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1.ɺɺɽɼɽʅʀɽ 

 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʍʦʣʝʩʪʝʨʠʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʤʙʨʘʥ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ 

ʢʣʝʪʦʢ, ʢʦʪʦʨʳʡ ʵʚʦʣʶʮʠʦʥʥʦ ʚʩʝʭ ʧʦʟʞʝ ʧʦʷʚʠʣʩʷ ʚ ʩʦʩʪʘʚʝ ʤʝʤʙʨʘʥ (Simons, Sampaio, 

2011; ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013, 2014). ʆʪ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʟʘʚʠʩʠʪ ʪʝʢʫʯʝʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ 

ʤʝʤʙʨʘʥ ʢ ʜʝʬʦʨʤʘʮʠʠ. ʍʦʣʝʩʪʝʨʠʥ ʥʘʧʨʷʤʫʶ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʨʝʮʝʧʪʦʨʘʤʠ, ʠʦʥʥʳʤʠ ʢʘʥʘʣʘʤʠ ʠ ʬʝʨʤʝʥʪʘʤʠ. ɺʤʝʩʪʝ ʩʦ ʩʬʠʥʛʦʣʠʧʠʜʘʤʠ ʭʦʣʝʩʪʝʨʠʥ 

ʦʨʛʘʥʠʟʫʝʪ ʤʠʢʨʦʜʦʤʝʥʳ ʚ ʤʝʤʙʨʘʥʝ, ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ (ʨʘʬʪʳ). ɺ ʧʣʦʪʠʢʘʭ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʙʝʣʢʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʤʝʤʙʨʘʥʥʦʤ ʠ ʠʦʥʥʦʤ 

ʪʨʘʥʩʧʦʨʪʝ (Aureli et al., 2015; ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʩʣʝʜʥʠʭ ʣʝʪ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ, ʥʘʨʫʰʘʶʱʝʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʬʪʦʚ, ʜʨʘʤʘʪʠʯʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʤʥʦʛʠʭ ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʘʭ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʙ; Segatto et al., 

2014; Mart²n et al., 2014). ʆʩʦʙʝʥʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʦʙʥʘʨʫʞʝʥʦ ʚ 

ʤʦʟʛʝ, ʛʜʝ ʭʦʣʝʩʪʝʨʠʥ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʧʨʠʦʙʨʝʣ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʤʠʝʣʠʥʦʚʳʭ ʦʙʦʣʦʯʝʢ, ʠ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ (Dietschy, 2009; Vance, 2012; Leoni, Caccia, 2015). 

ɺ ʪʝʯʝʥʠʝ ʧʨʝʙʳʚʘʥʠ ̫ʚ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʭʦʣʝʩʪʝʨʠʥ ʤʦʞʝʪ ʦʢʠʩʣʷʪʴʩʷ 

ʬʝʨʤʝʥʪʘʤʠ ʠʣʠ ʘʢʪʠʚʥʳʤʠ ʬʦʨʤʘʤʠ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʶʪʩʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʦʢʩʠʩʪʝʨʦʣʳ, ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʦʙʣʘʜʘʷ ʧʨʦʪʝʢʪʠʚʥʳʤʠ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʪʦʢʩʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ (Jeitner et al., 2011; Hu et al., 2014; Marwarha, Ghribi, 2015). ʉʪʠʤʫʣʠʨʦʚʘʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʩʪʝʨʦʣʦʚ ʤʦʛʫʪ ʠʟʤʝʥʝʥʠ ̫ ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʢ, ʩʦʜʝʨʞʘʥʠʷ 

ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ, ʛʦʤʝʦʩʪʘʟʘ ʉʘ
2+

 ʠ ʦʢʩʠʜʘʪʠʚʥʳʡ ʩʪʨʝʩʩ (Hughes et al., 2013). 

ɺ ʢʘʯʝʩʪʚʝ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʘʤʠʣʦʠʜʥʳʡ ʧʝʧʪʠʜ ɓ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʉu
2+ 

(Puglielli et al., 2005; Stelmashook et al., 2014). ɺ ʢʣʝʪʢʘʭ ʦʙʥʘʨʫʞʝʥʦ ʩʝʤʝʡʩʪʚʦ 

ʦʢʩʠʩʪʝʨʦʣ-ʩʚʷʟʳʚʘʶʱʠʭ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ, ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʤʙʨʘʥʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʩʘʡʪʦʚ ʠ ʨʝʛʫʣʠʨʫʶʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ (Weber-Boyvat et al. 2013). ʅʝʢʦʪʦʨʳʝ ʦʢʩʠʩʪʝʨʦʣʳ 

ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʷʜʝʨʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ (Gabbi et al., 2014) ʠʣʠ 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʠ ʤʦʜʫʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʛʣʫʪʘʤʘʪʥʳʭ NMDA-ʨʝʮʝʧʪʦʨʦʚ (Paul et al., 2013; 



8 
 

  

Hu et al., 2014; Linsenbardt et al., 2014). ɺ ʮʝʣʦʤ, ʤʝʭʘʥʠʟʤʳ ʚʣʠʷʥʠʷ ʦʢʩʠʩʪʝʨʦʣʦʚ ʠ ʠʭ 

ʵʬʬʝʢʪʳ ʥʘ ʤʥʦʛʠʝ ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʦʩʪʘʶʪʩʷ ʚʦ ʤʥʦʛʦʤ ʥʝ ʠʟʚʝʩʪʥʳʤʠ. 

ʍʠʤʠʯʝʩʢʘʷ ʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʩʣʦʞʥʦ 

ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʦʩʚʦʙʦʞʜʝʥʠʠ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ 

(ʄʘʛʘʟʘʥʠʢ ʠ ʜʨ., 2001; ɹʘʣʘʙʘʥ, 2007; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ; S¿dhof, 2014; Rizo, Xu, 

2015). ɺ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ ʩʦʜʝʨʞʘʪʩʷ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʟʠʢʫʣ,r 

ʟʘʧʦʣʥʝʥʥʳʝ ʤʦʣʝʢʫʣʘʤʠ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ. ʇʦʩʪʫʧʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʚ ʥʝʨʚʥʳʝ 

ʦʢʦʥʯʘʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʪʠʚʘʮʠʠ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʭ ʉʘ
2+ 
ʢʘʥʘʣʦʚ, ʚʭʦʜ ʉʘ

2+
 ʯʝʨʝʟ 

ʢʦʪʦʨʳʝ ʟʘʧʫʩʢʘʝʪ ʵʢʟʦʮʠʪʦʟ (ʩʣʠʷʥʠʝ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʚʝʟʠʢʫʣr ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʤʝʤʙʨʘʥʦʡ ʚ ʩʧʝʮʠʬʠʯʥʦʤ ʨʝʛʠʦʥʝ) ʠ ʚʳʭʦʜ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʱʝʣʴ. 

ʇʦʩʣʝ ʵʢʟʦʮʠʪʦʟʘ ʤʝʤʙʨʘʥʘ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʚʝʟʠʢʫʣʳ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʚ ʥʝʨʚʥʦʝ 

ʦʢʦʥʯʘʥʠʝ ʧʫʪʝʤ ʵʥʜʦʮʠʪʦʟʘ, ʚ ʠʪʦʛʝ ʦʙʨʘʟʫʝʪʩʷ ʥʦʚʘʷ ʚʝʟʠʢʫʣʘ, ʢʦʪʦʨʘʷ ʟʘʧʦʣʥʷʝʪʩʷ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʤ ʠ ʧʨʠʦʙʨʝʪʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʚʪʦʨʥʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʦʩʚʦʙʦʞʜʝʥʠʠ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ 

ʧʨʦʪʝʢʘʝʪ ʚʝʟʠʢʫʣʷʨʥʳʡ ʵʢʟʦ-ʵʥʜʦʮʠʪʦʟʥʳʡ ʮʠʢʣ, ʢʦʪʦʨʳʡ ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʩʚʦʙʦʞʜʝʥʠʝ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ (Betz et al., 1992; ɿʝʬʠʨʦʚ, 2007). ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʝʟʠʢʫʣʷʨʥʦʛʦ 

ʮʠʢʣʘ ʫʯʘʩʪʚʫʝʪ ʚ ʢʦʥʪʨʦʣʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ. ɺʝʟʠʢʫʣʷʨʥʳʡ 

ʮʠʢʣ ʦʯʝʥʴ ʪʦʯʥʦ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠ ʢʘʞʜʳʡ ʵʪʘʧ ʧʨʦʪʝʢʘʝʪ ʚ 

ʩʧʝʮʠʬʠʯʥʦʤ ʨʝʛʠʦʥʝ (Zefirov et al., 1995; S¿dhof, 2004; Rohrbough , Broadie, 2005; 

ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ; Rizzoli, 2014). ʆʩʦʙʳʤ ʚʘʨʠʘʥʪʦʤ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʮʠʢʣʘ, ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʜʦ ʩʠʭ ʧʦʨ ʚʝʜʫʪʩʷ ʦʙʰʠʨʥʳʝ 

ʜʠʩʢʫʩʩʠʠ, ʷʚʣʷʝʪʩʷ çkiss-and-runè ʧʫʪʴ (çʧʦʮʝʣʦʚʘʣ-ʠ-ʫʙʝʞʘʣè). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʝʞʜʫ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʠ ʚʝʟʠʢʫʣʷʨʥʦʡ ʤʝʤʙʨʘʥʘʤʠ ʦʙʨʘʟʫʝʪʩʷ ʧʦʨʘ ʩʣʠʷʥʠʷ, ʢʦʪʦʨʘʷ 

ʟʘʢʨʳʚʘʝʪʩʷ ʚʩʢʦʨʝ ʧʦʩʣʝ ʦʩʚʦʙʦʞʜʝʥʠʷ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ (ɿʝʬʠʨʦʚ ʠ ʜʨ. 2004; ɿʝʬʠʨʦʚ, 

ʇʝʪʨʦʚ, 2010ʘ; Alabi, Tsien, 2013; Watanabe et al., 2013; Watanabe, 2015).  

ʇʦʧʫʣʷʮʠʷ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʥʝʦʜʥʦʨʦʜʥʘ: ʯʘʩʪʴ ʚʝʟʠʢʫʣ, 

ʥʝʤʝʜʣʝʥʥʦ ʦʩʚʦʙʦʞʜʘʶʱʘʷ ʤʝʜʠʘʪʦʨ ʚ ʦʪʚʝʪ ʥʘ ʧʦʪʝʥʮʠʘʣ ʜʝʡʩʪʚʠʷ, ʩʦʩʪʘʚʣʷʝʪ 

ʥʝʤʝʜʣʝʥʥʦ ʛʦʪʦʚʳʡ ʢ ʦʩʚʦʙʦʞʜʝʥʠʶ ʧʫʣ; ʜʨʫʛʘʷ ʯʘʩʪʴ, ʦʙʦʟʥʘʯʘʝʤʘʷ ʢʘʢ 

ʨʝʮʠʢʣʠʨʫʶʱʠʡ ʧʫʣ, ʤʦʞʝʪ ʙʳʩʪʨʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʚ ʩʘʡʪʳ ʵʢʟʦʮʠʪʦʟʘ, ʘ ʟʘʪʝʤ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʙʳʩʪʨʦʤʫ ʵʥʜʦʮʠʪʦʟʫ; ʩʘʤʘʷ ʙʦʣʴʰʘʷ ʧʦʧʫʣʷʮʠʷ ʚʝʟʠʢʫʣ ʬʦʨʤʠʨʫʝʪ 

ʨʝʟʝʨʚʥʳʡ ʧʫʣ, ʚʝʟʠʢʫʣʳ ʢʦʪʦʨʦʛʦ ʩʣʘʙʦ ʚʦʚʣʝʢʘʶʪʩʷ ʚ ʵʢʟʦʮʠʪʦʟ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʤʝʜʣʝʥʥʳʤ ʵʥʜʦʮʠʪʦʟʦʤ (ɿʝʬʠʨʦʚ, 2007; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ; ɿʘʭʘʨʦʚ ʠ ʜʨ. 2012; 
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Rizzoli, Betz, 2005). ʋʯʘʩʪʠʝ ʦʪʜʝʣʴʥʳʭ ʧʫʣʦʚ ʚ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʤʦʞʝʪ ʠʤʝʪʴ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ, ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʘʣʠʟʘʮʠʠ ʬʝʥʦʤʝʥʦʚ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ (Neher, 2015; Fowler, Staras, 2015). 

ʇʦʤʠʤʦ ʚʳʟʚʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘʤʠ ʜʝʡʩʪʚʠʷ ʵʢʟʦʮʠʪʦʟʘ ʩʫʱʝʩʪʚʫʝʪ ʩʧʦʥʪʘʥʥʳʡ 

ʵʢʟʦʮʠʪʦʟ, ʢʦʪʦʨʳʡ ʭʦʪʷ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ, ʥʦ ʤʦʞʝʪ 

ʤʦʜʫʣʠʨʦʚʘʪʴʩʷ ʮʠʪʦʟʦʣʴʥʤr Ca
2+
, ʧʦʵʪʦʤʫ ʥʝ ʚ ʧʦʣʥʦʤ ʩʤʳʩʣʝ ʩʧʦʥʪʘʥʥʳʡ. 

ʅʘʢʘʧʣʠʚʘʶʪʩʷ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʩʧʦʥʪʘʥʥʳʡ ʵʢʟʦʮʠʪʦʟ ʠʤʝʝʪ ʩʧʝʮʠʬʠʯʥʳʝ ʧʫʪʠ 

ʨʝʛʫʣʷʮʠʠ ʠ ʬʫʥʢʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʥʪʨʦʣʝʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʨʝʮʝʧʪʦʨʦʚ, ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʟʚʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ ʠ ʣʦʢʘʣʴʥʦʛʦ ʙʝʣʢʦʚʦʛʦ ʩʠʥʪʝʟʘ 

(Kaeser, Regehr, 2014; Truckenbrodt, Rizzoli, 2014). ʉʝʢʨʝʮʠʷ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʠʟ ʥʝʨʚʥʳʭ 

ʦʢʦʥʯʘʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʚ ʭʦʜʝ ʵʢʟʦʮʠʪʦʟʘ, ʥʦ ʠ ʥʝʚʝʟʠʢʫʣʷʨʥʳʤ ʧʫʪʝʤ ʧʨʠ 

ʫʯʘʩʪʠʠ ʙʝʣʢʦʚʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ (Katz, Miledi, 1977, 1981; Nikolsky et al., 1991, 

1994). ʅʝʚʝʟʠʢʫʣʷʨʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ ʚʣʠʷʝʪ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʨʝʮʝʧʪʦʨʦʚ, ʤʦʜʫʣʠʨʫʝʪ ʵʢʟʦʮʠʪʦʟ, ʨʝʛʫʣʠʨʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʝʛʝʥʝʨʘʮʠʶ ʩʠʥʘʧʩʦʚ, 

ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ (Vyskocil et al., 2009).  

ɺ ʭʦʜʝ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʮʠʢʣʘ ʧʨʦʠʩʭʦʜʷʪ ʨʘʜʠʢʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʠ 

ʤʝʤʙʨʘʥʳ, ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʪʦʨʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʪʨʝʙʫʝʪʩʷ ʭʦʣʝʩʪʝʨʠʥ, ʘ ʪʘʢʞʝ 

ʤʥʦʛʠʝ ʙʝʣʢʠ, ʚʦʚʣʝʯʝʥʥʳʝ ʚ ʵʢʟʦ-ʵʥʜʦʮʠʪʦʟ, ʧʝʨʝʥʦʩ ʤʦʣʝʢʫʣ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʠ 

ʩʠʛʥʘʣʠʟʘʮʠʶ, ʥʘʧʨʷʤʫʶ ʤʦʛʫʪ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʭʦʣʝʩʪʝʨʠʥʦʤ ʠ/ ʠʣʠ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚʦ 

ʬʨʘʢʮʠʠ ʫʩʪʦʡʯʠʚʳʭ ʢ ʜʝʡʩʪʚʠʶ ʜʝʪʝʨʛʝʥʪʦʚ ʤʝʤʙʨʘʥ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʙ; Darios 

et al., 2007; Puchkov, Haucke, 2013; Segatto et al., 2014). ʇʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠ ̫

ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠ ʚʩʝʦʙʲʝʤʣʶʱʝ ʠʟʤʝʥʷʪʴ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʀʩʩʣʝʜʦʚʘʥʠ ̫ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠʤʝʶʪ ʥʝ 

ʪʦʣʴʢʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠ ̫ ʤʝʭʘʥʠʟʤʦʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʢʦʤʤʫʥʠʢʘʮʠʠ, ʥʦ ʠ ʩʦʧʨʷʞʝʥʥʳʡ ʢʣʠʥʠʯʝʩʢʠʡ ʘʩʧʝʢʪ, ʧʦʩʢʦʣʴʢʫ ʩʥʠʞʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʫʚʝʣʠʯʝʥʠ ̫ʥʝʡʨʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚ ʭʦʜʝ ʩʪʘʨʝʥʠʷ ʠ ʧʨʠ ʤʥʦʛʠʭ ʧʘʪʦʣʦʛʠʷʭ (Sodero 

et al., 2011, 2012; Martin et al., 2014). ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʫʤʝʥʴʰʝʥʠ ̫

ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʦʢʠʩʣʝʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʶʪʩʷ 

ʦʢʩʠʩʪʝʨʦʣʳ, ʩʧʦʩʦʙʥʳʝ ʧʦʢʠʜʘʪʴ ʤʝʤʙʨʘʥʳ ʠ ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʦʢʩʠʩʪʝʨʦʣʦʚ ʯʘʩʪʦ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʩʤʝʥʘʭ ʨʝʞʠʤʘ 
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ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʩʪʘʨʝʥʠʠ ʠ ʤʥʦʛʠʭ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ 

(Leoni, Caccia, 2011; Sodero et al., 2012; Bjºrkhem, 2013; Hughes et al., 2013; Kreilaus et al., 

2015; Marwarha, Ghribi, 2015). ʂ ʩʦʞʘʣʝʥʠʶ, ʦʙ ʵʬʬʝʢʪʘʭ ʦʢʩʠʩʪʝʨʦʣʦʚ ʠ ʦʢʠʩʣʝʥʠʷ 

ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʠʟʚʝʩʪʥʦ ʢʨʘʡʥʝ ʤʘʣʦ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʦʚʝʩʪʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʦʣʠ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʦʚ 

ʭʦʣʦʜʥʦʢʨʦʚʥʳʭ (ʣʷʛʫʰʢʘ) ʠ ʪʝʧʣʦʢʨʦʚʥʳʭ (ʤʳʰʴ, ʢʨʳʩʘ) ʞʠʚʦʪʥʳʭ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1. ʀʟʫʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʩʢʦʧʣʝʥʠʡ ʛʘʥʛʣʠʦʟʠʜʦʚ GM1 (ʣʠʧʠʜʥʳʭ 

ʧʣʦʪʠʢʦʚ) ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭ, ʘ ʪʘʢʞʝ ʚʳʷʚʠʪʴ ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ ʚ ʤʝʤʙʨʘʥʘʭ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. ʆʧʨʝʜʝʣʠʪʴ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ ʠ 

ʩʢʦʧʣʝʥʠʡ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. 

2. ʆʮʝʥʠʪʴ ʵʬʬʝʢʪ ʤʝʪʠʣ-ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ ʚ ʤʝʤʙʨʘʥʘʭ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʦʚ.  

3. ɺʳʷʚʠʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʫʜʘʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʤʙʨʘʥ ʥʘ 

ʧʨʦʮʝʩʩʳ ʚʳʟʚʘʥʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʤʝʜʠʘʪʦʨʘ ʧʨʠ ʥʠʟʢʦ- ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʩʪʠʤʫʣʷʮʠʠ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ, ʘ ʪʘʢʞʝ ʥʘ ʧʨʦʮʝʩʩʳ ʵʢʟʦʮʠʪʦʟʘ ʠ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. 

4. ʀʟʫʯʠʪʴ ʨʦʣʴ ʭʦʣʝʩʪʝʨʠʥʘ ʤʝʤʙʨʘʥ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʚ ʚʳʟʚʘʥʥʦʤ 

ʦʩʚʦʙʦʞʜʝʥʠʠ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʠ ʵʢʟʦ-ʵʥʜʦʮʠʪʦʟʥʦʤ ʚʝʟʠʢʫʣʷʨʥʦʤ ʮʠʢʣʝ. 

5. ʀʩʩʣʝʜʦʚʘʪʴ ʨʦʣʴ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʢʦʥʪʨʦʣʝ ʩʧʦʥʪʘʥʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʠ ʵʢʟʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. ɺʳʷʩʥʠʪʴ ʤʝʭʘʥʠʟʤ ʚʳʟʚʘʥʥʳʭ 

ʫʜʘʣʝʥʠʝʤ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟʤʝʥʝʥʠʡ ʩʧʦʥʪʘʥʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʠ 

ʵʢʟʦʮʠʪʦʟʘ.  

6. ʆʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʨʝʛʫʣʷʮʠʠ ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʚʳʷʚʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʵʬʬʝʢʪʘʤʠ ʫʜʘʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ 

ʵʢʟʦ-ʵʥʜʦʮʠʪʦʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʠ ʥʝʚʝʟʠʢʫʣʷʨʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ.  

7. ʀʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʬʝʨʤʝʥʪʘ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ ʥʘ 

ʧʨʦʮʝʩʩʳ ʚʳʟʚʘʥʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʠ ʵʢʟʦ-ʵʥʜʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ. ʆʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʭʦʣʝʩʪʝʨʠʥ 

ʦʢʩʠʜʘʟʦʡ ʠ ʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ. 
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8. ʀʟʫʯʠʪʴ ʵʬʬʝʢʪʳ ʦʢʩʠʩʪʝʨʦʣʘ (5Ŭ-ʭʦʣʝʩʪʘʥ-3ʦʥʘ) ʥʘ ʚʳʟʚʘʥʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ (ʧʨʠ ʥʠʟʢʦ- / ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ, ʧʘʨʥʦʡ ʩʪʠʤʫʣʷʮʠʠ), ʘ ʪʘʢʞʝ ʥʘ 

ʧʨʦʮʝʩʩʳ ʵʢʟʦ-ʵʥʜʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. ʆʧʨʝʜʝʣʠʪʴ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ. ʆʮʝʥʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʦʚ 5Ŭ-ʭʦʣʝʩʪʘʥ-3ʦʥʘ ʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ ʠ ʵʢʟʦʮʠʪʦʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʦʪ ʠʩʭʦʜʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʤʙʨʘʥʝ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺʧʝʨʚʳʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʠʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʤʙʨʘʥʘʭ ʥʝʨʚʥʦ-

ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʦʚ ʠʤʝʶʪʩʷ ʩʢʦʧʣʝʥʠʷ ʛʘʥʛʣʠʦʟʠʜʦʚ GM1 (ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ) ʚ 

ʩʘʡʪʘʭ ʵʢʟʦ - ʠ ʵʥʜʦʮʠʪʦʟʘ. ʆʩʦʙʝʥʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʢʦʧʣʝʥʠʡ ʛʘʥʛʣʠʦʟʠʜʦʚ 

GM1 ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣʘʭ. ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʤʝʤʙʨʘʥʘʭ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʢʦʥʪʘʢʪʦʚ, ʫʜʘʣʝʥʠʝ 

ʜʘʞʝ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ ʩʥʠʞʘʣʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʣʦʪʠʢʦʚ. 

ɺʧʝʨʚʳʝ ʚʳʷʚʣʝʥʦ ʫʛʥʝʪʝʥʠʝ ʠʟʙʠʨʘʪʝʣʴʥʦ ʚʳʟʚʘʥʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʤʝʜʠʘʪʦʨʘ 

ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʧʫʣʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʘʢʪʠʚʥʦ ʚʦʚʣʝʢʘʶʱʠʭʩʷ ʚ 

ʥʝʡʨʦʧʝʨʝʜʘʯʫ, ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʚʝʪ ʥʘ ʫʜʘʣʝʥʠʝ ʥʝʙʦʣʴʰʦʡ 

ʯʘʩʪʠ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʤʙʨʘʥ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ ʙʣʦʢʠʨʦʚʘʥʠʝ 

ʵʥʜʦʮʠʪʦʟʘ ʠ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʧʨʠ ʫʜʘʣʝʥʠʠ ʯʘʩʪʠ ʭʦʣʝʩʪʝʨʠʥʘ 

ʠʟ ʤʝʤʙʨʘʥ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʩʪʦʱʝʥʠʶ ʚʝʟʠʢʫʣʷʨʥʳʭ ʧʫʣʦʚ ʚ 

ʭʦʜʝ ʠʥʪʝʥʩʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ɺʧʝʨʚʳʝ ʨʘʩʰʠʬʨʦʚʘʥ ʅɸɼʌʅ-ʦʢʩʠʜʘʟʘ / ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) / 

TRPV-ʢʘʥʘʣʳ / ʉʘ
2+

 / ʢʘʣʴʮʠʥʝʚʨʠʥ-ʟʘʚʠʩʠʤʳʡ ʤʝʭʘʥʠʟʤ ʫʩʠʣʝʥʠʷ ʩʧʦʥʪʘʥʥʦʛʦ 

ʵʢʟʦʮʠʪʦʟʘ ʧʨʠ ʫʜʘʣʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ. ʊʘʢʞʝ 

ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʭʘʥʠʟʤʘ (çʧʦʣʥʳʡè ʠʣʠ çkiss-and-

runè) ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʫʜʘʣʝʥʠʝʤ ʭʦʣʝʩʪʝʨʠʥʘ, ʦʪ ʉʘ
2+

 / 

ʬʦʩʬʦʣʠʧʘʟʘ ʉ-ʥʝʟʘʚʠʩʠʤʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ. 

ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʦ ʫʩʠʣʝʥʠʝ ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ, 

ʦʧʦʩʨʝʜʫʝʤʦʝ ʫʩʠʣʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ ʘʮʝʪʠʣʭʦʣʠʥʘ ʠ 

ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ ʟʘʢʠʩʣʝʥʠʝʤ ʘʢʩʦʧʣʘʟʤʳ, ʧʨʠ ʫʜʘʣʝʥʠʠ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʠ ʤʝʤʙʨʘʥʥʦʛʦ 

ʭʦʣʝʩʪʝʨʠʥʘ. ʇʨʠʯʝʤ ʫʜʘʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ ʤʝʤʙʨʘʥ ʨʝʮʠʢʣʠʨʫʶʱʠʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ ʝʱʝ ʙʦʣʴʰʝ ʧʦʪʝʥʮʠʨʦʚʘʣʦ ʥʝʚʝʟʠʢʫʣʷʨʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 
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ʙʣʦʢʠʨʦʚʘʥʠʝʤ ʵʥʜʦʮʠʪʦʟʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘʢʦʧʣʝʥʠʝʤ ʚʝʟʠʢʫʣʷʨʥʳʭ ʪʨʘʥʩʧʦʨʪʝʨʦʚ 

ʘʮʝʪʠʣʭʦʣʠʥʘ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ. 

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʳ ʩʥʠʞʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ ʠ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʚʝʟʠʢʫʣʷʨʥʦʤ ʮʠʢʣʝ ʧʨʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʤ 

ʦʢʠʩʣʝʥʠʠ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʠ ʭʦʣʝʩʪʝʨʠʥʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ ʚ ʭʦʜʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʝʟʠʢʫʣʳ 

ʨʝʮʠʢʣʠʨʫʶʱʝʛʦ ʧʫʣʘ ʥʘʯʠʥʘʣʠ ʦʩʚʦʙʦʞʜʘʪʴ ʤʝʜʠʘʪʦʨ ʯʝʨʝʟ ʩʢʦʨʦʪʝʯʥʫʶ ʧʦʨʫ 

ʩʣʠʷʥʠʷ (kiss-and-run ʧʫʪʴ), ʘ ʤʦʙʠʣʠʟʘʮʠʷ ʚʝʟʠʢʫʣ ʨʝʟʝʨʚʥʦʛʦ ʧʫʣʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʛʥʝʪʘʣʘʩʴ, ʚʝʨʦʷʪʥʦ, ʟʘ ʩʯʝʪ ʥʘʨʫʰʝʥʠʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. 

ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʘ ʚʳʩʦʢʘʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʢʩʠʩʪʝʨʦʣʘ, 5Ŭ-

ʭʦʣʝʩʪʘʥ-3-ʦʥʘ, ʢʦʪʦʨʳʡ ʚ ʥʘʥʦʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʩʧʦʥʪʘʥʥʫʶ 

ʩʝʢʨʝʮʠʶ, ʫʛʥʝʪʘʣ ʚʳʟʚʘʥʥʳʡ ʵʢʟʦʮʠʪʦʟ, ʫʤʝʥʴʰʘʣ ʧʦʧʫʣʷʮʠʶ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, 

ʘʢʪʠʚʥʦ ʚʦʚʣʝʢʘʝʤʳʭ ʚ ʥʝʡʨʦʧʝʨʝʜʘʯʫ, ʠ ʥʘʨʫʰʘʣ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʧʣʦʪʠʢʦʚ. ʇʨʠʯʝʤ ʵʬʬʝʢʪʳ ʦʢʩʠʩʪʝʨʦʣʘ ʥʘ ʵʢʟʦʮʠʪʦʟ ʠ ʩʚʦʡʩʪʚʘ ʤʝʤʙʨʘʥ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʩʣʘʙʣʷʣʠʩʴ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʠʩʭʦʜʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ. 

ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʰʠʨʷʝʪ ʥʘʰʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʤʝʭʘʥʠʟʤʘʭ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦ ʨʦʣʠ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʧʨʦʪʝʢʘʥʠʠ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʩʚʦʙʦʞʜʝʥʠʝ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦ-ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ ʜʝʬʝʢʪʳ ʤʝʪʘʙʦʣʠʟʤʘ 

ʭʦʣʝʩʪʝʨʠʥʘ ʢʘʢ ʧʫʩʢʦʚʦʛʦ ʬʘʢʪʦʨʘ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʜʠʩʬʫʥʢʮʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ ʦʙʤʝʥʘ ʭʦʣʝʩʪʝʨʠʥʘ ʩ ʧʦʤʦʱʴʶ ʠʥʛʠʙʠʨʫʶʱʠʭ ʝʛʦ 

ʩʠʥʪʝʟ ʘʛʝʥʪʦʚ (ʩʪʘʪʠʥʦʚ), ʦʩʦʙʝʥʥʦ ʩʧʦʩʦʙʥʳʭ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ 

ʙʘʨʴʝʨ. ʆʙʥʘʨʫʞʝʥʥʳʝ ʵʬʬʝʢʪʳ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ (ʩʠʥʪʝʟʠʨʫʝʪ 4-ʭʦʣʝʩʪʝʥ-3-ʦʥ) ʠ 

5Ŭ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ ʥʘ ʩʚʦʡʩʪʚʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ ʠ ʚʝʟʠʢʫʣʷʨʥʳʝ ʧʨʦʮʝʩʩʳ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʫʶ ʨʦʣʴ ʦʢʩʠʩʪʝʨʦʣʦʚ ʚ ʧʘʪʦʛʝʥʝʟʝ ʨʷʜʘ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʧʨʦʜʫʢʮʠʠ. ʈʘʙʦʪʘ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ ʜʘʥʥʳʭ ʦʢʩʠʩʪʝʨʦʣʦʚ 

ʠ ʚʳʷʚʣʝʥʠʷ ʚ ʩʠʥʘʧʩʝ ʦʢʩʠʩʪʝʨʦʣ-ʩʚʷʟʳʚʘʶʱʠʭ ʩʘʡʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʫʧʨʘʚʣʷʪʴ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝʡ ʠ ʤʝʤʙʨʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɼʨʫʛʦʡ ʘʩʧʝʢʪ ʨʘʙʦʪʳ, 

ʚʳʷʚʣʷʶʱʠʡ ʪʝʩʥʫʶ ʩʚʷʟʴ ʭʦʣʝʩʪʝʨʠʥʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ ʩ ʩʦʩʪʦʷʥʠʝʤ 
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ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ (ʅɸɼʌʅ-ʦʢʩʠʜʘʟʳ, TRPV-ʢʘʥʘʣʦʚ, ʢʘʣʴʮʠʥʝʚʨʠʥʘ, ʧʨʦʪʝʠʢʠʥʘʟʳ 

ʉ), ʨʘʩʰʠʨʷʝʪ ʥʘʰʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʭʦʣʝʩʪʝʨʠʥʝ ʢʘʢ ʦ ʜʠʨʠʞʝʨʝ ʧʨʦʮʝʩʩʦʚ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ. ʉʦʜʝʨʞʘʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭ ʠ 

ʧʨʦʜʫʢʮʠʷ ʦʢʩʠʩʪʝʨʦʣʦʚ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ, ʥʦ ʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ, ʩʪʘʨʝʥʠʷ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʘ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʭʦʣʝʩʪʝʨʠʥʘ ʠ / ʠʣʠ ʧʨʦʜʫʢʮʠʠ ʦʢʩʠʩʪʝʨʦʣʦʚ ʚʩʣʝʜʩʪʚʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠʣʠ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʯʠʥ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʠʥʪʝʨʝʩʥʳ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʟʘʥʷʪʳʭ ʚ ʦʙʣʘʩʪʠ ʙʠʦʬʠʟʠʢʠ, ʬʠʟʠʦʣʦʛʠʠ, ʥʝʡʨʦʙʠʦʣʦʛʠʠ ʠ 

ʬʘʨʤʘʢʦʣʦʛʠʠ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʍʦʣʝʩʪʝʨʠʥ, ʚ ʠʟʦʙʠʣʠʠ ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭ ʠ 

ʬʦʨʤʠʨʫʶʱʠʡ ʣʠʧʠʜʥʳʝ ʨʘʬʪʳ, ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʚʳʟʚʘʥʥʦʛʦ 

ʦʩʚʦʙʦʞʜʝʥʠʷ ʤʝʜʠʘʪʦʨʘ. ʇʨʠʯʝʤ ʭʦʣʝʩʪʝʨʠʥ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʤʙʨʘʥʳ ʚʘʞʝʥ ʜʣʷ 

ʧʨʦʮʝʩʩʦʚ ʵʢʟʦʮʠʪʦʟʘ ʠ ʚʦʚʣʝʯʝʥʠʷ ʚʝʟʠʢʫʣ ʚ ʥʝʡʨʦʧʝʨʝʜʘʯʫ, ʪʦʛʜʘ ʢʘʢ ʚʝʟʠʢʫʣʷʨʥʳʡ 

ʭʦʣʝʩʪʝʨʠʥ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʵʥʜʦʮʠʪʦʟʘ ʠ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ ʚʝʟʠʢʫʣ. 

2. ʄʝʤʙʨʘʥʥʳʡ ʭʦʣʝʩʪʝʨʠʥ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʦʮʝʩʩʳ ʩʧʦʥʪʘʥʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʵʢʟʦʮʠʪʦʟʦʤ, ʩʜʝʨʞʠʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʅɸɼʌʅ-

ʦʢʩʠʜʘʟʘ / ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ / TRPV-ʢʘʥʘʣʳ / [ʉʘ
2+

] i / ʢʘʣʴʮʠʥʝʚʨʠʥ. ʇʨʠ ʵʪʦʤ 

ʤʝʭʘʥʠʟʤ ʩʧʦʥʪʘʥʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ (ʧʦʣʥʳʡ ʵʢʟʦʮʠʪʦʟ ʠʣʠ kiss-and-run), ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʫʜʘʣʝʥʠʝʤ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ, ʟʘʚʠʩʠʪ ʦʪ ʉʘ
2+

-ʬʦʩʬʦʣʠʧʘʟʘ ʉ ʥʝʟʘʚʠʩʠʤʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ. 

3. ʍʦʣʝʩʪʝʨʠʥ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʦʮʝʩʩ ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ 

(ʥʝʢʚʘʥʪʦʚʦʛʦ) ʦʩʚʦʙʦʞʜʝʥʠʷ ʘʮʝʪʠʣʭʦʣʠʥʘ ʟʘʚʠʩʠʤʳʤ ʦʪ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ 

ʘʮʝʪʠʣʭʦʣʠʥʘ ʠ ʵʢʟʦ/ʵʥʜʦʮʠʪʦʟʥʦʛʦ ʙʘʣʘʥʩʘ ʧʫʪʝʤ. 

4. ɺʳʟʚʘʥʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ, ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʟʠʢʫʣʷʨʥʳʝ 

ʧʨʦʮʝʩʩʳ ʠ ʩʦʩʪʦʷʥʠʝ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ 

ʦʢʠʩʣʝʥʠʶ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʦʢʩʠʩʪʝʨʦʣʫ, 5Ŭ-ʭʦʣʝʩʪʘʥ-3-ʦʥʫ. 
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʇʣʘʥʠʨʦʚʘʥʠʝ, ʦʨʛʘʥʠʟʘʮʠʷ, ʚʳʧʦʣʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ, 

ʧʦʜʛʦʪʦʚʢʘ ʤʘʪʝʨʠʘʣʦʚ ʢ ʧʫʙʣʠʢʘʮʠʠ ʠ ʥʘʧʠʩʘʥʠʝ ʩʪʘʪʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʣʠʯʥʦʤ 

ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ. ʇʦʤʦʱʴ ʚ ʚʳʧʦʣʥʝʥʠʝ ʨʷʜʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʢʘʟʳʚʘʣʠ ʩʦʘʚʪʦʨʳ ʩʪʘʪʝʡ, 

ʩʦʪʨʫʜʥʠʢʠ ʂʘʟʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ɿʝʬʠʨʦʚ ɸ.ʃ., 

ɻʠʥʠʘʪʫʣʣʠʥ ɸ.ʈ., ʅʘʫʤʝʥʢʦ ʅ.ɺ., ɿʘʭʘʨʦʚ ɸ.ɺ.) ʠ ʩʪʫʜʝʥʪʳ (ʂʘʩʠʤʦʚ ʄ.ʈ., ʗʢʦʚʣʝʚʘ 

ɸ.ɸ., ʂʫʜʨʷʰʦʚʘ ʂ.ɽ., ɿʘʢʠʨʴʷʥʦʚʘ ɻ.ʌ.). 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʘʜʝʢʚʘʪʥʳʭ ʤʝʪʦʜʦʚ, ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʥʘ 

ʜʦʩʪʘʪʦʯʥʦʤ ʦʙʲʝʤʝ ʚʳʙʦʨʦʢ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʝʭʘʥʠʟʤʳ ʥʝʨʚʥʳʭ ʠ ʥʝʡʨʦʵʥʜʦʢʨʠʥʥʳʭ ʨʝʛʫʣʷʮʠʡè 

(ʄʦʩʢʚʘ, 2008), ʍʍI ʠ XXII ʩʲʝʟʜʘʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʠʤ. ʀ.ʇ. ʇʘʚʣʦʚʘ 

(ʂʘʣʫʛʘ, 2010 ʠ ɺʦʣʛʦʛʨʘʜ, 2013), ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʌʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʤʝʭʘʥʠʟʤʳ ʘʜʘʧʪʘʮʠʠ ʨʘʩʪʫʱʝʛʦ ʦʨʛʘʥʠʟʤʳè (ʂʘʟʘʥʴ, 2010), ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʈʝʮʝʧʪʦʨʳ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷè (ʇʫʱʠʥʦ, 2011), III ʠ IV 

ʩʲʝʟʜʘʭ ʬʠʟʠʦʣʦʛʦʚ ʉʅɻ, (ʗʣʪʘ, 2011 ʠ ʉʦʯʠ-ɼʘʛʦʤʳʩ, 2014), ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʬʦʨʫʤʝ 

çʃʦʤʦʥʦʩʦʚè (ʄʦʩʢʚʘ, 2012), VII ʉʠʙʠʨʩʢʦʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʩʲʝʟʜʝ (ʂʨʘʩʥʦʷʨʩʢ, 

2012), ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʢʦʥʛʨʝʩʩʝ çʅʝʡʨʦʥʘʫʢʘ ʜʣʷ ʤʝʜʠʮʠʥʳ ʠ ʧʩʠʭʦʣʦʛʠʠè (ʉʫʜʘʢ, 

2012), IV ʩʲʝʟʜʝ ʙʠʦʬʠʟʠʢʦʚ ʈʦʩʩʠʠ (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2012), ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʬʦʨʫʤʝ 

Federation of European biochemical societies congress (St. Petersburg, 2013), 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʠʤʧʦʟʠʫʤʝ çBiological mobility: new facts and hypothesesè (ʇʫʱʠʥʦ, 

2014), IV ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʩʠʩʪʝʤʥʦʡ ʨʝʛʫʣʷʮʠʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡè (ʄʦʩʢʚʘ, 2015).  

ʇʫʙʣʠʢʘʮʠʠ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 57 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ 18 ʩʪʘʪʴʷʭ ʚ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʦʧʨʝʜʝʣʝʥʥʳʭ ɺʳʩʰʝʡ 

ʘʪʪʝʩʪʘʮʠʦʥʥʦʡ ʢʦʤʠʩʩʠʝʡ, ʠ 1 ʤʦʥʦʛʨʘʬʠʠ, 1 ʛʣʘʚʝ ʚ ʢʦʣʣʝʢʪʠʚʥʦʡ ʤʦʥʦʛʨʘʬʠʠ.   
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ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 277 ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʝʪ ʚʚʝʜʝʥʠʝ, ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, 

ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ, ʟʘʢʣʶʯʝʥʠʝ, 

ʚʳʚʦʜʳ, ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʡ 483 ʠʩʪʦʯʥʠʢʘ. ʈʘʙʦʪʘ ʠʣʣʶʩʪʨʠʨʦʚʘʥʘ 74 

ʨʠʩʫʥʢʘʤʠ ʠ 2 ʪʘʙʣʠʮʘʤʠ.  
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2. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

 

 

2.1 ʆʙʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʫʩʪʨʦʡʩʪʚʝ ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʠʟʥʘʯʘʣʴʥʦ 

ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʧʨʠ ʠʟʫʯʝʥʠʠ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʛʦ ʢʦʥʪʘʢʪʘ ʧʦʟʚʦʥʦʯʥʳʭ. 

ɼʦʩʪʫʧʥʦʩʪʴ ʵʪʦʛʦ ʩʠʥʘʧʩʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʠ ʤʝʭʘʥʠʟʤʳ ʠʭ ʨʝʛʫʣʷʮʠʠ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ).  

ʄʳʰʝʯʥʳʝ ʚʦʣʦʢʥʘ ʠʥʥʝʨʚʠʨʫʶʪʩʷ ʤʦʪʦʥʝʡʨʦʥʘʤʠ, ʪʝʣʘ ʢʦʪʦʨʳʭ ʟʘʣʝʛʘʶʪ ʚ 

ʩʧʠʥʥʦʤ ʤʦʟʛʝ ʣʠʙʦ ʩʪʚʦʣʝ ʤʦʟʛʘ. ʆʪʜʝʣʴʥʳʡ ʤʦʪʦʥʝʡʨʦʥ ʥʘʧʨʘʚʣʷʝʪ ʘʢʩʦʥ ʢ ʤʳʰʮʝ, 

ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʚʝʪʦʯʢʠ, ʫʧʨʘʚʣʷʶʱʠʝ ʤʥʦʛʠʤʠ ʤʳʰʝʯʥʳʤʠ ʚʦʣʦʢʥʘʤʠ. ʇʦʜʭʦʜʷ ʢ 

ʤʳʰʝʯʥʦʤʫ ʚʦʣʦʢʥʫ, ʘʢʩʦʥʘʣʴʥʘʷ ʚʝʪʦʯʢʘ ʬʦʨʤʠʨʫʝʪ ʪʦʥʢʠʝ ʢʦʥʝʯʥʳʝ ʚʝʪʦʯʢʠ, 

ʢʦʪʦʨʳʝ ʥʝ ʧʦʢʨʳʪʳ ʤʠʝʣʠʥʦʚʦʡ ʦʙʦʣʦʯʢʦʡ ʠ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʞʝʣʦʙʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʳʰʝʯʥʦʡ ʤʝʤʙʨʘʥʳ, ʘ ʩʚʝʨʭʫ ʧʨʠʢʨʳʚʘʶʪʩʷ ʦʪʨʦʩʪʢʘʤʠ ʚhʘʥʥʦʚʩʢʠʭ ʢʣʝʪʦʢ. ʋ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʙʦʣʴʰʠʥʩʪʚʦ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ ʠʥʥʝʨʚʠʨʫʶʪʩʷ ʯʝʨʝʟ ʦʜʠʥ ʩʠʥʘʧʩ 

ʦʜʥʠʤ ʘʢʩʦʥʦʤ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʥʝʪ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʠʥʪʝʛʨʘʮʠʠ; ʢʘʞʜʳʡ ʧʦʪʝʥʮʠʘʣ ʜʝʡʩʪʚʠʷ ʥʝʨʚʥʦʡ ʪʝʨʤʠʥʘʣʠ ʚʳʟʳʚʘʝʪ ʦʜʠʥ ʧʦʪʝʥʮʠʘʣ 

ʜʝʡʩʪʚʠʷ ʚ ʤʳʰʝʯʥʦʤ ʚʦʣʦʢʥʝ (ɼʦʙʨʝʮʦʚ ʠ ʜʨ. 1983; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). ʅʝʨʚʥʦ-

ʤʳʰʝʯʥʳʡ ʩʠʥʘʧʩ, ʪʘʢʞʝ ʢʘʢ ʠ ʮʝʥʪʨʘʣʴʥʳʝ ʩʠʥʘʧʩʳ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ ʵʣʝʤʝʥʪʘ: 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ, ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ 

(ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʦʙʣʘʩʪʴ ʤʳʰʝʯʥʦʛʦ ʚʦʣʦʢʥʘ ʢ ʢʦʪʦʨʦʡ ʧʨʠʣʝʛʘʝʪ ʥʝʨʚʥʦʝ 

ʦʢʦʥʯʘʥʠʝ) - ʜʚʠʛʘʪʝʣʴʥʫʶ ʢʦʥʮʝʚʫʶ ʧʣʘʩʪʠʥʢʫ ʠ ʨʘʟʜʝʣʷʶʱʫʶ ʠʭ ʩʠʥʘʧʪʠʯʝʩʢʫʶ 

ʱʝʣʴ (Eccls, 1963; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ) (ʨʠʩ.1).  

ʅʝʨʚʥʳʝ ʪʝʨʤʠʥʘʣʠ ʟʘʧʦʣʥʝʥʳ ʩʦʜʝʨʞʘʱʠʤʠ ʤʝʜʠʘʪʦʨ ʘʮʝʪʠʣʭʦʣʠʥ 

ʩʠʥʘʧʪʠʯʝʩʢʠʤʠ ʚʝʟʠʢʫʣʘʤʠ ʜʠʘʤʝʪʨʦʤ 35-50 ʥʤ. ʄʥʦʛʠʝ ʚʝʟʠʢʫʣʳ ʧʨʠʢʨʝʧʣʷʶʪʩʷ ʢ 

ʵʣʝʢʪʨʦʥʥʦ-ʧʣʦʪʥʳʤ ʧʦʣʦʩʢʘʤ ʥʘ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ, ʜʨʫʛʠʝ ʨʘʟʙʨʦʩʘʥʳ ʚ 

ʮʠʪʦʧʣʘʟʤʝ. ʕʪʠ ʧʦʣʦʩʢʠ, ʦʙʦʟʥʘʯʘʝʤʳʝ ʘʢʪʠʚʥʳʤʠ ʟʦʥʘʤʠ (ɸɿ), ʷʚʣʷʶʪʩʷ ʩʘʡʪʘʤʠ, ʛʜʝ 

ʚʝʟʠʢʫʣʳ ʩʣʠʚʘʶʪʩʷ ʩ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʦʡ, ʦʩʚʦʙʦʞʜʘʷ ʘʮʝʪʠʣʭʦʣʠʥ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʱʝʣʴ (Jahromi, Atwood, 1974). ɺ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʪʘʢʞʝ ʙʦʣʴʰʠʝ ʧʦ ʨʘʟʤʝʨʫ ʵʣʝʢʪʨʦʥʥʦ-ʧʣʦʪʥʳʝ ʚʝʟʠʢʫʣʳ (ʛʨʘʥʫʣʳ), ʩʦʜʝʨʞʘʱʠʝ 

ʥʝʡʨʦʧʝʧʪʠʜʳ, (ʪʘʢʠʝ ʢʘʢ ʢʘʣʴʮʠʪʦʥʠʥ ʛʝʥ-ʩʚʷʟʘʥʥʳʡ ʧʝʧʪʠʜ, ʚʘʟʦʘʢʪʠʚʥʳʡ 

ʠʥʪʝʩʪʠʥʘʣʴʥʳʡ ʧʝʧʪʠʜ ʠ ʜʨ.), ʤʠʪʦʭʦʥʜʨʠʠ, ʤʠʢʨʦʪʨʫʙʦʯʢʠ, ʤʠʢʨʦʬʠʣʘʤʝʥʪʳ, 
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ʮʠʩʪʝʨʥʳ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ (ʕʇʈ) (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ).  

 

ʈʠʩ. 1. ʉʪʨʦʝʥʠʝ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʛʦ ʩʠʥʘʧʩʘ ʣʷʛʫʰʢʠ (Robertson, 1983; ɿʝʬʠʨʦʚ, 

ʇʝʪʨʦʚ, 2010ʘ) 

 

ɺ ʞʝʣʦʙʢʝ ʥʘ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʠʤʝʶʪʩʷ ʠʥʚʘʛʠʥʘʮʠʠ ʰʠʨʠʥʦʡ 50-

100 ʥʤ ï ʩʢʣʘʜʢʠ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʧʣʦʱʘʜʴ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʳ, ʫʩʠʣʠʚʘ ̫ʵʬʬʝʢʪ ʚʳʜʝʣʝʥʠʷ ʢʚʘʥʪʘ ʤʝʜʠʘʪʦʨʘ (Robertson, 1983). ɺ ʥʝʨʚʥʦ-

ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ ʣʷʛʫʰʢʝ ʥʘʧʨʦʪʠʚ ʢʘʞʜʦʡ ɸɿ ʠʤʝʪʁʩʷ ʦʙʳʯʥʦ 2 ʩʢʣʘʜʢʠ (ʨʠʩ. 1), ʫ 

ʯʝʣʦʚʝʢʘ ï 7-8. ɺ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʩʢʣʘʜʢʘʭ ʟʘʷʢʦʨʝʥʳ ʥʠʢʦʪʠʥʦʚʳʝ 

ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ (ʥɸʭʈ), ʛʨʫʧʧʠʨʫʶʱʠʝʩʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 

(10000 ʥʘ ʤʢʤ
2
) ʚ ʨʝʛʠʦʥʝ ʫʩʪʴʷ (Peper, McMahan, 1972). ʊʘʢʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ 

ʨʝʮʝʧʪʦʨʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʘʨʢʘʩʥʳʭ ʙʝʣʢʦʚ. 

ɸʮʝʪʠʣʭʦʣʠʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʚ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʚʨʝʤʝʥʠ, ʠ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʱʝʣʠ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʨʫʰʝʥʠʷ 

ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʦʡ ʠ ʜʠʬʬʫʟʠʠ ʚʦ ʚʥʝʩʠʥʘʧʪʠʯʝʩʢʠʝ ʨʝʛʠʦʥʳ (Letinsky, De Cino, 

1980).  

ʉʠʥʘʧʪʠʯʝʩʢʘʷ ʱʝʣʴ çʧʨʦʥʠʟʘʥʘè ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʦʡ, ʧʨʦʥʠʢʘʶʱʝʡ ʛʣʫʙʦʢʦ ʚ 

ʧʦʣʦʩʪʴ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʩʢʣʘʜʦʢ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʣʠʯʠʡ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʠ ʵʢʩʪʨʘʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʦʙʳʯʥʦ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ. ʆʜʥʘʢʦ 

ʩʠʥʘʧʪʠʯʝʩʢʘʷ ʙʘʟʘʣʴʥʘʷ ʤʝʤʙʨʘʥʘ ʙʠʦʭʠʤʠʯʝʩʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʘ, ʪʘʢ ʢʘʢ ʩʦʜʝʨʞʠʪ 

ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʫ, ʢʦʤʧʦʥʝʥʪʳ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʘʜʛʝʟʠʶ ʥʝʨʚʘ ʢ ʤʳʰʮʝ ʠ ʟʘ ʠʭ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ (ʘʛʨʠʥ, ʛʝʧʘʨʠʥ ʩʫʣʴʬʘʪ ʧʨʦʪʝʦʛʣʠʢʘʥ, ʣʘʤʠʥʠʥ ɸ, 

S-ʣʘʤʠʥʠʥ, ʥʝʫʨʝʛʫʣʠʥ, ʪʝʥʘʩʮʠʥ, ʵʥʪʘʢʪʠʥ, ʧʝʨʣʝʢʘʥ, Ŭ-ʜʠʩʪʨʦʛʣʠʢʘʥ). ʇʦʜʦʙʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʧʨʝ- ʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ ʤʳʰʮʳ 

(ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ; Singhal, Martin, 2011).  

ʇʦʢʨʳʚʘʶʱʘʷ ʥʝʨʚʥʫʶ ʪʝʨʤʠʥʘʣʴ ʚhʘʥʥʦʚʩʢʘ ̫ ʢʣʝʪʢʘ ʧʘʣʴʮʝʚʠʜʥʳʤʠ 

ʦʪʨʦʩʪʢʘʤʠ ʨʘʟʜʝʣʷʝʪ ʪʝʨʤʠʥʘʣʴ ʥʘ ʦʪʩʝʢʠ (Ross-Canada et al., 1983; Haydon, 2001). 

ʐʚʘʥʥʦʚʩʢʠʝ ʢʣʝʪʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʟʘʱʠʪʫ ʪʝʨʤʠʥʘʣʠ ʦʪ ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʥʦ ʠ ʚʳʧʦʣʥʷʶʪ ʜʨʫʛʠʝ ʬʫʥʢʮʠʠ (Sugiura, Lin, 2011). ʆʥʠ 

ʬʘʛʦʮʠʪʠʨʫʶʪ ʥʝʨʚʥʫʶ ʪʝʨʤʠʥʘʣʴ ʧʦʩʣʝ ʧʦʚʨʝʞʜʝʥʠʷ ʘʢʩʦʥʘ ʠ ʩʣʫʞʘʪ ʧʨʦʚʦʜʥʠʢʘʤʠ 

ʨʦʩʪʘ ʥʦʚʳʭ ʪʝʨʤʠʥʘʣʝʡ. ʐʚʘʥʥʦʚʩʢʠʝ ʢʣʝʪʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʘʢʩʦʥʘʣʴʥʦʤʫ 

ʧʦʪʝʥʮʠʘʣʫ ʜʝʡʩʪʚʠʷ, ʠʤʝʶʪ ʨʝʮʝʧʪʦʨʳ ʢ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘʤ ʠ ʤʦʜʫʣʷʪʦʨʘʤ (Georgiou et 

al., 1999), ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ (Robitaille et al., 1998) ʠ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ / ʩʝʢʨʝʪʠʨʦʚʘʪʴ ʘʮʝʪʠʣʭʦʣʠʥ ʧʦʩʣʝ ʜʝʥʝʨʚʘʮʠʠ. ʅʘ ʪʝʩʥʫʶ ʩʚʷʟ ɹʤʝʞʜʫ 

ʥʝʨʚʥʳʤʠ ʪʝʨʤʠʥʘʣʷʤʠ ʠ hʚʘʥʥʦʚʩʢʦʡ ʢʣʝʪʢʦʡ ʫʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʱʝʣʝʚʳʭ ʢʦʥʪʘʢʪʦʚ 

(Rash et al., 2001). 

ɺʦ ʤʥʦʛʠʭ ʦʪʥʦʰʝʥʠʷʭ ʩʠʥʘʧʩʳ ʤʝʞʜʫ ʥʝʡʨʦʥʘʤʠ ʩʭʦʜʥʳ ʩ ʥʝʨʚʥʦ-ʤr ʰʝʯʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ. ʀ ʚ ʪʝʭ ʠ ʚ ʜʨʫʛʠʭ ʥʝʨʚʥʘʷ ʪʝʨʤʠʥʘʣʴ ʩʦʜʝʨʞʠʪ ʚʝʟʠʢʫʣʳ, ʧʦʢʨʳʪʘ 

ʛʣʠʘʣʴʥʳʤʠ ʦʪʨʦʩʪʢʘʤʠ; ʧʨʝ- ʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʳ ʫʪʦʣʱʝʥʳ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʳ ʥʘ ʦʩʚʦʙʦʞʜʝʥʠʝ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʠ ʝʛʦ ʨʝʮʝʧʮʠʶ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 

2010ʘ). ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʮʝʥʪʨʘʣʴʥʳʭ ʩʠʥʘʧʩʦʚ ʷʚʣʷʶʪʩʷ ʤʘʣʳʝ ʨʘʟʤʝʨʳ, ʤʝʥʴʰʠʡ ʟʘʧʘʩ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʧʦʵʪʦʤʫ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʟʠʢʫʣ ʦʩʚʦʙʦʞʜʘʝʪ ʤʝʜʠʘʪʦʨ 

ʚ ʦʪʚʝʪ ʥʘ ʧʦʪʝʥʮʠʘʣ ʜʝʡʩʪʚʠʷ. ɺ ʤʝʞʥʝʡʨʦʥʘʣʴʥʳʭ ʩʠʥʘʧʩʘʭ ʦʪʩʫʪʩʪʚʫʝʪ ʙʘʟʘʣʴʥʘʷ 

ʤʝʤʙʨʘʥʘ, ʘ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʘʷ ʤʝʤʙʨʘʥʘ ʥʝ ʦʙʨʘʟʫʝʪ ʩʢʣʘʜʦʢ. ʊʦʣʴʢʦ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʤʝʞʥʝʡʨʦʥʘʣʴʥʳʭ ʩʠʥʘʧʩʦʚ ʠʩʧʦʣʴʟʫʝʪ ʘʮʝʪʠʣʭʦʣʠʥ ʚ ʢʘʯʝʩʪʚʝ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ; 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʭʘʥʠʟʤʳ ʙʠʦʩʠʥʪʝʟʘ, ʧʦʚʪʦʨʥʦʛʦ ʟʘʭʚʘʪʘ ʠ ʠʥʘʢʪʠʚʘʮʠʠ ʤʝʜʠʘʪʦʨʘ, ʘ 

ʪʘʢʞʝ ʭʝʤʦʨʝʮʝʧʮʠʠ, ʚ ʥʠʭ ʙʫʜʫʪ ʜʨʫʛʠʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʠ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʠʥʘʧʩʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʛʦʤʦʣʦʛʠ ̫ ʥʘ ʙʝʣʢʦʚʦʤ ʫʨʦʚʥʝ 

(ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʰʠʥ ʵʢʟʦ- ʠ ʵʥʜʦʮʠʪʦʟʘ, ʢʘʥʘʣʦʚ, ʨʝʮʝʧʪʦʨʦʚ, ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʠʩʪʝʤ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʛʦ 

ʩʠʥʘʧʩʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʣʦʞʠʤʳ ʠ ʢ ʨʘʙʦʪʝ ʤʝʞʥʝʡʨʦʥʘʣʴʥʳʭ ʩʠʥʘʧʩʦʚ (ɺʦʣʢʦʚ ʠ ʜʨ. 

2011; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). 
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2.2 ʉʠʥʘʧʪʠʯʝʩʢʘʷ ʚʝʟʠʢʫʣʘ ʠ ʦʙʱʠʝ ʧʦʥʷʪʠʷ ʦ ʧʫʣʘʭ ʚʝʟʠʢʫʣ 

ɺ ʩʦʤʝ ʥʝʡʨʦʥʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʧʫʟʳʨʴʢʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʯʢʫʶʪʩʷ ʦʪ ʤʝʤʙʨʘʥ ʕʇʈ ʠ ʢʦʤʧʣʝʢʩʘ ɻʦʣʴʜʞʠ. ʇʦʪʦʤ ʚʝʟʠʢʫʣʳ-

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʮʝʧʣʷʶʪʩʷ ʤʦʪʦʨʥʳʤʠ ʧʨʦʪʝʠʥʘʤʠ, ʢʠʥʝʟʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʧʦ ʨʝʣʴʩʘʤ 

ʠʟ ʤʠʢʨʦʪʨʫʙʦʯʝʢ ʙʳʩʪʨʦ ʜʦʩʪʘʚʣʷʶʪ ʠʭ ʢ ʥʝʨʚʥʳʤ ʪʝʨʤʠʥʘʣʷʤ (Foletti et al., 1999; 

Queralt, Goldstein, 2001). ʅʝʟʨʝʣʳʝ ʚʝʟʠʢʫʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤʠ 

ʨʘʟʤʝʨʘʤʠ, ʥʝʦʙʳʯʥʦʡ ʬʦʨʤʦʡ ʠ ʙʝʣʢʦʚʳʤ ʩʦʩʪʘʚʦʤ. ʇʨʠʙʳʚ ʚ ʥʝʨʚʥʦʝ ʦʢʦʥʯʘʥʠʝ, 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʧʨʝʪʝʨʧʝʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʮʠʢʣʦʚ ʵʢʟʦ-ʵʥʜʦʮʠʪʦʟʘ ʚʦ 

ʚʥʝʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘʩʪʨʦʡʢʘ ʙʝʣʢʦʚʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʨʝʣʦʡ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʚʝʟʠʢʫʣʳ (ʨʠʩ. 2).  

 

ʈʠʩ. 2. ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʦʜʝʣʴ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʚʝʟʠʢʫʣʳ (Takamori et al., 2006) 

ɸ ï ʊʨʝʭʤʝʨʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʚʝʟʠʢʫʣʳ. ɹ ï ʚʠʜ ʚʝʟʠʢʫʣʳ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʩʝʯʝʥʠʠ, ʧʨʦʭʦʜʷʱʠʤ ʯʝʨʝʟ ʝʝ ʩʝʨʝʜʠʥʫ. ɺ ï ʠʟʦʙʨʘʞʝʥʠʝ ʚʝʟʠʢʫʣʳ, ʩʦʜʝʨʞʘʱʝʡ ʪʦʣʴʢʦ 

ʩʠʥʘʧʪʦʙʨʝʚʠʥ (ʥʘ ʦʜʥʦʡ ʚʝʟʠʢʫʣʝ ʦʙʳʯʥʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʦʢʦʣʦ 70 ʢʦʧʠʡ).  

 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʠʛʨʘʶʪ ʵʥʜʦʩʦʤʘʣʴʥʳʝ ʩʦʨʪʠʨʦʚʦʯʥʳʝ ʩʪʘʥʮʠʠ (Matteoli et al., 

1992, 2004). ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ çʦʪʨʘʙʦʪʘʚʰʠʝè ʚʝʟʠʢʫʣʳ (ʩ çʠʩʧʦʨʯʝʥʥʳʤʠè 

ʙʝʣʢʘʤʠ) ʠʣʠ ʚʝʟʠʢʫʣʳ, ʥʝʩʫʱʠʝ ʥʝʡʨʦʪʨʦʬʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ (ʠʣʠ ʚʠʨʫʩʳ), 

ʥʘʧʨʘʚʣʷʶʪʩʷ ʧʨʠ ʫʯʘʩʪʠʠ ʤʦʪʦʨʥʦʛʦ ʙʝʣʢʘʤʠ ʜʠʥʝʠʥʘ ʧʦ ʘʢʩʦʥʫ ʚ ʪʝʣʦ ʥʝʨʚʥʦʡ ʢʣʝʪʢʠ 

(Queralt, Goldstein, 2001).  



20 
 

  

ʉʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʟʠʢʫʣʳ ʩʦʜʝʨʞʘʪ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʜʠʘʪʦʨʳ, ʘ ʪʘʢʞʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ (ʢʦ-ʤʝʜʠʘʪʦʨʳ), ʥʘʧʨʠʤʝʨ ɸʊʌ. ʂʘʞʜʘʷ 

ʩʠʥʘʧʪʠʯʝʩʢʘʷ ʚʝʟʠʢʫʣʘ ʩʦʩʪʘʚʣʝʥʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʠʟ 10 000 ʬʦʩʬʦʣʠʧʠʜʦʚ ʠ 200 

ʙʝʣʢʦʚ, ʧʦ ʤʘʩʩʝ ʩʦʦʪʥʦʰʝʥʠʝ ʣʠʧʠʜʳ : ʙʝʣʢʠ ʩʦʩʪʘʚʣʷʝʪ 50% : 50% (ʨʠʩ. 2) (Jahn, 

Sudhof, 1993; Takamori et al., 2006). ɺʝʟʠʢʫʣʷʨʥʳʝ ʙʝʣʢʠ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʜʚʫʤ ʛʨʫʧʧʘʤ: 

ʪʨʘʥʩʧʦʨʪʝʨʳ, ʦʧʦʩʨʝʜʫʶʱʠʝ ʟʘʧʨʘʚʢʫ ʤʝʜʠʘʪʦʨʦʤ (ʨʠʩ. 3) ʠ ʧʝʨʝʥʦʩ ʠʦʥʦʚ (H
+
 , Cl

-
, 

Zn
2+
) ʚ ʧʦʣʦʩʪʴ ʚʝʟʠʢʫʣʳ; ʠ ʙʝʣʢʠ-ʤʦʪʦʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʜʚʠʞʝʥʠʝ ʚʝʟʠʢʫʣʳ. 

ɺʝʟʠʢʫʣʳ ʩʦʜʝʨʞʘʪ ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʥʳʝ ʙʝʣʢʠ (ʩʠʥʘʧʩʠʥʳ, ʨʘʙʬʠʣʠʥ), ʙʝʣʢʠ, 

ʧʨʠʢʨʝʧʣʷʶʱʠʝʩʷ ʢ ʤʝʤʙʨʘʥʝ ʯʝʨʝʟ ʣʠʧʠʜʥʫʶ ʛʨʫʧʧʫ (Rab3, CSP), ʠ ʙʝʣʢʠ, 

ʧʨʦʥʠʟʳʚʘʶʱʠʝ ʦʜʠʥ (ʩʠʥʘʧʪʦʪʘʛʤʠʥʳ, ʩʠʥʘʧʪʦʙʨʝʚʠʥʳ) ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

(ʩʠʥʘʧʪʦʬʠʟʠʥʳ 1 ʠ 2, ʩʠʥʘʧʪʦʛʠʨʠʥʳ, SV2s, SVOP, SCAMPs) ʨʘʟ ʤʝʤʙʨʘʥʫ (ʨʠʩ. 2). 

ʄʥʦʛʠʝ ʧʨʦʪʝʠʥʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʤʝʤʙʨʘʥʝ ʚ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʠʟʦʬʦʨʤʘʭ - 

ʩʠʥʘʧʪʦʛʠʨʠʥʳ, ʩʠʥʘʧʪʦʪʘʛʤʠʥʳ, ʩʠʥʘʧʪʦʙʨʝʚʠʥʳ, SV2, rab3, ʩʠʥʘʧʩʠʥʳ, ʠ SCAMP 

(ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). 

 

ʈʠʩ. 3. ʇʨʦʪʦʥʥʳʡ ʥʘʩʦʩ ʠ ʚʝʟʠʢʫʣʷʨʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ ʘʮʝʪʠʣʭʦʣʠʥʘ 

ɸ ï H-ʧʦʤʧʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ (Morel, 2003): ʤʝʤʙʨʘʥʥʦʡ - V0 ʠ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ - V1. V1 ʜʦʤʝʥ ʩʦʩʪʦʠʪ ʠʟ 8 ʨʘʟʥʳʭ ʩʫʙʲʝʜʠʥʠʮ (ʦʪ ɸ ʜʦ ʅ). ɸʊʌ-

ʩʚʷʟʳʚʘʶʱʠʭ ʩʫʙʲʝʜʠʥʠʮ ɸ ʠ ɺ ʩʦʜʝʨʞʠʪʩʷ ʧʦ 3 ʢʦʧʠʠ. V0 ï ʜʦʤʝʥ ʚʢʣʶʯʘʝʪ ʧʦ ʦʜʥʦʡ 

a ʠ d ïʩʫʙʲʝʜʠʥʠʮʝ ʠ ʛʝʢʩʘʤʝʨʥʦʝ ʢʦʣʴʮʦ ʠʟ ʧʨʦʪʝʦʣʠʧʠʜʥʳʭ ʩ-ʩʫʙʲʝʜʠʥʠʮ. ɸʊʌ 

ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʪʨʝʤʷ ɸ-ʩʫʙʲʝʜʠʥʠʮʘʤʠ, ʵʪʦ ʚʳʟʳʚʘʝʪ ʧʦʚʦʨʦʪ ʢʦʣʴʮʘ ʠʟ ʩïʩʫʙʲʝʜʠʥʠʮ 

V0-ʜʦʤʝʥʘ, ʘ ʪʘʢʞʝ D ʠ F ʩʫʙʲʝʜʠʥʠʮ V1 ʨʝʛʠʦʥʘ. ɺʨʘʱʘʶʱʠʝʩʷ ʩʫʙʲʝʜʠʥʠʮʳ ʠʥʦʛʜʘ 

ʦʙʦʟʥʘʯʘʶʪ ʨʦʪʦʨʦʤ. ʇʦʚʦʨʦʪ ʨʦʪʦʨʘ ʚʳʟʳʚʘʝʪ ʪʨʘʥʩʣʦʢʘʮʠʶ ʧʨʦʪʦʥʦʚ, ʢʦʪʦʨʳʝ 

ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʠʟ ʮʠʪʦʧʣʘʟʤʳ ʧʝʨʠʬʝʨʠʯʝʩʢʠʤ ʨʝʛʠʦʥʦʤ ʛʝʢʩʘʤʝʨʥʦʛʦ ʢʦʣʴʮʘ. V1-

ʜʦʤʝʥ ʤʦʞʝʪ ʜʠʩʩʦʮʠʠʨʦʚʘʪʴ ʦʪ V0. ɹ ï ɺʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʝʟʠʢʫʣʷʨʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʝʨʘ ʘʮʝʪʠʣʭʦʣʠʥʘ, ʚʢʣʶʯʘʶʱʘʷ 12 Ŭ-ʩʧʠʨʘʣʴʥʳʭ ʧʨʦʥʠʟʳʚʘʶʱʠʭ ʤʝʤʙʨʘʥʫ 

ʜʦʤʝʥʦʚ (Masson et al., 1999). ɺ ï ʉʭʝʤʘ çʟʘʧʨʘʚʢʠè ʚʝʟʠʢʫʣ ʘʮʝʪʠʣʭʦʣʠʥʦʤ. 
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ʉʘʤʳʡ ʙʦʣʴʰʦʡ ʙʝʣʦʢ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (~1ʤʣʥ ɼʘʣʴʪʦʥ) ï ʵʪʦ ʅ
+
-ʧʦʤʧʘ. 

ʆʙʳʯʥʦ ʝʜʠʥʩʪʚʝʥʥʦʡ ʢʦʧʠʠ ʵʪʦʛʦ ʥʘʩʦʩʘ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʝʟʠʢʫʣʳ 

(ʨʠʩ. 3). ʅʘʩʦʩ ʩʦʩʪʘʚʣʝʥ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʠʟ 13 ʪʠʧʦʚ ʩʫʙʲʝʜʠʥʠʮ (ʛʨʫʧʧʠʨʫʶʱʠʭʩʷ ʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ V1 ʠ ʤʝʤʙʨʘʥʥʳʡ V0 ʜʦʤʝʥʳ) ʠ ʠʤʝʝʪ ʨʘʟʤʝʨʳ 14 

ʭ 14 ʭ 24 ʥʤ, ʟʘʥʠʤʘʷ 10% ʦʙʲʝʤʘ ʚʝʟʠʢʫʣʳ (Nishi, Forgac, 2002; Morel, 2003). ʆʜʥʘ 

ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʥʘʩʦʩʘ ʟʘ ʤʠʣʣʠʩʝʢʫʥʜʫ ʬʦʨʤʠʨʫʝʪ ʥʘ ʤʝʤʙʨʘʥʝ ʛʨʘʜʠʝʥʪ H
+
 (ʚ ʧʦʣʦʩʪʠ 

ʚʝʟʠʢʫʣʳ ʨʅ ʩʪʘʥʦʚʠʪʴʩʷ 5.2-5.5), ʜʦʩʪʘʪʦʯʥʳʡ ʜʣʷ ʟʘʧʨʘʚʢʠ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʤ (Fykse, 

Fonnum, 1996). ɺʝʟʠʢʫʣʷʨʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ ʘʮʝʪʠʣʭʦʣʠʥʘ ʚ ʦʙʤʝʥ ʥʘ ʜʚʘ ʅ
+ 
ʧʝʨʝʤʝʱʘʝʪ 

ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʤʝʜʠʘʪʦʨʘ (ʨʠʩ. 3ɹ, ɺ), ʚ ʠʪʦʛʝ ʚ ʚʝʟʠʢʫʣʝ ʩʦʟʜʘʝʪʩʷ ʚʳʩʦʢʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʮʝʪʠʣʭʦʣʠʥʘ. ʏʝʤ ʙʦʣʴʰʝ ʤʦʣʝʢʫʣ ʪʨʘʥʩʧʦʨʪʝʨʘ (ʦʪ 9 ʜʦ 14 ʢʦʧʠʡ) ʚ 

ʚʝʟʠʢʫʣʝ, ʪʝʤ ʦʙʳʯʥʦ ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠʘʪʦʨʘ ʚ ʚʝʟʠʢʫʣʝ (Sudhof, 2004). 

 

ʈʠʩ. 4. ɺʝʟʠʢʫʣʷʨʥʳʝ ʧʫʣʳ (ɿʝʬʠʨʦʚ, 2007 ʩ ʠʟʤʝʥʝʥʠʷʤʠ) 

ɸ- ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʥʘʣʠʯʠʷ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ 

ʚʝʟʠʢʫʣʷʨʥʳʭ ʧʫʣʦʚ. ɼʠʥʘʤʠʢʘ ʧʦʪʝʥʮʠʘʣʦʚ ʢʦʥʮʝʚʦʡ ʧʣʘʩʪʠʥʢʠ (ʇʂʇ) ʚ ʥʝʨʚʥʦ-

ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ ʣʷʛʫʰʢʠ ʧʨʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʨʘʟʜʨʘʞʝʥʠʠ. ɹʳʩʪʨʳʡ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʩʧʘʜ ʘʤʧʣʠʪʫʜʳ ʇʂʇ (1) ʦʪʨʘʞʘʝʪ ʨʘʩʭʦʜʦʚʘʥʠʝ ʥʝʙʦʣʴʰʦʛʦ ʧʦ 

ʚʝʣʠʯʠʥʝ ʧʫʣʘ ʚʝʟʠʢʫʣ, ʩʪʘʙʠʣʠʟʘʮʠʷ ʘʤʧʣʠʪʫʜʳ (2) ï ʤʦʙʠʣʠʟʘʮʠʶ ʚʝʟʠʢʫʣ ʠʟ ʜʨʫʛʦʛʦ, 

ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝʛʦ ʧʫʣʘ, ʘ ʧʦʩʣʝʜʫʶʱʝʝ ʤʝʜʣʝʥʥʦʝ ʩʥʠʞʝʥʠʝ (3)- ʨʘʩʭʦʜʦʚʘʥʠʝ 

ʙʦʣʴʰʦʛʦ ʧʫʣʘ ʚʝʟʠʢʫʣ. ɹ- ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʨʝʭ ʧʫʣʦʚ, ʦʙʲʷʩʥʷʶʱʝʝ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʥʘ ɸ. ʉʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʚʦʩʧʦʣʥʝʥʠʝ ʧʫʣʦʚ ʧʨʠ 

ʘʢʪʠʚʥʦʩʪʠ ʩʠʥʘʧʩʘ. ɺ - ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ ʨʘʟʥʳʭ ʧʫʣʦʚ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). 
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ɺ ʥʝʨʚʥʦʤ ʦʢʦʥʯʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʠʥʘʧʩʦʚ ʩʦʜʝʨʞʠʪʩʷ ʦʪ ʩʪʘ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʪʳʩʷʯ ʚʝʟʠʢʫʣ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʧʫʣʘ (ʥʝʤʝʜʣʝʥʥʦ 

ʛʦʪʦʚʳʡ ʢ ʦʩʚʦʙʦʞʜʝʥʠʶ, ʨʝʮʠʢʣʠʨʫʶʱʠʡ (ʤʦʙʠʣʠʟʘʮʠʦʥʥʳʡ) ʠ ʨʝʟʝʨʚʥʳʡ), 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʚʝʣʠʯʠʥʝ, ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ (ʈʠʩ. 4) (Rizzoli, 

Betz, 2004; 2005; ɿʝʬʠʨʦʚ, 2007; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). ɻʦʪʦʚʳʡ ʢ ʦʩʚʦʙʦʞʜʝʥʠʶ ʧʫʣ 

ʩʦʩʪʘʚʣʷʶʪ ʚʝʟʠʢʫʣʳ (1-2% ʦʪ ʦʙʱʝʡ ʧʦʧʫʣʷʮʠʠ), ʢʦʪʦʨʳʝ ʧʨʠʢʨʝʧʣʝʥʳ ʢ ʤʝʤʙʨʘʥʝ 

ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʠ ʥʝʤʝʜʣʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʈʝʮʠʢʣʠʨʫʶʱʠʡ ʧʫʣ ʚʢʣʶʯʘʝʪ 5-20% ʚʩʝʭ ʚʝʟʠʢʫʣ, ʙʳʩʪʨʦ ʧʦʧʦʣʥʷʶʱʠʭ ʥʝʤʝʜʣʝʥʥʦ 

ʛʦʪʦʚʳʡ ʢ ʦʩʚʦʙʦʞʜʝʥʠʶ ʧʫʣ ʧʦ ʤʝʨʝ ʝʛʦ ʨʘʩʭʦʜʦʚʘʥʠʷ. ʈʝʟʝʨʚʥʳʡ ʧʫʣ ï ʧʨʝʜʩʪʘʚʣʝʥ 

ʚʝʟʠʢʫʣʘʤʠ (80-90% ʚʩʝʭ ʚʝʟʠʢʫʣ), ʢʦʪʦʨʳʝ ʦʩʚʦʙʦʞʜʘʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʡ ʠ 

ʜʣʠʪʝʣʴʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʧʦʩʣʝ ʠʩʪʦʱʝʥʠʷ ʨʝʮʠʢʣʠʨʫʶʱʝʛʦ ʧʫʣʘ (Richards et al., 2000, 

2003; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʛʦʚʦʨʷʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦʛʦ 

(ʧʘʨʘʣʣʝʣʴʥʦʛʦ) ʫʯʘʩʪʠʷ ʨʝʟʝʨʚʥʦʛʦ ʠ ʨʝʮʠʢʣʠʨʫʶʱʝʛʦ ʧʫʣʦʚ ʚ ʩʝʢʨʝʮʠʠ ʤʝʜʠʘʪʦʨʘ 

(ɿʝʬʠʨʦʚ ʠ ʜʨ., 2008ʘ,ʙ; Petrov et al., 2008; ɿʘʭʘʨʦʚ ʠ ʜʨ. 2012).  

ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʥʦʛʠʝ ʩʠʥʘʧʩʳ ʪʨʘʥʩʣʠʨʫʶʪ ʩʣʝʜʫʶʱʠʝ ʜʨʫʛ ʟʘ 

ʜʨʫʛʦʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʧʘʯʢʠ ʧʦʪʝʥʮʠʘʣʦʚ ʜʝʡʩʪʚʠʷ. ʕʪʦ ʚʳʟʳʚʘʝʪ ʪʨʘʪʫ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʧʘʩʦʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. ʆʜʥʘʢʦ ʦʧʫʩʪʦʝhʥʠʷ ʧʦʧʫʣʷʮʠʠ ʚʝʟʠʢʫʣ 

ʚ ʥʦʨʤʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʩʦʙʳʪʠʷʤʠ ʵʢʟʦʮʠʪʦʟʘ ʚ ʥʝʨʚʥʳʭ 

ʪʝʨʤʠʥʘʣʷʭ ʧʨʦʪʝʢʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʵʥʜʦʮʠʪʦʟʦʤ, 

ʢʦʪʦʨʳʝ ʟʘʧʨʘʚʣʷʶʪʩʷ ʤʝʜʠʘʪʦʨʦʤ ʠ ʜʦʩʪʘʚʣʷʶʪʩʷ ʚ ʧʫʣʳ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʫʯʘʩʪʠʷ ʚ 

ʥʦʚʦʤ ʨʘʫʥʜʝ ʵʢʟʦʮʠʪʦʟʘ (Murthy, De Camilli, 2003, ɿʝʬʠʨʦʚ, 2007). ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ 

ʩʦʙʳʪʠʡ ʦʙʦʟʥʘʯʘʝʪʩʷ ʨʝʮʠʢʣʠʨʦʚʘʥʠʝ, ʘ ʧʦʩʪʦʷʥʥʳʡ ʢʨʫʛʦʦʙʦʨʦʪ ʚʝʟʠʢʫʣ  - 

ʚʝʟʠʢʫʣʷʨʥʳʡ ʮʠʢʣ (ʨʠʩ. 5) (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). ʇʨʠ ʫʤʝʨʝʥʥʦʡ ʩʪʠʤʫʣʷʮʠʠ 

ʦʩʚʦʙʦʞʜʝʥʠʝ ʤʝʜʠʘʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚʝʟʠʢʫʣʘʤʠ ʨʝʮʠʢʣʠʨʫʶʱʝʛʦ ʧʫʣʘ, 

ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʨʝʟʝʨʚʥʳʭ ʚʝʟʠʢʫʣ. ʊʘʢʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʚ ʭʦʜʝ 

ʘʢʪʠʚʥʦʩʪʠ ʚʝʟʠʢʫʣʳ ʨʝʮʠʢʣʠʨʫʶʱʝʛʦ ʧʫʣʘ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʦʩʪʦʷʥʥʦʤʫ 

ʨʝʮʠʢʣʠʨʦʚʘʥʠʶ: ʧʦʩʣʝ ʵʢʟʦʮʠʪʦʟʘ ʦʥʠ ʙʳʩʪʨʦ ʧʦʚʪʦʨʥʦ ʦʙʨʘʟʫʶʪʩʷ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʤʝʤʙʨʘʥʳ ʠ ʟʘʪʝʤ ʟʘʥʦʚʦ ʫʯʘʩʪʚʫʶʪ ʚ ʩʝʢʨʝʮʠʠ ʤʝʜʠʘʪʦʨʘ (ɿʝʬʠʨʦʚ, 2007; ɿʝʬʠʨʦʚ, 

ʇʝʪʨʦʚ, 2010ʘ). 
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ʈʠʩ. 5.  ʇʨʝʩʠʥʘʧʪʠʯʝʩʢʠʡ ʚʝʟʠʢʫʣʷʨʥʳʡ ʮʠʢʣ (ɿʝʬʠʨʦʚ, 2007). 

ɺʝʟʠʢʫʣʷʨʥʳʡ ʮʠʢʣ ʚʢʣʶʯʘʝʪ ʵʢʟʦʮʠʪʦʟ (1), ʵʥʜʦʮʠʪʦʟ (2), ʠʥʦʛʜʘ ʵʥʜʦʩʦʤʘʣʴʥʫʶ 

ʩʦʨʪʠʨʦʚʢʫ (3), ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʪʨʘʥʩʧʦʨʪ ʚʝʟʠʢʫʣ ʩ ʚʢʣʶʯʝʥʠʝʤ ʚ ʚʝʟʠʢʫʣʷʨʥʳʝ ʧʫʣʳ 

(4) ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʤʦʙʠʣʠʟʘʮʠʶ ʢ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʩ ʧʦʜʛʦʪʦʚʢʦʡ ʢ 

ʵʢʟʦʮʠʪʦʟʫ (5). ɺ ʩʦʤʝ ʥʝʡʨʦʥʦʚ ʦʙʨʘʟʫʶʪʩʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʠ 

ʜʘʣʝʝ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʥʝʨʚʥʫ  ʁ ʪʝʨʤʠʥʘʣʴ (ʘ). ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʚʝʟʠʢʫʣʷʨʥʳʭ ʮʠʢʣʦʚ ʚʝʟʠʢʫʣʘ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʪʝʣʦ ʥʝʨʚʥʦʡ ʢʣʝʪʢʠ ʜʣʷ ʜʝʛʨʘʜʘʮʠʠ (ʙ) 

(ɿʝʬʠʨʦʚ, 2007). 

 

2.3 ɸʢʪʠʚʥʳʝ ʟʦʥʳ (ɸɿ) ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ 

ʇʠʦʥʝʨʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ɸɿ ʧʨʦʚʝʜʝʥʳ ʥʘ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ ʣʷʛʫʰʢʠ. 

ʉʘʤ ʪʝʨʤʠʥ ʘʢʪʠʚʥʘʷ ʟʦʥʘ çles zones activesè ʙʳʣ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʚ 1970 Couteaux ʠ 

Pecot-Dechavassine ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦ-ʧʣʦʪʥʳʭ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʧʦʣʦʩʦʢ 

ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ ʘʤʬʠʙʠʠ. ʋʯʝʥʳʝ ʥʘʙʣʶʜʘʣʠ ʧʦʷʚʣʝʥʠʝ ʢʦʥʪʫʨʦʚ ʦʪʢʨʳʪʳʭ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʚ ʦʙʣʘʩʪʠ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʧʣʦʪʥʦʡ ʧʦʣʦʩʢʝ, ʧʨʠ ʬʠʢʩʘʮʠʠ 

ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʣʷʛʫʰʢʠ ʚ ʤʦʤʝʥʪ ʨʘʟʜʨʘʞʝʥʠʷ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ 

(ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ).  ʇʦʟʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-ʩʢʘʣʳʚʘʥʠʷ 

ʚ ʦʙʣʘʩʪʠ ʧʣʦʪʥʦʡ ʧʦʣʦʩʢʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʢʦʧʣʝʥʠʷ ʢʨʫʧʥʳʭ ʚʥʫʪʨʠʤʝʤʙʨʘʥʥʳʭ 

ʯʘʩʪʠʮ, ʦʢʦʣʦ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʫʛʣʫʙʣʝʥʠʷ, ʷʚʣʷʶʱʠʝʩʷ çʦʪʛʦʣʦʩʢʘʤʠè 

ʵʢʟʦʮʠʪʦʟʘ (Dreyer et al., 1973; Heuser et al., 1979). ʇʦʟʜʥʝʝ ʵʪʠ ʯʘʩʪʠʮʳ ʙʳʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ ʫʧʨʘʚʣʷʝʤʳʝ ʧʦʪʝʥʮʠʘʣʦʤ Ca
2+

-ʢʘʥʘʣʳ ʠ ʘʢʪʠʚʠʨʫʝʤʳʝ Ca
2+

 ʂ
+
-

ʢʘʥʘʣʳ (Pumplin et al., 1981; Roberts et al., 1990; Robitaille et al., 1993; Evans, Zamponi, 

2006). ɺ ʮʝʣʦʤ, ɸɿ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ ʣʷʛʫʰʢʠ ʩʦʩʪʦʠʪ ʠʟ ʧʣʦʪʥʦʡ 

ʧʦʣʦʩʢʠ (ʜʣʠʥʥʘ 1-3 ʤʢʤ, ʰʠʨʠʥʘ 0.1 ʤʢʤ), ʦʢʦʣʦ ʢʦʪʦʨʦʡ ʩʦʩʨʝʜʦʪʦʯʝʥʳ Ca
2+

-ʢʘʥʘʣʳ, 



24 
 

  

Ca
2+

-ʘʢʪʠʚʠʨʫʝʤʳʝ ʂ
+
-ʢʘʥʘʣʳ ʠ 40-50 ʚʝʟʠʢʫʣ, ʚʳʪʷʥʫʚʰʠʭʩʷ ʚ ʜʚʝ ʰʝʨʝʥʛʠ (ʨʠʩ. 6ɸ) 

(Pecot-Dechavassine, 1982). 

 

ʈʠʩ. 6. ʉʘʡʪʳ ʵʢʟʦʮʠʪʦʟʘ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʢʦʥʪʘʢʪʘʭ ʣʷʛʫʰʢʠ  

ɸ - ʊʨʝʭʤʝʨʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʫʯʘʩʪʢʘ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ (ʤʝʪʦʜ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ ï ʩʢʘʣʳʚʘʥʠʷ). ʅʘ ʤʦʥʦʩʣʦʝ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʦʙʨʘʱʝʥʥʦʤ 

ʢ ʮʠʪʦʧʣʘʟʤʝ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʵʣʝʢʪʨʦʥʥʦ-ʧʣʦʪʥʳʝ ʣʝʥʪʳ (ʧʦʣʦʩʢʠ). ʇʦ ʢʨʘʷʤ ʧʦʣʦʩʢʠ (ʩ 

ʦʙʝʠʭ ʩʪʦʨʦʥ) ʢ ʤʝʤʙʨʘʥʝ ʧʨʠʢʨʝʧʣʷʶʪʩʷ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʟʠʢʫʣʳ, ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ ʢʦʪʦʨʳʭ ʚ ʤʝʤʙʨʘʥʝ ʟʘʷʢʦʨʝʥʳ ʵʣʝʢʪʨʦʥʥʦ-ʧʣʦʪʥʳʝ ʯʘʩʪʠʮʳ ï ʉʘ
2+

-ʢʘʥʘʣʳ. 

ɺ ʦʙʣʘʩʪʠ ɸɿ ʥʘʙʣʶʜʘʶʪʩʷ ʫʛʣʫʙʣʝʥʠʷ, ʦʪʨʘʞʘʶʱʠʝ ʧʨʦʮʝʩʩ ʵʢʟʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ (Pecot-Dechavassine, 1982; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). ɹ - ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ɸɿ (ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʪʦʤʦʛʨʘʬʠʷ) (Harlow et al., 2001 ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ). 

 

ɺ ʭʦʜʝ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠ ̫Harlow ʠ ʢʦʣʣʝʛ (2001) ʙʳʣʦ 

ʧʦʩʪʨʦʝʥʦ ʪʨʝʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ɸɿ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʣʷʛʫʰʢʠ (ʨʠʩ. 

6ɹ). ɹʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʪʨʦʝʥʠʷ ʠʟ ñʙʘʣʦʢò, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʧʦʣʦʩʦʢ; ʢ ʙʘʣʢʘʤ 

ʢʨʝʧʠʣʠʩʴ ñʨʝʙʨʘò, ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʩʦʝʜʠʥʷʣʠʩʴ ʩ ʩʠʥʘʧʪʠʯʝʩʢʠʤʠ ʚʝʟʠʢʫʣʘʤʠ ʠ 

ʯʝʨʝʟ çʢʨʶʯʢʠè ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʩ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ, ʚʝʨʦʷʪʥʦ, ʉʘ
2+

-

ʢʘʥʘʣʘʤʠ. ʆʙʳʯʥʦ ɸɿ ʩʦʩʪʦʷʣʘ ʠʟ ~ 17 ʧʝʨʝʢʣʘʜʠʥ ʠ 120 ʨʝʙʝʨ (Zhai, Bellen, 2004).  

ɸʢʪʠʚʥʳʝ ʟʦʥʳ ʚ ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ ʢʨʳʩ ʠ ʤʳʰʝʡ ʠʥʳʝ 

(ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ), ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʭ ʥʝʨʚʥʦ-

ʤʳʰʝʯʥʳʭ ʢʦʥʪʘʢʪʦʚ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʁʪʩʷ 3-4 ʥʝʨʚʥʳʤʠ ʪʝʨʤʠʥʘʣʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 

ʧʦ 3-5 ʨʘʩʰʠʨʝʥʠʡ ʦʚʘʣʴʥʦʡ ʬʦʨʤʳ (ʙʫʪʦʥʦʚ). ɺ ʢʘʞʜʦʤ ʙʫʪʦʥʝ (ʧʣʦʱʘʜʴ ï 5-10 ʤʢʤ
2
) 

ʨʘʩʧʦʣʦʞʝʥʦ ʦʪ 10 ʜʦ 20 ɸɿ (ʛʜʝ ʜʦʢʠʨʦʚʘʥʳ 0.3% ʚʩʝʭ ʚʝʟʠʢʫʣ). ʅʘʧʨʦʪʠʚ ʢʘʞʜʦʡ ɸɿ ʚ 

ʤʳʰʝʯʥʦʡ ʤʝʤʙʨʘʥʝ ʦʙʨʘʟʫʶʪʩʷ 5-7 ʛʣʫʙʦʢʠʭ ʠʥʚʘʛʠʥʘʮʠʡ (ʩʢʣʘʜʦʢ). ʂ ʢʘʞʜʦʡ ɸɿ 

ʦʙʳʯʥʦ ʧʨʠʢʨʝʧʣʝʥʳ ʦʜʥʘ-ʜʚʝ ʚʝʟʠʢʫʣʳ, ʚʦʢʨʫʛ ʢʦʪʦʨʳʭ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ 

ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʜʝʩʷʪʦʢ ʉʘ
2+

-ʢʘʥʘʣʦʚ (ʨʠʩ. 7) (Nagwaney, et al., 2009). ʉʪʦʣʴ 
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ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʢʨʝʧʣʝʥʥʳʭ ʚ ɸɿ ʚʝʟʠʢʫʣ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʣʦʱʘʜʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʙʣʘʛʦʜʘʨʷ ʤʝʤʙʨʘʥʥʳʤ 

ʩʢʣʘʜʢʘʤ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʜʠʥ ʧʦʪʝʥʮʠʘʣ ʜʝʡʩʪʚʠʷ 

ʚʳʟʳʚʘʝʪ ʩʝʢʨʝʮʠʶ ʣʠʰʴ 1-2 ʢʚʘʥʪʦʚ ʠʟ ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʪʦʣʴʢʦ ʢʘʞʜʳʡ ʜʝʩʷʪʳʡ ʠʤʧʫʣʴʩ ʚʳʟʳʚʘʝʪ ʵʢʟʦʮʠʪʦʟ ʚʝʟʠʢʫʣʳ ʚ ʦʪʜʝʣʴʥʦʡ ɸɿ (Slater, 

2008). 

 

ʈʠʩ. 7. ʉʪʨʫʢʪʫʨʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɸɿ ʚ ʜʚʠʛʘʪʝʣʴʥʦʤ ʥʝʨʚʥʦʤ ʦʢʦʥʯʘʥʠʠ ʤʳʰʠ 

(Slater, 2008, Nagwaney, et al., 2009, ʩ ʠʟʤʝʥʝʥʠʷʤʠ).  

ɸ ï ʘʢʩʦʥ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ, ʜʦʩʪʠʛʘʷ ʤʳʰʝʯʥʦʛʦ ʚʦʣʦʢʥʘ, ʚʝʪʚʠʪʩʷ ʥʘ 3-5 

ʪʝʨʤʠʥʘʣʝʡ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʥʝʩʢʦʣʴʢʦ ʨʘʩʰʠʨʝʥʠʡ, ʥʘʟʳʚʘʝʤʳʭ ʩʠʥʘʧʪʠʯʝʩʢʠʤʠ 

ʙʫʪʦʥʘʤʠ. ɹ - ʚ ʦʜʥʦʤ ʙʫʪʦʥʝ ʤʦʛʫʪ ʣʦʢʘʣʠʟʦʚʘʪʴʩʷ 10-20 ɸɿ. ɺ ï ʚ ʢʘʞʜʦʡ ɸɿ 

ʜʦʢʠʨʦʚʘʥʳ ʦʜʥʘ ʠʣʠ ʜʚʝ ʚʝʟʠʢʫʣʳ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ).  

 

2.4 ʄʦʣʝʢʫʣʷʨʥʳʡ ʤʝʭʘʥʠʟʤ ʵʢʟʦʮʠʪʦʟʘ 

ɺ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ ʵʢʟʦʮʠʪʦʟ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʩʣʦʞʥʦʩʪʴʶ 

ʨʝʛʫʣʷʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ ʠ ʩʧʝʮʠʬʠʯʥʳʭ ʧʨʦʪʝʠʥʦʚ 

ʠ ʣʠʧʠʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʩʠʥʘʧʪʠʯʝʩʢʠʡ ʵʢʟʦʮʠʪʦʟ ʦʯʝʥʴ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʉʘ
2+ 
ʠ ʙʦʣʝʝ ʯʝʪʢʦ 

ʣʦʢʘʣʠʟʦʚʘʥ (ʚ ɸɿ), ʯʝʤ ʣʶʙʦʡ ʜʨʫʛʦʡ ʠʟʚʝʩʪʥʳʡ ʧʨʦʮʝʩʩ ʩʣʠʷʥʠʷ ʤʝʤʙʨʘʥ (ɿʝʬʠʨʦʚ, 

ʇʝʪʨʦʚ, 2010ʘ; Sudhof, 2004; Sudhof, Rizo 2011). 

ɺ ɸɿ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ 4 ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʘ ʩ ʫʯʘʩʪʠʝʤ ʚʝʟʠʢʫʣ. ʊʨʘʥʩʧʦʨʪ 

(ʤʦʙʠʣʠʟʘʮʠʷ) ʚʝʟʠʢʫʣ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ɸɿ ʟʘʚʝʨʰʘʝʪʩʷ ʩʮʝʧʣʝʥʠʝʤ (tethering) 

ʚʝʟʠʢʫʣʳ ʩ ʮʠʪʦʤʘʪʨʠʢʩʦʤ ɸɿ (1). ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʯʥʘʷ ʩʪʳʢʦʚʢʘ (ʜʦʢʠʨʦʚʘʥʠʝ, 2) 

ʚʝʟʠʢʫʣʳ ʩ ɸɿ: ʚʝʟʠʢʫʣʘ ʪʦʯʥʦ ʣʦʢʘʣʠʟʫʝʪʩʷ ʥʘʧʨʦʪʠʚ ʙʝʣʢʦʚ ɸɿ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʩʣʠʷʥʠʝ ʤʝʤʙʨʘʥ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʚʝʟʠʢʫʣʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʥʦʩʪʴʶ ʢʦʤʧʝʪʝʥʪʥʦʡ ʢ 

ʵʢʟʦʮʠʪʦʟʫ ʠ ʛʦʪʦʚʘ ʤʦʣʥʠʝʥʦʩʥʦ ʦʪʚʝʪʠʪʴ ʥʘ ʧʨʠʪʦʢ ʉʘ
2+ 
(ʧʨʘʡʤʠʥʛ, 3). 

ʇʨʘʡʤʠʨʦʚʘʥʥʳʝ ʚʝʟʠʢʫʣʳ çʧʨʝʜʦʭʨʘʥʝʥʳè ʩʧʝʮʠʬʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʦʪ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʵʢʟʦʮʠʪʦʟʘ, ʥʦ ʩʧʦʩʦʙʥʳ ʙʳʩʪʨʦ ʦʪʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ ʉʘ
2
. 
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ɺ ʪʝʯʝʥʠʝ 0.2 ʤʩ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʭ ʉʘ
2+

-ʢʘʥʘʣʦʚ ʠ ʫʚʝʣʠʯʝʥʠ ̫

[ʉʘ
2+

] ʚ ʦʙʣʘʩʪʠ ɸɿ ʧʨʦʠʩʭʦʜʠʪ ʩʣʠʷʥʠʝ ʤʝʤʙʨʘʥ (4, ʩʦʙʩʪʚʝʥʥʦ ʵʢʟʦʮʠʪʦʟ) (ɿʝʬʠʨʦʚ, 

ʇʝʪʨʦʚ, 2010ʘ). ɺ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʧʦʜ ʵʢʟʦʮʠʪʦʟʦʤ ʧʦʥʠʤʘʶʪ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʨʝʘʢʮʠʡ ʚ 

ɸɿ (ʵʪʘʧʳ ʩʮʝʧʣʝʥʠʷ, ʜʦʢʠʨʦʚʘʥʠʷ, ʧʨʘʡʤʠʥʛʘ ʠ ʩʣʠʷʥʠʷ), ʧʨʠʚʦʜʷʱʠʡ ʢ ʦʩʚʦʙʦʞʜʝʥʠʶ 

ʤʝʜʠʘʪʦʨʘ; ʚ ʫʟʢʦʤ ʩʤʳʩʣʝ, ʵʢʟʦʮʠʪʦʟ ʵʪʦ ʪʦʣʴʢʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʪʘʜʠʷ ʩʣʠʷʥʠʷ.  

ʈʘʟʣʠʯʘʶʪ ʵʢʟʦʮʠʪʦʟ ʩ ʧʦʣʥʳʤ ʠ ʥʝʧʦʣʥʳʤ ʚʩʪʨʘʠʚʘʥʠʝʤ ʤʝʤʙʨʘʥʳ ʚʝʟʠʢʫʣʳ ʚ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ. ʇʨʠ çʧʦʣʥʦʤè ʚʘʨʠʘʥʪʝ ʚʝʟʠʢʫʣʷʨʥʘʷ ʤʝʤʙʨʘʥʘ 

ʫʧʣʦʱʘʝʪʩʷ ʚ ʭʦʜʝ ʩʣʠʷʥʠʷ ʠ ʩʪʘʥʦʚʠʪʩʷ ʯʘʩʪʴʶ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥ,r ʘ ʧʨʠ 

ʥʝʧʦʣʥʦʤ ʵʢʟʦʮʠʪʦʟʝ - ʤʝʞʜʫ ʚʝʟʠʢʫʣʦʡ ʠ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʦʡ ʬʦʨʤʠʨʫʝʪʩʷ 

ʥʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʧʦʨʘ ʩʣʠʷʥʠʷ, ʧʨʦʥʠʮʘʝʤʘʷ ʜʣʷ ʤʦʣʝʢʫʣ ʤʝʜʠʘʪʦʨʘ. ʇʦʩʣʝ ʟʘʢʨʳʪʠʷ 

ʧʦʨʳ ʚʝʟʠʢʫʣʘ ʣʠʙʦ çʫʙʝʛʘʝʪè, ʣʠʙʦ ʦʩʪʘʝʪʩʷ ʧʨʠʚʷʟʘʥʥʦʡ ʢ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʝ. ɼʘʥʥʳʡ ʧʫʪʴ ʚ ʰʫʪʢʫ ʙʳʣ ʥʘʟʚʘʥ çʧʦʮʝʣʦʚʘʣ ʠ ʫʙʝʞʘʣè ʠʣʠ çʧʦʮʝʣʦʚʘʣ ʠ 

ʦʩʪʘʣʩʷè (çkiss and runè ʠʣʠ çkiss and stayè) (Sudhof, 2004; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ).  

 

2.4.1 ʂʨʘʪʢʦ ʦ ʩʮʝʧʣʝʥʠʠ ʠ ʜʦʢʠʨʦʚʘʥʠʠ 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʟʠʢʫʣʳ ʧʨʠʢʨʝʧʣʷʶʪʩʷ ʢ ʙʝʣʢʘʤ, 

ʬʦʨʤʠʨʫʶʱʠʤ ñʚʦʟʚʳʰʝʥʠʷò ʥʘʜ ɸɿ (Dresbach et al., 2001; Lenzi, Gersdorff, 2001). ɺ 

ʮʝʥʪʨʘʣʴʥʳʭ ʩʠʥʘʧʩʘʭ ʚ ʩʦʩʪʘʚ ʚʦʟʚʳʰʝʥʠʡ ʚʭʦʜʷʪ ʙʝʣʢʠ ʩʠʥʘʧʩʠʥ ʠ RIM (Phillips et al., 

2001). RIM ʤʦʞʝʪ çʮʝʧʣʷʪʴè ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʟʠʢʫʣʳ ʯʝʨʝʟ ʩʚʷʟʳʚʘʥʠʝ ʩ 

ʚʝʟʠʢʫʣʷʨʥʳʤʠ ʙʝʣʢʘʤʠ Rab3a (Wang et al., 1997, 2002) ʠ ʩʠʥʘʧʪʦʪʘʛʤʠʥʦʤ (Schoch et 

al., 2002). ʉʠʥʘʧʩʠʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʦʧʦʨʥʳʤʠ ʙʝʣʢʘʤʠ ʮʠʪʦʤʘʪʨʠʢʩʘ ɸɿ 

(ʘʢʪʠʥʦʤ, ʩʧʝʢʪʨʠʥʦʤ, ʥʝʡʨʦʬʠʣʘʤʝʥʪʘʤʠ) ʠ ʚ ʥʝʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʩʠʥʘʧʪʠʯʝʩʢʠʤʠ ʚʝʟʠʢʫʣʘʤʠ ʯʝʨʝʟ ʬʦʩʬʦʣʠʧʠʜ-ʩʚʷʟʳʚʘʶʱʠʡ ʩʘʡʪ 

(Jovanovic et al., 2001). ɺʦʟʤʦʞʥʦ, ʚʦʟʚʳʰʝʥʠʷ ʦʙʣʝʛʯʘʶʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ (ʧʨʘʚʠʣʴʥʫ  ʁ ʧʦʩʘʜʢʫ) ʚʝʟʠʢʫʣ r ʚ ɸɿ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (Toonen et al., 2006; Becherer, Rettig, 2006). ɹʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʩʮʝʧʣʝʥʠʝ ʠʤʝʝʪ ʚ ʩʠʥʘʧʩʘʭ ʩʝʥʩʦʨʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʨʝʞʠʤʝ ʧʨʦʚʝʜʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʘʯʝʢ ʠʤʧʫʣʴʩʦʚ. ɿʜʝʩʴ ʚ ʧʨʠʢʨʝʧʣʝʥʠʝ ʚʝʟʠʢʫʣ 

ʚʦʚʣʝʯʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʙʝʣʢʠ (RIBEYE, piccolo, KIF3A, CtBP1, BRP) (Zanazzi, 

Matthews, 2009). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʮʝʧʣʝʥʠʝ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʩʢʦʨʝʝ ʚʩʝʛʦ, 

ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʚ ʵʢʟʦʮʠʪʦʟʝ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (Zhai, Bellen, 2004; 

Toonen et al., 2006; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). 
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ɼʦʢʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʟʠʢʫʣʷʨʥʳʭ ʙʝʣʢʦʚ ʩ 

ʙʝʣʢʘʤʠ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ; Becherer, Rettig, 2006). 

ʇʨʝʜʧʦʣʘʛʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ çʩʮʝʧʦʢè ʤʝʞʜʫ ʚʝʟʠʢʫʣʦʡ ʠ ɸɿ (ʨʠʩ. 8): 

ʩʠʥʘʧʪʦʪʘʛʤʠʥ - SNAP-25 (Chieregatti et al., 2002), Rab3 - RIM -munc13 - ʩʠʥʪʘʢʩʠʥ 

(Martelli et al., 2000; Hammarlund et al., 2008), Rab3a ï ʨʘʙʬʠʣʠʥ ïSNAP25 (Tsuboi et al., 

2007), MINT - Munc18 - ʩʠʥʪʘʢʩʠʥ (Weimer, Jorgensen, 2003; Sudhof, 2004). 

 

ʈʠʩ. 8. ɼʦʢʠʨʦʚʘʥʠʝ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʚʝʟʠʢʫʣʳ (Weimer, Jorgensen, 2003) 

ɸ. - ɹʝʣʦʢ nSec1 (ʥʘʟʚʘʥʥʳʡ Muncl8 ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, Unc18 ʫ Drosophila ʠ 

C.elegans) ʤʦʞʝʪ ʧʨʦʯʥʦ ʩʚʷʟʳʚʘʪʴʩʷ ʠ çʢʘʤʫʬʣʠʨʦʚʘʪʴè ʩʠʥʪʘʢʩʠʥ 1ʘ. ʂʦʤʧʣʝʢʩ nSec1-

ʩʠʥʪʘʢʩʠʥ1ʘ ʩʣʫʞʠʪ ʩʘʡʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʠʙʳʚʘʶʱʝʡ ʚʝʟʠʢʫʣʦʡ. ʄʘʣʘʷ ɻʊʌʘʟʘ 

Rab3a, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʟʠʢʫʣʳ, ʩʚʷʟʳʚʘʝʪʩʷ ʩʦ ʩʚʦʠʤ ʵʬʬʝʢʪʦʨʥʳʤ 

ʙʝʣʢʦʤ (Rab-ʕ), ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʢʦʤʧʣʝʢʩʫ nSec1-ʩʠʥʪʘʢʩʠʥ 

1ʘ. ɹ - Rab3a-ɻʊʌʘʟʘ ʩʧʦʩʦʙʥʘ ʥʘʧʨʷʤʫʶ ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ ʢ ʢʦʤʧʣʝʢʩʫ unc18 - 

ʩʠʥʪʘʢʩʠʥ. ɺ - ɺ ʜʦʢʠʨʦʚʘʥʠʠ ʚʝʟʠʢʫʣ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʙʝʣʢʠ Rab3ʘ, Doc2 ʠ MINT, 

ʧʦʩʣʝʜʥʠʡ ʩʦʝʜʠʥʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʤʝʤʙʨʘʥʦʡ ʚʝʟʠʢʫʣʳ ʠ nSec1 (Munc18). ɻ - 

ɼʦʢʠʨʦʚʘʥʠʝ ʚʝʟʠʢʫʣ ʤʦʞʝʪ ʦʙʣʝʛʯʘʪʴʩʷ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʙʝʣʢʘ 

ʩʠʥʘʧʪʦʪʘʛʤʠʥʘ ʩ ʧʨʦʪʝʠʥʦʤ ɸɿ ʩʠʥʪʘʢʩʠʥʦʤ ʚ ʟʘʢʨʳʪʦʡ ʢʦʥʬʦʨʤʘʮʠʠ (ɿʝʬʠʨʦʚ, 

ʇʝʪʨʦʚ, 2010ʘ). 

 

2.4.2 ʇʨʘʡʤʠʥʛ ʠ SNARE-ʢʦʤʧʣʝʢʩ  

ɺ ʩʣʠʷʥʠʷ ʤʝʤʙʨʘʥ ʟʘʜʝʡʩʪʚʦʚʘʥʳ SNARE-ʙʝʣʢʠ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʥʘ ʦʙʝʠʭ 

ʤʝʤʙʨʘʥʘʭ ʠ ʬʦʨʤʠʨʫʶʱʠʝ çʧʣʦʪʥʦ ʩʢʨʫʯʝʥʥʳʡè ʢʦʤʧʣʝʢʩ (Chen, Sheller, 2001; Jahn et 

al., 2003). SNARE-ʙʝʣʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ SNARE-

ʤʦʪʠʚʘ, ʚʢʣʶʯʘʶʱʝʛʦ 70 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʚʝʥʴʝʚ. SNARE ʤʦʪʠʚ rʙʳʚʘʶʪ 4-ʭ ʩʦʨʪʦʚ 

(R ʠ Qa, Qb, Qc). ʊʦʣʴʢʦ ʢʦʛʜʘ 4 ʨʘʟʥʳʭ SNARE ʤʦʪʠʚʘ ʩʦʙʠʨʘʶʪʩʷ ʚ 4-ʭ ʩʧʠʨʘʣʴʥʫʶ 



28 
 

  

ʩʚʷʟʢʫ - çʩʢʨʫʯʠʚʘʶʪʩʷè, ʪʦʛʜʘ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʣʥʦʮʝʥʥʳʡ ʢʦʤʧʣʝʢʩ (ʨʠʩ. 9ɸ). 

ʌʦʨʤʠʨʫʶʱʠʡʩʷ SNARE-ʢʦʤʧʣʝʢʩ ʤʦʞʝʪ ʩʪʷʛʠʚʘʪʴ ʤʝʤʙʨʘʥʳ ʜʦ ʠʭ ʧʦʣʥʦʛʦ ʩʣʠʷʥʠʷ 

(ʨʠʩ. 9ɹ), ʧʨʠ ʵʪʦʤ ʩʢʨʫʯʠʚʘʥʠʝ SNARE-ʤʦʪʠʚʦʚ ʥʘʧʦʤʠʥʘʝʪ ʟʘʩʪʝʛʠʚʘʥʠʝ ʤʦʣʥʠʠ ʥʘ 

ʦʜʝʞʜʝ (ʤʦʜʝʣʴ çʟʘʩʪʝʞʢʠ - ʤʦʣʥʠʠò ʤʝʤʙʨʘʥʥʦʛʦ ʩʣʠʷʥʠʷ) (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). 

 

ʈʠʩ 9. ʈʦʣʴ SNARE-ʙʝʣʢʦʚ ʚ ʩʣʠʷʥʠʠ ʤʝʤʙʨʘʥ (Ungermann, Langosch, 2005).  

ɸ- ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʜʦʤʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ SNARE-ʙʝʣʢʦʚ. ɹ - ʄʦʜʝʣʴ 

ʵʢʟʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. (I) - R- ʠ Q-SNARE ʤʦʪʠʚʳ ʥʝ ʩʦʝʜʠʥʝʥʳ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ. (II) ï ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ SNARE-ʢʦʤʧʣʝʢʩʘ ʟʘ ʩʯʝʪ ʩʚʷʟʳʚʘʥʠʷ R ʠ Q 

SNARE ʤʦʪʠʚʦʚ. (III ) - SNARE-ʙʝʣʢʠ ʩʠʣʴʥʦ ʧʝʨʝʢʨʫʯʠʚʘʶʪʩʷ, ʩʦʢʨʘʱʘʷ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʤʝʤʙʨʘʥʘʤʠ ʜʦ ʤʠʥʠʤʫʤʘ. ɺ ʠʪʦʛʝ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʝ ʤʦʥʦʩʣʦʠ ʩʦʩʝʜʥʠʭ 

ʤʝʤʙʨʘʥ ʩʣʠʚʘʶʪʩʷ, ʚʝʟʠʢʫʣʘ ʧʝʨʝʭʦʜʠʪ ʚ ʧʦʣʫ-ʩʣʠʚʰʝʝʩʷ ʥʝʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ 

(ʠʟʦʙʨʘʞʝʥʦ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ). ɺʧʦʩʣʝʜʩʪʚʠʠ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʨʳ 

ʩʣʠʷʥʠʷ (IV), ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʨʘʩʰʠʨʷʪʴʩʷ (V ʠ VI). ɺʦʟʤʦʞʥʦ, ʚʝʟʠʢʫʣʳ ʦʞʠʜʘʶʪ ʩʚʦʝʡ 

ʩʫʜʴʙʳ, ʧʨʝʙʳʚʘʷ ʥʘ ʩʪʘʜʠʠ III  ʠʣʠ IV. ɺ ï ʉʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʧʦʨʳ ʩʣʠʷʥʠʷ, 

ʬʦʨʤʠʨʫʝʤʦʡ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʤʠ ʩʝʛʤʝʥʪʘʤʠ ʩʠʥʪʘʢʩʠʥʦʚ. ʉʧʠʨʘʣʴʥʳʝ ʩʝʛʤʝʥʪʳ 

ʰʝʩʪʠ ʤʦʣʝʢʫʣ ʩʠʥʪʘʢʩʠʥʦʚ ʦʢʨʫʞʘʶʪ ʧʦʨʫ ʩʣʠʷʥʠʷ (Jackson, 2009). ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʩʣʠʷʥʠʷ ʚʝʟʠʢʫʣʳ ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʢ ʤʠʥʠʤʫʤ ʰʝʩʪʠ SNARE-ʢʦʤʧʣʝʢʩʦʚ, 

ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ çʚʦʨʦʪʥʠʢè ʚʦʢʨʫʛ ʫʯʘʩʪʢʘ ʙʫʜʫʱʝʡ ʧʦʨʳ. ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʶ ʩʣʠʷʥʠʷ ʤʦʛʫʪ ʚʝʩʪʠ ʙʦʣʝʝ ʜʝʩʷʪʢʘ SNARE-ʢʦʤʧʣʝʢʩʦʚ (ɿʝʬʠʨʦʚ, 

ʇʝʪʨʦʚ, 2010ʘ).  

 

ʆʩʥʦʚʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʣʠʷʥʠʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʠʤʝʶʪ ʪʨʠ SNARE ʙʝʣʢʘ 

(ʨʠʩ. 9ɸ): ʥʘ ʤʝʤʙʨʘʥʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ - ʩʠʥʪʘʢʩʠʥ 1 (Qa-ʤʦʪʠʚ) ʠ SNAP-25 (ʩ Qb- ʠ Qc- 

ʤʦʪʠʚ)r, ʥʘ ʚʝʟʠʢʫʣʷʨʥʦʡ ʤʝʤʙʨʘʥʝ - ʩʠʥʘʧʪʦʙʨʝʚʠʥ (VAMP, ʩ R-ʤʦʪʠʚ) (Sollner et al., 

1993). SNARE-ʙʝʣʢʠ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʥʘ ʤʝʤʙʨʘʥʝ ʚʝʟʠʢʫʣʳ, ʯʘʩʪʦ ʦʙʦʟʥʘʯʘʶʪ v-
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SNARE (ʦʪ ʩʣʦʚʘ vesicular). SNARE-ʙʝʣʢʠ (ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʝ), ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʢʦʪʦʨʳʤʠ ʥʘʮʝʣʝʥʳ v-SNARE, ʥʘʟʳʚʘʶʪ t-SNARE (ʦʪ ʩʣʦʚʘ çtargetè) (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 

2010ʘ; Rizo, Xu, 2015).  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʤʝʤʙʨʘʥ, ʧʨʦʠʩʭʦʜʷʝɦʤ ʩ ʫʯʘʩʪʠʝʤ 

SNARE ʢʦʤʧʣʝʢʩʘ, ʚʝʟʠʢʫʣʘ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɺ ʦʪʥʦʰʝʥʠʠ ʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʤʥʝʥʠʡ (Jahn et al, 2003; Ungermann, Langosch, 2005; Jahn, 

Sheller, 2006). ʇʝʨʚʘʷ ʤʦʜʝʣʴ ñʧʦʣʫʩʣʠʚʰʝʛʦʩʷò ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʲʝʜʠʥʝʥʠʝ 

ʪʦʣʴʢʦ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʤʦʥʦʩʣʦʝʚ ʤʝʤʙʨʘʥ. ʉʦʛʣʘʩʥʦ ʚʪʦʨʦʡ - ʩʣʠʷʥʠʝ ʤʝʤʙʨʘʥ 

ʟʘʚʝʨʰʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʦʨʳ, ʢʦʪʦʨʘʷ ʟʘʢʨʳʪʘ ʜʦ ʚʭʦʜʘ ʉʘ
2+

 (ʨʠʩ. 9ɹ). ɺ ʣʶʙʦʤ 

ʩʣʫʯʘʝ, ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʞʝʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʦʪʢʨʳʪʫʶ ʧʦʨʫ ʠʣʠ 

ʚʦʟʚʨʘʱʘʪʴʩʷ ʦʙʨʘʪʥʦ ʚ ʜʦʢʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʜʝʧʨʘʡʤʠʨʦʚʘʥʠʝ ʚʝʟʠʢʫʣʳ), ʢʦʛʜʘ 

SNARE ʢʦʤʧʣʝʢʩ ʨʘʟʙʠʨʘʝʪʩʷ (Sudhof, 2004; Ungermann, Langosch, 2005; Schaub et al., 

2006). ʇʨʦʮʝʩʩʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝ SNARE ʢʦʤʧʣʝʢʩʘ, ʩʦʩʪʘʚʣʷʶʪ ʵʪʘʧʳ 

ʧʨʝʜʩʣʠʷʥʠʷ (ʧʨʘʡʤʠʥʛʘ) (Weimer, Jorgensen, 2003; Cheng et al., 2006; Rizo, Xu, 2015). 

ʅʘʠʙʦʣʝʝ ʤʝʜʣʝʥʥʳʤ ʵʪʘʧʦʤ ʩʙʦʨʢʠ SNARE ʢʦʤʧʣʝʢʩʘ ʚʳʩʪʫʧʘʝʪ ʩʚʷʟʳʚʘʥʠʝ 

SNAP-25 ʠ ʩʠʥʪʘʢʩʠʥʘ (Nicholson et al., 1998). ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ SNARE ʢʦʤʧʣʝʢʩʘ 

ʥʝʦʙʭʦʜʠʤ ʩʠʥʪʘʢʩʠʥ ʚ çʦʪʢʨʳʪʦʡè ʢʦʥʬʦʨʤʘʮʠʠ, ʘ çʚ ʧʦʢʦʝè ʩʠʥʪʘʢʩʠʥ - ʟʘʢʨʳʪ 

(Dulubova et al., 1999). ʉʠʥʪʘʢʩʠʥ çʟʘʤʦʨʘʞʠʚʘʝʪʩʷè ʚ ʟʘʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ ʮʠʪʦʟʦʣʴʥʳʤ 

ʙʝʣʢʦʤ, ʥʘʟʚʘʥʥʳʤ Muncl8 (ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ), nSecl (ʫ ʜʨʦʞʞʝʡ), Unc18 (ʫ Drosophila 

ʠ C.elegans) ï ʙʝʣʢʠ SM-ʩʝʤʝʡʩʪʚʘ (Hata et al., 1993; Fisher et al., 2001). ɼʦ ʥʘʯʘʣʘ 

ʦʙʨʘʟʦʚʘʥʠʷ SNARE-ʢʦʤʧʣʝʢʩʘ ʩʠʥʪʘʢʩʠʥ ʜʦʣʞʝʥ ʦʩʚʦʙʦʜʠʪʴʩʷ ʦʪ Munc18 (Dulubova et 

al., 1999, 2007). ʆʜʥʘʢʦ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʦʪʥʦ ʩʢʨʫʯʝʥʥʦʛʦ SNARE-ʢʦʤʧʣʝʢʩʘ ʠ 

ʩʚʝʜʝʥʠʷ ʤʝʤʙʨʘʥ ʙʣʠʟʢʦ ʜʨʫʛ ʢ ʜʨʫʛʫ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʩ ʩʠʥʪʘʢʩʠʥʦʤ, ʫʞʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤ ʩʦ SNAP-25, ʧʦʚʪʦʨʥʦ ʩʦʝʜʠʥʠʣʩʷ Munc18 (Rizo, Sudhof, 2002; 

Dulubova et al., 2007). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, Munc18 ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʥʘʯʘʣʴʥʦʤʫ ʵʪʘʧʫ ʩʙʦʨʢʠ SNARE-ʢʦʤʧʣʝʢʩʘ, ʦʜʥʘʢʦ ʩ ʜʨʫʛʦʡ - ʢʘʪʘʣʠʟʠʨʫʝʪ 

ʧʦʩʣʝʜʫʶʱʫʶ ʩʪʘʜʠʶ çʧʦʩʪʨʦʝʥʠʷè SNARE-ʢʦʤʧʣʝʢʩʘ (ʨʠʩ. 10) (Rickman et al., 2007; 

Shen et al., 2007; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ; Rizo, Xu, 2015).  

ʆʪʩʦʝʜʠʥʝʥʠʝ SM ʙʝʣʢʘ ʦʪ ʩʠʥʪʘʢʩʠʥʘ ʚ ʟʘʢʨʳʪʦʡ ʢʦʥʬʦʨʤʘʮʠʠ ʧʣʦʪʥʦ 

ʨʝʛʫʣʠʨʫʝʪʩʷ. ɹʝʣʦʢ Unc-13 ʫ C.elegans (ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʘʥʘʣʦʛ ʦʙʦʟʥʘʯʘʝʪʩʷ 

Munc13), ʩʚʷʟʳʚʘʶʱʠʡʩʷ ʩ ʜʠʘʮʠʣʛʣʠʮʝʨʦʣʦʤ, ʚʳʪʘʣʢʠʚʘʝʪ Unc-18 ʠʟ ʢʦʤʧʣʝʢʩʘ 

ʩʠʥʪʘʢʩʠʥ-Unc18, ʠ ʉ-ʪʝʨʤʠʥʘʣʴʥʳʡ ʫʯʘʩʪʦʢ Unc13 ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʩʠʥʪʘʢʩʠʥ ʚ 
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ʦʪʢʨʳʪʦʡ ʢʦʥʬʦʨʤʘʮʠʠ (Brose et al., 2000; Richmond, Broadie, 2002). ʅʦʢʘʫʪ ʛʝʥʦʚ 

Unc/Munc13-1 (ʫ ʤʳʰʝʡ, C.elegans ʠ ʧʣʦʜʦʚʳʭ ʤʫʰʝʢ) ʚʳʟʳʚʘʝʪ ʜʨʘʤʘʪʠʯʥʦʝ ʫʛʥʝʪʝʥʠʝ 

ʚʳʟʚʘʥʥʦʛʦ, ʩʠʥʭʨʦʥʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʤʝʜʠʘʪʦʨʘ (Augustin et al., 1999; Richmond et al., 

1999; Basu et al., 2007). ʇʨʠʯʝʤ, ʝʩʣʠ ʫ ʤʳʰʝʡ ʧʦʚʨʝʞʜʘʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʘ ʛʝʥʘ, 

ʢʦʜʠʨʫʶʱʠʭ Munc13-1 ʠ Munc13-2, ʪʦ ʠʩʯʝʟʘʣʘ ʠ ʩʧʦʥʪʘʥʥʘʷ ʩʝʢʨʝʮʠʷ (Varoqueaux et 

al., 2002). 

 

ʈʠʩ. 10. ʈʦʣʴ Munc18-1 ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ SNARE-ʢʦʤʧʣʝʢʩʘ (Rizo, 

Rozenmund, 2008).  

ɸ- ʉʣʝʚʘ - ʩʪʨʫʢʪʫʨʳ SNARE ʢʦʤʧʣʝʢʩʘ ʠ Habc-ʜʦʤʝʥʘ ʩʠʥʪʘʢʩʠʥʘ 1, ʢʦʪʦʨʳʡ 

ʩʦʝʜʠʥʝʥ ʩʦ SNARE-ʤʦʪʠʚʦʤ ʩ ʧʦʤʦʱʴʶ ʩʚʷʟʳʚʘʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. Cʧʨʘʚʘ - 

ʙʠʥʘʨʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʞʜʫ Munc18-1 ʠ ʩʠʥʪʘʢʩʠʥʦʤ-1 ʚ ʟʘʢʨʳʪʦʡ ʢʦʥʬʦʨʤʘʮʠʠ. ɹ - 

ʏʘʩʪʠʯʥʦ ʩʦʙʨʘʥʥʳʡ SNARE-ʢʦʤʧʣʝʢʩ (ʘ) ʠ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʜʫʮʠʨʦʚʘʪʴ ʩʣʠʷʥʠʝ 

ʤʝʤʙʨʘʥ ʧʨʠ ʧʦʣʥʦʡ ʩʙʦʨʢʝ (ʙ) ʠʣʠ ʦʩʪʘʚʘʪʴʩʷ ʧʦʣʥʦʩʪʴʶ ʩʦʙʨʘʥʥʳʤ ʤʝʞʜʫ ʜʚʫʤʷ 

ʤʝʤʙʨʘʥʘʤʠ (ʚ), ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʩʚʷʟʴ ʤʝʞʜʫ SNARE-ʤʦʪʠʚʘʤʠ ʠ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʤʠ 

ʨʝʛʠʦʥʘʤʠ ʛʠʙʢʘʷ. ɺ - ʉʠʥʪʘʢʩʠʥ-1 ʧʨʝʙʳʚʘʝʪ ʚ ʟʘʢʨʳʪʦʡ ʢʦʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ Munc18-1 (ʘ). ɿʘʪʝʤ Munc18-1 ʚʳʪʝʩʥʷʝʪʩʷ ʙʝʣʢʦʤ Munc13-1 (ʧʨʠ 

ʫʯʘʩʪʠʠ RIM), ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʘʢʩʠʥ 1 ʧʝʨʝʭʦʜʠʪ ʚ ʦʪʢʨʳʪʫʶ ʢʦʥʬʦʨʤʘʮʠʶ ʠ ʥʘʯʠʥʘʝʪ 

ʚʦʚʣʝʢʘʪʴʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ SNARE-ʢʦʤʧʣʝʢʩʘ. ʉ ʯʘʩʪʠʯʥʦ ʩʦʙʨʘʥʥʳʤ SNARE-

ʢʦʤʧʣʝʢʩʦʤ (ʙ) ʧʦʚʪʦʨʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ Munc18-1, ʩʧʦʩʦʙʩʪʚʫʷ ʧʝʨʝʭʦʜʫ SNARE-

ʢʦʤʧʣʝʢʩʘ ʚ ʧʦʣʥʦʩʪʴʶ ʩʦʙʨʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʇʨʠ ʵʪʦʤ ʧʨʦʪʠʚʦʣʝʞʘʱʠʝ ʤʝʤʙʨʘʥʳ 

ʩʪʷʛʠʚʘʶʪʩʷ, ʠ, ʚ ʦʪʚʝʪ ʥʘ ʚʭʦʜ ʉʘ
2+ 
ʠ ʘʢʪʠʚʘʮʠʶ ʩʠʥʘʧʪʦʪʘʛʤʠʥʘ, ʧʨʦʠʩʭʦʜʠʪ ʩʣʠʷʥʠʝ 

ʤʝʤʙʨʘʥ (ʚ) (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ).  
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ʉʫʱʝʩʪʚʫʝʪ ʛʠʧʦʪʝʟʘ, ʢʦʪʦʨʘʷ ʦʙʲʷʩʥʷʝʪ, ʢʘʢ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ çʘʢʪʠʚʘʮʠʷè 

Munc13 ʙʝʣʢʘ. ʇʦʧʘʜʘʷ ʚ ɸɿ, ʚʝʟʠʢʫʣʘ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʚʦʝʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʙʝʣʢʘ Rab3a (ɻʊʌʘʟʘ) ʩ ʙʝʣʢʦʤ RIM, ʚʭʦʜʷʱʠʤ ʚ ʮʠʪʦʤʘʪʨʠʢʩ ɸɿ. ʇʦʩʣʝʜʥʠʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ Munc-13, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʩʠʥʪʘʢʩʠʥʘ ʚ ʦʪʢʨʳʪʦʝ 

ʩʦʩʪʦʷʥʠʝ (Richmond, Broadie, 2002; Basu et al., 2007). ʆʪʩʦʝʜʠʥʝʥʠʝ Munc 18 ʦʪ 

ʩʠʥʪʘʢʩʠʥʘ ʤʦʞʝʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴʩʷ ʨʷʜʦʤ ʧʨʦʪʝʠʥʢʠʥʘʟ (Fletcher et al., 1999; Barclay et 

al., 2003), ʧʦʩʢʦʣʴʢʫ ʚ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ Munc18 ʠʤʝʝʪ ʤʝʥʴʰʝʝ ʩʨʦʜʩʪʚʦ 

ʢ ʟʘʢʨʳʪʦʤʫ ʩʠʥʪʘʢʩʠʥʫ (Craig et al., 2003). 

ʈʝʘʢʮʠʷ ʩʣʠʷʥʠ ̫ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʤʘʣʝʥʴʢʠʤʠ ʧʨʦʪʝʠʥʘʤʠ ï ʢʦʤʧʣʝʢʩʠʥʘʤʠ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩʦ SNARE-ʢʦʤʧʣʝʢʩʦʤ ʠ ʚʥʝʜʨʷʪʴʩʷ ʚ ʧʘʟʳ 

ʤʝʞʜʫ ʯʘʩʪʠʯʥʦ ʩʢʨʫʯʝʥʥʳʤʠ SNARE ʤʦʪʠʚʘʤʠ (Chen et al., 2002; Brunger, 2005). 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ Ŭ-ʩʧʠʨʘʣʴ ʢʦʤʧʣʝʢʩʠʥʦʚ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʘ, 

ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʩʣʠʷʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʢʦʥʢʫʨʠʨʫʝʪ ʩʦ SNARE-ʤʦʪʠʚʦʤ ʩʠʥʘʧʪʦʙʨʝʚʠʥʘ 

ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ ʩʠʥʪʘʢʩʠʥʦʤ. N-ʢʦʥʮʝʚʦʡ ʨʝʛʠʦʥ ʢʦʤʧʣʝʢʩʠʥʘ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʜʦʙʥʦʝ 

ʜʝʡʩʪʚʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ Ŭ-ʩʧʠʨʘʣʠ ʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪ SNARE-ʢʦʤʧʣʝʢʩ. ɺ ʮʝʣʦʤ, 

ʢʦʤʧʣʝʢʩʠʥʳ ʦʙʣʝʛʯʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ çʢʨʝʧʢʦʛʦè SNARE-ʢʦʤʧʣʝʢʩʘ (ʤʘʢʩʠʤʘʣʴʥʦ 

ʩʪʷʛʠʚʘʶʱʝʛʦ ʤʝʤʙʨʘʥ)r, ʥʦ çʦʩʪʘʥʘʚʣʠʚʘʶʪè ʬʠʥʘʣʴʥʫʶ ʩʪʘʜʠʶ ʩʣʠʷʥʠʷ, ʧʝʨʝʚʦʜʷ 

ʚʝʟʠʢʫʣʫ ʚ ʨʝʞʠʤ ʦʞʠʜʘʥʠʷ ʩʪʠʤʫʣʘ (Tokumaru et al., 2001; Schaub et al., 2006; Tang et 

al., 2006; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). ʂʦʤʧʣʝʢʩʠʥʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʪʝʢʘʥʠʠ ʉʘ
2+

 

ʚʳʟʚʘʥʥʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ (Reim et al., 2001; Melia, 2007). 

ɺ ʧʨʘʡʤʠʥʛʝ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʫʯʘʩʪʚʫʶʪ DOC2 ʙʝʣʢʠ, ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ ʜʚʘ ʉ2 ʜʦʤʝʥʘ. DOC2A ʠ DOC2B ʨʝʘʛʠʨʫʶʪ ʥʘ ʧʦʚʳʰʝʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ 

ʉʘ
2+
, ʧʦʩʣʝ ʯʝʛʦ ʧʝʨʝʤʝʱʘʶʪʩʷ ʢ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʧʦʤʦʱʴʶ ʉ2-ʜʦʤʝʥʦʚ (ʉʘ
2+

-ʟʘʚʠʩʠʤʦ) ʩ ʬʦʩʬʦʣʠʧʠʜʘʤʠ ʤʝʤʙʨʘʥʳ (Groffen et al., 2010), 

ʦʙʣʝʛʯʘʷ ʧʨʘʡʤʠʨʦʚʘʥʠʝ ʠ ʨʘʩʰʠʨʝʥʠʝ ʧʦʨʳ ʩʣʠʷʥʠʷ (Fredrich et al., 2008). 

ʌʦʨʤʠʨʦʚʘʥʠʝ SNARE-ʢʦʤʧʣʝʢʩʘ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʦʢʦʣʦ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʙʝʣʢʦʚ. ɺʩʝ ʪʨʠ SNARE-ʙʝʣʢʘ (ʩʠʥʪʘʢʩʠʥ, SNAP-25, ʩʠʥʘʧʪʦʙʨʝʚʠʥ/VAMP), 

ʠʤʝʶʪ ʩʚʦʠʭ ʩʧʝʮʠʬʠʯʥʳʭ ʵʥʜʦʛʝʥʥʳʭ ʙʝʣʢʦʚ-ʠʥʛʠʙʠʪʦʨʦʚ (ʪʦʤʦʟʠʥ, ʘʤʠʟʠʥ, 

ʩʠʥʘʧʪʦʬʠʟʠʥʳ 1/2, ʩʧʨʠʥʛ), ʢʦʪʦʨʳʝ ʧʨʝʜʦʪʚʨʘʱʘʶʪ çʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝè 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (Bacci et al., 2001; Gracheva et al., 2006; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʥʝʨʚʥʦʤ ʦʢʦʥʯʘʥʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʝʣʢʠ (Munc18, ʢʦʤʧʣʝʢʩʠʥʳ, 

DOC2, SV2), ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʪʦʥʢʦʡ çʥʘʩʪʨʦʡʢʝè ʩʦʙʨʘʥʥʦʛʦ SNARE-ʢʦʤʧʣʝʢʩʘ. ɺ 
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ʨʝʟʫʣʴʪʘʪʝ ʥʘʭʦʜʠʪʩʷ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ çʩʪʘʙʠʣʴʥʦʩʪʴʶè ʧʨʘʡʤʠʨʦʚʘʥʥʦʡ ʚʝʟʠʢʫʣʳ ʠ 

ʝʝ ʛʦʪʦʚʥʦʩʪʴʶ ʩʣʠʪʴʩʷ ʚ ʦʪʚʝʪ ʥʘ çʉʘ
2+

-ʚʩʧʣʝʩʢè (Tang et al., 2006; Shahin et al., 2008; 

Chang, Sudhof, 2009; Friedrich et al., 2010; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ, ʯʪʦ SNARE ʙʝʣʢʠ 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ, ʥʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʘʰʠʥʳ ʩʣʠʷʥʠʷ (Giraudo et 

al., 2006; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). ʅʦʢʘʫʪʳ ʛʝʥʦʚ SNARE-ʙʝʣʢʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʵʢʟʦʮʠʪʦʟ ʧʨʦʠʩʭʦʜʠʪ ʠ ʚ ʠʭ ʦʪʩʫʪʩʪʚʠʝ, ʥʦ ʚ ʜʨʘʤʘʪʠʯʥʦ ʦʩʣʘʙʣʝʥʥʦʡ ʬʦʨʤʝ (Schoch et 

al., 2001 Washbourne et al., 2002). ɺ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʘʭ SNARE-ʢʦʤʧʣʝʢʩ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʙʳʩʪʨʦʛʦ ʚʳʟʚʘʥʥʦʛʦ ʉʘ
2+

 ʵʢʟʦʮʠʪʦʟʘ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ 

ʫʜʘʣʝʥʠʝ ʛʝʥʘ Munc18-1 ʫʩʪʨʘʥʷʝʪ ʩʝʢʨʝʮʠʶ ʤʝʜʠʘʪʦʨʘ (ʵʢʟʦʮʠʪʦʟ) ʧʦʣʥʦʩʪʴʶ. ɿʥʘʯʠʪ ʚ 

ʩʠʥʘʧʩʘʭ Munc18-1 ʚʘʞʥʝʝ ʜʣʷ ʩʣʠʷʥʠʷ, ʯʝʤ ʩʠʥʘʧʪʦʙʨʝʚʠʥ ʠʣʠ SNAP-25 (Rizo, Sudhof, 

2002; Sudhof, 2004). ɺʝʨʦʷʪʥʦ, ʵʪʘʧ ʧʨʠʙʣʠʞʝʥʠʷ ʧʨʦʪʠʚʦʣʝʞʘʱʠʭ ʤʝʤʙʨʘʥ ʯʘʩʪʠʯʥʦ 

ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʟʘ ʩʯʝʪ ʜʨʫʛʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʙʝʣʢʦʚ (Bruns, 

Jahn, 2002; Jahn et al., 2003; Sudhof, 2004; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). ʈʷʜ ʘʚʪʦʨʦʚ ʛʦʚʦʨʷʪ 

ʦ ʚʦʟʤʦʞʥʦʤ ʫʯʘʩʪʠʠ V0-ʬʨʘʛʤʝʥʪʘ ʅ
+
-ʧʦʤʧʳ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʚ ʉʘ

2+ 
ʟʘʚʠʩʠʤʦʤ 

ʵʢʟʦʮʠʪʦʟʝ, ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʤʝʤʙʨʘʥ, ʠʥʜʫʮʠʨʫʝʤʳʭ ʉʘ
2+
, ʠʟʤʝʥʝʥʠʡ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ (ʍʘʨʘʢʦʟ, 2001; Nishi, Forgac, 2002; Morel, 2003; Weimer, Jorgensen, 2003; 

ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ; Abdrakhmanov et al., 2013; Vavassori, Mayer, 2014). 

 

2.4.3 ʂʘʣʴʮʠʝʚʳʝ ʩʝʥʩʦʨʳ ʵʢʟʦʮʠʪʦʟʘ 

ɺʭʦʜ ʉʘ
2+ 
ʯʝʨʝʟ ʧʦʪʝʥʮʠʘʣ-ʘʢʪʠʚʠʨʫʝʤʳʝ ʉʘ

2+
-ʢʘʥʘʣʳ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʫʚʝʣʠʯʝʥʠʝ 

ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʩʪʠʤʫʣʦʤ ʜʣʷ ʟʘʧʫʩʢʘ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʢɻʟʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ: ʙʳʩʪʨʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠ ̫ʩ ʟʘʜʝʨʞʢʦʡ 

ʦʢʦʣʦ 50 ʤʢʩ ʦʪ ʧʨʠʪʦʢʘ ʉʘ
2+

 ʠ ʤʝʜʣʝʥʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ, ʧʨʦʜʦʣʞʘʶʱʝʛʦʩʷ ~ 1 ʩ (Koh, 

Bellen, 2003; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʘʢʞʝ ʩʧʦʥʪʘʥʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʳʟʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʩʪʘʙʠʣʠʟʘʮʠʶ ʠ ʢʦʥʪʨʦʣʴ ʚʦʟʙʫʜʠʤʦʩʪʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʳ. ʅʘʧʨʠʤʝʨ, ʩʧʦʥʪʘʥʥʘʷ ʩʝʢʨʝʮʠʷ ʤʝʜʠʘʪʦʨʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʜʝʛʨʘʜʘʮʠʶ ʜʝʥʜʨʠʪʥʳʭ ʰʠʧʠʢʦʚ, ʘ ʩ ʜʨʫʛʦʡ - ʧʦʜʘʚʣʷʝʪ ʣʦʢʘʣʴʥʳʡ ʩʠʥʪʝʟ ʙʝʣʢʦʚ ʚ 

ʜʝʥʜʨʠʪʘʭ (Sutton et al., 2006). ʄʥʦʛʠʝ ʧʩʠʭʦʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʢʘʥʥʘʙʠʥʦʠʜʳ, 

ʢʦʬʝʠʥ, ʥʠʢʦʪʠʥ, ʢʝʪʘʤʠʥ) ʤʦʜʫʣʠʨʫʶʪ ʩʧʦʥʪʘʥʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ. ʉʧʦʥʪʘʥʥʦʝ 
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ʦʩʚʦʙʦʞʜʝʥʠʝ ʤʝʜʠʘʪʦʨʘ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʉʘ
2+

 ʠ ʩʚʷʟʘʥʦ ʩ ʘʢʪʠʚʘʮʠʝʡ 

ʚʳʩʦʢʦʘʬʬʠʥʥʦʛʦ ʉʘ
2+

-ʩʝʥʩʦʨʘ (ɿʝʬʠʨʦʚ, ɻʨʠʛʦʨʴʝʚ, 2009; Xu et al., 2009).  

ɼʚʘ ʙʝʣʢʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ - ʩʠʥʘʧʪʦʪʘʛʤʠʥ 1 ʠ 2 ï ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ 

ʩʝʥʩʦʨʦʚ ʉʘ
2+

 ʚ ʭʦʜʝ ʚʳʟʚʘʥʥʦʛʦ ʙʳʩʪʨʦʛʦ ʵʢʟʦʮʠʪʦʟʘ (Chapman. 2002; Sorensen et al., 

2003). ʆʙʳʯʥʦ ʥʝʡʨʦʥʳ ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʩʠʥʘʧʪʦʪʘʛʤʠʥʳ 1, ʭʦʪʷ ʚ ʤʦʪʦʥʝʡʨʦʥʘʭ 

ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʩʠʥʘʧʪʦʪʘʛʤʠʥ 1 ʠ 2 (Geppert et al., 1994; Koh, 2003; Leitzell, 2007). C2A- 

ʠ ʉ2ɺ-ʜʦʤʝʥʳ ʩʠʥʘʧʪʦʪʘʛʤʠʥʦʚ 1/2 ʩʚʷʟʳʚʘʶʪ 3 ʠ 2 ʠʦʥʘ ʉʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Stevens, 

Sullivan, 2003). ʉʨʦʜʩʪʚʦ ʉ2-ʜʦʤʝʥʦʚ ʢ ʉʘ
2+ 
ʦʯʝʥʴ ʥʠʟʢʦʝ (0.5-5ʤʄ), ʥʦ ʚ 10

3
 ʨʘʟ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʤʝʤʙʨʘʥʦʡ, ʪʘʢ ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ 

ʛʠʜʨʦʬʠʣʴʥʳʝ ʛʨʫʧʧʳ ʬʦʩʬʦʣʠʧʠʜʦʚ ʦʙʣʝʛʯʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʉʘ
2+ 

(Fernandez-

Chacon et al., 2004). ʉʠʥʘʧʪʦʪʘʛʤʠʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ SNARE-ʢʦʤʧʣʝʢʩʦʤ ʠ ʧʝʨʝʜ 

ʚʭʦʜʦʤ ʉʘ
2+

 ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʳʡ çʟʘʤʦʢè, ʠʥʛʠʙʠʨʫʶʱʠʡ ʩʣʠʷʥʠʝ (Shin et al., 

2003; Chen et al., 2005). ʅʦʢʘʫʪ ʛʝʥʘ ʩʠʥʘʧʪʦʪʘʛʤʠʥʘ 1 ʧʨʦʚʦʮʠʨʫʝʪ ʫʚʝʣʠʯʝʥʠʝ 

ʩʧʦʥʪʘʥʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʚ ʛʠʧʧʦʢʘʤʧʘʣʴʥʳʭ ʢʣʝʪʢʘʭ (Kaeser, Regehr, 2014). ʇʨʠ ʵʪʦʤ 

ʩʧʦʥʪʘʥʥʳʡ ʵʢʟʦʮʠʪʦʟ ʦʩʪʘʝʪʩʷ ʉʘ
2+

-ʟʘʚʠʩʠʤʳʤ, ʥʦ ʘʢʪʠʚʠʨʫʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʉʘ
2+
. ʄʫʪʘʮʠʠ, ʥʘʨʫʰʘʶʱʠʝ ʩʚʷʟʳʚʘʥʠʝ ʉʘ

2+
 ʩ ʩʠʥʘʧʪʦʪʘʛʤʠʥʦʤ 1, 

ʫʩʪʨʘʥʷʶʪ ʢʘʢ ʚʳʟʚʘʥʥʳʡ, ʪʘʢ ʠ ʩʧʦʥʪʘʥʥʳʡ ʵʢʟʦʮʠʪʦʟ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʥʘʧʪʦʪʘʛʤʠʥ 

1, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʝʥʩʦʨ ʩʠʥʭʨʦʥʥʦʛʦ ʚʳʟʚʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ ʠ ʩʧʦʥʪʘʥʥʦʛʦ 

ʵʢʟʦʮʠʪʦʟʘ, ʘ ʩ ʜʨʫʛʦʡ ï ʙʣʦʢʘʪʦʨ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʢ ʉʘ
2+

 çʟʘʧʘʩʥʦʛʦè ʩʝʥʩʦʨʘ 

ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ. ɺ ʩʠʥʘʧʩʘʭ ʢʦʨʳ ʤʳʰʠ ~95% ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ, 

ʚʳʟʳʚʘʝʪʩʷ ʩʚʷʟʳʚʘʥʠʝʤ ʉʘ
2+

 ʩ ʩʠʥʘʧʪʦʪʘʛʤʠʥʦʤ 1 (Xu et al., 2009). ʈʝʟʝʨʚʥʳʤ 

ʩʝʥʩʦʨʦʤ ʘʩʠʥʭʨʦʥʥʦʛʦ ʠ ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ ʤʦʞʝʪ ʙʳʪʴ ʙʝʣʦʢ DOC2, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʩʦ SNARE ʢʦʤʧʣʝʢʩʦʤ ʚ ʦʜʠʥʘʢʦʚʦʤ ʩ ʩʠʥʘʧʪʦʪʘʛʤʠʥʦʤ ʨʝʛʠʦʥʝ, 

ʦʜʥʘʢʦ ʠʤʝʶʱʠʤ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʠʥʘʧʪʦʪʘʛʤʠʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʢ 

ʉʘ
2+ 

(Groffen et al., 2010; Kaeser, Regehr, 2014). 

ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʩʠʥʘʧʪʦʪʘʛʤʠʥʘ ʩʚʷʟʘʥ ʩʦ SNARE-ʦʧʦʩʨʝʜʦʚʘʥʥʳʤ ʩʣʠʷʥʠʝʤ 

(ʨʠʩ. 11) (Bruns, Jahn, 2002; Diao et al., 2009; Sudhof, Rizo, 2011). ɹʝʟ ʚʭʦʜʘ ʉʘ
2+ 

ʩʠʥʘʧʪʦʪʘʛʤʠʥ 1, ʩʚʷʟʳʚʘʷʩʴ ʩ ʩʦʙʨʘʥʥʳʤ SNARE-ʢʦʤʧʣʝʢʩʦʤ, ʟʘʥʠʤʘʝʪ ʥʘʠʙʦʣʝʝ 

ʚʳʛʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʘ
2+

-ʢʘʥʘʣʘ. ɺʭʦʜ ʉʘ
2+ 
ʯʝʨʝʟ ʢʘʥʘʣ ʠ ʩʚʷʟʳʚʘʥʠʝ ʉʘ

2+ 

ʩ ʉ2-ʜʦʤʝʥʘʤʠ ʩʠʥʘʧʪʦʪʘʛʤʠʥʘ ʟʘʧʫʩʢʘʝʪ (1): ʠʟʤʝʥʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʠʥʘʧʪʦʪʘʛʤʠʥʘ ʩʦ SNARE-ʢʦʤʧʣʝʢʩʦʤ (ʩʠʥʘʧʪʦʪʘʛʤʠʥ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʜʨʫʛʠʤ ʦʪʨʝʟʢʦʤ 

SNARE-ʢʦʤʧʣʝʢʩʘ), ʯʪʦ ʚʳʟʳʚʘʝʪ ʫʜʘʣʝʥʠʝ ʢʦʤʧʣʝʢʩʠʥʦʚ ʠʟ ʫʛʣʫʙʣʝʥʠʷ ʤʝʞʜʫ 
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ʩʧʠʨʘʣʷʤʠ SNARE-ʢʦʤʧʣʝʢʩʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʝʟʠʢʫʣʘ ʧʝʨʝʭʦʜʠʪ ʚ ʥʝʫʩʪʦʡʯʠʚʦʝ 

ʩʦʩʪʦʷʥʠʝ; (2) ʧʨʠʪʷʞʝʥʠʝ ʛʠʜʨʦʬʦʙʥʦʛʦ ʨʝʛʠʦʥʘ ʉ2-ʜʦʤʝʥʘ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦ-

ʟʘʨʷʞʝʥʥʳʤ ʬʦʩʬʦʣʠʧʠʜʘʤ (ʚ ʯʘʩʪʥʦʩʪʠ, ʬʦʩʬʘʪʠʜʠʣʩʝʨʠʥʫ) ʤʝʤʙʨʘʥʥʦʛʦ ʧʝʨʝʰʝʡʢʘ 

ʚʝʟʠʢʫʣʘ-ɸɿ. ʌʘʢʪʠʯʝʩʢʠ, ʩʠʥʘʧʪʦʪʘʛʤʠʥ ʚʳʧʦʣʥʷʝʪ ʣʝʛʢʠʡ ʪʦʯʥʳʡ çʫʜʘʨè ʧʦ 

ʤʝʤʙʨʘʥʝ, ʟʘʧʫʩʢʘʶ ʠɦʡ ʩʣʠʷʥʠʝ (Fernandez-Chacon et al., 2004; Sudhof, 2004; Tang et al., 

2006). ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʉʘ
2+

-ʩʠʥʘʧʪʦʪʘʛʤʠʥ-ʬʦʩʬʘʪʠʜʠʣʩʝʨʠʥ ʤʦʞʝʪ ʚʝʩʪʠ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ çʥʘʢʨʫʯʠʚʘʥʠʶè SNAP-25 ʥʘ ʩʠʥʪʘʢʩʠʥ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʩʣʠʷʥʠʝ 

(Bhalla et al., 2006). ɺʝʨʦʷʪʥʦ, ʚ ʩʣʫʯʘʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ SNARE-ʢʦʤʧʣʝʢʩ ʥʝ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ ʢʦʤʧʣʝʢʩʠʥʘʤʠ, ʠ ʛʦʪʦʚʷʱʠʝʩʷ ʢ ʩʣʠʷʥʠʶ ʤʝʤʙʨʘʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ 

çʩʪʷʥʫʪʳè SNARE-ʙʝʣʢʘʤʠ (Tang et al., 2006).  

 

ʈʠʩ. 11. ʉʠʥʘʧʪʦʪʘʛʤʠʥ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʦʤʧʣʝʢʩʠʥʘʤʠ ʠ  SNARE-ʢʦʤʧʣʝʢʩʦʤ 

(Chapman, 2002; Rizo, Rozenmund, 2008 ʩ ʠʟʤʝʥʝʥʠʷʤʠ; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ).  

ɸ - ɼʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʠʥʘʧʪʦʪʘʛʤʠʥʘ I, ʩʦʜʝʨʞʘʱʝʛʦ ʜʚʘ ʢʘʣʴʮʠʡ 

ʩʚʷʟʳʚʘʶʱʠʭ ʜʦʤʝʥʘ (C2A ʠ C2B). ʉʧʨʘʚʘ  - ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Cʘ
2+

 ʩ ʉ2-ʜʦʤʝʥʘʤʠ. ɹ - 

ʏʝʪʳʨʝʭ ʩʧʠʨʘʣʴʥʘʷ ʩʚʷʟʢʘ SNARE-ʤʦʪʠʚʦʚ ʠ ʬʨʘʛʤʝʥʪ ʢʦʤʧʣʝʢʩʠʥʘ 1. ʉʧʨʘʚʘ - 

ʥʘʣʦʞʝʥʠʝ SNARE-ʢʦʤʧʣʝʢʩʘ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʠʥʦʤ-1, ʠ ʩʠʥʘʧʪʦʪʘʛʤʠʥʘ. 

ʂʨʫʞʢʦʤ ʦʙʚʝʜʝʥ ʨʝʛʠʦʥ ʤʝʞʜʫ C2B-ʜʦʤʝʥʦʤ ʩʠʥʘʧʪʦʪʘʛʤʠʥʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʩʧʠʨʘʣʴʶ ʢʦʤʧʣʝʢʩʠʥʘ-1. ɺï ʉʣʝʚʘ - ʩʚʷʟʳʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʧʠʨʘʣʠ ʢʦʤʧʣʝʢʩʠʥʘ 

ʩ ʉ-ʢʦʥʮʦʤ SNARE-ʢʦʤʧʣʝʢʩʘ ʠʥʛʠʙʠʨʫʝʪ ʩʣʠʷʥʠʝ. N-ʢʦʥʝʮ ʢʦʤʧʣʝʢʩʠʥʘ ʧʦʢʘʟʘʥ 

ʵʣʣʠʧʩʦʤ ʩ ʍ- ʚ ʮʝʥʪʨʝ, ʫʢʘʟʳʚʘʶʱʠʤ ʥʘ ʥʝʠʟʚʝʩʪʥʦʩʪʴ ʬʫʥʢʮʠʠ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ. 

ʉʧʨʘʚʘ - ʧʨʠ ʚʭʦʜʝ ʉʘ
2+ 
ʉ2ɺ-ʜʦʤʝʥ ʩʠʥʘʧʪʦʪʘʛʤʠʥʘ ʚʳʪʝʩʥʷʝʪ ʩʧʠʨʘʣʴ ʢʦʤʧʣʝʢʩʠʥʘ, ʚ 

ʠʪʦʛʝ SNARE-ʢʦʤʧʣʝʢʩ ʤʦʞʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ çʟʘʪʷʥʫʪʴʩʷè, ʦʙʣʝʛʯʘʷ ʩʣʠʷʥʠʝ ʤʝʤʙʨʘʥ.  
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ɺ ʢʘʯʝʩʪʚʝ ʉʘ
2+
ʩʝʥʩʦʨʦʚ ʜʣʷ ʟʘʧʫʩʢʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ ʠʣʠ ʦʩʚʦʙʦʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦ-ʧʣʦʪʥʳʭ ʛʨʘʥʫʣ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʜʨʫʛʠʝ 

ʩʠʥʘʧʪʦʪʘʛʤʠʥ r(Grise et al., 2007; Melia, 2007). ʂʘʥʜʠʜʘʪʘʤʠ ʷʚʣʷʶʪʩʷ ʩʠʥʘʧʪʦʪʘʛʤʠʥʳ 

3, 6, 7, ʢʦʪʦʨʳʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʙʦʣʝʝ ʥʠʟʢʠʤ (ʯʝʤ ʩʠʥʘʧʪʦʪʘʛʤʠʥ 1 ʠʣʠ 2) 

ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʉʘ
2+
, ʥʘʙʣʶʜʘʝʤʳʤ ʧʦʩʣʝ ʟʘʢʨʳʪʠʷ ʉʘ

2+
-ʢʘʥʘʣʘ (Sugita et al., 2002). 

ʅʝʢʦʪʦʨʳʝ ʩʠʥʘʧʪʦʪʘʛʤʠʥʳ ʤʦʛʫʪ ʉʘ
2+

-ʥʝʟʘʚʠʩʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʵʢʟʦʮʠʪʦʟ. ʊʘʢ, 

ʩʠʥʘʧʪʦʪʘʛʤʠʥ-12, ʚ ʦʪʚʝʪ ʥʘ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʧʨʦʪʝʠʥʢʠʥʘʟʦʡ ɸ, ʫʩʢʦʨʷʝʪ 

ʩʧʦʥʪʘʥʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ ʤʝʜʠʘʪʦʨʘ ʠʟ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ ʛʠʧʧʦʢʘʤʧʘ (Maximov et al., 

2007). ɺʦʟʤʦʞʥʦ, ʦʩʦʙʝʥʥʦʩʪʠ ʵʢʩʧʨʝʩʩʠʠ ʩʠʥʘʧʪʦʪʘʛʤʠʥʦʚ ʦʧʨʝʜʝʣʷʪʁ ʩʧʝʮʠʬʠʢʫ 

ʉʘ
2+

-ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʵʢʟʦʮʠʪʦʟʘ. 

 

2.4.4 ʐʘʧʝʨʦʥʳ ʠ ʵʢʟʦʮʠʪʦʟ. ʈʘʟʙʦʨʢʘ SNARE ʢʦʤʧʣʝʢʩʘ 

ʇʦʩʣʝ ʩʣʠʷʥʠʷ, ʥʦ ʧʝʨʝʜ ʥʦʚʳʤ ʨʘʫʥʜʦʤ ʵʢʟʦʮʠʪʦʟʘ (Galli, Haucke, 2004), 

SNARE-ʢʦʤʧʣʝʢʩ ʨʘʟʙʠʨʘʝʪʩʷ ʧʨʠ ʫʯʘʩʪʠʠ ʰʘʧʝʨʦʥʘ NSF (N-ʵʪʠʣʤʘʣʝʠʤʠʜ-

ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʬʘʢʪʦʨ), ʢʦʪʦʨʳʡ ʚ ʢʣʝʪʢʝ ʧʨʝʙʳʚʘʝʪ ʚ ʚʠʜʝ ʛʝʢʩʘʤʝʨʘ. ʅʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ, SNARE-ʢʦʤʧʣʝʢʩ ʫʟʥʘʝʪʩʷ ʢʦ-ʰʘʧʝʨʦʥʦʤ (ʧʦʤʝʯʘʝʪ ʜʣʷ ʰʘʧʝʨʦʥʘ ʮʝʣʴ) Ŭ-SNAP, 

ʢʦʪʦʨʳʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʤʝʤʙʨʘʥʦʡ. ɿʘʪʝʤ, NSF ʫʟʥʘʝʪ Ŭ-SNAP ʠ 

ʧʨʦʥʠʢʘʝʪ ʢ ʩʦʙʨʘʥʥʦʤʫ SNARE-ʢʦʤʧʣʝʢʩʫ (ʩʫʙʩʪʨʘʪʫ). ʕʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ATʌʘʟʥʫ  ʁ

ʘʢʪʠʚʥʦʩʪʴ NSF, ʠ ʦʥ ñʦʩʪʦʨʦʞʥʦò ʨʘʩʧʫʪʳʚʘʝʪ 4-ʭ ʩʧʠʨʘʣʴʥʫʶ ʩʚʷʟʢʫ SNARE-ʤʦʪʠʚʦʚ 

(Scales et al., 2001; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ).  

ɺʝʨʦʷʪʥʦ, NSF ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʮʠʢʣʘ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʦʜʥʦʡ ʤʦʜʝʣʴʶ, NSF ʨʘʟʙʠʨʘʝʪ SNARE-ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʜ ʩʣʠʷʥʠʝʤ 

(Nichols et al., 1997). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʥʘʧʪʠʯʝʩʢʘʷ ʚʝʟʠʢʫʣʘ ʠ ʤʝʤʙʨʘʥʘ ɸɿ ʥʝʩʫʪ ʥʘ 

ʩʚʦʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʦʙʨʘʥʥʳʝ SNARE-ʢʦʤʧʣʝʢʩʳ, ʦʩʪʘʚʰʠʝʩʷ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʨʘʫʥʜʦʚ 

ʵʢʟʦʮʠʪʦʟʘ (ʮʠʩ-SNARE-ʢʦʤʧʣʝʢʩʳ). Ŭ-SNAP ʠ NSF ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʮʠʩ-SNARE-

ʢʦʤʧʣʝʢʩʘʤʠ ʧʝʨʝʜ ʩʦʩʪʳʢʦʚʢʦʡ ʚ ɸɿ, ʚ ʨʝʟʫʣʴʪʘʪʝ SNARE-ʢʦʤʧʣʝʢʩ ʨʘʟʙʠʨʘʝʪʩʷ, ʠ ʥʘ 

ʤʝʤʙʨʘʥʘʭ ʧʦʷʚʣʷʶʪʩʷ SNARE-ʧʨʦʪʝʠʥʳ. ʊʝʧʝʨʴ ʵʪʠ SNARE-ʙʝʣʢʠ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʦʚʳʡ, ʥʦ ʫʞʝ ʥʝ ʮʠʩ-, ʘ ʪʨʘʥʩ-SNARE-ʢʦʤʧʣʝʢʩ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʠʥʘʧʪʦʙʨʝʚʠʥ ʚʝʟʠʢʫʣʳ ʠ ʙʝʣʢʠ ɸɿ, ʩʠʥʪʘʢʩʠʥ ʠ SNAP-25, ʦʙʨʘʟʫʶʪ ʪʨʘʥʩ-SNARE-

ʢʦʤʧʣʝʢʩ. ʇʦʩʣʝ ʵʢʟʦʮʠʪʦʟʘ ʦʰʠʙʦʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ SNARE-ʙʝʣʢʠ ʤʦʛʫʪ 

ʩʦʝʜʠʥʷʪʴʩʷ ʩ ʘʢʮʝʧʪʦʨʥʳʤʠ ʧʨʦʪʝʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʷʶʪ SNARE-ʙʝʣʢʠ ʚ 

ʢʦʨʨʝʢʪʥʳʡ ʢʦʤʧʘʨʪʤʝʥʪ (Kuner et al., 2008). ʕʪʠ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʤ, ʯʪʦ ʜʫʵʪ 
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SNAP-NSF ʥʘʤʥʦʛʦ ʵʬʬʝʢʪʠʚʥʝʝ ʨʘʩʧʣʝʪʘʝʪ ʮʠʩ-SNARE-ʢʦʤʧʣʝʢʩʳ (Winter et al., 

2009). ʇʨʝʙʳʚʘʥʠʝ SNARE-ʢʦʤʧʣʝʢʩʦʚ ʚ ʮʠʩ-ʩʦʩʪʦʷʥʠʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʝʭʘʥʠʟʤʦʤ, 

ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʤ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʧʨʦʮʝʩʩʳ ʵʢʟʦʮʠʪʦʟʘ (Bar-On et al., 2009).  

 

ʈʠʩ. 12. ʐʘʧʝʨʦʥ NSF ʠ ʨʘʟʙʦʨʢʘ SNARE-ʢʦʤʧʣʝʢʩʘ (Brunger, 2001; Kuner et al., 2008; 

ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ) 

ɸ ï ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ NSF (ʧʦʢʘʟʘʥʳ 3 ʩʫʙʲʝʜʠʥʠʮʳ ʠʟ 6). ʄʦʥʦʤʝʨ ʚʢʣʶʯʘʝʪ N-

ʢʦʥʮʝʚʦʡ ʨʝʛʠʦʥ (ʢʨʘʩʥʳʡ), D1(ʞʝʣʪʳʡ) ʠ D2-ʜʦʤʝʥʳ. ɹ ï ɻʝʢʩʘʤʝʨ D2-ʜʦʤʝʥʦʚ NSF 

(Brunger, 2001). ɺ- ʄʦʜʝʣʴ ʜʝʡʩʪʚʠʷ NSF ʚ ʮʠʢʣʝ SNARE-ʙʝʣʢʦʚ ʚ ʛʠʛʘʥʪʩʢʠʭ 

ʪʝʨʤʠʥʘʣʷʭ ʢʘʣʴʤʘʨʘ (Kuner et al., 2008 c ʠʟʤʝʥʝʥʠʷʤʠ). ɺʝʟʠʢʫʣʳ ʩʦʜʝʨʞʘʪ ʮʠʩ-

SNARE ʢʦʤʧʣʝʢʩ, ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʳʚʘʶʪʩʷ Ŭ-SNAP ʠ NSF (1). Ŭ-SNAP ʠ SNARE 

ʩʪʠʤʫʣʠʨʫʶʪ ɸʊʌʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ NSF, ʚ ʨʝʟʫʣʴʪʘʪʝ SNARE-ʢʦʤʧʣʝʢʩ ʨʘʟʙʠʨʘʝʪʩʷ ʚ 

ʪʝʯʝʥʠʝ 3-9 ʩ (ʤʝʜʣʝʥʥʦʝ ʜʝʡʩʪʚʠʝ NSF) (2). NSF ʤʦʞʝʪ ʦʩʪʘʚʘʪʴʩʷ ʩʚʷʟʘʥʥʳʤ ʩ 

ʤʝʤʙʨʘʥʦʡ ʚʝʟʠʢʫʣʳ ʧʦʩʣʝ ʦʪʩʦʝʜʠʥʝʥʠʷ Ŭ-SNAP. ʆʩʚʦʙʦʞʜʝʥʥʳʝ SNARE ʙʝʣʢʠ 

ʬʦʨʤʠʨʫʶʪ ʪʨʘʥʩ-SNARE ʢʦʤʧʣʝʢʩ (3). ɻʦʪʦʚʳʝ ʢ ʦʩʚʦʙʦʞʜʝʥʠʶ ʚʝʟʠʢʫʣʳ ʤʦʛʫʪ 

ʩʝʢʨʝʪʠʨʦʚʘʪʴ ʤʝʜʠʘʪʦʨ ʚ ʭʦʜʝ ʉʘ
2+

-ʟʘʚʠʩʠʤʦʡ ʨʝʘʢʮʠʠ ʩʣʠʷʥʠʷ (4), ʢʦʪʦʨʘʷ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʙʳʩʪʨʦʡ ʘʢʪʠʚʥʦʩʪʴʶ NSF (ʤʝʥʝʝ 0.5 ʩʝʢ). ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʩʦʨʪʠʨʦʚʢʠ 

ʵʢʪʦʧʠʯʝʩʢʠʝ SNARE ʙʝʣʢʠ (ʥʘʧʨʠʤʝʨ, cʠʥʪʘʢʩʠʥ ʠ SNAP-25 ʥʘ ʚʝʟʠʢʫʣʝ) ʤʦʛʫʪ 

ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʘʢʮʝʧʪʦʨʥʳʤʠ ʙʝʣʢʘʤʠ. ʅʘʧʨʠʤʝʨ, Munc18 (ʢʨʘʩʥʳʡ) ʩʦʝʜʠʥʷʝʪʩʷ ʩ 

ʚʝʟʠʢʫʣʷʨʥʳʤʠ t-SNARE ʙʝʣʢʘʤʠ (3). ʇʦʩʣʝ ʩʣʠʷʥʠʷ ʵʢʪʦʧʠʯʝʩʢʠʝ SNARE 

ʩʦʨʪʠʨʫʶʪʩʷ ʚ ʢʦʨʨʝʢʪʥʳʡ ʢʦʤʧʘʨʪʤʝʥʪ (ʧʦʢʘʟʘʥʦ ʩʪʨʝʣʢʦʡ) (4). ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ 

SNARE ʢʦʤʧʣʝʢʩ ʧʦʧʘʜʘʝʪ ʟʘʪʝʤ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʟʠʢʫʣʳ ʚ ʧʨʦʮʝʩʩʝ ʵʥʜʦʮʠʪʦʟʘ. 

NSF- ʞʝʣʪʳʡ, Ŭ-SNAP ï ʟʝʣʝʥʳʡ, v-SNARE - ʩʠʥʠʡ, t-SNARE - ʦʨʘʥʞʝʚʳʡ (ɿʝʬʠʨʦʚ, 

ʇʝʪʨʦʚ, 2010ʘ).  
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ʉʦʛʣʘʩʥʦ ʜʨʫʛʦʡ ʛʠʧʦʪʝʟʝ, Ŭ-SNAP ʠ NSF ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʧʦʩʣʝ ʵʢʟʦʮʠʪʦʟʘ, ʥʦ 

ʜʦ ʵʥʜʦʮʠʪʦʟʘ. ʇʨʠ ʵʪʦʤ ʨʘʟʜʝʣʝʥʠʝ v-(ʩʠʥʘʧʪʦʙʨʝʚʠʥ) ʠ t-(ʩʠʥʪʘʢʩʠʥ ʠ SNAP-25) 

SNARE ʧʨʦʪʝʠʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʢʦʛʜʘ ʙʝʣʢʠ ʧʨʝʙʳʚʘʶʪ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʤʙʨʘʥʝ 

(Littleton et al., 2001). ʇʦʩʣʝ ʨʘʟʲʝʜʠʥʝʥʠʷ ʩʠʥʪʘʢʩʠʥ ʠ SNAP-25 ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ, ʘ ʩʠʥʘʧʪʦʙʨʝʚʠʥ ʵʥʜʦʮʠʪʦʟʦʤ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʚʝʟʠʢʫʣʫ. 

NSF ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ SNARE-ʢʦʤʧʣʝʢʩ ʚ ʭʦʜʝ ʩʣʠʷʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʷ ʧʨʘʚʠʣʴʥʦʤʫ 

ʩʢʨʫʯʠʚʘʥʠʶ SNARE-ʙʝʣʢʦʚ ʠ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ SNARE-ʢʦʤʧʣʝʢʩʦʚ ʚʦʢʨʫʛ ʤʝʩʪʘ 

ʧʦʩʘʜʢʠ ʚʝʟʠʢʫʣʳ (Tokumaru et al., 2001). ɹʝʣʦʢ ʜʠʥʘʤʠʥ, ʦʙʨʘʟʫʶʱʠʡ ʩʞʠʤʘʶʱʠʡʩʷ 

ʚʦʨʦʪʥʠʢ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʰʝʡʢʘ ʤʝʞʜʫ ʦʙʨʘʟʫʶʱʝʡʩʷ ʚʝʟʠʢʫʣʦʡ ʠ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʦʡ ʚʦ ʚʨʝʤʷ ʵʥʜʦʮʠʪʦʟʘ, ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ t-SNARE. ʕʪʦ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʢʨʳʪʠʝ ʧʦʨʳ ʩʣʠʷʥʠʷ, ʥʝ ʜʦʧʫʩʢʘʷ ʢʦʣʣʘʧʩʘ (ʧʦʣʥʦʛʦ ʚʩʪʨʘʠʚʘʥʠʷ) 

ʚʝʟʠʢʫʣʳ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ. ʈʘʩʢʨʫʯʠʚʘʷ ʢʦʤʧʣʝʢʩ ʜʠʥʘʤʠʥʘ ʠ t-SNARE 

ʙʝʣʢʦʚ, NSF ʤʦʞʝʪ ʫʧʨʘʚʣʷʪʴ çʩʫʜʴʙʦʡè ʧʦʨʳ ʩʣʠʷʥʠʷ (Peters et al., 2004). ɺʦʟʤʦʞʥʦ, 

ʥʝʢʦʪʦʨʳʝ ʠʟʦʬʦʨʤʳ NSF ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩʦ SNARE-ʢʦʤʧʣʝʢʩʘʤʠ ʧʝʨʝʜ 

ʩʣʠʷʥʠʝʤ ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ / ʦʪʢʨʳʪʠʷ ʧʦʨʳ, ʪʦʛʜʘ ʚʝʟʠʢʫʣʘ 

ʤʦʞʝʪ ʩʥʦʚʘ ʧʝʨʝʡʪʠ ʚ ʜʦʢʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʧʨʦʠʟʦʡʪʠ ʩʤʳʢʘʥʠʝ ʧʦʨʳ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (May et al., 2001; Brunger, 2005). ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʢiss-and-run ʚʘʨʠʘʥʪʘ 

ʦʩʚʦʙʦʞʜʝʥʠʷ ʚ ʩʝʢʨʝʪʦʨʥʳʭ ʢʣʝʪʢʘʭ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠ ̫

ʧʨʦʪʝʠʥʢʠʥʘʟʦʡ ʉ ʰʘʧʝʨʦʥʘ NSF (Cousin, Robinson, 2000; Matveeva et al., 2001; ɿʝʬʠʨʦʚ, 

ʇʝʪʨʦʚ, 2010ʘ).  

 

2.5 ʕʥʜʦʮʠʪʦʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ 

ɺ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʷʭ ʦʙʥʘʨʫʞʝʥʳ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ 

ʵʥʜʦʮʠʪʦʟʘ. ʆʜʥʘʢʦ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʥʦʚʳʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (~90%) 

ʵʥʜʦʮʠʪʦʟʦʤ, ʜʘʞʝ ʚ ʦʪʚʝʪ ʥʘ ʝʜʠʥʠʯʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʜʝʡʩʪʚʠʷ, ʦʙʷʟʘʪʝʣʴʥʦ ʪʨʝʙʫʝʪ 

ʫʯʘʩʪʠʝ ʙʝʣʢʘ - ʢʣʘʪʨʠʥʘ (Girard et al., 2005; Granseth et al., 2006; Newton et al., 2006). ɺ 

ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʧʣʦʜʦʚʦʡ ʤʫʰʢʠ ʥʘʨʫʰʝʥʠʝ ʣʝʛʢʠʭ ʮʝʧʝʡ ʢʣʘʪʨʠʥʘ 

ʚʳʟʳʚʘʝʪ ʦʧʫʩʪʦʰʝʥʠʝ ʧʦʧʫʣʷʮʠʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʨʘʟʜʨʘʞʝʥʠʷ (Heerssen et al., 2008). ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʛʣʘʚʥʳʭ ʚʘʨʠʘʥʪʘ ʢʣʘʪʨʠʥʦʚʦʛʦ 

ʵʥʜʦʮʠʪʦʟʘ, ʭʘʨʘʢʪʝʨʥʳʝ ʠ ʜʣʷ ʮʝʥʪʨʘʣʴʥʳʭ ʠ ʜʣʷ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʢʦʥʪʘʢʪʦʚ (ʨʠʩ. 13): ʙʳʩʪʨʳʡ ʵʥʜʦʮʠʪʦʟ (ʩʝʢʫʥʜ r- ʤʠʥʫʪʘ), ʧʨʦʪʝʢʘʶʱʠʡ ʥʘ ʧʣʦʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ, ʠ ʤʝʜʣʝʥʥʳʡ (ʤʠʥʫʪʘ ʠ ʙʦʣʝʝ, çʦʙʲʝʤʥʳʡè ʦʪ ʘʥʛʣ. çbulkè), 
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ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʥʜʦʩʦʤʦ-ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʠʥʚʘʛʠʥʘʮʠʡ (Royle, 

Lagnado, 2003; Dittman, Ryan, 2009). ʇʨʠʯʝʤ ʠʥʚʘʛʠʥʘʮʠʠ ʚ ʤʝʤʙʨʘʥʝ ʬʦʨʤʠʨʫʶʪʩʷ 

ʦʯʝʥʴ ʙʳʩʪʨʦ ʠ ʪʦʣʴʢʦ ʚ ʦʪʚʝʪ ʥʘ ʠʥʪʝʥʩʠʚʥʳʡ ʵʢʟʦʮʠʪʦʟ, ʘ ʚʦʪ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʥʠʭ 

ʚʝʟʠʢʫʣ ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (Clayton, Cousin, 2009). ɺʦʟʤʦʞʥʦ, ʚ ʧʦʜʦʙʥʳʭ 

ʢʦʤʧʘʨʪʤʝʥʪʘʭ ʤʝʤʙʨʘʥʳ ʚ ʧʨʦʮʝʩʩʝ ʵʥʜʦʮʠʪʦʟʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʙʝʣʢʦʚ. 

ɹʝʣʢʠ ʩ ʜʝʬʝʢʪʘʤʠ ʤʦʛʫʪ ʫʧʘʢʦʚʳʚʘʪʴʩʷ ʚ ʦʩʦʙʳʝ ʚʝʟʠʢʫʣ rʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʚ 

ʵʥʜʦʩʦʤʘʣʴʥʳʝ ʩʦʨʪʠʨʦʚʦʯʥʳʝ ʩʪʘʥʮʠʠ (Wucherpfennig et al., 2003; Rizzoli, Betz, 2005), 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʦʨʳʭ ʦʥʠ ʣʠʙʦ ʠʩʧʨʘʚʣʷʪʁʩ,̫ ʣʠʙʦ ʘʜʨʝʩʫʁʪʩʷ ʚ ʣʠʟʦʩʦʤʳ ʜʣʷ 

ʜʝʛʨʘʜʘʮʠʠ. ʕʪʦ ʦʙʝʨʝʛʘʝʪ ʩʠʥʘʧʪʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʦʪ ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʳʭ 

ʧʨʦʪʝʠʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʩʠʣʝʥʥʦ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʵʢʟʦ-ʵʥʜʦʮʠʪʦʟʝ ʙʝʣʢʠ, ʚʦʚʣʝʢʘʷʩʴ ʚʦ ʤʥʦʛʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʤʦʛʫʪ 

çʣʦʤʘʪʴʩʷè (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ).  

 

ʈʠʩ.13. ɺʘʨʠʘʥʪʳ ʵʥʜʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʚ ʥʝʨʚʥʦʤ ʦʢʦʥʯʘʥʠʠ 

(ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2009)  

ɸ - ʧʦʩʣʝ ʦʩʚʦʙʦʞʜʝʥʠʷ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʵʢʟʦʮʠʪʦʟʦʤ (ʘ) ʧʨʠ ʫʯʘʩʪʠʠ ʢʣʘʪʨʠʥʘ 

(ʧʫʥʢʪʠʨ) ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʘʷ ʚʝʟʠʢʫʣʘ (ʙ). ɹ ï ʚʩʣʝʜ ʟʘ ʤʘʩʩʠʚʥʳʤ ʵʢʟʦʮʠʪʦʟʦʤ ʚ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʧʦʷʚʣʷʶʪʩʷ ʠʥʚʘʛʠʥʘʮʠʠ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʝʚʳʰʘʶʪ ʨʘʟʤʝʨʳ ʚʝʟʠʢʫʣʳ (ʘ). ʕʪʠ ʠʥʚʘʛʠʥʘʮʠʠ ʤʦʛʫʪ ʦʪʜʝʣʘʪʴʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʤʝʤʙʨʘʥʳ, ʬʦʨʤʠʨʫʷ ʮʠʩʪʝʨʥʳ ï ʵʥʜʦʩʦʤʦʧʦʜʦʙʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʙ), ʦʪ ʢʦʪʦʨʳʭ 

ʧʦʯʢʫʶʪʩʷ ʥʦʚʳʝ ʧʫʟʳʨʴʢʠ, ʥʘʧʦʤʠʥʘʶʱʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʟʠʢʫʣʳ. ɺ - 

çkiss and runè ʧʫʪʴ ʦʩʚʦʙʦʞʜʝʥʠʷ ʤʝʜʠʘʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʨʳ ʩʣʠʷʥʠʷ, 

ʢʦʪʦʨʘʷ ʚʩʢʦʨʝ ʟʘʢʨʳʚʘʝʪʩʷ ʠ ʚʝʟʠʢʫʣʘ çʫʙʝʛʘʝʪè ʚ ʛʣʫʙʴ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ. 
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ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʝʨʭ ʙʳʩʪʨʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʝʟʠʢʫʣ (kiss-and-run), ʥʝ ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʤʦʣʝʢʫʣ ʢʣʘʪʨʠʥʘ ʠ ʧʨʦʪʝʢʘʶʱʝʛʦ 

ʚ ʧʨʝʜʝʣʘʭ ʤʠʣʣʠʩʝʢʫʥʜ (ʜʦ 1 ʩ) (ʊʘʙʣ. 1). ɺʦʟʤʦʞʥʦ, ʥʝʙʦʣʴʰʘʷ ʧʦʧʫʣʷʮʠʷ ʚʝʟʠʢʫʣ ʧʨʠ 

ʩʣʘʙʦʡ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʞʝʪ ʦʩʚʦʙʦʞʜʘʪʴ ʤʝʜʠʘʪʦʨ kiss-and-run ʧʫʪʝʤ 

(Ceccarelli et al., 1973). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʝʞʜʫ ʤʝʤʙʨʘʥʦʡ ɸɿ ʠ ʚʝʟʠʢʫʣʦʡ ʦʙʨʘʟʫʝʪʩʷ 

ʧʝʨʝʰʝʝʢ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʦʪʢʨʳʚʘʝʪʩʷ ʧʦʨʘ ʩʣʠʷʥʠʷ, ʧʨʦʧʫʩʢʘʶʱʘʷ ʤʦʣʝʢʫʣʳ 

ʤʝʜʠʘʪʦʨʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʱʝʣʴ, ʥʦ ʙʳʩʪʨʦ ʟʘʢʨʳʚʘʶʱʘʷʩʷ. ʌʘʢʪʠʯʝʩʢʠ, ʧʨʠ 

ʧʦʜʦʙʥʦʤ ʩʮʝʥʘʨʠʠ, ʵʥʜʦʮʠʪʦʟ ʦʙʦʟʥʘʯʘʝʪ ʟʘʢʨʳʚʘʥʠʝ ʧʦʨʳ ʠ ʦʪʩʦʝʜʠʥʝʥʠʝ ʚʝʟʠʢʫʣʳ 

ʦʪ ɸɿ (ʨʠʩ. 13) (ɿʝʬʠʨʦʚ ʠ ʜʨ., 2004, 2006; Fesce et al., 1999; Harata et al., 2006; He, Wu, 

2007; Rizzoli , 2014). Kiss and run ʧʫʪʴ ʙʳʣ ʦʙʥʘʨʫʞʝʥ (ʭʦʪʷ ʢʦʩʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ) ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʠʥʘʧʩʘʭ (ʛʠʧʧʦʢʘʤʧ, ʯʘʰʝʦʙʨʘʟʥʳʝ ʥʝʨʚʥʳʝ ʦʢʦʥʯʘʥʠʷ ʩʣʫʭʦʚʦʡ ʩʠʩʪʝʤʳ) 

ʪʦʣʴʢʦ ʚ ʩʧʝʮʠʬʠʯʥʳʭ, ʦʙʳʯʥʦ çʵʢʩʪʨʝʤʘʣʴʥʳʭè ʫʩʣʦʚʠʷʭ. ɽʩʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʧʦʩʣʝ kiss and run ʚʝʟʠʢʫʣʳ ʤʦʛʫʪ ʙʳʩʪʨʦ (1 ʩ) ʩʣʠʚʘʪʴʩʷ ʩ ʵʥʜʦʩʦʤʘʤʠ, ʠʟ ʢʦʪʦʨʳʭ 

ʢʣʘʪʨʠʥ-ʟʘʚʠʩʠʤʳʡ ʵʥʜʦʮʠʪʦʟ ʟʘ 3-5 ʩ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʟʠʢʫʣʳ, 

ʢʦʤʧʝʪʝʥʪʥʳʝ ʜʣʷ ʫʯʘʩʪʠʷ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʫʥʜʝ ʵʢʟʦʮʠʪʦʟʘ (Watanabe, 2015).  

ʊʘʙʣ. 1. ʉʢʦʨʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʥʜʦʮʠʪʦʟʘ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ) 

ʆʙʲʝʢʪ ʕʥʜʦʮʠʪʦʟ ʉʩʳʣʢʠ 

Kiss-and-run ʙʳʩʪʨʳʡ ʤʝʜʣʝʥʥʳʡ 

ʩʠʥʘʧʩʳ 

ʛʠʧʧʦʢʘʤʧʘ 

~3 ʩ  10-15 ʩ 

 

~2-3 ʤʠʥ Granseth et al., 2006 

Balaji, Ryan, 2007 

Zhu et al., 2009 

ʥʝʨʚʥʦ-

ʤʳʰʝʯʥʳʝ 

ʩʠʥʘʧʩʳ ʣʷʛʫʰʢʠ 

 20-60 ʩ ~5-10 ʤʠʥ ɿʝʬʠʨʦʚ ʠ ʜʨ. 2004 

ɿʝʬʠʨʦʚ ʠ ʜʨ. 2008ʘ 

Richards et al., 2000 

ʥʝʨʚʥʦ-

ʤʳʰʝʯʥʳʝ 

ʩʠʥʘʧʩʳ ʤʳʰʠ 

?  20-60 ʩ ~2-5 ʤʠʥ ɿʝʬʠʨʦʚ ʠ ʜʨ. 2008ʙ 

Reid et al., 2003 

Tabares et al., 2007 

ʙʠʧʦʣʷʨʥʳʝ 

ʥʝʡʨʦʥʳ ʩʝʪʯʘʪʢʠ 

ʟʦʣʦʪʦʡ ʨʳʙʢʠ 

1-2 ʩ  ~15 ʩ  ~40-60 ʩ Jockusch et al., 2005 Llobet 

et al., 2003 

ʩʝʥʩʦʨʥʳʝ 

ʚʦʣʦʩʢʦʚʳʝ 

ʢʣʝʪʢʠ ʩʘʢʢʫʣʩʁʘ 

ʣʷʛʫʰʢʠ 

ʤʝʥʝʝ 1 ʩ  ~6 ʩ ~30-50 ʩ Schnee et al., 2005 

Paillart et al., 2003 

ʏʘʰʝʦʙʨʘʟʥʳʝ 

ʩʠʥʘʧʩʳ ʍʝʣʜʘ 

ʛʨʳʟʫʥʦʚ 

ʤʝʥʝʝ 1 ʩ ~15 ʩ ~ 60-70 ʩ He et al. 2007 

Wu, Wu, 2007 

Renden, Gersdorff, 2007 
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ʉʫʱʝʩʪʚʫʶʪ ʩʤʝʣʳʝ ʛʠʧʦʪʝʟʳ ʦ ʪʦʤ, ʯʪʦ ʦʧʦʩʨʝʜʫʝʤʦʝ kiss and run ʧʦʨʮʠʦʥʥʦʝ 

ʚʳʜʝʣʝʥʠʝ ʦʜʥʦʛʦ ʢʚʘʥʪʘ (ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʨʘ ʟʘʢʨʳʚʘʝʪʩʷ ʥʘʩʪʦʣʴʢʦ ʙʳʩʪʨʦ, ʯʪʦ ʟʘʧʘʩ 

ʤʝʜʠʘʪʦʨʘ ʚ ʚʝʟʠʢʫʣʝ ʥʝ ʫʩʧʝʚʘʝʪ ʦʧʫʩʪʦʰʠʪʴʩʷ) ʢʦʥʪʨʦʣʠʨʫʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʷ ʠʭ ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʛʠʧʧʦʢʘʤʧʘʣʴʥʳʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ ʦʩʚʦʙʦʞʜʝʥʠʝ ʥʝʙʦʣʴʰʠʭ (ʤʝʥʴʰʝ ʯʝʤ ʢʚʘʥʪ) 

ʧʦʨʮʠʡ ʛʣʫʪʘʤʘʪʘ ʤʦʞʝʪ ʫʩʢʦʨʷʪʴ ʜʝʩʝʥʩʠʪʠʟʘʮʠʶ AMPA-ʨʝʮʝʧʪʦʨʦʚ (Richards, 2009). 

Kiss-and-run ʧʫʪʴ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʩʝʢʨʝʮʠʠ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʦʚ ʧʝʧʪʠʜʥʦʡ 

ʠ ʙʝʣʢʦʚʦʡ ʧʨʠʨʦʜʳ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʵʣʝʢʪʨʦʥʥʦ-ʧʣʦʪʥʳʭ ʛʨʘʥʫʣʘʭ ʠ ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ 

ʦʢʦʣʦ ɸɿ (Li et al., 2005). 

ɹʝʣʢʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʧʦʩʣʝ ʵʢʟʦʮʠʪʦʟʘ ʤʦʛʫʪ çʫʥʦʩʠʪʴʩʷè ʠʟ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʣʘʪʝʨʘʣʴʥʦʡ ʜʠʬʬʫʟʠʝʡ ʠ ʧʦʧʘʜʘʪʴ ʚ ʘʢʩʦʥ, ʛʜʝ ʪʘʢʞʝ ʤʦʞʝʪ 

ʧʨʦʪʝʢʘʪʴ ʵʥʜʦʮʠʪʦʟ, ʛʣʘʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʡʤʘʪʴ çʩʙʝʞʘʚʰʠʝè ʠʟ ʩʠʥʘʧʩʘ 

ʚʝʟʠʢʫʣʷʨʥʳʝ ʙʝʣʢʠ. ʂʦʥʝʯʥʦ, ʘʢʩʦʥʘʣʴʥʳʡ ʵʥʜʦʮʠʪʦʟ ʧʨʦʪʝʢʘʝʪ ʩ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʯʝʤ ʩʠʥʘʧʪʠʯʝʩʢʠʡ, ʧʦʵʪʦʤʫ ʠ ʙʝʣʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ  

ʵʥʜʦʮʠʪʦʟ, ʚ ʘʢʩʦʥʝ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ (Yao et al., 2003). ɹʝʣʢʠ ʵʥʜʦʮʠʪʦʟʘ ʤʦʛʫʪ 

ʧʦʢʠʜʘʪʴ ʩʠʥʘʧʩ ʠ ʧʦʧʘʜʘʪʴ ʚ ʘʢʩʦʥ ʚʩʣʝʜ ʟʘ ʚʝʟʠʢʫʣʷʨʥʳʤʠ ʙʝʣʢʘʤʠ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ 

ʧʝʨʝʤʝʱʝʥʠʝ ʵʥʜʦʮʠʪʦʟʥʳʭ ʙʝʣʢʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ ʧʦʩʣʝ ʦʩʚʦʙʦʞʜʝʥʠʷ 

ʤʝʜʠʘʪʦʨʘ ʵʢʟʦʮʠʪʦʟʦʤ (Granseth et al., 2007). ʆʙʨʘʟʫʶʱʠʝʩʷ ʚ ʭʦʜʝ ʘʢʩʦʥʘʣʴʥʦʛʦ 

ʵʥʜʦʮʠʪʦʟʘ ʚʝʟʠʢʫʣʳ ʩʥʘʯʘʣʘ ʩʣʠʚʘʶʪʩʷ ʚ ʵʥʜʦʩʦʤʫ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʩʦʨʪʠʨʦʚʢʘ ʙʝʣʢʦʚ 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ çʥʘʜʣʝʞʘʱʝʡè ʙʝʣʢʦʚʦ-ʣʠʧʠʜʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʠʟ ʢʦʪʦʨʦʡ 

ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʘʷ ʢʦʤʧʝʪʝʥʪʥʘʷ ʢ ʩʣʠʷʥʠʶ ʚʝʟʠʢʫʣʘ (Dittman, Ryan, 2009). 

 

2.5.1. ʂʨʘʪʢʦ ʦ ʤʝʭʘʥʠʟʤʘʭ ʢʣʘʪʨʠʥ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʵʥʜʦʮʠʪʦʟʘ 

ʂʣʶʯʝʚʦʡ ʙʝʣʦʢ ʵʥʜʦʮʠʪʦʟʘ, ʢʣʘʪʨʠʥ, ʥʘʧʦʤʠʥʘʝʪ çʥʦʛʫ ʩ ʢʦʣʝʥʦʤè, ʙʣʘʛʦʜʘʨʷ 

ʛʠʙʢʦʩʪʠ ʢʦʪʦʨʦʛʦ ʢʣʘʪʨʠʥ ʤʦʞʝʪ ʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴʩʷ ʢ ʨʘʟʥʦʡ ʛʝʦʤʝʪʨʠʠ ʤʝʤʙʨʘʥʳ 

(ʨʠʩ. 14). ʅʘ ʢʦʥʮʝ çʥʦʛʠè ʢʣʘʪʨʠʥʘ ʠʤʝʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʚ ʚʠʜʝ çʩʪʫʧʥʠè, ʢʦʪʦʨʘʷ ʧʨʠ 

ʩʙʦʨʢʝ ʢʣʘʪʨʠʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʢ ʤʝʤʙʨʘʥʝ ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʨʘʩʧʦʟʥʘʚʘʥʠʠ 

ʘʜʘʧʪʝʨʥʳʭ ʙʝʣʢʦʚ ʵʥʜʦʮʠʪʦʟʘ (AP-2, ɸʈ-180, ʘʤʬʠʬʠʟʠʥ, ʵʧʩʠʥ, ʘʨʨʝʩʪʠʥ). 

ʇʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʢʦʥʝʮ çʥʦʛʠè ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʲʝʜʠʥʝʥʠʠ ʤʦʥʦʤʝʨʦʚ ʢʣʘʪʨʠʥʘ ʚ 

ʪʨʠʩʢʝʣʠʶ ï çʪʨʝʭʥʦʛʠʡè ʪʨʠʤʝʨ. ʆʪʜʝʣʴʥʳʝ ʪʨʠʩʢʝʣʠʠ ʤʦʛʫʪ ʩʦʝʜʠʥʷʪʴʩʷ ʚ ʧʣʦʩʢʠʝ 

ʠʣʠ ʢʦʨʟʠʥʦ-ʧʦʜʦʙʥʳʝ ʨʝʰʝʪʢʠ (ʨʠʩ. 14) (Royle, 2006; Jung, Haucke, 2007). 
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ʈʠʩ. 14. ʄʦʣʝʢʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ ʢʣʘʪʨʠʥʘ ʠ ʢʣʘʪʨʠʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ (Royle, 2006) 

ɸ - ʇʨʠʤʝʨʳ ʢʣʘʪʨʠʥʦʚʳʭ ʨʝʰʝʪʦʢ ʩ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʝʡ. ɹ - ʂʣʘʪʨʠʥʦʚʘʷ 

ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʙʦʯʢʘ (ʧʦʢʘʟʘʥʳ ʪʦʣʴʢʦ CHCs ï ʪʷʞʝʣʳʝ ʮʝʧʠ ʢʣʘʪʨʠʥʘ). ʊʨʠ ʪʨʠʩʢʝʣʠʠ 

ʚʳʜʝʣʝʥʳ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ, ʢʘʢ ʪʨʠʩʢʝʣʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʚ ʨʝʰʝʪʢʝ. ɺ - 

ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʣʝʛʢʠʭ ʮʝʧʝʡ ʢʣʘʪʨʠʥʘ LCa ʠ LCb. 

 

ɺ ʭʦʜʝ ʵʥʜʦʮʠʪʦʟʘ ʩʥʘʯʘʣʘ ʘʜʘʧʪʝʨʥʳʝ ʙʝʣʢʠ (ʘʜʘʧʪʠʨʫʶʪ ʢʣʘʪʨʠʥ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ) ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʨʝʛʠʦʥʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʤʙʨʘʥʳ, ʧʦʩʣʝ ʯʝʛʦ ʩ 

ʘʜʘʧʪʝʨʥʳʤʠ ʧʨʦʪʝʠʥʘʤʠ ʩʚʷʟʳʚʘʶʪʩʷ ʪʨʠʩʢʝʣʠʠ ʢʣʘʪʨʠʥʘ (Granseth et al., 2007; 

ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2009). ɻʣʘʚʥʳʡ ʘʜʘʧʪʝʨʥʳʡ ʧʨʦʪʝʠʥ, AP-2, ʚʢʣʶʯʘʝʪ 4 ʩʫʙʲʝʜʠʥʠʮʳ, 

ʨʘʟʥʳʝ ʧʦ ʨʘʟʤʝʨʫ: ʤʘʣʝʥʴʢʫʶ (s2), ʩʨʝʜʥʶʶ (m2) ʠ ʜʚʝ ʙʦʣʴʰʠʝ (a, b2). ʉʫʙ̡ ʝʜʠʥʠʮʳ 

ʦʙʨʘʟʫʶʪ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʥʘʧʦʤʠʥʘʶʱʠʡ ʛʦʣʦʚʫ c ʜʚʫʤʷ ʛʠʙʢʠʤʠ 

ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʨʠʜʘʪʢʘʤʠ / ʫʰʢʘʤʠ (ʨʠʩ. 15ɸ) (Kirchhausen, 2000). 

ɻʦʣʦʚʘ ɸʈ-2 ʧʨʦʯʥʦ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʬʦʩʬʦʣʠʧʠʜʘʤʠ (ʪʦʯʥʝʝ ʩ ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-4,5-

ʙʠʬʦʩʬʘʪʘʤʠ) ʤʝʤʙʨʘʥʳ, ʘ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ (ʵʥʜʦʮʠʪʦʟʥʳʤʠ ʤʦʪʠʚʘʤʠ) ʠ ʮʝʣʳʤʠ ʜʦʤʝʥʘʤʠ ʥʝʢʦʪʦʨʳʭ 

ʧʦʛʣʦʱʘʝʤʳʭ ʙʝʣʢʦʚ. ʂʦʛʜʘ ɸʈ-2 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʤʝʤʙʨʘʥʦʡ ʝʛʦ ʫʰʢʠ (ʧʨʠʜʘʪʢʠ) 

ʦʙʨʘʱʝʥʳ ʢ ʮʠʪʦʧʣʘʟʤʝ, ʘ ʦʩʥʦʚʘʥʠʝ ʛʦʣʦʚʳ ʢ ʤʝʤʙʨʘʥʝ. ʇʨʠʜʘʪʢʠ AP-2 ʫʣʘʚʣʠʚʘʶʪ 

ʤʦʣʝʢʫʣʳ ʢʣʘʪʨʠʥʘ (ʚ ʬʦʨʤʝ ʪʨʠʩʢʝʣʠʡ) ʠʟ ʮʠʪʦʧʣʘʟʤʳ (ʨʠʩ. 15ɸ) (Grass et al., 2004). 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʘʪʨʠʥʦʚʦʛʦ ʧʦʢʨʳʚʘʣʘ ʪʨʝʙʫʝʪʩʷ ʚʦʚʣʝʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 
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ʬʘʢʪʦʨʦʚ. ɹʝʣʦʢ Eps15 (ʪʝʪʨʘʤʝʨ) ʩʚʷʟʳʚʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʯʝʪʳʨʴʤʷ ʘʜʘʧʪʝʨʥʳʤʠ 

ʙʝʣʢʘʤʠ ʥʘ ʤʝʤʙʨʘʥʝ ʠ ʦʧʦʩʨʝʜʫʝʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ɸʈ-2 ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʝʛʠʦʥʝ. 

ʊʘʢ ʩʦʟʜʘʝʪʩʷ ʧʣʘʪʬʦʨʤʘ (Eps15+4AP-2è) ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʠ ʥʘʯʘʣʘ ʤʦʥʪʘʞʘ ʢʣʘʪʨʠʥʦʚʦʡ 

ʨʝʰʝʪʢʠ (Mettlen et al., 2009). ɺ ʭʦʜʝ ʝʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʝʟʠʢʫʣʷʨʥʳʝ ʣʠʧʠʜʳ ʠ ʙʝʣʢʠ 

çʧʨʠʚʣʝʢʘʶʪè ʘʜʘʧʪʝʨʥʳʝ ʧʨʦʪʝʠʥʳ, ʘ ʬʦʨʤʠʨʫʶʱʝʝʩʷ ʢʣʘʪʨʠʥʦʚʦʝ ʧʦʢʨʳʪʠʝ ʩ 

ʘʜʘʧʪʝʨʥʳʤʠ ʙʝʣʢʘʤʠ ð ʥʘʭʦʜʠʪ ʠ ʩʝʢʚʝʩʪʨʠʨʫʝʪ ʚʝʟʠʢʫʣʷʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʊʘʢʦʡ 

ʤʝʭʘʥʠʟʤ ʜʝʣʘʝʪ ʧʦʢʨʳʪʠʝ ʤʦʣʝʢʫʣʷʨʥʳʤ ʩʦʨʪʠʨʦʚʱʠʢʦʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʙʝʣʢʦʚʳʭ 

ʛʨʫʟʦʚ (ʙʝʣʢʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʚʝʟʠʢʫʣ) (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2009). 

 

ʈʠʩ. 15. ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ  ʩʦʨʪʠʨʦʚʢʠ ʥʝʢʦʪʦʨʳʭ ʚʝʟʠʢʫʣʷʨʥʳʭ ʙʝʣʢʦʚ ʚ 

ʭʦʜʝ ʢʣʘʪʨʠʥ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʵʥʜʦʮʠʪʦʟʘ (Jung, Haucke, 2007 ʩ ʠʟʤʝʥʝʥʠʷʤʠ) 

ɸ ï ʋʟʥʘʚʘʥʠʝ ʤʦʪʠʚʦʚ ʪʠʧʘ D/ExxL[LI], ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʚʝʟʠʢʫʣʷʨʥʳʤ 

ʪʨʘʥʩʧʦʨʪʝʨʘʤ ʤʝʜʠʘʪʦʨʦʚ (ʤʦʥʦʘʤʠʥʦʚ, ʘʮʝʪʠʣʭʦʣʠʥʘ, ʛʣʫʪʘʤʘʪʘ -VMAT2, VAʉhT, 

VGLUT1) ʩ ʧʦʤʦʱʴʶ ɸʈ-2. ɹ ï ʋʟʥʘʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʝʨʘ ʛʣʫʪʘʤʘʪʘ (VGLUT1) ʟʘʚʠʩʠʪ 

ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʦʛʘʪʦʛʦ ʧʨʦʣʠʥʦʤ ʤʦʪʠʚʘ (ʝʛʦ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʮʘ) ʩ SH3 

ʜʦʤʝʥʦʤ ʙʝʣʢʘ ʵʥʜʦʬʠʣʠʥʘ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʫʝʪ ʩʦʚʤʝʩʪʥʦ ʩ ʧʦʢʘʟʘʥʥʳʤ ʥʘ ɸ 

ʩʧʦʩʦʙʦʤ. ɺ ï ʉʘ
2+

-ʩʝʥʩʦʨ ʵʢʟʦʮʠʪʦʟʘ ʩʠʥʘʧʪʦʪʘʛʤʠʥ ʩʦʨʪʠʨʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʘʜʘʧʪʝʨʘ ʩʪʦʥʠʥʘ 2, ʢʦʪʦʨʳʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ɸʈ-2 (ɿʝʬʠʨʦʚ, 

ʇʝʪʨʦʚ, 2010ʘ). 
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ʅʘʯʘʣʴʥʳʡ ʵʪʘʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʘʪʨʠʥʦʚʦʡ ʨʝʰʝʪʢʠ ʪʨʝʙʫʝʪ ʫʯʘʩʪʠʷ ʙʝʣʢʦʚ ɸʈ-

180 ʠ ʵʧʩʠʥʘ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ɸʈ-2 (ʈʠʩ. 16). ʆʥʠ ʩʚʷʟʳʚʘʶʪʩʷ ʩ 

ʬʦʩʬʦʣʠʧʠʜʘʤʠ ʤʝʤʙʨʘʥʳ ʠ ʥʝʢʦʪʦʨʳʤʠ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʙʝʣʢʘʤʠ (ʚʝʟʠʢʫʣʷʨʥʳʤ 

ʩʠʥʘʧʪʦʙʨʝʚʠʥʦʤ). ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʩʦʜʝʨʞʘʪ ʫʯʘʩʪʢʠ ʜʣʷ ʧʨʠʢʨʝʧʣʝʥʠʷ ʢ ʢʣʘʪʨʠʥʫ, ʪ.ʝ. 

ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʘ ʤʝʞʜʫ ʢʣʘʪʨʠʥʦʤ ʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʚʝʟʠʢʫʣʳ (Jung, Haucke, 2007). ɼʣʷ AP-2 ʠ ʵʧʩʠʥʘ ʭʘʨʘʢʪʝʨʥʳ ʩʧʝʮʠʬʠʯʥʳʝ ʯʝʨʪʳ (Itoh, 

De Camilli, 2006). ʄʦʥʪʘʞ ʢʣʘʪʨʠʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʳʩʪʨʝʝ, 

ʝʩʣʠ ʫʯʘʩʪʚʫʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ AP-2 ʠ ɸʈ-180. ʅʠ ʦʜʠʥ ʠʟ ʘʜʘʧʪʝʨʦʚ ʚ ʦʜʠʥʦʯʢʫ ʥʝ 

ʩʧʦʩʦʙʝʥ ʪʘʢ ʫʩʢʦʨʠʪʴ ʩʙʦʨʢʫ. ʇʝʨʚʦʥʘʯʘʣʴʥʘʷ ʧʦʩʘʜʢʘ ʠ ʦʨʠʝʥʪʘʮʠʷ AP-2 ʥʘ çʥʫʞʥʦʤè 

ʨʝʛʠʦʥʝ ʤʝʤʙʨʘʥʳ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʫʯʘʩʪʠʠ ʵʧʩʠʥʘ. ɺ ʭʦʜʝ ʩʙʦʨʢʠ ʧʦʢʨʳʪʠʷ ʵʧʩʠʥ 

ʚʳʪʝʩʥʷʝʪʩʷ ʚ ʢʨʘʝʚʳʝ ʫʯʘʩʪʢʠ, ʛʜʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʩʢʨʠʚʣʝʥʠʶ ʤʝʤʙʨʘʥʳ ʚ ʧʦʯʢʫ. AP-

180 ʦʩʪʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʦʢʨʳʪʠʷ ʚ ʭʦʜʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʵʥʜʦʮʠʪʦʟʘ (Jakobsson et al., 

2008). ʕʧʩʠʥ (ʠ Eps15) ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʫʟʥʘʚʘʪʴ ʙʝʣʢʠ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʰʠʪ 75-

ʯʣʝʥʥʳʡ ʧʝʧʪʠʜ ʫʙʠʢʚʠʥʪʠʥ. ʕʪʘ ʤʦʜʠʬʠʢʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʙʠʢʚʠʥʪʠʥ-ʣʠʛʘʟʦʡ ʠ 

ʥʘʧʨʘʚʣʷʝʪ ʛʨʫʟʳ ʚ ʣʠʟʦʩʦʤʳ ʠ ʧʨʦʪʝʦʩʦʤʳ. ʆʙʳʯʥʦ ʫʙʠʢʚʠʥʪʠʥʦʤ ʤʝʪʷʪʩʷ ʜʝʬʝʢʪʥʳʝ 

ʙʝʣʢʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʨʝʮʝʧʪʦʨʳ, ʠʦʥʥʳʝ ʢʘʥʘʣʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʨʫʰʠʪʴ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2009). 

 

ʈʠʩ. 16. ʂʣʶʯʝʚʳʝ ʙʝʣʢʠ ʢʣʘʪʨʠʥ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʵʥʜʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ (Slepnev, De Camilli, 2000) 

ʉʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʜʦʤʝʥʘʤʠ ʙʝʣʢʦʚ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ 

ʵʥʜʦʮʠʪʦʟ. ʅʝʢʦʪʦʨʳʝ ʙʝʣʢʠ ʩʚʷʟʳʚʘʶʪʩʷ ʥʘʧʨʷʤʫʶ ʢʘʢ ʩ ɸʈ-2 (ʯʝʨʝʟ ʝʛʦ ʧʨʠʜʘʪʦʯʥʳʝ 

ʜʦʤʝʥʳ), ʪʘʢ ʠ ʪʷʞʝʣʦʡ ʮʝʧʴʶ ʢʣʘʪʨʠʥʘ. ʄʥʦʛʠʝ ʠʟ ʠʟʦʙʨʘʞʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʨʝʛʫʣʠʨʫʶʪʩʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝʤ ʠ ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-4,5-ʙʠʬʦʩʬʘʪʘʤʠ (ɿʝʬʠʨʦʚ, 

ʇʝʪʨʦʚ, 2010ʘ).  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʦʙʨʘʟʦʚʘʥʠ ̫ ʢʣʘʪʨʠʥʦʚʦʡ ʨʝʰʝʪʢʠ in vivo ʧʨʦʠʩʭʦʜʷʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ AP-180, ʵʧʩʠʥʘ ʠ Eps15 (Mousavi et al., 2004; Itoh, De Camilli, 2006; 

Andersson et al., 2008). ʉʥʘʯʘʣʘ ʢ ʤʝʤʙʨʘʥʝ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʤʦʣʝʢʫʣ 

ʵʧʩʠʥʦʚ, ʚʩʣʝʜ ʟʘ ʢʦʪʦʨʳʤʠ ʨʝʢʨʫʪʠʨʫʶʪʩʷ AP-2, Eps15 ʠ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʨʠʩʢʝʣʠʡ ʢʣʘʪʨʠʥʘ. Eps15 ʬʦʨʤʠʨʫʝʪ ʢʦʤʧʣʝʢʩ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ɸʈ-2 ʠ AP-

180.  ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʡ ʘʥʩʘʤʙʣʴ ʩʪʠʤʫʣʠʨʫʝʪ ʙʳʩʪʨʦʝ ʦʙʲʝʜʠʥʝʥʠʝ 

ʪʨʠʩʢʝʣʠʡ ʢʣʘʪʨʠʥʘ ʚ ʨʝʰʝʪʢʫ. ʇʦ ʤʝʨʝ ʨʘʟʨʘʩʪʘʥʠʷ ʢʣʘʪʨʠʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʵʧʩʠʥ 

ʚʳʪʘʣʢʠʚʘʝʪʩʷ ʥʘ ʢʨʘʡ ʧʦʢʨʳʪʦʡ ʢʣʘʪʨʠʥʦʤ ʤʝʤʙʨʘʥʳ. ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʵʧʩʠʥʦʚ ʧʦ 

ʢʦʥʪʫʨʫ ʢʣʘʪʨʠʥʦʚʦʡ ʨʝʰʝʪʢʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʝʛʢʦʤʫ ʠʩʢʨʠʚʣʝʥʠʶ ʤʝʤʙʨʘʥʳ ʠ 

ʧʦʷʚʣʝʥʠʶ ʷʤʦʢ. ɼʘʣʴʥʝʡʰʝʝ ʠʩʢʨʠʚʣʝʥʠʝ ʤʝʤʙʨʘʥʳ (ʈʠʩ. 17), ʚʝʜʫʱʝʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʛʣʫʙʦʢʠʭ ʧʦʢʨʳʪʳʭ ʢʣʘʪʨʠʥʦʤ ʷʤʦʢ, ʦʩʫʱʝʩʪʚʣʷʶʪ ʜʨʫʛʠʝ ʙʝʣʢʠ, ʵʥʜʦʬʠʣʠʥ ʠ 

ʘʤʬʠʬʠʟʠʥ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2009).  

 

ʈʠʩ. 17. ʆʧʦʩʨʝʜʦʚʘʥʥʘ ̫ʙʝʣʢʘʤʠ ʜʝʬʦʨʤʘʮʠ ̫ʤʝʤʙʨʘʥʳ (Farsad, De Camilli, 2003; 

Gallop et al., 2005) 

ɸ - ɹʝʣʢʠ ʧʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʙʨʘʟʫʶʪ (ʘ) ʘʛʨʝʛʘʪʳ ʚ ʚʠʜʝ ʩʬʝʨ (ʥʘʧʨʠʤʝʨ, 

ʘʜʘʧʪʝʨʥʳʝ ʙʝʣʢʠ ʠ ʢʣʘʪʨʠʥ) ʠʣʠ (ʙ) ʩʧʠʨʘʣʝʡ (ʜʠʥʘʤʠʥ). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʨʠʚʣʝʥʠʶ 

ʤʝʤʙʨʘʥʳ ʠ ʦʧʨʝʜʝʣʷʝʪ ʝʝ ʬʦʨʤʫ. ɹ - ɸʤʬʠʧʘʪʠʯʥʘʷ ʩʧʠʨʘʣʴ ʥʝʢʦʪʦʨʳʭ ʙʝʣʢʦʚ (ʵʧʩʠʥʘ, 

ʵʥʜʦʬʠʣʠʥʘ) ʧʨʦʥʠʢʘʝʪ ʚ ʟʘʟʦʨʳ ʤʝʞʜʫ ʣʠʧʠʜʘʤʠ ʠ ʨʘʩʪʘʣʢʠʚʘʝʪ ʠʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʣʦʱʘʜʴ ʦʜʥʦʛʦ ʤʦʥʦʩʣʦʷ ʤʝʤʙʨʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʛʦ ʠ ʤʝʤʙʨʘʥʘ 

ʜʝʬʦʨʤʠʨʫʝʪʩʷ.  ɺ ï ʩʚʝʨʭʫ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ N-BAR ʜʦʤʝʥʘ ʵʥʜʦʬʠʣʠʥʘ ʩ ʤʦʥʦʩʣʦʝʤ 

ʤʝʤʙʨʘʥʳ. ʉʥʠʟʫ: ʤʝʭʘʥʠʟʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ N-BAR ʜʦʤʝʥʦʚ ʵʥʜʦʬʠʣʠʥʘ. N-BAR 

ʜʦʤʝʥ ʩʦʩʪʦʠʪ ʠʟ 3ʯʘʩʪʝʡ: N-ʢʦʥʮʝʚʘʷ ὄ-ʩʧʠʨʘʣʴ 0 (ʘ), BAR-ʤʦʥʦʤʝʨ (ʙ), ʉ-ʢʦʥʮʝʚʘʷ 

ʚʥʫʪʨʝʥʥʷʷ ὄ-ʩʧʠʨʘʣʴ 1(ʚ).  
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ʈʠʩ. 17 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʆʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʤʙʨʘʥʳ ʧʨʠʪʷʛʠʚʘʝʪ ʤʦʥʦʤʝʨʳ 

ʵʥʜʦʬʠʣʠʥʘ, ʩʣʝʜʫʶʱʝʝ ʟʘʪʝʤ ʚʩʪʨʘʠʚʘʥʠʝ ʦʙʦʠʭ ὄ-ʩʧʠʨʘʣʝʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʝʬʦʨʤʘʮʠʠ 

ʤʝʤʙʨʘʥʳ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʪʝʢʘʝʪ ʜʠʤʝʨʠʟʘʮʠʷ BAR-ʜʦʤʝʥʦʚ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʘʷ 

ʠʩʢʨʠʚʣʝʥʠʝ. ɿʘʧʫʩʪʠʚʰʘʷʩʷ ʜʝʬʦʨʤʘʮʠʷ ʤʝʤʙʨʘʥʳ ʦʙʣʝʛʯʘʝʪ ʧʨʠʢʨʝʧʣʝʥʠʝ 

ʩʣʝʜʫʶʱʠʭ BAR-ʜʦʤʝʥʦʚ. ʉʚʷʟʳʚʘʷʩʴ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʙʝʣʢʘʤʠ, ὄ-ʩʧʠʨʘʣʠ 

ʵʥʜʦʬʠʣʠʥʘ ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʚ ʨʦʣʠ ʩʦʨʪʠʨʦʚʱʠʢʦʚ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). 

 

ʉʧʦʩʦʙʥʦʩʪʴ ʵʧʠʩʠʥʘ, ʵʥʜʦʬʠʣʠʥʘ ʠ ʘʤʬʠʬʠʟʠʥʘ ʠʩʢʨʠʚʣʷʪʴ ʤʝʤʙʨʘʥʫ ʟʘʚʠʩʠʪ 

ʦʪ ʧʨʠʩʫʪʩʪʚʫʶʱʝʡ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ ʘʤʬʠʬʠʣʴʥʦʡ (ʠʤʝʶʱʝʡ ʛʠʜʨʦʬʠʣʴʥʳʝ ʠ 

ʛʠʜʨʦʬʦʙʥʳʝ ʫʯʘʩʪʢʠ) ὄ-ʩʧʠʨʘʣʠ (ʨʠʩ. 17). ʂʦʛʜʘ ʵʪʘ ʩʧʠʨʘʣʴ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʦʬʦʙʥʦʛʦ 

ʨʝʛʠʦʥʘ ʚʥʝʜʨʷʝʪʩʷ ʚ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʤʦʥʦʩʣʦʡ ʤʝʤʙʨʘʥʳ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʣʠʩʪʢʘ ʤʝʤʙʨʘʥʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʪʨʘʪʳ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʤʙʨʘʥʥʦʡ ʧʦʯʢʠ ʨʝʟʢʦ ʩʥʠʞʘʶʪʩʷ (Gallop et al., 2005; Itoh, De Camilli, 

2006). ɺ ʩʘʡʪʘʭ ʘʢʪʠʚʥʦʛʦ ʵʥʜʦʮʠʪʦʟʘ ʯʘʩʪʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʛʫʩʪʘʷ ʩʝʪʴ ʘʢʪʠʥʦʚʳʭ 

ʬʠʣʘʤʝʥʪʦʚ, ʜʣʷ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ ʜʠʥʘʤʠʯʥʦʩʪʴ (ʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘ). 

ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ ʟʥʘʯʝʥʠʝʤ ʘʢʪʠʥʘ ʚ ʟʘʪʷʛʠʚʘʥʠʠ ʧʦʢʨʳʪʦʡ ʢʣʘʪʨʠʥʦʤ ʧʦʯʢʠ 

ʚʛʣʫʙʴ ʢʣʝʪʢʠ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʟʤʘ ʚʝʢʪʦʨʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ (Merrifield et al., 2005). 

ɺʳʜʝʣʝʥʥʳʝ ʠʟ ʢʣʝʪʦʢ ʤʦʣʝʢʫʣʳ ʢʣʘʪʨʠʥʘ ʚ ʧʨʦʙʠʨʢʝ ʤʦʛʫʪ ʩʧʦʥʪʘʥʥʦ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʨʟʠʥʦ-ʧʦʜʦʙʥʳʝ ʨʝʰʝʪʢʠ (ʩʘʤʦʩʙʦʨʢʘ) (ʨʠʩ. 18). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠʩʢʨʠʚʣʝʥʥʘʷ ʬʦʨʤʘ ʢʣʘʪʨʠʥʦʚʦʛʦ ʧʦʣʠʤʝʨʘ ï ʩʚʦʡʩʪʚʦ ʩʘʤʦʛʦ ʧʦʢʨʳʪʠʷ. ʇʦʵʪʦʤʫ 

ʚʦʟʤʦʞʥʦ, ʯʪʦ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʢʣʘʪʨʠʥʘ ʦʙʣʝʛʯʘʝʪ ʜʝʬʦʨʤʘʮʠʶ ʤʝʤʙʨʘʥʳ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʯʢʠ (McMahon, Gallop, 2005). ʆʜʥʘʢʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʧʨʠʚʦʜʷʪʩʷ 

ʘʨʛʫʤʝʥʪʳ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʩʘʤʦ ʧʦ ʩʝʙʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʣʘʪʨʠʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʝ 

ʚʳʟʳʚʘʝʪ ʠʩʢʨʠʚʣʝʥʠʝ ʤʝʤʙʨʘʥʳ, ʧʦʢʨʳʪʠʝ ʧʘʩʩʠʚʥʦ ʧʨʠʣʘʞʠʚʘʝʪʩʷ ʢ ʦʙʨʘʟʫʶʱʝʤʫʩʷ 

ʠʟʛʠʙʫ. ʂʣʘʪʨʠʥʦʚʦʝ çʧʦʢʨʳʚʘʣʦè ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ çʬʠʢʩʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠè 

ʧʦʯʢʫʶʱʝʡʩʷ ʤʝʤʙʨʘʥʳ. ʌʫʥʢʮʠʷ ʢʣʘʪʨʠʥʘ ʚ ʧʦʯʢʦʚʘʥʠʠ ʤʝʤʙʨʘʥ ʦʙʲʷʩʥʷʝʪʩʷ 

ʤʦʜʝʣʴʶ çɹʨʦʫʥʦʚʩʢʦʡ ʟʘʱʝʣʢʠè, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʠʩʭʦʜʥʦ ʨʦʚʥʘʷ ʧʣʘʟʤʘʪʠʯʝʩʢʘʷ 

ʤʝʤʙʨʘʥʘ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʚ ʭʦʜʝ ʪʝʧʣʦʚʳʭ (ʙʨʦʫʥʦʚʩʢʠʭ) ʢʦʣʝʙʘʥʠʡ ʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʙʝʣʢʦʚ (ʥʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʱʠʭ BAR-ʜʦʤʝʥ). ʂʣʘʪʨʠʥʦʚʘʷ ʨʝʰʝʪʢʘ 

ʧʨʠʣʘʞʠʚʘʝʪʩʷ ʢ ʦʙʨʘʟʫʶʱʝʡʩ ̫ʢʨʠʚʠʟʥʝ ʠ çʟʘʱʝʣʢʠʚʘʝʪè ʦʙʨʘʱʝʥʥʳʝ ʚʥʫʪʨʴ ʠʟʛʠʙʳ 
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ʤʝʤʙʨʘʥʳ, ʜʦ ʪʝʭ ʧʦʨ ʧʦʢʘ ʥʝ ʩʬʦʨʤʠʨʫʝʪʩʷ ʦʧʪʠʤʘʣʴʥʘʷ ʜʣʷ ʢʣʘʪʨʠʥʦʚʦʡ ʢʦʨʟʠʥʳ 

ʢʨʠʚʠʟʥʘ (Hinrichsen et al., 2006; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2009). 

 

ʈʠʩ. 18. ʄʦʜʝʣʴ çɹʨʦʫʥʦʚʩʢʦʡ ʟʘʱʝʣʢʠè ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʝʤʙʨʘʥʥʦʡ ʧʦʯʢʠ 

(Hinrichsen et al., 2006) 

ɸ - ʕʥʜʦʮʠʪʦʟ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʜʘʧʪʝʨʦʚ (ɸʈ-2), ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʙʝʣʢʦʚ ʠ ʢʣʘʪʨʠʥʘ ʢ ʤʝʤʙʨʘʥʝ. ʄʝʤʙʨʘʥʘ ʠʟʛʠʙʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʣʫʯʘʡʥʳʭ ʪʝʧʣʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ (ʙʨʦʫʥʦʚʩʢʦʝ ʜʚʠʞʝʥʠʝ). ʂʣʘʪʨʠʥʦʚʦʝ ʧʦʢʨʳʪʠʝ ʤʦʞʝʪ ʧʨʠʣʘʞʠʚʘʪʴʩʷ ʢ 

ʥʦʚʦʡ ʢʨʠʚʠʟʥʝ ʤʝʤʙʨʘʥʳ ʠ ʠʟʤʝʥʷʪʴ ʩʚʦʡ ʨʘʟʤʝʨ, ʧʦʩʢʦʣʴʢʫ ʢʘʢ ʢʣʘʪʨʠʥ, ʪʘʢ ʠ 

ʘʜʘʧʪʝʨʳ ʤʦʛʫʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʙʦʜʥʦ ʧʝʨʝʭʦʜʠʪʴ ʠʟ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʦʩʪʘʚ 

ʧʦʣʠʤʝʨʘ, ʠ ʦʙʨʘʪʥʦ. ʂʣʘʪʨʠʥ ʣʝʛʢʦ ʧʦʣʠʤʝʨʠʟʫʝʪʩʷ ʚ ʩʪʘʙʠʣʴʥʳʝ ʟʘʢʨʳʪʳʝ ʢʦʨʟʠʥʳ, 

ʪʘʢ ʢʘʢ ʚʳʩʦʢʘʷ ʢʨʠʚʠʟʥʘ ʢʣʘʪʨʠʥʦʚʦʡ ʨʝʰʝʪʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʦʣʠʤʝʨʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʢʣʘʪʨʠʥʦʚʦʝ ʧʦʢʨʳʪʠʝ ʩʪʘʙʠʣʠʟʠʨʫʝʪ 

(çʟʘʱʝʣʢʠʚʘʝʪè) ʥʘʧʨʘʚʣʝʥʥʳʝ ʚʥʫʪʨʴ ʢʣʝʪʢʠ ʚʳʧʷʯʠʚʘʥʠʷ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, 

ʜʝʬʦʨʤʘʮʠʷ ʢʦʪʦʨʦʡ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʤʦʤʝʥʪʘ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʢʨʠʚʠʟʥʳ. ɹ- 

ɺ ʢʣʝʪʢʘʭ, ʣʠʰʝʥʥʳʭ ʢʣʘʪʨʠʥʘ, ʤʦʣʝʢʫʣʳ ɸʈ-2 ʪʘʢʞʝ ʚʳʩʘʞʠʚʘʝʪʩʷ ʥʘ ʤʝʤʙʨʘʥʫ ʠ 

çʣʦʚʷʪè ʪʝʨʤʘʣʴʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʤʝʤʙʨʘʥʳ, ʥʦ ʥʘʨʫʰʝʥʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

(ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). 

 

ʆʙʣʘʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʛʣʫʙʦʢʦʡ ʧʦʢʨʳʪʦʡ ʷʤʢʠ ʩ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʦʡ 

ʚʥʝʰʥʝ ʥʘʧʦʤʠʥʘʝʪ çʰʝʶè (ʧʝʨʝʰʝʝʢ) - ʪɻʦ ʩʘʡʪ ʨʘʟʜʝʣʝʥʠʷ ʤʝʤʙʨʘʥ. ɺ ʨʘʟʜʝʣʝʥʠʠ 

ʟʘʜʝʡʩʪʚʦʚʘʥʳ, ʨʷʜ ʙʝʣʢʦʚ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʘʢʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʝʨʝʰʝʡʢʝ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ 

ʵʥʜʦʬʠʣʠʥ, ʘʤʬʠʬʠʟʠʥ ʠ ʜʠʥʘʤʠʥ. ɺʳʜʝʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʠʟʦʬʦʨʤ ʜʠʥʘʤʠʥʘ, ʜʣʷ 
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ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʝʥ ʨʘʟʥʳʡ ʧʘʪʪʝʨʥ ʵʢʩʧʨʝʩʩʠʠ.  ɼʠʥʘʤʠʥ 1 ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʤʦʟʛʫ, 2 

ð ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʪʢʘʥʷʭ, 3 ð ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʷʠʯʢʘʭ. ɼʠʥʘʤʠʥʳ ʠʤʝʶʪ ɻʊʌʘʟʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ (ʢʘʪʘʣʠʟʠʨʫʶʪ ʧʨʝʚʨʘʱʝʥʠʝ ɻʊʌ ʚ ɻɼʌ), ʩʚʷʟʘʥʥʫʶ ʩ ʦʜʥʦʠʤʝʥʥʳʤ 

ʜʦʤʝʥʦʤ. ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʝʡ ʜʠʥʘʤʠʥʘ ʷʚʣʷʝʪʩʷ ʪʝʪʨʘʤʝʨ, 

ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ɻʊʌʘʟʥʦʛʦ ʜʦʤʝʥʘ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʩ GED-

ʜʦʤʝʥ (GTPase effector domain) ʜʨʫʛʦʡ ʧʦ ʪʠʧʫ ʢʦʥʝʮ ʚ ʢʦʥʮʝ (ʈʠʩ. 19) (Praefcke, 

McMahon, 2004). 

ʇʦʵʪʘʧʥʦ ʨʘʟʜʝʣʝʥʠʝ ʤʝʤʙʨʘʥ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʙʳʪʠʡ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2009). 1) ʉʥʘʯʘʣʘ ʢ ʧʦʢʨʳʪʦʡ 

ʢʣʘʪʨʠʥʦʤ ʛʣʫʙʦʢʦʡ ʧʦʯʢʝ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʘʤʬʠʬʠʟʠʥ, ʧʨʠʪʷʛʠʚʘʶʱʠʡ ʪʝʪʨʘʤʝʨ r

ʜʠʥʘʤʠʥʘ ʚ ɻɼʌ-ʟʘʛʨʫʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 2) ɼʠʥʘʤʠʥ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʬʦʩʬʦʣʠʧʠʜʘʤʠ ʤʝʤʙʨʘʥʳ, ʠ (3) ʚ ʤʦʣʝʢʫʣʝ ʜʠʥʘʤʠʥʘ ɻɼʌ ʟʘʤʝʥʷʝʪʩʷ ʥʘ ɻʊʌ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʜʠʥʘʤʠʥ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʢʣʘʪʨʠʥʦʚʦʡ ʨʝʰʝʪʢʠ, ʠ (4) ʜʠʥʘʤʠʥ (ʚʢʣʶʯʘʶʱʠʡ 

ɻʊʌ) ʬʦʨʤʠʨʫʝʪ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʰʝʡʢʘ ʚʦʨʦʪʥʠʢ ʚ ʚʠʜʝ ʦʙʨʫʯʘ ʠʣʠ ʧʨʫʞʠʥʦ-ʧʦʜʦʙʥʦʡ 

ʩʧʠʨʘʣʠ. 5) ʆʙʲʝʜʠʥʝʥʠʝ ʤʦʣʝʢʫʣ ʜʠʥʘʤʠʥʘ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʩʪʠʤʫʣʠʨʫʝʪ ʩʦʙʩʪʚʝʥʥʫʶ 

ɻʊʌʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʜʠʥʘʤʠʥʘ, ʚ ʭʦʜʝ ʧʨʝʚʨʘʱʝʥʠʷ ɻʊʌ ʚ ɻɼʌ ʩʪʨʫʢʪʫʨʘ 

ʜʠʥʘʤʠʥʦʚʦʛʦ ʧʦʣʠʤʝʨʘ ʙʳʩʪʨʦ ʤʝʥʷʝʪʩʷ, ʠ ʧʦʢʨʳʪʘʷ ʢʣʘʪʨʠʥʦʤ ʚʝʟʠʢʫʣʘ 

ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʚ ʮʠʪʦʧʣʘʟʤʫ. 7) ɿʘʪʝʤ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ɻɼʌ-ʜʠʥʘʤʠʥʘ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʦʪʜʝʣʴʥʳʝ ʪʝʪʨʘʤʝʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ 

ʦʪʱʝʧʣʝʥʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʚʘʨʠʘʥʪʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʦʚ ʜʠʥʘʤʠʥʘ ʚ ʨʘʡʦʥʝ 

ʧʝʨʝʰʝʡʢʘ. ʇʝʨʚʳʡ, ʜʠʥʘʤʠʥʦʚʦʝ ʢʦʣʴʮʦ ʬʠʟʠʯʝʩʢʠ ʩʞʠʤʘʝʪʩʷ ʠ ʦʪʰʥʫʨʦʚʳʚʘʝʪ ʧʦʯʢʫ 

ʦʪ ʤʝʤʙʨʘʥʳ (çʟʘʱʝʤʣʝʥʠʝè). ɺʪʦʨʦʡ, ʜʠʥʘʤʠʥʦʚʘʷ ʩʧʠʨʘʣʴ ʚʳʪʷʛʠʚʘʝʪʩʷ (ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʚʠʪʢʘʤʠ ʩʧʠʨʘʣʠ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ) ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ɻʊʌ ʠ 

ʦʪʨʳʚʘʝʪ ʚʝʟʠʢʫʣʫ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʤʙʨʘʥʳ (çʚʳʪʘʣʢʠʚʘʥʠʝè). ʊʘʢʠʤ ʧʫʪʝʤ, 

ʜʠʥʘʤʠʥ ʩʣʫʞʠʪ ʤʝʭʘʥʦ-ʭʠʤʠʯʝʩʢʠʤ ʬʝʨʤʝʥʪʦʤ, ʧʨʝʦʙʨʘʟʫʶʱʠʤ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ 

ʨʘʙʦʪʫ ʵʥʝʨʛʠʶ ʤʘʢʨʦʵʨʛʠʯʝʩʢʦʡ ʩʚʷʟʠ ʦʩʪʘʪʢʘ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ɻʊʌ (ʈʠʩ. 19). 

ɺʝʨʦʷʪʥʦ, ʜʠʥʘʤʠʥ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʪʜʝʣʝʥʠʝ ʚʝʟʠʢʫʣ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʙʝʣʢʘʤʠ. ʅʘʧʨʠʤʝʨ, ʥʝʢʦʪʦʨʦʝ ʫʩʠʣʠʝ, ʦʙʣʝʛʯʘʶʱʝʝ ʦʪʨʳʚ ʚʝʟʠʢʫʣʳ, 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʘʢʪʠʥʘ, ʢʦʪʦʨʘʷ ʩʪʠʤʫʣʠʨʫʝʪʩ ̫ ʜʠʥʘʤʠʥʦʤ 

(Dittman, Ryan, 2009; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2009). 
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ʈʠʩ.19. ʄʦʜʝʣʠ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʜʠʥʘʤʠʥʘ (Praefcke, McMahon, 2004).  

ɸ - ɼʠʥʘʤʠʥ ʩʦʩʪʦʠʪ ʠʟ 4 ʩʪʨʫʢʪʫʨʥʳʭ ʙʣʦʢʦʚ: ɻʊʌʘʟʥʳʡ ʜʦʤʝʥ 

(ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʩ ɻʊʌ ʠ Mg
2+

), PH ï ʛʦʤʦʣʦʛʠʯʥʳʡ ʧʣʝʢʩʪʨʠʥʫ ʜʦʤʝʥ 

(ʩʚʷʟʳʚʘʶʱʠʡʩʷ ʩ ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-4,5-ʙʠʬʦʩʬʘʪʦʤ), GED ï ʵʬʬʝʢʪʦʨʥʳʡ ʜʦʤʝʥ 

ɻʊʌʘʟʳ (ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʦʙʲʝʜʠʥʝʥʠʠ ʤʦʣʝʢʫʣ ʜʠʥʘʤʠʥʘ ʚ ʜʠʤʝʨ (ʯʝʨʝʟ çʙè - ʨʝʛʠʦʥ) ʠ 

ʪʝʪʨʘʤʝʨ (ʯʝʨʝʟ çʘè ʨʝʛʠʦʥ)), PRD ï ʜʦʤʝʥ, ʦʙʦʛʘʱʝʥʥʳʡ ʘʤʠʥʦʢʠʩʣʦʪʦʡ ʧʨʦʣʠʥʦʤ, 

ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʙʝʣʢʘʤʠ, ʠʤʝʶʱʠʤʠ SH3-ʜʦʤʝʥ, ʥʘʧʨʠʤʝʨ, ʘʤʬʠʬʠʟʠʥʦʤ, 

ʵʥʜʦʬʠʣʠʥʦʤ, ʠʥʪʝʨʩʝʢʪʠʥʦʤ. ɼʠʥʘʤʠʥ ʤʦʞʝʪ ʩʦʙʠʨʘʪʴʩʷ ʚ ʩʪʘʙʠʣʴʥʳʝ ʜʠʤʝʨʳ / 

ʪʝʪʨʘʤʝʨʳ ʙʣʘʛʦʜʘʨʷ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʤʝʞʜʫ GED- ʠ 

ɻʊʌʘʟʥʳʤʠ ʜʦʤʝʥʘʤʠ. ʉʪʨʦʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ ʜʠʥʘʤʠʥʘ 1 ʚʳʛʣʷʜʠʪ ʢʘʢ ʊ-ʦʙʨʘʟʥʳʡ 

ʙʨʫʩ ʠʟ 2-ʭ ʤʦʣʝʢʫʣ, ʚ ʢʦʪʦʨʦʤ PH-ʜʦʤʝʥʳ ʩʣʫʞʘʪ ʦʩʥʦʚʘʥʠʝʤ. ɹ - ɼʠʥʘʤʠʥ ʚ ʩʨʝʜʝ ʩ 

ʥʠʟʢʦʡ ʠʦʥʥʦʡ ʩʠʣʦʡ ʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʥʘʣʦʛʦʚ ɻʊʌ ʩʦʙʠʨʘʝʪʩʷ ʚ ʢʦʣʴʮʘ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʫʢʣʘʜʳʚʘʪʴʩʷ ʚ ʩʪʦʧʢʠ. ʊʘʢʞʝ ʜʠʥʘʤʠʥ ʩʧʦʩʦʙʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʧʠʨʘʣʠ, ʢʦʪʦʨʳʝ 

ʦʧʣʝʪʘʶʪ ʤʝʤʙʨʘʥʳ. ɻʠʜʨʦʣʠʟ ɻʊʌ ʜʠʥʘʤʠʥʦʤ ʚʝʜʝʪ ʣʠʙʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʠʘʤʝʪʨʘ 

ʩʧʠʨʘʣʠ ʜʠʥʘʤʠʥʘ (ʩʞʠʤʘʥʠʝ, çʟʘʱʝʤʣʝʥʠʝè), ʣʠʙʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʰʘʛʘ ʩʧʠʨʘʣʠ (ʪʦ ʝʩʪʴ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʚʠʪʢʘʤʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ɻʊʌ ʧʨʦʠʩʭʦʜʠʪ ʣʠʙʦ 

çʩʞʠʤʘʥʠʝ ʜʠʥʘʤʠʥʦʚʦʛʦ ʚʦʨʦʪʥʠʢʘè, ʣʠʙʦ çʨʘʩʪʷʞʝʥʠʝ ʜʠʥʘʤʠʥʦʚʦʡ ʧʨʫʞʠʥʳè. ɺ - 

ʉʚʷʟʳʚʘʥʠʝ ʜʠʥʘʤʠʥʘ ʩ ʣʠʧʠʜʥʳʤʠ ʚʝʟʠʢʫʣʘʤʠ, ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʧʠʨʘʣʠ 

ʜʠʥʘʤʠʥʘ ʥʘ ʣʠʧʠʜʥʦʡ ʪʨʫʙʢʝ. ɺ ʩʣʫʯʘʝ ʤʝʜʣʝʥʥʦʡ ʥʝʩʠʥʭʨʦʥʥʦʡ ɻʊʌʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʤʦʣʝʢʫʣ ʜʠʥʘʤʠʥʘ ʰʘʛ ʤʝʞʜʫ ʚʠʪʢʘʤʠ ʩʧʠʨʘʣʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʨʘʩʪʷʛʠʚʘʷ ʣʠʧʠʜʥʫʶ 

ʪʨʫʙʢʫ, ʪʦʛʜʘ ʢʘʢ ʙʳʩʪʨʘʷ ʩʠʥʭʨʦʥʥʘʷ ɻʊʌʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʝʜʝʪ ʢ ʙʳʩʪʨʦʤʫ 

ʨʘʩʪʷʛʠʚʘʥʠʶ ʩʧʠʨʘʣʠ ʠ ʨʘʟʜʝʣʝʥʠʶ ʪʨʫʙʢʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ 

ʪʫʙʫʣʠʨʦʚʘʥʠʝ ʚʝʟʠʢʫʣʳ, ʘ ʚʦ ʚʪʦʨʦʤ ï ʝʝ ʜʝʣʝʥʠʝ ʥʘ ʜʚʝ ʯʘʩʪʠ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 

2010ʘ). 
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ʇʦʩʣʝ ʦʪʩʦʝʜʠʥʝʥʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʤʙʨʘʥ rʩ ʚʝʟʠʢʫʣʳ ʙʳʩʪʨʦ ʩʥʠʤʘʝʪʩʷ 

ʧʦʢʨʳʚʘʣʦ ʠʟ ʢʣʘʪʨʠʥʘ ʠ ʘʜʘʧʪʝʨʦʚ (ʨʠʩ. 20). ɺ ʵʪʦʤ ʫʯʘʩʪʚʫʝʪ ʙʝʣʦʢ ʪʝʧʣʦʚʦʛʦ ʰʦʢʘ 

(ʰʘʧʝʨʦʥ) Hsc70. ʉʥʘʯʘʣʘ ʢʦ-ʰʘʧʝʨʦʥ (ʙʝʣʦʢ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʰʘʧʝʨʦʥʫ ʤʠʰʝʥʴ) 

ʘʫʢʩʠʣʠʥ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʢʣʘʪʨʠʥʦʚʦʡ ʨʝʰʝʪʢʦʡ ʥʘ ʚʝʟʠʢʫʣʝ (Fotin et al., 2004). ɿʘʪʝʤ 

ʢʦʤʧʣʝʢʩ ʘʫʢʩʠʣʠʥʘ ʩ ʢʣʘʪʨʠʥʦʤ ʧʨʠʚʣʝʢʘʝʪ ʰʘʧʝʨʦʥ Hsc70 ʚ ɸʊʌ ʟʘʛʨʫʞʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. Hsc70-ɸʊʌ ʧʨʠʢʨʝʧʣʷʝʪʩʷ ʢ ʢʣʘʪʨʠʥʦʚʦʤʫ ʧʦʢʨʳʪʠʶ, ʯʪʦ ʩʪʠʤʫʣʠʨʫʝʪ 

ɸʊʌʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʰʘʧʝʨʦʥʘ. ʇʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ɸʊʌ ɸɼʌ-Hsc70 ʩ ʙʦʣʴʰʝʡ ʩʠʣʦʡ 

ʥʘʯʠʥʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʢʣʘʪʨʠʥʦʤ, ʤʝʥʷʷ ʝʛʦ ʩʪʨʫʢʪʫʨʫ ʠ ʩʧʦʩʦʙʩʪʚʫʷ 

ʜʠʩʩʦʮʠʘʮʠʠ ʧʦʢʨʳʪʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʪʨʠʩʢʝʣʠʠ (Meimaridou et al., 2009). ʄʦʣʝʢʫʣʳ 

ʢʣʘʪʨʠʥʘ ʧʦʩʪʦʷʥʥʦ ʚʩʪʫʧʘʶʪ ʚ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ Hsc70 ʚ ʮʠʪʦʧʣʘʟʤʝ. 

ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʢʣʘʪʨʠʥʘ ʠ ʚʩʪʫʧʣʝʥʠʷ 

ʤʦʣʝʢʫʣ ʢʣʘʪʨʠʥʘ ʚ ʥʝʧʨʦʜʫʢʪʠʚʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2009). 

 

ʈʠʩ. 20. ʐʘʧʝʨʦʥ Hsc70 ʠ ʝʛʦ ʟʥʘʯʝʥʠʝ ʚ ʵʥʜʦʮʠʪʦʟʝ (Young et al., 2003; 

Meimaridou et al., 2009 ʩ ʠʟʤʝʥʝʥʠʷʤʠ)  

ɸ ï ɹʝʣʦʢ ʩ ʠʩʢʘʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʢʣʠʝʥʪ) ʩʚʷʟʳʚʘʝʪʩʷ ʢʦ-ʰʘʧʝʨʦʥʦʤ, ʢʦʪʦʨʳʡ 

çʧʦʢʘʟʳʚʘʝʪè ʝʛʦ ʰʘʧʝʨʦʥʫ Hsc70. ʐʘʧʝʨʦʥ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʢʣʠʝʥʪʦʤ, ʘ J-ʜʦʤʝʥ ʢʦ-

ʰʘʧʝʨʦʥʘ ʩʪʠʤʫʣʠʨʫʝʪ ɸʊʌʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ Hsc70. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʯʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʣʠʝʥʪʘ ʩ Hsc70. ɺʧʦʩʣʝʜʩʪʚʠʠ ɸɼʌ ʠ ʢʣʠʝʥʪ ʦʪʜʝʣʷʶʪʩʷ ʦʪ Hsc70. 

ʂʣʠʝʥʪ ʤʦʞʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʥʝʩʢʦʣʴʢʠʤ ʮʠʢʣʘʤ ʩʚʷʟʳʚʘʥʠʷ ʠ ʦʩʚʦʙʦʞʜʝʥʠʷ ʧʝʨʝʜ 

ʜʦʩʪʠʞʝʥʠʝʤ ʧʨʘʚʠʣʴʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ. ɹ ï ʈʘʟʙʦʨʢʘ ʢʣʘʪʨʠʥʦʚʦʡ ʨʝʰʝʪʢʠ. ɸʫʢʩʠʣʠʥ 

ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʢʣʘʪʨʠʥʫ ʚ ʩʦʩʪʘʚʝ ʧʦʢʨʳʪʠʷ. ɿʘʪʝʤ ʢ ʘʫʢʩʠʣʠʥʫ ʢʨʝʧʠʪʩʷ Hsc70, 

ʢʦʪʦʨʳʡ ʩ ʥʝʙʦʣʴʰʦʡ ʩʠʣʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʠ ʩ ʢʣʘʪʨʠʥʦʚʦʡ ʪʨʠʩʢʝʣʠʝʡ. J-ʜʦʤʝʥ 

ʘʫʢʩʠʣʠʥʘ ʟʘʧʫʩʢʘʝʪ ʛʠʜʨʦʣʠʟ ɸʊʌ ʰʘʧʝʨʦʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ Hsc70 ʥʘʯʠʥʘʝʪ ʢʨʝʧʢʦ 

ʩʦʝʜʠʥʷʪʴʩʷ ʩ ʢʣʘʪʨʠʥʦʤ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʛʦ ʜʠʩʩʦʮʠʘʮʠʠ ʦʪ ʤʝʤʙʨʘʥʳ ʚʝʟʠʢʫʣʳ 

(ʚʤʝʩʪʝ ʩ Hsc70). ɺ ʮʠʪʦʧʣʘʟʤʝ Hsc70 ʦʪʧʫʩʢʘʝʪ ʢʣʘʪʨʠʥʦʚʫʶ ʪʨʠʩʢʝʣʠʶ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʟʘʥʦʚʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʵʥʜʦʮʠʪʦʟʝ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). 
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ɼʣʷ ʫʜʘʣʝʥʠʷ ʩ ʤʝʤʙʨʘʥʳ ʚʝʟʠʢʫʣʳ ʧʦʢʨʳʪʠʷ ʠʟ ʘʜʘʧʪʝʨʥʳʭ ʧʨʦʪʝʠʥʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʜʝʬʦʩʬʦʨʠʣʠʨʦʚʘʪʴ ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-4,5-ʙʠʬʦʩʬʘʪʳ ʤʝʤʙʨʘʥʳ, 

ʧʦʩʢʦʣʴʢʫ ʥʘ ʥʠʭ ʢʨʝʧʷʪʩʷ ʘʜʘʧʪʝʨʥʳʝ ʤʦʣʝʢʫʣʳ (ʨʠʩ. 21). ʕʪʦ ʢʘʪʘʣʠʟʠʨʫʝʪ ʬʦʩʬʘʪʘʟʘ 

ʬʦʩʬʦʠʥʦʟʠʪʠʜʦʚ ʩʠʥʘʧʪʦʷʥʠʥ (Cremona, DeCamilli, 2001; Di Paolo G., De Cailli, 2004). 

 

ʈʠʩ. 21. ʕʪʘʧʳ ʠ ʧʨʦʪʝʠʥʳ ʢʣʘʪʨʠʥ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʙʳʩʪʨʦʛʦ ʪʠʧʘ ʵʥʜʦʮʠʪʦʟʘ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2009) 

(1) ʉʥʘʯʘʣʘ ʢ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ, ʦʙʦʛʘʱʝʥʥʦʡ ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-

4,5-ʙʠʬʦʩʬʘʪʘʤʠ, ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʤʦʣʝʢʫʣʳ ʵʧʩʠʥʘ, ʧʨʠʚʣʝʢʘʶʱʠʝ ʠʟ ʮʠʪʦʧʣʘʟʤʳ 

ʘʜʘʧʪʝʨʥʳʝ ʙʝʣʢʠ ɸʈ-2, ɸʈ-180 ʠ Eps15. (2) ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʨʝʢʨʫʪʠʨʫʝʪ 

ʢʣʘʪʨʠʥʦʚʳʝ ʪʨʠʩʢʝʣʠʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʪʘʣʠʟʠʨʫʝʪ ʠʭ ʦʙʲʝʜʠʥʝʥʠʝ ʚ ʧʦʢʨʳʪʠʝ (3). 

ʇʨʠ ʫʯʘʩʪʠʠ ʵʧʩʠʥʘ, ʧʦʟʜʥʝʝ ʵʥʜʦʬʠʣʠʥʘ ʠ ʘʤʬʠʬʠʟʠʥʘ (4) ʬʨʘʛʤʝʥʪ ʚʝʟʠʢʫʣʷʨʥʦʡ 

ʤʝʤʙʨʘʥʳ, ʚʩʪʨʦʝʥʥʳʡ ʚ ʧʣʘʟʤʘʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ, ʜʝʬʦʨʤʠʨʫʝʪʩʷ. ɺ ʠʪʦʛʝ ʦʙʨʘʟʫʝʪʩʷ 

ʛʣʫʙʦʢʘʷ ʠʥʚʘʛʠʥʘʮʠʷ (ʷʤʢʘ), ʧʦʢʨʳʪʘʷ ʢʣʘʪʨʠʥʦʚʦʡ ʨʝʰʝʪʢʦʡ. ɸʤʬʠʬʠʟʠʥ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʠʚʣʝʯʝʥʠʶ ʜʠʥʘʤʠʥʘ ʚ ʧʝʨʝʰʝʝʢ ʤʝʞʜʫ ʧʦʯʢʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʤʝʤʙʨʘʥʦʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʠʥʘʤʠʥ ʩʦʙʠʨʘʝʪʩʷ ʚ ʚʦʨʦʪʥʠʢ (5), ʩʞʠʤʘʶʱʠʡ ʰʝʡʢʫ 

ʧʦʯʢʫ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʦʢʨʳʪʘʷ ʢʣʘʪʨʠʥʦʤ ʧʦʯʢʘ ʥʝ ʦʪʨʳʚʘʝʪʩʷ, ʟʘʤʳʢʘʷʩʴ ʚ ʚʝʟʠʢʫʣʫ 

(6). ɿʘʪʝʤ ʧʦʢʨʳʪʠʝ ʠʟ ʢʣʘʪʨʠʥʘ ʠ ʘʜʘʧʪʝʨʦʚ ʩʥʠʤʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʰʘʧʝʨʦʥʘ Hsc70 

(ʚʝʜʝʪ ʜʝʤʦʥʪʘʞ ʢʣʘʪʨʠʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ) ʠ ʬʦʩʬʘʪʘʟʳ ʩʠʥʘʧʪʦʷʥʠʥʘ (ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʪʩʦʝʜʠʥʝʥʠʝ ʘʜʘʧʪʝʨʥʳʭ ʙʝʣʢʦʚ ʦʪ ʤʝʤʙʨʘʥʳ). ɺʝʢʪʦʨʥʘʷ ʩʙʦʨʢʘ ʥʠʪʝʡ ʘʢʪʠʥʘ ʪʦʣʢʘʝʪ 

ʚʝʟʠʢʫʣʫ ʚʛʣʫʙʴ ʢʣʝʪʢʠ (8). ʆʧʠʩʘʥʥʘʷ ʤʦʜʝʣʴ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʝʥʘ (ɿʝʬʠʨʦʚ, 

ʇʝʪʨʦʚ, 2009). 
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ʇʦʤʠʤʦ ʫʧʦʤʷʥʫʪʳʭ ʙʝʣʢʦʚ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʢʣʘʪʨʠʥ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʵʥʜʦʮʠʪʦʟʘ ʚʦʚʣʝʢʘʝʪʩʷ ʝʱʝ ʙʦʣʝʝ ʜʶʞʠʥʳ ʙʝʣʢʦʚ. 

ʅʝʢʦʪʦʨʳʝ ʧʨʦʪʝʠʥʳ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʧʦʢʨʳʪʳʤʠ ʢʣʘʪʨʠʥʦʤ 

ʷʤʢʘʤʠ, ʘ ʜʨʫʛʠʝ ʚʩʪʫʧʘʶʪ ʚ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʪʘʧʘʭ 

ʵʥʜʦʮʠʪʦʟʘ. ɸʥʘʣʦʛʠʯʥʳʝ ʢʣʘʪʨʠʥ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʤʫ ʵʥʜʦʮʠʪʦʟʫ ʤʝʭʘʥʠʟʤʳ 

ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʭʦʜʝ ʦʪʧʦʯʢʦʚʳʚʘʥʠʷ ʚʝʟʠʢʫʣ ʦʪ ɻʥʜʦʩʦʤ, ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʪʠʢʫʣʫʤʘ, ʢʦʤʧʣʝʢʩʘ ɻʦʣʴʜʞʠ, ʣʠʟʦʩʦʤ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2009, 2010ʘ). 

 

2.6 ʄʝʤʙʨʘʥʥʳʡ ʭʦʣʝʩʪʝʨʠʥ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʘʬʪʘʭ 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʩʬʦʣʠʧʠʜʘʤʠ ʠ ʩʬʠʥʛʦʣʠʧʠʜʘʤʠ, ʩʪʝʨʦʣʳ ʚʦʰʣʠ ʚ ʩʦʩʪʘʚ 

ʣʠʧʠʜʦʤʘ ʧʦʟʜʥʝʝ. ʀʭ ʧʦʷʚʣʝʥʠʝ (ʦʢʦʣʦ 2.5 ʤʣʨʜ. ʣʝʪ ʥʘʟʘʜ) ʩʦʚʧʘʣʦ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʫʨʦʚʥʷ ʢʠʩʣʦʨʦʜʘ, ʢʦʛʜʘ ʚʦʟʥʠʢʣʘ ʵʫʢʘʨʠʦʪʠʯʝʩʢʘʷ ʬʦʨʤʘ ʞʠʟʥʠ. ʂʣʝʪʢʠ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠʤʝʶʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʜʠʥ ʩʪʝʨʦʣ ï ʭʦʣʝʩʪʝʨʠʥ, ʚ ʩʠʥʪʝʟʝ ʢʦʪʦʨʦʛʦ 

ʫʯʘʩʪʚʫʶʪ ʙʦʣʝʝ 30 ʬʝʨʤʝʥʪʦʚ (Simons K., Sampaio J.L., 2011; ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013, 

2014). ʍʦʣʝʩʪʝʨʠʥ - ʤʦʣʝʢʫʣʘ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ (ʨʠʩ. 22ɸ): ʦʜʥʘ - 

ʛʣʘʜʢʘʷ (ὄ), ʜʨʫʛʘʷ - ʰʝʨʦʭʦʚʘʪʘʷ (ɓ) ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʠʟʦʦʢʪʠʣʴʥʦʡ 

ʮʝʧʠ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʭʦʣʝʩʪʝʨʠʥʫ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʨʘʟʥʳʤʠ ʧʘʨʪʥʝʨʘʤʠ. ʅʘʧʨʠʤʝʨ, 

ʩʬʠʥʛʦʣʠʧʠʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ὄ-ʧʦʚʝʨʭʥʦʩʪʴʶ, ʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʝ ʙʝʣʢʠ ʩ ɓ-

çʣʠʮʦʤè (Fantini, Barrantes, 2009). ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥ,r ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʨʘʩʪʘʥʠʝ ʪʦʣʱʠʥʳ ʠ 

ʞʝʩʪʢʦʩʪʠ ʣʠʧʠʜʥʦʛʦ ʙʠʩʣʦʷ. ʕʪʦ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ 

ʙʝʣʢʦʚ ʩ ʜʣʠʥʥʳʤʠ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʤʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʚ ʙʦʛʘʪʳʭ 

ʭʦʣʝʩʪʝʨʠʥʦʤ ʤʝʤʙʨʘʥʘʭ (Simons, Gerl, 2010; Simons, Sampaio, 2011; ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 

2013).  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʤʝʞʜʫ ʤʦʥʦʩʣʦʷʤʠ ʤʝʤʙʨʘʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦ: ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʣʠʩʪʦʢ ʚʢʣʶʯʘʝʪ ʚ 5-6 ʨʘʟ ʙʦʣʴʰʝ 

ʭʦʣʝʩʪʝʨʠʥʘ, ʯʝʤ ʚʥʝʰʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʥʘʨʫʞʥʳʡ ʤʦʥʦʩʣʦʡ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ 

ʪʝʢʫʯʠʡ, ʯʝʤ ʚʥʫʪʨʝʥʥʠʡ. ʅʘʨʫʰʝʥʠʝ ʧʦʜʦʙʥʦʡ ʘʩʠʤʤʝʪʨʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʩʪʘʨʝʥʠʠ, ʭʨʦʥʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʩʪʘʪʠʥʦʚ 

(Wood et al., 2011; ʇʝʪʨʦʚ ɿʝʬʠʨʦʚ, 2013). 
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ʈʠʩ. 22 ʃʠʧʠʜʳ ʠ ʬʘʟʦʚʳʝ ʩʦʩʪʦʷʥʠʷ ʤʝʤʙʨʘʥ (van Meer et al., 2008; Fantini, 

Barrantes, 2009; ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013) 

ɸ ï ʆʩʥʦʚʥʳʝ ʢʣʘʩʩ r ʣʠʧʠʜʦʚ ʤʝʤʙʨʘʥ. ʍʦʣʝʩʪʝʨʠʥ ʠʤʝʝʪ ʜʚʝ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʛʣʘʜʢʫʶ Ŭ ʠ ʥʝʨʦʚʥʫʶ ɓ) ʠ ʩʦʩʪʦʠʪ ʠʟ ʤʘʣʝʥʴʢʦʡ ʧʦʣʷʨʥʦʡ ʛʦʣʦʚʢʠ, ʯʝʪʳʨʝʭ 

ʩʪʝʨʦʠʜʥʳʭ ʢʦʣʝʮ ʠ ʥʝʧʦʣʷʨʥʦʛʦ ʭʚʦʩʪʘ. ʌʦʩʬʦʣʠʧʠʜʳ ʧʦʩʪʨʦʝʥʳ ʠʟ ʛʣʠʮʝʨʦʣʘ, ʢ 

ʢʦʪʦʨʦʤʫ ʧʨʠʩʦʝʜʠʥʝʥʳ ʜʚʝ ʘʮʠʣʴʥʳʝ ʮʝʧʠ (ʠʟ 16-18 ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʢʘʞʜʘʷ, 

ʦʙʳʯʥʦ ʦʜʥʘ ʥʝʥʘʩʳʱʝʥʥʘʷ) ʠ ʯʝʨʝʟ ʦʩʪʘʪʦʢ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʛʠʜʨʦʬʠʣʴʥʘʷ 

ʛʦʣʦʚʥʘʷ ʛʨʫʧʧʘ (ʭʦʣʠʥ, ʵʪʘʥʦʣʘʤʠʥ, ʩʝʨʠʥ, ʠʥʦʟʠʪʦʣ). ɺ ʦʩʥʦʚʫ ʩʬʠʥʛʦʣʠʧʠʜʦʚ ʚʭʦʜʠʪ 

ʤʥʦʛʦʘʪʦʤʥʳʡ ʩʧʠʨʪ ʩʬʠʥʛʦʟʠʥ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʥʘʩʳʱʝʥʥʘʷ ʘʮʠʣʴʥʘʷ ʮʝʧʴ 

ʠʟ 16-26 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʚ ʠʪʦʛʝ ʬʦʨʤʠʨʫʝʪʩʷ ʮʝʨʘʤʠʜ. ʂ ʮʝʨʘʤʠʜʫ ʧʨʠʚʷʟʳʚʘʝʪʩʷ 

ʛʦʣʦʚʥʘʷ ʛʨʫʧʧʘ ʚ ʚʠʜʝ ʭʦʣʠʥʘ (ʩʬʠʥʛʦʤʠʝʣʠʥ), ʦʩʪʘʪʢʘ ʩʘʭʘʨʘ (ʮʝʨʝʙʨʦʟʠʜ) ʠʣʠ ʦʩʪʘʪʢʘ 

ʩʠʘʣʦʚʳʭ ʢʠʩʣʦʪ (ʛʘʥʛʣʠʦʟʠʜ). ʎʝʨʝʙʨʦʟʠʜʳ ʠ ʛʘʥʛʣʠʦʟʠʜʳ ʦʙʲʝʜʠʥʷʶʪ ʚ ʛʨʫʧʧʫ 

ʛʣʠʢʦʣʠʧʠʜʦʚ. ɹ ï ʌʘʟʦʚʳʝ ʩʦʩʪʦʷʥʠʷ ʚ ʤʦʜʝʣʴʥʳʭ ʤʝʤʙʨʘʥʘʭ. ʂʣʶʯʝʚʦʡ ʬʘʢʪʦʨ, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʪʝʢʫʯʝʩʪʴ ʤʝʤʙʨʘʥʳ, ʵʪʦ ʥʘʣʠʯʠʝ ʥʝʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ 

ʮʝʧʝʡ. ʌʦʩʬʦʣʠʧʠʜʳ ʩ ʥʝʥʘʩʳʱʝʥʥʳʤʠ ʮʝʧʷʤʠ ʦʙʨʘʟʫʶʪ ʣʠʧʠʜ-ʥʝʫʧʦʨʷʜʦʯʝʥʥʫʶ 

(ʞʠʜʢʫʶ) ʬʘʟʫ, ʩʬʠʥʛʦʣʠʧʠʜʳ ʩ ʜʣʠʥʥʳʤʠ ʥʘʩʳʱʝʥʥʳʤʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʤʠ ʮʝʧʷʤʠ - 

ʪʚʝʨʜʫʶ ʬʘʟʫ (ʛʝʣʴ). ʍʦʣʝʩʪʝʨʠʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʝ ʬʦʨʤʠʨʫʝʪ ʙʠʩʣʦʡ, ʥʦ ʚʤʝʩʪʝ ʩʦ 

ʩʬʠʥʛʦʣʠʧʠʜʘʤʠ ʩʦʟʜʘʝʪ ʣʠʧʠʜ-ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʬʘʟʫ, ʢʦʪʦʨʘʷ ʫʧʦʨʷʜʦʯʝʥʘ ʢʘʢ ʠ ʛʝʣʴ, 

ʥʦ ʧʦʜʚʠʞʥʦʩʪʴ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʰʝ. ɺ - ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʩʪʨʦʚʢʘ ʣʠʧʠʜ-

ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ (ʣʠʧʠʜʥʦʛʦ ʧʣʦʪʠʢʘ) ʚ ʥʘʨʫʞʥʦʤ ʤʦʥʦʩʣʦʝ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʳ. 
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ʂʦʥʮʝʧʮʠʷ ʣʠʧʠʜʥʳʭ ʤʠʢʨʦʜʦʤʝʥʦʚ. ʌʦʩʬʦʣʠʧʠʜʳ ʩ ʥʝʥʘʩʳʱʝʥʥʳʤʠ ʞʠʨʥʦ-

ʢʠʩʣʦʪʥʳʤʠ ʮʝʧʷʤʠ ʠ ʩʬʠʥʛʦʣʠʧʠʜ rʩ ʜʣʠʥʥʳʤʠ ʥʘʩʳʱʝʥʥʳʤʠ ʘʮʠʣʴʥʳʤʠ ʮʝʧʷʤʠ 

ʬʦʨʤʠʨʫʶʪ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʤʝʤʙʨʘʥʝ 2 ʬʘʟʳ - ʞʠʜʢʫʶ ʬʦʩʬʦʣʠʧʠʜʥʫʶ ʠ ʪʚʝʨʜʫʶ 

(ʛʝʣʴ) ʩʬʠʥʛʦʣʠʧʠʜʥʫʶ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʣʠʧʠʜ-

ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ (ʈʠʩ. 22), ʤʝʥʝʝ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʠ ʙʦʣʝʝ ʵʣʘʩʪʠʯʥʦʡ, ʯʝʤ ʛʝʣʴ, ʥʦ 

ʙʦʣʝʝ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʠ ʪʚʝʨʜʦʡ, ʯʝʤ ʞʠʜʢʠʡ ʢʨʠʩʪʘʣʣ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʙ, ʇʝʪʨʦʚ, 

ɿʝʬʠʨʦʚ, 2013). ʆʨʛʘʥʠʟʫʶʪ ʣʠʧʠʜ-ʫʧʦʨʷʜʦʯʝʥʥʫ  ʁʬʘʟʫ ʩʬʠʥʛʦʣʠʧʠʜʳ ʠ ʭʦʣʝʩʪʝʨʠʥ: 

ʛʠʜʨʦʬʦʙʥʳʡ ʭʦʣʝʩʪʝʨʠʥ ʟʘʧʦʣʥʷʝʪ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʛʠʜʨʦʬʦʙʥʳʤʠ ʭʚʦʩʪʘʤʠ 

ʩʬʠʥʛʦʣʠʧʠʜʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʥʠʢʘʶʪ ʠʟ ʚʥʝʰʥʝʛʦ ʣʠʩʪʢʘ ʚ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ 

ʤʦʥʦʩʣʦʡ, ʩʢʨʝʧʣʷʷ ʤʝʤʙʨʘʥʫ (Simons, Sampaio, 2011; ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʞʠʜʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʚ ʥʘʨʫʞʥʦʤ ʠ ʚʥʫʪʨʝʥʥʝʤ 

ʤʦʥʦʩʣʦʝ ʧʣʘʚʘʶʪ ʦʩʪʨʦʚʢʠ ʣʠʧʠʜ-ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ (ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ ʠʣʠ ʨʘʬʪʳ) 

(ʨʠʩ. 22) (Brameshuber M. et al., 2010; Simons, Gerl, 2010; ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). ɺʨʝʤʷ 

ʞʠʟʥʠ ʨʘʬʪʦʚ ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʩʘʤʳʝ ʤʝʣʢʠʝ çʥʘʥʦʨʘʬʪʳè (ʠʟ 30-40 

ʣʠʧʠʜʦʚ ʠ 6-10 ʧʨʦʪʝʠʥʦʚ) ʩʫʱʝʩʪʚʫʶʪ ʪʦʣʴʢʦ ʦʢʦʣʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʩʝʢʫʥʜ-ʩʝʢʫʥʜ 

(Brameshuber et al., 2010). ɺʦʟʤʦʞʥʦ, ʥʘʥʦʨʘʬʪʳ ʨʦʞʜʘʶʪʩʷ ʩʧʦʥʪʘʥʥʦ ʢʘʢ ʬʣʫʢʪʫʘʮʠʠ. 

ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʩʬʠʥʛʦʣʠʧʠʜʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʣʠ̫ʥʠʶ 

ʥʘʥʦʨʘʬʪʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʠʢʨʦʤʝʪʨʦʚʳʭ ʩʪʘʙʠʣʴʥʳʭ ʣʠʧʠʜʥʳʭ ʧʣʘʪʬʦʨʤ (ʨʠʩ. 23) 

(Honerkamp-Smith et al., 2009). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʝʠʥʦʚ (ʟʘ ʩʯʝʪ ʠʭ ʩʚʷʟʳʚʘʥʠʷ ʩ 

ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʚʥʝʢʣʝʪʦʯʥʳʤ ʣʠʛʘʥʜʦʤ ʠʣʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤʠ ʢʘʨʢʘʩʥʳʤʠ ʙʝʣʢʘʤʠ), 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʦʩʝʜʥʠʭ ʨʘʬʪʘʭ, ʤʦʞʝʪ ʚʝʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ ʣʠʧʠʜʥʳʭ ʧʣʘʪʬʦʨʤ 

(Sengupta et al., 2007). ʆʙʲʝʜʠʥʝʥʠʝ ʨʘʬʪʦʚ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʩʦʙʳʪʠʝʤ ʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʢʣʝʪʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʤʙʨʘʥʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʚʥʫʪʨʠ- ʠ 

ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ (Simons, Gerl, 2010). ɺʦʟʤʦʞʥʦ, ʧʨʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʨʘʬʪʳ ʥʘʭʦʜʪ̫ʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʛʦʪʦʚʦʤ ʢ 

ʩʣʠʷʥʠʶ, ʢʦʪʦʨʦʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩʦʩʪʘʚʦʤ ʤʝʤʙʨʘʥ, ʜʠʥʘʤʠʢʦʡ ʘʢʪʠʥʦʚʦʛʦ 

ʮʠʪʦʩʢʝʣʝʪʘ ʠ ʚʥʝʢʣʝʪʦʯʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʣʦʢʘʣʠʟʫʶʱʠʭʩʷ ʚ ʨʘʬʪʘʭ GPI-ʟʘʷʢʦʨʝʥʥʳʭ ʙʝʣʢʦʚ ʫʢʘʟʘʣʠ ʥʘ ʟʘʚʠʩʠʤʦʝ ʦʪ 

ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʘʢʪʠʥʘ / ʤʠʦʟʠʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʬʪʦʚ. ɹʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, 

ʯʪʦ ʬʦʨʤʠʨʫʝʤʳʡ ʘʢʪʠʥʦʚʳʤʠ ʥʠʪʷʤʠ ʧʨʠʤʝʤʙʨʘʥʥʳʡ ʢʘʨʢʘʩ (ʥʘʧʦʜʦʙʠʝ çʦʛʨʘʜʳè) 

ʤʝʰʘʝʪ ʜʠʬʬʫʟʠʠ ʙʝʣʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʬʪʦʚ, ʥʘʧʨʘʚʣʷʷ ʨʘʬʪʳ ʧʦ ʟʘʜʘʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ (Morone et al., 2006).  
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ʈʠʩ. 23. ʌʦʨʤʠʨʦʚʘʥʠʝ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ (Simons, Sampaio, 2011; ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 

2013) 

ɸ- ɺ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʥʘʤʠʯʥʳʤʠ 

ʥʘʥʦʤʝʪʨʦʚʳʤʠ ʩʢʦʧʣʝʥʠʷʤʠ ʣʠʧʠʜʦʚ ʠ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʠ ʚʳʭʦʜʷʪ ʠʟ ʩʦʩʪʘʚʘ 

ʨʘʬʪʘ, ʟʘʜʝʨʞʠʚʘʶʪʩʷ ʚ ʧʣʦʪʠʢʝ ʥʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʙʝʣʢʦʚ ʧʣʦʪʠʢʦʚ 

ʟʘʷʢʦʨʠʚʘʶʪʩʷ ʚ ʥʘʨʫʞʥʦʤ ʤʦʥʦʩʣʦʝ ʩ ʧʦʤʦʱʴʶ GPI-ʷʢʦʨʷ (1), ʘ ʚʦ ʚʥʫʪʨʝʥʥʝʤ 

ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʦʡʥʦʛʦ ʘʮʠʣʠʨʦʚʘʥʠʷ (2), ʠʣʠ ʩʦʜʝʨʞʘʪ ʘʮʠʣʴʥʫʶ ʮʝʧʴ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʤʫ ʜʦʤʝʥʫ (3). ʅʝʢʦʪʦʨʳʝ ʙʝʣʢʠ ʧʨʝʪʝʨʧʝʚʘʶʪ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ, ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʨʘʬʪ (4) ʠʣʠ ʚ ʦʪʚʝʪ ʥʘ ʩʚʷʟʳʚʘʥʠʝ ʩ ʛʣʠʢʦʣʠʧʠʜʘʤʠ (5). ɹ ï 

ɺʥʝʢʣʝʪʦʯʥʳʝ ʣʠʛʘʥʜʳ (6) ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʣʠʷʥʠʶ ʨʘʬʪʦʚ ʟʘ ʩʯʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʙʝʣʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʠʟʥʘʯʘʣʴʥʦ ʚ 

ʨʘʟʥʳʭ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʘʭ. ʊʘʢʞʝ ʩʢʣʝʠʚʘʥʠʝ ʨʘʬʪʦʚ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʩʯʝʪ 

ʢʘʨʢʘʩʥʳʭ ʙʝʣʢʦʚ, ʩʚʷʟʳʚʘʶʱʠʭʩʷ ʩ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʤʠ ʜʦʤʝʥʘʤʠ ʙʝʣʢʦʚ ʩʦʩʝʜʥʠʭ 

ʨʘʬʪʦʚ (7). ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ ʙʝʣʢʦʚ (8) ʧʣʦʪʠʢʦʚ 

ʧʨʦʪʝʠʥʢʠʥʘʟʘʤʠ ʫʩʠʣʠʚʘʝʪ ʙʝʣʦʢ - ʙʝʣʢʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʝʣʢʠ 

ʢʣʘʩʪʝʨʠʟʫʶʪʩʷ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʦʙʲʝʜʠʥʝʥʠʝ ʨʘʬʪʦʚ ʚ ʙʦʣʴʰʦʡ ʜʦʤʝʥ ʨʘʟʤʝʨʦʤ 

ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʣʠʧʠʜʥʳʡ ʜʦʤʝʥ ʤʦʞʝʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʢʘʢ ʩʠʛʥʘʣʴʥʘʷ ʣʠʧʠʜʥʘʷ ʧʣʘʪʬʦʨʤʘ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʩʠʛʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ʚ ʦʜʥʦʤ ʨʝʛʠʦʥʝ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2013). 
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ɺ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ ʩʚʷʟʴ ʤʝʞʜʫ ʦʨʛʘʥʠʟʘʮʠʝʡ ʤʝʤʙʨʘʥʳ ʠ ʢʣʝʪʦʯʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʙʦʣʝʝ ʚʳʨʘʞʝʥʘ, ʯʝʤ ʚ ʜʨʫʛʠʭ ʪʢʘʥʷʭ. ʅʝʡʨʦʥʳ ʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʛʣʠʷ 

ʚʳʩʦʢʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʢʣʝʪʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʣʠʯʥʳʝ ʤʝʤʙʨʘʥʥʳʝ ʢʦʤʧʘʨʪʤʝʥʪʳ: 

ʘʢʩʦʥ, ʜʝʥʜʨʠʪʳ, ʩʠʥʘʧʪʠʯʝʩʢʘʷ ʤʝʤʙʨʘʥʘ, ʤʠʝʣʠʥʦʚʳʝ ʤʫʬʪʳ, ʧʝʨʝʭʚʘʪʳ ʈʘʥʚʴʝ ʠ ʪ.ʧ. 

ɺʝʨʦʷʪʥʦ, ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʪʦʛʦ, ʯʪʦ ʥʝʡʨʦʥʘʣʴʥʳʝ ʢʣʝʪʢʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʙʦʛʘʪʳ ʣʠʧʠʜʥʳʤʠ ʧʣʦʪʠʢʘʤʠ, ʭʦʣʝʩʪʝʨʠʥʦʤ ʠ ʩʬʠʥʛʦʣʠʧʠʜʘʤʠ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 

2010ʙ, ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). ʉʬʠʥʛʦʣʠʧʠʜʳ (ʚ ʯʘʩʪʥʦʩʪʠ, ʛʣʠʢʦʣʠʧʠʜʳ) ʤʦʟʛʘ, 

ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʨʘʬʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ, ʠ ʦʪʜʝʣʴʥʳʝ ʧʦʧʫʣʷʮʠʠ ʥʝʡʨʦʥʦʚ, ʛʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʠ ʨʘʟʥʳʝ ʨʘʬʪʳ 

ʦʜʥʦʡ ʢʣʝʪʢʠ ʦʙʦʛʘʱʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʛʣʠʢʦʣʠʧʠʜʘʤʠ. ɺ ʪʝʯʝʥʠʝ ʨʘʟʚʠʪʠʷ ʤʦʟʛʘ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʥʝʡʨʦʥʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʠ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʛʣʠʢʦʣʠʧʠʜʦʚ (ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). ʅʘʨʫʰʝʥʠʝ ʩʠʥʪʝʟʘ ʩʣʦʞʥʳʭ ʛʣʠʢʦʣʠʧʠʜʦʚ ʚ 

ʥʝʡʨʦʥʘʭ ʚʳʟʳʚʘʝʪ ʜʨʘʤʘʪʠʯʥʳʝ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʝ/ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ ʠ ʛʠʙʝʣʴ ʚ 

ʪʝʯʝʥʠʝ 3 ʥʝʜʝʣʴ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ (Jennemann et al., 2005). ɺ ʮʝʣʦʤ, ʣʠʧʠʜʥʳʡ ʩʦʩʪʘʚ 

ʨʘʬʪʦʚ ʤʦʟʛʘ ʦʪʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʛʠʦʥʘ, ʪʠʧʘ ʢʣʝʪʢʠ ʠ ʩʪʘʜʠʠ ʠʭ ʨʘʟʚʠʪʠʷ. 

ʆʪʜʝʣʴʥʳʝ ʨʘʬʪʳ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʩʧʝʮʠʬʠʯʥʳʝ ʙʝʣʢʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʨʝʮʝʧʪʦʨʳ, 

ʠʦʥʥʳʝ ʢʘʥʘʣʳ, ʙʝʣʢʠ ʵʢʟʦ- ʠ ʵʥʜʦʮʠʪʦʟʘ, ʬʝʨʤʝʥʪʳ), ʢʦʪʦʨʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʬʪʘ 

ʩʦʟʜʘʶʪ ʩʠʛʥʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ / ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʝr ʢʦʤʧʘʨʪʤʝʥʪʳ (ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 

2013; Rushworth et al., 2013). 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʦʣʠ ʣʠʧʠʜʥʳʭ ʨʘʬʪʦʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʠʟʤʝʥʷʶʱʠʝ ʣʠʧʠʜʥʦʝ ʟʝʨʢʘʣʦ ʤʝʤʙʨʘʥ (ɿʝʬʠʨʦʚ, 

ʇʝʪʨʦʚ, 2010ʙ; Dart, 2010). ʉʪʘʙʠʣʴʥʦʩʪʴ ʧʣʦʪʠʢʦʚ ʥʘʨʫʰʘʶʪ ʘʛʝʥʪʘʤʠ, ʫʜʘʣʷʶʱʠʤʠ 

(ʤʝʪʠʣ-ʙʝʪʘ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ), ʦʢʠʩʣʷʶʱʠʤʠ (ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʘ) ʤʝʤʙʨʘʥʥʳʡ 

ʭʦʣʝʩʪʝʨʠʥ ʠʣʠ ʙʣʦʢʠʨʫʶʱʠʤʠ ʝʛʦ ʩʠʥʪʝʟ (ʩʪʘʪʠʥʳ); ʠʩʧʦʣʴʟʫʶʪ ʩʬʠʥʛʦʤʠʝʣʘʟʳ, 

ʦʙʨʘʟʫʶʱʠʝ ʮʝʨʘʤʠʜ, ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʡʩʷ ʚ ʙʦʣʴʰʠʝ ʣʠʧʠʜʥʳʝ ʧʣʘʪʬʦʨʤʳ (ʇʝʪʨʦʚ ʠ 

ʜʨ. 2013; Christian et al., 1997; Fantini, Barrantes, 2009; Petrov et al., 2014). 

ʂʣʝʪʦʯʥʳʝ ʤʝʤʙʨʘʥʳ ʩʦʜʝʨʞʘʪ ʧʨʦʪʝʠʥʳ, ʠʤʝʶʱʠʝ ʨʘʟʥʫʶ ʘʬʬʠʥʥʦʩʪʴ ʢ 

ʨʘʬʪʘʤ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʥʳ, ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ 

ʢʦʚʘʣʝʥʪʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʙʝʣʢʘ. ʅʘʧʨʠʤʝʨ, ʧʘʣʴʤʠʪʠʣʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʪʠʤʳʤ ʧʨʦʮʝʩʩʦʤ, ʟʘʯʘʩʪʫʶ ʘʜʨʝʩʫʝʪ ʧʨʦʪʝʠʥ ʚ ʧʣʦʪʠʢ (ʨʠʩ. 23). ʆʜʥʘʢʦ 

ʧʘʣʴʤʠʪʠʣʠʨʦʚʘʥʠʝ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʚʳʟʳʚʘʝʪ ʘʩʩʦʮʠʘʮʠʶ ʩ ʨʘʬʪʘʤʠ: ʤʥʦʛʠʝ 

ʧʘʣʴʤʠʪʠʣʠʨʦʚʘʥʥʳʝ ʙʝʣʢʠ ʧʦʩʪʦʷʥʥʦ ʧʨʦʞʠʚʘʶʪ ʚ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʝʤʙʨʘʥʝ 
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(ʥʘʧʨʠʤʝʨ, ʪʨʘʥʩʬʝʨʨʠʥʦʚʳʡ ʨʝʮʝʧʪʦʨ). ɼʨʫʛʘ ̫ ʤʦʜʠʬʠʢʘʮʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʘ ̫

ʥʘʧʨʘʚʣʝʥʠʶ ʙʝʣʢʘ ʚ ʨʘʬʪʳ, - GPI-ʷʢʦʨʴ (ʨʠʩ. 23). ɺ ʮʝʣʦʤ, ~65% ʙʝʣʢʦʚ 

ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚʥʝ ʨʘʬʪʦʚ, ʦʩʪʘʣʴʥʳʝ ʙʝʣʢʠ ʷʚʣʷʶʪʩʷ 

ʨʝʟʠʜʝʥʪʘʤʠ ʨʘʬʪʦʚ, ʠʟ ʥʠʭ 12% ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʨʘʬʪʦʚ ʟʘ ʩʯʝʪ ʧʘʣʴʤʠʪʠʣʠʨʦʚʘʥʠʷ, 

11% ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʷʟʳʚʘʥʠʝ GPI-ʷʢʦʨʷ, ʤʝʭʘʥʠʟʤ ʢʨʝʧʣʝʥʠʷ ʜʨʫʛʠʭ ʙʝʣʢʦʚ, 

ʚʦʟʤʦʞʥʦ, ʦʧʦʩʨʝʜʫʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʭʦʣʝʩʪʝʨʠʥʦʤ ʠ ʩʬʠʥʛʦʣʠʧʠʜʘʤʠ (Simons, 

Gerl, 2010; Simons, Sampaio, 2011; ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). 

 

2.6.1 ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʚʘʨʠʘʥʪ rʨʘʬʪʦʚ - ʢʘʚʝʦʣʳ 

ʂʘʚʝʦʣʘʤʠ ʥʘʟʚʘʥʳ ʬʣʷʞʢʦ-ʦʙʨʘʟʥʳʝ ʫʛʣʫʙʣʝʥʠʷ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ 

ʛʣʫʙʠʥʦʡ 50-100 ʥʤ (ʨʠʩ. 24). ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ 

ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ ʠ ʦʙʥʘʨʫʞʝʥʳ ʚʦ ʤʥʦʛʠʭ ʢʣʝʪʢʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʳʰʝʯʥʳʭ. ɺ ʥʠʭ 

ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʩʠʛʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣ r (ʨʝʮʝʧʪʦʨʳ ʨʦʩʪʦʚʳʭ ʬʘʢʪʦʨʦʚ, ʨʘʟʣʠʯʥʳʝ 

ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʠ ʤʘʣʳʝ ɻʊʌʘʟʳ, ʵʥʜʦʪʝʣʠʘʣʴʥʘʷ ʠʟʦʬʦʨʤʘ NO-ʩʠʥʪʘʟʳ ʠ ʜʨʫʛʠʝ). 

ʊʘʢʞʝ ʢʘʚʝʦʣʳ ʪʝʩʥʦ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʮʠʪʦʩʢʝʣʝʪʥʳʤʠ ʙʝʣʢʘʤʠ (ʨʠʩ. 24) (Bastiani, 

Parton, 2010; ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). ɺ ʢʘʚʝʦʣʘʭ ʚʳʩʦʢʦ ʩʦʜʝʨʞʘʥʠʝ ʩʬʠʥʛʦʣʠʧʠʜʦʚ (ʚ 

ʯʘʩʪʥʦʩʪʠ, ʛʘʥʛʣʠʦʟʠʜʦʚ GM1, GM3, GD3 ʠ ʩʬʠʥʛʦʤʠʝʣʠʥʘ) ʠ ʭʦʣʝʩʪʝʨʠʥʘ, ʘ ʪʘʢʞʝ 

ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-4,5-ʙʠʬʦʩʬʘʪʦʚ (Fujita et al., 2009). ʋʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʦʣʝʩʪʝʨʠʥʘ ʚʳʟʳʚʘʝʪ ʫʧʣʦʱʝʥʠʝ ʢʘʚʝʦʣ ʠ ʠʭ ʨʘʟʨʫʰʝʥʠʝ ʚʧʣʦʪʴ ʜʦ ʠʩʯʝʟʥʦʚʝʥʠʷ. 

ʀʩʢʨʠʚʣʝʥʠʝ ʤʝʤʙʨʘʥʳ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʘʚʝʦʣ ʩʚʷʟʘʥʦ ʩ ʦʣʠʛʦʤʝʨʠʟʘʮʠʝʡ ʙʝʣʢʦʚ 

ʢʘʚʝʦʣʠʥʦʚ (18-20ʢɼʘ), ʢʦʪʦʨʳʝ ʢʨʝʧʢʦ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʭʦʣʝʩʪʝʨʠʥʦʤ ʠ ʠʤʝʶʪ ʰʧʠʣʴʢʦ-

ʧʦʜʦʙʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʙʣʝʛʯʘʶʱʫʶ ʜʝʬʦʨʤʘʮʠʶ ʙʠʩʣʦʷ (ʨʠʩ. 24). ʆʪʜʝʣʴʥʫʶ ʢʘʚʝʦʣʫ 

ʬʦʨʤʠʨʫʶʪ ʦʢʦʣʦ 140-150 ʤʦʣʝʢʫʣ ʢʘʚʝʦʣʠʥʦʚ. ʆʧʠʩʘʥʦ 6 ʠʟʦʬʦʨʤ ʢʘʚʝʦʣʠʥʦʚ, 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʪʦʨʳʭ ʟʘʢʦʜʠʨʦʚʘʥ r3 ʚʳʩʦʢʦ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤʠ 

ʛʝʥʘʤʠ CAV1, 2 ʠ 3 (Bastiani, Parton, 2010; ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). ʉʫʱʝʩʪʚʝʥʥʘʷ 

ʛʦʤʦʣʦʛʠʷ ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʢʘʚʝʦʣʠʥʦʚ 1 ʠ 3, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʚʝʦʣ. ʂʘʚʝʦʣʠʥ 2 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʧʦʩʪʨʦʝʥʠʠ 

ʢʘʚʝʦʣ, ʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʢʘʚʝʦʣʠʥʘʤʠ 1 ʠ 3. ʂʘʚʝʦʣʠʥ-1 ʠ 2 ʧʨʠʩʫʪʩʪʚʫʪʁ ʚʦ ʤʥʦʛʠʭ 

ʢʣʝʪʢʘʭ ʠ ʩʦʙʠʨʘʶʪʩʷ ʚ ʛʝʪʝʨʦʤʝʨʥʳʝ ʘʥʩʘʤʙʣʠ, ʘ ʢʘʚʝʦʣʠʥ-3 ʦʙʥʘʨʫʞʝʥ ʚ ʛʣʠʘʣʴʥʳʭ ʠ 

ʤʳʰʝʯʥʳʭ ʢʣʝʪʢʘʭ, ʘ ʪʘʢʞʝ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʥʝʨʚʥʳʭ ʚʦʣʦʢʥʘʭ (Gazzerro et al., 2010). 

ɺ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʢʦʥʪʘʢʪʝ ʩ ʢʘʚʝʦʣʠʥʦʤ 3 ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʥʠʢʦʪʠʥʦʚʳʝ 

ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ, MusK ʢʠʥʘʟʘ, Na-K ATʌʘʟʘ ὄ2 ʠʟʦʬʦʨʤʘ, ʘ ʥʦʢʘʫʪ ʛʝʥʘ 
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ʢʘʚʝʦʣʠʥʘ 3 ʥʘʨʫʰʘʝʪ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ (Hezel et al., 2010; 

Heiny et al., 2010). ʂʘʚʝʦʣʠʥ 3 ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʜʠʩʪʨʦʬʠʥ-ʛʣʠʢʦʧʨʦʪʝʠʥʳ, 

ʫʯʘʩʪʚʫʶʱʝʛʦ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʮʠʪʦʩʢʝʣʝʪʘ ʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ, ʠ 

ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʤʳʰʝʯʥʳʭ 

ʢʣʝʪʦʢ (Gazzerro et al., 2010). 

 

ʈʠʩ. 24.ʉʪʨʫʢʪʫʨʘ ʢʘʚʝʦʣ (Pani, Singh, 2009; Bastiani, Parton, 2010; ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 

2013). 

ɸ ï ʂʘʚʝʦʣʠʥ, ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʝʤʙʨʘʥʦʡ. ʂʘʚʝʦʣʠʥʳ ʩʦʩʪʦʷʪ ʠʟ N-

ʢʦʥʮʝʚʦʛʦ, ʢʘʨʢʘʩʥʦʛʦ, ʚʥʫʪʨʠʤʝʤʙʨʘʥʥʦʛʦ, ʉ-ʢʦʥʮʝʚʦʛʦ ʜʦʤʝʥʦʚ ʠ 

ʧʘʣʴʤʠʪʠʣʠʨʦʚʘʥʥʦʛʦ ʨʝʛʠʦʥʘ. ɹ ï ʂʘʚʝʦʣʳ ï ʯʘʰʝʦʙʨʘʟʥʳʝ ʠʥʚʘʛʠʥʘʮʠʠ 

ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ 60-80 ʥʤ ʚ ʜʠʘʤʝʪʨʝ, ʦʙʦʛʘʱʝʥʥʳʝ ʭʦʣʝʩʪʝʨʠʥʦʤ ʠ 

ʩʬʠʥʛʦʣʠʧʠʜʘʤʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʛʘʥʛʣʠʦʟʠʜʘʤʠ), ʘ ʪʘʢʞʝ ʙʝʣʢʘʤʠ ʢʘʚʝʦʣʠʥʘʤʠ ʠ 

ʢʘʚʠʥʘʤʠ. ɺ ʢʘʚʝʦʣʘʭ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝʢʦʪʦʨʳʝ ʩʠʛʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ, ʩʦʧʨʷʞʝʥʥʳʝ ʩ G-

ʙʝʣʢʘʤʠ ʨʝʮʝʧʪʦʨʳ, G-ʙʝʣʢʠ, ʬʦʩʬʦʠʥʦʟʠʪʠʜʳ, ʬʦʩʬʦʣʠʧʘʟʳ, ʨʝʮʝʧʪʦʨʥʳʝ ʠ 

ʥʝʨʝʮʝʧʪʦʨʥʳʝ ʪʠʨʦʟʠʥʢʠʥʘʟʳ (ʈʊʂ ʠ ʅʈʊʂ), ʘ ʪʘʢʞʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ ʠ ʪʨʘʥʩʧʦʨʪʝʨʳ (ʚ 

ʪʦʤ ʯʠʩʣʝ ʧʦʤʧʳ) (ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013).  

 

ʂʘʚʝʦʣʠʥ-3 ʩʦʩʪʦʠʪ ʠʟ 151 ʘʤʠʥʦʢʠʩʣʦʪʳ ʠ ʩʦʜʝʨʞʠʪ ʯʝʪʳʨʝ ʜʦʤʝʥʘ: N-ʢʦʥʮʝʚʦʡ, 

ʢʘʨʢʘʩʥʳʡ, ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʠ ʉ-ʢʦʥʮʝʚʦʡ (ʨʠʩ. 24). ʊʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʜʦʤʝʥ 

ʬʦʨʤʠʨʫʝʪ ʰʧʠʣʴʢʫ ʚ ʩʘʨʢʦʣʝʤʤʝ, ʚ ʠʪʦʛʝ N- ʠ C-ʢʦʥʮʳ ʙʝʣʢʘ ʦʙʨʘʝɦʥʳ ʚ ʩʪʦʨʦʥʫ 

ʮʠʪʦʧʣʘʟʤʳ. ʂʘʨʢʘʩʥʳʡ ʜʦʤʝʥ ʦʪʚʝʯʘʝʪ ʟʘ ʛʦʤʦʦʣʠʛʦʤʝʨʠʟʘʮʠʶ, ʧʨʦʮʝʩʩ ʢʦʪʦʨʳʡ 

ʥʘʯʠʥʘʝʪʩʷ ʚ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʧʨʝʜʰʝʩʪʚʫʝʪ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʚʝʦʣʷʨʥʳʭ 
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ʢʦʤʧʣʝʢʩʦʚ 25-50 ʥʤ ʚ ʜʠʘʤʝʪʨʝ. ʕʪʠ ʩʪʨʫʢʪʫʨʳ ʩʣʠʚʘʶʪʩʷ ʚ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ, 

ʦʙʨʘʟʫʷ ʬʠʥʘʣʴʥʳʝ ʢʘʚʝʦʣʳ (Bastiani, Parton, 2010; ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013).  

ɺ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʢʘʚʝʦʣ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʢʘʚʠʥʦʚʳʡ 

ʙʝʣʢʦʚʳʡ ʢʦʤʧʣʝʢʩ ʠʟ ʢʘʚʠʥʘ-1 (PTRF), ʢʘʚʠʥʘ-2 (SDR), ʢʘʚʠʥʘ-3 (SRBC), ʢʘʚʠʥʘ-4 

(MURC) (Hill et al., 2008; ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). ʂʘʚʠʥ-1 ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʢʘʚʝʦʣʠʥʦʤ 

1 ʠ 3, ʘ ʝʛʦ ʠʩʯʝʟʥʦʚʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʚʝʦʣ, ʫʚʝʣʠʯʠʚʘʝʪ 

ʧʦʜʚʠʞʥʦʩʪʴ ʢʘʚʝʦʣʠʥʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʝʛʦ ʜʝʛʨʘʜʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʘʩʩʦʮʠʘʮʠʠ ʢʘʚʝʦʣʠʥʘ ʩ ʧʣʦʩʢʠʤʠ ʫʯʘʩʪʢʘʤʠ ʤʝʤʙʨʘʥʳ. ʂʘʚʠʥ-2 ʠ 3 ʷʚʣʷʶʪʩʷ 

ʩʫʙʩʪʨʘʪʘʤʠ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ ʠ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʝʝ ʧʨʠʚʣʝʯʝʥʠʠ ʚ ʢʘʚʝʦʣʫ (Bastiani et 

al., 2009). ʂʘʚʠʥ-2 ʚʘʞʝʥ ʜʣʷ ʠʩʢʨʠʚʣʝʥʠʷ ʤʝʤʙʨʘʥʳ ʠ ʚʦʟʤʦʞʥʦ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʢʘʚʝʦʣʷʨʥʳʭ ʠʥʚʘʛʠʥʘʮʠʡ, ʘ ʢʘʚʠʥ-3 ʨʝʛʫʣʠʨʫʝʪ ʵʥʜʦʮʠʪʦʟ ʢʘʚʝʦʣ, ʝʛʦ 

ʥʦʢʘʫʪ ʫʤʝʥʴʰʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʩʦʝʜʠʥʝʥʠʷ ʢʘʚʝʦʣ ʠ ʠʭ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʪʨʘʥʩʧʦʨʪ 

(Bastiani, Parton, 2010). ɺ ʩʢʝʣʝʪʥʳʭ ʠ ʩʝʨʜʝʯʥʳʭ ʤʳʰʮʘʭ ʦʩʦʙʝʥʥʦ ʤʥʦʛʦ 

ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʢʘʚʠʥʘ-4, ʢʦʪʦʨʳʡ ʨʝʛʫʣʠʨʫʝʪ ERK1/2 ʩʠʛʥʘʣʴʥʳʡ ʢʘʩʢʘʜ ʠ ʤʠʦʛʝʥʝʟ 

(Bastiani et al., 2009). ʂʘʚʠʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʚʢʣʶʯʘʝʪ 60-80 ʤʦʣʝʢʫʣ ʢʘʚʠʥʦʚ, ʢʦʪʦʨʳʝ 

ʨʝʢʨʫʪʠʨʫʶʪʩʷ ʢ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʚʠʥʘ-1 ʠ 

ʢʘʚʝʦʣʠʥʘ. ɺ ʮʝʣʦʤ ʤʥʦʞʝʩʪʚʦ ʥʠʟʢʦʘʬʬʠʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʳʟʳʚʘʝʪ ʢʨʝʧʢʦʝ 

ʩʚʷʟʳʚʘʥʠʝ ʢʘʚʠʥʦʚ ʩ ʢʘʚʝʦʣʘʤʠ, ʧʨʠ ʵʪʦʤ ʥʘʨʫʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʘʚʝʦʣ (ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʫʜʘʣʝʥʠʠ ʭʦʣʝʩʪʝʨʠʥʘ) ʚʳʟʳʚʘʝʪ ʜʠʩʩʦʮʠʘʮʠʶ ʢʘʚʠʥʦʚ ʦʪ ʤʝʤʙʨʘʥʳ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʢʘʚʝʦʣʠʥʘ ʠ ʢʘʚʠʥʘ 1 ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʙʦʨʢʫ (ʠʥʚʘʛʠʥʠʨʦʚʘʥʠʝ) ʠ ʨʘʟʙʦʨʢʫ 

(ʫʧʣʦʱʝʥʠʝ) ʢʘʚʝʦʣ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʥʘʪʷʞʝʥʠʷ (Hill et al., 2008). 

ʃʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ ʷʚʣʷʶʪʩʷ ʜʠʥʘʤʠʯʥʳʤʠ ʤʠʢʨʦʜʦʤʝʥʘʤʠ, ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʤʠ 

ʚ ʥʫʞʥʦʤ ʤʝʩʪʝ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʦʣʝʢʫʣʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʤʝʞ- ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ. ʀʩʭʦʜʷ ʠʟ ʥʘʢʦʧʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʣʠʧʠʜʥʳʝ ʨʘʬʪʳ 

ʩʣʝʜʫʶʱʠʤʠ ʩʧʦʩʦʙʘʤʠ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʩʠʛʥʘʣʠʥʛʝ. (1) ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʶʪ 

çʪʦʥʢʫʶè 3D-ʩʪʨʫʢʪʫʨʫ ʩʠʛʥʘʣʴʥʳʭ ʙʝʣʢʦʚ. (2) ɺʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʩʠʛʥʘʣʘ ʚʥʫʪʨʴ ʢʣʝʪʢʠ, ʩʦʙʠʨʘʷ ʚ ʝʜʠʥʦʤ ʢʦʤʧʘʨʪʤʝʥʪʝ ʤʝʤʙʨʘʥʳ ʥʝʦʙʭʦʜʠʤʳʝ 

ʙʝʣʢʦʚʦ-ʣʠʧʠʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. (3) ʆʛʨʘʞʜʘʶʪ ʩʠʛʥʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʪ ʜʝʡʩʪʚʠʷ 

çʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚè. ʅʘʧʨʠʤʝʨ, ʦʛʨʘʥʠʯʠʚʘʶʪ ʜʦʩʪʫʧ ʬʦʩʬʘʪʘʟ ʢ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʤ ʙʝʣʢʘʤ-ʤʠʰʝʥʷʤ. (4) ʆʙʲʝʜʠʥʝʥʠʝ ʨʘʬʪʦʚ ʚ ʩʠʛʥʘʣʴʥʳʝ 

ʧʣʘʪʬʦʨʤʳ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʩʦʙʳʪʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʦʣʴʰʫʶ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʠ çʩʣʘʞʝʥʥʦʩʪʴè ʦʪʚʝʪʥʳʭ ʨʝʘʢʮʠʡ (ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). 
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2.7. ʄʝʪʘʙʦʣʠʟʤ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ 

 

2.7.1 ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʠʩʪʦʯʥʠʢʘʭ ʤʦʟʛʦʚʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ  

ʍʦʣʝʩʪʝʨʠʥ - ʦʩʥʦʚʥʦʡ ʣʠʧʠʜʥʳʡ ʢʦʤʧʦʥʝʥʪ ʤʦʟʛʘ (23-25% ʚʩʝʛʦ ʭʦʣʝʩʪʝʨʠʥʘ 

ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ ʤʦʟʛʝ), ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ 15-

30 ʤʛ/ʛ ʪʢʘʥʠ, ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʚ ʜʨʫʛʠʭ ʪʢʘʥʷʭ - 2-3 ʤʛ/ʛ (Dietschy, 2009). ɺ ʪʝʯʝʥʠʝ 

ʵʚʦʣʶʮʠʠ ʭʦʣʝʩʪʝʨʠʥ ʧʨʠʦʙʨʝʣ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ. 

ʆʙʦʛʘʱʝʥʥʳʝ ʭʦʣʝʩʪʝʨʠʥʦʤ ʤʠʝʣʠʥʦʚʳʝ ʤʫʬʪʳ ʫʤʝʥʴʰʘʶʪ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʣʷ ʠʦʥʦʚ, 

ʧʦʟʚʦʣʷʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠʤʧʫʣʴʩʘʤ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚʜʦʣʴ ʘʢʩʦʥʦʚ ʩ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʴʶ. ʀʟʦʙʠʣʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ, ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʠ ʧʨʦʪʝʢʘʥʠʷ ʥʝʡʨʦʧʝʨʝʜʘʯʠ. 

ʇʨʦʜʫʢʮʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʷʚʣʷʝʪʩʷ ʣʠʤʠʪʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʨʦʩʪʘ ʥʝʨʚʥʳʭ ʦʪʨʦʩʪʢʦʚ 

(Vance, 2012; ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). 

ɺ ʪʢʘʥʷʭ ʟʘ ʧʨʝʜʝʣʘʤʠ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʭʦʣʝʩʪʝʨʠʥ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʢʘʢ ʵʥʜʦʛʝʥʥʦ 

(ʦʢʦʣʦ 50-60%), ʪʘʢ ʠ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʠʟ ʣʠʧʦʧʨʦʪʝʠʥʦʚ (ʩ ʫʩʚʦʝʥʥʳʤʠ ʠʟ ʧʠʱʠ 

ʣʠʧʠʜʘʤʠ), ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʢʨʦʚʠ. ʆʜʥʘʢʦ ʣʠʧʦʧʨʦʪʝʠʥʳ ʧʣʘʟʤʳ ʥʝ ʧʨʦʥʠʢʘʶʪ (ʠʣʠ 

ʦʯʝʥʴ ʩʣʘʙʦ ʧʨʦʥʠʢʘʶʪ) ʯʝʨʝʟ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ (ɻʕɹ), ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ 

(ι96-97%) ʭʦʣʝʩʪʝʨʠʥ ʤʦʟʛʘ ʦʙʨʘʟʫʝʪʩʷ de novo, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʛʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ 

(Dietschy, 2009). ʊʦʣʴʢʦ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ɻʕɹ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ 

ʩʪʝʨʦʣʦʚ ʠʟ ʧʣʘʟʤʳ ʚ ʤʦʟʛ (Saeed et al., 2014). ʏʘʩʪʠʯʥʦʝ ʥʘʨʫʰʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ɻʕɹ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʨʝʥʠʷ. ʇʨʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʜʨʘʤʘʪʠʯʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ɻʕɹ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ 

ʧʘʪʦʣʦʛʠʠ (Sagare et al., 2013; Elahy et al., 2015). ʊʘʢ, ʫ ʤʳʰʝʡ, ʜʝʬʠʮʠʪʥʳʭ ʧʦ 

ʧʝʨʠʮʠʪʘʤ, ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ɻʕɹ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʛʨʝʩʩʠʨʫʶʱʘʷ ʩ ʚʦʟʨʘʩʪʦʤ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʷ (Sagare et al., 2013; Saeed et al., 2014). 

ʄʦʟʛʦʚʦʡ ʭʦʣʝʩʪʝʨʠʥ ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʧʫʣʘʭ. ʄʝʥʴʰʠʡ ʧʦ ʨʘʟʤʝʨʫ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦ ʤʝʪʘʙʦʣʠʟʠʨʫʶʱʠʡʩʷ ʧʫʣ (ʚʨʝʤʷ ʞʠʟʥʠ 5-10 ʤʝʩʷʮʝʚ, 8 ʤʛ/ʛ) 

ʧʨʝʜʩʪʘʚʣʝʥ ʭʦʣʝʩʪʝʨʠʥʦʤ ʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ ʥʝʡʨʦʥʦʚ (10%) ʠ ʛʣʠʠ (20%). 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ (70%) ʭʦʣʝʩʪʝʨʠʥʘ ʎʅʉ ʩʦʜʝʨʞʠʪʩʷ ʚ ʤʠʝʣʠʥʝ (40 ʤʛ/ʛ) ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠ 

ʩʪʘʙʠʣʴʥʘ (ʚʨʝʤʷ ʞʠʟʥʠ ~ 5 ʣʝʪ) (Russell et al., 2009). ʄʘʢʩʠʤʫʤ ʭʦʣʝʩʪʝʨʠʥʘ 

ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʘʢʪʠʚʥʦʡ ʤʠʝʣʠʥʠʟʘʮʠʠ (ʧʝʨʚʳʝ ʥʝʜʝʣʠ-ʤʝʩʷʮʳ 

ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ) ʤʦʟʛʘ ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʘʤʠ. ʇʨʠ ʵʪʦʤ ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʳ (ʟʘ 
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ʩʯʝʪ ʵʢʩʧʨʝʩʩʠʠ ʢʝʪʦʥ-ʤʝʪʘʙʦʣʠʟʠʨʫʶʱʠʭ ʬʝʨʤʝʥʪʦʚ) ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʩʠʥʪʝʟʘ 

ʭʦʣʝʩʪʝʨʠʥʘ ʢʝʪʦʥʦʚʳʝ ʪʝʣʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʳʭ ʚ ʢʨʦʚʠ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ ʚ ʧʝʨʠʦʜ 

ʤʠʝʣʠʥʠʟʘʮʠʠ. ɽʩʣʠ ʩʧʝʮʠʬʠʯʥʦ ʥʘʨʫʰʠʪʴ ʩʠʥʪʝʟ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʘʭ, ʪʦ 

ʦʥʠ ʥʘʯʥʫʪ ʟʘʭʚʘʪʳʚʘʪʴ ʭʦʣʝʩʪʝʨʠʥ ʠʟ ʚʥʝʢʣʝʪʦʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʥʦ ʩʢʦʨʦʩʪʴ 

ʤʠʝʣʠʥʠʟʘʮʠʠ ʙʫʜʝʪ ʢʨʘʡʥʝ ʤʝʜʣʝʥʥʦʡ (Saher et al., 2005). ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʤʠʝʣʠʥʠʟʘʮʠʠ ʩʠʥʪʝʟ ʭʦʣʝʩʪʝʨʠʥʘ ʩʥʠʞʘʝʪʩʷ ʥʘ 90% ʠ ʚ ʟʨʝʣʦʤ ʤʦʟʛʝ ʧʨʦʪʝʢʘʝʪ ʩ 

ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʘʩʪʨʦʮʠʪʘʭ, ʘ ʪʘʢʞʝ ʚ 5 ʨʘʟ ʤʝʜʣʝʥʥʝʝ - ʚ 

ʥʝʡʨʦʥʘʭ (Dietschy, 2009). ʅʝʡʨʦʥʳ ʧʨʦʠʟʚʦʜʷʪ ʭʦʣʝʩʪʝʨʠʥ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʚʳʞʠʚʘʥʠʷ, ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʘʢʩʦʥʦʚ ʠ ʜʝʥʜʨʠʪʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ 

çʥʝʵʬʬʝʢʪʠʚʥʳʭè ʩʠʥʘʧʩʦʚ. ʉʪʠʤʫʣʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʥʝʡʨʦʥʘʤʠ ʤʦʞʝʪ 

ʤʦʟʛʦʚʦʡ ʥʝʡʨʦʪʨʦʬʠʯʝʩʢʠʡ ʬʘʢʪʦʨ, BDNF (Numakawa et al., 2010). ɼʣʷ ʤʘʩʰʪʘʙʥʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʥʘʧʩʦʚ (ʦʩʦʙʝʥʥʦ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʯʘʩʪʝʡ, 

ʫʜʘʣʝʥʥʳʭ ʦʪ ʩʦʤʳ) ʪʨʝʙʫʝʪʩʷ ʭʦʣʝʩʪʝʨʠʥ ʘʩʪʨʦʮʠʪʘʨʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʅʝʡʨʦʥʳ ʚ 

ʢʫʣʴʪʫʨʝ ʧʨʦʷʚʣʷʶʪ ʚ 10 ʨʘʟ ʙʦʣʴʰʝ ʚʦʟʙʫʞʜʘʶʱʝʡ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʦʙʨʘʟʫʶʪ ʚ 5-7 ʨʘʟ ʙʦʣʴʰʝ ʩʠʥʘʧʩʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʘʩʪʨʦʮʠʪʦʚ, ʯʪʦ ʯʘʩʪʠʯʥʦ ʩʚʷʟʘʥʦ ʩ 

ʧʨʦʜʫʢʮʠʝʡ ʘʩʪʨʦʮʠʪʘʤʠ ʭʦʣʝʩʪʝʨʠʥʘ. ɺ ʮʝʣʦʤ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʭʦʣʝʩʪʝʨʠʥʘ ʥʝʡʨʦʥʘʤʠ 

ʚʘʞʥʦ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʤʦʟʛʘ, ʪʦʛʜʘ ʢʘʢ ʚʦ ʚʟʨʦʩʣʦʤ ʦʨʛʘʥʠʟʤʝ ʩʠʥʪʝʟ 

ʭʦʣʝʩʪʝʨʠʥʘ ʥʝʡʨʦʥʘʤʠ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ (Dietschy, 2009; Russell et al., 2009). 

 

2.7.2 ʈʝʛʫʣʷʮʠʷ ʩʠʥʪʝʟʘ ʭʦʣʝʩʪʝʨʠʥʘ 

ʉʠʥʪʝʟ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʨʝʚʨʘʱʝʥʠʷ ʘʮʝʪʠʣʢʦʵʥʟʠʤʘ ɸ (Aʩʦɸ) 

ʬʝʨʤʝʥʪʦʤ ɻʄɻʩʦ-ɸ ʩʠʥʪʝʪʘʟʦʡ ʚ 3-ʛʠʜʨʦʢʩʠ-3-ʤʝʪʠʣʛʣʫʪʘʨʠʣ-ʩʦɸ (ɻʄɻʩʦɸ), ʢʦʪʦʨʳʡ 

ʟʘʪʝʤ ʢʦʥʚʝʨʪʠʨʫʝʪʩʷ ɻʄɻʩʦɸ-ʨʝʜʫʢʪʘʟʦʡ ʚ ʤʝʚʘʣʦʥʘʪ. ʇʦʩʣʝʜʥʷʷ ʨʝʘʢʮʠʷ ʩʦʩʪʘʚʣʷʝʪ 

ʣʠʤʠʪʠʨʫʶʱʠʡ ʠ ʥʝʦʙʨʘʪʠʤʳʡ ʵʪʘʧ ʙʠʦʩʠʥʪʝʟʘ ʭʦʣʝʩʪʝʨʠʥʘ, ʠ ʠʥʛʠʙʠʨʫʝʪʩʷ 

ʩʪʘʪʠʥʘʤʠ. ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʧʫʪʠ ʩʠʥʪʝʟʘ ʭʦʣʝʩʪʝʨʠʥʘ (ʨʠʩ. 25). ɺ ʥʝʡʨʦʥʘʭ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʩʪʝʨʦʣʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ çKandutsch-Russelè ʧʫʪʠ 

(7-ʜʝʛʠʜʨʦʭʦʣʝʩʪʝʨʠʥ, ʣʘʥʦʩʪʝʨʦʣ), ʪʦʛʜʘ ʢʘʢ ʚ ʘʩʪʨʦʮʠʪʘʭ - ʢ çBlochè ʧʫʪʠ 

(ʜʝʩʤʦʩʪʝʨʦʣ) (Leoni, Caccia, 2015). ʆʙʨʘʟʦʚʘʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʧʨʦʪʝʢʘʝʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ (ʕʇʈ). ʇʨʠʯʝʤ ʟʜʝʩʴ ʩʦʜʝʨʞʘʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ 

ʧʦʜʚʝʨʞʝʥʦ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʢʦʣʝʙʘʥʠʷʤ, ʯʝʤ ʚ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ, ʠ ʠʤʝʥʥʦ 

ʭʦʣʝʩʪʝʨʠʥ ʕʇʈ ʨʝʛʫʣʠʨʫʝʪ ʩʠʥʪʝʟ ʭʦʣʝʩʪʝʨʠʥʘ.  
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ʈʠʩ. 25. ʉʠʥʪʝʟ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʩʪʝʨʦʣʦʚ (ʇʝʪʨʦʚ ʠ ʜʨ. 2016) 

ʍʦʣʝʩʪʝʨʠʥ ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʘʮʝʪʠʣ-ʢʦʵʥʟʠʤʘ ɸ ʚ ʭʦʜʝ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʀʟʚʝʩʪʥʳ ʜʚʘ ʧʫʪʠ ʩʠʥʪʝʟʘ ʭʦʣʝʩʪʝʨʠʥʘ, Bloch ʠ Kandutsch-

Russel. ʍʦʣʝʩʪʝʨʠʥ ʤʦʞʝʪ ʜʝʧʦʥʠʨʦʚʘʪʴʩʷ ʚ ʚʠʜʝ ʵʬʠʨʦʚ ʭʦʣʝʩʪʝʨʠʥʘ ʠʣʠ ʦʢʠʩʣʷʪʴʩʷ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʤ ʠ ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʳʤ ʧʫʪʝʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʩʪʝʨʦʣʦʚ. ʆʧʠʩʘʥʦ 

ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʢʩʠʩʪʝʨʦʣʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʠʤʝʪʴ ʩʧʝʮʠʬʠʯʥʳʝ 

ʵʬʬʝʢʪʳ ʥʘ ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ.  

 

ɺ ʕʇʈ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʚʷʟʘʥʥʳʡ ʩ ʤʝʤʙʨʘʥʦʡ ʥʝʘʢʪʠʚʥʳʡ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ 

ʬʘʢʪʦʨ SREBP-2 (ʙʝʣʦʢ, ʩʚʷʟʳʚʘʶʱʠʡ ʩʪʝʨʦʣ-ʨʝʛʫʣʷʪʦʨʥʳʡ ʵʣʝʤʝʥʪ), ʩʚʷʟʘʥʥʳʡ ʩ 

ʥʝʘʢʪʠʚʥʦʡ ʧʨʦʪʝʘʟʦʡ SCAP (ʙʝʣʦʢ, ʘʢʪʠʚʠʨʫʶʱʠʡ SREBP ʨʘʩʱʝʧʣʝʥʠʝʤ), ʩʦʜʝʨʞʘʱʝʡ 

ʭʦʣʝʩʪʝʨʠʥ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʜʦʤʝʥ. ʂʦʛʜʘ ʭʦʣʝʩʪʝʨʠʥʘ ʤʥʦʛʦ, ʢʦʤʧʣʝʢʩ SREBP-2 / 

SCAP ʫʜʝʨʞʠʚʘʝʪʩʷ ʚ ʕʇʈ ʤʦʣʝʢʫʣʘʤʠ INSIG-1 ʠ -2 (ʠʥʩʫʣʠʥʦʤ ʘʢʪʠʚʠʨʫʝʤʳʡ ʛʝʥ). 

ʇʨʠ ʩʥʠʞʝʥʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʕʇʈ INSIG ʦʪʩʦʝʜʠʥʷʪʩʷ ʦʪ ʢʦʤʧʣʝʢʩʘ SREBP-2/SCAP, ʚ 

ʠʪʦʛʝ ʢʦʤʧʣʝʢʩ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʘʧʧʘʨʘʪ ɻʦʣʴʜʞʠ, ʛʜʝ SREBP-2 ʨʘʩʱʝʧʣʷʝʪʩʷ ʧʨʦʪʝʘʟʦʡ 

SCAP ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʢʪʠʚʥʦʛʦ ʥʝ ʩʚʷʟʘʥʥʦʛʦ ʩ ʤʝʤʙʨʘʥʦʡ N-ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʜʦʤʝʥʘ 

SREBP-2, ʧʨʦʥʠʢʘʶʱʝʛʦ ʚ ʷʜʨʦ ʠ ʟʘʧʫʩʢʘʶʱʝʛʦ ʵʢʩʧʨʝʩʩʠʶ ʙʦʣʝʝ ʯʝʤ 30 ʛʝʥʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ SRE (ʩʪʝʨʦʣ-ʨʝʛʫʣʷʪʦʨʥʳʡ ʵʣʝʤʝʥʪ) ʚ ʧʨʦʤʦʪʝʨʥʦʤ ʨʝʛʠʦʥʝ ʠ 
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ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʩʠʥʪʝʟ ʭʦʣʝʩʪʝʨʠʥʘ (ʈʠʩ. 26) (Dietschy, 2009; Anchisi et al., 2013; 

Martin et al., 2014; Leoni, Caccia, 2015). 

 

ʈʠʩ. 26. ʄʝʪʘʙʦʣʠʟʤ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʤʦʟʛʝ. ʅʝʡʨʦʥ-ʛʣʠʘʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷ (ʇʝʪʨʦʚ 

ʠ ʜʨ. 2016)  

ʆʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʦʣʝʩʪʝʨʠʥʘ ʚʦ ʚʟʨʦʩʣʦʤ ʤʦʟʛʝ ʧʨʦʜʫʮʠʨʫʝʪʩʷ ʘʩʪʨʦʮʠʪʘʤʠ 

ʩ ʧʦʤʦʱʴʶ ʬʝʨʤʝʥʪʦʚ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ (ʕʇʈ). ʉʠʥʪʝʟ ʭʦʣʝʩʪʝʨʠʥʘ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʙʝʣʢʘʤʠ INSIG, SREBP ʠ SCAP. ʇʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚʩʝ 

ʙʝʣʢʠ ʫʜʝʨʞʠʚʘʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ ʚ ʕʇʈ, ʘ ʩʥʠʞʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚʳʟʳʚʘʝʪ 

ʨʘʩʧʘʜ ʢʦʤʧʣʝʢʩʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ SREBP ʠ SCAP ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʢʦʤʧʣʝʢʩ ɻʦʣʴʜʞʠ, ʛʜʝ 

ʧʨʦʪʝʘʟʘ SCAP ʦʪʱʝʧʣʷʝʪ ʦʪ SREBP ʘʢʪʠʚʥʳʡ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ, 

ʧʨʦʥʠʢʘʶʱʠʡ ʚ ʷʜʨʦ ʠ ʟʘʧʫʩʢʘʶʱʠʡ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʩʠʥʪʝʟ ʠ 

ʪʨʘʥʩʧʦʨʪ ʭʦʣʝʩʪʝʨʠʥʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʕʇʈ ʩʦʙʠʨʘʝʪʩʷ ʣʠʧʦʧʨʦʪʝʠʥʦʚʘʷ ʯʘʩʪʠʯʢʘ ʩ 

ApoE, ʢʦʪʦʨʘʷ ʧʦʧʘʜʘʝʪ ʚ ʵʥʜʦʩʦʤʳ ʠ ʩʝʢʨʝʪʠʨʫʝʪʩʷ ʚʦ ʚʥʝʢʣʝʪʦʯʥʫʶ ʩʨʝʜʫ. ɺʥʦʚʴ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʭʦʣʝʩʪʝʨʠʥ ʤʦʞʝʪ ʥʝʚʝʟʠʢʫʣʷʨʥʳʤ ʧʫʪʝʤ ʩ ʧʦʤʦʱʴʶ ɸʊʌ-

ʩʚʷʟʳʚʘʶʱʠʭ ʢʘʩʩʝʪʥʳʭ ʪʨʘʥʩʧʦʨʪʝʨʦʚ (ABCA1) ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʠʟ ʕʇʈ ʚ 

ʵʥʜʦʩʦʤʳ ʠʣʠ ʚʦ ʚʥʝʢʣʝʪʦʯʥʫʶ ʩʨʝʜʫ. ʀʥʢʨʫʩʪʠʨʦʚʘʥʥʳʝ ʭʦʣʝʩʪʝʨʠʥʦʤ ɸʨʦɽ ʯʘʩʪʠʯʢʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʥʘ ʥʝʡʨʦʥʘʭ (LRP1), ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʵʥʜʦʮʠʪʦʟʦʤ ʠ 

ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʣʠʟʦʩʦʤʳ / ʧʦʟʜʥʠʝ ʵʥʜʦʩʦʤʳ. ɺ ʵʥʜʦʣʠʟʦʩʦʤʘʭ ʭʦʣʝʩʪʝʨʠʥ ʧʨʠ 

ʫʯʘʩʪʠʠ ʙʝʣʢʦʚ NPC1/2 ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʧʣʘʟʤʘʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ ʠʣʠ ʕʇʈ. ɺ ʜʦʩʪʘʚʢʝ 

ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʧʣʘʟʤʘʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʢʘʚʝʦʣʠʥ 1 (Cav-1).  
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ʈʠʩ. 26 ʇʨʦʜʦʣʞʝʥʠʝ 

ɺ ʕʇʈ ʩʦʩʨʝʜʦʪʦʯʝʥ ʬʝʨʤʝʥʪ ʉYP46A1, ʦʢʠʩʣʷʶʱʠʡ ʭʦʣʝʩʪʝʨʠʥ ʜʦ 24-

ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥʘ (24ʆʅ-ʍ), ʩʧʦʩʦʙʥʦʛʦ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ 

ʙʘʨʴʝʨ (ɻʕɹ) ʠ ʧʦʧʘʜʘʪʴ ʚ ʢʨʦʚʦʪʦʢ, ʛʜʝ 24ʆʅ-ʍ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʣʠʧʦʧʨʦʪʝʠʥʘʤʠ ʥʠʟʢʦʡ 

ʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʃʅʇ, ʃɺʇ). ʀʟʙʳʪʦʢ 24ʆʅ-ʍ ʚ ʢʨʦʚʠ ʤʦʞʝʪ ʦʢʠʩʣʷʪʴ 

ʣʠʧʦʧʨʦʪʝʠʥʳ ʧʣʘʟʤʳ (ʆ-ʃʇ), ʢʦʪʦʨʳʝ ʩ ʧʦʤʦʱʴʶ ʨʝʮʝʧʪʦʨʘ ʜʣʷ ʤʫʩʦʨʘ (S-P) 

ʧʦʛʣʦʱʘʶʪʩʷ ʣʝʡʢʦʮʠʪʘʭ. 24ʆʅ-ʍ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʤʠ LX-

ʨʝʮʝʧʪʦʨʘʤʠ ʘʩʪʨʦʮʠʪʦʚ (ʠ ʥʝʡʨʦʥʦʚ), ʟʘʪʝʤ ʢʦʤʧʣʝʢʩ 24ʆʅ-ʍ / LX-ʨʝʮʝʧʪʦʨ 

ʧʨʦʥʠʢʘʝʪ ʚ ʷʜʨʦ ʠ ʟʘʧʫʩʢʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ApoE ʠ ABCA1, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ 

ʜʦʩʪʘʚʢʝ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ ʘʩʪʨʦʮʠʪʦʚ ʚ ʥʝʡʨʦʥʳ. ʏʘʩʪʴ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ 

ʩ ApoA1 ʤʦʞʝʪ ʚʳʙʨʘʩʳʚʘʪʴʩʷ ʠʟ ʥʝʡʨʦʥʦʚ ʠ ʧʝʨʝʙʨʘʩʳʚʘʪʴʩʷ ʯʝʨʝʟ ɻʕɹ. ʀʟʙʳʪʦʢ 

ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʕʇʈ ʧʦʜʚʝʨʛʘʝʪʩʷ ʵʪʝʨʠʬʠʢʘʮʠʠ ʧʨʠ ʫʯʘʩʪʠʠ ʬʝʨʤʝʥʪʘ ACAT1, 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʵʬʠʨʳ ʭʦʣʝʩʪʝʨʠʥʘ ʦʪʢʣʘʜʳʚʘʶʪʩʷ ʚ ʚʠʜʝ ʢʘʧʝʣʴ ʚ ʮʠʪʦʧʣʘʟʤʝ. ʌʝʨʤʝʥʪ 

SCD ʧʦʩʪʘʚʣʷʝʪ ʤʦʥʦʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʜʣʷ ʵʪʝʨʠʬʠʢʘʮʠʠ ʭʦʣʝʩʪʝʨʠʥʘ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʵʬʠʨʦʚ ʭʦʣʝʩʪʝʨʠʥʘ (ʚ ʩʦʩʪʘʚʝ ɸʨʦɽ-ʯʘʩʪʠʯʝʢ, ɸʨʦɽ-ʍʕ) ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʡ 

ʩʨʝʜʝ ʩʚʷʟʘʥʦ ʩ ʬʝʨʤʝʥʪʦʤ LCAT, ʩʝʢʨʝʪʠʨʫʝʤʳʤ ʘʩʪʨʦʮʠʪʘʤʠ. ɺ ʤʠʪʦʭʦʥʜʨʠʷʭ 

ʤʥʦʛʠʭ ʢʣʝʪʦʢ (ʚ ʯʘʩʪʥʦʩʪʠ, ʤʘʢʨʦʬʘʛʦʚ) ʧʨʠʩʫʪʩʪʚʫʝʪ ʬʝʨʤʝʥʪ CYP27A1, ʦʢʠʩʣʷʶʱʠʡ 

ʭʦʣʝʩʪʝʨʠʥ ʜʦ 27-ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥʘ (27ʆʅ-ʍ), ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʚ ʤʦʟʛ 

ʯʝʨʝʟ ɻʕɹ ʠ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʯʝʤ 24ʆʅ-ʍ, ʘʢʪʠʚʠʨʦʚʘʪʴ LX-ʨʝʮʝʧʪʦʨ. 27ʆʅ-ʍ ʤʦʞʝʪ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʬʝʨʤʝʥʪʦʤ ʥʝʡʨʦʥʦʚ CYP7B1 ʚ 7Ŭ-ʛʠʜʨʦʢʩʠ-3-ʦʢʩʦ-4-ʭʦʣʝʩʪʝʥʦʚʫʶ 

ʢʠʩʣʦʪʫ (ʍʂ), ʚʳʙʨʘʩʳʚʘʶʱʫʶʩʷ ʠʟ ʤʦʟʛʘ ʚ ʮʠʨʢʫʣʷʮʠʶ. ʍʦʪʷ ɻʕɹ ʥʝ ʧʨʦʧʫʩʢʘʝʪ 

ʭʦʣʝʩʪʝʨʠʥ ʢʨʦʚʠ ʚ ʤʦʟʛ, ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ɻʕɹ ʠʤʝʶʪ ABC ʪʨʘʥʩʧʦʨʪʝʨʳ, LRP1 

ʠ S-ʈ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʫʪʝʡ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʤʦʟʛʦʚʦʛʦ ʠ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ. 

 

ʇʨʠ ʜʝʬʠʮʠʪʝ SCAP ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʥʘ 30-40% ʩʦʜʝʨʞʘʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʚ 

ʤʦʟʛʝ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ ʥʘʨʫʰʝʥʠʝʤ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ (Suzuki et al., 2013). 

ʄʫʪʘʮʠʷ SCAP ʚ ʘʩʪʨʦʮʠʪʘʭ ʚʝʜʝʪ ʢ ʤʠʢʨʦʮʝʬʘʣʠʠ, ʤʦʪʦʨʥʳʤ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʤ 

ʜʝʬʝʢʪʘʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʥʠʞʝʥʳ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʩ 

ʧʠʱʝʡ (Camargo et al., 2012). ʆʪʩʫʪʩʪʚʠʝ SCAP ʚ ʐʚʘʥʥʦʚʩʢʠʭ ʢʣʝʪʢʘʭ ʚʳʟʳʚʘʝʪ 

ʟʘʜʝʨʞʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʝʣʠʥʘ ʩ ʪʠʧʠʯʥʳʤʠ ʥʝʚʨʦʧʘʪʠʯʝʩʢʠʤʠ ʩʠʤʧʪʦʤʘʤʠ, ʪʨʝʤʦʨ 

ʠ ʘʪʘʢʪʠʯʝʩʢʘʷ ʧʦʭʦʜʢʘ (Verheijen et al., 2009). ɹʣʦʢʠʨʦʚʘʥʠʝ ʩʠʥʪʝʟʘ ʭʦʣʝʩʪʝʨʠʥʘ 
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ʩʥʠʞʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʨʷʜʘ ʙʝʣʢʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʣʝʢʩʳ ʩ ʭʦʣʝʩʪʝʨʠʥʦʤ, ʥʘʧʨʠʤʝʨ, 

ʛʣʘʚʥʳʭ ʙʝʣʢʦʚ ʤʠʝʣʠʥʘ (Saher et al., 2005). 

ʆʜʥʘʞʜʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʭʦʣʝʩʪʝʨʠʥ ʧʦʢʠʜʘʝʪ ʕʇʈ ʚʝʟʠʢʫʣʷʨʥʳʤ ʠ 

ʥʝʚʝʟʠʢʫʣʷʨʥʳʤ ʧʫʪʷʤʠ (ʧʨʠ ʫʯʘʩʪʠʠ ʧʝʨʝʥʦʩʯʠʢʦʚ), ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʧʣʘʟʤʘʪʠʯʝʩʢʫʶ 

ʤʝʤʙʨʘʥʫ, ʚ ʠʪʦʛʝ ʚ ʕʇʈ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʭʦʣʝʩʪʝʨʠʥʘ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʕʇʈ ʠ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʦʡ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʣʠʧʠʜʦʚ ʠʟ ʤʝʩʪ ʩʠʥʪʝʟʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ (Peake, 

Vance, 2012; Anchisi et al., 2013). 

 

2.7.3 ɼʝʧʦʥʠʨʦʚʘʥʠʝ, ʵʬʠʨʳ ʭʦʣʝʩʪʝʨʠʥʘ  

ʅʝʡʨʦʥʳ ʠ ʜʨʫʛʠʝ ʢʣʝʪʢʠ ʤʦʛʫʪ ʦʪʢʣʘʜʳʚʘʪʴ ʠʟʙʳʪʦʢ ʭʦʣʝʩʪʝʨʠʥʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʝʛʦ ʧʝʨʝʚʦʜʘ ʚ ʵʬʠʨʳ ʭʦʣʝʩʪʝʨʠʥʘ ʩ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ (ʵʪʝʨʠʬʠʢʘʮʠʠ). ɺʦ ʚʟʨʦʩʣʦʤ 

ʤʦʟʛʝ ~1% ʭʦʣʝʩʪʝʨʠʥʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʵʬʠʨʦʚ (ʚ ʩʦʩʪʘʚʝ ʣʠʧʠʜʥʳʭ ʢʘʧʝʣʴ). 

ʂʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʧʠʢ ʵʪʝʨʠʬʠʢʘʮʠʠ (ʵʪʝʨʠʬʠʮʠʨʫʝʪʩʷ ʩʚʳʰʝ 5% ʭʦʣʝʩʪʝʨʠʥʘ) 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʪʜʝʣʴʥʦʤ ʨʝʛʠʦʥʝ ʤʦʟʛʘ ʚ ʥʘʯʘʣʝ ʧʝʨʠʦʜʘ ʤʠʝʣʠʥʠʟʘʮʠʠ. ʕʬʠʨʳ 

ʭʦʣʝʩʪʝʨʠʥʘ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʨʝʟʝʨʚʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʤʠʝʣʠʥʠʟʘʮʠʠ 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ. ʅʘʢʦʧʣʝʥʠʝ ʵʬʠʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ ʘʮʝʪʠʣʢʦʵʥʟʠʤ-ɸ ʭʦʣʝʩʪʝʨʠʥ ʘʮʠʣʪʨʘʥʩʬʝʨʘʟʳ 

(ACAT1/SOAT1), ʚʳʟʚʘʥʥʦʛʦ ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʕʇʈ. ʀʥʛʠʙʠʨʦʚʘʥʠʝ 

ACAT1 ʜʨʘʤʘʪʠʯʥʦ (ʥʘ 86%) ʩʥʠʞʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʬʠʨʦʚ ʭʦʣʝʩʪʝʨʠʥʘ. 

ʅʝʡʨʦʪʦʢʩʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʦʢʩʠʜʘʪʠʚʥʳʡ ʩʪʨʝʩʩ, ʥʘʦʙʦʨʦʪ, ʫʚʝʣʠʯʠʚʘʶʪ 

ʘʢʪʠʚʥʦʩʪʴ ɸʉɸʊ1 (Bryleva et al., 2010). ACAT1 ʙʦʣʝʝ ʘʢʪʠʚʥʘ ʚ ʥʝʡʨʦʥʘʭ, ʯʝʤ ʚ 

ʛʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ. ʆʜʥʘʢʦ ʚ ʘʩʪʨʦʮʠʪʘʭ ACAT1 ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ ʧʨʠ ʥʘʨʫʰʝʥʠʠ 

ʚʳʙʨʦʩʘ ʭʦʣʝʩʪʝʨʠʥʘ ʠʣʠ ʧʨʠ ʧʝʨʝʛʨʫʟʢʝ ʵʢʟʦʛʝʥʥʳʤ ʭʦʣʝʩʪʝʨʠʥʦʤ (Karten et al., 2006). 

ʌʝʨʤʝʥʪ ʕʇʈ ʩʪʝʨʦʣ-ʉʦɸ ʜʝʩʘʪʫʨʘʟʘ, ʢʘʪʘʣʠʟʠʨʫʶʱʠʡ ʩʠʥʪʝʟ ʤʦʥʦʥʝʥʘʩʳʱʝʥʥʳʭ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠʟ ʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʧʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʥʦʡ ʩʫʙʩʪʨʘʪ ʜʣʷ 

ʵʪʝʨʠʬʠʢʘʮʠʠ ʭʦʣʝʩʪʝʨʠʥʘ (Anchisi et al., 2013).  

ɺ ʢʣʝʪʢʝ ʵʬʠʨʳ ʭʦʣʝʩʪʝʨʠʥʘ ʧʦʩʪʦʷʥʥʦ ʨʘʟʨʫʰʘʪʁʩʷ ʛʠʜʨʦʣʘʟʦʡ. ɺ ʥʦʨʤʝ 

ʫʨʦʚʝʥʴ ʵʬʠʨʦʚ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʤʦʟʛʝ ʥʠʟʢʠʡ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʩʧʦʩʦʙʥʦʩʪʠ ʛʠʜʨʦʣʘʟʳ 

ʧʝʨʝʚʦʜʠʪʴ ʠʭ ʚ ʭʦʣʝʩʪʝʨʠʥ. ɺ ʩʣʫʯʘʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʬʠʨʦʚ, 

ʛʠʜʨʦʣʘʟʘ çʥʝ ʩʧʨʘʚʣʷʝʪʩʷè, ʠ ʵʬʠʨʳ ʭʦʣʝʩʪʝʨʠʥʘ ʦʙʨʘʟʫʶʪ ʣʠʧʠʜʥʳʝ ʢʘʧʣʠ ʚ 

ʮʠʪʦʧʣʘʟʤʝ ʥʝʡʨʦʥʦʚ (Dietschy, 2009). 
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2.7.4 ʄʝʞʢʣʝʪʦʯʥʳʡ ʪʨʘʥʩʧʦʨʪ ʭʦʣʝʩʪʝʨʠʥʘ 

ɼʣʷ ʪʨʘʬʠʢʘ ʭʦʣʝʩʪʝʨʠʥʘ ʤʦʟʛ ʠʩʧʦʣʴʟʫʝʪ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʣʠʧʦʧʨʦʪʝʠʥʳ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʘʧʦʣʠʧʦʧʨʦʪʝʠʥʦʚ (ʚ ʦʩʥʦʚʥʦʤ çEè, 39 ʢɼʘ) ʠ ʣʠʧʠʜʦʚ. ɸʩʪʨʦʮʠʪʳ - 

ʛʣʘʚʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʘʧʦʣʠʧʦʧʨʦʪʝʠʥʘ ɽ (ApoE), ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʩ 

ʬʦʩʬʦʣʠʧʠʜʘʤʠ ʩʦʙʠʨʘʶʪʩʷ ʚ ʣʠʧʦʧʨʦʪʝʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ (ApoE-ʯʘʩʪʠʯʢʠ) (ʨʠʩ. 26). 

ʉʝʨʜʮʝʚʠʥʘ ʣʠʧʦʧʨʦʪʝʠʥʦʚʳʭ ʯʘʩʪʠʮ ʩʦʙʠʨʘʝʪʩʷ ʚ ʕʇʈ, ʘ ʦʙʦʛʘʱʝʥʠʝ ʣʠʧʠʜʘʤʠ ApoE 

ʠ ʩʝʢʨʝʮʠʷ ApoE-ʯʘʩʪʠʯʝʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ɸʊʌ-

ʩʚʷʟʳʚʘʶʱʠʭ ʢʘʩʩʝʪʥʳʭ ʪʨʘʥʩʧʦʨʪʝʨʦʚ (ABC), ʪʘʢʠʭ ʢʘʢ ABCA1, ABCG1 ʠ ABCG4 

(Bu, 2009; Hayashi, 2011, Lane-Donovan et al., 2014). ABCA1 ʢʘʪʘʣʠʟʠʨʫʝʪ ʥʘʯʘʣʴʥʫʶ 

ʩʪʘʜʠʶ ʧʝʨʝʥʦʩʘ ʣʠʧʠʜʦʚ ʥʘ çʩʚʦʙʦʜʥʳʝè ʘʧʦʣʠʧʦʧʨʦʪʝʠʥʳ, ʬʦʨʤʠʨʫʷ çʨʦʞʜʘʶʱʠʝʩʷè 

ʯʘʩʪʠʯʢʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʧʦʣʥʦʩʪʴʶ çʥʘʧʦʣʥʷʶʪʩʷè ʣʠʧʠʜʘʤʠ ʠ ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʠʟ 

ʢʣʝʪʢʠ ʚʦ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʩ ʫʯʘʩʪʠʝʤ ABCG1/ABCA1 (Vaughan, Oram, 2006). 

ʅʝʜʦʩʪʘʪʦʯʥʦ ʦʙʦʛʘʱʝʥʥʳʝ ʣʠʧʠʜʘʤʠ ʯʘʩʪʠʯʢʠ (ʥʘʧʨʠʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʬʠʮʠʪʘ 

ABCA1) ʙʳʩʪʨʝʝ ʢʘʪʘʙʦʣʠʟʠʨʫʶʪʩʷ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ApoE ʚ 

ʤʦʟʛʝ. ʀʥʘʢʪʠʚʘʮʠʷ ABCA1 ʚ ʤʦʟʛʝ ʚʳʟʳʚʘʝʪ ʘʩʪʨʦʛʣʠʦʟ ʠ ʫʩʠʣʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ 

ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʛʝʥʦʚ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʷʝʪ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʠ ʩʝʥʩʦʤʦʪʦʨʥʦʝ 

ʧʦʚʝʜʝʥʠʝ (Karasinska et al., 2013). 

ɻʣʘʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʷʚʣʷʶʪʩʷ ʥʝʡʨʦʥʳ. ʆʥʠ ʟʘʭʚʘʪʳʚʘʶʪ 

ʣʠʧʦʧʨʦʪʝʠʥʳ ʩ ʧʦʤʦʱʴʶ ʨʝʮʝʧʪʦʨʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʩʝʤʝʡʩʪʚʫ ʨʝʮʝʧʪʦʨʦʚ 

ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ: LDL-ʨʝʮʝʧʪʦʨʳ ʠ LDL-ʨʝʮʝʧʪʦʨ ʧʦʜʦʙʥʳʝ ʧʨʦʪʝʠʥʳ 

(LRP, LRP1B, LRP2/ʤʝʛʘʣʠʥ, LRP4, LRP5/6, LRP8/ɸPʆɽR2, LRP11/SORL1). ʕʪʠ 

ʨʝʮʝʧʪʦʨʳ ʪʘʢʞʝ ʩʚʷʟʳʚʘʶʪ ʙʝʣʢʠ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʨʘʟʚʠʪʠʝ ʤʦʟʛʘ (Sonic hedgehog, Wnt, 

ʨʝʣʠʥ), ʧʨʦʪʝʘʟʳ ʠ ʠʥʛʠʙʠʪʦʨʳ ʧʨʦʪʝʘʟ (ὄ2-ʤʘʢʨʦʛʣʦʙʠʥ), ʧʝʨʝʥʦʩʯʠʢʠ ʚʠʪʘʤʠʥʦʚ, 

ʰʘʧʝʨʦʥʳ, ʤʝʜʠʘʪʦʨʳ ʚʦʩʧʘʣʝʥʠʷ (Lane-Donovan et al., 2014). ʆʩʥʦʚʥʳʤ ʤʦʟʛʦʚʳʤ 

ʨʝʮʝʧʪʦʨʦʤ, ʦʧʦʩʨʝʜʫʶʱʠʤ ʟʘʭʚʘʪ ApoE-ʯʘʩʪʠʯʝʢ, ʷʚʣʷʝʪʩʷ LRP1, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʝʤʢʦʩʪʴ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʵʥʜʦʮʠʪʦʟʥʦʛʦ 

ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ (ʨʠʩ. 26). LRP1 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʥʝʡʨʦʥʘʭ, ʘ LDL-

ʨʝʮʝʧʪʦʨ - ʚ ʛʣʠʠ (Rushworth et al., 2013). ɼʝʣʝʮʠʷ LRP1 ʚ ʥʝʡʨʦʥʘʭ ʚʝʜʝʪ ʢ ʛʣʦʙʘʣʴʥʦʤʫ 

ʜʝʬʝʢʪʫ ʤʝʪʘʙʦʣʠʟʤʘ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ (Liu et al., 2010). 

ʇʦʩʣʝ ʨʝʮʝʧʪʦʨ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʵʥʜʦʮʠʪʦʟʘ ʚʝʟʠʢʫʣʳ ʜʦʩʪʘʚʣʷʶʪ ʣʠʧʠʜʥʳʝ 

ʯʘʩʪʠʯʢʠ ʚ ʧʦʟʜʥʠʝ ʵʥʜʦʩʦʤʳ / ʣʠʟʦʩʦʤʳ. ʇʨʠʯʝʤ ApoE ʩʨʘʟʫ ʧʦʩʣʝ ʵʥʜʦʮʠʪʦʟʘ 

ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʣʠʧʠʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʥʝ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʣʠʟʦʩʦʤʳ, ʘ ʚʦʟʚʨʘʱʘʝʪʩʷ 
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ʦʙʨʘʪʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʪʦ ʝʩʪʴ ʨʝʮʠʢʣʠʨʫʝʪ (ʈʠʩ. 26) (Rensen et al., 2000). ʍʦʣʝʩʪʝʨʠʥ 

ʧʦʢʠʜʘʝʪ ʧʦʟʜʥʠʝ ʵʥʜʦʩʦʤʳ / ʣʠʟʦʩʦʤʳ ʧʨʠ ʫʯʘʩʪʠʠ NPC1 ʠ NCP2 ʙʝʣʢʦʚ, ʠ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʧʣʘʟʤʘʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ ʠʣʠ ʤʝʤʙʨʘʥʫ ʕʇʈ, ʩʦʜʝʨʞʘʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ 

ʚ ʢʦʪʦʨʦʡ, ʧʦ ʧʨʠʥʮʠʧʫ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ʯʝʨʝʟ SREBP-2/SCAP/ INSIG-1 

ʧʫʪʴ), ʨʝʛʫʣʠʨʫʝʪ ʛʝʥʳ, ʚʦʚʣʝʯʸʥʥʳʝ ʚ ʛʦʤʝʦʩʪʘʟ ʭʦʣʝʩʪʝʨʠʥʘ (Peake, Vance, 2012). 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʧʦʣʦʩʪʠ ʵʥʜʦʣʠʟʦʩʦʤʳ ʭʦʣʝʩʪʝʨʠʥ ʩʚʷʟʳʚʘʝʪʩʷ ʩ NPC2 

(ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʙʝʣʦʢ), ʟʘʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ NPC1 (ʚʥʫʪʨʠʣʶʤʝʥʘʣʴʥʳʡ ʙʝʣʦʢ), 

ʚ ʠʪʦʛʝ ʭʦʣʝʩʪʝʨʠʥ ʦʢʘʟʳʚʘʝʪʩʷ ʦʛʨʘʞʜʝʥʥʳʤ ʦʪ ʚʦʜʥʦʡ ʩʨʝʜʳ NPC1 ʠ NPʉ2 ʙʝʣʢʘʤʠ, 

ʧʦʩʣʝ ʯʝʛʦ ʧʝʨʝʙʨʘʩʳʚʘʝʪʩʷ ʚ ʕʇʈ ʠʣʠ ʧʣʘʟʤʘʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ (Vance, Karten, 2014). 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ɸpoE-ʯʘʩʪʠʯʢʘʤʠ ʠ ʨʝʮʝʧʪʦʨʘʤʠ ʟʘʧʫʩʢʘʝʪ ʧʫʪʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ 

ʚʳʞʠʚʘʥʠʷ ʥʝʡʨʦʥʘ (Hayashi, 2011; Lane-Donovan et al., 2014). ʅʘʧʨʠʤʝʨ, ʩʠʥʪʝʟ ɸpoE 

ʛʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʙʦʣʝʝ ʯʝʤ ʚ 150 ʨʘʟ ʫʩʢʦʨʷʝʪ ʨʝʧʘʨʘʮʠʶ ʥʝʨʚʘ ʧʦʩʣʝ ʧʦʚʨʝʞʜʝʥʠʷ 

(Ignatius et al., 1986). 

 

2.7.5 ʕʢʩʢʨʝʮʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ ʤʦʟʛʘ. ʆʢʩʠʩʪʝʨʦʣʳ 

ʆʢʦʣʦ 1 ʛ ʭʦʣʝʩʪʝʨʠʥʘ ʚʳʚʦʜʠʪʩʷ ʫ ʯʝʣʦʚʝʢʘ ʝʞʝʜʥʝʚʥʦ: 0.5 ʛ - ʚ ʚʠʜʝ ʞʝʣʯʥʳʭ 

ʢʠʩʣʦʪ, - 0.5 ʛ ï ʢʘʢ ʥʝʤʝʪʘʙʦʣʠʟʠʨʦʚʘʥʥʳʡ ʭʦʣʝʩʪʝʨʠʥ ʠʣʠ ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʤʝʪʘʙʦʣʠʪ 

ʢʦʧʨʦʩʪʘʥʦʣ. ɺ ʤʦʟʛʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʤʝʭʘʥʠʟʤʳ ʨʘʟʨʫʰʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ. 

ʆʜʥʘʢʦ 0.02-0.04% (6-12 ʤʛ) ʤʦʟʛʦʚʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʫʜʘʣʷʝʪʩʷ ʢʘʞʜʳʡ ʜʝʥʴ (Dietschy, 

2009), ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʚ ʬʦʨʤʝ 24-ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥʘ (6-8 ʤʛ/ʜʝʥʴ). 24-

ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥ (ʚ ʛʦʤʦʛʝʥʘʪʝ ʤʦʟʛʘ, ~30 ʤʢʄ) ʧʨʦʥʠʢʘʝʪ ʯʝʨʝʟ ɻʕɹ (ʜʠʬʬʫʟʠʝʡ 

ʠʣʠ ʧʨʠ ʫʯʘʩʪʠʠ ʘʥʠʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ, oatp2), ʚ ʢʨʦʚʠ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʣʠʧʦʧʨʦʪʝʠʥʘʤʠ 

ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʧʣʘʟʤʝ ~50 ʥʄ), ʧʦʛʣʦʱʘʝʪʩʷ ʛʝʧʘʪʦʮʠʪʘʤʠ ʠ 

ʚʳʚʦʜʠʪʩʷ ʚ ʩʦʩʪʘʚʝ ʞʝʣʯʠ (Russell et al., 2009). ʅʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʭʦʣʝʩʪʝʨʠʥʘ ʧʦʢʠʜʘʝʪ 

ʤʦʟʛ ʚ ʚʠʜʝ ɸʨʦɽ/ɸ-ʯʘʩʪʠʮ ʯʝʨʝʟ ɻʕɹ. ʕʢʩʧʨʝʩʩʠʨʫʶʱʠʡʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʥʝʡʨʦʥʘʭ ABCA1 ʩʧʦʩʦʙʝʥ ʦʩʚʦʙʦʞʜʘʪʴ ʠʟʙʳʪʦʢ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʚʠʜʝ ApoA1-ʯʘʩʪʠʯʝʢ, 

ʢʦʪʦʨʳʝ ʧʝʨʝʙʨʘʩʳʚʘʶʪʩʷ ʯʝʨʝʟ ɻʕɹ ʧʨʠ ʫʯʘʩʪʠʠ LRP1 ʠ ʨʝʮʝʧʪʦʨʘ ʜʣʷ ʤʫʩʦʨʘ ʢʣʘʩʩʘ 1 

B (SR1B) (Gosselet et al., 2014). ʋʚʝʣʠʯʝʥʠʝ ʠʣʠ ʩʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ABCA1 ʚ 

ʥʝʡʨʦʥʘʭ ʫʩʠʣʠʚʘʝʪ ʠʣʠ ʩʥʠʞʘʝʪ ʵʣʠʤʠʥʘʮʠʶ ʭʦʣʝʩʪʝʨʠʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Hayashi, 

2011). 
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24-ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥ ʧʨʦʜʫʮʠʨʫʝʪʩʷ ʭʦʣʝʩʪʝʨʠʥ 24-ʛʠʜʨʦʢʩʠʣʘʟʦʡ (CYP46A1), 

ʢʦʪʦʨʘʷ ʚ ʥʦʨʤʝ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʪʝʣʘʭ ʠ ʜʝʥʜʨʠʪʘʭ ʥʝʢʦʪʦʨʳʭ ʥʝʡʨʦʥʦʚ (ʙʦʣʴʰʠʭ 

ʧʠʨʘʤʠʜʥʳʭ ʢʣʝʪʢʘʭ ʢʦʨʳ, ʛʠʧʧʦʢʘʤʧʘ, ʘʤʠʛʜʘʣʳ, ʩʢʦʨʣʫʧʳ, ʪʘʣʘʤʫʩʘ, ʢʣʝʪʢʘʭ 

ʇʫʨʢʠʥʴʝ) (ʈʠʩ. 26) (Russell et al., 2009). ʇʨʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ ʠ ʧʦʩʣʝ 

ʪʨʘʚʤʳ CYP46A1 ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ ʚ ʥʝ-ʥʝʡʨʦʥʘʣʴʥʳʭ ʢʣʝʪʢʘʭ (ʘʩʪʨʦʮʠʪʳ, ʤʠʢʨʦʛʣʠʷ, 

ʤʘʢʨʦʬʘʛʠ) (Anchisi et al., 2013). ɺ ʤʦʟʛʝ 24-ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥ (ʢʘʢ ʠ ʜʨʫʛʠʝ 

ʦʢʩʠʩʪʝʨʦʣʳ) ʘʢʪʠʚʠʨʫʝʪ ʷʜʝʨʥʳʡ Liver X (LX)-ʨʝʮʝʧʪʦʨ ʘʩʪʨʦʮʠʪʦʚ ʠ ʥʝʡʨʦʥʦʚ, 

ʫʩʠʣʠʚʘʶʱʠʡ ʵʢʩʧʨʝʩʩʠʶ ʙʝʣʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʠʥʪʝʟ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʝʛʦ ʪʨʘʥʩʧʦʨʪ 

(ABCA1, ApoE). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʝʥʠʝ ʚʳʚʝʜʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ ʤʦʟʛʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʛʦ ʩʠʥʪʝʟʫ ʚ ʘʩʪʨʦʮʠʪʘʭ ʠ ʜʦʩʪʘʚʢʫ ʥʝʡʨʦʥʘʤ. ʋʚʝʣʠʯʝʥʠʝ ʞʝ ʫʨʦʚʥʷ 

ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʕʇʈ ʤʦʞʝʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ CYP46A1 (Dietschy, 2009). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʤʦʟʛʝ ʬʦʨʤʠʨʫʝʪʩʷ ʢʨʫʛʦʦʙʦʨʦʪ ʧʨʦʜʫʢʮʠʠ ʠ ʵʢʩʢʨʝʮʠʠ ʭʦʣʝʩʪʝʨʠʥʘ. ɽʩʣʠ ʝʛʦ 

ʦʩʪʘʥʦʚʠʪʴ ʟʘ ʩʯʝʪ ʤʫʪʘʮʠʠ ʛʝʥʘ ʉYP46A1 (CYP46A1 -/- ʤʳʰʠ, ʫ ʥʠʭ ʩʦʜʝʨʞʘʥʠʝ 24-

ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 5% ʦʪ ʫʨʦʚʥʷ ʤʳʰʝʡ ʜʠʢʦʛʦ ʪʠʧʘ), ʪʦ ʫʨʦʚʝʥʴ 

ʤʦʟʛʦʚʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʥʝ ʚʦʟʨʘʩʪʘʝʪ, ʪʘʢ ʢʘʢ ʥʘ 40-50% ʫʤʝʥʴʰʘʝʪʩʷ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 

(Russell et al., 2009). ʉʚʝʨʭ-ʵʢʩʧʨʝʩʩʠʷ CYP46A1, ʫʚʝʣʠʯʠʚʘʶʱʘʷ ʧʨʦʜʫʢʮʠʶ 24-

ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥʘ, ʪʘʢʞʝ ʥʝ ʠʟʤʝʥʷʝʪ ʫʨʦʚʝʥʴ ʭʦʣʝʩʪʝʨʠʥʘ, ʪʘʢ ʢʘʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʝʛʦ ʩʠʥʪʝʟ (Hudry et al., 2010). ʆʙʨʘʟʦʚʘʥʠʝ 24-ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥʘ ʚ ʥʝʡʨʦʥʘʭ 

ʧʦʜʘʚʣʷʝʪʩʷ ʵʪʝʨʠʬʠʢʘʮʠʝʡ ʭʦʣʝʩʪʝʨʠʥʘ, ʧʦʵʪʦʤʫ ʫʜʘʣʝʥʠʝ ʛʝʥʘ ACAT1, ʥʘ 13% 

ʫʤʝʥʴʰʘʶʱʝʝ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʤʦʟʛʝ, ʥʘ 32% ʫʚʝʣʠʯʠʚʘʝʪ ʫʨʦʚʝʥʴ 24-

ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥʘ (Bryleva et al., 2010). 

ʇʦʚʳʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʉYP46A1 ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʝʨʝʜʘʯʠ. ʋʞʝ ʯʝʨʝʟ 30 ʤʠʥ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʦʤ ʩʠʥʘʧʩʝ 

ʫʨʦʚʝʥʴ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʥʝʤʥʦʛʦ, ʥʦ ʜʦʩʪʦʚʝʨʥʦ, ʩʥʠʞʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʦʩʚʦʙʦʞʜʝʥʠʷ ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 24-ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥʘ. ʇʨʠ ʵʪʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʱʝʥʠʝ ʉYP46A1 ʦʪ ʕʇʈ ʢ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ, ʠ ʘʢʪʠʚʘʮʠʷ 

ʬʝʨʤʝʥʪʘ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʟʘʚʠʩʠʪ ʦʪ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʮʠʪʦʟʦʣʴʥʦʛʦ ʉʘ
2+ 
ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʝʣʢʘ ʕʇʈ - STIM2, ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʢ ʉʘ
2+

 ʚ ʧʦʣʦʩʪʠ ʕʇʈ (Sodero 

et al., 2012). ʇʦ ʤʝʨʝ ʩʪʘʨʝʥʠʷ ʚ ʥʝʡʨʦʥʘʭ ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʜʫʢʮʠʷ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 

ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʳʝ ʫʩʠʣʠʚʘʶʪ ʵʢʩʧʨʝʩʩʠʶ ʉYP46ɸ1, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ 

ʧʨʦʛʨʝʩʩʠʨʫʶʱʘʷ ʧʦʪʝʨʷ ʭʦʣʝʩʪʝʨʠʥʘ ʩʠʥʘʧʪʠʯʝʩʢʠʤʠ ʤʝʤʙʨʘʥʘʤʠ (Sodero et al., 2011).  
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ɼʨʫʛʦʡ ʦʢʩʠʩʪʝʨʦʣ 27-ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥ ï ʛʣʘʚʥʳʡ ʤʝʪʘʙʦʣʠʪ ʭʦʣʝʩʪʝʨʠʥʘ ʚ 

ʩʠʩʪʝʤʥʦʤ ʢʨʦʚʦʪʦʢʝ, ʛʜʝ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʥʦʨʤʝ ʩʦʩʪʘʚʣʷʝʪ 0.15-0.73 ʤʢʄ ʠ ʚ 

ʩʣʫʯʘʝ ʨʷʜʘ ʧʘʪʦʣʦʛʠʡ (ʥʘʧʨʠʤʝʨ, ʘʪʝʨʦʩʢʣʝʨʦʟ) ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʤʠʣʣʠʤʦʣʷʨʥʦʛʦ 

ʫʨʦʚʥʷ (Marwarha, Ghribi, 2014). 27-ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʠʟ ʭʦʣʝʩʪʝʨʠʥʘ 

ʧʦʯʪʠ ʚʩʝʤʠ ʢʣʝʪʢʘʤʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʤ ʬʝʨʤʝʥʪʦʤ ʭʦʣʝʩʪʝʨʠʥ 27-ʛʠʜʨʦʢʩʠʣʘʟʦʡ 

(CYP27A1) (ʨʠʩ. 26). ʅʝʡʨʦʥʘʤʠ, ʘʩʪʨʦʮʠʪʘʤʠ ʠ ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʘʤʠ 27-

ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥ ʦʙʨʘʟʫʝʪʩʷ ʚ ʦʯʝʥʴ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʚʳʚʦʜʠʪʩʷ ʠʟ ʤʦʟʛʘ 

ʯʝʨʝʟ ɻʕɹ (Brown, Jessup, 2009). ʆʜʥʘʢʦ 27-ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥ, ʧʨʦʜʫʮʠʨʫʝʤʳʡ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʤʠ ʪʢʘʥʷʤ, ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʚ ʤʦʟʛ (5 ʤʛ/ʜʝʥʴ). ɺ ʥʦʨʤʝ ʩʦʦʪʥʦʰʝʥʠʝ 

27-ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥ : 24-ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥ ʩʦʩʪʘʚʣʷʝʪ 1 : 8 ʚʦ ʬʨʦʥʪʘʣʴʥʦʡ ʢʦʨʝ, 1 

: 5 ʚ ʟʘʪʳʣʦʯʥʦʡ ʢʦʨʝ ʠ 1 : 10 ʚ ʙʘʟʘʣʴʥʳʭ ʷʜʨʘʭ (Heverin et al., 2004). 27-

ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥ ʤʦʞʝʪ ʢʦʥʚʝʨʪʠʨʦʚʘʪʴʩʷ ʚ ʤʦʟʛʝ ʦʢʩʠʩʪʝʨʦʣ 7ὄ-ʛʠʜʨʦʣʘʟʦʡ 

(CYP7B1) ʚ 7ὄ-ʛʠʜʨʦʢʩʠ-3-ʦʢʩʦ-4-ʭʦʣʝʩʪʝʥʦʚʫʶ ʢʠʩʣʦʪʫ, ʢʦʪʦʨʘʷ ʫʜʘʣʷʝʪʩʷ ʯʝʨʝʟ ɻʕɹ 

(Dietschy, 2009). ʀʥʪʝʥʩʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 27-ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʛʠʧʝʨʭʦʣʝʩʪʝʨʠʥʝʤʠʠ ʠ ʦʢʩʠʜʘʪʠʚʥʦʤ ʩʪʨʝʩʩʝ (Brown, Jessup, 2009). ɺ ʩʣʫʯʘʝ 

ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʩʘ ʩʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʤʦʟʛʝ ʤʦʞʝʪ ʢʦʥʚʝʨʪʠʨʦʚʘʪʴʩʷ 

ʚ 27-ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥ, ʢʦʪʦʨʳʡ ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ, ʫʚʝʣʠʯʠʚʘʷ ʨʠʩʢ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ 

(Marwarha, Ghribi, 2014). 

ʄʘʢʨʦʬʘʛʠ ʤʦʛʫʪ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʦʠʟʚʦʜʠʪʴ 25-

ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥ ʩ ʧʦʤʦʱʴʶ ʭʦʣʝʩʪʝʨʠʥ 25-ʛʠʜʨʦʣʘʟʳ, ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʚ ʕʇʈ. ɺ 

ʪʢʘʥʷʭ (ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʤʦʟʛʝ) ʵʢʩʧʨʝʩʩʠʷ ʵʪʦʛʦ ʬʝʨʤʝʥʪʘ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʠʥʜʫʢʮʠʠ 

ʚʨʦʞʜʝʥʥʦʛʦ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, ʘ ʦʙʨʘʟʫʶʱʠʡʩʷ 25-ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥ ʠʤʝʝʪ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʡ ʵʬʬʝʢʪ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʪʝʨʠʬʠʢʘʮʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʟʘ ʩʯʝʪ ʫʩʠʣʝʥʠʷ 

ʘʢʪʠʚʥʦʩʪʠ ACAT1. ɺ ʤʦʟʛʝ ʢʦʥʮʝʥʪʨʘʮʠʷ 25-ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥʘ ʩʦʩʪʘʚʣʷʝʪ ʚ ʥʦʨʤʝ 

ʦʢʦʣʦ 1 ʤʢʄ ʠ ʤʦʞʝʪ ʣʦʢʘʣʴʥʦ ʧʦʚʳʰʘʪʴʩʷ ʧʨʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 25-ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥ ʤʦʞʝʪ ʚ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴʩʷ CYP46A1 ʠ CYP27A1, ʘ ʤʝʪʘʙʦʣʠʟʠʨʫʝʪʩʷ ʧʨʠ ʫʯʘʩʪʠʠ CYP7B1 (Lathe 

et al., 2014). 

ʍʦʣʝʩʪʝʨʠʥ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʧʨʝʙʳʚʘʝʪ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʤʙʨʘʥʝ (ʥʘʧʨʠʤʝʨ, ʫ ʤʳʰʝʡ ï ʦʪ 5 ʜʦ 12 ʤʝʩʷʮʝʚ) (Ando et al., 2002), ʚ 

ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʥ ʤʦʞʝʪ ʦʢʠʩʣʷʪʴʩʷ ʘʢʪʠʚʥʳʤʠ ʬʦʨʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠ ʘʤʠʣʦʠʜʥʳʤ 

ʧʝʧʪʠʜʦʤ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʉu
2+

 (Puglielli et al., 2005). ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, 
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ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʢʠʩʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʤʝʤʙʨʘʥ, ʚʳʩʪʫʧʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʬʝʨʤʝʥʪʘ ï ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ, ʧʝʨʝʚʦʜʷʱʝʡ ʭʦʣʝʩʪʝʨʠʥ ʚ 4-

ʭʦʣʝʩʪʝʥ-3-ʦʥ (Kreit, Sampson, 2009; ʇʝʪʨʦʚ ʠ ʜʨ. 2013). ɺ ʛʝʥʦʤʝ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʥʝʪ 

ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʫ, ʦʜʥʘʢʦ ʧʨʠʤʝʨʥʦ 1.5 % ʦʪ ʦʙʱʝʛʦ ʭʦʣʝʩʪʝʨʠʥʘ 

ʤʦʟʛʘ ʤʳʰʠ ʠʣʠ ʯʝʣʦʚʝʢʘ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʚʠʜʝ 4-ʭʦʣʝʩʪʝʥ-3-ʦʥʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʜʘʥʥʦʛʦ ʦʢʩʠʩʪʝʨʦʣʘ ʤʦʞʝʪ ʚʦʟʨʘʩʪʘʪʴ ʧʨʠ ʛʠʧʦʢʩʠʠ, ʚʦʩʧʘʣʝʥʠʠ ʠ ʥʝʢʦʪʦʨʳʭ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʦʜʥʘʢʦ ʦ ʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʘʭ ʜʘʥʥʳʭ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ (Puglielli et al., 2005; Yoshimoto et al., 2005). ʕʪʦʪ ʦʢʩʠʩʪʝʨʦʣ ʚ 

ʤʦʜʝʣʴʥʳʭ ʤʝʤʙʨʘʥʘʭ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʬʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʤʝʤʙʨʘʥ ʠ ʩʧʦʩʦʙʥʦʩʪ ɹ

ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʙʝʣʢʘʤʠ ʠ ʣʠʧʠʜʘʤʠ (Ahn, Sampson, 

2004). ʆʢʠʩʣʝʥʠʝ ʦʢʦʣʦ 10% ʭʦʣʝʩʪʝʨʠʥʘ ʩʠʥʘʧʪʦʩʦʤʘʣʴʥʳʭ ʤʝʤʙʨʘʥ ʭʦʣʝʩʪʝʨʠʥ 

ʦʢʩʠʜʘʟʦʡ ʚʳʟʳʚʘʣʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 35% ʘʢʪʠʚʥʦʩʪʠ Ca
2+

( Mg
2+

) 

ɸʊʌʘʟʳ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʣʘ ʪʝʢʫʯʝʩʪʴ ʤʝʤʙʨʘʥ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ 

ʘʢʪʠʚʥʦʩʪʴ Na
+
/K

+
 ɸʊʌʘʟʳ ʧʨʠ ʵʪʦʤ ʥʝ ʩʪʨʘʜʘʣʘ (Wood et al., 1995). ʉʫʱʝʩʪʚʫʝʪ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʥʳʤ 

ʬʘʢʪʦʨʦʤ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ (Gamba et al., 2015). 

ɼʨʫʛʦʡ ʢʨʘʡʥʝ ʩʢʫʜʥʦ ʠʟʫʯʝʥʥʳʡ ʦʢʩʠʩʪʝʨʦʣ - 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥ, ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʨʘʥʥʠʤ ʠʥʪʝʨʤʝʜʠʘʪʦʤ ʚ ʮʝʧʠ ʨʝʘʢʮʠʡ ʙʠʦʩʠʥʪʝʟʘ ʞʝʣʯʥʳʭ ʢʠʩʣʦʪ ʠ 

ʩʪʝʨʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ (Nes, McKean, 1977). ʋʩʠʣʝʥʥʘʷ ʧʨʦʜʫʢʮʠʷ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʨʝʜʢʦʤ ʛʝʥʝʪʠʯʝʩʢʦʤ ʟʘʙʦʣʝʚʘʥʠʠ, ʮʝʨʝʙʨʦʪʝʥʜʠʥʘʣʴʥʦʤ 

ʢʩʘʥʪʦʤʘʪʦʟʝ, ʚʳʟʚʘʥʥʦʤ ʤʫʪʘʮʠʷʤʠ ʚ ʛʝʥʝ ʩʪʝʨʦʣ-27-ʛʠʜʨʦʣʘʟʳ (Cyp27A1). ʇʨʠ ʵʪʦʡ 

ʧʘʪʦʣʦʛʠʠ ʚ ʪʢʘʥʷʭ (ʦʩʦʙʝʥʥʦ ʠʥʪʝʥʩʠʚʥʦ ʚ ʥʝʨʚʥʦʡ) ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʭʦʣʝʩʪʘʥʦʣ, ʠ 

ʧʨʦʷʚʣʷʶʪʩʷ ʩʝʨʴʝʟʥʳʝ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʝ ʜʠʩʬʫʥʢʮʠʠ ʠ ʤʠʦʧʘʪʠʷ (Menkes et al., 1968, 

B¬vner et al., 2010). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʭʦʣʝʩʪʘʥʦʣ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʤʘʣʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʚʦ ʚʩʝʭ ʪʢʘʥʷʭ ʟʜʦʨʦʚʳʭ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ. 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥ 

ʦʙʨʘʟʫʝʪʩʷ ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ ʥʘ ʧʫʪʠ ʩʠʥʪʝʟʘ ʭʦʣʝʩʪʘʥʦʣʘ ʠʟ ʭʦʣʝʩʪʝʨʠʥʘ, ʠ 

ʦʥ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʚ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʦʙʨʘʟʮʘʭ ʧʣʘʟʤʳ ʢʨʦʚʠ ʧʘʮʠʝʥʪʦʚ ʩ 

ʮʝʨʝʙʨʦʪʝʥʜʠʥʘʣʴʥʳʤ ʢʩʘʥʪʦʤʘʪʦʟʦʤ (Salen et al., 1972, DeBarber et al., 2011). 

ʂʦʥʮʝʥʪʨʘʮʠʷ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ ʚ ʢʨʦʚʠ ʤʫʪʘʥʪʥʳʭ ʤʳʰʝʡ Cyp27A -/- ʩʦʩʪʘʚʣʷʝʪ ~ 200 

ʥʄ. ʋʨʦʚʝʥʴ ʵʪʦʛʦ ʦʢʩʠʩʪʝʨʦʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ 7ὄ-ʛʠʜʨʦʢʩʠ ʧʨʦʠʟʚʦʜʥʳʭ 

ʭʦʣʝʩʪʝʨʠʥʘ (DeBarber et al., 2011), ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʛʣʘʚʥʳʝ ʬʘʢʪʦʨʳ, 

ʦʧʦʩʨʝʜʫʶʱʠʝ ʪʦʢʩʠʯʥʦʩʪʴ ʧʨʠ ʜʘʥʥʦʤ ʟʘʙʦʣʝʚʘʥʠʠ (Bjºrkhem, 2013). ʆʜʥʘʢʦ ʥʝʪ 
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ʜʘʥʥʳʭ ʦʙ ʵʬʬʝʢʪʘʭ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ ʥʘ ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʚʢʣʶʯʘʷ ʩʠʥʘʧʪʠʯʝʩʢʫʶ 

ʧʝʨʝʜʘʯʫ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʜʨʘʤʘʪʠʯʥʦ ʥʘʨʫʰʘʝʪʩʷ ʧʨʠ ʮʝʨʝʙʨʦʪʝʥʜʠʥʘʣʴʥʦʤ 

ʢʩʘʥʪʦʤʘʪʦʟʝ. ʇʨʠ ʵʪʦʤ, 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥ ʚʝʨʦʷʪʥʦ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʙʝʣʢʘʤʠ, ʠʤʝʶʱʠʤʠ ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʢ ʭʦʣʝʩʪʝʨʠʥʫ, ʥʘʧʨʠʤʝʨ, ʩ 

ʧʨʦʪʝʠʥʦʤ NPC2, ʵʢʩʧʨʝʩʩʠʨʫʶʱʝʤʩʷ ʚ ʩʠʥʘʧʩʝ (Liou et al., 2006). 

 

2.8 ʍʦʣʝʩʪʝʨʠʥ ʠ ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ ʚ ʨʝʛʫʣʷʮʠʠ cʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʦʩʪʠʛʥʫʪ ʩʝʨʴʝʟʥʳʡ ʥʘʫʯʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʠʟʫʯʝʥʠʠ ʨʦʣʠ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʝʠʥʦʚ ʠ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʤʝʭʘʥʠʟʤʘʭ ʵʢʟʦ- ʵʥʜʦʮʠʪʦʟʘ 

ʠ ʪʨʘʥʩʧʦʨʪʘ ʚʝʟʠʢʫʣ. ʀ ʪʦʣʴʢʦ ʩʝʡʯʘʩ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʘʯʠʥʘʶʪ ʦʙʨʘʱʘʪʴ ʧʨʠʩʪʘʣʴʥʦʝ 

ʚʥʠʤʘʥʠʝ ʢ ʧʨʦʙʣʝʤʝ ʟʥʘʯʝʥʠʷ ʣʠʧʠʜʦʚ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʮʠʢʣʘ ʧʨʦʠʩʭʦʜʷʪ ʨʘʜʠʢʘʣʴʥʳʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʝʦʤʝʪʨʠʠ ʤʝʤʙʨʘʥ, ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ çʤʝʪʘʤʦʨʬʦʟʳè ʠʭ 

ʣʠʧʠʜʦʚ, ʤʝʥʷʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ ʨʷʜʘ ʬʝʨʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʜʠʬʠʮʠʨʫʶʪ ʣʠʧʠʜʳ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʧʨʦʪʝʢʘʥʠʶ ʢ ʵʢʟʦ- ʵʥʜʦʮʠʪʦʟʥʦʛʦ ʮʠʢʣʘ. ʅʝʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʣʠʧʠʜʦʚ 

ʩʪʠʤʫʣʠʨʫʶʪ ʙʝʣʢʠ ʵʢʟʦ- ʠ ʵʥʜʦʮʠʪʦʟʘ. ʅʝ ʤʝʥʝʝ ʚʘʞʥʦ, ʯʪʦ ʩʘʡʪʳ ʵʢʟʦ - ʠ ʵʥʜʦʮʠʪʦʟʘ 

ʠʤʝʶʪ ʫʥʠʢʘʣʴʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʣʠʧʠʜʦʚ (ʪʘʢʞʝ ʢʘʢ ʠ ʙʝʣʢʦʚ), ʥʝʩʤʦʪʨʷ ʥʘ 

ʤʥʦʛʦʢʨʘʪʥʳʝ ʮʠʢʣʳ ʩʣʠʷʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʝʟʠʢʫʣ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʙ). 

 

2.8.1 ʇʨʝʩʠʥʘʧʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʠ ʭʦʣʝʩʪʝʨʠʥ 

ʈʦʣʴ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʩʚʦʙʦʞʜʝʥʠʝ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ, ʩʚʷʟʘʥʘ ʩ ʪʨʝʤʷ ʘʩʧʝʢʪʘʤʠ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʙ): 1) ʭʦʣʝʩʪʝʨʠʥ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʙʠʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʤʙʨʘʥ, 2) ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 

ʥʘʧʨʷʤʫʶ ʩ ʙʝʣʢʘʤʠ, ʨʝʛʫʣʠʨʫʶʱʠʤʠ ʵʢʟʦ-ʵʥʜʦʮʠʪʦʟ, 3) ʦʨʛʘʥʠʟʫʝʪ ʣʠʧʠʜʥʳʝ ʨʘʬʪ r

(ʨʠʩ. 27).  

ɺ ʭʦʜʝ ʵʢʟʦʮʠʪʦʟʘ ʧʨʦʠʩʭʦʜʷʪ ʨʘʜʠʢʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʨʠʚʠʟʥʳ ʤʝʤʙʨʘʥ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʣʠʧʠʜʥʦʡ ʢʦʤʧʦʟʠʮʠʝʡ. ʍʦʣʝʩʪʝʨʠʥ ʚ ʠʟʦʙʠʣʠʠ ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣʘʭ (40% ʦʪ ʚʩʝʭ ʣʠʧʠʜʦʚ) ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʣʴʥʦ 

ʠʩʢʨʠʚʣʝʥʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʤʝʤʙʨʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʪʝʯʝʥʠʝ ʨʝʘʢʮʠʠ ʩʣʠʷʥʠ ̫(Tong 

et al., 2009).  
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ʈʠʩ. 27. ʉʠʥʘʧʪʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ: ʣʠʧʠʜ-ʙʝʣʢʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʇʝʪʨʦʚ ʠ ʜʨ. 

2016) 

ʅʝʡʨʦʤʝʜʠʘʪʦʨ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʠʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʢʦʪʦʨʳʝ ʩʣʠʚʘʶʪʩʷ 

(ʵʢʟʦʮʠʪʦʟ) ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʨʝʛʠʦʥʝ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʘʢʪʠʚʥʦʡ ʟʦʥʝ, 

ʚ ʦʪʚʝʪ ʥʘ ʚʭʦʜ ʉʘ
2+

 ʯʝʨʝʟ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʝ ʉʘ-ʢʘʥʘʣʳ. ʉʣʠʷʥʠʝ ʚʝʟʠʢʫʣ 

ʦʧʦʩʨʝʜʫʝʪʩʷ ʙʝʣʢʘʤʠ, ʬʦʨʤʠʨʫʶʱʠʤʠ SNARE ʢʦʤʧʣʝʢʩ (ʩʠʥʘʧʪʦʙʨʝʚʠʥ, ʩʠʥʪʘʢʩʠʥ, 

SNAP-25), ʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʤʥʦʛʠʤʠ ʭʦʣʝʩʪʝʨʠʥ-ʩʚʷʟʳʚʘʶʱʠʤʠ ʙʝʣʢʘʤʠ 

(ʩʠʥʘʧʪʦʪʘʛʤʠʥ/STG, Munc18, NCS-1) ʠ ʩʠʛʥʘʣʴʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ (ʧʨʦʪʝʠʥʢʠʥʘʟʘʤʠ, 

ʅɸɼʌʅ-ʦʢʩʠʜʘʟʦʡ/Nox). ʇʦʩʣʝ ʩʣʠʷʥʠʷ ʙʝʣʢʦʚʳʝ ʠ ʣʠʧʠʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʟʠʢʫʣ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʣʘʪʨʠʥ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʤʫ ʵʥʜʦʮʠʪʦʟʫ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ ʬʦʨʤʠʨʫʝʪ ʨʝʟʝʨʚʥʳʡ ʧʫʣ, ʢʦʪʦʨʳʡ ʦʩʚʦʙʦʞʜʘʝʪ ʥʝʡʨʦʤʝʜʠʘʪʦʨ ʪʦʣʴʢʦ ʚ 

ʧʝʨʠʦʜ ʠʥʪʝʥʩʠʚʥʦʡ ʜʣʠʪʝʣʴʥʦʡ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɼʦʩʪʘʚʢʘ ʵʪʠʭ ʚʝʟʠʢʫʣ ʚ 

ʩʘʡʪʳ ʵʢʟʦʮʠʪʦʟʘ ʟʘʚʠʩʠʪ ʦʪ ʘʢʪʠʥʘ ʠ ʩʠʥʘʧʩʠʥʦʚ. ɺ ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʦʤ ʩʠʥʘʧʩʝ 

ʦʩʚʦʙʦʞʜʘʶʱʠʡʩʷ ʥʝʡʨʦʤʝʜʠʘʪʦʨ ʠʟʤʝʥʷʝʪ Na
+
/Ca

2+
-ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʳ, ʘʢʪʠʚʠʨʫʷ AMPA/NMDA-ʨʝʮʝʧʪʦʨʳ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʨʝʮʝʧʪʦʨʦʚ ʟʘʚʠʩʠʪ ʦʪ ʵʢʟʦ- ʠ ʵʥʜʦʮʠʪʦʟʥʦʛʦ ʪʨʘʬʠʢʘ ʨʝʮʝʧʪʦʨʦʚ, ʢʦʪʦʨʳʡ ʫʧʨʘʚʣʷʝʪʩʷ 

ʤʘʣʳʤʠ ɻʊʌʘʟʘʤʠ (Rab11) ʠ ʧʨʦʪʝʠʥʢʠʥʘʟʘʤʠ (Cdc42, GSK3ɓ, ʬʦʩʬʦʠʥʦʟʠʪʦʣ-3-

ʢʠʥʘʟʘ/ʌʀ3ʂ). ɿʘʚʠʩʠʤʘʷ ʦʪ ʨʝʮʝʧʪʦʨʦʚ ʩʠʛʥʘʣʠʟʘʮʠʷ ʩʚʷʟʘʥʘ ʩʦ ʤʥʦʛʠʤʠ ʙʝʣʢʘʤʠ (Src, 

ERK, Cav-1). ʅʘ ʩʭʝʤʝ ʠʟʦʙʨʘʞʝʥʳ ʤʦʣʝʢʫʣʳ ʭʦʣʝʩʪʝʨʠʥʘ (ʯʝʨʥʳʝ) ʠ ʠʭ ʩʢʦʧʣʝʥʠʷ, 

ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-4,5-ʙʠʬʦʩʬʘʪʳ (ʌʀ-4,5-ʌ2, ʢʨʘʩʥʳʝ), ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ 

ʭʦʣʝʩʪʝʨʠʥʦʤ ʠ ʌʀ-4,5-ʌ2 ʙʝʣʢʠ. 
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ɿʘ ʩʯʝʪ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦʤʫ ʧʝʨʝʭʦʜʫ ʤʝʞʜʫ ʤʦʥʦʩʣʦʷʤʠ (ʬʣʠʧ-ʬʣʦʧʫ) 

ʭʦʣʝʩʪʝʨʠʥ ʩʥʠʞʘʝʪ çʥʘʪʷʞʝʥʠʝè ʤʝʤʙʨʘʥ ʧʨʠ ʜʝʬʦʨʤʘʮʠʷʭ, ʩʪʘʙʠʣʠʟʠʨʫʷ ʧʦʨʫ 

ʩʣʠʷʥʠʷ. ʍʦʣʝʩʪʝʨʠʥ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʣʠʷʥʠʶ, ʙʣʘʛʦʜʘʨʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ 

ʚʝʟʠʢʫʣʷʨʥʳʤʠ (ʩʠʥʘʧʪʦʬʠʟʠʥ) ʠ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʤʠ (ʩʠʥʪʘʢʩʠʥ-1) ʙʝʣʢʘʤʠ 

(Rohrbough, Broadie, 2005; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʙ; Adams et al., 2015). 

ɺ ʩʦʩʪʘʚʝ ʫʩʪʦʡʯʠʚʳʭ ʢ ʜʝʡʩʪʚʠʶ ʜʝʪʝʨʛʝʥʪʦʚ ʤʝʤʙʨʘʥ (ʙʠʦʭʠʤʠʯʝʩʢʠ 

ʚʳʜʝʣʝʥʥʘʷ ʬʨʘʢʮʠʷ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʙʨʘʟʫʶʱʘʷʩʷ ʠʟ ʨʘʬʪʦʚ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ) 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʢʣʶʯʝʚʳʝ ʙʝʣʢʠ ʚʝʟʠʢʫʣ ï ʧʨʦʪʦʥʥʘʷ ʧʦʤʧʘ, ʩʠʥʘʧʪʦʪʘʛʤʠʥʳ, 

ʩʠʥʘʧʪʦʬʠʟʠʥʳ, SV2, ʘ ʪʘʢʞʝ ʙʝʣʢʠ ʵʢʟʦʮʠʪʦʟʘ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ - 

ʩʠʥʪʘʢʩʠʥ, SNAP-25, ʩʠʥʘʧʪʦʙʨʝʚʠʥ, Munc18, ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʝ ʉʘ
2+

-ʢʘʥʘʣʳ (Jia et 

al., 2006). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʠʧʠʜʥʳʭ ʨʘʬʪʦʚ ʩʦʩʨʝʜʦʪʦʯʝʥʦ 20-70% 

ʦʪ ʚʩʝʭ SNARE ʙʝʣʢʦʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʠ ʯʝʤ ʚʳʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ SNARE-

ʙʝʣʢʦʚ ʚ ʨʘʬʪʘʭ, ʪʝʤ ʚʳʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʢɻʟʦʮʠʪʦʟʘ (ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). ʅʘʢʦʧʣʝʥʠʝ 

ʚ ʨʘʬʪʘʭ SNAP-25 ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʧʘʣʴʤʠʪʠʣʠʨʦʚʘʥʠʶ. ʇʦʷʚʣʝʥʠʝ ʚ 

ʨʘʬʪʘʭ ʩʠʥʪʘʢʩʠʥʘ 1ɸ ʤʦʞʝʪ ʦʧʦʩʨʝʜʦʚʘʪʴʩʷ ʝʛʦ ʧʨʷʤʳʤ ʩʚʷʟʳʚʘʥʠʝʤ ʩ ʭʦʣʝʩʪʝʨʠʥʦʤ 

ʠʣʠ ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ SNAP-25 (Murray, Tamm, 2011). ʈʘʟʥʳʝ ʠʟʦʬʦʨʤʳ 

ʩʠʥʪʘʢʩʠʥʘ ʭʦʣʝʩʪʝʨʠʥ-ʟʘʚʠʩʠʤʦ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʚ ʤʦʜʝʣʴʥʦʡ ʤʝʤʙʨʘʥʝ ʦʪʜʝʣʴʥʳʝ 

ʩʢʦʧʣʝʥʠʷ. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʘʡʪʦʚ ʵʢʟʦʮʠʪʦʟʘ ʩ 

ʦʪʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (Sieber et al., 2006). ɺʦʟʤʦʞʥʦ, ʵʢʟʦʮʠʪʦʟ ʤʦʞʝʪ ʤʦʜʫʣʠʨʦʚʘʪʴʩʷ 

ʩʣʠʷʥʠʝʤ / ʨʘʟʜʝʣʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʨʘʬʪʦʚ. ʅʘʧʨʠʤʝʨ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʪʝʥʮʠʘʣ-

ʫʧʨʘʚʣʷʝʤʳʝ ʉʘ
2+

-ʢʘʥʘʣʳ ʠ SNARE-ʙʝʣʢʠ, ʘ ʩ ʜʨʫʛʦʡ - ʙʝʣʦʢ NCS-1 (ʥʝʡʨʦʥʘʣʴʥʳʡ 

ʉʘ
2+

 ʩʝʥʩʦʨ-1), ʫʩʠʣʠʚʘʶʱʠʡ ʘʢʪʠʚʥʦʩʪʴ ʉʘ
2+

-ʢʘʥʘʣʦʚ, ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʨʘʟʥʳʭ 

ʤʠʢʨʦʜʦʤʝʥʘʭ, ʩʣʠʷʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʦʙʣʝʛʯʘʪʴ ʵʢʟʦʮʠʪʦʟ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʪʦʱʝʥʠʝ 

ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ ʩʠʥʘʧʪʦʩʦʤʘʣʴʥʳʭ ʤʝʤʙʨʘʥ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʨʘʟʨʫʰʝʥʠʶ ʨʘʬʪʦʚ, 

ʚʳʟʳʚʘʝʪ çʨʘʩʩʝʠʚʘʥʠʝè Cʘ
2+

-ʢʘʥʘʣʦʚ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʘ 

ʪʘʢʞʝ ʫʛʥʝʪʝʥʠʝ ʥʝʡʨʦʩʝʢʨʝʮʠʠ (Taverna et al., 2007). ɺ ʤʝʤʙʨʘʥʝ ʬʦʪʦʨʝʮʝʧʪʦʨʥʳʭ 

ʢʣʝʪʦʢ ʉʘ
2+

-ʢʘʥʘʣʳ L-ʪʠʧʘ ʥʝ ʬʠʢʩʠʨʦʚʘʥʳ, ʘ ʜʚʠʛʘʶʪʩʷ ʚʥʫʪʨʠ ʧʣʦʪʠʢʘ (ʚ ʧʨʝʜʝʣʘʭ 

100 ʥʤ ʦʪ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʚʝʟʠʢʫʣʳ), ʢʦʪʦʨʳʡ ʧʨʠʣʝʛʘʝʪ ʢ ʘʢʪʠʚʥʦʡ ʟʦʥʝ. ʈʘʟʨʫʰʝʥʠʝ 

ʣʠʧʠʜʥʦʛʦ ʤʠʢʨʦʜʦʤʝʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʦʙʣʘʩʪʴ ʜʠʬʬʫʟʠʠ ʉʘ
2+

-ʢʘʥʘʣʦʚ ʠ 

ʫʛʥʝʪʘʝʪ ʦʩʚʦʙʦʞʜʝʥʠʝ ʛʣʫʪʘʤʘʪʘ (Mercer et al., 2011). ʄʫʪʘʮʠʠ ʚ ʛʝʥʝ ʩʠʥʘʧʩ-

ʩʧʝʮʠʬʠʯʥʦʡ ʮʝʨʘʤʠʜʘʟʳ SLAB, ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʭʦʣʝʩʪʝʨʠʥʘ ʚ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ, ʫʤʝʥʴʰʘʶʪ ʥʘ ~70% ʩʧʦʩʦʙʥʦʩʪʴ ʚʝʟʠʢʫʣ ʢ ʩʣʠʷʥʠʶ. ɺ 
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ʨʘʬʪʘʭ ʤʦʛʫʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʘʥʠʦʥʥʳʝ ʣʠʧʠʜʳ, ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-4,5-

ʙʠʩʬʦʩʬʘʪʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʙʝʣʢʦʚ ʵʢʟʦʮʠʪʦʟʘ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʤʙʨʘʥʳ 

ʢ ʜʝʬʦʨʤʘʮʠʠ (Rohrbough, Broadie, 2005). ʆʙʦʛʘʱʝʥʥʳʝ ʭʦʣʝʩʪʝʨʠʥʦʤ ʤʝʤʙʨʘʥʳ ʤʦʛʫʪ 

ʤʥʦʛʦʢʨʘʪʥʦ ʫʩʢʦʨʷʪʴ ʨʘʟʙʦʨʢʫ ʰʘʧʝʨʦʥʦʤ NSF ʮʠʩ-SNARE-ʢʦʤʧʣʝʢʩʦʚ 

ʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ ʚ PC12 ʢʣʝʪʢʘʭ, ʯʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʳʩʪʨʦʤʫ 

ʦʩʚʦʙʦʞʜʝʥʠʶ ʠʟ çʧʣʝʥʘè ʘʢʪʠʚʥʳʭ SNARE-ʙʝʣʢʦʚ (Bar-On et al., 2009). 

ʉʫʱʝʩʪʚʫʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʭʦʣʝʩʪʝʨʠʥ ʤʦʞʝʪ ʪʨʝʙʦʚʘʪʴʩʷ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ 

ʠʥʚʘʛʠʥʘʮʠʠ ʤʝʤʙʨʘʥʳ ʧʨʠ ʵʥʜʦʮʠʪʦʟʝ (Rohrbough, Broadie, 2005; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 

2009) ʠ ʫʯʘʩʪʢʠ ʤʝʤʙʨʘʥʳ, ʦʙʦʛʘʱʝʥʥʳʝ ʭʦʣʝʩʪʝʨʠʥʦʤ, ʩʧʦʩʦʙʥʳ ʘʢʪʠʚʠʨʦʚʘʪʴ ʙʝʣʢʠ, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʵʥʜʦʮʠʪʦʟʝ (Jia et al., 2006). ɺʦʟʤʦʞʥʦ, ʬʦʩʬʦʠʥʦʟʠʪʠʜʳ ʨʘʬʪʦʚ 

ʚʦʚʣʝʯʝʥʳ ʚ ʟʘʧʫʩʢ ʵʥʜʦʮʠʪʦʟʘ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʚʝʟʠʢʫʣʷʨʥʳʭ ʙʝʣʢʦʚ (Rohrbough, 

Broadie, 2005). ʊʘʢʞʝ ʨʦʣʴ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʨʘʬʪʦʚ ʚ ɻʥʜʦʮʠʪʦʟʝ ʤʦʞʝʪ ʙʳʪʴ ʩʦʧʨʷʞʝʥʘ ʩ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʪʝʢʫʯʝʩʪʠ ʤʝʤʙʨʘʥ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʛʠʙʢʦʩʪʠ ʤʝʤʙʨʘʥ ʦʪ ʠʭ ʩʦʩʪʘʚʘ 

(Zefirov et al., 2006). ʇʦʩʢʦʣʴʢʫ ʤʝʤʙʨʘʥʘ ʧʣʦʪʠʢʘ ʙʦʣʝʝ ʪʚʝʨʜʘʷ, ʯʝʤ ʦʢʨʫʞʘʶʱʘʷ 

ʤʝʤʙʨʘʥʘ, ʪʦ ʦʙʣʝʛʯʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʛʠʙʦʚ, ʯʪʦ ʜʦʣʞʥʦ çʧʦʤʦʛʘʪʴè ʵʥʜʦʮʠʪʦʟʫ 

ʬʨʘʛʤʝʥʪʘ ʤʝʤʙʨʘʥʳ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʙ). 

 

2.8.2 ʇʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʭʦʣʝʩʪʝʨʠʥ  

ʀʟʤʝʥʝʥʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ / ʩʦʩʪʘʚʝ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ ʪʨʝʙʫʶʪʩʷ ʜʣʷ 

ʬʝʥʦʤʝʥʦʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ. ʇʦʜʦʙʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʟʘ ʩʯʝʪ ʵʥʜʦ- 

ʠ ʵʢʟʦʮʠʪʦʟʘ ʨʝʮʝʧʪʦʨʦʚ, ʠʭ ʣʘʪʝʨʘʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʤʝʞʜʫ ʵʢʩʪʨʘ- ʠ ʩʠʥʘʧʪʠʯʝʩʢʠʤʠ 

ʫʯʘʩʪʢʘʤʠ (ʈʠʩ. 27). ʊʨʘʬʠʢ ʨʝʮʝʧʪʦʨʦʚ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʨʝʮʝʧʪʦʨʦʚ ʩ ʢʘʨʢʘʩʥʳʤʠ ʙʝʣʢʘʤʠ, ʪʘʢ ʠ ʣʠʧʠʜʥʦʡ ʢʦʤʧʦʟʠʮʠʝʡ ʤʝʤʙʨʘʥʳ. ʊʘʢʞʝ 

ʘʢʪʠʚʥʦʩʪʴ ʨʝʮʝʧʪʦʨʦʚ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ ʯʘʩʪʦ ʟʘʚʠʩʷʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ 

ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ. ʄʥʦʛʠʝ ʠʟ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ 

ʨʘʬʪʘʭ (Levitan et al., 2010; ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). ɺ ʮʝʣʦʤ, ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʘʷ 

ʧʣʦʪʥʦʩʪʴ ï ʤʘʩʩʠʚʥʳʡ ʤʫʣʴʪʠ-ʙʝʣʢʦʚʳʡ ʢʦʤʧʣʝʢʩ, ʚʢʣʶʯʘʶʱʠʡ ʤʦʣʝʢʫʣʳ, 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʚ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ï ʬʠʟʠʯʝʩʢʠ 

ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ ʨʘʬʪʘʤʠ (Hering et al., 2003; Suzuki et al., 2011). ʇʦʵʪʦʤʫ ʜʠʬʬʫʟʠʷ 

ʨʝʮʝʧʪʦʨʥʳʭ ʙʝʣʢʦʚ ʥʘʤʥʦʛʦ ʤʝʜʣʝʥʥʝʝ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʩʘʡʪʘʭ, ʯʝʤ ʚ 

ʵʢʩʪʨʘʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ (Hering et al., 2003; Triller, Choquet, 2005; Fernandes et al., 
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2010, ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʚ ʦʪʥʦʰʝʥʠʠ ʠʦʥʦʪʨʦʧʥʭr 

ʛʣʫʪʘʤʘʪʥʳʭ ʠ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ. 

ɻʣʫʪʘʤʘʪʥʳʝ ɸMPA-ʨʝʮʝʧʪʦʨʳ ï ʧʦʜʪʠʧ ʛʣʫʪʘʤʘʪʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, 

ʦʧʦʩʨʝʜʫʶʱʠʭ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʦʟʙʫʞʜʘʶʱʠʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ 

(ɿʝʬʠʨʦʚ, ʉʠʪʜʠʢʦʚʘ, 2010). ʕʪʠ ʨʝʮʝʧʪʦʨʳ ʧʦʩʪʦʷʥʥʦ ʧʝʨʝʤʝʱʘʶʪʩʷ ʤʝʞʜʫ 

ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʦʡ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤʠ ʢʦʤʧʘʨʪʤʝʥʪʘʤʠ. ʈʝʛʫʣʷʮʠʷ ʪʨʘʬʠʢʘ 

AMPA-ʨʝʮʝʧʪʦʨʦʚ ʚʦʚʣʝʯʝʥʘ ʚ ʤʝʭʘʥʠʟʤʳ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ: ʵʥʜʦʮʠʪʦʟ ɸMPA-ʨʝʮʝʧʪʦʨʦʚ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩʥʠʞʘʝʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʢ ʛʣʫʪʘʤʘʪʫ, ʘ ʵʢʟʦʮʠʪʦʟ ʨʝʮʝʧʪʦʨʦʚ ï 

ʥʘʦʙʦʨʦʪ (Czºndºr, Thoumine, 2013; ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). ɹʦʣʴʰʠʥʩʪʚʦ AMPA-

ʨʝʮʝʧʪʦʨʦʚ ʛʠʧʧʦʢʘʤʧʘʣʴʥʳʭ ʠ ʢʦʨʪʠʢʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʣʠʧʠʜʥʳʭ 

ʧʣʦʪʠʢʘʭ (Hering et al., 2003), ʢʫʜʘ ʦʥʠ ʜʦʩʪʘʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʘʨʢʘʩʥʦʛʦ ʙʝʣʢʘ 

GRIP, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʙʝʣʢʦʤ-ʨʝʟʠʜʝʥʪʦʤ ʨʘʬʪʦʚ Ephrin-B. ʊʘʢʞʝ ɸMPA-

ʨʝʮʝʧʪʦʨʳ ʤʦʛʫʪ ʘʩʩʦʮʠʠʨʦʚʘʪʴʩʷ ʩ ʛʘʥʛʣʠʦʟʠʜʘʤʠ GM1 ʨʘʬʪʦʚ (Cole et al., 2010). 

ʊʦʣʴʢʦ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʨʘʬʪʘʤʠ AMPA-ʨʝʮʝʧʪʦʨʳ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ 

ʪʠʨʦʟʠʥʦʚʦʤʫ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʶ Srʩ ʢʠʥʘʟʦʡ ʠ ʢʠʥʘʟʦʡ ʠʥʩʫʣʠʥʦʚʦʛʦ ʨʝʮʝʧʪʦʨʘ, ʯʪʦ 

ʚʳʟʳʚʘʝʪ ʠʭ ʵʥʜʦʮʠʪʦʟ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʜʝʧʨʝʩʩʠʠ 

(Hayashi et al., 2004). ɺ ʧʝʨʚʠʯʥʦʡ ʢʫʣʴʪʫʨʝ ʥʝʡʨʦʥʦʚ ʛʠʧʧʦʢʘʤʧʘ ʙʝʣʦʢ ʧʣʦʪʠʢʦʚ 

ʢʘʚʝʦʣʠʥ-1 ʩʥʠʞʘʝʪ ʩʨʦʜʩʪʚʦ AMPA-ʨʝʮʝʧʪʦʨʦʚ ʢ ʘʛʦʥʠʩʪʫ (Gaudreault et al., 2004).  

ɺ ʮʝʣʦʤ, ʭʦʣʝʩʪʝʨʠʥ ʠʤʝʝʪ ʜʚʦʷʢʦʝ ʟʥʘʯʝʥʠʝ ʚ ʪʨʘʬʬʠʢʝ AMPA-ʨʝʮʝʧʪʦʨʦʚ. 

ʆʩʪʨʦʝ ʫʜʘʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʧʦʜʘʚʣʷʝʪ ʪʦʢʠ ʯʝʨʝʟ AMPA-ʨʝʮʝʧʪʦʨʳ ʠ ʠʭ ʚʩʪʨʘʠʚʘʥʠʝ 

ʧʫʪʝʤ ʵʢʟʦʮʠʪʦʟʘ, ʯʪʦ ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ AMPA-ʨʝʮʝʧʪʦʨʦʚ, ʩʥʠʞʝʥʠʶ 

ʥʘʜʝʞʥʦʩʪʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ (Hou et al., 2008). ʋʜʘʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ / 

ʩʬʠʥʛʦʣʠʧʠʜʦʚ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʥʩʪʠʪʫʪʠʚʥʳʡ ʵʥʜʦʮʠʪʦʟ 

AMPA-ʨʝʮʝʧʪʦʨʦʚ, ʪʘʢʞʝ ʩʥʠʞʘʷ ʠʭ ʵʢʩʧʨʝʩʩʠʶ ʥʘ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ 

(Hering et al., 2003). ɺ ʥʝʡʨʦʥʘʭ ʩʦ ʩʥʠʞʝʥʥʳʤ (~ ʥʘ 25%) ʚ ʭʦʜʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ 

ʫʨʦʚʥʝʤ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ AMPA-ʨʝʮʝʧʪʦʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʣʝʪʢʠ ʚʩʣʝʜʩʪʚʠʝ ʥʘʨʫʰʝʥʠʷ ʠʭ ʵʥʜʦʮʠʪʦʟʘ ʠ ʣʘʪʝʨʘʣʴʥʦʡ ʤʦʙʠʣʴʥʦʩʪʠ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʪʝʨʷ ʭʦʣʝʩʪʝʨʠʥʘ ʚʝʜʝʪ ʢ ʦʪʩʦʝʜʠʥʝʥʠʶ ʙʝʣʢʘ MARCKS ʦʪ 

ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-4,5-ʙʠʬʦʩʬʘʪʦʚ ʤʝʤʙʨʘʥʳ, ʢʦʪʦʨʳʝ ʧʝʨʝʚʦʜʷʪʩʷ ʬʦʩʬʦʠʥʦʟʠʪʦʣ-

3-ʢʠʥʘʟʦʡ ʚ ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-3,4,5-ʪʨʠʬʦʩʬʘʪʳ. ʅʘʢʦʧʣʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪ F-ʘʢʪʠʥ, ʩʥʠʞʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ AMPA-ʨʝʮʝʧʪʦʨʦʚ, ʠ 
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ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʪʠʚʘʮʠʠ Akt ʢʠʥʘʟʳ, ʢʦʪʦʨʘʷ ʠʥʘʢʪʠʚʠʨʫʝʪ GSK3ɓ, ʫʯʘʩʪʚʫʶʱʫʶ ʚ 

ʵʥʜʦʮʠʪʦʟʝ AMPA-ʨʝʮʝʧʪʦʨʦʚ (Martin et al., 2014). 

ɻʣʫʪʘʤʘʪʥʳʝ NMDA-ʨʝʮʝʧʪʦʨʳ ï ʢʣʶʯʝʚʦʡ ʪʠʧ ʛʣʫʪʘʤʘʪʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʬʝʥʦʤʝʥʘʭ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʢʘʣʴʮʠʝʚʦʤ ʛʦʤʝʦʩʪʘʟʝ 

(ɿʝʬʠʨʦʚ, ʉʠʪʜʠʢʦʚʘ, 2010; ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). ɸʢʪʠʚʘʮʠʷ ʛʣʫʪʘʤʘʪʥʳʭ NMDA-

ʨʝʮʝʧʪʦʨʦʚ ʫʚʝʣʠʯʠʚʘʝʪ ʯʠʩʣʦ AMPA-ʨʝʮʝʧʪʦʨʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʨʘʬʪʘʤʠ. ʇʦ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʤ ʦʮʝʥʢʘʤ, 90% NMDA-ʨʝʮʝʧʪʦʨʦʚ ʘʩʩʦʮʠʠʨʦʚʘʥʦ ʩ ʣʠʧʠʜʥʳʤʠ 

ʧʣʦʪʠʢʘʤʠ ʠ / ʠʣʠ ʙʝʣʢʘʤʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʘ 10% ʧʨʝʙʳʚʘʶʪ ʚ ʞʠʜʢʦʡ 

ʤʝʤʙʨʘʥʝ. ʂʘʨʢʘʩʥʳʡ ʙʝʣʦʢ PSD-95, ʩʚʷʟʳʚʘʶʱʠʡʩʷ ʩ NMDA-ʨʝʮʝʧʪʦʨʘʤʠ, ʪʘʢʞʝ 

ʨʘʩʧʦʣʘʛʘʝʪʩ̫ ʚʦ ʬʨʘʢʮʠʠ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ (Delint-Ramirez et al., 2010). ɸʢʪʠʚʘʮʠʷ 

NMDA-ʨʝʮʝʧʪʦʨʦʚ ʧʣʦʪʠʢʦʚ ʚʳʟʳʚʘʝʪ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʭʦʜ ʠʦʥʦʚ ʉʘ
2+ 

(Frank et al., 

2004). ɺ ʢʫʣʴʪʫʨʝ ʥʝʡʨʦʥʦʚ ʧʨʠ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʵʢʩʧʨʝʩʩʠʷ 

NMDA-ʨʝʮʝʧʪʦʨʦʚ ʚ ʧʣʦʪʠʢʘʭ ʩʥʠʞʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ ʦʩʣʘʙʣʷʝʪʩʷ ʛʠʙʝʣʴ ʥʝʡʨʦʥʦʚ, 

ʚʳʟʚʘʥʥʘʷ ʠʟʙʳʪʦʯʥʦʡ ʘʢʪʠʚʘʮʠʝʡ NMDA-ʨʝʮʝʧʪʦʨʦʚ (Liu et al., 2010). ʇʨʠ ʠʰʝʤʠʠ 

ʠʣʠ ʦʙʫʯʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʱʝʥʠʝ NMDA-ʨʝʮʝʧʪʦʨʦʚ ʠ PSD-95 ʠʟ 

ʵʢʩʪʨʘʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʘʬʪʦʚ ʚ ʦʙʣʘʩʪʴ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʯʪʦ ʟʘʧʫʩʢʘʝʪʩʷ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝʤ NR2A ʠ NR2B ʩʫʙʲʝʜʠʥʠʮ ʨʝʮʝʧʪʦʨʘ ʪʠʨʦʟʠʥ-ʢʠʥʘʟʘʤʠ Src 

ʩʝʤʝʡʩʪʚʘ (Delint-Ramirez et al., 2010). ʇʨʠʯʝʤ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʘʢʪʠʚʠʨʫʝʪ ʠʦʥʥʳʡ 

ʢʘʥʘʣ ʨʝʮʝʧʪʦʨʘ, ʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʨʝʮʝʧʪʦʨʘ (Besshoh et al., 2007). 

ʃʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ ʤʝʤʙʨʘʥʳ ʥʝʡʨʦʥʦʚ ʤʦʛʫʪ ʙʳʩʪʨʦ ʠʟʤʝʥʷʪʴʩʷ ʚ ʨʘʟʤʝʨʘʭ, 

ʢʦʥʮʝʥʪʨʠʨʫʷ ʚ ʩʝʙʝ NMDA ʨʝʮʝʧʪʦʨʳ. ɺ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʦʚ ʨʘʬʪʦʚ, ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʚ ʥʠʭ NMDA ʨʝʮʝʧʪʦʨʦʚ ʠ ʫʚʝʣʠʯʝʥʠʶ 

ʘʤʧʣʠʪʫʜʳ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʉʘ
2+

-ʪʦʢʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʘʢʪʦʨ ʥʝʢʨʦʟʘ ʦʧʫʭʦʣʝʡ ʘʣʴʬʘ 

ʠ ʬʘʢʪʦʨ ʨʦʩʪʘ ʥʝʨʚʦʚ, ʧʨʦʜʫʮʠʨʫʝʤʳʝ ʛʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ (Wheeler et al., 2009). 

ʉʚʝʨʭ-ʵʢʩʧʨʝʩʩʠʷ ʚ ʢʫʣʴʪʫʨʝ ʥʝʡʨʦʥʦʚ ʙʝʣʢʘ ʧʣʦʪʠʢʦʚ ʢʘʚʝʦʣʠʥʘ 1, ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʘʬʪʦʚ, ʫʚʝʣʠʯʠʚʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʥʘ ʤʝʤʙʨʘʥʝ NMDA-ʨʝʮʝʧʪʦʨʦʚ (Head 

et al., 2010, 2011). ɹʝʣʦʢ ʚʠʨʫʩʘ ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ gp120 ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ 

ʙʦʣʴʰʠʭ ʩʪʘʙʠʣʴʥʳʭ ʣʠʧʠʜʥʳʭ ʤʠʢʨʦʜʦʤʝʥʦʚ ʥʘ ʜʝʥʜʨʠʪʘʭ ʠ ʧʝʨʝʤʝʱʝʥʠʶ ʚ ʥʠʭ 

NMDA-ʨʝʮʝʧʪʦʨʦʚ, ʚ ʠʪʦʛʝ ʨʝʮʝʧʪʦʨʳ ʪʝʨʷʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʣʘʪʝʨʘʣʴʥʦʡ ʜʠʬʬʫʟʠʠ, ʥʝ 

ʠʥʪʝʨʥʘʣʠʟʫʶʪʩʷ ʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦʩʪʫʧʣʝʥʠʝ ʉʘ
2+ 
ʚ ʮʠʪʦʧʣʘʟʤʫ ʧʨʠ ʠʭ ʘʢʪʠʚʘʮʠʠ. 

ʈʘʟʨʫʰʝʥʠʝ ʤʠʢʨʦʜʦʤʝʥʦʚ ʫʩʪʨʘʥʷʝʪ ʵʪʠ ʵʬʬʝʢʪʳ (Xu et al., 2011).  
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ʃʦʢʘʣʠʟʘʮʠʷ NMDA-ʨʝʮʝʧʪʦʨʦʚ ʚ ʨʘʬʪʘʭ ʦʙʣʝʛʯʘʝʪ ʠʭ ʦʣʠʛʦʤʝʨʠʟʘʮʠʶ, ʘ 

ʫʜʘʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʫʛʥʝʪʘʝʪ ʚʭʦʜ ʉʘ
2+

 ʯʝʨʝʟ NMDA-ʨʝʮʝʧʪʦʨʳ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ 

ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ ʠ ʠʥʛʠʙʠʨʫʝʪ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʧʦʪʝʥʮʠʘʮʠʶ ʚ ʛʠʧʧʦʢʘʤʧʝ (Korinek et 

al., 2015). ʅʘʦʙʦʨʦʪ, 24-ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥ, ʜʝʡʩʪʚʫʷ ʢʘʢ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʡ ʤʦʜʫʣʷʪʦʨ, 

ʚ ʩʫʙʤʠʢʨʦʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʦʪʝʥʮʠʨʫʝʪ ʦʧʦʩʨʝʜʫʝʤʳʡ NMDA-ʨʝʮʝʧʪʦʨʘʤʠ 

ʦʪʚʝʪ, ʩʧʦʩʦʙʩʪʚʫʷ ʠʥʜʫʢʮʠʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʦʪʝʥʮʠʘʮʠʠ ʚ ʩʨʝʟʘʭ ʛʠʧʧʦʢʘʤʧʘ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ 25-ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥ (ʚ ʩʫʙʤʠʢʨʦʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ) 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ 24-ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥʘ (Paul et al., 2013). 

ɺʭʦʜ ʉʘ
2+

 ʯʝʨʝʟ NMDA-ʨʝʮʝʧʪʦʨʳ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʢʘʢ ʬʝʥʦʤʝʥʳ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ, ʪʘʢ ʠ ʛʠʙʝʣʴ ʢʣʝʪʢʠ (ʵʢʩʘʡʪʦʪʦʢʩʠʯʥʦʩʪʴ), ʯʪʦ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ 

ʧʦʪʦʢʘ ʉʘ
2+

 ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʨʝʮʝʧʪʦʨʦʚ (ʚ ʨʘʬʪʘʭ ʠʣʠ ʥʝʪ, ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʠʣʠ 

ʵʢʩʪʨʘʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ). NMDA-ʨʝʮʝʧʪʦʨʳ ʨʘʬʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʢʘʚʝʦʣʠʥʦʤ-1, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ Src-ʢʠʥʘʟʘ/ERK ʢʠʥʘʟʘ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʚʳʞʠʚʘʥʠʶ ʥʝʡʨʦʥʦʚ. ʇʦʵʪʦʤʫ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚ ʨʘʬʪʘʭ ʨʝʮʝʧʪʦʨʳ 

ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʦʧʦʩʨʝʜʫʶʪ ʵʢʩʘʡʪʦʪʦʢʩʠʯʥʦʩʪʴ. ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʘʛʦʥʠʩʪʘ ʠ ʠʰʝʤʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʱʝʥʠʝ NMDA-ʨʝʮʝʧʪʦʨʦʚ ʚ ʞʠʜʢʫʶ ʬʘʟʫ 

ʤʝʤʙʨʘʥʳ (Head et al., 2008; Stary et al., 2012). ʉʚʝʨʭ-ʘʢʪʠʚʘʮʠʷ ʵʢʩʪʨʘʩʠʥʘʧʪʠʯʝʩʢʠʭ 

NMDA-ʨʝʮʝʧʪʦʨʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʵʢʩʘʡʪʦʪʦʢʩʠʯʥʦʩʪʴ (Martin et al., 

2014). ɺ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʘʭ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʪʨʘʥʩʧʦʨʪʝʨ ʚʦʟʙʫʞʜʘʶʱʠʭ ʘʤʠʥʦʢʠʩʣʦʪ 

(EAAT1-4), ʠ ʫʜʘʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʩʥʠʞʘʝʪ ʦʧʦʩʨʝʜʫʝʤʳʡ ʪʨʘʥʩʧʦʨʪʝʨʦʤ Na
+
-

ʟʘʚʠʩʠʤʳʡ ʟʘʭʚʘʪ ʛʣʫʪʘʤʘʪʘ ʚ ʛʣʠʘʣʴʥʳʝ ʠ ʥʝʡʨʦʥʘʣʴʥʳʝ ʢʣʝʪʢʠ (Butchbach et al., 2004), 

ʩʧʦʩʦʙʩʪʚʫʷ ʵʢʩʘʡʪʦʪʦʢʩʠʯʥʦʩʪʠ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ NMDA-ʨʝʮʝʧʪʦʨʦʚ 

ʚʳʟʳʚʘʝʪ ʙʳʩʪʨʦʝ ʩʥʠʞʝʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ (ʚʦʟʤʦʞʥʦ, 

ʨʝʮʠʢʣʠʨʫʶʱʠʭ ʵʥʜʦʩʦʤ), ʯʪʦ ʚʝʜʝʪ ʢ ʘʢʪʠʚʘʮʠʠ ʉdc42 ʠ Rab11-ʟʘʚʠʩʠʤʦʛʦ ʪʨʘʬʠʢʘ 

AMPA-ʨʝʮʝʧʪʦʨʦʚ ʚ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʦʪʝʥʮʠʘʮʠʠ (Brachet et al., 2015). 

ʅʠʢʦʪʠʥʦʚʳʝ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ (ʥɸʭʈ) ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʥʝʨʚʥʳʭ ʩʠʩʪʝʤʘʭ (ɿʝʬʠʨʦʚ, ʉʠʪʜʠʢʦʚʘ, 2010). ʕʬʬʝʢʪ 

ʘʢʪʠʚʘʮʠʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʥɸʭʈ ʢʨʠʪʠʯʝʩʢʠ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʣʦʢʘʣʠʟʘʮʠʠ (ʚ ʧʨʝ- ʠʣʠ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʤ ʫʯʘʩʪʢʝ), ʪʘʢʞʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʧʦʟʠʮʠʷ ʨʝʮʝʧʪʦʨʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʨʝʛʠʦʥʝ ʤʝʤʙʨʘʥʳ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʙʰʠʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʡ 

ʙʝʣʢʦʚʦʡ ʯʘʩʪʴʶ ʥɸʭʈ ʠ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʣʠʧʠʜʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ (ʬʦʩʬʦʣʠʧʠʜʳ, 
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ʭʦʣʝʩʪʝʨʠʥ, ʬʦʩʬʘʪʠʜʥʘʷ ʢʠʩʣʦʪʘ), ʬʦʨʤʠʨʫʶʱʠʤʠ ʧʦʷʩ ʚʦʢʨʫʛ ʨʝʮʝʧʪʦʨʘ (ʤʠʥʠʤʫʤ ʠʟ 

45 ʣʠʧʠʜʦʚ). ʕʪʠ ʣʠʧʠʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʳ (ʠʤʝʶʪ ʚ 50-100 ʨʘʟ ʤʝʥʴʰʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʣʘʪʝʨʘʣʴʥʦʡ ʜʠʬʬʫʟʠʠ), ʧʦʩʢʦʣʴʢʫ ʢʨʝʧʢʦ ʩʚʷʟʘʥʳ ʩ ʨʝʮʝʧʪʦʨʦʤ. ʆʪ 

ʩʦʩʪʘʚʘ ʣʠʧʠʜʥʦʛʦ ʧʦʷʩʘ ʥɸʭʈ ʟʘʚʠʩʠʪ ʝʛʦ ʠʦʥʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (Fantini, Barrantes, 

2009; Barrantes, 2014; ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). ʍʦʣʝʩʪʝʨʠʥ ʠ ʘʥʠʦʥʥʳʝ ʬʦʩʬʦʣʠʧʠʜʳ 

ʦʙʣʝʛʯʘʶʪ ʦʪʢʨʳʚʘʥʠʝ ʢʘʥʘʣʘ ʨʝʮʝʧʪʦʨʘ, ʪʦʛʜʘ ʢʘʢ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʥʘʨʫʰʘʶʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʮʝʧʪʦʨʘ ʩ ʭʦʣʝʩʪʝʨʠʥʦʤ ʠ ʬʦʩʬʦʣʠʧʠʜʘʤʠ, ʠ ʠʥʛʠʙʠʨʫʶʪ ʦʪʢʨʳʚʘʥʠʝ 

ʢʘʥʘʣʘ. ʅʘʣʠʯʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʨʨʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʨʝʮʝʧʪʦʨʘ ʠ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʢʦʥʬʦʨʤʘʮʠʷʤʠ (Fantini, Barrantes, 2009). ʍʨʦʥʠʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʧʘʨʘʪʦʚ, ʠʥʛʠʙʠʨʫʶʱʠʭ ʩʠʥʪʝʟ ʭʦʣʝʩʪʝʨʠʥʘ (ʩʪʘʪʠʥʦʚ), ʚʝʜʝʪ ʢ 

ʤʠʘʩʪʝʥʠʠ, ʢʦʪʦʨʘʷ ʯʘʩʪʠʯʥʦ ʩʚʷʟʘʥʘ ʩ ʥʘʨʫʰʝʥʠʝʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥɸʭʈ (Grajales-

Reyes G.E. et al., 2012). 

ɺ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʘʭ ʥʝʡʨʦʥʦʚ ʨʝʩʥʠʯʥʦʛʦ ʛʘʥʛʣʠʷ (Brus®s et al., 2001), 

ʛʠʧʧʦʢʘʤʧʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ (Col·n-S§ez, Yakel, 2011), ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ 

ʜʝʥʝʨʚʠʨʦʚʘʥʥʳʭ ʤʳʰʮ ʤʳʰʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦ ʚʳʨʘʱʝʥʥʳʭ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ 

ʩʠʥʘʧʩʦʚ ʦʙʥʘʨʫʞʝʥʳ ʥɸʭʈ (Willmann et al., 2006). ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʤʦʣʝʢʫʣ (ʨʘʧʩʠʥ, 

MuSK, SFKs, Ŭ-ʜʠʩʪʨʦʙʨʝʚʠʥ-2, ɓ-ʜʠʩʪʨʦʛʣʠʢʘʥ, ʢʘʚʝʦʣʠʥ 3), ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʤʳʰʝʯʥʳʭ ʥɸʭʈ, ʪʘʢʞʝ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʨʘʬʪʘʭ. ʇʝʨʝʤʝʱʝʥʠʝ ʥɸʭʈ 

ʢʦʥʮʝʚʦʡ ʧʣʘʩʪʠʥʢʠ ʚ ʨʘʬʪʳ ʤʦʞʝʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴʩʷ ʘʛʨʠʥʦʤ, ʥʝʡʨʦʪʨʦʬʠʯʝʩʢʠʤ 

ʬʘʢʪʦʨʦʤ, ʩʝʢʨʝʪʠʨʫʝʤʳʤ ʤʦʪʦʥʝʡʨʦʥʘʤʠ, ʘ ʚʳʟʚʘʥʥʦʝ ʜʝʥʝʨʚʘʮʠʝʡ ʤʳʰʮ ʨʘʩʩʝʠʚʘʥʠʝ 

ʥɸʭʈ ʟʘʤʝʜʣʷʝʪʩʷ ʧʦʩʣʝ ʚʩʪʨʘʠʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʭʦʣʝʩʪʝʨʠʥʘ ʚ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ (Willmann et al., 2006). ɺ ʥʝʡʨʦʥʘʭ ʮʠʣʠʘʨʥʦʛʦ ʛʘʥʛʣʠʷ 

ʨʘʟʨʫʰʝʥʠʝ ʧʣʦʪʠʢʦʚ ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʥɸʭʈ, ʠʭ ʨʘʩʩʝʠʚʘʥʠʝ ʠ ʚʣʠʷʝʪ 

ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʥɸʭʈ (Fernandes et al., 2010). ʊʘʢ, ʧʨʠ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʧʣʦʪʠʢʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʜʣʝʥʠʝ ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʘʬʬʠʥʥʦʩʪʠ ʢ ʤʝʜʠʘʪʦʨʫ Ŭ7-ʥɸʭʈ 

ʛʠʧʧʦʢʘʤʧʘ (Col·n-S§ez, Yakel, 2011). ʍʦʪʷ ʨʘʟʨʫʰʝʥʠʝ ʧʣʦʪʠʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʠʥʝʪʠʢʝ ʨʘʙʦʪʳ ʤʳʰʝʯʥʳʭ ʥɸʭʈ ʜʠʢʦʛʦ ʪʠʧʘ (ʊʘʨʘʢʘʥʦʚʘ ʠ ʜʨ. 2011), 

ʪʦʢʠ ʯʝʨʝʟ ʤʫʪʘʥʪʥʫʶ ʬʦʨʤʫ ʥɸʭʈ (ŬC418W), ʩ ʢʦʪʦʨʦʡ ʩʚʷʟʘʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʥʘʩʣʝʜʩʪʚʝʥʥʦʛʦ ʤʠʘʩʪʝʥʠʯʝʩʢʦʛʦ ʩʠʥʜʨʦʤʘ, ʫʩʠʣʠʚʘʶʪʩʷ. ɺ ʩʦʩʪʘʚʝ ʧʣʦʪʠʢʦʚ 

ʤʫʪʘʥʪʥʳʝ ʥɸʭʈ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ ʢʘʚʝʦʣʠʥʦʤ-1 ʚ ʥʝʘʢʪʠʚʥʦʡ ʬʦʨʤʝ, ʘ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ 

ʧʣʦʪʠʢʦʚ ʘʢʪʠʚʥʦʩʪʴ ʨʝʮʝʧʪʦʨʦʚ ʚʦʟʨʘʩʪʘʝʪ (B§ez-Pag§n et al., 2008). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʧʣʦʪʠʢʘʭ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʥʝʘʢʪʠʚʥʳʡ ʧʫʣ ʨʝʮʝʧʪʦʨʦʚ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ 



78 
 

  

ʦʩʚʦʙʦʞʜʘʪʴʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʬʪʦʚ. ʉʣʝʜʫʝʪ ʦʛʦʚʦʨʠʪʩɹʷ, ʯʪʦ 

ʟʘʷʢʦʨʠʚʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʥɸʭʈ (ʥʘʧʨʠʤʝʨ, Ŭ3-ʪʠʧʘ) ʚ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩ ʧʦʤʦʱʴʶ ʢʘʨʢʘʩʥʳʭ, ʮʠʪʦʩʢʝʣʝʪʥʳʭ ʙʝʣʢʦʚ, ʙʝʣʢʦʚ 

ʤʠʢʨʦʪʨʫʙʦʯʝʢ ʠ ʥʝ ʟʘʚʠʩʝʪʴ ʦʪ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ (Fernandes et al., 2010). 

ʉʬʠʥʛʦʣʠʧʠʜʳ ʧʣʦʪʠʢʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʰʘʧʝʨʦʥʦʚ, ʩʧʦʩʦʙʩʪʚʫʷ ʧʨʘʚʠʣʴʥʦʡ 

ʩʙʦʨʢʝ ʥɸʭʈ ʠ ʠʭ ʜʦʩʪʘʚʢʝ ʚ ʧʣʘʟʤʘʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ. ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʩʠʥʪʝʟʘ 

ʩʬʠʥʛʦʣʠʧʠʜʦʚ ʚ ʣʠʥʠʠ ʢʣʝʪʦʢ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʚʳʟʳʚʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʦʣʠʛʦʤʝʨʦʚ ʥɸʭʈ 

ʚ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʩʝʪʠ (Baier et al., 2010).  

ʃʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ ʚʘʞʥʳ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʩʩʘʭ ʩʝʢʨʝʮʠʠ ʤʝʜʠʘʪʦʨʘ, ʥʦ ʠ, 

ʚʝʩʴʤʘ ʚʝʨʦʷʪʥʦ, ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʤʦʣʝʢʫʣ ʤʝʜʠʘʪʦʨʘ ʫ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ. ʄʦʣʝʢʫʣʳ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ ʚ ʦʯʝʥʴ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (ʩʚʳʰʝ 600ʤʄ) ʩʦʜʝʨʞʘʪʩʷ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣʘʭ, ʧʨʠ ʵʪʦʤ 

ʩʦʟʜʘʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʦʣʠʛʦʤʝʨʦʚ 

(ʘʛʨʝʛʘʪʦʚ) (Nag et al., 2008). ʇʦʩʣʝ ʵʢʟʦʮʠʪʦʟʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʜʠʘʪʦʨʘ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʱʝʣʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʧʘʜʘʝʪ, ʠ ʤʦʥʦʤʝʨʳ ʩʧʦʥʪʘʥʥʦ ʦʩʚʦʙʦʞʜʘʶʪʩʷ ʠʟ 

ʘʛʨʝʛʘʪʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʩʮʝʥʘʨʠʡ ʩʦʙʳʪʠʡ. ʇʦʜʭʦʜʷ ʢ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ, ʘʛʨʝʛʘʪʳ ʤʝʜʠʘʪʦʨʘ ʤʦʛʫʪ ʨʘʟʨʫʰʘʪʴʩʷ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʛʘʥʛʣʠʦʟʠʜʘʤʠ ʧʣʦʪʠʢʦʚ, ʚ ʠʪʦʛʝ ʦʩʚʦʙʦʜʠʚʰʠʝʩʷ ʦʪʜʝʣʴʥʳʝ 

ʤʦʣʝʢʫʣʳ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʨʝʮʝʧʪʦʨʘʤʠ, ʨʘʟʨʫʰʘʶʪʩʷ ʠʣʠ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʦʙʨʘʪʥʦ ʚ 

ʥʝʨʚʥʦʝ ʦʢʦʥʯʘʥʠʝ. ʂʨʦʤʝ ʵʪʦʛʦ, ʤʦʥʦʤʝʨʳ ʤʝʜʠʘʪʦʨʘ, ʩʦʝʜʠʥʝʥʥʳʝ ʩ ʣʠʧʠʜʘʤʠ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʤʦʛʫʪ ʥʘʧʨʘʚʣʷʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ʩʧʝʮʠʬʠʯʥʳʭ ʩʘʡʪʦʚ 

ʨʝʮʝʧʪʦʨʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʘʠʙʦʣʴʰʝʡ ʘʬʬʠʥʥʦʩʪʴʶ. ʊʘʢ, ʩʚʷʟʳʚʘʶʱʠʡ ʩʘʡʪ ʨʷʜʘ 

ʨʝʮʝʧʪʦʨʦʚ (ʥʘʧʨʠʤʝʨ, ʩʝʨʦʪʦʥʠʥʦʚʳʭ) ʨʘʩʧʦʣʦʞʝʥ ʚ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʡ ʩʧʠʨʘʣʠ (ʪʦ 

ʝʩʪʴ ʩʧʨʷʪʘʥ ʚ ʪʦʣʱʝ ʤʝʤʙʨʘʥʳ) ʠ ʜʦʩʪʫʧʝʥ ʪʦʣʴʢʦ ʜʣʷ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ 

ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ. ʆʙʥʘʨʫʞʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʝʨʦʪʦʥʠʥʘ, 

ɻɸʄʂ, ʛʣʫʪʘʤʘʪʘ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʩʬʠʥʛʦʤʠʝʣʠʥʦʤ. ʇʝʧʪʠʜʥʳʝ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʳ (ʣʝʡʮʠʥ ʵʥʢʝʬʘʣʠʥ, ʘʣʴʬʘ-ʤʝʣʘʥʦʮʠʪ 

ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʛʦʨʤʦʥ, ʩʫʙʩʪʘʥʮʠʷ ʈ), ʪʦʢʩʠʥʳ ʪʦʞʝ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʛʣʠʢʦʣʠʧʠʜʘʤʠ 

(Fantini, Barrantes, 2009; ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). 

 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʩʦʙʫʶ ʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ ʨʦʣʴ 

ʵʚʦʣʶʮʠʦʥʥʦ ʥʘʠʙʦʣʝʝ ʥʦʚʦʛʦ ʣʠʧʠʜʘ ʭʦʣʝʩʪʝʨʠʥʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʩʪʫʧʘʪʴ ʚʦ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʬʠʥʛʦʣʠʧʠʜʘʤʠ, ʬʦʨʤʠʨʫʷ ʤʠʢʨʦʜʦʤʝʥʳ ʤʝʤʙʨʘʥʳ - ʣʠʧʠʜʥʳʝ 

ʧʣʦʪʠʢʠ (ʨʘʬʪʳ). ʈʘʬʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʜʠʥʘʤʠʯʥʳʝ, ʦʙʦʛʘʱʝʥʥʳʝ ʭʦʣʝʩʪʝʨʠʥʦʤ, 

ʩʬʠʥʛʦʣʠʧʠʜʘʤʠ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʢʦʧʣʝʥʠʷ ʩʦ ʩʧʝʮʠʬʠʯʥʳʤʠ ʙʝʣʢʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʙʲʝʜʠʥʷʪʴʩʷ ʟʘ ʩʯʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʣʠʧʠʜ-ʣʠʧʠʜʥʳʭ, ʙʝʣʦʢ-ʣʠʧʠʜʥʳʭ, ʙʝʣʦʢ-

ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʂʣʝʪʦʯʥʘʷ ʤʝʤʙʨʘʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʟʘʠʢʫ ʠʟ ʨʘʬʪʦʚ, 

ʚ ʢʦʪʦʨʳʭ ʧʨʦʪʝʢʘʶʪ ʩʧʝʮʠʬʠʯʥʳʝ ʨʝʘʢʮʠʠ. ɺ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʣʦʪʠʢʦʚ, ʠʭ ʢʦʣʠʯʝʩʪʚʘ, ʦʙʲʝʜʠʥʝʥʠʝ ʠʣʠ ʨʘʟʜʝʣʝʥʠʝ ʨʘʬʪʦʚ ʫʧʨʘʚʣʷʶʪ 

ʤʥʦʛʠʤʠ ʢʣʝʪʦʯʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʇʨʠ ʩʣʠʷʥʠʠ ʨʘʬʪʦʚ ʩʦʟʜʘʶʪʩʷ ʩʠʛʥʘʣʴʥʳʝ 

ʧʣʘʪʬʦʨʤʳ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʦʨʳʭ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʠʛʥʘʣʴʥʳʭ 

ʤʦʣʝʢʫʣ ʠ ʟʘʧʫʩʢ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ. ʈʘʟʨʫʰʝʥʠʝ ʨʘʬʪʦʚ ʯʨʝʚʘʪʦ ʥʘʨʫʰʝʥʠʝʤ 

ʢʦʤʧʘʨʪʤʝʥʪʘʣʠʟʘʮʠʠ ʢʣʝʪʦʯʥʳʭ ʨʝʘʢʮʠʡ ʠ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʨʝʮʝʧʪʦʨʦʚ ʠ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ. ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ 

ʠʤʝʶʪ ʚ ʚʳʩʦʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʣʝʪʢʘʭ (ʚ ʯʘʩʪʥʦʩʪʠ, ʥʝʡʨʦʥʘʭ), ʜʣʷ ʢʦʪʦʨʳʭ 

ʭʘʨʘʢʪʝʨʥʘ ʩʣʦʞʥʘʷ ʢʦʤʧʘʨʪʤʝʥʪʘʣʠʟʘʮʠʷ ʠ ʨʝʛʫʣʷʮʠʷ ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʩ ʭʦʣʝʩʪʝʨʠʥʦʤ ʠ ʣʠʧʠʜʥʳʤʠ ʧʣʦʪʠʢʘʤʠ ʤʦʛʫʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʤʥʦʛʠʝ ʙʝʣʢʠ, ʚʦʚʣʝʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩ r ʵʢʟʦ- ʠ ʵʥʜʦʮʠʪʦʟʘ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʢʦʪʦʨʳʝ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʩʝʢʨʝʮʠʠ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ. ʈʘʬʪʳ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʚʘʞʥʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʤʝʜʠʘʪʦʨʘ, 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠ ʧʨʘʚʠʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ. ɺ 

ʮʝʣʦʤ, ʠʟʫʯʝʥʠʝ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʨʘʟʚʠʪʠʝ 

ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝʡʨʦʥʦʚ ʠ 

ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. 
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3. ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

 

3.1 ʆʙʲʝʢʪ, ʨʘʩʪʚʦʨʳ ʠ ʨʝʘʛʝʥʪʳ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʣʛ̫ʫʰʝʢ (Rana 

ridibunda, ʢʦʞʥʦ-ʛʨʫʜʠʥʥʘ ̫ʤʳʰʮʘ) ʠ ʜʠʘʬʨʘʛʤʘʣʴʥʳʭ ʤʳʰʮʘʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʳʰʝʡ ʠ 

ʢʨʳʩ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʣʷʛʫʰʢʘʭ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʚʝʜʝʥʦ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʘʚʠʣ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ 

ʂʘʟʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʨʘʚʠʣʘʤ 

çʧʦ ʟʘʙʦʪʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭè (NIH Publication No. 85ï23, 

revised 1996) ʠ ʧʨʘʚʠʣʘʤ AVMA  ʵʚʪʘʥʘʟʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ (2013).  

ʃʷʛʫʰʝʢ ʩʦʜʝʨʞʘʣʠ ʚ ʙʘʩʩʝʡʥʘʭ ʩ ʧʨʦʪʦʯʥʦʡ ʜʝʭʣʦʨʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʚ 

ʧʦʣʫʪʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 3-5ʉ. ʄʳʰʠ ʠ ʢʨʳʩʳ ʩʦʜʝʨʞʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ 

ʩʚʦʙʦʜʥʦʛʦ ʜʦʩʪʫʧʘ ʝʜʳ ʠ ʚʦʜʳ, ʩ ʮʠʢʣʦʤ 12 ʯʘʩʦʚ ʩʚʝʪ / 12 ʯʘʩʦʚ ʪʝʤʥʦʪʘ, ʩ ʢʦʥʪʨʦʣʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʘʤʮʦʚ 

ʙʝʩʧʦʨʦʜʥʳʭ ʤʳʰʝʡ ʩ ʤʘʩʩʦʡ ʪʝʣʘ 22-25 ʛ, ʠ ʩʘʤʮʦʚ ʢʨʳʩ ʧʦʨʦʜʳ ɺʠʩʪʘʨ ʩ ʤʘʩʩʦʡ ʪʝʣʘ 

ï 120-150 ʛ. ʇʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʘʥʝʩʪʝʟʠʠ ʞʠʚʦʪʥʳʝ ʜʝʢʘʧʠʪʠʨʦʚʘʣʠʩʴ (ʚ ʩʣʫʯʘʝ 

ʣʷʛʫʰʝʢ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʠʣʠ ʜʝʩʪʨʫʢʮʠʶ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ), ʛʨʫʜʥʘʷ ʢʣʝʪʢʘ ʙʳʩʪʨʦ 

ʚʩʢʨʳʚʘʣʘʩʴ, ʤʳʰʮʘ ʙʳʩʪʨʦ ʚʥrʠʤʘʣʘʩʴ ʠ ʧʦʛʨʫʞʘʣʘʩʴ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ. ɺʩʝ 

ʫʩʠʣʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʪʦ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʪʨʘʜʘʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʧʨʦʪʦʢʦʣʳ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʜʠʨʝʢʪʠʚʳ 86/609/EEC ʠ ʙʳʣʠ ʫʪʚʝʨʞʜʝʥʳ 

ʵʪʠʯʝʩʢʠʤ ʢʦʤʠʪʝʪʦʤ ʂʘʟʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ.  

ʇʨʝʧʘʨʘʪʳ ʧʦʛʨʫʞʘʣʠʩʴ ʚ ʟʘʧʦʣʥʝʥʥʳʝ ʩʠʣʴʛʘʨʜʦʤ ʚʘʥʥʦʯʢʠ (ʦʙʲʝʤʦʤ 3-4 ʤʣ) ʠ 

ʨʘʩʪʷʛʠʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʙʫʣʘʚʦʢ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʩʪʚʦʨʳ ʈʠʥʛʝʨʘ ʜʣʷ 

ʭʦʣʦʜʥʦʢʨʦʚʥʳʭ (NaCl - 115.0, CaCl2 - 1.8, KCl - 2.5, NaHCO3 - 2.4, ʚ ʤʄ; ʠʣʠ NaCl -

113.0, CaCl2 - 1.8, KCl - 2.5, NaHCO3 -1.0, Hepes 5 ʚ ʤʄ) ʠ ʂʨʝʙʩʘ ʜʣʷ ʤʳʰʝʢ (NaCl-

144.0, CaCl2-2.0, MgCl2-0.1, KCl-5.0, NaHCO3-24.0, NaH2PO4-1.0, ʛʣʶʢʦʟʘ-11.0, ʠʣʠ NaCl-

129.0, CaCl2-2.0, KCl-5.0, MgSO4-1.0, NaHCO3-20.0, NaH2PO4-1.0, ʛʣʶʢʦʟʘ-11.0, Hepes-

3.0 ʚ ʤʄ) ʠ ʢʨʳʩ (NaCl ï 120; KCl ï 5.0 ʤʄ; CaCl2 ï 2.0; MgCl2 ï 1.0, NaHCO3 ï 23.0; 

NaH2PO4 ï 1.0; ʛʣʶʢʦʟʘ - 11 ʤʄ). ʈʘʩʪʚʦʨʳ ʜʣʷ ʪʝʧʣʦʢʨʦʚʥʳʭ ʥʘʩʳʱʘʣʠʩʴ ʩʤʝʩɹ ʶ 5% 

ʉʆ2 ʠ 95% ʆ2. ɺ ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʧʘʨʘʪʳ ʧʦʩʪʦʷʥʥʦ ʧʝʨʬʫʟʠʨʦʚʘʣʠʩʴ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʘʤʠ (ʩʢʦʨʦʩʪʴ ʧʝʨʬʫʟʠʠ ï 1 ʤʣ / ʤʠʥ, ʚ ʨʷʜʝ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 
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ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʢʦʨʦʩʪʴ ʫʚʝʣʠʯʠʚʘʣʠ ʜʦ ï 10 ʤʣ/ʤʠʥ), ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʳʭ 

ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʥʘ ʫʨʦʚʥʝ - 20-21ʉ (ʜʣʷ ʭʦʣʦʜʥʦʢʨʦʚʥʳʭ) ʠ 23-24ʉ (ʜʣʷ ʪʝʧʣʦʢʨʦʚʥʳʭ), 

ʘ pH ï ʥʘ ʫʨʦʚʥʝ 7.3-7.4. ɺ ʧʨʠʤʝʥʷʝʤʳʭ ʨʘʩʪʚʦʨʘʭ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʦʩʤʦʤʦʣʷʨʥʦʩʪʴ. 

ɺ ʨʷʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ FM-

ʢʨʘʩʠʪʝʣʝʡ) ʤʳʰʝʯʥʳʝ ʚʦʣʦʢʥʘ ʙʳʣʠ ʧʦʧʝʨʝʯʥʦ ʨʘʩʩʝʯʝʥʳ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʤʳʰʝʯʥʳʝ ʩʦʢʨʘʱʝʥʠʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʜʝʨʞʘʪʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ 

ʢʚʘʥʪʦʚʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʘʮʝʪʠʣʭʦʣʠʥʘ ʚ ʥʝʨʚʥʦ-ʤʳh ʝʯʥʳʭ ʩʠʥʘʧʩʘʭ (Glavinoviôc, 

1979; Lambert et al, 1981; Giniatullin, Giniatullin, 2003; Giniatullin et al., 2015). 

ʍʦʣʝʩʪʝʨʠʥ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʤʙʨʘʥ ʫʜʘʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʠʣ-ɓ-

ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ (ʄʎɼ, Sigma) ʚ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (0.1 ʜʦ 10 ʤʄ). 

ʂʦʤʧʣʝʢʩʦʚʘʥʥʳʡ ʩ ʄʎɼ ʭʦʣʝʩʪʝʨʠʥ (çʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʭʦʣʝʩʪʝʨʠʥè, 400 ʤʢʛ/ʤʣ, 

Sigma) ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʤʝʤʙʨʘʥ ʭʦʣʝʩʪʝʨʠʥʦʤ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʄʎɼ ʠ 

ʢʦʤʧʣʝʢʩʦʤ ʄʎɼ-ʭʦʣʝʩʪʝʨʠʥ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʦʩʤʦʪʠʯʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ. ʇʨʦʧʠʦʥʘʪ 

ʥʘʪʨʠʷ (20 ʠ 40 ʤʄ, Sigma) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ pH. ɼʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʦʩʤʦʣʷʨʥʦʩʪʠ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʧʨʦʧʠʦʥʘʪʦʤ 

ʥʘʪʨʠʷ, ʩʦʜʝʨʞʘʥʠʷ NaCl ʚ ʨʘʩʪʚʦʨʘʭ ʫʤʝʥʴʰʘʣʠ ʜʦ 100 ʠ 80 ʤʄ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. (Ñ)-

ɺʝʟʘʤʠʢʦʣ (Sigma) ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ 

ʘʮʝʪʠʣʭʦʣʠʥʘ. ɸʢʪʠʚʥʦʩʪʴ ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ 

ʙʣʦʢʠʨʦʚʘʣʠ 10 ʤʢʄ ʘʨʤʠʥʘ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʄʦʩʢʚʘ), ʘ ʥʠʢʦʪʠʥʦʚʳʭ 

ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ - d ʪʫʙʦʢʫʨʘʨʠʥʦʤ 1-10 ʤʢʄ (Sigma). ɼʣʷ ʙʣʦʢʠʨʦʚʘʥʠʷ 

ʵʥʜʦʮʠʪʦʟʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʠʨʠʩʪʠʣʠʟʠʨʦʚʘʥʥʳʡ ʜʠʥʘʤʠʥ-ʠʥʛʠʙʠʨʫʶʱʠʡ ʧʝʧʪʠʜ (75 

ʤʢʄ, Tocris). ɼʣʷ ʦʢʠʩʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʤʙʨʘʥ ʧʨʠʤʝʥʷʣʠ 

ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʬʝʨʤʝʥʪ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʫ (1 ʝʜ. ʘʢʪ., Streptomyces sp., Sigma). ɼʣʷ 

ʙʣʦʢʠʨʦʚʘʥʠʷ ʛʝʥʝʨʘʮʠʠ ʧʦʪʝʥʮʠʘʣʦʚ ʜʝʡʩʪʚʠʷ ʧʨʠʤʝʥʷʣʠ ʪʝʪʨʦʜʦʪʦʢʩʠʥ (1ʤʢʄ, 

Sigma). ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʥʪʘʛʦʥʠʩʪ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ - N-ʘʮʝʪʠʣ-L-

ʮʠʩʪʝʠʥ (ʘʥʪʠʦʢʩʠʜʘʥʪ, 200 ʤʢʄ, Sigma), ʠʥʛʠʙʠʪʦʨ TRPV-ʢʘʥʘʣʦʚ ʠ ʨʠʘʥʦʜʠʥʦʚʳʭ 

ʨʝʮʝʧʪʦʨʦʚ - ʨʫʪʝʥʠʡ ʢʨʘʩʥʳʡ (2 ʤʢʄ, Sigma), ʠʥʛʠʙʠʪʦʨ ʠʥʦʟʠʪʦʣʪʨʠʬʦʩʬʘʪʳʭ 

ʨʝʮʝʧʪʦʨʦʚ ʠ ʨʠʘʥʦʜʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ - TMB8 (50 ʤʢʄ, Sigma), ʩʝʣʝʢʪʠʚʥʳʡ ʙʣʦʢʘʪʦʨ 

TRPV1-ʢʘʥʘʣʦʚ ï ʢʘʧʩʘʟʝʧʠʥ (10 ʤʢʄ, Sigma), ʠʥʛʠʙʠʪʦʨ L-ʪʠʧʘ ʉʘ
2+ 
ʢʘʥʘʣʦʚ ï 

ʥʠʬʝʜʠʧʠʥ (10 ʤʢʄ, Sigma), ʚʳʩʦʢʦʘʬʬʠʥʥʳʡ ʉʘ
2+

-ʙʫʬʝʨ BAPTA-AM (200 ʤʢʄ, 

Sigma), ʠʥʛʠʙʠʪʦʨ ʢʘʣʴʮʠʥʝʚʨʠʥʘ - ʮʠʢʣʦʩʧʦʨʠʥ ɸ (50 ʤʢʄ, Sigma), ʠʥʛʠʙʠʪʦʨ 

ʬʦʩʬʘʪʘʟ (PP1, PP2A) - ʦʢʘʜʘʠʢʦʚʘʷ ʢʠʩʣʦʪʘ (50 ʥʄ, Sigma), ʠʥʛʠʙʠʪʦʨ ʅɸɼʌʅ-



82 
 

  

ʦʢʩʠʜʘʟʳ - ʘʧʦʮʠʥʠʥ (200 ʤʢʄ, Sigma). ʄʠʨʠʩʪʠʣʠʟʠʨʦʚʘʥʥʳʡ ʠʥʛʠʙʠʨʫʶʱʠʡ 

ʧʨʦʪʝʠʥʢʠʥʘʟʫ ʉ ʧʝʧʪʠʜ (75 ʤʢʄ, Myr-RFARKGALRQKNV, Sigma) ʠ ʭʝʣʝʨʠʪʨʠʥ 

ʭʣʦʨʠʜ (1 ʤʢʄ, Sigma) ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʧʝʮʠʬʠʯʥʦʛʦ ʙʣʦʢʠʨʦʚʘʥʠʷ 

ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ. ʂʦʤʧʘʫʥʜ 48/80 (100 ʤʢʄ, Sigma) ʠ U-73122 (10 ʤʢʄ, Sigma) 

ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʙʣʦʢʠʨʦʚʘʥʠʷ ʬʦʩʬʦʣʠʧʘʟʳ ʉ. NAC, ʘʧʦʮʠʥʠʥ, ʨʫʪʝʥʠʡ ʢʨʘʩʥʳʡ, 

TMB8, ʢʘʧʩʘʟʝʧʠʥ, ʥʠʬʝʜʠʧʠʥ, ʮʠʢʣʦʩʧʦʨʠʥ ɸ, ʦʢʘʜʘʠʢʦʚʘʷ ʢʠʩʣʦʪʘ, 

ʤʠʨʠʩʪʠʣʠʟʠʨʦʚʘʥʥʳʡ ʠʥʛʠʙʠʨʫʶʱʠʡ ʧʨʦʪʝʠʥʢʠʥʘʟʫ ʉ ʧʝʧʪʠʜ, ʭʝʣʝʨʠʪʨʠʥ ʭʣʦʨʠʜ, 

ʢʦʤʧʘʫʥʜ 48/80, U-73122 ʘʧʧʣʠʮʠʨʦʚʘʣʠʩʴ ʧʝʨʝʜ ʜʦʙʘʚʣʝʥʠʝʤ ʄʎɼ ʟʘ 40-50 ʤʠʥ ʠ 

ʩʦʜʝʨʞʘʣʠʩʴ ʚ ʥʘʨʫʞʥʦʤ ʨʘʩʪʚʦʨʝ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ BAPTA-AM 

ʧʨʝʧʘʨʘʪʳ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ, ʟʘʪʝʤ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʝʧʘʨʘʪ 

ʧʝʨʬʫʟʠʨʦʚʘʣʩʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ, ʪʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʦʙʨʘʙʦʪʢʘ ʄʎɼ. ɺ ʥʝʢʦʪʦʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʨʝʧʘʨʘʪʳ ʙʳʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʙʨʘʙʦʪʘʥʳ ʤʠʨʠʩʪʠʣʠʟʠʨʦʚʘʥʥʳʤ ʠʥʛʠʙʠʨʫʶʱʠʤ ʧʨʦʪʝʠʥʢʠʥʘʟʫ ʉ ʧʝʧʪʠʜʦʤ, 

ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʩʤʳʚʘʣʩʷ ʧʝʨʝʜ ʦʙʨʘʙʦʪʢʦʡ ʄʎɼ. ʆʢʩʠʩʪʝʨʦʣ, 5Ŭ-ʭʦʣʝʩʪʘʥ-3-ʦʥ (Sigma) 

ʙʳʣ ʨʘʩʪʚʦʨʝʥ ʚ DMSO (ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ) ʪʘʢ, ʯʪʦ ʢʦʥʝʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ DMSO ʚ 

ʨʘʙʦʯʝʤ (ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ) ʨʘʩʪʚʦʨʝ ʥʝ ʧʨʝʚʳʰʘʣʘ 0.001%, ʘ ʢʦʥʮʝʥʪʨʘʮʠʠ 5Ŭ-

ʭʦʣʝʩʪʘʥ-3-ʦʥʘ ʩʦʩʪʘʚʣʷʣʘ 200 ʥʄ.  

 

3.2 ʕʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ 

ʉ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʠ ʜʚʫʭ-ʤʠʢʨʦʵʣʝʢʪʨʦʜʥʦʡ ʬʠʢʩʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ 

ʤʝʤʙʨʘʥʳ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ - ʪʦʢʠ 

ʢʦʥʮʝʚʦʡ ʧʣʘʩʪʠʥʢʠ (ʊʂʇ) ʠ ʤʠʥʠʘʪʶʨʥʳʝ ʊʂʇ (ʄʊʂʇ)
1
. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʪʝʢʣʷʥʥʳʝ ʤʠʢʨʦʵʣʝʢʪʨʦʜ r(ʜʠʘʤʝʪʨ ʢʦʥʯʠʢʘ ʦʢʦʣʦ 1 ʤʢʤ), ʠʤʝʶʱʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

3-5 ʄɋ ʠ ʟʘʧʦʣʥʝʥʥʳʝ 2.5 ʤʦʣʴ/ʣ KCl. ʉʠʥʘʧʪʠʯʝʩʢʘʷ ʟʦʥʘ ʣʦʢʘʣʠʟʦʚʘʣʘʩʴ ʤʝʞʜʫ ʜʚʫʤʷ 

ʵʣʝʢʪʨʦʜʘʤʠ, ʨʘʟʜʝʣʝʥʥʳʤʠ ʜʠʩʪʘʥʮʠʝʡ 200-300 ʤʢʤ. ɽʩʣʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʤʳʰʝʯʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʩʝʯʝʥʠʝ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ, ʪʦ ʧʨʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʊʂʇ ʧʦʪʝʥʮʠʘʣ ʨʘʩʩʝʯʝʥʥʳʭ ʤʳʰʮ ʧʦʜʜʝʨʞʠʚʘʣʠ ʥʘ ʫʨʦʚʥʝ ï 40 ʤɺ (ʪʦʢ 

ʫʪʝʯʢʠ ʚʘʨʴʠʨʦʚʘʣ ʚ ʜʠʘʧʘʟʦʥʝ 10-30ʥɸ, <10% ʦʪ ʘʤʧʣʠʪʫʜ ʊʂʇ). ɼʦ ʥʘʯʘʣʘ ʟʘʧʠʩʠ, 

ʨʘʩʩʝʯʝʥʥʘʷ ʤʳʰʮʘ ʦʤʳʚʘʣʘʩʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ 40 ʤʠʥ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ 

(Glavinoviôc, 1979). ʈʘʩʩʝʯʝʥʠʝ ʤʳʰʝʯʥʦʛʦ ʚʦʣʦʢʥʘ ʥʝ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʢʘʙʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʳʰʮʳ ʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʪʝʭʥʠʢʦʡ ʬʠʢʩʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ 

                                                             
1 ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʙ.ʥ. ɻʠʥʠʘʪʫʣʣʠʥʳʤ ɸʨʪʫʨʦʤ ʈʘʫʬʦʚʠʯʝʤ 
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ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʠ ʩʪʘʙʠʣʴʥʫʶ ʟʘʧʠʩʴ ʤʫʣʴʪʠʢʚʘʥʪʦʚʳʭ ʊʂʇ 

(Lambert et al., 1981; Giniatullin et al., 2005, 2015). 

ʊʂʇ ʚʳʟʳʚʘʣʠʩʴ ʩʚʝʨʭʧʦʨʦʛʦʚʦʡ ʩʪʠʤʫʣʷʮʠʝʡ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ ʯʝʨʝʟ 

ʵʣʝʢʪʨʦʜʳ, ʩʦʝʜʠʥʝʥʥʳʝ ʩ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʤ ʩʪʠʤʫʣʷʪʦʨʦʤ DS 3 (Digitimer Ltd, ɸʥʛʣʠʷ). 

ʅʝʨʚ ʧʦʜʩʘʩʳʚʘʣʠ ʚ ʩʠʣʠʢʦʥʦʚʫʶ ʪʨʫʙʦʯʢʫ ʩʦ ʩʪʠʤʫʣʠʨʫʶʱʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. 

ʉʪʠʤʫʣʷʮʠʶ ʤʦʪʦʨʥʦʛʦ ʥʝʨʚʘ ʧʨʦʠʟʚʦʜʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 0.1 ʤʩ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʨʦʪʦʢʦʣʳ ʩʪʠʤʫʣʷʮʠʠ: 

ʜʚʠʛʘʪʝʣʴʥʳʡ ʥʝʨʚ ʨʘʟʜʨʘʞʘʣʠ ʝʜʠʥʠʯʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ (1 ʩʪʠʤʫʣ ʚ 20 ʩ, 0.05 ɻʮ) ʠʣʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʤr ʰʣʝʡʬʦʤ ʩʪʠʤʫʣʦʚ (20 ʩʪʠʤʫʣʦʚ ʚ 1 ʩ, 20 ɻʮ, ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ), ʠʣʠ 

ʧʘʨʥʦʡ ʩʪʠʤʫʣʷʮʠʝʡ (ʩ ʤʝʞʠʤʧʫʣʴʩʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ 5, 7, 10, 20, 50 ʤʩ). ɿʘʧʠʩʘʥʥʳʝ 

ʩʠʛʥʘʣʳ ʦʮʠʬʨʦʚʳʚʘʣʠʩʴ ʧʨʠ ʯʘʩʪʦʪʝ 50 ɻʮ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʘ. ɿʘʧʠʩʳʚʘʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʢʣʶʯʘʣʦ ʫʩʠʣʠʪʝʣʴ Axoclamp 900 A 

(Molecular devices, ʉʐɸ) ʠ ɸʎɼ LA-II (ʇʫʱʠʥʦ, ʈʦʩʩʠʷ). ʆʪʥʦʰʝʥʠʝ ʧʨʠ ʧʘʨʥʦʡ 

ʩʪʠʤʫʣʷʮʠʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʚʪʦʨʦʛʦ ʠ ʧʝʨʚʦʛʦ ʊʂʇ, ʫʩʨʝʜʥʝʥʥʳʭ ʦʪ 

ʙʦʣʝʝ ʯʝʤ 12 ʨʝʘʣʠʟʘʮʠʡ. 

ɺ ʯʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ ʤʠʢʨʦʵʣʝʢʪʨʦʜʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 

ʤʠʥʠʘʪʶʨʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʢʦʥʮʝʚʦʡ ʧʣʘʩʪʠʥʢʠ (ʄʇʂʇ). ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʪʘʥʜʘʨʪʥʳʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʤʠʢʨʦʵʣʝʢʪʨʦʜʳ (ʩʦʧʨʦʪʠʚʣʝʥʠʝ 3-5 ʄɋ), ʟʘʧʦʣʥʝʥʥʳʝ 

2.5 ʄ ʂʉl. ɿʘʧʠʩʠ ʙʳʣʠ ʦʮʠʬʨʦʚʘʥʳ ʧʨʠ 50 ʢɻʮ, ʩʦʭʨʘʥʝʥʳ ʥʘ ʢʦʤʧʴʶʪʝʨ ʠ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʜʣʷ ʧʦʜʩʯʝʪʘ ʯʘʩʪʦʪʳ ʄʇʂʇ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʟʘʧʠʩʠ 

ʩʠʛʥʘʣʦʚ ʚʢʣʶʯʘʣʦ ʫʩʠʣʠʪʝʣʴ ʤʦʜʝʣʠ 1600 (A-M System, Carlsborg, ʉʐɸ) ʠ ɸʎʇ LA-II  

(ʇʫʱʠʥʦ, ʈʦʩʩʠʷ). ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʄʎɼ ʥʘ ʩʧʦʥʪʘʥʥʫʶ ʩʝʢʨʝʮʠʶ (ʚ 

ʯʘʩʪʥʦʩʪʠ, ʯʘʩʪʦʪʫ ʄʇʂʇ) ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʪʨʦʜʦʪʦʢʩʠʥ (1ʤʢʄ) ʜʣʷ ʙʣʦʢʠʨʦʚʘʥʠʷ 

ʛʝʥʝʨʘʮʠʠ ʧʦʪʝʥʮʠʘʣʦʚ ʜʝʡʩʪʚʠʷ. ɺ ʣɻʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʨʠʛʠʥʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʥʘʧʠʩʘʥʥʦʝ ʢ.ʙ.ʥ. ɿʘʭʘʨʦʚʳʤ ɸʥʜʨʝʝʤ ɺʠʢʪʦʨʦʚʠʯʝʤ. 

ʅʝʢʚʘʥʪʦʚʫʶ ʩʝʢʨʝʮʠʶ ʤʝʜʠʘʪʦʨʘ ʦʮʝʥʠʚʘʣʠ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠ, ʠʟʤʝʨʷʷ ʅ-

ʵʬʬʝʢʪ.
2
 ʉʚʝʞʝʚʳʜʝʣʝʥʥʳʝ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʝ ʧʨʝʧʘʨʘʪʳ ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 30 

ʤʠʥ ʩ ʥʝʦʙʨʘʪʠʤʳʤ ʠʥʛʠʙʠʪʦʨʦʤ ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ (ʘʨʤʠʥʦʤ), ʩʣʝʜʫʶʱʠʝ 15 ʤʠʥ 

ʧʨʝʧʘʨʘʪ ʧʨʦʤʳʚʘʣʩʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʩʚʦʙʦʞʜʘʝʤʳʡ 

ʥʝʚʝʟʠʢʫʣʷʨʥʳʤ ʧʫʪʝʤ ʘʮʝʪʠʣʭʦʣʠʥ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʱʝʣʠ ʠ 

                                                             
2 ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʝʜʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʙ.ʥ. ʅʘʫʤʝʥʢʦ ʅʠʢʦʣʘʝʤ ɺʣʘʜʠʤʠʨʦʚʠʯʝʤ 
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ʜʝʧʦʣʷʨʠʟʫʝʪ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ. ʄʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦʢʦ̫  ʠʟʤʝʨʷʝʪʩʷ 

ʚ ʦʙʣʘʩʪʠ ʢʦʥʮʝʚʦʡ ʧʣʘʩʪʠʥʢʠ ʧʝʨʝʜ, ʠ 10 ʤʠʥ ʧʦʩʣʝ ʘʧʧʣʠʢʘʮʠʠ 10 ʤʢʄ (+) 

ʪʫʙʦʢʫʨʘʨʠʥʘ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʜʚʫʤʷ ʠʟʤʝʨʝʥʠʷʤʠ ʧʦʪʝʥʮʠʘʣʘ ʧʦʢʦʷ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ 

ʅ-ʵʬʬʝʢʪ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʥʝʢʚʘʥʪʦʚʦʡ ʩʝʢʨʝʮʠʠ ʤʝʜʠʘʪʦʨʘ (Katz, Miledi, 

1997; Vyskocil, Illes, 1977). ɺ ʢʘʞʜʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʧʦʢʦʷ ʙʳʣ ʠʟʤʝʨʝʥ ʚ 20-30 ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʥʘʭ ʦʪ 3 ʜʦ 5 ʞʠʚʦʪʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʢʣʷʥʥʦʛʦ ʤʠʢʨʦʵʣʝʢʪʨʦʜʘ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʦʥʯʠʢʘ 8-12 ʄɋ. 

 

3.3. ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʧʦʜʭʦʜʳ 

ʌʣʫʦʨʝʩʮʝʥʮʠʶ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʠʢʨʦʩʢʦʧʦʚ OLYMPUS 

CX41 (ʩʦ ʩʚʝʪʦʜʠʦʜʘʤʠ FluoLed (Fraen microscopy) ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ 

ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʪʘ ʠ ʉʉD ʚʠʜʝʦʢʘʤʝʨʦʡ DP71 (Olympus)), OLYMPUS BX51 WI 

(ʦʩʥʘʱʝʥʥʦʛʦ ʢʦʥʬʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ Disk speed unit (Olympus) ʠ CCD ʢʘʤʝʨʦʡ orca R2 

(Hamamatzu)) ʠ OLYMPUS BX51 WI (ʩʦ ʩʚʝʪʦʜʠʦʜʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚʦʟʙʫʞʜʘʶʱʝʛʦ 

ʩʚʝʪʘ FluoLed (Fraen microscopy) ʠ ʉʉD ʢʘʤʝʨʦʡ F-View II  (Olympus), ʠ DIC-ʦʧʪʠʢʦʡ 

(Olympus) ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʫʧʨʦʟʨʘʯʥʳʭ ʦʙʲʝʢʪʦʚ). ʀʩʧʦʣʴʟʦʚʘʣʠ ʦʙʲʝʢʪʠʚʳ 

ʬʠʨʤʳ Olympus: UPLSAPO 10x2, UPLSAPO20x, LumPlFl 40xw, LumPlFl 60xw, 

UPlanSApo 60x/1.20W ʠ LUMPlanFI 100x/1.00W. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʛʨʘʤʤʳ ʉell^A (Olympus), Cell^P (Olympus), Cell̂ Sens 

(Olympus), ImagePro (Media Cybernetics), Image J (National Institutes of Health). ɸʥʘʣʠʟ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ (ʦ.ʝ.) ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ ImagePro. ʄʠʢʨʦʩʢʦʧʳ ʦʙʦʨʫʜʦʚʘʥʳ ʩʠʩʪʝʤʦʡ 

ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʧʘʨʘʪʦʚ: ʧʝʨʬʫʟʠʷ, ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʝ, ʤʠʢʨʦʤʘʥʠʧʫʣʷʪʦʨʳ ʜʣʷ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʜʦʚ. 

 

3.3.1 ʉʣʝʞʝʥʠʝ ʟʘ ʚʝʟʠʢʫʣʷʨʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ: ʵʥʜʦʮʠʪʦʟʥʳʝ FM-ʢʨʘʩʠʪʝʣʠ 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠʤʝʥʷʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʤʝʪʢʠ ï FM1-43 ʠ FM2-10 

(Molecular Probes) ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 3-5 ʤʢʄ ʠ 20-25 ʤʢʄ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʘʩʠʪʝʣʠ 

ʦʙʨʘʪʠʤʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʤʝʤʙʨʘʥʘʤʠ ʠ ʚ ʭʦʜʝ ʵʥʜʦʮʠʪʦʟʘ 

ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʚʥʫʪʨʴ ʚʥʦʚʴ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (çʟʘʛʨʫʞʘʶʪʩʷè ʚ 

ʥʝʨʚʥʫʶ ʪʝʨʤʠʥʘʣʴ) (Betz, Bewik, 1992; ɿʝʬʠʨʦʚ ʠ ʜʨ., 2003). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʥʝʨʚʥʦʤ 

ʦʢʦʥʯʘʥʠʠ ʚ ʦʙʣʘʩʪʠ ʘʢʪʠʚʥʳʭ ʟʦʥ ʧʦʷʚʣʷʶʪʩʷ ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʝ ʧʷʪʥʘ (ʨʠʩ. 28, 
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ʨʠʩ. 29), ʦʪʨʘʞʘʶʱʠʝ ʩʢʦʧʣʝʥʠʷ (ʢʣʘʩʪʝʨʳ) ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʧʦʡʤʘʚʰʠʭ 

ʢʨʘʩʠʪʝʣʴ (Betz, Henkel, 1993). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʟʘʚʠʩʠʪ 

ʢʘʢ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʝʟʠʢʫʣ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʵʢʟʦʮʠʪʦʟ, ʪʘʢ ʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʥʜʦʮʠʪʦʟʘ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (ɿʝʬʠʨʦʚ ʠ ʜʨ. 2003). 

 

ʈʠʩ. 28. ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ FM-ʢʨʘʩʠʪʝʣʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʢʟʦ- ʠ ʵʥʜʦʮʠʪʦʟʘ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (Cousin, Robinson, 2000; Rizzoli, Betz, 2004; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 

2010ʘ) 

ɸ - ʉʪʨʫʢʪʫʨʘ FM1-43: ʭʚʦʩʪ, ʷʜʨʦ ʠ ʛʦʣʦʚʢʘ. ɹ ï ʩʭʝʤʘ ʪʠʧʠʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ 

FM-ʢʨʘʩʠʪʝʣʝʤ: 1 - ʤʘʨʢʝʨ ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ ʠ ʧʨʦʥʠʢʘʝʪ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʱʝʣʴ; 2 ï ʧʦʩʣʝ ʵʢʟʦʮʠʪʦʟʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʥʦʚʳʭ ʚʝʟʠʢʫʣ (ʵʥʜʦʮʠʪʦʟ) 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʭʚʘʪ ʢʨʘʩʠʪʝʣʷ ʚ ʚʝʟʠʢʫʣʳ (ʟʘʛʨʫʟʢʘ ʚ ʥʝʨʚʥʫʶ ʪʝʨʤʠʥʘʣʴ); 3 ï ʢʨʘʩʠʪʝʣʴ 

ʫʜʘʣʷʝʪʩʷ ʠʟ ʥʘʨʫʞʥʦʛʦ ʨʘʩʪʚʦʨʘ; 4 ï ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʵʢʟʦʮʠʪʦʟʘ ʩʦʜʝʨʞʘʱʠʝ 

ʢʨʘʩʠʪʝʣʝʤ ʚʝʟʠʢʫʣʳ ʩʣʠʚʘʶʪʩʷ ʩ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʦʡ ʠ ʚʤʝʩʪʝ ʩ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʤ ʦʩʚʦʙʦʞʜʘʶʪ ʢʨʘʩʠʪʝʣʴ (ʚʳʛʨʫʟʢʘ FM-ʢʨʘʩʠʪʝʣʷ) ʚ ʩʠʥʘʧʪʠʯʝʩʢʫʶ 

ʱʝʣʴ, ʦʪʜʝʣʠʚʰʠʡʩʷ ʦʪ ʤʝʤʙʨʘʥʳ ʢʨʘʩʠʪʝʣʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʬʣʫʦʨʝʩʮʠʨʫʝʪ ʠ ʫʥʦʩʠʪʩʷ 

ʧʝʨʬʫʟʠʝʡ ʠʟ ʚʘʥʥʦʯʢʠ. ʇʨʠ ʚʳʛʨʫʟʢʝ ʢʨʘʩʠʪʝʣʷ ʚ ʥʘʨʫʞʥʦʡ ʩʨʝʜʝ ʤʦʞʝʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʪʫʰʠʪʝʣʴ, ʢʦʪʦʨʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ FM ʠ ʤʛʥʦʚʝʥʥʦ ʧʦʜʘʚʣʷʝʪ ʝʛʦ 

ʬʣʫʦʨʝʩʮʝʥʮʠʶ. ɺ - ʧʨʠʤʝʨʳ FM-ʢʨʘʩʠʪʝʣʝʡ. ɼʣʠʥʘ ʭʚʦʩʪʘ ʦʧʨʝʜʝʣʷʝʪ ʩʠʣʫ ʩʚʷʟʳʚʘʥʠʷ 

ʢʨʘʩʠʪʝʣʷ ʩ ʤʝʤʙʨʘʥʦʡ, ʘ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ 

ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ ʚ ʷʜʨʝ. ɻ ï ʀʟʦʙʨʘʞʝʥʠʝ ʢʫʣʴʪʫʨʳ ʛʨʘʥʫʣʷʨʥʳʭ ʢʣʝʪʦʢ ʤʦʟʞʝʯʢʘ ʚ 

ʩʚʝʪʣʦʤ ʧʦʣʝ (ʩʣʝʚʘ), ʩʪʨʝʣʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʪʝʣʘ ʢʣʝʪʦʢ. ɿʘʛʨʫʟʢʘ ʢʨʘʩʠʪʝʣʝʤ FM1-43 

ʪʦʛʦ ʞʝ ʩʘʤʦʛʦ ʨʝʛʠʦʥʘ (ʩʧʨʘʚʘ). 



86 
 

  

ʈʠʩ. 28 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʢʨʘʩʠʪʝʣʷ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʨʝʛʠʦʥʘʭ ʘʢʩʦʥʦʚ, ʛʜʝ ʧʨʦʪʝʢʘʝʪ ʵʢʟʦ-ʠ 

ʵʥʜʦʮʠʪʦʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. ɼ ï ʕʣʝʢʪʨʦʥʥʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʬʦʪʦʛʨʘʬʠʷ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ ʣʷʛʫʰʢʠ, ʟʘʛʨʫʞʝʥʥʦʛʦ FM1-43 

(ʩʪʠʤʫʣʷʮʠʝʡ 10 ʩ, 30 ɻʮ) ʠ ʟʘʪʝʤ ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʧʨʦʮʝʜʫʨʝ ʬʦʪʦʢʦʥʚʝʨʩʠʠ. 

ɿʘʭʚʘʪʠʚʰʠʝ FM1-43 ʚʝʟʠʢʫʣʳ ʚʳʛʣʷʜʷʪ ʯʝʨʥʳʤʠ. ʐʢʘʣʘ ï 0.5 ʤʢʤ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 

2010ʘ). 

 

ʈʠʩ. 29. ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʝ ʢʘʨʪʠʥʳ ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ 

ʦʢʦʥʯʘʥʠʡ ʣʷʛʫh ʢʠ ʠ ʤʳʰʠ, ʟʘʛʨʫʞʝʥʥʳʭ FM1-43 (ɿʝʬʠʨʦʚ ʠ ʜʨ. 2003 ʩ ʠʟʤʝʥʝʥʠʷʤʠ)  

ɸ - ʥʝʨʚʥʦʝ ʦʢʦʥʯʘʥʠʝ ʢʦʞʥʦ-ʛʨʫʜʠʥʥʦʡ ʤʳʰʮʳ. ɺʠʜʥʦ ʧʷʪʴ ʥʝʨʚʥʳʭ 

ʪʝʨʤʠʥʘʣʝʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʜʥʠʤ ʘʢʩʦʥʦʤ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʩʝʛʤʝʥʪʘ 

ʤʠʝʣʠʥʘ ʜʦʨʠʩʦʚʘʥʦ. ʇʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʫʢʘʟʘʥʳ ʛʨʘʥʠʮʳ ʤʳʰʝʯʥʦʛʦ ʚʦʣʦʢʥʘ. ɹ -

 ʥʝʨʚʥʦʝ ʦʢʦʥʯʘʥʠʝ ʜʠʘʬʨʘʛʤʘʣʴʥʦʡ ʤʳʰʮʳ ʤʳʰʠ. ʉʥʠʟʫ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʯʘʩʪʢʠ 

ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ ʧʨʠ ʙʦʣʴʰʦʤ ʫʚʝʣʠʯʝʥʠʠ. ɺʠʜʥʳ  ʩʚʝʪʷʱʠʝʩʷ ʧʷʪʥʘ, ʦʙʨʘʟʦʚʘʥʥʳʝ 

ʩʢʦʧʣʝʥʠʷʤʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʟʘʭʚʘʪʠʚʰʠʭ ʢʨʘʩʠʪʝʣʴ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). 

ʀʟʦʙʨʘʞʝʥʠʝ ʠʥʚʝʨʪʠʨʦʚʘʥʦ. 

 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʙʳʯʥʦ ʜʣʷ çʟʘʛʨʫʟʢʠè ʢʨʘʩʠʪʝʣʷ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʠʪʝʣʴʥʦʝ 

(1 ʠʣʠ 3 ʤʠʥ) ʠ ʠʥʦʛʜʘ ʢʦʨʦʪʢʦʝ (20 ʩ) ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ ʨʘʟʜʨʘʞʝʥʠʝ (20 ɻʮ). ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʟʘʡʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘ FM-ʢʨʘʩʠʪʝʣʠ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʚ ʦʤʳʚʘʶʱʝʤ 

ʧʨʝʧʘʨʘʪ ʨʘʩʪʚʦʨʝ ʨʘʟʥʦʝ ʚʨʝʤʷ, ʦʙʳʯʥʦ ʢʨʘʩʠʪʝʣʠ ʘʧʧʣʠʮʠʨʦʚʘʣʠʩʴ ʥʘ 10 ʤʠʥ, 

ʚʢʣʶʯʘʷ ʧʝʨʠʦʜ ʜʦ ʠ ʧʦʩʣʝ ʩʪʠʤʫʣʷʮʠʠ. ʇʦʩʣʝ ʧʨʦʮʝʩʩʘ ʟʘʛʨʫʟʢʠ ʢʨʘʩʠʪʝʣʷ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʬʦʥʦʚʦʛʦ ʩʚʝʯʝʥʠʷ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʡ ʧʨʝʧʘʨʘʪ ʧʝʨʬʫʟʠʨʦʚʘʣʩʷ 15-30 ʤʠʥ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ 3 ʤʢʄ ADVASEP-7. ʕʪʦʪ ʨʝʘʛʝʥʪ ʫʩʢʦʨʷʝʪ 

ʜʠʩʩʦʮʠʘʮʠʶ FM1-43 ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʤʙʨʘʥ ʠ ʫʤʝʥʴʰʘʝʪ ʥʝʩʧʝʮʠʬʠʯʝʩʢʫʶ 

ʬʣʫʦʨʝʩʮʝʥʮʠʶ. ɽʩʣʠ ʥʝʨʚʥʳʝ ʦʢʦʥʯʘʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʠ ʟʘʛʨʫʞʝʥʳ ʢʨʘʩʠʪʝʣʝʤ, 

ʪʦ ʩʪʠʤʫʣʷʮʠʷ (20 ɻʮ, 5 ʤʠʥ ʠʣʠ 2 ɻʮ 10 ʤʠʥ) ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ ʧʨʠʚʦʜʠʪ ʢ 
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ʚʳʜʝʣʝʥʠʶ ʠʟ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ ʢʨʘʩʠʪʝʣʷ ʚʤʝʩʪʝ ʩ ʤʝʜʠʘʪʦʨʦʤ ʚ ʩʠʥʘʧʪʠʯʝʩʢʫʶ 

ʱʝʣʴ ʧʨʠ ʵʢʟʦʮʠʪʦʟʝ ʚʝʟʠʢʫʣ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʨʘʩʠʪʝʣʴ çʚʳʛʨʫʞʘʝʪʩʷè ʠʟ ʥʝʨʚʥʦʛʦ 

ʦʢʦʥʯʘʥʠʷ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ ʧʘʜʘʝʪ. ɺʳʛʨʫʟʢʘ ʢʨʘʩʠʪʝʣʷ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʝ 

ʪʦʣʴʢʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʪʠʤʫʣʷʮʠʠ (ʚʳʟʚʘʥʥʳʡ ʵʢʟʦʮʠʪʦʟ), ʥʦ ʠ ʧʨʠ ʫʩʠʣʝʥʠʠ 

ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ (ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘ ʩʯʝʪ ʫʜʘʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʚʳʩʦʢʦʡ ʜʦʟʦʡ 

ʄʎɼ, 10 ʤʄ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʄʎɼ ʩʘʤ ʤʦʞʝʪ ʩʚʷʟʳʚʘʪʴ FM1-43 (Dason et al., 

2010), ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʄʎɼ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʘʛʝʥʪ, ʫʩʢʦʨʷʶʱʠʡ ʜʠʩʩʦʮʠʘʮʠʶ FM1-43 ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʤʙʨʘʥ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʪʘʢʦʛʦ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʄʎɼ 

ʥʘ ʢʨʠʚʳʝ ʚʳʛʨʫʟʢʠ, ʤʳ ʩʪʘʨʘʣʠʩʴ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʩʧʝʮʠʬʠʯʥʫʶ ʬʣʫʦʨʝʩʮʝʥʮʠʶ, 

ʧʨʠʤʝʥʷʷ ADVASEP-7.  

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠ ̫ ʥʘ ʵʥʜʦʮʠʪʦʟ, ʧʨʝʧʘʨʘʪʳ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʠʩʩʣʝʜʫʝʤʳʤ 

ʘʛʝʥʪʦʤ ʧʝʨʝʜ ʟʘʛʨʫʟʢʦʡ FM-ʢʨʘʩʠʪʝʣʝʡ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʵʬʬʝʢʪʦʚ ʥʘ ʵʢʟʦʮʠʪʦʟ, 

ʠʩʩʣʝʜʫʝʤʳʡ ʨʝʘʛʝʥʪ ʦʙʳʯʥʦ ʘʧʧʣʠʮʠʨʦʚʘʣʩʷ ʧʦʩʣʝ ʦʪʤʳʚʢʠ ʧʨʝʧʘʨʘʪʘ ʩ ADVASEP-7 

(Biotium), ʥʦ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʧʦʚʪʦʨʥʦʛʦ çʚʳʛʨʫʞʘʶʱʝʛʦè ʢʨʘʩʠʪʝʣʴ ʩʪʠʤʫʣʷʮʠʦʥʥʦʛʦ 

ʵʧʠʟʦʜʘ.
3
 

ʅʝʩʧʝʮʠʬʠʯʝʩʢʫʶ (ʬʦʥʦʚʫʶ) ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʦʮʝʥʠʚʘʣʠ ʚ ʨʝʛʠʦʥʝ ʙʝʟ ʥʝʨʚʥʳʭ 

ʪʝʨʤʠʥʘʣʝʡ ʢʘʢ ʫʩʨʝʜʥʝʥʥʫʶ ʷʨʢʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʢʦʥʪʫʨʝ, ʩ ʧʣʦʱʘʜʴʶ ʨʘʚʥʦʡ 

ʧʣʦʱʘʜʠ ʥʝʨʚʥʦʡ ʪʝʨʤʠʥʘʣʠ. ʌʣʫʦʨʝʩʮʝʥʮʠʶ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʧʦʩʣʝ 

ʚʳʯʠʪʘʥʠʷ ʬʦʥʦʚʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʇʝʪʨʦʚ ʠ ʜʨ. 2008; Petrov et al., 2008). ʇʨʠ ʘʥʘʣʠʟʝ 

ʜʠʥʘʤʠʢ ʚʳʛʨʫʟʢʠ ʟʥʘʯʝʥʠʝ ʠʩʭʦʜʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʷʪʝʥ ʧʨʠʥʠʤʘʣʠ ʟʘ 1.0 (100%). 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ ʦʮʝʥʠʚʘʣʠ ʢʘʢ ʩʨʝʜʥʝʝ ʩʚʝʯʝʥʠʝ ʚʩʝʭ ʧʠʢʩʝʣʝʡ ʚ ʢʦʥʪʫʨʝ 

ʦʪʜʝʣʴʥʦʡ ʥʝʨʚʥʦʡ ʪʝʨʤʠʥʘʣʠ (ʩʚʝʯʝʥʠʝ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ) ʠʣʠ ʢʘʢ ʩʨʝʜʥʝʝ ʩʚʝʯʝʥʠʝ 

ʚʩʝʭ ʧʠʢʩʝʣʝʡ ʚ ʢʦʥʪʫʨʝ ʦʪʜʝʣʴʥʳʭ ʧʷʪʝʥ (ʩʚʝʯʝʥʠʝ ʧʷʪʝʥ). ʇʨʦʬʠʣʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ ʚʳʩʯʠʪʳʚʘʣʠ ʢʘʢ ʩʨʝʜʥʶʶ ʷʨʢʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʨʷʜʘ (ʦʪʨʝʟʢʘ) 

ʧʠʢʩʝʣʝʡ ʚʜʦʣʴ ʧʨʦʜʦʣʴʥʦʛʦ ʦʩʠ ʪʝʨʤʠʥʘʣʠ (ɿʝʬʠʨʦʚ ʠ ʜʨ. 2003). ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʟʙʫʞʜʘʶʱʠʡ ʩʚʝʪʦʬʠʣʴʪʨ ï 480/20 ʥʤ (ʠʣʠ 480/10 ʥʤ), 

ʜʠʭʨʦʠʯʝʩʢʦʝ ʟʝʨʢʘʣʦ ï 505 ʥʤ ʠ ʵʤʠʩʩʠʦʥʥʳʡ ʩʚʝʪʦʬʠʣʴʪʨ 535/40 (ʠʣʠ 535/20 ʥʤ). 

ɼʣʷ ʪʫʰʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ FM1-43 ʠ FM2-10 ʚ ʨʷʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʫʣʴʬʦʨʦʜʘʤʠʥ 101 (Sigma) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 5-7 ʤʢʄ (Pyle et al., 1999). 

ʕʪʦʪ ʪʫʰʠʪʝʣʴ ʠʤʝʝʪ ʤʘʣʳʝ ʨʘʟʤʝʨʳ ʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʤʠ 

                                                             
3
 ʇʨʦʚʝʜʝʥʠʝ ʯʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ FM-ʢʨʘʩʠʪʝʣʷʤʠ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʩʦʜʝʡʩʪʚʠʠ ʩʪʫʜʝʥʪʦʚ ʄ.ʈ. ʂʘʩʠʤʦʚʘ, ɸ.ɸ. 

ʗʢʦʚʣʝʚʦʡ, ɻ.ʌ. ɿʘʢʠʨʴʷʥʦʚʦʡ, ʂ.ɽ. ʂʫʜʨʷʰʦʚʦʡ. 
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ʤʦʣʝʢʫʣʘʤʠ FM1-43 (FM2-10) ʧʦ ʤʝʭʘʥʠʟʤʫ FRET çʚʦʨʫʝʪè ʠʭ ʟʝʣʝʥʫʶ 

ʬʣʫʦʨʝʩʮʝʥʮʠʶ, ʩʘʤ ʧʨʠ ʵʪʦʤ ʥʘʯʠʥʘʝʪ ʬʣʫʦʨʝʩʮʠʨʦʚʘʪʴ ʚ ʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʇʝʪʨʦʚ 

ʠ ʜʨ. 2013). ɺ ʥʝʢʦʪʦʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʫʰʠʪʝʣʴ SCAS (3-5 ʤʢʄ, 

Biotium), ʢʦʪʦʨʳʡ ʜʨʘʤʘʪʠʯʥʦ ʩʥʠʞʘʝʪ ʬʦʥʦʚʫʶ ʬʣʫʦʨʝʩʮʝʥʮʠʶ FM1-43 ʩʨʘʟʫ ʧʦʩʣʝ 

ʤʦʤʝʥʪʘ ʜʦʙʘʚʣʝʥʠʷ ʚ ʧʝʨʬʫʟʠʦʥʥʫʶ ʩʨʝʜʫ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʙʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʥʜʦʮʠʪʦʟʘ, ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ FM4-54 (5 ʤʢʄ), ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʘ ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ. ʇʨʠʯʝʤ ʝʝ ʤʦʞʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʦʪ ʟʝʣʝʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ FM1-

43 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʘʙʦʨʘ ʩʚʝʪʦʬʠʣʴʪʨʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʬʬʝʢʪʦʚ 5ὄ-ʭʦʣʝʩʪʘʥ-3ʦʥʘ, ʜʚʘ FM-ʢʨʘʩʠʪʝʣʷ, FM1-43 

ʠ FM4-64, ʙʳʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʳ ʚ ʦʜʥʠ ʠ ʪʝ ʞʝ ʥʝʨʚʥʳʝ ʪʝʨʤʠʥʘʣʠ ʜʚʫʤʷ 

ʵʧʠʟʦʜʘʤʠ ʩʪʠʤʫʣʷʮʠʠ (ʧʦ 3 ʤʠʥ 20 ɻʮ), ʨʘʟʜʝʣʝʥʥʳʤʠ 1.5 ʯʘʩʦʚʳʤ ʠʥʪʝʨʚʘʣʦʤ. 

ʉʥʘʯʘʣʘ ʥʝʨʚʥʳʝ ʪʝʨʤʠʥʘʣʠ ʙʳʣʠ ʟʘʛʨʫʞʝʥʳ FM1-43, ʧʨʦʤʳʪʳ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ 

ʨʘʩʪʚʦʨʦʤ ʩ ADVASEP-7, ʧʨʦʧʝʨʬʫʟʠʨʦʚʘʥʳ ʩ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʦʤ (ʠʣʠ ʥʦʨʤʘʣʴʥʳʤ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ) ʠ ʟʘʪʝʤ ʧʦʚʪʦʨʥʦ ʟʘʛʨʫʞʝʥʳ FM4-64 ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʝʨʠʦʜʦʤ ʧʨʦʤʳʚʢʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ ʩ ADVASEP-7. ʌʣʫʦʨʝʩʮʝʥʮʠʷ FM4-

64 ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʪʦʬʠʣʴʪʨʘ 480/10 ʥʤ, 

ʜʠʭʨʦʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ 660 ʥʤ ʠ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʚʝʪʦʬʠʣʴʪʨʘ 690 LP. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʧʦ ʜʝʪʝʢʮʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ FM4-64 ʚ ʤʝʯʝʥʥʳʭ ʜʚʫʤʷ ʢʨʘʩʠʪʝʣʷʤʠ ʪʝʨʤʠʥʘʣʷʭ, 

ʟʘʩʚʝʪʢʘ ʦʪ FM1-43 ʚ ʢʨʘʩʥʦʤ ʢʘʥʘʣʝ (690LP ʬʠʣʴʪʨ) ʙʳʣʘ ʩʥʘʯʘʣʘ ʦʮʝʥʝʥʘ ʧʨʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʙʨʘʟʮʘ, ʟʘʛʨʫʞʝʥʥʦʛʦ ʪʦʣʴʢʦ FM1-43 (ʦʢʦʣʦ 5% ʦʪ ʦʙʱʝʛʦ ʩʠʛʥʘʣʘ ʚ 

ʟʝʣʝʥʦʤ ʢʘʥʘʣʝ). ɿʥʘʯʝʥʠʝ ʫʩʠʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚ ʢʨʘʩʥʦʤ ʢʘʥʘʣʝ ʟʘʪʝʤ ʙʳʣʦ 

ʫʤʝʥʴʰʝʥʦ ʜʦ ʫʨʦʚʥʷ ʥʠʞʝ ʧʦʨʦʛʘ ʜʣʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ FM1-43 (Rea et al., 2004; Kasimov 

et al., 2015). ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʚ ʟʝʣʝʥʦʤ ʢʘʥʘʣʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʧʦʩʣʝ ʧʝʨʚʦʡ 

ʧʨʦʮʝʜʫʨʳ ʟʘʛʨʫʟʢʠ (FM1-43), ʥʦ ʧʝʨʝʜ ʚʪʦʨʳʤ ʵʧʠʟʦʜʦʤ ʩʪʠʤʫʣʷʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʜʣʷ ʟʘʛʨʫʟʢʠ FM4-64. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʝʣʝʥʘʷ ʠ ʢʨʘʩʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʫʢʘʟʳʚʘʣʠ ʥʘ 

ʢʦʣʠʯʝʩʪʚʦ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʮʠʢʣʘʤ ʵʢʟʦ-ʵʥʜʦʮʠʪʦʟʘ ʚ ʦʪʚʝʪ ʥʘ 

ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʵʧʠʟʦʜ ʩʪʠʤʫʣʷʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʦʮʝʥʠʚʘʣʦʩʴ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ʚ ʢʨʘʩʥʦʤ ʠ ʟʝʣʝʥʦʤ ʢʘʥʘʣʘʭ. 
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3.3.2 ʎʠʪʦʟʦʣʴʥʳʡ ʫʨʦʚʝʥʴ ʢʘʣʴʮʠʷ 

ɼʣʷ ʦʮʝʥʢʠ ʜʠʥʘʤʠʢʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʫʨʦʚʥʷ ʉʘ
2+

 ʧʨʠʤʝʥʷʣʠ 

ʤʝʤʙʨʘʥʦʧʨʦʥʠʢʘʶʱʠʡ ʢʨʘʩʠʪʝʣʴ Fluo-4AM (Molecular Probes). ʅʝʠʦʥʥʳʡ ʜʝʪʝʨʛʝʥʪ 

Pluronic F-127 ʜʦʙʘʚʣʷʣʩʷ ʧʝʨʝʜ ʨʘʟʚʝʜʝʥʠʝʤ ʘʣʠʢʚʦʪʳ Fluo-4-AM ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ 

ʨʘʩʪʚʦʨʝ ʥʝʟʘʜʦʣʛʦ ʜʦ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʂʦʥʝʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʥʜʠʢʘʪʦʨʘ ʚ 

ʨʘʙʦʯʝʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ ʙʳʣʘ 1 ʤʢʄ, ʘ ʨʘʩʪʚʦʨʠʪʝʣʷ DMSO 

(ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ) ʠ ʜʝʪʝʨʛʝʥʪʘ Pluronic F-127 - ʥʝ ʧʨʝʚʳʰʘʣʘ 0,001%. ʕʢʩʧʦʟʠʮʠʷ 

ʧʨʝʧʘʨʘʪʘ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ (ʧʨʠ 22Áʉ) ʩ ʠʥʜʠʢʘʪʦʨʦʤ (1 ʤʢʄ Fluo4-AM) 

ʜʣʠʣʘʩʴ 10 ʤʠʥ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʥʘʯʠʥʘʣʘʩʴ ʧʝʨʬʫʟʠʷ ʧʨʝʧʘʨʘʪʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ 

ʨʘʩʪʚʦʨʦʤ, ʥʝ ʩʦʜʝʨʞʘʱʝʤ ʢʨʘʩʠʪʝʣʴ, ʘ ʨʝʛʠʩʪʨʘʮʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʦʠʩʭʦʜʠʣʘ ʯʝʨʝʟ 

40 ʤʠʥ. ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʙʣʘʩʪʴ ʠʥʪʝʨʝʩʘ, ʩʦʜʝʨʞʘʱʫʶ ʥʝʨʚʥʫʶ 

ʪʝʨʤʠʥʘʣʴ, ʧʦʜʚʝʨʛʘʣʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤʫ ʦʙʣʫʯʝʥʠʶ (~1 ʩ) ʩʚʝʪʦʤ ʜʣʠʥʥʦʡ ʚʦʣʥʳ 470-

 490 ʥʤ, ʘ ʜʣʷ ʜʝʪʝʢʮʠʠ ʩʚʝʯʝʥʠ ̫ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʤʠʩʩʠʦʥʥʳʡ ʬʠʣʴʪʨ, ʩ ʧʦʣʦʩʦʡ 

ʧʨʦʧʫʩʢʘʥʠʷ ʙʦʣʝʝ 515 ʥʤ. ɸʥʘʣʠʟ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ 

ʨʝʛʠʦʥʝ.  

 

3.3.3 ɺʥʝʢʣʝʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʘʮʝʪʠʣʭʦʣʠʥʘ 

ʋʨʦʚʝʥʴ ʘʮʝʪʠʣʭʦʣʠʥʘ, ʦʩʚʦʙʦʞʜʝʥʥʦʛʦ ʠʟ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩ 

ʥʘʪʠʚʥʦʡ ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʦʡ, ʦʮʝʥʠʚʘʣʩʷ ʦʧʪʠʯʝʩʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ AmplexRed 

Acetylcholine assay kit (Molecular Probes) (Tsai et al., 2007). ʎʝʣʘʷ ʜʠʘʬʨʘʛʤʘʣʴʥʘʷ 

ʤʳʰʮʘ ʠʥʢʫʙʠʨʦʚʘʣʘʩʴ ʚ ʚʘʥʥʦʯʢʝ (ʚ ʫʩʣʦʚʠʷʭ ʩʪʦʧ-ʧʝʨʬʫʟʠʠ) ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ 

ʨʘʩʪʚʦʨʝ (0.4 ʤʣ), ʩʦʜʝʨʞʘʱʝʤ ʭʦʣʠʥ ʦʢʩʠʜʘʟʫ (1 ʝʜ. ʘʢʪ. / ʤʣ), ʧʝʨʦʢʩʠʜʘʟʫ ʭʨʝʥʘ (ʇʈʍ, 

2 ʝʜ. ʘʢʪ. / ʤʣ) ʠ 400 ʤʢʄ AmplexRed ʨʝʘʛʝʥʪʘ (10-cetyl-3.7-dihydroxyphenoxazine). 

ʄʝʪʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʦʧʪʠʯʝʩʢʦʡ ʜʝʪʝʢʮʠʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʫʨʦʚʥʷ ʭʦʣʠʥʘ, ʢʦʪʦʨʳʡ 

ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʘʮʝʪʠʣʭʦʣʠʥʘ ʵʥʜʦʛʝʥʥʦʡ ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʦʡ. ʍʦʣʠʥ 

ʦʢʩʠʜʘʟʘ ʨʘʟʣʘʛʘʝʪ ʭʦʣʠʥ ʥʘ ʙʝʪʘʠʥ ʠ ʅ2ʆ2, ʧʦʩʣʝʜʥʠʡ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ AmplexRed 

ʨʝʘʛʝʥʪʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʘʙʠʣʴʥʦ ʬʣʫʦʨʝʩʮʠʨʫʶʱʝʛʦ ʧʨʦʜʫʢʪʘ - ʨʝʟʦʨʫʬʠʥʘ. ʕʪʘ 

ʨʝʘʢʮʠʷ ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ ʇʈʍ. ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʨʝʟʦʨʫʬʠʥʘ ʠʟʤʝʨʷʣʘʩʴ ʧʨʠ ʦʩʚʝʱʝʥʠʠ 

ʧʨʝʧʘʨʘʪʘ ʚʦʟʙʫʞʜʘʶʱʠʤ ʩʚʝʪʦʤ 535 Ñ 10 ʥʤ ʠ ʵʤʠʩʩʠʷ ʜʝʪʝʢʪʠʨʦʚʘʣʘʩʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʝʪʦʬʠʣʴʪʨʘ 590 Ñ 20 ʥʤ (ʠʣʠ 590 LP, ʧʨʦʧʫʩʢʘʶʱʝʛʦ ʩʚʝʪ ʙʦʣʝʝ 590 

ʥʤ). ʂʦʣʠʯʝʩʪʚʦ ʘʮʝʪʠʣʭʦʣʠʥʘ ʦʮʝʥʠʚʘʣʦʩʴ ʚ ʤʢʄ / ʤʣ ʨʘʩʪʚʦʨʘ ʚʘʥʥʦʯʢʠ / ʛʨʘʤʤ 

ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʧʦʩʣʝ ʩʨʘʚʥʝʥʠʷ ʩ ʢʨʠʚʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʜʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʮʝʪʠʣʭʦʣʠʥʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟʤʝʨʝʥʠʷ, ʤʳ 

ʜʝʣʘʣʠ ʢʦʨʨʝʢʮʠʶ ʥʘ ʬʦʥʦʚʫʶ ʬʣʫʦʨʝʩʮʝʥʮʠʶ, ʚʳʟʚʘʥʥʫʶ ʙʘʟʘʣʴʥʦʡ ʧʨʦʜʫʢʮʠʝʡ 

ʅ2ʆ2, ʥʝ ʩʚʷʟʘʥʥʦʡ ʩ ʦʢʠʩʣʝʥʠʝʤ ʭʦʣʠʥʘ. ʈʘʩʪʚʦʨʳ ʧʦʩʪʦʷʥʥʦ ʤʝʰʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 

ʠʥʢʫʙʘʮʠʠ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʠ 20 ʤʢʣ ʦʙʨʘʟʮʳ ʩʦʙʠʨʘʣʠʩʴ ʯʝʨʝʟ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʜʣʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʦʩʣʝ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʢʘʞʜʘʷ ʧʦʨʮʠʷ (ʦʙʨʘʟʝʮ) ʚʦʟʚʨʘʱʘʣʩʷ ʦʙʨʘʪʥʦ ʚ ʚʘʥʥʦʯʢʫ (Petrov et al., 2011). 

 

3.3.4 ɺʥʝʢʣʝʪʦʯʥʦʡ ʫʨʦʚʝʥʴ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ 

ʋʨʦʚʝʥʴ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘʤʠ, ʙʳʣ 

ʦʮʝʥʝʥ ʦʧʪʠʯʝʩʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ Amplex Red Hydrogen Peroxide Kit 

(Molecular Probes). ʕʪʦʪ ʥʘʙʦʨ ʩʦʜʝʨʞʠʪ Amplex Red ʨʝʘʛʝʥʪ ʠ ʇʍʈ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ 

ʪʦʤ, ʯʪʦ ʅ2ʆ2 ʠʩʧʦʣʴʟʫʝʪʩʷ ʇʍʈ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʨʝʘʛʝʥʪʘ Amplex  Red ʚ ʩʪʘʙʠʣʴʥʦ 

ʬʣʫʦʨʝʩʮʠʨʫʶʱʝʝ ʚʝʱʝʩʪʚʦ - ʨʝʟʦʨʫʬʠʥ (ʩʪʝʭʠʦʤʝʪʨʠʷ ʨʝʘʢʮʠʠ 1 ʢ 1). ɼʣʷ ʫʯʝʪʘ 

ʬʦʥʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʅ2ʆ2 ʮʝʣʳʡ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʡ ʧʨʝʧʘʨʘʪ ʚ ʢʦʥʪʨʦʣʝ ʚʳʜʝʨʞʠʚʘʣʠ 5 

ʤʠʥ ʚ ʨʘʩʪʚʦʨʝ ʈʠʥʛʝʨʘ (ʦʙʱʠʡ ʦʙʲʝʤ 400 ʤʢʣ), ʩ ʨʘʩʪʚʦʨʝʥʥʳʤʠ 100 ʤʢʄ Amplex Red 

ʨʝʘʛʝʥʪʘ ʠ 0.2 ʝʜ. ʘʢʪ./ʤʣ ʇʍʈ. ɿʘʪʝʤ ʧʨʝʧʘʨʘʪ ʚʳʥʠʤʘʣʩʷ ʠʟ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ ʠ 

ʧʦʛʨʫʞʘʣʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ 5 ʤʠʥ ʚ ʩʚʝʞʠʡ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʄʎɼ (10 ʤʄ) ʚ 

ʜʦʧʦʣʥʝʥʠʝ ʢ Amplex Red ʨʝʘʛʝʥʪʫ ʠ ʇʈʍ. ʕʪʘ ʦʙʨʘʙʦʪʢʘ (ʩ ʄʎɼ) ʧʦʚʪʦʨʷʣʘʩʴ ʝʱʝ ʨʘʟ, 

ʠ ʧʦʩʣʝ ʧʨʝʧʘʨʘʪ ʧʦʤʝʱʘʣʩʷ ʥʘ 5 ʤʠʥ ʚ ʨʘʩʪʚʦʨ ʙʝʟ ʄʎɼ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʟʘʧʠʩʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʨʘʩʪʚʦʨʳ ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ 45 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 22-

23Áʉ ʚ ʪʝʤʥʦʤ ʤʝʩʪʝ. ɼʣʷ ʢʘʣʠʙʨʦʚʢʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʦʮʝʥʢʫ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʨʘʩʪʚʦʨʦʚ, ʩ 

ʨʘʩʪʚʦʨʝʥʥʳʤʠ Amplex Red ʨʝʘʛʝʥʪʦʤ, ʇʍʈ ʠ ʠʟʚʝʩʪʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʧʝʨʦʢʩʠʜʘ 

ʚʦʜʦʨʦʜʘ (ʦʪ 0.01 ʜʦ 1 ʤʢʄ). ʌʦʥʦʚʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ, ʦʧʨʝʜʝʣʷʣʘʩʴ ʚ ʢʦʥʪʨʦʣʴʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʙʝʟ ʅ2ʆ2 ʠ ʚʳʯʠʪʘʣʘʩʴ ʠʟ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ (Petrov et al., 2014). 

 

3.3.5 ʆʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʘ ʦʢʠʩʣʝʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ ʭʦʣʝʩʪʝʨʠʥʘ  

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʩʚʷʟʘʥ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʫʨʦʚʥʷ ʅ2ʆ2 ʚ ʥʘʨʫʞʥʦʡ ʩʨʝʜʝ. ʅ2ʆ2 

ʦʙʨʘʟʫʝʪʩʷ ʢʘʢ ʧʨʦʜʫʢʪ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ. 

ʍʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʘ ʧʝʨʝʚʦʜʠʪ ʭʦʣʝʩʪʝʨʠʥ ʚ 4-ʭʦʣʝʩʪʝʥ-3-ʦʥ, ʦʙʨʘʟʫʷ ʵʢʚʠʚʘʣʝʥʪʥʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ʅ2ʆ2 (Kreit, Sampson, 2009). ʇʍʈ ʩ ʧʦʤʦʱʴʶ ʅ2ʆ2 ʦʢʠʩʣʷʝʪ Amplex Red ʚ 

ʨʝʟʦʨʫʬʠʥ. ɼʣʷ ʫʯʝʪʘ ʬʦʥʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʅ2ʆ2 ʮʝʣʳʡ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʡ ʧʨʝʧʘʨʘʪ 

ʣʷʛʫʰʢʠ ʚ ʢʦʥʪʨʦʣʝ ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʯʘʩʘ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ ʈʠʥʛʝʨʘ (2 ʤʣ), 
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ʚʢʣʶʯʘʶʱʝʤ 400 ʤʢʄ Ampleʭ Red ʠ 2 ʝʜ. ʘʢʪ./ʤʣ ʇʍʈ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʚ ʜʘʥʥʦʤ 

ʨʘʩʪʚʦʨʝ ʦʮʝʥʠʚʘʣʠ ʬʦʥʦʚʫʶ ʚʝʣʠʯʠʥʫ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʧʘʨʘʪ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ 30 ʤʠʥ ʧʝʨʬʫʟʠʨʦʚʘʣʩʷ ʥʦʨʤʘʣʴʥʳʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ ʠ ʟʘʪʝʤ 

ʝʛʦ ʥʘ 30 ʤʠʥ ʧʝʨʝʥʦʩʠʣʠ ʚ ʨʘʙʦʯʠʡ ʨʘʩʪʚʦʨ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ Amplex Red ʠ 

ʇʍʈ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʫ (1 ʝʜ. ʘʢʪ. / ʤʣ). ʇʦ ʠʩʪʝʯʝʥʠʠ ʧʦʣʫʯʘʩʘ ʨʘʩʪʚʦʨ ʟʘʙʠʨʘʣʩʷ ʥʘ 

ʘʥʘʣʠʟ. ɼʣʷ ʢʘʣʠʙʨʦʚʢʠ ʟʥʘʯʝʥʠʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʷ ʵʤʠʩʩʠʠ 

ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ Amplex Red, ʇʍʈ ʠ ʟʘʜʘʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅ2ʆ2, ʘ ʪʘʢʞʝ ʩʨʝʜ, 

ʚʢʣʶʯʘʶʱʠʭ Amplex Red, ʇʍʈ, ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʫ ʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʦʣʝʩʪʝʨʠʥʘ (Sigma), ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ DMSO (ʇʝʪʨʦʚ ʠ ʜʨ. 2013). 

 

3.3.6 ɺʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) 

ɸʥʘʣʠʟ ʦʙʨʘʟʦʚʘʥʠʷ ɸʌʂ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʤʙʨʘʥʦʧʨʦʥʠʢʘʶʱʝʛʦ 

ʢʨʘʩʠʪʝʣʷ H2DCFDA (2',7'-ʜʠʭʣʦʨʦʜʠʛʠʜʨʦʬʣʫʦʨʝʩʮʝʠʥ ʜʠʘʮʝʪʘʪ, MolecularProbes, 

ʉʐɸ), ʢʦʪʦʨʳʡ ʚʦʟʙʫʞʜʘʣʩʷ ʩʚʝʪʦʤ 470-490 ʥʤ. ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʧʨʠʤʝʥʷʣʩʷ ʵʤʠʩʩʠʦʥʥʳʡ ʩʚʝʪʦʬʠʣʴʪʨ ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ ʙʦʣʝʝ 515 ʥʤ. DMSO 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ H2DCFDA, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʜʝʣʠʣʠ ʥʘ ʧʦʨʮʠʠ ʠ ʭʨʘʥʠʣʠ ʚ 

ʧʨʠ -20Áʉ ʚ ʪʝʤʥʦʤ ʤʝʩʪʝ ʥʝ ʙʦʣʝʝ ʥʝʜʝʣʠ. ʕʢʩʧʦʟʠʮʠʷ ʧʨʝʧʘʨʘʪʘ ʚ ʨʘʩʪʚʦʨʝ ʩ 

H2DCFDA (2 ʤʢʄ) ʜʣʠʣʘʩʴ 15 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 22-23ʉ. ʉ ʮʝʣʴʶ ʦʙʣʝʛʯʝʥʠʷ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ ʢʨʘʩʠʪʝʣʷ ʧʨʠʤʝʥʷʣʠ 

Pluronic F-127 (Molecular Probes). ʂʦʥʮʝʥʪʨʘʮʠʷ DMSO ʠ Pluronic F-127 ʚ ʬʠʥʘʣʴʥʦʤ 

ʨʘʩʪʚʦʨʝ ʥʝ ʧʨʝʚʳʰʘʣʘ 0.001%. ɿʘʪʝʤ ʧʨʝʧʘʨʘʪ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʤʳʚʘʣʠ ʥʦʨʤʘʣʴʥʳʤ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ ʙʝʟ ʢʨʘʩʠʪʝʣʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 30 ʤʠʥ, ʪʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ 

ʧʨʝʧʘʨʘʪ ʦʩʚʝʱʘʣʠ ʢʦʨʦʪʢʠʤʠ ʚʩʧʳʰʢʘʤʠ (~1 ʩ) ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʪʘ, ʧʦʤʠʥʫʪʥʦ 

ʜʝʪʝʢʪʠʨʫʷ ʬʣʫʦʨʝʩʮʝʥʮʠʶ. 

 

3.3.7 ʆʮʝʥʢʘ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠ ̫ʣʠʧʠʜʦʚ 

ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʠʡ ʠʥʜʠʢʘʪʦʨ 

Image-iT Lipid peroxidation sensor (Molecular Probes), ʢʦʪʦʨʳʡ ʚ ʦʪʚʝʪ ʥʘ ʦʢʠʩʣʝʥʠʝ 

ʣʠʧʠʜʦʚ ʤʝʤʙʨʘʥ ʠʟʤʝʥʷʝʪ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʩ ʢʨʘʩʥʦʡ (~590 ʥʤ) ʥʘ ʟʝʣʝʥʫʶ (~510 ʥʤ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʥʦʰʝʥʠʝ ʢʨʘʩʥʦʡ ʠ ʟʝʣʝʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ Image-iT Lipid 

peroxidation sensor ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ. ʇʨʝʧʘʨʘʪʳ 

ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ ʩ ʠʥʜʠʢʘʪʦʨʦʤ (8 ʤʢʄ) ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ 
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ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʟʘʪʝʤ ʧʨʦʤʳʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʥʦʨʤʘʣʴʥʳʤ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʯʠʥʘʣʘʩʴ ʨʝʛʠʩʪʨʘʮʠʠ ʟʝʣʝʥʦʡ ʠ ʢʨʘʩʥʦʡ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ Olympus BX51WI, ʦʙʲʝʢʪʠʚʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 100 

ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʢʫʙʦʚ ʜʣʷ ʠʟʦʪʠʦʮʠʘʥʘʪʘ ʠ Texas Red. ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʨʘʩʥʦʡ (590 ʥʤ) ʠ ʟʝʣʝʥʦʡ (510 ʥʤ) ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

(Petrov et al., 2014; Giniatullin et al., 2015). ɺ ʯʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʧʘʨʘʪʳ ʙʳʣʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʳ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ 10 ʤʄ ʄʎɼ. ɺ ʜʨʫʛʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʧʦʩʣʝ ʨʝʛʠʩʪʨʘʮʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʘʡʦʥʝ ʥʘʯʠʥʘʣʦʩʴ ʚʦʟʜʝʡʩʪʚʠʝ 

ʄʎɼ (10 ʤʄ), ʠ ʜʝʪʝʢʪʠʨʦʚʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ: ʦʪʥʦʰʝʥʠʝ ʢʨʘʩʥʦʡ / ʟʝʣʝʥʦʡ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʨʝʛʠʦʥʝ ʠʥʪʝʨʝʩʘ, ʩʦʜʝʨʞʘʱʝʤ ʥʝʨʚʥʳʝ ʪʝʨʤʠʥʘʣʠ, ʜʦ ʘʧʧʣʠʢʘʮʠʠ 

ʄʎɼ ʧʨʠʥʠʤʘʣʦʩʴ ʟʘ 1.0. 

 

3.3.8 ʆʮʝʥʢʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʨʅ 

ʌʣʫʦʨʝʩʮʝʥʪʥʳʡ ʢʨʘʩʠʪʝʣʴ BCECF AM (acetoxymethyl ester 2,7-bis(carboxyethyl)-

5,6-carboxyflurescein, Molecular probes) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʢ ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʠʡ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʩʝʥʩʦʨ ʨʅ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʪʦʥʦʚ 

(Wu et al., 1994; Fu et al., 1998; Petrov et al., 2011). ʅʝʨʚʥʦ-ʤʳʰʝʯʥʳʝ ʧʨʝʧʘʨʘʪʳ 

ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʩ 5 ʤʢʄ BCEFCF AM ʚ ʪʝʯʝʥʠʝ 10-15 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ; 

ʟʘʪʝʤ ʢʨʘʩʠʪʝʣʴ ʩʤʳʚʘʣʩʷ, ʠ ʧʨʝʧʘʨʘʪʳ ʧʝʨʬʫʟʠʨʦʚʘʣʠʩʴ ʥʦʨʤʘʣʴʥʳʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ 

ʨʘʩʪʚʦʨʦʤ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʬʦʥʦʚʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʇʦʣʫʯʘʩʘ 

ʦʪʤʳʚʢʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʚʥʫʪʨʠ ʢʣʝʪʦʢ ʨʝʘʢʮʠʠ ʜʝʵʪʝʨʠʬʠʢʘʮʠʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʦʪ ʢʨʘʩʠʪʝʣʷ ʦʪʱʝʧʣʷʝʪʩʷ ʵʬʠʨʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ, ʠ ʦʥ ʦʢʘʟʳʚʘʝʪʩʷ 

ʧʦʡʤʘʥʥʳʤ ʚ ʮʠʪʦʟʦʣʝ ʢʣʝʪʢʠ. ɿʘʛʨʫʞʝʥʥʳʝ BCECF AM ʥʝʨʚʥʳʝ ʪʝʨʤʠʥʘʣʠ 

ʦʩʚʝʱʘʣʠʩʴ ʧʦʧʝʨʝʤʝʥʥʦ ʢʦʨʦʪʢʠʤʠ (ʜʣʠʪʝʣʴʥʦʩʪʴʶ 1 ʩ) ʚʩʧʳʰʢʘʤʠ ʩʚʝʪʘ 505Ñ10 ʥʤ 

(çʧʦʣʝʟʥʳʡè ʩʠʛʥʘʣ) ʠ 450Ñ10 ʥʤ (ʬʦʥʦʚʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ). ʌʣʫʦʨʝʩʮʝʥʮʠʷ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʚʝʪʦʬʠʣʴʪʨʘ, ʧʨʦʧʫʩʢʘʶʱʝʛʦ ʩʚʳʰʝ 

530 ʥʤ, ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ, ʧʨʠʣʝʛʘʶʱʝʤ ʢ ʧʦʩʣʝʜʥʝʤʫ ʤʠʝʣʠʥʦʚʦʤʫ ʩʝʛʤʝʥʪʫ. 

ʆʪʥʦʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʚʦʟʙʫʞʜʘʶʱʠʤ ʩʚʝʪʦʤ ʜʚʫʭ ʚʦʣʥ J505/450 

ʙʳʣʦ ʧʦʩʯʠʪʘʥʦ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠʟʤʝʥʝʥʠʡ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʨʅ. ɺ ʟʘʚʝʨʰʝʥʠʠ 

ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʡ ʧʨʝʧʘʨʘʪ ʧʝʨʬʫʟʠʨʦʚʘʣʩʷ ʬʦʩʬʘʪʥʳʤ 

ʙʫʬʝʨʦʤ (150 ʤʄ), ʩʦʜʝʨʞʘʱʠʤ 10 ʤʄ ʥʠʛʝʨʠʮʠʥʘ (Sigma) ʜʣʷ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ 
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ʚʥʫʪʨʠ- ʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʨʅ. ʆʪʥʦʰʝʥʠʝ ʵʤʠʩʩʠʠ J505/450 ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʠʭ ʵʢʩʧʦʟʠʮʠʷʭ ʧʨʝʧʘʨʘʪʘ ʧʨʠ ʨʘʟʥʳʭ ʨʅ (7.22, 7.19, 7.16 ʠ 7.13) ʠ ʚʟʷʪʦ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʰʢʘʣʳ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʢʨʘʩʥʦʛʦ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʘʨʢʝʨʘ FM4-64 (Invitrogen) ʧʦʤʦʛʘʣʦ ʣʦʢʘʣʠʟʦʚʘʪʴ ʥʝʨʚʥʳʝ 

ʪʝʨʤʠʥʘʣʠ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ BCECF AM ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ 

(Petrov et al., 2011). 

 

3.3.9 ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʤʝʤʙʨʘʥʘʭ 

ɼʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʠʣʠʧʠʥ III - ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʡ 

ʘʥʪʠʙʠʦʪʠʢ (Sigma), ʩʧʝʮʠʬʠʯʥʦ ʠ ʥʝʦʙʨʘʪʠʤʦ ʩʦʝʜʠʥʷʶʱʠʡʩʷ (ʩʦʦʪʥʦʰʝʥʠʝ 1 ʢ 1) ʩ 

ʤʝʤʙʨʘʥʥʳʤ ʭʦʣʝʩʪʝʨʠʥʦʤ (Orlandi, Fishman, 1998). ʇʨʝʧʘʨʘʪʳ ʥʘ 1 ʯʘʩ ʦʩʪʘʚʣʷʣʠ ʚ  

ʨʘʩʪʚʦʨʝ ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʘ (3%), ʟʘʪʝʤ ʥʘ 10 ʤʠʥ ʧʦʛʨʫʞʘʣʠ ʚ ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ 

(PBS), ʚʢʣʶʯʘʶʱʠʡ 1.5 ʤʛ/ʤʣ ʛʣʠʮʠʥʘ, ʟʘʪʝʤ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʚʳʜʝʨʞʘʣʠ ʚ ʨʘʩʪʚʦʨʝ 

0.05 ʤʛ/ʤʣ ʬʠʣʠʧʠʥʘ III . ʇʦʩʣʝ ʠʥʪʝʥʩʠʚʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 2 ʯʘʩʦʚ ʧʝʨʬʫʟʠʨʦʚʘʣʠ 

ʧʨʝʧʘʨʘʪ ʨʘʩʪʚʦʨʦʤ PBS, ʯʪʦʙʳ ʫʙʨʘʪʴ ʬʦʥʦʚʫʶ ʬʣʫʦʨʝʩʮʝʥʮʠ.ʁ ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʩʚʝʱʝʥʠʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʤ (340-380 ʥʤ), ʵʤʠʩʩʠʦʥʥʳʡ 

ʬʠʣʴʪʨ (430-470 ʥʤ). ʊʘʢʞʝ ʬʠʣʠʧʠʥ III  ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʧʨʝʧʘʨʘʪʦʚ ʄʎɼ ʠ ʢʦʤʧʣʝʢʩʦʚʘʥʥʳʤ ʩ ʄʎɼ ʭʦʣʝʩʪʝʨʠʥʦʤ (ʇʝʪʨʦʚ ʠ ʜʨ. 

2011; Petrov et al., 2011).  

 

3.3.10 ʄʘʨʢʠʨʦʚʘʥʠʝ ʩʢʦʧʣʝʥʠʡ ʛʘʥʛʣʠʦʟʠʜʦʚ GM1 

ɻʘʥʛʣʠʦʟʠʜ GM1, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʨʘʬʪʦʚ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʩʫʙʲʝʜʠʥʠʮʳ ɺ ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ. ɺ ʮʝʣʷʭ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʥʫʶ (Alexa 

Fluor 488 ʠʣʠ Alexa Fluor 555) ʩʫʙʲʝʜʠʥʠʮʫ ɺ ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ (ʍʊ-ɺ, ʠʟ ʥʘʙʦʨʘ 

Vybrant lipid raft labeling kit, Molecular probes), ʢʦʪʦʨʘ ̫ ʥʝʦʙʨʘʪʠʤʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʧʝʥʪʘʩʘʭʘʨʠʜʥʳʤʠ ʮʝʧʷʤʠ ʤʦʣʝʢʫʣ ʛʘʥʛʣʠʦʟʠʜʘ GM1 (Fujinaga et al., 1992). ʇʨʠʯʝʤ 

ʤʦʣʝʢʫʣʘ ʍʊ-ɺ ̫ ʚʣʷʝʪʩʷ ʧʝʥʪʘʚʘʣʝʥʪʥʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʘʥʛʣʠʦʟʠʜʫ GM1 ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʛʘʥʛʣʠʦʟʠʜʘʤʠ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʚ ʣʠʧʠʜʥʳʭ ʨʘʬʪʘʭ 

(Schwan C. et al., 2011; Margheri G., et al., 2014). ʄʳʰʮʳ ʠʥʢʫʙʠʨʦʚʘʣʠ 15-20 ʤʠʥ ʚ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ, ʩ ʨʘʩʪʚʦʨʝʥʥʦʡ ʍʊ-ɺ (1 ʤʢʛ/ʤʣ), ʧʦʩʣʝ 20 ʤʠʥʫʪ 

ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ, ʚ ʢʦʪʦʨʳʡ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʘʥʪʠʪʝʣʘ ʧʨʦʪʠʚ 
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ʍʊ-ɺ (ʨʘʟʚʝʜʝʥʠʝ 1:200 ʠʟ ʥʘʙʦʨʘ Vybrant lipid raft labeling kit). ɿʘʪʝʤ ʧʨʝʧʘʨʘʪʳ 

ʧʨʦʤʳʚʘʣʠʩʴ 30 ʤʠʥ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ, ʠ ʥʘʯʠʥʘʣʘʩʴ ʨʝʛʠʩʪʨʘʮʠʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɸʥʪʠʪʝʣʘ ʢ ʍʊ-ɺ ʜʦʙʘʚʣʷʣʠʩʴ ʜʣʷ ʧʝʨʝʢʨʝʩʪʥʦʡ ʩʰʠʚʢʠ ʤʦʣʝʢʫʣ ʍʊ-ɺ 

ʚ ʣʠʧʠʜʥʳʭ ʨʘʬʪʘʭ ʚ ʦʪʜʝʣʴʥʳʝ çʟʘʧʣʘʪʢʠè ʥʘ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ (ʇʝʪʨʦʚ ʠ ʜʨ. 

2011; Kasimov et al., 2015). ʕʪʠ ʟʘʧʣʘʪʢʠ ʣʝʛʢʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʌʣʫʦʨʝʩʮʝʥʮʠʶ ʤʝʯʝʥʥʦʛʦ Alexa Fluor 488 (ʠʣʠ Alexa 

Fluor 555) ʍʊ-ɺ ʚʦʟʙʫʞʜʘʣʠ ʩʚʝʪʦʤ 480/15 ʥʤ (ʠʣʠ 535/15 ʥʤ), ʠ ʵʤʠʩʩʠʶ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʣʴʪʨʘ ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 505-545 ʥʤ (ʠʣʠ 600-

640 ʥʤ). ʌʣʫʦʨʝʩʮʝʥʮʠʶ ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʩʨʝʜʥʝʝ ʩʚʝʯʝʥʠʝ ʦʪ ʧʠʢʩʝʣʝʡ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ 

ʨʝʛʠʦʥʝ. 

 

3.3.11 ʆʮʝʥʢʘ ʬʘʟʦʚʳʭ ʩʚʦʡʩʪʚ ʤʝʤʙʨʘʥ r 

22-NBD-ʭʦʣʝʩʪʝʨʠʥ (22-(N-(7-Nitrobenz-2-Oxa-1,3-Diazol-4-yl)Amino)-23,24-

Bisnor-5-Cholen-3ɓ-Ol, Molecular Probes) ʠʩʧʦʣʴʟʦʚʘʣʩ ̫ ʢʘʢ ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʢ 

ʦʢʨʫʞʝʥʠʶ ʤʝʪʢʘ, ʢʦʪʦʨʘʷ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚʥʫʪʨʠ ʤʝʤʙʨʘʥʳ. 22-NBD-ʭʦʣʝʩʪʝʨʠʥ 

ʨʝʘʛʠʨʫʝʪ ʥʘ ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʚʳʭ ʩʚʦʡʩʪʚ ʤʝʤʙʨʘʥ, ʫʚʝʣʠʯʠʚʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʚ ʦʪʚʝʪ 

ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʠʟ ʣʠʧʠʜʥʳʭ ʨʘʬʪʦʚ ʚʦ ʬʨʘʢʮʠʶ ʞʠʜʢʦʡ ʤʝʤʙʨʘʥʳ (Loura et al., 2001; 

Ostaġov et al., 2013). ʉʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 22-NBD-ʭʦʣʝʩʪʝʨʠʥʘ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʥʝ 

ʟʘʚʠʩʷʪ ʦʪ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʠʧʠʜʥʦʛʦ ʙʠʩʣʦʷ (Ostaġov et al., 2013). ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ 

22-NBD-ʭʦʣʝʩʪʝʨʠʥʘ ʧʨʠʤʝʥʷʣʠ ʩʚʝʪ ʜʣʠʥʥʦʡ ʚʦʣʥʳ 480/15 ʥʤ, ʵʤʠʩʩʠʷ 

ʜʝʪʝʢʪʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʩʚʝʪʦʬʠʣʴʪʨʘ ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 510-590 ʥʤ. 22-NBD-

ʭʦʣʝʩʪʝʨʠʥ ʙʳʣ ʨʘʩʪʚʦʨʝʥ ʚ ʯʠʩʪʦʤ ʵʪʘʥʦʣʝ 10 ʤʛ/ʤʣ. ʂʦʥʝʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʘʥʦʣʘ ʚ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʙʦʯʝʤ ʨʘʩʪʚʦʨʝ ʥʝ ʧʨʝʚʳʰʘʣʘ 0.001%. ʇʨʝʧʘʨʘʪʳ ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʩ 

22-NBD-ʭʦʣʝʩʪʝʨʠʥʦʤ (0.2 ʤʢʄ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʠ 

ʟʘʪʝʤ ʧʝʨʬʫʟʠʨʦʚʘʣʠʩʴ ʥʦʨʤʘʣʴʥʳʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ 

ʧʝʨʝʜ ʟʘʧʠʩʴʶ ʚʨʝʤʝʥʥʦʛʦ ʭʦʜʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ 

ʨʝʛʠʦʥʝ ʚ ʢʦʥʪʨʦʣʝ ʠ ʚ ʪʝʯʝʥʠʝ ʘʧʧʣʠʢʘʮʠʠ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʢʨʘʩʥʳʤ FM4-64 ʧʦʤʦʛʘʣʦ ʣʦʢʘʣʠʟʦʚʘʪʴ 

ʥʝʨʚʥʫʶ ʪʝʨʤʠʥʘʣʴ ʜʣʷ ʜʝʪʝʢʮʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 22-NBD-ʭʦʣʝʩʪʝʨʠʥʘ (Kasimov et al., 

2015). 
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3.3.12 ʄʘʨʢʠʨʦʚʘʥʠʝ ʥʠʢʦʪʠʥʦʚʳʭ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ 

ɺ ʥʝʢʦʪʦʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʍʊ-ɺ ʠ 22-NBD-ʭʦʣʝʩʪʝʨʠʥʦʤ, ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʝ 

ʥʠʢʦʪʠʥʦʚʳʝ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ ʙʳʣʠ ʧʦʤʝʯʝʥʳ ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʤ ʩ 

ʨʦʜʘʤʠʥʦʤ Ŭ-ʙʫʥʛʘʨʦʪʦʢʩʠʥʦʤ. Ŭ-ɹʫʥʛʘʨʦʪʦʢʩʠʥ (30 ʥʛ/ʤʣ, Molecular Probes) 

ʘʧʧʣʠʮʠʨʦʚʘʣʩʷ ʥʘ 20 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʘʥʪʠʪʝʣʘʤʠ ʢ 

ʍʊ-ɺ ʠʣʠ 22-NBD-ʭʦʣʝʩʪʝʨʠʥʦʤ. ʌʣʫʦʨʝʩʮʝʥʮʠʷ Ŭ-ʙʫʥʛʘʨʦʪʦʢʩʠʥʘ ʚʳʟʳʚʘʣʘʩʴ ʩʚʝʪʦʤ 

ʜʣʠʥʥʦʡ ʚʦʣʥʳ 555/15 ʥʤ, ʠ ʵʤʠʩʩʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʩʚʝʪʦʬʠʣʴʪʨʘ ʩ 

ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 610-650 ʥʤ. 

 

3.3.14 ʀʤʤʫʥʦʬʣʁʦʨʝʩʮʝʥʠʷ 

ɼʣʷ ʠʤʤʫʥʦʬʣʦʁʨʝʩʮʝʥʪʥʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʧʨʝʧʘʨʘʪʳ ʬʠʢʩʠʨʦʚʘʣʠʩʴ 3.7% p-

ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʩʣʝ ʬʠʢʩʘʮʠʠ 

ʧʨʝʧʘʨʘʪʳ ʧʝʨʤʝʘʙʠʣʠʟʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 1% Triton X-100, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 

ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ (PBS), ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʩʣʝ ʯʝʛʦ 

ʦʙʨʘʟʮʳ ʧʦʛʨʫʞʘʣʠʩʴ ʥʘ 1 ʯʘʩ ʪʘʢʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʙʣʦʢʠʨʫʶʱʠʡ 

ʨʘʩʪʚʦʨ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 2% ʥʦʨʤʘʣʴʥʦʡ ʦʩʣʠʥʦʡ ʩʳʚʦʨʦʪʢʠ, 0.1% Triton X-100, 

0.05% Tween 20 ʠ 1% ʙʳʯʴʝʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʧʨʦʪʝʠʥʘ (BSA) ʚ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ. 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʦʙʨʘʟʮʳ ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʥʦʯʴ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ ʧʨʠ 4Áʉ. ɿʘʪʝʤ 

ʤʳʰʮʳ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʩ ʚʪʦʨʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʤʥʦʪʝ. ʆʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠʩʴ ʥʘ ʧʨʝʜʤʝʪʥʳʝ ʩʪʝʢʣʘ ʠ ʧʦʢʨʳʚʘʣʠʩʴ 

ʩʨʝʜʦʡ ʜʣʷ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʇʝʨʚʠʯʥʳʝ ʘʥʪʠʪʝʣʘ ʨʘʟʚʦʜʠʣʠʩʴ ʚ ʬʦʩʬʘʪʥʦʤ 

ʙʫʬʝʨʝ, ʩʦʜʝʨʞʘʱʝʤ 1% ʙʳʯʴʝʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʧʨʦʪʝʠʥʘ, 0.05% Triton X-100, 0.05% 

Tween 20, 1% ʥʦʨʤʘʣʴʥʦʡ ʦʩʣʠʥʦʡ ʩʳʚʦʨʦʪʢʠ. ɺʪʦʨʠʯʥʳʝ ʘʥʪʠʪʝʣʘ ʨʘʟʚʦʜʠʣʠʩʴ ʚ 

ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ, ʩʦʜʝʨʞʘʱʝʤ 0.05% Tween 20. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʧʨʦʪʦʢʦʣʘ 

ʦʢʨʘʰʠʚʘʥʠʷ ʧʨʝʧʘʨʘʪʳ ʪʨʦʝʢʨʘʪʥʦ ʧʨʦʤʳʚʘʣʠʩʴ ʬʦʩʬʘʪʥʳʤ ʙʫʬʝʨʦʤ (ʚ ʤʄ: 3.2 

NaH2PO4, 0.5 K2HPO4, 1.3 KCl, 135 NaCl; pH 7.4) ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. 

ʇʝʨʚʠʯʥʳʝ ʧʦʣʠʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠʪʝʣʘ, ʢʨʦʣʠʯʴʠ ʘʥʪʠ-ʩʠʥʪʘʢʩʠʥ ʘʥʪʠʪʝʣʘ 

(Abcam) ʚ ʨʘʟʚʝʜʝʥʠʠ 1:200, ʢʦʟʣʠʥʳʝ ʘʥʪʠ-ʩʠʥʘʧʪʦʬʠʟʠʥ ʘʥʪʠʪʝʣʘ (Santa Cruz 

Biotchnology) ʚ ʨʘʟʚʝʜʝʥʠʠ 1:200, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʠʤʤʫʥʦʤʝʯʝʥʠʷ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʃʦʢʘʣʠʟʘʮʠʷ ʧʝʨʚʠʯʥʳʭ ʘʥʪʠʪʝʣ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʨʠ 

ʧʦʤʦʱʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʚʪʦʨʠʯʥʳʭ ʘʥʪʠʪʝʣ: ʦʩʣʠʥʳʝ ʘʥʪʠ-ʢʨʦʣʠʯʴʠ ʘʥʪʠʪʝʣʘ, 

ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʝ ʩ Alexa Fluor 647 (ʨʘʟʚʝʜʝʥʠʝ 1:1000, Abcam) ʜʣʷ ʜʝʪʝʢʮʠʠ ʘʥʪʠ-
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ʩʠʥʪʘʢʩʠʥ ʘʥʪʠʪʝʣ ʠ ʦʩʣʠʥʳʝ ʘʥʪʠ-ʢʦʟʣʠʥʳʝ ʘʥʪʠʪʝʣʘ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʝ ʩ Alexa Fluor 

488 (ʨʘʟʚʝʜʝʥʠʝ 1:1000, Abcam) ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʪʠ-ʩʠʥʘʧʪʦʬʠʟʠʥ ʘʥʪʠʪʝʣ. 

ʌʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʝʯʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, ʝʩʣʠ ʧʝʨʚʠʯʥʳʝ ʠʣʠ ʚʪʦʨʠʯʥʳʝ ʘʥʪʠʪʝʣʘ ʥʝ 

ʜʦʙʘʚʣʷʣʠʩʴ, ʠʣʠ ʝʩʣʠ ʧʝʨʚʠʯʥʳʝ ʘʥʪʠʪʝʣʘ ʙʳʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʢʫʙʠʨʦʚʘʥʳ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʝʧʪʠʜʦʤ ʠʤʤʫʥʦʛʝʥʦʤ (ʢʨʳʩʠʥʳʡ ʩʠʥʪʘʢʩʠʥ 1a ʧʝʧʪʠʜ ab41452, 

Abcam, sc-7568 P, Santa Cruz Biotechnology). ʌʣʫʦʨʝʩʮʝʥʮʠʷ AlexaFluor-488/Alexa Fluor 

647 ʚʦʟʙʫʞʜʘʣʘʩʴ ʩʚʝʪʦʤ 470-490 ʥʤ / 590-650 ʥʤ, ʠ ʵʤʠʩʩʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʣʴʪʨʦʚ ʩ ʧʦʣʦʩʘʤʠ ʧʨʦʧʫʩʢʘʥʠʷ 505-545 ʥʤ / 663-738 ʥʤ.  

ɺ ʯʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʘʨʢʠʨʦʚʘʣʠʩʴ TRPV1-ʢʘʥʘʣʳ ʠ ʥʠʢʦʪʠʥʦʚʳʝ 

ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʝʨʚʠʯʥʳʝ ʢʨʦʣʠʯʴʠ ʘʥʪʠ-

TRPV1 ʘʥʪʠʪʝʣʘ (1:200, Alomone Labs Ltd.), ʘ ʚʪʦʨʠʯʥʳʤʠ ʜʣʷ ʥʠʭ ʘʥʪʠʪʝʣʘʤʠ 

ʚʳʩʪʫʧʘʣʠ ʤʝʯʝʥʥʳʝ AlexaFluor-488 ʘʥʪʠ-ʢʨʦʣʠʯʴʠ ʘʥʪʠʪʝʣʘ (1:1000, Abcam). ʇʦʩʣʝ 

ʠʥʢʫʙʘʮʠʠ ʚ ʧʝʨʚʠʯʥʳʭ ʘʥʪʠʪʝʣʘʭ, ʥʦ ʜʦ ʜʦʙʘʚʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʘʥʪʠʪʝʣ, 

ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʤʳʰʮʳ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ ʩ ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʤ ʩ 

ʨʦʜʘʤʠʥʦʤ Ŭ-ʙʫʥʛʘʨʦʪʦʢʩʠʥʦʤ (1 ʥʛ/ʤʣ) ʧʨʠ 4Áʉ ʚ ʪʝʯʝʥʠʝ 4-ʭ ʯʘʩʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʝʧʘʨʘʪʳ ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ ʠ 

ʙʣʦʢʠʨʫʶʱʠʤ ʧʝʧʪʠʜʦʤ (ʧʨʠ ʨʘʟʚʝʜʝʥʠʠ 1:1), EDAEVFKDSMVPGEK, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 824ï838 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ TRPV1-

ʙʝʣʢʝ ʢʨʳʩʳ (Alomone Labs). 

ʀʟʦʙʨʘʞʝʥʠʷ ʟʘʭʚʘʪʳʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʩʢʦʧʘ Olympus BX51WI (ʩ 

ʢʦʥʬʦʢʘʣʴʥʦʡ ʧʨʠʩʪʘʚʢʦʡ Disk Speed Unit ʠ ʦʙʲʝʢʪʠʚʦʤ LumPlanPF 100xw). ɸʥʘʣʠʟ 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ImageJ 1.45 (NIH, ʉʐɸ). ʌʣʫʦʨʝʩʮʝʥʮʠʷ 

ʚʪʦʨʠʯʥʳʭ ʘʥʪʠʪʝʣ ʤʘʨʢʠʨʦʚʘʥʘ ʧʩʝʚʜʦʮʚʝʪʦʤʘʤʠ ʥʘ ʨʠʩʫʥʢʘʭ. 

 

3.4 ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ Origin Pro software (OriginLab Corp.,ʉʐɸ), GraphPad InStat 

program (Graph-Pad Software, Inc., ʉʐɸ) ʠ SAS 9.1 software (SAS Institute Inc., ʉʐɸ). 

ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ, ʛʜʝ n ʫʢʘʟʳʚʘʝʪʩʷ 

ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ t-ʪʝʩʪʘ ʉʪʴʶʜʝʥʪʘ ʠʣʠ ANOVA. ʈʘʟʣʠʯʠʷ ʧʨʠʥʠʤʘʣʠʩʴ 

ʢʘʢ ʜʦʩʪʦʚʝʨʥʳʝ ʧʨʠ p < 0.05. 
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4. ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

 

 

4.1 ʍʦʣʝʩʪʝʨʠʥ ʠ ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ 

ʍʦʣʝʩʪʝʨʠʥ - ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ, ʢʦʪʦʨʳʡ 

ʨʝʛʫʣʠʨʫʝʪ ʠʭ ʬʘʟʦʚʳʝ ʩʚʦʡʩʪʚʘ ʠ ʘʢʪʠʚʥʦʩʪʴ ʤʥʦʛʠʭ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ. ʆʩʦʙʝʥʥʦ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʦʙʥʘʨʫʞʝʥʦ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ, ʯʪʦ ʯʘʩʪʠʯʥʦ ʩʚʷʟʘʥʦ ʩ 

ʫʯʘʩʪʠʝʤ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʠʝʣʠʥʦʚʦʡ ʦʙʦʣʦʯʢʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʧʣʘʟʤʘʪʠʯʝʩʢʠʭ 

ʤʝʤʙʨʘʥʘʭ ʥʝʢʦʪʦʨʳʝ ʤʦʣʝʢʫʣʳ ʭʦʣʝʩʪʝʨʠʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩʦ ʩʬʠʥʛʦʣʠʧʠʜʘʤʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʩʠʛʥʘʣʴʥʳʝ ʙʝʣʢʠ ʠ ʧʨʦʪʝʠʥʳ, ʚʦʚʣʝʯʝʥʥʳʝ ʚ ʚʝʟʠʢʫʣʷʨʥʳʡ ʪʨʘʥʩʧʦʨʪ (ʇʝʪʨʦʚ, 

ɿʝʬʠʨʦʚ, 2013). ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʢ, ʠʟʙʠʨʘʪʝʣʴʥʦ ʩʦʝʜʠʥʷʶʱʠʭʩʷ ʩ 

ʭʦʣʝʩʪʝʨʠʥʦʤ (ʇʝʪʨʦʚ ʠ ʜʨ. 2011). ʉʧʝʮʠʬʠʯʥʳʤʠ ʤʘʨʢʝʨʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʣʠʧʠʜʥʳʭ 

ʧʣʦʪʠʢʦʚ ʷʚʣʷʶʪʩʷ ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʤʙʨʘʥʦʡ ʧʦʩʨʝʜʩʪʚʦʤ 

ʛʣʠʢʦʟʠʣʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣʴʥʦʛʦ ʷʢʦʨʷ ʧʨʦʪʝʠʥʳ (Thy-1, ʬʣʦʪʠʣʠʥ), ʙʝʣʦʢ LAT, 

ʨʝʮʝʧʪʦʨ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʘ ɽ, ʛʘʥʛʣʠʦʟʠʜʳ GM1 (Owen et al., 2007). ʅʘʠʙʦʣʴʰʠʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʛʘʥʛʣʠʦʟʠʜʳ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʥʝʨʚʥʳʭ ʢʣʝʪʢʘʭ ʧʦʟʚʦʥʦʯʥʳʭ, ʛʜʝ ʦʢʦʣʦ 15% ʦʙʱʝʛʦ ʧʫʣʘ ʣʠʧʠʜʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʘʥʛʣʠʦʟʠʜʘʤʠ. ɺ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ ʜʦʤʠʥʠʨʫʶʪ ʛʘʥʛʣʠʦʟʠʜʳ GM1, 

ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʫʩʪʦʡʯʠʚʳʭ ʢ ʜʝʡʩʪʚʠʶ ʜʝʪʝʨʛʝʥʪʦʚ ʤʝʤʙʨʘʥ ʩʠʥʘʧʪʦʩʦʤ, 

ʥʘʨʷʜʫ ʩ ʙʝʣʢʘʤʠ ʤʘʰʠʥʳ ʵʢʟʦʮʠʪʦʟʘ ʠ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʤʠ ʉʘ
2+

- ʢʘʥʘʣʘʤʠ 

ʘʢʪʠʚʥʳʭ ʟʦʥ (Taverna et al., 2007; Sonnino et al., 2007; Jang et al., 2009; ʇʝʪʨʦʚ ʠ ʜʨ. 

2011). ɺʳʨʘʙʦʪʢʘ ʘʥʪʠʪʝʣ ʢ ʛʘʥʛʣʠʦʟʠʜʘʤ GM1 ʚʝʜʝʪ ʢ ʩʠʥʜʨʦʤʫ ɼʞʫʣʠʘʥʘ-ɹʘʨʨʝ, 

ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʦʚʨʝʞʜʝʥʠʷ ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ ʠ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʘʫʪʦʠʤʤʫʥʥʦʛʦ ʦʩʪʨʦʛʦ ʧʘʨʘʣʠʯʘ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʡ ʩʠʩʪʝʤʳ 

(Willison, Plomp, 2008). 

 

4.1.1 ʃʦʢʘʣʠʟʘʮʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʦʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʦʣʝʢʫʣ 

ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʤʝʤʙʨʘʥʘʭ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʧʨʠʤʝʥʷʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ 

ʘʥʪʠʙʠʦʪʠʢ ʬʠʣʠʧʠʥ III, ʢʦʪʦʨʳʡ ʥʝʦʙʨʘʪʠʤʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʤʦʣʝʢʫʣʘʤʠ 
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ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 (Gimpl, Gehrig-Burger, 2007). 

ʄʘʨʢʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʤʠ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʣʷʛʫʰʢʠ ʠ ʤʳʰʠ ʩ 

ʧʦʤʦʱʴʶ ʬʠʣʠʧʠʥʘ III ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ. ʇʨʠʯʝʤ ʪʦʧʦʛʨʘʬʠʷ ʩʚʝʯʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʫʶ 

ʣʦʢʘʣʠʟʘʮʠʶ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʤʝʤʙʨʘʥʘʭ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ (ʨʠʩ. 30). 

 

ʈʠʩ. 30. ʍʦʣʝʩʪʝʨʠʥ ʚ ʥʝʨʚʥʦ-ʤʳh ʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʣʷʛʫʰʢʠ ʠ ʤʳʰʠ 

ɸ ï ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʣʷʛʫʰʢʠ (ʚʠʜʝʥ ʫʯʘʩʪʦʢ ʪʝʨʤʠʥʘʣʠ) ʠ ʤʳʰʠ, ʦʢʨʘʰʝʥʥʳʭ ʬʠʣʠʧʠʥʦʤ III, 

ʩʚʷʟʳʚʘʶʱʠʤʩʷ ʩ ʤʝʤʙʨʘʥʥʳʤ ʭʦʣʝʩʪʝʨʠʥʦʤ. ɹ ï ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ ʬʠʣʠʧʠʥʘ III 

ʚ ʨʝʛʠʦʥʝ, ʚʢʣʶʯʘʶʱʝʤ ʥʝʨʚʥʳʝ ʦʢʦʥʯʘʥʠ̫ (ʅʆ), ʠ ɻʢʩʪʨʘʩʠʥʘʧʪʠʯʝʩʢʦʤ ʫʯʘʩʪʢʝ, ʛʜʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʪʦʣʴʢʦ ʤʝʤʙʨʘʥʳ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ (ʄɺ). ʇʦ ʦʩʠ ʦʨʜʠʥʘʪ ï ʷʨʢʦʩʪʴ 

ʩʚʝʯʝʥʠʷ ʚ ʦ.ʝ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʫʢʘʟʘʥʘ ** p < 0.01. 

 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ ʬʠʣʠʧʠʥʘ III ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ ʣʷʛʫʰʢʠ ʠ ʤʳʰʠ 

ʙʳʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 41Ñ2% (n=10, p < 0.01) ʠ 39Ñ2% (n=10, p < 0.01) ʚʳʰʝ, ʯʝʤ 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʤʝʤʙʨʘʥ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ (ʨʠʩ. 30, ɹ). ʇʨʠʯʝʤ ʩʚʝʯʝʥʠʝ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʥʝ ʙʳʣʦ ʜʠʬʬʫʟʥʳʤ, ʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʦʩʴ ʚ ʦʛʨʘʥʠʯʝʥʥʳʭ 
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ʦʙʣʘʩʪʷʭ ʚ ʚʠʜʝ ʧʷʪʝʥ ʠ ʧʦʣʦʩʦʢ (ʈʠʩ. 1, ɸ). ʕʪʦ ʙʳʣʦ ʣʫʯʰʝ ʚʳʨʘʞʝʥʦ ʚ ʧʨʝʧʘʨʘʪʘʭ 

ʣʷʛʫʰʢʠ, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʙʦʣʴʰʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ (ɿʝʬʠʨʦʚ ʠ ʜʨ. 2003).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʭʦʣʦʜʥʦʢʨʦʚʥʦʛʦ ʠ 

ʪʝʧʣʦʢʨʦʚʥʦʛʦ ʞʠʚʦʪʥʳʭ ʩʦʜʝʨʞʘʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʦʢʨʫʞʘʶʱʝʡ ʵʢʩʪʨʘʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʳʰʝʯʥʦʡ ʤʝʤʙʨʘʥʝ, ʠ 

ʭʦʣʝʩʪʝʨʠʥ ʦʙʨʘʟʫʝʪ ʩʢʦʧʣʝʥʠʷ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ. ʇʦʩʣʝʜʥʝʝ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʘʣʠʯʠʝ ʦʙʦʛʘʱʝʥʥʳʭ ʭʦʣʝʩʪʝʨʠʥʦʤ ʤʠʢʨʦʜʦʤʝʥʦʚ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ (ʇʝʪʨʦʚ ʠ 

ʜʨ. 2011). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʤʳ ʥʝ ʦʙʥʘʨʫʞʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʳ ʤʝʞʜʫ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʤʝʤʙʨʘʥ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʣʷʛʫʰʢʠ ʠ 

ʤʳʰʠ. 

 

4.1.2 ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʣʠʧʠʜʥʳʭ ʨʘʬʪʦʚ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭ 

ʆʜʠʥ ʠʟ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʧʦʜʭʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ 

ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ, ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦ-ʤʝʯʝʥʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ ɺ 

ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ (ʍʊ-ɺ), ʩʦʜʝʨʞʘʱʝʡ 5 ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ ʛʘʥʣʠʦʟʠʜʦʚ GM1, 

ʩʢʦʧʣʝʥʠʷ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʣʠʧʠʜʥʳʭ ʨʘʬʪʘʭ (Fujinaga et al., 1992; Sonnino et al., 

2007). ʍʦʪʷ ʝʜʠʥʠʯʥʳʝ ʤʦʣʝʢʫʣʳ ʛʘʥʛʣʠʦʟʠʜʘ GM1 ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ 

ʤʝʤʙʨʘʥʳ, ʥʦ ʍʊ-ɺ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ GM1 ʤʦʣʝʢʫʣʘʤʠ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʚ ʣʠʧʠʜʥʳʭ ʨʘʬʪʘʭ ʚ ʚʠʜʝ ʩʢʦʧʣʝʥʠʡ (Schwan et al., 2011; Margheri, et 

al., 2014). ɺʝʨʦʷʪʥʦ, ʛʘʥʛʣʠʦʟʠʜʳ GM1 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʤʝʤʙʨʘʥʘʭ 

ʜʚʠʛʘʪʝʣʴʥʭr ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ ʠ ʧʦʷʚʣʝʥʠʝ ʘʫʪʦʠʤʤʫʥʥʳʭ ʘʥʪʠ-ʛʘʥʛʣʠʦʟʠʜ GM1 

ʘʥʪʠʪʝʣ ʧʨʠ ʩʠʥʜʨʦʤʝ ɼʞʫʣʠʘʥʘ-ɹʘʨʨʝ ʩʧʝʮʠʬʠʯʥʦ ʥʘʨʫʰʘʝʪ ʦʩʚʦʙʦʞʜʝʥʠʝ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ, ʫʛʥʝʪʘʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚʭʦʜ ʉʘ
2+ 
ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʝ ʥʝʨʚʥʦʝ 

ʦʢʦʥʯʘʥʠʝ (Buchwald et al., 2007; Zitman et al., 2010) 

ʉ ʧʦʤʦʱʴʶ ʍʊ-ɺ ʥʘʤ ʫʜʘʣʦʩʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ. ʉʫʜʷ ʧʦ ʪʦʧʦʣʦʛʠʠ ʩʚʝʯʝʥʠʷ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʠʩʭʦʜʠʣʘ ʠʟ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʫʯʘʩʪʢʦʚ. ʗʨʢʦʩʪʴ ʩʚʝʯʝʥʠʷ ʨʝʛʠʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʥʝʨʚʥʳʝ ʪʝʨʤʠʥʘʣʠ, ʦʢʨʘʰʝʥʥʳʝ ʍʊ-ɺ, ʙʳʣʘ ʥʘ 45Ñ4% (n=5, p < 0.05) ʠ 60Ñ3% (n=5, p < 

0.05) ʚʳʰʝ ʩʚʝʯʝʥʠʷ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ ʫ ʣʷʛʫʰʢʠ ʠ ʤʳʰʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 31). 

ʇʨʠ ʵʪʦʤ ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʨʝʛʠʦʥʦʚ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ ʚʳʜʝʣʷʣʠʩʴ 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʰʠʨʥʳʝ ʷʨʢʠʝ ʦʙʣʘʩʪʠ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʚʠʜʝ ʤʝʣʢʦʡ ʟʝʨʥʠʩʪʦʩʪʠ ʠʣʠ ʧʦʣʦʩʦʢ (ʨʠʩ. 31, ʘ). 

 

 

ʈʠʩ. 31. ʃʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ ʚ ʤʝʤʙʨʘʥʘʭ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

ʉʚʝʨʭʫ ï ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʨʝʛʠʦʥʦʚ ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ, 

ʦʢʨʘʰʝʥʥʳʭ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʫʙʲʝʜʠʥʠʮʝʡ ɺ ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ (ʍʊ-ɺ) ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʤʙʨʘʥʘʭ (ʘ) ʠ ʚ ʤʝʤʙʨʘʥʘʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ (ʙ) ʣʷʛʫʰʢʠ ʠ ʤʳʰʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʦʪʦʢʦʣʳ ʦʢʨʘʩʢʠ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʤʙʨʘʥʘʭ ʠ ʤʝʤʙʨʘʥʘʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʦʧʠʩʘʥʳ ʚ ʪʝʢʩʪʝ. ʉʥʠʟʫ 

ï ɼʠʘʛʨʘʤʤʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʚ ʦ.ʝ.) ʍʊ-ɺ ʚ ʤʝʤʙʨʘʥʝ ʤʳʰʝʯʥʳʭ 

ʚʦʣʦʢʦʥ (ʄɺ), ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʤʙʨʘʥʘʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ (ʇʅʆ) ʠ ʤʝʤʙʨʘʥʘʭ 

ʵʥʜʦʮʠʪʠʨʫʶʱʠʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (ʉɺ). ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʢʘʟʘʥʘ * p<0.05 ʠ ** 

p<0.01. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʨʝʛʠʦʥʘʭ, ʛʜʝ ʣʦʢʘʣʠʟʫʶʪʩʷ ʜʚʠʛʘʪʝʣʴʥʳʝ ʥʝʨʚʥʳʝ ʦʢʦʥʯʘʥʠʷ, 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʢʦʧʣʝʥʠʷ ʛʘʥʛʣʠʦʟʠʜʦʚ GM1 (ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ), ʠ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʦʢʨʫʞʘʶʱʝʡ ʤʳʰʝʯʥʦʡ ʤʝʤʙʨʘʥʝ. ʕʪʦ 
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ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʦ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʪʝʨʛʝʥʪ-ʫʩʪʦʡʯʠʚʳʭ 

ʤʝʤʙʨʘʥ (ʤʦʜʝʣʠ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ) ʚ ʩʠʥʘʧʪʦʩʦʤʘʣʴʥʳʭ ʤʝʤʙʨʘʥʘʭ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ 

ʤʦʟʛʘ ʛʨʟrʫʥʦʚ (Eckert et al., 2003). ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʦʢʨʘʩʢʘ 

ʬʠʣʠʧʠʥʦʤ III  ʠ ʍʊ-ɺ ʜʘʝʪ ʩʦʧʦʩʪʘʚʠʤʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: ʩʦʜʝʨʞʘʥʠʝ 

ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʨʘʬʪʦʚ ʧʨʠʤʝʨʥʦ ʥʘ 40-60% ʚʳʰʝ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ. ʕʪʦ ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʪʦ, ʯʪʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʬʪʦʚ ʪʨʝʙʫʪʁʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʣʝʢʫʣʳ 

ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ (ʇʝʪʨʦʚ ʠ ʜʨ. 2011). 

ʍʦʣʝʩʪʝʨʠʥ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40% ʚʩʝʭ ʣʠʧʠʜʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʩʠʥʘʧʪʠʯʝʩʢʠʝ 

ʚʝʟʠʢʫʣʳ (Takamori et al., 2006). ʆʜʥʘʢʦ ʚʦʧʨʦʩ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʣʠʧʠʜʥʳʭ ʨʘʬʪʦʚ ʚ 

ʤʝʤʙʨʘʥʘʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʚ ʠʥʪʘʢʪʥʳʭ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʷʭ ʦʩʪʘʝʪʩʷ ʩʣʘʙʦ 

ʠʟʫʯʝʥʥʳʤ (Jang et al., 2009). ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ ʚ ʤʝʤʙʨʘʥʘʭ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʠʩʭʦʜʠʣʠ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʦʦʙʨʘʞʝʥʠʡ. ʇʨʠ ʵʢʟʦʮʠʪʦʟʝ 

ʬʨʘʛʤʝʥʪʳ ʤʝʤʙʨʘʥ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʠʥʢʦʨʧʦʨʠʨʫʶʪʩʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʫʶ 

ʤʝʤʙʨʘʥʫ ʠ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦ (ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʜʘʞʝ ʜʦ 10-12 ʤʠʥ) ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪʳ ʜʝʡʩʪʚʠʶ ʍʊ-ɺ (Betz, 

Bewick, 1993; ʇʝʪʨʦʚ ʠ ʜʨ., 2007, 2008; Petrov et al., 2008). ʇʦʵʪʦʤʫ ʧʨʝʧʘʨʘʪ ʧʦʛʨʫʞʘʣʠ 

ʚ ʨʘʩʪʚʦʨ ʩ ʍʊ-ɺ ʠ ʟʘʪʝʤ ʠʥʠʮʠʠʨʦʚʘʣʠ ʤʘʩʩʠʚʥʳʡ ʵʢʟʦʮʠʪʦʟ ʜʣʠʪʝʣʴʥʳʤ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ (3 ʤʠʥ 20 ɻʮ) ʨʘʟʜʨʘʞʝʥʠʝʤ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ (ʧʨʠ ʜʘʥʥʦʤ 

ʩʮʝʥʘʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʘʥʪʠʪʝʣʘ ʢ ʍʊ-ɺ ʥʝ ʧʨʠʤʝʥʷʣʠʩʴ). ʇʨʠ ʤʘʨʢʠʨʦʚʘʥʠʠ ʣʠʧʠʜʥʳʭ 

ʧʣʦʪʠʢʦʚ ʩ ʧʦʤʦʱʴʶ ʍʊ-ɺ ʥʘ ʬʦʥʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʚ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ 

ʣʷʛʫʰʢʠ ʠ ʤʳʰʠ, ʥʘʨʷʜʫ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʩʚʝʯʝʥʠʝʤ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, 

ʧʦʷʚʣʷʶʪʩʷ ʷʨʢʠʝ ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʝ ʧʷʪʥʘ (ʨʠʩ. 31, ʙ). ʇʨʠʯʝʤ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʵʪʠʭ 

ʧʷʪʝʥ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ (ʥʘ 78Ñ6%, p 0̓.01, n=8 ʠ 67Ñ6%, p 0̓.01, n=8 ʚ 

ʧʨʝʧʘʨʘʪʘʭ ʣʷʛʫʰʢʠ ʠ ʤʳʰʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʩʚʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʤʝʤʙʨʘʥ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʚʷʟʳʚʘʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʍʊ-ɺ ʩ 

ʤʝʤʙʨʘʥʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʢʦʪʦʨʳʝ ʟʘʭʚʘʪʠʣʠʩʴ ʚ ʥʝʨʚʥʦʝ 

ʦʢʦʥʯʘʥʠʝ ʵʥʜʦʮʠʪʦʟʦʤ (ʨʠʩ. 31).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʝʤʙʨʘʥʳ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ 

ʦʙʦʛʘʱʝʥʳ ʣʠʧʠʜʥʳʤʠ ʨʘʬʪʘʤʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʠʥʘʧʪʠʯʝʩʢʠʝ 

ʤʝʤʙʨʘʥʳ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʢʨʘʡʥʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʚʝʟʠʢʫʣʷʨʥʳʭ ʤʝʤʙʨʘʥʘʭ (Takamori et al., 2006) ʠ ʦʙʥʘʨʫʞʝʥʠʝʤ 

ʣʦʢʘʣʠʟʘʮʠʠ ʨʷʜʘ ʙʝʣʢʦʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (ʩʠʥʘʧʪʦʪʘʛʤʠʥʘ I, ʧʨʦʪʦʥʥʦʡ ʧʦʤʧʳ, 
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ʪʨʘʥʩʧʦʨʪʝʨʦʚ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ) ʚʦ ʬʨʘʢʮʠʷʭ ʫʩʪʦʡʯʠʚʳʭ ʢ ʜʝʡʩʪʚʠʶ ʜʝʪʝʨʛʝʥʪʦʚ 

ʤʝʤʙʨʘʥ (Yoshinaka et al., 2004; Lv et al., 2008; de Juan-Sanz et al., 2014).  

 

4.1.3 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʣʠʧʠʜʥʳʭ ʨʘʬʪʦʚ ʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʚ ʥʝʨʚʥʳʭ 

ʦʢʦʥʯʘʥʠʷʭ 

ɼʚʦʡʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʧʨʝʧʘʨʘʪʦʚ FM1-43 ʠ ʤʘʨʢʝʨʦʤ ʥʘ ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ 

(ʢʨʘʩʥʳʤ ʍʊ-ɺ) ʧʨʠʤʝʥʷʣʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʣʠʧʠʜʥʳʭ 

ʧʣʦʪʠʢʦʚ ʠ ʨʝʛʠʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʢʦʧʣʝʥʠʷ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʛʜʝ ʠʥʪʝʥʩʠʚʥʦ 

ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ ʵʢʟʦ- ʠ ʵʥʜʦʮʠʪʦʟʘ (ʇʝʪʨʦʚ ʠ ʜʨ. 2011). ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʘ 

ʚʘʨʠʘʥʪʘ ʜʚʦʡʥʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʣʷʛʫʰʢʠ ʠ ʤʳʰʠ.  

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʥʝʨʚʥʳʝ ʦʢʦʥʯʘʥʠʷ ʩʥʘʯʘʣʘ ʟʘʛʨʫʞʘʣʠʩʴ FM1-43 ʩ ʧʦʤʦʱʴʶ 

ʩʪʠʤʫʣʷʮʠʠ 3 ʤʠʥ 20 ɻʮ (ʢʨʘʩʠʪʝʣʴ ʧʨʠʩʫʪʩʪʚʦʚʘʣ 3 ʤʠʥ ʚʦ ʚʨʝʤʷ ʩʪʠʤʫʣʷʮʠʠ ʠ 12 ʤʠʥ 

ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ, ʟʘʪʝʤ ʩʣʝʜʦʚʘʣ 40 ʤʠʥ ʧʝʨʠʦʜ ʦʪʤʳʚʢʠ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ 

ʩ ADVASEP-7), ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʦʢʨʘʰʠʚʘʥʠʝ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʣʠʧʠʜʥʳʝ 

ʧʣʦʪʠʢʠ (ʩʭʝʤʘ 1). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ ʧʦʷʚʣʷʣʠʩʴ ʩʚʝʪʷʱʠʝʩʷ ʚ 

ʟʝʣʝʥʦʤ ʩʧʝʢʪʨʝ ʧʷʪʥʘ (ʬʣʫʦʨʝʩʮʝʥʮʠʷ FM1-43), ʦʪʨʘʞʘʶʱʠʝ ʩʢʦʧʣʝʥʠʷ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ, ʘ ʩʚʷʟʘʚʰʠʝʩʷ ʩ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʦʡ ʤʦʣʝʢʫʣʳ ʍʊ-ɺ ʬʣʫʦʨʝʩʮʠʨʦʚʘʣʠ 

ʚ ʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ. ɿʘʩʚʝʪʢʘ FM1-43 ʚ ʢʨʘʩʥʦʤ ʢʘʥʘʣʝ ʩʦʩʪʘʚʠʣʘ ʤʝʥʝʝ 5% ʠ ʙʳʣʘ 

ʫʙʨʘʥʘ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ CCD-ʚʠʜʝʦʢʘʤʝʨʳ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʢʘʨʪʠʥ ʠ 

ʧʨʦʬʠʣʝʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ FM1-43 ʠ ʍʊ-ɺ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʦʙʣʘʩʪʠ ʩʚʝʯʝʥʠʷ 

ʧʝʨʝʢʨʳʚʘʣʠʩʴ (ʨʠʩ. 32, ɸ, ʨʠʩ. 4, ɸ). ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ ʣʷʛʫʰʢʠ 

ʠ ʤʳʰʠ ʨʝʛʠʦʥʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʦʢʨʘʰʝʥʥʳʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ, ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʟʦʥʳ ʷʨʢʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʍʊ-ɺ ʚ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ 

ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ (ʨʠʩ. 32, ʘ, ʨʠʩ. 33, ʘ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʘʡʪʳ, ʛʜʝ ʧʨʦʪʝʢʘʶʪ 

ʧʨʦʮʝʩʩʳ ʵʢʟʦ- ʠ ʵʥʜʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʤʦʛʫʪ ʷʚʣʷʪɹʩʷ ʣʠʧʠʜʥʳʤʠ 

ʤʠʢʨʦʜʦʤʝʥʘʤʠ (ʧʣʦʪʠʢʘʤʠ).  
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ʈʠʩ. 32. ɼʚʦʡʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʣʷʛʫʰʢʠ ʍʊ-ɺ ʠ 

FM1-43 

ɸ, ɹ ï ʫʯʘʩʪʢʠ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ, ʦʢʨʘʰʝʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʘʤʠ 1 ʠ 

2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʤ. ʚ ʪʝʢʩʪʝ). ɸ ï ʧʦʢʘʟʳʚʘʝʪ ʫʯʘʩʪʦʢ ʥʝʨʚʥʦʡ ʪʝʨʤʠʥʘʣʠ, ʩ 

ʦʢʨʘʰʝʥʥʳʤʠ ʣʠʧʠʜʥʳʤʠ ʨʘʬʪʘʤʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʤʙʨʘʥʝ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ 

(ʩʚʝʨʭʫ, ʍʊ-ɺ) ʠ ʤʘʨʢʠʨʦʚʘʥʥʳʤʠ ʩʢʦʧʣʝʥʠʷʤʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (ʩʥʠʟʫ, FM1-

43). ɹ ï ʫʯʘʩʪʦʢ ʥʝʨʚʥʦʡ ʪʝʨʤʠʥʘʣʠ, ʛʜʝ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʟʠʢʫʣʳ ʤʘʨʢʠʨʦʚʘʥʳ ʢʘʢ 

ʤʝʪʢʦʡ ʥʘ ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ (ʩʚʝʨʭʫ), ʪʘʢ ʠ ʵʥʜʦʮʠʪʦʟʥʳʤ ʢʨʘʩʠʪʝʣʝʤ FM1-43 (ʩʥʠʟʫ). 

ʅʘ ɸ ʠ ɹ ʩʚʝʯʝʥʠʝ ʤʳʰʝʯʥʦʛʦ ʚʦʣʦʢʥʘ ʙʳʣʦ ʚʳʯʪʝʥʦ. ɺʥʠʟʫ ʥʘ ʘ ʠ ʙ ʠʟʦʙʨʘʞʝʥʳ 

ʧʨʦʬʠʣʠ ʩʝʯʝʥʠʷ ʢʨʘʩʠʪʝʣʝʡ (ʍʊ-ɺ ʠ FM1-43) ʚ ʫʯʘʩʪʢʘʭ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ɸ ʠ ɹ. ʇʦ ʦʩʷʤ 

ʦʨʜʠʥʘʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ ʚ ʦ.ʝ.: ʧʨʘʚʳʝ ʰʢʘʣʳ ʜʣʷ ʍʊ-ɺ, ʣʝʚʳʝ ʰʢʘʣʳ ï ʜʣʷ 

FM1-43. ʇʦ ʦʩʷʤ ʘʙʩʮʠʩʩ ï ʨʘʩʩʪʦʷʥʠʝ ʚ ʤʢʤ. 
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ʈʠʩ. 33. ʉʦʚʤʝʩʪʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ ʤʳʰʠ ʍʊ-ɺ ʠ FM1-43 

ɸ, ɹ ï ʥʝʨʚʥʳʝ ʦʢʦʥʯʘʥʠʷ, ʦʢʨʘʰʝʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʘʤʠ 1 ʠ 2, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʧʦʜʨʦʙʥʝʝ ʩʤ. ʚ ʪʝʢʩʪʝ). ɸ ï ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʠʧʠʜʥʳʭ 

ʧʣʦʪʠʢʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʤʙʨʘʥʝ (ʍʊ-ɺ, ʩʣʝʚʘ) ʠ ʩʢʦʧʣʝʥʠʡ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, 

ʤʝʯʝʥʥʳʭ FM1-43 (ʩʧʨʘʚʘ), ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʥʝʨʚʥʦʤ ʦʢʦʥʯʘʥʠʠ. ɹ ï ʩʠʥʘʧʪʠʯʝʩʢʠʝ 

ʚʝʟʠʢʫʣʳ ʦʢʨʘʰʝʥʳ ʤʘʨʢʝʨʦʤ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ (ʍʊ-ɺ, ʩʣʝʚʘ) ʠ ʵʥʜʦʮʠʪʦʟʥʳʤ 

ʢʨʘʩʠʪʝʣʝʤ FM1-43 (ʩʧʨʘʚʘ). ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩʚʝʯʝʥʠʝ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ ʚʳʯʪʝʥʦ. 

ʅʠʞʝ, ʥʘ ʘ ʠ ʙ -ʧʨʦʬʠʣʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʍʊ-ɺ ʠ FM1-43 ʨʝʛʠʦʥʦʚ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ɸ ʠ ɹ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʦʩʷʤ ʦʨʜʠʥʘʪ ʠ ʘʙʩʮʠʩʩ ʪʦ ʞʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 32. 

ʇʨʠ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ, ʦʢʨʘʰʠʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʜʚʫʤʷ ʢʨʘʩʠʪʝʣʷʤʠ (FM1-43 ʠ  

ʍʊ-ɺ) ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʬʦʥʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ (20 ɻʮ - 3 

ʤʠʥ). ʇʨʠ ʵʪʦʤ ʢʨʘʩʠʪʝʣʠ ʥʘʭʦʜʠʣʠʩʴ ʚ ʦʤʳʚʘʶʱʝʤ ʧʨʝʧʘʨʘʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ 
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ʨʘʩʪʚʦʨʝ, ʢʘʢ ʚʦ ʚʨʝʤʷ ʩʪʠʤʫʣʷʮʠʠ, ʪʘʢ ʠ ʚ ʪʝʯʝʥʠʝ 12 ʤʠʥ ʧʦʩʣʝ ʝʝ ʟʘʚʝʨʰʝʥʠʷ (ʩʭʝʤʘ 

2). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʘʣʠ ʧʨʝʧʘʨʘʪ, ʫ ʢʦʪʦʨʦʛʦ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʟʠʢʫʣʳ ʦʢʨʘʰʝʥʳ 

ʵʥʜʦʮʠʪʦʟʥʳʤ ʢʨʘʩʠʪʝʣʝʤ FM1-43 ʠ ʤʘʨʢʝʨʦʤ ʥʘ ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ 

ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʩʚʷʟʳʚʘʥʠʝ ʍʊ-ɺ ʠ ʩ ʛʘʥʛʣʠʦʟʠʜʘʤʠ GM1 ʧʣʘʟʤʘʪʠʯʝʩʢʠʭ 

ʤʝʤʙʨʘʥ. ʆʜʥʘʢʦ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʚʝʯʝʥʠʝ ʍʊ-ɺ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʚ 

ʨʘʡʦʥʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʥʫʪʨʠ ʦʙʣʘʩʪʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʤʝʯʝʥʥʳʝ FM1-43 

ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʟʠʢʫʣʳ (ʨʠʩ. 32, ɹ, ʨʠʩ. 33, ɹ). ʕʪʦ ʭʦʨʦʰʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʙʣʠʟʢʦʝ 

ʩʦʚʧʘʜʝʥʠʝ ʧʨʦʬʠʣʝʡ ʩʚʝʯʝʥʠʷ ʦʙʦʠʭ ʢʨʘʩʠʪʝʣʝʡ (ʨʠʩ. 32, ʙ, ʨʠʩ. 33, ʙ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʝʤʙʨʘʥ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʩʦʩʪʦʠʪ ʠʟ 

ʦʙʦʛʘʱʝʥʥʳʭ ʛʘʥʛʣʠʦʟʠʜʦʤ GM1 ʤʠʢʨʦʜʦʤʝʥʦʚ (ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ).  

ɺ ʩʣʝʜʫʶʝɦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʦʡ ʥʘ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ 

ʤʳʰʠ, ʤʳ ʧʦʩʪʘʨʘʣʠʩʴ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ: ʧʦʧʘʜʘʶʪ ʣʠ ʤʝʯʝʥʥʳʝ ʍʊ-ɺ ʨʘʬʪʳ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʚ ʤʝʤʙʨʘʥʳ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʚ ʩʣʫʯʘʝ ʠʥʜʫʢʮʠʠ 

ʵʢʟʦ-ʵʥʜʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʩʪʠʤʫʣʷʮʠʝʡ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ. ɼʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʩʤʝʰʠʚʘʶʪʩʷ ʣʠ ʨʘʬʪʳ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʠ ʚʝʟʠʢʫʣʷʨʥʦʡ ʤʝʤʙʨʘʥ. ɼʣʷ ʵʪʦʛʦ 

ʤʳ ʩʥʘʯʘʣʘ ʟʘʛʨʫʞʘʣʠ ʢʨʘʩʥʳʤ FM4-64 ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʟʠʢʫʣʳ (ʢʘʢ ʦʧʠʩʘʥʦ ʨʘʥʝʝ), 

ʟʘʪʝʤ ʦʢʨʘʰʠʚʘʣʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʤʝʤʙʨʘʥʳ ʟʝʣʝʥʳʤ ʍʊ-ɺ (ʤʝʯʝʥʥʳʤ Alexa488) ʥʤ ʠ 

ʧʦʩʣʝ ʵʪʦʛʦ ʧʦʜʚʝʨʛʘʣʠ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ (20 

ɻʮ), ʧʦʩʣʝ ʯʝʛʦ ʥʘʙʣʶʜʘʣʠ ʟʘ ʩʚʝʯʝʥʠʝʤ ʢʨʘʩʥʦʛʦ FM4-64 ʠ ʟʝʣʝʥʦʛʦ ʍʊ-ɺ. ʆʢʘʟʘʣʦʩʴ, 

ʯʪʦ ʚʳʛʨʫʟʢʘ FM4-64 ʧʨʦʠʩʭʦʜʠʣʘ (ʩʯʠʪʘʣʠ ʢʘʢ ʧʘʜʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚʦ ʚʩʝʤ 

ʢʦʥʪʫʨʝ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ, ʪʘʢ ʠ ʚ ʦʪʜʝʣʴʥʦʤ ʬʣʫʦʨʝʩʮʠʨʫʶʱʝʤ ʧʷʪʥʝ), ʘ ʪʦʧʦʛʨʘʬʠʷ 

ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ (ʚʝʣʠ ʧʦʜʩʯʝʪ ʢʘʢ ʚʦ ʚʩʝʤ ʢʦʥʪʫʨʝ ʪʝʨʤʠʥʘʣʠ, ʪʘʢ ʠ ʚ ʦʪʜʝʣʴʥʦʤ ʧʷʪʥʝ) 

ʩʚʝʯʝʥʠʷ ʍʊ-ɺ ʠʟʤʝʥʷʣʠʩʴ ʥʝʩʫʱʝʩʪʚʝʥʥʦ (p>0.05) ʢʘʢ ʚʦ ʚʨʝʤʷ ʩʪʠʤʫʣʷʮʠʠ (ʨʠʩ. 34), 

ʪʘʢ ʠ ʚ ʧʦʩʣʝʜʫʶʱʠʝ 20 ʤʠʥ (ʚʨʝʤʷ, ʢʦʛʜʘ ʧʨʦʪʝʢʘʝʪ ʪʦʣʴʢʦ ʵʥʜʦʮʠʪʦʟ). ʕʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʪʦ, ʯʪʦ ʤʝʯʝʥʥʳʝ ʍʊ-ɺ ʨʘʬʪʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʤʙʨʘʥ ʥʝ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʟʠʢʫʣʳ ʚ ʭʦʜʝ ʢʦʤʧʝʥʩʘʪʦʨʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ, ʪʦ ʝʩʪʴ ʥʝ ʩʤʝʰʠʚʘʶʪʩʷ ʩ 

ʚʝʟʠʢʫʣʷʨʥʳʤʠ ʨʘʬʪʘʤʠ. 
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ʈʠʩ. 34. ɺʣʠʷʥʠʝ ʩʪʠʤʫʣʷʮʠʠ ʥʘ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʤʝʯʝʥʥʦʛʦ ʟʝʣʝʥʳʤ ʍʊ-ɺ ʠ FM4-64 

ʉʣʝʚʘ: ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʢʨʘʩʥʦʤ ʠ ʟʝʣʝʥʦʤ ʢʘʥʘʣʘʭ ʥʝʨʚʥʦʛʦ 

ʦʢʦʥʯʘʥʠʷ ʤʳʰʠ, ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʟʠʢʫʣʳ ʢʦʪʦʨʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʳ FM4-

64, ʘ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʤʝʤʙʨʘʥʳ ʦʢʨʘʰʝʥʳ ʍʊ-ɺ (ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʤ ʩ Alexa488), ʚ 

ʪʝʯʝʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ 20 ɻʮ (ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ï 0, 100, 200, 300, 600ʩ 

ʧʦʩʣʝ ʥʘʯʘʣʘ ʨʘʟʜʨʘʞʝʥʠʷ). ʉʣʝʚʘ: ɼʠʥʘʤʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʚ ʦ.ʝ.) ʟʝʣʝʥʦʡ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʍʊ-ɺ (ɸ) ʠ ʢʨʘʩʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ FM4-64 (ɹ) ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ 

ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ 20 ɻʮ. ʉʚʝʪʣʤrʠ ʠ ʪʝʤʥʳʤʠ ʢʨʫʞʦʯʢʠ ʦʙʦʟʥʘʯʘʶʪ ʟʥʘʯʝʥʠʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʢʦʥʪʫʨʝ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ ʠ ʩʚʝʪʷʱʝʛʦʩʷ ʧʷʪʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺʠʜʥʦ, ʯʪʦ ʨʘʟʜʨʘʞʝʥʠʝ ʟʘʧʫʩʢʘʝʪ ʚʳʛʨʫʟʢʫ FM4-64 ʠʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʪʦʛʜʘ 

ʢʘʢ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʍʊ-ɺ, ʤʘʨʢʠʨʫʶʱʝʛʦ ʣʠʧʠʜʥʳʝ ʨʘʬʪʳ, ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʥʝ ʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ ʚ ʭʦʜʝ ʩʪʠʤʫʣʷʮʠʠ ʚ ʥʝʨʚʥʦʤ ʦʢʦʥʯʘʥʠʠ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ ʵʢʟʦ- ʠ 

ʵʥʜʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. ʂʨʠʚʳʝ ʥʘ ɸ ʠ ɹ ʧʦʩʪʨʦʝʥʳ ʧʦ n=7. 

 

4.1.4 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʣʠʧʠʜʥʳʭ ʨʘʬʪʦʚ ʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʥʠʢʦʪʠʥʦʚʳʭ 

ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ʩʢʦʧʣʝʥʠʡ ʛʘʥʛʣʠʦʟʠʜʦʚ GM1 ʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʭʦʣʠʥʦʨʝʮʝʧʪʦʨʦʚ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʧʨʝʧʘʨʘʪʳ (ʣʷʛʫʰʢʘ n=5, ʢʨʳʩʘ n=5) 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʢʨʘʰʠʚʘʣʠʩʴ ʟʝʣʝʥʳʤ ʍʊ-ɺ ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦ-ʤʝʯʝʥʥʳʤ Ŭ-

 ʙʫʥʛʘʨʦʪʦʢʩʠʥʦʤ (Ŭɹʊ, ʢʨʘʩʥʳʤ). ʇʦʩʣʝʜʥʠʡ ʩʝʣʝʢʪʠʚʥʦ ʤʘʨʢʠʨʫʝʪ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʝ 

ʥʠʢʦʪʠʥʦʚʳʝ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ, ʢʦʪʦʨʳʝ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ 
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ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʫʩʪʴʷʭ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʩʣʘʜʦʢ, ʥʘʧʨʦʪʠʚ ʘʢʪʠʚʥʳʭ ʟʦʥ ʥʝʨʚʥʳʭ 

ʦʢʦʥʯʘʥʠʡ (Robitaille et al., 1996).  

 

ʈʠʩ. 35. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʠʢʦʪʠʥʦʚʳʭ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ (ʥɸʭʈ) ʠ ʩʢʦʧʣʝʥʠʡ 

ʛʘʥʛʣʠʦʟʠʜʘ GM1  

 ʇʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʝ ʭʦʣʠʥʦʨʝʮʝʧʪʦʨʳ ʙʳʣʠ ʧʦʤʝʯʝʥʳ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ὄ-

ʙʫʥʛʘʨʦʪʦʢʩʠʥʦʤ (ὄɹʊ, ʢʨʘʩʥʳʡ ʢʘʥʘʣ), ʘ ʣʠʧʠʜʥʳʝ ʨʘʬʪʳ ʍʊ-ɺ (ʟʝʣʝʥʳʡ ʢʘʥʘʣ) ʚ 

ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʣʷʛʫʰʢʠ ʠ ʢʨʳʩʳ. ʅʠʞʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʢʘʟʳʚʘʶʱʠʝ 

ʥʘʣʦʞʝʥʠʝ ʢʨʘʩʥʦʛʦ ʠ ʟʝʣʝʥʦʛʦ ʢʘʥʘʣʘ, ʠʣʣʶʩʪʨʠʨʫʶʪ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥɸʭʈ ʠ 

ʣʠʧʠʜʥʳʭ ʨʘʬʪʦʚ.  

 

ɺ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʍʊ-ɺ, ʢʦʪʦʨʳʤ ʙʳʣʠ ʦʢʨʘʰʝʥʳ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʤʝʤʙʨʘʥʳ, ʦʙʳʯʥʦ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʢʦʣʦʢʘʣʠʟʦʚʘʣʘʩʴ ʩ ʩʠʛʥʘʣʘʤʠ ʦʪ 

ʤʝʯʝʥʥʦʛʦ Ŭɹʊ. ʆʜʥʘʢʦ, ʚ ʩʠʥʘʧʩʘʭ ʣʷʛʫʰʢʠ ʯʘʩʪʦ ʷʨʢʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠ ̫ ʍʊ-ɺ 

ʥʘʙʣʶʜʘʣʘʩʴ ʪʘʢʞʝ ʚ ʦʙʣʘʩʪʷʭ ʤʝʞʜʫ ʧʦʣʦʩʢʘʤʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ, 

ʤʝʯʝʥʥʳʭ Ŭ-ʙʫʥʛʘʨʦʪʦʢʩʠʥʦʤ, ʫʢʘʟʳʚʘʷ ʥʘ ʣʦʢʘʣʠʟʘʮʠʶ ʨʘʬʪʦʚ ʚ ʦʙʣʘʩʪʷʭ ʦʢʦʣʦ 

ʘʢʪʠʚʥʳʭ ʟʦʥ (ʧʝʨʠ-ʘʢʪʠʚʥʳʭ ʟʦʥ) (ʨʠʩ. 35), ʛʜʝ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ 

ʵʥʜʦʮʠʪʦʟʘ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ). ɺ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʛʨʳʟʫʥʦʚ (ʤʳʰʠ ʠ 

ʢʨʳʩʳ), ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʝʯʝʥʠʷ ʍʊ-ɺ ʙʳʣʦ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʫʟʢʠʤ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʦʢʨʘʰʠʚʘʥʠʝʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʤʙʨʘʥ ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ ʠ 

ʨʝʛʠʦʥʦʚ ʧʝʨʚʠʯʥʳʭ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʩʢʣʘʜʦʢ (ʨʠʩ. 35). ɺ ʧʦʣʴʟʫ ʵʪʦʛʦ ʞʝ ʛʦʚʦʨʠʪ ʪʦ, 

ʯʪʦ ʧʨʠ ʦʢʨʘʰʠʚʘʥʠʠ ʍʊ-ɺ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠʩʴ ʘʢʩʦʥʘʣʴʥʳʝ ʨʝʛʠʦʥʳ, ʬʣʫʦʨʝʩʮʝʥʮʠʷ 

ʢʦʪʦʨʳʭ çʧʝʨʝʪʝʢʘʣʘè ʚ ʩʠʛʥʘʣ ʦʪ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ (ʚʠʜʥʦ ʥʘ ʨʠʩ. 35 ʥʘ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʠʥʘʧʩʘ ʢʨʳʩʳ). ɺ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʛʨʳʟʫʥʦʚ ʘʢʪʠʚʥʳʝ 
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ʟʦʥʳ ʚʢʣʶʯʘʶʪ ʪʦʣʴʢʦ 1-2 ʜʦʢʠʨʦʚʘʥʥʳʝ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʟʠʢʫʣ, ʧʦʵʪʦʤʫ ʠʤʝʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʝ ʨʘʟʤʝʨʳ, ʯʝʤ ʚ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ ʣʷʛʫʰʢʠ, ʘʢʪʠʚʥʳʝ ʟʦʥʳ 

ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʜʦʢʠʨʦʚʘʥʥʳʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʜʚʘ ʨʷʜʘ (Pecot-Dechavassine, 1982; Slater, 2008). ʇʦʵʪʦʤʫ ʜʣʷ 

ʪʝʧʣʦʢʨʦʚʥʳʭ ʞʠʚʦʪʥʳʭ ʥʘʙʣʶʜʘʝʤʳʡ ʭʘʨʘʢʪʝʨ ʦʢʨʘʰʠʚʘʥʠʷ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʍʊ-ɺ 

ʠ Ŭɹʊ) ʛʦʚʦʨʠʪ ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ ʣʠʧʠʜʥʳʭ ʨʘʬʪʦʚ ʥʝ ʪʦʣʴʢʦ ʚ ʘʢʪʠʚʥʳʭ ʟʦʥʘʭ, ʥʦ ʠ ʚ 

ʦʢʨʫʞʘʶʱʠʭ ʨʝʛʠʦʥʘʭ. 

 

4.1.5 ʄʝʪʠʣ-ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ (ʄʎɼ) ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʥʘʯʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ 

ʄʝʪʠʣ-ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ (ʄʎɼ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ (ʚ ʪʦʤ 

ʯʠʩʣʝ, ʥʝʡʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ) ʢʘʢ ʘʛʝʥʪ, ʫʜʘʣʷʶʱʠʡ ʭʦʣʝʩʪʝʨʠʥ ʠʟ ʧʣʘʟʤʘʪʠʯʝʩʢʠʭ 

ʤʝʤʙʨʘʥ (Smith et al., 2010; Murray, Tamm, 2009, 2011; Teixeira et al., 2012; Dason et al., 

2010, 2014; Petrov et al., 2011, 2014, 2015; Yue, Xu, 2015). ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʫʜʘʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʩ ʧʦʤʦʱʴʶ ʄʎɼ ʥʝ ʦʜʠʥʘʢʦʚʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʘʭ: ʄʎɼ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ, ʯʝʤ ʥʘ 

ʤʥʦʛʦʢʣʝʪʦʯʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʞʠʚʦʪʥʳʭ, ʛʜʝ ʦʥ ʦʙrʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ 10-15 ʤʄ (Zidovetzki, Levitan, 2007). ʄʳ ʧʨʦʪʝʩʪʠʨʦʚʘʣʠ ʚʣʠʷʥʠʝ ʄʎɼ 

ʚ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (0.1, 1 ʠ 10 ʤʄ) ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ 

ʠʤʝʥʥʦ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʣʷʛʫʰʢʠ ʠ ʤʳʰʠ (ʨʠʩ. 

36). ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʦʮʝʥʠʚʘʣʠ ʧʨʠ ʦʢʨʘʰʠʚʘʥʠʠ ʧʨʝʧʘʨʘʪʦʚ 

ʬʠʣʠʧʠʥʦʤ III, ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 20 ʤʠʥ ʵʢʩʧʦʟʠʮʠʠ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ 

ʩ ʄʎɼ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.1 ʤʄ ʄʎɼ ʥʝ ʚʳʟʳʚʘʝʪ ʜʦʩʪʦʚʝʨʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʬʠʣʠʧʠʥʘ III  ʚ ʧʨʝʧʘʨʘʪʘʭ ʣʷʛʫʰʢʠ (ʣʷʛʫʰʢʘ 99Ñ3%, p>0.05, 

n=10) ʠ ʤʳʰʠ (ʤʳʰʴ 105Ñ3%, p>0.05, n=10), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʇʨʠʤʝʥʝʥʠʝ 1 

ʤʄ ʄʎɼ ʜʦʩʪʦʚʝʨʥʦ ʩʥʠʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʦ 79Ñ5 % (n=8, p<0.05) ʠ 

82Ñ4% (n=12, p<0.05) ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʣʷʛʫʰʢʠ ʠ ʤʳʰʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʄʎɼ ʚ ʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (10 ʤʄ) ʚʳʟʳʚʘʣ ʜʨʘʤʘʪʠʯʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʦ 55Ñ4% (n=5, p<0.001) ʠ 50Ñ5% (n=5, p<0.001) ʚ ʤʳʰʮʘʭ ʣʷʛʫʰʢʠ ʠ 

ʤʳʠh, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 1 ʠ 10 ʤʄ ʄʎɼ ʵʬʬʝʢʪʠʚʥʦ ʫʜʘʣʷʶʪ 

ʭʦʣʝʩʪʝʨʠʥ ʠʟ ʤʝʤʙʨʘʥ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʇʨʠ ʵʪʦʤ ʄʎɼ ʠʤʝʝʪ ʩʭʦʞʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʣʷʛʫʰʢʠ ʠ ʤʳʰʠ.  
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ʈʠʩ. 36. ʕʬʬʝʢʪ ʤʝʪʠʣ-ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ (ʄʎɼ) ʠ ʢʦʤʧʣʝʢʩʘ ʄʎɼ-ʭʦʣʝʩʪʝʨʠʥ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ 

ɸ, ɹ ï ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʬʠʣʠʧʠʥʘ III, ʤʘʨʢʠʨʫʶʱʝʛʦ ʭʦʣʝʩʪʝʨʠʥ, ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ ʚ % (ʟʘ 100% ʧʨʠʥʷʪʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʚ ʢʦʥʪʨʦʣʝ, ʦʙʦʟʥʘʯʝʥʦ 

ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ): ʧʦʩʣʝ 20 ʤʠʥʫʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʄʎɼ (0.1, 1 ʠ 10 ʤʄ) ʠʣʠ 

ʢʦʤʧʣʝʢʩʘ ʄʎɼ-ʭʦʣʝʩʪʝʨʠʥ (ʄɼʎ-ʍʦʣ, 5ʤʄ); ʠʣʠ ʧʦʩʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʠʥʢʫʙʘʮʠʠ 

ʧʨʝʧʘʨʘʪʦʚ ʩʥʘʯʘʣʘ ʩ 10 ʤʄ ʄʎɼ (ʧʝʨʚʳʝ 20 ʤʠʥ), ʟʘʪʝʤ ʩ 5 ʤʄ ʄʎɼ-ʭʦʣʝʩʪʝʨʠʥʘ 

(ʩʣʝʜʫʶʱʠʝ 20 ʤʠʥ) (ʦʙʦʟʥʘʯʝʥʦ ʢʘʢ 10 ʤʄ ʄʎɼ + ʄʎɼ-ʍʦʣ). ʅʘʙʣʶʜʝʥʠʷ ʧʨʦʚʝʜʝʥʳ 

ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʣʷʛʫʰʢʠ (ɸ) ʠ ʤʳʰʠ (ɹ). ɺ ï ʉʚʝʨʭʫ, ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʨʝʧʘʨʘʪʦʚ, ʤʝʯʝʥʥʳʭ ʬʠʣʠʧʠʥʦʤ ʚ ʢʦʥʪʨʦʣʝ (ʩʣʝʚʘ) ʠ ʧʦʩʣʝ 

ʠʥʢʫʙʘʮʠʠ ʩ 1 ʤʄ ʄʎɼ (ʩʧʨʘʚʘ). ʉʠʥʘʧʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ ʦʙʦʟʥʘʯʝʥʘ ʩʪʨʝʣʢʦʡ. ɺʥʠʟʫ, 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʨʝʛʠʦʥʝ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ (ʅʆ) ʠ 

ʤʳʰʝʯʥʦʛʦ ʚʦʣʦʢʥʘ (ʄɺ) ʚ ʢʦʥʪʨʦʣʝ ʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 1 ʤʄ ʄʎɼ ʚ ʧʨʝʧʘʨʘʪʘʭ 

ʤʳʰʠ. ɿʚʝʟʜʦʯʢʠ ʫʢʘʟʳʚʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ 

ʢʦʥʪʨʦʣʴʥʦʡ ʠ ʦʙʨʘʙʦʪʘʥʥrʤʠ ʭʦʣʝʩʪʝʨʠʥ-ʤʦʜʠʬʠʮʠʨʫʶʱʠʤʠ ʘʛʝʥʪʘʤʠ ʛʨʫʧʧʘʤʠ ʧʨʠ 

*  p<0.05 , **p<0.01, ***  p<0.001. 
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ʆʪʩʫʪʩʪʚʠʝ ʠʟʤʝʥʝʥʠʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʬʠʣʠʧʠʥʘ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 0.1 ʤʄ ʄʎɼ ʚ 

ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʄʎɼ ʩʧʦʩʦʙʝʥ ʧʝʨʝʥʦʩʠʪʴ ʭʦʣʝʩʪʝʨʠʥ ʠʟʙʠʨʘʪʝʣʴʥʦ ʠʟ ʤʝʤʙʨʘʥ ʣʠʧʠʜʥʳʭ ʨʘʬʪʦʚ ʚ 

ʞʠʜʢʫʶ ʬʘʟʫ ʤʝʤʙʨʘʥʳ. ʇʨʠ ʵʪʦʤ ʭʦʣʝʩʪʝʨʠʥ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʤʝʤʙʨʘʥʝ ʠ ʥʝ ʚʳʭʦʜʠʪ ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʫʶ ʩʨʝʜʫ (Zidovetzki, Levitan, 2007; ʂʨʘʚʮʦʚʘ ʠ 

ʜʨ., 2015). 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʄʎɼ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʤʄ ʥʝ ʚʳʟʳʚʘʣ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʩʦʜʝʨʞʘʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʵʢʩʪʨʘʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ ʤʳʰʝʯʥʳʭ 

ʚʦʣʦʢʦʥ (ʨʠʩ. 36). ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʭʦʣʝʩʪʝʨʠʥʘ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ, ʧʦʩʢʦʣʴʢʫ ʄʎɼ ʵʬʬʝʢʪʠʚʥʝʝ ʫʜʘʣʷʝʪ ʭʦʣʝʩʪʝʨʠʥ ʠʟ 

ʦʙʦʛʘʱʝʥʥʳʭ ʭʦʣʝʩʪʝʨʠʥʦʤ ʤʝʤʙʨʘʥ (Zidovetzki, Levitan, 2007; Petrov et al., 2011). 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʨʦʚʥʷ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʠʣʠ ʥʘʩʳʱʝʥʠʷ ʤʝʤʙʨʘʥ 

ʭʦʣʝʩʪʝʨʠʥʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʤʧʣʝʢʩʦʚʘʥʥʳʡ ʩ ʄʎɼ ʭʦʣʝʩʪʝʨʠʥ, ʢʦʪʦʨʳʡ 

ʘʧʧʣʠʮʠʨʦʚʘʣʩʷ ʥʘ 20 ʤʠʥ (ʈʠʩ. 36). ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʝʧʘʨʘʪʘ 5 ʤʄ 

ʢʦʤʧʣʝʢʩʘ ʄʎɼ-ʭʦʣʝʩʪʝʨʠʥ ʫʚʝʣʠʯʠʚʘʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʬʠʣʠʧʠʥʘ (ʜʦ 125Ñ4%, n=5, 

p<0.05/ʣʷʛʫʰʢʘ ʠ 118Ñ5%, n=5, p<0.05/ʤʳʰʴ). ʆʙʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʦʤ ʄʎɼ-ʭʦʣʝʩʪʝʨʠʥ 

ʧʨʝʧʘʨʘʪʦʚ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʜʝʨʞʘʥʥʳʭ ʚ 10 ʤʄ ʄʎɼ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʜʨʘʤʘʪʠʯʥʦʝ 

ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ ʬʠʣʠʧʠʥʘ (98Ñ3%, n=5, p>0.05/ʣʷʛʫʰʢʘ ʠ 94Ñ5%, 

n=5, p>0.05/ʤʳʰʴ), ʚʳʟʚʘʥʥʦʝ 10 ʤʄ ʄʎɼ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʫʜʘʣʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʣʠʧʠʜʥʳʭ 

ʧʣʦʪʠʢʦʚ. ʄʘʥʠʧʫʣʷʮʠʠ ʩ ʫʨʦʚʥʝʤ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟʤʝʥʷʶʪ ʦʢʨʘʰʠʚʘʥʠʝ 

ʍʊ-ɺ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʦʚ ʢʘʢ ʣʷʛʫʰʢʠ, ʪʘʢ ʠ ʤʳʰʠ (ʨʠʩ. 37). ʋʜʘʣʝʥʠʝ 

ʭʦʣʝʩʪʝʨʠʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1 ʠ 10 ʤʄ ʄʎɼ ʫʤʝʥʴʰʘʣʘ ʤʘʨʢʠʨʦʚʘʥʠʝ ʍʊ-ɺ ʜʦ 

78.6Ñ3.2 (n=5, p<0.05, ʣʷʛʫʰʢʘ) / 88.2Ñ3.0% (n=5, p<0.05, ʤʳʰʴ) ʠ 52.4Ñ2.9 (n=5, 

p<0.001, ʣʷʛʫʰʢʘ) / 55.9Ñ3.1% (n=5, p<0.001, ʤʳʰʴ). ʅʘʧʨʦʪʠʚ, ʚ ʧʨʝʧʘʨʘʪʘʭ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʤ ʄʎɼ-ʭʦʣʝʩʪʝʨʠʥ, ʦʢʨʘʰʠʚʘʥʠʝ ʍʊ-ɺ ʙʳʣʦ 

ʥʝʤʥʦʛʦ, ʥʦ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʝʥʦ, ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʩʦʩʪʘʚʠʣʘ 

118.3Ñ3.5 (n=6, p<0.05, ʣʷʛʫʰʢʘ) / 112.2Ñ3% (n=6, p<0.05, ʤʳʰʴ) ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ. ɽʩʣʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 10 ʤʄ ʄʎɼ ʚʳʜʝʨʞʠʚʘʣʠ 

ʧʨʝʧʘʨʘʪ ʩ 5 ʤʄ ʢʦʤʧʣʝʢʩʘ ʄʎɼ-ʭʦʣʝʩʪʝʨʠʥ, ʪʦ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʍʊ-ɺ (99.7Ñ3.4, n=5, 

p>0.05, ʣʷʛʫʰʢʘ / 97.2Ñ3.8%, n=5, p>0.05, ʤʳʰʴ) ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʦʪʣʠʯʘʣʘʩʴ ʦʪ 

ʢʦʥʪʨʦʣʴʥʦʡ.  
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ʈʠʩ. 37. ʕʬʬʝʢʪ ʤʝʪʠʣ-ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ (ʄʎɼ) ʠ ʢʦʤʧʣʝʢʩʘ ʄʎɼ-ʭʦʣʝʩʪʝʨʠʥ ʥʘ 

ʦʢʨʘʰʠʚʘʥʠʝ ʍʊ-ɺ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ 

ɸ, ɹ - ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʍʊ-ɺ, ʤʘʨʢʠʨʫʶʱʝʛʦ ʩʢʦʧʣʝʥʠʷ ʛʘʥʛʣʠʦʟʠʜʦʚ 

GM1 (ʣʠʧʠʜʥʳʝ ʨʘʬʪʳ), ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ ʚ % (ʟʘ 100% ʧʨʠʥʷʪʘ 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʚ ʢʦʥʪʨʦʣʝ, ʦʙʦʟʥʘʯʝʥʦ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ): ʧʦʩʣʝ 20 ʤʠʥʫʪʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʄʎɼ (1 ʠ 10 ʤʄ); ʠʣʠ ʢʦʤʧʣʝʢʩʘ ʄʎɼ-ʭʦʣʝʩʪʝʨʠʥ (ʄɼʎ-ʍʦʣ, 5ʤʄ); ʠʣʠ 

ʧʦʩʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʠʥʢʫʙʘʮʠʠ ʧʨʝʧʘʨʘʪʦʚ ʩʥʘʯʘʣʘ ʩ 10 ʤʄ ʄʎɼ (ʧʝʨʚʳʝ 20 ʤʠʥ), 

ʟʘʪʝʤ ʩ 5 ʤʄ ʄʎɼ-ʭʦʣʝʩʪʝʨʠʥʘ (ʩʣʝʜʫʶʱʠʝ 20 ʤʠʥ) (ʦʙʦʟʥʘʯʝʥʦ ʢʘʢ 10 ʤʄ ʄʎɼ + 

ʄʎɼ-ʍʦʣ). ʅʘʙʣʶʜʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʣʷʛʫʰʢʠ (ɸ) ʠ ʤʳʰʠ 

(ɹ). ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʦʙʦʟʥʘʯʝʥʘ * p<0.05 , *** p<0.001. 

 

ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ (1) ʥʘ ʠʟʤʝʥʝʥʠ ̫ ʩʪʘʙʠʣʴʥʦʩʪʠ ʣʠʧʠʜʥʳʭ ʨʘʬʪʦʚ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʠ (2) ʥʘ 

ʠʭ ʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʪʦʤ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʭʦʣʝʩʪʝʨʠʥʘ ʫʤʝʥʴʰʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʬʪʦʚ, ʪʦʛʜʘ ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʭʦʣʝʩʪʝʨʠʥʘ, ʥʘʦʙʦʨʦʪ, ʫʚʝʣʠʯʠʚʘʝʪ çʢʦʣʠʯʝʩʪʚʦè ʨʘʬʪʦʚ (Simons, Sampaio, 2011; 

ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ 

ʭʦʣʦʜʥʦʢʨʦʚʥʳʭ ʠ ʪʝʧʣʦʢʨʦʚʥʳʭ ʞʠʚʦʪʥʳʭ ʵʬʬʝʢʪʳ ʨʘʟʥʳʭ ʜʦʟ ʄʎɼ (ʠʣʠ ʢʦʤʧʣʝʢʩʘ 

ʄʎɼ-ʭʦʣʝʩʪʝʨʠʥ) ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʣʠʧʠʜʥʳʭ ʨʘʬʪʦʚ (ʢʘʢ ʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ 

ʭʦʣʝʩʪʝʨʠʥʘ) ʠʤʝʣʠ ʩʭʦʞʫʶ ʚʳʨʘʞʝʥʥʦʩʪʴ. 
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4.1.6 ɺʦʟʤʦʞʥʘʷ ʨʦʣʴ ʩʦʩʨʝʜʦʪʦʯʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ ʚ 

ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʢʦʥʪʘʢʪʦʚ. 

ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʦ ʥʘʣʠʯʠʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʤʝʤʙʨʘʥʘʭ 

ʤʦʟʛʘ (Vance, 2012; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʙ). ʇʨʠʯʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭ ʦʢʘʟʘʣʦʩʴ ʛʝʪʝʨʦʛʝʥʥʳʤ. ʇʦʩʢʦʣʴʢʫ ʩ ʭʦʣʝʩʪʝʨʠʥʦʤ 

ʥʘʧʨʷʤʫʶ ʩʚʷʟʳʚʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʣʶʯʝʚʳʝ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʝ ʠ ʮʠʪʦʟʦʣʴʥʳʝ 

ʙʝʣʢʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʵʢʟʦ- ʠ ʵʥʜʦʮʠʪʦʟʘ (ʩʠʥʪʘʢʩʠʥ 1ɸ, Ca
2+

-ʢʘʥʘʣʳ P/Q-

ʪʠʧʘ, ʜʠʥʘʤʠʥ 1, ɸʈ-2) (Jang et al., 2009), ʪʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʭʦʣʝʩʪʝʨʠʥ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʬʘʢʪʦʨʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʣʦʢʘʣʠʟʘʮʠʶ 

ʩʘʡʪʦʚ ʵʢʟʦʮʠʪʦʟʘ (ʘʢʪʠʚʥʳʭ ʟʦʥ) ʠ ʵʥʜʦʮʠʪʦʟʘ (ʧʝʨʠ-ʘʢʪʠʚʥʳʭ ʟʦʥ) (Lang, 2007; 

ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2009; ʇʝʪʨʦʚ ʠ ʜʨ. 2009). ɺ ʠʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥr ʭ ɻʢʩʧʝʨʠʤʝʥʪʘʭ ʩ 

ʤʘʨʢʠʨʦʚʘʥʠʝʤ ʙʝʣʢʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʩʠʥʪʘʢʩʠʥʘ 1 ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʜʘʣʝʥʠʝ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʢʦʣʠʯʝʩʪʚ ʭʦʣʝʩʪʝʨʠʥʘ (ʟʘ ʩʯʝʪ 50 ʤʠʥ ʧʝʨʬʫʟʠʠ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʛʦ 

ʧʨʝʧʘʨʘʪʘ ʣʷʛʫʰʢʠ 15 ʤʄ ʄʎɼ) ʚʳʟʳʚʘʝʪ ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʝʣʢʘ 

ɸɿ ʩʠʥʘʧʩʠʥʘ 1 (ʨʠʩ. 38), ʫʢʘʟʳʚʘʷ ʥʘ ʜʝʟʦʨʛʘʥʠʟʘʮʠʶ ʘʢʪʠʚʥʳʭ ʟʦʥ (ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 

2013). 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦ. 

ʆʢʨʘʰʠʚʘʥʠʝ ʥʘ ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ ʨʝʟʢʦ ʧʦʜʘʚʣʷʣʦʩʴ ʧʨʠ ʫʜʘʣʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ 

ʭʦʣʝʩʪʝʨʠʥʘ, ʯʪʦ ʧʨʷʤʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʦʣʴ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʘʬʪʦʚ. ʀʩʭʦʜʷ ʠʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʚʝʯʝʥʠʷ ʍʊ-ɺ ʠ FM1-43, 

ʥʘʧʨʘʰʠʚʘʝʪʩʷ ʚʳʚʦʜ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʤʙʨʘʥʝ 

ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ ʚ ʩʘʡʪʘʭ ʵʢʟʦʮʠʪʦʟʘ ʠ ʵʥʜʦʮʠʪʦʟʘ (ɿʝʬʠʨʦʚ ʠ ʜʨ. 2003). ʕʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʦ ʪʦʤ, ʯʪʦ ʙʝʣʢʠ ʤʘʰʠʥʳ ʵʢʟʦ- ʠ ʵʥʜʦʮʠʪʦʟʘ, ʚʘʞʥʳʝ ʜʣʷ 

ʩʣʠʷʥʠʷ ʠ ʧʦʯʢʦʚʘʥʠʷ ʣʠʧʠʜʳ, ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-4,5-ʙʠʬʦʩʬʘʪʳ, ʧʨʝʜʧʦʯʠʪʘʶʪ 

ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ (Di Paolo et al., 2004; Jang et al., 2009). ʊʦ ʝʩʪʴ 

ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʶ çʧʣʘʪʬʦʨʤè ʜʣʷ ʩʙʦʨʢʠ ʠ ʘʢʪʠʚʘʮʠʠ 

ʙʝʣʢʦʚʦ-ʣʠʧʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʢʟʦ- ʠ ʵʥʜʦʮʠʪʦʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ.  
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ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʦʢʨʘʰʠʚʘʥʠʶ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʭʦʜʝ 

ʵʥʜʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʩ ʧʦʤʦʱʴʶ ʍʊ-ɺ ʠ FM1-43 ʜʘʣʠ ʥʘʤ ʦʩʥʦʚʘʥʠʷ 

ʛʦʚʦʨʠʪʴ ʦ ʥʘʣʠʯʠʠ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ ʚ ʤʝʤʙʨʘʥʘʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. ʇʨʠʯʝʤ, 

ʩʫʜʷ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ ʍʊ-ɺ, ʩʦʜʝʨʞʘʥʠʝ ʧʣʦʪʠʢʦʚ ʚ ʚʝʟʠʢʫʣʘʭ ʤʦʞʝʪ 

ʧʨʝʚʳʰʘʪʴ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣʘʭ ʪʨʝʙʫʶʪʩʷ ʜʣʷ ʩʢʨʝʧʣʝʥʠʷ ʙʝʣʢʦʚʦʡ 

ʢʦʤʧʦʟʠʮʠʠ ʚʝʟʠʢʫʣ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2009), ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʝʥʠ ̫ʵʪʦʡ ʢʦʤʧʦʟʠʮʠʠ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʥʦʚʦʡ ʚʝʟʠʢʫʣʳ (ʨʠʩ. 38). 

 

ʈʠʩ. 38. ʍʦʣʝʩʪʝʨʠʥ ʠ ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʤ ʥʝʨʚʥʦʤ ʦʢʦʥʯʘʥʠʠ 

ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʨʦʣʴ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ ʚ ʵʢʟʦ-ʵʥʜʦʮʠʪʦʟʥʦʤ ʮʠʢʣʝ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ (ʩʝʨʳʝ ʪʦʣʩʪʳʝ ʣʠʥʠʠ) 

ʫʯʘʩʪʚʫʶʪ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʩʘʡʪʦʚ ʵʢʟʦʮʠʪʦʟʘ (ʘʢʪʠʚʥʦʡ ʟʦʥʳ), ʟʘʷʢʦʨʠʚʘʷ ʙʝʣʢʠ 

ʵʢʟʦʮʠʪʦʟʘ (SNARE-ʙʝʣʢʠ) ʠ ʉʘ
2+

-ʢʘʥʘʣʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʤʝʤʙʨʘʥʝ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (ʯʝʨʥʳʝ ʪʦʣʩʪʳʝ ʣʠʥʠʠ), ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʣʘʪʝʨʘʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʟʠʢʫʣʷʨʥʦʡ 

ʤʝʤʙʨʘʥʳ ʧʦʩʣʝ ʝʝ ʚʩʪʨʘʠʚʘʥʠʷ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʫʥʠʢʘʣʴʥʦʡ ʙʝʣʢʦʚʦ-ʣʠʧʠʜʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʚʝʟʠʢʫʣ ʠ 

ʵʥʜʦʮʠʪʦʟʫ (ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). ʉʚʝʨʭʫ, ʫʯʘʩʪʢʠ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ ʦʢʨʘʰʝʥʥʳʭ 

ʘʥʪʠʪʝʣʘʤʠ ʧʨʦʪʠʚ ʩʠʥʪʘʢʩʠʥʘ ʚ ʢʦʥʪʨʦʣʝ (ʩʣʝʚʘ) ʠ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 15 

ʤʄ ʄʎɼ (ʩʧʨʘʚʘ). ʀʟʦʙʨʘʞʝʥʠʷ ʠʣʣʶʩʪʨʠʨʫʶʪ ʜʝʟʦʨʛʘʥʠʟʘʮʠ ʁ ʩʘʡʪʦʚ ʵʢʟʦʮʠʪʦʟʘ 

(ʘʢʪʠʚʥʳʭ ʟʦʥ) ʧʨʠ ʫʜʘʣʝʥʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ. ʐʢʘʣʘ ï 5 ʤʢʤ. 



114 
 

  

ʀʩʭʦʜʷ ʠʟ ʠʟʣʦʞʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʢʘʢ 

ʚʝʟʠʢʫʣʷʨʥʳʝ ʤʝʤʙʨʘʥʳ ʠ ʨʝʛʠʦʥʳ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʛʜʝ ʧʨʦʪʝʢʘʶʪ ʵʢʟʦ - ʠ 

ʵʥʜʦʮʠʪʦʟ, ʩʦʭʨʘʥʷʶʪ ʫʥʠʢʘʣʴʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʙʝʣʢʦʚ ʠ ʣʠʧʠʜʦʚ, ʥʝ ʩʤʦʪʨʷ ʥʘ 

ʤʥʦʛʦʢʨʘʪʥʳʝ ʮʠʢʣʳ ʩʣʠʷʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʚʝʟʠʢʫʣ (ʨʠʩ. 38). ɺʝʟʠʢʫʣʷʨʥʘʷ 

ʤʝʤʙʨʘʥʘ ʩʦʩʪʘʚʣʝʥʘ ʠʟ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ, ʚ ʢʦʪʦʨʳʭ çʧʨʦʞʠʚʘʶʪè ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʙʝʣʢʠ, ʘ ʤʝʤʙʨʘʥʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʨʫʛʠʤʠ ʧʣʦʪʠʢʘʤʠ ʩʦ ʩʚʦʠʤʠ 

ʩʧʝʮʠʬʠʯʥʳʤʠ ʧʨʦʪʝʠʥʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʵʢʟʦʮʠʪʦʟ. ɺ ʩʘʡʪʘʭ ʵʥʜʦʮʠʪʦʟʘ ʪʘʢʞʝ 

ʩʫʱʝʩʪʚʫʶʪ ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʙʝʣʢʠ, ʚʦʚʣʝʯʝʥʥʳʝ ʚ ʵʥʜʦʮʠʪʦʟ, ʠ 

ʨʝʟʝʨʚʥʳʝ ʚʝʟʠʢʫʣʷʨʥʳʝ ʙʝʣʢʠ. ɺ ʭʦʜʝ ʵʢʟʦʮʠʪʦʟʘ ʚʝʟʠʢʫʣʷʨʥʳʝ ʧʣʦʪʠʢʠ ʚʩʪʨʘʠʚʘʶʪʩʷ 

ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ, ʥʦ ʥʝ ʨʘʩʩʝʠʚʘʶʪʩʷ ʧʦ ʥʝʡ, ʘ ʙʳʩʪʨʦ ʤʠʛʨʠʨʫʶʪ ʚ 

ʦʙʣʘʩʪʴ ʵʥʜʦʮʠʪʦʟʘ, ʛʜʝ ʠʟ ʥʠʭ ʦʙʨʘʟʫʶʪʩʷ ʥʦʚʳʝ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʟʠʢʫʣʳ (ɿʝʬʠʨʦʚ, 

ʇʝʪʨʦʚ, 2009). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʚʝʟʠʢʫʣʷʨʥʳʝ ʙʝʣʢʠ ʤʦʛʫʪ ʦʙʤʝʥʠʚʘʪʴʩʷ 

ʥʘ ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʦʪʝʠʥʳ, çʟʘʧʘʩʝʥʥʳʝè ʚ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ, ʯʪʦ ʧʦʢʘʟʘʥʦ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʠʥʘʧʪʦʪʘʛʤʠʥʘ I (Willig et al., 2006; Opazo et al., 2010). ɺ ʩʣʝʜʫʶ ʝɦʡ 

ʯʘʩʪʠ ʥʘʰʝʡ ʨʘʙʦʪʳ ʵʪʘ ʛʠʧʦʪʝʟʘ ʧʦʣʫʯʠʪ ʥʦʚʳʝ ʜʦʚʦʜʳ ʚ ʩʚʦʶ ʧʦʜʜʝʨʞʢʫ. 

ɺ ʵʢʩʪʨʘʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭ ʩʢʝʣʝʪʥʳʭ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ ʦʙʥʘʨʫʞʝʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ. ʇʦʜʦʙʥʫʶ 

ʩʠʪʫʘʮʠʶ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʤʳʰʝʯʥʦʛʦ ʚʦʣʦʢʥʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ʢʘʨʢʘʩʥʳʭ ʠ ʮʠʪʦʩʢʝʣʝʪʥʳʭ ʙʝʣʢʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʊ-

ʪʨʫʙʦʯʢʠ. ɺʦʟʤʦʞʥʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʝʣʢʦʚʳʝ ʤʝʭʘʥʠʟʤʳ ʯʘʩʪʠʯʥʦ ʟʘʤʝʥʷʶʪ ʭʦʣʝʩʪʝʨʠʥ 

ʠ ʨʘʬʪ-ʟʘʚʠʩʠʤʳʝ ʧʫʪʠ ʢʦʤʧʘʨʪʤʝʥʪʘʣʠʟʘʮʠʠ ʤʝʤʙʨʘʥʳ. ɹʦʣʝʝ ʪʦʛʦ, 

ʵʢʩʪʨʘʩʠʥʘʧʪʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʳ ʤʳʰʝʯʥʦʛʦ ʚʦʣʦʢʥʘ ʠʤʝʪʁ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʧʨʦʩʪʫʶ 

ʣʘʪʝʨʘʣʴʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʤʝʤʙʨʘʥʳ, ʯʝʤ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʡ ʨʝʛʠʦʥ, ʛʜʝ ʚ ʜʝʩʷʪʢʘʭ 

ʥʘʥʦʤʝʪʨʦʚ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʨʦʪʝʢʘʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʠ ʢʘʞʜʳʡ ʵʪʘʧ ʚʝʟʠʢʫʣʷʨʥʦʛʦ 

ʮʠʢʣʘ ʠʤʝʝʪ ʩʪʨʦʛʦ ʦʨʛʘʥʠʟʦʚʘʥʥʫʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʰʠʥʫ. ʊʦ ʝʩʪʴ 

ʧʨʦʙʣʝʤʘ ʢʦʤʧʘʨʪʤʝʥʪʘʣʠʟʘʮʠʠ ʤʝʤʙʨʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝ ʪʘʢ ʚʘʞʥʘ ʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ, ʢʘʢ ʜʣʷ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ (ʇʝʪʨʦʚ ʠ ʜʨ. 

2011). ɺʝʨʦʷʪʥʦ, ʠʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʢʦʥʮʝʚʘʷ ʧʣʘʩʪʠʥʢʘ, ʛʜʝ ʢʣʘʩʪʝʨʠʟʫʶʪʩʷ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʝ ʨʝʮʝʧʪʦʨʳ ʠ ʩʠʛʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ, ʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥ ʙʝʣʦʢ ʢʘʚʝʦʣ 

ï ʢʘʚʝʦʣʠʥ 3 (Heiny et al., 2010). ɺ ʥʘʰʠʭ ʩʦʚʤʝʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʠʪʝʣʴʥʘʷ 

ʧʝʨʬʫʟʠʷ 0.1 ʤʄ ʄʎɼ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʢʨʳʩ ʫʩʪʨʘʥʷʝʪ ʣʦʢʘʣʴʥʫʶ 
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ʘʢʪʠʚʥʦʩʪʠ ὄ2-ʠʟʦʬʦʨʤʳ Na
+
 / K

+
 ɸʊʌʘʟʳ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʫʨʦʚʥʷ 

ʘʮʝʪʠʣʭʦʣʠʥʘ (ʂʨʘʚʮʦʚʘ ʠ ʜʨ. 2014).  

 

4.2 ʈʦʣʴ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʚʳʟʚʘʥʥʦʤ ʵʢʟʦʮʠʪʦʟʝ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʠ ʠʭ 

ʨʝʮʠʢʣʠʨʦʚʘʥʠʠ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ ʣʷʛʫʰʢʠ 

ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ 

ʤʦʞʝʪ ʪʨʝʙʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʚʝʟʠʢʫʣʷʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʦʩʚʦʙʦʞʜʝʥʠʝ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʚ ʦʪʚʝʪ ʥʘ ʧʦʪʝʥʮʠʘʣ ʜʝʡʩʪʚʠʷ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʦʣʠ 

ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʧʨʦʪʝʢʘʥʠʠ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʮʠʢʣʘ, ʵʢʟʦʮʠʪʦʟʘ, 

ʵʥʜʦʮʠʪʦʟʘ ʠ ʪʨʘʥʩʧʦʨʪʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʧʨʠʤʝʥʷʣʠ ʢʦʤʧʣʝʢʩ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʄʝʤʙʨʘʥʥʳʡ ʭʦʣʝʩʪʝʨʠʥ ʫʜʘʣʷʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 20-30 ʤʠʥ ʘʧʧʣʠʢʘʮʠʠ 1 ʤʄ ʄʎɼ, ʢʦʪʦʨʳʡ ʫʜʘʣʷʝʪ ʧʨʠʤʝʨʥʦ 20% 

ʭʦʣʝʩʪʝʨʠʥʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ (ʨʠʩ. 36%) ʠ ʪʘʢʞʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 20% 

ʩʥʠʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʨʘʰʠʚʘʥʠʷ ʤʝʪʢʦʡ ʥʘ ʣʠʧʠʜʥʳʝ ʨʘʬʪʳ (ʨʠʩ. 37%). 

 

4.2.1 ɺʣʠʷʥʠʝ 1ʤʄ ʄʎɼ ʥʘ ʩʧʦʥʪʘʥʥʫʶ ʠ ʚʳʟʚʘʥʥʫʶ ʦʜʠʥʦʯʥʳʤʠ 

ʧʦʪʝʥʮʠʘʣʘʤʠ ʜʝʡʩʪʚʠʷ ʩʝʢʨʝʮʠʶ 

ʕʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ, ʚʳʧʦʣʥʝʥʳ ʥʘ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ 

ʧʨʝʧʘʨʘʪʘʭ ʣʷʛʫʰʢʠ. ʄʎɼ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʤʄ ʥʝ ʠʟʤʝʥʷʣ ʯʘʩʪʦʪʫ ʠ ʘʤʧʣʠʪʫʜʫ 

ʄʊʂʇ. ʉʨʝʜʥʷʷ ʯʘʩʪʦʪʘ / ʘʤʧʣʠʪʫʜʘ ʄʊʂʇ ʯʝʨʝʟ 20 ʤʠʥʫʪ ʜʝʡʩʪʚʠʷ ʄʎɼ ʩʦʩʪʘʚʠʣʘ 

1.4Ñ0.3 ʩ
-1 

/ 1.53Ñ0.07 ʥɸ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 1.5Ñ0.4 ʩ
-1
 / 1.57Ñ0.08 ʥɸ ʚ ʢʦʥʪʨʦʣʝ (n=5; 

p>0.05). ʂʦʩʚʝʥʥʦ ʪɻʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʥʠʢʦʪʠʥʦʚʳʭ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ. ʇʨʠ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ ʨʘʟʜʨʘʞʝʥʠʠ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ (0.05 ʠʤʧ/ʩ) ʘʤʧʣʠʪʫʜʘ ʊʂʇ ʯʝʨʝʟ 20 

ʤʠʥʫʪ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ ʩʥʠʞʘʣʘʩʴ ʜʦ 75 Ñ 3% (n=5, p<0.01) ʦʪ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ (ʨʠʩ. 

39) ʠ ʦʩʪʘʚʘʣʘʩʴ ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ, ʝʩʣʠ ʘʧʧʣʠʢʘʮʠ ̫ ʄʎɼ ʧʨʦʜʦʣʞʘʣʘʩʴ. ʀʥʪʝʨʝʩʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʤʝʥʘ ʨʘʩʪʚʦʨʘ ʩ ʄʎɼ ʥʘ ʥʦʨʤʘʣʴʥʳʡ ʨʘʩʪʚʦʨ ʈʠʥʛʝʨʘ ʥʝ ʧʨʠʚʦʜʠʣʘ ʢ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʜʦ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ. ʆʜʥʘʢʦ ʜʦʙʘʚʣʝʥʠʝ ʥʘ 20 ʤʠʥ 

ʢʦʤʧʣʝʢʩʘ ʄʎɼ-ʭʦʣʝʩʪʝʨʠʥ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʦ ʘʤʧʣʠʪʫʜʫ ʊʂʇ ʜʦ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ 

(98Ñ4%, n=5, p>0.05), ʥʘ ʢʦʪʦʨʦʤ ʘʤʧʣʠʪʫʜʘ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʧʦʩʣʝ ʦʪʤʳʚʢʠ ʧʨʝʧʘʨʘʪʘ 

ʦʪ ʢʦʤʧʣʝʢʩʘ ʄʎɼ-ʭʦʣʝʩʪʝʨʠʥ. ɺʩʝ ʵʪʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʫʜʘʣʝʥʠʝ 
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ʭʦʣʝʩʪʝʨʠʥʘ 1 ʤʄ ʄʎɼ ʦʢʘʟʳʚʘʝʪ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ, ʫʤʝʥʴʰʘʷ ʥʘ ʜʣʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ ʚʳʟʚʘʥʥʫʶ ʩʝʢʨʝʮʠʶ ʢʚʘʥʪʦʚ ʤʝʜʠʘʪʦʨʘ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ ʣʷʛʫʰʢʠ 

(ʇʝʪʨʦʚ ʠ ʜʨ. 2009). ʆʜʥʘʢʦ, ʝʩʣʠ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʄʎɼ-ʭʦʣʝʩʪʝʨʠʥ, ʪʦ ʚʳʟʚʘʥʥʘʷ 

ʩʝʢʨʝʮʠʷ ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʘ ʧʨʝʞʥʠʡ ʫʨʦʚʝʥʴ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʪʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʚ 

ʘʧʧʘʨʘʪʝ ʚʳʟʚʘʥʥʦʡ ʩʝʢʨʝʮʠʠ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʤʝʤʙʨʘʥʥʦʛʦ 

ʭʦʣʝʩʪʝʨʠʥʘ. 

ʉʭʦʞʘʷ ʩʠʪʫʘʮʠʷ ʥʘʤʠ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ ʤʳʰʠ, ʛʜʝ 

ʚ ʫʩʣʦʚʠʷʭ ʩʥʠʞʝʥʥʦʡ ʚʥʝʢʣʝʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʘ
2+

 1 ʤʄ ʄʎɼ ʥʝ ʚʣʠʷʣ ʥʘ ʯʘʩʪʦʪʫ 

ʠ ʘʤʧʣʠʪʫʜʫ ʄʇʂʇ, ʦʜʥʘʢʦ ʩʥʠʞʘʣ ʢʚʘʥʪʦʚʳʡ ʩʦʩʪʘʚ ʇʂʇ (ʊʘʨʘʢʘʥʦʚʘ O.ʀ. ʠ ʜʨ. 

2011). ʄʦʞʥʦ ʜʫʤʘʪʴ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ 

ʧʨʠʚʦʜʠʪ ʢ ʫʛʥʝʪʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʚʳʟʚʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʚ 

ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ (ʇʝʪʨʦʚ ʠ ʜʨ. 2009). 

 

ʈʠʩ. 39. ʕʬʬʝʢʪ ʤʝʪʠʣ-ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ (ʄʎɼ) ʥʘ ʘʤʧʣʠʪʫʜʫ ʊʂʇ ʧʨʠ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ ʨʘʟʜʨʘʞʝʥʠʠ 

ʉʚʝʨʭʫ, ʜʠʥʘʤʠʢʘ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʚ ʦʪʚʝʪ ʥʘ 20 ʤʠʥ ʘʧʧʣʠʢʘʮʠʶ ʄʎɼ (1 ʤʄ) ʚ 

% (ʟʘ 100% ʧʨʠʥʷʪ ʫʨʦʚʝʥʴ ʜʦ ʜʦʙʘʚʣʝʥʠʷ ʄʎɼ). ɺ ʦʜʥʦʤ ʩʣʫʯʘʝ ʧʦʩʣʝ 20 ʤʠʥ 

ʵʢʩʧʦʟʠʮʠʠ ʩ ʄʎɼ ʧʨʝʧʘʨʘʪ ʧʝʨʬʫʟʠʨʦʚʘʣʩʷ ʥʦʨʤʘʣʴʥʳʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ 

(ʩʚʝʪʣʳʝ ʢʨʫʞʢʠ), ʚ ʜʨʫʛʦʤ ï ʜʦʙʘʚʣʷʣʩʷ ʥʘ 20 ʤʠʥ ʢʦʤʧʣʝʢʩ ʄʎɼ-ʭʦʣʝʩʪʝʨʠʥ (ʪʝʤʥʳʝ 

ʢʨʫʞʢʠ). ɻʨʘʬʠʢʠ ʧʦʩʪʨʦʝʥʳ ʠʩʭʦʜʷ ʠʟ n=5. ʉʥʠʟʫ, ʥʘʪʠʚʥʳʝ ʊʂʇ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ 

ʚ ʦʪʚʝʪ ʥʘ ʦʜʠʥʦʯʥʳʝ ʨʘʟʜʨʘʞʝʥʠʷ: ʚ ʢʦʥʪʨʦʣʝ (ʘ) ʠ ʧʦʩʣʝ 20 ʤʠʥʫʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʄʎɼ 

(ʙ), ʧʦʩʣʝ 20 ʤʠʥ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʤʧʣʝʢʩʘ ʄʎɼ-ʭʦʣʝʩʪʝʨʠʥ (ʚ).  
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4.2.2 ʕʬʬʝʢʪʳ ʄʎɼ ʥʘ ʢʠʥʝʪʠʢʫ ʦʩʚʦʙʦʞʜʝʥʠʷ ʤʝʜʠʘʪʦʨʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʨʘʟʜʨʘʞʝʥʠʠ 

ɺ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʝ ʩʝʨʠʠ ʜʣʠʪʝʣʴʥʦʛʦ (3 ʤʠʥ) 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ (20 ʠʤʧ/ʩ) ʨʘʟʜʨʘʞʝʥʠʷ ʩ ʠʥʪʝʨʚʘʣʦʤ ʤʝʞʜʫ ʩʝʨʠʷʤʠ ʚ 30 ʤʠʥ. ʇʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʢʘʞʜʦʡ ʩʝʨʠʠ ʜʚʠʛʘʪʝʣʴʥʳʡ ʥʝʨʚ ʨʘʟʜʨʘʞʘʣʠ ʨʝʜʢʠʤʠ ʠʤʧʫʣʴʩʘʤʠ (0.05 

ʠʤʧ/ʩ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʊʂʇ. ɺ ʢʦʥʪʨʦʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʨʘʟʜʨʘʞʝʥʠʝ ʤʦʪʦʨʥʦʛʦ ʥʝʨʚʘ 3 ʤʠʥ 20 ɻʮ ʧʨʠʚʦʜʠʣʦ ʢ ʭʘʨʘʢʪʝʨʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʘʤʧʣʠʪʫʜʳ ʊʂʇ (ʨʠʩ. 40) (ʇʝʪʨʦʚ ʠ ʜʨ. 2008; Petrov et al., 2008; ɿʝʬʠʨʦʚ ʠ 

ʜʨ., 2008ʘ,ʙ). 

 

ʈʠʩ. 40. ʕʬʬʝʢʪ ʤʝʪʠʣ-ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ (ʄʎɼ) ʥʘ ʘʤʧʣʠʪʫʜʫ ʊʂʇ ʧʨʠ 

ʜʣʠʪʝʣʥɹʦʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʨʘʟʜʨʘʞʝʥʠʠ 

ʉʚʝʨʭʫ, ʩʭʝʤʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʄʎɼ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ (ʩʭʝʤʘ 1) ʧʨʝʧʘʨʘʪ 

ʧʦʜʚʝʨʛʘʣʩʷ ʜʝʡʩʪʚʠʁ  ʄʎɼ ʚ ʧʦʢʦʝ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ, ʟʘʪʝʤ ʧʨʦʤʳʚʘʣʩʷ ʥʦʨʤʘʣʴʥʤr 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ (10-20 ʤʠʥ), ʧʦʩʣʝ ʯʝʛʦ ʩʣʝʜʦʚʘʣ ʵʧʠʟʦʜ ʩʪʠʤʫʣʷʮʠʠ. ɺ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʭʦʣʝʩʪʝʨʠʥ ʫʜʘʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʤʙʨʘʥ.  
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ʈʠʩ. 40 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʨʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤ ʧʨʦʪʦʢʦʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚʦ ʚʨʝʤʷ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ ʨʘʟʜʨʘʞʝʥʠʝ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ (3 ʤʠʥ 20 ɻʮ), 

ʚʳʟʚrʘʶʱʝʝ ʦʙʥʘʞʝʥʠʝ ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʝ ʤʝʤʙʨʘʥ ʤʥʦʛʠʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, 

ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʜʝʡʩʪʚʠʶ ʄʎɼ. ʉʥʠʟʫ, ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʚʦ 

ʚʨʝʤʷ ʧʝʨʚʦʡ ʩʝʨʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ (20 ʠʤʧ/ʩ). ʏʝʨʥʳʝ ʢʚʘʜʨʘʪʳ ï 

ʢʦʥʪʨʦʣʴ; ʩʚʝʪʣʳʝ ʢʨʫʞʢʠ ï ʄʎɼ ʜʝʡʩʪʚʦʚʘʣ 30 ʤʠʥ ʜʦ ʥʘʯʘʣʘ ʨʘʟʜʨʘʞʝʥʠʷ (ʄʎɼ 1); 

ʯʝʨʥʳʝ ʢʨʫʞʢʠ ï ʄʎɼ ʜʝʡʩʪʚʦʚʘʣ ʢʘʢ 20 ʤʠʥ ʜʦ, ʪʘʢ ʠ ʚʦ ʚʨʝʤʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʨʘʟʜʨʘʞʝʥʠʷ (ʄʎɼ 2). ʇʦ ʦʩʠ Y ï ʘʤʧʣʠʪʫʜʘ ʊʂʇ ʚ % ʦʪ ʠʩʭʦʜʥʦʡ (ʜʦ ʩʪʠʤʫʣʷʮʠʠ); ʧʦ 

ʦʩʠ ʍ ï ʚʨʝʤʷ ʨʘʟʜʨʘʞʝʥʠʷ ʚ ʤʠʥʫʪʘʭ. 

 

ɺʩʣʝʜ ʟʘ ʢʦʨʦʪʢʠʤ ʧʝʨʠʦʜʦʤ ʦʙʣʝʛʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʦ ʙʣʠʟʢʦʝ ʢ ʣʠʥʝʡʥʦʤʫ 

ʧʘʜʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʊʂʇ. ʏʝʨʝʟ 30 ʩ ʨʘʟʜʨʘʞʝʥʠʷ ʘʤʧʣʠʪʫʜʘ ʊʂʇ ʩʦʩʪʘʚʣʷʣʘ 72 Ñ2% 

(p<0.01), ʘ ʯʝʨʝʟ 3 ʤʠʥʫʪʳ - 16 Ñ4% (p<0.001, n=6) ʦʪ ʧʨʝʜʩʪʠʤʫʣʷʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ (ʨʠʩ. 

40). ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʦ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 1ï4 

ʤʠʥ (ʚʨʝʤʷ ʧʦʣʫʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ~ 27 Ñ7 ʩʝʢ, n =6). ʇʦʚʪʦʨʥʘʷ ʩʝʨʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʨʘʟʜʨʘʞʝʥʠʷ ʚʳʟʳʚʘʣʘ ʘʥʘʣʦʛʠʯʥʫʶ ʜʠʥʘʤʠʢʫ ʩʥʠʞʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʊʂʇ (ʨʠʩ. 41), ʯʪʦ 

ʭʦʨʦʰʦ ʟʘʤʝʪʥʦ ʥʘ ʢʫʤʫʣʷʪʠʚʥʳʭ ʢʨʠʚʳʭ ʘʤʧʣʠʪʫʜʳ ʊʂʇ. ɺ ʦʪʚʝʪ ʥʘ ʧʝʨʚʫʶ ʠ ʚʪʦʨʫʶ 

ʩʝʨʠʠ ʨʘʟʜʨʘʞʝʥʠʡ ʢʫʤʫʣʷʪʠʚʥʳʝ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʙʳʣʠ ʦʜʠʥʘʢʦʚʳʤʠ (ʨʠʩ. 41). 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʦʚ ʄʎɼ ʥʘ ʜʠʥʘʤʠʢʫ ʩʝʢʨʝʮʠʠ ʤʝʜʠʘʪʦʨʘ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʨʘʟʜʨʘʞʝʥʠʠ ʧʨʠʤʝʥʷʣʠ ʜʚʘ ʚʘʨʠʘʥʪʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ 

ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ (ʄʎɼ 1) ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʡ ʧʨʝʧʘʨʘʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ 

ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ, ʩʦʜʝʨʞʘʱʝʤ ʄʎɼ, ʘ ʟʘʪʝʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 10 - 20 ʤʠʥ 

ʧʝʨʬʫʟʠʨʦʚʘʣʠ ʦʙʳʯʥʳʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ. ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʠ ʜʚʝ ʩʝʨʠʠ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ ʩ 30 ʤʠʥ ʠʥʪʝʨʚʘʣʦʤ (ʨʠʩ. 40, ʨʠʩ. 41). ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʪʨʦʣʷ ʚ ʧʨʝʧʘʨʘʪʘʭ, ʚʳʜʝʨʞʘʥʥʳʭ ʚ ʄʎɼ, ʚ ʦʪʚʝʪ ʥʘ ʧʝʨʚʫʶ ʩʝʨʠʶ 

ʨʘʟʜʨʘʞʝʥʠʡ ʩʥʠʞʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʥʘʙʣʶʜʘʣʦʩʴ ʩʨʘʟʫ ʧʦʩʣʝ ʥʘʯʘʣʘ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ, ʘ ʜʝʧʨʝʩʩʠʷ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʙʳʣʘ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ 

(ʨʠʩ. 40). ʊʘʢ, ʯʝʨʝʟ 30 ʩʝʢʫʥʜ ʨʘʟʜʨʘʞʝʥʠʷ ʘʤʧʣʠʪʫʜʘ ʊʂʇ ʩʥʠʟʠʣʘʩʴ ʜʦ 49 Ñ3% 

(p<0.001 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʜʠʥʘʤʠʢʦʡ), ʘ ʯʝʨʝʟ 3 ʤʠʥʫʪʳ ï ʩʦʩʪʘʚʠʣʘ 14 Ñ2% 

(p>0.05, n=5). ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 1 ʜʦ 4 ʤʠʥ 

(ʧʦʣʫʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʦʣʦ 25-35 ʩ, p>0.05 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ). 



119 
 

  

ʂʫʤʫʣʷʪʠʚʥʘʷ ʢʨʠʚʘʷ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʯʪʠ ʜʚʫʢʨʘʪʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʦʩʚʦʙʦʞʜʘʝʤʳʭ ʢʚʘʥʪʦʚ ʤʝʜʠʘʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʨʘʟʜʨʘʞʝʥʠʷ (p<0.001) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʨʠʩ. 41). ɼʠʥʘʤʠʢʘ ʩʥʠʞʝʥʠʷ 

ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʚ ʦʪʚʝʪ ʥʘ ʚʪʦʨʫʶ ʩʝʨʠʶ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ, ʪʘʢʞʝ ʢʘʢ ʠ ʚ 

ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʙʳʣʘ ʠʜʝʥʪʠʯʥʦʡ ʧʝʨʚʦʡ (ʨʠʩ. 41). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʵʢʩʪʨʘʢʮʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʤʙʨʘʥʳ ʚʳʟʳʚʘʝʪ ʫʩʠʣʝʥʠʝ ʜʝʧʨʝʩʩʠʠ 

ʩʝʢʨʝʮʠʠ ʤʝʜʠʘʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʤʝʜʠʘʪʦʨʘ, 

ʦʩʚʦʙʦʞʜʘʝʤʦʛʦ ʥʘ 2-ʫʶ ʩʝʨʠʶ ʨʘʟʜʨʘʞʝʥʠʡ, ʥʝ ʤʝʥʷʝʪʩʷ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 1-ʦʡ ʩʝʨʠʝʡ). 

 

ʈʠʩ. 41. ɼʠʥʘʤʠʢʘ ʘʤʧʣʠʪʫʜ ʊʂʇ ʚʦ ʚʨʝʤʷ ʜʚʫʭ ʩʝʨʠʡ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ 

ɸ, ɹ, ɺ ï ʀʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʚʦ ʚʨʝʤʷ ʜʚʫʭ ʩʝʨʠʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʨʘʟʜʨʘʞʝʥʠʷ (20 ʠʤʧ/ʩ) ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 30 ʤʠʥ, ʜʘʥʥʳʝ ʦʪʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʏʝʨʥʳʝ ʢʚʘʜʨʘʪʳ ï ʧʝʨʚʘʷ ʩʝʨʠʷ ʨʘʟʜʨʘʞʝʥʠʡ, ʩʚʝʪʣʳʝ ʢʚʘʜʨʘʪʳ - ʚʪʦʨʘʷ ʩʝʨʠʷ. ɸ ï 

ʢʦʥʪʨʦʣʴ; ɹ ï ʘʧʧʣʠʢʘʮʠʷ ʄʎɼ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʟʘ 30 ʤʠʥ ʜʦ 1-ʛʦ ʵʧʠʟʦʜʘ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ (ʄʎɼ 1); ɺ ï ʚʦ ʚʨʝʤʷ 30 ʤʠʥ ʵʢʩʧʦʟʠʮʠʠ ʩ ʄʎɼ 

ʧʨʝʧʘʨʘʪ ʧʦʜʚʝʨʛʘʣʩʷ 1-ʤʫ ʵʧʠʟʦʜʫ ʩʪʠʤʫʣʷʮʠʠ (ʄʎɼ 2). ɻ ï ʂʫʤʫʣʷʪʠʚʥʳʝ ʢʨʠʚʳʝ 

ʘʤʧʣʠʪʫʜʳ ʊʂʇ (ʩʫʤʤʘ ʘʤʧʣʠʪʫʜ) ʠʟ ɸ, ɹ, ɺ. ʉʧʣʦʰʥʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʚʦʡ 

ʩʝʨʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ, ʧʫʥʢʪʠʨʥʘʷ ï ʚʪʦʨʦʡ. ʇʦ ʦʩʷʤ Y ï ʘʤʧʣʠʪʫʜʘ 

ʊʂʇ ʚ % ʦʪ ʠʩʭʦʜʥʦʡ (ʜʦ ʩʪʠʤʫʣʷʮʠʠ) (ɸ-ɺ) ʠʣʠ ʢʫʤʫʣʷʪʠʚʥʘʷ ʘʤʧʣʠʪʫʜʘ ʊʂʇ ʚ ʥɸ 

(ɻ); ʧʦ ʦʩʷʤ ʍ ï ʚʨʝʤʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ, ʚ ʤʠʥ. 
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ʇʨʠ ʚʪʦʨʦʤ ʧʨʦʪʦʢʦʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʄʎɼ 2) - ʄʎɼ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʚ 

ʦʤʳʚʘʶʱʝʤ ʧʨʝʧʘʨʘʪ ʨʘʩʪʚʦʨʝ 20 ʤʠʥ ʜʦ ʧʝʨʚʦʡ ʩʝʨʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʠ 

ʝʱʝ 10 ʤʠʥ ʧʦʩʣʝ. ʊʘʢʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ ʵʢʩʪʨʘʛʠʨʦʚʘʪʴ ʭʦʣʝʩʪʝʨʠʥ ʥʝ 

ʪʦʣʴʢʦ ʠʟ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʥʦ ʠ ʠʟ ʤʝʤʙʨʘʥ ʚʝʟʠʢʫʣ (ʨʠʩ. 40). ʆʢʘʟʘʣʦʩʴ, 

ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʚʘʷ ʜʣʠʪʝʣʴʥʘʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʩʝʨʠʷ ʧʨʠʚʦʜʠʣʘ ʢ ʝʱʝ ʙʦʣʝʝ 

ʙʳʩʪʨʦʤʫ ʩʥʠʞʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤ ʚʘʨʠʘʥʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

(ʨʠʩ. 40). ʏʝʨʝʟ 30 ʩ ʨʘʟʜʨʘʞʝʥʠʷ ʘʤʧʣʠʪʫʜʘ ʊʂʇ ʧʘʜʘʣʘ ʜʦ 45 Ñ3% (p>0.05 ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʄʎɼ 1), ʘ ʢ 3 ʤʠʥʫʪʳ ʩʪʠʤʫʣʷʮʠʠ ʜʦ  ï 9 Ñ2% (p<0.05, n=5). 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʨʘʟʜʨʘʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʦ 

ʥʝʩʢʦʣʴʢʦ ʤʝʜʣʝʥʥʝʝ (ʚ ʪʝʯʝʥʠʝ 3-6 ʤʠʥ), ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʚʨʝʤʷ 

ʧʦʣʫʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 32Ñ5 ʩ, p<0.05). ɺʪʦʨʘʷ ʩʝʨʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ 

ʚʳʟʳʚʘʣʘ ʙʦʣʝʝ ʛʣʫʙʦʢʫʶ ʜʝʧʨʝʩʩʠʶ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʦʡ ʩʝʨʠʝʡ 

(ʨʠʩ. 41). ɿʘ 30 ʩ ʩʪʠʤʫʣʷʮʠʠ ʘʤʧʣʠʪʫʜʘ ʊʂʇ ʩʥʠʞʘʣʘʩʴ ʜʦ 30 Ñ3% (p<0.05 ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 1-ʤ ʧɻʠʟʦʜʦʤ ʩʪʠʤʫʣʷʮʠʠ), ʘ ʢ 3 ʤʠʥ ʜʦ - 5 Ñ3% (p<0.05). ʂʫʤʫʣʷʪʠʚʥʘʷ 

ʘʤʧʣʠʪʫʜʘ ʊʂʇ ʢ ʢʦʥʮʫ ʚʪʦʨʦʡ ʩʝʨʠʠ ʨʘʟʜʨʘʞʝʥʠ ̫ʙʳʣʘ ʧʨʠʤʝʨʥʦ ʥʘ 25% ʤʝʥʴʰʝ 

(p<0.01), ʯʝʤ ʢ ʢʦʥʮʫ ʧʝʨʚʦʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʤ ʩʥʠʞʝʥʠʠ 

ʩʫʤʤʘʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʚʦʙʦʞʜʝʥʥʦʛʦ ʤʝʜʠʘʪʦʨʘ (ʨʠʩ. 41). ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʚʪʦʨʦʡ 

ʩʝʨʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʜʦ ʠʩʭʦʜʥʦʛʦ 

ʫʨʦʚʥʷ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, ʠ ʨʝʟʢʦ ʟʘʤʝʜʣʷʣʘʩʴ ʜʠʥʘʤʠʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʚʨʝʤʷ 

ʧʦʣʫʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 50Ñ5 ʩ, p<0.01). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʯʠʪʘʪʴ, ʯʪʦ 

çʫʜʘʣʝʥʠʝè ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʪʦʨʤʦʟʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʝʢʨʝʮʠʠ ʤʝʜʠʘʪʦʨʘ 

ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ ʠ ʫʩʠʣʠʚʘʝʪ ʚʳʨʘʞʝʥʥʦʩʪʴ ʜʝʧʨʝʩʩʠʠ 

ʥʘ ʚʪʦʨʦʡ ʵʧʠʟʦʜ ʨʘʟʜʨʘʞʝʥʠ.̫ 

 

4.2.3 ʕʬʬʝʢʪʳ 1 ʤʄ ʄʎɼ ʥʘ ɻʥʜʦʮʠʪʦʟ ʠ ɻʢʟʦʮʠʪʦʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ 

ʄʎɼ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ FM1-43 ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ 

ʘʛʝʥʪʘ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʛʦ ʩʚʷʟʳʚʘʥʠʶ FM1-43 ʩ ʤʝʤʙʨʘʥʦʡ ʠ/ʠʣʠ ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʝʛʦ 

ʜʠʩʩʦʮʠʘʮʠʠ ʦʪ ʤʝʤʙʨʘʥʳ (Dason et al., 2010; Petrov et al., 2014). ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʠʩʢʘʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʚʣʠʷʥʠʝʤ ʄʎɼ ʥʘ FM1-43, ʘʧʧʣʠʢʘʮʠʠ ʵʪʠʭ 

ʨʝʘʛʝʥʪʦʚ ʙʳʣʠ ʨʘʟʦʙʱʝʥʳ ʚʦ ʚʨʝʤʝʥʠ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ, ʚʩʝ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʝ 

ʧʨʝʧʘʨʘʪʳ ʧʦʩʣʝ ʟʘʛʨʫʟʢʠ FM1-43 ʠʣʠ ʚ ʧʨʦʮʝʩʩʝ ʚʳʛʨʫʟʢʠ ʢʨʘʩʠʪʝʣʷ ʠʥʪʝʥʩʠʚʥʦ 

ʧʝʨʬʫʟʠʨʦʚʘʣʠʩʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ ADVASEP-7, 
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ʩʫʣʴʬʠʨʦʚʘʥʥʳʡ ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʤʳʚʘʥʠʶ FM1-43 ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʤʙʨʘʥ (ʇʝʪʨʦʚ ʠ ʜʨ., 2008; Petrov et al., 2008). 

ɿʘʛʨʫʟʢʘ ʢʨʘʩʠʪʝʣʷ. ɿʘʛʨʫʟʢʫ FM1-43 ʚ ʥʝʨʚʥʳʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʦʪʚʝʪ 

ʥʘ 2-ʦʡ ʵʧʠʟʦʜ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ, ʩʣʝʜʫʶʱʠʡ ʯʝʨʝʟ 30 ʤʠʥ ʧʦʩʣʝ ʧʝʨʚʦʛʦ. ɺ 

ʢʦʥʪʨʦʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ (ʨʠʩ. 42) ʟʘʛʨʫʞʝʥʥʳʭ ʢʨʘʩʠʪʝʣʝʤ 

ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ (20 ɻʮ, 3 ʤʠʥ) ʩʦʩʪʘʚʠʣʘ 122 Ñ6 ʦ.ʝ. (n=9), ʩʚʝʯʝʥʠʝ ʧʷʪʝʥ 146Ñ5 ʦ.ʝ. 

(n=9, ʢʦʣ-ʚʦ ʧʷʪʝʥ - 180). ɸʥʘʣʠʟ ʤʦʨʬʦʣʦʛʠʠ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷ ʠ ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʭ 

ʧʷʪʝʥ ʧʦʢʘʟʘʣ (ʨʠʩ. 42), ʯʪʦ ʜʠʘʤʝʪʨ ʪʝʨʤʠʥʘʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 1.3Ñ0.2 ʤʢʤ (n=9, 50 

ʪʝʨʤʠʥʘʣʝʡ), ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʝ ʧʷʪʥʘ (ʟʘʯʘʩʪʫʶ ʦʚʘʣʴʥʦʡ ʬʦʨʤʳ) ʜʦʩʪʘʪʦʯʥʦ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʜʦʣ ɹ ʥʝʨʚʥʦʡ ʪʝʨʤʠʥʘʣʠ ʩ ʠʥʪʝʨʚʘʣʦʤ 1-3 ʤʢʤ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʵʢʩʧʦʟʠʮʠʷ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʩ ʄɼʎ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʟʘʛʨʫʞʝʥʥʳʭ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ (ʜʦ 61 Ñ5 ʦ.ʝ., p<0.001, 

n=9, ʨʠʩ. 42) ʠ ʧʷʪʝʥ (ʜʦ 76Ñ4 ʦ.ʝ. p<0.001, ʢʦʣ-ʚʦ ʧʷʪʝʥ - 180, ʨʠʩ. 42). ʇʨʠ ʵʪʦʤ 

ʤʦʨʬʦʣʦʛʠʷ ʠ ʨʘʟʤʝʨʳ ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʭ ʧʷʪʝʥ ʙʳʣʠ ʪʘʢʠʤʠ ʞʝ, ʢʘʢ ʠ ʚ ʢʦʥʪʨʦʣʴʥʳʭ 

ʧʨʝʧʘʨʘʪʘʭ (ʨʠʩ. 42). ɽʩʣʠ ʄʎɼ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʚ ʦʢʨʫʞʘʶʱʝʤ ʨʘʩʪʚʦʨʝ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʜ 

ʩʪʠʤʫʣʷʮʠʝʡ, ʥʦ ʠ ʚʦ ʚʨʝʤʷ 1-ʛʦ ʵʧʠʟʦʜʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ (ʨʠʩ. 42), ʪʦ ʵʪʦ 

ʫʤʝʥʴʰʘʣʦ ʟʘʭʚʘʪ FM 1-43 ʚ 12 ʨʘʟ (ʨʠʩ. 42), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ - 10 Ñ3 ʦ.ʝ., p<0.001, n=9, ʩʚʝʯʝʥʠʝ ʧʷʪʝʥ 20Ñ3 ʦ.ʝ., 

p<0.001, ʢʦʣ-ʚʦ ʧʷʪʝʥ - 170). ʅʘʨʷʜʫ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʟʘʛʨʫʟʢʠ ʢʨʘʩʠʪʝʣʷ ʧʨʦʠʩʭʦʜʠʣʦ 

ʫʚʝʣʠʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ ʜʦ 1.8Ñ0.2 ʤʢʤ (n=9, ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ - 

70, p<0.05), ʩʚʝʪʷʱʠʝʩʷ ʧʷʪʥʘ ʯʘʩʪʦ ʙʳʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʢʨʘʷʤ ʪʝʨʤʠʥʘʣʝʡ, ʘ ʤʝʞʜʫ 

ʧʷʪʥʘʤʠ ʠʤʝʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʝʟʘʛʨʫʞʝʥʥʳʝ ʢʨʘʩʠʪʝʣʝʤ ʦʙʣʘʩʪʠ (ʨʠʩ. 42). ʕʪʠ 

ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʵʥʜʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʧʨʠ 

ʫʜʘʣʝʥʠʠ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ, ʘ ʪʘʢʞʝ ʦ ʩʠʣʴʥʦʤ ʫʛʥʝʪʝʥʠʠ ʵʥʜʦʮʠʪʦʟʘ ʠ 

ʥʘʨʫʰʝʥʠʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʚʝʟʠʢʫʣʷʨʥʦʛʦ 

ʭʦʣʝʩʪʝʨʠʥʘ (ʇʝʪʨʦʚ ʠ ʜʨ. 2009). 

ʇʦʟʜʥʝʝ ʥʘʰʠ ʜʘʥʥʳʝ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʧʨʦʮʝʩʩʘʭ 

ʵʥʜʦʮʠʪʦʟʘ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ 

ʜʨʦʟʦʬʠʣʳ ʠ ʮʝʥʪʨʘʣʴʥʳʭ ʩʠʥʘʧʩʘʭ (Dason et al., 2010; Yue, Xu, 2015). ʊʘʢʞʝ ʙʳʣʘ 

ʧʦʢʘʟʘʥʘ ʟʥʘʯʠʤʦʩʪʴ ʭʦʣʝʩʪʝʨʠʥʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʮʠʪʦʩʢʝʣʝʪʘ 

ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (Dason et al., 2014). 
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ʈʠʩ. 42. ɺʣʠʷʥʠʝ ʄʎɼ ʥʘ ʟʘʛʨʫʟʢʫ ʢʨʘʩʠʪʝʣʷ FM1-43 ʚ ʜʚʠʛʘʪʝʣʴʥʳʝ ʥʝʨʚʥʳʝ 

ʦʢʦʥʯʘʥʠʷ ʣʷʛʫʰʢʠ 

ɸ ï ʩʭʝʤʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ: çʢʦʥʪʨʦʣʴè (ʘ), çʄʎɼ 1è (ʙ) ʠ çʄʎɼ 2è (ʚ). ʏʝʨʥʳʡ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢ ï ʨʘʟʜʨʘʞʝʥʠʝ 3 ʤʠʥ 20 ʠʤʧ/ʩ. ɺʨʝʤʷ ʘʧʧʣʠʢʘʮʠʠ FM1-43 - ʩʧʣʦʰʥʘʷ 

ʣʠʥʠʷ, ʘ ʄʎɼ - ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ. ɺ ʩʣʫʯʘʝ ʨʝʘʣʠʟʘʮʠʠ 1-ʛʦ ʧʨʦʪʦʢʦʣʘ (ʄʎɼ 1) 

ʫʜʘʣʷʝʪʩʷ ʭʦʣʝʩʪʝʨʠʥ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ, ʘ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ 

2-ʛʦ (ʄʎɼ 2) ï ʠ ʠʟ ʤʝʤʙʨʘʥ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. ʉʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʦ ʚʨʝʤʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʢʘʨʪʠʥ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɹ ï ʀʟʦʙʨʘʞʝʥʠʷ ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʭ ʫʯʘʩʪʢʦʚ 

ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ. ɻ ʠ ɼ ï ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʢʦʥʪʫʨʝ 

ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ ʠ ʚ ʦʪʜʝʣʴʥʳʭ ʧʷʪʥʘʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʦʩʠ ʦʨʜʠʥʘʪ ï 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ, ʚ ʦ.ʝ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʢʘʟʘʥʘ ***p 0̓.001. 
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ɺʳʛʨʫʟʢʘ ʢʨʘʩʠʪʝʣʷ. ɼʣʠʪʝʣʴʥʘʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ (20 ɻʮ) ʩʪʠʤʫʣʷʮʠʷ ʥʝʨʚʥʦ-

ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʳ FM-ʢʨʘʩʠʪʝʣʝʤ, ʚ 

ʢʦʥʪʨʦʣʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʘʜʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʤ ʚ 

ʜʚʝ ʬʘʟʳ, ʩʥʘʯʘʣʘ ʙʳʩʪʨʦ (ʟʘ 15 ʩ ʩʪʠʤʫʣʷʮʠʠ ʥʘ 18-22%), ʟʘʪʝʤ ʤʝʜʣʝʥʥʝʝ (ʨʠʩ. 43). 

ʉʧʫʩʪʷ 3 ʤʠʥ ʨʘʟʜʨʘʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩʥʠʞʘʣʘʩʴ ʜʦ 41 ° 2% (n=9, 

p 0̓.001 ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ). ɽʩʣʠ ʧʝʨʝʜ ʟʘʛʨʫʟʢʦʡ FM1-43 ʥʝʨʚʥʦ-

ʤʳʰʝʯʥʝr ʧʨʝʧʘʨʘʪ rʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʄʎɼ, ʪʦ ʧʦʩʣʝʜʫʶʱʘʷ ʚʳʛʨʫʟʢʘ FM1-43 ʟʘʤʝʪʥʦ 

ʟʘʤʝʜʣʷʣʘc  ɹʦʩʦʙʝʥʥʦ ʚʥʘʯʘʣʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʨʠʩ. 43). ʇʦʵʪʦʤʫ ʯʝʨʝʟ 15 

ʩ ʩʪʠʤʫʣʷʮʠʠ ʷʨʢʦʩʪʴ ʩʚʝʯʝʥʠʷ ʩʥʠʞʘʣʘʩʴ ʪʦʣʴʢʦ ʜʦ 89 °2% (p<0.05), ʘ ʯʝʨʝʟ 3 ʤʠʥ - ʜʦ 

56 Ñ3% (p<0.05, n=9). ʈʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚʳʛʨʫʟʢʠ ʢʨʘʩʠʪʝʣʷ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʄɼʎ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʚ ʨʘʩʪʚʦʨʝ ʚʦ ʚʨʝʤʷ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʟʘʛʨʫʟʢʝ ʵʧʠʟʦʜʘ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ (ʨʠʩ. 43). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʤʝʜʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʘʜʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʧʝʨʠʦʜʘ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ (ʨʠʩ. 43). ʉʧʫʩʪʷ 15 ʩ ʩʪʠʤʫʣʷʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʚʝʯʝʥʠʷ ʫʤʝʥʴʰʘʣʘʩʴ ʜʦ 95 °2% (p<0.01 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʚʳʛʨʫʟʢʦʡ), ʘ 

ʯʝʨʝʟ 3 ʤʠʥʫʪʳ - ʜʦ 73 Ñ2% (p<0.001, n=7). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʥʘʯʘʣʴʥʘʷ ʟʘʛʨʫʟʢʘ 

ʚ ʧʨʝʧʘʨʘʪʘʭ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʜʝʡʩʪʚʠʶ ʄʎɼ, ʙʳʣʘ ʥʠʞʝ (ʩʤ. ʨʘʟʜʝʣ çʟʘʛʨʫʟʢʘ 

ʢʨʘʩʠʪʝʣʷè). ʆʜʥʘʢʦ, ʝʩʣʠ ʧʨʦʠʟʚʦʜʠʪʴ ʩʥʘʯʘʣʘ ʟʘʛʨʫʟʢʫ FM1-43, ʘ ʧʦʪʦʤ 

ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʄʎɼ ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʧʨʦʠʟʚʦʜʠʪʴ ʚʳʛʨʫʟʢʫ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʩʪʠʤʫʣʷʮʠʠ, ʪʦ ʜʠʥʘʤʠʢʘ ʩʥʠʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ ʙʫʜʝʪ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʚ 

ʢʦʥʪʨʦʣʝ ʠ ʥʝ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʪʘʢʦʚʦʡ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʝʧʘʨʘʪʳ ʩʥʘʯʘʣʘ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʄʎɼ, ʘ ʧʦʪʦʤ ʟʘʛʨʫʞʘʣʠʩʴ (ʨʠʩ. 43, ɸ, ʩʭʝʤʘ ʛ / ʄʎɼ 3). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʝʧʘʨʘʪʦʚ ʄʎɼ 

ʩʥʠʞʘʝʪ ʧʦʩʣʝʜʫʶʱʫʶ ʟʘʛʨʫʟʢʫ FM1-43, ʥʝ ʠʟʤʝʥʷʝʪ ʭʘʨʘʢʪʝʨ (ʜʠʥʘʤʠʢʫ) ʚʳʛʨʫʟʢʠ 

FM-ʢʨʘʩʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʪʝʤʧ ʧʨʦʮʝʩʩʦʚ ʵʢʟʦʮʠʪʦʟʘ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ ʢʨʘʩʠʪʝʣʴ. 
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ʈʠʩ. 43. ɺʣʠʷʥʠʝ ʄʎɼ ʥʘ ʚʳʛʨʫʟʢʫ ʤʘʨʢʝʨʘ FM 1-43 ʠ ʦʮʝʥʢʘ ʚʨʝʤʝʥʠ 

ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ 

ɸ ï ʩʭʝʤʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʏʝʨʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ ʦʙʦʟʥʘʯʘʶʪ ʩʪʠʤʫʣʷʮʠʶ ʩ 

ʯʘʩʪʦʪʦʡ 20 ɻʮ. ʉ ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ ʠʟ ʩʪʠʤʫʣʷʮʠʦʥʥʳʭ ʵʧʠʟʦʜʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʟʘʛʨʫʟʢʘ FM1-43 ʚ ʥʝʨʚʥʳʝ ʦʢʦʥʯʘʥʠʷ (ʘʧʧʣʠʢʘʮʠʷ FM1-43 ʧʦʢʘʟʘʥʘ ʚʝʨʭʥʝʡ ʯʝʨʪʦʡ). 

ʕʢʩʧʦʟʠʮʠʷ (30 ʤʠʥ) ʩ ʄʎɼ ʠʟʦʙʨʘʞʝʥʘ ʥʠʞʥʝʡ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ. ʇʦʩʣʝʜʥʠʡ 

ʯʝʨʥʳʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʧʦʢʘʟʳʚʘʝʪ ʜʣʠʪʝʣʴʥʦʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ ʨʘʟʜʨʘʞʝʥʠʝ ʩ 

ʨʝʛʠʩʪʨʘʮʠʝʡ (ʩʪʨʝʣʢʠ) ʩʥʠʞʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ (ʚʳʛʨʫʟʢʠ 

ʢʨʘʩʠʪʝʣʷ). ɹ ï ʢʨʠʚʳʝ ʩʧʘʜʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ ʚʦ ʚʨʝʤʷ ʚʳʛʨʫʟʢʠ ʢʨʘʩʠʪʝʣʷ. 

ʆʩʴ-Y ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʜʦ ʥʘʯʘʣʘ 

ʨʘʟʜʨʘʞʝʥʠʷ; ʦʩʴ-ʍ ï ʚʨʝʤʷ ʨʘʟʜʨʘʞʝʥʠʷ ʚ ʤʠʥʫʪʘʭ. ɺ ï ʦʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ 

ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ ʚ ʢʦʥʪʨʦʣʝ, ʄʎɼ 1, ʄʎɼ 2. ʇʨʝʨʳʚʠʩʪʳʝ ʣʠʥʠʠ ï ʢʫʤʫʣʷʪʠʚʥʳʝ 

ʢʨʠʚʳʝ ʘʤʧʣʠʪʫʜ ʊʂʇ ʠʟ ʈʠʩ. 41, ɻ. ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʧʝʨʝʚʝʨʥʫʪʳʝ ʢʨʠʚʳʝ 

ʚʳʛʨʫʟʢʠ ʢʨʘʩʠʪʝʣʷ ʠʟ ʨʠʩ. 43, ɹ. ʂʨʠʚʳʝ ʙʳʣʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʳ ʠ ʩʦʚʤʝʱʝʥʳ ʚ 

ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʠ. ɺʨʝʤʷ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ ï ʪʦʯʢʘ ʨʘʩʭʦʞʜʝʥʠʷ ʜʚʫʭ ʢʨʠʚʳʭ (tr). ʇʨʘʚʘʷ 

ʦʩʴ ʦʨʜʠʥʘʪ ï ʩʫʤʤʘʨʥʘʷ ʘʤʧʣʠʪʫʜʘ ʊʂʇ (ʚ ʥɸ), ʣʝʚʘʷ ï ʫʤʝʥʴʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ (1- ȹJ/ȹJmax). ʇʦ ʦʩʷʤ ʦʨʜʠʥʘʪ ï ʚʨʝʤʷ ʩʪʠʤʫʣʷʮʠʠ (ʚ ʤʠʥ).  
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4.2.4 ʉʢʦʨʦʩʪʴ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʮʠʢʣʘ ʠ ʤʝʤʙʨʘʥʥʳʡ ʭʦʣʝʩʪʝʨʠʥ  

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʢʨʠʚʘʷ ʚʳʛʨʫʟʢʠ FM1-43 ʧʨʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʨʘʟʜʨʘʞʝʥʠʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʣʠʚʰʠʭʩʷ ʩ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʦʡ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʣʠ ʢʨʘʩʠʪʝʣʴ. ʆʜʥʘʢʦ, ʧʦʩʣʝ ʵʢʟʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʘʷ 

ʚʝʟʠʢʫʣʘ ʚʤʝʩʪʝ ʩ ʤʝʜʠʘʪʦʨʦʤ ʪʝʨʷʝʪ ʢʨʘʩʠʪʝʣʴ, ʘ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʘʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʵʥʜʦʮʠʪʦʟʘ ʚʝʟʠʢʫʣʘ ʫʞʝ ʥʝ ʩʦʜʝʨʞʠʪ ʢʨʘʩʠʪʝʣʷ. ʕʢʟʦʮʠʪʦʟ ʧʦʜʦʙʥʦʡ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʚʝʟʠʢʫʣʳ ʧʨʠʚʝʜʝʪ ʢ ʚʳʜʝʣʝʥʠ ʁʢʚʘʥʪʘ ʤʝʜʠʘʪʦʨʘ, ʥʦ ʥʝ ʚʳʟʦʚʝʪ ʫʤʝʥʴʰʝʥʠ ̫ʩʚʝʯʝʥʠʷ 

ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ (Betz, Bewick, 1993; ʇʝʪʨʦʚ ʠ ʜʨ., 2008; ɿʝʬʠʨʦʚ ʠ ʜʨ. 2008ʘ,ʙ). ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʢʫʤʫʣʷʪʠʚʥʘʷ ʢʨʠʚʘʷ ʘʤʧʣʠʪʫʜ ʊʂʇ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʢʚʘʥʪʦʚ 

ʤʝʜʠʘʪʦʨʘ, ʦʩʚʦʙʦʜʠʚʰʠʭʩʷ ʠʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (ʢʦʣʠʯʝʩʪʚʦ ʩʦʙʳʪʠʡ 

ʵʢʟʦʮʠʪʦʟʘ). ʇʦʵʪʦʤʫ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʢʨʠʚʦʡ ʧʦʪʝʨʠ ʢʨʘʩʠʪʝʣʷ 

(ʧʝʨʝʚʝʨʥʫʪʘʷ ʢʨʠʚʘʷ ʜʠʥʘʤʠʢʠ ʚʳʛʨʫʟʢʠ ʢʨʘʩʠʪʝʣʷ) ʠ ʢʫʤʫʣʷʪʠʚʥʦʡ ʢʨʠʚʦʡ ʘʤʧʣʠʪʫʜʳ 

ʊʂʇ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ 

ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʮʠʢʣʘ (ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ), ʪ.ʝ. ʚʨʝʤʷ, ʯʝʨʝʟ ʢʦʪʦʨʦʝ 

ʩʠʥʘʧʪʠʯʝʩʢʘʷ ʚʝʟʠʢʫʣʘ ʤʦʞʝʪ ʧʦʚʪʦʨʥʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʩʝʢʨʝʮʠʠ ʤʝʜʠʘʪʦʨʘ (Betz W., 

1992; ʇʝʪʨʦʚ ʠ ʜʨ. 2008; Petrov A.M. et al., 2008). ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ 

ʚʝʟʠʢʫʣ (tr) ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʤʝʥʪʦʤ ʷʚʥʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ ʢʨʠʚʳʭ, ʪ.ʝ. ʢʦʛʜʘ ʪʝʤʧ 

ʚʳʛʨʫʟʢʠ ʢʨʘʩʠʪʝʣʷ ʥʘʯʠʥʘʝʪ ʦʪʩʪʘʚʘʪʴ ʦʪ ʪʝʤʧʘ ʩʝʢʨʝʮʠʠ ʤʝʜʠʘʪʦʨʘ (ʈʠʩ. 43). ɺ 

ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ tr ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ ʦʢʦʣʦ 40-50 ʩ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʚʨʝʤʝʥʝʤ, ʦʮʝʥʝʥʥʳʤ ʥʘʤʠ ʨʘʥʝʝ (ʇʝʪʨʦʚ ʠ ʜʨ. 2008; ɿʝʬʠʨʦʚ ʠ ʜʨ. 2008ʘ,ʙ; Petrov et al., 

2008) ʇʨʠ ʫʜʘʣʝʥʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʤʙʨʘʥ ʚʨʝʤʷ ʨʘʩʭʦʞʜʝʥʠʷ ʢʨʠʚʳʭ 

ʩʦʩʪʘʚʣʷʣʦ tr= 50-60 ʩ, ʪ.ʝ. ʩʢʦʨʦʩʪʴ ʢʨʫʛʦʦʙʦʨʦʪʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʠʟʤʝʥʷʣʘʩʴ. ʆʜʥʘʢʦ ʧʨʠ ʫʜʘʣʝʥʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ ʤʝʤʙʨʘʥ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ 

ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʢʨʠʚʳʤʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ (tr  > 180 ʩʝʢ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʝʟʢʦʤ ʥʘʨʫʰʝʥʠʠ 

ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ ʚʝʟʠʢʫʣ (ʈʠʩ. 43). 

4.2.5 ʈʦʣʴ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʠ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʵʢʟʦ- ʠ 

ʵʥʜʦʮʠʪʦʟʝ ʚʝʟʠʢʫʣ ʚ ʜʚʠʛʘʪʝʣʴʥʦʤ ʥʝʨʚʥʦʤ ʦʢʦʥʯʘʥʠʠ 

ɿʥʘʯʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ (ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ) ʤʝʤʙʨʘʥʳ ʚ ʧʨʦʮʝʩʩʘʭ 

ʵʢʟʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʠ ʩʝʢʨʝʮʠʠ ʤʝʜʠʘʪʦʨʘ. ʉʥʠʞʝʥʠʝ ʩʝʢʨʝʮʠʠ 

ʤʝʜʠʘʪʦʨʘ ʚ ʦʪʚʝʪ ʥʘ ʦʜʠʥʦʯʥʳʝ ʨʘʟʜʨʘʞʝʥʠʷ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʫʜʘʣʝʥʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ 
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ʩʦʩʪʘʚʘ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʛʥʝʪʝʥʠʠ ʵʢʟʦʮʠʪʦʟʘ ʚʝʟʠʢʫʣ. 

ʕʢʩʪʨʘʢʮʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ ʥʘʨʫʞʥʳʭ ʤʝʤʙʨʘʥ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʡ 

ʜʝʧʨʝʩʩʠʝʡ ʦʩʚʦʙʦʞʜʝʥʠʷ ʘʮʝʪʠʣʭʦʣʠʥʘ ʧʨʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʨʘʟʜʨʘʞʝʥʠʠ, ʚ ʠʪʦʛʝ ʟʘ 

ʪʨʠ ʤʠʥʫʪʳ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʳʜʝʣʷʝʪʩʷ ʤʝʥʴʰʝ ʢʚʘʥʪʦʚ ʘʮʝʪʠʣʭʦʣʠʥʘ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʋʜʘʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʤʙʨʘʥ ʚʳʟʳʚʘʣʦ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʜʚʫʭ ʢʨʘʪʥʦʝ ʩʥʠʞʝʥʠʝ ʟʘʛʨʫʟʢʠ FM-ʢʨʘʩʠʪʝʣʷ. ʆʜʥʘʢʦ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʥʝ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʘʨʫʰʝʥʠʷ ʵʥʜʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. ʉʥʠʞʝʥʠʝ 

ʟʘʭʚʘʪʘ ʢʨʘʩʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʫʤʝʥʴʰʝʥʠʷ ʥʘ ~ 50% ʵʢʟʦʮʠʪʦʟʘ ʚʝʟʠʢʫʣ (ʯʠʩʣʘ 

ʢʚʘʥʪʦʚ, ʦʩʚʦʙʦʞʜʝʥʥʦʛʦ ʘʮʝʪʠʣʭʦʣʠʥʘ) ʧʨʠ 20 ɻʮ ʩʪʠʤʫʣʷʮʠʠ. ʊʦ ʝʩʪʴ 

ʢʦʤʧʝʥʩʘʪʦʨʥʳʡ ʵʥʜʦʮʠʪʦʟ ʧʨʦʪʝʢʘʝʪ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʠ ʧʦʣʥʦʩʪʴʶ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʯʠʩʣʝʥʥʦʩʪʴ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʜʦ ʧʨʝʜʩʪʠʤʫʣʷʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ. 

ʕʪʦ ʧʦʣʦʞʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʟʘ ʧʝʨʚʫʶ ʠ ʚʪʦʨʫʶ ʩʝʨʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʩʪʠʤʫʣʷʮʠʠ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʜʠʘʪʦʨʘ, ʘ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʥʝ ʤʝʥʷʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝ ʤʝʥʷʝʪʩʷ ʜʠʘʤʝʪʨ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ ʠ 

ʚʨʝʤʷ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ (ʦʢʦʣʦ 1 ʤʠʥ) ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ. ʆʙʥʘʨʫʞʝʥʥʦʝ ʫʛʥʝʪʝʥʠʝ ʚʳʛʨʫʟʢʠ FM1-43 ʪʘʢ ʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʤʝʥʴʰʝʥʠʷ 

ʩʦʙʳʪʠʡ ʵʢʟʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ ʢʨʘʩʠʪʝʣʴ. 

ɺ ʮʝʣʦʤ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʫʜʘʣʝʥʠʠ ʯʘʩʪʠ 

ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʫʛʥʝʪʘʝʪʩʷ ʵʢʟʦʮʠʪʦʟ ʠ ʫʤʝʥʴʰʘʝʪʩʷ 

ʧʦʧʫʣʷʮʠʷ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʥʝʡʨʦʧʝʨʝʜʘʯʝ ʧʨʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʵʥʜʦʮʠʪʦʟ ʠ ʨʝʮʠʢʣʠʨʦʚʘʥʠʝ ʧʨʦʪʝʢʘʶʪ ʚ ʥʝʠʟʤʝʥʥʦʤ ʨʝʞʠʤʝ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʠ ʫʜʘʣʝʥʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʦʩʦʙʝʥʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʜʘʚʣʷʝʪʩ ̫

ʦʩʚʦʙʦʞʜʝʥʠʝ ʤʝʜʠʘʪʦʨʘ ʠ ʚʳʙʨʦʩ ʢʨʘʩʠʪʝʣʷ ʚʥʘʯʘʣʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʦʢʨʘʱʝʥʠʝ ʨʘʟʤʝʨʘ ʨʝʮʠʢʣʠʨʫʶʱʝʛʦ ʧʫʣʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ. ɺ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʢʘʟʘʥʦ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʧʦʜʘʚʣʝʥʠʝ 

ʫʯʘʩʪʠʷ ʚʝʟʠʢʫʣ ʨʝʮʠʢʣʠʨʫʶʱʝʛʦ ʧʫʣʘ ʚ ʵʢʟʦʮʠʪʦʟʝ ʧʨʠ ʨʠʪʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʫʩʣʦʚʠʷʭ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʧʫʪʠ ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʘ-ʧʨʦʪʝʠʥʢʠʥʘʟʘ GI (Petrov et al., 2008). 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʤʥʦʛʠʭ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ ʘʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʧʫʪʠ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʣʠʧʠʜʥʳʭ ʨʘʬʪʦʚ (ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013). 

ɺʦʟʤʦʞʥʦ, ʯʪʦ ʭʦʣʝʩʪʝʨʠʥ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʚʦʚʣʝʯʝʥ ʚ ʨʘʙʦʪʫ 

ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʜʦʢʠʨʦʚʘʥʠʠ ʠ ʧʨʘʡʤʠʨʦʚʘʥʠʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ. ʍʦʣʝʩʪʝʨʠʥ ʤʦʞʝʪ ʦʙʣʝʛʯʘʪʴ ʵʢʟʦʮʠʪʦʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʟʘ ʩʯʝʪ 
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ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʨʳ ʩʣʠʷʥʠʷ (Tong et al., 2009). ɺʦʟʤʦʞʥʦ ʧʦʵʪʦʤʫ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʤʙʨʘʥʝ ʚʳʟʳʚʘʝʪ ʧʦʜʘʚʣʝʥʠʝ ʚʳʟʚʘʥʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʜʝʧʨʝʩʩʠʠ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʡ ʜʣʠʪʝʣʴʥʦʡ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʈʘʥʥʠʝ ʜʘʥʥʳʝ ʛʦʚʦʨʷʪ ʦʙ ʫʯʘʩʪʠʠ ʤʝʤʙʨʘʥʥʦʛʦ 

ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʧʨʦʮʝʩʩʘʭ ʩʣʠʷʥʠʷ (ʵʢʟʦʮʠʪʦʟʘ) ʛʨʘʥʫʣ ʚ ʥʝʡʨʦʵʥʜʦʢʨʠʥʥʳʭ ʢʣʝʪʢʘʭ 

(Lang, 2007). ʉʦʜʝʨʞʘʱʠʝ ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʭʦʣʝʩʪʝʨʠʥʘ ʨʘʬʪʳ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ 

ʨʦʣʴ ʩʘʡʪʦʚ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʠ ʘʢʪʠʚʘʮʠʠ SNARE-ʙʝʣʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʣʠʷʥʠʝ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʩ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʦʡ (Rohrbough et al., 2004; Gil et al., 

2005). ʂʦʤʧʦʥʝʥʪʘʤʠ ʧʣʦʪʠʢʦʚ ʷʚʣʷʶʪʩʷ ʩʬʠʥʛʦʣʠʧʠʜʳ ʠ ʧʨʦʜʫʢʪʳ ʠʭ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ (ʮʝʨʘʤʠʜ, ʩʬʠʥʛʦʟʠʥ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʷʜʘ ʙʝʣʢʦʚ (ʩʠʥʪʘʢʩʠʥ, Munc18, ʩʠʥʘʧʪʦʙʨʝʚʠʥ), ʚʦʚʣʝʯʝʥʥʳʭ ʚ 

ʵʢʟʦʮʠʪʦʟ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʙ).  

ɺ ʜʦʧʦʣʥʝʥʠʝ, ʚʣʠʷʥʠʝ ʥʘ ʵʢʟʦʮʠʪʦʟ ʠ ʦʩʚʦʙʦʞʜʝʥʠʝ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʫʜʘʣʝʥʠʷ 

ʭʦʣʝʩʪʝʨʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʦʩʨʝʜʦʚʘʥʦ ʩʥʠʞʝʥʠʝʤ ʪʦʢʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʇɼ ʠ 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʚʦʟʙʫʞʜʝʥʠʷ ʚʜʦʣʴ ʘʢʩʦʥʘ (Zamir, Charlton, 2006; ʊʘʨʘʢʘʥʦʚ 

ʠ ʜʨ. 2011), ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣ-ʫʧʨʘʚʣʷʝʤʳʭ ʉʘ
2+

 ʢʘʥʘʣʦʚ, ʚʭʦʜ ʉʘ
2+

 

ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʩʪʠʤʫʣʠʨʫʝʪ ʵʢʟʦʮʠʪʦʟ (Taverna et al., 2004). ɿʥʘʯʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʵʢʟʦʮʠʪʦʟʝ ʤʦʞʝʪ ʙʳʪʴ ʩʦʧʨʷʞʝʥʦ ʩ ʝʛʦ ʚʣʠʷʥʠʝʤ ʥʘ ʩʠʛʥʘʣʴʥʳʝ 

ʤʦʣʝʢʫʣʳ (Petrov et al., 2014). ʅʘʧʨʠʤʝʨ, ʭʦʣʝʩʪʝʨʠʥ ʤʦʞʝʪ ʪʨʝʙʦʚʘʪʴʩʷ ʜʣʷ ʬʦʥʦʚʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʮɸʄʌ-ʩʠʥʪʝʟʠʨʫʶʱʠʭ ʠ ʮɸʄʌ-ʟʘʚʠʩʠʤʳʭ ʬʝʨʤʝʥʪʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ 

ʵʢʟʦʮʠʪʦʟ ʠ ʜʦʩʪʘʚʢʫ ʚʝʟʠʢʫʣ ʚ ɸɿ (ʇʝʪʨʦʚ ʠ ʜʨ. 2008). ɺ ʮʝʣʦʤ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ 

ʭʦʣʝʩʪʝʨʠʥ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʢʦʥʪʨʦʣʠʨʫʝʪ ʤʘʰʠʥʫ ʚʳʟʚʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ 

ʠ ʚʦʚʣʝʯʝʥʠʝ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʚ ʥʝʡʨʦʧʝʨʝʜʘʯʫ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠ ʧʦʢʘ ʥʝ 

ʨʝʰʝʥʥʳʤ ʚʦʧʨʦʩʦʤ.  

ʍʦʣʝʩʪʝʨʠʥ ʚʝʟʠʢʫʣʷʨʥʳʭ ʤʝʤʙʨʘʥ ʠ ʵʥʜʦʮʠʪʦʟ. ʀʩʧʦʣʴʟʫʝʤʳʡ ʥʘʤʠ ʧʦʜʭʦʜ ʜʣʷ 

ʯʘʩʪʠʯʥʦʛʦ ʫʜʘʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ ʤʝʤʙʨʘʥ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʧʦʟʚʦʣʠʣ ʚʧʝʨʚʳʝ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚʝʟʠʢʫʣʷʨʥʳʡ ʭʦʣʝʩʪʝʨʠʥ ʘʙʩʦʣʶʪʥʦ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʵʥʜʦʮʠʪʦʟʘ ʠ 

ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʚ ʩʝʢʨʝʮʠʠ ʤʝʜʠʘʪʦʨʘ. ʅʘ ʵʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʘʢʪʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʯʘʩʪʠʯʥʦʝ ʠʩʪʦʱʝʥʠʝ 

ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʦʯʝʥʴ ʩʠʣʴʥʦ (ʚ 6 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʜʘʣʝʥʠʝʤ 

ʭʦʣʝʩʪʝʨʠʥʘ ʪʦʣʴʢʦ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʤʙʨʘʥ) ʩʥʠʞʘʣʦ ʟʘʛʨʫʟʢʫ ʢʨʘʩʠʪʝʣʷ (ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʩʫʤʤʘʨʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʩʫʜʷ ʧʦ ʢʫʤʫʣʷʪʠʚʥʦʡ 
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ʢʨʠʚʦʡ ʘʤʧʣʠʪʫʜʳ ʊʂʇ, ʧʨʠʤʝʨʥʦ ʥʘ 10% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʮʝʜʫʨʦʡ ʚʳʤʳʚʘʥʠʷ 

ʭʦʣʝʩʪʝʨʠʥʘ ʪʦʣʴʢʦ ʠʟ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ). ɺʦ ʚʪʦʨʳʭ, ʢʦʣʠʯʝʩʪʚʦ 

ʩʝʢʨʝʪʠʨʫʝʤʦʛʦ ʤʝʜʠʘʪʦʨʘ ʚʦ ʚʨʝʤʷ ʚʪʦʨʦʡ ʩʝʨʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʙʳʣʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʦʡ ʩʝʨʠʝʡ, ʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʝʢʨʝʮʠʠ ʧʦʩʣʝ 

ʚʪʦʨʦʡ ʩʝʨʠʠ ʨʘʟʜʨʘʞʝʥʠ ̫ ʨʝʟʢʦ ʟʘʤʝʜʣʷʣʦʩʴ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʨʘʞʝʥʥʳʭ 

ʥʘʨʫʰʝʥʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʝʟʠʢʫʣʷʨʥʳʭ ʧʫʣʦʚ ʚ ʥʝʨʚʥʦʤ ʦʢʦʥʯʘʥʠʠ, ʚʝʨʦʷʪʥʦ, ʟʘ 

ʩʯʝʪ ʫʛʥʝʪʝʥʠʷ ʵʥʜʦʮʠʪʦʟʘ. ɺ ʪʨʝʪʴʠʭ, ʚʨʝʤʷ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ 

ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʣʦ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʮʠʢʣʘ 

ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʵʥʜʦʮʠʪʦʟ. ɺ ʯʝʪʚʝʨʪʳʭ, ʩʣʝʜʩʪʚʠʝʤ ʙʣʦʢʘ ʵʥʜʦʮʠʪʦʟʘ ʷʚʣʷʝʪʩʷ 

ʥʘʢʦʧʣʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʝʟʠʢʫʣ ʚ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ (ʇʝʪʨʦʚ ʠ ʜʨ. 

2008), ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʧʨʠʚʝʣʦ ʢ ʠʟʤʝʥʝʥʠʶ ʤʦʨʬʦʣʦʛʠʠ ʧʷʪʝʥ ʠ ʨʘʩʰʠʨʝʥʠʶ ʥʝʨʚʥʦʛʦ 

ʦʢʦʥʯʘʥʠʷ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ ʚʝʟʠʢʫʣʷʨʥʳʭ ʤʝʤʙʨʘʥ. 

ɿʥʘʯʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʤʝʤʙʨʘʥ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʚ ʧʨʦʪʝʢʘʥʠʠ ʵʥʜʦʮʠʪʦʟʘ 

ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʨʦʣʠ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʢʦʥʪʨʦʣʝ ʪʝʢʫʯʝʩʪʠ ʤʝʤʙʨʘʥ. ʀʟʤʝʥʝʥʠʝ ʬʘʟʦʚʳʭ 

ʩʚʦʡʩʪʚ ʤʝʤʙʨʘʥ, ʚʳʟʚʘʥʥʳʭ ʫʜʘʣʝʥʠʝʤ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʉʘ
2+

, ʙʣʦʢʠʨʫʝʪ ʩʠʥʘʧʪʠʯʝʩʢʠʡ 

ʵʥʜʦʮʠʪʦʟ ʚ ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʷʭ ʣʷʛʫʰʢʠ (Zefirov et al., 2006). ɼʨʫʛʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʭʦʣʝʩʪʝʨʠʥ ʩʦ ʩʬʠʥʛʦʣʠʧʠʜʘʤʠ ʩʧʦʩʦʙʝʥ 

ʬʦʨʤʠʨʦʚʘʪʴ ʚ ʤʝʤʙʨʘʥʘʭ ʚʝʟʠʢʫʣ ʨʘʬʪʳ (ʇʝʪʨʦʚ ʠ ʜʨ. 2011), ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʜʚʠʞʝʥʠʝ 

ʤʦʣʝʢʫʣ (ʥʘʧʨʠʤʝʨ, ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣʦʚ ʠ ʙʝʣʢʦʚ) ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥʦ. 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ ʤʦʞʝʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʶ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣʷʨʥʳʭ ʙʝʣʢʦʚ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʙʝʣʢʘʤʠ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʨʪʠʨʦʚʢʘ ʙʝʣʢʦʚ ʚ ʭʦʜʝ ʵʥʜʦʮʠʪʦʟʘ ʫʧʨʦʱʘʝʪʩʷ. ʈʝʛʠʦʥʳ 

ʤʝʤʙʨʘʥʳ, ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʝ ʭʦʣʝʩʪʝʨʠʥ ʠ ʬʦʩʬʦʠʥʦʟʠʪʠʜʳ, ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ 

ʠ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʧʨʦʪʝʠʥʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʵʥʜʦʮʠʪʦʟʝ ʠ ʨʝʮʠʢʣʠʨʦʚʘʥʠʠ 

(Rohrbough, Broadie, 2005; ʇʝʪʨʦʚ ʠ ʜʨ. 2009; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʙ). 

ʏʝʪʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʵʬʬʝʢʪʦʚ ʫʜʘʣʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʠ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʩʤʝʰʠʚʘʝʤʦʩʪʴ ʠ ʘʚʪʦʥʦʤʥʦʩʪʴ ʜʚʫʭ ʧʫʣʦʚ ʭʦʣʝʩʪʝʨʠʥʘ. ʀʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ, ʧʦʯʝʤʫ ʩʧʝʮʠʬʠʯʥʳʝ ʙʝʣʢʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ 

ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʠ ʥʝ ʩʤʝʰʠʚʘʶʪʩʷ ʩ ʚʝʟʠʢʫʣʷʨʥʳʤʠ ʠʣʠ ʜʨʫʛʠʤʠ 

ʙʝʣʢʘʤʠ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʘ ʪʘʢʞʝ ʧʦʯʝʤʫ ʙʝʣʢʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ 

(ʥʘʧʨʠʤʝʨ, ʩʠʥʘʧʪʦʬʠʟʠʥ ʠ ʩʠʥʘʧʪʦʪʘʛʤʠʥ) ʧʦʩʣʝ ʵʢʟʦʮʠʪʦʟʘ ʥʝ ʨʘʩʩʝʠʚʘʶʪʩʷ ʧʦ 
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ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ, ʘ ʠʟʙʠʨʘʪʝʣʴʥʦ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʚʦ ʚʥʦʚʴ ʦʙʨʘʟʫʶʱʠʝʩʷ 

ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʟʠʢʫʣʳ (ʇʝʪʨʦʚ ʠ ʜʨ. 2009; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2009).  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʦʣʴʰʦʤ ʟʥʘʯʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ 

ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʚʝʟʠʢʫʣʷʨʥʦʤ ʮʠʢʣʝ. ʇʨʠ ʩʥʠʞʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʵʪʦʛʦ ʣʠʧʠʜʘ ʚ 

ʤʝʤʙʨʘʥʘʭ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ ʨʝʮʠʢʣʠʨʦʚʘʥʠʝ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʩʝʢʨʝʮʠʶ ʤʝʜʠʘʪʦʨʘ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʥʘʨʫʰʘʝʪʩʷ. ʅʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʭʦʣʝʩʪʝʨʠʥ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʳ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʢʟʦʮʠʪʦʟ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʪʦʛʜʘ ʢʘʢ ʭʦʣʝʩʪʝʨʠʥ ʚ ʩʦʩʪʘʚʝ ʤʝʤʙʨʘʥ ʚʝʟʠʢʫʣ ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʵʥʜʦʮʠʪʦʟʘ (ʇʝʪʨʦʚ ʠ ʜʨ. 2009; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 

2009, 2010; ʇʝʪʨʦʚ, ɿʝʬʠʨʦʚ, 2013; Petrov et al., 2011; 2014; 2015). 

 

4.3 ʄʝʭʘʥʠʟʤ rʫʯʘʩʪʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʢʦʥʪʨʦʣʝ ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ ʚ 

ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ ʣʷʛʫʰʢʠ 

ʀʩʪʦʱʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ, ʚʳʟʚʘʥʥʦʝ 10-15 ʤʄ ʄʎɼ, ʨʝʟʢʦ 

ʫʩʠʣʠʚʘʝʪ ʩʧʦʥʪʘʥʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ 

ʨʘʢʘ ʠ ʮʝʥʪʨʘʣʴʥʳʭ ʩʠʥʘʧʩʘʭ ʛʨʳʟʫʥʦʚ (Zamir, Charlton, 2006; Wasser, Kavalali, 2009; 

Teixeira et al., 2012). ʄʝʭʘʥʠʟʤ ʵʪʦʛʦ ʫʩʠʣʝʥʠʷ ʥʝ ʧʦʥʷʪʝʥ. ʅʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʧʨʠ 

ʠʩʪʦʱʝʥʠʠ ʧʫʣʘ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʬʪʘʭ, ʚʝʜʫʱʝʝ ʢ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʩʧʦʥʪʘʥʥʦʛʦ 

ʵʢʟʦʮʠʪʦʟʘ. ʉʦʛʣʘʩʫʶʪʩʷ ʩ ʵʪʠʤ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʜʘʥʥʳʝ ʦʙ ʦʩʣʘʙʣʝʥʠʠ ʵʬʬʝʢʪʦʚ 

ʫʜʘʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ ʩʧʦʥʪʘʥʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ ʧʨʠ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʧʨʦʪʝʠʥʢʠʥʘʟ 

ɸ, ʉ ʠ ʢʘʣʴʮʠʡ ʢʘʣʴʤʦʜʫʣʠʥ-ʟʘʚʠʩʠʤʦʡ ʢʠʥʘʟʳ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʩʠʥʘʧʩʘʭ (Smith et al., 

2010; Teixeira et al., 2012). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʤʥʦʛʠʭ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʷ ʠʣʠ ʭʨʦʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʩʪʘʪʠʥʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝʤ ʩʧʦʥʪʘʥʥʦʛʦ 

ʵʢʟʦʮʠʪʦʟʘ (Wasser et al., 2007; Mart²n et al., 2014). ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʨʦʣʠ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʩʧʦʥʪʘʥʥʦʤ ʵʢʟʦʮʠʪʦʟʝ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ 

ʣʷʛʫʰʢʠ ʤʝʤʙʨʘʥʥʳʡ ʭʦʣʝʩʪʝʨʠʥ ʫʜʘʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 10 ʤʄ ʄʎɼ ʠ ʜʝʪʝʢʪʠʨʦʚʘʣʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʦʚ. ʊʘʢʞʝ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ 
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ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ɸʌʂ, ʩʦʩʪʦʷʥʠʷ ʤʝʤʙʨʘʥʥʳʭ ʣʠʧʠʜʦʚ ʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʉʘ
2+ 

(Petrov et al., 2014; 2015). 

 

4.3.1 ʄʎɼ (10 ʤʄ) ʫʩʠʣʠʚʘʝʪ ʩʧʦʥʪʘʥʥʫʶ ʩʝʢʨʝʮʠʶ ʤʝʜʠʘʪʦʨʘ ʠ ʵʢʟʦʮʠʪʦʟ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʘ ʦʙʨʘʙʦʪʢʠ 10 ʤʄ ʄʎɼ ʥʘ ʩʧʦʥʪʘʥʥʫʶ ʩʝʢʨʝʮʠʶ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ, ʤʳ ʚʥʘʯʘʣʝ ʟʘʧʠʩʳʚʘʣʠ ʄʇʂʇ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʟʘʪʝʤ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ 10 ʤʠʥ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ. ɺ ʢʦʥʪʨʦʣʝ ʯʘʩʪʦʪʘ ʄʇʂʇ ʩʦʩʪʘʚʣʷʣʘ ï 1.6Ñ0.2 

ʠʤʧ/ʩ (n=6). ɼʦʙʘʚʣʝʥʠʝ ʄʎɼ ʚʳʟʳʚʘʣʦ ʙʳʩʪʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʄʇʂʇ (ʨʠʩ. 44, 

A): ʯʝʨʝʟ 10 ʤʠʥ ʜʝʡʩʪʚʠʷ ʯʘʩʪʦʪʘ ʩʦʩʪʘʚʣʷʣʘ 58.3Ñ2.0 ʠʤʧ/ʩ (n=6, p 0̓.001). ʇʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ, ʚ ʪʝʯʝʥʠʝ ʦʪʤʳʚʢʠ ʧʨʝʧʘʨʘʪʘ ʯʘʩʪʦʪʘ ʄʇʂʇ ʥʝʢʦʪʦʨʦʝ 

ʚʨʝʤʷ ʩʦʭʨʘʥʷʣʘʩʴ ʥʘ ʧʦʚʳʰʝʥʥʦʤ ʫʨʦʚʥʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʥʠʞʝʥʠʝʤ ʢ 15 ʤʠʥ ʜʦ 

10.7Ñ3.5 ʠʤʧ/ʩ (p<0.01, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ), ʠ ʚʦʟʚʨʘʱʝʥʠʝ ʯʘʩʪʦʪʳ ʄʇʂʇ ʢ 

ʢʦʥʪʨʦʣʴʥʦʤʫ ʫʨʦʚʥʶ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠʤʝʨʥʦ ʩʧʫʩʪʷ 1 ʯʘʩ ʦʪʤʳʚʢʠ. ɽʩʣʠ ʢʦʤʧʣʝʢʩ 

ʄʎɼ-ʭʦʣʝʩʪʝʨʠʥ (n=6) ʧʨʠʤʝʥʷʣʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ, ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʨʦʚʥʷ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʤʝʤʙʨʘʥʘʭ, ʪʦ ʪʦʛʜʘ ʯʘʩʪʦʪʘ ʄʇʂʇ ʩʥʠʞʘʣʘʩʴ ʜʦ 

ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ (ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʜʦʙʘʚʣʝʥʠʶ ʄʎɼ) ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ (ʨʠʩ. 44).   

ɺ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʳʭ FM1-43 ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ 

(ʟʘʛʨʫʞʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʪʠʤʫʣʷʮʠʠ 3 ʤʠʥ 20 ɻʮ, ʢʨʘʩʠʪʝʣʴ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʚ ʨʘʩʪʚʦʨʝ ʚʦ 

ʚʨʝʤʷ ʩʪʠʤʫʣʷʮʠʠ ʠ 5 ʤʠʥ ʧʦʩʣʝ) ʚ ʧʦʢʦʝ (ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʈʠʥʛʝʨʘ ʙʝʟ 

ʩʪʠʤʫʣʷʮʠʠ) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʩʥʠʞʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʈʠʩ. 44, ɹ). ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʘʙʦʤ ʦʩʚʦʙʦʞʜʝʥʠʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʢʨʘʩʠʪʝʣʷ ʚ ʧʦʢʦʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ. ʆʜʥʘʢʦ ʜʦʙʘʚʣʝʥʠʝ 10 ʤʄ ʄʎɼ ʚʳʟʳʚʘʝʪ 

ʚʳʨʘʞʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ FM1-43 (ʨʠʩ. 44, ɹ) ʜʦ 0.52Ñ0.04 (p᾽0.001, n=8) 

ʯʝʨʝʟ 10 ʤʠʥ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʘʷ ʜʠʥʘʤʠʢʘ ʚʳʛʨʫʟʢʠ FM1-43 ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʄʎɼ 

ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʧʨʠ 

ʠʩʪʦʱʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ. ɼʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʥʝʨʚʥʳʭ 

ʪʝʨʤʠʥʘʣʝʡ FM1-43 ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʠʪʝʣʴʥʘʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʩʪʠʤʫʣʷʮʠʷ, ʧʦʵʪʦʤʫ 

ʚʳʨʘʞʝʥʥʘʷ ʚʳʛʨʫʟʢʘ ʢʨʘʩʠʪʝʣʷ ʥʘ ʬʦʥʝ ʜʝʡʩʪʚʠʷ ʄʎɼ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʚʝʟʠʢʫʣʳ, ʨʘʥʝʝ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʚʳʟʚʘʥʥʦʤ ʧʦʪʝʥʮʠʘʣʘʤʠ ʜʝʡʩʪʚʠʷ ʵʢʟʦʮʠʪʦʟʝ ʠ ʟʘʪʝʤ 

ʟʘʭʚʘʪʠʚʰʠʝ ʢʨʘʩʠʪʝʣʴ ʚ ʭʦʜʝ ʵʥʜʦʮʠʪʦʟʘ, ʚʦʚʣʝʢʘʶʪʩʷ ʚ ʩʧʦʥʪʘʥʥʳʡ ʵʢʟʦʮʠʪʦʟ, 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʫʜʘʣʝʥʠʝʤ ʭʦʣʝʩʪʝʨʠʥʘ ʤʝʤʙʨʘʥ. ʉʣʝʜʫʝʪ ʜʦʧʦʣʥʠʪʴ, ʯʪʦ ʥʠʟʢʠʝ ʜʦʟʳ 
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ʄʎɼ (0.1 ʠ 1 ʤʄ) ʥʝ ʚʳʟʳʚʘʶʪ ʢʘʢ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʄʇʂʇ, ʪʘʢ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

FM1-43 ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʳʭ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʷʭ (ʇʝʪʨʦʚ ʠ ʜʨ., 2009, Petrov 

et al., 2011, 2014). 

 

ʈʠʩ. 44. ɼʠʥʘʤʠʢʘ ʩʧʦʥʪʘʥʥʦʡ ʩʝʢʨʝʮʠʠ ʤʝʜʠʘʪʦʨʘ ʠ ʵʢʟʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ ʧʨʠ ʠʩʪʦʱʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ 

ɸ ï ʀʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʄʊʂʇ ʧʨʠ 10 ʤʠʥ ʚʦʟʜʝʡʩʪʚʠʠ 10 ʤʄ ʄʎɼ (ʩʚʝʪʣʳʝ 

ʢʨʫʞʢʠ), ʠ ʢʦʛʜʘ ʢʦʤʧʣʝʢʩ ʄʎɼ-ʭʦʣʝʩʪʝʨʠʥ (5ʤʄ) ʙʳʣ ʧʨʠʤʝʥʝʥ ʥʝʤʝʜʣʝʥʥʦ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ (ʩʝʨʳʝ ʢʨʫʞʢʠ). ʆʙʨʘʙʦʪʢʘ ʄʎɼ ʧʦʢʘʟʘʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʯʝʨʪʦʡ. ʅʘ ʚʩʪʘʚʢʝ ʠʟʦʙʨʘʞʝʥʳ ʪʨʝʢʠ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʯʘʩʪʦʪʫ ʄʇʂʇ 

ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʜʦ (ʢʦʥʪʨʦʣʴ, ʂ) ʠ ʧʦʩʣʝ ʥʘʯʘʣʘ ʜʝʡʩʪʚʠʷ ʄʎɼ (0, 5 ʠ 10 ʤʠʥ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʄʎɼ). ɺʝʨʪʠʢʘʣʴʥʘʷ ʰʢʘʣʘ ï 0.2 ʤɺ. ɹ ï ʀʟʤʝʥʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʳʭ FM1-43, ʚ ʢʦʥʪʨʦʣʝ ʠ ʧʨʠ 

ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ. ʅʘ ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥʳ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʫʯʘʩʪʢʦʚ ʥʝʨʚʥʳʭ 

ʪʝʨʤʠʥʘʣʝʡ ʚ ʧʦʢʦʝ ʠ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ (ʚ ʤʠʥ, ʫʢʘʟʘʥʦ ʩʚʝʨʭʫ) ʜʝʡʩʪʚʠʷ 

ʄʎɼ. ʐʢʘʣʘ ï 3 ʤʢʤ. ʇʦ ʦʩʠ ʦʨʜʠʥʘʪ - ʯʘʩʪʦʪʘ ʄʇʂʇ ʚ ʩ
-1
 (ʥʘ ɸ) ʠ ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʢ 

ʠʟʥʘʯʘʣʴʥʦʤʫ ʫʨʦʚʥʶ ʜʦ ʜʦʙʘʚʣʝʥʠʷ ʄʎɼ ʬʣʫʦʨʝʩʮʝʥʮʠʷ (ʥʘ B). ʇʦ ʦʩʷʤ ʘʙʩʮʠʩʩ - 

ʚʨʝʤʷ ʚ ʤʠʥ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ. 

 

4.3.2 ʀʩʪʦʱʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʫʩʠʣʠʚʘʝʪ ʧʨʦʜʫʢʮʠʶ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 

ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) ʚʦ ʚʥʫʪʨʠ- ʠ ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʝ, ʚʳʟʳʚʘʷ ʧʝʨʝʢʠʩʥʦʝ ʦʢʠʩʣʝʥʠʝ 

ʣʠʧʠʜʦʚ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ 

ʋʜʘʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ɸʌʂ ʚ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʘʭ ʢʣʝʪʦʢ (Yang et al., 2006; Han et al., 2008; Jin et al., 2011; Odnoshivkina et al., 2015). 

ʆʢʨʘʩʢʘ ʧʨʝʧʘʨʘʪʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʤʙʨʘʥʦʧʨʦʥʠʢʘʶʱʝʛʦ ʤʘʨʢʝʨʘ H2DCF, 
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ʨʝʘʛʠʨʫʶʱʝʛʦ ʥʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ɸʌʂ, ʧʦʢʘʟʘʣʘ ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʦʜʫʢʮʠʠ ɸʌʂ ʧʦʜ ʚʣʠʷʥʠʝʤ ʄʎɼ (ʨʠʩ. 45 A, ɹ). ʊʘʢ, ʬʣʫʦʨʝʩʮʝʥʮʠʷ H2DCF ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʚʦʟʨʘʩʪʘʣʘ ʜʦ 1.21Ñ0.03 ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʡ ʠʟʦʣʠʥʠʠ 

(p᾽0.001, n=8) ʯʝʨʝʟ 10 ʤʠʥ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ. ɺʳʟʚʘʥʥʦʝ ʄʎɼ ʧʦʚʳʰʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ H2DCF ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʣʦʩʴ ʥʘ ʬʦʥʝ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʅɸɼʌʅ-

ʦʢʩʠʜʘʟʳ ʘʧʦʮʠʥʠʥʦʤ (200 ʤʢʄ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢ 10 ʤʠʥ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʩʦʩʪʘʚʣʷʣʘ ï 1.00Ñ0.03 ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʦʣʠʥʠʠ (pι0.05, n=8). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ, ʚʳʟʚʘʥʥʦʝ ʦʙʨʘʙʦʪʢʦʡ 10 ʤʄ 

ʄʎɼ, ʩʦʧʨʷʞʝʥʦ ʩ ʟʘʧʫʩʢʦʤ ʧʨʦʜʫʢʮʠʠ ɸʌʂ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʅɸɼʌʅ-ʦʢʩʠʜʘʟʳ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʫʨʦʚʥʷ ʅ2ʆ2, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʚʥʫʪʨʴ 

ʢʣʝʪʢʠ (Miller  et al., 2010; Odnoshivkina et al., 2015). ɼʣʷ ʜʝʪʝʢʮʠʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʅ2ʆ2 

ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʨʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ ʵʥʜʦʛʝʥʥʳʤ ʅ2ʆ2 ʨʝʘʛʝʥʪʘ AmplexRed ʚ 

ʩʪʘʙʠʣʴʥʦ ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʡ ʧʨʦʜʫʢʪ ʨʝʟʦʨʫʬʠʥ (ʨʠʩ. 45, ɺ). ɺ ʢʦʥʪʨʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ 

(ʩʦʜʝʨʞʘʱʠʤ Amplex Red ʠ ʧʝʨʦʢʩʠʜʘʟʫ ʭʨʝʥʘ), 5 ʤʠʥ ʦʤʳʚʘʶʱʝʤ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʡ 

ʧʨʝʧʘʨʘʪ, ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʨʝʟʦʨʫʬʠʥʘ ʩʦʩʪʘʚʣʷʣʘ ï 51.1Ñ1.0 ʦ.ʝ. (n=6; ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʦʜʫʢʮʠʠ ʧʨʠʤʝʨʥʦ ~8.0ʭ10
-5 
ʤʢʛ ʅ2ʆ2 / ʥʘ 1 ʤʛ ʩʳʨʦʛʦ ʚʝʩʘ ʧʨʝʧʘʨʘʪʘ). ɺ ʥʘʯʘʣʴʥʳʝ 5 

ʤʠʥ ʜʝʡʩʪʚʠʷ ʄʎɼ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʨʘʩʪʚʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 58.5Ñ0.6 ʦ.ʝ. (p 0̓.05, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ~ 9.4ʭ10
-5 
ʤʢʛ ʅ2ʆ2 / ʤʛ). ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʧʝʨʠʦʜʳ, ʩ 5 ʧʦ 10 

ʤʠʥ ʦʙʨʘʙʦʪʢʠ ʄʎɼ ʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʄʎɼ ʩ 10 ʧʦ 15 ʤʠʥ, ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʩʥʠʞʘʝʪʩʷ ʜʦ 

ʫʨʦʚʥʝʡ ï 51.6Ñ1.1 ʦ.ʝ. (p=0.83 ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ) ʠ 49.9Ñ1.2 ʦ.ʝ. (p=0.13 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʧʝʨʚʳʝ 5 ʤʠʥ ʘʧʧʣʠʢʘʮʠʠ 

ʄʎɼ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ H2O2 ʧʨʠʤʝʨʥʦ ʥʘ 17%. 

ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʘʧʦʮʠʥʠʥʦʤ ʅɸɼʌʅ-ʦʢʩʠʜʘʟʳ ʫʩʪʨʘʥʷʣʦ ʧʦʚʳʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʨʝʟʦʨʫʬʠʥʘ. ʂʦʛʜʘ ʅɸɼʌʅ-ʦʢʩʠʜʘʟʘ ʙʳʣʘ ʠʥʛʠʙʠʨʦʚʘʥʘ, ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʨʝʟʦʨʫʬʠʥʘ ʚ 

ʧʝʨʚʳʝ 5 ʤʠʥ ʜʝʡʩʪʚʠʷ ʄʎɼ ʩʦʩʪʘʚʣʷʣʘ 50.9Ñ1.2 ʦ.ʝ. (n=5, p=0.25 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʚʝʯʝʥʠʝʤ ʜʦ ʜʦʙʘʚʣʝʥʠʷ ʄʎɼ, 49.9Ñ1.0 ʦ.ʝ.). 

ʇʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ɸʌʂ, ʩʚʷʟʘʥʥʦʝ ʩ ʠʩʪʦʱʝʥʠʝʤ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ, 

ʜʦʣʞʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʤʝʤʙʨʘʥʥʳʝ ʣʠʧʠʜʳ, ʠʥʜʫʮʠʨʫʷ ʧʨʦʮʝʩʩʳ ʠʭ ʧʝʨʝʢʠʩʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ. ʉʦʛʣʘʩʫʝʪʩʷ ʩ ʵʪʠʤ ʦʙʥʘʨʫʞʝʥʠʝ (ʩ ʧʦʤʦʱʴʶ Image-iT-Lipid-peroxidation 

ʩʝʥʩʦʨʘ) ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʠʟʙʠʨʘʪʝʣʴʥʦ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ. 45, ɻ).  
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ʈʠʩ. 45. ʇʨʦʜʫʢʮʠʷ ɸʌʂ ʠ ʫʜʘʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ 

ʣʷʛʫʰʢʠ 

ɸ ï ʀʟʤʝʥʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ H2DCF ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʄʎɼ (ʙʝʣʳʝ ʢʨʫʞʢʠ) ʠ ʚʣʠʷʥʠʝ ʥʘ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʘʥʪʘʛʦʥʠʩʪʦʚ ɸʌʂ 

(ʘʥʪʠʦʢʩʠʜʘʥʪʘ NAC, ʩʝʨʳʝ ʢʨʫʞʢʠ; ʠʥʛʠʙʠʪʦʨʘ ʅɸɼʌʅ-ʦʢʩʠʜʘʟʳ ʘʧʦʮʠʥʠʥʘ, ʪʝʤʥʳʝ 

ʢʨʫʞʢʠ) ʠʣʠ TRPV1 ʘʥʪʘʛʦʥʠʩʪʘ (ʢʘʧʩʘʟʝʧʠʥʘ, ʩʚʝʪʣʳʝ ʢʚʘʜʨʘʪʠʢʠ). ʆʩʴ-Y - 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʚ ʦ.ʝ., ʦʩʴ-ʍ - ʚʨʝʤʷ ʚ ʤʠʥʫʪʘʭ. ɹ ï ʬʣʫʦʨʝʩʮʝʥʮʠʷ H2DCF (ʚ 

ʧʩʝʚʜʦʮʚʝʪʝ) ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 0, 1, 7, 15 ʤʠʥ ʦʪ ʥʘʯʘʣʘ ʜʝʡʩʪʚʠʷ ʄʎɼ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʰʢʘʣʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʚʘ (ʦ.ʝ.).  
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ʈʠʩ. 45 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʉʧʨʘʚʘ ʧʨʠʚʝʜʝʥʳ ʫʚʝʣʠʯʝʥʥʳʝ ʫʯʘʩʪʢʠ ʥʘʪʠʚʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʨʝʛʠʦʥʦʚ ʜʦ (ç0è) ʠ ʧʦʩʣʝ (ç15è ʤʠʥ.) ʫʜʘʣʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ. ɺ ï 

ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʨʝʟʦʨʫʬʠʥʘ (ʧʦʢʘʟʘʪʝʣʴ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʫʨʦʚʥʷ ʅ2ʆ2, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʟʘ 5 

ʤʠʥ). ʉʚʝʪʣʳʝ ʩʪʦʣʙʠʢʠ ʧʦʢʘʟʳʚʘʶʪ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʜʦ (ʩ 0 ʧʦ 5 ʤʠʥ), ʚ ʪʝʯʝʥʠʝ (ʩ 0 ʧʦ 

5, ʩ 5 ʧʦ 10) ʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʄʎɼ (ʩ 10 ʧʦ 15 ʤʠʥ); ʪʝʤʥʳʝ ʩʪʦʣʙʠʢʠ ʠʣʣʶʩʪʨʠʨʫʶʪ 

ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʚ ʪʝ ʞʝ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ, ʥʦ ʚ ʫʩʣʦʚʠʷʭ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʅɸɼʌʅ-

ʦʢʩʠʜʘʟʳ ʘʧʦʮʠʥʠʥʦʤ. ɿʚʝʟʜʦʯʢʠ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʨʘʟʣʠʯʠʡ 

(*ʨ<0.05). ɻ - ɼʝʪʝʢʮʠʷ ʚʳʟʚʘʥʥʦʛʦ ʄʎɼ ʦʢʠʩʣʝʥʠʷ ʤʝʤʙʨʘʥʥʳʭ ʣʠʧʠʜʦʚ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʦʤ (ʪʝʤʥʳʝ ʢʨʫʞʢʠ) ʠ ʤʳʰʝʯʥʦʤ (ʩʚʝʪʣʳʝ ʢʨʫʞʢʠ) ʨʝʛʠʦʥʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʨʢʝʨʘ çImage-iT-Lipid-peroxidation sensorè. ʇʦ ʦʩʠ ʦʨʜʠʥʘʪ, 

ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢʨʘʩʥʦʡ ʠ ʟʝʣʝʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ Image-iT ʩʝʥʩʦʨʘ 

(ʠʩʭʦʜʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʟʷʪʦ ʟʘ 1.0). ʉʧʨʘʚʘ ï ʠʟʦʙʨʘʞʝʥʠʷ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʢʨʘʩʥʫʶ 

(ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʬʦʨʤʘ) ʠ ʟʝʣʝʥʫʶ (ʦʢʠʩʣʝʥʥʘʷ ʬʦʨʤʘ) ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʚ ʨʝʛʠʦʥʝ, 

ʩʦʜʝʨʞʘʱʝʤ ʥʝʨʚʥʫʶ ʪʝʨʤʠʥʘʣʴ. ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʩʦʦʪʥʦʰʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʦ (ʩʚʝʨʭʫ, ʘ) ʠ ʧʦʩʣʝ (ʩʥʠʟʫ, ʙ) ʦʙʨʘʙʦʪʢʠ ʄʎɼ. ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʣʠʥʠʠ 

ʥʘ ɸ, ʉ ʠ ɻ ʦʙʦʟʥʘʯʘʶʪ ʧʝʨʠʦʜʳ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʷʷ Ñ 

ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ.  

ʆʪʥʦʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ 590 ʥʤ / ʦʢʠʩʣʝʥʥʳʡ 510 ʥʤ) ʚ ʢʦʥʪʨʦʣʝ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʠ ʚʥʝʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʘʭ ʩʦʩʪʘʚʠʣʦ 3.2Ñ0.1 ʠ 3.6Ñ0.2 (n=5), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʄʎɼ ʥʘʯʠʥʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ, ʦʪʨʘʞʘʶʱʝʝ ʧʦʚʳʰʝʥʠʝ ʟʝʣʝʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʨʘʩʥʦʡ (ʨʠʩ 45, ɻ). ʊʘʢ, ʢ 10 ʤʠʥ ʜʝʡʩʪʚʠʷ ʄʎɼ ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʩʥʠʟʠʣʦʩʴ ʜʦ 0.89Ñ0.01 (p᾽0.05, n=5). ɺʦ ʚʥʝʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʩʥʠʞʝʥʠʝ 

ʦʪʥʦʰʝʥʠ ̫ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ (ʯʝʨʝʟ 10 ʤʠʥ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ 

ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 0.97Ñ0.02, pι0.05, n=5). ɽʩʣʠ ʧʨʝʧʘʨʘʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʣʩʷ 10 ʤʄ ʄʎɼ, ʠ ʪʦʣʴʢʦ ʧʦʪʦʤ ʥʘʯʠʥʘʣʘʩʴ ʧʨʦʮʝʜʫʨʘ 

ʦʢʨʘʰʠʚʘʥʠʷ (ʨʠʩ. 45, ɻ), ʪʦ ʦʪʥʦʰʝʥʠʝ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʙʳʣʦ ï2.6 Ñ 0.2 

(p0̓.05 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʧʨʝʧʘʨʘʪʦʤ ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ ʄʎɼ, n=4), ʘ ʚʦ 

ʚʥʝʩʠʥʘʧʪʠʯʝʩʢʦʤ ï 3.4Ñ0.3 (p=0.68). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʢʠʩʣʝʥʠʝ ʣʠʧʠʜʦʚ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʠ ʫʜʘʣʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ. 
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ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʪʨʠ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʷʶʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ 

ʭʦʣʝʩʪʝʨʠʥʘ (10 ʤʄ ʄʎɼ) ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ɸʌʂ ʚʦ ʚʥʝ- ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʨʝʜʝ ʟʘ 

ʩʯʝʪ ʘʢʪʠʚʘʮʠʠ ʦʜʥʦʛʦ ʠʟ ʛʣʘʚʥʳʭ ɸʌʂ-ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʤʝʤʙʨʘʥʥʳʭ ʬʝʨʤʝʥʪʦʚ - 

NADPH-ʦʢʩʠʜʘʟʳ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʙʦʣʝʝ ʨʘʥʥʠʤ ʥʘʙʣʶʜʝʥʠʝʤ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ 

NADPH-ʦʢʩʠʜʘʟʳ ʤʦʞʝʪ ʩʜʝʨʞʠʚʘʪʴʩʷ ʭʦʣʝʩʪʝʨʠʥʦʤ ʚ ʢʣʝʪʢʘʭ ʧʨʦʢʩʠʤʘʣʴʥʳʭ 

ʢʘʥʘʣʴʮʝʚ ʧʦʯʝʢ (Han et al., 2008), ʭʦʪʷ ʚ ʥʝʢʦʪʦʨʳʭ ʪʠʧʘʭ ʢʣʝʪʦʢ ʚʦʟʤʦʞʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʩʠʪʫʘʮʠʷ (Odnoshivkina et al., 2015). 

 

4.3.3 ɸʌʂ ʚʦʚʣʝʯʝʥʳ ʚ ʚʳʟʚʘʥʥʦʝ ʫʜʘʣʝʥʠʝʤ ʭʦʣʝʩʪʝʨʠʥʘ ʫʩʠʣʝʥʠʝ 

ʩʧʦʥʪʘʥʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʤʝʜʠʘʪʦʨʘ ʠ ʵʢʟʦʮʠʪʦʟʘ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʫʯʘʩʪʠʷ ɸʌʂ ʚ ʵʬʬʝʢʪʘʭ ʫʜʘʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ ʵʢʟʦʮʠʪʦʟ ʙʳʣ 

ʧʨʠʤʝʥʝʥ ʘʥʪʠʦʢʩʠʜʘʥʪ - N-ʘʮʝʪʠʣ-L-ʮʠʩʪʝʠʥ (NAC, 200 ʤʢʄ). NAC ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʝʜʦʪʚʨʘʱʘʣ ʧʦʚʳʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ H2DCF, ʚʳʟʚʘʥʥʦʝ ʠʩʪʦʱʝʥʠʝʤ ʭʦʣʝʩʪʝʨʠʥʘ 

(ʨʠʩ. 46). ʅʘ ʬʦʥʝ ʜʝʡʩʪʚʠʷ NAC (ʧʦʩʣʝ 45 ʤʠʥ ʧʨʝʜʠʥʢʫʙʘʮʠʠ ʩ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ) ʢ 10 

ʤʠʥ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʩʦʩʪʘʚʣʷʣʘ 0.99Ñ0.03 (pι0.05, n=8). 

ʉʘʤʘ ʧʦ ʩʝʙʝ ʘʧʧʣʠʢʘʮʠʷ NAC ʥʝ ʚʣʠʷʣʘ ʥʘ ʯʘʩʪʦʪʫ ʄʇʂʇ (1.5Ñ0.3ɻʮ, n=6, 

p>0.05 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤ ʘʧʧʣʠʢʘʮʠʠ ʫʨʦʚʥʝʤ), ʦʜʥʘʢʦ ʥʘ ʝʛʦ ʬʦʥʝ 

ʵʬʬʝʢʪ ʫʜʘʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ ʩʧʦʥʪʘʥʥʫʶ ʩʝʢʨʝʮʠʶ ʙʳʣ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ (ʨʠʩ 

46A). ʊʘʢ, ʥʘ ʬʦʥʝ ʜʝʡʩʪʚʠʷ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʯʘʩʪʦʪʘ ʄʇʂʇ ʢ 10 ʤʠʥ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ 

ʩʦʩʪʘʚʠʣʘ 16.0Ñ3.1 ʠʤʧ/ʩ (p᾽0.001 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʧʧʣʠʢʘʮʠʝʡ ʄʎɼ ʚ ʦʜʠʥʦʯʢʫ, n=6). 

ʇʨʠʤʝʥʝʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʟʘʤʝʜʣʷʣʦ ʩʥʠʞʝʥʠʝ ʷʨʢʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʳʭ FM1-43 ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ, ʚʳʟʚʘʥʥʦʝ ʄʎɼ (ʧʦʢʘʟʘʪʝʣʴ 

ʵʢʟʦʮʠʪʦʟʘ, ʨʠʩ 46, ɹ). ʏʝʨʝʟ 10 ʤʠʥ ʦʙʨʘʙʦʪʢʠ ʄʎɼ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʩʥʠʞʘʣʘʩʴ ʪʦʣʴʢʦ 

ʜʦ 74Ñ2% (p᾽0.01 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʵʬʬʝʢʪʦʤ ʄʎɼ, n=8).  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ɸʌʂ, ʧʨʦʜʫʢʮʠʷ ʢʦʪʦʨʳʭ 

ʚʦʟʨʘʩʪʘʝʪ ʥʘ ʬʦʥʝ ʜʝʡʩʪʚʠʷ ʄʎɼ, ʩʪʠʤʫʣʠʨʫʶʪ ʩʧʦʥʪʘʥʥʳʡ ʵʢʟʦʮʠʪʦʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ ʠ ʩʝʢʨʝʮʠʶ ʤʝʜʠʘʪʦʨʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ 

ʦʩʣʘʙʣʷʝʪ, ʥʦ ʥʝ ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʵʬʬʝʢʪ ʄʎɼ, ʫʢʘʟʳʚʘʷ ʥʘ ʯʘʩʪʠʯʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʠʣʝʥʠʷ ʦʩʚʦʙʦʞʜʝʥʠʷ ʤʝʜʠʘʪʦʨʘ, ʚʳʟʚʘʥʥʦʛʦ ʄʎɼ, ʦʪ ɸʌʂ. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Han%20W%5BAuthor%5D&cauthor=true&cauthor_uid=18195159
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ʈʠʩ. 46. ʈʦʣʴ ɸʌʂ ʚ ʵʬʬʝʢʪʘʭ ʄʎɼ ʥʘ ʩʧʦʥʪʘʥʥʫʶ ʩʝʢʨʝʮʠʶ ʤʝʜʠʘʪʦʨʘ ʠ ʵʢʟʦʮʠʪʦʟ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ 

ɸ ï ʀʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʄʇʂʇ ʧʦʜ ʚʣʠʷʥʠʝʤ 10 ʤʄ ʄʎɼ (10 ʤʠʥ ʘʧʧʣʠʢʘʮʠʷ) ʚ 

ʢʦʥʪʨʦʣʝ (ʠʟ ʨʠʩ. 44, ʙʝʣʳʝ ʢʨʫʞʢʠ), ʠ ʢʦʛʜʘ ɸʌʂ ʙʳʣʠ ʭʝʣʘʪʠʨʦʚʘʥʳ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ 

NAC (ʪʝʤʥʳʝ ʢʨʫʞʢʠ). ʅʘ ʚʩʪʘʚʢʘʭ ʧʦʢʘʟʘʥʳ ʪʨʝʢʠ ʄʇʂʇ ʚ ʢʦʥʪʨʦʣʝ, ʯʝʨʝʟ 40 ʤʠʥ 

ʧʝʨʬʫʟʠʠ NAC ʠ ʧʦʩʣʝ 10 ʤʠʥ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ ʚ ʧʨʠʩʫʪʩʪʚʠʠ NAC. ɹ ï ʀʟʤʝʥʝʥʠʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʳʭ FM1-43 ʚ ʢʦʥʪʨʦʣʝ 

(ʠʟ ʨʠʩ. 44), ʧʨʠ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ ʥʘ ʬʦʥʝ NAC. ʆʙʦʟʥʘʯʝʥʠʷ ʪʝ ʞʝ, ʯʪʦ ʠ ʥʘ ʈʠʩ. 12. 

ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ.  

4.3.4 ɸʌʂ-ʟʘʚʠʩʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʶ ʉʘ
2+ 
ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʄʎɼ: ʠʩʪʦʯʥʠʢʠ ʉʘ
2+

 

ʇʨʦʮʝʩʩʳ ʵʢʟʦ-ʵʥʜʦʮʠʪʦʟʘ ʠ ʪʨʘʬʠʢʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʚ ʥʝʨʚʥʳʭ 

ʪʝʨʤʠʥʘʣʷʭ ʧʣʦʪʥʦ ʨʝʛʫʣʠʨʫʝʪʩʷ ʮʠʪʦʟʦʣʴʥʳʤ ʫʨʦʚʥʝʤ ʉʘ
2+

. ɺʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʫʨʦʚʝʥʴ 

ʉʘ
2+ 
ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʝʤ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʯʝʨʝʟ ʉʘ

2+
-

ʢʘʥʘʣʳ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʤʙʨʘʥʳ ʠ / ʠʣʠ ʚʳʭʦʜʦʤ ʠʟ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ 

ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʨʠʘʥʦʜʠʥʦʚʳʭ ʠʣʠ ʠʥʦʟʠʪʦʣ-ʪʨʠʬʦʩʬʘʪʥʳʭ ʨʝʮʝʧʪʦʨʦʚ (ɿʝʬʠʨʦʚ, 

ʇʝʪʨʦʚ, 2010; Kaeser, Regehr, 2014). 

ɺʦʟʤʦʞʥʦ, ʧʦʚʳʰʝʥʥʘʷ ʧʨʦʜʫʢʮʠʷ ɸʌʂ, ʚʳʟʚʘʥʥʘʷ ʫʜʘʣʝʥʠʝʤ ʤʝʤʙʨʘʥʥʦʛʦ 

ʭʦʣʝʩʪʝʨʠʥʘ, ʤʦʞʝʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʉʘ
2+

-ʛʦʤʝʦʩʪʘʟ ʥʝʨʚʥʦʡ ʪʝʨʤʠʥʘʣʠ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʩʧʦʣʴʟʫʷ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʉʘ
2+

-ʠʥʜʠʢʘʪʦʨ, ʥʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʫʚʝʣʠʯʝʥʠʝ ʮʠʪʦʟʦʣʴʥʦʛʦ ʉʘ
2+

 ʚ ʨʝʛʠʦʥʝ ʥʝʨʚʥʦʡ ʪʝʨʤʠʥʘʣʠ ʧʨʠ ʫʜʘʣʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ 

ʭʦʣʝʩʪʝʨʠʥʘ (ʨʠʩ. 47 A, ɹ). ʂ 10 ʤʠʥ ʜʝʡʩʪʚʠʷ ʄʎɼ ʬʣʫʦʨʝʩʮʝʥʮʠʷ Fluo4 ʜʦʩʪʠʛʘʣʘ 

1.17Ñ0.02 (p᾽0.01 ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʡ ʣʠʥʠʠ, n=8). ʅʘ ʬʦʥʝ ʜʝʡʩʪʚʠʷ ʘʥʪʠʦʢʩʠʜʘʥʪʘ 
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(NAC) ʚʦʟʨʘʩʪʘʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʚʳʟʚʘʥʥʦʝ ʄʎɼ, ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ, ʥʘʦʙʦʨʦʪ, 

ʥʘʙʣʶʜʘʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ ʝʝ ʩʥʠʞʝʥʠʶ (ʈʠʩ. 47, ɸ).  

 

ʈʠʩ. 47. ʕʬʬʝʢʪʳ ʄʎɼ ʥʘ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʢʘʣʴʮʠʷ ʚ ʨʝʛʠʦʥʝ 

ʥʝʨʚʥʦʡ ʪʝʨʤʠʥʘʣʠ: ʟʘʚʠʩʠʤʦʩʪʴ ʜʝʡʩʪʚʠʷ ʄʎɼ ʦʪ ʧʨʦʜʫʢʮʠʠ ɸʌʂ ʠ ʢʘʣʴʮʠʝʚʳʭ 

ʢʘʥʘʣʦʚ 

ɸ, ɺ ï ʠʟʤʝʥʝʥʠʷ ʚʦ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʄʎɼ (ʩʚʝʪʣʳʝ ʢʨʫʞʦʯʢʠ, ɸ), ʠ ʧʨʠ ʭʝʣʘʪʠʨʦʚʘʥʠʠ ɸʌʂ ʩ ʧʦʤʦʱʴʶ NAC (ʪʝʤʥʳʝ 

ʢʨʫʞʦʯʢʠ, ɸ) ʠʣʠ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʘʣʴʮʠʝʚʳʭ ʢʘʥʘʣʦʚ (ɺ). TMB-8 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʠʥʦʟʠʪʦʣ ʪʨʠʬʦʩʬʘʪʥʳʭ ʠ ʨʠʘʥʦʜʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ ʚ 

ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʤ ʨʝʪʠʢʫʣʫʤʝ (ʪʝʤʥʳʝ ʢʚʘʜʨʘʪʠʢʠ). ʈʫʪʝʥʠʡ ʢʨʘʩʥʳʡ (RR) 

ʘʧʧʣʠʮʠʨʦʚʘʣʠ ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʨʠʘʥʦʜʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ ʠ TRPV ʢʘʥʘʣʦʚ (ʩʚʝʪʣʳʝ 

ʢʚʘʜʨʘʪʠʢʠ). TRPV ʢʘʥʘʣʳ ʠʥʛʠʙʠʨʦʚʘʣʠ ʢʘʧʩʘʟʝʧʠʥʦʤ (ʩʚʝʪʣʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ). ʉʝʨʦʡ 

ʣʠʥʠʝʡ (+CP) ʦʙʦʟʥʘʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʢʘʧʩʘʟʝʧʠʥ ʙʳʣ ʘʧʧʣʠʮʠʨʦʚʘʥ ʯʝʨʝʟ 

5 ʤʠʥ ʧʦʩʣʝ ʥʘʯʘʣʘ ʜʝʡʩʪʚʠʷ ʄʎɼ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʥʦʨʤʠʨʦʚʘʥʥʦʡ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʥʘʯʘʣʴʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʜʦ ʜʦʙʘʚʣʝʥʠʷ ʄʎɼ ʧʨʠʥʷʪʘ ʟʘ 1.0).  
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ʈʠʩ. 47 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʷʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ. ɹ ï ʠʟʦʙʨʘʞʝʥʠʷ, ʥʘ ʢʦʪʦʨʳʭ 

ʧʦʢʘʟʘʥʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ Fluo4 (ʚ ʧʩʝʚʜʦʮʚʝʪʝ) ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ç0è, ç1è, ç5è, ç10è, 

ç15è ʤʠʥ ʦʪ ʥʘʯʘʣʘ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ ʚ ʢʦʥʪʨʦʣʝ (ʩʚʝʨʭʫ) ʠ ʥʘ ʬʦʥʝ NAC (ʩʥʠʟʫ). 

ʈʝʛʠʦʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʧʦʣʦʞʝʥʠʶ ʥʝʨʚʥʦʡ ʪʝʨʤʠʥʘʣʠ, ʦʪʤʝʯʝʥʳ ʩʪʨʝʣʦʯʢʘʤʠ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʰʢʘʣʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʢʘʟʘʥʘ ʩʣʝʚʘ (ʚ ʦ.ʝ.). ɻ, ʠʤʤʫʥʦʣʦʢʘʣʠʟʘʮʠʷ 

TRPV1 ʢʘʥʘʣʦʚ ʚ ʢʦʥʪʨʦʣʝ (ʩʣʝʚʘ) ʠ ʚ ʦʙʨʘʙʦʪʘʥʥʳʭ ʄʎɼ (ʩʧʨʘʚʘ) ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ 

ʧʨʝʧʘʨʘʪʘʭ. ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʧʘʨʘʪʦʚ, ʤʝʯʝʥʥʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʥʪʠ-

TRPV1 ʘʥʪʠʪʝʣʘʤʠ (ʟʝʣʝʥʳʡ ʢʘʥʘʣ, ʚʚʝʨʭʫ) ʠ ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʤ ʩ ʨʦʜʘʤʠʥʦʤ Ŭ-

ʙʫʥʛʘʨʦʪʦʢʩʠʥʦʤ (ʢʨʘʩʥʳʡ ʢʘʥʘʣ, ʚʪʦʨʦʡ ʨʷʜ). ʀʟʦʙʨʘʞʝʥʠʷ ʚ ʟʝʣʝʥʦʤ ʠ ʢʨʘʩʥʦʤ 

ʢʘʥʘʣʘʭ ʥʘʣʦʞʝʥʳ (ʥʘʣʦʞʝʥʠʝ) ʜʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ TRPV1 

ʢʘʥʘʣʦʚ ʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ (ʪʨʝʪʠʡ ʨʷʜ). ʅʠʞʥʠʡ ʨʷʜ 

ʧʦʢʘʟʳʚʘʝʪ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʤʝʯʝʥʥʳʭ ʩʧʝʮʠʬʠʯʥʳʤʠ ʘʥʪʠ-

TRPV1-ʘʥʪʠʪʝʣʘʤʠ (ʩʣʝʚʘ) ʠ ʙʫʥʛʘʨʦʪʦʢʩʠʥʦʤ (ʩʧʨʘʚʘ), ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 

ʠʤʤʫʥʦʛʝʥʥʦʛʦ ʧʝʧʪʠʜʘ.  

 

ʏʝʨʝʟ 10 ʤʠʥ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʩʦʩʪʘʚʣʷʣʘ 0.93Ñ0.02 (p>0.05, n=8). ʊʘʢʘʷ ʞʝ ʜʠʥʘʤʠʢʘ 

ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʜʝʡʩʪʚʠʠ ʨʫʪʝʥʠʷ ʢʨʘʩʥʦʛʦ (2 ʤʢʄ), ʵʬʬʝʢʪʠʚʥʦ ʙʣʦʢʠʨʫʶʱʝʛʦ ʚ 

ʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʠʘʥʦʜʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ (Xu et al. 1999) ʠ TRPV ʢʘʥʘʣʳ (Garc²a-

Mart²nez et al., 2000). ʇʨʠ ʵʪʦʤ ʢ 10 ʤʠʥ ʚʦʟʜʝʡʩʪʚʠʷ ʄʎɼ ʬʣʫʦʨʝʩʮʝʥʮʠʷ Fluo4 

ʩʦʩʪʘʚʣʷʣʘ 1.05Ñ0.02 (pι0.05, n=8). ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ TMB8 (50 ʤʢʄ), ʙʣʦʢʘʪʦʨʘ 

ʨʠʘʥʦʜʠʥʦʚʳʭ ʠ ʠʥʦʟʠʪʦʣ-ʪʨʠʬʦʩʬʘʪʥʳʭ ʨʝʮʝʧʪʦʨʦʚ (Simizu H. et al., 2008), ʥʝ 

ʦʩʣʘʙʣʷʣʦ ʵʬʬʝʢʪ ʄʎɼ ʥʘ ʬʣʫʦʨʝʩʮʝʥʮʠʶ Cʘ
2+

-ʠʥʜʠʢʘʪʦʨʘ (ʈʠʩ. 47, ɺ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʢ 10 ʤʠʥ ʚʦʟʨʘʩʪʘʣʘ ʜʦ 1.20Ñ0.02 (p 0̓.01, n=6). ʊʘʢʞʝ ʥʝ ʫʛʥʝʪʘʣʦ 

ʵʬʬʝʢʪ ʄʎɼ ʥʘ [ʉʘ
2+

] i ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʛʠʙʠʪʦʨʘ L-ʪʠʧʘ ʉʘ
2+

 ʢʘʥʘʣʦʚ 10 ʤʢʄ 

ʥʠʬʝʜʠʧʠʥʘ (ʜʘʥʥʳʝ ʥʝ ʧʦʢʘʟʘʥʳ). ʇʨʠ ʵʪʦʤ ʬʣʫʦʨʝʩʮʝʥʮʠʷ Fluo4 ʚʦʟʨʘʩʪʘʣʘ ʜʦ 

1.19Ñ0.03 (n=5, p<0.01). 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʚʩʧʣʝʩʢ ʧʨʦʜʫʢʮʠʠ ɸʌʂ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʄʎɼ ʩʪʠʤʫʣʠʨʫʝʪ TRPV-ʢʘʥʘʣʳ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʩʧʦʩʦʙʩʪʚʫʷ 

ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʉʘ
2+ 
ʚ ʮʠʪʦʧʣʘʟʤʫ. ɼʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʙʳʣʦ ʧʨʦʚʝʨʝʥʦ ʚ ʩʝʨʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦ ʩʧʝʮʠʬʠʯʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ TRPV1 ʢʘʥʘʣʦʚ - ʢʘʧʩʘʟʝʧʠʥʦʤ (10 ʤʢʄ). 

ʂʘʧʩʘʟʝʧʠʥ, ʥʝ ʠʟʤʝʥʷʷ ʬʣʫʦʨʝʩʮʝʥʮʠʶ Fluo4 ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʜʝʡʩʪʚʠʷ, ʵʬʬʝʢʪʠʚʥʦ 
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ʫʩʪʨʘʥʷʣ ʧʦʚʳʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʦʪʚʝʪ ʥʘ ʠʩʪʦʱʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ. 

ʇʨʠ ʵʪʦʤ ʯʝʨʝʟ 10 ʤʠʥ ʚʦʟʜʝʡʩʪʚʠʷ ʄʎɼ ï ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʩʦʩʪʘʚʣʷʣʘ 0.96Ñ0.02 

(pι0.05, n=6). ɽʩʣʠ ʜʦʙʘʚʣʝʥʠʝ ʢʘʧʩʘʟʝʧʠʥʘ ʥʘʯʠʥʘʣʦʩʴ ʯʝʨʝʟ 5 ʤʠʥ ʧʦʩʣʝ ʥʘʯʘʣʘ 

ʜʝʡʩʪʚʠʷ ʄʎɼ (ʨʠʩ. 47, ɺ), ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ Fluo4 ʙʳʣʦ 

ʧʨʝʜʦʪʚʨʘʱʝʥʦ, ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʚʨʘʱʘʣʘʩʴ ʢ ʙʘʟʘʣʴʥʦʤʫ ʫʨʦʚʥʶ ʧʦʩʣʝ 

11-13 ʤʠʥ (p>0.05, n=6). 

ɼʣʷ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ - ʧʨʦʠʩʭʦʜʠʪ ʣʠ ʛʝʥʝʨʘʮʠʷ ɸʌʂ ʚʥʘʯʘʣʝ, ʘ ʧʦʪʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʨʘʩʪʘʥʠʝ ʚʭʦʜʘ ʠʦʥʦʚ ʢʘʣʴʮʠʷ, ʤʳ ʠʟʤʝʨʷʣʠ ʬʣʫʦʨʝʩʮʝʥʮʠʶ H2DCF 

(ʠʥʜʠʢʘʪʦʨ ɸʌʂ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʘ TRPV1. ʂʘʧʩʘʟʝʧʠʥ ʥʝ ʧʨʝʜʦʪʚʨʘʱʘʣ 

ʚʳʟʚʘʥʥʦʝ ʄʎɼ ʫʚʝʣʠʯʝʥʠʝ H2DCF ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʄʎɼ 

ʜʦʩʪʠʛʘʣʘ 1.19Ñ0.03 (p<0.05, n=6) ʦʪ ʠʩʭʦʜʥʦʡ ʙʘʟʦʚʦʡ ʣʠʥʠʠ (ʨʠʩ. 45, ɸ). 

 

4.3.5 ʀʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʝ ʤʝʯʝʥʠʝ TRPV1-ʢʘʥʘʣʦʚ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ 

ʨʝʛʠʦʥʝ 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ, ʯʪʦ TRPV1 ʢʘʥʘʣʳ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ 

ʩʠʥʘʧʩʝ ʣʷʛʫʰʢʠ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʝ ʤʝʯʝʥʠʝ ʩʧʝʮʠʬʠʯʥʳʤʠ 

ʘʥʪʠ-TRPV1 ʘʥʪʠʪʝʣʘʤʠ ʧʨʦʪʠʚ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʉ-ʢʦʥʮʝʚʦʛʦ ʜʦʤʝʥʘ. ʈʠʩ. 47, ɻ 

ʧʦʢʘʟʳʚʘʝʪ ʠʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʫʶ ʜʝʪʝʢʮʠʶ TRPV1 ʢʘʥʘʣʦʚ ʚ ʨʝʛʠʦʥʝ ʥʝʨʚʥʦʡ 

ʪʝʨʤʠʥʘʣʠ. ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʠʤʝʝʪ ʥʝʧʨʘʚʠʣʴʥʳʡ ʧʘʪʪʝʨʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʠ 

ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʕʪʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʧʷʪʥʘ ʙʳʣʠ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʧʦʣʦʩʢʘʤʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʥʠʢʦʪʠʥʦʚʳʭ 

ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ (ʤʝʯʝʥʥʳʭ Ŭ-ʙʫʥʛʘʨʦʪʦʢʩʠʥʦʤ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʦʙʣʘʩʪʷʭ ʦʢʦʣʦ ʘʢʪʠʚʥʦʡ ʟʦʥʳ (ʧʝʨʠ-ʘʢʪʠʚʥʳʭ ʟʦʥʘʭ). ʇʨʝʜʦʙʨʘʙʦʪʢʘ 

ʄʎɼ ʥʝ ʥʘʨʫʰʘʣʘ ʦʢʨʘʰʠʚʘʥʠ ̫ ʥʠʢʦʪʠʥʦʚʳʭ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʦʜʥʘʢʦ 

ʠʤʤʫʥʦʤʝʯʝʥʠʝ TRPV1 ʢʘʥʘʣʦʚ ʨʘʩʰʠʨʷʣʦʩʴ ʥʘ ʙʦʣʴʰʠʝ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʨʝʛʠʦʥʳ ʠ 

ʧʝʨʝʢʨʳʪʠʝ TRPV1 ʢʘʥʘʣʦʚ ʩ ʧʦʣʦʩʢʘʤʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ ʩʪʘʥʦʚʠʣʦʩʴ 

ʟʘʤʝʪʥʳʤ. ɽʩʣʠ ʘʥʪʠ-TRPV1 ʘʥʪʠʪʝʣʘ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʙʣʦʢʠʨʫʶʱʠʤ 

ʧʝʧʪʠʜʦʤ, ʪʦ ʟʝʣʝʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ ʙʳʣʘ ʧʦʯʪʠ ʥʝʜʝʪʝʢʪʠʨʫʝʤʦʡ 

(ʨʠʩ. 47, ɻ). ʉʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʝʣʝʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʙʳʣʘ ʪʘʢʞʝ ʜʨʘʤʘʪʠʯʥʦ 

ʫʤʝʥʴʰʝʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʣʦʢʠʨʫʶʱʝʛʦ ʧʝʧʪʠʜʘ. ʌʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʝʯʝʥʠʷ TRPV1 

ʢʘʥʘʣʦʚ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, ʝʩʣʠ ʧʝʨʚʠʯʥʳʝ ʠʣʠ ʚʪʦʨʠʯʥʳʝ ʘʥʪʠʪʝʣʘ ʥʝ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʥʜʦʛʝʥʥʘʷ 

ʵʢʩʧʨʝʩʩʠʷ TRPV1 ʢʘʥʘʣʦʚ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʧʨʝʧʘʨʘʪʝ ʣʷʛʫʰʢʠ ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʙʨʘʙʦʪʢʘ ʄʎɼ ʚʝʜʝʪ ʢ ʨʘʩʰʠʨʝʥʠʶ TRPV1-ʧʦʟʠʪʠʚʥʳʭ ʨʝʛʠʦʥʦʚ. 

4.3.6 ʇʦʚʳʰʝʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʉʘ
2+ 
ʦʧʦʩʨʝʜʫʝʪ ʵʬʬʝʢʪʳ ʄʎɼ ʥʘ 

ʦʩʚʦʙʦʞʜʝʥʠʝ ʤʝʜʠʘʪʦʨʘ ʠ ʵʢʟʦʮʠʪʦʟ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʤʝʤʙʨʘʥʦʧʨʦʥʠʢʘʶʱʝʡ ʬʦʨʤʦʡ ʚʳʩʦʢʦʘʬʬʠʥʥʦʛʦ 

ʉʘ
2+ 
ʭʝʣʘʪʦʨʘ BAPʊA-AM (200 ʤʢʄ) ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʣʘ ʯʘʩʪʦʪʫ ʄʊʂʇ (ʜʦ 1.1Ñ0.1 

ʠʤʧ/ʩ, p᾽0.05, n=6) ʠ ʨʝʟʢʦ ʫʤʝʥʴʰʘʣʘ ʵʬʬʝʢʪ ʄʎɼ ʥʘ ʯʘʩʪʦʪʫ ʄʇʂʇ (ʨʠʩ. 48, A, ɹ). ʂ 

10 ʤʠʥ ʜʝʡʩʪʚʠʷ ʄʎɼ ʯʘʩʪʦʪʘ ʄʊʂʇ ʩʦʩʪʘʚʣʷʣʘ 13.1Ñ1.6 ʠʤʧ/ʩ (p᾽0.01 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ ʄʎɼ, n=6). ʉʭʦʞʘʷ ʩʠʪʫʘʮʠʷ ʦʙʥʘʨʫʞʠʚʘʣʘʩʴ, ʢʦʛʜʘ TRPV1-

ʢʘʥʘʣʳ ʙʳʣʠ ʙʣʦʢʠʨʦʚʘʥʳ ʨʫʪʝʥʠʝʤ ʢʨʘʩʥʳʤ ʠʣʠ ʢʘʧʩʘʟʝʧʠʥʦʤ (ʨʠʩ. 48, A, ɹ). ʇʦʜ 

ʚʣʠʷʥʠʝʤ ʨʫʪʝʥʠʷ ʢʨʘʩʥʦʛʦ ʯʘʩʪʦʪʘ ʄʇʂʇ ʩʠʣʴʥʦ ʩʥʠʞʘʣʘʩʴ ʜʦ 0.2Ñ0.1 ʠʤʧ/ʩ (p᾽0.001, 

n=6), ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʘʙʣʷʣʩʷ ʵʬʬʝʢʪ ʄʎɼ.  

 

ʈʠʩ. 48. ʈʦʣʴ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ ʚ ʵʬʬʝʢʪʘʭ ʄʎɼ ʥʘ ʩʧʦʥʪʘʥʥʫʶ 

ʩʝʢʨʝʮʠʶ ʤʝʜʠʘʪʦʨʘ ʠ ʢɻʟʦʮʠʪʦʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ 

ɸ ï ʯʘʩʪʦʪʘ ʄʇʂʇ (ɻʮ) ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʦʢ BAPTA-AM, 

ʨʫʪʝʥʠʝʤ ʢʨʘʩʥʳʤ, ʠʣʠ ʢʘʧʩʘʟʝʧʠʥʦʤ ʜʦ ʜʦʙʘʚʣʝʥʠʷ ʄʎɼ. ɿʚʝʟʜʦʯʢʠ ʫʢʘʟʳʚʘʶʪ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ (* p<0.05, ** p<0.01, *** p<0.001). ɹ - ʀʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ 

ʄʇʂʇ ʧʨʠ 10 ʤʠʥ ʚʦʟʜʝʡʩʪʚʠʠ ʄʎɼ ʚ ʢʦʥʪʨʦʣʝ (ʠʟ ʨʠʩ. 44, ʙʝʣʳʝ ʢʨʫʞʢʠ, ʧʫʥʢʪʠʨʥʘʷ 

ʣʠʥʠʷ) ʠ ʥʘ ʬʦʥʝ ʭʝʣʘʪʠʨʦʚʘʥʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ BAPTA-AM (ʪʝʤʥʳʝ 

ʢʚʘʜʨʘʪʳ), ʠʣʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ TRPV ʢʘʥʘʣʦʚ ʨʫʪʝʥʠʝʤ ʢʨʘʩʥʳʤ (RR, ʩʚʝʪʣʳʝ 

ʪʨʝʫʛʦʣʴʥʠʢʠ), ʠʣʠ ʢʘʧʩʘʟʝʧʠʥʦʤ (CP, ʩʚʝʪʣʳʝ ʢʚʘʜʨʘʪʠʢʠ). ɺ ï ʀʟʤʝʥʝʥʠʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʳʭ FM1-43, ʧʨʠ 

ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ ʚ ʢʦʥʪʨʦʣʝ ʠ  ʥʘ ʬʦʥʝ ʭʝʣʘʪʠʨʦʚʘʥʠʷ ʮʠʪʦʟʦʣʴʥʦʛʦ ʉʘ
2+

 (BAPTA-

AM), ʠʣʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ TRPV ʢʘʥʘʣʦʚ. ʆʙʦʟʥʘʯʝʥʠʷ ʪʝ ʞʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 44. 
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ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʯʘʩʪʦʪʘ ʄʇʂʇ ʢ 10 ʤʠʥ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ ʚʦʟʨʘʩʪʘʣʘ ʜʦ 15.2Ñ1.7 ʠʤʧ/ʩ 

(p᾽0.01, n=6). ʂʘʧʩʘʟʝʧʠʥ ʪʘʢʞʝ ʩʥʠʞʘʣ ʯʘʩʪʦʪʫ ʄʇʂʇ ʚ ʧʦʢʦʝ ʜʦ 0.6Ñ0.2 ʠʤʧ/ʩ ʠ 

ʧʨʝʧʷʪʩʪʚʦʚʘʣ ʝʝ ʫʚʝʣʠʯʝʥʠʶ ʚ ʦʪʚʝʪ ʥʘ ʫʜʘʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ (ʯʝʨʝʟ 10 ʤʠʥ ʦʪ ʥʘʯʘʣʘ 

ʜʝʡʩʪʚʠʷ ʄʎɼ ʯʘʩʪʦʪʘ ʚʦʟʨʘʩʪʘʣʘ ʪʦʣʴʢʦ ʜʦ 9.1Ñ1.3 ʠʤʧ/ʩ, p<0.01, n=6). 

ʂʘʢ ʭʝʣʘʪʠʨʦʚʘʥʠʝ ʠʦʥʦʚ ʉʘ
2+
, ʪʘʢ ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʙʣʦʢʘʪʦʨʦʚ TRPV ʢʘʥʘʣʦʚ 

(ʨʫʪʝʥʠʷ ʢʨʘʩʥʦʛʦ ʠ ʢʘʧʩʘʟʝʧʠʥʘ) ʟʘʤʝʜʣʷʝʪ ʚʳʛʨʫʟʢʫ FM1-43 (ʨʠʩ. 48, ɺ), ʚʳʟʚʘʥʥʫʶ 

ʫʜʘʣʝʥʠʝʤ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ. ʊʘʢ, ʢ 10 ʤʠʥ ʦʙʨʘʙʦʪʢʠ ʄʎɼ ʩʚʝʯʝʥʠʝ FM1-43 

ʩʥʠʞʘʝʪʩʷ ʜʦ 0.81Ñ0.03 (p᾽0.01, n=6) ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʚ BAPTA-AM, ʜʦ 

0.78 Ñ0.03 (p᾽0.01, n=6) ʠ 0.73 Ñ0.02 (p ᾽0.01, n=6) ʥʘ ʬʦʥʝ ʨʫʪʝʥʠʷ ʢʨʘʩʥʦʛʦ ʠ 

ʢʘʧʩʘʟʝʧʠʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ ʟʥʘʯʝʥʠʷ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ (p᾽0.01) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ FM1-43 ʚ ʢʦʥʪʨʦʣʝ ʜʦ 0.52Ñ0.04. ʇʨʠʯʝʤ 

ʜʠʥʘʤʠʢʘ ʚʳʛʨʫʟʢʠ ʥʘ ʬʦʥʝ ʜʝʡʩʪʚʠʷ ɺɸʈʊɸ-AM, ʨʫʪʝʥʠʷ ʢʨʘʩʥʦʛʦ ʠ ʢʘʧʩʘʟʝʧʠʥʘ 

ʥʘʧʦʤʠʥʘʝʪ ʪʘʢʦʚʫʶ ʧʨʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʜʝʡʩʪʚʠʷ ɸʌʂ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ. 

ɺʦʟʤʦʞʥʦ, ʫʜʘʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʟʘʧʫʩʢʘʝʪ ʧʨʦʜʫʢʮʠʶ ɸʌʂ ʠ ʦʙʨʘʟʫʶʱʠʝʩʷ 

ʤʦʣʝʢʫʣʳ ɸʌʂ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʘʢʪʠʚʠʨʫʶʪ TRPV ʢʘʥʘʣʳ, ʢʦʪʦʨʳʝ ʧʨʦʧʫʩʢʘʶʪ ʚ 

ʮʠʪʦʧʣʘʟʤʫ ʉʘ
2+
, ʦʙʣʝʛʯʘʶʱʠʡ ʧʨʦʪʝʢʘʥʠʝ ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ ʠ ʧʨʠʤʝʥʝʥʠʝ ʉʘ
2+ 
ʘʥʪʘʛʦʥʠʩʪʦʚ ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ 

ʫʤʝʥʴʰʘʶʪ ʵʬʬʝʢʪʳ ʄʎɼ ʥʘ ʦʩʚʦʙʦʞʜʝʥʠʝ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʠ ʚʳʛʨʫʟʢʫ FM1-43. 

 

4.3.7 ʉʘ
2+ 
ʟʘʚʠʩʠʤʦʝ-ʜʝʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʫʯʘʩʪʚʫʝʪ ʚ ʵʬʬʝʢʪʘʭ ʠʩʪʦʱʝʥʠʷ 

ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ ʩʧʦʥʪʘʥʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ ʠ ʵʢʟʦʮʠʪʦʟ 

ʇʦʚʳʰʝʥʠʝ ʮʠʪʦʟʦʣʴʥʦʛʦ ʫʨʦʚʥʷ ʢʘʣʴʮʠʷ ʤʦʞʝʪ ʘʢʪʠʚʠʨʦʚʘʪʴ ʩʠʛʥʘʣʴʥʳʝ 

ʵʥʟʠʤʳ, ʚʦʚʣʝʯʝʥʥʳʝ ʚ ʨʝʛʫʣʷʮʠʶ ʧʨʦʮʝʩʩʦʚ ʵʢʟʦ- ʠ ʵʥʜʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, 

ʥʘʧʨʠʤʝʨ, ʢʘʣʴʮʠʥʝʚʨʠʥ (ɿʝʬʠʨʦʚ ʠ ʜʨ. 2006; Andresen MC et al., 2012; ɻʘʡʜʫʢʦʚ ʠ ʜʨ. 

2013; Cheung, Cousin, 2013; Kaeser, Regehr, 2014; Wong et al., 2014). ʀʥʛʠʙʠʨʦʚʘʥʠʝ 

ʢʘʣʴʮʠʥʝʚʨʠʥʘ ʮʠʢʣʦʩʧʦʨʠʥʦʤ ɸ (50 ʤʢʄ) ʫʤʝʥʴʰʘʣʦ ʩʧʦʥʪʘʥʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʷ ʚ 

ʧʦʢʦʝ ʜʦ 0.7Ñ0.2 ʠʤʧ/ʩ (n=6, p<0.05) ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣʦ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʄʇʂʇ, 

ʚʳʟʚʘʥʥʦʝ ʫʜʘʣʝʥʠʝʤ ʭʦʣʝʩʪʝʨʠʥʘ (ʨʠʩ. 49, ɸ). ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʢ 10 ʤʠʥ ʜʝʡʩʪʚʠʷ 

ʄʎɼ ʯʘʩʪʦʪʘ ʄʇʂʇ ʩʦʩʪʘʚʠʣʘ 22.1Ñ3.0 ʠʤʧ/ʩ (p᾽0.01, n=6). ʕʪʦʪ ʞʝ ʠʥʛʠʙʠʪʦʨ 

ʟʘʤʝʜʣʷʣ ʚʳʛʨʫʟʢʫ FM1-43 (ʨʠʩ. 49, ɹ), ʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʫʜʘʣʝʥʠʝʤ ʭʦʣʝʩʪʝʨʠʥʘ. ʇʨʠ 

ʵʪʦʤ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʩʥʠʞʘʣʘʩʴ ʜʦ 0.76Ñ0.03 (p᾽0.01, n=8) ʢ 10 ʤʠʥ ʜʝʡʩʪʚʠʷ ʄʎɼ. 
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ʈʠʩ. 49. ʋʯʘʩʪʠʝ ʬʦʩʬʘʪʘʟ ʚ ʵʬʬʝʢʪʘʭ ʄʎɼ ʥʘ ʩʧʦʥʪʘʥʥʫʶ ʩʝʢʨʝʮʠʶ ʤʝʜʠʘʪʦʨʘ ʠ 

ʵʢʟʦʮʠʪʦʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ 

ɸ ï ʀʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʄʊʂʇ, ʚʳʟʚʘʥʥʦʝ 10 ʤʠʥ ʚʦʟʜʝʡʩʪʚʠʝʤ 10 ʤʄ ʄʎɼ ʚ 

ʢʦʥʪʨʦʣʝ (ʠʟ ʨʠʩ. 44, ʙʝʣʳʝ ʢʨʫʞʢʠ) ʠ ʥʘ ʬʦʥʝ ʙʣʦʢʠʨʦʚʘʥʠ ̫ ʮʠʢʣʦʩʧʦʨʠʥʦʤ ɸ 

ʢʘʣʴʮʠʥʝʚʨʠʥʘ (CsA, ʪʝʤʥʳʝ ʢʚʘʜʨʘʪʳ), ʠ ʦʢʘʜʘʠʢʦʚʦʡ ʢʠʩʣʦʪʦʡ ʬʦʩʬʘʪʘʟ PP1 ʠPP2A 

(OA, ʩʚʝʪʣʳʝ ʢʚʘʜʨʘʪʳ). ɹ ï ʀʟʤʝʥʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʳʭ FM1-43, ʧʨʠ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ ʚ ʢʦʥʪʨʦʣʝ (ʠʟ ʨʠʩ 44, 

ʙʝʣʳʝ ʢʨʫʞʢʠ) ʠ ʥʘ ʬʦʥʝ ʮʠʢʣʦʩʧʦʨʠʥʘ ɸ ʠʣʠ ʦʢʘʜʘʠʢʦʚʦʡ ʢʠʩʣʦʪʳ. ʆʙʦʟʥʘʯʝʥʠʷ ʪʝ 

ʞʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 44. 

ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ, ʫʯʘʩʪʚʫʶʪ ʣʠ ʜʨʫʛʠʝ ʬʦʩʬʘʪʘʟʳ ʚ ʦʧʦʩʨʝʜʦʚʘʥʥʦʤ ʫʜʘʣʝʥʠʝʤ 

ʭʦʣʝʩʪʝʨʠʥʘ ʫʩʠʣʝʥʠʠ ʵʢʟʦʮʠʪʦʟʘ, ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʦʢʘʜʘʠʢʦʚʘʷ ʢʠʩʣʦʪʘ, ʢʦʪʦʨʘʷ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 50 ʥʤ ʵʬʬʝʢʪʠʚʥʦ ʠʥʛʠʙʠʨʫʝʪ ʪʦʣʴʢʦ ʬʦʩʬʘʪʘʟʳ PP1 ʠ PP2A, ʥʦ ʥʝ 

ʢʘʣʴʮʠʥʝʚʨʠʥ (Guatimosim et al., 2002). ʇʦʩʣʝ 40 ʤʠʥ ʧʝʨʬʫʟʠʠ ʨʘʩʪʚʦʨʦʤ ʩ 

ʦʢʘʜʘʠʢʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʯʘʩʪʦʪʘ ʄʇʂʇ ʙʳʣʘ 1.7Ñ0.2 (n=6, p>0.05 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ). ʆʢʘʜʘʠʢʦʚʘʷ ʢʠʩʣʦʪʘ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʦʩʣʘʙʣʷʣʘ ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʳ ʄʇʂʇ 

ʠ ʥʝ ʟʘʤʝʜʣʷʣʘ ʚʳʛʨʫʟʢʫ, ʚʳʟʚʘʥʥʳʝ 10 ʤʄ ʄʎɼ. ʂʦʛʜʘ ʬʦʩʬʘʪʘʟʳ PP1 ʠ PP2A ʙʳʣʠ 

ʠʥʛʠʙʠʨʦʚʘʥʳ, ʢ 10 ʤʠʥ ʜʝʡʩʪʚʠʷ ʄʎɼ ʯʘʩʪʦʪʘ ʄʇʂʇ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʜʦ 54.5Ñ3.0 ʠʤʧ/ʩ 

(p᾽0.001 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʡʩʪʚʠʝʤ ʮʠʢʣʦʩʧʦʨʠʥʘ ɸ, n=6), ʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ FM1-43 

ʩʥʠʞʘʣʘʩʴ ʜʦ 0.57Ñ0.04 ʠʤʧ/ʩ (p᾽0.001, n=6). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʟʚʘʥʥʦʝ ʄʎɼ 

ʧʦʚʳʰʝʥʠʝ ʮʠʪʦʟʦʣʴʥʦʛʦ ʫʨʦʚʥʷ ʢʘʣʴʮʠʷ ʤʦʞʝʪ ʘʢʪʠʚʠʨʦʚʘʪʴ ʢʘʣʴʮʠʥʝʚʨʠʥ, ʢʦʪʦʨʳʡ, 

ʜʝʬʦʩʬʦʨʠʣʠʨʫʷ ʙʝʣʢʠ-ʤʠʰʝʥʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʪʝʢʘʥʠʶ ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. 
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4.3.8 ʈʦʣʴ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ ʚ ʠʥʜʫʮʠʨʦʚʘʥʥʦʤ ʫʜʘʣʝʥʠʝʤ ʤʝʤʙʨʘʥʥʦʛʦ 

ʭʦʣʝʩʪʝʨʠʥʘ ʵʢʟʦʮʠʪʦʟʝ 

ʇʨʦʪʝʠʥʢʠʥʘʟʳ ʉ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʦʩʚʦʙʦʞʜʝʥʠʷ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʚʦ 

ʤʥʦʛʠʭ ʪʠʧʘʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ (ɻʘʡʜʫʢʦʚ ʠ ʜʨ. 2012; Sun, Alkon, 2012). 

ʄʠʰʝʥʷʤʠ ʵʪʠʭ ʧʨʦʪʝʠʥʢʠʥʘʟ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʢʣʶʯʝʚʳʝ ʙʝʣʢʠ ʵʢʟʦʮʠʪʦʟʘ ʢʘʢ 

ʩʠʥʘʧʪʦʪʘʛʤʠʥ, Munc18, SNAP-25, NSF (Leenders, Sheng, 2005). ɸʢʪʠʚʘʮʠʷ ʠʣʠ, 

ʥʘʦʙʦʨʦʪ, ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʠ ʫʜʘʣʝʥʠʠ 

ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ ʢʣʝʪʦʢ. ʀʩʪʦʱʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʊ-

ʣʠʤʬʦʮʠʪʘʭ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʨʘʥʩʣʦʢʘʮʠʠ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ-ɗ ʢ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ 

ʠ ʝʝ ʘʢʪʠʚʘʮʠʠ (Kabouridis et al., 2000). ʇʨʦʪʝʠʥʢʠʥʘʟʘ ʉŭ ʘʢʪʠʚʠʨʫʝʪʩʷ ʚ ʭʦʜʝ 

ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʪʠʥʦʚ (ʩʥʠʞʘʶʱʠʝ ʩʠʥʪʝʟ ʭʦʣʝʩʪʝʨʠʥʘ ʘʛʝʥʪʳ) ʚ ʧʨʦʤʠʝʣʦʮʠʪʥʳʭ 

ʢʣʝʪʢʘʭ (Sassano et al., 2012). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʙʦʛʘʱʝʥʠʝ ʤʝʤʙʨʘʥ ʭʦʣʝʩʪʝʨʠʥʦʤ 

ʚʳʟʳʚʘʝʪ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʪʦʢʦʚ ʯʝʨʝʟ KCNQ ʢʘʥʘʣʳ ʚ ʥʝʡʨʦʥʘʭ ʚʝʨʭʥʝʛʦ ʰʝʡʥʦʛʦ 

ʛʘʥʛʣʠʷ, ʯʪʦ ʦʧʦʩʨʝʜʫʝʪʩʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝʤ ʧʨʦʪʝʠʥʢʠʥʘʟʦʡ ʉ. ʕʪʦʪ ʵʬʬʝʢʪ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪʩʷ, ʢʦʛʜʘ ʫʨʦʚʝʥʴ ʭʦʣʝʩʪʝʨʠʥʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ (Lee et al., 2010). 

ɺʦʟʤʦʞʥʦ, ʭʦʣʝʩʪʝʨʠʥ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ, ʤʦʜʫʣʠʨʫʷ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʤʙʨʘʥ (Armstrong, Zidovevetzki, 2008). ʈʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʚʣʝʯʝʥʠʷ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ ʚ ʫʩʠʣʝʥʠʝ ʵʢʟʦʮʠʪʦʟʘ, 

ʚʳʟʚʘʥʥʦʛʦ ʫʜʘʣʝʥʠʝʤ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʩʠʥʘʧʩʘʭ (Smith et al., 

2010; Texixeira et al., 2012). ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʦʣʠ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ ʚ ʵʬʬʝʢʪʘʭ 

ʫʜʘʣʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʤʝʤʙʨʘʥʦʧʨʦʥʠʢʘʶʱʠʤ ʧʝʧʪʠʜʦʤ (75 ʤʢʄ) - ʠʥʛʠʙʠʪʦʨʦʤ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ (ʢʦʪʦʨʳʡ 

ʩʧʝʮʠʬʠʯʥʦ ʠʥʛʠʙʠʨʫʝʪ ʢʘʣʴʮʠʡ- ʠ ʬʦʩʬʦʣʠʧʠʜ-ʟʘʚʠʩʠʤʫʶ ʧʨʦʪʝʠʥʢʠʥʘʟʫ ʉ ʚ 

ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 10-100 ʤʢʄ, Eichholtz et al., 1993) ʠ ʭʝʣʝʨʠʪʨʠʥ ʭʣʦʨʠʜʦʤ (1 

ʤʢʄ). 

 

4.3.8.1 ʕʬʬʝʢʪʳ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ ʥʘ ʚʳʟʚʘʥʥʦʝ ʄʎɼ 

ʫʚʝʣʠʯʝʥʠʝ ʩʧʦʥʪʘʥʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʠ ʵʢʟʦʮʠʪʦʟʘ 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ ʩʥʠʞʘʣʦ ʯʘʩʪʦʪʫ ʄʇʂʇ (ʜʦ 

0.7Ñ0.2 ʠʤʧ/ʩ, n=7, ʠʥʛʠʙʠʨʫʶʱʠʡ ʧʝʧʪʠʜ, p<0.01; ʜʦ 1.1Ñ0.1 ʠʤʧ/ʩ, n=7 ʭʝʣʝʨʠʪʨʠʥ 

ʭʣʦʨʠʜ, p<0.05) ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (1.6Ñ0.2 ʠʤʧ/ʩ, n=7), ʥʦ ʜʨʘʤʘʪʠʯʥʦ ʥʝ 

ʠʟʤʝʥʷʣʦ ʵʬʬʝʢʪʦʚ ʄʎɼ ʥʘ ʩʧʦʥʪʘʥʥʫʶ ʩʝʢʨʝʮʠʶ (ʨʠʩ. 50 ɸ, ɹ).  
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ʈʠʩ. 50. ʕʬʬʝʢʪ ʠʩʪʦʱʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ ʯʘʩʪʦʪʫ ʄʇʂʇ ʠ ʚʳʛʨʫʟʢʫ FM1-43: ʫʯʘʩʪʠʝ 

ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ (ʇʂʉ) 

ɸ ï ʏʘʩʪʦʪʘ ʄʇʂʇ (ʚ ʩ
-1
) ʚ ʧʦʢʦʝ ʠ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʩ ʠʥʛʠʙʠʪʦʨʘʤʠ ʇʂʉ 

(ʤʠʨʠʩʪʠʣʠʟʠʨʦʚʘʥʥʳʤ ʠʥʛʠʙʠʪʦʨʥʳʤ ʧʝʧʪʠʜʦʤ ʠ ʭʝʣʝʨʠʪʨʠʥ ʭʣʦʨʠʜʦʤ).  
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ʈʠʩ. 50 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ɹ ï ʀʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʄʇʂʇ (ʩ
-1
) ʚ ʦʪʚʝʪ ʥʘ ʘʧʧʣʠʢʘʮʠʶ ʄʎɼ (ʩʚʝʪʣʳʝ ʢʨʫʞʦʯʢʠ) ʠ ʚ 

ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʇʂʉ (ʧʝʧʪʠʜʘ ï ʪʝʤʥʳʝ ʢʚʘʜʨʘʪʠʢʠ ʠ ʭʝʣʝʨʠʪʨʠʥʘ ï 

ʩʚʝʪʣʳʝ ʢʚʘʜʨʘʪʠʢʠ). ɺʨʝʤʷ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ ʠʟʦʙʨʘʞʝʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʯʝʨʥʳʤ 

ʩʝʛʤʝʥʪʦʤ. ʅʘ ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʪʨʝʢʦʚ ʄʇʂʇ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ɹ ʜʣʷ 5 ʤʠʥ ʦʙʨʘʙʦʪʢʠ ʄʎɼ ʚ ʢʦʥʪʨʦʣʝ ʠ ʧʨʠ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʇʂʉ 

ʧʝʧʪʠʜʦʤ. ɺ-ɼ ʋʤʝʥʴʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʳʭ FM1-43 

ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ: ɺ ï ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʩʚʝʪʣʳʝ ʢʨʫʞʢʠ), ʚ ʪʝʯʝʥʠʝ 

ʠʥʢʫʙʘʮʠʠ ʩ ʠʥʛʠʙʠʪʦʨʘʤʠ ʇʂʉ (ʧʝʧʪʠʜʦʤ - ʪʝʤʥʳʝ ʢʚʘʜʨʘʪʠʢʠ ʠ ʭʝʣʝʨʠʪʨʠʥʦʤ ï 

ʩʚʝʪʣʳʝ ʢʚʘʜʨʘʪʠʢʠ), ʚ ʦʪʚʝʪ ʥʘ ʘʧʧʣʠʢʘʮʠʶ KCl (40 ʤʄ) ʚ ʢʦʥʪʨʦʣʝ (ʩʚʝʪʣʳʝ 

ʪʨʝʫʛʦʣʴʥʠʢʠ), ʠ ʢʦʛʜʘ ʇʂʉ ʙʳʣʘ ʙʣʦʢʠʨʦʚʘʥʘ (ʪʝʤʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ); ɻ ï ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʙʦʪʢʠ ʄʎɼ ʚ ʢʦʥʪʨʦʣʝ (ʩʚʝʪʣʳʝ ʢʨʫʞʦʯʢʠ) ʠ ʚ ʫʩʣʦʚʠʷʭ ʙʣʦʢʘʜʳ ʇʂʉ (ʧʝʧʪʠʜʦʤ ï 

ʪʝʤʥʳʝ ʢʚʘʜʨʘʪʠʢʠ, ʠʣʠ ʭʝʣʝʨʠʪʨʠʥʦʤ ï ʩʚʝʪʣʳʝ ʢʚʘʜʨʘʪʠʢʠ); ɼ ï ʧʦʢʘʟʳʚʘʝʪ 

ʚʳʟʚʘʥʥʦʝ ʄʎɼ ʩʥʠʞʝʥʠʝ FM1-43 ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʩʚʝʪʣʳʝ ʢʨʫʞʢʠ ï ʚ ʢʦʥʪʨʦʣʝ, 

ʪʝʤʥʳʝ ʠ ʩʚʝʪʣʳʝ ʢʚʘʜʨʘʪʠʢʠ ï ʧʨʠ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʇʂʉ ʧʝʧʪʠʜʦʤ ʠ ʭʝʣʝʨʠʪʨʠʥʦʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʩʫʣʴʬʦʨʦʜʘʤʠʥ 101 (SR101) ʧʨʠʩʫʪʩʪʚʦʚʘʣ 

ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ. ɽ - ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʝʛʤʝʥʪʦʚ ʥʝʨʚʥʦʡ 

ʪʝʨʤʠʥʘʣʠ ʚ ʨʘʟʣʠʯʥʦʝ ʚʨʝʤʷ (0, 5 ʠ 10 ʤʠʥ) ʚ ʪʝʯʝʥʠʝ ʦʙʨʘʙʦʪʢʠ ʄʎɼ ʚ ʢʦʥʪʨʦʣʝ ʠ ʧʨʠ 

ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʇʂʉ ʧʝʧʪʠʜʦʤ (ʀʇʂʉ). ʅʠʞʥʷʷ ʧʘʥʝʣʴ ï ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʫʣʴʬʦʨʦʜʘʤʠʥʘ 101 ʚ ʧʝʨʬʫʟʠʦʥʥʦʤ ʨʘʩʪʚʦʨʝ.  

 

ʇʨʠ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ ʧʝʧʪʠʜʦʤ / ʭʝʣʝʨʠʪʨʠʥ ʭʣʦʨʠʜʦʤ ʄʎɼ 

ʫʚʝʣʠʯʠʚʘʣ ʯʘʩʪʦʪʫ ʄʇʂʇ ʢ 5 ʠ 10 ʤʠʥ ʘʧʧʣʠʢʘʮʠʠ ʜʦ 39.6Ñ3.6 ɻʮ (n=7, p<0.001 ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ ʠʟʦʣʠʥʠʝʡ, p# < 0.05 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʤr ʜʝʡʩʪʚʠʝʤ 

ʄʎɼ) / 32.0Ñ3.1 ɻʮ (n=7, p<0.001, p# < 0.05) ʠ 51.6Ñ3.0 ɻʮ (p<0.001, p# > 0.05) / 55.0Ñ3.0 

(p<0.001, p# > 0.05), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʳ ʪʝʩʪʠʨʦʚʘʣʠ ʨʘʟʣʠʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʦʪ 10 ʜʦ 

150 ʤʢʄ) ʧʝʧʪʠʜʘ-ʠʥʛʠʙʠʪʦʨʘ ʇʂʉ ʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʵʬʬʝʢʪ ʄʎɼ ʧʨʦʷʚʣʷʣʩʷ ʚ ʚʠʜʝ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʳ ʄʇʂʇ (ʨʠʩ. 51). 
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ʈʠʩ. 51. ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʦʚ ʄʎɼ ʥʘ ʯʘʩʪʦʪʫ ʄʇʂʇ ʠ ʚʳʛʨʫʟʢʫ FM1-43 ʦʪ ʜʦʟʳ 

ʧʝʧʪʠʜʘ ʠʥʛʠʙʠʪʦʨʘ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ 

 ɸ ï ʯʘʩʪʦʪʘ ʄʇʂʇ (ʚ ʩ
-1
) ʢ 10 ʤʠʥ ʜʝʡʩʪʚʠʷ ʄʎɼ, ʢʦʛʜʘ ʧʨʦʪʝʠʥʢʠʥʘʟʘ ʉ ʙʳʣʘ 

ʙʣʦʢʠʨʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʥʛʠʙʠʪʦʨʘ (0, 50, 75, 100 ʠ 150 

ʤʢʄ). ɹ ï ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʳʭ FM1-43, 

ʧʦʩʣʝ 10 ʤʠʥ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ, ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʠ ʥʘ ɸ. ɿʥʘʯʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʙʣʠʟʢʦʝ ʢ 1.0, ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʨʫʰʝʥʠʝ ʚʳʛʨʫʟʢʠ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ 

ʧʦʢʘʟʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʷ ʚ ʪʦʯʢʝ 0 ʤʢʄ (ʪʦ ʝʩʪʴ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʥʛʠʙʠʪʦʨ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ) *p<0.05, *** p<0.001. 

 

ɺ ʫʩʣʦʚʠʷʭ ʧʦʢʦʷ ʩʥʠʞʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʷʭ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʳʭ FM1-43, ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʢʦʨʷʝʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʘʧʧʣʠʢʘʮʠʶ ʜʝʧʦʣʷʨʠʟʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 40 ʤʄ KCl 

(ʨʠʩ. 50ɺ) ʠ ʚʳʟʳʚʘʶʱʝʛʦ ʤʘʩʩʠʚʥʳʡ ʵʢʟʦʮʠʪʦʟ (ɿʝʬʠʨʦʚ ʠ ʜʨ. 2003). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʩʣʘʙʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ ʢʨʘʩʠʪʝʣʷ ʚ ʧʦʢʦʝ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ. 

ʆʙʨʘʙʦʪʢʘ ʧʨʝʧʘʨʘʪʦʚ ʠʥʛʠʙʠʪʦʨʘʤʠ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ ʥʝʤʥʦʛʦ ʩʥʠʞʘʝʪ ʙʘʟʘʣʴʥʫʶ 

ʪʝʥʜʝʥʮʠʶ ʢ ʫʤʝʥʴʰʝʥʠʶ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʳʭ ʥʝʨʚʥʳʭ 

ʪʝʨʤʠʥʘʣʷʭ (ʨʠʩ. 50ɺ). ʅʝʦʞʠʜʘʥʥʦ, ʚʳʟʚʘʥʥʦʝ ʄʎɼ ʩʥʠʞʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʧʦʜʘʚʣʷʣʦʩʴ ʧʨʠ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ (ʨʠʩ. 50, ɻ). ʊʘʢ, ʢ 5 ʠ 10 ʤʠʥ 

ʜʝʡʩʪʚʠʷ ʄʎɼ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʩʥʠʞʘʣʘʩʴ ʜʦ 0.98Ñ0.03 (n=7, p>0.05 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʭʦʜʥʳʤ ʫʨʦʚʥʝʤ) / 0.98Ñ0.02 (n=7, p>0.05) ʠ 0.97Ñ0.03 (p>0.05; ʠʥʛʠʙʠʪʦʨʥʳʡ ʧʝʧʪʠʜ) 

/ 0.97Ñ0.03 (p>0.05; ʭʝʣʝʨʠʪʨʠʥ ʭʣʦʨʠʜ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɽʩʣʠ ʧʨʝʧʘʨʘʪʳ ʙʳʣʠ 

ʦʙʨʘʙʦʪʘʥʳ ʧʝʧʪʠʜʦʤ ʠʥʛʠʙʠʪʦʨʦʤ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ ʪʦʣʴʢʦ ʚ ʧʝʨʠʦʜ ʧʝʨʝʜ 

ʵʢʩʧʦʟʠʮʠʝʡ ʩ ʄʎɼ, ʪʦ ʧʦʩʣʝʜʫʶʱʘʷ ʚʳʟʚʘʥʥʘʷ ʄʎɼ ʚʳʛʨʫʟʢʘ FM1-43 ʪʘʢʞʝ ʙʳʣʘ 

ʙʣʦʢʠʨʦʚʘʥʘ. 
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ʕʬʬʝʢʪ ʠʥʛʠʙʠʪʦʨʥʦʛʦ ʧʝʧʪʠʜʘ ʥʘ ʚʳʟʚʘʥʥʫʶ ʄʎɼ ʚʳʛʨʫʟʢʫ ʢʨʘʩʠʪʝʣʷ ʙʳʣ 

ʜʦʟʘ-ʟʘʚʠʩʠʤʳʤ, ʠ ʠʥʛʠʙʠʪʦʨ ʚ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (10 ʠ 50 ʤʢʄ) ʠʤʝʣ ʤʝʥʝʝ 

ʚʳʨʘʞʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʦʪʚʝʪ ʥʘ ʵʢʩʧʦʟʠʮʠʶ ʩ ʄʎɼ (ʨʠʩ. 

51). ʅʝʦʙʭʦʜʠʤʦ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʠʥʛʠʙʠʨʫʶʱʠʡ ʧʨʦʪʝʠʥʢʠʥʘʟʫ ʉ ʧʝʧʪʠʜ ʥʝ ʠʟʤʝʥʷʝʪ 

ʚʳʟʚʘʥʥʫʶ 40 ʤʄ KCl ʚʳʛʨʫʟʢʫ FM1-43 (ʨʠʩ. 50, ɺ; ʚ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʪʝʪʨʦʜʦʪʦʢʩʠʥ ʥʝ ʜʦʙʘʚʣʷʣʩʷ ʚ ʧʝʨʬʫʟʠʶ). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʠʥʛʠʙʠʪʦʨ 

ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ ʩʝʣʝʢʪʠʚʥʦ ʥʘʨʫʰʘʝʪ ʪʦʣʴʢʦ ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ʄʎɼ ʩʥʠʞʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ FM1-43. 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʩʫʣʴʬʦʨʦʜʘʤʠʥʘ 101 (ʪʫʰʠʪʝʣʴ ʩʚʝʯʝʥʠʷ FM1-43, ʦʙʣʘʜʘʝʪ ʤʘʣʳʤ 

ʨʘʟʤʝʨʘʤʠ, ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʧʦʨʳ ʩʣʠʷʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʤʠ ʤʦʣʝʢʫʣʘʤʠ FM1-43) ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ ʩʥʠʞʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʄʎɼ ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʦʜʠʥʘʢʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʢʘʢ ʚ 

ʢʦʥʪʨʦʣʝ, ʪʘʢ ʠ ʧʨʠ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ (ʨʠʩ. 50, ɼ, ɽ). ɺ ʢʦʥʪʨʦʣʝ 

ʜʦʙʘʚʣʝʥʠʝ ʄʎɼ ʚ ʧʨʠʩʫʪʩʪʚʠʝ ʩʫʣʴʬʦʨʦʜʘʤʠʥʘ 101 ʚʳʟʳʚʘʣʦ ʩʥʠʞʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʦ 0.72Ñ0.02 (p<0.001, n=7) ʠ 0.51Ñ0.03 (n=7, p<0.001 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʭʦʜʥʳʤ ʫʨʦʚʥʝʤ) ʢ 5 ʠ 10 ʤʠʥ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʦʩʪʦʚʝʨʥʳʭ ʦʪʣʠʯʠʡ ʦʪ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʄʎɼ ʥʝ ʙʳʣʦ (p>0.05). ɺ ʫʩʣʦʚʠʷʭ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʧʨʦʪʝʠʥʢʠʥʘʟr ʉ ʧʝʧʪʠʜʦʤ / ʭʝʣʝʨʠʪʨʠʥ ʭʣʦʨʠʜʦʤ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʩʦʩʪʘʚʣʷʣʘ 0.7Ñ0.03 

(p<0.001, n=7) /0.69Ñ0.03 (p<0.001, n=7) ʠ 0.56Ñ0.03 (p<0.001 ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ 

ʫʨʦʚʥʷ) / 0.55 Ñ0.03 (p<0.001 ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ) ʯʝʨʝʟ 5 ʠ 10 ʤʠʥ ʜʝʡʩʪʚʠʷ 

ʄʎɼ (ʦʪʣʠʯʠʡ ʦʪ ʢʦʥʪʨʦʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʄʎɼ ʥʝʪ, p>0.05). ʊʦ ʝʩʪʴ ʩʘʤ ʩʫʣʴʬʦʨʦʜʘʤʠʥ 

101, ʥʝ ʚʣʠʷʷ ʜʦʩʪʦʚʝʨʥʦ ʥʘ ʚʳʛʨʫʟʢʫ FM1-43, ʚʳʟʚʘʥʥʫʶ 10 ʤʄ ʄʎɼ ʚ ʢʦʥʪʨʦʣʝ, 

ʧʦʟʚʦʣʷʝʪ çʚʳʷʚʠʪʴè ʩʥʠʞʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʧʨʝʧʘʨʘʪʘʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʠʥʛʠʙʠʪʦʨʘʤʠ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ. 

 

4.3.8.2 ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʦʚ ʄʎɼ ʥʘ ʩʧʦʥʪʘʥʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ / ʵʢʟʦʮʠʪʦʟ 

ʦʪ ʘʢʪʠʚʥʦʩʪʠ ʬʦʩʬʦʣʠʧʘʟʳ ʉ 

ɸʢʪʠʚʘʮʠʷ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ ʧʨʠ ʫʜʘʣʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʤʦʞʝʪ 

ʟʘʚʠʩʝʪʴ ʦʪ ʘʢʪʠʚʥʦʩʪʠ ʬʦʩʬʦʣʠʧʘʟʳ ʉ (Sun, Alkon, 2012). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʠʥʛʠʙʠʪʦʨʳ ʬʦʩʬʦʣʠʧʘʟʳ ʉ ʯʘʩʪʦ ʠʤʝʶʪ ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ. ʄʳ ʪʝʩʪʠʨʦʚʘʣʠ ʵʬʬʝʢʪʳ 

ʢʦʤʧʘʫʥʜʘ 48/80 (100 ʤʢʄ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʥ ʠʥʛʠʙʠʨʫʝʪ ʢʘʢ ʬʦʩʬʦʣʠʧʘʟʫ ʉ, ʪʘʢ ʠ 

ʢʘʣʴʤʦʜʫʣʠʥ) ʠ U-73122 (10 ʤʢʄ, ʢʦʪʦʨʳʡ ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʥʦ ʠʥʛʠʙʠʨʫʝʪ ʩʦʧʨʷʞʝʥʠʝ 



148 
 

  

G-ʧʨʦʪʝʠʥʘ ʩ ʘʢʪʠʚʘʮʠʝʡ ʬʦʩʬʦʣʠʧʘʟʳ ʉ ʠ ʛʠʜʨʦʣʠʟ ʬʦʩʬʦʠʥʦʟʠʪʠʜʦʚ ʜʦ ʠʥʦʟʠʪʦʣ-3-

ʬʦʩʬʘʪʘ). ʆʜʥʘʢʦ, ʤʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʬʦʩʬʦʣʠʧʘʟʳ ʉ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ 

ʵʬʬʝʢʪʘʤ, ʥʘʙʣʶʜʘʝʤʳʤ ʧʨʠ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʇʂʉ (ʨʠʩ. 51).  

 

ʈʠʩ. 52. ʋʯʘʩʪʠʝ ʬʦʩʬʦʣʠʧʘʟʳ ʉ ʚ ʵʬʬʝʢʪʘʭ ʫʜʘʣʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ 

ɸ ï ʯʘʩʪʦʪʘ ʄʇʂʇ (ʩ
-1
) ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʬʦʩʬʦʣʠʧʘʟʳ ʉ 

(ʢʦʤʧʘʫʥʜʘ 48/80 ʠ U-73122). ɹ ï ʀʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʄʇʂʇ (ʚ ʩ
-1
) ʚ ʦʪʚʝʪ ʥʘ 

ʘʧʧʣʠʢʘʮʠʶ ʄʎɼ ʧʨʠ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʬʦʩʬʦʣʠʧʘʟʳ ʉ ʢʦʤʧʘʫʥʜʦʤ 48/80 (ʪʝʤʥʳʝ 

ʪʨʝʫʛʦʣʴʥʠʢʠ) ʠ U-73122 (ʩʚʝʪʣʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ). ɺ ʠ ɻ ï ʋʤʝʥʴʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʳʭ FM1-43 ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ: ɺ ï ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ 

ʧʝʨʬʫʟʠʠ ʨʘʩʪʚʦʨʦʤ ʩ ʠʥʛʠʙʠʪʦʨʦʤ ʬʦʩʬʦʣʠʧʘʟʳ ʉ (ʢʦʤʧʘʫʥʜʦʤ 48/80 -  ʪʝʤʥʳʝ 

ʪʨʝʫʛʦʣʴʥʠʢ ʠ U-73122 ï ʩʚʝʪʣʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ), ɻ ï ʧʨʠ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ ʚ ʫʩʣʦʚʠʷʭ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʬʦʩʬʦʣʠʧʘʟʳ ʉ (ʢʦʤʧʘʫʥʜʦʤ 48/80 - ʪʝʤʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢ ʠ U-73122 ï 

ʩʚʝʪʣʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ).  
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ɸʧʧʣʠʢʘʮʠʷ ʢʦʤʧʘʫʥʜʘ 48/80 ʚʝʣʘ ʢ ʩʥʠʞʝʥʠʶ ʯʘʩʪʦʪʳ ʄʇʂʇ (ʜʦ 1.0Ñ0.15 

ʠʤʧ/ʩ, p<0.05) ʠ ʥʝ ʚʣʠʷʣʘ ʥʘ ʙʘʟʘʣʴʥʫʶ ʪʝʥʜʝʥʮʠʶ ʢ ʩʥʠʞʝʥʠʶ ʬʣʫʦʨʝʩʮʝʥʮʠʠ FM1-

43. ʅʘ ʬʦʥʝ ʢʦʤʧʘʫʥʜʘ 48/80 ʵʬʬʝʢʪʳ ʄʎɼ ʥʘ ʯʘʩʪʦʪʫ ʄʇʂʇ ʠ ʚʳʛʨʫʟʢʫ FM1-43 ʙʳʣʠ 

ʩʦʨʘʟʤʝʨʥʦ (ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ) ʦʩʣʘʙʣʝʥʳ. ʊʘʢ, ʢ 5 ʠ 10 ʤʠʥ ʜʝʡʩʪʚʠʷ ʄʎɼ ï ʯʘʩʪʦʪʘ 

ʄʇʂʇ ʚʦʟʨʘʩʪʘʣʘ ʜʦ 15.2Ñ3.1 ʠʤʧ/ʩ (n=7, p<0.01 ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ, 

#p<0.05 ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʄʎɼ) ʠ 25.1Ñ3 ʠʤʧ/ʩ (p<0.001, #p<0.001), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʪʦʛʜʘ ʢʘʢ ʧʘʜʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ FM1-43 ʧʨʦʠʩʭʦʜʠʣʦ ʜʦ 0.84Ñ0.02 

(n=7, p<0.01, #p<0.05) ʠ 0.67Ñ0.03 (p<0.001, #p<0.001), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʜʦʙʥʦʝ 

ʜʝʡʩʪʚʠʝ ʢʦʤʧʘʫʥʜʘ 48/80 ʥʘʧʦʤʠʥʘʝʪ ʵʬʬʝʢʪʳ ʠʥʛʠʙʠʪʦʨʦʚ ʧʫʪʠ ʅɸɼʌʅ-ʦʢʩʠʜʘʟʘ / 

ɸʌʂ / TRPV-ʢʘʥʘʣʳ / ʢʘʣʴʮʠʡ / ʢʘʣʴʮʠʥʝʚʨʠʥ, ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʣʦʢʠʨʦʚʘʥʠʝʤ 

ʢʦʤʧʘʫʥʜʦʤ 48/80 ʢʘʣʴʤʦʜʫʣʠʥʘ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʢʘʣʴʮʠʥʝʚʨʠʥʘ. 

ʆʙʨʘʙʦʪʢʘ U-73122 ʥʝʤʥʦʛʦ ʫʤʝʥʴʰʘʣʘ ʯʘʩʪʦʪʫ ʄʇʂʇ (ʜʦ 1.3Ñ0.1 ʠʤʧ/ʩ, n=7, 

p=0.05) ʠ ʥʝ ʠʤʝʣʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʳʟʚʘʥʥʦʝ ʄʎɼ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ 

ʄʇʂʇ. ʊʘʢ, ʯʝʨʝʟ 5 ʠ 10 ʤʠʥʫʪ ʵʢʩʧʦʟʠʮʠʠ ʄʎɼ ʯʘʩʪʦʪʘ ʄʇʂʇ ʜʦʩʪʠʛʘʣʘ 20.0Ñ3.1 

ʠʤʧ/ʩ (n=7, p<0.01 ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ, #p>0.05 ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʄʎɼ) ʠ 55.0Ñ2.0 ʠʤʧ/ʩ (p<0.001, #p>0.05). ʊʘʢʞʝ ʜʠʥʘʤʠʢʘ 

ʙʘʟʘʣʴʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ FM1-43 ʠ ʚʳʟʚʘʥʥʦʡ ʄʎɼ ʚʳʛʨʫʟʢʠ FM1-43 ʙʳʣʠ ʦʜʠʥʘʢʦʚʳ 

ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚ ʦʙʨʘʙʦʪʘʥʥʳʭ U-73122 ʧʨʝʧʘʨʘʪʘʭ. ʌʣʫʦʨʝʩʮʝʥʮʠʷ FM1-43 

ʫʤʝʥʴʰʘʣʘʩʴ ʜʦ 0.76Ñ0.03 (n=7, p<0.01, #p>0.05) ʠ 0.58Ñ0.03 (p<0.001, #p>0.05) ʯʝʨʝʟ 5 ʠ 

10 ʤʠʥ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʥʳʡ ʠʥʛʠʙʠʪʦʨ ʬʦʩʬʦʣʠʧʘʟʳ 

ʉ ʥʝ ʦʢʘʟʳʚʘʣ ʚʣʠʷʥʠʷ ʥʘ ʵʬʬʝʢʪʳ 10 ʤʄ ʄʎɼ ʥʘ ʩʧʦʥʪʘʥʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ 

ʘʮʝʪʠʣʭʦʣʠʥʘ / ʵʢʟʦʮʠʪʦʟ.  

 

4.3.9 ʄʝʭʘʥʠʟʤ ʭʦʣʝʩʪʝʨʠʥ-ʟʘʚʠʩʠʤʦʛʦ ʢʦʥʪʨʦʣʷ ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ 

ʄʎɼ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʄ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʠ 

ʨʘʟʨʫʰʝʥʠʷ ʨʘʬʪʦʚ (Zamir, Charlton, 2006; Wasser, Kavalali, 2009; Dason et al., 2010, 

2014; Smith et al., 2010; Texixeira et al., 2012; Rodrigues et al., 2013). ɺ ʵʪʦʡ ʜʦʟʝ ʄʎɼ 

ʫʤʝʥʴʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʤʝʤʙʨʘʥʝ ʥʘ 40-50% (ʩʫʜʷ ʧʦ ʩʥʠʞʝʥʠʶ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʬʠʣʠʧʠʥʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ), ʥʦ ʥʝ ʠʤʝʝʪ ʵʬʬʝʢʪʦʚ ʥʘ ʚʭʦʜʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ (Zamir, Charlton, 2006; Ormerod et al., 2012) ʠʣʠ 
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ʢʣʘʩʪʝʨʠʟʘʮʠ ʁʥʠʢʦʪʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ (Rodrigues et al., 

2013).  

ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʤʦʟʛʝ ʷʚʣʷʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʦʡ ʠ 

ʨʝʛʫʣʠʨʫʝʪʩ,̫ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʦʜʝʨʞʘʥʠʝʤ ʩʘʤʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ (Brown, Goldstein, 

1986). ʆʜʥʘʢʦ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʩʪʘʨʝʥʠʠ ʠ ʠʥʪʝʥʩʠʚʥʦʡ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʫʨʦʚʝʥʴ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʩʠʥʘʧʩʘʭ ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ (Sodero. et al., 2011). 

ʉʥʠʞʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʤʦʞʝʪ ʜʨʘʤʘʪʠʯʥʦ ʚʣʠʷʪʴ ʥʘ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ, 

ʟʘʪʨʘʛʠʚʘʷ ʢʘʢ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ɺ ʥʝʨʚʥʦ-

ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʣʷʛʫʰʢʠ, ʤʳʰʠ ʠ ʨʝʯʥʦʛʦ ʨʘʢʘ, ʩʠʥʘʧʪʦʩʦʤʘʭ, ʚʳʜʝʣʝʥʥʳʭ ʠʭ 

ʤʦʟʛʘ, ʛʠʧʧʦʢʘʤʧʘʣʴʥʳʭ ʠ ʤʦʟʞʝʯʢʦʚʳʭ ʩʠʥʘʧʩʘʭ ʧʨʠʩʫʪʩʪʚʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚʘʞʥʦ ʜʣʷ 

ʦʛʨʘʥʠʯʝʥʠʷ ʩʧʦʥʪʘʥʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʤʝʜʠʘʪʦʨʘ ʠ ʫʩʠʣʝʥʠʷ ʚʳʟʚʘʥʥʦʛʦ 

ʦʩʚʦʙʦʞʜʝʥʠʷ (Zamir, Charlton, 2006; Wasser, Kavalali, 2009; ʊʘʨʘʢʘʥʦʚʘ ʠ ʜʨ. 2011; 

Petrov et al., 2010, 2011; Teixeira et al., 2012). ʀʩʭʦʜʷ ʠʟ ʧʦʪʨʝʙʥʦʩʪʠ ʭʦʣʝʩʪʝʨʠʥʘ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʘʢʮʠʠ ʩʣʠʷʥʠʷ, ʣʝʞʘʱʝʡ ʚ ʦʩʥʦʚʝ ʣʶʙʦʛʦ ʪʠʧʘ ʵʢʟʦʮʠʪʦʟʘ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (Tong et al., 2009; Rituper ʝt al., 2012; Puchkov, Haucke, 2013), 

ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚ 

ʢʦʥʪʨʦʣʝ ʙʘʣʘʥʩʘ ʩʧʦʥʪʘʥʥʦʛʦ ʠ ʚʳʟʚʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ ʩʚʷʟʘʥʦ ʩ ʩʠʛʥʘʣʴʥʳʤʠ ʧʫʪʷʤʠ. 

 

4.3.9.1 ʈʦʣʴ ʧʫʪʠ ʅɸɼʌʅ-ʦʢʩʠʜʘʟʘ / ɸʌʂ / TRPV-ʢʘʥʘʣʳ / ʢʘʣʴʮʠʥʝʚʨʠʥ 

ʊʝʩʥʦ ʩʚʷʟʘʥʥʳʤʠ ʩ ʭʦʣʝʩʪʝʨʠʥʦʤ ʩʠʛʥʘʣʴʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʷʚʣʷʶʪʩʷ ɸʌʂ. ʇʨʠ 

ʵʪʦʤ ʫʜʘʣʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʵʬʬʝʢʪʳ ʥʘ 

ʧʨʦʜʫʢʮʠʶ ɸʌʂ (Jin et al., 2011). ʇʨʠ ʠʩʪʦʱʝʥʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʤʝʤʙʨʘʥ ʦʙʥʘʨʫʞʝʥʦ 

ʫʩʠʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʤʝʤʙʨʘʥʥʦʡ ʅɸɼʌʅ-ʦʢʩʠʜʘʟʳ ʚ ʢʣʝʪʢʘʭ ʧʨʦʢʩʠʤʘʣʴʥʳʭ 

ʢʘʥʘʣʴʮʝʚ ʧʦʯʝʢ (Han et al., 2008), ʘ ʚ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʘʦʨʪʳ ʦʙʥʘʨʫʞʝʥʦ 

ʦʩʣʘʙʣʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʅ2ʆ2 ʧʦʜ ʚʣʠʷʥʠʝʤ ʄʎɼ (Yang et al., 2006). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʚ ʢʫʣʴʪʫʨʝ ʛʠʧʧʦʢʘʤʧʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ ʢʨʳʩʳ ʧʦʪʝʨʷ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʨʝʥʠʷ 

ʩʚʷʟʘʥʘ ʩ ʫʩʠʣʝʥʥʦʡ ʥʝʡʨʦʧʝʨʝʜʘʯʝʡ ʠ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ɸʌʂ ʅɸɼʌʅ-

ʦʢʩʠʜʘʟʦʡ, ʯʪʦ ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʬʝʨʤʝʥʪʘ ʭʦʣʝʩʪʝʨʠʥ-ʛʠʜʨʦʢʩʠʣʘʟʳ 

(CYP46A1), ʦʢʠʩʣʷʶʱʠʡ ʭʦʣʝʩʪʝʨʠʥ ʚ 24-ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥ, ʧʦʢʠʜʘʶʱʠʡ 

ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʳ (Sodero et al., 2011). ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʫʚʝʣʠʯʝʥʠʝ ʚʥʝ- ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʧʨʠ ʫʜʘʣʝʥʠʠ 

ʭʦʣʝʩʪʝʨʠʥʘ. ʄʦʞʥʦ ʜʫʤʘʪʴ, ʯʪʦ ʬʝʨʤʝʥʪ ʅɸɼʌʅ-ʦʢʩʠʜʘʟʘ ʩʠʥʪʝʟʠʨʫʝʪ ʠ ʚʳʜʝʣʷʝʪ 

http://www.ncbi.nlm.nih.gov/pubmed?term=Rituper%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22726879
http://www.ncbi.nlm.nih.gov/pubmed?term=Puchkov%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23756446
http://www.ncbi.nlm.nih.gov/pubmed?term=Haucke%20V%5BAuthor%5D&cauthor=true&cauthor_uid=23756446
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ʅ2ʆ2 ʚʦ ʚʥʝʢʣʝʪʦʯʥʫʶ ʩʨʝʜʫ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʦʩʪʫʧʘʝʪ ʚ ʮʠʪʦʟʦʣʴ ʢʣʝʪʢʠ (Jin et al., 

2011). ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʰʠʤʠ ʥʝʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʠʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ 

ʜʘʥʥʳʤʠ, ʚʳʷʚʠʚʰʠʤʠ ʥʘʣʠʯʠʝ ʦʜʥʦʡ ʠʟ ʬʦʨʤ ʅɸɼʌʅ-ʦʢʩʠʜʘʟʳ (Nox2) ʚ 

ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ ʣʷʛʫʰʢʠ. ɼʦ ʵʪʦʛʦ Nox2 ʠʟʦʬʦʨʤʘ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ 

ʚ ʩʠʥʘʧʪʦʩʦʤʘʭ ʤʳʰʠ, ʛʜʝ ʢʦʣʦʢʘʣʠʟʦʚʘʣʘʩʴ ʩ ʙʝʣʢʦʤ ʩʠʥʘʧʪʦʬʠʟʠʥʦʤ, ʤʘʨʢʠʨʫʶʱʠʤ 

ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʩʘʡʪʳ (Tejada-Simon MV etal., 2005). ɺʦʟʤʦʞʥʦ, ʧʨʦʜʫʢʮʠʷ ɸʌʂ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦ ʜʣʠʥʝ ʥʝʨʚʥʦʡ ʪʝʨʤʠʥʘʣʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʶʪʩʷ 

ʣʦʢʘʣʴʥʳʝ çʦʙʣʘʢʘè ɸʌʂ. C ʧʦʤʦʱʴʶ ʦʢʨʘʩʢʠ ʤʘʨʢʝʨʦʤ H2DCF ʥʘʤʠ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʘʭ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʧʫʣʦʚ ɸʌʂ. ɹʣʦʢʠʨʦʚʘʥʠʝ ʅɸɼʌʅ-ʦʢʩʠʜʘʟʳ 

ʘʧʦʮʠʥʠʥʦʤ ʠ ʭʝʣʘʪʠʨʦʚʘʥʠʝ ɸʌʂ ʩ ʧʦʤʦʱʴʶ ʘʥʪʠʦʢʩʠʜʘʥʪʘ NAC ʧʨʝʧʷʪʩʪʚʦʚʘʣʦ 

ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʌʂ ʧʨʠ ʫʜʘʣʝʥʠʠ ʭʦʣʝʩʪʝʨʠʥʘ. ʇʨʠ ʵʪʦʤ ʥʘ ʬʦʥʝ ʜʝʡʩʪʚʠʷ 

ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʵʬʬʝʢʪ ʄʎɼ ʥʘ ʩʧʦʥʪʘʥʥʳʡ ʵʢʟʦʮʠʪʦʟ ʙʳʣ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʝʥ.  

ʇʦʚʳʰʝʥʥʘʷ ʧʨʦʜʫʢʮʠʷ ɸʌʂ ʤʦʞʝʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʚ ʪʦʤ ʯʠʩʣʝ, ʥʘʧʨʷʤʫʶ ʚʣʠʷʪʴ ʥʘ ʩʙʦʨʢʫ SNARE-ʢʦʤʧʣʝʢʩʘ, 

ʫʛʥʝʪʘʷ ʚʳʟʚʘʥʥʳʡ ʵʢʟʦʮʠʪʦʟ (Giniatullin et al., 2005, 2006, 2015; Tsentsevitsky et al., 

2011). ʄʳ ʧʦʧʳʪʘʣʠʩʴ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʝ ʤʠʰʝʥʠ ɸʌʂ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʩʧʦʥʪʘʥʥʳʡ ʵʢʟʦʮʠʪʦʟ. ɸʌʂ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʉʘ
2+

-ʢʘʥʘʣʳ ʚʦʟʙʫʜʠʤʳʭ 

ʢʣʝʪʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʠʘʥʦʜʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ, ʦʩʚʦʙʦʞʜʘʶʱʠʝ ʉʘ
2+

 ʠʟ 

ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʩʝʪʠ, ʠ TRPV-ʢʘʥʘʣʳ, ʧʨʦʧʫʩʢʘʶʱʠʝ ʠʦʥʳ ʢʘʣʴʮʠʷ ʠʟ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ ʚ ʮʠʪʦʧʣʘʟʤʫ (Song et al., 2011). ɺ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʣʷʛʫʰʢʠ 

ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʝ ʉʘ
2+

-ʢʘʥʘʣʳ ʨʘʩʧʦʣʦʞʝʥʳ ʦʢʦʣʦ ʨʠʘʥʦʜʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʜʝʧʦ, ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʩʪʠʤʫʣʷʮʠʷ ʟʘʧʫʩʢʘʝʪ ʉʘ
2+

-ʚʳʟʚʘʥʥʦʝ 

ʦʩʚʦʙʦʞʜʝʥʠʝ ʉʘ
2+
, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʩʠʥʭʨʦʥʥʦʤʫ ʦʩʚʦʙʦʞʜʝʥʠʶ (Narita et al., 

2000). ʆʜʥʘʢʦ, ʚ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʣʦʢʠʨʦʚʘʥʠʝ ʦʩʚʦʙʦʞʜʝʥʠʷ ʉʘ
2+

 ʠʟ 

ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʩʝʪʠ ʦʢʘʟʳʚʘʣʦ ʤʠʥʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʥʘ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʡ ʉʘ
2+

-

ʩʠʛʥʘʣ ʠ ʘʩʠʥʭʨʦʥʥʫʶ ʩʝʢʨʝʮʠʶ, ʫʢʘʟʳʚʘʷ ʥʘ ʥʝʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʳʜʝʣʝʥʠʷ ʉʘ
2+

 

ʠʟ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʜʝʧʦ (Carter et al., 2002). ɺ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʪʝʨʤʠʥʘʣʷʭ ʉ-

ʚʦʣʦʢʦʥ ʚ ʷʜʨʝ ʦʜʠʥʦʯʥʦʛʦ ʧʫʪʠ ʠʤʝʶʪʩʷ TRPV1 ʢʘʥʘʣʳ, ʚʭʦʜ ʢʘʣʴʮʠʷ ʧʨʠ ʘʢʪʠʚʘʮʠʠ 

ʢʦʪʦʨʳʭ ʠʟʙʠʨʘʪʝʣʴʥʦ ʫʩʠʣʠʚʘʝʪ ʩʧʦʥʪʘʥʥʳʡ ʠ ʧʦʜʘʚʣʷʝʪ ʩʠʥʭʨʦʥʥʳʡ ʵʢʟʦʮʠʪʦʟ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (Andersen et al., 2012). ʇʨʠʤʝʥʝʥʠʝ ʪʝʪʨʘ-ʙʫʪʠʣ-ʛʠʜʨʦʧʝʨʦʢʩʠʜʘ, 

ʢʘʢ ʜʦʥʦʨʘ ɸʌʂ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʯʘʩʪʦʪʫ ʩʧʦʥʪʘʥʥʳʭ ʚʦʟʙʫʞʜʘʶʱʠʭ 

http://www.ncbi.nlm.nih.gov/pubmed?term=Song%20MY%5BAuthor%5D&cauthor=true&cauthor_uid=21126186
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ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʥʝʡʨʦʥʘʭ ʞʝʣʘʪʠʥʦʟʥʦʡ ʩʫʙʩʪʘʥʮʠʠ, ʠ ʵʪʦ ʫʩʠʣʝʥʠʝ 

ʧʦʜʘʚʣʷʝʪʩʷ ʘʥʪʘʛʦʥʠʩʪʦʤ TRPV1 ʢʘʥʘʣʦʚ (ʢʘʧʩʘʟʝʧʠʥʦʤ) (Nishio et al., 2013). ʈʘʥʝʝ 

ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʷʭ ʤʳʰʠ 

ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ TRPV1 ʢʘʥʘʣʳ (Thyagarajan al. 2009), ʘʢʪʠʚʘʮʠʷ ʢʦʪʦʨʳʭ ʤʦʞʝʪ 

ʧʦʜʘʚʣʷʪʴ ʚʳʟʚʘʥʥʫʶ ʩʝʢʨʝʮʠʶ (Thyagarajan al. 2014). ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʠʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʷʭ ʣʷʛʫʰʢʠ 

ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ TRPV1 ʢʘʥʘʣʳ, ʧʨʠʯʝʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʝʛʠʦʥʝ ʚʦʢʨʫʛ ʘʢʪʠʚʥʳʭ 

ʟʦʥ, ʣʝʞʘʱʠʭ ʥʘʧʨʦʪʠʚ ʢʣʘʩʪʝʨʦʚ (ʚ ʚʠʜʝ ʧʦʣʦʩʦʢ) ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ (Robitaille et al., 1996). ɹʦʣʝʝ ʪʦʛʦ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ TRPV1 

ʢʘʥʘʣʦʚ ʩʪʘʥʦʚʠʣʦʩʴ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ. ʕʪʦ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ 

ʥʘʨʫʰʝʥʠʝ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʢʘʥʘʣʦʚ ʠ / ʠʣʠ ʚʩʪʨʘʠʚʘʥʠ ̫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʚ 

ʧʣʘʟʤʘʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʟʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ 

TRPV1 ʢʘʥʘʣʳ (Goswami et al., 2010). 

ʅʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠʦʥʦʚ ʢʘʣʴʮʠʷ 

ʧʨʠ ʫʜʘʣʝʥʠʠ ʭʦʣʝʩʪʝʨʠʥʘ, ʢʦʪʦʨʦʝ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ ʬʦʥʝ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʠ ʫʛʥʝʪʘʣʦʩʴ 

ʧʨʠ ʠʥʛʠʙʠʨʦʚʘʥʠʠ TRPV ʢʘʥʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʥʘ ʬʦʥʝ ʢʘʢ ʭʝʣʘʪʠʨʦʚʘʥʠʷ ʠʦʥʦʚ ʉʘ
2+
, ʪʘʢ 

ʠ ʙʣʦʢʠʨʦʚʘʥʠʷ TRPV ʢʘʥʘʣʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʣʦʩʴ ʦʧʦʩʨʝʜʫʝʤʦʝ ʄʎɼ ʫʩʠʣʝʥʠʝ 

ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ. ɺʩʝ ʵʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʤʝʤʙʨʘʥʥʳʡ ʭʦʣʝʩʪʝʨʠʥ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʜʝʨʞʠʚʘʝʪ ʧʨʦʜʫʢʮʠʶ ɸʌʂ ʠ, ʪʘʢʠʤ ʧʫʪʝʤ, ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʘʢʪʠʚʘʮʠʠ TRPV ʢʘʥʘʣʦʚ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʚʭʦʜ ʢʘʣʴʮʠʷ ʯʝʨʝʟ ʢʦʪʦʨʳʝ 

ʫʩʠʣʠʚʘʝʪ ʩʧʦʥʪʘʥʥʳʡ ʵʢʟʦʮʠʪʦʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʵʢʟʦʛʝʥʥʘʷ ʘʧʧʣʠʢʘʮʠʷ H2O2 

ʚ ʥʠʟʢʠʭ ʤʠʢʨʦʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʝ ʚʣʠʷʣʘ ʥʘ ʯʘʩʪʦʪʫ ʄʊʂʇ, ʘ ʚ ʚʳʩʦʢʠʭ (100-

300 ʤʢʄ) - ʫʛʥʝʪʘʣʘ ʯʘʩʪʦʪʫ ʄʊʂʇ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʢʦʥʪʘʢʪʝ ʣʷʛʫʰʢʠ (Giniatullin, 

Giniatullin, 2003). ʇʦʩʣʝʜʥʝʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ ʵʢʟʦʛʝʥʥʦʡ ɸʌʂ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʙʝʣʢʠ ʵʢʟʦʮʠʪʦʟʘ (ʚ ʯʘʩʪʥʦʩʪʠ, SNAP-25), ʯʪʦ ʫʛʥʝʪʘʝʪ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ (Giniatullin et al., 2006). ʄʦʞʥʦ ʜʫʤʘʪʴ, ʯʪʦ ʧʨʠ ʫʜʘʣʝʥʠʠ 

ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʵʬʬʝʢʪʠʚʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ɸʌʂ ʩʦʟʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʣʦʢʘʣʠʟʫʶʪʩʷ TRPV ʢʘʥʘʣʳ. ʅʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʭʦʣʝʩʪʝʨʠʥʘ TRPV ʢʘʥʘʣʳ ʦʙʣʘʜʘʶʪ ʩʣʘʙʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ɸʌʂ, ʪʦʛʜʘ ʢʘʢ ʠʩʪʦʱʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʠʭ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (Levitan et al., 2014). ʊʘʢ, ʚ HEK-ʢʣʝʪʢʘʭ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ TRPV1-
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ʢʘʥʘʣʳ, ʦʙʦʛʘʱʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʦʤ (ʥʦ ʥʝ ʝʛʦ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʦʤ ʵʧʠʭʦʣʝʩʪʝʨʠʥʦʤ) 

ʧʨʠʚʦʜʠʣʦ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʪʦʢʦʚ ʯʝʨʝʟ TRPV1 ʢʘʥʘʣʳ, ʚʳʟʚʘʥʥʳʭ ʢʘʧʩʘʠʮʠʥʦʤ 

(Picazo-Juarez et al., 2011).  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʪʦʣʴʢʦ ʪʨʘʥʟʠʪʦʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ɸʌʂ 

ʚʩʣʝʜ ʟʘ ʘʧʧʣʠʢʘʮʠʝʡ ʄʎɼ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʧʝʨʚʳʝ 5 ʤʠʥ ʵʢʩʧʦʟʠʮʠʠ), ʪʦʛʜʘ ʢʘʢ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʢʘʣʴʮʠʡ ʠ ʩʧʦʥʪʘʥʥʳʡ ʵʢʟʦʮʠʪʦʟ ʧʨʦʜʦʣʞʘʣʠ ʚʦʟʨʘʩʪʘʪʴ ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ɸʌʂ ʪʨʝʙʫʶʪʩʷ ʪʦʣʴʢʦ ʚ 

ʥʘʯʘʣʴʥʦʡ ʬʘʟʝ, ʥʦ ʥʝ ʚʧʦʩʣʝʜʩʪʚʠʠ. ɺʦʟʤʦʞʥʦ, ʦʜʥʘʞʜʳ ʧʦʚʳʩʠʚʰʠʩʴ, ɸʌʂ 

ʘʢʪʠʚʠʨʫʶʪ TRPV ʢʘʥʘʣʳ, ʢʦʪʦʨʳʝ ʧʨʦʜʦʣʞʘʶʪ ʦʧʦʩʨʝʜʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʮʠʪʦʟʦʣʴʥʦʛʦ 

ʢʘʣʴʮʠʷ ʚ ʧʦʩʣʝʜʫʶʱʠʡ ʧʝʨʠʦʜ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʫʨʦʚʥʷ 

ʮʠʪʦʟʦʣʴʥʦʛʦ ʢʘʣʴʮʠʷ ʧʦʩʣʝ ʦʩʪʨʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʙʣʦʢʘʪʦʨʘ TRPV ʢʘʥʘʣʦʚ ʚ ʪʝʯʝʥʠʝ 

ʧʝʨʠʦʜʘ ʜʝʡʩʪʚʠʷ ʄʎɼ. ʉʢʦʨʦʪʝʯʥʳʡ ʚʩʧʣʝʩʢ ɸʌʂ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ TRPV1 ʢʘʥʘʣʦʚ ʯʝʨʝʟ ʢʦʚʘʣʝʥʪʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʮʠʩʪʝʠʥʦʚ, ʯʪʦ 

ʚʳʟʳʚʘʝʪ ʩʪʦʡʢʫʶ ʤʦʜʫʣʷʮʠʶ ʠʭ ʘʢʪʠʚʥʦʩʪʠ (Chuang, Lin, 2009). ʆʜʥʘʢʦ ʚʨʝʤʝʥʥʦʡ 

ʧʨʦʬʠʣʴ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʜʠʥʘʤʠʢʠ ʢʘʣʴʮʠʷ ʥʝ ʪʦʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʥʘʤʠʢʝ 

ʦʩʚʦʙʦʞʜʝʥʠʷ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ (ʚ ʧʝʨʚʳʝ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʄʎɼ, 

ʢʘʣʴʮʠʡ ʧʨʦʜʦʣʞʘʝʪ ʥʝʤʥʦʛʦ ʚʦʟʨʘʩʪʘʪʴ, ʘ ʦʩʚʦʙʦʞʜʝʥʠʝ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʥʘʨʷʜʫ ʩ ʮʠʪʦʟʦʣʴʥʳʤ 

ʢʘʣʴʮʠʝʤ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʦʩʚʦʙʦʞʜʝʥʠʝ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ, ʚʳʟʚʘʥʥʦʝ ʫʜʘʣʝʥʠʝʤ 

ʭʦʣʝʩʪʝʨʠʥʘ. ɺ ʜʦʧʦʣʥʝʥʠʝ, ʫʚʝʣʠʯʠʚʘʶʱʠʡʩʷ ʮʠʪʦʟʦʣʴʥʳʡ ʢʘʣʴʮʠʡ ʤʦʞʝʪ ʟʘʤʝʜʣʷʪʴ 

ʠʣʠ ʠʥʛʠʙʠʨʦʚʘʪʴ ʵʥʜʦʮʠʪʦʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (von Gersdorff, Matthews, 1994; 

Leitz, Kavalali, 2011). ʊʘʢʞʝ ʜʣʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʄʎɼ ʤʦʞʝʪ ʥʘʨʫʰʘʪʴ ʵʥʜʦʮʠʪʦʟ ʠ 

ʨʝʮʠʢʣʠʨʦʚʘʥʠʝ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʫʤʝʥʴʰʘʷ ʨʘʟʤʝʨ ʧʫʣʘ ʚʝʟʠʢʫʣ, ʩʧʦʩʦʙʥʳʭ ʢ 

ʧʦʚʪʦʨʥʦʤʫ ʵʢʟʦʮʠʪʦʟʫ (ʇʝʪʨʦʚ ʠ ʜʨ. 2009; Dason et al., 2010; Petrov et al., 2011). 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʦʚ ʫʜʘʣʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ 

ʭʦʣʝʩʪʝʨʠʥʘ ʦʪ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʪʝʠʥʢʠʥʘʟ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʦʪʝʠʥʢʠʥʘʟ ɸ ʠ ʉ, 

ʢʘʣʴʤʦʜʫʣʠʥ-ʟʘʚʠʩʠʤʦʡ ʧʨʦʪʝʠʥʢʠʥʘʟʳ (Smith A.J. et al., 2010; Teixeira et al., 2012). 

ʆʜʥʘʢʦ ʨʦʣʴ ʢʘʣʴʮʠʡ / ʢʘʣʴʤʦʜʫʣʠʥ ʘʢʪʠʚʠʨʫʝʤʦʡ ʬʦʩʬʘʪʘʟʳ ʢʘʣʴʮʠʥʝʚʨʠʥʘ ʚ 

ʫʩʠʣʝʥʠʠ ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ ʧʨʠ ʫʜʘʣʝʥʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʥʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ. 

ʂʘʣʴʮʠʥʝʚʨʠʥ (ʬʦʩʬʘʪʘʟʘ PP2B) ʩʧʦʩʦʙʝʥ ʜʝʬʦʩʬʦʨʠʣʠʨʦʚʘʪʴ ʙʝʣʢʠ, ʚʦʚʣʝʯʝʥʥʳʝ ʚ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʡ ʚʝʟʠʢʫʣʷʨʥʳʡ ʮʠʢʣ (ʜʠʥʘʤʠʥ, ʘʤʬʠʬʠʟʠʥ, ʩʠʥʘʧʪʦʷʥʠʥ, ʵʧʩʠʥ, 

Eps15, Arf6, ʬʦʩʬʦʠʥʦʟʠʪʦʣ-5-ʢʠʥʘʟʫ), ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʟʘʧʫʩʢʝ ʵʥʜʦʮʠʪʦʟʘ (Geung, Cousin 
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2013) ʠ ʢʦʥʪʨʦʣʝ ʵʢʟʦʮʠʪʦʟʘ (Jensen, Edwards, 2012; Marra et al., 2012; ɻʘʡʜʫʢʦʚ ʠ ʜʨ. 

2013; Wong et al., 2014). ɺʦʟʤʦʞʥʦʩʪʴ ʟʘʚʠʩʠʤʦʡ ʦʪ TRPV1 ʢʘʥʘʣʦʚ ʘʢʪʠʚʘʮʠʠ 

ʢʘʣʴʮʠʥʝʚʨʠʥʘ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ ʛʠʧʧʦʢʘʤʧʘ, 

ʛʜʝ ʢʘʣʴʮʠʥʝʚʨʠʥ ʠʥʜʫʮʠʨʦʚʘʣ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʜʝʧʨʝʩʩʠʶ (Jensen, Edwards, 2012), ʠ 

ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʷʭ Drosophila (Wong et al., 2014). ɺ ʥʘʰʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʥʘ ʬʦʥʝ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʘʣʴʮʠʥʝʚʨʠʥʘ ʫʩʠʣʝʥʠʝ 

ʵʢʟʦʮʠʪʦʟʘ ʧʨʠ ʫʜʘʣʝʥʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʙʳʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʦʢʘʜʘʠʢʦʚʘʷ ʢʠʩʣʦʪʘ (ʚ ʥʘʥʦʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʙʣʦʢʠʨʫʶʱʘʷ ʬʦʩʬʘʪʘʟʳ PP1 ʠ 

PP2ɸ) ʥʝ ʠʟʤʝʥʷʣʘ ʵʬʬʝʢʪʳ ʄʎɼ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʤʝʥʥʦ ʘʢʪʠʚʥʦʩʪʴ ʢʘʣʴʮʠʥʝʚʨʠʥʘ 

ʚʘʞʥʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʦʪʝʢʘʥʠʷ ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʧʨʠ 

ʩʥʠʞʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʤʝʤʙʨʘʥʝ. ɺʦʟʤʦʞʥʦ, ʘʢʪʠʚʘʮʠʷ ʢʘʣʴʮʠʥʝʚʨʠʥʘ 

ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʝʟʠʢʫʣ, ʚʦʚʣʝʢʘʶʱʠʭʩʷ ʚ ʠʥʜʫʮʠʨʫʝʤʳʡ ʫʜʘʣʝʥʠʝʤ 

ʭʦʣʝʩʪʝʨʠʥʘ ʵʢʟʦʮʠʪʦʟ. ɺ ʛʠʧʧʦʢʘʤʧʘʣʴʥʳʭ ʩʠʥʘʧʩʘʭ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʢʘʣʴʮʠʥʝʚʨʠʥʘ 

ʨʝʟʢʦ ʩʥʠʞʘʣʦ ʬʨʘʢʮʠʶ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (Marra et al., 2012), 

ʘ ʥʦʢʘʫʪ ʛʝʥʘ ʢʘʣʴʮʠʥʝʚʨʠʥʘ ʫʚʝʣʠʯʠʚʘʣ ʨʘʟʤʝʨ çʦʪʜʳʭʘʶʱʝʛʦè (ʨʝʟʝʨʚʥʦʛʦ) ʧʫʣʘ, 

ʢʦʪʦʨʳʡ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ (Kim, Ryan, 2010). 

ɼʨʫʛʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʢʘʣʴʮʠʥʝʚʨʠʥʘ ʪʨʝʙʫʝʪʩʷ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʵʥʜʦʮʠʪʦʟʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʝʟʠʢʫʣ, 

ʠʤʝʶʱʠʭ ʚʳʩʦʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʣʠʷʥʠʶ (Rose et al., 2013).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʢʘʩʢʘʜʘ 

ʩʦʙʳʪʠʡ, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʩʧʦʥʪʘʥʥʦʡ ʩʝʢʨʝʮʠʠ ʠ 

ʵʢʟʦʮʠʪʦʟʘ ʧʨʠ ʠʩʪʦʱʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ. ʋʜʘʣʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ 

ʭʦʣʝʩʪʝʨʠʥʘ ʘʢʪʠʚʠʨʫʝʪ ʅɸɼʌʅ-ʦʢʩʠʜʘʟʫ, ʩʠʥʪʝʟʠʨʫʶʱʫʶ ɸʌʂ, ʢʦʪʦʨʳʝ 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ TRPV ʢʘʥʘʣʳ, ʚʧʫʩʢʘʶʱʠʝ ʢʘʣʴʮʠʡ ʚ ʮʠʪʦʟʦʣʴ. ʂʘʣʴʮʠʡ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʢʘʣʴʤʦʜʫʣʠʥʦʤ ʠ ʘʢʪʠʚʠʨʫʝʪ ʬʦʩʬʘʪʘʟʫ ʢʘʣʴʮʠʥʝʚʨʠʥ, ʜʝʬʦʩʬʦʨʠʣʠʨʫʶʱʫʶ ʙʝʣʢʠ, 

ʚʦʚʣʝʯʝʥʥʳʝ ʚ ʧʦʜʜʝʨʞʘʥʠʝ ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʷ ʵʢʟʦʮʠʪʦʟʘ ʥʝʦʙʭʦʜʠʤʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʦʩʪʘʚʢʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʚ 

ʩʘʡʪʳ ʵʢʟʦʮʠʪʦʟʘ ʠ ʢʦʤʧʝʥʩʘʪʦʨʥʳʡ ʵʥʜʦʮʠʪʦʟ. ɺʦʟʤʦʞʥʦ, ʘʢʪʠʚʘʮʠʷ ʢʘʣʴʮʠʥʝʚʨʠʥʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʪʝʢʘʥʠʶ ʵʪʠʭ ʵʪʘʧʦʚ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʮʠʢʣʘ (ʨʠʩ. 53). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʚʩʝʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʫʩʠʣʝʥʠʝ ʵʢʟʦʮʠʪʦʟʘ 

ʧʨʠ ʠʩʪʦʱʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʧʦʣʥʦʩʪʴʶ ʥʝ ʫʩʪʨʘʥʷʣʦʩʴ. ʊʘʢ, ʥʘ ʬʦʥʝ 

ʘʥʪʠʦʢʩʠʜʘʥʪʘ, ʉʘ
2+

-ʭʝʣʘʪʦʨʘ, ʨʫʪʝʥʠʷ ʢʨʘʩʥʦʛʦ, ʢʘʧʩʘʟʝʧʠʥʘ  ʠ ʮʠʢʣʦʩʧʦʨʠʥʘ ɸ 
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ʵʬʬʝʢʪʳ ʄʎɼ ʥʘ ʯʘʩʪʦʪʫ ʄʇʂʇ ʠ ʚʳʛʨʫʟʢʫ ʢʨʘʩʠʪʝʣʷ ʦʩʣʘʙʣʷʣʠʩʴ ʥʘ 65-75%. ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ (ʠʣʠ 

ʤʝʭʘʥʠʟʤʦʚ), ʫʩʠʣʠʚʘʶʱʝʛʦ ʵʢʟʦʮʠʪʦʟ ʧʨʠ ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʷ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ. 

ɺʦʟʤʦʞʥʦ, ʩʚʦʡ ʚʢʣʘʜ ʚ ʵʬʬʝʢʪʳ ʫʜʘʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʚʥʦʩʷʪ ʠʟʤʝʥʝʥʠʷ 

ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʤʙʨʘʥ ʠ ʧʦʨʳ ʩʣʠʷʥʠʷ, ʜʠʥʘʤʠʢʠ ʮʠʪʦʩʢʝʣʝʪʘ, ʘʢʪʠʚʥʦʩʪʠ 

ʙʝʣʢʦʚ ʤʝʭʘʥʠʟʤʘ ʩʣʠʷʥʠʷ, ʧʨʦʪʝʠʥʢʠʥʘʟ ʠ ʬʦʩʬʦʣʠʧʘʟ, ʤʘʣʳʭ ɻʊʌʘʟ ʠ ʜʨ. (Zamir, 

Charlton, 2006; Wasser, Kavalali, 2009; Smith et al., 2010; Teixeira G et al., 2012; Hissa et 

al., 2013; Petrov et al., 2014, 2015). 

 

ʈʠʩ. 53. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ɸʌʂ-ʟʘʚʠʩʠʤʳʡ ʧʫʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʫʜʘʣʝʥʠʷ 

ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ ʩʧʦʥʪʘʥʥʳʡ ʵʢʟʦʮʠʪʦʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ 

ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʫʩʠʣʠʚʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʤʝʤʙʨʘʥʥʦʛʦ 

ʬʝʨʤʝʥʪʘ ʅɸɼʌʅ-ʦʢʩʠʜʘʟʳ, ʢʦʪʦʨʘʷ ʧʨʦʜʫʮʠʨʫʝʪ ɸʌʂ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʜʝʨʞʘʥʠʝ ɸʌʂ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʘʢ ʚʦ ʚʥʝ-, ʪʘʢ ʠ ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʨʝʜʝ. ʕʪʦ ʚʝʜʝʪ ʢ ʘʢʪʠʚʘʮʠʠ TRPV 

ʢʘʥʘʣʦʚ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʢʦʪʦʨʳʝ ʚʧʫʩʢʘʶʪ ʢʘʣʴʮʠʡ ʚ ʮʠʪʦʧʣʘʟʤʫ. 

ʇʦʚʳʰʝʥʠʝ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʢʘʣʴʮʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʜʜʝʨʞʘʥʠʶ ʩʧʦʥʪʘʥʥʦʛʦ 

ʵʢʟʦʮʠʪʦʟʘ ʥʘ ʧʦʚʳʰʝʥʥʦʤ ʫʨʦʚʥʝ. ʂʘʣʴʮʠʡ ʤʦʞʝʪ ʘʢʪʠʚʠʨʦʚʘʪʴ ʬʦʩʬʘʪʘʟʫ 

ʢʘʣɹʮʠʥʝʚʨʠʥ, ʢʦʪʦʨʘʷ, ʜʝʬʦʩʬʦʨʠʣʠʨʫʷ ʙʝʣʢʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʚʝʟʠʢʫʣʷʨʥʦʤ ʮʠʢʣʝ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʚʣʝʯʝʥʠʶ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʚ ʩʧʦʥʪʘʥʥʳʡ ʵʢʟʦʮʠʪʦʟ ʠ ʦʙʣʝʛʯʘʝʪ 

ʵʥʜʦʮʠʪʦʟ. ʉʣʝʜʫʝʪ ʦʛʦʚʦʨʠʪʴʩʷ, ʯʪʦ ʦʙʥʘʨʫʞʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʘʨʷʜʫ ʩ 

ʜʨʫʛʠʤʠ, ʧʦʩʢʦʣʴʢʫ ʫʜʘʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʧʦʪʝʥʮʠʨʫʝʪ ʩʧʦʥʪʘʥʥʳʡ ʵʢʟʦʮʠʪʦʟ, ʭʦʪʷ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ, ʠ ʧʨʠ ʙʣʦʢʘʜʝ ʵʣʝʤʝʥʪʦʚ ʧʫʪʠ ʅɸɼʌʅ-ʦʢʩʠʜʘʟʘ ï ɸʌʂ ï TRPV-

ʢʘʥʘʣʳ ï ʉʘ
2+

 ïʢʘʣʴʮʠʥʝʚʨʠʥ. 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʩʠʣʝʥʠʝ ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʠʩʪʦʱʝʥʠʠ ʭʦʣʝʩʪʝʨʠʥʘ (10 ʤʄ ʄʎɼ). ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʘʢʦʝ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʩʚʝʨʭʚʳʩʦʢʦʡ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʘʢʪʠʚʘʮʠʷ ʧʫʪʠ ʅɸɼʌʅ-ʦʢʩʠʜʘʟʘ / ɸʌʂ / TRPV1 ʢʘʥʘʣʳ, ʦʙʥʘʨʫʞʝʥʥʘʷ ʥʘʤʠ ʧʨʠ 

ʫʜʘʣʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʢʘʟʘʪʝʣʝʤ ʫʩʠʣʝʥʥʦʡ 

ʥʝʡʨʦʧʝʨʝʜʘʯʠ. ʇʦʩʣʝʜʫʶʱʘʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ ʤʦʞʝʪ 

ʦʛʨʘʥʠʯʠʚʘʪʴ ʚʳʟʚʘʥʥʫʶ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʯʝʨʝʟ ʠʩʪʦʱʝʥʠʝ ʟʘʧʘʩʘ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʜʝʩʝʥʩʠʪʠʟʘʮʠʶ ʨʝʮʝʧʪʦʨʦʚ ʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʙʝʣʢʦʚʦʛʦ ʩʠʥʪʝʟʘ 

ʚ ʩʠʥʘʧʩʝ (Kavalali, 2015). ɺʦʟʤʦʞʥʦ, ʪʘʢʠʤ ʧʫʪʝʤ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʭʦʣʝʩʪʝʨʠʥ-

ʟʘʚʠʩʠʤʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ, ʩʧʦʩʦʙʥʘʷ ʫʛʥʝʪʘʪʴ ʚʳʟʚʘʥʥʳʡ ʵʢʟʦʮʠʪʦʟ, 

ʫʩʠʣʠʚʘʷ ʩʧʦʥʪʘʥʥʳʡ ʵʢʟʦʮʠʪʦʟ. 

 

4.3.9.2 ʉʚʷʟʴ ʤʝʭʘʥʠʟʤʘ ʵʢʟʦʮʠʪʦʟʘ, ʚʳʟʚʘʥʥʦʛʦ ʫʜʘʣʝʥʠʝʤ ʭʦʣʝʩʪʝʨʠʥʘ, ʩ 

ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʦʪʝʠʥʢʠʥʘʟʘ ʉ ʚʦʚʣʝʯʝʥʘ ʚ ʚʳʟʚʘʥʥʦʝ ʄʎɼ ʫʩʠʣʝʥʠʝ 

ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ ʚ ʤʦʟʞʝʯʢʦʚʳʭ ʩʠʥʘʧʩʘʭ ʠ ʩʠʥʘʧʪʦʩʦʤʘʭ (Smith et al., 2010; 

Teixeira et al., 2012). ʆʜʥʘʢʦ ʧʨʠ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ ʩ ʧʦʤʦʱʴʶ 

ʤʝʤʙʨʘʥʦʧʨʦʥʠʢʘʶʱʝʛʦ ʧʝʧʪʠʜʘ ʠʣʠ ʭʝʣʝʨʠʪʨʠʥ ʭʣʦʨʠʜʘ ʜʨʘʤʘʪʠʯʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʵʬʬʝʢʪʦʚ ʄʎɼ ʥʘ ʯʘʩʪʦʪʫ ʄʇʂʇ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ. ʊʦʣʴʢʦ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ 

ʜʝʡʩʪʚʠʷ ʄʎɼ (ʜʦ 7-8 ʤʠʥ) ʯʘʩʪʦʪʘ ʄʇʂʇ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʙʳʩʪʨʝʝ, ʢʦʛʜʘ 

ʧʨʦʪʝʠʥʢʠʥʘʟʘ ʉ ʙʳʣʘ ʙʣʦʢʠʨʦʚʘʥʘ. ʅʝʦʞʠʜʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 

FM1-43, ʢʦʪʦʨʳʝ ʫʢʘʟʘʣʠ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʚʳʛʨʫʟʢʠ ʤʘʨʢʝʨʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʚʳʰʝʥʥʫʶ 

ʯʘʩʪʦʪʫ ʄʇʂʇ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ, ʝʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ ʧʨʦʪʝʢʘʥʠʝ ʩʝʢʨʝʮʠʠ 

ʤʝʜʠʘʪʦʨʘ ʧʦ ʤʝʭʘʥʠʟʤʫ kiss-and-run, ʧʨʠ ʢʦʪʦʨʦʤ ʤʝʞʜʫ ʚʝʟʠʢʫʣʦʡ ʠ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʩʢʦʨʦʪʝʯʥʘʷ ʙʝʣʢʦʚʘʷ ʧʦʨʘ, ʥʝʧʨʦʥʠʮʘʝʤʘʷ 

ʜʣʷ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ, ʥʦ ʩʚʦʙʦʜʥʦ ʧʨʦʧʫʩʢʘʶʱʘʷ ʤʦʣʝʢʫʣʳ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ (ʇʝʪʨʦʚ 

ʠ ʜʨ. 2013). ɻʠʧʦʪʝʪʠʯʝʩʢʠ, kiss-and-run ʧʫʪʴ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʦʣʝʝ ʙʳʩʪʨʦʝ 

ʫʩʠʣʝʥʠʝ ʩʧʦʥʪʘʥʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʧʦʩʣʝ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ, ʯʪʦ ʤʳ ʠ ʥʘʙʣʶʜʘʣʠ ʧʨʠ 

ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʚʝʱʝʩʪʚʦ ʩʫʣʴʬʦʨʦʜʘʤʠʥ 101, ʢʦʪʦʨʦʝ, ʦʙʣʘʜʘʷ ʤʘʣʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴʶ, 

ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʧʦʨʫ ʩʣʠʷʥʠʷ ʠ ʪʫʰʠʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʶ FM1-43 (Winterer et al., 

2006; ʇʝʪʨʦʚ ʠ ʜʨ. 2013). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʫʣʴʬʦʨʦʜʘʤʠʥʘ 101 ʚʦ 

http://www.ncbi.nlm.nih.gov/pubmed?term=Smith%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=20427669
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ʚʥʝʢʣʝʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ ʩʥʠʞʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʄʎɼ ʧʨʦʠʩʭʦʜʠʣʦ ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ, ʢʘʢ ʚ ʢʦʥʪʨʦʣʝ, ʪʘʢ ʠ ʧʨʠ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ. 

ʍʦʪʷ ʩʘʤ ʩʫʣʴʬʦʨʦʜʘʤʠʥ101 ʥʝ ʚʣʠʷʣ ʥʘ ʚʳʛʨʫʟʢʫ FM1-43, ʚʳʟʚʘʥʥʫʶ 10 ʤʄ ʄʎɼ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ ʧʨʠ ʫʜʘʣʝʥʠʠ 

ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ çʧʦʣʥʦʛʦè ʵʢʟʦʮʠʪʦʟʘ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ ʚʩʪʨʘʠʚʘʥʠʝʤ ʚʝʟʠʢʫʣʷʨʥʦʡ ʤʝʤʙʨʘʥʳ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʫʶ. 

ɺʦʟʤʦʞʥʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʪʝʠʥʢʠʥʘʟʘ ʉ ʜʝʡʩʪʚʫʝʪ ʯʝʨʝʟ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʙʝʣʢʦʚ 

ʵʢʟʦʮʠʪʦʟʘ (ʥʘʧʨʠʤʝʨ, SNAP-25 ʠ Munc18 (Leenders, Sheng, 2005)) ʠʣʠ ʧʨʷʤʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʵʪʠʤʠ ʙʝʣʢʘʤʠ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʝʜʘʚʥʝʤ ʥʘʰʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ kiss-and-ʢun ʤʝʭʘʥʠʟʤ ʦʩʚʦʙʦʞʜʝʥʠʷ ʤʝʜʠʘʪʦʨʘ ʥʘʯʠʥʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʝʟʠʢʫʣʳ ʨʝʮʠʢʣʠʨʫʶʱʝʛʦ ʧʫʣʘ ʧʦʩʣʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʠ 

ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ (ʇʝʪʨʦʚ ʠ ʜʨ. 2013). ʕʪʦ ʝʱʝ ʨʘʟ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʦʣʴ 

ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʨʝʛʫʣʷʮʠʠ ʪʠʧʘ ʵʢʟʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ.  

ʇʨʦʪʝʠʥʢʠʥʘʟʘ ʉ ʤʦʞʝʪ ʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʜʠʘʮʠʣʛʣʠʮʝʨʦʣʦʤ (ʧʨʦʜʫʢʪ 

ʨʘʩʱʝʧʣʝʥʠʷ ʬʦʩʬʦʣʠʧʠʜʦʚ ʬʦʩʬʦʣʠʧʘʟʦʡ ʉ), ʢʘʣʴʮʠʝʤ, ʘʢʪʠʚʥʳʤʠ ʬʦʨʤʘʤʠ 

ʢʠʩʣʦʨʦʜʘ ʠ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ (ɻʘʡʜʫʢʦʚ ʠ ʜʨ. 2012; Sun, Alkon, 2012). ɼʣʷ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʷ ʬʦʩʬʦʣʠʧʘʟʳ ʉ ʚ ʵʬʬʝʢʪʘʭ ʄʎɼ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʧʘʫʥʜ 

48/80, ʠʥʛʠʙʠʪʦʨ ʬʦʩʬʦʣʠʧʘʟʳ ʉ ʠ ʢʘʣʴʤʦʜʫʣʠʥʘ, ʠ U-73122. ʕʬʬʝʢʪʳ ʄʎɼ ʥʘ ʯʘʩʪʦʪʫ 

ʄʇʂʇ ʠ ʚʳʛʨʫʟʢʫ ʢʨʘʩʠʪʝʣʷ ʙʳʣʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʦʩʣʘʙʣʝʥʳ ʢʦʤʧʘʫʥʜʦʤ 48/80 ʠ ʥʝ 

ʠʟʤʝʥʷʣʠʩʴ U-73122. ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʘʫʥʜʘ 48/80, ʥʘʙʣʶʜʘʝʤʳʝ ʵʬʬʝʢʪʳ 

ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʢʘʣʴʤʦʜʫʣʠʥʘ, ʢʦʪʦʨʳʡ ʫʯʘʩʪʚʫʝʪ ʚ ʵʬʬʝʢʪʘʭ 

ʄʎɼ ʥʘ ʩʧʦʥʪʘʥʥʳʡ ʵʢʟʦʮʠʪʦʟ. ʇʦʜʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʥʘʰʠʭ 

ʧʨʝʜʳʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʢʦʛʜʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʢʘʣʴʮʠʡ ʙʳʣ ʭʝʣʘʪʠʨʦʚʘʥ ʠʣʠ 

ʠʥʛʠʙʠʨʦʚʘʣʠ ʢʘʣʴʮʠʡ-ʢʘʣʴʤʦʜʫʣʠʥ ʟʘʚʠʩʠʤʫʶ ʬʦʩʬʘʪʘʟʫ 2ɺ, ʢʘʣʴʮʠʥʝʚʨʠʥ (Petrov et 

al., 2014). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʠʧ ʚʳʟʚʘʥʥʦʛʦ ʄʎɼ ʵʢʟʦʮʠʪʦʟʘ (ʧʦʣʥʳʡ ʠʣʠ kiss and run) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʣʴʮʠʡ- ʠ ʬʦʩʬʦʣʠʧʘʟʘ ʉ-ʥʝʟʘʚʠʩʠʤʦʡ ʘʢʪʠʚʘʮʠʝʡ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʮʠʠ ɸʌʂ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪ ʥʝ 

ʠʤʝʣʠ ʘʥʘʣʦʛʠʯʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘʤ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ ʵʬʬʝʢʪʘ ʥʘ ʚʳʟʚʘʥʥʦʝ ʄʎɼ 

ʫʩʠʣʝʥʠʝ ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ, ʪʦ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʢʪʠʚʘʮʠʷ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʄʎɼ ʧʨʦʠʩʭʦʜʠʪ ɸʌʂ-ʥʝʟʘʚʠʩʠʤʦ. ʋʜʘʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʤʦʞʝʪ ʚʝʩʪʠ ʢ 

ʫʩʠʣʝʥʠʶ kiss-and-run ʵʢʟʦʮʠʪʦʟʘ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʘʢʪʠʚʘʮʠʷ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ 

ʧʝʨʝʚʦʜʠʪ ʵʢʟʦʮʠʪʦʟ ʚ çʧʦʣʥʳʡè ʚʘʨʠʘʥʪ (ʨʠʩ. 53). ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʝʜʘʚʥʦ 
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ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʪʦʤ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʭʦʣʝʩʪʝʨʠʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʦʣʫʩʣʠʚʰʝʛʦʩʷ ʩʦʩʪʦʷʥʠʷ ʫ ʧʨʘʡʤʠʨʦʚʘʥʥʦʡ ʚʝʟʠʢʫʣʳ ʠ 

ʧʨʝʧʷʪʩʪʚʫʝʪ, ʪʘʢʠʤ ʧʫʪʝʤ, ʙʳʩʪʨʦʤʫ ʩʣʠʷʥʠʶ (Kreutzberger et al., 2015). ɼʘʣʴʥʝʡʰʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʪʨʝʙʫʶʪʩʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʝʪʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʵʪʦʛʦ ʬʝʥʦʤʝʥʘ ʠ 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʡ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʠʟʦʬʦʨʤʳ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ. ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʝʝ ʜʝʩʷʪʢʘ 

ʬʦʨʤ ʧʨʦʪʝʠʥʢʠʥʘʟ ʉ, ʨʷʜ ʠʟ ʥʠʭ ʥʝ ʪʨʝʙʫʶʪ ʢʘʣʴʮʠʷ ʜʣʷ ʩʚʦʝʡ ʘʢʪʠʚʘʮʠʠ ʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʩʚʷʟʠ ʩ ʤʝʤʙʨʘʥʦʡ ʚ ʥʝʘʢʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺʦʟʤʦʞʥʦ, ʫʜʘʣʝʥʠʝ 

ʭʦʣʝʩʪʝʨʠʥʘ ʚʳʟʳʚʘʝʪ ʧʝʨʝʭʦʜ ʦʜʥʦʡ ʠʟ ʠʟʦʬʦʨʤ ʧʨʦʪʝʠʥʢʠʥʘʟ ʉ ʚ ʘʢʪʠʚʥʦʝ, ʥʝ 

ʩʚʷʟʘʥʥʦʝ ʩ ʤʝʤʙʨʘʥʦʡ ʩʦʩʪʦʷʥʠʝ, ʯʪʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʉʘ
2+
, ʬʦʩʬʦʣʠʧʘʟʳ ʉ ʠ ɸʌʂ (Petrov 

et al., 2015). 

 

4.4 ʍʦʣʝʩʪʝʨʠʥ ʠ ʥʝʚʝʟʠʢʫʣʷʨʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʚ ʥʝʨʚʥʦ-

ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ ʢʨʳʩʳ. ʉʚʷʟʴ ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʩ ʧʨʦʮʝʩʩʘʤʠ 

ʵʢʟʦ- ʠ ʵʥʜʦʮʠʪʦʟʘ  

ʇʦʤʠʤʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʠʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʚ ʭʦʜʝ 

ʵʢʟʦʮʠʪʦʟʘ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʚʝʟʠʢʫʣʷʨʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ, ʢʦʪʦʨʦʝ 

ʫʯʘʩʪʚʫʝʪ ʚ ʤʦʜʫʣʷʮʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ, ʚʝʟʠʢʫʣʷʨʥʦʡ 

ʩʝʢʨʝʮʠʠ, ʨʘʟʚʠʪʠʷ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ, ʘ ʪʘʢʞʝ ʫʨʦʚʥʷ 

ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʢʦʷ (Vizi ,Vyskocil, 1979; Urazaev et al., 2000; Malomouzh et 

al., 2003). ɿʥʘʯʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʥʝʚʝʟʠʢʫʣʷʨʥʦʤ ʦʩʚʦʙʦʞʜʝʥʠʠ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʩʣʘʙʦ 

ʠʟʫʯʝʥʦ. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ, ʤʳ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ, ʦʧʪʠʯʝʩʢʠʭ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʫʜʘʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ 1 ʤʄ ʄʎɼ ʥʘ 

ʥʝʚʝʟʠʢʫʣʷʨʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ ʘʮʝʪʠʣʭʦʣʠʥʘ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʢʨʳʩʳ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩʳ ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʠ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʩʦʧʨʷʞʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʧʦʧʫʪʥʦ, ʤʳ ʧʨʦʚʝʨʠʣʠ ʟʥʘʯʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʧʨʦʮʝʩʩʘʭ 

ʚʳʟʚʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ ʠ ʵʥʜʦʮʠʪʦʟʘ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʢʨʳʩʳ (Petrov et al., 

2011). 

 

4.4.1 ɺʣʠʷʥʠʝ 1 ʤʄ ʄʎɼ ʥʘ ʩʧʦʥʪʘʥʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ ʠ ʚʳʟʚʘʥʥʫʶ 

ʩʝʢʨʝʮʠʶ ʤʝʜʠʘʪʦʨʘ ʧʨʠ ʨʝʜʢʦʡ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ 

ɺ ʥʘʯʘʣʝ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʚʠʛʘʪʝʣʴʥʳʝ ʥʝʨʚʳ ʩʪʠʤʫʣʠʨʦʚʘʣʠ (ʩ ʥʠʟʢʦʡ 

ʯʘʩʪʦʪʦʡ 0.05 ɻʮ) ʩʚʝʨʭʧʦʨʦʛʦʚʳʤʠ ʩʪʠʤʫʣʘʤʠ. ɸʤʧʣʠʪʫʜʘ ʊʂʇ ʬʣʫʢʪʫʠʨʦʚʘʣʘ ʚ 
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ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 5-6 ʤʠʥ ʩʪʠʤʫʣʷʮʠʠ ʠ ʟʘʪʝʤ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʘʩʴ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ. 

ʇʝʨʬʫʟʠʷ 1 ʤʄ ʄʎɼ ʚʳʟʳʚʘʣʘ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʊʂʇ, ʢʦʪʦʨʘ ̫

ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʠʩʴ ʯʝʨʝʟ 20 ʤʠʥ ʚʦʟʜʝʡʩʪʚʠʷ ʄʎɼ ʥʘ ʫʨʦʚʥʝ 80.0Ñ2.8% (n=5, p<0.05) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʥʘʯʝʥʠʝʤ ʜʦ ʘʧʧʣʠʢʘʮʠʠ (ʈʠʩ. 54, ɸ, ɹ). ʆʙʨʘʙʦʪʢʘ 1 ʤʄ ʄʎɼ ʥʝ 

ʚʳʟʳʚʘʣʘ ʠʟʤʝʥʝʥʠʡ ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʄʊʂʇ (ʊʘʙʣ. 2). 

 

ʈʠʩ. 54. ʕʬʬʝʢʪ 1 ʤʄ ʤʝʪʠʣ-ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ (ʄʎɼ) ʥʘ ʘʤʧʣʠʪʫʜʫ ʪʦʢʦʚ 

ʢʦʥʮʝʚʦʡ ʧʣʘʩʪʠʥʢʠ (ʊʂʇ), ʚʳʟʚʘʥʥʳʭ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ (ɸ, ɹ) ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʩʪʠʤʫʣʷʮʠʝʡ (ɺ, ɻ) ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ 

ɸ ï ʧʨʝʜʩʪʘʚʣʝʥʳ ʊʂʇ, ʚʳʟʚʘʥʥʳʝ ʩʚʝʨʭʧʦʨʦʛʦʚʦʡ ʩʪʠʤʫʣʷʮʠʝʡ ʩ ʯʘʩʪʦʪʦʡ 0.05 

ɻʮ, ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʠʭ ʘʤʧʣʠʪʫʜʘ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʘʩʴ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ (ʢʦʥʪʨʦʣʴ) ʠ 

ʧʦʩʣʝ 30 ʤʠʥ ʘʧʧʣʠʢʘʮʠʠ 1ʤʄ ʄʎɼ. ɹ ï ɸʤʧʣʠʪʫʜʳ ʊʂʇ ʚ ʢʦʥʪʨʦʣʝ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʄʎɼ ʧʨʠ ʦʜʠʥʦʯʥʦʡ ʩʪʠʤʫʣʷʮʠʠ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ (p<0.05) ʄʎɼ ʫʤʝʥʴʰʘʝʪ 

ʘʤʧʣʠʪʫʜʫ ʊʂʇ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ɺ ï ʀʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʚ ʪʝʯʝʥʠʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ (20 ɻʮ) ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ. ɺʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ ʥʘʯʘʣʴʥʦʛʦ 

ʙʳʩʪʨʦʛʦ ʧʘʜʝʥʠʷ ʘʤʧʣʠʪʫʜʘ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʦʜʥʦʤ 

ʫʨʦʚʥʝ ʚ ʪʝʯʝʥʠʝ ʦʩʪʘʚʰʝʛʦʩʷ ʧʝʨʠʦʜʘ ʩʪʠʤʫʣʷʮʠʠ (ʩʚʝʪʣʳʝ ʢʨʫʞʢʠ). ʇʦʩʣʝ ʧʝʨʠʦʜʘ 

ʧʦʢʦʷ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʝ ʧʨʝʧʘʨʘʪʳ ʧʝʨʬʫʟʠʨʦʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʨʘʩʪʚʦʨʦʤ ʩ 

ʄʎɼ ʠ ʟʘʪʝʤ ʧʦʚʪʦʨʥʦ ʩʪʠʤʫʣʠʨʦʚʘʣʠʩʴ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʄʎɼ 

(ʪʝʤʥʳʝ ʢʨʫʞʦʯʢʠ). ʅʘ ʛʨʘʬʠʢʝ ʧʦʢʘʟʘʥʘ ʘʤʧʣʠʪʫʜʘ (ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʧʝʨʚʦʛʦ ʊʂʇ ʚ 

ʥʘʯʘʣʝ ʵʧʠʟʦʜʘ ʩʪʠʤʫʣʷʮʠʠ) ʢʘʞʜʦʛʦ 70-ʛʦ ʊʂʇ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ. ɻ ï 

ʂʫʤʫʣʷʪʠʚʥʳʝ ʘʤʧʣʠʪʫʜʳ ʊʂʇ (ʩʫʤʤʘ ʘʤʧʣʠʪʫʜ ʊʂʇ).  
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ʈʠʩ. 54 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʈʘʟʥʠʮʘ ʚ ʥʘʢʣʦʥʘʭ ʢʨʠʚʳʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʥʠʞʝʥʠʝ ʘʤʧʣʠʪʫʜ ʊʂʇ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʦʙʨʘʙʦʪʢʠ ʄʎɼ ʧʨʠ ʨʠʪʤʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ (20ɻʮ). 

 

ʊʘʙʣ. 2. ɸʤʧʣʠʪʫʜʘ ʠ ʯʘʩʪʦʪʘ ʤʠʥʠʘʪʶʨʥʳʭ ʪʦʢʦʚ ʢʦʥʮʝʚʦʡ ʧʣʘʩʪʠʥʢʠ (ʄʊʂʇ) ʚ 

ʢʦʥʪʨʦʣʝ ʠ ʧʦʩʣʝ ʘʧʧʣʠʢʘʮʠʡ ʨʝʘʛʝʥʪʦʚ (Petrov et al., 2011) 

 ɸʤʧʣʠʪʫʜʘ ʄʇʂʇ, ʥɸ ʏʘʩʪʦʪʘ ʄʇʂʇ, ʩ
-1
 

ʂʦʥʪʨʦʣʴ 0.93Ñ0.04 1.40Ñ0.05 

ʄʎɼ 0.92Ñ0.03 1.36Ñ0.07 

ɺʝʟʘʤʠʢʦʣ 0.94Ñ0.04 1.45Ñ0.08 

ʇʨʦʧʠʦʥʘʪ ʥʘʪʨʠʷ 0.90Ñ0.04 1.61Ñ0.08 

ɺ ʪʘʙʣʠʮʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʝʝ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ, n=5 ʜʣʷ 

ʢʘʞʜʦʛʦ ʩʨʝʜʥʝʛʦ (n - ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʳʭ ʞʠʚʦʪʥʳʭ). ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʯʝʨʝʟ 30 ʤʠʥ ʠʥʢʫʙʘʮʠʠ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʠʣʠ ʨʘʩʪʚʦʨʝ ʩ 1ʤʄ ʄʎɼ, ʠʣʠ 10 ʤʢʄ 

ʚʝʟʘʤʠʢʦʣʘ, ʠʣʠ 40 ʤʄ ʧʨʦʧʠʦʥʘʪʘ ʥʘʪʨʠʷ. ʇʦʪʝʥʮʠʘʣ ʫʜʝʨʞʠʚʘʣʩʷ ʥʘ ʫʨʦʚʥʝ ï 55 ʤɺ. 

ʂʨʠʪʝʨʠʡ one-way ANOVA ʥʝ ʚʳʷʚʠʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ.  

 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 54, ɺ ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʩʪʠʤʫʣʷʮʠʷ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ ʚ 

ʪʝʯʝʥʠʝ 3-ʭ ʤʠʥ ʧʨʠʚʦʜʠʣʘ ʢ ʟʘʢʦʥʦʤʝʨʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʘʤʧʣʠʪʫʜʳ ʊʂʇ: ʢʦʨʦʪʢʠʡ 

ʧʝʨʠʦʜ ʙʳʩʪʨʦʛʦ ʩʥʠʞʝʥʠʷ ʘʤʧʣʠʪʫʜʳ, ʩʤʝʥʷʣʩʷ ʜʣʠʪʝʣʴʥʳʤ ʩʪʘʮʠʦʥʘʨʥʳʤ ʧʝʨʠʦʜʦʤ, 

ʢʦʛʜʘ ʘʤʧʣʠʪʫʜʘ ʦʩʪʘʚʘʣʘʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʦʡ. ʊʘʢ, ʘʤʧʣʠʪʫʜʘ ʊʂʇ ʩʥʠʞʘʣʘʩʴ 

ʥʘ 54.6Ñ2.4% ʦʪ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫʞʝ ʧʦʩʣʝ 0.3 ʩ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʠ ʥʘ 

67.8Ñ2.2% (n=6) ʢ ʢʦʥʮʫ 3-ʝʡ ʤʠʥ ʩʪʠʤʫʣʷʮʠʠ. ʇʦʜʦʙʥʳʝ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʊʂʇ 

ʥʘʙʣʶʜʘʣʠʩʴ, ʢʦʛʜʘ ʧʨʝʧʘʨʘʪʳ ʙʳʣʠ ʩʪʠʤʫʣʠʨʦʚʘʥʳ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʧʦʩʣʝ 30 ʤʠʥ 

ʘʧʧʣʠʢʘʮʠʠ 1ʤʄ ʄʎɼ (ʨʠʩ. 54, ɺ). 

ɼʣʷ ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ ʢʚʘʥʪʦʚ ʘʮʝʪʠʣʭʦʣʠʥʘ, ʦʩʚʦʙʦʞʜʝʥʥʳʭ ʠʟ ʜʚʠʛʘʪʝʣʴʥʳʭ 

ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʚ ʢʦʥʪʨʦʣʝ ʠ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʄʎɼ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ çʢʫʤʫʣʷʪʠʚʥʳʭ ʘʤʧʣʠʪʫʜ ʊʂʇè (ʦʧʠʩʘʥ ʧʦʜʨʦʙʥʦ 

ʚ ʇʝʪʨʦʚ ʠ ʜʨ. 2008; Petrov A.M. et al., 2008). ʉʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʵʪʠʭ ʘʤʧʣʠʪʫʜ ʢ ʢʦʥʮʫ 

3-ʝʡ ʤʠʥ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʥʠʞʝʥʠʝ ʧʨʠʤʝʨʥʦ ʥʘ 27% 

ʦʩʚʦʙʦʞʜʝʥʠʷ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʚ ʩʠʥʘʧʩʘʭ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʥʫʪʳʭ ʜʝʡʩʪʚʠʶ 

ʄʎɼ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ (ʨʠʩ. 54, ɻ). 
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4.4.2 ʇʨʦʪʝʢʘʥʠʝ ʵʥʜʦ- ʠ ʵʢʟʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʧʦʩʣʝ 

ʯʘʩʪʠʯʥʦʛʦ ʫʜʘʣʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ 

ɿʘʛʨʫʟʢʘ FM2-10. ɺ ʢʦʥʪʨʦʣʝ ʠ ʚ ʩʣʫʯʘʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʄʎɼ 

ʟʘʛʨʫʟʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʚʪʦʨʦʛʦ ʵʧʠʟʦʜʘ ʩʪʠʤʫʣʷʮʠʠ 20 ɻʮ 3 ʤʠʥ, ʧʝʨʚʳʡ 

ʩʪʠʤʫʣʷʮʠʦʥʥʳʡ ʰʣʝʡʬ ʧʦʜʘʚʘʣʩʷ ʚ ʧʝʨʠʦʜ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ (ʨʠʩ. 55, ɸ:ʙ). ɺ 

ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ (ʨʠʩ. 55, ɸ: ʘ) ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ 

ʟʘʛʨʫʞʝʥʥʳʭ FM2-10 (ʩ ʧʦʤʦʱʴʶ ʩʪʠʤʫʣʷʮʠʠ 3 ʤʠʥ 20 ɻʮ) ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʷʭ ʙʳʣʘ 

158Ñ4 ʦ.ʝ. (n=7, ʧʨʠʥʷʪʦ ʟʘ 100%). ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʙʳʣʘ ʧʨʠʤʝʨʥʦ ʥʘ 88% ʥʠʞʝ, 

19Ñ2 ʦ.ʝ. (n=7, p<0.0001; ʨʠʩ. 55, ɹ, ɺ) ʚ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʄʎɼ ʟʘ 30 ʤʠʥ ʜʦ ʟʘʛʨʫʟʢʠ FM2-10 (ʨʠʩ. 55, ɸ: ʙ). ɺ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʚ ʪʝʯʝʥʠʝ 3-ʭ ʤʠʥ ʧʦʩʣʝ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ ʧʨʝʧʘʨʘʪ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʤʳʚʘʣʩʷ. 

ʋʚʝʣʠʯʝʥʠʝ ʧʝʨʠʦʜʘ ʦʪʤʳʚʢʠ ʜʦ 20 ʤʠʥ ʤʝʞʜʫ ʘʧʧʣʠʢʘʮʠʷʤʠ ʄʎɼ ʠ FM2-10 ʥʝ 

ʠʟʤʝʥʷʣʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʙʳʣʘ ʧʨʠʤʝʨʥʦ ʥʘ 86% ʥʠʞʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ (n=5, p<0.001) ʠ ʥʝ 

ʦʪʣʠʯʘʣʘʩʴ (p>0.05) ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʢʦʨʦʪʢʦʡ (3 ʤʠʥ) 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʦʪʤʳʚʢʠ ʦʪ ʄʎɼ.  

ʗʨʢʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʙʳʣʘ ʪʦʣʴʢʦ ʧʨʠʤʝʨʥʦ ʥʘ 20% ʥʠʞʝ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ (126Ñ3 ʦ.ʝ., n=6, p<0.01), ʝʩʣʠ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʝ ʧʨʝʧʘʨʘʪʳ ʥʝ 

ʩʪʠʤʫʣʠʨʦʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʦʙʨʘʙʦʪʢʠ ʄʎɼ. ʕʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʦ ʩʥʠʞʝʥʠʠ ʚʳʟʚʘʥʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʤʝʜʠʘʪʦʨʘ ʚ 

ʭʦʜʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʭ ʄʎɼ ʧʨʝʧʘʨʘʪʘʭ 

(ʨʠʩ. 54, ɻ).  

ɺ ʮʝʣʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʄʎɼ ʚʦ ʚʨʝʤʷ ʩʪʠʤʫʣʷʮʠʠ 

ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠ ʩʪʦʡʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʵʥʜʦʮʠʪʦʟʝ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʚ 

ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʢʨʳʩʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʝʤʙʨʘʥʳ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, 

ʚʩʪʨʦʝʥʥʳʝ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ, ʦʢʘʟʳʚʘʶʪʩʷ ʧʦʜʚʝʨʞʝʥʥʳʤʠ ʭʦʣʝʩʪʝʨʠʥ-

ʵʢʩʪʨʘʛʠʨʫʶʱʝʤʫ ʜʝʡʩʪʚʠʶ ʄʎɼ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʤʫ ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ. ʕʪʠ 

ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʝʪʩʷ c ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʥʝʨʚʥʦ-

ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʣʷʛʫʰʝʢ (ʇʝʪʨʦʚ ɸ.ʄ. ʠ ʜʨ. 2009, Petrov A.M. et al., 2010), 

ʧʣʦʜʦʚʳʭ ʤʫʰʝʢ (Dason et al., 2010) ʠ ʮʝʥʪʨʘʣʴʥʳʭ ʩʠʥʘʧʩʘʭ (Yue, Xu, 2015), ʛʜʝ ʙʳʣʘ 

ʧʦʢʘʟʘʥʘ ʚʘʞʥʦʩʪʴ ʭʦʣʝʩʪʝʨʠʥʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʵʥʜʦʮʠʪʦʟʘ ʠ 

ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ. 



162 
 

  

 

 

ʈʠʩ. 55. ʕʬʬʝʢʪ 1 ʤʄ ʤʝʪʠʣ-ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ (ʄʎɼ) ʥʘ ʵʥʜʦʮʠʪʦʟ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʚ ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ 

ɸ ï ʧʦʢʘʟʘʥ ʜʠʟʘʡʥ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʅʝʨʚʳ ʧʨʝʧʘʨʘʪʦʚ ʩʪʠʤʫʣʠʨʦʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 

3-ʭ ʤʠʥ ʩ ʯʘʩʪʦʪʦʡ 20ɻʮ, ʥʘʯʠʥʘʷ ʩ 12 ʤʠʥ ʠʥʢʫʙʘʮʠʠ ʚ ʥʦʨʤʘʣʴʥʦʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ 

ʨʘʩʪʚʦʨʝ (ʧʝʨʚʳʡ ʯʝʨʥʳʡ ʩʪʦʣʙʠʢ, ʘ-ʢʦʥʪʨʦʣʴ) ʠ ʚ ʨʘʩʪʚʦʨʝ ʩ ʄʎɼ (ʙ). ʇʦʩʣʝ 30 ʤʠʥ 

ʠʥʢʫʙʘʮʠʠ ʚ ʄʎɼ ʧʨʝʧʘʨʘʪʳ ʧʨʦʤʳʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 3-ʭ ʤʠʥ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ 

ʨʘʩʪʚʦʨʦʤ, ʟʘʪʝʤ ʧʝʨʬʫʟʠʨʦʚʘʣʠʩʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ ʩ FM2-10 ʠ 

ʩʪʠʤʫʣʠʨʦʚʘʣʠʩʴ ʚʪʦʨʦʡ ʨʘʟ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ ʩ ʯʘʩʪʦʪʦʡ 20 ɻʮ (ʚʪʦʨʦʡ ʯʝʨʥʳʡ ʩʪʦʣʙʠʢ) 

ʜʣʷ ʟʘʛʨʫʟʢʠ ʢʨʘʩʠʪʝʣʷ ʚ ʥʝʨʚʥʳʝ ʪʝʨʤʠʥʘʣʠ. ʇʨʠʩʫʪʩʪʚʠʝ FM2-10 ʚ ʚʘʥʥʦʯʢʝ (ʚ 

ʪʝʯʝʥʠʝ 13 ʤʠʥ) ʠʟʦʙʨʘʞʝʥʦ ʚʝʨʭʥʝʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʯʝʨʪʦʡ, ʘ ʵʧʠʟʦʜʳ ʨʠʪʤʠʯʝʩʢʦʡ 

ʩʪʠʤʫʣʷʮʠʠ ï ʯʝʨʥʳʤʠ ʩʪʦʣʙʠʢʘʤʠ. ʀʟʤʝʨʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʟʘʭʚʘʪ ʠʟʦʙʨʘʞʝʥʠʡ 

ʧʦʢʘʟʘʥ ʩʪʨʝʣʦʯʢʘʤʠ ʩʧʨʘʚʘ) ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦʩʣʝ 30 ʤʠʥ ʧʝʨʠʦʜʘ ʦʪʤʳʚʢʠ ʧʨʝʧʘʨʘʪʘ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʬʦʥʦʚʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʤʝʤʙʨʘʥ. ɹ ï ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ, ʟʘʛʨʫʞʝʥʥʳʭ FM2-10. 

ʆʯʝʚʠʜʥʦ ʩʥʠʞʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʷʭ ʧʨʝʧʘʨʘʪʦʚ, ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʄʎɼ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ. ɺ ï ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʙʳʣʘ ʧʨʠʤʝʨʥʦ ʥʘ 88% ʥʠʞʝ ʚ ʧʦʜʚʝʨʛʥʫʪʳʭ ʜʝʡʩʪʚʠʶ ʄʎɼ ʧʨʝʧʘʨʘʪʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʴʥʳʭ. ɿʚʝʟʜʦʯʢʘ (*)  ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʢʦʥʪʨʦʣʴʥʦʡ ʠ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʄʎɼ ʛʨʫʧʧʘʤʠ ʥʘ ʫʨʦʚʥʝ p < 0.001.  

ɺʳʛʨʫʟʢʘ ʢʨʘʩʠʪʝʣʷ. ɺ ʟʘʛʨʫʞʝʥʥʳʭ FM2-10 ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʷʭ ʧʦʩʣʝʜʫʶʱʘʷ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʩʪʠʤʫʣʷʮʠʷ (3 ʤʠʥ 20 ɻʮ) ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ ʚ ʦʪʩʫʪʩʪʚʠʠ ʢʨʘʩʠʪʝʣʷ 

ʚ ʚʘʥʥʦʯʢʝ (ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 56, ɸ) ʚʳʟʳʚʘʣʘ ʤʦʥʦ-ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 



163 
 

  

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ ʚ ʢʦʥʪʨʦʣʝ ʠ ʚ ʦʙʨʘʙʦʪʘʥʥʳʭ ʄʎɼ 

ʧʨʝʧʘʨʘʪʘʭ. ɸʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ repeated-ANOVA ʚʳʷʚʠʣ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʦʪʣʠʯʠʝ ʜʠʥʘʤʠʢ ʚʳʛʨʫʟʢʠ (p<0.001). ɺ ʢʦʥʪʨʦʣʝ ʩʥʠʞʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʙʳʣʦ ʫʞʝ 

ʜʦʩʪʦʚʝʨʥʳʤ ʢ 10 ʩ ʩʪʠʤʫʣʷʮʠʠ (p<0.001), ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʫʤʝʥʴʰʘʣʘʩʴ ʥʘ 38% 

(p<0.001, n=6) ʢ ʢʦʥʮʫ 3 ʤʠʥ ʩʪʠʤʫʣʷʮʠʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʥʘʯʝʥʠʝʤ ʜʦ ʩʪʠʤʫʣʷʮʠʠ. ɺ 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʄʎɼ ʧʨʝʧʘʨʘʪʘʭ ʩʥʠʞʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʪʘʢʞʝ ʙʳʣʦ ʟʥʘʯʠʤʳʤ ʫʞʝ ʢ 

10 ʩ (n=5, p<0.05), ʠ ʢ ʢʦʥʮʫ 3 ʤʠʥ ʩʪʠʤʫʣʷʮʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʩʥʠʞʘʣʘʩʴ ʪʦʣʴʢʦ ʥʘ 28% 

(p<0.001), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʨʦʚʥʝʤ ʜʦ ʥʘʯʘʣʘ ʨʘʟʜʨʘʞʝʥʠʷ. ʇʘʜʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ (p<0.001, ʥʘ ʨʠʩ. 56ɹ ʦʙʦʟʥʘʯʝʥʦ ʟʚʝʟʜʦʯʢʘʤʠ) ʤʝʜʣʝʥʥʝʝ ʢ 45 ʩ 

ʩʪʠʤʫʣʷʮʠʠ ʚ ʦʙʨʘʙʦʪʘʥʥʳʭ ʄʎɼ ʧʨʝʧʘʨʘʪʘʭ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ), ʠ 

ʨʘʟʥʠʮʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʧʦ ʤʝʨʝ ʧʨʦʜʦʣʞʝʥʠʷ ʩʪʠʤʫʣʷʮʠʠ. 

 

ʈʠʩ. 56. ʕʬʬʝʢʪ 1 ʤʄ ʤʝʪʠʣ-ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ (ʄʎɼ) ʥʘ ʚʳʛʨʫʟʢʫ ʢʨʘʩʠʪʝʣʷ FM2-10 

ɸ ï ʧʦʢʘʟʘʥʳ ʩʭʝʤʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʅʝʨʚʥʦ-ʤʳʰʝʯʥʳʝ ʧʨʝʧʘʨʘʪʳ ʙʳʣʠ 

ʧʨʦʩʪʠʤʫʣʠʨʦʚʘʥʳ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ ʩ ʯʘʩʪʦʪʦʡ 20 ɻʮ ʜʣʷ ʟʘʛʨʫʟʢʠ FM2-10 ʚ ʥʝʨʚʥʳʝ 

ʪʝʨʤʠʥʘʣʠ. ʇʨʠʩʫʪʩʪʚʠʝ FM2-10 ʚ ʚʘʥʥʦʯʢʝ (ʥʘ ʧʨʦʪʷʞʝʥʠʠ 13 ʤʠʥ) ʠʟʦʙʨʘʞʝʥʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʣʠʥʠʝʡ; ʵʧʠʟʦʜ ʨʠʪʤʠʯʝʩʢʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ ʧʦʢʘʟʘʥ ʯʝʨʥʳʤ ʩʪʦʣʙʠʢʦʤ 

(ʩʣʝʚʘ). ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʢʨʘʩʠʪʝʣʷ ʧʨʝʧʘʨʘʪʳ ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʚ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ (ʘ - ʢʦʥʪʨʦʣʴ) ʠʣʠ ʚ ʨʘʩʪʚʦʨʝ ʩ ʄʎɼ (ʙ). ʀʟʤʝʨʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ, ʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʪʦʨʦʛʦ 

ʵʧʠʟʦʜʘ ʩʪʠʤʫʣʷʮʠʠ (ʯʝʨʥʳʡ ʩʪʦʣʙʠʢ ʩʧʨʘʚʘ), ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʚʳʛʨʫʟʢʠ ʢʨʘʩʠʪʝʣʷ. 

ɿʘʭʚʘʪ ʢʘʞʜʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʦʟʥʘʯʝʥ ʩʪʨʝʣʢʦʡ ʥʘʜ ʚʪʦʨʳʤ ʯʝʨʥʳʤ ʩʪʦʣʙʠʢʦʤ.  
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ʈʠʩ. 56 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ɹ ï ʆʜʥʘʞʜʳ ʟʘʭʚʘʯʝʥʥʳʝ ʚ ʥʝʨʚʥʳʝ ʪʝʨʤʠʥʘʣʠ ʤʦʣʝʢʫʣʳ FM2-10 çʫʙʝʛʘʪʁè ʠʟ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʚʦ ʚʨʝʤʷ ʚʪʦʨʦʛʦ ʵʧʠʟʦʜʘ ʨʠʪʤʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ, ʢʘʢ ʚ 

ʢʦʥʪʨʦʣʝ, ʪʘʢ ʠ ʚ ʧʨʝʧʘʨʘʪʘʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʄʎɼ. ʅʘʯʘʣʴʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ, 

ʠʟʤʝʨʝʥʥʘʷ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ, ʜʦ ʩʪʠʤʫʣʷʮʠʠ ʩʦʩʪʘʚʣʷʣʘ 159Ñ5 ʦ.ʝ. (n=5) ʠ 157Ñ4 ʦ.ʝ. 

(n=5, p>0.05), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ 1 ʤʄ ʄʎɼ ʥʝ ʚʣʠʷʝʪ 

ʥʘ ʩʧʦʥʪʘʥʥʳʡ ʵʢʟʦʮʠʪʦʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. ʅʘ ʵʪʦʤ ʛʨʘʬʠʢʝ ʬʣʫʦʨʝʩʮʝʥʮʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʦʪ ʠʩʭʦʜʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʟʘʛʨʫʞʝʥʥʳʭ 

FM2-10 ʧʨʝʧʘʨʘʪʦʚ (ʜʦ ʩʪʠʤʫʣʷʮʠʠ). ʉʥʠʞʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩʪʘʥʦʚʠʣʦʩʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʣʠʥʠʠ, ʥʘʯʠʥʘʷ ʩ 10 ʩ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ. 

ʇʦʩʣʝ 3-ʭ ʤʠʥ ʩʪʠʤʫʣʷʮʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʫʤʝʥʴʰʘʣʘʩʴ ʥʘ 38% ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʠ 

ʥʘ 28% ʚ ʛʨʫʧʧʝ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʄʎɼ ʧʨʝʧʘʨʘʪʦʚ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ 

ʩʥʠʞʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʳʛʨʫʟʢʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʄʎɼ. ɿʚʝʟʜʦʯʢʘʤʠ (*) ʦʙʦʟʥʘʯʝʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʢʦʥʪʨʦʣʝʤ ʠ ʦʙʨʘʙʦʪʢʦʡ ʄʎɼ ʥʘ ʫʨʦʚʥʝ p < 

0.001. 

 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʝʧʝʥʴ ʩʥʠʞʝʥʠʷ ʵʢʟʦʮʠʪʦʟʘ ʚ ʧʨʝʧʘʨʘʪʘʭ, ʧʦʜʚʝʨʛʥʫʪʳʭ 

ʜʝʡʩʪʚʠʶ ʄʎɼ, ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʣʘʙʝʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʵʬʬʝʢʪʦʤ 

ʄʎɼ ʥʘ ʵʥʜʦʮʠʪʦʟ, ʢʦʪʦʨʳʡ ʬʘʢʪʠʯʝʩʢʠ ʥʘʨʫʰʘʣʩʷ (ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʠʩ. 55, ɺ ʠ ʨʠʩ. 56, 

ɹ ʢ 3 ʤʠʥ ʩʪʠʤʫʣʷʮʠʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʣʷʛʫʰʢʠ (ʇʝʪʨʦʚ ʠ ʜʨ. 2009) ʠ ʚ ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ 

ʦʢʦʥʯʘʥʠʷʭ ʢʨʳʩʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʵʢʟʦʮʠʪʦʟʘ ʧʨʠ ʨʠʪʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚʘʞʝʥ ʭʦʣʝʩʪʝʨʠʥ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʤʙʨʘʥ, ʘ ʚ ʧʨʦʮʝʩʩʝ ʵʥʜʦʮʠʪʦʟʘ ʩʪʨʦʛʦ 

ʥʝʦʙʭʦʜʠʤ ʭʦʣʝʩʪʝʨʠʥ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (Petrov et al., 2011; ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 

2013). 

 

4.4.3 ʀʟʤʝʥʝʥʠʝ ʅ-ʵʬʬʝʢʪʘ (ʧʦʢʘʟʘʪʝʣʴ ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ) ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʄʎɼ ʚ ʧʦʢʦʝ ʠ ʧʨʠ ʨʠʪʤʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ 

ʉʭʝʤʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 57ɸ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ 

ʨʠʩ 57ɹ. ɺ ʢʦʥʪʨʦʣʝ ʚʝʣʠʯʠʥʘ H-ʵʬʬʝʢʪʘ ʩʦʩʪʘʚʠʣʘ 5.3 Ñ 0.6 ʤɺ (n=5, ʨʠʩ. 57, Ba). ʕʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʨʘʥʥʠʤʠ ʜʘʥʥʳʤʠ (Nikolsky et al., 1994; Mukhtarov et al., 2000; Malomouzh et 

al., 2003). ɼʦʙʘʚʣʝʥʠʝ ʄʎɼ ʜʦ ʧʝʨʬʫʟʠʠ ʤʳʰʮʳ ʨʘʩʪʚʦʨʦʤ ʩ ʠʥʛʠʙʠʪʦʨʦʤ 



165 
 

  

ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ (ʘʨʤʠʥʦʤ, ʨʠʩ. 57, ɸʙ) ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʣʦ ʚʝʣʠʯʠʥʫ ʅ-

ʵʬʬʝʢʪʘ (ʜʦ 10.4Ñ0.7 ʤɺ, n=4, P<0.01, ʨʠʩ. 57, ɹʙ). ʅ-ʵʬʬʝʢʪ ʦʩʪʘʚʘʣʩʷ ʧʦʚʳʰʝʥʥʳʤ 

(9.9 Ñ0.6 ʤɺ, n=4, P<0.01, ʨʠʩ. 57, ɹʚ), ʢʦʛʜʘ ʄʎɼ ʠ ʘʨʤʠʥ ʘʧʧʣʠʮʠʨʦʚʘʣʠʩʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ.  

ʆʙʨʘʙʦʪʢʘ ʧʨʝʧʘʨʘʪʘ 1 ʤʄ ʄʎɼ ʜʦ ʘʧʧʣʠʢʘʮʠʠ ʘʨʤʠʥʘ ʥʝ ʠʟʤʝʥʷʣʘ ʤʝʤʙʨʘʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʧʦʢʦʷ ʚʦʣʦʢʦʥ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʢ 

ʘʮʝʪʠʣʭʦʣʠʥʫ, ʩʫʜʷ ʧʦ ʦʪʩʫʪʩʪʚʠʶ ʚʣʠʷʥʠ ̫1ʤʄ ʄʎɼ ʥʘ ʘʤʧʣʠʪʫʜʫ ʄʊʂʇ (ʪʘʙʣ. 2). 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʙʳʣ 73.2Ñ0.6 ʤɺ (n=3) ʚ ʢʦʥʪʨʦʣʝ ʠ 73.7Ñ0.5 ʤɺ 

(n=4, p >0.05) ʧʦʩʣʝ 30 ʤʠʥ ʠʥʢʫʙʘʮʠʠ ʤʳʰʮʳ ʩ ʄʎɼ. ʂʨʦʤʝ ʪʦʛʦ, 1ʤʄ ʄʎɼ ʥʝ 

ʠʟʤʝʥʷʣ ʯʘʩʪʦʪʫ ʄʊʂʇ (p >0.05, ʪʘʙʣ. 2). ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʅ-ʵʬʬʝʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʫʩʠʣʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʝʚʝʟʠʢʫʣʷʨʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ ʘʮʝʪʠʣʭʦʣʠʥʘ, ʠ ʫʛʥʝʪʝʥʠʝʤ 

ʵʥʜʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʠʟ-ʟʘ ʦʙʨʘʙʦʪʢʠ ʄʎɼ, ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʜʘʥʥʳʝ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣʘʭ ʠʣʠ ʟʘʭʚʘʪʳʚʘʶʪʩʷ 

ʚʛʣʫʙʴ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ ʵʥʜʦʮʠʪʦʟʦʤ. ʕʪʘ ʛʠʧʦʪʝʟʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ 

ʩ ʤʝʤʙʨʘʥʦʧʨʦʥʠʢʘʶʱʠʤ ʜʠʥʘʤʠʥ-ʠʥʛʠʙʠʨʫʶʱʠʤ ʧʝʧʪʠʜʦʤ, ʢʦʪʦʨʳʡ ʩʧʝʮʠʬʠʯʥʦ 

ʙʣʦʢʠʨʫʝʪ ʢʣʘʪʨʠʥ-ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʵʥʜʦʮʠʪʦʟ (Shupliakov et al., 1997). ɸʤʧʣʠʪʫʜʘ ʅ-

ʵʬʬʝʢʪʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʜʦ 12.6Ñ0.5 ʤɺ (n=4, P<0.001) ʚ ʧʨʝʧʘʨʘʪʘʭ, ʧʦʜʚʝʨʛʥʫʪʳʭ 

ʜʝʡʩʪʚʠʶ ʜʠʥʘʤʠʥ-ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʧʝʧʪʠʜʘ. 

ʉʪʠʤʫʣʷʮʠʷ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ ʩ ʯʘʩʪʦʪʦʡ 20 ɻʮ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ ʟʘ 30 ʤʠʥ ʜʦ 

ʘʧʧʣʠʢʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ ʘʨʤʠʥʘ (ʈʠʩ. 57, Aʛ) ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣʘ 

ʘʤʧʣʠʪʫʜʫ H-ʵʬʬʝʢʪʘ (3.0Ñ0.1 ʤɺ, n=5, P<0.05; ʈʠʩ. 57, ɹʛ). ɽʩʣʠ ʜʚʠʛʘʪʝʣʴʥʳʡ ʥʝʨʚ 

ʩʪʠʤʫʣʠʨʦʚʘʣʩʷ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ, ʢʦʛʜʘ ʄʎɼ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʚ ʚʘʥʥʦʯʢʝ ʠ ʫʛʥʝʪʘʣ 

ʵʥʜʦʮʠʪʦʟ (ʨʠʩ. 57, ɸʜ), ʪʦ ʚʝʣʠʯʠʥʘ ʅ-ʵʬʬʝʢʪʘ ʩʠʣʴʥʦ (ʚ 5 ʨʘʟ) ʫʚʝʣʠʯʠʚʘʣʘʩʴ (ʜʦ 

15.0Ñ0.4 ʤɺ, n=4, P<0.001), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʥʘʧʩʘʤʠ, ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʤʠ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʄʎɼ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʚʷʟʴ ʧʨʦʮʝʩʩʦʚ ʵʥʜʦʮʠʪʦʟʘ ʩ ʥʝʚʝʟʠʢʫʣʷʨʥʳʤ ʦʩʚʦʙʦʞʜʝʥʠʝʤ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ. ɺʳʟʚʘʥʥʳʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʢʦʤʧʝʥʩʘʪʦʨʥʳʡ ʵʥʜʦʮʠʪʦʟ 

ʤʦʞʝʪ ʟʘʭʚʘʪʳʚʘʪʴ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʤʙʨʘʥʳ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ, ʚʦʚʣʝʯʝʥʥʳʝ ʚ 

ʥʝʚʝʟʠʢʫʣʷʨʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ, ʩʥʠʞʘʷ ʧʦʩʣʝʜʫʶʱʝʝ ʥʝʚʝʟʠʢʫʣʷʨʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʪʠʤʫʣʷʮʠʷ ʚʩʪʨʘʠʚʘʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʤʝʤʙʨʘʥ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ 

ʧʨʠ ʙʣʦʢʠʨʦʚʘʥʥʦʤ ʵʥʜʦʮʠʪʦʟʝ, ʥʘʦʙʦʨʦʪ, ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʥʘʢʦʧʣʝʥʠʶ ʧʦʜʦʙʥʳʭ 
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ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʥʠ ʩʦʜʝʨʞʘʪʩʷ ʚ ʤʝʤʙʨʘʥʘʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ.  

 

ʈʠʩ. 57. ʕʬʬʝʢʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ ʠ 1ʤʄ ʤʝʪʠʣ-ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ 

(ʄʎɼ) ʥʘ ʅ-ʵʬʬʝʢʪ 

ɸ ï ʠʟʦʙʨʘʞʝʥ ʜʠʟʘʡʥ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʅ-ʵʬʬʝʢʪ ï ʵʪʦ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʷ 

ʢʦʥʮʝʚʦʡ ʧʣʘʩʪʠʥʢʠ ʚʩʣʝʜ ʟʘ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʥʠʢʦʪʠʥʦʚʳʭ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʭ 

ʨʝʮʝʧʪʦʨʦʚ (+)-ʪʫʙʦʢʫʨʘʨʠʥʦʤ (ʊʉ, ʪʝʤʥʦ ʩʝʨʳʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ) ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ 

ʧʨʝʧʘʨʘʪʘʭ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʭ ʘʨʤʠʥʦʤ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ (ʩʚʝʪʣʦ ʩʝʨʳʝ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ) ʜʣʷ ʥʝʦʙʨʘʪʠʤʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ. ɼʣʷ ʦʮʝʥʢʠ 

ʅ-ʵʬʬʝʢʪʘ, ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦʢʦʷ ʙʳʣ ʠʟʤʝʨʝʥ ʧʝʨʝʜ ʠ ʧʦʩʣʝ 10 ʤʠʥ 

ʘʧʧʣʠʢʘʮʠʠ ʊʉ (ʢʘʢ ʧʦʢʘʟʘʥʦ ʩʪʨʝʣʢʘʤʠ). ʀʟʤʝʨʝʥʠʷ ʅ-ʵʬʬʝʢʪʘ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ 

ʥʝʢʚʘʥʪʦʚʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ ʘʮʝʪʠʣʭʦʣʠʥʘ ʠʟ ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ 

(Vyskocil et al., 2009). ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦ ʦʜʠʥʦʯʢʝ ʠ 

ʚ ʢʦʤʙʠʥʘʮʠʠ ʩʣʝʜʫʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʥʪʨʦʣʷ ï a, ʛʜʝ ʵʪʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʝ ʧʨʠʤʝʥʷʣʠʩʴ): ʘʧʧʣʠʢʘʮʠʶ 1 ʤʄ ʄʎɼ, 5 ʠ 10 ʤʢʄ (Ñ)-ʚʝʟʘʤʠʢʦʣʘ (ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʣʠʥʠʝʡ ʥʘ v), ʨʠʪʤʠʯʝʩʢʫʶ ʩʪʠʤʫʣʷʮʠʶ (20 ɻʮ, 3 ʤʠʥ) ʥʝʨʚʘ (ʯʝʨʥʳʝ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ ʥʘ ʛ ʠ ʜ). ɹ ï ɸʧʧʣʠʢʘʮʠʷ ʄʎɼ ʧʝʨʝʜ (ʙ) ʠ ʚ ʪʝʯʝʥʠʝ (ʚ) ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ ʘʨʤʠʥʦʤ ʫʚʝʣʠʯʠʚʘʣʘ ʅ-ʵʬʬʝʢʪ ʚ ʜʚʘ ʨʘʟʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ (ʘ). ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʪʠʤʫʣʷʮʠʷ ʥʝʨʚʘ (ʛ) ʫʤʝʥʴʰʘʣʘ ʅ-ʵʬʬʝʢʪ ʧʨʠʤʝʨʥʦ ʥʘ 

43%. ʆʜʥʘʢʦ ʩʦʯʝʪʘʥʠʝ ʩʪʠʤʫʣʷʮʠʠ ʠ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ (ʜ) ʚʳʟʳʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ, ʚ 

ʪʨʠ-ʯʝʪʳʨʝ ʨʘʟʘ, ʫʚʝʣʠʯʝʥʠʝ ʅ-ʵʬʬʝʢʪʘ. ɺ ʩʝʨʠʷʭ ʩ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʚʝʟʠʢʫʣʷʨʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʝʨʘ ʘʮʝʪʠʣʭʦʣʠʥʘ ʚʝʟʘʤʠʢʦʣʦʤ, ʤʳ ʪʝʩʪʠʨʦʚʘʣʠ 2 ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʣʦʢʘʪʦʨʘ ʥʘ 

ʢʦʥʪʨʦʣʴʥʳʭ ʩʠʥʘʧʩʘʭ ʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʄʎɼ ʠ ʩʪʠʤʫʣʷʮʠʝʡ.  
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ʈʠʩ. 57 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʕʬʬʝʢʪ ʜʚʫʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘʣʦʞʝʥ ʥʘ ʛʨʘʬʠʢ, ʩʝʨʳʝ ʩʪʦʣʙʠʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʜʝʡʩʪʚʠʶ 5 ʤʢʄ ʚʝʟʘʤʠʢʦʣʘ, ʘ ʯʝʨʥʳʝ ï 10 ʤʢʄ ʚʝʟʘʤʠʢʦʣʘ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

5 ʤʢʄ ʚʝʟʘʤʠʢʦʣʘ (ʩʝʨʳʝ ʩʪʦʣʙʠʢʠ) ʭʦʪʷ ʥʝʵʬʬʝʢʪʠʚʥʳ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʝʧʘʨʘʪʘʭ (a+v; 

p=0.079), ʥʦ ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʅ-ʵʬʬʝʢʪʘ, ʚʳʟʚʘʥʥʦʛʦ ʄʎɼ (ʙ+v, 

ʚ+v) ʠʣʠ ʄʎɼ ʩʦ ʩʪʠʤʫʣʷʮʠʝʡ (ʜ+v). ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʟʘʤʠʢʦʣʘ ʚ ʜʚʘ ʨʘʟʘ 

ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʣʦ H-ʵʬʬʝʢʪ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʯʝʨʥʳʝ ʩʪʦʣʙʠʢʠ; a+v, 

ʙ+v; ʜ+v). 

4.4.4 ʅ-ʵʬʬʝʢʪ ʚ ʫʩʣʦʚʠʷʭ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ 

ʘʮʝʪʠʣʭʦʣʠʥʘ ʚʝʟʘʤʠʢʦʣʦʤ 

ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ ʘʮʝʪʠʣʭʦʣʠʥʘ (ɺʊɸʭ) 5 ʤʢʄ 

ʚʝʟʘʤʠʢʦʣʘ ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʣʦ ʚʳʟʚʘʥʥʦʝ ʄʎɼ ʫʚʝʣʠʯʝʥʠʝ ʅ-ʵʬʬʝʢʪʘ. ɺ ʵʪʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʝʟʘʤʠʢʦʣ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʚ ʚʘʥʥʦʯʢʝ ʚ ʪʝʯʝʥʠʝ ʠʥʢʫʙʘʮʠʠ ʤʳʰʮ ʩ 

ʘʨʤʠʥʦʤ ʠ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʜʦʙʘʚʣʝʥʠʠ ʪʫʙʦʢʫʨʘʨʠʥʘ (ʨʠʩ. 57 ɸv). ɺʝʟʘʤʠʢʦʣ 

ʫʩʪʨʘʥʷʣ ʚʣʠʷʥʠʝ ʥʘ ʅ-ʵʬʬʝʢʪ ʘʧʧʣʠʢʘʮʠʡ ʄʎɼ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʠʣʠ ʢʘʢ ʜʦ, ʪʘʢ ʠ ʚʦ 

ʚʨʝʤʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ. ɸʤʧʣʠʪʫʜʳ ʅ-ʵʬʬʝʢʪʦʚ (6.7Ñ0.4 ʤɺ, n=4 

ʠʣʠ 6.2Ñ0.4 ʤɺ, n=3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʈʠʩ. 57 ɹ, ʩʪʦʣʙʠʢʠ ñʙ+vò ʠ ñʚ+vò) ʥʝ ʦʪʣʠʯʘʣʠʩʴ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ (p>0.05). ʊʘʢʞʝ ʚʝʟʘʤʠʢʦʣ ʧʨʝʜʦʪʚʨʘʱʘʣ 

ʫʚʝʣʠʯʝʥʠʝ ʅ-ʵʬʬʝʢʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʧʨʝʧʘʨʘʪʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʄʎɼ (p<0.05). ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʘʤʧʣʠʪʫʜʘ ʅ-ʵʬʬʝʢʪʘ ʙʳʣʘ 5.6Ñ0.9 ʤɺ 

(n=4; p>0.05 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʘ) ʠ p<0.001 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʤʠ ʦʙʨʘʙʦʪʘʥʥʳʤʠ ʄʎɼ ʧʨʝʧʘʨʘʪʘʤʠ (ʜ), ʨʠʩ. 57 ɹ, ʩʪʦʣʙʠʢ çʜ+vè). 

ɼʦʙʘʚʣʝʥʠʝ 5 ʤʢʄ ʚʝʟʘʤʠʢʦʣʘ ʥʝ ʠʟʤʝʥʷʣʦ (p=0.079) ʅ-ʵʬʬʝʢʪ ʚ ʢʦʥʪʨʦʣʴʥʳʭ 

ʤʳʰʮʘʭ (ʥʝ ʦʙʨʘʙʦʪʘʥʥʳʭ ʄʎɼ, ʈʠʩ. 57 ɹa+v, ʩʝʨʘʷ ʢʦʣʦʥʢʘ, ʨʠʩ. 58 ɺ). ʆʜʥʘʢʦ 

ʫʤʝʥʴʰʝʥʠʝ ʅ-ʵʬʬʝʢʪʘ ʙʳʣʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ, ʢʦʛʜʘ ʚʝʟʘʤʠʢʦʣ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 6.5 ʤʢʄ (n=3, p<0.05) ʠʣʠ 8 ʤʢʄ (n=3, p<0.01, ʨʠʩ. 58 ɺ), ʠ 

ʅ-ʵʬʬʝʢʪ ʙʳʣ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʝʥ 10 ʤʢʄ ʚʝʟʘʤʠʢʦʣʘ (n=3, p<0.001, ʈʠʩ. 58ɺ ʠ ʨʠʩ. 57 

ɹʘ+v, ʪʝʤʥʳʝ ʩʪʦʣʙʮʳ). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ 

ʦʩʚʦʙʦʞʜʝʥʠʷ ʘʮʝʪʠʣʭʦʣʠʥʘ ʚʝʟʘʤʠʢʦʣʦʤ ʜʦʟʘ-ʟʘʚʠʩʠʤʳʤ ʩʧʦʩʦʙʦʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

10 ʤʢʄ ʚʝʟʘʤʠʢʦʣʘ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʣʠ ʅ-ʵʬʬʝʢʪ (p<0.001) ʚ ʦʙʨʘʙʦʪʘʥʥʳʭ ʄʎɼ 



168 
 

  

ʧʨʝʧʘʨʘʪʘʭ, ʢʘʢ ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ, ʪʘʢ ʠ ʥʝ ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ (ʯʝʨʥʳʝ ʢʦʣʦʥʢʠ ʜ+v ʠ 

ʙ+v ʥʘ ʨʠʩ.57, ɹ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʠʣʝʥʠʝ ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʘʮʝʪʠʣʭʦʣʠʥʘ ʚ ʥʝʨʚʥʦ-

ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʢʨʳʩʳ ʧʨʠ ʫʜʘʣʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʟʘʚʠʩʠʪ ʦʪ 

ʘʢʪʠʚʥʦʩʪʠ ʙʣʦʢʠʨʫʝʤʦʡ ʚʝʟʘʤʠʢʦʣʦʤ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ.  

 

ʈʠʩ. 58. ɺʣʠʷʥʠʝ ʧʨʦʧʠʦʥʘʪʘ ʥʘʪʨʠʷ ʥʘ ʅ-ʵʬʬʝʢʪ ʠ ʢʨʠʚʘʷ ʜʦʟʘ-ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʝʟʘʤʠʢʦʣʘ 

ɸ ï ʀʣʣʶʩʪʨʠʨʫʝʪ ʜʠʟʘʡʥ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʦʙʦʟʥʘʯʝʥʠʷ ʪʝ ʞʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 57, ɸ). 

ɺ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʦʜʠʥʦʯʢʫ ʠʣʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩʣʝʜʫʶʱʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ: ʘʧʧʣʠʢʘʮʠʠ 1 ʤʄ ʄʎɼ, 20 ʠʣʠ 40 ʤʄ ʧʨʦʧʠʦʥʘʪʘ ʥʘʪʨʠʷ (ʧʦʢʘʟʘʥʦ 

ʣʠʥʝʡʥʳʤʠ ʩʝʛʤʝʥʪʘʤʠ ʥʘ ʙ, ʚ, ʙ+ʚ; ɸʘ - ʢʦʥʪʨʦʣʴ). ɹ ï ʇʨʦʧʠʦʥʘʪ ʥʘʪʨʠʷ, ʢʦʪʦʨʳʡ 

ʟʘʢʠʩʣʷʝʪ ʮʠʪʦʧʣʘʟʤʫ, ʫʤʝʥʴʰʘʣ ʅ-ʵʬʬʝʢʪ ʢʘʢ ʚ ʢʦʥʪʨʦʣʝ, ʪʘʢ ʠ ʚ ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ 

ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʧʠʦʥʘʪʘ ʟʘʚʠʩʝʣʘ ʦʪ ʧʨʠʤʝʥʷʝʤʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, 20 ʤʄ (ʩʝʨʳʝ ʩʪʦʣʙʠʢʠ) ʠʣʠ 40 ʤʄ (ʯʝʨʥʳʝ ʩʪʦʣʙʠʢʠ). ʕʬʬʝʢʪ rʵʪʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘʣʦʞʝʥʳ ʥʘ ʛʨʘʬʠʢʝ. ɺ ʢʦʥʮʝʥʪʨʘʮʠʠ 20 ʤʄ (ʚ, ʩʝʨʳʡ ʩʪʦʣʙʠʢ), 

ʧʨʦʧʠʦʥʘʪ ʫʤʝʥʴʰʘʣ ʅ-ʵʬʬʝʢʪ ʥʘ 34%, ʪʦʛʜʘ ʢʘʢ ʚ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (40 ʤʄ) ʦʥ 

ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʣ ʅ-ʵʬʬʝʢʪ (ʚ; ʯʝʨʥʳʡ ʩʪʦʣʙʠʢ). ʇʨʦʧʠʦʥʘʪ, ʚ ʦʙʝʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʣ ʫʚʝʣʠʯʝʥʠʝ ʅ-ʵʬʬʝʢʪʘ, ʚʳʟʚʘʥʥʦʝ 

ʘʧʧʣʠʢʘʮʠʝʡ ʄʎɼ (ʙ+ʚ). ɺ ï ʕʬʬʝʢʪ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʝʟʘʤʠʢʦʣʘ ʥʘ ʅ-ʵʬʬʝʢʪ. 1 ʠ 

5 ʤʢʄ ʚʝʟʘʤʠʢʦʣʘ ʥʝ ʠʟʤʝʥʷʣʠ ʅ-ʵʬʬʝʢʪ (p=0.189 ʠ p=0.079, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ (ʧʦʢʘʟʘʥʦ ʢʘʢ ʩʚʝʪʣʳʝ ʢʚʘʜʨʘʪʳ). 6.5 ʠ 8 ʤʢʄ 

ʚʝʟʘʤʠʢʦʣʘ ʩʥʠʞʘʣʠ ʅ-ʵʬʬʝʢʪ, ʘ 10 ʤʢʄ ʚʝʟʘʤʠʢʦʣʘ ʬʘʢʪʠʯʝʩʢʠ ʫʩʪʨʘʥʷʣʠ ʝʛʦ. 

ɿʚʝʟʜʦʯʢʠ ʧʦʢʘʟʳʚʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʢʦʥʪʨʦʣʴʥʦʡ ʠ 

ʧʦʜʚʝʨʛʥʫʪʳʤʠ ʜʝʡʩʪʚʠʶ ʨʝʘʛʝʥʪʦʚ ʛʨʫʧʧʘʤʠ (*p<0.05; **p<0.01; ***p<0.001). 
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4.4.5 ɺʣʠʷʥʠʝ ʄʎɼ ʥʘ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʨʅ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ 

ʀʟʤʝʥʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʨʘʩʠʪʝʣʷ BCECF, ʟʘʛʨʫʞʝʥʥʦʛʦ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʝ 

ʧʨʝʧʘʨʘʪʳ, ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ pʅ (Wu et al., 1994). ʅʘʙʣʶʜʝʥʠʷ ʠ 

ʘʥʘʣʠʟ ʚʝʣʠʩʴ ʚ ʨʝʛʠʦʥʝ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʝʨʚʥʳʝ ʪʝʨʤʠʥʘʣʠ. ɼʦʙʘʚʣʝʥʠʝ ʚ ʚʘʥʥʦʯʢʫ 

ʄʎɼ ʚʳʟʳʚʘʝʪ ʜʦʩʪʦʚʝʨʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ J505/450 BCECF, 

ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʡ ʤʠʥʫʪʳ ʘʧʧʣʠʢʘʮʠʠ ʨʝʘʛʝʥʪʘ (p<0.001, ʨʠʩ. 59, ɸ), ʠ ʦʪʥʦʰʝʥʠʝ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 25% ʢ 30 ʤʠʥ ʠʥʢʫʙʘʮʠʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ 

(p<0.001, n=7, ʨʠʩ. 59ɸ ʢʦʥʪʨʦʣʴ ï ʩʚʝʪʣʳʝ ʢʨʫʞʦʯʢʠ, ʄʎɼ ï ʪʝʤʥʳʝ ʢʨʫʞʦʯʢʠ). 

ɺʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʩʪʠʤʫʣʷʮʠʷ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ, ʥʘʯʠʥʘʶʱʘʷʩʷ ʩ 10 ʤʠʥ ʘʧʧʣʠʢʘʮʠʠ 

ʚ ʄʎɼ, ʫʩʢʦʨʷʝʪ ʩʥʠʞʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ J505/450, ʢʦʪʦʨʦʝ ʫʤʝʥʴʰʘʝʪʩʷ 

ʥʘ 32% ʢ ʢʦʥʮʫ 30 ʤʠʥ ʧʝʨʠʦʜʘ ʠʥʢʫʙʘʮʠʠ ʩ ʄʎɼ (n=7, p<0.0001, ʨʠʩ. 59ɸ, ʦʪʢʨʳʪʳʝ 

ʪʨʝʫʛʦʣʴʥʠʢʠ). ʅʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʚ J505/450 ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʥʠʞʝʥʠʝ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʅ ʧʦʜ ʚʣʠʷʥʠʝʤ ʄʎɼ. ʉʥʠʞʝʥʠʝ ʨʅ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʳʤ, ʢʦʛʜʘ ʜʚʠʛʘʪʝʣʴʥʳʝ ʥʝʨʚʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʵʧʠʟʦʜʫ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʩʪʠʤʫʣʷʮʠʠ.  

 

ʈʠʩ. 59. ʀʟʤʝʥʝʥʠʷ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʅ ʧʨʠ ʠʥʢʫʙʘʮʠʠ ʩ 1 ʤʄ ʤʝʪʠʣ-ɓ-

ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ (ʄʎɼ), 5 ʤʢʄ ʚʝʟʘʤʠʢʦʣʘ ʠ ʧʨʦʧʠʦʥʘʪʦʤ ʥʘʪʨʠʷ 

ʅʝʨʚʥʦ-ʤʳʰʝʯʥʳʝ ʧʨʝʧʘʨʘʪʳ ʙʳʣʠ ʚʳʜʝʨʞʘʥʳ ʚ BCECF-AM (pH 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʠʥʜʠʢʘʪʦʨ, ʤʝʤʙʨʘʥʦʧʨʦʥʠʢʘʶʱʘʷ ʬʦʨʤʘ) ʚ ʪʝʯʝʥʠʝ 

15 ʤʠʥ. ʇʦʩʣʝ 30 ʤʠʥ ʧʝʨʠʦʜʘ ʦʪʤʳʚʢʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ. ʆʪʥʦʰʝʥʠʝ ʵʤʠʩʩʠʠ J505/450 BCECF ʚ ʤʦʤʝʥʪ ʧʝʨʚʦʛʦ 

ʠʟʤʝʨʝʥʠʷ (ʜʦ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ) ʧʨʠʥʠʤʘʣʦʩʴ ʟʘ 100%. ʇʦʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ 

ʵʤʠʩʩʠʦʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ J505/450 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʦʮʝʥʪʘʭ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ. 

ʅʝʢʦʪʦʨʳʝ ʦʰʠʙʢʠ ʥʝ ʚʠʜʥʳ ʥʘ ʛʨʘʬʠʢʝ, ʪʘʢ ʢʘʢ ʠʭ ʟʥʘʯʝʥʠʷ ʤʝʥʴʰʝ 4%. ʉʪʠʤʫʣʷʮʠʷ 

20 ɻʮ 3 ʤʠʥ ʧʦʢʘʟʘʥʘ ʩʪʨʝʣʢʘʤʠ. 
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ʈʠʩ. 59 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ɸ - ʆʪʥʦʰʝʥʠʝ ʵʤʠʩʩʠʠ J505/450 ʥʝʤʥʦʛʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʩʣʝ 7.5 ʤʠʥ ʠʥʢʫʙʘʮʠʠ 

(p<0.05) ʚ ʢʦʥʪʨʦʣʝ (ʩʚʝʪʣʳʝ ʢʨʫʞʢʠ), ʠ ʢ 30 ʤʠʥ ʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 97% ʦʪ 

ʙʘʟʦʣʠʥʠʠ (p<0.05, ʥʝ ʧʦʢʘʟʘʥʦ). ɺʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʩʪʠʤʫʣʷʮʠʷ ʚ ʢʦʥʪʨʦʣʝ ʚʳʟʳʚʘʣʘ 

ʩʣʘʙʦʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʪʥʦʰʝʥʠʷ J505/450 (ʩʚʝʪʣʳʝ ʢʚʘʜʨʘʪʠʢʠ; 

ʫʤʝʥʴʰʝʥʠʝ ʙʳʣʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʠʥʪʝʨʚʘʣʘ ʩ 11 ʧʦ 15 ʤʠʥ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʥʘʯʝʥʠʝʤ ʜʦ ʩʪʠʤʫʣʷʮʠʠ, p<0.001, ʥʝ ʧʦʢʘʟʘʥʦ). ɼʦʙʘʚʣʝʥʠʝ ʄʎɼ 

ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʣʦ ʦʪʥʦʰʝʥʠʝ J505/450 (ʪʝʤʥʳʝ ʢʨʫʞʢʠ; ʩʥʠʞʝʥʠʝ ʩʪʘʥʦʚʠʣʦʩʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʧʦʩʣʝ 1 ʤʠʥʫʪʳ ʦʙʨʘʙʦʪʢʠ, ʥʝ ʧʦʢʘʟʘʥʦ). ɺʳʩʦʢʦʯʘʩʪʦʪʥʘʷ 

ʩʪʠʤʫʣʷʮʠʷ (3 ʤʠʥ 20 ɻʮ) ʥʝʨʚʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʩʥʠʞʝʥʠʶ ʦʪʥʦʰʝʥʠʷ J505/450 ʚ 

ʧʨʝʧʘʨʘʪʘʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʄʎɼ (ʩʚʝʪʣʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ; ʩʥʠʞʝʥʠʝ ʙʳʣʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʩʪʠʤʫʣʠʨʦʚʘʥʥʳʤ ʦʙʨʘʙʦʪʘʥʥʳʤ ʄʎɼ ʧʨʝʧʘʨʘʪʘʤ, 

p<0.05, ʥʝ ʧʦʢʘʟʘʥʦ). ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʚʝʟʘʤʠʢʦʣʘ, ʩʥʠʞʝʥʠʝ J505/450 ʦʪʥʦʰʝʥʠʷ, 

ʚʳʟʚʘʥʥʦʛʦ ʦʙʨʘʙʦʪʢʦʡ ʄʎɼ ʪʦʣʴʢʦ ʠʣʠ ʚ ʩʦʯʝʪʘʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʝʡ, 

ʙʳʣʦ ʚ ʪʨʠ-ʯʝʪʳʨʝ ʨʘʟʘ ʥʠʞʝ (p<0.001; ʩʚʝʪʣʳʝ ʨʦʤʙʠʢʠ, ʄʎɼ+ʚʝʟʘʤʠʢʦʣ; ʪʝʤʥʳʝ 

ʪʨʝʫʛʦʣʴʥʠʢʠ, ʄʎɼ + ʩʪʠʤʫʣʷʮʠʷ + ʚʝʟʘʤʠʢʦʣ), ʯʝʤ ʚ ʧʨʝʧʘʨʘʪʘʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʪʦʣʴʢʦ 

ʄʎɼ. ɿʚʝʟʜʦʯʢʠ ʫʢʘʟʳʚʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʫʶ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ 

J505/450 ʚ ʥʝʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ ʛʨʫʧʧʘʭ (p<0.001). ɹ ï ʇʨʦʧʠʦʥʘʪ 

ʥʘʪʨʠʷ (20 ʤʄ, ʩʚʝʪʣʳʝ ʢʚʘʜʨʘʪʠʢʠ; 40 ʤʄ ʪʝʤʥʳʝ ʢʚʘʜʨʘʪʠʢʠ) ʧʨʠ ʚʥʝʢʣʝʪʦʯʥʦʡ 

ʘʧʧʣʠʢʘʮʠʠ ʩʥʠʞʘʝʪ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʨʅ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʦʧʠʦʥʘʪ ʧʦʩʪʝʧʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪ ʦʪʥʦʰʝʥʠʝ J505/450. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪ 40 ʤʄ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʡ. ɿʚʝʟʜʦʯʢʠ ʧʦʢʘʟʳʚʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʫʶ ʨʘʟʥʠʮʫ ʤʝʞʜʫ 

ʵʬʬʝʢʪʘʤʠ 20 ʠ 40 ʤʄ ʧʨʦʧʠʦʥʘʪʘ ʥʘ ʫʨʦʚʥʝ p<0.001. 

ʕʬʬʝʢʪ ʄʎɼ ʥʘ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʨʅ ʙʳʣ ʩʫʱʝʩʪʚʝʥʥʦ ʩʣʘʙʝʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

5 ʤʢʄ ʚʝʟʘʤʠʢʦʣʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, J505/450 ʦʪʥʦʰʝʥʠʝ ʫʤʝʥʴʰʘʣʦʩʴ ʪʦʣʴʢʦ ʥʘ 

11.0Ñ0.7% (n=5) ʧʨʠ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ ʥʘ ʬʦʥʝ ʜʝʡʩʪʚʠʷ ʚʝʟʘʤʠʢʦʣʘ (p<0.001, ʨʠʩ. 59 

ɸ). ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ ʨʘʟʜʨʘʞʝʥʠʝ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ ʫʤʝʥʴʰʘʣʦ 

J505/450 ʦʪʥʦʰʝʥʠʝ ʪʦʣʴʢʦ ʥʘ 8.8Ñ0.6% ʢ 30 ʤʠʥ ʘʧʧʣʠʢʘʮʠʠ ʄʎɼ (n=5, p<0.001, ʨʠʩ. 

59ɸ). ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʚ 3-ʨʘʟʘ ʟʘʢʠʩʣʝʥʠʷ ʮʠʪʦʧʣʘʟʤʳ, 

ʩʦʧʨʷʞʝʥʥʦʛʦ ʩ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʄʎɼ, ʧʨʠ ʙʣʦʢʠʨʦʚʘʥʠʠ 

ɺʊɸʭ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʛʠʧʦʪʝʟʦʡ, ʯʪʦ ʧʨʦʪʦʥ-ʟʘʚʠʩʠʤʳʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢ 
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ʚʝʟʘʤʠʢʦʣʫ ʙʝʣʦʢ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣʘʭ (ʚʝʨʦʷʪʥʦ, ɺʊɸʭ), 

ʦʪʚʝʯʘʝʪ ʟʘ ʫʩʠʣʝʥʠʝ ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʘʮʝʪʠʣʭʦʣʠʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʤ 

ʫʜʘʣʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ. ɺʦʟʤʦʞʥʦ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ɺʊɸʭ ʚ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʙʦʪʢʠ ʄʎɼ ʚʳʟʳʚʘʝʪ ʫʩʠʣʝʥʠʝ ʦʙʤʝʥʘ 

ʩʚʦʙʦʜʥʦʛʦ ʘʮʝʪʠʣʭʦʣʠʥʘ ʚ ʮʠʪʦʧʣʘʟʤʝ ʥʝʨʚʥʦʡ ʪʝʨʤʠʥʘʣʠ ʥʘ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʝ 

ʧʨʦʪʦʥʳ ʯʝʨʝʟ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʝʟʘʤʠʢʦʣ ʥʝ 

ʧʦʣʥʦʩʪʴʶ (ʭʦʪʷ ʩʠʣʴʥʦ) ʫʩʪʨʘʥʷʣ ʵʬʬʝʢʪʳ ʄʎɼ ʥʘ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʨʅ. ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʚʣʝʯʝʥʠʝ ʜʨʫʛʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʚʝʟʘʤʠʢʦʣ-ʥʝʟʘʚʠʩʠʤʳʭ ʩʠʩʪʝʤ ʚ 

ʘʮʠʜʠʬʠʢʘʮʠʶ ʮʠʪʦʧʣʘʟʤʳ ʚ ʦʪʚʝʪ ʥʘ ʫʜʘʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʢ ʚ ʢʦʥʪʨʦʣʝ, ʪʘʢ ʠ ʚ ʩʣʫʯʘʝ ʚʦʟʜʝʡʩʪʚʠʷ ʄʎɼ ʥʘ ʬʦʥʝ 

ʚʝʟʘʤʠʢʦʣʘ ʚ ʧʝʨʠʦʜ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʚʨʝʤʝʥʥʦʝ ʦʙʨʘʪʠʤʦʝ 

ʩʥʠʞʝʥʠʝ J505/450 ʦʪʥʦʰʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ 3-ʭ ʤʠʥ ʩʪʠʤʫʣʷʮʠʠ (ʠʣʠ 

ʫʞʝ ʩʦ 2-ʦʡ ʤʠʥ ʩʪʠʤʫʣʷʮʠʠ) ʥʘʯʠʥʘʣʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ 5-6 ʤʠʥ. 

ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʚʷʟʴ ʧʨʦʮʝʩʩʦʚ ʵʢʟʦ- ʠ ʵʥʜʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʩ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʪʦʥʦʚ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʜʘʥʥʳʤʠ ʦ ʪʦʤ, ʯʪʦ ʩʪʠʤʫʣʷʮʠʷ ʚʳʟʳʚʘʝʪ ʜʚʫʭʬʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ ʨʅ ʥʝʨʚʥʦʛʦ 

ʦʢʦʥʯʘʥʠʷ: ʩʥʘʯʘʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʢʠʩʣʝʥʠʝ, ʘ ʧʦʪʦʤ, ʥʘʦʙʦʨʦʪ, ʘʣʢʘʣʠʟʘʮʠʷ. ʇʦʩʣʝʜʥʷʷ 

ʩʚʷʟʘʥʘ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʚʝʟʠʢʫʣʷʨʥʦʡ ʅ-ʧʦʤʧʳ, ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʵʢʟʦʮʠʪʦʟʘ ʦʢʘʟʳʚʘʝʪʩʷ ʚ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʠ ʜʦ ʤʦʤʝʥʪʘ ʵʥʜʦʮʠʪʦʟʘ ʚʳʢʘʯʠʚʘʝʪ ʧʨʦʪʦʥʳ ʠʟ 

ʮʠʪʦʧʣʘʟʤʳ (Zhang et al., 2010). 

 

4.4.6 ʕʬʬʝʢʪ ʫʤʝʥʴʰʝʥʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʨʅ ʥʘ ʅ-ʵʬʬʝʢʪ 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʨʦʪʦʥʘʤ ʤʝʭʘʥʠʟʤʘ 

ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʘʮʝʪʠʣʭʦʣʠʥʘ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʧʠʦʥʘʪ ʜʣʷ ʩʥʠʞʝʥʠʷ ʨʅ 

ʮʠʪʦʧʣʘʟʤʳ ʠ ʅ-ʵʬʬʝʢʪ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ (Puttagunta et al., 

1992). 

ɺʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʨʅ ʙʳʣ ʦʮʝʥʝʥ ʩ ʧʦʤʦʱʴʶ ʜʝʪʝʢʮʠʠ ʦʪʥʦʰʝʥʠʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ J505/450 ʤʘʨʢʝʨʘ BCECF ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ. ɸʧʧʣʠʢʘʮʠʠ 20 ʠ 

40 ʤʄ ʧʨʦʧʠʦʥʘʪʘ ʥʘʪʨʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣʠ ʦʪʥʦʰʝʥʠʝ J505/450, ʢʦʪʦʨʦʝ 

ʩʪʘʥʦʚʠʣʦʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢ 3 ʤʠʥ ʘʧʧʣʠʢʘʮʠʠ 20 ʤʄ ʧʨʦʧʠʦʥʘʪʘ 

(p<0.001) ʠ ʜʘʞʝ ʢ 1 ʤʠʥ, ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʧʠʦʥʘʪʘ ʙʳʣʘ ʫʚʝʣʠʯʝʥʘ ʜʦ 40 ʤʄ 

(p<0.05). ʂ 30 ʤʠʥ ʠʥʢʫʙʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʩ 20 ʠʣʠ 40 ʤʄ ʧʨʦʧʠʦʥʘʪʘ ʦʪʥʦʰʝʥʠʝ 
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J505/450 ʚ ʟʘʛʨʫʞʝʥʥʳʭ BCECF ʧʨʝʧʘʨʘʪʘʭ ʩʥʠʞʘʣʦʩʴ ʥʘ 30Ñ1% (n=5, p<0.001) ʠʣʠ 

49.1Ñ1% (n=5, p<0.001), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʧʦ ʥʘʰʠʤ ʦʮʝʥʢʘʤ, ʩʥʠʞʝʥʠʝ ʨʅ ʚ 

ʘʢʩʦʧʣʘʟʤʝ ʧʨʠ ʜʝʡʩʪʚʠʠ 20 ʠ 40 ʤʄ ʧʨʦʧʠʦʥʘʪʘ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ 0.05 ʠ 0.09 ʝʜʠʥʠʮ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 59, ɹ). ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʪʦʤ, ʯʪʦ 

30 ʤʄ ʧʨʦʧʠʦʥʘʪʘ ʩʥʠʞʘʝʪ ʨʅ ʚ ʢʣʝʪʢʘʭ ʧʝʨʝʜʥʝʛʦ ʛʠʧʦʪʘʣʘʤʫʩʘ ʢʨʳʩʳ ʥʘ 0.06 ʝʜʠʥʠʮ 

(Puttagunta et al., 1992). 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʅ-ʵʬʬʝʢʪ ʩʥʠʞʘʣʩʷ ʜʦ 1.9Ñ0.5 ʤɺ (n=4, P<0.01) ʠ 0.1Ñ0.1 ʤɺ (n=3, 

P<0.001) ʧʦʩʣʝ 30 ʤʠʥ ʵʢʩʧʦʟʠʮʠʠ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚ 20 ʠ 40 ʤʄ 

ʧʨʦʧʠʦʥʘʪ ʥʘʪʨʠʷ (ʨʠʩ. 58, ɹʚ; ʩʝʨʳʝ ʩʪʦʣʙʠʢʠ ï 20 ʤʄ, ʯʝʨʥʳʝ ʩʪʦʣʙʠʢʠ ï 40 ʤʄ). ʂʘʢ 

ʦʞʠʜʘʣʦʩʴ, ʧʨʠʤʝʥʝʥʠʝ 20 ʤʄ ʧʨʦʧʠʦʥʘʪʘ ʥʘʪʨʠʷ ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʣʦ 

ʫʚʝʣʠʯʝʥʠʝ ʅ-ʵʬʬʝʢʪʘ, ʚʳʟʚʘʥʥʦʝ ʘʧʧʣʠʢʘʮʠʝʡ ʄʎɼ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 40 ʤʄ 

ʧʨʦʧʠʦʥʘʪʘ ʜʘʞʝ ʫʤʝʥʴʰʘʣʦ ʅ-ʵʬʬʝʢʪ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʊʘʢ, ʘʤʧʣʠʪʫʜʘ ʅ-

ʵʬʬʝʢʪʘ ʧʨʠ ʜʝʡʩʪʚʠʠ 20 ʤʄ ʠʣʠ 40 ʤʄ ʧʨʦʧʠʦʥʘʪʘ ʙʳʣʘ 4.9Ñ0.2 ʤɺ (n=3, p>0.05, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʘ), #p<0.001, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʙʦʪʢʦʡ ʄʎɼ (ʙ)) ʠʣʠ 2.9 Ñ0.1 

ʤɺ (n=4, p<0.05, # p<0.001, ʨʠʩ. 58, ɺʙ+ʚ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʦʤ, ʯʪʦ 40 

ʤʄ ʧʨʦʧʠʦʥʘʪʘ ʥʝ ʚʣʠʷʶʪ ʥʘ ʘʤʧʣʠʪʫʜʫ ʄʊʂʇ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʚʣʠʷʥʠʷ 

ʟʘʢʠʩʣʝʥʠʷ ʮʠʪʦʧʣʘʟʤʳ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʢ 

ʘʮʝʪʠʣʭʦʣʠʥʫ (ʊʘʙʣ. 2). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʢʠʩʣʝʥʠʝ ʮʠʪʦʧʣʘʟʤʳ ʧʦʜʘʚʣʷʝʪ ʫʚʝʣʠʯʝʥʠʝ ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ 

ʦʩʚʦʙʦʞʜʝʥʠʷ ʘʮʝʪʠʣʭʦʣʠʥʘ, ʚʳʟʳʚʘʝʤʦʝ ʫʜʘʣʝʥʠʝʤ ʭʦʣʝʩʪʝʨʠʥʘ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ, ʯʪʦ ʩʠʩʪʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʦʟʨʘʩʪʘʥʠʝ ʥʝʚʝʟʠʢʫʣʷʨʥʦʡ ʩʝʢʨʝʮʠʠ, 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʪ ʧʨʦʪʦʥʳ ʚʥʫʪʨʴ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ ʚ ʦʙʤʝʥ ʥʘ ʘʮʝʪʠʣʭʦʣʠʥ.  

 

4.4.7 ʕʬʬʝʢʪ rʄʎɼ, ʩʪʠʤʫʣʷʮʠʠ ʠ ʚʝʟʘʤʠʢʦʣʘ ʥʘ ʚʥʝʢʣʝʪʦʯʥʳʡ ʫʨʦʚʝʥʴ 

ʘʮʝʪʠʣʭʦʣʠʥʘ 

ɼʣʷ ʦʮʝʥʢʠ ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʘʮʝʪʠʣʭʦʣʠʥʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʅ-ʵʬʬʝʢʪ, ʭʦʪʷ ʵʪʦ ʥʝʧʨʷʤʦʡ ʩʧʦʩʦʙ ʠ ʩʦʧʨʷʞʝʥ ʩ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ 

ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ. ʄʳ ʚʳʧʦʣʥʠʣʠ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʦʧʪʠʯʝʩʢʦʡ ʜʝʪʝʢʮʠʝʡ 

ʦʩʚʦʙʦʞʜʝʥʠʷ ʘʮʝʪʠʣʭʦʣʠʥʘ ʠʟ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʜʠʘʬʨʘʛʤʳ (ʨʠʩ. 60). 
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ʈʠʩ. 60. ʕʬʬʝʢʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ, 1 ʤʄ ʤʝʪʠʣ-ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ (ʄʎɼ) ʠ 

ʚʝʟʘʤʠʢʦʣʘ ʥʘ ʚʥʝʢʣʝʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʘʮʝʪʠʣʭʦʣʠʥʘ 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʟʤʝʨʷʣʠ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʨʝʟʦʨʫʬʠʥʘ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ (ʦʪ 0 ʜʦ 60 ʤʠʥ ʥʘ ɸ, ʠ ʢ 60 ʤʠʥ ʥʘ ɻ) ʜʣʷ ʦʮʝʥʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʮʝʪʠʣʭʦʣʠʥʘ ʚ 

ʤʠʢʨʦʚʘʥʥʦʯʢʝ. ɹ ï ʢʘʞʜʘʷ ʤʳʰʮʘ ʠʥʢʫʙʠʨʦʚʘʣʘʩʴ 15 ʤʠʥ ʚ ʚʘʥʥʦʯʢʝ (ʟʘʰʪʨʠʭʦʚʘʥʥʳʡ 

ʩʝʛʤʝʥʪ ʩʪʦʣʙʮʘ) ʠ ʟʘʪʝʤ ʧʦʤʝʱʘʣʘʩʴ ʚ ʥʦʚʳʡ ʨʘʩʪʚʦʨ, ʛʜʝ ʚʳʜʝʨʞʠʚʘʣʘʩʴ ʝʱʝ 45 ʤʠʥ 

(ʥʝʟʘʰʪʨʠʭʦʚʘʥʥʳʡ ʩʝʛʤʝʥʪ). ɺ ʦʙʦʠʭ ʨʘʩʪʚʦʨʘʭ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʦʮʝʥʠʚʘʣʠ ʩ 

ʟʘʜʝʨʞʢʦʡ ʚ 1 ʯʘʩ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʢʮʠʷʤ ʦʢʠʩʣʝʥʠʷ ʭʦʣʠʥʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʨʝʟʦʨʫʬʠʥʘ 

ʧʨʦʪʝʢʘʪʴ ʧʦʣʥʦʩʪʴʶ. ʕʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʜʣʷ ʙʦʣʴʰʝʡ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʪʦʤ, ʯʪʦ ʚʩʝ 

ʤʦʣʝʢʫʣʳ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ, ʦʩʚʦʙʦʞʜʝʥʥʳʝ ʠʟ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ, ʙʫʜʫʪ ʫʯʪʝʥʳ. 

ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʩʨʘʚʥʠʚʘʣʘʩʴ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʢʨʠʚʳʤʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʨʝʟʦʨʫʬʠʥʘ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ʩ ʠʟʚʝʩʪʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʘʮʝʪʠʣʭʦʣʠʥʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʘʮʝʪʠʣʭʦʣʠʥʘ (ʚ ʤʢʄ), 

ʥʘʢʘʧʣʠʚʘʶʱʝʛʦʩʷ ʚ 1 ʤʣ ʨʘʩʪʚʦʨʘ ʚʘʥʥʦʯʢʠ, ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʛʨʘʤʤ ʤʳʰʝʯʥʦʡ 

ʪʢʘʥʠ (ʧʨʘʚʳʝ ʦʩʠ Y ʥʘ A, ɹ ʠ ɻ). ɸ ï ʠʣʣʶʩʪʨʠʨʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʨʝʟʦʨʫʬʠʥʘ, ʠʟʤʝʨʝʥʥʦʡ ʚ ʢʦʥʪʨʦʣʝ (ʢʨʫʞʦʯʢʠ, ʙʝʟ ʩʪʠʤʫʣʷʮʠʠ) ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ 

ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʘʭ (ʪʨʝʫʛʦʣʴʥʠʢʠ). ʉʪʠʤʫʣʷʮʠʷ 20 ɻʮ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ 12 ʜʦ 

15 ʤʠʥ ʠʥʢʫʙʘʮʠʠ (ʧʦʢʘʟʘʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʣʠʥʠʝʡ ʤʝʞʜʫ ʩʪʨʝʣʢʘʤʠ).  
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ʈʠʩ. 60 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ɺʦʟʨʘʩʪʘʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʙʳʣʦ ʫʩʠʣʝʥʦ ʩʪʠʤʫʣʷʮʠʝʡ ʠ ʜʣʠʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ 

(ʫʢʘʟʘʥʦ ʟʚʝʟʜʦʯʢʘʤʠ), ʟʘʪʝʤ ʨʦʩʪ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʟʘʤʝʜʣʷʣʩʷ, ʠ ʦʥʘ ʜʦʩʪʠʛʘʣʘ 

ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʡ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ. ɹ ï ʂʘʞʜʳʡ ʩʪʦʣʙʝʮ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʥʝʯʥʫʶ 

ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʚ ʨʘʩʪʚʦʨʘʭ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʠʥʢʫʙʠʨʦʚʘʥʳ ʢʦʥʪʨʦʣʴʥʳʝ (ʘ) ʠ 

ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʝ (ʚ) ʧʨʝʧʘʨʘʪʳ. ʅʠʞʥʷʷ ʯʘʩʪʴ ʢʘʞʜʦʛʦ ʩʪʦʣʙʠʢʘ (ʟʘʰʪʨʠʭʦʚʘʥʥʘʷ) 

ʧʦʢʘʟʳʚʘʝʪ ʬʣʫʦʨʝʩʮʝʥʮʠʶ, ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 1-ʦʡ 15 ʤʠʥ ʠʥʢʫʙʘʮʠʠ (ʵʪʦ 

ʚʨʝʤʷ ʚʢʣʶʯʘʝʪ ʵʧʠʟʦʜ ʩʪʠʤʫʣʷʮʠʠ ʚ ʩʣʫʯʘʝ çʚè). ʂʘʢ ʦʞʠʜʘʣʦʩʴ, ʩʪʠʤʫʣʷʮʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʚ ʜʚʘ ʨʘʟʘ. ɺʝʨʭʥʷʷ (ʥʝʰʪʨʠʭʦʚʘʥʥʘʷ) ʯʘʩʪʴ ʢʘʞʜʦʛʦ 

ʩʪʦʣʙʠʢʘ ʧʦʢʘʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʘʮʝʪʠʣʭʦʣʠʥʘ, ʥʘʢʦʧʠʚʰʝʛʦʩʷ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʫʶʱʝʡ 

45 ʤʠʥ ʠʥʢʫʙʘʮʠʠ. ɺʠʜʥʦ, ʯʪʦ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʚ ʢʦʥʪʨʦʣʝ ʥʘ 34% (p<0.001) ʧʨʝʚʦʩʭʦʜʠʪ 

ʬʣʫʦʨʝʩʮʝʥʮʠʶ, ʥʘʢʦʧʠʚʰʫʶʩʷ ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʧʨʝʧʘʨʘʪʘʤʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʧʨʦʩʪʠʤʫʣʠʨʦʚʘʥʳ ʧʝʨʝʜ ʠʥʢʫʙʘʮʠʝʡ. ʆʜʥʘʢʦ ʦʙʱʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ, 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʘʷ ʟʘ 60 ʤʠʥ ʠʥʢʫʙʘʮʠʠ, ʦʜʠʥʘʢʦʚʘ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ɸ. ɺ ï ʧʦʢʘʟʘʥʳ ʩʭʝʤʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ɻ. ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʠʟʤʝʨʷʣʘʩʴ ʢ 60 ʤʠʥ ʠʥʢʫʙʘʮʠʠ 

(ʫʢʘʟʘʥʦ ʩʪʨʝʣʢʦʡ). ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʥʪʨʦʣʷ, ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʠʣʠ ʚ 

ʢʦʤʙʠʥʘʮʠʠ, ʩʣʝʜʫʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ: ʘʧʧʣʠʢʘʮʠʷ ʄʎɼ, 5 ʠ 10 ʤʢʄ ʚʝʟʘʤʠʢʦʣʘ 

(ʠʟʦʙʨʘʞʝʥʳ ʣʠʥʠʤ̫ʠ), ʠ ʩʪʠʤʫʣʷʮʠʷ 20 ɻʮ 3 ʤʠʥ (ʯʝʨʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ). ɻ ï 

ɸʧʧʣʠʢʘʮʠʷ ʄʎɼ (ʙ) ʫʚʝʣʠʯʠʚʘʝʪ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʢ 60 ʤʠʥ ʠʥʢʫʙʘʮʠʠ ʧʨʠʤʝʨʥʦ ʚ 2.5 

ʨʘʟʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʘ), ʪʦʛʜʘ ʢʘʢ ʩʪʠʤʫʣʷʮʠʷ 20 ɻʮ 3 ʤʠʥ ʥʝ ʠʟʤʝʥʷʝʪ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʚ). ʆʜʥʘʢʦ ʝʩʣʠ ʦʙʨʘʙʦʪʘʥʥʳʝ ʄʎɼ ʧʨʝʧʘʨʘʪʳ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʨʠʪʤʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ, ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʙʦʣʴʰʝ ʯʝʤ ʚ 4 ʨʘʟʘ (ʛ). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʘʩʪʠʯʥʦʝ ʠʩʪʦʱʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʫʚʝʣʠʯʠʚʘʝʪ 

ʥʝʚʝʟʠʢʫʣʷʨʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ ʘʮʝʪʠʣʭʦʣʠʥʘ ʚ ʤʠʢʨʦʚʘʥʥʦʯʢʫ. ʀʥʛʠʙʠʪʦʨ ɺʊɸʭ 

(ʚʝʟʘʤʠʢʦʣ) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 5 ʠʣʠ 10 ʤʢʄ ʫʤʝʥʴʰʘʣ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʥʘ 20% ʠʣʠ ʚ 4 

ʨʘʟʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (v; ʩʝʨʳʝ ʩʪʦʣʙʠʢʠ ï 5ʤʢʄ; ʯʝʨʥʳʝ ʩʪʦʣʙʠʢʠ ï 10 ʤʢʄ). 

5  ʤʢʄ ʚʝʟʘʤʠʢʦʣʘ ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʚʳʟʚʘʥʥʦʝ 

ʄʎɼ (ʙ+v) ʠʣʠ ʄʎɼ+ʩʪʠʤʫʣʷʮʠ ̫ (ʛ+v). ɿʚʝʟʜʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʢʦʥʪʨʦʣʝʤ ʠ ʦʩʪʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ (**p<0.01; 

*** p<0.001). ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʟʣʠʯʠʡ ʥʘ ʫʨʦʚʥʝ p<0.001 ʤʝʞʜʫ ʙ ʠ ʙ+v 

ʦʙʦʟʥʘʯʝʥʘ- ###, ʘ ʤʝʞʜʫ ʛ ʠ ʛ+v - &&&.  
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ʌʣʫʦʨʝʩʮʝʥʮʠʷ  ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʚʦʟʨʘʩʪʘʣʘ ʣʠʥʝʡʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 60 

ʤʠʥ ʠʥʢʫʙʘʮʠʠ ʧʨʝʧʘʨʘʪʘ ʠ ʜʦʩʪʠʛʘʣʘ ʚʝʣʠʯʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 3.4 ʤʢʄ 

ʘʮʝʪʠʣʭʦʣʠʥʘ (84.4Ñ2.6 ʦ.ʝ., n=5) (ʨʠʩ. 60, ɸ). ɹʦʣʝʝ ʙʳʩʪʨʦʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ, 

ʫʚʝʣʠʯʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʚʩʢʦʨʝ ʧʦʩʣʝ ʩʪʠʤʫʣʷʮʠʠ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʛʦ 

ʧʨʝʧʘʨʘʪʘ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ ʩ ʯʘʩʪʦʪʦʡ 20 ɻʮ (ʩʪʠʤʫʣʷʮʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʧʝʨʠʦʜ ʩ 12 

ʧʦ 15 ʤʠʥ ʠʥʢʫʙʘʮʠʠ ʚ ʩʤʝʩʪʠ ʨʝʘʛʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʜʝʪʝʢʮʠʠ ʘʮʝʪʠʣʭʦʣʠʥʘ). ʂ 

20 ʤʠʥ ʠʥʢʫʙʘʮʠʠ ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʫʚʝʣʠʯʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʩʪʘʥʦʚʠʣʦʩʴ ʤʝʜʣʝʥʥʝʝ, ʠ ʫʨʦʚʝʥʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ 

ʧʨʝʧʘʨʘʪʘʭ ʥʝ ʦʪʣʠʯʘʣʩʷ ʚ ʧʝʨʠʦʜ, ʥʘʯʠʥʘʷ ʩ 30 ʜʦ 60 ʤʠʥ ʠʥʢʫʙʘʮʠʠ (p>0.05) (ʨʠʩ. 60, 

ɸ). ʕʪʦ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʧʨʦʪʠʚʦʨʝʯʠʪ ʪʦʤʫ ʬʘʢʪʫ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʩʪʠʤʫʣʷʮʠʠ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʚʘʥʪʦʚ ʘʮʝʪʠʣʭʦʣʠʥʘ. ʄʳ 

ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʦʩʚʦʙʦʞʜʝʥʠʷ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʚ ʪʝʯʝʥʠʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʤʦʞʝʪ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʤʝʥʷʪʴʩʷ ʧʝʨʠʦʜʦʤ ʩʥʠʞʝʥʠʷ 

ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ, ʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʜʝʬʠʮʠʪʘ ʜʦʩʪʫʧʥʦʛʦ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ 

ʠʣʠ ʩʥʠʞʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʥʝʚʝʟʠʢʫʣʷʨʥʫʶ 

ʩʝʢʨʝʮʠʶ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʦʣʠʯʝʩʪʚʦ ʘʮʝʪʠʣʭʦʣʠʥʘ, ʦʩʚʦʙʦʞʜʝʥʥʦʛʦ ʠʟ 

ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʤʝʞʜʫ 0 ʠ 15 ʤʠʥ (ʵʪʦʪ ʧʝʨʠʦʜ ʚʢʣʶʯʘʝʪ ʦʪʨʝʟʦʢ 

ʩʪʠʤʫʣʷʮʠʠ) ʚ 2 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʟʘ ʪʦ ʞʝ ʚʨʝʤʷ (n=4, p<0.001, 

ʨʠʩ. 60, ɹ). ʇʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʩʪʠʤʫʣʷʮʠʠ ʦʩʚʦʙʦʞʜʝʥʠʝ ʘʮʝʪʠʣʭʦʣʠʥʘ ʩʪʘʥʦʚʠʪʩʷ 

ʤʝʜʣʝʥʥʝʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʫʶʱʠʭ 45 ʤʠʥ ʠʥʢʫʙʘʮʠʠ, ʚ ʠʪʦʛʝ, ʚʳʜʝʣʷʝʪʩʷ ʥʘ 34% 

ʤʝʥʴʰʝ ʘʮʝʪʠʣʭʦʣʠʥʘ, ʯʝʤ ʚ ʥʝʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ (n=4, p<0.001). ɺ ʠʪʦʛʝ, 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʜʠʘʪʦʨʘ, ʦʩʚʦʙʦʞʜʘʝʤʦʛʦ ʚ ʚʘʥʥʦʯʢʫ ʠʟ ʢʦʥʪʨʦʣʴʥʳʭ ʠ 

ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʦʩʪʘʝʪʩʷ ʦʜʠʥʘʢʦʚʳʤ ʢ ʢʦʥʮʫ 60 ʤʠʥ ʧʝʨʠʦʜʘ ʠʥʢʫʙʘʮʠʠ 

(p>0.05, ʨʠʩ. 60, ɹ).  

ɸʧʧʣʠʢʘʮʠʷ ʄʎɼ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥ (ʨʠʩ. 60, ɺʙ) ʫʚʝʣʠʯʠʚʘʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʥʘ 

150% (n=5, p<0,001, ʨʠʩ. 60, ɻʙ), ʫʢʘʟʳʚʘʷ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʘʮʝʪʠʣʭʦʣʠʥʘ ʚ ʨʘʩʪʚʦʨʝ. ʕʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʩʪʘʥʦʚʠʣʦʩʴ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ, ʧʦʯʪʠ ʚ 4.8 ʨʘʟʘ (n=5, p<0,001, ʨʠʩ. 60, 

ɻʚ), ʝʩʣʠ ʚʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʄʎɼ ʧʨʝʧʘʨʘʪʳ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʩʪʠʤʫʣʷʮʠʠ ʚʳʩʦʢʦʡ 

ʯʘʩʪʦʪʦʡ (ʈʠʩ. 60, ɺʚ). ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʦ ʨʝʛʠʩʪʨʘʮʠʠ ʅ-

ʵʬʬʝʢʪʘ. ɺʝʟʘʤʠʢʦʣ (5 ʤʢʄ) ʥʝʤʥʦʛʦ ʫʤʝʥʴʰʘʣ ʬʣʫʦʨʝʩʮʝʥʮʠʶ (69.0Ñ3.6 ʦ.ʝ., n=5, 

p<0.01), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʘʛʝʥʪ ʚ ʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʧʦʩʦʙʝʥ ʫʤʝʥʴʰʘʪʴ ʦʩʚʦʙʦʞʜʝʥʠʝ ʘʮʝʪʠʣʭʦʣʠʥʘ ʚ ʚʘʥʥʦʯʢʝ (ʨʠʩ. 60, ɻv, ʩʝʨʳʝ 
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ʩʪʦʣʙʠʢʠ). ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʟʘʤʠʢʦʣʘ ʚ ʜʚʘ ʨʘʟʘ (10 ʤʢʄ) ʚʳʟʳʚʘʣʦ ʩʠʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (n=5, 24.2Ñ2.5 ʦ.ʝ., p<0.001, ʨʠʩ. 60, ɻv, ʯʝʨʥʳʝ ʩʪʦʣʙʠʢʠ). 

ɺʝʟʘʤʠʢʦʣ (5ʤʢʄ) ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʣ ʫʚʝʣʠʯʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʚʳʟʚʘʥʥʦʝ 

ʘʧʧʣʠʢʘʮʠʝʡ ʄʎɼ ʚ ʦʜʠʥʦʯʢʫ (ʨʠʩ. 60, ɻʙ+v; n=5) ʠʣʠ ʩʦʚʤʝʩʪʥʦ ʩ ʵʧʠʟʦʜʦʤ 

ʩʪʠʤʫʣʷʮʠʠ (ʨʠʩ. 60, ɻʚ+v; n=5). ʕʬʬʝʢʪʳ ʚʝʟʘʤʠʢʦʣʘ ʥʘ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʘʮʝʪʠʣʭʦʣʠʥʘ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʅ-ʵʬʬʝʢʪʘ. 

 

4.4.8 ɿʥʘʯʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʥʝʚʝʟʠʢʫʣʷʨʥʦʤ ʦʩʚʦʙʦʞʜʝʥʠʠ ʤʝʜʠʘʪʦʨʘ. 

ʉʚʷʟʴ ʥʝʢʚʘʥʪʦʚʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʠ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʘʥʝʝ ʜʘʥʥʳʝ ʦ ʟʘʛʨʫʟʢʝ ʠ ʚʳʛʨʫʟʢʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʢʨʘʩʠʪʝʣʷ 

FM1-43, ʠ ʜʠʥʘʤʠʢʝ ʩʝʢʨʝʮʠʠ ʤʝʜʠʘʪʦʨʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʜʚʠʛʘʪʝʣʴʥʳʭ 

ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ ʣʷʛʫʰʢʠ ʫʜʘʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ 

(ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʤʙʨʘʥ ʠ ʤʝʤʙʨʘʥ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ) ʩ ʧʦʤʦʱʴʶ 1ʤʄ ʄʎɼ 

ʧʦʜʘʚʣʷʝʪ ʵʥʜʦʮʠʪʦʟ, ʪʦʛʜʘ ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʢʟʦʮʠʪʦʟʘ ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ (ʇʝʪʨʦʚ ʠ ʜʨ., 2009; Petrov et al., 2010). ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ 

ʚ ʜʣʠʪʝʣʴʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʥʘʨʫʰʝʥʠʝ ʵʥʜʦʮʠʪʦʟʘ ʧʨʠʚʝʜʝʪ ʢ ʦʧʫʩʪʦʰʝʥʠʶ 

ʚʝʟʠʢʫʣʷʨʥʳʭ ʧʫʣʦʚ ʠ ʜʨʘʤʘʪʠʯʥʦʤʫ ʫʛʥʝʪʝʥʠʶ ʵʢʟʦʮʠʪʦʟʘ. 

ɺ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ ʜʠʘʬʨʘʛʤʳ ʢʨʳʩʳ ʦʙʥʘʨʫʞʠʣʘʩʴ ʠʜʝʥʪʠʯʥʘʷ ʩʠʪʫʘʮʠʷ. 

ʇʨʠ ʫʜʘʣʝʥʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʠ ʤʝʤʙʨʘʥ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʟʚʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ ʠ ʢʚʘʥʪʦʚʦʡ ʩʝʢʨʝʮʠʠ ʤʝʜʠʘʪʦʨʘ 

ʩʥʠʞʘʣʘʩʴ ʧʨʠʤʝʨʥʦ ʥʘ 20%, ʪʦʛʜʘ ʢʘʢ ʵʥʜʦʮʠʪʦʟ ʫʛʥʝʪʘʣʩʷ ʥʘ ʧʦʯʪʠ 90%. ʇʨʠ ʵʪʦʤ 

ʫʤʝʥʴʰʝʥʠʝ ʚʳʟʚʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʯʠʩʣʘ ʜʦʩʪʫʧʥʳʭ ʜʣʷ 

ʵʢʟʦʮʠʪʦʟʘ ʚʝʟʠʢʫʣ, ʚʩʣʝʜʩʪʚʠʝ ʥʘʨʫʰʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʦʩʣʘʙʣʝʥʠʝʤ ʚʳʟʚʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ (Petrov et al., 2010; 2011). ʅʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʵʬʬʝʢʪʘ, ʫʢʘʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʊʂʇ (ʚ ʫʩʣʦʚʠʷʭ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ) ʧʨʠ ʜʝʡʩʪʚʠʠ ʄʎɼ, ʪʦʛʜʘ ʢʘʢ ʯʘʩʪʦʪʘ ʠ ʘʤʧʣʠʪʫʜʘ ʄʊʂʇ 

ʥʝ ʠʟʤʝʥʷʣʠʩʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʜʝʡʩʪʚʠʠ 1 ʤʄ ʄʎɼ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʟʚʘʥʥʦʛʦ, ʥʦ ʥʝ ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʄʎɼ ʜʦ 10-15 ʤʄ ʚʳʟʳʚʘʝʪ ʫʩʠʣʝʥʠʝ ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ 

ʩʠʥʘʧʩʘʭ (Zamir, Charlton, 2006; ʊʘʨʘʢʘʥʦʚʘ ʠ ʜʨ. 2011; Petrov et al., 2014, 2015).  

ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʯʘʩʪʠʯʥʦʛʦ ʫʜʘʣʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ 

(1 ʤʄ ʄʎɼ) ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʩʪʨʘʠʚʘʥʠʷ ʤʝʤʙʨʘʥ 
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ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (ʵʢʟʦʮʠʪʦʟ), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʧʦʯʢʦʚʘʥʠʝʤ ʤʝʤʙʨʘʥ ʚ ʭʦʜʝ 

ʵʥʜʦʮʠʪʦʟʘ, ʚʝʜʝʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʚʝʟʠʢʫʣʷʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʝ. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʝʚʝʟʠʢʫʣʷʨʥʦʝ ʚʳʜʝʣʝʥʠʝ ʦʧʦʩʨʝʜʫʝʪʩʷ ʙʝʣʢʦʤ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ï ʪʨʘʥʩʧʦʨʪʝʨʦʤ ʘʮʝʪʠʣʭʦʣʠʥʘ (Edwards et al., 1985; Vyskocil, 

1985; Zemkova et al., 1990), ʪʦ ʙʣʦʢʠʨʦʚʘʥʠʝ ʵʥʜʦʮʠʪʦʟʘ ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʥʝʚʝʟʠʢʫʣʷʨʥʦʡ ʩʝʢʨʝʮʠʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʫʯʘʩʪʠʠ ɺʊɸʭ ʚ ʥʝʚʝʟʠʢʫʣʷʨʥʦʤ ʦʩʚʦʙʦʞʜʝʥʠʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʬʘʢʪʝ, ʯʪʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ ʚʝʟʘʤʠʢʦʣʦʤ ʫʤʝʥʴʰʘʝʪ ʅ-ʵʬʬʝʢʪ ʚ 

ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʤʳʰʠ (Edwards et al., 1995). ɺ ʜʦʧʦʣʥʝʥʠʝ, ʫʚʝʣʠʯʝʥʠʝ 

ʚʳʟʚʘʥʥʦʛʦ ʠ ʩʧʦʥʪʘʥʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʘʮʝʪʠʣʭʦʣʠʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʅ-

ʵʬʬʝʢʪʘ (Vizi , Vyskocil, 1979; Zemkova et al., 1990), ʫʢʘʟʳʚʘʷ ʥʘ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ 

ʢʚʘʥʪʦʚʦʡ ʠ ʥʝʢʚʘʥʪʦʚʦʡ ʩʝʢʨʝʮʠʝʡ. ɽʩʣʠ ʞʝ ʩʪʠʤʫʣʷʮʠʷ ʜʠʘʬʨʘʛʤʘʣʴʥʦʛʦ ʥʝʨʚʘ ʤʳʰʠ 

ʠʣʠ ʣʷʛʫʰʢʠ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʨʘʩʪʚʦʨʝ, ʥʝ ʩʦʜʝʨʞʘʱʝʤ ʉʘ
2+

 (ʢʦʛʜʘ ʵʢʟʦʮʠʪʦʟ 

ʙʣʦʢʠʨʦʚʘʥ), ʪʦ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʝʢʚʘʥʪʦʚʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 

(Katz, Miledi, 1981; Vyskocil et al., 1983). ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʬʘʢʪʦʚ ʠ ʦ ʪʦʤ, ʯʪʦ 

ʨʝʛʫʣʷʮʠʷ ʢʚʘʥʪʦʚʦʛʦ ʠ ʥʝʢʚʘʥʪʦʚʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʠʤʝʝʪ ʩʚʦʠ ʩʧʝʮʠʬʠʯʥʳʝ ʧʫʪʠ 

ʨʝʛʫʣʷʮʠʠ (Vyskocil et al., 2009). ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʠ ʉ-ʢʦʥʮʝʚʦʛʦ 

ʜʦʤʝʥʘ ɺʊɸʭ ʧʨʦʪʝʠʥʢʠʥʘʟʦʡ ʉ ʚʝʟʘʤʠʢʦʣ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʙʣʦʢʠʨʦʚʘʥʠʷ 

ɺʊɸʭ, ʤʦʞʝʪ ʪʝʨʷʪʴ ʩʚʦʡ ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ (Barbosa et al., 1997). ʕʪʦ ʤʦʞʝʪ 

ʟʘʪʨʫʜʥʷʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʮʝʣʦʤ, ʜʦ ʥʘʰʝʡ ʨʘʙʦʪʳ ʥʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʫʜʘʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ 

ʥʝʢʚʘʥʪʦʚʫʶ ʩʝʢʨʝʮʠʶ, ʘ ʪʘʢʞʝ ʥʝ ʠʩʩʣʝʜʦʚʘʣʩʷ ʚʦʧʨʦʩ ʦ ʩʚʷʟʠ ʥʘʨʫʰʝʥʠʡ ʵʥʜʦʮʠʪʦʟʘ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʠ ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ. ʍʦʪʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʦʪ ʵʥʜʦʮʠʪʦʟʘ ʤʦʞʥʦ ʙʳʣʦ ʩʜʝʣʘʪʴ, 

ʘʥʘʣʠʟʠʨʫʷ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ. ʊʘʢ, ʥʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʥʝʨʚʥʦʤ ʦʢʦʥʯʘʥʠʠ 

ʣʷʛʫʰʢʠ ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʮɻʄʌ-ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʚʝʜʝʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʫʩʢʦʨʝʥʠʶ ʵʥʜʦʮʠʪʦʟʘ ʠ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʪʦʛʜʘ ʢʘʢ ʙʣʦʢʘʜʘ 

ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʳ ʠʣʠ ʧʨʦʪʝʠʥʢʠʥʘʟʳ G1 ʟʘʤʝʜʣʷʝʪ ʵʥʜʦʮʠʪʦʟ ʠ ʨʝʮʠʢʣʠʨʦʚʘʥʠʝ 

(ʇʝʪʨʦʚ ʠ ʜʨ. 2007; Petrov et al., 2008). ɺ ʜʚʠʛʘʪʝʣʴʥʦʤ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ 

ʢʨʳʩʳ ʥʝʢʚʘʥʪʦʚʘʷ ʩʝʢʨʝʮʠʷ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʫʩʠʣʝʥʠʠ ʩʠʥʪʝʟʘ ʮɻʄʌ (ʢʦʛʜʘ ʵʥʜʦʮʠʪʦʟ 

ʫʩʢʦʨʝʥ), ʠ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʙʣʦʢʘʜʝ ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʳ (ʢʦʛʜʘ ʵʥʜʦʮʠʪʦʟ ʟʘʤʝʜʣʝʥ) 

(Mukhtarov et al.; 2000). 
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ɹʳʣʦ ʦʮʝʥʝʥʦ, ʯʪʦ ʟʘ ʩʯʝʪ ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʧʫʪʠ ʚʳʜʝʣʷʪʁʩʷ ʦʩʥʦʚʥʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ʤʝʜʠʘʪʦʨʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʱʝʣʴ ʚ ʫʩʣʦʚʠʷʭ ʧʦʢʦʷ (Mitchell, Silver, 1963; 

Fletcher, Forrester, 1975). ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʘʮʝʪʠʣʭʦʣʠʥʘ (ʦʢʦʣʦ 2%) 

ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʚ ʭʦʜʝ ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ, ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ ʩ ʥʠʟʢʦʡ ʯʘʩʪʦʪʦʡ 

(~1 c
-1
). ʄʝʤʙʨʘʥʘ ʢʘʞʜʦʡ ʩʣʠʚʰʝʡʩʷ ʩ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʦʡ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʚʝʟʠʢʫʣʳ ʩʦʜʝʨʞʠʪ ʦʢʦʣʦ 10 ʢʦʧʠʡ ʤʦʣʝʢʫʣ ʪʨʘʥʩʧʦʨʪʝʨʦʚ ʤʝʜʠʘʪʦʨʘ (Takamori et al., 

2006), ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʜʦ ʵʥʜʦʮʠʪʦʟʘ ʚʝʟʠʢʫʣʷʨʥʦʡ ʤʝʤʙʨʘʥʳ ʵʪʠ ʤʦʣʝʢʫʣʳ ʪʨʘʥʩʧʦʨʪʝʨʘ 

ʧʨʝʙʳʚʘʶʪ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʤʙʨʘʥʝ. ɺ ʧʦʢʦʝ ʩʧʦʥʪʘʥʥʳʡ ʵʢʟʦʮʠʪʦʟ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʢʦʤʧʝʥʩʘʪʦʨʥʳʤ ʵʥʜʦʮʠʪʦʟʦʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʘʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʫʨʦʚʥʷ 

ʪʨʘʥʩʧʦʨʪʝʨʦʚ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ (ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʤʙʨʘʥ ʚʝʟʠʢʫʣ) ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʤʝʤʙʨʘʥʝ. 

ɺ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʄʎɼ ʚ ʧʦʢʦʝ, ʥʘʙʣʶʜʘʣʦʩʴ 2-ʭ 

ʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ H-ʵʬʬʝʢʪʘ ʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʫʨʦʚʥʷ ʘʮʝʪʠʣʭʦʣʠʥʘ. ʉʧʝʮʠʬʠʯʝʩʢʠʡ 

ʠʥʛʠʙʠʪʦʨ ʢʣʘʪʨʠʥ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʵʥʜʦʮʠʪʦʟʘ (ʜʠʥʘʤʠʥ-ʠʥʛʠʙʠʨʫʶʱʠʡ ʧʝʧʪʠʜ) 

ʪʘʢʞʝ ʜʚʫʭ-ʢʨʘʪʥʦ ʫʚʝʣʠʯʠʚʘʣ ʅ-ʵʬʬʝʢʪ. ɺʦʟʤʦʞʥʦ, ʧʨʠ ʠʩʪʦʱʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ 

ʭʦʣʝʩʪʝʨʠʥʘ ʚʩʪʨʘʠʚʘʥʠʝ ʤʝʤʙʨʘʥ ʩʧʦʥʪʘʥʥʦ ʵʢʟʦʮʠʪʠʨʦʚʘʚʰʠʭ ʚʝʟʠʢʫʣ ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʦʣʞʥʳʤ ʨʝʮʠʢʣʠʨʦʚʘʥʠʝʤ ʚʝʟʠʢʫʣ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʤʦʣʝʢʫʣ 

ɺʊɸʭ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʠ ʫʚʝʣʠʯʝʥʠʝ ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ. 

ɼʨʫʛʦʝ ʦʙʲʷʩʥʝʥʠʝ, ʯʪʦ 1 ʤʄ ʨʘʟʨʫʰʘʝʪ ʨʘʬʪʳ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʠ 

ʚʝʟʠʢʫʣʷʨʥʳʭ ʤʝʤʙʨʘʥʘʭ, ʚʩʪʨʦʠʚʰʠʭʩʷ ʚ ʭʦʜʝ ʩʧʦʥʪʘʥʥʦʛʦ ʵʢʟʦʮʠʪʦʟʘ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʤʝʤʙʨʘʥʫ, ʚ ʠʪʦʛʝ ʯʘʩʪʴ ɺʊɸʭ çʫʙʝʛʘʝʪè ʠʟ ʚʝʟʠʢʫʣʷʨʥʦʡ ʤʝʤʙʨʘʥʳ ʠ 

ʥʝ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʵʥʜʦʮʠʪʦʟʦʤ ʚ ʥʝʨʚʥʦʝ ʦʢʦʥʯʘʥʠʝ. ɺʦʟʤʦʞʥʦ, ʩʥʠʞʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʨʘʬʪʦʚ ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ɺʊɸʭ. 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ o ʩʚʷʟʠ ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʠ ʵʢʟʦ-

ʵʥʜʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʙʳʣʦ ʧʨʦʚʝʨʝʥʦ ʚ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʝʡ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ. ʄʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʅ-ʵʬʬʝʢʪ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʘʮʝʪʠʣʭʦʣʠʥʘ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʩʣʝ ʩʪʠʤʫʣʷʮʠʠ. ʕʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʥʥʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ Zemkova ʠ ʢʦʣʣʝʛ (1990), ʛʜʝ ʧʦʢʘʟʘʥʦ ʙʳʩʪʨʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʥʝʢʚʘʥʪʦʚʦʡ ʩʝʢʨʝʮʠʠ, ʠ ʜʘʞʝ ʝʝ ʧʨʝʢʨʘʱʝʥʠʝ ʯʝʨʝʟ 2-5 ʤʠʥʫʪ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʩʪʠʤʫʣʷʮʠʠ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʫʩʠʣʝʥʠʝ ʵʥʜʦʮʠʪʦʟʘ ʧʦʩʣʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʝ ʧʦʧʫʣʷʮʠʶ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, 

ʤʦʞʝʪ ʦʪʚʝʯʘʪʴ ʟʘ ʵʪʦʪ ʬʝʥʦʤʝʥ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʧʦʩʣʝ 
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ʪʝʪʘʥʫʩʘ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʯʘʩʪʠʯʥʦ, ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ɺʊɸʭ ʚ ʤʝʤʙʨʘʥʝ 

ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʳʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (Lima Rde et al., 2010). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ 

ʭʦʜʝ ʵʥʜʦʮʠʪʦʟʘ, ʚʳʟʚʘʥʥʦʛʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʝʡ, ʚ ʥʦʨʤʝ ʠʟ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʠʟʳʤʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ɺʊɸʭ ʠ ʟʘʪʝʤ 

ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʚ ʨʝʮʠʢʣʠʨʫʶʱʫʶ ʚʝʟʠʢʫʣʫ. ʕʪʦ ʤʦʞʝʪ ʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ 

ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʘʮʝʪʠʣʭʦʣʠʥʘ. 

ɽʩʣʠ ʚʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʄʎɼ, ʙʣʦʢʠʨʫʶʱʝʡ ʵʥʜʦʮʠʪʦʟ, ʧʨʦʚʦʜʠʣʘʩʴ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʘʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʩʪʠʤʫʣʷʮʠʷ, ʚʳʟʳʚʘʶʱʘʷ ʵʢʟʦʮʠʪʦʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʪʦ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʥʝʚʝʟʠʢʫʣʷʨʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ 

ʘʮʝʪʠʣʭʦʣʠʥʘ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʧʦʯʪʠ ʚ 5 ʨʘʟ, ʩʫʜʷ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʅ-ʵʬʬʝʢʪʘ ʠ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʫʨʦʚʥʷ ʘʮʝʪʠʣʭʦʣʠʥʘ. ʕʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʚʦʟʨʘʩʪʘʥʠʝ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʤʙʨʘʥʝ ʤʦʣʝʢʫʣ (ʥʘʧʨʠʤʝʨ, ɺʊɸʭ), ʨʘʥʝʝ ʚʭʦʜʠʚʰʠʭ ʚ ʩʦʩʪʘʚ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʠ ʦʧʦʩʨʝʜʩʪʚʫʶʱʠʭ ʥʝʚʝʟʠʢʫʣʷʨʥʫʶ ʩʝʢʨʝʮʠʶ ʘʮʝʪʠʣʭʦʣʠʥʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ɺʊɸʭ ʦʙʤʝʥʠʚʘʝʪ ʤʦʣʝʢʫʣʫ ʘʮʝʪʠʣʭʦʣʠʥʘ ʥʘ ʧʘʨʫ ʧʨʦʪʦʥʦʚ, 

ʧʦʵʪʦʤʫ ʙʦʣʝʝ ʢʠʩʣʘʷ ʩʨʝʜʘ ʚʥʫʪʨʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʨʘʥʩʧʦʨʪʫ 

ʘʮʝʪʠʣʭʦʣʠʥʘ ʠʟ ʘʢʩʦʧʣʘʟʤʳ ʚʦ ʚʥʫʪʨʠʚʝʟʠʢʫʣʷʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ (Anderson et al., 

1983). ɺ ʭʦʜʝ ʵʢʟʦʮʠʪʦʟʘ ʚ ʤʝʤʙʨʘʥʫ ʚʩʪʨʘʠʚʘʶʪʩʷ ɺʊɸʭ, ʠ ʝʩʣʠ ʦʥʠ ʦʩʪʘʶʪʩʷ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ, ʪʦ ʦʥʠ ʜʦʣʞʥʳ ʧʝʨʝʙʨʘʩʳʚʘʪʴ ʘʮʝʪʠʣʭʦʣʠʥ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʱʝʣʴ, ʘ ʧʨʦʪʦʥʳ - ʚ ʮʠʪʦʧʣʘʟʤʫ (Usdin et al., 1995). ʆʙʳʯʥʦ 

ʚʥʝʢʣʝʪʦʯʥʘʷ ʞʠʜʢʦʩʪʴ ʠʤʝʝʪ ʨʅ 7.4 ([H
+
]=40ʥM), ʦʛʨʘʥʠʯʠʚʘʷ ʢʦʣʠʯʝʩʪʚʦ ʜʦʩʪʫʧʥʳʭ 

ʧʨʦʪʦʥʦʚ ʠ ʟʘʤʝʜʣʷʷ ʘʢʪʠʚʥʦʩʪʴ ɺʊɸʭ (Nguyen, Parson, 1995). ʆʜʥʘʢʦ ʵʢʟʦʮʠʪʦʟ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʭʦʜʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʪʦʥʦʚ ʠʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ ʠ ʚʳʟʳʚʘʝʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʟʘʢʠʩʣʝʥʠʝ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʱʝʣʠ (Palmer et al., 

2003; Cho, von Gersdorff, 2014; Du et al., 2014). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʪʦʥʥʘʷ ʧʦʤʧʘ, 

ʚʩʪʨʦʝʥʥʘʷ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ ʚ ʪʝʯʝʥʠʝ ʵʢʟʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, 

ʧʨʦʜʦʣʞʘʝʪ ʚʳʙʨʘʩʳʚʘʪʴ ʧʨʦʪʦʥʳ ʠʟ ʮʠʪʦʧʣʘʟʤʳ (Zhang et al., 2010). ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ 

ʵʪʦʤʫ, ʩʠʥʘʧʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʙʦʪʫ Na
+
/H

+
 ʦʙʤʝʥʥʠʢʘ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʯʪʦ ʚʝʜʝʪ ʢ ʚʳʙʨʘʩʳʚʘʥʠʶ ʧʨʦʪʦʥʦʚ ʚ ʩʠʥʘʧʪʠʯʝʩʢʫʶ 

ʱʝʣʴ ʚ ʦʙʤʝʥ ʥʘ ʥʘʪʨʠʡ (Caldwell et al., 2013). ʄʝʤʙʨʘʥʥʳʝ ʣʠʧʠʜʳ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʢʘʢ 

ʧʨʦʪʦʥʥʳʝ ʙʫʬʝʨʳ, ʩʚʷʟʳʚʘʷ ʅ
+
 ʠʟ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʘ ʩʚʦʠʤʠ ʘʥʠʦʥʥʳʤʠ ʛʦʣʦʚʥʳʤʠ 

ʛʨʫʧʧʘʤʠ (Haines, 1983). ʊʘʢ, ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴʩʷ ʧʨʦʪʦʥʥʳʡ ʛʨʘʜʠʝʥʪ, ʢʦʪʦʨʳʡ ʜʚʠʞʝʪ 
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ʧʨʦʪʦʥ-ʟʘʚʠʩʠʤʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʠ ʜʦʣʞʝʥ ʧʦʜʜʝʨʞʠʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ɺʊɸʭ ʚ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʳʟʚʘʥʥʦʝ ɺʊɸʭ ʫʚʝʣʠʯʝʥʠʝ ʥʝʚʝʟʠʢʫʣʷʨʥʦʡ ʩʝʢʨʝʮʠʠ ʜʦʣʞʥʦ 

ʚʳʟʳʚʘʪʴ ʧʝʨʝʙʨʦʩ ʧʨʦʪʦʥʦʚ ʚ ʮʠʪʦʧʣʘʟʤʫ, ʧʦʥʠʞʘʷ ʨʅ ʚʥʫʪʨʠ ʪʝʨʤʠʥʘʣʠ. ʂʘʢ 

ʦʞʠʜʘʣʦʩʴ, ʦʙʨʘʙʦʪʢʘ ʄʎɼ, ʫʚʝʣʠʯʠʚʘʶʱʘʷ ʥʝʚʝʟʠʢʫʣʷʨʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ, ʩʥʠʞʘʣʘ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʨʅ, ʠ ʵʪʦ ʩʥʠʞʝʥʠʝ ʙʳʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ, ʝʩʣʠ ʥʘ 

ʬʦʥʝ ʜʝʡʩʪʚʠʷ ʄʎɼ ʤʘʩʩʠʚʥʳʡ ʵʢʟʦʮʠʪʦʟ ʩʪʠʤʫʣʠʨʦʚʘʣʩʷ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʜʣʠʪʝʣʴʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʥʝʨʚʘ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʦ ʢʦʨʨʝʣʷʮʠʠ ʩʥʠʞʝʥʠʷ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʅ ʠ ʫʚʝʣʠʯʝʥʠʷ ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʛʣʫʪʘʤʘʪʘ ʠʟ 

ʩʠʥʘʧʪʦʩʦʤ ʢʨʳʩʳ (Tarasenko et al., 2010). 

ɽʩʣʠ ɺʊɸʭ, ʚʩʪʨʦʝʥʥʳʝ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ, ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʥʝʚʝʟʠʢʫʣʷʨʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ ʘʮʝʪʠʣʭʦʣʠʥʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʩʣʝʜʥʝʝ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʙʩʪʨʘʪʦʚ ɺʊɸʭ, ʚ ʯʘʩʪʦʪʥʦʩʪʠ, ʧʨʦʪʦʥʦʚ ʚ ʘʢʩʦʧʣʘʟʤʝ. ʊʘʢ, 

ʟʘʢʠʩʣʝʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ, ʜʝʣʘʶʱʝʝ ʪʨʘʥʩʣʦʢʘʮʠʶ ʧʨʦʪʦʥʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʤʝʥʝʝ ʚʳʛʦʜʥʳʤ ʩʦʙʳʪʠʝʤ (Fu et al., 1998), ʜʦʣʞʥʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʧʝʨʝʥʦʩʝ 

ʘʮʝʪʠʣʭʦʣʠʥʘ ʚʝʟʠʢʫʣʷʨʥʳʤ ʪʨʘʥʩʧʦʨʪʝʨʦʤ. ɸʧʧʣʠʢʘʮʠʷ 20 ʤʄ ʧʨʦʧʠʦʥʘʪʘ ʥʘʪʨʠʷ, 

ʫʤʝʥʴʰʘʶʱʘʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʨʅ (Puttagunta et al., 1992), ʩʥʠʞʘʝʪ ʥʝʚʝʟʠʢʫʣʷʨʥʦʝ 

ʦʩʚʦʙʦʞʜʝʥʠʝ, ʘ 40 ʤʄ ʧʨʦʧʠʦʥʘʪʘ ʥʘʪʨʠʷ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʝʪ ʝʛʦ. ɹʦʣʝʝ ʪʦʛʦ, 

ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ʧʨʦʧʠʦʥʘʪʦʤ ʥʘʪʨʠʷ ʟʘʢʠʩʣʝʥʠʝ ʮʠʪʦʟʦʣʷ ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʫʚʝʣʠʯʝʥʠʝ ʅ-ʵʬʬʝʢʪʘ, ʚʳʟʚʘʥʥʦʝ ʩʪʠʤʫʣʷʮʠʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʄʎɼ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʨʘʥʥʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ Edwards et al. (1985), ʯʪʦ ʚʥʝʢʣʝʪʦʯʥʦʝ ʟʘʱʝʣʘʯʠʚʘʥʠʝ 

ʫʤʝʥʴʰʘʝʪ ʥʝʚʝʟʠʢʫʣʷʨʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ, ʩʫʜʷ ʧʦ ʘʤʧʣʠʪʫʜʝ ʅ-ʵʬʬʝʢʪʘ ʠ ʜʘʥʥʳʤ 

ʨʘʜʠʦʵʥʟʠʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ (Ñ)-ʚʝʟʘʤʠʢʦʣʦʤ, ʤʦʱʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ ɺʊɸʭ 

(Andreson et al., 1983), ʫʢʘʟʘʣʠ ʥʘ ʨʦʣʴ ɺʊɸʭ ʚ ʤʝʭʘʥʠʟʤʝ ʚʳʟʚʘʥʥʦʛʦ ʄʎɼ ʫʩʠʣʝʥʠʷ 

ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ. ɺ ʥʘʰʠʭ ʫʩʣʦʚʠʷʭ 5 ʤʢʄ ʚʝʟʘʤʠʢʦʣʘ, ʭʦʪʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝ ʫʤʝʥʴʰʘʣʠ ʅ-ʵʬʬʝʢʪ (p=0.079), ʥʦ ʩʥʠʞʘʣʠ ʚʥʝʢʣʝʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʘʮʝʪʠʣʭʦʣʠʥʘ ʥʘ 20%. ɺ ʜʦʧʦʣʥʝʥʠʝ, 5 ʤʢʄ ʚʝʟʘʤʠʢʦʣʘ ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʣʠ 

ʧʦʪʝʥʮʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʄʎɼ ʥʘ ʥʝʚʝʟʠʢʫʣʷʨʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ (ʩʫʜʷ ʧʦ ʅ-ʵʬʬʝʢʪʫ ʠ 

ʦʮʝʥʢʝ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʫʨʦʚʥʷ ʘʮʝʪʠʣʭʦʣʠʥʘ) ʢʘʢ ʚ ʥʝʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ, ʪʘʢ ʠ 

ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ. ɺ ʢʦʥʮʝʥʪʨʘʮʠʠ 6.5 ʤʢʄ ʠʣʠ 8 ʤʢʄ ʚʝʟʘʤʠʢʦʣ ʠʤʝʣ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʡ ʵʬʬʝʢʪ ʠ ʫʤʝʥʴʰʘʣ ʅ-ʵʬʬʝʢʪ; 10 ʤʢʄ ʚʝʟʘʤʠʢʦʣʘ 
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ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʣʠ ʅ-ʵʬʬʝʢʪ ʚ ʢʦʥʪʨʦʣʴʥʳʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʄʎɼ ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ ʠ 

ʥʝʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ. ʂʨʦʤʝ ʵʪʦʛʦ, 10 ʤʢʄ ʚʝʟʘʤʠʢʦʣʘ ʩʥʠʞʘʣʠ 

ʚʥʝʢʣʝʪʦʯʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʮʝʪʠʣʭʦʣʠʥʘ ʚ 4 ʨʘʟʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ (Ñ)-

ʚʝʟʘʤʠʢʦʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ (+) ʠ ʙʦʣʝʝ ʤʦʱʥʦʛʦ (-) ʵʥʘʥʪʠʦʤʝʨʦʚ 

(Estrella et al., 1988). ʕʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ, ʧʦʯʝʤʫ ʚ ʥʘʰʠʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʵʬʬʝʢʪʠʚʥʳ 

ʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʟʘʤʠʢʦʣʘ ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʅ-ʵʬʬʝʢʪʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ (Edwards et al., 1985). ʂʨʦʤʝ ʪʦʛʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʝʟʘʤʠʢʦʣʘ 

ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ɺʊɸʭ ʧʨʦʪʝʠʥʢʠʥʘʟʦʡ ʉ (Barbosa et al., 1997), ʯʪʦ 

ʚʘʨʴʠʨʫʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠ ʩʦʩʪʦʷʥʠʷ ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ. ʂ ʪʦʤʫ ʞʝ, 

ʥʝʜʘʚʥʦ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ ʤʝʤʙʨʘʥʥʦʛʦ 

ʭʦʣʝʩʪʝʨʠʥʘ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʘʢʪʠʚʘʮʠʠ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ (Petrov et al., 2015) 

ʂʘʢ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʘʷ ʤʝʤʙʨʘʥʘ, ʪʘʢ ʠ ʤʝʤʙʨʘʥʳ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ 

ʩʦʜʝʨʞʘʪ ʦʙʦʛʘʱʝʥʥʳʝ ʭʦʣʝʩʪʝʨʠʥʦʤ ʤʠʢʨʦʜʦʤʝʥʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʣʠʧʠʜʥʳʝ ʨʘʬʪʳ 

(ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2011; ʇʝʪʨʦʚ ʠ ʜʨ., 2011). ɺʝʨʦʷʪʥʦ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʝʢʦʪʦʨʳʝ 

ʤʦʣʝʢʫʣʳ ɺʊɸʭ ʷʚʣʷʶʪʩʷ ʨʝʟʠʜʝʥʪʘʤʠ ʨʘʬʪʦʚ. ʋʜʘʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ 1 ʤʄ ʄʎɼ 

ʤʦʞʝʪ ʜʝʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʣʠʧʠʜʥʳʝ ʨʘʬʪʳ, ʚʳʟʳʚʘʷ ʠʟʤʝʥʝʥʠʷ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ (Zidovetzki, Levitan, 2007). ɺʦʟʤʦʞʥʦ, ʫʜʘʣʝʥʠʝ 

ʭʦʣʝʩʪʝʨʠʥʘ ʤʦʞʝʪ, ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʷ ʣʠʧʠʜʥʳʭ ʤʠʢʨʦʜʦʤʝʥʦʚ, ʫʚʝʣʠʯʠʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ 

ɺʊɸʭ ʠ ʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʜʝʡʩʪʚʠʶ ʚʝʟʘʤʠʢʦʣʘ. ʇʦʩʣʝʜʥʠʤ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ 5 ʤʢʄ ʚʝʟʘʤʠʢʦʣʘ, ʥʝ ʠʟʤʝʥʷʷ ʙʘʟʘʣʴʥʫʶ ʥʝʚʝʟʠʢʫʣʷʨʥʫʶ ʩʝʢʨʝʮʠʶ, 

ʧʨʝʜʦʪʚʨʘʱʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʅ-ʵʬʬʝʢʪʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʄʎɼ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʚʣʝʯʝʥʠʝ ɺʊɸʭ ʚ ʤʝʭʘʥʠʟʤ 

ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʘʮʝʪʠʣʭʦʣʠʥʘ ʠ ʩʪʨʦʛʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʵʪʦʛʦ ʚʘʨʠʘʥʪʘ 

ʩʝʢʨʝʮʠʠ ʦʪ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʤʝʤʙʨʘʥʥʳʡ ʭʦʣʝʩʪʝʨʠʥ 

ʤʦʞʝʪ ʠʥʛʠʙʠʨʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ɺʊɸʭ ʠ ʫʛʥʝʪʘʪʴ ʥʝʚʝʟʠʢʫʣʷʨʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʜʘʣʝʥʠʝ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʠ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ ʤʝʤʙʨʘʥ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʤʦʞʝʪ ʠʥʛʠʙʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʵʥʜʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʤʝʤʙʨʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʟʠʢʫʣʷʨʥʦʡ ʤʝʤʙʨʘʥʳ 

ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ. ʋʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ɺʊɸʭ, ʩʦʚʤʝʩʪʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ 

ʘʢʪʠʚʥʦʩʪʠ, ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʤʙʨʘʥʝ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ 

ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʘʮʝʪʠʣʭʦʣʠʥʘ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʢʠʩʣʝʥʠʝʤ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ ʥʝʨʚʥʦʡ ʪʝʨʤʠʥʘʣʠ (Petrov et al., 2011). ʕʪʠ ʧʨʦʪʦʥʳ ʤʦʛʫʪ 
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ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʟʘʢʠʩʣʝʥʠʷ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʧʨʦʪʦʥʥʦʡ ʧʦʤʧʦʡ, 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʚ ʤʝʤʙʨʘʥʝ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʷʪʴ ʜʨʫʛʠʤʠ pH ï 

ʟʘʚʠʩʠʤʳʤʠ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (Diering, Numata, 2014; Huang et al., 2015).  

ʉʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʚ ʥʝʜʘʚʥʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ (Malomouzh et al., 2014) ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʛʠʙʠʪʦʨʘ ʵʥʜʦʮʠʪʦʟʘ ʜʠʥʘʩʦʨʘ, ʥʘʦʙʦʨʦʪ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʝʙʦʣʴʰʦʝ 

ʩʥʠʞʝʥʠʝ ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ ʤʳʰʠ ʚ ʧʦʢʦʝ 

(ʙʝʟ ʩʪʠʤʫʣʷʮʠʠ). ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʜʠʥʘʩʦʨ ʠʤʝʝʪ ʤʥʦʛʦ 

ʥʝʩʧʝʮʠʬʠʯʥʳʭ ʵʬʬʝʢʪʦʚ ʧʦʤʠʤʦ ʙʣʦʢʘʜʳ ʙʝʣʢʘ ʵʥʜʦʮʠʪʦʟʘ ʜʠʥʘʤʠʥʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʥʠʟʢʦʡ ʜʦʟʝ ʦʥ ʠʥʛʠʙʠʨʫʝʪ ʅ
+
-ɸʊʌʘʟʫ, ʯʪʦ, ʝʩʪʝʩʪʚʝʥʥʦ, ʤʦʞʝʪ ʩʥʠʞʘʪʴ ʧʨʦʪʦʥʥʳʡ 

ʛʨʘʜʠʝʥʪ ʤʝʞʜʫ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʱʝʣʴʶ ʠ ʮʠʪʦʧʣʘʟʤʦʡ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ 

(Preta  et  al.,  2015), ʪʘʢ ʢʘʢ ʧʨʦʪʦʥʥʘʷ ʧʦʤʧʘ ʧʦʩʣʝ ʵʢʟʦʮʠʪʦʟʘ, ʥʦ ʜʦ ʵʥʜʦʮʠʪʦʟʘ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʧʝʨʝʩʪʘʝʪ ʧʦʩʪʘʚʣʷʪʴ ʧʨʦʪʦʥʳ ʚʦ ʚʥʝʢʣʝʪʦʯʥʫʶ ʩʨʝʜʫ (Zhang et al., 2010). ʕʪʦ 

ʜʦʣʞʥʦ ʩʥʠʟʠʪʴ ʘʢʪʠʚʥʦʩʪʴ ɺʊɸʭ, ʚʩʪʨʦʝʥʥʦʛʦ ʚ ʤʝʤʙʨʘʥʫ, ʠ ʚʳʟʚʘʪʴ ʩʥʠʞʝʥʠʝ 

ʥʝʚʝʟʠʢʫʣʷʨʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ. ʊʘʢʞʝ ʜʠʥʘʩʦʨ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʜʝʩʪʘʙʠʣʠʟʘʮʠʶ ʠ 

ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʝ ʮʠʪʦʩʢʝʣʝʪʘ, ʥʘʨʫʰʘʷ ʦʨʛʘʥʠʟʘʮʠʶ ʣʠʧʠʜʥʳʭ ʨʘʬʪʦʚ 

(Yamada et al., 2009). 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʥʝʢʚʘʥʪʦʚʦʡ ʩʝʢʨʝʮʠʠ ʠʟ ʜʠʘʬʨʘʛʤʘʣʴʥʦʛʦ 

ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ ʢʨʳʩʳ ʯʘʩʪʠʯʥʦ ʩʚʷʟʘʥ ʩ ʢʚʘʥʪʦʚʦʡ ʩʝʢʨʝʮʠʝʡ (ʚʝʟʠʢʫʣʷʨʥʳʤ 

ʮʠʢʣʦʤ) ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʤʝʱʝʥʠʝ ʤʝʜʠʘʪʦʨʘ ʚʝʟʠʢʫʣʷʨʥʳʤ ʪʨʘʥʩʧʦʨʪʝʨʦʤ 

ʘʮʝʪʠʣʭʦʣʠʥʘ. ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʩʣʠʷʥʠʝ ʤʝʤʙʨʘʥ 

ʚʝʟʠʢʫʣ ʩ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʦʡ, ʠ ʚʧʣʦʪʴ ʜʦ ʵʥʜʦʮʠʪʦʟʘ ʚʝʟʠʢʫʣʷʨʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʦʙʥʘʞʝʥʳ ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʝ. ʇʨʠ ʵʪʦʤ ʩʮʝʥʘʨʠʠ ʥʝʚʝʟʠʢʫʣʷʨʥʦʝ 

ʦʩʚʦʙʦʞʜʝʥʠʝ ʤʦʞʝʪ ʷʚʣʷʪɹʩʷ ʩʣʝʜʩʪʚʠʝʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʟʘʛʨʫʟʢʠ ʘʮʝʪʠʣʭʦʣʠʥʘ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʟʠʢʫʣʳ, ʤʝʤʙʨʘʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ʢʦʪʦʨʳʭ ʚʩʪʨʦʝʥʳ ʚ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ. ɺʝʨʦʷʪʥʦ, ʚ ʥʦʨʤʝ ʥʝʢʚʘʥʪʦʚʘʷ 

ʩʝʢʨʝʮʠʷ ʘʮʝʪʠʣʭʦʣʠʥʘ ʠʟ ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʥʝʩʢʦʣʴʢʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ (Vyskocil et al., 2009). 

 

4.5 ɺʣʠʷʥʠʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ ʚʝʟʠʢʫʣʷʨʥʳʡ ʮʠʢʣ 

ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʣʷʛʫʰʢʠ 

ʄʝʤʙʨʘʥʥʳʡ ʭʦʣʝʩʪʝʨʠʥ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʧʨʝʙʳʚʘʝʪ ʚ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʝ ʠ ʤʦʞʝʪ ʦʢʠʩʣʷʪʴʩʷ ʘʢʪʠʚʥʳʤʠ ʬʦʨʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʬʝʨʤʝʥʪʘʪʠʚʥʳʤ 
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ʧʫʪʝʤ. ʆʢʠʩʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭ ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴʩʷ ʧʨʠ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (Ando et al., 2002; Mart²n et al., 2014; 

Egawa  et al., 2015). ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʦʢʠʩʣʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ 

ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʬʝʨʤʝʥʪ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʫ, 

ʧʨʝʚʨʘʱʘʶʱʫʶ ʭʦʣʝʩʪʝʨʠʥ ʚ 4-ʭʦʣʝʩʪʝʥ-3-ʦʥ (Ahn, Sampson, 2004), ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (ʚ ʦʪʩʫʪʩʪʚʠʝ ʘʢʮʝʧʪʦʨʦʚ ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʝ) ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ 

ʤʝʤʙʨʘʥʝ (Neuvonen et al., 2014). ʍʦʪʷ ʚ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʢʣʝʪʢʘʭ ʦʪʩʫʪʩʪʚʫʝʪ 

ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʘ, 4-ʭʦʣʝʩʪʝʥ-3-ʦʥ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʪʢʘʥʷʭ ʞʠʚʦʪʥʳʭ (ʦʢʦʣʦ 1.5% 

ʦʪ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʤʦʟʛʝ). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʘʤʠʣʦʠʜʥʳʡ ʧʝʧʪʠʜ, ʚ 

ʢʦʤʧʣʝʢʩʝ ʩ ʠʦʥʘʤʠ ʤʝʜʠ, ʤʦʞʝʪ ʠʤʝʪʴ ʭʦʣʝʩʪʝʨʠʥ-ʦʢʩʠʜʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʧʦ 

ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ 4-ʭʦʣʝʩʪʝʥ-3-ʦʥʘ 

(Puglielli  et al., 2005). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʦʪʨʝʙʣʝʥʠʝ 4-ʭʦʣʝʩʪʝʥ-3-ʦʥʘ ʤʦʞʝʪ ʠʤʝʪɹ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠ ʦʞʠʨʝʥʠʠ, ʟʘʙʦʣʝʚʘʥʠʷʭ ʧʝʯʝʥʠʠ ʠ ʢʝʨʘʪʠʥʠʟʘʮʠʠ ʫ 

ʤʦʜʝʣʴʥʳʭ ʞʠʚʦʪʥʳʭ (Suzuki et al., 1998; Neuvonen et al., 2014). ʆʜʥʘʢʦ ʦ ʤʝʭʘʥʠʟʤʘʭ 

ʜʝʡʩʪʚʠʷ ʠ ʵʬʬʝʢʪʘʭ ʵʪʦʛʦ ʦʢʩʠʩʪʝʨʦʣʘ ʥʘ ʥʝʡʨʦʧʝʨʝʜʘʯʫ ʠʟʚʝʩʪʥʦ ʢʨʘʡʥʝ ʤʘʣʦ. 

ɸʙʩʦʣʶʪʥʦʝ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʨʦʣʠ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʝʨʝʜʘʯʝ ʚʳʧʦʣʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʎɼ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ, ʠʟʤʝʥʷʶʱʝʛʦ 

ʫʨʦʚʝʥʴ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ (ʇʝʪʨʦʚ ʠ ʜʨ. 2009, ʊʘʨʘʢʘʥʦʚʘ ʠ ʜʨ. 2011; Tong et al., 

2009; Zamir, Charlton, 2006; Linetti et al., 2010; Dason et al., 2010, 2014; 

Petrov  et  al.,  2011,  2014, 2015; Smith et al., 2010). ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʠʞʝ ʯʘʩʪʠ ʚ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʨʦʚʝʜʝʥʥrʭ ʥʘ ʥʝʨʚʥʦ-

ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʣʷʛʫʰʢʠ, ʤʳ ʦʢʠʩʣʷʣʠ ʵʥʜʦʛʝʥʥʳʡ ʭʦʣʝʩʪʝʨʠʥ ʤʝʤʙʨʘʥ 

ʙʘʢʪʝʨʠʘʣʴʥʳʤ ʬʝʨʤʝʥʪʦʤ (ʇʝʪʨʦʚ  ʠ  ʜʨ.  2013). 

 

4.5.1 ʍʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʘ ʵʬʬʝʢʪʠʚʥʦ ʦʢʠʩʣʷʝʪ ʭʦʣʝʩʪʝʨʠʥ ʤʝʤʙʨʘʥ ʚ 

ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʧʨʝʧʘʨʘʪʝ ʠ ʩʥʠʞʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʣʠʧʠʜʥʳʭ ʨʘʬʪʦʚ 

ʀʥʢʫʙʘʮʠʷ ʤʳʰʮʳ 30 ʤʠʥ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ, ʩʦʜʝʨʞʘʱʠʤ ʇʍʈ ʠ 

ʨʝʘʛʝʥʪ AmplexRed, ʚʳʟʳʚʘʣʘ ʧʦʷʚʣʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ï 26 Ñ 11. ʦ.ʝ. (n = 

5). ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʘʟʘʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʅ2O2 ʦʢʦʣʦ 10-15 ʥʄ (ʨʠʩ. 61). ɺ ʩʣʫʯʘʝ 30 

ʤʠʥ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʳʰʮʫ 1 ʝʜ. ʘʢʪ. / ʤʣ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟ rʚ ʧʨʠʩʫʪʩʪʚʠʠ ʇʍʈ ʠ 

ʨʝʘʛʝʥʪʘ Amplex Red ʜʝʪʝʢʪʠʨʦʚʘʣʘʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ 

ʨʘʩʪʚʦʨʘ ï 141 Ñ 11 ʦ.ʝ. (n = 5, p < 0.01), ɻ ʢʚʠʚʘʣʝʥʪʥʘʷ ʧʨʦʜʫʢʮʠʠ ʧʨʠʤʝʨʥʦ 100-110 ʥʄ 
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ʅ2ʆ2 (ʪʦ ʝʩʪʴ ʟʘ ʧʦʣʯʘʩʘ ʚ ʜʦʧʦʣʥʝʥʠʠ ʢ 10-15 ʥʤ ʅ2ʆ2, ʧʦʷʚʣʷʶʱʠʤʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʥʜʦʛʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʧʨʠʤʝʨʥʦ 

90-95 ʥʄ ʅ2ʆ2). ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ, ʦʙʨʘʟʫʶʪʩʷ 

ʦʜʠʥʘʢʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ 4-ʭʦʣʝʩʪʝʥ-3-ʦʥʘ ʠ ʅ2ʆ2 (Kreit, Sampson, 2009). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʦʣʫʯʘʩʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʝʧʘʨʘʪʘ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ ʚʝʜʝʪ ʢ ʦʢʠʩʣʝʥʠʶ ʦʢʦʣʦ 90-

95 ʥʄ ʭʦʣʝʩʪʝʨʠʥʘ (0.007 ʤʛ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ 1 ʛ ʚʝʩʘ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʛʦ ʧʨʝʧʘʨʘʪʘ). ʕʪʦ 

ʟʘʢʣʶʯʝʥʠʝ ʙʳʣʦ ʧʨʦʚʝʨʝʥʦ ʜʨʫʛʠʤ ʧʦʜʭʦʜʦʤ. ʊʘʢ, in vitro ʚ ʨʘʩʪʚʦʨʝ, ʚʢʣʶʯʘʶʱʝʤ 

ʧʦʤʠʤʦ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ, ʇʍʈ ʠ ʨʝʘʛʝʥʪʘ Amplex Red, ʝʱʝ ʭʦʣʝʩʪʝʨʠʥ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 90 ʥʄ, ʧʦʷʚʣʷʝʪʩʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ  - 113.2 Ñ 5.3 ʦ.ʝ. (n = 4), ʯʪʦ ʙʣʠʟʢʦ ʢ 

ʟʥʘʯʝʥʠʶ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʧʨʠ ʜʝʡʩʪʚʠʠ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ ʥʘ 

ʧʨʝʧʘʨʘʪ, ʟʘ ʚʳʯʝʪʦʤ ʬʦʥʦʚʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (140.8 - 25.7 = 115.1). ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʘ ʵʬʬʝʢʪʠʚʥʦ ʦʢʠʩʣʷʝʪ 

ʭʦʣʝʩʪʝʨʠʥ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʧʨʝʧʘʨʘʪʝ ʣʷʛʫʰʢʠ, ʦʜʥʘʢʦ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʭʦʣʝʩʪʝʨʠʥʘ. 

 

ʈʠʩ. 61. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ 

 ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥ rAmplex Red ʨʝʘʛʝʥʪ ʠ ʇʍʈ, ʢʦʪʦʨʳʝ ʨʝʘʛʠʨʫʶʪ ʥʘ ʦʙʨʘʟʫʶʱʠʡʩʷ ʅ2ʆ2 ʚ 

ʭʦʜʝ ʨʝʘʢʮʠʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ (ʍʆ), ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʟʦʨʫʬʠʥʘ. ʉʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʣʠ ʬʦʥʦʚʫʶ ʧʨʦʜʫʢʮʠʶ H2O2, 

ʟʘʪʝʤ ʫʨʦʚʝʥʴ H2O2 ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʧʨʝʧʘʨʘʪʘ ʩ ʍʆ. ʊʘʢʞʝ ʙʳʣʘ ʦʮʝʥʝʥʘ 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ, ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʍʆ ʟʘʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʧʨʦʙʠʨʢʝ.  

 

ɺ ʜʘʥʥʦʡ ʩʝʨʠʠ ʩ ʤʝʯʝʥʠʝʤ ʍʊ-ɺ ʫʩʠʣʝʥʠʝ CCD-ʚʠʜʝʦʢʘʤʝʨʳ ʙʳʣʦ ʥʠʞʝ, ʯʝʤ ʚ 

ʜʨʫʛʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʍʊ-ɺ, ʧʦʵʪʦʤʫ ʘʙʩʦʣʶʪʥʳʝ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʠʥʳʝ. ɺ 
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ʢʦʥʪʨʦʣʴʥʳʭ ʤʳʰʮʘʭ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ, ʤʝʯʝʥʥʳʭ ʍʊ-ɺ, ʙr ʣʘ ï 

23.3 Ñ 1.2 ʦ.ʝ., ʯʪʦ ʧʨʠʤʝʨʥʦ ʥʘ 40-50% (n = 5, p < 0.05) ʙʦʣʴʰʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʵʢʩʪʨʘʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʳʰʝʯʥʳʭ ʨʝʛʠʦʥʦʚ (ʨʠʩ. 62ɸ). ɽʩʣʠ ʦʢʨʘʰʠʚʘʥʠʝ ʍʊ-ɺ 

ʧʨʦʠʟʚʦʜʠʣʠ ʯʝʨʝʟ 30 ʤʠʥ ʚʦʟʜʝʡʩʪʚʠʷ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ, ʪʦ ʬʣʫʦʨʝʩʮʝʥʮʠʷ 

ʵʢʩʪʨʘʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʳʰʝʯʥrʭ ʤʝʤʙʨʘʥ ʥʝ ʠʟʤʝʥʷʣʘʩʴ, ʘ ʩʚʝʯʝʥʠʝ ʨʝʛʠʦʥʦʚ ʥʝʨʚʥʳʭ 

ʪʝʨʤʠʥʘʣʝʡ ʩʥʠʞʘʣʦʩʴ ʜʦ 17.5 Ñ 1.0 ʦ.ʝ. (n = 5, p < 0.05). ʕʪʦ ʥʘ 1/4 ʥʠʞʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʚ ʢʦʥʪʨʦʣʝ (ʨʠʩ. 62ɹ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʨʫʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ ʚ ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ ʧʦʜ ʚʣʠʷʥʠʝʤ ʭʦʣʝʩʪʝʨʠʥ 

ʦʢʩʠʜʘʟʳ (ʇʝʪʨʦʚ ʠ ʜʨ. 2013). ʇʦʟʜʥʝʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʚʳʧʦʣʥʝʥʥʦʤ ʥʘ ʬʠʙʨʦʙʣʘʩʪʘʭ, 

ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ ʥʘʨʫʰʘʪʴ ʬʘʟʦʚʳʝ 

ʩʚʦʡʩʪʚʘ ʤʝʤʙʨʘʥʳ, ʩʥʠʞʘʷ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʣʘʪʝʨʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

(Neuvonen  et  al.,  2014).  

 

ʈʠʩ. 62. ʆʢʠʩʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʫʛʥʝʪʘʝʪ ʦʢʨʘʰʠʚʘʥʠʝ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ ʥʘ 

ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ 

ɸ ð ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʫʯʘʩʪʢʦʚ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ, ʦʢʨʘʰʝʥʥʳʭ 

ʢʦʥʲʶʛʠʨʦʚʘʥʥʦʡ ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʝʪʢʦʡ ʩʫʙʲʝʜʠʥʠʮʝʡ ɺ ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ (ʍʊ-ɺ) 

ʚ ʢʦʥʪʨʦʣʝ ʠ ʧʦʩʣʝ ʧʦʣʫʯʘʩʦʚʦʡ ʠʥʢʫʙʘʮʠʠ ʩ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ (ʍʆ). ʉʚʝʯʝʥʠʝ 

ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ ʚʳʯʪʝʥʦ. ʐʢʘʣʘ ï 5 ʤʢʤ. ɹ ð ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʤʝʤʙʨʘʥ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ (ʅʆ) ʠ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ (ʄɺ) ʚ ʢʦʥʪʨʦʣʝ (ʩʚʝʪʣʳʝ 

ʩʪʦʣʙʠʢʠ), ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʍʆ (ʯʝʨʥʳʝ ʩʪʦʣʙʠʢʠ). 
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4.5.2 ɺʣʠʷʥʠʝ ʦʢʠʩʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ ʩʧʦʥʪʘʥʥʦʝ ʠ ʚʳʟʚʘʥʥʦʝ 

ʦʩʚʦʙʦʞʜʝʥʠʝ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ 

ɺ ʮʝʣʷʭ ʦʮʝʥʢʠ ʵʬʬʝʢʪʦʚ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ (1 ʝʜ. ʘʢʪ. / ʤʣ) ʥʘ ʩʧʦʥʪʘʥʥʫʶ 

ʩʝʢʨʝʮʠʶ ʤʝʜʠʘʪʦʨʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʄʊʂʇ. ɺʦʟʜʝʡʩʪʚʠʝ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ ʚ 

ʪʝʯʝʥʠʝ 30 ʤʠʥ ʥʝ ʦʢʘʟʳʚʘʣʦ ʜʦʩʪʦʚʝʨʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʯʘʩʪʦʪʫ ʄʊʂʇ. ʆʙʨʘʙʦʪʢʘ 

ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ ʥʝ ʚʣʠʷʣʘ ʥʘ ʘʤʧʣʠʪʫʜʫ ʠ ʚʨʝʤʷ 

ʥʘʨʘʩʪʘʥʠʷ, ʥʦ ʫʚʝʣʠʯʠʚʘʣʘ ʚʨʝʤʷ ʧʦʣʫʩʧʘʜʘ ʄʊʂʇ - ʜʦ 133.0 Ñ 8.1 % (n = 7, p < 0.05). 

ʀʟʤʝʥʝʥʠʝ ʚʨʝʤʝʥʠ ʧʦʣʫʩʧʘʜʘ ʄʊʂʇ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʘʣʠʯʠʝ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ ʜʦ 2 ʝʜ. ʘʢʪ. / ʤʣ ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʯʘʩʪʦʪʳ ʄʊʂʇ ʩ 

1.5Ñ0.2 ʩ
-1 
ʜʦ 3.3Ñ0.3 ʩ

-1
 (n=6, p < 0.05). ɼʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʳʭʦʜʦʤ ʦʢʩʠʩʪʝʨʦʣʘ ʠʟ ʩʦʩʪʘʚʘ ʤʝʤʙʨʘʥ (Steck, Lange, 2010) ʠ 

ʩʥʠʞʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʤʝʤʙʨʘʥʝ (Petrov et al., 2014). ʆʜʥʘʢʦ ʜʘʥʥʳʡ 

ʬʝʥʦʤʝʥ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

 

ʈʠʩ. 63. ɺʣʠʷʥʠʝ ʦʢʠʩʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ ʚʳʟʚʘʥʥʫʶ ʩʝʢʨʝʮʠʶ ʤʝʜʠʘʪʦʨʘ ʧʨʠ ʥʠʟʢʦ- 

ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ɸ - ʥʘʪʠʚʥʳʝ ʊʂʇ ʧʨʠ ʨʝʜʢʦʤ ʨʘʟʜʨʘʞʝʥʠʠ (0.05 ɻʮ) ʚ ʢʦʥʪʨʦʣʝ ʠ ʧʦʩʣʝ 30 ʤʠʥ 

ʠʥʢʫʙʘʮʠʠ ʚ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʝ (ʍʆ). ɹ ð ʜʠʥʘʤʠʢʘ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ 

ʩʪʠʤʫʣʷʮʠʠ ʩ ʯʘʩʪʦʪʦʡ 20 ɻʮ (ʢʚʘʜʨʘʪʠʢʘʤʠ ʧʦʢʘʟʘʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʢʘʞʜʦʛʦ 360 

ʩʠʛʥʘʣʘ). ɺ ð ʢʫʤʫʣʷʪʠʚʥʳʝ ʢʨʠʚʳʝ ʘʤʧʣʠʪʫʜ ʊʂʇ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ɹ. ʇʦ ʦʩʷʤ Y ï ʘʤʧʣʠʪʫʜʘ ʊʂʇ ʚ % ʦʪ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʜʦ 

ʩʪʠʤʫʣʷʮʠʠ (ɹ) ʠʣʠ ʢʫʤʫʣʷʪʠʚʥʘʷ ʘʤʧʣʠʪʫʜʘ ʊʂʇ ʚ ʥɸ (ɺ); ʦʩʠ ʍ ï ʚʨʝʤʷ ʦʪ ʥʘʯʘʣʘ 

ʩʪʠʤʫʣʷʮʠʠ ʚ ʤʠʥ. 
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ɼʣʷ ʦʮʝʥʢʠ ʚʳʟʚʘʥʥʦʡ ʩʝʢʨʝʮʠʠ ʤʝʜʠʘʪʦʨʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʊʂʇ ʚ ʦʪʚʝʪ ʥʘ 

ʨʘʟʜʨʘʞʝʥʠʝ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 30 ʤʠʥ ʦʙʨʘʙʦʪʢʘ ʧʨʝʧʘʨʘʪʘ 

ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ ʧʨʠʚʦʜʠʣʘ ʢ ʜʦʩʪʦʚʝʨʥʦʤʫ ʩʥʠʞʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʜʦ 89.0 Ñ 

4.1 % (n = 7, p < 0.05) ʦʪ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ, ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʚʨʝʤʷ ʧʦʣʫʩʧʘʜʘ - ʜʦ 

110.2 Ñ 3.1 % (p < 0.05) (ʈʠʩ. 63 ɸ). 

ɺ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʜʣʠʪʝʣʴʥʦʝ (3 ʤʠʥ) ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ (20 ɻʮ) 

ʨʘʟʜʨʘʞʝʥʠʝ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʭʘʨʘʢʪʝʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ 

ʘʤʧʣʠʪʫʜʳ ʊʂʇ (ɿʝʬʠʨʦʚ ɸ.ʃ. ʠ ʜʨ. 2008; ʇʝʪʨʦʚ ʠ ʜʨ. 2008; ɿʘʭʘʨʦʚ ɸ.ɺ. ʠ ʜʨ. 2012; 

Petrov A.M. et al., 2008). ʅʘʙʣʶʜʘʣʦʩʴ ʧʦʩʪʝʧʝʥʥʦʝ, ʧʦʯʪʠ ʣʠʥʝʡʥʦʝ, ʩʥʠʞʝʥʠʝ 

ʘʤʧʣʠʪʫʜʳ ʊʂʇ. ʏʝʨʝʟ 20 ʩ ʨʘʟʜʨʘʞʝʥʠʷ ʘʤʧʣʠʪʫʜʘ ʩʦʩʪʘʚʣʷʣʘ 89.5 Ñ 1.5 % (n = 6, 

p<0.05) ʦʪ ʠʩʭʦʜʥʦʡ ʚʝʣʠʯʠʥʳ, ʘ ʯʝʨʝʟ 1 ʠ 3 ʤʠʥʫʪʳ ð 62.5 Ñ 1.6 % (p<0.001) ʠ 16.1 Ñ 

4.0 % (p<0.001), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 63, ɹ).  

ʇʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚ ʪʝʯʝʥʠʝ 30 

ʤʠʥ ʚ ʨʘʩʪʚʦʨʝ ʩ ʬʝʨʤʝʥʪʦʤ ʜʠʥʘʤʠʢʘ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʧʨʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ 

ʨʘʟʜʨʘʞʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʣʘʩʴ. ʂʘʢ ʠ ʚ ʢʦʥʪʨʦʣʝ ʚ ʧʨʝʧʘʨʘʪʘʭ, ʚʳʜʝʨʞʘʥʥʳʭ ʚ 

ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʝ, ʚ ʦʪʚʝʪ ʥʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ ʨʘʟʜʨʘʞʝʥʠʝ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 20 ʩ 

ʩʪʠʤʫʣʷʮʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʦʝ ʫʛʥʝʪʝʥʠʝ ʩʝʢʨʝʮʠʠ ʤʝʜʠʘʪʦʨʘ - ʘʤʧʣʠʪʫʜʘ 

ʊʂʇ ʫʤʝʥʴʰʘʣʘʩʴ ʜʦ 87-92% ʦʪ ʠʩʭʦʜʥʦʡ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʙʳʩʪʨʦʝ ʝʝ 

ʩʥʠʞʝʥʠʝ, ʠ ʜʝʧʨʝʩʩʠʷ ʘʤʧʣʠʪʫʜʳ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʴʥʦʡ ʜʝʧʨʝʩʩʠʝʡ (ʨʠʩ. 63ɹ). ʏʝʨʝʟ 1 ʠ 3 ʤʠʥ ʘʤʧʣʠʪʫʜʘ ʊʂʇ ʩʥʠʞʘʣʘʩʴ ʜʦ ï 

28.0 Ñ 3.5% (n = 7, p<0.001 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʜʠʥʘʤʠʢʦʡ) ʠ 4.1 Ñ 1.0% 

(p<0.001), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʋʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʚ ʭʦʜʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʚʳʟʚʘʥʦ 

ʩʥʠʞʝʥʠʝʤ ʯʠʩʣʘ ʧʦʨʮʠʡ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ, ʚʳʜʝʣʷʝʤʳʭ ʥʘ ʢʘʞʜʳʡ ʩʣʝʜʫʶʱʠʡ 

ʧʦʪʝʥʮʠʘʣ ʜʝʡʩʪʚʠʷ. ʇʦʵʪʦʤʫ ʚʝʣʠʯʠʥʘ, ʧʦʣʫʯʘʶʱʘʷʩʷ ʧʨʠ ʩʣʦʞʝʥʠʠ ʘʤʧʣʠʪʫʜ ʊʂʇ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʠʩʣʫ ʦʩʚʦʙʦʞʜʝʥʥʳʭ ʢʚʘʥʪʦʚ ʟʘ ʚʨʝʤʷ ʩʪʠʤʫʣʷʮʠʠ (ɿʘʭʘʨʦʚ ɸ.ɺ. ʠ 

ʜʨ. 2012; Betz, Bewick, 1993; Petrov A.M. et al., 2008). ʂʫʤʫʣʷʪʠʚʥʘʷ ʢʨʠʚʘʷ ʘʤʧʣʠʪʫʜʳ 

ʊʂʇ (ʨʠʩ. 63, ɺ) ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʤʝʨʥʦ ʜʚʫʢʨʘʪʥʦʝ (~ ʥʘ 46 %) ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʦʩʚʦʙʦʞʜʘʝʤʳʭ ʢʚʘʥʪʦʚ ʤʝʜʠʘʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ ʚ 

ʧʨʝʧʘʨʘʪʘʭ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʜʝʡʩʪʚʠʶ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ.  

ʈʘʥʝʝ ʥʘ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʣʷʛʫʰʝʢ ʥʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʅ2ʆ2 ʚ 

ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (ʜʦ 300 ʥʄ) ʥʝ ʠʤʝʝʪ ʵʬʬʝʢʪʦʚ ʥʘ ʦʩʚʦʙʦʞʜʝʥʠʝ ʤʝʜʠʘʪʦʨʘ ʠ 
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ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʄʊʂʇ ʠ ʊʂʇ (Giniatullin, Giniatullin, 2003, 

Giniatullin A.R. et al., 2005, 2015). ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʵʬʬʝʢʪʳ 1 ʝʜ. ʘʢʪ. / ʤʣ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ ʦʙʫʩʣʦʚʣʝʥʳ ʦʢʠʩʣʝʥʠʝʤ 

ʭʦʣʝʩʪʝʨʠʥʘ, ʘ ʥʝ ʜʝʡʩʪʚʠʝʤ ʅ2ʆ2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʠʩʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʩʥʠʞʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʵʢʟʦʮʠʪʦʟʘ ʚ ʦʪʚʝʪ ʥʘ ʦʜʠʥʦʯʥʳʝ ʨʘʟʜʨʘʞʝʥʠʷ ʠ ʫʩʠʣʠʚʘʝʪ ʜʝʧʨʝʩʩʠʶ 

ʩʝʢʨʝʮʠʠ ʤʝʜʠʘʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 

4.5.3 ʕʬʬʝʢʪʳ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ ʥʘ ʵʥʜʦ- ʠ ʵʢʟʦʮʠʪʦʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ 

ʆʢʠʩʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʫʤʝʥʴʰʘʝʪ ʟʘʛʨʫʟʢʫ ʢʨʘʩʠʪʝʣʷ FM1-43 ʚ ʥʝʨʚʥʳʝ 

ʦʢʦʥʯʘʥʠʷ ʠ ʚʳʟʳʚʘʝʪ ʨʘʩʩʝʠʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. ɺ ʢʦʥʪʨʦʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ (ʨʠʩ. 64, ɸ) ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ ʟʘʛʨʫʞʝʥʥʳʭ ʢʨʘʩʠʪʝʣʝʤ ʥʝʨʚʥʳʭ 

ʦʢʦʥʯʘʥʠʡ (ʩ ʧʦʤʦʱʴʶ ʩʪʠʤʫʣʷʮʠʠ 20 ɻʮ, 3 ʤʠʥ) ʩʦʩʪʘʚʠʣʘ 120.1 Ñ 5.1 ʦ.ʝ. (n = 7), 

ʜʠʘʤʝʪʨ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ ʙʳʣ 1.3 Ñ 0.15 ʤʢʤ (ʢʦʣ-ʚʦ ʪʝʨʤʠʥʘʣʝʡ - 115), ʘ ʧʷʪʥʘ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʷʨʢʦʩʪʴ ʠʭ ʩʚʝʯʝʥʠʷ - 145.2 Ñ 4.1 ʦ.ʝ.), ʦʙʳʯʥʦ ʦʚʘʣʴʥʦʡ ʬʦʨʤʳ, ʙʳʣʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʳ ʚʜʦʣʴ ʪʝʨʤʠʥʘʣʠ ʩ ʠʥʪʝʨʚʘʣʦʤ 1-3 ʤʢʤ 

(ɿʝʬʠʨʦʚ ʠ ʜʨ. 2003) (ʨʠʩ. 64, ɹ). ʇʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ (30 ʤʠʥ) ʜʝʡʩʪʚʠʷ ʭʦʣʝʩʪʝʨʠʥ 

ʦʢʩʠʜʘʟʳ ʟʘʛʨʫʟʢʘ FM1-43 ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ ʩʦʩʪʘʚʣʷʣʘ ï 40.0 Ñ 4.1 ʦ.ʝ. (n = 6, p<0.001) (ʨʠʩ. 64, ɹ, ɺ). ʇʨʠ ʵʪʦʤ 

ʜʠʘʤʝʪʨ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ ʥʝ ʦʪʣʠʯʘʣʩʷ ʦʪ ʢʦʥʪʨʦʣʴʥʦʛʦ. ʕʪʠ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʵʥʜʦʮʠʪʦʟʦʤ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ 

ʫʛʥʝʪʝʥʠʷ ʵʥʜʦʮʠʪʦʟʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʦʩʣʘʙʣʝʥʠʝ ʵʢʟʦʮʠʪʦʟʘ, 

ʚʳʟʚʘʥʥʦʛʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʜʣʠʪʝʣʴʥʦʡ ʩʪʠʤʫʣʷʮʠʝʡ (ʨʠʩ. 63, ɺ) (ʇʝʪʨʦʚ ʠ ʜʨ. 2013).  

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʳʭ FM1-43 ʥʝʨʚʥʳʭ 

ʦʢʦʥʯʘʥʠʷʭ ʧʦʩʣʝ ʧʦʣʫʯʘʩʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʭʦʣʝʩʪʝʨʠʥ 

ʦʢʩʠʜʘʟʦʡ ʧʨʦʠʩʭʦʜʠʣʦ ʠʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʷʪʝʥ (ʨʠʩ. 64, ɸ). ʉʚʝʪʷʱʠʝʩʷ ʧʷʪʥʘ 

ʨʘʩʰʠʨʷʣʠʩʴ (ʩ 1.3 Ñ 0.3 ʜʦ 3.1 Ñ 0.5 ʤʢʤ ʚ ʜʠʘʤʝʪʨʝ, n=10, ʢʦʣ-ʚʦ ʪʝʨʤʠʥʘʣʝʡ - 150), ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʷʜʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʩʚʝʪʷʱʠʝʩʷ ʛʨʫʧʧʳ ʧʷʪʝʥ ʩʣʠʚʘʣʠʩʴ (ʨʠʩ. 64, ɹ). ʇʨʠ 

ʵʪʦʤ ʩʨʝʜʥʷʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʚ ʧʷʪʥʝ ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʘʣʘʩʴ (ʩ 145.1 Ñ 4.2 ʦ.ʝ. ʜʦ 128.2 

Ñ 4.1 ʦ.ʝ., p<0.05, n=10), ʪʦʛʜʘ ʢʘʢ ʩʚʝʯʝʥʠʝ ʚ ʛʨʘʥʠʮʘʭ ʥʝʨʚʥʦʡ ʪʝʨʤʠʥʘʣʠ ʦʩʪʘʚʘʣʦʩʴ 
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ʥʝʠʟʤʝʥʥʳʤ (ʟʥʘʯʝʥʠʝ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ ï 120.1 Ñ 5.1 ʦ.ʝ. ʠ 

118.4 Ñ 5.1 ʦ.ʝ., n = 10). ʊʦ ʝʩʪʴ ʧʦʜ ʚʣʠʷʥʠʝʤ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ ʧʨʦʠʩʭʦʜʠʪ 

çʜʠʬʬʫʟʠʷè ʩʚʝʯʝʥʠʷ, ʠʩʭʦʜʷʱʝʛʦ ʦʪ ʩʦʜʝʨʞʘʱʠʭ FM1-43 ʚʝʟʠʢʫʣ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʨʘʩʩʝʠʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. 

 

ʈʠʩ. 64. ʕʬʬʝʢʪʳ ʦʢʠʩʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ ʟʘʛʨʫʟʢʫ FM1-43 ʚ ʥʝʨʚʥʳʝ ʦʢʦʥʯʘʥʠʷ  

ɸ ð ʩʭʝʤʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʏʝʨʥʳʤʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ ʦʙʦʟʥʘʯʝʥʘ ʩʪʠʤʫʣʷʮʠʷ 

3 ʤʠʥ 20 ɻʮ, ʪʦʣʩʪʦʡ ʯʝʨʪʦʡ (ʩʚʝʨʭʫ) ð ʘʧʧʣʠʢʘʮʠʷ FM1-43, ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ (ʩʥʠʟʫ) 

ð ʧʝʨʠʦʜ ʠʥʢʫʙʘʮʠʠ ʩ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ (ʍʆ), ʩʪʨʝʣʢʘʤʠ ʩ ʠʥʜʝʢʩʘʤʠ 1 ʠ 2 

ʧʦʢʘʟʘʥʳ ʤʦʤʝʥʪʳ ʨʝʛʠʩʪʨʘʮʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɹ ð ʠʟʦʙʨʘʞʝʥʠʷ ʫʯʘʩʪʢʦʚ ʥʝʨʚʥʳʭ 

ʪʝʨʤʠʥʘʣʝʡ, ʩʥʷʪʳʝ ʚ ʤʦʤʝʥʪʳ 1 ʠ 2. ɺ ð ɿʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ, ʟʘʛʨʫʞʝʥʥʳʭ FM1-43, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʪʦʢʦʣʘʤʠ, 

ʠʟʦʙʨʘʞʝʥʥʳʤʠ ʥʘ çʘè ʠ çʙè. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʦʙʦʟʥʘʯʝʥʘ * p<0.001. 

 

ʆʢʠʩʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʟʘʤʝʜʣʷʝʪ ʚʳʛʨʫʟʢʫ ʢʨʘʩʠʪʝʣʷ FM1-43, ʦʩʦʙʝʥʥʦ ʚ ʥʘʯʘʣʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ. ɺ ʢʦʥʪʨʦʣʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʩʪʠʤʫʣʷʮʠʠ ʥʝʨʚʘ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʳʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ (ʨʠʩ. 65 ɸ) 

ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʷʪʝʥ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʜʚʝ ʬʘʟʳ ï 1) ʚ ʧʝʨʚʳʝ 15 

ʩ ʙʳʩʪʨʦ (ʥʘ ~20%), 2) ʧʦʩʣʝ ʤʝʜʣʝʥʥʝʝ. ʉʧʫʩʪʷ 1 ʠ 3 ʤʠʥ ʨʘʟʜʨʘʞʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ 

ʫʤʝʥʴʰʘʣʘʩʴ ʜʦ 59.1 Ñ 2.1 (p<0.001) ʠ 42.0 Ñ 2.2 % (p<0.001, n = 10), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʨʠʩ. 65 ɹ, ɺ). ʆʙʨʘʙʦʪʢʘ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ ʧʦʩʣʝ 

ʟʘʛʨʫʟʢʠ ʪʝʨʤʠʥʘʣʝʡ ʢʨʘʩʠʪʝʣʝʤ (ʨʠʩ. 65 ɸ) ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʣʘ ʚʳʛʨʫʟʢʫ 

ʢʨʘʩʠʪʝʣʷ ʚʥʘʯʘʣʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ: ʯʝʨʝʟ 15 ʩ ʩʪʠʤʫʣʷʮʠʠ ʩʚʝʯʝʥʠʝ 

ʩʦʩʪʘʚʣʷʣʦ ï 99.1 Ñ 1.0 % (p>0.05 ʦʪ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ) (ʨʠʩ. 65 ɹ, ɺ). ʆʜʥʘʢʦ ʩʧʫʩʪʷ 20-

30 ʩ ʧʦʩʣʝ ʥʘʯʘʣʘ ʩʪʠʤʫʣʷʮʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʫʤʝʥʴʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʭʦʪʷ ʠ ʤʝʥʝʝ 

ʚʳʨʘʞʝʥʥʦʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ. ʊʘʢ, ʯʝʨʝʟ 1 ʠ 3 ʤʠʥ ʩʪʠʤʫʣʷʮʠʠ ʷʨʢʦʩʪʴ ʩʚʝʯʝʥʠʷ 
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ʩʥʠʞʘʣʘʩʴ ʜʦ 87.1 Ñ 1.5% (p<0.01, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʦʡ ʢʨʠʚʦʡ) ʠ 76.0 Ñ 1.7 % 

(p<0.01, n = 10).  

 

ʈʠʩ. 65. ɺʣʠʷʥʠʝ ʦʢʠʩʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ ʚʳʛʨʫʟʢʫ FM1-43 ʠʟ ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ 

ʦʢʦʥʯʘʥʠʡ 

ɸ ð ʩʭʝʤʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʙʦʟʥʘʯʝʥʠʷ ʪʝ ʞʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 64, ɸ. 

ɿʠʛʟʘʛʦʦʙʨʘʟʥʦʡ ʣʠʥʠʝʡ ʠʟʦʙʨʘʞʝʥʘ ʘʧʧʣʠʢʘʮʠʷ ʩʫʣʴʬʦʨʦʜʘʤʠʥʘ 101 (ʉʈ-101). ɹ ð 

ɼʠʥʘʤʠʢʘ ʩʥʠʞʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʚʳʛʨʫʟʢʠ ʢʨʘʩʠʪʝʣʷ) ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ (20 ɻʮ) 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʳʭ FM1-43 ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ. ʇʦ ʦʩʠ Y ð ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʚ % (ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʜʦ ʥʘʯʘʣʘ ʩʪʠʤʫʣʷʮʠʠ - 100%); ʧʦ ʦʩʠ ʍ ï ʚʨʝʤʷ ʨʘʟʜʨʘʞʝʥʠʷ ʚ 

ʤʠʥʫʪʘʭ. ɺ ð ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ. ʉʙʦʢʫ - ʚʨʝʤʷ 

ʨʘʟʜʨʘʞʝʥʠʷ ʚ ʤʠʥʫʪʘʭ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ ʟʘ 3 ʤʠʥ 20 ɻʮ 

ʨʘʟʜʨʘʞʝʥʠʷ ʚʳʜʝʣʷʝʪʩʷ ʥʘ ~ 60 % ʤʝʥʴʰʝ ʤʘʨʢʝʨʘ FM1-43 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʢʠʩʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʫʛʥʝʪʘʝʪ ʵʢʟʦʮʠʪʦʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ. 

ʀʥʢʫʙʘʮʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʚ ʨʘʩʪʚʦʨʝ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʠʦʥʦʚ ʢʘʣʠʷ (40 ʤʄ), ʚʳʟʳʚʘʶʱʝʛʦ ʧʦʩʪʦʷʥʥʫʶ ʜʝʧʦʣʷʨʠʟʘʮʠʶ 

(ɿʝʬʠʨʦʚ  ʠ ʜʨ. 2005), ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʵʢʟʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. ɺ ʠʪʦʛʝ 

ʯʝʨʝʟ ʦʜʥʫ ʤʠʥʫʪʫ ʜʝʡʩʪʚʠʷ ʛʠʧʝʨʢʘʣʠʝʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʩʥʠʞʘʝʪʩʷ ʜʦ 75.8 Ñ 5 % (n=7, p 0̓.05), ʘ ʢ 10 ʤʠʥ ï ʜʦ 41.9Ñ3.6% (p᾽0.05). ɽʩʣʠ 

ʟʘʛʨʫʞʝʥʥʦʝ ʥʝʨʚʥʦʝ ʦʢʦʥʯʘʥʠʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʣʠʷʥʠʶ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ, ʪʦ 

ʧʦʩʣʝʜʫʶʱʘʷ ʧʝʨʬʫʟʠʷ ʛʠʧʝʨʢʘʣʠʝʚʳʤ ʨʘʩʪʚʦʨʦʤ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤ 

ʠʟʤʝʥʝʥʠʷʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʊʘʢ, ʯʝʨʝʟ 

ʤʠʥʫʪʫ ʩʪʠʤʫʣʷʮʠʠ ʵʢʟʦʮʠʪʦʟʘ ʛʠʧʝʨʢʘʣʠʝʚʳʤ ʨʘʩʪʚʦʨʦʤ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ ʫʤʝʥʴʰʘʣʘʩʴ ʪʦʣʴʢʦ ʜʦ 93.4Ñ2.4% (n=7, 

p᾽0.05 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʢʨʠʚʦʡ), ʘ ʯʝʨʝʟ 10 ʤʠʥ ï ʜʦ 77,1Ñ1.9% (p 0̓.05). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ ʚʳʛʨʫʟʢʘ FM1-43 ʙʳʣʘ 

ʦʩʦʙʝʥʥʦ ʟʘʤʝʜʣʝʥʥʘ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʜʝʡʩʪʚʠʷ ʛʠʧʝʨʢʘʣʠʝʚʦʛʦ ʨʘʩʪʚʦʨʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʢʠʩʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʫʛʥʝʪʘʝʪ ʵʢʟʦʮʠʪʦʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʚʳʟʚʘʥʥʳʡ 

ʩʪʦʡʢʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʨʘʩʪʚʦʨʘ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʠʷ. 

ʉʫʣʴʬʦʨʦʜʘʤʠʥ 101 - ʚʦʜʦʨʘʩʪʚʦʨʠʤʘʷ ʤʦʣʝʢʫʣʘ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ (ʦʢʦʣʦ 1 ʥʤ ʚ 

ʜʠʘʤʝʪʨʝ), ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ FM1-43, ʚʩʪʨʦʝʥʥʳʤ ʚ ʤʝʤʙʨʘʥʫ, ʠ 

ʤʦʤʝʥʪʘʣʴʥʦ ʪʫʰʠʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʧʦʩʣʝʜʥʝʛʦ ʧʦ ʤʝʭʘʥʠʟʤʫ FRET (Pyle et al., 1999, 

Winterer et al., 2006). ɺ ʢʦʥʪʨʦʣʝ ʥʘʣʠʯʠʝ ʩʫʣʴʬʦʨʦʜʘʤʠʥʘ 101 ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʝ 

(ʨʠʩ. 65, ɸ) ʥʝ ʦʢʘʟʳʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʜʠʥʘʤʠʢʫ ʩʥʠʞʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

FM1-43. ʊʘʢ, ʚ ʧʝʨʚʳʝ 15 ʩ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʩʥʠʞʘʣʘʩʴ ʥʘ 

15-20 %, ʘ ʢ 1 ʤʠʥ ʠ 3 ʤʠʥ ʨʘʟʜʨʘʞʝʥʠʷ ʜʦ ï 65.0 Ñ 2.1% (p>0.05 ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʴʥʦʡ ʢʨʠʚʦʡ ʚʳʛʨʫʟʢʠ) ʠ 47 Ñ 2.3% (p>0.05, n = 7), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 65, ɹ). 

ɽʩʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʳʝ ʥʝʨʚʥʳʝ ʦʢʦʥʯʘʥʠʷ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʨʘʙʦʪʢʝ 

ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʯʠʥʘʣʘʩʴ ʧʝʨʬʫʟʠʷ ʨʘʩʪʚʦʨʦʤ, 

ʩʦʜʝʨʞʘʱʠʤ ʩʫʣʴʬʦʨʦʜʘʤʠʥ 101 (ʨʠʩ. 65ɸ), ʪʦ ʭʘʨʘʢʪʝʨ ʧʘʜʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ FM1-

43 ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʣʩʷ (ʈʠʩ. 65, ɹ, ɺ). ɺʥʘʯʘʣʝ 20 ɻʮ ʨʘʟʜʨʘʞʝʥʠʷ 
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ʥʘʙʣʶʜʘʣʦʩʴ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʟʝʣʝʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ FM1-43: ʯʝʨʝʟ 15 ʩ 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʧʦʥʠʞʘʣʘʩʴ ʜʦ 88.1 Ñ 1.0 % (p<0.01 ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʠʚʦʡ ʚʳʛʨʫʟʢʠ 

ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ, n = 7). ɿʘʪʝʤ ʩʥʠʞʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʟʘʤʝʜʣʷʣʦʩʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢ 1 ʠ 3 ʤʠʥ ʨʘʟʜʨʘʞʝʥʠʷ ʩʚʝʯʝʥʠʝ FM1-43 ʩʦʩʪʘʚʠʣʦ 80.0 Ñ 

1.2 ʠ 68.1 Ñ 1.5 %, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʣʴʬʦʨʦʜʘʤʠʥ 101 (ʪʫʰʠʪʝʣʴ FM1-

43), ʥʝ ʚʣʠʷʷ ʥʘ ʚʳʛʨʫʟʢʫ ʚ ʢʦʥʪʨʦʣʝ, ʫʩʪʨʘʥʷʝʪ ʟʘʤʝʜʣʝʥʠʝ ʩʥʠʞʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ ʚ ʥʘʯʘʣʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ ʧʦʩʣʝ ʦʢʠʩʣʝʥʠ ̫

ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ. 

 

4.5.4 ʈʝʮʠʢʣʠʨʫʶʱʠʡ ʧʫʣ ʚʝʟʠʢʫʣ ʠ ʦʢʠʩʣʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ 

ɺ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ ʣʷʛʫʰʢʠ ʨʝʮʠʢʣʠʨʫʶʱʠʡ ʧʫʣ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ ʩʦʩʪʘʚʣʷʝʪ 10-20 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʝʟʠʢʫʣ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʤʦʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʝʡʨʦʧʝʨʝʜʘʯʫ ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʩ ʯʘʩʪʦʪʦʡ 1-2 ɻʮ, ʦʜʥʘʢʦ ʙʳʩʪʨʦ ʚ 

ʪʝʯʝʥʠʝ 20-30 ʩ ʠʩʪʦʱʘʝʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʩʪʠʤʫʣʷʮʠʶ (20-30 ɻʮ) 

(Richards et al., 2000, 2003; Petrov et al., 2008). 

ɺ ʜʘʥʥʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ ʥʘ 

ʧʨʦʮʝʩʩʳ ʵʢʟʦ- ʠ ʵʥʜʦʮʠʪʦʟʘ ʚʝʟʠʢʫʣ ʨʝʮʠʢʣʠʨʫʶʱʝʛʦ ʧʫʣʘ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʵʥʜʦʮʠʪʦʟʥʳʡ ʤʘʨʢʝʨ FM2-10, ʢʦʪʦʨʳʡ ʤʝʥʝʝ ʛʠʜʨʦʬʦʙʥʳʡ, ʯʝʤ FM1-43, ʠ ʧʦʵʪʦʤʫ 

ʙʳʩʪʨʝʝ ʜʠʩʩʦʮʠʠʨʫʝʪ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʤʙʨʘʥ (Betz et al., 1992; Richards et al., 2000). 

ɼʣʷ ʩʝʣʝʢʪʠʚʥʦʡ ʟʘʛʨʫʟʢʠ ʢʨʘʩʠʪʝʣʷ ʚ ʚʝʟʠʢʫʣʳ ʨʝʮʠʢʣʠʨʫʶʱʝʛʦ ʧʫʣʘ ʵʢʟʦʮʠʪʦʟ 

ʚʝʟʠʢʫʣ ʚʳʟʳʚʘʣʠ 20 ʩ ʟʘʣʧʦʤ ʩʪʠʤʫʣʷʮʠʠ 20 ɻʮ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʚ ʥʘʨʫʞʥʦʤ 

ʨʘʩʪʚʦʨʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣ FM2-10 (ʨʠʩ. 66, ɸ). ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʩʪʠʤʫʣʷʮʠʠ ʥʝʨʚʥʦ-

ʤʳʰʝʯʥʳʡ ʧʨʝʧʘʨʘʪ ʧʝʨʬʫʟʠʨʦʚʘʣʩʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ. ɺ ʢʦʥʪʨʦʣʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ, ʟʘʛʨʫʞʝʥʥʳʭ ʦʧʠʩʘʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʩʦʩʪʘʚʠʣʘ ï 

20.2 Ñ 2.0 ʦ.ʝ. (n = 12) (ʨʠʩ. 66, ɹ). ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʦʣʫʯʘʩʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʝʧʘʨʘʪʘ 

ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʣʘ ʟʘʛʨʫʟʢʫ FM2-10, ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʮʝʥʠʚʘʣʘʩʴ ʚ 3.2 Ñ 2.0 ʦ.ʝ. (n = 6, p < 0.001). 

ʅʝʨʚʥʳʝ ʦʢʦʥʯʘʥʠʷ, ʩ ʟʘʛʨʫʞʝʥʥʳʤ ʨʝʮʠʢʣʠʨʫʶʱʠʤ ʧʫʣʦʤ, ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ (2 ɻʮ), ʧʨʠ ʵʪʦʤ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʩʥʠʞʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʵʢʟʦʮʠʪʦʟ ʦʢʨʘʰʝʥʥʳʭ ʚʝʟʠʢʫʣ ʠ ʧʦʪʝʨʶ 

ʠʤʠ ʢʨʘʩʠʪʝʣʷ. ɺ ʢʦʥʪʨʦʣʝ ʩʪʠʤʫʣʷʮʠʷ ʩ ʯʘʩʪʦʪʦʡ 2 ɻʮ ʧʨʠʚʦʜʠʣʘ ʩʥʘʯʘʣʘ ʢ ʙʳʩʪʨʦʤʫ 

ʫʤʝʥʴʰʝʥʠʶ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʷʪʝʥ: ʯʝʨʝʟ 1 ʤʠʥ ʨʘʟʜʨʘʞʝʥʠʷ ʷʨʢʦʩʪʴ ʩʥʠʞʘʣʘʩʴ ʜʦ 



193 
 

  

64.0 Ñ 5.5% (n = 9) (ʨʠʩ. 66, ɺ). ɺʧʦʩʣʝʜʩʪʚʠʠ ʧʘʜʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ 

ʟʘʤʝʜʣʷʣʦʩʴ, ʚ ʠʪʦʛʝ ʢ 10 ʤʠʥ ʨʘʟʜʨʘʞʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʫʤʝʥʴʘhʣʘʩʴ ʜʦ 30.9 Ñ 5%. 

ʆʙʨʘʙʦʪʢʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʳʭ FM2-10 ʧʨʝʧʘʨʘʪʦʚ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʤʝʜʣʷʣʘ ʚʳʛʨʫʟʢʫ ʤʘʨʢʝʨʘ.  

 

ʈʠʩ. 66. ɺʣʠʷʥʠʝ ʦʢʠʩʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ ʨʝʮʠʢʣʠʨʫʶʱʝʛʦ ʧʫʣʘ 

ɸ - ʩʭʝʤʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʙʦʟʥʘʯʝʥʠʷ ʪʝ ʞʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 64, ɸ. ɿʠʛʟʘʛʦʦʙʨʘʟʥʦʡ 

ʣʠʥʠʝʡ ʠʟʦʙʨʘʞʝʥʘ ʘʧʧʣʠʢʘʮʠʷ ʩʫʣʴʬʦʨʦʜʘʤʠʥʘ 101 (ʉʈ-101). ʉʝʨʳʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ 

ʧʦʢʘʟʳʚʘʶʪ ʩʪʠʤʫʣʷʮʠʶ ʩ ʯʘʩʪʦʪʦʡ 2 ɻʮ. ɹ ð ʠʟʦʙʨʘʞʝʥʠʷ ʫʯʘʩʪʢʦʚ ʥʝʨʚʥʳʭ 

ʪʝʨʤʠʥʘʣʝʡ ʜʦ (1) ʠ ʧʦʩʣʝ 30 ʤʠʥ ʠʥʢʫʙʘʮʠʠ (2) ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ (ʘ) ʠʣʠ 

ʨʘʩʪʚʦʨʝ ʩ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ (ʍʆ) (ʙ). ʐʢʘʣʘ ï 10 ʤʢʤ. ɺ ð ɺʨʝʤʝʥʥʦʡ ʭʦʜ 

ʫʤʝʥʴʰʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʝʡ (ʚʳʛʨʫʟʢʘ ʢʨʘʩʠʪʝʣʷ FM2-10) ʚ ʦʪʚʝʪ 

ʥʘ ʩʪʠʤʫʣʷʮʠ ʁ 2 ɻʮ. ʇʦ ʦʩʠ Y ðʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ % (ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʜʦ ʥʘʯʘʣʘ 

ʩʪʠʤʫʣʷʮʠʠ - 100% ); ʧʦ ʦʩʠ ʍ ï ʚʨʝʤʷ ʨʘʟʜʨʘʞʝʥʠʷ ʚ ʤʠʥ. 
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ɺ ʪʝʯʝʥʠʝ 1 ʤʠʥ ʩʪʠʤʫʣʷʮʠʠ ʷʨʢʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩʥʠʟʠʣʘʩʴ ʪʦʣʴʢʦ ʜʦ 91.2 Ñ 1.4% 

(p<0.001 ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʦʡ ʢʨʠʚʦʡ ʚʳʛʨʫʟʢʠ), ʘ ʢ 10 ʤʠʥ ʨʘʟʜʨʘʞʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ ʩʦʩʪʘʚʠʣʘ ï 73.8 Ñ 2.1% (p<0.001, n = 10) (ʨʠʩ. 66 ɺ). ʀʥʪʝʨʝʩʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʧʷʪʝʥ, 

ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʨʘʩʩʝʠʚʘʥʠʝ ʚʝʟʠʢʫʣ ʨʝʮʠʢʣʠʨʫʶʱʝʛʦ ʧʫʣʘ, ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 

(ʨʠʩ. 66  ɹ). 

ɽʩʣʠ ʧʦʩʣʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʧʨʦʠʟʚʦʜʠʪʴ ʚʳʛʨʫʟʢʫ 

ʢʨʘʩʠʪʝʣʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʫʣʴʬʦʨʦʜʘʤʠʥʘ 101 ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ (ʨʠʩ. 66 ɸ), ʪʦ 

ʩʥʠʞʝʥʠʝ ʷʨʢʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʜʦʩʪʦʚʝʨʥʦ ʙʳʩʪʨʝʝ. 

ʊʘʢ, ʯʝʨʝʟ 1 ʤʠʥ ʨʘʟʜʨʘʞʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 78.1 Ñ 1.7 % (p<0.01 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʬʬʝʢʪʘ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ), ʘ ʢ 10 ʤʠʥ ï ʜʦ 51.5 Ñ 2.0 % (p<0.01, n = 8) 

(ʨʠʩ. 66 ɺ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʠʩʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʤʝʭʘʥʠʟʤ ʦʩʚʦʙʦʞʜʝʥʠʷ 

ʤʝʜʠʘʪʦʨʘ ʚʝʟʠʢʫʣʘʤʠ ʨʝʮʠʢʣʠʨʫʶʱʝʛʦ ʧʫʣʘ. ʇʨʠ ʵʪʦʤ ʚʝʟʠʢʫʣʳ ʵʪʦʛʦ ʧʫʣʘ ʥʝ 

ʨʘʩʩʝʠʚʘʶʪʩʷ ʚʥʫʪʨʠ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠʷ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ.  

 

4.5.5 ɺʣʠʷʥʠʝ ʦʢʠʩʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ ʵʪʘʧʳ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʮʠʢʣʘ ʚ 

ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ. ɺʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʭʦʣʝʩʪʝʨʠʥ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʫʯʘʩʪʚʫʝʪ ʚ 

ʧʨʦʮʝʩʩʘʭ ʵʢʟʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. ʇʨʠ ʵʪʦʤ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʭʦʣʝʩʪʝʨʠʥ 

ʤʦʞʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʙʝʣʢʘʤʠ ʵʢʟʦʮʠʪʦʟʘ, ʪʘʢʠʤʠ ʢʘʢ ʩʠʥʘʧʪʦʙʨʝʚʠʥ, 

ʩʠʥʪʘʢʩʠʥ (Taverna et al., 2004; Jia et al., 2006, Murray, Tamm, 2009; Tong et al. 2009). ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʭʦʣʝʩʪʝʨʠʥ ʩʦ ʩʬʠʥʛʦʣʠʧʠʜʘʤʠ ʬʦʨʤʠʨʫʝʪ ʣʠʧʠʜʥʳʝ ʧʣʦʪʠʢʠ ʚ ʩʘʡʪʘʭ 

ʵʢʟʦʮʠʪʦʟʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʘʡʪʘʤʠ, ʛʜʝ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʠ ʘʢʪʠʚʠʨʫʶʪʩʷ SNARE 

ʙʝʣʢʠ (ɿʝʬʠʨʦʚ ɸ.ʃ., ʇʝʪʨʦʚ ɸ.ʄ., 2010; ʇʝʪʨʦʚ ʠ ʜʨ., 2011). ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʯʘʩʪʠʯʥʦʝ ʚʳʪʝʩʥʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ 1 ʤʄ ʄʎɼ ʠʟ ʤʝʤʙʨʘʥʳ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʳʟʚʘʥʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʤʝʜʠʘʪʦʨʘ ʠ ʫʩʠʣʠʚʘʝʪ ʜʝʧʨʝʩʩʠ ʁʚ 

ʭʦʜʝ 20 ɻʮ ʩʪʠʤʫʣʷʮʠʠ (ʇʝʪʨʦʚ ʠ ʜʨ. 2009; Petrov et al., 2011; ʊʘʨʘʢʘʥʦʚʘ ʠ ʜʨ., 2011). 

ʆʢʠʩʣʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʤʦʞʝʪ ʧʦʚʳʰʘʪʴ ʝʛʦ ʧʦʜʚʠʞʥʦʩʪʴ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʥ ʤʦʞʝʪ ʧʦʢʠʜʘʪʴ ʤʝʤʙʨʘʥʫ (Lange Y, Steck TL, 2010), ʧʦʵʪʦʤʫ ʩʦʜʝʨʞʘʥʠʝ 

ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ ʠ ʥʘʨʫʰʘʪʴʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʬʪʦʚ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠ ʩʮʝʥʘʨʠʝʤ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʘ ʨʘʙʦʪʘʝʪ ʢʘʢ ʄʎɼ. ʆʜʥʘʢʦ ʚ 
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ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥʘʭ ʧʨʦʜʫʢʪ ʦʢʠʩʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ, ʚ ʦʪʩʫʪʩʪʚʠʠ ʘʢʮʝʧʪʦʨʦʚ 

(ʥʘʧʨʠʤʝʨ, ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʄʎɼ) ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʝ ʥʝ 

ʧʦʢʠʜʘʝʪ ʤʝʤʙʨʘʥʫ (Neuvonen et al., 2014). ʇʦʷʚʣʝʥʠʝ ʦʢʠʩʣʝʥʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʤʦʜʝʣʴʥʳʭ ʤʝʤʙʨʘʥʘʭ (4-ʭʦʣʝʩʪʝʥ-3-ʦʥʘ) ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ 

ʭʦʣʝʩʪʝʨʠʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʙʝʣʢʘʤʠ ʠ ʣʠʧʠʜʘʤʠ. ɺʦʟʤʦʞʥʦ, 4-ʭʦʣʝʩʪʝʥ-3-ʦʥ 

ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ ʬʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʤʝʤʙʨʘʥ (Ahn, Sampson, 2004). ɺ ʥʘʰʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʢʨʘʰʠʚʘʥʠʝ ʧʨʝʧʘʨʘʪʘ ʥʘ ʩʢʦʧʣʝʥʠʷ ʛʘʥʛʣʠʦʟʠʜʦʚ GM1 ʚʳʷʚʠʣʦ 

ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ ʚ ʨʝʛʠʦʥʝ ʥʝʨʚʥʦʛʦ ʦʢʦʥʯʘʥʠ ̫

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ. ʇʦʟʜʥʝʝ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʘ 

ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʨʫʰʝʥʠʶ ʣʠʧʠʜ-ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ ʠ ʵʢʩʧʘʥʩʠʠ ʣʠʧʠʜ-

ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟ rʚ ʤʝʤʙʨʘʥʝ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʠʙʨʦʙʣʘʩʪʦʚ. 

ʇʨʠʯʝʤ ʦʙʨʘʟʫʝʤʳʡ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ 4-ʭʦʣʝʩʪʝʥ-3-ʦʥ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʜʣʠʪʝʣʴʥʳʡ 

ʜʝʬʝʢʪ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʤʙʨʘʥʳ (Neuvonen et al., 2014). ʅʘʨʫʰʝʥʠʝ ʣʠʧʠʜʥʳʭ ʨʘʬʪʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʫʛʥʝʪʝʥʠʷ ʩʝʢʨʝʮʠʠ ʤʝʜʠʘʪʦʨʘ ʠ ʵʢʟʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ ʚ ʦʪʚʝʪ ʥʘ ʦʜʠʥʦʯʥʳʝ ʨʘʟʜʨʘʞʝʥʠʷ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʳ. ʋʛʥʝʪʝʥʠʝ ʵʢʟʦʮʠʪʦʟʘ ʙʳʣʦ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ ʧʨʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ 

ʨʘʟʜʨʘʞʝʥʠʠ, ʥʘʯʠʥʘʷ ʩ 20-30 ʩ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʫ 

ʣʷʛʫʰʢʠ ʚ ʦʩʚʦʙʦʞʜʝʥʠʝ ʤʝʜʠʘʪʦʨʘ ʧʦʩʣʝ 20-30 ʩ ʩʪʠʤʫʣʷʮʠʠ ʩ ʯʘʩʪʦʪʦʡ 20 ɻʮ 

ʚʦʚʣʝʢʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʝʟʠʢʫʣʳ ʨʝʟʝʨʚʥʦʛʦ ʧʫʣʘ (ɿʝʬʠʨʦʚ ʠ ʜʨ. 2008ʘ; 

ɿʘʭʘʨʦʚ  ʠ ʜʨ. 2012; Richards et al., 2000; Petrov et al., 2008), ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʥʘʨʫʰʝʥʠʝ ʜʦʩʪʘʚʢʠ ʚʝʟʠʢʫʣ ʨʝʟʝʨʚʥʦʛʦ ʧʫʣʘ ʚ ʩʘʡʪʳ ʵʢʟʦʮʠʪʦʟʘ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ. ʉʥʠʞʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʚʳʛʨʫʟʢʠ FM-ʢʨʘʩʠʪʝʣʷ ʧʦʩʣʝ 20-30 ʩ 

ʨʘʟʜʨʘʞʝʥʠʷ (20 ɻʮ), ʪʦ ʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʩʣʘʙʣʝʥʠʠ ʪʨʘʥʩʧʦʨʪʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ ʚ ʛʦʪʦʚʳʡ ʢ ʦʩʚʦʙʦʞʜʝʥʠʶ ʧʫʣ. 

ɺ ʩʦʩʪʘʚ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ ʚʭʦʜʷʪ ʤʥʦʛʠʝ ʩʠʛʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ, ʧʦʵʪʦʤʫ ʧʨʠ 

ʨʘʟʨʫʰʝʥʠʠ ʧʣʦʪʠʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ (ʘʢʪʠʚʘʮʠʷ 

ʨʷʜʘ ʧʨʦʪʝʠʥʢʠʥʘʟ), ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʝʨʝʩʪʨʦʡʢʘ ʮʠʪʦʩʢʝʣʝʪʘ (Gaffield et al., 2006; 

Smith et al., 2010; Dason et al., 2014; Petrov et al., 2014, 2015). ɺʦʟʤʦʞʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ 

ʪʨʘʥʩʧʦʨʪʘ ʚʝʟʠʢʫʣ ʩʚʷʟʘʥʦ ʩ ʥʘʨʫʰʝʥʠʝʤ ʮʠʪʦʩʢʝʣʝʪʘ, ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʚʝʟʠʢʫʣʘʤ çʨʘʟʙʝʛʘʪʴʩʷè ʚ ʩʪʦʨʦʥʳ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʣʘʩʪʝʨʘ ʚʝʟʠʢʫʣ ʨʝʟʝʨʚʥʦʛʦ ʧʫʣʘ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ ʣʷʛʫʰʢʠ. ɺ ʧʦʣʴʟʫ ʵʪʦʛʦ 

ʛʦʚʦʨʠʪ ʨʘʩʰʠʨʝʥʠʝ ʢʣʘʩʪʝʨʦʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʭʦʣʝʩʪʝʨʠʥ 
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ʦʢʩʠʜʘʟʦʡ, ʫʢʘʟʳʚʘʶʱʝʝ ʥʘ ʫʜʘʣʝʥʠʝ ʯʘʩʪʠ ʚʝʟʠʢʫʣ ʦʪ ʩʘʡʪʦʚ ʵʢʟʦʮʠʪʦʟʘ ʚ ʘʢʪʠʚʥʦʡ 

ʟʦʥʝ. ɺ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ ʣʷʛʫʰʢʠ ʠ ʛʠʧʧʦʢʘʤʧʘʣʴʥʳʭ ʩʠʥʘʧʩʘʭ ʩʭʦʞʝʝ 

ʥʘʨʫʰʝʥʠʝ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʚʝʟʠʢʫʣ, ʚʝʜʫʱʝʝ ʢ ʨʘʩʰʠʨʝʥʠʶ ʦʙʣʘʩʪʝʡ ʩʚʝʯʝʥʠʷ FM1-43 ʠ 

ʫʛʥʝʪʝʥʠʶ ʚʳʜʝʣʝʥʠʷ ʤʝʜʠʘʪʦʨʘ ʚ ʦʪʚʝʪ ʥʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʩʪʠʤʫʣʷʮʠʶ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʥʛʠʙʠʪʦʨʘ ʬʦʩʬʘʪʘʟ ʦʢʘʜʘʠʢʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

(Betz, Henkel, 1994; Henkel et al., 1996; Gaffield et al., 2006). ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ 

ʩʚʷʪʷʱʠʭʩʷ ʧʷʪʝʥ, ʦʪʨʘʞʘʶʱʝʝ ʨʘʩʩʝʠʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ ʚʝʟʠʢʫʣ, ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪ ɹʟʘ 

ʩʯʝʪ ʠʟʙʳʪʦʯʥʦʡ ʘʢʪʠʚʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʝʠʥʢʠʥʘʟ. ʊʘʢ, ʨʘʩʩʝʠʚʘʥʠʝ ʩʢʦʧʣʝʥʠʡ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʬʦʥʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʄɸʈ- ʠʣʠ ʮʠʢʣʠʥ-

ʟʘʚʠʩʠʤʦʡ ʢʠʥʘʟʘʤʠ ʩʠʥʘʧʩʠʥʦʚ ï ʙʝʣʢʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʤʝʞʚʝʟʠʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (Monaldi et al., 2010). ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

çʨʘʩʧʣʳʚʘʥʠʝè ʧʷʪʝʥ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, ʝʩʣʠ ʚ 

ʥʝʨʚʥʦʤ ʦʢʦʥʯʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ʢʨʘʩʠʪʝʣʷ FM2-10 ʙʳʣ ʤʘʨʢʠʨʦʚʘʥ ʠʟʙʠʨʘʪʝʣʴʥʦ 

ʨʝʮʠʢʣʠʨʫʶʱʠʡ ʧʫʣ ʚʝʟʠʢʫʣ. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʥʘʨʫʰʝʥʠʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʚʝʟʠʢʫʣ ʪʦʣʴʢʦ ʨʝʟʝʨʚʥʦʛʦ ʧʫʣʘ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ 

ʭʦʣʝʩʪʝʨʠʥʘ. 

ʆʢʠʩʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʠ kiss-and-run ʤʝʭʘʥʠʟʤ ʦʩʚʦʙʦʞʜʝʥʠʷ ʤʝʜʠʘʪʦʨʘ. ʇʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ ʚ ʚʧʝʨʚʳʝ 20 ʩ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʠʥʘʤʠʢʘ 

ʩʝʢʨʝʮʠʠ ʤʝʜʠʘʪʦʨʘ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʦʥʪʨʦʣʴʥʦʡ. ʆʜʥʘʢʦ ʚ ʧʦʜʚʝʨʛʰʠʭʩʷ ʜʝʡʩʪʚʠʶ 

ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ ʧʨʝʧʘʨʘʪʘʭ ʚʳʛʨʫʟʢʠ ʢʨʘʩʠʪʝʣʷ FM1-43 ʚ ʧʝʨʚʳʝ 20 ʩ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʦʩʣʝ ʦʢʠʩʣʝʥʠʷ 

ʭʦʣʝʩʪʝʨʠʥʘ, ʚʥʘʯʘʣʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʦʩʚʦʙʦʞʜʝʥʠʝ ʤʝʜʠʘʪʦʨʘ ʠʟ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʧʨʦʠʩʭʦʜʠʪ, ʪʦʛʜʘ ʢʘʢ ʤʦʣʝʢʫʣ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʢʨʘʩʠʪʝʣʷ, 

ʠʤʝʶʱʝʛʦ ʚʨʝʤʷ ʜʠʩʩʦʮʠʘʮʠʠ ʦʪ ʤʝʤʙʨʘʥʳ ʧʦʨʷʜʢʘ ʜʝʩʷʪʢʘ ʩʝʢʫʥʜ, ʥʝʪ. ʆʙʲʷʩʥʠʪʴ 

ʥʘʙʣʶʜʘʝʤʳʡ ʬʝʥʦʤʝʥ ʤʦʞʥʦ, ʝʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʘʙʦʪʘʶʱʠʝ ʚʥʘʯʘʣʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʚʝʟʠʢʫʣʳ ʨʝʮʠʢʣʠʨʫʶʱʝʛʦ ʧʫʣʘ ʦʩʚʦʙʦʞʜʘʶʪ ʤʝʜʠʘʪʦʨ 

ʯʝʨʝʟ ʢʦʨʦʪʢʦʞʠʚʫʱʫʶ ʙʝʣʢʦʚʫʶ ʧʦʨʫ (kiss-and-run ʤʝʭʘʥʠʟʤ), ʢʦʪʦʨʘʷ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʣʘʪʝʨʘʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʣʠʧʦʬʠʣʴʥʳʭ ʤʦʣʝʢʫʣ FM1-43. ʊʘʢ, ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʘʣʠʯʠʝ 

kiss-and-run ʤʝʭʘʥʠʟʤʘ ʚ ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ ʣʷʛʫʰʢʠ ʠ ʪʝʨʤʠʥʘʣʷʭ 

ʛʠʧʧʦʢʘʤʧʘ ʙʳʣʠ ʩʜʝʣʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʦʛʦ, ʯʪʦ ʛʠʧʝʨʦʩʤʦʪʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʳ 

ʩʘʭʘʨʦʟʳ ʫʚʝʣʠʯʠʚʘʶʪ ʩʧʦʥʪʘʥʥʫʶ ʩʝʢʨʝʮʠʶ ʤʝʜʠʘʪʦʨʘ, ʢʦʪʦʨʘʷ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʳʛʨʫʟʢʦʡ FM1-43 (ɿʝʬʠʨʦʚ ʠ ʜʨ. 2004; Stevens, Williams, 2000). ɺʦʟʤʦʞʥʳʤʠ 
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ʢʘʥʜʠʜʘʪʘʤʠ ʥʘ ʨʦʣʴ ʧʦʨʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʪʝʠʥʦʚ ʷʚʣʷʶʪʩʷ ð ʩʠʥʪʘʢʩʠʥ, 

ʩʠʥʘʧʪʦʙʨʝʚʠʥ ʠ V0-ʯʘʩʪʴ ʧʨʦʪʦʥʥʦʡ ʧʦʤʧʳ (Morel, 2003; Jackson, Chapman, 2008). 

ʇʦʜʪʚʝʨʞʜʘʶʪ ʩʢʘʟʘʥʥʦʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʩʫʣʴʬʦʨʦʜʘʤʠʥʦʤ 101. ʕʪʦ 

ʚʝʱʝʩʪʚʦ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʤʘʣʳʤ ʨʘʟʤʝʨʘʤ, ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʧʦʨʳ ʩ ʜʠʘʤʝʪʨʦʤ 

ʙʦʣʝʝ 1.5 ʥʤ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʤʦʣʝʢʫʣʳ ʩʫʣʴʬʦʨʦʜʘʤʠʥʘ 101, ʧʨʦʥʠʢʘʷ ʚ ʧʦʣʦʩʪʴ 

ʚʝʟʠʢʫʣʳ ʯʝʨʝʟ ʢʦʨʦʪʢʦʞʠʚʫʱʫʶ ʧʦʨʫ, ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʤʦʣʝʢʫʣʘʤʠ FM1-43, 

ʚʩʪʨʦʝʥʥʳʤʠ ʚ ʤʝʤʙʨʘʥʫ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʠ ʪʫʰʘʪ ʟʝʣʝʥʦʝ ʩʚʝʯʝʥʠʝ ʢʨʘʩʠʪʝʣʷ 

(Winterer et al., 2006). ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʝʪ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʝʣʝʥʦʡ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ FM1-43 ʚ ʥʘʯʘʣʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʚ ʧʨʝʧʘʨʘʪʘʭ, 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ (ʥʦ ʥʝ ʚ ʢʦʥʪʨʦʣʴʥʳʭ). 

ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʚʳʩʢʘʟʘʥʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʙʦʣʝʝ ʛʠʜʨʦʬʠʣʴʥʳʤ ʢʨʘʩʠʪʝʣʝʤ FM2-10, ʢʦʪʦʨʳʤ ʟʘʛʨʫʞʘʣʩʷ 

ʨʝʮʠʢʣʠʨʫʶʱʠʡ ʧʫʣ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʣʘ ʟʘʭʚʘʪ FM2-10 ʚ ʥʝʨʚʥʦʝ ʦʢʦʥʯʘʥʠʝ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʦʩʚʦʙʦʞʜʝʥʠʷ ʤʝʜʠʘʪʦʨʘ ʚ ʪʝʯʝʥʠʝ 20 ʩ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ 

ʯʝʨʝʟ ʧʦʨʫ, ʥʝʧʨʦʥʠʮʘʝʤʫʶ ʜʣʷ ʤʦʣʝʢʫʣ FM2-10. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʟʘʛʨʫʞʝʥʥʳʝ FM2-10 ʧʨʝʧʘʨʘʪʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʜʝʡʩʪʚʠʶ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ, ʪʦ 

ʧʦʩʣʝʜʫʶʱʘʷ ʚʳʛʨʫʟʢʘ ʢʨʘʩʠʪʝʣʷ, ʚʳʟʚʘʥʥʘʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʝʡ (2ɻʮ) ʠ 

ʩʪʠʤʫʣʠʨʫʶʱʘʷ ʵʢʟʦʮʠʪʦʟ ʚʝʟʠʢʫʣ ʠʟʙʠʨʘʪʝʣʴʥʦ ʨʝʮʠʢʣʠʨʫʶʱʝʛʦ ʧʫʣʘ, ʧʨʦʠʩʭʦʜʠʣʘ 

ʥʘʤʥʦʛʦ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ. ʇʨʠ ʵʪʦʤ ʥʘ ʬʦʥʝ ʩʫʣʴʬʦʨʦʜʘʤʠʥʘ 101 ʩʥʠʞʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ FM2-10 ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʣʦʩʴ. ʕʪʦ ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʫʰʝʥʠʝ 

ʵʤʠʩʩʠʠ ʤʦʣʝʢʫʣ FM2-10, ʚʩʪʨʦʝʥʥʳʭ ʚ ʤʝʤʙʨʘʥʳ ʚʝʟʠʢʫʣ, ʤʦʣʝʢʫʣʘʤʠ 

ʩʫʣʴʬʦʨʦʜʘʤʠʥʘ 101, ʧʨʦʥʠʢʘʶʱʠʤʠ ʧʨʠ ʵʢʟʦʮʠʪʦʟʝ ʩʢʚʦʟʴ ʧʦʨʫ ʚ ʧʦʣʦʩʪʴ ʚʝʟʠʢʫʣ.r 

ɼʦ ʩʠʭ ʧʦʨ ʚʝʜʫʪʩʷ ʜʠʩʢʫʩʩʠʠ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ kiss-and-run ʤʝʭʘʥʠʟʤʘ 

ʦʩʚʦʙʦʞʜʝʥʠʷ ʤʝʜʠʘʪʦʨʘ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ (ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ; Granseth et al., 2009; Watanabe et al., 2013; Watanabe, 

2015; Petrov et al., 2015). ʀʟʤʝʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʦʩʚʦʙʦʞʜʝʥʠʷ ʤʝʜʠʘʪʦʨʘ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ (ʥʘʧʨʠʤʝʨ, ʧʨʦʪʝʠʥʢʠʥʘʟʦʡ ʉ) 

ʰʘʧʝʨʦʥʘ NSF, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʨʘʟʙʦʨʢʫ SNARE-ʢʦʤʧʣʝʢʩʘ, ʠʣʠ ʢʦʤʧʣʝʢʩʠʥʦʚ, 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ SNARE ʢʦʤʧʣʝʢʩ, ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʵʢʟʦʮʠʪʦʟʘ 

(Matveeva et al., 2001, ɿʝʬʠʨʦʚ, ʇʝʪʨʦʚ, 2010ʘ), ʩʚʷʟʘʥʥʳʡ ʩʦ ʩʢʦʨʦʪʝʯʥʳʤ 
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ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʦʨʳ ʩʣʠʷʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʤʠʦʟʠʥ II, ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʭʨʦʤʘʬʬʠʥʥʳʭ 

ʢʣʝʪʢʘʭ ʚ ʨʘʩʰʠʨʝʥʠʠ ʧʦʨʳ ʩʣʠʷʥʠʷ, ʪʘʢʞʝ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʩʘʡʪʦʚ ʜʣʷ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʧʨʦʪʝʠʥʢʠʥʘʟʘʤʠ (Neco et al., 2008). ʄʦʣʝʢʫʣʘ ʭʦʣʝʩʪʝʨʠʥʘ ʚʘʞʥʘ 

ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʨʳ ʩʣʠʷʥʠʷ ʠ ʥʘʧʨʷʤʫʶ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʤʠ 

ʜʦʤʝʥʘʤʠ ʩʠʥʘʧʪʦʙʨʝʚʠʥʘ, ʬʦʨʤʠʨʫʶʱʝʛʦ ʧʦʨʫ (Tong et al., 2009). ɺʦʟʤʦʞʥʦ, 

ʦʢʠʩʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʨʝʟʢʦ ʟʘʤʝʜʣʷʝʪ ʨʘʩʰʠʨʝʥʠʝ ʧʦʨʳ ʩʣʠʷʥʠʷ, ʫʚʝʣʠʯʠʚʘʝʪ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʢʨʳʪʠʷ, ʟʘʧʫʩʢʘʷ kiss-and-run ʤʝʭʘʥʠʟʤ. 

ʇʨʠʯʝʤ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ kiss-and-run ʤʝʭʘʥʠʟʤ ʠʩʧʦʣʴʟʫʝʪ 

ʪʦʣʴʢʦ ʯʘʩʪʴ ʚʝʟʠʢʫʣ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʝʟʠʢʫʣʳ ʨʝʮʠʢʣʠʨʫʶʱʝʛʦ 

ʧʫʣʘ ʠʤʝʶʪ ʫʥʠʢʘʣʴʥʫʶ ʙʝʣʢʦʚʦ-ʣʠʧʠʜʥʫʶ ʢʦʤʧʦʟʠʮʠʶ (Rey et al., 2015), 

ʧʦʟʚʦʣʷʶʱʫʶ ʠʤ ʚ ʥʝʢʦʪʦʨʳʭ ʫʩʣʦʚʠʷʭ ʦʩʚʦʙʦʞʜʘʪʴ ʤʝʜʠʘʪʦʨ ʯʝʨʝʟ ʩʢʦʨʦʪʝʯʥʫʶ ʧʦʨʫ 

ʩʣʠʷʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʛʨʫʟʢʘ FM1-43 ʠ FM2-10 ʠʟ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ, 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʦʡ, ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦ, ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 

ʢʨʘʩʠʪʝʣʷ ʦʩʪʘʝʪʩʷ ʚ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ, ʪʦʛʜʘ ʢʘʢ ʥʘ ʬʦʥʝ ʩʫʣʴʬʦʨʦʜʘʤʠʥʘ 101 

ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʙʦʠʭ ʢʨʘʩʠʪʝʣʝʡ. 

ɺʦʟʤʦʞʥʦ, ʚʝʟʠʢʫʣʳ ʨʝʮʠʢʣʠʨʫʶʱʝʛʦ ʧʫʣʘ, ʦʩʚʦʙʦʜʠʚʰʠʝ ʤʝʜʠʘʪʦʨ, ʚʥʘʯʘʣʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʟʘʥʠʤʘʶʪ ʩʘʡʪʳ ʵʢʟʦʮʠʪʦʟʘ, ʠ ʚʝʟʠʢʫʣʳ 

ʨʝʟʝʨʚʥʦʛʦ ʧʫʣʘ ʜʦʩʪʘʚʣʷʶʪʩʷ ʚ ʩʦʙʩʪʚʝʥʥʳʝ ʩʘʡʪʳ ʵʢʟʦʮʠʪʦʟʘ. ʕʪʦ ʛʦʚʦʨʠʪ ʚ ʧʦʣʴʟʫ 

ʛʠʧʦʪʝʟʳ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʦʪʜʝʣʴʥʳʭ ʩʘʡʪʦʚ ʵʢʟʦʮʠʪʦʟʘ ʠ ʧʫʪʝʡ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʚʝʟʠʢʫʣ ʨʝʮʠʢʣʠʨʫʶʱʝʛʦ ʠ ʨʝʟʝʨʚʥʦʛʦ ʧʫʣʦʚ (ʇʝʪʨʦʚ ʠ ʜʨ., 2008; ɿʘʭʘʨʦʚ ʠ ʜʨ. 2012; 

Petrov et al., 2008). 

ʆʢʠʩʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʵʥʜʦʮʠʪʦʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʤʝʤʙʨʘʥ ʧʨʠʚʦʜʠʣʦ ʧʦʯʪʠ ʢ ʪʨʝʭʢʨʘʪʥʦʤʫ 

ʫʤʝʥʴʰʝʥʠʶ ʟʘʭʚʘʪʘ ʢʨʘʩʠʪʝʣʷ FM1-43, ʚʳʟʚʘʥʥʦʛʦ ʜʣʠʪʝʣʴʥʦʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʩʪʠʤʫʣʷʮʠʝʡ. ʆʜʥʘʢʦ ʜʘʥʥʦʝ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʵʥʜʦʮʠʪʦʟʘ ʤʦʞʥʦ 

ʧʦʣʥʦʩʪʴʶ ʦʙʲʷʩʥʠʪʴ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʤʝʭʘʥʠʟʤʝ ʵʢʟʦʮʠʪʦʟʘ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. ɺʦ-ʧʝʨʚʳʭ, ʫʛʥʝʪʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʵʢʟʦʮʠʪʦʟʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʭʦʣʝʩʪʝʨʠʥ ʦʢʩʠʜʘʟʳ (ʧʨʠʤʝʨʥʦ ʥʘ 46%) 

ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʟʘʛʨʫʟʢʠ ʤʘʨʢʝʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ 

ʚʝʟʠʢʫʣʳ ʨʝʮʠʢʣʠʨʫʶʱʝʛʦ ʧʫʣʘ, ʩʦʩʪʘʚʣʷʶʱʠʝ 10-20% ʦʪ ʦʙʱʝʡ ʧʦʧʫʣʷʮʠʠ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (Richards et al., 2000; Rizzoli, Betz, 2005, ɿʘʭʘʨʦʚ ʠ ʜʨ. 2012), 
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ʦʩʚʦʙʦʞʜʘʶʪ ʤʝʜʠʘʪʦʨ ʯʝʨʝʟ ʬʦʨʤʠʨʫʝʤʫʶ ʥʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʧʦʨʫ ʩʣʠʷʥʠʷ (kiss-and-

run ʤʝʭʘʥʠʟʤ), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʟʘʭʚʘʪʳʚʘʶʪ FM1-43, ʪʦ ʟʘʛʨʫʟʢʘ ʢʨʘʩʠʪʝʣʷ ʚ ʥʝʨʚʥʳʝ 

ʦʢʦʥʯʘʥʠʷ ʧʨʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʫʜʝʪ ʝʱʝ ʤʝʥʴʰʝ. ʆʪʩʶʜʘ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʥʝ ʠʤʝʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʤʝʭʘʥʠʟʤʳ ʵʥʜʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʜʘʥʥʳʤʠ 

ʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʫʜʘʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʠʟ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʥʘ 

ʵʥʜʦʮʠʪʦʟ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʧʨʦʪʝʢʘʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʚʝʟʠʢʫʣʷʨʥʦʛʦ 

ʭʦʣʝʩʪʝʨʠʥʘ (ʇʝʪʨʦʚ ʠ ʜʨ. 2009; Petrov et al., 2011).  

ʀʪʘʢ, ʦʢʠʩʣʝʥʠʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʭʦʣʝʩʪʝʨʠʥʘ ʜʝʩʪʘʙʠʣʠʟʠʨʫʝʪ ʣʠʧʠʜʥʳʝ 

ʧʣʦʪʠʢʠ ʚ ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʷʭ ʠ ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝ. ʉʥʠʞʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʵʢʟʦʮʠʪʦʟʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʠ 

ʫʛʥʝʪʘʝʪʩʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʚʝʟʠʢʫʣ ʨʝʟʝʨʚʥʦʛʦ ʧʫʣʘ ʚ ʩʘʡʪʳ ʵʢʟʦʮʠʪʦʟʘ, ʚʝʨʦʷʪʥʦ, 

ʚʩʣʝʜʩʪʚʠʝ ʥʘʨʫʰʝʥʠʷ ʠʭ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ʊʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʝʟʠʢʫʣʳ 

ʨʝʮʠʢʣʠʨʫʶʱʝʛʦ ʧʫʣʘ ʥʘʯʠʥʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ kiss-and-run ʤʝʭʘʥʠʟʤ ʦʩʚʦʙʦʞʜʝʥʠʷ 

ʤʝʜʠʘʪʦʨʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝ ʭʦʣʝʩʪʝʨʠʥʘ (ʇʝʪʨʦʚ ʠ ʜʨ. 2009; Taverna 

et al., 2004, 2007; Zamir, Charlton, 2006; Tong et al., 2009; Linetti et al., 2010; Petrov et al., 

2011, 2014, 2015), ʥʦ ʠ ʩʦʩʪʦʷʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩʳ ʵʢʟʦʮʠʪʦʟʘ ʠ 

ʜʦʩʪʘʚʢʠ ʚʝʟʠʢʫʣ ʚ ʘʢʪʠʚʥʫʶ ʟʦʥʫ.  

 

ʈʠʩ. 67. ʀʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʫʣʦʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʧʨʠ ʦʢʠʩʣʝʥʠʠ 

ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ 
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ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʜʘʥʥʳʝ ʚʧʝʨʚʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʤ ʚʝʟʠʢʫʣʷʨʥʦʤ ʮʠʢʣʝ, ʚʳʟʚʘʥʥʳʝ ʧʦʷʚʣʝʥʠʝʤ ʦʢʠʩʣʝʥʥʦʡ ʬʦʨʤʳ 

ʭʦʣʝʩʪʝʨʠʥʘ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʠʩʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʧʦʩʪʦʷʥʥʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭ (Puglielli et al., 2005), ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 4-

ʭʦʣʝʩʪʝʥ-3-ʦʥ ʢʘʢ ʥʦʚʳʡ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʵʥʜʦʛʝʥʥʳʡ ʨʝʛʫʣʷʪʦʨ ʮʠʢʣʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ. ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʙʥʘʨʫʞʝʥʥʳʭ ʵʬʬʝʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ 

ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʡ ʚʝʟʠʢʫʣʷʨʥʳʡ ʮʠʢʣ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʇʝʪʨʦʚ ʠ ʜʨ. 2013). 

 

4.6 ɺʣʠʷʥʠʝ ʦʢʩʠʩʪʝʨʦʣʘ, 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ, ʥʘ ʵʢʟʦ-ʵʥʜʦʮʠʪʦʟʥʳʡ ʮʠʢʣ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ ʤʳʰʠ 

ʆʢʩʠʩʪʝʨʦʣʳ, ʦʙʨʘʟʫʁ ʱʠʝʩʷ ʠʟ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ, ʦʙʥʘʨʫʞʝʥʳ ʚ 

ʥʝʡʨʦʥʘʣʴʥʳʭ ʤʝʤʙʨʘʥʘʭ, ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʤʥʦʛʠʭ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ (Leoni, Caccia, 2011). ʆʜʥʘʢʦ ʦʯʝʥʴ ʤʘʣʦ ʠʟʚʝʩʪʥʦ 

ʦʙ ʵʬʬʝʢʪʘʭ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ (ʇʝʪʨʦʚ, 

ɿʝʬʠʨʦʚ, 2013, 2014). ʇʦʩʣʝʜʥʠʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʦʢʩʠʩʪʝʨʦʣʳ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʤʦʜʫʣʠʨʦʚʘʪʴ ʥʝʡʨʦʧʝʨʝʜʘʯʫ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 24-

ʛʠʜʨʦʢʩʠʭʦʣʝʩʪʝʨʠʥ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʵʥʜʦʛʝʥʥʳʤ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʤ ʤʦʜʫʣʷʪʦʨʦʤ 

ʛʣʫʪʘʤʘʪʥʳʭ NMDA-ʨʝʮʝʧʪʦʨʦʚ (Paul et al., 2013). ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʝʨʤʝʥʪʘʪʠʚʥʦʝ 

ʦʢʠʩʣʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʜʦ 4-ʭʦʣʝʩʪʝʥ-3-ʦʥʘ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʵʢʟʦʮʠʪʦʟ ʠ ʧʦʚʝʜʝʥʠʝ 

ʧʫʣʦʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ (ʇʝʪʨʦʚ ʠ ʜʨ. 2013). ɺ ʩʣʫʯʘʝ ʨʝʜʢʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʮʝʨʝʙʨʦʪʝʥʜʠʥʘʣʴʥʦʛʦ ʢʩʘʥʪʦʤʘʪʦʟʘ (ʚʳʟʚʘʥʥʦʛʦ ʤʫʪʘʮʠʝʡ ʚ ʛʝʥʝ ʩʪʝʨʦʣ-

27-ʛʠʜʨʦʢʩʠʣʘʟʳ, CYP21A1), ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ ʭʦʣʝʩʪʘʥʦʣʘ ʚ ʪʢʘʥʷʭ (ʦʩʦʙʝʥʥʦ ʚ 

ʤʦʟʛʝ) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʝʨʴʝʟʥʳʝ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʝ ʜʠʩʬʫʥʢʮʠʠ ʠ ʤʠʦʧʘʪʠʷ (Menkes et 

al., 1968, B¬vner et al., 2010). ʍʦʣʝʩʪʘʥʦʣ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚʦ ʚʩʝʭ 

ʪʢʘʥʷʭ ʟʜʦʨʦʚʳʭ ʞʠʚʦʪʥʳʭ ʠ ʣʶʜʝʡ. 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʢʘʢ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ ʥʘ ʧʫʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʭʦʣʝʩʪʘʥʦʣʘ ʠʟ ʭʦʣʝʩʪʝʨʠʥʘ, ʠ ʦʥ 

ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʚ ʩʣʝʜʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʧʘʮʠʝʥʪʦʚ ʩ 

ʮʝʨʝʙʨʦʪʝʥʜʠʥʘʣʴʥʳʤ ʢʩʘʥʪʦʤʘʪʦʟʦʤ (Salen, Polito, 1972; DeBarber, et al., 2011). 

ʂʦʥʮʝʥʪʨʘʮʠʷ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ ʚ ʧʣʘʟʤʝ ʤʫʪʘʥʪʥʳʭ ʤʳʰʝʡ, ʣʠʰʝʥʥʳʭ CYP27A (-/-) 

ʩʦʩʪʘʚʣʷʝʪ 200 ʥʄ. ʋʨʦʚʝʥʴ ʵʪʦʛʦ ʦʢʩʠʩʪʝʨʦʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ 7-ʛʠʜʨʦʢʩʠ 

ʧʨʦʠʟʚʦʜʥʳʭ ʭʦʣʝʩʪʝʨʠʥʘ (DeBarber, et al., 2011), ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʛʣʘʚʥʳʝ 
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ʬʘʢʪʦʨʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʪʦʢʩʠʯʥʦʩʪʴ (Bjºrkhem, 2013). ɼʘʥʥʳʝ ʦʙ ʵʬʬʝʢʪʘʭ 5ὄ-

ʭʦʣʝʩʪʘʥ-3-ʦʥʘ ʥʘ ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʚʢʣʶʯʘʷ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ, ʢʦʪʦʨʘʷ 

ʜʨʘʤʘʪʠʯʥʦ ʥʘʨʫʰʘʝʪʩʷ ʧʨʠ ʮʝʨʝʙʨʦʪʝʥʜʠʥʘʣʴʥʦʤ ʢʩʘʥʪʦʤʘʪʦʟʝ, ʦʪʩʫʪʩʪʚʫʶʪ. 

ɺ ʨʘʤʘʭ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʛʣʘʚʳ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʠʭ ʠ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚʣʠʷʥʠʝ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ ʚ ʥʘʥʦʤʦʣʷʨʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʩʚʦʡʩʪʚʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ ʠ ʥʝʡʨʦʧʝʨʝʜʘʯʫ ʚ ʥʝʨʚʥʦ-

ʤʳʰʝʯʥʦʤ ʧʨʝʧʘʨʘʪʝ ʜʠʘʬʨʘʛʤʳ ʤʳʰʠ. ʊʘʢʞʝ ʙʳʣʘ ʠʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʦʚ 5ὄ-

ʭʦʣʝʩʪʘʥ-3-ʦʥʘ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ. 

 

4.6.1 5Ŭ-ʍʦʣʝʩʪʘʥ-3-ʦʥ ʠʟʤʝʥʷʝʪ ʩʚʦʡʩʪʚʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ 

ʄʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʧʨʦʩ, ʤʦʞʝʪ ʣʠ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥ ʥʘʨʫʰʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʣʠʧʠʜʥʳʭ ʨʘʬʪʦʚ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ ʤʳʰʠ, ʠʩʧʦʣʴʟʫʷ ʤʝʯʝʥʥʫʶ 

ʩʫʙʲʝʜʠʥʠʮʫ ɺ ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ (ʍʊ-ɺ) ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʣʠʛʘʥʜ ʥʠʢʦʪʠʥʦʚʦʛʦ 

ʘʮʝʪʠʣʭʦʣʠʥʦʚʦʛʦ ʨʝʮʝʧʪʦʨʘ ï Ŭ-ʙʫʥʛʘʨʦʪʦʢʩʠʥ (Ŭɹʊ). ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʧʷʪʥʘ 

ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ ʦʢʨʘʰʝʥʥʳʭ ʍʊ-ɺ ʧʨʝʧʘʨʘʪʦʚ. ʄʝʯʝʥʥʳʝ ʍʊ-ɺ 

ʧ̫ ʪʥʘ ʢʦʣʦʢʘʣʠʟʦʚʘʣʘʩʴ ʩ Ŭɹʊ-ʦʢʨʘʰʝʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʚ ʠʥʪʘʢʪʥʳʭ ʧʨʝʧʘʨʘʪʘʭ, ʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʍʊ-ɺ ʙʳʣʦ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʫʟʢʠʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʣʦʢʘʣʠʟʘʮʠʶ ʚ 

ʤʝʤʙʨʘʥʝ ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ ʠ ʧʝʨʚʠʯʥʳʭ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʩʢʣʘʜʦʢ 

(ʨʠʩ. 68ɸ). ʂʦʣʦʢʘʣʠʟʘʮʠʷ ʦʩʪʘʚʘʣʘʩʴ ʙʝʟ ʠʟʤʝʥʝʥʠʡ ʚ ʤʳʰʮʘʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ 5ὄ-

ʭʦʣʝʩʪʘʥ-3-ʦʥʦʤ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ, ʥʦ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʍʊ-ɺ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʣʘʩʴ. 

ɺ ʢʦʥʪʨʦʣʝ ʩʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʷʪʝʥ ʙʳʣʘ 83.6 Ñ 3.8 ʦ.ʝ. (n=7, 64 

ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʥʘ) ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʦʤ ʫʤʝʥʴʰʘʣʘʩʴ ʜʦ 48.4 Ñ 4.5 

(n=7, 69 ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ, p<0.01 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ), ʪ.ʝ. ʥʘ ʙʦʣʝʝ ʯʝʤ 40% 

(ʨʠʩ. 64 ɹ). ɺʘʞʥʦ, ʯʪʦ ʍʊ-ɺ ʠʤʝʝʪ ʧʷʪʴ ʮʝʥʪʨʦʚ ʩʚʷʟʳʚʘʥʠʷ ʜʣʷ ʛʘʥʛʣʠʦʟʠʜʘ GM1 ʠ 

ʤʦʞʝʪ ʩʝʣʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ GM1-ʤʦʣʝʢʫʣʘʤʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʚ ʨʘʬʪʘʭ (Schwan et al., 2011, Margheri et al., 2014). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʢʨʘʰʠʚʘʥʠ ̫ ʍʊ-ɺ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʨʘʟʨʫʰʝʥʠʝʤ ʨʘʬʪʦʚ, ʯʪʦ ʚʝʜʝʪ ʢ çʫʪʝʯʢʝè GM1 ʤʦʣʝʢʫʣ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ ʙʝʟ ʨʘʬʪʦʚ (ʥʘʨʫʰʝʥʠʝ ʠʭ ʢʣʘʩʪʝʨʠʟʘʮʠʠ) ʠʣʠ ʢ ʩʥʠʞʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ GM1 ʛʘʥʛʣʠʦʟʠʜʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʤʙʨʘʥʝ. 

ʇʦʩʢʦʣʴʢʫ ʍʊ-ɺ ʤʦʞʝʪ ʚ ʥʝʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʥʳʤʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʙʝʣʢʘʤʠ (Blank et al., 2007), ʪʦ ʦʥ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ 
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ʜʣʷ GM1 ʛʘʥʛʣʠʦʟʠʜʦʚ. ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʦ ʚʣʠʷʥʠʠ 5ὄ-ʭʦʣʝʩʪʘʥ-

3-ʦʥʘ ʥʘ ʬʘʟʦʚʳʝ ʩʚʦʡʩʪʚʘ ʤʝʤʙʨʘʥʳ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʯʝʥʠʝ 22-NBD-ʭʦʣʝʩʪʝʨʠʥʦʤ. 

22-NBD-ʭʦʣʝʩʪʝʨʠʥ ï ʵʪʦ ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʢ ʦʢʨʫʞʝʥʠʶ ʤʝʪʢʘ, ʢʦʪʦʨʘʷ ʨʝʘʛʠʨʫʝʪ ʥʘ 

ʬʘʟʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʤʝʤʙʨʘʥʥʳʭ ʣʠʧʠʜʦʚ, ʫʚʝʣʠʯʠʚʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ 

ʦʪʚʝʪ ʥʘ ʩʤʝʥʫ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪ ʣʠʧʠʜ-ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ (ʨʘʬʪʳ) ʢ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʤʫ (ʥʝ ʨʘʬʪʳ) ʩʦʩʪʦʷʥʠʶ ʤʝʤʙʨʘʥʳ (Loura et al., 2001, Ostasov et al., 

2013). ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʧʦʣʦʩʢʠ 22-NBD-ʭʦʣʝʩʪʝʨʠʥʘ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠʩʴ ʚ ʤʝʤʙʨʘʥʝ 

ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ, ʠ ʝʛʦ ʬʣʫʦʨʝʩʮʝʥʮʠʷ, ʥʘʙʣʶʜʘʚʰʘʷʩʷ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ, 

ʠʤʝʣʘ ʩʭʦʜʩʪʚʘ ʩ ʦʢʨʘʰʠʚʘʥʠʝʤ Ŭɹʊ. ʍʦʪʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʠʥʘʧʩʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ 22-NBD-ʭʦʣʝʩʪʝʨʠʥʘ ʙʳʣʘ ʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ, ʯʝʤ Ŭɹʊ 

(ʨʠʩ. 68, ɺ). ɼʦʙʘʚʣʝʥʠʝ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ ʚʳʟʳʚʘʣʦ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ (ʨʠʩ. 68, ɻ): ʚ ʠʪʦʛʝ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ 

ʘʧʧʣʠʢʘʮʠʠ ʦʢʩʠʩʪʝʨʦʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʜʦ 124Ñ4.3% ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ (n=7 ʤʳʰʝʡ, p<0.05 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʟʥʘʯʝʥʠʝʤ ʠ 

ʢʦʥʪʨʦʣʴʥʦʡ ʢʨʠʚʦʡ). ʕʪʦ ʫʚʝʣʠʯʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʨʫʰʝʥʠʝ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʣʠʧʠʜʥʳʭ ʨʘʬʪʦʚ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ ʘʧʧʣʠʢʘʮʠʠ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʦʢʘʣʠʟʘʮʠʠ ʙʝʣʢʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʩʠʥʪʘʢʩʠʥʘ 1 ʠ ʙʝʣʢʘ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ ʩʠʥʘʧʪʦʬʠʟʠʥʘ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʤʤʫʥʦʤʝʯʝʥʠʝ 

ʩʧʝʮʠʬʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ. ʈʠʩ. 68 ɼ ʧʦʢʘʟʳʚʘʝʪ ʠʤʤʫʥʦʭʠʤʠʯʝʩʢʫʶ ʜʝʪʝʢʮʠʶ 

ʩʠʥʪʘʢʩʠʥʘ 1 (ʢʨʘʩʥʳʡ) ʠ ʩʠʥʘʧʪʦʬʠʟʠʥʘ (ʟʝʣʝʥʳʡ ʢʘʥʘʣ) ʚ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʷʭ ʩ 

ʧʦʤʦʱʴʶ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʦʙʦʠʭ ʢʘʥʘʣʦʚ ʠʤʝʝʪ 

ʩʧʝʮʠʬʠʯʥʳʡ ʥʝʨʝʛʫʣʷʨʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ 

ʨʝʛʠʦʥʘ. ʂʨʘʩʥʘʷ ʠ ʟʝʣʝʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʚ ʦʩʥʦʚʥʦʤ ʙʳʣʠ ʢʦʣʦʢʘʣʠʟʦʚʘʥʳ ʚ 

ʢʦʥʪʨʦʣʴʥʳʭ ʥʝʨʚʥʳʭ ʪʝʨʤʠʥʘʣʷʭ, ʥʦ ʠʤʤʫʥʦʵʢʧʨʝʩʩʠʷ ʩʠʥʘʧʪʦʬʠʟʠʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʷʣʘʩʴ ʥʘ ʙʦʣʴʰʠʝ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ. ʕʪʦ ʙʳʣʦ ʚʧʦʣʥʝ ʦʞʠʜʘʝʤʦ, ʪʘʢ 

ʢʘʢ ʩʠʥʪʘʢʩʠʥ 1 - ʙʝʣʦʢ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʘ ʩʠʥʘʧʪʦʬʠʟʠʥ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʤʝʤʙʨʘʥʘʭ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʬʦʨʤʠʨʫʶʱʠʭ çʦʙʣʘʯʢʦè ʥʘʜ ʘʢʪʠʚʥʦʡ ʟʦʥʦʡ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʦʙʨʘʙʦʪʢʘ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʦʤ (n=5 ʤʳʰʝʡ) ʥʝ ʥʘʨʫʰʘʣʘ ʤʝʯʝʥʠʝ ʩʠʥʪʘʢʩʠʥʘ ʠʣʠ 

ʩʠʥʘʧʪʦʬʠʟʠʥʘ, ʠ ʚʳʨʘʞʝʥʥʦʩʪʴ ʧʝʨʝʢʨʳʚʘʥʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʪʠʭ ʜʚʫʭ ʙʝʣʢʦʚ ʙʳʣʘ 

ʧʦʜʦʙʥʦʡ ʪʦʡ, ʯʪʦ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʢʦʥʪʨʦʣʝ (n=5). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 5ὄ-ʭʦʣʝʩʪʘʥ-3-

ʦʥʘ.  
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ʈʠʩ. 68. ɺʣʠʷʥʠʷ 5Ŭ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ (5ʍ3) ʥʘ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ  

ɸ ï ɼʚʦʡʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʦʚ ʩʫʙʲʝʜʠʥʠʮʝʡ ɺ 

ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ, ʤʝʯʝʥʥʦʛʦ Alexa-488 (ʟʝʣʝʥʳʡ ʢʘʥʘʣ, ʍʊ-ɺ), ʠ ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʤ ʩ 

ʨʦʜʘʤʠʥʦʤ ὄ-ʙʫʥʛʘʨʦʪʦʢʩʠʥʦʤ (ὄɹʊ, ʢʨʘʩʥʳʡ) ʚ ʢʦʥʪʨʦʣʝ ʠ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ 5ʍ3. ʅʘʣʦʞʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʟʝʣʝʥʦʤ ʠ ʢʨʘʩʥʦʤ ʢʘʥʘʣʘʭ ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʣʠʧʠʜʥʳʭ ʧʣʦʪʠʢʦʚ (ʤʝʯʝʥʥʳʭ ʍʊ-ɺ) 

ʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ (ʤʝʯʝʥʥʳʭ ɹʊ). ʐʢʘʣʘ ï 15 ʤʢʤ. ɹ ï 

ʌʣʫʦʨʝʩʮʝʥʮʠʷ (ʚ ʦ.ʝ.) ʍʊ-ɺ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʚ ʢʦʥʪʨʦʣʝ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

5ʍ3. ɿʚʝʟʜʦʯʢʠ ʦʙʦʟʥʘʯʘʶʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ (* p<0.01). ɺ ï ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʦʚ, ʤʝʯʝʥʥʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ 22-NBD 

ʭʦʣʝʩʪʝʨʠʥʦʤ (ʟʝʣʝʥʳʡ) ʠ ὄɹʊ (ʢʨʘʩʥʳʡ). ʊʨʝʪʴʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʧʝʨʝʢʨʳʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʟʝʣʝʥʦʤ ʠ ʢʨʘʩʥʦʤ ʢʘʥʘʣʘʭ. ʐʢʘʣʘ ï 15 ʤʢʤ. ɻ - 

ʀʟʤʝʥʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 22-NBD-ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʚ ʧʦʢʦʝ 

(ʦʪʢʨʳʪʝr ʢʚʘʜʨʘʪʠʢʠ) ʠ ʚ ʫʩʣʦʚʠʷʭ ʘʧʧʣʠʢʘʮʠʠ 5ʍ3 (ʦʪʢʨʳʪʳʝ ʢʨʫʞʢʠ). ɸʧʧʣʠʢʘʮʠʷ  

5ʍ3 ʧʦʢʘʟʘʥʘ ʪʦʥʢʦʡ ʣʠʥʠʝʡ. ʋʚʝʣʠʯʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 22-NBD-ʭʦʣʝʩʪʝʨʠʥʘ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ ʤʝʤʙʨʘʥʳ (ʩ ʣʠʧʠʜ-ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʥʘ ʣʠʧʠʜ-

ʥʝʫʧʦʨʷʜʦʯʝʥʥʫʶ). ʆʩʴ Y ï ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʚ % (ʠʩʭʦʜʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʧʝʨʝʜ 

ʜʦʙʘʚʣʝʥʠʝʤ 5ʍ3 ʧʨʠʥʷʪʘ ʟʘ 100%). ɿʚʝʟʜʦʯʢʠ ʦʙʦʟʥʘʯʘʶʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ (* 

p<0.05). ʉʧʨʘʚʘ, ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 22-NBD-ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʤ 

ʨʝʛʠʦʥʝ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʧʝʨʝʜ (0) ʠ ʧʦʩʣʝ 10 ʠ 20 ʤʠʥ ʜʝʡʩʪʚʠʷ 5ʍ3. ʇʦʩʣʝʜʥʠʡ 

ʤʠʝʣʠʥʦʚʳʡ ʩʝʛʤʝʥʪ ʦʢʨʘʰʝʥ  FM4-64 (ʢʨʘʩʥʳʡ) ʠ ʦʙʦʟʥʘʯʝʥ ʩʪʨʝʣʢʦʡ. ʐʢʘʣʘ, 5 ʤʢʤ.  
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ʈʠʩ. 68 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ɼ ï ʀʤʤʫʥʦʣʦʢʘʣʠʟʘʮʠʷ ʩʠʥʪʘʢʩʠʥʘ 1 (Syn-1, ʙʝʣʦʢ ʘʢʪʠʚʥʦʡ ʟʦʥʳ) ʠ ʩʠʥʘʧʪʦʬʠʟʠʥʘ 

(Sph, ʙʝʣʦʢ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ) ʚ ʢʦʥʪʨʦʣʝ (ʩʣʝʚʘ) ʠ ʚ ʦʙʨʘʙʦʪʘʥʥʳʭ 5ʍ3 ʥʝʨʚʥʦ-

ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ (ʩʧʨʘʚʘ). ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʧʘʨʘʪʦʚ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʤʝʯʝʥʥʳʭ ʘʥʪʠ-Syn-1 (ʢʨʘʩʥʳʡ) ʠ ʘʥʪʠ-Sph (ʟʝʣʝʥʳʡ) ʘʥʪʠʪʝʣʘʤʠ. ʀʟʦʙʨʘʞʝʥʠʷ ʚ 

ʢʨʘʩʥʦʤ ʠ ʟʝʣʝʥʳʭ ʢʘʥʘʣʘʭ ʥʘʣʦʞʝʥʳ ʜʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʙʝʣʢʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʠ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʙʝʣʢʘ. ʐʢʘʣʘ, 15 ʤʢʤ. 

 

4.6.2 5ὄ-ʍʦʣʝʩʪʘʥ-3-ʦʥ ʧʦʜʘʚʣʷʝʪ ʦʩʚʦʙʦʞʜʝʥʠʝ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʧʨʠ ʥʠʟʢʦʡ 

ʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ ʩʪʠʤʫʣʷʮʠʠ, ʥʝ ʚʣʠʷʷ ʥʘ ʩʧʦʥʪʘʥʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʦʚ 200ʥʄ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ ʥʘ ʩʧʦʥʪʘʥʥʦʝ 

ʦʩʚʦʙʦʞʜʝʥʠʝ ʤʳ ʩʥʘʯʘʣʘ ʟʘʧʠʩʳʚʘʣʠ ʄʊʂʇ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʟʘʪʝʤ ʚ ʪʝʯʝʥʠʝ 

20 ʤʠʥ ʧʝʨʬʫʟʠʠ ʨʘʩʪʚʦʨʦʤ ʩ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʦʤ (ʨʠʩ. 69, ɸʘ). ɸʤʧʣʠʪʫʜʘ ʠ ʯʘʩʪʦʪʘ 

ʄʊʂʇ ʚ ʢʦʥʪʨʦʣʝ ʙʳʣʠ 4.3Ñ0.3 ʥɸ ʠ 1.8Ñ0.4 ʩ
-1 

(n=6), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 69 ɸʙ ʠ ɸʚ). 

ɸʤʧʣʠʪʫʜʘ ʠ ʯʘʩʪʦʪʘ ʥʝ ʠʟʤʝʥʷʣʠʩʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʦʤ (4.2 Ñ 0.2 ʥɸ ʠ 

1.9Ñ0.4 ʩ
-1
, ʧʦʩʣʝ 20 ʤʠʥ ʘʧʧʣʠʢʘʮʠʠ 5ʍ3, n=6, p>0.05) ʠ ʦʩʪʘʚʘʣʠʩʴ ʥʝʠʟʤʝʥʥʳʤʠ ʧʦʩʣʝ 

ʦʪʤʳʚʢʠ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ. ʆʜʥʘʢʦ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ ʧʨʦʠʩʭʦʜʠʣʦ 

ʥʝʦʙʨʘʪʠʤʦʝ ʩʥʠʞʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʜʦ 70 Ñ 5% (n=5, p<0.05 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ) (ʨʠʩ. 69 ɹʘ ʠ ɹʙ). ʕʪʦʪ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʣʩʷ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʦʩʣʝ ʥʘʯʘʣʘ 

ʘʧʧʣʠʢʘʮʠʠ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ, ʜʦʩʪʠʛʘʣ ʧʣʘʪʦ ʢ 20 ʤʠʥ ʠ ʩʦʭʨʘʥʣ̫ʩʷ ʚ ʪʝʯʝʥʠʝ, ʧʦ 

ʢʨʘʡʥʝ ʤʝʨʝ, 1 ʯʘʩʘ. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥ ʠʥʛʠʙʠʨʫʝʪ ʚʳʟʚʘʥʥʫʶ, ʥʦ 

ʥʝ ʩʧʦʥʪʘʥʥʫʶ ʩʝʢʨʝʮʠʶ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ ʥʘ ʩʠʥʘʧʪʠʯʝʩʢʫʶ 

ʧʝʨʝʜʘʯʫ ʤʳ ʠʟʫʯʘʣʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʫʶ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ ʚ ʧʨʝʧʘʨʘʪʘʭ, 

ʦʙʨʘʙʦʪʘʥʥʳʭ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʦʤ, ʠʩʧʦʣʴʟʫʷ ʧʘʨʥʦʝ ʨʘʟʜʨʘʞʝʥʠʝ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ 

ʩ ʠʥʪʝʨʚʘʣʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ 5 - 50 ʤʩ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ (ʨʠʩ. 69 ɺ). ʋʚʝʣʠʯʝʥʠʝ ʠʣʠ 

ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʚʪʦʨʦʛʦ ʊʂʇ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʚʦʤʫ ʦʪʨʘʞʘʝʪ ʦʙʣʝʛʯʝʥʠʝ 

(ʬʘʩʠʣʠʪʘʮʠʶ) ʠʣʠ ʜʝʧʨʝʩʩʠʶ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʥʪʨʦʣʴʥʳʝ ʩʠʥʘʧʩʳ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʥʝʙʦʣʴʰʠʤ (4-6%) ʫʚʝʣʠʯʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʚʪʦʨʦʛʦ ʊʂʇ. ʊʘʢʦʝ 

ʦʙʣʝʛʯʝʥʠʝ ʧʨʠ ʧʘʨʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ 

(Hong et al., 1989, Liu et al., 2011). ʇʦʜʦʙʥʳʡ ʞʝ ʧʨʦʪʦʢʦʣ ʧʘʨʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʚʳʟʳʚʘʣ 

ʥʝʤʥʦʛʦ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʦʙʣʝʛʯʝʥʠʝ ʚ ʦʙʨʘʙʦʪʘʥʥʳʭ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʦʤ ʩʠʥʘʧʩʘʭ. 
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ʈʠʩ. 69. ʕʬʬʝʢʪʳ 5Ŭ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ (5ʍ3) ʥʘ ʩʧʦʥʪʘʥʥʦʝ ʠ ʚʳʟʚʘʥʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ 

ɸ - 5ʍ3 ʥʝ ʚʣʠʷʣ ʥʘ ʩʧʦʥʪʘʥʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ. ʘ, ʧʨʠʤʝʨʳ ʄʊʂʇ, ʟʘʧʠʩʘʥʥʳʭ ʚ 

ʢʦʥʪʨʦʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʦʩʣʝ 20 ʤʠʥ ʘʧʧʣʠʢʘʮʠʠ 5ʍ3. ʙ ʠ ʚ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ 

ʘʤʧʣʠʪʫʜʳ (ʚ ʥɸ) ʠ ʯʘʩʪʦʪʳ (ʚ ʩ
-1
) ʄʊʂʇ. ɺ ʧʨʝʧʘʨʘʪʘʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ 5ʍ3, ʘʤʧʣʠʪʫʜʘ 

ʠ ʯʘʩʪʦʪʘ ʄʊʂʇ ʙʳʣʘ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʚ ʢʦʥʪʨʦʣʝ. ɹ ï ʫʤʝʥʴʰʝʥʠʝ ʦʩʚʦʙʦʞʜʝʥʠʷ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʚ ʦʪʚʝʪ ʥʘ ʦʜʠʥʦʯʥʳʡ ʩʪʠʤʫʣ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʧʦʜ 

ʚʣʠʷʥʠʝʤ 5ʍ3. ʘ, ʇʨʠʤʝʨʳ ʊʂʇ, ʟʘʧʠʩʘʥʥʳʭ ʧʝʨʝʜ ʠ ʧʦʩʣʝ 20 ʤʠʥ ʵʢʩʧʦʟʠʮʠʠ 5ʍ3. ʙ, 

ɸʤʧʣʠʪʫʜʘ ʊʂʇ (ʚ ʥɸ), ʟʘʧʫʩʢʘʝʤʘʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʝʡ (0.05 ɻʮ) ʚ ʢʦʥʪʨʦʣʝ 

ʠ ʧʦʩʣʝ 20 ʤʠʥ ʜʝʡʩʪʚʠʷ 5ʍ3. ɿʚʝʟʜʦʯʢʠ ʦʙʦʟʥʘʯʘʶʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ (*p<0.05). 

ɺ ï ʆʙʣʝʛʯʝʥʠʝ ʊʂʇ ʧʨʠ ʧʘʨʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʚ ʢʦʥʪʨʦʣʝ ʠ ʚ ʦʙʨʘʙʦʪʘʥʥʳʭ 5ʍ3 

ʧʨʝʧʘʨʘʪʘʭ. ʉʚʝʨʭʫ, ʧʨʠʤʝʨʳ ʊʂʇ, ʟʘʧʠʩʘʥʥʳʭ ʧʨʠ ʧʘʨʥʦʤ ʨʘʟʜʨʘʞʝʥʠʠ ʩ 

ʤʝʞʠʤʧʫʣʴʩʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʨʘʚʥʳʤ 20 ʤʩ.  



206 
 

  

ʈʠʩ. 69 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ɺʥʠʟʫ, ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʚʪʦʨʦʛʦ ʢ ʧʝʨʚʦʤʫ ʊʂʇ (ʊʂʇ2/ʊʂʇ1), ʧʦʩʪʨʦʝʥʥʦʝ ʢʘʢ 

ʬʫʥʢʮʠʷ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʤʝʞʠʤʧʫʣʴʩʥʳʭ ʠʥʪʝʨʚʘʣʦʚ. ʇʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 5ʍ3 

ʦʙʣʝʛʯʝʥʠʝ ʧʨʠ ʧʘʨʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ. 

ɿʚʝʟʜʦʯʢʠ ʦʙʦʟʥʘʯʘʶʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ (* p<0.05). ɻ ï ʀʟʤʝʥʝʥʠʝ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʝʨʝʜʘʯʠ ʚ ʪʝʯʝʥʠʝ ʠ ʧʦʩʣʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʚ ʦʙʨʘʙʦʪʘʥʥʳʭ 5ʍ3 ʥʝʨʚʥʦ-

ʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ. ʘ, ʀʟʤʝʥʝʥʠʷ ʚ ʘʤʧʣʠʪʫʜʝ ʊʂʇ, ʚʳʟʚʘʥʥʳʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʩʪʠʤʫʣʷʮʠʝʡ (3 ʤʠʥ, 20 ɻʮ), ʚ ʢʦʥʪʨʦʣʝ (ʩʚʝʪʣʳʝ ʢʚʘʜʨʘʪʠʢʠ) ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 5ʍ3 ʚ 

ʪʝʯʝʥʠʝ 20 ʤʠʥ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʵʧʠʟʦʜʘ ʩʪʠʤʫʣʷʮʠʠ (ʩʚʝʪʣʳʝ ʢʨʫʞʦʯʢʠ). ʉʚʝʨʭʫ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʊʂʇ ʚ ʢʦʥʪʨʦʣʝ ʠ ʚ ʦʙʨʘʙʦʪʘʥʥʳʭ 5ʍ3 ʩʠʥʘʧʩʘʭ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 0, 1 

ʠ 3 ʤʠʥ ʦʪ ʥʘʯʘʣʘ ʩʪʠʤʫʣʷʮʠʠ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʝʨʚʘ ʩ ʯʘʩʪʦʪʦʡ 20 ɻʮ. ʙ, ʂʫʤʫʣʷʪʠʚʥʳʝ 

ʢʨʠʚʳʝ ʘʤʧʣʠʪʫʜʳ ʊʂʇ (ʚ ʥɸ) ʚ ʪʝʯʝʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ. ʆʪʣʠʯʠʝ ʚ 

ʥʘʢʣʦʥʝ ʢʨʠʚʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ 5ʍ3 ʫʤʝʥʴʰʘʝʪ ʘʤʧʣʠʪʫʜʳ 

ʊʂʇ ʚʳʟʚʘʥʥʳʝ ʩʪʠʤʫʣʷʮʠʝʡ (3 ʤʠʥ 20ɻʮ). ʚ, ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʧʦʩʣʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ (3 ʤʠʥ 20ɻʮ). ɺʨʝʤʝʥʥʘʷ ʰʢʘʣʘ ʥʘʯʠʥʘʝʪʩʷ ʩ 3 ʤʠʥ, ʢʦʛʜʘ 

ʩʪʠʤʫʣʷʮʠʦʥʥʳʡ ʰʣʝʡʬ ʙʳʣ ʟʘʚʝʨʰʝʥ. Y (ʥʘ a ʠ ʚ): ʠʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʊʂʇ ʚ 

ʧʨʦʮʝʥʪʘʭ (ʥʘʯʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʜʦ ʩʪʠʤʫʣʷʮʠʠ ʧʨʠʥʷʪʘ ʟʘ 100%). 

 

ʅʘʧʨʠʤʝʨ, ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜ ʚʪʦʨʦʛʦ ʢ ʧʝʨʚʦʤʫ ʊʂʇ ʙʳʣʦ 1.05Ñ0.02 (n=5, 

15 ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ) ʚ ʢʦʥʪʨʦʣʝ, ʠ 1.13Ñ0.02 (n=5, 15 ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ, p<0.05) ʚ 

ʧʨʝʧʘʨʘʪʘʭ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʦʙʣʝʛʯʝʥʠʠ ʧʨʠ 

ʧʘʨʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʠʩʭʦʜʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʦʩʚʦʙʦʞʜʝʥʠʷ 

ʤʝʜʠʘʪʦʨʘ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ. 

ɺʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʩʪʠʤʫʣʷʮʠʷ 3 ʤʠʥ 20 ɻʮ ʚʳʟʳʚʘʝʪ ʜʚʫʭʬʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʘʤʧʣʠʪʫʜʳ ʊʂʇ (ʈʠʩ. 69 ɻʘ). ɺ ʢʦʥʪʨʦʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʚ ʪʝʯʝʥʠʝ 0.4 ʩ, ʘʤʧʣʠʪʫʜʘ 

ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʟʘʪʝʤ ʦʩʪʘʝʪʩʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ (çʧʣʘʪʦè) 

ʦʢʦʣʦ 70-75% (n=6, p<0.01) ʦʪ ʧʨʝʜʩʪʠʤʫʣʷʮʠʦʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʦʩʪʘʚʰʝʛʦʩʷ ʧʝʨʠʦʜʘ ʩʪʠʤʫʣʷʮʠʠ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 5ὄ-ʭʦʣʝʩʪʘʥ-3-ʦʥʦʤ ʬʘʟʘ ʧʣʘʪʦ 

ʠʩʯʝʟʘʣʘ. ʉʨʘʟʫ ʧʦʩʣʝ ʥʘʯʘʣʴʥʦʛʦ ʙʳʩʪʨʦʛʦ ʩʥʠʞʝʥʠʷ, ʘʤʧʣʠʪʫʜʘ ʊʂʇ ʧʨʦʜʦʣʞʘʣʘ 

ʫʤʝʥʴʰʘʪʴʩʷ ʩ ʤʝʜʣʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʦʩʣʝ 1 ʠ 3 ʤʠʥ ʩʪʠʤʫʣʷʮʠʠ 

ʘʤʧʣʠʪʫʜʘ ʊʂʇ ʫʤʝʥʴʰʘʣʘʩʴ ʜʦ 42Ñ5% (n=6, p<0.01 ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʦʡ ʢʨʠʚʦʡ) 

ʠ 34Ñ5% (p<0.001 ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʦʡ ʢʨʠʚʦʡ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʫʤʤʘʮʠʷ 
























































