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1. ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ. 

 

1.1. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ.  

 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʟʫʯʝʥʠʝ ʢʣʝʪʦʯʥʳʭ ʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʥʝʡʨʦʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʥʝʡʨʦʥʥʦʡ ʚʦʟʙʫʜʠʤʦʩʪʠ, ʧʨʠʥʠʤʘʶʱʝʡ ʫʯʘʩʪʠʝ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ ʠ ʘʜʘʧʪʘʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

ʀʟʫʯʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, 

ʦʪʜʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ ʠ ʩʫʙʢʣʝʪʦʯʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʦʚ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʵʪʘʧʝ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʦʙʳʪʠʷ ʢʘʢ ʚʦ ʤʥʦʛʠʭ ʥʝʡʨʦʥʘʭ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʪʘʢ ʠ ʚ ʦʪʜʝʣʴʥʳʭ 

ʜʝʥʜʨʠʪʘʭ ʠ ʘʢʩʦʥʘʭ, ʧʨʠʚʦʜʷ ʠʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʦʯʥʦʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ.  ʇʨʠʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʠʟ ʤʘʣʦʛʦ ʯʠʩʣʘ ʜʦʩʪʫʧʥʳʭ ʩʝʛʦʜʥʷ ʤʝʪʦʜʦʚ, ʩʦʯʝʪʘʶʱʠʤ ʚʳʩʦʢʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ (ʜʦ 1 ʤʢʤ) ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʠʩʪʨʘʮʠʠ 

ʩʚʝʨʭʙʳʩʪʨʳʭ ʩʠʛʥʘʣʦʚ (<0.1 ʤʩʝʢ) ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ 

ʚʳʩʦʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ.  

ʆʙʱʝʧʨʠʥʷʪʘʷ ʪʦʯʢʘ ʟʨʝʥʠʷ ʥʘ ʧʣʘʩʪʠʯʥʦʩʪʴ ʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ 

ʫʜʝʣʷʝʪ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʩʠʥʘʧʪʠʯʝʩʢʠʤ ʢʦʥʪʘʢʪʘʤ ʤʝʞʜʫ ʥʝʡʨʦʥʘʤʠ, 

ʩʯʠʪʘʷ ʠʭ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʠ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ ʪʦʯʢʘʤʠ ʧʣʘʩʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʘʤʷʪʴʶ. ʉʠʥʘʧʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʯʘʩʪʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʘʢ ʧʝʨʚʠʯʥʳʡ ʤʝʭʘʥʠʟʤ, ʬʦʨʤʠʨʫʶʱʠʡ  ʧʘʤʷʪʴ (Giese et al. 

2001). ʌʦʨʤʳ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʧʦʚʳʰʝʥʥʘʷ 

ʩʦʤʘʪʠʯʝʩʢʘʷ ʠ ʜʝʥʜʨʠʪʥʘʷ ʚʦʟʙʫʜʠʤʦʩʪʴ ʠʣʠ ʧʦʚʳʰʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʪʘʢʞʝ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʢʘʢ ʥʘ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, ʪʘʢ ʠ ʥʘ 

ʧʦʟʚʦʥʦʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ (Debanne et al. 2003). ʅʝʜʘʚʥʠʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʧʨʠʚʝʣʠ ʢ ʰʠʨʦʢʦʤʫ ʧʨʠʟʥʘʥʠʶ ʬʘʢʪʘ ʪʦʛʦ, 

ʯʪʦ ʥʝʩʠʥʘʧʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝʡʨʦʥʘ ʥʘʨʷʜʫ ʩ 

ʤʦʜʠʬʠʢʘʮʠʝʡ ʩʠʥʘʧʩʦʚ ʷʚʣʷʶʪʩʷ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ 

(Zhang & Linden, 2003, Magee et al., 2005).  

ʅʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʤʦʣʣʶʩʢʦʚ ʚʥʝʩ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʥʘʰʝ ʧʦʥʠʤʘʥʠʝ ʢʣʝʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 
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ʥʝʘʩʩʦʮʠʘʪʠʚʥʳʭ  ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ 

ʧʦʚʝʜʝʥʠʝ, ʢʦʪʦʨʳʝ ʵʢʚʠʚʘʣʝʥʪʥʳ ʨʦʣʠ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʡ ʨʝʘʢʮʠʠ ʫ 

ʧʦʟʚʦʥʦʯʥʳʭ (Brezina et al., 2003; Kupfermann 1974; Marinesco et al., 2004). ʂ 

ʚʘʞʥʦʤʫ ʪʠʧʫ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʭ ʤʦʜʫʣʷʪʦʨʥʳʭ ʥʝʡʨʦʥʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʬʫʥʢʮʠʝʡ çʫʩʪʘʥʘʚʣʠʚʘʥʠʷè ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʝʪʠ ʧʠʱʝʚʦʛʦ 

ʧʦʚʝʜʝʥʠʷ, ʦʪʥʦʩʷʪʩʷ ʛʠʛʘʥʪʩʢʠʝ ʢʣʝʪʢʠ ʮʝʨʝʙʨʘʣʴʥʳʭ ʛʘʥʛʣʠʝʚ (CGC) 

ʫʣʠʪʦʢ Lymnaea (Yeoman et al., 1994). ʅʝʜʘʚʥʠʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʩʚʷʟʘʪʴ 

ʥʝʡʨʦʥʳ CGC ʩ ʤʝʭʘʥʠʟʤʘʤʠ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ 

(Kemenes et al., 2001). ʍʦʪʷ ʝʩʪʴ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ ʜʦʩʪʫʧʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʨʦʷʚʣʝʥʠʠ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪʘ  ʥʝʡʨʦʥʘʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʦʙʫʯʝʥʠʠ, ʥʦ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʠʟʚʝʩʪʥʦ ʦ ʪʦʤ, ʢʘʢ ʦʥʘ 

ʚʳʟʳʚʘʝʪ ʧʦʩʪʦʷʥʥʦʝ ʠʟʤʝʥʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ. ʇʦʢʘ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʚʝʩʪʥʳʤ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʦʞʝʪ ʚʥʦʩʠʪʴ 

ʚʢʣʘʜ ʚ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʦʪ ʢʦʪʦʨʦʛʦ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʧʘʤʷʪʴ. ʆʙʲʷʩʥʝʥʠʝ ʪʦʛʦ, ʢʘʢ ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ 

ʪʨʘʥʩʣʠʨʫʝʪʩʷ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ 

ʠʟʤʝʥʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʙʫʯʝʥʠʷ ʠ ʧʘʤʷʪʠ. ʊʘʢʞʝ, ʙʝʟ ʷʩʥʦʡ ʢʘʨʪʠʥʳ 

ʫʩʪʨʦʡʩʪʚʘ ʢʣʝʪʦʯʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʘ ʫʨʦʚʥʝ ʚʩʝʭ ʢʦʤʧʘʨʪʤʝʥʪʦʚ ʥʝʡʨʦʥʘ 

ʥʝʚʦʟʤʦʞʥʦ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʢʣʝʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʙʫʯʝʥʠʷ ʠ ʧʘʤʷʪʠ.  

ʆʩʮʠʣʣʷʪʦʨʥʘʷ ʥʝʡʨʦʥʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ 

ʦʙʦʥʷʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʢʘʢ ʧʦʟʚʦʥʦʯʥʳʭ, ʪʘʢ ʠ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ (Gray & 

Skinner, 1988; Laurent & Davidowitz, 1994). ʋ ʥʘʟʝʤʥʳʭ ʤʦʣʣʶʩʢʦʚ 

ʩʧʦʥʪʘʥʥʳʝ ʦʩʮʠʣʣʷʮʠʠ ʛʝʥʝʨʠʨʫʶʪʩʷ ʚ ʧʨʦʮʝʨʝʙʨʘʣʴʥʦʤ (PC) ʦʪʜʝʣʝ ʎʅʉ, 

ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʙʦʪʢʘ ʦʙʦʥʷʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (Gelperin & Tank, 

1990). ɺʦʟʤʦʞʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʦʙʦʥʷʪʝʣʴʥʳʝ 

ʦʩʮʠʣʣʷʮʠʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʯʘʩʪʴʶ ʤʝʭʘʥʠʟʤʘ ʤʦʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʚʣʠʷʶʪ 

ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʠʜʦʠʟʤʝʥʝʥʥʦʛʦ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʦʙʫʯʝʥʠʠ 

ʦʩʪʘʝʪʩʷ ʧʦʢʘ ʥʝʠʟʫʯʝʥʥʦʡ.   

ɺ ʜʦʙʘʚʣʝʥʠʝ ʢ ʠʟʚʝʩʪʥʳʤ ʢʦʤʘʥʜʥʳʤ ʥʝʡʨʦʥʘʤ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ, ʫ ʫʣʠʪʦʢ ʦʧʠʩʘʥʘ ʛʨʫʧʧʘ ʩʝʨʦʪʦʥʠʥ-ʩʦʜʝʨʞʘʱʠʭ ʤʦʜʫʣʷʪʦʨʥʳʭ 

ʥʝʡʨʦʥʦʚ ʩʝʪʠ, ʪʘʢʞʝ ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʦʙʦʨʦʥʠʪʝʣʴʥʦʤ ʧʦʚʝʜʝʥʠʠ ʵʪʠʭ 

ʞʠʚʦʪʥʳʭ (Zakharov et al., 1995). ʈʘʟʨʷʜʳ ʚ ʵʪʠʭ ʥʝʡʨʦʥʘʭ ʥʝ ʚʳʟʳʚʘʶʪ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʦʨʤ ʧʦʚʝʜʝʥʠʷ, ʥʦ ʠʟʤʝʥʷʶʪ ʧʦʚʝʜʝʥʯʝʩʢʠʝ 
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ʦʪʚʝʪʳ ʚ ʦʪʚʝʪ ʥʘ ʥʝʧʨʠʷʪʥʳʝ ʨʘʟʜʨʘʞʠʪʝʣʠ: ʵʪʠ ʩʚʦʡʩʪʚʘ ʧʦʜʧʘʜʘʶʪ ʧʦʜ 

ʦʧʠʩʘʥʠʷ ʤʦʜʫʣʷʪʦʨʥʳʭ ʥʝʡʨʦʥʦʚ. ʈʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʨʦʣʠ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ 

ʢʘʢ ʛʣʘʚʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʨʝʘʣʠʟʘʮʠʠ ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʧʨʠʚʳʢʘʥʠʷ ʠ 

ʚʳʨʘʙʦʪʢʠ ʢʦʥʪʝʢʩʪʫʘʣʴʥʦʛʦ ʘʚʝʨʟʠʚʥʦʛʦ ʫʩʣʦʚʥʦʛʦ ʨʝʬʣʝʢʩʘ ʥʘ ʧʠʱʫ 

(Balaban et al., 1987).  

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʠʟʫʯʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʦʪʜʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ ʠ ʩʫʙʢʣʝʪʦʯʥʳʭ 

ʢʦʤʧʘʨʪʤʝʥʪʦʚ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ (ʪʘʢʠʭ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ), ʧʦʟʚʦʣʷʶʱʠʭ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʢʘʢ ʚʦ ʤʥʦʛʠʭ ʥʝʡʨʦʥʘʭ 

ʦʜʥʦʚʨʝʤʝʥʥʦ, ʪʘʢ ʠ ʚ ʦʪʜʝʣʴʥʳʭ ʜʝʥʜʨʠʪʘʭ ʠ ʘʢʩʦʥʘʭ, ʧʨʠʚʦʜʷ ʠʤ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʦʯʥʦʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʝʝ 

ʜʝʩʷʪʠʣʝʪʠʝ ʧʨʦʠʟʦʰʝʣ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʧʨʠʤʝʥʝʥʠʠ ʧʦʪʝʥʮʠʘʣ-

ʟʘʚʠʩʠʤʳʭ ʢʨʘʩʠʪʝʣʝʡ (ʇɿʂ), ʚ ʯʘʩʪʥʦʩʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠ ʢʦʜʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʘʢʩʦʥʦʤ ʠ 

ʜʝʥʜʨʠʪʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ (Foust et al., 

2010).  

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ ʟʥʘʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙʣʝʤ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʠ ʧʘʤʷʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʠ ʠ 

ʥʝʡʨʦʙʠʦʣʦʛʠʠ ʥʘ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʟʚʦʣʠʣʠ ʥʘʢʦʧʠʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʘʢʦ, ʵʪʦʛʦ ʧʦʢʘ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ 

ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʨʝʰʝʥʠʶ ʵʪʠʭ ʧʨʦʙʣʝʤ ʙʝʟ ʤʝʪʦʜʦʚ ʙʦʣʝʝ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʪʘʢʠʭ, ʢʘʢ ʧʨʠʤʝʥʝʥʥʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʳ ʦʧʪʠʯʝʩʢʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦʥʦʚ. ʊʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤ, ʯʪʦʙʳ ʫʩʧʝʰʥʳʝ ʜʣʷ ʧʨʦʩʪʳʭ ʥʝʨʚʥʳʭ 

ʩʠʩʪʝʤ ʤʝʪʦʜʳ ʙʳʣʠ ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʢʣʝʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʘʤʷʪʠ ʥʘ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ.  
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1.2. ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝʡʨʦʥʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʧʦʚʝʜʝʥʠʷ ʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ ʧʨʠ ʦʙʫʯʝʥʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʥʝʡʨʦʥʦʚ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ. ɼʣʷ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ, ʥʘʯʠʥʘʷ ʦʪ ʩʫʙʥʝʡʨʦʥʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʦʚ ʠ ʟʘʢʘʥʯʠʚʘʷ ʩʣʦʞʥʳʤʠ 

ʦʩʮʠʣʣʠʨʫʶʱʠʤʠ ʩʝʪʷʤʠ, ʪʨʝʙʦʚʘʣʦʩʴ ʨʘʟʨʘʙʦʪʘʪʴ ʩʧʝʮʠʘʣʴʥʳʡ 

ʦʧʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʦʚʝʜʝʥʯʝʩʢʠʭ, ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʠʭ,  ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʤʝʪʦʜʠʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʥʝʡʨʦʙʠʦʣʦʛʠʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʰʠʤʠ ʮʝʣʷʤʠ ʠ 

ʚʳʙʨʘʥʥʳʤʠ ʤʦʜʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʝʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʩʚʷʟʘʥʥʫʶ ʩ 

ʫʩʣʦʚʥʳʤ ʧʠʱʝʚʳʤ ʦʙʫʯʝʥʠʝʤ, ʠʩʩʣʝʜʦʚʘʪʴ ʝʝ ʠʦʥʥʦʢʘʥʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ, 

ʚʳʷʚʠʪʴ ʫʯʘʩʪʚʫʶʱʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʥʝʡʨʦʥʘʣʴʥʳʝ ʢʦʤʧʘʨʪʤʝʥʪʳ, ʘ ʪʘʢʞʝ 

ʚʳʷʚʠʪʴ ʠ ʦʙʲʷʩʥʠʪʴ ʚʦʟʤʦʞʥʫʶ ʩʚʷʟʴ ʵʪʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʚʠʜʦʠʟʤʝʥʝʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

2) ɺʳʷʚʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʦʪʚʝʪʘʤʠ ʤʦʪʦʥʝʡʨʦʥʘ ʨʝʪʨʘʢʪʦʨʘ ʱʫʧʘʣʴʮʘ 

ʥʘ ʟʘʧʘʭʠ ʩ ʧʘʪʪʝʨʥʘʤʠ ʨʠʪʤʠʯʝʩʢʠʭ ʦʩʮʠʣʣʷʮʠʡ ʚ ʤʦʟʛʝ ʫʣʠʪʢʠ, 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. ʆʧʨʝʜʝʣʠʪʴ ʤʝʭʘʥʠʟʤ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʦʩʮʠʣʣʷʮʠʠ ʚ ʦʙʦʥʷʪʝʣʴʥʦʤ ʤʦʟʛʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʝ ʦʣʴʬʘʢʪʦʨʥʦʝ ʧʦʚʝʜʝʥʠʝ ʜʦ ʠ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ. 

3) ɺʳʷʩʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ʩʝʥʩʦʨʥʳʭ ʚʭʦʜʦʚ, ʚʥʫʪʨʝʥʥʶʶ ʦʨʛʘʥʠʟʘʮʠʶ 

ʠ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʠʩʭʦʜʷʱʠʭ ʚʣʠʷʥʠʡ ʤʦʜʫʣʷʪʦʨʥʦʡ ʩʝʪʠ 

ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʫʣʠʪʢʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʪʴ ʧʦʜʭʦʜ ʢ ʦʧʪʠʯʝʩʢʦʤʫ 

ʢʘʨʪʠʨʦʚʘʥʠʶ ʥʝʡʨʦʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʩʪʝʧʝʥʴʶ ʩʠʥʭʨʦʥʥʦʩʪʠ ʥʝʡʨʦʥʥʳʭ ʧʦʜʢʣʘʩʪʝʨʦʚ. 

4) ʆʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʦʧʪʠʯʝʩʢʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʢʣʝʪʦʯʥʳʭ ʦʩʥʦʚ ʦʙʫʯʝʥʠʷ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, ʜʣʷ 

ʘʥʘʣʠʟʘ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. 
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1.3. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. 

 

ʀʩʧʦʣʴʟʫʷ ʧʘʨʘʜʠʛʤʫ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʦʙʫʯʝʥʠʷ ʚʤʝʩʪʝ ʩ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʠ ʦʧʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ, ʙʳʣʠ ʚʧʝʨʚʳʝ 

ʦʧʠʩʘʥʳ ʢʣʝʪʦʯʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʚʳʟʚʘʥʥʳʝ ʦʙʫʯʝʥʠʝʤ 

ʥʝʩʠʥʘʧʪʠʯʝʩʢʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʥʝʡʨʦʥʘʣʴʥʦʡ ʩʦʤʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʜʘʣʝʢʦ ʦʪ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ, ʧʝʨʝʭʦʜʷʪ ʚ ʵʬʬʝʢʪʳ, 

ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʥʘ ʫʨʦʚʥʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʩʠʥʘʧʩʦʚ. ɹʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ ʚ 

ʢʣʶʯʝʚʦʤ ʜʣʷ ʧʦʚʝʜʝʥʠʷ ʤʦʜʫʣʷʪʦʨʥʦʤ ʥʝʡʨʦʥʝ ʩʪʦʠʪ ʟʘ ʦʪʩʪʘʚʣʝʥʥʦʡ 

ʧʦʩʪʦʷʥʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ, ʧʦʷʚʣʷʶʱʝʡʩʷ ʚ ʵʪʦʤ ʥʝʡʨʦʥʝ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ 

ʞʠʚʦʪʥʦʛʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʫʩʣʦʚʥʦʤʫ ʨʝʬʣʝʢʩʫ. ɼʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʥʝʩʠʥʘʧʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ 

ʥʝʡʨʦʥʝ  ʠ ʢʦʤʧʘʨʪʤʝʥʪʘʣʠʟʦʚʘʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʬɻʬʝʢʪʠʚʥʦʩʪʠ ʩʣʫʞʠʪ ʣʦʢʘʣʴʥʘʷ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʘʷ ʠʥʘʢʪʠʚʘʮʠʷ 

ʢʘʣʠʝʚʦʛʦ ʪʦʢʘ ɸ-ʪʠʧʘ. 

ʅʘ ʤʦʜʝʣʠ ʧʨʦʩʪʦʡ ʩʝʥʩʦʨʥʦʡ ʠ ʤʦʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚ ʦʙʦʥʷʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʩʮʠʣʣʷʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʘʢʪʠʚʥʦʩʪʠ ʦʪʜʝʣʴʥʦʛʦ ʥʝʡʨʦʥʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʝ 

ʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʉʦʛʣʘʩʥʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʪʦʨʤʦʟʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʦʙʦʥʷʪʝʣʴʥʳʤ ʤʦʟʛʦʤ ʠ 

ʤʦʪʦʥʝʡʨʦʥʦʤ ʨʝʪʨʘʢʪʦʨʘ ʱʫʧʘʣʴʮʘ ʪʘʢʞʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ 

ʤʦʜʠʬʠʢʘʮʠʡ ʥʝʡʨʦʥʥʳʭ ʩʚʷʟʝʡ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʘʚʝʨʟʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʥʘ ʟʘʧʘʭʠ.  

ɸʥʘʣʠʟ ʦʪʚʝʪʦʚ ʥʝʡʨʦʥʦʚ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʦʡ ʛʨʫʧʧʳ ʦʧʪʠʯʝʩʢʠʤʠ 

ʠ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʦʧʨʝʜʝʣʠʣ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʩʝʡ 

ʛʨʫʧʧʳ ʢʘʢ ʝʜʠʥʦʡ ʩʝʪʠ ʤʦʜʫʣʷʮʠʠ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩ ʦʜʥʠʤ 

ʛʠʛʘʥʪʩʢʠʤ çʚʳʭʦʜʥʳʤè ʥʝʡʨʦʥʦʤ, ʢʦʪʦʨʦʤʫ ʦʩʪʘʣʴʥʳʝ ʥʝʡʨʦʥʳ 

ʜʝʣʝʛʠʨʫʶʪ ʬʫʥʢʮʠʶ ʦʙʱʝʥʠʷ ʩ ʦʩʪʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʦʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʧʝʨʝʞʠʚʘʶʱʠʭ ʩʨʝʟʘʭ ʤʦʟʛʘ 

ʤʣʝʢʦʧʠʪʘʶʱʝʛʦ, ʧʦʜʪʚʝʨʜʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʘʜʘʧʪʘʮʠʠ 

ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʨʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʝʡʨʦʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʢʣʝʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʘʤʷʪʠ ʥʘ ʩʠʩʪʝʤʘʭ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ.  
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʦʜʝʣʴʥʘʷ 

ʩʠʩʪʝʤʘ ʥʘʟʝʤʥʦʛʦ ʤʦʣʣʶʩʢʘ Lymnaea ï ʝʜʠʥʩʪʚʝʥʥʳʡ ʦʙʲʝʢʪ, ʛʜʝ ʫʜʘʣʦʩʴ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʫʯʘʩʪʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ ʚ ʦʪʜʝʣʴʥʦʤ 

ʥʝʡʨʦʥʝ ʚ ʧʨʦʮʝʩʩʘʭ ʦʙʫʯʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʘʤʷʪʠ. ɺ ʪʦʤ ʯʠʩʣʝ, ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ ʦʩʥʦʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʙʳʣʦ 

ʦʧʫʙʣʠʢʦʚʘʥʦ 3 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʪʘʪʴʠ ʚ ʚʳʩʦʢʦʮʠʪʠʨʫʝʤʦʤ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʞʫʨʥʘʣʝ Current Biology (ʧʷʪʠʣʝʪʥʠʡ ʠʤʧʘʢʪ ISI = 10.5). 

ʉʨʘʚʥʝʥʠʝ ʧʨʦʚʝʜʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʦ ʘʢʩʦʥʫ ʤʦʣʣʶʩʢʘ ʠ ʤʣʝʢʦʧʠʪʘʶʱʝʛʦ 

ʚʳʷʚʠʣʦ ʦʙʱʥʦʩʪʴ ʝʛʦ ʤʝʭʘʥʠʟʤʦʚ ʥʘ ʵʪʠʭ ʩʠʩʪʝʤʘʭ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʠʤʠ 

ʨʘʙʦʪʘʤʠ ʤʳ ʥʝ ʪʦʣʴʢʦ ʩʤʦʛʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʥʦ ʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʪʴ ʝʛʦ ʩ ʣʦʢʘʣʠʟʘʮʠʝʡ ʧʨʝʩʠʥʘʧʩʦʚ 

ʥʝʡʨʦʥʘ, ʧʦʜʚʝʨʛʘʶʱʝʛʦʩʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʧʝʨʝʩʪʨʦʡʢʝ, ʘ ʪʘʢʞʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʚʷʟʴ ʩ ʦʙʫʯʝʥʠʝʤ ʚ ʧʨʷʤʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʧʦʜʦʙʥʳʡ 

ʢʦʪʦʨʦʤʫ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʧʦʢʘ ʥʝʚʦʟʤʦʞʝʥ. 

ʉʦʚʝʨʰʝʥʦ ʥʦʚʳʤ ʦʧʠʩʘʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʷʚʣʷʝʪʩʷ ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ 

ʧʣʘʩʪʠʯʥʦʩʪʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʝʘʣʠʟʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʥʘ ʩʫʙʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ ʧʫʪʝʤ ʜʦʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʥʝʡʨʦʥʘʣʴʥʳʭ 

ʢʦʤʧʘʨʪʤʝʥʪʘʭ. 

ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʝʪʦʜʘ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʣʝʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʦʚʝʜʝʥʠʷ ʠ ʦʙʫʯʝʥʠʷ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ, ʢʨʠʪʠʯʝʩʢʠ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʨʘʙʦʪʳ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʦʜʭʦʜʳ 

ʧʦʟʚʦʣʷʶʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʠ ʦʙʲʷʩʥʷʪʴ ʷʚʣʝʥʠʷ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʘ ʪʨʝʭ 

ʫʨʦʚʥʷʭ: 1) ʩʫʙʢʣʝʪʦʯʥʦʤ, ʚʢʣʶʯʘʷ ʥʝʡʨʦʥʘʣʴʥʳʝ ʦʪʜʝʣʴʥʳʝ ʚʝʪʚʠ; 2) 

ʢʣʝʪʦʯʥʦʤ, ʚʢʣʶʯʘʷ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʥʝʡʨʦʥʦʚ; 3) ʥʘ 

ʥʝʡʨʦʩʝʪʝʚʦʤ, ʚʢʣʶʯʘʷ ʩʠʥʭʨʦʥʠʟʦʚʘʥʥʳʝ ʦʪʚʝʪʳ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʥʝʡʨʦʥʦʚ 

ʠʣʠ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʦʙʦʩʦʙʣʝʥʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʦʚ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʫʧʨʘʚʣʷʶʱʠʤʠ/ʤʦʪʦʨʥʳʤʠ ʥʝʡʨʦʥʘʤʠ, ʨʝʘʣʠʟʫʶʱʠʤʠ ʧʦʚʝʜʝʥʠʝ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʩʠʩʪʝʤʘʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʤʝʪʦʜʳ ʧʨʠʤʝʥʠʤʳ ʥʘ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʦʙʣʘʜʘʶʪ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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1.4. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʨʘʙʦʪʳ. 

 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʢʣʝʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʘʭ 

ʦʙʫʯʝʥʠʷ ʠ ʧʦʚʝʜʝʥʠʠ ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ 

ʥʝʡʨʦʢʠʙʝʨʥʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ ʤʦʟʛʘ. ʄʝʪʦʜʳ 

ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʘʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦʥʘʣʴʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʦʚ ʠ 

ʤʫʣʴʪʠʥʝʡʨʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʭ 

ʢʨʘʩʠʪʝʣʝʡ (ʇɿʂ) ʷʚʣʷʶʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ, ʧʨʠʤʝʥʷʶʪʩʷ ʥʝʙʦʣʴʰʠʤ 

ʯʠʩʣʦʤ ʣʘʙʦʨʘʪʦʨʠʡ ʚ ʤʠʨʝ, ʠ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ, 

ʫʥʠʢʘʣʴʥʳ, ʥʝ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʠ ʠʤʝʶʪ ʚʘʞʥʝʡʰʝʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʪʝʦʨʠʡ ʦ ʭʨʘʥʝʥʠʠ ʧʘʤʷʪʠ. ɺʥʝʜʨʝʥʠʝ 

ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜʦʚ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʦʪʘʪʴ 

ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʚ ʥʝʡʨʦʭʠʨʫʨʛʠʠ ʠ ʙʦʣʝʝ ʪʦʯʥʦ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʤʦʟʛ. 

 

1.5. ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

 

1. ʂʦʤʧʘʨʪʤʝʥʪʘʣʠʟʘʮʠʷ ʩʪʨʦʝʥʠʷ ʥʝʡʨʦʥʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʝʛʦ ʦʪʨʦʩʪʢʦʚ ʠ ʩʠʥʘʧʩʦʚ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʩʣʝʜʦʚ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

2.  ʅʝʩʠʥʘʧʪʠʯʝʩʢʘʷ ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʦʞʝʪ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʭʦʜʥʳʭ ʩʠʥʘʧʩʦʚ ʥʝʡʨʦʥʘ 

ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʝʥʝʨʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ  ʤʝʭʘʥʠʟʤʦʚ ʭʨʘʥʝʥʠʷ ʩʣʝʜʦʚ ʧʘʤʷʪʠ ʥʘ ʫʨʦʚʥʝ 

ʦʪʜʝʣʴʥʦʛʦ ʥʝʡʨʦʥʘ. 

 

1.6. ɸʧʨʦʙʘʮʠʷ. 

 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʘʧʨʦʙʠʨʦʚʘʣʠʩʴ ʢʘʢ ʜʦʢʣʘʜʳ ʥʘ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ 

ʩʝʤʠʥʘʨʘʭ, ʚʢʣʶʯʘʷ ʩʲʝʟʜ ʌʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʠʤʝʥʠ ʇʘʚʣʦʚʘ 

(2007), ʚʩʝʤʠʨʥʳʡ ʢʦʥʛʨʝʩʩ IBRO (2003), ʩʲʝʟʜʳ ʆʙʱʝʩʪʚʘ ʥʝʡʨʦʥʘʫʢ ʉʐɸ 

(2005, 2006, 2008, 2009, 2011, 2013 ʛʦʜʳ), ʩʲʝʟʜ ɽʚʨʦʧʝʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ 
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ʥʝʡʨʦʥʘʫʢ (2004), ʩʲʝʟʜ ɹʨʠʪʘʥʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʥʝʡʨʦʥʘʫʢ (2005), 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦʩʪʳʝ ʥʝʨʚʥʳʝ ʩʠʩʪʝʤʳè (2009, 2011, 

2012) ʠ ʜʨ. ʇʨʦʚʝʜʝʥʳ ʜʦʢʣʘʜʳ ʠ ʩʝʤʠʥʘʨʳ ʚ ʀʥʩʪʠʪʫʪʝ ʚʳʩʰʝʡ ʥʝʨʚʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ ʈɸʅ (ʄʦʩʢʚʘ), ʚ ʀʥʩʪʠʪʫʪʝ ʙʠʦʣʦʛʠʠ ʛʝʥʘ 

ʈɸʅ (ʄʦʩʢʚʘ), ʥʘ ʬʘʢʫʣʴʪʝʪʝ ʥʘʫʢ ʦ ʞʠʟʥʠ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʉʘʩʩʝʢʩʘ 

(ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤ ʬʘʢʫʣʴʪʝʪʝ ʫʥʠʚʝʨʩʠʪʝʪʘ ʂʦʥʥʝʢʪʠʢʫʪʘ 

(ʉʐɸ), ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʰʢʦʣʝ ʫʥʠʚʝʨʩʠʪʝʪʘ ʊʝʭʘʩʘ (ʉʐɸ), ʚ ɹʦʩʪʦʥʩʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ (ʉʐɸ) ʠ ʫʥʠʚʝʨʩʠʪʝʪʝ ɻʝʡʜʝʣʴʙʝʨʛʘ (ɻʝʨʤʘʥʠʷ). ʏʘʩʪʴ 

ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʘ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʎʝʥʪʨʦʤ ʥʝʡʨʦʥʘʫʢ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ 

(ʉʘʩʩʝʢʩ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). 

 

1.7. ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʦʧʠʩʘʥʠʷ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ ʩ ʠʟʣʦʞʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ 

ʦʙʩʫʞʜʝʥʠʝʤ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ʈʘʙʦʪʘ ʩʦʜʝʨʞʠʪ 1 

ʪʘʙʣʠʮʫ ʠ 66 ʨʠʩʫʥʢʦʚ.  
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3. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ. 

 

3.1. ʇʨʦʩʪʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ ʛʘʩʪʨʦʧʦʜ ʢʘʢ ʦʩʥʦʚʥʘʷ ʤʦʜʝʣʴ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʣʝʪʦʯʥʳʭ ʦʩʥʦʚ ʧʦʚʝʜʝʥʠʷ ʠ ʧʘʤʷʪʠ. 

 

ʇʨʦʩʪʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ ʤʦʣʣʶʩʢʦʚ ʯʘʩʪʦ ʚʳʙʠʨʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʦʙʲʝʢʪʘ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʥʝʡʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʥʘ ʩʦʩʪʦʠʪ 

ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʥʝʡʨʦʥʦʚ, ʘ ʧʦʚʝʜʝʥʠʝ ʤʦʣʣʶʩʢʦʚ 

ʜʦʚʦʣʴʥʦ ʩʪʝʨʝʦʪʠʧʥʦ ʠ ʦʛʨʘʥʠʯʝʥʥʦ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ 

ʥʝʡʨʦʙʠʦʣʦʛʘʤ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʙʦʪʫ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʤʦʣʣʶʩʢʦʚ 

ʚʧʣʦʪʴ ʜʦ ʫʨʦʚʥʷ ʢʣʝʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʦʚʝʜʝʥʠʷ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʟʫʯʝʥʠʝ ʢʣʝʪʦʯʥʳʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʥʝʡʨʦʥʥʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʠʟʤʝʥʝʥʠʝʤ ʥʝʡʨʦʥʥʦʡ ʚʦʟʙʫʜʠʤʦʩʪʠ, 

ʧʨʠʥʠʤʘʶʱʝʡ ʫʯʘʩʪʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ ʠ 

ʘʜʘʧʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. ʇʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʘ ʥʘ 

ʤʦʣʣʶʩʢʘʭ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʧʨʦʩʪʦʡ ʨʝʧʝʨʪʫʘʨ ʧʦʚʝʜʝʥʠʷ ʩ ʭʦʨʦʰʦ 

ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ. 

 

3.1.1. ɺʝʜʫʱʘʷ ʩʝʥʩʦʨʥʘʷ ʤʦʜʘʣʴʥʦʩʪʴ ʚ ʢʦʥʪʝʢʩʪʝ ʦʙʫʯʝʥʠʷ 

ʤʦʣʣʶʩʢʦʚ ʫʩʣʦʚʥʦʤʫ ʨʝʬʣʝʢʩʫ. 

 

ʆʙʦʥʷʥʠʝ ʜʣʷ ʥʘʟʝʤʥʳʭ ʤʦʣʣʶʩʢʦʚ (ʫʣʠʪʦʢ ʠ ʩʣʠʟʥʝʡ) ï ʚʘʞʥʝʡʰʘʷ 

ʩʝʥʩʦʨʥʘʷ ʤʦʜʘʣʴʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʠʤ ʯʫʚʩʪʚʦ ʦʙʲʝʢʪʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ. 

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʦʨʛʘʥʳ ʩʣʫʭʘ ʦʪʩʫʪʩʪʚʫʶʪ, ʘ ʩʣʘʙʦ ʨʘʟʚʠʪʳʝ ʛʣʘʟʘ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʫʣʠʪʢʘʤ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʙʦʥʷʥʠʝ ʥʘʟʝʤʥʳʭ 

ʤʦʣʣʶʩʢʦʚ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ ʭʠʤʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʘʤ. ʅʘʧʨʠʤʝʨ, 

ʧʦʨʦʛʦʚʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʫʣʠʪʦʢ ʢ ʠʟʦʘʤʠʣʘʮʝʪʘʪʫ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 

10
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 ʄ, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ ʢ ʵʪʦʤʫ ʚʝʱʝʩʪʚʫ ï 10
-9

 

ʄ (Chase and Tolloczko, 1993). ʆʙʦʥʷʥʠʝ ʥʘʟʝʤʥʳʭ ʤʦʣʣʶʩʢʦʚ ʠʛʨʘʝʪ 

ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʦʠʩʢʘ ʧʠʱʠ (Balaban, 1993).  ɻʦʣʦʜʥʘʷ 

ʫʣʠʪʢʘ Achatina fulica ʟʘʤʝʯʘʝʪ ʟʘʧʘʭ ʧʠʱʠ ʩ ʨʘʩʩʪʦʷʥʠʷ 20-50 ʩʤ (Croll and 

Chase 1980). ʋʣʠʪʢʠ ʠ ʩʣʠʟʥʠ ʣʦʢʘʣʠʟʫʶʪ ʠʩʪʦʯʥʠʢ ʟʘʧʘʭʘ ʩ ʧʦʤʦʱʴʶ ʧʘʨʳ 

ʟʘʜʥʠʭ ʱʫʧʘʣʝʮ ʛʦʣʦʚʳ. ʋʜʘʣʝʥʠʝ ʦʙʦʠʭ ʟʘʜʥʠʭ ʱʫʧʘʣʝʮ ʣʠʰʘʝʪ ʫʣʠʪʢʫ 

Achatina fulica ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʭʦʜʠʪʴ ʧʠʱʫ ʧʦ ʟʘʧʘʭʫ. ɻʦʣʦʜʥʘʷ ʫʣʠʪʢʘ ʩ 
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ʦʪʩʫʪʩʪʚʠʝʤ ʦʜʥʦʛʦ (ʫʜʘʣʸʥʥʦʛʦ) ʟʘʜʥʝʛʦ ʱʫʧʘʣʴʮʘ, ʙʫʜʫʯʠ ʧʦʤʝʱʝʥʘ ʚ 

ʛʨʘʜʠʝʥʪ ʘʧʧʝʪʠʪʥʦʛʦ  (ʧʨʠʷʪʥʦʛʦ, ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʛʦ) ʟʘʧʘʭʘ, ʥʘʯʠʥʘʝʪ 

ʙʣʫʞʜʘʪʴ ʧʦ ʦʢʨʫʞʥʦʩʪʠ, ʟʘʚʦʨʘʯʠʚʘʷ ʚ ʩʪʦʨʦʥʫ ʚʪʦʨʦʛʦ (ʠʥʪʘʢʪʥʦʛʦ) 

ʟʘʜʥʝʛʦ ʱʫʧʘʣʴʮʘ (Chase and Croll, 1981). ʋʜʘʣʝʥʠʝ ʦʜʥʦʛʦ ʠʣʠ ʦʙʦʠʭ 

ʧʝʨʝʜʥʠʭ ʱʫʧʘʣʝʮ ʟʘʤʝʪʥʦ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʫʣʠʪʢʠ ʜʚʠʛʘʪʴʩʷ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʟʘʧʘʭʘ ʧʠʱʠ. ʇʝʨʝʜʥʠʝ ʱʫʧʘʣʴʮʘ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʫʣʠʪʢʘʤ ʜʣʷ 

ʧʨʦʩʣʝʞʠʚʘʥʠʷ ʩʣʝʜʦʚ ʧʠʱʠ ʥʘ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʥʘ ʛʨʫʥʪʝ, 

ʧʦ ʢʦʪʦʨʦʤʫ ʧʦʣʟʸʪ ʫʣʠʪʢʘ). ʈʦʣʴ ʟʘʜʥʠʭ ʱʫʧʘʣʝʮ ʚ ʵʪʦʤ ʧʨʦʩʣʝʞʠʚʘʥʠʠ 

ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʘ (Chase and Croll, 1981). ʊʘʢʞʝ ʫʣʠʪʢʘ ʦʱʫʧʳʚʘʝʪ 

ʧʝʨʝʜʥʠʤʠ ʱʫʧʘʣʴʮʘʤʠ ʘʧʧʝʪʠʪʥʦ ʧʘʭʥʫʱʠʝ ʧʨʝʜʤʝʪʳ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʩʲʝʜʦʙʥʦʩʪʠ (Balaban, 1991). 

ɼʣʷ ʚʳʨʘʙʦʪʢʠ ʫ ʫʣʠʪʢʠ Helix ʧʠʱʝʚʦʛʦ ʧʨʝʜʧʦʯʪʝʥʠʷ ʦʙʷʟʘʪʝʣʴʥʦ, 

ʯʪʦʙʳ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʧʠʪʝʣʠʡ ʝʝ ʨʠʥʦʬʦʨʦʚ ʢʦʥʪʘʢʪʠʨʦʚʘʣ ʩ ʧʠʱʝʡ, ʪ. ʝ. 

ʵʧʠʪʝʣʠʡ ʜʦʣʞʝʥ ʙʳʪʴ ʠʥʪʘʢʪʥʳʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ (Friedrich and Teyke, 

1998). ɽʩʣʠ ʩʦʯʝʪʘʪʴ ʧʨʝʜʲʷʚʣʝʥʠʝ ʧʠʱʠ ʩ ʫʜʘʨʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʪʦ ʫ 

ʫʣʠʪʢʠ Helix ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʥʝʛʘʪʠʚʥʘʷ ʨʝʘʢʮʠʷ ʥʘ ʚʢʫʩ ʠ ʟʘʧʘʭ ʧʠʱʠ. 

ʊʦʛʜʘ ʛʦʣʦʜʥʘʷ ʫʣʠʪʢʘ, ʧʦʜʚʝʨʛʥʫʪʘʷ ʪʘʢʦʤʫ ʦʙʫʯʝʥʠʶ, ʥʝ ʚʦʟʴʤʸʪ 

ʧʨʝʜʣʦʞʝʥʥʫʶ ʝʡ ʧʠʱʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʠʱʝʚʫʶ ʤʦʪʠʚʘʮʠʶ (Balaban, 1993). 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʚʳʨʘʙʦʪʘʪʴ ʧʠʱʝʚʫʶ ʘʚʝʨʟʠʶ ʫ ʩʣʠʟʥʝʡ. 

ʇʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʝʩʝʥʠʡ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ ʛʦʣʦʚʳ ʢʘʧʣʠ 

ʛʦʨʴʢʦʛʦ ʩʫʣʴʬʘʪʘ ʭʠʥʠʜʠʥʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʟʘʧʘʭʘʤʠ ʢʘʨʪʦʬʝʣʷ ʠʣʠ ʤʦʨʢʦʚʠ 

ʩʣʠʟʥʠ ʥʘʯʠʥʘʶʪ ʠʟʙʝʛʘʪʴ ʦʙʣʘʩʪʝʡ ʦʪʢʨʳʪʦʛʦ ʧʦʣʷ, ʛʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʠʭ 

ʟʘʧʘʭʦʚ ʚʳʩʦʢʘ (Sahley et al, 1981a). ʀʩʧʦʣʴʟʫʷ ʵʪʫ ʩʭʝʤʫ ʦʙʫʯʝʥʠʷ ʠ 

ʩʦʯʝʪʘʥʠʷ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʟʘʧʘʭʦʚ ʤʦʞʥʦ ʚʳʨʘʙʦʪʘʪʴ ʫ ʩʣʠʟʥʝʡ ʫʩʣʦʚʥʳʡ 

ʨʝʬʣʝʢʩ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʫʩʣʦʚʥʦʛʦ ʨʝʬʣʝʢʩʘ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʫ ʩʣʠʟʥʝʡ ʪʘʢʞʝ ʧʨʦʷʚʣʷʝʪʩʷ ʬʝʥʦʤʝʥ 

ʙʣʦʢʠʨʦʚʢʠ (blocking; Sahley at al, 1981b). ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʦʛʦ 

ʩʦʯʝʪʘʥʠʷ ʟʘʧʘʭʘ ʠ ʩʫʣʴʬʘʪʘ ʭʠʥʠʜʠʥʘ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʷʚʣʝʥʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʨʝʘʢʮʠʠ ʠʟʙʝʛʘʥʠʷ (Sahley at al, 1981a). 
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3.1.2. ʆʩʮʠʣʣʷʮʠʠ ʚ ʩʝʪʠ ʥʝʡʨʦʥʦʚ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʤʦʟʛʘ 

(ʧʨʦʮʝʨʝʙʨʫʤʘ) ʤʦʣʣʶʩʢʦʚ. 

 

ʉʥʘʯʘʣʘ ʚ ʩʝʪʠ ʠʥʪʝʨʥʝʡʨʦʥʦʚ ʧʨʦʮʝʨʝʙʨʫʤʘ ʩʣʠʟʥʝʡ Limax maximus 

(Gelperin, 1989), ʘ ʟʘʪʝʤ ʪʘʢʞʝ ʚ ʧʨʦʮʝʨʝʙʨʫʤʝ ʩʣʠʟʥʝʡ Incillaria bilineata ʠ 

Limax marginatus (Kawahara et al, 1997) ʙʳʣʠ ʦʧʠʩʘʥʳ ʩʧʦʥʪʘʥʥʳʝ 

ʨʠʪʤʠʯʝʩʢʠʝ ʦʩʮʠʣʣʷʮʠʠ ʣʦʢʘʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ. ʏʘʩʪʦʪʘ ʦʩʮʠʣʣʷʮʠʡ ʚ 

ʧʨʦʮʝʨʝʙʨʫʤʝ Limax maximus ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʠʭ ʨʘʟʜʨʘʞʠʪʝʣʝʡ 

ʩʪʘʙʠʣʴʥʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 0.69 Ñ 0.12 ɻʮ. ʆʩʮʠʣʣʷʮʠʠ ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʠ 

ʧʝʨʝʨʝʟʢʝ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʥʝʨʚʘ. ʂʦʣʝʙʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ  ʚʦ ʚʩʝʭ 

ʫʯʘʩʪʢʘʭ ʧʨʦʮʝʨʝʙʨʫʤʘ ʧʦʜʯʠʥʷʶʪʩʷ ʦʙʱʝʡ ʯʘʩʪʦʪʝ (Gelperin and Tank, 

1990). ʆʩʮʠʣʣʷʪʦʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʨʝʙʨʫʤʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ NO-

ʩʠʥʪʘʟʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ - ʯʘʩʪʦʪʘ ʠ ʘʤʧʣʠʪʫʜʘ ʨʠʪʤʠʯʝʩʢʠʭ ʦʩʮʠʣʣʷʮʠʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪʩʷ ʧʨʠ ʘʧʧʣʠʢʘʮʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʙʣʦʢʘʪʦʨʦʚ ʩʠʥʪʝʟʘ 

ʤʦʥʦʦʢʩʠʜʘ ʘʟʦʪʘ (Gelperin, 1994; Gelperin et al, 2000). ʄʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘ 

(CO) ʚʳʟʳʚʘʝʪ ʩʭʦʜʥʦʝ ʩ ʵʬʬʝʢʪʦʤ ʘʧʧʣʠʢʘʮʠʠ NO ʜʦʟʦʟʘʚʠʩʠʤʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʦʩʮʠʣʣʷʮʠʡ (Gelperin et al, 2001). ʆʧʪʠʯʝʩʢʘʷ 

ʨʝʛʠʩʪʨʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʦʛʦ 

ʢʨʘʩʠʪʝʣʷ di-4-ANEPPS ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʬʘʟʘ ʦʩʮʠʣʣʷʮʠʡ ʩʤʝʱʘʝʪʩʷ ʦʪ 

ʘʧʝʢʩʘ ʢ ʦʩʥʦʚʘʥʠʶ ʧʨʦʮʝʨʝʙʨʫʤʘ, ʪ. ʝ. ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ 

ʦʪ ʘʧʝʢʩʘ ʢ ʦʩʥʦʚʘʥʠʶ  ʚʦʣʥʳ (Kleinfeld et al, 1994). ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʚʦʣʥʳ ʦʮʝʥʠʚʘʶʪ ʢʘʢ 1 ʤʤ/ʩʝʢ (Gelperin, 1998). ʈʘʩʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ ʚʦʣʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʟʢʫʶ ʧʦʣʦʩʫ ʜʝʧʦʣʷʨʠʟʘʮʠʠ, ʟʘ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ ʙʦʣʝʝ 

ʰʠʨʦʢʘʷ (ʠ ʙʦʣʴʰʘʷ ʧʦ ʘʤʧʣʠʪʫʜʝ) ʧʦʣʦʩʘ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʠ (Delaney et al, 

1994). ʅʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚʦʣʥʳ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʦ ʧʫʪʸʤ ʩʦʟʜʘʥʠʷ 

ʦʯʘʛʘ ʭʨʦʥʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. ʊʦʛʜʘ ʥʘʯʘʣʦ ʚʦʣʥʳ ʧʝʨʝʤʝʩʪʠʪʩʷ ʚʤʝʩʪʦ 

ʩʦʟʜʘʥʥʦʛʦ ʦʯʘʛʘ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚ ʩʝʪʠ ʦʩʮʠʣʣʠʨʫʶʱʠʭ ʢʣʝʪʦʢ 

ʧʨʦʮʝʨʝʙʨʫʤʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʛʨʘʜʠʝʥʪ ʚʦʟʙʫʜʠʤʦʩʪʠ (Delaney et al, 1994).  

ɿʘʧʘʭ ʠʟʤʝʥʷʝʪ ʧʘʨʘʤʝʪʨʳ ʦʩʮʠʣʣʷʮʠʡ, ʧʨʠʯʝʤ ʥʘʠʙʦʣʝʝ ʯʝʪʢʦ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʯʘʩʪʦʪʝ. Gervais et al (1996) ʦʧʠʩʘʣ ʭʘʨʘʢʪʝʨʥʳʡ ʧʘʪʪʝʨʥ 

ʠʟʤʝʥʝʥʠʷ ʦʩʮʠʣʣʷʮʠʡ ʚ ʧʨʦʮʝʨʝʙʨʫʤʝ Limax ʚ ʦʪʚʝʪ ʥʘ ʥʝʧʨʠʷʪʥʳʝ ʜʣʷ 

ʞʠʚʦʪʥʦʛʦ ʟʘʧʘʭʠ ï ʩʥʘʯʘʣʘ ʫʛʥʝʪʝʥʠʝ ʯʘʩʪʦʪʳ ʠ ʘʤʧʣʠʪʫʜʳ, ʟʘʪʝʤ ʯʝʨʝʟ 5-

10 ʩʝʢ ʦʙʨʘʪʥʦʝ ʧʦʚʳʰʝʥʠʝ ʯʘʩʪʦʪʳ ʠ ʘʤʧʣʠʪʫʜʳ ʜʦ ʫʨʦʚʥʷ ʚʳʰʝ 

ʠʩʭʦʜʥʦʛʦ (ʩʚʦʝʛʦ ʨʦʜʘ ʧʦʩʪʪʦʨʤʦʟʥʘʷ ʦʪʜʘʯʘ). ɺʘʨʠʘʙʝʣʴʥʦʩʪʴ ʦʩʮʠʣʣʷʮʠʡ, 
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ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʚ ʩʚʦʙʦʜʥʦʤ ʧʦʚʝʜʝʥʠʠ in vivo ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʧʨʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʧʨʝʧʘʨʘʪʝ (Cooke and Gelperin, 2001). ʊʘʢʞʝ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ 

ʦ ʪʦʤ, ʯʪʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʟʘʧʘʭʘ ʧʨʦʠʩʭʦʜʠʪ ʢʦʣʣʘʧʩ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚʦʣʥʳ, ʪ. ʝ. ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʣʥʳ 

(ʚ ʪʨʠ ʨʘʟʘ ʠʣʠ ʙʦʣʝʝ, Delaney et al, 1994). ʆʩʮʠʣʣʷʮʠʠ ʣʦʢʘʣʴʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ, ʢʦʛʝʨʝʥʪʥʳʝ ʧʨʦʮʝʨʝʙʨʘʣʴʥʳʤʠ ʦʩʮʠʣʣʷʮʠʷʤʠ ʦʙʥʘʨʫʞʝʥʳ ʚ 

ʧʝʜʘʣʴʥʦʤ ʛʘʥʛʣʠʠ. ʇʦʣʘʛʘʶʪ, ʯʪʦ ʵʪʦ ʦʪʨʘʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʨʝʙʨʫʤʘ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʚʳʙʦʨ ʤʦʪʦʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦʚʝʜʝʥʠʷ ʚ 

ʦʪʚʝʪ ʥʘ ʟʘʧʘʭ (Schutt et al., 1999a-1999b). 

ʀʥʪʝʨʥʝʡʨʦʥʳ ʧʨʦʮʝʨʝʙʨʫʤʘ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʚʦ ʚʨʝʤʷ ʬʘʟ ʦʩʮʠʣʣʷʮʠʡ 

ʣʦʢʘʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʨʘʟʜʝʣʷʶʪ ʥʘ ʜʚʘ ʪʠʧʘ (Delaney et al, 1994): B-

ʢʣʝʪʢʠ (bursting cells), ʜʘʶʪ ʩʝʨʠʶ ʧʦʪʝʥʮʠʘʣʦʚ ʜʝʡʩʪʚʠʷ ʚ ʥʘʯʘʣʴʥʦʡ ʬʘʟʝ 

ʚʦʣʥʳ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʨʠʪʤʘ, NB-ʢʣʝʪʢʠ (non-bursting cells) ʧʦʣʫʯʘʶʪ ʊʇʉʇ 

ʘʤʧʣʠʪʫʜʳ 5-7 ʤɺ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʩʝʢʫʥʜ ʧʦʩʣʝ ʨʘʟʨʷʜʘ ʚ B-ʢʣʝʪʢʘʭ. 

ʅʘʠʙʦʣʝʝ ʘʧʠʢʘʣʴʥʳʝ B-ʢʣʝʪʢʠ ʠʤʝʶʪ ʩʘʤʳʡ ʢʦʨʦʪʢʠʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ 

ʨʘʟʨʷʜʘʤʠ. B-ʢʣʝʪʢʠ ʠʤʝʶʪ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʙʦʡ, ʠ ʧʦʵʪʦʤʫ ʘʢʪʠʚʥʦʩʪʴ 

ʢʣʝʪʦʢ ʘʧʠʢʘʣʴʥʦʡ ʛʨʫʧʧʳ ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʠʦʜ ʘʢʪʠʚʥʦʩʪʠ ʦʩʪʘʣʴʥʦʡ ʩʝʪʠ B-

ʢʣʝʪʦʢ. NB-ʢʣʝʪʢʠ ʩʦʩʪʘʚʣʷʶʪ ~98% ʦʪ ʯʠʩʣʘ ʢʣʝʪʦʢ ʧʨʦʮʝʨʝʙʨʫʤʘ (Gelperin 

and Tank 1990; Gelperin, 1998). ɺ ʦʪʩʫʪʩʪʚʠʝ ʟʘʧʘʭʘ NB-ʢʣʝʪʢʠ ʩʠʣʴʥʦ 

ʛʠʧʝʨʧʦʣʷʨʠʟʦʚʘʥʳ ʠ ʥʝ ʨʘʟʨʷʞʘʶʪʩʷ. ʇʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʵʪʦʪ ʪʠʧ ʢʣʝʪʦʢ 

ʩʚʷʟʘʥ ʩ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʟʘʧʘʭʘ (Ermentrout et al, 1998, 2001). ɸʧʧʣʠʢʘʮʠʷ 

ʩʝʨʦʪʦʥʠʥʘ ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ B-ʥʝʡʨʦʥʳ, ʫʚʝʣʠʯʠʚʘʷ 

ʘʤʧʣʠʪʫʜʫ ʤʝʜʣʝʥʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʦʩʮʠʣʣʷʮʠʡ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, 

ʪʝʤ ʩʘʤʳʤ, ʫʚʝʣʠʯʠʚʘʷ ʯʠʩʣʦ ʩʧʘʡʢʦʚ ʚ ʩʝʨʠʠ, ʘ ʘʧʧʣʠʢʘʮʠʷ NO ʠʟʤʝʥʷʝʪ 

ʯʘʩʪʦʪʫ ʦʩʮʠʣʣʷʮʠʡ, ʥʝ ʫʚʝʣʠʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʯʠʩʣʦ ʩʧʘʡʢʦʚ ʚ ʮʠʢʣʝ 

ʦʩʮʠʣʣʷʮʠʡ (Inoue et al, 2001). ɸʧʧʣʠʢʘʮʠʷ ʘʮʝʪʠʣʭʦʣʠʥʘ ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ 

ʚʦʟʙʫʞʜʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ B-ʥʝʡʨʦʥʳ ʠ ʧʦʜʘʚʣʷʝʪ ʩʧʘʡʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

NB-ʥʝʡʨʦʥʘʭ, ʚʦʟʤʦʞʥʦ ʯʝʨʝʟ ʘʢʪʠʚʘʮʠʶ B-ʥʝʡʨʦʥʦʚ (Watanabe et al, 2001). 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʸʥʥʳʝ ʥʘ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ ʧʨʦʮʝʨʝʙʨʫʤʘ 

(Rhines et al, 1993), ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʢʦʣʦ 90% ʥʝʡʨʦʥʦʚ ʢʫʣʴʪʫʨʳ ʩʧʦʥʪʘʥʥʦ 

ʛʝʥʝʨʠʨʫʶʪ ʧʦʪʝʥʮʠʘʣʳ ʜʝʡʩʪʚʠʷ ʩʦ ʩʨʝʜʥʝʡ ʯʘʩʪʦʪʦʡ 0.8Ñ0.07 ɻʮ. ʇʘʪʪʝʨʥ 

ʘʢʪʠʚʥʦʩʪʠ ʥʝʨʝʛʫʣʷʨʥʳʡ. ʀʟʤʝʨʝʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ ʚ ʘʢʪʠʚʥʳʭ 

ʢʣʝʪʢʘʭ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʣʴʮʠʡ-

ʩʚʷʟʳʚʘʶʱʝʛʦ, ʧʨʦʥʠʢʘʶʱʝʛʦ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʟʦʥʜʘ fura-
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2 ʧʦʢʘʟʳʚʘʝʪ ʥʘʨʘʩʪʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʦʛʦ  ʢʘʣʴʮʠʷ   ʚʦ  ʚʨʝʤʷ   

ʛʝʥʝʨʘʮʠʠ  ʧʦʪʝʥʮʠʘʣʘ  ʜʝʡʩʪʚʠʷ.  ɸʧʧʣʠʢʘʮʠʷ ʜʦʬʘʤʠʥʘ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʧʦʥʪʘʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʣʝʪʦʢ ʢʫʣʴʪʫʨʳ ʧʨʦʮʝʨʝʙʨʫʤʘ ʠ ʚʳʟʳʚʘʝʪ 

ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʩʧʘʡʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɸʧʧʣʠʢʘʮʠʷ ʩʝʨʦʪʦʥʠʥʘ ʚʳʟʳʚʘʝʪ 

ʦʙʳʯʥʦ ʜʣʠʪʝʣʴʥʳʡ ʨʘʟʨʷʜ ʢʣʝʪʢʠ ʢʫʣʴʪʫʨʳ ʧʨʦʮʝʨʝʙʨʫʤʘ. ɸʧʧʣʠʢʘʮʠʷ 

FMRF-ʘʤʠʜʘ ʠʣʠ SCPb ʠʥʦʛʜʘ ʚʳʟʳʚʘʝʪ ʥʠʟʢʦʘʤʧʣʠʪʫʜʥʫʶ ʜʝʧʦʣʷʨʠʟʘʮʠʶ 

ʠʣʠ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʶ. ɸʧʧʣʠʢʘʮʠʷ ʛʣʫʪʘʤʘʪʘ ʚʳʟʳʚʘʝʪ ʪʦʨʤʦʞʝʥʠʝ 

ʩʧʦʥʪʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (0.5 ʩʝʢ ʘʧʧʣʠʢʘʮʠʠ, ʪʦʨʤʦʞʝʥʠʝ ʥʘ   5-8 ʩʝʢ) ʙʝʟ 

ʟʘʤʝʪʥʦʡ ʧʦʩʪʪʦʨʤʦʟʥʦʡ ʦʪʜʘʯʠ (Rhines et al, 1993). 

ʅʝʜʘʚʥʦ ʛʨʫʧʧʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʝʨʠʷ 

ʩʦʦʙʱʝʥʠʡ ʦ ʥʘʡʜʝʥʥʳʭ ʚ ʧʨʦʮʝʨʝʙʨʫʤʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʢʦʨʨʝʣʷʪʘʭ 

ʦʙʫʯʝʥʠʷ ʟʘʧʘʭʘʤ. ʇʦ ʜʘʥʥʳʤ (Kimura et al, 1998a), ʩʠʩʪʝʤʥʦʝ ʚʚʝʜʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʢʨʘʩʠʪʝʣʷ Lucifer yellow ʥʘʟʝʤʥʳʤ ʤʦʣʣʶʩʢʘʤ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʠʪʴ ʘʢʪʠʚʥʦ ʧʠʥʦʮʠʪʠʨʫʶʱʠʝ ʥʝʡʨʦʥʳ. ɺʦ ʚʨʝʤʷ ʚʳʨʘʙʦʪʢʠ 

ʘʚʝʨʟʠʚʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʟʘʧʘʭ ʧʠʱʠ ʫ ʞʠʚʦʪʥʳʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 

ʧʦʚʳʰʝʥʥʦʝ ʚʢʣʶʯʝʥʠʝ ʤʝʪʢʠ ʚ ʥʝʡʨʦʥʳ ʦʩʥʦʚʘʥʠʷ ʧʨʦʮʝʨʝʙʨʫʤʘ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. ʕʪʠ ʞʠʚʦʪʥʳʝ 

ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʦʥʪʨʦʣʴʥʳʭ ʧʦ ʢʘʨʪʘʤ ʚʢʣʶʯʝʥʠʷ ʤʝʪʢʠ (Kimura 

et al, 1998c). ɸʚʪʦʨʳ ʪʘʢʞʝ ʩʦʦʙʱʘʶʪ ʦ ʧʦʷʚʣʝʥʠʠ ʦʩʦʙʦʡ ʧʦʣʦʩʳ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ (belt-shaped region) ʚʦ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʣʥʳ ʦʩʮʠʣʣʷʮʠʡ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʝʧʨʠʷʪʥʦʛʦ (ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ) ʟʘʧʘʭʘ (Kimura et al, 1998b), ʠ 

ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʦʩʮʠʣʣʷʮʠʡ ʚ 

ʧʨʦʮʝʨʝʙʨʫʤʝ ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʥʝʛʘʪʠʚʥʳʤ ʟʘʧʘʭʦʤ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ 

ʦʙʫʯʝʥʥʳʭ ʫʣʠʪʦʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ (Kimura et al, 1998c). 

 

3.1.3.  ʇʨʝʤʦʪʦʨʥʳʡ ʢʦʥʪʨʦʣʴ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

 

ʀʟʤʝʥʝʥʠʷ ʚ ʧʦʚʝʜʝʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʢʪʠʚʘʮʠʠ ʦʪʜʝʣʴʥʦʛʦ 

ʥʝʡʨʦʥʘ ʙʝʩʧʦʟʚʦʥʦʯʥʦʛʦ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ 

(Wiersma, 1938; Willows, 1967; Nolen & Hoy, 1984). ʐʠʨʦʢʦ ʠʟʚʝʩʪʥʳʤʠ 

ʧʨʠʤʝʨʘʤʠ ʷʚʣʷʶʪʩʷ ʣʘʪʝʨʘʣʴʥʳʝ ʛʠʛʘʥʪʩʢʠʝ ʥʝʡʨʦʥʳ ʨʘʢʘ (Wiersma & 

Ikeda, 1964), ʤʘʫʪʥʝʨʦʚʩʢʠʝ ʢʣʝʪʢʠ ʨʳʙʦʢ (Eaton, 1984) ʠ ʥʝʡʨʦʥʳ, 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʦʙʦʨʦʥʠʪʝʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʫ ʤʦʣʣʶʩʢʦʚ (Balaban, 1979). 

ʕʪʠ ʢʣʝʪʢʠ ʙʳʣʠ ʥʘʟʚʘʥʳ ʢʦʤʘʥʜʥʳʤʠ ʥʝʡʨʦʥʘʤʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʢ 
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ʢʣʘʩʩʫ ʧʨʝʤʦʪʦʨʥʳʭ ʥʝʡʨʦʥʦʚ, ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʘʢʪʠʚʘʮʠʷ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʥʘ 

ʚʳʟʚʘʪʴ ʵʣʝʤʝʥʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʧʦʜʦʙʥʦʛʦ ʪʦʤʫ, ʢʦʪʦʨʦʝ 

ʚʳʟʳʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʝʥʩʦʨʥʳʤʠ ʩʪʠʤʫʣʘʤʠ (Wiersma & Ikeda, 

1964). ɼʝʚʷʪʴ ʛʠʛʘʥʪʩʢʠʭ ʧʨʝʤʦʪʦʨʥʳʭ ʥʝʡʨʦʥʦʚ (Balaban, 1979, 1983), 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʧʣʝʚʨʘʣʴʥʦʤ ʠ ʧʘʨʠʝʪʘʣʴʥʦʤ ʛʘʥʛʣʠʷʭ ʫʣʠʪʢʠ Helix 

ʧʦʜʭʦʜʷʪ ʧʦ ʪʨʝʤ ʢʨʠʪʝʨʠʷʤ ʢʦʤʘʥʜʥʳʭ ʥʝʡʨʦʥʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

Kupfermann & Weiss (1978). ɺʦ-ʧʝʨʚʳʭ, ʦʥʠ ʦʪʚʝʯʘʶʪ ʥʘ ʧʨʝʜʲʷʚʣʝʥʠʝ 

ʥʝʛʘʪʠʚʥʦʛʦ ʪʘʢʪʠʣʴʥʦʛʦ ʩʪʠʤʫʣʘ ʨʘʟʨʷʜʦʤ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʤ 

ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʨʝʘʢʮʠʠ (ʢʨʠʪʝʨʠʡ çʫʯʘʩʪʠʷè). ɺʦ-ʚʪʦʨʳʭ,  ʚʥʫʪʨʠʢʣʝʪʦʯʥʘʷ 

ʘʢʪʠʚʘʮʠʷ ʦʜʥʦʛʦ ʠʟ ʪʘʢʠʭ ʥʝʡʨʦʥʦʚ ʚʳʟʳʚʘʝʪ ʯʘʩʪʴ ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʦʪʚʝʪʘ 

(ʢʨʠʪʝʨʠʡ çʜʦʩʪʘʪʦʯʥʦʩʪʠè). ʀ ʧʦʩʣʝʜʥʝʝ, ʢʨʠʪʝʨʠʡ çʥʝʦʙʭʦʜʠʤʦʩʪʠè, 

ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪʘ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʚʳʟʳʚʘʝʤʦʛʦ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʪʠʤʫʣʷʮʠʝʡ ï ʵʪʦʪ ʢʦʤʧʦʥʝʥʪ ʠʟʙʝʛʘʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 

(withdrawal)  ʥʘʨʫʰʘʝʪʩʷ ʧʦʩʣʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʠ 

ʟʘʧʫʩʢʘʶʱʠʭ ʥʝʡʨʦʥʦʚ ʵʪʦʛʦ ʪʠʧʘ ʧʦʚʝʜʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʙʦʨʦʥʠʪʝʣʴʥʳʝ ʦʪʚʝʪʳ ʫ ʫʣʠʪʦʢ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʜʝʚʷʪʴʶ ʟʘʧʫʩʢʘʶʱʠʤʠ ʢʦʤʘʥʜʥʳʤʠ ʥʝʡʨʦʥʘʤʠ ʧʣʝʚʨʘʣʴʥʦʛʦ ʠ 

ʧʘʨʠʝʪʘʣʴʥʦʛʦ ʛʘʥʛʣʠʝʚ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʨʝʘʢʮʠʠ ʚʪʷʛʠʚʘʥʠʷ ʛʦʣʦʚʳ,  

ʪʝʣʘ, ʟʘʢʨʳʪʠʝ ʧʥʝʚʤʦʩʪʦʤʘ ʠ ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʘʶʪ ʧʦʣʠʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʭʦʜʳ 

ʦʙʱʝʡ ʧʦʣʠʤʦʜʘʣʴʥʦʡ ʩʝʥʩʦʨʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (Balaban, 1979, 1983; 

Balaban & Zakharov, 1992). 

ɺ ʜʦʙʘʚʣʝʥʠʝ ʢ ʠʟʚʝʩʪʥʳʤ ʢʦʤʘʥʜʥʳʤ ʥʝʡʨʦʥʘʤ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ, ʫ Helix ʦʧʠʩʘʥʘ ʛʨʫʧʧʘ ʩʝʨʦʪʦʥʠʥ-ʩʦʜʝʨʞʘʱʠʭ ʤʦʜʫʣʷʪʦʨʥʳʭ 

ʥʝʡʨʦʥʦʚ ʩʝʪʠ, ʪʘʢʞʝ ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʦʙʦʨʦʥʠʪʝʣʴʥʦʤ ʧʦʚʝʜʝʥʠʠ ʵʪʠʭ 

ʞʠʚʦʪʥʳʭ (Zakharov et al., 1995). ʈʘʟʨʷʜʳ ʚ ʵʪʠʭ ʥʝʡʨʦʥʘʭ ʥʝ ʚʳʟʳʚʘʶʪ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʦʨʤ ʧʦʚʝʜʝʥʠʷ, ʥʦ ʠʟʤʝʥʷʶʪ ʧʦʚʝʜʝʥʯʝʩʢʠʝ 

ʦʪʚʝʪʳ ʚ ʦʪʚʝʪ ʥʘ ʥʝʧʨʠʷʪʥʳʝ ʨʘʟʜʨʘʞʠʪʝʣʠ: ʵʪʠ ʩʚʦʡʩʪʚʘ ʧʦʜʧʘʜʘʶʪ ʧʦʜ 

ʦʧʠʩʘʥʠʷ ʤʦʜʫʣʷʪʦʨʥʳʭ ʥʝʡʨʦʥʦʚ. ʕʢʩʪʨʘʢʣʝʪʦʯʥʘʷ ʩʪʠʤʫʣʷʮʠʷ ʵʪʠʭ 

ʩʝʨʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʚʳʟʳʚʘʝʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʫʶ ʬʘʩʠʣʠʪʘʮʠʶ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʦʪʚʝʪʦʚ ʠ ʛʝʥʝʨʠʨʫʶʱʠʭʩʷ ʧʦʪʝʥʮʠʘʣʦʚ ʜʝʡʩʪʚʠʷ ʚ 

ʟʘʧʫʩʢʘʶʱʠʭ ʥʝʡʨʦʥʘʭ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʚʳʟʳʚʘʝʤʳʭ 

ʥʝʧʨʠʷʪʥʳʤʠ ʨʘʟʜʨʘʞʠʪʝʣʷʤʠ. ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʝ 

ʢʣʝʪʢʠ ʦʪʚʝʯʘʶʪ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʦʪʚʝʪʦʤ ʥʘ ʠʧʩʠʣʘʪʝʨʘʣʴʥʫʶ ʯʝʤ ʥʘ 

ʢʦʥʪʨʘʣʘʪʝʨʘʣʴʥʫʶ ʩʪʠʤʫʣʷʮʠʶ ʠ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ 
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ʨʝʮʝʧʪʠʚʥʳʤʠ ʧʦʣʷʤʠ (Zakharov et al., 1995). ʀʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ 

ʪʝʨʤʠʥʘʣʝʡ ʚ ʥʝʡʨʦʧʠʣʝ ʠ ʩʣʦʝ ʢʣʝʪʦʯʥʳʭ ʪʝʣ ʦʢʨʫʞʘʶʱʠʭ ʟʘʧʫʩʢʘʶʱʠʝ 

ʢʦʤʘʥʜʥʳʝ ʥʝʡʨʦʥʳ ʚ ʧʘʨʠʝʪʘʣʴʥʦʤ ʛʘʥʛʣʠʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʦʙʦʨʦʥʠʪʝʣʴʥʦʡ 

ʨʝʘʢʮʠʠ (Vehovszky et al., 1993), ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʷʤʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʤʠ ʥʝʡʨʦʥʘʤʠ ʠ ʢʦʤʘʥʜʥʳʤʠ ʥʝʡʨʦʥʘʤʠ. 

 

3.2. ʉʫʙʢʣʝʪʦʯʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʩʘʡʪʦʚ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʥʝʡʨʦʥʘʭ 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʠ ʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ. 

 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʦʪʚʝʪʘ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʩʠʛʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʚʦʟʙʫʜʠʤʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʥʝʡʨʦʥʦʚ,  ʧʨʠʦʙʨʝʪʘʝʤʦʝ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʫʯʝʥʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʨʘʚʥʝ ʩ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʧʦʩʪʦʷʥʥʘʷ ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ ʥʝʡʨʦʥʘʣʴʥʘʷ  

ʧʣʘʩʪʠʯʥʦʩʪʴ ʚʦʟʥʠʢʘʝʪ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ. ʍʦʪʷ, ʧʦʢʘ ʦʩʪʘʝʪʩʷ ʥʝʠʟʚʝʩʪʥʳʤ, ʢʘʢ 

ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʦʪ ʢʦʪʦʨʦʛʦ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʧʘʤʷʪʴ. ʆʙʲʷʩʥʝʥʠʝ ʪʦʛʦ, 

ʢʘʢ ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʪʨʘʥʩʣʠʨʫʝʪʩʷ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ ʠʟʤʝʥʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʙʫʯʝʥʠʷ ʠ ʧʘʤʷʪʠ. 

ʊʘʢʞʝ, ʢʨʦʤʝ ʩʠʥʘʧʩʦʚ, ʦʯʝʥʴ ʤʘʣʦ ʠʥʬʦʨʤʘʮʠʠ ʠʤʝʝʪʩʷ ʦ ʜʨʫʛʠʭ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʥʝʡʨʦʥʘʣʴʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ ʘʢʩʦʥʘ ʠ ʜʝʥʜʨʠʪʥʦʛʦ ʜʝʨʝʚʘ, 

ʥʝʩʫʱʠʭ ʧʣʘʩʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʢʨʝʪʥʦʛʦ ʥʝʡʨʦʥʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʛʦ ʚʭʦʜʥʳʭ ʠ 

ʚʳʭʦʜʥʳʭ ʩʠʥʘʧʩʦʚ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʠ 

ʥʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʷʭ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʚʘʞʥʝʡʰʠʝ ʧʨʦʙʣʝʤʳ ʢʦʤʧʘʨʪʤʝʥʪʘʣʠʟʘʮʠʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʚʣʠʷʥʠʷ 

ʥʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʥʘʧʩʦʚ 

ʥʝʡʨʦʥʘ. 
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3.2.1. ɺʠʜʳ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʠʭ ʩʚʷʟʴ ʩ 

ʧʦʚʝʜʝʥʠʝʤ ʠ ʦʙʫʯʝʥʠʝʤ. 

 

ʋʞʝ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʧʨʠʟʥʘʥʦ, ʯʪʦ ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ 

ʥʘʨʘʚʥʝ ʩ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ (Giese et al., 2001; Debanne et al., 2003; Zhang & 

Linden, 2003; Maggee et al., 2005). ʉʠʥʘʧʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʯʘʩʪʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʘʢ ʧʝʨʚʠʯʥʳʡ ʤʝʭʘʥʠʟʤ, ʬʦʨʤʠʨʫʶʱʠʡ  ʧʘʤʷʪʴ (Giese et al. 

2001), ʬʦʨʤʳ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʧʦʚʳʰʝʥʥʘʷ 

ʩʦʤʘʪʠʯʝʩʢʘʷ ʠ ʜʝʥʜʨʠʪʥʘʷ ʚʦʟʙʫʜʠʤʦʩʪʴ ʠʣʠ ʧʦʚʳʰʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʪʘʢʞʝ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʢʘʢ ʥʘ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, ʪʘʢ ʠ ʥʘ 

ʧʦʟʚʦʥʦʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ (Debanne et al. 2003; Magee & 

Johnston 2005; Nikitin 2007). ʆʜʥʘʢʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʜʦʩʪʫʧʥʦ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʘʤ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʠʧʦʚ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ 

ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʠʤʝʨʘʭ ʧʘʤʷʪʠ, ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʦʡ ʧʦʚʝʜʝʥʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ. ɹʝʟ ʧʦʣʫʯʝʥʠʷ ʷʩʥʦʡ ʢʘʨʪʠʥʳ ʫʩʪʨʦʡʩʪʚʘ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʘ ʫʨʦʚʥʝ 

ʚʩʝʭ ʢʦʤʧʘʨʪʤʝʥʪʦʚ ʥʝʡʨʦʥʘ ʥʝʚʦʟʤʦʞʥʦ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʢʣʝʪʦʯʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʦʙʫʯʝʥʠʷ ʠ ʧʘʤʷʪʠ. 

ʅʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʦʜʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʩʠʩʪʝʤ 

ʤʦʣʣʶʩʢʦʚ ʚʥʝʩ ʥʝʦʩʧʦʨʠʤʳʡ ʚʢʣʘʜ ʚ ʥʘʰʝ ʧʦʥʠʤʘʥʠʝ ʥʝʡʨʦʥʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʥʝʘʩʩʦʮʠʘʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ, 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʫ ʚʳʩʰʠʭ ʧʦʟʚʦʥʦʯʥʳʭ 

(Kupfermann, 1974; Kupfermann and Weiss, 1982; Teyke et al., 1990; Brezina et 

al., 2003; Marinesco et al., 2004). ɻʠʛʘʥʪʩʢʠʝ ʤʝʪʘʮʝʨʝʙʨʘʣʴʥʳʝ ʢʣʝʪʢʠ 

(cerebral giant cells: CGC), ʠʛʨʘʶʪ ʫʩʪʘʥʦʚʦʯʥʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʩʦʩʪʦʷʥʠʷ ʧʠʱʝʚʦʡ ʩʝʪʠ, ʩʭʦʜʥʫʶ ʩ ʠʭ ʛʦʤʦʣʦʛʘʤʠ ʚ ʜʨʫʛʠʭ ʩʠʩʪʝʤʘʭ 

ʤʦʣʣʶʩʢʦʚ (Yeoman et al., 1994). ʅʝʜʘʚʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʟʚʘʥʥʘʷ 

ʦʙʫʯʝʥʠʝʤ ʩʦʤʘʪʠʯʝʩʢʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʦʛʦ ʤʦʜʫʣʷʪʦʨʥʦʛʦ 

ʥʝʡʨʦʥʘ (ʛʠʛʘʥʪʩʢʦʡ ʮʝʨʝʙʨʘʣʴʥʦʡ ʢʣʝʪʢʠ, cerebral giant cell, CGC) 

ʧʨʝʩʥʦʚʦʜʥʦʛʦ ʤʦʣʣʶʩʢʘ Lymnaea stagnalis ʭʨʘʥʠʪ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʚ ʧʦʚʝʜʝʥʠʠ ʩʣʝʜʘ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ʊʘʢʞʝ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, 

ʯʪʦ ʥʝʡʨʦʥʳ CGC ʧʨʦʷʚʣʷʶʪ ʚʳʟʚʘʥʥʫʶ ʦʙʫʯʝʥʠʝʤ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ 



23 

 

 

ʜʝʧʦʣʷʨʠʟʘʮʠʶ (Kemenes et al. 2001). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʥʳʝ 

ʬʝʥʦʤʝʥʳ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʜʘʣʝʝ ʧʦʩʪʘʚʠʪʴ 

ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ ʜʣʠʪʝʣʴʥʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ, 

ʤʦʞʝʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʧʦʪʝʥʮʠʘʣʦʚ ʜʝʡʩʪʚʠʷ ʧʦ 

ʥʝʡʨʦʥʘʣʴʥʳʤ ʢʦʤʧʘʨʪʤʝʥʪʘʤ ʥʝʡʨʦʥʦʚ? 

ʆʙʱʝʧʨʠʥʷʪʘʷ ʪʦʯʢʘ ʟʨʝʥʠʷ ʫʜʝʣʷʝʪ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʩʠʥʘʧʪʠʯʝʩʢʠʤ ʢʦʥʪʘʢʪʘʤ ʤʝʞʜʫ ʥʝʡʨʦʥʘʤʠ, ʩʯʠʪʘʷ ʠʭ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʠ 

ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ ʪʦʯʢʘʤʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʧʘʤʷʪʴʶ. ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʧʨʠʚʝʣʠ ʢ 

ʰʠʨʦʢʦʤʫ ʧʨʠʟʥʘʥʠʶ ʬʘʢʪʘ ʪʦʛʦ, ʯʪʦ ʥʝʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʥʫʪʨʝʥʥʠʝ 

ʠʟʤʝʥʝʥʠʷ ʥʘʨʷʜʫ ʩ ʤʦʜʠʬʠʢʘʮʠʝʡ ʩʠʥʘʧʩʦʚ ʷʚʣʷʶʪʩʷ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ (Zhang & Linden, 2003, Magee et al., 2005; 

Mozzachiodi & Byrne, 2010). ɺʥʫʪʨʝʥʥʠʝ ʧʣʘʩʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʯʝʨʝʟ ʚʠʜʦʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ, ʧʣʦʪʥʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʥʝʡʨʦʥʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ, ʘʢʪʠʚʠʨʫʝʤʳʭ ʩʜʚʠʛʦʤ 

ʧʦʪʝʥʮʠʘʣʘ, ʪʦʛʜʘ ʢʘʢ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʧʨʠʨʦʜʘ ʚʠʜʦʠʟʤʝʥʝʥʥʳʭ ʢʘʥʘʣʦʚ 

ʷʚʣʷʶʪʩʷ ʢʣʶʯʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʚʢʣʘʜ ʚ ʠʟʤʝʥʝʥʠʝ 

ʚʦʟʙʫʜʠʤʦʩʪʠ ʥʝʨʚʥʦʡ ʢʣʝʪʢʠ (Gr¿ndemann & Hªusser, 2010). ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʛʝʥʝʨʘʮʠʷ ʚʠʜʦʠʟʤʝʥʝʥʥʦʛʦ ʚʳʭʦʜʥʦʛʦ 

ʪʦʢʘ ʠʦʥʥʳʤʠ ʢʘʥʘʣʘʤʠ ʥʫʞʜʘʝʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʦʩʪʘʣʴʥʳʤʠ ʪʦʢʘʤʠ, 

ʤʝʤʙʨʘʥʦʡ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ, ʛʜʝ 

ʠʟʤʝʥʝʥʠʷ ʚʳʨʘʞʝʥʳ ʛʦʨʘʟʜʦ ʩʣʘʙʝʝ, ʪʘʢʠʤʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʣʠ ʦʩʥʦʚʥʘʷ ʛʝʦʤʝʪʨʠʷ ʢʣʝʪʦʯʥʳʭ 

ʢʦʤʧʘʨʪʤʝʥʪʦʚ. ɺ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʢʩʘʮʠʠ 

ʧʦʪʝʥʮʠʘʣʘ (Staras et al., 2002). ɼʝʧʦʣʷʨʠʟʫʶʱʠʝ ʩʪʫʧʝʥʠ ʧʦʪʝʥʮʠʘʣʘ ʩ 

ʚʘʨʴʠʨʫʝʤʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʬʠʢʩʘʮʠʠ ʥʝ ʚʳʷʚʠʣʠ ʢʘʣʠʝʚʦʛʦ ɸ-

ʪʦʢʘ ʧʨʠ ʟʥʘʯʝʥʠʠ ʥʘʯʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ -40 ʤɺ ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʦʣʥʦʡ ʠʥʘʢʪʠʚʘʮʠʠ ɸ-ʪʦʢʘ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʟʥʘʯʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ -40 ʤɺ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʦʧʳʪʘʭ ʟʥʘʯʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ CGC ʤʝʞʜʫ -55 ʠ 58 ʤɺ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʥʘʭʦʜʷʪʩʷ ʚ ʦʯʝʥʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʠ ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʤʦʛʣʦ ʙʳ ʧʦʚʳʩʠʪʴ ʠʥʘʢʪʠʚʘʮʠʶ ɸ-ʪʦʢʘ ʠ ʦʙʣʝʛʯʠʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʇɼ ʧʦ ʙʦʢʦʚʦʡ ʮʝʨʝʙʨʘʣʴʥʦʡ ʚʝʪʚʠ ʘʢʩʦʥʘ. 
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ʅʘ ʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ, ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʝ ʬʦʨʤʳ ʧʘʪʦʣʦʛʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʛʠʧʝʨʘʣʛʝʟʠʷ, ʥʝʡʨʦʧʘʪʠʯʝʩʢʘʷ ʙʦʣʴ ʠ ʵʧʠʣʝʧʩʠʷ, 

ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʝʜʘʚʥʦ, ʠʤʝʶʪ ʩʚʷʟʴ ʩ ʧʦʚʳʰʝʥʠʝʤ INa(P) (Amaya et al.,  

2006, Dib-Hajj et al.,  1999, Gold et al.,  1996, Stafstrom et al.,  2007), ʪʦʛʜʘ ʢʘʢ 

ʥʘ ʤʦʣʣʶʩʢʝ Lymnaea ʚʧʝʨʚʳʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʘʞʥʘʷ ʨʦʣʴ ʵʪʦʛʦ ʪʠʧʘ ʪʦʢʘ ʚ 

ʥʝʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨʤʘʭ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ, 

ʧʨʠʦʙʨʝʪʘʝʤʦʡ  ʚ ʭʦʜʝ ʘʩʩʦʮʠʘʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

 

 

 

3.2.2. ʃʦʢʘʣʠʟʘʮʠʷ ʢʦʤʧʘʨʪʤʝʥʪ-ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʥʘ ʩʫʙʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ. 

 

ʍʦʪʷ ʠʤʝʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʧʦʜʪʚʝʨʞʜʘʶʱʘʷ, ʯʪʦ ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʚ ʭʦʜʝ ʘʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙʫʯʝʥʠʷ (Zhang 

& Linden, 2003), ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʠʟʚʝʩʪʥʦ ʧʨʦ ʪʦ, ʢʘʢ ʦʥʘ ʣʦʢʘʣʠʟʫʝʪʩʷ ʥʘ 

ʩʫʙʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ. ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʚʘʞʥʳʡ ʬʘʢʪ, ʯʪʦ 

ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

ʢʦʤʧʘʨʪʤʝʥʪʘʤʠ ʥʝʡʨʦʥʘʣʴʥʳʭ ʜʝʥʜʨʠʪʦʚ ʠ ʘʢʩʦʥʘ (Losonczy et al., 2008; 

Grubb&Burrone 2010; Kuba et al., 2010). ɼʘʣʴʥʝʡʰʠʡ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʢʦʤʧʘʨʪʤʝʥʪʘʣʠʟʘʮʠʠ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ (ʈʠʩ. 3.2.1) ʧʦʤʦʞʝʪ 

ʧʨʝʦʜʦʣʝʪʴ ʨʘʟʨʳʚ ʤʝʞʜʫ ʬʝʥʦʤʝʥʦʤ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʠ ʝʛʦ ʤʝʭʘʥʠʩʪʠʯʝʩʢʦʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʥʘʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʪʦʛʦ, ʢʘʢ ʚʦʟʙʫʜʠʤʦʩʪʴ ʦʪʜʝʣʴʥʳʭ 

ʥʝʡʨʦʥʦʚ ʩʧʦʩʦʙʥʘ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʝ ʭʨʘʥʝʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ ʧʘʤʷʪʠ ʚ 

ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ. 

ɺ ʨʘʙʦʪʝ Grubb& Burrone (2010) ʠʩʩʣʝʜʦʚʘʣʩʷ ʦʩʦʙʳʡ ʫʯʘʩʪʦʢ ʘʢʩʦʥʘ 

ï ʝʛʦ ʥʘʯʘʣʴʥʳʡ ʩʝʛʤʝʥʪ ï ʚʳʩʦʢʦʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʦʜʝʨʞʘʱʘʷ 

ʧʦʚʳʰʝʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʥʘʪʨʠʝʚʳʭ ʢʘʥʘʣʦʚ (Garrido et al.,  2003; Kole et al.,  

2008; Fedelvish 2010), ʛʜʝ, ʧʦ ʧʦʩʣʝʜʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʚʠʯʥʘʷ ʛʝʥʝʨʘʮʠʷ ʇɼ (Palmer&Stuart 2006;  Foust et al., 2010). 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʵʪʦʤ ʢʦʤʧʘʨʪʤʝʥʪʝ ʥʝʡʨʦʥʘ ʧʦʟʚʦʣʷʝʪ 

ʥʘʧʨʷʤʫʶ ʚʣʠʷʪʴ ʥʘ ʠʥʪʝʛʨʘʪʠʚʥʫʶ ʬʫʥʢʮʠʶ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʇɼ ʚ ʦʪʚʝʪ ʥʘ ʚʥʝʰʥʠʝ ʩʠʛʥʘʣʳ, ʧʨʠʭʦʜʷʱʠʝ ʥʘ ʜʝʥʜʨʠʪʳ. ʅʘ ʢʫʣʴʪʫʨʝ 
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ʥʝʡʨʦʥʦʚ ʛʠʧʧʦʢʘʤʧʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʷ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʛʦ ʢʘʣʠʷ, ʷʚʣʷʶʱʝʛʦʩʷ ʪʨʠʛʛʝʨʦʤ ʧʦʚʳʰʝʥʥʦʡ ʥʝʡʨʦʥʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʥʘʯʘʣʴʥʳʡ ʩʝʛʤʝʥʪ ʘʢʩʦʥʘ ʠ ʬʦʨʤʠʨʫʶʱʠʭ ʝʛʦ ʙʝʣʢʦʚʳʭ 

ʤʦʣʝʢʫʣ ʩʜʚʠʛʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʩʦʤʳ ʥʝʡʨʦʥʘ, ʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʤʝʥʝʝ 

ʚʦʟʙʫʜʠʤʦʛʦ ʫʯʘʩʪʢʘ ʤʝʞʜʫ ʥʘʯʘʣʴʥʳʤ ʩʝʛʤʝʥʪʦʤ ʘʢʩʦʥʘ ʠ ʩʦʤʦʡ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʩʣʫʞʠʪ ʤʝʭʘʥʠʟʤʦʤ ʨʝʛʫʣʷʮʠʠ ʚʦʟʙʫʜʠʤʦʩʪʠ ʥʝʡʨʦʥʘ 

(Grubb& Burrone 2010). ɹʣʦʢʘʜʘ ʢʘʥʘʣʦʚ T- ʠ L-ʪʠʧʦʚ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʧʝʨʝʤʝʱʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʩʝʛʤʝʥʪʘ ʘʢʩʦʥʘ ʠ ʧʦʚʳʰʝʥʠʝ ʚʦʟʙʫʜʠʤʦʩʪʠ. 

 

ʈʠʩ. 3.2.1. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʠ ʥʝʩʠʥʘʧʪʠʯʝʩʢʠʭ (ʩʦʤʘ, ʜʝʥʜʨʠʪʳ, 

ʘʢʩʦʥ) ʢʦʤʧʘʨʪʤʝʥʪʦʚ ʢʣʝʪʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝʩʪʠ ʚʥʫʪʨʝʥʥʠʝ ʧʣʘʩʪʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʠ ʷʚʣʷʪʴʩʷ ʩʫʙʢʣʝʪʦʯʥʳʤ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʭʨʘʥʝʥʠʷ ʧʘʤʷʪʠ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ. ʎʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʥʝʩʠʥʘʧʪʠʯʝʩʢʠʝ 

ʢʦʤʧʘʨʪʤʝʥʪʳ. ɺʥʝʰʥʷʷ ʤʦʜʫʣʷʮʠʷ, ʩʧʦʩʦʙʥʘʷ ʠʤʠʪʠʨʦʚʘʪʴ ʧʣʘʩʪʠʯʥʦʩʪʴ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʘʤʦʡ ʢʣʝʪʢʝ, ʦʪʤʝʯʝʥʘ ʩʪʨʝʣʢʦʡ. 

 

ɺ ʜʨʫʛʦʡ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ Kuba et al. (2010) ʘʥʘʣʠʟʠʨʦʚʘʣʠ, ʢʘʢ 

ʩʣʫʭʦʚʘʷ ʩʝʥʩʦʨʥʘʷ ʜʝʧʨʠʚʘʮʠʷ ʚʣʠʷʝʪ ʥʘʯʘʣʴʥʳʝ ʩʝʛʤʝʥʪʳ ʘʢʩʦʥʦʚ ʢʣʝʪʦʢ 

ʷʜʨʘ nucleus magnocellularis ʮʳʧʣʷʪ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʝʧʨʠʚʘʮʠʷ 

ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʥʘʯʘʣʴʥʦʛʦ ʩʝʛʤʝʥʪʘ ʘʢʩʦʥʘ (ʜʦ 70%),   
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ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʚʦʟʙʫʜʠʤʦʩʪʠ ʥʝʡʨʦʥʦʚ ʷʜʨʘ 

(Kuba et al., 2010). ʋ ʥʝʡʨʦʥʦʚ ʵʪʦʛʦ ʷʜʨʘ ʦʪʩʫʪʩʪʚʫʶʪ ʘʢʩʦʥʳ, ʧʦʵʪʦʤʫ 

ʠʟʤʝʥʝʥʠʷ ʚʦʟʙʫʜʠʤʦʩʪʠ ʚʦʟʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝʤ 

ʘʢʩʦʥʘʣʴʥʦʡ ʚʦʟʙʫʜʠʤʦʩʪʠ. 

ʂʨʦʤʝ ʘʢʩʦʥʘ, ʠʟʚʝʩʪʥʦ ʪʘʢʞʝ ʦ ʣʦʢʘʣʴʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʪʦʥʢʠʭ 

ʚʝʪʚʝʡ (ʚʪʦʨʦʛʦ ʠ ʚʳʰʝ ʫʨʦʚʥʷ) ʜʝʥʜʨʠʪʦʚ ʛʠʧʧʦʢʘʤʧʘ (Losonsy et al., 2008), 

ʚʳʨʘʞʘʶʱʝʡʩʷ ʚ ʨʘʟʣʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʩʮʠʣʣʷʮʠʡ ʧʦʪʝʥʮʠʘʣʘ ʧʦ 

ʨʘʟʥʳʤ ʚʝʪʚʷʤ, ʧʨʠʯʝʤ ʩ ʠʭ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʤʦʞʥʦ ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʪʝʪʘ-ʧʨʦʪʦʢʦʣʘ ʧʦʪʝʥʮʠʘʮʠʠ, ʘ ʧʨʦʮʝʩʩ ʟʘʚʠʩʠʪ ʦʪ ʘʢʪʠʚʥʦʩʪʠ 

ʢʘʥʘʣʦʚ ʙʳʩʪʨʦʛʦ ʠʥʘʢʪʠʚʠʨʫʝʤʦʛʦ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʦʛʦ ʢʘʣʠʝʚʦʛʦ ɸ-

ʪʦʢʘ. ʊʘʢʞʝ ʨʘʥʝʝ Frick et al. (2004) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʝ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʦʪʝʥʮʠʘʮʠʠ, ʚʳʟʚʘʥʥʦʡ ʩʦʯʝʪʘʥʥʦʡ ʩʪʠʤʫʣʷʮʠʝʡ ʚʭʦʜʦʚ 

ʥʘ ʥʝʡʨʦʥ, ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩʜʚʠʛ ʢʨʠʚʦʡ ʠʥʘʢʪʠʚʘʮʠʠ ɸ-ʪʦʢʘ, 

ʩʚʷʟʘʥʥʳʡ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩ ʤʦʜʠʬʠʢʘʮʠʝʡ ʢʘʥʘʣʦʚ ʚ ʧʨʦʮʝʩʩʘʭ, ʟʘʚʠʩʠʤʳʭ 

ʦʪ ʘʨʘʭʠʜʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ɺ ʧʦʜʦʙʥʳʭ ʨʘʙʦʪʘʭ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚʘ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʘʣʠʝʚʳʝ ʢʘʥʘʣʳ ʠ ʜʝʤʦʥʩʪʨʘʮʠʠ ʫʯʘʩʪʠʷ ɸ-ʪʦʢʘ ʨʫʪʠʥʥʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʙʣʦʢʘʪʦʨ 4-ʘʤʠʥʦʧʠʨʠʜʠʥ (4-ɸʇ) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʝʪʦʜʘʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʣʦʢʘʣʴʥʳʭ ʥʝʡʨʠʪʦʚ. ʉʦʛʣʘʩʥʦ ʦʜʥʦʡ ʠʟ 

ʥʝʜʘʚʥʠʭ ʨʘʙʦʪ (Wu el at., 2010), ʧʨʦʚʝʜʝʥʥʦʡ ʥʘ ʢʫʣʴʪʫʨʝ 

ʪʨʘʥʩʬʝʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ HEK, 4-ɸʇ ʤʦʞʝʪ ʪʘʢʞʝ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ 

ʙʝʪʘ-3 ʩʫʙʲʝʜʠʥʠʮʫ ʢʘʥʘʣʦʚ HVA-ʧʦʪʝʥʮʠʘʣ ʟʘʚʠʩʠʤʳʭ ʢʘʣʴʮʠʝʚʳʭ 

ʢʘʥʘʣʦʚ ʠʟʥʫʪʨʠ ʢʣʝʪʢʠ. ʆʜʥʘʢʦ ʭʦʪʷ ʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ 4-ɸʇ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ 

ʥʝʙʦʣʴʰʦʡ ʚʭʦʜ ʢʘʣʴʮʠʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ 

ʜʘʥʥʳʤ (Grimaldi et al., 2001) 4-ɸʇ ʥʝ ʚʣʠʷʝʪ ʥʘ ʘʤʧʣʠʪʫʜʫ ʣʦʢʘʣʴʥʦ 

ʚʳʟʚʘʥʥʦʛʦ ʢʘʣʴʮʠʝʚʦʛʦ ʩʠʛʥʘʣʘ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʦʟʙʫʜʠʤʦʩʪʠ 

ʥʝʡʨʦʥʘ ʚ ʭʦʜʝ ʦʙʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʦʜʣʠʥʥʦʡ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ. ʅʘʧʨʠʤʝʨ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʚʷʟʘʥʥʳʝ ʩ ʧʠʱʝʚʳʤ ʦʙʫʯʝʥʠʝʤ 

ʠʟʤʝʥʝʥʠʷ ʚ ʚʦʟʙʫʜʠʤʦʩʪʠ ʮʝʨʝʙʨʘʣʴʥʳʭ ʤʦʜʫʣʷʪʦʨʥʳʝ ʥʝʡʨʦʥʦʚ CV1a 

ʤʦʣʣʶʩʢʘ Lymnaea ʭʦʪʷ ʠ ʷʚʣʷʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤʠ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤʠ, ʥʘ 

ʩʘʤʦʤ ʜʝʣʝ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʥʝʰʥʝʡ ʤʦʜʫʣʷʮʠʝʡ (Jones et al.,, 

2003). 
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3.2.3. ʉʚʷʟʴ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʩ ʚʳʭʦʜʥʳʤʠ 

ʩʠʛʥʘʣʘʤʠ ʥʝʡʨʦʥʘ ʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ. 

 

ʍʦʪʷ ʠ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʣʝʞʘʱʘʷ ʚ 

ʦʩʥʦʚʝ ʦʙʫʯʝʥʠʷ ʠ ʧʘʤʷʪʠ ʥʘʨʷʜʫ ʩ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ, 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʝʝ ʩʚʷʟʴ ʩ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʚ ʵʪʦʤ ʞʝ ʥʝʡʨʦʥʝ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʠʩʩʣʝʜʦʚʘʥʥʦʡ. ʍʦʪʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʥʳʝ ʬʦʨʤʳ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʠ 

ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʦʛʫʪ ʩʦʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʦʜʥʦʤ ʥʝʡʨʦʥʝ, 

ʚʟʘʠʤʦʩʚʷʟʴ ʠ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʵʪʠʭ ʜʚʫʭ ʬʦʨʤ ʧʣʘʩʪʠʯʥʦʩʪʠ ʦʩʪʘʶʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʚʝʩʪʥʳʤʠ. ʂʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʚʷʟʠ ʤʝʞʜʫ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʠ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʷʤʠ ʤʦʞʝʪ ʠʛʨʘʪʴ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʚʷʟʫʶʱʝʡ ʨʦʣʠ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʝʜʣʝʥʥʦ 

ʠʥʘʢʪʠʚʠʨʫʝʤʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ, ʣʝʞʘʱʝʛʦ ʚ ʦʩʥʦʚʝ ʜʣʠʪʝʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʝʡʨʦʥʘ, ʠ  ʩʧʦʩʦʙʥʦʛʦ ʦʧʨʝʜʝʣʷʪʴ 

ʯʘʩʪʦʪʫ ʛʝʥʝʨʘʮʠʠ ʧʦʪʝʥʮʠʘʣʦʚ ʜʝʡʩʪʚʠʷ (Kole 2011). ʅʝʜʘʚʥʦ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʟʚʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʤʝʤʙʨʘʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ 

ʤʦʜʫʣʷʪʦʨʥʦʛʦ ʥʝʡʨʦʥʘ ʤʦʣʣʶʩʢʘ ʠ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ 

ʚʦʟʥʠʢʘʶʪ ʯʝʨʝʟ  >24 ʯʘʩʦʚ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʧʝʨʚʳʝ ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʚʳʟʚʘʥʥʳʤʠ ʦʙʫʯʝʥʠʝʤ ʠʟʤʝʥʝʥʠʷʤʠ ʚ 

ʤʝʤʙʨʘʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʫ ʤʦʣʣʶʩʢʘ (Kemenes et al., 2001). 

ʇʨʝʜʳʜʫʱʠʝ ʨʘʙʦʪʳ, ʠʩʩʣʝʜʦʚʘʚʰʠʝ ʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʳʟʚʘʥʥʦʡ 

ʦʙʫʯʝʥʠʝʤ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʦʩʥʦʚʥʳʝ 

ʪʠʧʳ ʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʧʦʚʳʰʝʥʥʫʶ ʚʦʟʙʫʜʠʤʦʩʪʴ ʤʝʤʙʨʘʥʳ, 

ʢʦʪʦʨʳʝ ʧʝʨʝʥʦʩʷʪʩʷ ʢʘʣʴʮʠʝʚʳʤʠ ʠ ʢʘʣʠʝʚʳʤʠ ʠʦʥʘʤʠ ʠʣʠ ʯʝʨʝʟ 

ʘʢʪʠʚʠʨʫʝʤʳʝ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʝʡ ʢʘʪʠʦʥʥʳʝ ʢʘʥʘʣʳ  (Zhang& Linden 2003). 

ʅʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʚʳʟʚʘʥʥʦʛʦ ʦʙʫʯʝʥʠʝʤ ʫʤʝʥʴʰʝʥʠʷ 

ʦʪʩʪʘʚʣʝʥʥʦʛʦ ʚʳʧʨʷʤʣʷʶʱʝʛʦ ʢʘʣʠʝʚʦʛʦ ʪʦʢʘ, ʢʦʪʦʨʦʝ, ʚ ʪʝʦʨʠʠ, ʤʦʛʣʦ ʙʳ 

ʚʥʝʩʪʠ ʚʢʣʘʜ ʚ ʧʦʚʳʰʝʥʥʫʶ ʜʝʧʦʣʷʨʠʟʘʮʠʶ ʤʝʤʙʨʘʥʳ. 

ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ  ʨʘʥʝʝ ʚ CGC ʢʘʣʴʮʠʝʚʳʝ ʪʦʢʠ (Staras et al, 2002) 

ʠʥʘʢʪʠʚʠʨʫʶʪʩʷ ʩʣʠʰʢʦʤ ʙʳʩʪʨʦ, ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʜʦʣʛʦ ʜʣʷʱʠʡʩʷ 

ʵʬʬʝʢʪ ʥʘ ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ. ɸʥʘʣʠʟ ʥʝ ʚʳʷʚʠʣ ʥʠʢʘʢʠʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ 

ʪʦʛʦ, ʯʪʦ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʧʦʚʳʰʝʥʠʝ ʥʝʡʨʦʥʘʣʴʥʦʡ ʚʦʟʙʫʜʠʤʦʩʪʠ ʤʦʞʝʪ 

ʙʳʪʴ ʠʥʜʠʢʘʪʦʨʦʤ ʠʟʤʝʥʝʥʠʷ ʢʘʣʠʝʚʦʛʦ ʪʦʢʘ A-ʪʠʧʘ ʠʣʠ ʧʨʠʩʫʪʩʪʚʠʷ ʪʦʢʘ 
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ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʘʢʪʠʚʠʨʫʝʤʦʛʦ ʪʠʧʘ (Staras et al., 2002). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ  ʜʨʫʛʠʭ ʠʟʚʝʩʪʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʤʝʨʦʚ 

ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʚʳʟʚʘʥʥʘʷ ʦʙʫʯʝʥʠʝʤ ʜʝʧʦʣʷʨʠʟʘʮʠʷ 

ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ CGC ʷʚʣʷʝʪʩʷ ʦʩʦʙʳʤ ʩʣʫʯʘʝʤ ʠ ʙʘʟʠʨʫʝʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʥʘʪʨʠʝʚʦʤ ʪʦʢʝ. ɺʳʰʝ ʦʧʠʩʘʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʦʥʮʝʧʮʠʶ 

ʫʜʘʣʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʪʝʨʤʠʥʘʣʝʡ ʥʝʡʨʦʥʘ 

ʫʨʦʚʥʝʤ ʩʦʙʩʪʚʝʥʥʦʡ ʩʦʤʘʪʠʯʝʩʢʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʠ. ʕʪʘ ʢʦʥʮʝʧʮʠʷ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʦʪ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʚ ʩʦʤʝ ʟʘʚʠʩʠʪ, ʥʘʩʢʦʣʴʢʦ ʩʠʣʴʥʦ 

ʙʫʜʫʪ ʘʢʪʠʚʠʨʦʚʘʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʝ ʪʝʨʤʠʥʘʣʠ ʥʝʡʨʦʥʘ 

ʧʦʪʝʥʮʠʘʣʦʤ ʜʝʡʩʪʚʠʷ, ʠ ʚʦʦʙʱʝ ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ ʧʦʪʝʥʮʠʘʣ ʜʝʡʩʪʚʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʜʦ ʜʠʩʪʘʣʴʥʳʭ ʘʢʩʦʥʘʣʴʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʦʚ. ʅʠʞʝ ʙʫʜʫʪ 

ʦʙʦʙʱʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʜʘʥʥʳʝ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʵʪʫ ʢʦʥʮʝʧʮʠʶ ʠ 

ʧʦʣʫʯʝʥʥʳʝ ʢʘʢ ʥʘ ʤʦʣʣʶʩʢʘʭ, ʪʘʢ ʠ ʥʘ ʮʝʥʪʨʘʣʴʥʳʭ ʥʝʡʨʦʥʘʭ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ. 

ʇʦʩʪʦʷʥʥʳʡ ʥʘʪʨʠʝʚʳʡ ʪʦʢ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ  ʚ ʛʠʧʧʦʢʘʤʧʝ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ (French, 1990, Vervaeke 2006), ʦʜʥʘʢʦ ʚʦʟʤʦʞʥʘʷ ʩʚʷʟʴ 

ʤʝʞʜʫ INa(P) ʠ ʠʟʚʝʩʪʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʚʳʟʳʚʘʝʤʦʡ ʦʙʫʯʝʥʠʝʤ 

ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ (Debanne 2003, Magee 2005, Zhang, Linden 

2003) ʚ ʵʪʦʡ ʢʣʶʯʝʚʦʡ ʦʙʣʘʩʪʠ ʤʦʟʛʘ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʠʩʩʣʝʜʦʚʘʥʳ. ɺ ʩʚʝʪʝ 

ʥʘʰʠʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʦʛʦ, ʢʘʢʦʡ ʚʢʣʘʜ ʚʳʟʚʘʥʥʳʝ 

ʦʙʫʯʝʥʠʝʤ ʠʟʤʝʥʝʥʠʷ ʚ INa(P) ʤʦʛʫʪ ʚʥʦʩʠʪʴ ʚ ʫʞʝ ʠʟʚʝʩʪʥʳʝ ʠ ʝʱʝ ʥʝ 

ʦʪʢʨʳʪʳʝ ʬʦʨʤʳ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʤʦʛʣʦ ʙʳ 

ʠʤʝʪʴ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʠ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ.  ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʥʝʜʘʚʥʝʡ 

ʨʘʙʦʪʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʭ ʢʨʘʩʠʪʝʣʝʡ ʥʘ ʧʠʨʘʤʠʜʘʭ L5 

ʟʨʠʪʝʣʴʥʦʡ ʢʦʨʳ ʢʨʳʩʳ (Foust et al 2011) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜʧʦʨʦʛʦʚʘʷ 

ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʚ ʩʦʤʝ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʰʠʨʠʥʫ ʧʦʪʝʥʮʠʘʣʘ 

ʜʝʡʩʪʚʠʷ ʥʘ ʤʝʤʙʨʘʥʝ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʙʫʪʦʥʦʚ ʧʝʨʚʦʡ ʘʢʩʦʥʘʣʴʥʦʡ 

ʢʦʣʣʘʪʝʨʘʣʠ, ʯʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʝʭʘʥʠʟʤʦʤ ʨʝʘʣʠʟʘʮʠʠ ʥʝʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʤʝ ʥʘ ʫʨʦʚʥʝ ʩʦʙʩʪʚʝʥʥʳʭ ʪʝʨʤʠʥʘʣʝʡ ʥʝʡʨʦʥʘ. ʀʟʚʝʩʪʥʦ 

ʪʘʢʞʝ, ʯʪʦ ʜʘʞʝ ʥʝʙʦʣʴʰʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʚ ʩʦʤʝ ʥʝʡʨʦʥʘ ʩʧʦʩʦʙʥʘ 

ʧʦʚʣʠʷʪʴ ʥʘ ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʧʠʨʘʤʠʜʥʳʭ ʥʝʡʨʦʥʦʚ ʟʨʠʪʝʣʴʥʦʡ ʢʦʨʳ (Shu 

et al., 2006) ʠ ʛʠʧʧʦʢʘʤʧʘ (Alle et al, 2006), ʯʪʦ ʪʘʢʞʝ ʙʳʣʦ ʨʘʥʝʝ ʥʘʡʜʝʥʦ ʥʘ 

ʢʫʣʴʪʫʨʝ ʥʝʡʨʦʥʦʚ (Debane et al., 1997). ʊʘʢʞʝ, ʥʝʜʘʚʥʝʝ ʦʪʢʨʳʪʠʝ ʧʦʢʘʟʘʣʦ, 
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ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʤʝʜʣʝʥʥʦ ʠʥʘʢʪʠʚʠʨʫʝʤʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ INa(P), 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʚ ʩʦʤʝ ʢʦʨʢʦʚʦʡ ʧʠʨʘʤʠʜʳ L5, ʷʚʣʷʶʪʩʷ ʘʢʩʦʥ ʠ ʧʝʨʚʳʡ 

ʧʝʨʝʭʚʘʪ ʈʘʥʚʴʝ (Fleidervish et al., 2010), ʦʪ ʢʦʪʦʨʦʛʦ ʦʪʭʦʜʠʪ ʧʝʨʚʘʷ 

ʢʦʣʣʘʪʝʨʘʣʴ, ʠ ʘʢʪʠʚʘʮʠʷ ʵʪʦʛʦ ʪʦʢʘ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʵʪʦʛʦ ʥʝʡʨʦʥʘ ʛʝʥʝʨʠʨʦʚʘʪʴ ʨʘʟʨʷʜʳ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ (>200Hz; Kole, 2011). 

ʅʝʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʠʥʪʨʠʛʫʶʱʠʭ ʠ ʚʘʞʥʳʭ ʦʪʢʨʳʪʠʡ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ, ʩʧʦʩʦʙʥʳʤ 

ʟʘʧʦʣʥʠʪʴ ʥʝʜʦʩʪʘʶʱʠʝ ʬʨʘʛʤʝʥʪʳ ʥʘʰʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʮʝʣʦʩʪʥʦʤ 

ʥʝʡʨʦʥʝ ʢʘʢ ʦ ʢʦʤʧʘʨʪʤʝʥʪʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ, ʩʧʦʩʦʙʥʦʡ ʭʨʘʥʠʪʴ ʠ 

ʠʟʚʣʝʢʘʪʴ ʩʣʝʜʳ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ. ɼʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʜʦʣʞʥʦ ʩʳʛʨʘʪʴ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʲʷʩʥʝʥʠʠ ʪʦʛʦ, ʢʘʢ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠʭ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʨʝʘʣʠʟʫʶʪ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʘʜʝʢʚʘʪʥʦ ʦʪʚʝʯʘʪʴ ʠ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʠʟʤʝʥʷʶʱʠʝʩʷ  

ʫʩʣʦʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

 

3.3. ʉʦʚʨʝʤʝʥʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦʥʦʚ ʎʅʉ. 

 

ʀʟʫʯʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ, ʦʪʜʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ ʠ ʠʭ ʩʫʙʢʣʝʪʦʯʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʦʚ ʥʘ 

ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ, ʪʘʢʠʭ, ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʦʙʳʪʠʷ ʢʘʢ ʚʦ ʤʥʦʛʠʭ ʥʝʡʨʦʥʘʭ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʪʘʢ ʠ ʚ ʦʪʜʝʣʴʥʳʭ 

ʜʝʥʜʨʠʪʘʭ ʠ ʘʢʩʦʥʘʭ, ʧʨʠʚʦʜʷ ʠʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʦʯʥʦʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ.  ɻʦʨʘʟʜʦ ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʦʡ ʠ ʤʝʥʝʝ ʠʟʚʝʩʪʥʦʡ ʷʚʣʷʝʪʩʷ 

ʨʝʛʠʩʪʨʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʭ ʢʨʘʩʠʪʝʣʝʡ (ʇɿʂ), 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʠʟ ʤʘʣʦʛʦ ʯʠʩʣʘ ʜʦʩʪʫʧʥʳʭ ʩʝʛʦʜʥʷ ʤʝʪʦʜʦʚ, ʩʦʯʝʪʘʶʱʠʡ 

ʚʳʩʦʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ (ʜʦ 1 ʤʢʤ) ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʨʝʛʠʩʪʨʘʮʠʠ ʩʚʝʨʭʙʳʩʪʨʳʭ ʩʠʛʥʘʣʦʚ (<0.1 ʤʩʝʢ) ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʳʩʦʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ. ɺ ʧʦʩʣʝʜʥʝʝ 

ʜʝʩʷʪʠʣʝʪʠʝ ʧʨʦʠʟʦʰʝʣ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʧʨʠʤʝʥʝʥʠʠ ʇɿʂ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʘʥʘʣʠʟʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʢʦʜʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ ʘʢʩʦʥʦʤ ʠ ʜʝʥʜʨʠʪʘʤʠ, ʩʚʷʟʘʥʥʳʡ ʩ ʢʘʯʝʩʪʚʝʥʥʳʤ 
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ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʠʣʫʯʰʠʭ ʢʨʘʩʠʪʝʣʝʡ ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʫʣʫʯʰʝʥʠʝʤ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʤʝʪʦʜʫ ʜʦʢʘʟʘʪʴ ʩʚʦʶ ʧʦʣʝʟʥʦʩʪʴ 

ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʠʟ ʯʠʩʪʦ ʪʝʭʥʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ ʧʝʨʝʡʪʠ ʚ ʘʨʩʝʥʘʣ 

ʦʩʥʦʚʥʳʭ ʦʨʫʜʠʡ ʚʝʜʫʱʠʭ ʣʘʙʦʨʘʪʦʨʠʡ ʤʠʨʘ, ʧʨʦʚʦʜʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʧʝʨʝʜʥʝʤ ʨʫʙʝʞʝ ʢʣʝʪʦʯʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ.  

 ʆʧʪʠʯʝʩʢʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇɿʂ ʫʩʧʝʰʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩ ʢʦʥʮʘ 80-ʭ ʛʦʜʦʚ ʥʝʢʦʪʦʨʳʤʠ ʣʘʙʦʨʘʪʦʨʠʷʤʠ ʜʣʷ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦʥʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʏʘʩʪʦ ʦʧʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠʣʠ 

ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ. ɼʠʘʧʘʟʦʥ ʧʨʠʤʝʥʝʥʠʷ ʇɿʂ 

ʚʘʨʴʠʨʫʝʪ ʦʪ ʨʝʛʠʩʪʨʘʮʠʠ ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ, ʥʘʧʨʠʤʝʨ, 

ʢʘʨʪʠʨʦʚʘʥʠʷ ʢʦʣʦʥʦʢ ʜʠʨʝʢʮʠʦʥʥʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ in vivo ʠ ʜʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ  ʨʝʛʠʩʪʨʘʮʠʠ   ʩʧʘʡʢʦʚʦʡ  ʘʢʪʠʚʥʦʩʪʠ ʩʝʪʝʡ ʤʥʦʛʠʭ 

ʦʪʜʝʣʴʥʳʭ ʥʝʡʨʦʥʦʚ, ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʚ ʢʦʤʧʘʨʪʤʝʥʪʘʭ ʘʢʩʦʥʘ ʠ 

ʜʝʥʜʨʠʪʥʳʭ ʰʠʧʠʢʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʝʩʷʪʠʣʝʪʠʷ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

(Cohen & Salzberg, 1978), ʤʝʪʦʜ ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ ʤʝʪʦʜʠʯʝʩʢʠ ʠ ʪʝʭʥʠʯʝʩʢʠ 

ʩʣʦʞʥʳʤ  ʠ ʧʨʝʜʲʷʚʣʷʝʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʜʙʦʨʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʯʝʪʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʜʨʫʛʠʤ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʷʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʫʩʧʝʰʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦʝ ʚʚʝʜʝʥʠʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ ʚ 

ʤʝʪʦʜʠʢʫ ʢʘʢ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʝʝ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ ʠʣʠ ʦʙʲʝʢʪ, ʪʘʢ ʠ 

ʧʨʠʚʥʦʩʷ ʯʘʩʪʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʫʣʫʯʰʝʥʠʷ, ʯʘʩʪʦ 

ʧʦʟʚʦʣʷʶʱʠʝ ʜʦʙʠʪʴʩʷ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʫʚʠʜʝʪʴ ʙʦʣʝʝ 

ʪʦʥʢʠʝ ʜʝʪʘʣʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʨʘʥʝʝ ʦʩʪʘʚʘʚʰʠʝʩʷ 

ʥʝʠʟʚʝʩʪʥʳʤʠ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʘ. ɺ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʧʦʩʪʦʷʥʥʦ ʦʪʩʣʝʞʠʚʘʪʴ 

ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʚ ʧʨʠʤʝʥʝʥʠʠ ʇɿʂ, ʦʩʚʝʱʘʝʤʳʡ ʚ ʨʘʩʪʫʱʝʤ ʯʠʩʣʝ 

ʧʫʙʣʠʢʘʮʠʡ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ.  ɺ ʨʘʟʜʝʣʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʦʚʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʘʩʧʝʢʪʳ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ 

ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʩ ʇɿʂ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ 

ʦʙʲʝʢʪʘʤ ʠ ʟʘʜʘʯʘʤ ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ.  
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3.3.1. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʠʟʘʡʥʘ ʫʩʪʘʥʦʚʢʠ ʦʙʲʝʢʪʠʚʘ ʜʣʷ 

ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ. 

 

 ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʇɿʂ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʠʟʘʡʥʘ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʨʝʰʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʨʦʙʣʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ 

ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ 

ʦʩʥʦʚʥʳʝ ʩʭʝʤʳ ʫʩʪʘʥʦʚʢʠ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ, ʠʤʝʶʱʠʝ ʦʯʝʨʯʝʥʥʳʝ 

ʥʝʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʩʧʝʢʪʨʳ ʧʨʠʤʝʥʝʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦ ʩʚʦʠʤʠ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ,  ʩ ʪʨʫʜʦʤ ʧʨʝʦʜʦʣʠʤʳʤʠ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚʳʙʦʨ ʩʜʝʣʘʥ. 

ʇʝʨʚʦʡ ʙʳʣʘ ʩʭʝʤʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʨʠʮʳ ʬʦʪʦʜʠʦʜʦʚ ʩ 

ʧʘʨʘʣʣʝʣʴʥʳʤ ʫʩʠʣʝʥʠʝʤ ʩʠʛʥʘʣʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʦʪ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ. ʇʨʘʢʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʢʘ ʥʘ ʦʩʥʦʚʝ ʬʦʪʦʜʠʦʜʥʦʡ ʤʘʪʨʠʮʳ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʥʝʟʘʚʠʩʠʤʳʭ ʬʦʪʦʜʠʦʜʦʚ,  ʩʦʙʨʘʥʥʳʭ ʚ ʤʘʪʨʠʮʫ ʠ 

ʧʝʨʝʜʘʶʱʠʭ ʩʠʛʥʘʣ ʦʪ ʢʘʞʜʦʛʦ ʜʠʦʜʘ ʩʚʦʝʤʫ ʫʩʠʣʠʪʝʣʶ, ʢʦʪʦʨʳʝ 

ʩʦʝʜʠʥʝʥʳ ʩ ʦʙʱʠʤ ʤʥʦʛʦʢʘʥʘʣʴʥʳʤ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ 

(ɸʎʇ). ʊʘʢʘʷ ʩʭʝʤʘ ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ (ʜʦ 0.2 ʤʢʩ), 

ʤʝʥʴʰʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ (124 ʠʣʠ 464 ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʘ), ʩʨʝʜʥʶʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʚʳʩʦʢʦʤ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʤ 

ʜʠʘʧʘʟʦʥʝ (ʈʠʩ. 3.3.1ɸ). ʈʘʟʨʝʰʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʢʘʢ 

ʩʚʦʡʩʪʚʘʤʠ ʢʨʘʩʠʪʝʣʷ, ʪʘʢ ʠ ʜʦʧʫʩʪʠʤʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʦʧʨʦʩʘ ʬʦʪʦʜʠʦʜʦʚ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ (Cohen 1988). 

ʉʠʛʥʘʣ ʫʩʠʣʠʚʘʝʪʩʷ ʦʪ ʢʘʞʜʦʛʦ ʬʦʪʦʜʠʦʜʘ ʧʘʨʘʣʣʝʣʴʥʦ, ʧʦʵʪʦʤʫ, ʥʘʧʨʠʤʝʨ, 

ʫʩʪʘʥʦʚʢʘ ʩ 124 ʜʠʦʜʘʤʠ ʠʤʝʝʪ 124 ʜʚʫʭʢʘʩʢʘʜʥʳʭ ʫʩʠʣʠʪʝʣʷ, ʯʪʦ ʜʦʙʘʚʣʷʝʪ 

ʩʣʦʞʥʦʩʪʠ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʠ. ʀʟ-ʟʘ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʢ ʚʠʙʨʘʮʠʦʥʥʳʤ ʰʫʤʘʤ (ʜʦ 20 ɻʮ) ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʤʝʱʝʥʠʷʤ, 

ʤʦʜʫʣʠʨʫʶʱʠʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʭʦʜʷʱʝʛʦ ʩʚʝʪʘ, ʤʠʢʨʦʩʢʦʧ ʫʩʪʘʥʦʚʢʠ 

ʜʦʣʞʝʥ ʞʝʩʪʢʦ ʢʨʝʧʠʪʴʩʷ ʢ ʘʥʪʠʚʠʙʨʘʮʠʦʥʥʦʤʫ ʦʩʥʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ 

ʤʠʢʨʦʤʘʥʠʧʫʣʷʪʦʨʦʚ ʠʣʠ ʧʥʝʚʤʘʪʠʯʝʩʢʦʤʫ ʘʥʪʠʚʠʙʨʘʮʠʦʥʥʦʤʫ ʩʪʦʣʫ.  

  ʉʠʛʥʘʣ, ʧʦʣʫʯʘʝʤʳʡ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʥʝʡʨʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʢʨʘʩʠʪʝʣʝʡ ʚ 

ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʘʮʠʶ ʤʝʤʙʨʘʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʥʝʡʨʦʥʦʚ, ʧʨʦʝʮʠʨʫʝʤʳʭ ʥʘ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ (Cohen 

1988, Wu et al., 1998). ʇʦʜʘʚʘʝʤʳʡ ʥʘ ʧʨʝʧʘʨʘʪ ʩʚʝʪ ʧʨʦʭʦʜʠʪ ʩʥʘʯʘʣʘ ʯʝʨʝʟ 



32 

 

 

ʪʝʧʣʦʚʦʡ ʬʠʣʴʪʨ, ʠ ʜʘʣʝʝ ʯʝʨʝʟ ʤʥʦʛʦʩʣʦʡʥʳʡ ʫʟʢʦʧʦʣʦʩʥʳʡ ʬʠʣʴʪʨ ʩ 

ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ ~720 Ñ 20 ʥʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ  ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʪʚʝʪʘ. 

ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʭʦʜʷʱʝʛʦ ʩʚʝʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʥʝʡʨʦʥʦʚ, ʘ ʫʤʝʥʴʰʝʥʠʝ ï ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʠ. ʆʪ ʩʠʩʪʝʤʳ 

ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ ʥʝ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, 

ʪʘʢ ʢʘʢ ʧʨʦʭʦʜʷʱʠʡ ʩʚʝʪ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʥʦ ʢʨʠʪʠʯʥʳ 

ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʰʠʨʦʢʠʡ ʣʠʥʝʡʥʳʡ ʜʠʘʧʘʟʦʥ ʠ ʥʠʟʢʠʝ ʩʦʙʩʪʚʝʥʥʳʝ 

ʰʫʤʳ ʜʠʦʜʥʦʡ ʤʘʪʨʠʮʳ, ʫʩʠʣʠʪʝʣʝʡ ʠ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ. 

  ɺʪʦʨʘʷ ʩʭʝʤʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ CCD-ʢʘʤʝʨʳ (Coupled 

Charged Device, ʈʠʩ. 3.3.1ɹ) ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʦʧʨʦʩʦʤ ʬʦʪʦʵʣʝʤʝʥʪʦʚ. 

ʊʘʢʘʷ ʩʭʝʤʘ ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ (256000  

 

 

ʈʠʩ. 3.3.1. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ  ʠʟʤʝʥʝʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ 

ʩʚʝʪʘ  ʯʝʨʝʟ ʦʙʲʝʢʪ (ȹT/T, relative change in transmission) ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʜʠʦʜʥʦʡ 

ʤʘʪʨʠʮʳ (ɸ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʧʠʬʣʫʦʨʝʩʮʝʥʮʠʠ (ȹF/F, relative change in 

fluorescence) ʠ CCD-ʢʘʤʝʨʳ ʚ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʘ (ɹ). ʉʠʛʥʘʣ ʦʪ CCD-ʢʘʤʝʨʳ ʪʘʢʞʝ 

ʫʩʠʣʠʚʘʝʪʩʷ ʠ ʦʮʠʬʨʦʚʳʚʘʝʪʩʷ (ʥʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ). ʇʦʜʧʠʩʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʯʘʩʪʷʤ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ ʤʠʢʨʦʩʢʦʧʘ ʩ ʧʦʜʢʣʶʯʝʥʥʳʤ ʢ ʥʝʤʫ ʫʩʪʨʦʡʩʪʚʦʤ 

ʜʝʪʝʢʮʠʠ.  
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ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʙʦʣʝʝ), ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ (~ 1 ʤʩ, Canepari et 

al., 2008; ~0.1 ʤʩ, Palmer & Stuart, 2006) ʠ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʩʣʘʙʳʤ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʩʠʛʥʘʣʘʤ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 

ʢʨʘʩʠʪʝʣʝʡ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ CCD-ʢʘʤʝʨʦʡ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ ʦʪʨʘʞʘʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (DF/F). ʅʘʠʙʦʣʴʰʠʤ ʨʘʟʨʝʰʝʥʠʝʤ 

ʧʦ ʚʨʝʤʝʥʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʤ ʦʪʥʦʰʝʥʠʠ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʙʣʘʜʘʝʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ RedShirtImaging Neuro 

CCD SMQ 80x80 ʧʠʢʩʝʣʝʡ (ʉʐɸ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʠʩʪʨʘʮʠʠ 10000 

ʢʘʜʨʦʚ ʚ ʩʝʢ ʚ ʨʝʞʠʤʝ ʦʙʨʝʟʢʠ ʢʘʜʨʘ ʜʦ 12x80), ʢʦʪʦʨʘʷ ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʚʦ ʤʥʦʛʠʭ 

ʣʘʙʦʨʘʪʦʨʠʷʭ ʙʣʘʛʦʜʘʨʷ ʪʘʢʞʝ ʫʜʦʙʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʦʙʦʣʦʯʢʝ (Neuroplex, 

OptImaging LLC, ʉʐɸ) ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʘʧʧʘʨʘʪʥʳʤ ʠ ʧʨʦʛʨʘʤʤʥʳʤ 

ʨʝʰʝʥʠʷʤ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʠʥʭʨʦʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ʦʧʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠ ʩʪʠʤʫʣʦʚ. ɺ ʢʦʤʧʣʝʢʪ 

ʚʭʦʜʠʪ ʢʘʤʝʨʘ, ʦʧʪʠʯʝʩʢʠʡ ʘʜʘʧʪʝʨ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʤʠʢʨʦʩʢʦʧ (ʟʘʚʠʩʠʪ ʦʪ 

ʝʛʦ ʤʦʜʝʣʠ) ʠ ʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʢʦʤʧʴʶʪʝʨ ʩ ɸʎʇ, ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʠ ʚʥʝʰʥʠʤ ʙʦʢʩʦʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

  ʂʨʦʤʝ CCD-ʢʘʤʝʨʳ, ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. ʆʜʥʘʢʦ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʢʦʥʬʦʢʘʣʴʥʳʝ ʤʠʢʨʦʩʢʦʧʳ ʤʘʣʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʇɿʂ, 

ʧʦʩʢʦʣʴʢʫ ʥʝ ʤʦʛʫʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʳʡ ʩʠʛʥʘʣ ʩ ʙʦʣʴʰʦʡ 

ʩʢʦʨʦʩʪʴʶ ʠʟ-ʟʘ ʧʦʪʝʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠ 

ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʯʝʨʝʟ ʩʢʘʥʠʨʫʶʱʝʝ ʦʪʚʝʨʩʪʠʝ ʜʠʘʬʨʘʛʤʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʠ ʢʦʥʬʦʢʘʣʴʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʚʨʝʤʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʩʠʛʥʘʣʘ,  ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʦʯʝʯʥʦ (ʠʣʠ ʧʦʩʪʨʦʯʥʦ) 

ʩ ʬʠʟʠʯʝʩʢʠʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʪʦʯʢʠ (ʠʣʠ ʣʠʥʠʠ, ʝʩʣʠ ʜʝʪʝʢʪʦʨ ʣʠʥʝʡʥʳʡ) 

ʟʝʨʢʘʣʦʤ ʩʢʘʥʥʝʨʘ  ʧʨʠ ʪʦʤ, ʯʪʦ ʥʠʢʘʢʦʡ ʩʠʛʥʘʣ ʠʟ ʜʨʫʛʠʭ ʪʦʯʝʢ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʵʪʦ ʚʨʝʤʷ ʥʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʥʠʤ ʚ CCD-

ʢʘʤʝʨʝ ʦʛʨʦʤʥʳʡ ʚʳʠʛʨʳʰ ʚ ʩʢʦʨʦʩʪʠ ʚʠʟʫʣʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʘʝʪʩʷ 

ʦʪ ʪʦʛʦ, ʯʪʦ ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ ʥʝʧʨʝʨʳʚʥʦ ʧʦʣʫʯʘʝʪ ʧʨʦʝʮʠʨʫʝʤʳʡ ʩʚʝʪ ʦʪ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʧʝʨʝʤʝʱʘʝʪʩʷ ʣʠʰʴ ʪʦʯʢʘ ʩʯʠʪʳʚʘʥʠʷ ʟʘʨʷʜʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ 

ʬʦʪʦʪʦʢʦʤ ʦʜʥʦʡ ʷʯʝʡʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʦʩʪʘʣʴʥʳʭ ʧʠʢʩʝʣʷʭ ʟʘʨʷʜ 

ʧʨʦʜʦʣʞʘʝʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʜʦ ʩʣʝʜʫʶʱʝʛʦ ʮʠʢʣʘ ʩʯʠʪʳʚʘʥʠʷ. ʅʝʢʦʪʦʨʳʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʢʦʤʙʠʥʠʨʫʶʪ ʧʨʠʩʪʘʚʢʫ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, 
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ʩʦʚʤʝʱʘʷ, ʝʝ ʩ ʙʳʩʪʨʦʡ CCD-ʢʘʤʝʨʦʡ ʤʝʥʴʰʝʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʠʭʨʦʠʯʝʩʢʦʛʦ ʜʝʣʠʪʝʣʷ (beam splitter) ʚ ʦʜʥʦʡ ʫʩʪʘʥʦʚʢʝ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʧʦʩʪʘʚʣʷʪʴ ʢʘʨʪʠʥʢʫ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʫʶ 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʬʦʢʘʣʴʥʦʡ ʧʨʠʩʪʘʚʢʠ ʩ ʙʳʩʪʨʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ CCD-ʢʘʤʝʨʳ 

ʤʝʥʴʰʝʛʦ ʨʘʟʨʝʰʝʥʠʷ (Foust et al, 2010; Foust et al., 2011). ʇʨʠ ʵʪʦʤ 

ʩʦʦʪʥʝʩʝʥʠʝ ʢʘʨʪʠʥʦʢ ʦʩʪʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʤ, ʦʩʦʙʝʥʥʦ ʧʦ ʦʩʠ Z, ʠʟ-ʟʘ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ CCD-ʢʘʤʝʨʳ (~4-5 ʤʢʤ). ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʢʦʥʬʦʢʘʣʴʥʘʷ ʥʘʩʘʜʢʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʥʝʪʠʯʝʩʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʨʳʩ/ʤʳʰʝʡ ʩ ʥʝʡʨʦʥʘʤʠ, ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʥʳʤʠ 

GFP (green fluorescent protein), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʪʙʦʨ ʥʝʡʨʦʥʦʚ 

ʥʫʞʥʦʛʦ ʪʠʧʘ ʠ ʤʦʨʬʦʣʦʛʠʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʢʨʘʩʢʠ ʇɿʂ ʠ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ (Foust et al., 2011; Popovic et al., 2011). 

  ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʠʣʠ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʦʣʴʢʦ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʙʝʟ ʧʝʨʝʤʝʱʝʥʠʷ ʩʢʘʥʠʨʫʝʤʦʡ ʪʦʯʢʠ. ʅʝʜʘʚʥʦ ʧʦʷʚʠʚʰʠʡʩʷ 

ʥʦʚʳʡ ʪʠʧ ʣʠʥʝʡʥʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ LSM 5 Live 

(ʎʝʡʩʩ, ɻʝʨʤʘʥʠʷ) ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝ ʧʦʜʭʦʜʠʪ ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʜʣʷ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʇɿʂ ʚ ʨʝʞʠʤʝ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʩʝʥʩʦʨ 

ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʥʝʡʥʳʡ CCD-ʜʝʪʝʢʪʦʨ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ, ʩʦʩʪʦʷʱʠʡ ʠʟ 512 ʵʣʝʤʝʥʪʦʚ (Engelmann 2006). ʇʨʠ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʣʠʥʝʡʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʣʥʦʢʘʜʨʦʚʦʡ CCD-ʢʘʤʝʨʦʡ ʚʦʟʤʦʞʥʦ ʨʘʟʨʝʰʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʛʦʨʘʟʜʦ 

ʙʦʣʝʝ ʪʦʥʢʠʝ ʩʪʨʫʢʪʫʨʳ (ʨʘʟʨʝʰʝʥʠʝ 0.5 ʤʢʤ), ʪʘʢʠʝ ʢʘʢ ʮʝʥʪʨʘʣʴʥʳʝ 

ʩʠʥʘʧʩʳ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʪʨʝʭʤʝʨʥʫʶ ʨʝʢʦʥʩʪʨʫʢʮʠʶ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʠ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ, ʠ ʜʣʷ 

ʪʨʝʭʤʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʜʝʪʝʢʪʦʨ ʠ 

ʦʧʪʠʯʝʩʢʠʡ ʧʫʪʴ, ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʦʚʤʝʱʝʥʠʷ, ʢʘʢ ʧʨʠ ʦʪʜʝʣʴʥʳʭ ʢʘʤʝʨʝ ʠ 

ʢʦʥʬʦʢʘʣʴʥʦʡ ʧʨʠʩʪʘʚʢʝ (Foust et al., 2010; Popovic et al., 2011), ʥʝ 

ʪʨʝʙʫʝʪʩʷ. 

  ʅʝʜʘʚʥʦ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ-

ʟʘʚʠʩʠʤʳʡ ʩʠʛʥʘʣ ʫ ʠʟʚʝʩʪʥʦʛʦ ʣʠʧʦʬʠʣʴʥʦʛʦ ʤʘʨʢʝʨʘ FM4-64, ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʚʳʙʨʦʩʘ ʤʝʜʠʘʪʦʨʘ 

(Branco et al., 2008), ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʚʦʟʙʫʞʜʝʥʠʷ. 
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ʉʠʛʥʘʣ ʨʝʛʠʩʪʨʠʨʫʶʪ ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ ʩ ʣʘʟʝʨʥʳʤ ʠʥʬʨʘʢʨʘʩʥʳʤ 

ʧʨʦʩʚʝʯʠʚʘʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʜʚʦʝʥʥʦʡ ʜʣʠʥʳ ʧʠʢʘ ʩʧʝʢʪʨʘ 

ʘʙʩʦʨʙʮʠʠ ʠ ʬʦʪʦʫʤʥʦʞʠʪʝʣʷ ʚ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʘ (Dombeck et al., 2005). 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʧʪʠʯʝʩʢʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʧʦʪʝʥʮʠʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʠʤʝʝʪ ʚʘʞʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ 

ʧʦʜʘʚʣʝʥʠʠ ʧʦʤʝʭ ʦʪ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʢʨʘʩʠʪʝʣʷ ʚʥʫʪʨʴ ʢʣʝʪʢʠ (ʧʦʩʢʦʣʴʢʫ 

ʩʠʛʥʘʣ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʫʧʦʨʷʜʦʯʝʥʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ 

ʢʨʘʩʠʪʝʣʷ ʚ ʤʝʤʙʨʘʥʝ, ʥʦ ʥʝ ʚ ʮʠʪʦʧʣʘʟʤʝ), ʥʠʟʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ 

ʧʦʢʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʤʝʪʦʜ ʜʣʷ ʨʝʰʝʥʠʷ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ 

ʟʥʘʯʠʤʳʭ ʟʘʜʘʯ. 

 ɺʳʙʦʨ ʦʙʲʝʢʪʠʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʦʤ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʣʦʱʘʜʠ ʯʠʧʘ ʢʘʤʝʨʳ/ʩʝʥʩʦʨʘ ʜʣʷ ʣʫʯʰʝʛʦ 

ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʝʰʝʥʠʷ ʪʦʥʢʠʭ ʜʝʪʘʣʝʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʦʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʪʘʢʞʝ ʥʘʢʣʘʜʳʚʘʝʪ ʪʠʧ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʢʨʘʩʠʪʝʣʷ, ʪʨʝʙʫʶʱʠʡ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ ʠʣʠ 

ʘʙʩʦʨʙʮʠʦʥʥʳʤʠ ʇɿʂ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʢʣʝʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʦʥʪʘʢʪʥʳʝ (ʃʂ x25 0.4 NA, W.D. <0.025, ʃʆʄʆ; ɹʘʨʩʢʠʡ ʠ ʜʨ. 1976), ʘ 

ʪʘʢʞʝ ʚʦʜʥʦ-ʠʤʤʝʨʩʠʦʥʥʳʝ ʦʙʲʝʢʪʠʚʳ (Olympus UMPlanFl 20x, 0.5 NA, 

W.D. 3.3 ʠʣʠ ʘʥʘʣʦʛʠ 10- 20x), ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʦʯʝʪʘʪʴ ʩ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤ 

ʦʪʚʝʜʝʥʠʝʤ ʠ ʩʪʠʤʫʣʷʮʠʝʡ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʤ ʨʘʙʦʯʝʤ ʨʘʩʩʪʦʷʥʠʠ. ɼʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʦʙʲʝʢʪʠʚʦʤ ʧʨʝʧʘʨʘʪ  ʧʦʩʣʝ ʦʢʨʘʰʠʚʘʥʠʷ 

ʠʥʦʛʜʘ ʟʘʣʠʚʘʶʪ ʚ 1-1.5% -ʥʫʶ ʘʛʘʨʦʟʫ, ʧʨʠʛʦʪʦʚʣʝʥʥʫʶ ʥʘ ʥʦʨʤʘʣʴʥʦʤ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ. ɺʦʟʜʫʰʥʳʝ ʦʙʲʝʢʪʠʚʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʠʛʦʜʥʳ 

ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩ ʘʙʩʦʨʙʮʠʦʥʥʳʤʠ ʢʨʘʩʠʪʝʣʷʤʠ ʠʟ-ʟʘ ʢʦʣʝʙʣʶʱʝʡʩʷ 

ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʟʤʝʥʷʶʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʭʦʜʷʱʝʛʦ ʩʚʝʪʘ 

ʛʦʨʘʟʜʦ ʩʠʣʴʥʝʝ, ʯʝʤ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ.  

  ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʇɿʂ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʦʪʜʝʣʴʥʳʭ ʥʝʡʨʦʥʦʚ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠ ʠʟʦʣʠʨʦʚʘʥʥʳʝ 

ʚʦʜʥʦʠʤʤʝʨʩʠʦʥʥʳʝ ʦʙʲʝʢʪʠʚʳ ʚʳʩʦʢʦʡ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʳ (N.A. 0.4-1.0), 

ʦʪ ʢʦʪʦʨʦʡ ʧʨʷʤʦ ʟʘʚʠʩʠʪ ʷʨʢʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʢʘʨʪʠʥʢʠ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ (Davidson 2010). ʇʨʠ ʵʪʦʤ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʦʜʠʥʦʯʥʳʭ ʥʝʡʨʦʥʦʚ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʧʨʠʤʝʥʷʶʪ ʦʙʲʝʢʪʠʚʳ ~10x - 20x 

(N.A. 0.4-0.5) (Antic et al., 2000; Antic & Zecevic 1995), ʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 
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ʦʪʜʝʣʴʥʳʭ ʥʝʡʨʦʥʦʚ, ʘʢʩʦʥʦʚ ʠ ʜʝʥʜʨʠʪʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠʩʧʦʣʴʟʫʶʪ 

ʦʙʲʝʢʪʠʚʳ 60-x63 (N.A. 0.9-1.0; W.D. 2-2.2, ʧʨʦʠʟʚʦʜʩʪʚʦ Olympus, Zeiss, 

Nikon; Borst et al., 1997; Djurisic  et al., 2004; Foust et al., 2010; Kampa&Stuart 

2006; Popovic et al., 2011) ʠ ʨʝʞʝ 40x (N.A. ~0.8) ʜʣʷ ʜʝʥʜʨʠʪʦʚ (Antic et al., 

1999; Djurisic  et al., 2004). ʇʨʠ ʢʦʤʙʠʥʘʮʠʠ CCD-ʢʘʤʝʨʳ ʩ ʦʙʲʝʢʪʠʚʦʤ 60x 

ʧʦʣʝ ʨʝʛʠʩʪʨʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 200 ʤʢʤ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʥʘʯʘʣʴʥʦʛʦ ʩʝʛʤʝʥʪʘ ʘʢʩʦʥʘ ʠ ʧʝʨʚʳʭ ʜʚʫʭ ʧʝʨʝʭʚʘʪʦʚ ʈʘʥʚʴʝ 

ʥʘ ʢʨʫʧʥʳʭ ʥʝʡʨʦʥʘʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʪʘʢʠʭ ʢʘʢ ʢʣʝʪʢʠ ʇʫʨʢʠʥʴʝ ʠ 

ʧʠʨʘʤʠʜʳ 5-ʛʦ ʩʣʦʷ ʩʦʤʘʪʦʩʝʥʩʦʨʥʦʡ ʢʦʨʳ, ʫ ʢʦʪʦʨʳʭ ʧʝʨʚʳʡ ʧʝʨʝʭʚʘʪ 

ʈʘʥʚʴʝ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 80-130 ʤʢʤ ʦʪ ʩʦʤʳ ʥʝʡʨʦʥʘ (Foust et al, 

2010). ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʨʘʩʠʪʝʣʝʡ (ʧʨʦʠʟʚʦʜʥʳʭ ANEP) ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʦʙʲʝʢʪʠʚ ʦʙʣʘʜʘʣ 

ʭʦʨʦʰʝʡ ʧʨʦʧʫʩʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ (85-90%) ʚ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ 

ʜʠʘʧʘʟʦʥʝ 700-800 ʥʤ, ʧʝʨʝʢʨʳʚʘʶʱʝʤʩʷ ʩ ʧʠʢʦʤ ʵʤʠʩʩʠʠ ʢʨʘʩʠʪʝʣʷ 

(Bullen&Sagau 1999). ʇʦʩʢʦʣʴʢʫ ʨʝʛʠʩʪʨʘʮʠʷ ʦʙʳʯʥʦ ʧʨʦʭʦʜʠʪ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʝʢʣʷʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʩʣʫʞʘʱʠʭ ʜʣʷ 

ʜʦʩʪʘʚʢʠ ʢʨʘʩʠʪʝʣʷ, ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʠʚʘ ʷʚʣʷʶʪʩʷ 

ʢʦʤʧʨʦʤʠʩʩʦʤ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʨʘʩʩʪʦʷʥʠʷ (>2 

ʤʤ) ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʜ ʦʙʲʝʢʪʠʚʦʤ ʤʦʞʥʦ ʙʳʣʦ ʧʦʤʝʩʪʠʪʴ ʵʣʝʢʪʨʦʜ. 

ʅʝʜʘʚʥʦ ʬʠʨʤʘ çZeissè ʧʨʝʜʩʪʘʚʠʣʘ ʥʦʚʳʡ ʦʙʲʝʢʪʠʚ W Plan-Apochromat 

40x/1.0 DIC, ʢʦʪʦʨʳʡ ʧʦ ʩʚʦʠʤ ʟʘʷʚʣʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʝʚʦʩʭʦʜʠʪ 

ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʚʰʠʝʩʷ ʦʙʲʝʢʪʠʚʳ ʠ ʤʦʛ ʙʳ ʝʱʝ ʫʣʫʯʰʠʪʴ ʧʦʣʝʟʥʳʭ 

ʦʧʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʦʜʥʘʢʦ ʩʦʦʙʱʝʥʠʡ ʦ ʪʦʤ, ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ ʦʥ ʩʝʙʷ 

ʚʝʜʝʪ ʚ ʨʝʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʦʢʘ ʝʱʝ ʥʝ ʧʫʙʣʠʢʦʚʘʣʦʩʴ.    

  ʂʨʦʤʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠʥʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪ ʚʦʟʜʫʰʥʳʝ 

ʦʙʲʝʢʪʠʚʳ ʥʠʟʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʢʨʫʧʥʳʭ ʥʝʡʨʦʥʦʚ 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʠʣʠ ʣʦʢʘʣʴʥʳʭ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ (Delaney et al., 

1994), ʘ ʪʘʢʞʝ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ in vivo, ʪʘʢʠʭ ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʩʫʤʤʘʨʥʳʡ ʦʪʚʝʪ ʥʝʡʨʦʥʦʚ ʦʙʦʥʷʪʝʣʴʥʦʡ ʣʫʢʦʚʠʮʳ (Lam et al., 

2003). ɺʦʟʜʫʰʥʳʝ ʦʙʲʝʢʪʠʚʳ ʙʠʥʦʢʫʣʷʨʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʠʩʧʦʣʴʟʫʶʪ ʢʦʛʜʘ 

ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʯʝʪʘʪʴ ʦʧʪʠʯʝʩʢʫʶ ʨʝʛʠʩʪʨʘʮʠʶ ʩ ʜʚʫʭʵʣʝʢʪʨʦʜʥʦʡ (ʠ 

ʙʦʣʝʝ) ʨʝʛʠʩʪʨʘʮʠʝʡ, ʪʘʢ ʢʘʢ ʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ ʚʠʜʠʤʦʩʪʠ.  
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3.3.2. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʦʩʚʝʱʝʥʠʷ ʠ ʦʧʪʠʤʘʣʴʥʳʡ 

ʪʠʧ ʢʨʘʩʠʪʝʣʷ. 

 

  ʆʯʝʥʴ ʚʘʞʥʫʶ ʠ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʚʳʙʦʨ ʠʩʪʦʯʥʠʢʘ 

ʦʩʚʝʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʳʙʨʘʥʥʦʤʫ ʤʝʪʦʜʫ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ. 

ʇʦʯʪʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʠ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦ ʚʨʝʤʝʥʠ (ʜʦ 10000 ʢʘʜʨʦʚ/ʩʝʢ, Palmer&Stuart 

2006), ʯʪʦ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ ʦʩʚʝʪʠʪʝʣʷ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʝʛʦ 

ʰʫʤʘ (ripple noise) ʠ ʦʩʦʙʝʥʥʦ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʜʝʡʩʪʚʠʷ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʪʦʣʴʢʦ, ʥʘʧʨʠʤʝʨ, ʦʧʳʪʳ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ 

ʚ ʦʪʨʦʩʪʢʘʭ ʥʝʡʨʦʥʘ ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʜʣʠʥʥʦʡ ʜʝʧʦʣʷʨʠʟʫʶʱʝʡ ʩʪʫʧʝʥʴʢʦʡ 

ʙʦʣʴʰʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ, ʢʦʛʜʘ ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ.  

  ɼʣʷ  ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʛʘʣʦʛʝʥʦʚʫʶ ʣʘʤʧʫ ʤʦʱʥʦʩʪʴʶ 100-150 ɺʪ ʩʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤ 

ʧʠʪʘʥʠʝʤ, ʤʦʱʥʦʩʪʠ ʢʦʪʦʨʦʡ ʙʦʣʝʝ ʯʝʤ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʨʘʚʥʦʤʝʨʥʳʡ ʧʨʦʭʦʜʷʱʠʡ ʧʫʯʦʢ ʩʚʝʪʘ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ 

ʩʠʛʥʘʣʘ ʪʨʝʙʫʶʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʦʩʚʝʱʝʥʠʷ, ʵʢʠʧʠʨʦʚʘʥʥʳʝ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʨʪʫʪʥʦ-ʢʩʝʥʦʥʦʚʦʡ ʣʘʤʧʦʡ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ (150-250 ɺʪ, ʥʘʧʨʠʤʝʨ, Opti-Quip, ʉʐɸ ʠʣʠ Crain Research 

Optosource, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ (Antic et al., 1999; Djurisic  et al., 2004; 

Palmer&Stuart 2006)). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʪʫʪʥʦʡ ʣʘʤʧʦʡ ʪʘʢʘʷ 

ʣʘʤʧʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʛʨʳʚʘʝʪ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʷʨʢʦʩʪʠ ʩʚʝʪʷʱʝʛʦʩʷ ʪʝʣʘ, 

ʦʜʥʘʢʦ ʦʙʣʘʜʘʝʪ ʧʣʦʩʢʠʤ ʩʧʝʢʪʨʦʤ ʙʝʟ ʩʠʣʴʥʳʭ ʧʠʢʦʚ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ 

ʜʠʘʧʘʟʦʥʝ ʠ ʧʦʚʳʰʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʜʫʛʠ. 

  ɼʣʷ ʥʘʠʙʦʣʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʩʦ 

ʩʚʝʨʭʙʳʩʪʨʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʚ 

ʥʘʯʘʣʴʥʦʤ ʩʝʛʤʝʥʪʝ ʘʢʩʦʥʘ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʪʘ ʥʝʜʘʚʥʦ ʩʪʘʣʠ ʨʫʪʠʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʣʘʟʝʨʳ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʦʱʥʦʩʪʴʶ 200-500 ʤɺʪ  

532 ʥʤ (Foust et al., 2010; Foust et al., 2011;, Popovic et al., 2011; Zhou et al., 

2007), ʠʟʣʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʩʧʨʦʝʮʠʨʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʩʚʝʪʦʚʦʛʦ ʢʦʥʜʝʥʩʦʨʘ 

ʠ ʩʚʝʪʦʚʦʜʘ, ʠʣʠ ʩʠʩʪʝʤʳ ʥʝʟʘʚʠʩʠʤʳʭ ʟʝʨʢʘʣ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʟʝʨʘ ʥʝ 

ʪʨʝʙʫʝʪ ʬʠʣʴʪʨʘ ʚʦʟʙʫʞʜʝʥʠʷ, ʠ ʦʙʳʯʥʦ ʦʜʠʥ ʣʘʟʝʨ ʤʦʞʝʪ ʚʦʟʙʫʞʜʘʪʴ 
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ʪʦʣʴʢʦ ʦʜʠʥ ʪʠʧ ʢʨʘʩʠʪʝʣʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʤʝʥʴʰʫʶ ʛʠʙʢʦʩʪʴ, ʩʠʩʪʝʤʘ, 

ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʣʘʟʝʨʘʭ ʧʦʟʚʦʣʷʝʪ, ʥʘʧʨʠʤʝʨ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʩʠʛʥʘʣ ʦʪ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʦʛʦ ʢʨʘʩʠʪʝʣʷ JPW-1114 ʠʣʠ JPW-3028, 

ʚʦʟʙʫʞʜʘʷ ʝʛʦ ʣʘʟʝʨʦʤ 532 ʥʤ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʪʦʤ ʞʝ ʥʝʡʨʦʥʝ ʧʨʦʚʦʜʠʪʴ 

ʨʝʛʠʩʪʨʘʮʠʶ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʦʥʜʘ Oregon 

Green BAPTA 1(ʛʠʜʨʘʟʠʜʥʘʷ ʬʦʨʤʘ), ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʣʘʟʝʨʦʤ 488 ʥʤ, 

ʩʦʧʨʷʞʝʥʥʳʤ ʩ ʧʝʨʚʳʤ ʣʘʟʝʨʦʤ ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʧʨʦʥʠʮʘʝʤʦʛʦ 

ʜʠʭʨʦʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ. ʊʘʢʞʝ ʧʨʝʜʣʘʛʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʫʭʬʦʪʦʥʥʦʝ 

ʚʦʟʙʫʞʜʝʥʠʝ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʩʧʝʢʪʨʝ 1100-1300 ʥʤ (Yan et al., 2012), ʯʪʦ, 

ʦʜʥʘʢʦ, ʚ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯʘʭ ʧʦʢʘ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ. 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʤʝʪʦʜʠʢʝ ʧʨʠʤʝʥʷʶʪ ʚʠʪʘʣʴʥʳʝ 

ʧʠʨʘʟʦ-ʦʢʩʦʥʦʣʦʚʳʝ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʝ ʢʨʘʩʠʪʝʣʠ RH-155 (NK-3041, 

Nikon), JPW-1131 ʠ JPW-1150 (Wuskell and Loew, University of Connecticut). 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʩʪʚʦʨʝʥʠʷ ʢʨʘʩʠʪʝʣʝʡ ʠʥʦʛʜʘ ʧʨʠʤʝʥʷʶʪ ʥʝʠʦʥʦʛʝʥʥʳʡ 

ʜʝʪʝʨʛʝʥʪ Pluronic F-127 (20%-ʥʳʡ ʨʘʩʪʚʦʨ ʚ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢcʠʜʝ, 

Molecular Probes) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1/1-2 ʢ ʩʫʭʦʡ ʤʘʩʩʝ ʢʨʘʩʠʪʝʣʷ. ʕʪʠ 

ʢʨʘʩʠʪʝʣʠ ʦʪʥʦʩʷʪʩʷ ʢ ʨʷʜʫ ʧʠʨʘʟʦ-ʦʢʩʦʥʦʣʦʚ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ 

ʩʚʷʟʳʚʘʶʪʩʷ ʥʘ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʝ (Cinnelli&Kauer, 1992). ɺʩʝ ʪʨʠ 

ʢʨʘʩʠʪʝʣʷ ʷʚʣʷʶʪʩʷ ʠʟʦʤʝʨʘʤʠ, ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʯʠʩʣʦʤ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ 

ʘʣʢʠʣʴʥʦʤ ʟʘʤʝʩʪʠʪʝʣʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʦʛʦ ʯʠʩʣʘ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ 

ʨʷʜʫ ʧʠʨʘʟʦ-ʦʢʩʦʥʦʣʦʚ ʛʠʜʨʦʬʦʙʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʥʘʠʤʝʥʝʝ 

ʛʠʜʨʦʬʦʙʥʦʛʦ RH155 (ʟʘʤʝʩʪʠʪʝʣʴ ï ʤʝʪʠʣ)  ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʥʘʠʙʦʣʝʝ 

ʛʠʜʨʦʬʦʙʥʦʤʫ JPW-1150 (ʟʘʤʝʩʪʠʪʝʣʴ ï ʥ-ʧʨʦʧʠʣ). ʕʪʦ ʩʚʦʡʩʪʚʦ ʦʧʨʝʜʝʣʷʝʪ 

ʣʝʛʢʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʚʦʜʝ ʠ ʩʢʦʨʦʩʪʴ ʚʳʤʳʚʘʥʠʷ ʢʨʘʩʠʪʝʣʷ ʠʟ ʢʣʝʪʦʯʥʳʭ 

ʤʝʤʙʨʘʥ ʧʦʩʣʝ ʦʢʨʘʰʠʚʘʥʠʷ. ʇʨʠ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʤʝʪʦʜʠʢʝ ʢʨʘʩʠʪʝʣʴ 

ʦʙʳʯʥʦ ʜʦʩʪʘʚʣʷʶʪ ʢ ʥʝʡʨʦʥʘʤ ʧʫʪʝʤ ʝʛʦ ʘʧʧʣʠʢʘʮʠʠ ʚ ʦʤʳʚʘʶʱʠʡ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʤʝʤʙʨʘʥʝ 

ʤʦʣʝʢʫʣʳ ʧʠʨʘʟʦ-ʦʢʩʦʥʦʣʘ ʤʝʥʷʶʪ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ, ʯʪʦ ʠ ʩʣʫʞʠʪ 

ʠʩʪʦʯʥʠʢʦʤ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ 

ʩʚʦʡʩʪʚ ʵʪʠʭ ʠ ʜʨʫʛʠʭ ʇɿʂ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʩʪʴ ʩʠʛʥʘʣʘ, ʪ.ʝ. ʦʧʪʠʯʝʩʢʠʡ 

ʩʠʛʥʘʣ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʧʦʪʝʥʮʠʘʣʫ ʠ ʧʦʣʥʦʩʪʴʶ ʧʦʚʪʦʨʷʝʪ ʝʛʦ ʬʦʨʤʫ  (ʈʠʩ. 

3.3.2). ʅʘʠʙʦʣʴʰʝʝ ʠʟʤʝʥʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚʙʣʠʟʠ 720 ʥʤ 

(London et al., 1987). ʆʧʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʝ ʘʙʩʦʨʙʮʠʠ 

ʩʚʝʪʘ ʢʨʘʩʠʪʝʣʝʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʝʝ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʝ (DT/T). 
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  ʂʨʦʤʝ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʥʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʧʨʘʢʪʠʢʝ ʧʦʣʫʯʠʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʝ ʢʨʘʩʠʪʝʣʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʢʘʢ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʫʤʤʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʪʘʢ ʠ ʜʣʷ  

 

 

 

 

ʈʠʩ. 3.3.2. ʉʨʘʚʥʝʥʠʝ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʪʚʝʜʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʩ ʦʧʪʠʯʝʩʢʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʦʩʮʠʣʣʦʛʨʘʤʤʦʡ. A - ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʧʦʪʝʥʮʠʘʣʘ 

ʛʠʛʘʥʪʩʢʦʛʦ ʥʝʡʨʦʥʘ ʤʦʣʣʶʩʢʘ ʦʩʪʨʳʤ ʵʣʝʢʪʨʦʜʦʤ (ʚʝʨʭʥʷʷ ʨʝʛʠʩʪʨʘʮʠʷ) ʚʤʝʩʪʝ  ʩ 

ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʵʪʦʛʦ ʞʝ ʥʝʡʨʦʥʘ, ʧʦʢʨʘʰʝʥʥʦʛʦ ʘʙʩʦʨʙʮʠʦʥʥʳʤ 

ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʤ ʢʨʘʩʠʪʝʣʝʤ JPW-1131 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʜʠʦʜʥʦʡ 

ʤʘʪʨʠʮʳ. ɹ - ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʠʨʘʤʠʜʥʦʛʦ ʥʝʡʨʦʥʘ 

ʥʝʦʢʦʨʪʝʢʩʘ ʢʨʳʩʳ ʧʵʪʯ-ʵʣʝʢʪʨʦʜʦʤ (ʩʥʠʟʫ), ʥʘʣʦʞʝʥʥʘʷ  ʥʘ ʦʧʪʠʯʝʩʢʫʶ 

ʨʝʛʠʩʪʨʘʮʠʶ ʘʢʩʦʥʘ ʵʪʦʛʦ ʞʝ ʥʝʡʨʦʥʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 40 ʤʢʤ, ʧʦʢʨʘʰʝʥʥʦʛʦ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʤ ʢʨʘʩʠʪʝʣʝʤ JPW-1114 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 20 ʪʳʩ. ʣʠʥʠʡ ʚ ʩʝʢ 

(ʫʩʨʝʜʥʝʥʦ 17 ʧʦʚʪʦʨʥʳʭ ʩʢʘʥʠʨʦʚʘʥʠʡ). 
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ʚʳʷʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʢʣʝʪʦʢ ʠ ʠʭ ʢʦʤʧʘʨʤʝʥʪʦʚ 

ʥʘ ʩʫʙʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ. ɼʣʷ ʩʫʤʤʘʨʥʦʛʦ   ʦʪʚʝʜʝʥʠʷ ʦʪ ʢʦʨʳ ʠ ʠʥʪʘʢʪʥʳʭ 

ʩʪʨʫʢʪʫʨ ʎʅʉ ʤʣʝʢʦʧʠʪʘʶʱʠʭ in vivo ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʢʨʘʩʠʪʝʣʠ 

RH414 (Grinvald et al., 1987; Lam et al., 2003), DI-4-ANEPPS ʠ ʛʦʨʘʟʜʦ ʨʝʞʝ 

RH795, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʠʥʦʛʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʩʪʦ ʢʘʢ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ 

ʢʨʘʩʠʪʝʣʴ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ ʠʣʠ JPW-1114 (Prechtl et al., 1997), ʢʦʪʦʨʳʡ 

ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʥʝʡʨʦʥʦʚ.  

  ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʝ ʧʦ ʚʢʣʘʜʫ ʚ ʩʦʚʨʝʤʝʥʥʫʶ ʥʘʫʢʫ ʥʘʧʨʘʚʣʝʥʠʝ 

ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʠʤʝʥʝʥʠʝ ʇɿʂ ʜʣʷ ʦʧʪʠʯʝʩʢʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʘʢʪʠʚʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʦʚ ʥʝʡʨʦʥʦʚ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦ 

ʘʧʧʣʠʮʠʨʫʝʤʳʭ ʇɿʂ ʧʨʦʠʟʚʦʜʥʳʭ ANEP (aminonaphthylethenylpyridinium), 

ʚʢʣʁʯʘʷ JPW-1131(di-2-ANEPEQ) (Antic et al., 2000; Kampa et al., 2006), ʠ 

ʝʛʦ ʙʣʠʟʢʠʝ ʘʥʘʣʦʛʠ JPW-3028 (di-1-ANEPEQ) (Delaney et al, 1994; Lim et al., 

2012; Milojkovic  et al., 2005) ʠ JPW-3027 (di-1-ANEPPQ) (Le«o et al., 2012). ɺ 

ʥʝʡʨʦʥʳ ʤʦʣʣʶʩʢʦʚ ʵʪʠ ʇɿʂ ʜʦʩʪʘʚʣʷʶʪ ʠʥʲʝʢʮʠʝʡ ʜʘʚʣʝʥʠʝʤ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ ʥʘʩʳʱʝʥʥʦʛʦ ʢʨʘʩʠʪʝʣʷ (ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʜʦ 5ʤʛ/ʣ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ) ʯʝʨʝʟ ʦʩʪʨʳʡ ʩʪʝʢʣʷʥʥʳʡ ʤʠʢʨʦʵʣʝʢʪʨʦʜ, 

ʧʨʦʪʳʢʘʶʱʠʡ ʢʣʝʪʦʯʥʫʶ ʤʝʤʙʨʘʥʫ ʩʦʤʳ ʥʝʡʨʦʥʘ (Antic & Zecevic, 1995). 

ɸʧʧʣʠʢʘʮʠʶ ʵʪʠʭ ʞʝ ʢʨʘʩʠʪʝʣʝʡ ʚʥʫʪʨʴ  ʥʝʡʨʦʥʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 

ʧʨʦʠʟʚʦʜʷʪ, ʨʘʩʪʚʦʨʷʷ ʠʭ ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ ʜʣʷ ʧʵʪʯ-ʢʣʘʤʧʘ ʚ 

ʢʦʥʬʠʛʫʨʘʮʠʠ whole cell ʠ ʜʘʚʘʷ ʢʨʘʩʠʪʝʣʶ ʧʘʩʩʠʚʥʦ ʧʨʦʥʠʢʥʫʪʴ ʚ ʥʝʡʨʦʥ ʚ 

ʪʝʯʝʥʠʝ ʦʢʦʣʦ ʯʘʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (Foust et al., 2010). ʇʦʩʣʝ 

ʘʧʧʣʠʢʘʮʠʠ ʤʠʢʨʦʵʣʝʢʪʨʦʜ ʦʪʚʦʜʷʪ, ʠ ʧʝʨʝʜ ʨʝʛʠʩʪʨʘʮʠʝʡ ʪʨʝʙʫʝʪʩʷ 

ʠʥʢʫʙʘʮʠʷ ʦʢʨʘʰʝʥʥʳʭ ʥʝʡʨʦʥʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 1:30-2:30 

(ʤʣʝʢʦʧʠʪʘʶʱʠʝ; Foust et al., 2010; Foust et al., 2011). 

  ʆʩʦʙʝʥʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʙʫʨʥʦ ʨʘʟʚʠʚʘʶʱʝʝʩʷ ʥʘʧʨʘʚʣʝʥʠʝ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʦʛʦ ʪʠʧʘ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʭ ʢʨʘʩʠʪʝʣʝʡ, 

ʢʦʜʠʨʫʝʤʳʭ ʛʝʥʘʤʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʙʝʣʢʦʚ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʧʦʪʝʥʮʠʘʣʫ, 

ʢʦʪʦʨʳʝ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʚ ʤʦʟʛʝ ʪʨʘʥʩʛʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. ʅʘʠʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʜʦʩʪʠʛʥʫʪʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚ 

ʨʘʙʦʪʝ L. Jin et al. (Jin et al., 2012). ʀ ʭʦʪʷ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ 

ʛʝʥʝʪʠʯʝʩʢʠ-ʢʦʜʠʨʫʝʤʳʭ ʢʨʘʩʠʪʝʣʝʡ ʥʠʞʝ, ʯʝʤ ʫ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ 



41 

 

 

ʦʨʛʘʥʠʯʝʩʢʠʭ, ʘ ʪʘʢ ʞʝ, ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʥʝʜʦʩʪʘʪʦʢ, 

ʩʫʱʝʩʪʚʫʝʪ ʟʘʜʝʨʞʢʘ ʚ ʨʝʘʢʮʠʠ ʢʨʘʩʠʪʝʣʷ ʥʘ ʧʦʪʝʥʮʠʘʣ, ʠʩʢʘʞʘʶʱʘʷ 

ʬʦʨʤʫ, ʜʠʥʘʤʠʢʫ ʠ ʣʘʪʝʥʪʥʦʩʪʴ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʜʝʡʩʪʚʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʠʟʙʳʪʦʯʥʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʛʨʫʧʧ, 

ʟʘʥʠʤʘʶʱʠʭʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʛʝʥʝʪʠʯʝʩʢʠ-ʢʦʜʠʨʫʝʤʳʭ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʭ 

ʟʦʥʜʦʚ, ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʩʠʛʥʘʣ/ʰʫʤ ʠ ʪʦʯʥʦʩʪʠ ʦʪʨʘʞʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ 

ʜʝʡʩʪʚʠʷ ʦʥʠ ʜʦ ʩʠʭ ʧʦʨ ʟʥʘʯʠʪʝʣʴʥʦ  ʫʩʪʫʧʘʶʪ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤ 

ʢʨʘʩʠʪʝʣʷʤ-ʧʨʦʠʟʚʦʜʥʳʤ ANEP. 

 

 

3.3.3. ɺʘʞʥʝʡʰʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇɿʂ. 

 

 

  ʆʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʣʠʩʴ 

ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ ʢʦʣʦʥʦʢ ʜʠʨʝʢʮʠʦʥʥʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ in vivo, 

ʤʦʥʠʪʦʨʠʥʛʘ ʵʧʠʣʝʧʪʠʬʦʨʤʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦʥʥʳʭ ʘʥʩʘʤʙʣʝʡ ʚ ʢʦʨʝ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ (Le«o et al., 2012; Lieke et al., 1989), ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʘʡʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʥʦʛʠʭ ʥʝʡʨʦʥʦʚ ʚ ʛʘʥʛʣʠʠ 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ (Cohen 1989; London et al., 1987), ʨʝʛʠʩʪʨʘʮʠʠ ʩʫʤʤʘʨʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʚ ʥʝʨʚʘʭ ʠ ʢʦʤʠʩʩʫʨʘʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ (Cohen 1988; 

Gelperin & Tank, 1990), ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʙʦʥʷʪʝʣʴʥʦʤ ʧʫʪʠ ʧʦʟʚʦʥʦʯʥʳʭ 

(Canepari et al., 1992), ʤʦʣʣʶʩʢʦʚ (Delaney et al., 1994; Kimura et al., 1998).  

  ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʥʥʠʭ ʩʧʦʩʦʙʦʚ ʧʨʠʤʝʥʝʥʠʷ ʇɿʂ ʩʪʘʣʘ 

ʤʥʦʞʝʩʪʚʝʥʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʦʪʜʝʣʴʥʳʭ ʥʝʡʨʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʤʝʪʦʜʠʢʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʠʩʢʨʠʤʠʥʘʮʠʝʡ ʦʪʜʝʣʴʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʜʝʡʩʪʚʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʦʞʝʥʠʶ, ʨʘʟʤʝʨʘʤ ʠ ʬʦʨʤʝ 

ʥʝʡʨʦʥʦʚ ʚ ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ. ʅʘ ʤʦʨʩʢʠʭ ʤʦʣʣʶʩʢʘʭ Aplysia ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʪʝʥʮʠʘʣʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʦʩʪʝʡʰʠʡ ʨʝʬʣʝʢʩ ʚʪʷʛʠʚʘʥʠʷ ʞʘʙʨʳ ʚ ʦʪʚʝʪ ʥʘ ʨʘʟʜʨʘʞʝʥʠʝ ʩʠʬʦʥʘ 

ʟʘʜʝʡʩʪʚʫʝʪ ʥʝ ʤʝʥʝʝ ʧʦʣʦʚʠʥʳ ʥʝʡʨʦʥʦʚ ʘʙʜʦʤʠʥʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ 

ʤʦʣʣʶʩʢʘ, ʘ ʜʣʷ ʚʦʩʩʦʟʜʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʚʪʷʛʠʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʩʣʦʞʠʪʴ ʘʢʪʠʚʥʦʩʪʴ ʥʝ ʤʝʥʝʝ 40 ʥʝʡʨʦʥʦʚ, ʘʢʪʠʚʥʳʭ ʚ ʨʘʟʥʳʝ ʬʘʟʳ 

ʩʦʢʨʘʱʝʥʠʷ (Zochowski et al., 2000).  
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  ɸʙʩʦʨʙʮʠʦʥʥʳʝ ʇɿʂ ʪʘʢʞʝ ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʢʦʤʧʘʢʪʥʦʡ ʛʨʫʧʧʳ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ (ʜʦ 56 ʦʜʥʦʚʨʝʤʝʥʥʦ) ʚ 

ʛʘʥʛʣʠʠ ʤʦʣʣʶʩʢʘ Helix ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʝʥʮʠʘʣʦʚ ʜʝʡʩʪʚʠʷ, 

ʧʦʣʦʞʝʥʠʷ ʠ ʤʦʨʬʦʣʦʛʠʠ ʥʝʡʨʦʥʦʚ, ʧʨʦʣʠʚʘʶʱʠʭ ʩʚʝʪ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʛʨʫʧʧʳ.  

  ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚʦʣʥʳ 

ʩʧʦʥʪʘʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʚ ʦʙʦʥʷʪʝʣʴʥʦʤ ʤʦʟʛʝ ʥʘʟʝʤʥʳʭ ʤʦʣʣʶʩʢʦʚ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʩ ʇɿʂ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʩʜʚʠʛʘ ʦʪʩʪʘʶʱʝʡ ʚʦʣʥʳ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʣʘʪʝʥʪʥʦʩʪʴ ʧʦʣʫʧʠʢʘ ʠʣʠ ʠʩʧʦʣʴʟʫʶʪ ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʳʡ 

ʘʥʘʣʠʟ ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʜʚʠʛʘ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʜʣʷ ʚʦʣʥʳ, ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ 

ʩʤʝʞʥʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ (Steinmetz et al., 2000). ʈʘʩʩʯʠʪʘʥʥʘʷ ʩʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʣʥʳ ʦʩʮʠʣʣʷʮʠʠ ʚ ʦʙʦʥʷʪʝʣʴʥʦʤ ʤʦʟʛʝ ʤʦʣʣʶʩʢʘ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3 ʤʤ/ʩʝʢ, ʭʦʪʷ ʫ ʫʣʠʪʦʢ ʠ ʩʣʠʟʥʝʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʨʘʟʣʠʯʠʝ 

ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʘʤʧʣʠʪʫʜ ʚʦʩʭʦʜʷʱʝʡ (ʜʝʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ) ʠ ʥʠʩʭʦʜʷʱʝʡ 

(ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ) ʬʘʟ ʚʦʣʥ ʦʩʮʠʣʣʷʮʠʡ (Delaney et al., 1994). ɿʘʧʘʭ 

ʚʟrʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʚ ʯʘʩʪʦʪʝ ʠ ʘʤʧʣʠʪʫʜʝ ʦʩʮʠʣʣʷʮʠʡ, ʠʤʝʶʱʝʝ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʨʠʩʫʥʦʢ. ʂʨʦʤʝ 

ʩʧʦʥʪʘʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚʦʣʥʘ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʚ 

ʥʝʡʨʦʧʠʣʝ (ʚʦʣʦʢʦʥʥʦʤ ʩʣʦʝ) ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʤʦʟʛʘ, ʚʳʟʚʘʥʥʘʷ 

ʧʨʝʜʲʷʚʣʝʥʠʝʤ ʟʘʧʘʭʘ. ɺʳʟʚʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʥʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʚ ʟʦʥʝ, ʛʜʝ 

ʥʘʙʣʶʜʘʣʘʩʴ ʥʘʠʙʦʣʴʰʘʷ ʘʤʧʣʠʪʫʜʘ ʚʦʣʥ ʩʧʦʥʪʘʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ, ʠ ʦʥ 

ʧʦʷʚʣʷʣʩʷ ʩʦ ʩʪʦʨʦʥʳ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʥʝʨʚʘ ʠ  ʨʘʩʧʨʦʩʪʨʘʥʷʣʩʷ ʧʦ 

ʥʝʡʨʦʧʠʣʶ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʣʦʷ ʢʣʝʪʦʯʥʳʭ ʪʝʣ. ʆʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʧʦʥʪʘʥʥʳʭ ʦʙʦʥʷʪʝʣʴʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʠ ʚʳʟʚʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, 

ʢʘʨʪʠʨʦʚʘʥʥʳʝ ʦʧʪʠʯʝʩʢʠ, ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʶʪʩʷ. 

  ʀʟʫʯʝʥʠʝ ʛʝʥʝʨʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʥʝʨʚʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʘʢʩʦʥʝ ʠ 

ʩʦʤʘʪʦ-ʜʝʥʜʨʠʪʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ ʥʝʡʨʦʥʘ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʘʙʣʶʜʘʪʴ ʟʘ ʘʢʪʠʚʥʦʩʪʴʶ 

ʣʶʙʦʡ ʯʘʩʪʠ ʦʪʜʝʣʴʥʦʛʦ ʥʝʡʨʦʥʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦ 

ʘʧʧʣʠʮʠʨʫʝʤʳʭ ʇɿʂ JPW-1114 ʠ JPW-3028 ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ 

ʜʚʠʞʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʦʛʦ ʥʝʡʨʦʥʘ ʠ ʝʛʦ ʢʦʤʧʘʨʪʤʝʥʪʦʚ ʫ 
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ʦʩʥʦʚʥʳʭ ʮʝʥʪʨʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʪʘʢʠʭ 

ʢʘʢ ʧʠʨʘʤʠʜʥʳʝ ʥʝʡʨʦʥʳ 5-ʛʦ ʩʣʦʷ ʢʦʨʳ ʠʣʠ ʢʣʝʪʢʠ ʇʫʨʢʠʥʴʝ ʤʦʟʞʝʯʢʘ. ʉ 

ʧʦʤʦʱʴʶ ʇɿʂ ʙʳʣʦ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʦ ʦʙʨʘʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ (backpropagation) ʚ ʙʘʟʘʣʴʥʳʝ ʠ ʘʧʠʢʘʣʴʥʳʡ ʜʝʥʜʨʠʪʳ 

ʠ ʠʭ ʪʦʥʢʠʝ ʚʝʪʚʠ (Antic et al., 1997; Antic et al., 1999; Antic & Zecevic, 1999; 

Jin et al., 2012). ʊʘʢʞʝ ʚʧʝʨʚʳʝ ʙʳʣʦ ʥʘʧʨʷʤʫʶ ʦʮʝʥʝʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʰʝʡʢʠ ʰʠʧʠʢʘ ʜʝʥʜʨʠʪʘ ʢʦʨʢʦʚʦʛʦ ʧʠʨʘʤʠʜʥʦʛʦ ʥʝʡʨʦʥʘ (Palmer&Stuart 

2006). ʂʨʘʩʠʪʝʣʴ JPW-3028 ʪʘʢʞʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʠ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʚʥʫʪʨʝʥʥʝʛʦ 

ʢʘʣʴʮʠʷ ʚ ʜʝʥʜʨʠʪʘʭ, ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʟʦʥʜʦʤ Fura-2, ʚʚʝʜʝʥʥʳʤ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʠʤʝʶʱʠʤ ʦʪʩʪʦʷʱʠʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʵʤʠʩʩʠʠ 

(Canepari et al., 2008). 

  ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʜʦʩʪʠʞʝʥʠʝʤ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʣʦ ʧʨʠʤʝʥʝʥʠʝ 

ʇɿʂ ʜʣʷ ʧʨʷʤʦʡ ʩʚʝʨʭʙʳʩʪʨʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʠʮʠʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ 

ʚ ʥʘʯʘʣʴʥʦʤ ʩʝʛʤʝʥʪʝ ʘʢʩʦʥʘ ʮʝʥʪʨʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʈʘʥʝʝ 

ʦʰʠʙʦʯʥʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ʜʝʡʩʪʚʠʷ ʛʝʥʝʨʠʨʫʝʪʩʷ ʚ ʘʢʩʦʥʥʦʤ 

ʭʦʣʤʠʢʝ, ʛʜʝ  ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʛʨʘʜʫʘʣʴʥʳʭ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʥʝʡʨʦʥʘ ʚ ʧʦʨʦʛʦʚʳʝ ʥʝʨʚʥʳʝ ʠʤʧʫʣʴʩʳ. ʆʧʪʠʯʝʩʢʘʷ 

ʨʝʛʠʩʪʨʘʮʠʷ ʧʦʪʝʥʮʠʘʣʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 10 ʪʳʩ. ʢʘʜʨʦʚ/ʩʝʢ ʚʳʷʚʠʣʘ, ʯʪʦ 

ʧʦʪʝʥʮʠʘʣ ʜʝʡʩʪʚʠʷ ʛʝʥʝʨʠʨʫʝʪʩʷ ʚ ʩʘʤʦʤ ʘʢʩʦʥʝ, ʘ ʠʤʝʥʥʦ ʚ ʥʘʯʘʣʴʥʦʤ 

ʩʝʛʤʝʥʪʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30-50 ʤʢʤ ʦʪ ʪʝʣʘ ʥʝʡʨʦʥʘ (Foust et al., 2010; Palmer 

et al., 2010; Palmer & Stuart, 2006; Popovic et al., 2011). ʕʪʠ ʜʘʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʣʥʫʶ ʢʘʨʪʠʥʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʠ 

ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʥʘʪʨʠʷ ʚ ʘʢʩʦʥʝ 

(Fleidervish et al., 2010; Kole et al., 2008), ʤʦʣʝʢʫʣʷʨʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʥʘʪʨʠʝʚʳʭ ʢʘʥʘʣʦʚ ʠ ʘʥʢʠʨʠʥʦʚ ʚ ʜʠʩʪʘʣʴʥʦʤ 

ʘʢʩʦʥʝ (Hu et al., 2009) ʠ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʘʢʪʠʚʥʦʩʪʠ 

ʘʢʩʦʥʘ ʤʝʪʦʜʦʤ ʧʵʪʯ-ʢʣʘʤʧ (Kimura et al., 1998). 

ɺ ʥʝʜʘʚʥʝʤ ʚʨʝʤʝʥʠ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʦʧʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʘʢʪʠʚʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʪʦʥʢʦ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʛʝʥʝʪʠʯʝʩʢʠ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʳʝ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢʘʥʘʣʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʥʘ ʤʝʤʙʨʘʥʫ ʥʝʡʨʦʥʘ 

ʜʝʧʦʣʷʨʠʟʫʶʱʝʝ ʠʣʠ ʛʠʧʝʨʧʦʣʷʨʠʟʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʢʦʥʩʪʨʫʢʪʘ. ʂʦʤʙʠʥʘʮʠʷ ʜʚʫʭ ʬʦʪʦʘʢʪʠʚʠʨʫʝʤʳʭ ʢʘʥʘʣʦʚ NpHR ʠ ChR2, 
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ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʚ ʥʝʡʨʦʥʘʭ, ʘʢʪʠʚʠʨʫʝʤʳʭ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ 

ʩʚʝʪʘ ʠ ʧʨʦʧʫʩʢʘʶʱʠʭ ʠʦʥʳ ʭʣʦʨʘ ʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʝ ʢʘʪʠʦʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ 

ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ, ʘʢʪʠʚʠʨʫʷ ʠ ʚʳʢʣʶʯʘʷ ʦʪʜʝʣʴʥʳʝ ʥʝʡʨʦʥʳ ʠ ʥʘʚʷʟʳʚʘʷ 

ʠʤ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʧʘʪʪʝʨʥʳ ʘʢʪʠʚʥʦʩʪʠ (Zhang et al., 2007). ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʵʪʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, 

ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʇɿʂ, ʥʘʧʨʠʤʝʨ RH1692 (Lim et al., 2012). 

ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ ʩʦʯʝʪʘʥʠʝ ʩ ʛʝʥʝʪʠʯʝʩʢʠ ʢʦʜʠʨʫʝʤʳʤʠ ʧʦʪʝʥʮʠʘʣ-

ʟʘʚʠʩʠʤʳʤʠ ʟʦʥʜʘʤʠ, ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʪʝʭ ʞʝ ʥʝʡʨʦʥʘʭ 

(Akemann et al., 2010).   

  ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʝʛʠʩʪʨʘʮʠʷ ʧʦʪʝʥʮʠʘʣʘ ʥʝʡʨʦʥʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʇɿʂ ʪʨʝʙʦʚʘʪʝʣʴʥʘ ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ ʠ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʪʦʯʥʦ ʩʣʝʜʦʚʘʪʴ ʩʣʦʞʥʳʤ ʧʨʦʪʦʢʦʣʘʤ, ʵʪʦʪ ʤʝʪʦʜ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʘʞʥʝʡʰʠʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʩʣʦʞʥʦ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʜʨʫʛʠʤ ʧʫʪʝʤ.  ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʵʪʘʧʝ ʧʦʩʪʦʷʥʥʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷʤ ʠ 

ʫʣʫʯʰʝʥʠʷʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʢʘʞʜʳʡ ʦʪʢʨʳʚʘʪʴ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʚʘʞʥʝʡʰʝʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʙʦʪʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʝʡʨʦʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʠ ʦʪʜʝʣʴʥʳʭ 

ʥʝʡʨʦʥʦʚ. ʇʦ ʚʨʝʤʝʥʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ʦʧʪʠʯʝʩʢʘʷ ʨʝʛʠʩʪʨʘʮʠʷ 

ʧʨʠʙʣʠʟʠʣʘʩʴ ʢ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ, ʘ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ 

ʨʘʟʨʝʰʝʥʠʶ, ʣʠʥʝʡʥʦʩʪʠ, ʠ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʪʨʘʢʪʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ 

ʧʨʠʚʷʟʢʝ ʢ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʷʤ ʥʘʤʥʦʛʦ ʧʨʝʚʦʩʭʦʜʠʪ ʝʝ.  

ʇʦʩʣʝʜʥʠʝ ʫʣʫʯʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʟʚʦʣʠʣʠ 

ʟʘʧʦʣʥʠʪʴ ʤʥʦʛʠʝ ʧʨʦʙʝʣʳ ʚ ʥʘʰʠʭ ʟʥʘʥʠʷʭ ʦ ʨʘʙʦʪʝ ʥʝʡʨʦʥʘ ʠ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʥʘʰʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʥʝʤ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʦʧʪʠʯʝʩʢʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʇɿʂ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʦ ʤʦʟʛʝ, 

ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʫʚʝʥʯʘʶʪʩʷ ʫʩʧʝʭʦʤ ʧʦʠʩʢʠ ʙʳʩʪʨʳʭ ʛʝʥʝʪʠʯʝʩʢʠ 

ʢʦʜʠʨʫʝʤʳʭ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʭ ʩʝʥʩʦʨʦʚ. 
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4. ʄɽʊʆɼʓ.  

 

4.1. ɾʠʚʦʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʨʝʧʘʨʘʪʳ. 

 

ɼʣʷ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʟʨʦʩʣʳʝ ʚʠʥʦʛʨʘʜʥʳʝ ʫʣʠʪʢʠ Helix 

lucorum L. ʢʨʳʤʩʢʦʡ ʧʦʧʫʣʷʮʠʠ, ʧʨʝʩʥʦʚʦʜʥʳʝ ʫʣʠʪʢʠ Lymnaea stagnalis 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʠ ʤʦʨʩʢʠʝ ʘʥʛʝʣʳ Clione limacina ʙʝʣʦʤʦʨʩʢʦʡ 

ʧʦʧʫʣʷʮʠʠ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʰʦʢʘ ʞʠʚʦʪʥʦʝ 

ʘʥʝʩʪʝʟʠʨʦʚʘʣʠ ʠʟʦʪʦʥʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ MgCl2. ʀʟ ʞʠʚʦʪʥʦʛʦ ʠʟʚʣʝʢʘʣʠ 

ʎʅʉ (ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʧʨʝʧʘʨʘʪ), ʠʣʠ ʎʅʉ ʩ ʠʥʪʘʢʪʥʳʤʠ ʦʙʦʥʷʪʝʣʴʥʳʤʠ 

ʥʝʨʚʘʤʠ ʠ ʥʝʩʫʱʠʤʠ ʦʙʦʥʷʪʝʣʴʥʳʡ ʵʧʠʪʝʣʠʡ ʟʘʜʥʠʤʠ ʱʫʧʘʣʴʮʘʤʠ 

(ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ ʦʙʦʥʷʪʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ), ʚʤʝʩʪʝ ʩ ʛʫʙʘʤʠ, ʨʝʪʨʘʢʪʦʨʘʤʠ 

ʱʫʧʘʣʴʮʘ ʠʣʠ ʯʘʩʪʴʶ ʢʦʞʠ (ʧʦʣʫʠʥʪʘʢʪʥʳʡ ʧʨʝʧʘʨʘʪ). ʇʨʝʧʘʨʘʪ ʧʦʤʝʱʘʣʠ 

ʚ ʚʘʥʥʦʯʢʫ ʩ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ. ʉʦʩʪʘʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʩʪʚʦʨʘ ʙʳʣ ʩʣʝʜʫʶʱʠʤ (ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʤʤʦʣʴ): 100 Na+, 4.2 K+, 7.0 

Ca2+, 4.6 Mg2+, 124.7 Cl-, 0.2 H2PO4-, 2.5 HCO3-, 5.0 ʛʣʶʢʦʟʘ, 10 N-2-

ʛʠʜʨʦʢʩʠʵʪʠʣʧʠʧʝʨʘʟʠʥ-Nô-2-ʵʪʘʥʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ (HEPES, Sigma), pH 

7.6 (Rhines et al, 1993; ʩ ʠʟʤʝʥʝʥʠʷʤʠ).  ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜʘʯʠ ʟʘʧʘʭʘ ʥʘ 

ʦʙʦʥʷʪʝʣʴʥʳʡ ʵʧʠʪʝʣʠʡ, ʢʦʞʫ ʱʫʧʘʣʴʮʘ (ʢʦʪʦʨʦʝ ʚʦ ʚʨʝʤʷ ʠʟʚʣʝʯʝʥʠʷ ʠʟ 

ʪʝʣʘ ʞʠʚʦʪʥʦʛʦ ʚʳʚʦʨʘʯʠʚʘʣʦʩʴ ʥʘʠʟʥʘʥʢʫ) ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʷʣʠ. 

ʑʫʧʘʣʴʮʝ ʧʨʠʢʘʣʳʚʘʣʠ ʟʘ ʤʳʰʮʫ ʨʝʪʨʘʢʪʦʨʘ ʢ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʣʦʞʢʝ, 

ʥʘʭʦʜʠʚʰʝʡʩʷ ʥʘʜ ʫʨʦʚʥʝʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ (ʈʠʩ. 4.1; Egan and 

Gelperin, 1981).  

ʆʙʦʣʦʯʢʠ ʩ ʧʨʦʮʝʨʝʙʨʫʤʘ ʫʜʘʣʷʣʠ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ. ʆʯʠʩʪʢʫ 

ʥʘʨʫʞʥʳʭ ʛʨʫʙʳʭ ʦʙʦʣʦʯʝʢ ʩ ʧʨʦʮʝʨʝʙʨʫʤʘ ʧʨʦʠʟʚʦʜʠʣʠ ʦʩʦʙʝʥʥʦ ʧʦʣʥʦ ʠ 

ʘʢʢʫʨʘʪʥʦ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʩʝʠʚʘʥʠʷ ʧʨʦʭʦʜʷʱʝʛʦ ʩʚʝʪʘ 

ʦʧʪʠʯʝʩʢʠʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʩʨʝʜʳ. ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ ʥʘʨʫʞʥʳʭ 

ʦʙʦʣʦʯʝʢ, ʧʨʝʧʘʨʘʪ ʜʣʷ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʦʙʨʘʙʘʪʳʚʘʣʠ 10 ʤʠʥ. 

ʧʨʦʪʝʘʟʦʡ (ʪʠʧ IV, Sigma) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 2.5ʤʛ/ʤʣ ʠʣʠ 2.5 ʤʠʥ. ʧʨʦʪʝʘʟʦʡ 

(ʪʠʧ IX, Sigma) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1ʤʛ/ʤʣ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʢʫʙʘʮʠʝʡ ʠ 

ʦʪʤʳʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 20-30 ʤʠʥ (ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ, ʚʨʝʤʷ ʠʥʢʫʙʘʮʠʠ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʝʨʤʝʥʪʦʚ ʧʦʜʦʙʨʘʥʳ ʵʤʧʠʨʠʯʝʩʢʠ). ɺʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ 

 ʬʝʨʤʝʥʪʘʤʠ ʦʙʦʥʷʪʝʣʴʥʳʡ ʵʧʠʪʝʣʠʡ ʥʘʭʦʜʠʣʩʷ ʚʳʰʝ ʫʨʦʚʥʷ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʥʝ ʧʦʜʚʝʨʛʘʣʩʷ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʦʤʫ ʜʝʡʩʪʚʠʶ.  
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ʈʠʩ. 4.1. ʉʭʝʤʘ ʧʦʣʫʠʥʪʘʢʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʎʅʉ ʩ ʠʥʪʘʢʪʥʳʤʠ ʦʙʦʥʷʪʝʣʴʥʳʤ 

ʥʝʨʚʦʤ (ʆʅ),  ʠ ʦʙʦʥʷʪʝʣʴʥʳʤ ʦʨʛʘʥʦʤ, ʟʘʢʨʝʧʣʝʥʥʳʤ ʥʘ ʥʝʙʦʣʴʰʦʡ ʧʣʘʪʬʦʨʤʝ. 

ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ ʮʝʨʝʙʨʘʣʴʥʳʡ ʛʘʥʛʣʠʡ, ʧʨʦʮʝʨʝʙʨʫʤ (ʇʎ), ʤʦʪʦʥʝʡʨʦʥ ʄʪʎ3 

(Mtʉ3), ʨʝʛʠʩʪʨʠʨʫʶʱʠʡ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʵʣʝʢʪʨʦʜ, ʠ ʩʪʠʤʫʣʠʨʫʶʱʠʡ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʡ ʵʣʝʢʪʨʦʜ. ʇʨʝʨʳʚʠʩʪʘʷ ʣʠʥʠʷ ʦʙʦʟʥʘʯʘʝʪ ʩʪʝʥʢʠ ʢʘʤʝʨʳ ʩ ʎʅʉ. 

ɺ ʦʩʥʦʚʘʥʠʠ ʧʨʦʮʝʨʝʙʨʫʤʘ ʩʝʨʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʘ ʦʙʣʘʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ 

ʥʝʡʨʦʧʠʣʷ. 

 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʨʝʙʨʫʤʘ ʙʝʟ ʩʪʠʤʫʣʷʮʠʠ   ʟʘʧʘʭʦʤ 

ʪʘʢʞʝ ʛʦʪʦʚʠʣʠ ʧʦʣʫʠʥʪʘʢʪʥʳʡ ʧʨʝʧʘʨʘʪ, ʥʦ ʱʫʧʘʣʴʮʘ ʠ ʦʙʦʥʷʪʝʣʴʥʳʡ 

ʵʧʠʪʝʣʠʡ ʧʦʤʝʱʘʣʠ ʚʦ ʚʨʝʤʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʚʘʥʥʦʯʢʫ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ 

ʨʘʩʪʚʦʨ ʚʤʝʩʪʝ ʩ ʎʅʉ.  ɺ ʩʣʫʯʘʝ ʧʦʣʫʠʥʪʘʢʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʢʦʞʘ-ʎʅʉ, ʢʦʞʘ 

ʥʦʛʠ ʥʘʭʦʜʠʣʘʩʴ ʚ ʦʪʜʝʣʝʥʥʦʡ ʧʝʨʝʛʦʨʦʜʢʦʡ ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʚʘʥʥʦʯʢʠ 

ʢʘʤʝʨʝ, ʠ ʜʝʡʩʪʚʠʶ ʧʨʦʪʝʘʟʳ ʥʝ ʧʦʜʚʝʨʛʘʣʘʩʴ. ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ ʠ ʦʙʨʘʙʦʪʢʠ ʧʨʦʪʝʘʟʦʡ ʪʦʥʢʠʝ ʦʙʦʣʦʯʢʠ ʛʘʥʛʣʠʷ 

ʦʩʪʘʚʣʷʣʠ ʥʝʪʨʦʥʫʪʳʤʠ. 

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʨʠʮʝʣʴʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʧʦʣʦʩʪʴ ʪʝʣʘ ʞʠʚʦʪʥʳʭ ʟʘ 4 ʥʝʜʝʣʠ ʜʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʚʦʜʠʣʩʷ ʥʝʡʨʦʪʦʢʩʠʥ 5,7-ʜʠʦʢʩʠʪʨʠʧʪʘʤʠʥ (5,7-ɼʆʊ, Sigma, 

ʉʐɸ) ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ ʩ 0.1% ʘʩʢʦʨʙʠʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʚ ʜʦʟʝ 20 ʤʛ/ʢʛ ʤʘʩʩʳ ʪʝʣʘ ʞʠʚʦʪʥʦʛʦ. 

ʇʨʠ ʚʚʝʜʝʥʠʠ 5,7-ɼʆʊ ʚ ʧʦʣʦʩʪʴ ʪʝʣʘ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʠʟʙʠʨʘʪʝʣʴʥʳʡ ʟʘʭʚʘʪ 
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ʩʝʨʦʪʦʥʠʥ-ʧʨʦʜʫʮʠʨʫʶʱʠʤʠ ʢʣʝʪʢʘʤʠ, ʠ   ʧʦʩʣʝʜʫʶʱʝʝ ʧʦʷʚʣʝʥʠʝ ʙʣʝʜʥʦ- 

ʢʦʨʠʯʥʝʚʦʡ ʧʠʛʤʝʥʪʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʚʠʟʫʘʣʴʥʦ ʚʳʜʝʣʠʪʴ ʩʝʨʦʪʦʥʠʥʦʚʳʝ 

ʥʝʡʨʦʥʳ ʥʘ ʬʦʥʝ ʦʩʪʘʣʴʥʳʭ ʢʣʝʪʦʢ ʎʅʉ (ɹʘʣʘʙʘʥ ʠ ʜʨ. 1985). ʇʨʠ ʵʪʦʤ 

ʫʨʦʚʝʥʴ ʩʝʨʦʪʦʥʠʥʘ ʚ ʎʅʉ ʩʥʠʞʘʝʪʩʷ ʥʘ 2-3 ʥʝʜʝʣʠ, ʘ ʟʘʪʝʤ ʧʦʣʥʦʩʪʴʶ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ (Vehovsky et al., 1988). ʇʠʛʤʝʥʪʘʮʠʷ 

ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦ ʜʚʫʭ ʤʝʩʷʮʝʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʦʚʦʜʠʣʠ ʥʘ  4-5 ʥʝʜʝʣʶ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ ʥʝʡʨʦʪʦʢʩʠʥʘ. ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʧʨʝʧʘʨʘʪʘ ʩʥʘʯʘʣʘ ʦʯʠʱʘʣʠ ʩ ʨʦʩʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʝʜʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ ʛʨʫʙʫʶ 

ʩʦʝʜʠʥʠʪʝʣʴʥʫʶ ʪʢʘʥʴ. ɿʘʪʝʤ ʪʦʥʢʠʝ ʦʙʦʣʦʯʢʠ ʛʘʥʛʣʠʷ ʦʙʨʘʙʘʪʳʚʘʣʠ 5 ʤʠʥ 

ʧʨʦʪʝʘʟʦʡ (ʪʠʧ XI, Sigma, ʉʐɸ) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʤʛ/ʤʣ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʦʢʨʘʰʠʚʘʥʠʷ ʧʨʝʧʘʨʘʪʘ ʠ ʦʙʣʝʛʯʝʥʠʷ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. ɺ ʩʣʫʯʘʝ 

ʧʦʣʫʠʥʪʘʢʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʢʦʞʘ ʥʦʛʠ ʥʘʭʦʜʠʣʘʩʴ ʚ ʦʪʜʝʣʝʥʥʦʡ 

ʧʝʨʝʛʦʨʦʜʢʦʡ ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʚʘʥʥʦʯʢʠ ʢʘʤʝʨʝ, ʠ ʜʝʡʩʪʚʠʶ ʧʨʦʪʝʘʟʳ ʥʝ 

ʧʦʜʚʝʨʛʘʣʘʩʴ. ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ ʠ ʦʙʨʘʙʦʪʢʠ ʧʨʦʪʝʘʟʦʡ 

ʪʦʥʢʠʝ ʦʙʦʣʦʯʢʠ ʛʘʥʛʣʠʷ ʦʩʪʘʚʣʷʣʠ ʥʝʪʨʦʥʫʪʳʤʠ. 

ɺ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʟʨʦʩʣʳʭ ʫʣʠʪʦʢ. ɺʦ 

ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʞʠʚʦʪʥʳʭ ʩʦʜʝʨʞʘʣʠ ʙʝʟ ʧʠʱʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚ ʩʪʝʢʣʷʥʥʦʤ ʘʢʚʘʨʠʫʤʝ. ɺʥʫʪʨʠ ʘʢʚʘʨʠʫʤʘ ʥʘʭʦʜʠʣʘʩʴ ʬʘʨʬʦʨʦʚʘʷ ʯʘʰʢʘ ʩ 

ʚʦʜʦʡ, ʢʦʪʦʨʫʶ ʤʝʥʷʣʠ ʢʘʞʜʳʝ ʜʚʘ ʜʥʷ. ʂʦʥʪʨʦʣʴʥʳʭ ʠ ʦʙʫʯʘʶʱʠʭʩʷ 

ʞʠʚʦʪʥʳʭ ʜʝʨʞʘʣʠ ʚʤʝʩʪʝ, ʘ ʞʠʚʦʪʥʳʭ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʦʪʢʨʳʪʦʤ ʧʦʣʝ - 

ʦʪʜʝʣʴʥʦ ʚ ʜʨʫʛʦʤ ʘʢʚʘʨʠʫʤʝ. ʇʝʨʝʜ ʪʝʩʪʠʨʦʚʘʥʠʝʤ ʚ ʦʪʢʨʳʪʦʤ ʧʦʣʝ ʫʣʠʪʦʢ 

ʪʘʢʞʝ ʥʝ ʢʦʨʤʠʣʠ 10-12 ʜʥʝʡ. ɺʩʝʭ ʞʠʚʦʪʥʳʭ ʧʦʜʜʝʨʞʠʚʘʣʠ ʚ 

ʙʦʜʨʩʪʚʫʶʱʝʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʤʝʱʘʷ ʠʭ ʢʘʞʜʳʡ ʜʝʥʴ ʥʘ 30 ʤʠʥʫʪ ʚ ʩʨʝʜʫ ʩ 

ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʴʶ. 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʝʨʝʞʠʚʘʶʱʠʭ ʩʨʝʟʦʚ ʤʦʟʛʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʨʳʩ 

Wistar ʚ ʚʦʟʨʘʩʪʝ P15-P21. ɾʠʚʦʪʥʳʭ ʘʥʝʩʪʝʟʠʨʦʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ, ʠ 

ʜʝʢʘʧʠʪʠʨʦʚʘʣʠ. ɺʳʥʫʪʳʡ ʤʦʟʛ ʙʳʩʪʨʦ ʧʦʤʝʱʘʣʠ ʚ ʭʦʣʦʜʥʳʡ ʨʘʩʪʚʦʨ ACSF 

(ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʮʝʨʝʙʨʦʩʧʠʥʘʣʴʥʘʷ ʞʠʜʢʦʩʪʴ). ʀʟ ʭʠʨʫʨʛʠʯʝʩʢʠ 

ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʟʨʠʪʝʣʴʥʦʡ ʢʦʨʳ ʤʦʟʛʘ ʧʨʠʛʦʪʘʚʣʠʚʘʣʠ ʩʨʝʟʳ ʪʦʣʱʠʥʦʡ 300 

ʤʢʤ ʥʘ ʚʠʙʨʘʪʦʤʝ Leica VT1200S (ɻʝʨʤʘʥʠʷ). ʂʦʤʧʦʟʠʮʠʷ ACSF ʙʳʣʘ 

ʩʣʝʜʫʶʱʝʡ: 125 NaCl, 25 NaHCO3, 27.5 145 glucose, 2.5 KCl, 1.25 NaH2PO4, 

2 CaCl2 and 1.5 MgCl2 (ʚʩʝ Sigma), pH 7.4 ʘʵʨʠʨʦʚʘʥʦ 95% O2, 5% CO2. 
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ʉʨʝʟʳ ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʤʝʥʝʝ 1 ʯ 30 ʤʠʥ ʜʦ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʨʝʛʠʩʪʨʘʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʤʩʷ ʚ ʨʘʙʦʪʝ, 

ʷʚʣʷʣʘʩʴ ʦʧʪʠʯʝʩʢʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʭ ʢʨʘʩʠʪʝʣʝʡ ʠ ʢʘʣʴʮʠʡ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʟʦʥʜʦʚ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʦʪʚʝʜʝʥʠʝʤ ʩʫʤʤʘʨʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤ ʦʪʚʝʜʝʥʠʝʤ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʥʝʡʨʦʥʘ. 

 

4.2. ʕʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʨʝʛʠʩʪʨʘʮʠʷ. 

 

4.2.1. ʆʪʚʝʜʝʥʠʝ ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ. 

 

ɼʣʷ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʪʚʝʜʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʦʮʝʨʝʙʨʫʤʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʘʧʦʣʥʝʥʥʳʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ ʪʦʥʢʠʡ 

(ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ 0,3 - 0,5 ʤʤ) ʩʪʝʢʣʷʥʥʳʡ ʧʨʠʩʘʩʳʚʘʶʱʠʡ ʵʣʝʢʪʨʦʜ. 

ʕʣʝʢʪʨʦʜ ʩʥʘʯʘʣʘ ʦʙʣʘʤʳʚʘʣʠ ʜʦ ʥʫʞʥʦʛʦ ʜʠʘʤʝʪʨʘ, ʟʘʪʝʤ ʢʦʥʯʠʢ 

ʵʣʝʢʪʨʦʜʘ ʟʘʪʘʯʠʚʘʣʠ ʥʘ ʪʦʥʢʦʡ ʘʣʤʘʟʥʦʡ ʰʢʫʨʢʝ ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʢʨʘʸʚ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʢʦʥʯʠʢ ʵʣʝʢʪʨʦʜʘ ʦʧʣʘʚʣʷʣʠ ʥʘʜ ʩʧʠʨʪʦʚʦʡ ʛʦʨʝʣʢʦʡ ʜʣʷ 

ʧʨʠʜʘʥʠʷ ʢʨʘʷʤ ʦʪʚʝʨʩʪʠʷ ʛʣʘʜʢʦʩʪʠ. ʇʦʤʝʱʸʥʥʘʷ ʚʥʫʪʨʴ ʵʣʝʢʪʨʦʜʘ 

ʭʣʦʨʠʨʦʚʘʥʥʘʷ ʩʝʨʝʙʨʷʥʘʷ ʧʨʦʚʦʣʦʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ 

ʩʦ ʩʨʝʜʦʡ ʚʥʫʪʨʠ ʵʣʝʢʪʨʦʜʘ. ʀʥʜʠʬʬʝʨʝʥʪʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʩʣʫʞʠʣʘ ʜʨʫʛʘʷ 

ʭʣʦʨʠʨʦʚʘʥʥʘʷ ʩʝʨʝʙʨʷʥʘʷ ʧʨʦʚʦʣʦʢʘ, ʦʙʤʦʪʘʥʥʘʷ ʧʦ ʩʧʠʨʘʣʠ ʚʦʢʨʫʛ 

ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ ʠ ʦʢʘʥʯʠʚʘʶʱʘʷʩʷ ʥʘ ʫʨʦʚʥʝ ʝʛʦ ʢʦʥʯʠʢʘ. 

ʉʠʛʥʘʣ ʫʩʠʣʠʚʘʣʩʷ ʚ 10000 ʨʘʟ ʥʘ ʫʩʠʣʠʪʝʣʝ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʦʣʦʩʦʡ 

ʧʨʦʧʫʩʢʘʥʠʷ 0.1-50 ɻʮ. ɼʣʷ ʦʪʚʝʜʝʥʠʷ ʩʧʘʡʢʦʚʦʡ ʢʣʝʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ en 

passant ʦʪ ʥʝʨʚʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʘʢʞʝ ʧʣʘʩʪʠʢʦʚʳʡ ʧʨʠʩʘʩʳʚʘʶʱʠʡ 

ʵʣʝʢʪʨʦʜ. ʇʦʜʦʙʥʳʤ ʞʝ ʦʙʨʘʟʦʤ ʧʨʦʚʦʜʠʣʠ ʩʪʠʤʫʣʷʮʠʶ ʥʝʨʚʦʚ ʠ 

ʧʨʦʮʝʨʝʙʨʫʤʘ, ʩ ʪʦʡ ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʜʚʘ ʧʦʣʶʩʘ ʧʨʠʩʘʩʳʚʘʶʱʝʛʦ 

ʵʣʝʢʪʨʦʜʘ ʙʳʣʠ ʩʦʝʜʠʥʝʥʳ ʩʦ ʩʪʠʤʫʣʠʨʫʶʱʝʡ ʛʦʣʦʚʢʦʡ ʛʝʥʝʨʘʪʦʨʘ 

ʠʤʧʫʣʴʩʦʚ, ʘ ʥʝ ʩ ʨʝʛʠʩʪʨʠʨʫʶʱʠʤ ʫʩʠʣʠʪʝʣʝʤ. 
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4.2.2. ɺʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʦʪʚʝʜʝʥʠʝ. 

 

ɺʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʦʪʚʝʜʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩʪʝʢʣʷʥʥʳʤ 

ʤʠʢʨʦʵʣʝʢʪʨʦʜʦʤ, ʟʘʧʦʣʥʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ 1.5ʄ KCl ʠ 1ʄ 

KʉH3CO2. ʂʨʦʤʝ ʦʜʥʦʵʣʝʢʪʨʦʜʥʦʛʦ ʦʪʚʝʜʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʘʢʞʝ 

ʜʚʫʵʣʝʢʪʨʦʜʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʬʠʢʩʘʮʠʠ ʪʦʢʘ ʠ ʬʠʢʩʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʯʠʢʘ ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ ʩʦʩʪʘʚʣʷʣʦ 10-14 ʄʆʤ, 

ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ï 2-6 ʄʆʤ. ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʥʘʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʜʘ ʧʦʜ 

ʤʠʢʨʦʩʢʦʧʦʤ ʢʦʥʯʠʢ ʤʠʢʨʦʵʣʝʢʪʨʦʜʘ ʦʢʨʘʰʠʚʘʣʠ ʩʥʘʨʫʞʠ ʯʝʨʥʦʡ ʢʨʘʩʢʦʡ. 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʤʝʪʦʜʦʤ ʧʵʯ-ʢʣʘʤʧ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʳʝ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʠ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʮʝʨʝʙʨʦʩʧʠʥʘʣʴʥʫʶ ʞʠʜʢʦʩʪʴ 

(ʜʝʪʘʣʠ ʚ Aseyev et al., 2013). ʉʠʛʥʘʣ ʫʩʠʣʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʫʩʠʣʠʪʝʣʷ (Warner instruments) ʠʣʠ Axoclamp 2B. ʉʠʛʥʘʣ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʘʧʧʘʨʘʪʥʦ ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 0-500 ɻʮ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʥʜʠʬʬʝʨʝʥʪʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʣʦʨ-ʩʝʨʝʙʨʷʥʳʡ ʧʨʝʩʩʦʚʘʥʥʳʡ 

ʵʣʝʢʪʨʦʜ (WPI). ʋʩʠʣʝʥʥʳʡ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʧʝʨʝʚʦʜʠʣʠ ʚ ʮʠʬʨʦʚʫʶ 

ʬʦʨʤʫ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʚʳʜʝʣʝʥʥʦʤ ʢʘʥʘʣʝ ɸʎʇ ʦʧʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ. 

ɸʧʧʣʠʢʘʮʠʶ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʥʘ ʎʅʉ ʧʨʦʚʦʜʠʣʠ ʧʠʧʝʪʢʦʡ-

ʤʠʢʨʦʜʦʟʘʪʦʨʦʤ ʚ ʚʘʥʥʦʯʢʫ ʜʦ ʬʠʥʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 10
-5
 ï 10

-6
 

ʤʄʦʣʴ/ʣ. 

 

4.3. ʆʧʪʠʯʝʩʢʘʷ ʨʝʛʠʩʪʨʘʮʠʷ. 

  

ʆʧʪʠʯʝʩʢʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʢʘʢ ʤʝʪʦʜ ʦʪʩʣʝʞʠʚʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʤʦʟʛʘ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʛʠʤʠ ʣʘʙʦʨʘʪʦʨʠʷʤʠ, ʥʘʯʠʥʘʷ 

ʩ ʢʦʥʮʘ 80-ʭ ʛʦʜʦʚ. ʆʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ 

ʢʦʣʦʥʦʢ ʜʠʨʝʢʮʠʦʥʥʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ in vivo ʚ ʢʦʨʝ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, 

ʤʦʥʠʪʦʨʠʥʛʘ ʵʧʠʣʝʧʪʠʬʦʨʤʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦʥʥʳʭ ʘʥʩʘʤʙʣʝʡ ʚ ʢʦʨʝ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ (Lieke et al, 1989),  ʦʜʥʦʚʨʝʤʝʥʥʦʡ  ʨʝʛʠʩʪʨʘʮʠʠ   

ʩʧʘʡʢʦʚʦʡ  ʘʢʪʠʚʥʦʩʪʠ   ʤʥʦʛʠʭ ʥʝʡʨʦʥʦʚ  ʚ ʛʘʥʛʣʠʠ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, 

ʨʝʛʠʩʪʨʘʮʠʠ ʩʫʤʤʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʚ ʥʝʨʚʘʭ ʠ ʢʦʤʠʩʩʫʨʘʭ 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ (Cohen, 1989). ʊʘʢʞʝ ʦʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚʳʟʚʘʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʙʦʥʷʪʝʣʴʥʦʤ ʧʫʪʠ ʧʦʟʚʦʥʦʯʥʳʭ 

(Cinelli and Kauer, 1992), ʤʦʣʣʶʩʢʦʚ (Kleinfeld et al, 1994; Gelperin, 1998).  
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ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ 

ʦʩʥʦʚʥʳʭ ʩʭʝʤʳ ʫʩʪʘʥʦʚʢʠ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ. ʇʝʨʚʘʷ ʩʭʝʤʘ, 

ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʨʠʮʳ ʬʦʪʦʜʠʦʜʦʚ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ 

ʫʩʠʣʝʥʠʝʤ, ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ (~0.2 ʤʢʩ), ʠ ʥʠʟʢʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ (124 ʠʣʠ 464 ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘ). 

ʈʘʟʨʝʰʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʢʘʢ ʩʚʦʡʩʪʚʘʤʠ ʢʨʘʩʠʪʝʣʷ, ʪʘʢ ʠ 

ʜʦʧʫʩʪʠʤʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʦʧʨʦʩʘ ʬʦʪʦʜʠʦʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ (Cohen, 1988). ɺʪʦʨʘʷ ʩʭʝʤʘ 

ʧʦʩʪʨʦʝʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ CCD-ʢʘʤʝʨʳ (Coupled Charged Device) ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʦʧʨʦʩʦʤ ʬʦʪʦʵʣʝʤʝʥʪʦʚ. ʊʘʢʘʷ ʩʭʝʤʘ ʠʤʝʝʪ ʚʳʩʦʢʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ (256000 ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʙʦʣʝʝ), ʠ ʥʠʟʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ (> 1 ʤʩ; Cinelli and Kauer, 1992). 

ʉʠʛʥʘʣ, ʧʦʣʫʯʘʝʤʳʡ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʥʝʡʨʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʦʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʘʮʠʶ 

ʤʝʤʙʨʘʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʥʝʡʨʦʥʦʚ, ʧʨʦʝʮʠʨʫʝʤʳʭ ʥʘ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ (Cohen, 1988). ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʭʦʜʷʱʝʛʦ ʩʚʝʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʥʝʡʨʦʥʦʚ, ʘ ʫʤʝʥʴʰʝʥʠʝ ï 

ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʠ (ʈʠʩ. 4.2). 

ʈʠʩ. 4.2. ʆʜʥʦʚʨʝʤʝʥʥʳʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ (ʚʝʨʭʥʷʷ 

ʟʘʧʠʩʴ) ʠ ʦʧʪʠʯʝʩʢʘʷ (ʜʚʝ ʥʠʞʥʠʝ ʟʘʧʠʩʠ) ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʘʡʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʥʝʡʨʦʥʘ ʫʣʠʪʢʠ Helix. ʉʚʝʨʭʫ ʠʟʦʙʨʘʞʝʥʦ ʧʦʣʦʞʝʥʠʝ ʧʨʦʝʢʮʠʠ ʥʝʡʨʦʥʘ ʥʘ 

ʬʦʪʦʜʠʦʜʳ ʤʘʪʨʠʮʳ. ʅʝʡʨʦʥ ʟʘʥʠʤʘʝʪ ʜʚʘ ʢʘʥʘʣʘ, ʦʪʤʝʯʝʥʥʳʝ ʥʦʤʝʨʘʤʠ 72 ʠ 67.  
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ʅʘ ʦʙʦʠʭ ʢʘʥʘʣʘʭ ʦʧʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʠʤʝʶʪ ʬʦʨʤʫ, ʠʜʝʥʪʠʯʥʫʶ ʩʠʛʥʘʣʫ, 

ʟʘʧʠʩʘʥʥʫʶ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤ ʵʣʝʢʪʨʦʜʦʤ, ʥʦ ʥʘ ʦʧʪʠʯʝʩʢʦʡ ʟʘʧʠʩʠ ʦʪʩʫʪʩʪʚʫʶʪ 

ʘʨʪʝʬʘʢʪʳ ʩʪʠʤʫʣʷʮʠʠ. ʆʢʨʘʰʝʥʦ ʧʠʨʘʟʦ-ʦʢʩʦʥʦʣʦʚʳʤ ʢʨʘʩʠʪʝʣʝʤ  RH -155. 

 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʨʝʘʣʠʟʫʶʱʝʡ ʩʭʝʤʫ c 

ʧʘʨʘʣʣʝʣʴʥʳʤ ʫʩʠʣʝʥʠʝʤ ʥʘ ʙʘʟʝ ʤʘʪʨʠʮʳ ʩ 124 ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ (ʈʠʩ. 4.3; ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʉ.-ʇʝʪʝʨʙʫʨʛ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʯʘʩʪʦʪʘ ʦʧʨʦʩʘ 5 ʂɻʮ ʧʦ ʢʘʞʜʦʤʫ ʢʘʥʘʣʫ). ɼʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʰʫʤʦʚ (ʜʦ 20 ɻʮ) ʤʠʢʨʦʩʢʦʧ ʫʩʪʘʥʦʚʢʠ ʞʝʩʪʢʦ  

 

 

 

 

 

 

ʈʠʩ. 4.3. ʉʭʝʤʘ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʭ ʢʨʘʩʠʪʝʣʝʡ. ʉʤ. ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʚ 

ʨʘʟʜʝʣʝ ñʄʝʪʦʜʳò, ʧʦʜʨʘʟʜʝʣʝ ñʆʧʪʠʯʝʩʢʘʷ ʨʝʛʠʩʪʨʘʮʠʷñ. 

 

 

ʢʨʝʧʠʣʩʷ ʢ ʘʥʪʠʚʠʙʨʘʮʠʦʥʥʦʤʫ ʦʩʥʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ ʤʠʢʨʦʤʘʥʠʧʫʣʷʪʦʨʦʚ 

ʂʄ (ʉʂɹ ʅʊʆ ɸʅ ʉʉʉʈ, ʏʝʨʥʦʛʦʣʦʚʢʘ). ʅʘ ʤʠʢʨʦʩʢʦʧʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 
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ʢʦʥʪʘʢʪʥʳʡ ʦʙʲʝʢʪʠʚ ʃʂ x25 (0.4 NA, ʃʆʄʆ) ʠ ʙʝʩʢʦʥʪʘʢʪʥʳʡ 

ʚʦʜʥʦʠʤʝʨʩʠʦʥʥʳʡ ʦʙʲʝʢʪʠʚ Plan x20 (0.50 NA, Olympus). ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʦʙʲʝʢʪʠʚʦʤ ʧʨʝʧʘʨʘʪ ʧʦʩʣʝ ʦʢʨʘʰʠʚʘʥʠʷ ʟʘʣʠʚʘʣʠ ʚ 1,2% 

ʘʛʘʨʦʟʫ (Lachema/Chemapol), ʧʨʠʛʦʪʦʚʣʝʥʫʶ ʥʘ ʥʦʨʤʘʣʴʥʦʤ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ. ʈʝʛʠʩʪʨʘʮʠʶ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ. 

ʇʦʜʘʚʘʝʤʳʡ ʥʘ ʧʨʝʧʘʨʘʪ ʩʚʝʪ ʧʨʦʭʦʜʠʣ ʩʥʘʯʘʣʘ ʯʝʨʝʟ ʪʝʧʣʦʚʦʡ ʬʠʣʴʪʨ ʠ 

ʜʘʣʝʝ ʯʝʨʝʟ ʤʥʦʛʦʩʣʦʡʥʳʡ ʫʟʢʦʧʦʣʦʩʥʳʡ ʬʠʣʴʪʨ ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 720 

Ñ 20 ʥʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ  ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ. ʉʠʛʥʘʣ ʫʩʠʣʠʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ 124 ʜʚʫʭʢʘʩʢʘʜʥʳʭ ʫʩʠʣʠʪʝʣʝʡ. ʋʩʠʣʝʥʥʳʡ ʩʠʛʥʘʣ ʦʮʠʬʨʦʚʳʚʘʣʠ 

ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ 12-ʙʠʪʥʦʤ ɸʎʇ (DAPL 3000A, Microstar laboratories; 

ʩʢʦʨʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʦʜʥʦʤʫ ʢʘʥʘʣʫ 417 ʪʳʩ. ʟʥʘʯʝʥʠʡ/ʩʝʢ). 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʭʨʘʥʠʣʠʩʴ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʥʘ ʢʦʤʧʴʶʪʝʨʝ Brio 

(Hewlett Packard). ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʦ ʜʦʢʪʦʨʦʤ ʃ. ɹ. ʂʦʵʥ (Neuroplex, OptImaging 

LLC). ʈʘʟʨʝʰʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʟʘʧʠʩʠ ʧʦ ʚʨʝʤʝʥʠ 4.8 ʤʩʝʢ ʟʘʜʘʚʘʣʦʩʴ 

ʧʨʦʛʨʘʤʤʥʦ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 0.05 ʤʤ ʥʘ ʵʣʝʤʝʥʪ 

ʤʘʪʨʠʮʳ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʦʙʲʝʢʪʠʚʦʤ ʃʆʄʆ ʃʂ x25, ʠ 0.06 ʤʤ ʥʘ ʵʣʝʤʝʥʪ 

ʤʘʪʨʠʮʳ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʦʙʲʝʢʪʠʚʦʤ x20 (Olympus 0.5 N.A WD). 

ʈʝʛʠʩʪʨʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʪʘʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣ-

ʟʘʚʠʩʠʤʳʭ ʢʨʘʩʠʪʝʣʝʡ RH-155 (NK-3041, Nikon), JPW-1131 ʠ JPW1150 

(ʧʨʝʜʦʩʪʘʚʣʝʥʳ ɼʨ. Wuskell and Loef, University of Connecticut). ɼʣʷ 

ʫʣʫʯʰʝʥʠʷ ʨʘʩʪʚʦʨʝʥʠʷ ʢʨʘʩʠʪʝʣʝʡ ʧʨʠʤʝʥʷʣʠ ʥʝʠʦʥʦʛʝʥʥʳʡ ʜʝʪʝʨʛʝʥʪ 

Pluronic F-127 (20% ʨʘʩʪʚʦʨ ʚ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ, Molecular Probes) ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1/1-2 ʢ ʩʫʭʦʡ ʤʘʩʩʝ ʢʨʘʩʠʪʝʣʷ. ʇʨʠʤʝʥʷʚʰʠʝʩʷ ʢʨʘʩʠʪʝʣʠ 

ʦʪʥʦʩʷʪʩʷ ʢ ʨʷʜʫ ʧʠʨʘʟʦ-ʦʢʩʦʥʦʣʦʚ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʩʚʷʟʳʚʘʶʪʩʷ ʥʘ 

ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʝ (Cinelli and Kauer, 1992). ɺʩʝ ʪʨʠ ʢʨʘʩʠʪʝʣʷ ʷʚʣʷʶʪʩʷ 

ʠʟʦʤʝʨʘʤʠ, ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʯʠʩʣʦʤ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʘʣʢʠʣʴʥʦʤ 

ʟʘʤʝʩʪʠʪʝʣʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʦʛʦ ʯʠʩʣʘ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʨʷʜʫ ʧʠʨʘʟʦ-

ʦʢʩʦʥʦʣʦʚ ʛʠʜʨʦʬʦʙʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʥʘʠʤʝʥʝʝ ʛʠʜʨʦʬʦʙʥʦʛʦ RH155 

(ʟʘʤʝʩʪʠʪʝʣʴ ï ʤʝʪʠʣ)  ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʥʘʠʙʦʣʝʝ ʛʠʜʨʦʬʦʙʥʦʤʫ JPW1150 

(ʟʘʤʝʩʪʠʪʝʣʴ ï ʥ-ʧʨʦʧʠʣ). ʕʪʦ ʩʚʦʡʩʪʚʦ ʦʧʨʝʜʝʣʷʝʪ ʣʝʛʢʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʚ 

ʚʦʜʝ ʠ ʩʢʦʨʦʩʪʴ ʚʳʤʳʚʘʥʠʷ ʢʨʘʩʠʪʝʣʷ ʠʟ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ ʧʦʩʣʝ 

ʦʢʨʘʰʠʚʘʥʠʷ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʤʝʤʙʨʘʥʝ ʤʦʣʝʢʫʣʳ ʧʠʨʘʟʦ-

ʦʢʩʦʥʦʣʘ ʤʝʥʷʶʪ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ, ʯʪʦ ʠ ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ ʦʧʪʠʯʝʩʢʦʛʦ 
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ʩʠʛʥʘʣʘ. ʅʘʠʙʦʣʴʰʝʝ ʠʟʤʝʥʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚʙʣʠʟʠ 720 ʥʤ 

(London et al, 1987). ʀʟʤʝʨʷʚʰʠʡʩʷ ʦʧʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʝ 

ʘʙʩʦʨʙʮʠʠ ʩʚʝʪʘ ʢʨʘʩʠʪʝʣʝʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʝʝ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʝ (DT/T). 

ɼʣʷ ʜʦʩʪʘʚʢʠ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʭ ʢʨʘʩʠʪʝʣʝʡ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʙʠʦʣʠʩʪʠʯʝʩʢʫʶ ʫʩʪʘʥʦʚʢʫ, ʧʦʩʪʨʦʝʥʥʫʶ ʧʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʝ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɻʨʦʡʩʤʘʥʘ (Rinberg et al., 2005, Shefi et al., 

2006) ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʩʨʝʟʘʭ ʤʦʟʛʘ. 

ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʦʣʦʪʳʝ ʤʠʢʨʦʧʨʦʞʝʢʪʠʣʠ BioRad ʜʠʘʤʝʪʨʦʤ 1.6 ʤʢʤ. ɹʳʣ 

ʠʩʩʣʝʜʦʚʘʥ ʨʷʜ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʣʠʧʦʬʠʣʴʥʦʩʪʠ ʘʤʠʥʦʧʠʨʠʜʠʥʦʚʳʭ 

ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʭ ʢʨʘʩʠʪʝʣʝʡ (ʚ ʧʦʨʷʜʢʝ ʫʚʝʣʠʯʝʥʠʷ ʣʠʧʦʬʠʣʴʥʦʩʪʠ): 

di-2-ANEPEQ (RH237), di-4-ANEPPS, (RH421), di-8-ANEPPS ʠ di-12-

ANEPPQ. ʇɿʂ ʨʘʚʥʦʤʝʨʥʦ ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʤʠʢʨʦʧʨʦʞʝʢʪʠʣʠ ʚ ʨʘʩʪʚʦʨʝ 

ʜʠʭʣʦʨʤʝʪʘʥʘ; ʧʦʩʣʝ ʚʳʩʳʭʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʢʨʘʰʝʥʥʳʝ 

ʤʠʢʨʦʧʨʦʞʝʢʪʠʣʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʨʘʟʙʠʚʘʥʠʶ 

ʢʦʥʛʣʦʤʝʨʘʪʦʚ (Bandelin Sonoplus HD-2070, 80% ʮʠʢʣ, 5 ʤʠʥʫʪ). ɺ ʢʘʯʝʩʪʚʝ 

ʪʝʩʪʦʚʳʭ ʤʠʰʝʥʝʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 3% ʘʛʘʨʦʟʥʳʡ ʛʝʣʴ, ʠʤʠʪʠʨʫʶʱʠʡ 

ʧʣʦʪʥʦʩʪʴ ʥʝʨʚʥʦʡ ʪʢʘʥʠ. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʢʨʘʰʠʚʘʥʠʷ 

ʥʝʡʨʦʥʦʚ ʧʨʠʤʝʥʷʣʩʷ ʣʘʟʝʨʥʳʡ ʩʢʘʥʠʨʫʶʱʠʡ ʢʦʥʬʦʢʘʣʴʥʳʡ ʤʠʢʨʦʩʢʦʧ 

(Zeiss LSM5 Live) ʠ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʡ ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʤʠʢʨʦʩʢʦʧ (Zeiss 

Axioskop2) ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʨʘʩʠʪʝʣʶ ʥʘʙʦʨʘʤʠ ʣʘʟʝʨʦʚ ʠ ʬʠʣʴʪʨʦʚ. 

ʆʪʜʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʘʪʪʝʨʥʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʦʛʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ 

ʢʘʣʴʮʠʷ ʚ ʦʙʲʝʤʝ ʮʠʪʦʧʣʘʟʤʳ ʥʝʨʚʥʦʡ ʢʣʝʪʢʠ ʚʦ ʚʨʝʤʷ ʛʝʥʝʨʘʮʠʠ ɺʇʉʇ ʠ 

ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ (Ross, 1989). ʕʪʘ ʟʘʜʘʯʘ ʫʩʧʝʰʥʦ ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ  ʠ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʅʝʜʘʚʥʦ ʧʦʷʚʠʣʠʩʴ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʜʠʥʘʤʠʢʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ ʚ ʜʝʥʜʨʠʪʘʭ, ʜʝʥʜʨʠʪʥʳʭ 

ʰʠʧʠʢʘʭ ʠ ʩʦʤʝ ʥʝʡʨʦʥʦʚ ʥʝʦʢʦʨʪʝʢʩʘ (Koester and Sakmann, 1998)  ʠ 

ʥʝʡʨʦʥʘʭ ʇʫʨʢʠʥʴʝ ʤʦʟʞʝʯʢʘ (Konnerth, 1996). ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ 

ʢʘʣʴʮʠʷ ʠʩʧʦʣʴʟʫʶʪ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦ ʠʥʲʝʮʠʨʫʝʤʳʝ ʠʣʠ ʩʚʦʙʦʜʥʦ 

ʧʨʦʥʠʢʘʶʱʠʝ ʢʘʣʴʮʠʡ-ʭʝʣʘʪʠʨʫʶʱʠʝ ʟʦʥʜʳ, ʪʘʢʠʝ ʢʘʢ Fura-2, Oregon Green 

488, Calcium Green.   

ʂʨʦʤʝ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʭ ʢʨʘʩʠʪʝʣʝʡ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʦʧʪʠʯʝʩʢʫʶ ʨʝʛʠʩʪʨʘʮʠʶ ʩʚʦʙʦʜʥʦʛʦ ʢʘʣʴʮʠʷ ʚ ʥʝʡʨʦʥʘʭ, ʠʟʙʠʨʘʪʝʣʴʥʦ 
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ʟʘʧʦʣʥʝʥʥʳʭ ʢʘʣʴʮʠʡ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢʨʘʩʠʪʝʣʝʤ Oregon Green 488 Bapta 

1, ʦʩʫʱʝʩʪʚʣʷʚʰʫʶʩʷ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʩ ʚʦʟʙʫʞʜʘʶʱʠʤ ʬʠʣʴʪʨʦʤ 450-

480 ʥʤ, ʠ ʦʪʨʝʟʘʶʱʠʤ ʬʠʣʴʪʨʦʤ 510-530 ʥʤ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʢʘʣʴʮʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʠʢʨʦʩʢʦʧ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʙʦʪʳ ʩ ʬʣʶʦʨʝʩʮʝʥʮʠʝʡ ʠ 

ʩʠʩʪʝʤʫ ʨʝʛʠʩʪʨʘʮʠʠ NeuroCCD (OptImaging LLC) ʧʦʩʪʨʦʝʥʥʫʶ ʥʘ ʦʩʥʦʚʝ 

CCD-ʢʘʤʝʨʳ (80x80 ʵʣʝʤʝʥʪʦʚ). ʈʝʛʠʩʪʨʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʯʝʨʝʟ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʚʦʜʥʦʠʤʝʨʩʠʦʥʥʳʡ ʦʙʲʝʢʪʠʚ x30 (ʃʦʤʦ, N.A. =0.9) ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʦʮʠʬʨʦʚʢʠ 500 ʟʥʘʯʝʥʠʡ ʚ ʩʝʢʫʥʜʫ. 

ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʳ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʤʠʢʨʦʩʢʦʧʘ LSM 5 live (Zeiss, 

ɻʝʨʤʘʥʠʷ), ʩ ʚʦʟʙʫʞʜʘʶʱʠʤʠ ʣʠʥʠʷʤʠ ʣʘʟʝʨʦʚ 405, 488 ʠ 532 ʥʤ ʠ ʧʦʣʦʩʦʡ 

ʧʨʦʧʫʩʢʘʥʠʷ 500-540 ʥʤ, 550LP ʠʣʠ 650LP. ʇʨʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ 

ʧʦʩʣʦʡʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ  ʜʘʥʥʳʝ ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʣʠ 3D ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Zeiss AIM  4.2. ɼʣʷ 

ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʲʝʢʪʠʚʳ x40 W.I. NA 0.8 ʠ x63 

W.I. NA 1.0 IR DIC (Zeiss). 

ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʤʘʨʢʝʨ ʵʥʜʦʮʠʪʦʟʘ ʠ 

ʨʝʩʘʡʢʣʠʥʛʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ FM4-64 (ʀʥʚʠʪʨʦʛʝʥ) ʜʣʷ ʜʝʪʝʢʮʠʠ 

ʩʘʡʪʦʚ ʘʢʪʠʚʥʦʛʦ ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʨʝʣʠʟʘ ʤʝʜʠʘʪʦʨʘ. ʂʨʘʩʠʪʝʣʴ ʭʨʘʥʠʣʠ ʚ 

ʟʘʤʦʨʦʞʝʥʥʳʭ ʘʣʠʢʚʦʪʘʭ ʜʣʷ ʬʠʥʘʣʴʥʦʛʦ ʨʘʟʚʝʜʝʥʠʷ ʚ 100 ʨʘʟ ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʢʄ. ʇʦʩʣʝ 5 ʤʠʥ ʘʧʧʣʠʢʘʮʠʠ ʢʨʘʩʠʪʝʣʴ ʦʪʤʳʚʘʣʠ ʚ 

ʪʝʯʝʥʠʠ ʢʘʢ ʤʠʥʠʤʫʤ 20 ʤʠʥ ʨʘʩʚʦʨʦʤ ʭʝʣʘʪʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ADVASEP 7 

(ʀʥʚʠʪʨʦʛʝʥ), ʩʚʝʞʝʝ ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʙʝʟʥʘʪʨʠʝʚʦʛʦ 

ʬʠʟʨʘʩʪʚʦʨʘ (ʥʘʪʨʠʡ ʟʘʤʝʱʝʥ ʥʘ NMDG, Sigma)  ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʤʢʄ. 

 

 

4.4. ʇʨʝʜʲʷʚʣʝʥʠʝ ʟʘʧʘʭʘ. 

 

 

ʇʨʝʜʲʷʚʣʝʥʠʝ ʟʘʧʘʭʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʦʣʴʬʘʢʪʦʤʝʪʨʘ (ʈʠʩ. 

4.4; Kauer and Moulton, 1974). ʆʣʴʬʘʢʪʦʤʝʪʨ ʧʦʟʚʦʣʷʝʪ ʜʦʟʠʨʦʚʘʪʴ 

ʨʘʟʚʝʜʝʥʠʝ ʟʘʧʘʭʘ ʚ ʧʨʝʜʝʣʘʭ 5-100% ʦʪ ʥʘʩʳʱʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʠʟʤʝʥʷʷ ʩʦʦʪʥʦʰʝʥʠʝ ʭʦʣʦʩʪʦʛʦ ʧʦʪʦʢʘ ʦʯʠʱʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʧʦʪʦʢʘ ʯʝʨʝʟ 

ʢʘʤʝʨʫ ʩ ʟʘʧʘʭʦʤ. ʇʦʪʦʢʠ ʠʟʤʝʨʷʣʠ ʜʚʫʤʷ ʬʣʘʫʤʝʪʨʘʤʠ (GF-1100, Gilmont  
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ʈʠʩ. 4.4. ʉʭʝʤʘ ʦʣʴʬʘʢʪʦʤʝʪʨʘ - ʧʨʠʙʦʨʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʜʣʷ ʧʦʜʘʯʠ ʟʘʧʘʭʘ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʟʘʩʣʦʥʢʘ, ʫʧʨʘʚʣʷʝʤʘʷ ʢʦʤʧʴʶʪʝʨʦʤ, ʧʨʝʢʨʘʱʘʝʪ ʘʢʪʠʚʥʦʝ 

ʦʪʢʘʯʠʚʘʥʠʝ ʟʘʧʘʭʘ ʚʘʢʫʫʤʥʳʤ ʥʘʩʦʩʦʤ, ʠ ʟʘʧʫʩʢʘʝʪ ʧʦʜʘʯʫ ʟʘʧʘʭʘ ʥʘ ʧʨʝʧʘʨʘʪ. 

 

Instruments). ʇʝʨʝʜ ʧʦʜʘʯʝʡ ʥʘ ʧʨʝʧʘʨʘʪ ʵʪʠ ʧʦʪʦʢʠ ʩʤʝʰʠʚʘʣʠ. ʉʫʤʤʘʨʥʳʡ 

ʧʦʪʦʢ, ʚʳʭʦʜʷʱʠʡ ʠʟ ʧʦʜʘʶʱʝʛʦ ʦʪʚʝʨʩʪʠʷ ʩʦʩʪʘʚʣʷʣ 100-110 ʤʣ/ʤʠʥ. ɿʘʧʘʭ 

ʧʨʝʜʲʷʚʣʷʣʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1.5 ʩʤ ʦʪ ʨʝʮʝʧʪʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʪʝʤ 

ʧʨʝʢʨʘʱʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʦʪʩʦʩʘ ʟʘʧʘʭʘ ʦʪ ʢʦʥʯʠʢʘ ʧʦʜʘʶʱʝʡ ʧʠʧʝʪʢʠ. 

ʇʨʝʢʨʘʱʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʣʝʥʦʠʜʥʳʤ ʢʨʘʥʦʤ (Parker 

instruments), ʫʧʨʘʚʣʷʝʤʳʤ ʩ ʢʦʤʧʴʶʪʝʨʘ. ɺʨʝʤʷ ʧʦʚʦʨʦʪʘ ʟʘʩʣʦʥʢʠ ʢʨʘʥʘ 
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ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 10 ʤʩʝʢ. ʆʧʠʩʘʥʥʘʷ ʚʳʰʝ ʩʭʝʤʘ ʧʦʜʘʯʠ ʟʘʧʘʭʦʚ ʧʦʟʚʦʣʷʝʪ 

ʥʘʜʝʞʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʟʘʧʘʭʘ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʪ ʦʧʳʪʘ ʢ ʦʧʳʪʫ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʘʷ ʩʭʝʤʘ ʧʦʜʘʯʠ ʟʘʧʘʭʘ ʥʝ ʜʘʸʪ ʘʨʪʝʬʘʢʪʦʚ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘ ʦʧʪʠʯʝʩʢʦʡ ʟʘʧʠʩʠ.   ʋʩʪʨʦʡʩʪʚʦ 

ʦʣʴʬʘʢʪʦʤʝʪʨʘ ʧʦʟʚʦʣʷʣʦ ʚʦ ʚʨʝʤʷ ʦʧʳʪʘ ʤʝʥʷʪʴ ʢʘʤʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʟʘʧʘʭʠ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ ʢʘʤʝʨʳ ʩʤʝʩʠʪʝʣʷ ʠ ʢʘʤʝʨʳ ʩ ʟʘʧʘʭʦʤ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʝʬʣʦʥʦʚʘʷ ʪʨʫʙʢʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʜʩʦʨʙʮʠʠ ʠ 

ʥʘʢʦʧʣʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʟʘʧʘʭʦʚ ʧʦʩʣʝ ʩʤʝʥʳ ʢʘʤʝʨ. ʉʤʝʩʠʪʝʣʴ ʪʘʢʞʝ ʙʳʣ 

ʚʳʧʦʣʥʝʥ ʠʟ ʪʝʬʣʦʥʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʟʘʧʘʭʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʪʜʝʣʴʥʫʶ 

ʩʤʝʥʥʫʶ ʩʪʝʢʣʷʥʥʫʶ ʧʦʜʘʶʱʫʶ ʧʠʧʝʪʢʫ.  ʇʦʚʪʦʨʥʦʝ ʧʨʝʜʲʷʚʣʝʥʠʝ ʟʘʧʘʭʘ 

ʦʙʳʯʥʦ ʧʨʦʚʦʜʠʣʠ ʥʝ ʨʘʥʴʰʝ, ʯʝʤ ʯʝʨʝʟ 6 ʤʠʥ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʨʠʚʳʢʘʥʠʷ ʢ ʧʨʝʜʲʷʚʣʷʝʤʦʤʫ ʟʘʧʘʭʫ ʢʨʦʤʝ ʦʧʳʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʣʠ 

ʘʜʘʧʪʘʮʠʶ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʘʧʘʭʠ ʮʠʥʝʦʣʘ, ʠʟʦʘʤʠʣʘʮʝʪʘʪʘ ʠ 

ʙʝʥʟʘʣʴʜʝʛʠʜʘ (ʚʩʝ Sigma). ʕʪʠ ʚʝʱʝʩʪʚʘ ʷʚʣʷʶʪʩʷ ʞʠʜʢʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ 

ʚʦʟʤʦʞʥʦ ʜʣʠʪʝʣʴʥʦ ʭʨʘʥʠʪʴ (ʚ ʦʪʣʠʯʠʠ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʟʘʧʘʭʦʚ, ʢʦʪʦʨʳʝ ʙʳʩʪʨʦ ʨʘʟʣʘʛʘʶʪʩʷ) ʠ ʣʝʛʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʧʨʝʜʲʷʚʣʝʥʠʷ ʞʠʚʦʪʥʦʤʫ ʠʣʠ ʧʨʝʧʘʨʘʪʫ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʫʣʠʪʢʘ ʨʝʘʛʠʨʫʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʵʪʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʟʜʫʭʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʠʤʫʣʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʙʦʥʷʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʫʣʠʪʢʠ. ɺʝʱʝʩʪʚʘ ʥʘʥʦʩʠʣʠ ʥʘ ʬʠʣʴʪʨʦʚʘʣʴʥʫʶ 

ʙʫʤʘʛʫ ʜʦ ʧʦʣʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ. ɿʘʪʝʤ ʬʠʣʴʪʨʦʚʘʣʴʥʫʶ ʙʫʤʘʛʫ ʧʦʤʝʱʘʣʠ ʚ 

ʢʘʤʝʨʫ. ʂʨʦʤʝ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʟʘʧʘʭʦʚ, ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʠʱʝʚʳʝ ʟʘʧʘʭʠ ʤʦʨʢʦʚʠ ʠ ʦʛʫʨʮʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ 

ʟʘʧʘʭʦʚ ʧʝʨʝʜ ʦʧʳʪʦʤ ʧʣʦʜʳ  ʠʟʤʝʣʴʯʘʣʠ ʜʦ ʧʦʣʫʯʝʥʠʷ ʩʦʢʘ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ 

ʥʘʥʦʩʠʣʠ ʥʘ ʧʦʤʝʱʘʝʤʫʶ ʚ ʢʘʤʝʨʫ ʬʠʣʴʪʨʦʚʘʣʴʥʫʶ ʙʫʤʘʛʫ. ʂʦʥʮʝʥʪʨʘʮʠʶ 

ʟʘʧʘʭʘ ʚ ʢʘʤʝʨʝ ʩʯʠʪʘʣʠ  ʥʘʩʳʱʝʥʥʦʡ ʚʚʠʜʫ ʙʦʣʴʰʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʧʘʨʝʥʠʷ ʠ ʥʘʣʠʯʠʷ ʞʠʜʢʦʡ ʬʘʟʳ.  

ʏʪʦʙʳ ʫʜʦʩʪʦʚʝʨʠʪʴʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʫʪʝʯʢʠ ʟʘʧʘʭʘ, ʦʣʴʬʘʢʪʦʤʝʪʨ 

ʟʘʧʦʣʥʷʣʠ ʦʢʨʘʰʝʥʥʳʤ ʛʘʟʦʤ, ʧʦʣʫʯʘʚʰʠʤʩʷ ʧʫʪʝʤ ʩʤʝʰʝʥʠʝʤ ʧʘʨʦʚ 

ʘʤʤʠʘʢʘ ʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ (Chase, 1981). ʃʘʪʝʥʪʥʦʩʪʴ ʜʠʬʬʫʟʠʠ ʟʘʧʘʭʦʚ 

ʢʘʣʠʙʨʦʚʘʣʠ, ʠʟʤʝʨʷʷ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʧʨʦʰʝʜʰʝʛʦ ʩ ʤʦʤʝʥʪʘ 

ʦʪʢʨʳʪʠʷ ʟʘʩʣʦʥʢʠ ʜʦ ʤʦʤʝʥʪʘ ʜʝʪʝʢʮʠʠ ʦʢʨʘʰʝʥʥʦʛʦ ʛʘʟʘ ʬʦʪʦʜʘʪʯʠʢʦʤ, 

ʧʦʤʝʱʝʥʥʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1.5 ʩʤ ʦʪ ʧʦʜʘʶʱʝʛʦ ʦʪʚʝʨʩʪʠʷ ʦʣʴʬʘʢʪʦʤʝʪʨʘ. 

ɼʘʪʯʠʢ ʦʢʨʘʰʝʥʥʦʛʦ ʛʘʟʘ ʨʝʘʛʠʨʦʚʘʣ ʥʘ ʟʘʪʝʥʝʥʠʝ ʠ ʩʦʩʪʦʷʣ ʠʟ ʬʦʪʦʜʠʦʜʘ ʠ 
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ʠʩʪʦʯʥʠʢʘ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʣʫʯʘ, ʥʝʧʨʝʨʳʚʥʦ ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ 

ʵʪʦʪ ʬʦʪʦʜʠʦʜ. ʀʟʤʝʨʝʥʥʘʷ ʣʘʪʝʥʪʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ 

ʧʦʣʦʚʠʥʳ ʢʦʥʝʯʥʦʡ ʚʝʣʠʯʠʥʳ ʩʦʩʪʘʚʣʷʣʘ 134 Ñ 26 ʤʩʝʢ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, 

ʧʦʣʥʦʝ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʟʘʧʘʭʘ ʦʪ ʧʦʜʘʶʱʝʛʦ ʦʪʚʝʨʩʪʠʷ ʜʦ ʧʨʝʧʘʨʘʪʘ ʚ 

ʨʘʩʯʝʪʘʭ ʣʘʪʝʥʪʥʦʩʪʠ ʦʪʚʝʪʘ ʥʘ ʟʘʧʘʭ ʧʨʠʥʠʤʘʣʠ ʨʘʚʥʳʤ 134 ʤʩʝʢ. 

 

4.5. ʊʘʢʪʠʣʴʥʘʷ ʩʪʠʤʫʣʷʮʠʷ. 

 

ʅʘ ʥʝʡʨʦʥʳ ʨʦʩʪʨʘʣʴʥʦʡ ʛʨʫʧʧʳ ʧʝʜʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ ʚʦʟʜʝʡʩʪʚʦʚʘʣʠ 

ʩʪʠʤʫʣʷʮʠʝʡ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʢʦʞʥʦʛʦ ʥʝʨʚʘ nervus cutaneus II, 

ʪʘʢʪʠʣʴʥʳʤ ʨʘʟʜʨʘʞʝʥʠʝʤ ʢʦʞʠ ʥʦʛʠ ʫʣʠʪʢʠ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ 

ʩʪʠʤʫʣʷʮʠʝʡ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʭ ʥʝʡʨʦʥʦʚ ʧʝʜʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ. ɼʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʨʝʘʢʮʠʠ ʧʨʝʧʘʨʘʪʘ ʥʘ ʩʪʠʤʫʣʷʮʠʶ ʥʝʨʚʘ ʠ ʪʘʢʪʠʣʴʥʫʶ 

ʩʪʠʤʫʣʷʮʠʶ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʥʪʘʢʪʥʳʡ ʦʙʲʝʢʪʠʚ ʃʂ x25, ʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʨʝʘʢʮʠʠ ʥʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʫʶ ʩʪʠʤʫʣʷʮʠʶ - ʦʙʲʝʢʪʠʚ x20. ʉʪʠʤʫʣʷʮʠʶ 

ʥʝʨʚʘ ʧʨʦʚʦʜʠʣʠ ʯʝʨʝʟ ʧʣʘʩʪʠʢʦʚʳʡ ʧʨʠʩʘʩʳʚʘʶʱʠʡʩʷ ʵʣʝʢʪʨʦʜ 

(ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʜʙʠʨʘʣʘʩʴ ʚ ʢʘʞʜʦʤ ʦʧʳʪʝ). ʊʘʢʪʠʣʴʥʫʶ ʩʪʠʤʫʣʷʮʠʶ 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚʘ-ʢʘʩʘʣʢʠ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʧʣʘʩʪʠʢʦʚʦʛʦ 

ʚʦʣʦʩʢʘ, ʧʨʠʢʨʝʧʣʝʥʥʦʛʦ ʢ ʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ ʢʘʪʫʰʢʠ ʨʝʣʝ. ɺʦʣʦʩʦʢ 

ʧʨʠʚʦʜʠʣʠ ʚ ʜʚʠʞʝʥʠʝ, ʧʦʜʘʚʘʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʥʘ ʨʝʣʝ. ʋʩʪʨʦʡʩʪʚʦ 

ʢʨʝʧʠʣʦʩʴ ʢ ʦʩʥʦʚʘʥʠʶ ʫʩʪʘʥʦʚʢʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʠʢʨʦʩʢʦʧʘ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʷʚʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʘʨʪʝʬʘʢʪʦʚ ʥʘ ʟʘʧʠʩʠ ʚ ʤʦʤʝʥʪ 

ʩʪʠʤʫʣʷʮʠʠ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʪʘʢʪʠʣʴʥʦʛʦ ʩʪʠʤʫʣʘ ʩʦʩʪʘʚʣʷʣʘ 50 ʤʩ, ʥʘʛʨʫʟʢʘ 

1 ʛʨʘʤʤ, ʜʠʘʤʝʪʨ ʚʦʣʦʩʢʘ 0.1 ʤʤ. ɺ ʥʝʩʢʦʣʴʢʠʭ ʦʧʳʪʘʭ ʧʨʦʚʦʜʠʣʠ 

ʧʦʚʪʦʨʥʫʶ ʩʪʠʤʫʣʷʮʠʶ ʦʜʥʦʡ ʪʦʯʢʠ ʥʦʛʠ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 3-4 ʤʠʥ ʠʣʠ ʞʝ 

ʩʪʠʤʫʣʷʮʠʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʪʨʝʭ ʪʦʯʝʢ ʥʘ ʢʦʞʝ, ʣʝʞʘʱʠʭ ʥʘ ʦʜʥʦʡ ʣʠʥʠʠ 

ʠ ʦʪʩʪʦʷʱʠʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ~5 ʤʤ ʩ ʪʝʤ ʞʝ ʠʥʪʝʨʚʘʣʦʤ. ɺʥʫʪʨʠʢʣʝʪʦʯʥʫʶ 

ʩʪʠʤʫʣʷʮʠʶ ʥʝʡʨʦʥʦʚ ʧʨʦʚʦʜʠʣʠ ʯʝʨʝʟ ʨʝʛʠʩʪʨʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʜ ʩ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 15-20 ʤʆʤ ʪʦʢʦʤ ʩʠʣʦʡ 5-8 ʥɸ, ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʩʪʠʤʫʣʷʮʠʠ 50 ʤʩ. ɸʧʧʣʠʢʘʮʠʶ ʩʝʨʦʪʦʥʠʥʘ ʧʨʦʚʦʜʠʣʠ ʧʠʧʝʪʢʦʡ-

ʤʠʢʨʦʜʦʟʘʪʦʨʦʤ ʚ ʚʘʥʥʦʯʢʫ ʜʦ ʬʠʥʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 10
-5
 ï 10

-6
 

ʤʄʦʣʴ/ʣ. 
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4.6. ʀʤʤʫʥʦʮʠʪʦʭʠʤʠʷ.  

 

ʇʦʩʢʦʣʴʢʫ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʦʙʫʯʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʫʚʝʣʠʯʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʭ ʢʘʥʘʣʦʚ, ʦʪʚʝʯʘʶʱʠʭ 

ʟʘ NaV1.9 ʧʦʜʦʙʥʳʡ ʧʦʩʪʦʷʥʥʳʡ ʤʝʜʣʝʥʥʦ ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʪʦʢ ʚ 

ʥʝʡʨʦʥʘʭ Lymnaea, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʦʝ ʦʢʨʘʰʠʚʘʥʠʝ 

ʥʘ NaV1.9. ɼʣʷ ʵʪʦʛʦ ʧʨʝʧʘʨʘʪʳ ʦʪ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ 

ʯʝʨʝʟ 24 ʯ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʧʨʠʢʘʣʳʚʘʣʠ ʤʠʢʨʦʠʛʦʣʢʘʤʠ ʥʘ ʜʥʦ 

ʧʨʝʧʘʨʘʚʘʣʴʥʦʡ ʯʘʰʢʠ, ʧʦʢʨʳʪʦʡ ʧʦʣʠʤʝʨʦʤ Sylgard, ʠ ʬʠʢʩʠʨʦʚʘʣʠ 

ʭʦʣʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ 4% ʧʘʨʘʬʦʨʤʘʣʜɹʝʛʠʜʘ ʚ 0.1 M ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ (pH 

= 7.4) ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʘʣʝʝ ʧʨʝʧʘʨʘʪʳ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 4
ʦ
ʉ ʚ ʪʝʯʝʥʠʠ ʥʦʯʠ ʚ PBS, ʩʦʜʝʨʞʘʱʝʤ 30 ʩʘʭʘʨʦʟʳ, ʠ 

ʧʦʩʣʝ ʵʪʦʛʦ ʜʝʣʘʣʠ ʥʘ ʩʨʝʟʳ 18 ʤʢʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʦʩʪʘʪʘ, ʠ 

ʧʦʤʝʱʘʣʠ ʠʭ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʩʪʝʢʣʘ. ʂʘʞʜʳʡ ʩʣʘʡʜ 

ʩʦʜʝʨʞʘʣ 3 ʨʷʜʘ ʩʨʝʟʦʚ, ʧʦ ʦʜʥʦʤʫ ʦʪ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʠʟ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

(ʦʙʫʯʝʥʥʳʝ, ʥʝʩʦʯʝʪʘʥʥʳʝ ʠ ʥʘʠʚʥʳʝ). 

ʉʨʝʟʳ ʧʦʪʦʤ ʦʪʤʳʚʘʣʠʩʴ ʚ PBS ʚ ʪʝʯʝʥʠʠ 3ʭ5 ʤʠʥ, ʧʦʪʦʤ ʚ PBS, 

ʩʦʜʝʨʞʘʱʝʤ  0.25% TritonX-100 (PBS-TX, Sigma) ʚ ʪʝʯʝʥʠʠ 2x10 ʤʠʥ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʅʝʩʧʝʮʠʬʠʯʝʩʢʦʝ ʩʚʷʟʳʚʘʥʠʝ ʙʣʦʢʠʨʦʚʘʣʦʩʴ 

ʩʧʝʮʠʘʣʴʥʳʤ ʙʫʬʝʨʦʤ (4% ʥʦʨʤʘʣʴʥʦʡ ʢʦʟʣʠʥʦʡ ʩʳʚʦʨʦʪʢʠ ʚ PBS-TX), 

ʟʘʪʝʤ ʩʨʝʟʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʣʠʢ ʘʥʪʠ-NaV1.9 (1:100, Almone 

Labs) ʧʨʠ 4
ʦ
ʉ ʚ ʪʝʯʝʥʠʠ 16 ʯʘʩʦʚ. ɿʘʪʝʤ ʩʨʝʟʳ ʦʪʤʳʚʘʣʠ ʚ PBS 3ʭ10 ʤʠʥ, 

ʧʦʪʦʤ ʩʨʝʟʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʘʣʢʘʣʠʥ ʬʦʩʬʘʪʘʟʦʡ (1:200 Sigma) 

ʢʦʥʶʥʛʠʨʦʚʘʥʥʦʡ ʩ ʢʦʟʣʠʥʳʤ IgG ʘʥʪʠ-ʢʨʦʣʠʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɺʩʝ ʘʥʪʠʩʳʚʦʨʦʪʢʠ ʨʘʟʚʦʜʠʣʠʩʴ ʙʣʦʢʠʨʫʶʱʠʤ ʙʫʬʝʨʦʤ. ʉʨʝʟʳ ʧʨʦʤʳʚʘʣʠ 

ʚ PBS 3ʭ10 ʤʠʥ, ʧʦʪʦʤ ʦʢʨʘʩʢʫ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʣʠ ʘʣʢʘʣʠʥʦʚʳʤ 

ʬʦʩʬʘʪʥʳʤ ʙʫʬʝʨʦʤ, 6.6 ʤʢʣ Nitroblue Tetrazolium (Roche), 4 ʤʢʣ 3% 

TritonX-100 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʩʣʝ ʯʝʛʦ ʨʝʘʢʮʠʶ ʦʩʪʘʥʘʚʣʠʚʘʣʠ 

ʧʨʦʤʳʚʘʥʠʝʤ ʩʨʝʟʦʚ ʚ PBS. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʮʝʜʫʨ ʧʨʝʧʘʨʘʪʳ ʟʘʣʠʚʘʣʠ 

ʚ ʢʘʥʘʜʩʢʠʡ ʙʘʣʴʟʘʤ. 
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4.7. ʇʦʚʝʜʝʥʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. 

 

4.7.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʫʯʝʥʠʝ. 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʟʘʧʘʭʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʨʦʪʦʢʦʣ ʚʳʨʘʙʦʪʢʠ ʫʩʣʦʚʥʦʛʦ ʨʝʬʣʝʢʩʘ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʝ (Balaban et al, 1987). ʋʣʠʪʢʫ ʧʨʠʢʨʝʧʣʷʣʠ ʟʘ ʨʘʢʦʚʠʥʫ ʢ ʢʦʥʮʫ 

ʧʣʘʩʪʠʥʢʠ, ʞʝʩʪʢʦ ʧʨʠʢʨʝʧʣʝʥʥʫʶ ʜʨʫʛʠʤ ʢʦʥʮʦʤ ʢ ʚʝʨʪʠʢʘʣʴʥʦ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʩʪʝʨʞʥʶ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʢʨʝʧʣʝʥʠʷ ʦʩʪʘʚʣʷʣ ʫʣʠʪʢʝ 

 

ʈʠʩ. 4.5. ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ  ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. (ɸ), ʦʪʢʨʳʪʦʝ 

ʧʦʣʝ. ʂʨʝʩʪʠʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʧʦʣʦʞʝʥʠʷ ʢʘʧʩʫʣʳ ʩ ʟʘʧʘʭʦʤ (ʦʜʥʦ ʠʟ ʜʚʫʭ). 

ʋʣʠʪʢʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʪʤʝʪʢʝ ʩʪʘʨʪʘ. (ɹ), ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʦʙʫʯʝʥʠʷ ʫʣʠʪʦʢ 

ʟʘʧʘʭʘʤ (ɿʘʧʘʭ  - ʚʳʭʦʜʥʘʷ ʪʨʫʙʢʘ ʦʣʴʬʘʢʪʦʤʝʪʨʘ ʩ ʟʘʧʘʭʦʤ). 
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ʥʝʢʦʪʦʨʫʶ ʩʚʦʙʦʜʫ ʜʝʡʩʪʚʠʡ ʠ ʧʦʟʚʦʣʷʣ çʧʦʣʟʪʠè ʧʦ ʰʘʨʫ, ʧʣʘʚʘʶʱʝʤʫ ʚ 

0,01% ʨʘʩʪʚʦʨʝ NaCl (ʈʠʩ. 4.5). ʋʜʘʨʳ ʪʦʢʦʤ (~110 ʤɸ, 0.5 ʩʝʢ, 10 ɻʮ) 

ʥʘʥʦʩʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʵʣʝʢʪʨʦʜʦʤ, ʢʦʪʦʨʳʡ ʚʨʫʯʥʫʶ ʧʦʜʥʦʩʠʣʠ ʢ 

ʜʦʨʟʘʣʴʥʦʤʫ ʫʯʘʩʪʢʫ ʢʦʞʠ ʥʦʛʠ. ʉʝʪʴ ʟʘʤʳʢʘʣʘʩʴ ʯʝʨʝʟ ʫʛʦʣʴʥʳʡ ʵʣʝʢʪʨʦʜ, 

ʧʦʛʨʫʞʝʥʥʳʡ ʚ ʨʘʩʪʚʦʨ. ʐʘʨ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʦʣʟʣʘ ʫʣʠʪʢʘ, ʙʳʣ ʪʘʢʞʝ ʧʦʢʨʳʪ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʉʠʣʘ ʪʦʢʘ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦʡ, ʯʪʦʙʳ 

ʟʘʩʪʘʚʠʪʴ ʫʣʠʪʢʫ ʧʦʣʥʦʩʪʴʶ ʚʪʷʥʫʪʴ ʚ ʨʘʢʦʚʠʥʫ ʥʦʛʫ ʠ ʛʦʣʦʚʫ. ʇʦʩʣʝ 

ʤʥʦʛʦʢʨʘʪʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ ʚ ʭʦʜʝ ʦʙʫʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ 

ʟʘʤʝʪʥʦʛʦ ʥʝʢʨʦʟʘ ʢʦʞʠ ʥʘ ʤʝʩʪʝ ʝʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʣʠ. ɼʣʷ 

ʧʨʝʜʲʷʚʣʝʥʠʷ ʟʘʧʘʭʘ ʦʪʢʨʳʚʘʣʠ ʛʝʨʤʝʪʠʯʥʫʶ ʢʘʧʩʫʣʫ, ʩʦʜʝʨʞʘʱʫʶ 

ʩʤʦʯʝʥʥʫʶ ʟʘʧʘʭʦʤ ʬʠʣʴʪʨʦʚʘʣʴʥʫʶ ʙʫʤʘʛʫ ʩ ʨʘʩʩʪʦʷʥʠʷ 4-6 ʩʤ ʦʪ ʛʦʣʦʚʳ 

ʞʠʚʦʪʥʦʛʦ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʟʘʧʘʭʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʮʝʥʠʚʘʣʠ ʢʘʢ 0,1-1% 

ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʚ ʢʘʧʩʫʣʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʩʳʱʝʥʥʘʷ, ʠ ʦʥʘ ʫʙʳʚʘʝʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʟʘʧʘʭʘ. ʇʨʠ ʚʳʨʘʙʦʪʢʝ 

ʨʝʘʢʮʠʠ ʚʪʷʛʠʚʘʥʠʷ ʱʫʧʘʣʝʮ ʚ ʦʪʚʝʪ ʥʘ ʟʘʧʘʭ ʫʜʘʨ ʪʦʢʦʤ ʥʘʥʦʩʠʣʠ ʯʝʨʝʟ 10-

15 ʩ ʧʦʩʣʝ ʥʘʯʘʣʘ ʧʦʜʘʯʠ ʟʘʧʘʭʘ, ʠ ʚ ʛʨʫʧʧʝ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʯʝʨʝʟ 

30-60 ʤʠʥ. ʂʘʞʜʘʷ ʛʨʫʧʧʘ ʩʦʩʪʦʷʣʘ ʠʟ 12 ʞʠʚʦʪʥʳʭ. ʆʙʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ 

ʧʨʦʜʦʣʞʝʥʠʝ 16-20 ʜʥʝʡ, ʦʩʫʱʝʩʪʚʣʷʷ ʧʦ ʦʜʥʦʤʫ ʩʦʯʝʪʘʥʠʶ ʚ ʜʝʥʴ (ʪ. ʝ. ʟʘ 

ʚʝʩʴ ʧʝʨʠʦʜ ʦʙʫʯʝʥʠʷ ʞʠʚʦʪʥʦʝ ʧʦʣʫʯʘʣʦ 16-20 ʩʦʯʝʪʘʥʠʡ). ʊʝʩʪʠʨʦʚʘʥʠʝ 

ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʫʩʣʦʚʥʦʛʦ ʨʝʬʣʝʢʩʘ ʧʨʦʚʦʜʠʣʠ ʚ ʩʤʝʰʘʥʥʦʡ ʛʨʫʧʧʝ 

ʦʙʫʯʝʥʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʧʦʛʦ ʢʦʥʪʨʦʣʷ. ɺ 

ʭʦʜʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʬʠʢʩʠʨʦʚʘʣʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʪʝʧʝʥʴ ʚʪʷʛʠʚʘʥʠʷ 

ʞʠʚʦʪʥʳʤ ʧʝʨʝʜʥʠʭ ʱʫʧʘʣʝʮ ʚ ʪʝʯʝʥʠʝ 30 ʩʝʢʫʥʜ ʧʦʩʣʝ ʥʘʯʘʣʘ 

ʧʨʝʜʲʷʚʣʝʥʠʷ ʟʘʧʘʭʘ. ʆʙʫʯʝʥʠʝ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʧʦʩʪʦʷʥʥʦ 

ʚʝʥʪʠʣʠʨʫʝʤʦʤ ʧʦʤʝʱʝʥʠʠ. ɼʘʣʝʝ ʥʘ ʧʦʣʫʠʥʪʘʢʪʥʦʤ ʧʨʝʧʘʨʘʪʝ 

çʦʙʦʥʷʪʝʣʴʥʳʡ ʦʨʛʘʥ  ï ʎʅʉè ʫ ʦʙʫʯʝʥʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʦʩʮʠʣʣʷʪʦʨʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʨʝʙʨʫʤʘ ʚ ʦʪʚʝʪ ʥʘ 5% ʟʘʧʘʭ, ʥʘʥʦʩʠʤʳʡ ʩ ʨʘʩʩʪʦʷʥʠʷ 1.5 

ʩʤ. 

ɼʣʷ ʦʢʨʘʩʢʠ ʧʨʝʧʘʨʘʪʦʚ ʦʙʫʯʝʥʥʳʭ ʠ ʥʝʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠ JPW-1131 (RH479). ɸʥʘʣʠʟʠʨʦʚʘʣʠ ʚʳʟʚʘʥʥʳʝ ʟʘʧʘʭʦʤ 

ʠʟʤʝʥʝʥʠʷ ʚ ʯʘʩʪʦʪʝ, ʩʫʤʤʘʨʥʦʡ ʘʤʧʣʠʪʫʜʝ, ʧʨʦʢʩʠʤʘʣʴʥʦ-ʜʠʩʪʘʣʴʥʦʤ 

ʦʪʥʦʰʝʥʠʠ (ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʚʦʣʥʳ ʦʩʮʠʣʣʷʮʠʡ ʚ ʧʨʦʢʩʠʤʘʣʴʥʦʡ 
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ʯʘʩʪʠ ʢ ʘʤʧʣʠʪʫʜʝ ʚ ʜʠʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʮʝʨʝʙʨʫʤʘ) ʠ ʬʘʟʦʚʦʤ ʩʜʚʠʛʝ 

ʩʧʦʥʪʘʥʥʳʭ ʨʠʪʤʠʯʝʩʢʠʭ ʦʩʮʠʣʣʷʮʠʡ ʚ ʧʨʦʮʝʨʝʙʨʫʤʝ ʜʣʷ ʢʘʞʜʦʛʦ ʧʠʢʘ 

ʦʩʮʠʣʣʷʮʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʦʨʤʠʨʦʚʘʣʠ, ʟʘ 100% 

ʧʨʠʥʠʤʘʣʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚ ʠʥʪʝʨʚʘʣʝ 15 ʩʝʢ. ʜʦ ʧʨʝʜʲʷʚʣʝʥʠʷ ʟʘʧʘʭʘ. 

ʕʪʦ ʧʦʟʚʦʣʷʣʦ ʧʦʣʫʯʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ (ʥʘʧʨ. 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʯʘʩʪʦʪʫ). ʇʦʩʣʝ, ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʫʩʨʝʜʥʷʣʠ ʧʦ ʠʥʪʝʨʚʘʣʘʤ ʚ 5 ʩʝʢ. ʠ ʩʪʨʦʠʣʠ ʛʠʩʪʦʛʨʘʤʤʳ. ʋʩʨʝʜʥʝʥʠʝ 

ʧʨʦʚʦʜʠʣʠ ʪʘʢʞʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʨʘʚʥʷʪʴ ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʦʩʮʠʣʣʷʮʠʡ (ʯʘʩʪʦʪʘ, ʘʤʧʣʠʪʫʜʘ ʠ ʪ. ʧ.), ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʟʥʳʭ ʦʧʳʪʦʚ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʦʜʠʥʘʢʦʚʳʡ ʚʢʣʘʜ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʦʙʱʫʶ 

ʩʪʘʪʠʩʪʠʢʫ, ʪ.ʢ. ʯʘʩʪʦʪʘ ʦʩʮʠʣʣʷʮʠʡ ʚ ʨʘʟʥʳʭ ʦʧʳʪʘʭ ʚʘʨʴʠʨʦʚʘʣʘ ʚ 

ʧʨʝʜʝʣʘʭ 0.5-1.2 ɻʮ, ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʩʮʠʣʣʷʮʠʡ, ʧʨʠʭʦʜʠʚʰʠʭʩʷ ʥʘ  ʠʥʪʝʨʚʘʣ 

5 ʩʝʢ. ʨʘʟʣʠʯʘʣʦʩʴ. ɸʤʧʣʠʪʫʜʫ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ 

ʵʢʩʪʨʝʤʫʤʘʤʠ ʚʦʩʭʦʜʷʱʝʡ ʠ ʥʠʩʭʦʜʷʱʝʡ ʬʘʟ ʚʦʣʥʳ ʦʩʮʠʣʣʷʮʠʡ ʥʘ ʢʘʞʜʦʤ 

ʜʝʪʝʢʪʦʨʝ.  

ɺʦʜʥʳʭ ʫʣʠʪʦʢ Lymnaea ʦʙʫʯʘʣʠ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʧʠʱʝʚʦʤʫ ʨʝʬʣʝʢʩʫ 

ʩ ʦʜʥʦʛʦ ʧʨʝʜʲʷʚʣʝʥʠʷ, ʩʦʯʝʪʘʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʪʠʤʫʣʳ: 

ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ ʘʤʠʣ-ʘʮʝʪʘʪʘ (ʬʠʥʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 0.004%) ʠ 

ʙʝʟʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ ʩʘʭʘʨʦʟʳ (0.67%) ʩ ʤʝʞʩʪʠʤʫʣʴʥʳʤ ʠʥʪʝʨʚʘʣʦʤ 15 ʩ. 

ʂʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʧʨʝʜʲʷʚʣʷʣʠ ʷʚʥʦ ʥʝʩʦʯʝʪʘʥʥʳʝ ʧʨʝʜʲʷʚʣʝʥʠʷ 

ʩʪʠʤʫʣʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʥʘ 1 ʯʘʩ. ʉʦʯʝʪʘʥʠʷ ʙʘʣʘʥʩʠʨʦʚʘʣʠʩʴ 

ʩʦʚʤʝʩʪʥʳʤ ʧʨʝʜʲʷʚʣʝʥʠʝʤ ʚʦʜʳ ʚʤʝʩʪʦ ʩʦʯʝʪʘʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ɾʠʚʦʪʥʳʭ ʪʝʩʪʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʦʡʥʦʛʦ ʩʣʝʧʦʛʦ ʢʦʥʪʨʦʣʷ. 

ʂʨʠʪʝʨʠʝʤ ʩʣʫʞʠʣʦ ʯʠʩʣʦ ʞʝʚʘʥʠʡ (ʦʪʢʨʳʚʘʥʠʡ ʠ ʟʘʢʨʳʚʘʥʠʡ ʨʪʘ), 

ʧʦʩʯʠʪʘʥʥʦʝ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ (ʦʙʳʯʥʦ 2 ʤʠʥ), ʠʣʠ ʞʝ ʦʪʚʝʪ ʚ ʚʠʜʝ 

çʬʠʢʪʠʚʥʳʭ ʞʝʚʘʥʠʡè, ʨʝʛʠʩʪʨʠʨʦʚʘʚʰʠʭʩʷ ʢʘʢ ʩʧʘʡʢʦʚʳʡ ʨʘʟʨʷʜ ʚ 

ʤʦʪʦʨʥʳʭ ʥʝʨʚʘʭ ʥʘ ʧʦʣʫʠʥʪʘʢʪʥʦʤ ʧʨʝʧʘʨʘʪʝ ʛʫʙ ʠ ʎʅʉ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʚʳʯʠʪʘʣʠ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʞʝʚʘʥʠʡ ʚ ʬʦʥʝ ʥʘ ʘʧʧʣʠʢʘʮʠʶ ʚʦʜʳ 

ʚʤʝʩʪʦ ʨʘʩʪʚʦʨʘ ʫʩʣʦʚʥʦʛʦ ʩʪʠʤʫʣʘ. 

 

4.7.2. ɺʠʜʝʦʨʝʛʠʩʪʨʘʮʠʷ ʜʚʠʞʝʥʠʡ ʱʫʧʘʣʴʮʘ. 

 

ɼʣ̫ ʨʝʛʠʩʪʨʘʮʠʠ ʩʦʢʨʘʱʝʥʠʷ ʱʫʧʘʣʴʮʘ ʚ ʦʪʚʝʪ ʥʘ ʟʘʧʘʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠ  ʪʘʢʫʶ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ, ʢʘʢ ʧʨʠ ʦʙʫʯʝʥʠʠ 
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(ʩʤ. ʚʳʰʝ). ɺʠʜʝʦʩʲʝʤʢʫ ʫʣʠʪʢʠ ʧʨʦʚʦʜʠʣʠ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʜʚʫʤʷ 

ʢʠʥʦʢʘʤʝʨʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʨʠʤʝʨʥʦ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ. 

ɺʠʜʝʦʜʘʥʥʳʝ ʦʮʠʬʨʦʚʳʚʘʣʠ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ PhysVis 1.4 (Kenyon College, ʉʐɸ). ɼʚʠʞʝʥʠʝ ʱʫʧʘʣʴʮʘ 

ʦʧʠʩʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʚʝʢʪʦʨʘ, ʩʦʝʜʠʥʷʶʱʝʛʦ ʦʩʥʦʚʘʥʠʝ ʠ ʢʦʥʯʠʢ 

ʱʫʧʘʣʴʮʘ (ʈʠʩ. 4.5ɹ). ʇʦ ʢʦʦʨʜʠʥʘʪʘʤ ʚʝʢʪʦʨʘ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʚʳʯʠʩʣʷʣʠ ʜʣʠʥʫ, ʢʦʦʨʜʠʥʘʪʳ ʝʜʠʥʠʯʥʦʛʦ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʚʝʢʪʦʨʘ (ʦʨʪ, 

ʘʙʩʦʣʶʪʥʘʷ ʜʣʠʥʘ ʵʪʦʛʦ ʚʝʢʪʦʨʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʚʥʘ 1, ʘ ʢʦʦʨʜʠʥʘʪʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ), ʠ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ 

ʩʤʝʱʝʥʠʷ ʢʦʥʯʠʢʘ ʱʫʧʘʣʴʮʘ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ (0,12 ʩʝʢ), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʯʘʩʪʦʪʝ ʚʠʜʝʦʩʲʝʤʢʠ 8,3 ʢʘʜʨʦʚ/ʩʝʢ. ʊʘʢʞʝ ʧʨʦʚʦʜʠʣʠ 

ʚʠʜʝʦʨʝʛʠʩʪʨʘʮʠʶ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʦʪ ʎʅʉ ʧʝʨʝʞʠʚʘʶʱʝʛʦ ʱʫʧʘʣʴʮʘ. ɼʣʷ 

ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʝʧʘʨʘʚʘʣʴʥʳʡ ʤʠʢʨʦʩʢʦʧ, ʩʦʩʪʳʢʦʚʘʥʥʳʡ ʩ 

ʚʠʜʝʦʢʘʤʝʨʦʡ ʯʝʨʝʟ ʘʜʘʧʪʝʨ, ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʤʝʩʪʝ ʦʜʥʦʛʦ ʠʟ ʦʢʫʣʷʨʦʚ. 

ʑʫʧʘʣʴʮʝ ʟʘʢʨʝʧʣʷʣʠ ʟʘ ʦʩʥʦʚʘʥʠʝ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʠ 

ʥʘʧʦʣʥʷʣʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 220-250 ʤʤ ʚʦʜʥʦʛʦ 

ʩʪʦʣʙʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʜʘʚʣʝʥʠʷ.  
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5. ʅɽʉʀʅɸʇʊʀʏɽʉʂɸʗ ʇʃɸʉʊʀʏʅʆʉʊʔ ʂɸʂ ʆʉʅʆɺɸ 

ɸʉʉʆʎʀɸʊʀɺʅʆʁ ʇɸʄʗʊʀ ʀ ʋɺɽʃʀʏɽʅʀʗ ʉʀʅɸʇʊʀʏɽʉʂʆʁ 

ʕʌʌɽʂʊʀɺʅʆʉʊʀ. 

 

ʅʘʠʙʦʣʝʝ ʠʥʪʨʠʛʫʶʱʠʤ ʩʚʦʡʩʪʚʦʤ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʢʘʧʣʠʚʘʪʴ ʠ  ʜʦʧʦʣʥʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʠʟʦʰʝʜʰʠʭ 

ʩʦʙʳʪʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʞʠʚʦʪʥʳʤ ʤʝʥʷʪʴ ʤʘʥʝʨʫ ʧʦʚʝʜʝʥʠʷ ʠ ʙʦʣʝʝ ʪʦʯʥʦ 

ʠ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʷʶʱʠʝʩʷ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ï çʧʣʘʩʪʠʯʥʦʩʪʴè ʩʦʚʧʘʜʘʝʪ ʚʦ ʚʨʝʤʝʥʠ, ʠ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʦʡ ʧʨʦʮʝʩʩʦʚ ʦʙʫʯʝʥʠʷ ʠ ʟʘʧʦʤʠʥʘʥʠʷ. ɺʘʞʥʳʤ ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ 

ʠʟʫʯʝʥʠʷ ʧʣʘʩʪʠʯʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʧʨʠʞʠʟʥʝʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʣʝʪʦʯʥʳʭ ʠ 

ʩʫʙʢʣʝʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʭʨʘʥʝʥʠʷ ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʧʘʤʷʪʠ ʦʪʜʝʣʴʥʳʤʠ ʥʝʡʨʦʥʘʤʠ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. 

ʆʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ, ʢʘʢ ʧʣʘʩʪʠʯʝʩʢʠ 

ʠʟʤʝʥʷʝʪʩʷ ʚʦʟʙʫʜʠʤʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʦʚ ʥʝʡʨʦʥʘ ï ʘʢʩʦʥʘ ʠ 

ʜʝʥʜʨʠʪʦʚ, ʠ ʢʘʢ ʵʪʦ ʚʣʠʷʝʪ ʥʘ ʛʝʥʝʨʘʮʠʶ, ʧʨʦʚʝʜʝʥʠʝ ʧʦ ʥʠʤ ʠ ʟʘʪʫʭʘʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ.  

ʅʘ ʤʦʜʝʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʥʝʡʨʦʥʘ ʤʦʣʣʶʩʢʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ,  

ʯʪʦ ʧʦʷʚʣʷʶʱʘʷʩʷ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʧʦʩʪʦʷʥʥʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʢʣʶʯʝʚʦʛʦ 

ʤʦʜʫʣʷʪʦʨʥʦʛʦ ʥʝʡʨʦʥʘ ʧʠʱʝʚʦʛʦ ʧʦʚʝʜʝʥʠʷ CGC, ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʜʠʥʘʤʠʢʠ ʘʤʧʣʠʪʫʜʳ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʚ ʘʢʩʦʥʝ, ʯʪʦ ʚ ʠʪʦʛʝ ʚʳʟʳʚʘʝʪ 

ʟʘʧʫʩʢ ʧʨʦʛʨʘʤʤʳ ʧʠʱʝʚʦʛʦ ʧʦʚʝʜʝʥʠʷ ʞʠʚʦʪʥʦʛʦ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʷʚʠʣʠ, ʯʪʦ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʥʝʡʨʦʥʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʠ 

ʜʦʩʪʘʪʦʯʥʘʷ, ʯʪʦʙʳ ʚʳʟʳʚʘʪʴ ʧʠʱʝʚʫʶ ʨʝʘʢʮʠʶ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ 

ʙʦʢʦʚʫʶ ʚʝʪʚʴ ʘʢʩʦʥʘ, ʠ ʧʦʜʘʚʣʷʝʪ ʘʪʪʝʥʶʘʮʠʶ ʢʘʣʴʮʠʝʚʦʛʦ ʩʠʛʥʘʣʘ ʠ 

ʘʤʧʣʠʪʫʜʳ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʧʨʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʦ ʵʪʦʡ ʚʝʪʚʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʨʢʝʨʘ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʵʥʜʦʮʠʪʦʟʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘ 

ʢʦʥʮʝ ʵʪʦʡ ʙʦʢʦʚʦʡ ʚʝʪʚʠ ʥʘʭʦʜʷʪʩʷ ʩʢʦʧʣʝʥʠʷ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʚʝʪʚʠ ʚ ʚʳʙʨʦʩʝ ʤʝʜʠʘʪʦʨʘ, ʥʝʦʙʭʦʜʠʤʦʡ 

ʜʣʷ ʟʘʧʫʩʢʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʫʨʦʚʥʷ ʛʝʥʝʨʘʮʠʠ ʧʠʱʝʚʦʛʦ ʨʠʪʤʘ ʠ ʧʠʱʝʚʦʛʦ 

ʧʦʚʝʜʝʥʠʷ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ, ʧʨʠʦʙʨʝʪʘʝʤʦʝ ʢʦʤʧʝʪʝʥʪʥʳʤ ʥʝʡʨʦʥʦʤ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ, 

ʩʧʦʩʦʙʥʦ ʫʧʨʘʚʣʷʪʴ ʚʳʭʦʜʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʵʪʦʛʦ ʥʝʡʨʦʥʘ ʧʫʪʝʤ 
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ʨʝʛʫʣʠʨʦʚʢʠ ʧʨʦʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤ 

ʘʢʩʦʥʥʳʤ ʢʦʤʧʘʨʪʤʝʥʪʘʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʣʦʢʘʣʠʟʘʮʠʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʘ 

ʫʨʦʚʥʝ ʯʘʩʪʝʡ ʦʜʥʦʛʦ ʥʝʡʨʦʥʘ ʬʦʨʤʠʨʫʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ 

ʜʦʧʦʣʥʝʥʠʷ ʚ ʢʦʥʮʝʧʮʠʶ ʢʣʝʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʘʤʷʪʠ, ʠ ʦʙʲʷʩʥʷʶʪ ʨʘʥʝʝ 

ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʚʰʠʝʩʷ ʤʝʭʘʥʠʟʤʳ ʝʝ ʭʨʘʥʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʦʝʥʠʷ ʥʝʡʨʦʥʦʚ. 

 

5.1 ʇʦʩʪʦʷʥʥʳʡ ʥʝʠʥʘʢʪʠʚʠʨʫʝʤʳʡ ʥʘʪʨʠʝʚʳʡ ʪʦʢ ʢʘʢ ʤʠʰʝʥʴ 

ʜʣʷ ʚʳʟʚʘʥʥʦʡ ʮɸʄʌ ʥʝʡʨʦʥʘʣʴʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ. 

 

ʅʠʟʢʦʧʦʨʦʛʦʚʳʡ ʧʦʩʪʦʷʥʥʳʡ ʚʭʦʜʷʱʠʡ ʥʘʪʨʠʝʚʳʡ ʪʦʢ, ʫʩʪʦʡʯʠʚʳʡ ʢ 

ʪʝʪʨʦʜʦʪʦʢʩʠʥʫ, ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʚ ʛʠʛʘʥʪʩʢʦʤ ʮʝʨʝʙʨʘʣʴʥʦʤ ʥʝʡʨʦʥʝ 

Lymnaea  (cerebral giant cell, CGC), ̫ ʚʣʷʶʱʠʤʩʷ ʚʘʞʥʳʤ ʤʦʜʫʣʷʪʦʨʥʤr 

ʪʠʧʦʤ ʠʥʪʝʨʥʝʡʨʦʥʘ ʧʠʱʝʚʦʡ ʩʝʪʠ ʤʦʣʣʶʩʢʘ. ʕʪʦʪ ʪʦʢ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʤʝʜʣʝʥʥʫʶ ʢʠʥʝʪʠʢʫ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʦʡ ʘʢʪʠʚʘʮʠʠʠ ʠ ʜʝʘʢʪʠʚʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʫʣʴʪʨʘ-ʤʝʜʣʝʥʥʫʶ ʢʠʥʝʪʠʢʫ ʠʥʘʢʪʠʚʘʮʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ  ʙʳʩʪʨʫʶ 

ʢʠʥʝʪʠʢʫ ʜʝʠʥʘʢʪʠʚʘʮʠʠ.  ʆʥ ʘʢʪʠʚʠʨʫʝʪʩʷ ʧʨʠ ʧʦʪʝʥʮʠʘʣʘʭ ʦʢʦʣʦ -90 ʤɺ, 

ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʢʦʣʦ -30 ʤɺ ʠ ʠʥʚʝʨʪʠʨʫʝʪʩʷ ʧʨʠ 

ʟʥʘʯʝʥʠʷʭ ʦʢʦʣʦ +35 ʤɺ, ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʷ ʧʦʣʥʦʡ ʠʥʘʢʪʠʚʘʮʠʠ ʜʘʞʝ ʧʨʠ 

ʧʦʟʠʪʠʚʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʪʫʧʝʥʝʡ ʪʝʩʪʠʨʫʶʱʝʛʦ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʟʘʤʝʱʝʥʠʝʤ ʥʘʪʨʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʪʦʷʥʥʳʡ ʥʘʪʨʠʝʚʳʡ 

ʪʦʢ ʚʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʦʜʜʝʨʞʘʥʠʝ ʟʥʘʯʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ CGC. ɺʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʠʥʲʝʢʮʠʷ ʮʠʢʣʠʯʝʩʢʦʛʦ ʘʜʝʥʦʟʠʥ-

ʤʦʥʦʬʦʩʬʘʪʘ (ʮɸʄʌ) ʚ ʪʝʣʦ CGC ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ.  ʀʥʲʝʢʮʠʷ 

ʮɸʄʌ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʧʘʯʝʯʥʳʭ ʧʘʡʢʦʚʳʭ ʨʘʟʨʷʜʦʚ ʠ 

ʜʦʩʪʦʚʝʨʥʦʤʫ ʩʥʠʞʝʥʠʶ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʜʝʧʦʣʷʨʠʟʘʮʠʠ 

ʤʝʤʙʨʘʥʳ ʢʣʝʪʦʯʥʦʛʦ ʪʝʣʘ CGC, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʮɸʄʌ-ʟʘʚʠʩʠʤʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʫ CGC. ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʷʚʣʷʶʪʩʷ ʧʝʨʚʳʤ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʮɸʄʌ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ 

ʤʦʜʫʣʷʮʠʝʡ TTX-ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʥʝʡʨʦʥʘʣʴʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʦʜʫʣʷʪʦʨʥʦʛʦ ʥʝʡʨʦʥʘ, ʠʛʨʘʶʱʝʛʦ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʢʫʱʝʛʦ ʪʠʧʘ ʧʦʚʝʜʝʥʠʷ. 
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ʅʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʤʦʣʣʶʩʢʦʚ ʚʥʝʩ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʥʘʰʝ ʧʦʥʠʤʘʥʠʝ ʢʣʝʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʥʝʘʩʩʦʮʠʘʪʠʚʥʳʭ  ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʚʝʜʝʥʠʝ, 

ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʡ ʨʝʘʢʮʠʠ (arousal) ʫ ʧʦʟʚʦʥʦʯʥʳʭ (Brezina et 

al., 2003; Kupfermann 1974; Kupfermann and Weiss 1982; Marinesco et al., 

2004; Teyke et al., 1990). ʂ ʚʘʞʥʦʤʫ ʪʠʧʫ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʭ ʤʦʜʫʣʷʪʦʨʥʳʭ 

ʥʝʡʨʦʥʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʬʫʥʢʮʠʝʡ çʫʩʪʘʥʘʚʣʠʚʘʥʠʷè ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʩʝʪʠ ʧʠʱʝʚʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʦʪʥʦʩʷʪʩʷ ʛʠʛʘʥʪʩʢʠʝ ʢʣʝʪʢʠ 

ʮʝʨʝʙʨʘʣʴʥʳʭ ʛʘʥʛʣʠʝʚ CGC ʫʣʠʪʦʢ Lymnaea (Yeoman et al., 1994a, b) ʠ ʠʭ 

ʛʦʤʦʣʦʛʠ ʫ ʜʨʫʛʠʭ ʛʘʩʪʨʦʧʦʜ (Gillette and Davis 1977; Kupfermann and Weiss 

1982; Weiss et al., 1981). ʅʝʜʘʚʥʦ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ 

ʩʚʷʟʠ ʤʝʭʘʥʠʟʤʦʚ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ ʩ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʥʝʡʨʦʥʦʚ CGC (Kemenes et al., 2001; Kojima et al., 

1997). ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʥʝʡʨʦʥʳ ʤʦʛʫʪ ʙʳʪʴ ʚʘʞʥʳ ʢʘʢ ʜʣʷ ʘʩʩʦʮʠʘʪʠʚʥʦʡ, 

ʪʘʢ ʠ ʜʣʷ ʥʝʘʩʩʦʮʠʘʪʠʚʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʠʱʝʚʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʬʫʥʢʮʠʷʭ CGC ʠ ʠʭ 

ʛʦʤʦʣʦʛʦʚ ʚ ʜʨʫʛʠʭ ʩʠʩʪʝʤʘʭ, ʫʜʠʚʠʪʝʣʴʥʦ ʤʘʣʦ ʜʦ ʩʠʭ ʧʦʨ ʠʟʚʝʩʪʥʦ ʦ 

ʢʣʝʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʘʭ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʫʯʘʩʪʠʷ CGC ʚ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʆʜʥʦʡ ʠʟ ʪʝʩʪʠʨʫʝʤʳʭ ʛʠʧʦʪʝʟ ʧʦʩʣʫʞʠʣʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʫʯʘʩʪʠʠ ʚʪʦʨʠʯʥʳʭ ʧʦʩʨʝʜʥʠʢʦʚ ʚ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʷʭ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠʦʥʥʳʭ ʪʦʢʘʭ CGC, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ 

ʜʦʣʛʦʚʨʝʤʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʤʙʨʘʥʳ. ʕʪʠ 

ʠʟʤʝʥʝʥʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛʫʪ ʟʘʪʨʘʛʠʚʘʪ ɹ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠ ʩʧʦʥʪʘʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʷʚʣʷʶʱʠʝʩʷ ʢʣʶʯʝʚʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʝʛʦ ʬʫʥʢʮʠʶ ʢʘʢ ʤʦʜʫʣʷʪʦʨʥʦʛʦ 

ʥʝʡʨʦʥʘ. 

ʏʪʦʙʳ ʪʦʯʥʝʝ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʦʪʜʝʣʴʥʳʭ ʪʦʢʦʚ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ CGC, ʤʳ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘʰʠ ʫʩʠʣʠʷ ʥʘ ʧʦʩʪʦʷʥʥʦʤ 

ʥʘʪʨʠʝʚʦʤ ʪʦʢʝ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʩʘʤʳʡ ʥʠʟʢʠʡ ʧʦʨʦʛ ʘʢʪʠʚʘʮʠʠ (Staras et al., 

2002). ʇʦʭʦʞʠʝ ʪʠʧʳ ʧʦʩʪʦʷʥʥʳʭ ʥʝʠʥʘʢʪʠʚʠʨʫʝʤʳʭ ʥʘʪʨʠʝʚʳʭ ʪʦʢʦʚ ʙʳʣʠ 

ʥʘʡʜʝʥʳ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʛʜʝ ʦʥʠ ʠʛʨʘʶʪ ʪʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʠ ʨʘʟʨʷʜʘ ʥʝʡʨʦʥʘ (Dibb-Hajj et al., 2002). ʇʦʩʪʦʷʥʥʳʡ 

ʥʘʪʨʠʝʚʳʡ ʪʦʢ CGC ʘʢʪʠʚʠʨʫʝʪʩʷ ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʨʠ -90 ʤɺ), ʢʦʛʜʘ ʥʠ ʦʜʠʥ ʜʨʫʛʦʡ ʠʟ 
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ʠʟʚʝʩʪʥʳʭ ʪʦʢʦʚ ʝʱʝ ʥʝʘʢʪʠʚʝʥ (Staras et al., 2002). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦʪ ʪʦʢ 

ʤʦʞʝʪ ʠʛʨʘʪʴ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʦʜʧʦʨʦʛʦʚʦʡ 

ʚʦʟʙʫʜʠʤʦʩʪʠ ʫ CGC ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʣʫʞʠʪʴ ʚʘʞʥʦʡ ʤʠʰʝʥʴʶ ʜʣʷ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ 

ʘʩʩʦʮʠʘʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʤʳ ʢʦʥʮʝʥʪʨʠʨʫʝʤ ʚʥʠʤʘʥʠʝ ʥʘ 

ʵʬʬʝʢʪʘʭ ʮɸʄʌ ʥʘ ʧʦʩʪʦʷʥʥʳʡ ʥʘʪʨʠʝʚʳʡ ʪʦʢ ʚ CGC ʧʦʪʦʤʫ, ʯʪʦ ʠʟʚʝʩʪʥʳ 

ʤʥʦʛʠʝ ʧʨʠʤʝʨʳ ʫʯʘʩʪʠʷ ʮɸʄʌ-ʟʘʚʠʩʠʤʳʭ ʢʘʩʢʘʜʦʚ ʚʪʦʨʠʯʥʳʭ 

ʧʦʩʨʝʜʥʠʢʦʚ ʚ ʨʝʘʣʠʟʘʮʠʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ (Bailey et al. 1996; 

Dudai, 1987; Hu et al. 2001; Nguyen and Woo 2003; Nirenberg et al. 1983). 

ʅʘʤʠ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʮɸʄʌ ʠʟʤʝʥʷʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʤʝʤʙʨʘʥʳ CGC ʥʘ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʤʦʜʫʣʠʨʫʷ ʧʦʩʪʦʷʥʥʳʡ 

ʥʘʪʨʠʝʚʳʡ ʪʦʢ ʚ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʝ ʩʦʤʳ ʵʪʦʛʦ ʥʝʡʨʦʥʘ. ʆʯʝʥʴ ʚʝʨʦʷʪʥʦ, 

ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ CGC ʩʚʷʟʘʥʳ ʚʳʟʚʘʥʥʳʤ ʮɸʄʌ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ  ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ 

ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ, ʯʪʦ ʤʦʞʝʪ ʠʤʝʪʴ ʦʛʨʦʤʥʦʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʜʣʷ ʬʫʥʢʮʠʠ CGC ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʦʩʪʦʷʥʠʷ 

ʧʠʱʝʚʳʭ ʩʝʪʝʡ, ʪʘʢ ʠ ʜʣʷ ʝʛʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦʡ ʨʦʣʠ ʚ ʘʩʩʦʮʠʘʪʠʚʥʦʤ 

ʦʙʫʯʝʥʠʠ. 

 

5.1.1. ɸʢʪʠʚʘʮʠʷ, ʜʝʘʢʪʠʚʘʮʠʷ ʠ ʠʥʘʢʪʠʚʘʮʠʷ INa(P). 

 

ʏʪʦʙʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʙʱʠʝ ʩʚʦʡʩʪʚʘ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʪʨʠʝʚʦʛʦ 

ʪʦʢʘ ʚ CGC ʥʘ ʧʦʣʥʦʡ ʰʢʘʣʝ ʟʥʘʯʝʥʠʡ ʝʛʦ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʦʪ -90 

ʤɺ ʜʦ +30 ʤɺ) ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʦʤʠʥʘʣʴʥʦ ʙʝʩʢʘʣʴʮʠʝʚʳʡ ʨʘʩʪʚʦʨ, 

ʩʦʜʝʨʞʘʱʠʡ ʙʣʦʢʘʪʦʨʳ ʢʘʣʴʮʠʝʚʳʭ ʠ ʢʘʣʠʝʚʳʭ ʪʦʢʦʚ. ʅʘ ʤʝʤʙʨʘʥʫ CGC 

ʧʦʜʘʚʘʣʠʩʴ ʩʪʫʧʝʥʴʢʠ ʧʦʪʝʥʮʠʘʣʘ ʠʣʠ ʧʨʦʪʦʢʦʣ ʩ ʤʝʜʣʝʥʥʳʤ ʥʘʨʘʩʪʘʥʠʝʤ 

ʧʦʪʝʥʮʠʘʣʘ ʚ ʨʝʞʠʤʝ ʬʠʢʩʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ, ʥʘʯʠʥʘʷ ʩ ʫʨʦʚʥʷ 

ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʧʦʪʝʥʮʠʘʣʘ -110 ʤɺ. ʇʨʠʤʝʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʪʦʢʦʚ ʩʦ ʩʪʫʧʝʥʯʘʪʦʡ ʘʢʪʠʚʘʮʠʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 5.1.1ɸ. 

ʉʪʫʧʝʥʴʢʘ ʧʦʪʝʥʮʠʘʣʘ ʜʦ -60 ʤɺ ʘʢʪʠʚʠʨʦʚʘʣʘ ʪʦʣʴʢʦ ʧʦʩʪʦʷʥʥʳʡ 

ʚʭʦʜʷʱʠʡ ʪʦʢ (ʈʠʩ. 5.1.1ɸ, ʩʚʝʨʭʫ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʪʫʧʝʥʴʢʘ ʜʦ ʟʥʘʯʝʥʠʷ -30 

ʤɺ ʘʢʪʠʚʠʨʦʚʘʣʘ ʪʘʢʞʝ ʠ ʚʭʦʜʷʱʠʡ ʙʳʩʪʨʳʡ ʠʥʘʢʪʠʚʠʨʫʝʤʳʡ ʪʦʢ ʚʤʝʩʪʝ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʚʭʦʜʷʱʠʤ ʪʦʢʦʤ (ʈʠʩ. 5.1.1ɸ, ʩʥʠʟʫ). ʆʙʘ ʵʪʠʭ ʪʦʢʘ ʙʳʣʠ ʨʘʥʝʝ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ ʥʘʪʨʠʝʚʳʝ (INa(T), transient ï ʙʳʩʪʨʳʡ ʥʘʪʨʠʝʚʳʡ ʪʦʢ; 
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INa(P), persistent ï ʧʦʩʪʦʷʥʥʳʡ ʥʘʪʨʠʝʚʳʡ ʪʦʢ; Staras et al., 2002). ʄʳ 

ʠʟʤʝʨʷʣʠ ʟʥʘʯʝʥʠʝ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʧʦʣʫʘʢʪʠʚʘʮʠʠ (ʚʨʝʤʷ ʜʦ 

ʧʦʣʫʘʤʧʣʠʪʫʜʳ) ʚ ʨʷʜʫ ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ -70 ʜʦ +30 ʤɺ ʠ ʚʳʜʝʣʠʣʠ ʜʚʝ 

ʨʘʟʣʠʯʥʳʭ ʦʜʥʦʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʠ,  ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʱʠʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʧʦʣʫʘʢʪʠʚʘʮʠʠ ʦʪ ʧʦʪʝʥʮʠʘʣʘ (ʈʠʩ. 5.1.1B). ʇʝʨʚʘʷ 

ʬʫʥʢʮʠʷ ʦʧʠʩʳʚʘʝʪ ʤʝʜʣʝʥʥʫʶ ʘʢʪʠʚʘʮʠʶ ʪʦʢʘ ʜʣʷ ʨʷʜʘ ʜʘʥʥʳʭ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ -70 ʜʦ -30 ʤɺ ʠ ʦʥʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʘʢʪʠʚʘʮʠʶ 

INa(P). ɺʪʦʨʘʷ ʬʫʥʢʮʠʷ ʦʧʠʩʳʚʘʝʪ ʙʳʩʪʨʫʶ ʢʦʤʧʦʥʝʥʪʫ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ -30 

ʤɺ ʜʦ +30 ʤɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʘʢʪʠʚʘʮʠʶ 

INa(T). 

 

ʈʠʩ. 5.1.1. ʉʢʦʨʦʩʪʴ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʘʢʪʠʚʘʮʠʠ INa(P) ʦʪ ʧʦʪʝʥʮʠʘʣʘ CGC. (ɸ) 

ʧʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʜʚʫʭ ʪʠʧʠʯʥʳʭ ʨʝʛʠʩʪʨʘʮʠʡ ʪʦʢʦʚ, ʚʳʟʚʘʥʥʳʭ ʩʪʫʧʝʥʷʤʠ 

ʧʦʪʝʥʮʠʘʣʘ ʚʚʝʨʭ ʦʪ ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ -110 ʤɺ. ʉʚʝʨʭʫ: ʟʘʧʠʩʴ, 

ʧʦʣʫʯʝʥʥʘʷ ʚ ʦʪʚʝʪ ʥʘ ʩʪʫʧʝʥʴ ʜʦ -60 ʤɺ ʚʳʷʚʣʷʝʪ ʪʦʣʴʢʦ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ 

INa(P), ʪʦʛʜʘ ʢʘʢ ʟʘʧʠʩʴ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʩʤʝʱʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ʢ ʟʥʘʯʝʥʠʶ     

-30 ʤɺ ʚʳʷʚʣʷʝʪ ʢʘʢ ʧʦʩʪʦʷʥʥʳʡ INa(P), ʪʘʢ ʠ ʙʳʩʪʨʳʡ INa(T) ʥʘʪʨʠʝʚʳʝ ʪʦʢʠ. 

(B) ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʧʦʣʫʘʢʪʠʚʘʮʠʠ, ʦʪʣʦʞʝʥʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʟʥʘʯʝʥʠʡ ʩʪʫʧʝʥʝʡ ʧʦʪʝʥʮʠʘʣʘ ʘʢʪʠʚʘʮʠʠ, ʩ ʧʦʜʦʙʨʘʥʥʳʤʠ ʜʚʫʤʷ 

ʨʘʟʣʠʯʥʳʤʠ ʤʦʥʦʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. ʇʝʨʚʘʷ ʬʫʥʢʮʠʷ 

ʦʪʨʘʞʘʝʪ ʤʝʜʣʝʥʥʫʶ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʫʶ ʘʢʪʠʚʘʮʠʶ, ʚʪʦʨʘʷ ï ʙʳʩʪʨʫʶ 
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ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʫʶ ʘʢʪʠʚʘʮʠʶ. (C) ɺʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ çɸè ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʩʪʫʧʝʥʝʡ ʦʪ -90 ʤɺ ʜʦ +30 

ʤɺ. ɿʥʘʯʝʥʠʷ ʪʦʢʘ ʠʟʤʝʨʷʣʠ ʚ ʢʦʥʮʝ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  

ʚʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʨʘʞʘʝʪ ʧʦʩʪʦʷʥʥʳʡ ʚʭʦʜʷʱʠʡ ʪʦʢ. (D) 

INa(P), ʚʳʟʚʘʥʥʳʡ ʧʨʦʪʦʢʦʣʦʤ ʥʘʨʘʩʪʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ (ramp) ʦʪ -120 ʜʦ 0 ʤɺ. 

 

ʂʨʠʚʘʷ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (I-V), ʙʘʟʠʨʦʚʘʚʰʘʩ̫ʷ ʥʘ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʥʘʯʝʥʠʷʭ (ʠʟʤʝʨʷʝʤʳʭ ʚ ʢʦʥʮʝ 800 ʤʩʝʢ ʩʪʫʧʝʥʝʢ 

ʧʦʪʝʥʮʠʘʣʘ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 5.1.1ɺ. INa(P), ʢʦʪʦʨʳʡ ʙʳʣ ʠʩʭʦʜʥʦ ʦʧʠʩʘʥ 

ʢʘʢ ʥʘʪʨʠʝʚʳʡ ʪʦʢ, ʘʢʪʠʚʠʨʫʝʤʳʡ ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʧʦʪʝʥʮʠʘʣʘ (INa(L); 

Staras et al., 2002), ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʠʢʦʚʦʝ ʟʥʘʯʝʥʠʝ  -26.4 Ñ 

2.4 ʤɺ (n = 7) ʠ ʠʥʚʝʨʪʠʨʦʚʘʣʩʷ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ +30.0 Ñ 7.1 ʤɺ. ɺ ʧʦʜʦʙʥʳʭ 

ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʠʢ ʙʳʩʪʨʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ 

(INa(T)) ʚ ʟʥʘʯʝʥʠʷʭ -27.9 Ñ 2.2 ʤɺ (n = 7), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʳʜʫʱʠʤ 

ʥʘʙʣʶʜʝʥʠʷʤ Staras et al. (2002). ɸʤʧʣʠʪʫʜʘ INa(P), ʠʟʤʝʨʝʥʥʘʷ ʚ ʪʦʯʢʝ 

ʤʘʢʩʠʤʫʤʘ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʙʳʣʘ -4.1 Ñ 0.3 ʥɸ, ʯʪʦ 

ʩʦʩʪʘʚʣʷʣʦ ~8% ʧʠʢʘ  ʘʤʧʣʠʪʫʜʳ INa(T) (-51.8 Ñ 4.1 ʥɸ, n = 7). ʇʨʦʪʦʢʦʣ 

ʤʝʜʣʝʥʥʦʛʦ ʥʘʨʘʩʪʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘʨʘʩʪʘʥʠʷ 40 ʤɺ/ʩʝʢ (ʈʠʩ. 

5.1.1D) ʚʳʷʚʠʣ ʘʢʪʠʚʘʮʠʶ INa(P) ʧʨʠʤʝʨʥʦ ʧʨʠ -90 ʤɺ ʠ ʧʠʢ -28.5 Ñ 2.1 ʤɺ (n 

= 6) ʪʦʛʜʘ ʢʘʢ INa(T) ʚ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣ ʧʦʣʥʦʩʪʴʶ ʠʥʘʢʪʠʚʠʨʦʚʘʥ. 

ɺʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ INa(P), ʧʦʣʫʯʝʥʥʘʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ 

ʤʝʜʣʝʥʥʳʤ ʥʘʨʘʩʪʘʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ, ʙʳʣʘ ʩʭʦʜʥʘ ʩ ʚʦʣʴʪʘʤʧʝʨʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ ʠʟ ʩʪʫʧʝʥʯʘʪʦʛʦ ʧʨʦʪʦʢʦʣʘ, ʘ ʠʭ 

ʘʤʧʣʠʪʫʜʳ ʩʦʧʦʩʪʘʚʠʤʳ.  

ɸʤʧʣʠʪʫʜʘ INa(P) ʦʩʪʘʚʘʣʘʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʛʦ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʧʝʨʠʦʜʘ ʩʪʫʧʝʥʠ ʧʦʪʝʥʮʠʘʣʘ (800 ʤʩʝʢ, ʈʠʩ. 5.1.1ɸ), 

ʜʝʤʦʥʩʪʨʠʨʫʷ ʫʤʝʥʴʰʝʥʠʝ ʥʝ ʙʦʣʝʝ 5% ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ ʧʦʪʝʥʮʠʘʣʘ. ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʣʴʪʨʘ-ʤʝʜʣʝʥʥʫʶ ʠʥʘʢʪʠʚʘʮʠʶ ʵʪʦʛʦ ʪʦʢʘ. ʆʜʥʘʢʦ, ʪʦʢ CGC 

INa(P), ʧʦʜʦʙʥʦ ʧʦʭʦʞʠʤ ʪʦʢʘʤ ʚ ʜʨʫʛʠʭ ʩʠʩʪʝʤʘʭ (Dib-Hajj et al., 2002), ʤʦʛ 

ʯʘʩʪʠʯʥʦ ʠʥʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʥʘ ʧʨʦʜʦʣʞʝʥʠʠ ʩʪʫʧʝʥʠ ʧʦʪʝʥʮʠʘʣʘ ʚ 

ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʦʡ ʤʘʥʝʨʝ. ɽʩʣʠ ʵʪʦ ʪʘʢ, ʪʦ ʯʘʩʪʴ ʪʦʢʘ INa(P) ʤʦʞʝʪ ʙʳʪʴ 

ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʚʦ ʚʨʝʤʷ ʩʪʫʧʝʥʠ ʧʦʪʝʥʮʠʘʣʘ, ʥʦ ʧʦʪʦʤ ʩʦ ʚʨʝʤʝʥʝʤ 

ʚʦʩʩʪʘʥʦʚʠʪʴʩʷ ʧʦʩʣʝ ʨʝʧʦʣʷʨʠʟʘʮʠʠ. ʏʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʢʨʠʚʫʶ ʠʥʘʢʪʠʚʘʮʠʠ 

ʜʣʷ INa(P) ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʘʥʜʥʳʡ ʧʨʦʪʦʢʦʣ ʩʦ ʩʪʫʧʝʥʷʤʠ ʦʪ  
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ʈʠʩ. 5.1.2. ɸʢʪʠʚʘʮʠʷ, ʠʥʘʢʪʠʚʘʮʠʷ, ʜʝʠʥʘʢʪʠʚʘʮʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʩʣʝ 

ʠʥʘʢʪʠʚʘʮʠʠ ʫ ʪʦʢʘ INa(P). (ɸ) ʇʨʦʪʦʢʦʣ ʩ ʜʚʫʤʷ ʩʪʫʧʝʥʷʤʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʠʥʘʢʪʠʚʘʮʠʠ. (B) ʇʨʦʪʦʢʦʣ ʩ ʜʚʫʤʷ ʩʪʫʧʝʥʷʤʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʠʥʘʢʪʠʚʘʮʠʠ. (C) ʉʝʤʝʡʩʪʚʦ ʭʚʦʩʪʦʚʳʭ ʪʦʢʦʚ INa(P), 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʜʦʙʨʘʥʥʦʡ ʤʦʥʦʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 

ʢʨʠʚʦʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʟʥʘʯʝʥʠʡ ʘʢʪʠʚʘʮʠʠ ʠ ʜʝʠʥʘʢʪʠʚʘʮʠʠ.  (D) ʂʨʠʚʳʝ 

ʘʢʪʠʚʘʮʠʠ ʠ ʜʝʠʥʘʢʪʠʚʘʮʠʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʦʚ, 
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ʧʦʢʘʟʘʥʥʳʭ ʥʘ çɸè ʠ çBè, ʠ ʦʧʠʩʘʥʥʳʭ ʧʦʜʦʙʨʘʥʥʳʤʠ ʢʨʠʚʳʤʠ ɹʦʣʴʮʤʘʥʘ. 

(E) ʇʘʨʘʤʝʪʨ ʪʘʫ ʠʟ ʧʦʜʦʙʨʘʥʥʳʭ ʬʫʥʢʮʠʡ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ çɺè ʜʣʷ 

ʠʥʪʝʨʚʘʣʘ -30 ʜʦ +30 ʤɺ. (F) ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʘʤʧʣʠʪʫʜʳ INa(P) ʠʟʤʝʨʝʥʥʳʝ 

ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʘʢ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ 

ʩʪʫʧʝʥʷʤʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʧʦʢʘʟʘʥʥʦʤ ʥʘ çBè. 

 

ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʧʦʪʝʥʮʠʘʣʘ -110 ʤɺ ʜʦ ʩʪʫʧʝʥʝʡ ʧʦʪʝʥʮʠʘʣʘ ʦʪ -80 ʜʦ -10 

ʤɺ (ʩ ʰʘʛʦʤ +10 ʤɺ) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʨʦʪʢʦʡ ʨʝʧʦʣʷʨʠʟʘʮʠʝʡ (10 ʤʩʝʢ) 

ʦʙʨʘʪʥʦ ʢ ʫʨʦʚʥʶ -110 ʤɺ, ʟʘʪʝʤ ʢ ʟʥʘʯʝʥʠʶ ʩʪʫʧʝʥʠ ʧʦʪʝʥʮʠʘʣʘ -60 ʤɺ (n 

= 5, ʈʠʩ. 5.1.2ɸ). ʏʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʣʝ 

ʠʥʘʢʪʠʚʘʮʠʠ ʚ ʢʦʥʮʝ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʧʦʪʝʥʮʠʘʣʘ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʪʦʢʦʣ 

ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʢʦʥʜʠʮʠʦʥʠʨʫʶʱʠʤʠ ʠ ʪʝʩʪʠʨʫʶʱʠʤʠ ʠʤʧʫʣʴʩʘʤʠ, -30 

ʠ -60 ʤɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʚʘʨʴʠʨʦʚʘʣʠ  ʤʝʞʠʤʧʫʣʴʩʥʳʡ  ʠʥʪʝʨʚʘʣ ʦʪ 10 ʜʦ 

70 ʤʩʝʢ (ʈʠʩ. 5.1.2B). ʏʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʢʨʠʚʫʶ ʘʢʪʠʚʘʮʠʠ ʜʣʷ  INa(P)  ʤʳ 

ʧʦʜʙʠʨʘʣʠ ʦʜʥʦʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʭʚʦʩʪʦʚʳʭ ʪʦʢʦʚ, 

ʚʳʟʳʚʘʝʤʳʭ ʩʜʚʠʛʦʤ ʧʦʪʝʥʮʠʘʣʘ ʥʘʟʘʜ ʢ -110 ʤɺ ʧʦʩʣʝ 

ʢʦʥʜʠʮʠʦʥʠʨʫʶʱʝʛʦ ʧʨʝʠʤʧʫʣʴʩʘ ʦʪ +30 ʜʦ -90 ʤɺ (ʈʠʩ. 5.1.2C, n = 7). 

ʂʨʠʚʘʷ ʘʢʪʠʚʘʮʠʠ INa(P) (ʈʠʩ. 5.1.2D) ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʈʠʩ. 5.1.2ɺ, ʧʨʠʙʣʠʞʝʥʥʦ ʦʧʠʩʳʚʘʣʘʩʴ 

ʢʨʠʚʦʡ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ: I/Imax = 1/{1 + exp[(V - Vh)/k]}, ʛʜʝ 

Vh(ʧʦʪʝʥʮʠʘʣ ʧʦʣʫʘʢʪʠʚʘʮʠʠ) = 18 ʤɺ, k (ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʢʣʦʥʘ) = 76.95. 

ʇʘʨʘʤʝʪʨ ʪʘʫ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʧʦʜʦʙʨʘʥʥʳʭ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʭʚʦʩʪʦʚʳʭ ʪʦʢʦʚ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣ ʜʝ-ʠʥʘʢʪʠʚʘʮʠʶ INa(P), ʢʦʪʦʨʘʷ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʤʘʣʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦʪʝʥʮʠʘʣʘ (ʈʠʩ. 5.1.2D). ʂʨʠʚʘʷ 

ʠʥʘʢʪʠʚʘʮʠʠ INa(P)  (ʈʠʩ. 5.1.2D),  ʙʘʟʠʨʦʚʘʚʰʘʷʩʷ ʥʘ ʪʠʧʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʈʠʩ. 5.1.2ɸ, ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʦʧʠʩʳʚʘʣʘʩʴ ʫʨʘʚʥʝʥʠʝʤ 

ɹʦʣʴʮʤʘʥʘ: I/Imax = 1/{1 + exp[(V - Vh)/k]} +ʉ, ʛʜʝ Vh(ʧʦʪʝʥʮʠʘʣ 

ʧʦʣʫʘʢʪʠʚʘʮʠʠ) = -46 ʤɺ, k (ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʢʣʦʥʘ) = 7.43, ʉ(ʢʦʥʩʪʘʥʪʘ, 

ʦʪʨʘʞʘʶʱʘʷ ʜʦʣʶ ʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʢʘʥʘʣʳ) = 

0.11. ʊʦʪ ʬʘʢʪ, ʯʪʦ ʚʝʣʠʯʠʥʘ C  ʙʦʣʴʰʝ ç0è ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʥʝʢʦʪʦʨʘʷ 

ʜʦʣʷ ʢʘʥʘʣʦʚ, ʧʨʦʚʦʜʷʱʠʭ INa(P), ʥʝ ʠʥʘʢʪʠʚʠʨʫʝʪʩʷ ʜʘʞʝ ʧʨʠ ʢʦʤʘʥʜʥʳʭ 

ʧʦʪʝʥʮʠʘʣʘʭ > -30 ʤɺ. 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ (ʩʨʝʜʥʝʝ I/Imax Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ), 

ʚʳʟʚʘʥʥʳʝ ʚʪʦʨʦʡ ʩʪʫʧʝʥʴʢʦʡ ʧʦʪʝʥʮʠʘʣʘ ʜʦ ʟʥʘʯʝʥʠʷ -60 ʤɺ ʚ ʪʠʧʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʥʦʛʦ ʥʘ ʈʠʩ. 5.1.2B, ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩ. 
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5.1.2ɽ. ɿʥʘʯʝʥʠʝ ʪʦʢʘ, ʧʦʣʫʯʝʥʥʦʝ ʧʦʩʣʝ 10-ʪʠ ʤʠʣʣʠʩʝʢʫʥʜʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʩʦʩʪʘʚʣʷʣʦ ~26% ʦʪ Imax, ʪʦʛʜʘ ʢʘʢ ʪʦʢ ʧʦʩʣʝ 70-ʪʠ ʤʠʣʣʠʩʝʢʫʥʜʥʦʛʦ 

ʧʨʝʠʤʧʫʣʴʩʘ ʩʦʩʪʘʚʣʷʣ ~95% ʦʪ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʙʝʟ ʧʨʝʠʤʧʫʣʴʩʘ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʙʳʩʪʨʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʩʣʝ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʦʡ ʠʥʘʢʪʠʚʘʮʠʠ. 

 

 

 

 

ʈʠʩ. 5.1.3. ʊʦʢ INa(P) ʥʝʡʨʦʥʘ CGC ʫ Lymnaea ʷʚʣʷʝʪʩʷ ʪʝʪʨʦʜʦʪʦʢʩʠʥ-

ʫʩʪʦʡʯʠʚʳʤ. (ɸ) ʉʝʤʝʡʩʪʚʘ ʪʦʢʦʚ INa(P) ʚ ʦʪʩʫʪʩʪʚʠʝ (ʢʦʥʪʨʦʣʴ) ʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 50 ʤʢʄ ʪʝʪʨʦʜʦʪʦʢʩʠʥʘ. (ɺ) ʉʪʘʮʠʦʥʘʨʥʳʝ ʘʤʧʣʠʪʫʜʳ INa(P) ʚ 

ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʪʝʪʨʦʜʦʪʦʢʩʠʥʦʤ ʧʨʝʧʘʨʘʪʘʭ. ɿʥʘʯʠʪʝʣʴʥʳʭ 

ʦʪʣʠʯʠʡ ʤʝʞʜʫ ʢʦʥʪʨʦʣʝʤ ʠ ʘʧʧʣʠʢʘʮʠʝʡ ʪʝʪʨʦʜʦʪʦʢʩʠʥʘ ʥʝ ʥʘʙʣʶʜʘʣʠ ʥʠ 

ʧʨʠ ʢʘʢʠʭ ʟʥʘʯʝʥʠʷʭ ʩʪʫʧʝʥʝʡ ʧʦʪʝʥʮʠʘʣʘ. 
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ʊʘʢʞʝ ʤʳ ʪʝʩʪʠʨʦʚʘʣʠ ʥʝʡʨʦʥʳ CGC ʚ ʨʝʞʠʤʝ ʬʠʢʩʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ 

ʥʘ ʧʨʝʜʤʝʪ ʧʨʠʩʫʪʩʪʚʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʚʦʟʨʦʞʜʘʶʱʝʛʦʩʷ (resurgent) ʪʦʢʘ, 

ʠʩʧʦʣʴʟʫʷ ʧʨʠʥʷʪʳʝ ʜʣʷ ʵʪʦʛʦ ʧʨʦʪʦʢʦʣʳ (Kiss, 2003; Raman and Bean, 

1997), ʥʦ ʥʠʢʘʢʠʭ ʩʚʠʜʝʪʝʣʴʩʪʚ ʝʛʦ ʧʨʠʩʫʪʩʪʚʠʷ ʧʦʣʫʯʝʥʦ ʥʝ ʙʳʣʦ (ʜʘʥʥʳʝ 

ʦʧʫʱʝʥʳ). 

 

5.1.2. INa(P) ̫ ʚʣʷʝʪʩʷ ʪʝʪʨʦʜʦʪʦʢʩʠʥ-ʫʩʪʦʡʯʠʚʳʤ. 

 

ʊʦʢ INa(P) ʘʢʪʠʚʠʨʫʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʧʦʪʝʥʮʠʘʣʘ, ʯʝʤ 

ʢʘʢʦʡ-ʣʠʙʦ ʜʨʫʛʦʡ ʪʦʢ ʥʝʡʨʦʥʘ CGC (Staras et al., 2002), ʠ ʵʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ  

ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʵʪʦʛʦ ʪʦʢʘ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ, ʩʚʦʙʦʜʥʦʤ ʦʪ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩ 

ʜʨʫʛʠʤʠ ʪʦʢʘʤʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʵʪʠʤ, ʤʳ ʪʝʩʪʠʨʦʚʘʣʠ ʫʩʪʦʡʯʠʚʦʩʪʴ INa(P) 

ʢ ʪʝʪʨʦʜʦʪʦʢʩʠʥʫ ʚ ʥʦʨʤʘʣʴʥʦʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ, ʠʟʤʝʨʷʷ 

ʩʪʘʮʠʦʥʘʨʥʳʝ ʪʦʢʠ, ʚʳʟʚʘʥʥʳʝ ʩʪʫʧʝʥʷʤʠ ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʫʜʝʨʞʠʚʘʝʤʦʛʦ 

ʟʥʘʯʝʥʠʷ -110 ʤɺ ʜʦ ʧʦʪʝʥʮʠʘʣʦʚ ʩʪʫʧʝʥʝʡ ʦʪ -85 ʜʦ ï 55 ʤɺ. ʇʨʠʤʝʨ ʪʦʢʘ, 

ʚʳʟʚʘʥʥʦʛʦ ʚ CGC ʥʘ ʬʦʥʝ 50 ʤʢʄ ʪʝʪʨʦʜʦʪʦʢʩʠʥʘ, ʧʨʠʚʝʜʝʥ ʥʘ ʈʠʩ. 5.1.3ɸ, 

ʘ ʫʩʨʝʜʥʝʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ -55 ʤɺ ʠ ʥʠʞʝ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩ. 

5.1.3B. ʇʦʩʪʦʷʥʥʳʡ ʥʘʪʨʠʝʚʳʡ ʪʦʢ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʪʝʪʨʦʜʦʪʦʢʩʠʥʫ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 50 ʤʢʄ (ʜʘʥʥʳʝ ʥʝ 

ʧʦʢʘʟʘʥʳ), ʧʦʜʪʚʝʨʞʜʘʷ ʧʨʝʜʳʜʫʱʠʝ ʥʘʙʣʶʜʝʥʠʷ (Staras et al., 2002). 

ʀʟʚʝʩʪʥʳʝ ʙʣʦʢʘʪʦʨʳ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ ʥʝʡʨʦʥʦʚ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʨʘʡʣʫʟʦʣ ʠ ʬʝʥʠʪʦʠʥ (ʥʘʧʨ. ʢʦʨʢʦʚʳʝ ʥʝʡʨʦʥʳ ʤʦʟʛʘ 

ʢʨʳʩʳ, Chao and Alzheimer, 1995; Urbani and Belluzzi, 2000) ʥʝ ʧʨʦʠʟʚʝʣʠ 

ʵʬʬʝʢʪʘ ʥʘ INa(P) ʫ CGC (n = 9 ʠ 4 ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʘʥʥʳʝ ʥʝ 

ʧʦʢʘʟʘʥʳ). 

 

5.1.3. INa(P) ʚʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʥʝʡʨʦʥʘ CGC. 

 

ʏʪʦʙʳ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʧʦʩʪʦʷʥʥʦʡ ʥʘʪʨʠʝʚʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ (ʪʦʢʘ INa(P)) ʥʘ ʚʝʣʠʯʠʥʫ ʟʥʘʯʝʥʠ ̫ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

CGC, ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪ,r ʚ ʢʦʪʦʨʳʭ Na
+
 ʚʦ ʚʥʝʰʥʝʤ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ ʟʘʤʝʥʷʣʠ ʥʘ ʠʦʥʳ Li
+
. ʀʟʚʝʩʪʥʦ, ʯʪʦ Li

+
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ʈʠʩ. 5.1.4. ʕʬʬʝʢʪ ʟʘʤʝʱʝʥʠʷ ʠʦʥʘ ʥʘʪʨʠʷ ʥʘ ʣʠʪʠʡ versus ʫʜʘʣʝʥʠʝ  ʥʘʪʨʠʷ ʠʟ 

ʬʠʟʨʘʩʪʚʦʨʘ ʥʘ ʩʧʘʡʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦʢʦʷ ʛʠʛʘʥʪʩʢʦʡ 

ʮʝʨʝʙʨʘʣʴʥʦʡ ʢʣʝʪʢʠ (CGC). (ɸ) ʂʦʛʜʘ ʚ ʨʘʩʪʚʦʨʝ Na+ ʟʘʤʝʩʪʠʣʠ ʥʘ Li+, 

ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ CGC ʩʪʘʣ ʥʝʤʥʦʛʦ ʛʠʧʝʨʧʦʣʷʨʠʟʦʚʘʥ (ɸi) ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʯʘʩʪʦʪʳ ʩʧʦʥʪʘʥʥʦʛʦ ʨʘʟʨʷʜʘ. (B) ɺ ʙʝʟʥʘʪʨʠʝʚʦʤ ʨʘʩʪʚʦʨʝ ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ 

CGC ʙʳʣ ʩʠʣʴʥʦ ʛʠʧʝʨʧʦʣʷʨʠʟʦʚʘʥ (Bii) ʩ ʧʦʣʥʳʤ ʧʨʝʢʨʘʱʝʥʠʝʤ ʩʧʦʥʪʘʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ (ʩʤ. ʪʘʢʞʝ Staras et al., 2002). ʄʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʙʳʣ ʟʥʘʯʠʪʝʣʴʥʦ 

(*, p < 0.05) ʙʦʣʝʝ ʛʠʧʝʨʧʦʣʷʨʠʟʦʚʘʥ ʚ ʙʝʟʥʘʪʨʠʝʚʦʤ ʨʘʩʪʚʦʨʝ, ʯʝʤ ʚ ʨʘʩʪʚʦʨʝ ʩ 

ʟʘʤʝʱʝʥʠʝʤ ʥʘ ʣʠʪʠʡ. (Ci) ɺʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ INa(P), ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ 

ʪʦʢʘʤ, ʠʟʤʝʨʝʥʥʳʤ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʠ ʚʳʟʚʘʥʥʳʤ ʩʪʫʧʝʥʷʤʠ ʧʦʪʝʥʮʠʘʣʘ 

ʦʪ ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ -110 ʤɺ ʜʦ ʟʥʘʯʝʥʠʡ ʦʪ -90 ʜʦ -55 ʤɺ ʜʦ (ʢʦʥʪʨʦʣʴ) ʠ 

ʧʦʩʣʝ ʟʘʤʝʱʝʥʠʷ ʥʘʪʨʠʷ ʣʠʪʠʝʤ. (Cii) ɺʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ INa(P), 

ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʪʦʢʘʤ, ʠʟʤʝʨʝʥʥʳʤ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʠ ʚʳʟʚʘʥʥʳʤ 

ʩʪʫʧʝʥʷʤʠ ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ -110 ʤɺ ʜʦ ʟʥʘʯʝʥʠʡ ʦʪ -90 ʜʦ -

55 ʤɺ ʜʦ (ʢʦʥʪʨʦʣʴ) ʠ ʧʦʩʣʝ ʟʘʤʝʱʝʥʠʷ ʥʘʪʨʠʷ ʥʘ N-ʤʝʪʠʣ-D-ʛʣʫʪʘʤʠʥ. 

 

ʙʣʦʢʠʨʫʝʪ Na-Ca ʦʙʤʝʥʥʠʢ (Iwamoto et al., 1999; Sheu et al., 1986), ʥʦ ʤʦʞʝʪ 

ʟʘʤʝʱʘʪʴ ʥʘʪʨʠʡ ʚ ʪʦʢʝ ʯʝʨʝʟ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʝ Na
+
 ʢʘʥʘʣʳ (Sakmann et 

al., 2000; Smith et al., 1975). ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʟʚʦʣʠʣʘ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ 

ʩʦʦʪʥʦʰʝʥʠʷ ʚʢʣʘʜʦʚ Na-Ca ʦʙʤʝʥʥʠʢʘ ʠ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʦʡ ʥʘʪʨʠʝʚʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʟʥʘʯʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ɿʘʤʝʥʘ ʠʦʥʦʚ Na
+
 ʥʘ Li

+ 
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ʚʳʟʚʘʣʘ ʥʝʙʦʣʴʰʫʶ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʶ (~6 ʤɺ) ʤʝʤʙʨʘʥʳ (ʤʝʤʙʨʘʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʜʦ ʟʘʤʝʥʳ, -58.6 Ñ 2.9 ʤɺ; ʧʦʩʣʝ ʟʘʤʝʥʳ, -64.3 Ñ 3.5 ʤɺ, ʧʘʨʥʳʡ t-

ʢʨʠʪʝʨʠʡ, p < 0.05, n = 5, ʈʠʩ. 5.1.4ɸi ʠ 5.1.Bi). ʊʘʢʞʝ, ʩʧʘʡʢʠ CGC 

ʩʪʘʥʦʚʠʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦ (ʧʘʨʥʳʡ t-ʢʨʠʪʝʨʠʡ, p < 0.05, n = 5) ʫʞʝ ʚ ʨʘʩʪʚʦʨʝ 

ʩ ʟʘʤʝʱʝʥʠʝʤ ʥʘ Li
+
 (ʜʘʥʥʳʝ ʦʧʫʱʝʥʳ), ʯʪʦ, ʦʯʝʚʠʜʥʦ, ʫʢʘʟʳʚʘʣʦ ʥʘ  

ʵʬʬʝʢʪ ʘʧʧʣʠʢʘʮʠʠ ʣʠʪʠʷ ʥʘ Na-Ca ʦʙʤʝʥʥʠʢʠ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʜʨʫʛʠʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʪʘʢʠʤʠ, ʢʘʢ ʤʣʝʢʦʧʠʪʘʶʱʠʝ (Janvier et al., 1997). ʋʜʘʣʝʥʠʝ Na
+
 

(ʙʝʟ ʟʘʤʝʥʳ ʥʘ Li
+
) ʚʳʟʳʚʘʣʦ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʶ (ʩʜʚʠʛ ʧʦʪʝʥʮʠʘʣʘ ʜʦ 30 ʤɺ) ʤʝʤʙʨʘʥʳ (ʤʝʤʙʨʘʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʜʦ ʟʘʤʝʥʳ, -57.8 Ñ 3.0; ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦʩʣʝ ʟʘʤʝʥʳ, -

85.8 Ñ 3.9, ʧʘʨʥʳʡ t-ʢʨʠʪʝʨʠʡ, p < 0.01, n = 5, ʈʠʩ. 5.1.4ɸii ʠ 5.1.Bii). ʊʦʛʜʘ 

ʢʘʢ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ ʦʩʪʘʚʘʣʩʷ ʘʢʪʠʚʥʳʤ ʠ ʧʦʩʣʝ ʟʘʤʝʱʝʥʠʷ ʥʘ Li
+
 (ʈʠʩ. 

5.1.4Ci), ʦʥ ʦʪʩʫʪʩʪʚʦʚʘʣ ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʝʛʦ Na
+
 ʚ ʨʘʩʪʚʦʨʝ (ʈʠʩ. 

5.1.4ɺii). ʕʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʟʚʦʣʠʣʠ ʥʘʤ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʭʦʪʷ Na-Ca 

ʦʙʤʝʥʥʠʢ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚʥʦʩʠʪ ʚʢʣʘʜ (ʜʦ 5 ʤɺ) ʚ ʟʥʘʯʝʥʠʝ 

ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʝʥ ʚʢʣʘʜ (ʦʢʦʣʦ 25 ʤɺ), ʧʦ ʚʩʝʡ 

ʦʯʝʚʠʜʥʦʩʪʠ, ʧʨʠʥʘʜʣʝʞʠʪ ʧʦʩʪʦʷʥʥʦʡ Na
+
 ʧʨʦʚʦʜʠʤʦʩʪʠ. ʕʪʘ 

ʧʨʦʚʦʜʠʤʦʩʪʴ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʥʝʠʥʘʢʪʠʚʠʨʫʝʤʳʤ 

ʥʘʪʨʠʝʚʳʤ ʪʦʢʦʤ INa(P)  ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʰʠʤʠ ʨʘʩʯʝʪʘʤʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʝʜʠʥʠʯʥʳʤ (1 ʥɸ) ʚʭʦʜʷʱʠʤ ʪʦʢʦʤ, ʧʨʦʪʝʢʘʶʱʠʤ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ 

CGC ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʤ ʠʟʤʝʥʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʉʨʝʜʥʝʝ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ CGC ʩʦʩʪʘʚʣʷʣʦ 27 Ñ 3.2 ʄOʤ (n = 7), ʠ 

ʧʦʵʪʦʤʫ ʜʝʧʦʣʷʨʠʟʫʶʱʝʝ ʩʤʝʱʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚ ʦʪʚʝʪ ʥʘ 1-ʥʘʥʦʤʧʝʨʥʳʡ 

ʚʭʦʜʷʱʠʡ ʪʦʢ ʩʦʩʪʘʚʠʪ ~30 ʤɺ. INa(P)  ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ~1 ʥɸ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʜʠʘʧʘʟʦʥʘ ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ -60 ʜʦ -90 ʤɺ (ʩʤ. ʈʠʩ. 5.1.1C), ʢʦʛʜʘ 

ʜʨʫʛʠʝ ʧʦʩʪʦʷʥʥʳʝ ʪʦʢʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʯʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ INa(P)  

ʤʦʞʝʪ ʚʥʦʩʠʪʴ ʚʢʣʘʜ ʧʦʨʷʜʢʘ 30 ʤɺ ʚ ʟʥʘʯʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

 

5.1.4. ʮɸʄʌ ʫʚʝʣʠʯʠʚʘʝʪ INa(P). 

 

ʇʨʝʜʳʜʫʱʠʝ ʨʘʙʦʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʪʦʷʥʥʳʝ ʥʘʪʨʠʝʚʳʝ ʪʦʢʠ 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʤʠʰʝʥʷʤʠ ʜʣʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ, 

ʚʢʣʶʯʘʷ ʧʫʪʴ ʧʨʦʪʝʠʥʢʠʥʘʟʳ C ʠ A (PKC ʠ PKA;  Astman et al., 1998; Carr et 

al., 2002; England  et al.,  1996; Franceschetti et al.,  2000; Gold et al., 1996; Saab 
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ʈʠʩ. 5.1.5. ʕʬʬʝʢʪ ʮɸʄʌ ʥʘ ʪʦʢ INa(P) ʫ ʥʝʡʨʦʥʘ CGC. (ɸ) ʀʟʦʣʠʨʦʚʘʥʥʘʷ ʩʦʤʘ 

ʥʝʡʨʦʥʘ CGC ʚ ʧʝʨʚʠʯʥʦʡ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʝ. B) ʉʚʝʨʭʫ: ʧʨʷʤʦʡ ʵʬʬʝʢʪ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʚʚʝʜʝʥʠʷ ʮɸʄʌ ʥʘ ʥʝʡʨʦʥ CGC. ʇʦʩʝʨʝʜʠʥʝ: ʵʬʬʝʢʪ ʧʨʦʪʦʢʦʣʘ 

ʠʥʲʝʢʮʠʠ ʪʦʢʘ ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʳ, ʚʦʩʧʨʦʠʟʚʦʜʷʱʝʛʦ ʧʨʷʤʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʵʬʬʝʢʪʳ (ʜʝʧʦʣʷʨʠʟʘʮʠʶ ʠ ʩʧʘʡʢʦʚʳʡ ʨʘʟʨʷʜ) ʠʥʲʝʢʮʠʠ ʮɸʄʌ ʚ ʪʦʪ ʞʝ CGC, 

ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʩʚʝʨʭʫ. ʉʥʠʟʫ: ʦʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʘ ʧʨʠ ʠʥʲʝʢʮʠʠ 

5ôɸʄʌ ʚ ʪʦʪ ʞʝ ʩʘʤʳʡ ʥʝʡʨʦʥ CGC. (C) ʊʠʧʠʯʥʳʝ ʟʘʧʠʩʠ ʪʦʢʘ, ʚʳʟʚʘʥʥʦʛʦ 

ʩʪʫʧʝʥʴʶ ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ -110 ʤɺ ʜʦ -55 ʤɺ ʚ 

ʠʥʲʝʮʠʨʦʚʘʥʥʳʭ ʮɸʄʌ ʠ ʢʦʥʪʨʦʣʴʥʳʭ CGC. (D) ʉʨʝʜʥʷʷ (Ñʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 

ʩʨʝʜʥʝʛʦ) ʩʪʘʮʠʦʥʘʨʥʘʷ ʘʤʧʣʠʪʫʜʘ ʫ INa(P) ʚʳʟʚʘʥʥʦʛʦ ʩʪʫʧʝʥʴʢʦʡ ʦʪ -110 ʤɺ ʜʦ -

55 ʤɺ ʫ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʥʝʡʨʦʥʦʚ CGC ʚʦʟʨʘʩʪʦʤ 1 ʜʝʥʴ ʯʝʨʝʟ 1.5 ʯʘʩʘ ʧʦʩʣʝ 
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ʠʥʲʝʢʮʠʠ ʮɸʄʌ, 5ôɸʄʌ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʠʥʲʝʮʠʨʦʚʘʥʥʳʭ ʪʦʢʦʤ, 

ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʤ ʧʨʷʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʮɸʄʌ (ʜʝʧʦʣʷʨʠʟʘʮʠʶ), ʠ 

ʥʝʠʥʲʝʮʠʨʦʚʘʥʥʳʝ. 

 

et al., 2003). ʀʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʘ ʧʦʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʮɸʄʌ ʥʘ ʧʦʩʪʦʷʥʥʳʡ Na
+
 ʪʦʢ ʚ CGC ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʚʥʝʰʥʝʛʦ ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʧʨʠʪʦʢʘ ʠ ʤʦʜʫʣʷʮʠʠ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤʠ, 

ʧʦʩʢʦʣʴʢʫ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʪʨʦʜʦʪʦʢʩʠʥ-ʫʩʪʦʡʯʠʚʳʡ 

ʥʘʪʨʠʝʚʳʡ ʪʦʢ ʥʝʡʨʦʥʦʚ DRG ʩʧʠʥʘʣʴʥʳʭ ʛʘʥʛʣʠʝʚ (ʢʦʪʦʨʳʡ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʜʦʙʝʥ INa(P) ʫ CGC) ʧʨʦʷʚʣʷʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʣʠʛʘʥʜʦʚ ʥʘʨʘʚʥʝ ʩ  ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʟʥʘʯʝʥʠʶ ʧʦʪʝʥʮʠʘʣʘ (Blum et al., 

2002). ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ INa(P)  ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʫ CGC ʪʦʣʴʢʦ ʥʘ 

ʠʥʪʘʢʪʥʳʭ ʮʝʨʝʙʨʘʣʴʥʳʭ ʛʘʥʛʣʠʷʭ ʠ ʎʅʉ, ʠ ʧʦʵʪʦʤʫ ʧʝʨʝʜ ʦʩʥʦʚʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʩ ʮɸʄʌ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʩʥʠʪʴ, ʤʦʞʝʪ ʣʠ ʵʪʦʪ ʪʦʢ 

ʚʳʷʚʣʷʪʴʩʷ ʥʘ ʧʦʣʥʦʩʪʴʶ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʦʤʝ. ʏʪʦʙʳ ʠʟʤʝʨʠʪʴ INa(P)  ʥʘ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ CGC (ʈʠʩ. 5.1.5ɸ), ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʪʦʢʦʣ ʘʢʪʠʚʘʮʠʠ 

ʩʪʫʧʝʥʷʤʠ ʧʦʪʝʥʮʠʘʣʘ, ʥʘʯʠʥʘʚʰʠʤʠʩʷ ʩ ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʧʦʪʝʥʮʠʘʣʘ -110 

ʤɺ ʜʦ ʫʨʦʚʥʝʡ ʦʪ -90 ʜʦ -25 ʤɺ ʩ ʰʘʛʦʤ 5 ʤɺ, ʠ ʠʟʤʝʨʷʣʠ ʧʠʢʦʚʦʝ ʟʥʘʯʝʥʠʝ 

ʪʦʢʘ ʚ CGC ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʦʪ 5 ʯʘʩʦʚ ʜʦ 1, 2 ʠ 3-ʭ ʜʥʝʡ ʧʦʩʣʝ 

ʠʟʦʣʷʮʠʠ (n = 7, 9, 8, 7 ʢʣʝʪʦʢ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʄʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ, ʭʦʪʷ ʚ 

ʩʨʝʜʥʝʤ ʧʠʢʦʚʦʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ ʚ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ CGC ʙʳʣʦ <10% ʦʪ ʝʝ ʟʥʘʯʝʥʠʷ ʚ ʮʝʣʦʤ ʤʦʟʛʝ, ʧʦʩʪʦʷʥʥʳʡ 

ʥʘʪʨʠʝʚʳʡ ʪʦʢ ʤʦʞʝʪ ʥʘʜʝʞʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 3-ʭ 

ʜʥʝʚʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʷ ʙʝʟ ʪʝʥʜʝʥʮʠʡ ʢ ʠʟʤʝʥʝʥʠʶ ʠʣʠ ʩʥʠʞʝʥʠʶ ʧʦ 

ʭʦʜʫ ʯʝʪʳʨʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʪʤʝʪʦʢ ʚʨʝʤʝʥʠ ʝʛʦ ʠʟʤʝʨʝʥʠʷ (ʜʘʥʥʳʝ ʥʝ 

ʧʦʢʘʟʘʥʳ, ANOVA, p < 0.05). 

ʏʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʵʬʬʝʢʪ ʮɸʄʌ ʥʘ ʚʥʫʪʨʝʥʥʠʡ ʪʦʢ INa(P)  ʫ CGC, ʤʳ 

ʠʥ̡ʝʮʠʨʦʚʘʣʠ ʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʝ CGC ʚʦʟʨʘʩʪʘ 1 ʜʝʥʴ 10 ʠʤʧʫʣʴʩʦʚ 

ʮɸʄʌ (ʈʠʩ. 5.1.5B, ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʧʠʧʝʪʢʝ 0.1 ʤʄ). ʂʘʢ ʢʦʥʪʨʦʣʴ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʲʝʢʮʠʶ 5ôɸʄʌ (ʥʝʘʢʪʠʚʥʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʮɸʄʌ) ʠʣʠ 

ʜʝʧʦʣʷʨʠʟʫʶʱʫʶ ʚʦʣʥʫ ʪʦʢʘ, ʚʦʩʧʨʦʠʟʚʦʜʷʱʝʛʦ ʧʨʷʤʦʡ ʜʝʧʦʣʷʨʠʟʫʶʱʠʡ 

ʬɻʬʝʢʪ ʮɸʄʌ (ʈʠʩ. 5.1.5B). ʄʳ ʠʟʤʝʨʷʣʠ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

CGC ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʫʧʝʥʝʡ ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ -

110 ʤɺ ʜʦ ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ -85 ʠ ʜʦ -55 ʤɺ ʯʝʨʝʟ 10 ʤʠʥ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ, ʠ 

ʜʘʣʝʝ ʯʝʨʝʟ 1, 1.5, 2.5 ʠ 24 ʯʘʩʦʚ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ ʮɸʄʌ ʠʣʠ ʢʦʥʪʨʦʣʴʥʦʛʦ 
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ʩʪʠʤʫʣʘ. ʄʳ ʦʙʥʘʨʫʞʠʣʠ ʮɸʄʌ-ʟʘʚʠʩʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ INa(P), 

ʢʦʪʦʨʦʝ ʧʨʦʷʚʣʷʣʦʩʴ ʚ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ 10 ʤʠʥ ʠ 1 ʯʘʩʦʤ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ ʠ 

ʜʣʠʣʦʩʴ ʙʦʣʝʝ 24 ʯʘʩʦʚ. ʅʘ ʈʠʩ. 5.1.5ʉ ʧʨʠʚʝʜʝʥʳ ʪʠʧʠʯʥʳʝ ʪʦʢʦʚʳʝ ʦʪʚʝʪʳ 

ʥʘ ʩʪʫʧʝʥʴʢʫ ʦʪ -110 ʤɺ ʜʦ -55 ʤɺ ʫ ʥʝʠʥʲʝʮʠʨʦʚʘʥʥʳʭ, ʠʥʲʝʮʠʨʦʚʘʥʥʳʭ 

5ôɸʄʌ,  ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʠ ʠʥʲʝʮʠʨʦʚʘʥʥʳʭ ʮɸʄʌ ʥʝʡʨʦʥʦʚ CGC. ʏʝʨʝʟ 

1.5 ʯʘʩʘ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ ʘʤʧʣʠʪʫʜʘ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ ʚ 

ʠʥʲʝʮʠʨʦʚʘʥʥʳʭ ʮɸʄʌ ʢʣʝʪʢʘʭ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ 

ʢʦʥʪʨʦʣʴʥʳʭ CGC, ʠʥʲʝʮʠʨʦʚʘʥʥʳʭ 5ôɸʄʌ, ʫ ʜʝʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ (ʈʠʩ. 5D, n = 5 ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ, ANOVA, p < 0.05, ʢʨʠʪʝʨʠʡ 

ʊʴʶʢʠ, p < 0.05) ʠʣʠ ʫ ʥʝʠʥʲʝʮʠʨʦʚʘʥʥʳʭ CGC (ʈʠʩ. 5D, n = 7, ʢʨʠʪʝʨʠʡ 

ʊʴʶʢʠ, p < 0.05).  ʇʨʘʢʪʠʯʝʩʢʠ, ʧʦʜʦʙʥʳʡ ʞʝ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʨʘʥʝʝ ʧʦʣʫʯʝʥ 

ʜʣʷ 1 ʯʘʩʘ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ (ʜʘʥʥʳʝ ʥʝ ʧʦʢʘʟʘʥʳ,  ANOVA, p < 0.05, 

ʢʨʠʪʝʨʠʡ ʊʴʶʢʠ, p < 0.05). ʅʘ 10-ʫʶ ʤʠʥʫʪʫ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ ʮɸʄʌ 

ʘʤʧʣʠʪʫʜʘ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ (-0.15 Ñ 0.02 ʥɸ, n = 5) ʜʦʩʪʦʚʝʨʥʦ 

ʥʝ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʙʘʟʦʚʦʡ ʘʤʧʣʠʪʫʜʳ, ʠʟʤʝʨʝʥʥʦʡ ʫ ʥʝʠʥʲʝʮʠʨʦʚʘʥʥʳʭ 

ʢʦʥʪʨʦʣʴʥʳʭ CGC (-0.2 Ñ 0.05 ʥɸ, n = 7), ʦʪ ʠʥʲʝʮʠʨʦʚʘʥʥʳʭ 5ôɸʄʌ ʠʣʠ 

ʜʝʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ (n = 6 ʠ 7 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʘʥʥʳʝ ʥʝ 

ʧʦʢʘʟʘʥʳ, ANOVA, P = 0.35). ʅʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ CGC ʚʦʟʨʘʩʪʘ ʦʜʠʥ ʜʝʥʴ 

ʧʦʩʣʝ ʠʟʦʣʷʮʠʠ ʥʘʤ ʫʜʘʣʦʩʴ ʧʦʚʪʦʨʥʦ ʟʘʧʫʩʪʠʪʴ ʩʪʫʧʝʥʯʘʪʳʡ ʧʨʦʪʦʢʦʣ 

ʯʝʨʝʟ 2.5 ʯʘʩʘ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ ʠ ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ ʮɸʄʌ. ɺ 

ʢʘʞʜʦʤ ʠʟ ʵʪʠʭ ʩʣʫʯʘʝʚ ʘʤʧʣʠʪʫʜʘ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ ʙʳʣʘ 

ʧʦʚʳʰʝʥʘ (-0.5, -0.3 ʠ -0.5 ʥɸ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʝʡ 

ʙʘʟʦʚʦʡ ʣʠʥʠʝʡ ʘʤʧʣʠʪʫʜʳ, ʠʟʤʝʨʝʥʥʦʡ ʫ ʥʝʠʥʲʝʮʠʨʦʚʘʥʥʳʭ CGC (-0.2 nA). 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʥʲʝʢʮʠʝʡ ʮɸʄʌ ʥʘ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʝ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʥʝʡʨʦʥʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʚʥʫʪʨʝʥʥʝ ʧʨʠʩʫʱʠʡ 

CGC ʧʦʩʪʦʷʥʥʳʡ ʥʘʪʨʠʝʚʳʡ ʪʦʢ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʝʥ 

ʮʠʢʣʠʯʝʩʢʠʤ ɸʄʌ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʜʠʘʧʘʟʦʥʝ, 

ʙʣʠʟʢʦʤ ʢ ʟʥʘʯʝʥʠʷʤ ʧʦʪʝʥʮʠʘʣʘ CGC ʚ ʠʥʪʘʢʪʥʦʤ ʤʦʟʛʝ (-60 ʤɺ; Staras et 

al., 2002). ʕʪʦ ʪʘʢʞʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʠʥʲʝʢʮʠʝʡ 

ʮɸʄʌ ʚ CGC ʚ ʠʥʪʘʢʪʥʦʤ ʮʝʨʝʙʨʘʣʴʥʦʤ ʛʘʥʛʣʠʠ (n = 3), ʛʜʝ ʙʳʣʦ ʪʘʢʞʝ 

ʧʦʢʘʟʘʥʦ ʜʣʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ INa(P) (ʜʘʥʥʳʝ ʥʝ ʧʦʢʘʟʘʥʳ). 

ʏʪʦʙʳ ʚʳʷʚʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʵʬʬʝʢʪʳ ʫʚʝʣʠʯʝʥʠʷ INa(P) ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ CGC ʚ ʝʛʦ ʥʦʨʤʘʣʴʥʦʤ ʥʝʡʨʦʭʠʤʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ, ʤʳ 

ʠʥʲʝʮʠʨʦʚʘʣʠ ʮɸʄʌ ʠʣʠ 5ôɸʄʌ ʚ CGC ʥʘ ʧʨʝʧʘʨʘʪʘʭ ʠʥʪʘʢʪʥʦʡ  
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 ʈʠʩ. 5.1.6. ʕʬʬʝʢʪ ʮɸʄʌ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʩʠʥʘʧʪʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ CGC. (ɸi) ʇʨʠʤʝʨ ʨʝʛʠʩʪʨʘʮʠʠ CGC ʩ ʚʳʨʘʞʝʥʥʦʡ ʧʘʯʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʯʝʨʝʟ 1 ʯʘʩ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ ʮɸʄʌ. (ɸii) ʇʨʠʤʝʨ ʨʝʛʠʩʪʨʘʮʠʠ 

CGC ʯʝʨʝʟ ʯʘʩ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ 5ôɸʄʌ ʩ ʥʦʨʤʘʣʴʥʦʡ ʪʦʥʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. (B) ʀʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʞʜʫ 10 ʤʠʥ ʠ ʦʜʥʠʤ ʯʘʩʦʤ 

ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ (ʮɸʄʌ, n = 8; 5ôɸʄʌ, n = 8) ʠ ʥʝʠʥʲʝʮʠʨʦʚʘʥʥʳʤʠ 

ʢʦʥʪʨʦʣʷʤʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤʠ ʚ ʪʝʭ ʞʝ ʚʨʝʤʝʥʥʳʭ ʪʦʯʢʘʭ (n = 6). 

ʋʤʝʥʴʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʢʣʝʪʢʘʭ, ʠʥʲʝʮʠʨʦʚʘʥʥʳʭ ʮɸʄʌ, ʙʳʣʦ 

ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʠʥʲʝʮʠʨʦʚʘʥʥʳʭ 5ôɸʄʌ ʠʣʠ ʥʝʠʥʲʝʮʠʨʦʚʘʥʥʳʭ 

ʢʦʥʪʨʦʣʝʡ (ANOVA, p < 0.05; ʢʨʠʪʝʨʠʡ ʊʴʶʢʠ, p < 0.05). (C) ʀʟʤʝʥʝʥʠʝ 

ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʤʝʞʜʫ 10 ʤʠʥ ʠ ʦʜʥʠʤ ʯʘʩʦʤ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ 

(ʮɸʄʌ, n = 8; 5ôɸʄʌ, n = 8) ʠ ʥʝʠʥʲʝʮʠʨʦʚʘʥʥʳʤʠ ʢʦʥʪʨʦʣʷʤʠ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤʠ ʚ ʪʝʭ ʞʝ ʚʨʝʤʝʥʥʳʭ ʪʦʯʢʘʭ (n = 6). ɼʝʧʦʣʷʨʠʟʘʮʠʷ ʫ 

ʢʣʝʪʦʢ, ʠʥʲʝʮʠʨʦʚʘʥʥʳʭ ʮɸʄʌ, ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʨʘʞʝʥʘ, ʯʝʤ ʫ 

ʠʥʲʝʮʠʨʦʚʘʥʥʳʭ 5ôɸʄʌ ʠʣʠ ʥʝʠʥʲʝʮʠʨʦʚʘʥʥʳʭ ʢʦʥʪʨʦʣʝʡ (ANOVA, p < 
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0.05; ʢʨʠʪʝʨʠʡ ʊʴʶʢʠ, p < 0.05). (Di) ʉʦʚʤʝʩʪʥʦ ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ ʥʝʡʨʦʥʳ 

CGC ʠ B1. (Dii) ʇʨʠʤʝʨ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʚʳʟʚʘʥʥʳʤʠ ʧʫʪʝʤ ʠʥʠʮʠʘʮʠʠ 

ʩʧʘʡʢʘ ʚ CGC ʚʦʟʙʫʞʜʘʶʱʠʤʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ (ɺʇʉʇ) 

ʫ B1 ʜʦ ʠ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ ʮɸʄʌ ʚ CGC (*, ʧʘʨʥʳʡ t-ʢʨʠʪʝʨʠʡ, p < 0.05). 

 

ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʎʅʉ, ʠ ʯʝʨʝʟ 1 ʯʘʩ ʩʨʘʚʥʠʚʘʣʠ ʧʘʪʪʝʨʥ ʨʘʟʨʷʜʦʚ, ʚʭʦʜʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʟʥʘʯʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩ ʥʝʠʥʲʝʮʠʨʦʚʘʥʥʳʤ 

ʢʦʥʪʨʦʣʝʤ. ʕʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʝʨʝʢʣʶʯʝʥʠʝ ʦʪ 

ʪʦʥʠʯʝʩʢʦʡ ʩʧʦʥʪʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢ ʩʧʦʥʪʘʥʥʳʤ ʧʘʯʝʯʥʳʤ ʨʘʟʨʷʜʘʤ (ʈʠʩ. 

5.1.6ɸ), ʩʥʠʞʝʥʠʝ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʈʠʩ. 5.1.6B) ʠ ʜʝʧʦʣʷʨʠʟʘʮʠʶ 

ʤʝʤʙʨʘʥʳ (ʈʠʩ. 5.1.6C) ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʠʥʲʝʢʮʠʠ ʮɸʄʌ ʚ CGC. 

ʍʦʪʷ ʚʩʝ CGC, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ (n = 22) 

ʠʟʥʘʯʘʣʴʥʦ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʪʦʥʠʯʝʩʢʠʡ ʪʠʧ ʩʧʦʥʪʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 

ʧʨʝʧʘʨʘʪʘʭ ʠʥʪʘʢʪʥʦʡ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʎʅʉ (Staras et al., 2002) ʯʝʨʝʟ 1 ʯʘʩ 

ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ ʙʦʣʴʰʠʥʩʪʚʦ CGC ʚ ʛʨʫʧʧʝ ʠʥʲʝʮʠʨʦʚʘʥʥʦʡ ʮɸʄʌ (6 ʠʟ 8)  

ʧʨʦʷʚʠʣʠ ʭʘʨʘʢʪʝʨʥʫʶ ʧʘʯʝʯʥʫʶ ʘʢʪʠʚʥʦʩʪʴ (ʧʨʠʤʝʨ ʥʘ ʈʠʩ. 5.1.6ɸi). ʅʠ 

ʦʜʠʥ ʠʟ ʢʦʥʪʨʦʣʴʥʳʭ CGC, ʠʥʲʝʮʠʨʦʚʘʥʥʳʭ 5ôɸʄʌ (n = 8, ʧʨʠʤʝʨ ʥʘ ʈʠʩ. 

5.1.6ɸii) ʠʣʠ ʥʝʠʥʲʝʮʠʨʦʚʘʥʥʳʭ CGC (n = 6, ʧʨʠʤʝʨ ʦʧʫʱʝʥ) ʥʝ 

ʧʝʨʝʢʣʶʯʠʣʩʷ ʩ ʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʧʘʯʝʯʥʳʝ ʨʘʟʨʷʜʳ (ʪʝʩʪ ɢ
2
, p < 

0.05). 

ɺʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʧʨʦʜʦʣʞʝʥʠʝ ʦʜʥʦʯʘʩʦʚʦʛʦ ʧʝʨʠʦʜʘ ʧʦʩʣʝ 

ʠʥʲʝʢʮʠʠ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʣʦʩʴ ʫ CGC, ʠʥʲʝʮʠʨʦʚʘʥʥʳʭ ʮɸʄʌ (n = 8), 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʠʥʲʝʮʠʨʦʚʘʥʥʳʤʠ (n = 6, ANOVA, p < 0.05; ʢʨʠʪʝʨʠʡ 

ʊʴʶʢʠ, p < 0.05, ʈʠʩ. 5.1.6B). ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʪʘʢʞʝ ʩʪʘʥʦʚʠʣʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʳʤ ʫ CGC, 

ʠʥʲʝʮʠʨʦʚʘʥʥʳʭ ʮɸʄʌ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʝʪʢʘʤʠ, ʠʥʲʝʮʠʨʦʚʘʥʥʳʤʠ 

5ôɸʄʌ ʠʣʠ ʥʝʠʥʲʝʮʠʨʦʚʘʥʥʳʤ ʢʦʥʪʨʦʣʝʤ (ANOVA, p < 0.05; ʢʨʠʪʝʨʠʡ 

ʊʴʶʢʠ, p < 0.05, ʈʠʩ. 5.1.6C). ʇʦʜʦʙʥʦ ʘʤʧʣʠʪʫʜʝ INa(P), ʠʟʤʝʨʝʥʥʦʡ ʚ ʥʘʰʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʬʠʢʩʘʮʠʝʡ ʧʦʪʝʥʮʠʘʣʘ, ʥʠ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ,  ʥʠ 

ʟʥʘʯʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʝ ʨʘʟʣʠʯʘʣʠʩʴ ʩʨʝʜʠ ʪʨʝʭ ʛʨʫʧʧ, ʧʨʠ 

ʠʟʤʝʨʝʥʠʷʭ ʯʝʨʝʟ 10 ʤʠʥ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ (ANOVA, P > 0.05). ʕʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚʳʟʚʘʥʥʳʝ ʮɸʄʌ ʠʟʤʝʥʝʥʠʷ ʚ INa(P) ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘʭ ʤʝʤʙʨʘʥʳ CGC ʨʘʟʚʠʚʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ.  
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ɺ ʦʪʜʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʳ ʧʨʦʚʝʨʠʣʠ, ʤʦʞʝʪ ʣʠ ʠʥʲʝʢʮʠʷ ʮɸʄʌ 

ʪʘʢʞʝ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ CGC ʚ ʪʦʤ ʞʝ 

ʚʨʝʤʝʥʥʦʤ ʦʢʥʝ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʫʚʝʣʠʯʝʥʠʝ INa(P) ʧʘʨʘʣʣʝʣʴʥʦ ʩ 

ʦʧʠʩʘʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʪʦʡ ʢʣʝʪʢʠ. ʅʝʡʨʦʥ CGC 

ʩʦʚʤʝʩʪʥʦ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ (n = 5) ʩ ʝʛʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʠʰʝʥʴʶ, ʤʦʪʦʥʝʡʨʦʥʦʤ B1 (ʈʠʩ. 5.1.6Di). ɼʘʣʝʝ, 

ʩʨʘʚʥʠʚʘ ̫ ʘʤʧʣʠʪʫʜʳ ʚʦʟʙʫʞʜʘʶʱʠʭ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ 

(ɺʇʉʇ) ʚʳʟʚʘʥʥʳʭ ʜʦ ʠʥʲʝʢʮʠʠ ʮɸʄʌ ʠ 1 ʯʘʩ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ ʚ ʢʣʝʪʦʯʥʫʶ 

ʩʦʤʫ CGC (ʈʠʩ. 5.1.6Dii) , ʤ  r ʦʙʥʘʨʫʞʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚ 

ʘʤʧʣʠʪʫʜʝ ɺʇʉʇ, ʚʳʟʳʚʘʝʤʳʭ CGC ʚ B1 (ʧʘʨʥʳʡ t- ʢʨʠʪʝʨʠʡ, p < 0.05, ʈʠʩ. 

5.1.6Diii)  ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ ʮɸʄʌ. 

 

5.2. ʈʦʣʴ ʦʪʩʪʘʚʣʝʥʥʦʡ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʪʦʷʥʥʘʷ 

ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ ʥʝʡʨʦʥʘʣʴʥʘʷ  ʧʣʘʩʪʠʯʥʦʩʪʴ ʚʦʟʥʠʢʘʝʪ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ, ʠ, 

ʢʘʢ ʠ ʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ. ʇʦʢʘ ʦʩʪʘʝʪʩʷ ʥʝʠʟʚʝʩʪʥʳʤ, ʢʘʢʦʡ ʠʤʝʥʥʦ ʚʢʣʘʜ 

ʚʥʦʩʠʪ ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʚ ʠʟʤʝʥʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ, ʥʘʧʨʷʤʫʶ ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʥʝʰʥʝʝ ʧʨʦʷʚʣʝʥʠʝ ʧʘʤʷʪʠ ʚ ʧʦʚʝʜʝʥʠʠ. 

ʆʙʲʷʩʥʝʥʠʝ ʪʦʛʦ, ʢʘʢ ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʪʨʘʥʩʣʠʨʫʝʪʩʷ ʚ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ ʠʟʤʝʥʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ, 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʦʙʫʯʝʥʠʷ ʠ ʧʘʤʷʪʠ. 

ʀʩʧʦʣʴʟʫʷ ʧʘʨʘʜʠʛʤʫ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʫʩʣʦʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ ʦʜʥʦʛʦ 

ʧʨʝʜʲʷʚʣʝʥʠʷ ʚʤʝʩʪʝ ʩ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ, ʠ ʦʧʪʠʯʝʩʢʫʶ 

ʨʝʛʠʩʪʨʘʮʠʶ ʢʘʣʴʮʠʷ ʠ ʧʦʪʝʥʮʠʘʣʘ, ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠ̫ ʢʣʝʪʦʯʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʚʳʟʚʘʥʥʳʝ ʦʙʫʯʝʥʠʝʤ ʥʝʩʠʥʘʧʪʠʯʝʩʢʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʥʝʡʨʦʥʘʣʴʥʦʡ ʩʦʤʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʜʘʣʝʢʦ ʦʪ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ, ʧʝʨʝʭʦʜʷʪ ʚ ʵʬʬʝʢʪʳ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʥʘ ʫʨʦʚʥʝ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ ʠ ʩʠʥʘʧʩʦʚ. ʄʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʧʦʩʣʝ ʫʩʣʦʚʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʩ ʦʜʥʦʛʦ ʧʨʝʜʲʷʚʣʝʥʠʷ ʫ ʫʣʠʪʦʢ Lymnaea stagnalis 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʦʜʫʣʷʪʦʨʥʳʝ ʥʝʡʨʦʥʳ, ʷʚʣʷʶʱʠʝʩʷ ʚʥʝʰʥʠʤʠ ʧʦ 
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ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʛʝʥʝʨʘʪʦʨʘ ʧʠʱʝʚʦʛʦ ʨʠʪʤʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʧʦʩʪʦʷʥʥʫʶ ʜʝʧʦʣʷʨʠʟʘʮʠʶ ʤʝʤʙʨʘʥʳ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʤʝʞʜʫ 16-  ʁʠ 24-

ʤ ̫ʯʘʩʘʤʠ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ. ʕʪʦʪ ʵʬʬʝʢʪ ʦʪʩʪʘʚʣʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʥʥʝʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠ ̫ ʧʘʤʷʪʠ, ʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦ ʚʨʝʤʝʥʠ ʩʪʘʥʦʚʣʝʥʠʶ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʣʝʜʘ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ. ʇʦʩʪʦʷʥʥʳʝ 

ʥʝʩʠʥʘʧʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʠ ʷʚʣʷʶʪʩʷ 

ʚʥʝʰʥʠʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʠʥʘʧʪʠʯʝʩʢʠʤ ʷʚʣʝʥʠʷʤ, ʧʨʦʠʩʭʦʜʷʱʠʤ ʚʥʫʪʨʠ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʚʦ ʚʨʝʤʷ ʛʝʥʝʨʘʮʠʠ ʦʪʚʝʪʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪɹʁ, ʦʪʚʝʪʩʪʚʝʥʥʦʡ 

ʟʘ ʧʠʱʝʚʦʝ ʧʦʚʝʜʝʥʠʝ ʠ ʛʝʥʝʨʘʮʠʶ ʧʠʱʝʚʦʛʦ ʞʝʚʘʪʝʣʴʥʦʛʦ ʨʠʪʤʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʘʥʠʧʫʣʷʮʠʡ ʩ ʤʝʤʙʨʘʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʢʘʣʴʮʠʝʚʳʤ ʠʤʘʜʞʠʥʛʦʤ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ ʥʦʚʦʛʦ 

ʤʝʭʘʥʠʟʤʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʦʤʘʪʠʯʝʩʢʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʚʥʝʰʥʝʛʦ 

ʤʦʜʫʣʷʪʦʨʥʦʛʦ ʥʝʡʨʦʥʘ ʟʘʧʫʩʢʘʝʪ ʚʥʫʪʨʠʩʝʪʝʚʳʝ ʠʥʪʝʨʥʝʡʨʦʥʳ ʢʦʤʘʥʜʥʦʛʦ 

ʪʠʧʘ, ʚʢʣʶʯʘʶʱʠʝ ʚʠʜʦʠʟʤʝʥʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʚʳʨʘʙʦʪʘʥʥʦʝ ʦʙʫʯʝʥʠʝʤ. 

ʄʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʚʦ ʚʥʝʰʥʝʤ 

ʤʦʜʫʣʷʪʦʨʥʦʤ ʥʝʡʨʦʥʝ ʦʪʨʘʞʘʝʪ ʩʣʝʜ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʵʢʩʧʨʝʩʩʠʨʦʚʘʪʴʩʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʧʘʤʷʪʠ.  

ʉʝʡʯʘʩ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʧʨʠʟʥʘʥʦ, ʯʪʦ ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ 

ʧʣʘʩʪʠʯʥʦʩʪʴ, ʥʘʨʷʜʫ ʩ ʩʠʥʘʧʪʠʯʝʩʢʦʡ, ʷʚʣʷʝʪʩʷ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ (Giese et al., 2001; Debanne et al., 2003; Zhang and 

Linden, 2003; Magee and Johnston, 2005). ʍʦʪʷ ʝʩʪʴ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ 

ʜʦʩʪʫʧʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʷʚʣʝʥʠʠ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʢʘʢ 

ʨʝʟʫʣʴʪʘʪʘ  ʥʝʡʨʦʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʦʙʫʯʝʥʠʠ, ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ 

ʠʟʚʝʩʪʥʦ ʦ ʪʦʤ, ʢʘʢ ʩ ʝʝ ʧʦʤʦʱʴʶ ʧʦʷʚʣʷʝʪʩ ̫ ʧʦʩʪʦʷʥʥʦʝ ʠʟʤʝʥʝʥʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ. ɺ ʢʦʥʪʝʢʩʪʝ ʥʝʩʠʥʘʧʪʠʯʝʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʝʩʪʴ 

ʚʘʞʥʳʝ ʚʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ ʧʦʣʦʞʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʦʩʪʦʷʥʩʪʚʘ 

ʥʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʪʥʦʰʝʥʠʡ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʚʳʭʦʜʘ, ʥʘ ʢʦʪʦʨʳʝ ʧʦʢʘ ʥʝ 

ʥʘʡʜʝʥʦ ʦʪʚʝʪʘ. ʄʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʵʪʠ ʚʘʞʥʳʝ ʧʨʦʙʣʝʤʳ, ʠʩʩʣʝʜʫʷ ʧʨʠʤʝʨ 

ʚʳʟʚʘʥʥʦʡ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ (ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʩʦʤʳ ʥʝʡʨʦʥʘ), 

ʚʳʟʚʘʥʥʦʡ ʠʟʤʝʥʝʥʠʷʤʠ ʧʨʠ ʦʙʫʯʝʥʠʠ, ʚʨʝʤ ̫ ʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪ ɹʩʦʭʨʘʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʘ 

ʩʠʥʘʧʪʠʯʝʩʢʠ ʘʢʪʠʚʠʨʫʝʤʳʝ ʵʬʬʝʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʥʘ ʤʦʜʝʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʤʦʣʣʶʩʢʘ ʩ ʭʦʨʦʰʦ ʦʪʩʣʝʞʠʚʘʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ 
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ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ (Zhang and 

Linden, 2003), ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ ʤʳ ʠʩʧʦʣʴʟʫʝʤ 

ʧʘʨʘʜʠʛʤʫ ʦʙʫʯʝʥʠʷ ʫʩʣʦʚʥʦʤʫ ʧʠʱʝʚʦʤʫ ʨʝʬʣʝʢʩʫ ʩ ʦʜʥʦʛʦ ʧʨʝʜʲʷʚʣʝʥʠʷ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʪʦʯʥʳʡ ʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʟ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ 

ʥʘ ʨʘʟʥʳʭ ʚʨʝʤʝʥʥʳʭ ʦʪʨʝʟʢʘʭ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʠ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ 

ʩʦʦʪʥʝʩʝʥʠʝ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʵʪʘʧʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʘʤʷʪʠ ʥʘ ʧʦʚʝʜʝʥʯʝʩʢʦʤ ʠ ʥʝʡʨʦʥʘʣʴʥʦʤ ʫʨʦʚʥʷʭ. ʊʘʢʦʡ ʘʥʘʣʠʟ ʙʳʣ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʝʥ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʧʦ ʧʠʱʝʚʦʤʫ ʦʙʫʯʝʥʠʶ ʥʘ 

ʩʠʩʪʝʤʘʭ ʤʦʣʣʶʩʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʜʠʛʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ 

ʧʨʝʜʲʷʚʣʝʥʠʷ (Brembs et al., 2002; Jones et al., 2003; Lorenzetti et al., 2006). 

ɹʦʣʝʝ ʪʦʛʦ, ʤʳ ʚʳʜʝʣʠʣʠ ʚʳʟʚʘʥʥʳʝ ʦʙʫʯʝʥʠʝʤ ʠʟʤʝʥʝʥʠʷ ʚ ʥʝʡʨʦʥʝ, 

ʷʚʣʷʶʱʠʤʩʷ ʚʥʝʰʥʠʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʩʝʪʠ, ʥʘʧʨʷʤʫʶ 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʛʝʥʝʨʘʮʠʶ ʫʩʣʦʚʥʦʛʦ ʠ ʙʝʟʫʩʣʦʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʠʩʩʣʝʜʦʚʘʪʴ ʚʢʣʘʜ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ 

ʫʩʣʦʚʥʳʡ ʦʪʚʝʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʘʢʠʭ-ʣʠʙʦ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʧʦʷʚʠʪʴʩʷ ʚ ʩʝʪʠ, ʛʝʥʝʨʠʨʫʶʱʝʡ ʧʦʚʝʜʝʥʠʝ. ɺ ʜʨʫʛʠʭ 

ʧʨʠʤʝʨʘʭ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ 

ʧʦʷʚʣʷʝʪʩʷ ʚ ʥʝʡʨʦʥʘʭ, ʥʘʧʨʷʤʫʶ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʛʝʥʝʨʘʮʠʠ ʢʘʢ ʫʩʣʦʚʥʦʛʦ 

ʪʘʢ ʠ ʙʝʟʫʩʣʦʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ,  ʟʘʪʨʫʜʥʷʷ ʨʘʟʜʝʣʝʥʠʝ ʥʝʟʘʚʠʩʠʤʳʭ ʚʢʣʘʜʦʚ 

ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʠʟʤʝʥʝʥʥʳʡ ʚʳʭʦʜ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (Jones et al., 2003; Lorenzetti et al., 2006; Evans and Cropper, 

1998; McCrohan and Benjamin, 1980; Kemenes et al., 2001; Plummer and Krik , 

1990). 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʥʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ  ʚʥʝʰʥʠʝ ʤʦʜʫʣʷʪʦʨʥʳʝ ʥʝʡʨʦʥʳ, ʠʟʚʝʩʪʥʳʝ ʫ 

Lymnaea ʢʘʢ ʛʠʛʘʥʪʩʢʠʝ ʮʝʨʝʙʨʘʣʴʥʳʝ ʢʣʝʪʢʠ (CGC, cerebral giant cell, ʈʠʩ. 

5.2.1ɸ). ʕʪʠ ʧʘʨʥʳʝ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʝ ʢʣʝʪʢʠ ʠ ʠʭ ʛʦʤʦʣʦʛʠ ʫ ʜʨʫʛʠʭ 

ʤʦʣʣʶʩʢʦʚ (ʪ.ʝ. Aplysia, Kupfermann and Weiss, 1982) ʠʛʨʘʶʪ 

ñʨʘʟʨʝʰʘʶʱʫʶò ʨʦʣʴ ʚ ʧʠʱʝʚʦʤ ʧʦʚʝʜʝʥʠʠ (Yeoman et al., 1994a; Yeoman et 

al., 1994b; ʈʠʩ. 5.2.1B) ʥʦ ʥʝ ʫʯʘʩʪʚʫʶʪ ʥʘʧʨʷʤʫʶ ʚ ʛʝʥʝʨʘʮʠʠ ʧʠʱʝʚʦʛʦ 

ʤʦʪʦʨʥʦʛʦ ʧʘʪʪʝʨʥʘ ʞʝʚʘʥʠʷ (Yeoman et al.,1994a; Yeoman et al., 1994b; 

McCrohan and Benjamin, 1980; Straub and Benjamin, 2001). ʇʨʦʠʟʚʦʜʷ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘ ʧʦʣʫʠʥʪʘʢʪʥʳʭ ʧʨʝʧʘʨʘʪʘʭ (ʈʠʩ. 5.2.1C), 

ʤʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʫ ʞʠʚʦʪʥʳʭ, ʢʦʪʦʨʳʤ ʜʘʚʘʣʠ ʝʜʠʥʠʯʥʦʝ 
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ʩʦʯʝʪʘʥʠʝ ʘʤʠʣ-ʘʮʝʪʘʪʘ (ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ, ʋʉ) ʩ ʩʘʭʘʨʦʟʦʡ (ʙʝʟʫʩʣʦʚʥʳʡ 

ʩʪʠʤʫʣ, ɹʉ), ʥʝʡʨʦʥʳ CGC ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʧʦʟʠʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ 

ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʯʝʤ CGC ʥʝʩʦʯʝʪʘʥʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ. 

ɼʝʧʦʣʷʨʠʟʘʮʠʠ CGC ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʦʪʚʝʪ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ ʥʘ ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ, ʠ ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ ʫʞʝ ʧʦʷʚʣʷʣʦʩʴ ʤʝʞʜʫ 16 ʠ 24 

ʯʘʩʘʤʠ ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʦʙʫʩʣʘʚʣʠʚʘʥʠʷ, ʦʩʪʘʚʘʷʩʴ ʩʪʦʣʴ ʜʦʣʛʦ, ʩʢʦʣʴʢʦ 

ʜʣʠʣʘʩʴ ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʧʘʤʷʪʴ. ɼʝʧʦʣʷʨʠʟʘʮʠʷ ʩʦʤʳ CGC 

ʨʘʩʧʨʦʩʪʨʘʥʷʣʘʩʴ ʥʘ ʣʦʢʘʣʴʥʳʝ ʘʢʩʦʥʘʣʴʥʳʝ ʢʦʤʧʘʨʪʤʝʥʪʳ ʠ ʫʚʝʣʠʯʠʚʘʣʘ 

ʩʠʣʫ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʦʪʚʝʪʦʚ ʫ CGC. ʊʘʢʞʝ, ʜʝʧʦʣʷʨʠʟʘʮʠʷ CGC 

ʧʨʠʚʦʜʠʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʢʘʣʴʮʠʷ, ʯʪʦ, ʦʯʝʚʠʜʥʦ, 

ʠʛʨʘʝʪ ʨʦʣʴ ʤʝʭʘʥʠʟʤʘ ʨʝʛʫʣʷʮʠʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʩ ʧʦʤʦʱʴʶ  

 

ʈʠʩ. 5.2.1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʠ ʧʘʪʪʝʨʥ ʘʢʩʦʥʘʣʴʥʦʛʦ ʚʝʪʚʣʝʥʠʷ ʚʥʝʰʥʠʭ 

ʤʦʜʫʣʷʪʦʨʥʳʭ ʢʣʝʪʦʢ CGC  ʠ ʩʭʝʤʘ ʠʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʩ ʚʥʫʪʨʝʥʥʝʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ, ʛʝʥʝʨʠʨʫʶʱʝʡ ʧʠʱʝʚʦʝ ʤʦʪʦʨʥʦʝ ʧʦʚʝʜʝʥʠʝ ʫ Lymnaea.   

(ɸ) ʇʘʨʥʳʝ (ʣʝʚʳʡ ʠ ʧʨʘʚʳʡ) CGC ʧʦʩʳʣʘʶʪ ʩʚʦʠ ʦʩʥʦʚʥʳʝ ʘʢʩʦʥʘʣʴʥʳʝ ʚʝʪʚʠ ʚ 

ʙʫʢʢʘʣʴʥʳʡ ʛʘʥʛʣʠʡ (bg) ʯʝʨʝʟ ʮʝʨʝʙʨʦ-ʙʫʢʢʘʣʴʥʳʝ ʢʦʥʥʝʢʪʠʚʳ (cbc), ʜʘʚʘʷ ʥʘʯʘʣʦ 

ʪʘʢʞʝ ʙʦʢʦʚʳʤ ʚʝʪʚʷʤ ʚʥʫʪʨʠ ʮʝʨʝʙʨʘʣʴʥʳʭ ʛʘʥʛʣʠʝʚ.  ʆʩʥʦʚʥʳʝ ʩʝʥʩʦʨʥʳʝ ʚʭʦʜʳ 

ʦʪ ʛʫʙ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʤʝʜʠʘʣʴʥʳʡ ʛʫʙʥʦʡ ʥʝʨʚ (mln). ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʧʘʪʪʝʨʥʘ 

ʘʢʩʦʥʘʣʴʥʦʛʦ ʚʝʪʚʣʝʥʠʷ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ, ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʝʧʘʨʘʪʘʭ (ʙʦʣʝʝ 

10), ʚ ʢʦʪʦʨʳʭ ʦʙʘ CGC ʙʳʣʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦ ʦʢʨʘʰʝʥʳ ʢʨʘʩʠʪʝʣʝʤ Alexa Fluor 

488 (Molecular Probes, ʉʐɸ). 

(B) ʉʚʷʟʘʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠ ʠ ʭʠʤʠʯʝʩʢʠ, CGC ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʤʦʥʦʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʭʦʜʳ ʥʘ ʥʝʡʨʦʥʳ ʙʫʢʢʘʣʴʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʧʠʱʝʚʦʛʦ ʧʘʪʪʝʨʥʘ ʠ ʥʘ ʤʦʪʝʥʝʡʨʦʥʳ. ʌʘʟʠʯʝʩʢʠʝ ʤʦʜʫʣʷʪʦʨʥʳʝ ʮʝʨʝʙʨʦ-

ʙʫʢʢʘʣʴʥʳʝ ʠʥʪʝʨʥʝʡʨʦʥʳ (CBI), ʠʥʪʝʨʥʝʡʨʦʥʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʘʪʪʝʨʥʘ 

(ʪʠʧʘ N1, N2 ʠ N3), ʠ ʤʦʪʦʥʝʡʨʦʥʳ (ʪʠʧʳ B1-B10, ʥʝʢʦʪʦʨʳʝ ʪʦʞʝ ʦʙʣʘʜʘʶʪ 

ʩʚʦʡʩʪʚʘʤʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʘʪʪʝʨʥʘ (Staras et al., 1998)), ʚʥʫʪʨʝʥʥʠʝ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʩʝʪʠ ʧʠʱʝʚʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʧʝʨʚʠʯʥʳʤʠ ʥʝʡʨʦʥʘʤʠ, ʛʝʥʝʨʠʨʫʶʱʠʤʠ ʨʠʪʤʠʯʝʩʢʦʝ ʧʠʱʝʚʦʝ 
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ʧʦʚʝʜʝʥʠʝ. CGC ʧʨʦʠʟʚʦʜʷʪ ʚʥʝʰʥʝʝ ʨʘʟʨʝʰʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʧʠʱʝʚʦʝ ʧʦʚʝʜʝʥʠʝ 

(Yeoman, 1994a; 1994b). 

(ʉ) ʉʭʝʤʘ ʧʦʣʫʠʥʪʘʢʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʥʘ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʦ ʩʪʠʤʫʣʠʨʦʚʘʪʴ 

ʭʝʤʦʩʝʥʩʦʨʥʳʝ ʨʝʮʝʧʪʦʨʳ ʛʫʙ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ 

CGC ʠ ʚʥʫʪʨʝʥʥʠʭ ʥʝʡʨʦʥʦʚ ʧʠʱʝʚʦʡ ʩʝʪʠ ʛʝʥʝʨʘʪʦʨʘ (ʩʤ. ʥʠʞʝ), ʠ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʘʢʪʠʚʥʦʩʪʠ CBI ʦʪ ʎɹʂ. ʅʝʡʨʦʥʳ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʧʠʱʝʚʦʛʦ ʨʠʪʤʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʝʨʳʭ ʟʦʥʘʭ ʙʫʢʢʘʣʴʥʳʭ ʛʘʥʛʣʠʝʚ. 

ʀʥʪʝʨʥʝʡʨʦʥʳ (CGC, CBI) ʠ ʤʦʪʦʥʝʡʨʦʥʳ (B1, B3, B4), ʨʝʛʠʩʪʨʠʨʦʚʘʚʰʠʝʩʷ ʚ ʵʪʦʡ 

ʨʘʙʦʪʝ, ʦʙʦʟʥʘʯʝʥʳ ʪʦʣʴʢʦ ʥʘ ʣʝʚʦʡ ʩʪʦʨʦʥʝ ʜʠʘʛʨʘʤʤʳ. -/\/\/\/\-, ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʩʠʥʘʧʩ, Iī, ʚʦʟʙʫʞʜʘʶʱʝʝ ʩʦʝʜʠʥʝʥʠʝ,  Åī ʪʦʨʤʦʟʥʦʝ ʩʦʝʜʠʥʝʥʠʝ,  IÅī ʙʠʬʘʟʥʦʝ 

ʚʦʟʙʫʞʜʘʶʱʝ-ʪʦʨʤʦʟʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. 

 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ (Awatramani, 2005). ʅʘ ʥʝʡʨʦʩʝʪʝʚʦʤ ʫʨʦʚʥʝ ʤʳ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʜʝʧʦʣʷʨʠʟʘʮʠʷ CGC ʧʦʚʳʰʘʝʪ ʩʧʘʡʢʦʚʳʡ ʦʪʚʝʪ ʥʘ 

ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ ʚ ʢʦʤʘʥʜʥʳʭ ʥʝʡʨʦʥʘʭ ʧʠʱʝʚʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʧʨʠʚʦʜʷ ʢ 

ʘʢʪʠʚʘʮʠʠ ʞʝʚʘʥʠʷ. ʕʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʡ ʤʝʭʘʥʠʟʤ, 

ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʷʝʪ ʥʝʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʚʦʟʥʠʢʘʶʱʫʶ ʟʘ 

ʧʨʝʜʝʣʘʤʠ  ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʚʝʜʝʥʠʝ, ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʦʪʦʨʥʦʛʦ ʚʳʭʦʜʘ, ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʠʟ ʘʢʪʠʚʥʦʩʪʠ 

ʩʘʤʦʡ ʵʪʦʡ ʩʝʪʠ. 

 

5.2.1. ʆʜʥʦʢʨʘʪʥʦʝ ʧʠʱʝʚʦʝ ʦʙʫʩʣʘʚʣʠʚʘʥʠʝ ʚʳʨʘʙʘʪʳʚʘʝʪ 

ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʧʘʤʷʪʴ ʠ ʚʳʟʳʚʘʝʪ ʧʦʩʪʦʷʥʥʫʶ ʜʝʧʦʣʷʨʠʟʘʮʠʶ ʚʦ 

ʚʥʝʩʝʪʝʚʦʤ ʚʥʝʰʥʝʤ ʤʦʜʫʣʷʪʦʨʥʦʤ ʥʝʡʨʦʥʝ. 

 

ɺ ʧʝʨʚʳʭ ʩʝʨʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ, ʢʘʢʠʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʥʝʡʨʦʥʝ CGC ʧʨʦʠʩʭʦʜʷʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʥʘʙʣʶʜʘʶʱʠʤʩʷ ʦʙʫʯʝʥʠʝʤ ʤʦʣʣʶʩʢʘ ʧʠʱʝʚʦʤʫ ʫʩʣʦʚʥʦʤʫ ʨʝʬʣʝʢʩʫ ʩ 

ʦʜʥʦʛʦ ʧʨʝʜʲʷʚʣʝʥʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠʭ ʩʚʷʟʠ ʩ ʭʨʘʥʝʥʠʝʤ ʩʣʝʜʦʚ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ (>24 ʯ) ʧʘʤʷʪʠ (Fulton et al., 2005). ʄʳ ʚʳʙʨʘʣʠ ʥʝʡʨʦʥʳ 

CGC ʢʘʢ ʦʩʥʦʚʥʦʡ ʦʙʲʝʢʪ ʜʣʷ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʥʫʪʨʝʥʥʶʶ ʤʦʜʫʣʷʮʠʶ ʧʠʱʝʚʦʡ ʩʠʩʪʝʤʳ (ʈʠʩ. 5.2.1). ʄ  r

ʪʘʢʞʝ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʚ ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʜʜʝʨʞʘʥʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ ʚ ʠʟʦʣʷʮʠʠ ʦʪ ʚʟʘʠʤʥʳʭ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʣʠʷʥʠʡ ʩʦ ʩʪʦʨʦʥʳ ʵʣʝʤʝʥʪʦʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʥʘʧʨʷʤʫʶ ʚ  ʛʝʥʝʨʘʮʠʠ  ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʚ ʭʦʜʝ ʦʙʫʯʝʥʠʷ 

ʧʦʚʝʜʝʥʠʷ. 
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ʈʠʩ. 5.2.2. ʈʘʟʚʠʪʠʝ ʚʦ ʚʨʝʤʝʥʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʤʝʤʙʨʘʥʥʦʡ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ CGC ʚ ʧʝʨʠʦʜ ʦʪ ʦʜʥʦʛʦ ʜʦ 14 ʜʥʝʡ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʤʫ 

ʫʩʣʦʚʥʦʤʫ ʧʠʱʝʚʦʤʫ ʨʝʬʣʝʢʩʫ ʩ ʦʜʥʦʛʦ ʧʨʝʜʲʷʚʣʝʥʠʷ.  

(ɸ) ɿʘʤʝʪʥʳʡ ʫʩʣʦʚʥʳʡ ʦʪʚʝʪ ʥʘʙʣʶʜʘʣʩʷ ʚ ʧʨʦʜʦʣʞʝʥʠʝ ʚʩʝʛʦ 14-ʜʥʝʚʥʦʛʦ 

ʧʝʨʠʦʜʘ ʪʝʩʪʠʨʦʚʘʥʠʷ. ɺ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦʧʘʨʥʦʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ (ʥʝʟʘʚʠʩʠʤʳʡ t-ʪʝʩʪ) ʦʪʚʝʪʦʚ, ʚʳʟʚʘʥʥʳʭ ʫʩʣʦʚʥʳʤ 
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ʩʪʠʤʫʣʦʤ, ʤʝʞʜʫ ʦʙʫʯʝʥʥʦʡ (ʩʨʝʜʥʷʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʨʘʟʥʠʮʘ ʚ ʞʝʚʘʥʠʷʭ 10.4-

14.1, n = 14-20 ʥʘ ʛʨʫʧʧʫ) ʠ ʢʦʥʪʨʦʣʴʥʦʡ (ʩʨʝʜʥʷʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʨʘʟʥʠʮʘ ʚ 

ʞʝʚʘʥʠʷʭ ʤʝʞʜʫ 2.3-7.3, n = 13-20 ʥʘ ʛʨʫʧʧʫ) ʛʨʫʧʧʘʤʠ.  ʉʨʘʚʥʝʥʠʡ ʤʝʞʜʫ 

ʨʘʟʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʦʪʨʝʟʢʘʤʠ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ, ʧʦʵʪʦʤʫ ʪʝʩʪʳ ANOVA ʠ 

ʢʨʠʪʝʨʠʠ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ. ʇʣʘʥʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʧʦʢʘʟʳʚʘʶʪ ʩʪʘʥʜʘʨʪʥʫʶ ʦʰʠʙʢʫ ʩʨʝʜʥʝʛʦ SEM. ʈʘʩʩʯʠʪʘʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʟʥʘʯʝʥʠʷ ʜʣʷ ʥʝʟʘʚʠʩʠʤʦʛʦ t-ʪʝʩʪʘ ʩʦʩʪʘʚʠʣʠ:  ʜʝʥʴ 1, df = 28, t = 3.9, p < 0.001; ʜʝʥʴ 

2, df = 25, t = 2.2, p < 0.04; ʜʝʥʴ 3, df = 28, t = 3.2, p < 0.03; ʜʝʥʴ 7, df = 36, t = 2.5, p < 

0.02; ʜʝʥʴ 14, df = 38, t = 5.1, p < 0.01. 

(B) ʅʝʡʨʦʥʳ CGC ʙʳʣʠ ʜʦʩʪʦʚʝʨʥʦ ʙʦʣʝʝ ʜʝʧʦʣʷʨʠʟʦʚʘʥʳ ʫ ʧʨʝʧʘʨʘʪʦʚ ʦʙʫʯʝʥʥʳʭ 

ʞʠʚʦʪʥʳʭ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ -53 ʤɺ ʠ  

-57 ʤɺ, n = 14-24 ʥʘ ʛʨʫʧʧʫ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʧʘʨʘʪʘʤʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ 

(ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʤʝʞʜʫ -59 ʠ -63 ʤɺ, n = 15-26 ʥʘ 

ʛʨʫʧʧʫ) ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʨʝʤʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʇʣʘʥʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʧʦʢʘʟʳʚʘʶʪ ʩʪʘʥʜʘʨʪʥʫʶ ʦʰʠʙʢʫ ʩʨʝʜʥʝʛʦ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ 

ʜʣʷ ʥʝʟʘʚʠʩʠʤʦʛʦ t-ʪʝʩʪʘ ʩʦʩʪʘʚʠʣʠ: ʜʝʥʴ 1, df = 46, t = 3.0, p < 0.004; ɼʝʥʴ 2, df = 

31, t = 2.5, p < 0.02; ʜʝʥʴ 3, df = 49, t = 3.7, p < 0.0005; ʜʝʥʴ 7, df = 27, t = 3.2, p < 

0.003 ; ʜʝʥʴ 14, df = 38, t = 5.1, p < 0.01. ʇʨʠʤʝʨ ʨʝʛʠʩʪʨʘʮʠʠ ʦʪ CGC ʥʘ 14-ʳʡ ʜʝʥʴ 

ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʥʘ ʧʨʝʧʘʨʘʪʝ ʦʙʫʯʝʥʥʦʛʦ ʞʠʚʦʪʥʦʛʦ (ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ 

ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ -54 ʤɺ) ʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʞʠʚʦʪʥʦʛʦ (ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ 

ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ -62 ʤɺ). ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʠʮʫ ʚ ʟʥʘʯʝʥʠʷʭ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ, ʨʘʟʣʠʯʠʡ ʚ ʬʦʨʤʝ ʩʧʘʡʢʘ CGC ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ (ʫʩʨʝʜʥʝʥʥʳʝ ʥʘ 100 

ʩʝʢ ʦʪʨʝʟʢʘʭ ʟʘʧʠʩʝʡ CGC ʧʨʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʤ ʫʨʦʚʥʝ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ), ʠ ʪʘʢʞʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʟʣʠʯʠʡ ʚ ʧʦʨʦʛʝ ʛʝʥʝʨʘʮʠʠ ʩʧʘʡʢʘ 

(ʧʨʦʪʦʢʦʣ ʤʝʜʣʝʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʜʝʧʦʣʷʨʠʟʘʮʠʠ, ʥʘʯʠʥʘʷ ʩ ʟʥʘʯʝʥʠʷ -80 ʤɺ), ʠ 

ʚʭʦʜʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ (ʢʣʝʪʢʠ ʫʜʝʨʞʠʚʘʣʠ ʥʘ ʫʨʦʚʥʝ ʧʦʪʝʥʮʠʘʣʘ -70 ʤɺ, 

ʧʦʢʘʟʘʥʳ ʩʨʝʜʥʠʝ ʦʪʚʝʪʳ ʥʘ ʧʷʪʴ ʩʪʫʧʝʥʯʘʪʳʭ ʛʠʧʝʨʧʦʣʷʨʠʟʫʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ 

2 ʥɸ) ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʧʨʝʧʘʨʘʪʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʦʙʫʯʝʥʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ 

ʞʠʚʦʪʥʳʭ. 

 

ʆʢʦʣʦ 400 ʞʠʚʦʪʥʳʭ ʧʦʜʚʝʨʛʣʠ ʩʦʯʝʪʘʥʥʦʤʫ ʠʣʠ ʥʝʩʦʯʝʪʘʥʥʦʤʫ 

ʧʨʦʪʦʢʦʣʫ ʦʙʫʯʝʥʠʷ ʥʘ ʧʠʱʝʚʦʡ ʩʪʠʤʫʣ ʩ ʦʜʥʦʛʦ ʧʦʜʢʨʝʧʣʝʥʠʷ (ʦʜʥʦʤʫ ʠʟ 

ʜʚʫʭ; Alexander et al., 1984; Kemenes et al., 2002). ɼʘʣʝʝ, ʠʟ ʵʪʠʭ ʛʨʫʧʧ ʚ 

ʩʣʫʯʘʡʥʦʤ ʧʦʨʷʜʢʝ ʚʳʙʠʨʘʣʠ ʦʙʫʯʝʥʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʠ 

ʪʝʩʪʠʨʦʚʘʣʠ ʠʭ ʦʪʚʝʪ ʥʘ ʟʘʧʘʭ ʘʤʠʣ-ʘʮʝʪʘʪʘ (ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ) ʥʘ 1-ʳʡ, 2-

ʦʡ, 3-ʠʡ, 7-ʦʡ ʠ 14-ʳʡ ʜʥʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʦʙʫʩʣʘʚʣʠʚʘʥʠʷ 

(ʈʠʩ. 5.2.2).  ɺ ʢʘʞʜʳʡ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʦʙʫʯʝʥʥʳʝ 

ʞʠʚʦʪʥʳʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ ʦʪʚʝʪ ʥʘ 

ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ (ʈʠʩ. 5.2.2ɸ, p < 0.05) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ 

ʞʠʚʦʪʥʳʤʠ, ʯʪʦ ʛʦʚʦʨʠʣʦ ʦ ʪʦʤ, ʯʪʦ ʤʳ ʚʳʨʘʙʦʪʘʣʠ ʫ ʞʠʚʦʪʥʳʭ ʫʩʣʦʚʥʦʝ 

ʘʩʩʦʮʠʘʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʤʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ CGC ʚ 

ʢʘʞʜʳʡ ʠʟ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʥʘ ʧʦʣʫʠʥʪʘʢʪʥʳʭ 

ʧʨʝʧʘʨʘʪʘʭ (ʛʫʙʳ- ʎʅʉ, ʈʠʩ. 5.2.1D), ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʩʣʫʯʘʡʥʦ 

ʚʳʙʨʘʥʥʳʭ ʞʠʚʦʪʥʳʭ. ʄʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ CGC ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʣʩʷ ʫ 

ʛʨʫʧʧʳ ʦʙʫʯʝʥʥʳʭ  ʞʠʚʦʪʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʫʧʧʦʡ ʢʦʥʪʨʦʣʴʥʳʭ 

ʞʠʚʦʪʥʳʭ (ʈʠʩ. 5.2.2B, p < 0.05) ʢʘʞʜʳʡ ʜʝʥʴ ʚ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ (ʈʠʩ. 5.2.2B).  

ʊʘʢʞʝ, ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠʟʤʝʨʷʣʠ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ CGC, ʯʘʩʪʦʪʫ 

ʩʧʦʥʪʘʥʥʦʡ ʩʧʘʡʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʨʦʛ ʛʝʥʝʨʘʮʠʠ ʩʧʘʡʢʘ, ʝʛʦ ʘʤʧʣʠʪʫʜʫ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ, ʠ ʩʣʝʜʦʚʫʶ ʧʦʩʪʩʧʘʡʢʦʚʫʶ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʶ ï ʧʘʨʘʤʝʪʨʳ, 

ʢʦʪʦʨʳʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʣʠ ʠʟʤʝʥʠʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʩʣʦʚʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʧʦ ʵʪʠʤ ʧʘʨʘʤʝʪʨʘʤ ʤʝʞʜʫ 

ʢʦʥʪʨʦʣʴʥʦʡ ʠ ʦʙʫʯʝʥʥʦʡ  ʛʨʫʧʧʘʤʠ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ ʥʠ ʚ ʦʜʠʥ ʠʟ 

ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ (ʜʘʥʥʳʝ ʥʝ ʧʦʢʘʟʘʥʳ, ʧʨʠʤʝʨ ʨʝʛʠʩʪʨʘʮʠʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ 14-ʳʡ ʜʝʥʴ, ʧʦʢʘʟʘʥ ʥʘ ʈʠʩ. 

5.2.2B).  

ɼʘʣʝʝ, ʤʳ ʬʦʢʫʩʠʨʦʚʘʣʠ ʥʘʰʝ ʚʥʠʤʘʥʠʝ ʥʘ ʦʪʨʝʟʢʝ ʧʝʨʚʳʭ 24 ʯʘʩʦʚ, 

ʧʨʦʰʝʜʰʠʭ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ. ʇʦʚʝʜʝʥʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠʥʪʘʢʪʥʳʭ 

ʞʠʚʦʪʥʳʭ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 2, 4, 6, ʠ 12-16  ʯʘʩʘʤ 

ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ (n = 17-23 ʫʣʠʪʦʢ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ) ʚʳʷʚʠʣʦ ʜʦʩʪʦʚʝʨʥʳʡ 

ʫʩʣʦʚʥʳʡ ʦʪʚʝʪ (ʤʠʥʠʤʘʣʴʥʦ p < 0.05, ʈʠʩ. 5.2.3ɸ) ʥʦ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ 

ʤʝʞʜʫ ʧʨʝʧʘʨʘʪʘʤʠ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʦʙʥʘʨʫʞʝʥʦ ʥʝ 

ʙʳʣʦ (ʈʠʩ. 5.2.3B). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ 

ʧʦʷʚʣʷʝʪʩʷ ʚ ʧʝʨʠʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʪʨʝʟʢʫ ʤʝʞʜʫ 16 ʠ 24 ʯʘʩʘʤʠ ʧʦʩʣʝ 

ʦʙʫʯʝʥʠʷ, ʠ ʧʦʵʪʦʤʫ ʦʥʘ ʥʝ ʩʚʷʟʘʥʘ ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ ʨʘʥʥʝʡ ʧʘʤʷʪʠ ʥʘ 

ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʦʙʫʯʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʝʜʘ ʦʙʫʯʝʥʠʷ. 

ɺ ʵʪʠʭ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʳ ʠʟʤʝʨʷʣʠ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ CGC, 

ʯʘʩʪʦʪʫ ʩʧʦʥʪʘʥʥʦʡ ʩʧʘʡʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʨʦʛ ʛʝʥʝʨʘʮʠʠ ʩʧʘʡʢʘ, ʝʛʦ 

ʘʤʧʣʠʪʫʜʫ, ʜʣʠʪʝʣʴʥʦʩʪʴ, ʠ ʩʣʝʜʦʚʫʶ ʧʦʩʣʝʩʧʘʡʢʦʚʫʶ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʶ ʚ 

ʢʘʞʜʳʡ ʠʩʩʣʝʜʦʚʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 24-ʸʭ ʯʘʩʦʚ ʧʦʩʣʝ  



88 

 

 

 

ʈʠʩ. 5.2.3. ʇʘʤʷʪʴ, ʨʝʛʠʩʪʨʠʨʫʝʤʘʷ ʧʦʚʝʜʝʥʯʝʩʢʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʢʦʨʨʝʣʷʪ ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 2-16 ʯ ʧʦʩʣʝ ʦʙʫʯʝʥʠ ̫

ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʫʩʣʦʚʥʦʤʫ ʨʝʬʣʝʢʩʫ ʩ ʦʜʥʦʛʦ ʧʨʝʜʲʷʚʣʝʥʠʷ. 

(ɸ) ʋʩʣʦʚʥʳʡ ʦʪʚʝʪ ʥʘʙʣʶʜʘʣʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 16-ʪʠ ʯʘʩʦʚʦʛʦ ʧʝʨʠʦʜʘ 

ʪʝʩʪʠʨʦʚʘʥʠʷ. ʇʣʘʥʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʦʢʘʟʳʚʘʶʪ ʩʪʘʥʜʘʨʪʥʫʶ ʦʰʠʙʢʫ ʩʨʝʜʥʝʛʦ. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʥʝʟʘʚʠʩʠʤʦʛʦ t-ʪʝʩʪʘ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ: 2 

ʯʘʩʘ, df = 33, t = 2.2, p < 0.003; 4 ʯʘʩʘ, df = 38, t = 2.4, p < 0.002; 6 ʯʘʩʦʚ, df = 37, t = 

2.3, p < 0.03; 12-16 ʯʘʩʦʚ, df = 40, t = 2.2, p < 0.05. 

(B) ɿʘ ʪʦʪ ʞʝ ʧʝʨʠʦʜ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʝ ʦʙʥʘʨʫʞʠʣʠ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʢʦʥʪʨʦʣʴʥʦʡ ʠ 

ʦʙʫʯʝʥʥʦʡ ʛʨʫʧʧʘʤʠ ʚ ʟʥʘʯʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ CGC (2 ʯʘʩʘ, df = 14, t = 

1.1, p = 0.3; 4 ʯʘʩʘ, df = 14, t = 0.5, p = 0.65; 6 ʯʘʩʦʚ, df = 13, t = 0.7, p = 0.5; 12-16 
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ʯʘʩʦʚ, df = 13, t = 0.24, p = 0.8). ʇʣʘʥʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʦʢʘʟʳʚʘʶʪ ʩʪʘʥʜʘʨʪʥʫʶ 

ʦʰʠʙʢʫ ʩʨʝʜʥʝʛʦ. 

 

ʦʙʫʯʝʥʠʷ. ʅʠ ʦʜʠʥ ʠʟ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʠʟʤʝʥʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳ ʙʳʣʦ ʩʦʦʪʥʝʩʪʠ ʩ ʦʙʫʯʝʥʠʝʤ ʚ ʵʪʠʭ ʠʣʠ ʧʨʝʜʳʜʫʱʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

 

5.2.2. ʇʦʩʪʦʷʥʥʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʚ CGC ʩʦʚʧʘʜʘʝʪ ʧʦ ʚʨʝʤʝʥʠ ʩ 

ʧʨʦʷʚʣʝʥʠʝʤ ʚʳʷʚʣʷʶʱʠʭʩʷ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʩʣʝʜʦʚ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ. 

 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʣʝʜʳ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ 

ʧʨʦʷʚʣʷʶʪʩʷ ʢʘʢ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠ, ʪʘʢ ʠ ʥʘ ʧʦʚʝʜʝʥʠʠ Lymnaea 

(ʧʠʱʝʚʦʝ ʧʦʚʝʜʝʥʠʝ, ʚʳʟʳʚʘʝʤʦʝ ʋʉ), ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘʣʠʯʠʝ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ CGC, ʥʘʯʠʥʘʷ ʩ ʜʚʘʜʮʘʪʠʯʝʪʳʨʝʭʯʘʩʦʚʦʛʦ ʩʨʦʢʘ ʧʦʩʣʝ 

ʦʙʫʯʝʥʠʷ, ʙʳʣʦ ʨʝʰʝʥʦ ʚ ʩʣʝʜʫʶʱʠʭ ʩʝʨʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ, 

ʥʘʩʢʦʣʴʢʦ ʜʝʧʦʣʷʨʠʟʘʮʠʷ CGC ʩʦʚʧʘʜʘʝʪ ʧʦ ʚʨʝʤʝʥʠ ʩ ʬʠʢʪʠʚʥʳʤ ʧʠʱʝʚʳʤ  

ʦʪʚʝʪʦʤ, ʚʳʟʚʘʥʥʳʤ ʫʩʣʦʚʥʳʤ ʩʪʠʤʫʣʦʤ, ʠ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʨʦʷʚʣʝʥʠʷʤʠ ʩʣʝʜʘ ʧʘʤʷʪʠ. ʌʠʢʪʠʚʥʦʝ ʧʠʱʝʚʦʝ ʧʦʚʝʜʝʥʠʝ ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ 

ʨʠʪʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʤʦʪʦʥʝʡʨʦʥʦʚ ʛʝʥʝʨʘʪʦʨʘ ʧʠʱʝʚʦʛʦ ʨʠʪʤʘ, ʧʦ 

ʧʘʨʘʤʝʪʨʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʚ ʥʦʨʤʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʠʱʝʚʦʤʫ ʧʦʚʝʜʝʥʠʶ, ʢʦʪʦʨʦʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʧʫʩʢʘʝʪʩʷ ʥʝʡʨʦʥʦʤ CGC 

(ʘ ʪʘʢʞʝ N1, N2, N3-ʪʠʧʘʤʠ ʮʝʨʝʙʨʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ; ʈʠʩ. 5.2.1B). 

ɺ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʦʙʫʯʝʥʠʝʤ ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʠʱʝʚʦʡ ʦʪʚʝʪ ʛʨʫʧʧʳ ʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ (n = 37; ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ 

ʨʘʟʥʠʮʘ ʚ ʞʝʚʘʥʠʷʭ) ʯʝʨʝʟ 14 ʜʥʝʡ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʙʳʣ ʥʘ 11 Ñ 1.5 

ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ (p < 0.001), ʯʝʤ ʦʪʚʝʪ ʚ ʛʨʫʧʧʝ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ (2.3 

Ñ 0.6, n = 34).  ʇʦʜʦʙʥʳʤ ʞʝ ʦʙʨʘʟʦʤ, ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʬʠʢʪʠʚʥʦʛʦ ʞʝʚʘʥʠʷ ʚ 

ʦʪʚʝʪ ʥʘ ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ ʫ ʧʨʝʧʘʨʘʪʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʦʙʫʯʝʥʥʳʭ 

ʞʠʚʦʪʥʳʭ ʠ ʧʦʣʫʯʘʚʰʠʭ ʩʦʯʝʪʘʥʥʳʝ ʧʨʝʜʲʷʚʣʝʥʠʷ (ʩʨʝʜʥʷʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ 

ʨʘʟʥʠʮʘ ʚ ʞʝʚʘʥʠʷʭ, 3.2 Ñ 0.8, n = 10) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʩʦʯʝʪʘʥʥʳʤ 

ʢʦʥʪʨʦʣʝʤ (0.5 Ñ 0.6, n = 10) ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʠʭ ʯʠʩʣʦ ʟʥʘʯʠʪʝʣʴʥʦ (p < 

0.01)   ʚʳʰʝ  (ʈʠʩ. 5.2.4ɸ).   ʅʘ ʧʨʠʤʝʨʝ,   ʧʨʠʚʝʜʸʥʥʦʤ   ʥʘ  ʈʠʩ.   5.2.4B,  
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ʈʠʩ. 5.2.4. ʂʣʘʩʩʠʯʝʩʢʠʡ ʫʩʣʦʚʥʳʡ ʨʝʬʣʝʢʩ ʚʳʟʳʚʘʝʪ ʧʦʩʪʦʷʥʥʫʶ ʜʝʧʦʣʷʨʠʟʘʮʠʶ 

CGC ʠ ʧʦʚʳʰʘʝʪ ʬʠʢʪʠʚʥʳʡ ʧʠʱʝʚʦʡ ʞʝʚʘʪʝʣʴʥʳʡ ʦʪʚʝʪ ʥʘ ʧʦʣʫʠʥʪʘʢʪʥʦʤ 

ʧʨʝʧʘʨʘʪʝ. 

(ɸ) ɺʝʣʠʯʠʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʳ ʬʠʢʪʠʚʥʦʛʦ ʞʝʚʘʥʠʷ ʤʝʞʜʫ ʧʨʝʧʘʨʘʪʘʤʠ 

ʦʙʫʯʝʥʥʳʭ ʠ ʥʝʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. ʇʣʘʥʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʦʢʘʟʳʚʘʶʪ 

ʩʪʘʥʜʘʨʪʥʫʶ ʦʰʠʙʢʫ ʩʨʝʜʥʝʛʦ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ 

ʥʝʟʘʚʠʩʠʤʦʛʦ t-ʪʝʩʪʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʧʠʱʝʚʦʡ ʨʘʟʥʠʮʳ ʩʦʩʪʘʚʠʣʠ: df = 18, t = 2.72, 

p < 0.01. ʌʦʥʦʚʘʷ ʧʠʱʝʚʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʬʠʢʪʠʚʥʦʝ ʞʝʚʘʥʠʝ) ʜʦ ʧʨʝʜʲʷʚʣʝʥʠʷ 

ʫʩʣʦʚʥʦʛʦ ʩʪʠʤʫʣʘ (df = 18, p = 0.66) ʫ ʦʙʫʯʝʥʥʦʡ (1.2 Ñ 0.6 ʮʠʢʣʦʚ/2 ʤʠʥ) ʠ 

ʢʦʥʪʨʦʣʴʥʦʡ  (1.6 Ñ 0.7 ʮʠʢʣʦʚ/2 ʤʠʥ) ʛʨʫʧʧ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʨʘʟʣʠʯʘʣʘʩʴ. ʋ ʪʝʭ ʞʝ 

ʩʘʤʳʭ ʧʨʝʧʘʨʘʪʦʚ ʤʳ ʥʝ ʦʙʥʘʨʫʞʠʣʠ ʜʦʩʪʦʚʝʨʥʦʡ ʨʘʟʥʠʮʳ ʚ ʙʘʟʦʚʳʭ ʟʥʘʯʝʥʠʷʭ 

ʩʧʦʥʪʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ CGC ʫ ʦʙʫʯʝʥʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ 

(0.83 Ñ 0.02 ʠ 0.70 Ñ 0.07 ɻʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʪʘʢʞʝ ʥʝ ʥʘʙʣʶʜʘʣʠ ʜʦʩʪʦʚʝʨʥʳʭ 

ʨʘʟʣʠʯʠʡ ʚ ʯʘʩʪʦʝ ʩʧʦʥʪʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʝʞʜʫ ʧʨʝʧʘʨʘʪʘʤʠ ʦʙʫʯʝʥʥʳʭ (0.84 Ñ 

0.05 ɻʮ) ʠ ʥʝʩʦʯʝʪʘʥʥʳʤ ʢʦʥʪʨʦʣʝʤ (0.74 Ñ 0.07 ɻʮ). 

(B ʠ C) ʇʨʠʤʝʨʳ ʨʝʛʠʩʪʨʘʮʠʡ ʦʪ ʧʨʝʧʘʨʘʪʦʚ ʦʙʫʯʝʥʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ. 

B3, B4 - ʧʠʱʝʚʳʝ ʤʦʪʦʥʝʡʨʦʥʳ; CV1a - ʬʘʟʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ ʚʥʫʪʨʝʥʥʠʡ 

ʤʦʜʫʣʷʪʦʨʥʳʡ ʥʝʡʨʦʥ; CGC - ʪʦʥʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ ʚʥʝʰʥʠʡ ʤʦʜʫʣʷʪʦʨʥʳʡ ʥʝʡʨʦʥ. 

(B) ʅʘ ʦʙʫʯʝʥʥʦʤ ʧʨʝʧʘʨʘʪʝ ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ ʚʳʟʳʚʘʣ ʩʝʨʠʶ ʢʦʨʦʪʢʦʣʘʪʝʥʪʥʳʭ 

ʨʠʪʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʞʝʚʘʥʠʷ (ʚ ʩʦʩʪʘʚʝ ʬʘʟ N1, N2 ʠ N3), ʩʦʧʨʦʚʦʞʜʘʝʤʳʭ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟʘʭ ʩʧʘʡʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʩʦʤʝ ʥʝʡʨʦʥʦʚ B4 (N3) ʠ CV1a 

(N1). ʂʨʦʤʝ ʪʦʛʦ, CV1a ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʢʦʨʦʪʢʦʣʘʪʝʥʪʥʳʝ ʨʘʟʨʷʜʳ 

ʪʨʘʥʢʠʨʦʚʘʥʥʳʭ ʘʢʩʦʥʘʣʴʥʳʭ ʩʧʘʡʢʦʚ ʠʣʠ ʙʳʩʪʨʳʭ ʧʦʜʧʦʨʦʛʦʚʳʭ ɺʇʉʇ ʜʦ ʦʙʱʝʡ 

ʘʢʪʠʚʘʮʠʠ ʬʠʢʪʠʚʥʦʛʦ ʞʝʚʘʥʠʷ. ɼʝʪʘʣʠ ʧʦʢʘʟʘʥʳ ʚ ʢʚʘʜʨʘʪʝ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʤ 

ʯʝʨʥʦʡ ʩʪʨʝʣʢʦʡ, ʫʢʘʟʳʚʘʶʱʝʡ ʥʘ ʩʝʢʮʠʶ ʟʘʧʠʩʠ ʦʪ CV1a, ʢʦʪʦʨʫʶ ʫʚʝʣʠʯʠʣʠ, ʩ 

ʫʚʝʣʠʯʝʥʥʳʤʠ ʚ ʪʨʠ ʨʘʟʘ ʰʢʘʣʘʤʠ ʚʨʝʤʝʥʠ ʠ ʧʦʪʝʥʮʠʘʣʘ. (C) ʋ ʢʦʥʪʨʦʣʴʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ ʚʳʟʳʚʘʣ ʪʦʣʴʢʦ ʝʜʠʥʠʯʥʳʝ ʜʣʠʥʥʦʣʘʪʝʥʪʥʳʝ ʮʠʢʣʳ 

ʬʠʢʪʠʚʥʦʛʦ ʞʝʚʘʥʠʷ ʩʦ ʩʧʘʡʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʤʦʪʦʥʝʡʨʦʥʝ B3 ʠ 

ʧʦʜʧʦʨʦʛʦʚʳʤʠ ʦʪʚʝʪʘʤʠ ʚ CV1a. ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ CGC ʟʘʤʝʪʥʦ ʙʦʣʝʝ 

ʜʝʧʦʣʷʨʠʟʦʚʘʥ ʥʘ ʦʙʫʯʝʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʧʘʨʘʪʘʤʠ ʢʦʥʪʨʦʣʴʥʳʭ 

ʞʠʚʦʪʥʳʭ (ʩʤ. ʩʪʘʪʠʩʪʠʢʫ ʚ ʪʝʢʩʪʝ), ʦʜʥʘʢʦ ʫ CV1a, ʚ ʦʪʣʠʯʠʝ ʦʪ CGC, ʥʝ ʦʪʤʝʯʝʥʦ 

ʧʦʚʳʰʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʫ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ, -56.6 Ñ 2.8 ʤɺ, n = 9; ʚ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ, -57.5Ñ  3.2 ʤɺ, n = 8, ʥʝʟʘʚʠʩʠʤʳʡ t-ʪʝʩʪ, df = 15, p = 0.6). 
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ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ ʚʳʟʳʚʘʣ ʩʝʨʠʶ ʨʘʟʨʷʜʦʚ ʬʠʢʪʠʚʥʦʛʦ ʞʝʚʘʥʠʷ ʢʘʢ ʚ 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʤ ʤʦʪʦʥʝʡʨʦʥʝ B4, ʪʘʢ ʠ ʚ ʚʥʫʪʨʠʩʝʪʝʚʦʤ ʢʦʤʘʥʜʥʦʤ 

ʠʥʪʝʨʥʝʡʨʦʥʝ ʧʠʱʝʚʦʛʦ ʧʦʚʝʜʝʥʠʷ CV1a, ʯʪʦ ʩʣʫʞʠʣʦ ʥʘʜʝʞʥʳʤ ʢʨʠʪʝʨʠʝʤ 

ʥʘʣʠʯʠʷ ʧʠʱʝʚʦʛʦ ʞʝʚʘʪʝʣʴʥʦʛʦ ʦʪʚʝʪʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʙʫʯʝʥʥʦʡ ʛʨʫʧʧʳ, ʥʘ 

ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʬʠʢʩʠʨʦʚʘʣʠ ʪʦʣʴʢʦ ʦʜʠʥ ʜʣʠʥʥʦʣʘʪʝʥʪʥʳʡ ʨʘʟʨʷʜ 

ʚ ʤʦʪʦʥʝʡʨʦʥʝ B3 ʠ ʧʦʜʧʦʨʦʛʦʚʳʝ ʚʭʦʜʳ ʚ ʠʥʪʝʨʥʝʡʨʦʥʝ CV1a (ʈʠʩ. 

5.2.4C). ɺ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ (ʈʠʩ. 5.2.2B), 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ CGC ʫ ʦʙʫʯʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

(ʪ.ʝ. ʈʠʩ. 5.2.4B) ʙʳʣʦ ʩʜʚʠʥʫʪʦ ʚ ʩʪʦʨʦʥʫ ʜʝʧʦʣʷʨʠʟʘʮʠʠ (-53 Ñ 1.3 ʤɺ) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ (-63 Ñ 1.6 ʤɺ, ʥʝʟʘʚʠʩʠʤʳʡ t-

ʢʨʠʪʝʨʠʡ, df = 18, t = 4.96, p < 0.001, ʪ.ʝ. ʈʠʩ. 5.2.4C). ʅʘ ʪʝʭ ʞʝ ʩʘʤʳʭ 

ʧʨʝʧʘʨʘʪʘʭ ʤʳ ʥʝ ʦʙʥʘʨʫʞʠʣʠ ʨʘʟʣʠʯʠʡ ʚ ʯʘʩʪʦʪʝ ʩʧʦʥʪʘʥʥʦʛʦ ʨʘʟʨʷʜʘ CGC 

ʫ ʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʙʫʯʝʥʥʳʤʠ (0.83 Ñ 0.02 ʠ 0.70 Ñ 

0.07 ɻʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʪʘʢʞʝ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ 

ʚ ʯʘʩʪʦʪʝ ʚʳʟʚʘʥʥʳʭ ʫʩʣʦʚʥʳʤ ʩʪʠʤʫʣʦʤ ʩʧʘʡʢʦʚʳʭ ʨʘʟʨʷʜʦʚ ʚ ʜʚʫ ʛʨʫʧʧʘʭ 

ʧʨʝʧʘʨʘʪʦʚ (ʦʙʫʯʝʥʥʳʝ, 0.84 Ñ 0.02 ɻʮ; ʥʝʩʦʯʝʪʘʥʥʳʡ ʢʦʥʪʨʦʣʴ, 0.74 Ñ 0.07 

ɻʮ). 

5.2.3. ɼʝʧʦʣʷʨʠʟʘʮʠʷ ʚ CGG ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʫʩʠʣʝʥʠʷ ʬʠʢʪʠʚʥʦʛʦ 

ʧʠʱʝʚʦʛʦ ʦʪʚʝʪʘ ʚ ʦʪʚʝʪ ʥʘ ʫʩʣʦʚʥʳʡ ʧʠʱʝʚʦʡ ʩʪʠʤʫʣ. 

 

ʏʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ, ʜʦʩʪʘʪʦʯʥʦ ʣʠ ʠʟʤʝʥʝʥʠʡ ʚ ʤʝʤʙʨʘʥʥʦʤ 

ʧʦʪʝʥʮʠʘʣʝ CGC ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʬʠʢʪʠʚʥʳʡ ʞʝʚʘʪʝʣʴʥʳʡ ʦʪʚʝʪ 

ʥʘ ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ, ʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦ ʜʝʧʦʣʷʨʠʟʦʚʘʣʠ ʤʝʤʙʨʘʥʫ ʥʝʡʨʦʥʘ 

CGC ʫ ʥʘʠʚʥʳʭ ʞʠʚʦʪʥʳʭ. ʄʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ CGC ʥʘ ʧʦʣʫʠʥʪʘʢʪʥʦʤ 

ʧʨʝʧʘʨʘʪʘʭ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʥʘʠʚʥʳʭ ʞʠʚʦʪʥʳʭ ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʥʘ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʜʝʧʦʣʷʨʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʨʘʥʝʝ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʫ ʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦ ʧʨʦʰʝʩʪʚʠʠ 14-ʪʠ ʜʥʝʡ ʧʦʩʣʝ 

ʧʨʦʮʝʜʫʨʳ ʦʙʫʯʝʥʠʷ (-53 ʤɺ), ʠ ʟʘʪʝʤ ʩʨʘʚʥʠʚʘʣʠ ʦʪʚʝʪʳ ʧʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʧʦʜʥʷʪʦʤ ʫʨʦʚʥʝ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʩ ʦʪʚʝʪʘʤʠ ʪʝʭ ʞʝ ʧʨʝʧʘʨʘʪʦʚ, ʥʦ ʧʨʠ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʫʨʦʚʥʝʤ ʜʝʧʦʣʷʨʠʟʘʮʠʠ CGC (-63 ʤɺ). 

ɼʝʧʦʣʷʨʠʟʘʮʠʷ ʤʝʤʙʨʘʥʳ CGC ʜʦ ʫʨʦʚʥʷ -53 ʤɺ, 

ʧʦʜʜʝʨʞʠʚʘʚʰʝʛʦʩʷ ʧʦʩʪʦʷʥʥʦʡ ʠʥʲʝʢʮʠʝʡ ʪʦʢʘ, ʫʚʝʣʠʯʠʚʘʣʘ ʯʘʩʪʦʪʫ 

ʬʦʥʦʚʦʛʦ ʩʧʘʡʢʦʚʘʥʠʷ CGC. ʆʜʥʘʢʦ ʥʘʰʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʨʘʥʝʝ ʧʦʢʘʟʘʣʠ 

ʦʪʩʫʪʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʳ ʩʧʘʡʢʦʚʦʛʦ ʨʘʟʨʷʜʘ ʫ ʧʨʝʧʘʨʘʪʦʚ ʦʙʫʯʝʥʥʳʭ 

ʞʠʚʦʪʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʩʦʯʝʪʘʥʥʳʤ ʢʦʥʪʨʦʣʝʤ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʯʘʩʪʦʪʫ ʩʧʘʡʢʦʚʦʛʦ ʨʘʟʨʷʜʘ ʫ ʢʦʥʪʨʦʣʴʥʳʭ (-63 ʤɺ) ʠ ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʳʭ (-

53 ʤɺ) ʧʨʝʧʘʨʘʪʦʚ ʧʦʜʜʝʨʞʠʚʘʣʠ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ ʚ 1 ɻʮ ʧʫʪʝʤ 
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ʧʨʦʧʫʩʢʘʥʠʷ ʢʦʨʦʪʢʠʭ ʥʘʜʧʦʨʦʛʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ ʯʝʨʝʟ ʚʪʦʨʦʡ 

ʤʠʢʨʦʵʣʝʢʪʨʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʪʝʩʪʠʨʦʚʘʣʠ ʧʦʪʝʥʮʠʘʣʴʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ  ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʣʠʷʪʴ ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʠʢʪʠʚʥʦʛʦ ʧʠʱʝʚʦʛʦ ʦʪʚʝʪʘ ʥʘ ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ. 

ʂʦʛʜʘ ʥʝʡʨʦʥʳ CGC ʙʳʣʠ ʜʝʧʦʣʷʨʠʟʦʚʘʥʳ ʜʦ ʫʨʦʚʥʷ -53 ʤɺ, 

ʧʨʝʧʘʨʘʪʳ ʥʘʠʚʥʳʭ ʞʠʚʦʪʥʳʭ (n = 12) ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʫʚʝʣʠʯʝʥʥʳʡ ʦʪʚʝʪ 

ʥʘ ʘʤʠʣ-ʘʮʝʪʘʪ (ʈʠʩ. 5.2.5). ʌʠʢʪʠʚʥʳʡ ʧʠʱʝʚʦʡ ʦʪʚʝʪ ʙʳʣ ʜʦʩʪʦʚʝʨʥʦ (p < 

0.01) ʙʦʣʝʝ ʩʠʣʥɹʳʤ (ʧʦ ʨʘʟʥʠʮʝ ʚ ʯʠʩʣʝ ʞʝʚʘʥʠʡ, -0.25 Ñ 0.3; ʧʨʠʤʝʨʳ  

 

ʈʠʩ. 5.2.5. ɼʝʧʦʣʷʨʠʟʘʮʠʠ CGC ʫ ʥʘʠʚʥʳʭ ʞʠʚʦʪʥʳʭ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʬʠʢʪʠʚʥʳʭ ʞʝʚʘʥʠʡ ʚ ʦʪʚʝʪ ʥʘ ʫʩʣʦʚʥʳʡ ʨʘʟʜʨʘʞʠʪʝʣʴ. 

(ɸ) ɿʥʘʯʝʥʠʷ ʦʪʚʝʪʘ ʚ ʚʠʜʝ ʢʦʣʠʯʝʩʪʚʘ ʬʠʢʪʠʚʥʳʭ ʧʠʱʝʚʳʭ ʞʝʚʘʥʠʡ ʫ ʧʨʝʧʘʨʘʪʦʚ 

ʥʘʠʚʥʳʭ ʞʠʚʦʪʥʳʭ, ʚ ʢʦʪʦʨʳʭ ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ (ʄʇ) ʫ CGC ʙʳʣ 

ʫʩʪʘʥʦʚʣʝʥ ʥʘ -53 ʤɺ ʠʣʠ ʥʘ -63 ʤɺ ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʳ ʨʘʟʨʷʜʘ 

CGC ʥʘ ʫʨʦʚʥʝ ʦʢʦʣʦ 1 ɻʮ (ʜʦ ʥʘʚʷʟʳʚʘʥʠʷ ʯʘʩʪʦʪʳ 1 ɻʮ ʥʝʡʨʦʥʳ CGC 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʥʘʯʝʥʠʷ ʩʧʦʥʪʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ 0.7-1.0 ɻʮ, ʯʪʦ ʪʘʢʞʝ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʟʥʘʯʝʥʠʷʤʠ ʯʘʩʪʦʪ ʚ ʦʙʫʯʝʥʥʦʡ ʛʨʫʧʧʝ, ʩʤ. ʧʦʜʧʠʩʴ ʢ ʨʠʩʫʥʢʫ 

5.2.4). ʇʣʘʥʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʬʠʢʪʠʚʥʳʭ ʧʠʱʝʚʳʭ ʞʝʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ 

ʩʪʘʥʜʘʨʪʥʫʶ ʦʰʠʙʢʫ ʩʨʝʜʥʝʛʦ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʩʪʘʪʠʩʪʠʢʠ (ʧʘʨʥʳʡ t-

ʪʝʩʪ) ʩʦʩʪʘʚʠʣʠ: df = 11, t = 2.89, p < 0.01. 

(B ʠ C) ʇʨʠʤʝʨʳ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʦʪ ʧʨʝʧʘʨʘʪʘ ʥʘʠʚʥʦʛʦ 

ʞʠʚʦʪʥʦʛʦ, ʫ ʢʦʪʦʨʦʛʦ ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ CGC ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʟʥʘʯʝʥʠ ̫

-53 ʤɺ (B) ʠʣʠ -63 ʤɺ (C). ʏʘʩʪʦʪʘ ʩʧʘʡʢʦʚʦʛʦ ʨʘʟʨʷʜʘ ʩʭʦʜʥʘ  ʚ ʦʙʦʠʭ CGC 

(ʧʨʘʚʦʤ ʠ ʣʝʚʦʤ), ʧʦʵʪʦʤʫ ʧʨʠʚʝʜʝʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʠʟ ʨʝʛʠʩʪʨʘʮʠʡ CGC ʥʘ (B) ʠ (C). 

ʇʨʠ ʦʙʦʠʭ ʟʥʘʯʝʥʠʷʭ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʵʪʦʪ ʧʨʝʧʘʨʘʪ ʥʘʠʚʥʦʛʦ ʞʠʚʦʪʥʦʛʦ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʧʦʥʪʘʥʥʦʝ ʬʠʢʪʠʚʥʦʝ ʞʝʚʘʥʠʝ. ʆʜʥʘʢʦ, ʢʦʛʜʘ ʤʝʤʙʨʘʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣ CGC ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʥʘ -53 ʤɺ (B), ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ ʚʳʟʳʚʘʣ ʛʦʨʘʟʜʦ 

ʙʦʣʝʝ ʩʠʣʴʥʳʡ ʦʪʚʝʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ, ʢʦʛʜʘ ʧʦʪʝʥʮʠʘʣ ʪʦʛʦ ʞʝ ʩʘʤʦʛʦ 

CGC ʫʜʝʨʞʠʚʘʣʠ ʥʘ -63 ʤɺ (ɺ), ʠ ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ ʚʳʟʳʚʘʣ ʪʦʣʴʢʦ ʦʪʩʪʘʚʣʝʥʥʦʝ 

ʧʦʷʚʣʝʥʠʝ ʦʜʥʦʛʦ ʮʠʢʣʘ ʧʦʜʧʦʨʦʛʦʚʳʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʭʦʜʦʚ. 
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ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 5.2.5B ʠ 5.2.5C). ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ,  

ʯʪʦ ʦʜʥʦʡ ʣʠʰʴ ʜʝʧʦʣʷʨʠʟʘʮʠʠ CGC ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʟʚʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʠʱʝʚʦʡ ʨʝʘʢʮʠʠ ʚ ʦʪʚʝʪ ʥʘ ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʦʝ ʚ ʧʨʝʜʳʜʫʱʝʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʤʝʤʙʨʘʥʳ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ, ʦʯʝʚʠʜʥʦ, 

ʩʧʦʩʦʙʥʦ ʚʥʝʩʪʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʧʘʤʷʪʴ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʦʷʚʣʝʥʠʝ ʫʩʣʦʚʥʦʡ ʨʝʘʢʮʠʠ ʚ ʦʪʚʝʪ ʥʘ ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ. 

ʕʪʦʪ ʚʳʚʦʜ ʧʦʜʜʝʨʞʠʚʘʝʪʩ ̫ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʤ 

ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʯʠʩʣʝ ʞʝʚʘʥʠʡ ʤʝʞʜʫ ʦʙʫʯʝʥʥʳʤʠ 

ʞʠʚʦʪʥʳʤʠ (3.2 Ñ 0.8, ʈʠʩ. 5.2.4ɸ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʥʘʠʚʥʳʤʠ 

ʞʠʚʦʪʥʳʤʠ ʩ ʠʩʢʫʩʩʪʚʝʥʥʦ ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʳʤʠ CGC (2.0 Ñ 0.7, ʩʤ. ʥʠʞʝ). 

ɽʩʣʠ ʜʝʧʦʣʷʨʠʟʘʮʠʷ CGC ʙʳʣʘ ʙʳ ʥʝʦʙʭʦʜʠʤʦʡ ʠ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʬʠʢʪʠʚʥʦʛʦ ʧʠʱʝʚʦʛʦ ʦʪʚʝʪʘ, ʪʦʛʜʘ ʙʳʣʦ ʙʳ ʚʦʟʤʦʞʥʦ 

ʦʙʨʘʪʠʪʴ ʵʬʬʝʢʪ, ʚʳʟʚʘʥʥʳʡ ʦʙʫʯʝʥʠʝ, ʧʫʪʝʤ ʦʙʨʘʱʝʥʠʷ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʚ 

ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʶ. ʆʜʥʘʢʦ, ʢʦʛʜʘ ʵʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʜʝʣʘʣʠ, ʪʦ 

ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʛʠʧʝʨʧʦʣ̫ ʟʘʮʠʷ ʩʦʤʳ ʥʝʡʨʦʥʘ CGC ʥʝ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʧʝʨʝʜʘʚʘʪʴʩʷ  ʧʦ ʘʢʩʦʥʘʣʴʥʳʤ ʦʪʨʦʩʪʢʘʤ ʚ ʤʝʩʪʘ, ʛʜʝ, ʢʘʢ ʧʦʣʘʛʘʣʠ, ʙʳʣʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ CGC ʩ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʤʠ 

ʥʝʡʨʦʥʘʤʠ (Styles, 2002), ʧʦʵʪʦʤʫ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ 

ʦʙʨʘʪʠʪʴ ʵʬʬʝʢʪ ʜʝʧʦʣʷʨʠʟʘʮʠʠ CGC ʥʘ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ (ʈʠʩ 5.2.6). ʕʪʦ 

ʥʘʙʣʶʜʝʥʠʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʘʢʩʦʥʘʣʴʥʳʭ 

ʢʦʤʧʘʨʪʤʝʥʪʦʚ CGC, ʙʣʠʟʢʠʭ ʢ ʥʝʡʨʦʥʘʤ-ʤʠʰʝʥʷʤ ʚ ʮʝʨʝʙʨʘʣʴʥʦʤ 

ʛʘʥʛʣʠʠ, ʠʛʨʘʝʪ ʛʣʘʚʥʫʶ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʫʚʝʣʠʯʝʥʠʠ ʦʪʚʝʪʦʚ ʥʘ 

ʫʩʣʦʚʥʳʡ ʨʘʟʜʨʘʞʠʪʝʣʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʣʝʝ ʤʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ 

ʚʥʠʤʘʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʷʭ, ʚʳʟʚʘʥʥʳʭ ʩʦʤʘʪʠʯʝʩʢʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ ʚ ʵʪʠʭ 

ʩʫʙʢʣʝʪʦʯʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ. 

 

5.2.4. ɼʝʧʦʣʷʨʠʟʘʮʠʷ ʤʝʤʙʨʘʥʳ CGG ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʥʳʤ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʤ ʦʪʚʝʪʘʤ ʠ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʛʦ 

ʢʘʣʴʮʠʷ. 

 

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʢʣʝʪʦʯʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʝʡʨʦʥʦʚ ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʝʡ, ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʦʛʦ, ʤʦʞʝʪ ʣʠ  
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ʈʠʩ. 5.2.6. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʠ ʠ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʧʦ ʘʢʩʦʥʘʣʴʥʳʤ 

ʢʦʤʧʘʨʪʤʝʥʪʘʤ CGC. (ɸ) ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʤʳ ʠ ʘʢʩʦʥʘ ʥʝʡʨʦʥʘ CGC, 

ʧʦʢʘʟʳʚʘʶʱʘʷ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʢʪʨʦʜʦʚ ʚʦ ʚʨʝʤʷ ʩʪʠʤʫʣʷʮʠʠ (ʩʦʤʘ) ʠ 

ʨʝʛʠʩʪʨʘʮʠʠ (ʩʦʤʘ ʠ ʘʢʩʦʥ). (B) ɺʳʟʚʘʥʥʳʡ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʩʜʚʠʛ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʴʰʝʝ ʟʘʪʫʭʘʥʠʝ ʚʜʦʣʴ ʘʢʩʦʥʘ CGC ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʝʧʦʣʷʨʠʟʘʮʠʦʥʥʳʤ ʩʜʚʠʛʦʤ. ʅʘ ʧʨʠʤʝʨʝ ʚʠʜʥʦ, ʯʪʦ ʜʘʞʝ ʥʝʙʦʣʴʰʦʡ 

ʜʝʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʩʜʚʠʛ ʚ ʩʦʤʝ (ʥʘ ~5 ʤɺ), ʟʘʪʫʭʘʝʪ ʛʦʨʘʟʜʦ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʘʷ ʩʦʤʘʪʠʯʝʩʢʘʷ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʷ (ʥʘ ~15 ʤɺ). ʀʟʦʙʨʘʞʝʥʠʝ 

ʩʧʘʡʢʘ ʦʙʨʝʟʘʥʦ ʧʦ ʘʤʧʣʠʪʫʜʝ, ʢʦʪʦʨʘʷ ʥʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʟʘʪʫʭʘʥʠʷ ʚʜʦʣʴ 

ʦʪʨʝʟʢʘ ʩʦʤʘ-ʩʝʛʤʝʥʪ. ɸʤʧʣʠʪʫʜʘ ʠʟʤʝʨʝʥʥʦʛʦ ʚʦ ʚʪʦʨʦʤ ʩʝʛʤʝʥʪʝ (ʘʢʩʦʥʘʣʴʥʦʤ) 

ʩʧʘʡʢʘ CGC ʩʦʩʪʘʚʣʷʣʘ 97.3% Ñ 0.8% ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʘʤʧʣʠʪʫʜʳ ʚ ʩʦʤʝ ʥʝʡʨʦʥʘ 

(n = 8 ʩʧʘʡʢʦʚ). (C) ʉʦʤʘ ʠ ʘʢʩʦʥ ʥʝʡʨʦʥʘ CGC, ʦʢʨʘʰʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣ-

ʟʘʚʠʩʠʤʳʤ ʢʨʘʩʠʪʝʣʝʤ. (D) ʀʟʤʝʨʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʦʤʘʪʠʯʝʩʢʦʡ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʚ ʩʝʛʤʝʥʪʘʭ ʦʩʥʦʚʥʦʛʦ ʘʢʩʦʥʘ 1-4 ʠ ʚ ʩʝʢʮʠʷʭ 1ʘ ʠ 2ʘ ʙʦʢʦʚʦʡ ʚʝʪʚʠ 
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(ʢʦʣʣʘʪʝʨʘʣʠ). ɼʣʠʥʘ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʤʝʪʨʫ ʩʦʤʳ 

CGC (ʦʢʦʣʦ 120 ʤʢʤ). ʉʠʛʥʘʣ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʦʛʦ 

ʢʨʘʩʠʪʝʣʷ JPW-1114, ʠʥʲʝʮʠʨʦʚʘʥʥʦʛʦ ʚ ʢʣʝʪʦʯʥʦʝ ʪʝʣʦ. ɺʳʟʚʘʥʥʳʝ ʩʜʚʠʛʦʤ 

ʧʦʪʝʥʮʠʘʣʘ ʠʟʤʝʥʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (DF) ʙʳʣʠ ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʟʤʝʥʝʥʠʶ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʚʳʟʚʘʥʥʦʤʫ ʦʜʠʥʦʯʥʳʤ ʩʧʘʡʢʦʤ (DFʩʧʘʡʢʘ), ʢʦʪʦʨʳʡ 

ʨʘʩʧʨʦʩʪʨʘʥʷʣʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʠʟ ʩʦʤʳ ʥʝʡʨʦʥʘ ʚ ʥʝʟʘʪʫʭʘʶʱʝʡ ʤʘʥʝʨʝ (ʩʤ. [ɸ] 

ʠ [B]). ʋʞʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʚ ʜʚʘ ʜʠʘʤʝʪʨʘ ʩʦʤʳ CGC (ʩʝʛʤʝʥʪʳ 2 ʠ 2ʘ) 

ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʷ ʟʘʪʫʭʘʝʪ ʙʦʣʝʝ ʯʝʤ ʥʘ 50% ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʥʘʯʝʥʠʶ, 

ʠʟʤʝʨʝʥʥʦʤʫ ʚʙʣʠʟʠ ʩʦʤʳ (ʩʝʛʤʝʥʪʳ 1 ʠ 1ʘ). ʕʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʟʘʪʫʭʘʥʠʝ ʜʝʧʦʣʷʨʠʟʘʮʠʠ 

ʩʠʛʥʘʣʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʜʚʠʛʘ ʧʦʪʝʥʮʠʘʣʘ ʚ ʦʪʨʦʩʪʢʘʭ CGC ʥʘ 

ʨʘʩʩʪʦʷʥʠʷʭ ʜʦ ʧʦʨʷʜʢʘ 200 ʤʢʤ ʦʪ ʪʝʣʘ ʢʣʝʪʢʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʷ ʦ ʪʦʤ, ʯʪʦ 

ʜʝʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʩʜʚʠʛ ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʧʨʦʢʩʠʤʘʣʴʥʳʝ ʘʢʩʦʥʘʣʴʥʳʝ 

ʚʝʪʚʠ. ʅʘʧʨʦʪʠʚ, ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʩʜʚʠʛʠ ʧʦʪʝʥʮʠʘʣʘ ʙʳʩʪʨʦ 

ʘʪʪʝʥʶʠʨʫʶʪʩʷ ʠ ʫʤʝʥʴʰʘʶʪʩʷ ʜʦ <50% ʦʪ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʚ ʪʝʣʝ ʢʣʝʪʢʠ ʫʞʝ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʝʨʚʳʭ 100 ʤʢʤ ʦʩʥʦʚʥʦʛʦ ʘʢʩʦʥʘ ʠ ʝʛʦ ʙʦʢʦʚʳʭ ʚʝʪʚʝʡ. ɿʥʘʯʝʥʠʝ 

ʩʨʝʜʥʝʡ ʧʦʩʪʦʷʥʥʦʡ ʜʣʠʥʳ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʩʜʚʠʛʘ 

ʠʤʝʝʪ ʥʝʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ (ɚ = 230 ʤʢʤ). ʈʝʟʫʣʴʪʘʪ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʝʜʩʢʘʟʳʚʘʝʪ, ʯʪʦ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʷ ʩʦʤʳ CGC ʙʫʜʝʪ ʥʝʵʬʬʝʢʪʠʚʥʘ ʜʣʷ 

ʧʦʜʘʚʣʝʥʠʷ ʦʪʚʝʪʘ ʧʨʝʧʘʨʘʪʘ ʥʘ ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ ʚ ʚʠʜʝ ʬʠʢʪʠʚʥʦʛʦ ʞʝʚʘʥʠʷ ʫ 

ʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, 

ʦʧʠʩʘʥʥʳʭ ʚ (D)-(F). (F) ʉʦʤʘʪʠʯʝʩʢʘʷ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʷ ʥʝ ʦʙʨʘʱʘʣʘ ʵʬʬʝʢʪ 

ʦʙʫʯʝʥʠʷ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ CGC ʫ ʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ (n = 19) ʧʨʠ ʫʨʦʚʥʝ 

çʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦè ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ  (-53 Ñ 3 ʤɺ ʚ ʵʪʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ) ʢʦʛʜʘ ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʦʤʳ CGC ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʥʠʞʘʣʠ ʥʘ 

10 ʤɺ ʥʘ ʪʝʭ ʞʝ ʧʨʝʧʘʨʘʪʘʭ. ʇʣʘʥʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪ Ñʩʪʘʥʜʘʨʪʥʫʶ 

ʦʰʠʙʢʫ ʩʨʝʜʥʝʛʦ. (E ʠ G) ʇʨʠʤʝʨʳ ʟʘʧʠʩʝʡ ʦʪ ʧʨʝʧʘʨʘʪʘ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʞʠʚʦʪʥʦʛʦ ʩ ʥʝʡʨʦʥʘʤʠ CGC ʧʨʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʤ ʫʨʦʚʥʝ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ (-55 ʤɺ ʫ CGC ʥʘ ʵʪʦʤ ʧʨʝʧʘʨʘʪʝ) ʠ ʧʨʠ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʠ ʩʦʤʳ ʪʦʛʦ 

ʞʝ CGC ʥʘ 10 ʤɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʣʠ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʬʠʢʪʠʚʥʳʡ ʞʝʚʘʪʝʣʴʥʡr ʧʠʱʝʚʦʡ ʦʪʚʝʪ ʥʘ ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ. 

 

ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʩʦʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ CGC ʧʨʠʚʝʩʪʠ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʩʠʣʳ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʳʭʦʜʦʚ CGC ʚ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ in situ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʤʳ ʚʳʨʘʱʠʚʘʣʠ 

ʥʝʡʨʦʥ CGC ʩʦʚʤʝʩʪʥʦ ʩ ʤʦʪʦʥʝʡʨʦʥʦʤ B1 (ʈʠʩ. 5.2.7ɸ). ʀʟʚʝʩʪʥʦ, ʯʪʦ CGC 

ʤʦʥʦʩʠʥʘʧʪʠʯʝʩʢʠ ʩʚʷʟʘʥ ʩ ʤʦʪʦʥʝʡʨʦʥʦʤ B1 ʚ ʠʥʪʘʢʪʥʦʡ ʎʅʉ (McCrohan 

and Benjamin, 1980). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ɺʇʉʇ ʚ B1 

ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜʷʱʠʤ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʫʚʝʣʠʯʝʥʥʦʛʦ 

ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʚʳʭʦʜʘ CGC. ʆʙʝ ʵʪʠʭ ʢʣʝʪʢʠ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ 

ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʯʘʰʢʫ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 400 ʤʢʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʥʝʡʨʦʥʘʤ CGC ʠ B1 ʦʙʨʘʟʦʚʘʪʴ ʭʠʤʠʯʝʩʢʫʶ ʤʦʥʦʩʠʥʘʧʪʠʯʝʩʢʫʶ  
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ʩʚʷʟʴ ʧʨʠʤʝʨʥʦ ʥʘ ʪʦʤ ʞʝ ʨʘʩʩʪʦʷʥʠʠ ʦʪ CGC, ʢʘʢ ʧʨʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦʤ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʘʢʩʦʥʘʣʴʥʳʭ ʚʝʪʚʝʡ CGC, ʦʙʨʘʟʫʶʱʠʭ ʢʦʥʪʘʢʪʳ ʥʘ 

ʮʝʥʪʨʘʣʴʥʳʭ ʥʝʡʨʦʥʘʭ ʧʫʪʠ ʫʩʣʦʚʥʦʛʦ ʩʪʠʤʫʣʘ ʚ ʮʝʨʝʙʨʘʣʴʥʦʤ ʛʘʥʛʣʠʠ 

(Styles, 2004). ɼʘʣʝʝ ʚ ʚʝʪʚʷʭ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʝ ʫʨʦʚʥʷ ʩʚʦʙʦʜʥʦʛʦ 

ʢʘʣʴʮʠʷ (ʩʤ. ʥʠʞʝ). ʋʨʦʚʝʥʴ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʫ CGC ʚ ʢʫʣʴʪʫʨʝ 

ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʠ ʚʳʟʳʚʘʣʠ ʩʧʘʡʢʠ ʚ ʩʦʤʝ 

ʥʝʡʨʦʥʘ ʩ ʧʦʤʦʱʴʶ ʚʪʦʨʦʛʦ ʥʝʟʘʚʠʩʠʤʦʛʦ ʵʣʝʢʪʨʦʜʘ. ʄʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ, 

ʭʦʪʷ ʬʦʨʤʘ ʩʧʘʡʢʦʚ CGC ʠ ʥʝ ʠʟʤʝʥʠʣʘʩʴ ʢʘʢ ʬʫʥʢʮʠʷ ʜʝʧʦʣʷʨʠʟʘʮʠʠ 

(ʧʨʠʤʝʨ ʥʘ ʈʠʩ. 5.2.7C), ʚʦʟʙʫʞʜʘʶʱʠʝ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ 

(ɺʇʉʇ) ʥʘ ʩʦʚʤʝʩʪʥʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʥʦʤ ʤʦʪʦʥʝʡʨʦʥʝ B1 ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʣʠʩʴ ʚ ʨʘʟʤʝʨʝ, ʜʝʤʦʥʩʪʨʠʨʫ ̫ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʠ (ʈʠʩ. 5.2.7B ʠ 5.2.7C). ʇʦʭʦʞʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʠ ʛʠʛʘʥʪʩʢʦʤ 

ʘʢʩʦʥʝ ʢʘʣʴʤʘʨʘ (Charlton and Atwood, 1977; Wojtowich and Atwood, 1984).  

ɺ ʜʨʫʛʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʳ ʧʨʦʚʝʨʷʣʠ, ʤʦʞʝʪ ʣʠ ʜʝʧʦʣʷʨʠʟʘʮʠʷ 

ʢʣʝʪʦʯʥʦʛʦ ʪʝʣʘ CGC ʚʣʠʷʪʴ ʥʘ ʧʨʝʧʘʨʘʪʘʭ ʠʥʪʘʢʪʥʦʡ ʎʅʉ ʥʘ 

ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ CGC ʥʘ B1 (ʜʠʩʪʘʥʮʠʷ ʤʝʞʜʫ ʢʣʝʪʦʯʥʳʤ ʪʝʣʦʤ 

CGC ʠ ʝʛʦ ʘʢʩʦʥʘʣʴʥʳʤʠ ʪʝʨʤʠʥʘʣʷʤʠ, ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ B1, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2 ʤʤ). ʍʦʪʷ ʠ ʥʝ ʧʨʝʜʧʦʣʘʛʘʣʦʩɹ, ʯʪʦ 

ʤʦʥʦʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ ʦʪ CGC ʥʘ B1 ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʘʣʠʟʘʮʠʠ 

ʦʙʫʯʝʥʠʷ, ʤʳ ʧʨʦʚʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪ, ʧʦʜʦʙʥʳʡ ʩʦʚʤʝʩʪʥʦʤʫ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʶ CGC ʠ B1 ʛʜʝ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ (ʈʠʩ. 5.2.7), ʤʦʞʝʤ ʣʠ ʤʳ ʜʝʪʝʢʪʠʨʦʚʘʪʴ 

ʫʩʠʣʝʥʠʝ ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʚʳʭʦʜʘ ʧʨʠ ʜʝʧʦʣʷʨʠʟʘʮʠʠ CGC. ʈʝʛʠʩʪʨʠʨʦʚʘʣʠ 

CGC ʠ B1 ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ 11 ʧʨʝʧʘʨʘʪʘʭ ʠʥʪʘʢʪʥʦʡ ʎʅʉ (ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʢʣʝʪʦʯʥʳʤ ʪʝʣʦʤ CGC ʠ ʘʢʩʦʥʘʣʴʥʳʤʠ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʤʠ 

ʪʝʨʤʠʥʘʣʷʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ B1 ʧʦʨʷʜʢʘ ~2 ʤʤ). ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʢʫʣʴʪʫʨʝ (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʣʝʪʦʯʥʳʤ ʪʝʣʦʤ CGC ʠ 

ʘʢʩʦʥʘʣʴʥʳʤʠ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʤʠ ʪʝʨʤʠʥʘʣʷʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ B1 

ʧʦʨʷʜʢʘ ~400 ʤʢʤ), ʛʜʝ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʥʘ 5 ʤɺ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʫʩʠʣʝʥʠʷ ɺʇʉʇ ʚ B1, ʢʣʝʪʦʯʥʦʝ ʪʝʣʦ CGC ʥʘ ʠʥʪʘʢʪʥʦʡ ʎʅʉ ʙʳʣʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʝʧʦʣʷʨʠʟʦʚʘʪʴ ʥʘ 20 ʤɺ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʚʠʜʝʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ  
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ʈʠʩ. 5.2.7. ɼʝʧʦʣʷʨʠʟʘʮʠʷ ʩʦʤʳ CGC ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʥʦʤʫ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʤʫ 

ʦʪʚʝʪʫ. (ɸ) ʉʦʚʤʝʩʪʥʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʝ ʥʝʡʨʦʥ rCGC ʠ B1 ʚ ʚʦʟʨʘʩʪʝ 3-ʭ ʜʥʝʡ 

ʧʦʩʣʝ ʧʦʩʘʜʢʠ. ʅʘʣʦʞʝʥʥʳʡ ʨʠʩʫʥʦʢ ʵʣʝʢʪʨʦʜʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʵʪʠ ʥʝʡʨʦʥʳ 

ʧʨʦʢʘʣʳʚʘʣʠ ʜʚʫʤʷ ʵʣʝʢʪʨʦʜʘʤʠ ʢʘʞʜʳʡ ʜʣʷ ʢʦʥʪʨʦʣʷ ʥʘʜ ʤʝʤʙʨʘʥʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʚʳʟʳʚʘʥʠʷ ʦʜʠʥʦʯʥʳʭ 

ʩʧʘʡʢʦʚ ʚ CGC. ʃʠʥʝʡʢʘ ʤʘʩʰʪʘʙʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 100 ʤʢʤ. (B) ʉ ʧʦʚʳʰʝʥʠʝʤ 

ʫʨʦʚʥʷ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʩʦʤʳ ʦʜʠʥʦʯʥʳʝ ʩʧʘʡʢʠ, ʠʥʠʮʠʠʨʦʚʘʥʥʳʝ ʚ ʪʝʣʝ CGC, 

ʚʳʟʳʚʘʣʠ ʚʦʟʨʘʩʪʘʶʱʠʝ ʧʦ ʘʤʧʣʠʪʫʜʝ ɺʇʉʇ ʚ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʤ ʥʝʡʨʦʥʝ B1. 

ʄʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ CGC ʫʚʝʣʠʯʠʚʘʣʠ ʩʪʫʧʝʥʷʤʠ ʚ 5 ʤɺ,  ʥʘʯʠʥʘʷ ʩ ʙʘʟʦʚʦʛʦ 

ʟʥʘʯʝʥʠʷ -65 ʤɺ ʠ ʜʦ -45 ʤɺ, ʠʟʤʝʨʷ ̫ʚ ʥʝʡʨʦʥʝ B1 ʘʤʧʣʠʪʫʜʫ ɺʇʉʇ, ʚʳʟʚʘʥʥʦʛʦ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʤʠ ʦʜʠʥʦʯʥʳʤʠ ʩʧʘʡʢʘʤʠ ʚ CGC. ʇʨʦʪʦʢʦʣ ʧʦʚʪʦʨʷʣʠ 3 ʨʘʟʘ, ʠ 

ʢʘʞʜʳʡ ʨʘʟ ʠʟʤʝʨʝʥʥʳʝ ʘʤʧʣʠʪʫʜʳ ʥʦʨʤʘʣʠʟʦʚʘʣʠ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ (ʚ 

ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʦʥʦ ʩʦʩʪʘʚʣʷʣʦ ~-45 ʤɺ). ɻʨʘʬʠʢ ʧʦʢʘʟʳʚʘʝʪ ʩʨʝʜʥʠʝ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ɺʇʉʇ ʚ B1(Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ) ʧʨʠ ʟʥʘʯʝʥʠʷʭ 

ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ  CGC -65, -60, ʠ -55 ʤɺ. ɺʝʣʠʯʠʥʳ, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ -60 ʠ 

-55 ʤɺ ʜʦʩʪʦʚʝʨʥʦ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʡ ʧʨʠ 65 ʤɺ (ʧʘʨʥʳʡ t-ʢʨʠʪʝʨʠʡ, df = 2, t = 12.0 

ʠ 9.8, p < 0.003 ʠ 0.01). (C) ʇʨʠʤʝʨ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʪʝʩʪʘ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʛʦ ʧʦʚʳʰʘʶʱʠʝʩʷ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʝ ʦʪʚʝʪʳ ʚ ʥʝʡʨʦʥʝ B1 ʚ 

ʦʪʚʝʪ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʧʘʡʢʠ, ʚʳʟʳʚʘʝʤʳʝ ʚ ʪʝʣʝ ʥʝʡʨʦʥʘ CGC, ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ  

ʩʪʫʧʝʥʷʤʠ ʚ 5 ʤɺ ʥʘʯʠʥʘʷ ʩ ʟʥʘʯʝʥʠʷ -65 ʤɺ ʠ ʜʦ -45ʤɺ. ʇʦʢʘʟʘʥʳ ʨʝʛʠʩʪʨʘʮʠʠ 
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ʦʪʚʝʪʦʚ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʦʪ -65 ʜʦ -55 ʤɺ. ʆʯʝʚʠʜʥʦ, ʬʦʨʤʘ ʩʧʘʡʢʘ ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʫʨʦʚʥʷʭ ʜʝʧʦʣʷʨʠʟʘʮʠʠ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʦʪʣʠʯʠʷ ʚ ʬʘʟʝ 

ʧʦʩʣʝʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʠ ʤʝʞʜʫ ʢʫʣʴʪʫʨʘʣʴʥʳʤʠ ʠ ʥʝʡʨʦʥʘʤʠ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤʠ ʚ ʛʘʥʛʣʠʠ (ʩʨʘʚʥ. ʩ ʈʠʩ. 5.2.2), ʯʪʦ, ʦʜʥʘʢʦ, ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʜʘʥʥʳʭ. 

 

ʫʚʝʣʠʯʝʥʠʝ ɺʇʉʇ ʚ B1 (ʦʪ ʟʥʘʯʝʥʠʷ 3.8 Ñ 1.1 ʤɺ ʧʨʠ ʤʝʤʙʨʘʥʥʦʤ 

ʧʦʪʝʥʮʠʘʣʝ CGC ʦʢʦʣʦ -65 ʤɺ, ʜʦ 6.4 Ñ 1.2 ʤɺ ʧʨʠ ʤʝʤʙʨʘʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ 

CGC ʦʢʦʣʦ -45 ʤɺ, ʧʘʨʥʳʡ t-ʢʨʠʪʝʨʠʡ, df = 10, p < 0.05). ʈʘʟʥʠʮʘ ʚ ʫʨʦʚʥʝ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʩʠʣʠʪʴ ʩʠʥʘʧʪʠʯʝʩʢʠʡ ʚʳʭʦʜ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʪʨʘʞʘʝʪ ʘʪʪʝʥʶʘʮʠʶ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʧʦ ʭʦʜʫ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʝʝ ʥʘ ʙ¸ʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʠʥʪʘʢʪʥʦʡ ʎʅʉ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʤʦʜʝʣʴʶ ʤʦʥʦʩʠʥʘʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʥʘ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʝ. 

ʅʝʜʘʚʥʠʝ ʨʘʙʦʪʳ ʥʘ ʩʠʥʘʧʩʘʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʦʚʳʰʝʥʠʝ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʢʦʷ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʠʥʘʧʪʠʯʝʩʢʠʡ ʚʳʭʦʜ ʯʝʨʝʟ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʬʦʥʦʚʦʛʦ ʢʘʣʴʮʠʷ 

(Awatramani et al., 2005). ʏʪʦʙʳ ʚʳʷʩʥʠʪʴ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʠ ʚ ʩʣʫʯʘʝ ʩʚʷʟʝʡ 

CGC ʧʦʭʦʞʠʡ ʤʝʭʘʥʠʟʤ ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʬʘʩʠʣʠʪʘʮʠʠ, ʤʳ ʧʨʦʚʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʫʨʦʚʥʷ ʩʚʦʙʦʜʥʦʛʦ 

ʢʘʣʴʮʠʷ ʥʝʩʢʦʣʴʢʠʭ ʦʙʣʘʩʪʷʭ ʘʢʩʦʥʘ CGC ʥʘ ʧʨʝʧʘʨʘʪʝ ʠʥʪʘʢʪʥʦʡ ʎʅʉ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ ʤʝʤʙʨʘʥʳ CGC ʠ ʬʠʢʩʘʮʠʝʡ ʧʦʪʝʥʮʠʘʣʘ 

ʩʦʤʳ CGC ʧʦ ʤʝʪʦʜʫ ʜʚʫʭʵʣʝʢʪʨʦʜʥʦʡ ʬʠʢʩʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ (ʈʠʩ. 5.2.8ɸ). 

ʄʳ ʥʘʰʣʠ, ʯʪʦ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʩʦʤʳ ʥʘ 5 ʤɺ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʚʳʟʚʘʪʴ 

ʥʝʙʦʣʴʰʦʝ ʜʝʪʝʢʪʠʨʫʝʤʦʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʢʘʣʴʮʠʷ (Ó 40 ʥʄ) ʚ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʘʢʩʦʥʘ CGC (ʈʠʩ. 5.2.8B). ʉʪʫʧʝʥʴʢʘ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʚ 10 ʤɺ ʚʳʟʚʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʢʘʣʴʮʠʝʚʳʡ 

ʦʪʚʝʪ (p < 0.006) ʚ ʪʝʭ ʞʝ ʯʘʩʪʷʭ ʘʢʩʦʥʘ (ʈʠʩ. 5.2.8B). ʂʨʦʤʝ ʪʦʛʦ, 

ʢʘʣʴʮʠʝʚʳʝ ʦʪʚʝʪʳ ʢʘʢ ʥʘ ʩʪʫʧʝʥʴʢʫ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʩʦʤʳ ʚ 5 ʤɺ, ʪʘʢ ʠ ʚ 10 

ʤɺ ʧʨʦʜʦʣʞʘʣʠʩʴ ʚʩʝ ʚʨʝʤʷ, ʧʦʢʘ ʜʣʠʣʘʩʴ ʜʝʧʦʣʷʨʠʟʘʮʠʷ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ 

ʧʨʠʤʝʨʘʭ ʥʘ ʈʠʩ. 5.2.8ɸ ʠ ʈʠʩ. 5.2.8C. 

ɺʟʷʪʳʝ ʚʤʝʩʪʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʜʝʶ ʦ ʪʦʤ, 

ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ CGC ʤʦʞʝʪ ʤʦʜʫʣʠʨʦʚʘʪʴ 

ʩʠʥʘʧʪʠʯʝʩʢʠʡ ʚʳʭʦʜ ʵʪʦʛʦ ʥʝʡʨʦʥʘ ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʫ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ  (Awatramani et al., 2005) , ʠ ʵʪʘ ʤʦʜʫʣʷʮʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʩʚʦʙʦʜʥʦʛʦ ʢʘʣʴʮʠʷ.  
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ʈʠʩ. 5.2.8. ɼʝʧʦʣʷʨʠʟʘʮʠʷ ʤʝʤʙʨʘʥʳ CGC ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ 

ʩʚʦʙʦʜʥʦʛʦ ʢʘʣʴʮʠʷ ʚ ʧʨʦʢʩʠʤʘʣʴʥʳʭ ʘʢʩʦʥʘʣʴʥʳʭ ʦʪʨʦʩʪʢʘʭ. (ɸ) ʅʝʡʨʦʥ CGC, 

ʟʘʧʦʣʥʝʥʥʳʡ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦ ʢʘʣʴʮʠʡ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢʨʘʩʠʪʝʣʝʤ Oregon Green 

488 BAPTA-1 ʩ ʚʚʝʜʝʥʥʳʤʠ ʚ ʥʝʛʦ ʜʚʫʤʷ ʵʣʝʢʪʨʦʜʘʤʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʬʠʢʩʘʮʠʝʡ ʧʦʪʝʥʮʠʘʣʘ. ʇʦʨʦʛ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʨʘʩʠʪʝʣʷ ʢ ʢʘʣʴʮʠʝʚʦʤʫ ʩʠʛʥʘʣʫ 

ʩʦʩʪʘʚʣʷʝʪ 40 ʥʄ (ʩʤ. ʜʝʪʘʣʠ ʥʘ Invitrogen.com). ʃʠʥʝʡʢʘ ʤʘʩʰʪʘʙʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

100 ʤʢʤ. ʂʘʣʴʮʠʝʚʳʡ ʩʠʛʥʘʣ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʠ ʦʮʠʬʨʦʚʳʚʘʣʠ ʦʪ ʯʝʪʳʨʝʭ 

ʘʢʩʦʥʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ,  ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʦ ʠ ʧʦʩʣʝ 

ʩʪʫʧʝʥʴʢʠ, ʘ ʪʘʢʞʝ ʚʦ ʚʨʝʤʷ ʧʨʝʜʲʷʚʣʝʥʠʷ ʩʪʫʧʝʥʝʢ ʧʦʪʝʥʮʠʘʣʘ, ʥʘʯʠʥʘʚʰʠʭʩʷ ʩ 

ʙʘʟʦʚʦʛʦ ʟʥʘʯʝʥʠʷ -65 ʤɺ, ʠ ʧʦʜʥʠʤʘʶʱʠʭʩʷ ʜʦ -60 ʤɺ ʠ -55 ʤɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʧʨʠʤʝʨʝ ʠʟʦʙʨʘʞʝʥ ʢʘʣʴʮʠʝʚʳʡ ʩʠʛʥʘʣ, ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʟʘʢʦʜʠʨʦʚʘʥʥʳʡ 

ʧʩʝʚʜʦʮʚʝʪʦʤ (ʦʪ ʥʠʟʢʦʡ ʢ ʚʳʩʦʢʦʡ), ʨʝʛʠʩʪʨʠʨʦʚʘʚʰʠʡʩʷ ʦʪ ʫʯʘʩʪʢʘ 4. ʄʘʩʰʪʘʙ 

ʢʘʨʪʠʥʦʢ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʚʝʣʠʯʝʥ ʚ 4 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʨʪʠʥʢʦʡ 

ʥʘʚʝʨʭʫ. (B) ʋʚʝʣʠʯʝʥʠʝ ʩʠʣʳ ʢʘʣʴʮʠʝʚʦʛʦ ʩʠʛʥʘʣʘ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʝ ʦʪ 

ʯʝʪʳʨʝʭ ʨʘʟʥʳʭ ʘʢʩʦʥʘʣʴʥʳʭ ʨʘʡʦʥʦʚ CGC ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʤʝʤʙʨʘʥʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ (ɸ), ʚ ʦʪʚʝʪ ʥʘ ʩʪʫʧʝʥʴʢʠ ʧʦʪʝʥʮʠʘʣʘ, ʩʪʘʨʪʫʶʱʠʝ ʩ -

65 ʤɺ, ʠ ʚʦʟʨʘʩʪʘʶʱʠʝ ʜʦ -60 ʤɺ ʠ -55 ʤɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  (ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 

ʩʥʠʟʫ). ʇʣʘʥʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʥʜʘʨʪʥʫʶ ʦʰʠʙʢʫ ʩʨʝʜʥʝʛʦ. 

ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʩʠʛʥʘʣ (DF/F) ʜʦʩʪʦʚʝʨʥʦ (ʧʘʨʥʳʡ t-ʪʝʩʪ, df = 

3, t = 7.12, p < 0.006) ʚʳʰʝ ʧʨʠ ʩʪʫʧʝʥʴʢʝ ʚ 10 ʤɺ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 5 ʤɺ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʩʠʛʥʘʣ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʜʝʧʦʣʷʨʠʟʘʮʠʠ. (C) ʆʙʝ 

ʩʪʫʧʝʥʴʢʠ ʧʦʪʝʥʮʠʘʣʘ: 5 ʤɺ (ʟʝʣʝʥʘʷ) ʠ 10 ʤɺ (ʢʨʘʩʥʘʷ), ʧʦʜʘʚʘʚʰʠʝʩʷ ʥʘ ʥʝʡʨʦʥ 

CGC ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʚʳʟʳʚʘʣʠ ʧʦʩʪʦʷʥʥʦ ʧʦʜʜʝʨʞʠʚʘʚʰʠʡʩʷ 

ʩʪʫʧʝʥʯʘʪʳʡ ʢʘʣʴʮʠʝʚʳʡ ʩʠʛʥʘʣ ʚ ʘʢʩʦʥʘʣʴʥʦʤ ʫʯʘʩʪʢʝ 4. 

 

5.2.5.  ɼʝʧʦʣʷʨʠʟʘʮʠʷ ʤʝʤʙʨʘʥʳ CGG ʫʚʝʣʠʯʠʚʘʝʪ ʦʪʚʝʪʳ ʥʘ 

ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ ʢʦʤʘʥʜʥʳʭ ʧʠʱʝʚʳʭ ʥʝʡʨʦʥʘʭ. 

 

ɼʘʣʝʝ, ʤʳ ʨʘʟʨʘʙʘʪr ʚʘʣʠ ʩʧʦʩʦʙ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʦ ʪʦʤ, 

ʩʫʱʝʩʪʚʫʝʪ ʣʠ ʩʚʷʟʴ ʤʝʞʜʫ ʩʦʤʘʪʠʯʝʩʢʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ CGC ʠ 
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ʠʟʤʝʥʝʥʠʷʤʠ ʥʘ ʫʨʦʚʥʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ɼʣʷ ʵʪʦʛʦ ʤʳ ʧʨʦʚʦʜʠʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʧʦʣʫʠʥʪʘʢʪʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʥʘʠʚʥʳʭ ʞʠʚʦʪʥʳʭ (ʈʠʩ. 

5.2.1C) ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʘʢʪʠʚʥʦʛʦ 

ʬʠʢʪʠʚʥʦʛʦ ʞʝʚʘʥʠʷ ʚ ʤʦʪʦʥʝʡʨʦʥʘʭ,  ʚʘʨʴʠʨʫʷ ʧʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ 

ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ CGC ʠ ʩʦʧʨʦʚʦʞʜʘʷ ʵʪʦ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʝʡ ʩʧʘʡʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʮʝʨʝʙʨʦ-ʙʫʢʢʘʣʴʥʳʭ ʢʦʥʥʝʢʪʠʚʘʭ 

(CBI). ʈʘʥʝʝ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʦʝ (ʦʣʴʬʘʢʪʦʨʥʦʝ) 

ʦʙʫʩʣʘʚʣʠʚʘʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪ ʦʪʚʝʪ ʥʘ ʋʉ ʚ ʥʝʡʨʦʥʘʭ CBI (Straub et al., 

2004), ʠ ʢʦʤʘʥʜʥʦ-ʧʦʜʦʙʥʳʭ ʮʝʨʝʙʨʦ-ʙʫʢʢʘʣʴʥʳʭ ʠʥʪʝʨʥʝʡʨʦʥʘʭ ʧʠʝɦʚʦʛʦ 

ʧʦʚʝʜʝʥʠʷ, ʥʘʧʨʷʤʫʶ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʘʢʪʠʚʘʮʠʠ ʧʠʱʝʚʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʯʝʨʝʟ ʚʦʟʙʫʞʜʘʶʱʠʝ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʩʚʷʟʠ ʚ ʩʝʪʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʧʘʪʪʝʨʥʘ (ʈʠʩ. 5.2.1B). ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʢʦʨʦʪʢʦʣʘʪʝʥʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʦʪʚʝʪʘ ʥʘ ʋʉ ʚ ʥʝʡʨʦʥʘʭ CBI ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʙʳʣʦ ʚʳʟʚʘʥʦ ʬʘʩʠʣʠʪʘʮʠʝʡ 

ʫʩʣʦʚʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ ʥʘ ʧʫʪʠ ʢ ʥʝʡʨʦʥʘʤ CBI, ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʳʤ CGC 

(ʈʠʩ. 5.2.9ɸ). ʕʪʦ ʤʦʛʣʦ ʪʘʢʞʝ ʦʙʲʷʩʥʠʪʴ ʩʣʫʯʘʠ, ʦʪʤʝʯʝʥʥʳʝ ʥʘ ʧʨʝʧʘʨʘʪʘʭ, 

ʢʦʛʜʘ CV1a, ʦʜʠʥ ʠʟ ʥʝʡʨʦʥʦʚ CBI, ʧʦʩʣʝ ʧʨʝʜʲʷʚʣʝʥʠʷ ʫʩʣʦʚʥʦʛʦ ʩʪʠʤʫʣʘ 

ʯʘʩʪʦ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʢʦʪʦʨʪʢʦʣʘʪʝʥʪʥʫʶ ʩʧʘʡʢʦʚʫʶ ʨʝʘʢʮʠʶ (ʩʤ. ʧʨʠʤʝʨ 

ʥʘ ʈʠʩ. 5.2.4B). 

ʄʳ ʠʩʩʣʝʜʦʚʘʣʠ ʵʬʬʝʢʪ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ CGC ʥʘ ʦʪʚʝʪʳ ʠʥʪʝʨʥʝʡʨʦʥʦʚ CBI ʥʘ ʫʩʣʦʚʥʳʡ ʨʘʟʜʨʘʞʠʪʝʣʴ, 

ʨʝʛʠʩʪʨʠʨʫʷ ʠʭ ʘʢʩʦʥʘʣʴʥʳʝ ʩʧʘʡʢʠ ʚ ʮʝʨʝʙʨʦ-ʙʫʢʢʘʣʴʥʦʡ ʢʦʥʥʝʢʪʠʚʝ, 

ʠʩʧʦʣʴʟʫʷ ʧʨʠʩʘʩʳʚʘʝʤʳʝ ʵʣʝʢʪʨʦʜʳ ʧʦ ʤʝʪʦʜʫ çen passantè. ʕʪʦ ʧʦʟʚʦʣʷʣʦ 

ʥʘʤ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʫʤʤʘʨʥʳʝ ʧʦʧʫʣʷʮʠʦʥʥʳʝ ʩʧʘʡʢʠ ʚ ʮʝʨʝʙʨʦ-

ʙʫʢʢʘʣʴʥʦʡ ʢʦʥʥʝʢʪʠʚʝ ʚ ʦʪʚʝʪ ʥʘ ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ (Straub et al., 2004). ɺ 

ʥʘʠʚʥʳʭ ʧʨʝʧʘʨʘʪʘʭ CGC (n = 5) ʙʳʣ ʜʝʧʦʣʷʨʠʟʦʚʘʥ ʥʘ 10 ʤɺ ʦʪʥʦʩʠʪʝʣʴʥʦ 

çʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦè ʜʦ ʵʪʦʛʦ (ʥʝ ʟʘʪʨʦʥʫʪʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʦʤ) 

ʧʦʪʝʥʮʠʘʣʘ (ʩʨʝʜʥʝʝ ʩʦʩʪʘʚʠʣʦ 61.2 Ñ 4.7 ʤɺ). ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʧʦʜʜʝʨʞʘʥʠʝʤ   ʚ   CGC   ʩʧʘʡʢʦʚʦʛʦ   ʨʘʟʨʷʜʘ   ʥʘ   ʧʦʩʪʦʷʥʥʦʡ   ʚʝʣʠʯʠʥʝ, 

CBI  ʙʳʣʘ ʩʭʦʜʥʘ ʧʨʠ ʦʙʦʠʭ ʫʨʦʚʥʷʭ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ CGC. 

ʆʜʥʘʢʦ,   ʢʦʛʜʘ   CGC   ʙʳʣ  ʜʝʧʦʣʷʨʠʟʦʚʘʥ,   ʧʦʷʚʣʷʣʦʩʴ   ʟʘʤʝʪʥʦʝ  ʙʳʩʪʨʦʝ   
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ʈʠʩ. 5.2.9. ɼʝʧʦʣʷʨʠʟʘʮʠʷ ʩʦʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ CGC ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʟʚʘʥʥʫʶ 

ʫʩʣʦʚʥʳʤ ʩʪʠʤʫʣʦʤ ʩʧʘʡʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʮʝʨʝʙʨʦ-ʙʫʢʢʘʣʴʥʳʭ ʠʥʪʝʨʥʝʡʨʦʥʦʚ. 

(ɸ) ɼʠʘʛʨʘʤʤʘ ʧʦʩʪʫʣʠʨʫʝʤʳʭ ʚʦʟʙʫʞʜʘʶʱʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʝʡʨʦʥʦʤ CGC ʠ 

ʩʝʥʩʦʨʥʳʤʠ ʥʝʡʨʦʥʘʤʠ (SNs) ʚ ʧʫʪʠ ʫʩʣʦʚʥʦʛʦ ʨʝʬʣʝʢʩʘ. ʇʫʪʴ ʫʩʣʦʚʥʦʛʦ ʨʝʬʣʝʢʩʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʦʟʙʫʞʜʘʶʱʠʝ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʭʦʜʳ ʥʘ ʮʝʨʝʙʨʦ-ʙʫʢʢʘʣʴʥʳʝ 

ʠʥʪʝʨʥʝʡʨʦʥʳ (CBI). CBI ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʠʥʪʝʨʥʝʡʨʦʥʘʤʠ, ʢʦʪʦʨʳʝ 

ʧʨʦʝʮʠʨʫʶʪʩʷ ʠʟ ʮʝʨʝʙʨʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ ʚ ʙʫʢʢʘʣʴʥʳʡ ʛʘʥʛʣʠʡ ʠ ʙʳʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʧʘʡʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʮʝʨʝʙʨʦ-ʙʫʢʢʘʣʴʥʳʭ  ʢʦʥʥʝʢʪʠʚ (cbc) ʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʧʘʡʢʦʚ ʚ ʥʝʡʨʦʥʘʭ CBI (Staras et 

al., 2002). ʇʨʝʜʰʝʩʪʚʫʶʱʘʷ ʨʘʙʦʪʘ (Straub et al., 2004) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ, ʯʪʦ 

ʯʘʩʪʦʪʘ ʵʢʩʪʨʘʢʪʝʪʦʯʥʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʦʙʳʪʠʡ (ʧʦʟʜʥʝʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʘʢ ʩʧʘʡʢʠ ʥʝʡʨʦʥʦʚ CBI; Staras et al., 2002), ʧʦʚʳʰʘʝʪʩʷ ʧʦʩʣʝ ʧʠʱʝʚʦʛʦ 

ʫʩʣʦʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ ʦʜʥʦʛʦ ʧʨʝʜʲʷʚʣʝʥʠʷ. ɻʨʘʜʫʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʤʝ 

ʜʦʣʞʥʳ ʧʨʦʥʠʢʥʫʪʴ ʚ ʘʢʩʦʥʳ CGC ʜʦʩʪʘʪʦʯʥʦ ʜʘʣʝʢʦ, ʯʪʦʙʳ ʧʦʚʣʠʷʪʴ ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ SNs ʚ ʩʝʥʩʦʨʥʦʤ ʧʫʪʠ, ʚʦʟʙʫʞʜʘʶʱʝʤ CBI. (B) ɺʳʟʚʘʥʥʦʝ ʫʩʣʦʚʥʳʤ 

ʩʪʠʤʫʣʦʤ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʩʧʘʡʢʦʚ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 10 ʩʝʢ ʧʦʩʣʝ ʘʧʧʣʠʢʘʮʠʠ 

ʜʦʩʪʦʚʝʨʥʦ ʙʦʣʴʰʝ, ʢʦʛʜʘ CGC ʜʝʧʦʣʷʨʠʟʦʚʘʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤ, ʢʦʛʜʘ 

ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʥʘʭʦʜʠʣʩʷ ʥʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ. ʇʦʢʘʟʘʥʳ 

ʩʨʝʜʥʠʝ ʚʝʣʠʯʠʥʳ (Ñʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ) ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʢʘʞʜʦʤ 1-ʩʝʢ 

ʦʪʨʝʟʢʝ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ (ʧʘʨʥʳʡ t-ʪʝʩʪ) ʩʦʩʪʘʚʣʷʶʪ: df = 4, 

t = 2.95, p < 0.04. (C) ʆʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʦʚ ʧʨʝʜʲʷʚʣʝʥʠʷ ʫʩʣʦʚʥʦʛʦ ʩʪʠʤʫʣʘ ʥʘ 
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ʘʢʪʠʚʥʦʩʪʴ CBI ʠ ʧʠʱʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʨʠʪʤʘ ʫ ʧʨʝʧʘʨʘʪʦʚ ʥʘʠʚʥʳʭ ʞʠʚʦʪʥʳʭ ʧʨʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ CGC. (D) ɺʳʟʚʘʥʥʘʷ 

ʫʩʣʦʚʥʳʤ ʩʪʠʤʫʣʦʤ ʘʢʪʠʚʥʦʩʪʴ ʚ CBI (ʦʙʨʘʙʦʪʘʥʥʘʷ ʩʧʘʡʢʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʠ ʟʘʧʠʩʴ 

ʦʪ cbc), ʥʘʙʣʶʜʘʣʘʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʬʠʢʪʠʚʥʳʤ ʞʝʚʘʥʠʝʤ (ʟʘʧʠʩʠ ʦʪ 

ʤʦʪʦʥʝʡʨʦʥʦʚ B1 ʠ B2) ʚ ʪʦʤ ʞʝ ʧʨʝʧʘʨʘʪʝ, ʯʪʦ ʠ ʥʘ (D), ʪʦʣʴʢʦ ʥʝʡʨʦʥ CGC 

ʜʝʧʦʣʷʨʠʟʦʚʘʥ ʥʘ 10 ʤɺ. ʉʧʘʡʢʠ ʩʘʤʦʛʦ CGC ʚ ʧʦʢʘʟʘʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʦʪ cbc 

ʦʙʨʝʟʘʥʳ ʧʦ ʘʤʧʣʠʪʫʜʝ. ʄʦʪʦʥʝʡʨʦʥ B1 ʥʘʯʠʥʘʝʪ ʨʘʟʨʷʞʘʪʴʩʷ ʩʧʘʡʢʘʤʠ ʧʦʣʥʦʡ 

ʘʤʧʣʠʪʫʜʳ ʚ ʬʘʟʝ ʬʠʢʪʠʚʥʦʛʦ ʞʝʚʘʥʠʷ N1 ʯʝʨʝʟ ~15 ʩʝʢ ʧʦʩʣʝ ʧʨʝʜʲʷʚʣʝʥʠʷ 

ʫʩʣʦʚʥʦʛʦ ʩʪʠʤʫʣʘ. ʄʦʪʦʥʝʡʨʦʥ B4 ʚʦ ʚʨʝʤʷ ʬʘʟ N1 ʠ N2 ʚʳʪʦʨʤʦʞʝʥ, ʠ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʘʢʩʦʥʘʣʴʥʳʝ ʩʧʘʡʢʠ ʪʦʣʴʢʦ ʚ ʬʘʟʝ N3. ʇʨʝʨʳʚʠʩʪʳʝ ʣʠʥʠʠ 

ʦʪʤʝʯʘʶʪ 10-ʪʠ ʩʝʢʫʥʜʥʳʡ ʠʥʪʝʨʚʘʣ ʧʦʩʣʝ ʘʧʧʣʠʢʘʮʠʠ ʫʩʣʦʚʥʦʛʦ ʩʪʠʤʫʣʘ, ʚʦ 

ʚʨʝʤʷ ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʣʠ ʩʨʘʚʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ CBI (ʩʤ. [B]). 

 

ʧʨʦʚʦʜʠʣʠ ʩʨʘʚʥʝʥʠʝ ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʦʪʚʝʪʘ ʥʝʡʨʦʥʦʚ CBI ʠ ʩʨʘʚʥʠʚʘʣʠ 

ʝʛʦ ʩ ʦʪʚʝʪʘʤʠ, ʥʘʙʣʶʜʘʝʤʳʤʠ ʧʨʠ çʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʤè ʤʝʤʙʨʘʥʥʦʤ 

ʧʦʪʝʥʮʠʘʣʝ. 

ʂʦʛʜʘ ʥʝʡʨʦʥ CGC ʙʳʣ ʜʝʧʦʣʷʨʠʟʦʚʘʥ, ʩʨʝʜʥʝʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʧʘʡʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦʥʦʚ CBI ʚʦ ʚʨʝʤʷ ʧʝʨʚʳʭ 10 ʩʝʢʫʥʜ ʧʦʩʣʝ 

ʘʧʧʣʠʢʘʮʠʠ ʋʉ ʠ ʜʦ ʧʨʦʷʚʣʝʥʠʷ ʬʠʢʪʠʚʥʦʛʦ ʞʝʚʘʥʠʷ ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ (p < 

0.04) ʚʳʰʝ (18 Ñ 5 ʩʧʘʡʢʦʚ/ʠʥʪʝʨʚʘʣ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ, ʢʦʛʜʘ 

CGC ʟʘʧʠʩʳʚʘʣʠ ʧʨʠ çʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʤè ʤʝʤʙʨʘʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ (2 Ñ 3 

ʩʧʘʡʢʘ/ʠʥʪʝʨʚʘʣ, ʈʠʩ. 5.2.9B). ʊʦ ʞʝ ʩʘʤʦʝ ʙʳʣʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʚʳʟʚʘʥʥʦʡ 

ʫʩʣʦʚʥʳʤ ʩʪʠʤʫʣʦʤ ʘʢʪʠʚʥʦʩʪʠ CBI, ʢʦʪʦʨʫʶ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʘʧʧʣʠʢʘʮʠʠ ʫʩʣʦʚʥʦʛʦ ʩʪʠʤʫʣʘ (30 ʩʝʢ; df = 4, t =3.2, p < 0.03, 

ʜʘʥʥʳʝ ʥʝ ʧʦʢʘʟʘʥʳ). ʌʦʥʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠʥʪʝʨʥʝʡʨʦʥʦʚ CBI ʜʦʩʪʦʚʝʨʥʦ 

ʥʝ ʦʪʣʠʯʘʣʘʩʴ ʧʨʠ ʜʚʫʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ CGC (32 Ñ 3 ʩʧʘʡʢʦʚ/ʠʥʪʝʨʚʘʣ ʧʨʠ çʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʤè 

ʤʝʤʙʨʘʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ), ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʳʤ ʤʝʤʙʨʘʥʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ, 26 Ñ 5 ʩʧʘʡʢʦʚ/ʠʥʪʝʨʚʘʣ (ʧʘʨʥʳʡ t-ʢʨʠʪʝʨʠʡ, df = 4, t = 1.68, p 

= 0.17). ʅʘ ʨʠʩʫʥʢʘʭ 5.2.9C ʠ 5.2.9D ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʮʝʨʝʙʨʦʙʫʢʢʘʣʴʥʦʡ ʢʦʥʥʝʢʪʠʚʳ, CGC, ʤʦʪʦʥʝʡʨʦʥʦʚ B4 ʠ B1 

ʥʘ ʦʜʥʦʤ ʧʨʝʧʘʨʘʪʝ, ʢʦʛʜʘ ʫ CGC ʙʳʣ çʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡè ʤʝʤʙʨʘʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣ (ʈʠʩ. 5.2.9C) ʠ ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

çʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦè (ʈʠʩ. 5.2.9D). ɺʝʨʭʥʠʝ ʛʠʩʪʦʛʨʘʤʤʳ ʥʘ ʈʠʩ. 5.2.9C ʠ 

5.2.9D ʦʪʨʘʞʘʶʪ ʯʠʩʣʦ ʩʧʘʡʢʦʚ CGC ʥʘ ʦʜʥʦʩʝʢʫʥʜʥʳʭ ʠʥʪʝʨʚʘʣʘʭ, 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʚ ʪʝʯʝʥʠʝ 30-ʩʝʢʫʥʜʥʦʛʦ ʧʝʨʠʦʜʘ ʜʦ ʠ ʧʦʩʣʝ ʧʨʝʜʲʷʚʣʝʥʠʷ 

ʫʩʣʦʚʥʦʛʦ ʩʪʠʤʫʣʘ ʥʘ ʛʫʙʳ ʧʨʝʧʘʨʘʪʘ. ʌʦʥʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠʥʪʝʨʥʝʡʨʦʥʦʚ 



103 

 

 

ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʩʧʘʡʢʦʚ ʚ ʠʥʪʝʨʥʝʡʨʦʥʘʭ CBI, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʦ ʚ ʮʝʨʝʙʨʦ-ʙʫʢʢʘʣʴʥʦʡ ʢʦʥʥʝʢʪʠʚʝ, ʯʝʛʦ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, 

ʢʦʛʜʘ ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʥʘʭʦʜʠʣʩʷ ʥʘ çʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʤè ʫʨʦʚʥʝ.  

ʂʦʛʜʘ ʤʝʤʙʨʘʥʘ CGC ʙʳʣʘ ʜʝʧʦʣʷʨʠʟʦʚʘʥʘ, ʥʘʯʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ ʠʥʪʝʨʥʝʡʨʦʥʦʚ CBI ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʮʠʢʣʘʤʠ ʬʠʢʪʠʚʥʦʛʦ 

ʞʝʚʘʥʠʷ, ʚʳʟʳʚʘʝʤʳʤ ʥʝʡʨʦʥʘʤʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʘʪʪʝʨʥʘ 

(ʥʘʙʣʶʜʘʚʰʠʤʠʩʷ ʢʘʢ ʘʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʠʨʝʫʤʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ 

ʤʦʪʦʥʝʡʨʦʥʦʚ B4 ʠ B1; ʈʠʩ. 5.2.9D). ʅʘʧʨʦʪʠʚ, ʢʦʛʜʘ CGC ʥʝ ʙʳʣ 

ʜʝʧʦʣʷʨʠʟʦʚʘʥ ʠ ʝʛʦ ʧʦʪʝʥʮʠʘʣ ʥʘʭʦʜʠʣʩʷ ʥʘ ʫʨʦʚʥʝ 

çʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦè, ʮʠʢʣʦʚ ʬʠʢʪʠʚʥʦʛʦ ʞʝʚʘʥʠʷ ʫʩʣʦʚʥʳʤ ʩʪʠʤʫʣʦʤ ʥʝ 

ʚʳʟʳʚʘʣʦʩʴ (ʈʠʩ. 5.2.9C). 

ɺʩʝ ʚʤʝʩʪʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 

ʯʪʦ ʜʝʧʦʣʷʨʠʟʘʮʠʷ CGC ʫʚʝʣʠʯʠʚʘʝʪ ʦʪʚʝʪʳ ʥʝʡʨʦʥʦʚ CBI ʥʘ ʫʩʣʦʚʥʳʡ 

ʩʪʠʤʫʣ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʝʡʩʪʚʝʥʥʳʡ ʥʘ ʫʨʦʚʥʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʤʝʭʘʥʠʟʤ ʜʣʷ 

ʟʘʧʫʩʢʘ ʧʠʱʝʚʦʛʦ ʧʦʚʝʜʝʥʠʷ ʫʩʣʦʚʥʳʤ ʩʪʠʤʫʣʦʤ ʧʦʩʣʝ ʧʠʱʝʚʦʛʦ 

ʧʦʜʢʨʝʧʣʝʥʠʷ. 

 

5.3. ʇʦʩʪʦʷʥʥʳʡ ʥʘʪʨʠʝʚʳʡ ʪʦʢ ʷʚʣʷʝʪʩʷ ʥʝʩʠʥʘʧʪʠʯʝʩʢʠʤ 

ʩʫʙʩʪʨʘʪʦʤ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

 

ʍʦʪʷ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʘʢ ʧʝʨʚʠʯʥʳʡ 

ʤʝʭʘʥʠʟʤ, ʬʦʨʤʠʨʫʶʱʠʡ  ʧʘʤʷʪʴ (Kandel, 2001), ʬʦʨʤʳ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ, ʪʘʢʠʝ, ʢʘʢ ʧʦʚʳʰʝʥʥʘʷ ʩʦʤʘʪʠʯʝʩʢʘʷ ʠ ʜʝʥʜʨʠʪʥʘʷ 

ʚʦʟʙʫʜʠʤʦʩʪʴ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʪʘʢʞʝ ʙʳʣʠ 

ʧʦʢʘʟʘʥʳ ʢʘʢ ʥʘ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, ʪʘʢ ʠ ʥʘ ʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ (Debanne 

et al., 2003; Frost, 2006; Giese et al., 2001; Magee and Johnston, 2005; Marder et 

al., 1996; Zhang and Linden, 2003) ʆʜʥʘʢʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʠʤʝʝʪʩʷ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʭʘʥʠʟʤʘʭ 

ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ 

ʭʨʘʥʝʥʠʠ ʧʘʤʷʪʠ, ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʦʡ ʧʦʚʝʜʝʥʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ɺʳʰʝ, ʤʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʳʟʚʘʥʥʘʷ ʦʙʫʯʝʥʠʝʤ ʩʦʤʘʪʠʯʝʩʢʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʦʛʦ ʤʦʜʫʣʷʪʦʨʥʦʛʦ ʥʝʡʨʦʥʘ CGC ʧʨʝʩʥʦʚʦʜʥʦʛʦ ʤʦʣʣʶʩʢʘ 

Lymnaea stagnalis ʭʨʘʥʠʪ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ 
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ʠ ʧʨʦʷʚʣʝʥʠʷ ʚ ʧʦʚʝʜʝʥʠʠ ʩʣʝʜʘ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, CGC - ʥʝʡʨʦʥʳ Lymnaea - ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʜʭʦʜʷʱʫʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʚʝʜʝʥʯʝʩʢʠ ʜʝʪʝʢʪʠʨʫʝʤʳʤ 

ʦʙʫʯʝʥʠʝʤ. ɹʘʟʠʨʫʷʩʴ ʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʧʦʜʭʦʜʝ, ʚʢʣʶʯʘʶʱʝʤ 

ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʶ, ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʶ ʠ 

ʢʦʤʧʴʶʪʝʨʥʫʶ ʩʠʤʫʣʷʮʠʶ, ʤʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ ʚ CGC ʩʪʦʠʪ ʟʘ ʦʪʩʪʘʚʣʝʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ 

ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ, ʧʦʷʚʣʷʶʱʝʡʩʷ ʚ ʵʪʦʤ ʥʝʡʨʦʥʝ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʞʠʚʦʪʥʦʛʦ 

ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʫʩʣʦʚʥʦʤʫ ʨʝʬʣʝʢʩʫ ʩ ʦʜʥʦʛʦ ʧʦʜʢʨʝʧʣʝʥʠʷ. ʅʘʰʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʪʦʛʦ, ʢʘʢ ʚʳʟʚʘʥʥʳʝ ʦʙʫʯʝʥʠʝʤ ʠʟʤʝʥʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʦʨʤʫ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʥʝʡʨʦʥʘʣʴʥʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ, ʨʘʥʝʝ ʦʪʤʝʯʝʥʥʫʶ ʟʘ ʝʝ ʚʢʣʘʜ ʚ ʘʜʘʧʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘ 

ʥʝʡʨʦʩʝʪʝʚʦʤ ʠ ʧʦʚʝʜʝʥʯʝʩʢʦʤ ʫʨʦʚʥʷʭ.  

 

5.3.1.  ɺʳʟʚʘʥʥʘʷ ʦʙʫʯʝʥʠʝʤ ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ 

ʩʦʚʧʘʜʘʝʪ ʧʦ ʚʨʝʤʝʥʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʥʝʠʥʘʢʪʠʚʠʨʫʝʚʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ ʚ ʥʝʡʨʦʥʘʭ CGC. 

 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʯʘʩʪʷʭ ʛʣʘʚʳ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ 

ʩʦʤʘʪʠʯʝʩʢʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ CGC ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʩʣʦʚʥʳʡ 

ʦʪʚʝʪ ʤʦʛ ʙʳʪʴ ʚʳʟʚʘʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʘʜʝʢʚʘʪʥʳʤ ʚʥʝʰʥʠʤ ʩʪʠʤʫʣʦʤ. 

ɿʜʝʩʴ ʤʳ ʠʩʩʣʝʜʫʝʤ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʦʙʫʯʝʥʠʝʤ ʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʪʫ ʜʝʧʦʣʷʨʠʟʘʮʠʶ. ʄʳ ʩʨʘʚʥʠʚʘʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ  ʠ ʥʠʟʢʦʧʦʨʦʛʦʚʳʡ ʧʦʩʪʦʷʥʥʳʡ ʥʘʪʨʠʝʚʳʡ ʪʦʢ ʚ CGC (INa(P); Staras 

et al., 2002) ʚ ʛʨʫʧʧʘʭ ʦʙʫʯʝʥʥʳʭ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʫʩʣʦʚʥʦʤʫ ʨʝʬʣʝʢʩʫ 

(ʩʦʯʝʪʘʥʥʳʡ ʋʉ ʠ ɹʉ) ʠ ʷʚʥʦ ʥʝʩʦʯʝʪʘʥʥʳʭ (ʋʉ ʠ ɹʉ) ʠ ʥʘʠʚʥʳʭ 

ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ (ʪʝʭʥʠʯʝʩʢʠʝ ʜʝʪʘʣʠ ʩʤ. ʚ ʤʝʪʦʜʘʭ). ʄʳ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʵʪʦʪ ʪʦʢ ʧʦʪʦʤʫ, ʯʪʦ, ʢʘʢ ʠ ʧʦʜʦʙʥʳʝ ʪʠʧʳ ʧʦʩʪʦʷʥʥʳʭ 

ʥʘʪʨʠʝʚʳʭ ʪʦʢʦʚ ʚ ʥʝʡʨʦʥʘʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ (Crill, 1996; Kay et al., 1998; 

Cummins et al., 1999; Herzog et al., 2001), ʦʥ ʚʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ 

ʧʦʜʜʝʨʞʘʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ CGC  ʫ ʥʘʠʚʥʳʭ ʞʠʚʦʪʥʳʭ (Staras et 

al., 2002). ʊʘʢʠʤ ʦʙʨʘʟʦʤ,   INa(P) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʜʭʦʜʷʱʠʤ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ 
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ʚʳʟʚʘʥʥʳʭ ʦʙʫʯʝʥʠʝʤ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʧʦʩʪʦʷʥʥʦ 

ʧʦʜʜʝʨʞʠʚʘʝʤʦʤ  ʜʝʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤ ʩʜʚʠʛʝ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ɺ ʧʨʠʣʦʞʝʥʠʠ ʢ ʥʘʰʝʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʝ, ʵʪʫ ʛʠʧʦʪʝʟʫ 

ʪʝʩʪʠʨʦʚʘʣʠ ʢʘʢ ʩʚʷʟʴ ʤʝʞʜʫ INa(P)  ʠ ʨʘʥʝʝ ʦʧʠʩʘʥʥʦʡ ʤʝʤʙʨʘʥʥʦʡ 

ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ CGC, ʚʳʟʚʘʥʥʦʡ ʦʙʫʯʝʥʠʝʤ. ʇʝʨʚʘʷ ʩʝʨʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʝʞʜʫ 6 ʠ 12 ʯʘʩʘʤʠ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʞʠʚʦʪʥʳʭ ʧʦʜʚʝʨʛʣʠ ʦʙʫʯʝʥʠʶ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʫʩʣʦʚʥʦʤʫ ʨʝʬʣʝʢʩʫ ʩ 

ʦʜʥʦʛʦ ʧʦʜʢʨʝʧʣʝʥʠʷ, ʠ ʚʪʦʨʘʷ ʩʝʨʠʷ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʨʦʰʣʠ 24 ʯʘʩʘ ʧʦʩʣʝ 

ʦʙʫʯʝʥʠʷ (ʤʝʞʜʫ 26 ʠ 32 ʯʘʩʘʤʠ). ɺʳʙʦʨ ʚʨʝʤʝʥʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʘʟʠʨʦʚʘʣʩʷ 

ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʥʘʙʣʶʜʝʥʠʷʭ, ʧʦʢʘʟʘʚʰʠʭ, ʯʪʦ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʩ 

ʦʜʥʦʢʨʘʪʥʦʛʦ ʧʨʝʜʲʷʚʣʝʥʠʷ ʜʦ 12 ʯʘʩʦʚ CGC ʥʝ ʧʨʦʷʚʣʷʶʪ ʚʳʟʚʘʥʥʫʶ 

ʦʙʫʯʝʥʠʝʤ ʜʝʧʦʣʷʨʠʟʘʮʠʶ, ʢʦʪʦʨʘʷ ʧʦʷʚʣʷʝʪʩʷ ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ 

ʦʙʫʯʝʥʠʷ.  

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʧʘʤʷʪʠ ʧʦʜʪʚʝʨʜʠʣʦ, ʯʪʦ 

ʦʜʥʦʢʨʘʪʥʦʝ ʧʠʱʝʚʦʝ ʦʙʫʯʝʥʠʝ ʩ ʦʜʥʦʛʦ ʧʦʜʢʨʝʧʣʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʧʨʠʚʦʜʠʣʦ ʢ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ ʠ ʦʙʨʘʟʦʚʳʚʘʣʦ ʘʩʩʦʮʠʘʮʠʠ ʤʝʞʜʫ 

ʫʩʣʦʚʥʳʤ ʠ ʙʝʟʫʩʣʦʚʥʳʤ ʩʪʠʤʫʣʘʤʠ. ʕʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʧʨʝʧʘʨʘʪʘʭ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʎʅʉ,  ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʜʠʣʠ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʪʦʛʦ, ʯʪʦ ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ 

ʦʙʫʯʝʥʠʷ (ʥʦ ʥʝ ʨʘʥʝʝ 12 ʯʘʩʦʚ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ)  ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ 

CGC ʚ ʛʨʫʧʧʝ ʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ ʋʉ/ɹʉ ʙʳʣ ʜʦʩʪʦʚʝʨʥʦ 

ʜʝʧʦʣʷʨʠʟʦʚʘʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ. 

ɺʳʟʚʘʥʥʦʝ ʫʩʣʦʚʥʳʤ ʩʪʠʤʫʣʦʤ ʢʦʣʠʯʝʩʪʚʦ ʞʝʚʘʥʠʡ ʚ ʛʨʫʧʧʝ 

ʞʠʚʦʪʥʳʭ, ʧʦʣʫʯʘʚʰʠʭ ʩʦʯʝʪʘʥʥʦʝ ʧʨʝʜʲʷʚʣʝʥʠʝ ʋʉ/ɹʉ (n = 30 ʞʠʚʦʪʥʳʭ), 

ʩʦʩʪʘʚʠʣʦ 10.8 Ñ 1.6 ʞʝʚʘʥʠʡ/2 ʤʠʥ, ʯʪʦ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ, ʯʝʤ ʢʦʣʠʯʝʩʪʚʦ 

ʞʝʚʘʥʠʡ ʚ ʛʨʫʧʧʝ ʥʝʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ ʋʉ/ɹʉ (1.8 Ñ 0.9 ʞʝʚʘʥʠʡ/2 

ʤʠʥ, n = 30 ʞʠʚʦʪʥʳʭ) ʠʣʠ ʚ ʛʨʫʧʧʝ ʥʘʠʚʥʳʭ ʥʝʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ (2.9 Ñ 

0.7 ʞʝʚʘʥʠʡ/2 ʤʠʥ, n = 30 ʞʠʚʦʪʥʳʭ; ANOVA, F[2, 89] = 19.3; p < 0.0001; 

ʢʨʠʪʝʨʠʡ ʊʴʶʢʠ, p < 0.001). ɺ ʪʦʤ ʞʝ ʩʘʤʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʯʠʩʣʦ ʞʝʚʘʥʠʡ 

ʤʝʞʜʫ ʛʨʫʧʧʦʡ ʋʉ/ɹʉ ʥʝʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ ʠ ʥʘʠʚʥʦʡ ʢʦʥʪʨʦʣʴʥʦʡ 

ʛʨʫʧʧʦʡ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʨʘʟʣʠʯʘʣʦʩʴ (ʢʨʠʪʝʨʠʡ ʊʴʶʢʠ, p < 0.05). ʏʝʨʝʟ >24 

ʯʘʩʘ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ, ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ CGC ʫ ʧʨʝʧʘʨʘʪʦʚ ʞʠʚʦʪʥʳʭ, 

ʧʦʣʫʯʘʚʰʠʭ ʩʦʯʝʪʘʥʥʦʝ ʧʨʝʜʲʷʚʣʝʥʠʝ ʋʉ/ɹʉ (-55.8 Ñ 0.8 ʤɺ, n = 10) ʙʳʣ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʜʝʧʦʣʷʨʠʟʦʚʘʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʢʘʢ ʩ ʛʨʫʧʧʦʡ ʥʝʩʦʯʝʪʘʥʥʳʭ 
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ʧʨʝʜʲʷʚʣʝʥʠʡ ʋʉ/ɹʉ, ʪʘʢ ʠ ʩ ʛʨʫʧʧʦʡ ʥʘʠʚʥʳʭ ʥʝʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ (-

59.3 Ñ 1.1 ʤɺ ʠ -58.3 Ñ 1.1 ʤɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, n = 10 ʧʨʝʧʘʨʘʪʦʚ ʚ ʢʘʞʜʦʡ 

ʛʨʫʧʧʝ, ANOVA, F[2, 29] = 11.0; p < 0.0003; ʢʨʠʪʝʨʠʡ ʊʴʶʢʠ, p < 0.05). 

ʇʦʩʣʝ ʨʝʛʠʩʪʨʘʮʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʥʘ ʢʘʞʜʦʤ ʥʝʡʨʦʥʝ 

CGC ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʘ ʨʘʟʥʳʭ ʧʨʦʪʦʢʦʣʘ ʩʪʠʤʫʣʷʮʠʠ ʚ ʨʝʞʠʤʝ ʬʠʢʩʘʮʠʠ 

ʧʦʪʝʥʮʠʘʣʘ. ʇʝʨʚʳʡ ʧʨʦʪʦʢʦʣ ʬʦʢʫʩʠʨʦʚʘʣʩʷ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ INa(P),  ʘ ʚʪʦʨʦʡ 

ʧʨʦʪʦʢʦʣ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʩʷ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ 

ʦʪʩʪʘʚʣʝʥʥʦʛʦ ʚʳʧʨʷʤʣʷʶʱʝʛʦ ʢʘʣʠʝʚʦʛʦ ʪʦʢʘ, ʧʦʨʦʛ ʘʢʪʠʚʘʮʠʠ ʢʦʪʦʨʦʛʦ 

ʥʝ ʠʤʝʝʪ ʪʘʢʦʛʦ ʞʝ ʩʠʣʴʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʩʜʚʠʛʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʨʦʛʦʤ 

ʘʢʪʠʚʘʮʠʠ INa(P)  (Staras et al., 2002). ʍʦʨʦʰʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʡ ʨʘʥʝʝ 

ʧʦʩʪʦʷʥʥʳʡ ʥʝʘʢʪʠʚʠʨʫʝʤʳʡ ʥʘʪʨʠʝʚʳʡ ʪʦʢ INa(P) ʘʢʪʠʚʠʨʫʝʪʩʷ ʧʨʠ ʙʦʣʝʝ 

ʥʝʛʘʪʠʚʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʯʝʤ ʣʶʙʳʝ ʜʨʫʛʠʝ ʪʦʢʠ 

CGC, ʠ ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚʭʦʜʷʱʠʡ ʪʦʢ, ʢʦʪʦʨʳʡ ʦʩʪʘʝʪʩʷ 

ʥʝʠʥʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʧʨʠ ʦʯʝʥʴ ʜʣʠʥʥʳʭ (~1 ʩʝʢ) ʩʪʫʧʝʥʴʢʘʭ ʧʦʪʝʥʮʠʘʣʘ ʚ 

ʨʝʞʠʤʝ ʬʠʢʩʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ (Staras et al., 2002). ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ INa(P) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʵʪʦʪ ʪʦʢ ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ -90 ʜʦ -50 ʤɺ ʙʝʟ ʝʛʦ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩ ʜʨʫʛʠʤʠ 

ʪʦʢʘʤʠ ʠ, ʟʥʘʯʠʪ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ 

ʙʣʦʢʘʪʦʨʦʚ ʜʣʷ ʠʟʦʣʷʮʠʠ INa(P) ʦʪ ʜʨʫʛʠʭ ʪʦʢʦʚ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʥʘʰʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ, ʠʩʧʦʣʴʟʫʷ ʵʪʫ ʦʩʦʙʝʥʥʦʩʪʴ, ʩʨʘʚʥʠʚʘʣʠ INa(P) ʚ ʛʨʫʧʧʘʭ 

ʋʉ/ɹʉ ʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ, ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʩ ʥʝʩʦʯʝʪʘʥʥʳʤ 

ʧʨʝʜʲʷʚʣʝʥʠʤ̫ʠ, ʠ ʛʨʫʧʧʦʡ ʥʘʠʚʥʳʭ ʥʝʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʠʟʤʝʨʷʷ ʦʪʚʝʪ 

ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ (ʨʘʚʥʦʚʝʩʥʦʛʦ) ʪʦʢʘ, ʚʳʟʳʚʘʝʤʦʛʦ 

ʜʝʧʦʣʷʨʠʟʫʶʱʝʡ ʩʪʫʧʝʥʴʢʦʡ ʦʪ -110 ʤɺ ʜʦ -55 ʤɺ. ɺ ʢʘʞʜʦʤ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʢʘʢ ʧʨʘʚʳʡ, ʪʘʢ 

ʠ ʣʝʚʳʡ CGC, ʠ ʜʘʣʝʝ ʚ ʘʥʘʣʠʟʝ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʫʩʨʝʜʥʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʦʙʦʠʤ ʢʦʥʪʨʘʣʘʪʝʨʘʣʴʥʳʤ ʥʝʡʨʦʥʘʤ. 

ʏʝʨʝʟ 24 ʯʘʩʘ, ʥʦ ʥʝ ʨʘʥʝʝ 12 ʯʘʩʦʚ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ, ʫ ʥʝʡʨʦʥʦʚ CGC 

ʚ ʛʨʫʧʧʝ ʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ ʋʉ/ɹʉ INa(P) ʙʳʣ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʝʥ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʫʧʧʦʡ ʥʝʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ ʋʉ/ɹʉ, ʘ ʪʘʢʞʝ ʩ 

ʛʨʫʧʧʦʡ ʥʘʠʚʥʳʭ ʞʠʚʦʪʥʳʭ (ʈʠʩ. 5.3.1A; ANOVA, F[2,19] = 7.7; p < 0.002; 

ʢʨʠʪʝʨʠʡ ʊʴʶʢʠ, p < 0.001; ʧʨʠʤʝʨʳ ʨʝʛʠʩʪʨʘʮʠʠ INa(P) ʦʪ ʢʘʞʜʦʡ ʛʨʫʧʧʳ   
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ʈʠʩ. 5.3.1. ʋʚʝʣʠʯʝʥʠʝ INa(P) ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʫʩʣʦʚʥʦʤʫ ʨʝʬʣʝʢʩʫ 

ʩʦʚʧʘʜʘʝʪ ʧʦ ʚʨʝʤʝʥʠ ʠ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ ʤʝʤʙʨʘʥʳ CGC.   

(ɸ) ʉʨʝʜʥʠʝ ʨʘʚʥʦʚʝʩʥʳʝ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ INa(P) (Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ) ʫ CGC 

ʥʘ ʧʨʝʧʘʨʘʪʘʭ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʥʘʠʚʥʳʭ ʠ ʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ <12ʯʘʩʦʚ ʠ 

>24ʯʘʩʦʚ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ (n = 10 ʧʨʝʧʘʨʘʪʦʚ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ). ʉʨʘʚʥʠʚʘʝʤʳʝ 

ʦʪʚʝʪʳ ʪʦʢʘ ʙʳʣʠ ʚʳʟʚʘʥʳ ʩʪʫʧʝʥʴʢʦʡ ʧʦʪʝʥʮʠʘʣʘ ʦʪ -110 ʤɺ ʜʦ -55 ʤɺ, ʠʟ 

ʦʧʠʩʘʥʥʦʛʦ ʨʘʥʝʝ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ ʧʨʦʪʦʢʦʣʘ, ʧʨʠʤʝʥʷʚʰʝʛʦʩʷ ʢ ʢʘʞʜʦʡ ʢʣʝʪʢʝ 

(ʩʤ. ʵʪʫ ʛʣʘʚʫ ʚʳʰʝ ʧʦ ʪʝʢʩʪʫ). ʇʨʠʤʝʨʳ ʨʝʛʠʩʪʨʘʮʠʠ ʪʦʢʘ ʚ ʥʝʡʨʦʥʘʭ CGC ʚ 

ʨʘʟʥʳʭ ʛʨʫʧʧʘʭ ʧʦʢʘʟʘʥʳ ʧʦʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʛʠʩʪʦʛʨʘʤʤʘʤʠ. 

(B) ʊʦʯʝʯʥʳʝ ʛʠʩʪʦʛʨʘʤʤʳ ʩ ʣʠʥʝʡʥʳʤʠ ʨʝʛʨʝʩʩʠʷʤʠ ʠʟʤʝʨʝʥʥʦʛʦ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ INa(P) (ʚʳʟʚʘʥʥʦʛʦ ʩʪʫʧʝʥʴʢʦʡ ʧʦʪʝʥʮʠʘʣʘ 

ʦʪ -110 ʤɺ ʜʦ -55 ʤɺ) ʜʣʷ ʪʝʭ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʜʘʥʥʳʝ ʧʦ ʢʦʪʦʨʳʤ ʧʨʠʚʝʜʝʥʳ ʥʘ 

(ɸ). 
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ʧʨʠʚʝʜʝʥʳ ʧʦʜ ʛʨʘʬʠʢʘʤʠ).  ʊʦʪ ʞʝ ʚʠʜ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣ, ʯʪʦ, ʟʥʘʯʝʥʠʷ INa(P) 

ʫ ʛʨʫʧʧ ʥʝʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ ʋʉ/ɹʉ ʠ ʥʘʠʚʥʦʡ ʛʨʫʧʧ ʜʦʩʪʦʚʝʨʥʦ ʥʝ 

ʨʘʟʣʠʯʘʶʪʩʷ, ʪʘʢʞʝ ʢʘʢ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʧʠʱʝʚʳʝ ʦʪʚʝʪʳ (ʢʨʠʪʝʨʠʡ ʊʴʶʢʠ, 

p < 0.05). 

ɺʟʷʪʳʝ ʚʤʝʩʪʝ, ʜʘʥʥʳʝ ʧʦ ʠʟʤʝʨʝʥʠʶ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʦ 12 

ʯʘʩʦʚ, ʠ >24 ʯʘʩʦʚ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʩ ʠʟʤʝʨʝʥʠʷʤ INa(P) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, 

ʯʪʦ ʫ ʛʨʫʧʧʳ ʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ ʋʉ/ɹʉ ʚʳʟʚʘʥʥʘʷ ʦʙʫʯʝʥʠʝʤ 

ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʦʚʧʘʜʘʣʘ ʧʦ ʚʨʝʤʝʥʠ ʩ ʚʳʟʚʘʥʥʳʤ 

ʧʦʚʳʰʝʥʠʝʤ INa(P), ʪʦ ʝʩʪʴ ʢʘʢ ʜʦ 12 ʯʘʩʦʚ, ʪʘʢ ʠ ʧʦʩʣʝ 24 ʯʘʩʦʚ ʧʦʩʣʝ 

ʦʙʫʯʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʪʦʛʜʘ ʢʘʢ ʚ ʛʨʫʧʧʘʭ, ʨʝʛʠʩʪʨʠʨʦʚʘʚʰʠʭʩʷ <12 

ʯʘʩʦʚ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ, ʥʝ ʙʳʣʦ ʥʘʡʜʝʥʦ ʟʥʘʯʠʤʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʟʥʘʯʝʥʠʷʤʠ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ INa(P), ʧʦ ʜʘʥʥʳʤ ʦʪ ʚʩʝʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʚ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ (ʈʠʩ 5.3.1Bi) ʚ ʛʨʫʧʧʘʭ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝ 24 ʯʘʩʦʚ, ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʧʝʨʝʤʝʥʥʳʤʠ ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ (ʈʠʩ. 5.3.1Bii; ʊʝʩʪ ʢʦʨʨʝʣʷʮʠʠ 

ʇʠʨʩʤʘʥʘ, R
2
 = 21, p < 0.01). ɺ ʦʧʳʪʘʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʯʝʨʝʟ 24 ʯʘʩʘ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ INa(P) ʚ ʛʨʫʧʧʝ ʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ 

ʋʉ/ɹʉ (ʈʠʩ. 5.3.1Bii, ʨʦʤʙʠʢʠ) ʙʳʣʠ ʢʣʘʩʪʝʨʠʟʦʚʘʥʳ ʚ ʙʦʣʝʝ 

ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʘ 

ʙʦʣʴʰʠʥʩʪʚʦ ʜʘʥʥʳʭ ʦʪ ʥʘʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʥʝʩʦʯʝʪʘʥʥʦʡ ʛʨʫʧʧʳ 

ʧʨʝʜʲʷʚʣʝʥʠʡ ʋʉ/ɹʉ (ʈʠʩ. 5.3.1Bii, ʢʨʫʞʢʠ ʠ ʢʨʝʩʪʠʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) 

ʙʳʣʠ ʢʣʘʩʪʝʨʠʟʦʚʘʥʳ ʚ ʤʝʥʴʰʝʤ INa(P)/ʤʝʥʝʝ ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʦʤ  (ʈʠʩ. 

5.3.1Bi). ʕʪʦ ʫʢʘʟʳʚʘʣʦ ʥʘ ʪʦ, ʯʪʦ ʛʣʘʚʥʳʡ ʬʘʢʪʦʨ, ʦʧʨʝʜʝʣʷʶɦ ʠʡ ʚʢʣʘʜ ʚ 

ʢʦʨʨʝʣʷʮʠʶ, ʢʦʪʦʨʘʷ ʧʦʷʚʣʷʝʪʩʷ >24 ʯʘʩʦʚ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʢʘʢ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʪʘʢ ʠ INa(P).  

ʏʪʦʙʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʦʩʪʦʷʥʩʪʚʦ ʠʟʤʝʥʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ 

ʦʙʫʯʝʥʠʝʤ ʚ ʟʥʘʯʝʥʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʚʭʦʜʷʱʝʛʦ ʪʦʢʘ CGC ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʘʢʪʠʚʘʮʠʠ, ʤʳ ʩʪʨʦʠʣʠ ʛʨʘʬʠʢ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ 

ʢʦʤʘʥʜʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʩʪʫʧʝʥʯʘʪʦʤ ʧʨʦʪʦʢʦʣʝ, ʧʦ 

ʢʦʪʦʨʳʤ ʨʘʩʩʯʠʪʳʚʘʣʠ ʠʥʪʝʛʨʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʭʦʜʷʱʝʛʦ ʪʦʢʘ.  ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʨʦʚʝʜʝʥʥʳʭ <12 ʯʘʩʦʚ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ, ʤʳ ʥʝ ʥʘʙʣʶʜʘʣʠ 

ʜʦʩʪʦʚʝʨʥʦ ʟʥʘʯʠʤʦʡ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʛʨʫʧʧʦʡ ʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ 

ʋʉ/ɹʉ ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ ʥʝʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ ʋʉ/ɹʉ, ʘ ʪʘʢʞʝ 

ʚ  ʩʨʘʚʥʝʥʠʠ  ʩ  ʢʦʥʪʨʦʣʴʥʳʤʠ  ʥʝʦʙʫʯʝʥʥʳʤʠ  ʞʠʚʦʪʥʳʤʠ  (ʈʠʩ.  5.3.2ɸi  ʠ  
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ʈʠʩ. 5.3.2. ʆʪʩʪʘʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ INa(P) ʠ gNa(P) ʚʳʟʚʘʥʥʳʝ ʦʙʫʯʝʥʠʝʤ ʚ ʥʝʡʨʦʥʘʭ 

CGC ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ ʘʢʪʠʚʘʮʠʠ. 

(ɸ ʠ B) (ʧʘʥʝʣʠ i) ɺʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (I-V) ʚ ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʫ CGC ʚ ʛʨʫʧʧʝ, ʧʦʣʫʯʘʚʰʝʡ 

ʩʦʯʝʪʘʥʥʳʝ ʧʨʝʜʲʷʚʣʝʥʠʷ ʋʉ/ɹʉ, ʚ ʛʨʫʧʧʝ ʥʝʩʦʯʝʪʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ <12ʯʘʩʦʚ ʠ >24ʯʘʩʦʚ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʠ ʚ ʛʨʫʧʧʝ ʥʘʠʚʥʳʭ 
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ʞʠʚʦʪʥʳʭ (ʩʝʨʘʷ ʧʦʣʦʩʘ ʦʙʦʟʥʘʯʘʝʪ ʩʨʝʜʥʝʝ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʜʣʷ ʵʪʦʡ 

ʛʨʫʧʧʳ). (ʧʘʥʝʣʠ ii) ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʥʘʪʨʠʝʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

gNa(P) ʚ CGC ʫ ʛʨʫʧʧʳ, ʧʦʣʫʯʘʚʰʝʡ ʩʦʯʝʪʘʥʥʳʝ ʧʨʝʜʲʷʚʣʝʥʠʷ ʋʉ/ɹʉ, ʞʠʚʦʪʥʳʭ 

ʛʨʫʧʧʳ ʥʝʩʦʯʝʪʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ <12ʯʘʩʦʚ ʠ >24ʯʘʩʦʚ ʧʦʩʣʝ 

ʦʙʫʯʝʥʠʷ ʠ ʛʨʫʧʧʳ ʥʘʠʚʥʳʭ ʞʠʚʦʪʥʳʭ. 

(C) ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʠ ʤʝʞʜʫ ʢʨʠʚʦʡ I-V ʠ ʥʫʣʝʚʦʡ ʦʩʴʶ (Ñ ʦʰʠʙʢʘ 

ʩʨʝʜʥʝʛʦ), ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ CGC ʛʨʫʧʧʳ, ʧʦʣʫʯʘʚʰʝʡ ʩʦʯʝʪʘʥʥʳʝ ʧʨʝʜʲʷʚʣʝʥʠʷ 

ʋʉ/ɹʉ, ʛʨʫʧʧʳ ʥʝʩʦʯʝʪʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ <12ʯʘʩʦʚ ʠ >24ʯʘʩʦʚ 

ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʠ ʛʨʫʧʧʳ ʥʘʠʚʥʳʭ ʞʠʚʦʪʥʳʭ. 

(D) ʆʪʥʦʰʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʝʡ gNa(P) ʫ ʛʨʫʧʧ ʩʦʯʝʪʘʥʥʳʭ ʠ ʥʝʩʦʯʝʪʘʥʥʳʭ 

ʧʨʝʜʲʷʚʣʝʥʠʡ ʋʉ/ɹʉ, ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ <12ʯʘʩʦʚ ʠ >24ʯʘʩʦʚ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʠ 

ʛʨʫʧʧʳ ʥʘʠʚʥʳʭ ʞʠʚʦʪʥʳʭ. 

 

5.3.2C).  ʆʜʥʘʢʦ, ʢʘʢ ʠ ʧʨʠ ʘʥʘʣʠʟʝ ʦʪʚʝʪʦʚ ʥʘ ʦʪʜʝʣʴʥʫʶ ʩʪʫʧʝʥʴʢʫ 

ʧʦʪʝʥʮʠʘʣʘ ʜʦ ʫʨʦʚʥʷ -55 ʤɺ, ʦʪʤʝʯʘʣʠ ʜʦʩʪʦʚʝʨʥʦ ʟʥʘʯʠʤʫʶ ʨʘʟʥʠʮʫ 

ʤʝʞʜʫ ʪʨʝʤʷ ʛʨʫʧʧʘʤʠ ʚ ʠʥʪʝʛʨʘʣʝ ʢʨʠʚʦʡ I-V, ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʟʥʘʯʝʥʠʷʤ 

ʜʘʥʥʳʭ, ʠʟʤʝʨʝʥʥʳʤ >24 ʯʘʩʘ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ (ANOVA, F[2,29] = 15.4, p < 

0.0001), ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ (ʢʨʠʪʝʨʠʡ ʊʴʶʢʠ, p < 0.05) ʫ 

ʛʨʫʧʧʳ ʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ ʋʉ/ɹʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʫʧʧʘʤʠ 

ʥʝʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ ʠ ʥʘʠʚʥʳʭ ʥʝʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ (ʈʠʩ. 5.3.2Bi 

ʠ 2C). 

ɺʪʦʨʦʡ ʪʠʧ ʘʥʘʣʠʟʘ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʥʝʠʥʘʢʪʠʚʠʨʫʝʤʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ (gNa(P)) ʜʣʷ ʠʥʪʝʨʚʘʣʘ 

ʘʢʪʠʚʘʮʠʠ ʦʪ -70 ʤɺ ʜʦ -50 ʤɺ ʜʣʷ ʥʘʠʚʥʦʡ ʛʨʫʧʧʳ, ʢʦʥʪʨʦʣʴʥʦʡ ʩ 

ʥʝʩʦʯʝʪʘʥʥʳʤʠ ʧʨʝʜʲʷʚʣʝʥʠʷʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩ ʩʦʯʝʪʘʥʥʳʤʠ 

ʧʨʝʜʲʷʚʣʝʥʠʷʤʠ ʋʉ/ɹʉ ʜʣʷ ʜʘʥʥʳʭ <12 ʯʘʩʦʚ ʠ >24 ʯʘʩʦʚ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ 

(ʈʠʩ. 5.3.2ɸii ʠ 5.3.2Bii). ʆʜʥʦʚʳʙʦʨʦʯʥʳʡ t-ʢʨʠʪʝʨʠʡ ʦʪʥʦʰʝʥʠʡ ʩʨʝʜʥʝʛʦ  

ʧʨʦʚʦʜʠʤʦʩʪʠ ʫ ʩʦʯʝʪʘʥʥʦʡ ʢ ʥʘʠʚʥʦʡ, ʠ ʥʝʩʦʯʝʪʘʥʥʦʡ ʢ ʥʘʠʚʥʦʡ ʛʨʫʧʧʝ 

ʚʳʷʚʠʣ, ʯʪʦ ʦʪʥʦʰʝʥʠʷ ʙʳʣʠ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ ʚ ʦʙʫʯʝʥʥʦʡ ʩʦʯʝʪʘʥʥʦʡ 

ʛʨʫʧʧʝ, ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʯʝʨʝʟ 24 ʯʘʩʦʚ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ (t = 4.0, df = 4, p < 

0.016, ʈʠʩ. 5.3.2Dii). 

ɸʢʪʠʚʘʮʠʷ ʦʪʩʪʘʚʣʝʥʥʦʛʦ ʚʳʧʨʷʤʣʷʶʱʝʛʦ ʢʘʣʠʝʚʦʛʦ ʪʦʢʘ IK ʥʝʡʨʦʥʘ 

CGC ʧʨʦʠʩʭʦʜʠʪ ʦʢʦʣʦ ʟʥʘʯʝʥʠʷ -50 ʤɺ (Staras et al., 2002). ʇʦʩʢʦʣʴʢʫ ʥʘʰʠ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩ ɹ  ʚ ʥʦʨʤʘʣʴʥʦʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ, 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʧʦʪʝʥʮʠʘʣʘ, ʙʦʣʝʝ 

ʧʦʟʠʪʠʚʥʳʭ  ʯʝʤ -50 ʤɺ, ʚ ʚʳʟʚʘʥʥʦʝ ʦʙʫʯʝʥʠʝʤ ʫʤʝʥʴʰʝʥʠʝ IK ʚʥʦʩʠʪ 

ʚʢʣʘʜ ʚ ʦʙʱʝʝ ʩʫʤʤʘʨʥʦʝ ʫʤʝʥʴʰʝʥʠʝ  ʧʦʩʪʦʷʥʥʦʛʦ ʚʭʦʜʷʱʝʛʦ ʪʦʢʘ. ʆʜʥʘʢʦ 
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ʥʘʰʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʦʛʦ ʪʠʧʘ ʧʨʦʪʦʢʦʣʘ ʚ ʨʝʞʠʤʝ 

ʬʠʢʩʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ (ʫʜʝʨʞʠʚʘʝʤʳʡ ʙʘʟʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ -60 ʤɺ; ʰʘʛ ʜʦ 

ʫʨʦʚʥʝʡ ʦʪ -50 ʤɺ ʜʦ +30 ʤɺ ʩ ʰʘʛʦʤ 10 ʤɺ) ʥʝ ʚʳʷʚʠʣʠ ʜʦʩʪʦʚʝʨʥʦʡ 

ʨʘʟʥʠʮʳ ʚ IK ʤʝʞʜʫ  ʢʦʥʪʨʦʣʴʥʦʡ ʠ ʦʙʫʯʝʥʥʦʡ ʛʨʫʧʧʘʤʠ ʧʦ ʚʩʝʤʫ ʜʠʘʧʘʟʦʥʫ 

ʟʥʘʯʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ (ʈʠʩ. 5.3.3). ʕʪʦ ʧʦʜʪʚʝʨʜʠʣʦ, ʯʪʦ ʚʳʟʚʘʥʥʦʝ 

ʦʙʫʯʝʥʠʝʤ ʫʚʝʣʠʯʝʥʠʝ ʦʙʱʝʛʦ ʚʭʦʜʷʱʝʛʦ ʪʦʢʘ ʚʳʟʚʘʥʦ ʠʤʝʥʥʦ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʚʭʦʜʷʱʝʛʦ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ, ʘ ʥʝ ʩʥʠʞʝʥʠʝʤ ʢʘʣʠʝʚʦʛʦ ʪʦʢʘ. 

ʊʘʢʞʝ, ʤʳ ʧʨʦʚʝʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ, ʯʪʦ ʚʳʟʚʘʥʥʘʷ ʦʙʫʯʝʥʠʝʤ ʜʝʧʦʣʷʨʠʟʘʮʠʷ 

ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʙʳʣʘ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʳʟʚʘʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʝʱʝ ʦʜʥʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʦʪʣʠʯʥʦʛʦ ʦʪ INa(P), ʠ ʧʝʨʝʥʦʩʠʤʦʛʦ ʥʝ ʠʦʥʘʤʠ 

ʥʘʪʨʠʷ, ʘ ʢʘʢʠʤ-ʥʠʙʫʜʴ ʜʨʫʛʠʤ ʪʠʧʦʤ ʠʦʥʦʚ.  ɽʩʣʠ ʙʳ ɻʪʦ ʙʳʣʦ ʪʘʢ, ʪʦʛʜʘ 

ʙʳʣʦ ʙʳ ʚʦʟʤʦʞʥʳʤ ʫʚʠʜʝʪʴ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʢʦʥʪʨʦʣʴʥʳʤʠ ʠ ʦʙʫʯʝʥʥʳʤʠ 

ʧʨʝʧʘʨʘʪʘʤʠ  ʧʦʩʪʦʷʥʥʦʤ ʚʭʦʜʷʱʝʤ ʪʦʢʝ ʚ CGC ʜʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʥʘʪʨʠʷ ʚʦ 

ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʝ. ɺ ʩʨʝʜʝ ʩ ʥʦʨʤʘʣʴʥʳʤ ʥʘʪʨʠʝʤ  ʥʝʡʨʦʥʳ CGC ʙʳʣʠ 

ʜʦʩʪʦʚʝʨʥʦ ʙʦʣʝʝ ʜʝʧʦʣʷʨʠʟʦʚʘʥʳ  ʫ ʧʨʝʧʘʨʘʪʦʚ ʞʠʚʦʪʥʳʭ, ʧʦʣʫʯʘʚʰʠʭ 

ʩʦʯʝʪʘʥʥʳʝ ʧʨʝʜʲʷʚʣʝʥʠʷ (n = 14) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʧʘʨʘʪʘʤʠ ʢʦʥʪʨʦʣʴʥʳʭ 

ʞʠʚʦʪʥʳʭ (ʥʘʠʚʥʳʝ, n = 9; ʥʝʩʦʯʝʪʘʥʥʳʝ, n = 11; ʈʠʩ. 5.3.4ɸ ʠ 5.3.4Bi). 

ʆʜʥʘʢʦ, ʢʦʛʜʘ ʥʦʨʤʘʣʴʥʳʡ ʨʘʩʪʚʦʨ ʟʘʤʝʥʠʣʠ ʥʘ ʙʝʟʥʘʪʨʠʝʚʳʡ (ʈʠʩ. 5.3.3ɸ), 

ʧʦʪʝʥʮʠʘʣ ʥʝʡʨʦʥʦʚ CGC ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʩʷ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʫʨʦʚʥʝ -80 ʤɺ 

ʚʦ ʚʩʝʭ ʪʨʝʭ ʛʨʫʧʧʘʭ (ʈʠʩ. 5.3.4ɹii).  ʊʝʩʪʳ ʚ ʨʝʞʠʤʝ ʬʠʢʩʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʩ 

ʜʣʠʥʥʳʤʠ 800 ʤʩʝʢ ʩʪʫʧʝʥʴʢʘʤʠ ʦʪ -110 ʤɺ ʜʦ -55 ʤɺ ʥʝ ʚʳʷʚʠʣʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʚʭʦʜʷʱʝʛʦ ʪʦʢʘ ʫ CGC ʥʠ ʚ ʦʙʫʯʝʥʥʦʡ ʩʦʯʝʪʘʥʥʦʡ, ʥʠ ʚ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ (ʈʠʩ. 5.3.4ɺ), ʧʦʜʪʚʝʨʜʠʚ,  ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʧʦʩʪʦʷʥʥʦʛʦ ʚʭʦʜʷʱʝʛʦ ʪʦʢʘ ʚ CGC ʫ ʛʨʫʧʧʳ ʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʳʟʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʡ ʥʘʪʨʠʝʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʧʵʪʯ-ʢʣʵʤʧ ʤʦʛ ʙʳ 

ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʧʦʚʳʰʝʥʠʷ  INa(P) (ʪʦ ʝʩʪʴ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʠʣʠ/ʠ ʧʦʚʳʰʝʥʠʷ ʠʭ ʯʠʩʣʘ), 

ʦʜʥʘʢʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʠʥʪʘʢʪʥʳʭ ʎʅʉ ʥʘʠʚʥʳʭ ʠ ʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ 

ʥʘʰʝʡ ʨʘʙʦʪʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ. ʆʜʥʘʢʦ, ʤʳ ʧʨʦʠʟʚʝʣʠ ʠʤʫʥʥʦ-

ʛʠʩʪʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʢ ʥʘʪʨʠʝʚʦʤʫ 

ʢʘʥʘʣʫ Nav1.9 ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ,  ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʠ ʢʘʢʦʡ-ʥʠʙʫʜɹ  

ʧʨʠʟʥʘʢ ʧʦʚʳʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʥʘʪʨʠʝʚʳʭ ʢʘʥʘʣʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʫʯʝʥʠʷ 
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ʈʠʩ. 5.3.3. ʆʪʩʪʘʚʣʝʥʥʳʡ ʚʳʧʨʷʤʣʷʶʱʠʡ ʢʘʣʠʝʚʳʡ ʪʦʢ IK ʫ CGC ʟʘʤʝʪʥʦ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʫʩʣʦʚʥʦʤʫ ʨʝʬʣʝʢʩʫ ʩ ʦʜʥʦʛʦ 

ʧʦʜʢʨʝʧʣʝʥʠʷ. ʇʦʢʘʟʘʥʳ ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ IK, ʠʟʤʝʨʝʥʥʳʝ ʫ CGC ʚ 

ʛʨʫʧʧʘʭ ʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ ʋʉ/ɹʉ (n = 10) ʠ ʥʝʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ (n 

= 10). ɺʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ IK ʫ CGC ʥʘʠʚʥʳʭ ʞʠʚʦʪʥʳʭ ʪʘʢʞʝ ʦʯʝʥʴ 

ʧʦʭʦʞʠ ʥʘ ʵʪʦʪ ʛʨʘʬʠʢ (ʜʘʥʥʳʝ ʥʝ ʧʦʢʘʟʘʥʳ). 

 

ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ. ʇʦʩʪʦʷʥʥʳʡ ʥʘʪʨʠʝʚʳʡ ʪʦʢ, ʧʝʨʝʥʦʩʠʤʳʡ 

ʢʘʥʘʣʘʤʠ ʵʪʦʛʦ ʪʠʧʘ, ʦʯʝʥʴ ʙʣʠʟʦʢ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʢ ʧʦʩʪʦʷʥʥʦʤʫ 

ʥʘʪʨʠʝʚʦʤʫ ʪʦʢʫ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʤʫ ʚ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ (ʩʤ. ʚʳʰʝ). 

ʕʪʦ ʩʭʦʜʩʪʚʦ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ ʵʪʦʛʦ 

ʢʘʥʘʣʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʢʦʥʪʨʦʣʷ ʠ ʪʝʩʪʘʤʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʥʘ ʚʝʩʪʝʨʥ-ʙʣʦʪʘʭ ʩ ʛʦʤʦʛʝʥʘʪʘʤʠ ʢʘʢ ʎʅʉ ʢʨʳʩʳ, ʪʘʢ ʠ 

Lymnaea (ʈʠʩ. 5.3.5). ʀʩʧʦʣʴʟʫʷ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʶ, ʤʳ ʥʘʰʣʠ ʜʦʩʪʦʚʝʨʥʦʝ 

ʦʪʣʠʯʠʝ ʚ ʩʧʝʮʠʬʠʯʥʦʤ ʦʢʨʘʰʠʚʘʥʠʠ ʎʅʉ ʫ CGC ʚ ʛʨʫʧʧʝ, ʧʦʣʫʯʘʚʰʝʡ 

ʩʦʯʝʪʘʥʥʳʝ ʧʨʝʜʲʷʚʣʝʥʠʷ ʋʉ/ɹʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʫʧʧʦʡ ʥʝʩʦʯʝʪʘʥʥʳʭ 

ʧʨʝʜʲʷʚʣʝʥʠʡ ʋʉ/ɹʉ ʠ ʥʘʠʚʥʦʡ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ (ʈʠʩ. 5.3.4D). ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ Nav1.9-ʧʦʜʦʙʥʳʭ ʢʘʥʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʥʦʩʷʱʠʤ ʚʢʣʘʜ ʚ ʫʚʝʣʠʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʥʘʪʨʠʝʚʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ ʧʦʣʝ ʦʙʫʯʝʥʠʷ.  
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5.3.2. ɺʳʟʚʘʥʥʦʝ ʦʙʫʯʝʥʠʝʤ ʫʚʝʣʠʯʝʥʠʝ INa(P) ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

CGC ʫ ʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. 

 

ʅʘʰʠ ʪʝʢʫʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʚʳʟʚʘʥʥʦʝ 

ʦʙʫʯʝʥʠʝʤ ʫʚʝʣʠʯʝʥʠʝ INa(P) ʩʦʦʪʚʝʪʩʪʚʫʝʪ  ʧʦ ʚʨʝʤʝʥʠ ʠ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ ʤʝʤʙʨʘʥʳ CGC. ʊʘʢʞʝ ʨʘʥʝʝ ʤʳ ʫʧʦʤʠʥʘʣʠ, ʯʪʦ ʠʥʲʝʢʮʠʷ 

cAMP ʚ ʩʦʤʫ ʫʚʝʣʠʯʠʚʘʝʪ ʢʘʢ INa(P), ʪʘʢ ʠ ʜʝʧʦʣʷʨʠʟʫʝʪ ʤʝʤʙʨʘʥʫ CGC, 

ʪʦʛʜʘ ʢʘʢ ʫʜʘʣʝʥʠʝ ʥʘʪʨʠʷ ʠʟ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʠ (Staras et al., 2002). ɺcʝ ʚʤʝʩʪʝ, ʵʪʠ 

ʥʘʙʣʶʜʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʚʳʟʚʘʥʥʳʤ ʦʙʫʯʝʥʠʝʤ 

ʫʚʝʣʠʯʝʥʠʝʤ INa(P) ʠ ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʏʪʦʙʳ 

ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʵʪʦʡ ʧʨʠʯʠʥʥʦʡ ʩʚʷʟʠ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʝʜʩʢʘʟʘʥʠʡ ʥʝʜʘʚʥʦ ʩʦʟʜʘʥʥʦʡ ʤʦʜʝʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʝʤʙʨʘʥʳ ʩʦʤʳ CGC (ʪʠʧ ʤʦʜʝʣʠ ʍʦʜʞʢʠʥʘ-ʍʘʢʩʣʠ; Vavoulis et al., 

2007). ʈʝʘʣʠʩʪʠʯʥʝr ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʪʜʝʣʴʥʳʭ ʥʝʡʨʦʥʦʚ ʠʛʨʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʦʮʝʥʢʝ ʚʢʣʘʜʦʚ ʦʪʜʝʣʴʥʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠʦʥʥʳʭ 

ʪʦʢʦʚ ʚ ʥʝʡʨʦʥʘʣʴʥʫʶ ʚʦʟʙʫʜʠʤʦʩʪʴ. 

ʅʘʰʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʜʘʥʥʳʭ ʧʦ ʬʠʢʩʘʮʠʠ 

ʧʦʪʝʥʮʠʘʣʘ CGC, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʥʘʠʚʥʳʭ ʞʠʚʦʪʥʳʭ ʚ ʧʨʝʜʳʜʫʱʠʭ ʩʝʨʠʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ (Staras et al., 2002). ɼʣʷ ʩʦʟʜʘʥʠʷ ʜʝʪʘʣʴʥʦʡ ʤʦʜʝʣʠ CGC 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦʜʛʦʥʢʫ ʦʜʥʦʢʦʤʧʘʨʪʤʝʥʪʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ 

ʍʦʜʞʢʠʥʘ-ʍʘʢʩʣʠ ʢ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ ʜʚʫʵʣʝʢʪʨʦʜʥʦʡ 

ʬʠʢʩʘʮʠʠ ʪʦʢʘ ʠ ʬʠʢʩʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʙʠʥʘʮʠʠ 

ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʤʝʪʦʜʦʚ ʩʫʤʤʳ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ.  

ɼʘʣʝʝ, ʧʨʦʚʦʜʠʣʠʩʴ ʦʧʳʪʳ ʩ ʩʝʣʝʢʪʠʚʥʦʡ ʙʣʦʢʘʜʦʡ ʦʪʜʝʣʴʥʳʭ 

ʧʨʦʚʦʜʠʤʦʩʪʝʡ, ʯʪʦʙʳ ʫʪʦʯʥʠʪʴ ʠʭ ʨʦʣʴ ʚ ʤʦʜʝʣʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʤʦʜʝʣʠ. ʄʦʜʝʣʴ 

ʘʢʢʫʨʘʪʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʣʘ ʬʦʨʤʫ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʥʝʡʨʦʥʘ ʧʨʠ ʪʦʥʠʯʝʩʢʦʤ ʨʘʟʨʷʜʝ (ʈʠʩ. 5.3.6), ʠ ʦʙʝʩʧʝʯʠʚʘʣʘ ʘʢʢʫʨʘʪʥʦʝ 

ʦʧʠʩʘʥʠʝ ʵʬʬʝʢʪʦʚ ʚʳʢʣʶʯʝʥʠʷ ʠʟʚʝʩʪʥʳʭ  ʠʦʥʥʳʭ ʧʨʦʚʦʜʠʤʦʩʪʝʡ,  

ʚʢʣʶʯʘʷ gNa(P) (ʈʠʩ. 5.3.6Bi), ʘ ʪʘʢʞʝ ʢʘʣʴʮʠʝʚʳʝ ʪʦʢʦʚ HVA ʠ LVA -ʪʠʧʦʚ, 

ʙʳʩʪʨʦʛʦ ʢʘʣʠʝʚʦʛʦ ʪʦʢʘ ɸ-ʪʠʧʘ, ʙʳʩʪʨʳʭ ʥʘʪʨʠʝʚʦʛʦ ʠ ʦʪʩʪʘʚʣʝʥʥʦʛʦ 

ʚʳʧʨʷʤʣʷʶʱʝʛʦ ʢʘʣʠʝʚʦʛʦ ʪʦʢʦʚ ʥʘ ʟʥʘʯʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 
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ʈʠʩ. 5.3.4.  ʂʘʥʘʣʳ INa(P) ʷʚʣʷʶʪʩʷ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ, 

ʧʦʷʚʣʷʶʱʝʡʩʷ ʧʦ ʧʨʦʰʝʩʪʚʠʠ >24 ʯʘʩʦʚ ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʦʙʫʯʝʥʠʷ ʩ 

ʦʜʥʦʢʨʘʪʥʦʛʦ ʧʨʝʜʲʷʚʣʝʥʠ.̫  

(ɸ-ɺ) ɺ ʙʝʟʥʘʪʨʠʝʚʦʤ ʨʘʩʪʚʦʨʝ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʩʦʯʝʪʘʥʥʳʭ ʠ 

ʥʝʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ ʋʉ/ɹʉ ʟʘʤʝʯʝʥʦ ʥʝ ʙʳʣʦ.  

(ɸ) ʇʨʠʤʝʨʳ ʨʝʛʠʩʪʨʘʮʠʡ ʧʦʪʝʥʮʠʘʣʘ CGC ʫ ʧʨʝʧʘʨʘʪʦʚ ʞʠʚʦʪʥʳʭ ʠʟ ʛʨʫʧʧ 

ʩʦʯʝʪʘʥʥʳʭ ʠ ʥʝʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ ʋʉ/ɹʉ, ʚʤʳʚʘʝʤʳʭ ʚ ʙʝʟʥʘʪʨʠʝʚʳʡ 

ʨʘʩʪʚʦʨ. ʄʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ CGC ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʦʥʠʟʠʣʩʷ ʜʦ 

ʟʥʘʯʝʥʠʡ ʧʦʨʷʜʢʘ -80 ʤɺ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʚ ʛʨʫʧʧʝ 

ʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ ʧʦʪʝʥʮʠʘʣ CGC ʙʳʣ ʙʦʣʝʝ ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʳʤ ʥʘ ~10 ʤɺ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʤʷ ʦʩʪʘʣʴʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ. 

(C) ʉʪʘʪʠʩʪʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ CGC (ʩʨʝʜʥʝʝ + 

ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ) ʤʝʞʜʫ ʪʨʝʤʷ ʛʨʫʧʧʘʤʠ ʚ ʥʦʨʤʘʣʴʥʦʤ ʠ ʙʝʟʥʘʪʨʠʝʚʦʤ 
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ʨʘʩʪʚʦʨʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  ANOVA: (Di) F[2, 32] = 6.9, p < 0.04; ʪʝʩʪ ʥʝʟʘʚʠʩʠʤʳʭ 

ʠʩʧʳʪʘʥʠʡ, p  < 0.05 (ʩʦʯʝʪʘʥʥʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʩʦʯʝʪʘʥʥʳʤʠ ʠ ʥʘʠʚʥʳʤʠ).  

(Dii) F[2, 29] = 0.9, p = 0.4 (ʥʝ ʜʦʩʪʦʚʝʨʥʦ). 

(Ci) ʉʪʘʪʠʩʪʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʨʘʚʥʦʚʝʩʥʳʭ ʪʦʢʦʚ ʚ ʙʝʟʥʘʪʨʠʝʚʦʤ 

ʨʘʩʪʚʦʨʝ (ʩʨʝʜʥʝʝ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ), ʚʳʟʚʘʥʥʳʭ ʩʪʫʧʝʥʴʢʦʡ ʧʦʪʝʥʮʠʘʣʘ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 800 ʤʩʝʢ ʦʪ -110 ʤɺ ʜʦ -55 ʤɺ ʤʝʞʜʫ ʪʨʝʤʷ ʛʨʫʧʧʘʤʠ.  ANOVA: 

F[2, 22] = 0.9, p = 0.4 (ʥʝ ʜʦʩʪʦʚʝʨʥʦ). 

(Cii) ʇʨʠʤʝʨʳ ʟʘʧʠʩʝʡ ʫʤʝʥʴʰʝʥʥʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʚʳʭʦʜʷʱʝʛʦ (ʧʦ-ʚʠʜʠʤʦʤʫ 

ʢʘʣʠʝʚʦʛʦ) ʪʦʢʘ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʫ CGC ʥʘ ʧʨʝʧʘʨʘʪʘʭ ʫ ʚʩʝʭ ʪʨʝʭ ʛʨʫʧʧ. 

(D) ʇʣʦʪʥʦʩʪʴ ʙʝʣʢʘ NaV1.9-ʧʦʜʦʙʥʳʭ ʢʘʥʘʣʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʫ CGC >24ʯʘʩʦʚ 

ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʧʠʱʝʚʦʤʫ ʨʝʬʣʝʢʩʫ ʩ ʦʜʥʦʛʦ ʧʦʜʢʨʝʧʣʝʥʠʷ. 

(Di) ʇʨʠʤʝʨ ʫʚʝʣʠʯʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʠʤʫʥʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʡ ʤʝʪʢʠ ʚ ʪʝʣʘ ʢʣʝʪʦʢ 

CGC (ʫʢʘʟʘʥʳ ʩʪʨʝʣʦʯʢʘʤʠ) ʚ  ʛʨʫʧʧʝ ʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ ʋʉ/ɹʉ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʫʧʧʘʤʠ ʥʝʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ ʠ ʢʦʥʪʨʦʣʴʥʦʡ. ʃʠʥʝʡʢʘ 

ʤʘʩʰʪʘʙʘ - 50 ʤʢʤ. 

(Dii)  ʉʪʘʪʠʩʪʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʢʣʶʯʝʥʠʡ ʠʤʫʥʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʡ 

ʤʝʪʢʠ ʚ ʪʝʣʘ ʢʣʝʪʦʢ CGC (ʩʨʝʜʥʝʝ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ) ʫ ʛʨʫʧʧʳ ʩʦʯʝʪʘʥʥʳʭ 

ʧʨʝʜʲʷʚʣʝʥʠʡ ʋʉ/ɹʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʫʧʧʦʡ ʥʝʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ (*p < 

0.006, ʥʝʟʘʚʠʩʠʤʳʡ t-ʪʝʩʪ, df = 10, t = 3.50).  ʉʫʤʤʘʨʥʳʝ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʦʪ ʜʚʫʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʫʧʧ ʠ ʟʘʪʝʤ ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʢ ʟʥʘʯʝʥʠʷʤ, 

ʠʟʤʝʨʝʥʥʳʭ ʚ CGC ʥʘ ʩʨʝʟʘʭ ʦʪ ʥʘʠʚʥʦʡ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʜʝʨʞʘʣʠ ʥʘ ʪʦʤ ʞʝ 

ʩʣʘʡʜʝ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʘʥʥʳʤ ʠ ʠʭ ʦʙʦʙʱʝʥʠʷʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʤʝʨʝʥʠʶ ʪʦʢʘ.   

 

ʬʦʨʤʫ ʩʧʘʡʢʘ ʠ ʯʘʩʪʦʪʫ ʨʘʟʨʷʜʘ (Vavoulis et al., 2007). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ 

ʧʨʝʜʧʦʣʘʛʘʣʠ, ʯʪʦ ʵʪʘ ʤʦʜʝʣʴ ʤʦʞʝʪ ʧʦʤʦʯʴ ʠʟʚʣʝʯʴ ʚʘʞʥʫʶ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʚʳʟʚʘʥʥʦʤʫ ʦʙʫʯʝʥʠʝʤ ʵʬʬʝʢʪʫ 

ʫʚʝʣʠʯʝʥʠʷ gNa(P) ʥʘ ʟʥʘʯʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʥʘʰʠʭ ʦʧʳʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʬʠʢʩʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʦʙʫʯʝʥʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ. 

ʈʘʟʥʠʮʘ ʚ ʟʥʘʯʝʥʠʷʭ INa(P), ʚʟʷʪʳʭ ʫ ʦʙʫʯʝʥʥʳʭ ʩ ʩʦʯʝʪʘʥʥʳʤʠ 

ʧʨʝʜʲʷʚʣʝʥʠʤ̫ʠ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʥʘʠʚʥʳʭ ʞʠʚʦʪʥʳʭ, ʙʳʣʘ ʚʚʝʜʝʥʘ ʚ 

ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʦʜʝʣʠ ʧʨʠ ʪʦʤ, ʯʪʦ ʤʦʜʝʣʠʩʪ ʥʝ ʟʥʘʣ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ 

ʵʪʠʭ ʜʘʥʥʳʭ ʠ ʥʝ ʟʥʘʣ ʦ ʨʘʟʥʠʮʝ ʚ ʠʟʤʝʨʝʥʥʦʤ ʤʝʤʙʨʘʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ 

CGC ʫ ʵʪʠʭ ʞʠʚʦʪʥʳʭ. ʇʨʝʜʩʢʘʟʘʥʠʷ ʜʝʣʘʣʠʩʴ ʧʦ ʠʟʤʝʥʝʥʠʶ ʠʟʤʝʨʝʥʥʦʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʥʘʪʨʠʝʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ g(max)Na(P)  

(ʩʤ. ʤʝʪʦʜʳ). ʄʦʜʝʣʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ, ʯʪʦ g(max)Na(P) (ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

INa(P)) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 38.9% (ʥʘʙʣʶʜʘʝʤʘʷ ʩʨʝʜʥʷʷ ʨʘʟʥʠʮʘ ʚ ʧʨʦʮʝʥʪʘʭ 

INa(P)  ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ ʋʉ/ɹʉ ʠ ʥʘʠʚʥʦʡ 

ʢʦʥʪʨʦʣʴʥʦʡ   ʛʨʫʧʧʦʡ,   ʈʠʩ.   5.3.1),   ʠ   ʵʪʦ   ʜʦʣʞʥʦ  ʜʝʧʦʣʷʨʠʟʦʚʘʪʴ  ʩʦʤʫ 
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ʈʠʩ. 5.3.5. ɸʥʪʠʪʝʣʘ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʢ ʢʘʥʘʣʫ NaV1.9 ʜʝʪʝʢʪʠʨʫʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʡ 

ʩʠʛʥʘʣ ʚ ʛʦʤʦʛʝʥʘʪʝ ʎʅʉ Lymnaea ʠ ʥʘ ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠʭ ʩʨʝʟʘʭ. (ɸ) 

ʇʨʝʠʥʢʫʙʘʮʠʷ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ ʩ ʙʣʦʢʠʨʫʶʱʠʤ ʠʭ ʧʝʧʪʠʜʦʤ ʧʦʜʘʚʠʣʘ 

ʩʠʛʥʘʣ ʚʝʩʪʝʨʥ-ʙʣʦʪʘ ʚ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʙʘʭ, ʚʟʷʪʳʭ ʢʘʢ ʠʟ ʤʦʟʛʘ ʢʨʳʩʳ, 

ʪʘʢ ʠ ʠʟ ʎʅʉ Lymnaea. (B) ʉʠʛʥʘʣ ʦʪʩʫʪʩʪʚʦʚʘʣ ʚ ʠʤʤʫʥʦʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʟʘʭ, 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʪʦʣʴʢʦ ʚʪʦʨʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ (ʙʝʟ ʧʝʨʚʠʯʥʳʭ ʘʥʪʠʪʝʣ) ʠʣʠ ʩ 

ʧʝʨʚʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ, ʧʨʝʠʥʢʫʙʠʨʦʚʘʥʥʳʤʠ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʙʣʦʢʠʨʫʶʱʠʤ 

ʧʝʧʪʠʜʦʤ (ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʢʫʙʘʮʠʝʡ ʩʦ ʚʪʦʨʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ). ʕʪʠ ʩʨʝʟʳ 

ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʦʙʱʝʡ ʨʝʘʢʮʠʠ ʧʨʦʷʚʣʝʥʠʷ ʮʚʝʪʘ, ʢʦʪʦʨʘʷ ʧʨʠʚʝʣʘ ʢ ʚʳʷʚʣʝʥʠʶ 

ʩʠʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʩʨʝʟʘʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʝʨʚʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ (ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʠʥʢʫʙʘʮʠʝʡ ʩʦ ʚʪʦʨʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ). ʃʠʥʝʡʢʘ ʤʘʩʰʪʘʙʘ - 50 ʤʢʤ. 

 

 

 

 

ʈʠʩ. 5.3.6. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʝʡʨʦʥʘ CGC Lymnaea ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʦʱʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʡʨʦʥʘ ʠ ʬʘʢʪʦʨʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʚ ʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʨʠ ʦʙʫʯʝʥʠʠ.  (A) ʊʦʥʠʯʝʩʢʠʡ ʨʝʞʠʤ 

ʩʧʦʥʪʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʜʝʣʠ CGC ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʪʪʝʨʥʫ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʤʫ 

ʥʘ ʨʝʘʣʴʥʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʥʝʡʨʦʥʝ CGC, ʘ ʬʦʨʤʘ ʩʧʘʡʢʘ ʤʦʜʝʣʴʥʦʛʦ CGC  

ʧʦʚʪʦʨʷʝʪ ʬʦʨʤʫ ʩʧʘʡʢʘ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ CGC. (ɺi) ɹʣʦʢʘʜʘ ʪʦʢʘ INa(P) ʫ ʤʦʜʝʣʴʥʦʛʦ 

ʥʝʡʨʦʥʘ CGC ʚʳʟʳʚʘʝʪ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʶ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʕʪʦʪ 

ʩʠʤʫʣʠʨʦʚʘʥʥʳʡ ʵʬʬʝʢʪ ʦʯʝʥʴ ʧʦʭʦʞ ʥʘ ʥʘʙʣʶʜʘʚʰʠʡʩʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʦʤ CGC 
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ʵʬʬʝʢʪ ʫʜʘʣʝʥʠʷ ʥʘʪʨʠʷ ʠʟ ʦʤʳʚʘʶʱʝʛʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ (Staras et al., 

2002). (Bii-Biv) ɹʣʦʢʘʜʘ ʦʩʥʦʚʥʳʭ ʪʦʢʦʚ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʠ ʬʦʨʤʫ 

ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ CGC. ʇʦʣʫʯʝʥʦ ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʩ ɼ. ɺʘʚʫʣʠʩʦʤ. 

 

ʥʝʡʨʦʥʘ CGC ʦʪ ʟʥʘʯʝʥʠʷ -58.3 ʤɺ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ CGC ʚ ʥʘʠʚʥʦʡ ʛʨʫʧʧʝ) ʜʦ ʟʥʘʯʝʥʠʷ -55.6 ʤɺ (ʈʠʩ. 5.3.7). 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʛʨʫʧʧʝ ʩʦʯʝʪʘʥʥʳʭ 

ʧʨʝʜʲʷʚʣʝʥʠʡ  ʋʉ/ɹʉ ʙʳʣʦ  -55.8 ʤɺ,  ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ ʦ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʙʣʠʟʦʩʪʠ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠʟʤʝʨʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʩʜʚʠʛʘ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʈʠʩ 5.3.7), 

ʧʦʜʪʚʝʨʞʜʘʷ, ʯʪʦ ʚʳʟʚʘʥʥʦʝ ʦʙʫʯʝʥʠʝʤ ʫʚʝʣʠʯʝʥʠʝ INa(P) ʥʝ ʪʦʣʴʢʦ 

ʩʦʚʧʘʜʘʝʪ ʧʦ ʚʨʝʤʝʥʠ ʠ ʢʦʨʨʝʣʠʨʫʝʪ, ʥʦ ʠ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʚʳʟʚʘʥʥʳʭ 

ʦʙʫʯʝʥʠʝʤ ʠʟʤʝʥʝʥʠʡ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ.  

 

ʈʠʩ. 5.3.7.  ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʦʙʫʯʝʥʠʝʤ ʚ 

CGC. ʋʚʝʣʠʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʪʨʠʝʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ g(max)Na(P)  (ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ INa(P)) ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʜʝʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʫʩʣʦʚʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʢʘʟʳʚʘʝʤʳʡ ʥʘ ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ (Ñ 

ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ) ʠʟʤʝʨʝʥʥʦʛʦ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʨʝʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ 

CGC ʫ ʥʘʠʚʥʳʭ ʠ ʦʙʫʯʝʥʥʳʭ ʥʘ ʩʦʯʝʪʘʥʥʳʝ ʧʨʝʜʲʷʚʣʝʥʠʷ ʋʉ/ɹʉ (n = 10 

ʧʨʝʧʘʨʘʪʦʚ ʢʘʞʜʘʷ ʛʨʫʧʧʘ) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ ʚʤʝʩʪʝ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ  ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 38.9%-ʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

g(max)Na(P) ʥʘ ʢʦʤʧʴʶʪʝʨʥʦʡ  ʤʦʜʝʣʠ CGC ʥʘʠʚʥʳʭ ʞʠʚʦʪʥʳʭ.  
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5.4. ʅʝʩʠʥʘʧʪʠʯʝʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʚ ʦʩʥʦʚʝ 

ʢʦʤʧʘʨʪʤʝʥʪʘʣʠʟʦʚʘʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

 

ʉʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦʝ ʯʠʩʣʦ ʧʨʠʤʝʨʦʚ ʪʦʛʦ, ʯʪʦ ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ 

ʧʣʘʩʪʠʯʥʦʩʪʴ, ʥʘʨʘʚʥʝ ʩ ʩʠʥʘʧʪʠʯʝʩʢʦʡ, ʷʚʣʷʝʪʩʷ ʩʫʙʩʪʨʘʪʦʤ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ ʢʘʢ ʥʘ ʩʠʩʪʝʤʘʭ ʧʦʟʚʦʥʦʯʥʳʭ, ʪʘʢ ʠ 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ (Debanne et al. 2003; Magee & Johnson 2005; 

Benjamin et al. 2008; Mozzachiodi & Byrne 2010). ʆʜʥʘʢʦ, ʧʦʢʘ ʤʘʣʦ ʠʟʚʝʩʪʥʦ 

ʦ ʪʦʤ, ʢʘʢ ʚʳʟʚʘʥʥʘʷ ʦʙʫʯʝʥʠʝʤ ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʢʦʤʧʘʨʪʤʝʥʪʘʣʠʟʦʚʘʥʥʳʤ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ, 

ʣʝʞʘʱʠʤ ʚ ʦʩʥʦʚʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʣʝʜʦʚ ʧʘʤʷʪʠ, ʦʩʪʘʚʣʷʷ ʦʩʪʘʣʴʥʳʝ 

ʩʝʪʝʚʳʝ ʬʫʥʢʮʠʠ ʥʝʡʨʦʥʘ ʥʝʟʘʪʨʦʥʫʪʳʤʠ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʧʨʠʤʝʥʷʷ 

ʧʦʚʝʜʝʥʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʝʛʠʩʪʨʘʮʠʠ 

ʤʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʨʘʥʝʝ ʦʧʠʩʘʥʥʘʷ ʚʳʟʚʘʥʥʘʷ ʦʙʫʯʝʥʠʝʤ 

ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʤʦʜʫʣʷʪʦʨʥʦʛʦ ʥʝʡʨʦʥʘ ʧʠʱʝʚʦʡ ʩʠʩʪʝʤʳ 

ʫʣʠʪʢʠ Lymnaea ʚʣʠʷʝʪ ʥʘ ʘʢʩʦʥʥʳʝ ʪʝʨʤʠʥʘʣʠ ʵʪʦʛʦ ʥʝʡʨʦʥʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʩʧʝʮʠʬʠʯʥʦʡ ʤʘʥʝʨʝ. ɺ ʙʦʢʦʚʦʡ ʚʝʪʚʠ ʘʢʩʦʥʘ ʛʠʛʘʥʪʩʢʦʛʦ 

ʮʝʨʝʙʨʘʣʴʥʦʛʦ ʥʝʡʨʦʥʘ (CGC) ʢʣʘʩʩʠʯʝʩʢʠʡ ʫʩʣʦʚʥʳʡ ʨʝʬʣʝʢʩ ʥʘ ʮʝʣʦʤ 

ʞʠʚʦʪʥʦʤ ʫʤʝʥʴʰʘʝʪ ʘʪʪʝʥʶʘʮʠʶ ʧʨʦʢʩʠʤʘʣʴʥʦ-ʜʠʩʪʘʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 

ʚʳʟʚʘʥʥʦʛʦ ʩʧʘʡʢʦʤ ʢʘʣʴʮʠʝʚʦʛʦ ʩʠʛʥʘʣʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ 

ʤʝʭʘʥʠʟʤ ʢʦʤʧʘʨʪʤʝʥʪʘʣʠʟʦʚʘʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ. ʉʦʤʘʪʠʯʝʩʢʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʧʫʪʝʤ ʠʥʲʝʢʮʠʠ ʪʦʢʘ, ʢʦʪʦʨʳʡ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʙʦʢʦʚʫʶ ʘʢʩʦʥʘʣʴʥʫʶ ʚʝʪʚʴ CGC ʠ ʙʣʦʢʠʨʦʚʘʥʠʝ 

ʙʳʩʪʨʦʛʦ ʢʘʣʠʝʚʦʛʦ ʪʦʢʘ ɸ-ʪʠʧʘ ʩ ʧʦʤʦʱʴʶ 4-ʘʤʠʥʦʧʠʨʠʜʠʥʘ ʧʨʦʠʟʚʦʜʠʣʦ 

ʥʘ ʢʘʣʴʮʠʝʚʳʝ ʩʠʛʥʘʣʳ ʵʬʬʝʢʪ, ʙʣʠʟʢʠʡ ʢ ʪʘʢʦʚʦʤʫ ʚʳʟʚʘʥʥʦʤʫ ʦʙʫʯʝʥʠʝʤ. 

ʆʙʘ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʚʳʟʳʚʘʣʠ ʦʩʣʘʙʣʝʥʠʝ 

ʘʪʪʝʥʶʘʮʠʠ ʘʢʩʦʥʘʣʴʥʦʛʦ ʩʧʘʡʢʘ. ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ 

ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʘʷ ʠʥʘʢʪʠʚʘʮʠʷ ʢʘʣʠʝʚʦʛʦ ʪʦʢʘ ɸ-ʪʠʧʘ ʩʣʫʞʠʪ ʢʣʶʯʦʤ, 

ʩʦʝʜʠʥʷʶʱʠʤ ʦʙʱʠʝ ʥʝʩʠʥʘʧʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʥʝʡʨʦʥʝ ʩ 

ʢʦʤʧʘʨʪʤʝʥʪʘʣʠʟʦʚʘʥʥʳʤʠ ʧʣʘʩʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. 

ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʚʳʟʚʘʥʥʳʝ ʦʙʫʯʝʥʠʝʤ ʥʝʩʠʥʘʧʪʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʛʠʛʘʥʪʩʢʠʭ ʮʝʨʝʙʨʘʣʴʥʳʭ ʢʣʝʪʢʘʭ (CGC) ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ 

ʤʝʭʘʥʠʟʤʦʤ, ʢʦʪʦʨʳʡ ʫʩʠʣʠʚʘʝʪ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ 

ʮʝʨʝʙʨʘʣʴʥʦʡ ʘʢʩʦʥʘʣʴʥʦʡ ʚʝʪʚʠ. ʆʥʘ ʠʛʨʘʝʪ çʧʦʟʚʦʣʷʶʱʫʶè ʨʦʣʴ ʚ 
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ʢʣʘʩʩʠʯʝʩʢʦʤ ʫʩʣʦʚʥʦʤ ʨʝʬʣʝʢʩʝ (ʈʠʩ. 5.4.1 ʠ 5.4.2), ʥʝ ʦʢʘʟʳʚʘʷ ʧʨʠ ʵʪʦʤ 

ʚʣʠʷʥʠʷ ʥʘ ʤʦʜʫʣʷʪʦʨʥʫʶ ʨʦʣʴ ʥʝʡʨʦʥʘ ʚ ʙʝʟʫʩʣʦʚʥʦʤ ʧʦʚʝʜʝʥʠʠ (Yeoman 

et al. 1996). ʆʜʥʘʢʦ, ʧʨʠʨʦʜʘ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʩʪʘʚʘʣʘʩʴ ʥʝʠʟʚʝʩʪʥʦʡ ʠ 

ʙʳʣʘ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ.  

ɺ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ ʤʳ ʧʨʝʜʦʩʪʘʚʠʣʠ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ in vitro ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʘʢʩʦʥʥʳʭ ʪʝʨʤʠʥʘʣʝʡ 

CGC, ʢʦʪʦʨʘʷ, ʢʘʢ ʩʯʠʪʘʣʦʩʴ, ʫʯʘʩʪʚʫʝʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʧʘʤʷʪʠ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ, 

ʷʚʣʷʶʪʩʷ ʣʠ ʵʪʠ ʪʝʨʤʠʥʘʣʠ ʩ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʩʘʡʪʘʤʠ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ  ʤʠʰʝʥʷʤʠ ʚʳʟʚʘʥʥʳʭ ʦʙʫʯʝʥʠʝʤ ʠʟʤʝʥʝʥʠʡ ʫ ʥʘʠʚʥʳʭ 

ʞʠʚʦʪʥʳʭ. ʄʳ ʠʥʲʝʮʠʨʦʚʘʣʠ ʚ CGC ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʢʨʘʩʠʪʝʣʴ Alexa 

Fluor 488 ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʝʛʦ ʘʢʩʦʥʘʣʴʥʳʭ ʚʝʪʚʣʝʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʘʧʧʣʠʢʘʮʠʝʡ ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʤʘʨʢʝʨʘ FM4-64 ʜʣʷ ʦʢʨʘʩʢʠ ʘʢʪʠʚʥʳʭ 

ʩʠʥʘʧʩʦʚ ʚʦ ʚʩʝʤ ʛʘʥʛʣʠʠ. ʂʦʥʬʦʢʘʣʴʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʚʳʷʚʠʣʦ 

FM4-64-ʧʦʟʠʪʠʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʚʠʜʝ ʢʨʘʩʥʳʭ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʧʷʪʥʳʰʝʢ 

ʨʘʟʤʝʨʦʤ 1-4 ʤʢʤ, ʢʦʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʩ ʟʝʣʝʥʳʤ ʩʠʛʥʘʣʦʤ Alexa Fluor 488, 

ʧʨʠʩʫʪʩʪʚʫʶʱʝʤ ʚ ʜʠʩʪʘʣʴʥʳʭ ʚʝʪʚʣʝʥʠʷʭ ʮʝʨʝʙʨʘʣʴʥʦʡ ʚʝʪʚʠ CGC (ʈʠʩ. 

5.4.1ʉ).  ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʦʩʪʘʚʠʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ 

ʥʘʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʪʦʛʦ, ʯʪʦ ʢʦʤʧʘʨʪʤʝʥʪʳ ʮʝʨʝʙʨʘʣʴʥʦʡ ʚʝʪʚʠ CGC  ʥʝʩʫʪ 

ʘʢʩʦʥʘʣʴʥʫʶ ʬʫʥʢʮʠʶ ʫ ʥʘʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʠ ʦʙʦʩʥʦʚʘʣʦ ʠʭ ʠʟʫʯʝʥʠʝ ʚ 

ʥʘʰʠʭ ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʦʢʫʩʦʚ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʤʝʩʪ ʭʨʘʥʝʥʠʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ.    

  

5.4.1 ʆʙʫʯʝʥʠʝ ʫʤʝʥʴʰʘʝʪ ʘʪʪʝʥʶʘʮʠʶ ʚʳʟʚʘʥʥʦʛʦ ʩʧʘʡʢʦʤ 

ʘʢʩʦʥʘʣʴʥʦʛʦ ʢʘʣʴʮʠʝʚʦʛʦ ʩʠʛʥʘʣʘ. 

 

ɼʘʣʝʝ ʤʳ ʥʘʧʨʷʤʫʶ ʪʝʩʪʠʨʦʚʘʣʠ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ ʦʙʫʯʝʥʠʝ 

ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʫʩʣʦʚʥʦʤʫ ʨʝʬʣʝʢʩʫ ʥʘʠʚʥʳʭ  ʞʠʚʦʪʥʳʭ ʫʤʝʥʴʰʘʝʪ 

ʘʪʪʝʥʶʘʮʠʶ ʚʳʟʚʘʥʥʦʛʦ ʩʧʘʡʢʦʤ ʘʢʩʦʥʘʣʴʥʦʛʦ ʢʘʣʴʮʠʝʚʦʛʦ ʩʠʛʥʘʣʘ ʚ 

ʙʦʢʦʚʦʡ ʚʝʪʚʠ ʘʢʩʦʥʘ CGC. ɾʠʚʦʪʥʳʭ ʦʙʫʯʘʣʠ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʧʠʱʝʚʦʤʫ 

ʫʩʣʦʚʥʦʤʫ ʨʝʬʣʝʢʩʫ ʚ ʛʨʫʧʧʝ ʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ (ʦʙʫʯʝʥʥʘʷ ʛʨʫʧʧʘ, 

n = 18) ʠ ʷʚʥʦ ʥʝʩʦʯʝʪʘʥʥʳʭ (ʢʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ, n = 15), ʧʨʝʜʲʷʚʣʷʷ ʘʤʠʣ-

ʘʮʝʪʘʪ ʚ  ʢʘʯʝʩʪʚʝ  ʫʩʣʦʚʥʦʛʦ  ʩʪʠʤʫʣʘ  ʠ  ʩʘʭʘʨʦʟʫ ʚ  ʢʘʯʝʩʪʚʝ  ʙʝʟʫʩʣʦʚʥʦʛʦ  
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ʈʠʩ. 5.4.1. ʊʝʨʤʠʥʘʣʠ ʙʦʢʦʚʦʡ ʮʝʨʝʙʨʘʣʴʥʦʡ ʚʝʪʚʠ ʘʢʩʦʥʘ CGC ʷʚʣʷʶʪʩʷ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʟʦʥʦʡ, ʥʘ ʢʦʪʦʨʫʶ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʢʘʟʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ 

ʚʳʟʚʘʥʥʘʷ ʦʙʫʯʝʥʠʝʤ ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ. 

(ɸ) ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ çʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷè, ʫʚʝʣʠʯʠʚʘʶʱʠʡ 

ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʧʠʱʝʚʦʤʫ 

ʫʩʣʦʚʥʦʤʫ ʨʝʬʣʝʢʩʫ ʫ Lymnaea. ʋ ʥʘʠʚʥʳʭ ʥʝʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʘʧʧʣʠʢʘʮʠʷ 

ʘʤʠʣ-ʘʮʝʪʘʪʘ (ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʢʘʢ ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ (ʋʉ) ʚʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʙʦʣʴʰʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚ ʪʦʥʠʯʝʩʢʦʤ ʤʝʜʣʝʥʥʦʤ ʨʘʟʨʷʜʝ ʚ ʛʠʛʘʥʪʩʢʠʭ 

ʮʝʨʝʙʨʘʣʴʥʳʭ ʥʝʡʨʦʥʘʭ CGC (ʚʝʨʭʥʷʷ ʩʭʝʤʘʪʠʯʝʩʢʘʷ ʦʩʮʠʣʣʦʛʨʘʤʤʘ). ʉʧʘʡʢʠ, 

ʚʳʟʚʘʥʥʳʝ ʋʉ ʚ ʩʝʥʩʦʨʥʳʭ ʥʝʡʨʦʥʘʭ (SN) ʛʫʙ ʚʳʟʳʚʘʶʪ ʪʦʣʴʢʦ ʩʣʘʙʳʡ ʦʪʚʝʪ ʚ 

ʟʘʧʫʩʢʘʶʱʠʭ ʢʦʤʘʥʜʥʦ-ʧʦʜʦʙʥʳʭ ʮʝʨʝʙʨʦ-ʙʫʢʢʘʣʴʥʳʭ ʠʥʪʝʨʥʝʡʨʦʥʘʭ (CBI) 

ʧʠʱʝʚʦʛʦ ʧʦʚʝʜʝʥʠʷ. ʋ ʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʩʦʤʘ CGC ʠ ʩʝʛʤʝʥʪʳ 

ʧʨʦʢʩʠʤʘʣʴʥʦʛʦ ʘʢʩʦʥʘ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ (ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʦ ʩʜʚʠʥʫʪʦʡ ʚʝʨʥʝʡ ʦʩʮʠʣʣʦʛʨʘʤʤʦʡ, ʠ 

ʪʦʣʩʪʦʡ ʬʠʦʣʝʪʦʚʦʡ ʣʠʥʠʝʡ, ʦʙʚʦʜʷʱʝʡ ʢʦʥʪʫʨ CGC ʩʧʨʘʚʘ), ʠ ʋʉ ʚʳʟʳʚʘʝʪ ʪʘʢʦʝ 

ʞʝ ʩʣʘʙʦʝ ʫʩʠʣʝʥʠʝ ʤʝʜʣʝʥʥʦʛʦ ʨʘʟʨʷʜʘ ʫ ʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʢʘʢ ʫ ʥʝʦʙʫʯʝʥʥʳʭ. 

ʆʜʥʘʢʦ, ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʥʦʛʦ ʬʦʥʦʚʦʛʦ ʫʨʦʚʥʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ ʚ ʙʦʢʦʚʦʡ 

ʚʝʪʚʠ CGC, ʫ ʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʘʢʪʠʚʥʦʩʪʴ CGC ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʫʶ ʬʘʩʠʣʠʪʘʮʠʶ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʩʝʥʩʦʨʥʳʭ ʥʝʡʨʦʥʦʚ SN, ʯʪʦ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʚʦʜʠʪ ʢ ʛʝʥʝʨʘʮʠʠ ʧʦʪʝʥʮʠʘʣʦʚ ʜʝʡʩʪʚʠʷ ʚ ʠʥʪʝʨʥʝʡʨʦʥʘʭ CBI. 

ʀʥʪʝʨʥʝʡʨʦʥʳ CBI, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʘʢʪʠʚʠʨʫʶʪ ʥʝʡʨʦʥʳ ʩʝʪʠ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʧʠʱʝʚʦʛʦ ʨʠʪʤʘ (CPG), ʦʙʝʩʧʝʯʠʚʘʷ ʫʩʣʦʚʥʳʡ ʧʠʱʝʚʦʡ ʦʪʚʝʪ ʥʘ ʋʉ. 

(B) ɸʥʘʪʦʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʢʩʦʥʘʣʴʥʦʛʦ ʚʝʪʚʣʝʥʠʷ CGC. ʆʩʥʦʚʥʘʷ ʧʨʦʝʢʮʠʷ 

ʘʢʩʦʥʘ ʩʣʝʜʫʝʪ ʚ ʙʫʢʢʘʣʴʥʳʡ ʛʘʥʛʣʠʡ (ʙʫʢʢʘʣʴʥʘʷ ʚʝʪʚʴ). ɹʦʢʦʚʘʷ ʮʝʨʝʙʨʘʣʴʥʘʷ 

ʚʝʪʚʴ ʥʘʯʠʥʘʝʪʩʷ ʦʪ ʦʩʥʦʚʥʦʛʦ ʘʢʩʦʥʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ~50  ʤʢʤ ʦʪ ʪʝʣʘ ʢʣʝʪʢʠ. 

(C) ʇʨʠʤʝʨ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʩʠʛʥʘʣʦʤ ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʤʘʨʢʝʨʘ FM4-64  

(ʢʨʘʩʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ) ʠ ʜʠʩʪʘʣʴʥʦʛʦ ʢʦʥʮʘ ʮʝʨʝʙʨʘʣʴʥʦʡ ʙʦʢʦʚʦʡ ʚʝʪʚʠ CGC, 

ʢʦʪʦʨʳʡ ʙʳʣ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦ ʧʦʢʨʘʰʝʥ ʟʝʣʝʥʳʤ ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʤ ʢʨʘʩʠʪʝʣʝʤ 

Alexa Fluor 488. ʉʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʢʣʶʯʝʥʠʷ FM4-64, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ 

ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ, ʧʦʢʨʘʰʝʥʥʳʤʠ Alexa Fluor 488 ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʷʚʣʷʶʱʠʝʩʷ ʘʢʪʠʚʥʳʤʠ ʩʠʥʘʧʩʘʤʠ ʘʢʩʦʥʘʣʴʥʳʭ ʪʝʨʤʠʥʘʣʝʡ 

CGC. ʂʨʘʩʥʳʝ ʚʢʣʶʯʝʥʠʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʘʢʩʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ CGC ʫʢʘʟʳʚʘʶʪ ʥʘ 
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ʧʨʠʩʫʪʩʪʚʠʝ ʩʠʥʘʧʩʦʚ ʜʨʫʛʠʭ ʥʝʡʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʧʦʥʪʘʥʥʦ ʘʢʪʠʚʥʳ ʚʦ ʚʨʝʤʷ 

ʠʥʢʫʙʘʮʠʠ ʩ ʢʨʘʩʠʪʝʣʝʤ FM4-64. 

 

ʩʪʠʤʫʣʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤʠ ʦʧʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ  ʠ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʣʠ ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ 

ʦʙʫʯʝʥʠʷ (ʦʙʫʯʝʥʥʘʷ ʛʨʫʧʧʘ, n = 10 ʧʨʝʧʘʨʘʪʦʚ; ʢʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ, n =  8 

ʧʨʝʧʘʨʘʪʦʚ). ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʥʪʨʦʣʴʥʦʡ ʠ ʦʙʫʯʝʥʥʦʡ ʛʨʫʧʧʘʭ 

ʞʠʚʦʪʥʳʭ ʧʦʜʚʝʨʛʘʣʠ ʧʦʚʝʜʝʥʯʝʩʢʠʤ ʪʝʩʪʘʤ ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ. 

ɺ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʙʫʯʝʥʥʳʝ ʞʠʚʦʪʥʳʝ (n = 8) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ ʧʠʱʝʚʦʡ ʦʪʚʝʪ ʥʘ ʋʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʴʥʳʤʠ ʞʠʚʦʪʥʳʤʠ (n = 7; ʨʘʟʣʠʯʠʷ ʚ ʦʪʚʝʪʘʭ 3.5 Ñ 0.5 ʧʨʦʪʠʚ -2.7 Ñ 

1.2 ʞʝʚʘʥʠʡ/ʤʠʥ; ʥʝʟʘʚʠʩʠʤʳʡ t-ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ: df = 13, t = 4.3, p < 

0.0008). 

ʅʘ ʧʨʝʧʘʨʘʪʘʭ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (ʎʅʉ) 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʢʘʣʴʮʠʝʚʳʝ ʩʠʛʥʘʣʳ ʚ ʦʩʥʦʚʥʦʤ ʘʢʩʦʥʝ (ʦʙʦʟʥʘʯʝʥʥʦʤ 

ʧʨʝʨʳʚʠʩʪʳʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ ʥʘ ʈʠʩ. 5.4.2ɸ) ʥʝ ʙʳʣʠ ʠʟʤʝʥʝʥʳ ʧʦʩʣʝ 

ʦʙʫʯʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʫʩʣʦʚʥʦʤʫ ʨʝʬʣʝʢʩʫ (ʩʤ. ʪʘʙʣʠʮʫ 5.4.1), ʠ ʧʦʵʪʦʤʫ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ ʢʦʥʩʪʘʥʪʫ ʜʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʩʠʛʥʘʣʦʚ ʚ ʙʦʢʦʚʳʭ ʚʝʪʚʷʭ ʥʘ ʨʘʟʥʳʭ ʧʨʝʧʘʨʘʪʘʭ. ɺʳʟʚʘʥʥʳʝ ʩʧʦʥʪʘʥʥʦ 

ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʩʦʤʝ ʩʧʘʡʢʘʤʠ ʘʢʩʦʥʘʣʴʥʳʝ ʢʘʣʴʮʠʝʚʳʝ ʩʠʛʥʘʣʳ ʚ CGC 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʘʪʪʝʥʶʘʮʠʶ ʜʠʩʪʘʣʴʥʦ-ʧʨʦʢʩʠʤʘʣʴʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʚ ʛʨʫʧʧʝ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ, ʩʥʠʟʠʚʰʠʩʴ ʥʘ  ~36% (ʈʠʩ. 

5.4.2ɸ ʠ 5.4.2B). ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʘʪʪʝʥʶʘʮʠʷ  ʚ ʦʙʫʯʝʥʥʦʡ 

ʛʨʫʧʧʝ ʩʦʩʪʘʚʣʷʣʘ ʪʦʣʴʢʦ ~17% ʠ ʥʝ ʜʦʩʪʠʛʘʣʘ ʫʨʦʚʥʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ (ʈʠʩ. 

5.4.2ɸ ʠ 5.4.2B). ɺ ʥʘʠʙʦʣʝʝ ʫʜʘʣʝʥʥʦʡ ʦʙʣʘʩʪʠ ʙʦʢʦʚʦʡ ʚʝʪʚʠ ʢʘʣʴʮʠʝʚʳʡ 

ʩʠʛʥʘʣ ʙʳʣ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʚ ʧʨʝʧʘʨʘʪʘʭ ʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʩʥʠʞʝʥʠʝ ʘʪʪʝʥʶʘʮʠʠ, 

ʚʳʟʚʘʥʥʦʝ ʦʙʫʯʝʥʠʝʤ (ʈʠʩ. 5.4.2ɺ). ɼʠʩʪʘʣʴʥʦ-ʧʨʦʢʩʠʤʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʘʤʧʣʠʪʫʜ ʢʘʣʴʮʠʝʚʳʭ ʩʠʛʥʘʣʦʚ ʪʘʢʞʝ ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ ʚ ʦʙʫʯʝʥʥʦʡ 

ʛʨʫʧʧʝ ʞʠʚʦʪʥʳʭ  (0.58 Ñ 0.03, ʥʝʟʘʚʠʩʠʤʳʡ t-ʢʨʠʪʝʨʠʡ ʉʪʶʜʝʥʪʘ: df = 16; t 

= 2.66, p < 0.02), ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʩʣʝ 

ʦʙʫʯʝʥʠʷ. 

ʇʦʜʪʚʝʨʞʜʘʷ ʧʨʝʜʳʜʫʱʠʝ ʥʘʰʠ ʥʘʙʣʶʜʝʥʠʷ, ʠʟʣʦʞʝʥʥʳʝ ʚʳʰʝ, 

ʤʝʤʙʨʘʥʥʳʡ  ʧʦʪʝʥʮʠʘʣ  CGC  ʙʳʣ  ʟʥʘʯʠʪʝʣʴʥʦ  ʙʦʣʝʝ  ʜʝʧʦʣʷʨʠʟʦʚʘʥ  ʚ 
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ʊʘʙʣʠʮʘ 5.4.1. ʂʣʘʩʩʠʯʝʩʢʠʡ ʫʩʣʦʚʥʳʡ ʨʝʬʣʝʢʩ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʢʘʣʴʮʠʝʚʳʝ ʩʠʛʥʘʣʳ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʦʪ ʧʨʦʢʩʠʤʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ 

ʦʩʥʦʚʥʦʡ ʚʝʪʚʠ ʘʢʩʦʥʘ CGC (ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 5.4.2ɸ). 

 

ʦʙʫʯʝʥʥʦʡ ʛʨʫʧʧʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ (ʈʠʩ. 5.4.3). 

ʄʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ CGC ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʜʦʩʪʦʚʝʨʥʫʶ ʧʦʟʠʪʠʚʥʫʶ 

ʢʦʨʨʝʣʷʮʠʶ ʩʦ ʩʥʠʞʝʥʠʝʤ ʘʪʪʝʥʶʘʮʠʠ ʢʘʣʴʮʠʝʚʳʭ ʩʠʛʥʘʣʦʚ (ʈʠʩ. 5.4.2ʉ; 

ʢʨʠʪʝʨʠʡ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ, R
2
 =  0.56, p < 0.05). 

  

 

5.4.2. ɼʝʧʦʣʷʨʠʟʘʮʠʷ CGC ʠ 4-ʘʤʠʥʦʧʠʨʠʜʠʥ ʩʥʠʞʘʶʪ 

ʘʪʪʝʥʶʘʮʠʶ ʢʘʣʴʮʠʝʚʳʭ ʩʠʛʥʘʣʦʚ ʠ ʧʦʪʝʥʮʠʘʣʦʚ ʜʝʡʩʪʚʠʷ. 

 

ʏʪʦʙʳ ʥʘʧʨʷʤʫʶ ʧʨʦʚʝʨʠʪʴ, ʤʦʞʝʪ ʣʠ ʜʝʧʦʣʷʨʠʟʘʮʠʷ CGC (ʢʦʪʦʨʦʡ 

ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʵʬʬʝʢʪʳ ʩʝʪʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʚʳʟʳʚʘʶʱʠʝ ʫʩʣʦʚʥʦʝ ʧʦʚʝʜʝʥʠʝ) ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʘʪʪʝʥʶʘʮʠʶ ʢʘʣʴʮʠʝʚʳʭ 

ʩʠʛʥʘʣʦʚ ʚ ʢʦʣʣʘʪʝʨʘʣʷʭ ʘʢʩʦʥʘ, ʤʳ ʧʨʦʠʟʚʦʜʠʣʠ ʠʭ ʨʝʛʠʩʪʨʘʮʠʶ ʥʘ 

ʧʨʝʧʘʨʘʪʘʭ ʥʘʠʚʥʳʭ ʞʠʚʦʪʥʳʭ (n = 8) ʩʥʘʯʘʣʘ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ CGC, ʠ ʧʦʪʦʤ 

ʠʥʲʝʮʠʨʫ ̫ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʪʦʢ ʜʣʷ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʩʦʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ 

ʥʘ 5 ʤɺ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʘʢʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ 

ʮʝʨʝʙʨʘʣʴʥʳʝ ʙʦʢʦʚʳʝ ʚʝʪʚʠ (ʩʤ. ʧʨʝʜʳʜʫʱʫʶ ʯʘʩʪʴ). 

ʂʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ  ʆʙʫʯʝʥʥʘʷ ʛʨʫʧʧʘ  

ʅʝʟʘʚʠʩʠʤʳʝ 
ʧʨʝʧʘʨʘʪʳ 

DF/F ʚ ʦʩʥʦʚʥʦʤ 
ʘʢʩʦʥʝ  

ʅʝʟʘʚʠʩʠʤʳʝ 
ʧʨʝʧʘʨʘʪʳ  

DF/F ʚ ʦʩʥʦʚʥʦʤ 
ʘʢʩʦʥʝ 

1  0.044  1  0.050  

2  0.019  2  0.043  

3  0.037  3  0.025  

4  0.029  4  0.056  

5  0.033  5  0.035  

6  0.018  6  0.024  

7  0.026  7  0.032  

8  0.047  8  0.024  

  9  0.065  

  10  0.044  

ʩʨʝʜʥʝʝ 0.032  ʩʨʝʜʥʝʝ 0.039  

SEM 0.004  SEM 0.005  
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ʈʠʩ. 5.4.2. ʂʣʘʩʩʠʯʝʩʢʠʡ ʧʠʱʝʚʦʡ ʫʩʣʦʚʥʳʡ ʨʝʬʣʝʢʩ ʠ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʠ ʵʬʬʝʢʪʳ, 

ʧʨʦʠʟʚʦʜʠʤʳʝ ʠʤʠ ʥʘ ʢʘʣʴʮʠʝʚʳʝ ʩʠʛʥʘʣʳ ʚ ʘʢʩʦʥʘʣʴʥʦʡ ʙʦʢʦʚʦʡ ʚʝʪʚʠ CGC.  

(ɸ) ʇʨʠʤʝʨʳ ʫʩʨʝʜʥʝʥʥʳʭ (ʧʦ ʩʧʘʡʢʫ) ʢʘʣʴʮʠʝʚʳʭ ʩʠʛʥʘʣʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʦʧʪʠʯʝʩʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʣʴʮʠʡ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʢʨʘʩʠʪʝʣʷ Oregon Green 

BAPTA 1 ʦʪ ʩʝʛʤʝʥʪʦʚ ʙʦʢʦʚʦʡ ʮʝʨʝʙʨʘʣʴʥʦʡ ʚʝʪʚʠ ʘʢʩʦʥʘ CGC ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʦʪ ʧʨʦʢʩʠʤʘʣʴʥʦ ʢ ʜʠʩʪʘʣʴʥʦʤʫ (ʩʤ. ʥʠʞʥʠʡ ʨʠʩʫʥʦʢ) ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʢ 

ʩʠʛʥʘʣʫ ʠʟ ʦʙʣʘʩʪʠ ʩʝʛʤʝʥʪʘ ʦʩʥʦʚʥʦʛʦ ʘʢʩʦʥʘ CGC. ɸʪʪʝʥʶʘʮʠʷ ʩʠʛʥʘʣʘ ʤʝʞʜʫ 

ʦʙʣʘʩʪʷʤʠ ʠʥʪʝʨʝʩʘ (ROIs) 1 ʠ 3 ʤʝʥʴʰʝ ʥʘ ʧʨʝʧʘʨʘʪʝ ʦʙʫʯʝʥʥʦʛʦ ʞʠʚʦʪʥʦʛʦ, ʯʝʤ 

ʢʦʥʪʨʦʣʴʥʦʛʦ. ʇʨʝʨʳʚʠʩʪʳʝ ʣʠʥʠʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʩʠʛʥʘʣʘ ʚʳʰʝ 

ʙʘʟʦʚʦʛʦ ʫʨʦʚʥʷ ʚ ROI 1. ɾʠʨʥʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʠʢʫ ʩʠʛʥʘʣʘ ʚ ROI 3. 

ʉʧʘʡʢʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʠ ʚʳʟʳʚʘʶʱʠʝ ʢʘʣʴʮʠʝʚʳʝ 

ʩʠʛʥʘʣʳ, ʧʦʢʘʟʘʥʳ ʩʣʝʚʘ.  

(ɺ) ʉʨʘʚʥʝʥʠʝ ʘʪʪʝʥʶʘʮʠʠ ʢʘʣʴʮʠʝʚʳʭ ʩʠʛʥʘʣʦʚ ʚ ʙʦʢʦʚʦʡ ʘʢʩʦʥʘʣʴʥʦʡ ʚʝʪʚʠ ʥʘ 

ʧʨʝʧʘʨʘʪʘʭ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ (n = 8) ʠ ʦʙʫʯʝʥʥʦʡ ʛʨʫʧʧʳ (n = 10) ʞʠʚʦʪʥʳʭ. 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ (ÑSEM) ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʢʘʣʴʮʠʝʚʳʭ ʩʠʛʥʘʣʦʚ ʧʦʢʘʟʘʥʳ ʜʣʷ  
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ʨʘʟʥʳʭ ʨʘʡʦʥʦʚ ROIs ʘʢʩʦʥʘʣʴʥʦʡ ʙʦʢʦʚʦʡ ʚʝʪʚʠ CGC. ɼʚʫʩʪʦʨʦʥʥʠʡ ʪʝʩʪ ANOVA 

ʚʳʷʚʠʣ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʜʣʷ ʦʙʫʯʝʥʥʦʡ ʛʨʫʧʧʳ (F[1,48] = 12.9, p < 0.0008) ʠ 

ʧʦʣʦʞʝʥʠʷ ROI (F[2,48] = 10.4, p < 0.0002). ʇʦʩʪʪʝʩʪ ɹʦʥʬʝʨʦʥʠ ʚʳʷʚʠʣ, ʯʪʦ 

ʢʘʣʴʮʠʝʚʳʡ ʩʠʛʥʘʣ ʚ ROI 3 ʦʪ ʧʨʝʧʘʨʘʪʦʚ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʙʳʣ ʜʦʩʪʦʚʝʨʥʦ 

ʘʪʪʝʥʶʠʨʦʚʘʥ ʧʦ ʩʨʘʚʥʝʥʠ ʁʩʦ ʚʩʝʤʠ ʦʩʪʘʣʴʥʳʤʠ ʩʠʛʥʘʣʘʤʠ (*p < 0.05). 

(ʉ) ɼʠʩʪʘʣʴʥʦ-ʧʨʦʢʩʠʤʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʘʤʧʣʠʪʫʜʳ ʢʘʣʴʮʠʝʚʳʭ 

ʩʠʛʥʘʣʦʚ ʚ ʙʦʢʦʚʦʡ ʚʝʪʚʠ CGC ʢʘʢ ʬʫʥʢʮʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦ ʚʩʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤ.  ɹʦʣʴʰʠʥʩʪʚʦ ʟʥʘʯʝʥʠʡ ʦʪ ʦʙʫʯʝʥʥʦʡ ʛʨʫʧʧʳ ʢʣʘʩʪʝʨʠʟʦʚʘʥʳ ʚ 

ʤʝʥʝʝ ʥʝʛʘʪʠʚʥʦʤ ʨʘʡʦʥʝ, ʯʝʤ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ (-58.4 ʤɺ, ʧʨʝʨʳʚʠʩʪʘʷ ʣʠʥʠʷ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʟʚʘʥʥʳʝ 

ʦʙʫʯʝʥʠʝʤ ʧʘʨʘʣʣʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʘʢ ʚ ʤʝʤʙʨʘʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ, ʪʘʢ ʠ ʚ 

ʧʨʦʢʩʠʤʘʣʴʥʦ-ʜʠʩʪʘʣʥɹʦʤ ʦʪʥʦʰʝʥʠʠ, ʚʥʦʩʷʱʠʝ ʚʢʣʘʜ ʚ ʦʙʱʫʶ ʢʦʨʨʝʣʷʮʠʶ. 

(Di ʠ Dii) ɼʝʧʦʣʷʨʠʟʘʮʠʷ ʩʦʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ CGC ʠʥʲʝʢʮʠʝʡ ʪʦʢʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʘʪʪʝʥʶʘʮʠʶ ʢʘʣʴʮʠʝʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʙʦʢʦʚʦʡ ʚʝʪʚʠ. ʅʘ (Dii) 

ʧʦʢʘʟʘʥʳ ʜʘʥʥʳʝ (ÑSEM), ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʚʦʩʴʤʠ ʧʨʝʧʘʨʘʪʘʭ. ʇʘʨʥʳʡ t-ʢʨʠʪʝʨʠʡ 

ʉʪʴʶʜʝʥʪʘ, t = 3.7, p < 0.007. ʇʨʠʩʫʪʩʪʚʫʝʪ ʩʭʦʜʩʪʚʦ ʩ ʵʬʬʝʢʪʦʤ ʦʙʫʯʝʥʠʷ ʫ 

ʠʥʪʘʢʪʥʳʭ ʞʠʚʦʪʥʳʭ. 

 

ʕʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ (ʈʠʩ. 5.4.2D) ʧʨʘʢʪʠʯʝʩʢʠ ʚʦʩʧʨʦʠʟʚʝʣʠ ʨʝʟʫʣʴʪʘʪʳ ʩ 

ʦʙʫʯʝʥʠʝʤ.  

ʇʨʝʜʩʪʘʚʣʷʣʦʩʴ ʩʣʠʰʢʦʤ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ-

ʟʘʚʠʩʠʤʳʡ ʢʨʘʩʠʪʝʣʴ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, JPW1131, ʯʪʦʙʳ ʥʘʧʨʷʤʫʶ 

ʠʩʩʣʝʜʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʘʢʩʦʥʘʣʴʥʳʭ ʩʧʘʡʢʦʚ, ʚʳʟʚʘʥʥʳʝ ʦʙʫʯʝʥʠʝʤ ʚ 

ʮʝʨʝʙʨʘʣʴʥʦʡ ʙʦʢʦʚʦʡ ʚʝʪʚʠ, ʧʦʪʦʤʫ ʯʪʦ ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠ 

ʦʢʨʘʰʠʚʘʥʠʷ ʜʣʠʪʝʣʴʥʘʷ ʠʥʢʫʙʘʮʠʷ ʧʨʝʧʘʨʘʪʘ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʦʙʨʘʱʘʣʘ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʥʠʚʝʣʠʨʦʚʘʣʘ ʵʬʬʝʢʪ ʦʙʫʯʝʥʠʷ. ʆʜʥʘʢʦ, ʥʘʰʘ 

ʛʠʧʦʪʝʟʘ ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʚ ʜʝʧʦʣʷʨʠʟʘʮʠʠ CGC ʧʦʩʣʝ 

ʦʙʫʯʝʥʠʷ ʫʤʝʥʴʰʘʝʪ ʘʪʪʝʥʶʘʮʠʶ ʚʜʦʣʴ ʘʢʩʦʥʘ ʢʘʢ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ, ʪʘʢ 

ʠ ʢʘʣʴʮʠʝʚʦʛʦ ʩʠʛʥʘʣʘ. ʇʦʩʢʦʣʴʢʫ ʧʨʦʪʦʢʦʣ ʦʢʨʘʩʢʠ ʩ JPW1131 ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʙʘʟʦʚʳʝ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ CGC, ʤʳ ʨʝʘʣʠʟʦʚʘʣʠ 

ʚʦʟʤʦʞʥʦʩʪʴ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʦʛʦ ʢʨʘʩʠʪʝʣ ̫ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʘʢʩʦʥʘʣʴʥʳʭ ʩʧʘʡʢʦʚ (ʚʳʟʚʘʥʥʳʭ ʩʧʦʥʪʘʥʥʳʤʠ ʩʦʤʘʪʠʯʝʩʢʠʤʠ 

ʩʧʘʡʢʘʤʠ, ʈʠʩ. 5.4.4). ʇʦʩʢʦʣʴʢʫ ʜʝʧʦʣʷʨʠʟʘʮʠʷ CGC ʠʥʲʝʢʮʠʝʡ 

ʩʦʤʘʪʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʵʬʬʝʢʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʫʩʣʦʚʥʦʛʦ 

ʨʝʬʣʝʢʩʘ, ʙʳʣʦ ʙʳ ʚʦʟʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʳʟʚʘʥʥʘʷ ʦʙʫʯʝʥʠʝʤ 

ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪ ʥʘ ʘʢʩʦʥʘʣʴʥʳʡ ʩʧʘʡʢ ʪʘʢʦʡ ʞʝ 

ʵʬʬʝʢʪ, ʢʘʢ ʠ ʜʝʧʦʣʷʨʠʟʘʮʠʷ, ʠʩʢʫʩʩʪʚʝʥʥʦ ʚʳʟʚʘʥʥʘʷ ʧʫʪʝʤ ʠʥʲʝʢʮʠʠ ʪʦʢʘ. 
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ʈʠʩ. 5.4.3. ʆʙʫʯʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʫʩʣʦʚʥʦʤʫ ʨʝʬʣʝʢʩʫ ʚʳʟʳʚʘʝʪ ʜʝʧʦʣʷʨʠʟʘʮʠʶ 

CGC. 

ʇʦʢʘʟʘʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ÑSEM, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʚ ʩʦʤʝ ʥʝʡʨʦʥʘ CGC. ʅʝʟʘʚʠʩʠʤʳʡ t-ʢʨʠʪʝʨʠʡ, df = 16, t = 

3.4, p < 0.004. ʄʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ CGC ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʢʦʨʨʝʣʷʮʠʶ ʩ ʜʠʩʪʘʣʴʥʦ-ʧʨʦʢʩʠʤʘʣʴʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʘʤʧʣʠʪʫʜ ʢʘʣʴʮʠʝʚʳʭ 

ʩʠʛʥʘʣʦʚ (ʩʤ. ʚʳʰʝ). 

 

ʇʦʜʦʙʥʦ ʢʘʣʴʮʠʝʚʳʤ ʩʠʛʥʘʣʘʤ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʦʧʪʠʯʝʩʢʠ, 

ʢʦʛʜʘ CGC ʙʳʣʠ ʜʝʧʦʣʷʨʠʟʦʚʘʥʳ, ʩʧʘʡʢʠ (ʈʠʩ 5.4.4ɸ ʠ 5.4.4B) 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʜʦʩʪʦʚʝʨʥʦ ʤʝʥʴʰʫʶ ʘʪʪʝʥʶʘʮʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤ, 

ʢʦʛʜʘ ʢʘʣʴʮʠʝʚʳʝ ʩʠʛʥʘʣʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʤʝʤʙʨʘʥʥʦʤ 

ʧʦʪʝʥʮʠʘʣʝ (n = 5; ʈʠʩ 5.4.4C). ʆʯʝʥʴ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʪʦ, ʯʪʦ ʤʝʪʦʜ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʭ ʢʨʘʩʠʪʝʣʝʡ ʚʳʷʚʠʣ, ʯʪʦ ʜʝʧʦʣʷʨʠʟʘʮʠʷ 

ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʘʢʩʦʥʘʣʴʥʦʛʦ ʩʧʘʡʢʘ (ʈʠʩ 5.4.4C). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʘʰʠ ʜʘʥʥʳʝ ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʯʘʩʪʠʝ ʤʝʭʘʥʠʟʤʘ ʨʘʩʰʠʨʝʥʠʷ 

ʩʧʘʡʢʘ ʚ ʫʚʝʣʠʯʝʥʠʠ ʢʘʣʴʮʠʝʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʧʨʝʩʠʥʘʧʩʝ. 

ʇʨʝʜʳʜʫʱʠʝ ʨʘʙʦʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʪʦʢʦʣʦʚ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʧʦʪʝʥʮʠʘʮʠʠ (LTP) ʥʘ ʧʝʨʝʞʠʚʘʶʱʠʭ ʩʨʝʟʘʭ ʛʠʧʧʦʢʘʤʧʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʘʞʥʫʶ ʨʦʣʴ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʚ ʠʥʘʢʪʠʚʘʮʠʠ ʢʘʣʠʝʚʦʛʦ 

ʪʦʢʘ ɸ-ʪʠʧʘ (IA) ʚ ʬʘʩʠʣʠʪʘʮʠʠ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ 

ʜʝʡʩʪʚʠʷ ʚ ʜʝʥʜʨʠʪʳ ʧʠʨʘʤʠʜʥʳʭ ʥʝʡʨʦʥʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʚʝʣʠʯʠʚʘʣʩʷ 

ʚʭʦʜ ʢʘʣʴʮʠʷ ʚ ʵʪʠ ʜʝʥʜʨʠʪʳ (Frick et al. 2004). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʤʳ 

ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʚʳʟʚʘʥʥʦʝ ʦʙʫʯʝʥʠʝʤ ʩʥʠʞʝʥʠʝ ʘʪʪʝʥʶʘʮʠʠ ʢʘʣʴʮʠʝʚʳʭ  
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ʩʠʛʥʘʣʦʚ ʚ ʘʢʩʦʥʘʣʴʥʳʭ ʚʝʪʚʷʭ CGC ʧʦʜʦʙʥʳʤ ʞʝ ʦʙʨʘʟʦʤ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʦʩʨʝʜʦʚʘʥʦ ʠʥʘʢʪʠʚʘʮʠʝʡ ʢʘʣʠʝʚʦʛʦ ʪʦʢʘ IA. ʏʪʦʙʳ ʩʨʘʚʥʠʪʴ ʚʦʟʤʦʞʥʫʶ 

ʩʪʝʧʝʥʴ ʠʥʘʢʪʠʚʘʮʠʠ ʢʘʣʠʝʚʦʛʦ ʪʦʢʘ IA ʫ ʦʙʫʯʝʥʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ 

ʞʠʚʦʪʥʳʭ, ʤʳ ʥʘʥʝʩʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ CGC, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʦʙʫʯʝʥʥʦʡ ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧ, ʥʘ ʛʨʘʬʠʢ 

ʢʨʠʚʦʡ ʠʥʘʢʪʠʚʘʮʠʠ ʢʘʣʠʝʚʦʛʦ ʪʦʢʘ IA ʚ CGC, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʠʟ 

ʠʟʤʝʨʝʥʠʡ ʪʦʢʘ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʬʠʢʩʘʮʠʝʡ ʧʦʪʝʥʮʠʘʣʘ 

(Staras et al. 2002). ʆʮʝʥʝʥʥʳʡ ʫʨʦʚʝʥʴ ʠʥʘʢʪʠʚʘʮʠʠ ʙʳʣ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ 

ʨʘʟʘ ʚʳʰʝ ʚ ʦʙʫʯʝʥʥʦʡ ʛʨʫʧʧʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʥʝʦʙʫʯʝʥʥʦʡ 

ʛʨʫʧʧʦʡ (ʈʠʩ 5.4.5ɸ, ʚʩʪʘʚʢʘ ʥʘ ʛʨʘʬʠʢʝ). 

 ʏʪʦʙʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʫʶ ʨʦʣʴ ʩʥʠʞʝʥʠʷ 

ʢʘʣʠʝʚʦʛʦ ʪʦʢʘ IA ʚ ʩʥʠʞʝʥʠʠ ʘʪʪʝʥʶʘʮʠʠ ʚʳʟʚʘʥʥʦʛʦ ʩʧʘʡʢʦʤ ʢʘʣʴʮʠʝʚʦʛʦ 

ʩʠʛʥʘʣʘ ʚ ʙʦʢʦʚʦʡ ʘʢʩʦʥʘʣʴʥʦʡ ʚʝʪʚʠ, ʤʳ ʘʧʧʣʠʮʠʨʦʚʘʣʠ ʥʠʟʢʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ 4-ʘʤʠʥʦʧʠʨʠʜʠʥʘ (0.2 ʤʄ, ʦʜʥʘ ʜʚʘʜʮʘʪʘʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʦʜʘʚʣʝʥʠʷ ʪʦʢʘ ʥʘ 85%) ʥʘ ʥʘʠʚʥʳʝ ʢʦʥʪʨʦʣʴʥʳʝ ʧʨʝʧʘʨʘʪʳ. ɸʪʪʝʥʶʘʮʠʷ 

ʢʘʣʴʮʠʝʚʦʛʦ ʩʠʛʥʘʣʘ ʙʳʣʘ ʜʦʩʪʦʚʝʨʥʦ ʥʠʞʝ ʚ ʨʘʩʪʚʦʨʝ ʩ 4-ʘʤʠʥʦʧʠʨʠʜʠʥʦʤ 

(ʈʠʩ. 5.4.5), ʜʝʤʦʥʩʪʨʠʨʫʷ ʵʬʬʝʢʪ, ʦʯʝʥʴ ʧʦʭʦʞʠʡ ʢʘʢ ʥʘ ʦʙʫʯʝʥʠʝ, ʪʘʢ ʠ ʥʘ 

ʵʬʬʝʢʪ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʩʦʤʳ CGC (ʩʨʘʚʥʠʪʴ ʈʠʩ 5.4.5Bi ʩ ʈʠʩ 5.4.2ɸ ʠ 

5.4.2D). 

ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʡ ʢʨʘʩʠʪʝʣʴ JPW1114 ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ 4-ʘʤʠʥʦʧʠʨʠʜʠʥ ʚʣʠʷʝʪ ʥʘ ʘʪʪʝʥʶʘʮʠʶ ʘʤʧʣʠʪʫʜʳ 

ʘʢʩʦʥʘʣʴʥʦʛʦ ʩʧʘʡʢʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ (4-ʘʤʠʥʦʧʠʨʠʜʠʥ ʤʦʞʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʢʘʣʴʮʠʝʚʳʝ ʢʘʥʘʣ;r Wu et al. 2009). ʕʬʬʝʢʪ r 4-

ʘʤʠʥʦʧʠʨʠʜʠʥʘ ʥʘ ʘʢʩʦʥʘʣʴʥʳʝ ʩʧʘʡʢʠ ʠ ʢʘʣʴʮʠʝʚʳʡ ʩʠʛʥʘʣ ʙʳʣʠ ʩʭʦʞʠ 

(ʩʨʘʚʥ. ʈʠʩ. 5.4.5ʉ ʠ 5.4.5Bi). ʀʩʧʦʣʴʟʦʚʘʥʠʝ JPW1114 ʪʘʢʞʝ ʧʦʟʚʦʣʠʣʦ ʥʘʤ 

ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ, ʧʦʜʦʙʥʦ ʜʝʧʦʣʷʨʠʟʘʮʠʠ, 4-ʘʤʠʥʦʧʠʨʠʜʠʥ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪ ʘʪʪʝʥʶʘʮʠʶ ʘʤʧʣʠʪʫʜʳ ʘʢʩʦʥʘʣʴʥʳʭ ʩʧʘʡʢʦʚ, ʥʦ ʥʝ ʚʳʟʳʚʘʝʪ 

ʟʘʤʝʪʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʩʧʘʡʢʘ (ʈʠʩ 5.4.4D). 

 ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚʤʝʩʪʝ, ʵʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚʳʟʚʘʥʥʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ ʠʥʘʢʪʠʚʘʮʠʷ IA 

ʫʤʝʥʴʰʘʝʪ ʘʪʪʝʥʶʘʮʠʶ ʘʢʩʦʥʘʣʴʥʳʭ ʩʧʘʡʢʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʧʦ 

ʚʨʝʤʝʥʠ ʢʘʣʴʮʠʝʚʳʭ ʩʠʛʥʘʣʦʚ, ʠ ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʝʭʘʥʠʟʤʦʤ, 
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ʈʠʩ. 5.4.4. ɼʝʧʦʣʷʨʠʟʘʮʠʷ CGC ʠʣʠ ʘʧʧʣʠʢʘʮʠʷ 4-ʘʤʠʥʦʧʠʨʠʜʠʥʘ ʚʳʟʳʚʘʶʪ 

ʩʥʠʞʝʥʠʝ ʘʪʪʝʥʶʘʮʠʠ ʢʘʣʴʮʠʝʚʳʭ ʩʠʛʥʘʣʦʚ, ʥʝ ʦʢʘʟʳʚʘʷ ʚʣʠʷʥʠʝ  ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʘʢʩʦʥʘʣʴʥʳʭ ʩʧʘʡʢʦʚ. 

(ɸ) ɸʢʩʦʥʘʣʴʥʳʝ ʩʧʘʡʢʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʦʧʪʠʯʝʩʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʨʘʩʠʪʝʣʷ JPW1114 ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʚʦ ʚʨʝʤʷ 

ʪʦʛʦ, ʢʘʢ ʵʪʦ ʞʝ ʥʝʡʨʦʥ CGC ʙʳʣ ʜʝʧʦʣʷʨʠʟʦʚʘʥ. ʇʨʝʨʳʚʠʩʪʳʝ ʣʠʥʠʠ ʫʢʘʟʳʚʘʶʪ 

ʥʘ ʙʘʟʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʠ ʧʠʢ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʚ ʥʘʠʙʦʣʝʝ ʧʨʦʢʩʠʤʘʣʴʥʦʤ 

ʫʯʘʩʪʢʝ ʙʦʢʦʚʦʡ ʘʩʢʦʥʘʣʴʥʦʡ ʚʝʪʚʠ CGC (ROI 1). ʊʦʣʩʪʳʝ ʣʠʥʠʠ ʦʪʤʝʯʘʶʪ ʧʠʢ 

ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʚ ʥʘʠʙʦʣʝʝ ʜʠʩʪʘʣʴʥʦʤ ʩʝʛʤʝʥʪʝ ʘʢʩʦʥʘʣʴʥʦʡ ʚʝʪʚʠ (ROI 3). 

(B) ʉʧʘʡʢʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ROI 3 ʚ ʨʘʩʪʷʥʫʪʦʡ ʰʢʘʣʝ ʚʨʝʤʝʥʠ. ʉʠʥʠʡ ï 

ʧʦʪʝʥʮʠʘʣ ʜʝʡʩʪʚʠʷ, ʥʘʯʘʚʰʠʡʩʷ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʤʝʤʙʨʘʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ. 

ʂʨʘʩʥʳʡ ï ʧʨʠ ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʤʝʤʙʨʘʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ. 

(C) ʉʣʝʚʘ ï ʘʢʩʦʥʘʣʴʥʳʝ ʩʧʘʡʢʠ ʜʦʩʪʦʚʝʨʥʦ ʤʝʥʝʝ ʘʪʪʝʥʶʠʨʦʚʘʥʳ ʚ ROI 3 ʢʦʛʜʘ 

CGC ʙʳʣ ʜʝʧʦʣʷʨʠʟʦʚʘʥ. ʇʘʨʥʳʡ t-ʢʨʠʪʝʨʠʡ, n = 5, df = 4, t = 4.35, p < 0.01. ʉʧʨʘʚʘ 

ï ʰʠʨʠʥʘ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʥʘ ʚʳʩʦʪʝ ʧʦʣʦʚʠʥʥʦʡ ʘʤʧʣʠʪʫʜʳ (ʧʦʣʫʰʠʨʠʥʘ) 

ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʧʨʠ ʜʝʧʦʣʷʨʠʟʘʮʠʠ CGC ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʥʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ. ʇʘʨʥʳʡ t- ʢʨʠʪʝʨʠʡ, n = 5, df = 1.5, t = 1.5, p = 0.21. 

(D) ʉʣʝʚʘ ï ʘʢʩʦʥʘʣʴʥʳʝ ʩʧʘʡʢʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʦʧʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ 

ʢʨʘʩʠʪʝʣʷ JPW1114 ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʚ ROI 3 ʚ ʧʨʠʩʫʪʩʪʚʠʠ 4-ʘʤʠʥʦʧʠʨʠʜʠʥʘ. 

ʇʘʨʥʳʡ t-ʢʨʠʪʝʨʠʡ, n = 6, df = 5, t = 2.99, p < 0.03. ʉʧʨʘʚʘ ï ʧʦʣʫʰʠʨʠʥʘ 

ʘʢʩʦʥʘʣʴʥʳʭ ʩʧʘʡʢʦʚ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʦʩʣʝ ʘʧʧʣʠʢʘʮʠʠ 4-ʘʤʠʥʦʧʠʨʠʜʠʥʘ. ʇʘʨʥʳʡ 

t-ʢʨʠʪʝʨʠʡ, n = 6, df = 5, t = 0.005, p = 0.99. 
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ʈʠʩ. 5.4.5. ʇʦʜʘʚʣʝʥʠʝ ʢʘʣʠʝʚʦʛʦ ɸ-ʪʦʢʘ ʩʥʠʞʘʝʪ ʘʪʪʝʥʶʘʮʠʶ ʢʘʣʴʮʠʝʚʦʛʦ ʩʠʛʥʘʣʘ 

ʠ ʩʧʘʡʢʘ ʚ ʮʝʨʝʙʨʘʣʴʥʦʡ ʘʢʩʦʥʘʣʴʥʦʡ ʚʝʪʚʠ CGC. 

(ɸ) ʂʨʠʚʘʷ ʠʥʘʢʪʠʚʘʮʠʠ ʢʘʣʠʝʚʦʛʦ ʪʦʢʘ (IA) ʥʝʡʨʦʥʘ CGC (ʧʦʩʪʨʦʝʥʘ ʧʦ ʜʘʥʥʳʤ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʬʠʢʩʘʮʠʝʡ ʧʦʪʝʥʮʠʘʣʘ ʧʦ Staras et al. 2002). ɺʩʪʘʚʢʘ: ʟʥʘʯʝʥʠʷ 

ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ CGC (ʩʨʝʜʥʝʝ ÑSEM; ʦʪʣʦʞʝʥʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʦʪʨʝʟʢʝ ʢʨʠʚʦʡ ʠʥʘʢʪʠʚʘʮʠʠ), ʦʪ ʧʨʝʧʘʨʘʪʦʚ ʢʦʥʪʨʦʣʴʥʦʡ (ʧʦʢʘʟʘʥʦ ʩʠʥʠʤ) ʠ 

ʦʙʫʯʝʥʥʦʡ (ʧʦʢʘʟʘʥʦ ʢʨʘʩʥʳʤ) ʛʨʫʧʧ. 

(Bi) ʉʨʘʚʥʝʥʠʝ ʦʪʥʦʰʝʥʠʡ ʘʤʧʣʠʪʫʜ ʢʘʣʴʮʠʝʚʳʭ ʩʠʛʥʘʣʦʚ, ʠʟʤʝʨʝʥʥʳʭ ʚ ʥʘʠʙʦʣʝʝ 

ʧʨʦʢʩʠʤʘʣʴʥʦʤ (1) ʜʠʩʪʘʣʴʥʦʤ (3) ʠ ʫʯʘʩʪʢʘʭ ROI 1 ʠ ROI 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʤ. 

ʥʠʞʥʠʡ ʨʠʩʫʥʦʢ), ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʝʧʘʨʘʪʦʚ ʥʘʠʚʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ 

ʞʠʚʦʪʥʳʭ ʜʦ ʠ ʧʦʩʣʝ ʘʧʧʣʠʢʘʮʠʠ 4-ʘʤʠʥʦʧʠʨʠʜʠʥʘ. ʇʨʝʨʳʚʠʩʪʳʝ ʣʠʥʠʠ 

ʦʙʦʟʥʘʯʘʶʪ ʙʘʟʘʣʴʥʳʡ ʠ ʧʠʢʦʚʳʡ ʫʨʦʚʥʠ ʚ ROI 1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʦʣʩʪʘʷ ʣʠʥʠʷ  

ʦʙʦʟʥʘʯʘʝʪ ʧʠʢ ʢʘʣʴʮʠʝʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ROI 3. ʊʘʢʞʝ ʧʦʢʘʟʘʥʳ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʩʦʤʘʪʠʯʝʩʢʠʝ ʩʧʘʡʢʠ, ʚʳʟʳʚʘʚʰʠʝ 

ʘʢʩʦʥʘʣʴʥʳʝ ʢʘʣʴʮʠʝʚʳʝ ʩʠʛʥʘʣʳ (ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ Oregon Green 488 

BAPTA 1). 

(Bii) ʆʪʥʦʰʝʥʠʝ (ʩʨʝʜʥʝʝ ÑSEM ʦʪ ʚʦʩʴʤʠ ʧʨʝʧʘʨʘʪʦʚ) ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʧʦʩʣʝ 

ʘʧʧʣʠʢʘʮʠʠ 4-ʘʤʠʥʦʧʠʨʠʜʠʥʘ  (ʧʘʨʥʳʡ t-ʢʨʠʪʝʨʠʡ, df =  7, t = 2.36, p < 0.05). 
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(C) ɸʪʪʝʥʶʘʮʠʷ ʩʧʘʡʢʦʚ ʚ ʙʦʢʦʚʦʡ ʮʝʨʝʙʨʘʣʴʥʦʡ ʚʝʪʚʠ CGC ʠ ʝʝ ʩʥʠʞʝʥʠʝ ʧʦʩʣʝ 

ʘʧʧʣʠʢʘʮʠʠ 4-ʘʤʠʥʦʧʠʨʠʜʠʥʘ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʧʦʪʝʥʮʠʘʣ-

ʟʘʚʠʩʠʤʦʛʦ ʢʨʘʩʠʪʝʣʷ JPW1114. ʇʨʝʨʳʚʠʩʪʳʝ ʣʠʥʠʠ ʦʙʦʟʥʘʯʘʶʪ ʙʘʟʘʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʠ ʧʠʢ ʘʢʩʦʥʘʣʴʥʦʛʦ ʩʧʘʡʢʘ ʚ ROI 1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʦʣʩʪʘʷ ʣʠʥʠʷ 

ʦʙʦʟʥʘʯʘʝʪ ʧʠʢ ʘʢʩʦʥʘʣʴʥʦʛʦ ʩʧʘʡʢʘ ʚ ROI 3. 

 

ʣʝʞʘʱʠʤ ʚ ʦʩʥʦʚʝ ʦʙʫʯʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʩʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ CGC, ʚʳʟʚʘʥʥʦʡ ʧʨʦʮʝʩʩʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʦʙʫʩʣʘʚʣʠʚʘʥʠʷ. 

 

5.4.3. ʂʦʤʧʘʨʪʤʝʥʪ-ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʩʥʠʞʝʥʠʝ ʘʪʪʝʥʶʘʮʠʠ 

ʢʘʣʴʮʠʝʚʳʭ ʩʠʛʥʘʣʦʚ ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ ʩʦʤʳ ʥʝʡʨʦʥʘ. 

 

ʏʪʦʙʳ ʥʘʧʨʷʤʫʶ ʧʨʦʚʝʨʠʪʴ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʨʘʟʥʳʝ 

ʢʦʤʧʘʨʪʤʝʥʪʳ CGC (ʈʠʩ 5.4.6ɸ) ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʟʥʦʝ ʚʣʠʷʥʠʝ ʦʪ 

ʩʦʤʘʪʠʯʝʩʢʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʠ, ʤʳ ʥʘʧʨʷʤʫʶ ʩʨʘʚʥʠʚʘʣʠ ʚʳʟʚʘʥʥʳʝ ʩʧʘʡʢʦʤ 

ʢʘʣʴʮʠʝʚʳʝ ʩʠʛʥʘʣʳ ʚ ʮʝʨʝʙʨʘʣʴʥʦʡ ʙʦʢʦʚʦʡ ʚʝʪʚʠ  (ʫʯʘʩʪʚʫʶʱʝʡ ʚ 

ʬʦʨʤʠʨʦʚʥʠʠ ʩʣʝʜʦʚ ʧʘʤʷʪʠ ʩ ʙʫʢʢʘʣʴʥʦʡ ʚʝʪʚʴʶ (ʫʯʘʩʪʚʫʶʱʝʡ ʚ 

ʤʦʜʫʣʷʮʠʠ ʩʝʪʝʡ ʧʠʱʝʚʦʛʦ ʞʝʚʘʪʝʣʴʥʦʛʦ ʨʠʪʤʘ; Yeoman et al. 1996), ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʠ ʢʦʛʜʘ ʩʦʤʘ CGC ʙʳʣʘ ʜʝʧʦʣʷʨʠʟʦʚʘʥʘ ʠʥʲʝʢʮʠʝʡ 

ʪʦʢʘ ʥʘ ~10 ʤɺ. ʊʦʛʜʘ ʘʤʧʣʠʪʫʜʘ ʢʘʣʴʮʠʝʚʳʭ ʩʠʛʥʘʣʦʚ ʚ ʙʦʢʦʚʦʡ 

ʮʝʨʝʙʨʘʣʴʥʦʡ ʚʝʪʚʠ ʩʪʘʥʦʚʠʣʘʩʴ ʜʦʩʪʦʚʝʨʥʦ ʙʦʣʴʰʝ ʚ ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʳʭ 

ʥʝʡʨʦʥʘʭ CGC ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʡʨʦʥʘʤʠ CGC, ʟʘʧʠʩʘʥʥʳʤʠ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ (ʈʠʩ. 5.4.2D).  ʆʜʥʘʢʦ, ʤʳ ʥʝ ʦʙʥʘʨʫʞʠʣʠ 

ʥʠʢʘʢʠʭ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʢʘʣʴʮʠʝʚʳʭ ʩʠʛʥʘʣʘʭ, ʚʳʟʚʘʥʥʳʭ 

ʦʪʜʝʣʴʥʳʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ ʜʝʡʩʪʚʠʷ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʦʩʥʦʚʥʦʡ 

ʘʢʩʦʥʘʣʴʥʦʡ ʚʝʪʚʠ CGC ʚ ʤʝʩʪʝ ʧʨʠ ʚʭʦʜʝ ʝʝ ʚ ʙʫʢʢʘʣʴʥʳʝ ʛʘʥʛʣʠʠ (ʈʠʩ 

5.4.6ʉ). ʕʪʠ ʜʘʥʥʳʝ ʥʘʧʨʷʤʫʶ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʜʝʧʦʣʷʨʠʟʘʮʠʷ 

ʫʤʝʥʴʰʘʝʪ ʘʪʪʝʥʶʘʮʠʶ ʚʳʟʚʘʥʥʳʭ ʩʧʘʡʢʘʤʠ ʢʘʣʴʮʠʝʚʳʭ ʩʠʛʥʘʣʦʚ ʚ 

ʮʝʨʝʙʨʘʣʴʥʦʡ ʙʦʢʦʚʦʡ ʚʝʪʚʠ, ʥʦ ʥʝ ʚ ʦʩʥʦʚʥʦʤ ʘʢʩʦʥʝ CGC, ʢʦʪʦʨʳʡ 

ʧʨʦʝʮʠʨʫʝʪʩʷ ʚ ʙʫʢʢʘʣʥɹʳʝ ʛʘʥʛʣʠʠ. ʊʘʢʞʝ, ʘʢʩʦʥʘʣʴʥʳʝ ʢʘʣʴʮʠʝʚʳʝ 

ʩʠʛʥʘʣʳ ʙʣʦʢʠʨʦʚʘʣʠ CdCl2 (ʈʠʩ 5.4.7), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʡ ʤʝʭʘʥʠʟʤ ʩ ʫʯʘʩʪʠʝʤ ʢʘʣʴʮʠʝʚʦʛʦ ʪʦʢʘ ʩ 

ʚʳʩʦʢʦʧʦʨʦʛʦʚʦʡ ʘʢʪʠʚʘʮʠʝʡ HVA ʪʠʧʘ (Staras et al. 2002) ʢʘʢ ʠʩʪʦʯʥʠʢ 

ʚʳʟʚʘʥʥʦʛʦ ʩʧʘʡʢʦʤ ʚʭʦʜʘ ʩʚʦʙʦʜʥʦʛʦ ʢʘʣʴʮʠʷ ʚ ʘʢʩʦʥ. 
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ʈʠʩ. 5.4.6. ʉʨʘʚʥʝʥʠʝ ʚʳʟʚʘʥʥʳʭ ʩʧʘʡʢʦʤ ʢʘʣʴʮʠʝʚʳʭ ʩʠʛʥʘʣʦʚ ʚ ʮʝʨʝʙʨʘʣʴʥʦʡ 

ʙʦʢʦʚʦʡ ʚʝʪʚʠ ʠ ʦʩʥʦʚʥʦʤ ʘʢʩʦʥʝ CGC ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʧʦʚʳʰʝʥʥʦʤ ʤʝʤʙʨʘʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ. 

(ɸ) ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʪʝʣʘ ʥʝʡʨʦʥʘ CGC ʠ ʝʛʦ ʘʢʩʦʥʘʣʴʥʳʭ ʦʪʚʝʪʚʣʝʥʠʡ, ʦʪ 

ʥʘʪʠʚʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʩʜʝʣʘʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʲʝʢʮʠʠ ʩʤʝʩʠ ʢʨʘʩʠʪʝʣʝʡ 

Alexa Fluor 594 ʠ Oregon Green. ʆʪʤʝʯʝʥʳ ʫʯʘʩʪʢʠ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ. 

ʆʙʣʘʩʪʴ ROI 1 (ʥʘ ʚʩʪʘʚʢʝ) ʦʧʨʝʜʝʣʷʝʪ ʤʝʩʪʦ, ʦʪ ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʣʠ ʨʝʛʠʩʪʨʘʮʠʶ 

ʙʦʢʦʚʦʡ ʮʝʨʝʙʦʨʘʣʴʥʦʡ ʚʝʪʚʠ (ʮʝʨʝʙʨʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ), ʘ ʦʙʣʘʩʪʴ ROI 2 ʫʢʘʟʳʚʘʝʪ 

ʤʝʩʪʦ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʦʩʥʦʚʥʦʤ ʘʢʩʦʥʝ (ʙʫʢʢʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ). ʉʧʨʘʚʘ 

ʧʦʢʘʟʘʥʘ ʜʝʪʘʣʴʥʘʷ 3D-ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʙʦʢʦʚʦʡ ʚʝʪʚʠ ʧʦ ʢʦʥʬʦʢʘʣʴʥʳʤ ʩʥʠʤʢʘʤ ʚ 

ʧʨʦʝʢʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʴ. 

(ɺ) ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʘʤʧʣʠʪʫʜʳ (ʩʨʝʜʥʝʝ ÑSEM) ʢʘʣʴʮʠʝʚʳʭ ʩʠʛʥʘʣʦʚ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʦʙʣʘʩʪʷʭ ROI 1 ʠ ROI 2 ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʠ ʢʦʛʜʘ 

ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʙʳʣ ʜʝʧʦʣʷʨʠʟʦʚʘʥ ʥʘ 10 ʤɺ.  ɺ ʢʘʞʜʦʤ ROI ʦʪʜʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ DF/F ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʧʦ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ, ʧʦʣʫʯʝʥʥʦʤʫ ʦʪ ʵʪʠʭ ʞʝ ROI 

ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʤʝʤʙʨʘʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ CGC. ɿʚʝʟʜʦʯʢʘ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʜʦʩʪʦʚʝʨʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʩʠʛʥʘʣʦʤ ʚ ROI 1 ʢʦʛʜʘ CGC ʙʳʣʠ 

ʜʝʧʦʣʷʨʠʟʦʚʘʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ  ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ (ANOVA: F[3,23] = 3.8, p < 0.03; ʪʝʩʪ ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʧʳʪʘʥʠʡ: p < 0.05 

ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ). 

(Ci) ʇʨʠʤʝʨ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʢʘʣʴʮʠʝʚʳʤʠ ʩʠʛʥʘʣʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʦʪ ROI 1. 

ɺʝʨʭʥʠʝ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʟʘʧʠʩʠ: ʧʦʪʝʥʮʠʘʣʳ ʜʝʡʩʪʚʠʷ ʚ ʩʦʤʝ CGC ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʧʦʪʝʥʮʠʘʣʝ (ʩʣʝʚʘ) ʠ ʧʨʠ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʩʦʤʳ ʥʘ 10 ʤɺ (ʩʧʨʘʚʘ). 

ʅʠʞʥʠʝ ʦʧʪʠʯʝʩʢʠʝ ʟʘʧʠʩʠ: ʢʘʣʴʮʠʝʚʳʝ ʩʠʛʥʘʣʳ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

Oregon Green 488 BAPTA 1 ʚ ROI 1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʧʘʡʢʘʤ ʥʘ ʚʝʨʭʥʠʭ 

ʨʝʛʠʩʪʨʘʮʠʷʭ. ʇʨʝʨʳʚʠʩʪʳʝ ʣʠʥʠʠ ʦʪʤʝʯʘʶʪ ʙʘʟʘʣʴʥʫʶ ʣʠʥʠʶ ʠ ʧʠʢ ʢʘʣʴʮʠʝʚʦʛʦ 

ʩʠʛʥʘʣʘ ʧʨʠ ʨʝʛʠʩʪʨʠʨʫʝʤʦʤ ʧʦʪʝʥʮʠʘʣʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

(ʉii) ʇʨʠʤʝʨ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʢʘʣʴʮʠʝʚʳʤʠ ʩʠʛʥʘʣʘʤʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤʠ ʦʪ 

ROI 2. ʆʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʘʷ ʘʤʧʣʠʪʫʜʘ ʢʘʣʴʮʠʝʚʦʛʦ ʩʠʛʥʘʣʘ, 
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ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʚ ROI 2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ROI 1, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʦʤʘʪʠʯʝʩʢʠ ʠʥʲʝʮʠʨʦʚʘʥʥʦʛʦ Oregon Green, ʢʦʪʦʨʘʷ ʥʠʞʝ ʚ 

ʫʜʘʣʝʥʥʳʭ ʙʫʢʢʘʣʴʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ ʘʢʩʦʥʘ CGC ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ 

ʧʨʦʢʩʠʤʘʣʴʥʳʤʠ. 

 

 

 

 

 

 

ʈʠʩ. 5.4.7. ɺʳʟʚʘʥʥʳʝ ʘʢʩʦʥʘʣʴʥʳʤ ʩʧʘʡʢʦʤ ʢʘʣʴʮʠʝʚʳʝ ʩʠʛʥʘʣʳ ʚ CGC 

ʙʣʦʢʠʨʫʶʪʩʷ ʘʧʧʣʠʢʘʮʠʝʡ ʢʘʜʤʠʷ (ʙʣʦʢʘʪʦʨʘ ʢʘʣʴʮʠʝʚʳʭ ʢʘʥʘʣʦʚ HVA ʪʠʧʘ). 

ʇʦʢʘʟʘʥʳ ʩʦʤʘʪʠʯʝʩʢʠʝ ʩʧʘʡʢʠ (ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠ) ʠ 

ʘʢʩʦʥʘʣʴʥʳʝ ʢʘʣʴʮʠʝʚʳʝ ʩʠʛʥʘʣʳ (ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʦʧʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ 

ʟʦʥʜʘ Oregon Green 488 BAPTA 1). ʉʠʛʥʘʣʳ ʦʪ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʙʦʢʦʚʦʡ 

ʚʝʪʚʠ ʧʦʢʘʟʘʥʳ ʚʤʝʩʪʝ ʩ ʩʠʛʥʘʣʦʤ ʦʪ ʧʨʦʢʩʠʤʘʣʴʥʦʛʦ ʩʝʛʤʝʥʪʘ ʦʩʥʦʚʥʦʛʦ ʘʢʩʦʥʘ. 

ʂʘʜʤʠʡ ʥʝ ʙʣʦʢʠʨʫʝʪ ʩʦʤʘʪʠʯʝʩʢʠʝ ʩʧʘʡʢʠ, ʥʦ ʙʣʦʢʠʨʫʝʪ ʢʘʣʴʮʠʝʚʳʝ ʩʠʛʥʘʣʳ ʚʦ 

ʚʩʝʭ ʧʦʢʘʟʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʘʢʩʦʥʘ. 
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5.5 ʆʙʩʫʞʜʝʥʠʝ. 

 

5.5.1. ɺʳʟʚʘʥʥʘʷ ʥʝʡʨʦʥʘʣʴʥʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʚ ʤʦʜʫʣʷʪʦʨʥʦʤ 

ʠʥʪʝʨʥʝʡʨʦʥʝ, ʦʧʨʝʜʝʣʷʶʱʝʤ ʩʦʩʪʦʷʥʠʝ ʩʝʪʠ. 

 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʤʳ ʦʧʠʩʘʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʘʢʪʠʚʘʮʠʠ, ʠʥʘʢʪʠʚʘʮʠʠ ʠ 

ʜʝʘʢʪʠʚʘʮʠʠ ʫ ʮɸʄʌ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʪʝʪʨʦʜʦʪʦʢʩʠʥ-ʫʩʪʦʡʯʠʚʦʛʦ 

ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ (INa(P)) ʚ ʚʘʞʥʦʤ ʤʦʜʫʣʷʪʦʨʥʦʤ ʥʝʡʨʦʥʝ, 

ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʤ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ. INa(P) ʚʥʦʩʠʪ ʜʝʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ 

ʚʢʣʘʜ ʚ ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʫ CGC ʠ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʦʪʚʝʪ ʥʘ ʙʳʩʪʨʳʝ ʢʦʨʦʪʢʠʝ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʮɸʄʌ ʚ ʩʦʤʝ CGC. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʜʣʠʪʝʣʴʥʳʤ 

ʵʬʬʝʢʪʦʤ, ʦʢʘʟʳʚʘʝʤʳʤ ʥʘ ʚʝʣʠʯʠʥʫ INa(P), ʮɸʄʌ ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ 

ʜʝʧʦʣʷʨʠʟʘʮʠʶ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ CGC, ʫʚʝʣʠʯʠʚʘʝʪ ʚʭʦʜʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʠ ʧʝʨʝʢʣʶʯʘʝʪ ʝʛʦ ʩʧʦʥʪʘʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩ ʪʦʥʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ  ʥʘ ʨʝʞʠʤ ʬʘʟʥʳʭ ʨʘʟʨʷʜʦʚ, ʯʪʦ ʦʙʳʯʥʦ ʩʚʷʟʳʚʘʶʪ ʩ ʧʨʦʷʚʣʝʥʠʝʤ 

ʥʝʡʨʦʥʘʣʴʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ.  ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ, ʧʦʜʦʙʥʦ ʜʨʫʛʠʤ ʮʝʥʪʨʘʣʴʥʳʤ ʥʝʡʨʦʥʘʤ ʩʠʩʪʝʤ 

ʤʦʣʣʶʩʢʦʚ (Aldenhoff et al., 1983; Connor and Hockberger, 1984; Kononenko et 

al., 1983; Sudlow et al. 1993; Swandulla, 1987)  ʫ ʥʝʡʨʦʥʦʚ CGC  ʫ Lymnaea 

ʠʥʲʝʢʮʠʷ ʮɸʄʌ ʚ ʩʦʤʫ ʥʘʧʨʷʤʫʶ ʩʪʠʤʫʣʠʨʫʝʪ ʥʘʪʨʠʝʚʳʡ ʪʦʢ (INa, ʮɸʄʌ; 

McCrohan and Gillette, 1988). ʊʦʢ INa, ʮɸʄʌ ʫ CGC, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ 

ʚʝʣʠʯʠʥʳ ʧʦʪʝʥʮʠʘʣʘ, ʜʣʠʪʩʷ ʦʢʦʣʦ ~5 ʩʝʢʫʥʜ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ ʮɸʄʌ 

(McCrohan and Gillette, 1988), ʪʦʛʜʘ ʢʘʢ ʵʬʬʝʢʪ ʮɸʄʌ ʥʘ ʧʦʪʝʥʮʠʘʣ-

ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ INa(P) ʜʣʠʪʩʷ ʙʦʣʝʝ Ò24 ʯʘʩʦʚ, ʫʢʘʟʳʚʘʷ ʥʘ ʪʦ, ʯʪʦ ʮɸʄʌ 

ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʢʘʢ ʚ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ, ʪʘʢ ʠ ʚ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʝʡʨʦʥʘ CGC. 

ʅʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʮɸʄʌ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ INa(P) ʫ CGC ʧʦʭʦʞʠ ʥʘ 

ʩʚʦʡʩʪʚʘ ʧʦʩʪʦʷʥʥʳʭ ʥʘʪʨʠʝʚʳʭ ʪʦʢʦʚ, ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʥʘ ʥʝʡʨʦʥʘʭ 

ʧʦʟʚʦʥʦʯʥʳʭ ʠ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ (Clay, 2003; Crill, 1996; Kiss, 2003; Smith et 

al., 1975). ʇʨʠ ʧʠʢʦʚʦʤ ʟʥʘʯʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ (ʚ ʟʥʘʯʝʥʠʠ ~+35 ʤɺ) INa(P) 

ʩʦʩʪʘʚʣʷʝʪ ʪʦʣʴʢʦ 5-10% ʦʪ ʙʳʩʪʨʦʛʦ INa(T), ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʧʨʝʜʝʣʘʭ ʩ ʚʝʣʠʯʠʥʘʤʠ ʵʪʦʛʦ ʪʦʢʘ ʚ ʜʨʫʛʠʭ ʥʝʡʨʦʥʘʭ, ʭʦʪʷ ʝʛʦ 

ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʘʢʪʠʚʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 
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ʤʝʤʙʨʘʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʢʦʛʜʘ ʜʨʫʛʠʝ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʝ ʢʘʥʘʣʳ ʝʱʝ 

ʥʝ ʘʢʪʠʚʠʨʦʚʘʥʳ (Alzheimer et al., 1993; Crill, 1996). 

ʀʟ ʚʩʝʭ ʧʦʩʪʦʷʥʥʳʭ ʪʦʢʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ (ʩʤ. ʦʙʟʦʨ ʫ Crill 1996), 

INa(P)  ʫ Lymnaea ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʠʙʦʣʴʰʝʝ ʩʭʦʜʩʪʚʦ ʩ ʪʝʪʨʦʜʦʪʦʢʩʠʥ-

ʫʩʪʦʡʯʠʚʳʤ ʪʦʢʦʤ ʧʦʟʚʦʥʦʯʥʳʭ ʯʝʨʝʟ ʢʘʥʘʣ NaV1.9 ʚ ʥʝʡʨʦʥʘʭ ʩʧʠʥʘʣʴʥʳʭ 

ʛʘʥʛʣʠʝʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ (Cummins et al., 1999; Dib-Hajj et al., 2002). 

ʇʦʩʪʦʷʥʥʳʝ ʥʘʪʨʠʝʚʳʝ ʪʝʪʨʦʜʦʪʦʢʩʠʥ-ʫʩʪʦʡʯʠʚʳʝ ʪʦʢʠ ʢʘʢ ʫ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʪʘʢ ʠ ʫ ʤʦʣʣʶʩʢʦʚ ʘʢʪʠʚʠʨʫʶʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ 

ʦʢʦʣʦ -80 ʤɺ ʩ ʤʝʜʣʝʥʥʦʡ ʢʠʥʝʪʠʢʦʡ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʦʡ ʘʢʪʠʚʘʮʠʠ, ʠ 

ʜʦʩʪʠʛʘʶʪ ʧʠʢʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʦʢʦʣʦ +30 ʤɺ, ʜʝʤʦʥʩʪʨʠʨʫʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʘʢʪʠʚʘʮʠʠ ʠ ʠʥʘʢʪʠʚʘʮʠʠ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʠʯʠʥʦʡ ʥʘʣʠʯʠʷ ʙʦʣʴʰʠʭ ʚʭʦʜʷʱʠʭ ʪʦʢʦʚ, 

ʚʙʣʠʟʠ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʦʢʦʷ (ʤʝʞʜʫ -70 ʠ 40 ʤɺ) ʫ ʥʝʡʨʦʥʦʚ 

ʩʧʠʥʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ ʠ ʫ CGC. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʭʦʜʩʪʚʦ ʧʨʠʜʘʝʪ ʪʦ, ʯʪʦ ʥʠ 

ʧʦʩʪʦʷʥʥʳʡ ʥʘʪʨʠʝʚʳʡ ʪʦʢ CGC, ʥʠ ʧʦʩʪʦʷʥʥʳʡ ʥʘʪʨʠʝʚʳʡ ʪʦʢ, 

ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʢʘʥʘʣʳ NaV1.9 ʩʧʠʥʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ ʥʝ ʫʯʘʩʪʚʫʶʪ 

ʥʘʧʨʷʤʫʶ ʚ ʛʝʥʝʨʘʮʠʠ ʩʧʘʡʢʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʣʠʯʘʷʩʴ ʦʪ ʙʳʩʪʨʳʭ 

ʥʘʪʨʠʝʚʳʭ ʪʦʢʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʩʠʤʫʣʷʮʠʠ (Herzog et al., 2001) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʧʦʩʪʦʷʥʥʳʡ 

ʪʝʪʨʦʜʦʪʦʢʩʠʥ-ʫʩʪʦʡʯʠʚʳʡ ʪʦʢ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʦʪʝʥʮʠʘʣ ʧʦʢʦʷ ʥʝʡʨʦʥʦʚ ʩʧʠʥʘʣʴʥʳʭ ʛʘʥʛʣʠʝʚ, ʩʜʚʠʛʘʷ ʝʛʦ ʦʪ ʧʨʠʤʝʨʥʦ -

70 ʤɺ ʜʦ ʚʝʣʠʯʠʥʳ ʦʢʦʣʦ -50 ʤɺ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʫʜʘʣʝʥʠʝ 

ʪʦʢʘ INa(P)  ʧʫʪʝʤ ʚʤʳʚʘʥʠʷ ʥʝʡʨʦʥʘ ʚ ʙʝʟʥʘʪʨʠʝʚʳʡ ʨʘʩʪʚʦʨ ʥʘ ʠʥʪʘʢʪʥʦʡ 

ʎʅʉ ʧʨʠʚʦʜʠʪ ʢ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʠ ʩʦʤʳ CGC ʧʨʠʤʝʨʥʦ ʥʘ 30 ʤɺ, ʠʟ 

ʢʦʪʦʨʳʭ ʪʦʣʴʢʦ ~6 ʤɺ ʤʦʞʝʪ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʙʣʦʢʘʜʫ Ca-Na ʦʙʤʝʥʥʠʢʘ. ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ, ʧʦʜʦʙʥʦ ʪʝʪʨʦʜʦʪʦʢʩʠʥ-ʟʘʚʠʩʠʤʦʤʫ ʪʦʢʫ ʥʝʡʨʦʥʦʚ 

ʩʧʠʥʘʣʴʥʳʭ ʛʘʥʛʣʠʝʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʘʢʪʠʚʘʮʠʷ INa(P)  ʤʦʞʝʪ ʩʜʚʠʥʫʪʴ 

ʧʦʪʝʥʮʠʘʣ ʧʦʢʦʷ ʤʝʤʙʨʘʥʳ CGC ʥʘ Ó20 ʤɺ, ʯʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʥʘʰʠʤʠ ʨʘʩʯʝʪʘʤʠ, ʙʘʟʠʨʫʶʱʠʤʠʩʷ ʥʘ ʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʩʦʤʳ CGC ʠ ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ INa(P)  ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ -80 ʜʦ -30 

ʤɺ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʜʝʧʦʣʷʨʠʟʫʶʱʝʡ ʨʦʣʠ INa(P)  ʥʘ 

ʤʝʤʙʨʘʥʫ CGC ʧʦʣʫʯʝʥʦ ʚ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʠʥʲʝʢʮʠʝʡ ʮɸʄʌ, 

ʠʥʲʝʢʮʠʷ ʢʦʪʦʨʦʛʦ ʚʳʟʳʚʘʣʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʜʣʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ INa(P), ʠ 

ʧʦʩʪʦʷʥʥʫʶ ʜʝʧʦʣʷʨʠʟʘʮʠʶ ʤʝʤʙʨʘʥʳ CGC. 
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ʏʝʪʢʦ ʨʘʟʣʠʯʠʤʳʡ ʪʦʢ INa(P)  ʤʦʞʝʪ ʙʳʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʥʘ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʥʝʡʨʦʥʘʭ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ INa(P)  ʷʚʣʷʝʪʩʷ 

ʚʥʫʪʨʝʥʥʠʤ ʩʦʙʩʪʚʝʥʥʳʤ ʩʚʦʡʩʪʚʦʤ ʤʝʤʙʨʘʥʳ ʩʦʤʳ CGC. ʆʜʥʘʢʦ  ʙʳʣʦ 

ʥʘʡʜʝʥʦ, ʯʪʦ INa(P)  ʧʦ ʘʤʧʣʠʪʫʜʝ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʫ ʠʟʦʣʠʨʦʚʘʥʥʳʭ CGC 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʠʤ ʞʝ ʪʦʢʦʤ ʫ CGC ʚ ʠʥʪʘʢʪʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ. ʕʪʦ 

ʦʪʣʠʯʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʥʪʘʢʪʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʦʡ ʤʦʛʣʦ ʙʳ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʯʠʩʣʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʝʪʨʦʜʦʪʦʢʩʠʥ-ʫʩʪʦʡʯʠʚʳʭ 

ʢʘʥʘʣʦʚ INa(P)  ʠʟ-ʟʘ ʧʝʨʝʨʝʟʢʠ ʘʢʩʦʥʘ, ʢʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʥʘ ʥʝʡʨʦʥʘʭ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ (Dib-Hajj et al., 1998, 1999), ʠʣʠ ʞʝ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʯʠʩʣʘ 

ʢʘʥʘʣʦʚ ï ʫʤʝʥʴʰʝʥʠʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʪʦʢʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʢʘʞʜʳʡ 

ʢʘʥʘʣ ʚ ʦʪʚʝʪ ʥʘ ʪʘʢʫʶ ʞʝ ʜʝʧʦʣʷʨʠʟʫʶʱʫʶ ʩʪʫʧʝʥʴ ʧʦʪʝʥʮʠʘʣʘ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʥʘʪʨʠʝʚʳʝ ʢʘʥʘʣʳ INa(P), ʧʨʦʚʦʜʷʱʠʝ ʧʦʩʪʦʷʥʥʳʡ 

ʪʝʪʨʦʜʦʪʦʢʩʠʥ-ʫʩʪʦʡʯʠʚʳʡ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʡ ʥʘʪʨʠʝʚʳʡ ʪʦʢ ʚ ʥʝʡʨʦʥʘʭ 

ʩʧʠʥʘʣʴʥʳʭ ʛʘʥʛʣʠʝʚ, ʷʚʣʷʶʪʩʷ ʣʠʛʘʥʜ-ʘʢʪʠʚʠʨʫʝʤʳʤʠ (Blum et al., 2002). 

ɺʦʟʤʦʞʥʦ, ʯʪʦ ʥʘ ʠʥʪʘʢʪʥʦʡ ʎʅʉ ʫ Lymnaea ʚʝʣʠʯʠʥʘ ʧʦʪʝʥʮʠʘʣ-

ʘʢʪʠʚʠʨʫʝʤʦʛʦ ʪʦʢʘ INa(P) ʫ CGC ʤʦʜʫʣʠʨʫʝʪʩʷ ʚʥʝʰʥʠʤ ʣʠʛʘʥʜʦʤ, ʪʘʢʠʤ 

ʢʘʢ ʥʝʡʨʦʛʦʨʤʦʥ ʠʣʠ ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨ, ʢʦʪʦʨʳʡ, ʦʜʥʘʢʦ, ʧʦʢʘ ʦʩʪʘʝʪʩʷ 

ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤ.  

ɼʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʦʛʦ, ʧʝʨʝʥʦʩʷʪʩʷ ʣʠ ʪʦʢʠ INa(P) ʠ INa(T) 

ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʥʘʪʨʠʝʚʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ, ʠʣʠ ʞʝ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ 

ʦʩʪʘʚʘʣʦʩʴ ʟʘ ʧʨʝʜʝʣʘʤʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʥʘʰʘ ʨʘʙʦʪʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ, ʯʪʦ ʜʘʞʝ ʝʩʣʠ ʦʜʥʠ ʠ ʪʝ ʞʝ ʢʘʥʘʣʳ ʧʨʦʚʦʜʷʪ ʦʙʘ ʪʦʢʘ, 

ʦʥʠ ʜʦʣʞʥʳ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʧʦ ʨʝʞʠʤʘʤ ʧʨʦʚʝʜʝʥʠʷ ʢʦʛʜʘ ʧʨʦʚʦʜʠʪʩʷ 

INa(P)  versus INa(T). ʂʨʦʤʝ ʨʘʟʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʱʝʡʩʷ ʢʠʥʝʪʠʢʠ ʠʥʘʢʪʠʚʘʮʠʠ 

(ʙʳʩʪʨʘʷ ʠ ʫʣʴʪʨʘʤʝʜʣʝʥʥʘʷ), ʵʪʠ ʜʚʘ ʪʦʢʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʩʠʣʴʥʦ 

ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʧʦʪʝʥʮʠʘʣʘʤʠ ʘʢʪʠʚʘʮʠʠ ʠ ʢʠʥʝʪʠʢʦʡ ʘʢʪʠʚʘʮʠʠ. ʇʦʜʦʙʥʦ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʧʨʠʤʝʨʘʤ ʪʠʧʦʚ ʧʦʪʝʥʮʠʘʣ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʢʘʥʘʣʦʚ 

ʤʦʣʣʶʩʢʦʚ ʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ (ʥʘʧʨʠʤʝʨ, Elliott and Elliott, 1993; Gilly et al., 

1997), ʪʦʢ INa(P) ʫ CGC ʦʙʣʘʜʘʝʪ ʤʝʜʣʝʥʥʦʡ ʢʠʥʝʪʠʢʦʡ ʘʢʪʠʚʘʮʠʠ. ɺ 

ʜʦʙʘʚʣʝʥʠʝ ʢ ʵʪʦʤʫ, ʥʘʢʣʦʥ ʢʨʠʚʦʡ ʘʢʪʠʚʘʮʠʠ ʙʳʣ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ 

ʢʨʫʪʳʤ ʫ INa(P) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʢʣʦʥʦʤ ʢʨʠʚʦʡ ʘʢʪʠʚʘʮʠʠ ʙʳʩʪʨʦʛʦ 

ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ INa(T) (ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʳʜʫʱʠʤ ʥʘʙʣʶʜʝʥʠʷʤ Staras et 

al., 2002), ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʩʜʚʠʛ ʧʣʘʪʦ ʘʢʪʠʚʘʮʠʠ INa(P) ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ 

ʙʦʣʝʝ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
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INa(T). ʄʦʥʦʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʧʨʠʨʦʜʘ ʭʚʦʩʪʦʚʳʭ ʪʦʢʦʚ ʨʝʣʘʢʩʘʮʠʠ INa(P) 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʢʘʥʘʣ, ʧʨʦʚʦʜʷʱʠʡ ʪʦʢ, ʥʝ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʪʢʨʳʪʦʝ ʠʥʘʢʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ (Pusch et al., 2000). ʈʘʟʣʠʯʠʷ 

ʚʦ ʚʨʝʤʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ INa(P) ʠ INa(T), ʫ ʠʟʦʣʠʨʦʚʘʥʥʳʭ  CGC ʪʘʢʞʝ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʜʚʘ ʵʪʠ ʪʦʢʘ ʧʝʨʝʥʦʩʷʪʩʷ ʨʘʟʥʳʤʠ 

ʪʠʧʘʤʠ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ, ʦʜʥʘʢʦ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʟʘʢʣʶʯʝʥʠ ̫ʤʦʛʣʠ ʙʳ 

ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʧʵʯ-ʢʣʘʤʧ 

(patch clamp). ʆʪʩʫʪʩʪʚʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʚʦʟʨʦʞʜʘʶʱʝʛʦʩʷ (resurgent) ʪʦʢʘ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ INa(P) ʫ CGC Lymnaea ʥʝ ʤʦʞʝʪ ʧʝʨʝʥʦʩʠʪʴʩʷ 

ʘʢʪʠʚʠʨʫʝʤʳʤʠ ʨʝʧʦʣʷʨʠʟʘʮʠʝʡ ʥʘʪʨʠʝʚʳʤʠ ʢʘʥʘʣʘʤʠ, ʢʘʢ ʵʪʦ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʜʣʷ INa(P) ʫ ʥʝʡʨʦʥʦʚ ʇʫʨʢʠʥʴʝ ʤʦʟʞʝʯʢʘ (Raman and Bean 

2001). 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʝ ʦʪʢʨʳʪʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʦ ʚ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʢʦʨʦʪʢʦʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʮɸʄʌ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ INa(P).  

ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ 

INa(P) ʫ CGC Lymnaea ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʭʦʜʩʪʚʦʤ ʩ ʪʝʪʨʦʜʦʪʦʢʩʠʥ-

ʫʩʪʦʡʯʠʚʳʤ ʥʘʪʨʠʝʚʳʤ ʪʦʢʦʤ ʥʝʡʨʦʥʦʚ ʩʧʠʥʘʣʴʥʳʭ ʛʘʥʛʣʠʝʚ. ʇʦʩʪʦʷʥʥʳʡ 

ʥʘʪʨʠʝʚʳʡ ʪʦʢ ʤʝʣʢʦʢʣʝʪʦʯʥʳʭ ʥʝʡʨʦʥʦʚ ʩʧʠʥʘʣʴʥʳʭ ʛʘʥʛʣʠʝʚ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʘʢʪʠʚʘʮʠʶ ʧʫʪʠ ʮɸʄʌ/ʧʨʦʪʝʠʥʢʠʥʘʟʳ ɸ (England 

et al., 1996; Gold et al., 1996), ʯʪʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʫʯʘʩʪʚʫʝʪ ʚ ʧʦʚʳʰʝʥʠʠ 

ʚʦʟʙʫʜʠʤʦʩʪʠ ʧʨʠ ʚʦʩʧʘʣʝʥʠʠ (Hu et al., 2001) ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ 

ʬʦʨʤ ʧʨʦʷʚʣʝʥʠʷ ʥʝʡʨʦʥʘʣʴʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʇʨʦʪʝʠʥʢʠʥʘʟʘ ɸ ʫʚʝʣʠʯʠʚʘʝʪ ʩʧʦʥʪʘʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʥʝʡʨʦʥʘʭ 

ʩʧʠʥʘʣʴʥʳʭ ʛʘʥʛʣʠʝʚ (Hu et al., 2001). ʊʝ ʞʝ ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ 

ʧʦʩʪʦʷʥʥʳʡ ʪʝʪʨʦʜʦʢʩʠʥ-ʫʩʪʦʡʯʠʚʳʡ ʥʘʪʨʠʝʚʳʡ ʪʦʢ ʤʦʞʝʪ ʚʥʦʩʠʪʴ ʚʢʣʘʜ ʚ 

ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ, ʦʜʥʘʢʦ ʦʥʠ ʥʝ ʧʨʦʚʝʨʷʣʠ ʵʪʫ ʛʠʧʦʪʝʟʫ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʨʘʙʦʪʝ ʤʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʮɸʄʌ ʫʚʝʣʠʯʠʚʘʝʪ 

INa(P), ʘ ʪʘʢʞʝ ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʤʝʤʙʨʘʥʳ ʩʦʤʳ CGC, ʥʘʧʨʠʤʝʨ ʤʝʤʙʨʘʥʥʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ, ʤʦʛʫʪ ʙʳʪʴ 

ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ INa(P) (ʩʤ. ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʣʠʪʠʝʤ). 

ʀʥʲʝʢʮʠʷ ʮɸʄʌ ʚʳʟʳʚʘʣʘ ʧʘʯʝʯʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʚʠʜʝ ʩʧʦʥʪʘʥʥʳʭ 

ʬʘʟʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʚ CGC. ʇʨʝʜʳʜʫʱʘʷ ʨʘʙʦʪʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʮɸʄʌ 

ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʘʯʝʯʥʳʝ ʨʘʟʨʷʜʳ ʫ ʤʦʣʯʘʱʠʭ ʚ ʥʦʨʤʝ ʥʝʡʨʦʥʦʚ MGC ʫ 
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Aplysia (Drake and Treistman, 1981), ʠ ʪʝ ʞʝ ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʵʪʦʪ 

ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ 

ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ, ʯʪʦ ʪʘʢʞʝ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʥʝʠʟʫʯʝʥʥʳʤ ʫ Aplysia. 

ʇʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʢʨʦʤʝ ʚʣʠʷʥʠʷ ʥʘ ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ, 

ʪʝʪʨʦʜʦʪʦʢʩʠʥ-ʫʩʪʦʡʯʠʚʳʡ ʥʘʪʨʠʝʚʳʡ ʪʦʢ ʤʦʞʝʪ ʚʥʦʩʠʪʴ ʚʘʞʥʳʡ ʚʢʣʘʜ ʚ 

ʵʣʝʢʪʨʦʛʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʣʳʭ ʥʝʡʨʦʥʦʚ ʩʧʠʥʘʣʴʥʳʭ ʛʘʥʛʣʠʝʚ (Cummins et 

al., 1999; Herzog et al., 2001).  ʕʬʬʝʢʪ ʟʘʧʫʩʢʘʥʠʷ ʨʘʟʨʷʜʦʚ ʮɸʄʌ ʫ 

ʥʝʡʨʦʥʦʚ CGC ʫ Lymnaea ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥ ʯʝʨʝʟ ʩʭʦʞʝʝ ʚʣʠʷʥʠʝ INa(P) ʥʘ 

ʚʦʟʙʫʜʠʤʦʩʪʴ ʤʝʤʙʨʘʥʳ CGC. 

ʅʝʜʘʚʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʦʝ ʧʠʱʝʚʦʝ 

ʦʙʫʩʣʘʚʣʠʚʘʥʠʝ ʩ ʦʜʥʦʛʦ ʧʦʜʢʨʝʧʣʝʥʠʷ ʥʘ Lymnaea ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʡ 

ʘʢʪʠʚʘʮʠʠ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ɸ (ʩʤ. ʥʠʞʝ) ʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘ 

ʦʪʚʝʪʘ ʮɸʄʌ (cAMP responsive element binding protein, CREB; Ribeiro et al., 

2003) ʚ ʮʝʨʝʙʨʘʣʴʥʦʤ ʛʘʥʛʣʠʠ, ʷʚʣʷʶʱʠʤʩʷ ʢʣʶʯʝʚʳʤ ʤʝʩʪʦʤ 

ʥʝʡʨʦʥʘʣʴʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʚʳʟʚʘʥʥʦʡ ʧʦʚʝʜʝʥʯʝʩʢʠʤ ʦʙʫʯʝʥʠʝʤ (Straub et 

al. 2004). ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʥʝʡʨʦʥʘʭ ʮʝʨʝʙʨʘʣʴʥʦʛʦ 

ʛʘʥʛʣʠʷ ʫʨʦʚʝʥʴ ʮɸʄʌ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʫʩʣʦʚʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɺʦʟʤʦʞʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʮɸʄʌ-ʟʘʚʠʩʠʤʳʤ 

ʫʚʝʣʠʯʝʥʠʝʤ INa(P) ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʧʘʤʷʪʴʶ ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʠʟ ʥʘʰʝʛʦ ʥʝʜʘʚʥʝʛʦ ʥʘʙʣʶʜʝʥʠʷ ʪʦʛʦ, ʯʪʦ ʪʘʢʞʝ, ʢʘʢ ʠ ʧʨʠ ʘʢʪʠʚʘʮʠʠ  

ʧʨʦʪʝʠʥʢʠʥʘʟʳ ɸ ʠ CREB , ʧʠʱʝʚʦʝ ʦʙʫʯʝʥʠʝ ʩ ʦʜʥʦʛʦ ʧʦʜʢʨʝʧʣʝʥʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ INa(P).  

ʂʨʦʤʝ ʚʳʟʚʘʥʥʦʛʦ ʮɸʄʌ ʫʚʝʣʠʯʝʥʠʷ INa(P) ʤʳ ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʣʠ 

ʚʳʟʚʘʥʥʦʝ ʮɸʄʌ ʫʚʝʣʠʯʝʥʠʝ ʚʳʟʚʘʥʥʳʭ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ 

CGC ʥʘ B1 ʚ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʝ (ʈʠʩ. 5.1.6D). ʕʪʦ ʧʦʜʪʚʝʨʜʠʣʦ 

ʧʨʝʜʳʜʫʱʠʝ ʥʘʙʣʶʜʝʥʠʷ, ʩʜʝʣʘʥʥʳʝ Nakamura et al. (1999), ʢʦʪʦʨʳʝ 

ʙʘʟʠʨʦʚʘʣʠʩʴ ʥʘ ʠʥʲʝʢʮʠʠ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ɸ ʚ CGC ʥʘ ʠʥʪʘʢʪʥʦʡ ʎʅʉ 

Lymnaea ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʭʦʜʩʪʚʦ ʩ ʜʨʫʛʠʤʠ ʤʦʜʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʛʜʝ ʚʚʝʜʝʥʠʝ ʮɸʄʌ ʧʨʠʚʦʜʠʪ ʢ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ CGC. ɺ 

ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʫʯʝʥʠʷ ʠ ʧʘʤʷʪʠ ʚʩʝ ʙʦʣʴʰʝ ʥʘʨʘʩʪʘʝʪ ʧʦʥʠʤʘʥʠʝ 

ʪʦʛʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʘʭ ʠ, ʥʘʨʘʚʥʝ ʩ ʥʠʤʠ, ʠʟʤʝʥʝʥʠʷ 

ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʠʦʥʥʳʭ ʪʦʢʘʭ  ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ  

ʥʝʡʨʦʥʘʣʴʥʦʡ ʠ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ (Daoudal and Debanne, 2003; 

Marder et al., 1996; Zhang and Linden, 2003). ʅʘʰʠ ʵʢʩʧʝʨʠʤʝʥʪʳ 
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ʧʨʝʜʦʩʪʘʚʠʣʠ ʧʨʷʤʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʛʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʧʫʪʠ 

ʧʨʦʪʝʠʥʢʠʥʘʟʳ ɸ/ʮɸʄʌ ʧʨʠʚʦʜʠʪ ʢ ʧʘʨʘʣʣʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʤʝʤʙʨʘʥʳ ʩʦʤʳ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ ʫ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ  ʪʠʧʘ ʤʦʜʫʣʷʪʦʨʥʦʛʦ ʥʝʡʨʦʥʘ, ʫʯʘʩʪʚʫʶʱʝʛʦ 

ʢʘʢ ʚ ʥʝʘʩʩʦʮʠʘʪʠʚʥʦʡ (ʧʠʱʝʚʦʝ ʚʦʟʙʫʞʜʝʥʠʝ), ʪʘʢ ʠ ʘʩʩʦʮʠʘʪʠʚʥʦʡ 

(ʧʠʱʝʚʦʝ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ ʠ ʘʚʝʨʟʠʚʥʦʝ ʦʙʫʯʝʥʠʝ) ʧʦʚʝʜʝʥʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ. 

 

5.5.2. ʈʦʣʴ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʘʩʩʦʮʠʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ. 

 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʤʙʨʘʥʘ ʚʘʞʥʦʛʦ ʚʥʝʰʥʝʛʦ 

ʤʦʜʫʣʷʪʦʨʥʦʛʦ ʠʥʪʝʨʥʝʡʨʦʥʘ ʧʠʱʝʚʦʡ ʩʠʩʪʝʤʳ ʤʦʣʣʶʩʢʘ ʧʝʨʝʭʦʜʠʪ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʚ ʧʦʩʪʦʷʥʥʦʝ ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʦʪʩʪʘʚʣʝʥʥʦʝ 

ʚʦ ʚʨʝʤʝʥʠ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʘʷ ʧʦ ʚʨʝʤʝʥʠ  ʨʝʛʠʩʪʨʘʮʠʷ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ CGC ʚʤʝʩʪʝ ʩ ʤʦʥʠʪʦʨʠʥʛʦʤ ʘʢʪʠʚʥʦʩʪʠ ʜʨʫʛʠʭ ʧʠʱʝʚʳʭ 

ʥʝʡʨʦʥʦʚ (Jones et al., 2003; Yeoman et al., 1994a, 1994b; McCrohan and 

Benjamin, 1980; Straub and Benjamin, 2001; Styles, 2004) ʠʩʢʣʶʯʠʣʘ 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʜʝʧʦʣʷʨʠʟʘʮʠʷ CGC ʦʧʦʩʨʝʜʦʚʘʥʘ ʵʣʝʢʪʨʦʪʦʥʠʯʝʩʢʠʤ 

ʩʦʧʨʷʞʝʥʠʝʤ ʢʘʢʦʛʦ ʣʠʙʦ ʨʦʜʘ. ʄʳ ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʵʪʘ 

ʟʘʚʠʩʷʱʘʷ ʦʪ ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʦʧʳʪʘ ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ 

ʢʦʜʠʨʫʝʪ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʘ ʪʘʢʞʝ ʤʳ ʦʧʠʩʘʣʠ ʤʝʭʘʥʠʟʤ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʦʞʝʪ ʪʨʘʥʩʣʠʨʦʚʘʪʴʩʷ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʚʳʭʦʜʥʦʡ 

ʩʠʛʥʘʣ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ ʠʟʤʝʥʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʪʦʢʦʣʘ ʦʙʫʯʝʥʠʷ ʩ ʦʜʥʦʛʦ ʧʦʜʢʨʝʧʣʝʥʠʷ 

ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʦʪʩʣʝʜʠʪʴ ʥʘʯʘʣʦ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠ ʧʦʩʪʦʷʥʩʪʚʦ 

ʥʝʡʨʦʥʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʨʘʟʚʠʚʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʚʦ ʚʨʝʤʝʥʠ 

ʚʤʝʩʪʝ ʩ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʴʶ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʪʘʥʦʚʷʩʴ ʦʜʥʦʡ ʠʟ ʝʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡ. ʆʪʩʪʘʚʣʝʥʥʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʚ CGC ʧʦʷʚʣʷʣʘʩʴ ʤʝʞʜʫ 16 ʠ 

24 ʯʘʩʘʤʠ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʠ ʜʣʠʣʘʩʴ ʩʪʦʣʴ ʜʦʣʛʦ, ʩʢʦʣʴʢʦ ʫʜʘʣʦʩʴ 

ʦʪʩʣʝʞʠʚʘʪʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʩʣʝʜʳ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʧʘʤʷʪʠ. ʆʪʩʪʘʚʣʝʥʥʦʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʚ CGC ʛʦʚʦʨʠʪ ʦ ʪʦʤ, 

ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʨʘʥʥʠʭ ʧʨʦʷʚʣʝʥʠʷʭ ʧʘʤʷʪʠ ʠʣʠ ʚ ʢʘʢʦʤ-ʣʠʙʦ 
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ʧʨʦʮʝʩʩʝ ʢʦʥʩʦʣʠʜʘʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʝʤ ʤʝʞʜʫ 2 ʠ 16 ʯʘʩʘʤʠ ʧʦʩʣʝ 

ʦʙʫʯʝʥʠʷ. ʊʦ ʝʩʪʴ ʵʪʘ ʦʪʩʪʘʚʣʝʥʥʘʷ ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʫʯʘʩʪʚʫʝʪ 

ʪʦʣʴʢʦ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ. ʅʘ ʚʢʣʘʜ ʜʝʧʦʣʷʨʠʟʘʮʠʠ 

CGC ʚ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʧʘʤʷʪʴ ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʠʩʢʫʩʩʪʚʝʥʥʘʷ 

ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʚ CGC ʫ ʥʘʠʚʥʳʭ ʥʝʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʬʘʩʠʣʠʪʠʨʦʚʘʣʘ 

ʨʝʘʢʮʠʶ ʧʠʱʝʚʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ʫʩʣʦʚʥʳʡ ʩʪʠʤʫʣ. 

ɺ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʧʘʤʷʪʴ ʤʦʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ 

ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʚ CGC, ʨʘʥʥʷʷ ʢʦʥʩʦʣʠʜʘʮʠʷ ʧʘʤʷʪʠ ʜʦʣʞʥʳ 

ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛʠʝ ʤʝʭʘʥʠʟʤʳ, ʪʦ ʝʩʪʴ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ 

ʩʘʤʦʛʦ CGC ʠʣʠ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʠʣʠ ʥʝʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ ʚ 

ʥʝʡʨʦʥʘʭ, ʚʥʫʪʨʝʥʥʠʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʠʪʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʧʠʱʝʚʦʡ ʩʝʪʠ. 

ʇʨʝʜʳʜʫʱʠʝ ʨʘʙʦʪʳ ʥʘ Lymnaea ʧʦʢʘʟʘʣʠ ʧʣʘʩʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʩʚʷʟʷʭ ʥʝʡʨʦʥʦʚ CGC ʩ ʠʥʪʝʨʥʝʡʨʦʥʘʤʠ ʠ ʤʦʪʦʥʝʡʨʦʥʘʤʠ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʠʱʝʚʦʛʦ ʧʘʪʪʝʨʥʘ, ʧʦʷʚʣʷʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʘʚʝʨʟʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ (Kojima et al., 1997), ʠʥʲʝʢʮʠʠ ʮɸʄʌ ʠʣʠ ʧʨʦʪʝʠʥ-

ʢʠʥʘʟʳ ɸ (Nakamura et al., 1999). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʠʥʘʧʪʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʚ CGC ʠ/ʠʣʠ ʚ ʜʨʫʛʠʭ ʥʝʡʨʦʥʘʭ ʪʘʢʞʝ ʠʤʝʶʪ ʤʝʩʪʦ ʧʦʩʣʝ 

ʦʙʫʯʝʥʠʷ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ. ɽʩʣʠ ʵʪʠ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦʭʨʘʥʷʶʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʴʶ, ʚʦʟʤʦʞʥʘʷ ʨʦʣʴ ʚʳʟʚʘʥʥʦʡ 

ʦʙʫʯʝʥʠʝʤ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʠ 

ʚ CGC ʤʦʞʝʪ ʙʳʪʴ ʚ ʜʦʙʘʚʣʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʦʜʘ ʚʥʝʰʥʝʡ 

ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʢ ʧʠʱʝʚʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʦʷʥʥʘʷ ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʚʦʝʛʦ ʨʦʜʘ ʨʝʟʝʨʚʥʳʤ ʭʨʘʥʠʣʠʱʝʤ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʙʣʶʜʘʶʱʠʤʩʷ ʵʬʬʝʢʪʘʤ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʢʘʢ 

ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ Zhang and Linden (2003). ʆʥʘ ʤʦʞʝʪ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʫʶ ʧʘʤʷʪʴ ʩʘʤʘ ʧʦ ʩʝʙʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘʰʠʤʠ ʦʧʳʪʘʤʠ ʩ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ CGC ʫ ʥʘʠʚʥʳʭ ʞʠʚʦʪʥʳʭ (ʈʠʩ. 5.2.5). ʕʪʠ 

ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʪʁ ʥʘ ʪʦ, ʯʪʦ ʵʬʬʝʢʪ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʤʳʤ 

ʜʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ. 

ʇʦʢʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʜʦʩʢʦʥʘʣʴʥʦʛʦ ʜʝʪʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʢʣʝʪʦʯʥʳʭ ʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ  ʤʝʭʘʥʠʟʤʦʚ ʧʦʩʪʦʷʥʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʠ CGC, ʚʳʟʳʚʘʝʤʦʡ 

ʦʙʫʯʝʥʠʝʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʜʘʚʥʷʷ ʥʘʰʘ ʨʘʙʦʪʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʮɸʄʌ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʧʦʩʪʦʷʥʥʳʡ ʥʘʪʨʠʝʚʳʡ ʪʦʢ CGC (ʦʧʠʩʘʥ ʫ Staras et al., 
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2002) ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ 

ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʫʩʣʦʚʥʦʤʫ ʧʠʱʝʚʦʤʫ ʨʝʬʣʝʢʩʫ ʩ ʦʜʥʦʛʦ ʧʨʝʜʲʷʚʣʝʥʠʷ (ʩʤ. 

ʩʣʝʜʫʶʱʫʶ ʛʣʘʚʫ). ʕʪʦʪ ʪʠʧ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ ʠʟʚʝʩʪʝʥ ʪʝʤ, ʯʪʦ ʚʥʦʩʠʪ 

ʚʘʞʥʝʡʰʠʡ ʚʢʣʘʜ ʚ ʜʝʧʦʣʷʨʠʟʘʮʠʶ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʦʚʳʰʝʥʠʝ 

ʦʪʚʝʪʘ ʥʘ ʧʦʜʧʦʨʦʛʦʚʳʝ ʩʪʠʤʫʣʳ ʚ ʜʨʫʛʠʭ ʩʠʩʪʝʤʘʭ (Herzog et al., 2001; 

Darbon et al., 2004). ʇʦʭʦʞʫʶ ʨʦʣʴ ʦʥ ʠʛʨʘʝʪ ʠ ʫ CGC. ɼʨʫʛʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ CGC (ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʘʡʢʘ, ʯʘʩʪʦʪʘ 

ʨʘʟʨʷʜʘ) ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. ʅʘʣʠʯʠʝ ʧʦʩʪʦʷʥʥʦʡ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ, ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʤʦʡ ʜʨʫʛʠʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, 

ʤʦʞʝʪ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʧʦʢʘʟʘʪʴʩʷ ʥʝʦʙʳʯʥʳʤ, ʦʜʥʘʢʦ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʦʧʠʩʘʥʦ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʧʨʠʤʝʨʦʚ, ʢʦʛʜʘ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʚʦʟʥʠʢʘʝʪ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠʣʠ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚʦ 

ʚʭʦʜʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʠ ʬʦʨʤʝ ʩʧʘʡʢʘ (Jones et al., 2003; Swandulla and 

Lux, 1984, Kemenes et al., 1992; Him and Dutia, 2001). ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚʳʟʚʘʥʥʘʷ ʦʙʫʯʝʥʠʝʤ ʧʦʩʪʦʷʥʥʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʤ ʠ ʥʝʡʨʦʩʝʪʝʚʳʤ ʵʬʬʝʢʪʘʤ ʜʘʞʝ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʜʨʫʛʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ (Jones et al., 2003; Awatramani 

et al., 2005; Ross and Soltesz, 2001).  

ʅʘ ʥʝʡʨʦʩʝʪʝʚʦʤ ʫʨʦʚʥʝ ʤʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʜʝʧʦʣʷʨʠʟʘʮʠʷ 

CGC ʧʦʟʚʦʣʷʝʪ ʚʳʟʚʘʪʴ ʧʠʱʝʚʫʶ ʨʝʘʢʮʠʶ ʚʭʦʜʘʤ, ʘʢʪʠʚʠʨʫʝʤʳʤ ʫʩʣʦʚʥʳʤ 

ʩʪʠʤʫʣʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʚʳʟʚʘʥʥʘʷ ʦʙʫʯʝʥʠʝʤ 

ʧʦʩʪʦʷʥʥʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ CGC ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʨʦʠʟʚʦʜʠʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʫʩʠʣʝʥʠʝ ʚ ʧʫʪʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʩʣʦʚʥʦʤ ʩʪʠʤʫʣʝ ʯʝʨʝʟ 

ʫʩʠʣʝʥʠʝ ʤʦʜʫʣʷʮʠʠ ʩʠʥʘʧʩʦʚ ʩʝʥʩʦʨʥʳʭ ʢʣʝʪʦʢ ʥʘ ʢʦʤʘʥʜʥʳʭ 

ʠʥʪʝʨʥʝʡʨʦʥʘʭ (ʈʠʩ. 5.2.9ɸ). 

ʂʣʝʪʦʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʢʦʥʚʝʨʪʘʮʠʠ ʜʝʧʦʣʷʨʠʟʘʮʠʠ CGC ʚ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʚʳʭʦʜ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʵʬʬʝʢʪʘʭ  ʩʦʤʘʪʠʯʝʩʢʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʠ CGC, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʥʘ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʢʩʦʥʘʤ ʩʝʥʩʦʨʥʳʭ ʥʝʡʨʦʥʦʚ 

ʭʝʤʦʩʝʥʩʦʨʥʦʛʦ ʧʫʪʠ ʚʝʪʚʷʭ CGC. ʅʝʜʘʚʥʠʝ ʨʘʙʦʪʳ ʧʦʢʘʟʘʣʠ ʛʘʣʠʯʠʝ 

ʥʝʙʦʣʴʰʦʡ ʩʦʤʘʪʠʯʝʩʢʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʝʡʨʦʥʦʚ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ (ʥʘ ~10 ʤɺ, ʪʘʢʦʝ ʞʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʠ ʠʟʤʝʥʝʥʠʷ, 

ʚʳʟʳʚʘʝʤʳʝ ʚ CGC ʦʙʫʯʝʥʠʝʤ), ʢʦʪʦʨʘʷ ʥʝ ʠʟʤʝʥʷʣʘ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʫ 

ʩʧʘʡʢʘ ʠ ʚʳʟʳʚʘʣʘ ʥʝʙʦʣʴʰʠʝ ʢʘʣʴʮʠʝʚʳʝ ʪʦʢʠ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ  
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ʪʝʨʤʠʥʘʣʷʭ (Awatramani et al., 2005). ʕʪʠ ʪʦʢʠ ʥʝ ʧʨʦʠʟʚʦʜʷʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʠʟʤʝʨʷʝʤʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʳ, ʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʙʨʦʩʘ ʤʝʜʠʘʪʦʨʘ ʚ ʦʪʚʝʪ ʥʘ ʩʧʘʡʢ 

ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʩʠʣʝʥʠʶ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʦʪʚʝʪʦʚ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ ʧʦʢʘʟʘʣʠ (ʈʠʩ. 5.2.8), ʯʪʦ 

ʩʦʤʘʪʠʯʝʩʢʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʥʘ 10 ʤɺ (ʠʣʠ ʜʘʞʝ 5 ʤɺ) ʤʦʞʝʪ ʪʘʢʞʝ 

ʫʚʝʣʠʯʠʪʴ ʚʭʦʜ ʢʘʣʴʮʠʷ ʚ ʘʢʩʦʥʘʣʴʥʳʝ ʢʦʤʧʘʨʪʤʝʥʪʳ CGC ʠ, ʪʘʢʠʤ ʞʝ 

ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʠʪʴ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʝ ʦʪʚʝʪʳ ʥʘ ʩʧʘʡʢʠ ʚ CGC (ʈʠʩ. 5.2.7). 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʟʚʘʥʥʳʭ ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ ʠʟʤʝʥʝʥʠʡ ʚ 

ʫʨʦʚʥʝ ʢʘʣʴʮʠʷ ʠ ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʚʳʭʦʜʘ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʪʦʣʴʢʦ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʧʦʩʪʦʷʥʥʳʝ ʢʣʝʪʦʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʫʩʣʦʚʥʦʛʦ 

ʦʙʫʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʦʯʝʥʴ ʚʘʞʥʳʡ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ 

ʧʦʜʜʝʨʞʘʥʠʷ ʫʨʦʚʥʷ ʧʦʩʪʦʷʥʥʦʛʦ  ʢʘʣʴʮʠʷ ʚ ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʦʤ CGC ʫ 

ʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. ʅʝʠʥʘʢʪʠʚʠʨʫʝʤʳʝ ʢʘʣʴʮʠʝʚʳʝ ʢʘʥʘʣʳ ʙʳʣʠ 

ʥʘʡʜʝʥʳ ʚ ʩʦʤʝ ʥʝʡʨʦʥʦʚ ʤʦʣʣʶʩʢʦʚ, ʠ ʦʥʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʠʩʪʦʯʥʠʢʦʤ 

ʧʦʚʳʰʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʢʘʣʴʮʠʷ ʚ ʢʣʝʪʢʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʟʚʝʩʪʥʳʝ ʧʨʦʮʝʩʩʳ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʙʫʬʝʨʠʟʘʮʠʠ (Kits and Mandsvelder, 1996). ʇʨʝʜʳʜʫʱʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʬʠʢʩʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ (Staras et al., 2002) ʥʝ ʚʳʷʚʠʣʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʢʘʣʴʮʠʝʚʦʛʦ ʪʦʢʘ ʚ ʩʦʤʝ CGC, ʦʜʥʘʢʦ ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ 

ʢʘʣʴʮʠʝʚʳʡ ʩʠʛʥʘʣ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥ ʠ ʚʳʙʨʦʩʦʤ ʢʘʣʴʮʠʷ ʠʟ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʜʝʧʦ ʚ ʘʢʩʦʥʘʣʴʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ ʠʣʠ ʞʝ ʩʝʣʝʢʪʠʚʥʦʡ 

ʵʢʩʧʨʝʩʩʠʝʡ ʥʝʠʥʘʢʪʠʚʠʨʫʝʤʳʭ ʢʘʣʴʮʠʝʚʳʭ ʢʘʥʘʣʦʚ ʚ ʘʢʩʦʥʘʭ (ʢʦʪʦʨʳʝ 

ʥʝʣʴʟʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʬʠʢʩʘʮʠʝʡ ʧʦʪʝʥʮʠʘʣʘ ʚ ʩʦʤʝ).   

ʕʪʘ ʨʘʙʦʪʘ ʥʘ CGC ʥʝʩʢʦʣʴʢʦ ʢʦʥʪʨʘʩʪʠʨʫʝʪ ʩ ʧʨʝʜʳʜʫʱʠʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʫʯʝʥʠʷ ʪʘʢʪʠʣʴʥʦʤʫ ʨʝʬʣʝʢʩʫ ʩ 

ʤʥʦʛʦʢʨʘʪʥʳʤʠ ʧʨʝʜʲʷʚʣʝʥʠʷʤʠ, ʢʦʛʜʘ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʚʦʟʥʠʢʘʣʘ ʚ 

ʤʦʜʫʣʷʪʦʨʥʦʤ ʥʝʡʨʦʥʝ CV1a, ʥʘʭʦʜʷʱʝʤʩʷ ʚʥʫʪʨʠ ʧʠʱʝʚʦʡ ʩʝʪʠ (Jones et 

al., 2003), ʥʦ ʥʝ ʚ CGC. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʪʦʪ ʞʝ ʩʘʤʳʡ 

ʤʦʜʫʣʷʪʦʨʥʳʡ ʥʝʡʨʦʥ CV1a ʥʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʧʦʩʪʦʷʥʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʠ 

ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʭʝʤʦʩʝʥʩʦʨʥʦʤʫ ʧʠʱʝʚʦʤʫ ʨʝʬʣʝʢʩʫ ʩ ʦʜʥʦʛʦ ʧʦʜʢʨʝʧʣʝʥʠʷ 

(ʈʠʩ. 5.2.4B), ʠʩʧʦʣʴʟʦʚʘʚʰʝʤʫʩʷ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʩ CGC. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʚʝʨʦʷʪʥʦ, ʯʪʦ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʪʠʧ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʦ ʚ 

ʥʝʡʨʦʥʘʭ ʨʘʟʥʦʛʦ ʪʠʧʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʘʤʷʪʠ ʧʦʩʣʝ ʨʘʟʥʳʭ ʧʨʦʮʝʜʫʨ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʫʩʣʦʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʠʥʘʢʦʚʦʛʦ ʙʝʟʫʩʣʦʚʥʦʛʦ ʩʪʠʤʫʣʘ (ʩʘʭʘʨʦʟ)r, ʥʦ ʧʨʠ ʝʛʦ 

ʩʦʯʝʪʘʥʠʠ ʩ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʫʩʣʦʚʥʳʭ ʩʪʠʤʫʣʦʚ: ʪʘʢʪʠʣʴʥʳʤ ʠ 

ʭʠʤʠʯʝʩʢʠʤ. 

ʇʨʝʜʳʜʫʱʠʝ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʣʝʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʫʩʣʦʚʥʦʛʦ ʨʝʬʣʝʢʩʘ, ʧʨʦʷʚʣʷʶʱʝʛʦʩʷ ʚ ʠʤʧʣʠʮʠʪʥʦʡ ʧʘʤʷʪʠ 

(Milner et al., 2005;  Thompson, 2005), ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʚʳʟʚʘʥʥʳʝ 

ʦʙʫʯʝʥʠʝʤ ʠʟʤʝʥʝʥʠʷ ʚ ʥʝʡʨʦʥʘʭ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʚʥʫʪʨʝʥʥʠʤʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʩʝʪʠ, ʛʝʥʝʨʠʨʫʶʱʝʡ ʜʘʥʥʳʡ ʪʠʧ ʦʙʫʩʣʘʚʣʠʚʘʝʤʦʛʦ ʧʦʚʝʜʝʥʠʷ 

(Jones et al, 2003; Darbon et al., 2004; Hawkins et al., 1981; Gainutdinov et al., 

1998; Davis et al., 1983; Kovac et al., 1985; Spencer et al., 1999; Jones et al., 

2001; Nargeot et al., 1999; Antonov et al., 2003; London et al.and Gilette, 1986), 

ʚʢʣʶʯʘʷ ʦʜʠʥ ʧʨʠʤʝʨ ʫʯʘʩʪʠʷ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʦʛʦ ʥʝʡʨʦʥʘ C. elegans 

(Zhang et al., 2005). ʅʘʰʘ ʥʦʚʘʷ ʨʘʙʦʪʘ, ʦʜʥʘʢʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʝʨʚʳʡ 

ʧʨʠʤʝʨ, ʢʦʛʜʘ ʧʦʩʪʦʷʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʦʜʥʦʛʦ 

ʥʝʡʨʦʥʘ, ʨʘʩʧʦʣʘʛʘʶʱʝʛʦʩʷ ʚʥʝ ʩʝʪʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʛʝʥʝʨʠʨʫʶʱʠʭ ʧʘʪʪʝʨʥ 

ʧʠʱʝʚʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʢʦʜʠʨʫʶʪ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʩʣʝʜʘ ʠʤʧʣʠʮʠʪʥʦʡ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʧʘʤʷʪʠ. ʍʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʣʝʜʝ ʧʘʤʷʪʠ ʚʥʝ ʨʘʙʦʯʝʡ ʩʝʪʠ,  ʢʦʪʦʨʘʷ 

ʩʠʣʴʥʦ ʨʠʪʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʫʝʪʩʷ ʚʦ ʚʨʝʤʷ ʧʠʱʝʚʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʤʦʞʝʪ ʙʳʪʴ ʩʧʦʥʪʘʥʥʦ-ʘʢʪʠʚʥʦʡ (Kemenes et al., 2001;  Zhang et al., 2005), 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʝʭʘʥʠʟʤ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʡ ʟʘʪʫʭʘʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʥʝʡʨʦʥʘ ʠʟ-ʟʘ ʤʦʪʦʨʥʳʭ ʧʘʪʪʝʨʥʦʚ, 

ʛʝʥʝʨʠʨʫʶʱʠʭʩʷ ʪʘʢʞʝ ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʫʩʣʦʚʥʦʛʦ ʩʪʠʤʫʣʘ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ 

ʪʘʢʦʛʦ ʥʝʟʘʚʠʩʠʤʦʛʦ ʤʝʭʘʥʠʟʤʘ ʭʨʘʥʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʩʣʝʜʘ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ ʧʦʩʣʝ ʧʠʱʝʚʦʛʦ 

ʦʙʫʯʝʥʠʷ ʫʩʣʦʚʥʦʤʫ ʨʝʬʣʝʢʩʫ. 

 

5.5.3. ʈʦʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ ʚ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ. 

 

ɻʣʘʚʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʵʪʦʡ ʯʘʩʪʠ - 

ʵʪʦ ʪʦ, ʯʪʦ ʚʳʟʚʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʤʝʤʙʨʘʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʤʦʜʫʣʷʪʦʨʥʦʛʦ 

ʥʝʡʨʦʥʘ ʤʦʣʣʶʩʢʘ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ, 



142 

 

 

ʚʦʟʥʠʢʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ 

ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ ʚ ʵʪʦʡ ʢʣʝʪʢʝ (Staras et al., 2002) ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ 

ʦʙʫʯʝʥʠʷ. ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʪʘʢʞʝ ʙʳʣʦ ʧʦʜʜʝʨʞʘʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʝʡ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ NaV1.9-ʧʦʜʦʙʥʳʭ ʙʝʣʢʦʚ ʚ 

ʩʦʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʥʝʡʨʦʥʘ CGC. ʇʨʘʚʜʦʧʦʜʦʙʥʦʩʪʴ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʫʚʝʣʠʯʝʥʥʳʤ ʪʦʢʦʤ INa(P) ʠ ʟʥʘʯʝʥʠʝʤ 

ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʪʘʢʞʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʡʨʦʥʘ CGC, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʜʣʷ ʥʘʠʚʥʳʭ 

ʞʠʚʦʪʥʳʭ, ʢʦʪʦʨʘʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʥʘʣʠʯʠʝ ʵʬʬʝʢʪʘ ʜʝʧʦʣʷʨʠʟʘʮʠʠ 

ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ CGC  ʩʭʦʜʥʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ INa(P), 

ʧʦʜʦʙʥʦʤʫ ʥʘʙʣʶʜʘʚʰʝʤʫʩʷ ʚ ʨʝʘʣʴʥʳʭ ʥʝʡʨʦʥʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ 

ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʚʷʟʴ ʤʝʞʜʫ ʚʳʟʚʘʥʥʳʤʠ ʦʙʫʯʝʥʠʝʤ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʧʦʚʝʜʝʥʠʠ ʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʪʨʠʝʚʦʤ ʪʦʢʝ, ʠ ʧʨʝʜʩʪʘʚʠʣʠ 

ʧʨʠʤʝʨ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚʤʝʩʪʝ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʢʘʢ ʧʦ 

ʫʯʘʩʪʚʫʶʱʠʤ ʠʦʥʥʳʤ ʢʘʥʘʣʘʤ, ʪʘʢ ʧʦ ʤʝʭʘʥʠʟʤʘʤ ʥʘ ʫʨʦʚʥʝ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʧʨʦʷʚʣʝʥʠʷ  ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʧʦʚʝʜʝʥʠʠ. 

ʇʨʝʜʳʜʫʱʘʷ ʨʘʙʦʪʘ, ʠʩʩʣʝʜʫʶʱʘʷ ʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʳʟʚʘʥʥʦʡ 

ʦʙʫʯʝʥʠʝʤ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʦʩʥʦʚʥʳʝ 

ʪʠʧʳ ʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʧʦʚʳʰʝʥʥʫʶ ʚʦʟʙʫʜʠʤʦʩʪʴ ʤʝʤʙʨʘʥʳ, 

ʢʦʪʦʨʳʝ ʧʝʨʝʥʦʩʷʪʩʷ ʢʘʣʴʮʠʝʚʳʤʠ ʠ ʢʘʣʠʝʚʳʤʠ ʠʦʥʘʤʠ ʠʣʠ ʯʝʨʝʟ 

ʘʢʪʠʚʠʨʫʝʤʳʝ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʝʡ ʢʘʪʠʦʥʥʳʝ ʢʘʥʘʣʳ (Zhang and Linden, 

2003). ʄʳ ʥʝ ʥʘʰʣʠ ʚʳʟʚʘʥʥʦʛʦ ʦʙʫʯʝʥʠʝʤ ʫʤʝʥʴʰʝʥʠʷ ʦʪʩʪʘʚʣʝʥʥʦʛʦ 

ʚʳʧʨʷʤʣʷʶʱʝʛʦ ʢʘʣʠʝʚʦʛʦ ʪʦʢʘ, ʢʦʪʦʨʦʝ, ʚ ʪʝʦʨʠʠ, ʤʦʛʣʦ ʙʳ ʚʥʝʩʪʠ ʚʢʣʘʜ ʚ 

ʧʦʚʳʰʝʥʥʫʶ ʜʝʧʦʣʷʨʠʟʘʮʠʶ ʤʝʤʙʨʘʥʳ. ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʨʘʥʝʝ ʚ CGC 

ʢʘʣʴʮʠʝʚʳʝ ʪʦʢʠ (Staras et al., 2002) ʠʥʘʢʪʠʚʠʨʫʶʪʩʷ ʩʣʠʰʢʦʤ ʙʳʩʪʨʦ, 

ʯʪʦʙʳ ʦʢʘʟʳʚʘʪʴ ʜʣʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʥʘ ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʅʘʰ 

ʧʨʝʜʳʜʫʱʠʡ ʘʥʘʣʠʟ ʥʝ ʚʳʷʚʠʣ ʥʠʢʘʢʠʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʪʦʛʦ, ʯʪʦ ʧʦʜʦʙʥʦʛʦ 

ʨʦʜʘ ʧʦʚʳʰʝʥʠʝ ʥʝʡʨʦʥʘʣʴʥʦʡ ʚʦʟʙʫʜʠʤʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʠʥʜʠʢʘʪʦʨʦʤ 

ʠʟʤʝʥʝʥʠʷ ʢʘʣʠʝʚʦʛʦ ʪʦʢʘ A-ʪʠʧʘ ʠʣʠ ʧʨʠʩʫʪʩʪʚʠʷ ʪʦʢʘ 

ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʘʢʪʠʚʠʨʫʝʤʦʛʦ ʪʠʧʘ (Staras et al., 2002). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ  ʜʨʫʛʠʭ ʠʟʚʝʩʪʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʤʝʨʦʚ 

ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʚʳʟʚʘʥʥʘʷ ʦʙʫʯʝʥʠʝʤ ʜʝʧʦʣʷʨʠʟʘʮʠʷ 
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ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ CGC ʷʚʣʷʝʪʩʷ ʦʩʦʙʳʤ ʩʣʫʯʘʝʤ ʠ ʙʘʟʠʨʫʝʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʥʘʪʨʠʝʚʦʤ ʪʦʢʝ.  

ʇʦʩʪʦʷʥʥʳʡ ʥʘʪʨʠʝʚʳʡ ʪʦʢ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ  ʚ ʛʠʧʧʦʢʘʤʧʝ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ (French et al., 1990; Vervaeke et al., 2006), ʦʜʥʘʢʦ ʚʦʟʤʦʞʥʘʷ 

ʩʚʷʟʴ ʤʝʞʜʫ INa(P) ʠ ʠʟʚʝʩʪʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʚʳʟʳʚʘʝʤʦʡ ʦʙʫʯʝʥʠʝʤ 

ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ (Debanne et al., 2003; Magee and Johnson, 

2005; Zhang and Linden, 2003) ʚ ʵʪʦʡ ʢʣʶʯʝʚʦʡ ʦʙʣʘʩʪʠ ʤʦʟʛʘ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʠʩʩʣʝʜʦʚʘʥʘ. ɺ ʩʚʝʪʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʠʟʫʯʝʥʠʝ ʪʦʛʦ, ʢʘʢʦʡ ʚʢʣʘʜ 

ʚʳʟʚʘʥʥʳʝ ʦʙʫʯʝʥʠʝʤ ʠʟʤʝʥʝʥʠʷ ʚ INa(P) ʤʦʛʫʪ ʚʥʦʩʠʪʴ ʚ ʫʞʝ ʠʟʚʝʩʪʥʳʝ ʠ 

ʝʱʝ ʥʝ ʦʪʢʨʳʪʳʝ ʬʦʨʤʳ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, 

ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʚʳʟʚrʘʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ.   

ʅʘ ʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ, ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʝ ʬʦʨʤʳ ʧʘʪʦʣʦʛʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ, ʪʘʢʠʝ, ʢʘʢ ʛʠʧʝʨʘʣʛʝʟʠʷ, ʥʝʡʨʦʧʘʪʠʯʝʩʢʘʷ ʙʦʣʴ ʠ ʵʧʠʣʝʧʩʠʷ, 

ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʝʜʘʚʥʦ, ʠʤʝʶʪ ʩʚʷʟʴ ʩ ʧʦʚʳʰʝʥʠʝʤ INa(P) (Amaya et al., 

2006; Dib-Hajj et al., 1999; Gold et al., 1996; Stafstrom, 2007). ʅʘʰʘ ʨʘʙʦʪʘ 

ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʣʘ ʚʘʞʥʫʶ ʨʦʣʴ ʵʪʦʛʦ ʪʠʧʘ ʪʦʢʘ ʚ ʥʝʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨʤʘʭ 

ʧʣʘʩʪʠʯʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʴʶ, ʧʨʠʦʙʨʝʪʘʝʤʦʡ ʚ ʭʦʜʝ 

ʘʩʩʦʮʠʘʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

 

5.5.4. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʣʦʢʘʣʴʥʦʡ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʣʦʢʘʣʴʥʳʭʩʠʥʘʧʩʦʚ. 

 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʤʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʘʪʪʝʥʶʘʮʠʷ ʚʳʟʚʘʥʥʳʭ 

ʩʧʘʡʢʦʤ ʢʘʣʴʮʠʝʚʳʭ ʩʠʛʥʘʣʦʚ ʚʜʦʣʴ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʘʢʩʦʥʘʣʴʥʦʡ ʚʝʪʚʠ ʫ 

ʤʦʜʫʣʷʪʦʨʥʦʛʦ ʥʝʡʨʦʥʘ ʤʦʣʣʶʩʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ. 

ʕʪʦʪ ʵʬʬʝʢʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ ʚʳʟʚʘʥʥʦʡ 

ʦʙʫʯʝʥʠʝʤ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʥʝʡʨʦʥʘ 

CGC, ʨʦʣʴ ʢʦʪʦʨʦʡ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʩʩʦʮʠʘʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʫ ʤʦʣʣʶʩʢʘ 

Lymnaea ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʳʰʝ. ʀʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ, ʯʪʦ 

ʜʝʧʦʣʷʨʠʟʘʮʠʷ CGC ʧʫʪʝʤ ʠʥʲʝʢʮʠʠ ʪʦʢʘ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʘʪʪʝʥʶʘʮʠʶ 

ʢʘʣʴʮʠʝʚʦʛʦ ʩʠʛʥʘʣʘ (ʚʳʟʚʘʥʥʦʛʦ ʘʢʩʦʥʘʣʴʥʳʤʠ ʩʧʘʡʢʘʤʠ) ʚ ʮʝʨʝʙʨʘʣʴʥʦʡ 

ʚʝʪʚʠ ʘʢʩʦʥʘ. ʆʜʥʘʢʦ, ʪʘʢʦʡ ʞʝ ʫʨʦʚʝʥʴ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʥʝ ʩʤʦʛ ʠʟʤʝʥʠʪʴ 

ʘʤʧʣʠʪʫʜʫ ʚʳʟʚʘʥʥʦʛʦ ʩʧʘʡʢʦʤ ʢʘʣʴʮʠʝʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʙʫʢʢʘʣʴʥʦʡ ʚʝʪʚʠ 

ʘʢʩʦʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʥʥʦ ʮʝʨʝʙʨʘʣʴʥʘʷ ʚʝʪʚʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 
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ʦʙʦʩʦʙʣʝʥʥʳʤ ʫʯʘʩʪʢʦʤ, ʥʘ ʢʦʪʦʨʳʡ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʝʩʠʥʘʧʪʠʯʝʩʢʘʷ 

ʧʣʘʩʪʠʯʥʦʩʪʴ. ʆʥʘ ʚʝʪʚʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʥʘʠʙʦʣʴʰʝʛʦ ʚʝʪʚʣʝʥʠʷ ʮʝʨʝʙʨʦ-

ʙʫʢʢʘʣʴʥʳʭ ʠʥʪʝʨʥʝʡʨʦʥʦʚ (McCrohan & Kyriakides 1989) ʨʷʜʦʤ ʩ ʤʝʩʪʦʤ 

ʚʭʦʞʜʝʥʠʷ ʛʫʙʥʳʭ ʥʝʨʚʦʚ ʚ ʮʝʨʝʙʨʘʣʴʥʳʡ ʛʘʥʛʣʠʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʘʥʘʪʦʤʠʯʝʩʢʠʡ ʢʦʥʪʝʢʩʪ ʜʣʷ ʠʟʚʝʩʪʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ CGC ʦʙʣʝʛʯʘʪʴ 

ʘʢʪʠʚʘʮʠʶ ʚʭʦʜʦʚ ʩ ʭʝʤʦʩʝʥʩʦʨʥʳʭ ʥʝʡʨʦʥʦʚ ʥʘ ʮʝʨʝʙʨʦʙʫʢʢʘʣʴʥʳʝ 

ʠʥʪʝʨʥʝʡʨʦʥʳ, ʘʢʪʠʚʠʨʫʶʱʠʝʩʷ ʫʩʣʦʚʥʳʤ ʩʪʠʤʫʣʦʤ ʘʤʠʣ-ʘʮʝʪʘʪʦʤ.  

ɺ ʩʝʪʠ ʧʠʱʝʚʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʦʣʣʶʩʢʘ Aplysia ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ 

ʤʝʞʜʫ ʩʝʥʩʦʨʥʳʤʠ ʠ ʤʦʪʦʨʥʳʤʠ ʥʝʡʨʦʥʘʤʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʘʪʪʝʥʶʘʮʠʠ 

ʩʧʘʡʢʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʥʝʡʨʦʥʘ (Evans et al. 2003). ʇʦʜʦʙʥʦ ʧʨʦʠʩʭʦʜʷʱʝʤʫ ʩ 

Lymnaea CGC, ʮʝʥʪʨʘʣʴʥʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʥʝʡʨʦʥʘ B21 ʫ Aplysia ʚʳʟʳʚʘʝʪ 

ʛʨʘʜʫʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʬʦʥʦʚʦʛʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ ʚ ʘʢʩʦʥʣʴʥʳʭ 

ʪʝʨʤʠʥʘʣʷʭ (Ludwar et al. 2009). ʆʜʥʘʢʦ, ʫ Aplysia ʨʦʣʴ ʬʘʟʦʚʦʡ ʮʝʥʪʨʘʣʴʥʦʡ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʢʦʥʪʝʢʩʪʝ ʙʝʟʫʩʣʦʚʥʦʛʦ ʧʠʱʝʚʦʛʦ 

ʧʦʚʝʜʝʥʠʷ, ʘ ʥʘ ʤʦʣʣʶʩʢʝ Lymnaea ʤʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʨʦʣɹ 

ʧʦʩʪʦʷʥʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʚ ʧʠʱʝʚʦʤ ʫʩʣʦʚʥʦʤ ʦʙʫʯʝʥʠʠ. 

ʇʦʜʦʙʥʦ ʥʘʰʠʤ ʜʘʥʥʳʤ ʦ ʪʦʤ, ʯʪʦ ʘʪʪʝʥʁʘʮʠʷ ʘʢʩʦʥʘʣʴʥʦʛʦ ʩʧʘʡʢʘ 

ʩʥʠʞʘʝʪʩʷ ʧʦʩʣʝ ʘʧʧʣʠʢʘʮʠʠ 4-ʘʤʠʥʦʧʠʨʠʜʠʥʘ (ʩʝʣʝʢʪʠʚʥʦʛʦ ʙʣʦʢʘʪʦʨʘ 

ʙʳʩʪʨʦʛʦ ʢʘʣʠʝʚʦʛʦ ʪʦʢʘ ʫ CGC; Staras et al. 2002), ʧʨʝʨʳʚʘʥʠʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʩʦʥʘʣʴʥʦʛʦ ʩʧʘʡʢʘ ʚ ʛʠʧʧʦʢʘʤʧʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʦʩʪʘʥʦʚʣʝʥʦ ʘʧʧʣʠʢʘʮʠʝʡ 4-ʘʤʠʥʦʧʠʨʠʜʠʥʘ ʥʘ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʝ 

ʥʝʡʨʦʥʳ (Debanne et al. 1997). 

ʍʦʪʷ ʤʝʭʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʤʳ ʦʧʠʩʳʚʘʝʤ, ʩʭʦʜʥʳ ʩ ʢʘʣʠʝʚʳʤʠ ʠ 

ʢʘʣʴʮʠʝʚʳʤʠ ʠʦʥʥʦʢʘʥʘʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʚʥʫʪʨʝʥʥʝʡ ʜʝʥʜʨʠʪʥʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʥʝʡʨʦʥʘʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ (Frick et al. 2004;Losonczy et al. 

2008), ʥʘʰʘ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʰʘʛʦʤ ʚʧʝʨʝʜ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʝʜʳʜʫʱʠʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʪʦʢʦʣʦʚ ʠʥʜʫʢʮʠʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʧʦʪʝʥʮʠʘʮʠʠ LTP ʥʘ ʧʝʨʝʞʠʚʘʶʱʠʭ ʩʨʝʟʘʭ ʤʦʟʛʘ in vitro, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʨʘʙʦʪʘʭ ʥʝ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʚʷʟʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʩ ʢʦʤʧʘʨʪʤʝʥʪʘʣʠʟʦʚʘʥʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʠʥʘʧʩʘʭ ʙʳʣʦ ʧʨʠʤʝʥʝʥʦ ʧʦʚʝʜʝʥʯʝʩʢʦʝ ʦʙʫʯʝʥʠʝ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʠ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʥʘ ʧʨʝʧʘʨʘʪʘʭ ʮʝʣʦʛʦ ʤʦʟʛʘ. 
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ʊʘʢʞʝ, ʪʠʧ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʥʜʫʢʮʠʝʡ LTP, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʨʘʙʦʪʝ Frick et 

al. (2004) ʠ ʜʨʫʛʠʭ (Kampa et al. 2006; Losonczy et al. 2008) ʦʙʳʯʥʦ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʦʣʴʰʝ ʯʝʤ ~1 ʯʘʩ ʠ, ʟʥʘʯʠʪ, ʦʥ 

ʩʦʦʪʥʦʩʠʪʩʷ ʪʦʣʴʢʦ ʩ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʠʣʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ. 

ɺ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ 

ʧʨʦʮʝʜʫʨʳ ʦʙʫʯʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʠʟʫʯʠʪʴ ʤʝʭʘʥʠʟʤ,r ʣʝʞʘʱʠʝ ʚ 

ʦʩʥʦʚʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ. ɽʱʝ ʦʜʥʦ ʚʘʞʥʦʝ ʦʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʚʳʟʚʘʥʥʘʷ LTP ʤʦʜʠʬʠʢʘʮʠʷ ʪʦʢʘ IA ʚ ʜʝʥʜʨʠʪʘʭ ʥʝʡʨʦʥʦʚ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʩʢʘʜʘʤʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ ʚʪʦʨʠʯʥʳʭ ʧʦʩʨʝʜʥʠʢʦʚ (Frick et al. 2004), ʪʦʛʜʘ ʢʘʢ ʚ CGC 

ʚʳʟʚʘʥʥʘʷ ʦʙʫʯʝʥʠʝʤ ʧʦʩʪʦʷʥʥʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠʟ ʩʦʤʳ 

ʚ ʘʢʩʦʥʘʣʴʥʳʝ ʢʦʤʧʘʨʪʤʝʥʪʳ, ʠ ʝʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʜʦʩʪʘʪʦʯʥʦ ʯʪʦʙʳ 

ʠʥʘʢʪʠʚʠʨʦʚʘʪʴ ʪʦʢ IA ʫ ʵʪʦʛʦ ʥʝʡʨʦʥʘ ʤʦʣʣʶʩʢʘ. ʆʜʥʘʢʦ ʥʝ ʩʪʦʠʪ 

ʠʩʢʣʶʯʘʪʴ ʚʘʨʠʘʥʪ, ʯʪʦ ʦʙʫʯʝʥʠʝ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʘʢʩʦʥʘʣʴʥʳʝ ʢʘʥʘʣʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʪʘʢʞʝ ʚʥʦʩʠʪʴ ʚʢʣʘʜ ʚ ʘʢʩʦʥʘʣʴʥʫʶ ʜʝʧʦʣʷʨʠʟʘʮʠʶ. 

ɼʘʣʴʥʝʡʰʠʝ ʨʘʟʚʝʨʥʫʪʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʯʝʥʴ ʚʘʞʥʳ ʜʣʷ 

ʜʦʧʦʣʥʝʥʠʷ ʤʦʜʝʣʠ CGC ʠ ʚʥʝʩʝʥʠʷ ʚ ʥʝʝ ʙʦʣʝʝ ʪʦʥʢʠʭ ʜʝʪʘʣʝʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʦʥʥʦ-ʢʘʥʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʘʢʩʦʥʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʦʚ ʚ 

ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʦʤʘʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ. 

ʆʜʥʘʢʦ, ʥʘʠʙʦʣʝʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʦʪʣʠʯʠʝʤ ʤʝʞʜʫ ʧʨʝʜʳʜʫʱʠʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʜʝʥʜʨʠʪʘʭ ʠ ʥʘʰʠʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʷʚʠʣʦ ʜʝʪʘʣʠ ʩʚʷʟʠ 

ʤʝʞʜʫ ʩʦʤʘʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʫʩʠʣʝʥʠʝʤ ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ 

ʘʢʩʦʥʘʣʴʥʦʛʦ ʚʳʭʦʜʘ, ʯʪʦ ʣʝʞʠʪ ʚ ʜʨʫʛʦʡ ʧʣʦʩʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʡʨʦʥʦʚ, 

ʚʳʙʠʨʘʶʱʠʭ ʢʘʢʠʝ ʠʟ ʩʚʦʠʭ ʚʭʦʜʦʚ ʥʘʜʦ ʫʩʠʣʠʪʴ, ʪʘʢ ʢʘʢ, ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʝʥʥʦʩʪʴ ʵʪʦʤʫ, ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʫʩʠʣʝʥʠʝ ʚʳʭʦʜʦʚ ʥʝʡʨʦʥʘ. 

ɺʥʫʪʨʝʥʥʷʷ ʜʝʥʜʨʠʪʥʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʝʣʝʢʪʠʚʥʦʝ ʫʩʠʣʝʥʠʝ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʭʦʜʦʚ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʨʦʣʴ ʚ ʧʦʩʣʝʜʫʶʱʝʡ ʛʝʥʝʨʘʮʠʠ 

ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʵʪʠʤ ʥʝʡʨʦʥʦʤ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, 

ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʳʭʦʜʳ ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʥʝʡʨʦʥʘ ʜʦʣʞʥʳ 

ʩʝʣʝʢʪʠʚʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʟʤʘ, ʢʦʪʦʨʳʡ ʧʦ ʨʘʟʥʦʤʫ 

ʚʣʠʷʝʪ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʟʘʪʫʭʘʥʠʝ ʩʧʘʡʢʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʘʢʩʦʥʘʣʴʥʳʭ 

ʚʝʪʚʷʭ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʩʧʘʡʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ 

ʛʝʥʝʨʘʮʠʶ ʧʦʪʝʥʮʠʘʣʦʚ ʜʝʡʩʪʚʠʷ ʚ ʩʘʤʦʤ ʥʝʡʨʦʥʝ. ʅʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 
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ʚʧʝʨʚʳʝ ʦʧʠʩʳʚʘʝʪ ʧʦʜʦʙʥʳʡ ʤʝʭʘʥʠʟʤ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ çʜʠʩʪʘʥʮʠʦʥʥʳʤ 

ʫʧʨʘʚʣʝʥʠʝʤè ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʫ ʥʘʪʠʚʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʞʠʚʦʪʥʳʭ, ʦʙʫʯʝʥʥʳʭ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʫʩʣʦʚʥʦʤʫ ʨʝʬʣʝʢʩʫ. 

ʅʝʜʘʚʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʩ 

ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʤʠ ʢʨʘʩʠʪʝʣʷʤʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢ 4-ʘʤʠʥʦʧʠʨʠʜʠʥʫ ʪʦʢ, ʧʨʦʪʝʢʘʶʱʠʡ ʯʝʨʝʟ ʢʘʣʠʝʚʳʝ 

ʢʘʥʘʣʳ Kv1-ʪʠʧʘ, ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʩʧʘʡʢʘ ʚ ʙʣʠʞʘʡʰʠʭ 

ʢʦʣʣʘʪʝʨʘʣʷʭ ʘʢʩʦʥʘ ʧʠʨʘʤʠʜʥʳʭ ʥʝʡʨʦʥʦʚ ʢʘʢ ʦʪʚʝʪ ʥʘ ʜʝʧʦʣʷʨʠʟʘʮʠʶ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʩʦʤʳ (Foust et al. 2011). ʄʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʧʘʡʢʦʚ ʚ ʘʢʩʦʥʘʣʴʥʳʭ ʚʝʪʚʷʭ ʠʥʪʝʨʥʝʡʨʦʥʘ ʤʦʣʣʶʩʢʘ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʘʪʪʝʥʶʘʮʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʘ ʢʘʢ 

ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ, ʪʘʢ ʠ ʘʧʧʣʠʢʘʮʠʝʡ 4-ʘʤʠʥʦʧʠʨʠʜʠʥʘ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʢʘʢ 

ʥʝʡʨʦʥʳ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʪʘʢ ʠ ʤʦʣʣʶʩʢʦʚ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʣʘʜʘʶʪ 

ʩʭʦʜʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʦʙʲʝʜʠʥʷʶʱʠʤ ʮʝʥʪʨʘʣʴʥʫʶ ʜʝʧʦʣʷʨʠʟʘʮʠʶ ʠ 

ʢʦʤʧʝʨʪʤʝʥʪʘʣʠʟʦʚʳʥʥʫ  ʁʧʨʝʩʠʥʘʧʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʠ ʵʪʦʪ ʤʝʭʘʥʠʟʤ 

ʤʦʞʝʪ ʪʘʢʞʝ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʘʨʪʤʝʥʪʘʣʠʟʦʚʘʥʥʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʜʝʥʜʨʠʪʘʭ ʥʝʡʨʦʥʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. 

ʇʨʝʩʠʥʘʧʪʠʯʝʩʢʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʤʦʞʝʪ ʧʦʪʝʥʮʠʨʦʚʘʪʴ 

ʩʠʥʘʧʪʠʯʝʩʢʠʡ ʚʳʭʦʜ ʩʠʥʘʧʩʦʚ, ʢʘʢ ʫ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, ʪʘʢ ʠ ʫ ʧʦʟʚʦʥʦʯʥʳʭ 

ʞʠʚʦʪʥʳʭ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ (Ludwar et al. 

2009; Awatramani et al. 2005). ʊʘʢʞʝ ʠʟʚʝʩʪʥʳ ʧʨʠʤʝʨʳ ʪʦʛʦ, ʢʘʢ 

ʩʦʤʘʪʠʯʝʩʢʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʙʨʦʩʘ ʤʝʜʠʘʪʦʨʘ, 

ʫʚʝʣʠʯʠʚʘʷ ʫʨʦʚʝʥʴ ʬʦʥʦʚʦʛʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ ʠ ʘʤʧʣʠʪʫʜʫ 

ʚʳʟʚʘʥʥʦʛʦ ʩʧʘʡʢʦʤ ʚʭʦʜʘ ʢʘʣʴʮʠʷ ʚ ʧʨʦʢʩʠʤʘʣʴʥʳʭ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʪʝʨʤʠʥʘʣʷʭ (Christie et al. 2011; Yu et al 2010). ʆʜʥʘʢʦ, ʥʘʰʘ ʨʘʙʦʪʘ ʚʧʝʨʚʳʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʨʘʙʦʪʫ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʤ 

ʥʝʡʨʦʥʝ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʦʙʫʯʝʥʠʷ. 
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5.6. ɺʳʚʦʜʳ. 

 

1. ɺʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʠʥʲʝʢʮʠʷ ʮʠʢʣʠʯʝʩʢʦʛʦ ʘʜʝʥʦʟʠʥ-ʤʦʥʦʬʦʩʬʘʪʘ ʚ 

ʪʝʣʦ ʢʣʶʯʝʚʦʛʦ ʤʦʜʫʣʷʪʦʨʥʦʛʦ ʥʝʡʨʦʥʘ ʧʠʱʝʚʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʚʳʟʳʚʘʝʪ ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʪʨʠʝʚʦʛʦ 

ʪʦʢʘ. 

2. ʇʦʩʣʝ ʫʩʣʦʚʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʣʶʯʝʚʳʝ ʤʦʜʫʣʷʪʦʨʥʳʝ ʥʝʡʨʦʥʳ, 

ʷʚʣʷʶʱʠʝʩʷ ʚʥʝʰʥʠʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʛʝʥʝʨʘʪʦʨʘ 

ʧʠʱʝʚʦʛʦ ʨʠʪʤʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʩʪʦʷʥʥʫʶ ʜʝʧʦʣʷʨʠʟʘʮʠʶ 

ʤʝʤʙʨʘʥʳ ʚʦʟʥʠʢʘʶʱʫʶ ʤʝʞʜʫ 16 ʠ 24 ʯʘʩʘʤʠ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ, 

ʩʦʭʨʘʥʷʶʱʫʶʩʷ ʚʤʝʩʪʝ ʩ ʧʨʠʦʙʨʝʪʝʥʥʦʡ ʨʝʘʢʮʠʝʡ. 

3. ʀʩʢʫʩʩʪʚʝʥʥʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʢʣʶʯʝʚʦʛʦ ʤʦʜʫʣʷʪʦʨʥʦʛʦ ʥʝʡʨʦʥʘ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʵʬʬʝʢʪ ʦʙʫʯʝʥʠʷ ʫ ʥʘʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʫʨʦʚʝʥʴ ʢʘʣʴʮʠʷ ʚ ʧʨʦʢʩʠʤʘʣʴʥʳʭ ʘʢʩʦʥʘʣʴʥʳʭ 

ʚʝʪʚʷʭ. 

4. ʋʚʝʣʠʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʪʦʢʘ ʚ ʢʣʶʯʝʚʦʤ 

ʤʦʜʫʣʷʪʦʨʥʦʤ ʥʝʡʨʦʥʝ ʚʳʟʳʚʘʝʪ ʦʪʩʪʘʚʣʝʥʥʫʶ ʧʦʩʪʦʷʥʥʫʶ 

ʜʝʧʦʣʷʨʠʟʘʮʠʶ, ʧʦʷʚʣʷʶʱʫʶʩʷ ʚ ʵʪʦʤ ʥʝʡʨʦʥʝ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ 

ʞʠʚʦʪʥʦʛʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʫʩʣʦʚʥʦʤʫ ʨʝʬʣʝʢʩʫ. 

5. ʉʦʤʘʪʠʯʝʩʢʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ, ʧʦʷʚʣʷʶʱʘʷʩʷ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ, 

ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʙʨʦʩʘ ʤʝʜʠʘʪʦʨʘ ʧʫʪʝʤ ʣʦʢʘʣʴʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʚʭʦʜʘ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ, 

ʚʳʟʚʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʦʤ ʜʝʡʩʪʚʠʷ.  
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6. ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ʆʉʎʀʃʃʗʊʆʈʅʆʁ ʅɽʁʈʆʉɽʊɽɺʆʁ 

ɸʂʊʀɺʅʆʉʊʀ ʉ ʆʊɼɽʃʔʅʓʄ ʅɽʁʈʆʅʆʄ ʂɸʂ ʉʋɹʉʊʈɸʊ 

ʆɹʆʅʗʊɽʃʔʅʆɻʆ ʆɹʋʏɽʅʀʗ. 

 

ɺ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ ʙʳʣʘ ʦʧʠʩʘʥʘ ʢʦʤʧʘʨʪʤʝʥʪʘʣʠʟʘʮʠʷ 

ʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʦʛʦ ʥʝʡʨʦʥʘ ʠ ʥʘ 

ʩʫʙʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʙʠʥʘʮʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʘʢʪʠʚʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʦʚ ʥʝʡʨʦʥʘ. ʕʪʦ 

ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʚʦ ʤʥʦʛʦʤ ʧʦʪʦʤʫ, ʯʪʦ ʢʣʶʯʝʚʦʡ ʤʦʜʫʣʷʪʦʨʥʳʡ ʥʝʡʨʦʥ 

ʧʠʱʝʚʦʛʦ ʧʦʚʝʜʝʥʠʷ CGC ʤʦʜʫʣʠʨʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʶ ʩʝʪʴ ʧʠʱʝʚʦʛʦ 

ʧʦʚʝʜʝʥʠʷ, ʥʦ ʥʘʭʦʜʠʪʩʷ ʚʥʝ ʝʝ, ʠ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʩʪʘʣʴʥʳʭ 

ʠʥʪʝʨʥʝʡʨʦʥʦʚ ʠ ʤʦʪʦʥʝʡʨʦʥʦʚ ʵʪʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʬʘʟ 

ʛʝʥʝʨʘʪʦʨʘ ʧʠʱʝʚʦʛʦ ʨʠʪʤʘ. ʉʠʪʫʘʮʠʷ ʥʘʤʥʦʛʦ ʫʩʣʦʞʥʷʝʪʩʷ, ʝʩʣʠ ʢʘʢʦʡ-

ʥʠʙʫʜʴ ʚʘʞʥʳʡ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʚʝʜʝʥʠʷ ʥʝʡʨʦʥ ʧʦʣʫʯʘʝʪ ʥʝ ʪʦʣʴʢʦ 

ʩʝʥʩʦʨʥʦ-ʦʧʦʩʨʝʜʦʚʘʥʥʳʝ ʚʭʦʜʳ, ʥʦ ʠ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʚʥʫʪʨʝʥʥʠʭ 

ʮʝʥʪʨʘʣʴʥʳʭ ʩʝʪʝʡ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʛʝʥʝʨʠʨʫʶʱʠʭ ʩʦʙʩʪʚʝʥʥʳʝ ʨʠʪʤʳ. 

ʕʬʬʝʢʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʙʣʝʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʶʯʝʚʦʛʦ ʥʝʡʨʦʥʘ ʩ 

ʦʩʮʠʣʣʠʨʫʶʱʝʡ ʩʝʪʴʶ ʚʦʟʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʪʘʢʞʝ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʢʘʢ ʦʪʜʝʣʴʥʦʛʦ ʥʝʡʨʦʥʘ ʠ ʝʛʦ ʢʦʤʧʘʨʪʤʝʥʪʦʚ, ʪʘʢ ʠ 

ʩʫʤʤʘʨʥʦʡ ʥʝʡʨʦʩʝʪʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʩʮʠʣʣʠʨʫʶʱʠʭ ʥʝʡʨʦʥʦʚ ʠ ʠʭ 

ʥʝʡʨʦʥʘʣʴʥʳʭ ʦʪʨʦʩʪʢʦʚ ʚ ʢʦʥʪʝʢʩʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʩʝʥʩʦʨʥʳʭ ʩʪʠʤʫʣʦʚ. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʫʜʝʪ ʦʧʠʩʘʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʥʦʨʤʝ ʠ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʥʘ 

ʧʨʠʤʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʩʮʠʣʣʠʨʫʶʱʝʡ ʦʙʦʥʷʪʝʣʴʥʦʡ ʩʝʪʠ ʠʥʪʝʨʥʝʡʨʦʥʦʚ 

ʧʨʦʮʝʨʝʙʨʫʤʘ ʤʦʣʣʶʩʢʘ ʩ ʤʦʪʦʥʝʡʨʦʥʦʤ ʄʪʎ3 ʨʝʪʨʘʢʪʦʨʘ ʱʫʧʘʣʴʮʘ 

ʫʣʠʪʢʠ, ʥʝʩʫʱʝʛʦ ʥʘ ʢʦʥʯʠʢʝ ʦʙʦʥʷʪʝʣʴʥʳʡ ʦʨʛʘʥ. ʊʘʢʞʝ ʙʫʜʝʪ ʚʳʷʚʣʝʥʘ 

ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʨʨʝʣʠʨʫʶʱʠʤʠ ʩ ʦʙʫʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘʤʠ ʦʩʮʠʣʣʷʮʠʡ ʚ 

ʦʙʦʥʷʪʝʣʴʥʦʤ ʦʨʛʘʥʝ, ʠ ʜʠʥʘʤʠʢʦʡ/ʣʘʪʝʥʪʥʦʩʪʴʶ ʦʪʚʝʪʦʚ ʥʘ ʟʘʧʘʭ ʵʪʦʛʦ 

ʚʘʞʥʝʡʰʝʛʦ ʤʦʪʦʥʝʡʨʦʥʘ, ʦʙʨʘʟʫʶʱʝʛʦ ʦʙʦʥʷʪʝʣʴʥʦʝ ʠ ʦʙʦʨʦʥʠʪʝʣʴʥʦʝ 

ʧʦʚʝʜʝʥʠʝ.   
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6.1. ʊʦʥʢʘʷ ʥʘʩʪʨʦʡʢʘ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʩʮʠʣʣʷʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ 

ʘʢʪʠʚʥʦʩʪʴʶ ʦʪʜʝʣʴʥʦʛʦ ʥʝʡʨʦʥʘ. 

 

ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʩʪʫʶ ʩʝʥʩʦʨʥʫʶ ʠ ʤʦʪʦʨʥʫʶ ʩʠʩʪʝʤʫ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʡʨʦʥʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʠ ʦʙʫʯʝʥʠʷ. ʆʩʥʦʚʥʳʝ ʦʙʦʥʷʪʝʣʴʥʳʝ ʦʨʛʘʥʳ ʥʘʟʝʤʥʳʭ 

ʤʦʣʣʶʩʢʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʵʪʦʡ ʛʣʘʚʳ, ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 

ʢʦʥʯʠʢʘʭ ʠʭ ʱʫʧʘʣʝʮ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʣʦʞʥʳʝ ʜʚʠʞʝʥʠʷ, ʢʦʛʜʘ 

ʫʣʠʪʢʘ ʠʩʩʣʝʜʫʝʪ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʈʝʢʦʥʩʪʨʫʠʨʫʷ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ 

ʢʦʥʯʠʢʦʚ ʱʫʧʘʣʝʮ (çʥʦʩʦʚè) ʫʣʠʪʢʠ ʚ ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ ʚ ʩʚʦʙʦʜʥʦʤ 

ʧʦʚʝʜʝʥʠʠ ʤʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʚʳʪʷʥʫʪʳʝ ʱʫʧʘʣʴʮʘ ʩʦʚʝʨʰʘʶʪ 

ʧʦʩʪʦʷʥʥʳʝ ʩʢʘʥʠʨʫʶʱʠʝ ʜʚʠʞʝʥʠʷ, ʢʘʢ ʚ ʬʦʥʦʚʦʤ ʨʝʞʠʤʝ, ʪʘʢ ʠ ʚ ʦʪʚʝʪ ʥʘ 

ʟʘʧʘʭʦʚʳʡ ʨʘʟʜʨʘʞʠʪʝʣʴ. ɸʧʧʣʠʢʘʮʠʷ ʟʘʧʘʭʘ ʚʳʟʳʚʘʣʘ ʙʳʩʪʨʦʝ, ʧʦʭʦʞʝʝ ʥʘ 

ʠʟʙʝʛʘʥʠʝ ʩʛʠʙʘʥʠʝ ʱʫʧʘʣʴʮʘ, ʥʝ ʟʘʚʠʩʝʚʰʝʝ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʤʝʩʪʝ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʳʤ ʚʪʷʛʠʚʘʥʠʝʤ ʱʫʧʘʣʴʮʘ. 

ʇʨʝʜʳʜʫʱʠʝ ʨʘʙʦʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʤʦʪʦʥʝʡʨʦʥʘ MtC3 ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ ʚʪʷʛʠʚʘʥʠʝ ʱʫʧʘʣʴʮʘ. ɿʜʝʩʴ ʤʳ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʥʘ ʧʦʣʫʠʥʪʘʢʪʥʳʭ ʧʨʝʧʘʨʘʪʘʭ, ʯʪʦ MtC3 ʦʪʚʝʯʘʝʪ ʥʘ 

ʟʘʧʘʭ ʚ ʤʘʥʝʨʝ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʠ ʩʭʦʞʝʡ ʧʦ ʜʠʥʘʤʠʢʝ ʩ 

ʨʝʘʢʮʠʝʡ ʚʪʷʛʠʚʘʥʠʷ ʱʫʧʘʣʴʮʘ ʚ ʦʪʚʝʪ ʥʘ ʧʨʝʜʲʷʚʣʝʥʠʝ ʟʘʧʘʭʦʚ ʠʥʪʘʢʪʥʳʤ 

ʞʠʚʦʪʥʳʤ. ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʘʛʘʪʴ, ʯʪʦ MtC3 ʫʯʘʩʪʚʫʝʪ ʚ 

ʮʝʥʪʨʘʣʴʥʦʤ ʢʦʥʪʨʦʣʝ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʜʣʠʥʳ 

ʱʫʧʘʣʴʮʘ. ʀʩʧʦʣʴʟʫʷ ʦʧʪʠʯʝʩʢʫʶ ʨʝʛʠʩʪʨʘʮʠʶ ʠ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʝ 

ʢʨʘʩʠʪʝʣʠ ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʬʘʟʳ 

ʦʩʮʠʣʣʷʮʠʡ ʚ ʧʨʦʮʝʨʝʙʨʫʤʝ, ʛʣʘʚʥʦʤ ʦʙʦʥʷʪʝʣʴʥʦʤ ʮʝʥʪʨʝ ʎʅʉ ʥʘʟʝʤʥʦʛʦ 

ʤʦʣʣʶʩʢʘ, ʯʘʩʪʦʪʘ ʩʧʘʡʢʦʚʘʥʠʷ MtC3 ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʣʘʩʴ. ʄʳ ʪʘʢʞʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʧʨʷʤʘʷ ʘʢʪʠʚʘʮʠʷ ʧʨʦʮʝʨʝʙʨʫʤʘ ʚʳʟʳʚʘʝʪ 

ʬʘʟʠʯʝʩʢʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ MtC3. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʣʫʞʘʪ 

ʧʨʠʤʝʨʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʦʙʦʥʷʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʩʮʠʣʣʷʪʦʨʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʘʢʪʠʚʥʦʩʪʠ ʦʪʜʝʣʴʥʦʛʦ ʥʝʡʨʦʥʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʪʦʥʢʦʡ 
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ʥʘʩʪʨʦʡʢʝ ʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʆʩʮʠʣʣʷʪʦʨʥʘʷ ʥʝʡʨʦʥʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ 

ʦʙʦʥʷʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʢʘʢ ʧʦʟʚʦʥʦʯʥʳʭ, ʪʘʢ ʠ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ (Gray & 

Skinner, 1988; Laurent & Davidowitz, 1994). ʋ ʥʘʟʝʤʥʳʭ ʤʦʣʣʶʩʢʦʚ 

ʩʧʦʥʪʘʥʥʳʝ ʦʩʮʠʣʣʷʮʠʠ ʛʝʥʝʨʠʨʫʶʪʩʷ ʚ ʧʨʦʮʝʨʝʙʨʘʣʴʥʦʤ ʦʪʜʝʣʝ ʎʅʉ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʮʝʥʪʨʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʦʙʦʥʷʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (Gelperin & 

Tank, 1990). ʀʥʪʝʨʝʩʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ 

ʦʙʦʥʷʪʝʣʴʥʳʝ ʦʩʮʠʣʣʷʮʠʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʯʘʩʪʴʶ ʤʝʭʘʥʠʟʤʘ ʤʦʪʦʨʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʦʩʪʘʝʪʩʷ ʧʦʢʘ ʥʝʠʟʫʯʝʥʥʦʡ. 

ʋ ʥʘʟʝʤʥʳʭ ʫʣʠʪʦʢ ʦʙʦʥʷʪʝʣʴʥʳʝ ʦʨʛʘʥʳ (ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʩʝʥʩʦʨʥʳʝ 

ʚʳʩʪʠʣʢʠ, çʥʦʩʳè) ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʢʦʥʯʠʢʘʭ ʱʫʧʘʣʝʮ (Chase & Croll, 1981) 

ʠ ʥʘʧʨʷʤʫʶ ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʚʦʟʜʫʰʥʳʤʠ ʧʦʪʦʢʘʤʠ.  ʂʦʛʜʘ ʫʣʠʪʢʘ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʠʩʪʦʯʥʠʢʫ ʟʘʧʘʭʘ, ʯʘʩʪʦʪʘ ʤʝʜʣʝʥʥʳʭ ʧʦʚʦʨʦʪʦʚ ʱʫʧʘʣʴʮʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (Lemaire & Chase, 

1998). ɹʦʣʴʰʦʡ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʡ  ʥʝʡʨʦʥ ʮʝʨʝʙʨʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ, MtC3, 

ʧʨʦʠʟʚʦʜʠʪ ʧʦʨʷʜʢʘ 85% ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʬʣʝʢʩʘ ʚʪʷʛʠʚʘʥʠʷ ʱʫʧʘʣʴʮʘ ʚ 

ʦʪʚʝʪ ʥʘ ʥʝʧʨʠʷʪʥʳʝ ʨʘʟʜʨʘʞʠʪʝʣʠ (Prescott et al., 1997), ʠ ʪʘʢʞʝ ʨʝʘʛʠʨʫʝʪ 

ʥʘ ʥʝʢʦʪʦʨʳʝ ʥʝʡʪʨʘʣʴʥʳʝ ʟʘʧʘʭʠ (Chase & Hall, 1996). ɺ ʵʪʦʡ ʛʣʘʚʝ ʤʳ 

ʩʦʙʠʨʘʝʤʩʷ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʩʪʫʶ ʩʝʥʩʦʨʥʫʶ ʠ ʤʦʪʦʨʥʫʶ ʩʠʩʪʝʤʳ ʫʣʠʪʢʠ 

Helix lucorum ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ, ʢʘʢ ʘʢʪʠʚʥʳʝ ʜʚʠʞʝʥʠʷ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ 

ʦʙʦʥʷʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʤʦʛʘʶʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʨʠʝʥʪʘʮʠʶ ʚ ʟʘʧʘʭʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠ ʢʘʢ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʩʮʠʣʣʷʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ 

ʧʨʦʮʝʨʝʙʨʘʣʴʥʦʤ ʦʪʜʝʣʝ. ʆʜʥʘʢʦ, ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʪʝʩʪʠʨʦʚʘʪʴ ʧʦʣʥʦʝ 

ʜʚʠʞʝʥʠʝ ʱʫʧʘʣʴʮʘ, ʧʦʩʢʦʣʴʢʫ ʧʦʣʥʘʷ ʬʫʥʢʮʠʷ ʱʫʧʘʣʴʮʘ ʥʝ ʤʦʞʝʪ 

ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʥʘ ʧʦʣʫʠʥʪʘʢʪʥʦʤ ʧʨʝʧʘʨʘʪʝ çʤʦʟʛ-ʥʦʩè, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʘʢʪʠʚʥʦʩʪʴ MtC3 ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʥʘ ʠʥʪʘʢʪʥʳʭ ʞʠʚʦʪʥʳʭ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʤʳ ʩʜʝʣʘʣʠ ʚʳʙʦʨ ʚ ʧʦʣʴʟʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʤʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʝʡʨʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʚʝʪ ʥʘ 

ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʝ ʟʘʧʘʭʠ ʥʘ ʧʨʝʧʘʨʘʪʘʭ ʤʦʟʛ-ʥʦʩ ʠ ʩʨʘʚʥʠʚʘʣʠ ʝʝ 

ʜʠʥʘʤʠʢʫ ʩ ʜʚʠʞʝʥʠʷʤʠ ʱʫʧʘʣʝʮ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʩʚʦʙʦʜʥʦʤ 

ʧʦʚʝʜʝʥʠʠ. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʤʳ ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʠʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ 

ʩʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ ʚʳʟʚʘʥʥʳʭ ʟʘʧʘʭʦʤ ʘʢʪʠʚʥʳʭ ʦʙʦʥʷʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʛʦ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʠ ʢʦʨʨʝʣʠʨʫʶʱʝʡ ʩʧʘʡʢʦʚʦʡ 
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ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʜʝʣʴʥʦʤ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʤ ʮʝʥʪʨʘʣʴʥʦʤ ʥʝʡʨʦʥʝ, ʘ 

ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʥʝʡʨʦʥʘ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʦʩʮʠʣʣʷʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʎʅʉ. 

 

6.1.1. ɺʳʟʚʘʥʥʳʝ ʟʘʧʘʭʦʤ ʜʚʠʞʝʥʠʷ ʱʫʧʘʣʝʮ ʫ ʠʥʪʘʢʪʥʦʡ 

ʫʣʠʪʢʠ. 

 

ʂʘʢ ʚ ʦʪʩʫʪʩʪʚʠʠ ʟʘʧʘʭʘ, ʪʘʢ ʠ ʚ ʦʪʚʝʪ ʥʘ ʝʛʦ ʧʨʝʜʲʷʚʣʝʥʠʝ ʤʳ 

ʥʘʙʣʶʜʘʣʠ ʤʝʜʣʝʥʥʳʝ ʩʢʘʥʠʨʫʶʱʠʝ ʜʚʠʞʝʥʠʷ ʚʳʪʷʥʫʪʳʭ ʱʫʧʘʣʝʮ ʫʣʠʪʢʠ 

(ʈʠʩ 6.1.1ɸ). ʉʢʘʥʠʨʫʶʱʠʝ ʜʚʠʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʤʝʜʣʝʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʱʫʧʘʣʝʮ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳʪʴ ʦʧʠʩʘʥʳ ʢʘʢ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠ̫  ʢʦʦʨʜʠʥʘʪ ʝʜʠʥʠʯʥʦʛʦ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʚʝʢʪʦʨʘ 

(ʈʠʩ 6.1.1ɸ ʥʠʞʥʠʡ ʛʨʘʬʠʢ). ʇʦʩʪʨʦʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ  ʱʫʧʘʣʴʮʘ 

ʚʳʷʚʠʣʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʝʨʳʚʥʳʝ ʜʚʠʞʝʥʠʷ ʱʫʧʘʣʝʮ ʠʟ ʩʪʦʨʦʥʳ ʚ ʩʪʦʨʦʥʫ 

(ʈʠʩ 6.1.1Bi). ʋʛʦʣ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣ ʧʦʨʷʜʢʘ 60 ʛʨʘʜʫʩʦʚ. 

ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʢʦʨʦʪʢʠʝ ʩʤʝʱʝʥʠʷ, ʪʘʢʠʝ, ʢʘʢ ʢʠʚʦʢ ʠ ʟʘʤʝʜʣʝʥʠʝ, ʪʘʢʞʝ 

ʚʣʠʷʣʠ ʥʘ ʪʨʘʝʢʪʦʨʠʶ ʱʫʧʘʣʴʮʘ. ɸʧʧʣʠʢʘʮʠʷ ʟʘʧʘʭʘ ʚʳʟʳʚʘʣʘ ʜʚʘ ʚʠʜʘ 

ʦʪʚʝʪʦʚ: ʙʳʩʪʨʦʝ ʩʤʝʱʝʥʠʝ ʢʦʥʯʠʢʘ ʱʫʧʘʣʴʮʘ, ʧʦʜʦʙʥʦʝ ʠʟʙʝʛʘʥʠʶ (ʢʠʚʦʢ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ~0.5 ʩ), ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʠʣʠ 

ʚʳʪʷʛʠʚʘʥʠʝ ʱʫʧʘʣʴʮʘ, ʜʣʠʚʰʝʝʩʷ ʜʝʩʷʪʢʠ ʩʝʢʫʥʜ. ʂʠʚʢʠ ʠ ʚʪʷʛʠʚʘʥʠʷ ʥʝ 

ʥʘʙʣʶʜʘʣʠ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʧʦʜʘʯʝʡ ʯʠʩʪʦʛʦ ʚʦʟʜʫʭʘ ʚʤʝʩʪʦ 

ʟʘʧʘʭʘ (6 ʞʠʚʦʪʥʳʭ). ʄʳ ʦʪʜʝʣʷʣʠ ʢʠʚʦʢ ʦʪ ʩʦʢʨʘʱʝʥʠʷ ʧʦ ʩʢʘʯʢʫ 

ʢʦʦʨʜʠʥʘʪ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʚʝʢʪʦʨʘ,  ʧʦʢʘʟʳʚʘʶʱʝʛʦ ʙʳʩʪʨʳʡ ʩʜʚʠʛ ʢʦʥʯʠʢʘ 

ʱʫʧʘʣʴʮʘ (ʈʠʩ. 6.1.1ɸ ʩʥʠʟʫ). ʂʠʚʦʢ ʚʨʝʤʝʥʥʦ ʧʨʝʨʳʚʘʣ ʩʢʘʥʠʨʦʚʘʥʠʝ, 

ʪʦʛʜʘ ʢʘʢ ʩʦʢʨʘʱʝʥʠʝ ʠʣʠ ʚʳʪʷʛʠʚʘʥʠʝ ʵʪʦʛʦ ʥʝ ʜʝʣʘʣʠ (ʈʠʩ. 6.1.1ɸ  ʠ Bi). 

ʂʠʚʦʢ ʧʨʦʠʩʭʦʜʠʣ ʚʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ (ʈʠʩ. 6.1.1Bii ). 

ʄʦʥʦʤʦʣʝʢʫʣʷʨʥʳʝ ʟʘʧʘʭʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (10 ʠ 30%) ʧʨʝʢʨʘʱʘʣʠ 

ʩʢʘʥʠʨʦʚʘʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʣʥʦʝ ʚʪʷʛʠʚʘʥʠʝ ʱʫʧʘʣʴʮʘ.  ʇʦʩʣʝ 

ʚʪʷʛʠʚʘʥʠʷ, ʱʫʧʘʣʴʮʝ ʦʙʳʯʥʦ ʚʦʟʚʨʘʱʘʣʦʩʴ ʢ ʩʚʦʝʡ ʥʦʨʤʘʣʴʥʦʡ ʜʣʠʥʝ 

ʯʝʨʝʟ 20-40 ʩ ʧʦʩʣʝ ʘʧʧʣʠʢʘʮʠʠ ʟʘʧʘʭʘ. 

ʉʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʱʫʧʘʣʴʮʘ (ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ, ʈʠʩ. 6.1.1ɸ 

ʚʝʨʭʥʷʷ ʜʠʘʛʨʘʤʤʘ) ʠ ʜʘʥʥʳʭ ʦ ʢʦʦʨʜʠʥʘʪʘʭ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʚʝʢʪʦʨʘ (ʈʠʩ. 

6.1.1ɸ  ʥʠʞʥʷʷ  ʜʠʘʛʨʘʤʤʘ)   ʚʳʷʚʠʣʦ,    ʯʪʦ    ʧʠʢʘ    ʦʜʥʦʡ   ʠʟ    ʢʦʦʨʜʠʥʘʪ  
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ʈʠʩ. 6.1.1. ʇʨʠʤʝʨ ʘʥʘʣʠʟʘ ʪʝʥʪʘʢʫʣʷʨʥʳʭ ʜʚʠʞʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ 3% ʟʘʧʘʭʦʤ 

ʮʠʥʝʦʣʘ. (ɸ) ʉʚʝʨʭʫ ʛʨʘʬʠʢʘ ʨʘʩʩʪʦʷʥʠʝ ʢʦʥʯʠʢ-ʦʩʥʦʚʘʥʠʝ [AB] ʠ ʩʜʚʠʛ ʢʦʥʯʠʢʘ ʟʘ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ [A0A1] ʦʪʣʦʞʝʥʳ ʢʘʢ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ. ʅʘ ʥʠʞʥʝʤ ʛʨʘʬʠʢʝ 

ʠʟʦʙʨʘʞʝʥʘ ʚʨʝʤʝʥʥʘʷ ʬʫʥʢʮʠʷ ʢʦʦʨʜʠʥʘʪ ʝʜʠʥʠʯʥʦʛʦ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʚʝʢʪʦʨʘ. 

ɹʝʣʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ʦʪʤʝʯʘʶʪ ʢʨʘʡʥʠʝ ʪʦʯʢʠ ʩʢʘʥʠʨʫʶʱʠʭ ʜʚʠʞʝʥʠʡ. 

ɸʧʧʣʠʢʘʮʠʷ ʟʘʧʘʭʘ ʚʳʟʳʚʘʣʘ ʙʳʩʪʨʳʡ ʢʠʚʦʢ ï ʧʦʭʦʞʝʝ ʥʘ ʠʟʙʝʛʘʥʠʝ ʩʛʠʙʘʥʠʝ 

ʱʫʧʘʣʴʮʘ, ʥʘʢʣʘʜʳʚʘʚ ʝhʝʩʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʣʛʦʝ ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʥʳ ʱʫʧʘʣʴʮʘ.  

ʉʪʨʝʣʢʘ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʝʨʘʷ ʧʦʣʦʩʘ ʦʙʦʟʥʘʯʘʶʪ ʚʳʟʚʘʥʥʳʡ ʟʘʧʘʭʦʤ ʢʠʚʦʢ ï 

ʧʦʭʦʞʝʝ ʥʘ ʠʟʙʝʛʘʥʠʝ ʩʛʠʙʘʥʠʝ (ʜʣʠʪʝʣʴʥʦʩʪʴ ~0.5 ʩ). ɿʚʝʟʜʦʯʢʦʡ ʦʪʤʝʯʝʥ ʧʠʢ 

ʜʣʠʪʝʣʴʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʱʫʧʘʣʴʮʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʩʛʠʙʘʥʠʝ ʱʫʧʘʣʴʮʘ ʪʘʢʞʝ ʢʘʢ ʠ 

ʩʦʢʨʘʱʝʥʠʝ ʱʫʧʘʣʴʮʘ ʚʣʠʷʣʠ ʥʘ ʧʘʜʝʥʠʝ ʟʥʘʯʝʥʠʷ [A0A1], ʥʦ  ʢʦʛʜʘ ʢʠʚʦʢ ʫʞʝ 

ʟʘʢʦʥʯʠʣʩʷ, ʱʫʧʘʣʴʮʝ ʚʩʝ ʝʱʝ ʧʨʦʜʦʣʞʘʣʦ ʚʪʷʛʠʚʘʪʴʩʷ. (Bi) ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʪʨʘʝʢʪʦʨʠʷ ʧʨʦʝʢʮʠʠ ʢʦʥʯʠʢʘ ʱʫʧʘʣʴʮʘ ʥʘ ʧʣʦʩʢʦʩʪʴ, ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʩʨʝʜʥʝʡ 

ʦʨʠʝʥʪʘʮʠʠ ʱʫʧʘʣʴʮʘ (ʦʪʣʦʞʝʥʥʘʷ ʚ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ). ʂʘʞʜʘʷ ʧʨʷʤʘʷ 

ʣʠʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʱʝʥʠʝ ʢʦʥʯʠʢʘ ʟʘ ʙʠʥ 0.12 ʩ. ʏʝʤ ʜʣʠʥʥʝʝ 

ʧʨʷʤʦʡ ʦʪʨʝʟʦʢ, ʪʝʤ ʙʦʣʴʰʝ ʩʜʚʠʥʫʣʩʷ ʢʦʥʯʠʢ. (.), ʅʘʯʘʣʦ ʨʝʛʠʩʪʨʘʮʠʠ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʢʦʥʯʠʢʘ; (+), ʢʦʥʝʮ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʢʦʥʯʠʢʘ ʱʫʧʘʣʴʮʘ. 

ʉʪʨʝʣʢʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʘʟʫ ʢʠʚʢʘ ʫ ʪʝʥʪʘʢʫʣʷʨʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʩʤ. ʩʪʨʝʣʢʫ ʠ ʩʝʨʫʶ 

ʧʦʣʦʩʫ ʥʘ ɸ). (Bii) ʉʭʝʤʘ ʱʫʧʘʣʴʮʘ ʩ ʥʘʣʦʞʝʥʥʦʡ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ. 

ʅʘʧʨʘʚʣʝʥʠʷ ʣʘʪʝʨʘʣʴʥʦʝ, ʚʚʝʨʭ, ʤʝʜʠʘʣʴʥʦʝ, ʚʥʠʟ ʦʪʤʝʯʝʥʳ ó0ô, ó90ô, ó180ô ʠ ó270ô 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʚʝʢʪʦʨʘ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʚʢʘ, ʧʦʵʪʦʤʫ ʜʘʣʝʝ 

ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʢʦʦʨʜʠʥʘʪʘ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʚʝʢʪʦʨʘ. 

 

6.1.2. ʈʝʢʮʠʠ ʱʫʧʘʣʴʮʘ ʠ MtC3 ʥʘ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʝ ʟʘʧʘʭʠ. 

 

ʇʨʝʜʳʜʫʱʘʷ ʨʘʙʦʪʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʪʠʤʫʣʷʮʠʷ ʚʳʟʳʚʘʝʪ 

ʩʦʢʨʘʱʝʥʠʝ ʤʳʰʮʳ ʪʝʥʪʘʢʫʣʷʨʥʦʛʦ ʨʝʪʨʘʢʪʦʨʘ (Prescott et al., 1997). MtC3 

ʪʘʢʞʝ ʘʢʪʠʚʠʨʫʝʪʩʷ ʟʘʧʘʭʘʤʠ (Chase & Hall, 1996), ʠ ʦʜʥʦʡ ʠʟ ʛʠʧʦʪʝʟ, 

ʢʦʪʦʨʫʶ ʤʳ ʟʜʝʩʴ ʪʝʩʪʠʨʫʝʤ, ʙʳʣʦ ʪʦ, ʯʪʦ ʧʘʪʪʝʨʥ ʘʢʪʠʚʘʮʠʠ MtC3 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʚʪʷʛʠʚʘʥʠʝʤ ʱʫʧʘʣʴʮʘ ʚ ʦʪʚʝʪ ʥʘ ʟʘʧʘʭʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʜʚʠʞʝʥʠʷ ʱʫʧʘʣʴʮʘ ʠ ʩʧʘʡʢʦʚʫʶ 

ʘʢʪʠʚʥʦʩʪʴ MtC3 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʟʘʧʘʭʦʚ. ʏʪʦʙʳ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʛʠʙʘʥʠʷ ʠ ʚʪʷʛʠʚʘʥʠʷ ʱʫʧʘʣʝʮ ʥʘ ʧʦʣʥʦʡ ʰʢʘʣʝ 

ʘʤʧʣʠʪʫʜ ʠ ʩʨʘʚʥʠʪʴ ʠʭ ʩ ʚʳʟʚʘʥʥʳʤʠ ʟʘʧʘʭʦʤ ʦʪʚʝʪʘʤʠ ʚ MtC3, ʤʳ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʦʪʚʝʪʳ ʥʘ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʝ ʟʘʧʘʭʠ 

ʮʠʥʝʦʣʘ ʠ ʙʝʥʟʘʣʴʜʝʛʠʜʘ (1%, 3%, 10% ʠ 30%). ɺ ʦʪʣʠʯʠʝ ʦʪ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʟʘʧʘʭʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʤʥʦʛʠʭ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʝ 

ʟʘʧʘʭʠ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʟʘʧʘʭʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʥʘ. ɸʧʧʣʠʢʘʮʠʠ ʮʠʥʝʦʣʘ ʠ ʙʝʥʟʘʣʴʜʝʛʠʜʘ ʦʙʳʯʥʦ ʚʳʟʳʚʘʣʠ 

ʢʠʚʦʢ ʠ ʩʦʢʨʘʱʝʥʠʝ ʱʫʧʘʣʴʮʘ, ʯʪʦ ʚʳʨʘʞʘʣʦʩʴ ʚ ʦʜʥʦ- ʠʣʠ ʜʚʫʭʬʘʟʥʦʤ 

ʠʟʤʝʥʝʥʠʠ ʜʣʠʥʳ ʱʫʧʘʣʴʮʘ (ʈʠʩ 6.1.2 ʩʣʝʚʘ). ʉʦʢʨʘʱʝʥʠʝ ʚ ʦʪʚʝʪ ʥʘ 1% 

ʮʠʥʝʦʣʘ ʙʳʣʦ ʦʯʝʥʴ ʩʣʘʙʳʤ ʩ ʦʪʩʪʘʚʣʝʥʥʳʤ ʧʠʢʦʤ ʘʤʧʣʠʪʫʜʳ, ʪʦʛʜʘ ʢʘʢ 

ʟʘʧʘʭʠ 10% ʠ 30% ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʟʳʚʘʣʠ ʧʦʣʥʦʝ ʜʣʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ 

ʱʫʧʘʣʴʮʘ ʤʝʥʝʝ ʯʝʤ ʟʘ ʩʝʢʫʥʜʫ (ʈʠʩ. 6.1.2 ʩʣʝʚʘ, 2 ʥʠʞʥʠʝ ʨʝʛʠʩʪʨʘʮʠʠ). 

ʊʨʠ ʧʨʦʮʝʥʪʘ ʮʠʥʝʦʣʘ, ʦʜʥʘʢʦ, ʚʳʟʳʚʘʣʠ ʪʦʣʴʢʦ ʢʦʨʦʪʢʦʝ ʩʦʢʨʘʱʝʥʠʝ 

ʱʫʧʘʣʴʮʘ, ʧʦʭʦʞʝʝ ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʜʝʨʛʘʥʠʷè, ʦʧʠʩʘʥʥʳʝ Lemaire & 

Chase (1998) ʚ ʩʚʦʙʦʜʥʦʤ ʧʦʚʝʜʝʥʠʠ ʚʦ ʚʨʝʤʷ ʘʢʪʠʚʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʞʠʚʦʪʥʦʛʦ ʧʦ ʟʘʧʘʭʘʤ. ʇʦʜʦʙʥʳʝ ʞʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʥʟʘʣʴʜʝʛʠʜʘ (ʜʘʥʥʳʝ ʥʝ ʧʦʢʘʟʘʥʳ). 

ʂʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʩʦʢʨʘʱʝʥʠʷ 

ʱʫʧʘʣʴʮʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʧʘʭʘ ʩʦʩʪʘʚʠʣ 0.85 ʜʣʷ ʦʪʚʝʪʦʚ ʥʘ ʮʠʥʝʦʣ (n = 

24) ʠ 0.76 ʜʣʷ ʦʪʚʝʪʦʚ ʥʘ ʙʝʥʟʘʣʴʜʝʛʠʜ (n = 20). ʂʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʳʡ 

ʢʦɻʬʬʠʮʠʝʥʪ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʩʦʢʨʘʱʝʥʠʷ ʱʫʧʘʣʴʮʘ ʠ ʜʣʠʥʦʡ ʱʫʧʘʣʴʮʘ 

ʜʦ ʧʨʝʜʲʷʚʣʝʥʠʷ ʟʘʧʘʭʘ ʙʳʣ -0.10 ʜʣʷ ʦʪʚʝʪʦʚ ʥʘ ʮʠʥʝʦʣ ʠ 0.03 ʜʣʷ ʦʪʚʝʪʦʚ 
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ʥʘ ʙʝʥʟʘʣʴʜʝʛʠʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʤʧʣʠʪʫʜʘ ʩʦʢʨʘʱʝʥʠʷ ʱʫʧʘʣʴʮʘ ʚ ʦʪʚʝʪ 

ʥʘ ʧʨʝʜʲʷʚʣʝʥʠʝ ʮʠʥʝʦʣʘ ʠ ʙʝʥʟʘʣʴʜʝʛʠʜʘ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʧʘʭʘ ʠ ʥʝ ʟʘʚʝʩʠʣʘ ʦʪ ʜʣʠʥʳ ʱʫʧʘʣʴʮʘ ʜʦ ʘʧʧʣʠʢʘʮʠʠ. 

 

 

 

ʈʠʩ. 6.1.2. ʉʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʱʫʧʘʣʴʮʘ ʥʘ ʠʥʪʘʢʪʥʦʡ ʫʣʠʪʢʝ ʩ ʦʪʚʝʪʘʤʠ MtC3 ʥʘ 

ʧʨʝʧʘʨʘʪʝ ʥʦʩ-ʤʦʟʛ ʥʘ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʡ ʟʘʧʘʭ ʮʠʥʝʦʣʘ, ʧʦʜʘʚʘʚʰʠʡʩʷ ʚ 

ʚʦʟʨʘʩʪʘʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. (ʉʣʝʚʘ), ʛʨʘʬʠʢ ʨʘʩʩʪʦʷʥʠʷ ʢʦʥʯʠʢ-ʦʩʥʦʚʘʥʠʝ [AB] 

ʠ ʩʜʚʠʛʘ ʢʦʥʯʠʢʘ [A0A1] ʦʪ ʚʨʝʤʝʥʠ. ʉʪʨʝʣʢʘ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʝʨʘʷ ʣʠʥʠ̫  

ʦʪʤʝʯʘʶʪ ʚʳʟʚʘʥʥʳʡ ʟʘʧʘʭʦʤ ʢʠʚʦʢ  ʱʫʧʘʣʴʮʘ. (ʉʧʨʘʚʘ), ʛʨʘʬʠʢʠ ʩʧʘʡʢʦʚʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦʥʘ MtC3 (ʢʘʞʜʘʷ ʪʦʯʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʯʠʩʣʦ ʩʧʘʡʢʦʚ ʟʘ ʠʥʪʝʨʚʘʣ 1 

ʩ). ɿʚʝʟʜʦʯʢʠ ʦʪʤʝʯʘʶʪ ʧʠʢ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʱʫʧʘʣʴʮʘ ʠ ʩʧʘʡʢʦʚʳʡ 

ʨʘʟʨʷʜ ʤʦʪʦʥʝʡʨʦʥʘ MtC3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʘʢ ʜʣʷ ʜʚʠʞʝʥʠʷ ʱʫʧʘʣʴʮʘ, ʪʘʢ ʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʘʢʪʠʚʥʦʩʪʠ MtC3 ʥʘʯʘʣʦ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʟʘʧʘʭʦʚʦʛʦ ʩʪʠʤʫʣʘ ʦʪʤʝʯʝʥʳ 

ʩʪʫʧʝʥʴʢʦʡ ʚʥʠʟʫ ʢʘʞʜʦʡ ʜʠʘʛʨʘʤʤʳ. 
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Lemaire & Chase (1998) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʢʠʚʦʢ ʟʘʥʠʤʘʝʪ 

ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʚʨʝʤʷ ʧʦʨʷʜʢʘ 0.5 c. ʏʪʦʙʳ ʩʨʘʚʥʠʪʴ ʦʪʚʝʪʳ ʥʘ ʨʘʟʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʧʘʭʘ, ʤʳ ʨʘʩʩʯʠʪʳʚʘʣʠ ʘʤʧʣʠʪʫʜʳ ʢʠʚʢʘ ʢʘʢ ʩʫʤʤʘʨʥʳʡ 

ʩʜʚʠʛ ʢʦʥʯʠʢʘ ʱʫʧʘʣʴʮʘ ʚʥʫʪʨʠ ʠʥʪʝʨʚʘʣʘ ʜʦ ʪʦʛʦ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʢʠʚʦʢ 

ʜʦʩʪʠʛʘʝʪ ʧʠʢʦʚʦʛʦ ʟʥʘʯʝʥʠʷ. ɸʤʧʣʠʪʫʜʘ ʢʠʚʢʘ, ʥʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʧʦ ʜʣʠʥʝ 

ʱʫʧʘʣʴʮʘ (ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʢʠʚʢʘ, %) ʜʦ ʘʧʧʣʠʢʘʮʠʠ ʟʘʧʘʭʘ, ʙʳʣʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʢʦʥʩʪʘʥʪʥʘ ʜʣʷ ʧʨʝʜʲʷʚʣʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʈʠʩ. 

6.1.3Ai , n = 6, ʧʘʨʥʳʡ t-ʢʨʠʪʝʨʠʡ). ʂʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʤʝʞʜʫ ʘʤʧʣʠʪʫʜʦʡ ʢʠʚʢʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʟʘʧʘʭʘ ʩʦʩʪʘʚʠʣ 0.014 ʜʣʷ 

ʦʪʚʝʪʦʚ ʥʘ ʮʠʥʝʦʣ (n = 22) ʠ 0.056 ʜʣʷ ʦʪʚʝʪʦʚ ʥʘ ʙʝʥʟʘʣʴʜʝʛʠʜ (n = 19). 

ʂʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʞʜʫ ʘʤʧʣʠʪʫʜʦʡ ʢʠʚʢʘ ʠ ʥʘʯʘʣʴʥʦʡ 

ʜʣʠʥʦʡ ʱʫʧʘʣʴʮʘ ʩʦʩʪʘʚʣʷʣ 0.85 ʜʣʷ ʦʪʚʝʪʦʚ ʥʘ ʮʠʥʝʦʣ ʠ 0.74 ʜʣʷ ʦʪʚʝʪʦʚ ʥʘ 

ʙʝʥʟʘʣʴʜʝʛʠʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʤʧʣʠʪʫʜʘ ʢʠʚʢʘ ʟʘʚʝʩʠʣʘ ʪʦʣʴʢʦ ʦʪ ʜʣʠʥʳ 

ʱʫʧʘʣʴʮʘ ʜʦ ʘʧʧʣʠʢʘʮʠʠ ʟʘʧʘʭʘ, ʥʦ ʥʝ ʟʘʚʝʩʠʣʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʧʘʭʘ.  

ɺ ʩʣʝʜʫʶʱʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʘʢʪʠʚʥʦʩʪʴ MtC3 ʚ 

ʦʪʚʝʪ ʥʘ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʝ ʟʘʧʘʭʠ ʥʘ ʧʨʝʧʘʨʘʪʝ ʥʦʩ-ʤʦʟʛ ʠ ʩʨʘʚʥʠʚʘʣʠ ʝʛʦ 

ʜʠʥʘʤʠʢʫ ʩ ʪʝʥʪʘʢʫʣʷʨʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤʠ ʥʘ 

ʞʠʚʦʪʥʳʭ ʚ ʩʚʦʙʦʜʥʦʤ ʧʦʚʝʜʝʥʠʠ. ʂʘʢ ʠ ʱʫʧʘʣʴʮʝ (ʈʠʩ. 6.1.2, ʩʧʨʘʚʘ), 

ʤʦʪʦʥʝʡʨʦʥʳ MtC3 ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʦʪʚʝʪʳ ʚ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʦʡ 

ʤʘʥʝʨʝ (ʈʠʩ. 6.1.2. ʠ 6.1.3B). ɼʣʠʪʝʣʴʥʳʡ (ʜʦ 15 ʩʝʢ) ʨʘʟʨʷʜ MtC3 ʙʳʣ 

ʦʜʥʦʬʘʟʥʳʤ ʩ ʦʜʥʠʤ ʤʘʢʩʠʤʫʤʦʤ (ʈʠʩ. 6.1.2, ʩʧʨʘʚʘ). ʃʘʪʝʥʪʥʦʩʪʴ ʦʪʚʝʪʘ 

MtC3 (ʟʘ ʚʳʯʝʪʦʤ ʚʨʝʤʝʥʠ ʜʠʬʬʫʟʠʠ) ʥʘ 3%, 10% ʠ 30% ʮʠʥʝʦʣʘ ʠʣʠ 

ʙʝʥʟʘʣʴʜʝʛʠʜʘ ʚʘʨʴʠʨʦʚʘʣʘ ʚ ʧʨʝʜʝʣʘʭ 150-350 ʤʩ. ʃʘʪʝʥʪʥʦʩʪʴ ʦʪʚʝʪʘ ʥʘ 1% 

ʟʘʧʘʭ ʥʝ ʤʦʛʣʘ ʙʳʪʴ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥʘ ʚʚʠʜʫ ʤʝʜʣʝʥʥʦʛʦ 

ʛʨʘʜʫʘʣʴʥʦʛʦ ʥʘʨʘʩʪʘʥʠʷ ʩʧʘʡʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ MtC3. ʃʘʪʝʥʪʥʦʩʪʴ ʜʦ 

ʧʠʢʘ ʨʘʟʨʷʜʘ MtC3 ʫʤʝʥʴʰʘʣʘʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʈʠʩ. 6.1.3Aii ) 

ʠ ʙʳʣʘ ʦʢʦʣʦ 500 ʤʩ ʜʣʷ 10% ʠ 30% ʟʘʧʘʭʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ, ʣʘʪʝʥʪʥʦʩʪʴ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʦʟʚʦʣʷʶʪ ʩʚʷʟʘʪʴ ʦʪʚʝʪ MtC3 

ʪʦʣʴʢʦ ʩʦ ʚʪʦʨʦʡ ʬʘʟʦʡ ʨʝʪʨʘʢʮʠʠ ʱʫʧʘʣʴʮʘ ʚ ʦʪʚʝʪ ʥʘ ʟʘʧʘʭ ʫ ʠʥʪʘʢʪʥʳʭ 

ʫʣʠʪʦʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʢʨʘʱʝʥʠʶ ʱʫʧʘʣʴʮʘ. ʊʘʢʞʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʜʣʷ 

ʧʦʣʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʱʫʧʘʣʴʮʘ MtC3 ʜʦʣʞʝʥ ʨʘʟʨʷʞʘʪʴʩʷ ʩ ʢʦʨʦʪʢʦʡ 

ʣʘʪʝʥʪʥʦʩʪʴʶ ʠ ʩ ʯʘʩʪʦʪʦʡ, ʙʣʠʟʢʦʡ ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ 

ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ >3 ʧʦʪʦʤʫ, ʯʪʦ 3% ʮʠʥʝʦʣ ʦʙʳʯʥʦ ʚʳʟʳʚʝʘʪ ʜʣʠʥʥʦ-

ʣʘʪʝʥʪʥʳʡ ʢʦʨʦʪʢʠʡ ʦʪʚʝʪ ʚ MtC3 ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ~2 c (ʈʠʩ. 6.1.2 ʩʧʨʘʚʘ), 
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ʥʦ ʦʥ ʥʝ ʚʳʟʳʚʘʣ ʧʦʣʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʱʫʧʘʣʴʮʘ ʫ ʠʥʪʘʢʪʥʳʭ ʞʠʚʦʪʥʳʭ 

(ʈʠʩ. 6.1.2 ʩʣʝʚʘ). 

ɺ ʵʪʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʤʳ ʪʘʢʞʝ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʝʜʳʜʫʱʠʝ ʥʘʙʣʶʜʝʥʠʷ 

(Zakharov et al., 1982; Prescott et al., 1997), ʯʪʦ ʩʧʘʡʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ MtC3 

ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʟʚʘʪʴ ʩʦʢʨʘʱʝʥʠʝ ʤʳʰʮʳ ʨʝʪʨʘʢʪʦʨʘ 

ʱʫʧʘʣʴʮʘ (6 ʧʨʝʧʘʨʘʪʦʚ). ʅʘ ʧʨʝʧʘʨʘʪʝ ʤʦʟʛ-ʤʳʰʮʘ ʩ ʤʳʰʮʝʡ, ʩʦʝʜʠʥʝʥʥʦʡ 

ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʩʠʣʳ ʤʳ ʥʘʙʣʶʜʘʣʠ ʢʘʢ ʩʧʦʥʪʘʥʥʳʝ, ʪʘʢ 

ʠ ʚʳʟʚʘʥʥʳʝ ʩʪʠʤʫʣʷʮʠʝʡ MtC3 ʩʦʢʨʘʱʝʥʠʷ (ʈʠʩ. 6.1.3Ci ʠ ʉii). 

 

6.1.3. ɺʳʟʚʘʥʥʳʝ ʟʘʧʘʭʦʤ ʜʚʠʞʝʥʠʷ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʱʫʧʘʣʴʮʘ ʠ 

ʦʙʦʥʷʪʝʣʴʥʦʡ ʧʦʜʣʦʞʢʠ. 

 

ʏʪʦʙʳ ʠʟʫʯʠʪʴ ʚʳʟʚʘʥʥʳʝ ʟʘʧʘʭʦʤ ʣʘʪʝʨʘʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʱʫʧʘʣʴʮʘ (ʢʠʚʢʠ) 

ʧʨʠ ʠʟʦʣʷʮʠʠ ʱʫʧʘʣʴʮʘ ʦʪ ʦʩʪʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʤʳ ʩʥʠʤʘʣʠ ʥʘ ʚʠʜʝʦ 

ʠʟʦʣʠʨʦʚʘʥʥʦʝ ʱʫʧʘʣʴʮʝ ʩ ʦʪʨʝʟʘʥʥʦʡ ʤʳʰʮʝʡ-ʨʝʪʨʘʢʪʦʨʦʤ. ʕʪʦʪ ʪʠʧ 

ʧʨʝʧʘʨʘʪʘ ʧʦʟʚʦʣʠʣ ʥʘʤ ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʫʶ ʨʦʣʴ ʪʝʛʫʤʝʥʪʘʣʴʥʦʡ 

(ʢʦʞʥʦʡ) ʤʳʰʮʳ ʚ ʢʠʚʢʝ ʱʫʧʘʣʴʮʘ. ɺ ʵʪʦʤ ʧʨʝʧʘʨʘʪʝ ʪʦʣʴʢʦ ʢʦʞʥʘʷ ʤʳʰʮʘ 

ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ (ʦʪʨʝʟʘʥʥʳʡ ʢʦʥʝʮ ʱʫʧʘʣʴʮʘ ʙʳʣ ʟʘʞʘʪ) 

ʧʦʜʜʝʨʞʠʚʘʣʠ ʦʙʦʥʷʪʝʣʴʥʳʡ ʦʨʛʘʥ, ʧʦʵʪʦʤʫ ʩʛʠʙʘʥʠʷ ʤʦʛʣʠ ʙʳʪʴ 

ʚʦʟʤʦʞʥʳ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʣʦʢʘʣʴʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʚʦʣʦʢʦʥ ʪʝʛʫʤʝʥʪʘʣʴʥʦʡ 

ʤʳʰʮʳ. ʄʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʱʫʧʘʣʴʮʝ ʩʭʦʜʥʳʝ ʩ ʢʠʚʢʦʤ 

ʜʚʠʞʝʥʠʷ ʚ ʦʪʚʝʪ ʥʘ 3% ʮʠʥʝʦʣ (n = 6, ʧʨʠʤʝʨ ʥʘ ʈʠʩ. 6.1.3D) ʠ 3% 

ʙʝʥʟʘʣʴʜʝʛʠʜ (ʜʘʥʥʳʝ ʥʝ ʧʦʢʘʟʘʥʳ). ʉʛʠʙʘʥʠʷ ʱʫʧʘʣʴʮʘ ʥʘ ʵʪʦʤ ʧʨʝʧʘʨʘʪʝ 

ʙʳʣʠ ʧʦʭʦʞʠ ʥʘ ʢʠʚʢʠ ʱʫʧʘʣʴʮʘ ʫ ʠʥʪʘʢʪʥʳʭ ʞʠʚʦʪʥʳʭ (ʩʨʘʚʥ. ʩ ʈʠʩ. 

6.1.1A). ʍʦʪʷ ʩʦʢʨʘʱʝʥʠʝ ʱʫʧʘʣʴʮʘ ʠ ʥʝ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʢ ʦʪʜʝʣʴʥʦʝ 

ʜʚʠʞʝʥʠʝ, ʢʘʞʜʦʝ ʩʛʠʙʘʥʠʝ ʩʦʯʝʪʘʣʦʩʴ ʩ ʥʝʙʦʣʴʰʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ 

ʱʫʧʘʣʴʮʘ (ʈʠʩ. 6.1.3D, ʚʝʨʭʥʠʡ ʛʨʘʬʠʢ [AB]), ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʚʥʦʩʠʪʴ 

ʥʝʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʠʟʤʝʨʷʝʤʦʝ ʩʦʢʨʘʱʝʥʠʝ ʱʫʧʘʣʴʮʘ. 

 

6.1.4. ʄʦʜʫʣʷʮʠʷ ʩʧʘʡʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ MtC3 ʧʨʦʮʝʨʝʙʨʘʣʴʥʳʤʠ 

ʦʩʮʠʣʣʷʮʠʷʤʠ. 

 

ɺʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʤʠʢʨʦʠʥʲʝʢʮʠʷ ʥʝʡʨʦʙʠʦʪʠʥʘ ʚʳʷʚʠʣʘ ʦʩʥʦʚʥʦʡ 

ʦʪʨʦʩʪʦʢ MtC3, ʢʦʪʦʨʳʡ ʦʙʨʘʟʦʚʳʚʘʣ ʧʝʪʣʶ ʚ ʤʝʟʦʮʝʨʝʙʨʫʤʝ ʠ ʜʘʣʝʝ 
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ʚʦʟʚʨʘʱʘʣʩʷ ʥʘʟʘʜ ʢ ʩʦʤʝ ʠ ʜʝʣʠʣʩʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʚʝʪʚʠ, 

ʧʨʦʝʮʠʨʫʶʱʠʝʩʷ ʚ ʤʳʰʮʳ ʯʝʨʝʟ ʦʣʴʬʘʢʪʦʨʥʳʡ, ʚʥʫʪʨʝʥʥʠʡ 

ʧʝʨʠʪʝʥʪʘʢʫʣʷʨʥʳʡ ʠ ʚʥʝʰʥʠʡ ʧʝʨʠʪʝʥʪʘʢʫʣʷʨʥʳʡ ʥʝʨʚʳ (ʈʠʩ. 6.1.4Ai). ɺ 

ʜʦʙʘʚʣʝʥʠʝ ʢ ʵʪʦʤʫ, MtC3 ʧʦʩʳʣʘʣ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʪʦʥʢʠʭ ʦʪʨʦʩʪʢʦʚ (ʜʣʠʥʘ 

 

ʈʠʩ. 6.1.3. ʂʠʚʢʠ ʠ ʩʦʢʨʘʱʝʥʠʷ ʫ ʠʥʪʘʢʪʥʦʛʦ ʠ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʱʫʧʘʣʴʮʘ. (Ai) 

ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʘʤʧʣʠʪʫʜʳ ʢʠʚʢʘ ʠ ʩʦʢʨʘʱʝʥʠʷ, ʦʪʣʦʞʝʥʥʳʝ ʢʘʢ ʬʫʥʢʮʠʷ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʧʘʭʘ (ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʰʢʘʣʘ, 6 ʠʥʪʘʢʪʥʳʭ ʞʠʚʦʪʥʳʭ, ʧʦʢʘʟʘʥʳ 

ʟʥʘʯʝʥʠʷ ÑSEM). ʈʘʩʩʪʦʷʥʠʝ ʢʦʥʯʠʢ-ʦʩʥʦʚʘʥʠʝ [AB] ʜʦ ʘʧʧʣʠʢʘʮʠʠ ʟʘʧʘʭʘ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʟʘ 100%. (Aii) ɻʨʘʬʠʢʠ ʧʠʢʦʚʦʡ ʯʘʩʪʦʪʳ ʩʧʘʡʢʦʚʦʛʦ ʨʘʟʨʷʜʘ ʥʝʡʨʦʥʘ 

MtC3, ʚʳʟʚʘʥʥʳʝ  ʮʠʥʝʦʣʦʤ ʥʘ ʧʨʝʧʘʨʘʪʘʭ ʥʦʩ-ʤʦʟʛ ʠ ʣʘʪʝʥʪʥʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʱʫʧʘʣʴʮʘ ʚ ʦʪʚʝʪ ʥʘ ʘʧʧʣʠʢʘʮʠʶ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʧʘʭʘ (ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʰʢʘʣʘ, 
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8 ʠʥʪʘʢʪʥʳʭ ʞʠʚʦʪʥʳʭ, ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ÑSEM). (ɺ) ɺʳʟʚʘʥʥʳʝ ʟʘʧʘʭʦʤ ʦʪʚʝʪʳ 

ʤʦʪʦʥʝʡʨʦʥʘ-ʨʝʪʨʘʢʪʦʨʘ ʱʫʧʘʣʴʮʘ MtC3 ʚ ʦʪʚʝʪ ʥʘ ʘʧʧʣʠʢʘʮʠʶ ʮʠʥʝʦʣʘ, 

ʧʦʜʘʚʘʝʤʦʛʦ ʩʪʫʧʝʥʷʤʠ ʚ ʫʚʝʣʠʯʠʚʘʶʱʠʭʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʪ 1% ʜʦ 30%. 

ʉʧʦʥʪʘʥʥʘʷ (Ci) ʠ ʚʳʟʚʘʥʥʘʷ (Cii) ʘʢʪʠʚʥʦʩʪʴ MtC3 ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʩʦʢʨʘʱʝʥʠʝʤ 

ʠʧʩʠʣʘʪʝʨʘʣʴʥʦʡ ʤʳʰʮʳ-ʨʝʪʨʘʢʪʦʨʘ. ɺʝʨʭʥʠʝ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʤʝʭʘʥʦʛʨʘʤʤʫ ʤr ʰʮ-rʨʝʪʨʘʢʪʦʨʘ ʱʫʧʘʣʴʮʘ,  ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʫʶ ʩ ʧʦʤʦʱʴʶ 

ʠʟʤʝʨʠʪʝʣʷ ʩʠʣʳ. ʉʪʨʝʣʢʘ ʠ ʧʨʝʨʳʚʠʩʪʘʷ ʣʠʥʠʠ ʦʪʤʝʯʘʶʪ ʥʘʯʘʣʦ ʜʝʧʦʣʷʨʠʟʘʮʠʠ 

MtC3. ʆʪʢʣʦʥʝʥʠʝ ʤʝʭʘʥʦʛʨʘʤʤʳ ʚʥʠʟ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ ʱʫʧʘʣʴʮʘ. 

ʅʠʞʥʠʝ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʟʘʧʠʩʠ ʘʢʪʠʚʥʦʩʪʠ 

MtC3 ʦʩʪʨʳʤ ʵʣʝʢʪʨʦʜʦʤ. (D) ɺʳʟʚʘʥʥʳʝ ʟʘʧʘʭʦʤ ʦʪʚʝʪ r ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʦʤ 

ʱʫʧʘʣʴʮʝ. ʉʪʨʝʣʢʘ ʠ ʧʨʝʨʳʚʠʩʪʘʷ ʣʠʥʠʷ ʦʪʤʝʯʘʶʪ ʚʳʟʚʘʥʥʦʝ ʟʘʧʘʭʦʤ ʩʛʠʙʘʥʠʝ 

ʱʫʧʘʣʴʮʘ ʧʦʜʦʙʥʦʝ ʢʠʚʢʫ. 

 

ʜʦ 250 ʤʢʤ, ʈʠʩ. 6.1.4Aii) ʚ ʦʙʣʘʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ ʥʝʡʨʦʧʠʣʷ ʧʨʦʮʝʨʝʙʨʫʤʘ. 

ɺʩʝ ʦʪʨʦʩʪʢʠ MtC3 ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʛʘʥʛʣʠʷ ʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʙʳʣʠ ʜʦʩʪʫʧʥʳ ʜʣʷ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʢʨʘʩʠʪʝʣʝʡ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʪʦʥʢʠʭ ʦʪʨʦʩʪʢʦʚ MtC3 ʚ ʦʙʣʘʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʥʝʡʨʦʧʠʣʷ, 

ʤʳ ʠʥʲʝʮʠʨʦʚʘʣʠ MtC3 ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʢʘʣʴʮʠʡ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ 

ʢʨʘʩʠʪʝʣʝʤ Oregon Green 488 BAPTA 1 (1 ʤʛ/ʤʣ) ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚʭʦʜ 

ʢʘʣʴʮʠʷ  ʚ ʝʛʦ ʦʪʨʦʩʪʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʩʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ɺ 

ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʦʡ-ʣʠʙʦ ʩʪʠʤʫʣʷʮʠʠ ʚ MtC3 ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʩʧʦʥʪʘʥʥʳʝ 

ɺʇʉʇ ʠ ʧʦʪʝʥʮʠʘʣʳ ʜʝʡʩʪʚʠʷ (ʈʠʩ. 6.1.4B, ʥʠʞʥʠʝ ʟʘʧʠʩʠ). ʂʘʢ ʠ 

ʦʞʠʜʘʣʦʩʴ, ʩʧʘʡʢʠ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʙʳʩʪʨʳʤ ʚʭʦʜʦʤ ʢʘʣʴʮʠʷ (ʈʠʩ. 6.1.4B, 

ʟʘʧʠʩʠ 1-8 ʩʧʨʘʚʘ) ʚʦ ʚʩʝ ʦʪʨʦʩʪʢʠ MtC3 ʚʙʣʠʟʠ ʩʦʤʳ, ʚʢʣʶʯʘʷ 

ʧʨʦʢʩʠʤʘʣʴʥʫʶ ʯʘʩʪʴ ʧʝʪʣʠ ʠ ʤʦʪʦʨʥʳʝ ʚʝʪʚʠ (ʨʝʛʠʩʪʨʘʮʠʠ 5, 6 ʠ 8). ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʛʠʛʘʥʪʩʢʠʝ ʩʧʦʥʪʘʥʥʳʝ ɺʇʉʇ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʣʦʢʘʣʴʥʳʤ 

ʚʭʦʜʦʤ ʢʘʣʴʮʠʷ ʪʦʣʴʢʦ ʚ ʧʨʦʢʩʠʤʘʣʴʥʳʝ ʪʦʥʢʠʝ ʚʝʪʚʠ ʠʟ ʦʙʣʘʩʪʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʥʝʡʨʦʧʠʣʷ (ʈʠʩ. 6.1.4B ʦʩʮʠʣʣʦʛʨʘʤʤʳ 1-4 ʩʣʝʚʘ), ʥʦ ʥʝ ʚ 

ʜʨʫʛʠʝ ʦʪʨʦʩʪʢʠ ʧʦʙʣʠʟʦʩʪʠ (ʩʨʘʚʥ. ʈʠʩ. 6.1.4B, ʦʩʮʠʣʣʦʛʨʘʤʤʳ 5-8 ʩʣʝʚʘ). 

ʉʨʘʚʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʘʣʴʮʠʝʚʦʛʦ ʚʭʦʜʘ ʧʦʩʣʝ ɺʇʉʇ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ 

ʦʪʨʦʩʪʢʦʚ ʚʳʷʚʠʣʦ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʢʘʣʴʮʠʝʚʦʛʦ ʚʭʦʜʘ ʫʙʳʚʘʣʘ ʚ ʫʯʘʩʪʢʘʭ 

ʙʣʠʞʝ ʢ ʩʦʤʝ MtC3 ʠ ʥʝ ʜʝʪʝʢʪʠʨʦʚʘʣʘʩʴ ʚ ʤʦʪʦʨʥʳʭ ʚʝʪʚʷʭ MtC3 (ʈʠʩ. 

6.1.4B ʠ C). ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʢʘʣʴʮʠʷ 

ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʛʫʩʪʦʝ ʚʝʪʚʣʝʥʠʝ ʥʝʡʨʠʪʦʚ MtC3 ʚʦ 

ʚʥʫʪʨʝʥʥʝʤ ʥʝʡʨʦʧʠʣʝ ʧʨʦʮʝʨʝʙʨʫʤʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʮʝʣʴʶ ʜʣʷ  
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ʈʠʩ. 6.1.4. ʄʦʨʬʦʣʦʛʠʷ MtC3 ʠ ʚʭʦʜ ʢʘʣʴʮʠʷ ʚ ʝʛʦ ʥʝʡʨʠʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ 

ʧʨʦʮʝʨʝʙʨʘʣʴʥʦʤ ʥʝʡʨʦʧʠʣʝ. (Ai) ʇʘʪʪʝʨʥ ʚʝʪʚʣʝʥʠʷ ʥʝʡʨʠʪʦʚ ʤʦʪʦʥʝʡʨʦʥʘ MtC3 

ʚ ʮʝʨʝʙʨʘʣʴʥʦʤ ʛʘʥʛʣʠʠ, ʚʳʷʚʣʝʥʥʳʡ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʠʥʲʝʢʮʠʝʡ ʥʝʡʨʦʙʠʦʪʠʥʘ. 

ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʝʪʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʥʝʡʨʦʧʠʣʝ (ʚʥʫʪʨʠ 

ʦʚʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʝʣʢʦʡ ʧʨʝʨʳʚʠʩʪʦʡ ʣʠʥʠʝʡ) ʧʨʦʮʝʨʝʙʨʫʤʘ. ON ï 

ʦʙʦʥʷʪʝʣʴʥʳʡ ʥʝʨʚ, PiN ï ʚʥʫʪʨʝʥʥʠʡ ʧʝʨʠʪʝʥʪʘʢʫʣʷʨʥʳʡ ʥʝʨʚ, PtN ï ʚʥʝʰʥʠʡ 

ʧʝʨʠʪʝʥʪʘʢʫʣʷʨʥʳʡ ʥʝʨʚ. (Aii), ʋʚʝʣʠʯʝʥʥʘʷ ʢʘʨʪʠʥʢʘ ʧʣʦʪʥʦʛʦ ʚʝʪʚʣʝʥʠʷ 

ʦʪʨʦʩʪʢʦʚ MtC3 ʚ ʧʨʦʢʩʠʤʘʣʴʥʦʡ ʦʙʣʘʩʪʠ. (B), ɿʘʧʠʩʠ ʚʭʦʜʘ ʢʘʣʴʮʠʷ ʚ ʦʪʨʦʩʪʢʠ 

MtC3, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ CCD-

ʢʘʤʝʨʳ ʚʦ ʚʨʝʤʷ ʩʧʦʥʪʘʥʥʦʛʦ ʩʧʘʡʢʘ ʠ ʩʧʦʥʪʘʥʥʦʛʦ ɺʇʉʇ. ɿʘʧʠʩʠ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚʦ ʚʨʝʤʷ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ, ʩ ʧʦʤʦʱʴʶ ʩʢʦʨʦʩʪʥʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʚʭʦʜ ʢʘʣʴʮʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʡ ʧʦʩʣʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʦʤʝ, ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʥʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ ʨʝʛʠʩʪʨʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʩʫʪʩʪʚʠʝ ʢʘʣʴʮʠʝʚʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʟʘʧʠʩʷʭ 5-8, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚʦ ʚʨʝʤʷ ɺʇʉʇ, ʥʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʣʠʯʠʷʭ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʨʘʩʢʠ ʤʝʞʜʫ ʤʝʩʪʘʤʠ ʨʝʛʠʩʪʨʘʮʠʠ. ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ ɺʇʉʇ ʙʳʣʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʜʦ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ, ʠ ʟʥʘʯʠʪ, ʬʦʪʦʚʳʮʚʝʪʘʥʠʝ ʢʨʘʩʢʠ ʪʦʞʝ 

ʥʝ ʤʦʛʣʦ ʚʥʝʩʪʠ ʚʢʣʘʜ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʠʛʥʘʣʘ ʚ ʦʙʣʘʩʪʷʭ 5-8. (ʉ) ʇʨʠʤʝʨ ʢʘʜʨʘ, 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʩ ʧʦʤʦʱʴʶ CCD-ʢʘʤʝʨʳ. ʂʘʞʜʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʥʘ (B) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʠ ʥʘ (ʉ) ʩ ʪʘʢʠʤ ʞʝ ʥʦʤʝʨʦʤ. ɹʝʣʘʷ ʩʪʨʝʣʢʘ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʤʦʪʦʨʥʳʝ ʚʝʪʚʠ, ʠʥʥʝʨʚʠʨʫʶʱʠʝ ʨʝʪʨʘʢʪʦʨ ʠ ʪʝʛʫʤʝʥʪʘʣʴʥʫʶ ʤʳʰʮʳ ʯʝʨʝʟ ON ʠ 

PtN (ʩʠʛʥʘʣ ʦʪ ʦʙʣʘʩʪʠ 5).  



160 

 

 

ʦʩʮʠʣʣʷʪʦʨʥʦʛʦ ʚʳʭʦʜʘ ʧʨʦʮʝʨʝʙʨʘʣʴʥʦʡ ʥʝʡʨʦʩʝʪʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʘʢʪʠʚʥʦʩʪʴ MtC3. 

ʏʪʦʙʳ ʚʳʷʚʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʦʩʥʦʚʫ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʦʩʮʠʣʣʷʪʦʨʥʦʛʦ ʚʣʠʷʥʠʷ ʚʳʟʚʘʥʥʳʭ ʧʨʦʮʝʨʝʙʨʫʤʦʤ ʦʩʮʠʣʣʷʮʠʡ ʚʦ 

ʚʥʫʪʨʝʥʥʝʤ ʥʝʡʨʦʧʠʣʝ,  ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʧʪʠʯʝʩʢʫʶ ʨʝʛʠʩʪʨʘʮʠʶ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ   ʩʦʙʳʪʠʡ    ʚ    ʤʦʟʛʝ,    ʦʢʨʘʰʝʥʥʦʤ    ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʤ  

ʢʨʘʩʠʪʝʣʝʤ (ʈʠʩ.6.1.5A). ʕʪʦʪ ʤʝʪʦʜ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʩʠʥʭʨʦʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʛʨʫʧʧ ʥʝʡʨʦʥʦʚ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʧʫʪʠ, ʢʘʢ 

ʧʦʟʚʦʥʦʯʥʳʭ, ʪʘʢ ʠ ʫ ʤʦʣʣʶʩʢʦʚ (Kleinfeld et al., 1994; Lam et al., 2003). ʆʥ 

ʪʘʢʞʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʘʢʪʠʚʥʦʩʪʠ ʢʘʢ ʚ ʩʦʤʘʭ ʥʝʡʨʦʥʦʚ, ʪʘʢ ʠ ʚ 

ʠʭ ʦʪʨʦʩʪʢʘʭ ʠ ʥʝʡʨʦʧʠʣʝ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦʝ ʩʚʦʡʩʪʚʦ ʧʦʪʝʥʮʠʘʣ-

ʟʘʚʠʩʠʤʳʭ ʢʨʘʩʠʪʝʣʝʡ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʠʛʥʘʣ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ ʧʦ ʚʩʝʡ ʰʢʘʣʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʟʥʘʯʝʥʠʡ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʟʚʦʣʷʝʪ ʠʤ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʢʘʢ 

ʜʝʧʦʣʷʨʠʟʘʮʠʶ, ʪʘʢ ʠ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʶ (Cohen, 1989). ʀʩʧʦʣʴʟʫʷ 

ʚʦʜʥʦʠʤʝʨʩʠʦʥʥʳʡ ʦʙʲʝʢʪʠʚ (20ʭ, 0.5 NA, WD 3.3 mm), ʤʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʦʩʮʠʣʣʷʮʠʠ 1-0.2 ɻʮ ʚ ʧʨʦʮʝʨʝʙʨʘʣʴʥʦʤ ʩʣʦʝ ʢʣʝʪʦʯʥʳʭ ʪʝʣ 

ʠ ʚʥʫʪʨʝʥʥʝʤ ʥʝʡʨʦʧʠʣʝ ʧʨʦʮʝʨʝʙʨʫʤʘ (ʈʠʩ. 6.1.5B). ʆʩʮʠʣʣʷʮʠʠ ʚʦʟʥʠʢʘʣʠ 

ʚ ʘʧʠʢʘʣʴʥʦʡ ʯʘʩʪʠ ʢʣʝʪʦʯʥʦʛʦ ʩʣʦʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʣʠʩʴ ʚʦ ʚʥʫʪʨʝʥʥʠʡ 

ʥʝʡʨʦʧʠʣʴ ʯʝʨʝʟ 42 Ñ 31 ʤʩ (n = 6). ɸʤʧʣʠʪʫʜʘ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʬʘʟʳ 

ʦʩʮʠʣʣʷʮʠʡ ʩʦʩʪʘʚʣʷʣʘ 21.5 Ñ 2.9% ʦʪ ʦʙʱʝʡ ʘʤʧʣʠʪʫʜʳ ʚ ʢʣʝʪʦʯʥʦʤ ʩʣʦʝ, 

ʪʦʛʜʘ ʢʘʢ ʘʤʧʣʠʪʫʜʘ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʥʝʡʨʦʧʠʣʝ ʧʨʦʮʝʨʝʙʨʫʤʘ ʩʦʩʪʘʚʣʷʣʘ 53 

Ñ 5.7% (ʈʠʩ. 6.1.5B). ɻʠʧʝʨʧʦʣʷʨʠʟʘʮʠʷ ʚ  ʜʠʩʪʘʣʴʥʳʭ ʦʪʨʦʩʪʢʘʭ 

ʧʨʦʮʝʨʝʙʨʘʣʴʥʳʭ ʢʣʝʪʦʢ ʠ ʜʨʫʛʠʭ ʛʠʧʝʨʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʚʦʣʦʢʥʘʭ ʤʦʛʣʘ 

ʚʥʝʩʪʠ ʚʢʣʘʜ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʦʥʥʫʶ ʬʘʟʫ 

ʩʧʦʥʪʘʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʫʶ ʦʧʪʠʯʝʩʢʠ.  ʅʘ ʩʣʘʙʦ 

ʧʦʢʨʘʰʝʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʥʝʡʨʦʧʠʣʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ 

ʪʦʣʴʢʦ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʦʥʥʘʷ ʬʘʟʘ ʦʩʮʠʣʣʷʮʠʡ (1 ʭ 5 ʤʠʥ, 11 ʧʨʝʧʘʨʘʪʦʚ), 

ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤ ʦʢʨʘʰʠʚʘʥʠʠ (2 ʭ 5 ʤʠʥ, 9 ʧʨʝʧʘʨʘʪʦʚ) 

ʚʳʷʚʣʷʣʠʩʴ ʢʘʢ ʜʝʧʦʣʷʨʠʟʘʮʠʦʥʥʘʷ, ʪʘʢ ʠ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʦʥʥʘʷ ʬʘʟʳ (ʈʠʩ. 

6.1.5B). ʆʜʥʘʢʦ, ʯʘʩʪʦʪʘ ʦʩʮʠʣʣʷʮʠʡ ʣʫʯʰʝ ʩʦʭʨʘʥʷʣʘʩʴ ʚ ʩʣʘʙʦ 

ʦʢʨʘʰʝʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʝ ʢʨʘʩʠʪʝʣʠ 

ʤʦʛʫʪ ʛʠʧʝʨʧʦʣʷʨʠʟʦʚʘʪʴ ʥʝʡʨʦʥʳ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʩʣʘʙʣʷʷ ʩʧʦʥʪʘʥʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʦʣʴʢʦ ʩʣʘʙʦʝ  
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ʈʠʩ. 6.1.5. ʆʩʮʠʣʣʷʮʠʠ ʚ ʩʣʦʝ ʢʣʝʪʦʯʥʳʭ ʪʝʣ ʧʨʦʮʝʨʝʙʨʫʤʘ ʠ ʚʥʫʪʨʝʥʥʝʛʦ 

ʥʝʡʨʦʧʠʣʷ ʧʨʦʮʝʨʝʙʨʫʤʘ (PC). (A) ʉʭʝʤʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʚʟʘʠʤʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʦʙʲʝʢʪʠʚʘ ʠ ʧʨʝʧʘʨʘʪʘ. ʇʦʢʘʟʘʥ ʧʦʧʝʨʝʯʥʳʡ ʩʨʝʟ ʧʨʦʮʝʨʝʙʨʫʤʘ. (B) ʉʣʝʚʘ ï ʢʦʥʪʫʨ 

ʧʨʦʮʝʨʝʙʨʫʤʘ ʥʘʣʦʞʝʥ ʥʘ ʩʭʝʤʫ ʬʦʪʦʜʠʦʜʥʦʡ ʤʘʪʨʠʮʳ. ʈʝʛʠʩʪʨʘʮʠʠ ʥʘʣʦʞʝʥʳ ʥʘ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʜʝʪʝʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʠʭ ʟʘʧʠʩʳʚʘʣʠ. ʉʚʝʪ ʧʨʦʭʦʜʠʣ ʯʝʨʝʟ 

ʧʨʝʧʘʨʘʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʚʝʥʪʨʘʣʴʥʦʡ ʢ ʜʦʨʟʘʣʴʥʦʡ ʩʪʦʨʦʥʝ. ʇʦʵʪʦʤʫ 

ʨʝʛʠʩʪʨʘʮʠʠ ʦʪ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ ʦʪʨʘʞʘʶʪ ʜʚʫʤʝʨʥʫʶ ʬʨʦʥʪʘʣʴʥʫʶ ʧʨʦʝʢʮʠʶ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʚ ʧʨʦʮʝʨʝʙʨʫʤʝ. ʉʧʨʘʚʘ ʧʦʢʘʟʘʥʳ ʟʘʧʠʩʠ ʦʪ ʩʣʦʷ 

ʢʣʝʪʦʯʥʳʭ ʪʝʣ (ʚʝʨʭʥʷʷ ʨʝʛʠʩʪʨʘʮʠʷ) ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʥʝʡʨʦʧʠʣʷ (ʥʠʞʥʷʷ 

ʨʝʛʠʩʪʨʘʮʠʷ), ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʧʦʣʦʩʦʡ 

ʧʨʦʧʫʩʢʘʥʠʷ 0.1-19 ɻʮ. ʅʘʙʣʶʜʘʣʠ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʧʘʪʪʝʨʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʢʨʘʰʠʚʘʥʠʷ. ʃʝʛʢʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʧʦʟʚʦʣʷʣʦ ʩʝʣʝʢʪʠʚʥʦ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʥʝʡʨʦʧʠʣʷ ʧʨʦʮʝʨʝʙʨʫʤʘ (ʩʝʨʳʡ ʦʚʘʣ ʥʘ ʩʭʝʤʝ). 

ʊʦʣʩʪʳʝ ʣʠʥʠʠ ʧʦʢʘʟʳʚʘʶʪ ʢʦʥʪʫʨ ʧʨʦʮʝʨʝʙʨʫʤʘ ʠ ʦʙʣʘʩʪʴ ʩʣʦʷ ʢʣʝʪʦʯʥʳʭ ʪʝʣ. 

 

ʦʢʨʘʰʠʚʘʥʠʝ, ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʩʮʠʣʣʷʮʠʡ ʚʦ ʚʥʫʪʨʝʥʥʝʤ 

ʥʝʡʨʦʧʠʣʝ, ʥʘ ʢʦʪʦʨʳʭ ʙʳʣʦ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʜʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. 



162 

 

 

ʏʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʙʦʣʝʝ ʧʨʷʤʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʘʢʪʠʚʥʦʩʪʴʶ 

ʧʨʦʮʝʨʝʙʨʫʤʘ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʥʝʡʨʦʧʠʣʝ ʠ ʩʧʘʡʢʦʚʘʥʠʝʤ MtC3 ʚʦ ʚʨʝʤʷ 

ʩʪʠʤʫʣʷʮʠʝʡ ʟʘʧʘʭʦʤ, ʤʳ ʧʨʦʚʦʜʠʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʠ ʦʧʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ 

ʤʝʞʜʫ ʧʨʦʮʝʨʝʙʨʘʣʴʥʳʤʠ ʦʩʮʠʣʣʷʮʠʷʤʠ ʠ ʩʧʘʡʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ MtC3 ʥʘ 

ʧʨʝʧʘʨʘʪʘʭ ʥʦʩ-ʤʦʟʛ. ʄʦʥʦʤʦʣʝʢʫʣʷʨʥʳʝ ʟʘʧʘʭʠ ʮʠʥʝʦʣʘ ʠ ʙʝʥʟʘʣʴʜʝʛʠʜʘ 

ʘʧʧʣʠʮʠʨʦʚʘʣʠ ʥʘ ʦʙʦʥʷʪʝʣʴʥʫʶ ʧʦʜʣʦʞʢʫ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʜʦʩʪʘʪʦʯʥʳʭ 

ʯʪʦʙʳ ʚʳʟʚʘʪʴ ʨʘʟʨʷʜ ʚ MtC3, ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʝʛʦ ʩʧʘʡʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʦʩʮʠʣʣʷʮʠʡ ʚʦ ʚʥʫʪʨʝʥʥʝʤ 

ʥʝʡʨʦʧʠʣʝ ʧʨʦʮʝʨʝʙʨʫʤʘ (ʈʠʩ. 6.1.6Ai). ʏʪʦʙʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʩʨʝʜʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʦʚ ʜʝʡʩʪʚʠʷ ʧʦ 

ʠʥʪʝʨʚʘʣʘʤ, ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʤ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʫʨʦʚʥʶ 

ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʠ ʦʩʮʠʣʣʷʮʠʡ ʚ ʧʨʦʮʝʨʝʙʨʫʤʝ (wave-triggered average). 

ʕʪʦʪ ʩʧʦʩʦʙ ʫʩʨʝʜʥʝʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʢʘʞʜʦʛʦ ʮʠʢʣʘ 

ʦʩʮʠʣʣʷʮʠʡ ʯʠʩʣʦ ʩʧʘʡʢʦʚ ʚ MtC3 ʜʦʩʪʦʚʝʨʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʢʘʢ ʧʨʠ 

ʘʧʧʣʠʢʘʮʠʠ ʮʠʥʝʦʣʘ (1.44 Ñ 0.09 ʩʧʘʡʢʦʚ/100 ʤʩ ʜʦ ʦʩʮʠʣʣʷʮʠʠ, 1.16 Ñ 0.09 

ʩʧʘʡʢʦʚ/100 ʤʩ ʚʦ ʚʨʝʤʷ ʦʩʮʠʣʣʷʮʠʠ, n = 7; ʧʘʨʪʳʡ t-ʢʨʠʪʝʨʠʡ, p < 0.05, ʈʠʩ. 

6.1.6Aii), ʪʘʢ  ʠ ʙʝʥʟʘʣʴʜʝʛʠʜʘ (1.47 Ñ 0.10 ʩʧʘʡʢʦʚ/100 ʤʩ ʜʦ ʦʩʮʠʣʣʷʮʠʠ, 

1.19 Ñ 0.09 ʩʧʘʡʢʦʚ/100 ʤʩ ʧʦʩʣʝ ʦʩʮʠʣʣʷʮʠʠ, n = 6; ʧʘʨʥʳʡ  t-ʢʨʠʪʝʨʠʡ, p < 

0.05). ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘʩʪʘʚʣʷʶʪ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʚʳʟʚʘʥʥʦʛʦ 

ʟʘʧʘʭʦʤ ʨʘʟʨʷʜʘ ʚ MtC3 ʯʘʩʪʦʪʘ ʩʧʘʡʢʦʚʦʛʦ ʨʘʟʨʷʜʘ ʤʦʜʫʣʠʨʫʝʪʩʷ 

ʦʩʮʠʣʣʷʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʧʨʦʮʝʨʝʙʨʫʤʝ. 

ʏʪʦʙʳ ʥʘʧʨʷʤʫʶ ʧʨʦʚʝʨʠʪʴ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ ʩʧʘʡʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ 

MtC3 ʧʦʜʘʚʣʷʝʪʩʷ ʚʭʦʜʘʤʠ ʩ ʧʨʦʮʝʨʝʙʨʫʤʘ, ʤʳ ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ ʧʨʦʮʝʨʝʙʨʫʤ ʥʘ ʯʠʩʣʦ ʩʧʘʡʢʦʚ ʚ ʨʘʟʨʷʜʝ MtC3, 

ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʥʝʙʦʣʴʰʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʠ. ʏʪʦʙʳ ʧʨʦʚʝʩʪʠ ʵʪʦʪ 

ʵʢʩʧʝʨʠʤʝʥʪ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʠʤʫʣʷʮʠʶ ʪʨʝʡʥʦʤ (train 50 ɻʮ, ʧʫʣʴʩʳ 2 

ʤʩ) ʘʧʝʢʩʘ ʧʨʦʮʝʨʝʙʨʘʣʴʥʦʛʦ ʢʣʝʪʦʯʥʦʛʦ ʩʣʦʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʩʧʦʥʪʘʥʥʦ 

ʨʘʟʨʷʞʘʶʱʠʝʩʷ ʥʝʡʨʦʥʳ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʨʫʶʪ ʦʩʮʠʣʣʷʮʠʠ (Watanabe et al., 

1998). ʕʪʦʪ ʚʠʜ ʩʪʠʤʫʣʷʮʠʠ ʚʳʟʳʚʘʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʘʜʝʥʠʝ ʩʧʘʡʢʦʚʦʡ 

ʘʢʪʠʚʥʦʩʪʠ MtC3 ʚ 1.78 Ñ 0.35 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʘʡʢʦʚʦʡ ʯʘʩʪʦʪʦʡ ʜʦ 

ʩʪʠʤʫʣʷʮʠʠ (ʧʘʨʥʳʡ t-ʪʝʩʪ, p < 0.05, n = 6 ʧʨʝʧʘʨʘʪʦʚ, ʧʨʠʤʝʨ ʧʦʢʘʟʘʥ ʥʘ 

ʈʠʩ. 6.1.6B). ɺ ʢʘʞʜʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʢʦʪʦʨʳʡ ʚʦʰʝʣ ʚ ʩʪʘʪʠʩʪʠʢʫ ʜʣʷ 

ʘʥʘʣʠʟʘ, ʧʨʠʤʝʥʷʣʦʩʴ ʥʘʧʨʷʞʝʥʠʝ ʩʪʠʤʫʣʷʮʠʠ, ʙʦʣʝʝ ʯʝʤ ʚ 10 ʨʘʟ ʤʝʥʴʰʝʝ  
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ʈʠʩ. 6.1.6. ʂʦʨʨʝʣʷʮʠʷ ʩʧʘʡʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ MtC3 ʩ ʧʨʦʮʝʨʝʙʨʘʣʴʥʳʤʠ 

ʦʩʮʠʣʣʷʮʠʷʤʠ. (Ai) ɺʳʟʚʘʥʥʳʡ ʟʘʧʘʭʦʤ ʨʘʟʨʷʜ MtC3, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʧʪʠʯʝʩʢʠʤ ʩʠʛʥʘʣʦʤ ʦʪ ʦʩʮʠʣʣʷʮʠʡ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʥʝʡʨʦʧʠʣʝ 

ʧʨʦʮʝʨʝʙʨʫʤʘ (ʣʝʛʢʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʤ ʢʨʘʩʠʪʝʣʝʤ JPW-1150). 

ʋʚʝʣʠʯʝʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ʩ ʥʘʣʦʞʝʥʥʳʤʠ ʨʝʛʠʩʪʨʘʮʠʷʤʠ ʪʘʢʞʝ ʧʦʢʘʟʘʥʳ. (Aii ) 

ʋʩʨʝʜʥʝʥʠʝ ʯʘʩʪʦʪʳ ʩʧʘʡʢʦʚ MtC3 ʧʦ ʧʦʣʦʞʝʥʠʶ ʚʦʣʥʳ ʦʩʮʠʣʣʷʮʠʡ 

ʧʨʦʮʝʨʝʙʨʫʤʘ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʜʣʷ ʨʘʟʨʷʜʘ MtC3, ʚʳʟʚʘʥʥʦʛʦ ʟʘʧʘʭʦʤ ʮʠʥʝʦʣʘ. 

ʌʦʨʤʘ ʚʦʣʥʳ ʥʘʣʦʞʝʥʘ ʥʘ ʩʧʘʡʢʦʚʫʶ ʛʠʩʪʦʛʨʘʤʤʫ. ʉʧʘʡʢʠ ʫʩʨʝʜʥʝʥʳ ʥʘ 

ʠʥʪʝʨʚʘʣʘʭ 0.1-ʩʝʢʫʥʜʥʳʭ ʦʪʨʝʟʢʦʚ. ó0ô ʥʘ ʦʩʠ X ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʧʘʜʠʥʝ 

ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʬʘʟʳ ʦʩʮʠʣʣʷʮʠʠ. ɺʦ ʚʨʝʤʷ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʬʘʟʳ 

ʩʧʘʡʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ MtC3 ʟʥʘʯʠʪʝʣʴʥʦ ʧʘʜʘʝʪ (ʧʘʨʥʳʡ t-ʢʨʠʪʝʨʠʡ, p < 0.005). 

(B) ʈʝʘʢʮʠʷ ʬʦʥʦʚʦ ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ MtC3 ʥʘ ʵʢʩʪʨʘʢʣʝʪʦʯʥʫʶ ʩʪʠʤʫʣʷʮʠʶ 

ʧʨʦʮʝʨʝʙʨʫʤʘ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʧʦʩʣʝ ʚʤʳʚʘʥʠʷ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʨʘʩʪʚʦʨ HiDi  ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Ca
2+

 (x 3) ʠ Mg
2+

 (x 5). (C) ʈʘʟʨʷʜ 

ʥʝʡʨʦʥʘ MtC3, ʚʳʟʚʘʥʥʳʡ ʠʥʲʝʢʮʠʝʡ ʪʦʢʘ 0.5 ʥɸ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʦʮʝʨʝʙʨʘʣʴʥʳʤʠ ʦʩʮʠʣʣʷʮʠʷʤʠ. ʇʦʚʳʰʝʥʥʘʷ ʯʘʩʪʦʪʘ ʨʘʟʨʷʜʘ ʚ 

MtC3 ʥʝ ʦʢʘʟʳʚʘʣʘ ʚʣʠʷʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʦʩʮʠʣʣʷʮʠʡ. 

 

ʧʦʨʦʛʘ ʘʢʪʠʚʘʮʠʠ ʘʥʪʠʜʨʦʤʥʦʛʦ ʩʧʘʡʢʘ ʚ ʧʨʦʢʩʠʤʘʣʴʥʳʭ ʚʦʣʦʢʥʘʭ MtC3 

(ʢʦʪʦʨʳʡ ʠʟʤʝʨʷʣʠ ʚ ʢʘʞʜʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ), ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʠʣʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʩʪʠʤʫʣʷʮʠʠ ʥʘ ʙʣʠʞʘʡʰʠʝ ʦʙʣʘʩʪʠ 

ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʥʝʡʨʦʧʠʣʷ ʠ ʚʭʦʜʥʳʭ ʚʦʣʦʢʦʥ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʥʝʨʚʘ (ʩʤ. 

ʘʥʘʪʦʤʠʯʝʩʢʠʝ ʜʝʪʘʣʠ ʥʘ ʈʠʩ. 6.1.5). ʏʪʦʙʳ ʚʳʷʩʥʠʪʴ, ʷʚʣʷʶʪʩʷ ʠʣʠ ʥʝʪ 

ʩʚʷʟʠ MtC3 ʠ ʧʨʦʮʝʨʝʙʨʫʤʘ ʤʦʥʦʩʠʥʘʧʪʠʯʝʩʢʠʤʠ, ʤʳ ʩʨʘʚʥʠʚʘʣʠ ʨʝʘʢʮʠʶ 
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MtC3 ʥʘ ʩʪʠʤʫʣʷʮʠʶ ʧʨʦʮʝʨʝʙʨʫʤʘ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ Hi-Di (ʚʳʩʦʢʠʝ ʢʘʣʴʮʠʡ ʠ ʤʘʛʥʠʡ), ʢʦʪʦʨʳʡ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʩʧʦʩʦʙʝʥ ʦʪʩʝʯʴ ʧʦʣʠʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʭʦʜʳ ʥʘ MtC3 (Chase 

& Hall, 1996).  ʉʪʠʤʫʣʷʮʠʷ ʧʨʦʮʝʨʝʙʨʫʤʘ ʚ ʨʘʩʪʚʦʨʝ Hi-Di ʥʝ ʠʟʤʝʥʷʣʘ 

ʯʘʩʪʦʪʫ  ʩʧʘʡʢʦʚʘʥʠʷ MtC3 (ʧʘʨʥʳʡ t-ʢʨʠʪʝʨʠʡ, P = 0.89, n = 3, ʈʠʩ. 6.1.6B), 

ʯʪʦ ʟʘʩʪʘʚʣʷʝʪ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʜʠʩʠʥʘʧʪʠʯʝʩʢʠʝ ʠʣʠ ʧʦʣʠʩʠʥʘʧʪʠʯʝʩʢʠʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʧʨʦʮʝʨʝʙʨʫʤʦʤ ʠ MtC3 ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʩʥʦʚʥʦʡ ʪʦʨʤʦʟʥʳʡ ʦʪʚʝʪ, 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʪʚʦʨʝ (ʈʠʩ. 6.1.6B). 

ɼʘʣʝʝ, ʤʳ ʚʳʷʩʥʷʣʠ, ʤʦʞʝʪ ʣʠ ʩʧʘʡʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ MtC3 ʚʣʠʷʴ ʥʘ 

ʧʨʦʮʝʨʝʙʨʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʥʦ ʥʝ ʦʙʥʘʨʫʞʠʣʠ ʪʘʢʦʛʦ ʚʣʠʷʥʠʷ (n = 5 

ʧʨʝʧʘʨʘʪʦʚ, ʧʨʠʤʝʨ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩ. 6.1.6C). 

ɺʟʷʪʳʝ ʚʤʝʩʪʝ, ʨʝʟʫʣʴʪʘʪʳ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʨʝʙʨʫʤʘ, ʢʘʢ ʚʳʟʚʘʥʥʘʷ 

ʟʘʧʘʭʦʤ, ʪʘʢ ʠ ʧʨʷʤʦʡ ʩʪʠʤʫʣʷʮʠʝʡ, ʦʢʘʟʳʚʘʝʪ ʤʦʜʫʣʠʨʫʶʱʝʝ ʪʦʨʤʦʟʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ MtC3, ʦʜʥʘʢʦ ʦʙʨʘʪʥʦ ʘʢʪʠʚʥʦʩʪʴ MtC3 ʥʘ ʦʩʮʠʣʣʷʪʦʨʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʨʝʙʨʫʤʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ.  
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6.2. ʆʙʦʥʷʪʝʣʴʥʳʡ ʦʧʳʪ ʤʦʜʠʬʠʮʠʨʫʝʪ ʵʬʬʝʢʪʳ ʟʘʧʘʭʦʚ ʥʘ 

ʦʙʦʥʷʪʝʣʴʥʦʝ ʧʠʱʝʚʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ.  

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ, ʨʝʘʛʠʨʫʶʪ ʣʠ ʫʣʠʪʢʠ ʥʘ ʥʘʪʫʨʘʣʴʥʳʡ ʟʘʧʘʭ 

ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ, ʢʘʢ ʠ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʝ ï ʠʟʛʠʙʘʥʠʝʤ 

ʠ ʩʦʢʨʘʱʝʥʠʝʤ ʱʫʧʘʣʴʮʘ, ʤʳ ʧʨʝʜʲʷʚʣʷʣʠ ʥʘʪʫʨʘʣʴʥʳʝ  ʟʘʧʘʭʠ ʤʦʨʢʦʚʠ ʠ 

ʦʛʫʨʮʘ ʚ ʫʚʝʣʠʯʠʚʘʶʱʠʭʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (2, 10 ʠ 50%) ʛʨʫʧʧʝ ʫʣʠʪʦʢ (9 

ʞʠʚʦʪʥʳʭ). ʇʨʝʜʲʷʚʣʝʥʠʝ ʟʘʧʘʭʘ ʤʦʨʢʦʚʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10% ʚʳʟʳʚʘʣʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʱʫʧʘʣʴʮʘ ʚ ʧʨʦʜʦʣʞʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 10 ʩʝʢ 

ʠʥʪʝʨʚʘʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʣʠʥʦʡ ʱʫʧʘʣʴʮʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ 

ʥʘʯʘʣʦʤ ʧʨʝʜʲʷʚʣʝʥʠʷ ʟʘʧʘʭʘ (n = 9, ʧʘʨʥʳʡ t-ʢʨʠʪʝʨʠʡ, p < 0.05; ʚʳʙʦʨʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʨʠʪʝʨʠʷʤ ʥʦʨʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʨʘʚʝʥʩʪʚʘ 

ʜʠʩʧʝʨʩʠʡ; ʩʤ. ʈʠʩ. 2ɹ ʩʣʝʚʘ). ʈʝʘʢʮʠʷ ʱʫʧʘʣʴʮʘ ʥʘ 2% ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʦʛʫʨʮʘ ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ ʧʦʭʦʜʠʣʘ ʥʘ ʦʪʚʝʪ ʥʘ ʟʘʧʘʭ ʤʦʨʢʦʚʠ (ʈʠʩ 6.2.1ɹ), ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ 10% ʠ 50% ʟʘʧʘʭ ʦʛʫʨʮʘ ʚʳʟʳʚʘʣ ʙʳʩʪʨʦʝ ʠʟʛʠʙʘʥʠʝ ʱʫʧʘʣʴʮʘ 

ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ ʟʥʘʯʠʪʝʣʴʥʳʤ ʝʛʦ ʩʦʢʨʘʱʝʥʠʝʤ ʠ ʚʪʷʛʠʚʘʥʠʝʤ (n = 9, 

ʧʘʨʥʳʡ t-ʢʨʠʪʝʨʠʡ, p < 0.05; ʚʳʙʦʨʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʨʠʪʝʨʠʷʤ 

ʥʦʨʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʨʘʚʝʥʩʪʚʘ ʜʠʩʧʝʨʩʠʡ; ʩʤ. ʈʠʩ. 6.2.1ɹ ʩʧʨʘʚʘ).  

ɸʤʧʣʠʪʫʜʘ ʚʪʷʛʠʚʘʥʠʷ ʙʳʣʘ ʚʳʰʝ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 50%, ʘ ʣʘʪʝʥʪʥʦʩʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʪʷʛʠʚʘʥʠʷ ʤʝʥʴʰʝ (ʈʠʩ. 6.2.1ɹ ʩʧʨʘʚʘ).  ʍʦʪʷ ʚʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʧʘʭʘ ʦʛʫʨʮʘ ʦʙʳʯʥʦ ʚʳʟʳʚʘʣʠ ʠʟʛʠʙʘʥʠʝ ʱʫʧʘʣʴʮʘ, ʚ ʜʚʫʭ 

ʩʣʫʯʘʷʭ (ʠʟ 18) ʧʨʝʜʲʷʚʣʝʥʠʝ  10% ʠ 50% ʟʘʧʘʭʘ ʦʛʫʨʮʘ ʥʝ ʚʳʟʳʚʘʣʦ 

ʠʟʛʠʙʘʥʠʷ ʱʫʧʘʣʴʮʘ (ʈʠʩ. 6.2.2ɸ). ɺ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʳ ʪʘʢʞʝ 

ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʛʦʣʦʜʥʳʝ ʫʣʠʪʢʠ ʧʦʯʪʠ ʚʩʝʛʜʘ ʩʲʝʜʘʶʪ ʩʚʝʞʠʡ ʢʫʩʦʯʝʢ 

ʤʦʨʢʦʚʠ (ʚ 7-ʤʠ ʩʣʫʯʘʷʭ ʠʟ 8) ʠʣʠ ʦʛʫʨʮʘ (ʚ 4-ʸʭ ʩʣʫʯʘʷʭ ʠʟ 8) ʧʦʤʝʱʝʥʥʳʡ 

ʚ ʠʭ ʘʢʚʘʨʠʫʤ ʥʘ 3 ʯʘʩʘ, ʪʦʛʜʘ ʢʘʢ ʦʛʫʨʝʮ ʠʥʦʛʜʘ ʦʩʪʘʚʘʣʩʷ ʥʝʪʨʦʥʫʪʳʤ ʚ 

ʧʨʦʜʦʣʞʝʥʠʠ ʦʜʥʦʛʦ ʜʥʷ (2 ʩʣʫʯʘʷ ʠʟ 8). ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ 

ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʦʙʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʨʦʜʫʢʪʘ ʨʘʩʧʦʟʥʘʶʪʩʷ ʫʣʠʪʢʦʡ ʢʘʢ 

ʧʠʱʘ, ʥʦ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʤʦʨʢʦʚʠ ʙʦʣʝʝ ʥʘʜʸʞʥʦ (ʈʠʩ. 6.2.2ɹ).  

ɺ ʧʨʝʜʳʜʫʱʝʡ ʯʘʩʪʠ ʤʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʫʣʠʪʢʘ ʨʝʘʛʠʨʫʝʪ 

ʚʪʷʛʠʚʘʥʠʝʤ ʠ ʠʟʛʠʙʘʥʠʝʤ ʱʫʧʘʣʝʮ ʚ ʦʪʚʝʪ ʥʘ ʟʘʧʘʭ ʦʛʫʨʮʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʧʦʧʳʪʢʫ ʞʠʚʦʪʥʦʛʦ ʠʟʙʝʞʘʪʴ ʢʦʥʪʘʢʪʘ ʩ ʠʩʪʦʯʥʠʢʦʤ ʵʪʦʛʦ ʟʘʧʘʭʘ. 
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ʈʠʩ. 6.2.1. ʇʨʠʤʝʨʳ ʨʝʛʠʩʪʨʘʮʠʠ ʨʝʘʢʮʠʠ ʱʫʧʘʣʴʮʘ ʫʣʠʪʢʠ Helix lucorum ʚ ʦʪʚʝʪ ʥʘ 

ʘʧʧʣʠʢʘʮʠʶ ʟʘʧʘʭʘ ʤʦʨʢʦʚʠ (ʄʆʈʂ) ʠ ʦʛʫʨʮʘ (ʆɻʋʈ) ʚ ʩʪʫʧʝʥʯʘʪʦ-ʚʦʟʨʘʩʪʘʶʱʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ 2%, 10% ʠ 50% ʦʪ ʥʘʩʳʱʝʥʥʦʡ (ɸ). ɼʣʠʥʘ ʱʫʧʘʣʴʮʘ [AB] ʠ 

ʩʤʝʱʝʥʠʝ ʢʦʥʯʠʢʘ ʱʫʧʘʣʴʮʘ [A0A1] ʠʟʦʙʨʘʞʝʥʳ ʢʘʢ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ.  

ɺʝʨʪʠʢʘʣʴʥʘʷ ʧʨʝʨʳʚʠʩʪʘʷ ʣʠʥʠʷ ʦʪʤʝʯʘʝʪ ʧʠʢʦʚʦʝ ʟʥʘʯʝʥʠʝ ʚʳʟʚʘʥʥʦʛʦ ʟʘʧʘʭʦʤ 

ʩʤʝʱʝʥʠʷ ʢʦʥʯʠʢʘ ʱʫʧʘʣʴʮʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʛʠʙʘ. ɿʚʝʟʜʦʯʢʘʤʠ ʦʪʤʝʯʝʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʜʣʠʥʳ ʱʫʧʘʣʴʮʘ. (ɹ) ʀʟʤʝʥʝʥʠʷ ʚ ʜʣʠʥʝ 

ʱʫʧʘʣʴʮʘ [AB], ʠʟʤʝʨʝʥʥʦʡ ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʦʥʯʠʢʘ ʜʦ ʦʩʥʦʚʘʥʠʷ, 

ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʝ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 2 ʩʝʢ 

ʠʥʪʝʨʚʘʣʦʚ, ʩʫʤʤʠʨʦʚʘʥʥʳʝ ʥʘ ʛʠʩʪʦʛʨʘʤʤʝ ʜʣʷ ʦʪʚʝʪʦʚ ʥʘ ʟʘʧʘʭʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

2%, 10% ʠ 50%. (+) ʀʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʤʠ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʱʫʧʘʣʴʮʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʣʠʥʝ ʱʫʧʘʣʴʮʘ ʜʦ ʘʧʧʣʠʢʘʮʠʠ 

ʟʘʧʘʭʘ ʩ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ p < 0.05 (ʧʘʨʥʳʡ t-ʢʨʠʪʝʨʠʡ, n = 9). (-) ɺʨʝʤʝʥʥʳʝ 

ʠʥʪʝʨʚʘʣʳ ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʣʦ ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʥʳ ʱʫʧʘʣʴʮʘ [AB] ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʜʣʠʥʝ ʱʫʧʘʣʴʮʘ ʜʦ ʘʧʧʣʠʢʘʮʠʠ ʟʘʧʘʭʘ ʩ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ p < 0.05 (ʧʘʨʥʳʡ t-

ʢʨʠʪʝʨʠʡ, n = 9). ɼʣʠʥʫ ʱʫʧʘʣʴʮʘ [AB] ʜʦ ʧʨʝʜʲʷʚʣʝʥʠʷ ʟʘʧʘʭʘ ʧʨʠʥʠʤʘʣʠ ʟʘ 

100%.  
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ɽʩʣʠ ʟʘʧʘʭ ʦʛʫʨʮʘ ʙʫʜʝʪ ʩʦʯʝʪʘʪʴʩʷ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʦʜʢʨʝʧʣʝʥʠʝʤ 

(ʪ.ʝ. ʩ ʧʦʝʜʘʥʠʝʤ ʦʛʫʨʮʘ), ʞʠʚʦʪʥʦʝ ʤʦʛʣʦ ʙʳ ʚʳʫʯʠʪʴ, ʯʪʦ ʵʪʦʪ ʟʘʧʘʭ 

ʧʨʠʥʘʜʣʝʞʠʪ ʧʠʱʝ ʠ ʥʝ ʷʚʣʷʝʪʩʷ ʦʧʘʩʥʳʤ. ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʵʪʫ ʛʠʧʦʪʝʟʫ, 

ʤʳ ʧʦʧʳʪʘʣʠʩʴ ʠʥʚʝʨʪʠʨʦʚʘʪʴ ʚʪʷʛʠʚʘʥʠʝ ʱʫʧʘʣʴʮʘ ʥʘ ʟʘʧʘʭ ʦʛʫʨʮʘ 

ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʚʳʪʷʛʠʚʘʥʠʝ ʱʫʧʘʣʴʮʘ (ʘʥʘʣʦʛʠʯʥʦ ʨʝʘʢʮʠʠ ʥʘ 

ʟʘʧʘʭ ʤʦʨʢʦʚʠ) ʧʫʪʝʤ ʚʳʜʝʨʞʠʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʳ ʫʣʠʪʦʢ ʥʘ 

ʜʠʝʪʝ ʠʟ ʦʛʫʨʮʘ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʤʝʩʷʮʘ. ɿʘʪʝʤ ʤʳ ʩʨʘʚʥʠʚʘʣʠ ʦʪʚʝʪʳ ʚ 

ʛʨʫʧʧʝ ʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ (8 ʫʣʠʪʦʢ) Helix lucorum ʩ ʦʪʚʝʪʘʤʠ 

 

ʈʠʩ. 6.2.2. ʉʛʠʙʘʥʠʷ ʱʫʧʘʣʴʮʘ ʠ ʯʘʩʪʦʪʘ ʧʦʝʜʘʥʠʷ ʧʠʱʠ. (ɸ) ʏʠʩʣʦ ʩʛʠʙʘʥʠʡ, 

ʚʳʟʚʘʥʥʳʭ ʟʘʧʘʭʘʤʠ ʦʛʫʨʮʘ ʠ ʤʦʨʢʦʚʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 10% ʠ 50%, 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʧʦ ʦʙʱʝʤʫ ʯʠʩʣʫ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. (ɹ) ʏʘʩʪʦʪʘ ʩʣʫʯʘʝʚ ʧʦʣʥʦʛʦ 

ʧʦʝʜʘʥʠʷ ʧʠʱʠ, ʧʦʤʝʱʝʥʥʦʡ ʚ ʪʝʨʨʘʨʠʫʤ 6-ʪʠ ʚʟʨʦʩʣʳʤ ʦʩʦʙʷʤ ʥʘ 24 ʯʘʩʘ, 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʧʨʝʜʲʷʚʣʝʥʠʡ.   

 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ (8 ʫʣʠʪʦʢ), ʩʦʜʝʨʞʘʚʰʝʡʩʷ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʥʦ 

ʧʠʪʘʚʰʝʡʩʷ ʢʘʧʫʩʪʦʡ. ʆʪʚʝʪʳ ʱʫʧʘʣʝʮ ʥʘ ʟʘʧʘʭ ʦʛʫʨʮʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10, 

50 (ʈʠʩ. 6.2.2ɸ) ʠ 2% (ʜʘʥʥʳʝ ʥʝ ʧʦʢʘʟʘʥʳ)  ʚ ʛʨʫʧʧʘʭ ʢʦʥʪʨʦʣʴʥʳʭ ʠ 

ʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʨʘʟʣʠʯʘʣʠʩʴ ʥʠ ʥʘ ʦʜʥʦʤ ʠʟ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʚʫʭʩʝʢʫʥʜʥʳʭ ʠʥʪʝʨʚʘʣʘʭ (n = 8, ʥʝʟʘʚʠʩʠʤʳʡ t-

ʢʨʠʪʝʨʠʡ, P > 0.1; ʚʳʙʦʨʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʨʠʪʝʨʠʷʤ ʥʦʨʤʘʣʴʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʨʘʚʝʥʩʪʚʘ ʜʠʩʧʝʨʩʠʡ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʪʷʛʠʚʘʥʠʝ 

ʱʫʧʘʣʴʮʘ ʚ ʦʪʚʝʪ ʥʘ ʟʘʧʘʭ ʦʛʫʨʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʝʟʫʩʣʦʚʥʳʤ ʨʝʬʣʝʢʩʦʤ, ʠ 

ʵʪʦʪ ʟʘʧʘʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʝʛʘʪʠʚʥʳʡ ʬʘʢʪʦʨ ʩʝʥʩʦʨʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ, ʚʳʟʳʚʘʶʱʠʡ ʪʦʛʦ, ʯʪʦ ʦʙʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʨʦʜʫʢʪʘ ʨʘʩʧʦʟʥʘʶʪʩʷ 

ʫʣʠʪʢʦʡ ʢʘʢ ʧʠʱʘ, ʥʦ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʤʦʨʢʦʚʠ ʙʦʣʝʝ ʥʘʜʸʞʥʦ (ʈʠʩ. 6.2.2ɹ).  
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ɺ ʧʨʝʜʳʜʫʱʝʡ ʯʘʩʪʠ ʤʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʫʣʠʪʢʘ ʨʝʘʛʠʨʫʝʪ 

ʚʪʷʛʠʚʘʥʠʝʤ ʠ ʠʟʛʠʙʘʥʠʝʤ ʱʫʧʘʣʝʮ ʚ ʦʪʚʝʪ ʥʘ ʟʘʧʘʭ ʦʛʫʨʮʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʧʦʧʳʪʢʫ ʞʠʚʦʪʥʦʛʦ ʠʟʙʝʞʘʪʴ ʢʦʥʪʘʢʪʘ ʩ ʠʩʪʦʯʥʠʢʦʤ ʵʪʦʛʦ ʟʘʧʘʭʘ. ɽʩʣʠ 

ʟʘʧʘʭ ʦʛʫʨʮʘ ʙʫʜʝʪ ʩʦʯʝʪʘʪʴʩʷ c ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʦʜʢʨʝʧʣʝʥʠʝʤ (ʪ.ʝ. 

ʧʦʝʜʘʥʠʝ ʦʛʫʨʮʘ), ʞʠʚʦʪʥʦʝ ʤʦʛʣʦ ʙʳ ʦʙʫʯʠʪʴʩʷ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʩʪʘʙʠʣʴʥʳʡ ʦʪʚʝʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʦʛʦ ʟʘʧʘʭʘ ʠ ʥʝʟʘʚʠʩʷʱʠʡ 

ʦʪ ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʦʧʳʪʘ.  ʍʦʪʷ ʘʧʧʣʠʢʘʮʠʷ ʟʘʧʘʭʘ ʩ ʧʦʤʦʱʴʶ 

ʦʣʴʬʘʢʪʦʤʝʪʨʘ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 2, 10 ʠ 50% ʥʝ ʧʦʣʥʦʩʪʴʶ 

ʠʤʠʪʠʨʫʝʪ ʟʘʧʘʭ, ʠʩʧʫʩʢʘʝʤʳʡ ʩʚʝʞʠʤ ʢʫʩʦʯʢʦʤ ʧʠʱʠ (ʤʦʨʢʦʚʠ ʠʣʠ 

ʦʛʫʨʮʘ), ʤʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʥʘʰʠ ʦʧʳʪʳ ʦʭʚʘʪʳʚʘʣʠ ʮʝʣʠʢʦʤ ʜʠʘʧʘʟʦʥ 

ʢʦʥʮʝʥʪʨʘʮʠʡ, ʚʦʩʧʨʠʥʠʤʘʝʤʳʭ ʞʠʚʦʪʥʳʤ ʚʦ ʚʨʝʤʷ ʧʨʠʝʤʘ ʧʠʱʠ, ʦʪ 

ʯʫʚʩʪʚʘ ʟʘʧʘʭʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʢʦʛʜʘ ʞʠʚʦʪʥʦʝ ʧʨʠʙʣʠʞʘʣʦʩʴ ʢ ʧʠʱʝ ʜʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʱʫʧʘʣʝʮ ʢ ʦʙʲʝʢʪʫ ʥʘʩʪʦʣʴʢʦ ʙʣʠʟʢʦ, ʯʪʦ ʦʥʠ ʠʥʦʛʜʘ ʧʦʯʪʠ 

ʟʘʜʝʚʘʣʠ ʠʩʪʦʯʥʠʢ ʟʘʧʘʭʘ ʦʙʦʥʷʪʝʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ. ʇʦʜʨʦʙʥʝʝ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʘʢʮʠʡ ʱʫʧʘʣʝʮ ʦʧʠʩʘʥʘ ʚ ʧʨʝʜʳʜʫʱʝʡ 

ʯʘʩʪʠ ʛʣʘʚʳ, ʧʦʩʚʷʱʝʥʥʦʡ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʤ ʟʘʧʘʭʘʤ. 

ʉʭʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʜʨʫʛʦʤ ʚʠʜʝ ʫʣʠʪʦʢ, Cornu 

aspersa ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʛʦ ʞʝ ʧʨʦʪʦʢʦʣʘ ʦʙʫʯʝʥʠʷ. ʇʦʩʣʝ ʚʳʜʝʨʞʠʚʘʥʠʷ 

ʦʙʫʯʝʥʥʦʡ ʛʨʫʧʧʳ ʥʘ ʜʠʝʪʝ ʠʟ ʦʛʫʨʮʘ ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ ʜʠʝʪʝ ʠʟ 

ʢʘʧʫʩʪʳ ʚ ʪʝʯʝʥʠʝ 30 ʜʥʝʡ (ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʧʦ 8 ʫʣʠʪʦʢ), ʤʳ ʥʝ 

ʦʙʥʘʨʫʞʠʣʠ ʨʘʟʥʠʮʳ ʚ ʘʤʧʣʠʪʫʜʝ ʩʦʢʨʘʱʝʥʠʷ ʱʫʧʘʣʝʮ ʤʝʞʜʫ ʞʠʚʦʪʥʳʤʠ 

ʦʙʫʯʝʥʥʦʡ ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧ ʚ ʦʪʚʝʪ ʥʘ ʧʨʝʜʲʷʚʣʝʥʠʝ ʟʘʧʘʭʘ ʦʛʫʨʮʘ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 10% (13.1 Ñ 2.1 ʠ 14.3 Ñ 2.6% ʦʪ ʠʩʭʦʜʥʦʡ ʜʣʠʥʳ ʱʫʧʘʣʴʮʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; t = 0.376, P = 0.713, ʥʝʟʘʚʠʩʠʤʳʡ t-ʢʨʠʪʝʨʠʡ, ʚʳʙʦʨʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʨʠʪʝʨʠʷʤ ʥʦʨʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʨʘʚʝʥʩʪʚʘ 

ʜʠʩʧʝʨʩʠʡ). ɺ ʵʪʠʭ ʩʝʨʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʳ ʪʘʢʞʝ ʩʨʘʚʥʠʚʘʣʠ  ʯʠʩʣʦ 

ʠʟʛʠʙʘʥʠʡ ʱʫʧʘʣʝʮ ʠ ʣʘʪʝʥʪʥʦʩʪʴ ʠʟʛʠʙʘʥʠʷ, ʠ ʪʘʢʞʝ ʥʝ ʦʙʥʘʨʫʞʠʣʠ 

ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʜʚʫʤʷ ʛʨʫʧʧʘʤʠ (ʠʟʛʠʙʘʥʠʷ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʫ 7 ʠʟ 8 ʠ ʫ 

8 ʠʟ 8 ʞʠʚʦʪʥʳʭ ʢʦʥʪʨʦʣʴʥʦʡ ʠ ʦʙʫʯʝʥʥʦʡ ʧʠʪʘʚʰʝʡʩʷ ʦʛʫʨʮʦʤ ʛʨʫʧʧʘʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, P = 0.99; ʢʨʠʪʝʨʠʡ ʍʠ-ʢʚʘʜʨʘʪ; ʣʘʪʝʥʪʥʦʩʪʠ: 3.4 Ñ 0.4 ʩʝʢ, 

3.0 Ñ 0.5 ʩʝʢ; t = -0.447, P = 0.66, ʥʝʟʘʚʠʩʠʤʳʡ t-ʢʨʠʪʝʨʠʡ, ʦʙʫʯʝʥʥʘʷ ʠ 

ʢʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʙʦʨʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʨʠʪʝʨʠʷʤ 

ʥʦʨʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʨʘʚʝʥʩʪʚʘ ʜʠʩʧʝʨʩʠʡ). 
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ʅʘʙʣʶʜʘʚʰʘʷʩʷ ʨʘʟʥʠʮʘ ʚ ʨʝʘʢʮʠʷʭ ʫʣʠʪʢʠ ʥʘ ʤʦʨʢʦʚʴ ʠ ʦʛʫʨʝʮ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʦʚʳʡ ʪʠʧ ʧʠʱʠ ʥʝ ʚʩʝʛʜʘ ʧʨʠʪʷʛʘʪʝʣʝʥ ʜʣʷ 

ʞʠʚʦʪʥʦʛʦ ʜʦ ʪʦʛʦ, ʢʘʢ ʞʠʚʦʪʥʦʝ ʝʛʦ ʧʦʧʨʦʙʦʚʘʣʦ ʠ ʫʧʦʪʨʝʙʠʣʦ ʚ ʧʠʱʫ. 

ɼʘʣʝʝ, ʤʳ ʧʨʝʜʲʷʚʣʷʣʠ ʫʣʠʪʢʘʤ ʢʫʩʦʯʝʢ  ʦʛʫʨʮʘ ʠ ʠʟʤʝʨʷʣʠ ʣʘʪʝʥʪʥʦʩʪʴ 

ʧʝʨʚʦʛʦ ʫʢʫʩʘ ʦʛʫʨʮʘ ʜʦ ʦʙʫʯʝʥʠʷ ʠ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʫʣʠʪʢʘ ʩʲʝʣʘ ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʪʦʡ ʧʠʱʠ, ʘ ʟʘʪʝʤ ʩʨʘʚʥʠʚʘʣʠ ʧʦʣʫʯʝʥʥʳʝ ʣʘʪʝʥʪʥʦʩʪʠ ʩ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ. ʄʳ ʧʨʦʚʝʨʷʣʠ ʥʘʰʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʚ ɻʢʩʧʝʨʠʤʝʥʪʘʭ 

ʩ ʝʜʠʥʠʯʥʳʤ ʧʨʝʜʲʷʚʣʝʥʠʝʤ ʧʦʜʢʨʝʧʣʝʥʠʷ ʥʘ ʪʨʝʭ ʛʨʫʧʧʘʭ ʫʣʠʪʦʢ: ʧʝʨʚʦʡ 

ʛʨʫʧʧʝ ʧʨʝʜʲʷʚʣʷʣʠ ʦʛʫʨʝʮ ʠ ʧʦʟʚʦʣʷʣʠ ʝʛʦ ʢʫʩʘʪʴ ʠ ʛʣʦʪʘʪʴ (ʪ.ʝ. ʧʦʝʜʘʪʴ, 

ʦʙʫʯʝʥʥʘʷ ʛʨʫʧʧʘ), ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʧʨʝʜʲʷʚʣʷʣʠ ʪʦʣʴʢʦ ʟʘʧʘʭ ʦʛʫʨʮʘ ʠ ʥʝ 

ʧʦʟʚʦʣʷʣʠ ʝʛʦ ʝʩʪʴ ʠʣʠ ʪʨʦʛʘʪʴ (ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʘʷ ʛʨʫʧʧʘ), ʠ ʪʨʝʪʝʡ 

ʛʨʫʧʧʝ ʟʘʧʘʭ ʦʛʫʨʮʘ ʥʝ ʧʨʝʜʲʷʚʣʷʣʩʷ ʩʦʚʩʝʤ (ʥʘʠʚʥʘʷ ʛʨʫʧʧʘ ʈʠʩ. 6.2.3ɹ). 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʥʘʤ ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʚ 

ʣʘʪʝʥʪʥʦʩʪʠ ʧʝʨʚʦʛʦ ʫʢʫʩʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʦʧʳʪʦʤ, 

ʚʦʟʥʠʢʰʠʤ ʧʦʩʣʝ ʫʧʦʪʨʝʙʣʝʥʠʷ ʧʠʱʠ, ʘ ʥʝ ʪʦʣʴʢʦ ʦʪʨʘʞʘʝʪ ʧʨʠʚʳʢʘʥʠʝ 

ʫʣʠʪʢʠ ʢ ʨʘʥʝʝ ʥʝʟʥʘʢʦʤʦʤʫ ʟʘʧʘʭʫ.  ɺʳʷʚʣʝʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʨʘʟʣʠʯʠʷ ʚ ʟʥʘʯʝʥʠʷʭ ʤʝʜʠʘʥʳ ʤʝʞʜʫ ʪʨʝʤʷ ʛʨʫʧʧʘʤʠ (ʦʙʫʯʝʥʥʦʡ, 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʠ ʥʘʠʚʥʦʡ) ʦʢʘʟʘʣʠʩʴ ʙʣ̧ʴʰʠʤʠ, ʯʝʤ ʚʳʟʚʘʥʥʳʝ 

ʩʣʫʯʘʡʥʳʤʠ ʩʪʝʯʝʥʠʝʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚ (ʢʨʠʪʝʨʠʡ ʂʨʘʩʢʝʣ-ʋʦʣʣʠʩʘ, 

ʦʜʥʦʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʜʠʩʧʝʨʩʠʠ ʩʫʤʤʳ ʨʘʥʛʦʚ, n = 11, 10, 10 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; p < 0.001). ʇʦʩʣʝʜʫʶʱʘʷ ʧʨʦʮʝʜʫʨʘ ʧʦʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ 

(ʄʝʪʦʜ ɼʘʥʥʘ) ʚʳʷʚʠʣʘ, ʯʪʦ ʦʙʫʯʝʥʥʘʷ ʛʨʫʧʧʘ ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʣʘʩʴ ʢʘʢ ʦʪ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ, ʪʘʢ ʠ ʦʪ ʥʘʠʚʥʦʡ ʛʨʫʧʧ r(p < 0.05, ʈʠʩ. 6.2.3ɹ), ʪʦʛʜʘ 

ʢʘʢ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʘʷ ʠ ʥʘʠʚʥʘʷ ʛʨʫʧʧʳ ʜʦʩʪʦʚʝʨʥʦ ʦʜʥʘ ʦʪ ʜʨʫʛʦʡ ʥʝ 

ʦʪʣʠʯʘʣʠʩʴ. 

ɼʘʣʝʝ, ʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʝʜʲʷʚʣʷʣʠ ʫʣʠʪʢʘʤ ʦʜʠʥʘʢʦʚʳʝ 

ʢʫʩʦʯʢʠ ʤʦʨʢʦʚʠ ʠ ʦʛʫʨʮʘ ʠ ʠʟʤʝʨʷʣʠ ʣʘʪʝʥʪʥʦʩʪʴ ʧʝʨʚʦʛʦ ʫʢʫʩʘ ʜʦ 

ʧʦʝʜʘʥʠʷ ʠ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʫʣʠʪʢʘ ʩʲʝʜʘʣʘ ʥʝʙʦʣʴʰʫʶ ʧʦʨʮʠʶ ʵʪʦʡ ʝʜʳ. 

ʂʘʞʜʫʶ ʫʣʠʪʢʫ ʦʙʫʯʘʣʠ ʠ ʥʘ ʤʦʨʢʦʚʴ, ʠ ʥʘ ʦʛʫʨʝʮ. 50% ʫʣʠʪʦʢ ʧʦʣʫʯʘʣʠ 

ʩʥʘʯʘʣʘ ʦʛʫʨʝʮ ʠ ʧʦʪʦʤ ʯʝʨʝʟ 2 ʯʘʩʘ ʤʦʨʢʦʚʴ. ɼʨʫʛʠʝ 50% ʫʣʠʪʦʢ ʧʦʣʫʯʘʣʠ 

ʩʥʘʯʘʣʘ ʤʦʨʢʦʚʴ, ʘ ʧʦʪʦʤ ʦʛʫʨʝʮ ʯʝʨʝʟ 2 ʯʘʩʘ ʜʣʷ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʘ 

ʧʦʨʷʜʢʘ ʧʨʝʜʲʷʚʣʝʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʧʠʱʝʚʦʛʦ   ʧʦʚʝʜʝʥʠʷ   ʚʳʩʰʝʤʫ   ʥʘʟʝʤʥʦʤʫ   ʤʦʣʣʶʩʢʫ   ʥʝʦʙʭʦʜʠʤʦ  
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ʈʠʩ. 6.2.3. ʇʦʚʝʜʝʥʯʝʩʢʠʝ ʦʪʚʝʪʳ ʥʘ ʤʦʨʢʦʚʴ ʠ ʦʛʫʨʝʮ ʫ ʥʘʠʚʥʳʭ ʠ ʦʙʫʯʝʥʥʳʭ ʩ 

ʧʦʟʠʪʠʚʥʳʤ ʧʦʜʢʨʝʧʣʝʥʠʝʤ ʞʠʚʦʪʥʳʭ. (ɸ) ɺʪʷʛʠʚʘʥʠʝ ʱʫʧʘʣʴʮʘ ʚ ʢʦʥʪʨʦʣʴʥʦʡ 

ʛʨʫʧʧʝ (ʧʠʪʘʚʰʝʡʩʷ ʢʘʧʫʩʪʦʡ) ʠ ʦʙʫʯʝʥʥʦʡ ʛʨʫʧʧʝ (ʧʠʪʘʚʰʝʡʩʷ ʦʛʫʨʮʦʤ) ʥʘ 

ʘʧʧʣʠʢʘʮʠʶ ʟʘʧʘʭʘ ʦʛʫʨʮʘ. (ɹ) ʉʨʝʜʥʠʝ ʣʘʪʝʥʪʥʦʩʪʠ ʧʝʨʚʦʛʦ ʫʢʫʩʘ ʫ ʪʨʝʭ ʛʨʫʧʧ 

ʚʟʨʦʩʣʳʭ ʫʣʠʪʦʢ Helix lucorum; ʧʝʨʚʫ  ʁʛʨʫʧʧʫ ʦʙʫʯʘʣʠ ʧʦ ʧʘʨʘʜʠʛʤʝ ʦʜʥʦʢʨʘʪʥʦʛʦ 

ʧʦʜʢʨʝʧʣʝʥʠʷ (ʧʨʝʜʲʷʚʣʷʣʠ ʟʘʧʘʭ ʦʛʫʨʮʘ ʠ ʧʦʟʚʦʣʷʣʠ ʝʛʦ ʝʩʪʴ) ʠ ʟʘʪʝʤ ʩʨʘʚʥʠʚʘʣʠ 

ʩ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʛʨʫʧʧʦʡ (ʧʨʝʜʲʷʚʣʷʣʠ ʟʘʧʘʭ ʦʛʫʨʮʘ, ʥʦ ʥʝ ʧʦʟʚʦʣʷʣʠ ʝʩʪʴ 

ʦʛʫʨʝʮ) ʠ ʥʘʠʚʥʦʡ ʛʨʫʧʧʦʡ (ʥʝʟʥʘʢʦʤʳʝ ʩ ʟʘʧʘʭʦʤ ʦʛʫʨʮʘ ʠ ʥʝ ʝʚʰʠʝ ʦʛʫʨʝʮ). (ɺi) 

ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫʣʠʪʢʠ, ʧʨʠʥʠʤʘʶʱʝʡ ʠ ʢʫʩʘʶʱʝʡ ʦʛʫʨʝʮ (ʩʚʝʨʭʫ) ʠʣʠ 

ʦʪʢʘʟʳʚʘʶʱʝʡʩʷ ʦʪ ʥʝʛʦ (ʩʥʠʟʫ). (ɺii) ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʛʠʩʪʦʛʨʘʤʤʳ ʯʘʩʪʦʪ 

ʣʘʪʝʥʪʥʦʩʪʝʡ ʧʝʨʚʦʛʦ ʫʢʫʩʘ ʥʘ 10 ʩʝʢ ʠʥʪʝʨʚʘʣʘʭ, ʠʟʤʝʨʝʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ 

ʧʨʝʜʲʷʚʣʝʥʠʷ ʟʘʧʘʭʘ ʦʛʫʨʮʘ ʠʣʠ ʤʦʨʢʦʚʠ ʫ ʞʠʚʦʪʥʳʭ ʜʦ ʧʦʝʜʘʥʠʷ ʢʫʩʦʯʢʘ ʦʛʫʨʮʘ 

ʠʣʠ ʤʦʨʢʦʚʠ ʠ 24 ʯʘʩʘ ʧʦʩʣʝ ʩʲʝʜʘʥʠʷ ʢʫʩʦʯʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʝʨʳʚʠʩʪʳʝ ʣʠʥʠʠ 
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ʦʙʦʟʥʘʯʘʶʪ ʤʝʜʠʘʥʫ ʚʳʙʦʨʢʠ. ʉʠʤʚʦʣ (ά) ʦʪʤʝʯʘʝʪ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʧʠʱʘ ʙʳʣʘ 

ʠʟʥʘʯʘʣʴʥʦ ʦʪʚʝʨʛʥʫʪʘ. ʆʪʢʘʟʳ ʟʘʩʯʠʪʳʚʘʣʠ, ʢʦʛʜʘ ʣʘʪʝʥʪʥʦʩʪʴ ʚʟʷʪʠʷ ʧʨʝʚʳʰʘʣʘ 

ʫʜʚʦʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʝʜʠʘʥʳ, ʜʘʞʝ ʝʩʣʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʫʣʠʪʢʘ ʙʨʘʣʘ ʧʠʱʫ. (ɻ) 

ʉʨʝʜʥʠʝ ʣʘʪʝʥʪʥʦʩʪʠ ʧʝʨʚʦʛʦ ʫʢʫʩʘ ʧʠʱʠ ʫ ʚʟʨʦʩʣʳʭ ʫʣʠʪʦʢ Helix lucorum ʫ 

ʦʙʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʠʚʥʳʤʠ ʞʠʚʦʪʥʳʤʠ (ʪʝʤʠ ʞʝ ʩʘʤʳʤʠ) ʜʦ 

ʪʦʛʦ, ʢʘʢ ʦʥʠ ʙʳʣʠ ʦʙʫʯʝʥʳ ʧʦ ʧʘʨʘʜʠʛʤʝ ʩ ʦʜʠʥʦʯʥʳʤ ʧʦʜʢʨʝʧʣʝʥʠʝʤ, ʢʦʛʜʘ ʠʤ 

ʨʘʟʨʝʰʘʣʠ ʩʲʝʩʪʴ ʢʫʩʦʯʝʢ ʤʦʨʢʦʚʠ ʠʣʠ ʦʛʫʨʮʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʪʦʨʳʝ ʠʤ ʜʦ ʪʦʛʦ 

ʙʳʣʠ ʥʝʟʥʘʢʦʤʳ ʢʘʢ ʧʠʱʘ (11 ʫʣʠʪʦʢ, ʩʨʝʜʥʝʝ Ñ ʟʥʘʯʝʥʠʝ SEM). (ɼ) ʉʨʝʜʥʷ ̫

ʣʘʪʝʥʪʥʦʩʪ ɹʧʝʨʚʦʛʦ ʫʢʫʩʘ ʫ ʥʘʠʚʥʳʭ ʶʚʝʥʠʣʴʥʳʭ ʫʣʠʪʦʢ Cornu aspersa ʜʦ ʠ ʧʦʩʣʝ 

ʫʧʦʪʨʝʙʣʝʥʠʷ ʚ ʧʠʫɦ ʤʘʣʝʥʴʢʦʛʦ ʢʫʩʦʯʢʘ ʤʦʨʢʦʚʠ (24 ʫʣʠʪʢʠ, ʩʨʝʜʥʝʝ Ñ ʟʥʘʯʝʥʠʝ 

SEM). 

 

ʧʨʠʮʝʣʴʥʦʝ ʦʪʢʫʩʳʚʘʥʠʝ ʧʠʱʠ ʨʪʦʤ ʠ ʛʫʙʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ 

ʣʘʪʝʥʪʥʦʩʪʴ ʧʝʨʚʦʛʦ ʫʢʫʩʘ ʧʠʱʠ ʫ ʤʦʣʣʶʩʢʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʚʨʝʤʝʥʠ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʞʠʚʦʪʥʦʤʫ, ʯʪʦʙʳ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʝʜʫ, ʧʣʶʩ ʚʨʝʤʷ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪ ɹʘʢʪʘ ʦʪʢʫʩʳʚʘʥʠʷ ʧʠʱʠ ʢʘʢ ʪʘʢʦʚʦʛʦ. ʄʳ ʧʦʣʘʛʘʣʠ 

ʚʨʝʤʷ ʜʝʪʝʢʮʠʠ ʟʘʧʘʭʘ ʧʠʠɦ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤ ʜʣʷ ʦʙʦʠʭ ʚʠʜʦʚ ʧʠʱʠ, 

ʪʦʛʜʘ ʢʘʢ ʚʨʝʤʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʘʢʪʘ ʢʫʩʘʥʠʷ ʤʦʛʣʠ 

ʦʪʨʘʞʘʪʴ ʧʨʠʪʷʛʘʪʝʣʴʥʦʩʪʴ ʧʨʝʜʲʷʚʣʷʚʰʝʛʦʩʷ ʚʠʜʘ ʧʠʱʠ.  ɼʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʠʪʝʨʠʷ ʣʘʪʝʥʪʥʦʩʪʠ ʚ ʧʘʨʘʜʠʛʤʝ ʦʙʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʙʳʣʦ ʦʪʙʨʘʩʳʚʘʪʴ ʠʟ ʚʳʙʦʨʢʠ ʪʝ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʫʣʠʪʢʘ ʥʝ ʙʨʘʣʘ ʧʠʱʫ 

(ʧʨʠʤʝʨ ʥʘ  ʈʠʩ. 6.2.3ɺi). ɼʘʞʝ ʢʦʛʜʘ ʫʣʠʪʢʠ ʚʦʟʚʨʘʱʘʣʠʩʴ ʢ ʧʠʱʝ ʧʦʩʣʝ 

ʠʩʭʦʜʥʦʛʦ ʦʪʢʘʟʘ ʧʦʚʪʦʨʥʦ, ʣʘʪʝʥʪʥʦʩʪʴ ʚʟʷʪʠʷ ʧʠʱʠ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ 

ʧʨʝʚʳʰʘʣʘ ʤʝʜʠʘʥʫ ʠ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʷʚʥʦ ʚʳʧʘʜʘʣʠ ʠʟ ʦʙʱʝʡ ʚʳʙʦʨʢʠ 

(ʧʨʠʤʝʨ ʥʘ ʈʠʩ. 6.2.3ɺii). ɺ ʛʨʫʧʧʝ ʠʟ 23 ʫʣʠʪʦʢ (ʦʜʥʘ ʫʣʠʪʢʘ ʦʪʢʘʟʘʣʘʩʴ ʦʪ 

ʝʜʳ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʘʥʥʳʡ ʙʳʣʠ ʦʪʙʨʦʰʝʥʳ)  ʣʘʪʝʥʪʥʦʩʪʴ ʫʢʫʩʘ 

ʦʛʫʨʮʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʣʘʩʴ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʞʠʚʦʪʥʳʝ ʫʧʦʪʨʝʙʠʣʠ ʚ 

ʧʠʱʫ ʢʫʩʦʯʢʠ ʦʛʫʨʮʘ, ʪ.ʝ. ʧʦʣʫʯʠʣʠ ʝʜʠʥʠʯʥʦʝ ʧʦʜʢʨʝʧʣʝʥʠʝ,  ʢʦʛʜʘ ʦʥʠ 

ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʧʦʩʣʝ ʵʪʦʛʦ (53.7 Ñ 4.0 ʩ ʜʦ 

ʦʙʫʯʝʥʠʷ, 37.6 Ñ 2.5 ʩ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ, ʢʨʠʪʝʨʠʡ ʩʫʤʤʳ ʨʘʥʛʦʚ ʄʘʥʥʘ-

ʋʠʪʥʠ, p < 0.002, n = 23, ʈʠʩ. 6.2.3ɻ). ʊʝ ʞʝ ʫʣʠʪʢʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʜʦʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʣʘʪʝʥʪʥʦʩʪʠ ʫʢʫʩʘ ʤʦʨʢʦʚʠ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʦʣʫʯʠʣʠ 

ʧʦʜʢʨʝʧʣʝʥʠʝ ʚ ʚʠʜʝ ʢʫʩʦʯʢʘ ʤʦʨʢʦʚʠ (42.8 Ñ 2.8 ʩʝʢ ʜʦ ʦʙʫʯʝʥʠʷ, 34.0 Ñ 3.0 

ʩ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ, ʢʨʠʪʝʨʠʡ ʩʫʤʤʳ ʨʘʥʛʦʚ ʄʘʥʥʘ-ʋʠʪʥʠ, p < 0.02, n = 23). 

ɼʦ ʧʨʠʦʙʨʝʪʝʥʠʷ ʦʧʳʪʘ ʧʦʪʨʝʙʣʝʥʠʷ ʧʠʱʠ ʫʣʠʪʢʠ ʩʦʛʣʘʰʘʣʠʩʴ ʦʪʢʫʩʠʪʴ 

ʢʘʢ ʤʦʨʢʦʚʴ, ʪʘʢ ʠ ʦʛʫʨʝʮ, ʦʜʥʘʢʦ ʣʘʪʝʥʪʥʦʩʪʴ ʚʟʷʪʠʷ ʦʛʫʨʮʘ ʙʳʣʘ 

ʜʦʩʪʦʚʝʨʥʦ ʜʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʲʷʚʣʝʥʠʷʤʠ ʤʦʨʢʦʚʠ (ʢʨʠʪʝʨʠʡ 
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ʩʫʤʤʳ ʨʘʥʛʦʚ ʄʘʥʥʘ-ʋʠʪʥʠ, p < 0.03, n = 23, ʈʠʩ. 6.2.3ɻ). ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʣʘʪʝʥʪʥʦʩʪʷʤʠ ʚʟʷʪʠʷ ʦʛʫʨʮʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʣʘʪʝʥʪʥʦʩʪʷʤʠ ʚʟʷʪʠʷ ʤʦʨʢʦʚʠ ʥʝ ʥʘʙʣʶʜʘʣʠ (ʢʨʠʪʝʨʠʡ ʩʫʤʤʳ ʨʘʥʛʦʚ 

ʄʘʥʥʘ-ʋʠʪʥʠ, P = 0.34, n = 23).   

ʄʳ ʪʘʢʞʝ ʪʝʩʪʠʨʦʚʘʣʠ ʤʦʣʦʜʳʭ ʫʣʠʪʦʢ (7 ʜʥ. ʚʦʟʨʘʩʪʘ) Cornu aspersa 

(ʛʨʫʧʧʘ ʠʟ 24 ʞʠʚʦʪʥʳʭ ʠʟ ʣʘʙʦʨʘʪʦʨʥʦʡ ʢʦʣʦʥʠʠ, ʥʝ ʚʩʪʨʝʯʘʚʰʠʭ ʨʘʥʝʝ ʥʠ 

ʤʦʨʢʦʚʠ, ʥʠ ʦʛʫʨʮʘ) ʠ ʠʟʤʝʨʷʣʠ ʣʘʪʝʥʪʥʦʩʪʴ ʧʝʨʚʦʛʦ ʫʢʫʩʘ ʜʦ ʫʧʦʪʨʝʙʣʝʥʠʷ 

ʫʣʠʪʢʦʡ ʚ ʧʠʫɦ ʥʝʙʦʣʴʰʦʛʦ ʢʫʩʦʯʢʘ ʤʦʨʢʦʚʠ ʠʣʠ ʦʛʫʨʮʘ ʠ ʧʦʩʣʝ ʝʛʦ 

ʧʦʝʜʘʥʠʷ (ʈʠʩ. 6.2.3ɼ). ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʣʦʜʳʝ ʫʣʠʪʢʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ ʧʠʱʝʚʦʤʫ ʧʨʝʜʧʦʯʪʝʥʠʶ 

(Croll and Chase, 1980). ʇʦʯʪʠ ʚʩʝ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʝ ʫʣʠʪʢʠ ʢʫʩʘʣʠ ʤʦʨʢʦʚʴ 

ʚ ʧʝʨʚʦʤ ʧʨʝʜʲʷʚʣʝʥʠʠ (n = 23/24, ʠʣʠ 96%, ʦʜʠʥ ʦʪʢʘʟ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʯʠʩʣʦ ʫʣʠʪʦʢ, ʦʪʢʫʩʠʚʰʠʭ ʦʛʫʨʝʮ ʚ ʧʝʨʚʦʤ ʧʨʝʜʲʷʚʣʝʥʠʠ, ʙʳʣʦ ʤʝʥʴʰʝ 

(17/24, ʠʣʠ 71%, ʩʝʤʴ ʦʪʢʘʟʦʚ). ʆʪʢʘʟʳ ʦʪ ʤʦʨʢʦʚʠ ʠ ʦʛʫʨʮʘ ʧʨʝʜʩʪʘʚʣʷʣʠ 

ʩʦʙʦʡ ʥʝʟʘʚʠʩʠʤʳʝ ʩʦʙʳʪʠʷ ʩʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʶ ʍʠ-ʢʚʘʜʨʘʪ (p < 0.01). ɼʦ 

ʧʦʣʫʯʝʥʠʷ ʧʠʱʝʚʦʛʦ ʧʦʜʢʨʝʧʣʝʥʠʷ 17 ʫʣʠʪʦʢ, ʦʪʢʫʩʠʚʰʠʭ ʤʦʨʢʦʚʴ ʠ ʦʛʫʨʝʮ 

ʚ ʧʝʨʚʦʤ ʧʨʝʜʲʷʚʣʝʥʠʠ,  ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʣʘʪʝʥʪʥʦʩʪʴ 

ʚʟʷʪʠʷ ʦʛʫʨʮʘ (17.9 Ñ 2.2 ʩʝʢ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʘʪʝʥʪʥʦʩʪʴʶ ʚʟʷʪʠʷ ʤʦʨʢʦʚʠ 

(8.9 Ñ 0.6 ʩʝʢ, ʢʨʠʪʝʨʠʡ ʩʫʤʤʳ ʨʘʥʛʦʚ ʄʘʥʥʘ-ʋʠʪʥʠ, p < 0.002; ʈʠʩ. 6.2.3ɼ). 

ʏʝʨʝʟ ʜʝʥʴ ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʫʣʠʪʢʠ ʧʦʧʨʦʙʦʚʘʣʠ ʢʫʩʦʯʝʢ ʤʦʨʢʦʚʠ ʠʣʠ ʦʛʫʨʮʘ, 

ʫʣʠʪʢʠ ʙʳʣʠ ʩʥʦʚʘ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʠ ʦʙʥʘʨʫʞʠʣʦʩʴ, ʯʪʦ ʣʘʪʝʥʪʥʦʩʪʴ ʚʟʷʪʠʷ 

ʧʠʱʠ ʜʣʷ ʦʛʫʨʮʘ ʜʦʩʪʦʚʝʨʥʦ ʫʤʝʥʴʰʠʣʘʩʴ (10.6 Ñ 1.5 ʩʝʢ) ʠ ʜʦʩʪʦʚʝʨʥʦ 

ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʣʘʪʝʥʪʥʦʩʪʠ ʚʟʷʪʠʷ ʜʦ ʧʝʨʚʦʛʦ ʫʧʦʪʨʝʙʣʝʥʠʷ ʦʛʫʨʮʘ ʚ ʧʠʱʫ 

(ʢʨʠʪʝʨʠʡ ʩʫʤʤʳ ʨʘʥʛʦʚ ʄʘʥʥʘ-ʋʠʪʥʠ, p < 0.002). ʃʘʪʝʥʪʥʦʩʪʴ ʚʟʷʪʠʷ 

ʤʦʨʢʦʚʠ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʠʟʤʝʥʠʣʘʩʴ (8.4 Ñ 0.5 ʩʝʢ; ʢʨʠʪʝʨʠʡ ʩʫʤʤʳ ʨʘʥʛʦʚ 

ʄʘʥʥʘ-ʋʠʪʥʠ, P = 0.43).  
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6.3. ʆʙʩʫʞʜʝʥʠʝ. 

 

6.3.1. ʈʦʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʩʮʠʣʣʷʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʘʢʪʠʚʥʦʩʪʠ ʦʪʜʝʣʴʥʦʛʦ ʥʝʡʨʦʥʘ ʚ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʝ ʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ. 

 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʤʳ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ 

ʘʥʘʣʠʟ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʦʣʣʶʩʢʘ, ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ 3D 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʞʝʥʠʡ ʱʫʧʘʣʝʮ, ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ 

ʩʚʷʟʳʚʘʝʪ ʠʭ ʩ ʦʩʮʠʣʣʷʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʎʅʉ. ʄʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʘʢʪʠʚʥʳʝ ʜʚʠʞʝʥʠʷ ʱʫʧʘʣʴʮʘ ʫʣʠʪʢʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʝʥʩʦʨʥʦʛʦ ʵʧʠʪʝʣʠʷ ʩ ʟʘʧʘʭʘʤʠ. ʄʳ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ 

ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʤʦʟʛʘ ʫʣʠʪʦʢ ï ʧʨʦʮʝʨʝʙʨʫʤ - ʤʦʞʝʪ 

ʤʦʜʫʣʠʨʦʚʘʪʴ ʤʦʪʦʨʥʳʡ ʢʦʥʪʨʦʣʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʠʚʥʦʩʪʴ ʦʙʦʥʷʪʝʣʴʥʳʭ ʠʥʪʝʨʥʝʡʨʦʥʦʚ ʥʝ ʪʦʣʴʢʦ 

ʦʪʨʘʞʘʝʪ ʧʘʨʘʤʝʪʨʳ ʩʪʠʤʫʣʘ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ (Kleinfeld et al., 

1994), ʥʦ ʪʘʢʞʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ 

ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʦʨʠʝʥʪʘʮʠʠ ʧʦ ʟʘʧʘʭʘʤ. 

ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʩʢʘʥʠʨʫʶʱʠʝ ʜʚʠʞʝʥʠʷ ʱʫʧʘʣʝʮ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʦʠʩʭʦʜʷʪ ʢʘʢ ʩʧʦʥʪʘʥʥʦ, ʪʘʢ ʠ ʧʦʩʣʝ ʧʨʝʜʲʷʚʣʝʥʠʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʟʘʧʘʭʦʚ. ʕʪʠ ʘʢʪʠʚʥʳʝ ʩʢʘʥʠʨʫʶʱʠʝ ʜʚʠʞʝʥʠʷ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʘʣʠʯʠʠ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʘʢʪʫʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʧʘʭʘ. ʋʜʘʣʝʥʠʝ 

ʦʜʥʦʛʦ ʠʟ ʱʫʧʘʣʝʮ ʦʢʘʟʳʚʘʣʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʥʘ ʘʢʢʫʨʘʪʥʦʩʪʴ 

ʦʨʠʝʥʪʘʮʠʠ ʧʦ ʟʘʧʘʭʫ ʚ ʦʪʢʨʳʪʦʤ ʧʦʣʝ, ʥʦ ʧʨʠʚʦʜʠʣʦ ʢ ʢʨʫʛʦʚʳʤ 

ʧʝʨʝʤʝʱʝʥʠʷʤ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ ʟʘʧʘʭʘ (Chase & Croll, 1981). ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʩʢʘʥʠʨʫʶʱʠʝ ʜʚʠʞʝʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʝ ʥʘ ʫʤʝʥʴʰʝʥʠʝ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʦʨʛʘʥʦʚ ʦʙʦʥʷʥʠʷ ʜʦ ʟʘʧʘʭʦʚ ʚʦ ʚʨʝʤʷ ʦʨʠʝʥʪʘʮʠʠ ʚ ʧʦʪʦʢʘʭ 

ʟʘʧʘʭʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʟʘʧʘʭʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝʨʘʚʥʦʤʝʨʥʦ, 

ʨʘʩʩʝʠʚʘʷʩʴ ʠ ʜʚʠʛʘʷʩʴ ʚʤʝʩʪʝ ʩ ʬʣʫʢʪʫʘʮʠʷʤʠ ʚʦʟʜʫʭʘ (Hopfield, 1991). 

ʇʦʩʪʦʷʥʥʳʝ ʩʢʘʥʠʨʫʶʱʠʝ ʜʚʠʞʝʥʠʷ ʱʫʧʘʣʝʮ ʤʦʛʫʪ ʦʙʣʝʛʯʠʪʴ ʠ ʩʜʝʣʘʪʴ 

ʙʦʣʝʝ ʘʢʢʫʨʘʪʥʳʤ ʦʨʠʝʥʪʘʮʠʶ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʢ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʤʫ ʟʘʧʘʭʫ ʠʣʠ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʝʥʥʫʶ ʩʪʦʨʦʥʫ ʦʪ ʥʝʛʘʪʠʚʥʦʛʦ 

ʨʝʧʝʣʣʝʥʪʘ. ʊʝʥʪʘʢʫʣʷʨʥʳʝ ʜʚʠʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢʘʢ ʤʦʜʝʣʴ 
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ʘʢʪʠʚʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʷʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʪʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʥʦ ʥʘ ʚʦʩʧʨʠʷʪʠʠ ʩ ʧʦʤʦʱʴʶ ʘʥʪʝʥʥʳ ʫ ʦʤʘʨʘ (Atema, 1995; Koehl 

et al., 2001) ʠ ʫ ʤʦʪʳʣʴʢʦʚ (Vickers, 2000). 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚʪʷʛʠʚʘʥʠʷ ʱʫʧʘʣʝʮ ʚ ʦʪʚʝʪ ʥʘ ʟʘʧʘʭʠ ʤʦʛʫʪ 

ʙʳʪʴ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: (1) ʥʠʟʢʦ ʣʘʪʝʥʪʥʳʝ ʢʠʚʢʠ, 

ʩʦʧʨʦʚʦʞʜʘʝʤʳʝ ʥʘʯʘʣʴʥʳʤ ʩʦʢʨʘʱʝʥʠʝʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʪʷʛʠʚʘʥʠʝʤ 

ʱʫʧʘʣʴʮʘ (ʮʠʥʝʦʣ, ʙʝʥʟʘʣʴʜʝʛʠʜ 10% ʠ 30%); (2) ʢʠʚʢʠ ʩ ʙʦʣʴʰʦʡ 

ʣʘʪʝʥʪʥʦʩʪʴʶ, ʩʦʧʨʦʚʦʞʜʘʝʤʳʝ ʥʝʙʦʣʴʰʠʤ ʥʘʯʘʣʴʥʳʤ ʩʦʢʨʘʱʝʥʠʝʤ ʠ 

ʛʨʘʜʫʘʣʴʥʳʤ ʤʝʜʣʝʥʥʳʤ ʥʝʧʦʣʥʳʤ ʚʪʷʛʠʚʘʥʠʝʤ (ʙʦʣʝʝ ʩʣʘʙʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʧʘʭʦʚ). ʇʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʩʪʠʤʫʣʳ ʪʨʝʙʫʶʪ ʙʦʣʝʝ 

ʙʳʩʪʨʦʡ ʨʝʘʢʮʠʠ, ʧʦʵʪʦʤʫ ʦʪʚʝʪʳ ʩ ʢʦʨʦʪʢʦʡ ʣʘʪʝʥʪʥʦʩʪʴʶ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʣʥʳʤ ʚʪʷʛʠʚʘʥʠʝʤ ʱʫʧʘʣʴʮʘ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʫʢʘʟʘʥʠʝʤ 

ʥʘ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. ɺ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʧʦʣʥʦʝ ʚʪʷʛʠʚʘʥʠʝ ʱʫʧʘʣʴʮʘ ʙʳʣʦ ʟʘʤʝʯʝʥʦ ʪʦʣʴʢʦ ʥʘ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʝ 

ʟʘʧʘʭʠ, ʥʦ ʥʠʢʦʛʜʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘ ʥʘʪʫʨʘʣʴʥʳʝ ʧʠʱʝʚʳʝ. ʆʜʥʘʢʦ, 

ʨʝʘʢʮʠʷ ʩʦʢʨʘʱʝʥʠʷ ʤʘʥʪʠʠ ʠ ʧʦʣʥʦʝ ʚʪʷʛʠʚʘʥʠʝ ʱʫʧʘʣʴʮʘ ʚ ʦʪʚʝʪ ʥʘ  

ʥʘʪʫʨʘʣʴʥʳʡ ʨʝʧʝʣʣʝʥʪ ï ʟʘʧʘʭ ʯʝʩʥʦʢʘ ï ʙʳʣʦ ʥʝʜʘʚʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʩʣʠʟʥʷʭ (Inoue et al. 2004). Lemaire & Chase (1998) 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʦʣʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʱʫʧʘʣʴʮʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʠʥʘʣʦʣʘ, 

ʷʚʣʷʶʱʝʛʦʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʠʱʝʚʦʛʦ ʟʘʧʘʭʘ. ʇʨʠʩʫʪʩʪʚʠʝ 

ʧʠʱʝʚʳʭ ʟʘʧʘʭʦʚ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ 

ʚʨʘʞʜʝʙʥʦʤ ʦʢʨʫʞʝʥʠʠ ʠ ʟʘʩʪʘʚʣʷʝʪ ʫʣʠʪʦʢ ʙʳʩʪʨʦ ʠ ʧʦʣʥʦʩʪʴʶ ʚʪʷʛʠʚʘʪʴ 

ʱʫʧʘʣʴʮʘ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʯʝʩʪʚʘ ʩʘʤʦʛʦ ʟʘʧʘʭʘ. ɼʦʣʛʦʚʨʝʤʝʥʥʦʝ 

ʥʝʙʦʣʴʰʦʝ ʩʦʢʨʘʱʝʥʠʝ ʱʫʧʘʣʴʮʘ ʚ ʦʪʚʝʪ ʥʘ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʧʘʭʘ 

ʤʦʞʝʪ ʙʳʪʴ ʚʘʞʥʦ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʟʘʧʘʭʘ, ʪʦʛʜʘ ʢʘʢ ʚʳʟʚʘʥʥʦʝ ʥʝʡʨʦʥʦʤ MtC3 ʚʪʷʛʠʚʘʥʠʝ 

ʪʝʥʪʘʢʫʣʷʨʥʦʛʦ ʨʝʪʨʘʢʪʦʨʘ ʤʦʞʝʪ ʚʥʦʩʠʪʴ ʚʝʩʦʤʳʡ ʚʢʣʘʜ ʚ ʵʪʦʪ ʧʨʦʮʝʩʩ. 

ʄʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʢʠʚʦʢ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʦʤ 

ʱʫʧʘʣʴʮʝ ʠ ʦʙʦʥʷʪʝʣʴʥʦʤ ʦʨʛʘʥʝ, ʣʠʰʝʥʥʦʤ ʤʳʰʮʳ-ʨʝʪʨʘʢʪʦʨʘ ʠ 

ʘʬʬʝʨʝʥʪʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦ ʩʪʦʨʦʥʳ ʎʅʉ. ʉʨʝʜʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʜʚʠʞʝʥʠʡ ʱʫʧʘʣʴʮʘ ʢʠʚʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʘʚʪʦʥʦʤʥʳʤ, ʠ ʝʛʦ 

ʘʤʧʣʠʪʫʜʘ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʧʘʭʘ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ 

ʵʪʦʤʫ, ʚʪʷʛʠʚʘʥʠʝ ʱʫʧʘʣʴʮʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʤʫ ʨʘʟʨʷʜ ʚ MtC3 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʷʩʥʦ ʚʳʨʘʞʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ. 
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ɺʦʣʦʢʥʘ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʥʝʨʚʘ ʦʙʨʘʟʫʶʪ ʤʦʥʦʩʠʥʘʧʪʠʯʝʩʢʠʝ ʩʚʷʟʠ ʢʘʢ 

ʩ MtC3, ʪʘʢ ʠ ʩ ʥʝʡʨʦʥʘʤʠ ʧʨʦʮʝʨʝʙʨʫʤʘ (Chase & Hall, 1996). ʋ ʥʘʟʝʤʥʳʭ 

ʤʦʣʣʶʩʢʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʘ ʘʬʬʝʨʝʥʪʥʳʭ ʧʫʪʠ 

ʦʙʦʥʷʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ: ʧʝʨʚʳʡ (ʚʢʣʶʯʘʶʱʠʡ ʧʨʦʮʝʨʝʙʨʫʤ) ʜʣʷ ʟʘʧʘʭʦʚ 

ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʠʤʝʶʱʠʭ ʦʪʥʦʰʝʥʠʝ ʢ ʦʙʫʯʝʥʠʶ; ʠ ʚʪʦʨʦʡ 

(ʥʝʟʘʚʠʩʠʤʳʡ ʦʪ ʧʨʦʮʝʨʝʙʨʫʤʘ) ʜʣʷ ʟʘʧʘʭʦʚ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʨʝʧʝʣʣʝʥʪʦʚ (ʈʠʩ. 6.3.1). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʮʝʨʝʙʨʫʤ ʫʯʘʩʪʚʫʝʪ ʚ 

ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʟʘʧʘʭʦʚ, ʥʦ ʥʝ ʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (Teyke & Gelperin, 1999). ɺ 

ʝʛʦ ʩʦʩʪʘʚ ʚʭʦʜʠʪ ʜʦ 80% ʚʩʝʭ ʥʝʡʨʦʥʦʚ ʎʅʉ, ʠ ʵʪʦ ʩʘʤʘʷ  

 

ʈʠʩ. 6.3.1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙʦʥʷʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʩ ʧʦʤʦʱʴʶ 

ʱʫʧʘʣʝʮ ʫ ʥʘʟʝʤʥʳʭ ʤʦʣʣʶʩʢʦʚ. ʉʦʢʨʘʱʝʥʠʝ ʱʫʧʘʣʴʮʘ ʪʨʝʙʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʘʬʬʝʨʝʥʪʥʳʭ ʧʫʪʝʡ ʧʨʦʚʝʜʝʥʠʷ ʦʙʦʥʷʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ: 

ʧʝʨʚʳʡ (ʚʢʣʶʯʘʶʱʠʡ ʧʨʦʮʝʨʝʙʨʫʤ) ʜʣʷ ʟʘʧʘʭʦʚ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʧʠʱʝʚʳʤʠ ʩʪʠʤʫʣʘʤʠ, ʠ ʚʪʦʨʦʡ, 

(ʥʝʟʘʚʠʩʠʤʳʡ ʦʪ ʧʨʦʮʝʨʝʙʨʫʤʘ) ʜʣʷ ʟʘʧʘʭʦʚ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʥʝʧʨʠʷʪʥʳʭ 

ʨʝʧʝʣʣʝʥʪʦʚ. ʇʨʦʮʝʨʝʙʨʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʥʠʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʚʳʟʚʘʥʥʳʭ ʟʘʧʘʭʦʤ ʦʪʚʝʪʦʚ ʚ MtC3, ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʤʦʜʫʣʠʨʦʚʘʪʴʩʷ 

ʦʩʮʠʣʣʷʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʦʮʝʨʝʙʨʫʤʘ. R0 ï ʨʘʜʠʫʩ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʦ 

ʜʝʪʝʢʮʠʠ ʟʘʧʘʭʘ; R1 ï ʨʘʜʠʫʩ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʩʣʝ ʜʝʪʝʢʮʠʠ ʟʘʧʘʭʘ. 
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ʩʣʦʞʥʦʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʯʘʩʪʴ ʤʦʟʛʘ ʤʦʣʣʶʩʢʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʥʝʡʨʦʥʦʚ 

ʧʨʦʮʝʨʝʙʨʫʤʘ ʥʝ ʧʦʩʳʣʘʶʪ ʦʪʨʦʩʪʢʦʚ ʟʘ ʧʨʝʜʝʣʳ ʵʪʦʛʦ ʦʪʜʝʣʘ (RatteË & 

Chase, 1997). ɹʦʣʝʝ ʪʦʛʦ, ʥʝʡʨʠʪʳ ʧʝʜʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ (Chase & Tolloczko, 

1989), ʙʫʢʢʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ (Gelperin, 1998) ʠ ʛʠʛʘʥʪʩʢʦʛʦ 

ʤʝʪʘʮʝʨʝʙʨʘʣʴʥʦʛʦ ʥʝʡʨʦʥʘ ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʨʠʪʤʠʯʝʩʢʠʡ ʚʭʦʜ, 

ʩʠʥʭʨʦʥʠʟʦʚʘʥʥʳʡ ʩ ʬʘʟʘʤʠ ʧʨʦʮʝʨʝʙʨʘʣʴʥʳʭ ʦʩʮʠʣʣʷʮʠʡ (Shimozono et al., 

2001), ʙʳʣʠ ʥʘʡʜʝʥʳ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʥʝʡʨʦʧʠʣʝ ʧʨʦʮʝʨʝʙʨʫʤʘ. ʅʝʡʨʦʥʳ 

ʧʨʦʮʝʨʝʙʨʫʤʘ, ʢʦʪʦʨʳʝ ʚʝʪʚʷʪʩʷ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʥʝʡʨʦʧʠʣʝ, ʠʤʝʶʪ 

ʙʦʣʴʰʠʥʩʪʚʦ ʚʭʦʜʥʳʭ ʩʠʥʘʧʩʦʚ ʚʙʣʠʟʠ ʩʚʦʠʭ ʢʣʝʪʦʯʥʳʭ ʪʝʣ (ʚ ʩʣʦʝ 

ʢʣʝʪʦʯʥʳʭ ʪʝʣ) ʠ ʚʳʭʦʜʥʳʭ ʩʠʥʘʧʩʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʚ ʪʝʨʤʠʥʘʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ʦʪʨʦʩʪʢʦʚ (Ratte & Chase, 2000). 

ʊʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʘ ʦʩʮʠʣʣʷʮʠʡ (ʨʦʩʪʨʘʣʴʥʳʡ, ʤʝʜʠʘʣʴʥʳʡ ʠ 

ʢʘʫʜʘʣʴʥʳʡ) ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ, ʠ ʦʧʠʩʘʥʘ ʠʭ ʦʜʥʦʚʨʝʤʝʥʥʘʷ 

ʤʦʜʫʣʷʮʠʷ ʟʘʧʘʭʘʤʠ ʚ ʦʙʦʥʷʪʝʣʴʥʦʡ ʣʫʢʦʚʠʮʝ ʧʦʟʚʦʥʦʯʥʦʛʦ ʥʝ 

ʤʣʝʢʦʧʠʪʘʶʱʝʛʦ, ʧʦʢʨʘʰʝʥʥʦʡ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʤ ʢʨʘʩʠʪʝʣʝʤ (Lam et 

al., 2003). ʅʘʰʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʬʘʟʥʫ ʁ ʩʚʷʟʘʥʥʦʩʪʴ 

ʦʩʮʠʣʣʷʮʠʡ ʤʝʞʜʫ ʢʣʝʪʦʯʥʳʤ ʩʣʦʝʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʥʝʡʨʦʧʠʣʝʤ 

ʧʨʦʮʝʨʝʙʨʫʤʘ ʫʣʠʪʢʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʝʜʠʥʩʪʚʝʥʥʦʛʦ 

ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʦʩʮʠʣʣʷʪʦʨʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʉʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʨʘʟʨʷʜʘ MtC3 ʚʦ ʚʨʝʤʷ ʚʳʟʚʘʥʥʳʭ ʟʘʧʘʭʦʤ ʧʨʦʮʝʨʝʙʨʘʣʴʥʳʭ ʦʩʮʠʣʣʷʮʠʡ 

(ʈʠʩ. 6.1.6ɸ) ʧʦʟʚʦʣʷʝʪ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʨʦʮʝʨʝʙʨʘʣʴʥʳʝ ʢʣʝʪʢʠ ʪʦʨʤʦʟʷʪ 

MtC3, ʯʪʦ ʙʳʣʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʩ ʧʨʷʤʦʡ ʩʪʠʤʫʣʷʮʠʝʡ 

ʧʨʦʮʝʨʝʙʨʫʤʘ (ʈʠʩ. 6.1.6B). ɺʭʦʜ ʢʘʣʴʮʠʷ ʚ ʜʠʩʪʘʣʴʥʳʝ ʦʪʨʦʩʪʢʠ MtC3 

ʮʝʨʝʙʨʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ ʚ ʨʘʡʦʥʝ ʚʥʫʪʨʝʥʥʝʛʦ ʥʝʡʨʦʧʠʣʷ ʧʨʦʮʝʨʝʙʨʫʤʘ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʚʦ ʚʨʝʤʷ ʩʧʦʥʪʘʥʥʳʭ ɺʇʉʇ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 

ʧʨʠʩʫʪʩʪʚʠʝ ʜʝʥʜʨʠʪʥʦʡ ʬʫʥʢʮʠʠ ʵʪʠʭ ʦʪʨʦʩʪʢʦʚ. Harris et al. (2002) 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʧʝʨʝʢʨʝʩʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦ ʥʘʨʘʩʪʘʶʱʝʛʦ ʜʝʧʦʣʷʨʠʟʫʶʱʝʛʦ ʚʭʦʜʘ ʠ 

ʨʠʪʤʠʯʝʩʢʠʤ ʪʦʨʤʦʞʝʥʠʝʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʝʭʘʥʠʟʤʦʤ ʩʤʝʱʝʥʠʷ ʬʘʟʳ 

ʛʝʥʝʨʘʮʠʠ ʩʧʘʡʢʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʩʧʘʡʢʦʚʦʛʦ ʨʘʟʨʷʜʘ ʫ ʧʠʨʘʤʠʜʥʳʭ 

ʥʝʡʨʦʥʦʚ ʛʠʧʧʦʢʘʤʧʘ. ʉʭʦʞʠʤ ʦʙʨʘʟʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʧʨʦʮʝʨʝʙʨʘʣʴʥʳʤ ʪʦʨʤʦʞʝʥʠʝʤ ʠ ʤʦʥʦʩʠʥʘʧʪʠʯʝʩʢʠʤ ʜʝʧʦʣʷʨʠʟʫʶʱʠʤ 

ʚʭʦʜʦʤ ʦʪ ʚʦʣʦʢʦʥ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʥʝʨʚʘ ʥʘ MtC3 ʤʦʞʝʪ ʙʳʪʴ ʦʪʚʝʪʩʪʚʝʥʥʳʤ 
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ʟʘ ʩʥʠʞʝʥʠʝ ʣʘʪʝʥʪʥʦʩʪʠ ʧʠʢʘ ʩʧʘʡʢʦʚʦʛʦ ʨʘʟʨʷʜʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʦʧʨʝʜʝʣʷʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʦʢʨʘʱʝʥʠʷ ʱʫʧʘʣʴʮʘ. 

ɸʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʦʛʨʘʥʠʯʝʥ 

ʣʦʢʦʤʦʪʦʨʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʞʠʚʦʪʥʦʛʦ. ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʦʨʛʘʥʠʟʤʳ, 

ʪʘʢʠʝ, ʢʘʢ ʣʦʙʩʪʝʨʳ, ʢʨʘʙʳ ʠ ʤʦʪʳʣʴʢʠ, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʭʦʞʠʝ 

ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʩʪʨʘʪʝʛʠʠ, ʯʪʦʙʳ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʥʘʚʠʛʘʮʠʠ ʧʦ ʟʘʧʘʭʘʤ, 

ʦʧʠʨʘʷʩʴ ʥʘ ʙʳʩʪʨʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʢ ʧʨʝʜʧʦʣʘʛʘʝʤʦʤʫ ʠʩʪʦʯʥʠʢʫ ʟʘʧʘʭʘ ʩ 

ʙʳʩʪʨʳʤʠ ʩʤʝʥʘʤʠ ʢʫʨʩʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʧʦʪʦʢʝ ʟʘʧʘʭʘ (Vickers, 2000). 

ʅʘʟʝʤʥʳʝ ʫʣʠʪʢʠ ʥʝ ʤʦʛʫʪ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʙʳʩʪʨʦ,  ʥʦ ʵʚʦʣʶʮʠʷ ʥʘʛʨʘʜʠʣʘ 

ʠʭ ʜʣʠʥʥʳʤʠ ʱʫʧʘʣʴʮʘʤʠ, ʥʝʩʫʱʠʤʠ ʜʚʘ ʦʙʦʥʷʪʝʣʴʥʳʭ ʦʨʛʘʥʘ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʜʦ ʧʦʣʦʚʠʥʳ ʜʣʠʥʳ ʠʭ ʪʝʣʘ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʠ ʩʦʚʝʨʰʘʶʱʠʤʠ 

ʨʝʛʫʣʷʨʥʳʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʳʝ ʩʢʘʥʠʨʫʶʱʠʝ ʜʚʠʞʝʥʠʷ. ʊʦʥʢʘʷ 

ʥʘʩʪʨʦʡʢʘ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʪʨʝʙʫʝʪ ʫʯʘʩʪʠʷ ʢʘʢ ʤʠʥʠʤʫʤ ʪʨʝʭ 

ʧʨʦʮʝʩʩʦʚ: ʣʦʢʘʣʴʥʦ ʚʳʟʳʚʘʝʤʦʛʦ ʢʠʚʢʘ, ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ 

ʱʫʧʘʣʝʮ, ʮʝʥʪʨʘʣʴʥʦ ʫʧʨʘʚʣʷʝʤʳʭ MtC3, ʠ ʪʦʨʤʦʟʥʦʡ ʤʦʜʫʣʷʮʠʠ 

ʧʦʩʣʝʜʥʝʛʦ ʦʩʮʠʣʣʷʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʧʨʦʮʝʨʝʙʨʫʤʝ (ʈʠʩ. 6.3.1.). ʕʪʠ 

ʧʨʦʮʝʩʩʳ ʚʤʝʩʪʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʳʩʪʨʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʙʣʘʩʪʠ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʱʫʧʘʣʴʮʘʤʠ ʚ ʦʪʚʝʪ ʥʘ ʣʶʙʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʟʘʧʘʭʦʚʦʤ 

ʦʢʨʫʞʝʥʠʠ. 

ʅʝʜʘʚʥʦ ʤʳ ʧʨʦʚʦʜʠʣʠ ʩʨʘʚʥʝʥʠʷ ʦʪʚʝʪʦʚ ʱʫʧʘʣʝʮ ʫʣʠʪʦʢ, 

ʧʦʣʫʯʘʚʰʠʭ ʧʘʨʥʳʝ ʧʨʝʜʲʷʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠ ʟʘʧʘʭʘ, ʩ 

ʢʦʥʪʨʦʣʴʥʦʡ ʷʚʥʦ ʥʝʩʦʯʝʪʘʥʥʦʡ ʛʨʫʧʧʦʡ. ʋʣʠʪʢʠ, ʧʦʜʚʝʨʛʥʫʪʳʝ 

ʘʚʝʨʟʠʚʥʦʤʫ ʦʙʫʯʝʥʠʶ, ʥʘʫʯʠʣʠʩʴ ʚʪʷʛʠʚʘʪʴ ʱʫʧʘʣʴʮʘ ʚ ʦʪʚʝʪ ʥʘ ʫʩʣʦʚʥʳʡ 

ʟʘʧʘʭ, ʠ ʤʳ ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʦʩʮʠʣʣʷʮʠʠ ʚ ʧʨʦʮʝʨʝʙʨʫʤʝ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʯʝʪʘʥʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʨʷʜʦʚ ʣʦʢʘʣʴʥʦʡ 

ʥʝʡʨʦʩʝʪʠ, ʚʳʟʚʘʥʥʦʤʫ ʧʨʦʮʝʜʫʨʦʡ ʦʙʫʯʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʧʨʦʮʝʨʝʙʨʫʤ 

ʧʦʜʘʚʣʷʝʪ ʩʧʘʡʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ MtC3, ʧʦʜʘʚʣʝʥʠʝ ʧʨʦʮʝʨʝʙʨʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʘʞʥʦ ʜʣʷ ʫʩʠʣʝʥʠʷ ʚʳʟʳʚʘʝʤʦʡ 

MtC3 ʨʝʘʢʮʠʠ ʚʪʷʛʠʚʘʥʠʷ ʱʫʧʘʣʴʮʘ ʥʘ ʫʩʣʦʚʥʳʡ ʟʘʧʘʭʦʚʳʡ ʩʪʠʤʫʣ. ɺ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʘʢʪʠʚʘʮʠʷ ʧʨʦʮʝʨʝʙʨʫʤʘ ʟʘʧʘʭʘʤʠ ʧʠʱʠ ʫ 

ʥʘʠʚʥʳʭ ʞʠʚʦʪʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʚʘʞʥʘ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ MtC3, ʯʪʦ 

ʫʩʠʣʠʚʘʝʪ ʚʳʪʷʛʠʚʘʥʠʝ ʱʫʧʘʣʴʮʘ, ʦʙʣʝʛʯʘʷ ʦʨʠʝʥʪʘʮʠʶ ʧʦ ʩʣʝʜʘʤ ʟʘʧʘʭʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ.  
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6.3.2. ɿʘʚʠʩʠʤʦʩʪʴ ʨʝʘʢʮʠʠ ʱʫʧʘʣʴʮʘ ʦʪ ʢʘʯʝʩʪʚʘ ʟʘʧʘʭʘ ʠ 

ʧʨʝʜʳʜʫʱʝʛʦ ʦʙʫʯʝʥʠʷ. 

 

ʈʘʥʝʝ ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʣʠʪʢʠ ʧʦʩʪʦʷʥʥʦ ʩʢʘʥʠʨʫʶʪ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʚʳʪʷʥʫʪʳʤʠ ʱʫʧʘʣʴʮʘʤʠ ʛʦʣʦʚʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʟʘʧʘʭʦʚ ʪʘʢ ʞʝ ʢʘʢ ʠ ʙʝʟ 

ʧʨʝʜʲʷʚʣʝʥʠʷ ʫʣʠʪʢʘʤ ʩʣʝʜʦʚ ʟʘʧʘʭʘ (ʈʠʩ. 6.2.4). ʊʘʢʞʝ, ʘʧʧʣʠʢʘʮʠʷ 

ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʟʘʧʘʭʘ ʚʳʟʳʚʘʣʘ ʙʳʩʪʨʦʝ, ʧʦʭʦʞʝʝ ʥʘ ʠʩʧʫʛ ʩʛʠʙʘʥʠʝ 

ʱʫʧʘʣʴʮʘ, ʥʝ ʟʘʚʠʩʝʝʝ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ- 

 

 

 

 

ʈʠʩ. 6.2.4. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙʦʥʷʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʩ ʧʦʤʦʱʴʶ 

ʪʝʥʪʘʢʫʣʷʨʥʳʭ ʜʚʠʞʝʥʠʡ ʫ ʥʘʟʝʤʥʳʭ ʤʦʣʣʶʩʢʦʚ. ʉʢʘʥʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʝʜʣʝʥʥʳʝ ʧʦʚʦʨʦʪʳ ʚʳʪʷʥʫʪʳʭ ʱʫʧʘʣʝʮ ʠʟ ʩʪʦʨʦʥʳ ʚ ʩʪʦʨʦʥʫ. ʆʥʦ 

ʯʘʩʪʠʯʥʦ ʧʨʝʨʳʚʘʝʪʩʷ ʨʝʘʢʮʠʷʤʠ ʥʘ ʩʠʣʴʥʳʝ ʟʘʧʘʭʠ. ʉʛʠʙʘʥʠʝ (quiver) ï ʚʳʟʚʘʥʥʦʝ 

ʟʘʧʘʭʦʤ ʙʳʩʪʨʦʝ (~0.5 ʩ) ʩʛʠʙʘʥʠʝ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʘʤʧʣʠʪʫʜʳ, ʜʣʷ ʠʟʙʝʛʘʥʠʷ ʠ 

ʫʭʦʜʘ ʱʫʧʘʣʴʮʘ ʚ ʩʪʦʨʦʥʫ.  ɺʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʛʠʙʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʧʘʭʘ. ɺʪʷʛʠʚʘʥʠʝ ï ʵʪʦ ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ (10 ʩ ʠʣʠ ʜʦʣʴʰʝ) 

ʛʨʘʜʫʘʣʴʥʦʝ ʚʪʷʛʠʚʘʥʠʝ ʱʫʧʘʣʴʮʘ, ʩʥʠʞʘʶʱʝʝ ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʇʨʦʪʨʘʢʮʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʜʣʠʥʫ ʱʫʧʘʣʴʮʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʣʘʩʪʠ 

ʩʢʘʥʠʨʦʚʘʥʠʷ. R0 ï ʨʘʜʠʫʩ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʦ ʜʝʪʝʢʮʠʠ ʟʘʧʘʭʘ, R1 - ʨʘʜʠʫʩ 

ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʩʣʝ ʜʝʪʝʢʮʠʠ ʟʘʧʘʭʘ. 
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ʟʘʚʠʩʠʤʳʤ ʩʦʢʨʘʱʝʥʠʝʤ ʱʫʧʘʣʴʮʘ, ʥʘʣʦʞʝʥʥʳʤ  ʥʘ ʩʢʘʥʠʨʦʚʘʥʠʝ.  

ʆʙʝʩʧʝʯʠʚʘʷ ʫʣʠʪʢʝ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʟʘʧʘʭʦʚ, ʩʢʘʥʠʨʦʚʘʥʠʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʜʝʪʝʢʮʠʠ ʦʙʲʝʢʪʦʚ ʧʦ ʠʭ ʟʘʧʘʭʦʚʳʤ ʩʣʝʜʘʤ. ɸʧʧʣʠʢʘʮʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʣʘʙʦʛʦ ʧʠʱʝʚʦʛʦ ʟʘʧʘʭʘ ʦʛʫʨʮʘ (2%, 10% ʠ 50% ʚ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ) ʥʝ 

ʚʳʟʳʚʘʣʘ ʧʦʣʥʦʛʦ ʚʪʷʛʠʚʘʥʠʷ ʱʫʧʘʣʴʮʘ ʠ ʥʝ ʧʨʝʢʨʘʱʘʣʘ ʢʦʥʪʘʢʪ 

ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʩ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʦʡ, ʦʜʥʘʢʦ ʚʳʟʳʚʘʣʘ ʩʛʠʙʘʥʠʝ 

ʱʫʧʘʣʴʮʘ ʠ ʫʤʝʥʴʰʘʣʦ ʜʣʠʥʫ ʱʫʧʘʣʴʮʘ ʠ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ, ʦʭʚʘʪʳʚʘʝʤʦʝ 

ʩʢʘʥʠʨʦʚʘʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʦ ʪʘʢʞʝ ʩʦʢʨʘʱʘʣʦʩʴ (ʈʠʩ. 6.2.1, 6.2.4). ʆʪʣʠʯʠʝ 

ʦʪ ʵʪʦʛʦ ʨʝʘʢʮʠʷ ʥʘ ʟʘʧʘʭ ʤʦʨʢʦʚʠ ʩʦʩʪʦʷʣʘ ʚ ʚʳʪʷʛʠʚʘʥʠʠ ʱʫʧʘʣʴʮʘ, 

ʧʨʠʚʦʜʠʚʰʝʤ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʈʠʩ. 6.2.1, 6.2.4). 

ʇʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʩʪʠʤʫʣʳ ʪʨʝʙʫʶʪ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦʡ ʨʝʘʢʮʠʡ 

ʞʠʚʦʪʥʦʛʦ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʩʨʝʜʝ ʠ ʢʦʨʦʪʢʦʣʘʪʝʥʪʥʳʭ ʦʪʚʝʪʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ 

ʜʣʷ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. ɺ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʳ ʥʝ ʥʘʙʣʶʜʘʣʠ 

ʧʦʣʥʦʛʦ ʚʪʷʛʠʚʘʥʠʷ ʱʫʧʘʣʝʮ ʚ ʦʪʚʝʪ ʥʘ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʠʱʝʚʳʝ ʟʘʧʘʭʠ. 

Lemaire ʠ Chase (1998) ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʦʣʥʦʝ ʚʪʷʛʠʚʘʥʠʝ ʱʫʧʘʣʴʮʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʯʠʩʪʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʠʱʝʚʦʛʦ ʟʘʧʘʭʘ ʣʠʥʘʣʦʣʘ 

(linalool). ʉʠʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʝʪʫʯʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʤʦʞʝʪ 

ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ ʞʠʚʦʪʥʦʤʫ ʦʙ ʘʛʨʝʩʩʠʚʥʦʡ ʚʥʝʰʥʝʡ ʩʨʝʜʝ ʠ ʟʘʩʪʘʚʣʷʪʴ 

ʫʣʠʪʢʫ ʧʦʣʥʦʩʪʴʶ ʚʪʷʛʠʚʘʪʴ ʱʫʧʘʣʴʮʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʚʭʦʜʠʪ ʣʠ ʵʪʦʪ 

ʢʦʤʧʦʥʝʥʪ ʚ ʩʦʩʪʘʚ ʧʠʱʝʚʦʛʦ ʟʘʧʘʭʘ ʠʣʠ ʥʝʪ. ʅʝʜʘʚʥʦ Straub ʩ ʢʦʣʣʝʛʘʤʠ 

(2006) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʘ ʧʨʠʤʝʨʝ ʧʠʱʝʚʦʛʦ ʫʩʣʦʚʥʦʛʦ ʨʝʬʣʝʢʩʘ ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʦʜʢʨʝʧʣʝʥʠʝʤ, ʯʪʦ ʫʣʠʪʢʠ, ʦʙʫʯʝʥʥʳʝ, ʥʘ ʥʠʟʢʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ ʟʘʧʘʭʘ ʤʦʛʫʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʜʘʞʝ 

ʧʦʜʘʚʣʝʥʠʝ ʧʠʱʝʚʦʛʦ ʦʪʚʝʪʘ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʛʦ ʞʝ ʟʘʧʘʭʘ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʴʥʦʤʫ ʧʨʝʜʲʷʚʣʝʥʠʶ ʯʠʩʪʦʡ ʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʧʘʭʘ, ʜʦʩʪʠʛʘʶʱʝʛʦ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ, ʤʦʞʝʪ ʙʳʪʴ 

ʦʯʝʥʴ ʚʘʞʥʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʜʝʢʚʘʪʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ 

ʦʧʳʪʝ, ʧʦʣʫʯʝʥʥʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʠʱʝʚʦʛʦ ʦʙʫʯʝʥʠʷ. 

ɾʠʚʦʪʥʳʝ, ʩʠʣʴʥʦ ʟʘʚʠʩʷʱʠʝ ʦʪ ʦʙʦʥʷʥʠʷ, ʠʩʧʦʣʴʟʫʶʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʟʘʧʘʭʘʤ ʢʘʢ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʪʘʢ ʠ ʜʣʷ ʙʣʠʞʥʝʡ 

ʦʨʠʝʥʪʘʮʠʠ (Hopefield, 1999). ʆʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʪʝʣʴʥʦʝ ʛʨʘʜʫʘʣʴʥʦʝ 

ʩʦʢʨʘʱʝʥʠʝ ʱʫʧʘʣʴʮʘ ʚ ʦʪʚʝʪ ʥʘ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʧʘʭʘ ʙʝʟ ʧʦʣʥʦʛʦ 

ʚʪʷʛʠʚʘʥʠʷ (ʪʘʢʦʝ ʢʘʢ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʦʪʚʝʪ ʥʘ ʟʘʧʘʭ ʦʛʫʨʮʘ) ʤʦʞʝʪ ʙʳʪʴ 



180 

 

 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʨʝʛʫʣʷʮʠʶ ʚʝʣʠʯʠʥʳ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʙʦʣʝʝ 

ʦʩʪʦʨʦʞʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ,  ʦʢʘʟʳʚʘʷ ʪʘʢʞʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʈʠʩ. 6.2.4). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʷ ʩʦʢʨʘʱʝʥʠʷ ʱʫʧʘʣʴʮʘ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʦʪʚʝʪʘ ʥʘ ʩʠʛʥʘʣʳ, ʥʝʩʫʱʠʝ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʫʛʨʦʟʫ, ʥʦ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʫʣʫʯʰʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʢʨʫʞʘʶʱʝʛʦ  ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʣʷ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʚʦʟʤʦʞʥʳʭ ʩʠʪʫʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʦʢʘʟʳʚʘʝʪʩʷ ʞʠʚʦʪʥʦʝ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʣʠʪʢʠ ʚʪʷʛʠʚʘʶʪ ʩʚʦʠ ʱʫʧʘʣʴʮʘ ʚ ʦʪʚʝʪ ʥʘ ʙʦʣʝʚʳʝ 

ʩʪʠʤʫʣʳ (Zakharov and Balaban, 1987; Malyshev and Balaban, 2002). ʂʨʦʤʝ 

ʘʚʝʨʟʠʚʥʦʛʦ ʦʪʚʝʪʘ, ʚʳʟʚʘʥʥʳʝ ʟʘʧʘʭʦʤ ʩʦʢʨʘʱʝʥʠʷ ʠ ʠʟʛʠʙʘʥʠʷ ʱʫʧʘʣʴʮʘ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʙʝʛʘʥʠʝ, ʠ ʪʘʢʞʝ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʩʧʦʩʦʙʘ 

ʨʝʛʫʣʷʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʧʘʭʦʚʦʛʦ ʩʪʠʤʫʣʘ. ɺ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʜʚʘ ʥʦʚʳʭ 

ʚʠʜʘ ʧʠʱʠ ʧʨʝʜʲʷʚʣʝʥʳ ʫʣʠʪʢʝ (ʦʛʫʨʝʮ ʠ ʤʦʨʢʦʚʴ), ʥʘʠʚʥʳʝ ʞʠʚʦʪʥʳʝ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʦʣʝʝ ʜʦʣʛʫʶ ʣʘʪʝʥʪʥʦʩʪʴ ʫʢʫʩʘ ʠ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʦʪʢʘʟʦʚ 

ʚ ʦʪʚʝʪ ʥʘ ʟʘʧʘʭ ʦʛʫʨʮʘ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʞʠʚʦʪʥʳʝ ʧʦʧʨʦʙʦʚʘʣʠ ʦʛʫʨʝʮ, 

ʣʘʪʝʥʪʥʦʩʪʴ ʧʝʨʚʦʛʦ ʫʢʫʩʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʘʩʴ, ʪʘʢ ʞʝ ʢʘʢ ʩʥʠʟʠʣʦʩʴ ʠ 

ʯʠʩʣʦ ʦʪʢʘʟʦʚ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʘʙʠʣʴʥʦʡ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʧʘʤʷʪʠ ʚ ʛʨʫʧʧʝ ʦʙʫʯʝʥʥʳʭ ʫʣʠʪʦʢ. ɸʧʧʣʠʢʘʮʠʷ ʟʘʧʘʭʘ ʦʛʫʨʮʘ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 2, 10 ʠ 50% ʚʳʟʳʚʘʣʘ ʠʟʛʠʙʘʥʠʷ ʠ ʩʦʢʨʘʱʝʥʠʷ, ʥʝ 

ʠʥʚʝʨʪʠʨʫʩ̫ʴ ʠʣʠ ʢʘʢ-ʪʦ ʠʟʤʝʥʷʩ̫ʴ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʞʠʚʦʪʥʳʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʜʠʝʪʝ ʠʟ ʦʛʫʨʮʘ (ʈʠʩ. 6.2.1, 6.2.3A). 

ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʟʘʧʘʭ ʦʛʫʨʮʘ (ʠʣʠ ʝʛʦ ʢʦʤʧʦʥʝʥʪʳ) ʙʳʣ ʨʝʧʝʣʣʝʥʪʦʤ ʠ 

ʦʙʣʘʜʘʣ ʦʪʪʘʣʢʠʚʘʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʫʣʠʪʢʠ, ʚʦʩʧʨʠʥʠʤʘʚʰʝʡ ʝʛʦ ʢʘʢ 

ʥʝʧʨʠʷʪʥʳʡ ʨʘʟʜʨʘʞʠʪʝʣʴ ʜʦ ʦʙʫʯʝʥʠʷ, ʠ ʦʥ ʧʦʤʝʥʷʣ ʩʚʦʝ ʙʠʦʣʦʛʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʫʣʠʪʢʦʡ ʧʠʱʝʚʦʛʦ ʧʦʜʢʨʝʧʣʝʥʠʷ, ʪʦ ʝʩʪʴ ʟʘʧʘʭ 

ʦʛʫʨʮʘ ʩʪʘʣ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʫʣʠʪʢʘ ʧʨʠʦʙʨʝʣʘ ʥʦʚʫʶ 

ʧʘʤʷʪʴ ʦ ʧʠʱʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʳʟʳʚʘʝʤʳʝ ʟʘʧʘʭʦʤ ʦʛʫʨʮʘ ʙʳʩʪʨʳʝ 

ʠʟʛʠʙʘʥʠʷ ʱʫʧʘʣʴʮʘ, ʧʦʭʦʞʠʝ ʥʘ ʠʩʧʫʛ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʧʠʱʝʚʦʛʦ ʦʙʫʩʣʘʚʣʠʚʘʥʠʷ.  ɽ.ʅ. ʉʦʢʦʣʦʚ (Sokolov 1963) ʚʳʜʚʠʛʘʣ 

ʘʨʛʫʤʝʥʪʳ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʧʦʚʝʜʝʥʯʝʩʢʠʝ (ʤʦʪʦʨʥʳʝ) ʘʢʪʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʦʥʢʫʶ ʥʘʩʪʨʦʡʢʫ ʘʥʘʣʠʟʘʪʦʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʝʥʩʦʨʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠ ʦʙʝʨʝʛʘʶʱʠʝ ʬʫʥʢʮʠʶ ʩʝʥʩʦʨʥʦʛʦ 

ʦʨʛʘʥʘ, ʤʦʛʫʪ ʙʳʪʴ ʷʚʣʷʪʴʩʷ ʚʳʩʦʢʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ 
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ʦʙʦʨʦʥʠʪʝʣʴʥʳʤʠ ʨʝʬʣʝʢʩʘʤʠ, ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʯʘʩʪʴ 

ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʫʩʣʦʚʥʳʡ ʨʝʬʣʝʢʩ ʥʘ ʟʘʧʘʭʠ ʫ ʜʨʫʛʠʭ ʤʦʣʣʶʩʢʦʚ ʙʳʣ 

ʨʘʥʝʝ ʦʧʠʩʘʥ ʚ ʣʠʪʝʨʘʪʫʨʝ: ʫ ʤʦʣʣʶʩʢʘ Lymnaea ʦʙʫʯʝʥʠʝ ʩ ʝʜʠʥʠʯʥʳʤ 

ʧʠʱʝʚʳʤ ʧʦʜʢʨʝʧʣʝʥʠʝʤ ʥʘ ʟʘʧʘʭ, ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ ʚʦʜʝ, (Alexander et al., 

1984),  ʧʠʱʝʚʦʝ ʦʙʫʯʝʥʠʝ ʩ ʤʥʦʛʦʢʨʘʪʥʳʤ ʧʦʜʢʨʝʧʣʝʥʠʝʤ (14 ʩʦʯʝʪʘʥʠʡ) ʫ 

ʤʦʨʩʢʦʛʦ ʤʦʣʣʶʩʢʘ Aplysia (Colwill  et al., 1997). ʍʦʪʷ ʚ ʥʘʰʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʫʣʠʪʢʘ Helix  ʦʙʫʯʘʣʘʩʴ ʦʧʨʝʜʝʣʷʪʴ ʟʘʧʘʭ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ, 

ʘ ʥʝ ʚ ʚʦʜʝ, Lymnaea ʪʦʞʝ ʠʤʝʝʪ ʣʝʛʢʠʝ ʠ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʪʦʤʫ ʞʝ ʧʦʜʢʣʘʩʩʫ 

Pulmonata (ʥʘʟʝʤʥʳʝ ʧʨʝʜʢʠ ʵʪʦʛʦ ʚʠʜʘ ʚʝʨʥʫʣʠʩʴ ʚ ʚʦʜʥʦʝ ʦʢʨʫʞʝʥʠʝ). 

ʅʘʧʨʦʪʠʚ, ʜʣʷ Aplysia (ʧʦʜʢʣʘʩʩ Opisthobranhia) ʪʨʝʙʫʝʪʩʷ ʤʥʦʛʦ ʧʦʚʪʦʨʥʳʭ 

ʩʦʯʝʪʘʥʠʡ, ʯʪʦʙʳ ʚʳʫʯʠʪʴ ʧʠʱʝʚʦʡ ʫʩʣʦʚʥʳʡ ʨʝʬʣʝʢʩ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, 

ʛʦʚʦʨʠʪ ʦʙ ʵʚʦʣʶʮʠʦʥʥʦʡ ʜʠʚʝʨʛʝʥʮʠʠ ʵʪʠʭ ʜʚʫʭ ʛʨʫʧʧ ʤʦʣʣʶʩʢʦʚ. 

ʆʪʢʫʩʳʚʘʥʠʝ ʠʣʠ ʩʢʦʙʣʝʥʠʝ ʨʘʜʫʣʦʡ ʫ ʫʣʠʪʦʢ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʧʨʠʥʮʠʧʫ çʚʩʝ ʠʣʠ ʥʠʯʝʛʦè ʠ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ. ɺ ʨʘʙʦʪʘʭ 

ʥʘ Lymnaea ʠ Aplysia ʘʥʘʣʠʟ ʯʠʩʣʘ ʢʫʩʘʥʠʡ ʠʣʠ ʧʦʩʢʨʝʙʳʚʘʥʠʡ ʨʘʜʫʣʦʡ 

ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʪʦʛʦ, ʯʪʦ ʦʙʫʯʝʥʠʝ ʠʤʝʣʦ ʤʝʩʪʦ 

ʧʦʩʣʝ ʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ (Benjamin et al., 2000; Brembs et al., 2002). ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʚʦʜʥʳʭ ʚʠʜʦʚ, ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪ ʧʦʢʫʩʳʚʘʪʴ ʠʣʠ ʩʢʨʝʩʪʠ 

ʨʘʜʫʣʦʡ, ʧʦʯʫʚʩʪʚʦʚʘʚ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ ʧʠʱʝʡ ʟʘʧʘʭ, ʥʘʟʝʤʥʘʷ ʫʣʠʪʢʘ 

Helix ʦʙʳʯʥʦ ʥʘʮʝʣʠʚʘʝʪʩʷ ʥʘ ʧʠʱʫ ʛʫʙʘʤʠ ʠ ʨʪʦʤ ʠ ʥʘʯʠʥʘʝʪ ʝʝ ʦʪʢʫʩʳʚʘʪʴ 

ʧʦʩʣʝ ʢʦʥʪʘʢʪʘ ʩ ʢʦʞʝʡ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ 

ʧʦʚʝʜʝʥʠʝ.  ʊʦ ʝʩʪʴ ʤʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʣʘʪʝʥʪʥʦʩʪʴ ʧʝʨʚʦʛʦ ʫʢʫʩʘ ʜʣʷ Helix 

ʣʫʯʰʝ ʦʪʨʘʞʘʝʪ ʨʝʟʫʣʴʪʘʪ ʦʙʫʯʝʥʠʷ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʦʜʢʨʝʧʣʝʥʠʝʤ, ʯʝʤ 

ʯʠʩʣʦ ʫʢʫʩʦʚ. ʂʨʦʤʝ ʥʘʯʘʣʘ ʢʦʥʩʫʤʤʘʪʦʨʥʦʡ ʬʘʟʳ, ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʨʫʛʠʝ ʠʥʜʠʢʘʪʦʨʳ ʦʙʫʯʝʥʠʷ. ʋ ʥʘʟʝʤʥʳʭ Pulmonata 

ʦʙʫʯʝʥʠʝ ʩ ʝʜʠʥʠʯʥʳʤ ʧʦʜʢʨʝʧʣʝʥʠʝʤ ʙʳʣʦ ʦʧʠʩʘʥʦ ʫ ʩʣʠʟʥʝʡ (Sahley et al., 

1981), ʢʦʛʜʘ ʦʙʫʯʝʥʠʝ ʚʳʷʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ ʧʠʱʝʚʳʭ ʧʨʝʬʝʨʝʥʮʠʡ ʚ 

ʦʪʢʨʳʪʦʤ ʧʦʣʝ. ʅʘ ʜʨʫʛʦʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝ ʧʦʜʢʣʘʩʩʘ Pulmonata, ʫʣʠʪʢʠ 

Achatina fulica, Croll ʠ Chase (1980) ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʨʠʝʥʪʘʮʠʶ ʧʦ ʜʚʠʞʝʥʠʶ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʩ ʟʘʧʘʭʦʤ ʧʠʱʠ, ʦʙʝʩʧʝʯʠʚʘʝʤʦʛʦ ʧʦʩʪʦʷʥʥʦ 

ʨʘʙʦʪʘʶʱʠʤ ʦʣʴʬʘʢʪʦʤʝʪʨʦʤ, ʯʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʧʠʱʝʚʫʶ ʧʨʝʬʝʨʝʥʮʠʶ ʠ 

ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʦʩʣʝ ʧʨʝʙʳʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 12-ʪʠ ʯʘʩʦʚ ʥʘ ʜʠʝʪʝ ʠʟ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʚʠʜʘ ʧʠʱʠ ʫʣʠʪʢʠ ʩʪʘʣʠ ʦʭʦʪʥʝʝ ʩʪʨʝʤʠʪʴʩʷ ʢ ʫʩʣʦʚʥʦʤʫ 
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ʟʘʧʘʭʫ. ʕʢʩʧʝʨʠʤʝʥʪʳ Croll ʠ Chase ʧʦʟʚʦʣʠʣʠ ʧʨʦʠʟʚʝʩʪʠ ʩʧʝʮʠʬʠʯʝʩʢʫʶ 

ʦʮʝʥʢʫ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʦʙʫʯʝʥʠʷ ʦʪ ʚʦʟʨʘʩʪʘ. ɺ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ 

ʚʪʷʛʠʚʘʥʠʝʤ ʱʫʧʘʣʴʮʘ ʤʳ ʥʝ ʦʙʥʘʨʫʞʠʣʠ ʥʠʢʘʢʠʭ ʧʨʠʟʥʘʢʦʚ ʦʙʫʯʝʥʠʷ, 

ʦʜʥʘʢʦ ʦʥʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʜʠʛʤʳ ʠʟʤʝʨʝʥʠʷ 

ʣʘʪʝʥʪʥʦʩʪʠ ʧʨʠ ʝʜʠʥʠʯʥʦʤ ʧʦʜʢʨʝʧʣʝʥʠʠ. ɺʳʙʦʨ ʠʥʜʠʢʘʪʦʨʘ ʦʙʫʯʝʥʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʚʘʞʝʥ ʜʣʷ ʚʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ 

ʦʙʫʯʝʥʠʝʤ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʮʝʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʩʧʝʢʫʣʷʮʠʠ ʤʳ ʤʦʞʝʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʩʝʥʩʦʨʥʳʝ ʦʪʚʝʪʳ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʚʳʞʠʚʘʥʠʷ (ʪʘʢʠʝ ʢʘʢ ʚʪʷʛʠʚʘʥʠʷ ʱʫʧʘʣʴʮʘ ʚ ʦʪʚʝʪ ʥʘ 

ʟʘʧʘʭ) ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʳ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʠ ʧʠʱʝʚʦʤ 

ʦʙʫʯʝʥʠʠ, ʯʝʤ ʢʦʥʩʫʤʤʘʪʦʨʥʳʝ ʬʘʟʳ ʧʦʚʝʜʝʥʠʷ.  

 

6.4. ɺʳʚʦʜʳ. 

 

ʄʦʪʦʥʝʡʨʦʥ ʨʝʪʨʘʢʪʦʨʘ ʦʪʚʝʯʘʝʪ ʥʘ ʟʘʧʘʭ ʚ ʤʘʥʝʨʝ, ʟʘʚʠʩʷʱʝʡ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ,  ʠ ʩʭʦʜʥʦʡ ʧʦ ʜʠʥʘʤʠʢʝ ʩ ʬʘʟʦʡ ʚʪʷʛʠʚʘʥʠʷ ʱʫʧʘʣʴʮʘ ʚ ʦʪʚʝʪ 

ʥʘ ʟʘʧʘʭʠ ʫ ʠʥʪʘʢʪʥʳʭ ʞʠʚʦʪʥʳʭ. 

ʆʩʮʠʣʣʷʮʠʠ ʚ ʦʙʦʥʷʪʝʣʴʥʦʤ ʤʦʟʛʝ ʧʨʠ ʧʨʝʜʲʷʚʣʝʥʠʠ ʟʘʧʘʭʦʚ 

ʨʠʪʤʠʯʝʩʢʠ ʪʦʨʤʦʟʷʪ ʘʢʪʠʚʥʦʩʪʴ ʤʦʪʦʥʝʡʨʦʥʘ ʨʝʪʨʘʢʪʦʨʘ, ʦʩʫʱʝʩʪʚʣʷʷ 

ʮʝʥʪʨʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʜʣʠʥʳ ʱʫʧʘʣʴʮʘ ʠ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʈʝʘʢʮʠʷ ʱʫʧʘʣʴʮʘ ʥʘ ʥʝʡʪʨʘʣʴʥʳʡ ʠ ʧʠʱʝʚʦʡ ʟʘʧʘʭ ʟʘʚʠʩʠʪ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʦʛʦ ʟʘʧʘʭʘ ʠ ʤʦʞʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴʩʷ ʧʨʠ 

ʧʠʱʝʚʦʤ ʦʙʫʯʝʥʠʠ. 
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7. ɸʅɸʃʀɿ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ɺɿɸʀʄʆʆʊʅʆʐɽʅʀʁ ɺ ʉɽʊʗʍ 

ʀʅʊɽʈʅɽʁʈʆʅʆɺ, ʋʏɸʉʊɺʋʖʑʀʍ ɺ ʈɽɸʃʀɿɸʎʀʀ 

ʇʆɼʂʈɽʇʃɽʅʀʗ ʀ ɻɽʅɽʈɸʎʀʀ ʈʀʊʄʀʏɽʉʂʆʁ ɸʂʊʀɺʅʆʉʊʀ. 

 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʯʘʩʪʷʭ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʜʭʦʜʳ ʢ ʠʟʫʯʝʥʠʶ 

ʢʣʝʪʦʯʥʳʭ ʦʩʥʦʚ ʦʙʫʯʝʥʠʷ ʠ ʧʘʤʷʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʜʫʢʮʠʦʥʠʩʪʩʢʦʛʦ 

ʤʝʭʘʥʠʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʧʦʟʚʦʣʷʚʰʝʛʦ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʝ ʥʝʡʨʦʥʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ 

ʦʪʚʝʪʘ ʧʨʠ ʦʙʫʯʝʥʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʣʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʣʦʢʘʣʠʟʘʮʠʠ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʢʣʝʪʦʯʥʦʡ ʬʦʨʤʳ ʵʪʠʭ ʥʝʡʨʦʥʦʚ ʠ ʥʘ ʦʪʜʝʣʴʥʳʭ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʘʩʧʝʢʪʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʨʦʥʘ ʩ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʠʟʫʯʘʝʤʳʡ ʪʠʧ ʧʦʚʝʜʝʥʠʷ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʘʩʧʝʢʪʝ. ʇʨʠ 

ʵʪʦʤ, ʚʘʞʥʝʡʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʚʣʷʣʠʩʴ ʤʦʨʬʦʣʦʛʠʷ ʥʝʡʨʦʥʥʦʛʦ 

ʜʝʨʝʚʘ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʷʟʠ ʥʝʡʨʦʥʘ, ʚʢʣʶʯʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʚʭʦʜʷʱʠʭ 

ʠ ʥʠʩʭʦʜʷʱʠʭ ʧʨʦʝʢʮʠʡ, ʘ ʪʘʢʞʝ ʠʭ ʪʦʯʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʣʦʢʘʣʠʟʘʮʠʶ.  ʅʘ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʧʦʚʝʜʝʥʠʝ, ʩʦʩʪʦʷʪ ʠʟ ʤʘʩʩʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ ʩ ʥʝ ʤʝʥʝʝ ʩʣʦʞʥʦʡ 

ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʫʩʪʨʦʡʩʪʚʦʤ ʩʚʷʟʝʡ. ɺ ʵʪʦʡ ʛʣʘʚʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʦʜʘ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʙʫʜʫʪ ʠʩʩʣʝʜʦʚʘʪʴʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʦʪʜʝʣʴʥʳʭ ʥʝʡʨʦʥʦʚ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʩʦʚʤʝʩʪʥʫʶ ʨʝʘʢʮʠʶ ʥʘ ʘʜʝʢʚʘʪʥʳʝ ʩʪʠʤʫʣʳ ʠ 

ʩʠʥʭʨʦʥʠʟʦʚʘʥʥʳʝ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʦʩʮʠʣʣʷʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ 

ʤʦʜʝʣʷʭ ʤʦʜʫʣʷʪʦʨʥʳʭ ʩʝʪʝʡ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʫʩʣʦʚʥʦʛʦ ʨʝʬʣʝʢʩʘ Helix ʠ 

ʩʝʪʠ ʧʠʱʝʚʦʛʦ ʨʠʪʤʘ Clione. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʢʦʦʨʜʠʥʘʮʠʠ 

ʬʘʟ ʘʢʪʠʚʥʦʩʪʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʥʝʡʨʦʥʦʚ ʚʥʫʪʨʠ ʩʝʪʠ. 

 

7.1. ʆʪʜʝʣʴʥʳʡ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʡ ʥʝʡʨʦʥ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʜʢʨʝʧʣʝʥʠʝ ʚ ʩʝʪʠ ʠʟʙʝʛʘʪʝʣʴʥʦʛʦ ʫʩʣʦʚʥʦʛʦ ʨʝʬʣʝʢʩʘ 

ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʥʘʟʝʤʥʦʛʦ ʤʦʣʣʶʩʢʘ. 

 

ʂʣʘʩʪʝʨ ʠʟ ʦʢʦʣʦ 40 ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʚ ʨʦʩʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʧʝʜʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ ʥʘʟʝʤʥʦʛʦ ʤʦʣʣʶʩʢʘ Helix ʩʦʛʣʘʩʥʦ ʧʨʝʜʳʜʫʱʠʤ 

ʨʘʙʦʪʘʤ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʤʦʜʫʣʷʮʠʠ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʠ ʝʛʦ 

ʥʘʣʠʯʠʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʠʦʙʨʝʪʝʥʠʷ ʘʚʝʨʟʠʚʥʦʛʦ ʫʩʣʦʚʥʦʛʦ ʨʝʬʣʝʢʩʘ 
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ʠʥʪʘʢʪʥʳʤʠ ʫʣʠʪʢʘʤʠ. ʃʦʢʘʣʴʥʘʷ ʵʢʩʪʨʘʢʣʝʪʦʯʥʘʷ ʩʪʠʤʫʣʷʮʠʷ 

ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʝʩʪʦʚʳʤ ʩʪʠʤʫʣʦʤ ʚʳʟʳʚʘʣʘ 

ʩʧʝʮʠʬʠʯʥʦʝ ʫʚʝʣʠʯʝʥʠʝ (ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʦʙʫʯʝʥʥʳʤʠ ʠ ʥʝʩʦʯʝʪʘʥʥʳʤ 

ʢʦʥʪʨʦʣʝʤ ʜʦʩʪʦʚʝʨʥʘ ʩ ʫʨʦʚʥʝʤ ʜʦʚʝʨʠ ̫p < 0.01) ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʦʪʚʝʪʘ ʥʘ 

ʪʝʩʪʦʚʳʝ ʩʪʠʤʫʣʳ ʚ ʧʨʝʤʦʪʦʨʥʳʭ ʠʥʪʝʨʥʝʡʨʦʥʦʚ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʯʘʩʪʠʝ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ 

ʥʝʡʨʦʥʦʚ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʧʦʜʢʨʝʧʣʝʥʠʷ ʚ ʩʝʪʠ ʥʝʡʨʦʥʦʚ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ. ɺʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʩʪʠʤʫʣʷʮʠʷ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʦʛʦ 

ʥʝʡʨʦʥʘ Pd4 ʧʝʜʘʣʴʥʦʡ ʛʨʫʧʧʳ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ, ʩʦʯʝʪʘʥʥʘʷ 

ʩ ʪʝʩʪʦʚʳʤ ʩʪʠʤʫʣʦʤ, ʪʘʢʞʝ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʣʘ (ʨʘʟʥʠʮʘ ʤʝʞʜʫ 

ʦʙʫʯʝʥʥʳʤʠ ʠ ʥʝʩʦʯʝʪʘʥʥʳʤ ʢʦʥʪʨʦʣʝʤ ʜʦʩʪʦʚʝʨʥʘ ʩ ʜʦʚʝʨʠʪʝʣʴʥʳʤ 

ʫʨʦʚʥʝʤ p < 0.01) ʩʠʥʘʧʪʠʯʝʩʢʠʡ ʦʪʚʝʪ ʚ ʪʝʭ ʞʝ ʧʨʝʤʦʪʦʨʥʳʭ ʥʝʡʨʦʥʘʭ 

ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʦʪʚʝʪ ʥʘ ʧʘʨʥʫʶ ʩʪʠʤʫʣʷʮʠʶ ʥʝʨʚʦʚ. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʣʘʩʪʝʨʘ ʧʝʜʘʣʴʥʳʭ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ 

ʥʝʡʨʦʥʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ, ʯʪʦ ʪʦʣʴʢʦ ʥʝʡʨʦʥ Pd4 ʧʦʩʳʣʘʝʪ ʩʚʦʠ 

ʦʪʨʦʩʪʢʠ ʚ ʥʝʡʨʦʧʠʣʴ ʧʘʨʠʝʪʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʳ ʩʠʥʘʧʩʳ 

ʤʝʞʜʫ ʧʨʝʤʦʪʦʨʥʳʤʠ ʥʝʡʨʦʥʘʤʠ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʤʠ ʥʝʡʨʦʥʘʤʠ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʪʜʝʣʴʥʳʡ 

ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʡ ʥʝʡʨʦʥ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʜʢʨʝʧʣʝʥʠʝ ʚ ʩʝʪʠ 

ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ  ʥʘʟʝʤʥʦʛʦ ʤʦʣʣʶʩʢʘ. ʇʘʪʪʝʨʥʳ ʘʢʪʠʚʘʮʠʠ 

ʥʝʡʨʦʥʘ Pd4 ʚ ʦʪʚʝʪ ʥʘ ʪʘʢʪʠʣʴʥʳʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʪʠʤʫʣʳ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʦ ʩʫʞʜʝʥʠʝ. 

ɺ ʜʦʙʘʚʣʝʥʠʝ ʢ ʠʟʚʝʩʪʥʳʤ ʢʦʤʘʥʜʥʳʤ ʥʝʡʨʦʥʘʤ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ, ʫ Helix ʦʧʠʩʘʥʘ ʛʨʫʧʧʘ ʩʝʨʦʪʦʥʠʥ-ʩʦʜʝʨʞʘʱʠʭ ʤʦʜʫʣʷʪʦʨʥʳʭ 

ʥʝʡʨʦʥʦʚ ʩʝʪʠ, ʪʘʢʞʝ ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʦʙʦʨʦʥʠʪʝʣʴʥʦʤ ʧʦʚʝʜʝʥʠʠ ʵʪʠʭ 

ʞʠʚʦʪʥʳʭ (Zakharov et al., 1995). ʈʘʟʨʷʜʳ ʚ ʵʪʠʭ ʥʝʡʨʦʥʘʭ ʥʝ ʚʳʟʳʚʘʶʪ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʦʨʤ ʧʦʚʝʜʝʥʠʷ, ʥʦ ʠʟʤʝʥʷʶʪ ʧʦʚʝʜʝʥʯʝʩʢʠʝ 

ʦʪʚʝʪʳ ʚ ʦʪʚʝʪ ʥʘ ʥʝʧʨʠʷʪʥʳʝ ʨʘʟʜʨʘʞʠʪʝʣʠ: ʵʪʠ ʩʚʦʡʩʪʚʘ ʧʦʜʧʘʜʘʶʪ ʧʦʜ 

ʦʧʠʩʘʥʠʷ ʤʦʜʫʣʷʪʦʨʥʳʭ ʥʝʡʨʦʥʦʚ. ʕʢʩʪʨʘʢʣʝʪʦʯʥʘʷ ʩʪʠʤʫʣʷʮʠʷ ʵʪʭ 

ʩʝʨʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʚʳʟʳʚʘʝʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʫʶ ʬʘʩʠʣʠʪʘʮʠʶ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʦʪʚʝʪʦʚ ʠ ʛʝʥʝʨʠʨʫʶʱʠʭʩʷ ʧʦʪʝʥʮʠʘʣʦʚ ʜʝʡʩʪʚʠʷ ʚ 

ʟʘʧʫʩʢʘʶʱʠʭ ʥʝʡʨʦʥʘʭ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʚʳʟʳʚʘʝʤʳʭ 

ʥʝʧʨʠʷʪʥʳʤʠ ʨʘʟʜʨʘʞʠʪʝʣʷʤʠ. ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʝ 

ʢʣʝʪʢʠ ʦʪʚʝʯʘʶʪ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʦʪʚʝʪʦʤ ʥʘ ʠʧʩʠʣʘʪʝʨʘʣʴʥʫʶ ʯʝʤ ʥʘ 
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ʢʦʥʪʨʘʣʘʪʝʨʘʣʴʥʫʶ ʩʪʠʤʫʣʷʮʠʶ ʠ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ 

ʨʝʮʝʧʪʠʚʥʳʤʠ ʧʦʣʷʤʠ (Zakharov et al., 1995). ʀʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ 

ʪʝʨʤʠʥʘʣʝʡ ʚ ʥʝʡʨʦʧʠʣʝ ʠ ʩʣʦʝ ʢʣʝʪʦʯʥʳʭ ʪʝʣ, ʠ ʦʙʣʝʛʘʥʠʝ ʠʤʠ 

ʟʘʧʫʩʢʘʶʱʠʭ ʢʦʤʘʥʜʥʳʭ ʥʝʡʨʦʥʦʚ ʚ ʧʘʨʠʝʪʘʣʴʥʦʤ ʛʘʥʛʣʠʠ, 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʦʙʦʨʦʥʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ (Vehovszky et al., 1993), ʯʪʦ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʷʤʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʤʠ ʠ 

ʢʦʤʘʥʜʥʳʤʠ ʥʝʡʨʦʥʘʤʠ. 

ʆʙʨʘʙʦʪʢʘ ʥʝʡʨʦʪʦʢʩʠʥʦʤ 5,7-ʜʠʛʠʜʨʦʢʩʠʪʨʠʧʪʘʤʠʥ (5,7-DiHT)  

ʥʝʡʨʦʥʦʚ ʫʣʠʪʢʠ Helix ʚ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʣʝʢʪʠʚʥʦ ʚʳʢʣʶʯʘʝʪ ʵʪʠ 

ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʝ ʥʝʡʨʦʥʳ, ʘ ʪʘʢʞʝ ʢʦʥʪʝʢʩʪʫʘʣʴʥʳʝ ʠ ʘʩʩʦʮʠʘʪʠʚʥʳʝ 

ʘʚʝʨʟʠʚʥʳʝ ʦʙʦʨʦʥʠʪʝʣʴʥʳʝ ʨʝʬʣʝʢʩʳ (Balaban et al., 1987; 

Zakharov&Balaban, 1991). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʝ 

ʤʦʜʫʣʷʪʦʨʥʳʝ ʥʝʡʨʦʥʳ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ 

ʧʨʦʮʝʩʩʝ ʧʦʜʢʨʝʧʣʝʥʠʷ, ʣʝʞʘʱʝʤ ʚ ʦʩʥʦʚʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʣʦʚʥʦʛʦ 

ʨʝʬʣʝʢʩʘ. 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʤʳ ʧʨʦʚʦʜʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʫʯʘʩʪʠʷ 

ʮʝʣʦʡ ʛʨʫʧʧʳ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʤʦʜʫʣʷʪʦʨʥʳʭ 

ʥʝʡʨʦʥʦʚ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʧʦʜʢʨʝʧʣʝʥʠʷ. ɺ ʤʦʜʝʣʴʥʦʡ ʩʠʪʫʘʮʠʠ 

ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʭʦʜʳ ʥʘ ʧʨʝʤʦʪʦʨʥʳʝ ʥʝʡʨʦʥʳ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʩʦʯʝʪʘʣʠʩʴ (ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʷʚʥʦ ʥʝʩʦʯʝʪʘʥʥʳʝ 

ʧʨʝʜʲʷʚʣʝʥʠʷ) ʩ ʘʢʪʠʚʘʮʠʝʡ ʤʦʜʫʣʷʪʦʨʥʳʭ ʢʣʝʪʦʢ. ʀʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʵʢʩʪʨʘʢʣʝʪʦʯʥʘʷ ʘʢʪʠʚʘʮʠʷ ʛʨʫʧʧʳ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ 

ʥʝʡʨʦʥʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʜʢʨʝʧʣʝʥʠʝʤ. ɸʢʪʠʚʥʦʩʪʴ ʦʜʥʦʛʦ 

ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʦʛʦ ʥʝʡʨʦʥʘ ʤʦʞʝʪ ʪʘʢʞʝ ʚʳʟʳʚʘʪʴ ʧʦʜʢʨʝʧʣʝʥʠʝ ʚ ʩʝʪʠ 

ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʥʘʟʝʤʥʦʡ ʫʣʠʪʢʠ. ʇʘʪʪʝʨʥʳ ʦʪʚʝʪʦʚ ʥʝʡʨʦʥʘ 

Pd4 ʥʘ ʪʘʢʪʠʣʴʥʳʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʪʠʤʫʣʳ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʦ 

ʫʪʚʝʨʞʜʝʥʠʝ.  
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7.1.1. ʋʩʣʦʚʥʘʷ ʵʢʩʪʨʘʢʣʝʪʦʯʥʘʷ ʘʢʪʠʚʘʮʠʷ ʧʝʜʘʣʴʥʳʭ 

ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʤʦʞʝʪʩʣʫʞʠʪʴ ʧʦʜʢʨʝʧʣʝʥʠʝʤ. 

 

 

ʈʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʧʨʠʚʳʢʘʥʠʷ 

ʠ ʚʳʨʘʙʦʪʢʠ ʢʦʥʪʝʢʩʪʫʘʣʴʥʦʛʦ ʘʚʝʨʟʠʚʥʦʛʦ ʫʩʣʦʚʥʦʛʦ ʨʝʬʣʝʢʩʘ ʥʘ ʧʠʱʫ 

(Balaban et al., 1987; Zakharov & Balaban, 1991; Balaban & Bravarenko, 1993; 

Zakharov et al., 1995). ʇʨʠʩʫʪʩʪʚʠʝ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ, 

ʦʢʨʫʞʘʶʱʠʭ ʢʣʝʪʦʯʥʳʝ ʪʝʣʘ ʧʨʝʤʦʪʦʨʥʳʭ ʦʙʦʨʦʥʠʪʝʣʴʥʳʭ ʥʝʡʨʦʥʦʚ ʚ 

ʚʠʜʝ ʧʣʦʪʥʦʡ ʩʝʪʠ ʙʝʟ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʡ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ, 

ʧʦʜʨʘʟʫʤʝʚʘʶʱʝʡ ʤʦʜʫʣʷʪʦʨʥʦʝ ʚʣʠʷʥʠʝ, ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠ (Vehovzsky et al., 1993). ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʦʚʝʨʷʣʠ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʝ ʥʝʡʨʦʥʳ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʜʢʨʝʧʣʝʥʠʝ. ʄʳ ʧʨʦʚʦʜʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ 

ɺʇʉʇ, ʚʳʟʚʘʥʥʳʝ ʚ ʥʝʡʨʦʥʘʭ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʪʠʤʫʣʷʮʠʝʡ 

ʥʝʨʚʦʚ, ʩʦʯʝʪʘʣʠʩʴ ʩ ʣʦʢʘʣʴʥʦʡ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʩʪʠʤʫʣʷʮʠʝʡ 

ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʦʩʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʠʧʩʠʣʘʪʝʨʘʣʴʥʦʛʦ ʧʝʜʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 12 ʧʠʣʦʪʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʟʥʘʯʠʪʝʣʴʥʳʭ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʠʣʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ 

ʵʬʬʝʢʪʦʚ ʥʘ ʘʤʧʣʠʪʫʜʫ ʢʦʤʧʣʝʢʩʥʳʭ ɺʇʉʇ ʚ ʦʙʦʨʦʥʠʪʝʣʴʥʳʭ ʢʦʤʘʥʜʥʳʭ 

ʥʝʡʨʦʥʘʭ ʚ ʦʪʚʝʪ ʥʘ ʵʢʩʪʨʘʢʣʝʪʦʯʥʫʶ ʩʪʠʤʫʣʷʮʠʶ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ 

ʥʝʡʨʦʥʦʚ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʥʘ ʢʨʘʶ ʚʠʩʮʝʨʘʣʴʥʦʛʦ ʠ ʧʝʜʘʣʴʥʦʛʦ ʛʘʥʛʣʠʝʚ, 

ʥʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ.  

ʊʝʩʪʦʚʳʝ ʩʪʠʤʫʣʳ ʧʦ ʠʥʪʝʩʪʠʥʘʣʴʥʦʤʫ ʥʝʨʚʫ ʧʦʜʘʚʘʣʠʩʴ ʩ 

ʠʥʪʝʨʚʘʣʦʤ ʚ 20 ʤʠʥʫʪ. ʊʘʢʦʡ ʠʥʪʝʨʚʘʣ ʙʳʣ ʚʳʙʨʘʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʚʝʩʪʠ ʢ 

ʤʠʥʠʤʫʤʫ ʧʨʠʚʳʢʘʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ɺʇʉʇ ʚ ʧʨʝʤʦʪʦʨʥʳʭ ʥʝʡʨʦʥʘʭ. ɺ 

ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʘʤʧʣʠʪʫʜʘ ɺʇʉʇ ʦʙʳʯʥʦ ʫʤʝʥʴʰʘʣʘʩʴ ʜʦ 

85-90% ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʚ ʪʝʯʝʥʠʠ ʤʝʞʩʪʠʤʫʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚ 20 

ʤʠʥʫʪ. ʇʦʩʣʝ ʧʝʨʚʳʭ ʪʨʝʭ ʪʝʩʪʦʚʳʭ ʩʪʠʤʫʣʦʚ (ʧʨʝʪʝʩʪʦʚʳʭ) ʧʨʝʜʲʷʚʣʷʣʠ  

ʩʦʯʝʪʘʥʥʳʝ ʠʣʠ ʷʚʥʦ ʥʝʩʦʯʝʪʘʥʥʳʝ ʧʨʝʜʲʷʚʣʝʥʠʷ, ʟʘ ʢʦʪʦʨʳʤʠ ʩʣʝʜʦʚʘʣʠ 

ʧʷʪʴ ʧʦʩʪʪʝʩʪʦʚʳʭ ʩʪʠʤʫʣʦʚ ʚ ʥʘʯʘʣʝ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʩʪʠʤʫʣʷʮʠʠ 

(ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʪʠʤʫʣʘ 5 ʩ, ʨʝʛʫʣʷʨʥʳʝ 3-ʤʩ ʠʤʧʫʣʴʩʳ ʩ ʯʘʩʪʦʪʦʡ 5 ɻʮ) 

ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʚʦ ʚʨʝʤʷ ʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʡ, 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʯʘʣʫ ʪʝʩʪʦʚʳʭ ʩʪʠʤʫʣʦʚ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʷʚʥʦ 

ʥʝʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʲʷʚʣʝʥʠʷʭ (ʥʘ ʜʨʫʛʠʭ ʧʨʝʧʘʨʘʪʘʭ) ʧʦʜʦʙʥʘʷ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʘʷ ʩʪʠʤʫʣʷʮʠʷ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʩʝʨʝʜʠʥʝ ʤʝʞʩʪʠʤʫʣʴʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ ʠ ʦʪʩʪʦʷʣʘ ʦʪ ʩʪʠʤʫʣʦʚ ʥʘ 10 ʤʠʥ. ʋʩʨʝʜʥʝʥʥʳʝ ʜʘʥʥʳʝ ʦʪ 38 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʈʠʩ. 7.1.1) ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʜʦʩʪʦʚʝʨʥʦʡ ʨʘʟʥʠʮʳ (p < 

0.01, 100 ʤʠʥ ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʛʦ ʩʪʠʤʫʣʘ ʧʦʜʢʨʝʧʣʝʥʠʷ, ʢʨʠʪʝʨʠʡ ʩʫʤʤʳ 

ʨʘʥʛʦʚ ʄʘʥʥʘ-ʋʠʪʥʠ) ʤʝʞʜʫ ʘʤʧʣʠʪʫʜʘʤʠ ɺʇʉʇ ʚ ʦʪʚʝʪ ʥʘ ʪʝʩʪʦʚʳʝ 

ʩʪʠʤʫʣʳ ʚ ʧʨʝʤʦʪʦʨʥʳʭ ʢʦʤʘʥʜʥʳʭ ʥʝʡʨʦʥʘʭ ʤʝʞʜʫ ʩʦʯʝʪʘʥʥʦʡ ʠ 

ʥʝʩʦʯʝʪʘʥʥʦʡ ʛʨʫʧʧʘʤʠ ʯʝʨʝʟ 60-100 ʤʠʥ ʧʦʩʣʝ ʥʘʯʘʣʘ ʧʦʜʢʨʝʧʣʷʶʱʝʡ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʩʪʠʤʫʣʷʮʠʠ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʝʜʘʣʴʥʳʝ 

 

ʈʠʩ. 7.1.1. (A) ʉʨʝʜʥʠʝ ʠʟʤʝʥʝʥʠʷ (ʩʨʝʜʥʝʝ Ñ SEM) ʘʤʧʣʠʪʫʜʳ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ɺʇʉʇ, ʚʳʟʚʘʥʥʦʛʦ ʚ ʧʘʨʠʝʪʘʣʴʥʳʭ ʦʙʦʨʦʥʠʪʝʣʴʥʳʭ ʥʝʡʨʦʥʘʭ ʩʪʠʤʫʣʷʮʠʝʡ 

ʠʥʪʝʩʪʠʥʘʣʴʥʦʛʦ ʥʝʨʚʘ ʚ ʩʦʯʝʪʘʥʠʠ (ʪʝʤʥʳʝ ʢʨʫʞʦʯʢʠ) ʠ ʷʚʥʦ ʥʝʩʦʯʝʪʘʥʥʳʝ 

(ʙʝʣʳʝ ʢʨʫʞʝʯʢʠ, ʜʨʫʛʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ) ʩ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʘʢʪʠʚʘʮʠʝʡ (ʦʪʤʝʯʝʥʦ 

ʩʪʨʝʣʢʘʤʠ) ʧʝʜʘʣʴʥʳʭ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ. ʅʘʯʘʣʴʥʳʡ ʦʪʚʝʪ ʙʳʣ ʚʟʷʪ 

ʥʘ 100%. * p < 0.05. ** p < 0.01, ʢʨʠʪʝʨʠʡ ʩʫʤʤʳ ʨʘʥʛʦʚ ʄʘʥʥʘ-ʋʠʪʥʠ. (B ʠ C) 

ʇʨʠʤʝʨʳ ɺʇʉʇ ʜʦ (ʪʦʣʩʪʘʷ ʣʠʥʠʷ) ʠ ʯʝʨʝʟ 90 ʤʠʥ ʧʦʩʣʝ ʥʘʯʘʣʘ ʧʨʦʮʝʜʫʨʳ 

ʦʙʫʯʝʥʠʷ (ʧʨʝʨʳʚʠʩʪʘʷ ʣʠʥʠʷ) ʧʦʢʘʟʘʥʳ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʥʝʩʦʯʝʪʘʥʥʳʤʠ 

ʧʨʝʜʲʷʚʣʝʥʠʷʤʠ (B) ʠ ʩ ʩʦʯʝʪʘʥʥʳʤʠ ʧʨʝʜʲʷʚʣʝʥʠʷʤʠ (C). ʇʦʣʫʯʝʥʦ ʚ ʩʦʘʚʪʦʨʩʪʚʝ 

ʩ ʆ.ɸ. ʄʘʢʩʠʤʦʚʦʡ. 
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ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʝ ʥʝʡʨʦʥʳ ʩʧʦʩʦʙʥʳ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʩʪʠʤʫʣʦʚ ʚʦ 

ʚʨʝʤʝʥʠ ʫʩʠʣʠʚʘʪʴ ʘʤʧʣʠʪʫʜʫ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʫʩʣʦʚʥʦʛʦ ʨʝʬʣʝʢʩʘ ʚ ʦʪʚʝʪ 

ʥʘ ʩʪʠʤʫʣʷʮʠʶ ʥʝʨʚʘ. ʅʘ ʧʦʚʝʜʝʥʯʝʩʢʦʤ ʫʨʦʚʥʝ ʵʪʦ ʫʩʠʣʝʥʠʝ ʚʣʝʯʝʪ ʟʘ 

ʩʦʙʦʡ ʬʘʩʠʣʠʪʘʮʠʶ ʦʙʦʨʦʥʠʪʝʣʴʥʦʡ ʠʟʙʝʛʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ, ʥʘʧʦʜʦʙʠʝ 

ʪʦʛʦ, ʯʪʦ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʙʦʣʝʝ ʨʘʥʥʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʦ 

ʚʨʝʤʷ ʢʦʥʪʝʢʩʪʫʘʣʴʥʦʛʦ ʦʙʫʩʣʘʚʣʠʚʘʥʠʷ (Balaban & Bravarenko, 1993) ʠ 

ʘʩʩʦʮʠʘʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ (Balaban et al., 1987). 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʩʪʠʤʫʣʷʮʠʠ, 

ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ, ʥʝ ʤʦʛʫʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʥʝʡʨʦʥʳ, 

ʚʦʚʣʝʯʝʥʥʳʝ ʚ ʥʝʡʨʦʤʦʜʫʣʷʮʠʶ ʠʣʠ ʧʨʝʜʦʩʪʘʚʠʪʴ ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʧʦ ʢʣʝʪʦʯʥʳʤ ʤʝʭʘʥʠʟʤʘʤ. ʇʦʵʪʦʤʫ, ʤʳ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʫʶ ʩʪʠʤʫʣʷʮʠʶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ ʚ ʨʦʩʪʨʘʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ʧʝʜʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ. ʇʨʦʮʝʜʫʨʘ ʦʙʫʯʝʥʠʷ ʙʳʣʘ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʘ ʚ 

ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʝʩʩʠʠ ʦʙʫʯʝʥʠʷ. ʊʝʩʪʦʚʳʝ ʩʪʠʤʫʣʳ 

ʧʦʜʘʚʘʣʠʩʴ ʩ 5-ʪʠ ʤʠʥʫʪʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʜʦ ʠ ʧʦʩʣʝ ʩʦʯʝʪʘʥʠʷ. 

ʋʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʪʝʩʪʦʚʦʛʦ ʩʪʠʤʫʣʘ ʚ ʥʦʨʤʝ ʫʚʝʣʠʯʠʚʘʝʪ ʫʨʦʚʝʥʴ 

ʧʨʠʚʳʢʘʥʠʷ (Balaban & Zakharov, 1992). ʇʨʠ ʯʘʩʪʦʪʝ 1/5 ʤʠʥ ʦʪʚʝʪ ʚ 

ʥʝʡʨʦʥʘʭ ʧʘʨʠʝʪʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ ʥʘ ʪʝʩʪʦʚʳʝ ʩʪʠʤʫʣʳ ʧʦ ʠʥʪʝʩʪʠʥʘʣʴʥʦʤʫ 

ʥʝʨʚʫ ʦʙʳʯʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʠʚʳʢʘʥʠʝ ʜʦ 65-70% ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ (Bravarenko et al., 1995; Malyshev et al., 1997). ʉʝʩʩʠʷ ʩʦʯʝʪʘʥʥʦʛʦ 

ʧʨʝʜʲʷʚʣʝʥʠʷ ʩʦʩʪʦʷʣʘ ʠʟ ʧʷʪʠ ʪʝʩʪʦʚʳʭ ʩʪʠʤʫʣʦʚ ʩ 2-ʤʠʥʫʪʥʳʤʠ 

ʠʥʪʝʨʚʘʣʘʤʠ ʠ ʧʷʪʴʶ çʧʦʜʢʨʝʧʣʷʶʱʠʤʠè ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤʠ ʧʘʯʢʘʤʠ 

(ʪʨʝʡʥʘʤʠ) ʚ ʧʝʜʘʣʴʥʳʭ ʥʝʡʨʦʥʘʭ (ʈʠʩ. 7.1.3B), ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ 

ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʪʝʩʪʦʚʳʝ ʩʪʠʤʫʣʳ (ʩʦʯʝʪʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ) ʠʣʠ ʩʪʠʤʫʣʷʮʠʶ 

ʚ ʧʨʦʤʝʞʫʪʢʝ ʤʝʞʜʫ ʩʪʠʤʫʣʘʤʠ (ʷʚʥʦ ʥʝʩʦʯʝʪʘʥʥʳʝ ʧʨʝʜʲʷʚʣʝʥʠʷ, ʈʠʩ. 

7.1.3ɸ). ɸʤʧʣʠʪʫʜʘ ɺʇʉʇ ʥʝ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʚʦ ʚʨʝʤʷ ʩʝʩʩʠʠ ʦʙʫʯʝʥʠʷ 

(ʩʤ. ʠʥʪʝʨʚʘʣ ʥʘ ʈʠʩ. 7.1.2ɸ ʠ 7.1.3ʉ) ʧʦʪʦʤʫ, ʯʪʦ ʘʨʪʝʬʘʢʪʳ ʪʝʪʘʥʠʟʘʮʠʠ 

ʧʨʠ ʩʦʯʝʪʘʥʥʦʤ ʧʨʝʜʲʷʚʣʝʥʠʠ ʤʘʩʢʠʨʦʚʘʣʠ ʬʦʨʤʫ ɺʇʉʇ (ʈʠʩ. 7.1.2B). 

çʇʦʜʢʨʝʧʣʝʥʠʝè ʚ ʚʠʜʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʪʝʪʘʥʠʟʘʮʠʠ ʩʦʩʪʦʷʣʦ ʠʟ ʦʜʥʦʡ 10-

ʪʠ ʩʝʢʫʥʜʥʦʡ ʧʘʯʢʠ ʠʤʧʫʣʴʩʦʚ ʜʣʠʪʝʣʴʥʦʩʪʠ 25-33 ʤʩ ʩ ʯʘʩʪʦʪʦʡ 15-20 ɻʮ. 

ʉʠʣʘ ʪʦʢʘ (5-10 ʥɸ) ʠʤʝʣʘ ʥʘʜʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ. ɻʠʛʘʥʪʩʢʠʝ ʧʘʨʠʝʪʘʣʴʥʳʝ 

ʥʝʡʨʦʥʳ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ (ʚ ʦʩʥʦʚʥʦʤ LPa3 ʠ RPa3) ʠ ʦʜʠʥ ʠʟ 

ʩʦʯʝʪʘʥʥʘ ̫ʠ ʦʜʥʘ ʥʝʩʦʯʝʪʘʥʥʘʷ ʩʝʨʠʠ. 
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ʈʠʩ. 7.1.2. (A) ʀʟʤʝʥʝʥʠʷ ʚ ʘʤʧʣʠʪʫʜʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ɺʇʉʇ, ʚʳʟʚʘʥʥʳʝ ʚ 

ʧʘʨʠʝʪʘʣʴʥʳʭ ʥʝʡʨʦʥʘʭ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʪʠʤʫʣʷʮʠʝʡ ʠʥʪʝʩʪʠʥʘʣʴʥʦʛʦ 

ʥʝʨʚʘ ʚ ʩʦʯʝʪʘʥʠʠ ʠʣʠ ʷʚʥʦ ʥʝʩʦʯʝʪʘʥʥʳʝ ʩ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʘʢʪʠʚʘʮʠʝʡ 

ʧʝʜʘʣʴʥʳʭ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ, ʠʩʢʣʶʯʘ ̫Pd4 (10 ʥʝʡʨʦʥʦʚ ʚ 10 ʨʘʟʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ). ʅʘʯʘʣʴʥʳʡ ʦʪʚʝʪ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠʥʷʪ ʟʘ 100%. 

ʇʨʦʮʝʜʫʨʘ ʦʙʫʯʝʥʠʷ ʦʪʤʝʯʝʥʘ ʨʘʟʨʳʚʘʤʠ ʥʘ ʦʩʷʭ ʠ ʩʪʨʝʣʦʯʢʦʡ.  (B) ʇʨʠʤʝʨ 

ʩʦʯʝʪʘʥʠʷ ʪʝʩʪʦʚʦʛʦ ʩʪʠʤʫʣʘ, ʚʳʟʳʚʘʶʱʝʛʦ ɺʇʉʇ ʚ ʧʘʨʠʝʪʘʣʴʥʳʭ ʥʝʡʨʦʥʘʭ 

ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʪʝʪʘʥʠʟʘʮʠʝʡ. ʇʦʣʫʯʝʥʦ ʚ 

ʩʦʘʚʪʦʨʩʪʚʝ ʩ ʅ.ʀ. ɹʨʘʚʘʨʝʥʢʦ. 
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ʈʠʩ. 7.1.3. ʀʟʤʝʥʝʥʠʷ ʚ ʘʤʧʣʠʪʫʜʝ ʢʦʤʧʣʝʢʩʥʳʭ ɺʇʉʇ, ʚʳʟʚʘʥʥʳʭ ʚ ʧʘʨʠʝʪʘʣʴʥʳʭ 

ʦʙʦʨʦʥʠʪʝʣʴʥʳʭ ʥʝʡʨʦʥʘʭ ʩʪʠʤʫʣʷʮʠʝʡ ʠʥʪʝʩʪʠʥʘʣʴʥʦʛʦ ʥʝʨʚʘ ʚ ʩʦʯʝʪʘʥʠʠ ʠʣʠ 

ʷʚʥʦ ʥʝʩʦʯʝʪʘʥʥʳʝ ʩ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʘʢʪʠʚʘʮʠʝʡ ʥʝʡʨʦʥʘ Pd4. (ɸ) ɼʠʘʛʨʘʤʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, (B) ʩʭʝʤʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, (ʉ) 

ʫʩʨʝʜʥʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (ʩʨʝʜʥʝʝ Ñ SEM), * p < 0.05, **p < 0.01, ʢʨʠʪʝʨʠʡ ʩʫʤʤʳ 

ʨʘʥʛʦʚ ʄʘʥʥʘ-ʋʠʪʥʠ. ʅʘʯʘʣʴʥʳʡ ʦʪʚʝʪ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠʥʠʤʘʣʠ ʟʘ 100%. 

ʇʨʦʮʝʜʫʨʘ ʦʙʫʯʝʥʠʷ ʦʪʤʝʯʝʥʘ ʨʘʟʨʳʚʘʤʠ ʥʘ ʦʩʷʭ ʠ ʩʪʨʝʣʦʯʢʦʡ.  ɺʦ ʚʩʪʘʚʢʝ 

ʧʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ɺʇʉʇ ʜʦ (ʪʦʣʩʪʘʷ ʣʠʥʠʷ) ʠ ʯʝʨʝʟ 30 ʤʠʥ ʧʦʩʣʝ (ʧʨʝʨʳʚʠʩʪʘʷ 

ʣʠʥʠʷ) ʧʨʦʮʝʜʫʨʳ ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʣʫʯʝʥʦ ʚ 

ʩʦʘʚʪʦʨʩʪʚʝ ʩ ʅ.ʀ. ɹʨʘʚʘʨʝʥʢʦ. 
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ʧʝʜʘʣʴʥʳʭ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʦʜʥʠʤ ʠʣʠ ʜʚʫʤʷ 

ʦʩʪʨʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. ɺʪʦʨʦʡ ʵʣʝʢʪʨʦʜ ʚ ʧʝʜʘʣʴʥʦʤ ʥʝʡʨʦʥʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʜʣʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʪʝʪʘʥʠʟʘʮʠʠ ʠʣʠ ʠʥʲʝʢʮʠʠ ʙʠʦʮʠʪʠʥʘ (ʈʠʩ. 7.1.3B). ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ  ʧʨʦʮʝʜʫʨʘ ʦʙʫʯʝʥʠʷ ʧʦʚʪʦʨʷʣʘʩʴ ʜʚʘʞʜʳ: ʦʜʥʘ 

ɺ ʩʫʤʤʝ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 27 ʞʠʚʦʪʥʳʭ. ʋ 12 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ  ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʝ ʥʝʡʨʦʥʳ ʙʳʣʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʤʝʯʝʥʳ 5,7-ʜʠʛʠʜʨʦʢʩʠʪʨʠʧʪʘʥʠʥʦʤ (Balaban et al., 1985). 

ʂʦʨʠʯʥʝʚʘʷ ʧʠʛʤʝʥʪʘʮʠʷ, ʪʠʧʠʯʥʘʷ ʜʣʷ ʥʝʡʨʦʥʦʚ, ʤʝʯʝʥʳʭ 5,7- 

ʜʠʛʠʜʨʦʢʩʠʪʨʠʧʪʘʤʠʥʦʤ, ʧʦʟʚʦʣʷʣʘ ʥʘʤ ʙʳʪʴ ʫʚʝʨʝʥʥʳʤʠ, ʯʪʦ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʤʝʥʥʦ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʝ ʥʝʡʨʦʥʳ. 

ʊʘʢʞʝ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʩʣʝ ʦʧʳʪʘ ʚ ʥʝʡʨʦʥ ʠʥʲʝʮʠʨʦʚʘʣʠ 

ʙʠʦʮʠʪʠʥ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʤʦʨʬʦʣʦʛʠʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʢʣʝʪʢʠ.  

ʅʝʦʞʠʜʘʥʥʦ, ʢʦʛʜʘ ʧʦʜʚʝʨʛʘʣʠ ʪʝʪʘʥʠʟʘʮʠʠ ʤʘʣʳʝ 

ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʝ ʥʝʡʨʦʥʳ ʠʣʠ ʛʠʛʘʥʪʩʢʠʡ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʡ 

ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʡ ʥʝʡʨʦʥ Pd2, ʥʝ ʦʙʥʘʨʫʞʠʣʠ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʤʦʜʫʣʷʪʦʨʥʳʭ ʵʬʬʝʢʪʦʚ (ʈʠʩ. 7.1.2ɸ). ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʦʪʚʝʪʘʤʠ ʩʦʯʝʪʘʥʥʦʡ 

ʠ ʥʝʩʦʯʝʪʘʥʥʦʡ ʛʨʫʧʧʘʤʠ ʙʳʣʦ ʙʣʠʟʢʦ ʢ 0 ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ 17 ʫʣʠʪʦʢ ʠ ʥʠ 

ʨʘʟʫ ʥʝ ʧʨʝʚʳʩʠʣʦ ʩʪʘʥʜʘʨʪʥʫʶ ʦʰʠʙʢʫ ʩʨʝʜʥʝʛʦ ʧʨʠ ʫʩʨʝʜʥʝʥʠʠ. ʊʦʣʴʢʦ ʚ 

ʩʣʫʯʘʝ ʪʝʪʘʥʠʟʘʮʠʠ ʥʝʡʨʦʥʘ Pd4 ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʢʨʝʧʣʝʥʠʷ ʤʳ ʥʘʙʣʶʜʘʣʠ 

ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ɺʇʉʇ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʜʫʨʳ ʩʦʯʝʪʘʥʠʷ (n = 10 

ʞʠʚʦʪʥʳʭ, ʈʠʩ. 7.1.3C) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʩ ʥʝʩʦʯʝʪʘʥʥʦʡ 

ʩʪʠʤʫʣʷʮʠʝʡ ʥʝʡʨʦʥʦʚ Pd4 (n = 6, ʪʝ ʞʝ ʞʠʚʦʪʥʳʝ, ʈʠʩ. 7.1.3C). 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʩʨʘʟʫ ʧʦʩʣʝ ʪʝʪʘʥʠʟʘʮʠʠ (p < 0.05, 

ʢʨʠʪʝʨʠʡ ʩʫʤʤʳ ʨʘʥʛʦʚ ʄʘʥʥʘ-ʋʠʪʥʠ; ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ 

ʩʨʘʚʥʠʚʘʣʠʩʴ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʩʦʯʝʪʘʥʥʳʭ ʠ ʥʝʩʦʯʝʪʘʥʥʳʭ ʧʨʝʜʴʷʚʣʝʥʠʡ). 

ʏʝʨʝʟ ʪʨʠʜʮʘʪʴ ʤʠʥʫʪ ʧʦʩʣʝ ʩʦʯʝʪʘʥʥʦʛʦ ʧʨʝʜʴʷʚʣʝʥʠʷ ʨʘʟʣʠʯʠʝ ʙʳʣʦ ʝʱʝ 

ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ (p < 0.01), ʠ ʜʦ 50-ʦʡ ʤʠʥʫʪʳ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʩʦʯʝʪʘʥʥʦʡ ʠ ʷʚʥʦ ʥʝʩʦʯʝʪʘʥʥʦʡ ʛʨʫʧʧʘʤʠ ʦʩʪʘʚʘʣʠʩʴ ʜʦʩʪʦʚʝʨʥʳʤʠ (ʈʠʩ. 

7.1.3.C). ɺ ʮʝʣʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʜʦʙʥʳ ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʩ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʩʪʠʤʫʣʷʮʠʝʡ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ (ʈʠʩ. 7.1.1). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʩʪʠʤʫʣʷʮʠʷ ʪʦʣʴʢʦ ʥʝʡʨʦʥʘ Pd4 ʤʦʞʝʪ 

ʚʳʟʚʘʪʴ ʩʧʝʮʠʬʠʯʝʩʢʦʝ (ʧʦ ʦʪʥʦʰʝʥʠʠ ʢ ʩʦʯʝʪʘʥʠʶ) ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ 
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ɺʇʉʇ ʚ ʧʘʨʠʝʪʘʣʴʥʳʭ ʛʠʛʘʥʪʩʢʠʭ ʥʝʡʨʦʥʘʭ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ 

ʦʙʦʨʦʥʠʪʝʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ. 

 

7.1.2. ʄʦʨʬʦʣʦʛʠʷ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ. 

 

ɺʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʨʦʩʪʨʘʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ ʧʝʜʘʣʴʥʳʭ ʢʣʝʪʦʢ ʩ 

ʧʦʤʦʱʴʶ ʠʦʥʦʚ ʢʦʙʘʣʴʪʘ (46 ʥʝʡʨʦʥʦʚ) ʠʣʠ ʙʠʦʮʠʪʠʥʦʤ (32 ʥʝʡʨʦʥʘ) 

ʚʳʷʚʠʣʦ ʦʪʨʦʩʪʢʠ ʵʪʠʭ ʢʣʝʪʦʢ, ʧʦʢʠʜʘʶʱʠʝ ʛʘʥʛʣʠʡ ʯʝʨʝʟ ʢʦʞʥʳʝ ʥʝʨʚʳ (n. 

cutaneous). ʇʦʢʨʘʰʝʥʥʳʝ ʦʪʨʦʩʪʢʠ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʥʝʡʨʦʥʘ, Pd4, ʙʳʣʠ 

ʟʘʤʝʯʝʥʳ ʚ ʥʝʡʨʦʧʠʣʝ ʧʘʨʠʝʪʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ, ʛʜʝ ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ 

ʧʨʦʪʷʞʝʥʥʳʝ ʚʝʪʚʣʝʥʠʷ ʧʨʝʤʦʪʦʨʥʳʭ ʥʝʡʨʦʥʦʚ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 

(ʈʠʩ. 7.1.4C), ʪʘʢʞʝ ʢʘʢ ʠ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ, ʧʦʩʳʣʘʶʱʠʭ 

ʦʪʨʦʩʪʢʠ ʚ ʠʥʪʝʩʪʠʥʘʣʴʥʳʡ ʥʝʨʚ (Arakelov et al., 1991). 

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʦʢʨʘʰʠʚʘʥʠʷ ʧʫʪʝʤ ʨʝʪʨʦʛʨʘʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʠʦʥʦʚ ʢʦʙʘʣʴʪʘ, ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʥʝʡʨʦʥʳ, ʧʦʩʳʣʘʶʱʠʝ ʘʢʩʦʥʳ ʠʟ 

ʧʝʜʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ ʚ ʥʝʡʨʦʧʠʣʴ ʧʘʨʠʝʪʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ. ʆʢʨʘʰʠʚʘʥʠʝ ʯʝʨʝʟ 

ʧʘʨʠʝʪʦʧʣʝʚʨʘʣʴʥʫʶ ʢʦʤʠʩʩʫʨʫ ʧʦʟʚʦʣʠʣʦ ʥʘʜʝʞʥʦ ʚʳʷʚʠʪʴ ʧʝʜʘʣʴʥʳʝ 

ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʢʠʝ ʥʝʡʨʦʥʳ Pd4, ʘ ʪʘʢʞʝ ʦʜʠʥ ʠʣʠ ʜʚʘ ʩʣʫʯʘʡʥʳʭ 

ʤʘʣʝʥʴʢʠʭ ʥʝʡʨʦʥʘ ʨʦʩʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʝʜʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ, ʠ ʧʘʨʫ ʢʨʫʧʥʳʭ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʭ ʥʝʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ (ʈʠʩ. 7.1.4A). 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʪʦʣʴʢʦ ʦʪʨʦʩʪʢʠ ʥʝʡʨʦʥʦʚ Pd4 

ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤʠ ʤʝʩʪʘʤʠ ʨʘʟʚʝʪʚʣʝʥʠʡ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʛʠʛʘʥʪʩʢʠʭ  (ʢʦʤʘʥʜʥʳʭ) ʥʝʡʨʦʥʦʚ ʚ ʥʝʡʨʦʧʠʣʝ 

ʧʘʨʠʝʪʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ (ʈʠʩ. 7.1.4B ʠ 7.1.4C), ʙʫʜʝʪ ʨʘʟʫʤʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʭʦʜʦʚ ʥʘ ʢʦʤʘʥʜʥʳʝ ʥʝʡʨʦʥʳ ʧʨʠʥʘʜʣʝʞʠʪ ʥʝʡʨʦʥʫ Pd4. ʊʘʢʞʝ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʡʨʦʥʳ Pd4 ʤʦʛʫʪ ʙʳʪʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʫ ʵʤʙʨʠʦʥʦʚ 

ʫʣʠʪʦʢ ʥʘ ʬʠʥʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ, ʢʦʛʜʘ ʵʤʙʨʠʦʥʳ ʫʞʝ ʤʦʛʫʪ 

ʜʝʤʦʥʪʨʠʨʦʚʘʪʴ ʦʪʚʝʪʳ ʥʘ ʥʝʧʨʠʷʪʥʳʝ ʨʘʟʜʨʘʞʠʪʝʣʠ. 
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ʈʠʩ. 7.1.4. ʄʦʨʬʦʣʦʛʠʷ ʧʘʨʠʝʪʘʣʴʥʳʭ ʠ ʧʝʜʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ. (ɸ) ʈʘʩʧʦʣʦʞʝʥʠʝ 

ʢʣʝʪʦʢ, ʚʳʷʚʣʝʥʥʦʝ ʢʦʙʘʣʴʪʦʚʳʤ ʦʢʨʘʰʠʚʘʥʠʝʤ ʯʝʨʝʟ ʧʣʝʚʨʦʧʘʨʠʝʪʘʣʴʥʫʶ 

ʢʦʥʥʝʢʪʠʚʫ (PIParC). ʏʝʨʥʳʝ ʢʨʫʞʦʯʢʠ - ʢʣʝʪʢʠ, ʧʦʤʝʯʝʥʥʳʝ ʧʠʛʤʝʥʪʥʳʤ 

ʦʢʨʘʰʠʚʘʥʠʝʤ ʩ ʧʦʤʦʱʴʶ 5,7-ʜʠʛʠʜʨʦʢʩʠʪʨʠʧʪʘʤʠʥʘ; ʙʝʣʳʝ ʢʨʫʞʦʯʢʠ - 

ʥʝʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʝ ʢʣʝʪʢʠ. (B) ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʪʚʝʡ ʧʘʨʠʝʪʘʣʴʥʦʛʦ 

ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʥʝʡʨʦʥʘ ˉ3 (ʝʛʦ ʘʢʪʠʚʘʮʠʷ ʚʳʟʳʚʘʝʪ ʟʘʢʨʳʪʠʝ ʧʥʝʚʤʦʩʪʦʤʘ ʠ 

ʚʪʷʛʠʚʘʥʠʝ ʪʝʣʘ), ʚʳʷʚʣʝʥʥʦʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʠʥʝ̡ʢʮʠʝʡ ʢʦʙʘʣʴʪʘ. (ʉ) 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʚʝʪʚʝʡ ʥʝʡʨʦʥʘ Pd4, ʚʳʷʚʣʝʥʥʦʝ  ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʠʥʝ̡ʢʮʠʝʡ 

ʢʦʙʘʣʴʪʘ. ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ ʧʝʨʝʢʨʳʪʠʝ ʦʪʨʦʩʪʢʦʚ ʛʠʛʘʥʪʩʢʦʛʦ 

ʧʘʨʠʝʪʘʣʴʥʦʛʦ ʥʝʡʨʦʥʘ ʠ Pd4 ʚ ʦʙʣʘʩʪʠ ʥʝʡʨʦʧʠʣʷ ʧʘʨʠʝʪʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ. 

ʇʦʣʫʯʝʥʦ ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʩ ɺ.ʅ. ʀʝʨʫʩʘʣʠʤʩʢʠʤ.  
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7.1.3. ʋʯʘʩʪʠʝ ʥʝʡʨʦʥʦʚ Pd4 ʚ ʢʦʥʪʨʦʣʝ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ. 

 

ʀʟ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʣʝʪʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ 

ʤʝʜʠʦʨʘʩʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʝʜʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ, ʩʦʜʝʨʞʘʪ ʩʝʨʦʪʦʥʠʥ (Sakharov, 

1974; Balaban et al., 1985; Zakharov et al., 1995). ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʝʨʦʪʦʥʠʥ-ʩʦʜʝʨʞʘʱʠʭ ʥʝʡʨʦʥʦʚ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʛʘʥʛʣʠʷʭ 

Helix, ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʧʨʠʞʠʟʥʝʥʥʦʡ ʧʠʛʤʝʥʪʘʮʠʠ ʥʝʡʨʦʪʦʢʩʠʥʦʤ 

5,7 ʜʠʛʠʜʨʦʢʩʠʪʨʠʧʪʘʤʠʥʦʤ, ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ 

ʤʝʪʦʜʦʤ ʠʤʤʫʥʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ. ɼʣʷ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʠʛʤʝʥʪʥʦ-ʦʢʨʘʰʝʥʥʳʝ ʢʣʝʪʢʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʦʩʪʴ ʥʘ ʩʝʨʦʪʦʥʠʥ (Hernadi et al., 1989). 

ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ, ʧʦʣʫʯʝʥʥʦʝ  

ʵʪʠʤʠ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ (ʧʦ ʥʘʰʠʤ ʠ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ) ʧʦʢʘʟʘʥʦ ʥʘ  

ʈʠʩ. 7.1.5ɸ. ɺ ʨʦʩʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʝʜʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʪʦʣʴʢʦ 

ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʝ ʥʝʡʨʦʥʳ. ɺ ʢʘʞʜʦʤ ʧʝʜʘʣʴʥʦʤ ʛʘʥʛʣʠʠ ʥʘʭʦʜʠʪʩʷ 

ʧʨʠʤʝʨʥʦ 40-50 ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʚ ʨʦʩʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʠ 

ʥʝʩʢʦʣʴʢʦ ʥʝʙʦʣʴʰʠʭ ʢʣʘʩʪʝʨʦʚ ʥʘ ʚʝʥʪʨʘʣʴʥʦʡ ʩʪʦʨʦʥʝ. ʕʪʘ ʦʙʣʘʩʪʴ ʙʳʣʘ 

ʝʜʠʥʩʪʚʝʥʥʦʡ, ʩ ʢʦʪʦʨʦʡ ʙʳʣʦ ʚʦʟʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʚʳʟʚrʘʪʴ 

ʬʘʩʠʣʠʪʘʮʠʶ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʦʪʚʝʪʘ ʧʫʪʝʤ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʩʪʠʤʫʣʷʮʠʠ 

(Zakharov et al., 1995). ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʩʧʝʮʝʬʠʯʝʩʢʠʝ ʩʦʯʝʪʘʥʥʳʝ ʵʬʬʝʢʪʳ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʩʪʠʤʫʣʷʮʠʠ 

ʧʝʜʘʣʴʥʳʭ ʢʣʝʪʦʢ ʥʘ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʭʦʜʳ ʢʦʤʘʥʜʥʳʭ ʥʝʡʨʦʥʦʚ 

ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠʤʝʶʪ ʧʦʜ ʩʦʙʦʡ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʯʠʥʳ 

ʚʦʟʜʝʡʩʪʚʠʝ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ. 

ʀʩʧʦʣʴʟʫʷ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʝ ʢʨʘʩʠʪʝʣʠ ʠ ʬʦʪʦʜʠʦʜʥʫ  ʁʤʘʪʨʠʮʫ, 

ʤʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʩʧʦʥʪʘʥʥʫʶ ʠ ʚʳʟʚʘʥʥʫʶ 

ʘʢʪʠʚʥʦʩʪʠ ʨʦʩʪʨʘʣʴʥʦʡ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʦʡ ʛʨʫʧʧʳ  ʚ ʧʝʜʘʣʴʥʦʤ ʛʘʥʛʣʠʠ 

ʮʝʣʠʢʦʤ (n = 12 ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʙʦʣʝʝ 480 ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʝʡʨʦʥʦʚ). 

ɺʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʝ ʥʝʡʨʦʥʳ ʙʳʣʠ ʧʦʤʝʯʝʥʳ 

ʧʠʛʤʝʥʪʥʦ ʩ ʧʦʤʦʱʴʶ 5,7-ʜʠʛʠʜʨʦʢʩʠʪʨʠʧʪʘʤʠʥʘ, ʧʦʵʪʦʤʫ ʠʤʝʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʢʫʩʠʨʦʚʘʪʴ ʦʙʲʝʢʪʠʚ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʵʪʠʭ ʥʝʡʨʦʥʦʚ ʠ 

ʩʦʭʨʘʥʷʪʴ ʜʘʥʥʳʝ ʚʠʜʝʦʨʝʛʠʩʪʨʘʮʠʠ ʚ ʚʠʜʝʦʬʘʡʣ. ɹʦʣʴʰʠʥʩʪʚʦ (76 Ñ 5%) 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʠʛʤʝʥʪʥʦ-ʦʢʨʘʰʝʥʥʳʭ ʥʝʡʨʦʥʦʚ  ʨʦʩʪʨʘʣʴʥʦʡ ʯʘʩʪʠ  
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 ʈʠʩ. 7.1.5. ʆʧʪʠʯʝʩʢʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʧʝʜʘʣʴʥʳʭ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʦʛʦ ʢʨʘʩʠʪʝʣʷ RH155. (ɸ) ʂʘʨʪʘ ʨʘʟʤʝʱʝʥʠ ̫

ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʥʘ ʜʦʨʟʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʜʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ. 

ɹʦʣʴʰʦʡ ʢʚʘʜʨʘʪ ï ʦʙʣʘʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ. (B) ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʨʘʟʤʝʨʦʚ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʣʝʪʦʢ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʦʧʪʠʯʝʩʢʠ (ʘʢʪʠʚʥʦʩʪʴ ʧʦʢʘʟʘʥʘ ʥʘ C) ʠ 

ʩʧʨʦʝʮʠʨʦʚʘʥʥʳʭ ʥʘ ʬʦʪʦʜʠʦʜʥʫʶ ʤʘʪʨʠʮʫ. (ʉ) ʈʘʩʪʝʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʧʦʥʪʘʥʥʦʡ 

ʩʧʘʡʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʘʭ ʚ ʦʪʚʝʪ ʥʘ ʩʪʠʤʫʣʷʮʠʶ 

ʥʝʨʚʘ (ʩʪʨʝʣʢʘ). PC ï ʧʝʜʘʣʴʥʘʷ ʢʦʤʠʩʩʫʨʘ; St ï ʩʪʘʪʦʮʠʩʪ; L ï ʣʝʚʳʡ; RPdG ï 

ʧʨʘʚʳʡ ʧʝʜʘʣʴʥʳʡ ʛʘʥʛʣʠʡ. 

  
























































































































