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ʈʝʬʝʨʘʪ 

ɹʘʢʘʣʘʚʨʩʴʢʘ ʨʦʙʦʪʘ: 21 ʩʪʦʨʽʥʢʘ, 13 ʨʠʩʫʥʢʽʚ, 8 ʜʞʝʨʝʣ. 

 ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʦʪʨʠʤʘʥʥʶ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʠʩʪʨʦʶ Emotiv Insight, ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʥʘ ʧʨʦʛʨʘʤʫ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ 

ʪʘ ʦʙʨʦʙʢʘ ʮʠʭ ʩʠʛʥʘʣʽʚ. ɯ ʟʘʚʜʷʢʠ ʮʴʦʤʫ - ʩʪʚʦʨʝʥʥʷ ʥʘʡʧʨʦʩʪʽʰʦʛʦ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʫ. 

 

 

 ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʂʦʤʧ'ʶʪʝʨʥʠʡ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩ, 

ɽʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʷ(ɽɽɻ).  
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ɺʩʪʫʧ 

ʂʦʤʧ'ʶʪʝʨʥʽ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʠ (ʘʙʦ BCI - Brain-computer interface) ʦʪʨʠʤʫʶʪʴ 

ʤʦʟʢʦʚʽ ʩʠʛʥʘʣʠ, ʘʥʘʣʽʟʫʶʪʴ ʾʭ ʽ ʧʝʨʝʪʚʦʨʶʶʪʴ ʥʘ ʢʦʤʘʥʜʠ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ 

ʥʘ ʚʠʭʽʜʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʧʦʪʨʽʙʥʽ ʜʽʾ. ɯʥʪʝʨʬʝʡʩʠ çʤʦʟʦʢ-

ʢʦʤʧôʶʪʝʨè ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʦʨʤʘʣʴʥʽ ʥʝʨʚʦʚʦ-ʤôʷʟʦʚʽ ʚʠʭʽʜʥʽ ʰʣʷʭʠ. 

ʆʩʥʦʚʥʘ ʤʝʪʘ BCI - ʟʘʤʽʥʠʪʠ ʘʙʦ ʚʽʜʥʦʚʠʪʠ ʢʦʨʠʩʥʫ ʬʫʥʢʮʽʶ ʜʣʷ ʣʶʜʝʡ ʟ 

ʽʥʚʘʣʽʜʥʽʩʪʶ ʚʥʘʩʣʽʜʦʢ ʥʝʨʚʦʚʦ-ʤ'ʷʟʦʚʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʪʘʢʠʭ ʷʢ ʙʽʯʥʠʡ 

ʘʤʽʦʪʨʦʬʽʯʥʠʡ ʩʢʣʝʨʦʟ, ʮʝʨʝʙʨʘʣʴʥʠʡ ʧʘʨʘʣʽʯ, ʽʥʩʫʣʴʪ ʘʙʦ ʪʨʘʚʤʘ ʩʧʠʥʥʦʛʦ 

ʤʦʟʢʫ. ɺʽʜ ʧʦʯʘʪʢʦʚʠʭ ʜʝʤʦʥʩʪʨʘʮʽʡ ʦʨʬʦʛʨʘʬʽʾ ʥʘ ʦʩʥʦʚʽ 

ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʾ ʪʘ ʢʝʨʫʚʘʥʥʷ ʧʨʠʩʪʨʦʻʤ ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʛʦ ʥʝʡʨʦʥʘ 

ʜʦʩʣʽʜʥʠʢʠ ʧʝʨʝʡʰʣʠ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʯʥʠʭ, 

ʽʥʪʨʘʢʦʨʪʠʢʘʣʴʥʠʭ, ʝʣʝʢʪʨʦʢʦʨʪʠʢʦʛʨʘʬʽʯʥʠʭ ʪʘ ̔ ʥʰʠʭ ʩʠʛʥʘʣʽʚ ʤʦʟʢʫ ʜʣʷ ʚʩʝ 

ʙʽʣʴʰ ʩʢʣʘʜʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʢʫʨʩʦʨʘʤʠ, ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʤʠ ʨʫʢʘʤʠ, ʧʨʦʪʝʟʘʤʠ, 

ʽʥʚʘʣʽʜʥʠʤʠ ʚʽʟʢʘʤʠ ʪʘ ʽʥʰʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. BCI ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʠʷʚʠʪʠʩʷ 

ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʨʝʘʙʽʣʽʪʘʮʽʾ ʧʽʩʣʷ ʽʥʩʫʣʴʪʫ ʪʘ ʽʥʰʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. ʋ 

ʤʘʡʙʫʪʥʴʦʤʫ ʚʦʥʠ ʤʦʞʫʪʴ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʭʽʨʫʨʛʽʚ ʪʘ ʽʥʰʠʭ 

ʤʝʜʠʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ. ʊʝʭʥʦʣʦʛʽʷ ʽʥʪʝʨʬʝʡʩʫ çʤʦʟʦʢ-ʢʦʤʧôʶʪʝʨè ʻ ʮʝʥʪʨʦʤ 

ʜʽʷʣʴʥʦʩʪʽ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʽ 

ʚʠʢʣʠʢʘʻ ʚʝʣʠʢʝ ʟʘʭʦʧʣʝʥʥʷ ʚʯʝʥʠʭ ʪʘ ʽʥʞʝʥʝʨʽʚ. ʆʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʥʝʡʨʦʽʥʪʝʨʬʝʩʽʚ ʻ ɽɽɻ ʘʙʦ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʤʘ. 

 ɼʘʥʘ ʜʦʩʣʽʜʥʠʮʴʢʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʶ 

ʢʦʤ'ʶʪʝʨʥʦʛʦ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʫ (BCI) ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʷʤʦʛʦ ʟʚ'ʷʟʢʫ 

ʤʽʞ ʣʶʜʩʴʢʠʤ ʤʦʟʢʦʤ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʦʶ ʩʠʩʪʝʤʦʶ. ʋ ʩʫʯʘʩʥʦʤʫ ʥʘʫʢʦʚʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʢʦʤ'ʶʪʝʨʥʽ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʣʶʜʠʥʠ ʟ ʪʝʭʥʦʣʦʛʽʻʶ.  
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1. ɽʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʷ 

 ʇʝʨʰʽ ʚʽʜʦʤʽ ʥʝʡʨʦʬʽʟʽʦʣʦʛʽʯʥʽ ʟʘʧʠʩʠ ʪʚʘʨʠʥ ʙʫʣʠ ʟʜʽʡʩʥʝʥʽ ʈʽʯʘʨʜʦʤ 

ʂʘʪʦʥʦʤ ʫ 1875 ʨʦʮʽ. ʅʘ ʧʦʷʚʫ ʨʝʻʩʪʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʣʶʜʠʥʠ 

ʟʥʘʜʦʙʠʣʦʩʷ ʱʝ ʧʽʚʩʪʦʣʽʪʪʷ. ɻʘʥʩ ɹʝʨʛʝʨ, ʥʽʤʝʮʴʢʠʡ ʧʩʠʭʽʘʪʨ, ʚʧʝʨʰʝ 

ʟʘʧʨʦʚʘʜʠʚ ɽɽɻ ʫ ʣʶʜʝʡ ʫ 1924 ʨʦʮʽ. ɽɽɻ ð ʮʝ ʝʣʝʢʪʨʦʬʽʟʽʦʣʦʛʽʯʥʠʡ ʤʝʪʦʜ 

ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʤʦʟʢʫ ʣʶʜʠʥʠ. 

ɺʨʘʭʦʚʫʶʯʠ ʡʦʛʦ ʚʠʩʦʢʫ ʪʠʤʯʘʩʦʚʫ ʯʫʪʣʠʚʽʩʪʴ, ʦʩʥʦʚʥʘ ʢʦʨʠʩʪʴ ɽɽɻ ʧʦʣʷʛʘʻ 

ʚ ʦʮʽʥʮʽ ʜʠʥʘʤʽʯʥʦʛʦ ʮʝʨʝʙʨʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɽɽɻ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʘ 

ʜʣʷ ʦʮʽʥʢʠ ʧʘʮʽʻʥʪʽʚ ʽʟ ʧʽʜʦʟʨʦʶ ʥʘ ʩʫʜʦʤʠ, ʝʧʽʣʝʧʩʽʶ ʪʘ ʥʝʟʚʠʯʥʽ ʥʘʧʘʜʠ. ɿʘ 

ʜʝʷʢʠʤʠ ʚʠʥʷʪʢʘʤʠ, ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʧʘʮʽʻʥʪʠ ʟ ʝʧʽʣʝʧʩʽʻʶ ʜʝʤʦʥʩʪʨʫʚʘʪʠʤʫʪʴ 

ʭʘʨʘʢʪʝʨʥʽ ʟʤʽʥʠ ɽɽɻ ʧʽʜ ʯʘʩ ʝʧʽʣʝʧʪʠʯʥʦʛʦ ʥʘʧʘʜʫ (ʽʢʪʘʣʴʥʽ ʟʘʧʠʩʠ ʘʙʦ 

ʟʘʧʠʩʠ ʧʽʜ ʯʘʩ ʥʘʧʘʜʫ). ʋ ʙʽʣʴʰʦʩʪʽ ʧʘʮʽʻʥʪʽʚ ʟ ʝʧʽʣʝʧʩʽʻʶ ʪʘʢʦʞ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʭʘʨʘʢʪʝʨʥʽ ʤʽʞʥʘʧʘʜʥʽ (ʘʙʦ ʤʽʞ ʥʘʧʘʜʘʤʠ) ʝʧʽʣʝʧʪʠʬʦʨʤʥʽ 

ʨʦʟʨʷʜʠ (IED), ʷʢʽ ʥʘʟʠʚʘʶʪʴ ʩʧʘʡʢʘʤʠ (ʪʨʠʚʘʣʽʩʪʶ <70 ʤʢʩ), ʩʧʘʡʢʘʤʠ ʪʘ 

ʭʚʠʣʷʤʠ ʘʙʦ ʛʦʩʪʨʦʭʚʠʣʷʤʠ (ʪʨʠʚʘʣʽʩʪʶ 70ï200 ʤʢʩ). 

 ɽɽɻ ʪʘʢʦʞ ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʜʣʷ ʢʽʣʴʢʦʭ ʽʥʰʠʭ ʢʣʽʥʽʯʥʠʭ ʧʦʢʘʟʘʥʴ. 

ʅʘʧʨʠʢʣʘʜ, ɽɽɻ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʛʣʠʙʠʥʠ ʘʥʝʩʪʝʟʽʾ 

ʧʽʜ ʯʘʩ ʭʽʨʫʨʛʽʯʥʠʭ ʧʨʦʮʝʜʫʨ; ʚʨʘʭʦʚʫʶʯʠ ʡʦʛʦ ʚʝʣʠʢʫ ʯʫʪʣʠʚʽʩʪʴ ʫ 

ʚʽʜʦʙʨʘʞʝʥʥʽ ʨʘʧʪʦʚʠʭ ʟʤʽʥ ʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ, ʥʘʚʽʪʴ ʢʦʣʠ 

ʚʦʥʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʧʝʨʰʝ, ʚʽʥ ʚʠʷʚʠʚʩʷ ʜʫʞʝ ʢʦʨʠʩʥʠʤ ʫ ʮʽʡ ʩʠʪʫʘʮʽʾ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʪʝʥʮʽʡʥʠʭ ʫʩʢʣʘʜʥʝʥʴ, ʪʘʢʠʭ ʷʢ ʽʰʝʤʽʷ ʯʠ ʽʥʬʘʨʢʪ. ʍʚʠʣʽ ɽɽɻ 

ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʫʩʝʨʝʜʥʝʥʽ, ʩʪʚʦʨʶʶʯʠ ʚʠʢʣʠʢʘʥʽ ʧʦʪʝʥʮʽʘʣʠ (ɺʇ) ʽ 

ʧʦʚôʷʟʘʥʽ ʟ ʧʦʜʽʷʤʠ ʧʦʪʝʥʮʽʘʣʠ (ɽʈʇ), ʧʦʪʝʥʮʽʘʣʠ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʥʝʨʚʦʚʫ 

ʘʢʪʠʚʥʽʩʪʴ, ʱʦ ʮʽʢʘʚʠʪʴ, ʷʢʘ ʪʠʤʯʘʩʦʚʦ ʧʦʚôʷʟʘʥʘ ʟ ʢʦʥʢʨʝʪʥʠʤ ʩʪʠʤʫʣʦʤ. EP 

ʪʘ ERP ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʣʽʥʽʯʥʽʡ ʧʨʘʢʪʠʮʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʣʷ ʘʥʘʣʽʟʫ 

ʟʦʨʦʚʦʛʦ, ʩʣʫʭʦʚʦʛʦ, ʩʦʤʘʪʦʩʝʥʩʦʨʥʦʛʦ ʪʘ ʚʠʱʦʛʦ ʢʦʛʥʽʪʠʚʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ɽɽɻ ʚ ʦʩʥʦʚʥʦʤʫ ʛʝʥʝʨʫʻʪʴʩʷ ʢʦʨʢʦʚʠʤʠ ʧʽʨʘʤʽʜʥʠʤʠ 

ʥʝʡʨʦʥʘʤʠ ʚ ʢʦʨʽ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ, ʷʢʽ ʦʨʽʻʥʪʦʚʘʥʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ 

ʧʦʚʝʨʭʥʽ ʤʦʟʢʫ. ʅʝʡʨʦʥʥʘ ʘʢʪʠʚʥʽʩʪʴ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽɽɻ, ʻ 
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ʩʫʤʦʶ ʟʙʫʜʞʫʚʘʣʴʥʠʭ ʽ ʛʘʣʴʤʽʚʥʠʭ ʧʦʩʪʩʠʥʘʧʪʠʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʚʽʜʥʦʩʥʦ 

ʚʝʣʠʢʠʭ ʛʨʫʧ ʥʝʡʨʦʥʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʩʠʥʭʨʦʥʥʦ. ɿʚʠʯʘʡʥʘ ɽɽɻ ʰʢʽʨʠ ʛʦʣʦʚʠ 

ʘʙʦ ʢʦʨʪʠʢʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʥʝ ʤʦʞʝ ʟʘʨʝʻʩʪʨʫʚʘʪʠ ʤʠʪʪʻʚʽ ʣʦʢʘʣʴʥʽ ʟʤʽʥʠ 

ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʧʦʪʝʥʮʽʘʣʠ ʜʽʾ ʥʝʡʨʦʥʽʚ. 

ɽʣʝʢʪʨʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ, ʚʠʤʽʨʷʥʘ ʟʘʧʠʩʘʤʠ ɽɽɻ ʰʢʽʨʠ ʛʦʣʦʚʠ, ʛʝʥʝʨʫʻʪʴʩʷ 

ʧʦʜʽʙʥʦ ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʛʨʫʧʘʤʠ ʥʝʡʨʦʥʽʚ ʢʦʨʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ ʧʦʙʣʠʟʫ 

ʰʢʽʨʠ ʛʦʣʦʚʠ, ʜʝ ʨʦʟʤʽʱʝʥʽ ʟʘʧʠʩʫʶʯʽ ʝʣʝʢʪʨʦʜʠ. ʂʦʞʝʥ ʝʣʝʢʪʨʦʜ ʰʢʽʨʠ 

ʛʦʣʦʚʠ ʟʙʠʨʘʻ, ʷʢ ʤʽʥʽʤʫʤ, ʧʨʠʙʣʠʟʥʦ 6 ʩʤ2 ʩʠʥʭʨʦʥʥʦʾ ʢʦʨʪʠʢʘʣʴʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ. ɹʽʣʴʰʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʟʽʙʨʘʥʦʾ ʚ ɽɽɻ, ʛʝʥʝʨʫʻʪʴʩʷ 

ʛʨʫʧʘʤʠ ʧʽʨʘʤʽʜʥʠʭ ʥʝʡʨʦʥʽʚ. ʎʽ ʢʣʽʪʠʥʠ ʤʘʶʪʴ ʢʣʽʪʠʥʥʽ ʪʽʣʘ ʧʝʨʝʚʘʞʥʦ ʚ 

ʪʨʝʪʴʦʤʫ ʪʘ ʧôʷʪʦʤʫ ʰʘʨʘʭ ʢʦʨʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ. ɽʣʝʢʪʨʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ, 

ʟʘʨʝʻʩʪʨʦʚʘʥʘ ʥʘ ʰʢʽʨʽ ʛʦʣʦʚʠ, ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʤʫ ʛʘʣʴʤʽʚʥʠʭ ʘʙʦ ʟʙʫʜʣʠʚʠʭ 

ʧʦʩʪʩʠʥʘʧʪʠʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ (ʥʝ ʧʦʪʝʥʮʽʘʣʽʚ ʜʽʾ ð ʧʦʪʝʥʮʽʘʣʠ ʜʽʾ ʟʘʥʘʜʪʦ 

ʢʦʨʦʪʢʽ, ʱʦʙ ʾʭ ʤʦʞʥʘ ʙʫʣʦ ʟʘʧʠʩʘʪʠ) ʚʽʜ ʪʠʩʷʯ ʧʽʨʘʤʽʜʘʣʴʥʠʭ ʢʣʽʪʠʥ ʧʦʙʣʠʟʫ 

ʢʦʞʥʦʛʦ ʟʘʧʠʩʫʶʯʦʛʦ ʝʣʝʢʪʨʦʜʘ. ʎʶ ʧʽʜʩʫʤʦʚʘʥʫ ʘʢʪʠʚʥʽʩʪʴ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʧʦʣʝ ʟ ʧʦʟʠʪʠʚʥʠʤ ʽ ʥʝʛʘʪʠʚʥʠʤ ʧʦʣʶʩʘʤʠ (ʜʠʧʦʣʴ). 

ɼʠʧʦʣʴʥʠʡ ʚʝʢʪʦʨ, ʘʙʦ ʥʘʧʨʷʤʦʢ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ, ʧʘʨʘʣʝʣʴʥʠʡ ʦʨʽʻʥʪʘʮʽʾ 

ʧʽʨʘʤʽʜʘʣʴʥʠʭ ʢʣʽʪʠʥ, ʱʦ ʛʝʥʝʨʫʶʪʴ ʘʢʪʠʚʥʽʩʪʴ. ʅʝʛʘʪʠʚʥʽ ʜʠʧʦʣʽ 

ʤʘʢʩʠʤʘʣʴʥʦ ʩʧʨʠʡʤʘʶʪʴʩʷ, ʢʦʣʠ ʚʦʥʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʜʦ ʧʦʟʠʮʽʾ 

ʟʘʧʠʩʫʶʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ʪʘ ʩʧʨʷʤʦʚʫʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʥʝʾ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʧʦʟʠʪʠʚʥʠʡ ʢʽʥʝʮʴ ʜʠʧʦʣʷ ʻ ʧʽʜʢʽʨʢʦʚʠʤ ʽ ʤʦʞʝ ʙʫʪʠ ʟʘʨʝʻʩʪʨʦʚʘʥʠʡ 

ʣʠʰʝ ʛʣʠʙʠʥʥʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ. ʗʢʱʦ ʜʞʝʨʝʣʦ ʝʣʝʢʪʨʠʢʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʪʨʽʱʠʥʽ, ʜʠʧʦʣʴ ʤʦʞʝ ʙʫʪʠ ʜʦʪʠʯʥʠʤ ʘʙʦ ʧʘʨʘʣʝʣʴʥʠʤ. 

ɯʩʥʫʶʪʴ ʩʠʩʪʝʤʘʪʠʯʥʽ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʢʽʨʢʦʚʠʤʠ ʥʝʡʨʦʥʘʤʠ, ʘ ʪʘʢʦʞ 

ʢʽʨʢʦʚʽ ʪʘ ʧʽʜʢʽʨʢʦʚʽ ʟʚôʷʟʢʠ ʟ ʪʘʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʷʢ ʪʘʣʘʤʫʩ, ʷʢʽ ʤʘʶʪʴ 

ʜʦʙʨʝ ʨʦʟʚʠʥʝʥʽ ʟʚʦʨʦʪʥʽ ʟʚôʷʟʢʠ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʙʫʜʴ-ʷʢʘ ʩʠʥʫʩʦʾʜʘʣʴʥʘ 

ʨʠʪʤʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ, ʷʢʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ɽɽɻ, ʚʽʜʦʙʨʘʞʘʻ ʢʦʣʠʚʘʣʴʥʠʡ 

ʟʚôʷʟʦʢ ʤʽʞ ʢʦʨʦʶ ʪʘ ʙʽʣʴʰ ʛʣʠʙʦʢʠʤʠ, ʧʽʜʢʽʨʢʦʚʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʎʽ ʧʝʪʣʽ 

ʟʚôʷʟʢʫ ʚʠʥʠʢʘʶʪʴ, ʢʦʣʠ ʢʦʨʘ ʧʝʨʝʙʫʚʘʻ ʚ ʩʪʘʥʽ ʩʧʦʢʦʶ ʘʙʦ ʥʝ ʚʠʢʦʥʫʻ 

ʞʦʜʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʚʜʘʥʥʷ. ʂʦʣʠ ʢʦʨʘ ʤʘʻ ʟʘʚʜʘʥʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ, 

ʝʣʝʢʪʨʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʢʦʨʠ ʜʝʩʠʥʭʨʦʥʽʟʫʻʪʴʩʷ, ʽ ʥʠʞʯʘ ʘʤʧʣʽʪʫʜʘ, ʰʚʠʜʰʽ 
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ʝʣʝʢʪʨʠʯʥʽ ʨʠʪʤʠ ʧʝʨʝʚʘʞʘʶʪʴ, ʧʦʢʠ ʢʦʨʘ ʥʝ ʚʠʢʦʥʘʻ ʩʚʦʻ ʟʘʚʜʘʥʥʷ ʽ ʥʝ 

ʧʦʚʝʨʥʝʪʴʩʷ ʜʦ ʩʪʘʥʫ ʩʧʦʢʦʶ.  

ʉʫʤʥʘ ʨʝʘʣʴʥʽʩʪʴ ɽɽɻ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʮʝʨʝʙʨʘʣʴʥʘ ʘʢʪʠʚʥʽʩʪʴ ʤʦʞʝ 

ʧʝʨʝʚʠʱʫʚʘʪʠʩʷ ʽʥʰʦʶ ʝʣʝʢʪʨʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ, ʩʪʚʦʨʶʚʘʥʦʶ ʦʨʛʘʥʽʟʤʦʤ 

ʘʙʦ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʑʦʙ ʧʦʙʘʯʠʪʠ ʥʘ ʧʦʚʝʨʭʥʽ ʰʢʽʨʠ ʛʦʣʦʚʠ, 

ʤʽʥʽʘʪʶʨʥʽ ʮʝʨʝʙʨʘʣʴʥʦ ʛʝʥʝʨʦʚʘʥʽ ʥʘʧʨʫʛʠ ɽɽɻ ʧʦʚʠʥʥʽ ʩʧʦʯʘʪʢʫ ʧʨʦʡʪʠ 

ʯʝʨʝʟ ʯʠʩʣʝʥʥʽ ʙʽʦʣʦʛʽʯʥʽ ʬʽʣʴʪʨʠ, ʷʢʽ ʟʤʝʥʰʫʶʪʴ ʘʤʧʣʽʪʫʜʫ ʩʠʛʥʘʣʫ ʪʘ 

ʧʦʰʠʨʶʶʪʴ ɽɽɻ-ʘʢʪʠʚʥʽʩʪʴ ʰʠʨʰʝ, ʥʽʞ ʚʠʭʽʜʥʠʡ ʚʠʭʽʜʥʠʡ ʚʝʢʪʦʨ. 

ʎʝʨʝʙʨʘʣʴʥʽ ʥʘʧʨʫʛʠ ʧʦʚʠʥʥʽ ʧʨʦʡʪʠ ʯʝʨʝʟ ʤʦʟʦʢ, ʩʧʠʥʥʦʤʦʟʢʦʚʫ ʨʽʜʠʥʫ, 

ʤʦʟʢʦʚʽ ʦʙʦʣʦʥʢʠ, ʯʝʨʝʧ ʽ ʰʢʽʨʫ, ʧʝʨʰ ʥʽʞ ʜʦʩʷʛʪʠ ʤʽʩʮʷ ʟʘʧʠʩʫ, ʜʝ ʾʭ ʤʦʞʥʘ 

ʚʠʷʚʠʪʠ. ʂʨʽʤ ʪʦʛʦ, ʽʥʰʘ ʙʽʦʣʦʛʽʯʥʦ ʛʝʥʝʨʦʚʘʥʘ ʝʣʝʢʪʨʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ 

(ʤôʷʟʘʤʠ ʰʢʽʨʠ ʛʦʣʦʚʠ, ʦʯʠʤʘ, ʷʟʠʢʦʤ ʽ ʥʘʚʽʪʴ ʩʝʨʮʝʤ) ʩʪʚʦʨʶʻ ʚʝʣʠʯʝʟʥʽ 

ʧʦʪʝʥʮʽʘʣʠ ʥʘʧʨʫʛʠ, ʷʢʽ ʯʘʩʪʦ ʧʝʨʝʚʠʱʫʶʪʴ ʽ ʟʘʪʴʤʘʨʶʶʪʴ ʮʝʨʝʙʨʘʣʴʥʫ 

ʘʢʪʠʚʥʽʩʪʴ. ʊʠʤʯʘʩʦʚʝ ʚʽʜôʻʜʥʘʥʥʷ ʨʝʻʩʪʨʫʶʯʠʭ ʝʣʝʢʪʨʦʜʽʚ (ʪʘʢ ʟʚʘʥʠʡ 

ʘʨʪʝʬʘʢʪ çʚʠʩʢʘʢʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʘè) ʤʦʞʝ ʱʝ ʙʽʣʴʰʝ ʧʦʛʽʨʰʠʪʠ ɽɽɻ ʘʙʦ 

ʥʘʚʽʪʴ ʽʤʽʪʫʚʘʪʠ ʤʦʟʢʦʚʽ ʨʠʪʤʠ ʪʘ ʩʫʜʦʤʠ. ʉʫʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʙʽʦʣʦʛʽʯʥʽ 

ʪʘ ʥʘʚʢʦʣʠʰʥʽ ʝʣʝʢʪʨʠʯʥʽ ʘʨʪʝʬʘʢʪʠ ʯʘʩʪʦ ʟʘʚʘʞʘʶʪʴ ʟʜʘʪʥʦʩʪʽ ʜʝʪʝʢʪʦʨʘ 

ʪʦʯʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʷʢ ʥʦʨʤʘʣʴʥʽ ʨʠʪʤʠ, ʪʘʢ ʽ ʧʘʪʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ. ʅʘ ʱʘʩʪʷ, 

ʘʨʪʝʬʘʢʪʠ ʤʘʶʪʴ ʙʘʛʘʪʦ ʚʽʜʤʽʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʣʝʛʢʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ.  

 ʊʠʧʦʚʠʡ ʜʠʩʧʣʝʡ ɽɽɻ ʚʽʜʦʙʨʘʞʘʻ ʥʘʧʨʫʛʫ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʜʦʤʝʥʽ ʪʘ 

ʯʘʩ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʜʦʤʝʥʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʦʪʦʯʥʦʾ 

ʮʝʨʝʙʨʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʘʡʞʝ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ (ʨʠʩ. 1). ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʮʠʬʨʦʚʦʛʦ ʟʘʧʠʩʫ ʪʘ ʧʝʨʝʛʣʷʜʫ ʧʝʨʝʢʣʘʜʘʯ ʤʦʞʝ ʟʤʽʥʠʪʠ ʢʽʣʴʢʘ ʘʩʧʝʢʪʽʚ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ɽɽɻ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʪʘ ʟʨʦʟʫʤʽʣʦʩʪʽ ʜʘʥʠʭ. ɯʥʪʝʨʧʨʝʪʘʪʦʨ ʤʦʞʝ 

ʨʝʛʫʣʶʚʘʪʠ ʯʫʪʣʠʚʽʩʪʴ (ʪʘʢʦʞ ʚʽʜʦʤʫ ʷʢ çʧʦʩʠʣʝʥʥʷè) ʟʘʧʠʩʫ ʚ ʤʽʢʨʦʚʦʣʴʪʘʭ 

ʥʘ ʤʽʣʽʤʝʪʨ, ʱʦʙ ʟʙʽʣʴʰʠʪʠ ʘʙʦ ʟʤʝʥʰʠʪʠ ʚʠʩʦʪʫ ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʠʛʥʘʣʽʚ. 

ʄʦʞʥʘ ʪʘʢʦʞ ʟʤʽʥʠʪʠ ʚʽʜʦʙʨʘʞʫʚʘʥʠʡ ʯʘʩ, ʷʢʠʡ ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴ ʝʧʦʭʦʶ. 

ʂʦʨʦʪʰʽ ʽʥʪʝʨʚʘʣʠ ʤʦʞʥʘ ʧʝʨʝʛʣʷʜʘʪʠ ʟʘ ʢʽʣʴʢʘ ʩʝʢʫʥʜ ʥʘ ʝʢʨʘʥʽ ʢʦʤʧôʶʪʝʨʘ, 

ʱʦ ʻ ʷʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʜʫʞʝ ʢʦʨʦʪʢʠʭ ʧʦʜʽʡ ɽɽɻ, ʪʘʢʠʭ ʷʢ 

ʝʧʽʣʝʧʪʠʬʦʨʤʥʽ ʩʧʘʡʢʠ. ʅʘʚʧʘʢʠ, ʯʘʩʦʚʫ ʰʢʘʣʫ ʤʦʞʥʘ ʨʦʟʰʠʨʠʪʠ ʜʣʷ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʦʚʰʠʭ ʩʝʛʤʝʥʪʽʚ ɽɽɻ ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʭʚʠʣʠʥ, ʱʦʙ ʧʦʙʘʯʠʪʠ 
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ʧʦʚʽʣʴʥʦ ʟʤʽʥʶʚʘʥʽ ʨʠʪʤʽʯʥʽ ʨʦʟʨʷʜʠ. ʎʠʬʨʦʚʽ ʬʽʣʴʪʨʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʘʨʪʝʬʘʢʪʽʚ ʫ ʧʝʚʥʠʭ ʥʘʣʘʰʪʫʚʘʥʥʷʭ, ʘʣʝ ʾʭ ʩʣʽʜ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟ ʚʝʣʠʢʦʶ ʦʙʝʨʝʞʥʽʩʪʶ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʪʘʢʦʞ ʬʽʣʴʪʨʫʶʪʴ 

ɽɽɻ-ʘʢʪʠʚʥʽʩʪʴ, ʱʦ ʮʽʢʘʚʠʪʴ, ʽ ʤʦʞʫʪʴ ʩʠʣʴʥʦ ʩʧʦʪʚʦʨʶʚʘʪʠ ɽɽɻ-ʩʠʛʥʘʣʠ. 

ɽɽɻ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʠʥʮʠʧ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʘʙʦ ʟʘʧʠʩ 

ʨʽʟʥʠʮʽ ʥʘʧʨʫʛʠ ʤʽʞ ʨʽʟʥʠʤʠ ʪʦʯʢʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʠ ʝʣʝʢʪʨʦʜʽʚ, ʷʢʽ 

ʧʦʨʽʚʥʶʶʪʴ ʦʜʠʥ ʘʢʪʠʚʥʠʡ ʜʦʩʣʽʜʞʫʚʘʣʴʥʠʡ ʝʣʝʢʪʨʦʜ ʟ ʽʥʰʠʤ ʩʫʩʽʜʥʽʤ ʘʙʦ 

ʚʽʜʜʘʣʝʥʠʤ ʝʣʝʢʪʨʦʜʦʤ ʧʦʨʽʚʥʷʥʥʷ. ʃʠʰʝ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʟʥʠʮʽ ʚ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʪʝʥʮʽʘʣʽ ʛʝʥʝʨʫʶʪʴʩʷ ʧʦʤʽʪʥʽ ʬʦʨʤʠ ʭʚʠʣʴ ɽɽɻ. ɿʛʽʜʥʦ ʟ 

ʜʦʤʦʚʣʝʥʽʩʪʶ, ʢʦʣʠ ʘʢʪʠʚʥʠʡ ʜʦʩʣʽʜʞʫʚʘʣʴʥʠʡ ʝʣʝʢʪʨʦʜ (ʥʘʟʚʘʥʠʡ G1, ʜʣʷ 

çʉʽʪʢʠ 1è ʘʙʦ Grid 1) ʻ ʙʽʣʴʰ ʥʝʛʘʪʠʚʥʠʤ, ʥʽʞ ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ (G2), 

ʧʦʪʝʥʮʽʘʣ ɽɽɻ ʩʧʨʷʤʦʚʘʥʠʡ ʚʠʱʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʝʨʠʜʽʘʥʘ (ʪʦʙʪʦ ʚʛʦʨʫ). 

ʭʚʠʣʷ), ʪʦʜʽ ʷʢ ʷʢʱʦ ʥʘʚʧʘʢʠ, ʢʦʣʠ ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ ʙʽʣʴʰ ʥʝʛʘʪʠʚʥʠʡ, 

ʚʝʢʪʦʨ ʧʦʪʝʥʮʽʘʣʫ ɽɽɻ ʩʧʨʷʤʦʚʘʥʠʡ ʥʠʞʯʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʝʨʠʜʽʘʥʘ 

(ʧʦʪʝʥʮʽʘʣ ʚʥʠʟ). ɯʥʰʽ ʤʦʞʣʠʚʦʩʪʽ ʧʦʣʷʨʥʦʩʪʽ ʧʦʢʘʟʘʥʽ ʥʘ ʈʠʩʫʥʢʫ 1.2. 

 

 

ʈʠʩʫʥʦʢ 1.1 ʅʦʨʤʘʣʴʥʘ ɽɽɻ. ʇʨʠʢʣʘʜ ʟʘʧʠʩʫ ɽɽɻ ʧʽʜ ʯʘʩ ʥʝʩʧʘʥʥʷ ʫ ʞʽʥʢʠ 24 ʨʦʢʽʚ. 

ɿʦʙʨʘʞʝʥʘ ʝʧʦʭʘ ʪʨʠʚʘʣʽʩʪʶ 10 ʩʝʢʫʥʜ. ʇʝʨʰʽ ʯʦʪʠʨʠ ʢʘʥʘʣʠ, ʷʢʽ ʨʘʟʦʤ ʥʘʟʠʚʘʶʪʴʩʷ 

ʣʘʥʮʶʛʦʤ, ʧʦʢʘʟʫʶʪʴ ʮʝʨʝʙʨʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ, ʟʘʧʠʩʘʥʫ ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʣʽʥʽʾ ʛʦʣʦʚʠ, ʽ ʟʘ 

ʜʦʤʦʚʣʝʥʽʩʪʶ ʚʦʥʠ 
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ʈʠʩʫʥʦʢ 1.2. ɼʨʫʛʠʡ ʧʨʠʢʣʘʜ ɽɽɻ 

ʋ ʧʝʨʰʫ ʩʝʢʫʥʜʫ ʛʦʩʪʨʘ ʭʚʠʣʷ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʽʩʪʴ ʥʘ 

F8ïT8, ʜʝ ʚʠʜʥʦ ʝʢʚʽʧʦʪʝʥʮʽʘʣ; ʢʘʥʘʣ 1 (FP2-F8) ʜʝʤʦʥʩʪʨʫʻ ʧʦʚʝʨʭʥʝʚʠʡ 

ʧʦʟʠʪʠʚʥʠʡ ʧʨʦʛʠʥ, ʦʩʢʽʣʴʢʠ ʛʦʩʪʨʘ ʭʚʠʣʷ ʩʧʨʷʤʦʚʘʥʘ ʚʥʠʟ ʤʘʡʞʝ ʦʜʥʘʢʦʚʽ ʟʘ 

ʥʘʧʨʫʛʦʶ ʦʜʥʘ ʦʜʥʽʡ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʩʠʥʬʘʟʥʦʛʦ ʢʦʤʧʝʥʩʫʚʘʥʥʷ, 

ʘ ʪʘʢʦʞ ʽʟʦʝʣʝʢʪʨʠʯʥʫ/ʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʫ ʥʘʧʨʫʛʠ (ʦʜʥʘʢʦʚʘ ʥʘʧʨʫʛʘ ʟ ʦʙʦʭ 

ʩʪʦʨʽʥ). ʂʘʥʘʣ 3 (T8-P8) ʧʦʢʘʟʫʻ ʧʦʚʝʨʭʥʝʚʝ ʥʝʛʘʪʠʚʥʝ ʚʽʜʭʠʣʝʥʥʷ ʛʦʩʪʨʦʾ 

ʭʚʠʣʽ ʚʛʦʨʫ, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ ʩʽʪʢʘ 1 (T8) ʤʘʻ ʥʝʛʘʪʠʚʥʽʰʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ, 

ʥʽʞ ʩʽʪʢʘ 2 (P8). ʂʘʥʘʣ 4 (P8-O2) ʟʥʦʚʫ ʧʦʢʘʟʫʻ ʪʨʦʭʠ ʩʧʨʷʤʦʚʘʥʫ ʚʛʦʨʫ 

ʧʦʚʝʨʭʥʝʚʫ ʥʝʛʘʪʠʚʥʫ ʬʦʨʤʫ ʭʚʠʣʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʫ ʬʦʢʫʩʽ 

ʩʧʘʡʢʫ. ɺʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛ ʪʘʢʠʤ ʯʠʥʦʤ ʫ ʢʘʥʘʣʘʭ ʜʦʧʦʤʘʛʘʻ ʽʥʪʝʨʧʨʝʪʘʪʦʨʫ 

ʣʦʢʘʣʽʟʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʥʝʛʘʪʠʚʥʽʩʪʴ ʫ ʢʘʥʘʣʽ 2 (F8-T8), ʧʨʠʧʫʩʢʘʶʯʠ, ʱʦ 

ʤʽʞ ʜʨʫʛʠʤ ʽ ʪʨʝʪʽʤ ʜʽʣʷʥʢʘʤʠ ʝʣʝʢʪʨʦʜʽʚ ʫ ʣʘʥʮʶʟʽ ʽʩʥʫʻ ʛʦʩʪʨʦʭʚʠʣʴʦʚʠʡ 

ʬʦʢʫʩ. 

ʋ ʜʨʫʛʽʡ ʛʦʩʪʨʽʡ ʭʚʠʣʽ, ʷʢʘ ʚʠʥʠʢʘʻ ʥʘʧʨʠʢʽʥʮʽ 2-ʾ ʩʝʢʫʥʜʠ, ʛʦʩʪʨʘ ʭʚʠʣʷ 

ʜʝʤʦʥʩʪʨʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʽʩʪʴ ʪʝʧʝʨ ʚʞʝ ʥʘ ʝʣʝʢʪʨʦʜʽ F8. 

ʃʦʛʽʢʘ ʣʦʢʘʣʽʟʘʮʽʾ ʧʦʜʽʙʥʘ ʜʦ ʧʨʠʢʣʘʜʫ ʚʠʱʝ. ʋ ʢʘʥʘʣʽ 1 (FP2-F8) ʻ ʧʦʚʝʨʭʥʝʚʝ 

ʧʦʟʠʪʠʚʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʥʠʟ, ʪʦʜʽ ʷʢ ʫ ʢʘʥʘʣʽ 2 (F8-T8) ʻ ʧʦʚʝʨʭʥʝʚʝ ʥʝʛʘʪʠʚʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʚʛʦʨʫ, ʪʦʤʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʛʦʩʪʨʘ ʭʚʠʣʷ 

ʣʦʢʘʣʽʟʦʚʘʥʘ ʥʘ F8.  
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2. ɸʧʘʨʘʪʥʘ ʯʘʩʪʠʥʘ ʧʨʠʣʘʜʫ 

ɺ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʙʘʢʘʣʘʚʨʩʴʢʦʾ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚ Emotiv Insight.  

Emotiv Insight ð ʮʝ 5-ʢʘʥʘʣʴʥʘ ʙʝʟʜʨʦʪʦʚʘ ʛʘʨʥʽʪʫʨʘ ʟ ʦʙʪʽʯʥʠʤ ʜʠʟʘʡʥʦʤ 

ʜʣʷ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʫ. 

ʋ ʥʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʧʽʚʩʫʭʠʡ ʧʦʣʽʤʝʨʥʠʡ ʜʘʪʯʠʢ, ʷʢʠʡ ʤʦʞʥʘ 

ʥʦʩʠʪʠ ʙʝʟ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʛʦ ʛʝʣʶ ʯʠ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʯʠʥʫ, ʪʦʤʫ ʤʦʞʥʘ 

ʢʦʤʬʦʨʪʥʦ ʟʘʧʠʩʫʚʘʪʠ ʤʦʟʢʦʚʽ ʭʚʠʣʽ ʚ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ ʪʘ ʢʝʨʫʚʘʪʠ 

ʟʯʠʪʫʚʘʥʥʷʤ ʤʦʟʢʦʚʠʭ ʭʚʠʣʴ. (ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʧʨʦʩʪʽ ʦʧʝʨʘʮʽʾ, 

ʪʘʢʽ ʷʢ ʧʝʨʝʤʽʱʝʥʥʷ ʘʙʦ ʧʝʨʝʤʽʱʝʥʥʷ ʨʘʜʽʦʢʦʥʪʨʦʣʝʨʘ, ʧʨʦʩʪʦ ʫʷʚʠʚʰʠ ʮʝ ʫ 

ʩʚʦʾʡ ʛʦʣʦʚʽ). 

ʂʘʥʘʣʠ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʠʩʪʽʡ: AF3, AF4, T7, T8 ʽ Pz. ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ 

ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʜʽʚ(ʨʠʩʫʥʦʢ 2.1). 

 

ʈʠʩʫʥʦʢ 2.1. ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʜʽʚ 
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3. ʉʪʚʦʨʝʥʥʷ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʫ 

3.1. ʅʘʣʘʰʪʫʚʘʥʥʷ ʝʥʮʝʬʘʣʦʛʨʘʬʘ 

ɿʘʚʘʥʪʘʞʠʚ ʩʦʬʪ CyKit[8], ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʟ 

ʧʨʠʩʪʨʦʶ ʪʘ ʧʝʨʝʜʘʯʽ ʾʭ ʥʘ ʢʦʤʧôʶʪʝʨ ʧʦʪʦʢʦʤ. 

ɺʜʘʣʦ ʧʽʜʢʣʶʯʠʚ Emotiv Insight, ʱʦ ʚʠʜʥʦ ʥʘ ʨʠʩ 3.1. 

ɼʘʣʽ ʚʠʤʽʨʶʚʘʚ ʚʣʘʩʥʽ ɽɽɻ ʚ ʩʪʘʥʽ ʩʧʦʢʦʶ ʪʘ ʧʨʠ ʨʫʩʽ ʛʦʣʦʚʦʶ. 

ʇʨʠʣʘʜ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʤʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 4 ʚ ʤʦʤʝʥʪ ʟʘʧʠʩʫ 

ɽɽɻ(ʨʠʩʫʥʦʢ 3.2) 

 ʈʠʩʫʥʦʢ 3.1 ɺʜʘʣʦ ʧʽʜʢʣʶʯʝʥʠʡ ʧʨʠʣʘʜ 

ʈʠʩʫʥʦʢ 3.2. ʈʦʟʤʽʱʝʥʥʷ ʧʨʠʣʘʜʫ ʧʽʜʯʘʩ ʟʘʧʠʩʫ ʝʝʛ 
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3.2. ʇʨʠʢʣʘʜʠ ɽɽɻ ʦʪʨʠʤʘʥʽ ʚ ʭʦʜʽ ʨʦʙʦʪʠ 

ʇʽʩʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʠʣʘʜʫ ʜʦ ʢʦʤʧôʶʪʝʨʘ ʦʪʨʠʤʘʚ ʟʦʙʨʘʞʝʥʥʷ ɽɽɻ  (ʨʠʩʫʥʦʢ 

3.3). 

 

ʈʠʩʫʥʦʢ 3.3.ɽɽɻ ʫ ʩʪʘʥʽ ʩʧʦʢʦʶ. 

 

ʈʠʩʫʥʦʢ 3.4.ɽɽɻ ʧʽʜʯʘʩ ʨʫʭʽʚ ʛʦʣʦʚʦʶ. 

ʅʘ ɽɽɻ ʈʠʩʫʥʢʫ 3.3 ʚʠʜʥʦ, ʱʦ ʩʧʦʯʘʪʢʫ ʷ ʧʝʨʝʙʫʚʘʚ ʫ ʩʪʘʥʽ ʩʧʦʢʦʶ, ʧʦʪʽʤ 

ʢʦʣʠ ʧʦʯʘʚ ʭʠʪʘʪʠ ʛʦʣʦʚʦʶ ʟʽ ʩʪʦʨʦʥʠ ʚ ʩʪʦʨʦʥʫ, ʝʥʮʝʬʘʣʦʛʨʘʤʘ ʧʦʯʘʣʘ 

ʟʤʽʥʶʚʘʪʠʩʴ ʧʘʜʘʶʯʠ ʘʙʦ ʧʽʜʽʡʤʘʶʯʠʩʴ ʫ ʛʦʨʫ, ʱʦ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 3.4. 

 



12 

 

 

ʈʠʩʫʥʦʢ 3.5.ɽɽɻ ʧʽʜʯʘʩ ʢʣʽʧʘʥʥʷ 

 ɿ ʨʠʩʫʥʢʫ 3.5 ʚʠʜʥʦ, ʱʦ ʧʽʜʯʘʩ ʢʣʽʧʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʢʠʡ ʩʪʨʠʙʦʢ 

ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʪʘʢʪʘʭ AF3 ʽ AF4. ʊʦʙʪʦ ʟ ʢʦʥʪʘʢʪʽʚ ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʣʦʙʽ, ʱʦ 

ʟʨʦʟʫʤʽʣʦ, ʙʦ ʢʦʣʠ ʤʠ ʢʣʽʧʘʻʤʦ ʫ ʥʘʩ ʥʘʧʨʫʞʫʶʪʴʩʷ ʤôʷʟʠ, ʪʦʙʪʦ ʧʦʜʘʻʪʴʩʷ 

ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ ʧʦ ʥʝʨʚʫ ʩʘʤʝ ʜʦ ʮʠʭ ʤôʷʟʽʚ. ɯ ʪʘʢʠʤ ʯʠʥʦʤ ʤʠ ʦʪʨʠʤʫʻʤʦ 

ʘʨʪʝʬʘʢʪ ʩʧʨʠʯʠʥʝʥʠʡ ʢʣʽʧʘʥʥʷʤ.  

 

ʈʠʩʫʥʦʢ 3.6. ɿʜʘʚʣʶʚʘʥʥʷ ʱʝʣʝʧʠ 

 

ʈʠʩʫʥʦʢ 3.7. ʈʫʭʠ ʱʝʣʝʧʦʶ ʧʨʘʚʦ-ʚʣʽʚʦ 

 

 

ɿ ʨʠʩʫʥʢʽʚ 3.6 ʽ 3.7 ʚʠʜʥʦ, ʱʦ ʧʽʜʯʘʩ ʨʫʭʽʚ ʘʙʦ ʟʜʘʚʣʶʚʘʥʥʷ ʱʝʣʝʧʠ 

ʦʨʠʤʫʶʪʴʩʷ ʥʘʡʙʽʣʴʰʽ ʘʨʪʝʬʘʢʪʠ ʥʘ ʢʦʥʪʘʢʪʽ T8, ʷʢʠʡ ʨʦʟʤʽʱʝʥʦ ʥʘʡʙʣʠʞʯʝ 
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ʜʦ ʱʝʣʝʧʠ, ʽʥʰʽ ʞ ʢʦʥʪʘʢʪʠ ʪʘʢʦʞ ʤʘʶʪʴ ʧʝʚʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ, ʘʣʝ ʮʝ 

ʚʞʝ çʚʽʜʣʫʥʥʷè ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʫʤʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʫʭʽʚ 

ʱʝʣʝʧʦʶ. 

3.3. ʆʙʨʦʙʢʘ ʩʠʛʥʘʣʫ 

ɼʣʷ ʦʙʨʦʙʢʠ ʧʦʩʪʫʧʘʶʯʠʭ ʩʠʛʥʘʣʽʚ ʷ ʚʠʢʦʨʠʩʪʦʚʫʶ ʢʦʜ ʷʢʠʡ: 

1. ɿʘ ʜʦʧʦʤʦʛʦʶ ʙʽʙʣʽʦʪʝʢ CyKit ʧʽʜʢʣʶʯʘʻ ʧʨʠʩʪʨʽʡ ʜʦ ʢʦʤʧôʶʪʝʨʘ 

ʪʘ ʦʪʨʠʤʫʻ ʜʘʥʥʽ; 

2. ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ get_data ʧʨʦʛʨʘʤʘ ʧʝʨʝʪʚʦʨʶʻ ʧʘʢʝʪ 

ʜʘʥʥʠʭ ʦʪʨʠʤʘʥʠʭ ʟ ʝʥʮʝʬʘʣʦʛʨʘʬʘ ʪʘ ʧʝʨʝʪʚʦʨʶʻ ʾʭ ʫ ʯʠʩʣʘ ʫ 

ʜʝʩʷʪʢʦʚʽʡ ʩʠʩʪʝʤʽ ʯʠʩʣʝʥʥʷ ʽʟ ʬʦʨʤʘʪʫ ʚ ʷʢʦʤʫ ʧʝʨʝʜʘʶʪʴʩʷ 

ʜʘʥʥʽ ʪʝʭʥʦʣʦʛʽʻʶ Bluetooth. ʊʝ ʷʢ ʚʠʛʣʷʜʘʻ ʬʦʨʤʘʪ ʤʦʞʥʘ 

ʧʦʙʘʯʠʪʠ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʥʠʞʯʝ(ʨʠʩʫʥʦʢ 3.8).  

 

ʈʠʩʫʥʦʢ 3.8. ʌʦʨʤʘʪ ʜʘʥʠʭ ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ Bluetooth ʧʨʠʩʪʨʦʷʤʠ 

ʇʨʠʢʣʘʜ ʜʚʦʭ ʧʘʢʝʪʽʚ ʜʘʥʠʭ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʠʞʯʝ(ʨʠʩʫʥʦʢ 3.9). 

 

ʈʠʩʫʥʦʢ 3.9. ʇʨʠʢʣʘʜ ʜʘʥʠʭ ʧʝʨʝʜʘʥʠʭ ʟ Bluetooth ʧʨʠʩʪʨʦʶ 

ʋ ʧʨʠʢʣʘʜʽ ʚʠʱʝ ʧʝʨʰʠʡ ʟʘʛʦʣʦʚʦʢ(Header) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʘʨ ʮʠʬʨ, ʜʝ 

ʧʝʨʰʘ ʧʘʨʘ ʮʝ ʣʽʯʠʣʴʥʠʢ ʽ ʜʦʨʽʚʥʶʻ ç04è , ʘ ʜʨʫʛʘ ï ç01è ʫʢʘʟʫʻ ʥʘ ʪʝ ʱʦ 

ʜʘʥʠʡ ʧʘʢʝʪ ʻ ʧʝʨʰʦʶ ʯʘʩʪʠʥʦʶ ʜʘʥʠʭ ʜʣʷ ʣʽʯʠʣʴʥʠʢʘ  ç04è. ʆʩʢʽʣʴʢʠ ʥʘʰ 

ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʘʬ ʧʨʘʮʶʻ ʥʘ ʯʘʩʪʦʪʽ 128 ɻʮ. ʧʝʨʰʝ ʟʥʘʯʝʥʥʷ, ʪʦʙʪʦ 

ʣʽʯʠʣʴʥʠʢʘ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ç00è ʜʦ ʟʥʘʯʝʥʥʷ ç7fè(ʪʦʙʪʦ 127). 
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3. ʌʫʥʢʮʽʷ uptade_screen ʚʠʚʦʜʠʪʴ ʫ ʢʦʤʘʥʜʥʠʡ ʨʷʜʦʢ ʩʣʦʚʦ 

çClippedè(çʢʣʽʧʥʫʚè), ʢʦʣʠ ʣʶʜʠʥʘ ʢʣʽʧʘʻ ʯʝʨʝʟ ʥʝ ʩʢʣʘʜʥʫ 

ʬʽʣʴʪʨʘʮʽʶ ʩʠʛʥʘʣʫ ʟ ʜʘʪʯʠʢʘ AF3. 

ʆʜʨʘʟʫ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʘʥʘ ʧʨʦʛʨʘʤʘ ʧʨʘʮʶʻ ʪʦʯʥʦ ʣʠʰʝ ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʙʫʜʴ ʷʢʠʭ ʽʥʰʠʭ ʜʞʝʨʝʣ ʘʨʪʝʬʘʢʪʽʚ, ʥʘʧʨʠʢʣʘʜ ʨʫʭʽʚ ʛʦʣʦʚʦʶ ʘʙʦ 

ʱʝʣʝʧʦʶ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʡ ʤʦʚʠ Python ʥʘʧʨʠʢʽʥʮʽ ʧʨʦʛʨʘʤʠ ʩʪʚʦʨʶʻʪʴʩʷ ʬʘʡʣ ʚ 

ʷʢʦʤʫ ʟʘʧʠʩʫʶʪʴʩʷ ʩʢʽʣʴʢʠ ʟʘ ʨʦʟʨʘʭʫʥʢʘʤʠ ʧʨʦʛʨʘʤʠ ʚʽʜʙʫʣʦʩʴ ʢʣʽʧʘʥʴ. ɿ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʝʚʥʦʾ, ʥʝʚʝʣʠʢʦʾ ʚʠʙʽʨʢʠ ʤʦʞʥʘ ʦʟʥʘʡʦʤʠʪʠʩʴ ʥʠʞʯʝ: 

 

 

ʈʠʩʫʥʦʢ 3.10. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʫ ʧʨʦʛʨʘʤʠ. ʏʠʩʣʘ ʚ ʥʘʟʚʽ ʬʘʡʣʫ ʫʢʘʟʫʶʪʴ ʥʘ ʥʦʤʝʨ ʚʠʤʽʨʫ. ʏʠʩʣʦ 

ʟʘʧʠʩʘʥʝ ʫ ʬʘʡʣʽ - ʢʽʣʴʢʽʩʪʴ ʟʘʜʝʪʝʢʪʦʚʘʥʠʭ ʢʣʽʧʘʥʴ. ɺʠʤʽʨʷʪʠ ʧʨʦʛʨʘʤʘ ʤʘʣʘ 10 ʢʣʽʧʘʥʴ. 

 ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 3.10, ʧʨʦʛʨʘʤʘ ʧʨʘʮʶʻ ʜʦʚʦʣʽ ʪʦʯʥʦ, ʘ ʥʘʜʣʠʰʢʦʚʽ 

çʢʣʽʧʘʥʥʷè ʚʠʥʠʢʘʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʚ ʧʨʦʤʽʞʦʢ ʷʢʠʡ ʧʨʦʛʨʘʤʘ 

ʩʧʨʠʡʤʘʻ ʷʢ ʢʣʽʧʘʥʥʷ ʤʦʞʝ ʧʦʪʨʘʧʠʪʠ 2-3 ʟʥʘʯʝʥʥʷ ʥʘ ʜʝʪʝʢʪʦʨʽ. ʏʫʪʣʠʚʽʩʪʴ 

ʧʨʦʛʨʘʤʠ ʩʪʘʥʦʚʠʪʴ 100%, ʘ ʩʧʝʮʠʬʽʯʥʽʩʪʴ 80%. 

ɺʠʩʥʦʚʢʠ 

1. ʄʦʙʽʣʴʥʠʡ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʤ Emotiv Insight ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʩʪʚʦʨʠʪʠ ʧʨʦʩʪʠʡ ʧʨʦʪʦʪʠʧ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʥʝʡʨʦʽʥʪʝʨʬʝʡʩʫ. ʎʶ 

ʤʦʞʣʠʚʽʩʪʴ ʙʫʣʦ ʧʨʦʜʝʤʦʥʩʪʦʚʘʥʦ ʫ ʜʘʥʽʡ ʨʦʙʪʽ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 
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ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʤ ʘʚʪʦʨʘ. 

2. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʨʦʙʦʪʽ ʧʨʦʩʪʠʡ ʘʣʛʦʨʠʪʤ ʘʥʘʣʽʟʫ 

ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʤ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʝʪʝʢʪʫʚʘʥʥʽ ʧʽʢʫ ʫ ʝʥʮʝʬʘʣʦʛʨʘʤʽ 

ʧʽʜ ʯʘʩ ʢʣʽʧʘʥʥʷ ʦʯʠʤʘ ʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʝʪʝʢʪʫʚʘʪʠ ʢʣʽʧʘʥʥʷ ʦʯʠʤʘ ʟ 

ʯʫʪʣʠʚʽʩʪʶ 100% ʽ ʩʧʝʮʠʬʽʯʥʽʩʪʶ 80%, ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʨʝʟʫʣʴʪʘʪʠ ʜʝʪʝʢʪʫʚʘʥʥʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ. 

3. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʜʽʜ ʤʦʞʝ ʙʫʪʠ ʨʦʟʰʠʨʝʥʠʡ ʥʘ ʜʝʪʝʢʪʫʚʘʥʥʷ 

ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʜʽʡ ʽ ʟ ʢʨʘʱʦʶ ʷʢʽʩʪʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 
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ɼʦʜʘʪʢʠ 
import sys, os, time, threading 

 

sys.path.insert(0, '..//py3//cyUSB//cyPyWinUSB') 

sys.path.insert(0, '..//py3') 

 

import cyPyWinUSB as hid 

import queue 

from cyCrypto.Cipher import AES 

from cyCrypto import Random 

import mouse 

 

tasks = queue.Queue() 

EEG_name = {"AF3": 3, "T7": 5, "Pz": 7, "T8": 12, "AF4": 14} 

counter = 0 

class EEG_insight(object): 

    def __init__(self): 

        self.hid = None 

        devicesUsed = 0 

        self.cipher = None 

        for device in hid.find_all_hid_devices(): 

            if device.product_name == 'EEG Signals': 

                devicesUsed += 1 

                self.hid = device 

                self.hid.open() 

                self.serial_number = device.serial_number 

                device.set_raw_data_handler(self.dataHandler)                    

        if devicesUsed == 0: 

            os._exit(0) 

         

        sn = bytearray() 

        for i in range(0, len(self.serial_number)): 

            sn += bytearray([ord(self.serial_number[i])]) 

 

        k = ['\0'] * 16 

        k = [sn[-1], 00, sn[-2], 21, sn[-3], 00, sn[-4], 12, sn[-3], 00, sn[-2], 

68, sn[-1], 00, sn[-2], 88] 

 

        self.key = bytes(bytearray(k)) 

        self.cipher = AES.new(self.key, AES.MODE_ECB) 

 

    def dataHandler(self, data): 

        if self.cipher == None: 

            return 

        join_data = ''.join(map(chr, data[1:])) 

        data = self.cipher.decrypt(bytes(join_data, 'latin-1')[0:32]) 

        tasks.put(data) 

  

    def convert_v2(self, value_1, value_2): 

        edk_value = "%.8f" % (((int(value_1) - 128) * 32.82051289) + 

((int(value_2) * .128205128205129) + 4201.02564096001)) 

        return edk_value 
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    def get_data(self): 

        try: 

            data = tasks.get() 

            data = tasks.get()  

                                

            packet_data = [data[0]] 

            z = '' 

            for i in range(1, len(data)): 

                z = z + format(data[i], '08b') 

             

            i_1 = -14 

            for i in range(0, 18): 

                i_1 += 14 

                v_1 = '0b' + z[(i_1):(i_1 + 8)] 

                v_2 = '0b' + z[(i_1 + 8):(i_1 + 14)] 

                packet_data.append(str(self.convert_v2(str(eval(v_1)), 

str(eval(v_2))))) 

            return packet_data 

           

        except Exception as exception2: 

            print(str(exception2)) 

 

    def update_screen(self): 

        global counter  

        while 1: 

            file = open("counter.txt", "w") 

            eeg_data = cyHeadset.get_data() 

            if float(eeg_data[EEG_name["AF3"]]) > 4315 and 

float(eeg_data[EEG_name["AF3"]]) < 4370.0: 

                print("Cliped") 

                counter+=1 

            file.write(str(counter)) 

            file.close() 

            time.sleep(.01) 

            print("\r\n") 

         

if os.name == 'nt': 

    os.system("mode con:cols=50 lines=17")   

 

cyHeadset = EEG_insight() 

eeg_data = [] 

data_thread = threading.Thread(name="Update_EEG_Headset", 

target=cyHeadset.update_screen, daemon=False)  

init = True 

 

while 1: 

    if init == True: 

        data_thread.start() 

        init = False 

         

    time.sleep(0) 
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    while tasks.empty(): 

        time.sleep(0) 

        pass 

 

file = open("counter.txt", "w") 

file.write(counter) 

file.close() 

 

 


