
ʈʆʉʉʀʁʉʂɸʗ ɸʂɸɼɽʄʀʗ ʅɸʋʂ 

ʀʅʉʊʀʊʋʊ ʌʀɿʀʆʃʆɻʀʀ ʀʄ. ʀ.ʇ.ʇɸɺʃʆɺɸ 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

ʄʋʉʀɽʅʂʆ  

ʇɸɺɽʃ ɽɺɻɽʅʔɽɺʀʏ 

 

 

ʉʇʀʅɸʃʔʅʆ-ʉʊɺʆʃʆɺʓɽ ʄɽʍɸʅʀɿʄʓ ʀʅʊɽɻʈɸʊʀɺʅʆɻʆ 

ʂʆʅʊʈʆʃʗ ʇʆɿʓ ʀ ʃʆʂʆʄʆʎʀʀ  

 

 

 

03.03.01 ï ʬʠʟʠʦʣʦʛʠʷ 

 

 

ɸɺʊʆʈɽʌɽʈɸʊ 

ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʜʦʢʪʦʨʘ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ 

 

 

 

 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

2014 



 2 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʦʣʦʛʠʠ ʜʚʠʞʝʥʠʡ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʬʠʟʠʦʣʦʛʠʠ ʠʤ. 

ʀ.ʇ.ʇʘʚʣʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ:        ɼʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ɻʝʨʘʩʠʤʝʥʢʦ ʖʨʠʡ ʇʝʪʨʦʚʠʯ 

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ:  ɸʢʘʜʝʤʠʢ ʈɸʅ,  

 ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 ɺʝʩʝʣʢʠʥ ʅʠʢʦʣʘʡ ʇʝʪʨʦʚʠʯ 

 ʀʥʩʪʠʪʫʪ ʵʚʦʣʶʮʠʦʥʥʦʡ ʬʠʟʠʦʣʦʛʠʠ ʠ ʙʠʦʭʠʤʠʠ 

 ʠʤ. ʀ.ʄ.ʉʝʯʝʥʦʚʘ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 ɼʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʄʫʰʢʠʥ ɸʣʝʢʩʘʥʜʨ ʖʨʴʝʚʠʯ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʬʪʠʟʠʦʧʫʣʴʤʦʥʦʣʦʛʠʠ  

ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ 

ɼʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʌʨʦʣʦʚ ɸʣʝʢʩʘʥʜʨ ɸʣʝʢʩʝʝʚʠʯ 

ʀʥʩʪʠʪʫʪ ʚʳʩʰʝʡ ʥʝʨʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ 

ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ ʈɸʅ, ʄʦʩʢʚʘ 

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ:       ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈʌ ï  

                                              ʀʥʩʪʠʪʫʪ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʈɸʅ,  

                                              ʛ. ʄʦʩʢʚʘ 

ɿʘʱʠʪʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪʩʷ ç_____è________________ 2014 ʛʦʜʘ ʚ 

_______ ʯʘʩʦʚ ʥʘ  ʟʘʩʝʜʘʥʠʠ ɼʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ʧʦ ʟʘʱʠʪʝ ʜʦʢʪʦʨʩʢʠʭ 

ʠ ʢʘʥʜʠʜʘʪʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʡ ʧʨʠ  ʀʥʩʪʠʪʫʪʝ ʬʠʟʠʦʣʦʛʠʠ ʠʤ. ʀ.ʇ.ʇʘʚʣʦʚʘ 

ʈɸʅ (ɼ 002.020.01). 199034, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʥʘʙ.ʄʘʢʘʨʦʚʘ, ʜ.6. 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʦʣʦʛʠʠ ʠʤ. 

ʀ.ʇ.ʇʘʚʣʦʚʘ ʈɸʅ. 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ ç___è_________________ 2014 ʛʦʜʘ 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ 

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ                                            ʅ.ʕ. ʆʨʜ̫ʥ 
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɸʂʊʋɸʃʔʅʆʉʊʔ ʇʈʆɹʃɽʄʓ. ɸʢʪʠʚʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʷʚʣʷʝʪʩʷ ʞʠʟʥʝʥʥʦ ʚʘʞʥʦʡ ʜʚʠʛʘʪʝʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɺʩʝ ʝʛʦ ʢʦʤʧʦʥʝʥʪʳ, 

ʚʢʣʶʯʘʷ ʩʪʦʷʥʠʝ, ʠʥʠʮʠʘʮʠʶ ʠ ʚʳʙʦʨ ʥʘʧʨʘʚʣʝʥʠʷ ʣʦʢʦʤʦʮʠʠ, ʧʨʝʦʜʦʣʝʥʠʝ 

ʧʨʝʧʷʪʩʪʚʠʡ, ʨʝʘʢʮʠʶ ʥʘ ʚʦʟʤʫʱʘʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʪʨʝʙʫʶʪ ʪʦʥʢʦʡ 

ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʞʜʫ ʜʚʠʞʝʥʠʷʤʠ ʢʦʥʝʯʥʦʩʪʝʡ ʠ ʪʫʣʦʚʠʱʘ, ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʤʳʰʝʯʥʦʛʦ ʪʦʥʫʩʘ, ʧʦʟʳ ʪʝʣʘ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʚʥʦʚʝʩʠʷ (Bolton, 

Misiaszek, 2009). ʅʘʨʫʰʝʥʠʝ ʣʶʙʦʡ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʪʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʠ 

ʟʘʙʦʣʝʚʘʥʠʷʭ ʠ ʪʨʘʚʤʘʭ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʠʪ ʢ ʪʷʞʝʣʳʤ ʜʚʠʛʘʪʝʣʴʥʳʤ 

ʨʘʩʩʪʨʦʡʩʪʚʘʤ, ʨʝʟʢʦ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʫʨʦʚʝʥʴ ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ ʠ 

ʠʤʝʶʱʠʤ ʚʳʩʦʢʫʶ ʩʦʮʠʘʣʴʥʫʶ ʟʥʘʯʠʤʦʩʪʴ. 

ʄʥʦʛʠʝ ʜʚʠʛʘʪʝʣʴʥʳʝ ʮʝʥʪʨʳ ʎʅʉ ʦʪ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʜʦ ʩʧʠʥʥʦʛʦ 

ʤʦʟʛʘ ʫʯʘʩʪʚʫʶʪ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʧʦʟʳ ʪʝʣʘ ʧʨʠ ʩʪʦʷʥʠʠ ʠ ʭʦʜʴʙʝ (Horak, 

Macpherson, 1996; Jacobs, Horak, 2007; Karayannidou et al., 2009). ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʥʝ ʚʧʦʣʥʝ ʷʩʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʩʪʫʨʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʤʝʞʜʫ ʵʪʠʤʠ 

ʮʝʥʪʨʘʤʠ ʠ ʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ (Lyalka et al., 2005; Macpherson et al., 

1997). ɺʤʝʩʪʝ ʩ ʪʝʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʝʮʝʨʝʙʨʠʨʦʚʘʥʥʳʝ ʞʠʚʦʪʥʳʝ 

ʩʧʦʩʦʙʥʳ ʩʪʦʷʪʴ ʠ ʭʦʜʠʪʴ, ʥʝ ʪʝʨʷʷ ʨʘʚʥʦʚʝʩʠʷ (Bard, Macht, 1958; Magnus, 

1924). ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʧʦʟʳ ʠ ʣʦʢʦʤʦʮʠʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʩʪʚʦʣʘ ʠ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʠ ʥʝ ʪʨʝʙʫʝʪ 

ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʫʯʘʩʪʠʷ ʚʳʩʰʠʭ ʥʝʨʚʥʳʭ ʮʝʥʪʨʦʚ (Mori, 1987; Deliagina et al., 

2006). ʄʘʣʦ ʠʟʫʯʝʥʘ, ʦʜʥʘʢʦ, ʢʦʥʢʨʝʪʥʘʷ ʨʦʣʴ ʩʪʚʦʣʦʚʳʭ ʠ ʩʧʠʥʘʣʴʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʨʝʛʫʣʷʮʠʠ ʧʦʟʳ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʩʚʷʟʠ ʜʚʫʭ 

ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʷʝʤʳʭ ʩʠʩʪʝʤ ʣʦʢʦʤʦʪʦʨʥʦʛʦ ʠ ʧʦʩʪʫʨʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ. 

ʅʘʨʫʰʝʥʠʝ ʩʫʧʨʘʩʧʠʥʘʣʴʥʳʭ ʚʣʠʷʥʠʡ ʧʦ-ʨʘʟʥʦʤʫ ʜʝʡʩʪʚʫʝʪ ʥʘ 

ʣʦʢʦʤʦʪʦʨʥʫʶ ʠ ʧʦʩʪʫʨʘʣʴʥʫʶ ʬʫʥʢʮʠʠ. ʉʧʠʥʘʣʴʥʘʷ ʤʦʪʦʨʥʘʷ ʩʠʩʪʝʤʘ, 

ʣʠʰʝʥʥʘʷ ʩʠʛʥʘʣʦʚ ʦʪ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʤʦʞʝʪ ʫʧʨʘʚʣʷʪʴ ʣʦʢʦʤʦʪʦʨʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ (Forsberg, Grillner, 1973), ʥʦ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʠʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʞʠʚʦʪʥʳʝ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʳʤʠ 

ʧʦʩʪʫʨʘʣʴʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʚʥʦʚʝʩʠʷ (Macpherson et 
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al., 1997). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʧʠʥʥʦʡ ʤʦʟʛ ʩʦʜʝʨʞʠʪ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʩʧʦʩʦʙʥʳʝ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʨʠʪʤʠʯʝʩʢʠʡ ʣʦʢʦʤʦʪʦʨʥʳʡ ʧʘʪʪʝʨʥ, ʪʦʛʜʘ ʢʘʢ ʧʦʩʪʫʨʘʣʴʥʳʡ 

ʢʦʥʪʨʦʣʴ ʪʨʝʙʫʝʪ ʫʯʘʩʪʠʷ ʮʝʥʪʨʦʚ ʩʪʚʦʣʘ ʠ ʧʝʨʝʜʥʝʛʦ ʤʦʟʛʘ (Macpherson et 

al., 1997; Deliagina et al., 2006). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʳʭ ʪʨʝʥʠʨʦʚʦʢ ʫ ʩʧʠʥʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʤʦʞʥʦ  ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʩʪʝʧʝʥʠ ʚʦʩʩʪʘʥʦʚʠʪʴ ʬʫʥʢʮʠʶ ʧʦʜʜʝʨʞʢʠ ʚʝʩʘ ʪʝʣʘ ʧʨʠ ʧʝʨʝʜʚʠʞʝʥʠʠ 

(Barbeau, Rossignol, 1987; Lovely et al., 1990). ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʙʘʟʦʚʳʝ ʤʝʭʘʥʠʟʤʳ ʧʦʩʪʫʨʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʠʥʪʝʛʨʘʮʠʠ 

ʧʦʟʳ ʠ ʣʦʢʦʤʦʮʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, 

ʥʠʩʭʦʜʷʱʠʝ ʠʤʧʫʣʴʩʳ ʦʪ ʩʪʚʦʣʦʚʳʭ ʮʝʥʪʨʦʚ ʘʢʪʠʚʠʨʫʶʪ ʠ ʢʦʨʨʝʢʪʠʨʫʶʪ ʠʭ 

ʨʘʙʦʪʫ (Deliagina et al., 2008), ʘ ʟʥʘʥʠʝ ʧʨʠʨʦʜʳ ʚʣʠʷʥʠʡ ʩʫʧʨʘʩʧʠʥʘʣʴʥʳʭ 

ʩʠʩʪʝʤ ʧʦʟʚʦʣʠʪ ʨʘʟʚʠʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʩʧʠʥʘʣʴʥʳʤʠ ʥʝʡʨʦʥʘʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʧʨʠ ʧʘʪʦʣʦʛʠʠ (Musienko et al., 

2009).  

ʇʨʝʜʩʪʘʚʣʷʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʦʣʠ ʦʪʜʝʣʴʥʳʭ ʮʝʥʪʨʦʚ ʩʪʚʦʣʘ, ʥʠʩʭʦʜʷʱʠʭ ʩʫʧʨʘʩʧʠʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ 

ʩʧʠʥʘʣʴʥʳʭ ʩʝʪʝʡ ʚ ʫʧʨʘʚʣʝʥʠʠ ʧʦʟʦʡ ʠ ʣʦʢʦʤʦʮʠʝʡ, ʘ ʪʘʢʞʝ ʚʳʷʩʥʝʥʠʝ 

ʩʝʥʩʦʤʦʪʦʨʥʳʭ ʠʥʪʝʛʨʘʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʵʪʠʭ ʜʚʫʭ ʥʝʨʘʟʜʝʣʠʤʳʭ ʚ 

ʫʩʣʦʚʠʷʭ ʛʨʘʚʠʪʘʮʠʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʘʢʪʠʚʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʂʨʦʤʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ, ʠʟʫʯʝʥʠʝ ʤʝʪʦʜʦʚ ʚʦʟʤʦʞʥʦʡ ʟʘʤʝʥʳ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʫʧʨʘʩʧʠʥʘʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ 

ʠʤʝʝʪ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʥʝʡʨʦʨʝʘʙʠʣʠʪʘʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʷʭ ʠ ʪʨʘʚʤʘʭ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʥʘʨʫʰʝʥʠʷʤʠ ʣʦʢʦʤʦʪʦʨʥʦʡ ʠ ʧʦʩʪʫʨʘʣʴʥʦʡ 

ʬʫʥʢʮʠʡ.  

ʎɽʃʔ ʀ ɿɸɼɸʏʀ ʀʉʉʃɽɼʆɺɸʅʀʗ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʠʥʘʣʴʥʳʭ ʠ ʩʪʚʦʣʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠʥʪʝʛʨʘʪʠʚʥʦʛʦ 

ʧʦʩʪʫʨʘʣʴʥʦ-ʣʦʢʦʤʦʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʤʝʪʦʜʦʚ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ 

ʥʝʡʨʦʤʦʪʦʨʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚʘʭ.  

ʕʪʘ ʮʝʣʴ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ:  
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1.ʀʟʫʯʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʤʦʪʦʨʥʳʭ ʮʝʥʪʨʦʚ ʩʪʚʦʣʘ, 

ʥʠʩʭʦʜʷʱʠʭ ʥʝʡʨʦʤʝʜʠʘʪʦʨʥʳʭ ʩʠʩʪʝʤ ʠ ʩʧʠʥʘʣʴʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʧʦʟʦʡ ʧʨʠ ʩʪʦʷʥʠʠ ʠ ʣʦʢʦʤʦʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

2.ɺʳʷʚʠʪʴ ʩʝʥʩʦʤʦʪʦʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠʥʪʝʛʨʘʮʠʠ ʣʦʢʦʤʦʪʦʨʥʦʡ ʠ 

ʧʦʩʪʫʨʘʣʴʥʦʡ  ʩʠʩʪʝʤ.  

3.ʅʘʡʪʠ ʤʝʪʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʘʢʪʠʚʘʮʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ  

ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʩʫʧʨʘʩʧʠʥʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ. 

4.ʈʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʥʝʡʨʦʨʝʘʙʠʣʠʪʘʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʪʨʝʥʠʨʦʚʢʠ 

ʧʦʩʪʫʨʘʣʴʥʦʡ ʠ ʣʦʢʦʤʦʪʦʨʥʦʡ ʬʫʥʢʮʠʡ ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʷʭ ʠ ʪʨʘʚʤʘʭ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ.  

5.ʀʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʥʝʡʨʦʥʘʣʴʥʳʭ ʩʚʷʟʝʡ ʚ ʦʙʭʦʜ 

ʧʦʚʨʝʞʜʝʥʠʷ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ. 

ʅɸʋʏʅɸʗ ʅʆɺʀɿʅɸ.  ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ  

ʪʦʤ, ʯʪʦ ʩʧʠʥʥʦʡ ʤʦʟʛ ʩʦʜʝʨʞʠʪ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ 

ʛʝʥʝʨʘʮʠʶ ʧʦʩʪʫʨʘʣʴʥʳʭ ʨʝʘʢʮʠʡ ʧʨʠ ʩʪʦʷʥʠʠ, ʟʘ ʢʦʥʪʨʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ 

ʣʦʢʦʤʦʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʧʨʠ ʭʦʜʴʙʝ, ʘ ʪʘʢʞʝ 

ʚʳʷʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʘʢʪʠʚʘʮʠʠ ʵʪʠʭ ʩʝʪʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʠʤʫʣʷʮʠʝʡ. 

ʇʦʣʫʯʝʥʳ ʧʨʠʦʨʠʪʝʪʥʳʝ ʜʘʥʥʳʝ ʦ ʨʝʬʣʝʢʪʦʨʥʳʭ ʤʝʭʘʥʠʟʤʘʭ 

ʠʥʪʝʛʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʟʳ ʠ ʣʦʢʦʤʦʮʠʠ ʧʨʠ ʘʢʪʠʚʥʦʤ ʧʝʨʝʜʚʠʞʝʥʠʠ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʥʘ ʦʩʥʦʚʝ  ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʦʤʘʪʦʩʝʥʩʦʨʥʳʭ ʩʠʛʥʘʣʦʚ ʦʪ 

ʢʦʥʝʯʥʦʩʪʝʡ ʠ ʪʫʣʦʚʠʱʘ.  

ʇʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʥʝʡʨʦʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʚʧʝʨʚʳʝ ʩʦʟʜʘʥ ʦʙʰʠʨʥʳʡ ʢʘʪʘʣʦʛ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʤʦʥʦʘʤʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʥʳʝ ʩʠʩʪʝʤʳ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

ʘʩʧʝʢʪʘʤʠ ʣʦʢʦʤʦʪʦʨʥʦʛʦ ʠ ʧʦʩʪʫʨʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʆʪʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ 

ʚʳʙʦʨʘ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʢʦʤʙʠʥʘʮʠʡ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʣʦʞʠʪʴ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʘʧʨʦʙʠʨʦʚʘʪʴ ʩʦʯʝʪʘʥʠʷ 
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ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʵʬʬʝʢʪʠʚʥʦ ʟʘʤʝʱʘʶʱʠʭ ʥʠʩʭʦʜʷʱʠʝ 

ʩʫʧʨʘʩʧʠʥʘʣʴʥʳʝ ʚʣʠʷʥʠʷ ʚ ʢʦʥʪʨʦʣʝ ʣʦʢʦʤʦʮʠʠ ʠ ʧʦʟʳ ʧʦʩʣʝ ʧʦʚʨʝʞʜʝʥʠʷ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ. 

ʈʘʟʨʘʙʦʪʘʥ ʧʨʠʦʨʠʪʝʪʥʳʡ ʘʣʛʦʨʠʪʤ ʤʫʣʴʪʠʩʠʩʪʝʤʥʦʡ ʥʝʡʨʦʨʝʘʙʠʣʠʪʘʮʠʠ, 

ʚʢʣʶʯʘʶʱʠʡ ʤʫʣʴʪʠʩʝʛʤʝʥʪʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʪʠʤʫʣʷʮʠʶ ʩʧʠʥʥʦʛʦ 

ʤʦʟʛʘ, ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʝʩʢʦʣʴʢʦ ʥʝʡʨʦʨʝʮʝʧʪʦʨʦʚ ʠ 

ʪʨʝʥʠʨʦʚʢʫ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝʣʴʥʳʭ ʟʘʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʧʦʩʪʫʨʘʣʴʥʦʛʦ ʥʝʡʨʦʧʨʦʪʝʟʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʜʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʘʢʪʠʚʘʮʠʠ 

ʥʝʡʨʦʧʣʘʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʥʠʞʝ 

ʫʨʦʚʥʷ ʧʦʚʨʝʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ ʚ ʩʪʦʨʦʥʫ ʜʚʠʛʘʪʝʣʴʥʦʛʦ 

ʨʝʦʙʫʯʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʥʘʨʫʰʝʥʥʦʛʦ ʤʦʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʷ. 

ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʢʫʩʩʪʚʝʥʥʦ ʥʘʧʨʘʚʣʷʝʤʘʷ ʥʝʡʨʦʧʣʘʩʪʠʯʥʦʩʪʴ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʥʝʡʨʦʨʝʘʙʠʣʠʪʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ 

ʟʘʪʨʘʛʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʩʧʠʥʘʣʴʥʳʝ ʩʝʪʠ, ʘ ʠʤʝʝʪ ʩʠʩʪʝʤʥʳʡ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ 

ʭʘʨʘʢʪʝʨ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʘʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ 

ʥʝʡʨʦʥʥʳʭ ʮʝʥʪʨʦʚ ʩʪʚʦʣʘ ʤʦʟʛʘ ʠ ʠʭ ʩʧʠʥʘʣʴʥʳʭ ʧʨʦʝʢʮʠʡ ʚʥʦʩʠʪ ʩʚʦʡ 

ʚʢʣʘʜ ʚ ʢʦʤʧʝʥʩʘʮʠʶ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʙʭʦʜ ʧʦʚʨʝʞʜʝʥʠʷ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʪʝʧʝʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʷ.  

ʆʉʅʆɺʅʓɽ ʇʆʃʆɾɽʅʀʗ, ɺʓʅʆʉʀʄʓɽ ʅɸ ɿɸʑʀʊʋ 

1.ʉʧʠʥʥʦʡ ʤʦʟʛ ʩʦʜʝʨʞʠʪ ʚʳʩʦʢʦʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʛʝʥʝʨʘʮʠʶ ʧʦʩʪʫʨʘʣʴʥʳʭ ʨʝʘʢʮʠʡ ʧʨʠ ʩʪʦʷʥʠʠ, ʟʘ ʢʦʥʪʨʦʣʴ 

ʤʳʰʝʯʥʦʛʦ ʪʦʥʫʩʘ ʠ ʙʘʣʘʥʩʘ ʧʨʠ ʭʦʜʴʙʝ. ɺ ʥʦʨʤʝ ʨʘʙʦʪʘ ʵʪʠʭ ʩʝʪʝʡ 

ʘʢʪʠʚʠʨʫʝʪʩʷ ʠ ʤʦʜʫʣʠʨʫʝʪʩʷ ʩʠʛʥʘʣʘʤʠ ʠʟ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʢʦʪʦʨʳʝ ʧʨʠ 

ʧʘʪʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʠʤʫʣʷʮʠʝʡ. 

2.ɼʠʥʘʤʠʯʝʩʢʠʡ ʧʦʩʪʫʨʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʧʨʠ ʭʦʜʴʙʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴʩʷ 

ʠʥʪʝʛʨʘʮʠʝʡ ʥʝʡʨʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʘʟʣʠʯʥʳʝ ʬʘʟʳ 

ʣʦʢʦʤʦʪʦʨʥʦʛʦ ʮʠʢʣʘ ʥʘ ʦʩʥʦʚʝ ʩʦʤʘʪʦʩʝʥʩʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ 



 7 

ʢʦʥʝʯʥʦʩʪʝʡ ʠ ʪʫʣʦʚʠʱʘ. ʕʪʠ ʤʝʭʘʥʠʟʤʳ ʢʦʤʧʝʥʩʠʨʫʶʪ ʦʪʢʣʦʥʝʥʠʝ ʠʟ 

ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʘʥʜʘʨʪʥʦʝ ʤʝʜʠʦʣʘʪʝʨʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʢʦʥʝʯʥʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʫʣʦʚʠʱʘ, ʨʝʛʫʣʠʨʫʷ 

ʙʠʦʤʝʭʘʥʠʯʝʩʢʫʶ ʞʝʩʪʢʦʩʪʴ ʢʦʥʝʯʥʦʩʪʝʡ ʠ ʫʨʦʚʝʥʴ ʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʤʳʰʮ ʩʧʠʥʳ.  

3.ʇʨʠ ʩʧʠʥʘʣʴʥʦʤ ʧʦʚʨʝʞʜʝʥʠʠ ʢʦʤʙʠʥʘʮʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ ʥʝʡʨʦʨʝʮʝʧʪʦʨʦʚ ʠ 

ʪʨʝʥʠʨʦʚʢʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝʣʴʥʳʭ ʟʘʜʘʯ ʘʢʪʠʚʠʨʫʝʪ ʠ ʥʘʧʨʘʚʣʷʝʪ 

ʥʝʡʨʦʧʣʘʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʩʧʠʥʥʦʤ ʤʦʟʛʝ. ʉʪʨʫʢʪʫʨʥʘʷ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʥʝʡʨʦʥʥʳʭ ʮʝʥʪʨʦʚ ʩʪʚʦʣʘ ʤʦʟʛʘ ʠ ʠʭ 

ʩʧʠʥʘʣʴʥʳʭ ʧʨʦʝʢʮʠʡ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʢʦʤʧʝʥʩʘʮʠʶ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʦʙʭʦʜ ʧʦʚʨʝʞʜʝʥʠʷ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʦʩʪʫʨʘʣʴʥʦʡ, 

ʣʦʢʦʤʦʪʦʨʥʦʡ ʬʫʥʢʮʠʡ ʠ ʠʭ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ.  

ʅɸʋʏʅʆ-ʊɽʆʈɽʊʀʏɽʉʂʆɽ ʀ ʇʈɸʂʊʀʏɽʉʂʆɽ ɿʅɸʏɽʅʀɽ. 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʨʘʩʰʠʨʝʥʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʩʠʩʪʝʤʝ ʧʦʩʪʫʨʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ 

ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. ʆʙʥʘʨʫʞʝʥʥʝr ʤʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ       

ʜʠʥʘʤʠʯʝʩʢʦʛʦ  ʙʘʣʘʥʩʘ ʧʨʠ ʭʦʜʴʙʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʪʝʩʥʦʡ 

ʠʥʪʝʛʨʘʮʠʠ ʣʦʢʦʤʦʪʦʨʥʳʭ ʠ ʧʦʩʪʫʨʘʣʴʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʩʫʱʝʩʪʚʦʚʘʥʠʠ 

ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʠʭ ʫʧʨʘʚʣʝʥʠ ̫ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʧʨʠʤʝʨʦʚ ʦʙʱʝʛʦ ʧʨʠʥʮʠʧʘ 

ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʝʥʩʦʤʦʪʦʨʥʳʭ ʬʫʥʢʮʠʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʦʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʙʣʘʛʦʜʘʨʷ ʛʣʫʙʦʢʦʡ ʠʥʪʝʛʨʘʮʠʠ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʨʘʙʦʪʝ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʩʪʚʦʣʘ ʠ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, ʥʝʨʚʥʘʷ 

ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ   ʧʣʘʩʪʠʯʥʦʩʪʴʶ,    ʢʦʪʦʨʘʷ    ʠʛʨʘʝʪ    ʚʘʞʥʝʡʰʫʶ 

ʨʦʣʴ ʚ ʦʙʫʯʝʥʠʠ ʥʦʚʳʤ ʥʘʚʳʢʘʤ ʠ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʜʚʠʛʘʪʝʣʴʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ  ʧʨʠ ʧʘʪʦʣʦʛʠʠ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʤʝʪʦʜʳ ʤʫʣʴʪʠʩʠʩʪʝʤʥʦʡ 

ʥʝʡʨʦʨʝʘʙʠʣʠʪʘʮʠʠ ʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʦʟʜʘʥʠʠ ʥʝʡʨʦʧʨʦʪʝʟʦʚ ʜʣʷ ʣʝʯʝʥʠʷ ʙʦʣʴʥʳʭ ʩ 

ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ. ʄʝʪʦʜ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ 
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ʭʠʤʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ (ʧʨʠʦʨʠʪʝʪ ʥʘ ʧʘʪʝʥʪ ʦʪ 30.06.2009 ˉ 2411589)  

ʧʨʠʤʝʥʷʣʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠʤʧʣʘʥʪʠʨʫʝʤʳʭ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ 

ʤʫʣʴʪʠʵʣʝʢʪʨʦʜʥʳʭ ʠ ʭʝʤʦʪʨʦʜʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ (ʧʨʠʦʨʠʪʝʪ ʥʘ ʧʘʪʝʥʪ ʦʪ 

23.12.2011  ̄ 20130303873) ʜʣʷ ʩʪʠʤʫʣʷʮʠʠ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʧʨʠ 

ʥʝʡʨʦʤʦʪʦʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ.   

ɸʇʈʆɹɸʎʀʗ ʈɸɹʆʊʓ. ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʢʣʘʜʳʚʘʣʠʩʴ: ʥʘ V 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ 

ʬʠʟʠʦʣʦʛʠʠ ʤʳʰʮ ʠ ʤʳʰʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʄʦʩʢʚʘ, 2009); XXI ʉʲʝʟʜʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʠʤ. ʀ.ʇ. ʇʘʚʣʦʚʘ (ʂʘʣʫʛʘ, 2010); III 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

ʜʚʠʞʝʥʠʝʤ (ɺʝʣʠʢʠʝ ʃʫʢʠ, 2010); VI ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʬʠʟʠʦʣʦʛʠʠ ʤʳʰʮ ʠ ʤʳʰʝʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ  (ʄʦʩʢʚʘ,  2011); IV ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʝʤ (ʄʦʩʢʚʘ, 2012); VII ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʬʠʟʠʦʣʦʛʠʠ ʤʳʰʮ ʠ 

ʤʳʰʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʄʦʩʢʚʘ, 2013); 36
th
  Annual Meeting of  International 

Society for Neuroscience (Atlanta, 2006); 37
th
 Annual Meeting of International 

Society for Neuroscience (San Diego 2007); 38
th
 Annual Meeting of International 

Society for Neuroscience (Washington, 2008); 39
th
 Annual Meeting of 

International Society for Neuroscience (Chicago, 2009); NCCR Neural Plasticity 

and Repair, Meeting, (Berlingen, 2009); 6
 th

 International Forum of  European 

Neuroscience (Geneva, 2008); 40
th
 Annual Meeting of International Society for 

Neuroscience (San Diego, 2010); 41
th
 Annual Meeting of International 

International Society for Neuroscience (Washington, 2011); 42
th
 Annual Meeting 

of Society for Neuroscience (New Orleans, 2012); 6
th
 International Conference on 

Neural Engineering (San Diego, 2013); 43
th
 Annual Meeting of International 

Society for Neuroscience (San Diego, 2013). 

http://www.nccr-neuro.uzh.ch/
http://www.nccr-neuro.uzh.ch/
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ʇʋɹʃʀʂɸʎʀʀ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 85 ʥʘʫʯʥʳʭ 

ʨʘʙʦʪ, ʚʢʣʶʯʘʷ 24 ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ. ʇʦʣʫʯʝʥʦ 6 ʧʘʪʝʥʪʦʚ 

ʥʘ ʠʟʦʙʨʝʪʝʥʠʷ. 

ʃʀʏʅʓʁ ɺʂʃɸɼ ɼʀʉʉɽʈʊɸʅʊɸ. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ 

ʟʘʠɦʪʫ, ʧʦʣʫʯʝʥʳ ʣʠʯʥʦ ʜʠʩʩʝʨʪʘʥʪʦʤ ʠʣʠ ʧʨʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 

ʫʯʘʩʪʠʠ. ɸʚʪʦʨ ʚʳʧʦʣʥʷʣ ʧʦʩʪʘʥʦʚʢʫ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʨʘʟʨʘʙʦʪʢʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʠ ʦʧʳʪʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʧʨʦʚʝʜʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʙʨʘʙʦʪʢʫ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʉʊʈʋʂʊʋʈɸ ɼʀʉʉɽʈʊɸʎʀʀ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʤʝʪʦʜʠʯʝʩʢʦʡ ʛʣʘʚʳ, ʯʝʪʳʨʝʭ ʛʣʘʚ ʩʦʙʩʪʚʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ, ʦʙʱʝʛʦ ʦʙʩʫʞʜʝʥʠʷ, 

ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 509 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 340 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 82 ʨʠʩʫʥʢʘ ʠ 2 ʪʘʙʣʠʮ.r 

ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʆʩʥʦʚʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʦʜʝʣʠ 

ʆʩʪʨʳʝ ʤʦʜʝʣʠ ʜʝʮʝʨʝʙʨʠʨʦʚʘʥʥʳʭ ʠ ʩʧʠʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʞʠʚʦʪʥʳʭ 

ɼʝʮʝʨʝʙʨʠʨʦʚʘʥʥʳʝ (n=34 ʢʦʰʢʠ, n=15 ʢʨʦʣʠʢʦʚ) ʠ ʩʧʠʥʘʣʠʟʠʨʦʚʘʥʥʝr 

(n=17 ʢʨʦʣʠʢʦʚ) ʤʦʜʝʣʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʩʪʨʳʭ ʦʧʳʪʦʚ. 

ʇʝʨʝʨʝʟʢʘ, ʧʨʦʚʝʜʝʥʥʘʷ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʫʩʪʨʘʥʷʣʘ 

ʚʣʠʷʥʠʝ ʦʪ ʧʝʨʝʜʥʝʛʦ ʤʦʟʛʘ ʠ ʚʳʰʝʣʝʞʘʱʠʭ ʮʝʥʪʨʦʚ ʩʪʚʦʣʘ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʠʩʩʣʝʜʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʚʦʣʦʚʦʛʦ ʥʝʡʨʦʥʘʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ 

ʢʦʥʪʨʦʣʝ ʧʦʟʳ ʠ ʣʦʢʦʤʦʮʠʠ (ʈʠʩ. 1, 3, 4). ʇʝʨʝʨʝʟʢʘ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ (T7-9, 

T12) ʧʦʟʚʦʣʷʣʘ ʠʟʫʯʘʪʴ ʩʦʙʩʪʚʝʥʥʦ ʩʧʠʥʘʣʴʥʳʝ ʥʝʡʨʦʥʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ. 

ʋʨʦʚʝʥʴ ʜʝʮʝʨʝʙʨʘʮʠʠ ʠ ʧʦʣʥʦʪʘ ʩʧʠʥʘʣʠʟʘʮʠʠ ʧʨʦʚʝʨʷʣʠʩʴ ʧʦʩʣʝ ʦʧʳʪʘ 

ʧʨʠ ʜʠʩʩʝʢʮʠʠ. 

ʍʨʦʥʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʚʨʝʞʜʝʥʠʷ ʩʧʠʥʥʦʛʦ ʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʜʚʠʛʘʪʝʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʧʘʨʘʣʠʟʦʚʘʥʥʳʭ ʞʠʚʦʪʥʳʭ ʠ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʥʝʡʨʦʨʝʘʙʠʣʠʪʘʮʠʠ ʧʨʠʤʝʥʷʣʠʩʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʦʜʝʣʠ ʢʨʳʩ ʥʝʩʢʦʣʴʢʠʭ ʣʠʥʠʡ (Sprague Dawley, Lewis) 
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ʩ ʧʦʨʘʞʝʥʠʝʤ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ (ʠʰʝʤʠʯʝʩʢʠʡ ʠʥʩʫʣʴʪ) ʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʠ ʣʦʢʘʣʠʟʘʮʠʡ. ʇʦʜ ʦʙʱʠʤ 

ʥʘʨʢʦʟʦʤ ʠ ʚ ʩʪʝʨʠʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʧʦʣʥʷʣʠʩʴ ʧʦʣʥʘʷ ʧʝʨʝʨʝʟʢʘ ʩʧʠʥʥʦʛʦ 

ʤʦʟʛʘ ʥʘ ʛʨʫʜʥʦʤ ʫʨʦʚʥʝ ʊ7-T8 (n=44), ʧʨʘʚʦʩʪʦʨʦʥʥʷʷ ʣʘʪʝʨʘʣʴʥʘʷ 

ʛʝʤʠʩʝʢʮʠʷ ʥʘ ʫʨʦʚʥʝ ʰʝʡʥʦʛʦ ʦʪʜʝʣʘ ʉ7 (n=5), ʜʚʝ ʣʘʪʝʨʘʣʴʥʳʝ ʛʝʤʠʩʝʢʮʠʠ 

(n=46), ʧʨʦʠʟʚʝʜʝʥʥʳʝ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥʘʭ ʠ ʥʘ ʨʘʟʥʳʭ 

ʩʧʠʥʘʣʴʥʳʭ ʫʨʦʚʥʷʭ (T7 ʠ T10). ʀʰʝʤʠʯʝʩʢʦʝ ʧʦʨʘʞʝʥʠʝ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ (n=5) ʙʳʣʦ ʠʥʜʫʮʠʨʦʚʘʥʦ ʚʚʝʜʝʥʠʝʤ ʩʦʩʫʜʦʩʫʞʠʚʘʶʱʝʛʦ ʧʨʝʧʘʨʘʪʘ 

ʵʥʜʦʪʝʣʠʥʘ-1 (ET-1, 0,3 ʤʢʛ/ʤʢʣ, Sigma-Aldrich). ʉʪʝʧʝʥʴ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʧʦʚʨʝʞʜʝʥʠʡ ʩʧʠʥʥʦʛʦ ʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʧʨʦʚʝʨʷʣʠʩʴ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠ ʧʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʄʝʪʦʜʳ ʩʪʠʤʫʣʷʮʠʠ  

ʉʪʠʤʫʣʷʮʠʷ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ 

ɺ ʦʩʪʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʢʦʰʢʘʭ ʠ ʢʨʦʣʠʢʘʭ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʵʧʠʜʫʨʘʣʴʥʫʶ ʩʪʠʤʫʣʷʮʠʶ (ʕʉ) ʜʦʨʩʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ 

(L5, L7) ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ ʚʳʟʦʚʘ ʰʘʛʘʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ (3-5 ɻʮ, 0.2-0.5 

ʤʩ, 100-300 ʤʢɸ). ɺ ʭʨʦʥʠʯʝʩʢʠʭ ʦʧʳʪʘʭ ʥʘ ʢʨʳʩʘʭ ʧʦʜ ʦʙʱʠʤ ʥʘʨʢʦʟʦʤ ʠ ʚ 

ʩʪʝʨʠʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠʤʧʣʘʥʪʠʨʦʚʘʣʠ ʧʨʦʚʦʣʦʯʥʳʝ ʵʣʝʢʪʨʦʜʳ ʠʟ 

ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʩ ʪʝʬʣʦʥʦʚʳʤ ʧʦʢʨʳʪʠʝʤ (AS632; Cooner Wire) ʥʘ 

ʫʨʦʚʥʝ ʩʧʠʥʘʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ L2 ʠ S1. ʀʩʧʦʣʴʟʦʚʘʣʠ ʩʪʠʤʫʣʷʪʦʨ ʬʠʨʤʳ A-

M Systems, ʤʦʜʝʣʴ 2100.   

ʉʪʠʤʫʣʷʮʠʷ ʥʝʡʨʦʥʥʳʭ ʮʝʥʪʨʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 

ɺ ʦʩʪʨʳʭ ʦʧʳʪʘʭ ʜʣʷ ʚʳʟʦʚʘ ʣʦʢʦʤʦʮʠʠ ʥʘ ʢʦʰʢʘʭ ʩʪʠʤʫʣʠʨʦʚʘʣʠ (30 ɻʮ, 

0,5-1 ʤʩ, 50-200 ʤʢɸ)  ʤʝʟʝʥʮʝʬʘʣʠʯʝʩʢʫʶ ʣʦʢʦʤʦʪʦʨʥʫʶ ʦʙʣʘʩʪʴ (ʄʃʆ). ɺ 

ʦʩʪʨʳʭ ʦʧʳʪʘʭ ʥʘ ʢʨʦʣʠʢʘʭ ʪʘʢʞʝ ʧʨʠʤʝʥʷʣʠ ʩʪʠʤʫʣʷʮʠʶ ʄʃʆ ʠ 

ʚʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʦʢʨʳʰʢʠ (ɺʆʇ) (ʈʠʩ. 1). ɺ ʭʨʦʥʠʯʝʩʢʠʭ ʦʧʳʪʘʭ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʩʪʠʤʫʣʷʮʠʶ ʩʝʥʩʦʤʦʪʦʨʥʦʡ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʤrʠ ʵʧʠʜʫʨʘʣʴʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ.  
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ʄʝʪʦʜʳ ʨʝʛʠʩʪʨʘʮʠʠ 

ʈʝʛʠʩʪʨʘʮʠʷ ʵʣʝʢʪʨʦʤʠʦʛʨʘʬʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ɹʠʧʦʣʷʨʥʳʝ ʵʣʝʢʪʨʦʤʠʦʛʨʘʬʠʯʝʩʢʠʝ (ʕʄɻ) ʵʣʝʢʪʨʦʜʳ ʠʤʧʣʘʥʪʠʨʦʚʘʣʠ 

ʙʠʣʘʪʝʨʘʣʴʥʦ ʚ ʤr ʮhr  ʟʘʜʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ. ʕʄɻ ʩʠʛʥʘʣʳ ʫʩʠʣʠʚʘʣʠʩʴ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʩʠʣʠʪʝʣʝʤ (A-M Systems Model 1700) ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 30 

ɻʮ ʜʦ 10 ʢɻʮ ʠ ʦʮʠʬʨʦʚʳʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʬʠʨʤʳ  National Instruments.  

ʈʝʛʠʩʪʨʘʮʠʷ ʩʠʣʦʚʳʭ ʦʧʦʨʥʳʭ ʨʝʘʢʮʠʡ 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʣʦʚʳʭ ʦʪʚʝʪʦʚ ʧʨʠ ʩʪʦʷʥʠʠ ʠ ʭʦʜʴʙʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʝʥʩʦʨʳ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ (ʪʝʥʟʦʜʘʪʯʠʢʠ 1002ʂ, VISHAY, ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʡ 

ʩʪʘʙʠʣʦʘʥʘʣʠʟʘʪʦʨ 2 ʢɻʮ, HE6X6, AMTI), ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʦʧʦʨʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʧʦʜ ʣʝʥʪʦʡ ʪʨʝʜʙʘʥʘ.  

ʈʝʛʠʩʪʨʘʮʠʷ ʢʠʥʝʤʘʪʠʢʠ ʜʚʠʞʝʥʠʡ 

ʂʠʥʝʤʘʪʠʢʫ ʜʚʠʞʝʥʠʡ ʟʘʧʠʩʳʚʘʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʜʨʫʛʠʤʠ ʩʠʛʥʘʣʘʤʠ. 

ɼʣʷ ʵʪʦʛʦ ʧʨʦʠʟʚʦʜʠʣʠ ʚʠʜʝʦʨʝʛʠʩʪʨʘʮʠ ʁ ʩ ʧʨʠʤʝʥʝʥʠʝʤ Vicon System 

(ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʢʨʳʩʘʭ), ʥʝʩʢʦʣʴʢʠʭ ʦʙʳʯʥʳʭ ʢʘʤʝʨ (ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ 

ʢʦʰʢʝ) ʠ/ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ (ʧʦʪʝʥʮʠʦʤʝʪʨʳ ʠ 

ʘʢʩʝʣʝʨʦʤʝʪʨʳ) ʧʝʨʝʤʝʱʝʥʠʷ ʩʝʛʤʝʥʪʦʚ ʪʝʣʘ ʧʨʠ ʭʦʜʴʙʝ ʠ ʩʪʦʷʥʠʠ.  

ɸʥʘʣʠʟ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʉʠʛʥʘʣʳ ʦʪ ʕʄɻ ʵʣʝʢʪʨʦʜʦʚ, ʩʠʣʦʚʳʭ ʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ 

ʫʩʠʣʠʚʘʣʠʩʴ, ʦʮʠʬʨʦʚʳʚʘʣʠʩʴ ʠ ʟʘʧʠʩʳʚʘʣʠʩʴ ʥʘ ʢʦʤʧʴʶʪʝʨʥʳʡ ʜʠʩʢ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ (National 

Instrument, LabView, Power-1401/Spike-2, Cambridge Electronic Design). ʕʄɻ 

ʩʠʛʥʘʣʳ ʙʳʣʠ ʚʳʧʨʷʤʣʝʥʳ ʠ ʩʛʣʘʞʝʥʳ. ʈʝʛʠʩʪʨʠʨʦʚʘʣʠ ʤʠʥʠʤʫʤ 10 ʮʠʢʣʦʚ 

ʰʘʛʘ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʟʘʜʥʝʡ ʢʦʥʝʯʥʦʩʪʠ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ 

ʣʘʧʳ ʠ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʰʘʛʘ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʙʦʣʝʝ 100 ʧʘʨʘʤʝʪʨʦʚ. ʕʪʠ 

ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʦʩʪʘʚʣʷʣʠ ʮʝʣʦʩʪʥʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ 

ʣʦʢʦʤʦʪʦʨʥʳʭ ʧʘʪʪʝʨʥʦʚ ʦʪ ʦʙʱʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʭʦʜʢʠ ʜʦ ʪʦʥʢʠʭ ʜʝʪʘʣʝʡ 

ʜʚʠʞʝʥʠʷ ʢʦʥʝʯʥʦʩʪʝʡ. ʈʘʟʣʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʙʳʣʠ ʩʚʷʟʘʥʳ 

ʩ ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʦʜʫʣʷʮʠʝʡ ʧʘʪʪʝʨʥʦʚ ʰʘʛʘʥʠʷ, ʯʪʦ ʦʪʨʘʞʘʣʦʩʴ ʚ 
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ʤʦʜʠʬʠʢʘʮʠʠ ʙʦʣʴʰʦʡ ʯʘʩʪʠ ʚʳʯʠʩʣʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʦʮʝʥʢʠ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʭ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʤʦʜʫʣʷʮʠʡ ʧʘʪʪʝʨʥʦʚ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʠ 

ʨʘʟʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʧʨʠʤʝʥʷʣʘʩʴ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʘʥʘʣʠʟʝ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (Courtine et al., 2009).  

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷÑʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ) 

ʚʳʯʠʩʣʷʣʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ (Microsoft Excel 

2007, SPSS 13.0). ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʧʘʨʘʤʠ ʧʝʨʝʤʝʥʥʳʭ. ɼʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ 

(ʧʦʚʪʦʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ANOVA) ʠ ʜʚʫʩʪʦʨʦʥʥʠʡ ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ 

ʧʨʠʤʝʥʷʣʠ ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ 

ʜʘʥʥʳʤʠ (ʪʝʩʪ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ) ʚ ʨʘʟʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ. ɺʳʯʠʩʣʝʥʠʷ ʩ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʝʤ (ʋʠʣʢʦʢʩʦʥʘ ʠ 

ʂʨʫʩʢʘʣʘ-ʋʦʣʣʠʩʘ) ʚʳʧʦʣʥʷʣʠ ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ, ʦʪʣʠʯʥʦʤ ʦʪ 

ʥʦʨʤʘʣʴʥʦʛʦ. 

ʅʝʡʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʝʡʨʦʥʘʣʴʥʳʭ ʧʫʪʝʡ ʚʳʧʦʣʥʷʣʠʩʴ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ 

ʨʝʪʨʦʛʨʘʜʥʦʛʦ ʢʨʘʩʠʪʝʣʷ Fastblue (FB) ʙʠʣʘʪʝʨʘʣʴʥʦ ʚ L1-L2 ʩʧʠʥʘʣʴʥʳʝ 

ʩʝʛʤʝʥʪʳ. ʏʪʦʙʳ ʧʨʦʩʣʝʜʠʪʴ ʘʢʩʦʥʘʣʴʥʳʝ ʧʨʦʝʢʮʠʠ ʜʚʠʛʘʪʝʣʴʥʦʡ ʢʦʨʳ, 

ʚʚʦʜʠʣʩʷ ʘʥʪʝʨʦʛʨʘʜʥʳʡ ʢʨʘʩʠʪʝʣʴ ʙʠʦʪʠʥʠʣʠʨʦʚʘʥʥʳʡ ʜʝʢʩʪʨʘʥ ʘʤʠʥ 

(BDA) ʚ ʣʝʚʫʶ ʜʚʠʛʘʪʝʣʴʥʫʶ ʢʦʨʫ. ʉ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ c-fos ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʢʨʳʩ ʧʝʨʬʫʟʠʨʦʚʘʣʠ ʧʦʩʣʝ 45-ʤʠʥʫʪʥʦʡ ʩʝʩʩʠʠ ʣʦʢʦʤʦʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ɼʣʷ ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʨʝʟʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 

ʩʳʚʦʨʦʪʢʝ, ʩʦʜʝʨʞʘʱʝʡ ʘʥʪʠʪʝʣʘ: ʘʥʪʠ-c-fos ʢʨʦʣʠʢʘ (1:2000, Santa Cruz 

Biotechnologies, ʉʐɸ), ʘʥʪʠ - GFAP (1:1000, Dako, USA), ʘʥʪʠ - 5HT (1:5000, 

Sigma Aldrich, ɻʝʨʤʘʥʠʷ) ʠʣʠ ʤʳʰʠʥʳʝ ʘʥʪʠ-ʩʠʥʘʧʪʦʬʠʟʠʥ (1:1000, 

Millipore, ʉʐɸ). ʀʤʤʫʥʦʨʝʘʢʮʠʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʚʪʦʨʠʯʥʳʭ 

ʘʥʪʠʪʝʣ, ʤʝʯʝʥʳʭ Alexa fluor 488 ʠʣʠ 555. BDA-ʤʝʯʝʥʳʝ ʚʦʣʦʢʥʘ ʚʳʷʚʣʷʣʠ 

ʩʪʨʝʧʪʘʚʠʜʠʥ-ʧʝʨʦʢʩʠʜʘʟʦʡ ʭʨʝʥʘ. Fastblue- ʠ c-fos- ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʥʝʡʨʦʥʳ 

ʧʦʜʩʯʠʪʳʚʘʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ 

ʠʟʦʙʨʘʞʝʥʠʡ. ʇʣʦʪʥʦʩʪʴ ʚʦʣʦʢʦʥ ʠʟʤʝʨʷʣʠ ʚ 5 ʢʦʥʬʦʢʘʣʴʥʳʭ ʩʪʝʢʘʭ 
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ʠʟʦʙʨʘʞʝʥʠʡ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ ʚʦ ʚʩʝʭ ʢʨʳʩʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʩʪʘʥʜʘʨʪʥʳʭ ʥʘʩʪʨʦʝʢ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʧʝʮʠʘʣʴʥʦ 

ʥʘʧʠʩʘʥʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ. ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʘʣʠ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʘʟʝʨʥʦʛʦ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʤʠʢʨʦʩʢʦʧʘ ʚ LAS AF ʠʥʪʝʨʬʝʡʩʝ. 

ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ʀ ʆɹʉʋɾɼɽʅʀɽ 

ʉʇʀʅɸʃʔʅʆ-ʉʊɺʆʃʆɺʓɽ ʄɽʍɸʅʀɿʄʓ ʋʇʈɸɺʃɽʅʀʗ ʇʆɿʆʁ, 

ʃʆʂʆʄʆʎʀɽʁ ʀ ʀʍ ʉɽʅʉʆʄʆʊʆʈʅʆʁ ʀʅʊɽɻʈɸʎʀɽʁ 

ʇʦʩʪʫʨʘʣʴʥʳʝ ʠ ʣʦʢʦʤʦʪʦʨʥʳʝ ʩʝʪʠ  ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʠ ʩʪʚʦʣʘ 

ʋ ʯʝʪʚʝʨʦʥʦʛʠʭ ʞʠʚʦʪʥʳʭ ʦʩʥʦʚʥʦʝ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ, 

ʧʦʣʦʞʝʥʠʝ ʪʝʣʘ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʩʧʠʥʳ ʚʚʝʨʭ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʫʨʘʣʴʥʦʡ 

ʩʠʩʪʝʤʦʡ. ʕʪʘ ʟʘʤʢʥʫʪʘʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʷʮʠʠ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʝʡʩʪʚʠʝ 

ʩʝʥʩʦʨʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʠ ʢʦʤʧʝʥʩʠʨʫʝʪ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʞʝʣʘʝʤʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʪʝʣʘ, ʧʨʦʠʟʚʦʜʷ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʜʚʠʛʘʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ (Deliagina et al., 

2006; Horak et at al., 1996; Massion 1994, 1998).  

ʈʦʣʴ ʩʪʚʦʣʦʚʳʭ ʠ ʩʧʠʥʘʣʴʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʧʦʩʪʫʨʘʣʴʥʦʤ ʢʦʥʪʨʦʣʝ 

(Musienko et al., 2008, 2010) ʠʟʫʯʘʣʘʩʴ ʚ ʦʩʪʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʢʨʦʣʠʢʘʭ  

(ʈʠʩ. 1, 2). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʧʝʨʝʜʥʠʭ ʦʪʜʝʣʦʚ ʤʦʟʛʘ 

ʧʨʝʤʘʤʤʠʣʣʷʨʥʳʝ (ʈʠʩ.1 ɹ1) ʢʨʦʣʠʢʠ  ʚʳʧʦʣʥʷʶʪ ʩʭʦʜʥʳʝ ʩ ʠʥʪʘʢʪʥʳʤʠ 

(n=10) ʧʦʟʥʳʝ ʢʦʨʨʝʢʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʩʦʤʘʪʦʩʝʥʩʦʨʥʳʤʠ 

ʩʠʛʥʘʣʘʤʠ ʦʪ ʢʦʥʝʯʥʦʩʪʝʡ ʠ ʚʠʜʦʤ ʚʦʟʤʫʱʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʈʠʩ. 1ɸ). 

ʈʝʘʢʮʠʠ ʥʘ ʣʘʪʝʨʘʣʴʥʳʝ ʥʘʢʣʦʥʳ ʠ ʪʦʣʯʢʠ ʙʳʣʠ ʘʥʘʣʦʛʠʯʥʳ ʥʘʙʣʶʜʘʝʤʳʤ ʫ 

ʠʥʪʘʢʪʥʳʭ ʞʠʚʦʪʥʳʭ, ʥʦ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʥʠʞʝʥʘ (ʈʠʩ. 1ɺ). ʇʨʠ 

ʩʧʦʥʪʘʥʥʦʤ ʚʳʧʨʷʤʣʝʥʠʠ ʠʟ ʣʝʞʘʯʝʛʦ ʧʦʣʦʞʝʥʠʷ ʧʨʝʤʘʤʤʠʣʣʷʨʥʳʝ  

ʢʨʦʣʠʢʠ ʧʨʠʥʠʤʘʣʠ ʥʦʨʤʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʠʥʪʘʢʪʥʳʝ. 

ʉʝʥʩʦʨʥʘʷ ʩʪʠʤʫʣʷʮʠʷ ʘʢʪʠʚʠʨʦʚʘʣʘ ʫʩʪʘʥʦʚʦʯʥʳʝ ʨʝʬʣʝʢʩʳ. ʆʩʦʙʫ  ʁ

ʚʘʞʥʦʩʪ ɹʟʦʥʳ ʩʪʚʦʣʘ ʤʦʟʛʘ ʤʝʞʜʫ ʧʨʝ- ʠ ʧʦʩʪʤʘʤʤʠʣʣʷʨʥʦʡ  ʧʝʨʝʨʝʟʢʘʤʠ (1 

ʠ 2 ʥʘ ʈʠʩ. 1ɹ) ʚ ʧʦʩʪʫʨʘʣʴʥʦʤ ʢʦʥʪʨʦʣʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʥʘ ʧʦʩʪʤʘʤʤʠʣʣʷʨʥʦ ʜʝʮʝʨʝʙʨʠʨʦʚʘʥʥʳʭ ʢʨʦʣʠʢʘʭ (n=5), ʢʦʪʦʨʳʝ 

ʫʪʨʘʯʠʚʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʢʦʨʨʝʢʮʠʷʤ ʧʦʟʳ. ɼʚʝ 
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ʩʪʨʫʢʪʫʨʳ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ - ʯʝʨʥʘʷ ʩʫʙʩʪʘʥʮʠʷ ʠ ʢʨʘʩʥʦʝ ʷʜʨʦ (SN ʠ NR ʥʘ 

ʈʠʩ. 1ɹ) ï  ʩʚʷʟʘʥʳ ʩ ʤʦʪʦʨʥʳʤ ʢʦʥʪʨʦʣʝʤ   (Massion,   1967;  Takakusaki  et  

al.,  2003,  2004),  ʘ  ʠʭ  ʧʦʚʨʝʞʜʝʥʠʝ  ʤʦʞʝʪ  ʙʳʪʴ  ʧʨʠʯʠʥʦʡ   ʥʘʙʣʶʜʘʝʤʳʭ 

  

ʈʠʩ.1. ʇʦʩʪʫʨʘʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʜʝʮʝʨʝʙʨʠʨʦʚʘʥʥʳʭ ʢʨʦʣʠʢʦʚ. (ɸ) 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ. (ɹ) ʋʨʦʚʥʠ ʜʝʮʝʨʝʙʨʘʮʠʠ ʠ ʟʦʥʳ ʩʪʠʤʫʣʷʮʠʠ ʩʪʚʦʣʘ 

ʤʦʟʛʘ ʚ ʩʘʛʠʪʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʝʨʝʨʝʟʢʠ ʩʪʚʦʣʘ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʨʝʢʦʣʣʠʢʫʣʷʨʥʦ-

ʧʨʝʤʘʤʤʠʣʣʷʨʥʦʤ ʫʨʦʚʥʝ (ʣʠʥʠʠ ʩʨʝʟʘ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚ ʩʝʨʦʤ ʩʝʢʪʦʨʝ 1) ʠʣʠ 

ʧʨʝʢʦʣʣʠʢʫʣʷʨʥʦ-ʧʦʩʪʤʘʤʤʠʣʣʷʨʥʦʤ ʫʨʦʚʥʝ (ʩʝʢʪʦʨ 2). ʄʦʟʛʦʚʳʝ ʩʪʨʫʢʪʫʨʳ: CI, 

colliculus inferior; CM, corpus mammillaris; CS, colliculus superior; CT, corpus trapezoides; 

CU, area cuneiformis; LHA, lateral hypothalamic area; NR, nucleus ruber; SN, substantia 

nigra; RM, nucleus raphe magnus. ʉʝʨʳʝ ʢʨʫʛʣʳʝ ʟʦʥʳ ʦʙʦʟʥʘʯʘʶʪ ʵʬʬʝʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ 

ʩʪʠʤʫʣʷʮʠʠ ʩʪʚʦʣʘ: ʄʃʆ, ʤʝʟʝʥʮʝʬʘʣʠʯʝʩʢʘʷ ʣʦʢʦʤʦʪʦʨʥʘʷ ʦʙʣʘʩʪʴ; ɺʆʇ, ʚʝʥʪʨʘʣʴʥʘʷ 

ʦʙʣʘʩʪʴ ʧʦʢʨʳʰʢʠ. (ɺ) ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʨʨʝʢʮʠʡ ʧʨʠ ʥʘʢʣʦʥʘʭ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʳʧʨʷʤʣʝʥʠʷ ʠʟ ʣʝʞʘʯʝʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʩʠʜʷʯʝʝ ʫ ʠʥʪʘʢʪʥʳʭ ʠ 

ʧʨʝʤʘʤʤʠʣʣʷʨʥʦ ʜʝʮʝʨʝʙʨʠʨʦʚʘʥʥʳʭ ʢʨʦʣʠʢʦʚ. (ɻ) ɸʢʪʠʚʘʮʠʷ ʧʦʩʪʫʨʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʫ 

ʧʦʩʪʤʘʤʤʠʣʣʷʨʥʳʭ ʢʨʦʣʠʢʦʚ ʩʪʠʤʫʣʷʮʠʝʡ ɺʆʇ ʠ ʄʃʆ. M.Vastus lateralis (Vast), 

m.Gastrocnemius lateralis (Gast). 

ʜʚʠʛʘʪʝʣʴʥʳʭ ʜʠʩʬʫʥʢʮʠʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣɻʝʢʪʨʠʯʝʩʢʘʷ ʩʪʠʤʫʣʷʮʠʷ ʄʃʆ 

ʠʣʠ ɺʆʇ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʘ ʧʦʩʪʫʨʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ. ʋʚʝʣʠʯʠʚʘʣc  ̫ ʪʦʥʫʩ 
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ʨʘʟʛʠʙʘʪʝʣʴʥʳʭ ʤʳʰʮ ʟʘʜʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ, ʫʩʠʣʠʚʘʣʠʩ ɹ ʨʝʘʢʮʠʠ ʥʘ 

ʚʦʟʤʫʱʘʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ (ʈʠʩ. 1ɹ,ɻ). 

ʇʦʩʣʝ ʩʧʠʥʘʣʠʟʘʮʠʠ ʞʠʚʦʪʥʳʝ ʪʝʨʷʶʪ  ʣʘʪʝʨʘʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

(Macpherson et al., 1997). ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʧʠʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʢʨʦʣʠʢʘ (n=17) 

ʧʦʢʘʟʘʣʠ (ʈʠʩ.2ɸ), ʯʪʦ ʧʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʪʦʥʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦʩʪʫʨʘʣʴʥʳʭ ʨʝʬʣʝʢʩʦʚ, ʧʨʠʚʦʜʠʤʳʭ ʚ ʜʝʡʩʪʚʠʝ 

ʩʦʤʘʪʦʩʝʥʩʦʨʥʳʤʠ ʩʠʛʥʘʣʘʤʠ  ʦʪ   ʠʧʩʠʣʘʪʝʨʘʣʴʥʦʡ   ʠ,  ʚ ʤʝʥʴʰʝʡ   ʩʪʝʧʝʥʠ, 

 

ʈʠʩ. 2. (ɸ) ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. (ɹ) ʋʩʠʣʝʥʠʝ ʕʄɻ ʠ ʩʠʣʦʚʳʭ 

ʧʦʩʪʫʨʘʣʴʥʳʭ ʨʝʬʣʝʢʩʦʚ ʢʦʥʝʯʥʦʩʪʝʡ ʩʧʠʥʘʣʴʥʦʛʦ ʢʨʦʣʠʢʘ ʧʦʩʣʝ ʵʧʠʜʫʨʘʣʴʥʦʡ 

ʩʪʠʤʫʣʷʮʠʠ L7 ʩʝʛʤʝʥʪʘ (ʕʉ). (ɺ) ʋʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʩʠʣʦʚʳʭ ʧʦʩʪʫʨʘʣʴʥʳʭ 

ʦʪʚʝʪʦʚ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʕʉ ʠ ʢʦʤʙʠʥʘʮʠʠ ʕʉ ʩ ʢʚʠʧʘʟʠʥʦʤ. 

ʢʦʥʪʨʘʣʘʪʝʨʘʣʴʥʦʡ ʢʦʥʝʯʥʦʩʪʠ (Musienko et al., 2010). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʵʪʠ 

ʧʦʩʪʫʨʘʣʴʥʳʝ ʨʝʘʢʮʠʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʠ ʜʣʷ ʠʥʪʘʢʪʥʳʭ ʞʠʚʦʪʥʳʭ, 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʘ ʫʨʦʚʥʝ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ. ʃʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʩʧʠʥʘʣʴʥʳʝ 

ʨʝʬʣʝʢʩʳ ʧʦʜʘʚʣʝʥʳ ʠ ʠʩʢʘʞʝʥ rʧʦʩʣʝ ʩʧʠʥʘʣʠʟʘʮʠʠ, ʥʦ ʠʭ ʧʝʨʝʥʘʩʪʨʦʡʢʫ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʦʞʥʦ ʙʳʩʪʨʦ ʦʩʫʱʝʩʪʚʠʪʴ ʪʦʥʠʯʝʩʢʦʡ ʕʉ (ʈʠʩ. 2ɹ). 

ʇʦʩʪʩʪʠʤʫʣʷʮʠʦʥʥʳʝ ʵʬʬʝʢʪ r ʕʉ ʥʘ ʧʦʩʪʫʨʘʣʴʥʳʝ ʨʝʬʣʝʢʩʳ ʝʱʝ ʙʦʣʝʝ 

ʫʩʠʣʠʚʘʣʠʩʴ ʧʫʪʝʤ ʠʥʪʨʘʪʝʢʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʘʛʦʥʠʩʪʘ ʩʝʨʦʪʦʥʠʥʦʚʳʭ 
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ʨʝʮʝʧʪʦʨʦʚ ʢʚʠʧʘʟʠʥʘ ʚ ʦʙʣʘʩʪʴ ʧʦʷʩʥʠʯʥʦ-ʢʨʝʩʪʮʦʚʦʛʦ ʫʪʦʣʱʝʥʠʷ (ʈʠʩ. 

2ɺ).  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʙʘʟʦʚʳʝ ʤʝʭʘʥʠʟʤʳ 

ʨʝʛʫʣʷʮʠʠ ʧʦʟʳ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʘ ʫʨʦʚʥʝ ʩʪʚʦʣʘ ʠ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, ʘ ʪʘʢʞʝ 

ʷʚʣʷʶʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʩʧʦʩʦʙʥʦʩʪʠ ʩʧʠʥʘʣʴʥʳʭ ʩʝʪʝʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʚʳʧʦʣʥʷʪʴ ʧʦʩʪʫʨʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʩ ʫʯʝʪʦʤ ʬʘʟʥʦʛʦ ʘʬʬʝʨʝʥʪʥʦʛʦ ʚʭʦʜʘ ʦʪ 

ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʫʩʣʦʚʠʷʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʦʥʠʯʝʩʢʦʡ 

ʩʪʠʤʫʣʷʮʠʠ, ʢʦʪʦʨʘʷ ʟʘʤʝʥʷʝʪ ʩʠʛʥʘʣʳ ʠʟ ʩʪʚʦʣʦʚʳʭ ʮʝʥʪʨʦʚ.  

ʐʘʛʠ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʝʣʦʚʝʢʦʤ ʠ 

ʞʠʚʦʪʥʳʤʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ ʩʪʦʷʥʠʠ ʠ ʣʦʢʦʤʦʮʠʠ (Chvatal 

et al., 2011; Karayannidou et al., 2009). ɼʝʮʝʨʝʙʨʠʨʦʚʘʥʥʳʝ ʠ ʩʧʠʥʘʣʴʥʳʝ 

ʞʠʚʦʪʥʳʝ (ʄʫʩʠʝʥʢʦ ʩ ʩʦʘʚʪ., 2005; ʉourtine et al., 2009) ʭʦʜʷʪ ʥʘʟʘʜ, ʚʧʝʨʝʜ 

ʠ ʚ ʩʪʦʨʦʥʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʨʝʜʙʘʥʘ. ʋ ʢʦʰʝʢ, 

ʠʜʫʱʠʭ ʚʧʝʨʝʜ, ʰʘʛ, ʦʪʢʣʦʥʷʶʱʠʡʩʷ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ (ʥʘʧʨʠʤʝʨ, 

ʚʣʝʚʦ ʠʣʠ ʚʧʨʘʚʦ) ʚʳʟʳʚʘʝʪʩʷ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʦʪʢʣʦʥʝʥʠʡ ʠʟ ʩʦʩʪʦʷʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ (Karayannidou et al., 2009).  

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʡ 

ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʥʘ ʤʦʜʝʣʠ ʜʝʮʝʨʝʙʨʠʨʦʚʘʥʥʦʡ ʢʦʰʢʠ (n=9) ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʣʝʥʪʳ ʪʨʝʜʙʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʪʝʣʘ (0, Ñ45, Ñ 90, ʠ 180Á). 

ɼʣʷ ʢʘʞʜʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʨʘʚʥʠʚʘʣʘʩʴ ʣʦʢʦʤʦʪʦʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʚʳʟʚʘʥʥʘʷ 

ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʩʪʚʦʣʘ ʤʦʟʛʘ (ʩʪʠʤ-ʄʃʆ ʥʘ ʈʠʩ. 3ɸ) ʠ ʣʦʢʦʤʦʮʠʷ, 

ʚʳʟʚʘʥʥʘʷ ʩʪʠʤʫʣʷʮʠʝʡ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ (ʉʄ). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʪʠʤʫʣʷʮʠʷ 

ʉʄ ʚʳʟʳʚʘʝʪ ʭʦʨʦʰʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʫʶ ʭʦʜʴʙʫ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʜʚʠʞʝʥʠʷ ʣʝʥʪʳ ʪʨʝʜʙʘʥʘ. ʅʘʧʨʦʪʠʚ, ʩʪʠʤʫʣʷʮʠʷ ʩʪʚʦʣʘ ʚʳʟʳʚʘʣʘ ʪʦʣʴʢʦ 

ʭʦʜʴʙʫ ʚʧʝʨʝʜ ʧʦ ʪʨʝʜʙʘʥʫ, ʜʚʠʞʫʱʝʤʫʩʷ ʥʘʟʘʜ. ʇʨʠ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʭʦʜʴʙʘ ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʠʣʠ ʙʳʣʘ ʧʣʦʭʦ ʘʜʘʧʪʠʨʦʚʘʥʘ ʢ ʜʚʠʞʝʥʠʶ ʦʧʦʨʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (Musienko et al., 2012). 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʛʠʧʦʪʝʟʘ 

ʦ ʢʦʥʪʨʦʣʝ ʥʘʧʨʘʚʣʝʥʠʷ ʰʘʛʘ (ʈʠʩ. 3ɹ,ɺ). ʂʦʥʪʨʦʣʣʝʨ ʢʦʥʝʯʥʦʩʪʠ (Orlovsky 

et al., 1999) ʚʢʣʶʯʘʝʪ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʘ. ʆʜʠʥ ʢʦʥʪʨʦʣʠʨʫʝʪ 
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ʚʝʨʪʠʢʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʰʘʛʘ (ʧʦʜʥʷʪʠʝ ʠ ʦʧʫʩʢʘʥʠʝ ʢʦʥʝʯʥʦʩʪʠ), ʘ ʜʨʫʛʦʡ 

ï ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ (ʧʝʨʝʥʦʩ ʢʦʥʝʯʥʦʩʪʠ ʠʟ ʦʜʥʦʡ ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʚ 

ʜʨʫʛʫʶ). ʇʦʩʣʝʜʥʠʡ ʩʦʜʝʨʞʠʪ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʛʝʥʝʨʠʨʫʶʱʠʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʰʘʛʘ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ (ʜʣʷ 

ʫʧʨʦʱʝʥʠʷ ʥʘ ʈʠʩ. 3 ʧʦʢʘʟʘʥʳ ʪʦʣʴʢʦ ʩʝʪʠ, ʛʝʥʝʨʠʨʫʶʱʠʝ ʰʘʛʠ ʚ ʯʝʪʳʨʝʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ: çʚʧʝʨʝʜè, çʥʘʟʘʜè, çʚʧʨʘʚʦè, çʚʣʝʚʦè). ʕʪʠ ʩʝʪʠ ʧʦʣʫʯʘʶʪ 

ʩʝʥʩʦʨʥʳʝ ʚʭʦʜʥʳʝ ʠʤʧʫʣʴʩʳ, ʩʠʛʥʘʣʠʟʠʨʫʶʱʠʝ ʦ ʜʚʠʞʝʥʠʠ ʢʦʥʝʯʥʦʩʪʠ ʚ 

ʦʧʦʨʥʫʶ ʬʘʟʫ ʣʦʢʦʤʦʪʦʨʥʦʛʦ ʮʠʢʣʘ; ʜʦʩʪʠʞʝʥʠʝ ʢʨʘʡʥʝʛʦ ʧʦʣʦʞʝʥʠʷ 

ʟʘʧʫʩʢʘʝʪ ʧʝʨʝʥʦʩ ʢʦʥʝʯʥʦʩʪʠ. 

 

ʈʠʩ.3. ɹʘʟʦʚʳʝ ʤʝʭʘʥʠʟʤʳ ʢʦʥʪʨʦʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʭʦʜʴʙʳ. (ɸ) ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. (ɹ) 

ɺʳʟʦʚ ʭʦʜʴʙʳ ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʤʝʟʝʥʮʝʬʘʣʠʯʝʩʢʦʡ ʣʦʢʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʠ. ʏʝʨʥʳʝ 

ʢʨʫʞʦʯʢʠ ʦʙʦʟʥʘʯʘʶʪ ʪʦʨʤʦʟʷʱʠʝ ʩʚʷʟʠ, ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ. (ɺ) ɺʳʟʦʚ ʭʦʜʴʙʳ ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ. ɸʢʪʠʚʘʮʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʙʦʟʥʘʯʝʥʘ ʩʝʨʳʤ, ʩʫʙʧʦʨʦʛʦʚʘʷ ʘʢʪʠʚʘʮʠʷ ï ʩʚʝʪʣʦ-ʩʝʨʳʤ, 

ʪʦʨʤʦʞʝʥʠʝ ï ʙʝʣʳʤ.  

ʉʪʠʤʫʣʷʮʠʷ ʄʃʆ (ʈʠʩ. 3ɹ) ʘʢʪʠʚʠʨʫʝʪ ʤʝʭʘʥʠʟʤ, ʛʝʥʝʨʠʨʫʶʱʠʡ 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʰʘʛʘ, ʚʳʙʠʨʘʝʪ ʠ ʘʢʪʠʚʠʨʫʝʪ ʩʝʪʴ ñʚʧʝʨʝʜò 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʢʦʪʦʨʘʷ ʧʝʨʝʤʝʱʘʝʪ ʢʦʥʝʯʥʦʩʪʴ ʚʧʝʨʝʜ ʚʦ 

ʚʨʝʤʷ ʧʝʨʝʥʦʩʘ, ʥʘʟʘʜ ʚʦ ʚʨʝʤʷ ʦʧʦʨʳ, ʠ, ʚʝʨʦʷʪʥʦ, ʪʦʨʤʦʟʠʪ ʚʩʝ ʜʨʫʛʠʝ ʩʝʪʠ 

(çʥʘʟʘʜè, çʚʧʨʘʚʦè ʠ çʚʣʝʚʦè). ʉʝʥʩʦʨʥʳʝ ʚʭʦʜʥʳʝ ʠʤʧʫʣʴʩʳ, 
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ʩʠʛʥʘʣʠʟʠʨʫʶʱʠʝ ʦʙ ʦʪʢʣʦʥʝʥʠʠ ʢʦʥʝʯʥʦʩʪʠ ʥʘʟʘʜ ʚʦ ʚʨʝʤʷ ʬʘʟʳ ʦʧʦʨʳ, 

ʧʦʤʦʛʘʪʁ ʟʘʧʫʩʪʠʪʴ ʧʝʨʝʥʦʩ ʢʦʥʝʯʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʠʤʫʣʷʮʠʷ ʄʃʆ 

ʚʳʟʳʚʘʝʪ ʰʘʛʘʥʠʝ ʚʧʝʨʝʜ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʣʝʥʪʳ 

ʪʨʝʜʙʘʥʘ ʠ ʝʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʪʚʦʣʦʚʦʡ ʢʦʤʘʥʜʥʳʡ ʮʝʥʪʨ ʜʣʷ 

ʣʦʢʦʤʦʮʠʠ ʚʧʝʨʝʜ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʬʦʨʤʦʡ ʧʝʨʝʜʚʠʞʝʥʠʷ ʫ ʜʚʫʥʦʛʠʭ 

ʠ ʯʝʪʚʝʨʦʥʦʛʠʭ ʞʠʚʦʪʥʳʭ. 

ʉʪʠʤʫʣʷʮʠʷ ʉʄ (ʈʠʩ. 3ɺ) ʘʢʪʠʚʠʨʫʝʪ ʤʝʭʘʥʠʟʤ, ʛʝʥʝʨʠʨʫʶʱʠʡ 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʰʘʛʘ. ʆʥʘ ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ ʧʦʜʧʦʨʦʛʦʚʫʶ 

ʘʢʪʠʚʘʮʠʶ ʚʩʝʭ ʩʝʪʝʡ, ʛʝʥʝʨʠʨʫʶʱʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ. ɹʣʘʛʦʜʘʨʷ 

ʜʚʠʞʝʥʠʶ ʣʝʥʪʳ ʪʨʝʜʙʘʥʘ (ʥʘʧʨʠʤʝʨ, çʚʣʝʚʦè), ʢʦʥʝʯʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 

ʢʨʘʡʥʝʝ ʣʝʚʦʝ ʧʦʣʦʞʝʥʠʝ, ʠ ʩʝʥʩʦʨʥʳʡ ʚʭʦʜʷʱʠʡ ʠʤʧʫʣʴʩ ʘʢʪʠʚʠʨʫʝʪ ʩʝʪʴ 

çʚʧʨʘʚʦè, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʰʘʛʫ ʚʧʨʘʚʦ. ʅʘʧʨʠʤʝʨ, ʘʬʬʝʨʝʥʪʥʳʡ ʚʭʦʜ 

ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦʙ ʘʙʜʫʢʮʠʠ ʣʝʚʦʡ ʢʦʥʝʯʥʦʩʪʠ, ʠ ʘʜʜʫʢʮʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʟʘʧʫʩʢʘ ʧʝʨʝʥʦʩʘ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʪʠʤʫʣʷʮʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʘʢʪʠʚʠʨʫʝʪ 

ʢʦʤʧʦʥʝʥʪʳ ʩʧʠʥʘʣʴʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ï ʢʦʥʪʨʦʣʣʝʨʳ ʢʦʥʝʯʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʛʝʥʝʨʠʨʦʚʘʪʴ ʰʘʛʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ.  

ʅʝʡʨʦʥʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʙʘʣʘʥʩʘ ʧʨʠ ʭʦʜʴʙʝ 

ʃʘʪʝʨʘʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʘʩʧʝʢʪʦʤ ʢʦʥʪʨʦʣʷ 

ʧʦʣʦʞʝʥʠʷ ʪʝʣʘ ʧʨʠ ʭʦʜʴʙʝ ʫ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʠʥʪʝʛʨʘʮʠʠ ʘʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʦʩʪʫʨʘʣʴʥʦʡ ʠ 

ʣʦʢʦʤʦʪʦʨʥʦʡ ʩʠʩʪʝʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʪʤʘʤʤʠʣʣʷʨʥʦ ʜʝʮʝʨʝʙʨʠʨʦʚʘʥʥʳʝ 

ʢʦʰʢʠ (n=15) ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʦʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʵʬʬʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʫʶʪ ʣʘʪʝʨʘʣʴʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ 

ʭʦʜʴʙʝ (ʈʠʩ. 4) (Musienko et al., 2012). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

ʩʪʚʦʣʘ, ʤʦʟʞʝʯʢʘ ʠ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʙʘʣʘʥʩʦʤ ʧʨʠ ʘʢʪʠʚʥʦʤ ʧʝʨʝʜʚʠʞʝʥʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʦʜʝʣʴ ʠʩʢʣʶʯʘʣʘ ʚʦʟʤʦʞʥʦʝ ʫʯʘʩʪʠʝ ʚʝʩʪʠʙʫʣʷʨʥʦʛʦ, 

ʟʨʠʪʝʣʴʥʦʛʦ ʚʭʦʜʦʚ ʠ ʰʝʡʥʦ-ʪʦʥʠʯʝʩʢʠʭ ʨʝʬʣʝʢʩʦʚ ʚ ʬʘʟʥʦʤ ʢʦʥʪʨʦʣʝ 
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ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (ʈʠʩ. 4ɸ), ʧʦʵʪʦʤʫ ʢʦʨʨʝʢʮʠʠ ʙʘʣʘʥʩʘ ʧʦʣʥʦʩʪʴʶ 

ʙʘʟʠʨʦʚʘʣʠʩʴ ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʩʦʤʘʪʦʩʝʥʩʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʦʪ 

ʜʚʠʛʘʶʱʠʭʩʷ ʟʘʜʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʠ ʪʫʣʦʚʠʱʘ.  

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫ ʠʥʪʘʢʪʥʳʭ ʠ ʜʝʮʝʨʝʙʨʠʨʦʚʘʥʥʳʭ ʢʦʰʝʢ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʪʦʷʥʥʘʷ ʜʝʩʪʘʙʠʣʠʟʘʮʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʟʘ ʩʯʝʪ ʨʝʛʫʣʷʨʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

ʪʫʣʦʚʠʱʘ ʚ ʮʠʢʣʝ ʰʘʛʘ. ʇʦʣʦʞʝʥʠʝ ʩʪʦʧʳ ʧʨʠ ʭʦʜʴʙʝ ʤʝʥʷʝʪʩʷ ʚ ʨʦʩʪʨʦ-

ʢʘʫʜʘʣʴʥʦʤ ʠ ʤʝʜʠʦ-ʣʘʪʝʨʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ (ʈʠʩ. 4ɹ), ʧʨʠʚʦʜʷ ʢ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʰʠʨʠʥʳ ʰʘʛʘ (ʈʠʩ. 4ɺ). ʐʠʨʠʥʘ ʰʘʛʘ ʧʦʩʣʝ ʜʝʮʝʨʝʙʨʘʮʠʠ, 

ʦʜʥʘʢʦ, ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʧʠʢʦʚʳʤʠ (P-P) ʣʘʪʝʨʘʣʴʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʪʘʟʘ, 

ʩʭʦʜʥʦ ʩ ʠʥʪʘʢʪʥʳʤʠ ʞʠʚʦʪʥʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʩʯʝʪ ʪʦʯʥʦʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩʪʦʧʳ ʠ ʨʝʛʫʣʠʨʦʚʢʠ ʰʠʨʠʥʳ ʰʘʛʘ ʮʝʥʪʨ ʤʘʩʩ ʟʘʜʥʝʡ 

ʯʘʩʪʠ ʪʝʣʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʩʪʘʚʘʣʩʷ ʤʝʞʜʫ ʧʦʟʠʮʠʝʡ ʣʝʚʦʡ ʠ  ʧʨʘʚʦʡ 

ʩʪʦʧʳ ʠ ʥʝ ʩʤʝʱʘʣʩʷ ʟʘ ʧʨʝʜʝʣʳ ʧʣʦʱʘʜʠ ʦʧʦʨʳ, ʯʪʦ ʧʦʜʜʝʨʞʠʚʘʣʦ 

ʣʘʪʝʨʘʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ (ʈʠʩ. 4ɹ).  

ʈʘʟʜʝʣʴʥʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʩʠʣʳ ʧʦʜ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʣʘʧʦʡ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʝʨʪʠʢʘʣʴʥʳʝ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʫʤʤʘʨʥʫʶ ʚʝʣʠʯʠʥʫ, 

ʦʪʨʘʞʘʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʩʝʭ ʤʳʰʮ ʢʘʞʜʦʡ ʢʦʥʝʯʥʦʩʪʠ ʚ ʦʧʦʨʥʫʶ ʬʘʟʫ 

ʣʦʢʦʤʦʪʦʨʥʦʛʦ ʮʠʢʣʘ. ʀʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʘʥʪʠʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʜʚʠʛʘʪʝʣʴʥʳʝ ʦʪʚʝʪʳ ʚʩʝʡ ʣʝʚʦʡ ʠʣʠ 

ʧʨʘʚʦʡ ʣʘʧʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʩʣʝʜ ʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʣʘʪʝʨʘʣʴʥʦʡ 

ʜʝʩʪʘʙʠʣʠʟʘʮʠʝʡ ʙʘʣʘʥʩʘ ʧʨʠ ʭʦʜʴʙʝ.  ʊʘʢ ʞʝ ʢʘʢ ʫ ʠʥʪʘʢʪʥʳʭ (P ᾽ 0.05; r = 

0.93 Ñ 0.02), ʫ ʜʝʮʝʨʝʙʨʠʨʦʚʘʥʥʳʭ ʢʦʰʝʢ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚʳʩʦʢʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʧʨʦʜʦʣʞʘʶʱʠʤʩʷ ʩʤʝʱʝʥʠʝʤ ʪʘʟʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʩʠʣʦʚʳʤʠ ʦʧʦʨʥʳʤʠ ʨʝʘʢʮʠʷʤʠ (P ᾽ 0.05; r = 0.74 Ñ 0.1). ɺʳʷʚʣʝʥʘ ʟʘʜʝʨʞʢʘ 

ʤʝʞʜʫ ʣʘʪʝʨʘʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʪʫʣʦʚʠʱʘ ʠ ʩʠʣʦʚʳʤʠ ʦʧʦʨʥʳʤʠ 

ʨʝʘʢʮʠʷʤʠ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ (d ʥʘ ʈʠʩ. 4ɺ). 

ʕʪʘ ʟʘʜʝʨʞʢʘ, ʢʘʢ ʠ ʘʤʧʣʠʪʫʜʘ ʮʠʢʣʠʯʝʩʢʠʭ ʣʘʪʝʨʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʪʝʣʘ 

ʙʳʣʠ ʟʥʘʯʠʤʦ ʙʦʣʴʰʝ ʫ ʜʝʮʝʨʝʙʨʠʨʦʚʘʥʥʳʭ ʢʦʰʝʢ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʠʥʪʘʢʪʥʳʤʠ (ʈʠʩ. 4ɺ).  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʥʠʯʝʩʢʘʷ ʕʉ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʫ ʧʦʩʪʤʘʤʤʠʣʣʷʨʥʦ 

ʜʝʮʝʨʝʙʨʠʨʦʚʘʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʣʠʰʝʥʥʳʭ ʚʝʩʪʠʙʫʣʷʨʥʦʛʦ ʠ ʜʨʫʛʠʭ 

ʩʫʧʨʘʩʧʠʥʘʣʴʥʳʭ ʩʝʥʩʦʨʥʳʭ ʚʭʦʜʦʚ, ʚʳʟʳʚʘʣʘ ʭʦʜʴʙʫ ʩ ʧʦʜʜʝʨʞʢʦʡ ʚʝʩʘ 

ʪʝʣʘ ʠ ʘʢʪʠʚʥʳʤ ʢʦʥʪʨʦʣʝʤ ʙʘʣʘʥʩʘ. ʂʦʛʜʘ ʧʨʠʣʘʛʘʣʘʩʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʘʷ 

ʣʘʪʝʨʘʣʴʥʘʷ ʩʠʣʘ, ʩʪʨʘʪʝʛʠʠ ʧʦʜʜʝʨʞʘʥʠʷ ʙʘʣʘʥʩʘ ʚʢʣʶʯʘʣʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʘʙʜʫʢʪʦʨʦʚ-ʘʜʜʫʢʪʦʨʦʚ ʠ ʩʠʣʦʚʳʭ ʦʧʦʨʥʳʭ 

ʨʝʘʢʮʠʡ ʤʝʞʜʫ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʢʦʥʝʯʥʦʩʪʷʤʠ, ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʵʢʩʪʝʥʟʦʨʥʦʡ ʠ 

ʬʣʝʢʩʦʨʥʦʡ ʬʘʟ ʣʦʢʦʤʦʪʦʨʥʦʛʦ ʮʠʢʣʘ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʩʣʝ ʥʝʦʞʠʜʘʥʥʦʛʦ 

ʧʘʜʝʥʠʷ ʧʨʠʚʦʜʠʣʠ ʢ ʢʦʘʢʪʠʚʘʮʠʠ ʩʛʠʙʘʪʝʣʴʥʳʭ ʠ ʨʘʟʛʠʙʘʪʝʣʴʥʳʭ ʤʳʰʮ ʠ 

ʠʟʤʝʥʝʥʠʶ ʧʘʪʪʝʨʥʘ ʠ ʚʨʝʤʝʥʠ ʘʢʪʠʚʥʦʩʪʠ ʘʙʜʫʢʪʦʨʦʚ. ʉʠʣʴʥʳʡ 

ʘʢʪʠʚʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʕʉ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ 

ʣʦʢʦʤʦʮʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʩʧʠʥʘʣʴʥʳʭ ʩʝʪʝʡ ʚ ʧʦʩʪʫʨʘʣʴʥʦʤ 

ʢʦʥʪʨʦʣʝ ʧʨʠ ʘʢʪʠʚʥʦʤ ʧʝʨʝʜʚʠʞʝʥʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

 

ʈʠʩ. 4. (ɸ) ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʦʜʝʣʴ ʠ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʙʘʣʘʥʩʘ ʧʨʠ 

ʣʦʢʦʤʦʮʠʠ. (ɹ) ɼʠʥʘʤʠʯʝʩʢʘʷ ʜʝʩʪʘʙʠʣʠʟʘʮʠʷ ʟʘʜʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʠ ʪʫʣʦʚʠʱʘ ʧʨʠ 

ʩʚʦʙʦʜʥʦʡ ʭʦʜʴʙʝ. (ɺ) ʉʨʘʚʥʝʥʠʝ ʜʚʠʛʘʪʝʣʴʥʳʭ ʦʪʚʝʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʜʜʝʨʞʘʥʠʝʤ 

ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ ʧʝʨʝʜʚʠʞʝʥʠʠ ʫ ʜʝʮʝʨʝʙʨʠʨʦʚʘʥʥʳʭ ʠ ʠʥʪʘʢʪʥʳʭ ʢʦʰʝʢ.  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʩʪʦʷʱʠʝ ʜʘʥʥʳʝ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩʪʚʦʣʘ, ʤʦʟʞʝʯʢʘ ʠ ʧʝʨʝʜʥʝʛʦ ʤʦʟʛʘ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʪ ʚ 
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ʦʙʨʘʙʦʪʢʝ ʧʨʦʧʨʠʦʮʝʧʪʠʚʥʦʡ ʠ ʵʢʩʪʝʨʦʮʝʧʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʪʦʥʠʯʝʩʢʦʛʦ ʠ ʤʦʜʫʣʷʪʦʨʥʦʛʦ ʩʫʧʨʘʩʧʠʥʘʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʩʧʠʥʘʣʴʥʳʭ ʩʝʪʝʡ. ʋʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʦʩʪʫʨʘʣʴʥʳʭ 

ʘʜʘʧʪʘʮʠʡ ʧʨʠ ʭʦʜʴʙʝ (ʈʠʩ. 4ɺ) ʫ ʜʝʮʝʨʝʙʨʠʨʦʚʘʥʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʥʪʘʢʪʥʳʤʠ ʞʠʚʦʪʥʳʤʠ, ʘ ʪʘʢʞʝ ʫ ʩʧʠʥʘʣʴʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʝʮʝʨʝʙʨʠʨʦʚʘʥʥʳʤʠ ʠ ʠʥʪʘʢʪʥʳʤʠ (ʄʫʩʠʝʥʢʦ ʩ ʩʦʘʚʪ., 2013) ʜʦʢʘʟʳʚʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʩʫʧʨʘʩʧʠʥʘʣʴʥʳʭ ʠʥʪʝʛʨʘʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʢʦʥʪʨʦʣʷ ʧʦʟʳ ʠ 

ʣʦʢʦʤʦʮʠʠ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʚʦʚʣʝʯʝʥʠʝ ʩʧʠʥʘʣʴʥʳʭ ʠ ʩʫʧʨʘʩʧʠʥʘʣʴʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʪʘʢ ʞʝ ʢʘʢ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʨʦʣʴ ʦʪʜʝʣʴʥʳʭ ʘʬʬʝʨʝʥʪʥʳʭ 

ʩʠʩʪʝʤ ʚ ʨʝʛʫʣʷʮʠʠ ʙʘʣʘʥʩʘ ʧʨʠ ʭʦʜʴʙʝ, ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ.  

ɺ ʩʣʝʜʫʶʱʝʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ 

ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʘ ï ʢʦʨʦʪʢʠʡ ʙʦʢʦʚʦʡ ʪʦʣʯʦʢ ʠ ʧʦʩʪʦʷʥʥʳʡ 

ʙʦʢʦʚʦʡ ʥʘʢʣʦʥ ʪʨʝʜʙʘʥʘ (n=10). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʦʣʯʦʢ (ʈʠʩ. 5ɸ ʊʝʩʪ 1) 

ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʛʠʙʘʥʠʝ ʠ ʩʢʨʫʯʠʚʘʥʠʝ ʪʫʣʦʚʠʱʘ, ʠʟʤʝʥʝʥʠʷ 

ʤʦʜʝʣʠ ʣʦʢʦʤʦʮʠʠ, ʣʘʪʝʨʘʣʴʥʳʝ ʠ ʤʝʜʠʘʣʴʥʳʝ ʢʦʤʧʝʥʩʠʨʫʶʱʠʝ ʰʘʛʠ, ʥʦ ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʧʘʜʝʥʠʶ (Musienko et al., 2013). ɹʣʘʛʦʜʘʨʷ ʧʦʩʪʫʨʘʣʴʥʳʤ 

ʨʝʘʢʮʠʷʤ, ʣʦʢʦʤʦʮʠʷ ʩ ʥʦʨʤʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʘʩʴ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʝʮʝʨʝʙʨʠʨʦʚʘʥʥʳʝ ʢʦʰʢʠ ʤʦʛʫʪ ʩʦʭʨʘʥʷʪʴ ʨʘʚʥʦʚʝʩʠʝ ʥʘ 

ʪʨʝʜʙʘʥʝ ʩ ʙʦʢʦʚʳʤ ʥʘʢʣʦʥʦʤ (ʈʠʩ. 5ɸ ʊʝʩʪ 2). ʇʦʩʪʫʨʘʣʴʥʘʷ ʘʜʘʧʪʘʮʠʷ ʚ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʣʦʢʦʤʦʪʦʨʥʦʛʦ ʧʘʪʪʝʨʥʘ ʚ ʘʩʠʤʤʝʪʨʠʯʥʳʡ ʩ ʨʘʟʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʣʠʥʦʡ 

ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʢʦʥʝʯʥʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʪʨʦʣʷ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ ʣʦʢʦʤʦʮʠʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʨʘʙʦʪʘʶʱʠʭ 

ʦʜʥʦʚʨʝʤʝʥʥʦ. ʀʩʧʦʣʴʟʫʷ ʨʝʜʫʮʠʨʦʚʘʥʥʳʡ ʧʨʝʧʘʨʘʪ ʜʝʮʝʨʝʙʨʠʨʦʚʘʥʥʦʡ 

ʢʦʰʢʠ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ. ʇʨʠʤʝʥʷʣʩʷ ʮʝʣʳʡ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʝʩʪʦʚ, 

ʩʝʣʝʢʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʝʥʩʦʨʥʳʝ ʚʭʦʜʳ ʠ 

ʨʝʬʣʝʢʪʦʨʥʳʝ ʧʫʪʠ (ʈʠc. 5ɸ). ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʝʪʘʣʴʥʳʡ 
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ʘʥʘʣʠʟ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝʡʨʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʢʦʥʝʯʥʦʩʪʝʡ ʠ ʪʫʣʦʚʠʱʘ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʦʩʪʫʨʘʣʴʥʦʤ ʢʦʥʪʨʦʣʝ ʧʨʠ ʣʦʢʦʤʦʮʠʠ (ʈʠʩ. 5ɹ-ɼ).  

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʣʘʪʝʨʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʪʦʧ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʫʣʦʚʠʱʫ) 

ʚ ʥʘʯʘʣʝ ʬʘʟʳ ʧʝʨʝʥʦʩʘ (D0, D1, D2, ʠ ʪ.ʜ), ʧʦʣʦʞʝʥʠʝ ʩʪʦʧ ʚ ʤʦʤʝʥʪ 

ʧʦʩʪʘʥʦʚʢʠ ʩʪʦʧʳ ʚʩʝʛʜʘ ʦʜʥʦ ʠ ʪʦ ʞʝ (D0 ʥʘ ʈʠʩ. 5ɹ1) ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʝ 

ʤʝʭʘʥʠʟʤʘ ʧʦʩʪʫʨʘʣʴʥʳʭ ʢʦʨʨʝʢʮʠʡ ʧʨʠ ʧʝʨʝʥʦʩʝ ʢʦʥʝʯʥʦʩʪʠ (ʄʇʂ). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʪʨʘʝʢʪʦʨʠʠ ʧʝʨʝʥʦʩʘ, ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪʩʷ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ, 

ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʪʦʯʢʝ ʠ ʧʨʠʚʦʜʷʪ ʢ ʩʪʘʥʜʘʨʪʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʦʧʦʨʳ. ʊʨʘʝʢʪʦʨʠʷ ʧʝʨʝʥʦʩʘ ʤʦʞʝʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴʩʷ ʙʣʘʛʦʜʘʨʷ ʩʝʥʩʦʨʥʦʡ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʪ ʩʘʤʦʡ ʢʦʥʝʯʥʦʩʪʠ, ʩʠʛʥʘʣʠʟʠʨʫʶʱʝʡ ʦ ʪʝʢʫʱʝʤ ʟʥʘʯʝʥʠʠ 

ʦʪʚʝʜʝʥʠʷ ʠʣʠ ʧʨʠʚʝʜʝʥʠʷ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʩ ʧʦʤʦʱʴʶ ʦʪʪʷʛʠʚʘʥʠʷ 

ʢʦʥʝʯʥʦʩʪʠ ʣʘʪʝʨʘʣʴʥʦʡ ʩʠʣʦʡ ʚ ʧʝʨʝʥʦʩʥʫʶ ʬʘʟʫ (ʈʠʩ. 5ɸ ʊʝʩʪ 3, ʈʠʩ. 5ɹ2).   

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ,  ʯʪʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʄʇʂ ʷʚʣʷʝʪʩʷ ʫʛʦʣ ʚʦ 

ʬʨʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʤʝʞʜʫ ʢʦʥʝʯʥʦʩʪʴʶ ʠ ʪʫʣʦʚʠʱʝʤ (ɔ ʥʘ ʈʠʩ. 5ɹ). 

ʉʪʘʙʠʣʠʟʠʨʫʷ ʵʪʦʪ ʫʛʦʣ ʚ ʢʦʥʮʝ ʬʘʟʳ ʧʝʨʝʥʦʩʘ, ʄʇʂ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʩʪʦʷʥʥʫʶ ʣʘʪʝʨʘʣʴʥʦʩʪʴ ʪʨʘʝʢʪʦʨʠʠ ʦʧʦʨʳ (D0). ʕʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʭʦʜʴʙʝ 

ʥʝ ʪʦʣʴʢʦ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ ʥʘʢʣʦʥʘ (Ŭ) (ʈʠʩ. 5ɹ3).  

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʢʦʥʝʯʥʦʩʪʴ ʧʝʨʝʥʝʩʝʥʘ ʚʧʝʨʝʜ, ʥʘʯʠʥʘʝʪ ʜʝʡʩʪʚʦʚʘʪʴ 

ʤʝʭʘʥʠʟʤ ʧʦʩʪʫʨʘʣʴʥʳʭ ʢʦʨʨʝʢʮʠʡ ʧʨʠ ʦʧʦʨʝ ʢʦʥʝʯʥʦʩʪʠ (ʄʆʂ) (ʈʠʩ. 5 ɺ, 

ʈʠʩ. 5ɸ ʊʝʩʪ 4). ʆʥ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʝʬʣʝʢʪʦʨʥʳʭ ʨʝʘʢʮʠʷʭ ʢ ʠʟʤʝʥʝʥʠ ʁ

ʫʛʣʘ ʪʘʟʦʙʝʜʨʝʥʥʦʛʦ ʩʫʩʪʘʚʘ ʚʦ ʬʨʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʋʚʝʣʠʯʝʥʠʝ ʠʣʠ 

ʫʤʝʥʴʰʝʥʠʝ ʫʛʣʘ ɔ (ȹɔ ʥʘ ʈʠʩ. 5 ɺ) ʚʳʟʳʚʘʝʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʢʪʠʚʠʟʘʮʠʶ 

ʧʨʠʚʦʜʷʱʠʭ ʠʣʠ ʦʪʚʦʜʷʱʠʭ ʤʳʰʮ, ʯʪʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʥʘʯʘʣʴʥʳʡ ʫʛʦʣ 

ʙʝʜʨʘ (ʢʨʘʩʥʘʷ ʩʪʨʝʣʢʘ ʥʘ ʈʠʩ. 5ɺ). ʄʆʂ ʦʙʫʩʣʦʚʣʝʥ ʩʝʥʩʦʨʥʦʡ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʴʶ ʦʪ ʢʦʥʝʯʥʦʩʪʝʡ, ʩʠʛʥʘʣʠʟʠʨʫʶʱʝʡ ʦʙ ʫʛʣʝ ɔ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤʠ 

ʘʬʬʝʨʝʥʪʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ, ʷʚʣʷʶʪʩʷ ʨʝʮʝʧʪʦʨʳ 

ʨʘʩʪʷʞʝʥʠʷ ʧʨʠʚʦʜʷʱʠʭ ʠ ʦʪʚʦʜʷʱʠʭ ʤʳʰʮ.  

ʄʝʭʘʥʠʟʤ ʢʦʤʧʝʥʩʘʮʠʠ ʥʘʛʨʫʟʢʠ ʢʦʥʝʯʥʦʩʪʠ (ʄʂʅʂ) ʪʘʢʞʝ ʜʝʡʩʪʚʫʝʪ ʚʦ 

ʚʨʝʤʷ ʬʘʟʳ ʦʧʦʨʳ (ʈʠʩ. 5 ɻ, ʈʠʩ. 5ɸ ʊʝʩʪr 2, 5). ʆʥ ʘʢʪʠʚʠʟʠʨʫʝʪ ʤʳʰʮʳ-
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ʨʘʟʛʠʙʘʪʝʣʠ ʧʨʠ ʥʘʛʨʫʟʢʝ ʠ ʩʛʠʙʘʥʠʠ ʢʦʥʝʯʥʦʩʪʠ (Orlovsky, 1972; Pratt, 1995; 

Duysens et al., 2000). ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤʠ ʘʬʬʝʨʝʥʪʘʤʠ, ʜʘʶʱʠʤʠ 

ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʄʂʅʂ, ʷʚʣʷʶʪʩʷ ʨʝʮʝʧʪʦʨʳ ʨʘʩʪʷʞʝʥʠʷ ʠ ʩʫʭʦʞʠʣʴʥʳʝ 

ʦʨʛʘʥʳ ɻʦʣʴʜʞʠ ʤʳʰʮ-ʨʘʟʛʠʙʘʪʝʣʝʡ.  

 

ʈʠʩ. 5. ɸ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʝʩʪʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ɹ-ɼ. 

ʏʝʪʳʨʝ ʙʘʟʦʚʳʭ ʤʝʭʘʥʠʟʤʘ ʧʦʩʪʫʨʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʠ ʣʦʢʦʤʦʮʠʠ. ɽ. ʀʥʪʝʛʨʘʮʠʷ 

ʤʝʭʘʥʠʟʤʦʚ ʢʦʥʝʯʥʦʩʪʝʡ ʠ ʪʫʣʦʚʠʱʘ ʧʨʠ ʭʦʜʴʙʝ ʚ ʦʪʚʝʪ ʥʘ ʣʘʪʝʨʘʣʴʥʦʝ ʚʦʟʤʫʱʘʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ. 

ʄʝʭʘʥʠʟʤ ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʫʣʦʚʠʱʘ (ʄʂʊ) ʩʭʝʤʘʪʠʯʝʩʢʠ ʠʟʦʙʨʘʞʝʥ ʥʘ ʈʠʩ. 

5ɼ. ʕʪʘ ʩʭʝʤʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʜʚʫʭ ʦʙʥʘʨʫʞʝʥʥʳʭ ʬʘʢʪʘʭ ï ʩʠʤʤʝʪʨʠʯʥʦʡ 

ʘʢʪʠʚʘʮʠʠ ʤʳʰʮ ʩʧʠʥʳ ʧʨʠ ʣʶʙʦʤ ʠʟʛʠʙʝ ʪʫʣʦʚʠʱʘ ʠ ʚʳʧʨʷʤʣʝʥʠʠ 

ʪʫʣʦʚʠʱʘ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʵʪʠʭ ʤʳʰʮ. ʉʠʤʤʝʪʨʠʯʥʘʷ ʪʦʥʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʤʳʰʮ ʩʧʠʥʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʷʤʫʶ ʦʩʴ ʪʫʣʦʚʠʱʘ ʧʨʠ ʩʧʦʢʦʡʥʦʡ ʣʦʢʦʤʦʮʠʠ 

(ʈʠʩ. 5 ɼ1). ʇʨʠʣʦʞʝʥʠʝ ʚʥʝʰʥʝʡ ʩʠʣʳ (ʈʠʩ. 5 ɼ2, ʈʠʩ. 5ɸ ʊʝʩʪr 6-7) 

ʠʟʛʠʙʘʝʪ ʪʝʣʦ. ʄʂʊ ʧʦʣʫʯʘʝʪ ʩʝʥʩʦʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʩʠʛʥʘʣʠʟʠʨʫʶʱʫʶ ʦʙ 
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ʵʪʦʤ ʠʟʛʠʙʝ. ʊʘʢʦʡ ʘʬʬʝʨʝʥʪʥʳʡ ʚʭʦʜ ʤʦʞʝʪ ʠʩʭʦʜʠʪʴ ʦʪ ʨʝʮʝʧʪʦʨʦʚ 

ʨʘʩʪʷʞʝʥʠʷ ʤʳʰʮ ʩʧʠʥʳ. ʕʪʦ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʚʫʩʪʦʨʦʥʥʶʶ 

ʘʢʪʠʚʘʮʠʶ ʤʳʰʮ ʩʧʠʥʳ (ʢʨʘʩʥʳʝ ʣʠʥʠʠ ʥʘ ʈʠʩ. 5ɼ3) ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʞʝʩʪʢʦʩʪʠ ʪʫʣʦʚʠʱʘ (Hu et al., 2009). ʇʦʩʣʝʜʥʝʝ ʧʨʠʚʦʜʠʪ ʢ ʚʳʧʨʷʤʣʝʥʠʶ 

ʧʝʨʝʜʥʝʟʘʜʥʝʡ ʦʩʠ ʪʝʣʘ (ʈʠʩ. 5ɼ4).  

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʧʦʩʪʫʨʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʢʦʥʝʯʥʦʩʪʝʡ ʠ 

ʪʫʣʦʚʠʱʘ ʧʨʠ ʣʘʪʝʨʘʣʴʥʦʤ ʚʦʟʤʫʱʘʶʱʝʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩ. 5ɽ.  

1 ï ʅʦʨʤʘʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʟʘʜʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʧʨʠ ʣʦʢʦʤʦʮʠʠ. 2 ï 

ʊʦʣʯʦʢ ʚʧʨʘʚʦ ʚʳʟʳʚʘʝʪ ʦʪʢʣʦʥʝʥʠʝ ʪʘʟʘ ʚʧʨʘʚʦ (ʎʄ, ʮʝʥʪʨ ʤʘʩʩ ʥʘ ʈʠʩ. 5ɽ),  

ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʘʙʜʫʢʮʠʝʡ  (ȹɔ) ʦʧʦʨʥʦʡ (ʣʝʚʦʡ) ʢʦʥʝʯʥʦʩʪʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʪʫʣʦʚʠʱʫ. ʊʘʢʘʷ ʘʙʜʫʢʮʠʷ ʟʘʧʫʩʢʘʝʪ ʧʦʩʪʫʨʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʢʦʥʝʯʥʦʩʪʠ ʚ ʦʧʦʨʫ (ʄʆʂ), ʢʦʪʦʨʳʝ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʪ ʠ ʫʤʝʥʴʰʘʶʪ 

ʩʪʝʧʝʥʴ ʣʘʪʝʨʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʪʘʟʘ. 3 ï ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʘʚʘʷ ʢʦʥʝʯʥʦʩʪʴ, 

ʙʣʘʛʦʜʘʨʷ ʘʢʪʠʚʥʦʩʪʠ ʧʦʩʪʫʨʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʢʦʥʝʯʥʦʩʪʝʡ ʚ ʧʝʨʝʥʦʩ 

(ʄʇʂ), ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʧʝʨʝʜ ʠ ʧʨʠʟʝʤʣʷʝʪʩʷ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʫʛʣʦʤ (ɔ) ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʪʘʟʫ. ʆʜʥʘʢʦ, ʠʟ-ʟʘ ʠʟʛʠʙʘʥʠʷ ʪʫʣʦʚʠʱʘ, ʧʨʘʚʘʷ ʢʦʥʝʯʥʦʩʪʴ 

ʧʨʠʟʝʤʣʷʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʣʘʪʝʨʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʧʦʨʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʰʘʛʝ (ʧʦʢʘʟʘʥʦ ʤʘʣʝʥʴʢʠʤʠ ʯʝʨʥʳʤʠ 

ʢʚʘʜʨʘʪʘʤʠ ʧʦʜ ʧʨʷʤʦʡ ʥʘ ʈʠʩ. 5ɽ). ʇʦʩʣʝ ʧʨʠʟʝʤʣʝʥʠʷ ʧʨʘʚʦʡ ʢʦʥʝʯʥʦʩʪʠ 

ʥʘʯʠʥʘʶʪ ʜʝʡʩʪʚʦʚʘʪʴ ʤʝʭʘʥʠʟʤʳ ʢʦʤʧʝʥʩʘʮʠʠ ʥʘʛʨʫʟʢʠ ʢʦʥʝʯʥʦʩʪʠ 

(ʄʂʅʂ). ʊʘʢʞʝ ʠʟʛʠʙ ʪʫʣʦʚʠʱʘ, ʚʳʟʚʘʥʥʳʡ ʣʘʪʝʨʘʣʴʥʳʤ ʪʦʣʯʢʦʤ, 

ʘʢʪʠʚʠʨʫʝʪ ʤʝʭʘʥʠʟʤʳ ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʫʣʦʚʠʱʘ (ʄʂʊ), ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 

ʚʳʧʨʷʤʣʝʥʠʶ (3, 4) ʚʦ ʚʨʝʤʷ ʦʧʦʨʥʦʡ ʬʘʟʳ ʧʨʘʚʦʡ ʢʦʥʝʯʥʦʩʪʠ. ʇʦʩʢʦʣʴʢʫ 

ʧʨʷʤʦʣʠʥʝʡʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʪʫʣʦʚʠʱʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʘʩʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʙʦʪʳ ʄʇʂ ʣʝʚʘʷ ʠ ʧʨʘʚʘʷ ʢʦʥʝʯʥʦʩʪʠ ʧʨʠʟʝʤʣʷʣʠʩʴ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʰʘʛʘʭ 

ʚ ʥʦʨʤʘʣʴʥʦʝ ʤʝʜʠʦʣʘʪʝʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ  (5 ʠ 6). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʙʣʘʛʦʜʘʨʷ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʩʪʫʨʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʢʦʥʝʯʥʦʩʪʝʡ ʠ 

ʪʫʣʦʚʠʱʘ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʠʩʭʦʜʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʦʟʳ ʪʝʣʘ ʧʨʠ ʭʦʜʴʙʝ.  

ʀʥʪʝʛʨʘʮʠʝʡ ʯʝʪʳʨʝʭ ʦʧʠʩʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ (ʄʇʂ, ʄʆʂ, ʄʂʅʂ, ʄʂʊ), 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʦʩʪʫʨʘʣʴʥʳʝ ʢʦʨʨʝʢʮʠʠ ʧʨʠ ʭʦʜʴʙʝ ʚʦ ʚʨʝʤʷ 
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ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʝʩʪʦʚ ʩ ʣʘʪʝʨʘʣʴʥʳʤʠ ʪʦʣʯʢʘʤʠ ʠ ʥʘʢʣʦʥʘʤʠ ʦʧʦʨʳ ï 

ʘʥʘʣʦʛʘʤʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʠʪʫʘʮʠʡ ʭʦʜʴʙ r ʧʦ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʞʠʚʦʪʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʠʣʠ ʩ ʥʝʞʠʚʳʤʠ ʦʙʲʝʢʪʘʤʠ. ʆʯʝʚʠʜʥʦ, 

ʯʪʦ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʙʘʣʘʥʩʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ ʠ ʩʫʱʝʩʪʚʫʶʪ ʜʨʫʛʠʝ 

ʤʝʭʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʘʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ. 

ɺʆʉʉʊɸʅʆɺʃɽʅʀɽ ʀʅʊɽɻʈɸʊʀɺʅʆɻʆ ʂʆʅʊʈʆʃʗ 

ʇʆʉʊʋʈɸʃʔʅʆʁ ʀ ʃʆʂʆʄʆʊʆʈʅʆʁ ʌʋʅʂʎʀʀ ʇʈʀ 

ʇɸʊʆʃʆɻʀʀ 

ɿʘʤʝʥʘ ʩʫʧʨʘʩʧʠʥʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ  

ʣɻʝʢʪʨʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʝʡ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ 

ʊʦʥʠʯʝʩʢʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʪʠʤʫʣʷʮʠʷ (ʕʉ) ʜʦʨʩʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, ʢʘʢ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, 

ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʣʦʢʦʤʦʪʦʨʥʳʝ 

(Iwahara et al., 1991; ɻʝʨʘʩʠʤʝʥʢʦ ʩ ʩʦʘʚʪ., 2002; ʄʫʩʠʝʥʢʦ ʩ ʩʦʘʚʪ., 2005), ʥʦ 

ʠ ʥʘ ʧʦʩʪʫʨʘʣʴʥʳʝ ʩʧʠʥʘʣʴʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (Musienko et al., 2010, 2012; 

ʄʫʩʠʝʥʢʦ ʩ ʩʦʘʚʪ., 2013). ʕʬʬʝʢʪ ʫʣʫʯʰʝʥʠʷ ʧʦʩʪʫʨʘʣʴʥʳʭ ʠ ʣʦʢʦʤʦʪʦʨʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ ʧʘʨʘʣʠʟʦʚʘʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʩʥʦʚʘʥ ʥʘ ʩʭʦʞʠʭ 

ʤʝʭʘʥʠʟʤʘʭ (Lavrov et al., 2008, Musienko et al., 2012). ɺ ʦʪʜʝʣʴʥʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʝʨʠʠ (Capogrosso et al., 2013) ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ ʩʝʥʩʦʤʦʪʦʨʥʳʭ 

ʩʝʪʝʡ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʢʨʳʩ. ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩʪʨʫʢʪʫʨʘ ʨʝʬʣʝʢʪʦʨʥʦʛʦ 

ʦʪʚʝʪʘ ʥʘ ʕʉ ʧʨʠ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ in-vivo 

ʪʝʩʪʘʭ, ʢʦʪʦʨʳʝ ʧʦʜʘʚʣʷʣʠ ʦʪʜʝʣʴʥʳʝ ʛʨʫʧʧʳ ʩʝʥʩʦʨʥʳʭ ʚʦʣʦʢʦʥ ʠ/ʠʣʠ 

ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ʕʉ ʣʝʞʠʪ 

ʩʪʠʤʫʣʷʮʠʷ ʩʧʠʥʘʣʴʥʳʭ ʩʝʥʩʦʨʥʳʭ ʧʫʪʝʡ, ʘ ʠʤʝʥʥʦ ʪʨʘʥʩʩʠʥʘʧʪʠʯʝʩʢʠʡ 

ʜʦʩʪʫʧ ʢ ʩʧʠʥʘʣʴʥʳʤ ʩʝʪʷʤ ʯʝʨʝʟ ʧʝʨʚʠʯʥʫʶ ʘʢʪʠʚʘʮʠʶ ʤʠʝʣʠʥʠʟʠʨʦʚʘʥʥʳʭ 

ʩʝʥʩʦʨʥʳʭ ʚʦʣʦʢʦʥ ʛʨʫʧʧ Ia, Ib, II   ʜʦʨʩʘʣʴʥʳʭ ʢʦʨʝʰʢʦʚ ʠ ʜʦʨʩʘʣʴʥʳʭ 

ʢʘʥʘʪʠʢʦʚ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ.  
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ʉʧʠʥʘʣʴʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʦʙʣʘʜʘʶʪ ʩʚʦʠʤ ʨʝʮʝʧʪʦʨʥʳʤ ʘʧʧʘʨʘʪʦʤ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʥʘ ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʧʦ ʤʦʥʦʘʤʠʥʝʨʛʠʯʝʩʢʠʤ ʧʨʦʚʦʜʷʱʠʤ ʧʫʪʷʤ (Agnati et al., 2010). 

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘ ʭʨʦʥʠʯʝʩʢʠʭ ʩʧʠʥʘʣʴʥʳʭ ʢʨʳʩʘʭ (n=39) 

ʧʨʦʚʝʜʝʥ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʘ ̫ʦʮʝʥʢʘ ʥʝʡʨʦʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʭʦʨʦʰʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʣʦʢʦʤʦʪʦʨʥʦʝ 

ʧʦʚʝʜʝʥʠʝ in vivo ʚ ʦʪʚʝʪ ʥʘ ʘʢʪʠʚʘʮʠʶ ʠʣʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʷʜʘ 

ʩʝʨʦʪʦʥʠʥʦʚʳʭ (5-HT), ʜʦʬʘʤʠʥʦʚʳʭ (DA) ʠ ʥʦʨʘʜʨʝʥʘʣʠʥʦʚʳʭ (NA) 

ʨʝʮʝʧʪʦʨʦʚ (Musienko et al., 2011). ʋʩʪʘʥʦʚʣʝʥʳ ʯʝʪʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʤʦʥʦʘʤʠʥʝʨʛʠʯʝʩʢʠʝ ʧʫʪʠ ʠ ʤʦʜʫʣʷʮʠʝʡ ʢʦʥʢʨʝʪʥʳʭ 

ʣʦʢʦʤʦʪʦʨʥʳʭ ʧʦʜʬʫʥʢʮʠʡ (ʈʠʩ. 6).  

 

ʈʠʩ. 6. ʆʙʦʙʱʘʶʱʘʷ ʩʭʝʤʘ ʤʦʜʫʣʷʮʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ 

ʩʧʠʥʘʣʴʥʳʭ ʢʨʳʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʦʪʜʝʣʴʥʳʝ ʤʦʥʦʘʤʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʥʳʝ ʩʠʩʪʝʤʳ ʠ ʠʭ 

ʢʦʤʙʠʥʘʮʠʠ: 1 (5-HT1A+5-HT7), 2 (5-HT1A+5-HT7+5-HT2A/C), 3 (5-HT1A+5-HT7+5-

HT2A/C+DA1), 4 (5-HT1A+5-HT7+5-HT2A/C+DA1+NAŬ2). ʉʪʝʧʝʥʴ ʤʦʜʫʣʷʮʠʠ ʜʚʠʛʘʪʝʣʴʥʳʭ 

ʬʫʥʢʮʠʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʘʟʤʝʨʫ ʨʘʟʥʦʮʚʝʪʥʳʭ ʩʪʨʝʣʦʢ (ʦʙʦʟʥʘʯʘʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ ʧʘʨʘʤʝʪʨʦʚ: ʵʢʩʪʝʥʟʠʶ, ʬʣʝʢʩʠʶ, ʩʪʘʙʠʣʴʥʦʩʪʴ, ʧʦʚʪʦʨʷʝʤʦʩʪʴ, ʢʦʦʨʜʠʥʘʮʠʶ, 

ʩʠʣʫ) ʠ ʨʘʟʤʝʨʫ ʢʨʫʛʣʳʭ ʟʦʥ (ʦʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʦʢʦʤʦʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʫʨʦʚʝʥʴ 

ʩʭʦʜʩʪʚʘ ʝʝ ʩ ʥʦʨʤʦʡ).  

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʤʦʥʦʘʤʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ ʤʦʜʫʣʠʨʫʝʪ 

ʰʠʨʦʢʠʡ, ʥʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʩʧʝʢʪʨ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ, ʢʠʥʝʪʠʯʝʩʢʠʭ ʠ 

ʤʠʦʛʨʘʬʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʝʥʳ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʢʘʨʪʘʭ ʢʦʥʢʨʝʪʥʳʭ ʨʝʮʝʧʪʦʨʦʚ. ɼʘʥʥʳʡ ʢʘʪʘʣʦʛ ʬʫʥʢʮʠʡ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʙʠʥʘʮʠʡ, ʩʪʠʤʫʣʠʨʫʶʱʠʭ 

ʜʚʠʛʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʫ ʧʘʨʘʣʠʟʦʚʘʥʥʳʭ ʢʨʳʩ (ʈʠʩ. 6). ʉ ʧʦʤʦʱʴʶ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ ʫʜʘʣʦʩʴ ʩʝʣʝʢʪʠʚʥʦ ʟʘʤʝʥʷʪʴ ʩʫʧʨʘʩʧʠʥʘʣʴʥʳʝ ʩʠʛʥʘʣʳ, ʥʘʮʝʣʝʥʥʳʝ 

ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʫʶ ʤʦʜʫʣʷʮʠʶ ʧʦʩʪʫʨʘʣʴʥʳʭ ʠʣʠ ʣʦʢʦʤʦʪʦʨʥʳʭ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʚʝʜʝʥʠʝʤ ʣʝʢʘʨʩʪʚ ï ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʛʦʥʠʩʪʦʚ ʠʣʠ 

ʘʥʪʘʛʦʥʠʩʪʦʚ ʤʦʥʦʘʤʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ. ʂʘʯʝʩʪʚʦ ʣʦʢʦʤʦʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʧʨʠ ʘʢʪʠʚʘʮʠʠ 5-HT1A ʠ 5-HT7 ʨʝʮʝʧʪʦʨʦʚ, ʘ 

ʤʦʜʫʣʷʮʠʷ NAŬ2 ʫʣʫʯʰʘʣʘ ʢʦʦʨʜʠʥʘʮʠʶ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʣʦʢʦʤʦʪʦʨʥʦʛʦ 

ʧʘʪʪʝʨʥʘ. ʆʜʥʘʢʦ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʪʫʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʙʳʣʘ 

ʥʝʦʙʭʦʜʠʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʘʢʪʠʚʘʮʠʷ DA1 ʠ 5-HT2A/ʉ  ʨʝʮʝʧʪʦʨʦʚ (ʈʠʩ. 6). 

ʆʜʥʦʚʨʝʤʝʥʥʘʷ ʤʦʜʫʣʷʮʠʷ ʥʝʩʢʦʣʴʢʠʭ ʨʝʮʝʧʪʦʨʦʚ ʧʨʠʚʦʜʠʣʘ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʵʬʬʝʢʪʘʤ ʠʟʤʝʥʝʥʠʡ ʜʚʠʛʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʩʫʤʤʘʮʠʠ ʠʭ ʜʝʡʩʪʚʠʷ ʠ ʩʠʥʝʨʛʠʠ (Musienko et al., 2011). ʉʧʝʮʠʬʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʨʝʮʝʧʪʦʨʥʳʭ ʩʠʩʪʝʤ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʪʦʛʦʚʦʛʦ 

ʤʦʪʦʨʥʦʛʦ ʧʘʪʪʝʨʥʘ ʷʚʣʷʝʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʠʥʪʝʛʨʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʘ ʩʧʠʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʧʨʠ ʫʯʘʩʪʠʠ ʥʠʩʭʦʜʷʱʠʭ ʩʠʛʥʘʣʦʚ ʦʪ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ (Hochman et al., 2001; Grillner, 2006; Jordan et al., 2008).  

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʠ ʜʘʥʥʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʪʦʯʢʫ ʟʨʝʥʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ 

ʩʧʠʥʘʣʴʥʘʷ ʜʚʠʛʘʪʝʣʴʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ, ʛʝʪʝʨʦʛʝʥʥʳʭ, ʥʦ ʚʳʩʦʢʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʨʝʮʝʧʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʧʝʢʪʨ 

ʜʚʠʛʘʪʝʣʴʥʳʭ ʧʘʪʪʝʨʥʦʚ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʷʭ (Giszter et 

al., 2007). ɺ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʠʝ  ʠ 

ʤʦʥʦʘʤʠʥʝʨʛʠʯʝʩʢʠʝ ʧʨʦʚʦʜʷʱʠʝ ʧʫʪʠ, ʙʝʨʫʱʠʝ ʩʚʦʝ ʥʘʯʘʣʦ ʠʟ ʩʪʚʦʣʘ ʤʦʟʛʘ, 

ʘʢʪʠʚʠʨʫʶʪ ʠ ʤʦʜʫʣʠʨʫʶʪ ʵʪʠ ʩʧʠʥʘʣʴʥʳʝ ʩʝʪʠ (Hagglund et al., 2010; Jordan 

et al., 2008). ʄʫʣʴʪʠʩʝʛʤʝʥʪʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʤʫʣʴʪʠʨʝʮʝʧʪʦʨʥʘʷ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʘʷ ʩʪʠʤʫʣʷʮʠʷ, ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʜʚʠʞʝʥʠʷ, ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʦʢʘʟʳʚʘʶʪ ʩʠʥʝʨʛʠʯʥʦʝ ʜʝʡʩʪʚʠʝ ʠ 

ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʫʪʨʘʯʝʥʥʳʝ ʘʢʪʠʚʠʨʫʶʱʠʝ ʠ 

ʤʦʜʫʣʠʨʫʶʱʠʝ ʩʫʧʨʘʩʧʠʥʘʣʥɹʳʝ ʢʦʤʘʥʜʳ ʧʦʩʣʝ ʪʷʞʝʣʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ (Courtine et al., 2009). ʉ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʘʜʨʝʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʧʠʥʘʣʴʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʙʳʣʠ ʩʦʟʜʘʥʳ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʧʠʥʘʣʴʥʳʝ ʥʝʡʨʦʧʨʦʪʝʟ,r ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʠʟ ʩʝʙʷ 
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ʚʞʠʚʣʷʝʤʳʝ ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ ʤʫʣʴʪʠʵʣʝʢʪʨʦʜʥʳʝ ʠ ʭʝʤʦʪʨʦʜʥʳʝ 

ʠʥʪʝʨʬʝʡʩʳ (Musienko et al., 2009; Larmagnac et al., 2011).  

ʋʥʠʚʝʨʩʘʣʴʥʦʝ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʘʢʪʠʚʘʮʠʠ, ʪʨʝʥʠʨʦʚʢʠ  ʧʦʩʪʫʨʘʣʴʥʳʭ ʠ ʣʦʢʦʤʦʪʦʨʥʳʭ ʩʝʪʝʡ 

ɿʘʙʦʣʝʚʘʥʠʷ ʠ ʪʨʘʚʤʳ ʎʅʉ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʥʘʨʫʰʝʥʠʡ 

ʣʦʢʦʤʦʮʠʠ ʠ/ʠʣʠ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ʆʜʥʘʢʦ ʪʝʭʥʠʯʝʩʢʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ  ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ (Nessler et al., 2005; Frey et al., 2006; 

Winter et al., 1993) ʧʨʝʧʷʪʩʪʚʫʶʪ ʧʨʦʚʝʜʝʥʠʶ ʨʘʟʜʝʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ 

ʥʝʡʨʦʨʝʘʙʠʣʠʪʘʮʠʠ ʵʪʠʭ ʧʦʜʬʫʥʢʮʠʡ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʙʳʣʦ 

ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʦ ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʠʟ ʩʝʙʷ ʩʠʩʪʝʤʫ ʧʦʜʜʝʨʞʢʠ ʚʝʩʘ ʪʝʣʘ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ 

ʘʚʪʦʥʦʤʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʢʪʠʚʘʮʠʠ ʠ ʪʨʝʥʠʨʦʚʢʠ ʣʦʢʦʤʦʪʦʨʥʳʭ ʠ 

ʧʦʩʪʫʨʘʣʴʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (Dominici et al., 2012). ʊʝʭʥʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʷʛʢʠʭ ʵʣʘʩʪʠʯʝʩʢʠʭ ʩʠʣʦʚʳʭ ʧʨʠʚʦʜʦʚ ʠ ʩʧʠʨʘʣʝʡ, 

ʢʦʪʦʨʳʝ ʫʩʪʨʘʥʷʶʪ ʠʥʝʨʮʠʦʥʥʳʝ ʚʣʠʷʥʠʷ ʩʠʣʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʞʠʚʦʪʥʦʝ ʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ 

ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (Pratt et al., 1995; Vallery et al., 2008; Dominici 

et al., 2012). ʈʦʙʦʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʴ ʧʝʨʝʤʝʱʝʥʠʷ ʚʦ ʬʨʦʥʪʘʣʴʥʦʡ, 

ʩʘʛʠʪʪʘʣʴʥʦʡ,   ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ   ʧʣʦʩʢʦʩʪʷʭ, ʘ ʪʘʢʞʝ ʚʦʢʨʫʛ  ʚʝʨʪʠʢʘʣʴʥʦʡ   

ʦʩʠ, ʧʨʠʯʝʤ ʩʠʣʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʞʠʚʦʪʥʦʝ ʧʦ ʨʘʟʣʠʯʥʳʤ ʦʩʷʤ ʤʦʞʝʪ 

ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʩʦʙʩʪʚʝʥʥʳʭ ʜʚʠʛʘʪʝʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʠ (ʈʠʩ. 8ɹ).  

ɺ ʨʝʞʠʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʣʘ ʧʦʣʫʯʠʪʴ 

ʧʦʜʨʦʙʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʣʦʢʦʤʦʪʦʨʥʳʭ ʧʘʪʪʝʨʥʦʚ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʚ ʥʦʨʤʝ (n=7), ʧʦʩʣʝ ʧʦʚʨʝʞʜʝʥʠʷ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ (ʇʉʄ) (n=10) 

ʠ ʠʥʩʫʣʴʪʘ (n=5). ɺ ʨʝʞʠʤʝ ʘʢʪʠʚʘʮʠʠ ʫʩʪʨʦʡʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʩʪʫʨʘʣʴʥʦʛʦ ʥʝʡʨʦʧʨʦʪʝʟʘ, ʢʦʪʦʨʳʡ ʘʢʪʠʚʠʨʫʝʪ ʣʦʢʦʤʦʪʦʨʥʳʝ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʭʦʜʴʙʫ ʧʦ ʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʇʉʄ, 

ʭʦʜʴʙʫ ʧʦ ʣʝʩʪʥʠʮʝ ʧʨʠ ʧʦʣʦʚʠʥʥʦʤ ʧʦʨʘʞʝʥʠʠ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ (ʩʠʥʜʨʦʤ 
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ɹʨʦʫʥ-ʉʝʢʘʨʘ) ʠ ʪʦʯʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʣʘʧʳ ʚʩʢʦʨʝ ʧʦʩʣʝ ʠʥʩʫʣʴʪʘ (ʈʠʩ. 

7A). 

 

ʈʠʩ. 7. (ɸ) ɸʢʪʠʚʘʮʠʷ ʜʚʠʛʘʪʝʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʧʨʠ ʭʦʜʴʙʝ ʧʦ ʥʝʨʝʛʫʣʷʨʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʧʝʨʝʢʣʘʜʠʥʘʤ ʧʨʠ ʧʦʤʦʱʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʫ ʢʨʳʩ ʩ 

ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʠʥʩʫʣʴʪʦʤ. (ɹ) ʕʬʬʝʢʪ ʪʨʝʥʠʨʦʚʢʠ ʩ ʧʦʤʦʱʴʶ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʧʦʩʣʝ ʪʷʞʝʣʦʛʦ ʇʉʄ. M.soleus (Sol), m.Tibialis anterior (Tib). 

ɺ ʨʝʞʠʤʝ ʪʨʝʥʠʨʦʚʢʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʡ ʥʝʡʨʦʧʨʦʪʝʟ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʝʡ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʣʦʢʦʤʦʮʠʠ ʩ ʧʦʜʜʝʨʞʢʦʡ ʚʝʩʘ ʪʝʣʘ, ʢʦʥʪʨʦʣʷ ʥʘʧʨʘʚʣʝʥʠʷ 

ʭʦʜʴʙʳ ʠ ʩʧʦʩʦʙʥʦʩʪʝʡ ʩʦʭʨʘʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʫ ʧʘʨʘʣʠʟʦʚʘʥʥʳʭ ʢʨʳʩ (ʈʠʩ. 

7ɹ). ʊʨʝʥʠʨʦʚʢʘ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʟʚʦʣʷʣʘ ʜʘʚʘʪʴ ʜʦʟʠʨʦʚʘʥʥʫʶ ʥʘʛʨʫʟʢʫ, 

ʩʪʠʤʫʣʠʨʫʷ ʥʝʡʨʦʧʣʘʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʧʦʩʪʝʧʝʥʥʦ ʦʙʫʯʘʷ ʥʝʡʨʦʥʥʳʝ 

ʩʝʪʠ ʥʦʚʳʤ ʟʘʜʘʯʘʤ. ʆʙʥʘʨʫʞʝʥʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 


