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ʉʪʨʫʢʪʫʨʘ ʘʢʩʦʥʥʦ-ʜʝʥʜʨʠʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʡʨʦʥʦʚ ʤʦʟʛʘ ʩʦʟʜʘʝʪ ʙʦʛʘʪʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʪʦʨʥʳʝ 

ʩʦʯʝʪʘʥʠʷ ʩʠʛʥʘʣʦʚ ʦʢʨʫʞʘʶʱʠʭ ʥʝʡʨʦʥʦʚ. ʉʪʨʦʝʥʠʝ ʜʝʥʜʨʠʪʥʳʭ ʜʝʨʝʚʴʝʚ ʠ ʬʦʨʤʘ 

ʜʝʥʜʨʠʪʥʳʭ ʰʠʧʠʢʦʚ ʧʦʟʚʦʣʷʶʪ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʳʩʠʪʴ ʢʦʤʙʠʥʘʪʦʨʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʟʘ 

ʩʯʝʪ ʧʝʨʝʢʨʝʩʪʥʦʛʦ ʚʣʠʷʥʠʷ ʩʠʥʘʧʩʦʚ ʩʦʩʝʜʥʠʭ ʥʝʡʨʦʥʦʚ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʠʬʬʫʟʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʥʝʡʨʦʥʘʤ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʠ 

ʟʘʧʦʤʠʥʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʘʙʦʨ ʧʘʪʪʝʨʥʦʚ ʦʢʨʫʞʘʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ. ʂʘʢ ʦʩʥʦʚʥʦʡ ʵʣʝʤʝʥʪ 

ʬʠʢʩʘʮʠʠ ʦʧʠʩʳʚʘʶʪʩʷ ʚʥʝʩʠʥʘʧʪʠʯʝʩʢʠʝ ʤʝʪʘʙʦʪʨʦʧʥʳʝ ʨʝʮʝʧʪʠʚʥʳʝ ʢʣʘʩʪʝʨʳ. ʆʧʠʩʘʥʥʳʡ 

ʤʝʭʘʥʠʟʤ ʚʝʜʝʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʬʨʦʥʪʦʚʳʭ 

ʦʙʣʘʩʪʝʡ ʩʧʦʥʪʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʣʶʙʦʡ ʢʦʤʧʘʢʪʥʳʡ ʧʘʪʪʝʨʥ 

ʥʝʡʨʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʠʩʪʦʯʥʠʢ, ʠʟʣʫʯʘʶʱʠʡ ʨʘʩʭʦʜʷʱʫʶʩʷ ʚʦʣʥʫ 

ʵʥʜʦʛʝʥʥʳʭ ʩʧʘʡʢʦʚ. ʇʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʫʟʦʨ ʩʧʘʡʢʦʚ ʬʨʦʥʪʘ ʚʦʣʥʳ ʦʢʘʟʳʚʘʝʪʩʷ ʩʪʨʦʛʦ 

ʫʥʠʢʘʣʝʥ ʠ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʪʪʝʨʥʦʤ, ʟʘʧʫʩʪʠʚʰʠʤ ʚʦʣʥʫ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥ ʩ 

ʫʥʠʢʘʣʴʥʳʤ ʫʟʦʨʦʤ ʧʦʟʚʦʣʷʝʪ ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʤʦʟʛʘ ʧʦ ʭʘʨʘʢʪʝʨʫ ʧʨʦʭʦʜʷʱʠʭ ʪʘʤ ʚʦʣʥʦʚʳʭ 

ʫʟʦʨʦʚ ʩʫʜʠʪʴ ʦʙ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚʩʝʛʦ ʤʦʟʛʘ. ɺ ʪʘʢʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʧʠʩʳʚʘʝʪʩʷ ʤʝʭʘʥʠʟʤ ʧʨʦʝʢʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʟʦʥʘʤʠ ʢʦʨʳ. 

ɺʳʧʦʣʥʝʥʥʦʝ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʡ ʤʦʜʝʣʠ. 

 

ʆʙʟʦʨ: ʄʦʟʛ ʦʧʝʨʠʨʫʝʪ ʠʥʬʦʨʤʘʮʠʝʡ. ʇʦʞʘʣʫʡ, ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʦʝ, ʯʪʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʧʨʦ ʤʦʟʛ 

ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʫʚʝʨʝʥʥʦʩʪʴʶ. ɺ ʢʘʢʦʡ ʬʦʨʤʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʠ ʢʘʢ 

ʧʨʦʠʩʭʦʜʷʪ ʦʧʝʨʘʮʠʠ ʩ ʥʝʡ ï ʚʦʧʨʦʩ ʥʘ ʩʝʛʦʜʥʷ ʦʪʢʨʳʪʳʡ. 

ʂʦʤʧʴʶʪʝʨʳ, ʢʘʢ ʠ ʤʦʟʛ, ʪʦʞʝ ʩʧʦʩʦʙʥʳ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ. ʅʘʤ ʧʦʥʷʪʥʦ, ʢʘʢ 

ʠʥʬʦʨʤʘʮʠʷ ʧʦʩʪʫʧʘʝʪ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʤʘʰʠʥʫ, ʢʘʢʫʶ ʬʦʨʤʫ ʧʨʠʥʠʤʘʝʪ, ʢʘʢ ʟʘʧʦʤʠʥʘʝʪʩʷ 

ʠ ʧʦ ʢʘʢʠʤ ʧʨʠʥʮʠʧʘʤ ʧʨʝʦʙʨʘʟʫʝʪʩʷ. 

ʂʦʥʝʯʥʦ, ʦʯʝʥʴ ʩʦʙʣʘʟʥʠʪʝʣʴʥʦ ʧʨʠʤʝʥʠʪʴ ʢʦʤʧʴʶʪʝʨʥʳʝ ʘʥʘʣʦʛʠʠ ʢ ʤʦʟʛʫ ʠ ʧʦʧʳʪʘʪʴʩʷ 

ʥʘʡʪʠ ʪʘʤ ʯʪʦ-ʪʦ ʧʦʭʦʞʝʝ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ ʠ ʧʨʦʛʨʘʤʤʳ. ʅʦ, ʢ ʩʦʞʘʣʝʥʠʶ, 

ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʟʛʘ ʥʘʩʪʦʣʴʢʦ ʦʪʣʠʯʥʘ ʦʪ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʯʪʦ ʧʨʷʤʦʝ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʥʝ ʜʦʙʘʚʣʷʝʪ ʧʦʥʠʤʘʥʠʷ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʤʦʟʛʘ. 
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ʂʦʛʜʘ ʥʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʦʙʲʷʩʥʷʶʱʝʡ ʪʝʦʨʠʠ, ʧʨʠʭʦʜʠʪʩʷ ʦʧʝʨʠʨʦʚʘʪʴ ʢʦʥʮʝʧʮʠʷʤʠ, 

ʢʦʪʦʨʳʝ ʭʦʪʷ ʠ ʥʝ ʧʨʝʜʣʘʛʘʶʪ ʟʘʢʦʥʯʝʥʥʦʛʦ ʦʪʚʝʪʘ, ʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʠʩʢʦʚ, 

ʢʦʪʦʨʳʝ, ʚʦʟʤʦʞʥʦ, ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʫʩʧʝʭʫ. ɺ ʪʨʘʜʠʮʠʦʥʥʦʡ ʥʝʡʨʦʥʘʫʢʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʜʚʝ ʦʩʥʦʚʥʳʝ ʢʦʥʮʝʧʮʠʠ, ʧʨʝʪʝʥʜʫʶʱʠʝ ʥʘ ʦʙʲʷʩʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʟʛʘ. 

ʇʝʨʚʘʷ ʢʦʥʮʝʧʮʠʷ ï ʵʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ çʥʝʡʨʦʥʘʭ ʙʘʙʫʰʢʠè ʠ ʧʘʪʪʝʨʥʘʭ ʥʝʡʨʦʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʕʪʫ ʢʦʥʮʝʧʮʠʶ ʭʦʨʦʰʦ ʠʣʣʶʩʪʨʠʨʫʶʪ ʤʥʦʛʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

(ʥʘʧʨʠʤʝʨ, ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ (Rosenblatt F., 1962) ʠʣʠ ʩʚʝʨʪʦʯʥʳʝ ʩʝʪʠ (Y. LeCun, Y. 

Bengio, 1995)). ɿʘ ʩʯʝʪ ʥʘʩʪʨʦʡʢʠ ʩʚʦʠʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʩʦʚ ʥʝʡʨʦʥʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʠʦʙʨʝʪʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʦʜʘʝʪʩʷ ʥʘ ʩʣʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʥʝʡʨʦʥʳ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ 

ʧʨʠʦʙʨʝʪʘʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʤ ʥʝʡʨʦʥʘʤ ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦʥʷʪʠʷ, ʜʝʪʝʢʪʦʨʘʤʠ ʢʦʪʦʨʳʭ ʦʥʠ ʷʚʣʷʶʪʩʷ. ʅʘʙʦʨ ʥʝʡʨʦʥʦʚ, 

ʦʪʨʝʘʛʠʨʦʚʘʚʰʠʭ ʥʘ ʪʝʢʫʱʠʡ ʦʙʨʘʟ, ʩʦʟʜʘʝʪ ʧʘʪʪʝʨʥ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʠ ʦʧʠʩʳʚʘʝʪ 

ʧʨʦʠʩʭʦʜʷʱʝʝ. 

ʇʨʠ ʧʝʨʝʥʦʩʝ ʵʪʠʭ ʠʜʝʡ ʥʘ ʨʝʘʣʴʥʳʡ ʤʦʟʛ ʩʣʦʷʤ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩʪʘʚʷʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʦʥʳ ʢʦʨʳ, ʘ ʘʢʪʠʚʥʦʩʪʴ ʬʦʨʤʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʚʳʟʚʘʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʨʝʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ. ʊʘʢʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩʨʘʟʫ ʚʳʩʚʝʯʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ 

ʪʨʫʜʥʦʨʘʟʨʝʰʠʤʳʭ ʧʨʦʙʣʝʤ. 

ɽʱʝ ʄʘʢ-ʂʘʣʣʦʢ ʠ ʇʠʪʩ (Pitts W., McCulloch W.S., 1947) ʟʘʤʝʪʠʣʠ ʧʨʦʪʠʚʦʨʝʯʠʝ ʚ ʪʦʤ, ʯʪʦ 

ʧʘʪʪʝʨʥʦʚʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʪʨʝʙʫʝʪ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʦʜʥʦʡ ʟʦʥʳ ʢ ʜʨʫʛʦʡ ʧʝʨʝʜʘʯʠ 

ʚʩʝʡ ʢʘʨʪʠʥʳ ʘʢʪʠʚʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʧʫʯʢʠ ʧʨʦʝʢʮʠʦʥʥʳʭ ʚʦʣʦʢʦʥ ʨʝʘʣʴʥʦʛʦ ʤʦʟʛʘ ʷʚʥʦ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʪʦʤʫ ʪʨʝʙʦʚʘʥʠʶ ʥʠ ʧʦ ʩʚʦʝʤʫ ʦʙʲʝʤʫ, ʥʠ ʧʦ ʭʘʨʘʢʪʝʨʫ ʩʚʷʟʝʡ. 

ʀʥʪʝʛʨʘʮʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʙʦʣʝʝ ʦʙʦʙʱʝʥʥʳʤ ʟʦʥʘʤ ʪʨʝʙʫʝʪ ʚ ʪʘʢʦʡ ʤʦʜʝʣʠ 

ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʣʝʞʝʥʠʷ ʜʣʷ ʥʝʡʨʦʥʦʚ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚ ʨʝʘʣʴʥʦʡ ʢʦʨʝ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʪʩʣʝʞʠʚʘʪʴ ʥʝ ʣʦʢʘʣʴʥʦʝ ʨʝʮʝʧʪʠʚʥʦʝ ʧʦʣʝ, ʘ ʚʩʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʝʜʳʜʫʱʝʛʦ ʫʨʦʚʥʷ ʢʦʨʳ ʧʨʠʚʝʣʦ ʢ ʤʦʜʝʣʷʤ ʥʘʧʦʜʦʙʠʝ ʥʝʦʢʦʛʥʠʪʨʦʥʘ 

ʌʫʢʫʰʠʤʳ (Fukushima, 1980), ʠʩʧʦʣʴʟʫʶʱʠʤ ʧʣʦʩʢʦʩʪʠ ʧʨʦʩʪʳʭ ʢʣʝʪʦʢ, ʦʪʩʣʝʞʠʚʘʶʱʠʭ 

ʠʥʚʘʨʠʘʥʪʥʳʝ ʧʘʪʪʝʨʥʳ ʧʦ ʚʩʝʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ ʢʦʨʳ. ʆʜʥʘʢʦ ʵʪʦʪ ʧʦʜʭʦʜ ʙʠʦʣʦʛʠʯʝʩʢʠ ʩʣʘʙʦ 

ʜʦʩʪʦʚʝʨʝʥ ʠ ʧʨʠʤʝʥʠʤ, ʧʦ ʩʫʪʠ, ʪʦʣʴʢʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʨʠʪʝʣʴʥʦʡ ʢʦʨʳ, ʛʜʝ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʜʝʣʘʝʪʩʷ ʧʦʧʳʪʢʘ ʦʙʲʝʜʠʥʝʥʠʷ ʠʥʚʘʨʠʘʥʪʦʚ ʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

ɺʪʦʨʘʷ ʢʦʥʮʝʧʮʠʷ ï ʵʪʦ ʢʦʥʮʝʧʮʠʷ ʩʧʘʡʢʦʚʳʭ ʩʝʪʝʡ (ʥʘʧʨʠʤʝʨ, (Izhikevich, 2007)). ʊʘʢ ʢʘʢ 

ʘʢʪʠʚʥʦʩʪʴ ʥʝʡʨʦʥʦʚ ï ʵʪʦ ʩʝʨʠʠ ʠʤʧʫʣʴʩʦʚ, ʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ ʢʦʜʠʨʫʝʪʩʷ 

ʚʨʝʤʝʥʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʩʣʝʜʦʚʘʥʠʷ ʩʧʘʡʢʦʚ ʠ ʠʭ ʧʘʪʪʝʨʥʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʢʦʨʳ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʩʨʝʜʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʠʤʧʫʣʴʩʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʠʭ ʦʩʥʦʚʥʳʝ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʕʪʦ ʭʦʨʦʰʦ 

ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʪʝʤ, ʯʪʦ ʨʘʙʦʪʘ ʤʦʟʛʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʡ ʨʠʪʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ, ʬʠʢʩʠʨʫʝʤʦʡ ʥʘ ʕʕɻ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʢʘʟʘʥ (ʥʘʧʨʠʤʝʨ, (Michael T. Lippert, 

Kentaroh Takagaki, Weifeng Xu, Xiaoying Huang, Jian-Young Wu, 2007)) ʚʦʣʥʦʚʦʡ ʭʘʨʘʢʪʝʨ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʢʦʨʳ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʝʩʢʘʷ 

ʘʨʛʫʤʝʥʪʘʮʠʷ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʟʛʘ ʠ ʩʦʙʳʪʠʡʥʦʡ 

ʧʘʤʷʪʠ ʣʝʞʘʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ (ʇʨʠʙʨʘʤ, 1971). ʉʧʘʡʢʦʚʘʷ ʤʦʜʝʣʴ, 

ʧʦʩʢʦʣʴʢʫ ʜʦʧʫʩʢʘʝʪ ʦʧʠʩʘʥʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ, ʜʘʝʪ ʥʝʢʦʪʦʨʫʶ ʥʘʜʝʞʜʫ ʥʘ 

ʧʨʦʛʨʝʩʩ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
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ʆʜʥʘʢʦ ʚ ʩʧʘʡʢʦʚʳʭ ʩʝʪʷʭ ʧʦʢʘ ʥʝ ʫʜʘʣʦʩʴ ʧʦʢʘʟʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʳʭ ʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʧʘʡʢʦʚʳʝ ʩʝʪʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʦʪʭʦʜ ʦʪ ʦʧʠʩʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʜʠʩʢʨʝʪʥʳʭ ʪʝʨʤʠʥʘʭ ʠ ʧʝʨʝʭʦʜ ʢ ʝʝ ʘʥʘʣʦʛʦʚʦʤʫ ʦʧʠʩʘʥʠʶ. 

ɸ ʜʠʩʢʨʝʪʥʦʝ ʦʧʠʩʘʥʠʝ ï ʵʪʦ ʦʩʥʦʚʘ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʝʛʦ ʩʝʙʷ ʢʦʛʥʠʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʢʘʟ ʦʪ ʢʦʛʥʠʪʠʚʥʳʭ ʠʜʝʡ ʢʨʘʡʥʝ ʥʝʞʝʣʘʪʝʣʝʥ. 

ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʠ ʦʜʠʥ ʠʟ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʧʦʢʘ ʥʝ ʧʦʟʚʦʣʠʣ ʧʦʩʪʨʦʠʪʴ ʫʙʝʜʠʪʝʣʴʥʫʶ 

ʤʦʜʝʣʴ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ɺʝʣʠʢ ʩʦʙʣʘʟʥ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠ ʩʚʦʡʩʪʚʘ ʥʝʡʨʦʥʦʚ 

ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʙʨʘʟʳ, ʠ ʧʘʤʷʪʴ ʦ ʢʦʥʢʨʝʪʥʳʭ ʩʦʙʳʪʠʷʭ ʢʦʜʠʨʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʩʦʚ ʨʝʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ. ʍʝʙʙʦʚʩʢʦʝ ʦʙʫʯʝʥʠʝ (Hebb, 1949) ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ 

ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʠʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʦ ʦʥʠ ʚʩʪʫʧʘʶʪ ʚ ʥʝʢʦʪʦʨʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 

ʩʦʭʨʘʥʥʦʩʪʠ ʩʪʘʨʦʛʦ ʦʧʳʪʘ. ɼʠʣʝʤʤʘ ʩʪʘʙʠʣʴʥʦʩʪʠ-ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʝʧʣʦʭʦ ʨʝʰʘʝʪʩʷ ʚ ʪʝʦʨʠʠ 

ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ɻʨʦʩʩʙʝʨʛʘ (Grossberg, 1987), ʥʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʟʥʠʢʣʘ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʧʦʧʳʪʢʠ ʧʦʩʪʨʦʠʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʫʶ ʤʦʜʝʣʴ ʪʦʣʴʢʦ ʚ 

ʨʘʤʢʘʭ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʝ ʜʘʶʪ ʧʦʢʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ʇʨʠʚʣʝʯʝʥʠʝ ʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʪʨʝʙʫʝʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʤʝʝʪ ʩʤʳʩʣ, ʪʦʣʴʢʦ ʝʩʣʠ ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʝ 

ʪʦʣʢʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʦʧʠʩʘʥ ʧʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʭ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʢʨʦʤʝ ʚʳʟʚʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʝʱʝ ʠ ʤʝʭʘʥʠʟʤʳ ʵʥʜʦʛʝʥʥʦʡ (ʩʧʦʥʪʘʥʥʦʡ) 

ʘʢʪʠʚʥʦʩʪʠ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʪʠʭ ʩʝʪʝʡ ʧʦʢʘʟʘʣʦ ʠʭ ʚʳʩʦʢʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʤʦʱʥʦʩʪʴ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʥʠʭ ʜʦʩʪʘʪʦʯʥʦ ʝʩʪʝʩʪʚʝʥʥʦ ʨʝʘʣʠʟʫʶʪʩʷ ʤʥʦʛʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʤʝʭʘʥʠʟʤ ,r ʩʚʦʡʩʪʚʝʥʥʳʝ ʨʝʘʣʴʥʦʤʫ ʤʦʟʛʫ, ʚ ʪʦʤ ʯʠʩʣʝ: ʦʙʦʙʱʝʥʠʝ, ʧʦʩʪʨʦʝʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʧʨʦʮʝʜʫʨʘ ʦʙʫʯʝʥʠʷ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ. 

ʀʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʧʦʚʝʩʪʚʦʚʘʥʠʝ ʙʫʜʝʪ ʨʘʟʙʠʪʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʪʝʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʭʦʪʷ ʠ ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʟʘʢʦʥʯʝʥʥʳʝ ʧʦ ʩʤʳʩʣʫ ʬʨʘʛʤʝʥʪʳ. 

 

ȽɆɗɘɢ 1. ȵɆɘɘɋɖɓɔ-ɈɔɑɓɔɈɆɥ ɒɔɊɋɑɢ 

ȨɡɍɈɆɓɓɆɥ ɆɐɘɎɈɓɔɗɘɢ 

ɺ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʥʝʡʨʦʥʘ ʩʫʱʝʩʪʚʫʝʪ ʨʘʟʥʦʩʪʴ 

ʧʦʪʝʥʮʠʘʣʦʚ ï ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʩʦʩʪʘʚʣʷʶʱʠʡ ʦʢʦʣʦ 70 ʤʠʣʣʠʚʦʣʴʪ. ʆʥ ʦʙʨʘʟʫʝʪʩʷ ʟʘ 

ʩʯʝʪ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ, ʨʘʙʦʪʘʶʱʠʭ ʢʘʢ ʠʦʥʥʳʝ ʥʘʩʦʩʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʤʙʨʘʥʘ ʧʨʠʦʙʨʝʪʘʝʪ 

ʧʦʣʷʨʠʟʘʮʠʶ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚʥʫʪʨʠ ʢʣʝʪʢʠ, ʘ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʩʥʘʨʫʞʠ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʥʝʡʨʦʥʘ ʧʦʢʨʳʪʘ ʚʝʪʚʷʱʠʤʠʩʷ ʦʪʨʦʩʪʢʘʤʠ ï ʜʝʥʜʨʠʪʘʤʠ. ʂ ʪʝʣʫ ʥʝʡʨʦʥʘ ʠ ʢ ʝʛʦ 

ʜʝʥʜʨʠʪʘʤ ʧʨʠʤʳʢʘʶʪ ʘʢʩʦʥʥʳʝ ʦʢʦʥʯʘʥʠʷ ʜʨʫʛʠʭ ʥʝʡʨʦʥʦʚ. ʄʝʩʪʘ ʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʥʘʟʳʚʘʶʪʩʷ ʩʠʥʘʧʩʘʤʠ. ʇʦʩʨʝʜʩʪʚʦʤ ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʨʦʥ ʩʧʦʩʦʙʝʥ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʦʩʪʫʧʘʶʱʠʝ ʩʠʛʥʘʣʳ ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʩʦʙʩʪʚʝʥʥʳʡ ʠʤʧʫʣʴʩ, ʥʘʟʳʚʘʝʤʳʡ ʩʧʘʡʢʦʤ. 
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ʇʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ ʚ ʩʠʥʘʧʩʘʭ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ. ʂʦʛʜʘ ʥʝʨʚʥʳʡ 

ʠʤʧʫʣʴʩ ʧʦ ʘʢʩʦʥʫ ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʫʶ ʪʝʨʤʠʥʘʣʴ, ʦʥ ʚʳʩʚʦʙʦʞʜʘʝʪ ʠʟ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʧʫʟʳʨʴʢʦʚ ʤʦʣʝʢʫʣʳ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʵʪʦʛʦ ʩʠʥʘʧʩʘ. ʅʘ 

ʤʝʤʙʨʘʥʝ ʥʝʡʨʦʥʘ, ʧʦʣʫʯʘʶʱʝʛʦ ʩʠʛʥʘʣ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʨʝʮʝʧʪʦʨʳ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʩ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘʤʠ (ʈʠʩʫʥʦʢ 1.1ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.). 

 

 
ʈʠʩʫʥʦʢ 1.1 ʍʠʤʠʯʝʩʢʠʡ ʩʠʥʘʧʩ 

ʈʝʮʝʧʪʦʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʱʝʣʠ, ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʷʚʣʷʶʪʩʷ 

ʠʦʥʦʪʨʦʧʥʳʤʠ. ʊʦ ʝʩʪʴ ʦʥʠ ʞʝ ʷʚʣʷʶʪʩʷ ʠʦʥʥʳʤʠ ʢʘʥʘʣʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʧʝʨʝʤʝʱʘʪʴ ʠʦʥʳ 

ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ ʥʝʡʨʦʥʘ. ʅʝʡʨʦʤʝʜʠʘʪʦʨʳ ʪʘʢ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʨʝʮʝʧʪʦʨʳ, ʯʪʦ ʠʭ ʠʦʥʥʳʝ 

ʢʘʥʘʣʳ ʦʪʢʨʳʚʘʶʪʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʤʙʨʘʥʘ ʣʠʙʦ ʜʝʧʦʣʷʨʠʟʫʝʪʩʷ, ʣʠʙʦ ʛʠʧʝʨʧʦʣʷʨʠʟʫʝʪʩʷ ï 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʝ ʢʘʥʘʣʳ ʟʘʪʨʦʥʫʪʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʘʢʦʛʦ ʪʠʧʘ ʵʪʦʪ ʩʠʥʘʧʩ. ɺ 

ʚʦʟʙʫʞʜʘʶʱʠʭ ʩʠʥʘʧʩʘʭ ʦʪʢʨʳʚʘʶʪʩʷ ʢʘʥʘʣʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʧʫʩʢʘʶʱʠʝ ʢʘʪʠʦʥʳ 

ʚʥʫʪʨʴ ʢʣʝʪʢʠ, ï ʤʝʤʙʨʘʥʘ ʜʝʧʦʣʷʨʠʟʫʝʪʩʷ. ɺ ʪʦʨʤʦʟʥʳʭ ʩʠʥʘʧʩʘʭ ʦʪʢʨʳʚʘʶʪʩʷ ʢʘʥʘʣʳ, 

ʚʳʚʦʜʷʱʠʝ ʢʘʪʠʦʥʳ ʠʟ ʢʣʝʪʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʠ ʤʝʤʙʨʘʥʳ. 

ɺ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʩʠʥʘʧʩʳ ʤʦʛʫʪ ʤʝʥʷʪʴ ʩʚʦʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʯʪʦ 

ʥʘʟʳʚʘʝʪʩʷ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʦʜʥʠ ʩʠʥʘʧʩʳ ʩʪʘʥʦʚʷʪʩʷ 

ʙʦʣʝʝ, ʘ ʜʨʫʛʠʝ ʤʝʥʝʝ ʚʦʩʧʨʠʠʤʯʠʚʳ ʢ ʚʥʝʰʥʠʤ ʩʠʛʥʘʣʘʤ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʩʠʥʘʧʩʳ ʥʝʡʨʦʥʘ ʧʦʩʪʫʧʘʝʪ ʤʥʦʞʝʩʪʚʦ ʩʠʛʥʘʣʦʚ. ʊʦʨʤʦʟʷʱʠʝ ʩʠʥʘʧʩʳ 

ʩʤʝʱʘʶʪ ʧʦʪʝʥʮʠʘʣ ʤʝʤʙʨʘʥʳ ʚ ʩʪʦʨʦʥʫ ʥʘʢʦʧʣʝʥʠʷ ʟʘʨʷʜʘ ʚʥʫʪʨʠ ʢʣʝʪʠ. ɸʢʪʠʚʠʨʫʶʱʠʝ 

ʩʠʥʘʧʩʳ, ʥʘʦʙʦʨʦʪ, ʩʪʘʨʘʶʪʩʷ ʨʘʟʨʷʜʠʪʴ ʥʝʡʨʦʥ. ʂʦʛʜʘ ʩʫʤʤʘʨʥʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʧʨʝʚʳʰʘʝʪ 

ʧʦʨʦʛ ʠʥʠʮʠʘʮʠʠ, ʚʦʟʥʠʢʘʝʪ ʨʘʟʨʷʜ, ʥʘʟʳʚʘʝʤʳʡ ʧʦʪʝʥʮʠʘʣʦʤ ʜʝʡʩʪʚʠʷ ʠʣʠ ʩʧʘʡʢʦʤ.  

ʇʦʩʣʝ ʚʳʙʨʦʩʘ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʭ ʫʪʠʣʠʟʘʮʠʶ ʠ 

ʦʙʨʘʪʥʳʡ ʟʘʭʚʘʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʯʠʩʪʢʝ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʱʝʣʠ ʠ ʦʢʨʫʞʘʶʱʝʛʦ ʩʠʥʘʧʩ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʪʝʯʝʥʠʝ ʨʝʬʨʘʢʪʝʨʥʦʛʦ ʧʝʨʠʦʜʘ, ʥʘʩʪʫʧʘʶʱʝʛʦ ʧʦʩʣʝ ʩʧʘʡʢʠ, ʥʝʡʨʦʥ ʥʝ 
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ʩʧʦʩʦʙʝʥ ʧʦʨʦʞʜʘʪʴ ʥʦʚʳʝ ʠʤʧʫʣʴʩʳ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʦʧʨʝʜʝʣʷʝʪ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʯʘʩʪʦʪʫ ʛʝʥʝʨʘʮʠʠ, ʥʘ ʢʦʪʦʨʫʶ ʩʧʦʩʦʙʝʥ ʥʝʡʨʦʥ. 

ȰɔɒɇɎɓɆɘɔɖɓɆɥ ɗɘɖəɐɘəɖɆ ɊɋɓɊɖɎɘɆ 

ʂʦʛʜʘ ʧʦʪʝʥʮʠʘʣ ʜʝʡʩʪʚʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʧʦ ʘʢʩʦʥʫ, ʜʦʭʦʜʠʪ ʜʦ ʥʝʡʨʦʥʘ ʧʦʣʫʯʘʪʝʣʷ, ʦʥ 

ʚʳʟʳʚʘʶʪ ʚʳʙʨʦʩ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ ʚ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʱʝʣʴ. ʕʪʠ ʤʝʜʠʘʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪ ʚʢʣʘʜ 

ʩʠʥʘʧʩʘ ʚ ʦʙʱʝʝ ʠʟʤʝʥʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʝʡʨʦʥʘ, ʧʦʣʫʯʘʶʱʝʛʦ ʩʠʛʥʘʣ. ʅʦ ʯʘʩʪʴ 

ʤʝʜʠʘʪʦʨʦʚ ʧʦʧʘʜʘʝʪ ʟʘ ʧʨʝʜʝʣʳ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʱʝʣʠ ʠ ʨʘʩʪʝʢʘʝʪʩʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ, 

ʦʙʨʘʟʦʚʘʥʥʦʤʫ ʥʝʡʨʦʥʘʤʠ ʠ ʦʢʨʫʞʘʶʱʠʤʠ ʠʭ ʛʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ 

ʩʧʠʣʦʚʝʨʦʤ (spillover (ʘʥʛ.) ï ʧʝʨʝʧʦʣʥʝʥʠʝ, ʧʝʨʝʣʠʚ) (Kullmann, 2000). ʂʨʦʤʝ ʪʦʛʦ, ʤʝʜʠʘʪʦʨʳ 

ʠʩʧʫʩʢʘʶʪʩʷ ʥʝʩʠʥʘʧʪʠʯʝʩʢʠʤʠ ʪʝʨʤʠʥʘʣʷʤʠ ʘʢʩʦʥʦʚ ʠ ʛʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ (ʈʠʩʫʥʦʢ 1.2). 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ ʚʥʝ ʩʠʥʘʧʩʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʱʝʣʷʭ. ʕʪʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʯʝʨʝʟ ʧʨʷʤʳʝ ʤʝʭʘʥʠʟʤʳ. ʅʦ ʝʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʯʝʨʝʟ ʤʝʪʘʙʦʪʨʦʧʥʳʝ ʨʝʮʝʧʪʦʨʳ ʠ ʤʝʭʘʥʠʟʤ ʚʪʦʨʠʯʥʳʭ 

ʧʦʩʨʝʜʥʠʢʦʚ ʚʳʟʳʚʘʪʴ ʵʥʜʦʛʝʥʥʳʝ (ʩʧʦʥʪʘʥʥʳʝ) ʩʧʘʡʢʠ. 

 
ʈʠʩʫʥʦʢ 1.2 ʀʩʪʦʯʥʠʢʠ ʤʝʜʠʘʪʦʨʦʚ ʟʘ ʧʨʝʜʝʣʘʤʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʱʝʣʠ (Sykova E., 

Mazel T., Vagrova L., Vorisek I., Prokopova-Kubinova S., 2000) 

ʇʦʧʨʦʙʫʝʤ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʪʨʫʢʪʫʨʫ ʜʠʬʬʫʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ. ɼʣʷ 

ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʦʮʝʥʢʘʤʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʳ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 

ʥʠʞʝ (ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.) (Braitenberg V., Schuz A., 1998). 
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ʊʘʙʣʠʮʘ 1.1 ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʦʟʛʘ ʤʳʰʠ (py-

cell ï ʧʠʨʘʤʠʜʘʣʴʥʘʷ ʢʣʝʪʢʘ, Type-I ï ʩʠʥʘʧʩʳ ʤʝʞʜʫ ʜʚʫʤʷ ʧʠʨʘʤʠʜʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ) 

(Braitenberg V., Schuz A., 1998) 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʩʠʥʘʧʩʦʚ (90-95%) ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʝʥʜʨʠʪʥʦʝ ʜʝʨʝʚʦ ʥʝʡʨʦʥʘ. ɼʣʷ 

ʥʝʡʨʦʥʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ ʬʦʨʤʳ ʜʝʥʜʨʠʪʥʳʭ ʜʝʨʝʚʴʝʚ ʨʘʟʣʠʯʥʳ, ʥʦ ʩʦʭʨʘʥʷʝʪʩʷ ʦʙʱʠʡ 

ʧʨʠʥʮʠʧ: ʜʝʥʜʨʠʪʥʦʝ ʜʝʨʝʚʦ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʝʪʚʷʱʠʭʩʷ ʦʪʨʦʩʪʢʦʚ, ʧʨʠ ʵʪʦʤ 

ʥʘʠʙʦʣʴʰʘʷ ʧʣʦʪʥʦʩʪʴ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʡʨʦʥʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʥʝʙʦʣʴʰʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʙʣʘʩʪʴ. ɼʣʷ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʥʝʡʨʦʥʦʚ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 200 ʤʢʤ 

(ʈʠʩʫʥʦʢ 1.3, ʈʠʩʫʥʦʢ 1.4). 
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ʈʠʩʫʥʦʢ 1.3 ʉʪʨʫʢʪʫʨʘ ʟʚʝʟʜʯʘʪʦʛʦ ʥʝʡʨʦʥʘ, ʣʠʥʝʡʢʘ ï 0.1 ʤʤ (Braitenberg, 1978) 

 
ʈʠʩʫʥʦʢ 1.4 ʉʪʨʫʢʪʫʨʘ ʧʠʨʘʤʠʜʘʣʴʥʦʛʦ ʥʝʡʨʦʥʘ, ʣʠʥʝʡʢʘ ï 0.1 ʤʤ (Braitenberg, 1978) 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ (75 %) ʩʠʥʘʧʩʦʚ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʜʝʥʜʨʠʪʥʳʭ ʰʠʧʠʢʘʭ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʠʨʘʤʠʜʘʣʴʥʳʭ ʢʣʝʪʦʢ (ʈʠʩʫʥʦʢ 1.5). ʉʫʤʤʘʨʥʘʷ ʜʣʠʥʘ ʚʝʪʦʢ ʜʝʥʜʨʠʪʥʦʛʦ 
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ʜʝʨʝʚʘ ʦʜʥʦʛʦ ʥʝʡʨʦʥʘ ï 4 ʤʤ. ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʠʥʘʧʩʘʤʠ ʥʘ ʜʝʥʜʨʠʪʥʦʡ ʚʝʪʢʝ 0.5 

ʤʢʤ.  

 
ʈʠʩʫʥʦʢ 1.5 ʉʝʛʤʝʥʪ ʜʝʥʜʨʠʪʘ ʧʠʨʘʤʠʜʘʣʴʥʦʡ ʢʣʝʪʢʠ. ʂʨʘʩʥʳʤ ʦʪʤʝʯʝʥʳ ʩʠʥʘʧʩʳ ʥʘ 

ʰʠʧʠʢʘʭ, ʩʠʥʠʤ ï ʥʘ ʜʝʥʜʨʠʪʥʦʤ ʩʪʚʦʣʝ (Dr. Kristen M. Harris) 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚʳʧʦʣʥʝʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʴʥʳʭ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʢʘʟʘʣʦ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʛʣʫʪʘʤʘʪ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʟʘ 

ʧʨʝʜʝʣʳ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʱʝʣʠ ʚ ʢʦʣʠʯʝʩʪʚʘʭ, ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ ʘʢʪʠʚʘʮʠʠ NMDA ʨʝʮʝʧʪʦʨʦʚ ʚ 

ʨʘʜʠʫʩʝ, ʩʦʧʦʩʪʘʚʠʤʦʤ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʠʥʘʧʩʘʤʠ (0.5 ʤʢʤ) (Rusakov D. A., 

Kullmann D. M., 1998). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ ʧʦʩʣʝ ʩʧʠʣʦʚʝʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʫʯʘʩʪʢʝ ʜʝʥʜʨʠʪʘ ʜʣʠʥʦʡ ʧʦʨʷʜʢʘ 1-2 ʤʢʤ. 

ʅʘ ʪʘʢʦʤ ʫʯʘʩʪʢʝ ʤʦʞʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʧʦʨʷʜʢʘ ʜʚʫʭ-ʯʝʪʳʨʝʭ ʩʠʥʘʧʩʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʵʪʦʤʫ 

ʜʝʥʜʨʠʪʫ. 

ɽʩʣʠ ʚʟʷʪʴ ʫʯʘʩʪʦʢ ʜʝʥʜʨʠʪʘ ʜʣʠʥʦʶ 5 ʤʢʤ (ʈʠʩʫʥʦʢ 1.6), ʪʦ ʦʞʠʜʘʝʤʦʝ ʯʠʩʣʦ ʩʠʥʘʧʩʦʚ 

ʥʘ ʥʝʤ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 10.  

 
ʈʠʩʫʥʦʢ 1.6 ʋʯʘʩʪʦʢ ʜʝʥʜʨʠʪʘ (Braitenberg V., Schuz A., 1998) 

ʅʦ ʜʝʥʜʨʠʪʥʳʝ ʚʝʪʢʠ ʦʜʥʠʭ ʥʝʡʨʦʥʦʚ ʪʝʩʥʦ ʧʝʨʝʧʣʝʪʘʶʪʩʷ ʩ ʚʝʪʢʘʤʠ ʜʨʫʛʠʭ ʥʝʡʨʦʥʦʚ. 

ʆʥʠ ʧʨʦʭʦʜʷʪ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚ ʩʘʤʦʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ. ɿʘ ʩʯʝʪ ʚʳʩʦʪʳ ʜʝʥʜʨʠʪʥʳʭ 
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ʰʠʧʠʢʦʚ ʩʠʥʘʧʩʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʜʥʦʤʫ ʜʝʥʜʨʠʪʫ, ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʙʣʠʞʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʨʫʛʦʛʦ ʜʝʥʜʨʠʪʘ, ʯʝʤ ʝʛʦ ʩʦʙʩʪʚʝʥʥʳʝ ʩʠʥʘʧʩʳ. 

ɺ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʦʙʲʝʤ ʚʳʩʦʪʦʶ 5 ʤʢʤ ʠ ʜʠʘʤʝʪʨʦʤ ʪʦʞʝ 5 ʤʢʤ (ʨʠʩʫʥʦʢ ʚʳʰʝ) ʧʨʠ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʥʘʧʩʦʚ 7x108/ʤʤ3 ʧʦʧʘʜʘʝʪ ʦʢʦʣʦ 100 ʩʠʥʘʧʩʦʚ. ʊʦ ʝʩʪʴ ʚ 10 ʨʘʟ 

ʙʦʣʴʰʝ ʪʦʛʦ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʩʘʤʦʡ ʚʝʪʢʝ. 

ʄʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʢʦʣʠʯʝʩʪʚʦ ʩʠʥʘʧʩʦʚ, ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʩ ʢʦʥʢʨʝʪʥʳʤ ʤʝʩʪʦʤ 

ʜʝʥʜʨʠʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʪʦʛʦ, ʩʢʦʣʴʢʦ ʚʩʝʛʦ ʠʩʪʦʯʥʠʢʦʚ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ 

ʚʣʠʷʥʠʝ ʥʘ ʚʥʝʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ. ʊʫʪ, ʢʨʦʤʝ ʩʢʘʟʘʥʥʦʛʦ ʚʳʰʝ, ʥʘʜʦ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʯʘʩʪʴ ʩʠʥʘʧʩʦʚ ʤʦʞʝʪ ʠʩʧʫʩʢʘʪʴ ʤʝʜʠʘʪʦʨʳ, ʦʪʣʠʯʥʳʝ ʦʪ ʪʝʭ, ʢ 

ʢʦʪʦʨʳʤ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʤʝʪʘʙʦʪʨʦʧʥʳʝ ʨʝʮʝʧʪʦʨʳ ʥʘ ʠʥʪʝʨʝʩʫʶʱʝʤ ʥʘʩ ʜʝʥʜʨʠʪʝ, ʚʦ-

ʚʪʦʨʳʭ, ʯʪʦ ʢʨʦʤʝ ʩʠʥʘʧʩʦʚ ʠʩʪʦʯʥʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʚʥʝʩʠʥʘʧʪʠʯʝʩʢʠʝ ʪʝʨʤʠʥʘʣʠ ʘʢʩʦʥʦʚ. 

ɽʩʣʠ ʧʝʨʚʦʝ ʧʦʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʧʦʩʦʙʥʳʭ ʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʦʚ, ʪʦ ʚʪʦʨʦʝ ʝʛʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ. 

ɼʣʷ ʛʨʫʙʦʡ ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʦʙʱʘʷ ʧʣʦʪʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʛʜʝ-ʪʦ ʚ ʧʷʪʴ ʨʘʟ ʧʨʝʚʳʰʘʝʪ 

ʩʦʙʩʪʚʝʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʩʠʥʘʧʩʦʚ ʥʘ ʜʝʥʜʨʠʪʝ ʥʝʡʨʦʥʘ. ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʠʩʪʦʯʥʠʢʦʚ, ʩʠʛʥʘʣ ʦʪ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ ʚ ʢʘʞʜʦʤ ʦʪʜʝʣʴʥʦʤ ʤʝʩʪʝ ʜʝʥʜʨʠʪʘ, ʛʜʝ-ʪʦ ʧʦʨʷʜʢʘ 10-20 ʵʣʝʤʝʥʪʦʚ. ʊʦ ʝʩʪʴ 

ʘʢʪʠʚʥʦʩʪʴ 10-20 ʦʢʨʫʞʘʶʱʠʭ ʥʝʡʨʦʥʦʚ ʠʣʠ ʢʦʣʣʘʪʝʨʘʣʝʡ ʘʬʬʝʨʝʥʪʥʳʭ ʘʢʩʦʥʦʚ ʬʦʨʤʠʨʫʝʪ 

ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʤʝʜʠʘʪʦʨʦʚ ʚ ʢʘʞʜʦʤ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʤ ʤʝʩʪʝ ʜʝʥʜʨʠʪʥʦʛʦ ʜʝʨʝʚʘ.  

ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʠʥʘʧʩʘʤʠ ʥʘ ʘʢʩʦʥʝ ï 5 ʤʢʤ, ʯʪʦ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ 

ʨʘʩʩʪʦʷʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʝʜʠʘʪʦʨʦʚ ʚʥʝ ʩʠʥʘʧʩʦʚ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʜʚʘ ʩʠʥʘʧʩʘ ʦʪ ʦʜʥʦʛʦ ʥʝʡʨʦʥʘ ʥʝ ʩʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʫʯʘʩʪʦʢ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʥʜʨʠʪʘ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʜʚʘ ʧʠʨʘʤʠʜʘʣʴʥʳʭ ʥʝʡʨʦʥʘ, ʦʪʩʪʦʷʱʠʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ ʧʦʨʷʜʢʘ 0.2-0.3 ʤʤ, ʠʤʝʶʪ ʭʦʪʷ ʙʳ ʦʜʠʥ ʦʙʱʠʡ ʩʠʥʘʧʩ, ʦʮʝʥʠʚʘʝʪʩʷ ʚʩʝʛʦ ʚ 10%, 

ʧʨʠ ʵʪʦʤ ʥʘ ʧʠʨʘʤʠʜʘʣʴʥʳʝ ʥʝʡʨʦʥʳ ʧʨʠʭʦʜʠʪʩʷ 85% ʚʩʝʭ ʩʠʥʘʧʩʦʚ ʚ ʢʦʨʝ; ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

75% ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ï ʵʪʦ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʧʠʨʘʤʠʜʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ (Braitenberg 

V., Schuz A., 1998). ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʥʝʡʨʦʥʦʚ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʠʭ ʙʣʠʞʘʡʰʝʝ ʦʢʨʫʞʝʥʠʝ, ʪʦ ʝʩʪʴ ʥʘ ʥʝʡʨʦʥʳ, ʫʜʘʣʝʥʥʳʝ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 100-

150 ʤʢʤ ʚʜʦʣʴ ʧʣʦʩʢʦʩʪʠ ʢʦʨʳ. ʇʦ ʪʦʣʱʠʥʝ ʢʦʨʳ ʟʘ ʩʯʝʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʘʧʠʢʘʣʴʥʳʭ ʜʝʥʜʨʠʪʦʚ ʧʠʨʘʤʠʜʘʣʴʥʳʭ ʢʣʝʪʦʢ ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʙʫʜʝʪ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ. 

ʇʨʠʯʝʤ ʩʧʝʮʠʬʠʢʘ ʩʚʷʟʝʡ ʩʦʩʝʜʥʠʭ ʥʝʡʨʦʥʦʚ ʪʘʢʦʚʘ, ʯʪʦ ʜʚʘ ʥʝʡʨʦʥʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ, ʤʦʛʫʪ ʩʦʝʜʠʥʷʪʴʩʷ ʤʥʦʞʝʩʪʚʦʤ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ. 

ʇʨʠʙʣʠʟʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʢʦʣʠʯʝʩʪʚʘ ʥʝʡʨʦʥʦʚ, ʠʤʝʶʱʠʭ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʩ 

ʚʳʙʨʘʥʥʳʤ ʥʝʡʨʦʥʦʤ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʥʝʡʨʦʥʦʚ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʩʬʝʨʫ ʩ 

ʨʘʜʠʫʩʦʤ ʧʦʨʷʜʢʘ 120 ʤʢʤ. ʆʙʲʝʤ ʪʘʢʦʡ ʩʬʝʨʳ ï 0.007 ʤʤ3. ʇʨʠ ʧʣʦʪʥʦʩʪʠ ʥʝʡʨʦʥʦʚ 

9x104/ʤʤ3 ʤʳ ʧʦʣʫʯʘʝʤ 650 ʥʝʡʨʦʥʦʚ. 

ɼʦʩʪʘʪʦʯʥʦ ʛʨʫʙʫʶ ʦʮʝʥʢʫ ʢʦʣʠʯʝʩʪʚʘ ʩʠʥʘʧʩʦʚ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʵʪʠ ʥʝʡʨʦʥʳ, ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ, ʝʩʣʠ ʚʟʷʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʠʥʘʧʩʦʚ ʦʜʥʦʛʦ ʥʝʡʨʦʥʘ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʫʢʘʟʘʥʥʳʡ ʦʙʲʝʤ. 

ɽʩʣʠ ʧʨʝʜʩʪʘʚʠʪʴ ʜʝʥʜʨʠʪʥʦʝ ʜʝʨʝʚʦ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʝʪʦʢ, ʨʘʜʠʘʣʴʥʦ ʠʩʭʦʜʷʱʠʭ ʠʟ ʦʙʱʝʛʦ 

ʮʝʥʪʨʘ, ʩ ʜʣʠʥʦʡ R, ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʠʥʘʧʩʦʚ ʧʦ ʜʣʠʥʝ ʚʝʪʦʢ, ʪʦ ʚ ʦʙʲʝʤ ʩ 
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ʨʘʜʠʫʩʦʤ r ʧʦʧʘʜʝʪ r/R ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʩʠʥʘʧʩʦʚ. ʇʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 8000 ʩʠʥʘʧʩʦʚ ʥʘ 

ʥʝʡʨʦʥ ʠ ʨʘʟʤʘʭʝ ʜʝʥʜʨʠʪʦʚ ʚ 0.2 ʤʤ ʤʳ ʧʦʣʫʯʠʤ ʧʦʨʷʜʢʘ 5000 ʩʠʥʘʧʩʦʚ. 

ʊʦ ʝʩʪʴ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʩʦʩʝʜʥʠʝ ʥʝʡʨʦʥʳ ʠʤʝʶʪ ʧʦ 8 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʕʪʦ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʮʝʥʢʦʡ 5.6, 

ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʧʨʷʤʦʤ ʧʦʜʩʯʝʪʝ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʥʝʡʨʦʥʘʤʠ ʩʣʦʷ V (ʙʳʣʦ ʦʪʩʣʝʞʝʥʦ 13 ʧʘʨ 

ʥʝʡʨʦʥʦʚ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (Liibke J., Markram H., Frotscher M., 

Sakmann B., 1996). 

ʊʝʧʝʨʴ ʧʦʧʨʦʙʫʝʤ ʧʦʥʷʪʴ ʩʤʳʩʣ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʚʷʟʝʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʚʥʝʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʤʝʜʠʘʪʦʨʘ. ɼʣʷ ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʴʶ. 

ɺʦʟʴʤʝʤ ʫʩʣʦʚʥʳʡ ʦʢʨʫʞʘʶʱʠʡ ʥʝʡʨʦʥ ʦʙʲʝʤ ʠ ʟʘʥʫʤʝʨʫʝʤ ʚʭʦʜʷʱʠʝ ʚ ʥʝʛʦ ʥʝʡʨʦʥʳ. 

ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʥʝʡʨʦʥʦʚ ʙʫʜʝʪ ʠʤʝʪʴ: 

¶ ʥʝʩʢʦʣʴʢʦ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʩ ʜʝʥʜʨʠʪʦʤ ʚʳʙʨʘʥʥʦʛʦ ʥʝʡʨʦʥʘ; 

¶ ʥʝʩʢʦʣʴʢʦ çʧʨʠʣʝʛʘʥʠʡè, ʪʦ ʝʩʪʴ ʤʝʩʪ, ʛʜʝ ʝʛʦ ʩʠʥʘʧʩʳ ʩ ʜʨʫʛʠʤʠ ʥʝʡʨʦʥʘʤʠ ʙʫʜʫʪ 

ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʜʝʥʜʨʠʪʘ ʚʳʙʨʘʥʥʦʛʦ ʥʝʡʨʦʥʘ; 

¶ ʢʘʢʦʝ-ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʥʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʪʝʨʤʠʥʘʣʝʡ ʩʚʦʝʛʦ ʘʢʩʦʥʘ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ 

ʜʝʥʜʨʠʪʫ ʚʳʙʨʘʥʥʦʛʦ ʥʝʡʨʦʥʘ (ʚ ʦʩʥʦʚʥʦʤ, ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʝʪʢʘʤ-ʢʘʥʜʝʣʷʙʨ). 

ɼʣʷ ʧʨʦʩʪʦʪʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʩʝ ʠʩʪʦʯʥʠʢʠ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ ʢʘʢ ʨʘʚʥʦʧʨʘʚʥʳʝ. 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʪʦʯʥʠʢʦʚ ʤʦʞʥʦ ʦʮʝʥʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʧʨʠʥʷʪʳʡ ʨʘʥʝʝ ʢʦʵʬʬʠʮʠʝʥʪ. 

ʆʧʷʪʴ ʞʝ, ʜʣʷ ʧʨʦʩʪʦʪʳ ʥʝ ʙʫʜʝʤ ʫʯʠʪʳʚʘʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʷʟʝʡ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʇʨʝʜʩʪʘʚʠʤ ʜʝʥʜʨʠʪʥʦʝ ʜʝʨʝʚʦ ʢʘʢ ʦʜʥʫ ʜʣʠʥʥʫʶ ʚʝʪʢʫ ʩ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʫʩʣʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ (ʈʠʩʫʥʦʢ 1.7). ɼʣʷ ʢʘʞʜʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘ ʵʪʦʡ 

ʚʝʪʢʝ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʥʦʤʝʨ ʥʝʡʨʦʥʘ ʠʟ ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ ʥʝʛʦ. 

ʂʘʞʜʳʡ ʠʟ ʥʝʡʨʦʥʦʚ ʦʢʨʫʞʝʥʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʠʩʪʦʯʥʠʢʦʚʳʭ ʢʦʥʪʘʢʪʦʚ, 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʜʝʥʜʨʠʪʫ. ʆʙʦʟʥʘʯʠʤ ʵʪʦ ʩʦʦʪʥʝʩʝʥʠʝ ʚʝʢʪʦʨʦʤ D ʩ 

ʵʣʝʤʝʥʪʘʤʠ di. 

 
ʈʠʩʫʥʦʢ 1.7. ʉʦʦʪʥʝʩʝʥʠʝ ʦʢʨʫʞʘʶʱʠʭ ʥʝʡʨʦʥʦʚ ʠ ʠʭ ʢʦʥʪʘʢʪʦʚ ʥʘ ʜʝʥʜʨʠʪʝ 

ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: 
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Nneuron ï ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ ʦʢʨʫʞʝʥʠʷ 

Nsource ï ʢʦʣʠʯʝʩʪʚʦ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʦʜʥʦʛʦ ʥʝʡʨʦʥʘ 

Ntrap ï ʢʦʣʠʯʝʩʪʚʦ ʠʩʪʦʯʥʠʢʦʚ, ʩʦʟʜʘʶʱʠʭ ʫʨʦʚʝʥʴ ʧʣʦʪʥʦʩʪʠ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ 

(ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʣʦʚʫʰʢʫ) 

ʊʝʧʝʨʴ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʥʝʡʨʦʥʦʚ ʠʟ ʦʢʨʫʞʝʥʠʷ ʜʘʣʠ ʩʧʘʡʢ. ʕʪʦ ʤʦʞʥʦ 

ʚʦʩʧʨʠʥʠʤʘʪʴ ʢʘʢ ʩʠʛʥʘʣ, ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʥʘʰʝʤʫ ʥʝʡʨʦʥʫ. ʆʙʦʟʥʘʯʠʤ Nsig ï 

ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ ʥʝʡʨʦʥʦʚ, ʩʦʟʜʘʶʱʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ. ɿʘʧʠʰʝʤ ʵʪʦʪ ʩʠʛʥʘʣ 

ʙʠʥʘʨʥʳʤ ʚʝʢʪʦʨʦʤ S. 

ɼʣʷ ʚʩʝʭ ʧʦʟʠʮʠʡ ʥʘ ʜʝʥʜʨʠʪʝ ʢʨʦʤʝ ʩʘʤʳʭ ʢʨʘʡʥʠʭ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ 

ʤʝʜʠʘʪʦʨʘ ʧʦ ʬʦʨʤʫʣʝ 

” ί

 

 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʠʛʥʘʣʘ, ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ, ʧʣʦʪʥʦʩʪʴ ʚ ʦʪʤʝʯʝʥʥʦʡ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ ʩʦʩʪʘʚʠʪ 2 (ʩʫʤʤʘ ʩʠʛʥʘʣʦʚ ʦʪ 1-ʛʦ ʠ 4-ʛʦ ʥʝʡʨʦʥʦʚ). 

 
ʈʠʩʫʥʦʢ 1.8 ʆʪʦʙʨʘʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʜʚʫʭ ʥʝʡʨʦʥʦʚ ʦʢʨʫʞʝʥʠʷ ʥʘ ʜʝʥʜʨʠʪʥʦʝ ʜʝʨʝʚʦ 

(ʧʦʢʘʟʘʥʘ ʪʦʣʴʢʦ ʯʘʩʪʴ ʩʚʷʟʝʡ ʠ ʥʫʤʝʨʘʮʠʠ) 

ɼʣʷ ʣʶʙʦʛʦ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʢʘʨʪʠʥʫ ʧʣʦʪʥʦʩʪʠ ʤʝʜʠʘʪʦʨʦʚ 

ʥʘ ʜʝʥʜʨʠʪʝ. ʕʪʘ ʧʣʦʪʥʦʩʪʴ ʙʫʜʝʪ ʢʦʣʝʙʘʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ Ntrap. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʙʫʜʝʪ ʜʦʩʪʠʛʘʪʴʩʷ, ʝʩʣʠ ʦʢʘʟʘʣʠʩʴ ʘʢʪʠʚʥʳ ʚʩʝ ʠʩʪʦʯʥʠʢʠ, ʦʙʨʘʟʫʶʱʠʝ ʩʠʥʘʧʪʠʯʝʩʢʫʶ 

ʣʦʚʫʰʢʫ. 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʫʩʨʝʜʥʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʨʝʘʣʴʥʦʡ ʢʦʨʳ 

ʢʨʳʩʳ (Braitenberg V., Schuz A., 1998). ʀʩʭʦʜʷ ʠʟ ʥʠʭ ʠ ʨʘʥʝʝ ʩʜʝʣʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ 

ʢʦʣʠʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ, ʤʳ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ: 

Nneuron = 650 

Nsource = 25000 

Ntrap = 15 



  12 

 

ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʠʛʥʘʣ ʢʦʜʠʨʫʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴʶ, ʥʘʧʨʠʤʝʨ, 1.5% ʥʝʡʨʦʥʦʚ ʢʦʨʳ, 

ʪʦʛʜʘ 

Nsig = 10 
ʅʝʩʣʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʩʠʛʥʘʣʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

Nsig ʝʜʠʥʠʮ, ʥʘʡʜʝʪʩʷ ʭʦʪʷ ʙʳ ʦʜʥʦ ʤʝʩʪʦ ʥʘ ʜʝʥʜʨʠʪʝ, ʛʜʝ ʧʣʦʪʥʦʩʪʴ ʤʝʜʠʘʪʦʨʘ ʩʦʩʪʘʚʠʪ ʨʦʚʥʦ 

K. ɼʣʷ ʧʨʠʚʝʜʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ (ʊʘʙʣʠʮʘ 1.2): 

 

K P 

0 0,984 

1 1 

2 1 

3 0,996 

4 0,287 

5 0,016 

6 0,001 

7 0 

8 0 

9 0 

10 0 

é  
ʊʘʙʣʠʮʘ 1.2 ʊʘʙʣʠʮʘ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʭʦʪʷ ʙʳ ʦʜʥʦʡ ʣʦʚʫʰʢʠ ʩ ʟʘʜʘʥʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ. ʇʝʨʚʳʡ ʩʪʦʣʙʝʮ ï ʪʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʣʦʚʫʰʢʝ. ɺʪʦʨʦʡ 

ï ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʥʘ ʜʝʥʜʨʠʪʝ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʤʝʩʪʘ, ʛʜʝ ʙʫʜʝʪ ʠʤʝʥʥʦ ʪʘʢʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʊʦ ʝʩʪʴ ʧʨʠ ʪʝʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʙʣʠʟʢʠ ʢ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʝʘʣʴʥʦʡ ʢʦʨʳ, ʜʣʷ 

ʣʶʙʦʛʦ ʦʙʲʝʤʥʦʛʦ ʩʠʛʥʘʣʘ, ʟʘʪʨʘʛʠʚʘʶʱʝʛʦ ʦʢʦʣʦ 1.5% ʥʝʡʨʦʥʦʚ, ʩʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ: 

¶ ʅʘʡʜʝʪʩʷ ʦʢʦʣʦ 1.6% ʥʝʡʨʦʥʦʚ, ʫ ʢʦʪʦʨʳʭ ʥʘ ʜʝʥʜʨʠʪʘʭ ʩʫʱʝʩʪʚʫʝʪ ʣʦʚʫʰʢʘ, ʛʜʝ 

ʧʝʨʝʩʝʢʘʝʪʩʷ 50% ʩʠʛʥʘʣʴʥʳʭ ʘʢʩʦʥʦʚ; 

¶ ʇʨʘʢʪʠʯʝʩʢʠ ʫ ʢʘʞʜʦʛʦ ʥʝʡʨʦʥʘ ʥʘʡʜʫʪʩʷ ʣʦʚʫʰʢʠ, ʚ ʢʦʪʦʨʳʭ ʧʝʨʝʩʝʢʘʝʪʩʷ ʭʦʪʷ ʙʳ 

30% ʩʠʛʥʘʣʴʥʳʭ ʘʢʩʦʥʦʚ. 

ʉʤʳʩʣ ʪʘʢʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʦʯʝʥʴ ʠʥʪʝʨʝʩʝʥ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ ʚ ʢʦʨʝ 

ʢʘʢʠʤ-ʪʦ ʦʙʨʘʟʦʤ ʢʦʜʠʨʫʝʪʩʷ ʩʠʥʭʨʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

(Nsig) ʢʦʤʧʘʢʪʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʝʡʨʦʥʦʚ. ʈʝʯʴ ʠʜʝʪ ʥʝ ʦʙʦ ʚʩʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʦʟʛʘ, ʘ ʦʙ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚ ʤʘʣʦʤ ʦʙʲʝʤʝ, ʛʜʝ ʥʝʡʨʦʥʳ ʟʘʥʫʤʝʨʦʚʘʥʳ ʥʘʤʠ ʦʪ 1 ʜʦ Nneuron. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʢʦʜʦʚʳʭ ʢʦʤʙʠʥʘʮʠʡ S ʦʛʨʘʥʠʯʝʥʦ ʠ ʦʙʨʘʟʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʩʣʦʚʘʨʴ T ʝʤʢʦʩʪʴʶ Ndict. 

Ὕ ὛỄὛ  

Ὓ ί Ễί  
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ί ᶰπȟρ 

ί .  

ʊʘʢ ʚʦʪ, ʥʘ ʜʝʥʜʨʠʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʶʙʦʛʦ ʥʝʡʨʦʥʘ ʢʦʨʳ ʥʘʡʜʫʪʩʷ ʤʝʩʪʘ çʠʟʙʨʘʥʥʳʝè 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʣʶʙʦʤʫ ʠʟ ʩʠʛʥʘʣʦʚ, ʪʦ ʝʩʪʴ ʪʘʢʠʝ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʪʘʤ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʤʝʜʠʘʪʦʨʘ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʦʷʚʣʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʠʛʥʘʣʘ. ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʠ 

ʨʘʟʫʤʥʦʡ ʝʤʢʦʩʪʠ ʩʣʦʚʘʨʷ ʵʪʠ ʤʝʩʪʘ ʙʫʜʫʪ ʦʙʣʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʪʦ 

ʝʩʪʴ ʭʦʨʦʰʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʩʠʛʥʘʣʳ. 

ɺʦʟʴʤʝʤ ʧʨʦʠʟʚʦʣʴʥʳʡ ʩʠʛʥʘʣ Si ʠʟ ʤʥʦʞʝʩʪʚʘ T. ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʩʝ ʩʠʛʥʘʣʳ ʚ 

ʩʣʦʚʘʨʝ ʩʦʟʜʘʥʳ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ɺʳʙʝʨʝʤ ʧʨʦʠʟʚʦʣʴʥʳʡ ʥʝʡʨʦʥ, ʪʘʢʦʡ, ʫ ʢʦʪʦʨʦʛʦ ʥʘ 

ʜʝʥʜʨʠʪʝ ʩʫʱʝʩʪʚʫʝʪ ʤʝʩʪʦ, ʛʜʝ ʧʣʦʪʥʦʩʪʴ ʤʝʜʠʘʪʦʨʘ ʜʣʷ ʩʠʛʥʘʣʘ Si ʙʫʜʝʪ ʨʘʚʥʘ K ʠʣʠ ʚʳʰʝ. 

ʏʪʦʙʳ ʧʨʦʠʟʦʰʣʘ ʦʰʠʙʢʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʥʘʜʦ ʯʪʦʙʳ ʜʨʫʛʦʡ ʩʠʛʥʘʣ ʩʦʟʜʘʣ ʚ ʵʪʦʤ ʤʝʩʪʝ ʢʘʢ 

ʤʠʥʠʤʫʤ ʪʘʢʫʶ ʞʝ ʧʣʦʪʥʦʩʪʴ. ʆʧʨʝʜʝʣʠʤ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʢʘʢʦʡ-ʣʠʙʦ ʜʨʫʛʦʡ ʩʠʛʥʘʣ ʠʟ 

ʩʣʦʚʘʨʷ ʩʦʟʜʘʩʪ ʚ ʵʪʦʤ ʞʝ ʤʝʩʪʝ ʧʣʦʪʥʦʩʪʴ ʥʝ ʤʝʥʴʰʝ ʯʝʤ K. 

ʀʪʘʢ, ʩʠʛʥʘʣ Si ʦʧʨʝʜʝʣʠʣ ʥʘʤ ʣʦʚʫʰʢʫ, ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ Ntrap 

ʠʩʪʦʯʥʠʢʘʤʠ. ʏʪʦʙʳ ʧʣʦʪʥʦʩʪʴ ʦʪ ʜʨʫʛʦʛʦ ʩʠʛʥʘʣʘ Sj ʙʳʣʘ ʥʝ ʤʝʥʴʰʝ K, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

ʭʦʪʷ ʙʳ K ʩʚʷʟʝʡ ʦʪ ʥʝʡʨʦʥʦʚ, ʘʢʪʠʚʥʳʭ ʚ ʩʠʛʥʘʣʝ Sj, ʧʦʧʘʣʠ ʚ ʥʘʰʫ ʣʦʚʫʰʢʫ. ɼʣʷ ʦʜʥʦʡ ʩʚʷʟʠ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʩʪʴ ʚ ʣʦʚʫʰʢʫ 

ὔ

ὔ
 

ɽʩʣʠ ʫʞʝ m ʩʚʷʟʝʡ ʧʦʧʘʣʠ ʚ ʣʦʚʫʰʢʫ, ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʙʫʜʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ 

ὔ ά

ὔ
 

ʅʘʩ ʠʥʪʝʨʝʩʫʶʪ ʩʣʫʯʘʠ, ʢʦʛʜʘ Í +. ʊʘʢ ʢʘʢ ʂ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ 
Ntrap, ʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ὔ ά

ὔ

ὔ

ὔ
 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʩʭʝʤʝ ʠʩʧʳʪʘʥʠʡ ɹʝʨʥʫʣʣʠ. ɺʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʦʪ 

ʩʠʛʥʘʣʘ Sj ʚ ʣʦʚʫʰʢʝ ʧʣʦʪʥʦʩʪʴ ʨʦʚʥʦ K ʩʦʩʪʘʚʣʷʝʪ 

ὴὑ ὅ
ὔ

ὔ
ρ

ὔ

ὔ
 

ɺʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʜʣʷ ʩʠʛʥʘʣʘ Sj ʠʟ ʩʣʦʚʘʨʷ T ʧʣʦʪʥʦʩʪʴ ʙʫʜʝʪ ʢʘʢ ʤʠʥʠʤʫʤ K, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʦʡ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ὖὑ ὴὑ ὴὑ ρ Ễ ὴὔ  

ɺʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʭʦʪʷ ʙʳ ʦʜʠʥ ʩʠʛʥʘʣ ʠʟ ʩʣʦʚʘʨʷ, ʦʪʣʠʯʥʳʡ ʦʪ ʠʩʭʦʜʥʦʛʦ, ʜʘʩʪ 

ʧʣʦʪʥʦʩʪʴ K ʠʣʠ ʚʳʰʝ, ʪʦ ʝʩʪʴ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ, ʩʦʩʪʘʚʣʷʝʪ 

ὖ ρ ρ ὖὑ  
ɼʣʷ ʪʝʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʥʝʝ, ʠ ʝʤʢʦʩʪʠ ʩʣʦʚʘʨʷ Ndict= 

10000 ʧʦʣʫʯʘʶʪʩʷ ʟʥʘʯʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʥʠʞʝ (ʊʘʙʣʠʮʘ 1.3). 
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K Perror  

3 0,00399 

4 1,05E-

05 

5 1,89E-

08 

6 2,33E-

11 

7 0 

é  
ʊʘʙʣʠʮʘ 1.3 ʊʘʙʣʠʮʘ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʨʫʰʝʥʠʷ ʫʥʠʢʘʣʴʥʦʩʪʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʣʦʚʫʰʢʠ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʧʣʦʪʥʦʩʪʠ ʤʝʜʠʘʪʦʨʘ 

ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʧʨʠ K=3 ʣʦʚʫʰʢʠ ʦʙʣʘʜʘʶʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʭʦʪʷ ʠ ʥʝ 

ʛʘʨʘʥʪʠʨʫʶʪ ʦʪ ʦʰʠʙʢʠ, ʥʦ ʫʞʝ ʧʨʠ K=5 ʦʥʠ ʥʘʯʠʥʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʟʥʘʯʥʦ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʧʘʪʪʝʨʥʫ ʘʢʪʠʚʥʦʩʪʠ. ʅʘʧʦʤʥʶ, ʯʪʦ 

ʩʢʘʟʘʥʥʦʝ ʩʧʨʘʚʝʜʣʠʚʦ ʥʝ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʠʟ ʙʝʩʢʦʥʝʯʥʦʛʦ ʥʘʙʦʨʘ, ʘ ʚ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʤʳ ʠʤʝʝʤ ʥʘʙʦʨ, ʧʫʩʪʴ ʠ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ, ʥʦ ʢʦʥʝʯʥʳʤ ʥʘʙʦʨʦʤ ʜʠʩʢʨʝʪʥʳʭ 

ʨʘʟʨʝʰʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʘʢʪʠʚʥʦʩʪʠ. 

ɺʩʝ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʚʳʜʚʠʥʫʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʩʤʳʩʣ ʩʚʦʡʩʪʚʝʥʥʦʡ 

ʤʦʟʛʫ ʩʪʨʫʢʪʫʨʳ ʘʢʩʦʥʥʳʭ ʠ ʜʝʥʜʨʠʪʥʳʭ ʜʝʨʝʚʴʝʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʥʘ ʜʝʥʜʨʠʪʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʞʜʦʛʦ ʥʝʡʨʦʥʘ ʙʦʛʘʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʣʦʚʫʰʝʢ, ʪʦ ʝʩʪʴ ʤʝʩʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʚʩʝʚʦʟʤʦʞʥʳʤ ʢʦʤʙʠʥʘʮʠʷʤ ʠʩʪʦʯʥʠʢʦʚ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ. ʇʦ ʧʣʦʪʥʦʩʪʠ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʚ 

ʣʦʚʫʰʢʘʭ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʤ ʩʠʛʥʘʣʝ, ʩʢʣʘʜʳʚʘʶʱʝʤʩʷ ʠʟ 

ʩʠʥʭʨʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝʢʦʪʦʨʦʛʦ ʯʠʩʣʘ ʙʣʠʟʣʝʞʘʱʠʭ ʥʝʡʨʦʥʦʚ. 

ʂʩʪʘʪʠ, ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʤʦʞʥʦ ʧʦʧʨʦʙʦʚʘʪʴ ʦʙʲʷʩʥʠʪʴ ʩʚʦʝʦʙʨʘʟʥʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʬʦʨʤʫ ʧʠʨʘʤʠʜʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ ʥʝʡʨʦʥʦʚ 

ʢʦʨʳ. ʉʪʨʫʢʪʫʨʘ ʘʧʠʢʘʣʴʥʦʛʦ ʜʝʥʜʨʠʪʘ ʠ ʝʛʦ ʚʝʪʚʣʝʥʠʷ, ʩʪʨʫʢʪʫʨʘ ʜʦʨʩʘʣʴʥʳʭ ʜʝʥʜʨʠʪʦʚ, 

ʦʨʠʝʥʪʘʮʠʷ ʘʢʩʦʥʘ ï ʚʩʝ ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʭʚʘʪʫ ʚʩʝʡ ʪʦʣʱʠʥʳ ʢʦʨʳ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʝ 

ʘʢʩʦʥʘ ʩ ʩʦʙʩʪʚʝʥʥʳʤ ʜʝʥʜʨʠʪʥʳʤ ʜʝʨʝʚʦʤ. 

ɺ ʨʘʤʢʘʭ ʢʦʤʙʠʥʘʪʦʨʥʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʟʥʘʯʝʥʠʝ ʜʝʥʜʨʠʪʥʳʭ ʰʠʧʠʢʦʚ, 

ʥʘ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 75% ʩʠʥʘʧʩʦʚ (Braitenberg V., Schuz A., 1998). ʇʦ ʠʜʝʝ, ʚʩʝ ʩʠʥʘʧʩʳ 

ʤʦʛʣʠ ʙʳ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʜʝʥʜʨʠʪʝ ʠʣʠ ʪʝʣʝ ʥʝʡʨʦʥʘ. ʕʪʦ ʥʠʢʘʢ ʥʝ 

ʧʦʚʣʠʷʣʦ ʙʳ ʥʘ ʧʨʷʤʫʶ ʨʘʙʦʪʫ ʩʠʥʘʧʩʦʚ ʠ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʜʘʚʘʪʴ ʚʢʣʘʜ ʚ ʧʦʷʚʣʝʥʠʝ ʚʳʟʚʘʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʟʥʘʯʝʥʠʝ ʜʝʥʜʨʠʪʥʳʭ ʰʠʧʠʢʦʚ ï ʵʪʦ ʩʦʟʜʘʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʦʡ ʩʠʥʘʧʩʳ ʨʘʟʥʳʭ ʥʝʡʨʦʥʦʚ ʦʢʘʟʳʚʘʶʪʩʷ 

çʧʝʨʝʤʝʰʘʥʳè ʪʘʢ, ʯʪʦ ʧʨʠʦʙʨʝʪʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʩʚʦʠʤ ʩʧʠʣʦʚʝʨʦʤ ʚʣʠʷʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʚʦʝʛʦ, ʥʦ ʠ ʦʢʨʫʞʘʶʱʠʭ ʜʝʥʜʨʠʪʦʚ. ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʠʥʘʧʩʦʚ ʥʘ 

ʰʠʧʠʢʘʭ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʜʝʥʜʨʠʪʝ, ʩʣʫʯʘʡʥʘʷ ʚʳʩʦʪʘ ʰʠʧʠʢʦʚ ʠ ʠʭ ʢʦʥʬʠʛʫʨʘʮʠʷ ï ʚʩʝ 

ʵʪʦ ʭʦʨʦʰʦ ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʪʘʢʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ. 
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ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʚ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʧʨʠʦʙʨʝʪʘʶʪ ʚʥʝʩʠʥʘʧʪʠʯʝʩʢʠʝ ʪʝʨʤʠʥʘʣʠ 

ʘʢʩʦʥʦʚ. ʆʥʠ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʭʦʞʝ, 

ʯʪʦ ʠʤʝʥʥʦ ʦʥʠ ʩʦʟʜʘʶʪ ʦʧʪʠʤʘʣʴʥʫʶ ʜʣʷ ʨʘʙʦʪʳ ʢʦʨʳ ʧʣʦʪʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ 

ʚʥʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ. ʊʦ ʝʩʪʴ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʥʘʧʩʦʚ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʩʢʦʣʴʢʦ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʟʚʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʥʝʡʨʦʥʦʚ. ʇʦʩʢʦʣʴʢʫ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʦʧʠʩʳʚʘʝʤʦʡ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʚʥʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʪʦ ʠʤʝʥʥʦ ʚʥʝʩʠʥʘʧʪʠʯʝʩʢʠʝ ʪʝʨʤʠʥʘʣʠ ʘʢʩʦʥʦʚ 

ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʭ ʪʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ. 

ȲɋɘɆɇɔɘɖɔɕɓɡɋ ɖɋɜɋɕɘɔɖɡ 

ʉʧʘʡʢʠ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠʦʥʦʪʨʦʧʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʠʥʘʧʩʝ ʥʝʡʨʦʥʘ, ʥʘʟʳʚʘʶʪ ʚʳʟʚʘʥʥʳʤʠ. ʂʦʛʜʘ ʧʦʩʪʫʧʘʶʱʠʝ ʩʠʛʥʘʣʳ 

ʧʨʠʭʦʜʷʪʩʷ ʠʤʝʥʥʦ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʘʢʪʠʚʠʨʫʶʱʠʝ ʩʠʥʘʧʩʳ, ʠ ʵʪʦʤʫ ʥʝ ʤʝʰʘʶʪ ʩʠʛʥʘʣʳ, 

ʧʨʠʭʦʜʷʱʠʝ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʪʦʨʤʦʟʥʳʝ ʩʠʥʘʧʩʳ, ʪʦ ʥʝʡʨʦʥ ʨʝʘʛʠʨʫʝʪ ʥʘ ʵʪʦ ʩʝʨʠʝʡ 

ʠʤʧʫʣʴʩʦʚ. ʉʠʥʘʧʪʠʯʝʩʢʠʡ ʦʙʨʘʟ, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪʩʷ ʪʘʢʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʥʘʟʳʚʘʶʪ 

ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʥʝʡʨʦʥʘ ʩʪʠʤʫʣʦʤ. 

ʂʨʦʤʝ ʠʦʥʦʪʨʦʧʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʩʫʱʝʩʪʚʫʶʪ ʤʝʪʘʙʦʪʨʦʧʥʳʝ ʨʝʮʝʧʪʦʨʳ. ʕʪʠ 

ʨʝʮʝʧʪʦʨʳ ʥʝ ʷʚʣʷʶʪʩʷ ʠʦʥʥʳʤʠ ʢʘʥʘʣʘʤʠ ʠ ʧʦʵʪʦʤʫ ʥʝ ʫʯʘʩʪʚʫʶʪ ʥʘʧʨʷʤʫʶ ʚ ʧʦʣʷʨʠʟʘʮʠʠ 

ʠʣʠ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʤʝʤʙʨʘʥʳ. ʆʥʠ ʜʝʡʩʪʚʫʶʪ ʥʝʧʨʷʤʳʤ ʦʙʨʘʟʦʤ, ʤʦʜʠʬʠʮʠʨʫʷ ʘʢʪʠʚʥʦʩʪʴ 

ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ, ʠʦʥʥʳʭ ʪʨʘʥʩʧʦʨʪʝʨʦʚ ʠ ʨʝʮʝʧʪʦʨʥʳʭ ʙʝʣʢʦʚ (ʅʠʢʦʣʣʩ ɼʞ., ʄʘʨʪʠʥ ʈ., 

ɺʘʣʣʘʩ ɹ., ʌʫʢʩ ʇ., 2003). 

ʄʝʪʘʙʦʪʨʦʧʥʳʝ ʨʝʮʝʧʪʦʨʳ ʠʤʝʶʪ ʩʝʤʴ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʭ ʜʦʤʝʥʦʚ, ʚʥʝʢʣʝʪʦʯʥʳʡ 

ʘʤʠʥʥʳʡ ʢʦʥʝʮ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʢʘʨʙʦʢʩʠʣʴʥʳʡ ʢʦʥʝʮ (ʈʠʩʫʥʦʢ 1.9). ɺʪʦʨʘʷ ʠ ʪʨʝʪʴʷ ʧʝʪʣʠ 

(C2, C3), ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʮʠʪʦʧʣʘʟʤʝ, ʘ ʪʘʢʞʝ ʧʨʠʣʝʛʘʶʱʠʡ ʢ ʤʝʤʙʨʘʥʝ ʫʯʘʩʪʦʢ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʦʥʮʘ ʦʙʣʘʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ G-ʙʝʣʢʦʤ. 

 
ʈʠʩʫʥʦʢ 1.9 ʉʪʨʫʢʪʫʨʘ ʤʝʪʘʙʦʪʨʦʧʥʦʛʦ ʨʝʮʝʧʪʦʨʘ 

ɺʣʠʷʥʠʝ ʥʘ ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʥʝʡʨʦʥʘ ʤʝʪʘʙʦʪʨʦʧʥʳʝ ʨʝʮʝʧʪʦʨʳ ʦʢʘʟʳʚʘʶʪ 

ʯʝʨʝʟ G-ʙʝʣʢʠ. G-ʙʝʣʢʠ ʚʣʠʷʶʪ ʥʘ ʠʦʥʥʳʝ ʢʘʥʘʣʳ ʢʘʢ ʥʘʧʨʷʤʫʶ, ʪʘʢ ʠ ʩ ʚʦʚʣʝʯʝʥʠʝʤ 
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ʚʪʦʨʠʯʥʳʭ ʧʦʩʨʝʜʥʠʢʦʚ. ɿʘʜʝʡʩʪʚʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʧʦʩʨʝʜʥʠʢʦʚ ʚʝʜʝʪ ʢ 

ʫʩʠʣʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʮʝʧʪʦʨʘ ʚ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʪʳʩʷʯ ʨʘʟ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʘʞʝ ʤʘʣʦʡ 

ʜʦʣʠ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʣʠʛʘʥʜʦʤ ʜʣʷ ʤʝʪʘʙʦʪʨʦʧʥʦʛʦ ʨʝʮʝʧʪʦʨʘ, ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʚʳʟʚʘʪʴ ʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʝʡʨʦʥʘ ʩʧʘʡʢ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʠʩʧʦʣʴʟʫʶʪ 

ʩʝʥʩʦʨʥʳʝ ʥʝʡʨʦʥʳ, ʨʝʘʛʠʨʫʶʱʠʝ, ʥʘʧʨʠʤʝʨ, ʥʘ ʩʚʝʪ ʠʣʠ ʟʘʧʘʭ. ʄʝʭʘʥʠʟʤ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʦʚ 

ʦʪ ʤʝʪʘʙʦʪʨʦʧʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʩʚʦʡʩʪʚʝʥʝʥ ʥʝ ʪʦʣʴʢʦ ʩʝʥʩʦʨʥʳʤ, ʥʦ ʠ ʮʝʥʪʨʘʣʴʥʳʤ ʥʝʡʨʦʥʘʤ. 

ʀʤʝʥʥʦ ʦʥ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʩʧʦʥʪʘʥʥʳʭ (ʵʥʜʦʛʝʥʥʳʭ) ʩʧʘʡʢʦʚ (ʅʠʢʦʣʣʩ ɼʞ., ʄʘʨʪʠʥ ʈ., 

ɺʘʣʣʘʩ ɹ., ʌʫʢʩ ʇ., 2003). 

ʍʘʨʘʢʪʝʨʥʳʡ ʩʪʠʤʫʣ ʜʣʷ ʥʝʡʨʦʥʘ ï ʵʪʦ ʪʘʢʘʷ ʢʘʨʪʠʥʘ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʘʷ 

ʩʦʚʧʘʜʘʝʪ ʩ ʢʘʨʪʠʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʝʛʦ ʩʠʥʘʧʩʦʚ. ʈʝʘʢʮʠʷ ʥʘ ʭʘʨʘʢʪʝʨʥʳʡ ʩʪʠʤʫʣ ï ʵʪʦ 

ʚʳʟʚʘʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʝʡʨʦʥʘ. ɺʳʟʚʘʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ ʯʘʩʪʴ ʦʙʱʝʡ 

ʘʢʪʠʚʥʦʩʪʠ ʤʦʟʛʘ. ɼʨʫʛʘʷ ʯʘʩʪʴ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʬʦʥʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʚʦʟʥʠʢʘʶʱʠʭ ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ ʦʜʠʥʦʯʥʳʭ ʵʥʜʦʛʝʥʥʳʭ ʩʧʘʡʢʦʚ (ʈʠʩʫʥʦʢ 

1.10). 

 
ʈʠʩʫʥʦʢ 1.10 ʈʝʘʢʮʠʷ ʥʝʡʨʦʥʘ ʥʘ ʩʪʠʤʫʣ ʠ ʬʦʥʦʚʘʷ (ʩʧʦʥʪʘʥʥʘʷ) ʘʢʪʠʚʥʦʩʪʴ 

ʆʙʳʯʥʦ ʚʳʟʚʘʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ï ʵʪʦ ʩʝʨʠʷ ʠʤʧʫʣʴʩʦʚ, ʦʜʥʘʢʦ ʩʝʨʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʠ ʜʘʞʝ ʩʦʩʪʦʷʪʴ ʠʟ ʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ. ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʚʳʟʚʘʥʥʦʛʦ ʩʧʘʡʢʘ 

ʦʪ ʬʦʥʦʚʦʛʦ ï ɻ ʪʦ ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʩʧʘʡʢʫ ʫʨʦʚʝʥʴ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ɼʣʷ ʚʳʟʚʘʥʥʦʛʦ 

ʩʧʘʡʢʘ ʭʘʨʘʢʪʝʨʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʝʛʦ ʦʙʱʠʡ ʧʦʜʲʝʤ, ʬʦʥʦʚʳʡ ʞʝ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʜʘʞʝ 

ʧʨʠ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʠ ʤʝʤʙʨʘʥʳ (ʈʠʩʫʥʦʢ 1.11). 
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ʈʠʩʫʥʦʢ 1.11 ʕʥʜʦʛʝʥʥʳʝ ʩʧʘʡʢʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʝʧʦʣʷʨʠʟʘʮʠʠ 

ʤʝʤʙʨʘʥʳ ʠ ʜʘʞʝ ʥʘʦʙʦʨʦʪ ï ʥʘ ʬʦʥʝ ʝʝ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʠ (ɾ.ʇ. ʐʥʫʨʦʚʘ, ɿ.ʄ. ɻʚʦʟʜʠʢʦʚʘ, 

1971) 

ȮɍɒɋɓɋɓɎɥ ɗɔɗɘɔɥɓɎɏ ɒɋɘɆɇɔɘɖɔɕɓɡɛ ɖɋɜɋɕɘɎɈɓɡɛ ɐɑɆɗɘɋɖɔɈ 

ɽʩʪʴ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʨʝʮʝʧʪʦʨʳ ʤʦʛʫʪ ʜʦʩʪʘʪʦʯʥʦ ʩʚʦʙʦʜʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ 

ʤʝʤʙʨʘʥʝ ʥʝʡʨʦʥʘ (Sheng, M., Nakagawa, T., 2002) (Tovar K. R., Westbrook G. L., 2002). ɺ 

ʩʠʥʘʧʩʝ ʨʝʮʝʧʪʦʨʳ ʤʦʛʫʪ çʟʘʷʢʦʨʠʚʘʪʴʩʷè, ʩʚʷʟʳʚʘʷʩʴ ʩ ʙʝʣʢʘʤʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʛʦ 

ʫʧʣʦʪʥʝʥʠʷ (Sheng, M., Sala C., 2001). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʠʥʘʧʩʦʚ, 

ʥʘʧʨʠʤʝʨ, ʠʭ ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʧʦʪʝʥʮʠʷ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʠʛʨʘʮʠʝʡ ʚ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʱʝʣʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʮʝʧʪʦʨʦʚ (Malenka R.C., Nicoll R.A., 1999). 

ɺʥʝ ʩʠʥʘʧʩʦʚ ʨʝʮʝʧʪʦʨʳ ʧʝʨʝʤʝʱʘʶʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʦʚ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʩʧʠʣʦʚʝʨʘʤʠ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦ ʧʦʤʦʛʘʝʪ 

ʨʝʮʝʧʪʦʨʘʤ ʛʨʫʧʧʠʨʦʚʘʪʴʩʷ ʚ ʤʝʩʪʘʭ ʤʝʤʙʨʘʥʳ, ʷʚʣʷʶʱʠʭʩʷ ʣʦʚʫʰʢʘʤʠ ʜʣʷ ʩʠʛʥʘʣʦʚ, 

ʢʦʪʦʨʳʝ ʥʦʩʷʪ ʜʦʩʪʘʪʦʯʥʦ ʨʝʛʫʣʷʨʥʳʡ ʭʘʨʘʢʪʝʨ (ʈʘʜʯʝʥʢʦ, 2007).  

ʉʦʩʝʜʥʠʝ ʨʝʮʝʧʪʦʨʳ ʤʦʛʫʪ ʩʦʝʜʠʥʷʪʴʩʷ, ʩʦʟʜʘʚʘʷ ʜʠʤʝʨʳ (ʈʠʩʫʥʦʢ 1.12). ɼʠʤʝʨʳ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʲʝʜʠʥʷʷʩʴ, ʬʦʨʤʠʨʫʶʪ ʨʝʮʝʧʪʠʚʥʳʝ ʢʣʘʩʪʝʨʳ. 
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ʈʠʩʫʥʦʢ 1.12 ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʨʝʮʝʧʪʦʨʦʚ. ɸ ï ʦʜʠʥʦʯʥʳʡ ʨʝʮʝʧʪʦʨ ʠ ʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʨʝʮʝʧʪʦʨʘʤʠ. ɹ ï ʤʦʥʦʤʝʨʥʘʷ ʨʝʮʝʧʪʠʚʥʘʷ ʤʦʣʝʢʫʣʘ. ɺ ï 

ʨʝʮʝʧʪʠʚʥʳʡ ʜʠʤʝʨ. ɻ ï ʦʙʲʝʜʠʥʝʥʠʝ ʜʚʫʭ ʤʦʥʦʤʝʨʦʚ ʚ ʢʦʥʪʘʢʪʥʳʡ (ɼ) ʠ ʢʦʤʙʠʥʘʮʠʦʥʥʳʡ 

(ɽ) ʜʠʤʝʨʳ. (ʈʘʜʯʝʥʢʦ, 2007) 

ʅʘʭʦʜʷʩʴ ʚ ʩʠʥʘʧʩʝ, ʨʝʮʝʧʪʦʨʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʤ ʫʧʣʦʪʥʝʥʠʠ, 

ʢʦʪʦʨʦʝ ʤʝʰʘʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʠʭ ʤʝʪʘʙʦʪʨʦʧʥʳʤ ʩʚʦʡʩʪʚʘʤ. ɺʥʝ ʩʠʥʘʧʩʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʨʝʮʝʧʪʦʨʳ ʦʢʘʟʳʚʘʶʪʩʷ ʩʧʦʩʦʙʥʳ ʢ ʘʢʪʠʚʘʮʠʠ ʚʪʦʨʠʯʥʦʛʦ ʧʦʩʨʝʜʥʠʢʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩʪʘʥʦʚʷʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʜʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʈʘʟʥʦʩʪʴ ʟʘʨʷʜʦʚ ʥʘʨʫʞʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ ʥʝʡʨʦʥʘ ʩʦʟʜʘʝʪ ʤʝʤʙʨʘʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʛʨʘʥʠʮʝ ʩʨʝʜ ʩ ʨʘʟʥʳʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʩʪʦʷʥʥʳʤʠ ʚʦʟʥʠʢʘʶʪ 

ʜʦʥʥʘʥʦʚʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ. ʆʥʠ ʧʨʦʷʚʣʷʶʪʩʷ ʢʘʢ ʥʘ ʚʥʫʪʨʝʥʥʝʡ, ʪʘʢ ʠ ʥʘ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ 

ʤʝʤʙʨʘʥʳ (Coster, 1975). 

ɼʦʥʥʘʥʦʚʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ ʩʦʟʜʘʶʪ ʚʥʫʪʨʠ ʤʝʤʙʨʘʥʳ ʤʦʱʥʦʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ 

ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 108 ɺ/ʤ. ʕʪʦ ʧʦʣʝ ʠʦʥʠʟʠʨʫʝʪ ʧʦʛʨʫʞʝʥʥʳʝ ʚ ʤʝʤʙʨʘʥʫ ʯʘʩʪʠ 

ʨʘʩʱʝʧʣʝʥʥʳʭ ʢʦʥʮʦʚ ʨʝʮʝʧʪʦʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʛʨʫʞʝʥʥʳʝ ʚ ʤʝʤʙʨʘʥʫ ʦʧʧʦʟʠʪʥʳʝ ʛʨʫʧʧʳ 

ʦʙʨʘʟʫʶʪ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʝ ʜʠʧʦʣʠ (Coster, 1975) (ʈʠʩʫʥʦʢ 1.13). 
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ʈʠʩʫʥʦʢ 1.13 ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʤʝʤʙʨʘʥʳ. ɸ ï ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʝ ʜʠʧʦʣʠ. 

ɹ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʦʚ, Ɋ ï ʩʫʤʤʘ ʜʚʫʭ ʜʦʥʥʘʥʦʚʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ, u ï ʤʝʤʙʨʘʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣ (Coster, 1975) 

ʈʝʮʝʧʪʦʨʳ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʚ ʨʝʮʝʧʪʠʚʥʳʡ ʢʣʘʩʪʝʨ, ʧʦʜʦʙʥʳ ʟʘʨʷʞʝʥʥʦʤʫ ʢʦʥʜʝʥʩʘʪʦʨʫ 

ʩ ʧʣʘʩʪʠʥʘʤʠ ʥʘ ʫʧʨʫʛʦʤ ʧʦʜʚʝʩʝ (ʈʘʜʯʝʥʢʦ, 2007). ɺʘʞʥʦʝ ʩʚʦʡʩʪʚʦ ʪʘʢʠʭ ʨʝʮʝʧʪʦʨʦʚ ï ʵʪʦ 

ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʥʷʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʜʠʧʦʣʷ ʚ ʦʪʚʝʪ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠʣʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ. 

ɻʠʧʝʨʧʦʣʷʨʠʟʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʚʩʪʨʝʯʥʦʤʫ ʧʦʛʨʫʞʝʥʠʶ ʢʦʥʮʦʚ ʨʝʮʝʧʪʦʨʦʚ ʚ ʤʝʤʙʨʘʥʫ. 

ɼʝʧʦʣʷʨʠʟʘʮʠʷ, ʥʘʦʙʦʨʦʪ, ʚʳʪʘʣʢʠʚʘʝʪ ʠʭ ʚʦ ʚʥʝʰʥʶʶ ʠ ʚʥʫʪʨʝʥʥʶʶ ʩʨʝʜʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʮʝʧʪʦʨʦʚ ʩ ʣʠʛʘʥʜʦʤ ʪʘʢʞʝ ʠʟʤʝʥʷʝʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʭ ʢʦʥʮʘʤʠ, 

ʚʳʪʘʣʢʠʚʘʷ ʠʭ ʚʥʝ ʠ ʚʥʫʪʨʴ ʢʣʝʪʢʠ. 

ʇʦʛʨʫʞʝʥʠʝ ʥʘʨʫʞʥʳʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʯʘʩʪʝʡ ʢʣʘʩʪʝʨʘ ʚ ʤʝʤʙʨʘʥʫ ʦʩʣʘʙʣʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʮʝʧʪʦʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʣʠʛʘʥʜʘʤʠ ʠ ʚʪʦʨʠʯʥʳʤʠ ʧʦʩʨʝʜʥʠʢʘʤʠ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʝʮʝʧʪʦʨʳ ʪʝʨʷʶʪ ʩʚʦʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ. ɺʳʪʘʣʢʠʚʘʥʠʝ ʠʟ ʤʝʤʙʨʘʥʳ, 

ʥʘʧʨʦʪʠʚ, ʧʦʚʳʰʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʮʝʧʪʦʨʦʚ (ʈʘʜʯʝʥʢʦ, 2007). 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʮʝʧʪʦʨʘ ʩ ʣʠʛʘʥʜʦʤ ʤʝʥʷʝʪ ʝʛʦ ʢʦʥʬʦʨʤʘʮʠʶ. ʂʦʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʩʦʭʨʘʥʷʪʴʩʷ ʠ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ. ɺ ʠʟʤʝʥʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʨʝʮʝʧʪʦʨ ʤʦʞʝʪ ʙʳʪʴ ʘʢʪʠʚʝʥ, ʪʦ ʝʩʪʴ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʜʝʡʩʪʚʠʶ ʘʛʦʥʠʩʪʦʚ, ʣʠʙʦ ʧʘʩʩʠʚʝʥ, ʪʦ 

ʝʩʪʴ ʥʝʯʫʚʩʪʚʠʪʝʣʝʥ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʮʝʧʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ 

ʩʙʨʦʰʝʥʦ ʜʦ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʠʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. ʊʘʢʞʝ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʥʘʦʙʦʨʦʪ, ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʠ ʩʦʭʨʘʥʝʥʦ ʨʝʮʝʧʪʦʨʦʤ ʥʘʜʦʣʛʦ ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ ʘʜʛʝʟʠʠ ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ɺ ʨʘʙʦʪʝ (ʈʘʜʯʝʥʢʦ, 2007) ʧʨʠʚʝʜʝʥʘ ʚʦʟʤʦʞʥʘʷ ʩʭʝʤʘ ʪʘʢʠʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʝʨʝʭʦʜʦʚ (ʈʠʩʫʥʦʢ 1.14). 




