯʥ-

ʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ", ʂʠʾʚ, 2023 ʨ. 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ 15 ʥʘʫʢʦ-

ʚʠʭ ʧʨʘʮʴ, ʟʦʢʨʝʤʘ: 5 ʩʪʘʪʝʡ ʫ ʟʘʢʦʨʜʦʥʥʠʭ ʥʘʫʢʦʚʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ, ʷʢʽ 

ʽʥʜʝʢʩʫʶʪʴʩʷ ʤʽʞʥʘʨʦʜʥʦʶ ʥʘʫʢʦʤʝʪʨʠʯʥʦʶ ʙʘʟʦʶ Scopus. ʉʝʨʝʜ ʥʠʭ, 2 ʩʪʘʪʪʽ, 

ʷʢʽ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʞʫʨʥʘʣʘʭ ʢʚʝʨʪʝʣʽʚ 1 ʪʘ 2 ʟʘ 
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ʥʘʫʢʦʤʝʪʨʠʯʥʠʤʠ ʙʘʟʘʤʠ JCR, CiteScore ʪʘ SJR. ʊʘʢʦʞ ʦʧʫʙʣʽʢʦʚʘʥʦ 2 ʩʪʘʪʪʽ ʫ 

ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, ʷʢʽ ʽʥʜʝʢʩʫʶʪʴʩʷ ʚ Index 

Copernicus. 8 ʧʫʙʣʽʢʘʮʽʡ ï ʮʝ ʤʘʪʝʨʽʘʣʠ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ ʥʘʫʢʦʚʠʭ 

ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʤʽʩʪʠʪʴ ʚʩʪʫʧ, 

ʯʦʪʠʨʠ ʨʦʟʜʽʣʠ, ʚʠʩʥʦʚʢʠ, ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ ʥʘʡʤʝʥʫʚʘʥʴ, ʜʦʜʘʪʢʽʚ. 

ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʩʢʣʘʜʘʻ 196 ʩʪʦʨʽʥʢʠ, ʟ ʥʠʭ 135 ʩʪʦʨʽʥʦʢ 

ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, ʜʝ ʥʘʚʝʜʝʥʦ 49 ʨʠʩʫʥʢʽʚ ʪʘ 15 ʪʘʙʣʠʮ.ɹ 
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ʈʆɿɼɯʃ 1 

ʂʆʄʇɸʈɸʊʀɺʅʀʁ ɸʅɸʃɯɿ ʄɸʊɽʄɸʊʀʏʅʀʍ ʄʆɼɽʃɽʁ ʊɸ 

ʄɽʊʆɼɯɺ ʆʇʈɸʎʖɺɸʅʅʗ ʎʀʂʃɯʏʅʀʍ ʉʀɻʅɸʃɯɺ ɺ 

ʅɽʁʈʆɯʅʊɽʈʌɽʁʉʅʀʍ ʊɸ ʂɸʈɼɯʆɼɯɸɻʅʆʉʊʀʏʅʀʍ ʉʀʉʊɽʄɸʍ 

 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʘʨʘʪʠʚʥʠʡ ʘʥʘʣʽʟ ʜʦʩʪʫʧʥʠʭ ʥʘ ʨʠʥʢʫ 

ʽʥʬʦʨʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ ʪʘ ɽʂɻ ʩʠʛʥʘʣʽʚ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʝʥʘ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ɽʂɻ 

ʪʘ ɽɽɻ ʩʠʛʥʘʣʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʘʜʝʢʚʘʪʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʥʝʽʚʘʟʠʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤʘʭ, ʩʠʩʪʝʤʘʭ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ 

ʦʩʦʙʠ ʪʘ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ. ɺʠʟʥʘʯʝʥʦ ʦʙʤʝʞʝʥʥʷ ʪʘ ʥʝʜʦʣʽʢʠ ʽʩʥʫʶʯʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ ʪʘ ɽʂɻ ʩʠʛʥʘʣʽʚ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ  

ʩʬʦʨʤʫʣʶʚʘʪʠ ʤʝʪʫ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʈʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʨʘʤʢʘʭ ʮʴʦʛʦ ʨʦʟʜʽʣʫ, ʚʽʜʦʙʨʘʞʝʥʽ ʫ 

ʧʫʙʣʽʢʘʮʽʷʭ [1, 2]. 

 

1.1. ʈʦʣʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʦʧʨʘʮʶʚʘʥʥ ̔ʙʽʦʩʠʛʥʘʣʽʚ 

ʮʠʢʣʽʯʥʦʾ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʩʪʨʫʢʪʫʨʠ 

ʎʠʢʣʽʯʥʽ ʙʽʦʩʠʛʥʘʣʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʚʽʜʦʙʨʘʞʝʥʥʽ ʢʦʤʧʣʝʢʩʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ, ʚʽʜʦʙʨʘʞʘʶʯʠ ʨʠʪʤʽʯʥʫ 

ʜʽʷʣʴʥʽʩʪʴ ʩʠʩʪʝʤ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ ʾʭ ʞʠʪʪʷ. ʎʽ ʩʠʛʥʘʣʠ, ʤʘʶʯʠ ʮʠʢʣʽʯʥʫ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʫ ʩʪʨʫʢʪʫʨʫ, ʥʝʩʫʪʴ ʫ ʩʦʙʽ ʚʘʞʣʠʚʫ ̔ ʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ 

ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ, ʜʦʟʚʦʣʷʶʯʠ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʽ ʧʦʨʫʰʝʥʥʷ ʪʘ ʘʥʦʤʘʣʽʾ 

ʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ. ɺʦʥʠ 

ʚʢʣʶʯʘʶʪʴ ʫ ʩʝʙʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʠʛʥʘʣʽʚ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʩʝʨʮʝʚʦʛʦ ʨʠʪʤʫ ʪʘ 

ʜʠʭʘʥʥʷ ʜʦ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʘʢʠʭ ʷʢ ʥʝʡʨʦʥʥʘ ʘʢʪʠʚʥʽʩʪʴ ʤʦʟʢʫ ʪʘ 

ʤ'ʷʟʦʚʽ ʢʦʥʪʨʘʢʮʽʾ. ʆʩʦʙʣʠʚʽʩʪʶ ʮʠʢʣʽʯʥʠʭ ʙʽʦʩʠʛʥʘʣʽʚ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ 

ʚʘʨʽʶʚʘʪʠʩʷ ʚʽʜ ʧʨʦʩʪʠʭ ʜʦ ʚʠʩʦʢʦ ʩʢʣʘʜʥʠʭ ʧʘʪʝʨʥʽʚ, ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʘʥʫ 

ʦʨʛʘʥʽʟʤʫ ʪʘ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ [3]. 
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ʅʘ ʨʠʩʫʥʢʫ 1.1 ʧʦʜʘʥʦ ʨʝʻʩʪʨʦʛʨʘʤʠ ʪʠʧʦʚʠʭ ʮʠʢʣʽʯʥʠʭ ʩʠʛʥʘʣʽʚ. ɻʨʘʬʽʢʠ 

ʽʣʶʩʪʨʫʶʪʴ ʜʠʥʘʤʽʯʥʫ ʧʨʠʨʦʜʫ ʩʝʨʮʝʚʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʨʘʟʦʤ ʽʟ 

ʟʘʧʠʩʘʤʠ ʜʠʭʘʥʥʷ ʪʘ ʩʝʡʩʤʦʢʘʨʜʽʦʛʨʘʬʽʾ ʧʨʦʪʷʛʦʤ 8-ʩʝʢʫʥʜʥʦʛʦ ʽʥʪʝʨʚʘʣʫ. 

 

ʈʠʩʫʥʦʢ. 1.1. ɻʨʘʬʽʢʠ ʨʝʘʣʽʟʘʮʽʡ ʩʠʥʭʨʦʥʥʦ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ 

ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʤʠ ʟ ʚʽʜʚʝʜʝʥʴ I ʪʘ II, ʜʠʭʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ (RESP) ʪʘ 

ʩʝʡʩʤʦʢʘʨʜʽʦʛʨʘʤʠ (SCG) 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʮʠʢʣʽʯʥʠʭ ʙʽʦʩʠʛʥʘʣʽʚ ʟʘ ʜʘʧʦʤʦʛʦʶ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʣʷ ʨʦʟʚʠʪʢʫ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʝʜʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʩʠʩʪʝʤ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʜʦʨʦʚ'ʷ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʩʚʦʻʯʘʩʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʪʘ ʣʽʢʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ, ʨʽʟʥʦʤʘʥʽʪʥʽ ʮʠʢʣʽʯʥʽ 

ʙʽʦʣʦʛʽʯʥʽ ʩʠʛʥʘʣʠ, ʪʘʢʽ ʷʢ ɽʂɻ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʫ ʤʝʜʠʯʥʠʭ ʮʽʣʷʭ, 

ʘʣʝ ʡ ʜʣʷ ʟʘʜʘʯ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ [4-7], ʱʦ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʚ ʦʙʣʘʩʪʽ ʙʝʟʧʝʢʠ ʪʘ ʙʽʦʤʝʪʨʠʯʥʦʾ ̔ʜʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ. 

ɯʥʰʠʡ ʚʘʞʣʠʚʠʡ ʙʽʦʣʦʛʽʯʥʠʡ ʩʠʛʥʘʣ, ɽɽɻ, ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʤʝʜʠʮʠʥʽ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʟʦʢʨʝʤʘ ʝʧʽʣʝʧʩʽʾ ʪʘ 

ʽʥʰʠʭ ʥʝʚʨʦʣʦʛʽʯʥʠʭ ʨʦʟʣʘʜʽʚ. ʇʨʦʪʝ, ʟʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ, ʽʜʝʷ ʽʥʪʝʨʬʝʡʩʫ 

ʤʦʟʦʢ-ʢʦʤʧ'ʶʪʝʨ ʟʜʦʙʫʣʘ ʧʦʧʫʣʷʨʥʽʩʪʴ [8], ʨʦʟʰʠʨʶʶʯʠ ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ɽɽɻ ʜʘʣʝʢʦ ʟʘ ʤʝʞʽ ʪʨʘʜʠʮʽʡʥʦʾ ʤʝʜʠʮʠʥʠ [9-13]. 
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ʇʨʦʛʨʝʩ ʫ ʩʬʝʨʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʚ ʤʦʞʣʠʚʦʩʪʽ 

ʤʝʜʠʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ. ʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʦʭʦʨʦʥʽ ʟʜʦʨʦʚ'ʷ, ʜʦʟʚʦʣʷʶʪʴ ʟʽʙʨʘʪʠ, ʦʧʨʘʮʶʚʘʪʠ ʪʘ 

ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʰʚʠʜʢʽʩʪʶ, ʱʦ 

ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʰʣʷʭʠ ʜʣʷ ʩʚʦʻʯʘʩʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʟʘʭʚʦʨʶʚʘʥʴ, ʾʭ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʪʘ ʨʦʟʨʦʙʢʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʣʽʢʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʧʘʮʽʻʥʪʘ. 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʚ ʤʝʜʠʮʠʥʽ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, 

ʪʘʢʠʭ ʷʢ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʪʘ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ, ʟʜʘʪʥʽ ʘʥʘʣʽʟʫʚʘʪʠ ʩʢʣʘʜʥʽ 

ʙʽʦʤʝʜʠʯʥʽ ʩʠʛʥʘʣʠ, ʷʢ-ʦʪ ɽɽɻ ʘʙʦ ɽʂɻ, ʚʠʷʚʣʷʶʯʠ ʩʪʨʫʢʪʫʨʥʽ ʥʶʘʥʩʠ, ʷʢʽ 

ʤʦʞʫʪʴ ʟʘʣʠʰʠʪʠʩʷ ʥʝʧʦʤʽʯʝʥʠʤʠ ʧʨʠ ʪʨʘʜʠʮʽʡʥʦʤʫ ʘʥʘʣʽʟʽ. ɺʦʥʠ ʪʘʢʦʞ 

ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʪʝʣʝʤʝʜʠʮʠʥʠ ʪʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʟʜʦʨʦʚ'ʷ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʘʮʽʻʥʪʘʤ ʜʦʩʪʫʧ ʜʦ ʚʠʩʦʢʦʷʢʽʩʥʦʾ ʤʝʜʠʯʥʦʾ ʜʦʧʦʤʦʛʠ ʥʝʟʘʣʝʞʥʦ 

ʚʽʜ ʾʭʥʴʦʛʦ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ. 

 

1.2. ʉʫʯʘʩʥʽ ̔ ʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʧʨʘʮʶʚʘʥʥʷ ɽʂɻ ʪʘ ɽɽɻ 

ʩʠʛʥʘʣʽʚ 

ʊʝʭʥʦʣʦʛʽʾ ʘʥʘʣʽʟʫ ɽʂɻ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʜʽʘʛʥʦʩʪʠʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ 

ʢʘʨʜʽʦʣʦʛʽʾ, ʱʦ ʚʠʤʽʨʶʻ ʝʣʝʢʪʨʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʩʝʨʮʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʢʫʧʥʦʩʪʽ 

ʝʣʝʢʪʨʦʜʽʚ, ʫʤʦʞʣʠʚʣʶʶʯʠ ʜʽʘʛʥʦʩʪʠʢʫ ʩʪʘʥʫ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ 

ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ. 

ʈʦʟʚʠʪʦʢ ʤʝʪʦʜʠʢ ʟʙʦʨʫ ɽʂɻ ʫ ʙʽʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʦʟʥʘʤʝʥʫʚʘʣʘʩʷ ʟʥʘʯʥʠʤʠ ʜʦʩʷʛʥʝʥʥʷʤʠ, ʦʩʦʙʣʠʚʦ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʠʡʥʷʪʥʦʩʪʽ ɽʂɻ ʷʢ ʙʽʦʤʝʪʨʠʯʥʦʾ ʦʟʥʘʢʠ. ʇʝʨʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʩʥʦʚʥʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʟ 12 ʚʽʜʚʝʜʝʥʴ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʙʽʦʤʝʪʨʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ [14, 15]. ɿ ʯʘʩʦʤ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʧʦʤʽʪʥʘ ʟʤʽʥʘ ʚ ʙʽʢ 

ʚʠʙʽʨʢʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʚʽʜʚʝʜʝʥʴ, ʦʩʦʙʣʠʚʦ ʚʽʜʚʝʜʝʥʥʷ I ʪʘ II, ʷʢʽ 

ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʯʝʨʝʟ ʙʽʣʴʰʫ ʧʨʠʡʥʷʪʥʽʩʪʴ ʟʘʚʜʷʢʠ ʨʦʟʤʽʱʝʥʥʶ ʝʣʝʢʪʨʦʜʽʚ ʥʘ 

ʟʘʧ'ʷʩʪʽ [16, 17]. ʅʝʜʘʚʥʽ ʨʦʟʨʦʙʢʠ ʱʝ ʙʽʣʴʰʝ ʨʦʟʰʠʨʠʣʠ ʮʽ ʤʦʞʣʠʚʦʩʪʽ, 

ʽʥʪʝʛʨʫʶʯʠ ʟʙʽʨ ɽʂɻ ʫ ʥʦʩʠʤʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʨʝʜʤʝʪʠ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʚʞʠʪʢʫ, 

ʧʨʦʢʣʘʜʘʶʯʠ ʰʣʷʭ ʜʦ ʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʪʘ ʟʨʫʯʥʠʭ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ 
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ʙʽʦʤʝʪʨʠʯʥʠʭ ʨʽʰʝʥʴ [18-24], ʜʦʟʚʦʣʷʶʯʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʟʜʽʡʩʥʶʚʘʪʠ ʤʦʥʽʪʦʨʠʥʛ 

ʩʚʦʛʦ ʩʝʨʮʝʚʦʛʦ ʨʠʪʤʫ ʚ ʜʦʤʘʰʥʽʭ ʫʤʦʚʘʭ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʘʨʠʪʤʽʡ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʜʣʷ ʩʫʯʘʩʥʦʾ ʤʝʜʠʮʠʥʠ, 

ʦʩʢʽʣʴʢʠ ʧʨʘʚʠʣʴʥʘ ʜʽʘʛʥʦʩʪʠʢʘ ʤʦʞʝ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʣʽʢʫʚʘʥʥʷ 

ʩʝʨʮʝʚʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. ɸʨʠʪʤʽʾ, ̫ ʢʽ ʚʢʣʶʯʘʶʪʴ ʥʝʧʨʘʚʠʣʴʥʽ ʩʝʨʮʝʙʠʪʪʷ, ʤʦʞʫʪʴ 

ʚʘʨʽʶʚʘʪʠʩʷ ʚʽʜ ʣʝʛʢʠʭ ʥʝʧʨʠʻʤʥʦʩʪʝʡ ʜʦ ʩʝʨʡʦʟʥʠʭ ʩʪʘʥʽʚ, ʷʢʽ ʟʘʛʨʦʞʫʶʪʴ 

ʞʠʪʪʶ, ʪʦʤʫ ʾʭ ʚʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ɽʂɻ 

ʩʠʛʥʘʣʽʚ ʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʪʝʥʮʽʡʥʠʭ ʘʨʠʪʤʽʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʥʘʜʽʡʥʫ ʪʘ ʰʚʠʜʢʫ 

ʜʽʘʛʥʦʩʪʠʢʫ. 

ɿʘʚʜʷʢʠ ʨʦʟʚʠʪʢʫ ʙʽʦʤʝʜʠʯʥʦʛʦ ʽʥʞʠʥʽʨʠʥʛʫ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʘʨʠʪʤʽʡ ʩʪʘʣʘ ʙʽʣʴʰ ʪʦʯʥʦʶ ʪʘ ʝʬʝʢʪʠʚʥʦʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ 

ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʜʘʥʠʭ ɽʂɻ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʽʟʝʨʫʥʢʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʚʢʘʟʫʚʘʪʠ ʥʘ 

ʥʘʷʚʥʽʩʪʴ ʘʨʠʪʤʽʡ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʤʝʜʠʯʥʠʤ ʬʘʭʽʚʮʷʤ ʰʚʠʜʰʝ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʧʦʪʝʥʮʽʡʥʽ ʧʨʦʙʣʝʤʠ ʪʘ ʧʣʘʥʫʚʘʪʠ ʣʽʢʫʚʘʥʥʷ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ 

ʩʝʨʮʝʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʘʮʽʻʥʪʘ. 

ɽʂɻ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʣʠʰʝ ʜʣʷ ʤʝʜʠʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ, 

ʘʣʝ ʡ ʫ ʩʬʝʨʘʭ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʟʘʚʜʷʢʠ ʫʥʽʢʘʣʴʥʦʩʪʽ ʩʝʨʮʝʚʠʭ 

ʨʠʪʤʽʚ ʢʦʞʥʦʾ ʣʶʜʠʥʠ. ʎʷ ʦʩʦʙʣʠʚʽʩʪʴ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ɽʂɻ ʷʢ 

ʙʽʦʤʝʪʨʠʯʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ, ʧʽʜʚʠʱʫʶʯʠ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʚ ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʶ 

ʜʦʩʪʫʧʫ ʪʘ ʮʠʬʨʦʚʠʭ ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʥʘʜʘʶʯʠ ʥʘʜʽʡʥʠʡ ʩʧʦʩʽʙ 

ʧʝʨʝʚʽʨʢʠ ʦʩʦʙʠ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʧʘʨʦʣʽʚ ʘʙʦ 

ʬʽʟʠʯʥʠʭ ʢʣʶʯʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ, ʦʧʠʩʘʥʝ ʫ ʩʪʘʪʪʽ [16], ʜʝʤʦʥʩʪʨʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ɽʂɻ ʷʢ ʥʘʜʽʡʥʦʛʦ ʙʽʦʤʝʪʨʠʯʥʦʛʦ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ɽʂɻ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʽʙ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʟ ʙʘʟʠ ʜʘʥʠʭ CYBHi, 

ʘʚʪʦʨʠ ʪʝʩʪʫʚʘʣʠ ʨʽʟʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʙʽʦʤʝʪʨʠʯʥʽ ʰʘʙʣʦʥʠ, ʦʪʨʠʤʘʚʰʠ ʚʠʩʦʢʫ 

ʪʦʯʥʽʩʪʴ, ʧʽʜʪʚʝʨʜʞʫʻ ʧʦʪʝʥʮʽʘʣ ɽʂɻ, ʷʢʠʡ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʤʝʜʠʯʥʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʚʢʣʶʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʛʘʣʫʟʽ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʪʘʢʽ ʷʢ ʧʝʨʩʦʥʘʣʴʥʘ 
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ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʪʘ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ ʜʦ ʩʠʩʪʝʤ, ʱʦ ʧʽʜʢʨʝʩʣʶʻ ʫʥʽʢʘʣʴʥʠʡ ʪʘ 

ʦʩʦʙʠʩʪʠʡ ʭʘʨʘʢʪʝʨ ɽʂɻ-ʧʘʪʝʨʥʽʚ ʷʢ ʝʬʝʢʪʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʙʽʦʤʝʪʨʠʯʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʨʠʥʢʫ ʽʩʥʫʻ ʰʠʨʦʢʠʡ ʘʩʦʨʪʠʤʝʥʪ ʧʦʙʫʪʦʚʠʭ ʩʠʩʪʝʤ 

ʤʦʥʽʪʦʨʠʥʛʫ ɽʂɻ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʧʨʦʧʦʥʫʻ ʫʥʽʢʘʣʴʥʠʡ ʥʘʙʽʨ ʬʫʥʢʮʽʡ, ʧʨʠʟʥʘʯʝʥʠʭ 

ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɺʽʜ ʧʨʦʩʪʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʘʟʦʚʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʜʦ ʩʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽʟ ʨʦʟʰʠʨʝʥʠʤʠ 

ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. 

 

ʊʘʙʣʠʮʷ 1.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʪʫʧʥʠʭ ʧʦʧʫʣʷʨʥʠʭ ʧʦʙʫʪʦʚʠʭ ʩʠʩʪʝʤ 

ʤʦʥʽʪʦʨʠʥʛʫ ɽʂɻ, ʷʢʽ ʧʨʦʧʦʥʫʻ ʨʠʥʦʢ 

ʇʦʢʘʟʥʠʢ 

ʉʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ɽʂɻ 
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ɻʮ 
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ɹʝʟʧʨʦʚʽʜʥʠʡ 

ʟʚôʷʟʦʢ 
ʅ ̔ ʊʘʢ ʅ ̔ ʊʘʢ ʅ ̔ ʊʘʢ ʊʘʢ ʅ ̔ ʊʘʢ 

ɺʠʚʦʜʠʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʥʘ 

ʩʤʘʨʪʬʦʥ 

ʅ ̔ ʊʘʢ ʅ ̔ ʊʘʢ ʅ ̔ ʊʘʢ ʊʘʢ ʅ ̔ ʊʘʢ 

ɺʠʚʦʜʠʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʥʘ 

ʢʦʤʧ'ʶʪʝʨ 

ʊʘʢ ʅ ̔ ʊʘʢ ʅ ̔ ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ 

ɿʯʠʪʫʻ Eʄɻ ʅ ̔ ʊʘʢ ʅ ̔ ʅ ̔ ʅ ̔ ʅ ̔ ʅ ̔ ʅ ̔ ʊʘʢ 

ɿʯʠʪʫʻ Eʂɻ ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ 
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ʋ ʪʘʙʣʠʮʽ 1.1 ʥʘʚʝʜʝʥʦ ʩʧʠʩʦʢ ʧʦʧʫʣʷʨʥʠʭ ʧʦʙʫʪʦʚʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ 

ɽʂɻ, ʜʦʩʪʫʧʥʠʭ ʥʘ ʨʠʥʢʫ. ʊʘʙʣʠʮʷ ʤʽʩʪʠʪʴ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ ʮʠʭ 

ʩʠʩʪʝʤ ʷʢ ʮʽʥʘ, ʢʽʣʴʢʽʩʪʴ ʚʽʜʚʝʜʝʥʴ, ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʥʘʷʚʥʽʩʪʴ 

ʙʝʟʧʨʦʚʽʜʥʦʛʦ ʟʚ'ʷʟʢʫ, ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʦʜʫ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʩʤʘʨʪʬʦʥ ʪʘ ʢʦʤʧ'ʶʪʝʨ, 

ʘ ʪʘʢʦʞ ʟʜʘʪʥʽʩʪʴ ʟʯʠʪʫʚʘʪʠ ɽʄɻ ʪʘ ɽʂɻ. 

ʋ ʥʘʡʜʝʰʝʚʰʠʭ ʤʦʜʝʣʝʡ (ʜʠʚ. ʪʘʙʣʠʮʷ 1.1) ʧʦʙʫʪʦʚʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ 

ɽʂɻ, ʷʢʽ ʧʨʦʧʦʥʫʶʪʴ ʚʽʜ ʦʜʥʦʛʦ ʜʦ ʪʨʴʦʭ ʚʽʜʚʝʜʝʥʴ, ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʤʦʞʣʠʚʦʩʪʽ 

ʜʣʷ ʙʘʟʦʚʦʛʦ ʱʦʜʝʥʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʥʘʡʧʦʰʠʨʝʥʽʰʽ 

ʧʦʨʫʰʝʥʥʷ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ, ʜʦʟʚʦʣʷʶʯʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʚʯʘʩʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʘʪʦʣʦʛʽʾ ʪʘ ʟʚʝʨʥʫʪʠʩʷ ʟʘ ʤʝʜʠʯʥʠʤʠ 

ʢʦʥʩʫʣʴʪʘʮʽʷʤʠ. 

ɿʛʽʜʥʦ ʪʘʙʣʠʮʽ ʙʘʯʠʤʦ, ʱʦ ʨʠʥʦʢ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ɽʂɻ ʜʝʤʦʥʩʪʨʫʻ ʰʠʨʦʢʠʡ 

ʜʽʘʧʘʟʦʥ ʮʽʥ, ʤʦʜʝʣʝʡ ʪʘ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʚʘʨʽʶʶʪʴʩʷ ʚʽʜ ʙʘʟʦʚʠʭ 

ʧʨʠʩʪʨʦʾʚ ʟ ʦʜʥʠʤ ʚʽʜʚʝʜʝʥʥʷʤ ʜʦ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʟ ʜʚʘʥʘʜʮʷʪʴʤʘ 

ʚʽʜʚʝʜʝʥʥʷʤʠ ʪʘ ʚʠʩʦʢʦʶ ʯʘʩʪʦʪʦʶ ʜʠʩʢʨʝʪʠʟʘʮʽʾ. ʅʘ ʥʠʞʯʦʤʫ ʢʽʥʮʽ ʮʽʥʦʚʦʛʦ 

ʜʽʘʧʘʟʦʥʫ (ʚʽʜ $80 ʜʦ $120) ʟʥʘʭʦʜʷʪʴʩʷ ʧʨʠʩʪʨʦʾ ʚʽʜ ʢʦʤʧʘʥʽʡ, ʷʢ CONTEC, Polar, 

Heal Force, AliveCor, Facelake, EMAY, ʪʘ EKGraph, ʷʢʽ ʧʨʦʧʦʥʫʶʪʴ ʙʘʟʦʚʽ ʬʫʥʢʮʽʾ 

ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ɽʂɻ, ʟ ʷʢʽʩʥʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ ʪʘ ʚʠʚʝʜʝʥʥʷʤ ̔ ʥʬʦʨʤʘʮʽʾ ʥʘ 

ʩʤʘʨʪʬʦʥ ʜʣʷ ʜʝʷʢʠʭ ʤʦʜʝʣʝʡ. ʎʽ ʧʨʠʩʪʨʦʾ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ 

ʚʽʜʚʝʜʝʥʴ ʪʘ ʥʠʞʯʫ ʯʘʩʪʦʪʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʘʣʝ ʚʦʥʠ ʜʦʩʪʫʧʥʽ ʪʘ ʟʨʫʯʥʽ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʰʫʢʘʶʪʴ ʙʘʟʦʚʠʡ ʬʫʥʢʮʽʦʥʘʣ ʜʣ ̫ʤʦʥʽʪʦʨʠʥʛʫ ʩʝʨʮʝʚʦʾ 

ʘʢʪʠʚʥʦʩʪʽ. 

ʅʘ ʥʘʩʪʫʧʥʽʡ ʩʭʦʜʠʥʮʽ ʮʽʥʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ($950 ʪʘ $1300) ʨʦʟʪʘʰʦʚʘʥʽ 

ʤʦʜʝʣʽ ʚʽʜ HEACO ʪʘ Lepu Medical, ʷʢʽ ʧʨʦʧʦʥʫʶʪʴ 12-ʚʽʜʚʝʜʝʥʥʽ ʩʠʩʪʝʤʠ ʟ 

ʚʠʩʦʢʦʶ ʯʘʩʪʦʪʦʶ ʜʠʩʢʨʝʪʠʟʘʮʽʾ (ʜʦ ʜʚʘʜʮʷʪʠ ʪʠʩʷʯ ʛʝʨʮ ʫ ʚʠʧʘʜʢʫ Lepu Medical 

TH12), ʱʦ ʨʦʙʠʪʴ ʾʭ ʽʜʝʘʣʴʥʠʤʠ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʧʨʦʬʝʩʽʡʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʎʽ ʧʨʠʩʪʨʦʾ ʪʘʢʦʞ ʧʽʜʪʨʠʤʫʶʪʴ ʙʝʟʜʨʦʪʦʚʠʡ ʟʚ'ʷʟʦʢ 

ʽ ʟʜʘʪʥʽ ʚʠʚʦʜʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʩʤʘʨʪʬʦʥʠ ʪʘ ʢʦʤʧ'ʶʪʝʨʠ, ʥʘʜʘʶʯʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʟʨʫʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. 
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ɿʘʛʘʣʦʤ, ʚʠʙʽʨ ʧʨʠʩʪʨʦʶ ʜʣʷ ɽʂɻ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʦʪʨʝʙ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʚʢʣʶʯʘʶʯʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʠʩʦʢʽʡ ʪʦʯʥʦʩʪʽ, ʧʦʨʪʘʪʠʚʥʦʩʪʽ, ʣʝʛʢʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʙʶʜʞʝʪʽ. ɹʝʟʜʨʦʪʦʚʠʡ ʟʚ'ʷʟʦʢ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʝʜʝʥʥʷ ʜʘʥʠʭ ʥʘ 

ʩʤʘʨʪʬʦʥʠ ʪʘ ʢʦʤʧ'ʶʪʝʨʠ ʩʪʘʶʪʴ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʙʘʛʘʪʴʦʭ ʩʫʯʘʩʥʠʭ ʧʨʠʩʪʨʦʾʚ, 

ʭʦʯʘ ʥʘʷʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʬʫʥʢʮʽʡ, ʪʘʢʠʭ ʷʢ ʟʯʠʪʫʚʘʥʥʷ ɽʄɻ ʤʦʞʝ ʙʫʪʠ 

ʚʠʨʽʰʘʣʴʥʦʶ ʜʣʷ ʜʝʷʢʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʅʝʡʨʦʽʥʪʝʨʬʝʡʩ ʘʙʦ ʽʥʪʝʨʬʝʡʩ ʤʦʟʦʢ-ʢʦʤʧôʶʪʝʨ (ɯʄʂ), ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʩʦʙʦʶ ʪʝʭʥʦʣʦʛʽʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʷʤʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʣʶʜʩʴʢʠʤ ʤʦʟʢʦʤ ʪʘ 

ʝʣʝʢʪʨʦʥʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʪʘʢʠʤʠ ʷʢ ʢʦʤʧôʶʪʝʨ. ɻʦʣʦʚʥʦʶ ʟʘʜʘʯʝʶ ʪʘʢʦʾ 

ʩʠʩʪʝʤʠ ̒  ʩʪʚʦʨʝʥʥʷ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʜʣʷ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʥʝʨʚʦʚʦʶ 

ʩʠʩʪʝʤʦʶ ʣʶʜʠʥʠ ʪʘ ʢʦʤʧôʶʪʝʨʦʤ. 

 

ʊʘʙʣʠʮʷ 1.2. ʂʣʘʩʠʬʽʢʘʮʽʷ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʽʚ ʟʘ ʩʧʦʩʦʙʦʤ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ 

ʢʦʨʠʩʪʫʚʘʯʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʊʠʧʠ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʽʚ 

ʅʝʽʥʚʘʟʠʚʥʽ ɯʥʚʘʟʠʚʥʽ 

ʊʦʯʥʽʩʪʴ 

ʅʠʟʴʢʘ, ʦʩʢʽʣʴʢʠ ʝʣʝʢʪʨʦʜʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ 

ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʛʦʣʦʚʥʠʤ 

ʤʦʟʢʦʤ, ʘ ʨʝʻʩʪʨʫʶʪʴ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ ʥʘ 

ʧʦʚʝʨʭʥʽ ʛʦʣʦʚʠ 

ɺʠʩʦʢʘ, ʦʩʢʽʣʴʢʠ ʝʣʝʢʪʨʦʜʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʨʠ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ ʘʙʦ 

ʧʽʜôʻʜʥʫʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ 

ʥʝʡʨʦʥʽʚ 

ʉʧʦʩʽʙ ʟ'ʻʜʥʘʥʥʷ 

ʟ ʤʦʟʢʦʤ 

ɽʣʝʢʪʨʦʜʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʰʢʽʨʠ ʛʦʣʦʚʠ; ʟ 

ʜʝʷʢʠʤʠ ʪʠʧʘʤʠ ʝʣʝʢʪʨʦʜʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʩʧʝʮʽʘʣʴʥʠʡ ʧʨʦʚʽʜʥʠʡ 

ʛʝʣʴ 

ɽʣʝʢʪʨʦʜʠ ʚʞʠʚʣʶʶʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʢʦʨʫ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʢʫ ʘʙʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʾʾ 

ʧʦʚʝʨʭʥʽ 

 

ʅʝʡʨʦʽʥʪʝʨʬʝʡʩʠ ʬʽʢʩʫʶʪʴ ʘʢʪʠʚʥʽʩʪʴ ʤʦʟʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʥʝʽʥʚʘʟʠʚʥʠʤʠ, ʪʘʢ ʽ ʽʥʚʘʟʠʚʥʠʤʠ (ʜʠʚ. ʪʘʙʣʠʮʷ 1.2). ʅʝʽʥʚʘʟʠʚʥʽ 

ʤʝʪʦʜʠ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʟʯʠʪʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʯʝʨʝʟ ʰʢʽʨʫ ʛʦʣʦʚʠ ʙʝʟ ʚʪʨʫʯʘʥʥʷ 

ʚ ʪʽʣʦ, ʪʦʜʽ ʷʢ ʽʥʚʘʟʠʚʥʽ ʤʝʪʦʜʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʤʦʥʽʪʦʨʠʥʛ ʘʢʪʠʚʥʦʩʪʽ 
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ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʤʦʟʢʦʚʦʾ ʪʢʘʥʠʥʠ ʘʙʦ ʦʢʨʝʤʠʭ ʥʝʡʨʦʥʽʚ, ʚʠʤʘʛʘʶʯʠ 

ʭʽʨʫʨʛʽʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ [2]. 

ʍʦʯʘ ʽʥʚʘʟʠʚʥʽ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʠ ʤʘʶʪʴ ʚʠʫɦ ʪʦʯʥʽʩʪʶ ʪʘ ʰʚʠʜʢʽʩʪʶ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʩʠʛʥʘʣʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʽʥʚʘʟʠʚʥʠʤʠ, ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʘ̒ ʟʥʘʯʥʽ ʦʙʤʝʞʝʥʥʷ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʧʦʪʨʝʙʦʶ ʫ ʭʽʨʫʨʛʽʯʥʦʤʫ ʚʪʨʫʯʘʥʥʽ 

ʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʥʝʡʨʦʭʽʨʫʨʛʘ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʩʢʣʘʜʥʦʾ ʦʧʝʨʘʮʽʾ, ʷʢʘ ʤʦʞʝ 

ʚʠʢʣʠʢʘʪʠ ʫʩʢʣʘʜʥʝʥʥʷ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʧʘʮʽʻʥʪʘ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʙʽʣʴʰʽʩʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽʥʚʘʟʠʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʽʚ ʥʝ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʝʨʝʟ ʢʦʨʦʟʽʶ ʝʣʝʢʪʨʦʜʽʚ ʪʘ ʾʭ ʦʙʨʦʩʪʘʥʥʷ 

ʩʧʦʣʫʯʥʦʶ ʪʢʘʥʠʥʦʶ, ʱʦ ʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʢʦʥʪʘʢʪʫ ʘʙʦ ʡʦʛʦ ʧʦʚʥʦʾ 

ʚʪʨʘʪʠ, ʘ ʪʘʢʦʞ ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʜʫʨʫ ʾʭ ʚʠʣʫʯʝʥʥʷ ʟ ʤʦʟʢʫ. ʊʦʤʫ ʽʥʚʘʟʠʚʥ ̔

ʥʝʡʨʦʥʪʝʨʬʝʡʩʠ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʣʠʰʝ ʥʘ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ʋ ʟʚôʷʟʢʫ ʟ ʥʘʚʝʜʝʥʠʤʠ ʚʠʱʝ ʬʘʢʪʦʨʘʤʠ, ʥʘʡʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ 

ʦʪʨʠʤʘʣʠ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʠ ʥʝʽʥʚʘʟʠʚʥʦʛʦ ʪʠʧʫ. 

ʅʝʽʥʚʘʟʠʚʥʽ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʠ ʧʨʦʧʦʥʫʶʪʴ ʧʨʦʩʪʽʰʫ ʘʣʴʪʝʨʥʘʪʠʚʫ, 

ʜʦʟʚʦʣʷʶʯʠ ʟʯʠʪʫʚʘʪʠ ʩʠʛʥʘʣʠ ʤʦʟʢʫ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʭʽʨʫʨʛʽʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. 

ʎʽ ʩʠʩʪʝʤʠ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʶ (ɽɽɻ) ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʝʣʝʢʪʨʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʦʟʢʫ ʯʝʨʝʟ ʰʢʽʨʫ ʛʦʣʦʚʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʪʝ, ʱʦ ʥʝʽʥʚʘʟʠʚʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʧʨʦʧʦʥʫʚʘʪʠ ʤʝʥʰʫ ʪʦʯʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ 

ʽʥʚʘʟʠʚʥʠʤʠ ʯʝʨʝʟ h ʫʤʠ ʪʘ ʘʨʪʝʬʘʢʪʠ ʩʠʛʥʘʣʽʚ, ʩʧʨʠʯʠʥʝʥʽ ʰʘʨʦʤ ʰʢʽʨʠ ʪʘ 

ʯʝʨʝʧʘ, ʚʦʥʠ ʟʥʘʯʥʦ ʙʝʟʧʝʯʥʽʰʽ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʧʨʦʩʪʽʰ ̔ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʮʽʡ ʛʘʣʫʟʽ ʟʦʩʝʨʝʜʞʫʶʪʴʩʷ ʥʘ ʧʦʢʨʘʱʝʥʥʽ ʷʢʦʩʪʽ 

ʩʠʛʥʘʣʽʚ [25], ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʤʝʪʦʜʽ ʪʘ ʤʦʜʝʣʝʡ [1] ̔ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ [26], ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʢʝʨʫʶʯʠʭ 

ʩʠʛʥʘʣʽʚ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʦʩʥʦʚʽ ɽɽɻ. 

ʈʠʥʦʢ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʽʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʣʠʰʝ ʜʝʢʽʣʴʢʦʤʘ ʢʦʤʧʘʥʽʷʤʠ, 

ʧʨʦʪʝ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʽʥʪʝʨʝʩʫ ʪʘ ʧʦʧʠʪʫ ʥʘ ʮʽ ʪʝʭʥʦʣʦʛʽʾ, ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 

ʚʦʩʴʤʠ ʨʦʢʽʚ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʥʘʯʥʝ ʨʦʟʰʠʨʝʥʥʷ ʘʩʦʨʪʠʤʝʥʪʫ ʧʨʦʧʦʥʦʚʘʥʠʭ 

ʧʨʦʜʫʢʪʽʚ [2]. ʂʦʞʝʥ ʚʠʨʦʙʥʠʢ ʥʘʤʘʛʘʻʪʴʩʷ ʚʠʜʽʣʠʪʠʩʷ ʥʘ ʨʠʥʢʫ, ʧʨʦʧʦʥʫʶʯʠ 

ʩʧʦʞʠʚʘʯʘʤ ʫʥʽʢʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʮʝ ʤʦʞʝ ʙʫʪʠ ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ ʟʙʦʨʫ 
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ʜʘʥʠʭ, ʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʘʙʦ ʤʦʙʽʣʴʥʽʩʪʴ ʧʨʠʩʪʨʦʶ, ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʬʫʥʢʮʽʾ ʘʙʦ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʙʦ, ʟʚʠʯʘʡʥʦ, ʮʽʥʘ (ʪʘʙʣʠʮ ̫1.3). 

 

ʊʘʙʣʠʮʷ 1.3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʽʚ, ʷʢʽ ʧʨʦʧʦʥʫʻ ʨʠʥʦʢ 
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ʎʽʥʘ, $ 200 380 
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ʘʢʪʠʚʥʠʭ 

ʜʘʚʘʯʽʚ 
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32/ 
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ʇʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʣʷ 

ʨʦʟʨʦʙʥʠʢʽʚ 

ʊʘʢ ʊʘʢ ʊʘʢ ʅ ̔ ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ 

ɹʝʟʧʨʦʚʽʜʥʠʡ 

ʟʚôʷʟʦʢ 
ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ ʅ ̔ ʅ ̔

ɺʠʚʦʜʠʪʴ 
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ʩʤʘʨʪʬʦʥ 
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ɿʯʠʪʫʻ EEɻ ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ ʊʘʢ 
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ʅʘʷʚʥʽʩʪʴ 

ʛʽʨʦʩʢʦʧʽʚ 
ʅ ̔ ʅ ̔ ʊʘʢ ʅ ̔ ʊʘʢ ʅ ̔ ʅ ̔ ʅ ̔ ʅ ̔

ʇʽʜʪʨʠʤʢʘ SD 

ʢʘʨʪʠ 
ʅ ̔ ʅ ̔ ʅ ̔ ʅ ̔ ʅ ̔ ʊʘʢ ʊʘʢ ʅ ̔ ʅ ̔

ʄʦʥʽʪʦʨʠʥʛ 
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ʊʘʢ ʅ ̔ ʅ ̔ ʅ ̔ ʅ ̔ ʅ ̔ ʅ ̔ ʅ ̔ ʅ ̔
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ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʥʘʨʦʱʫʚʘʥʥʷʤ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʙʘʟʠ, ʢʦʤʧʘʥʽʾ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʫ ʮʽʡ ʩʬʝʨʽ, ʧʦʯʘʣʠ ʘʢʪʠʚʥʦ ʽʥʚʝʩʪʫʚʘʪʠ ʫ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ [8], ʷʢʽ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʙʽʣʴʰʫ ʪʦʯʥʽʩʪʴ ʟʯʠʪʫʚʘʥʥʷ 

ʩʠʛʥʘʣʽʚ ʤʦʟʢʫ ʪʘ ʢʦʤʬʦʨʪ ʢʦʨʠʩʪʫʚʘʯʘ. ʆʢʨʽʤ ʪʦʛʦ, ʟʥʘʯʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ 

ʧʠʪʘʥʥʷʤ ʙʝʟʧʝʢʠ ʪʘ ʝʪʠʮʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʪʝʭʥʦʣʦʛʽʡ, ʱʦ, ʙʝʟ ʩʫʤʥʽʚʫ, 

ʩʧʨʠʷʻ ʟʨʦʩʪʘʥʥʶ ʜʦʚʽʨʠ ʩʧʦʞʠʚʘʯʽʚ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʝ ʩʪʠʤʫʣʶʚʘʪʠ 

ʧʦʜʘʣʴʰʝ ʨʦʟʰʠʨʝʥʥʷ ʨʠʥʢʫ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʽʚ, ʟʘʣʫʯʝʥʥʷ ʥʦʚʠʭ ʽʥʚʝʩʪʠʮʽʡ ʽ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʧʨʠʩʢʦʨʝʥʥʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʚ ʜʘʥʽʡ ʦʙʣʘʩʪʽ. 

ɿʛʽʜʥʦ ʪʘʙʣʠʮʽ ʙʘʯʠʤʦ, ɦ ʦ ʨʠʥʦʢ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʽʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʰʠʨʦʢʠʤ ʘʩʦʨʪʠʤʝʥʪʦʤ ʧʨʦʜʫʢʮʽʾ ʨʽʟʥʠʭ ʢʦʤʧʘʥʽʡ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʟʘʜʦʚʦʣʴʥʷʻ 

ʨʽʟʥʽ ʩʝʛʤʝʥʪʠ ʩʧʦʞʠʚʘʯʽʚ ʟʘ ʮʽʥʦʶ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ. ʎʽ ʧʨʠʩʪʨʦʾ 

ʚʘʨʽʶʶʪʴʩʷ ʚʽʜ ʜʦʩʪʫʧʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʜʦ ʚʠʩʦʢʦʢʣʘʩʥʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʴ. 

ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʨʽʚʥʽ ʮʽʥʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʚʽʜ $100 ʜʦ $1,000, ʧʨʠʩʪʨʦʾ ʚʽʜ 

NeuroSky ʪʘ Muse ʧʨʠʤʽʪʥʽ ʩʚʦʾʤʠ ʩʧʦʞʠʚʘʮʴʢʠʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷʤʠ, ʪʘʢʠʤʠ ʷʢ 

ʜʦʧʦʤʦʛʘ ʚ ʤʝʜʠʪʘʮʽʾ ʪʘ ʩʥʽ, ʤʘʶʪʴ ʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʦʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ. Emotiv ʚʠʨʽʟʥʷʻʪʴʩʷ ʚ ʮʴʦʤʫ ʩʝʛʤʝʥʪʽ 

ʟʘʚʜʷʢʠ ʩʚʦʾʤ 5-ʪʠ ʪʘ 14-ʢʘʥʘʣʴʥʠʤ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʘʤ, ʷʢʽ ʧʨʦʧʦʥʫʶʪʴ ʙʽʣʴʰʠʡ 

ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʝʨʫʶʯʠʭ ʩʠʛʥʘʣʽʚ ʰʣʷʭʦʤ ʦʧʨʘʮʶʚʘʥʥʷ ʧʝʨʚʠʥʥʠʭ 

ʩʠʛʥʘʣʽʚ ʤʦʟʢʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ. ɼʦʜʘʪʢʦʚʦ, Emotiv ʧʨʦʧʦʥʫʻ ʙ̔ʣʴʰ ʜʦʨʦʞʯʽ 

ʨʽʰʝʥʥʷ ʥʘ 32 ʢʘʥʘʣʠ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, OpenBCI ʩʪʚʦʨʶʻ ʽʥʥʦʚʘʮʽʡʥʽ ʚʽʜʢʨʠʪʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʙʽʦʩʝʥʩʠʥʛʫ ʪʘ ʥʝʡʨʦʥʘʫʢʠ, ʧʨʘʛʥʫʯʠ ʧʦʜʦʣʘʪʠ ʙʘʨ'ʻʨʠ ʜʣʷ 

ʪʝʭʥʦʣʦʛʽʡ ʽʥʪʝʨʬʝʡʩʫ ʤʦʟʦʢ-ʢʦʤʧ'ʶʪʝʨ. ɰʭ ʥʦʚʘ ʧʣʘʪʬʦʨʤʘ Galea [27] ̔ʥʪʝʛʨʫʻ 

ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʁ, ʝʣʝʢʪʨʦʤʽʦʛʨʘʬʽ,ʁ ʝʣʝʢʪʨʦʜʝʨʤʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ, 

ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʬʽ ʁʪʘ ʩʣʽʜʢʫʚʘʥʥʷ ʦʯʝʡ ʫ ʻʜʠʥʠʡ ʰʦʣʦʤ, ʧʦʻʜʥʫʶʯʠ 

ʙʽʦʤʝʪʨʠʯʥʽ ʜʘʪʯʠʢʠ ʟ ʤʦʞʣʠʚʦʩʪʷʤʠ ʜʦʧʦʚʥʝʥʦʾ ʪʘ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʜʣʷ 

ʨʦʟʰʠʨʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʣʶʜʩʴʢʦʛʦ ʨʦʟʫʤʫ ʪʘ ʪʽʣʘ. OpenBCI ʩʧʽʚʧʨʘʮʶʻ ʟ Varjo 

ʜʣʷ ʨʦʟʚʠʪʢʫ ʥʝʡʨʦʪʝʭʥʦʣʦʛʽʡ ʫ ʧʨʦʩʪʦʨʦʚʠʭ ʦʙʯʠʩʣʝʥʥʷʭ, ʥʘʜʘʶʯʠ ʧʦʪʫʞʥʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ ʪʘ ʜʦʩʣʽʜʥʠʢʽʚ. 
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ʋʩʽ ʥʝʡʨʦʧʨʠʩʪʨʦʾ ʩʝʨʝʜʥʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʮʽʥ ($1,000 - $20,000) ʻ 

ʜʦʩʣʽʜʥʠʮʴʢʠʤʠ. ɼʝʷʢʽ ʢʦʤʧʘʥʽʾ (ABM, mBrainTrain, Neuroelectrics ʪʘ Wearable 

Sensing) ʧʨʦʧʦʥʫʶʪʴ ʙʝʟʜʨʦʪʦʚʽ ʨʽʰʝʥʥʷ ʚ ʮʴʦʤʫ ʮʽʥʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʱʦ ʜʘʶʪʴ 

ʟʤʦʛʫ ʟʙʠʨʘʪʠ ʜʘʥʽ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʦʙʽʣʴʥʽʩʪʶ (ʽ ʧʽʜʚʠʱʝʥʠʤ ʢʦʤʬʦʨʪʦʤ). ʂʨʽʤ 

ʪʦʛʦ, ʤʦʞʣʠʚʽʩʪʴ ʟʙʦʨʫ ʜʘʥʠʭ ɽɽɻ ʙʝʟ ʧʨʦʚʽʜʥʦʛʦ ʛʝʣʶ ʧʨʦʧʦʥʫʶʪʴ ʢʦʤʧʘʥʽʾ 

ANT Neuro, Neuroelectrics ʪʘ Wearable Sensing, ʱʦ ʫʤʦʞʣʠʚʣʶʻ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ 

ʥʘ ʟʙʽʨ ʜʘʥʠʭ. 

ʅʘ ʚʝʨʰʠʥʽ ʨʠʥʢʫ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ $20,000, ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʨʠʩʪʨʦʾ ʟ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʢʘʥʘʣʽʚ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ 32 ʢʘʥʘʣʽʚ, ʷʢ ʫ Brain Productôs 

ActiCHamp, ʽ ʜʦʩʷʛʘʶʯʠ 160 ʘʙʦ ʥʘʚʽʪʴ 256 ʢʘʥʘʣʽʚ, ʷʢ ʫ BioSemi. ʊʘʢʘ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʧʨʠ ʨʦʟʧʽʟʥʘʚʘʥʥʽ 

ʤʦʟʢʦʚʠʭ ʢʝʨʫʶʯʠʭ ʩʠʛʥʘʣʽʚ 

ʆʪʞʝ, ʘʥʘʣʽʟ ʨʠʥʫ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʽʚ ʚʢʘʟʫʻ ʥʘ ʡʦʛʦ ʩʝʛʤʝʥʪʦʚʘʥʽʩʪʴ, ʜʝ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴʩʷ ʧʦʪʨʝʙʠ ʩʧʦʞʠʚʘʯʽʚ ʽ ʜʦʩʣʽʜʞʝʥʴ ʫ ʚʩʴʦʤʫ ʩʧʝʢʪʨʽ ʮʽʥʦʚʠʭ 

ʢʘʪʝʛʦʨʽʡ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ, ʚʽʜ ʙʘʟʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʩʘʤʦʚʜʦʩʢʦʥʘʣʝʥʥʷ ʜʦ ʧʝʨʝʜʦʚʠʭ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʪʘ ʢʣʽʥʽʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. 

 

1.3. ɸʥʘʣʽʟ ʚʽʜʦʤʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʮʠʢʣʽʯʥʠʭ ʙʽʦʩʠʛʥʘʣʽʚ  

ʂʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʢʣʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʻ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ 

ʘʜʝʢʚʘʪʥʦ ʚʽʜʪʚʦʨʶʶʪʴ ʾʭ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʫ ʩʪʨʫʢʪʫʨʫ ʟ ʦʛʣʷʜʫ ʥʘ ʩʧʝʮʠʬʽʢʫ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʟʘʜʘʯ. ɸʜʝʢʚʘʪʥʽʩʪʴ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʚʧʣʠʚʘ ̒ʥʘ ʪʦʯʥʽʩʪʴ ʽ 

ʥʘʜʽʡʥʽʩʪʴ ʤʝʪʦʜʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ʪʘ ʦʧʨʘʮʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʫ ʩʠʩʪʝʤʽ. ʎʝ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʜʽʘʛʥʦʩʪʠʯʥʠʭ, ʘʫʪʝʥʪʠʬʽʢʘʮʽʡʥʠʭ ʪʘ ʧʨʦʛʥʦʩʪʠʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ, ʪʘ ʟʫʤʦʚʣʶʻ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʫʭʚʘʣʝʥʠʭ ʥʘ ʾʭ ʦʩʥʦʚʽ ʨʽʰʝʥʴ. ʗʢʽʩʪʴ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻ ʩʪʨʫʢʪʫʨʥʽ ʚʠʤʦʛʠ ʜʦ ʧʨʦʛʨʘʤʥʦʾ ʪʘ 

ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥ ʩʠʩʪʝʤʠ, ʱʦ ʨʦʟʨʦʙʣʷʻʪʴʩʷ. 

ʅʘ ʨʠʩʫʥʢʫ 1.2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʣʶʯʦʚʽ ʢʨʦʢʠ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʢʣʽʯʥʠʭ ʩʠʛʥʘʣʽʚ. ʇʦʯʠʥʘʶʯʠ ʟ 

ʽʥʪʫʾʪʠʚʥʦʛʦ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʢʣʽʯʥʠʭ ʩʠʛʥʘʣʽʚ, 



38 

ʷʢʽ ʻ ʢʨʠʪʠʯʥʠʤʠ ʜʣʷ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ, ʨʦʟʨʦʙʣʶʚʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦ ʾʤʦʜʝʣ.̔ 

ʎʷ ʤʦʜʝʣʴ ʨʘʟʦʤ ʟ ʤʝʪʦʜʘʤʠ ʪʘ ʘʣʛʦʨʠʪʤʘʤʠ ʘʥʘʣʽʟʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʬʦʨʤʫʻ 

ʤʘʪʝʤʘʪʠʯʥʫ ʦʩʥʦʚʫ ʧʨʦʝʢʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʟʛʘʜʫʻʪʴʩʷ ʫ ʧʨʘʮʷʭ [29-41]. ʎʝ 

ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʽʤ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʛʨʘʤʥʦ-

ʘʧʘʨʘʪʥʽ ʨʽʰʝʥʥʷ. 

 

ʈʠʩʫʥʦʢ. 1.2. ɽʪʘʧʠ ʨʦʟʨʦʙʢʠ ʪʘ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʦʧʨʘʮʶʚʘʥʥʷ ʪʘ ʽʤʽʪʘʮʽʾ ʮʠʢʣʽʯʥʠʭ ʩʠʛʥʘʣʽʚ [28] 

 

ʇʦʯʘʪʢʦʚʠʤ ʪʘ ʦʩʥʦʚʥʠʤ ʢʨʦʢʦʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʦʧʨʘʮʶʚʘʥʥʷ ʪʘ ʽʤʽʪʘʮʽʾ ʮʠʢʣʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʻ ʩʪʚʦʨʝʥʥʷ ʾʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ, ʷʢʽ ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʘʞʣʠʚʽ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʦʩʣʽʜʥʠʮʴʢʠʭ 

ʟʘʚʜʘʥʴ, ʘʩʧʝʢʪʠ ʾʭ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʩʪʨʫʢʪʫʨʠ. ʉʘʤʝ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʜʘʻ ʧʦʪʝʥʮʽʘʣ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʚʦʨʶʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʚʠʟʥʘʯʘʻ ʩʪʨʫʢʪʫʨʫ ʧʨʦʛʨʘʤʥʦʾ ʪʘ ʘʧʘʨʘʪʥʦʾ ʩʢʣʘʜʦʚʠʭ ʧʨʦʝʢʪʦʚʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ɺʽʜ ʷʢʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʮʠʢʣʽʯʥʠʭ ʩʠʛʥʘʣʽʚ (ʜʠʚ. 

ʨʠʩʫʥʦʢ 1.3) ʟʥʘʯʥʦ ʟʘʣʝʞʠʪʴ ʪʦʯʥʽʩʪʴ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʤʝʪʦʜʽʚ ʾʭ ʦʧʨʘʮʶʚʘʥʥʷ 

ʪʘ ʽʤʽʪʘʮʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ, ʨʽʚʝʥʴ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʽ ʜʽʘʛʥʦʩʪʠʯʥʠʭ, ʘʫʪʝʥʪʠʬʽʢʘʮʽʡʥʠʭ, ʘ ʪʘʢʦʞ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ. 

ʊʝʭʥʽʯʥʘ ʩʢʣʘʜʦʚʘ ʜʽʘʛʥʦʩʪʠʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽɽɻ ʪʘ ɽʂɻ ʻ ʢʣʶʯʦʚʦʶ, ʘʣʝ 

ʱʝ ʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʻ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʩʠʛʥʘʣʽʚ. ʈʦʟʚʠʪʦʢ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʚʽʜʽʛʨʘʶʪʴ ʚʠʨʽʰʘʣʴʥʫ 
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ʨʦʣʴ ʫ ʪʦʯʥʦʩʪʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʽʘʛʥʦʩʪʠʢʠ. 

 

ʈʠʩʫʥʦʢ. 1.3. ʇʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʽ ʟʚôʷʟʢʠ ʩʪʦʩʦʚʥʦ ʷʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʦʧʨʘʮʶʚʘʥʥʷ ʪʘ ʽʤʽʪʘʮʽʾ ʮʠʢʣʽʯʥʠʭ ʩʠʛʥʘʣʽʚ [28] 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʝʬʝʢʪʠʚʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ, ʤʝʜʠʯʥʽ ʬʘʭʽʚʮʽ ʤʦʞʫʪʴ ʥʝ ʪʽʣʴʢʠ ʷʢʽʩʥʦ ʦʧʨʘʮʴʦʚʫʚʘʪʠ 

ʪʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʮʠʢʣʽʯʥʽ ʙʽʦʩʠʛʥʘʣʠ, ʘʣʝ ʡ ʨʦʟʨʦʙʣʷʪʠ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʽ ʧʽʜʭʦʜʠ 

ʜʦ ʣʽʢʫʚʘʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʞʥʦʛʦ ʧʘʮʽʻʥʪʘ. 

ɸʜʘʧʪʘʮʽʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʦ ʩʧʝʮʠʬʽʢʠ ʮʠʢʣʽʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʷʢ-ʦʪ 

ɽɽɻ ʘʙʦ ɽʂɻ, ʩʧʨʠʷʻ ʟʥʘʯʥʦʤʫ ʧʽʜʚʠʱʝʥʥʶ ʪʦʯʥʦʩʪʽ ʜʽʘʛʥʦʩʪʠʢʠ ʧʘʪʦʣʦʛʽʡ, 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʮʽ ʝʬʝʢʪʠʚʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ 

ʤʦʟʦʢ-ʢʦʤʧ'ʶʪʝʨ. ʎʝ ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʩʧʝʮʠʬʽʯʥʽʩʪʴ ʪʘ ʯʫʪʣʠʚʽʩʪʴ 

ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʧʘʪʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʫ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʽʡ ʩʠʩʪʝʤʽ ʯʝʨʝʟ ʘʥʘʣʽʟ ɽʂɻ, 

ʘʣʝ ʡ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʙʝʟʧʝʯʥʠʭ ʩʠʩʪʝʤ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ 

ʥʘ ʦʩʥʦʚʽ ʾʾ ʫʥʽʢʘʣʴʥʠʭ ʙʽʦʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ. ʆʢʨʽʤ ʮʴʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ɽɽɻ ʫ 

ʩʪʚʦʨʝʥʥʽ ʜʝʰʝʚʠʭ ʥʝʽʥʚʘʟʠʚʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʤʦʟʦʢ-ʢʦʤʧ'ʶʪʝʨ ʥʘʜʘʻ ʥʦʚʽ 

ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʦʚʥʽʰʥʽʭ ʧʨʠʩʪʨʦʾʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʥʪʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ. ʊʘʢʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ ʨʘʜʠʢʘʣʴʥʦ ʟʤʽʥʠʪʠ ʧʽʜʭʦʜʠ ʜʦ 

ʨʝʘʙʽʣʽʪʘʮʽʾ, ʥʘʜʘʶʯʠ ʣʶʜʷʤ ʟ ʦʙʤʝʞʝʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʟʘʩʦʙʠ ʜʣʷ ʚʟʘʻʤʦʜʽʾ 

ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʚʽʪʦʤ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʾʭʥʴʦʛʦ ʞʠʪʪʷ. ɹʽʣʴʰʝ ʪʦʛʦ, 

ʽʥʪʝʨʬʝʡʩʠ ʤʦʟʦʢ-ʢʦʤʧ'ʶʪʝʨ ʚʽʜʢʨʠʚʘʶʪʴ ʰʣʷʭʠ ʜʣʷ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʬʝʨʽ 

ʨʦʟʚʘʛ ʪʘ ʫ ʧʦʙʫʪʽ, ʚʢʣʶʯʘʶʯʠ ʢʦʤʧ'ʶʪʝʨʥʽ ʽʛʨʠ, ʜʝ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ 

ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʚʽʨʪʫʘʣʴʥʠʤ ʩʚʽʪʦʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʯʝʨʝʟ ʤʝʥʪʘʣʴʥʫ ʚʟʘʻʤʦʜʽʶ. ʎʝ 

ʩʪʚʦʨʶʻ ʫʥʽʢʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʚʠʜʽʚ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʧʨʦʛʨʘʤ 

ʪʘ ʜʦʜʘʪʢʽʚ, ʟʜʘʪʥʠʭ ʥʘʜʘʚʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʙʽʣʴʰ ʽʥʪʫʾʪʠʚʥʽ ʩʧʦʩʦʙʠ ʚʟʘʻʤʦʜʽʾ ʟ 
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ʪʝʭʥʦʣʦʛʽʷʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʚʠʪʦʢ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʜʣ ̫ʘʥʘʣʽʟʫ ʮʠʢʣʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʨʦʛʨʝʩʽ ʤʝʜʠʯʥʦʾ ʥʘʫʢʠ 

ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʚʽʜʢʨʠʚʘʶʯʠ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʽʥʥʦʚʘʮʽʡ ʫ ʜʽʘʛʥʦʩʪʠʮʽ ʪʘ 

ʣʽʢʫʚʘʥʥʽ, ʩʬʝʨʘʭ ʥʦʩʠʤʦʾ ʝʣʝʢʪʨʦʥʽʢʠ, ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʪʦʱʦ. 

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʚ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʪʘʢʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʻ  

ʟʜʘʪʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʮʠʢʣʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʦʟʥʘʢ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ 

ʫʩʧʽʰʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʤʝʜʠʮʠʥʽ, ʧʦʙʫʪʽ ʪʘ ʽʥʰʽ ʩʬʝʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɺʠʚʯʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʮʠʢʣʽʯʥʽ ʷʚʠʱʘ 

ʪʘ ʩʠʛʥʘʣʠ, ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʘʜʽʡʥʠʭ ʩʠʩʪʝʤ ʦʧʨʘʮʶʚʘʥʥʷ ʮʠʭ 

ʩʠʛʥʘʣʽʚ. ɼʝʪʝʨʤʽʥʦʚʘʥʽ ʪʘ ʩʪʦʭʘʩʪʠʯʥʽ ʤʦʜʝʣʽ, ʟ ʾʭ ʟʜʘʪʥʽʩʪʶ ʚʽʜʪʚʦʨʶʚʘʪʠ 

ʢʣʶʯʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʢʣʽʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʫ ʦʩʥʦʚʫ ʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʩʪʝʤ, ʟʜʘʪʥʠʭ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʥʫʚʘʪʠ ʟʘʜʘʯʽ 

ʜʽʘʛʥʦʩʪʠʢʠ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ. ʇʨʠ ʮʴʦʤʫ, ʚʝʣʠʢʝ 

ʟʥʘʯʝʥʥʷ ʤʘʻ ʚʠʙʽʨ ʚʽʜʧʦʚʽʜʥʦʾ ʤʦʜʝʣʽ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʥʘʣʽʟʽ ʪʘ ʧʦʨʽʚʥʷʥʥʽ ʾʭ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʨʽʟʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʦʙʣʘʩʪʷʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ 

ʦʧʨʘʮʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʪʘ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɯʩʥʫʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʫ ʮʠʢʣʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʽ ʩʠʛʥʘʣʽʚ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʘʮʽ [28], 

ʨʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʚʽʜʦʤʽ  ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʪʘ ʩʪʦʭʘʩʪʠʯʥʽ ʤʦʜʝʣʽ ʮʠʢʣʽʯʥʠʭ 

ʩʠʛʥʘʣʽʚ, ʘʢʮʝʥʪʫʶʯʠ ʫʚʘʛʫ ʥʘ ʾʭʥʽʡ ʟʜʘʪʥʦʩʪʽ ʘʜʝʢʚʘʪʥʦ ʚʽʜʪʚʦʨʶʚʘʪʠ ʦʩʥʦʚʥʽ 

ʘʩʧʝʢʪʠ ʮʠʢʣʽʯʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʄʘʪʝʤʘʪʠʯʥʠʤ ʤʦʜʝʣʷʤ ʮʠʢʣʽʯʥʠʭ ʷʚʠʱ ʪʘ ʩʠʛʥʘʣʽʚ ʧʨʠʩʚʷʯʝʥʦ ʯʠʤʘʣʦ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʘʟʚʠʯʘʡ ʨʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʠ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʠʛʥʘʣʽʚ, ʚʢʣʶʯʘʶʯʠ ʮʠʢʣʽʯʥʽ: ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʪʘ 

ʘʢʩʽʦʤʘʪʠʯʥʠʡ. ʂʦʞʥʦʤʫ ʟ ʮʠʭ ʧʽʜʭʦʜʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʽ ʢʣʘʩʠ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ: ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʤʦʜʝʣʽ ʘʙʦ ʤʦʜʝʣʽ ʩʠʩʪʝʤ, ʱʦ ʛʝʥʝʨʫʶʪʴ ʜʦʩʣʽʜʞʫʚʘʥʽ 

ʩʠʛʥʘʣʠ, ʪʘ ʘʢʩʽʦʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʬʦʢʫʩʫʶʪʴʩʷ ʥʘ ʩʪʨʫʢʪʫʨʽ ʜʘʥʠʭ 

(ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽʡ ʩʪʨʫʢʪʫʨʽ ʩʠʛʥʘʣʽʚ). 
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ʋ ʨʘʤʢʘʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʨʦʟʨʦʙʮʽ ʪʘ 

ʘʥʘʣʽʟʫ ʤʦʜʝʣʝʡ ʥʝ ʩʪʽʣʴʢʠ ʩʘʤʦʛʦ ʮʠʢʣʽʯʥʦʛʦ ʩʠʛʥʘʣʫ, ʩʢʽʣʴʢʠ ʤʝʭʘʥʽʟʤʫ ʡʦʛʦ 

ʧʦʨʦʜʞʝʥʥʷ. ʎʝ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʬʦʨʤʫʣʶʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʘʙʦ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʨʦʙʦʪʫ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʛʝʥʝʨʫʻ ʩʠʛʥʘʣ. ʊʘʢʦʞ ʜʦ 

ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʚʽʜʥʦʩʷʪʴʩʷ ʪʝʦʨʽʷ ʨʷʜʽʚ ʪʘ ʽʥʪʝʛʨʘʣ ʌʫʨ'ʻ, ʤʦʜʝʣʽ ʤʦʜʫʣʴʦʚʘʥʠʭ 

ʢʦʣʠʚʘʥʴ, ʜʝ ʩʢʣʘʜʥʽ ʢʦʣʠʚʘʥʥʷ ʬʦʨʤʫʶʪʴʩʷ ʟ ʧʨʦʩʪʠʭ (ʛʘʨʤʦʥʽʯʥʠʭ, 

ʧʝʨʽʦʜʠʯʥʠʭ), ʘ ʪʘʢʦʞ ʤʦʜʝʣʽ ʘʚʪʦʨʝʛʨʝʩʽʾ-ʢʦʚʟʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʟ ʧʝʨʽʦʜʠʯʥʦʶ 

ʘʙʦ ʤʘʡʞʝ ʧʝʨʽʦʜʠʯʥʦʶ ʟʤʽʥʦʶ ʢʦʝʬʽʮʽʻʥʪʽʚ. 

ɿʘʜʘʯʽ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʨʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʧʽʜʭʦʜʽ, ʚʢʣʶʯʘʶʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʚʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ ʩʠʩʪʝʤʠ (ʟʘʜʘʯʘ ʘʥʘʣʽʟʫ), ʩʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʘʙʦ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ 

(ʟʘʜʘʯʘ ʩʪʨʫʢʪʫʨʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ), ʘʙʦ ʚʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʚʞʝ ʚʽʜʦʤʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʩʠʩʪʝʤʠ (ʟʘʜʘʯʘ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ) ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɸʢʩʽʦʤʘʪʠʯʥʠʡ ʧʽʜʭʽʜ ʟʦʩʝʨʝʜʞʝʥʠʡ ʥʘ ʤʦʜʝʣʶʚʘʥʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʠʛʥʘʣʽʚ, ʪʦʙʪʦ ʘʢʩʽʦʤʘʪʠʯʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʦʧʠʩʫʶʪʴ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʝ ʨʦʟʛʦʨʪʘʥʥʷ ʩʠʛʥʘʣʽʚ. 

ʆʢʨʽʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʪʘ ʘʢʩʽʦʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʫ ʤʦʜʝʣʶʚʘʥʥʽ ʩʠʛʥʘʣʽʚ, 

ʟʦʢʨʝʤʘ ʮʠʢʣʽʯʥʠʭ, ʚʠʜʽʣʷʶʪʴ ʜʝʪʝʨʤʽʥʦʚʘʥʽ, ʩʪʦʭʘʩʪʠʯʥʽ, ʥʝʯʽʪʢʽ ʪʘ ʽʥʪʝʨʚʘʣʴʥʽ 

ʧʽʜʭʦʜʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʩʧʦʩʦʙʘʭ ʬʦʨʤʘʣʽʟʘʮʽʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʫ 

ʧʦʚʝʜʽʥʮʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʦʮʝʩʽʚ. ʋ ʢʦʥʪʝʢʩʪʽ ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʟʥʘʯʥʽ 

ʜʦʩʷʛʥʝʥʥʷ ʫ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ ʦʧʨʘʮʶʚʘʥʥʽ ʮʠʢʣʽʯʥʠʭ ʩʠʛʥʘʣʽʚ 

ʜʦʩʷʛʥʫʪʦ ʚ ʨʘʤʢʘʭ ʧʝʨʽʦʜʠʯʥʠʭ, ʤʘʡʞʝ ʧʝʨʽʦʜʠʯʥʠʭ ʪʘ ʢʚʘʟʽʛʘʨʤʦʥʽʯʥʠʭ 

ʬʫʥʢʮʽʡ, ʘ ʪʘʢʦʞ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ (ʧʝʨʝʚʘʞʥʦ 

ʛʨʘʤʦʥʽʯʥʦʛʦ) ʘʥʘʣʽʟʫ. 

ʋ ʪʝʦʨʝʪʠʢʦ-ʡʤʦʚʽʨʥʽʩʥʦʤʫ ʘʩʧʝʢʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʢʣʽʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʩʠʛʥʘʣʽʚ ʩʣʽʜ ʚʠʦʢʨʝʤʠʪʠ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʦʨʝʣʷʮʽʡʥʫ ʪʝʦʨʽʻʶ ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʪʝʦʨʽ ʁʧʝʨʽʦʜʠʯʥʦ-ʢʦʨʝʣʴʦʚʘʥʠʭ ʪʘ ʤʘʡʞʝ ʧʝʨʽʦʜʠʯʥʦ-

ʢʦʨʝʣʴʦʚʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʚ ʟʘʜʘʯʘʭ ʤʦʜʝʣʶʚʘʥʥʷ 
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ʊʘʙʣʠʮʷ 1.4. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʮʠʢʣʽʯʥʠʭ ʩʠʛʥʘʣʽʚ [28] 

 

ɺʣʘʩʪʠʚʦʩʪʽ ʮʠʢʣʽʯʥʠʭ ʩʠʛʥʘʣʽʚ 
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ʦ
ʚ
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ʢ
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ʉ
ʧ
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ʩ
ʪ
ʴ
 
ʨ
ʠ
ʪ
ʤ
ʫ

 

ɻʘʨʤʦʥʽʯʥʘ ʬʫʥʢʮʽʷ + - - - - - - 

ʇʝʨʽʦʜʠʯʥʘ ʬʫʥʢʮʽʷ + - - - - - - 

ʂʚʘʟʽʛʘʨʤʦʥʽʯʥʘ ʬʫʥʢʮʽʷ + - - - + + - 

ʄʘʡʞʝ ʧʝʨʽʦʜʠʯʥʘ ʬʫʥʢʮʽʷ +/- - - +/- +/- - - 

ʂʚʘʟʽʤʝʘʥʜʨ (ʤʦʜʫʣʴʦʚʘʥʠʡ ʤʝʘʥʜʨ) + - - - + + - 

ʉʪʘʮʽʦʥʘʨʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ +/- - - + - - - 

ʉʪʦʭʘʩʪʠʯʥʦ ʧʝʨʽʦʜʠʯʥʠʡ ʧʨʦʮʝʩ (ʇʂɺʇ, 

ʇʈɺʇ, ʃʇɺʇ ʪʦʱʦ) + + - + - - - 

ʇʝʨʽʦʜʠʯʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʚʝʢʪʦʨ + + - + - - + 

ʄʘʡʞʝ ʧʝʨʽʦʜʠʯʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ +/- +/- - + +/- - - 

ʂʚʘʟʽʛʘʨʤʦʥʽʯʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ +/- +/- - + +/- +/- - 

ɺʝʢʪʦʨ ʧʝʨʽʦʜʠʯʥʠʭ ʫ ʯʘʩʽ ʟ ʨʽʟʥʠʤʠ 

ʧʝʨʽʦʜʘʤʠ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ + + - + + - - 

ʎʠʢʣʽʯʥʘ ʯʠʩʣʦʚʘ ʬʫʥʢʮʽʷ + - - - + + - 

ɯʥʪʝʨʚʘʣʴʥʘ ʪʘ ʥʝʯʽʪʢʘ ʮʠʢʣʽʯʥʽ ʬʫʥʢʮʽʾ + - - + + + - 

ʎʠʢʣʽʯʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ + + - + + + - 

ɺʝʢʪʦʨ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ 

ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ + + - + + + + 

ɸʙʩʪʨʘʢʪʥʘ ʮʠʢʣʽʯʥʘ ʬʫʥʢʮʽʷ + + + + + + + 

ñ+ò ï ʚʨʘʭʦʚʫʻ (ʚʽʜʦʙʨʘʞʘʻ), ñ-ò ï ʥʝ ʚʨʘʭʦʚʫʻ (ʥʝ ʚʽʜʦʙʨʘʞʘʻ), ñ+/-ò ï ʚʨʘʭʦʚʫʻ (ʚʽʜʦʙʨʘʞʘʻ) ʯʘʩʪ-
ʢʦʚʦ 
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ʮʠʢʣʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘʢʦʞ ʧʨʠʜʽʣʷʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʶ ʧʝʨʽʦʜʠʯʥʠʭ ʤʘʨʢʦʚʩʴʢʠʭ 

ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʣʘʥʮʶʛʽʚ, ʣʽʥʽʡʥʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, 

ʧʨʦʮʝʩʽʚ ʟ ʥʝʟʘʣʝʞʥʠʤʠ ʧʝʨʽʦʜʠʯʥʠʤʠ ʧʨʠʨʦʩʪʘʤʠ ʪʘ ʧʝʨʽʦʜʠʯʥʠʤʠ ʙʽʣʠʤʠ 

ʰʫʤʘʤʠ. ɺʽʜʥʦʩʥʦ ʥʦʚʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ ʮʠʢʣʽʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʩʠʛʥʘʣʽʚ ʻ ʮʠʢʣʽʯʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ, ʚʝʢʪʦʨ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚô̫ ʟʘʥʠʭ 

ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʫʤʦʚʥʠʡ ʮʠʢʣʽʯʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ, ʷʢʽ ʨʦʟʨʦʙʣʝʥʦ 

ʫ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʧʨʦʬʝʩʦʨʘ ʃʫʧʝʥʢʦ ʉ.ɸ. 

ɺ ʪʘʙʣʠʮʽ 1.4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʘ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʮʠʢʣʽʯʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʢʘʨʜʽʦʩʠʛʥʘʣʽʚ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʦʜʝʣʽ ʫ ʚʠʛʣʷʜʽ 

ʚʝʢʪʦʨʘ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ [42], ʩʪʦʭʘʩʪʠʯʥʦ ʧʝʨʽʦʜʠʯʥʽ ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ, 

ʪʘʢʽ ʷʢ ʧʝʨʽʦʜʠʯʥʦ-ʢʦʨʝʣʴʦʚʘʥʠʡ [43, 44], ʧʝʨʽʦʜʠʯʥʦ ʨʦʟʧʦʜʽʣʝʥʠʡ ʽ ʣʽʥʽʡʥʠʡ 

ʧʝʨʽʦʜʠʯʥʠʡ ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ [45-47]. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ [48-50] ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʮʠʢʣʽʯʥʠʭ ʢʘʨʜʽʦʩʠʛʥʘʣʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʫ ʷʢ ʚʝʢʪʦʨ 

ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʟ ʨʽʟʥʠʤʠ ʧʝʨʽʦʜʘʤʠ.  

ɯʩʥʫʻ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠʩʚʷʯʝʥʠʭ ʤʦʜʝʣʶʚʘʥʥʶ ʪʘ 

ʢʦʤʧôʶʪʝʨʥʦʤʫ ʘʥʘʣʽʟʫ ʢʘʨʜʽʦʽʥʪʝʨʚʘʣʦʛʨʘʤʠ ʪʘ ʨʠʪʤʦʢʘʨʜʽʦʛʨʘʤʠ, ʷʢʽ 

ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʨʦʙʦʪʘʭ [51-62]. ɹʘʛʘʪʦ ʟ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʥʘ 

ʢʘʨʜʽʦʽʥʪʝʨʚʘʣʦʛʨʘʤʘʭ, ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʫ ʩʪʘʥʽ ʩʧʦʢʦʶ. ʇʨʦʪʝ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʠʤ ʻ ʚʠʚʯʝʥʥʷ ʢʘʨʜʽʦʽʥʪʝʨʚʘʣʦʛʨʘʤ ʫ ʩʠʪʫʘʮʽʷʭ, ʢʦʣʠ ʥʘ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʫ 

ʩʠʩʪʝʤʫ ʥʘʢʣʘʜʘʻʪʴʩʷ ʬʽʟʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʜʞʝ ʪʘʢʽ ʫʤʦʚʠ ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ 

ʧʨʠʭʦʚʘʥʽ ʧʘʪʦʣʦʛʽʾ, ʥʝʚʠʜʠʤʽ ʧʨʠ ʟʚʠʯʘʡʥʦʤʫ ʚʠʤʽʨʶʚʘʥʥʽ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʯʘʩʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʘʤʦʾ 

ʢʘʨʜʽʦʽʥʪʝʨʚʘʣʦʛʨʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʡʤʦʚʽʨʥʽʩʥʽ ʤʘʪʝʤʘʪʠʯʥʽ 

ʤʦʜʝʣʽ. ʅʘʧʨʠʢʣʘʜ, ʫ ʩʪʘʥʽ ʩʧʦʢʦʶ ʘʜʝʢʚʘʪʥʦʶ ʤʦʜʝʣʣʶ ʤʦʞʝ ʙʫʪʠ ʩʪʘʮʽʦʥʘʨʥʘ 

ʘʙʦ ʧʝʨʽʦʜʠʯʥʦ ʢʦʨʝʣʴʦʚʘʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ [62], ʪʦʜʽ ʷʢ ʧʽʜ ʯʘʩ ʬʽʟʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʝʬʝʢʪʠʚʥʽʰʠʤʠ ʻ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʪʠʧʫ, ʷʢʽ 

ʻ ʢʦʤʙʽʥʘʮʽʻʶ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʪʘ ʩʪʘʮʽʦʥʘʨʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ [63-68]. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʦʙˇʨʫʥʪʦʚʫʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʥʦʚʽ ʤʦʜʝʣʽ ɽʂɻ, ʘ ʩʘʤʝ, 

ʮʠʢʣʽʯʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ. ʎ ̫ʤʦʜʝʣʴ ʙʽʣʴʰ ʪʦʯʥʦ ʚʽʜʦʙʨʘʞʘ ̒ʤʦʨʬʦʣʦʛʽʯʥʫ 
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ʪʘ ʨʠʪʤʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʢʘʨʜʽʦʩʠʛʥʘʣʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʱʫ ʷʢʽʩʪʴ ʘʥʘʣʽʟʫ 

ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʦʜʝʣʷʤʠ. ɿʛʽʜʥʦ ʽʟ ʨʦʙʦʪʦʶ [28], ʫ ʪʘʙʣʠʮ ̔1.5. 

ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʽʜʦʤʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʘʨʜʽʦʩʠʛʥʘʣʽʚ. 

 

ʊʘʙʣʠʮʷ 1.5. ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʽʜʦʤʠʭ ʪʘ ʥʦʚʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʢʘʨʜʽʦʩʠʛʥʘʣʽʚ [28] 

 

 

 

 

ɺʽʜʦʤʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʢʘʨʜʽʦʩʠʛʥʘʣʽʚ (ʂʉ) 
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ɺʨʘʭʦʚʫʻ ʮʠʢʣʽʯʥʽʩʪʴ 

ʂʉ - + - + + + + + + + 
ɺʨʘʭʦʚʫʻ ʚʠʧʘʜʢʦʚʠʡ 

ʭʘʨʘʢʪʝʨ ʂʉ - - + + + + + + + + 
ɺʨʘʭʦʚʫʻ ʩʪʦʭʘʩʪʠʯʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʢʘʨʜʽʦʮʠʢʣʘʤʠ 
- - - - + + + + + + 

ʆʧʠʩʫʻ ʂʉ ʚ ʪʝʨʤʽʥʘʭ 

ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ - - + + - + + + + + 

ɺʨʘʭʦʚʫʻ ʤʽʥʣʠʚʽʩʪʴ 

ʨʠʪʤʫ ʂʉ - - - - - - - + + + 
ɺʨʘʭʦʚʫʻ ʟʤʽʥʫ ʨʠʪʤʫ 

ʂʉ ʟʘ ʜʦʚʽʣʴʥʠʤ 

ʟʘʢʦʥʦʤ 
- - - - - - - - + + 

ɺʨʘʭʦʚʫʻ ʩʧʽʣʴʥʽʩʪʴ 

ʨʠʪʤʫ ʩʠʥʭʨʦʥʥʦ 
ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʂʉ 

- - - - - - - - - + 

ñ+ò ï ʚʨʘʭʦʚʫʻ (ʚʽʜʦʙʨʘʞʘʻ), ñ-ò ï  ʥʝ ʚʨʘʭʦʚʫʻ (ʥʝ ʚʽʜʦʙʨʘʞʘʻ) 

 

ʂʦʨʦʪʢʦ ʨʦʟʛʣʷʥʝʤʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ɽɽɻ ʩʠʛʥʘʣʽʚ. ʉʪʘʪʪʷ [69] 

ʧʨʠʩʚʷʯʝʥʘ ʤʘʪʝʤʘʪʠʯʥʠʤ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʤ ʤʦʜʝʣʷʤ ʩʠʛʥʘʣʽʚ ɽɽɻ, ʟʦʢʨʝʤʘ 

ʜʦʩʣʽʜʞʫʻ ʤʦʜʝʣʽ ʥʝʡʨʦʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʛʝʥʝʨʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ɽɽɻ ʥʘ ʦʩʥʦʚʽ 

ʨʽʚʥʷʥʴ ʄʘʢʩʚʝʣʣʘ. ʇʦʜʽʙʥʽ ʧʽʜʭʦʜʠ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʡʨʦʬʽʟʽʦʣʦʛʽʯʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ɽɽɻ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʨʦʙʦʪʽ [70], ʷʢʘ ʧʨʠʩʚʷʯʝʥʘ 
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ʨʦʟʚ'ʷʟʘʥʥʶ ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯʽ ʫ ʘʥʘʣʽʟʽ ʜʞʝʨʝʣ ɽɽɻ. ʊʘʢʦʞ ʫ ʨʦʙʦʪʽ [71] 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʥʝʡʨʦʬʽʟʽʦʣʦʛʽʯʥʽ 

ʤʝʭʘʥʽʟʤʠ ʛʝʥʝʨʘʮʽʾ ʩʠʛʥʘʣʽʚ ɽɽɻ ʥʘ ʤʽʢʨʦ-, ʤʝʟʦ- ʪʘ ʤʘʢʨʦ-ʨʽʚʥʷʭ ʦʨʛʘʥʽʟʘʮʽʾ 

ʤʦʟʢʫ ʣʶʜʠʥʠ. ʂʽʣʴʢʘ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʽ ʻ ʦʩʥʦʚʦʶ 

ʨʽʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʝʢʦʜʫʚʘʥʥʷ ɽɽɻ ʪʘ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʨʦʟʛʣʷʥʫʪʦ ʚ 

ʦʛʣʷʜʦʚʽʡ ʨʦʙʦʪʽ [72]. 

ʆʢʨʽʤ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʠʛʥʘʣʽʚ ɽɽɻ ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʦʭʘʩʪʠʯʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʫ ʚʠʛʣʷʜʽ ʚʠʧʘʜʢʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘ ʚʝʢʪʦʨʽʚ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. ʋ ʨʘʤʢʘʭ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʨʘʢʪʘʣʴʥʽ ʤʦʜʝʣʽ ɽɽɻ. ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [73] 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʨʘʢʪʘʣʴʥʠʡ ʛʘʫʩʽʚʩʴʢʠʡ ʰʫʤ ʪʘ ʬʨʘʢʪʘʣʴʥʠʡ ʙʨʦʫʥʽʚʩʴʢʠʡ 

ʨʫʭ ʜʣʷ ʨʦʟʢʣʘʜʫ ʩʠʛʥʘʣʽʚ ɽɽɻ ʥʘ ʤʦʟʢʦʚʽ ʨʠʪʤʠ: ʜʝʣʴʪʘ, ʪʝʪʘ, ʘʣʴʬʘ, ʙʝʪʘ ʪʘ ʛʘʤʘ 

ʨʠʪʤʠ. ʉʝʨʝʜ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʠʛʥʘʣʽʚ ɽɽɻ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʘʮʽʦʥʘʨʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ʫ ʰʠʨʦʢʦʤʫ ʨʦʟʫʤʽʥʥʽ 

(ʽʥʬʦʨʤʘʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʪʘ ʩʧʝʢʪʨʘʣʴʥʘ 

ʬʫʥʢʮʽʷ ʧʦʪʫʞʥʦʩʪʽ (ʩʧʝʢʪʨ ʧʦʪʫʞʥʦʩʪʽ) ʩʠʛʥʘʣʫ ɽɽɻ).  

ʋ ʨʦʙʦʪʽ [74] ʤʘʨʢʽʚʩʴʢʠʡ ʧʨʦʮʝʩ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʩʠʤʫʣʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ɽɽɻ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʪʦʬʽʟʽʦʣʦʛʽʯʥʠʭ 

ʟʤʽʥ ɽɽɻ ʫ ʢʣʽʥʽʯʥʽʡ ʜʽʘʛʥʦʩʪʠʮʽ. ʋ ʨʦʙʦʪʽ [75] ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʦʜʝʣʴ 

ʘʚʪʦʨʝʛʨʝʩʽʾ ʪʘ ʘʣʛʦʨʠʪʤ ʖʣʘ-ɺʦʢʝʨʘ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ɽɽɻ 

(ʽʥʬʦʨʤʘʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʢʦʝʬʽʮʽʻʥʪʠ ʤʦʜʝʣʝʡ ʘʚʪʦʨʝʛʨʝʩʽʾ). ʉʭʦʞʠʡ 

ʧʽʜʭʽʜ ʙʫʚ ʨʦʟʛʣʷʥʫʪʠʡ ʫ ʨʦʙʦʪʽ [76], ʜʝ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ɽɽɻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʩʪʦʭʘʩʪʠʯʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ. ʋ ʩʪʘʪʪʽ [77] 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʣʽʥʽʡʥʽ, ʪʘʢ ʽ ʥʝʣʽʥʽʡʥʽ ʩʪʦʭʘʩʪʠʯʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

ʩʠʛʥʘʣʽʚ ɽɽɻ. ʈʦʙʦʪʘ [78] ʧʨʠʩʚʷʯʝʥʘ ʣʽʥʽʡʥʠʤ ʤʦʜʝʣʷʤ ʩʠʛʥʘʣʽʚ ɽɽɻ ʫ 

ʟʘʚʜʘʥʥʷʭ ʣʽʥʽʡʥʦʛʦ ʜʠʩʢʨʠʤʽʥʘʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʘʥʘʣʽʟʫ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʪʘ 

ʥʝʟʘʣʝʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ. ʉʪʘʮʽʦʥʘʨʥʽ ʣʽʥʽʡʥʽ ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ 

(ʽʥʬʦʨʤʘʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʧʘʨʘʤʝʪʨʠ ʷʜʨʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ 

ʡʤʦʚʽʨʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʨʫʶʯʦʛʦ ʧʨʦʮʝʩʫ ʟ ʥʝʟʘʣʝʞʥʠʤʠ ʧʨʠʨʦʩʪʘʤʠ) 

[79], ʘ ʪʘʢʦʞ ʫʤʦʚʥʦ ʩʪʘʮʽʦʥʘʨʥʽ ʣʽʥʽʡʥʽ ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ [80] 
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ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ ɽɽɻ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ 

ʥʝʡʨʦʬʽʟʽʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʛʝʥʝʨʘʮʽʾ ʩʠʛʥʘʣʽʚ ɽɽɻ. ʋ ʨʦʙʦʪʽ [81] ʩʪʦʭʘʩʪʠʯʥʽ 

ʯʘʩʪʢʦʚʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʝʟʦʩʢʦʧʽʯʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʣʶʜʩʴʢʦʾ ʢʦʨʠ. ʉʭʦʞʠʡ ʧʽʜʭʽʜ ʜʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʦʞ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʨʦʙʦʪʽ [82]. 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡ ʤʽʞ ʩʠʛʥʘʣʘʤʠ ɽɽɻ, ʦʪʨʠʤʘʥʠʤʠ ʟ ʨʽʟʥʠʭ 

ʝʣʝʢʪʨʦʜʽʚ ʫ ʢʦʥʪʝʢʩʪʽ ʧʨʦʙʣʝʤʠ ʪʦʨʛʦʚʦʛʦ ʘʛʝʥʪʘ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ 

ʩʠʛʥʘʣʽʚ ɽɽɻ ʫ ʬʦʨʤʽ ʚʝʢʪʦʨʘ ʩʪʘʮʽʦʥʘʨʥʠʭ ʽ ʟʚ'ʷʟʘʥʠʭ ʩʪʘʮʽʦʥʘʨʥʠʭ ʚʠʧʘʜʢʦʚʠʭ 

ʧʨʦʮʝʩʽʚ [83]. ʋ ʮʽʡ ʤʦʜʝʣʽ ʷʢ ʽʥʬʦʨʤʘʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʽ ʬʫʥʢʮʽʾ, ʬʫʥʢʮʽʾ ʚʟʘʻʤʦʢʦʨʝʣʷʮʽʡ ʪʘ ʩʧʝʢʪʨʘʣʴʥʽ ʬʫʥʢʮʽʾ 

ʧʦʪʫʞʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʚʝʢʪʦʨʘ ɽɽɻ. ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ, ʘ ʩʘʤʝ, 

ʢʫʩʢʦʚʦ ʩʪʘʮʽʦʥʘʨʥʦʾ ʧʨʠʨʦʜʠ ʯʘʩʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ɽɽɻ, ʷʢ ʤʦʜʝʣʴ ʩʠʛʥʘʣʫ ɽɽɻ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʫʩʢʦʚʦ ʩʪʘʮʽʦʥʘʨʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ (ʽʥʬʦʨʤʘʪʠʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʽ ʬʫʥʢʮʽʾ ʪʘ ʩʧʝʢʪʨʘʣʴʥʽ ʬʫʥʢʮʽʾ ʧʦʪʫʞʥʦʩʪʽ 

ʩʠʛʥʘʣʫ ɽɽɻ ʫ ʨʽʟʥʽ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ ʡʦʛʦ ʨʝʻʩʪʨʘʮʽʾ). ɿʦʢʨʝʤʘ, ʫ [84] ʢʫʩʢʦʚʦ 

ʩʪʘʮʽʦʥʘʨʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʤʦʜʝʣʴ ʩʠʛʥʘʣʫ ɽɽɻ ʜʣʷ 

ʡʦʛʦ ʘʜʘʧʪʠʚʥʦʾ ʩʝʛʤʝʥʪʘʮʽʾ. ʊʘʢʦʞ ʫ [85] ʮʷ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʫ ɽɽɻ 

ʥʘ ʢʦʨʦʪʢʠʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʘʭ. 

ʋ ʨʦʙʦʪʽ [86] ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʢʣʦʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʢʦʨʝʣʴʦʚʘʥʦʛʦ (ʧʝʨʽʦʜʠʯʥʦ ʢʦʨʝʣʴʦʚʘʥʦʛʦ) ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʷʢ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʩʠʛʥʘʣʽʚ ɽɽɻ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʜʠʟʘʡʥʽ ʽʥʪʝʨʬʝʡʩʫ ʤʦʟʦʢ-ʢʦʤʧ'ʶʪʝʨ. ʋ 

ʨʘʤʢʘʭ ʮʽʻʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʷʢ ʽʥʬʦʨʤʘʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʦʤʝʥʪʥʽ ʬʫʥʢʮʽʾ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʙʽʩʧʝʢʪʨʘʣʴʥʘ 

ʬʫʥʢʮʽʷ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʽʚ ɽɽɻ. ɼʦʩʠʪʴ ʯʘʩʪʦ ʜʣʷ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʽʚ ɽɽɻ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʫʩʝʨʝʜʥʝʥʥʷ ʟʘ 

ʘʥʩʘʤʙʣʝʤ ʨʝʘʣʽʟʘʮʽʡ ʜʣʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʟ ʥʝʚʠʟʥʘʯʝʥʦʶ 

ʡʤʦʚʽʨʥʽʩʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ʅʘʧʨʠʢʣʘʜ, ʧʦʜʘʥʥʷ ʩʠʛʥʘʣʫ ɽɽɻ ʯʝʨʝʟ ʘʥʩʘʤʙʣʴ 

ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ [87], ʜʝ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ 

ʽʥʪʝʛʨʘʮʽʾ ʩʠʛʥʘʣʽʚ ɽɽɻ ʧʽʜ ʯʘʩ ʢʦʞʥʦʾ ʩʝʢʫʥʜʠ ʷʢ ʽʥʬʦʨʤʘʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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ʋ ʪʘʙʣʠʮʽ 1.6 ʟʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ɽɽɻ ʩʠʛʥʘʣʽʚ, 

ʟʦʢʨʝʤʘ, ʨʦʟʨʦʙʣʝʥʦʾ ʚ ʜʠʩʝʨʪʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʝʢʪʦʨʥʦʛʦ ɽɽɻ ʩʠʛʥʘʣʫ 

ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚô̫ ʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. 

 

ʊʘʙʣʠʮʷ 1.6. ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʽʜʦʤʠʭ ʽ ʥʦʚʦ ʾʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ɽɽɻ [1] 
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ɺʨʘʭʦʚʫʻ ʚʠʧʘʜʢʦʚʫ ʧʨʠʨʦʜʫ ɽɽɻ - + + + + + + + 

ɺʨʘʭʦʚʫʻ ʮʠʢʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ 
ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɽɽɻ - - - - - - + + 

ɺʨʘʭʦʚʫʻ ʩʫʤʽʩʥʽ ʡʤʦʚʽʨʥʽʩʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʟʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʚʝʢʪʦʨʥʽʡ ɽɽɻ 
- - - - - + - + 

ɺʨʘʭʦʚʫʻ ʥʝʨʝʛʫʣʷʨʥʽʩʪʴ 
(ʟʤʽʥʥʽʩʪʴ) ʨʠʪʤʫ ʚʝʢʪʦʨʥʦʾ ɽɽɻ - - - - + - - + 

ɺʨʘʭʦʚʫʻ ʩʧʽʣʴʥʽʩʪʴ ʨʠʪʤʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʚʝʢʪʦʨʥʦʾ ɽɽɻ 
- - - - - - - + 

ɺʨʘʭʦʚʫʻ ʥʘʷʚʥʽʩʪʴ ʟʦʥʘʣʴʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʮʠʢʣʫ ʚʝʢʪʦʨʥʦʾ ɽɽɻ + - - - + - - + 

ɺʨʘʭʦʚʫʻ ʬʫʥʢʮʽʾ ʤʦʤʝʥʪʽʚ 
ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ ʚʝʢʪʦʨʥʦʾ ɽɽɻ - - - + - + - + 

ɺʨʘʭʦʚʫʻ ʩʪʦʭʘʩʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ 

ʤʽʞ ʨʽʟʥʠʤʠ ʮʠʢʣʘʤʠ ʚʝʢʪʦʨʥʦʾ 
ɽɽɻ 

- - - - - - - + 

"+" - ʚʨʘʭʦʚʫʻ (ʚʽʜʦʙʨʘʞʘʻ), "-" - ʥʝ ʚʨʘʭʦʚʫʻ (ʥʝ ʚʽʜʦʙʨʘʞʘʻ) 

 

1.4. ɸʥʘʣʽʟ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ʮʠʢʣʽʯʥʠʭ ʙʽʦʩʠʛʥʘʣʽʚ 

ʋ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ ʩʝʨʮʷ ʤʝʪʦʜʠ ʦʧʨʘʮʶʚʘʥʥʷ ɽʂɻ  

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʤʝʪʦʜʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʪʘ ʤʝʪʦʜʠ ʦʩʥʦʚʥʦʛʦ 
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ʦʧʨʘʮʶʚʘʥʥʷ. ʇʦʧʝʨʝʜʥʻ ʦʧʨʘʮʶʚʘʥʥʷ ɽʂɻ ʚʢʣʶʯʘʻ ʫ ʩʝʙʝ ʬʽʣʴʪʨʘʮʽʶ ʪʘ 

ʧʨʦʮʝʜʫʨʫ ʚʠʣʫʯʝʥʥʷ ʪʨʝʥʜʫ ʽʟ ʢʘʨʜʽʦʩʠʛʥʘʣʽʚ. ʌʽʣʴʪʨʘʮʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʤʝʪʦʶ 

ʫʩʫʥʝʥʥʷ ʟʘʚʘʜ ʫ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʨʝʘʣʽʟʘʮʽʷʭ ʢʘʨʜʽʦʩʠʛʥʘʣʽʚ, ʷʢʽ ʟʫʤʦʚʣʝʥʽ ʜʽʻʶ 

ʰʫʤʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʜʽʻʶ ʟʘʚʘʜ, ʷʢʽ  ʧʨʠʚʥʝʩʝʥʽ 

ʟʦʚʥʽ. ʇʨʦʮʝʜʫʨʘ ʚʠʣʫʯʝʥʥʷ ʪʨʝʥʜʫ ʫʩʫʚʘʻ ʘʙʦ ʩʫʪʪʻʚʦ ʧʦʩʣʘʙʣʶʻ ʪʨʝʥʜʠ, ʷʢʽ 

ʚʠʢʣʠʢʘʥʽ ʨʽʟʥʠʤʠ ʧʨʠʯʠʥʘʤʠ: ʜʨʝʡʬʦʤ ʥʫʣʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ, 

ʦʧʝʨʘʮʽʷʤʠ ʧʦʧʝʨʝʜʥʴʦʾ ʬʽʣʴʪʨʘʮʽʾ ʢʘʨʜʽʦʩʠʛʥʘʣʫ, ʬʘʢʪʦʨʘʤʠ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ. ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʚʠʣʫʯʝʥʥʷ ʪʨʝʥʜʫ ʽʟ 

ʢʘʨʜʽʦʩʠʛʥʘʣʽʚ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʤʝʪʦʜʠ ʬʽʣʴʪʨʘʮʽ ʾʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʢʫʨʩʠʚʥʠʭ 

ʮʠʬʨʦʚʠʭ ʬʽʣʴʪʨʽʚ ɹʘʪʪʝʨʚʦʨʪʘ ʪʘ ɹʝʩʩʝʣʷ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ, ʤʝʪʦʜʠ ʚʠʣʫʯʝʥʥʷ 

ʪʨʝʥʜʫ ʟʘ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ [88]). 

ʄʝʪʦʜʠ ʦʩʥʦʚʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʢʘʨʜʽʦʩʠʛʥʘʣʽʚ ʧʦʜʽʣʷʶʪʴ ʥʘ ʘʥʘʣʽʟ 

ʩʝʨʮʝʚʦʛʦ ʨʠʪʤʫ ʪʘ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ. ʎ ̔ʤʝʪʦʜʠ ʚʢʣʶʯʘʶʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨôʻ [89-92], wavelet-ʘʥʘʣʽʟ [93], ʬʽʣʴʪʨʦʚʽ ʤʝʪʦʜʠ [94], ʤʝʪʦʜ ʬʘʟʦʚʠʭ 

ʧʨʦʩʪʦʨʽʚ [95-98]. ʊʘʢʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʧʽʜʭʦʜʽʚ ʜʦʟʚʦʣʷʻ ʛʣʠʙʰʝ ʨʦʟʫʤʽʪʠ 

ʩʪʨʫʢʪʫʨʫ ʪʘ ʜʠʥʘʤʽʢʫ ʢʘʨʜʽʦʩʠʛʥʘʣʽʚ, ʦʩʦʙʣʠʚʦ ʧʽʜ ʯʘʩ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʣʽʢʫʚʘʥʥʷ 

ʩʝʨʮʝʚʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. 

ɸʥʘʣʽʟ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʫ ʢʦʥʪʝʢʩʪʽ ɽʂɻ ʜʽʘʛʥʦʩʪʠʢʠ ʩʣʫʛʫʻ ʚʘʞʣʠʚʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʩʝʨʮʝʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʘʮʽʻʥʪʘ ʥʘ ʧʨʦʪʷʟʽ ʯʘʩʫ. 

ʏʘʩʦʚʠʡ ʘʥʘʣʽʟ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʤʝʪʦʜʦʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʠʚʯʝʥʥʷ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʨʮʝʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʛʝʥʝʨʦʚʘʥʠʭ ʩʝʨʮʝʤ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʜʝʪʘʣʴʥʦ 

ʘʥʘʣʽʟʫʚʘʪʠ ʯʘʩʦʚʽ ʧʘʨʘʤʝʪʨʠ ʩʠʛʥʘʣʫ ɽʂɻ, ʪʘʢʽ ʷʢ ʪʨʠʚʘʣʽʩʪʴ ʭʚʠʣʴ, ʽʥʪʝʨʚʘʣʽʚ ʽ 

ʧʝʨʽʦʜʽʚ, ʱʦ ʤʘʶʪʴ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʦʮʽʥʢʠ ʩʝʨʮʝʚʦʛʦ 

ʟʜʦʨʦʚ'ʷ. ʏʘʩʦʚʠʡ ʘʥʘʣʽʟ ɽʂɻ ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʪʘ ʘʥʘʣʽʟʽ 

ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʦʢʨʝʤʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʛʥʘʣʫ ɽʂɻ, ʪʘʢʠʤʠ ʷʢ P-ʭʚʠʣʷ, QRS-

ʢʦʤʧʣʝʢʩ, ʽ T-ʭʚʠʣʷ. ʎʽ ʢʦʤʧʦʥʝʥʪʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʽʟʥʽ ʬʘʟʠ ʩʝʨʮʝʚʦʛʦ ʮʠʢʣʫ, 

ʚʢʣʶʯʘʶʯʠ ʜʝʧʦʣʷʨʠʟʘʮʽʶ ʧʝʨʝʜʩʝʨʜʴ, ʜʝʧʦʣʷʨʠʟʘʮʽʶ ʰʣʫʥʦʯʢʽʚ, ʪʘ ʾʭ 

ʨʝʧʦʣʷʨʠʟʘʮʽʶ. ɺʠʤʽʨʶʚʘʥʥʷ, ʪʘʢʽ ʷʢ ʪʨʠʚʘʣʽʩʪʴ QRS-ʢʦʤʧʣʝʢʩʫ, ʽʥʪʝʨʚʘʣ QT, ʪʘ 

ʽʥʪʝʨʚʘʣ PR, ʥʘʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʧʨʦʚʽʜʥʦʾ ʩʠʩʪʝʤʠ 
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ʩʝʨʮʷ ʪʘ ʤʦʞʣʠʚʽ ʧʦʨʫʰʝʥʥʷ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʯʘʩʦʚʠʡ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ, 

ʘʥʘʣʽʟ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ, ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʘʣʛʦʨʠʪʤʠ ʜʝʪʝʢʮʽʾ R-

ʭʚʠʣʴ, ʪʘ ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʚʘʨʽʘʙʝʣʴʥʦʩʪʽ ʩʝʨʮʝʚʦʛʦ ʨʠʪʤʫ ʻ ʦʩʥʦʚʥʦʶ ʛʨʫʧʦʶ 

ʤʝʪʦʜʽʚ ʤʝʪʦʜʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ɽʂɻ ʩʠʛʥʘʣʽʚ. 

ʋ ʨʘʤʢʘʭ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ɽɽɻ 

(ʩʠʛʥʘʣʠ ɽɽɻ ʽʥʪʝʨʧʨʝʪʫʶʪʴʩʷ ʷʢ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʽ ʬʫʥʢʮʽʾ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʝʪʦʜʠ ʾʭ ʛʘʨʤʦʥʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚ 

ʥʝʛʘʨʤʦʥʽʯʥʠʭ ʙʘʟʘʭ. ʅʘʧʨʠʢʣʘʜ, ʫ ʩʪʘʪʪʽ [99] ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʦʚʠʡ ʤʝʪʦʜ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʛʘʨʤʦʥʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ɽɽɻ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʣʘʩʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʣʘʧʣʘʩʽʘʥʘ ʩʽʪʯʘʩʪʦʾ ʧʦʚʝʨʭʥʽ ʧʦʟʠʮʽʡ ʝʣʝʢʪʨʦʜʽʚ. ʋ ʩʪʘʪʪʽ [100] 

ʩʠʛʥʘʣʠ ɽɽɻ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫ ʚʝʡʚʣʝʪʽʚ ʟ ʤʝʪʦʶ ʚʠʜʦʙʫʪʢʫ 

ʦʟʥʘʢ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ ʤʘʰʠʥʠ 

ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ. ʋ ʩʪʘʪʪʽ [101] ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʯʘʩʦʚʦ-ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʧʦʜʽʡ ʫ 

ʩʪʨʫʢʪʫʨʽ ʩʠʛʥʘʣʽʚ ɽɽɻ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʥʘʣʽʟ ʚʝʡʚʣʝʪʽʚ. ʋ ʩʪʘʪʪʽ [102] 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʝʥʪʨʦʧʽʶ ʩʫʙʩʤʫʛʠ ʚʝʡʚʣʝʪʽʚ ʪʘ ʾʾ ʯʘʩʦʚʫ ʨʽʟʥʠʮʶ ʷʢ ʜʚʘ ʢʽʣʴʢʽʩʥʽ 

ʧʦʢʘʟʥʠʢʠ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʩʝʛʤʝʥʪʘʮʽʾ ʩʠʛʥʘʣʽʚ ɽɽɻ. 

ʋ ʩʪʘʪʪʽ [103] ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ɽɽɻ ʜʣʷ 

ʟʘʚʜʘʥʥʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʝʤʦʮʽʡ. ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [104] ʷʢ ʽʥʬʦʨʤʘʪʠʚʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʛʥʘʣʽʚ ɽɽɻ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʥʦʚʠʤʽʨʥʠʡ ʩʧʝʢʪʨ 

ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʦʜʝʣʽ ʩʠʛʥʘʣʽʚ ɽɽɻ ʫ ʬʦʨʤʽ ʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ. 

ʗʢʱʦ ʜʣʷ ɽʂɻ ʩʠʛʥʘʣʽʚ ʷʢ ʾʭ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʮʽʣʢʦʤ ʩʣʫʰʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʦʤʠʡ ʮʠʢʣʽʯʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ʪʘ ʤʝʪʦʜʠ 

ʨʠʪʤʦʘʜʘʧʪʠʚʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɽʂɻ ʩʠʛʥʘʣʽʚ, ʪʦ 

ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ɽɽɻ ʩʠʛʥʘʣʽʚ ʚ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤʘʭ ʥʝʦʙʭʽʜʥʦ 

ʧʦʙʫʜʫʚʘʪʠ ʥʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʥʦʚʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʜʘʥʠʭ . 

ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʩʠʛʥʘʣʽʚ ɽɽɻ, ʮʽ ʤʦʜʝʣʽ, ʟʘ ʚʠʥʷʪʢʦʤ ʮʠʢʣʦʩʪʘʮʽʦʥʘʨʥʦʛʦ ʢʦʨʝʣʴʦʚʘʥʦʛʦ 

ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ, ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʮʠʢʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʩʠʛʥʘʣʽʚ ɽɽɻ, 

ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʫ ʫʤʦʚʘʭ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʧʦʚʪʦʨʝʥʴ ʤʝʥʪʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ 
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ʦʧʝʨʘʪʦʨʘ ɯʄʂ ʥʘ ʝʪʘʧʽ ʥʘʚʯʘʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʘ, ʘ ʮʠʢʣʦʩʪʘʮʽʦʥʘʨʥʠʡ 

ʢʦʨʝʣʴʦʚʘʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ʥʝ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʤʦʤʝʥʪʥʽ ʬʫʥʢʮʽʾ 

ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ, ʥʝ ʚʨʘʭʦʚʫʻ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʨʠʪʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʩʠʛʥʘʣʽʚ ʽ ʥʝ ʤʘʻ ʬʦʨʤʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʝʢʪʦʨʥʦʛʦ ʩʠʛʥʘʣʫ ɽɽɻ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ 

ʦʮʽʥʶʚʘʥʥʷ ʜʣʷ ʘʥʩʘʤʙʣʶ ʟʘʧʠʩʘʥʠʭ ʮʠʢʣʽʚ ʩʠʛʥʘʣʽʚ ɽɽɻ ʥʝ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʤʽʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʽʟʥʠʭ ʮʠʢʣʽʚ ʩʠʛʥʘʣʫ ɽɽɻ ʫ ʡʦʛʦ 

ʙʘʛʘʪʦʮʠʢʣʦʚʽʡ ʨʝʘʣʽʟʘʮʽʾ. ʊʘʢʦʞ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʤʝʪʦʜʽʚ 

ʦʮ̔ʥʶʚʘʥʥʷ ̔ʥʬʦʨʤʘʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʽʚ ɽɽɻ ʻ ʤʝʪʦʜʘʤʠ ʦʮʽʥʶʚʘʥʥʷ 

ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ ʩʠʛʥʘʣʽʚ ɽɽɻ ʚ ʨʘʤʢʘʭ ʣʠʰʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʦʨʝʣʷʮʽʡʥʦʾ ʪʝʦʨʽʾ 

ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʥʝ ʪʝʦʨʽʾ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʨʘʤʢʘʭ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ 

ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ ʪʘ ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ. 

ɿʘʟʥʘʯʝʥʽ ʚʠʱʝ ʥʝʜʦʣʽʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʤʦʞʣʠʚʠʤʠ ʧʨʠʯʠʥʘʤʠ ʥʠʟʴʢʦʾ 

ʪʦʯʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʝʨʫʶʯʠʭ ʤʝʥʪʘʣʴʥʠʭ ʚʧʣʠʚʽʚ ʦʧʝʨʘʪʦʨʘ 

ɯʄʂ, ɦʦ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ 

ʦʮʽʥʢʠ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʽʚ ɽɽɻ ʚ ʩʠʩʪʝʤʘʭ ɯʄʂ. 

ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʪʦʯʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʦʛʦ ʢʣʘʩʫ ʩʠʩʪʝʤ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʝʢʪʦʨʥʦʛʦ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʯʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʤʝʪʦʶ ʩʝʣʝʢʮʽʾ ʽʥʬʦʨʤʘʪʠʚʥʠʭ 

ʦʟʥʘʢ ʚ ʚʝʢʪʦʨʥʦʤʫ ɽɽɻ-ʩʠʛʥʘʣʽ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʦʧʝʨʘʪʦʨʽʚ. ɸ ʪʘʢʦʞ ʟʜʽʡʩʥʠʪʠ 

ʧʦʙʫʜʦʚʫ ʘʜʝʢʚʘʪʥʠʭ ʢʨʠʪʝʨʽʾʚ ʪʘ ʤʝʪʦʜʽʚ ʝʬʝʢʪʠʚʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ɽʂɻ ʪʘ ɽɽɻ 

ʩʠʛʥʘʣʽʚ ʚ ʩʠʩʪʝʤʘʭ ɯʄʂ, ʩʠʩʪʝʤʘʭ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʪʘ ʚ 

ʩʠʩʪʝʤʘʭ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ. 

ʅʘʚʝʜʝʥʠʡ ʚʠʱʝ ʘʥʘʣʽʟ ʚʽʜʦʤʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ 

ʦʧʘʨʮʶʚʘʥʥʷ ʮʠʢʣʽʯʥʠʭ ʙʽʦʩʠʛʥʘʣʽʚ ʜʘʚ ʟʤʦʛʫ ʩʬʦʨʤʫʣʶʚʘʪʠ ʤʝʪʫ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʦʶ ʻ ʨʦʟʚʠʪʦʢ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ 

ʝʬʝʢʪʠʚʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʮʠʢʣʽʯʥʠʭ ʙʽʦʤʝʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʩʫʯʘʩʥʠʭ 

ʥʝʥ̔ʚʘʟʠʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʘʭ, ʩʠʩʪʝʤʘʭ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʪʘ 

ʩʠʩʪʝʤʘʭ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ. 
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1.5 ɺʠʩʥʦʚʢʠ ʜʦ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫ 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʘʨʘʪʠʚʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ɽʂɻ ʪʘ ɽɽɻ ʩʠʛʥʘʣʽʚ. ɿʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ 

ʦʛʣʷʜ ʥʘʷʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʨʠʥʢʫ ʜʣʷ ʟʙʦʨʫ ʪʘ 

ʦʙʨʦʙʢʠ ʙʽʦʤʝʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ. ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʮʠʭ 

ʤʝʪʦʜʽʚ, ʱʦ ʜʦʧʦʤʦʛʣʦ ʚʠʷʚʠʪʠ ʢʨʠʪʠʯʥʽ ʘʩʧʝʢʪʠ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʦʛʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ. 

ʅʘ ʙʘʟʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʦʙˇʨʫʥʪʦʚʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʥʦʚʦ ʾ

ʤʘʪʝʤʘʪʠʯʥʦ ʾʤʦʜʝʣ ̔ʚʝʢʪʦʨʥʦʛʦ ɽɽɻ ʩʠʛʥʘʣʫ ʚ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤʘʭ. ʎʷ 

ʤʦʜʝʣʴ ʧʦʚʠʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʝ ʚʨʘʭʫʚʘʥʥʷ ʩʪʦʭʘʩʪʠʯʥʦʩʪʽ, 

ʮʠʢʣʽʯʥʦʩʪʽ, ʤʽʥʣʠʚʦʩʪʽ ʪʘ ʩʧʽʣʴʥʦʩʪʽ ʨʠʪʤʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʽʦʩʠʛʥʘʣʽʚ. ɿʘʚʜʷʢʠ 

ʮʴʦʤʫ, ʤʦʜʝʣʴ ʧʦʚʠʥʥʘ ʜʝʤʦʥʩʪʨʫʚʘʪʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚ ʟʘʜʘʯʘʭ 

ʦʧʨʘʮʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ, ʟʦʢʨʝʤʘ ʫ ʥʝʽʥʚʘʟʠʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʆʙˇʨʫʥʪʦʚʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʝʬʝʢʪʠʚʥʦʛʦ 

ʦʧʨʘʮʶʚʘʥʥʷ ɽʂɻ ʪʘ ɽɽɻ ʩʠʛʥʘʣʽʚ ʚ ʥʝʽʥʚʘʟʠʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤʘʭ, 

ʩʠʩʪʝʤʘʭ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʪʘ ʚ ʩʠʩʪʝʤʘʭ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ. 
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ʈʆɿɼɯʃ 2 

ʁʄʆɺɯʈʅɯʉʅɸ ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ʊɸ ʉʊɸʊʀʉʊʀʏʅɯ 

ʄɽʊʆɼʀ ʆʎɯʅʖɺɸʅʅʗ ʄʆʄɽʅʊʅʀʍ ʌʋʅʂʎɯʁ ɺɽʂʊʆʈʅʆɰ ɽɽɻ ɺ 

ʅɽʁʈʆɯʅʊɽʈʌɽʁʉʅʀʍ ʉʀʉʊɽʄɸʍ 

 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʯʘʩʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʚʝʢʪʦʨʥʦʛʦ ɽɽɻ ʩʠʛʥʘʣʫ ʷʢ ʥʦʩʽʷ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʤʝʥʪʘʣʴʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʦʧʝʨʘʪʦʨʘ ʥʝʽʥʚʘʟʠʚʥʦʛʦ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʫ, ʘ ʪʘʢʦʞ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ 

ʚʠʤʦʛ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣ ̔ɽɽɻ ʩʠʛʥʘʣʽʚ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʥʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ʚʝʢʪʦʨʥʦʛʦ ɽɽɻ ʩʠʛʥʘʣʫ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ 

ʧʦʚô̫ ʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʡʤʦʚʽʨʥʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʽʻʭ ʤʦʜʝʣʽ. ʆʙʛʨʫʥʪʦʚʘʥʦ ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʚʝʢʪʦʨʥʦʛʦ ɽɽɻ ʩʠʛʥʘʣʫ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʣ̔ʫ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ ʧʨʘʮʷʭ [1, 105]. 

 

2.1. ʂʨʠʪʝʨʽʾ ʪʘ ʚʠʤʦʛʠ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʠʛʥʘʣʽʚ ɽɽɻ ʚ 

ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤʘʭ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʘʛʘʪʴʦʭ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʰʪʫʯʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʨʘʭʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʙʘʛʘʪʴʦʭ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, 

ʧʨʠʩʚʷʯʝʥʠʭ ʤʦʜʝʣʶʚʘʥʥʶ ʪʘ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ ɽɽɻ, ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʪʦʭʘʩʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ɽɽɻ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ 

ʨʝʻʩʪʨʘʮʽʷ ɽɽɻ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʷ ʟ ὒ (ὒ ς) ʨʽʟʥʠʭ ʝʣʝʢʪʨʦʜʽʚ (ʚʽʜʚʝʜʝʥʴ) ʥʘ 

ʧʦʚʝʨʭʥʽ ʛʦʣʦʚʠ ʦʧʝʨʘʪʦʨʘ, ʘ ʩʘʤʝ, ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʙʫʜʝ ʦʪʨʠʤʘʥʦ ὒ ʩʠʥʭʨʦʥʥʦ 

ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ɽɽɻ (ʪʘʢʫ ʩʫʢʫʧʥʽʩʪʴ ὒ ʩʠʛʥʘʣʽʚ ɽɽɻ ʤʠ ʥʘʟʚʝʤʦ ʚʝʢʪʦʨʥʠʤ 

ɽɽɻ), ʪʦ ʻ ʨʦʟʫʤʥʠʤ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʟʘʛʘʣʴʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʝʢʪʦʨʥʦʛʦ 

ɽɽɻ ʙʫʜʝ ὒ-ʚʠʤʽʨʥʠʤ ʚʝʢʪʦʨʦʤ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. 

ɼʣʷ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ (ʢʣʘʩʠʬʽʢʘʮʽʾ) ʢʦʥʪʨʦʣʶʶʯʦʛʦ 

ʤʝʥʪʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʦʧʝʨʘʪʦʨʘ ɯʄʂ (ʽʥʪʝʨʬʝʡʩʫ ʤʦʟʦʢ-ʢʦʤʧ'ʶʪʝʨ) ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʚʝʢʪʦʨʥʦ ʾɽɽɻ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʩʝʨʽʶ ʟ ὓ ̔ ʜʝʥʪʠʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʇʽʜ 

ʩʝʨʽʻʶ ʪʨʝʥʫʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʨʦʟʫʤʽʻʪʴʩʷ ʥʠʟʢʘ ʤʝʥʪʘʣʴʥʠʭ ʜʽʡ ʦʧʝʨʘʪʦʨʘ 
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ɯʄʂ, ʷʢʽ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʟʤʽʥʘʭ ʪʠʤʯʘʩʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʚʝʢʪʦʨʥʦ ʾɽɽɻ ʽ ʷʢʽ ʻ 

ʦʩʥʦʚʦʶ ʜʣʷ ʥʘʚʯʘʥʥʷ ʧʨʦʛʨʘʤʥʦ ʾʧʽʜʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʪʠ ʩʘʤʝ ʮ  ʁʜʽ ʁ

ʤʝʥʪʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʦʧʝʨʘʪʦʨʘ ʥʘ ʦʙ'ʻʢʪ ʤʘʥʽʧʫʣʷʮʽʾ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʚʝʢʪʦʨʥʦ ʾ

ɽɽɻ. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʫ ʙʘʛʘʪʦʮʠʢʣʦʚʫ ʚʝʢʪʦʨʥʫ ɽɽɻ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ 

ʧʝʨʚʠʥʥʫ ʩʪʘʪʠʩʪʠʢʫ ʜʣʷ ʚʠʚʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʥʘʚʯʘʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʘʢʦʛʦ ʥʘʚʯʘʥʥʷ ʦʧʝʨʘʪʦʨʽʚ ɯʄʂ. 

ʗʢʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʝʥʪʘʣʴʥʦʾ ʜʽʾ ʦʧʝʨʘʪʦʨʘ ɯʄʂ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ 

ʪʠʤʯʘʩʦʚʦʾ (ʘʙʦ ʩʧʝʢʪʨʘʣʴʥʦʾ) ʩʪʨʫʢʪʫʨʠ ʚʝʢʪʦʨʥʦʾ ɽɽɻ, ʷʢʘ ʻ ʟʥʘʯʫʱʦʶ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʚʠʷʚʣʝʥʥʷ (ʢʣʘʩʠʬʽʢʘʮʽʾ), ʪʦ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʽʾ ʟ 

ὓ ʪʘʢʠʭ ʧʦʩʣʽʜʦʚʥʠʭ ʟʘ ʯʘʩʦʤ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʦʜʥʦʛʦ ʪʠʧʫ (ʤʝʥʪʘʣʴʥʽ ʚʧʣʠʚʠ ʪʦʛʦ 

ʩʘʤʦʛʦ ʦʧʝʨʘʪʦʨʘ ʚ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ) ʻ ʨʦʟʫʤʥʠʤ ʧʨʠʧʫʩʪʠʪʠ ʧʨʦ ʧʝʚʥʫ 

ʮʠʢʣʽʯʥʽʩʪʴ, ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʯʘʩʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʚʝʢʪʦʨʥʦʾ ɽɽɻ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ 

ʚʽʜʧʦʚʽʜʥʫ ʢʦʥʪʨʦʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʚ ʩʠʩʪʝʤʽ ɯʄʂ. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʪʘʢʦʾ ʩʝʨʽʾ 

ʧʦʩʣʽʜʦʚʥʠʭ ʤʝʥʪʘʣʴʥʠʭ ʚʧʣʠʚʽʚ ʦʧʝʨʘʪʦʨʘ ɯʄʂ, ʮʠʢʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʚʝʢʪʦʨʥʦʾ 

ɽɽɻ ʙʫʜʝ ʚʽʜʩʫʪʥʷ. ʆʩʢʽʣʴʢʠ ʜʦʮʽʣʴʥʽʩʪʴ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ɽɽɻ ʙʫʣʘ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʚʠʱʝ, ʪʘʢʘ 

ʮʠʢʣʽʯʥʘ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʧʦʚʠʥʥʘ ʙʫʪʠ ʫ ʡʤʦʚʽʨʥʽʩʥʽʡ ʩʪʨʫʢʪʫʨʽ (ʡʤʦʚʽʨʥʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ) ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʚʝʢʪʦʨʥʦʾ ɽɽɻ. 

ʅʘʷʚʥʽʩʪʴ ʮʠʢʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʝʢʪʦʨʥʦʾ 

ɽɽɻ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʝʣʝʢʪʨʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʤʦʟʢʫ ʦʧʝʨʘʪʦʨʘ ɯʄʂ ʚ ʩʝʨʽʾ 

ʧʦʩʣʽʜʦʚʥʠʭ ʦʜʥʘʢʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʦʥʪʨʦʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʠʩʪʝʤʘʭ ɯʄʂ. ɺʨʘʭʦʚʫʶʯʠ 

ʚʠʱʝʚʠʢʣʘʜʝʥʝ, ʻ ʨʦʟʫʤʥʠʤ ʚʠʤʘʛʘʪʠ, ʱʦʙ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʩʠʛʥʘʣʽʚ ɽɽɻ 

ʚʽʜʦʙʨʘʞʘʣʘ ʮʶ ʮʠʢʣʽʯʥʫ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʚ ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. 

ʊʘʢʦʞ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʢʦʞʝʥ ʮʠʢʣ ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʟʦʥʫ 

ʘʢʪʠʚʥʦʩʪʽ (ʢʦʣʠ ʦʧʝʨʘʪʦʨ ʚʠʢʦʥʫʻ ʤʝʥʪʘʣʴʥʫ ʢʦʥʪʨʦʣʶʶʯʫ ʜʽʶ) ʪʘ ʧʘʩʠʚʥʦʩʪʽ 

(ʢʦʣʠ ʤʝʥʪʘʣʴʥʘ ʢʦʥʪʨʦʣʶʶʯʘ ʜʽ̫ ʦʧʝʨʘʪʦʨʘ ʚʽʜʩʫʪʥʷ), ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʘʻ 

ʚʨʘʭʦʚʫʚʘʪʠ ʮʶ ʟʦʥʥʫ ʩʪʨʫʢʪʫʨʫ ʫ ʛʘʨʤʦʥʽʾ ʟ ʾʾ ʮʠʢʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. 

ʅʘʷʚʥʽʩʪʴ ʮʠʢʣʽʯʥʦʩʪʽ ʚ ʧʝʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʻ ʦʩʥʦʚʦʶ 

ʩʘʤʦʾ ʤʦʞʣʠʚʦʩʪʽ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʚʠʷʚʣʝʥʥʷ ʢʦʥʪʨʦʣʶʶʯʠʭ ʩʠʛʥʘʣʽʚ 
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ʦʧʝʨʘʪʦʨʘ ɯʄʂ, ʦʩʢʽʣʴʢʠ ʣʠʰʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʩʪʘʮʽʦʥʘʨʥʘ ʩʪʨʫʢʪʫʨʘ 

ʩʠʛʥʘʣʽʚ ɽɽɻ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ ʦʙʣʘʩʪʝʡ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʟʦʥʘʤ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʧʘʩʠʚʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ɯʄʂ. ʎʠʢʣʽʯʥʘ ʧʨʠʨʦʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʽʰʦʛʦ 

ʟʘʚʜʘʥʥʷ, ʥʽʞ ʚʠʷʚʣʝʥʥʷ ʢʦʥʪʨʦʣʶʶʯʦʛʦ ʩʠʛʥʘʣʫ ʦʧʝʨʘʪʦʨʘ ɯʄʂ, ʘ ʩʘʤʝ ʟʘʚʜʘʥʥʷ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʠʧʫ ʢʦʥʪʨʦʣʶʶʯʦʛʦ ʩʠʛʥʘʣʫ ʦʧʝʨʘʪʦʨʘ ɯʄʂ, ʦʩʢʽʣʴʢʠ ʧʝʨʝʜ 

ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʢʦʥʪʨʦʣʶʶʯʦʛʦ ʩʠʛʥʘʣʫ ʡʦʛʦ ʧʦʪʨʽʙʥʦ ʚʠʷʚʠʪʠ ʪʘ ʚʽʜʨʽʟʥʠʪʠ ʚʽʜ 

ʧʦʪʦʢʫ ʜʘʥʠʭ ɽɽɻ. 

ʊʨʠʚʘʣʦʩʪʽ ʟʦʥ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʧʘʩʠʚʥʦʩʪʽ ʚ ʨʽʟʥʠʭ ʮʠʢʣʘʭ ʚʝʢʪʦʨʥʦʾ ɽɽɻ, ʘ 

ʦʪʞʝ, ʽ ʟʘʛʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʾʾ ʨʽʟʥʠʭ ʮʠʢʣʽʚ ʻ ʨʽʟʥʦ ,ʁ ʪʦʤʫ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʮʶ ʯʘʩʦʚʫ ʤʽʥʣʠʚʽʩʪʴ. ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʝʢʪʦʨʥʘ 

ɽɽɻ ʻ ʫʧʦʨʷʜʢʦʚʘʥʦʶ ʤʥʦʞʠʥʦʶ ʩʠʛʥʘʣʽʚ ɽɽɻ ʟ ʨʽʟʥʠʭ ʝʣʝʢʪʨʦʜʽʚ, ʷʢʽ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʝʣʝʢʪʨʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʨʽʟʥʠʭ ʦʙʣʘʩʪʝʡ ʤʦʟʢʫ ʦʜʥʽʻʾ ʣʶʜʠʥʠ 

(ʦʧʝʨʘʪʦʨʘ), ʽ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ, ʧʨʦʪʷʛʦʤ ʷʢʠʭ ʦʧʝʨʘʪʦʨ ʟʜʽʡʩʥʶʻ ʩʚʦʶ ʤʝʥʪʘʣʴʥʫ 

ʜʽʶ ʜʣʷ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʙʫʜʫʪʴ ʦʜʥʘʢʦʚʠʤʠ, ʪʦ ʻ ʨʦʟʫʤʥʠʤ 

ʧʦʩʪʫʣʶʚʘʪʠ ʨʠʪʤʽʯʥʠʡ ʟʚ'ʷʟʦʢ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʝʢʪʦʨʥʦʾ ɽɽɻ. 

ʊʘʢʦʞ ʚʘʞʣʠʚʦ, ʱʦʙ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʩʠʛʥʘʣʽʚ ɽɽɻ ʙʫʣʘ ʧʨʠʜʘʪʥʦʶ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʛʨʘʮʽʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ɽɽɻ, ʦʪʨʠʤʘʥʦʾ ʟ ʨʽʟʥʠʭ 

ʩʝʥʩʦʨʽʚ, ʟʦʢʨʝʤʘ, ʱʦʙ ʚʦʥʘ ʥʘʜʘʚʘʣʘ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʩʧʽʣʴʥʦʛʦ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ ɽɽɻ ʟ ʨʽʟʥʠʭ ʦʙʣʘʩʪʝʡ ʤʦʟʢʫ ʦʧʝʨʘʪʦʨʘ ɯʄʂ. 

ɿʦʢʨʝʤʘ, ʢʨʽʤ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʦʞʦʩʪʽ ʩʠʛʥʘʣʽʚ ɽɽɻ ʪʘ ʾʭ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, 

ʚʘʞʣʠʚʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʪʘʢʦʾ ʤʦʜʝʣʽ ʻ ʾʾ ʟʜʘʪʥʽʩʪʴ ʦʧʠʩʫʚʘʪʠ ʥʘʡʰʠʨʰʠʡ 

ʤʦʞʣʠʚʠʡ ʢʣʘʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʚʯʝʥʠʭ ʩʠʛʥʘʣʽʚ, ʟ ʤʝʪʦʶ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʠʭ, ʱʦ 

ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʽ ʜʦ ʚʧʣʠʚʽʚ ʦʧʝʨʘʪʦʨʘ ɯʄʂ. 

 

2.2. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʩʠʛʥʘʣʽʚ ɽɽɻ ʚ ʩʠʩʪʝʤʘʭ ɯʄʂ ʫ ʬʦʨʤʽ 

ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʽʟ ʜʚʦʤʘ 

ʟʦʥʘʤʠ ʥʘ ʮʠʢʣʘʭ 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʚʠʢʣʘʜʝʥʽ ʚʠʤʦʛʠ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʠʛʥʘʣʽʚ ɽɽɻ, 

ʷʢ ʘʜʝʢʚʘʪʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʠʛʥʘʣʽʚ ɽɽɻ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʝʢʪʦʨ 
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ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. ɿʛʽʜʥʦ ʟ ʨʦʙʦʪʘʤʠ [1, 28, 

105] ʚʠʟʥʘʯʠʤʦ ʚʝʢʪʦʨ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. 

ɺʠʟʥʘʯʝʥʥʷ 1. ɺʝʢʪʦʨ Ὸ ‫ȟὸȟὭ‚ ‫ȟὸ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ρȟὔȟ‫ᶰ

 ȟὸɴ Ὑ ʥʘʟʠʚʘʻʪʴʩʷ ʚʝʢʪʦʨʦʤ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ 

ʧʨʦʮʝʩʽʚ (ʘ ʩʘʤʽ ʧʨʦʮʝʩʠ ʥʘʟʠʚʘʶʪʴʩʷ ʮʠʢʣʽʯʥʠʤʠ ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʤʠ 

ʚʠʧʘʜʢʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ), ʷʢʱʦ ʽʩʥʫʻ ʪʘʢʘ ʬʫʥʢʮʽʷ Ὕὸȟὲȟὸɴ Ὑȟὲᶰὤ, ̫ ʢʘ 

ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʠ (1) - (3) ʬʫʥʢʮʽʾ ʨʠʪʤʫ ʽ ʜʣʷ ʙʫʜʴ-̫ ʢʦʛʦ ὸȟȢȢȢȟὸ ʟ ʤʥʦʞʠʥʠ 

ʨʦʟʜʽʣʴʥʦʩʪʽ ʚʝʢʪʦʨʘ  Ὸ ‫ȟὸ Ὧ-ʚʠʤʽʨʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʢʪʦʨʽʚ 

‚ ‚‫ȟὸȟ ‚‫ȟὸȟȢȢȢȟ ‫ȟὸ  ʪʘ ‚ ‫ȟὸ Ὕὸȟὲ ȟ‚ ‫ȟὸ

Ὕὸȟὲ ȟȢȢȢȟ‚ ‫ȟὸ Ὕὸȟὲ  ὲᶰὤȟὭȟȢȢȢȟὭ ρȟὔ ʻ ʩʪʦʭʘʩʪʠʯʥʦ 

ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʚ ʰʠʨʦʢʦʤʫ ʨʦʟʫʤʽʥʥʽ ʜʣʷ ʚʩʽʭ ὲᶰὤ ̔  ʜʣʷ ʚʩʽʭ Ὧᶰὔ. 

ʌʫʥʢʮʽʷ [62] Ὕὸȟὲȟὸɴ Ὑȟὲᶰὤ ʥʘʟʠʚʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ʨʠʪʤʫ, ʷʢʱʦ ʚʦʥʘ 

ʤʘʻ ʪʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ: 

 

1) 

 

2) ʜʣʷ ʙʫʜʴ-̫ ʢʠʭ ὸᶰὙ ̔  ὸᶰὙ, ʜʣʷ ʷʢʠʭ ὸ ὸ, ʽ ʜʣʷ ʬʫʥʢʮʽʾ Ὕὸȟὲ 

ʚʠʢʦʥʫʻʪʴʩʷ ʩʪʨʦʛʘ ʥʝʨʽʚʥʽʩʪʴ: 

Ὕὸȟὲ ὸ Ὕὸȟὲ ὸȟᶅὲᶰὤ (2) 

3) ʬʫʥʢʮʽʷ Ὕὸȟὲ ̒  ʥʘʡʤʝʥʰʦʶ ʟʘ ʤʦʜʫʣʝʤ ȿὝὸȟὲȿ Ὕ ὸȟὲ  ʩʝʨʝʜ 

ʫʩʽʭ ʪʘʢʠʭ ʬʫʥʢʮʽʡ Ὕ ὸȟὲȟ‎ɴ ὔ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ (1) ʽ (2), ʘ ʩʘʤʝ: 

ȿὝὸȟὲȿ άὭὲɴ Ὕ ὸȟὲ ȟ‎ɴ ὔȟὸɴ ὙȟὲᶰὤȢ (3) 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʩʪʦʭʘʩʪʠʯʥʦ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʫ ʰʠʨʦʢʦʤʫ ʨʦʟʫʤʽʥʥʽ ʙʫʜʫʪʴ 

Ὧ-ʚʠʤʽʨʥʽ ʚʠʧʘʜʢʦʚʽ ʚʝʢʪʦʨʠ, ʷʢʱʦ ʚʦʥʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ Ὧ-ʚʠʤʽʨʥʽ ʬʫʥʢʮʽʾ 

ʨʦʟʧʦʜʽʣʫ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʝʢʪʦʨ Ὸ ‫ȟὸ ʤʽʩʪʠʪʴ ʣʠʰʝ ʦʜʠʥ ʢʦʤʧʦʥʝʥʪ (ὔ ρ, 

ʪʦʜʽ ʪʘʢʠʡ ʢʦʤʧʦʥʝʥʪ ʻ ʮʠʢʣʽʯʥʠʤ ʚʠʧʘʜʢʦʚʠʤ ʧʨʦʮʝʩʦʤ ‚‫ȟὸȟ‫ᶰ ȟὸɴ Ὑ 

[106]. ʋ ʯʘʩʪʢʦʚʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ Ὕὸȟὲ ὲẗὝȟὝ ὧέὲίὸȟὝ π, ʚʝʢʪʦʨ 

ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʻ ʚʝʢʪʦʨʦʤ Ὕ-ʧʝʨʽʦʜʠʯʥʠʭ 

Ὕὸȟὲ πὝὸȟρ Њȟὸɴ ὙȟὭὪὲπȟ

Ὕὸȟὲ πȟὸɴ ὙȟὭὪὲπȟ

Ὕὸȟὲ πȟὸɴ ὙȟὭὪὲπȠ

 (1) 
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ʽ Ὕ-ʧʝʨʽʦʜʠʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ (Ὕ-ʧʝʨʽʦʜʠʯʥʠʡ ʚʠʧʘʜʢʦʚʠʡ 

ʚʝʢʪʦʨ). ʌʫʥʢʮʽʷ ʨʠʪʤʫ Ὕὸȟὲȟὸɴ Ὑȟὲᶰὤ ʚʠʟʥʘʯʘʻ ʟʘʢʦʥ ʟʤʽʥʠ ʯʘʩʦʚʠʭ 

ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʦʜʥʦʬʘʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʈʠʪʤ ʮʠʢʣʽʯʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʢʚʘʣʽʪʘʪʠʚʥʠʭ ʪʝʨʤʽʥʘʭ ʤʦʞʝ 

ʙʫʪʠ ʨʝʛʫʣʷʨʥʠʤ (ʩʪʘʙʽʣʴʥʠʤ, ʥʝʟʤʽʥʥʠʤ) ʘʙʦ ʥʝʨʝʛʫʣʷʨʥʠʤ (ʟʤʽʥʥʠʤ, 

ʥʝʩʪʘʙʽʣʴʥʠʤ). ɿ ʪʦʯʢʠ ʟʦʨʫ ʢʦʥʮʝʧʮʽʾ ʬʫʥʢʮʽʾ ʨʠʪʤʫ, ʚʝʢʪʦʨ ʧʝʨʽʦʜʠʯʥʠʭ ʽ 

ʧʝʨʽʦʜʠʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʻ ʚʝʢʪʦʨʦʤ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ 

ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʟ ʨʝʛʫʣʷʨʥʠʤ (ʩʪʘʙʽʣʴʥʠʤ) ʨʠʪʤʦʤ, ʘ ʪʦʯʥʽʰʝ ʟ 

ʬʫʥʢʮʽʻʶ ʨʠʪʤʫ Ὕὸȟὲ ὲϽὝȟὝ ὧέὲίὸπ. ɺʝʢʪʦʨ ʮʠʢʣʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʟ 

ʥʝʨʝʛʫʣʷʨʥʠʤ ʨʠʪʤʦʤ (ʥʝ ʨʠʪʤʽʯʥʽ ʮʠʢʣʽʯʥʽ ʩʠʛʥʘʣʠ, ʩʠʛʥʘʣʠ ʟʽ ʟʤʽʥʥʠʤ ʨʠʪʤʦʤ) 

ʻ ʩʠʛʥʘʣʠ, ʤʦʜʝʣʴ ʷʢʠʭ ʻ ʚʝʢʪʦʨʦʤ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʟ ʬʫʥʢʮʽʻʶ ʨʠʪʤʫ Ὕὸȟὲ ὲϽὝ (Ὕὸȟρ ὧέὲίὸ). ʊʘʢʠʡ ʚʝʢʪʦʨ 

ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʥʘʟʠʚʘʻʪʴʩʷ ʚʝʢʪʦʨʦʤ 

ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʟ ʥʝʨʝʛʫʣʷʨʥʠʤ (ʟʤʽʥʥʠʤ) 

ʨʠʪʤʦʤ. ɺʝʢʪʦʨ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʮʠʢʣʽʯʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

ʮʠʢʣʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʫ ʤʝʜʠʮʠʥʽ ʪʘ ʪʝʭʥʽʮʽ [107-109]. ɼʣʷ ʮʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʘʢʩʽʦʤʘʪʠʯʥʦ-ʜʝʜʫʢʪʠʚʥʘ 

ʩʪʨʘʪʝʛʽʷ ʦʨʛʘʥʽʟʘʮʽʾ ʟʥʘʥʴ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʽʟʦʚʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʾʭ 

ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚ ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʦʥʪʦ-ʝʢʩʧʝʨʪʥʽ ʩʠʩʪʝʤʠ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʤʦʜʝʣʴʥʠʭ ʨʽʰʝʥʴ [110-114]. 

ʆʩʢʽʣʴʢʠ ʪʨʠʚʘʣʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʪʦʨʦʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʘʚʜʘʥʥʷ ʚ 

ʢʦʞʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʻ ʨʽʟʥʦʶ, ʚʽʜʧʦʚʽʜʥʽ ʪʨʠʚʘʣʦʩʪʽ ʮʠʢʣʽʚ ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ 

ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʪʘʢʦʞ ʨʽʟʥʽ. ʎʝʡ ʬʘʢʪ ʚʢʘʟʫʻ ʥʘ 

ʧʨʘʚʠʣʴʥʽʩʪʴ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʬʫʥʢʮʽʷ ʨʠʪʤʫ ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ 

ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʥʝ ʙʫʜʝ ʟʘʜʦʚʦʣʴʥʷʪʠ ʫʤʦʚʽ Ὕὸȟὲ ὲϽὝ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʨʘʭʦʚʫʶʯʠ ʚʠʱʝʟʘʟʥʘʯʝʥʽ ʤʽʨʢʫʚʘʥʥʷ, ʻ ʨʦʟʫʤʥʠʤ ʧʨʠʧʫʩʪʠʪʠ, 

ʱʦ ʘʜʝʢʚʘʪʥʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʙʫʜʝ ʚʝʢʪʦʨ ʮʠʢʣʽʯʥʠʭ 

ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʟ ʥʝʨʝʛʫʣʷʨʥʠʤ ʨʠʪʤʦʤ. 
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ʈʦʟʛʣʷʥʝʤʦ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʷʢʠʭ ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʢʪʦʨʘ 

Ὸ ‫ȟὸ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. ʊʘʢ, ʜʣʷ ʡʦʛʦ 

ʩʫʤʽʩʥʦʾ k-ʚʠʤʽʨʥʦʾ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ Ὂ
ȣ
ὼȟȣȟὼȠὸȟȣȟὸ  ̔ ʩʥʫʻ ʨʽʚʥʽʩʪʴ: 

Ὂ
ȣ
ὼȟȣȟὼȠὸȟȣȟὸ

Ὂ
ȣ
ὼȟȣȟὼȠὸ Ὕὸȟὲȟȣȟὸ Ὕὸȟὲ ȟ  

ὭȟȢȢȢȟὭ ρȟὔȟὸȟȢȢȢȟὸᶰὙȟὲᶰὤȟὯᶰὔȢ 

(4) 

ʗʢʱʦ ʽʩʥʫʻ ʩʫʤʽʩʥʘ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ ʚʝʢʪʦʨʘ Ὸ ‫ȟὸ, ʪʦ ʜʣʷ ʥʝʾ 

ʽʩʥʫʻ ʨʽʚʥʽʩʪʴ, ʘʥʘʣʦʛʽʯʥʘ ʨʽʚʥʦʩʪʽ (4). 

ʉʫʤʽʩʥʘ Ὧ-ʚʠʤʽʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʬʫʥʢʮʽʷ 

Ὢ
ȢȢȢ
όȟȢȢȢȟόȠὸȟȢȢȢȟὸ ʚʝʢʪʦʨʘ Ὸ :‫ȟὸ ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʽʩʪʴ 

Ὢ
ȣ
όȟȣȟόȠὸȟȣȟὸ Ὢ

ȣ
όȟȣȟόȠώὸȟὲȟȣȟώὸȟὲ  

Ὢ
ȣ
όȟȣȟόȠὸ Ὕὸȟὲȟȣȟὸ Ὕὸȟὲ ȟ 

ὭȟȢȢȢȟὭ ρȟὔȟὸȟȢȢȢȟὸᶰὙȟὲᶰὤȟὯᶰὔȢ 

(5) 

ʌʫʥʢʮʽʷ ʟʤʽʰʘʥʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʤʦʤʝʥʪʫ ʧʦʨʷʜʢʫ ὴ В ὶ ʚʝʢʪʦʨʘ 

Ὸ :‫ȟὸ ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʽʩʪʴ 

ὅ
ȣ

ὸȟȣȟὸ Ὁ‚ ‫ȟὸ ẗȣẗ‚ ‫ȟὸ  

ὅ
ȣ

ὸ Ὕὸȟὲȟȣȟὸ Ὕὸȟὲ ȟ 

ὸȟȢȢȢȟὸᶰὙȟὭȟȢȢȢȟὭ ρȟὔȟὲᶰὤȟὯᶰὔȢ 

(6) 

ʌʫʥʢʮʽʷ ʟʤʽʰʘʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʧʦʨʷʜʢʫ ὴ В ὶ ʚʝʢʪʦʨʘ 

Ὸ :‫ȟὸ ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʽʩʪʴ 

Ὑ
ȣ

ὸȟȣȟὸ  

Ὁ ‚ ‫ȟὸ ά ὸ ẗȣẗ‚ ‫ȟὸ ά ὸ  

Ὑ
ȣ

ὸ Ὕὸȟὲȟȣȟὸ Ὕὸȟὲ ȟ 

ὸȟȢȢȢȟὸᶰὙȟὭȟȢȢȢȟὭ ρȟὔȟὲᶰὤȟὯᶰὔȢ 

(7) 
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ɺʠʱʝʟʘʟʥʘʯʝʥʽ ʡʤʦʚʽʨʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ 

ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʻ ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ, ʧʨʦʪʝ ʟʘʥʘʜʪʦ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦ ʩʢʣʘʜʥʠʤʠ. ʊʦʤʫ, ʜʣʷ ʧʦʪʨʝʙ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʚʝʢʪʦʨʥʦʾ 

ɽɽɻ, ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʥʰ ʽʥʬʦʨʤʘʪʠʚʥʽ, ʘʣʝ ʥʘʙʘʛʘʪʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦ 

ʧʨʦʩʪʽʰʽ ʡʤʦʚʽʨʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʽ ʷʢ ʚʝʢʪʦʨ ʤʘʪʝʤʘʪʠʯʥʠʭ ʩʧʦʜʽʚʘʥʴ ʪʘ 

ʤʘʪʨʠʮʷ ʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʚʝʢʪʦʨʘ Ὸ .‫ȟὸ 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʢʦʞʝʥ ʮʠʢʣ ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʟʦʥʫ 

ʘʢʪʠʚʥʦʩʪʽ (ʢʦʣʠ ʦʧʝʨʘʪʦʨ ʚʠʢʦʥʫʻ ʤʝʥʪʘʣʴʥʫ ʢʦʥʪʨʦʣʴʥʫ ʜʽʶ) ʪʘ ʟʦʥʫ 

ʧʘʩʠʚʥʦʩʪʽ (ʢʦʣʠ ʤʝʥʪʘʣʴʥʘ ʢʦʥʪʨʦʣʴʥʘ ʜʽʷ ʦʧʝʨʘʪʦʨʘ ʚʽʜʩʫʪʥʷ), ʢʦʞʝʥ 

ʢʦʤʧʦʥʝʥʪ ‚‫ȟὸ ʚʝʢʪʦʨʘ Ὸ :‫ȟὸ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

‚‫ȟὸ ‚ͯȟȟ ‫ȟὸ

ᶰ

‚ͯȟȟ‫ȟὸ ‚ͯȟȟ‫ȟὸ

ᶰ

ȟ 

‫ᶰ ȟὸɴ ὙȟὭ ρȟὔ, 

(8) 

ʜʝ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ‚ͯȟȟ̔ ‫ȟὸ ʟʙʽʛʘʻʪʴʩʷ (ʻ ʜʝʥʪʠʯʥʠʤ) ʟ ʚʠʧʘʜʢʦʚʠʤ 

ʧʨʦʮʝʩʦʤ ‚‫ȟὸ ʥʘ ʜʽʣʷʥʮʽ ὡ ȟ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʫ ʧʘʩʠʚʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ɯʄʂ 

ʫ ά-ʤʫ ʮʠʢʣʽ ʮʠʢʣʽʯʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ‚̔ ‫ȟὸ  ʷʢʽ ʻ ʨʽʚʥʠʤʠ: 

‚ͯȟȟ‫ȟὸ ‚‫ȟὸẗὍ
ȟ
ὸȟ‫ᶰ ȟὸɴ ὙȟὭ ρȟὔȟάᶰὤȢ (9) 

ɺʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ‚ͯȟȟ‫ȟὸ ʟʙʽʛʘʻʪʴʩʷ (ʻ ʽʜʝʥʪʠʯʥʠʤ) ʟ ʚʠʧʘʜʢʦʚʠʤ 

ʧʨʦʮʝʩʦʤ ‚‫ȟὸ ʥʘ ʜʽʣʷʥʮʽ ὡ ȟ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʫ ʘʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ɯʄʂ 

ʫ ά-ʤʫ ʮʠʢʣʽ ʮʠʢʣʽʯʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ‚̔ ‫ȟὸ  ʷʢʽ ʻ ʨʽʚʥʠʤʠ: 

‚ͯȟȟ‫ȟὸ ‚‫ȟὸẗὍ
ȟ
ὸȟ‫ᶰ ȟὸɴ ὙȟὭ ρȟὔȟάᶰὤȢ (10) 

ʌʫʥʢʮʽʾ Ὅ
ȟ
ὸ ʪʘ Ὅ

ȟ
ὸ ̒  ʽʥʜʠʢʘʪʦʨʥʠʤʠ ʬʫʥʢʮʽʷʤʠ: 

Ὅ
ȟ
ὸ

ρȟὸɴ ὡ ȟȟ

πȟὸɵ ὡ ȟȟ
 (11) 

Ὅ
ȟ
ὸ

ρȟὸɴ ὡ ȟȟ

πȟὸɵ ὡ ȟȢ
 

(12) 

ʆʙ'ʻʜʥʘʥʥʷ ʤʥʦʞʠʥ ὡ ȟ ʪʘ ὡ ȟ ̒  ʦʙʣʘʩʪʶ ʚʠʟʥʘʯʝʥʥʷ ά-ʛʦ ʮʠʢʣʫ 

ʮʠʢʣʽʯʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ‚‫ȟὸȟ ʘ ʩʘʤʝ 

ὡ ὡ ȟ᷾ὡ ȟ, άᶰὤ (13) 
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ʂʦʞʝʥ ά-ʡ ʮʠʢʣ ʫ ʯʘʩʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ὡ  ʚʽʜʧʦʚʽʜʘʻ ά-ʤʫ ʪʨʝʥʫʚʘʣʴʥʦʤʫ 

ʝʢʩʧʝʨʠʤʝʥʪʫ (ά ρȟὓ). 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ 

ʷʢ ʤʦʜʝʣʽ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʟ ʦʜʥʘʢʦʚʦʶ 

ʨʠʪʤʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʤʘʻ ʥʠʟʢʫ ʚʘʞʣʠʚʠʭ ʧʝʨʝʚʘʛ (ʜʠʚ. ʊʘʙʣʠʮʷ 1.6), ʘ ʩʘʤʝ 

ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ: 

1) ʩʪʦʭʘʩʪʠʯʥʽʩʪʴ ʚʝʢʪʦʨʥʦʾ ɽɽɻ; 

2) ʮʠʢʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʢʪʦʨʥʦʾ ɽɽɻ; 

3) ʩʫʤʽʩʥʽ ʡʤʦʚʽʨʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʚʝʢʪʦʨʥʽʡ 

ɽɽɻ; 

4) ʥʝʨʝʛʫʣʷʨʥʽʩʪʴ (ʟʤʽʥʥʽʩʪʴ) ʨʠʪʤʫ ʦʩʮʠʣʷʪʦʨʥʦʛʦ ʧʨʦʮʝʩʫ; 

5) ʩʧʽʣʴʥʽʩʪʴ ʨʠʪʤʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʝʢʪʦʨʥʦʾ ɽɽɻ. 

6) ʩʪʦʭʘʩʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʨʽʟʥʠʤʠ ʮʠʢʣʘʤʠ ʚʝʢʪʦʨʥʦʾ ɽɽɻ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʚ ʨʽʟʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʟ ʪʨʝʥʫʚʘʥʥʷ ʦʧʝʨʘʪʦʨʘ. 

7) ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʟʦʥ (ʩʝʛʤʝʥʪʽʚ) ʫ ʯʘʩʦʚʽʡ ʩʪʨʫʢʪʫʨʽ ʢʦʞʥʦʛʦ ʩʠʛʥʘʣʫ ɽɽɻ, 

ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʘʥʘʤ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʧʘʩʠʚʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ɯʄʂ. 

ʗʢ ʤʠ ʤʦʞʝʤʦ ʙʘʯʠʪʠ, ʥʦʚʘ ʤʦʜʝʣʴ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ ʧʦʨʽʚʥʷʥʦ ʟ ʚʽʜʦʤʠʤʠ, 

ʦʩʢʽʣʴʢʠ ʦʜʥʦʯʘʩʥʦ ʚʨʘʭʦʚʫʻ ʩʪʦʭʘʩʪʠʯʥʽʩʪʴ, ʮʠʢʣʽʯʥʽʩʪʴ, ʟʤʽʥʥʽʩʪʴ ʪʘ ʩʧʽʣʴʥʽʩʪʴ 

ʨʠʪʤʫ ʢʦʤʧʦʥʝʥʪʽʚ ʚʝʢʪʦʨʥʦʾ ɽɽɻ. ʄʦʜʝʣʴ ʤʘʻ ʝʬʝʢʪʠʚʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʟʘʩʦʙʠ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʾʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘ 

ʽʥʪʝʛʨʫʚʘʪʠ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʟ ʨʽʟʥʠʭ ʦʙʣʘʩʪʝʡ ʧʦʚʝʨʭʥʽ ʛʦʣʦʚʠ ʦʧʝʨʘʪʦʨʘ ɯʄʂ. 

ʊʦʤʫ ʚʦʥʘ ʙʫʣʘ ʥʘʩʧʨʘʚʜʽ ʚʟʷʪʘ ʟʘ ʦʩʥʦʚʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʝʢʪʦʨʥʦʾ 

ɽɽɻ, ʦʩʢʽʣʴʢʠ ʮʷ ʤʦʜʝʣʴ ʙʽʣʴʰ ʧʦʚʥʦ ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ 

ʩʪʨʫʢʪʫʨʠ ɽɽɻ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʦʤʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ. 

ɺʨʘʭʫʚʘʥʥʷ ʫ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʩʧʽʣʴʥʦʩʪʽ ʨʠʪʤʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚʝʢʪʦʨʥʦʾ ɽɽɻ, ʢʨʽʤ ʷʩʥʦʛʦ ʬʦʨʤʘʣʴʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʬʘʢʪʫ ʪʘʢʦʾ 

ʩʧʽʣʴʥʦʩʪʽ, ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʢʦʥʪʨʦʣʴʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ (ʢʦʥʪʨʦʣʴʥʠʭ ʩʠʛʥʘʣʽʚ), ʛʝʥʝʨʦʚʘʥʠʭ ʤʦʟʢʦʤ ʦʧʝʨʘʪʦʨʘ ʧʽʜ ʯʘʩ ʡʦʛʦ 

ʩʚʽʜʦʤʠʭ ʤʝʥʪʘʣʴʥʠʭ ʟʫʩʠʣʴ, ʦʩʢʽʣʴʢʠ ʤʦʞʣʠʚʝ ʚʨʘʭʫʚʘʥʥʷ ʫʩʝʨʝʜʥʝʥʦʾ 
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ʢʦʥʪʨʦʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʦʪʨʠʤʘʥʦʾ ʟ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʝʢʪʦʨʥʦʾ ɽɽɻ. ɿʘʚʜʷʢʠ 

ʨʦʟʛʣʷʜʫ ʩʪʦʭʘʩʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʨʽʟʥʠʤʠ ʮʠʢʣʘʤʠ ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʪʘ ʯʝʨʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥ ʨʠʪʤʫ ʦʩʮʠʣʷʪʦʨʥʦʛʦ ʧʨʦʮʝʩʫ ʫ 

ʚʝʢʪʦʨʥʽʡ ɽɽɻ ʦʧʝʨʘʪʦʨʘ ɯʄʂ, ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʧʦʚʥʫ, ʥʘʜʽʡʥʫ, ʪʦʯʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʥʝ ʪʽʣʴʢʠ ʧʨʦ ʢʦʥʪʨʦʣʴʥʽ ʩʠʛʥʘʣʠ ʦʧʝʨʘʪʦʨʘ ɯʄʂ, ʘʣʝ ʡ ʧʨʦ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʨʝʥʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʚʯʘʥʥʷ ʦʧʝʨʘʪʦʨʘ ɯʄʂ. 

ʊʘʢʦʞ ʩʝʨʝʜ ʧʝʨʝʚʘʛ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʻ ʽʩʥʫʚʘʥʥʷ 

ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʝʢʪʦʨʘ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʢʦʤʧ'ʶʪʝʨʥʽ ʤʦʜʝʣʶʚʘʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʤʝʪʦʶ 

ʪʝʩʪʫʚʘʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʾ ʤʝʪʦʜʽʚ ʪʘ ʘʧʘʨʘʪʥʦʛʦ  ̔ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʦʙʨʦʙʢʠ ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʫ ʩʠʩʪʝʤʘʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʫ. 

 

2.3. ʈʠʪʤʦʘʜʘʧʪʠʚʥʽ ʤʝʪʦʜʠ ʦʧʨʘʮʶʚʘʥʥʷ ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʚ ʩʠʩʪʝʤʘʭ 

ɯʄʂ 

ʌʘʢʪʠʯʥʘ ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʫ ʬʦʨʤʽ ʚʝʢʪʦʨʘ 

ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʽʟ ʜʚʦʤʘ ʟʦʥʘʤʠ ʥʘ ʮʠʢʣʘʭ 

ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʠʪʠ ʥʝʦʙʭʽʜʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʜʣʷ ʦʧʨʘʮʶʚʘʥʥʷ ʚʝʢʪʦʨʥʦʾ 

ɽɽɻ. ɸ ʩʘʤʝ, ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʧʦʣʷʛʘʶʪʴ ʫ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʽʚ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʪʘʢ ʽ ʚ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʽʚ ʛʘʨʤʦʥʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ. 

ɿʛʽʜʥʦ ʟ ʨʦʙʦʪʦʶ [62], ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʶʚʘʥʥʷ 

ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʥʝʦʙʭʽʜʥʘ ʧʦʧʝʨʝʜʥʷ ʦʮʽʥʢʘ ʡʦʛʦ ʬʫʥʢʮʽʾ ʨʠʪʤʫ. ʈʦʟʛʣʷʥʝʤʦ 

ʥʘʡʧʨʦʩʪʽʰʠʡ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ - ʬʫʥʢʮʽʶ ʨʠʪʤʫ ʚʝʢʪʦʨʥʦʾ ɽɽɻ, ʘ ʩʘʤʝ ʤʝʪʦʜ 

ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʷʢʠʡ ʨʦʟʨʦʙʣʝʥʦ ʚ ʨʦʙʦʪʘʭ [28, 62]. 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʡʧʨʦʩʪʽʰʠʡ ʪʠʧ ʽʥʪʝʨʧʦʣʷʮʽʾ ï ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʫ 

ʽʥʪʝʨʧʦʣʷʮʽʶ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʬʫʥʢʮʽʷ ʽʥʪʝʨʧʦʣʷʮʽʾ Ὕͮὸȟρ ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ ʪʘʢ: 

Ὕͮὸȟρ В В Ὕͮᶰ ὸȟὸɴ Ὑ, (14) 
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ʜʝ Ὕͮ ὸ - ʥʘʙʽʨ ʬʫʥʢʮʽʡ, ʱʦ ʜʦʨʽʚʥʶʻ: 

Ὕͮ ὸ
Ὣ ẗὸ ὦ ȟὸɴ ὡ ȟ

πȟὸɵ ὡ ȟάᶰὤȟὯ ρȟςȢ
 (15) 

ʆʙʣʘʩʪʴ ὡ ὸͯ ȟὸͯȟ  ʚʽʜʧʦʚʽʜʘʻ k-ʪʽʡ ʟʦʥʽ ʫ m-ʤʫ ʮʠʢʣʽ. ʗʢʱʦ k=2, 

ʪʦ ὸͯȟ ὸͯ ȟȢ ɿʚʽʩʥʦ, ʥʘ ʧʨʘʢʪʠʮʽ m ʧʨʠʡʤʘʻ ʩʚʦʾ ʟʥʘʯʝʥʥʷ ʟʽ ʩʢʽʥʯʝʥʥʦʾ 

ʧʽʜʤʥʦʞʠʥʠ ʮʽʣʠʭ ʯʠʩʝʣ. 

ʆʪʞʝ, ʧʨʠ ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʽʡ ʽʥʪʝʨʧʦʣʷʮʽʾ ʬʫʥʢʮʽʾ ʨʠʪʤʫ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ 

ʥʘʙʦʨʠ ʢʦʝʬʽʮʽʻʥʪʽʚ Ὣ ȟάᶰὤȟὯ ρȟς ʪʘ ὦ ȟάᶰὤȟὯ ρȟς, ̫ʢ ̔ʧʦʚʥʽʩʪʶ 

ʚʠʟʥʘʯʘʪʠʤʫʪʴ ʬʫʥʢʮʽʶ ̔ ʥʪʝʨʧʦʣʷʮʽʾ Ὕͮὸȟρ. ɿʥʘʡʜʝʤʦ ʚʠʨʘʟʠ ʜʣ ̫ʦʙʯʠʩʣʝʥʥʷ 

ʥʝʦʙʭʽʜʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʬʫʥʢʮʽʾ ̔ ʥʪʝʨʧʦʣʷʮʽʾ. ɼʣ ̫ʮʴʦʛʦ ʟʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ 

ʚʽʜʨʽʟʢʘ, ɦ ʦ ʟ'̒ʜʥʫʻ ʪʦʯʢʠ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ ὸͯȟȟὝὸͯȟȟρ  ʪʘ 

ὸͯȟ ȟὝὸͯȟ ȟρ , ʚʦʥʦ ʧʦʻʜʥʫʻ ʧʦʢʘʟʥʠʢʠ ʜʠʩʢʨʝʪʥʦʾ ʬʫʥʢʮʽʾ ʨʠʪʤʫ 

Ὕὸͯȟȟρ ʫ ʤʦʤʝʥʪʠ ὸͯȟ ʪʘ ὸͯȟ : 

Ὕͮ ὸ Ὕὸͯȟ ȟρ

Ὕὸͯȟ ȟρ Ὕὸͯȟȟρ

ὸ ὸͯȟ
ὸͯȟ ὸͯȟ

ȟὸɴ ὡ ȟάᶰὤȟὯ ρȟςȢ (16) 

ʊʦʜʽ ʤʦʞʥʘ ʣʝʛʢʦ ʧʦʢʘʟʘʪʠ, ʱʦ ʮʽ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ ʥʘʩʪʫʧʥʠʭ 

ʨʽʚʥʷʥʴ: 

Ὕͮ ὸ
ͯ ȟ ȟ ͯ ȟȟ

ͯ ȟ ͯ ȟ
ẗὸ Ὕὸͯȟ ȟρ

ͯ ȟ ȟ ͯ ȟȟ

ͯ ȟ ͯ ȟ
ẗὸͯȟ  

ὸɴ ὡ ȟάᶰὤȟὯ ρȟς, 

(17) 

ʘʙʦ ʘʥʘʣʦʛʽʯʥʦ: 

Ὕͮ ὸ
Ὕὸͯȟ ȟρ Ὕὸͯȟȟρ

ὸͯȟ ὸͯȟ
ẗὸ ὸͯȟ Ὕὸͯȟ ȟρȟ  

ὸɴ ὡ ȟάᶰὤȟὯ ρȟς 

(18) 

ʆʪʞʝ, ʟʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ (17), ʢʦʝʬʽʮʽʻʥʪʠ Ὣ ȟάᶰὤȟὯ ρȟς ʪʘ 

ὦ ȟάᶰὤȟὯ ρȟς ʙʫʜʫʪʴ ʚʠʟʥʘʯʝʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: 

Ὣ
Ὕὸͯȟ ȟρ Ὕὸͯȟȟρ

ὸͯȟ ὸͯȟ
ȟάᶰὤȟὯ ρȟς (19) 
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ὦ Ὕὸͯȟ ȟρ
Ὕὸͯȟ ȟρ Ὕὸͯȟȟρ

ὸͯȟ ὸͯȟ
ẗὸͯȟ ȟάᶰὤȟὯ ρȟςȢ 

(20) 

ɿʛʽʜʥʦ ʟ ʫʤʦʚʘʤʠ, ʥʘʢʣʘʜʝʥʠʤʠ ʥʘ ʬʫʥʢʮʽʶ ʽʥʪʝʨʧʦʣʷʮʽʾ ʾʾ ʧʦʭʽʜʥʘ Ὕͮὸȟρ, 

ʷʢʘ ʽʩʥʫʻ ʫ ʚʩʽʭ ʪʦʯʢʘʭ ʤʥʦʞʠʥʠ R, ʟʘ ʚʠʥʷʪʢʦʤ ʪʦʯʦʢ ʤʥʦʞʠʥʠ Ὀ

ὸͯȟȟάᶰὤȟὯ ρȟς ʧʦʚʠʥʥʘ ʙʫʪʠ ʙʽʣʴʰʦʶ ʟʘ ʤʽʥʫʩ ʦʜʠʥ, ʽ ʮʝ ʤʦʞʣʠʚʦ ʣʠʰʝ 

ʪʦʜʽ, ʢʦʣʠ ʬʫʥʢʮʽʾ ʧʦʭʽʜʥʠʭ Ὕͮ ὸ ʙʫʜʫʪʴ ʙʽʣʴʰʽ ʟʘ -1. ʌʫʥʢʮʽʾ ʧʦʭʽʜʥʠʭ 

Ὕͮ ὸ ʜʦʨʽʚʥʶʶʪʴ ʢʦʝʬʽʮʽʻʥʪʘʤ, Ὣ , ʷʢʽ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ 

(19) ʽ ʟʘʚʞʜʠ ʙʽʣʴʰʽ ʟʘ -1, ʦʩʢʽʣʴʢʠ Ὕὸͯȟ ȟρ Ὕὸͯȟȟρ ὸͯȟ ὸͯȟ , ʦɦ 

ʚʠʧʣʠʚʘʻ ʟ ʫʤʦʚ ʬʫʥʢʮʽʾ ʨʠʪʤʫ, ʷʢʘ, ʟʚʽʩʥʦ, ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ ʜʠʩʢʨʝʪʥʦʶ 

ʬʫʥʢʮʽʻʶ ʨʠʪʤʫ, Ὕὸͯȟȟρ ʘ ʩʘʤʝ: 

Ὣ
Ὕὸͯȟ ȟρ Ὕὸͯȟȟρ

ὸͯȟ ὸͯȟ
ρȟάᶰὤȟὯ ρȟς (21) 

ɿʘʧʠʰʝʤʦ ʬʦʨʤʫʣʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʨʝʘʣʽʟʘʮʽʡ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʦʮʽʥʦʢ ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʢʪʦʨʥʦʾ ɽɽɻ. ʋ ʚʠʧʘʜʢʫ ʾʾ ʪʨʠʚʘʣʦʾ 

ʨʝʘʣʽʟʘʮʽʾ Ὸ ὸ ‚ ὸȟὭ ρȟὔȟὸɴ ὡṒὙ, ̫ʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ M ʮʠʢʣʽʚ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ὡ Ὗ ὡ . 

ʈʝʘʣʽʟʘʮʽʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ά ὸ ʢʦʞʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ‚‫ȟὸ ʚʝʢʪʦʨʘ Ὸ :‫ȟὸ 

άͮ ὸ
ρ

ὓ
‚ ὸ Ὕὸȟὲ ȟὸɴ ὡ ὸͯȟὸͯ ȟὭ ρȟὔȢ (22) 

ʈʝʘʣʽʟʘʮʽʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʜʠʩʧʝʨʩʽʾ Ὠ ὸ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

‚‫ȟὸ ʚʝʢʪʦʨʘ Ὸ :‫ȟὸ 

Ὠͮ ὸ
ρ

ὓ
ẗ ‚ ὸ Ὕὸȟὲ άͮ ὸ Ὕὸȟὲ ȟ 

ὸɴ ὡ ὸͯȟὸͯ ȟὭ ρȟὔȢ 

(23) 

ʈʝʘʣʽʟʘʮʽʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʬʫʥʢʮʽʾ ʧʦʯʘʪʢʦʚʦʛʦ ʤʦʤʝʥʪʫ ά ὸ k-ʛʦ 

ʧʦʨʷʜʢʫ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ‚‫ȟὸ ʚʝʢʪʦʨʘ Ὸ :‫ȟὸ 
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άͮ ὸ
ρ

ὓ
ẗ ‚ ὸ Ὕὸȟὲ ȟὸɴ ὡ ὸͯȟὸͯ ȟὭ ρȟὔȢ (24) 

ʈʝʘʣʽʟʘʮʽʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʬʫʥʢʮʽʾ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ Ὠ ὸ k-ʛʦ 

ʧʦʨʷʜʢʫ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ‚‫ȟὸ ʚʝʢʪʦʨʘ Ὸ :‫ȟὸ 

Ὠͮ ὸ
ρ

ὓ ρ
ẗ ‚ ὸ Ὕὸȟὲ άͮ ὸ Ὕὸȟὲ ȟ 

ὸɴ ὡ ὸͯȟὸͯ ȟὭ ρȟὔȢ 

(25) 

ʈʝʘʣʽʟʘʮʽʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʟʤʽʰʘʥʦʾ ʬʫʥʢʮʽʾ ʧʦʯʘʪʢʦʚʦʛʦ ʤʦʤʝʥʪʫ 

ὅ ὸȟȣȟὸ ʧʦʨʷʜʢʫ ὴ В ὶ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ‚‫ȟὸ ʚʝʢʪʦʨʘ 

Ὸ :‫ȟὸ 

ὅͮ ὸȟȣȟὸ
ρ

ὓ ὓ ρ
ẗ 

ẗ ‚ ὸ Ὕὸȟὲ ‚ ὸ Ὕὸȟὲ ȟ 

ὸᶰὡ ȟὸȟȣȟὸᶰά ρὓὡ ȟὭ ρȟὔȢ 

(26) 

ɼʝ ὓ ὓ Ḻὓ  - ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ, ʫ ̫ ʢʠʭ ʘʨʛʫʤʝʥʪʠ ʥʘʙʫʚʘʶʪʴ ʟʥʘʯʝʥʥʷ 

ὸȟȣȟὸ. 

ʈʝʘʣʽʟʘʮʽʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʟʤʽʰʘʥʦʾ ʬʫʥʢʮʽʾ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ 

Ὑ ὸȟȣȟὸ  ʧʦʨʷʜʢʫ ὴ В ὶ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ‚‫ȟὸ ʚʝʢʪʦʨʘ Ὸ :‫ȟὸ 

Ὑͮ ὸȟȣȟὸ
ρ

ὓ ὓ
ẗ 

ẗ ‚ ὸ Ὕὸȟὲ άͮ ὸ Ὕὸȟὲ ẗȣ

ẗ‚ ὸ Ὕὸȟὲ άͮ ὸ Ὕὸȟὲ ȟ 

ὸᶰὡ ȟὸȟȣȟὸᶰά ρὓὡ ȟὭ ρȟὔȢ 

(27) 

ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʩʪʘʪʠʩʪʠʯʥʽ ʦʮʽʥʢʠ ʜʘʶʪʴ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʡʤʦʚʽʨʥʽʩʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʞʥʦʾ ʦʢʨʝʤʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʨʦʥʦʛʦ ɽɽɻ ʩʠʛʥʘʣʫ. ɿ ʤʝʪʦʶ 
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ʧʨʦʚʝʜʝʥʥʷ ʩʫʤʽʩʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʚʝʢʪʦʨʥʦʛʦ ɽɽɻ ʩʠʛʥʘʣʫ 

ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ ʩʪʘʪʠʩʪʠʯʥʽ ʦʮʽʥʢʠ. 

ʈʝʘʣʽʟʘʮʽʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʟʤʽʰʘʥʦʾ ʬʫʥʢʮʽʾ ʧʦʯʘʪʢʦʚʦʛʦ ʤʦʤʝʥʪʫ 

ὅ
ȟȢȢȢȟ

ὸȟȢȢȢȟὸ ʧʦʨʷʜʢʫ ὴ В ὶ ʚʝʢʪʦʨʘ Ὸ :‫ȟὸ 

ὅͮ
ȟȣȟ

ὸȟȣȟὸ
ρ

ὓ ὓ ρ
ẗ 

ẗ ‚ ὸ Ὕὸȟὲ ẗȢȢȢẗ‚ ὸ Ὕὸȟὲ ȟ 

ὸᶰὡ ȟὸȟȢȢȢȟὸᶰὟ ὡ ȟὭȟȢȢȢȟὭ ρȟὔȢ 

(28) 

ʈʝʘʣʽʟʘʮʽʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʟʤʽʰʘʥʦʾ ʬʫʥʢʮʽʾ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ 

Ὑ
ȟȢȢȢȟ

ὸȟȢȢȢȟὸ ʧʦʨʷʜʢʫ ὴ В ὶ ʚʝʢʪʦʨʘ Ὸ :‫ȟὸ 

Ὑͮ
ȟȣȟ

ὸȟȣȟὸ
ρ

ὓ ὓ
ẗ 

ẗ ‚ ὸ Ὕὸȟὲ άͮ ὸ Ὕὸȟὲ ẗȢȢȢ 

ẗ‚ ὸ Ὕὸȟὲ άͮ ὸ Ὕὸȟὲ ȟ 

ὸᶰὡ ȟὸȟȢȢȢȟὸᶰὟ ὡ ȟὭȟȢȢȢȟὭ ρȟὔȢ 

(29) 

 

ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʡʤʦʚʽʨʥʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʢʪʦʨʥʦʛʦ ɽɽɻ ʩʠʛʥʘʣʫ ʜʘʪʁʴ ʟʤʦʛʫ ʧʨʦʚʦʜʠʪʠ ʡʦʛʦ 

ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʫ ʨʘʤʢʘʭ ʧʦʯʘʪʢʦʚʠʭ, ʮʝʥʪʨʘʣʴʥʠʭ ʪʘ ʟʤʽʰʘʥʠʭ ʤʦʤʝʥʪʥʠʭ 

ʬʫʥʢʮʽʡ. 

 

2.4 ɺʠʩʥʦʚʢʠ ʜʦ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʫ 

ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʻ 

ʤʘʪʝʤʘʪʠʯʥʦʶ ʦʥʦʚʦʶ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ɽɽɻ ʩʠʛʥʘʣʽʚ ʫ 

ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤʘʭ. ʄʦʜʝʣʴ ʝʬʝʢʪʠʚʥʦ ʚʨʘʭʦʚʫʻ ʩʪʦʭʘʩʪʠʯʥʽʩʪʴ, 
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ʮʠʢʣʽʯʥʽʩʪʴ, ʤʽʥʣʠʚʽʩʪʴ ʪʘ ʩʧʽʣʴʥʽʩʪʴ ʨʠʪʤʫ ɽɽɻ ʩʠʛʥʘʣʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʥʪʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ 

ʦʧʝʨʘʪʦʨʽʚ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤ.  

ʆʙʛʨʫʥʪʦʚʘʥʦ ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʡʤʦʚʽʨʥʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʥʘ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ɿʦʢʨʝʤʘ, 

ʦʙ̌ʨʫʥʪʦʚʘʥʦ ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʫʤʽʩʥʠʭ ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ 

ʚʝʢʪʦʨʥʦʾ ɽɽɻ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʰʠʨʶʶʪ ɹʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪ ̔ʘʥʘʣʽʟʫ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ɽɽɻ ʩʠʛʥʘʣʽʚ, ʪʘ ̒ ʦʩʥʦʚʦʶ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ̔ ʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʥʝʽʥʚʘʟʠʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤ ʜʦ 

ʤʝʥʪʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʾʭ ʦʧʝʨʘʪʦʨʽʚ. 
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ʈʆɿɼɯʃ 3 

ʄɽʊʆɼʀ ʊɸ ʇʈʆɻʈɸʄʅʆ-ɸʇɸʈɸʊʅɯ ɿɸʉʆɹʀ ʆʇʈɸʎʖɺɸʅʅʗ ɽɽɻ 

ʉʀɻʅɸʃɯɺ ʋ ʅɽʁʈʆɯʅʊɽʈʌɽʁʉʅʀʍ ʉʀʉʊɽʄɸʍ 

 

ʊʨʝʪʽʡ ʨʦʟʜʽʣ ʜʠʩʝʨʪʘʮʽʾ ʧʨʠʩʚʷʯʝʥʦ ʨʦʟʨʦʙʮʽ, ʦʙˇʨʫʥʪʫʚʘʥʥʶ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʚʝʨʠʬʽʢʘʮʽʾ ʤʝʪʦʜʽʚ ʪʘ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ 

ʧʨʦʪʦʪʠʧʫ ʥʝʽʥʚʘʟʠʚʥʦʾ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʚʪʽʣʶʻ ʨʦʟʨʦʙʣʝʥʽ ʫ 

ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ 

ʚʝʢʪʦʨʥʦʛʦ ɽɽɻ ʩʠʛʥʘʣʫ. ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ  ʝʪʘʧʠ ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ ʩʠʛʥʘʣʽʚ ʚ 

ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤʘʭ, ʚʽʜ ʨʝʻʩʪʨʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʪʬʦʨʤʠ OpenBCI 

ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʽʥʬʦʨʤʘʪʠʚʥʽ ʪʘ ʯʫʪʣʠʚʽ ʜʦ ʤʝʥʪʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʦʧʝʨʘʪʦʨʘ ɯʄʂ 

ʡʤʦʚʽʨʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʚʝʢʪʦʨ ʦʟʥʘʢ ʚ ʩʠʩʪʝʤʘʭ ɯʄʂ. ʈʦʟʨʦʙʣʝʥʦ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʪʦʪʠʧʫ ʥʝʽʚʘʟʠʚʥʦʾ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʦʾ ʩʠʩʪʝʤʠ ʥʘ 

ʙʘʟʽ Python ʟ ʽʥʪʝʛʨʘʮʽʻʶ ʪʘʢʠʭ ʙʽʙʣʽʦʪʝʢ ʷʢ Pandas, Numpy, Scipy, ʪʘ ʽʥʰʠʭ, ʱʦ 

ʫʤʦʞʣʠʚʠʣʦ ʝʬʝʢʪʠʚʥʝ ʚʠʷʚʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʤʝʥʪʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ ʧʨʘʮʷʭ [1, 9, 115, 116]. 

 

3.1. ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ ʩʠʛʥʘʣʽʚ ʫ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʽʡ 

ʩʠʩʪʝʤ ̔

ɿ ʤʝʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʪʘ ʤʝʪʦʜʽʚ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʡʤʦʚʨ̔ʥ̔ ʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʢʪʦʨʥʦʛʦ 

ɽɽɻ ʩʠʛʥʘʣʫ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʪʘ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ 

ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ ʩʠʛʥʘʣʽʚ. ʊʦʤʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʪʦʪʠʧ ʧʨʦʛʨʘʤʥʦ-

ʘʧʘʨʘʪʥʦʛʦ ʥʝʽʥʚʘʟʠʚʥʦʛʦ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʫ ʪʘ ʧʨʦʚʝʜʝʥʦ ʥʠʟʢʫ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʨʽʟʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ɯʄʂ. 

ʇʨʦʮʝʜʫʨʫ ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ ʩʠʛʥʘʣʽʚ ʫ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʽʡ ʩʠʩʪʝʤ ̔ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʧôʷʪʴ ʝʪʘʧʽʚ (ʈʠʩʫʥʦʢ 3.1): ʨʝʻʩʪʨʘʮʽʷ ɽɽɻ ʩʠʛʥʘʣʽʚ, ʾʭ ʧʦʧʝʨʝʜʥʻ 

ʦʧʨʘʮʶʚʘʥʥʷ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʣʘʩʠʬʽʢʘʮʽʷ 

(ʜʝʪʝʢʪʫʚʘʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ) ʩʠʛʥʘʣʽʚ ʪʘ ʢʦʤʧôʶʪʝʨʥʘ ʚʟʘʻʤʦʜʽʷ [1, 2, 9]. 
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ʈʠʩʫʥʦʢ. 3.1. ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ ʩʠʛʥʘʣʽʚ ʚ ʥʝʡʨʦʽʥʪʝʨʬʝʡʥʽʡ 

ʩʠʩʪʝʤ ̔

  

ʋ ʥʘʩʪʫʧʥʠʭ ʧʽʜʨʦʟʜʽʣʘʭ ʢʦʨʦʪʢʦ ʨʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜʠ ʪʘ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʽ 

ʟʘʩʦʙʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʫʩʽʭ ʮʠʭ ʝʪʘʧʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ ʩʠʛʥʘʣʽʚ. 

 

3.2. ʇʣʘʪʬʦʨʤʘ OpenBCI ʷʢ ʦʩʥʦʚʘ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʽʥʚʘʟʠʚʥʦʛʦ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʫ  

ɼʣʷ ʨʝʻʩʪʨʘʮʽʾ ʩʠʛʥʘʣʽʚ ɽɽɻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʧʣʘʪʬʦʨʤʘ OpenBCI (Open 

Source Brain-Computer Interface). ʇʣʘʪʬʦʨʤʘ OpenBCI ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʚʽʜʢʨʠʪʝ ʪʘ ʜʦʩʪʫʧʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ, ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʘʥʘʣʽʟʫ 

ʙʽʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʤʦʟʢʫ (ɽɽɻ), ʘ ʪʘʢʦʞ ʽʥʰʠʭ ʚʠʜʽʚ ʙʽʦʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ. 

ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʨʦʙʥʠʢʽʚ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ ʥʝʡʨʦʥʘʫʢ ʽ ʙʽʦʤʝʜʠʯʥʦʾ ʽʥʞʝʥʝʨʽʾ. ʆʩʦʙʣʠʚʽʩʪʶ OpenBCI ʻ 

ʾʾ  ʚʽʜʢʨʠʪʽʩʪʴ ʪʘ ʤʦʜʫʣʴʥʽʩʪʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʘʜʘʧʪʫʚʘʪʠ ʩʠʩʪʝʤʫ ʧʽʜ 

ʢʦʥʢʨʝʪʥʽ ʜʦʩʣʽʜʥʠʮʴʢʽ ʧʦʪʨʝʙʠ. OpenBCI ʚʠʨʽʟʥʷʻʪʴʩʷ ʩʚʦʻʶ ʤʦʜʫʣʴʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʜʦʜʘʚʘʪʠ ʘʙʦ ʟʤʽʥʶʚʘʪʠ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ ʟʘʣʝʞʥʦ 

ʚʽʜ ʩʧʝʮʠʬʽʢʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʎʝ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʟʤʽʥʫ ʪʠʧʫ ʝʣʝʢʪʨʦʜʽʚ, 

ʨʦʟʰʠʨʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʘʥʘʣʽʚ ʘʙʦ ʽʥʪʝʛʨʘʮʽʶ ʟ ʽʥʰʠʤʠ ʙʽʦʤʝʪʨʠʯʥʠʤʠ 

ʩʝʥʩʦʨʘʤʠ. ʊʘʢʘ ʛʥʫʯʢʽʩʪʴ ʨʦʙʠʪʴ ʧʣʘʪʬʦʨʤʫ ʽʜʝʘʣʴʥʦʶ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʥʝʡʨʦʥʘʫʢ ʪʘ ʨʦʟʨʦʙʢʠ ʤʝʜʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ. OpenBCI 
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ʧʽʜʪʨʠʤʫʻ ʘʢʪʠʚʥʫ ʪʘ ʚʽʜʢʨʠʪʫ ʩʧʽʣʴʥʦʪʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʨʦʟʨʦʙʥʠʢʽʚ, ʷʢʘ ʩʧʨʠʷʻ 

ʦʙʤʽʥʫ ʟʥʘʥʥʷʤʠ, ʜʦʩʚʽʜʦʤ ʪʘ ʽʜʝʷʤʠ.  

ʅʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʽʜʢʨʠʪʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʪʘ ʬʦʨʫʤʽʚ ʜʣʷ ʦʙʛʦʚʦʨʝʥʥʷ ʨʦʙʠʪʴ ʧʣʘʪʬʦʨʤʫ ʜʦʩʪʫʧʥʦʶ ʜʣʷ ʣʶʜʝʡ ʟ ʨʽʟʥʠʤ 

ʨʚ̔ʥʝʤ ʟʥʘʥʴ ʪʘ ʜʦʩʚʽʜʫ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ, ʫ ʜʦʤʘʰʥʽʭ ʫʤʦʚʘʭ ʙʫʣʦ ʩʘʤʦʩʪʽʡʥʦ 

ʚʠʛʦʪʦʚʣʝʥʦ ʘʧʘʨʘʪʥʫ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ. ʎʝʡ ʧʨʦʮʝʩ ʥʝ ʪʽʣʴʢʠ 

ʜʝʤʦʥʩʪʨʫʻ ʜʦʩʪʫʧʥʽʩʪʴ ʪʘ ʚʽʜʢʨʠʪʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ, ʘʣʝ ʡ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʪʘ ʥʝʟʘʣʝʞʥʠʭ ʥʘʫʢʦʚʠʭ ʧʨʦʝʢʪʽʚ. ʉʘʤʦʩʪʽʡʥʝ 

ʩʢʣʘʜʘʥʥʷ ʧʣʘʪʬʦʨʤʠ ʜʘʣʦ ʟʤʦʛʫ ʜʝʪʘʣʴʥʦ ʚʠʚʯʠʪʠ ʾʾ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʪʘ 

ʘʜʘʧʪʫʚʘʪʠ ʩʠʩʪʝʤʫ ʧʽʜ ʩʧʝʮʠʬʽʯʥʽ ʜʦʩʣʽʜʥʠʮʴʢʽ ʧʦʪʨʝʙʠ, ʥʘʜʘʶʯʠ ʫʥʽʢʘʣʴʥʫ 

ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʽʥʥʦʚʘʮʽʡ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʫ ʩʬʝʨʽ ɯʄʂ. 

ʇʣʘʪʬʦʨʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ 8-ʢʘʥʘʣʴʥʠʡ, 24-ʙʽʪʥʠʡ, ʥʠʟʴʢʦʰʫʤʦʚʠʡ 

ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ (ADC) ADS1299ADC ʜʣʷ ʟʘʧʠʩʫ ʩʠʛʥʘʣʽʚ ɽɽɻ 

(ʈʠʩʫʥʦʢ 3.2). ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʫ 250 ɻʮ ʜʣʷ ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ ʻ ʜʦʩʪʘʪʥʴʦʶ 

ʜʣʷ ʟʘʭʦʧʣʝʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʥʝʡʨʦʥʥʠʭ ʩʠʛʥʘʣʽʚ. ɼʣʷ ʬʽʢʩʘʮʽʾ ʝʣʝʢʪʨʦʜʽʚ 

(Cz, C3, C4) ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʛʘʨʥʽʪʫʨʘ Ultracortex Mark IV (ʈʠʩʫʥʦʢ 3.3). 

ɽʣʝʢʪʨʦʜʠ, ʟʘʢʨʽʧʣʝʥʽ ʚ ʛʘʨʥʽʪʫʨʽ, ʻ ʩʫʭʦʛʦ ʪʠʧʫ ʟ ʧʦʢʨʠʪʪʷʤ Ag-AgCl. ʂʦʞʝʥ 

ʝʣʝʢʪʨʦʜ ʤʘʻ 12 ʪʫʧʠʭ ʟʫʙʮʽʚ ʜʦʚʞʠʥʦʶ 5 ʤʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʬʦʨʪ ʪʘ ʭʦʨʦʰʠʡ 

ʢʦʥʪʘʢʪ ʽʟ ʧʦʚʝʨʭʥʝʶ ʰʢʽʨʠ ʛʦʣʦʚʠ ʦʧʝʨʘʪʦʨʘ ɯʄʂ. 

 

 

ʈʠʩʫʥʦʢ. 3.2. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʣʘʪʬʦʨʤʠ OpenBCI 
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ʈʠʩʫʥʦʢ. 3.3. ʇʣʘʪʬʦʨʤʘ OpenBCI, ̫ʢʫ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʚʣʘʩʥʦʨʫʯ 

 

3.3. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʽʚʘʟʠʚʥʦʾ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʦʾ ʩʠʩʪʝʤʠ 

ʋ ʚʽʜʢʨʠʪʦʤʫ ʜʦʩʪʫʧʽ ʽʩʥʫʻ ʰʠʨʦʢʘ ʤʥʦʞʠʥʘ ʥʘʙʦʨʽʚ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʦʧʨʘʮʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ɽɽɻ, 

ʚʢʣʶʯʘʶʯʠ EEGLAB [117], CARTOOL [118], FieldTrip [119], Brainstorm [120], 

ʫʪʠʣʽʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ GraphVar [121], EEGNET [122] ʪʦʱʦ. ʆʜʥʘʢ ʚʩʽ ʮʽ ʧʨʦʛʨʘʤʥʽ 

ʩʠʩʪʝʤʠ ʥʝ ʤʘʶʪʴ ʟʤʦʛʪʠ ʦʧʨʘʮʶʚʫʚʘʪʠ ʚʝʢʪʦʨʥʠʡ ɽɽɻ ʩʠʛʥʘʣ ʥʘ ʦʩʥʦʚʽ 

ʨʦʟʨʦʙʣʝʥʦʾ ʫ ʜʠʩʝʨʪʘʮʽʾ ʥʦʚʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʫ ʚʠʛʣ̫ʜ̔  ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ 

ʨʠʪʤʽʯʥʦ ʧʦʚʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. ʊʘʢʠʡ ʩʪʘʥ ʩʧʨʘʚ ʚʠʤʘʛʘʚ ʨʦʟʨʦʙʢʠ 

ʥʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʨʦʽʥʪʝʨʬʝʡʩʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʘʜʘʧʪʘʮʽʾ 

ʽʩʥʫʶʯʠʭ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ. 

ɼʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʨʝʻʩʪʨʘʮʽʾ ʩʠʛʥʘʣʫ ɽɽɻ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʫʪʠʣʽʪʘ OpenBCI GUI (ʈʠʩʫʥʦʢ 3.3). ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʟʘʧʠʩʫʶʪʴʩʷ ʥʘ 

ʢʘʨʪʫ microSD. ɼʣʷ ʮʠʬʨʦʚʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ ʩʠʛʥʘʣʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʚʣʘʩʥʽ ʩʢʨʠʧʪʠ, ʥʘʧʠʩʘʥʠʭ ʤʦʚʦʶ Python. 

Python ʻ ʧʦʪʫʞʥʦʶ ʪʘ ʛʥʫʯʢʦʶ ʤʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʘ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʟʦʢʨʝʤʘ ʫ ʩʬʝʨʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʁʦʛʦ ʧʦʧʫʣʷʨʥʽʩʪʴ ʩʝʨʝʜ ʜʦʩʣʽʜʥʠʢʽʚ ʟʫʤʦʚʣʝʥʘ ʧʨʦʩʪʦʪʦʶ 

ʩʠʥʪʘʢʩʠʩʫ, ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʙʽʙʣʽʦʪʝʢ ʪʘ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ. ɺ ʢʦʥʪʝʢʩʪʽ 
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ʦʧʨʘʮʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ɽɽɻ ʪʘ ʽʥʰʠʭ ʙʽʦʤʝʜʠʯʥʠʭ ʜʘʥʠʭ Python ʽ ʡʦʛʦ ʙʽʙʣʽʦʪʝʢʠ 

ʧʨʦʧʦʥʫʶʪʴ ʧʦʪʫʞʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʘʥʘʣʽʟʫ, ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʜʘʥʠʭ. 

 

 

ʈʠʩʫʥʦʢ. 3.4. ʋʪʠʣʽʪʘ OpenBCI GUI 

 

ʈʦʟʨʦʙʢʘ ʧʨʦʪʦʪʠʧʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʚʦʜʠʣʘʩʷ ʥʘ ʙʘʟʽ 

ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ Linux, ʷʢʘ ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʥʘʜʽʡʥʫ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʫ 

ʧʣʘʪʬʦʨʤʫ, ʧʨʠʜʘʪʥʫ ʜʣʷ ʦʙʯʠʩʣʝʥʴ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ʇʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Python 3.6.9. ʋ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ 

ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʢʽʣʴʢʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʙʽʙʣʽʦʪʝʢ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʟʨʦʙʠʣʘ ʟʥʘʯʥʠʡ 

ʚʥʝʩʦʢ ʫ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ: 

ð Pandas: ʎʷ ʙʽʙʣʽʦʪʝʢʘ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʜʘʥʠʭ ʪʘ ʾʭ 

ʘʥʘʣʽʟʫ. ɺʦʥʘ ʥʘʜʘʻ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʪʘ ʦʧʝʨʘʮʽʾ ʜʣʷ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʯʠʩʣʦʚʠʤʠ 

ʪʘʙʣʠʮʷʤʠ ʪʘ ʯʘʩʦʚʠʤʠ ʨʷʜʘʤʠ, ʨʦʙʣʷʯʠ ʾʾ ʥʝʟʘʤʽʥʥʦʶ ʜʣʷ ʦʧʨʘʮʶʚʘʥʥʷ ʥʘʙʦʨʫ 

ʜʘʥʠʭ ɽɽɻ. 

ð Numpy: ̒  ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʙʽʙʣʽʦʪʝʢʦʶ ʜʣʷ ʥʘʫʢʦʚʠʭ ʦʙʯʠʩʣʝʥʴ ʫ 

Python. ɺʦʥʘ ʥʘʜʘʻ ʧʽʜʪʨʠʤʢʫ ʜʣʷ ʚʝʣʠʢʠʭ, ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʤʘʩʠʚʽʚ ʽ ʤʘʪʨʠʮʴ, 

ʨʘʟʦʤ ʽʟ ʚʝʣʠʢʦʶ ʢʦʣʝʢʮʽʻʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʦʧʝʨʘʮʽʡ ʟ ʮʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʜʘʥʠʭ. ʋ ʩʬʝʨʽ ɽɽɻ, numpy ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʜʘʥʠʤʠ, ʦʙʯʠʩʣʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, 

ʬʽʣʴʪʨʘʮʽʾ ʩʠʛʥʘʣʽʚ ʪʘ ʽʥʰʠʭ ʦʩʥʦʚscipy 
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ð Scipy: ʨʦʟʰʠʨʶʻ ʬʫʥʢʮʽʦʥʘʣ numpy, ʜʦʜʘʶʯʠ ʢʦʨʠʩʥʽ ʥʘʫʢʦʚʽ ʪʘ 

ʽʥʞʝʥʝʨʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ Python. ɺʦʥʘ ʦʭʦʧʣʶʻ ʨʽʟʥʽ ʦʙʣʘʩʪʽ, ʪʘʢʽ ʷʢ 

ʦʧʪʠʤʽʟʘʮʽʷ, ʽʥʪʝʛʨʘʮʽʷ, ʽʥʪʝʨʧʦʣʷʮʽʷ, ʚʣʘʩʥʽ ʚʝʢʪʦʨʠ, ʩʪʘʪʠʩʪʠʢʘ, ʩʧʝʮʽʘʣʴʥʽ 

ʬʫʥʢʮʽʾ ʪʘ ʽʥʰʝ. ɼʣʷ ʘʥʘʣʽʟʫ ɽɽɻ scipy ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ ʩʠʛʥʘʣʽʚ, 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʪʘ ʽʥʰʠʭ ʦʙʯʠʩʣʝʥʴ, ʱʦ ʚʠʤʘʛʘʶʪʴʩʷ ʧʨʠ ʦʧʨʘʮʶʚʘʥʥʽ ʪʘ 

ʘʥʘʣʽʟʽ ʙʽʦʤʝʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ. 

ð Sklearn (Scikit-learn): ʻ ʦʜʥʽʻʶ ʟ ʧʨʦʚʽʜʥʠʭ ʙʽʙʣʽʦʪʝʢ Python ʜʣʷ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ɺʦʥʘ ʤʽʩʪʠʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ, 

ʨʝʛʨʝʩʽʾ, ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʟʘʩʦʙʠ ʜʣʷ ʚʠʙʦʨʫ ʤʦʜʝʣʽ, ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ 

ʦʮʽʥʢʠ ʾʭ ʷʢʦʩʪʽ. ɺ ʢʦʥʪʝʢʩʪʽ ʘʥʘʣʽʟʫ ɽɽɻ, Scikit-learn ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʘʪʝʨʥʽʚ ʫ ʜʘʥʠʭ, ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʦʟʢʦʚʠʭ ʩʪʘʥʽʚ ʘʙʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʝʚʥʠʭ ʢʦʛʥʽʪʠʚʥʠʭ ʘʙʦ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʦʜʽʡ. 

ð Matplotlib ʻ ʦʩʥʦʚʥʦʶ ʙʽʙʣʽʦʪʝʢʦʶ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʫ Python. ɺʦʥʘ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʷʢʽʩʥʽ ʛʨʘʬʽʢʠ, ʛʽʩʪʦʛʨʘʤʠ, ʩʧʝʢʪʨʘʣʴʥʽ ʜʽʘʛʨʘʤʠ, ʪʦʱʦ, ʟ 

ʚʝʣʠʢʦʶ ʛʥʫʯʢʽʩʪʶ ʪʘ ʢʦʥʪʨʦʣʝʤ ʥʘʜ ʚʠʛʣʷʜʦʤ. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ɽɽɻ matplotlib 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʽʚ, ʧʦʨʽʚʥʷʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ ʨʦʙʠʪʴ ʾʾ ʥʝʟʘʤʽʥʥʦʶ 

ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʧʨʝʟʝʥʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʙʽʙʣʽʦʪʝʢ ʫ ʢʦʤʙʽʥʘʮʽʾ ʽʟ Python ʥʘʜʘʻ ʧʦʪʫʞʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ɽɽɻ. ʉʧʽʣʴʥʦ ʮʽ ʽʥʩʪʨʫʤʝʥʪʠ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʽ ʘʥʘʣʽʟʠ, ʚʽʜ ʧʨʦʩʪʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʙʯʠʩʣʝʥʴ 

ʜʦ ʩʢʣʘʜʥʠʭ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʟʦʣʴʦʚʘʥʦʛʦ ʪʘ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ 

ʪʘ ʟʘʧʫʩʢʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ 

Python, ʚʽʜʦʤʝ ʷʢ Python ʚʽʨʪʫʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ (Python virtual environment). 

ɺʽʨʪʫʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʻ ʽʟʦʣʴʦʚʘʥʠʤ ʪʝʭʥʽʯʥʠʤ ʧʨʦʩʪʦʨʦʤ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʙʽʙʣʽʦʪʝʢʠ ʪʘ ʧʘʢʝʪʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʝʢʪʫ, ʙʝʟ 

ʚʧʣʠʚʫ ʥʘ ʽʥʰʽ ʧʨʦʝʢʪʠ ʘʙʦ ʦʩʥʦʚʥʝ ʩʠʩʪʝʤʥʝ ʩʝʨʝʜʦʚʠʱʝ. ʎʝ ʢʣʶʯʦʚʠʡ 

ʢʦʤʧʦʥʝʥʪ ʫʧʨʘʚʣʽʥʥʷ ʟʘʣʝʞʥʦʩʪʷʤʠ ʪʘ ʚʝʨʩʽʷʤʠ ʚ ʧʨʦʝʢʪʘʭ ʥʘ Python, ʦʩʢʽʣʴʢʠ 
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ʮʝ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʦʯʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʝʨʝʜʦʚʠʱ ʜʣʷ 

ʢʦʞʥʦʛʦ ʧʨʦʝʢʪʫ. 

ʉʪʚʦʨʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʥʩʪʨʫʤʝʥʪʫ venv, ʷʢʠʡ ʻ ʩʪʘʥʜʘʨʪʥʦʶ ʯʘʩʪʠʥʦʶ Python ʟ ʚʝʨʩʽʾ 3.3. ʇʽʩʣʷ 

ʘʢʪʠʚʘʮʽʾ ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʩʽ ʧʘʢʝʪʠ ʪʘ ʙʽʙʣʽʦʪʝʢʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʟʦʣʴʦʚʘʥʦ ʚʽʜ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ. ʎʝ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʦʤ, ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ, ʱʦ ʚʩʽ ʟʘʣʝʞʥʦʩʪʽ ʪʦʯʥʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʦʪʨʝʙʘʤ ʧʨʦʝʢʪʫ, ʘ ʪʘʢʦʞ ʫʥʠʢʥʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ ʤʽʞ ʨʽʟʥʠʤʠ ʚʝʨʩʽʷʤʠ ʙʽʙʣʽʦʪʝʢ, 

ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʨʽʟʥʠʭ ʧʨʦʝʢʪʘʭ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘʢʦʞ ʧʦʣʝʛʰʫʻ ʧʨʦʮʝʩ 

ʨʦʟʛʦʨʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʚʽʜʪʚʦʨʠʪʠ 

ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ ʚ ʧʨʦʜʫʢʪʠʚʥʦʤʫ ʘʙʦ ʽʥʰʦʤʫ ʪʝʩʪʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʎʝ 

ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʬʘʡʣʫ requirements.txt, ʷʢʠʡ ʤʽʩʪʠʪʴ ʩʧʠʩʦʢ ʫʩʽʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʧʨʦʝʢʪʫ. ʇʦʪʽʤ ʮʝʡ ʬʘʡʣ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʪʦʯʥʠʭ ʚʝʨʩʽʡ ʫʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʧʘʢʝʪʽʚ ʫ ʥʦʚʦʤʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʢʦʥʩʠʩʪʝʥʪʥʽʩʪʴ ʤʽʞ ʨʦʟʨʦʙʢʦʶ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷʤ. 

 

3.4. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʥʪʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ 

ʦʧʝʨʘʪʦʨʽʚ ɯʄʂ 

ʉʫʪʴ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʣʷʛʘʣʘ ʚ ʙʝʟʧʝʨʝʨʚʥʽʡ ʨʝʻʩʪʨʘʮʽʾ ʚʝʢʪʦʨʥʦʾ ɽɽɻ 

ʦʧʝʨʘʪʦʨʘ ɯʄʂ, ʷʢʠʡ ʤʘʚ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʟʛʠʥʘʥʥʷ ʪʘ ʨʦʟʛʠʥʘʥʥʷ ʧʘʣʴʮʽʚ 

ʜʦʣʦʥʽ ʧʨʘʚʦʾ ʨʫʢʠ ʟʘ ʛʦʣʦʩʦʚʠʤʠ ʢʦʤʘʥʜʘʤʠ ʢʝʨʽʚʥʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɺʩʴʦʛʦ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʝʨʽʶ ʟ 11 ʝʢʩʧʝʨʠʤʝʥʪʽʚ (ʜʣʷ 11 ʨʽʟʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ɯʄʂ), ʢʦʞʝʥ 

ʟ ʷʢʠʭ ʤʽʩʪʠʚ 50 ʮʠʢʣʽʚ ʚʧʣʠʚʫ ʦʧʝʨʘʪʦʨʘ ɯʄʂ. 

ʆʧʝʨʘʪʦʨʠ ɯʄʂ ʙʫʣʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʥʘʚʯʝʥʽ ʪʘ ʥʝʥʘʚʯʝʥʽ (ɻʨʫʧʘ 1 

ʪʘ ɻʨʫʧʘ 2, ʚʽʜʧʦʚʽʜʥʦ). ʅʘʚʯʝʥʽ ʦʧʝʨʘʪʦʨʠ ʤʘʣʠ ʧʦʧʝʨʝʜʥʽʡ ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʟ ɯʄʂ, 

ʚʽʜʟʥʘʯʘʣʠʩʷ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʟʘʜʘʯʽ ʪʘ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʝʭʥʽʢʠ ʚʽʟʫʘʣʽʟʘʮʽʾ. ɺʦʥʠ ʜʝʤʦʥʩʪʨʫʚʘʣʠ ʟʜʘʪʥʽʩʪʴ ʰʚʠʜʢʦ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʚʠʤʦʛ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʠ ʩʠʛʥʘʣʘʤʠ ɽɽɻ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʠʭ ʮʽʣʝʡ. ʅʘʪʦʤʽʩʪʴ, ʥʝʥʘʚʯʝʥʽ ʦʧʝʨʘʪʦʨʠ ʥʝ ʤʘʣʠ ʧʦʧʝʨʝʜʥʴʦʛʦ 
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ʜʦʩʚʽʜʫ ʨʦʙʦʪʠ ʟ ɯʄʂ ʪʘ ʚʽʜʟʥʘʯʘʣʠʩʷ ʥʠʞʯʠʤ ʨʽʚʥʝʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ, 

ʱʦ ʚʧʣʠʚʘʣʦ ʥʘ ʾʭʥʶ ʟʜʘʪʥʽʩʪʴ ʜʦ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʟʘʚʜʘʥʴ. ʎʝ ʨʦʟʜʽʣʝʥʥʷ ʜʦʟʚʦʣʠʣʦ ʜʝʪʘʣʴʥʦ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʜʦʩʚʽʜʫ ʪʘ ʪʨʝʥʫʚʘʥʥʷ 

ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʽʚ ʪʘ ʚʠʟʥʘʯʠʪʠ ʢʣʶʯʦʚʽ ʬʘʢʪʦʨʠ, 

ʷʢʽ ʩʧʨʠʷʶʪʴ ʫʩʧʽʰʥʽʡ ʚʟʘʻʤʦʜʽʾ ʣʶʜʠʥʠ ʟ ɯʄʂ. 

 

3.5. ʇʦʧʝʨʝʜʥʻ ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ ʩʠʛʥʘʣʽʚ 

ʇʨʠ ʟʘʧʠʩʽ ʩʠʛʥʘʣʫ ɽɽɻ ʽʩʥʫʻ ʢʽʣʴʢʘ ʪʝʭʥʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ, ʚ 

ʦʩʥʦʚʥʦʤʫ, ʟ ʤʘʣʦʶ ʘʤʧʣʽʪʫʜʦʶ ʩʠʛʥʘʣʫ. ʇʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʩʠʛʥʘʣʫ ɽɽɻ ʯʝʨʝʟ 

ʪʚʝʨʜʫ ʦʙʦʣʦʥʢʫ ʤʦʟʢʫ, ʮʝʨʝʙʨʦʩʧʽʥʘʣʴʥʫ ʨʽʜʠʥʫ ʪʘ ʯʝʨʝʧ ʜʦ ʩʢʘʣʴʧʫ, ʡʦʛʦ ʧʦʚʥʘ 

ʘʤʧʣʽʪʫʜʘ ʩʪʘʥʦʚʠʪʴ ʚʩʴʦʛʦ ʙʣʠʟʴʢʦ 1 ï 100 ʤʽʢʨʦʚʦʣʴʪ, ʘ ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ 0.5 

ï 100 ɻʮ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʟʘʧʠʩ ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʤʘʪʝʨʽʘʣ ʝʣʝʢʪʨʦʜʫ ʽ ʩʪʠʩʥʝʥʥʷ 

ʢʦʥʪʘʢʪʽʚ. ʇʽʜ ʯʘʩ ʟʘʧʠʩʫ ʩʠʛʥʘʣ ɽɽɻ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʴ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ 

ʘʨʪʝʬʘʢʪʽʚ, ʷʢʽ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʙʫʚʘʶʪʴ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʪʘ ʪʝʭʥʽʯʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ. ɼʦ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʘʨʪʝʬʘʢʪʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʥʘʢʣʘʜʝʥʥʷ ʢʘʨʜʽʦʛʨʘʤʠ, 

ʨʫʭ ʦʯʝʡ, ʩʢʦʨʦʯʝʥʥʷ ʤôʷʟʽʚ, ʨʫʭʠ ʛʦʣʦʚʠ, ʪʦʱʦ. ɼʦ ʪʝʭʥʽʯʥʠʭ ʘʨʪʝʬʘʢʪʽʚ 

ʚʽʜʥʦʩʷʪʴʩʷ ʤʝʨʝʞʥʝ ʥʘʚʝʜʝʥʥʷ ʯʘʩʪʦʪʦʶ 50 ɻʮ (60 ɻʮ), ʱʦ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ 

ʥʘʷʚʥʦʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʷʢʽ ʛʝʥʝʨʫʶʪʴʩʷ ʝʣʝʢʪʨʠʯʥʦʶ ʤʝʨʝʞʝʶ ʚ 

ʧʨʠʤʽʱʝʥʥʽ, ʘ ʪʘʢʦʞ ʘʨʪʝʬʘʢʪʠ, ʧʦʚôʷʟʘʥʽ ʽʟ ʥʝʥʘʜʽʡʥʠʤ ʟʘʢʨʽʧʣʝʥʥʷʤ 

ʝʣʝʢʪʨʦʜʽʚ. ɺʩʽ ʪʝʭʥʽʯʥʽ ʘʨʪʝʬʘʢʪʠ ʟʘʟʚʠʯʘʡ ʣʝʛʢʦ ʫʩʫʥʫʪʠ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʘʨʪʝʬʘʢʪʽʚ ʟʘʧʠʩʫ ɽɽɻ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ 

ʩʫʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʝʨʝʙʫʚʘʚ ʫ ʨʦʟʩʣʘʙʣʝʥʦʤʫ 

ʧʦʣʦʞʝʥʥʽ, ʩʠʜʷʯʠ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʤʫ ʟʨʫʯʥʦʤʫ ʢʨʽʩʣʽ. ʇʦʚʠʥʥʘ ʙʫʪʠ 

ʤʽʥʽʤʽʟʦʚʘʥʘ ʢʽʣʴʢʽʩʪʴ ʟʦʚʥʽʰʥʽʭ ʩʚʽʪʣʦʚʠʭ ʽ ʟʚʫʢʦʚʠʭ ʧʦʜʨʘʟʥʠʢʽʚ. ɼʫʞʝ 

ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʧʨʘʚʠʣʴʥʝ ʥʘʢʣʘʜʘʥʥʷ ʝʣʝʢʪʨʦʜʽʚ ʽ ʜʦʪʨʠʤʘʥʥʷ ʥʝʚʝʣʠʢʦʛʦ 

ʦʧʦʨʫ ñʝʣʝʢʪʨʦʜ-h ʢʽʨʘò (ʥʝ ʙʽʣʴʰʝ 5 ʢʆʤ). 

ɿʛʽʜʥʦ ʟ ʩʭʝʤʦʶ (ʜʠʚ. ʨʠʩʫʥʦʢ 3.1), ʧʝʨʝʜ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ 

ʦʮʽʥʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʪʘ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ (ʢʣʘʩʠʬʽʢʘʮʽʾ) 

ʢʦʥʪʨʦʣʶʶʯʠʭ ʤʝʥʪʘʣʴʥʠʭ ʚʧʣʠʚʽʚ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʧʦʧʝʨʝʜʥ ̒ʦʧʨʘʮʶʚʘʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʛʥʘʣʽʚ ɽɽɻ. 
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ʈʠʩʫʥʦʢ. 3.5. ʉʠʛʥʘʣʠ ɽɽɻ ʧʽʩʣʷ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʟʘʧʠʩʘʥʽ 

ʧʣʘʪʬʦʨʤʦʶ OpenBCI 

 

ʈʠʩʫʥʦʢ. 3.6. ʉʠʛʥʘʣʠ ɽɽɻ ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʬʽʣʴʪʨʘʮʽʾ 

ʨʝʞʝʢʪʦʨʥʠʤ ʬʽʣʴʪʨʦʤ 50 ɻʮ 
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ʉʫʪʴ ʪʘʢʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʽʣʴʪʨʽʚ ɹʘʪʪʝʨʚʦʨʪʘ. 

ɼʣʷ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʝʞʝʢʪʦʨʥʠʤ ʬʽʣʴʪʨ 3-ʛʦ ʧʦʨʷʜʢʫ. ʁʦʛʦ 

ʟʘʚʜʘʥʥʷʤ ʻ ʬʽʣʴʪʨʘʮʽʷ ʰʫʤʽʚ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʟ ʯʘʩʪʦʪʦʶ 50 ɻʮ (60 ɻʮ). ʉʠʛʥʘʣʠ 

ɽɽɻ ʜʦ ʪʘ ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʬʽʣʴʪʨʘʮʽʾ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 3.5 ʪʘ 3.6. 

ɼʣʷ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʤʫʛʦʚʠʡ ʬʽʣʴʪʨ 5-ʛʦ ʧʦʨʷʜʢʫ. ʋ 

ʮʴʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʩʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ ʬʽʣʴʪʨʘ ʩʪʘʥʦʚʠʪʴ 1-17 ɻʮ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʚʠʜʘʣʠʪʠ ʚʩʽ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʪʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʰʫʤʠ. ɺʽʜʬʽʣʴʪʨʦʚʘʥʽ ʩʠʛʥʘʣʠ, ʷʢʽ 

ʛʦʪʦʚʽ ʜʦ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ ʦʧʨʘʮʶʚʘʥʥʷ, ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.7. 

 

 

ʈʠʩʫʥʦʢ. 3.7. ʉʠʛʥʘʣʠ ʧʽʩʣʷ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʬʽʣʴʪʨʘʮʽʾ ʩʤʫʛʦʚʠʤ ʬʽʣʴʪʨʦʤ 

 

3.6. ʆʮʽʥʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʽʚ 

ʅʘ ʦʩʥʦʚʽ ʚʠʱʝʦʧʠʩʘʥʠʭ ʤʝʪʦʜʽʚ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʡʤʦʚʽʨʥʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚ'ʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ (ʜʠʚ. 

ʬʦʨʤʫʣʠ 22-25) ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʪʘʪʠʩʪʠʯʥʝ ʦʮʽʥʶʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʩʧʦʜʽʚʘʥʥʷ, ʜʠʩʧʝʨʩʽʾ, ʮʝʥʪʨʘʣʴʥʠʭ ʽ ʧʦʯʘʪʢʦʚʠʭ ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ ʚʠʱʠʭ 

ʧʦʨʷʜʢʽʚ ɽɽɻ ʩʠʛʥʘʣʽʚ. ɼʣʷ ʚʩʽʭ ʦʪʨʠʤʘʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ. 



76 

ʅʘ ʨʠʩʫʥʢʫ 3.8 ʧʦʢʘʟʘʥʦ ʛʨʘʬʽʢ ʦʮʽʥʶʚʘʥʦʾ ʬʫʥʢʮʽʾ ʨʠʪʤʫ ʚʝʢʪʦʨʥʦʾ ɽɽɻ, 

ʷʢʠʡ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʱʦ ʦʧʠʩʘʥʦ 

ʫ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ. ɸʥʘʣʦʛʽʯʥʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʶʚʘʥʥʷ ʬʫʥʢʮʽʾ 

ʨʠʪʤʫ, ʪʘ ʽʥʰʠʭ ʧʦʯʘʪʢʦʚʠʭ ʽ ʮʝʥʪʨʘʣʴʥʠʭ ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʚʩʽʭ 

ʦʜʠʥʘʜʮʷʪʠ ʦʧʝʨʘʪʦʨʽʚ. 

 

 

ʈʠʩʫʥʦʢ. 3.8. ɻʨʘʬʽʢ ʦʮʽʥʢʠ ʬʫʥʢʮʽʾ ʨʠʪʤʫ ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʜʣʷ ʦʜʠʥʘʜʮʷʪʦʛʦ 

ʦʧʝʨʘʪʦʨʘ 

 

ʅʘ ʨʠʩʫʥʢʘʭ 3.9 ï 3.20 ʧʦʢʘʟʘʥʽ ʛʨʘʬʽʢʠ ʨʝʘʣʽʟʘʮʽʡ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ 

ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʜʣʷ ʟʦʥʠ ʧʘʩʠʚʥʦʩʪʽ ʪʘ 

ʟʦʥʠ ʘʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ɯʄʂ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ 

ʨʠʪʤʽʯʥʦ ʧʦʚ'ʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ. 3.9. ɻʨʘʬʽʢʠ ʨʝʘʣʽʟʘʮʽʡ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ ʤʘʪʝʤʘʪʠʯʥʠʭ ʩʧʦʜʽʚʘʥʥʷ 

ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʥʦʾ ɽɽɻ: ʘ) ʟʦʥʘ ʧʘʩʠʚʥʦʩʪʽ (ʚʽʜʩʫʪʥʽʩʪʴ ʜʽʾ) ʦʧʝʨʘʪʦʨʘ ɯʄʂ; ʙ) 

ʟʦʥʘ ʘʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ɯʄʂ 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ. 3.10. ɻʨʘʬʽʢʠ ʧʝʨʝʪʚʦʨʝʥʴ ʌʫʨ'ʻ ʨʝʘʣʽʟʘʮʽʡ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʩʧʦʜʽʚʘʥʴ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʥʦʾ ɽɽɻ: ʘ) ʟʦʥʘ ʧʘʩʠʚʥʦʩʪʽ 

(ʚʽʜʩʫʪʥʽʩʪʴ ʜʽʾ) ʦʧʝʨʘʪʦʨʘ ɯʄʂ; ʙ) ʟʦʥʘ ʘʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ɯʄʂ 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ. 3.11. ɻʨʘʬʽʢʠ ʨʝʘʣʽʟʘʮʽʡ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ ʧʦʯʘʪʢʦʚʠʭ ʤʦʤʝʥʪʥʠʭ 

ʬʫʥʢʮʽʡ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʥʦʾ ɽɽɻ: ʘ) ʟʦʥʘ ʧʘʩʠʚʥʦʩʪʽ 

(ʚʽʜʩʫʪʥʽʩʪʴ ʜʽʾ) ʦʧʝʨʘʪʦʨʘ ɯʄʂ; ʙ) ʟʦʥʘ ʘʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ɯʄʂ 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ. 3.12. ɻʨʘʬʽʢʠ ʧʝʨʝʪʚʦʨʝʥʴ ʌʫʨ'ʻ ʨʝʘʣʽʟʘʮʽʡ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ 

ʧʦʯʘʪʢʦʚʠʭ ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʥʦʾ ɽɽɻ: ʘ) 

ʟʦʥʘ ʧʘʩʠʚʥʦʩʪʽ (ʚʽʜʩʫʪʥʽʩʪʴ ʜʽʾ) ʦʧʝʨʘʪʦʨʘ ɯʄʂ; ʙ) ʟʦʥʘ ʘʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ 

ɯʄʂ 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ. 3.13. ɻʨʘʬʽʢʠ ʨʝʘʣʽʟʘʮʽʡ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ ʧʦʯʘʪʢʦʚʠʭ ʤʦʤʝʥʪʥʠʭ 

ʬʫʥʢʮʽʡ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʥʦʾ ɽɽɻ: ʘ) ʟʦʥʘ ʧʘʩʠʚʥʦʩʪʽ 

(ʚʽʜʩʫʪʥʽʩʪʴ ʜʽʾ) ʦʧʝʨʘʪʦʨʘ ɯʄʂ; ʙ) ʟʦʥʘ ʘʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ɯʄʂ 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ. 3.14. ɻʨʘʬʽʢʠ ʧʝʨʝʪʚʦʨʝʥʴ ʌʫʨ'ʻ ʨʝʘʣʽʟʘʮʽʡ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ 

ʧʦʯʘʪʢʦʚʠʭ ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʥʦʾ ɽɽɻ: ʘ) 

ʟʦʥʘ ʧʘʩʠʚʥʦʩʪʽ (ʚʽʜʩʫʪʥʽʩʪʴ ʜʽʾ) ʦʧʝʨʘʪʦʨʘ ɯʄʂ; ʙ) ʟʦʥʘ ʘʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ 

ɯʄʂ 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ. 3.15. ɻʨʘʬʽʢʠ ʨʝʘʣʽʟʘʮʽʡ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ ʧʦʯʘʪʢʦʚʠʭ ʤʦʤʝʥʪʥʠʭ 

ʬʫʥʢʮʽʡ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʥʦʾ ɽɽɻ: ʘ) ʟʦʥʘ ʧʘʩʠʚʥʦʩʪʽ 

(ʚʽʜʩʫʪʥʽʩʪʴ ʜʽʾ) ʦʧʝʨʘʪʦʨʘ ɯʄʂ; ʙ) ʟʦʥʘ ʘʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ɯʄʂ 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ. 3.16. ɻʨʘʬʽʢʠ ʧʝʨʝʪʚʦʨʝʥʴ ʌʫʨ'ʻ ʨʝʘʣʽʟʘʮʽʡ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ 

ʧʦʯʘʪʢʦʚʠʭ ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʥʦʾ ɽɽɻ: 

ʘ) ʟʦʥʘ ʧʘʩʠʚʥʦʩʪʽ (ʚʽʜʩʫʪʥʽʩʪʴ ʜʽʾ) ʦʧʝʨʘʪʦʨʘ ɯʄʂ; ʙ) ʟʦʥʘ ʘʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ 

ɯʄʂ 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ. 3.17. ɻʨʘʬʽʢʠ ʨʝʘʣʽʟʘʮʽʡ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ ʜʠʩʧʝʨʩʽʡ ʢʦʤʧʦʥʝʥʪ 

ʚʝʢʪʦʨʥʦʾ ɽɽɻ: ʘ) ʟʦʥʘ ʧʘʩʠʚʥʦʩʪʽ (ʚʽʜʩʫʪʥʽʩʪʴ ʜʽʾ) ʦʧʝʨʘʪʦʨʘ ɯʄʂ; ʙ) ʟʦʥʘ 

ʘʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ɯʄʂ 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ. 3.18. ɻʨʘʬʽʢʠ ʧʝʨʝʪʚʦʨʝʥʴ ʌʫʨ'ʻ ʨʝʘʣʽʟʘʮʽʡ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ 

ʜʠʩʧʝʨʩʽʡ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʥʦʾ ɽɽɻ: ʘ) ʟʦʥʘ ʧʘʩʠʚʥʦʩʪʽ (ʚʽʜʩʫʪʥʽʩʪʴ ʜʽʾ) 

ʦʧʝʨʘʪʦʨʘ ɯʄʂ; ʙ) ʟʦʥʘ ʘʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ɯʄʂ 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ. 3.19. ɻʨʘʬʽʢʠ ʨʝʘʣʽʟʘʮʽʡ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ ʮʝʥʪʨʘʣʴʥʠʭ ʤʦʤʝʥʪʥʠʭ 

ʬʫʥʢʮʽʡ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʥʦʾ ɽɽɻ: ʘ) ʟʦʥʘ ʧʘʩʠʚʥʦʩʪʽ 

(ʚʽʜʩʫʪʥʽʩʪʴ ʜʽʾ) ʦʧʝʨʘʪʦʨʘ ɯʄʂ; ʙ) ʟʦʥʘ ʘʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ɯʄʂ 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ. 3.20. ɻʨʘʬʽʢʠ ʧʝʨʝʪʚʦʨʝʥʴ ʌʫʨ'ʻ ʨʝʘʣʽʟʘʮʽʡ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ 

ʮʝʥʪʨʘʣʴʥʠʭ ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʥʦʾ ɽɽɻ: 

ʘ) ʟʦʥʘ ʧʘʩʠʚʥʦʩʪʽ (ʚʽʜʩʫʪʥʽʩʪʴ ʜʽʾ) ʦʧʝʨʘʪʦʨʘ ɯʄʂ; ʙ) ʟʦʥʘ ʘʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ 

ɯʄʂ 

 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʫ ʯʘʩʦʚʦʤʫ ʪʘ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʘʭ, ʥʘʚʽʪʴ ʚʽʟʫʘʣʴʥʦ ʤʦʞʥʘ 

ʧʦʤʽʪʠʪʠ ʟʥʘʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʟʦʥʘʤʠ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʧʘʩʠʚʥʦʩʪʽ, ʱʦ ʚʢʘʟʫʻ ʥʘ 

ʯʫʪʣʠʚʽʩʪʴ ʮʠʭ ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦ ʜʽʾ ʤʝʥʪʘʣʴʥʦʛʦ ʢʝʨʫʶʯʦʛʦ 

ʚʧʣʠʚʫ ʦʧʝʨʘʪʦʨʘ ɯʄʂ. ʈʽʟʥʠʮʽ ʚ ʩʪʨʫʢʪʫʨʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʞ ʟʦʥʘʤʠ ʘʢʪʠʚʥʦʩʪʽ 

ʪʘ ʧʘʩʠʚʥʦʩʪʽ ʦʩʦʙʣʠʚʦ ʚʠʨʘʞʝʥʽ ʜʣʷ ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ 

ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ɽɽɻ. 

ʊʘʢʦʞ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟʥʘʯʥʫ ʩʭʦʞʽʩʪʴ ʫ ʯʘʩʦʚʽʡ ʩʪʨʫʢʪʫʨʽ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʦʮʽʥʦʢ ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʽʭ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʥʦʾ ɽɽɻ ʜʣʷ ʟʦʥʠ 

ʘʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ɯʄʂ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʩʧʽʣʴʥʽʩʪʴ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫ ʮʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʜʣʷ ʨʽʟʥʠʭ ʦʙʣʘʩʪʝʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʟʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʜʝʥʥ ʁ
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ʝʬʝʢʪʠʚʥʦʾ ʩʧʽʣʴʥʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝʥʪ 

ʚʝʢʪʦʨʥʦ ʾɽɽɻ ʽ ʤʦʞʣʠʚʽʩʪʴ ʢʦʦʨʜʠʥʦʚʘʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʨʽʟʥʠʭ ʜʘʚʘʯʽʚ 

ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʜʽʾ ʤʝʥʪʘʣʴʥʦʛʦ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ 

ʦʧʝʨʘʪʦʨʘ ɯʄʂ. 

ɿʘʛʘʣʦʤ, ʚʠʱʝʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ ʥʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʪʘ ʟʜʘʪʥʽʩʪʴ 

ʨʦʟʨʦʙʣʝʥʦʾ ʡʤʦʚʽʨʥʽʩʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʨʠʪʤʦʘʜʘʧʪʠʚʥʠʭ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ʚʝʢʪʦʨʘ ɽɽɻ ʩʠʛʥʘʣʽʚ, ʚʽʜʦʙʨʘʞʘʪʠ ʜʽʶ 

ʤʝʥʪʘʣʴʥʦʛʦ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʦʧʝʨʘʪʦʨʘ ɯʄʂ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ 

ʚʠʩʦʢʦʪʦʯʥʦʾ ʧʨʦʮʝʜʫʨʠ ʜʣʷ ʾʾ ʚʠʷʚʣʝʥʥʷ (ʜʝʪʝʢʮʽʾ). ʆʜʥʘʢ, ʦʩʢʽʣʴʢʠ ʽʩʥʫʻ ʙʘʛʘʪʦ 

ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʻ ʟʥʘʯʥʘ ʩʭʦʞʽʩʪʴ ʫ ʾʭ ʯʘʩʦʚʠʭ ʪʘ ʩʧʝʢʪʨʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨʘʭ, 

ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʢʪʦʨʘ ɽɽɻ. 

 

3.7 ʇʨʦʮʝʜʫʨʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ɽɽɻ ʩʠʛʥʘʣʽʚ ʚ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ 

ʩʠʩʪʝʤʘʭ 

ɺʠʙʽʨ ʚʽʜʧʦʚʽʜʥʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʫ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ 

ʝʬʝʢʪʠʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʤʦʚʘ ʡʜʝ ʧʨʦ ʜʝʪʝʢʮʽʶ ʪʘ  

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ɽɽɻ. ʗʢʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʢʦʨʝʢʪʥʦ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʥʝʡʨʦʥʥʽ ʩʠʛʥʘʣʠ, ʱʦ, 

ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʝʤ ʪʘ ɯʄʂ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʙʨʘʥʦ ʥʘʩʪʫʧʥʽ ʢʣʘʩʠʬʽʢʘʪʦʨʠ: 

½ k-Nearest Neighbors (k-NN): ʮʝʡ ʘʣʛʦʨʠʪʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙ'ʻʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʛʦʣʦʩʫʚʘʥʥʷ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ. ɺʽʥ ʧʨʦʩʪʠʡ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘ ʯʘʩʪʦ ʝʬʝʢʪʠʚʥʠʡ ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ [123]. 

½ Linear SVM (Support Vector Machine): ʮʝʡ ʢʣʘʩʠʬʽʢʘʪʦʨ ʤʘʢʩʠʤʽʟʫʻ 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʨʽʟʥʠʤʠ ʢʣʘʩʘʤʠ, ʩʪʚʦʨʶʶʯʠ "ʛʽʧʝʨʧʣʦʱʠʥʫ" ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʣʷ ʣʽʥʽʡʥʦ ʨʦʟʜʽʣʠʤʠʭ ʜʘʪʘʩʝʪʽʚ [124]. 

½ Decision Tree: ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʢʣʘʩʠʬʽʢʫʶʪʴ ʦʙ'ʻʢʪʠ, ʨʫʭʘʶʯʠʩʴ ʚʽʜ 

ʢʦʨʝʥʷ ʜʝʨʝʚʘ ʜʦ ʣʠʩʪʢʽʚ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ ʤʽʪʢʠ. ʎʽ 

ʢʣʘʩʠʬʽʢʘʪʦʨʠ ʣʝʛʢʦ ʽʥʪʝʨʧʨʝʪʫʶʪʴʩʷ, ʘʣʝ ʤʦʞʫʪʴ ʙʫʪʠ ʩʭʠʣʴʥʽ ʜʦ ʧʝʨʝʥʘʚʯʘʥʥʷ 

[125]. 
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½ Random Forest: ʷʢ ʘʥʩʘʤʙʣʴ ʜʝʨʝʚ ʨʽʰʝʥʴ, ʮʝʡ ʤʝʪʦʜ ʟʤʝʥʰʫʻ ʨʠʟʠʢ 

ʧʝʨʝʥʘʚʯʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʱʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʝʨʝʚ ʽ ʫʩʝʨʝʜʥʝʥʥʷ ʾʭ ʧʨʦʛʥʦʟʽʚ [123, 125]. 

½ Multilayer Perceptron (MLP): ʮʝ ʦʩʥʦʚʥʘ ʬʦʨʤʘ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʱʦ 

ʚʢʣʶʯʘʻ ʤʥʦʞʠʥʫ ʰʘʨʽʚ ʟ ʥʝʡʨʦʥʘʤʠ, ʟ'ʻʜʥʘʥʠʤʠ ʚʘʛʘʤʠ. MLP ʝʬʝʢʪʠʚʥʠʡ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʩʢʣʘʜʥʠʭ ʥʝʣʽʥʽʡʥʠʭ ʟʚ'ʷʟʢʽʚ ʚ ʜʘʥʠʭ [126]. 

½ Adaptive Boosting (AdaBoost): ʤʝʪʦʜ, ʱʦ ʧʦʻʜʥʫʻ ʙʘʛʘʪʦ ʩʣʘʙʢʠʭ 

ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʠʣʴʥʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʮʝʩ 

ʧʦʩʪʫʧʦʚʦʛʦ "ʥʘʚʯʘʥʥʷ" ʥʘ ʧʦʤʠʣʢʘʭ ʧʦʧʝʨʝʜʥʽʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ. 

½ Naive Bayes: ʮʝʡ ʢʣʘʩʠʬʽʢʘʪʦʨ ʟʘʩʪʦʩʦʚʫʻ ʪʝʦʨʝʤʫ ɹʘʡʻʩʘ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʽʭ ʟʥʘʥʴ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙ'ʻʢʪʽʚ. ɺʽʥ ʧʨʦʩʪʠʡ ʪʘ ʯʘʩʪʦ ʝʬʝʢʪʠʚʥʠʡ ʚ ʫʤʦʚʘʭ ʚʝʣʠʢʦʾ 

ʨʦʟʤʽʨʥʦʩʪʽ ʜʘʥʠʭ [57]. 

½ SIC: ʮʝʡ ʢʣʘʩʠʬʽʢʘʪʦʨ, ʚʽʜʦʤʠʡ ʷʢ ʉʪʘʪʠʩʪʠʯʥʠʡ ɯʥʪʝʨʚʘʣʴʥʠʡ 

ʂʣʘʩʠʬʽʢʘʪʦʨ (Statistical Interval Classifier). ʄʝʪʦʜʦʣʦʛʽʷ ʪʘ ʜʝʪʘʣʽ ʨʝʘʣʽʟʘʮʽʾ 

ʮʴʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʨʝʪʝʣʴʥʦ ʦʧʠʩʘʥʽ ʚ ʨʦʙʦʪʽ [127], ʜʝ ʥʘʛʦʣʦʰʝʥʦ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʦʚʽʨʯʠʭ ʽʥʪʝʨʚʘʣʽʚ ʜʣʷ ʥʦʨʤʦʚʘʥʠʭ ʮʠʢʣʽʚ. ʆʩʥʦʚʥʘ ʽʜʝʷ ʤʝʪʦʜʫ 

ʧʦʣ̫ʛʘʻ ʫ ʚʠʙʦʨʽ ʤʽʞ ʜʚʦʤʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʛʽʧʦʪʝʟʘʤʠ, Ὄ  and Ὄ : 

Ὄȡ‚‫ȟὸᶱ ά ὸ σ„ȟά ὸ σ„ ȟ (30) 

Ὄȡ‚‫ȟὸᶰ ά ὸ σ„ȟά ὸ σ„ . (31) 

ʇʨʘʚʠʣʦ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʫ ὔ - ʮʝ 

ʯʘʩʪʢʘ (ʢʽʣʴʢʽʩʪʴ) ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʩʠʛʥʘʣ ‚‫ȟὸ ʧʦʪʨʘʧʣʷʻ ʚ ʟʘʜʘʥʠʡ ʽʥʪʝʨʚʘʣ ʜʣʷ 

i-ʛʦ ʩʫʙ'ʻʢʪʘ. ʇʨʘʚʠʣʦ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʥʷ ʜʣʷ SIC ʚ ʢʦʥʪʝʢʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʤʝʥʪʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽɽɻ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

1) ɺʽʜʭʠʣʠʪʠ ʛʽʧʦʪʝʟʫ Ὄ  ʽ ʧʨʠʡʥʷʪʠ ʛʽʧʦʪʝʟʫ Ὄ, ʷʢʱʦ ὔ ʙʽʣʴʰʝ 95%, 

2) ɺʽʜʭʠʣʠʪʠ ʛʽʧʦʪʝʟʫ Ὄ  ʽ ʧʨʠʡʥʷʪʠ ʛʽʧʦʪʝʟʫ Ὄ, ʷʢʱʦ ὔ ʤʝʥʰʝ 

ʯʠ ʨʽʚʥʝ 95%. 

ʂʦʞʝʥ ʟ ʮʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʦʙʤʝʞʝʥʥʷ, ʪʦʤʫ ʚʠʙʽʨ 

ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʪʘʩʝʪʫ, ʮʽʣʝʡ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 
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ʩʧʝʮʠʬʽʢʠ ʟʘʚʜʘʥʴ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫ 

ʢʦʥʪʝʢʩʪʽ ʟʘʜʘʯ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʫ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʤʦʜʝʣʽ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɼʣʷ ʦʙ'ʻʢʪʠʚʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ 

ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʤʘʪʨʠʮ ̔ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ (Confusion Matrix). 

ʄʘʪʨʠʮʷ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ - ʮʝ ʩʧʝʮʠʬʽʯʥʘ ʪʘʙʣʠʮʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʽʟʫʚʘʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʧʨʝʜʩʪʘʚʣʷʶʯʠ ʢʽʣʴʢʽʩʪʴ ʚʽʨʥʠʭ ʪʘ 

ʧʦʤʠʣʢʦʚʠʭ ʧʨʦʛʥʦʟʽʚ, ʨʦʟʜʽʣʝʥʠʭ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ. ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʯʦʪʠʨʴʦʭ 

ʯʘʩʪʠʥ: ʽʩʪʠʥʥʦ ʧʦʟʠʪʠʚʥʠʭ (TP), ʽʩʪʠʥʥʦ ʥʝʛʘʪʠʚʥʠʭ (TN), ʧʦʤʠʣʢʦʚʦ 

ʧʦʟʠʪʠʚʥʠʭ (FP) ʪʘ ʧʦʤʠʣʢʦʚʦ ʥʝʛʘʪʠʚʥʠʭ (FN) ʧʨʦʛʥʦʟʽʚ. 

ɯʩʪʠʥʥʦ ʧʦʟʠʪʠʚʥʽ (True Positives, TP) ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʢʦʣʠ 

ʤʦʜʝʣʴ ʧʨʘʚʠʣʴʥʦ ʧʨʦʛʥʦʟʫʻ ʧʦʟʠʪʠʚʥʠʡ ʢʣʘʩ. ɯʩʪʠʥʥʦ ʥʝʛʘʪʠʚʥʽ (True Negatives, 

TN) ʨʝʟʫʣʴʪʘʪʠ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʢʦʣʠ ʤʦʜʝʣʴ ʧʨʘʚʠʣʴʥʦ ʽʜʝʥʪʠʬʽʢʫʻ ʥʝʛʘʪʠʚʥʠʡ 

ʢʣʘʩ. ʇʦʤʠʣʢʦʚʦ ʧʦʟʠʪʠʚʥʽ (False Positives, FP) ʧʨʦʛʥʦʟʠ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʢʦʣʠ 

ʤʦʜʝʣʴ ʥʝʧʨʘʚʠʣʴʥʦ ʧʨʦʛʥʦʟʫʻ ʧʦʟʠʪʠʚʥʠʡ ʢʣʘʩ. ʇʦʤʠʣʢʦʚʦ ʥʝʛʘʪʠʚʥʽ (False 

Negatives, FN) ʨʝʟʫʣʴʪʘʪʠ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʢʦʣʠ ʤʦʜʝʣʴ ʥʝʧʨʘʚʠʣʴʥʦ ʧʨʦʛʥʦʟʫʻ 

ʥʝʛʘʪʠʚʥʠʡ ʢʣʘʩ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʨʠʮʽ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʦʮʽʥʠʪʠ 

ʟʘʛʘʣʴʥʫ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʽ, ʘʣʝ ʡ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʾʾ ʧʦʚʝʜʽʥʢʫ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʦʞʥʦʛʦ ʢʣʘʩʫ. ʅʘʧʨʠʢʣʘʜ, ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ FP ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ 

ʪʝ, ʱʦ ʤʦʜʝʣʴ ʟʘʥʘʜʪʦ ʯʘʩʪʦ ʚʠʟʥʘʯʘʻ ʚʽʜʩʫʪʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢ ʧʨʠʩʫʪʥʶ, 

ʱʦ ʤʦʞʝ ʙʫʪʠ ʢʨʠʪʠʯʥʠʤ ʫ ʤʝʜʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ. ɺʦʜʥʦʯʘʩ, ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ 

FN ʚʢʘʟʫʻ ʥʘ ʧʨʦʙʣʝʤʫ ʧʨʦʧʫʩʢʫ ʽʩʥʫʶʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʪʘʢʦʞ ʤʦʞʝ ʤʘʪʠ 

ʩʝʨʡʦʟʥʽ ʥʘʩʣʽʜʢʠ. 

ʄʝʪʨʠʢʠ, ʪʘʢʽ ʷʢ ʽʩʪʠʥʥʦ ʧʦʟʠʪʠʚʥʠʡ ʨʽʚʝʥʴ (TPR), ʽʩʪʠʥʥʦ ʥʝʛʘʪʠʚʥʠʡ 

ʨʽʚʝʥʴ (TNR), ʧʦʤʠʣʢʦʚʦ ʥʝʛʘʪʠʚʥʠʡ ʨʽʚʝʥʴ (FNR) ʪʘ ʧʦʤʠʣʢʦʚʦ ʧʦʟʠʪʠʚʥʠʡ 

ʨʽʚʝʥʴ (FPR), ʻ ʢʣʶʯʦʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʱʦ ʚʠʧʣʠʚʘʶʪʴ ʽʟ ʤʘʪʨʠʮʽ 

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʪʘ ʜʘʶʪʴ ʟʤʦʛʫ ʛʣʠʙʰʝ ʟʨʦʟʫʤʽʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʾ ʤʦʜʝʣʽ. 
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ɯʩʪʠʥʥʦ ʧʦʟʠʪʠʚʥʠʡ ʨʽʚʝʥʴ, ʪʘʢʦʞ ʚʽʜʦʤʠʡ ʷʢ ʯʫʪʣʠʚʽʩʪʴ, ʚʠʤʽʨʶʻ 

ʟʜʘʪʥʽʩʪʴ ʤʦʜʝʣʽ ʧʨʘʚʠʣʴʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʦʟʠʪʠʚʥʽ ʚʠʧʘʜʢʠ ʩʝʨʝʜ ʫʩʽʭ ʜʽʡʩʥʦ 

ʧʦʟʠʪʠʚʥʠʭ ʚʠʧʘʜʢʽʚ. 

ὝὖὙ  
Ὕὖ

Ὕὖ  Ὂὔ
Ȣ (30) 

ɯʩʪʠʥʥʦ ʥʝʛʘʪʠʚʥʠʡ ʨʽʚʝʥʴ, ʪʘʢʦʞ ʚʽʜʦʤʠʡ ʷʢ ʩʧʝʮʠʬʽʯʥʽʩʪʴ, ʧʦʢʘʟʫʻ 

ʟʜʘʪʥʽʩʪʴ ʤʦʜʝʣʽ ʧʨʘʚʠʣʴʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʥʝʛʘʪʠʚʥʽ ʚʠʧʘʜʢʠ ʩʝʨʝʜ ʫʩʽʭ ʜʽʡʩʥʦ 

ʥʝʛʘʪʠʚʥʠʭ ʚʠʧʘʜʢʽʚ. 

ὝὔὙ  
Ὕὔ

Ὕὔ  Ὂὖ
Ȣ (31) 

ʇʦʤʠʣʢʦʚʦ ʥʝʛʘʪʠʚʥʠʡ ʨʽʚʝʥʴ ʚʠʤʽʨʶʻ ʯʘʩʪʢʫ ʜʽʡʩʥʦ ʧʦʟʠʪʠʚʥʠʭ ʚʠʧʘʜʢʽʚ, 

ʷʢʽ ʙʫʣʠ ʧʦʤʠʣʢʦʚʦ ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʷʢ ʥʝʛʘʪʠʚʥʽ. 

ὊὔὙ  
Ὂὔ

Ὕὖ  Ὂὔ
ρ  ὝὖὙȢ (32) 

ʇʦʤʠʣʢʦʚʦ ʧʦʟʠʪʠʚʥʠʡ ʨʽʚʝʥʴ ʧʦʢʘʟʫʻ ʯʘʩʪʢʫ ʜʽʡʩʥʦ ʥʝʛʘʪʠʚʥʠʭ ʚʠʧʘʜʢʽʚ, 

ʷʢʽ ʙʫʣʠ ʧʦʤʠʣʢʦʚʦ ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʷʢ ʧʦʟʠʪʠʚʥʽ. 

ὊὖὙ  
Ὂὖ

Ὕὔ  Ὂὖ
ρ  ὝὔὙȢ (33) 

ʎʽ ʤʝʪʨʠʢʠ ʜʦʧʦʤʘʛʘʶʪʴ ʥʝ ʣʠʰʝ ʚ ʦʮʽʥʶʚʘʥʥʽ ʟʘʛʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʣʘʩʠʬʽʢʘʪʦʨʘ, ʘʣʝ ʡ ʫ ʨʦʟʫʤʽʥʥʽ ʡʦʛʦ ʧʦʚʝʜʽʥʢʠ ʫ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʷʭ. ʅʘʧʨʠʢʣʘʜ, 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ TPR ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʤʦʜʝʣʴ ʜʦʙʨʝ ʚʠʷʚʣʷʻ ʧʦʟʠʪʠʚʥʽ ʚʠʧʘʜʢʠ, 

ʪʦʜʽ ʷʢ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ TNR ʩʚʽʜʯʠʪʴ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʽ ʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʥʝʛʘʪʠʚʥʠʭ ʚʠʧʘʜʢʽʚ. ɺʦʜʥʦʯʘʩ, FNR ʪʘ FPR ʜʦʟʚʦʣʷʶʪʴ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʩʣʘʙʢʽ 

ʩʪʦʨʦʥʠ ʤʦʜʝʣʽ, ʚʢʘʟʫʶʯʠ ʥʘ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʤʦʜʝʣʴ ʥʝʧʨʘʚʠʣʴʥʦ ʢʣʘʩʠʬʽʢʫʻ 

ʧʦʟʠʪʠʚʥʽ ʯʠ ʥʝʛʘʪʠʚʥʽ ʚʠʧʘʜʢʠ. 

ʊʦʯʥʽʩʪʴ (Accuracy), ʤʽʨʘ F1 (F1 Score ʘʙʦ Harmonic Mean of Precision and 

Sensitivity), ʪʘ ʟʙʘʣʘʥʩʦʚʘʥʘ ʪʦʯʥʽʩʪʴ (Balanced Accuracy) ʻ ʜʦʜʘʪʢʦʚʠʤʠ 

ʢʣʶʯʦʚʠʤʠ ʤʝʪʨʠʢʘʤʠ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ. 

ʂʦʞʥʘ ʟ ʮʠʭ ʤʝʪʨʠʢ ʥʘʜʘʻ ʫʥʽʢʘʣʴʥʠʡ ʚʠʤʽʨ ʷʢʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʜʦʟʚʦʣʷʶʯʠ 

ʛʣʠʙʰʝ ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʟʨʦʟʫʤʽʪʠ ʧʦʚʝʜʽʥʢʫ ʤʦʜʝʣʽ. 
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ʊʦʯʥʽʩʪʴ - ʮʝ ʥʘʡʙʽʣʴʰ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʘ ʤʝʪʨʠʢʘ, ʷʢʘ ʚʠʤʽʨʶʻ ʯʘʩʪʢʫ 

ʚʽʨʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʚʠʧʘʜʢʽʚ (ʷʢ ʧʦʟʠʪʠʚʥʠʭ, ʪʘʢ ʽ ʥʝʛʘʪʠʚʥʠʭ) ʩʝʨʝʜ ʫʩʽʭ 

ʚʠʧʘʜʢʽʚ ʫ ʥʘʙʦʨʽ ʜʘʥʠʭ. 

ὃὧὧόὶὥὧώ 
Ὕὖ  Ὕὔ

Ὕὖ  Ὕὔ  Ὂὖ  Ὂὔ
Ȣ (34) 

ʍʦʯʘ ʪʦʯʥʽʩʪʴ ʻ ʢʦʨʠʩʥʦʶ ʜʣʷ ʟʘʛʘʣʴʥʦʾ ʦʮʽʥʢʠ, ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʦʤʘʥʣʠʚʦʶ 

ʚ ʥʝʟʙʘʣʘʥʩʦʚʘʥʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ, ʜʝ ʢʽʣʴʢʽʩʪʴ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʦʜʥʦʛʦ ʢʣʘʩʫ 

ʟʥʘʯʥʦ ʧʝʨʝʚʘʞʘʻ ʥʘʜ ʽʥʰʠʤ. 

ʄʽʨʘ F1 - ʮʝ ʛʘʨʤʦʥʽʡʥʝ ʩʝʨʝʜʥʻ ʤʽʞ ʪʦʯʥʽʩʪʶ ʽ ʯʫʪʣʠʚʽʩʪʶ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ 

ʢʨʘʱʠʡ ʙʘʣʘʥʩ ʤʽʞ ʥʠʤʠ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʥʝʟʙʘʣʘʥʩʦʚʘʥʠʭ ʢʣʘʩʽʚ. 

Ὂρ ίὧέὶὩς z 
ὖὖὠ z ὝὖὙ

ὖὖὠ  ὝὖὙ
  

ς Ὕὖ

ς Ὕὖ  Ὂὖ  Ὂὔ
Ȣ (35) 

ɿʙʘʣʘʥʩʦʚʘʥʘ ʪʦʯʥʽʩʪʴ - ʮʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʤʽʞ ʯʫʪʣʠʚʽʩʪʶ (TPR) ʪʘ 

ʩʧʝʮʠʬʽʯʥʽʩʪʶ (TNR), ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʪʦʯʥʫ ʦʮʽʥʢʫ ʜʣʷ ʥʝʟʙʘʣʘʥʩʦʚʘʥʠʭ 

ʥʘʙʦʨʽʚ ʜʘʥʠʭ. 

ὄὥὰὥὲὧὩὨ ὃὧὧόὶὥὧώ 
ὝὖὙ  ὝὔὙ

ς
Ȣ (36) 

ɿʙʘʣʘʥʩʦʚʘʥʘ ʪʦʯʥʽʩʪʴ ʜʦʧʦʤʘʛʘʻ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʦʮʽʥʢʠ ʤʦʜʝʣʝʡ, ʜʝ 

ʜʦʤʽʥʫʚʘʥʥʷ ʦʜʥʦʛʦ ʢʣʘʩʫ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ ʟʚʠʯʘʡʥʦʾ 

ʪʦʯʥʦʩʪʽ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʛʘʥʫ ʢʣʘʩʠʬʽʢʘʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʤʝʥʰ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʢʣʘʩʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʪʨʴʦʭ ʤʝʪʨʠʢ ʨʘʟʦʤ ʜʘʻ ʟʤʦʛʫ ʛʣʠʙʰʝ ʟʨʦʟʫʤʽʪʠ ʩʠʣʴʥʽ 

ʪʘ ʩʣʘʙʢʽ ʩʪʦʨʦʥʠ ʤʦʜʝʣʽ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʦʮʽʥʶʚʘʥʥʷ ʾʾ ʟʘʛʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʨʠʜʘʪʥʦʩʪʽ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ. 

ʋ ʧʨʘʮʷʭ [9, 115] ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʧʪʠʤʘʣʴʥʠʡ ʚʠʙʽʨ ʡʤʦʚʽʨʥʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɽɽɻ ʩʠʛʥʘʣʽʚ ʚ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤʘʭ. ʎʝʡ ʧʨʦʮʝʩ ʚʢʣʶʯʘʚ 

ʘʥʘʣʽʟ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ ʤʝʪʦʶ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʠʭ, ʷʢʽ 

ʥʘʡʢʨʘʱʝ ʨʝʘʛʫʶʪʴ ʥʘ ʤʝʥʪʘʣʴʥʠʡ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ ʦʧʝʨʘʪʦʨʘ ɯʄʂ. ɿʘʚʜʷʢʠ 

ʮʴʦʤʫ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʥʘʙʽʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʤʘʶʪʴ ʥʘʡʚʠʱʠʡ ʨʽʚʝʥʴ 

ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ 

ʤʝʥʪʘʣʴʥʠʭ ʚʧʣʠʚʽʚ. 
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ʅʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʩʧʦʜʽʚʘʥʥʷ, ʷʢ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʪʘʢ ʽ ʚ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʜʣʷ 40 ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʨʠ ʨʦʟʢʣʘʜʽ ʚ ʨʷʜ ʌʫʨ'ʻ. ʎʝ ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ 

ɽɽɻ ʪʘ ʡʦʛʦ ʧʝʨʝʚʘʛʫ ʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʝʥʪʘʣʴʥʠʭ ʢʦʤʘʥʜ, ʧʦʨʽʚʥʷʥʦ ʟ ʯʘʩʦʚʠʤ 

ʘʥʘʣʽʟʦʤ.  

ʅʘ ʨʠʩʫʥʢʫ 3.21 ʧʦʜʘʥʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʝʡ, ʷʢʽ ʽʣʶʩʪʨʫʶʪʴ ʨʽʟʥʠʮʽ ʤʽʞ 

ʩʧʝʢʪʨʘʣʴʥʦʶ ʪʘ ʯʘʩʦʚʠʤʠ ʦʙʣʘʩʪʷʤʠ, ʘ ʪʘʢʦʞ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʯʥʦʩʪʽ. ʎʝʡ ʛʨʘʬʽʢ ʜʝʤʦʥʩʪʨʫ,̒ ʱʦ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʶʪʴ ʤʝʥʰʽ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʙʽʣʴʰ ʚʠʨʘʞʝʥʫ ʜʠʬʝʨʝʥʮʽʘʮʽʶ ʤʽʞ ʩʪʘʥʘʤʠ 

ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʧʘʩʠʚʥʦʩʪʽ, ʥʽʞ ʘʥʘʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ. 

 

 

ʈʠʩʫʥʦʢ. 3.21. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʝʡ, ʱʦ ʽʣʶʩʪʨʫʻ ʨʽʟʥʠʮʽ ʤʽʞ ʩʧʝʢʪʨʘʣʴʥʦʶ ʪʘ 

ʯʘʩʦʚʠʤʠ ʦʙʣʘʩʪʷʤʠ, ʪʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʣʘʩʠʬʽʢʘʪʦʨ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʤʝʪʦʜʽ SIC, 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʦʜʥʘʢʦʚʦ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢ ʚ ʯʘʩʦʚʽʡ, ʪʘʢ ʽ ʚ ʩʧʝʢʪʨʘʣʴʥʽʡ 

ʦʙʣʘʩʪʷʭ. ʎʝ ʧʽʜʢʨʝʩʣʶʻ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʜʘʥʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʪʘ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʘʥʠʭ ʙʝʟ ʚʪʨʘʪʠ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʊʘʢʘ 

ʦʩʦʙʣʠʚʽʩʪʴ ʻ ʚʘʞʣʠʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʙʽʣʴʰ ʛʥʫʯʢʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ɯʄʂ ʩʠʩʪʝʤ, 

ʱʦ ʤʦʞʫʪʴ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʥʽ ʫʤʦʚʠ ʤʝʥʪʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʦʧʝʨʘʪʦʨʘ. 

ʆʜʥʘʢ, ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʢʣʘʜʫ ʩʠʛʥʘʣʽʚ ɽɽɻ ʫ ʨʷʜ ʌʫʨ'ʻ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʝʥʪʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ, ʚʦʜʥʦʯʘʩ 
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ʟʙʽʣʴʰʫʶʯʠ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ. ʎʝʡ ʘʩʧʝʢʪ ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 

3.22. ʊʘʢʝ ʟʙʽʣʴʰʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʻ ʢʨʠʪʠʯʥʠʤ ʯʠʥʥʠʢʦʤ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ɯʄʂ ʩʠʩʪʝʤ ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʜʝ ʚʠʤʦʛʠ ʜʦ ʰʚʠʜʢʦʜʽʾ 

ʪʘ ʨʝʩʫʨʩʦʤ̒ʥʦʩʪʽ ʻ ʜʫʞʝ ʩʪʨʦʛʠʤʠ. 

 

 

ʈʠʩʫʥʦʢ. 3.22. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʝʡ, ʱʦ ʽʣʶʩʪʨʫ ̒ʨʽʟʥʠʮʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʩʢʣʘʜʥʦʩʪʽ ʤʽʞ ʩʧʝʢʪʨʘʣʴʥʦʶ ʪʘ ʯʘʩʦʚʠʤʠ ʦʙʣʘʩʪʷʤʠ, ʪʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ 

ʚʽʜʭʠʣʝʥʥʷ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 

ʋ ʢʦʥʪʝʢʩʪʽ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʷʜʫ ʌʫʨ'ʻ 

ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʝʥʪʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ, ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʚʠʱʫ ʪʦʯʥʽʩʪʴ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ ʢʣʶʯʦʚʠʭ 

ʤʝʪʨʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ð ʪʦʯʥʦʩʪʽ, ʤʽʨʠ F1 ʪʘ ʟʙʘʣʘʥʩʦʚʘʥʦʾ ʪʦʯʥʦʩʪʽ 

ð ʚʜ̔ ʢʽʣʴʢʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʷʜʫ ʌʫʨ'ʻ. 

ɸʥʘʣʽʟ ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʪʨʝʥʦʚʘʥʠʭ ʦʧʝʨʘʪʦʨʽʚ (ɻʨʫʧʘ 1), 

ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.23 (ʪʦʯʥʽʩʪʴ), ʨʠʩʫʥʢʫ 3.24 (ʤʽʨʘ F1) 

ʪʘ ʨʠʩʫʥʢʫ 3.25 (ʟʙʘʣʘʥʩʦʚʘʥʘ ʪʦʯʥʽʩʪʴ). ʎʽ ʛʨʘʬʽʢʠ ʽʣʶʩʪʨʫʶʪʴ ʟʘʣʝʞʥʦʩʪʽ 

ʚʢʘʟʘʥʠʭ ʤʝʪʨʠʢ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʫ 

ʨʦʟʢʣʘʜʽ. 
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ʈʠʩʫʥʦʢ. 3.23. ʊʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ

 

ʈʠʩʫʥʦʢ. 3.24. ʄʽʨʘ F1 ʢʣʘʩʠʬʽʢʘʮʽʾ 

 

ʈʠʩʫʥʦʢ. 3.25. ɿʙʘʣʘʥʩʦʚʘʥʘ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ 

 

ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʘ ʢʽʣʴʢʽʩʪʴ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʪʦʯʥʽʩʪʴ ʽ ʙʘʣʘʥʩ ʤʽʞ 

ʚʨʘʭʦʚʫʚʘʥʦʶ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʶ ʩʧʝʢʪʨʘ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʩʢʣʘʜʥʽʩʪʶ, 

ʩʪʘʥʦʚʠʪʴ 40. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʝ ʮʽʻʾ ʢʽʣʴʢʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ 

ʟʥʘʯʥʦʛʦ ʧʦʣʽʧʰʝʥʥʷ ʫ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʨʽʚʥʷʥʦ ʟ ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ 

ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʘʥʘʣʽʟʦʤ ʜʘʥʠʭ. 
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ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʽʩʣʷ ʦʧʪʠʤʘʣʴʥʠʭ 40, ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʩʠʩʪʝʤʠ ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ. ʎʝ 

ʟʫʤʦʚʣʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʨʦʚʝʜʝʥʥʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠ ʘʥʘʣʽʟʽ ʩʧʝʢʪʨʘ. ʆʜʥʘʢ, ʚʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ ʪʝ, ʱʦ 

ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʾ ʟʥʘʯʝʥʥʷ ð ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ, ʧʽʩʣʷ ʚʢʣʶʯʝʥʥʷ 40 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ð ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

ʎʝ ʟʥʠʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʝ ʟ ʪʠʤ, ʱʦ ʜʦʜʘʪʢʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʽʩʣʷ ʮʽʻʾ ʪʦʯʢʠ, ʤʘʶʪʴ ʧʝʨʝʚʘʞʥʦ ʰʫʤʦʚʠʡ ʭʘʨʘʢʪʝʨ (ʜʠʚ. 

ʨʠʩʫʥʦʢ 3.10), ʱʦ ʥʝ ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʝʥʪʘʣʴʥʠʭ ʢʝʨʫʁʯʠʭ 

ʚʧʣʠʚʽʚ, ʘ ʥʘʚʧʘʢʠ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʥʘʚʯʘʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ. 

ʎʝ ʧʝʨʝʥʘʚʯʘʥʥʷ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʢʣʘʩʠʬʽʢʘʪʦʨ ʧʦʯʠʥʘʻ ʥʘʚʯʘʪʠʩʷ 

ʰʫʤʦʤ ʘʙʦ ʥʝʩʫʪʪʻʚʦ  ʁʦʩʦʙʣʠʚʽʩʪ ʁʜʘʥʠʭ, ʱʦ ʚ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ʧʦʛʽʨʰʫʻ 

ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʜʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʥʘ ʥʦʚʠʭ ʜʘʥʠʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʷʢʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʝʥʪʘʣʴʥʠʭ ʢʦʤʘʥʜ ʫ ʩʠʩʪʝʤʘʭ ʽʥʪʝʨʬʝʡʩʫ ʤʦʟʦʢ-

ʢʦʤʧ'ʶʪʝʨ. ɿʘʩʪʦʩʫʚʘʥʥʷ 40 ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʫ ʨʷʜʫ ʌʫʨ'ʻ ʚʠʷʚʠʣʦʩʷ 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʚʘʨʽʘʥʪʦʤ, ʱʦ ʚʦʜʥʦʯʘʩ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʩʢʣʘʜʥʽʩʪʶ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ ʩʠʛʥʘʣʽʚ. 

ʊʨʝʥʦʚʘʥʽʩʪʴ ʦʧʝʨʘʪʦʨʘ  ̒ʱʝ ʦʜʥʠʤ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤ ʽʥʪʝʨʬʝʡʩ ʤʦʟʦʢ-ʢʦʤʧ'ʶʪʝʨ. ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʽ ʜʣʷ 

ʥʝʪʨʝʥʦʚʘʥʠʭ ʦʧʝʨʘʪʦʨʽʚ, ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ, ʱʦ ʧʨʠ ʙʫʜʴ-ʷʢʽʡ ʢʽʣʴʢʦʩʪʽ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʷʜʫ ʌʫʨ'ʻ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʫʱʦʛʦ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʽʣʶʩʪʨʦʚʘʥʽ ʥʘ ʦʢʨʝʤʠʭ ʛʨʘʬʽʢʘʭ ʜʣʷ 

ʥʝʪʨʝʥʦʚʘʥʠʭ ʦʧʝʨʘʪʦʨʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩʫʥʢʫ 3.26 (ʪʦʯʥʽʩʪʴ), ʨʠʩʫʥʢʫ 3.27 

(ʤʽʨʘ F1) ʪʘ ʨʠʩʫʥʢʫ 3.28 (ʟʙʘʣʘʥʩʦʚʘʥʘ ʪʦʯʥʽʩʪʴ), ʜʝ ʤʝʥʪʘʣʴʥʽ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ 

ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʦʜʥʘʢʦʚʦ ʥʠʟʴʢʦ ʟʘ ʙʫʜʴ-ʷʢʠʭ ʫʤʦʚ. 
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ʈʠʩʫʥʦʢ. 3.26. ʊʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ 

 

ʈʠʩʫʥʦʢ. 3.27. ʄʽʨʘ F1 ʢʣʘʩʠʬʽʢʘʮʽʾ 

 

ʈʠʩʫʥʦʢ. 3.28. ɿʙʘʣʘʥʩʦʚʘʥʘ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ 

 

ʎʝ ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦʛʦ ʪʨʝʥʫʚʘʥʥʷ ʦʧʝʨʘʪʦʨʽʚ ɯʄʂ 

ʩʠʩʪʝʤ, ʦʩʢʽʣʴʢʠ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʤʝʥʪʘʣʴʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʣʶʜʠʥʠ ʪʘ ʪʝʭʥʦʣʦʛʽʻʶ 

ʚʠʤʘʛʘʻ ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʘʜʘʧʪʘʮʽʾ ʪʘ ʥʘʚʠʯʦʢ. ɼʣʷ ʥʝʪʨʝʥʦʚʘʥʠʭ ʦʧʝʨʘʪʦʨʽʚ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʤʝʥʪʘʣʴʥʠʭ ʢʦʤʘʥʜ ʟʘʣʠʰʘʻʪʴʩʷ ʥʠʟʴʢʦʶ. ʎʝ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʪʝ, ʱʦ ʙʝʟ ʚʽʜʧʦʚʽʜʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʟʜʘʪʥʽʩʪʴ ʦʧʝʨʘʪʦʨʘ ʛʝʥʝʨʫʚʘʪʠ ʯʽʪʢʽ ʪʘ 

ʢʦʥʩʠʩʪʝʥʪʥʽ ʤʝʥʪʘʣʴʥʽ ʢʦʤʘʥʜʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʨʦʟʧʽʟʥʘʥʽ ɯʄʂ 
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ʩʠʩʪʝʤʦʶ, ʻ ʦʙʤʝʞʝʥʦʶ. ʆʪʞʝ, ʪʨʝʥʫʚʘʥʥʷ ʦʧʝʨʘʪʦʨʽʚ ʩʪʘʻ ʥʝʚʽʜ'ʻʤʥʦʶ 

ʯʘʩʪʠʥʦʶ ʧʨʦʮʝʩʫ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ɯʄʂ ʩʠʩʪʝʤ, ʷʢʝ ʜʦʟʚʦʣʷʻ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʗʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʫ ʨʘʤʢʘʭ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʤʝʥʪʘʣʴʥʠʭ ʢʦʤʘʥʜ ʥʘ ʦʩʥʦʚʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʷʜʫ ʌʫʨ'ʻ, ʟʦʢʨʝʤʘ ʜʣʷ 

ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚ 40 ʢʦʝʬʽʮʽʻʥʪʽʚ. ɸʥʘʣʽʟ ʚʢʣʶʯʘʚ ʦʮʽʥʢʫ ʪʦʯʥʦʩʪʽ, 

ʟʙʘʣʘʥʩʦʚʘʥʦʾ ʪʦʯʥʦʩʪʽ, ʤʽʨʠ F1, ʘ ʪʘʢʦʞ ʯʘʩʫ ʪʨʝʥʫʚʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ, ʷʢ ʜʣʷ ʪʨʝʥʦʚʘʥʠʭ, ʪʘʢ ʽ ʜʣʷ ʥʝʪʨʝʥʦʚʘʥʠʭ ʦʧʝʨʘʪʦʨʽʚ. 

ɼʣʷ ʪʨʝʥʦʚʘʥʠʭ ʦʧʝʨʘʪʦʨʽʚ, ʨʝʟʫʣʴʪʘʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.1, 

ʚʢʘʟʫʶʪʴ ʥʘ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ, ʟʦʢʨʝʤʘ Naive Bayes, ʷʢʠʡ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʥʘʡʚʠʱʫ ʪʦʯʥʽʩʪʴ (0.932), ʟʙʘʣʘʥʩʦʚʘʥʫ ʪʦʯʥʽʩʪʴ (0.934) ʪʘ ʤʽʨʫ 

F1 (0.921). ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʜʝʷʢʽ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʞʫʪʴ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ɽɽɻ ʚ ʢʦʥʪʝʢʩʪʽ ɯʄʂ ʩʠʩʪʝʤ, 

ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʦʧʝʨʘʪʦʨʠ ʤʘʶʪʴ ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʟ ʪʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

 

ʊʘʙʣʠʮʷ 3.1. ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʜʣʷ ʪʨʝʥʦʚʘʥʠʭ 

ʦʧʝʨʘʪʦʨʽʚ ɯʄʂ ʧʨʠ 40 ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ 
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Accuracy 0.916 0.888 0.791 0.908 0.802 0.781 0.908 0.848 0.932 

Balanced 

Accuracy 
0.916 0.888 0.782 0.904 0.802 0.781 0.904 0.851 0.934 

F1 score 0.836 0.902 0.734 0.891 0.778 0.754 0.886 0.826 0.921 

Training 

time (s) 
4.502 4.543 4.233 4.239 4.239 4.279 6.272 4.623 4.234 

Testing 

time (s) 
4.516 4.558 4.237 4.229 4.229 4.231 4.232 4.255 4.229 
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ɺʦʜʥʦʯʘʩ, ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʜʣʷ ʥʝʪʨʝʥʦʚʘʥʠʭ 

ʦʧʝʨʘʪʦʨʽʚ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.2, ʚʠʷʚʠʚ ʟʥʘʯʥʦ ʥʠʞʯʽ ʧʦʢʘʟʥʠʢʠ ʧʦ 

ʚʩʽʭ ʢʨʠʪʝʨʽʷʭ. ʅʘʧʨʠʢʣʘʜ, ʥʘʡʚʠʱʘ ʪʦʯʥʽʩʪʴ ʩʝʨʝʜ ʥʝʪʨʝʥʦʚʘʥʠʭ ʦʧʝʨʘʪʦʨʽʚ 

ʙʫʣʘ ʟʘʬʽʢʩʦʚʘʥʘ ʜʣʷ SIC ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʽ ʩʪʘʥʦʚʠʣʘ 0.748, ʱʦ ʻ ʟʥʘʯʥʦ ʥʠʞʯʠʤ 

ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʝʥʦʚʘʥʠʤʠ ʦʧʝʨʘʪʦʨʘʤʠ. ʊʘʢʘ ʨʽʟʥʠʮʷ ʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʪʨʝʥʫʚʘʥʥʷ ʦʧʝʨʘʪʦʨʽʚ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ 

ʨʦʙʦʪʠ ɯʄʂ ʩʠʩʪʝʤ. 

 

ʊʘʙʣʠʮʷ 3.2. ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʜʣʷ ʥʝ ʪʨʝʥʦʚʘʥʠʭ 

ʦʧʝʨʘʪʦʨʽʚ ɯʄʂ ʧʨʠ 40 ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ 

 Classifier type 
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Accuracy 0.697 0.748 0.552 0.625 0.553 0.601 0.627 0.592 0.621 

Balanced 

Accuracy 
0.697 0.748 0.552 0.625 0.551 0.603 0.627 0.593 0.612 

F1 score 0.707 0.781 0.471 0.597 0.528 0.585 0.602 0.571 0.598 

Training 

time (s) 
4.838 4.957 4.593 4.597 4.601 4.639 6.601 4.994 4.594 

Testing 

time (s) 
4.852 4.974 4.595 4.589 4.589 4.591 4.592 4.615 4.589 

 

ʎʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʢʨʠʪʠʯʥʫ ʨʦʣʴ ʪʨʝʥʫʚʘʥʥʷ ʦʧʝʨʘʪʦʨʽʚ ʫ ʧʨʦʮʝʩʽ 

ʚʟʘʻʤʦʜʽʾ ʟ ɯʄʂ ʩʠʩʪʝʤʘʤʠ, ʧʽʜʪʚʝʨʜʞʫʶʯʠ, ʱʦ ʥʘʚʽʪʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʦʧʪʠʤʽʟʦʚʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʥʪʘʣʴʥʦʛʦ 

ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʟʥʘʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʩʚʽʜʫ ʪʘ ʘʜʘʧʪʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ 

ʩʠʩʪʝʤʠ.  
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3.8 ɺʠʩʥʦʚʢʠ ʜʦ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫ 

 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠ ʪʘ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ 

ʧʨʦʪʦʪʠʧʫ ʥʝʽʥʚʘʟʠʚʥʦʾ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʚʪʽʣʶʻ ʨʦʟʨʦʙʣʝʥʽ ʫ 

ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʦʧʨʘʮʶʚʘʥʥʷ ʚʝʢʪʦʨʥʦʛʦ ɽɽɻ ʩʠʛʥʘʣʫ.  

ʅʘ ʦʩʥʦʚʽ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʨʦʚʝʜʝʥʽ ʽʟ 

ʪʨʝʥʦʚʘʥʠʤʠ ʪʘ ʥʝʪʨʝʥʦʚʘʥʠʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ɯʄʂ, ʚʧʝʨʰʝ ʦʙˇʨʫʥʪʦʚʘʥʦ ʥʦʚʽ 

ʽʥʬʦʨʤʘʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫ ʚʠʛʣʷʜʽ ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ ɽɽɻ ʩʠʛʥʘʣʽʚ ʪʘ ʥʦʚʽ 

ʽʥʬʦʨʤʘʪʠʚʥ ̔ʦʟʥʘʢʠ ʚ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤ ʫ ʚʠʛʣʷʜʽ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʦʝʬʽʮʽʥ̒ʪʽʚ (ʧʝʨʰʽ 40 ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ) ʨʦʟʢʣʘʜʽʚ ʌʫʨô̒  ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʦʮʽʥʦʢ ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ ɽɽɻ ʩʠʛʥʘʣʽʚ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʮʠʭ ʦʟʥʘʢ ʟʜʽʡʩʥʝʥʦ 

ʰʣʷʭʦʤ ʟʦʨʽʻʥʪʦʚʘʥʦʩʪʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʯʥʦʩʪʽ ʪʘ 

ʤʽʥʽʤʫʤʫ ʯʘʩʦʚʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ 

ʩʠʛʥʘʣʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚʘʞʣʠʚʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦʛʦ ʪʨʝʥʫʚʘʥʥʷ 

ʦʧʝʨʘʪʦʨʽʚ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʟ ɯʄʂ ʩʠʩʪʝʤʘʤʠ 

ʆʙʛʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʜʣʷ ʟʘʜʘʯʽ ʜʝʪʝʢʮʽʾ 

ʤʝʥʪʘʣʴʥʦʛʦ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʦʧʨʘʪʦʨʘ ɯʄʂ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʾ 

ʪʦʯʥʦʩʪʽ ʜʝʪʝʢʮʽʾ (ʨʦʟʧʽʟʥʘʚʘʥʥʷ) ʤʝʥʪʘʣʴʥʦʛʦ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʦʧʝʨʘʪʦʨʘ, ʷʢʘ 

ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 93% ʜʣʷ ʪʨʝʥʦʚʘʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ɯʄʂ. 
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ʈʆɿɼɯʃ 4 

ʄɽʊʆɼʀ ʊɸ ʇʈʆɻʈɸʄʅʆ-ɸʇɸʈɸʊʅɯ ɿɸʉʆɹʀ ʆʇʈɸʎʖɺɸʅʅʗ ɽʂɻ 

ʊɸ ʉʂɻ ʉʀɻʅɸʃɯɺ ɺ ʉʀʉɽʄɸʍ ɹɯʆʄɽʊʈʀʏʅʆɰ ɸʋʊɽʅʊʀʌɯʂɸʎɯɰ 

ʆʉʆɹʀ ʊɸ ʄɽɼʀʏʅʆɰ ɼɯɸɻʅʆʉʊʀʂʀ ɸʈʀʊʄɯʁ 

 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣ ̔ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʦʧʨʘʮʶʚʘʥʥʷ (ʩʝʛʤʝʥʪʘʮʽ,̫ 

ʥʦʨʤʘʣʽʟʘʮʽ̫, ʩʪʘʪʠʩʪʠʯʥʝ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʷ) ɽʂɻ ʪʘ ʉʂɻ ʩʠʛʥʘʣʽʚ ʚ 

ʩʠʩʪʝʤʘʭ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʪʘ ʚ ʩʠʩʪʝʤʘʭ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

ʘʨʠʪʤʽʡ. ɿʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠ ʨʠʪʤʦʘʜʘʧʪʠʚʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ ʢʘʨʜʽʦʩʠʛʥʘʣʽʚ ʷʢ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʙʽʦʤʝʪʨʠʯʥʠʭ ʪʘ 

ʢʘʨʜʽʦʜʽʘʛʥʦʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʦʩʣʽʜʞʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʽʟʥʠʭ 

ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʚ ʟʘʜʘʯʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ ʧʨʘʮʷʭ [105, 127]. 

 

4.1. ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʦʧʨʘʮʶʚʘʥʥʷ ʢʘʨʜʽʦʩʠʛʥʘʣʽʚ ʫ ʩʠʩʪʝʤʘʭ 

ʙ̔ ʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽ ʾʦʩʦʙʠ 

ɹ̔ ʦʤʝʪʨʠʯʥʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ʦʩʦʙʠ ʟʘ ʾʾ ʢʘʨʜʽʦʩʠʛʥʘʣʘʤʠ (ɽʂɻ, ʉʂɻ ʪʘ ʽʥ.), 

ʧʦʩʪʫʧʦʚʦ ʥʘʙʫʚʘʻ ʧʦʧʫʣʷʨʥʦʩʪʽ [128] ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʫʥʽʢʘʣʴʥʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ɿʦʢʨʝʤʘ, ʦʜʥʽʻʶ ʟ̔ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ ɽʂɻ ʷʢ ʙʽʦʤʝʪʨʠʯʥʦʛʦ 

ʤʘʨʢʝʨʘ ʻ ʾʾ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʨʝʧʨʝʟʝʥʪʘʙʝʣʴʥʦʩʪʽ, ʘ ʩʘʤʝ, ʯʘʩʦʚʘ 

ʩʪʨʫʢʪʫʨʘ ɽʂɻ ʩʠʛʥʘʣʽʚ ʻ ʫʥʽʢʘʣʴʥʦʶ ʜʣʷ ʢʦʞʥʦʾ ʣʶʜʠʥʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ 

ʘʫʪʝʥʪʠʬʽʢʫʚʘʪʠ ʦʩʦʙʫ. ʂʨʽʤ ʪʦʛʦ, ʚʽʜʪʚʦʨʝʥʥʷ ʘʙʦ ʧʽʜʨʦʙʢʘ ʪʘʢʠʭ ʙʽʦʤʝʪʨʠʯʥʠʭ 

ʩʠʛʥʘʣʽʚ ʻ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʫʩʢʣʘʜʥʝʥʦʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʦʜʘʪʢʦʚʠʡ ʨʽʚʝʥʴ 

ʟʘʭʠʩʪʫ ʚ ʩʠʩʪʝʤʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. ʎʷ ʫʥʽʢʘʣʴʥʽʩʪʴ ʪʘ ʩʢʣʘʜʥʽʩʪʴ 

ʧʽʜʨʦʙʢʠ ʨʦʙʣʷʪʴ ɽʂɻ ʦʩʦʙʣʠʚʦ ʮʽʥʥʠʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʴ, ʜʝ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ 

ʥʘʜʽʡʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ɽʂɻ ʜʣʷ ʙʽʦʤʝʪʨʠʯʥʦʾ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʝ ʪʽʣʴʢʠ ʧʽʜʚʠʱʫʻ ʙʝʟʧʝʢʫ ʜʦʩʪʫʧʫ ʜʦ ʧʨʠʚʘʪʥʠʭ ʜʘʥʠʭ ʘʙʦ 

ʦʙʤʝʞʝʥʠʭ ʬʽʟʠʯʥʠʭ ʧʨʦʩʪʦʨʽʚ, ʘʣʝ ʡ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʤʝʜʠʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʬʽʥʘʥʩʦʚʠʭ ʧʦʩʣʫʛ, ʪʘ ʩʠʩʪʝʤ 

ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ. 
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ʅʘ ʨʠʩʫʥʢʫ 4.1 ʟʦʙʨʘʞʝʥʦ ʢʣʶʯʦʚʽ ʝʪʘʧʠ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ɽʂɻ ʜʣʷ 

ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ: ʨʝʻʩʪʨ ʙʘʟʠ ʜʘʥʠʭ ɽʂɻ, ʩʝʛʤʝʥʪʘʮʽʶ 

ʩʠʛʥʘʣʫ ɽʂɻ, ʥʦʨʤʘʣʽʟʘʮʽʶ ʩʠʛʥʘʣʫ ɽʂɻ, ʛʝʥʝʨʘʮʽʶ ʥʘʚʯʘʣʴʥʦʛʦ ʪʘ ʪʝʩʪʦʚʦʛʦ 

ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʢʣʘʩʠʬʽʢʘʮʽʶ ʜʣ ̫ʟʘʜʘʯʽ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ. 

 

 

ʈʠʩʫʥʦʢ. 4.1. ʋʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʦʧʨʘʮʶʚʘʥʥʷ ʩʠʛʥʘʣʫ ɽʂɻ ʫ 

ʩʠʩʪʝʤʘʭ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ 

 

ʇʦʜʽʙʥʘ ʩʠʪʫʘʮʽʷ ʤʘʻ ʤʽʩʮʝ ʽ ʜʣʷ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʟʘ 

ʢʘʨʜʽʦʩʠʛʥʘʣʘʤʠ ʽʥʰʦʛʦ ʪʠʧʫ, ʟʦʢʨʝʤʘ, ʟʘ ʩʝʡʩʤʦʢʘʨʜʽʦʛʨʘʤʘʤʠ (ʉʂɻ). 

ɼʣ ̫ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʙʘʟʫ ʜʘʥʠʭ Combined 

Measurement of ECG, Breathing, and Seismocardiograms (CEBS) [129, 130, 131], 

ʷʢʘ ʤʽʩʪʠʪʴ ʜʘʥʽ 20 ʟʜʦʨʦʚʠʭ ʦʩʽʙ. ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʘʢʮʝʥʪ 

ʨʦʙʠʚʩʷ ʥʘ ʩʠʛʥʘʣ ɽʂɻ ʟ ʜʨʫʛʦʛʦ ʚʽʜʚʝʜʝʥʥʷ ʪʘ ʥʘ ʉʂɻ ʩʠʛʥʘʣ. ʆʙʨʘʥʽ ʜʣʷ ʮʴʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʮʽʻʥʪʠ ʙʫʣʠ 001-003, 005-017, 019-020. ɼʣʷ ʪʨʝʥʫʚʘʥʥʷ ʪʘ 

ʪʝʩʪʫʚʘʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ 30-ʭʚʠʣʠʥʥʽ ʟʘʧʠʩʠ ɽʂɻ ʪʘ ʉʂɻ 

ʢʦʞʥʦʛʦ ʧʘʮʽʻʥʪʘ. ʅʘʧʨʠʢʣʘʜ, ʧʝʨʰʽ ʮʠʢʣʠ ɽʂɻ (ʚʽʜʚʝʜʝʥʥʷ ɯɯ) ʪʘ ʉʂɻ ʟ ʙʘʟʠ 

ʜʘʥʠʭ CEBS ʜʣʷ ʦʩʦʙʠ 10, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 4.2 ʪʘ ʥʘ ʨʠʩʫʥʢʫ 4.3. 

 

 

ʈʠʩʫʥʦʢ. 4.2. ɻʨʘʬʽʢ ʧʝʨʰʠʭ ʮʠʢʣʽʚ ɽʂɻ ʜʣʷ ʫʤʦʚʥʦ ʟʜʦʨʦʚʦʛʦ ʧʘʮʽʻʥʪʘ 
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ʈʠʩʫʥʦʢ. 4.3. ɻʨʘʬʽʢ ʧʝʨʰʠʭ ʮʠʢʣʽʚ ʉʂɻ ʜʣʷ ʫʤʦʚʥʦ ʟʜʦʨʦʚʦʛʦ ʧʘʮʽʻʥʪʘ 

 

4.2. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʘ ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ɽʂɻ 

ʪʘ ʉʂɻ ʩʠʛʥʘʣʽʚ ʚ ʩʠʩʪʝʤʘʭ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ 

ɸʜʝʢʚʘʪʥʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʢʘʨʜʽʦʩʠʛʥʘʣʽʚ ʨʽʟʥʦʾ ʬʽʟʠʯʥʦʾ 

ʧʨʠʨʦʜʠ ʻ ʤʦʜʝʣʴ ʫ ʚʠʛʣʷʜʽ ʮʠʢʣʽʯʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʫ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚ 

ʧʨʘʮʷʭ [28, 29, 46-62]. ʆʩʢ̔ʣʴʢʠ ʮʠʢʣʽʯʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ʤʦʞʥʘ ʪʨʘʢʪʫʚʘʪʠ 

ʷʢ ʢʦʤʧʦʥʝʥʪʫ ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚô̫ ʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʪʦ 

ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʢʣʽʯʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʦʚʥʽʩʪʶ ʚʠʪʽʢʘʶʪʴ ʽʟ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚô̫ ʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʦʧʠʩʘʥʦ ʚ 

ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʨʝʪʘʮʽʾ.  

ʈʠʪʤʦʘʜʘʧʪʠʚʥʽ ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɽʂɻ ʪʘ 

ʉʂɻ ʷʢ ʮʠʢʣʽʯʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʻ ʯʘʩʪʠʥʥʠʤ ʚʠʧʘʜʢʦʤ ʨʠʪʤʦʘʜʘʧʪʠʚʥʠʭ 

ʤʝʪʦʜʽʚ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʤʦʤʝʥʪʥʠʭ 

ʬʫʥʢʮʽʡ) ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚô̫ ʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʪʘʢʦʞ 

ʙʫʣʦ ʦʧʠʩʘʥʦ ʫ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ. ɸ ʩʘʤʝ, ʩʪʘʪʠʩʪʠʯʥʝ ʦʮʽʥʶʚʘʥʥʷ 

ʧʦʯʘʪʢʦʚʠʭ, ʮʝʥʪʨʘʣʴʥʠʭ, ʟʤʽʰʘʥʠʭ ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ ɽʂɻ ʪʘ ʉʂɻ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣ (23) ï (27).  

ʆʮʽʥʶʚʘʥʥʷ ʬʫʥʢʮʽʾ ʨʠʪʤʫ ʮʠʭ ʮʠʢʣʽʯʥʠʭ ʢʘʨʜʽʦʩʠʛʥʘʣʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʦʧʠʩʘʥʦʾ ʚ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ 

ʜʠʩʢʨʝʪʥʦʾ ʬʫʥʢʮʽʾ ʨʠʪʤʫ, ʷʢʘ ʫ ʩʚʦʶ ʯʝʨʛʫ, ʦʪʨʠʤʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ 

ʩʝʛʤʝʥʪʫʚʘʥʥʷ ʢʘʨʜʽʦʩʠʛʥʘʣʽʚ ʥʘ ʮʠʢʣʠ ʪʘ ʟʦʥʠ.  
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ʅʘ ʨʠʩʫʥʢʫ 4.4 ʧʦʢʘʟʘʥʦ ʛʨʘʬʽʢ ʦʮʽʥʝʥʦʾ ʬʫʥʢʮʽʾ ʨʠʪʤʫ ɽʂɻ ʜʣʷ ʧʘʮʽʻʥʪʘ 

10, ʷʢʠʡ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ. 

 

 

ʈʠʩʫʥʦʢ. 4.4. ɻʨʘʬʽʢ ʦʮʽʥʢʠ ʬʫʥʢʮʽʾ ʨʠʪʤʫ ɽʂɻ ʜʣʷ ʜʝʩʷʪʦʛʦ ʧʘʮʽʻʥʪʘ 

 

ʅʘ ʨʠʩʫʥʢʘʭ 4.5 ʪʘ 4.6 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʩʝʛʤʝʥʪʘʮʽʾ ɽʂɻ ʪʘ ʉʂɻ ʟʜʦʨʦʚʦʛʦ 

ʧʘʮʽʻʥʪʘ ʥʘ ʮʠʢʣʠ. 

 

 

ʈʠʩʫʥʦʢ. 4.5. ɽʂɻ ʽ ʨʝʟʫʣʴʪʘʪ ʾʾ ʩʝʛʤʝʥʪʘʮʽʾ ʥʘ ʮʠʢʣʠ 

 

ʈʠʩʫʥʦʢ. 4.6. ʉʂɻ ̔ ʨʝʟʫʣʴʪʘʪ ʾʾ ʩʝʛʤʝʥʪʘʮʽʾ ʥʘ ʮʠʢʣʠ 
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ʇʝʨʰʽ ʮʠʢʣʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ ʜʝʷʢʠʭ ʧʦʯʘʪʢʦʚʠʭ ʪʘ ʮʝʥʪʨʘʣʴʥʠʭ 

ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ ʩʠʛʥʘʣʽʚ ɽʂɻ ʪʘ ʉʂɻ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 4.7-4.14. 

ʈʝʘʣʽʟʘʮʽʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ά ὸ ʧʦʯʘʪʢʦʚʦʾ ʤʦʤʝʥʪʥʦʾ ʬʫʥʢʮʽʾ k-ʛʦ 

ʧʦʨʷʜʢʫ ά ὸ ʩʠʛʥʘʣʽʚ ɽʂɻ ʪʘ ʉʂɻ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦ  ʁ(24). 

ʌʦʨʤʫʣʘ (22) ʻ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʬʦʨʤʫʣʦʶ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʦʮʽʥʢʠ ά ὸ ά ὸ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ά ὸ ɽʂɻ ʪʘ ʉʂɻ (ʜʠʚ. 

ʨʠʩʫʥʦʢ 4.7 ʪʘ ʨʠʩʫʥʦʢ 4.8). 

 

ʈʠʩʫʥʦʢ. 4.7. ɻʨʘʬʽʢ ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ 

ɽʂɻ ʧʨʠ ʾʾ ʦʧʨʘʮʶʚʘʥʥʽ ʥʘ ʦʩʥʦʚʽ ʮʠʢʣʽʯʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ 

 

ʈʠʩʫʥʦʢ. 4.8. ɻʨʘʬʽʢ ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ 

ʉʂɻ ʧʨʠ ʾʾ ʦʧʨʘʮʶʚʘʥʥʽ ʥʘ ʦʩʥʦʚʽ ʮʠʢʣʽʯʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ 

 

ɿʘ ʫʤʦʚʠ, ʱʦ k=2, ʬʦʨʤʫʣʘ (24) ʻ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʬʦʨʤʫʣʦʶ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ά ὸ ʧʦʯʘʪʢʦʚʦʾ ʤʦʤʝʥʪʥʦʾ ʬʫʥʢʮʽʾ 2-ʛʦ ʧʦʨʷʜʢʫ 

ά ὸ ɽʂɻ ʪʘ ʉʂɻ (ʜʠʚ. ʨʠʩʫʥʦʢ 4.9 ʪʘ ʨʠʩʫʥʦʢ 4.10). 
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ʈʠʩʫʥʦʢ. 4.9. ɻʨʘʬʽʢ ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʧʦʯʘʪʢʦʚʦʾ ʤʦʤʝʥʪʥʦʾ 

ʬʫʥʢʮʽʾ 2-ʛʦ ʧʦʨʷʜʢʫ ɽʂɻ ʧʨʠ ʾʾ ʦʧʨʘʮʶʚʘʥʥʽ ʥʘ ʦʩʥʦʚʽ ʮʠʢʣʽʯʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ 

ʧʨʦʮʝʩʫ 

 

ʈʠʩʫʥʦʢ. 4.10. ɻʨʘʬʽʢ ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʧʦʯʘʪʢʦʚʦʾ ʤʦʤʝʥʪʥʦʾ 

ʬʫʥʢʮʽʾ 2-ʛʦ ʧʦʨʷʜʢʫ ʉʂɻ ʧʨʠ ʾʾ ʦʧʨʘʮʶʚʘʥʥʽ ʥʘ ʦʩʥʦʚʽ ʮʠʢʣʽʯʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ 

ʧʨʦʮʝʩʫ 

 

ʈʠʩʫʥʦʢ. 4.11. ɻʨʘʬʽʢ ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʧʦʯʘʪʢʦʚʦʾ ʤʦʤʝʥʪʥʦʾ 

ʬʫʥʢʮʽʾ 3-ʛʦ ʧʦʨʷʜʢʫ ɽʂɻ ʧʨʠ ʾʾ ʦʧʨʘʮʶʚʘʥʥʽ ʥʘ ʦʩʥʦʚʽ ʮʠʢʣʽʯʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ 

ʧʨʦʮʝʩʫ 
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ɿʘ ʫʤʦʚʠ, ʱʦ k=3, ʬʦʨʤʫʣʘ (24) ʻ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʬʦʨʤʫʣʦʶ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ά ὸ ʧʦʯʘʪʢʦʚʦʾ ʤʦʤʝʥʪʥʦʾ ʬʫʥʢʮʽʾ 3-ʛʦ ʧʦʨʷʜʢʫ 

ά ὸ ɽʂɻ ʪʘ ʉʂɻ (ʜʠʚ. ʨʠʩʫʥʦʢ 4.11 ʪʘ ʨʠʩʫʥʦʢ 4.12). 

 

ʈʠʩʫʥʦʢ. 4.12. ɻʨʘʬʽʢ ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʧʦʯʘʪʢʦʚʦʾ ʤʦʤʝʥʪʥʦʾ 

ʬʫʥʢʮʽʾ 3-ʛʦ ʧʦʨʷʜʢʫ ʉʂɻ ʧʨʠ ʾʾ ʦʧʨʘʮʶʚʘʥʥʽ ʥʘ ʦʩʥʦʚʽ ʮʠʢʣʽʯʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ 

ʧʨʦʮʝʩʫ 

 

ʈʝʘʣʽʟʘʮʽʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ Ὠ ὸ ʮʝʥʪʨʘʣʴʥʦʾ ʤʦʤʝʥʪʥʦʾ ʬʫʥʢʮʽʾ k-ʛʦ 

ʧʦʨʷʜʢʫ Ὠ ὸ ʩʠʛʥʘʣʽʚ ɽʂɻ ʪʘ ʉʂɻ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦ  ʁ(25). ɿʘ ʫʤʦʚʠ, 

ʱʦ k=2, ʬʦʨʤʫʣʘ (25) ʻ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʬʦʨʤʫʣʦʶ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʦʮʽʥʢʠ Ὠ ὸ ʮʝʥʪʨʘʣʴʥʦʾ ʤʦʤʝʥʪʥʦʾ ʬʫʥʢʮʽʾ 2-ʛʦ ʧʦʨʷʜʢʫ (ʜʠʩʧʝʨʩʽʾ) Ὠ ὸ 

ɽʂɻ ʪʘ ʉʂɻ (ʜʠʚ. ʨʠʩʫʥʦʢ 4.13 ʪʘ ʨʠʩʫʥʦʢ 4.14). 

 

ʈʠʩʫʥʦʢ. 4.13. ɻʨʘʬʽʢ ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʮʝʥʪʨʘʣʴʥʦʾ ʤʦʤʝʥʪʥʦʾ 

ʬʫʥʢʮʽʾ 2-ʛʦ ʧʦʨʷʜʢʫ (ʜʠʩʧʝʨʩʽʾ) ɽʂɻ ʧʨʠ ʾʾ ʦʧʨʘʮʶʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʮʠʢʣʽʯʥʦʛʦ 

ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ 
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ʈʠʩʫʥʦʢ. 4.14. ɻʨʘʬʽʢ ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʮʝʥʪʨʘʣʴʥʦʾ ʤʦʤʝʥʪʥʦʾ 

ʬʫʥʢʮʽʾ 2-ʛʦ ʧʦʨʷʜʢʫ (ʜʠʩʧʝʨʩʽʾ) ʉʂɻ ʧʨʠ ʾʾ ʦʧʨʘʮʶʚʘʥʥʽ ʥʘ ʦʩʥʦʚʽ ʮʠʢʣʽʯʥʦʛʦ 

ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ 

 

ʈʝʘʣʽʟʘʮʽʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ Ὑ ὸȟὸ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ 

Ὑ ὸȟὸ ʩʠʛʥʘʣʽʚ ɽʂɻ ʪʘ ʉʂɻ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦ  ʁ(29). ʈʝʘʣʽʟʘʮʽʷ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ὅ ὸȟὸ ʘʚʪʦʢʦʚʘʨʽʘʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ὅ ὸȟὸ ʩʠʛʥʘʣʽʚ ɽʂɻ 

ʪʘ ʉʂɻ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦ  ʁ(28). ɻʨʘʬʽʢʠ ʨʝʘʣʽʟʘʮʽʡ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʦʮʽʥʦʢ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʦʾ ʪʘ ʘʚʪʦʢʦʚʘʨʽʘʮʽʡʥʦʾ ʬʫʥʢʮʽʡ ɽʂɻ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩʫʥʢʫ 4.15 ʪʘ ʨʠʩʫʥʢʫ 4.16. 

 

ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ. 4.15. ɻʨʘʬʽʢʠ ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ 

(ʘ) ʪʘ ʘʚʪʦʢʦʚʘʨʽʘʮʽʡʥʦʾ ʬʫʥʢʮʽʾ (ʙ) ɽʂɻ ʧʨʠ ʾʾ ʦʧʨʘʮʶʚʘʥʥʽ ʥʘ ʦʩʥʦʚʽ 

ʮʠʢʣʽʯʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ. 4.16. ɻʨʘʬʽʢʠ ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ 

(ʘ) ʪʘ ʘʚʪʦʢʦʚʘʨʽʘʮʽʡʥʦʾ ʬʫʥʢʮʽʾ (ʙ) ʉʂɻ ʧʨʠ ʾʾ ʦʧʨʘʮʶʚʘʥʥʽ ʥʘ ʦʩʥʦʚʽ 

ʮʠʢʣʽʯʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ 

 

ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʩʪʘʪʠʩʪʠʯʥʽ ʦʮʽʥʢʠ ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ ɽʂɻ ʪʘ ʉʂɻ ʻ 

ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ ʩʠʩʪʝʤʘʭ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ 

ʦʩʦʙʠ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʩʠʩʪʝʤʘʭ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʧʨʦʮʝʜʫʨʠ ʾʭ ʥʘʚʯʘʥʥʷ ʪʘ  ʪʝʩʪʫʚʘʥʥʷ. 

 

4.3 ɼʦʩʣʽʜʞʝʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʫ ʩʠʩʪʝʤʘʭ ʙʽʦʤʝʪʨʠʯʥʦʾ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʟʘ ʦʜʥʠʤ ʮʠʢʣʦʤ ɽʂɻ ʪʘ ʉʂɻ  

ɿ ʤʝʪʦʶ ʧʦʙʫʜʦʚʠ ʝʢʩʧʨʝʩ-ʤʝʪʦʜʽʚ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ 

ʨʦʟʛʣʷʥʝʤʦ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʨʽʟʥʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʦʤʦʩʪʝʡ ʣʠʰʝ ʧʨʦ ʦʜʠʥ ʢʘʨʽʜʽʦʮʠʢʣ ʦʩʦʙʠ. ʂʦʨʦʪʢʦ ʨʦʟʛʣʷʥʝʤʦ ʮʶ ʧʨʦʮʝʜʫʨʫ. 

ʑʦʙ ʬʦʨʤʘʣʴʥʦ ʚʽʜʦʙʨʘʟʠʪʠ ʮʠʢʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ɽʂɻ ʪʘ ʉʂɻ, ‚‫ȟὸ ʜʣʷ 

i-ʦʾ ʦʩʦʙʠ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

‚‫ȟὸ ‚ȟ ‫ȟὸȟ‫ᶰ♦ȟὸɴ ╦ȟ (37) 

ʜʝ ╦ ð ʯʘʩʦʚʘ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ɽʂɻ/ʉʂɻ, M ð ʢʽʣʴʢʽʩʪʴ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ 

ʮʠʢʣʽʚ ʚ ɽʂɻ/ʉʂɻ. 
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ɺʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ‚ȟ ‫ȟὸ ʟʙʽʛʘʻʪʴʩʷ (ʻ ʽʜʝʥʪʠʯʥʠʤ) ʟ ʚʠʧʘʜʢʦʚʠʤ 

ʧʨʦʮʝʩʦʤ ‚╦ ‫ȟὸ ʥʘ ʦʙʣʘʩʪʽ ȟ ὸ ȟὸ , ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ m-ʤʫ ʮʠʢʣʫ 

ɽʂɻ/ʉʂɻ ʪʘ ʷʢʘ ʻ ʨʽʚʥʦʶ: 

‚ȟ ‫ȟὸ ‚╦‫ȟὸẗὍ ȟ
ὸȟ‫ᶰ♦ȟὸɴ ╦ȟά ρȟὓ

ͺͅͅͺͅ

Ȣ (38) 

ʌʫʥʢʮʽʷ Ὅ╦ ȟ
ὸ ð ʮʝ ʽʥʜʠʢʘʪʦʨʥʘ ʬʫʥʢʮʽʷ: 

Ὅ╦ ȟ
ὸ

ρȟὸɴ ╦ ȟȟ

πȟὸɵ ╦ ȟȢ
 (39) 

ʏʘʩʦʚʘ ʦʙʣʘʩʪʴ ╦ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ ╦ Ὗ ╦ ȟ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʩʝʛʤʝʥʪʘʮʽʾ ɽʂɻ/ʉʂɻ ʻ ʦʪʨʠʤʘʥʥʷ ʥʘʙʦʨʫ ʩʝʛʤʝʥʪʽʚ-ʮʠʢʣʽʚ 

‚ȟ ‫ȟὸȟά ρȟὓ , ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʪʘʢʠʭ ʯʘʩʦʚʠʭ ʦʙʣʘʩʪʷʭ ╦ ȟȟά

ρȟὓ . 

ʅʘ ʨʠʩʫʥʢʘʭ 4.17, 4.18 ʧʦʢʘʟʘʥʦ ʧʨʠʢʣʘʜ ʩʝʛʤʝʥʪʘʮʽʾ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ɽʂɻ 

ʪʘ ʉʂɻ ʟʜʦʨʦʚʦʛʦ ʧʘʮʽʻʥʪʘ ʥʘ ʮʠʢʣʠ. 

 

ʈʠʩʫʥʦʢ. 4.17. ɽʂɻ ʽ ʨʝʟʫʣʴʪʘʪ ʾʾ ʩʝʛʤʝʥʪʘʮʽʾ ʥʘ ʮʠʢʣʠ 

 

ʈʠʩʫʥʦʢ. 4.18. ʉʂɻ ʽ ʨʝʟʫʣʴʪʘʪ ʾʾ ʩʝʛʤʝʥʪʘʮʽʾ ʥʘ ʮʠʢʣʠ 
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ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʦʜʥʦʨʽʜʥʠʭ ʥʘʚʯʘʣʴʥʠʭ ʪʘ ʪʝʩʪʦʚʠʭ ʚʠʙʽʨʦʢ ʟ 

ʙʘʛʘʪʦʮʠʢʣʦʚʦʾ ɽʂɻ/ʉʂɻ ʜʣʷ ʢʦʞʥʦʛʦ ʮʠʢʣʫ ‚ȟ ‫ȟὸ ʟʘʩʪʦʩʦʚʫʶʪʴ ʦʧʝʨʘʪʦʨ 

ʩʪʘʪʠʯʥʦʛʦ ʟʩʫʚʫ ╖
ȟ
 ʪʘ ʦʧʝʨʘʪʦʨ ʩʪʘʪʠʯʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ╖

ȟ
, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʥʝʩʝʥʥʷ ʮʴʦʛʦ ʮʠʢʣʫ ʟ ʦʙʣʘʩʪʽ ╦ ȟ ʚ ʦʜʠʥʠʯʥʠʡ ʽʥʪʝʨʚʘʣ 

[0,1], ʘ ʩʘʤʝ: 

‚ȟ ‫ȟὸ ╖
ȟ
╖

ȟ
‚ȟ ‫ȟὸ  ‚ȟ ‫ȟ‌ȟ ὸ ίȟ ȟ 

ὸɴ ╦ ȟ ὸȟ ȟὸȟ ȟά ρȟὓ
ͺͅͅ ͺͅ

ȟ 
(40) 

ʜʝ ʢʦʝʬʽʮʽʻʥʪʠ ʩʪʘʪʠʯʥʦʛʦ ʟʩʫʚʫ ίȟ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʚʠʨʘʟʦʤ: 

ίȟ ὸȟ ȟ (41) 

ʪʘ ʢʦʝʬʽʮʽʻʥʪʠ ʩʪʘʪʠʯʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ‌ȟ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʚʠʨʘʟʦʤ: 

‌ȟ
ȟ ȟ

Ȣ (42) 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʟʩʫʚʫ ʪʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʮʠʢʣʽʚ 

ɽʂɻ/ʉʂɻ ʬʦʨʤʫʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʮʠʢʣʽʚ ‚ȟ ‫ȟὸȟά

ρȟὓ
ͺͅͅ ͺͅͅ

. 

 

ʊʘʙʣʠʮʷ 4.1. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʽʦʤʝʪʨʠʯʥʦʾ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʟʘ ʦʜʥʠʤ ʮʠʢʣʦʤ ɽʂɻ ʪʘ ʯʘʩʦʚʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ 

ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʦʩʦʙʠ 10 

 Classifier type 

S
I
C 

k
-N
e
a
r
e
s
t
 

N
e
i
g
h
b
o
r
s

 

L
i
n
e
a
r
 
S
V
M

 

D
e
c
i
s
i
o
n
 
T
r
e
e

 

R
a
n
d
o
m
 
F
o
r
e
s
t

 

M
u
l
t
i
l
a
y
e
r
 

P
e
r
c
e
p
t
r
o
n

 

A
d
a
p
t
i
v
e
 

B
o
o
s
t
i
n
g

 

N
a
i
v
e
 
B
a
y
e
s

 

Accuracy 0.916 0.999 1.0 1.0 0.996 0.985 0.999 0.999 

Balanced 

Accuracy 
0.917 0.999 1.0 1.0 0.996 0.985 0.999 0.999 

F1 score 0.917 0.999 1.0 1.0 0.996 0.986 0.999 0.999 

Training 

time (ms) 
3.47 18.13 48.27 57886.1 425.25 42.91 3558.57 4936.56 

Testing 

time (ms) 
12.17 138.83 4.77 508.55 3.34 5.67 8.072 38.91 
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ɺʩʽ ʚʽʩʽʤ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ, ʷʢʽ ʙʫʣʠ ʦʧʠʩʘʥʽ ʚ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ,  

ʙʫʣʠ ʥʘʚʯʝʥʽ ʪʘ ʧʨʦʪʝʩʪʦʚʘʥʽ ʥʘ ʜʝʩʷʪʠ ʫʤʦʚʥʦ ʟʜʦʨʦʚʠʭ ʦʩʦʙʘʭ, ʯʠʾ ɽʂɻ 

ʤʽʩʪʷʪʴʩʷ ʫ ʙʘʟʽ ʜʘʥʠʭ CEBS. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʯʘʩʦʚʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ 

ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 4.1 ʜʣʷ ʦʩʦʙʠ 10.  

ʊʘʙʣʠʮʷ 4.2 ʧʦʢʘʟʫʻ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ 18 ʦʩʽʙ ð ʩʝʨʝʜʥʽ ʦʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʟʘ ʦʜʥʠʤ ʮʠʢʣʦʤ ɽʂɻ 

ʪʘ ʯʘʩʦʚʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ 

ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ. 

 

ʊʘʙʣʠʮʷ 4.2. ʉʝʨʝʜʥʽ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʽʦʤʝʪʨʠʯʥʦʾ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʯʘʩʦʚʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ 
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Accuracy 0.953 0.999 1.0 1.0 0.996 0.984 1.0 1.0 

Balanced 

Accuracy 0.952 0.999 1.0 1.0 0.996 0.984 1.0 1.0 

F1 score 0.951 0.999 1.0 1.0 0.997 0.985 1.0 1.0 

Training 

time (ms) 
3.57 18.73 55.07 80149.1 332.64 43.54 3460.73 4367.72 

Testing 

time (ms) 
12.65 158.81 6.09 557.642 3.41 6.12 8.61 34.49 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʴ 4.1 ʪʘ 4.2, ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʟʘ ʦʜʥʠʤ ʮʠʢʣʦʤ ɽʂɻ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʢʣʘʩʠʬʽʢʘʪʦʨʠ ʟʥʘʯʥʦ ʨʽʟʥʷʪʴʩʷ ʟʘ ʯʘʩʦʚʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʩʢʣʘʜʥʽʩʪʶ. 

ʉʪʘʪʠʩʪʠʯʥʠʡ ʽʥʪʝʨʚʘʣʴʥʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ ʤʘʻ ʥʝʟʥʘʯʥʠʡ ʯʘʩ ʥʘʚʯʘʥʥʷ ʧʦʨʽʚʥʷʥʦ 

ʟ ʽʥʰʠʤʠ ʢʣʘʩʠʬʽʢʘʪʦʨʘʤʠ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʡʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʧʝʨʝʥʦʩʥʠʭ ʧʦʨʪʘʪʠʚʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʦʙʤʝʞʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. 
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ʊʘʙʣʠʮʷ 4.3. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʽʦʤʝʪʨʠʯʥʦʾ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʟʘ ʦʜʥʠʤ ʮʠʢʣʦʤ ʉʂɻ ʪʘ ʯʘʩʦʚʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ 

ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʦʩʦʙʠ 10 

 Classifier type 
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Accuracy 0.874 0.998 0.999 0.999 0.995 0.972 1.0 0.996 

Balanced 

Accuracy 
0.861 0.998 0.999 0.999 0.995 0.972 1.0 0.996 

F1 score 0.876 0.998 0.999 0.999 0.995 0.972 1.0 0.996 

Training 

time (ms) 
3.412 18.28 57.23 109885.1 381.27 43.25 5753.53 5359.69 

Testing 

time (ms) 
12.32 143.05 8.37 529.65 3.31 9.44 8.12 39.48 

 

ʊʘʙʣʠʮʷ 4.4 ʧʦʢʘʟʫʻ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ 18 ʦʩʽʙ ð ʩʝʨʝʜʥʽ ʦʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʟʘ ʦʜʥʠʤ ʮʠʢʣʦʤ ʉʂɻ 

ʪʘ ʯʘʩʦʚʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ 

ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ. 

 

ʊʘʙʣʠʮʷ 4.4. ʉʝʨʝʜʥʽ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʽʦʤʝʪʨʠʯʥʦʾ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʯʘʩʦʚʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ 
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Accuracy 0.891 0.996 0.995 0.997 0.987 0.978 0.997 0.996 

Balanced 

Accuracy 
0.853 0.996 0.995 0.997 0.987 0.979 0.997 0.997 

F1 score 0.893 0.996 0.995 0.997 0.987 0.978 0.997 0.996 

Training 

time (ms) 
4.02 22.12 79.51 57489.2 432.04 49.02 5896.69 5673.18 

Testing 

time (ms) 
15.11 150.11 11.53 593.211 3.81 6.69 9.91 47.47 
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ʗʢ ʚʠʜʥʦ ʽʟ ʪʘʙʣʠʮʴ 4.1 - 4.4 ʨʦʟʨʦʙʣʝʥʠʡ ʝʢʩʧʨʝʩ-ʤʝʪʦʜ ʙʽʦʤʝʪʨʠʯʥʦʾ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʟʘ ɽʂɻ ʪʘ ʉʂɻ ʤʘʻ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ 

ʚʢʘʟʫʻ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʘʢʪʠʯʥʠʭ ʘʫʪʝʥʪʠʬʽʢʘʮʽʡʥʠʭ 

ʟʘʜʘʯʘʭ. 

 

4.4 ɼʦʩʣʽʜʞʝʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʚ ʩʠʩʪʝʤʘʭ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

ʘʨʠʪʤʽʡ ʟʘ ɽʂɻ 

ʆʙˇʨʫʥʪʦʚʘʥʽ ʚʠʱʝ ʤʝʪʦʜʠ ʨʠʪʤʦʘʜʘʧʪʠʚʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ɽʂɻ ʩʠʛʥʘʣʽʚ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʽ ʜʣʷ ʟʘʜʘʯ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʩʪʘʥʫ ʩʝʨʮʷ, ʟʦʢʨʝʤʘ, 

ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʨʠʪʤʽʡ.  ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʯʘʩʦʚʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ 

ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʫ ʩʠʩʪʝʤʘʭ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢ ʘʨʠʪʤʽʡ ʟʘ ɽʂɻ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ  

ʪʘʙʣʠʮʷʭ 4.5-4.7. 

 

ʊʘʙʣʠʮʷ 4.5. ʉʝʨʝʜʥʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʘʛʥʦʩʪʠʢʠ ʘʨʠʪʤʽʾ, ʥʘ ʙʘʟʽ 

ʦʮʽʥʢʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ɽʂɻ, ʪʘ ʯʘʩʦʚʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ 
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Accuracy 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Balanced 

Accuracy 
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

F1 score 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Training 

time (ms) 1.61 4.73 4.92 141.71 15.13 53.22 638.11 19.53 

Testing 

time (ms) 11.38 3.71 1.45 4.07 3.71 6.96 3.76 4.16 
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ʊʘʙʣʠʮʷ 4.6. ʉʝʨʝʜʥʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʘʛʥʦʩʪʠʢʠ ʘʨʠʪʤʽʾ ʜʣʷ 

ʩʝʛʤʝʥʪʦʚʘʥʠʭ ʟʛʽʜʥʦ ʬʫʥʢʮʽʾ ʨʠʪʤʫ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ ʪʘ ʯʘʩʦʚʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ 

ʩʢʣʘʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ 

 Classifier type 
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Accuracy 0.813 1.0 0.625 0.875 1.0 1.0 0.937 

Balanced 

Accuracy 0.751 1.0 0.501 0.833 1.0 1.0 0.917 

F1 score 0.667 1.0 0.494 0.801 1.0 1.0 0.909 

Training time 

(ms) 
37.83 191.92 908.62 214.14 57.32 3078.39 249.14 

Testing time 

(ms) 
25.05 32.44 46.441 5.49 7.39 13.41 5.82 

 

ʊʘʙʣʠʮʷ 4.7. ʉʝʨʝʜʥʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʘʛʥʦʩʪʠʢʠ ʘʨʠʪʤʽʾ ʥʘ 

ʦʩʥʦʚʽ ʦʮʽʥʢʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʚ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʟ 30 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʨʷʜʫ ʌʫʨ'ʻ ʪʘ ʯʘʩʦʚʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ 

 Classifier type 
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Accuracy 0.938 1.0 1.0 1.0 0.813 1.0 1.0 

Balanced 

Accuracy 
0.951 1.0 1.0 1.0 0.851 1.0 1.0 

F1 score 0.923 1.0 1.0 1.0 0.801 1.0 1.0 

Training time 

(ms) 
384.62 384.45 492.21 386.25 426.59 720.23 386.71 

Testing time 

(ms) 165.62 164.44 165.29 165.03 168.45 164.49 165.03 
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ʗʢ ʚʠʜʥʦ ʽʟ ʪʘʙʣʠʮʴ 4.5 - 4.7 ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʘʨʠʪʤʽʡ ʟʘ ɽʂɻ 

ʤʘʻ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯʘʭ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ. 

 

4.5 ɺʠʩʥʦʚʢʠ ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʨʦʟʜʽʣʫ 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʨʠʪʤʦʘʜʘʧʪʠʚʥʽ 

ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʨʜʽʦʩʠʛʥʘʣʽʚ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʟʘ ɽʂɻ ʪʘ ʉʂɻ 

ʩʠʛʥʘʣʘʤʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʘʨʠʪʤʽʡ ʟʘ ɽʂɻ 

ʩʠʛʥʘʣʘʤʠ. ɸ ʩʘʤʝ, ˇʨʫʥʪʫʶʯʠʩʴ ʥʘ ʪʝʦʨʽʡ ʮʠʢʣʽʯʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʷʢ 

ʘʜʝʢʚʘʪʥʠʭ ʩʪʨʫʢʪʫʨʽ ʢʘʨʜʽʦʩʠʛʥʘʣʽʚ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʾʭ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ,  ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠ ʪʘ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ 

ʝʬʝʢʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ɽʂɻ ʪʘ ʉʂɻ ʩʠʛʥʘʣʽʚ ʚ ʩʠʩʪʝʤʘʭ 

ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʢʠ  ʘʨʠʪʤʽʡ. 

ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʝʬʝʢʪʠʚʥʝ ʨʠʪʤʦʘʜʘʧʪʠʚʥʝ ʩʪʘʪʠʩʪʠʯʥʝ ʦʮʽʥʶʚʘʥʥʷ 

ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɽʂɻ ʪʘ ʉʂɻ ʩʠʛʥʘʣʽʚ. ʎʽ ʦʮʽʥʢʠ ʦʙˇʨʫʥʪʦʚʘʥʦ ʷʢ 

ʤʦʞʣʠʚʽ ʽʥʬʦʨʤʘʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʜʣʷ ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʩʠʩʪʝʤ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʢʠ ʘʨʠʪʤʽʡ. 

ʆʙʯʠʩʣʶʚʘʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ 

ʧʽʜʪʚʝʨʜʠʣʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʤʝʪʦʜʽʚ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ 

ʦʩʦʙʠ ʥʘ ʦʩʥʦʚʽ ɽʂɻ, ʜʝʤʦʥʩʪʨʫʶʯʠ ʾʭʥʶ ʧʨʠʜʘʪʥʽʩʪʴ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ ʪʘ ʽʥʰʠʭ ʦʙʣʘʩʪʷʭ, ʜʝ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʘ ʚʠʩʦʢʘ 

ʥʘʜʽʡʥʽʩʪʴ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʽʙ. ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ 

ʚʠʷʚʣʝʥʥʷ ʘʨʠʪʤʽʡ ʟʘ ɽʂɻ ʤʘʻ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ʚʢʘʟʫʻ ʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯʘʭ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ. 
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ɺʀʉʅʆɺʂʀ 

 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʦʟʚôʷʟʘʥʦ ʘʢʪʫʘʣʴʥʝ ʥʘʫʢʦʚʝ ʟʘʚʜʘʥʥʷ, ʱʦ ʤʘʻ 

ʽʩʪʦʪʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʚʠʪʢʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʝʬʝʢʪʠʚʥʦʛʦ 

ʦʧʨʘʮʶʚʘʥʥʷ ʮʠʢʣʽʯʥʠʭ ʙʽʦʤʝʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʩʫʯʘʩʥʠʭ ʥʝʽʚʘʟʠʚʥʠʭ 

ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʘʭ, ʩʠʩʪʝʤʘʭ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʩʠʩʪʝʤʘʭ ʙʽʦʤʝʪʨʠʯʥʦʾ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʟʘ ʾʾ ʬʽʟʽʦʣʦʛʽʯʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʮʠʢʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʚʠʩʥʦʚʢʠ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʶʪʴ ʫ ʚʠʨʽʰʝʥʥʽ ʪʘʢʠʭ ʟʘʜʘʯ: 

1. ɼʣʷ ʩʫʢʫʧʥʦʩʪʽ ɽɽɻ ʩʠʛʥʘʣʽʚ ʽʟ ʨʽʟʥʠʭ ʚʽʜʚʝʜʝʥʴ, ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʚ 

ʫʤʦʚʘʭ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʧʦʚʪʦʨʝʥʥʷ ʤʝʥʪʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʦʧʝʨʘʪʦʨʘ 

ʥʝʽʥʚʘʟʠʚʥʦʛʦ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʫ, ʧʦʙʫʜʦʚʘʥʦ ʥʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʫ ʚʠʛʣʷʜʽ 

ʚʝʢʪʦʨʘ ʮʠʢʣʽʯʥʠʭ ʨʠʪʤʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʘ ʟʘʚʜʷʢʠ 

ʦʜʥʦʯʘʩʥʦʤʫ ʚʨʘʭʫʚʘʥʥʶ ʩʪʦʭʘʩʪʠʯʥʦʩʪʽ ʪʘ ʮʠʢʣʽʯʥʦʩʪʽ, ʤʽʥʣʠʚʦʩʪʽ ʪʘ 

ʩʧʽʣʴʥʦʩʪʽ ʨʠʪʤʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʽʦʩʠʛʥʘʣʽʚ ʥʘʜʘʣʘ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ 

ʰʠʨʦʢʠʡ ʢʣʘʩ ʡʤʦʚʽʨʥʽʩʥʠʭ ʪʘ ʩʪʘʪʠʩʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɽɽɻ ʩʠʛʥʘʣʽʚ ʚ 

ʟʘʜʘʯʘʭ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʥʝʽʥʚʘʟʠʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤ, ʱʦ 

ʩʫʪʪʻʚʦ ʟʙʘʛʘʪʠʣʦ (ʜʦʧʦʚʥʠʣʦ) ʤʥʦʞʠʥʫ ʧʦʪʝʥʮʽʡʥʦ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʪʘ ʯʫʪʣʠʚʠʭ 

ʜʦ ʤʝʥʪʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʦʧʝʨʘʪʦʨʘ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʫ  ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʢʫʧʥʦʩʪʽ 

ɽɽɻ ʩʠʛʥʘʣʽʚ. 

2. ʆʙˇʨʫʥʪʦʚʘʥʦ ʪʘ ʚʝʨʠʬʽʢʦʚʘʥʦ ʥʦʚʽ ʤʝʪʦʜʠ ʦʧʨʘʮʶʚʘʥʥʷ ʩʫʢʫʧʥʦʩʪʽ 

ɽɽɻ ʩʠʛʥʘʣʽʚ ʚ ʥʝʽʥʚʘʟʠʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤʘʭ, ʱʦ ʫʤʦʞʣʠʚʠʣʦ 

ʨʦʟʚʠʪʦʢ ʝʬʝʢʪʠʚʥʠʭ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʯʥʦʩʪʽ ʪʘ ʯʘʩʦʚʦʾ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ) ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʝʪʝʢʮʽʾ ʚ ʩʪʨʫʢʪʫʨʽ ɽɽɻ 

ʩʠʛʥʘʣʽʚ ʤʝʥʪʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʦʧʝʨʘʪʦʨʘ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʫ. ɿʦʢʨʝʤʘ, 

ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢ Accuracy, Balanced Accuracy ʪʘ F1-score ʜʣʷ ʚʩʽʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʫ ʩʝʨʝʜʥʴʦʤʫ ʻ ʥʝ ʥʠʞʯʦʶ ʷʢ 96% ʜʣʷ ʛʨʫʧʠ 

ʪʨʝʥʦʚʘʥʠʭ ʦʧʝʨʘʪʦʨʽʚ. 

3. ʈʦʟʨʦʙʣʝʥʦ ʨʠʪʤʦʘʜʘʧʪʠʚʥʠʡ ʤʝʪʦʜ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ 

ʟʘ ʾʾ ɽʂɻ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ɽʂɻ ʫ ʚʠʛʣʷʜʽ ʮʠʢʣʽʯʥʦʛʦ 
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ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʯʥʦʩʪʽ ʮʴʦʛʦ ʤʝʪʦʜʫ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʟʦʢʨʝʤʘ, Accuracy, Balanced Accuracy ʪʘ F1-score, ʚ ʩʝʨʝʜʥʴʦʤʫ, 

ʥʝ ʻ ʥʠʞʯʠʤʠ ʥʽʞ 99,2% ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʩʽʙ ʪʘ ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ ʙʽʥʘʨʥʠʭ 

ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ (k-Nearest Neighbors, Linear SVM, Decision Tree, Random Forest, 

Multilayer Perceptron, Adaptive Boosting, Naive Bayes ʪʘ Statistical Interval 

Classifier), ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʧʨʦʮʝʜʫʨʠ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ ʚʢʘʟʫʻ ʥʘ 

ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʪʘʢʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ. 

4. ɺʧʝʨʰʝ, ʥʘ ʦʩʥʦʚʽ ʩʝʨʽʾ ʧʨʦʚʝʜʝʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʦʧʪʠʤʘʣʴʥʽ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʯʥʦʩʪʽ ʪʘ 

ʯʘʩʦʚʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ) ʚʝʢʪʦʨʠ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ ʚ 

ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʚ ʩʠʩʪʝʤʘʭ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʟʘ 

ɽʂɻ. ɸ ʩʘʤʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʰʝ ʧʝʨʰʠʭ 40 ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʢʣʘʜʫ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ ʧʦʯʘʪʢʦʚʠʭ ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ ɽɽɻ ʪʘ ɽʂɻ ʩʠʛʥʘʣʽʚ ʫ ʨʷʜ 

ʌʫʨôʻ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʚʠʱʫ ʪʦʯʥʽʩʪʴ (ʙʣʠʟʴʢʦ 93%) ʜʝʪʝʢʮʽʾ ʤʝʥʪʘʣʴʥʦʛʦ 

ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʦʧʘʨʘʪʦʨʘ ʥʝʽʥʚʘʟʠʚʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʪʘ ʥʘʡʚʠʱʫ ʪʦʯʥʽʩʪʴ 

(ʙʣʠʟʴʢʦ 99,9%) ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʟʘ ʾʾ ɽʂɻ ʩʠʛʥʘʣʦʤ. 

5. ʈʦʟʨʦʙʣʝʥʽ ʫ ʜʠʩʝʨʪʘʮʽʾ ʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ 

ʦʧʨʘʮʶʚʘʥʥʷ ʮʠʢʣʽʯʥʠʭ ʙʽʦʤʝʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʚʪʽʣʝʥʦ ʫ ʩʠʩʪʝʤʫ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʧʨʦʛʨʘʤ ʥʘ ʤʦʚʽ Python, ʱʦ ʜʘʻ ʟʤʦʛʫ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʚʩʽ ʦʩʥʦʚʥʽ ʝʪʘʧʠ 

(ʬʽʣʴʪʨʘʮʽʷ ʟʘʚʘʜ, ʦʮʽʥʶʚʘʥʥʷ ʡʤʦʚʽʨʽʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʧʝʢʪʨʘʣʴʥʽ 

ʨʦʟʢʣʘʜʠ, ʢʣʘʩʠʬʽʢʘʮʽʷ) ʮʠʬʨʦʚʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ɽɽɻ ʪʘ ɽʂɻ ʩʠʛʥʘʣʽʚ ʚ 

ʥʝʽʥʚʘʟʠʚʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʩʠʩʪʝʤʘʭ ʙʽʦʤʝʪʨʠʯʥʦʾ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʦʩʦʙʠ ʟʘ ɽʂɻ.  
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ʃɯʉʊʀʅɻ ʇʈʆɻʈɸʄʀ 

ʌʘʡʣ main.py (ʊʦʯʢʘ ʚʭʦʜʫ ʚ ʧʨʦʛʨʘʤʫ) 

from diff.diff_confusion_matrics  import DiffConfusionMatrix  

from get_config.eeg_config import EEGConfig  

from loguru import logger  

import argparse  

from my_helpers.classifiers import Classifiers  

from my_helpers.classifiers_int import ClassifiersInt  

from my_helpers.data_preparation import D ataPreparation  

from my_helpers.mathematical_statistics import MathematicalStatistics  

from my_helpers.plot_classifiers i mport PlotClassifiers  

from my_helpers.plot_statistics import PlotStatistics  

 

from my_helpers.rhythm_function import RhythmFunction  

from n o_classifires.no_classifires import NoClassidire  

from no_classifires.no_classifires_all_chanels import NoClassidireAllC hanels  

from no_classifires.no_classifires_fourier import NoClassidireFourier  

from no_classifires.no_classifires_fourier_all_chanels impor t NoClassidireFourierAllChanels  

from statistics_distance.statistics_distance import StatisticsDistance  

from statistics_ distance.statistics_distance_fourier import StatisticsDistanceFourier  

 

if __name__ == '__main__':  

    logger.info('START of execution')  

    parser = argparse.ArgumentParser()  

    parser.add_argument('action', choices=('avg - diff - confusion - matrix', 'diff - get - max', 

'diff - all', 'train - classifier - int', 'plot - diff - fourier - time', 'diff - fourier - time', 'diff - variance', 

'diff - confusion - matrix', 'stat istics - distance - f', 'statistics - distance', 'no - all - test - fd', 'no - all -

sigma - fd', 'no - all - test - d', 'no - all - sigma - d', 'no - all - test - f', 'no - all - sigma - f', 'no - all - mean- f', 

'no - all - test', 'no - all - sigma', 'plot - fr', 'plot - eeg', 'plot - statistics', 'plot - fourier - st atistics', 

'train - classifier', 'plot - classifier'))  

    parser.add_argument(' - c', type=str, required=True)  

    parser.ad d_argument(' - d', type=str)  

    parser.add_argument(' - s', type=str)  

    a = parser.parse_args()  

    config_block = a.c  

    logger.debug("R ead config file")  

    eeg_config = EEGConfig(config_block)  

    logger.debug(eeg_config)  

    if a.action == "plot - fr":  

        RhythmFunction(eeg_config).plotFr()  

    if a.action == "plot - eeg":  

        RhythmFunction(eeg_config).plotEEG()  

    if a.action ==  "plot - statistics":  

        data = DataPreparation(eeg_config)  

        statistics_passiv ity, statistics_activity = [], []  

        for passivity, activity in zip(*data.getPreparedData()):  

            statistics_passivity.append(MathematicalStatistics(passiv ity))  

            statistics_activity.append(MathematicalStatistics(activity))  
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        PlotStatistics(statistics_passivity, data.getModSamplingRate(), eeg_config, 

"passivity").plotAllStatistics()  

        PlotStatistics(statistics_activity, data.getModSampl ingRate(), eeg_config, 

"activity").plotAllStatistics()  

 

    if a.action == "plot - fourier - statistics":  

        data = DataPreparation(eeg_config)  

        statistics_passivity, statistics_activity = [], []  

        for passivity, activity in zip(*data.getPrep aredData()):  

            statistics_passivity.append(MathematicalStatistics(passivity))  

            statistics_activity.append(MathematicalStatistics(activity))  

        PlotStatistics(statistics_passivity, data.getModSamplingRate(), eeg_config, 

"passivity" ).plotAllFourierStatistics()  

        PlotStatistics(statistics_activity, data.getModSamp lingRate(), eeg_config, 

"activity").plotAllFourierStatistics()  

 

    if a.action == "train - classifier":  

        data = DataPreparation(eeg_config)  

        for ccc in [1,  2, 3]:  

            for power in [1, 2, 3, 4]:  

                for fourier_type in ["an", "bn", "an_bn"]:  

                    Classifiers(eeg_config, data, fourier_type, power, ccc)  

 

    if a.action == "train - classifier - int":  

        data = DataPreparation (eeg_config)  

        for power in [1, 2, 3, 4]:  

            for fourier_type in ["an", "bn", "an_bn"]:  

                ClassifiersInt(eeg_config, data, fourier_type, power)  

    if a.action == "plot - classifier":  

        for fourier_type in ["an_bn"]:  

            PlotClassifiers(eeg_config, None, fourier _type, 1)  

    if a.action == "no - all - test":  

        data = DataPreparation(eeg_config)  

        NoClassidire(eeg_config, data).NoTest()  

    if a.action == "no - all - sigma":  

        data = DataPreparation(eeg_conf ig)  

        NoClassidire(eeg_config, data).NoAl lSigma()  

    if a.action == "no - all - test - f":  

        data = DataPreparation(eeg_config)  

        for fourier_type in ["an", "bn", "an_bn"]:  

            NoClassidireFourier(eeg_config, data, fourier_type).NoTest ()  

    if a.action == "no - all - sigma - f":  

        data = DataPreparation(eeg_config)  

        NoClassidireFourier(eeg_config, data).NoAllSigma()  

    if a.action == "no - all - test - d":  

        data = DataPreparation(eeg_config)  

        for power in [1, 2, 3, 4]:  

            NoClassidireAllChanels(eeg_config, data, power).NoTest()  

 

    if a.action == "no - all - sigma - d":  

        data = DataPreparation(eeg_config)  

        NoClassidireAllChanels(eeg_config, data).NoAllSigma()  
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    if a.action == "no - all - test - fd":  

        data = DataPreparation(eeg_config)  

        for power in [1]:  

            for fourier_type in ["an_bn"]:  

                for terms in [3, 4, 5, 7, 10, 15, 20, 25, 30, 35, 45, 50, 55, 60, 65, 70, 75, 

80, 85, 90, 95, 100]:  

                    NoClassi direFo urierAllChanels(eeg_config, data, fourier_type, terms, 

power).NoTest()  

    if a.action == "no - all - sigma - fd":  

        data = DataPreparation(eeg_config)  

        NoClassidireFourierAllChanels(eeg_config, data).NoAllSigma()  

 

    if a.action == "statisti cs - dis tance":  

        data = DataPreparation(eeg_config)  

        StatisticsDistance(eeg_config, data).Calculate()  

    if a.action == "statistics - distance - f":  

        data = DataPreparation(eeg_config)  

        for power in [1]:  

            for fourier_type in ["a n_bn"]:  

                for terms in [3, 4, 5, 7, 10, 15, 20, 25, 30, 35, 45, 50, 55, 60, 65, 70, 75, 

80, 85, 90, 95, 100]:  

                    StatisticsDistanceFourier(eeg_config, data, fourier_type, terms, 

power).Calculate()  

    if a.action == "di ff - con fusion - matrix":  

        for channel_type in ["1"]:  

            for power in [1]:  

                for fourier_type in ["an_bn"]:  

                    for terms in [3, 4, 5, 7, 10, 15, 20, 25, 30, 35, 45, 50, 55, 60, 65, 70, 

75, 80, 85, 90, 95, 100]:  

                        DiffConfusionMatrix(eeg_config, None, fourier_type, terms, power, 

channel_type).DiffConfusionMatrix()  

    if a.action == "avg - diff - confusion - matrix":  

        for channel_type in ["1", "2", "3", "int"]:  

            for power in [1, 2 , 3, 4]:  

                for fourier_type in ["an_bn"]:  

                    for terms in [3, 4, 5, 7, 10, 15, 20, 25, 30, 35, 45, 50, 55, 60, 65, 70, 

75, 80, 85, 90, 95, 100]:  

                        DiffConfusionMatrix(eeg_config, None, fourier_type, term s, power , 

channel_type).AVGDiffConfusionMatrix()  

     

    if a.action == "diff - variance":  

        for channel_type in ["1", "2", "3", "int"]:  

            for power in [1, 2, 3, 4]:  

                for fourier_type in ["an", "bn", "an_bn"]:  

                    for terms in [40, 999]:  

                        DiffConfusionMatrix(eeg_config, None, fourier_type, terms, power, 

channel_type).DiffVariance()  

 

    if a.action == "diff - all":  

        DiffConfusionMatrix(eeg_config, None, None, None, None, None).DiffAll ()  

    i f a.action == "plot - diff - fourier - time":  

        DiffConfusionMatrix(eeg_config, None, None, None, None, None).PlotDiffFourierTime()  

    if a.action == "diff - get - max":  
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        DiffConfusionMatrix(eeg_config, None, None, None, None, None).DiffGetMax( )  

 

ʌʘʡʣ eʝg.config (ʌʨʘʛʤʝʥʪ ʢʦʥʬʽʛʫʨʘʮʽʡʥʦʛʦ ʬʘʡʣʫ) 

[DEFAULT]  

data_path = DATA_EEG  

img_path = img  

 

[OPERATOR- 11]  

file_name = Operator 11/OBCI_B0.TXT  

multiplier = 1  

data_type = openbci  

sigma = 1.8, 0.9  

 

[WITH_TRAINING]  

file_name = NULL/ NULL.TXT  

multiplier = 1  

data _type = openbci  

sigma = 0, 0  

 

[WITHOUT_TRAINING]  

file_name = NULL/ NULL.TXT  

multiplier = 1  

data_type = openbci  

sigma = 0, 0  

 

[OPERATOR- 1]  

file_name = 30 - 09- 2022/OBCI_39.TXT  

multiplier = 1  

data_type = openbci  

sigma = 1.9, 0.5  

 

[OPERATOR- 2]  

file_name = 06 - 11- 2022/OBCI_3E.TXT  

multiplier = 1  

data_type = openbci  

sigma = 1.8, 0.9  

 

[OPERATOR- 3]  

file_name = Operator 3/OBCI_5A.TXT  

multiplier = 1  

data_type = openbci  

sigma = 2.2, 2.0  

 

[OPERATOR- 4]  

file_name = Operator 4/OBCI_5E.TXT  

multiplier = 1  

data_type = openbci  

si gma = 2.0, 1.0  

 

[OPERATOR- 5]  

file_name = Operator 5/OBCI_62.TXT  
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multiplier = 1  

data_type = openbci  

sigma = 1.8, 2.4  

 

[OPERATOR- 6]  

file_name = Operator 6/OBCI_7C.TXT  

multiplier = 1  

data_type = openbci  

sigma = 1.7, 2.3  

 

[ OPERATOR- 7]  

file_name = Operator 7/OB CI_87.TXT  

multiplier = 1  

data_type = openbci  

sigma = 1.7, 2.3  

 

[OPERATOR- 8]  

file_name = Operator 8/OBCI_95.TXT  

multiplier = 1  

data_type = openbci  

sigma = 2.3, 0.9  

 

[OPERATOR- 9]  

file_name = Operator 9/OBCI_A0.TXT  

multiplier = 1  

data_type = openbci  

sigma = 2 .3, 1.0  

 

[OPERATOR- 10]  

file_name = Operator 10/OBCI_AB.TXT  

multiplier = 1  

data_type = openbci  

sigma = 1.9, 0.9  

 

 

[H_P001_B001_1_S2]  

sig_name = 1  

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Pe rson_001/b001_1  

multiplier = 0.072  

pathology = 1  

data_type  = mat  

 

[H_P001_B001_2_S2]  

sig_name = 1  

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_001/b001_2  

multiplier = 0.072  

pathology = 1  

data_type = mat  

 

[H_P001_M001_1_S2]  

sig_name = 1  

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_001/m00 1_1  

multiplier = 0.072  
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pathology = 1  

data_type = mat  

 

[H_P001_M001_2_S2]  

sig_name = 1  

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_001/m001_2  

multiplier = 0.072  

pathology = 1  

dat a_type = mat  

 

[H_P001_M001_3_S2]  

sig_name = 1  

file_name = /home/M yFiles2/ECG/cebsdb_2minutes/mat/Person_001/m001_3  

multiplier = 0.072  

pathology = 1  

data_type = mat  

 

[H_P001_M001_4_S2]  

sig_name = 1  

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_001/m001_4  

multiplier = 0.072  

pathology = 1  

data_type = mat  

 

[H_P0 01_M001_5_S2]  

sig_name = 1  

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_001/m001_5  

multiplier = 0.072  

pathology = 1  

data_type = mat  

 

[H_P001_M001_6_S2]  

sig_name = 1  

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_001/m001_6  

multiplie r = 0.072  

pathology = 1  

data_type = mat  

 

[H_P001_M001_7_S2]  

sig_name = 1  

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_001/m001_7  

multiplier = 0.072  

pathology = 1  

data_type = mat  

 

[H_P001_M001_8_S2]  

sig_name = 1  

file_name = /home/MyFiles2/ECG/c ebsdb_2minutes/mat/Person_001/m001_8  

multiplier = 0.072  

pathology = 1  

data_type = mat  

 

[H_P001_M001_9_S2]  
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sig_name = 1  

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_001/m001_9  

multiplier = 0.072  

pathology = 1  

data_type = mat  

 

[H_P001_M001_10_S2 ]  

sig_name = 1  

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_001/m001_10  

multiplier = 0.072  

pathology = 1  

data_type = m at  

 

[H_P002_B002_1_S2]  

sig_name = 1  

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_002/b002_1  

multiplier = 0.072  

pathology = 1  

data_type = mat  

 

[H_P002_B002_2_S2]  

sig_name = 1  

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_002/b002_2  

multiplier = 0.072  

pathology = 1  

data_type = mat  

 

[H_P002_M002_1_S2]  

sig_name = 1  

file_name = /home/MyFiles2/ECG/cebsdb_2minu tes/mat/Person_002/m002_1  

multiplier = 0.072  

pathology = 1  

data_type = mat  

 

[H_P002_M002_2_S2]  

sig_name = 1  

file_name = /home/MyFil es2/ECG/cebsdb_2minutes/mat/Person_002/m002_2  

multiplier = 0.072  

pathology = 1  

data_type = mat  

 

[H_P002_M002_3_S2]  

sig_name =  1 

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_002/m002_3  

multiplier = 0.072  

pathology = 1  

data_type = mat  

 

[H_P002_M002_4_S2]  

sig_name = 1  

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_002/m002_4  

multiplier = 0.072  

pathology = 1  
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data_type = mat  

 

[H_P002_M002_5_S2]  

sig_name = 1  

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_002/m002_5  

multiplier = 0.072  

pathology = 1  

data_type = mat  

 

[H_P002_M002_6_S2]  

sig_name = 1  

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Perso n_002/m002_6  

multiplier = 0.072  

pathology = 1  

data_type = mat  

 

[H_P002_M002_7_S2]  

sig_name = 1  

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_002/m002_7  

multiplier = 0.072  

pathology = 1  

data_type = mat  

 

[H_P002_M002_8_S2]  

sig_name = 1  

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_002/m002_8  

multiplier = 0.072  

pathology = 1  

data_type = mat  

 

[H_P002_M002_9_S2]  

sig_name = 1  

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_002/m002_9  

multiplier = 0.072  

pathology = 1  

data_type = m at  

 

[H_P002_M002_10_S2]  

sig_name = 1  

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_002/m002_10  

multiplier = 0.072  

pathology = 1  

data_type = mat  

 

ʌʘʡʣ eeg_config_validate.py (ɺʘʣʽʜʘʮʽʷ ʢʦʥʬʽʛʫʨʘʮʽʾ) 

from configparser import ConfigParser  

from pat hlib import Path  

 

class EEGConfigException(Except ion):  

    pass  
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class EEGConfigConfig(ConfigParser):  

    def __init__(self, config_file, config_block):  

        super(EEGConfigConfig, self).__init__()  

 

        if not Path(config_file).is_file():  

            raise EEGConfigException(  

                    'The config file %s does not exist' % config_file)  

                     

        self.read(config_file)  

        self.validate_config(config_block)  

 

    def validate_config(self, config_block):  

        required _values = {  

            'DEFAULT': {  

                'data_path' : None,  

                'img_path' : None  

            },  

            '%s' % (config_block): {  

                'file_name': None,  

                'multiplier': None,  

                'data_type ': ('openbci'),  

                'sigma': None  

            }  

        }  

 

        for section, keys in required_values.items():  

            if section not in self:  

                raise EEGConfigException(  

                    'Missing section "%s" i n the conf ig file' % section)  

 

            for key, values in keys.items():  

                if key not in self[section] or self[section][key] == '':  

                    raise EEGConfigException((  

                        'Missing value for "%s" under sectio n "%s" in ' +  

                        'the config file') % (key, section))  

 

                if values:  

                    if self[section][key] not in values:  

                        raise EEGConfigException((  

                            'Invalid value for "%s" und er section "%s" in ' +  

                            'the config file') % (key, section))  

 

ʌʘʡʣ eeg_config.py (ɯʥʪʝʨʧʨʠʪʘʮʽʷ ʢʦʥʬʽʛʫʨʘʮʽʾ) 

from loguru i mport logger  

import sys  

 

from get_config.eeg_config_validate import EEGConfigConfig, EEGConfigException  

 

c lass EEGConfig:  

 

    CONFIG_FILE_PATH = "src/config/ecg.config"  
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    def __init__(self, config_block, config_file_path=None):  

        if config_file_p ath is not None:  

            self.CONFIG_FILE_PATH = config_file_path  

        logger.info("Read config fil e: {}", self.CONFIG_FILE_PATH)  

        logger.debug("Config: {}", config_block)  

 

        config = {}  

        try:  

            config = EEGConfigConfig (self.CONFIG_FILE_PATH, config_block)  

        except EEGConfigException as e:  

            logger.error("In valid config file: {}", e)  

            sys.exit(1)  

     

        self.file_name = config[config_block]["file_name"].strip()  

        self.multiplier = float(config[config_block]["multiplier"].strip())  

        self.data_type = config[config_block]["data_type" ].strip()  

        self.sigma = [float(x) for x in config [config_block]["sigma"].strip().split(',')]  

        self.config_block = config_block  

        self.data_path = config["DEFAULT"]["data_path"].strip()  

        self.img_path = config["DEFAULT"]["img_path "].strip()  

 

    def getDataType(self):  

        return se lf.data_type  

     

    def getFileName(self):  

        return self.file_name  

     

    def getMultiplier(self):  

        return self.multiplier  

     

    def getConfigBlock(self):  

        return self.confi g_block  

     

    def getDataPath(self):  

        return s elf.data_path  

     

    def getImgPath(self):  

        return self.img_path  

     

    def getSigma(self):  

        return self.sigma  

 

    def __str__(self):  

        logger.debug("toString {}", self.config _block)  

        return ((  

                " \ nConfig block: {0} \ n" +  

                "File mame: {1} \ n" +  

                "Multiplier: {2} \ n" +  

                "Default data path {3} \ n" +  

                "Defau lt images path {4} \ n"  

                ).format( self.config_block, self.file_name, self.multiplier, self.data_path, 

self.img_path))  
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ʌʘʡʣ read_data_file.py (ʏʠʪʘʻʤʦ ʜʘʥʽ ʟ ʬʘʡʣʫ) 

from loguru import logger  

import pandas as pd  

from pathlib import Path  

from my_helpers.read_data.read_openbci_file import Rea dOpenBCIFile  

 

class ReadDataFile:  

 

    def __init__(self, eeg_config):  

        self.eeg_config = eeg_config  

        data_type = eeg_config.getDataType()  

        if data_type == 'openbci':  

            se lf.instance = ReadOpenBCIFile(eeg_config)  

        else :  

            raise ValueError(f"Invalid data type: {data_type}")  

         

    def __getattr__(self, name):  

        return self.instance.__getattribute__(name)  

 

    def getData(self):  

        fr_path = 

f'{self.eeg_config.getImgPath()}/{self.eeg_config.getC onfigBlock()}/function_rhythm.csv'  

        if not Path(fr_path).is_file():  

            e = 'The rhythm funct ion file %s does not exist' % fr_path  

            logger.error(e)  

            raise FileNotFoundError(e)  

         

        eeg_fr = pd.read_csv(fr_pa th)  

        self.D_c = eeg_fr["D_c"]  

        self.D_z = eeg_fr["D_z"]  

 

        self.matrix_passivity = [[] f or _ in range(len(self.signals))]  

        self.matrix_activity = [[] for _ in range(len(self.signals))]  

 

        D_c_scaled = [(dc -  1) * self.sampl ing_rate for dc in self.D_c]  

        D_z_scaled = [(dz -  1) * self.sampling_rate for dz in self.D_z]  

 

        for channel_number, signal in enumerate(self.signals):  

            for i in range(len(self.D_z) -  1):  

                passivity_start = int(D_c_sc aled[i])  

                passivity_end = int(D_z_scaled[i])  

                

self.matrix_passivity[channel_nu mber].append(signal[passivity_start:passivity_end])  

 

                activity_start = int(D_z_scaled[i])  

                activity_end = int(D_c_scal ed[i + 1])  

                

self.matrix_activity[channel_number].append(signal[activity_start:activity_end])  
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ʌʘʡʣ read_openbci_file.py (ʆʧʠʩ ʬʦʨʤʘʪʫ OpenBCI) 

from loguru import logger  

import csv  

from scipy import signal  

import numpy as np  

 

class ReadOpenBC IFile:  

 

    def __init__(self, ecg_config):  

        data_path = f'{ecg_config.getDataPath()}/{ecg_config.getFileName()}'  

        logger.info("Read OpenBCI file")  

        logger.info(data_path)  

 

        input_sample_rate = 250 # !!! 250 !!!  

        band = ( 1,17)  

 

        ADS1299_Vref = 4.5  #reference voltage for ADC in ADS1299.  set by its hardware  

        ADS1299_gain = 24.  #assumed gain setting for ADS1299  

        scale_fac_uVolts_per_count = ADS1299_Vref / ((float)(pow(2, 23) - 1)) / ADS1299_gain * 

100000 0.  

        input_headers = 

['id','ch1','ch2','ch3','ch4','ch5','ch6','ch7','ch8','accel1','accel2','accel3']  

        output_data = []  

        output_time_data = []  

        output_val_data = []  

        time_counter = 1  

        time_increment = float(1) / fl oat(input_s ample_rate)  

 

        with open(data_path, 'r') as csvfile:  

         

            csv_input = csv.DictReader((line.replace(' \ 0','') for line in csvfile), 

fieldnames=input_headers, dialect='excel')  

            row_count = 0  

 

            for row in csv_input:  

                row_count = row_count + 1  

                if(row_cou nt > 2):  

                    output = {}  

                    val_data = [0.] * 3  

                    time_counter = time_counter + time_increment  

                    output['tim e'] = time_counter  

                    output_time_data.append(round(time_count er, 3))  

 

                    for i in range(1, 4):  

                        channel_key = 'ch'+str(i)  

                        output[channel_key] = self.parseInt24Hex(row[channel _key]) * 

scale_fac_uVolts_per_count  

                        val_data[i -  1] = s elf.parseInt24Hex(row[channel_key]) * 

scale_fac_uVolts_per_count  

                    output_val_data.append(val_data)  

                    output_data.append(output)  
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        log ger.debug('End read data from file')  

 

        y_T = np.transpose(output_val_dat a)  

        self.sampling_rate = input_sample_rate  

 

        notch_channels = []  

        for i in range(len(y_T)):  

            notch_channels.append(self.notch(50, y_T[i], fs = se lf.sampling_rate))  

 

        bandpass_notch_channels = []  

        for i in range(len(notch_channels)):  

            bandpass_notch_channels.append(self.bandpass(band[0],band[1],notch_channels[i], 

fs = self.sampling_rate))  

         

        self.signals = band pass_notch_channels  

 

        logger.info(f'Sampling rate: {self.sampling_rate}')  

 

 

    def parseInt24Hex(self, hex):  

        if hex is None:  

            return 0.  

        if (hex[:1] > '7'):  

            hex = "FF" + hex  

        else:  

            hex = "00"  + hex  

        n = i nt(hex, 16) & 0xffffffff  

        return n | ( - (n & 0x80000000))  

         

    def bandpass(self, start, stop, data, fs):  

        bp_Hz = np.array([start, stop])  

        b, a = signal.butter(5, bp_Hz / (fs / 2.0), btype='bandpass')  

        return signal.lfil ter(b, a, data, axis=0)  

 

    def notch(self, val, data, fs):  

        notch_freq_Hz = np.array([float(val)])  

        for freq_Hz in np.nditer(notch_freq_Hz):  

            bp_stop_Hz = freq_Hz + 3.0 * np.array([ - 1, 1])  

            b, a = s ignal.butter(3, bp_stop_Hz / (fs / 2.0), 'bandstop')  

            fin = data = signal.lfilter(b, a, data)  

        return fin  

 

ʌʘʡʣ read_physionet_file.py (ʆʧʠʩ ʬʦʨʤʘʪʫ PhysioNet) 

from loguru import logger  

import numpy as np  

import wfdb  

 

class ReadPhysionetF ile:  

 

    def __init__(self, ecg_config):  

        # data_path = f'{ecg_config.getDataPath()}/{ecg_config.getFileName()}'  
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        data_path = f'{ecg_config.getFileName()}'  

        logger.info("Read physionet file")  

        logger.info(da ta_path)  

 

        si gnals, self.fileds = wfdb.rdsamp(data_path)  

 

        self.sampling_rate = self.fileds['fs']  

        self.signals = signals.transpose()  

 

        bandpass_notch_channels = []  

        for i in self.signals:  

            bandpass_notch_chann els.append(self.band pass(i, fs = self.sampling_rate))  

 

        self.signals = bandpass_notch_channels  

 

        logger.info(f'Fileds: {self.fileds["sig_name"]}')  

        logger.info(f'Sampling rate: {self.sampling_rate}')  

 

 

    def bandpass(self, data, fs):  

        m = np.mean (data)  

        data = (data -  m) 

        t = 1  

        if np.max(data) > 1000:  

            t = 1000.0  

        return  data / t  

 

ʌʘʡʣ read_mat_file.py (ʆʧʠʩ ʬʦʨʤʘʪʫ MATLAB) 

from loguru import logger  

import scipy.io  

 

class ReadMatFile:  

 

    def __init__(self , ecg_config):  

        data_path = f'{ecg_config.getFileName()}.{ecg_config.getDataType()}'  

        logger.info("Read Mat file")  

        logg er.info(data_path)  

 

        data = scipy.io.loadmat(data_path)  

 

        if "signal" in data:  

 

            self.sign als = data["signal"].transpose()  

 

            result = [arr.item().strip() for arr in data["siginfo"]["Description"][0]]  

 

            self.sampling_rate = int((data["Fs"])[0][0])  

            logger.info(f'Fileds: {result}')  

            logger.info(f'Sampli ng rate: {self.sampling_rate}')  

 

        elif "OUTPUT" in data:  
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            output = self.get_nested(data, "OUTPUT", "ECGanalysis", 0, 0, "x", 0, 0)  

            self.FourierSeries_FourierCoefficients = self.get_nested(output, "FourierSeries", 

0, 0, "Fourie rCoefficients", 0, 0, 0) # Fourier  coefficients  

            self.FourierSeries_Harmonics = self.get_nested(output, "FourierSeries", 0, 0, 

"Harmonics", 0, 0, 0) # Harmonics  

            self.cycRSCP1_Ryxa = self.get_nested(output, "cycRSCP1", 0, 0, "Ryxa", 0 , 0, 0)  

# cyclic autocorrelation of x(t)  

            self.cycRSCP1_Cyxa = self.get_nested(output, "cycRSCP1", 0, 0, "Cyxa", 0, 0, 0)  

# cyclic autocovaraince of x(t)  

            self.cycRSCP1_Tau1 = self.get_nested(output, "cycRSCP1", 0, 0, "Tau1", 0, 0, 0)  

# tau axis for cyclic autocorr elation and autocovariance  

            self.cycRSCP1_Syxa = self.get_nested(output, "cycRSCP1", 0, 0, "Syxa", 0, 0, 0)  

# cyclic spectrum  

            self.cycRSCP1_Pyxa = self.get_nested(output, "cycRSCP1", 0, 0, "Pyxa", 0 , 0, 0)  

# 2nd - order cyclic polysp ectrum  

            self.cycRSCP1_F1 = self.get_nested(output, "cycRSCP1", 0, 0, "F1", 0, 0, 0)     # 

frequency axis for cyclic spectrum and 2nd - order cyclic polyspectrum  

 

            self.stationary_cycRSCP1_Ryxa = self.ge t_nested(output, "stationary", 0, 0, 

"cycRSCP1", 0, 0, "Ryxa", 0, 0, 0)  # autocorrelation of x(t)  

            self.stationary_cycRSCP1_Cyxa = self.get_nested(output, "stationary", 0, 0, 

"cycRSCP1", 0, 0, "Cyxa", 0, 0, 0)  # autocovariance of x(t)  

            self.stationary_cycRSCP1_Tau1 = self.get_nested(output, "stationary", 0, 0, 

"cycRSCP1", 0, 0, "Tau1", 0, 0, 0)  # tau axis for autocorrelation and autocovariance  

            self.stationary_cycRSCP1_Syxa = self.get_nested(output, "stationary", 0, 0, 

"c ycRSCP1", 0, 0, "Syxa", 0, 0, 0)  # power spectral density  

            self.stationary_cycRSCP1_Pyxa = self.get_nested(output, "stationary", 0, 0, 

"cycRSCP1", 0, 0, "Pyxa", 0, 0, 0)  # 2nd - order polyspectrum  

            self.stationary_cycRSCP1_F1 = self.g et_nested(output, "stationary", 0,  0, 

"cycRSCP1", 0, 0, "F1", 0, 0, 0)    # frequency axis for power spectral density and 2nd - order 

polyspectrum  

        else:  

            self.RD_Ryxa = self.get_nested(data, "OUTPUT_RD", 0, 0, "Ryxa", 0) # cyclic 

autocorre lation of x(t)  

            self.RD _Tau1 = self.get_nested(data, "OUTPUT_RD", 0, 0, "Tau1", 0) # tau axis for 

cyclic autocorrelation  

            self.RD_Pyxa = self.get_nested(data, "OUTPUT_RD", 0, 0, "Pyxa", 0) # 2nd - order 

cyclic polyspectrum  

            self.RD_F1 = self.get_nested(data, "OUTPUT_RD", 0, 0, "F1", 0) # frequency axis 

for 2nd - order cyclic polyspectrum  

            self.RD_FourierCoefficients = self.get_nested(data, "OUTPUT_RD", 0, 0, 

"FourierCoefficients", 0) # Fourier coefficients  

            self.RD_Harmonics = self.get_nested(data, "OUTPUT_RD", 0, 0, "Harmonics", 0) # 

Harmonics  

 

 

    def get_nested(se lf, data, *path):  

        for key in path:  

            try:  

                data = data[key]  

            except (KeyError, IndexError):  

                return None  

        return data  
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ʌʘʡʣ generate_rhythm_function_ecg.py (ʌʫʥʢʮʽʷ ʨʠʪʤʫ ʜʣʷ ɽʂɻ) 

from loguru import logger  

from my_helpers.read_data.read_data_file import ReadDataFile  

import pandas as pd  

import neurokit2 as nk  

import numpy as np  

from  pathlib import Path  

import matplotlib.pyplot as plt  

 

class GenerateRhythmFunction(ReadDataFile):  

 

    def _ _init__(self, ecg_config):  

        super().__init__(ecg_config)  

 

    def genFr(self):  

        logger.info("Get ECG Peaks")  

        path = f'{self.ec g_config.getImgPath()}/{self.ecg_config.getConfigBlock()}'  

        path_all = f'{path}/FR - {self.ecg_config.getConfigBlock()}.csv'  

        Path(path).mkdir(parents=True, exist_ok=True)  

        if Path(path_all).is_file():  

            logger.warning(f'File { path_all} is exist. Create a backup and continue')  

            return  

        i = self.ecg_config.getSigName()  

 

        _, rpeaks = nk.ecg_peaks(self.signals[i], sampling_rate=self.sampling_rate)  

        _, waves = nk.ecg_delineate (self.signals[i], rpeaks,  

sampling_rate=self.sampling_rate)  

        ECG_P_Peaks = list(np.round(np.array(waves["ECG_P_Peaks"]) / self.sampling_rate, 4))  

        ECG_Q_Peaks = list(np.round(np.array(waves["ECG_Q_Peaks"]) / self.sampling_rate, 4))  

        ECG_R_Peaks = list(np.round (np.array(rpeaks["ECG_R_Peaks"]) / self.sampling_rate, 4))  

        ECG_S_Peaks = list(np.round(np.array(waves["ECG_S_Peaks"]) / self.sampling_rate, 4))  

        ECG_T_Peaks = list(np.round(np.array(waves["ECG_T_Peaks"]) / self.sampl ing_rate, 4))         

 

        ecg_fr = pd.DataFrame({"ECG_P_Peaks" : ECG_P_Peaks, "ECG_Q_Peaks" : ECG_Q_Peaks, 

"ECG_R_Peaks" : ECG_R_Peaks, "ECG_S_Peaks" : ECG_S_Peaks, "ECG_T_Peaks" : ECG_T_Peaks})  

        nk.write_csv(ecg_fr, path_all)  

 

    def genInter vals(self):  

        logge r.info("Gen All ECG Intervals")  

        path = f'{self.ecg_config.getImgPath()}/{self.ecg_config.getConfigBlock()}/Intervals'  

        Path(path).mkdir(parents=True, exist_ok=True)  

        path_all = f'{path}/All.csv'  

        if Pat h(path_all).is_file():  

            logger.warning(f'File {path_all} is exist. Create a backup and continue')  

            return  

         

        i = self.ecg_config.getSigName()  

 

        _, rpeaks = nk.ecg_peaks(self.signals[i], sampling_rate=self.sampling_rate)  
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        _, waves =  nk.ecg_delineate(self.signals[i], rpeaks, 

sampling_rate=self.sampling_rate)  

         

        ECG_P_Onsets = list(np.array(waves["ECG_P_Onsets"]) / self.s ampling_rate)  

        ECG_P_Peaks = list(np.array(waves["ECG_P_Peaks"]) / self.sampling_rate)  

        ECG_P_Offsets = list(np.array(waves["ECG_P_Offsets"]) / self.sampling_rate)  

        # ECG_R_Onsets = list(np.array(waves["ECG_R_Onsets"]) / self.sampling_ rate)  

        ECG_Q_Peaks = list(np.array(waves["ECG_Q_Peaks"]) / self.sampling_rate)  

        ECG_R_Peaks = list(np.array(rpeaks["ECG_R_Peaks"]) / self.sampling_rate)  

        ECG_S_Peaks = list(np.array(waves["ECG_S_Peaks"]) / self.sampling_rate)  

        # ECG_R_Offsets = list(np.array(waves["ECG_R_Offsets"]) / self.sampling_rate)  

        ECG_T_Onsets = li st(np.array(waves["ECG_T_Onsets"]) / self.sampling_rate)  

        ECG_T_Peaks = list(np.array(waves["ECG_T_Peaks"]) / self.sampling_rate)  

        ECG_T_Off sets = list(np.array(waves["ECG_T_Offsets"]) / self.sampling_rate)  

 

        # ecg_fr = pd.DataFrame({" ECG_P_Onsets" : ECG_P_Onsets, "ECG_P_Peaks" : ECG_P_Peaks, 

"ECG_P_Offsets" : ECG_P_Offsets,  

        #                        "ECG_Q_Peaks" : ECG_Q_Peaks,  

        #                        "ECG_R_Peaks" : ECG_R_Peaks,  

        #                        "ECG_S _Peaks" : ECG_S_Peaks,  

        #                        "ECG_T_Onsets" : ECG_T_Onsets, "ECG_T_Peaks" : ECG_T_Peaks, 

"ECG_T_Offsets" : ECG_T_Offsets})  

        ecg_fr = pd.DataFrame({"ECG_P_Peaks" : ECG_P_Peaks,  

                               "ECG_Q_Peaks" : ECG_Q_Peaks,  

                               "ECG_R_Peaks" : ECG_R_Peaks,  

                               "ECG_S_Peaks" : ECG_S_Peaks,  

                               "ECG_T_Peaks" : ECG_T_Peaks,})  

         

        nk.write_csv(ecg_fr, path_all)  

 

    def pl otECG(self):  

        logger.info("Plot ECG")  

        path = f'{self.ecg_config.getImgPath()}/{self.ecg_config.getConfigBlock()}/Intervals'  

        Path(path).mkdir(parents=True, exist_ok=True)  

 

        start = 0  

        end = 5000  

        ECG_data = np.rou nd(self.signals[self.ecg_config.getSigName()] , 4)  

        time = np.arange(0, len(ECG_data), 1) / self.sampling_rate  

 

        # data = pd.DataFrame({"ECG_data" : ECG_data})  

        # data.index = time  

        # data.index.name = "Time"  

        # nk.write_c sv(data, f'{path}/ECG_data.csv')  

 

        plt .clf()  

        plt.rcParams.update({'font.size': 15})  

        f, axis = plt.subplots(1)  

        f.tight_layout()  

        f.set_size_inches(19, 6)  

        axis.grid(True)  

        axis.plot(time, ECG_data, linewid th=3, label=r"$ \ xi_{{ \ omega}} (t), mV$")  

        axis.set_xlabel("$t, s$", loc = 'right')  
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        axis.legend(loc='upper right')  

        # axis.axis(ymin = - 6, ymax = 6)  

        axis.axis(xmin = 0.3, xmax = 9.5)  

        plt.savefig(f'{path}/ECG_data.png', dpi=300)  

 

    def plotFr(self, debug = False):  

        logger.info("Plot a rhythm function")  

 

        self.getData()  

 

        plot_path = f'{self.ecg_config.getFrImgPath()}/{self.ecg_config.getConfigBlock()}'  

        Path(plot_path).mkdir(parents=True, exi st_ok=True )  

 

        T1_ECG_T_Peaks = []  

        T1_ECG_P_Peaks = []  

        T1_ECG_R_Peaks = []  

        T1_ECG_S_Peaks = []  

        T1_ECG_Q_Peaks = []  

        T1_X = []  

        T1_Y = []  

 

        for i in range(len(self.ECG_T_Peaks) - 1):  

            T1_ECG_T_Peaks. append(round(self.ECG_T_Peaks[i+1] -  self.ECG_T_Peaks[i], 2))  

 

        for i in range(len(self.ECG_P_Peaks) - 1):  

            T1_ECG_P_Peaks.append(round(self.ECG_P_Peaks[i+1] -  self.ECG_P_Peaks[i], 2))  

 

        for i in range(len(self.ECG_R_Peaks) - 1):  

            T1_ECG_R_Peaks.append(round(self.ECG_R_Peaks[i+1] -  self.ECG_R_Peaks[i], 2))  

 

        for i in range(len(self.ECG_P_Peaks) -  1):  

            T1_X.append(self.ECG_P_Peaks[i])  

            T1_X.append(self.ECG_R_Peaks[i])  

            T1_X.app end(self.ECG_T_Peaks[i])  

 

        for i in range(len(T1_ECG_P_Peaks)):  

            T1_Y.append(T1_ECG_P_Peaks[i])  

            T1_Y.append(T1_ECG_R_Peaks[i])  

            T1_Y.append(T1_ECG_T_Peaks[i])  

 

        # T1_Y = list(map(lambda x:  x -  0.81413, T1_Y))  

 

        plt.clf()  

        plt.rcParams.update({'font.size': 14})  

        f, axis = plt.subplots(1)  

        f.tight_layout()  

        f.set_size_inches(19, 6)  

        axis.grid(True)  

        axis.plot(T1_X, T1_Y, linewidth=3)  

        ax is.set_xlabel("$t, s $", loc = 'right')  

        axis.legend(['$T(t, 1), s$'])  

        axis.axis(ymin = - 0.2, ymax = 1.2)  

        axis.axis(xmin = T1_X[0], xmax = T1_X[ - 1])  
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        plt.savefig(f'{plot_path}/FR - {self.ecg_config.getConfigBlock()}.png', dpi=300 )  

 

ʌʘʡʣ rhythm_function.py (ʌʫʥʢʮʽʷ ʨʠʪʤʫ ʜʣʷ ɽɽɻ) 

from loguru import logger  

from my_helpers.read_data.read_data_file import ReadDataFile  

from pathlib import Path  

import matplotlib.pyplot as plt  

import numpy as np  

 

class RhythmFunction(ReadDataFile):  

 

    def __init__(self, e cg_config):  

        super().__init__(ecg_config)  

        self.plot_path = f'{self.eeg_config.getImgPath()}/{self.eeg_config.getConfigBlock()}'  

        Path(self.plot_path).mkdir(parents=True, exist_ok= True)  

 

    def plotFr(self):  

        logger.info("Plot a rhythm function")  

 

        self.getData()  

 

        T1_D_c = []  

        T1_D_z = []  

        T1_X = []  

        T1_Y = []  

 

        for i in range(len(self.D_c) -  1):  

            T1_D_c.append(round(self .D_c[i+1] -  self.D_c[i], 2))  

 

        for i in range(le n(self.D_z) -  1):  

            T1_D_z.append(round(self.D_z[i+1] -  self.D_z[i], 2))  

 

        for i in range(len(self.D_c) -  1):  

            T1_X.append(self.D_c[i])  

            T1_X.append(self.D_z[i])  

 

        for i in range(len(T1_D_c)):  

            T1_Y. append(T1_D_c[i])  

            T1_Y.append(T1_D_z[i])  

 

        plt.clf()  

        plt.rcParams.update({'font.size': 14})  

        f, axis = plt.subplots(1)  

        f.tight_layout()  

        f.set_size_inches(10, 6)  

        axis.grid(True)  

        axis.plot(T1_ X, T1_Y, linewidth=2)  

        axis.set_xlabel("$t, s$", loc = 'right')  

        axis.legend(['$T(t, 1), s$'])  

        axis.axis(ymin = 0, ymax = round(np.max(T1_Y)) + 0.5)  

        axis.axis(xmin = T1_X[0], xmax = T1_X[ - 1])  



161 

        plt.savefig(f"{self.plot_p ath}/function_rhythm.png", dpi=300)  

 

    def plotEEG(self):  

        logger.info("Plot a EEG")  

 

        self.getData()  

 

        f, axis = plt.subplots(len(self.signals))  

        f .tight_layout()  

        f.set_size_inches(17, 9)  

        time = np.arange(0, len(self.signals[0]), 1) / 250  

 

        xtext = "$t, s$"  

        ytext=r"$ \ xi_{{ \ omega {}}} (t), \ mu V$"  

 

        for i in range(len(self.signals)):  

            axis[i].grid(True)  

            axis[i].plot(time, self.signals[i])  

            axis[i].set_xlab el(xtext, loc = 'right')  

            axis[i].set_title(ytext.format(i+1), loc = 'left', fontsize=10, posit ion=( - 0.07, 

0))  

 

        for i in range(len(self.signals)):  

            axis[i].axis(xmin = 7.2, xmax = 20)  

            axis[i].axis(ymin = - 10, ymax = 10)  

        plt.savefig(f"{self.plot_path}/ɻʨʘʬʽʢ.png", dpi=300) 

 

ʌʘʡʣ data_preparation.py (ʇʽʜʛʦʪʦʚʢʘ ʜʘʥʠʭ ɽɽɻ) 

from loguru import logger  

from my_helpers.read_data.read_data_file import ReadDataFile  

import numpy as np  

import scipy.interpolate as interp  

 

class DataPreparation(ReadDataFile):  

 

    def __init__(self, eeg_config):  

        super().__init__(eeg_c onfig)  

        self.getData()  

 

        self.mod_sampling_rate = int(self.sampling_rate * self.eeg_config.getMultiplier())  

 

        matrix_activity_siz e = matrix_passivity_size = self.mod_sampling_rate  

 

        self.interp_matrix_passivity = [[] for _ in ra nge(len(self.signals))]  

        self.interp_matrix_activity = [[] for _ in range(len(self.signals))]  

 

        self.interp_matrix_passivity = self.inte rp_matrix(self.matrix_passivity, 

matrix_passivity_size)  

        self.interp_matrix_activity = self.interp_matrix(self.matrix_activity, 

matrix_activity_size)  
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    def interp_matrix(self, matrix, size):  

        interpolated_matrix = []  

        for channel in  matrix:  

            interp_channel = []  

            for segment in channel:  

                arr = np.array(segment)  

                arr_interp = interp.interp1d(np.arange(arr.size), arr)  

                arr_ stretch = arr_interp(np.linspace(0, arr.size -  1, size))  

                interp_channel.append(arr_stretch)  

            interpolated_matrix.append(interp_channel)  

        return interpolated_matrix  

 

    def getNewMatrixSize(self, matrix):  

        n = 0  

        for i in range(len(matrix)):  

            n = n + len(matrix[i])  

        n = int((n / len(matrix)) * self.eeg_config.getMultiplier())  

        return n  

     

    def getModSamplingRate(self):  

        return self.mod_sampling_rate  

     

    def getPrepared Data(self):  

        return self.interp_matrix_pa ssivity, self.interp_matrix_activity  

 

ʌʘʡʣ data_preparation.py (ʇʽʜʛʦʪʦʚʢʘ ʜʘʥʠʭ ɽʂɻ) 

from loguru import logger  

from my_helpers.read_data.read_data_file import ReadDataFile  

import numpy as np  

import scipy.interpolate as interp  

from pathlib import Path  

impo rt matplotlib.pyplot as plt  

 

class DataPreparation(ReadDataFile):  

 

    def __init__(self, ecg_config):  

        super().__init__(ecg_config)  

        self.getData()  

 

        self.mod_sampling_rate = in t(self.sampling_rate * self.ecg_config.getMultiplier())  

 

        matrix_T_P_size = self.getNewMatrixSize(self.matrix_T_P)  

        matrix_P_R_size = self.getNewMatrixSize(self.matrix_P_R)  

        matrix_R_T_size = self.getNewMatrixSize(self.matrix_R_T)  

 

        interp_matrix_T_P = []  

        interp_matrix_P_R = [ ]  

        interp_matrix_R_T = []  

        self.interp_matrix_all = []  

 

        for i in range(len(self.matrix_T_P)):  
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            arr = np.array(self.matrix_T_P[i])  

            arr_interp = interp.interp1d(np.arange(arr.size), arr)  

            arr_stretch = arr_interp(np.linspace(0, arr.size -  1, matrix_T_P_size))  

            interp_matrix_T_P.append(arr_stretch)  

 

        for i in range(len(self.matrix_P_R)):  

            arr = np.array(self.matrix_P_R[i])  

            arr_interp = interp.interp1d(np.arange(arr .size), arr)  

            arr_stretch = arr_interp(np.linspace(0, arr.size -  1, matrix_P_R_size))  

            interp_matrix_P_R.append(arr_stretch)  

 

        for i i n range(len(self.matrix_R_T)):  

            arr = np.array(self.matrix_R_T[i])  

            arr _interp = interp.interp1d(np.arange(arr.size), arr)  

            arr_stretch = arr_interp(np.linspace(0, arr.size -  1, matrix_R_T_size))  

            interp_matrix_R _T.append(arr_stretch)  

 

        interp_matrix_all = np.concatenate((interp_matrix_P_R, interp _matrix_R_T, 

interp_matrix_T_P), axis=1)  

 

        for i in range(len(interp_matrix_all)):  

            arr = np.array(interp_matrix_all[i])  

            arr_interp =  interp.interp1d(np.arange(arr.size), arr)  

            arr_stretch = arr_interp(np.linspace(0 , arr.size -  1, self.mod_sampling_rate))  

            self.interp_matrix_all.append(arr_stretch)  

 

    def plotAllCycles(self):  

        plot_path = f'{self.ecg_confi g.getImgPath()}/{self.getSigNameDir()}'  

 

        Path(plot_path).mkdir(parents=True, exist_ok =True)  

        plt.clf()  

        plt.rcParams.update({'font.size': 14})  

        f, axis = plt.subplots(1)  

        f.tight_layout()  

        f.set_size_inches(19, 6)  

        axis.grid(True)  

        axis.set_xlabel("$t, s$", loc = 'right')  

        time = np.a range(0, len(self.interp_matrix_all[0]), 1) / self.mod_sampling_rate  

        for i in self.interp_matrix_all:  

            axis.plot (time, i, linewidth=2)  

        plt.savefig(f'{plot_path}/__All_Cycles.png', dpi=300)  

 

 

    def getNewMatrixSize(self, matrix) :  

        n = 0  

        for i in range(len(matrix)):  

            n = n + len(matrix[i])  

        n = int((n / len(matrix)) * self.ec g_config.getMultiplier())  

        # n = int(len(matrix[0]) * self.ecg_config.getMultiplier())  

        return n  

     

    def g etModSamplingRate(self):  

        return self.mod_sampling_rate  
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    def getPreparedData(self):  

        return self.interp_matri x_all  

 

ʌʘʡʣ confusion_matrix.py (ʈʦʟʨʘʭʫʥʦʢ ʤʘʪʨʠʮʽ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ) 

from sklearn.metrics import confusion_matrix  

from sklea rn.metrics import matthews_corrcoef  

from sklearn.metrics import class_likelihood_ratios  

import numpy as np  

 

class ConfusionMatrix():  

     

    def __init__(self, y_true, y_pred, ltime, ttime):  

 

        CM = confusion_matrix(y_true, y_pred)  

        TN, FP, F N, TP = CM.ravel()  

 

        # True Positive Rate  

        TPR = TP / (TP + FN)  

 

        # True Negative Rate  

        TNR = TN / (TN + FP)  

 

        # Positive Predictive Value  

        PPV = TP / (TP + FP)  

 

        # Negative Predictive Value  

        NPV = TN  / (TN + FN)  

 

        # False Negative Rate  

        FNR = FN / (FN + TP)  

 

        # False Positive Rate  

        FPR = FP / (FP + TN)  

 

        # False Discovery Rate  

        FDR = FP / (FP + TP)  

 

        # False Omission Rate  

        FOR = FN / (FN + TN)  

 

        # Positive Likelihood Ratio  

        LR_P_ = TPR / FPR  

 

        # Negative Likelihood Ratio  

        LR_N_ = FNR / TNR  

 

        # Prevalence Threshold  

        PT = np.sqrt(FPR) / (np.sqrt(TPR) + np.sqrt(FPR))  

 

        # Threat Score  
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        TS = TP / (TP + FN + FP)  

 

        # Accuracy  

        ACC = (TP + TN) / ( TP + TN + FP + FN)  

 

        # Balanced Accuracy  

        BA = (TPR + TNR) / 2.0  

 

        # F1 score  

        F1 = 2 * ((PPV * TPR) / (PPV + TPR))  

 

        # Matthews Correlation Coefficient  

        # MCC = ((TP * TN) -  (FP * FN)) / (np.sqrt((TP + FP) * (TP +  FN) * (TN + FP) * (TN + 

FN)))  

        MCC = matthews_corrcoef(y_true, y_pred)  

 

        # Fowlkes - Mallows index  

        FM = np.sqrt(PPV * TPR)  

 

        # Bookmaker Informedness  

        BM = TPR  + TNR -  1 

 

        # Markedness  

        MK = PPV + NPV -  1 

 

        # print(class_likelihood_ratios(y_true, y_pred))  

 

        # Diagnostic Odds Ratio  

        DPR = LR_P_ / LR_N_  

 

        self.CM = CM  

        self.TN = TN  

        self.FP = FP  

        self. FN = FN  

        self.TP = TP  

        self.TPR = TPR  

        self.TNR = TNR  

        self.PPV = PPV  

        self.NPV = NPV  

        self.FNR = FNR  

        self.FPR = FPR  

        self.FDR = FDR  

        self.FOR = FOR  

        self.LR_P_ = LR_P_  

        self.LR_ N_ = LR_N_  

        self.PT = PT  

        self.TS = TS  

        self.ACC = ACC  

        self.BA = BA  

        self.F1 = F1  

        self.MCC = MCC  

        self.FM = FM  

        self.BM = BM  
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        self.MK = MK  

        self.DPR = DPR  

        self. ltime = ltime  

        self.ttime = ttime  

 

    def getCM(self):  

        return self.CM  

 

    def getTN(self):  

        return self.TN  

 

    def getFP(self):  

        return self.FP  

 

    def getFN(self):  

        return self.FN  

 

    def getTP(self):  

        retur n self.TP  

 

    def getTPR(self):  

        return self.TPR  

 

    def getTNR(self):  

        return self.TNR  

 

    def getPPV(self):  

        return self.PPV  

 

    def getNPV(self):  

        return self.NPV  

 

    def getFNR(self):  

        return self.FNR  

 

    def getFPR(self):  

        return self.FPR  

 

    def getFDR(self):  

        return self.FDR  

 

    def getFOR(self):  

        return self.FOR  

 

    def getLR_P_(self):  

        return self.LR_P_  

 

    def getLR_N_(self):  

        return self.LR_N_  

 

    def getPT(self):  

        return sel f.PT  
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    def getTS(self):  

        return self.TS  

 

    def getACC(self):  

        return self.ACC  

 

    def getBA(self):  

        return self.BA  

 

    def getF1(self):  

        return self.F1  

 

    def getMCC(self):  

        return self.MCC  

 

    def getFM(self):  

        return self.FM  

 

    def getBM(self):  

        return self.BM  

 

    def getMK(self):  

        return self.MK  

 

    def getDPR(self):  

        return self.DPR  

     

    def getAllVariables(self):  

        return [  

            self.TPR, self.TNR, self.PPV, s elf.NPV,  

            self.FNR, self.FPR, self.FDR, self.FOR, self.LR_P_, self.LR_N_, self.PT, self.TS,  

            self.ACC, self.BA, self.F1, self.MCC, self.FM, sel f.BM, self.MK, self.DPR, 

np.round(self.ltime, 3), np.round(self.ttime, 3)  

        ]  

 

ʌʘʡʣʠ mathematical_statistics.py ʪʘ mathematical_statistics_data.py 

(ʈʦʟʨʘʭʫʥʦʢ ʧʦʯʘʪʢʦʚʠʭ ʪʘ ʮʝʥʪʨʘʣʴʥʠʭ ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ) 

from my_helpers.mathematical_statistics_data i mport MathematicalStatisticsData  

import numpy as np  

from scipy.integrate import simps  

 

clas s MathematicalStatistics(MathematicalStatisticsData):  

    def __init__(self, data):  

        data = np.transpose(data)  

        #Mathematical expectation  

        self. m_ = [np.mean(i) for i in data]  

        #Initial moments of the second order  

        self.m _2_ = [np.sum(np.array(i)**2) / len(i) for i in data]  

        #Initial moments of the third order  

        self.m_3_ = [np.sum(np.array(i)**3) / len(i) for i in data]  
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        #Initial moments of the fourth order  

        self.m_4_ = [np.sum(np.array(i)**4) /  len(i) for i in data]  

        #Variance  

        self.m__2 = [sum((data[i] -  self.m_[i])**2) / len(data[i]) for i in 

range(len(self.m_))]  

        #Central moment functions of the fourth order  

        self.m__4 = [sum((data[i] -  self.m_[i])**4) / len(data[i ]) for i in 

range(len(self.m_))]  

 

    def getMathematicalStatistics(self):  

        return MathematicalStatisticsData(self.m_, self.m_2_, s elf.m_3_, self.m_4_, 

self.m__2, self.m__4)  

     

    def setSamplingRate(self, sampling_rate):  

        self.sampling_ra te = sampling_rate  

 

class MathematicalStatisticsData():  

     

    def __init__(self, m_, m_2_, m_3_, m_4_, m__2, m__4):  

        self.m_ = m_  

        self.m_2_ = m_2_  

        self.m_3_ = m_3_  

        self.m_4_ = m_4_  

        self.m__2 = m__2  

        self.m__ 4 = m__4  

 

    def getMathematicalExpectation(self):  

        r eturn self.m_  

 

    def getInitialMomentsSecondOrder(self):  

        return self.m_2_  

     

    def getInitialMomentsThirdOrder(self):  

        return self.m_3_  

     

    def getInitialMomentsFourthOr der(self):  

        return self.m_4_  

     

    def getVariance(self):  

        return self.m__2  

     

    def getCentralMomentFunctionsFourthOrder(self):  

        return self.m__4  

 

ʌʘʡʣ plot_statistics.py (ɺʠʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʯʘʪʢʦʚʠʭ ʪʘ 

ʮʝʥʪʨʘʣʴʥʠʭ ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ) 

from my_helpers.mathe matical_statistics_data import MathematicalStatisticsData  

import numpy as np  

import matplotlib.pyplot as plt  

from pathlib import Path  
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from loguru import logger  

import neurokit2 as nk  

import pandas as pd  

 

class PlotS tatistics():  

    def __init__(self, stati stics, sampling_rate, ecg_config, zone_type):  

        self.sampling_rate = sampling_rate  

        self.ecg_config = ecg_config  

        self.statistics = statistics  

        self.zone_type = zone_type  

        self.plot _path = f'{self.ecg_config.getImgPath()}/ {self.ecg_config.getConfigBlock()}'  

 

    def plotAllStatistics(self):  

        logger.info("Plot Mathematical Statistics")  

        mathematical_statistics = [statistic.getMathematicalStatistics() for statistic in 

sel f.statistics]  

        xtext = "$t, s$"  

        self.plot_to_png([statistic.getMathematicalExpectation() for statistic in 

mathematical_statistics], f"1 Mathematical  Expectation {self.zone_type}", xtext=xtext, 

ytext=r"$m_{{ \ xi {}}} (t), \ mu V$", ylim=( - 4.5, 4.5))  

        self.plot_to_png([statistic.getInitialMomentsSecondOrder() for statistic in 

mathematical_statistics], f"2 Initial Moments Second Order {self.zone_typ e}", xtext=xtext, 

ytext=r"$d_{{ \ xi {}}} (t), \ mu V^2$")  

        self.plot_to_png([statistic.g etInitialMomentsThirdOrder() for statistic in 

mathematical_statistics], f"3 Initial Moments Third Order {self.zone_type}", xtext=xtext, 

ytext=r"$d_{{ \ xi {}}} (t), \ mu V^3$")  

        self.plot_to_png([statistic.getInitialMomentsFourthOrder() for statistic i n 

mathematical_statistics], f"4 Initial Moments Fourth Order {self.zone_type}", xtext=xtext, 

ytext=r"$d_{{ \ xi {}}} (t), \ mu V^4$")  

        self.plot_to_png([statis tic.getVariance() for statistic in mathematical_statistics], 

f"5 Variance {self.zone_type}", xtext=xtext, ytext=r"$d_{{ \ xi {}}} (t), \ mu V^2$")  

        self.plot_to_png([statistic.getCentralMomentFunctionsFourthOrder() for statistic in 

mathematical_statist ics], f"6 Central Moment Functions Fourth Order {self.zone_type}",  xtext=xtext, 

ytext=r"$d_{ { \ xi {}}} (t), \ mu V^4$")  

  

        self.plot_to_csv([statistic.getMathematicalExpectation() for statistic in 

mathematical_statistics], f"1 Mathematical Expectatio n {self.zone_type}")  

        self.plot_to_csv([statistic.getInitialMomentsSecondOrder() for s tatistic in 

mathematical_statistics], f"2 Initial Moments Second Order {self.zone_type}")  

        self.plot_to_csv([statistic.getInitialMomentsThirdOrder() for sta tistic in 

mathematical_statistics], f"3 Initial Moments Third Order {self.zone_type}")  

        self.plot_to_csv([statistic.getInitialMomentsFourthOrder() for statistic in 

mathematical_statistics], f"4 Initial Moments Fourth Order {self.zone_type}")  

        self.plot_to_csv(mathematical_statistics.getVariance(), "5 Variance")  

        self.plot_to_c sv(mathematical_statistics.getCentralMomentFunctionsFourthOrder(), "6 

Central Moment Functions Fourth Order")  

 

    def plotAllFourierStatistics(self):  

        logg er.info("Plot Mathematical Statistics Fourier")  

        self.statistics = [statistic.setSampl ingRate(self.sampling_rate) or statistic for 

statistic in self.statistics]  

        mathematical_statistics = [statistic.getMathematicalStatisticsFourierSeries() fo r 

statistic in self.statistics]  
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        xtext = "$n$"  

        self.fs_plot_to_png([s tatistic.getMathematicalExpectation() for statistic in 

mathematical_statistics], f"1 Mathematical Expectation {self.zone_type}", xtext=xtext, ytext=(r"$a_n, 

\ mu V$", r"$b_n, \ mu V$"))  

        self.fs_plot_to_png([statistic.getInitialMomentsSecondOrder() fo r statistic in 

mathematical_statistics], f"2 Initial Moments Second Order {self.zone_type}", xtext=xtext, 

ytext=(r"$a_n, \ mu V^2$", r"$b_n, \ mu V^2$"))  

        sel f.fs_plot_to_png([statistic.getInitialMomentsThirdOrder() for statistic in 

mathematical_stati stics], f"3 Initial Moments Third Order {self.zone_type}", xtext=xtext, 

ytext=(r"$a_n, \ mu V^3$", r"$b_n, \ mu V^3$"))  

        self.fs_plot_to_png([statistic.getIni tialMomentsFourthOrder() for statistic in 

mathematical_statistics], f"4 Initial Moments Fourt h Order {self.zone_type}", xtext=xtext, 

ytext=(r"$a_n, \ mu V^4$", r"$b_n, \ mu V^4$"))  

        self.fs_plot_to_png([statistic.getVariance() for statistic in 

mathematical_statistics], f"5 Variance {self.zone_type}", xtext=xtext, ytext=(r"$a_n, \ mu V^2$", 

r"$ b_n, \ mu V^2$"))  

        self.fs_plot_to_png([statistic.getCentralMomentFunctionsFourthOrder() for statistic 

in mathematical_statistics], f"6 Central Moment Functi ons Fourth Order {self.zone_type}",  

xtext=xtext, ytext=(r"$a_n, \ mu V^4$", r"$b_n, \ mu V^4$" ))  

  

        self.fs_plot_to_csv(mathematical_statistics.getMathematicalExpectation(), "1 

Mathematical Expectation")  

        self.fs_plot_to_csv(mathematical_statistics.getInitialMomentsSecondOrder(), "2 

Initial Moments Second Order")  

        self.fs_plot_ to_cs v(mathematical_statistics.getInitialMomentsThirdOrder(), "3 Initial 

Moments Third Order")  

        self.fs_plot_to_csv(mathematical_statistics.getInitialMomentsFourthOrder(), "4 

Initial Moments Fourth Order")  

        self.fs_plot_to_csv(mathematical_st atist ics.getVariance(), "5 Variance")  

        self.fs_plot_to_csv(mathematical_statistics.getCentralMomentFunctionsFourthOrder(), 

"6 Central Moment Functions Fourth Order")  

 

    def fs_plot_to_png(self, plot2, name, xlim = None, ylim = None, ytext=(r"$a_n,  \ mu V$", 

r"$b_n, \ mu V$"), xtext="", size=(9, 9)):  

        path = f'{self.plot_path}/Mathematical Statistics Fourier'  

        Path(path).mkdir(parents=True, exist_ok=True)  

        logger.info(f"Plot {name} an.png")  

        plt.clf()  

        plt.rcParams.u pdate ({'font.size': 14})  

        f, axis = plt.subplots(len(plot2))  

        f.tight_layout()  

        f.set_size_inches(size)  

        for i in range(len(plot2)):  

            an, _ = plot2[i]  

            axis[i].set_xlabel(xtext, loc = 'right')  

            axis[i ].set_title(ytext[0], loc = 'left', fontsize=15, position=( - 0.05, 0))  

            axis[i].grid(True)  

            _, stemlines, _ = axis[i].stem([0, *an[1:]])  

            plt.setp(stemlines, 'linewidth', 2)  

        plt.savefig(f'{path}/{name} an.png', dpi=3 00)  

 

        logger.info(f"Plot {name} bn.png")  
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        plt.clf()  

        plt.rcParams.update({'font.size': 14})  

        f, axis = plt.subplots(len(plot2))  

        f.tight_layout()  

        f.set_size_inches(size)  

        for i in range(len(plot2)):  

            _, bn = plot2[i]  

            axis[i].set_xlabel(xtext, loc = 'right')  

            axis[i].set_title(ytext[1], loc = 'left', fontsize=15, position=( - 0.05, 0))  

            axis[i].grid(True)  

            _, stem lines, _ = axis[i].stem([0, *bn])  

            plt.setp(stemlines, 'linewidth', 2)  

        plt.savefig(f'{path}/{name} bn.png', dpi=300)  

 

    def plot_to_png(self, plot, name, xlim = None, ylim = None, ytext="", xtext="", size=(7, 

9)):  

        logger.info(f "Plot {name}.png")  

        path = f'{s elf.plot_path}/Mathematical Statistics'  

        Path(path).mkdir(parents=True, exist_ok=True)  

        plt.clf()  

        # plt.rcParams.update({'font.size': 14})  

        f, axis = plt.subplots(len(plot))  

        f.tight _layout()  

        f.set_size_inches(si ze[0], size[1])  

        time = np.arange(0, len(plot[0]), 1) / self.sampling_rate  

        for i in range(len(plot)):  

            axis[i].grid(True)  

            axis[i].plot(time, plot[i], linewidth=2)  

            axis[ i].set_xlabel(xtext, loc = 'right')  

            axis[i].set_title(ytext.format(i+1), loc = 'left', fontsize=10, position=( - 0.07, 

0))  

            if xlim is not None:  

                axis[i].axis(xmin = xlim[0], xmax = xlim[1])  

            if ylim is not No ne:  

                axis[i].axis(ymin = ylim[0], ymax = ylim[1])  

        plt.savefig(f'{path}/{name}.png', dpi=300)  

 

    def plot_to_csv(self, plot, name):  

        logger.info(f"Save {name}.csv")  

        path = f'{self.plot_path}/Mathematical Statistics/CSV'  

        Path(path).mkdir(parents=Tr ue, exist_ok=True)  

        plot = np.transpose(plot)  

        time = np.arange(0, len(plot), 1) / self.sampling_rate  

        data = pd.DataFrame({'Time': time,  **{f'Data_{i}': plot[:, i] for i in 

range(plot.shape[1])}})  

        nk.write_csv(data, f'{path}/{ name}.csv')  

 

ʌʘʡʣ classifiers.py (ʂʣʘʩʠʬʽʢʘʮʽʷ) 

import numpy as np  

import time  

from scipy.integrate import simps  
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from sklearn.model_selection import train_tes t_split  

from sklearn.neighbors import KNeighborsClassifier  

from sklearn.pipeline import make_pipel ine  

from sklearn.preprocessing import StandardScaler  

from sklearn.neural_network import MLPClassifier  

from sklearn.neighbors import KNeighborsClassifier  

from sklearn.svm import SVC  

from sklearn.tree import DecisionTreeClassifier  

from sklearn.ensemble impor t RandomForestClassifier, AdaBoostClassifier  

from sklearn.naive_bayes import GaussianNB  

import pandas as pd  

from pathlib import Path  

 

from classification_metrics.confusion_matrix import ConfusionMatrix  

 

class Classifiers():  

         

    def __init__(self, eeg_config, data, fourier_type, power, ccc):  

        print("Train Classifiers")  

 

        names = [  

            "Nearest Neighbors",  

            "Linear SVM",  

            "Decision Tree",  

            "Random Forest",  

            "Neural Net (MLP)",  

            "AdaBoost",  

            "Naive Bayes"  

        ]  

 

        confusion_matrix_names = [  

            "True Positive Rate",  

            "True  Negative Rate", "Positive Predictive Value", "Negative Predictive Value", 

"False Negative Rate",  

            "False Positive Rate", "False Discovery Rate", "False Omission Rate", "Positive 

Likelihood Ratio",  

            "Negative Likelihood Ratio", "Preva lence Threshold", "Threat Score", "Accuracy", 

"Balanced Accuracy",  

            "F1 score", "Matthews Correlation Coef ficient", "Fowlkes - Mallows index", 

"Bookmaker Informedness",  

            "Markedness", "Diagnostic Odds Ratio", "Learning_time", "Testing_ time"  

        ]  

 

        classifiers = [  

            KNeighborsClassifier(3),  

            SVC(kernel="linear", C=0.02 5),  

            DecisionTreeClassifier(max_depth=5),  

            RandomForestClassifier(max_depth=5, n_estimators=10, max_features=1),  

            MLPClassifier(alpha=1, max_iter=1000),  

            AdaBoostClassifier(),  

            GaussianNB()  

        ]  
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        self.sampling_rate = data.getModSamplingRate( )  

 

        channel = ccc  

 

        data_matrix_passivity, data_matrix_activity = data.getPreparedData()  

        data_matrix_passivity_1 = np.power(data_matrix_passivity[channel - 1], power)  

        data_mat rix_activity_1 = np.power(data_matrix_activity[channe l - 1], power)  

 

        # for i in [40, 999]:  

 

        for i in [3, 4, 5, 7, 10, 15, 20, 25, 30, 35, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 

95, 100]:  

 

            fa_target_matrix = [0] * len(data_matrix_ passivity_1)  

            fa_target_matrix_2 = [1] * l en(data_matrix_activity_1)  

            fstart = time.time()  

            if i == 999:  

                matrix = [*data_matrix_passivity_1, *data_matrix_activity_1]  

            else:     

                fa_ matrix = [self.getFourierSeries(m, fourier_type, term s=i) for m in 

data_matrix_passivity_1]  

                fa_matrix_2 = [self.getFourierSeries(m, fourier_type, terms=i) for m in 

data_matrix_activity_1]  

                matrix = [*fa_matrix, *fa_matrix_2]  

            fend = time.time()  

            ftime = (fend - fstart)*10**3  

 

     

            target_matrix = [*fa_target_matrix, *fa_target_matrix_2]  

 

            data_train, data_test, target_values_train, target_values_test = 

train_test_split(matrix, target_ matrix, test_size=0.3, random_state=42)  

 

            _cm = []  

 

            for name, clf in zip(names, classifiers):  

                clf = make_pipeline(StandardScaler(), clf)  

                lstart = time.time()  

                clf.fit(data_train, target_ values_train)  

                lend = tstart = time.time()  

                y_true = np.array(target_values_test)  

                y_pred = clf.predict(data_test)  

                tend = time.time()  

                ltime = (lend - lstart)*10**3 + ftime  

                ttime = (tend - tstart)*10**3 + ftime  

     

                confusion_matrix = ConfusionMatrix(y_true, y_pred, ltime, ttime)  

                res = confusion_matrix.getAllVariables()  

 

                _cm.append(res)  

 

                print(("%s: %.2f" % (name,  confusion_matrix.getACC() * 100)))  
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            path = f'{eeg_config.getImgPath()}/{eeg_config.getConfigBlock()}/Confusion 

matrix/c_{channel}/{fourier_type}/{power}'  

            Path(path).mkdir(parents=True, exist_ok=True)  

             

            df = pd.DataFrame(np.transpose(np.round(_cm, 2)), index=confusion_matrix_names, 

columns=names)  

            df.to_csv(f'{path}/n - {i}.csv')  

         

 

 

    def getFourierSeries (self, y, fourier_type, terms=40, L=1):  

        x = np.linspace(0, L, self.samplin g_rate, endpoint=False)  

        a0 = 2./L*simps(y, x)  

        n_values = np.arange(1, terms + 1)  

        cos_vals = np.cos(2. * np.pi * n_values[:, None] * x[None, :] / L)  

        sin_vals = np.sin(2. * np.pi * n_values[:, None] * x[None, :] / L)  

 

        list_a = 2.0 / L * np.abs(np.array([simps(y * cos_n, x) for cos_n in cos_vals]))  

        list_b = 2.0 / L * np.abs(np.array([simps(y * sin_n, x) for sin_n in sin_vals]))  

 

        if fourier_type == "an":  

            return [a0, *list_a]  

        if fourier_ type == "bn":  

            return [0, *list_b]  

        return [0, *list_a, *list_b]  

 

ʌʘʡʣ statistics_distance_fourier.py (ʈʝʘʣʽʟʘʮʽʷ ʢʣʘʩʠʬʽʢʘʪʦʨʘ SPC) 

from loguru import logg er  

import pandas as pd  

import numpy as np  

import neurokit2 as nk  

from pathlib impo rt Path  

import matplotlib.pyplot as plt  

from scipy.integrate import simps  

import re  

import sys  

import time  

 

from classification_metrics.confusion_matrix import ConfusionMatrix  

from my_helpers.mathematical_statistics import MathematicalStatistics  

 

class Sta tisticsDistanceFourier():  

 

    def __init__(self, eeg_config, data, fourier_type, terms, power):  

        self.pow er = power  

        self.eeg_config = eeg_config  

        self.terms = terms  

        self.fourier_type = fourier_type  

        logger.debug("Stat istics Distance")  

 

        self.channel_type = "1"  
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        self.sampling_rate = data.getModSamplingRate()  

        data_matrix_passivity_, data_matrix_activity_ = data.getPreparedData()  

        data_matrix_activity = np.power(data_matrix_activity_, power)  

        data_matrix_passivity = np.power(data_matrix_passivity_, power)  

 

        fstart = time.time()  

        sel f.all_matrix_passivity = [[self.getFourierSeries(m, fourier_type, 

terms=self.terms) for m in data_matrix_passivity[0]]]  

        self.all_matrix _activity = [[self.getFourierSeries(m, fourier_type, terms=self.terms) 

for m in data_matrix_activity[0]]]  

        fend = time.time()  

        self.ftime = (fend - fstart)*10**3  

 

        self.confusion_matrix_names = [  

            "True Positive Rate",  

            "True Negative Rate", "Positive Predictive Value", "Negative Predictive Value", 

"False Negative Rate",  

            "False Positive Rate", "False Discovery Rate", "False Omission Rate", "Positive 

Likelihood Ratio",  

            "Negative Likelihood Rati o", "Prevalence Threshold", "Threat Score", "Accuracy", 

"Balanced Accuracy",  

            "F1 score", "Matthews Correlation Coefficient", "Fowlkes - Mallows index", 

"Bookmaker Informedness",  

            "Markedness", "Diagnostic Odds R atio", "Learning_time",  "Testing_time"  

        ]  

         

        self.GetStatistic()  

 

    def Calculate(self):  

        logger.debug("Calculate")  

        num_channels = len(self.all_matrix_passivity)  

        path = 

f'{self.eeg_config.getImgPath()}/{self.ee g_config.getConfigBlock ()}/Mathematical Statistics 

Fourier/{self.fourier_type}/CSV'  

 

        matrix = []  

        target_matrix = []  

 

        channels_range = range(num_channels) if 'channels_range' not in locals() and 

'channels_range' not in globals() else  channels_range  

 

        for channel in range(num_channels):  

            passivity_data = self.all_matrix_passivity[channel]  

            activity_data = self.all_matrix_activity[channel]  

 

            channel_matrix = [*passivity_data, *activity_data]  

            channel_target_m atrix = [*[False] * len(passivity_data), *[True] * 

len(activity_data)]  

 

            matrix.append(channel_matrix)  

            target_matrix.append(channel_target_mat rix)  
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        res_col = ["Average"]  

        res_cm = []  

 

        statistic_p, statistic_a =  self.read_channel_data(path, "Mathematical Expectation", 

num_channels)  

        rmsestart = time.time()  

        rmse_p = self.rmse(statistic_p, matrix, num_channels)  

        rmse_a = self.rmse(statistic_a, matrix, num_channels)  

        compare_rmse = rmse_ p > rmse_a  

        rmseend = time.time()  

        y_true_all = np.concatenate([target_matrix[i] for i in channels_range])  

        y_pred_all = np.concatenate([compare _rmse[i] for i in channels_range])  

        allend = time.time()  

        allttime = (allend - rmsestart)*10**3 + self.ftime  

        confusion_matrix = ConfusionMatrix(y_true_all, y_pred_all, self.ftime, allttime)  

        print(("%s: %.2f" % ("Accuracy Average ",  confusion_matrix.getACC() * 100)))  

        res_cm.append(confusion_matrix.getAllVariabl es())  

 

        path = f'{self.eeg_config.getImgPath()}/{self.eeg_config.getConfigBlock()}/Confusion 

matrix/c_{self.channel_type}/{self.fourier_type}/{self.power}'  

        df = pd.read_csv(f'{path}/n - {self.terms}.csv')  

        df["SPC"] = np.transpose(np.ro und(res_cm, 2)) #SPC  

 

        df.to_csv(f'{path}/n - {self.terms}.csv', index=False)  

 

             

    def rmse(self, statistic, all_matrix, num_channels):  

        rmse_results = []  

        for channel_idx in range(num_channels):  

            channel_expectat ion = statistic[channel_idx]  

            channel_signals = all_matrix[channel_idx]  

            ch annel_rmse = [np.sqrt(np.mean((signal -  channel_expectation) ** 2)) for signal 

in channel_signals]  

            rmse_results.append(channel_rmse)  

        return  np.array(rmse_results)  

 

 

 

    def read_channel_data(self, base_path, file_pattern, num_channels) :  

        passivity_file = pd.read_csv(f'{base_path}/{file_pattern} passivity.csv')  

        activity_file = pd.read_csv(f'{base_path}/{file_pattern} activity.c sv')  

 

        passivity_channel_data = [passivity_file[f'Data_{channel}'] for channel in 

range(nu m_channels)]  

        activity_channel_data = [activity_file[f'Data_{channel}'] for channel in 

range(num_channels)]  

 

        return np.array(passivity_channel_d ata), np.array(activity_channel_data)  

 

    def GetStatistic(self):  

        logger.debug("Mean Fou rier")  
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        path = 

f'{self.eeg_config.getImgPath()}/{self.eeg_config.getConfigBlock()}/Mathematical Statistics 

Fourier/{self.fourier_type}/CSV'  

 

        sel f.process_matrix(self.all_matrix_passivity, "passivity", path)  

        self.process_matrix(self.a ll_matrix_activity, "activity", path)  

 

    def process_matrix(self, matrices, matrix_type, path):  

        statistics_matrix = []  

        for matrix in zip(matr ices):  

            

statistics_matrix.append(MathematicalStatistics(matrix).getMathematicalStatistics())  

        self.plot_to_csv(path, [statistic.getMathematicalExpectation() for statistic in 

statistics_matrix], f"Mathematical Expectation {matrix_type}")  

 

ʌʘʡʣ no_classifires_fourier_all_chanels.py (ʈʝʘʣʽʟʘʮʽʷ ʢʣʘʩʠʬʽʢʘʪʦʨʘ SIC) 

from loguru import logger  

import pandas as pd  

import numpy as np  

import neurokit2 as nk  

from pathlib import Path  

import matplotlib.pyplot as plt  

from scipy.integrate import simps  

imp ort tim e 

 

from classification_metrics.confusion_matrix import ConfusionMatrix  

 

class NoClassidireFourierAllChanels():  

 

    def __init__(self, eeg_config, data, fourier_type, terms, power):  

 

        self.power = power  

        self.terms = terms  

         

        se lf.channel_type = "1"  

 

        self.eeg_config = eeg_config  

        logger.debug("No Classifires Fourier")  

        self.sampling_rate = data.getModSamplingRate()  

        data_matrix_passivity_, data_matrix_activity_ = data.getPreparedData()  

        data_matrix_activity = np.power(data_matrix_activity_, power)  

        data_matrix_passivity = np.power(data_matrix_passivity_, power)  

        self.n_sigma = eeg_config.g etSigma()[1]  

 

        fstart = time.time()  

        self.all_matrix_passivity = [[self.g etFourierSeries(m, fourier_type, 

terms=self.terms) for m in data_matrix_passivity[0]]]  

        self.all_matrix_activity = [[self.getFourierSeries(m, fourier_type, terms= self.terms) 

for m in data_matrix_activity[0]]]  

        fend = time.time()  

        self. ftime = (fend - fstart)*10**3  
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        self.confusion_matrix_names = [  

            "True Positive Rate",  

            "True Negative Rate", "Positive Predictive Value", "Ne gative Predictive Value", 

"False Negative Rate",  

            "False Positive Rate", "Fa lse Discovery Rate", "False Omission Rate", "Positive 

Likelihood Ratio",  

            "Negative Likelihood Ratio", "Prevalence Threshold", "Threat Score", "Accuracy", 

"Ba lanced Accuracy",  

            "F1 score", "Matthews Correlation Coefficient", "Fowlkes - Mallows index", 

"Bookmaker Informedness",  

            "Markedness", "Diagnostic Odds Ratio", "Learning_time", "Testing_time"  

        ]  

        self.fourier_type = fouri er_type  

        self.ltime = []  

        self.NoAllSigma()  

 

    def NoTest(self):  

        logger.debug("No Test Sigma")  

 

        num_channels = len(self.all_matrix_passivity)  

        path = f'{self.eeg_config.getImgPath()}/{self.eeg_config.getConfigBlock()}/All Mean 

Fourier/{self.fourier_type}/CSV'  

 

        p_sigmas = self.read_channel_data(p ath, "Passivity Sigma", num_channels)  

        a_sigmas = self.read_channel_data(path, " Activity Sigma", num_channels)  

        p_means = self.read_channel_data(path, "Passivity Mathematical Expectation", 

num_channels)  

        a_means = self.read_channel_dat a(path, "Activity Mathematical Expectation", 

num_channels)  

 

        # channels_range = [0, 1]  

 

        res_all = []  

        matrix = []  

        cm_all = []  

        cm_col = []  

        target_matrix = []  

        average_relative_overlaps = []  

        channe ls_range = range(num_channels) if 'channels_range' not in locals() and 

'channels_range'  not in globals() else channels_range  

 

        for channel in range(num_channels):  

            passivity_data = self.all_matrix_passivity[channel]  

            activity_d ata = self.all_matrix_activity[channel]  

 

            channel_matrix = [*passivity_data,  *activity_data]  

            channel_target_matrix = [*[False] * len(passivity_data), *[True] * 

len(activity_data)]  

 

            matrix.append(channel_matrix)  

            target_matrix.append(channel_target_matrix)  
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        n_sigma = self.n_sigma  

 

        lstart = time.time()  

        p_upper_bounds = p_means + (n_sigma * p_sigmas)  

        p_lower_bounds = p_means -  (n_sigma * p_sigmas)  

        a_upper_bounds = a_means + ( n_sigma * a_sigmas)  

        a_lower_bounds = a_means -  (n_sigma * a_sigmas)  

        p_lower_bounds[p_lower_bounds < 0] = 0  

        a_lower_bounds[a_lower_bounds < 0] = 0  

        lend = time.time()  

        ltime = np.sum(np.array(self.ltime))  + ((lend - lsta rt)*10**3) + self.ftime  

 

        p_res_by_channel_all = []  

        a_res_by_cha nnel_all = []  

 

        tstart = time.time()  

        for channel in range(num_channels):  

            p_res_by_channel = []  

            a_res_by_channel = []  

            res_by_ch annel = []  

            for mean in matrix[channel]:  

 

                p_within_b ounds = (mean >= p_lower_bounds[channel]) & (mean <= 

p_upper_bounds[channel])  

                a_within_bounds = (mean >= a_lower_bounds[channel]) & (mean <= 

a_upper_bounds[chann el])  

 

                res_by_channel.append(not(np.sum(p_within_bounds) > np.su m(a_within_bounds)))  

                p_res_by_channel.append(np.sum(p_within_bounds))  

                a_res_by_channel.append(np.sum(a_within_bounds))  

 

            p_res_by_chan nel_all.append(p_res_by_channel)  

            a_res_by_channel_all.append(a_res_by_channel)  

            res_all.append(res_by_channel)  

        tend = time.time()  

 

        p_res_sum_all = np.sum([p_res_by_channel_all[i] for i in channels_range], axis=0)  

        a_res_sum_all = np.sum([a_res _by_channel_all[i] for i in channels_range], axis=0)  

 

        y_pred_all = np.logical_not(p_res_sum_all > a_res_sum_all)  

        as_tend = time.time()  

        ttime = ((as_tend - tstart)*10**3) + self.ftime  

 

        confusion _matrix = ConfusionMatrix(target_ matrix[0], y_pred_all, ltime, ttime)  

        cm_all.append(confusion_matrix.getAllVariables())  

        cm_col.append('Accuracy Sum')  

        print(("%s: %.2f" % ("Accuracy Sum",  confusion_matrix.getACC() * 100)))  

 

        path = f'{self.eeg_config.getImgP ath()}/{self.eeg_config.getConfigBlock()}/Confusion 

matrix/c_{self.channel_type}/{self.fourier_type}/{self.power}'  

        df = pd.read_csv(f'{path}/n - {self.terms}.csv')  

        df["SIC"] = np.transpose(np.round(cm_all, 2))  #SPC 
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        df.to_csv(f'{path} /n - {self.terms}.csv', index=False)  

     

 

    def NoAllSigma(self):  

        logger.debug("No All Mean Fourier")  

        xtext = "$n$"  

        path = f'{self.eeg_config.getImgPath()}/{self.eeg_config.getConfigBlock()}/All Mea n 

Fourier/{self.fourier_type}'  

 

        self.process_matrix(self.all_matrix_passivity, "Passivity", path, xtext)  

        self.process_matrix(self.all_matrix_activity, "Activity", path, xtext)  

 

    def process_matrix(self, matrices, matrix_type, path, xtext ):  

        for index, matrix in enumerate(matrices):  

            lstart = time.time()  

            data_matrix = np.transpose(matrix)  

            all_mean_data = np.mean(data_matrix, axis=1)  

            lend = time.time()  

            self.ltime.append((lend - lstart)*10**3)  

            title = f"{matrix_type} Mathematical Expectation {index}"  

            # self.plot_to_png(path, all_mean_data, title, xtext=xtext, 

ytext=self.fourier_type)  

            self.plot_to_csv(path, all_mean_data, title)  

            all_ sigma_data = np.std(data_matrix, axis=1, ddof=1)  

            title = f"{matrix_type} Sigma {index}"  

            # self.plot_to_png(path, all_sigma_data, title, xtext=xtext, 

ytext=self.fourier_t ype)  

            self.plot_to_csv(path, all_sigma_data, title)  

 

    def read_channel_data(self, base_path, file_pattern, num_channels):  

        channel_data = []  

        for channel in range(num_channels):  

            file_name = f'{file_pattern} {channel} .csv'  

            full_path = f'{base_path}/{file_name}'  

            channel_data.append(pd.read_csv(full_path)["Data"])  

        return np.array(channel_data)  

 

    def plot_to_png(self, path, plot, name, xlim = None, ylim = None, ytext="", xtext="", 

size=( 12, 6)):  

        logger.info(f"Plot {name}.png")  

        Path(p ath).mkdir(parents=True, exist_ok=True)  

        plt.clf()  

        plt.rcParams.update({'font.size': 14})  

        f, axis = plt.subplots(1)  

        f.tight_layout()  

        f.set_size_inches(size[0], size[1])  

        axis.grid(True)  

        time = np.arange (0, len(plot), 1)  

        # axis.plot(time, plot, 'o - ', markersize=10)  

        _, stemlines, _ = axis.stem(time, plot)  

        axis.set_xlabel(xtext, loc = 'right')  

        axis.set_title(ytext, loc = 'left', fontsize=14, position=( - 0.06, 0))  

        if xl im is not None:  
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            axis.axis(xmin = xlim[0], xmax = xlim[1])  

        if ylim is not None:  

            axis.axis(ymin = ylim[0], ymax = ylim[1])  

        plt .savefig(f'{path}/{name}.png', dpi=300)  

 

    def plot_to_csv(self, path, plot, name):  

        logger.info(f"Save {name}.csv")  

        path = f'{path}/CSV'  

        Path(path).mkdir(parents=True, exist_ok=True)  

        time = np.arange(0, len(plot), 1) / sel f.sampling_rate  

        data = pd.DataFrame({"Time" : time, "Data" : plot})  

        nk.write _csv(data, f'{path}/{name}.csv')  

 

ʌʘʡʣ diff_confusion_matrics.py (ʈʦʟʨʘʭʦʚʫʻʤʦ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ɻʨʫʧʘ 1 ʪʘ ɻʨʫʧʘ 2) 

from loguru import logger  

impor t pandas as pd  

import numpy as np  

from pathlib import Path  

import diff.operators as used_ope rators  

import matplotlib.pyplot as plt  

import time as sys_time  

from itertools import combinations  

 

class DiffConfusionMatrix():  

 

    def __init__(self, eeg_config, data, fourier_type, terms, power, channel_type):  

        self.eeg_config = eeg_config  

        self.power = power  

        self.terms = terms  

        self.fourier_type = fourier_type  

        self.channel_type = channel_type  

        logger.debug("Diff Confusion Matrix")  

 

        self.names = [  

            "Nearest Neighbors",  

            "Linear SVM ",  

            "Decision Tree",  

            "Random Forest",  

            "Neural Net (MLP)",  

            "AdaBoost",  

            "Gaussian Naive Bayes",  

            "SIC",  

            "SPC"  

        ]  

 

        self.Onames = [  

            "Unnamed: 0",  

            "k - Nearest Neighbors",  

            "Linear SVM",  
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            "Decision Tree",  

            "Random Forest",  

            "Multilayer Perceptron",  

            "Adaptive Boosting",  

            "Naive Bayes",  

            "SIC",  

            "SPC"  

        ]  

 

        self.names2 = [  

            "Nearest Neighbors",  

            "Linear SVM",  

            "Decision Tree",  

            "Random Forest",  

            "Neural Net (MLP)",  

            "AdaBoost",  

            "Gaussian Naive Bayes",  

            "SIC",  

            "SPC"  

        ]  

 

        self.confusion_matrix_names = [  

            "True  Positive Rate",  

            "True Negative Rate", "Positive Predictive Value", "Negative Predictive Value", 

"False Negative Rate",  

            "False Positive Rate", "Fal se Discovery Rate", "False Omission Rate", "Positive 

Likelihood Ratio",  

            " Negative Likelihood Ratio", "Prevalence Threshold", "Threat Score", "Accuracy", 

"Balanced Accuracy",  

            "F1 score", "Matthews Correlation Coefficient", "Fowlkes - Mallows index", 

"Bookmaker Informedness",  

            "Markedness", "Diagnostic Odds Ratio", "Learning time", "Testing time"  

        ]  

 

        self.selected_rows = [  

             "Accur acy", "Balanced Accuracy", "F1 score", "Learning time", "Testing time"  

        ]  

 

        self.selected_rows_accuracy = [  

             "Accuracy", "Balanced Accuracy", "F1 score"  

        ]  

 

        self.selected_rows_time = [  

             "Learning time", "Testing time"  

        ]  

 

        self.selected_rows2 = [  

            "Accuracy", "Balanced Accuracy", "F1 score", "Learning time", "Testing time"  

        ]  

 

        self.selected_array = used_operators.arrays.get(self.eeg_config.getConfigBlock(), [])  

 

    def DiffGetMax(self):  
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        logger.debug("DiffGetMax")  

        file _paths = []  

        channel_types = ["1", "2", "3", "int"]  

        powers = [1, 2, 3, 4]  

        fourier_types = ["an_bn"]  

        term_counts = [40, 999]  

        file_paths = [  

            dict(channel_type = f"c_{channel_type}", fourier_type = f"{fourier _type}", power 

= f"{power}", term = f"n - {terms}")  

            for channel_type in channel_types  

            for power in powers  

            for fourier_typ e in fourier_types  

            for terms in term_counts  

        ]  

 

        max_accuracy = 99999999999 999  

        max_accuracy_file = ""  

        # test = "Accuracy"  

        # test = "Balanced Accuracy"  

        # test = "F1 score"  

        # test = "Learning_ time"  

        test = "Testing_time"  

 

        for i, file_path in enumerate(file_paths):  

            path1 = 

f'{self.eeg_config.getImgPath()}/{self.eeg_config.getConfigBlock()}/Confusion 

matrix/{file_path["channel_type"]}/{file_path["fourier_type"]}/{file_p ath["power"]}/{file_path["term

"]}.csv'  

            df = pd.read_csv(path1)  

            accuracy_row =  df[df['Unnamed: 0'] == test]  

            if not accuracy_row.empty:  

                # current_max_accuracy = accuracy_row.iloc[:, 1:].max().max()  

                current_max_accuracy = accuracy_row.iloc[:, 1:].min().min()  

                if current_max_ac curacy < max_accuracy:  

                    max_accuracy = current_max_accuracy  

                    max_accuracy_file = file_path  

        print(max_accuracy )  

        print(max_accuracy_file)  

 

 

 

    def PlotDiffFourierTime(self):  

        logger.debug("PlotDi ffFourierTime")  

        logger.debug("DiffAll")  

        file_paths = []  

        channel_types = ["1"]  

        powers = [1]  

        # channel_types = ["int"]  

        # powers = [1]  

        fourier_types = ["an_bn"]  

        term_counts = [40, 999]  

        fi le_paths = [  
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            dict(channel_type = f"c_{channel_type}", fourier_type = f"{fourier_type}", power 

= f"{power}", ter m = f"n - {terms}")  

            for channel_type in channel_types  

            for power in powers  

            for fourier_type in fouri er_types  

            for terms in term_counts  

            # if (fourier_type != "an_bn" or terms != 999) and (fourier_type != "bn" or terms != 

999)  

        ]  

 

        for i, file_path1 in enumerate(file_paths):  

            for file_path2 in file_paths[i+1: ]:  

                path1 = 

f'{self.eeg_config.getImgPath()}/{self.eeg_config.getConfigBlock()}/Confusion 

matrix/{file_path1 ["channel_type"]}/{file_path1["fourier_type"]}/{file_path1["power"]}/variancen_2 -

{file_path1["term"]}.csv'  

                path2 = 

f' {self.eeg_config.getImgPath()}/{self.eeg_config.getConfigBlock()}/Confusion 

matrix/{file_path2["channel_type"]}/{file_path2 ["fourier_type"]}/{file_path2["power"]}/variancen_2 -

{file_path2["term"]}.csv'  

                res_path = 

f'{self.eeg_config.getImgPat h()}/{self.eeg_config.getConfigBlock()}/Diff/{file_path1["channel_type"]

} - {file_path2["channel_type"]}/{file_path1["fourier _type"]} -

{file_path2["fourier_type"]}/{file_path1["power"]} - {file_path2["power"]}/{file_path1["term"]} -

{file_path2["term"]}'  

                diff = pd.read_csv(f'{res_path}/diff.csv')  

                v_df1 = pd.read_csv(path1)  

                v_df2 = pd.re ad_csv(path2)  

                if 'AVG' in diff.columns:  

                    diff = diff.drop('AVG', axis=1)  

                if 'AVG' in v_df1.columns:  

                    v_df1 = v_df1.drop('AVG', axis=1)  

                if 'AVG' in v_df2.columns:  

                    v_df2 = v_df2.drop('AVG', axis=1)  

                v_df1_index = "Time" if file_path1["term"] == "n - 999" else "Fourier"  

                v_df 2_index = "Time" if file_path2["term"] == "n - 999" else "Fourier"  

                print(diff)  

                diff.columns = self.Onames  

                v_df1.columns = self.Onames  

                v_df2.columns = self.Onames  

                # v_df1_index = "Time 1" if (file_path1["term"] == "n - 999") and 

(file_path2["term"] == "n - 999") else "Fourier 1"  

                # v_df2_index = "Time 2" if (file_path1["term"] == "n - 999") and 

(file_path2["term"] == "n - 999") else "Fourier 2"  

 

                accuracy = di ff.loc[diff['Unnamed: 0'].isin(self.selected_rows_accuracy)]  

                time = diff.loc[diff['Unnamed: 0'].isin(self.selected_rows_time)]  

                v_df1_accuracy = v_df1.loc[v_df1['Unnamed: 

0'].isin(self.selected_rows_accuracy )]  

                v_df1_time = v_df1.loc[v_df1['Unnamed: 0'].isin(self.selected_rows_time)]  

                v_df2_accuracy = v_df2.loc[v_df2['Unnamed: 

0'].isin(self.selected_rows_accuracy)]  

                v_df2_time = v_df2.loc[v_df2['Unnamed: 0'].isin(s elf.selected_rows_ time)]  
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                for idx, row in v_df1_accuracy.iterrows():  

                    if row['Unnamed: 0'] in self.selected_rows_accuracy:  

                        v_df1_accuracy.loc[idx, 'Unnamed: 0'] = f"{v_df1_index} SD 

{row['Unnamed: 0 ']}"  

                for idx, row in v_df1_time.iterrows():  

                    if row['Unnamed: 0'] in self.selected_rows_time:  

                        v_df1_time.loc[idx, 'Unnamed: 0'] = f"{v_df1_index} SD {row['Unnamed: 

0']}"  

                for idx, ro w in v_df2_accurac y.iterrows():  

                    if row['Unnamed: 0'] in self.selected_rows_accuracy:  

                        v_df2_accuracy.loc[idx, 'Unnamed: 0'] = f"{v_df2_index} SD 

{row['Unnamed: 0']}"  

                for idx, row in v_df2_time.iter rows():  

                    if row['Unnamed: 0'] in self.selected_rows_time:  

                        v_df 2_time.loc[idx, 'Unnamed: 0'] = f"{v_df2_index} SD {row['Unnamed: 

0']}"  

                result_accuracy = pd.concat([accuracy, v_df1_accuracy, v_df2_ac curacy])  

                result_time = pd.concat([time, v_df1_time, v_df2_time])  

 

                df_melt ed = result_accuracy.melt(id_vars='Unnamed: 0', var_name='Method', 

value_name='Diff')  

                plt.clf()  

                plt.rcParams.update({'f ont.size': 14})  

                f, axis = plt.subplots(1)  

                f.set_size_inches(19, 6)  

                axis.grid(True)  

                for metric in result_accuracy['Unnamed: 0']:  

                    subset = df_melted[df_melted['Unnamed: 0'] = = metric]  

                    plt.plot(subset['Method'], subset['Diff'], marker='o', label=metric)  

                plt.xticks(rotation=45)  

                plt.legend(loc='upper right')  

                current_ymax = plt.gca().get_ylim()[1]  

                plt.ylim(top=current_ymax + 0.5)  

                plt.tight_layout()  

                plt.savefig(f'{res_pa th}/diff_accuracy.png', dpi=300)  

                plt.close(f)  

 

                df_melted = result_time.melt(id_vars='Unnamed: 0', var_name='Method', 

va lue_name='Diff')  

                plt.clf()  

                plt.rcParams.update({'font.size': 14})  

                f, axis = plt.subplots(1)  

                f.set_size_inches(19, 6)  

                axis.grid(True)  

                for metric in result_time[' Unnamed: 0']:  

                    subset = df_melted[df_melted['Unnamed: 0'] == metric]  

                    plt.plot(subset['Method'], subset['Diff'], marker='o', label=metric)  

                plt.xticks(rotation=45)  

                plt.legend(loc='right')  

                plt.tight_layout()  

                plt.savefig(f'{res_path}/diff_time.png', dpi=300)  

                plt.close(f)  
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    def DiffConfusionMatrix(self):  

        logger.debug("DiffConfusionMatrix") # Mean  

        all_data = []  

        for oper ator in self.s elected_array:  

            read_path = f'{self.eeg_config.getImgPath()}/{operator}/Confusion 

matrix/c_{self.channel_type}/{self.fourier_type}/{self.power}'  

            df = pd.read_csv(f'{read_path}/n - {self.terms}.csv')  

            if 'Unname d: 0' in df.co lumns:  

                df = df.drop('Unnamed: 0', axis=1)  

            all_data.append(df)  

        res = np.round(np.mean(all_data, axis=0), 4)  

        df = pd.DataFrame(res, index=self.confusion_matrix_names, columns=[*self.names, 

"AVG"])  

        path = f' {self.eeg_config.getImgPath()}/{self.eeg_config.getConfigBlock()}/Confusion 

matrix/c_{self.channel_type}/{self.fourier_type}/{self.power}'  

        Path(path).mkdir(parents=True, exist_ok=True)  

        df.to_csv(f'{path}/n - {self.terms}.csv')  

 

    def AVGDif fConfusionMatrix(self):  

        logger.debug("AVGDiffConfusionMatrix")  

        for operator in self.selected_array:  

            read_path = f'{self.eeg_config.getImgPath()}/{operator}/Confusion 

matrix/c_{self.channel_type}/{self.fourier_type} /{self.power}'  

            df = df2 = pd.read_csv(f'{read_path}/n - {self.terms}.csv')  

            if 'Unnamed: 0' in df.columns:  

                df = df.drop('Unnamed: 0', axis=1)  

            if 'AVG' in df.columns:  

                df = df.drop('AVG', axis= 1)  

            df2['AVG'] = np.round(np.mean(df, axis=1), 4)  

            df2.to_csv(f'{read_path}/n - {self.terms}.csv', index=False)  

     

    def DiffAll(self):  

        logger.debug("DiffAll")  

        file_paths = []  

        channel_types = ["1"]  

        powers = [1]  

        # channel_types = ["1"]  

        # powers = [1]  

        fourier_types = ["an_bn"]  

        term_counts = [999, 40]  

        file_paths = [  

            dict(channel_type = f"c_{channel_type}", fourier _type = f"{fourier_type}", power 

= f"{pow er}", term = f"n - {terms}")  

            for channel_type in channel_types  

            for power in powers  

            for fourier_type in fourier_types  

            for terms in term_counts  

            # if (fourier_t ype != "an_bn" or terms != 999) and (four ier_type != "bn" or terms != 

999)  

        ]  

 

        # file_path1 = file_paths[0]  
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        # path1 = 

f'{self.eeg_config.getImgPath()}/{self.eeg_config.getConfigBlock()}/Confusion 

matrix/{file_path1["channel_type"]}/{ file_path1["fourier_type"]}/{file_path1[" power"]}/{file_path1["

term"]}.csv'  

        # res_path = 

f'{self.eeg_config.getImgPath()}/{self.eeg_config.getConfigBlock()}/Diff/{file_path1["channel_type"]

} - {file_path1["channel_type"]}/{file_path1["fourier_type"]} -

{file_path1["fourier_type"]}/{file_path1 ["power"]} - {file_path1["power"]}/{file_path1["term"]} -

{file_path1["term"]}'  

        for i, file_path1 in enumerate(file_paths):  

            for file_path2 in file_paths[i+1:]:  

                path1 = 

f'{self.eeg_config.getImgPath()}/{self.eeg_config.getCon figBlock()}/Confusion 

matrix/{file_path1["channel_type"]}/{file_path1["fourier_type"]}/{file_path1["power"]}/{file_path1["

term"] }.csv'  

                path2 = 

f'{self.eeg_config.getImgPath()}/{self.eeg_config.getConfigBlock()}/Confusion 

matrix/{file_path2[ "channel_type"]}/{file_path2["fourier_type"]}/{file_path2["power"]}/{file_path2["

term"]}.csv'  

                # res_path = 

f'{se lf.eeg_config.getImgPath()}/{self.eeg_config.getConfigBlock()}/Diff/{file_path1["channel_type"]

} - {file_path2["channel_type"]}/{f ile_path1["fourier_type"]} -

{file_path2["fourier_type"]}/{file_path1["power"]} - {file_path2["power"]}/{file_path1["term"]} -

{file_p ath2["term"]}'  

                res_path = 

f'{self.eeg_config.getImgPath()}/{self.eeg_config.getConfigBlock()}/Diff/{file_path2[" channel_type"]

} - {file_path1["channel_type"]}/{file_path2["fourier_type"]} -

{file_path1["fourier_type"]}/{file_path2["power"]} - {fi le_path1["power"]}/{file_path2["term"]} -

{file_path1["term"]}'  

                Path(res_path).mkdir(parents=True, exist_ok=True)  

                df1 = pd.read_csv(path1)  

                df2 = pd.read_csv(path2)  

                df1 = df1.loc[df1['Unnamed: 0' ].isin(self.selected_rows)]  

                df2 = df2.loc[df2['Unnamed: 0'].isin(self.selected_rows)]  

                df1 = df1. drop('Unnamed: 0', axis=1)  

                df2 = df2.drop('Unnamed: 0', axis=1)  

                # df = df1 -  df2  

                df = df2 -  df1  

                df = df.round(3)  

                df.index = self.selected_rows2  

                df.to_csv(f'{res _path}/diff.csv')  

 

    def DiffVariance(self):  

        logger.debug("DiffVariance")  

        read_path_m = 

f'{self.eeg_config.get ImgPath()}/{self.eeg_config.getConfigBlock()}/Confusion 

matrix/c_{self.channel_type}/{self.fourier_type}/{self.power}'  

        df_m = pd.read_csv(f'{read_path_m}/n - {self.terms}.csv')  

        df_m = df_m.loc[df_m['Unnamed: 0'].isin(self.selected_rows)]  

        if 'Unnamed: 0' in df_m.columns:  

            df_m = df_m.drop('Unnamed: 0', axis=1)  

        res_m__2 = []  

        res_m__ = []  
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        for operator in self.selected_array:  

            read_path = f'{self.eeg_config.getImgPath()}/{operator}/Confusion 

matrix/c_{self.channel_type}/{self.fourier_type}/{self.power}'  

            df = pd.read_csv(f'{read_path}/n - {self.terms}.csv')  

            df = df.loc[df['Unnamed: 0'].isin(self. selected_rows)]  

            if 'Unnamed: 0' in df.columns:  

                df = df.drop('Unnamed: 0', axis=1)  

            df.columns = [*self.names, "AVG"]  

            m__2 = np.power(df -  df_m, 2)  

            res_m__2.append(m__2)  

 

        res1 = np.round (np.mean(res_m__2, axis=0), 3)  

        res2 = np.round(np.sqrt(np.mean(res_m__2, axis=0)), 3)  

 

        df_res1 = pd.DataFrame(res1, index=self.selected_rows, columns=[*self.names, "AVG"])  

        df_res2 = pd .DataFrame(res2, index=self.selected_rows, colum ns=[*self.names, "AVG"])  

        df_res1.to_csv(f'{read_path_m}/variancen - {self.terms}.csv')  

        df_res2.to_csv(f'{read_path_m}/variancen_2 - n- {self.terms}.csv')  

 

ʌʘʡʣ plot_classifiers.py (ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ) 

from loguru import logger  

import pandas as pd  

import numpy as np  

import matplotlib.pyplot as plt  

from pathlib import Path  

 

class PlotClassifiers():  

         

    def __init__(self, ecg_config, data, fourier_type, power):  

        logge r.info("Plot Classifiers")  

 

        path = f'{ecg_config.getImgPath()}/{ecg_config.getConfigBlock()}/Confusion 

matrix/c_1/{fourier_type}/{power}'  

 

        confusion_matrix_names = [  

            "Accuracy", "Balanced Accuracy", "F1 score"  

        ]  

 

        names = [  

            "k - Nearest Neighbors",  

            "Linear SVM",  

            "Decision Tree",  

            "Random Forest",  

            "Multilayer Perceptron",  

            "Adaptive Boosting",  

            "Naive Bayes",  

            "SIC",  

            "SPC"  

        ]  
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        arr = [3, 4, 5, 7, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 

95, 100]  

 

        for cm_name in confusion_matrix_names:  

            read_data = []  

            for i in arr:  

                df = pd.read_csv (f'{path}/n - {i}.csv')  

                accuracy_row = df.loc[df['Unnamed: 0'] == cm_name]  

                if 'AVG' in df.columns:  

                    df = df.drop('AVG', axis=1)  

                accuracy_array = accuracy_row.values.flatten()[1:]  

                read_data.append(accuracy_array)  

 

            t2 = np.transpose(np.array(read_data))  

 

            plt.clf()  

            plt.rcParams.update({'font.size': 14})  

            f, axis = plt.subplots(1)  

            f.tight_layout()  

            f. set_size_inc hes(19, 6)  

            f.tight_layout()  

            axis.grid(True)  

            axis.set_xlabel("Number of coefficients", loc = 'right')  

            # axis.set_title("$t, ms$", loc = 'left', fontsize=14, position=( - 0.06, 0))  

            for i, name in zip( t2[:: - 1], names[:: - 1]):  

                axis.plot(arr, i, linewidth=2, label=name)  

            axis.legend(loc='best',prop={'size':10})  

 

            max_value = np.nanmax(t2) if not np.isnan(np.nanmax(t2)) else 0  

            min_value = np.nanm in(t2) if no t np.isnan(np.nanmax(t2)) else 0  

            ymin = 0  

            ymax = 1.1  

 

            if ymin > min_value:  

                ymin = min_value  

 

            if ymax < max_value and not np.isinf(max_value):  

                ymax = max_value  

 

            axis .axis(ymin = ymin, ymax = ymax)  

 

            axis.axis(xmin = 3, xmax = 100)  

            Path(f'{path}/img').mkdir(parents=True, exist_ok=True)  

            plt.savefig(f'{path}/img/{cm_name}.png', dpi=300)  

 

ʌʘʡʣ authentication.py (ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ ʢʦʨʠʩʪʫʚʘʯʘ ʟʘ ʦʜʥʠʤ ʮʠʢʣʦʤ ɽʂɻ) 

import random  

from authentication.confusion_matrix import ConfusionMatrix  

from get_config.ecg_config import ECGConfig  

fro m loguru import logger  

from my_helpers.data_preparation import DataPreparation  
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from my_helpers.read_data.read_da ta_file import ReadDataFile  

import numpy as np  

import time  

from sklearn.model_selection import train_test_split  

from sklearn.neighbors import KN eighborsClassifier  

from sklearn.pipeline import make_pipeline  

from sklearn.preprocessing import StandardScaler  

f rom sklearn.neural_network import MLPClassifier  

from sklearn.neighbors import KNeighborsClassifier  

from sklearn.svm import SVC  

from sklearn.gaus sian_process import GaussianProcessClassifier  

from sklearn.gaussian_process.kernels import RBF  

from sklearn.tree  import DecisionTreeClassifier  

from sklearn.ensemble import RandomForestClassifier, AdaBoostClassifier  

from sklearn.naive_bayes import GaussianN B 

import pandas as pd  

from pathlib import Path  

import matplotlib.pyplot as plt  

import neurokit2 as nk  

import aut hentication.authentication_data as used_authentication  

 

class Authentication():  

 

    def __init__(self, ecg_config):  

        logger.debug("Authentication Init")  

 

        self.ecg_config = ecg_config  

        self.ltime = 0  

        self.a_path = f'{self.ecg_ config.getImgPath()}/{self.ecg_config.getConfigBlock()}'  

        Path(self.a_path ).mkdir(parents=True, exist_ok=True)  

 

        self.names = [  

            "Nearest Neighbors",  

            "Linear SVM",  

            "Decision Tree",  

            "Random Forest ",  

            "Neural Net (MLP)",  

            "AdaBoost",  

            "Naive Bay es"  

        ]  

 

        self.classifiers = [  

            KNeighborsClassifier(3),  

            SVC(kernel="linear", C=0.025),  

            GaussianProcessClassifier(1.0 * RBF(1.0 )),  

            DecisionTreeClassifier(max_depth=5),  

            RandomForestClassifier(max_depth=5, n_estimators=10, max_features=1),  

            MLPClassifier(alpha=1, max_iter=1000),  

            AdaBoostClassifier(),  

            GaussianNB(),  

        ]  
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        self.confusion_matrix_names = [  

            "True Positive Rate",  

            "True Negative Rate", "False Negative Rate", "False Positive Rate", "Accuracy", 

"Balanced Accuracy",  

            "F1 score", "Learning_time", "Testing_time"  

        ]  

 

    def Diff(self):  

        logger.debug("Diff")  

        # tmp_path = "Confusion matrix 0"  

        # tmp_path = "Confusion matrix line 0"  

        # tmp_path = "Confusion matrix line SCG"  

        tmp_path = "Confusion matrix SCG"  

        for average_element s in np.arange(1, 20 + 1):  

            all_data = 

[pd .read_csv(f'{self.ecg_config.getImgPath()}/{operator}/{tmp_path}/Authentication n -

{average_elements}.csv').drop('Unnamed: 0', axis=1, errors='ignore') for operator in 

used_authentication.diff]  

            df = pd.DataFrame(np.round(np.mean(all_data, axis=0 ), 3), 

index=self.confusion_matrix_names, columns=[*self.names, "SIC"])  

            Path(f'{self.a_path}/{tmp_path}').mkdir(parents=True, exist_ok=True)  

            df.to_csv(f'{self.a_path}/{tmp_path}/A uthentication n - {average_elements}.csv')  

 

        # a ll_data = 

[pd.read_csv(f'{self.ecg_config.getImgPath()}/{operator}/{tmp_path}/Sigma mean.csv').drop('Unnamed: 

0', axis=1, errors='ignore') for operator in used_authentication.diff]   

        # df = pd.Da taFrame(np.round(np.mean(all_data, axis=0), 4), colum ns=["N", "Data"])  

        # df.to_csv(f'{self.a_path}/{tmp_path}/Sigma mean.csv')       

 

    def Classifiers(self):  

        logger.debug("Classifiers")  

        selected_array = used_authentication.arrays .get(self.ecg_config.getConfigBlock(), [])  

        # other_array = used_authentication.arrays.get("OTHER1", [])  

        other_array = self.form_res_array(used_authentication.arrays, 

self.ecg_config.getConf igBlock())  

 

        all_data_in = []  

        other_ data_in = []  

 

        DataPreparation(ECGConfig(selected_array[0])).getPreparedData()  

 

        all_data_in.extend([item for conf in selected_array for item in 

DataPreparation(ECGConfig(conf)).getPreparedDa ta()])  

        for conf in other_array:  

               

other_data_in.append(DataPreparation(ECGConfig(conf)).getPreparedData()[:int(len(all_data_in) / 

10)])  

 

 

        sigma_mean = []  

 

        for average_elements in np.arange(1, 20 + 1):  
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            self. ltime = 0  

 

            other_data = []  

 

            all_data = self.average_elements_np(all_data_in, average_elements)  

 

            for item in other_data_in:  

                other_data.extend(self.average_elements_np(item, average_elements))  

 

            target_data = [1] * len(all_data)  

            other _target_data = [2] * len(other_data)  

 

            all_data_ = [*all_data, *other_data]  

            target_data_ = [*target_data, *other_target_data]  

 

            data_train, data_test, target_v alues_train, target_values_test = 

train_test_split(all_data_, t arget_data_, test_size=0.3, random_state=42)  

 

            y_true = np.array(target_values_test)  

 

            # filtered_data = [data for data, target in zip(data_train, target_values_train) 

if target == 1]  

            # filtered_other_data = [data for data , target in zip(data_train, 

target_values_train) if target == 2]  

            self.NoAllSigma(self.a_path, all_data)  

 

            a_sigmas = self.read_channel_data(self.a_path, "All Sigma")  

            a_means = self.read_channel_data(self.a_path, "All Math ematical Expectation")  

 

            sigma_mean.append(np.mean(a_sigmas))  

 

            n_sigma = 2.6  #2.6  

 

            lstart = time.time()  

            a_upper_bounds = np.power(a_means + (n_si gma * a_sigmas), 1)  

            a_lower_bounds = np.power(a_mea ns -  (n_sigma * a_sigmas), 1)  

 

 

            # # mean = all_data[10]  

            # mean = other_data[10]  

 

            # plt.clf()  

            # plt.rcParams.update({'font.size': 15})  

            # f, axis = plt.subplots(1)  

            # f.set_size_inches(12 , 6)  

            # f.tight_layout()  

            # axis.grid(True)  

            # m_time = np.arange(0, len(mean), 1) / 360  

            # axis.plot(m_time, mean, linewidth=3, label=r"$ \ xi_{{ \ omega}} (t), mV$")  

            # axis.plot(m_time, a_upper_bounds, linewidth=3, label=r"$Upper_{{ \ xi}} (t), mV$")  

            # axis.plot(m_time, a_lower_bounds, linewidth=3, label=r"$Lower_{{ \ xi} } (t), mV$")  

            # axis.set_xlabel("$t, s$", loc = 'right')  

            # axis.axis(xmin = 0, xmax = 1)  
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            # a xis.legend(loc='upper right')  

            # plt.savefig(f'{self.a_path}/Other - Authentication.png', dpi=300)  

            # # plt.s avefig(f'{self.a_path}/Authentication.png', dpi=300)  

 

 

            lend = time.time()  

            ltime = self.ltime + (lend - ls tart)*10**3  

 

            y_pred = []  

 

            tstart = time.time()  

            y_pred = [1 if (np.mean((mean >= a_lower_bound s) & (mean <= a_upper_bounds)) * 

100) >= 93.0 else 2 for mean in data_test] #82 --- 86 

            tend = time.time()  

            ttime = (tend - tstart)*10**3  

 

            confusion_matrix = ConfusionMatrix(y_true, y_pred, ltime, ttime)  

            sic_res = confusion_matrix.getAllVariables()  

            print(("%s: %.2f" % ("SIC", confusion_matrix.getACC() * 100)))  

 

            _cm = []  

            for name, clf in zip(self.names, self.classifiers):  

                clf = make_pipeline(StandardScaler(), clf)  

                lstart = time.time()  

                clf.fit(data_train, target_values_train)  

                lend = tstart = ti me.ti me()  

                y_true = np.array(target_values_test)  

                y_pred = clf.predict(data_test)  

                tend = time.time()  

                ltime = (lend - lstart)*10**3  

                ttime = (tend - tstart)*10**3  

                confu sion_ matrix = ConfusionMatrix(y_true, y_pred, ltime, ttime)  

                res = confusion_matrix.getAllVariables()  

                print(("%s: %.2f" % (name, confusion_matrix.getACC() * 100)))  

                _cm.append(res)  

 

            _cm.append(sic_r es)  

 

            path = f'{self.a_path}/Confusion matrix'  

            # path = f'{self.a_path}/Confusion matrix line 0'  

            # path = f'{self.a_path}/Confusion matrix line SCG'  

            # path = f'{self.a_path}/Confusion matrix SCG'  

            Path(p ath).mkdir(parents=True, exist_ok=True)  

 

            df = pd.DataFrame(np.transpose(np.round(_cm, 4)), 

index=self.confusion_matrix_names, columns=[*self.names, "SIC"])  

            df.to_csv(f'{path}/Authentication n - {average_elements}.csv')  

 

        data = pd.DataFrame({"N" : np.arange(1, average_elements + 1), "Data" : sigma_mean})  

        nk.write_csv(data, f'{path}/Sigma mean.csv')  

 

    def Plot_n(self):  

        logger.debug("Plot_n")  
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        confusion_matrix_names = [  

            # "Accura cy",  

            "Accuracy", "Balanced Accuracy",  

            "F1 score", "Learning_time", "Testing_time"  

        ]  

        names = [*self.names, "SIC"]  

        # path = f'{self.a_path}/Confusion matrix'  

        # path = f'{self.a_path}/Confusion matrix li ne'  

        # path = f'{self.a_path}/Confusion matrix line SCG'  

        path = f'{self.a_path}/Confusion matrix SCG'  

        arr = np.arange(1, 20 + 1)  

        for cm_name in confusion_matrix_names:  

            read_data = []  

            for i in arr:  

                df = pd.read_csv(f'{path}/Authentication n - {i}.csv')  

                accuracy_row = df.loc[df['Unnamed: 0'] == cm_name]  

                accuracy_array = accuracy_row.values.flatten()[1:]  

                read_data.append(accuracy_array)  

            t2 = np.transpose(np.array(read_data))  

            plt.clf()  

            plt.rcParams.update({'font.size': 14})  

            f, axis = plt.subplots(1)  

            f.set_size_inches(19, 6)  

            f.tight_layout()  

            axis.grid(True)  

            axis. set_xlabel("N", loc = 'right')  

            if "time" in cm_name:  

                t2 = t2 / 1000.0  

                axis.set_title("t, s", loc = 'left', fontsize=14, position=( - 0.02, 0))  

            for i, name in  zip(t2[:: - 1], names[:: - 1]):  

                axis.plot(arr, i, linewidth=2, label=name, marker='o')  

            axis.legend(loc='best',prop={'size':10})  

 

            max_value = np.nanmax(t2) if not np.isnan(np.nanmax(t2)) else 0  

            min_value = np .nanmin(t2) if not np.isnan(np.nanmax(t2)) el se 0  

            ymin = 0  

            ymax = 1.1  

            if "time" in cm_name:  

                ymax = 0.1  

 

            if ymin > min_value:  

                ymin = min_value  

 

            if ymax < max_value a nd not np.isinf(max_value):  

                ymax = max_value + (max_value / 11.0)  

 

            axis.axis(ymin = ymin, ymax = ymax)  

            axis.axis(xmin = 1, xmax = 20)  

            plt.savefig(f'{path}/{cm_name}.png', dpi=300)  

 

        # df = pd.read_ csv(f'{path}/Sigma mean.csv')  

        # # df2  = pd.read_csv(f'{path} line/Sigma mean.csv')  
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        # # df['Data'] /= df2['Data']  

 

        # plt.clf()  

        # plt.rcParams.update({'font.size': 14})  

        # f, axis = plt.subplots(1)  

        # f.tight_layout()  

        # f.set_size_inches(12, 6)  

        # axis.grid(True)  

        # axis.plot(df['N'], df['Data'], marker='o')  

        # axis.set_xlabel("N", loc = 'right')  

        # axis.axis(xmin = 0.9, x max = 20.1)  

        # # axis.legend(loc='upper right')  

        # plt.savefig(f'{path}/Sigma mean.png' , dpi=300)  

 

     

    def average_elements_np(self, arr, i):  

        if i == 1:  

            return arr  

        arr = np.array(arr)  

        n_segments = arr. shape[0] // i  

        averaged = np.mean(arr[:n_segments*i].reshape( - 1, i, arr.shape[1]), axis=1)  

        return averaged  

 

    def read_channel_data(self, base_path, file_pattern):  

        file_name = f'{file_pattern}.csv'  

        full_path = f'{base_path} /All Mean/CSV/{file_name}'  

        data = pd.read_csv(full_path)["Data"]  

        return np.array(data )  

 

    def NoAllSigma(self, a_path, all_matrix):  

        logger.debug("No All Sigma")  

        path = f'{a_path}/All Mean'  

        self.process_matrix(all_matrix, "All", path)  

 

    def form_res_array(self, arrays, t):  

        res = []  

        i = 0  

        for key, value in arrays.items():  

            if i == 11:  

                break  

            if key != t:  

                res.append(value[0])  

            i = i + 1  

        return res  

     

    def process_matrix(self, matrix, matrix_type, path):  

        ls tart = time.time()  

        data_matrix = np.transpose(matrix)  

        all_mean_data = np.mean(data_matrix, axis=1)  

        all_sigma_data = np.std(data_matrix, axis=1, ddof=1)  

        lend = time.time()  

        self.ltime = (lend - lstart)*10**3  

        titl e = f"{matrix_type} Mathematical Expectation"  




