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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʩʘʥʦʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʘʢʪʠʚʠʨʫʶʱʠʭʩʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʘʪʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ, ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ï ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦ ʦʨʛʘʥʠʟʤʝʥʥʦʛʦ. ʕʪʠ 

ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʧʨʠʨʦʜʫ, ʨʘʟʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʘʟʚʠʪʠʷ ʠ ʨʘʟʥʦʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʀʭ ʦʩʥʦʚʫ ʩʦʩʪʘʚʣʷʝʪ ʩʣʦʞʥʦʝ ʩʦʯʝʪʘʥʠʝ ʧʘʪʦʛʝʥʥʳʭ ʠ 

ʘʜʘʧʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ [ʃʠʪʚʠʮʢʠʡ ʇ.ʌ., 2003]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ ʧʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʢ 

ʧʦʣʠʩʠʩʪʝʤʥʦʤʫ ʜʝʡʩʪʚʠʶ ʚʦ ʚʨʝʤʝʥʥʳʭ ʦʢʥʘʭ, ʩʦʚʧʘʜʘʶʱʠʭ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʧʘʪʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʃʘʢʪʦʬʝʨʨʠʥ (ʃʬ), ʢʘʢ  ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʝʣʦʢ, 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚʘ ʨʘʥʥʝʡ ʪʝʨʘʧʠʠ. 

ʃʘʢʪʦʬʝʨʨʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʣʦʙʫʣʷʨʥʳʡ ʛʣʠʢʦʧʨʦʪʝʠʥ ʠʟ ʩʝʤʝʡʩʪʚʘ 

ʪʨʘʥʩʬʝʨʨʠʥʦʚ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ ʘʬʬʠʥʥʦʩʪʴʶ ʢ ʠʦʥʘʤ ʞʝʣʝʟʘ (III). ʆʥ 

ʫʯʘʩʪʚʫʝʪ ʚʦ ʤʥʦʛʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʚʢʣʶʯʘʷ ʩʚʷʟʳʚʘʥʠʝ ʠ 

ʪʨʘʥʩʧʦʨʪ ʠʦʥʦʚ ʞʝʣʝʟʘ, ʠʤʤʫʥʥʳʝ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ. ʕʪʦʪ ʙʝʣʦʢ 

ʦʙʣʘʜʘʝʪ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʟʘʱʠʪʥʳʤʠ ʬʫʥʢʮʠʷʤʠ [Orsi, 2004], 

ʨʘʜʠʦʧʨʦʪʝʢʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [Garcia-Montoya et al., 2012], ʤʦʜʫʣʠʨʫʝʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʝʡʨʦʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʩʠʣʠʚʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʚʳʞʠʚʘʥʠʠ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʠ ʨʦʩʪʝ ʥʝʡʨʦʥʦʚ [Chen et al., 2015; 

Wang, 2016]. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʃʬ ʦʧʦʩʨʝʜʦʚʘʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

ʨʝʮʝʧʪʦʨʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ-ʤʠʰʝʥʝʡ [Suzuki and Lºnnerdal, 2002]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʃʬ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʟʘʙʦʣʝʚʘʥʠʡ ʯʝʣʦʚʝʢʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʥʦʛʦ 

ʘʛʝʥʪʘ [Nishimura et al, 2014; Feng et al, 2018], ʙʝʣʢʘ, ʩʧʦʩʦʙʥʦʛʦ ʦʩʣʘʙʠʪʴ 

ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʩʪʠʤʫʣʠʨʦʚʘʪʴ 

ʥʝʡʨʦʨʝʛʝʥʝʨʘʮʠʶ [Xu et al., 2019; Liu et al., 2020] ʧʨʠ ʝʛʦ ʭʨʦʥʠʯʝʩʢʦʤ ʚʚʝʜʝʥʠʠ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ ʣʝʯʝʙʥʦʝ ʜʝʡʩʪʚʠʝ ʢʦʨʦʚʴʝʛʦ ʃʬ ʧʦʩʣʝ ʪʦʪʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʦʷʚʣʷʣʦʩʴ ʚ ʧʦʚʳʰʝʥʠʠ ʚʳʞʠʚʘʝʤʦʩʪʠ 
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ʦʙʣʫʯʝʥʥʳʭ ʤʳʰʝʡ, ʩʪʠʤʫʣʷʮʠʠ ʛʝʤʦʧʦʵʟʘ [Nishimura et al, 2014; Feng et al, 

2018], ʩʥʠʞʝʥʠʠ ʧʦʚʨʝʞʜʝʥʠ ̫ ʵʧʠʪʝʣʠʷ ʪʦʥʢʦʡ ʢʠʰʢʠ ʞʠʚʦʪʥʳʭ [Wei et al., 

2019]. ʇʨʠʤʝʥʝʥʠʝ ʃʬ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʠʟʫʯʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʥʝʦʙʭʦʜʠʤʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʃʬ ʥʘ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʠ ʩʠʩʪʝʤʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ. 

ɹʦʣʝʟʥʴ ʇʘʨʢʠʥʩʦʥʘ (ɹʇ), ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʦʝ 

ʟʘʙʦʣʝʚʘʥʠʝ, ʧʘʪʦʛʝʥʝʟ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʝʛʝʥʝʨʘʮʠʝʡ 

ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʚ ʯʝʨʥʦʡ ʩʫʙʩʪʘʥʮʠʠ (ʏʉ) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʠʩʪʦʱʝʥʠʝʤ ʜʦʬʘʤʠʥʘ (ɼɸ) ʚ ʩʪʨʠʘʪʫʤʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʣʠʥʠʯʝʩʢʠʤ ʩʠʤʧʪʦʤʘʤ 

ï ʨʠʛʠʜʥʦʩʪʠ ʤʳʰʮ, ʪʨʝʤʦʨʫ ʠ ʙʨʘʜʠʢʠʥʝʟʠʠ [ʂʨʳʞʘʥʦʚʩʢʠʡ ɻ.ʅ. ʠ ʜʨ., 2002; 

Kalia and Lang, 2015]. ɺʦʧʨʦʩ ʦ ʨʦʣʠ ʃʬ ʚ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʘʭ 

ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʡʨʦʥʳ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʙʦʣʝʟʥʴʶ 

ʇʘʨʢʠʥʩʦʥʘ, ʥʘʢʘʧʣʠʚʘʶʪ ʃʬ ʚ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ [Leveugle et al., 1996]. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʦʣʠʯʝʩʪʚʦ ʨʝʮʝʧʪʦʨʦʚ ʃʬ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʠʭ 

ʥʝʡʨʦʥʘʭ, ʨʝʟʠʩʪʝʥʪʥʳʭ ʢ ʧʘʪʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ [Faucheux et al., 1995]. ʕʪʦ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʩʳʣʢʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʃʬ ʚ ʙʦʨʴʙʝ ʩ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʝʡ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʜʝʣʝʡ ɹʇ ʥʘ 

ʞʠʚʦʪʥʳʭ ʷʚʣʷʝʪʩʷ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʷ, ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʥʝʡʨʦʪʦʢʩʠʥʦʤ 1-ʤʝʪʠʣ-

4-ʬʝʥʠʣ-1,2,3,6-ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʜʠʥʦʤ (ʄʌʊʇ) ʫ ʤʳʰʝʡ [Dauer and Przedborski, 

2003; ʂʫʯʝʨʷʥʫ ɺ.ɻ. ʠ ʜʨ., 2020]. ʅʝʡʨʦʧʨʦʪʝʢʪʦʨʥʳʡ ʵʬʬʝʢʪ ʵʢʟʦʛʝʥʥʦʛʦ ʃʬ ʧʨʠ 

ʧʘʨʢʠʥʩʦʥʠʯʝʩʢʦʤ ʩʠʥʜʨʦʤʝ ʚ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʝ ʩʨʦʢʠ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ 

ʥʝʡʨʦʪʦʢʩʠʥʘ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʧʨʠʟʥʘʥʠʝ [Xu et al., 2019; Liu et al., 2020]. ɼʣʷ 

ʨʘʩʰʠʨʝʥʠʷ ʠ ʫʛʣʫʙʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʫʯʘʩʪʠʠ ʃʬ ʚ ʟʘʱʠʪʥʳʭ ʠ 

ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʝʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʢ 

ʥʠʛʨʦʩʪʨʠʘʪʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʧʦʚʝʜʝʥʠʷ ʞʠʚʦʪʥʳʭ (ʚ ʦʩʪʨʦʡ ʬʘʟʝ ʠ ʚ 

ʦʪʜʘʣʝʥʥʳʝ ʩʨʦʢʠ). ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ ʃʬ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ 

ʚʦʧʨʦʩ ʦ ʢʦʥʝʯʥʳʭ ʢʣʝʪʢʘʭ-ʤʠʰʝʥʷʭ ʜʣʷ ʥʝʛʦ ʚ ʤʦʟʛʝ, ʢʦʪʦʨʳʡ ʜʦ ʥʘʩʪʦʷʱʝʛʦ 

ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. 
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ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʃʬ ʤʦʜʫʣʠʨʦʚʘʪʴ ʮʝʣʳʡ ʩʧʝʢʪʨ 

ʥʝʡʨʦʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʥʝʡʨʦʪʨʦʬʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ (BDNF) ʠ 

ʧʦʣʠʩʠʘʣʠʨʦʚʘʥʥʘʷ ʤʦʣʝʢʫʣʘ ʘʜʛʝʟʠʠ ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ (PSA-NCAM) [Chen et al., 

2015; Wang, 2016; Xu et al., 2019]. ʆʜʥʠʤ ʠʟ ʤʘʨʢʝʨʦʚ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʝʡʨʦʥʦʚ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ c-Fos - ʧʨʦʜʫʢʪ 

ʵʢʩʧʨʝʩʩʠʠ ʥʝʤʝʜʣʝʥʥʦʛʦ ʨʘʥʥʝʛʦ ʛʝʥʘ c-fos, ʙʳʩʪʨʦ ʘʢʪʠʚʠʨʫʶʱʝʛʦʩʷ ʚ ʦʪʚʝʪ ʥʘ 

ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ [ɸʥʦʭʠʥ ʂ.ɺ., 1997]. ɺʦʟʤʦʞʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʃʬ ʠ 

ʠʥʜʫʢʮʠʝʡ c-Fos ʥʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʳʭ ʢʣʝʪʦʢ ʝʱʝ ʥʝ ʠʟʫʯʝʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʡ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʪ ʨʘʩʰʠʨʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʫʯʘʩʪʠʠ ʃʬ 

ʚ ʟʘʱʠʪʥʳʭ ʠ ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ ʤʝʭʘʥʠʟʤʘʭ  ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ, ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʃʬ (ʯʃʬ) ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʧʨʝʧʘʨʘʪʘ ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʨʘʞʝʥʠʷʭ ʠ ʧʨʠ ʣʝʯʝʥʠʠ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʙʣʠʟʷʪ ʥʘʩ ʢ ʧʦʥʠʤʘʥʠʶ 

ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ ʵʪʦʛʦ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʝʣʢʘ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʩʪʘʣʦ ʚʳʷʚʣʝʥʠʝ ʵʬʬʝʢʪʦʚ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʣʘʢʪʦʬʝʨʨʠʥʘ ʚ 

ʥʦʨʤʝ ʠ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʘʪʦʣʦʛʠʠ ʫ ʤʳʰʝʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʠʙʝʣʠ ʥʝʡʨʦʥʦʚ in vivo, ʘ ʪʘʢʞʝ ʚ ʫʩʣʦʚʠʷʭ 

ʩʪʠʤʫʣʷʮʠʠ ʥʝʡʨʦʥʦʚ in vitro.  

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʀʩʩʣʝʜʦʚʘʪʴ ʵʬʬʝʢʪʳ ʯʃʬ ʥʘ ʠʥʪʝʛʨʘʣʴʥʳʝ (ʚʳʞʠʚʘʝʤʦʩʪʴ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʚ ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʤʘʩʩʘ ʪʝʣʘ, ʧʦʚʝʜʝʥʠʝ, 

ʩʫʙʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ) ʠ ʩʠʩʪʝʤʥʳʝ (ʫʨʦʚʝʥʴ ʛʝʤʦʛʣʦʙʠʥʘ, 

ʢʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ, ʣʝʡʢʦʮʠʪʘʨʥʘ ̫ʬʦʨʤʫʣʘ, ʛʠʩʪʦʣʦʛʠ ̫ʧʝʯʝʥʠ ʠ ʩʝʣʝʟʝʥʢʠ) 

ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʧʦʩʣʝ ʦʩʪʨʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʤʳʰʝʡ ʚ 

ʩʫʙʣʝʪʘʣʴʥʦʡ  ʜʦʟʝ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʯʃʬ ʥʘ ʧʦʚʝʜʝʥʠʝ ʤr ʰʝʡ ʠ ʵʢʩʧʨʝʩʩʠʶ 

ʪʠʨʦʟʠʥʛʠʜʨʦʢʩʠʣʘʟʳ (ʊɻ) ʚ ʥʠʛʨʦʩʪʨʠʘʪʥʦʡ ʩʠʩʪʝʤʝ ʤʦʟʛʘ ʞʠʚʦʪʥʳʭ ʥʘ ʤʦʜʝʣʠ 

ʄʌʊʇ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʛʠʙʝʣʠ ʥʝʡʨʦʥʦʚ. 
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3. ʀʟʫʯʠʪʴ ʧʫʪʠ ʪʨʘʥʩʧʦʨʪʘ ʯʃʬ ʚ ʛʦʣʦʚʥʦʡ ʤʦʟʛ ʤʳʰʝʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʩʧʦʩʦʙʘʭ ʚʚʝʜʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʃʬ ʚ ʤʦʟʛʝ ʠ ʦʧʨʝʜʝʣʠʪʴ ʬʝʥʦʪʠʧ 

ʢʣʝʪʦʢ, ʚʢʣʶʯʘʶʱʠʭ ʯʃʬ. 

4. ʀʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʯʃʬ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ c-

Fos ʚ ʥʝʡʨʦʥʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ ʚ ʫʩʣʦʚʠʷʭ ʩʪʠʤʫʣʷʮʠʠ, ʦʧʨʝʜʝʣʠʪʴ ʢʣʝʪʦʯʥʫʶ 

ʣʦʢʘʣʠʟʘʮʠʶ ʯʃʬ ʠ ʚʦʟʤʦʞʥʫʶ ʢʦʣʦʢʘʣʠʟʘʮʠʶ ʵʢʟʦʛʝʥʥʦʛʦ ʙʝʣʢʘ ʩ 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʵʢʩʧʨʝʩʩʠʝʡ c-Fos. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʦʚ ʯʃʬ ʥʘ 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʠ ʩʠʩʪʝʤʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʤʳʰʝʡ ʧʦʩʣʝ 

ʪʦʪʘʣʴʥʦʛʦ ʦʩʪʨʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʩʫʙʣʝʪʘʣʴʥʦʡ  ʜʦʟʝ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ  

ʝʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʧʦʣʠʩʠʩʪʝʤʥʦʝ ʜʝʡʩʪʚʠʝ ʠ ʧʦʟʠʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʠʡ 

ʛʦʤʝʦʩʪʘʟ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʦʢʨʘʪʥʦʝ ʠ ʜʚʫʢʨʘʪʥʦʝ ʚʚʝʜʝʥʠʝ ʯʃʬ ʧʦʟʚʦʣʠʣʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʚʳʞʠʚʘʝʤʦʩʪʴ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʦʙʣʫʯʝʥʥʳʭ 

ʤʳʰʝʡ ʚ ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʯʃʬ ʧʨʠ ʝʛʦ ʜʚʫʢʨʘʪʥʦʤ ʚʚʝʜʝʥʠʠ ʥʘ 

ʧʦʚʝʜʝʥʠʝ ʤʳʰʝʡ ʠ ʵʢʩʧʨʝʩʩʠʶ ʊɻ ʚ ʥʠʛʨʦʩʪʨʠʘʪʥʦʡ ʩʠʩʪʝʤʝ ʤʦʟʛʘ ʞʠʚʦʪʥʳʭ ʚ 

ʦʪʜʘʣʝʥʥʳʝ ʩʨʦʢʠ (ʯʝʨʝʟ 28 ʜʥʝʡ ʧʦʩʣʝ ʠʥʜʫʢʮʠʠ) ʠ ʥʘ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʊɻ+ ʚʦʣʦʢʦʥ ʚ ʩʪʨʠʘʪʫʤʝ ʠ ʢʦʣʠʯʝʩʪʚʘ ʊɻ+ ʥʝʡʨʦʥʦʚ ʚ ʏʉ (ʯʝʨʝʟ 2 ʠ 

28 ʜʥʝʡ ʧʦʩʣʝ ʠʥʜʫʢʮʠʠ) ʚ ʤʦʜʝʣʠ ʄʌʊʇ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʛʠʙʝʣʠ ʥʝʡʨʦʥʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʯʃʬ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ Tɻ+ ʢʣʝʪʦʢ ʥʠʛʨʦʩʪʨʠʘʪʥʦʡ ʩʠʩʪʝʤʳ ʧʦʩʣʝ ʦʩʪʨʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʝʡʨʦʪʦʢʩʠʥʘ. 

ɺʧʝʨʚʳʝ ʵʢʟʦʛʝʥʥʳʡ ʯʃʬ ʜʝʪʝʢʪʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʀɻʍ 

ʘʥʘʣʠʟʘ, ʠ ʦʙʥʘʨʫʞʝʥʳ ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʳʝ ʩʘʡʪʳ ʩʚʷʟʳʚʘʥʠʷ ʙʝʣʢʘ ʚ ʷʜʨʘʭ 

ʥʝʡʨʦʥʦʚ, ʘʩʪʨʦʮʠʪʦʚ ʠ ʢʣʝʪʦʢ ʤʠʢʨʦʛʣʠʠ ʚ ʤʦʟʛʝ ʤʳʰʠ. 

ʇʦʣʫʯʝʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʯʃʬ ʥʘ ʵʢʩʧʨʝʩʩʠʶ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ c-Fos ʚ ʛʠʧʧʦʢʘʤʧʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ ʢʣʝʪʦʢ ʤʦʟʛʘ 

ʤʳʰʝʡ ʧʦʩʣʝ ʩʪʠʤʫʣʷʮʠʠ 50 ʤʄ KCl, ʚʳʷʚʣʝʥʘ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʫʩʠʣʠʚʘʪʴ 
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ʵʢʩʧʨʝʩʩʠʶ ʵʪʦʛʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ, ʧʦʢʘʟʘʥʘ ʢʦʣʦʢʘʣʠʟʘʮʠʷ 

ʵʢʟʦʛʝʥʥʦʛʦ ʯʃʬ ʩ ʙʝʣʢʦʤ c-Fos ʧʦʩʣʝ ʩʪʠʤʫʣʷʮʠʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʨʘʩʰʠʨʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʫʯʘʩʪʠʠ 

ʃʬ ʚ ʟʘʱʠʪʥʳʭ ʠ ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʃʬ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʧʨʝʧʘʨʘʪʘ ʧʨʠ ʣʝʯʝʥʠʠ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʯʝʣʦʚʝʢʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʫʪʝʡ ʪʨʘʥʩʧʦʨʪʘ ʃʬ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʜʦʩʪʘʚʢʠ ʵʢʟʦʛʝʥʥʦʛʦ 

ʙʝʣʢʘ ʚ ʤʦʟʛ. ʋʜʘʣʦʩʴ ʧʨʦʷʩʥʠʪʴ ʚʦʧʨʦʩ ʦ ʢʦʥʝʯʥʳʭ ʢʣʝʪʢʘʭ-ʤʠʰʝʥʷʭ ʜʣʷ ʃʬ ʚ 

ʤʦʟʛʝ, ʢʦʪʦʨʳʡ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʚʘʣʩʷ ʦʪʢʨʳʪʳʤ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʃʬ ʜʣʷ 

ʥʝʠʥʚʘʟʠʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʦʚʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ 

ʝʛʦ ʦʩʥʦʚʝ, ʚ ʛʦʣʦʚʥʦʡ ʤʦʟʛ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʯʃʬ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ 

ʬʘʢʪʦʨʘ c-Fos ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʩʢʨʳʪʠʷ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ ʃʬ 

ʧʦ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʢʣʝʪʦʯʥʳʭ ʬʫʥʢʮʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘ 

ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʙʝʣʢʘ ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ 

ʣʝʯʝʥʠʷ ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʦʙʣʫʯʝʥʠʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʣʦ ʚ ʩʝʙʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʪʦʜʦʚ ʥʘ ʦʨʛʘʥʠʟʤʝʥʥʦʤ, 

ʦʨʛʘʥʥʦʤ, ʪʢʘʥʝʚʦʤ, ʢʣʝʪʦʯʥʦʤ ʠ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʷʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʵʬʬʝʢʪʦʚ ʯʃʬ ʠ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʢʘʢ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʤʳʰʘʭ ʩʘʤʮʘʭ ʣʠʥʠʠ ʉ57BL/6 ʠ ʧʝʨʚʠʯʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʛʠʧʧʦʢʘʤʧʘ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 

ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʤʳʰʝʡ (ʈ0-ʈ1) ʣʠʥʠʠ ʉ57ɺl/6. ɺ ʨʘʙʦʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʯʃʬ 
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(ʆʆʆ çʃʘʢʪʦʙʠʦè, ʈʦʩʩʠʷ), ʚʳʜʝʣʝʥʥʳʡ ʠʟ ʞʝʥʩʢʦʛʦ ʤʦʣʦʟʠʚʘ ʤʝʪʦʜʦʤ 

ʧʨʝʧʘʨʘʪʠʚʥʦʡ ʠʦʥʦʦʙʤʝʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ.  

ʆʙʣʫʯʝʥʠʝ ʞʠʚʦʪʥʳʭ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ ɻʋʊ-200ʄ (ʅʀʎ 

çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʛ. ʄʦʩʢʚʘ) ʦʪ ʠʩʪʦʯʥʠʢʘ 
60
ʉʦ. ʅʠʛʨʦʩʪʨʠʘʪʥʦʝ 

ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʠʥʜʫʮʠʨʦʚʘʣʠ ʦʜʥʦʢʨʘʪʥʳʤ ʧʦʜʢʦʞʥʳʤ 

ʚʚʝʜʝʥʠʝʤ ʄʌʊʇ. ʀʥʜʫʢʮʠʶ ʵʢʩʧʨʝʩʩʠʠ ʙʝʣʢʘ c-Fos ʚ ʢʣʝʪʢʘʭ ʢʫʣʴʪʫʨʳ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʫʪʝʤ ʪʨʝʭʢʨʘʪʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ 50 ʤʄ Kʉl ʚ ʩʨʝʜʫ. 

ʇʦʚʝʜʝʥʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʞʠʚʦʪʥʳʭ ʦʮʝʥʠʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʩʪʦʚ 

çʆʪʢʨʳʪʦʝ ʧʦʣʝè ʠ ʨʦʪʘʨʦʜ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʘ ʜʣʠʥʳ ʰʘʛʘ. ʀʟʤʝʥʝʥʠʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ, ʧʦʜʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʣʝʡʢʦʮʠʪʦʚ ʠ 

ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʬʦʨʤʫʣʳ ʢʨʦʚʠ, ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʛʝʤʦʛʣʦʙʠʥʘ, ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʯʝʥʠ ʠ ʩʝʣʝʟʝʥʢʠ ʥʘ ʨʘʟʥʳʭ ʩʨʦʢʘʭ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. 

ʉʪʨʫʢʪʫʨʥʳʡ ʜʝʬʠʮʠʪ ʦʮʝʥʠʚʘʣʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʪʠʨʦʟʠʥʛʠʜʨʦʢʩʠʣʘʟʘ (ʊɻ) - 

ʧʦʟʠʪʠʚʥʳʭ ʢʣʝʪʦʢ ʚ ʯʝʨʥʦʡ ʩʫʙʩʪʘʥʮʠʠ ʠ ʧʣʦʪʥʦʩʪʠ ʊɻ-ʧʦʟʠʪʠʚʥʳʭ ʚʦʣʦʢʦʥ ʚ 

ʩʪʨʠʘʪʫʤʝ ʥʘ ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠ (ʀɻʍ) ʦʢʨʘʰʝʥʥʳʭ ʩʨʝʟʘʭ ʤʦʟʛʘ ʥʘ 2-ʡ ʠ 

28-ʡ ʜʥʠ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʄʌʊʇ. ɼʣʷ ʜʝʪʝʢʮʠʠ ʯʃʬ ʚ ʩʨʝʟʘʭ ʤʦʟʛʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʙʝʣʢʘ c-Fos ʚ ʢʣʝʪʢʘʭ ʢʫʣʴʪʫʨ ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʀɻʍ- ʘʥʘʣʠʟʘ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʧʘʢʝʪʝ GraphPad Prizm 6.01 (La Jolla, California, ʉʐɸ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʏʝʣʦʚʝʯʝʩʢʠʡ ʃʬ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʚʝʱʝʩʪʚʘ, 

ʩʧʦʩʦʙʥʦʛʦ ʦʢʘʟʳʚʘʪʴ ʧʦʣʠʩʠʩʪʝʤʥʳʝ ʢʦʤʧʝʥʩʘʪʦʨʥʳʝ ʵʬʬʝʢʪʳ ʧʨʠ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʠ ʧʨʠ ʣʝʯʝʥʠʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

2. ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʯʃʬ ʚ ʢʣʝʪʢʫ-ʤʠʰʝʥʴ ʩʦ ʩʤʝʥʦʡ 

ʣʦʢʘʣʠʟʘʮʠʠ ʩ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʥʘ ʷʜʝʨʥʫʶ, ʘ ʪʘʢʞʝ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʫʩʠʣʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʙʝʣʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ, 



11 
 

 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʪʝʥʮʠʘʣ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʫʣʷʪʦʨʘ ʥʝʡʨʦʥʘʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʈʘʟʨʘʙʦʪʢʘ ʦʩʥʦʚʥʦʡ ʥʘʫʯʥʦʡ ʠʜʝʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʧʦʣʥʝʥ rʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ. ʉʙʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ, ʠʭ ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʧʨʦʚʝʜʝʥʳ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ɺʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ. ɸʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʳ 

ʘʥʘʣʠʟ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ. ɺʩʝ ʥʘʫʯʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʧʦʜʛʦʪʦʚʣʝʥʳ ʠ ʥʘʧʠʩʘʥʳ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʆʙʣʫʯʝʥʠʝ ʞʠʚʦʪʥʳʭ ʧʨʦʚʝʜʝʥʦ ʩʦʚʤʝʩʪʥʦ ʩ ɸ.ɹ. ʏʝʨʝʧʦʚʳʤ, ʚʝʜ.ʠʥʞ. 

ʈʝʩʫʨʩʥʦʛʦ ʮʝʥʪʨʘ ʥʝʡʨʦʢʦʛʥʠʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ 

ʠʥʩʪʠʪʫʪè. ʉʙʦʨ ʠ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʢʨʦʚʠ ʠ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʦʨʛʘʥʦʚ ʤʳʰʝʡ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʙ.ʥ. ʀ.ɹ. ɸʣʯʠʥʦʚʦʡ, 

ʚ.ʥ.ʩ. ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʘʪʦʬʠʟʠʦʣʦʛʠʠ ʌɻɹʅʋ 

çʅʀʀʆʇʇè. ʇʦʜʛʦʪʦʚʢʘ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʧʝʯʝʥʠ ʠ ʩʝʣʝʟʝʥʢʠ 

ʞʠʚʦʪʥʳʭ ʧʨʦʚʝʜʝʥʘ ʩʦʚʤʝʩʪʥʦ ʩ ʄ.ʉ. ɼʝʤʦʨʞʠ, ʥ.ʩ. ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʘʪʦʬʠʟʠʦʣʦʛʠʠ ʌɻɹʅʋ çʅʀʀʆʇʇè. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʘʜʝʢʚʘʪʥʳʭ ʧʦʩʪʘʚʣʝʥʥʳʤ ʟʘʜʘʯʘʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʣʠʯʠʝʤ ʦʙʰʠʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʤʝʥʝʥʠʝʤ 

ʘʢʪʫʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʅʘʫʯʥʳʝ ʚʳʚʦʜʳ ʠ ʧʦʣʦʞʝʥʠʷ 

ʦʙʦʩʥʦʚʘʥʳ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʲʝʢʪʠʚʥʦ ʠ ʧʦʣʥʦʮʝʥʥʦ 

ʦʪʨʘʞʝʥʳ ʚ ʚʳʚʦʜʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 

ʚʳʩʦʢʦʨʝʡʪʠʥʛʦʚʳʭ ʞʫʨʥʘʣʘʭ. 
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ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 12 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 5 ʩʪʘʪʝʡ 

ʚ ʞʫʨʥʘʣʘʭ ʠʟ ʘʢʪʫʘʣʴʥʦʛʦ çʇʝʨʝʯʥʷ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʫʙʣʠʢʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ 

ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ, ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ 

ʥʘʫʢè ʠ ʧʨʠʨʘʚʥʝʥʥʳʭ ʢ ʥʠʤ ʠʟʜʘʥʠʡ, ʠ 7 ʪʝʟʠʩʦʚ ʚ ʩʙʦʨʥʠʢʘʭ ʜʦʢʣʘʜʦʚ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʡ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ XIV , 

XV ʠ XVII  ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʢʦʥʛʨʝʩʩʝ çʅʝʡʨʦʥʘʫʢʘ ʜʣʷ 

ʤʝʜʠʮʠʥʳ ʠ ʧʩʠʭʦʣʦʛʠʠè (ʉʫʜʘʢ, ʂʨʳʤ, ʈʦʩʩʠʷ, 2018, 2019, 2021), VIII ʅʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɻʝʥʝʪʠʢʘ ð 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʦʩʥʦʚʘ ʠʥʥʦʚʘʮʠʡ ʚ ʤʝʜʠʮʠʥʝ ʠ ʩʝʣʝʢʮʠʠè (ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, 

ʈʦʩʩʠʷ, 2019), II  ʆʙʲʝʜʠʥʝʥʥʦʤ ʥʘʫʯʥʦʤ ʬʦʨʫʤʝ (ʉʦʯʠ-ɼʘʛʦʤʳʩ, ʈʦʩʩʠʷ, 2019), 

VIII  International Conference on Radiation in Various Fields of Research (ʅʠʰ, 

ʉʝʨʙʠʷ, 2020), VIII ʉʲʝʟʜʝ ʧʦ ʨʘʜʠʘʮʠʦʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

2021).  
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

  1.1. ʃʘʢʪʦʬʝʨʨʠʥ ʢʘʢ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʝʣʦʢ ʠ ʝʛʦ ʫʯʘʩʪʠʝ ʚ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʦʨʛʘʥʠʟʤʘ 

ʃʘʢʪʦʬʝʨʨʠʥ (ʃʬ) ï ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʝʣʦʢ ʠʟ ʩʝʤʝʡʩʪʚʘ 

ʪʨʘʥʩʬʝʨʨʠʥʦʚ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ ʘʬʬʠʥʥʦʩʪʴ ʁ ʢ ʠʦʥʘʤ ʞʝʣʝʟʘ (III). 

ɺʧʝʨʚʳʝ ʃʬ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʚ 1939 ʛʦʜʫ ʚ ʢʦʨʦʚʴʝʤ ʤʦʣʦʢʝ [Sßrensen and 

Sßrensen, 1939], ʘ ʟʘʪʝʤ ʚ 1958 ʛʦʜʫ ï ʚ ʞʝʥʩʢʦʤ [Johansson, 1958]. ʃʬ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʢʨʝʪʦʨʥʳʭ ʞʠʜʢʦʩʪʷʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʪʘʢʠʭ ʢʘʢ 

ʤʦʣʦʢʦ, ʩʣʶʥʘ, ʩʝʢʨʝʪʳ ʥʦʩʦʚʳʭ ʞʝʣʝʟ, ʩʣʸʟʳ, ʘ ʪʘʢʞʝ ʚ ʛʨʘʥʫʣʘʭ ʥʝʡʪʨʦʬʠʣʦʚ 

[Ward and Conneely, 2004; Johnson and Wessling-Resnick, 2012]. 

ʃʬ ʫʯʘʩʪʚʫʝʪ ʚʦ ʤʥʦʛʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʚʢʣʶʯʘʷ ʩʚʷʟʳʚʘʥʠʝ ʠ 

ʪʨʘʥʩʧʦʨʪ ʠʦʥʦʚ ʞʝʣʝʟʘ, ʠʤʤʫʥʥʳʝ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ. ʕʪʦʪ ʙʝʣʦʢ 

ʦʙʣʘʜʘʝʪ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʟʘʱʠʪʥʳʤʠ ʬʫʥʢʮʠʷʤʠ [Orsi, 2004], 

ʨʘʜʠʦʧʨʦʪʝʢʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [Garcia-Montoya et al., 2012], ʤʦʜʫʣʠʨʫʝʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʝʡʨʦʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʩʠʣʠʚʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʚʳʞʠʚʘʥʠʠ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʠ ʨʦʩʪʝ ʥʝʡʨʦʥʦʚ [Chen et al., 2015; 

Wang, 2016].  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʬʫʥʢʮʠʡ ʃʬ. ʂʘʞʜʳʝ ʜʚʘ ʛʦʜʘ, ʥʘʯʠʥʘʷ ʩ 1991, ʧʨʦʚʦʜʷʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʳʝ 

ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʳʝ ʃʬ, ʦʜʥʦʡ ʠʟ ʮʝʣʝʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʙʝʣʢʘ. 

1.1.1. ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʙʝʣʢʘ ʣʘʢʪʦʬʝʨʨʠʥʘ 

ʃʬ ʷʚʣʷʝʪʩʷ ʛʣʦʙʫʣʷʨʥʳʤ ʛʣʠʢʦʧʨʦʪʝʠʥʦʤ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʦʢʦʣʦ 80 

ʢɼʘ. ɹʝʣʦʢ ʙʳʣ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ ʢʘʢ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʩʝʤʝʡʩʪʚʘ ʪʨʘʥʩʬʝʨʨʠʥʦʚ 

ʙʣʘʛʦʜʘʨʷ ʝʛʦ 60%-ʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʩ ʩʳʚʦʨʦʪʦʯʥʳʤ ʪʨʘʥʩʬʝʨʨʠʥʦʤ [Metz-

Boutique et al., 1984]. ɹʳʣʠ ʚʳʜʝʣʝʥʳ ʪʨʠ ʨʘʟʣʠʯʥʳʝ ʠʟʦʬʦʨʤʳ ʃʬ. ʃʬ-Ŭ ʷʚʣʷʝʪʩʷ 

ʞʝʣʝʟʦʩʚʷʟʳʚʘʶʱʝʡ ʬʦʨʤʦʡ, ʥʦ ʥʝ ʦʙʣʘʜʘʝʪ ʨʠʙʦʥʫʢʣʝʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʉ 
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ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʃʬ-ɓ ʠ ʃʬ-ɔ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʫʢʣʝʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʥʦ ʥʝ 

ʩʧʦʩʦʙʥʳ ʩʚʷʟʳʚʘʪʴ ʞʝʣʝʟʦ [Furmanski et al., 1989]. 

ʃʬ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʡ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ, ʩʦʜʝʨʞʘʱʝʡ 692-703 (ʫ ʨʘʟʥʳʭ 

ʚʠʜʦʚ) ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ ʠ ʦʙʨʘʟʫʶʱʝʡ ʜʚʘ ʛʦʤʦʣʦʛʠʯʥʳʭ ʛʣʦʙʫʣʷʨʥʳʭ 

ʜʦʤʝʥʘ. ʕʪʠ ʜʦʤʝʥʳ, ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʳʝ C ï (ʢʘʨʙʦʢʩʠ) ʠ N ï (ʘʤʠʥʦ) ʜʦʣʷʤʠ, 

ʩʦʝʜʠʥʝʥʳ Ŭ-ʩʧʠʨʘʣʴʶ [Gonz§lez-Ch§vez et al., 2009]. ʂʘʞʜʘʷ ʜʦʣʷ ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʜʦʤʝʥʦʚ (C1, C2 ʠ N1, N2) ʠ ʩʦʜʝʨʞʠʪ ʦʜʠʥ ʞʝʣʝʟʦʩʚʷʟʳʚʘʶʱʠʡ ʩʘʡʪ.  

ʉʧʦʩʦʙʥʦʩʪʴ ʃʬ ʩʚʷʟʳʚʘʪʴ ʞʝʣʝʟʦ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʪʨʘʥʩʬʝʨʨʠʥʘ. 

ɼʚʘ ʠʦʥʘ ʞʝʣʝʟʘ ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʪʠʤʦ ʩʚʷʟʘʥʳ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ʃʬ. ɹʝʣʦʢ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʜʚʫʭ ʬʦʨʤʘʭ ï ʞʝʣʝʟʦʥʝʥʘʩʳʱʝʥʥʦʡ (ʘʧʦ-ʃʬ) ʠ 

ʞʝʣʝʟʦʥʘʩʳʱʝʥʥʦʡ (ʭʦʣʦ-ʃʬ), ʪʨʝʪʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʢʦʪʦʨʳʭ ʨʘʟʣʠʯʥʳ [Baker 

and Baker, 2009; Anghel et al., 2018]. ʃʬ ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ ʪʨʠʧʩʠʥʦʤ ʠ ʪʨʠʧʩʠʥʦʧʦʜʦʙʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʩʪʝʧʝʥʠ ʥʘʩʳʱʝʥʠʷ ʞʝʣʝʟʦʤ. ʅʘʩʳʱʝʥʥʘʷ ʞʝʣʝʟʦʤ ʬʦʨʤʘ 

ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʘ, ʯʝʤ ʦʙʝʜʥʝʥʥʘʷ [Brines and Brock, 1983]. ʉʧʦʩʦʙʥʦʩʪʴ ʃʬ 

ʫʜʝʨʞʠʚʘʪʴ ʞʝʣʝʟʦ ʩʚʷʟʘʥʥʳʤ ʜʘʞʝ ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ ʚʘʞʥʘ, ʦʩʦʙʝʥʥʦ ʚ 

ʤʝʩʪʘʭ ʠʥʬʝʢʮʠʠ ʠ ʚʦʩʧʘʣʝʥʠʷ, ʛʜʝ ʠʟ-ʟʘ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʘʢʪʝʨʠʡ ʨʅ 

ʤʦʞʝʪ ʦʧʫʩʢʘʪʴʩʷ ʥʠʞʝ 4,5. ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʃʬ ʪʘʢʞʝ ʩʚʷʟʳʚʘʝʪ ʞʝʣʝʟʦ, 

ʚʳʩʚʦʙʦʞʜʘʝʤʦʝ ʠʟ ʪʨʘʥʩʬʝʨʨʠʥʘ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʜʘʣʴʥʝʡʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʞʝʣʝʟʘ ʙʘʢʪʝʨʠʷʤʠ ʜʣʷ ʨʘʟʤʥʦʞʝʥʠʷ [Valenti and Antonini, 2005].  

ʇʦʤʠʤʦ ʞʝʣʝʟʘ ʃʬ ʩʧʦʩʦʙʝʥ ʩʚʷʟʳʚʘʪʴ ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜʳ, ʛʝʧʘʨʠʥ, 

ʛʣʠʢʦʟʘʤʠʥʦʛʣʠʢʘʥʳ, ɼʅʂ ʠʣʠ ʜʨʫʛʠʝ ʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʝ ʢʘʢ Al
3+

, Mg
2+

, Mn
3+

, 

Cu
2+

, Zn
2+

 [Adlerova et al., 2008]. ʆʜʥʘʢʦ ʝʛʦ ʩʨʦʜʩʪʚʦ ʢ ʵʪʠʤ ʠʦʥʘʤ ʟʥʘʯʠʪʝʣʴʥʦ 

ʥʠʞʝ, ʯʝʤ ʢ Fe
3+

.  

1.1.2. ʈʝʮʝʧʪʦʨʳ ʢ ʣʘʢʪʦʬʝʨʨʠʥʫ ʠ ʢʣʝʪʢʠ-ʤʠʰʝʥʠ 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʃʬ ʦʧʦʩʨʝʜʦʚʘʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʨʝʮʝʧʪʦʨʘʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ-ʤʠʰʝʥʝʡ. ʈʘʟʥʳʝ ʪʠʧʳ ʢʣʝʪʦʢ ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʩʦʙʩʪʚʝʥʥʳʝ 

ʨʝʮʝʧʪʦʨʳ ʢ ʃʬ, ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʘʶʪʩʷ [Suzuki and Lºnnerdal, 2002]. 
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ɺʧʝʨʚʳʝ ʨʝʮʝʧʪʦʨ ʢ ʃʬ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʥʘ 

ʧʝʨʠʪʦʥʝʘʣʴʥʳʭ ʤʘʢʨʦʬʘʛʘʭ ʤʳʰʠ [Van Snick and Masson,1976], ʟʘʪʝʤ - ʥʘ 

ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʚ ʪʦʥʢʦʤ ʢʠʰʝʯʥʠʢʝ ʯʝʣʦʚʝʢʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʦʩʪʘʚʢʠ 

ʞʝʣʝʟʘ ʚ ʩʣʠʟʠʩʪʫʶ ʦʙʦʣʦʯʢʫ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ ʢʠʰʢʠ [Cox et al., 1979]. 

ʇʦʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʨʝʮʝʧʪʦʨʳ ʢ ʃʬ ʥʘ ɺ-ʢʣʝʪʢʘʭ, ʊ-ʢʣʝʪʢʘʭ, 

ʤʦʥʦʮʠʪʘʭ [Suzuki et al., 2005; Legrand et al., 2006], ʪʨʦʤʙʦʮʠʪʘʭ [Leveugle et al., 

1993], ʛʝʧʘʪʦʮʠʪʘʭ [Bennatt and McAbee, 1997], ʬʠʙʨʦʙʣʘʩʪʘʭ [Takayama et al., 

2003], ʦʩʪʝʦʙʣʘʩʪʘʭ [Grey et al., 2004] ʠ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʩʦʩʫʜʦʚ ʤʦʟʛʘ 

[Fillebeen et al., 1999a].  ʅʝʢʦʪʦʨʳʝ ʚʠʜʳ ʙʘʢʪʝʨʠʡ, ʚʢʣʶʯʘʷ ʩʝʤʝʡʩʪʚʦ 

Neisseriaceae, ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʨʝʮʝʧʪʦʨʳ, ʩʧʦʩʦʙʥʳʝ ʩʚʷʟʳʚʘʪʴ ʃʬ 

ʠ ʚʳʟʳʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʝʛʦ ʤʦʣʝʢʫʣʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʜʠʩʩʦʮʠʘʮʠʠ ʞʝʣʝʟʘ [Ekins et al., 2004]. ʈʝʮʝʧʪʦʨʳ ʢ N-ʢʦʥʮʝʚʦʡ ʦʙʣʘʩʪʠ ʃʬ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʉʚʷʟʳʚʘʥʠʝ ʃʬ ʩ 

ʵʪʠʤʠ ʨʝʮʝʧʪʦʨʘʤʠ ʚʳʟʳʚʘʝʪ ʛʠʙʝʣʴ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʠʟ-ʟʘ 

ʥʘʨʫʰʝʥʠʡ ʚ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʝ [Adlerova et al., 2008]. 

ʈʝʮʝʧʪʦʨʳ ʢ ʯʃʬ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʢʣʝʪʦʢ 

(ʵʥʪʝʨʦʮʠʪʘʭ, ʛʝʧʘʪʦʮʠʪʘʭ, ʥʝʡʨʦʥʘʭ, ʬʠʙʨʦʙʣʘʩʪʘʭ, ʤʦʥʦʮʠʪʘʭ, ʣʠʤʬʦʮʠʪʘʭ ʠ 

ʪ.ʜ.). ʆʩʥʦʚʥʳʝ ʠʟ ʥʠʭ ʵʪʦ: ʠʥʪʝʣʝʢʪʠʥ-1 (ITLN1), ʙʝʣʦʢ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʨʝʮʝʧʪʦʨʘʤʠ ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ 1 (LRP1), 

ʘʩʠʘʣʦʛʣʠʢʦʧʨʦʪʝʠʥʦʚʳʡ ʨʝʮʝʧʪʦʨ (ASGPR), CD14 ʠ ʥʫʢʣʝʦʣʠʥ [Mayeur et al., 

2016; Lepanto et al., 2019]. ɺʩʝ ʨʝʮʝʧʪʦʨʳ ʢ ʯʃʬ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ 

ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʪʢʘʥʠ ʠ ʢʣʝʪʢʠ [Suzuki et al., 2005].  

ʀʥʪʝʣʝʢʪʠʥ-1, ʚʳʩʦʢʦʘʬʬʠʥʥʳʡ ʃʬ-ʨʝʮʝʧʪʦʨ, ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʥʳʡ ʚ 

ʵʧʠʪʝʣʠʠ ʢʠʰʝʯʥʠʢʘ, ʫʯʘʩʪʚʫʝʪ ʚ ʧʦʛʣʦʱʝʥʠʠ ʃʬ ʠʟ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ 

[Suzuki et al., 2008]. ʕʪʦʪ ʨʝʮʝʧʪʦʨ ʪʘʢʞʝ ʙʳʣ ʚʳʷʚʣʝʥ ʥʘ ʱʝʪʦʯʥʦʡ ʢʘʡʤʝ 

ʵʥʪʝʨʦʮʠʪʦʚ, ʢʣʝʪʢʘʭ ʇʘʥʝʪʘ ʠ ʙʦʢʘʣʦʚʠʜʥʳʭ ʢʣʝʪʢʘʭ [Wrackmeyer et al., 2006], ʚ 

ʞʝʣʯʥʦʤ ʵʧʠʪʝʣʠʠ [Mancinelli et al., 2018]. ʀʥʪʝʣʝʢʪʠʥ-1 ʷʚʣʷʝʪʩʷ 

ʛʣʠʢʦʧʨʦʪʝʠʥʦʤ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 120 ʢɼʘ, ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʩʫʙʲʝʜʠʥʠʮ, 

ʩʚʷʟʘʥʥʳʭ ʜʠʩʫʣʴʬʠʜʥʳʤʠ ʤʦʩʪʠʢʘʤʠ. ʄʝʪʦʜʦʤ ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʩ 

ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʝʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʈʅʂ ʜʣʷ ʠʥʪʝʣʝʢʪʠʥʘ-1 
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ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʪʢʘʥʷʭ: ʪʦʥʢʦʤ ʢʠʰʝʯʥʠʢʝ, ʩʝʨʜʮʝ, ʩʝʤʝʥʥʠʢʘʭ, 

ʩʝʣʝʟʝʥʢʝ, ʣʝʛʢʠʭ, ʧʝʯʝʥʠ ʠ ʜʨ. [Suzuki et al., 2005]. ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʬʫʥʢʮʠʡ ʃʬ ʧʦʩʨʝʜʩʪʚʦʤ ʘʢʪʠʚʘʮʠʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ 

[Mancinelli et al., 2018]. 

LRP1 ʚ ʦʩʥʦʚʥʦʤ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʛʝʧʘʪʦʮʠʪʘʭ, ʥʝʡʨʦʥʘʭ, ʤʠʦʮʠʪʘʭ, 

ʬʠʙʨʦʙʣʘʩʪʘʭ ʠ ʭʦʣʘʥʛʠʦʮʠʪʘʭ [Suzuki et al., 2008]. ʆʥ ʷʚʣʷʝʪʩʷ ʨʝʮʝʧʪʦʨʦʤ 

ʥʠʟʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʜʣʷ ʃʬ, ʧʦʩʢʦʣʴʢʫ ʤʦʞʝʪ ʩʚʷʟʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʤʠʰʝʥʝʡ. 

ʕʪʦ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʙʝʣʦʢ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 600 ʢɼʘ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʷʪʠ 

ʩʫʙʲʝʜʠʥʠʮ. ʇʦʤʠʤʦ ʩʚʷʟʳʚʘʥʠʷ ʯʃʬ LRP1 ʚʳʧʦʣʥʷʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʫʥʢʮʠʡ: 

ʤʝʪʘʙʦʣʠʟʤ ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʠ ʧʨʦʪʝʠʥʘʟ, ʘʢʪʠʚʘʮʠʷ  ʣʠʟʦʩʦʤʘʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ, 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʠʨʫʩʦʚ ʠ ʪʦʢʩʠʥʦʚ ʚ ʢʣʝʪʢʠ [Mancinelli et al., 2018]. 

ɸʩʠʘʣʦʛʣʠʢʦʧʨʦʪʝʠʥʦʚʳʡ ʨʝʮʝʧʪʦʨ ï ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʛʣʠʢʦʧʨʦʪʝʠʥ 

ʛʝʧʘʪʦʮʠʪʦʚ, ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 33 ʢɼʘ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʩʫʙʲʝʜʠʥʠʮ. ʕʪʦʪ 

ʙʝʣʦʢ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʛʦʤʝʦʩʪʘʟʘ ʧʣʘʟʤʳ ʢʨʦʚʠ, ʫʯʘʩʪʚʫʷ ʚ 

ʫʜʘʣʝʥʠʠ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ-ʣʠʛʘʥʜʦʚ ʠʟ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ. 

CD14 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʤʦʥʦʮʠʪʘʤʠ. ʕʪʦ ʨʝʮʝʧʪʦʨ ʜʣʷ ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜʦʚ, 

ʤʝʤʙʨʘʥʥʳʡ ʛʣʠʢʦʧʨʦʪʝʠʥ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 55 ʢɼʘ, ʢʦʪʦʨʳʡ ʘʢʪʠʚʠʨʫʝʪ 

ʠʤʤʫʥʥʫʶ ʩʠʩʪʝʤʫ [Suzuki et al., 2005]. 

ʅʫʢʣʝʦʣʠʥ ï ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʝʣʦʢ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 105 ʢɼʘ, 

ʠʤʝʝʪ ʪʨʠ ʜʦʤʝʥʘ,  ʚ ʦʩʥʦʚʥʦʤ ʣʦʢʘʣʠʟʦʚʘʥ ʚ ʷʜʨʳʰʢʝ (ʚʦ ʚʩʝʭ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ 

ʢʣʝʪʢʘʭ), ʛʜʝ ʦʥ ʩʦʩʪʘʚʣʷʝʪ 10% ʚʩʝʭ ʙʝʣʢʦʚ. ʊʘʢʞʝ ʥʫʢʣʝʦʣʠʥ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ, ʛʜʝ ʦʥ ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʢʦʨʝʮʝʧʪʦʨ ʤʥʦʛʠʭ ʣʠʛʘʥʜʦʚ ʠ 

ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʠʭ ʵʥʜʦʮʠʪʦʟʝ [Legrand et al., 2004]. ʆʥ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʚ ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʭ ʢʣʝʪʢʘʭ ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʙʠʦʛʝʥʝʟʝ ʨʠʙʦʩʦʤ, 

ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʠ ʭʨʦʤʘʪʠʥʘ, ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʝʪʦʢ, 

ʘʧʦʧʪʦʟʝ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ. ʇʦʚʳʰʝʥʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʥʫʢʣʝʦʣʠʥʘ ʥʘʙʣʶʜʘʣʠ 

ʥʘ  ʧʦʚʝʨʭʥʦʩʪʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʣʠʤʬʦʮʠʪʦʚ, ʘʥʛʠʦʛʝʥʥʳʭ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ 

ʢʣʝʪʦʢ [Jia et al., 2017] ʠ ʘʢʩʦʥʦʚ ʥʝʡʨʦʥʦʚ [Perry et al., 2016]. ʉʘʡʪ ʩʚʷʟʳʚʘʥʠʷ 

ʥʫʢʣʝʦʣʠʥʘ ʨʘʩʧʦʣʦʞʝʥ ʢʘʢ ʥʘ N-, ʪʘʢ ʠ ʥʘ C-ʢʦʥʮʝʚʳʭ ʜʦʣʷʭ ʃʬ. ʆʜʥʘʢʦ, ʜʣʷ ʝʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʪʦʣʴʢʦ C-ʢʦʥʮʝʚʘʷ ʦʙʣʘʩʪʴ. ʇʦʩʣʝ ʩʚʷʟʳʚʘʥʠʷ ʩ 
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ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʣʝʪʢʠ ʃʬ ʠʥʪʝʨʥʘʣʠʟʫʝʪʩʷ ʠ ʧʦʷʚʣʷʝʪʩʷ ʚ ʷʜʨʝ, ʛʜʝ ʦʥ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʨʠʢʨʝʧʣʝʥʥʳʤ ʢ ɼʅʂ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʫʢʣʝʦʣʠʥ ʤʦʞʝʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʙʝʣʦʢ-ʢʘʥʜʠʜʘʪ ʜʣʷ ʷʜʝʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʃʬ [Mayeur et al., 2016]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʃʬ ʧʦʩʣʝ ʩʚʷʟʳʚʘʥʠʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʨʝʮʝʧʪʦʨʦʤ ʠʥʪʝʨʥʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʵʥʜʦʮʠʪʦʟʘ ʠ ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʷʜʨʦ 

[Ashida et al., 2004], ʤʦʜʫʣʠʨʫʷ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ [Liao et al., 2007] ʠʣʠ ʟʘʧʫʩʢʘʷ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ [Jiang et al., 2011]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʘʛʦʜʘʨʷ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʨʝʮʝʧʪʦʨʦʚ, ʯʃʬ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʝʪʦʯʥʦʡ ʩʠʩʪʝʤʳ, ʥʘ ʢʦʪʦʨʫʶ ʦʥ ʚʦʟʜʝʡʩʪʚʫʝʪ. 

ʅʝʢʦʪʦʨʳʝ ʢʣʝʪʢʠ ʠʤʝʶʪ ʨʝʮʝʧʪʦʨʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʤ ʩʚʷʟʳʚʘʪʴ ʥʝ 

ʪʦʣʴʢʦ ʃʬ, ʥʦ ʠ ʪʨʘʥʩʬʝʨʨʠʥ ʠʣʠ ʃʬ ʜʨʫʛʠʭ ʚʠʜʦʚ [Adlerova et al., 2008]. ʊʘʢ 

ʢʣʝʪʢʠ ʢʠʰʝʯʥʦʛʦ ʵʧʠʪʝʣʠʷ ʯʝʣʦʚʝʢʘ ʩʚʷʟʳʚʘʶʪ ʠ ʠʥʪʝʨʥʘʣʠʟʠʨʫʶʪ ʢʦʨʦʚʠʡ ʃʬ 

[Lºnnerdal et al., 2011]. ʄʳʰʠʥʳʝ ʧʝʨʠʪʦʥʝʘʣʴʥʳʝ ʤʘʢʨʦʬʘʛʠ ʤʦʛʫʪ ʧʦʛʣʦʱʘʪʴ 

ʯʃʬ. ʕʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʘʧʠʣʣʷʨʥʳʝ ʢʣʝʪʢʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʤʳʰʝʡ ʠ ʢʦʨʦʚ, 

ʛʝʧʘʪʦʮʠʪʳ ʢʨʳʩ  ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʫʩʚʘʠʚʘʪʴ ʵʪʦʪ ʵʢʟʦʛʝʥʥʳʡ ʙʝʣʦʢ [Actor et al., 

2009]. 

1.1.3. ɻʝʥʳ ʣʘʢʪʦʬʝʨʨʠʥʘ ʠ ʠʭ ʨʝʛʫʣʷʮʠʷ 

ɻʝʥ ʃʬ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʫ ʤʥʦʛʠʭ ʚʠʜʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ; ʫ ʯʝʣʦʚʝʢʘ 

ʦʥ ʨʘʩʧʦʣʦʞʝʥ ʥʘ 3-ʝʡ ʭʨʦʤʦʩʦʤʝ, ʫ ʤʳʰʠ ï ʥʘ 9-ʦʡ, ʫ ʢʦʨʦʚʳ ï ʥʘ 22-ʡ [Garc²a-

Montoya et al., 2012]. ɻʝʥʳ ʃʬ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʭʦʜʩʪʚʦ ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ -  

ʯʝʣʦʚʝʢʘ, ʢʦʨʦʚ, ʩʚʠʥʝʡ ʠ ʤʳʰʝʡ (15 ʠʟ 17 ʵʢʟʦʥʦʚ ʠʜʝʥʪʠʯʥʳ) [Teng, 2002]. ɹʳʣʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 60 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʚ ʃʬ 11-ʠ ʚʠʜʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 

ʩ ʧʦʣʥʳʤʠ ʢʦʜʠʨʫʶʱʠʤʠ ʦʙʣʘʩʪʷʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʠʥʘ ʛʝʥʘ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪ ʦʪ ʚʠʜʘ ʢ ʚʠʜʫ (ʦʪ 2055 ʜʦ 

2190 ʧʘʨ ʥʫʢʣʝʦʪʠʜʦʚ), ʚʩʣʝʜʩʪʚʠʝ ʜʝʣʝʮʠʡ, ʚʩʪʘʚʦʢ ʠ ʤʫʪʘʮʠʡ ʚ ʩʪʦʧ-ʢʦʜʦʥʝ. 

ʅʘʙʣʶʜʘʝʤʦʝ ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʙʳʣʦ ʚʳʰʝ ʤʝʞʜʫ ʚʠʜʘʤʠ, ʯʝʤ ʚʥʫʪʨʠ 

ʚʠʜʦʚ [Kang et al., 2008]. 
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ɹʳʣ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʧʨʦʤʦʪʦʨ ʃʬ, ʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʥ ʦʙʣʘʜʘʝʪ ʢʘʢ 

ʢʦʥʩʪʠʪʫʪʠʚʥʳʤʠ, ʪʘʢ ʠ ʠʥʜʫʮʠʙʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ [Teng, 2002]. ɼʦʩʪʠʞʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʛʝʥʥʦʡ ʠʥʞʝʥʝʨʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʛʝʥʦʤʘ, ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʪʨʘʥʩʛʝʥʥʳʭ ʞʠʚʦʪʥʳʭ (ʢʦʟʳ, 

ʤʳʰʠ, ʢʨʦʣʠʢʠ, ʢʦʨʦʚʳ), ʪʨʘʥʩʛʝʥʥʳʝ ʨʘʩʪʝʥʠʷ (ʪʘʙʘʢ, ʨʠʩ, ʢʘʨʪʦʬʝʣʴ, ʙʘʪʘʪ, 

ʪʦʤʘʪʳ, ʢʫʢʫʨʫʟʘ ʠ ʜʨ.), ʛʨʠʙʳ, ʙʘʢʪʝʨʠʠ, ʜʨʦʞʞʠ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʷʪ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʯʝʣʦʚʝʯʝʩʢʠʡ ʠʣʠ ʢʦʨʦʚʠʡ ʃʬ [Garc²a-Montoya et al., 2012]. ɺ 

2003 ʛ. ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʤʳʰʴ ʩ ʥʦʢʘʫʪʦʤ ʛʝʥʘ ʃʬ [Ward et al.,2003]. 

ʂʘʢ ʤʳ ʫʞʝ ʫʢʘʟʳʚʘʣʠ, ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ ʃʬ ʤʦʞʝʪ ʙʳʪʴ ʢʦʥʩʪʠʪʫʪʠʚʥʦʡ ʠ 

ʠʥʜʫʮʠʨʫʝʤʦʡ. ʈʝʛʫʣʷʮʠʷ ʩʠʥʪʝʟʘ ʃʬ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʢʣʝʪʦʢ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ 

ʵʪʦʪ ʙʝʣʦʢ. ʊʘʢ ʢʦʣʠʯʝʩʪʚʦ ʃʬ, ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʚ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʝ, 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʨʦʣʘʢʪʠʥʦʤ [Green and Pastewka, 1978], ʪʦʛʜʘ ʢʘʢ ʝʛʦ ʚʳʨʘʙʦʪʢʘ 

ʚ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʪʢʘʥʷʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʩʪʨʦʛʝʥʘʤʠ [Teng, 2002].  

ɺ 2002 ʛʦʜʫ ʚ ʧʨʦʤʦʪʦʨʝ ʛʝʥʘ ʃʬ ʫ ʣʶʜʝʡ ʠ ʤʳʰʝʡ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ 

ʵʩʪʨʦʛʝʥʥʳʡ ʵʣʝʤʝʥʪ ʦʪʚʝʪʘ. ʕʩʪʨʦʛʝʥ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʘ ʃʬ, ʨʝʧʨʝʩʩʦʨ ʘʢʪʠʚʥʦʩʪʠ ʨʝʮʝʧʪʦʨʦʚ ʵʩʪʨʦʛʝʥʘ ï 

ʥʝʛʘʪʠʚʥʳʤ. ʆʪʩʫʪʩʪʚʠʝ ʨʝʧʨʝʩʩʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʵʩʪʨʦʛʝʥ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʃʬ ʜʦ 100 ʨʘʟ. ʅʘ ʩʠʥʪʝʟ ʃʬ ʚ ʵʥʜʦʤʝʪʨʠʠ ʚʣʠʷʶʪ ʥʝ ʪʦʣʴʢʦ 

ʵʩʪʨʦʛʝʥʳ, ʥʦ ʠ ʵʧʠʜʝʨʤʘʣʴʥʳʡ ʬʘʢʪʦʨ ʨʦʩʪʘ [Teng, 2002; Garc²a-Montoya et al., 

2012].  

ʕʢʟʦʢʨʠʥʥʳʝ ʞʝʣʝʟʳ ʥʝʧʨʝʨʳʚʥʦ ʚʳʨʘʙʘʪʳʚʘʶʪ ʠ ʩʝʢʨʝʪʠʨʫʶʪ ʃʬ. ɺ 

ʥʝʡʪʨʦʬʠʣʘʭ ʵʪʦʪ ʙʝʣʦʢ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʚʦ ʚʨʝʤʷ ʠʭ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ (ʢʦʛʜʘ 

ʧʨʦʤʠʝʣʦʮʠʪʳ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʤʠʝʣʦʮʠʪʳ) ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʭʨʘʥʠʪʩʷ ʚ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʛʨʘʥʫʣʘʭ. ɿʨʝʣʳʝ ʥʝʡʪʨʦʬʠʣʳ ʧʝʨʝʩʪʘʶʪ ʚʳʨʘʙʘʪʳʚʘʪʴ ʃʬ 

[Masson et al., 1969]. 

ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʘ ʃʬ ʪʘʢʞʝ ʤʦʞʝʪ ʤʦʜʫʣʠʨʦʚʘʪʴʩʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ; ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʩʪʨʝʩʩʦʤ, ʚ ʦʪʚʝʪ ʥʘ ʠʥʬʝʢʮʠʶ ʠʣʠ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ 

ʵʤʙʨʠʦʛʝʥʝʟʘ [Garc²a-Montoya et al., 2012]. ʀʤʝʶʱʠʝʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʫʯʘʩʪʠʠ ʤʥʦʞʝʩʪʚʘ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʚ ʨʝʛʫʣʷʮʠʠ 



19 
 

 

ʵʢʩʧʨʝʩʩʠʠ ʃʬ, ʠ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʚʳʷʚʠʪʴ ʝʱʝ ʙʦʣʴʰʫʶ 

ʜʝʪʘʣʠʟʘʮʠʶ ʢʦʥʢʨʝʪʥʳʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

1.1.4. ʕʢʩʧʨʝʩʩʠʷ ʙʝʣʢʘ ʣʘʢʪʦʬʝʨʨʠʥʘ ʚ ʦʨʛʘʥʠʟʤʝ 

ɺʦ ʚʨʝʤʷ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʵʢʩʧʨʝʩʩʠʷ ʃʬ ʚʳʷʚʣʝʥʘ  ʫʞʝ ʫ ʜʚʫʭ- ʠ 

ʯʝʪʳʨʝʭʢʣʝʪʦʯʥʳʭ ʵʤʙʨʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʩʪʘʜʠʠ ʙʣʘʩʪʦʮʠʩʪʳ 

ʚʧʣʦʪʴ ʜʦ ʠʤʧʣʘʥʪʘʮʠʠ. ʃʬ ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʩ ʤʦʤʝʥʪʘ ʠʤʧʣʘʥʪʘʮʠʠ ʜʦ 

ʩʝʨʝʜʠʥʳ ʙʝʨʝʤʝʥʥʦʩʪʠ, ʦʜʥʘʢʦ ʝʛʦ ʥʘʣʠʯʠʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʥʝʡʪʨʦʬʠʣʘʭ ʧʝʯʝʥʠ 

ʧʣʦʜʘ ʥʘ 11,5-ʡ ʵʤʙʨʠʦʥʘʣʴʥʳʡ ʜʝʥʴ, ʘ ʟʘʪʝʤ ʚ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ 

ʜʳʭʘʪʝʣʴʥʦʡ ʠ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤ [Ward et al., 1999].  

ɺ ʙʦʣʴʰʠʥʩʪʚʦ ʵʢʟʦʢʨʠʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʃʬ ʩʝʢʨʝʪʠʨʫʝʪʩʷ ʵʧʠʪʝʣʠʘʣʴʥʳʤʠ 

ʢʣʝʪʢʘʤʠ ʚ ʬʦʨʤʝ, ʥʝ ʩʦʜʝʨʞʘʱʝʡ ʞʝʣʝʟʘ [Montreuil et al., 1960]. ɺ ʤʦʣʦʢʝ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʃʬ ʫ ʣʶʜʝʡ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1 ʜʦ 7 ʛ/ʣ (ʟʨʝʣʦʝ ʤʦʣʦʢʦ ʠ ʤʦʣʦʟʠʚʦ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʫ ʢʦʨʦʚ ʦʪ 0,2 ʜʦ 1,5 ʛ/ʣ (ʤʦʣʦʢʦ ʠ ʤʦʣʦʟʠʚʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) 

[Rasc·n-Cruz et al., 2021]. ʃʬ ʩʦʜʝʨʞʠʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʚʳʜʝʣʝʥʠʡ ʩʣʠʟʠʩʪʳʭ 

ʦʙʦʣʦʯʝʢ, ʪʘʢʠʭ ʢʘʢ ʤʘʪʦʯʥʘʷ ʞʠʜʢʦʩʪʴ, ʚʘʛʠʥʘʣʴʥʘʷ ʩʝʢʨʝʮʠʷ, ʩʝʤʝʥʥʘʷ 

ʞʠʜʢʦʩʪʴ, ʩʣʶʥʘ, ʞʝʣʯʴ, ʩʦʢ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ, ʚʳʜʝʣʝʥʠʷ ʪʦʥʢʦʡ ʢʠʰʢʠ, 

ʥʦʩʦʚʳʝ ʚʳʜʝʣʝʥʠʷ ʠ ʩʣʝʟʳ [Adlerova et al., 2008]. ʇʨʦʠʟʚʦʜʩʪʚʦ ʃʬ ʧʦʯʢʘʤʠ 

ʯʝʣʦʚʝʢʘ ʙʳʣʦ ʦʧʠʩʘʥʦ Abrink ʩ ʩʦʘʚʪ. ʃʬ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʠ ʩʝʢʨʝʪʠʨʫʝʪʩʷ ʧʦ 

ʚʩʝʤ ʩʦʙʠʨʘʶʱʠʤ ʢʘʥʘʣʴʮʘʤ, ʘ ʚ ʜʠʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʢʘʥʘʣʴʮʝʚ ʦʥ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʙʩʦʨʙʠʨʦʚʘʥ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʪʦʛʦ ʙʝʣʢʘ 

ʚʳʜʝʣʷʝʪʩʷ ʚ ʤʦʯʫ [Abrink et al., 2000]. 

ʃʬ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʪʦʨʠʯʥʳʭ ʛʨʘʥʫʣ ʥʝʡʪʨʦʬʠʣʦʚ 

[Masson et al., 1969]. ɺʦ ʚʨʝʤʷ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʠ ʠʥʬʝʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠ 

ʥʝʢʦʪʦʨʳʭ ʧʘʪʦʣʦʛʠʷʭ ʫʨʦʚʝʥʴ ʃʬ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʝʪʩʷ [Birgens, 1985; Levay and Viljoen, 1995]. ʕʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʚ 

ʧʣʘʟʤʝ, ʛʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʃʬ ʤʦʞʝʪ ʙʳʪʴ ʚʩʝʛʦ 0,4ï2 ʤʛ/ʣ ʚ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 200 ʤʛ/ʣ ʧʨʠ ʠʥʬʝʢʮʠʷʭ ʠ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʨʫʰʝʥʠʷʭ [Rasc·n-Cruz et al., 2021]. ʌʘʢʪʠʯʝʩʢʠ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʃʬ 

ʜʦʩʪʘʚʣʷʝʪʩʷ ʚ ʤʝʩʪʘ ʚʦʩʧʘʣʝʥʠʷ ʥʝʡʪʨʦʬʠʣʘʤʠ. 
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 ʂʦʣʠʯʝʩʪʚʦ ʃʬ ʚ ʦʨʛʘʥʠʟʤʝ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʘ ʠ 

ʚʦʟʨʘʩʪʘ. ʋʨʦʚʝʥʴ ʃʬ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʤʝʥʷʝʪʩʷ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʙʝʨʝʤʝʥʥʦʩʪʠ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʃʬ ʚʧʣʦʪʴ ʜʦ 29-ʡ ʥʝʜʝʣʠ, 

ʧʦʩʣʝ ʯʝʛʦ ʦʥʘ ʦʩʪʘʝʪʩʷ ʥʘ ʧʦʩʪʦʷʥʥʦʤ (ʚʳʰʝ ʩʨʝʜʥʝʛʦ) ʫʨʦʚʥʝ [Sykes et al., 

1982]. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʃʬ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʚʳʰʝ ʚ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʬʘʟʝ ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʘ, ʯʝʤ ʚ ʩʝʢʨʝʪʦʨʥʦʡ [Kelver et al., 

1996]. 

ʕʢʩʧʨʝʩʩʠʷ ʥʘʪʠʚʥʦʛʦ ʃʬ ʠ ʃʬ-ʨʝʮʝʧʪʦʨʘ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚ ʥʝʡʨʦʥʘʭ 

ʩʨʝʜʥʝʛʦ ʤʦʟʛʘ ʢʘʢ ʫ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ, ʪʘʢ ʠ ʫ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʙʦʣʝʟʥʴʶ 

ʇʘʨʢʠʥʩʦʥʘ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʠʤʤʫʥʦʤʝʯʝʥʥʦʛʦ ʃʬ ʚ ʚʳʞʠʚʰʠʭ ʥʝʡʨʦʥʘʭ ʧʘʮʠʝʥʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ [Leveugle et al., 1996]. ʕʢʩʧʨʝʩʩʠʷ ʃʬ-ʨʝʮʝʧʪʦʨʘ ʥʘ ʥʝʡʨʦʥʘʭ ʠ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʩʦʩʫʜʦʚ ʤʦʟʛʘ ʙʳʣʘ ʚʳʰʝ ʫ ʧʘʮʠʝʥʪʦʚ  ʩ ʙʦʣʴʰʝʡ 

ʧʦʪʝʨʝʡ ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʯʝʨʥʦʡ ʩʫʙʩʪʘʥʮʠʠ [Faucheux et al., 

1995]. ʃʬ+-ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʘ ʫ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʚ ʦʪʜʝʣʴʥʳʭ 

ʧʠʨʘʤʠʜʥʳʭ ʥʝʡʨʦʥʘʭ ʧʨʝʬʨʦʥʪʘʣʴʥʦʡ ʢʦʨʳ, ʥʝʡʨʦʥʘʭ ʛʠʧʧʦʢʘʤʧʘ ʠ 

ʵʥʪʦʨʠʥʘʣʴʥʦʡ ʢʦʨʳ [Kawamata et al., 1993; Leveugle et al., 1994].  

ʉʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʃʬ ʤʦʞʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴʩʷ in situ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ 

[Fillebeen et al., 1999b; 2001; Siebert and Huang, 1997]. ʍʦʪʷ ʫʨʦʚʥʠ ʤʈʅʂ ʃʬ, 

ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʪʢʘʥʷʭ ʤʦʟʛʘ ʚʟʨʦʩʣʳʭ ʤʳʰʝʡ, ʦʯʝʥʴ ʥʠʟʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʫʨʦʚʥʷʤʠ, ʦʙʥʘʨʫʞʝʥʥʳʤʠ ʚ ʣʘʢʪʠʨʫʶʱʠʭ ʤʦʣʦʯʥʳʭ ʞʝʣʝʟʘʭ, ʄʌʊʇ ʤʦʞʝʪ 

ʠʥʜʫʮʠʨʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʢʘʢ ʫʨʦʚʥʷ ʈʅʂ ʃʬ, ʪʘʢ ʠ ʙʝʣʢʘ [Fillebeen et al., 1999b]. 

ʇʦʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʥʜʦʛʝʥʥʳʡ ʃʬ ʩʝʢʨʝʪʠʨʫʝʪʩʷ ʚ ʤʦʟʛʝ 

ʪʦʣʴʢʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʤʠʢʨʦʛʣʠʝʡ, ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ ʰʠʨʦʢʦ ʧʨʠʟʥʘʝʪʩʷ [Li and 

Guo, 2021]. ʉʠʥʪʝʟʠʨʫʝʤʳʡ ʠ ʚʳʩʚʦʙʦʞʜʘʝʤʳʡ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʤʠʢʨʦʛʣʠʝʡ ʃʬ 

ʥʘʙʣʶʜʘʣʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʯʝʨʥʦʡ ʩʫʙʩʪʘʥʮʠʠ 

ʯʝʣʦʚʝʢʘ, ʚ ʢʦʪʦʨʳʝ ʦʥ ʧʦʩʪʫʧʘʣ ʯʝʨʝʟ ʃʬ-ʨʝʮʝʧʪʦʨʳ [Fillebeen et al., 2001]. 

Shimaoka ʩ ʩʦʘʚʪ. ʠʩʩʣʝʜʦʚʘʣʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʃʬ-

ʧʦʜʦʙʥʦʡ ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʦʩʪʠ ʚʦ ʚʩʝʡ ʎʅʉ ʚʟʨʦʩʣʳʭ ʟʜʦʨʦʚʳʭ ʤʳʰʝʡ. 

ʀʥʪʝʥʩʠʚʥʦʝ ʤʘʨʢʠʨʦʚʘʥʠʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʥʝʡʨʦʥʘʭ ʦʙʦʥʷʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, 
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ʷʜʨʘʭ ʛʠʧʦʪʘʣʘʤʫʩʘ, ʵʥʪʦʨʠʥʘʣʴʥʦʡ ʢʦʨʝ, ʨʘʟʣʠʯʥʳʭ ʷʜʨʘʭ ʩʪʚʦʣʘ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ ʠ ʦʪʩʫʪʩʪʚʦʚʘʣʦ ʠʣʠ ʙʳʣʦ ʦʯʝʥʴ ʩʣʘʙʳʤ ʚ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʥʝʦʢʦʨʪʝʢʩʘ, 

ʛʠʧʧʦʢʘʤʧʝ, ʩʪʨʠʘʪʫʤʝ ʠ ʏʉ [Shimaoka et al., 2021]. 

ʅʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʯʘʩʪʴ ʃʬ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʠʟ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʛʦ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʚ ʤʦʟʛ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʮʠʨʢʫʣʠʨʫʶʱʠʡ ʚ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʙʝʣʦʢ ʧʦʩʪʫʧʘʝʪ ʚ ʤʦʟʛ ʧʫʪʝʤ ʨʝʮʝʧʪʦʨ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ 

ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʪʨʘʥʩʮʠʪʦʟʘ [Fillebeen et al., 1999a]. LRP1, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʡʩʷ ʚ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʮʝʨʝʙʨʘʣʴʥʳʭ ʩʦʩʫʜʦʚ ʠ ʧʝʨʠʮʠʪʘʭ, ʤʦʞʝʪ ʙʳʪʴ 

ʚʦʚʣʝʯʝʥ ʚ ʵʪʦʪ  ʪʨʘʥʩʧʦʨʪ [Tooyama et al., 1995; Wang et al., 2015]. 

1.1.5. ʄʝʪʘʙʦʣʠʟʤ ʣʘʢʪʦʬʝʨʨʠʥʘ 

ʃʬ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴ ʨʘʟʣʠʯʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʝʛʦ ʵʥʜʦʛʝʥʥʦʛʦ ʠʣʠ ʵʢʟʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʕʢʟʦʛʝʥʥʳʡ ʥʘʪʠʚʥʳʡ ʃʬ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʠʟ ʢʦʤʤʝʨʯʝʩʢʠ ʦʯʠʱʝʥʥʦʛʦ ʤʦʣʦʢʘ ʠʣʠ ʤʦʣʦʟʠʚʘ ʨʷʜʘ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʃʬ ï ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʥʩʛʝʥʥʳʭ 

ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ, ʘ ʪʘʢʞʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ, ʛʨʠʙʢʦʚʳʭ ʠ ʚʠʨʫʩʥʳʭ ʩʠʩʪʝʤ 

ʵʢʩʧʨʝʩʩʠʠ [Garc²a-Montoya et al., 2012]. 

ɻʨʫʜʥʦʝ ʚʩʢʘʨʤʣʠʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʵʢʟʦʛʝʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʃʬ ʫ 

ʤʣʘʜʝʥʮʝʚ. ʇʦʩʣʝ ʦʪʣʫʯʝʥʠʷ ʦʪ ʛʨʫʜʠ ʜʝʪʠ ʤʦʛʫʪ ʧʨʦʜʦʣʞʘʪʴ ʧʦʣʫʯʘʪʴ 

ʵʢʟʦʛʝʥʥʳʡ ʃʬ ʟʘ ʩʯʝʪ ʧʦʪʨʝʙʣʝʥʠʷ ʢʦʨʦʚʴʝʛʦ ʤʦʣʦʢʘ. ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʬʦʨʤʘ 

ʃʬ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʝʛʦ ʫʩʚʦʷʝʤʦʩʪʴ. ʋ ʚʟʨʦʩʣʳʭ ʣʶʜʝʡ ʙʦʣʝʝ 60% ʧʝʨʦʨʘʣʴʥʦ 

ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʨʦʚʴʝʛʦ ʃʬ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʩʣʝ ʧʝʨʝʚʘʨʠʚʘʥʠʷ ʚ ʞʝʣʫʜʢʝ [Troost et 

al., 2001]. ʏʝʣʦʚʝʯʝʩʢʠʡ ʃʬ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚ ʢ ʞʝʣʫʜʦʯʥʦʤʫ ʧʨʦʪʝʦʣʠʟʫ, ʯʝʤ 

ʢʦʨʦʚʠʡ [Brines and Brock, 1983; Van Veen, 2004].  

ʇʦʩʣʝʜʥʠʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʯʃʬ ʥʝ ʨʘʟʨʫʰʘʝʪʩʷ ʧʨʦʪʝʘʟʘʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʤʦʣʦʢʝ. ɽʛʦ ʧʝʨʝʚʘʨʠʚʘʥʠʝ ʩʢʦʨʝʝ ʥʘʯʠʥʘʝʪʩʷ ʚ ʞʝʣʫʜʢʝ 

ʨʝʙʝʥʢʘ ʠ ʛʝʥʝʨʠʨʫʝʪ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʝʧʪʠʜʦʚ, ʢʦʪʦʨʳʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʜʦʩʪʫʧʥʳ ʚ ʧʨʦʢʩʠʤʘʣʴʥʦʤ ʦʪʜʝʣʝ ʢʠʰʝʯʥʠʢʘ [Dallas et al., 2014]. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʧʝʨʝʥʦʩ ʠʥʪʘʢʪʥʦʛʦ ʃʬ ʠʟ ʧʨʦʩʚʝʪʘ ʢʠʰʝʯʥʠʢʘ ʚ 

ʢʨʦʚʴ ʤʣʘʜʝʥʮʘ, ʢʘʢ ʩʦʦʙʱʘʣʦʩʴ ʨʘʥʝʝ ʜʣʷ ʜʨʫʛʠʭ ʙʝʣʢʦʚ [Casabiell et al., 1997]. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʚʘʨʠʚʘʥʠʷ ʢʦʨʦʚʴʝʛʦ ʃʬ ʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ 

ʦʙʨʘʟʫʝʪʩʷ ʨʷʜ ʧʝʧʪʠʜʦʚ, ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʝ ʠʟ ʥʠʭ ï ʣʘʢʪʦʬʝʨʨʠʮʠʥ ʠ 

ʣʘʢʪʦʬʝʨʨʘʤʧʠʥ. ʃʘʢʪʦʬʝʨʨʠʮʠʥ (ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ ʃʬ 17-41) ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʦʷʚʣʷʝʪ ʙʦʣʝʝ ʤʦʱʥʫʶ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʠ 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʠʥʪʘʢʪʥʳʡ ʃʬ, ʦʙʣʘʜʘʝʪ ʘʥʪʠʤʠʢʨʦʙʥʳʤʠ, 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤʠ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʃʘʢʪʦʬʝʨʨʘʤʧʠʥ 

(ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ ʃʬ 265-284) ʧʨʦʷʚʣʷʝʪ ʰʠʨʦʢʦʝ ʘʥʪʠʤʠʢʨʦʙʥʦʝ 

ʜʝʡʩʪʚʠʝ ʧʨʦʪʠʚ ʙʘʢʪʝʨʠʡ, ʚʠʨʫʩʦʚ, ʜʨʦʞʞʝʡ ʠ ʧʘʨʘʟʠʪʦʚ [Superti, 2020]. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʫʩʧʝʰʥʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ʣʘʢʪʦʬʝʨʨʠʮʠʥʦʚ ʯʝʣʦʚʝʢʘ ʠ ʢʦʨʦʚʳ [Zarzosa-Moreno et 

al., 2020]. 

ʌʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʳʰʘʭ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʚʚʝʜʝʥʥʳʡ 

ʧʝʨʦʨʘʣʴʥʦ ʢʦʨʦʚʠʡ ʃʬ ʙʳʩʪʨʦ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʧʝʯʝʥʠ, ʩʝʣʝʟʝʥʢʝ ʠ 

ʧʦʯʢʘʭ, ʥʦ ʠ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʝʭʘʥʠʟʤ ʝʛʦ ʧʝʨʝʥʦʩʘ ʯʝʨʝʟ 

ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ [Fischer et al., 2007]. ʅʘʢʦʥʝʮ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʞʠʚʦʪʥʳʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʃʬ ʤʦʞʝʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʚ ʢʨʦʚʦʪʦʢ ʠʟ ʧʨʦʩʚʝʪʘ 

ʢʠʰʝʯʥʠʢʘ, ʘ ʟʘʪʝʤ ʚʳʚʦʜʠʪʴʩʷ ʩ ʞʝʣʯʴʶ, ʪʝʤ ʩʘʤʳʤ ʦʧʨʝʜʝʣʷʷ 

ʵʥʪʝʨʦʛʝʧʘʪʠʯʝʩʢʫʶ ʮʠʨʢʫʣʷʮʠʶ ʵʪʦʛʦ ʙʝʣʢʘ [Mayeur et al., 2016]. 

ʕʢʟʦʛʝʥʥʳʡ ʯʃʬ ʠʤʝʝʪ ʢʦʨʦʪʢʠʡ ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʚ ʦʨʛʘʥʠʟʤʝ, ʢʦʪʦʨʳʡ 

ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 10 ʤʠʥ ʧʦʩʣʝ ʚʥʫʪʨʠʚʝʥʥʦʛʦ ʚʚʝʜʝʥʠʷ ʢʨʳʩʝ, ʘ ʯʝʨʝʟ 3 

ʯʘʩʘ ʚ ʢʨʦʚʦʪʦʢʝ ʦʩʪʘʝʪʩʷ 10 % ʙʝʣʢʘ [Ziere et al., 1992]. ʉʫʱʝʩʪʚʫʝʪ ʤʥʝʥʠʝ, ʯʪʦ 

ʃʬ, ʧʝʨʝʥʦʩʠʤʳʡ ʚʥʫʪʨʠ ʣʠʤʬʦʮʠʪʦʚ, ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ [Takeuchi et al., 2006]. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʩʧʦʩʦʙʘ ʚʳʚʝʜʝʥʠʷ ʃʬ ʠʟ ʦʨʛʘʥʠʟʤʘ: ʣʠʙʦ ʧʫʪʝʤ ʨʝʮʝʧʪʦʨ-

ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʵʥʜʦʮʠʪʦʟʘ ʬʘʛʦʮʠʪʘʨʥʳʤʠ ʢʣʝʪʢʘʤʠ (ʤʘʢʨʦʬʘʛʘʤʠ, 

ʤʦʥʦʮʠʪʘʤʠ ʠ ʜʨʫʛʠʤʠ ʢʣʝʪʢʘʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʨʝʪʠʢʫʣʦʵʥʜʦʪʝʣʠʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʚʦʜʦʤ ʞʝʣʝʟʘ ʚ ʬʝʨʨʠʪʠʥ, ʣʠʙʦ ʧʫʪʝʤ ʧʨʷʤʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʧʝʯʝʥʴʶ [Adlerova et al., 2008]. ʕʥʜʦʮʠʪʦʟ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ 

ʢʣʝʪʢʘʤʠ ʂʫʧʬʝʨʘ, ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʧʝʯʝʥʠ ʠ ʛʝʧʘʪʦʮʠʪʘʤʠ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʚʝʜʝʥʠʶ ʃʬ [Levay and Viljoen, 1995]. ʇʦʯʢʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, 
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ʪʘʢʞʝ ʫʯʘʩʪʚʫʶʪ ʚ ʝʛʦ ʚʳʚʝʜʝʥʠʠ ʠʟ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʙʝʣʦʢ ʠ ʝʛʦ 

ʬʨʘʛʤʝʥʪʳ, ʚ ʦʩʥʦʚʥʦʤ ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʤʦʯʝ 

ʤʣʘʜʝʥʮʝʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʛʨʫʜʥʦʤ ʚʩʢʘʨʤʣʠʚʘʥʠʠ [Hutchens et al., 1991].  

1.1.6. ʃʘʢʪʦʬʝʨʨʠʥ ʠ ʤʝʪʘʙʦʣʠʟʤ ʞʝʣʝʟʘ 

ɺʦ ʚʩʝʭ ʞʠʚʳʭ ʢʣʝʪʢʘʭ ʞʝʣʝʟʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʩʥʦʚʥʳʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʝʨʛʠʠ, ʩʠʥʪʝʟ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, 

ʪʨʘʥʩʢʨʠʧʮʠʷ ɼʅʂ, ʧʝʨʝʥʦʩ ʠ ʭʨʘʥʝʥʠʝ ʢʠʩʣʦʨʦʜʘ, ʜʝʪʦʢʩʠʢʘʮʠʷ ʣʝʢʘʨʩʪʚ. 

ɾʝʣʝʟʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʫʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ, ʘʢʪʠʚʠʨʫʝʪ ʠ 

ʠʥʛʠʙʠʨʫʝʪ ʬʝʨʤʝʥʪʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ. ʕʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʦʩʥʦʚʘʥʳ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʞʝʣʝʟʘ ʧʨʠʥʠʤʘʪʴ ʠ ʦʪʜʘʚʘʪʴ ʵʣʝʢʪʨʦʥʳ ʧʫʪʝʤ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʠʦʥʘʤʠ Fe
2+

 ʠ Fe
3+

 [Lepanto et 

al., 2019].  

ʇʨʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ ʃʬ ʦʙʣʘʜʘʝʪ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʩʨʦʜʩʪʚʦʤ 

ʢ Fe
3+
, ʦʥ ʩʧʦʩʦʙʝʥ ʫʜʝʨʞʠʚʘʪʴ ʞʝʣʝʟʦ ʜʘʞʝ ʧʨʠ ʨʅ 3.5 [Mayeur et al., 2016]. 

ʊʦʣʴʢʦ 5% ʃʬ ʚ ʞʝʥʩʢʦʤ ʤʦʣʦʢʝ ʥʘʩʳʱʝʥʦ ʞʝʣʝʟʦʤ. ʉʚʦʙʦʜʥʦʝ ʞʝʣʝʟʦ ʤʦʞʝʪ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ɸʌʂ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʨʝʜʠʪʴ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʡ ʪʨʘʢʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʌʝʥʪʦʥʘ. ʈʦʣʴ ʃʬ ʤʦʣʦʢʘ ʤʦʞʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ 

ʭʝʣʘʪʠʨʦʚʘʥʠʠ ʞʝʣʝʟʘ, ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʝʛʦ ʚ ʩʪʘʙʠʣʴʥʦʡ ʥʝʨʝʘʢʪʠʚʥʦʡ ʬʦʨʤʝ ʠ 

ʩʥʠʞʘʪʴ ʣʦʢʘʣʴʥʫʶ ʚʳʨʘʙʦʪʢʫ ɸʌʂ [Collard, 2009]. ʂʨʦʤʝ ʪʦʛʦ, ʦʛʨʘʥʠʯʠʚʘʷ 

ʢʦʣʠʯʝʩʪʚʦ ʞʝʣʝʟʘ, ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʃʬ ʤʦʣʦʢʘ ʤʦʞʝʪ 

ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʠʢʨʦʙʠʦʪʳ ʤʣʘʜʝʥʮʝʚ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ 

ʠʥʬʠʮʠʨʦʚʘʥʠʝ ʧʘʪʦʛʝʥʘʤʠ [Mayeur et al., 2016]. 

 ʃʬ ʠʟ ʞʝʥʩʢʦʛʦ ʤʦʣʦʢʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʣʠʷʝʪ ʥʘ ʚʩʘʩʳʚʘʥʠʝ ʞʝʣʝʟʘ ʚ 

ʢʠʰʝʯʥʠʢʝ ʫ ʤʣʘʜʝʥʮʝʚ, ʵʪʦ ʟʘʚʠʩʠʪ ʦʪ ʧʦʪʨʝʙʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʚ ʞʝʣʝʟʝ. 

ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʨʝʮʝʧʪʦʨʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʥʘ ʵʥʪʝʨʦʮʠʪʘʭ (ʧ. 1.1.2), 

ʦʧʦʩʨʝʜʫʶʪ ʩʚʷʟʳʚʘʥʠʝ ʃʬ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʃʬ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʵʥʪʝʨʦʮʠʪʦʤ, 90% 

ʙʝʣʢʘ ʨʘʟʣʘʛʘʝʪʩʷ, ʠ ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ ʠʦʥʳ Fe
3+

. ʆʩʪʘʚʰʠʝʩʷ 10% ʃʬ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʯʝʨʝʟ ʢʣʝʪʦʯʥʫʶ ʤʝʤʙʨʘʥʫ. ʅʝʜʦʩʪʘʪʦʢ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ 

ʞʝʣʝʟʘ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʧʦʚʳʰʝʥʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ ʥʘ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʵʥʪʝʨʦʮʠʪʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʝʥʥʫʶ ʘʙʩʦʨʙʮʠʶ ʞʝʣʝʟʘ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʃʬ [Suzuki et al., 2005]. 

ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚʦʩʧʘʣʝʥʠʷ ʫʨʦʚʝʥʴ ʃʬ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʧʦʚʳʰʘʝʪʩʷ, ʠ 

ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʥʠʟʢʦʤʫ ʟʥʘʯʝʥʠʶ ʨʅ ʦʙʤʝʥ ʞʝʣʝʟʘ ʧʨʦʠʩʭʦʜʠʪ ʣʝʛʯʝ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʃʬ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʣʦʢʘʣʴʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ 

ʞʝʣʝʟʘ ʚ ʤʝʩʪʘʭ ʚʦʩʧʘʣʝʥʠʷ [Brock, 2002]. ɼʘʚʥʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʃʬ ʦʪʚʝʯʘʝʪ ʟʘ 

ʛʠʧʦʬʝʨʨʝʤʠʶ, ʩʚʷʟʳʚʘʷ ʩʚʦʙʦʜʥʦʝ ʞʝʣʝʟʦ ʠ ʧʝʨʝʥʦʩʷ ʝʛʦ ʦʙʨʘʪʥʦ ʚ ʤʘʢʨʦʬʘʛʠ 

[Van Snick et al., 1974]. 

ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʃʬ ʠ ʩʦʩʪʦʷʥʠʝʤ ʞʝʣʝʟʘ ʚ ʦʨʛʘʥʠʟʤʝ 

ʙʳʣʘ ʦʧʠʩʘʥʘ ʚ ʞʝʣʯʥʳʭ ʧʫʪʷʭ ʢʨʦʣʠʢʦʚ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʃʬ ʚ ʞʝʣʯʠ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʫ ʘʥʝʤʠʯʥʳʭ ʢʨʦʣʠʢʦʚ ʧʦʩʣʝ ʦʩʪʨʦʡ 

ʢʨʦʚʦʧʦʪʝʨʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʤʦʙʠʣʠʟʘʮʠʝʡ ʞʝʣʝʟʘ, ʭʨʘʥʷʱʝʛʦʩʷ ʚ 

ʧʝʯʝʥʠ. ʅʘʧʨʦʪʠʚ, ʫ ʢʨʦʣʠʢʦʚ, ʢʦʪʦʨʳʤ ʚʚʦʜʠʣʠ ʞʝʣʝʟʦ, ʜʘʞʝ ʚ ʥʠʟʢʠʭ ʜʦʟʘʭ, 

ʥʘʙʣʶʜʘʣʦʩʴ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʩʝʢʨʝʮʠʠ ʃʬ ʚ ʞʝʣʯʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʃʬ ʤʦʞʝʪ 

ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʶ ʢʦʥʪʨʦʣʷ ʚ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʠʟ ʝʛʦ ʜʝʧʦ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ 

ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʝʣʝʟʘ [Van Vugt et al., 1975]. ɸʥʘʣʦʛʠʯʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ 

ʤʝʞʜʫ ʃʬ ʚ ʩʝʢʨʝʪʝ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ ʢʠʰʢʠ ʠ ʤʝʪʘʙʦʣʠʟʤʦʤ ʞʝʣʝʟʘ ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʫ ʣʶʜʝʡ [De Vet and Van Gool, 1974]. 

ʉʧʦʩʦʙʥʦʩʪʴ ʃʬ ʩʚʷʟʳʚʘʪʴ ʠʦʥʳ Fe
3+

 ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʜʨʫʛʠʝ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʵʪʦʛʦ ʙʝʣʢʘ. 

1.1.7. ʄʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʠʷ ʣʘʢʪʦʬʝʨʨʠʥʘ 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʃʬ ï ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʝʣʦʢ. ɹʣʘʛʦʜʘʨʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʤʝʭʘʥʠʟʤʘʤ ʜʝʡʩʪʚʠʷ ʦʥ ʫʯʘʩʪʚʫʝʪ ʚʦ ʤʥʦʛʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʚʦʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʧʘʪʦʛʝʥʥʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʙʘʢʪʝʨʠʡ, ʚʠʨʫʩʦʚ, ʧʘʨʘʟʠʪʦʚ ʠ ʪ.ʜ.), 

ʤʦʜʫʣʠʨʫʝʪ ʚʨʦʞʜʝʥʥʫʶ ʠʤʤʫʥʥʫʶ ʨʝʘʢʮʠʶ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʩʚʷʟʳʚʘʪʴ ʩʚʦʙʦʜʥʦʝ ʞʝʣʝʟʦ 

  ɾʝʣʝʟʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʵʣʝʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʦʩʪʘ ʙʘʢʪʝʨʠʡ. 

ɽʛʦ ʥʝʜʦʩʪʘʪʦʢ ʧʦʜʘʚʣʷʝʪ ʨʦʩʪ ʞʝʣʝʟʦʟʘʚʠʩʠʤʳʭ ʙʘʢʪʝʨʠʡ, ʪʘʢʠʭ ʢʘʢ Escherichia 
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coli [Brock, 1980]. ʉʧʦʩʦʙʥʦʩʪʴ ʃʬ ʩʚʷʟʳʚʘʪʴ ʩʚʦʙʦʜʥʦʝ ʞʝʣʝʟʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʝʛʦ 

ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʅʘʧʨʦʪʠʚ, ʃʬ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʦʥʦʨʦʤ ʞʝʣʝʟʘ ʠ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʦʩʪ ʥʝʢʦʪʦʨʳʭ ʙʘʢʪʝʨʠʡ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ 

ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʚ ʥʝʤ, ʪʘʢʠʭ ʢʘʢ Lactobacillus spp. ʠʣʠ Bifidobacterium spp., 

ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ ʧʦʣʝʟʥʳʤʠ [Garc²a-Montoya et al., 2012]. 

ʅʝʢʦʪʦʨʳʝ ʙʘʢʪʝʨʠʠ ʩʧʦʩʦʙʥʳ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ ʠ 

ʚʳʜʝʣʷʪʴ ʩʠʜʝʨʦʬʦʨʳ (ʭʝʣʘʪʠʨʫʶʱʠʝ ʞʝʣʝʟʦ ʩʦʝʜʠʥʝʥʠʷ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ), ʢʦʪʦʨʳʝ ʢʦʥʢʫʨʠʨʫʶʪ ʩ ʃʬ ʟʘ ʠʦʥʳ Fe
3+

 [Ratledge and Dover, 

2000]. 

ʂʦʥʢʫʨʝʥʮʠʷ ʟʘ ʞʝʣʝʟʦ ʤʝʞʜʫ ʧʘʨʘʟʠʪʦʤ ʠ ʃʬ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ 

ʘʥʪʠʧʘʨʘʟʠʪʘʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʝʣʢʘ ʧʨʦʪʠʚ Pneumocystis carinii [Cirioni et al., 

2000]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʣʠʷʥʠʷ ʚʪʦʨʠʯʥʳʭ ʛʨʘʥʫʣ ʩ ʬʘʛʦʩʦʤʘʤʠ ʃʬ ʩʪʘʥʦʚʠʪʩʷ 

ʧʦʩʪʘʚʱʠʢʦʤ ʞʝʣʝʟʘ ʜʣʷ ʢʘʪʘʣʠʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʪʝʤ ʩʘʤʳʤ 

ʧʦʚʳʰʘʝʪ ʚʥʫʪʨʠʢʣʝʪʦʯʥʫʶ ʙʘʢʪʝʨʠʮʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʝʡʪʨʦʬʠʣʦʚ [S§nchez et 

al., 1992]. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʣʘʢʪʦʬʝʨʨʠʮʠʥ, ʢʘʪʠʦʥʥʳʡ ʧʝʧʪʠʜ, 

ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʱʝʧʣʝʥʠʷ ʃʬ ʧʝʧʩʠʥʦʤ, ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʤʦʱʥʦʡ 

ʙʘʢʪʝʨʠʮʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʯʝʤ ʥʘʪʠʚʥʳʡ ʙʝʣʦʢ [Bellamy et al., 1992]. 

ɾʝʣʝʟʦ, ʢʘʢ ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ, ʤʦʞʝʪ ʙʳʪʴ ʤʝʜʠʘʪʦʨʦʤ ʚ ʢʣʝʪʦʯʥʦʤ 

ʦʪʚʝʪʝ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ. ʃʬ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ, ʠʥʛʠʙʠʨʫʷ ʨʝʘʢʮʠʶ ʌʝʥʪʦʥʘ ʯʝʨʝʟ 

ʭʝʣʘʪʠʨʦʚʘʥʠʝ ʞʝʣʝʟʘ [Nishimura et al., 2014; Ogasawara et al., 2014]. 

ʅʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ 

ʃʬ ʯʝʨʝʟ ʢʘʪʠʦʥʥʫʶ N-ʢʦʥʮʝʚʫʶ ʦʙʣʘʩʪʴ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜʘʤʠ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ, 

ʚʳʟʳʚʘʷ ʠʭ ʛʠʙʝʣʴ ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʡ ʚ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʝ. ʇʦʩʣʝʜʫʶʱʝʝ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜʘ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ 

ʧʦʚʳʰʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʣʠʟʦʮʠʤʫ ʠ ʜʨʫʛʠʤ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʤ ʘʛʝʥʪʘʤ 

[Adlerova et al., 2008]. ɹʘʢʪʝʨʠʮʠʜʥʦʝ ʜʝʡʩʪʚʠʝ ʃʬ ʥʘ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʙʘʢʪʝʨʠʠ, ʦʧʦʩʨʝʜʫʝʪʩʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ 
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ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤ ʣʠʧʠʜʥʳʤ ʩʣʦʝʤ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʙʝʣʢʘ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʤʙʨʘʥʳ 

[Valenti and Antonini, 2005]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʠʥʬʝʢʮʠʦʥʥʦʩʪʠ ʩʧʦʨʦʟʦʠʪʦʚ Toxoplasma gondii ʠ 

Eimeria stiedai ʩʥʠʞʘʝʪʩʷ ʧʦʩʣʝ ʠʭ ʠʥʢʫʙʘʮʠʠ ʩ ʣʘʢʪʦʬʝʨʨʠʮʠʥʦʤ ɺ. ʉʯʠʪʘʝʪʩʷ, 

ʯʪʦ ʣʘʢʪʦʬʝʨʨʠʮʠʥ ʥʘʨʫʰʘʝʪ ʮʝʣʦʩʪʥʦʩʪʴ ʤʝʤʙʨʘʥʳ ʧʘʨʘʟʠʪʘ, ʚʳʟʳʚʘʷ 

ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʤʝʞʜʫ ʭʦʟʷʠʥʦʤ ʠ ʧʘʨʘʟʠʪʦʤ [Omata et al., 2001].  

ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʃʬ ʚ ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʟʘʱʠʪʫ ʚ ʦʪʥʦʰʝʥʠʠ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʈʅʂ- ʠ ɼʅʂ-ʚʠʨʫʩʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʛʦ ʩʚʷʟʳʚʘʥʠʠ ʩ 

ʛʣʠʢʦʟʘʤʠʥʦʛʣʠʢʘʥʘʤʠ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʃʬ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʠʨʫʩʦʚ ʚ ʢʣʝʪʢʠ, ʠ ʠʥʬʝʢʮʠʷ ʧʨʝʢʨʘʱʘʝʪʩʷ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ 

[Ward et al., 2005]. ɹʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʪʘʢʦʡ ʤʝʭʘʥʠʟʤ ʵʬʬʝʢʪʠʚʝʥ 

ʧʨʦʪʠʚ ʚʠʨʫʩʘ ʧʨʦʩʪʦʛʦ ʛʝʨʧʝʩʘ, ʮʠʪʦʤʝʛʘʣʦʚʠʨʫʩʦʚ ʠ ʚʠʨʫʩʘ ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ 

ʯʝʣʦʚʝʢʘ [Garc²a-Montoya et al., 2012]. 

ʉʚʷʟʳʚʘʥʠʝ ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʢʣʝʪʦʢ-ʤʠʰʝʥʝʡ 

ɹʣʘʛʦʜʘʨʷ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʨʝʮʝʧʪʦʨʦʚ, ʯʃʬ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʤʥʦʞʝʩʪʚʦ 

ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʝʪʦʯʥʦʡ ʩʠʩʪʝʤʳ, ʥʘ ʢʦʪʦʨʫʶ ʦʥ 

ʚʦʟʜʝʡʩʪʚʫʝʪ, ʧʦʩʢʦʣʴʢʫ ʨʝʮʝʧʪʦʨʳ ʢ ʃʬ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʘ ʤʥʦʛʠʭ ʪʠʧʘʭ ʢʣʝʪʦʢ. 

ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʙʳʣ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʚʳʰʝ (ʧ. 1.1.2). 

ʌʝʨʤʝʥʪʘʪʠʚʥʘʷ ʠ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʠ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʯʃʬ ʦʙʣʘʜʘʝʪ ɼʅʂʘʟʥʦʡ, ʈʅʂʘʟʥʦʡ, ɸʊʌʘʟʥʦʡ, ʬʦʩʬʘʪʘʟʥʦʡ 

ʠ ʘʤʠʣʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʷʤʠ [Kanyshkova et al., 2003]. ʈʅʂ- ʠ ɼʅʂ-ʛʠʜʨʦʣʠʟʫʶʱʠʝ 

ʩʫʙʬʨʘʢʮʠʠ ʯʃʬ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʝʛʦ ʟʘʱʠʪʥʦʡ ʬʫʥʢʮʠʠ ʧʫʪʝʤ ʛʠʜʨʦʣʠʟʘ 

ʚʠʨʫʩʥʳʭ ʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ. 

ʈʝʢʦʤʙʠʥʘʥʪʥʳʡ ʯʃʬ ʧʦʜʘʚʣʷʝʪ ʘʜʛʝʟʠʶ ʵʥʪʝʨʦʧʘʪʦʛʝʥʥʦʡ Escherichia coli 

ʢ ʢʣʝʪʢʘʤ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ɹʝʣʦʢ ʙʣʦʢʠʨʫʝʪ ʦʧʦʩʨʝʜʦʚʘʥʥʫʶ ʢʠʰʝʯʥʦʡ ʧʘʣʦʯʢʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʘʢʪʠʥʘ ʚ ʢʣʝʪʢʘʭ HEp2 ʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʝʶ ʛʝʤʦʣʠʟ. 

ʄʝʭʘʥʠʟʤʦʤ ʵʪʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ ʃʬ ʜʝʛʨʘʜʘʮʠʷ 

ʩʝʢʨʝʪʠʨʫʝʤʳʭ ʙʝʣʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʢʦʥʪʘʢʪʘ ʩ ʙʘʢʪʝʨʠʷʤʠ [Ochoa et al., 

2003]. 
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ʃʘʢʪʦʬʝʨʨʠʥ ʢʘʢ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ 

ɼʝʡʩʪʚʠʝ ʃʬ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʨʝʮʝʧʪʦʨʥʦ-ʦʧʦʩʨʝʜʦʚʘʥʥʳʤ ʦʪʚʝʪʦʤ. 

ʇʦʩʣʝ ʩʚʷʟʳʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ ʵʪʦʪ ʙʝʣʦʢ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʥʘʣʠʟʦʚʘʥ 

ʠ ʧʝʨʝʥʝʩʝʥ ʚ ʷʜʨʦ [Ashida et al., 2004]. ʃʬ ʤʦʞʝʪ ʨʘʩʧʦʟʥʘʚʘʪʴ ʩʧʝʮʠʬʠʯʝʩʢʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ɼʅʂ, ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʘʢʪʠʚʘʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ [He and Furmanski, 1995]. 

ɿʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʯʃʬ ʥʝʦʜʥʦʢʨʘʪʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʭʠʤʠʯʝʩʢʠ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʦʧʫʭʦʣʷʭ ʫ ʣʘʙʦʨʘʪʦʨʥʳʭ ʛʨʳʟʫʥʦʚ. ʉʦʦʙʱʘʣʦʩʴ ʪʘʢʞʝ, ʯʪʦ ʵʪʦʪ 

ʙʝʣʦʢ ʠʥʛʠʙʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʘʩʪʘʟʦʚ ʫ ʤʳʰʝʡ [Bezault et 

al., 1994; Wolf et al., 2003]. ʃʬ ʩʧʦʩʦʙʝʥ ʦʩʪʘʥʦʚʠʪʴ ʨʦʩʪ ʢʣʝʪʦʢ ʨʘʢʘ ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ ʤʝʞʜʫ ʩʪʘʜʠʝʡ G1 ʠ ʩʪʘʜʠʝʡ S. ʊʘʢʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʣʝʪʦʢ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʠʟʤʝʥʝʥʥʳʤʠ ʵʢʩʧʨʝʩʩʠʝʡ ʠʣʠ 

ʘʢʪʠʚʥʦʩʪʴʶ ʨʝʛʫʣʷʪʦʨʥʳʭ ʙʝʣʢʦʚ [Damiens et al., 1999].  

ɺ ʧʨʦʰʣʦʤ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʃʬ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʣʝʪʦʢ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʞʝʣʝʟʦ ʚ ʢʣʝʪʢʠ. ʆʜʥʘʢʦ ʧʦʟʞʝ 

ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʙʝʣʦʢ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʘʢʪʠʚʘʪʦʨ ʬʘʢʪʦʨʘ ʨʦʩʪʘ. ʃʬ (ʙʝʟ 

ʧʨʠʩʫʪʩʪʚʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʜʨʫʛʠʭ ʮʠʪʦʢʠʥʦʚ ʠ ʬʘʢʪʦʨʦʚ) ʩʧʦʩʦʙʝʥ ʩʪʠʤʫʣʠʨʦʚʘʪʴ 

ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʣʝʪʦʢ ʩʪʨʦʤʳ ʵʥʜʦʤʝʪʨʠʷ ʯʝʣʦʚʝʢʘ [Yanaihara et al., 2000].  

ʃʬ ʪʘʢʞʝ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʢʘʢ ʬʘʢʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ. ʆʥ ʩʧʦʩʦʙʝʥ 

ʧʨʦʥʠʢʘʪʴ ʚ ʢʣʝʪʢʫ ʠ ʘʢʪʠʚʠʨʦʚʘʪʴ ʪʨʘʥʩʢʨʠʧʮʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɼʅʂ [He and Furmanski, 1995]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʃʬ 

ʤʦʜʫʣʠʨʫʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʝʡʨʦʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʩʠʣʠʚʘʝʪ ʵʢʩʧʨʝʩʩʠʶ 

ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʚʳʞʠʚʘʥʠʠ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʠ ʨʦʩʪʝ ʥʝʡʨʦʥʦʚ [Chen et 

al., 2015; Wang, 2016]. 

ɸʢʪʠʚʘʮʠʷ ʢʣʝʪʦʯʥʦʡ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ 

ɺʦʩʧʘʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, 

ʚʢʣʶʯʘʶʱʠʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʝʜʠʘʪʦʨʳ ʠ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʢʣʝʪʦʢ. ʄʦʜʫʣʷʮʠʷ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʣʘʢʪʦʬʝʨʨʠʥʦʤ ʚʢʣʶʯʘʝʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʭʘʥʠʟʤʦʚ.  

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʷʟʳʚʘʪʴ ʞʝʣʝʟʦ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ 

ʢʣʝʪʢʘʤʠ-ʤʠʰʝʥʷʤʠ ʃʬ ʤʦʞʝʪ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ 
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ʢʣʝʪʢʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʢʣʝʪʢʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʝʘʢʮʠʠ ʚʦʩʧʘʣʝʥʠʷ. ʊʘʢ ʃʬ 

ʤʦʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʨʦʣʠʬʝʨʘʮʠʶ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʠ ʘʢʪʠʚʘʮʠʶ ʢʣʝʪʦʢ 

ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʫʩʠʣʠʚʘʪʴ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʃʬ 

ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʬʘʢʪʦʨ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʘʥʪʠʤʠʢʨʦʙʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʷʟʳʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʯʥʳʭ 

ʩʪʝʥʦʢ ʠʣʠ ʠʭ ʨʝʮʝʧʪʦʨʳ, ʃʬ ʤʦʞʝʪ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʨʘʟʚʠʪʠʝ ʚʦʩʧʘʣʝʥʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʧʦʚʨʝʞʜʝʥʠʝ ʪʢʘʥʝʡ, ʚʳʟʚʘʥʥʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ 

ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ ʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ [Legrand et al., 2005]. 

ɿʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʃʬ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ ʧʨʦʜʫʢʮʠʠ ʥʝʢʦʪʦʨʳʭ 

ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʘʢʪʦʨ ʥʝʢʨʦʟʘ ʦʧʫʭʦʣʠ ʠʣʠ 

ʠʥʪʝʨʣʝʡʢʠʥʳ -1ɓ ʠ -6 [Haversen et al., 2002]. 

ʃʬ-ʟʘʚʠʩʠʤʘʷ, ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ ʮʠʪʦʢʠʥʘʤʠ ʩʪʠʤʫʣʷʮʠʷ ʘʢʪʠʚʥʦʩʪʠ NK-

ʢʣʝʪʦʢ ʠ ʣʠʤʬʦʮʠʪʦʚ CD4+ ʠ CD8+, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʬʘʢʪʦʨ ʟʘʱʠʪʳ 

ʦʪ ʨʦʩʪʘ ʦʧʫʭʦʣʠ. ʇʦʩʣʝ ʧʝʨʦʨʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʃʬ ʢʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʢʣʝʪʦʢ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʘʢ ʚ ʢʨʦʚʠ, ʪʘʢ ʠ ʚ ʣʠʤʬʘʪʠʯʝʩʢʦʡ ʪʢʘʥʠ [Damiens et al., 1998]. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤ ʤʝʭʘʥʠʟʤʘʤ, ʜʨʫʛʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʩʝ ʝʱʝ ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʘʜʠʠ ʠʟʫʯʝʥʠʷ. 

1.1.8. ʃʘʢʪʦʬʝʨʨʠʥ ʧʨʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ 

ʅʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ - ʵʪʦ ʟʘʙʦʣʝʚʘʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʧʦʪʝʨʝʡ 

ʢʣʝʪʦʢ ʠ ʥʝʡʨʦʥʦʚ ʚ ʛʦʣʦʚʥʦʤ ʠʣʠ ʩʧʠʥʥʦʤ ʤʦʟʛʝ, ʠ ʵʪʠ ʟʘʙʦʣʝʚʘʥʠʷ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʢʦʛʥʠʪʠʚʥʳʤ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʤ ʥʘʨʫʰʝʥʠʷʤ, ʚ ʪʷʞʝʣʳʭ ʩʣʫʯʘʷʭ ʜʘʞʝ ʢ 

ʩʤʝʨʪʠ [Chen et al., 2016]. ʆʙʱʠʝ ʤʝʭʘʥʠʟʤʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʧʘʪʦʛʝʥʝʟʘ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚʢʣʶʯʘʶʪ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, 

ʥʝʡʨʦʚʦʩʧʘʣʝʥʠʝ, ʥʘʢʦʧʣʝʥʠʝ ʞʝʣʝʟʘ, ʜʠʩʙʘʣʘʥʩ ʣʠʧʠʜʥʦʛʦ ʦʙʤʝʥʘ ʠ ʪ.ʜ. [Chen et 

al., 2016; Rekatsina et al.., 2020].  

ʃʬ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʟʦʥʘʭ ʧʦʨʘʞʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʷʭ. ʇʦʚʳʰʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʃʬ-ʨʝʮʝʧʪʦʨʦʚ ʚ ʤʦʟʛʝ ʧʘʮʠʝʥʪʦʚ, 

ʩʪʨʘʜʘʶʱʠʭ ʪʘʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʃʬ ʤʦʞʝʪ 

ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʭ ʧʘʪʦʛʝʥʝʟʝ ʠ ʩʘʥʦʛʝʥʝʟʝ [Faucheux et al., 1995]. 
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ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʃʬ-ʨʝʮʝʧʪʦʨʦʚ ʥʘ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʢʘʧʠʣʣʷʨʦʚ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʥʝʡʨʦʥʘʭ ʵʢʟʦʛʝʥʥʳʡ ʃʬ ʤʦʞʝʪ ʧʝʨʝʩʝʢʘʪʴ 

ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ (ɻʕɹ) ʠ ʜʦʩʪʠʛʘʪʴ ʢʣʝʪʦʢ ʤʦʟʛʘ [Fillebeen et al., 

1999a; Suzuki et al., 2005;  Huang et al., 2010].  

ɺʩʝ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ 

ʥʝʡʨʦʧʨʦʪʝʢʮʠʷ, ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ ʃʬ, ʦʙʫʩʣʦʚʣʝʥʘ ʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ: 

- ʚ ʚʦʩʧʘʣʝʥʥʳʭ ʪʢʘʥʷʭ ʩʦʜʝʨʞʘʥʠʝ ʃʬ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ [Li et al., 

2009], ʠ ʦʥ ʤʦʞʝʪ ʩʥʠʞʘʪʴ ʵʢʩʧʨʝʩʩʠʶ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ (ʬʘʢʪʦʨʘ 

ʥʝʢʨʦʟʘ ʦʧʫʭʦʣʠ, ʠʥʪʝʨʣʝʡʢʠʥʦʚ -1 ʠ -6) [Spagnuolo and Hoffman-Goetz, 2008], 

ʦʢʘʟʳʚʘʷ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ;  

- ʃʬ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʳ 

(ʉʆɼ) ʠ ʫʤʝʥʴʰʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ɸʌʂ ʧʫʪʝʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʌʝʥʪʦʥʘ 

[Trentini et al., 2020], ʪʝʤ ʩʘʤʳʤ ʦʢʘʟʳʚʘʷ ʵʬʬʝʢʪʳ ʤʦʜʫʣʷʪʦʨʘ ɸʌʂ;  

- ʃʬ ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʵʢʩʧʨʝʩʩʠʶ ʙʝʣʢʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʜʝʛʨʘʜʘʮʠʠ 

ʣʠʧʠʜʦʚ, ʢʦʥʪʨʦʣʠʨʫʷ ʘʢʪʠʚʥʦʩʪʴ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʮɸʄʌ/ERK ʯʝʨʝʟ LRP1 

[Ikoma-Seki et al., 2015], ʪʝʤ ʩʘʤʳʤ ʨʝʛʫʣʠʨʫʷ ʤʝʪʘʙʦʣʠʟʤ ʣʠʧʠʜʦʚ;   

- ʃʬ ʧʦʚʳʰʘʝʪ ʫʨʦʚʥʠ ʤʈʅʂ ʠ ʙʝʣʢʘ ʥʝʡʨʦʪʨʦʬʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʤʦʟʛʘ 

(BDNF) ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʝʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʚ ʛʠʧʧʦʢʘʤʧʝ [Chen et al., 2015].  

1.1.9. ʇʦʪʝʥʮʠʘʣ ʣʘʢʪʦʬʝʨʨʠʥʘ ʚ ʪʝʨʘʧʠʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʨʘʞʝʥʠʡ ʠ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʈʘʜʠʦʧʨʦʪʝʢʪʦʨʥʳʝ ʠ ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʥʝʨʝʜʢʦ 

ʩʦʯʝʪʘʶʪʩʷ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʦʙʱʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʠʭ ʜʝʡʩʪʚʠʷ: 

ʧʦʚʳʰʝʥʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʢʣʝʪʦʯʥʦʤʫ ʩʪʨʝʩʩʫ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, 

ʫʩʢʦʨʝʥʠʝʤ ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʩʥʠʞʝʥʠʝʤ ʠʣʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ   ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʨʝʘʢʮʠʡ ʠ ʢʘʥʮʝʨʦʛʝʥʝʟʘ. 

ʉʫɦʝʩʪʚʫʶʪ ʦʙʱʠʝ ʢʣʶʯʝʚʳʝ ʟʚʝʥʴʷ ʧʘʪʦʛʝʥʝʟʘ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʨʘʞʝʥʠʷ 

ʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʘʢʪʠʚʘʮʠʶ ʨʝʘʢʮʠʡ 

ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ, ʚʦʩʧʘʣʝʥʠʝ, ʥʘʨʫʰʝʥʠʝ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʠ 



30 
 

 

ʨʝʛʫʣʷʮʠʠ ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʘʧʦʧʪʦʟ [Seed, 2005; Reisz et al., 2014; Simonian, 1996; 

Hald and Lotharius, 2005; Hartmann et al., 2000]. 

ʃʬ ʫʯʘʩʪʚʫʝʪ ʚʦ ʤʥʦʛʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʚʢʣʶʯʘʷ ʩʚʷʟʳʚʘʥʠʝ ʠ 

ʪʨʘʥʩʧʦʨʪ ʠʦʥʦʚ ʞʝʣʝʟʘ, ʠʤʤʫʥʥʳʝ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ. ʕʪʦʪ ʙʝʣʦʢ 

ʦʙʣʘʜʘʝʪ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʟʘʱʠʪʥʳʤʠ ʬʫʥʢʮʠʷʤʠ [Orsi, 2004], 

ʨʘʜʠʦʧʨʦʪʝʢʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [Garcia-Montoya et al., 2012], ʤʦʜʫʣʠʨʫʝʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʝʡʨʦʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʩʠʣʠʚʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʚʳʞʠʚʘʥʠʠ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʠ ʨʦʩʪʝ ʥʝʡʨʦʥʦʚ [Chen et al., 2015; 

Wang, 2016].  

ʅʝʡʨʦʧʨʦʪʝʢʪʦʨʥʳʡ ʵʬʬʝʢʪ ʵʢʟʦʛʝʥʥʦʛʦ ʃʬ ʧʨʠ ʧʘʨʢʠʥʩʦʥʠʯʝʩʢʦʤ 

ʩʠʥʜʨʦʤʝ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʧʨʠʟʥʘʥʠʝ [Xu et al., 2019; Liu et al., 2020]. 

ɼʣʠʪʝʣʴʥʦʝ ʧʦʣʫʯʝʥʠʝ ʜʠʝʪʳ, ʩʦʜʝʨʞʘʱʝʡ ʢʦʨʦʚʠʡ ʃʬ, ʧʦʚʳʰʘʣʦ ʚʳʞʠʚʘʝʤʦʩʪʴ 

ʠ ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʛʝʤʦʧʦʵʟ ʫ ʤʳʰʝʡ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʪʦʪʘʣʴʥʦʤʫ ʨʝʥʪʛʝʥʦʚʩʢʦʤʫ 

ʦʙʣʫʯʝʥʠʶ [Nishimura et al, 2014; Feng et al, 2018]. ɺʦʧʨʦʩ ʦ ʨʦʣʠ ʃʬ ʚ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʘʭ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʡʨʦʥʳ 

ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʙʦʣʝʟʥʴʶ ʇʘʨʢʠʥʩʦʥʘ, ʥʘʢʘʧʣʠʚʘʶʪ ʃʬ ʚ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ [Leveugle et al., 1996]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʦʣʠʯʝʩʪʚʦ ʨʝʮʝʧʪʦʨʦʚ 

ʃʬ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʘʭ, ʨʝʟʠʩʪʝʥʪʥʳʭ ʢ 

ʧʘʪʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ [Faucheux et al., 1995]. ʕʪʦ ʩʣʫʞʠʪ ʧʦʚʦʜʦʤ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʃʬ ʚ ʙʦʨʴʙʝ ʩ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʝʡ. 

1.2. ɼʝʡʩʪʚʠʝ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʨʛʘʥʠʟʤʳ  

ʀʦʥʠʟʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ ï ʵʪʦ ʷʚʣʝʥʠʝ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʝ ʚ ʥʘʰʝʡ 

ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ, ʧʨʦʠʩʭʦʜʷʱʝʝ ʢʘʢ ʠʟ ʧʨʠʨʦʜʥʳʭ, ʪʘʢ ʠ ʠʟ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. ɺʩʝ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʧʦʜʚʝʨʞʝʥʳ ʨʘʜʠʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʤʫ 

ʧʦʚʨʝʞʜʝʥʠʶ ʢʣʝʪʦʢ. ʉʫʱʝʩʪʚʫʝʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʝʘʢʮʠʡ ʥʘ ʠʟʣʫʯʝʥʠʝ, 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ  ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʡ ʜʦʟʦʡ ʦʙʣʫʯʝʥʠʷ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʚʦʟʜʝʡʩʪʚʠʷ, ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʦʨʛʘʥʠʟʤʘ [Roberts et al., 1999; ʐʪʝʤʙʝʨʛ 

ɸ.ʉ. ʠ ʜʨ., 2021]. ɼʝʡʩʪʚʠʝ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪɹʩʷ ʥʘ ʚʩʝʭ 
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ʫʨʦʚʥʷʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ï ʤʦʣʝʢʫʣʷʨʥʦʤ, ʢʣʝʪʦʯʥʦʤ, ʪʢʘʥʝʚʦʤ, 

ʦʨʛʘʥʥʦʤ ʠ ʦʨʛʘʥʠʟʤʝʥʥʦʤ [ʇʦʣʷʢʦʚʘ ʄ.ɺ., 2019]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʧʘʪʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʚʳʟʳʚʘʝʤʳʝ 

ʠʦʥʠʟʠʨʫʶʱʠʤ ʠʟʣʫʯʝʥʠʝʤ, ʠ ʥʝʪʦʢʩʠʯʥʳʝ ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʩʧʦʩʦʙʥʳʝ ʟʘʱʠʪʠʪʴ ʥʦʨʤʘʣʴʥʳʝ ʪʢʘʥʠ ʦʪ ʣʫʯʝʚʦʛʦ ʧʦʨʘʞʝʥʠʷ [Feng et al., 2018]. 

1.2.1. ʇʘʪʦʛʝʥʝʟ ʣʫʯʝʚʦʛʦ ʧʦʨʘʞʝʥʠʷ 

ʉʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʧʘʪʦʛʝʥʝʟʝ ʣʫʯʝʚʦʛʦ ʧʦʨʘʞʝʥʠʷ, 

ʚʝʜʫʱʫʶ ʨʦʣʴ ʚ ʤʝʭʘʥʠʟʤʝ ʝʛʦ ʨʘʟʚʠʪʠʷ ʠʛʨʘʝʪ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ [Seed, 

2005]. ʕʪʦ ʨʝʟʢʦʝ ʫʩʠʣʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʧʨʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʠʩʪʝʤʳ. ʉʠʛʥʘʣʦʤ ʜʣʷ 

ʟʘʧʫʩʢʘ ʜʘʥʥʦʛʦ ʪʠʧʘ ʨʝʘʢʮʠʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʩʤʝʱʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʦʦʢʩʠʜʘʥʪʥʳʭ ʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʘʢʪʠʚʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ.  

ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʩʪʦʷʥʠʝ ʥʘʨʫʰʝʥʥʦʛʦ ʙʘʣʘʥʩʘ 

ʤʝʞʜʫ ʩʚʦʙʦʜʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ (ʦʢʠʩʣʠʪʝʣʷʤʠ, ʘʢʪʠʚʥʳʤʠ ʬʦʨʤʘʤʠ ʢʠʩʣʦʨʦʜʘ - 

ɸʌʂ) ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ ʚ ʦʨʛʘʥʠʟʤʝ. ʂʘʢ ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ, ʪʘʢ ʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʤʥʦʛʠʭ ʞʠʟʥʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʇʦʢʘ ʝʩʪʴ ʙʘʣʘʥʩ ʤʝʞʜʫ ʥʠʤʠ, ʦʨʛʘʥʠʟʤ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʜʦʣʞʥʳʤ 

ʦʙʨʘʟʦʤ. ɸʌʂ ʤʦʛʫʪ ʥʘʥʝʩʪʠ ʫʱʝʨʙ ʚʩʝʤ ʙʠʦʤʦʣʝʢʫʣʘʤ ʦʨʛʘʥʠʟʤʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʙʝʣʢʘʤ, ʞʠʨʘʤ, ʘ ʪʘʢʞʝ ʢʣʝʪʦʯʥʦʡ ɼʅʂ (ʦʜʥʦ- ʠ ʜʚʫʥʠʪʝʚʳʝ ʨʘʟʨʳʚʳ, 

ʧʝʨʝʢʨʝʩʪʥʳʝ ʩʰʠʚʢʠ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʫʪʘʮʠʷʤ [Asaithamby et. al., 2011; Reisz et 

al., 2014]. ɼʚʫʥʠʪʝʚʳʝ ʨʘʟʨʳʚʳ ɼʅʂ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʪʨʠʛʛʝʨʦʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʜʘʣʴʥʝʡʰʫʶ ʩʫʜʴʙʫ ʢʣʝʪʢʠ, ʪʘʢ ʢʘʢ ʦʪ ʠʭ ʯʠʩʣʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ ʨʝʧʘʨʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪʚʝʪ ʢʣʝʪʢʠ ʥʘ ʜʝʡʩʪʚʠʝ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ 

[Jackson and Bartek, 2009]. 

ɺ ʫʩʣʦʚʠʷʭ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ. ʉʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ ʩʧʦʩʦʙʥʳ ʘʪʘʢʦʚʘʪʴ ʙʝʣʢʠ 

ʚ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ, ʧʨʠʚʦʜʷ ʢ ʥʘʨʫʰʝʥʠʷʤ ʥʝ ʪʦʣʴʢʦ ʧʝʨʚʠʯʥʦʡ, ʥʦ ʠ 

ʚʪʦʨʠʯʥʦʡ ʠ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨ ʙʝʣʢʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʘʛʨʝʛʘʮʠʠ ʠʣʠ 
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ʬʨʘʛʤʝʥʪʘʮʠʠ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʝʡ ʜʘʣʴʥʝʡʰʫʶ ʧʦʪʝʨʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʙʠʦʤʦʣʝʢʫʣʳ [Reisz et al., 2014]. ɺ ʢʨʘʡʥʠʭ ʩʣʫʯʘʷʭ ʦʢʠʩʣʠʪʝʣʠ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʛʠʙʝʣʠ ʢʣʝʪʦʢ. ʈʦʣʴ ʢʦʥʢʨʝʪʥʳʭ ʬʦʨʤ ɸʌʂ ʚ ʩʘʤʦʨʘʟʨʫʰʝʥʠʠ ʢʣʝʪʦʢ 

ʠ ʤʝʭʘʥʠʟʤʳ ʨʝʘʣʠʟʘʮʠʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʜʦ ʢʦʥʮʘ ʥʝʷʩʥʳ. ʊʘʢʞʝ ʥʝʪ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ, ʯʝʤ ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʩʣʝʜʩʪʚʠʝʤ 

ʠʣʠ ʠʥʜʫʢʪʦʨʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʨʘʟʚʠʪʠʝ 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʡ ʛʠʙʝʣʠ ʢʣʝʪʦʢ.  

1.2.2. ʄʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʠʷ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ 

ɼʝʩʪʨʫʢʪʠʚʥʦʝ ʜʝʡʩʪʚʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʨʝʜʦʪʚʨʘʱʘʝʪʩʷ 

ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʫʜʘʣʷʶʪ ʠʭ ʠʟʙʳʪʦʢ ʠʟ ʦʨʛʘʥʠʟʤʘ. ɸʥʪʠʦʢʩʠʜʘʥʪʳ ï 

ʵʪʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʩʥʠʞʘʪʴ ʧʦʨʘʞʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʨʛʘʥʠʟʤ. ɿʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʩʚʷʟʘʥ ʩ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʜʘʚʣʷʪʴ 

ʧʨʦʮʝʩʩʳ ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʠ ʧʦʚʳʰʘʪʴ ʘʢʪʠʚʥʦʩʪʴ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ [Weiss and Landauer, 2000]. ʇʦ ʤʝʭʘʥʠʟʤʫ 

ʜʝʡʩʪʚʠʷ ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʜʝʣʷʪʩʷ ʥʘ: (ʘ) ʠʥʛʠʙʠʪʦʨʳ ï ʩʦʝʜʠʥʝʥʠʷ, ʪʦʨʤʦʟʷʱʠʝ 

ʮʝʧʥʦʡ ʨʘʜʠʢʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʫʪʝʤ ʦʙʨʳʚʘ 

ʮʝʧʝʡ ʟʘ ʩʯʝʪ ʨʝʘʢʮʠʡ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ (ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘ ʠ 

ʢʘʪʘʣʘʟʘ); (ʙ) ʭʝʣʘʪʦʨʳ, ʜʝʟʘʢʪʠʚʘʪʦʨʳ ʤʝʪʘʣʣʦʚ (ʪʘʢʠʭ ʢʘʢ ʞʝʣʝʟʦ, ʤʝʜʴ) ï 

ʚʝʱʝʩʪʚʘ, ʧʦʜʘʚʣʷʶʱʠʝ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʩʫʙʩʪʨʘʪʘ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩ 

ʠʦʥʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʦʚ, ʥʝ ʘʢʪʠʚʥʳʭ ʚ ʧʨʦʮʝʩʩʘʭ ʦʢʠʩʣʝʥʠʷ; 

(ʚ) ʜʝʟʘʢʪʠʚʘʪʦʨʳ ʧʝʨʦʢʩʠʜʦʚ ï ʚʝʱʝʩʪʚʘ, ʧʦʜʘʚʣʷʶʱʠʝ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ 

ʩʫʙʩʪʨʘʪʘ ʧʫʪʝʤ ʨʘʟʨʫʰʝʥʠʷ ʧʝʨʦʢʩʠʜʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ. 

ʇʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ ʤʦʛʫʪ ʙʳʪʴ ʤʝʜʠʘʪʦʨʘʤʠ ʚ ʦʪʚʝʪʝ ʢʣʝʪʢʠ ʥʘ 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ. ɺ ʥʦʨʤʘʣʴʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʥʝʡʪʨʘʣʠʟʘʮʠʷ ɸʌʂ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʥʝʩʢʦʣʴʢʠʭ ʢʣʶʯʝʚʳʭ ʬʝʨʤʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʫ, ʢʘʪʘʣʘʟʫ ʠ 

ʛʣʫʪʘʪʠʦʥʧʝʨʦʢʩʠʜʘʟʫ. ʅʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʧʝʨʝʧʨʦʠʟʚʦʜʩʪʚʫ ʛʠʜʨʦʢʩʠʣ ʨʘʜʠʢʘʣʦʚ ʯʝʨʝʟ ʨʝʘʢʮʠʶ ɻʘʙʝʨʘ-ɺʝʡʩʘ, 
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ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʠʦʥʘʤʠ ʞʝʣʝʟʘ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʝʨʝʢʠʩʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ [Ogasawara et al., 2014]. ʍʝʣʘʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʚʷʟʳʚʘʪʴ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ ʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʠʭ ʚʦʚʣʝʯʝʥʠʶ ʚ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʧʝʨʦʢʩʠʜʦʚ, 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ ʚ 

ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʚʝʱʝʩʪʚ ʷʚʣʷʝʪʩʷ ʃʬ, ʠʥʛʠʙʠʨʫʶʱʠʡ ʨʝʘʢʮʠʶ ʌʝʥʪʦʥʘ ʯʝʨʝʟ 

ʭʝʣʘʪʠʨʦʚʘʥʠʝ ʞʝʣʝʟʘ [Nishimura et al., 2014; Ogasawara et al., 2014]. 

1.2.3. ʌʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʫ ʤʳʰʝʡ, ʚʳʟʚʘʥʥʳʝ 

ʦʩʪʨʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʫʙʣʝʪʘʣʴʥʳʭ ʜʦʟ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ 

ɺʦʟʜʝʡʩʪʚʠʝ ʙʦʣʴʰʠʭ ʜʦʟ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ  ʤʘʩʩʳ ʪʝʣʘ [ʎʳʙ ɸ.ʌ. ʠ ʜʨ., 2005; Liu et al., 2017] ʠ 

ʧʨʠʚʦʜʠʪʴ ʢ ʛʠʙʝʣʠ ʞʠʚʦʪʥʦʛʦ.  ʇʦʩʣʝ ʪʦʪʘʣʴʥʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 8 ɻʨ 

ʤʘʩʩʘ ʪʝʣʘ ʤʳʰʝʡ ʩʥʠʞʘʣʘʩʴ ʥʘ 15% ʢ 14-ʤʫ ʜʥʶ [Liu et al., 2017]. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘ 30-ʡ ʜʝʥʴ ʧʦʩʣʝ ʪʦʪʘʣʴʥʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 8 ɻʨ ʚʳʞʠʚʘʝʤʦʩʪʴ ʤʳʰʝʡ 

ʩʦʩʪʘʚʣʷʣʘ 20% [Van der Meeren and Lebaron-Jacobs, 2001; Liu et al., 2017], ʘ ʧʦʩʣʝ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7 ɻʨ ï 33% [Feng et al., 2018], ʧʨʠ ʵʪʦʤ ʧʝʨʚʘʷ 

ʛʠʙʝʣʴ ʞʠʚʦʪʥʳʭ ʧʨʦʠʩʭʦʜʠʣʘ ʥʘ 9-ʡ, 5-ʡ ʠʣʠ 6-ʡ ʜʥʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʜʠʘʮʠʠ ʥʘ ʦʨʛʘʥʠʟʤ 

ʷʚʣʷʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ [ʐʠʙʢʦʚʘ ɼ.ɿ. ʠ ʜʨ., 2006]. 

ʈʘʥʝʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʞʠʚʘʝʤʦʩʪʴ ʤʳʰʝʡ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʫʙʣʝʪʘʣʴʥʦʡ ʜʦʟʳ ʨʘʜʠʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʠʩʪʝʤʳ ʢʨʦʚʝʪʚʦʨʝʥʠʷ 

[Liu et al., 2017; Li et al., 2017]. ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʦʟʦʡ ʦʙʣʫʯʝʥʠʷ [Erexson et al., 1991] ʠ ʟʘʚʠʩʠʪ ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʨʝʘʢʪʠʚʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ [ʂʫʟʴʤʝʥʢʦ ɽ.ɺ., 2011]. ʂʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ ʚ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣʦʩʴ ʯʝʨʝʟ 3 ʜʥʷ ʧʦʩʣʝ ʪʦʪʘʣʴʥʦʛʦ 

ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 8 ɻʨ ʠ ʥʝ ʚʦʟʚʨʘʱʘʣʦʩʴ ʚ ʥʦʨʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʯʝʨʝʟ 21 

ʜʝʥʴ [Liu et al., 2017]. ʇʦʩʣʝ ʪʦʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7 ɻʨ 

ʢʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ ʙʳʩʪʨʦ ʩʥʠʞʘʣʦʩʴ ʜʦ 14-ʛʦ ʜʥʷ, ʟʘʪʝʤ ʥʘʯʠʥʘʣʦ 
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ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʪʠ, ʥʦ ʠ ʥʘ 29-ʡ ʜʝʥʴ ʦʩʪʘʚʘʣʦʩʴ ʟʥʘʯʠʤʦ ʤʝʥʴʰʠʤ, ʯʝʤ ʫ 

ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ [Feng et al., 2018]. ʆʙʣʫʯʝʥʠʝ ʪʘʢʞʝ ʚʳʟʳʚʘʣʦ ʨʝʟʢʦʝ 

ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʵʨʠʪʨʦʮʠʪʦʚ ʠ ʪʨʦʤʙʦʮʠʪʦʚ, ʢʦʪʦʨʦʝ ʜʦʩʪʠʛʘʣʦ ʤʠʥʠʤʫʤʘ 

ʥʘ 9-ʡ ʜʝʥʴ, ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʢ 29-ʤʫ ʜʥʶ [Feng et al., 2018]. 

ʂʘʞʜʳʡ ʪʠʧ ʢʣʝʪʦʢ ʢʨʦʚʠ ʠʤʝʝʪ ʩʚʦʶ ʩʦʙʩʪʚʝʥʥʫʶ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʨʘʜʠʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʠ ʥʘʠʙʦʣʴʰʘʷ ʦʥʘ ʫ ʣʠʤʬʦʮʠʪʦʚ [Christensen et al., 2014]. 

ɼʣʷ ʧʦʩʣʝʜʩʪʚʠʡ ʚʦʟʜʝʡʩʪʚʠʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʚʳʩʦʢʦʡ ʜʦʟʝ 

ʭʘʨʘʢʪʝʨʥʦ ʠʩʪʦʱʝʥʠʝ ʟʘʧʘʩʘ ʣʠʤʬʦʮʠʪʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ 

ʥʝʡʪʨʦʬʠʣʦʚ [Christensen et al., 2014; ʇʦʣʷʢʦʚʘ ʄ.ɺ., 2019]. ʉʦʜʝʨʞʘʥʠʝ 

ʣʠʤʬʦʮʠʪʦʚ ʠ ʥʝʡʪʨʦʬʠʣʦʚ ʚ ʢʨʦʚʠ ʤʳʰʝʡ ʥʝ ʙʳʣʦ ʚʦʩʩʪʘʥʦʚʣʝʥʦ ʢʘʢ ʯʝʨʝʟ 3, 

ʪʘʢ ʠ ʯʝʨʝʟ 6 ʥʝʜʝʣʴ ʧʦʩʣʝ ʪʦʪʘʣʴʥʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7,5 ɻʨ [ʄʝʜʚʝʜʝʚʘ 

ʖ.ʉ., 2017; ʇʦʣʷʢʦʚʘ ʄ.ɺ., 2019]. 

ʇʦʩʣʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 6,8 ɻʨ ʠ 7 ɻʨ ʫʨʦʚʝʥʴ ʛʝʤʦʛʣʦʙʠʥʘ ʫ 

ʤʳʰʝʡ ʙʳʣ ʟʥʘʯʠʤʦ ʩʥʠʞʝʥ ʥʘ 15-ʡ ʜʝʥʴ [Nishimura et al., 2014] ʠ ʤʝʞʜʫ 7-ʤ ʠ 

29-ʤ ʜʥʷʤʠ [Feng et al., 2018]. 

ʄʘʣʦʥʦʚʳʡ ʜʠʘʣʴʜʝʛʠʜ ʚʦʟʥʠʢʘʝʪ ʚ ʦʨʛʘʥʠʟʤʝ ʧʨʠ ʜʝʛʨʘʜʘʮʠʠ 

ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʦʚ ʘʢʪʠʚʥʳʤʠ ʬʦʨʤʘʤʠ ʢʠʩʣʦʨʦʜʘ, ʩʣʫʞʠʪ ʤʘʨʢʝʨʦʤ 

ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʞʠʨʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʠʟʣʫʯʝʥʠʷ) ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ [El-Mihi et al., 2017]. ʉʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘ (ʉʆɼ) ʚʤʝʩʪʝ 

ʩ ʢʘʪʘʣʘʟʦʡ ʠ ʜʨʫʛʠʤʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ ʟʘʱʠʱʘʝʪ ʦʨʛʘʥʠʟʤ ʦʪ 

ʧʦʩʪʦʷʥʥʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʭ ʢʠʩʣʦʨʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ. ɸʢʪʠʚʥʦʩʪʴ 

ʉʆɼ ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʛʝʥʝʨʘʮʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ [Jindal et al., 2017]. 

ʅʘ 30-ʡ ʜʝʥʴ ʧʦʩʣʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7 ɻʨ ʫʨʦʚʝʥʴ ʤʘʣʦʥʦʚʦʛʦ 

ʜʠʘʣʴʜʝʛʠʜʘ ʚ ʪʢʘʥʠ ʧʝʯʝʥʠ ʤʳʰʝʡ ʙʳʣ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥ, ʘ ʘʢʪʠʚʥʦʩʪʴ ʉʆɼ 

ʩʥʠʞʝʥʘ. ɹʳʣʦ ʪʘʢʞʝ ʚʳʷʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ ʣʠʤʬʦʮʠʪʦʚ ʯʝʨʝʟ 24, 48 ʠ 72 ʯ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ [Feng et al., 

2018]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʪʨʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʠʭ ʜʦʟ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ 

ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʤʥʦʛʠʭ ʦʨʛʘʥʦʚ [Wang et al., 

2013; Alchinova et al., 2015; ʄʝʜʚʝʜʝʚʘ ʖ.ʉ., 2017]. ʇʦʩʣʝ ʪʦʪʘʣʴʥʦʛʦ 
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ʦʜʥʦʢʨʘʪʥʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7,5 ɻʨ ʯʝʨʝʟ 3 ʠ 6 ʥʝʜʝʣʴ ʚ ʧʝʯʝʥʠ ʤʳʰʝʡ 

ʥʘʙʣʶʜʘʣʠ ʞʠʨʦʚʫʶ ʜʠʩʪʨʦʬʠʶ ʛʝʧʘʪʦʮʠʪʦʚ, ʧʦʚʳʰʝʥʥʳʡ ʬʠʙʨʦʟ, ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ ʩ ʬʠʛʫʨʘʤʠ ʤʠʪʦʟʘ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ 

ʢʣʝʪʦʢ ʠ ʢʣʝʪʦʢ ʩ ʘʥʦʤʘʣʠʷʤʠ ʷʜʨʘ, ʨʘʩʰʠʨʝʥʠʝ ʩʠʥʫʩʥʳʭ ʩʦʩʫʜʦʚ, ʦʯʘʛʦʚʳʡ 

ʥʝʢʨʦʟ ʛʝʧʘʪʦʮʠʪʦʚ, ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʤʦʥʦʥʫʢʣʝʘʨʥʳʝ ʠʥʬʠʣʴʪʨʘʪʳ ʚ ʧʘʨʝʥʭʠʤʝ 

ʦʨʛʘʥʘ [ʄʝʜʚʝʜʝʚʘ ʖ.ʉ., 2017; ʇʦʣʷʢʦʚʘ ʄ.ɺ., 2019]. ɺ ʵʪʠʭ ʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ 

ʪʢʘʥʠ ʩʝʣʝʟʝʥʢʠ ʦʙʣʫʯʝʥʥʳʭ ʤʳʰʝʡ ʥʘʙʣʶʜʘʣʠ ʦʪʩʫʪʩʪʚʠʝ ʯʝʪʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʥʘ 

ʙʝʣʫʶ ʠ ʢʨʘʩʥʫʶ ʧʫʣʴʧʫ, ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʛʨʘʥʠʮ ʤʝʞʜʫ ʬʦʣʣʠʢʫʣʘʤʠ, 

ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʢʨʦʬʘʛʦʚ ʠ ʣʝʡʢʦʮʠʪʦʚ, ʦʪʜʝʣʴʥʳʝ ʝʜʠʥʠʯʥʳʝ 

ʤʝʛʘʢʘʨʠʦʮʠʪʳ. 

ʎʝʥʪʨʘʣʴʥʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ [ʐʪʝʤʙʝʨʛ ɸ.ʉ. ʠ ʜʨ., 2021]. ʊʦʪʘʣʴʥʦʝ 

ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʝ ʢʨʳʩ ʚ ʜʦʟʘʭ 5 ʠʣʠ 10 ɻʨ ʧʨʠʚʦʜʠʣʦ ʢ ʥʘʨʫʰʝʥʠ ʁʧʦʚʝʜʝʥʠʷ 

ʞʠʚʦʪʥʳʭ ʧʦ ʢʨʠʪʝʨʠʶ ʜʚʠʛʘʪʝʣʴʥʦ-ʦʙʦʨʦʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʥʳʭ ʨʝʬʣʝʢʩʦʚ 

ʘʢʪʠʚʥʦʛʦ ʠʟʙʝʛʘʥʠʷ ʚ çʯʝʣʥʦʯʥʦʡ ʢʘʤʝʨʝè [ʐʪʝʤʙʝʨʛ ɸ.ʉ., 2008]. ʊʘʢʞʝ 

ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʜʚʠʛʘʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʘʛʨʝʩʩʠʚʥʦʝ ʧʦʚʝʜʝʥʠʝ ʤʳʰʝʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʠʩʴ ʧʦʩʣʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 10 ɻʨ [Maier and 

Landauer, 1990]. ʇʦʜʘʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʴʥʦʡ  ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʥʘʙʣʶʜʘʣʠ ʫ ʤʳʰʝʡ ʧʦʩʣʝ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 8 ɻʨ, ʤʝʜʣʝʥʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʯʠʥʘʣʦʩʴ ʪʦʣʴʢʦ ʯʝʨʝʟ 17 ʜʥʝʡ [Van der Meeren 

and Lebaron-Jacobs, 2001]. ʆʩʪʨʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʦʙʣʫʯʝʥʠʝ ʚ ʜʦʟʝ 6 ɻʨ ʩʥʠʞʘʣʦ 

ʜʚʠʛʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʢʦʦʨʜʠʥʘʮʠʶ ʜʚʠʞʝʥʠʡ, ʧʦʚʳʰʘʣʦ ʪʨʝʚʦʞʥʦʩʪʴ, 

ʪʝʩʪʠʨʫʝʤʫʶ ʯʝʨʝʟ 72 ʯ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ [Soares et al., 2014]. 

1.3. ʅʝʡʨʦʥʳ in vivo ʠ in vitro ʢʘʢ ʤʦʜʝʣʴʥʳʡ ʦʙʲʝʢʪ ʪʦʢʩʠʯʝʩʢʦʛʦ ʠ 

ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʡ  

1.3.1. ʇʘʪʦʛʝʥʝʟ ʙʦʣʝʟʥʠ ʇʘʨʢʠʥʩʦʥʘ ʠ ʤʝʭʘʥʠʟʤʳ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ 

ɹʦʣʝʟʥʴ ʇʘʨʢʠʥʩʦʥʘ (ɹʇ), ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʦʝ 

ʟʘʙʦʣʝʚʘʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʜʝʛʝʥʝʨʘʮʠʝʡ ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʚ 
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ʯʝʨʥʦʡ ʩʫʙʩʪʘʥʮʠʠ (ʏʉ) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʩʪʦʱʝʥʠʝʤ ʜʦʬʘʤʠʥʘ (ɼɸ) ʚ 

ʩʪʨʠʘʪʫʤʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʣʠʥʠʯʝʩʢʠʤ ʩʠʤʧʪʦʤʘʤ ï ʨʠʛʠʜʥʦʩʪʠ ʤʳʰʮ, ʪʨʝʤʦʨʫ 

ʠ ʙʨʘʜʠʢʠʥʝʟʠʠ (ʟʘʪʨʫʜʥʝʥʠʶ ʠʥʠʮʠʘʮʠʠ ʠ ʟʘʤʝʜʣʝʥʥʦʩʪʠ ʜʚʠʞʝʥʠʡ) 

[ʂʨʳʞʘʥʦʚʩʢʠʡ ɻ.ʅ. ʠ ʜʨ., 2002; Kalia and Lang, 2015]. ʇʨʠ ɹʇ ʥʘʯʘʣʴʥʳʝ 

ʢʣʠʥʠʯʝʩʢʠʝ ʩʠʤʧʪʦʤʳ ʥʘʨʫʰʝʥʠʷ ʜʚʠʛʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ ʧʦʷʚʣʷʶʪʩʷ ʧʦʩʣʝ 

ʜʝʛʨʘʜʘʮʠʠ ʥʠʛʨʦʩʪʨʠʘʪʥʦʡ ʩʠʩʪʝʤʳ ʜʦ ʧʦʨʦʛʦʚʦʛʦ ʫʨʦʚʥʷ, ʘ ʠʤʝʥʥʦ ʜʝʛʝʥʝʨʘʮʠʠ 

50-60% ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʠʭ (ɼɸ-ʝʨʛʠʯʝʩʢʠʭ) ʥʝʡʨʦʥʦʚ ʚ ʏʉ ʠ ʩʥʠʞʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ɼɸ ʚ ʩʪʨʠʘʪʫʤʝ ʥʘ 70-80% [Agid,1991; Ehringer and Hornykiewicz, 

1998]. 

ʇʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʙʳʪʦʯʥʘʷ ʛʝʥʝʨʘʮʠʷ ɸʌʂ, 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʦʙʨʘʟʦʚʘʥʠʝ ʵʥʜʦʛʝʥʥʳʭ ʥʝʡʨʦʪʦʢʩʠʥʦʚ, ʥʘʢʦʧʣʝʥʠʝ 

ʠʦʥʦʚ Fe
2+
, ʥʝʡʨʦʚʦʩʧʘʣʝʥʠʝ ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ʜʠʩʬʫʥʢʮʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 

ʧʦʪʝʨʝ ɼɸ-ʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ [Simonian, 1996; Hald and Lotharius, 2005;  Vila et 

al., 2008;  Youn et al., 2014]. ʇʦʢʘʟʘʥʦ ʫʯʘʩʪʠʝ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʤʠʢʨʦʛʣʠʠ ʚ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ ʚ ʏʉ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʜʝʣʝʥʠʷ ɸʌʂ ʠ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʮʠʪʦʢʠʥʦʚ [ʂʫʯʝʨʷʥʫ ɺ.ɻ. ʠ ʜʨ., 2012]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʧʨʦʩ ʦ ʤʝʭʘʥʠʟʤʝ 

ʛʠʙʝʣʠ ɼɸ-ʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʥʠʛʨʦʩʪʨʠʘʪʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ɹʇ ʦʩʪʘʝʪʩʷ 

ʦʪʢʨʳʪʳʤ, ʦʜʥʘʢʦ, ʜʘʥʥʳʝ ʦ ʧʦʚʳʰʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʘʢʪʠʚʥʦʡ ʢʘʩʧʘʟʳ-3 ʚ 

ʥʝʡʨʦʥʘʭ ʏʉ ʧʘʮʠʝʥʪʦʚ ʩ ɹʇ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʘʧʦʧʪʦʟ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ [Hartmann et al., 2000].  

1.3.2. ʅʝʡʨʦʪʦʢʩʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʦʣʝʟʥʠ ʇʘʨʢʠʥʩʦʥʘ ʥʘ ʦʩʥʦʚʝ ʚʚʝʜʝʥʠʷ 1-

ʤʝʪʠʣ-4-ʬʝʥʠʣ-1,2,3,6-ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʜʠʥʘ 

ʅʝʡʨʦʜʝʛʝʥʝʨʘʮʠʷ, ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʄʌʊʇ ʫ ʤʳʰʝʡ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʜʝʣʝʡ ɹʇ ʥʘ ʞʠʚʦʪʥʳʭ [Dauer and Przedborski, 

2003; Sedelis et al., 2001; ʂʫʯʝʨʷʥʫ ɺ.ɻ. ʠ ʜʨ., 2020]. ʄʌʊʇ - ʵʪʦ ʥʝʡʨʦʪʦʢʩʠʥ, 

ʢʦʪʦʨʳʡ ʧʨʠ ʩʠʩʪʝʤʥʦʤ ʚʚʝʜʝʥʠʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʠ 

ʠʟʙʠʨʘʪʝʣʴʥʦ ʨʘʟʨʫʰʘʝʪ ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʠʝ ʥʝʡʨʦʥʳ ʥʠʛʨʦʩʪʨʠʘʪʥʦʡ ʩʠʩʪʝʤʳ, 

ʚʳʟʳʚʘʷ ʨʷʜ ʩʠʤʧʪʦʤʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʧʨʠ ʠʜʠʦʧʘʪʠʯʝʩʢʦʡ ɹʇ [Sedelis et al., 

2001; Cao et al., 2017]. ʆʜʥʘʢʦ ʵʪʘ ʤʳʰʠʥʘʷ ʤʦʜʝʣʴ ʦʛʨʘʥʠʯʝʥʘ ʙʳʩʪʨʳʤ 
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ʨʘʟʚʠʪʠʝʤ ʪʦʢʩʠʢʦʟʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʜʠʦʧʘʪʠʯʝʩʢʘʷ ʬʦʨʤʘ ɹʇ ʧʨʦʛʨʝʩʩʠʨʫʝʪ 

ʤʝʜʣʝʥʥʦ, ʠ ʝʝ ʥʝʩʧʦʩʦʙʥʦʩʪʴʶ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʪʦʡʢʠʡ ʜʚʠʛʘʪʝʣʴʥʳʡ ʜʝʬʠʮʠʪ. 

ʊʦʢʩʠʯʥʦʩʪʴ ʄʌʊʇ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʘʢʪʠʚʥʳʤ ʤʝʪʘʙʦʣʠʪʦʤ 1-ʤʝʪʠʣ-4-

ʬʝʥʠʣʧʠʨʠʜʠʥʠʝʤ (ʄʌʇ+), ʢʦʪʦʨʳʡ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʚ ʥʝʡʨʦʥʳ ʩʠʩʪʝʤʦʡ 

ʦʙʨʘʪʥʦʛʦ ʟʘʭʚʘʪʘ ɼɸ ʠ ʥʘʨʫʰʘʝʪ ʜʳʭʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

[Jackson-Lewis and Przedborski, 2007; Gubellini and Kachidian, 2015]. ʄʌʇ+ ʪʘʢʞʝ 

ʫʩʠʣʠʚʘʝʪ ʧʝʨʝʢʠʩʥʦʝ ʦʢʠʩʣʝʥʠʝ ʣʠʧʠʜʦʚ, ʧʨʦʮʝʩʩ, ʟʘʧʫʩʢʘʝʤʳʡ ʠʟʙʳʪʦʯʥʦʡ 

ʧʨʦʜʫʢʮʠʝʡ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ [Knigh, 1997; Aguirre-Vidal, 2017]. 

ʇʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʥʘʢʦʧʣʝʥʠʝ ʞʝʣʝʟʘ ʚ ʤʦʟʛʝ ʢʘʢ ʫ 

ʧʘʮʠʝʥʪʦʚ ʩ ɹʇ [Dexter et al., 1991; Cheng et al., 2020], ʪʘʢ ʠ ʫ ʤʳʰʝʡ, ʧʦʣʫʯʘʚʰʠʭ 

ʄʌʊʇ [You et al., 2015; Xu et al., 2019]. ʇʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ ʤʦʛʫʪ 

ʠʥʜʫʮʠʨʦʚʘʪʴ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʙʣʘʛʦʜʘʨʷ ʛʝʥʝʨʘʮʠʠ ɸʌʂ ʠ ʚʳʟʳʚʘʪʴ 

ʧʦʚʨʝʞʜʝʥʠʝ ʥʝʡʨʦʥʦʚ [You et al., 2015; Zecca et al., 2004; Acevedo et al., 2019]. 

1.3.3. ɼʠʥʘʤʠʢʘ  ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʫ ʤʳʰʝʡ, 

ʚʳʟʚʘʥʥʳʭ ʚʚʝʜʝʥʠʝʤ 1-ʤʝʪʠʣ-4-ʬʝʥʠʣ-1,2,3,6-ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʜʠʥʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʞʠʚʦʪʥʦʡ 

ʤʦʜʝʣʠ ɹʇ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʜʝʛʝʥʝʨʘʮʠʝʡ ʥʝʡʨʦʥʦʚ, ʧʨʦʮʝʩʩʘʤʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʧʨʦʷʚʣʷʝʤʳʤ ʧʦʚʝʜʝʥʠʝʤ. 

Rosa ʠ ʩʦʘʚʪ. ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʦʩʪʨʦʝ ʚʚʝʜʝʥʠʝ ʄʌʊʇ ʚʳʟʳʚʘʣʦ 

ʜʦʣʛʦʩʨʦʯʥʳʝ ʠʟʤʝʥʝʥʠʷ (30-45 ʜʥʝʡ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ) ʚ ʭʘʨʘʢʪʝʨʝ ʜʚʠʛʘʪʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʤʳʰʝʡ [Rosa et al., 2018]. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʄʌʊʇ (2 Ĭ 40 

ʤʛ/ʢʛ, ʧ/ʢ) ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʩʧʦʥʪʘʥʥʫʶ ʜʚʠʛʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʄʳʰʠ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʝʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʢʘʢ ʯʝʨʝʟ ʪʨʠ ʥʝʜʝʣʠ, ʪʘʢ ʠ ʯʝʨʝʟ 12 ʥʝʜʝʣʴ 

ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʥʝʡʨʦʪʦʢʩʠʥʘ [Fredriksson, 1990]. 

ʇʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʪʦʝʢ ʫ 

ʤʳʰʝʡ, ʧʦʣʫʯʘʚʰʠʭ ʄʌʊʇ [Fredriksson and Archer, 1994; Schwarting et al., 1999; 

Sundstrºm et al., 1990], ʠ ʦʥʦ ʙʳʣʦ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ, ʯʝʤ ʜʝʬʠʮʠʪ 

ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. Schwarting ʠ ʩʦʘʚʪ. ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʜʦʬʘʤʠʥʘ ʚ ʩʪʨʠʘʪʫʤʝ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʦʝʢ, 
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ʢʦʛʜʘ ʞʠʚʦʪʥʳʝ ʫʞʝ ʚʦʩʩʪʘʥʦʚʠʣʠʩʴ ʚ ʧʘʨʘʤʝʪʨʘʭ ʣʦʢʦʤʦʮʠʠ [Schwarting et al., 

1999]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʝʢ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʧʦʚʨʝʞʜʝʥʠʡ ʫ ʤʳʰʝʡ, ʚʳʟʚʘʥʥʳʭ ʄʌʊʇ [Schwarting et al., 1999]. 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [Saporito et al., 1999], ʯʪʦ ʦʜʥʦʢʨʘʪʥʦʝ ʚʚʝʜʝʥʠʝ ʄʌʊʇ 

ʚ ʜʦʟʝ 40 ʤʛ/ʢʛ ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʧʦʪʝʨʶ ɼɸ-ʝʨʛʠʯʝʩʢʠʭ ʪʝʨʤʠʥʘʣʝʡ ʚ 

ʩʪʨʠʘʪʫʤʝ ʠ ʊɻ-ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʳʭ ʥʝʡʨʦʥʦʚ ʚ ʯʝʨʥʦʡ ʩʫʙʩʪʘʥʮʠʠ. 

ɼʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʊɻ+ 

ʚʦʣʦʢʦʥ ʚ ʩʪʨʠʘʪʫʤʝ ʤʳʰʠ ʥʘ 52-ʝ ʩʫʪʢʠ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʄʌʊʇ ʚ ʪʦʤ ʞʝ ʨʝʞʠʤʝ 

[Rosa et al., 2018]. Fredriksson ʠ Archer ʦʙʥʘʨʫʞʠʣʠ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʜʦʬʘʤʠʥʘ ʚ ʩʪʨʠʘʪʫʤʝ ʤʳʰʝʡ ʯʝʨʝʟ ʪʨʠ ʥʝʜʝʣʠ ʠ ʯʝʨʝʟ ʪʨʠ ʤʝʩʷʮʘ ʧʦʩʣʝ 

ʠʥʲʝʢʮʠʡ ʄʌʊʇ ʚ ʨʘʟʥʳʭ ʜʦʟʘʭ [Fredriksson and Archer, 1994]. ʄʌʊʇ, ʚʚʦʜʠʤʳʡ 

ʚ ʩʝʨʠʠ ʠʥʲʝʢʮʠʡ (ʚʥʫʪʨʠʚʝʥʥʦ, 20 ʤʛ/ʢʛ Ĭ 4) ʩ ʠʥʪʝʨʚʘʣʦʤ 2 ʯʘʩʘ, ʧʨʠʚʦʜʠʣ ʢ 60-

70% -ʥʦʡ ʧʦʪʝʨʝ ʥʠʛʨʦʩʪʨʠʘʪʥʳʭ ʥʝʡʨʦʥʦʚ ʠ 80-90% -ʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʫʨʦʚʥʷ 

ɼɸ ʚ ʩʪʨʠʘʪʫʤʝ, ʠʟʤʝʨʝʥʥʳʭ ʯʝʨʝʟ 7 ʜʥʝʡ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʥʝʡʨʦʪʦʢʩʠʥʘ [Jackson-

Lewis et al., 1995; Jakowec et al., 2004]. ʂʨʦʤʝ ʪʦʛʦ, Jakowec ʠ ʩʦʘʚʪ. ʥʝ ʚʳʷʚʠʣʠ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʫʤʝʥʴʰʠʚʰʝʛʦʩʷ ʯʠʩʣʘ ʊɻ+ ʥʝʡʨʦʥʦʚ ʚ ʢʦʤʧʘʢʪʥʦʡ 

ʯʘʩʪʠ ʏʉ ʥʘ 30-ʡ ʠ 60-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʄʌʊʇ, ʥʦ ʫʨʦʚʝʥʴ ʊɻ ʚ ʩʪʨʠʘʪʫʤʝ 

ʫʚʝʣʠʯʠʚʘʣʩʷ ʯʝʨʝʟ 30, 60 ʠ 90 ʜʥʝʡ, ʭʦʪʷ ʠ ʦʩʪʘʚʘʣʩʷ ʥʠʞʝ ʠʩʭʦʜʥʦʛʦ [Jakowec et 

al., 2004]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʪʝʨʷ ʊɻ+ ʥʝʡʨʦʥʦʚ ʚ ʏʉ ʙʳʣʘ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʠ 

ʥʝʦʙʨʘʪʠʤʦʡ, ʥʦ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʊɻ+ ʚʦʣʦʢʦʥ ʠ ʫʨʦʚʥʷ ɼɸ ʚ ʩʪʨʠʘʪʫʤʝ 

ʯʘʩʪʠʯʥʦ ʚʦʩʩʪʘʥʦʚʠʣʠʩʴ ʢ 28-ʤʫ ʜʥʶ ʧʦʩʣʝ ʠʥʲʝʢʮʠʡ ʄʌʊʇ (ʚ/ʙ, 30 ʤʛ/ʢʛ Ĭ 5, ʩ 

ʠʥʪʝʨʚʘʣʦʤ 24 ʯ) [Depboylu et al., 2011]. 

1.3.4. ʕʢʩʧʨʝʩʩʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ c-Fos ʚ ʥʝʡʨʦʥʘʣʴʥʳʭ 

ʢʫʣʴʪʫʨʘʭ  

ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʨʝʛʫʣʠʨʫʶʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʛʝʥʦʚ-ʤʠʰʝʥʝʡ ʚ ʦʪʚʝʪ ʥʘ ʩʠʛʥʘʣʴʥʳʝ ʩʦʙʳʪʠʷ ʥʘ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʝ, 

ʦʧʦʩʨʝʜʦʚʘʥʥʳʝ ʨʝʮʝʧʪʦʨʘʤʠ. ʆʜʥʠʤ ʠʟ ʤʘʨʢʝʨʦʚ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʥʝʡʨʦʥʦʚ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ c-Fos ï ʧʨʦʜʫʢʪ ʵʢʩʧʨʝʩʩʠʠ 

ʥʝʤʝʜʣʝʥʥʦʛʦ ʨʘʥʥʝʛʦ ʛʝʥʘ c-fos, ʙʳʩʪʨʦ ʘʢʪʠʚʠʨʫʶʱʝʛʦʩʷ ʚ ʦʪʚʝʪ ʥʘ ʚʥʝʰʥʠʝ 
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ʚʦʟʜʝʡʩʪʚʠʷ [ɸʥʦʭʠʥ ʂ.ɺ., 1997]. ʕʢʩʧʨʝʩʩʠʷ ʥʝʤʝʜʣʝʥʥʳʭ ʨʘʥʥʠʭ ʛʝʥʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʠʥʜʫʮʠʨʦʚʘʥʘ ʨʘʟʣʠʯʥʳʤʠ ʩʪʠʤʫʣʘʤʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʩʪʠʤʫʣʷʮʠʷ [ʉʫʭʘʥʦʚʘ ɸ.ʃ. ʠ ʜʨ., 2012] ʠ ʘʧʧʣʠʢʘʮʠʷ KCl [Bading et al., 1993] 

ʚʳʟʳʚʘʶʪ ʵʢʩʧʨʝʩʩʠʶ ʙʝʣʢʘ c-Fos ʚ ʥʝʡʨʦʥʘʣʴʥʦʡ ʢʫʣʴʪʫʨʝ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʃʬ ʩʧʦʩʦʙʝʥ ʤʦʜʫʣʠʨʦʚʘʪʴ ʤʥʦʛʠʝ ʥʝʡʨʦʥʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʥʝʡʨʦʧʣʘʩʪʠʯʥʦʩʪʠ (BDNF, CREB ʠ ʜʨ.) [Chen et al., 2015; Wang, 2016]. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʚʦʟʤʦʞʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʃʬ ʠ ʠʥʜʫʢʮʠʝʡ c-Fos ʥʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʳʭ ʢʣʝʪʦʢ 

ʝʱʝ ʥʝ ʠʟʫʯʝʥʘ. 

ʅʘʩʪʦʷʱʝʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʦʥʠʤʘʥʠʝ 

ʨʦʣʠ ʃʬ ʚ ʩʘʥʦʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ʦʨʛʘʥʠʟʤʝ. 

ʋʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʯʃʬ ʥʘ ʠʥʪʝʛʨʘʣʴʥʳʝ ʠ ʩʠʩʪʝʤʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʤʳʰʝʡ ʚ ʜʚʫʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʷʭ ʧʘʪʦʣʦʛʠʠ: ʪʦʪʘʣʴʥʦʛʦ ʦʩʪʨʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ 

ʩʫʙʣʝʪʘʣʴʥʦʡ  ʜʦʟʝ ʠ ʄʌʊʇ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʛʠʙʝʣʠ ʥʝʡʨʦʥʦʚ. ɺ ʥʘʰʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʯʃʬ ʙʫʜʝʪ ʚʚʦʜʠʪʴʩʷ ʞʠʚʦʪʥʳʤ ʦʜʥʦʢʨʘʪʥʦ ʠʣʠ ʜʚʫʢʨʘʪʥʦ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʠʪʝʣʴʥʦʝ 

ʤʥʦʛʦʢʨʘʪʥʦʝ ʚʚʝʜʝʥʠʝ ʃʬ.  

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ ʃʬ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʚʦʧʨʦʩ ʦ 

ʢʦʥʝʯʥʳʭ ʢʣʝʪʢʘʭ-ʤʠʰʝʥʷʭ ʜʣʷ ʥʝʛʦ ʚ ʤʦʟʛʝ, ʢʦʪʦʨʳʡ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ 

ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʧʫʪʝʡ ʪʨʘʥʩʧʦʨʪʘ ʃʬ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ 

ʜʦʩʪʘʚʢʠ ʵʢʟʦʛʝʥʥʦʛʦ ʙʝʣʢʘ ʚ ʤʦʟʛ. ɹʫʜʝʪ ʠʟʫʯʝʥ ʧʦʪʝʥʮʠʘʣ ʯʃʬ ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʜʫʣʷʪʦʨʘ ʥʝʡʨʦʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʨʠʙʣʠʟʷʪ 

ʥʘʩ ʢ ʧʦʥʠʤʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ ʵʪʦʛʦ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʝʣʢʘ ʠ 

ʧʦʟʚʦʣʷʪ ʩʫʜʠʪʴ ʦ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʃʬ ʚ ʪʝʨʘʧʠʠ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʧʦʩʣʝʜʩʪʚʠʡ ʦʙʣʫʯʝʥʠʷ. 
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ɻʃɸɺɸ 2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʣʦ ʚ ʩʝʙʷ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʟʫʯʘʣʠ ʵʬʬʝʢʪʳ ʯʃʬ ʥʘ ʠʥʪʝʛʨʘʣʴʥʳʝ ʠ ʩʠʩʪʝʤʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʧʦʩʣʝ ʦʩʪʨʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʤʳʰʝʡ ʚ ʩʫʙʣʝʪʘʣʴʥʦʡ  

ʜʦʟʝ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʯʃʬ ʥʘ ʧʦʚʝʜʝʥʠʝ ʠ ʵʢʩʧʨʝʩʩʠʶ 

ʪʠʨʦʟʠʥʛʠʜʨʦʢʩʠʣʘʟʳ (ʊɻ) ʚ ʥʠʛʨʦʩʪʨʠʘʪʥʦʡ ʩʠʩʪʝʤʝ ʤʦʟʛʘ ʤʳʰʝʡ ʥʘ ʤʦʜʝʣʠ 

ʄʌʊʇ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʛʠʙʝʣʠ ʥʝʡʨʦʥʦʚ.  ɿʘʜʘʯʝʡ ʪʨʝʪʴʝʛʦ ʵʪʘʧʘ ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ 

ʧʫʪʝʡ ʪʨʘʥʩʧʦʨʪʘ ʯʃʬ ʚ ʛʦʣʦʚʥʦʡ ʤʦʟʛ ʤʳʰʝʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʝʛʦ 

ʚʚʝʜʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʃʬ ʚ ʤʦʟʛʝ ʠ ʦʧʨʝʜʝʣʷʣʠ 

ʬʝʥʦʪʠʧ ʢʣʝʪʦʢ, ʚʢʣʶʯʘʶʱʠʭ ʵʢʟʦʛʝʥʥʳʡ ʙʝʣʦʢ. ʅʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ 

ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʯʃʬ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ c-Fos ʚ 

ʥʝʡʨʦʥʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ ʚ ʫʩʣʦʚʠʷʭ ʩʪʠʤʫʣʷʮʠʠ, ʦʧʨʝʜʝʣʷʣʠ ʢʣʝʪʦʯʥʫʶ 

ʣʦʢʘʣʠʟʘʮʠʶ ʯʃʬ ʠ ʢʦʣʦʢʘʣʠʟʘʮʠʶ ʵʢʟʦʛʝʥʥʦʛʦ ʙʝʣʢʘ ʩ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ 

ʵʢʩʧʨʝʩʩʠʝʡ c-Fos. 

ɺʩʝʛʦ ʚ ʨʘʙʦʪʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 290 ʤʳʝhʡ ʩʘʤʮʦʚ ʣʠʥʠʠ ʉ57BL/6. 

ɾʠʚʦʪʥʳʝ ʩʦʜʝʨʞʘʣʠʩʴ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʢʣʝʪʢʘʭ ʪʠʧʘ 1285L 

(Techniplast, ʀʪʘʣʠʷ) ʧʦ 5-6 ʦʩʦʙʝʡ ʚ ʢʘʞʜʦʡ ʧʨʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʩʦ ʩʤʝʥʦʡ ʪʝʤʥʦʡ ʠ ʩʚʝʪʣʦʡ ʬʘʟ ʩʫʪʦʢ  12/12 ʯʘʩʦʚ ʧʨʠ 

ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʢ ʧʠʱʝ ʠ ʚʦʜʝ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ ʧʨʦʚʦʜʠʣʠ 

ʚ ʩʚʝʪʣʦʡ ʬʘʟʝ ʮʠʢʣʘ, ʤʝʞʜʫ 9:00 ʠ 18:00 ʯ. ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 52 

ʧʝʨʚʠʯʥʳʝ ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʛʠʧʧʦʢʘʤʧʘ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 

ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʤʳʰʝʡ (ʈ0-ʈ1) ʣʠʥʠʠ ʉ57ɺl/6. 

ɺʩʝ ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʞʠʚʦʪʥʳʤʠ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 33215-

2014 çʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠ ʫʭʦʜʫ ʟʘ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʞʠʚʦʪʥʳʤʠ. 

ʇʨʘʚʠʣʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʤʝʱʝʥʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʜʫʨè, ʘ ʪʘʢʞʝ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʃʦʢʘʣʴʥʦʛʦ ʵʪʠʯʝʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ ʚʦʧʨʦʩʘʤ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè (ʧʨʦʪʦʢʦʣ:r ˉ 6 ʦʪ 22.11.2017, ̄  2 

ʦʪ 26.06.2019, ˉ 1 ʦʪ 13.02.2020) ʠ ʕʪʠʯʝʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʌɻɹʅʋ çʅʀʀʆʇʇè 

(ʧʨʦʪʦʢʦʣʳ: ˉ 3 ʦʪ 11.06.2019, ˉ 4 ʦʪ 07.10.2021), ʦʜʦʙʨʠʚʰʠʭ ʥʘʩʪʦʷʱʫʶ 
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ʨʘʙʦʪʫ. ʉʦʦʪʚʝʪʩʪʚʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʠ 

ʨʦʩʩʠʡʩʢʠʤ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʤ ʘʢʪʘʤ ʦ ʧʨʘʚʠʣʘʭ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦʜʪʚʝʨʞʜʝʥʦ ʟʘʢʣʶʯʝʥʠʝʤ ʕʪʠʯʝʩʢʦʛʦ 

ʢʦʤʠʪʝʪʘ ʌɻɹʅʋ çʅʀʀʆʇʇè, ʧʨʦʪʦʢʦʣ ˉ 4-21 ʦʪ 11.10.2021. 

ɺ ʨʘʙʦʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʯʃʬ (ʆʆʆ çʃʘʢʪʦʙʠʦè, ʈʦʩʩʠʷ), ʚʳʜʝʣʝʥʥʳʡ ʠʟ 

ʞʝʥʩʢʦʛʦ ʤʦʣʦʟʠʚʘ ʤʝʪʦʜʦʤ ʧʨʝʧʘʨʘʪʠʚʥʦʡ ʠʦʥʦʦʙʤʝʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ [Faraji 

et al., 2015] ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʦʦʯʠʩʪʢʦʡ ʥʘ ʘʬʬʠʥʥʦʤ ʩʦʨʙʝʥʪʝ ʛʝʧʘʨʠʥ-ʩʝʬʘʨʦʟʝ 

[Kumar et al., 2008]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ɺʕɾʍ ʧʦ ʤʝʪʦʜʠʢʝ Zhang Y. [Zhang et al., 

2017] ʯʠʩʪʦʪʘ ʧʦʣʫʯʝʥʥʦʛʦ ʙʝʣʢʦʚʦʛʦ ʧʨʝʧʘʨʘʪʘ ʩʦʩʪʘʚʣʷʣʘ 97%. 

2.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʦʚ ʣʘʢʪʦʬʝʨʨʠʥʘ ʯʝʣʦʚʝʢʘ ʧʦʩʣʝ ʦʩʪʨʦʛʦ ʛʘʤʤʘ-

ʦʙʣʫʯʝʥʠʷ ʤʳʰʝʡ ʚ ʩʫʙʣʝʪʘʣʴʥʦʡ  ʜʦʟʝ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ 2-2,5-ʤʝʩʷʯʥʳʭ ʤʳʘhʭ (n=238) (ʌɻɹʋʅ 

ʌʀɹʍ ʈɸʅ ʧʠʪʦʤʥʠʢ çʇʫʱʠʥʦè, ʈʦʩʩʠʷ) ʤʘʩʩʦʡ 20-28 ʛ. ʆʙʣʫʯʝʥʠʝ ʞʠʚʦʪʥʳʭ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ ɻʋʊ-200ʄ (ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʛ. ʄʦʩʢʚʘ) 

ʦʪ ʠʩʪʦʯʥʠʢʘ 
60
ʉʦ. ɺʣʠʷʥʠʝ ʯʃʬ ʥʘ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʞʠʚʦʪʥʳʭ ʦʮʝʥʠʚʘʣʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʩʪʘ çʆʪʢʨʳʪʦʝ ʧʦʣʝè. ʀʟʤʝʥʝʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ, ʧʦʜʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʣʝʡʢʦʮʠʪʦʚ ʠ ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʬʦʨʤʫʣʳ 

ʢʨʦʚʠ, ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʛʝʤʦʛʣʦʙʠʥʘ, ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʯʝʥʠ ʠ 

ʩʝʣʝʟʝʥʢʠ ʥʘ ʨʘʟʥʳʭ ʩʨʦʢʘʭ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʝ 

ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

2.1.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʛʨʫʧʧʳ ʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʄʳʰʠ ʚ ʩʣʫʯʘʡʥʦʤ ʧʦʨʷʜʢʝ ʙr ʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 7 ʛʨʫʧʧ: ʦʧʳʪʥʳʝ (çʆʙʣè, 

n=50; çʆʙʣ+ʃʬè, n=44; çʆʙʣ+ʃʬʭ2è, n=45), ʘʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ 

(ʣʦʞʥʦʦʙʣʫʯʝʥʥʳʝ: çɸʂè, n=28; çɸʂ+ʃʬè,n=28; çɸʂ+ʃʬʭ2è, n=27) ʠ ʧʘʩʩʠʚʥʦʛʦ 

ʢʦʥʪʨʦʣ ̫(ʠʥʪʘʢʪʥʳʝ: çʇʂè, n=16). ʄʳʰʠ ʠʟ ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ 

ʪʦʪʘʣʴʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7,5 ɻʨ ʧʨʠ ʤʦʱʥʦʩʪʠ ʜʦʟʳ 0,6 

ɻʨ/ʤʠʥ. ɼʘʥʥʘʷ ʜʦʟʘ ʷʚʣʷʝʪʩʷ ʩʫʙʣʝʪʘʣʴʥʦʡ ʠ ʚʳʟʳʚʘʝʪ ʫ ʤʳʰʝʡ ʩʝʨʴʝʟʥʳʝ 
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ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʚʤʝʩʪʝ ʩ ʪʝʤ 

ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʣʠʯʝʩʪʚʦ ʞʠʚʦʪʥʳʭ ʚ ʪʝʯʝʥʠʝ 30-

ʠ ʜʥʝʚʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ [ɸʣʯʠʥʦʚʘ ʀ.ɹ. ʠ ʜʨ., 2018; Liu et al., 2017]. 

ʉʨʘʟʫ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʞʠʚʦʪʥʳʝ ʠʟ ʛʨʫʧʧ çʆʙʣ+ʃʬè, çʆʙʣ+ʃʬʭ2è, 

çɸʂ+ʃʬè, çɸʂ+ʃʬʭ2è ʧʦʣʫʯʠʣʠ ʠʥʲʝʢʮʠʶ ʯʃʬ (ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ, 4 

ʤʛ/ʞʠʚʦʪʥʦʝ ʚ 0,3 ʤʣ ʬʠʟʨʘʩʪʚʦʨʘ (0,9% NaCl, ɼʘʣʴʭʠʤʬʘʨʤ, ʈʌ). ʏʝʨʝʟ 24 ʯ 

ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʤʳʰʘʤ ʙʳʣ ʧʦʚʪʦʨʥʦ ʚʚʝʜʝʥ ʯʃʬ (ʛʨʫʧʧʳ çʆʙʣ+ʃʬʭ2è, 

çɸʂ+ʃʬʭ2è) ʣʠʙʦ ʬʠʟʨʘʩʪʚʦʨ (ʛʨʫʧʧʳ çʆʙʣ+ʃʬè, çɸʂ+ʃʬè). ɼʦʟʠʨʦʚʢʘ ʙʝʣʢʘ 

ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʥʘ ʜʘʥʥʳʭ ʣʠʪʝʨʘʪʫʨʳ [Nishimura et al., 2014] ʠ ʨʝʟʫʣʴʪʘʪʘʭ ʥʘʰʠʭ 

ʧʠʣʦʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɾʠʚʦʪʥʳʤ ʠʟ ʛʨʫʧʧ çʆʙʣè ʠ çɸʂè ʙʳʣ ʜʚʘʞʜʳ ʚʚʝʜʝʥ 

ʬʠʟʨʘʩʪʚʦʨ  ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ. ʇʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ (ʈʠʩ. 1).  

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʬʬʝʢʪʦʚ ʣʘʢʪʦʬʝʨʨʠʥʘ ʧʦʩʣʝ ʦʩʪʨʦʛʦ ʛʘʤʤʘ-

ʦʙʣʫʯʝʥʠʷ ʤʳʰʝʡ ʚ ʩʫʙʣʝʪʘʣʴʥʦʡ  ʜʦʟʝ. 

2.1.2. ʀʟʤʝʨʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ ʞʠʚʦʪʥʳʭ 

ʄʘʩʩʫ ʪʝʣʘ ʤʳʰʝʡ ʠʟʤʝʨʷʣʠ ʢʘʞʜʳʝ ʪʨʠ ʜʥʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ɻʣʝʢʪʨʦʥʥʳʭ ʚʝʩʘʭ Adventurer Pro (Ohaus, ʉʐɸ). ʎʝʥʘ ʜʝʣʝʥʠʷ 

ʚʝʩʦʚ ï 0,01 ʛ. ʇʝʨʚʦʝ ʚʟʚʝʰʠʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘʢʘʥʫʥʝ ʦʙʣʫʯʝʥʠʷ. 

2.1.3. ɸʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʤʳʰʝʡ ʚ ʪʝʩʪʝ çʆʪʢʨʳʪʦʝ ʧʦʣʝè 

ʊʝʩʪ çʆʪʢʨʳʪʦʝ ʧʦʣʝè (ʆʇ) ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʧʦʥʪʘʥʥʦʡ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʛʨʳʟʫʥʦʚ [Gould et al., 2009]. ɺ ʢʘʯʝʩʪʚʝ ʦʪʢʨʳʪʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʢʨʫʛʣʫʶ ʧʣʘʩʪʠʢʦʚʫʶ ʘʨʝʥʫ (d = 120 ʩʤ, h = 45 ʩʤ), ʫʨʦʚʝʥʴ ʦʩʚʝʱʝʥʥʦʩʪʠ 
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ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʣ 115 ʣʶʢʩ. ʎʝʥʪʨʘʣʴʥʘʷ ʟʦʥʘ (d = 60 ʩʤ) ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ 

ʮʝʥʪʨ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘʢʘʥʫʥʝ ʦʙʣʫʯʝʥʠʷ ʠ ʥʘ 10-ʡ, 20-ʡ, 30-ʡ ʜʝʥʴ 

ʧʦʩʣʝ ʥʝʛʦ (ʈʠʩ. 1). ʂʘʞʜʦʝ ʞʠʚʦʪʥʦʝ ʚʳʩʘʞʠʚʘʣʠ ʚ ʮʝʥʪʨ ʠ ʜʘʚʘʣʠ 5 ʤʠʥ ʜʣʷ 

ʩʚʦʙʦʜʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʘʨʝʥʳ. ɺʦ ʚʨʝʤʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ 

ʚʠʜʝʦʨʝʛʠʩʪʨʘʮʠʶ ʧʦʚʝʜʝʥʠʷ ʞʠʚʦʪʥʦʛʦ ʧʨʠ ʧʦʤʦʱʠ ʮʚʝʪʥʦʡ ʘʥʘʣʦʛʦʚʦʡ 

ʚʠʜʝʦʢʘʤʝʨʳ WV-CP500G (Panasonic, ʗʧʦʥʠʷ), ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘʜ ʮʝʥʪʨʦʤ ʘʨʝʥʳ 

ʥʘ ʚʳʩʦʪʝ 2.5 ʤ, ʠ ʩʠʩʪʝʤʳ ʚʠʜʝʦʨʝʛʠʩʪʨʘʮʠʠ ʧʦʚʝʜʝʥʠʷ EthoVision XT 8.5 

(Noldus Information Technology, ʅʠʜʝʨʣʘʥʜʳ). ʇʦʣʫʯʝʥʥʳʝ ʚʠʜʝʦʟʘʧʠʩʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚ ʧʨʦʛʨʘʤʤʝ EthoVision XT 8.5. ʇʦʩʣʝ ʢʘʞʜʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʩʝʩʩʠʠ ʤʳʰʝʡ ʚʳʥʠʤʘʣʠ ʠʟ ʆʇ ʠ ʚʦʟʚʨʘʱʘʣʠ ʚ ʜʦʤʘʰʥʶʶ ʢʣʝʪʢʫ, ʘ ʚʥʫʪʨʝʥʥʠʝ 

ʩʪʝʥʢʠ ʠ ʜʥʦ ʘʨʝʥʳ ʜʝʟʦʜʦʨʠʨʦʚʘʣʠ 70% ʨʘʩʪʚʦʨʦʤ ʵʪʘʥʦʣʘ (ɿɸʆ çɹʨʳʥʮʘʣʦʚ-

ɸè, ʈʌ). ʅʘ ʦʩʥʦʚʝ ʪʨʝʢʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠ ʦʙʱʫʶ ʜʣʠʥʫ ʧʨʦʡʜʝʥʥʦʛʦ ʧʫʪʠ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʞʠʚʦʪʥʳʭ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ, ʢʦʪʦʨʫʶ ʚʳʨʘʞʘʣʠ ʚ 

ʧʨʦʮʝʥʪʘʭ ʦʪ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ. ɹʳʣʦ ʧʦʜʩʯʠʪʘʥʦ ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʝʢ. 

2.1.4. ʉʙʦʨ ʠ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ  

ʋʨʦʚʝʥʴ ʛʝʤʦʛʣʦʙʠʥʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ ʦʧʨʝʜʝʣʷʣʠ ʚ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʤʳʰʝʡ. ʂʨʦʚʴ ʩʦʙʠʨʘʣʠ ʠʟ ʭʚʦʩʪʦʚʦʡ ʚʝʥʳ ʧʦʩʣʝ 

ʧʦʜʨʝʟʘʥʠʷ ʢʦʥʯʠʢʘ ʭʚʦʩʪʘ. ʏʝʨʝʟ 3, 10 ʠʣʠ 30 ʜʥʝʡ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʞʠʚʦʪʥʳʭ 

ʘʥʝʩʪʝʟʠʨʦʚʘʣʠ ʠʟʦʬʣʫʨʘʥʦʤ (Baxter, ʉʐɸ) ʠ ʜʝʢʘʧʠʪʠʨʦʚʘʣʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʟʘʙʦʨʦʤ ʦʨʛʘʥʦʚ (ʧʝʯʝʥʠ, ʩʝʣʝʟʝʥʢʠ) ʠ ʮʝʣʴʥʦʡ ʢʨʦʚʠ. 

ʀʟʤʝʨʝʥʠʝ ʫʨʦʚʥʷ ʛʝʤʦʛʣʦʙʠʥʘ 

ʋʨʦʚʝʥʴ ʛʝʤʦʛʣʦʙʠʥʘ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ 

Easy Touch GCHb (Bioptic Technology, Inc., ʊʘʡʚʘʥʴ) ʜʦ ʦʙʣʫʯʝʥʠʷ ʠ ʥʘ 3-ʡ, 10-ʡ, 

20-ʡ, 30-ʡ ʜʝʥʴ ʧʦʩʣʝ ʥʝʛʦ (ʈʠʩ. 1). ɼʣʷ ʵʪʦʛʦ ʢʘʧʣʶ ʢʨʦʚʠ ʞʠʚʦʪʥʦʛʦ ʥʘʥʦʩʠʣʠ ʥʘ 

ʪʝʩʪ-ʧʦʣʦʩʢʫ Easy Touch ʥʘ ʛʝʤʦʛʣʦʙʠʥ. 

ʇʦʜʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʣʝʡʢʦʮʠʪʦʚ 

ʂʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ ʧʦʜʩʯʠʪʳʚʘʣʠ ʚ ʢʘʤʝʨʝ ɻʦʨʷʝʚʘ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʤʝʪʦʜʠʢʝ ʥʘ 3-ʡ, 10-ʡ ʠ 30-ʡ ʜʝʥʴ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ (ʈʠʩ. 1). ʆʙʨʘʟʝʮ ʢʨʦʚʠ (2,5 

ʤʢʣ) ʨʘʟʚʦʜʠʣʠ 3% ʨʘʩʪʚʦʨʦʤ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʩ ʤʝʪʠʣʝʥʦʚʳʤ ʩʠʥʠʤ ʚ 20 ʨʘʟ. 
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ʇʦʜʩʯʠʪʳʚʘʣʠ ʣʝʡʢʦʮʠʪʳ ʚ 100 ʙʦʣʴʰʠʭ ʢʚʘʜʨʘʪʘʭ ʢʘʤʝʨʳ. ʂʦʣʠʯʝʩʪʚʦ 

ʣʝʡʢʦʮʠʪʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

N = (n Ĭ 4000 Ĭ 20) / 1600, ʛʜʝ 

n - ʢʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ ʚ 1600 ʤʘʣʳʭ (100 ʙʦʣʴʰʠʭ) ʢʚʘʜʨʘʪʘʭ; 

4000 ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʦʙʲʝʤʘ ʢ 1 ʤʤ
3
; 

20 - ʩʪʝʧʝʥʴ ʨʘʟʚʝʜʝʥʠʷ. 

ʇʦʜʩʯʝʪ ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʬʦʨʤʫʣʳ ʢʨʦʚʠ 

ɼʣʷ ʧʦʜʩʯʝʪʘ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʣʝʡʢʦʮʠʪʦʚ 

ʛʦʪʦʚʠʣʠ ʤʘʟʢʠ ʢʨʦʚʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ [ɺʘʩʠʣʴʝʚ ɸ.ɺ., 1956]. ʄʘʟʢʠ 

ʦʢʨʘʰʠʚʘʣʠ ʧʦ ʇʘʧʧʝʥʛʝʡʤʫ (ʢʨʘʩʠʪʝʣʠ ʄʘʷ-ɻʨʶʥʚʘʣʴʜʘ ʠ ʈʦʤʘʥʦʚʩʢʦʛʦ-ɻʠʤʟʘ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ), ʟʘʪʝʤ ʧʨʦʤʳʚʘʣʠ ʠ ʚʳʩʫʰʠʚʘʣʠ [ʃʶʙʠʥʘ ɸ.ʗ. ʠ ʜʨ., 1984]. 

ʄʘʟʢʠ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʷʤʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Zeiss Imager Z2 VivaTome 

(Carl Zeiss, ɻʝʨʤʘʥʠʷ) ʩ ʤʘʩʣʷʥʦʡ ʠʤʤʝʨʩʠʝʡ. ɺʩʝʛʦ ʙʳʣʦ ʧʦʜʩʯʠʪʘʥʦ ʧʦ 200 

ʢʣʝʪʦʢ ʥʘ ʢʘʞʜʦʤ ʤʘʟʢʝ (ʚ ʯʝʪʳʨʝʭ ʧʦʣʷʭ ʧʦ ʣʠʥʠʠ ʤʝʘʥʜʨʘ), ʢʦʪʦʨʳʝ ʥʘ ʦʩʥʦʚʝ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʙʳʣʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ ʥʝʡʪʨʦʬʠʣʳ, 

ʣʠʤʬʦʮʠʪʳ, ʤʦʥʦʮʠʪʳ, ʵʦʟʠʥʦʬʠʣʳ ʠʣʠ ʙʘʟʦʬʠʣʳ. 

ʈʘʩʯʝʪ ʘʙʩʦʣʶʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʝʡʢʦʮʠʪʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʝʡʢʦʮʠʪʦʚ ʠ ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʬʦʨʤʫʣʳ 

ʢʨʦʚʠ ʧʨʦʠʟʚʦʜʠʣʠ ʨʘʩʯʝʪ ʘʙʩʦʣʶʪʥʦʛʦ  ʢʦʣʠʯʝʩʪʚʘ ʥʝʡʪʨʦʬʠʣʦʚ, ʣʠʤʬʦʮʠʪʦʚ, 

ʤʦʥʦʮʠʪʦʚ, ʵʦʟʠʥʦʬʠʣʦʚ ʠ ʙʘʟʦʬʠʣʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʞʠʚʦʪʥʦʛʦ. 

ʃʘʟʝʨʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ (ʃʂʉ) 

ʉʳʚʦʨʦʪʢʫ ʧʦʣʫʯʘʣʠ ʠʟ ʮʝʣʴʥʦʡ ʢʨʦʚʠ ʤʳʰʝʡ ʥʘ 3-ʡ ʠʣʠ 30-ʡ ʜʝʥʴ ʧʦʩʣʝ 

ʦʙʣʫʯʝʥʠʷ (ʈʠʩ. 1). ʆʙʨʘʟʮʳ ʦʩʪʘʚʣʷʣʠ ʥʘ 2 ʯ ʧʨʠ 4
o
C, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 

3000 ʦʙ/ʤʠʥ ʚ  ʪʝʯʝʥʠʝ 10 ʤʠʥ, ʦʪʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ ʠ ʭʨʘʥʠʣʠ ʧʨʠ -20
o
C ʜʦ 

ʤʦʤʝʥʪʘ ʘʥʘʣʠʟʘ. ʆʮʝʥʢʫ ʠʟʤʝʥʝʥʠʡ ʚ ʩʫʙʬʨʘʢʮʠʦʥʥʦʤ ʩʦʩʪʘʚʝ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʣʘʟʝʨʥʦʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ʃʂʉ-03 (çʀʅʊʆʂʉè, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) ʧʦʩʣʝ ʨʘʟʤʦʨʘʞʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʨʘʟʙʘʚʣʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:10. ʀʩʩʣʝʜʫʝʤʫʶ 

ʩʳʚʦʨʦʪʢʫ ʚ ʦʙʲʝʤʝ 0,2 ʤʣ ʟʘʣʠʚʘʣʠ ʚ ʢʶʚʝʪʫ ʃʂʉ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

ʯʘʩʪʦʪʝ 16384 ʢɻʮ ʚ ʢʦʣʠʯʝʩʪʚʝ 2000 ʥʘʢʦʧʣʝʥʠʡ. ɼʝʡʩʪʚʠʝ ʧʨʠʙʦʨʘ ʃʂʉ-03 
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ʦʩʥʦʚʘʥʦ ʥʘ ʘʥʘʣʠʟʝ ʩʧʝʢʪʨʦʚ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ, ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʯʘʩʪʠʮʘʭ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪ̫ʭ, ʢʦʛʜʘ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʧʨʦʭʦʜʠʪ ʣʫʯ 

ʣʘʟʝʨʘ ʩ ʢʦʛʝʨʝʥʪʥʳʤ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ [Karganov et al., 2012]. 

ʈʝʟʫʣʴʪʘʪʦʤ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʷʚʣʷʣʠʩʴ ʛʠʩʪʦʛʨʘʤʤʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʢʣʘʜʘ ʚ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ ʯʘʩʪʠʮ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʞʠʜʢʦʩʪʠ. 

ɻʠʩʪʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʣʝʟʝʥʢʠ ʠ ʧʝʯʝʥʠ 

ʉʝʣʝʟʝʥʢʘ ʠ ʧʝʯʝʥʴ ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ ʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ 4% ʨʘʩʪʚʦʨʝ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʬʦʨʤʘʣʠʥʘ ʥʘ 3-ʡ, 10-ʡ ʠʣʠ 30-ʡ ʜʝʥʴ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ (ʈʠʩ. 1). 

ʇʨʝʧʘʨʘʪʳ ʛʦʪʦʚʠʣʠ ʩʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ [ʄʝʨʢʫʣʦʚ ɻ. ɸ., 1969; ʃʠʣʣʠ 

ʈ., 1969]. ʆʙʨʘʟʮʳ ʟʘʢʣʶʯʘʣʠ ʚ ʧʘʨʘʬʠʥ ʠ ʥʘ ʤʠʢʨʦʪʦʤʝ Leitz 1208 (Leitz, 

ɻʝʨʤʘʥʠʷ) ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʩʨʝʟʳ ʪʢʘʥʝʡ (ʪʦʣʱʠʥʘ 5 ʤʢʤ). ɼʝʧʘʨʘʬʠʥʠʨʦʚʘʥʥʳʝ 

ʩʨʝʟʳ ʦʢʨʘʰʠʚʘʣʠ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ ʵʦʟʠʥʦʤ ʠ ʧʦ ʇʝʨʣʩʫ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ 

ʤʝʪʦʜʠʢʘʤ [ʄʝʨʢʫʣʦʚ ɻ. ɸ., 1969], ʧʦ ɺʘʥ-ɻʠʟʦʥʫ (ɺʘʥ-ɻʠʟʦʥ; ʆʆʆ 

çʕʨʛʦʇʨʦʜʘʢʰʥè, ʈʦʩʩʠʷ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʩʪʨʫʢʮʠʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ʆʢʨʘʰʝʥʥʳʝ ʩʨʝʟʳ ʟʘʢʣʶʯʘʣʠ ʚ ʤʦʥʪʠʨʫʶʱʫʶ ʩʨʝʜʫ (DiaPath, ʀʪʘʣʠʷ) ʠ 

ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʚʝʪʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Zeiss Imager Z2 VivaTome (Carl 

Zeiss, ɻʝʨʤʘʥʠʷ). ɺ ʢʘʞʜʳʡ ʠʟ ʫʢʘʟʘʥʥʳʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʦʨʛʘʥʳ 7-10 ʤʳʰʝʡ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ. 

2.2. ʀʟʫʯʝʥʠʝ ʵʬʬʝʢʪʦʚ ʣʘʢʪʦʬʝʨʨʠʥʘ ʯʝʣʦʚʝʢʘ ʥʘ ʤʦʜʝʣʠ ʄʌʊʇ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʛʠʙʝʣʠ ʥʝʡʨʦʥʦʚ ʚ ʥʠʛʨʦʩʪʨʠʘʪʥʦʡ ʩʠʩʪʝʤʝ ʤʦʟʛʘ ʤʳʰʝʡ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ 5-ʤʝʩʷʯʥʳʭ ʤʳʰʘʭ (n=38) (ʌɻɹʋʅ ʌʀɹʍ 

ʈɸʅ ʧʠʪʦʤʥʠʢ çʇʫʱʠʥʦè, ʈʦʩʩʠʷ) ʤʘʩʩʦʡ 27-35 ʛ. ʅʠʛʨʦʩʪʨʠʘʪʥʦʝ 

ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʠʥʜʫʮʠʨʦʚʘʣʠ ʦʜʥʦʢʨʘʪʥʳʤ ʚʚʝʜʝʥʠʝʤ ʄʌʊʇ. 

ʕʢʩʪʨʘʧʠʨʘʤʠʜʥʳʝ ʥʘʨʫʰʝʥʠʷ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʦʚ çʆʪʢʨʳʪʦʝ ʧʦʣʝè ʠ 

ʨʦʪʘʨʦʜ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʘ ʜʣʠʥʳ ʰʘʛʘ. ʉʪʨʫʢʪʫʨʥʳʡ ʜʝʬʠʮʠʪ ʦʮʝʥʠʚʘʣʠ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʪʠʨʦʟʠʥʛʠʜʨʦʢʩʠʣʘʟʘ (ʊɻ) - ʧʦʟʠʪʠʚʥʳʭ ʢʣʝʪʦʢ ʚ ʏʉ ʠ ʧʣʦʪʥʦʩʪʠ ʊɻ-

ʧʦʟʠʪʠʚʥʳʭ ʚʦʣʦʢʦʥ ʚ ʩʪʨʠʘʪʫʤʝ. 

2.2.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʛʨʫʧʧʳ ʠ ʚʦʟʜʝʡʩʪʚʠʷ  
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ʄʳʰʠ ʚ ʩʣʫʯʘʡʥʦʤ ʧʦʨʷʜʢʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 3 ʛʨʫʧʧʳ: ʂʦʥʪʨʦʣʴ 

(ʚʚʝʜʝʥʠʝ ʬʠʟʨʘʩʪʚʦʨʘ, n = 14), ʄʌʊʇ (n = 12) ʠ ʄʌʊʇ+ʃʬ (n = 12). ʄʌʊʇ (40 

ʤʛ/ʢʛ, ABCR, ɻʝʨʤʘʥʠʷ, AB456164) ʚʚʦʜʠʣʠ ʦʜʥʦʢʨʘʪʥʦ ʧʦʜʢʦʞʥʦ (ʧ/ʢ) [Sedelis et 

al., 2001; Ferger et al., 2000; ʄʠʨʦʥʦʚ ɸ.ʅ. ʠ ʜʨ., 2012]. ʂʦʥʪʨʦʣʴʥʳʝ ʞʠʚʦʪʥʳʝ 

ʧʦʣʫʯʠʣʠ ʬʠʟʨʘʩʪʚʦʨ ʚ ʪʦʤ ʞʝ ʨʝʞʠʤʝ. ʯʃʬ (4,0 ʤʛ/ʞʠʚʦʪʥʦʝ), ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ 

0.4 ʤʣ PBS (0.1 M; pH 7,4), ʠʣʠ PBS ʚʚʦʜʠʣʠ ʜʚʘʞʜʳ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ (ʚ/ʙ, ʟʘ 24 

ʠ 3 ʯʘʩʘ ʜʦ ʄʌʊʇ). ɼʦʟʠʨʦʚʢʘ ʙʝʣʢʘ ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʥʘ ʜʘʥʥʳʭ ʣʠʪʝʨʘʪʫʨʳ [Xu et 

al., 2019] ʠ ʨʝʟʫʣʴʪʘʪʘʭ ʥʘʰʠʭ ʧʠʣʦʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ, ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʘʤ 3Rs [Directive 

2010/63/EU, 2014], ʤʳ ʥʝ ʩʪʘʣʠ ʚʢʣʶʯʘʪʴ ʛʨʫʧʧʫ, ʧʦʣʫʯʠʚʰʫʶ ʪʦʣʴʢʦ ʯʃʬ, ʚ ʵʪʫ 

ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʘʥʘʣʦʛʠʯʥʘʷ ʢʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ (çɸʂ+ʃʬè) ʙʳʣʘ 

ʥʘʤʠ ʠʟʫʯʝʥʘ ʚ ʧʝʨʚʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ (ʧ. 2.1.1.). 

ɺʦ ʚʩʝʭ ʛʨʫʧʧʘʭ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʝʩʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʦ 

ʠʥʲʝʢʮʠʡ ʠ ʯʝʨʝʟ 60 ʤʠʥ, 120 ʤʠʥ, 1, 2, 7 ʠ 28 ʜʥʝʡ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʄʌʊʇ/NaCl. 

ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 2. 

 

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʵʬʬʝʢʪʦʚ ʯʃʬ ʥʘ ʤʦʜʝʣʠ ʄʌʊʇ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ 

ʛʠʙʝʣʠ ʥʝʡʨʦʥʦʚ ʚ ʥʠʛʨʦʩʪʨʠʘʪʥʦʡ ʩʠʩʪʝʤʝ ʤʦʟʛʘ ʤʳʰʝʡ [Kopaeva M.Yu. et al., 2021]. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʪʝʩʪʦʚ ʦʥʠ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʧʦʨʷʜʢʝ ʜʣʷ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʫʧʧ. ʊʝʩʪ çʆʪʢʨʳʪʦʝ ʧʦʣʝè ʚʩʝʛʜʘ 

ʧʨʦʚʦʜʠʣʩʷ ʧʝʨʚʳʤ. ʅʘ 2-ʡ ʠʣʠ 28-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʄʌʊʇ/NaCl ʞʠʚʦʪʥʳʭ 
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ʪʨʘʥʩʢʘʨʜʠʘʣʴʥʦ ʧʝʨʬʫʟʠʨʦʚʘʣʠ, ʟʘʪʝʤ ʛʦʣʦʚʥʦʡ ʤʦʟʛ ʙʳʣ ʠʟʚʣʝʯʝʥ ʜʣʷ 

ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʦʛʦ (ʀɻʍ) ʘʥʘʣʠʟʘ. 

2.2.2. ʀʟʤʝʨʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ ʞʠʚʦʪʥʳʭ 

ʄʘʩʩʫ ʪʝʣʘ ʤʳʰʝʡ ʠʟʤʝʨʷʣʠ ʝʞʝʥʝʜʝʣʴʥʦ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ (ʧ. 

2.1.2): ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʚ -1-ʡ ʜʝʥʴ (ɼ-1) ʧʝʨʝʜ ʠʥʲʝʢʮʠʷʤʠ ʠ ʚ 

ʧʦʩʣʝʜʫʶʱʠʝ ʜʥʠ (ɼn) ʜʦ 28 ʜʥʷ. ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ = (ʄ ʚ ɼn - ʄ ʚ ɼ-1) / (ʄ ʚ ɼ-1) Ĭ 100%, 

ʛʜʝ ʄ ï ʤʘʩʩʘ ʪʝʣʘ ʞʠʚʦʪʥʦʛʦ. 

2.2.3. ʊʝʩʪ çʆʪʢʨʳʪʦʝ ʧʦʣʝè 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʞʠʚʦʪʥʳʭ ʚ ʆʇ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ (ʧ. 

2.1.3). ɹʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʧʨʦʡʜʝʥʥʳʡ ʧʫʪʴ (ʦʙʱʠʡ ʠ 

ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ), ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʝʢ, ʣʘʪʝʥʪʥʳʡ ʧʝʨʠʦʜ ʚʳʭʦʜʘ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ 

ʟʦʥʳ, % ʚʨʝʤʝʥʠ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ʮʝʥʪʨʝ, ʠ ʢʦʣʠʯʝʩʪʚʦ ʟʘʭʦʜʦʚ ʚ ʮʝʥʪʨʘʣʴʥʫʶ 

ʟʦʥʫ. 

2.2.4. ʈʦʪʘʨʦʜ 

ʈʦʪʘʨʦʜ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʩʪʦʚ ʜʣʷ ʦʮʝʥʢʠ 

ʤʦʪʦʨʥʦʛʦ ʜʝʬʠʮʠʪʘ ʠ ʩʪʝʧʝʥʠ ʥʘʨʫʰʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʠ ʫ ʤʳʰʝʡ [Brooks, 

Dunnett, 2009]. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʞʠʚʦʪʥʳʝ ʙʳʣʠ ʦʙʫʯʝʥʳ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʫʩʪʘʥʦʚʢʝ ʨʦʪʘʨʦʜ 47600 Mouse Rota-Rod (UGO Basile, ʀʪʘʣʠʷ) ʩ ʧʷʪʴʶ 

ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʜʦʨʦʞʢʘʤʠ (ʙʘʨʘʙʘʥʳ ʜʠʘʤʝʪʨʦʤ 3 ʩʤ ʩ ʙʦʨʦʟʜʢʘʤʠ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʩʮʝʧʣʝʥʠʷ) ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 30 ʦʙ/ʤʠʥ. ɺʳʩʦʪʘ 

ʧʘʜʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 16 ʩʤ. ɺ ʪʝʩʪʦʚʳʭ ʩʝʩʩʠʷʭ ʣʘʪʝʥʪʥʦʩʪʴ ʧʘʜʝʥʠʷ ʞʠʚʦʪʥʳʭ ʩʦ 

ʩʪʝʨʞʥʷ ʠʟʤʝʨʷʣʘʩʴ ʢʘʢ ʚʨʝʤʷ ʦʪ ʥʘʯʘʣʘ ʩʝʩʩʠʠ ʜʦ ʤʦʤʝʥʪʘ ʧʘʜʝʥʠʷ ʤʳʰʠ ʥʘ 

ʨʳʯʘʛ, ʦʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʪʘʡʤʝʨ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʝʩʩʠʠ 

ʩʦʩʪʘʚʣʷʣʘ 120 ʩ. ʂʘʞʜʦʝ ʞʠʚʦʪʥʦʝ ʙʳʣʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʦ ʜʚʘʞʜʳ, ʠ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. 
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2.2.5. ɼʣʠʥʘ ʰʘʛʘ 

ʆʮʝʥʢʫ ʚʳʨʘʞʝʥʥʦʩʪʠ ʨʠʛʠʜʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʧʦ ʜʣʠʥʝ ʰʘʛʘ ʤʳʰʝʡ 

[ʄʠʨʦʥʦʚ ɸ.ʅ. ʠ ʜʨ., 2012]. ɺ ʜʝʥʴ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʝʨʝʜʥʠʝ ʠ ʟʘʜʥʠʝ ʣʘʧʳ 

ʞʠʚʦʪʥʳʭ ʦʢʨʘʰʠʚʘʣʠ ʥʝʪʦʢʩʠʯʥʳʤʠ ʢʨʘʩʢʘʤʠ ʨʘʟʥʳʭ ʮʚʝʪʦʚ. ʄʳʰʝʡ ʧʦʤʝʱʘʣʠ 

ʚ ʫʟʢʠʡ ʧʝʥʘʣ (ʰʠʨʠʥʦʡ 7 ʩʤ, ʜʣʠʥʦʡ 40 ʩʤ, ʩʦ ʩʪʝʥʢʘʤʠ ʚʳʩʦʪʦʡ 10 ʩʤ), 

ʚʳʩʪʣʘʥʥʳʡ ʙʝʣʦʡ ʙʫʤʘʛʦʡ, ʠ ʧʦʟʚʦʣʷʣʠ ʠʤ ʩʚʦʙʦʜʥʦ ʭʦʜʠʪʴ. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 

ʟʘʜʘʥʠʷ ʞʠʚʦʪʥʳʭ ʥʝʤʝʜʣʝʥʥʦ ʚʦʟʚʨʘʱʘʣʠ ʚ ʜʦʤʘʰʥʶʶ ʢʣʝʪʢʫ. ɼʣʠʥʘ ʰʘʛʘ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʪʧʝʯʘʪʢʘʤʠ ʣʘʧ ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ 

ʞʝ ʩʪʦʨʦʥʝ ʪʝʣʘ (ʦʪ ʩʨʝʜʥʝʛʦ ʧʘʣʴʮʘ ʧʝʨʚʦʛʦ ʦʪʧʝʯʘʪʢʘ ʜʦ ʧʷʪʢʠ ʚʪʦʨʦʛʦ 

ʦʪʧʝʯʘʪʢʘ). ɺ ʘʥʘʣʠʟ ʚʢʣʶʯʘʣʠʩʴ ʪʦʣʴʢʦ ʰʘʛʠ, ʩʜʝʣʘʥʥʳʝ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʡ 

ʭʦʜʴʙʝ (ʙʝʟ ʦʩʪʘʥʦʚʦʢ). ʐʘʛʠ, ʩʜʝʣʘʥʥʳʝ ʚ ʥʘʯʘʣʝ (7 ʩʤ) ʠ ʚ ʢʦʥʮʝ (7 ʩʤ) ʧʨʦʭʦʜʘ, 

ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʠʟ ʘʥʘʣʠʟʘ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʞʠʚʦʪʥʦʛʦ 

[Fernagut et al., 2002; Fleming et al., 2004; ʄʠʨʦʥʦʚ ɸ.ʅ. ʠ ʜʨ., 2012]. ɼʣʠʥʘ ʰʘʛʘ 

ʠʟʤʝʨʷʣʘʩʴ ʚ ʪʨʝʭ ʰʘʛʘʭ ʞʠʚʦʪʥʦʛʦ, ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʠʟʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ. 

2.2.6. ʉʙʦʨ ʦʙʨʘʟʮʦʚ 

ʅʘ 2-ʡ (ʵʪʠ ʞʠʚʦʪʥʳʝ ʙʳʣʠ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʦʪʦʙʨʘʥʳ ʩʣʝʧʳʤ ʤʝʪʦʜʦʤ) 

ʠʣʠ 28-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʄʌʊʇ/NaCl ʞʠʚʦʪʥʳʭ ʘʥʝʩʪʝʟʠʨʦʚʘʣʠ. ɼʣʷ ʵʪʦʛʦ 

ʠʤ ʚʚʦʜʠʣʠ ʚʥʫʪʨʠʤʳʰʝʯʥʦ ʟʦʣʝʪʠʣ (Virbac Sante Animale, ʌʨʘʥʮʠʷ) ʠ ʨʦʤʝʪʘʨ 

(Bioveta, ʏʝʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ) ʚ 0,9% NaCl (ɼʘʣʴʭʠʤʬʘʨʤ, ʈʌ). ʆʙʲʸʤ ʠʥʲʝʢʮʠʠ 

ʩʦʩʪʘʚʠʣ 0,1 ʤʣ ʥʘ 10 ʛ ʚʝʩʘ ʞʠʚʦʪʥʦʛʦ. ɿʘʪʝʤ ʤʳʰʝʡ ʪʨʘʥʩʢʘʨʜʠʘʣʴʥʦ 

ʧʝʨʬʫʟʠʨʦʚʘʣʠ. ʇʝʨʬʫʟʠʶ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ 

Ecoline ISM1090 (Ismatec, ʐʚʝʡʮʘʨʠʷ) ʩʥʘʯʘʣʘ PBS (Sigma-Aldrich, ʉʐɸ), 

ʠʤʝʶʱʠʤ pH 7,4 ʠ ʢʦʤʥʘʪʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʟʘʪʝʤ 4% ʨʘʩʪʚʦʨʦʤ 

ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʘ (Sigma-Aldrich, ʉʐɸ) ʚ PBS. ɻʦʣʦʚʥʦʡ ʤʦʟʛ ʙʳʣ ʠʟʚʣʝʯʝʥ ʠ 

ʧʦʩʪʬʠʢʩʠʨʦʚʘʥ 4% ʨʘʩʪʚʦʨʦʤ ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ PBS ʧʨʠ 4ÁC ʚ ʪʝʯʝʥʠʝ 24 ʯ. 

ʅʘ ʚʠʙʨʘʪʦʤʝ Leica VT1200S (Leica, ɻʝʨʤʘʥʠʷ) ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʝʨʠʡʥʳʝ 

ʬʨʦʥʪʘʣʴʥʳʝ ʩʨʝʟʳ ʤʦʟʛʘ (ʪʦʣʱʠʥʘ 40 ʤʢʤ), ʩʦʜʝʨʞʘʱʠʝ ʩʪʨʠʘʪʫʤ (bregma ʦʪ 
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+1.42 ʜʦ -0.10 ʤʤ) ʠ ʏʉ (bregma ʦʪ -2.80 ʜʦ -3.52 ʤʤ) ʩʦʛʣʘʩʥʦ ʘʪʣʘʩʫ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ ʤʳʰʝʡ [Franklin, Paxinos, 2008]. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʙʨʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʣʥʦʩʪʴʶ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʜʥʠ ʠ ʪʝ ʞʝ ʢʣʝʪʢʠ ʥʝ ʙʳʣʠ ʧʦʩʯʠʪʘʥʳ 

ʜʚʘʞʜʳ (ʯʪʦ ʤʦʛʣʦ ʧʨʦʠʟʦʡʪʠ ʚ ʩʣʫʯʘʝ ʚʳʙʦʨʘ ʩʦʩʝʜʥʠʭ ʩʨʝʟʦʚ) ʚ ʘʥʘʣʠʟʝ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʞʜʳʡ ʪʨʝʪʠʡ ʩʨʝʟ. 

2.2.7. ʀʤʤʫʥʦʛʠʩʪʦʭʠʤʠʷ 

ʊʠʨʦʟʠʥʛʠʜʨʦʢʩʠʣʘʟʘ (ʊɻ) ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʠ ʣʠʤʠʪʠʨʫʶʱʠʤ ʬʝʨʤʝʥʪʦʤ, 

ʫʯʘʩʪʚʫʶʱʠʤ ʚ ʙʠʦʩʠʥʪʝʟʝ ʢʘʪʝʭʦʣʘʤʠʥʦʚ ʠʟ ʪʠʨʦʟʠʥʘ. ʕʪʦʪ ʢʣʶʯʝʚʦʡ ʬʝʨʤʝʥʪ 

ʙʠʦʩʠʥʪʝʟʘ ʜʦʬʘʤʠʥʘ ʚ ʢʣʝʪʢʝ ʩʯʠʪʘʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʤʘʨʢʝʨʦʤ 

ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ [Jackson-Lewis et al., 1995; Mengual, Pickel, 2004]. 

ɼʣʷ ʀɻʍ ʘʥʘʣʠʟʘ ʧʣʘʚʘʶʱʠʝ ʩʨʝʟʳ ʩʥʘʯʘʣʘ ʧʨʦʤʳʚʘʣʠ (3 Ĭ 15 ʤʠʥ) ʚ 1 ʤʣ 0,1 ʄ 

PBS (pH 7.4). ɹʣʦʢʠʨʦʚʘʣʠ ʵʥʜʦʛʝʥʥʫʶ ʧʝʨʦʢʩʠʜʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 0,3% 

ʨʘʩʪʚʦʨʦʤ ʅ2ʆ2 (30 ʤʠʥ). ɿʘʪʝʤ ʩʨʝʟʳ ʦʪʤʳʚʘʣʠ ʚ PBS (3 Ĭ 15 ʤʠʥ) ʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 10 ʤʄ ʮʠʪʨʘʪʥʦʤ ʙʫʬʝʨʝ (pH 6,0) 10 ʤʠʥ ʧʨʠ 95ÁC. ɼʣʷ 

ʩʥʠʞʝʥʠʷ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʠ ʧʝʨʤʝʘʙʠʣʠʟʘʮʠʠ ʤʝʤʙʨʘʥ ʩʨʝʟʳ 

ʧʨʝʜʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 2,5% ʥʦʨʤʘʣʴʥʦʡ  ʢʦʟʴʝʡ ʩʳʚʦʨʦʪʢʦʡ (Abcam, ab7481) ʚ 1,0% 

Triton X-100 (1% PBST) ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʦʪʤʳʚʘʣʠ ʚ 

0,2% PBST (3 Ĭ 10 ʤʠʥ). ɿʘʪʝʤ ʩʨʝʟʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ 

ʢʨʦʣʠʢʘ ʢ ʊɻ (1:750; Abcam, ab112) ʚ 0,2% PBST, ʩʦʜʝʨʞʘʱʝʤ 0,01% ʘʟʠʜʘ ʥʘʪʨʠʷ 

ʠ 2,5% ʥʦʨʤʘʣʴʥʦʡ ʢʦʟʴʝʡ ʩʳʚʦʨʦʪʢʠ ʚ ʪʝʯʝʥʠʝ 16 ʯ ʧʨʠ 4
ʦ
C. ʇʨʦʚʦʜʠʣʠ 

ʜʦʠʥʢʫʙʘʮʠʶ ʚ ʪʦʤ ʞʝ ʨʘʩʪʚʦʨʝ ʘʥʪʠʪʝʣ ʚ ʪʝʯʝʥʠʝ 2 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʠ ʦʪʤʳʚʘʣʠ ʚ 0,2% PBST (3 Ĭ 15 ʤʠʥ). ɿʘʪʝʤ ʩʨʝʟʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʚʪʦʨʠʯʥʳʤʠ 

ʘʥʪʠʪʝʣʘʤʠ ʢʦʟʳ ʢ ʘʥʪʠʪʝʣʘʤ ʢʨʦʣʠʢʘ (1:2000; Abcam, ab205718) ʚ 0,2% PBST ʚ 

ʪʝʯʝʥʠʝ 2 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʦʪʤʳʚʘʣʠ ʚ 0,2% PBST (3 Ĭ 15 ʤʠʥ). 

ʈʝʘʢʮʠʶ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ  ʧʫʪʝʤ ʠʥʢʫʙʘʮʠʠ ʩʨʝʟʦʚ ʚ 3,3'-ʜʠʘʤʠʥʦʙʝʥʟʠʜʠʥʝ 

(DAB substrate kit; Abcam, ab64238) ʧʦʜ ʚʠʟʫʘʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ. ʉʨʝʟʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʏʉ, ʜʦʢʨʘʰʠʚʘʣʠ ʢʨʝʟʠʣ-ʚʠʦʣʝʪʦʤ. ɿʘʪʝʤ ʩʨʝʟʳ ʧʨʦʤʳʚʘʣʠ, 

ʜʝʛʠʜʨʘʪʠʨʦʚʘʣʠ ʚ 70%, 96%, 100% (2 ʨʘʟʘ) ʩʧʠʨʪʝ, 100% ʢʩʠʣʦʣʝ ʧʦ 2 ʤʠʥ ʚ 

ʢʘʞʜʦʤ ʠ ʟʘʢʣʶʯʘʣʠ ʧʦʜ ʧʦʢʨʦʚʥʳʝ ʩʪʸʢʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʩʠʣʦʣʴʥʦʛʦ 
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ʤʘʫʥʪʠʥʛʘ (Mount-Quick, Daido Sangyo, ʗʧʦʥʠʷ). ʅʘʣʠʯʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʀɻʍ 

ʦʢʨʘʩʢʠ ʦʮʝʥʠʚʘʣʠ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩ ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʢʦʥʪʨʦʣʷʤʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ ʠʩʢʣʶʯʘʣʠ ʠʥʢʫʙʘʮʠʶ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ, ʟʘʤʝʥʷʷ ʠʭ 

ʥʝʠʤʤʫʥʥʦʡ ʩʳʚʦʨʦʪʢʦʡ. 

2.2.8. ɻʠʩʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʉʨʝʟʳ ʏʉ ʠ ʩʪʨʠʘʪʫʤʘ ʧʦʩʣʝ ʚʳʷʚʣʝʥʠʷ ʊɻ ʦʮʠʬʨʦʚʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʷʤʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Zeiss Imager Z2 VivaTome (Carl Zeiss, ɻʝʨʤʘʥʠʷ). ɼʣʷ 

ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ 

AxioVision 4.8.2 (Carl Zeiss, ɻʝʨʤʘʥʠʷ). ʉʨʝʟʳ ʤʦʟʛʘ ʢʦʥʪʨʦʣʴʥʳʭ ʠ  

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʙʳʣʠ ʟʘʢʦʜʠʨʦʚʘʥʳ ʠ  ʠʟʫʯʘʣʠʩʴ ʩʣʝʧʳʤ ʤʝʪʦʜʦʤ. 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʊɻ+ ʥʝʡʨʦʥʦʚ ʠ ʚʦʣʦʢʦʥ. 

ʇʦʜʩʯʝʪ ʊɻ- ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʣʝʪʦʢ ʚ ʯʝʨʥʦʡ ʩʫʙʩʪʘʥʮʠʠ. ʅʘ ʢʘʞʜʦʤ 

ʠʟʦʙʨʘʞʝʥʠʠ ʙʳʣʘ ʦʙʚʝʜʝʥʘ ʦʙʣʘʩʪʴ ʠʥʪʝʨʝʩʘ. ʊɻ+ ʢʣʝʪʢʠ ʚ ʚʳʙʨʘʥʥʦʡ ʦʙʣʘʩʪʠ 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠ ʧʦʜʩʯʠʪʘʥʳ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʇʦʪʝʨʶ ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʠʭ 

ʥʝʡʨʦʥʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʫʪʝʤ ʧʦʜʩʯʝʪʘ ʊɻ+ ʢʣʝʪʦʢ ʚ ʢʦʤʧʘʢʪʥʦʡ ʯʘʩʪʠ ʏʉ (5-7 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʩʨʝʟʦʚ ʜʣʷ ʢʘʞʜʦʡ ʤʳʰʠ). ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʧʦʜʩʯʝʪʘ 

ʊɻ+ ʥʝʡʨʦʥʦʚ (ʤʘʨʢʝʨ ʬʝʥʦʪʠʧʘ) ʠ ʢʣʝʪʦʢ, ʦʢʨʘʰʝʥʥʳʭ ʢʨʝʟʠʣ-ʚʠʦʣʝʪʦʤ 

(ʩʪʨʫʢʪʫʨʥʳʡ ʤʘʨʢʝʨ) ʚ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʢʦʤʧʘʢʪʥʳʭ ʯʘʩʪʷʭ ʏʉ ʥʘ ʢʘʞʜʦʤ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʤ ʩʨʝʟʝ. ɼʣʷ ʢʘʞʜʦʛʦ ʞʠʚʦʪʥʦʛʦ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʨʝʜʥʝʝ ʯʠʩʣʦ 

ʊɻ+ ʥʝʡʨʦʥʦʚ. ʂʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʥʝʡʨʦʥʦʚ ʥʘ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʡ ʩʨʝʟ [Jackson-Lewis et al., 1995]. 

ʀʟʤʝʨʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʊɻ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʚʦʣʦʢʦʥ ʚ 

ʩʪʨʠʘʪʫʤʝ. ʉʦʜʝʨʞʘʥʠʝ ʊɻ+ ʚʦʣʦʢʦʥ ʚ ʩʪʨʠʘʪʫʤʝ ʦʮʝʥʠʚʘʣʠ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʆʇ) ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʚ ʧʷʪʠ ʩʨʝʟʘʭ 

ʩʪʨʠʘʪʫʤʘ ʢʘʞʜʦʡ ʤʳʰʠ (ʧʦ ʯʝʪʳʨʝ ʦʙʣʘʩʪʠ ʚ ʢʘʞʜʦʤ ʩʨʝʟʝ) ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ ImageJ (Fiji version, ʉʐɸ) [Schindelin et al., 2012]. ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʬʦʥʦʚʦʛʦ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʆʇʢ, ʩʜʝʣʘʥʥʦʝ ʚ 

ʥʝʦʢʦʨʪʝʢʩʝ ʪʘʢʞʝ ʚ ʯʝʪʳʨʝʭ ʦʙʣʘʩʪʷʭ) ʚʳʯʠʪʘʣʦʩʴ ʠʟ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʆʇ 
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ʩʪʨʠʘʪʫʤʘ ʥʘ ʢʘʞʜʦʤ ʩʨʝʟʝ [Yuan et al., 2005]. ʆʇ ʚ ʩʪʨʠʘʪʫʤʝ ʙʳʣʘ 

ʥʦʨʤʘʣʠʟʦʚʘʥʘ  ʥʘ ʆʇʢ.  

2.3. ʀʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʪʨʘʥʩʧʦʨʪʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʣʘʢʪʦʬʝʨʨʠʥʘ ʚ  

ʤʦʟʛ ʤʳʰʠ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ 2-2,5 ʤʝʩʷʯʥʳʭ ʤʳʰʘʭ (n=15) ʤʘʩʩʦʡ 25-29 ʛ. 

ɾʠʚʦʪʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʧʠʪʦʤʥʠʢʘ ʌʠʣʠʘʣ çʉʪʦʣʙʦʚʘʷè ʌɻɹʋʅ ʅʎɹʄʊ 

ʌʄɹɸ ʈʦʩʩʠʠ. 

2.3.1. ɺʚʝʜʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʣʘʢʪʦʬʝʨʨʠʥʘ 

ʄʳʰʠ  ʚ ʩʣʫʯʘʡʥʦʤ ʧʦʨʷʜʢʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ: 

1-ʘ ̫ʛʨʫʧʧʘ: ʚʚʝʜʝʥʠʝ ʯʃʬ ʚ ʬʠʟʨʘʩʪʚʦʨʝ (20 ʤʛ/ʤʣ; n=3) ʠʣʠ ʬʠʟʨʘʩʪʚʦʨʘ (n=1, 

ʢʦʥʪʨʦʣʴ) ʦʜʥʦʢʨʘʪʥʦ ʠʥʪʨʘʥʘʟʘʣʴʥʦ ʧʦ 5 ʤʢʣ ʨʘʩʪʚʦʨʘ ʚ ʢʘʞʜʫʶ ʥʦʟʜʨʶ (5 ʤʢʣ ʭ 

2 = 10 ʤʢʣ); 

2-ʘ ̫ʛʨʫʧʧʘ: ʚʚʝʜʝʥʠʝ ʯʃʬ ʚ ʬʠʟʨʘʩʪʚʦʨʝ (20 ʤʛ/ʤʣ; n=3) ʠʣʠ ʬʠʟʨʘʩʪʚʦʨʘ (n=1, 

ʢʦʥʪʨʦʣʴ) ʜʚʫʢʨʘʪʥʦ ʢʦʥʲʶʥʢʪʠʚʘʣʴʥʦ ʧʦ 2,5 ʤʢʣ ʚ ʢʘʞʜʳʡ ʛʣʘʟ (2,5 ʤʢʣ ʭ 4 = 10 

ʤʢʣ); 

3-  ̫ʛʨʫʧʧʘ: ʚʚʝʜʝʥʠʝ ʯʃʬ ʚ ʬʠʟʨʘʩʪʚʦʨʝ (20 ʤʛ/ʤʣ; n=3) ʠʣʠ ʬʠʟʨʘʩʪʚʦʨʘ (n=1, 

ʢʦʥʪʨʦʣʴ) ʦʜʥʦʢʨʘʪʥʦ ʧʦʜʲʷʟʳʯʥʦ 30 ʤʢʣ; 

4-ʘ ̫ ʛʨʫʧʧʘ: ʚʚʝʜʝʥʠʝ ʯʃʬ ʚ ʨʘʩʪʚʦʨʝ ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʘ (PBS, pH 7,4) 

ʦʜʥʦʢʨʘʪʥʦ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ 0,4 ʤʣ (ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʛ/ʤʣ; n=2). 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʦ ʚʟʷʪʦ ʦʜʥʦ ʞʠʚʦʪʥʦʝ ʚ ʢʘʯʝʩʪʚʝ ʠʥʪʘʢʪʥʦʛʦ ʢʦʥʪʨʦʣ.̫ 

2.3.2. ʉʙʦʨ ʦʙʨʘʟʮʦʚ 

ʄʳʰʠ 1-ʡ, 2-ʡ ʠ 3-ʡ ʛʨʫʧʧ ʙʳʣʠ ʘʥʝʩʪʝʟʠʨʦʚʘʥʳ ʧʝʨʝʜ ʚʚʝʜʝʥʠʝʤ 

ʨʘʩʪʚʦʨʦʚ, ʤʳʰʠ 4-ʡ ʛʨʫʧʧʳ ʠ ʠʥʪʘʢʪʥʦʝ ʞʠʚʦʪʥʦʝ - ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ 

ʧʝʨʬʫʟʠʠ. ʏʝʨʝʟ 5, 10 ʠʣʠ 60 ʤʠʥ (ʜʣʷ ʞʠʚʦʪʥʳʭ 1-ʡ ʠ 2-ʡ ʛʨʫʧʧʳ), ʯʝʨʝʟ 5, 15 

ʠʣʠ 30 ʤʠʥ (ʜʣʷ ʞʠʚʦʪʥʳʭ 3-ʝʡ ʛʨʫʧʧʳ) ʠ ʯʝʨʝʟ 30 ʠʣʠ 60 ʤʠʥ (ʜʣʷ ʞʠʚʦʪʥʳʭ 4-ʡ 

ʛʨʫʧʧʳ)  ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʯʃʬ ʤʳʰʝʡ ʪʨʘʥʩʢʘʨʜʠʘʣʴʥʦ ʧʝʨʬʫʟʠʨʦʚʘʣʠ. ɸʥʝʩʪʝʟʠʶ 

ʠ ʧʝʨʬʫʟʠʶ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʘʤ, ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ (ʧ. 2.2.6). ɻʦʣʦʚʥʦʡ ʤʦʟʛ 
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ʙʳʣ ʠʟʚʣʝʯʝʥ ʠ ʧʦʩʪʬʠʢʩʠʨʦʚʘʥ 4% ʨʘʩʪʚʦʨʦʤ ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ PBS ʧʨʠ 4ÁC 

ʚ ʪʝʯʝʥʠʝ 24 ʯ. ʅʘ ʚʠʙʨʘʪʦʤʝ Leica VT1200S (Leica, ɻʝʨʤʘʥʠʷ) ʙʳʣʠ ʩʜʝʣʘʥʳ 

ʩʝʨʠʡʥʳʝ ʧʘʨʘʩʘʛʠʪʪʘʣʴʥʳʝ ʩʨʝʟʳ ʪʦʣʱʠʥʦʡ 50 ʤʢʤ. ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 3. 

 

ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʣʘʢʪʦʬʝʨʨʠʥʘ ʚ  ʤʦʟʛ ʤʳʰʠ. 

2.3.3. ʀʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʘʷ ʜʝʪʝʢʮʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʣʘʢʪʦʬʝʨʨʠʥʘ 

ɼʣʷ ʀɻʍ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʞʠʚʦʪʥʳʭ ʚʩʝʭ ʛʨʫʧʧ. ʉʥʘʯʘʣʘ ʧʨʦʚʦʜʠʣʠ 

ʜʝʤʘʩʢʠʨʦʚʘʥʠʝ ʘʥʪʠʛʝʥʦʚ. ʇʣʘʚʘʶʱʠʝ ʩʨʝʟʳ ʧʦʤʝʱʘʣʠ ʚ ʤʠʢʨʦʧʨʦʙʠʨʢʠ ʩ 10 

ʤʄ ʮʠʪʨʘʪʥʳʤ ʙʫʬʝʨʦʤ (pH 6,0) ʩ 0,05% Tween-20 (Sigma-Aldrich, ʉʐɸ), 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʨʤʦʰʝʡʢʝʨʝ ʧʨʠ 95ÁC 10 ʤʠʥ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʩʦ ʩʢʦʨʦʩʪʴʶ 900 ʦʙ/ʤʠʥ.  ʀʟʚʣʝʢʘʣʠ ʩʨʝʟʳ ʠʟ ʧʨʦʙʠʨʦʢ ʠ ʦʪʤʳʚʘʣʠ ʚ PBS (3 Ĭ 10 

ʤʠʥ). ʉʨʝʟʳ ʧʨʝʜʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 2,5% ʥʦʨʤʘʣʴʥʦʡ  ʩʳʚʦʨʦʪʢʦʡ ʦʩʣʘ (Sigma-

Aldrich, ʉʐɸ) ʚ 1,0% Triton X-100 ʚ PBS (1% PBST) ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ ʩʥʠʞʝʥʠʷ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʠ 

ʧʝʨʤʝʘʙʠʣʠʟʘʮʠʠ ʤʝʤʙʨʘʥ, ʦʪʤʳʚʘʣʠ ʚ 0,2% PBST (3 Ĭ 10 ʤʠʥ). ɿʘʪʝʤ ʩʨʝʟʳ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ ʢʨʦʣʠʢʘ ʢ ʯʃʬ (1:150; Abcam, ab15811) ʚ 

0,2% PBST, ʩʦʜʝʨʞʘʱʝʤ 0,01% ʘʟʠʜʘ ʥʘʪʨʠʷ ʠ 2,5% ʥʦʨʤʘʣʴʥʦʡ ʩʳʚʦʨʦʪʢʠ ʦʩʣʘ, 

ʚ ʪʝʯʝʥʠʝ 12-18 ʯ ʧʨʠ 4
ʦ
C. ʇʨʦʚʦʜʠʣʠ ʜʦʠʥʢʫʙʘʮʠʶ ʚ ʪʦʤ ʞʝ ʨʘʩʪʚʦʨʝ ʘʥʪʠʪʝʣ ʚ 

ʪʝʯʝʥʠʝ 2 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʟʘʪʝʤ ʦʪʤʳʚʘʣʠ ʚ 0,2% PBST (3 Ĭ 15 

ʤʠʥ). ʉʨʝʟʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ ʚʪʦʨʠʯʥʳʭ ʘʥʪʠʪʝʣ ʦʩʣʘ ʢ 

ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʘʤ ʢʨʦʣʠʢʘ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ ʩ ʬʣʫʦʨʦʬʦʨʦʤ Alexa Fluor 568 

(1:500; Abcam, ab175470), ʚ 0,2% PBST ʚ ʪʝʯʝʥʠʝ 2 ʯ ʚ ʪʝʤʥʦʪʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʆʪʤʳʚʘʣʠ ʚ 0,2% PBST (3 Ĭ 15 ʤʠʥ). ʉʨʝʟʳ ʜʦʢʨʘʰʠʚʘʣʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʷʜʝʨʥʳʤ ʢʨʘʩʠʪʝʣʝʤ DAPI (1:1000; Abcam, ab228549).  
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ʅʘʣʠʯʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ ʦʮʝʥʠʚʘʣʠ ʧʫʪʝʤ 

ʩʨʘʚʥʝʥʠʷ ʩ ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʢʦʥʪʨʦʣʷʤʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʀɻʍ ʨʝʘʢʮʠʠ ʠʩʢʣʶʯʘʣʠ ʠʥʢʫʙʘʮʠʶ ʩ 

ʧʝʨʚʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ, ʟʘʤʝʥʷʷ ʠʭ ʥʦʨʤʘʣʴʥʦʡ ʩʳʚʦʨʦʪʢʦʡ.  

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʃʬ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ ʧʨʦʚʦʜʠʣʠ ʀɻʍ 

ʘʥʘʣʠʟ ʢʘʞʜʦʛʦ ʰʝʩʪʦʛʦ ʩʨʝʟʘ ʤʦʟʛʘ, ʚʟʷʪʦʛʦ ʯʝʨʝʟ 10 ʤʠʥ ʧʦʩʣʝ ʠʥʪʨʘʥʘʟʘʣʴʥʦʛʦ 

ʚʚʝʜʝʥʠʷ. 

2.3.4. ʌʝʥʦʪʠʧʠʨʦʚʘʥʠʝ ʢʣʝʪʦʢ ʤʦʟʛʘ ʤʳʰʠ, ʚʢʣʶʯʠʚʰʠʭ ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʣʘʢʪʦʬʝʨʨʠʥ    

ɼʣʷ ʬʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʢʣʝʪʦʢ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʢʦʣʦʢʘʣʠʟʘʮʠʠ ʯʃʬ ʠ 

ʤʘʨʢʝʨʦʚ ʨʘʟʥʦʛʦ ʪʠʧʘ ʢʣʝʪʦʢ ʥʘ ʩʨʝʟʘʭ ʤʦʟʛʘ ʤʳʰʠ. ʂʦʣʦʢʘʣʠʟʘʮʠʶ ʘʥʪʠʛʝʥʦʚ 

ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʀɻʍ-ʘʥʘʣʠʟʘ. ɼʣʷ ʜʚʦʡʥʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʢʦʤʙʠʥʘʮʠʶ ʧʝʨʚʠʯʥʳʭ ʘʥʪʠʪʝʣ ʢ ʯʃʬ ʩ ʘʥʪʠʪʝʣʘʤʠ ʢ ʩʣʝʜʫʶʱʠʤ ʙʝʣʢʘʤ: NeuN 

- ʤʘʨʢʝʨʫ ʟʨʝʣʳʭ ʥʝʡʨʦʥʦʚ (1:500; Millipore, MAB377), GFAP - ʤʘʨʢʝʨʫ 

ʘʩʪʨʦʮʠʪʦʚ (1:250; Abcam, ab4674), Iba1 - ʤʘʨʢʝʨʫ ʢʣʝʪʦʢ ʤʠʢʨʦʛʣʠʠ (1:200; 

Abcam, ab48004), CD31 - ʤʘʨʢʝʨʫ ʢʣʝʪʦʢ ʵʥʜʦʪʝʣʠʷ (1:100; Abcam, ab24590), ʘ 

ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʚʪʦʨʠʯʥʳʭ ʘʥʪʠʪʝʣ (1:500), ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ ʩ Alexa 

Fluor 568 (Abcam, ab175470), Alexa Fluor 647 (Invitrogen, A-21450) ʠʣʠ Alexa Fluor 

488 (Abcam, ab150173; Abcam, ab150129; Abcam, ab150117). ʉʨʝʟʳ ʜʦʢʨʘʰʠʚʘʣʠ 

DAPI. 

2.3.5. ʌʝʥʦʪʠʧʠʨʦʚʘʥʠʝ ʢʣʝʪʦʢ ʤʦʟʛʘ ʤʳʰʠ, ʚʢʣʶʯʠʚʰʠʭ ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʣʘʢʪʦʬʝʨʨʠʥ ʧʨʠ ʧʨʷʤʦʡ ʘʧʧʣʠʢʘʮʠʠ ʙʝʣʢʘ ʥʘ ʩʨʝʟʳ 

ɼʣʷ ʀɻʍ-ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʨʝʟʳ ʤʦʟʛʘ ʠʥʪʘʢʪʥʦʛʦ ʞʠʚʦʪʥʦʛʦ. ʉʭʝʤʘ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 4. 

 

ʈʠʩʫʥʦʢ 4. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʬʝʥʦʪʠʧʠʨʦʚʘʥʠ  ʁ ʢʣʝʪʦʢ ʤʦʟʛʘ ʤʳʰʠ, ʚʢʣʶʯʠʚʰʠʭ 

ʯʝʣʦʚʝʯʝʩʢʠʡ ʣʘʢʪʦʬʝʨʨʠʥ ʧʨʠ ʧʨʷʤʦʡ ʘʧʧʣʠʢʘʮʠʠ ʙʝʣʢʘ ʥʘ ʩʨʝʟʳ.   
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ʉʥʘʯʘʣʘ ʧʨʦʚʦʜʠʣʠ ʜʝʤʘʩʢʠʨʦʚʘʥʠʝ ʘʥʪʠʛʝʥʦʚ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ. ɿʘʪʝʤ 

ʧʣʘʚʘʶʱʠʝ ʩʨʝʟʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ ʯʃʬ (10 ʤʛ/ʤʣ) ʚ PBS, ʩʦʜʝʨʞʘʚʰʝʤ 

0,01% ʘʟʠʜʘ ʥʘʪʨʠʷ, ʚ ʪʝʯʝʥʠʝ 16 ʯ ʧʨʠ 4
ʦ
C. ʇʨʦʚʦʜʠʣʠ ʜʦʠʥʢʫʙʘʮʠʶ ʚ ʪʦʤ ʞʝ 

ʨʘʩʪʚʦʨʝ ʚ ʪʝʯʝʥʠʝ 2 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʟʘʪʝʤ ʦʪʤʳʚʘʣʠ ʚ PBS (3 Ĭ 15 

ʤʠʥ). ʇʦʩʣʝ ʧʝʨʤʝʘʙʠʣʠʟʘʮʠʠ ʤʝʤʙʨʘʥ ʩʨʝʟʳ ʦʪʤʳʚʘʣʠ. 

ɼʣʷ ʜʚʦʡʥʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝ ʞʝ ʢʦʤʙʠʥʘʮʠʠ ʧʝʨʚʠʯʥʳʭ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʚʪʦʨʠʯʥʳʭ ʘʥʪʠʪʝʣ (ʧ. 2.3.4). ʉʨʝʟʳ ʜʦʢʨʘʰʠʚʘʣʠ DAPI. 

ɹr ʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʢʦʣʦʢʘʣʠʟʘʮʠʠ ʯʃʬ ʠ ʤʘʨʢʝʨʦʚ ʨʘʟʥʦʛʦ ʪʠʧʘ ʢʣʝʪʦʢ. 

2.3.6. ʀʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʮʠʷ ʠ ʘʥʘʣʠʟ 

ʉʨʝʟʳ ʤʦʟʛʘ ʟʘʢʣʶʯʘʣʠ ʧʦʜ ʧʦʢʨʦʚʥʳʝ ʩʪʝʢʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʳ ʥʘ 

ʚʦʜʥʦʡ ʦʩʥʦʚʝ Fluoromount (Sigma-Aldrich, ʉʐɸ). ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʩʨʝʟʳ 

ʦʮʠʬʨʦʚʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ FluoView 10i (Olympus, 

ʗʧʦʥʠʷ). ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ Imaris 7.4.2 (Bitplane, ʐʚʝʡʮʘʨʠʷ). 

2.4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʣʘʢʪʦʬʝʨʨʠʥʘ ʯʝʣʦʚʝʢʘ ʥʘ ʵʢʩʧʨʝʩʩʠʶ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ c-Fos ʚ ʧʝʨʚʠʯʥʳʭ ʥʝʡʨʦʥʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ 

ʧʦʩʣʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ 

ʇʝʨʚʠʯʥʳʝ ʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʧʦʣʫʯʘʣʠ ʠʟ 

ʛʠʧʧʦʢʘʤʧʘ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʤʳʰʝʡ (ʈ0-ʈ1) ʣʠʥʠʠ ʉ57ɺl/6 ʚ 

ʩʪʝʨʠʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɻʠʧʧʦʢʘʤʧʳ ʠʟʚʣʝʢʘʣʠ, ʠʟʤʝʣʴʯʘʣʠ, ʪʨʠʧʩʠʥʠʟʠʨʦʚʘʣʠ 

(0,25%, 20 ʤʠʥ, 37
ʦ
C; Sigma-Aldrich, ʉʐɸ, T4049) [Kaech et al, 2006; ʐʠʨʦʢʦʚʘ 

ʆ.ʄ. ʠ ʜʨ., 2013]. ʂʣʝʪʢʠ ʜʚʘʞʜʳ ʦʪʤʳʚʘʣʠ ʚ ʧʦʣʥʦʡ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ. 

ʇʦʜʩʯʝʪ ʢʣʝʪʦʢ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʢʘʤʝʨʝ ɻʦʨʷʝʚʘ, ʜʦʚʦʜʠʣʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʶ ʜʦ 3 

ʤʣʥ/ʤʣ. ɿʘʪʝʤ ʢʣʝʪʢʠ (ʧʦ 50 ʤʢʣ ʩʫʩʧʝʥʟʠʠ) ʚʳʩʘʞʠʚʘʣʠ ʥʘ ʩʪʝʢʣʘ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʝ 0,05% ʧʦʣʠʵʪʠʣʝʥʠʤʠʥʦʤ (Supelco, ʉʐɸ), 

ʧʦʤʝʱʝʥʥʳʝ ʚ 35-ʤʤ ʯʘʰʢʠ ʇʝʪʨʠ (Greiner Bio-One, ɻʝʨʤʘʥʠʷ). ʇʣʦʪʥʦʩʪʴ 

ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʤʝʥʝʝ 1200 ʢʣʝʪʦʢ/ʤʤ
2
. ʂʫʣʴʪʫʨʳ ʢʣʝʪʦʢ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 37

ʦ
ʉ, 

100% ʚʣʘʞʥʦʩʪʠ ʠ 5% ʉʆ2 (ʠʥʢʫʙʘʪʦʨ Galaxy 170 S, New Brunswick Scientific, 
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ʉʐɸ), ʚ ʩʨʝʜʝ Neurobasal (Gibco, 21103-049), ʩʦʜʝʨʞʘʱʝʡ ʙʠʦʘʢʪʠʚʥʫʶ ʜʦʙʘʚʢʫ 

ɺ27 (2%, Gibco, 17504-044), L-ʛʣʫʪʘʤʠʥ (0,5 ʤʄ, Gibco, 25030-024), 50 ʄɽ/ʤʣ 

ʧʝʥʠʮʠʣʣʠʥʘ ʠ 50 ʤʢʛ/ʤʣ ʩʪʨʝʧʪʦʤʠʮʠʥʘ (Gibco, 15140-122, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) 

[Barykina et al., 2016]. ʉʤʝʥʫ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ (ʧʦʣʦʚʠʥʫ ʦʙʲʝʤʘ) 

ʧʨʦʠʟʚʦʜʠʣʠ ʯʝʨʝʟ 24 ʯ ʧʦʩʣʝ ʧʦʩʘʜʢʠ ʠ ʟʘʪʝʤ ʢʘʞʜʳʝ 3 ʜʥʷ. 

2.4.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʛʨʫʧʧʳ ʠ ʩʪʠʤʫʣʷʮʠʷ  

 ʅʝʡʨʦʥʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ  ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 7 ʛʨʫʧʧ:   

ʪʨʠ ʦʧʳʪʥʳʝ (KCl, KCl+ʃʬ, KCl+ʃʬʧʦʩʪ,  n = 10, 8, 6, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʜʚʝ 

ʘʢʪʠʚʥʦʛʦ (ɸʂ, ɸʂ+ʃʬ, n = 6 ʚ ʢʘʞʜʦʡ) ʠ ʜʚʝ ʧʘʩʩʠʚʥʦʛʦ (ʇʂ, ʇʂ+ʃʬ, n = 7, 9, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʢʦʥʪʨʦʣʷ. ʅʘ 8-ʡ ʜʝʥʴ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ in vitro ʦʩʫʱʝʩʪʚʣʷʣʠ  

ʠʥʜʫʢʮʠʶ ʵʢʩʧʨʝʩʩʠʠ ʙʝʣʢʘ c-Fos ʚ ʢʣʝʪʢʘʭ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 50 ʤʄ Kʉl (3ʭ2 

ʤʠʥ, ʠʥʪʝʨʚʘʣ 5 ʤʠʥ) ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ ʩ ʧʦʣʥʦʡ ʩʤʝʥʦʡ ʩʨʝʜʳ ʤʝʞʜʫ 

ʩʪʠʤʫʣʷʮʠʷʤʠ  [Schoenenberger et al., 2012].   ɺ   ʢʘʯʝʩʪʚʝ    ʘʢʪʠʚʥʦʛʦ      ʢʦʥʪʨʦʣʷ 

 

ʈʠʩʫʥʦʢ 5. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠ ʁ ʚʣʠʷʥʠʷ ʣʘʢʪʦʬʝʨʨʠʥʘ ʯʝʣʦʚʝʢʘ ʥʘ 

ʵʢʩʧʨʝʩʩʠʶ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ c-Fos ʚ ʧʝʨʚʠʯʥʳʭ ʥʝʡʨʦʥʘʣʴʥʳʭ ʢʫʣʴʪʫʨʘʭ ʧʦʩʣʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ. 
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ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʫʣʴʪʫʨʳ ʩ ʪʨʝʭʢʨʘʪʥʦʡ ʩʤʝʥʦʡ ʩʨʝʜʳ. ɿʘ 24 ʯ ʜʦ ʩʪʠʤʫʣʷʮʠʠ, 

ʩʤʝʥʳ ʩʨʝʜʳ ʠʣʠ ʬʠʢʩʘʮʠʠ ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ ʛʨʫʧʧ KCl+ʃʬ, KCl+ʃʬʧʦʩʪ, 

ɸʂ+ʃʬ ʠ ʇʂ+ʃʬ ʜʦʙʘʚʣʷʣʠ ʯʃʬ ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 1ʤʛ/ʤʣ. ɼʦʟʠʨʦʚʢʘ 

ʙʝʣʢʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ [Tammam et al., 2018]. ʇʨʠ ʩʤʝʥʝ 

ʩʨʝʜʳ ʤʝʞʜʫ ʩʪʠʤʫʣʷʮʠʷʤʠ ʚ ʛʨʫʧʧʝ KCl+ʃʬʧʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʯʃʬ 

ʧʦʜʜʝʨʞʠʚʘʣʠ ʧʦʩʪʦʷʥʥʦʡ ʜʦ ʤʦʤʝʥʪʘ ʬʠʢʩʘʮʠʠ ʢʫʣʴʪʫʨ. ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 5. 

ʏʝʨʝʟ 2 ʯ ʧʦʩʣʝ ʩʪʠʤʫʣʷʮʠʠ ʠʣʠ ʩʤʝʥʳ ʩʨʝʜʳ ʢʫʣʴʪʫʨʳ ʦʪʤʳʚʘʣʠ 0,1 ʄ 

PBS ʠ ʬʠʢʩʠʨʦʚʘʣʠ 4% ʨʘʩʪʚʦʨʦʤ ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʘ (Sigma-Aldrich, ʉʐɸ) ʚ 

PBS (10 ʤʠʥ ʥʘ ʭʣʘʜʘʛʝʥʪʝ). ɻʨʫʧʧʳ ʧʘʩʩʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʬʠʢʩʠʨʦʚʘʣʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʩʪʘʣʴʥʳʤʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʥʠʧʫʣʷʮʠʡ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʝ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

2.4.2. ʆʮʝʥʢʘ ʩʪʝʧʝʥʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ʛʝʥʦʤʥʦʡ ɼʅʂ  ʚ ʢʣʝʪʢʘʭ 

ʥʝʡʨʦʥʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʧʦʩʣʝ ʩʪʠʤʫʣʷʮʠʠ  

ɺʳʷʚʣʝʥʠʝ ʬʨʘʛʤʝʥʪʘʮʠʠ ɼʅʂ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ In situ BrdU-

Red DNA fragmentation (TUNEL) (Abcam, ab66110) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʠʥʩʪʨʫʢʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. TUNEL-ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦʤ 

ʤʝʯʝʥʠʠ 3'-ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʢʦʥʮʦʚ ʚ ʜʚʫʭʮʝʧʦʯʝʯʥʳʭ ʨʘʟʨʳʚʘʭ ɼʅʂ, 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʨʘʛʤʝʥʪʘʮʠʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 5-ɹʨʦʤ-2ô-

ʜʝʟʦʢʩʠʫʨʠʜʠʥ-5ô-ʪʨʠʬʦʩʬʘʪʘ (Br-dUTP) ʚ ʨʝʘʢʮʠʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʵʢʟʦʛʝʥʥʦʡ 

ʪʝʨʤʠʥʘʣʴʥʦʡ ʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜʠʣʪʨʘʥʩʬʝʨʘʟʦʡ (TdT), ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʪʝʢʮʠʝʡ 

ʩ ʧʦʤʦʱʴʶ ʘʥʪʠʪʝʣ ʢ ʙʨʦʤʜʝʟʦʢʩʠʫʨʠʜʠʥʫ, ʤʝʯʝʥʥʳʭ ʢʨʘʩʥʳʤ ʬʣʫʦʨʦʭʨʦʤʦʤ 

[ʐʤʘʨʦʚ ɼ.ɸ. ʠ ʜʨ., 2013; Chen et al, 2020]. 

ʂʫʣʴʪʫʨʳ ʛʨʫʧʧ KCl (ʯʝʨʝʟ 2 ʠʣʠ 24 ʯ ʧʦʩʣʝ ʩʪʠʤʫʣʷʮʠʠ) ʠ ʇʂ ʦʪʤʳʚʘʣʠ 

0,1 ʄ PBS, ʬʠʢʩʠʨʦʚʘʣʠ 4% ʨʘʩʪʚʦʨʦʤ ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʘ (Sigma-Aldrich, ʉʐɸ) 

ʚ PBS (10 ʤʠʥ ʥʘ ʭʣʘʜʘʛʝʥʪʝ), ʟʘʪʝʤ ʜʚʘʞʜʳ ʦʪʤʳʚʘʣʠ ʚ PBS. ʂʣʝʪʢʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 0,03% ʊʨʠʪʦʥ X-100 ʚ PBS (0,03% PBST) ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ ʧʝʨʤʝʘʙʠʣʠʟʘʮʠʠ ʤʝʤʙʨʘʥ, ʦʪʤʳʚʘʣʠ ʚ  PBS (1 Ĭ 10 

ʤʠʥ) ʠ ʥʘʥʦʩʠʣʠ ʧʦ 100 ʤʢʣ ʧʨʦʤʳʚʦʯʥʦʛʦ ʙʫʬʝʨʘ (2 Ĭ 5 ʤʠʥ). ʂʫʣʴʪʫʨʳ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʤʥʦʪʝ ʧʨʠ 37ÁC ʩ TdT ʠ Brd-UTP ʚ ʪʝʯʝʥʠʝ 1 ʯ, ʦʪʤʳʚʘʣʠ ʚ PBS 
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(2 Ĭ 5 ʤʠʥ),  ʘ ʟʘʪʝʤ ʦʢʨʘʰʠʚʘʣʠ ʘʥʪʠʪʝʣʘʤʠ ʢ ʙʨʦʤʜʝʟʦʢʩʠʫʨʠʜʠʥʫ, ʤʝʯʝʥʥʳʤʠ 

ʢʨʘʩʥʳʤ ʬʣʫʦʨʦʭʨʦʤʦʤ, ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʪʤʳʚʘʣʠ 

ʚ PBS (1 Ĭ 5 ʤʠʥ). ʗʜʨʘ ʢʣʝʪʦʢ ʜʦʢʨʘʰʠʚʘʣʠ ɼʅʂ-ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʤʘʨʢʝʨʦʤ 

Hoechst 33258 (1:1000; Invitrogen, H-1398). ʆʢʨʘʰʝʥʥʳʝ ʢʫʣʴʪʫʨʳ ʦʮʠʬʨʦʚʳʚʘʣʠ 

ʩ ʧʦʤʦʱʴʶ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ FV10i (Olympus, ʗʧʦʥʠʷ) ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʘʭ Imaris 7.4.2 (Bitplane, ʐʚʝʡʮʘʨʠʷ) ʠ Image-Pro Plus 6.0 

(Media Cybernetics, ʉʐɸ). ʂʦʣʠʯʝʩʪʚʦ TUNEL+ - ʷʜʝʨ ʙʳʣʦ ʥʦʨʤʘʣʠʟʦʚʘʥʦ ʥʘ 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʷʜʝʨ [Maiti et al., 2017; Ben Yakir-Blumkin et al., 2014], ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʨʘʩʩʯʠʪʘʥʦ ʧʦ 10-15 ʧʦʣʷʤ ʟʨʝʥʠʷ ʚ ʢʘʞʜʦʡ ʢʫʣʴʪʫʨʝ. 

 2.4.3. ɼʠʥʘʤʠʢʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʃʬ ʚ ʮʠʪʦʧʣʘʟʤʫ ʠ ʷʜʨʦ ʢʣʝʪʦʢ ʧʝʨʚʠʯʥʦʡ 

ʢʫʣʴʪʫʨʳ ʛʠʧʧʦʢʘʤʧʘ 

ʅʘ 7-ʡ ʜʝʥʴ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ in vitro ʚ ʩʨʝʜʫ ʜʦʙʘʚʣʷʣʠ ʯʃʬ ʜʦ ʢʦʥʝʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 1ʤʛ/ʤʣ. ʏʝʨʝʟ 2, 24 ʠʣʠ 72 ʯ ʢʫʣʴʪʫʨʳ ʦʪʤʳʚʘʣʠ 0,1 ʄ PBS ʠ 

ʬʠʢʩʠʨʦʚʘʣʠ 4% ʨʘʩʪʚʦʨʦʤ ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʘ (10 ʤʠʥ ʥʘ ʭʣʘʜʘʛʝʥʪʝ). 

ʀʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʦʣʠʯʴʠʭ 

ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ (EPR4338) ʢ ʣʘʢʪʦʬʝʨʨʠʥʫ (1:150; Abcam, ab109000), ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʪʝʢʮʠʝʡ ʩ ʧʦʤʦʱʴʶ ʦʩʣʠʥʳʭ ʧʨʦʪʠʚʦʢʨʦʣʠʯʴʠʭ ʘʥʪʠʪʝʣ, 

ʤʝʯʝʥʥʳʭ ʬʣʫʦʨʦʬʦʨʦʤ Alexa Fluor 568 (1:500; Abcam, ab175470). ʗʜʨʘ ʢʣʝʪʦʢ 

ʜʦʢʨʘʰʠʚʘʣʠ Hoechst 33258. ʆʢʨʘʰʝʥʥʳʝ ʢʫʣʴʪʫʨʳ ʦʮʠʬʨʦʚʳʚʘʣʠ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ (ʘʥʘʣʦʛʠʯʥʦ ʧ. 2.4.2). ʂʦʣʠʯʝʩʪʚʦ ʃʬ+ - ʢʣʝʪʦʢ (ʦʪʜʝʣʴʥʦ ʩ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʠ ʷʜʝʨʥʦʡ ʣʦʢʘʣʠʟʘʮʠʷʤʠ ʵʢʟʦʛʝʥʥʦʛʦ ʙʝʣʢʘ) ʙʳʣʦ 

ʥʦʨʤʘʣʠʟʦʚʘʥʦ ʥʘ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʷʜʝʨ, ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʨʘʩʩʯʠʪʘʥʦ ʧʦ 

5-6 ʧʦʣʷʤ ʟʨʝʥʠʷ ʚ ʢʘʞʜʦʡ ʢʫʣʴʪʫʨʝ. 

2.4.4. ʀʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʘʷ ʜʝʪʝʢʮʠʷ ʙʝʣʢʦʚ 

ʀʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʟʴʠʭ 

ʧʦʣʠʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ ʢ ʙʝʣʢʫ c-Fos (1:200; Santa Cruz Biotechnology, sc-52-G), 

ʢʨʦʣʠʯʴʠʭ ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ (EPR4338) ʢ ʣʘʢʪʦʬʝʨʨʠʥʫ (1:150; Abcam, 

ab109000) ʠ ʤʳʰʠʥʳʭ ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ ʢ NeuN (clone A60) (1:500; 

Millipore, MAB377) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʪʝʢʮʠʝʡ ʩ ʧʦʤʦʱʴʶ ʦʩʣʠʥʳʭ 
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ʧʨʦʪʠʚʦʢʦʟʴʠʭ ʘʥʪʠʪʝʣ, ʤʝʯʝʥʥʳʭ ʬʣʫʦʨʦʬʦʨʦʤ Alexa Fluor 488 (1:500; Abcam, 

ab150129), ʦʩʣʠʥʳʭ ʧʨʦʪʠʚʦʢʨʦʣʠʯʴʠʭ ʘʥʪʠʪʝʣ, ʤʝʯʝʥʥʳʭ ʬʣʫʦʨʦʬʦʨʦʤ Alexa 

Fluor 568 (1:500; Abcam, ab175470) ʠ ʦʩʣʠʥʳʭ ʧʨʦʪʠʚʦʤʳʰʠʥʳʭ ʘʥʪʠʪʝʣ, 

ʤʝʯʝʥʥʳʭ ʬʣʫʦʨʦʬʦʨʦʤ Alexa Fluor 647 (1:500; Invitrogen, A-21450). ʗʜʨʘ ʢʣʝʪʦʢ 

ʜʦʢʨʘʰʠʚʘʣʠ Hoechst 33258. ʆʢʨʘʰʝʥʥʳʝ ʢʫʣʴʪʫʨʳ ʦʮʠʬʨʦʚʳʚʘʣʠ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ (ʘʥʘʣʦʛʠʯʥʦ ʧ. 2.4.2). ʂʦʣʠʯʝʩʪʚʦ c-Fos+ - ʷʜʝʨ ʙʳʣʦ 

ʥʦʨʤʘʣʠʟʦʚʘʥʦ ʥʘ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʷʜʝʨ [ʉʫʭʘʥʦʚʘ ɸ.ʃ. ʠ ʜʨ., 2012] ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʨʘʩʩʯʠʪʘʥʦ ʧʦ 10 ʧʦʣʷʤ ʟʨʝʥʠʷ ʚ ʢʘʞʜʦʡ ʢʫʣʴʪʫʨʝ. 

2.5. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ 

GraphPad Prizm 6.01 (La Jolla, California, ʉʐɸ). ʅʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʚʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʐʘʧʠʨʦ-ʋʠʣʢʘ ʠʣʠ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʚʳʙʦʨʦʢ. ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ ʭʘʨʘʢʪʝʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʤʝʥʷʣʠ ʦʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ 

One-Way ANOVA ʩ ʧʦʩʣʝʜʫʶʱʠʤ post hoc ʘʥʘʣʠʟʦʤ ʧʦ ʢʨʠʪʝʨʠʶ ʊʴʶʢʠ ʠʣʠ 

ʢʨʠʪʝʨʠʶ ʐʠʜʘʢʘ ʜʣʷ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʨʘʚʥʝʥʠʡ. ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʦʚʝʨʢʠ ʥʝ ʧʦʟʚʦʣʷʣʠ ʧʨʠʥʷʪʴ ʛʠʧʦʪʝʟʫ ʦ ʥʦʨʤʘʣʴʥʦʤ ʭʘʨʘʢʪʝʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʘʥʥʳʭ, ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʷʣʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

ʦʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʂʨʘʩʢʝʣʣ-ʋʦʣʣʠʩʘ ANOVA ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ post hoc ʘʥʘʣʠʟʦʤ ʧʦ ʢʨʠʪʝʨʠʶ ɼʘʥʥʘ ʜʣʷ ʤʥʦʞʝʩʪʚʝʥʥʳʭ 

ʩʨʘʚʥʝʥʠʡ. ɼʣʷ ʚʥʫʪʨʠʛʨʫʧʧʦʚʳʭ ʩʨʘʚʥʝʥʠʡ ʥʘ ʜʚʫʭ ʩʨʦʢʘʭ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠʤʝʥʷʣʠ ʧʘʨʥʳʡ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ ɺʠʣʢʦʢʩʦʥʘ ʠʣʠ 

ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ U-ʢʨʠʪʝʨʠʡ ʄʘʥʥʘ-ʋʠʪʥʠ ʜʣʷ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ. ɼʣʷ 

ʚʳʷʚʣʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʩʩʯʠʪʳʚʘʣʠ 

ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʨʘʥʛʦʚ ʉʧʠʨʤʝʥʘ. ɼʣʷ ʘʥʘʣʠʟʘ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʂʘʧʣʘʥʘ-ʄʝʡʝʨʘ (ʢʨʠʪʝʨʠʡ ɻʝʭʘʥʘ-ɹʨʝʩʣʦʫ-

ɺʠʣʢʦʢʩʦʥʘ). ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʠ ʩʪʘʥʜʘʨʪʥʦʡ 

ʦʰʠʙʢʠ ʩʨʝʜʥʝʛʦ ʠʣʠ ʚ ʚʠʜʝ ʤʝʜʠʘʥ, ʢʚʘʨʪʠʣʝʡ, ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʡ. ʈʘʟʣʠʯʠʷ ʩʯʠʪʘʣʠ ʜʦʩʪʦʚʝʨʥʳʤʠ ʧʨʠ p < 0.05.  
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ɻʃɸɺɸ 3. ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʌʌɽʂʊʆɺ ʃɸʂʊʆʌɽʈʈʀʅɸ ʏɽʃʆɺɽʂɸ 

ʇʆʉʃɽ ʆʉʊʈʆɻʆ ɻɸʄʄɸ-ʆɹʃʋʏɽʅʀʗ ʄʓʐɽʁ ɺ ʉʋɹʃɽʊɸʃʔʅʆʁ  

ɼʆɿɽ 

ɿʘʜʘʯʝʡ ʧʝʨʚʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʪʴ ʵʬʬʝʢʪʳ ʯʃʬ ʥʘ 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʠ ʩʠʩʪʝʤʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʧʦʩʣʝ ʦʩʪʨʦʛʦ ʛʘʤʤʘ-

ʦʙʣʫʯʝʥʠʷ ʤʳʰʝʡ ʚ ʩʫʙʣʝʪʘʣʴʥʦʡ  ʜʦʟʝ.  

3.1. ɺʳʞʠʚʘʝʤʦʩʪʴ ʠ ʩʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʤʳʰʝʡ ʧʦʩʣʝ 

ʪʦʪʘʣʴʥʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ 

ɺʣʠʷʥʠʝ ʯʃʬ ʥʘ ʚʳʞʠʚʘʝʤʦʩʪʴ ʠ ʩʨʝʜʥʶʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ 

(ʉʇɾ) ʤʳʰʝʡ ʙʳʣʦ ʠʟʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ ʝʞʝʜʥʝʚʥʦʛʦ ʫʯʝʪʘ ʚ ʪʝʯʝʥʠʝ 30 ʜʥʝʡ 

ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. ɺ ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧʘʭ ʥʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʠ ʦʜʥʦʡ 

ʛʠʙʝʣʠ ʞʠʚʦʪʥʳʭ ʚ ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʛʨʫʧʧʝ ʆʙʣ ʛʠʙʝʣʴ ʤʳʰʝʡ ʥʘʯʘʣʘʩʴ 

ʥʘ 5-ʡ ʜʝʥʴ ʠ ʙʳʣʘ ʚʳʩʦʢʦʡ ʤʝʞʜʫ 7-ʤ ʠ 14-ʤ ʜʥʷʤʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. 

ɺʳʞʠʚʘʝʤʦʩʪʴ ʞʠʚʦʪʥʳʭ ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʢ 30-ʤʫ ʜʥʶ ʩʦʩʪʘʚʣʷʣʘ 28,1% (ʈʠʩ. 6ʘ), ʘ 

ʉʇɾ - 16,0 Ñ 1,7 ʜʥʝʡ (ʈʠʩ. 6ʙ) [ʂʦʧʘʝʚʘ ʄ.ʖ. ʠ ʜʨ., 2020]. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʨʘʥʝʝ ʜʘʥʥʳʤʠ (ʧ. 1.2.3.). 

 

ʈʠʩʫʥʦʢ 6. ɺʳʞʠʚʘʝʤʦʩʪʴ (ʘ) ʠ ʩʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ (ʙ) ʤʳʰʝʡ ʧʦʩʣʝ ʦʩʪʨʦʛʦ 

ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7,5 ɻʨ. ****p < 0,0001 - ʦʪʣʠʯʠʷ ʦʪ ʛʨʫʧʧʳ ʆʙʣ [ʂʦʧʘʝʚʘ ʄ.ʖ. ʠ ʜʨ., 

2020]. 
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ɺ ʛʨʫʧʧʘʭ ʆʙʣ+ʃʬ ʠ ʆʙʣ+ʃʬʭ2 ʧʝʨʚʘʷ ʛʠʙʝʣʴ ʤʳʰʝʡ ʧʨʦʠʟʦʰʣʘ ʥʘ 11-ʡ 

ʜʝʥʴ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʠ ʥʦʩʠʣʘ ʧʦʩʪʝʧʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ 

ʯʃʬ ʫʚʝʣʠʯʠʣʦ ʚʳʞʠʚʘʝʤʦʩʪʴ ʦʙʣʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʜʦ 78,1% ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ 

(ʈʠʩ. 6ʘ), ʘ ʉʇɾ ï ʜʦ 26,8 Ñ 1,2 (ʆʙʣ+ʃʬʭ2) ʠ 26,2 Ñ 1,3 (ʆʙʣ+ʃʬ) ʜʥʝʡ (ʈʠʩ. 6ʙ) 

[ʂʦʧʘʝʚʘ ʄ.ʖ. ʠ ʜʨ., 2020]. 

ʕʪʠ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ. 

ʅʘ 30-ʡ ʜʝʥʴ ʧʦʩʣʝ ʪʦʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 6,8 ɻʨ ʠʣʠ 7 ɻʨ 

ʚʳʞʠʚʘʝʤʦʩʪʴ ʤʳʰʝʡ, ʧʦʣʫʯʘʚʰʠʭ ʜʠʝʪʫ, ʩʦʜʝʨʞʘʱʫʶ 0,1% ʢʦʨʦʚʴʝʛʦ ʃʬ, ʚ 

ʪʝʯʝʥʠʝ 7-ʠ ʜʥʝʡ ʜʦ ʦʙʣʫʯʝʥʠʷ ʠ 30-ʪʠ ʜʥʝʡ ʧʦʩʣʝ ʥʝʛʦ, ʙʳʣʘ ʚʳʰʝ: 85% ʠ 62%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [Nishimura et al., 2014] ʠʣʠ 50% ʠ 33%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [Feng et al., 

2018]. ʂʦʨʦʚʠʡ ʃʬ (4 ʤʛ/ʞʠʚʦʪʥʦʝ, ʚ/ʙ), ʚʚʝʜʝʥʥʳʡ ʩʨʘʟʫ ʧʦʩʣʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 6,8 ɻʨ, ʫʚʝʣʠʯʠʣ 30-ʪʠ ʜʥʝʚʥʫʶ ʚʳʞʠʚʘʝʤʦʩʪʴ ʤʳʰʝʡ ʩ 50% ʜʦ 

92% [Nishimura et al., 2014]. ɺʚʝʜʝʥʠʝ ʃʬ (65 ʠʣʠ 300 ʤʢʛ/ʢʛ, ʧ/ʢ, ʝʞʝʜʥʝʚʥʦ ʩ 1-

ʛʦ ʧʦ 14-ʡ ʜʝʥʴ), ʧʦʣʫʯʝʥʥʦʛʦ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʟ ʤʦʣʦʟʠʚʘ 

ʢʨʦʣʠʢʦʚ, ʧʦʩʣʝ ʪʦʪʘʣʴʥʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʤʦʨʩʢʠʭ ʩʚʠʥʦʢ ʚ ʜʦʟʝ 2,5 ɻʨ 

ʧʦʚʳʰʘʣʦ ʚʳʞʠʚʘʝʤʦʩʪʴ ʞʠʚʦʪʥʳʭ ʢ 30-ʤʫ ʜʥʶ ʩ 54% ʜʦ 86% ʠʣʠ 100%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [ʀʚʘʥʦʚ ɸ.ɸ. ʠ ʜʨ., 2009]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʯʃʬ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʚʳʞʠʚʘʝʤʦʩʪʴ ʠ 

ʩʨʝʜʥʶʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʦʙʣʫʯʝʥʥʳʭ ʤʳʰʝʡ ʚ ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

3.2. ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ ʞʠʚʦʪʥʳʭ  

ɺʦʟʜʝʡʩʪʚʠʝ ʙʦʣʴʰʠʭ ʜʦʟ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ  ʤʘʩʩʳ ʪʝʣʘ [ʎʳʙ ɸ.ʌ. ʠ ʜʨ., 2005; Liu et al., 2017]. ʇʦʩʣʝ 

ʦʙʣʫʯʝʥʠʷ ʤʘʩʩʘ ʪʝʣʘ ʤʳʰʝʡ ʥʘʯʘʣʘ ʫʤʝʥʴʰʘʪʴʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʢʦʥʪʨʦʣʴʥʳʭ 

ʞʠʚʦʪʥʳʭ ʦʥʘ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʣʘʩʴ. ʋ ʢʦʥʪʨʦʣʴʥʳʭ ʤʳʰʝʡ ʯʃʬ ʥʝ ʦʢʘʟʘʣ 

ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ, ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ ʘʢʪʠʚʥʦʛʦ (ɸʂ, ɸʂ+ʃʬ, ɸʂ+ʃʬʭ2) ʠ ʧʘʩʩʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ (ʇʂ) ʚ 

ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ. ɺʦ ʚʩʝʭ ʪʨʝʭ ʦʧʳʪʥʳʭ ʛʨʫʧʧʘʭ 

ʥʘʙʣʶʜʘʣʠ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ ʥʘ 3-ʡ ʜʝʥʴ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ, ʭʦʪʷ ʚ ʛʨʫʧʧʝ 

ʆʙʣ+ʃʬʭ2 ʦʥʦ ʙʳʣʦ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ (ʈʠʩ. 7) [Kopaeva M.Yu. et al., 2020]. ɺ 
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ʦʧʳʪʥʳʭ ʛʨʫʧʧʘʭ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʪʝʣʘ ʙʳʣʘ ʨʘʟʥʦʡ. ʄʘʩʩʘ ʪʝʣʘ 

ʞʠʚʦʪʥʳʭ ʛʨʫʧʧʳ ʆʙʣ ʫʤʝʥʴʰʘʣʘʩʴ ʜʦ 12-ʛʦ ʜʥʷ ʠ ʤʝʞʜʫ 21-ʤ ʠ 24-ʤ ʜʥʷʤʠ, 

ʦʩʪʘʚʘʣʘʩʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʦʡ ʤʝʞʜʫ 12-ʤ - 15-ʤ ʠ 27-ʤ - 30-ʤ ʜʥʷʤʠ, 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʤʝʞʜʫ 15-ʤ - 21-ʤ ʠ 24-ʤ - 27-ʤ ʜʥʷʤʠ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʨʘʥʝʝ ʜʘʥʥʳʤʠ (ʧ. 1.2.3.). 

ʄʘʩʩʘ ʦʙʣʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʧʦʣʫʯʠʚʰʠʭ ʯʃʬ, ʫʤʝʥʴʰʘʣʘʩʴ ʜʦ 6-ʛʦ ʜʥʷ, 

ʦʩʪʘʚʘʣʘʩʴ ʚ ʦʩʥʦʚʥʦʤ ʧʦʩʪʦʷʥʥʦʡ ʤʝʞʜʫ 6-ʤ ʠ 15-ʤ ʜʥʷʤʠ ʠ ʜʘʣʝʝ ʧʦʩʪʝʧʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ. 

 

ʈʠʩʫʥʦʢ 7. ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ ʤʳʰʝʡ ʧʦʩʣʝ ʦʩʪʨʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7,5 ɻʨ ʚ 

ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʉʪʨʝʣʢʘ ʫʢʘʟʳʚʘʝʪ ʜʝʥʴ, ʢʦʛʜʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʙʣʫʯʝʥʠʝ. *p < 0,05 ï 

ʆʙʣ vs ɸʂ; #p < 0,05 ï ʆʙʣ+ʃʬ vs ɸʂ+ʃʬ; &p < 0,05 ï ʆʙʣ+ʃʬʭ2 vs ɸʂ+ʃʬʭ2; +p < 0,05,  ++p 

< 0,01 ï ʆʙʣ vs ʆʙʣ+ʃʬ;  ^p < 0,05,  ̂^ p < 0,01 ï ʆʙʣ vs ʆʙʣ+ʃʬʭ2 ʚ ʪʦʪ ʞʝ ʜʝʥʴ. 

ɺ ʛʨʫʧʧʝ ʆʙʣ ʤʘʩʩʘ ʪʝʣʘ ʙʳʣʘ ʟʥʘʯʠʤʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʛʨʫʧʧʝ ɸʂ, ʥʘʯʠʥʘʷ ʩ 

3-ʛʦ ʜʥʷ ʠ ʜʦ ʢʦʥʮʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʯʝʤ ʚ ʛʨʫʧʧʘʭ ʆʙʣ+ʃʬ ʩ 24-ʛʦ ʧʦ 30-ʡ 

ʜʥʠ ʠ ʆʙʣ+ʃʬʭ2 ʥʘ 12-ʡ, 15-ʡ ʠ ʩ 21-ʛʦ ʧʦ 30-ʡ ʜʥʠ (ʈʠʩ. 7).  ɾʠʚʦʪʥʳʝ ʚʩʝʭ 

ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʟʥʘʯʠʤʦ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʪʨʦʣʝʡ ʩ 6-ʛʦ ʧʦ 18-ʡ 

ʜʝʥʴ ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ. ʂ 30-ʤʫ ʜʥʶ ʤʘʩʩʘ ʤʳʰʝʡ ʛʨʫʧʧʳ ʆʙʣ ʥʝ 

ʚʦʩʩʪʘʥʦʚʠʣʘʩʴ ʜʘʞʝ ʜʦ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ [Kopaeva M.Yu. et al., 2020]. ʅʘʧʨʦʪʠʚ, 

ʫʞʝ ʢ 21-ʤʫ ʜʥʶ ʤʘʩʩʘ ʪʝʣʘ ʞʠʚʦʪʥʳʭ ʚ ʛʨʫʧʧʘʭ ʆʙʣ+ʃʬ ʠ ʆʙʣ+ʃʬʭ2 ʜʦʩʪʠʛʣʘ 

ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʠ ʟʥʘʯʠʤʦ ʥʝ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʪʨʦʣʝʡ. ʈʘʥʝʝ 
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ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʧʦʩʣʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7 ɻʨ ʤʘʩʩʘ ʪʝʣʘ ʤʳʰʝʡ 

ʩʥʠʞʘʣʘʩʴ ʜʦ 10-ʛʦ ʜʥʷ, ʟʘʪʝʤ ʥʘʯʠʥʘʣʘ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʠ ʫ ʞʠʚʦʪʥʳʭ, 

ʦʙʣʫʯʝʥʥʳʭ ʥʘ ʬʦʥʝ ʜʠʝʪʳ, ʩʦʜʝʨʞʘʱʝʡ 0,1% ʢʦʨʦʚʴʝʛʦ ʃʬ (7 ʜʥʝʡ ʜʦ ʠ 30 ʜʥʝʡ 

ʧʦʩʣʝ), ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʙʳʣ ʟʥʘʯʠʤʦ ʚr ʰʝ ʤʝʞʜʫ 20-ʤ ʠ 30-ʤ ʜʥʷʤʠ [Feng et al., 

2018]. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʩʥʠʞʝʥʠʷ ʤʘʩʩʳ ʪʝʣʘ ʦʙʣʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ 

ʷʚʣʷʝʪʩʷ ʣʫʯʝʚʦʝ ʧʦʨʘʞʝʥʠʝ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ ʪʦʥʢʦʛʦ ʢʠʰʝʯʥʠʢʘ. ʂʦʨʦʚʠʡ ʃʬ 

(2 ʠʣʠ 4 ʤʛ/ʞʠʚʦʪʥʦʝ, ʚ/ʙ, ʟʘ 4 ʯ ʜʦ ʠ 1ʨ/ʜʝʥʴ 3 ʜʥʷ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠ)̫ ʦʩʣʘʙʣʷʣ 

ʧʦʚʨʝʞʜʝʥʠʝ ʵʧʠʪʝʣʠʷ ʪʦʥʢʦʡ ʢʠʰʢʠ (ʧʦʢʘʟʘʪʝʣʠ: ʜʣʠʥʘ ʚʦʨʩʠʥʦʢ ʠ ʦʪʥʦʰʝʥʠʝ 

ʜʣʠʥʳ ʚʦʨʩʠʥʢʠ ʢ ʛʣʫʙʠʥʝ ʢʨʠʧʪʳ) ʫ ʤʳʰʝʡ ʧʦʩʣʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʚ 

ʜʦʟʝ 5 ɻʨ [Wei et al., 2019]. 

 ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʯʃʬ ʦʢʘʟʘʣ 

ʢʦʤʧʝʥʩʘʪʦʨʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ ʦʙʣʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. 

3.3. ʆʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʤʳʰʝʡ ʚ ʪʝʩʪʝ çʆʪʢʨʳʪʦʝ ʧʦʣʝè  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʪʨʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʠʭ ʜʦʟ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ 

ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʜʝʥʠʷ (ʧ. 1.2.3). ɺʩʝ ʛʨʫʧʧʳ ʤʳʰʝʡ 

ʧʦʢʘʟʘʣʠ ʩʭʦʜʥʫʶ ʜʚʠʛʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʧʝʨʝʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ. ʇʦʚʪʦʨʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚ ʆʇ 

ʧʨʠʚʦʜʠʣʦ ʢ ʟʘʚʠʩʷʱʠʤ ʦʪ ʚʨʝʤʝʥʠ ʠʟʤʝʥʝʥʠʷʤ ʚ ʧʦʚʝʜʝʥʠʠ ʞʠʚʦʪʥʳʭ 

ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧ. ʇʦʚʝʜʝʥʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʪʨʘʭʦʤ ʚ ʦʪʚʝʪ ʥʘ 

ʥʦʚʠʟʥʫ, ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ, ʧʨʦʷʚʣʷʣʠʩʴ ʩʣʘʙʝʝ, ʘ ʙʣʘʛʦʜʘʨʷ 

ʧʨʠʚʳʢʘʥʠʶ ʜʚʠʛʘʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʥʠʞʘʣʘʩʴ. 

ʆʙʱʠʡ ʧʨʦʡʜʝʥʥʳʡ ʧʫʪʴ ʦʪʨʘʞʘʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʜʚʠʛʘʪʝʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʞʠʚʦʪʥʳʭ [Mandillo et al., 2008]. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʧʨʦʡʜʝʥʥʦʛʦ 

ʧʫʪʠ ʚ ʆʇ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ 10-ʡ ʠ 20-ʡ ʜʥʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʦʙʱʘʷ ʜʚʠʛʘʪʝʣʴʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʤʳʰʝʡ ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʙʳʣʘ ʩʥʠʞʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʦʥʪʨʦʣʷʤʠ (ʈʠʩ. 8ʘ) [ʂʦʧʘʝʚʘ ʄ.ʖ. ʠ ʜʨ., 2020]. ʅʘ 30-ʡ ʜʝʥʴ 

ʦʙʣʫʯʝʥʥʳʝ ʞʠʚʦʪʥʳʝ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʢʦʥʪʨʦʣʴʥʳʭ ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ. 

ʆʜʥʘʢʦ ʥʘ 30-ʡ ʜʝʥʴ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʆʙʣ ʠ 
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ʆʙʣ+ʃʬ, ʘ ʪʘʢʞʝ ɸʂ ʠ ɸʂ+ʃʬ (ʈʠʩ. 8ʘ, ʙ). ʄʳʰʠ, ʦʜʥʦʢʨʘʪʥʦ ʧʦʣʫʯʠʚʰʠʝ ʯʃʬ, 

ʧʨʦʰʣʠ ʙʦʣʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʚ ʆʇ ʧʨʠ ʬʠʥʘʣʴʥʦʤ ʪʝʩʪʠʨʦʚʘʥʠʠ. 

 

ʈʠʩʫʥʦʢ 8. ʆʙʱʠʡ ʧʨʦʡʜʝʥʥʳʡ ʧʫʪʴ ʤʳʰʝʡ ʚ ʪʝʩʪʝ çʆʪʢʨʳʪʦʝ ʧʦʣʝè ʧʦʩʣʝ ʦʩʪʨʦʛʦ ʛʘʤʤʘ-

ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7,5 ɻʨ. ɺʩʝ ʛʨʫʧʧʳ, ʢʨʦʤʝ ʇʂ (ʘ). ɺʩʝ ʢʦʥʪʨʦʣʴʥʳʝ ʛʨʫʧʧʳ (ʙ). ***p < 0,001, 

*** *p < 0,0001 - ʦʪʣʠʯʠʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧ ʚ ʪʦʪ ʞʝ ʜʝʥʴ; #p < 0,05; +p < 

0,05. 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʦʝʢ ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ [Carola et 

al., 2002]. ʋ ʦʙʣʫʯʝʥʥʳʭ ʤʳʰʝʡ ʚʳʷʚʠʣʠ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʪʦʝʢ ʥʘ 10-ʡ 

ʜʝʥʴ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʞʠʚʦʪʥʳʤʠ (ʈʠʩ. 9) 

[ʂʦʧʘʝʚʘ ʄ.ʖ. ʠ ʜʨ., 2020]. 

 

ʈʠʩʫʥʦʢ 9. ʇʦʚʝʜʝʥʠʝ ʤʳʰʝʡ ʚ ʪʝʩʪʝ çʆʪʢʨʳʪʦʝ ʧʦʣʝè ʧʦʩʣʝ ʦʩʪʨʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 

7,5 ɻʨ. ʂʦʣʠʯʝʩʪʚʦ ʩʪʦʝʢ. **p < 0,01, ***p < 0,001 - ʦʪʣʠʯʠʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʪʨʦʣʴʥʳʭ 

ʛʨʫʧʧ ʚ ʪʦʪ ʞʝ ʜʝʥʴ; #p < 0,05 ï ʦʪʣʠʯʠʷ ʦʪ ʛʨʫʧʧʳ ʆʙʣ+ʃʬ, &p < 0,05 - ʦʪʣʠʯʠʷ ʦʪ ʛʨʫʧʧʳ 

ʆʙʣ+ʃʬʭ2 ʥʘ 20-ʡ ʜʝʥʴ [ʂʦʧʘʝʚʘ ʄ.ʖ. ʠ ʜʨ., 2020]. 
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ʅʘ 20-ʡ ʜʝʥʴ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚ ʛʨʫʧʧʝ ʆʙʣ ʙʳʣ ʟʥʘʯʠʤʦ ʥʠʞʝ, ʯʝʤ ʚ 

ʛʨʫʧʧʘʭ ɸʂ, ʆʙʣ+ʃʬ ʠ ʆʙʣ+ʃʬʭ2. ʆʙʝ ʦʧʳʪʥʳʝ ʛʨʫʧʧʳ, ʧʦʣʫʯʠʚʰʠʝ ʯʃʬ, ʥʝ 

ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʩʪʦʝʢ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʪʨʦʣʝʡ ʫʞʝ ʢ 20-ʤʫ ʜʥʶ 

[ʂʦʧʘʝʚʘ ʄ.ʖ. ʠ ʜʨ., 2020]. ʅʘ 30-ʡ ʜʝʥʴ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ. 

ɺʨʝʤʷ, ʧʨʦʚʝʜʝʥʥʦʝ ʚ ʮʝʥʪʨʝ ʆʇ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʘʨʘʤʝʪʨʦʤ, ʦʪʨʘʞʘʶʱʠʤ 

ʫʨʦʚʝʥʴ ʪʨʝʚʦʞʥʦʩʪʠ ʞʠʚʦʪʥʦʛʦ [Carola et al., 2002; Prut and Belzung, 2003; Zhang 

et al., 2018]. ʄʳʰʠ ʛʨʫʧʧʳ ʆʙʣ ʫʞʝ ʢ 10-ʤʫ ʜʥʶ ʧʨʦʚʦʜʠʣʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ 

ʟʥʘʯʠʤʦ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ, ʯʝʤ ʢʦʥʪʨʦʣʴʥʳʝ (ʈʠʩ. 10). ɸ ʥʘ 20-ʡ ʠ 30-ʡ ʜʥʠ ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʫ ʥʠʭ ʙʳʣ ʥʠʞʝ ʢʘʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ, ʪʘʢ ʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʳʰʘʤʠ ʛʨʫʧʧ ʆʙʣ+ʃʬ ʠ ʆʙʣ+ʃʬʭ2. ʇʦ ʚʨʝʤʝʥʠ, ʧʨʦʚʝʜʝʥʥʦʤʫ ʞʠʚʦʪʥʳʤʠ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ, ʦʙʝ ʦʧʳʪʥʳʝ ʛʨʫʧʧʳ, ʧʦʣʫʯʠʚʰʠʝ ʯʃʬ, ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ 

ʢʦʥʪʨʦʣʴʥʳʭ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʪʝʩʪʠʨʦʚʘʥʠʷ [ʂʦʧʘʝʚʘ ʄ.ʖ. ʠ ʜʨ., 2020]. 

 

ʈʠʩʫʥʦʢ 10. ʇʦʚʝʜʝʥʠʝ ʤʳʰʝʡ ʚ ʪʝʩʪʝ çʆʪʢʨʳʪʦʝ ʧʦʣʝè ʧʦʩʣʝ ʦʩʪʨʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 

7,5 ɻʨ. ɺʨʝʤʷ, ʧʨʦʚʝʜʝʥʥʦʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ, %. ʂʘʞʜʘʷ ʪʦʯʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʜʥʦ ʞʠʚʦʪʥʦʝ. 

*p < 0,05, **p < 0,01, ***p < 0,001 - ʦʪʣʠʯʠʷ ʦʪ ʛʨʫʧʧʳ ɸʂ; ###p < 0,001 ï ʦʪʣʠʯʠʷ ʦʪ ʛʨʫʧʧʳ 

ʆʙʣ+ʃʬ; &p < 0,05; && p < 0,01 ï ʦʪʣʠʯʠʷ ʦʪ ʛʨʫʧʧʳ ʆʙʣ+ʃʬʭ2 ʚ ʪʦʪ ʞʝ ʜʝʥʴ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʧʦ ʛʨʫʧʧʝ ʆʙʣ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (ʧ. 1.2.3). ɼʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʯʃʬ ʥʘ ʧʦʚʝʜʝʥʠʝ ʤʳʰʝʡ ʚ 

ʪʝʩʪʝ ʆʇ ʧʦʩʣʝ ʦʩʪʨʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʩʫʙʣʝʪʘʣʴʥʦʡ  ʜʦʟʝ (ʛʨʫʧʧʳ ʆʙʣ+ʃʬ ʠ 

ʆʙʣ+ʃʬʭ2) ʧʦʣʫʯʝʥʳ ʚʧʝʨʚʳʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 
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ʚʚʝʜʝʥʠʝ ʯʃʬ ʦʢʘʟʘʣʦ ʢʦʤʧʝʥʩʘʪʦʨʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʦʙʣʫʯʝʥʠʝʤ 

ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʚʝʜʝʥʠʠ ʞʠʚʦʪʥʳʭ. 

3.4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʢʨʦʚʠ ʤr ʰʝʡ ʧʦʩʣʝ ʛʘʤʤʘ-

ʦʙʣʫʯʝʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʙʨʘʟʮʳ ʢʨʦʚʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʫʨʦʚʝʥʴ ʛʝʤʦʛʣʦʙʠʥʘ (ʜʦ ʦʙʣʫʯʝʥʠʷ ʠ ʥʘ 3-ʡ, 10-ʡ, 20-ʡ, 

30-ʡ ʜʥʠ ʧʦʩʣʝ ʥʝʛʦ), ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ (3-ʡ, 10-ʡ, 30-ʡ ʜʥʠ) ʠ 

ʣʝʡʢʦʮʠʪʘʨʥʘʷ ʬʦʨʤʫʣʘ (3-ʡ ʠ 30-ʡ ʜʥʠ). ɻʝʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨ rʤʳʰʝʡ 

ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧ (ɸʂ, ɸʂ+ʃʬ, ɸʂ+ʃʬʭ2) ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʨʝʬʝʨʝʥʪʥʳʭ 

ʟʥʘʯʝʥʠʡ [Bella et al., 2017; Feng et al., 2018]. ʅʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʨʘʟʣʠʯʠʡ ʧʦ 

ʧʦʢʘʟʘʪʝʣʷʤ ʢʨʦʚʠ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʘʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ  (ɸʂ, ɸʂ+ʃʬ, ɸʂ+ʃʬʭ2) 

ʚ ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

3.4.1. ʋʨʦʚʝʥʴ ʛʝʤʦʛʣʦʙʠʥʘ 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ ʚʳʟʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʛʝʤʦʛʣʦʙʠʥʘ. ʄʳʰʠ ʚʩʝʭ ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ ʦʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʪʨʦʣʝʡ ʥʘ 10-ʡ ʠ 20-ʡ ʜʥʠ (ʈʠʩ. 11). ʕʪʠ ʜʘʥʥʳʝ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ (ʧ.1.2.3). ʂ 30-ʤʫ 

ʜʥʶ ʫʨʦʚʝʥʴ ʛʝʤʦʛʣʦʙʠʥʘ ʫ ʦʙʣʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʙʳʣ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥ.  

 

ʈʠʩʫʥʦʢ 11. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʛʝʤʦʛʣʦʙʠʥʘ ʚ ʢʨʦʚʠ ʤʳʰʝʡ ʧʦʩʣʝ ʦʩʪʨʦʛʦ ʛʘʤʤʘ-

ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7,5 ɻʨ. ʉʪʨʝʣʢʘ ʫʢʘʟʳʚʘʝʪ ʜʝʥʴ, ʢʦʛʜʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʙʣʫʯʝʥʠʝ. *p < 0,05 ï 

ʆʙʣ vs ɸʂ; #p < 0,05 ï ʆʙʣ+ʃʬ vs ɸʂ+ʃʬ; &p < 0,05 ï ʆʙʣ+ʃʬʭ2 vs ɸʂ+ʃʬʭ2 ʚ ʪʦʪ ʞʝ ʜʝʥʴ. 
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3.4.2. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ  

ʆʙʣʫʯʝʥʠʝ ʚʳʟʚʘʣʦ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʣʝʡʢʦʮʠʪʦʚ ʚʦ ʚʩʝʭ 

ʦʧʳʪʥʳʭ ʛʨʫʧʧʘʭ. ʅʘ 3-ʡ ʠ 10-ʡ ʜʥʠ ʛʨʫʧʧʳ ʆʙʣ, ʆʙʣ+ʃʬ ʠ ʆʙʣ+ʃʬʭ2 ʟʥʘʯʠʤʦ 

ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʪʨʦʣʝʡ (ʈʠʩ. 12). 

 

ʈʠʩʫʥʦʢ 12. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʣʝʡʢʦʮʠʪʦʚ ʚ ʢʨʦʚʠ ʤʳʰʝʡ ʧʦʩʣʝ ʦʩʪʨʦʛʦ ʛʘʤʤʘ-

ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7,5 ɻʨ. ʂʘʞʜʘʷ ʪʦʯʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʜʥʦ ʞʠʚʦʪʥʦʝ. *p < 0,05, **p < 0,01, ***p 

< 0,001, ****p < 0, 001  - ʦʪʣʠʯʠʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧ ʚ ʪʦʪ ʞʝ ʜʝʥʴ; &p < 

0,05 ï ʦʪʣʠʯʠʷ ʦʪ ʛʨʫʧʧʳ ʆʙʣ+ʃʬʭ2 ʥʘ 30-ʡ ʜʝʥʴ. 

ʅʘ 30-ʡ ʜʝʥʴ ʢʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ ʚ ʦʧʳʪʥʳʭ ʛʨʫʧʧʘʭ ʫʚʝʣʠʯʠʣʦʩʴ, ʭʦʪʷ 

ʚ ʛʨʫʧʧʝ ʆʙʣ ʧʨʦʜʦʣʞʘʣʦ ʦʩʪʘʚʘʪʴʩʷ ʟʥʘʯʠʤʦ ʤʝʥʴʰʠʤ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ. ʆʙʝ 

ʦʧʳʪʥʳʝ ʛʨʫʧʧʳ, ʧʦʣʫʯʠʚʰʠʝ ʯʃʬ, ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʪʨʦʣʝʡ 

ʥʘ 30-ʡ ʜʝʥʴ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʛʨʫʧʧʝ ʆʙʣ+ʃʬʭ2 ʢʦʣʠʯʝʩʪʚʦ 

ʣʝʡʢʦʮʠʪʦʚ ʚ ʵʪʦʪ ʜʝʥʴ ʙʳʣʦ ʟʥʘʯʠʤʦ ʚʳʰʝ, ʯʝʤ ʚ ʛʨʫʧʧʝ ʆʙʣ. 

ʕʪʠ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ 

(ʧ.1.2.3). ʇʦʩʣʝ ʪʦʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7 ɻʨ ʢʦʣʠʯʝʩʪʚʦ 

ʣʝʡʢʦʮʠʪʦʚ ʫ ʤʳʰʝʡ ʙʳʩʪʨʦ ʩʥʠʞʘʣʦʩʴ ʜʦ 14-ʛʦ ʜʥʷ, ʟʘʪʝʤ ʥʘʯʠʥʘʣʦ ʧʦʩʪʝʧʝʥʥʦ 

ʨʘʩʪʠ [Feng et al., 2018]. ɾʠʚʦʪʥʳʝ, ʧʦʣʫʯʘʚʰʠʝ ʢʦʨʦʚʠʡ ʃʬ ʚ ʪʝʯʝʥʠʝ 7 ʜʥʝʡ ʜʦ 

ʦʙʣʫʯʝʥʠʷ ʠ 30-ʪʠ ʜʥʝʡ ʧʦʩʣʝ ʥʝʛʦ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ 

ʙʳʩʪʨʝʝ ʠ ʥʘ 29-ʡ ʜʝʥʴ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʢʦʥʪʨʦʣʴʥʳʭ [Feng et al., 2018]. 

3.4.3. ʃʝʡʢʦʮʠʪʘʨʥʘʷ ʬʦʨʤʫʣʘ ʢʨʦʚʠ 

ɺ ʢʘʨʪʠʥʝ ʢʨʦʚʠ ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʤʳ ʥʘʙʣʶʜʘʣʠ ʠʩʪʦʱʝʥʠʝ ʟʘʧʘʩʘ 

ʣʠʤʬʦʮʠʪʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʥʝʡʪʨʦʬʠʣʦʚ ʥʘ 3-ʡ ʜʝʥʴ ʧʦʩʣʝ 
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ʦʙʣʫʯʝʥʠʷ (ʈʠʩ. 13, ʩʣʝʚʘ). ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʤʬʦʮʠʪʦʚ ʚ ʛʨʫʧʧʝ 

ʆʙʣ+ʃʬʭ2 ʙʳʣʦ ʟʥʘʯʠʤʦ ʚʳʰʝ, ʯʝʤ ʚ ʛʨʫʧʧʝ ʆʙʣ. ʂʦʣʠʯʝʩʪʚʦ ʤʦʥʦʮʠʪʦʚ, 

ʵʦʟʠʥʦʬʠʣʦʚ ʠ ʙʘʟʦʬʠʣʦʚ ʫ ʦʙʣʫʯʝʥʥʳʭ ʤʳʰʝʡ ʥʝ ʦʪʣʠʯʘʣʦʩʴ ʦʪ ʢʦʥʪʨʦʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ. 

 ɺ ʦʙʝʠʭ ʦʧʳʪʥʳʭ ʛʨʫʧʧʘʭ, ʧʦʣʫʯʠʚʰʠʭ ʯʃʬ, ʣʝʡʢʦʮʠʪʘʨʥʘʷ ʬʦʨʤʫʣʘ ʙʳʣʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʥʘ 30-ʡ ʜʝʥʴ (ʈʠʩ. 13, ʩʧʨʘʚʘ). ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʦʥʦʮʠʪʦʚ ʫ ʞʠʚʦʪʥʳʭ ʛʨʫʧʧʳ ʆʙʣ ʚ ʵʪʦʪ ʜʝʥʴ ʙʳʣʦ ʚʳʰʝ, ʯʝʤ ʫ ʢʦʥʪʨʦʣʷ. ɺ 

ʛʨʫʧʧʝ ʆʙʣ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʬʦʨʤʫʣʳ ʠʤʝʣʘ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʜʥʘʢʦ ʤʳʰʠ ʵʪʦʡ ʛʨʫʧʧʳ ʟʥʘʯʠʤʦ ʦʪʣʠʯʘʣʠʩʴ ʢʘʢ 

ʦʪ ʢʦʥʪʨʦʣʷ, ʪʘʢ ʠ ʦʪ ʛʨʫʧʧ ʆʙʣ+ʃʬ ʠ ʆʙʣ+ʃʬʭ2 ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ 

ʣʠʤʬʦʮʠʪʦʚ ʠ ʥʝʡʪʨʦʬʠʣʦʚ ʥʘ 30-ʡ ʜʝʥʴ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. ʕʪʦ ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ, 

ʯʪʦ ʢ ʵʪʦʤʫ ʩʨʦʢʫ ʥʝ ʧʨʦʠʟʦʰʣʦ ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʣʝʡʢʦʮʠʪʦʚ ʧʦʩʣʝ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʨʘʞʝʥʠʷ [Kopaeva M.Yu. et al., 2020]. ɸʙʩʦʣʶʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʣʝʡʢʦʮʠʪʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ ʚ ʢʨʦʚʠ ʤʳʰʝʡ ʥʘ 3-ʡ ʠ 30-ʡ ʜʥʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ 

ʧʨʠʚʝʜʝʥʦ ʚ ʊʘʙʣʠʮʝ 1 ʠ ʊʘʙʣʠʮʝ 2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʳʷʚʣʝʥ ʜʦʟʦʟʘʚʠʩʠʤʳʡ 

ʵʬʬʝʢʪ ʯʃʬ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʣʠʤʬʦʮʠʪʦʚ ʠ ʙʘʟʦʬʠʣʦʚ ʥʘ 30-ʡ 

ʜʝʥʴ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʋʨʦʚʝʥʴ ʛʝʤʦʛʣʦʙʠʥʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ ʫ ʤʳʰʝʡ, 

ʧʦʣʫʯʘʚʰʠʭ ʜʠʝʪʫ, ʩʦʜʝʨʞʘʱʫʶ 0,1% ʢʦʨʦʚʴʝʛʦ ʃʬ (7 ʜʥʝʡ ʜʦ ʠ 30 ʜʥʝʡ ʧʦʩʣʝ), 

ʙʳʣʠ ʟʥʘʯʠʤʦ ʩʥʠʞʝʥʳ ʥʘ 15-ʡ ʜʝʥʴ ʧʦʩʣʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 6,8 

ɻʨ [Nishimura et al., 2014]. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʧʦʩʣʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʚ 

ʜʦʟʝ 7 ɻʨ ʫ ʤʳʰʝʡ, ʧʦʣʫʯʘʚʰʠʭ ʪʘʢʫʶ ʞʝ ʜʠʝʪʫ,  ʢʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ 

ʧʨʦʛʨʝʩʩʠʚʥʦ ʩʥʠʞʘʣʦʩʴ ʜʦ 3-ʛʦ ʜʥʷ, ʤʝʞʜʫ 9-ʤ ʠ 14-ʤ ʜʥʝʤ ʦʩʪʘʚʘʣʦʩʴ ʥʠʟʢʠʤ, ʘ 

ʢ 29-ʤʫ ʜʥʶ ʚʦʟʨʘʩʪʘʣʦ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ. ʄʝʞʜʫ 9-ʤ ʠ 29-

ʤ ʜʥʝʤ ʦʥʦ ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʣʫʯʝʥʥʦʡ ʛʨʫʧʧʦʡ, ʥʝ 

ʧʦʣʫʯʘʚʰʝʡ ʃʬ [Feng et al., 2018]. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ 

ʟʥʘʯʠʤʦ ʩʥʠʟʠʣʦ ʫʨʦʚʝʥʴ ʛʝʤʦʛʣʦʙʠʥʘ ʤʝʞʜʫ 7-ʤ ʠ 29-ʤ ʜʥʷʤʠ ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ. ʋ ʞʠʚʦʪʥʳʭ, ʧʦʣʫʯʘʚʰʠʭ ʃʬ, ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʩʷ 

ʥʝʩʢʦʣʴʢʦ ʙʳʩʪʨʝʝ. 
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ʈʠʩʫʥʦʢ 13. ʃʝʡʢʦʮʠʪʘʨʥʘʷ ʬʦʨʤʫʣʘ ʢʨʦʚʠ ʤʳʰʝʡ ʥʘ 3-ʡ (ʩʣʝʚʘ) ʠ 30-ʡ (ʩʧʨʘʚʘ) ʜʥʠ ʧʦʩʣʝ 

ʦʩʪʨʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7,5 ɻʨ. ʇʦ ʦʩʠ ʦʨʜʠʥʘʪ ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʣʝʪʦʢ 

ʢʨʦʚʠ. *p < 0,05, **p < 0,01, ***p < 0,001; #p < 0,05 ï ʦʪʣʠʯʠʷ ʦʪ ʛʨʫʧʧʳ ʆʙʣ+ʃʬ; &p < 0,05 ï 

ʦʪʣʠʯʠʷ ʦʪ ʛʨʫʧʧʳ ʆʙʣ+ʃʬʭ2. 
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ʊʘʙʣʠʮʘ 1. ɸʙʩʦʣʶʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ ʚ ʢʨʦʚʠ ʤʳʰʝʡ ʥʘ 3-ʡ ʜʝʥʴ ʧʦʩʣʝ 

ʦʩʪʨʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7,5 ɻʨ (ʭ10
6
/ʤʣ), Mean Ñ SEM 

ɻʨʫʧʧʘ 
3-ʡ ʜʝʥʴ 

ʅʝʡʪʨʦʬʠʣʳ ʃʠʤʬʦʮʠʪʳ ʄʦʥʦʮʠʪʳ ʕʦʟʠʥʦʬʠʣʳ ɹʘʟʦʬʠʣʳ 

ʆʙʣ 0,24 Ñ 0,02* 0,09 Ñ 0,02* 0,06 Ñ 0,02* 0,03 Ñ 0,01* 0,07 Ñ 0,02* 

ʆʙʣ+ʃʬ 0,41 Ñ 0,03* 0,19 Ñ 0,03* 0,07 Ñ 0,02* 0,03 Ñ 0,01* 0,07 Ñ 0,02* 

ʆʙʣ+ʃʬʭ2 0,39 Ñ 0,03* 0,23 Ñ 0,01* 0,06 Ñ 0,03* 0,03 Ñ 0,01* 0,05 Ñ 0,01* 

ɸʂ 1,85 Ñ 0,20 7,02 Ñ 0,39 0,80 Ñ 0,11 0,17 Ñ 0,03 0,97 Ñ 0,15 

ɸʂ+ʃʬ 2,38 Ñ 0,21 7,07 Ñ 0,41 1,33 Ñ 0,20 0,21 Ñ 0,05 1,21 Ñ 0,05 

ɸʂ+ʃʬʭ2 2,01 Ñ 0,16 6,81 Ñ 0,11 1,00 Ñ 0,09 0,25 Ñ 0,04 1,12 Ñ 0,09 

ʇʨʠʤʝʯʘʥʠʝ: *p < 0,01 - ʦʪʣʠʯʠʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧ (ʧʦ U - ʢʨʠʪʝʨʠ ʁ

ʄʘʥʥʘ-ʋʠʪʥʠ). 

ʊʘʙʣʠʮʘ 2. ɸʙʩʦʣʶʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ ʚ ʢʨʦʚʠ ʤʳʰʝʡ ʥʘ 30-ʡ ʜʝʥʴ 

ʧʦʩʣʝ ʦʩʪʨʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7,5 ɻʨ (ʭ10
6
/ʤʣ), Mean Ñ SEM 

ɻʨʫʧʧʘ 
30-ʡ ʜʝʥʴ 

ʅʝʡʪʨʦʬʠʣʳ ʃʠʤʬʦʮʠʪʳ ʄʦʥʦʮʠʪʳ ʕʦʟʠʥʦʬʠʣʳ ɹʘʟʦʬʠʣʳ 

ʆʙʣ 1,22 Ñ 0,12* 2,54 Ñ 0,29* 0,91 Ñ 0,32 0,13 Ñ 0,02 0,69 Ñ 0,12* 

ʆʙʣ+ʃʬ 0,90 Ñ 0,10 4,05 Ñ 0,24* 0,84 Ñ 0,16 0,18 Ñ 0,04 0,56 Ñ 0,05* 

ʆʙʣ+ʃʬʭ2 1,34 Ñ 0,11 5,79 Ñ 0,36 0,87 Ñ 0,16 0,14 Ñ 0,03 1,00 Ñ 0,16 

ɸʂ 0,97 Ñ 0,08 6,90 Ñ 0,23 0,43 Ñ 0,09 0,16 Ñ 0,01 1,07 Ñ 0,13 

ɸʂ+ʃʬ 1,03 Ñ 0,14 5,91 Ñ 0,27 0,70 Ñ 0,13 0,14 Ñ 0,02 1,00 Ñ 0,08 

ɸʂ+ʃʬʭ2 1,28 Ñ 0,17 6,06 Ñ 0,31 0,54 Ñ 0,16 0,22 Ñ 0,04 1,11 Ñ 0,05 

ʇʨʠʤʝʯʘʥʠʝ: *p < 0,01 - ʦʪʣʠʯʠʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧ (ʧʦ U - ʢʨʠʪʝʨʠ ʁ

ʄʘʥʥʘ-ʋʠʪʥʠ). 

ɺʚʝʜʝʥʠʝ ʃʬ (65 ʠʣʠ 300 ʤʢʛ/ʢʛ, ʧ/ʢ, ʝʞʝʜʥʝʚʥʦ ʩ 1-ʛʦ ʧʦ 14-ʡ ʜʝʥʴ), 

ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʤʦʣʦʟʠʚʘ ʢʨʦʣʠʢʦʚ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʥʦʨʤʘʣʠʟʘʮʠʠ ʢʣʝʪʦʯʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʤʦʨʩʢʠʭ ʩʚʠʥʦʢ ʧʦʩʣʝ ʛʣʫʙʦʢʦʛʦ ʫʛʥʝʪʝʥʠʷ 

ʢʨʦʚʝʪʚʦʨʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʝʤ ʚ ʜʦʟʝ 2,5 ɻʨ, ʧʦʚʳʰʘʷ ʩʦʜʝʨʞʘʥʠʝ 

ʣʠʤʬʦʮʠʪʦʚ (12-ʡ ʜʝʥʴ) ʠ ʥʝʡʪʨʦʬʠʣʦʚ (16-ʡ ʠ 18-ʡ ʜʥʠ), ʥʦ ʥʝ ʦʢʘʟʳʚʘʣʦ 

ʚʣʠʷʥʠʷ ʥʘ ʫʨʦʚʝʥʴ ʛʝʤʦʛʣʦʙʠʥʘ [ʀʚʘʥʦʚ ɸ.ɸ. ʠ ʜʨ., 2009]. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʯʃʬ ʦʢʘʟʘʣʦ 

ʢʦʤʧʝʥʩʘʪʦʨʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʦʙʣʫʯʝʥʠʝʤ ʩʥʠʞʝʥʠʝ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʣʝʡʢʦʮʠʪʦʚ ʠ ʠʟʤʝʥʝʥʠʝ ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʬʦʨʤʫʣʳ ʢʨʦʚʠ ʤʳʰʝʡ. 

3.5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʩʫʙʬʨʘʢʮʠʦʥʥʦʤ ʩʦʩʪʘʚʝ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ 

ʤʳʰʝʡ ʧʦʩʣʝ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ 
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ʄʝʪʦʜ ʣʘʟʝʨʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʃʂʉ), ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʠʟʤʝʨʝʥʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʪ̫ʴ 

ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ ʠ ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ [ʂʠʩʝʣʝʚ ʄ.ʌ. ʠ ʜʨ., 

1999]. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʛʠʩʪʦʛʨʘʤʤʳ, ʛʜʝ ʥʘ 

ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʨʘʞʝʥ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʚ ʥʤ, ʘ ʥʘ ʦʩʠ ʦʨʜʠʥʘʪ - ʠʭ ʚʢʣʘʜ ʚ 

ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ ʚ ʧʨʦʮʝʥʪʘʭ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʣʘʟʝʨʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ 

ʩʧʝʢʪʨʳ (ʃʂ-ʩʧʝʢʪʨʳ) ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʤʳʰʝʡ ʠʤʝʣʠ ʚʠʜ ʪʨʝʭʤʦʜʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʈʠʩ. 14ʘ, 15ʘ, 16ʘ). ʇʨʠ ʠʭ ʘʥʘʣʠʟʝ ʚʳʜʝʣʷʣʠ ʪʨʠ ʜʠʩʢʨʝʪʥʳʝ ʟʦʥʳ 

ʧʦ ʨʘʟʤʝʨʘʤ ʩʚʝʪʦʨʘʩʩʝʠʚʘʶʱʠʭ ʯʘʩʪʠʮ: ʤʝʣʢʠʝ - ʜʦ 20,58 ʥʤ, ʩʨʝʜʥʠʝ ï ʦʪ 20,58 

ʜʦ 91,26 ʥʤ, ʢʨʫʧʥʳʝ - ʩʚʳʰʝ 91,26 ʥʤ [ɸʨʭʠʧʦʚʘ ɽ.ʅ. ʠ ʜʨ., 2011; ʇʦʣʷʢʦʚʘ 

ʄ.ɺ., 2019]; ʠ ʦʮʝʥʠʚʘʣʠ ʩʫʤʤʘʨʥʳʡ ʚʢʣʘʜ ʚ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ ʯʘʩʪʠʮ ʚ ʢʘʞʜʦʡ ʠʟ 

ʵʪʠʭ ʟʦʥ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʃʂ-ʩʧʝʢʪʨʳ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʤʳʰʝʡ ʛʨʫʧʧʳ ɸʂ 

ʩʦʭʨʘʥʷʣʠ ʧʦʩʪʦʷʥʩʪʚʦ ʚ ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʚ 

ʩʳʚʦʨʦʪʢʝ ʥʝ ʠʟʤʝʥʠʣʦʩʴ ʥʘ 30-ʡ ʜʝʥʴ  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ 3-ʛʦ ʜʥʷ 

(ʈʠʩ. 14ʘ, ʙ). ʇʨʠ ʚʚʝʜʝʥʠʠ ʯʃʬ ʢʦʥʪʨʦʣʴʥʳʤ ʞʠʚʦʪʥʳʤ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʨʘʪʥʦʩʪʠ ʚʚʝʜʝʥʠʷ (ʛʨʫʧʧʳ ɸʂ+ʃʬ ʠ ɸʂ+ʃʬʭ2) ʥʘʙʣʶʜʘʣʠ ʟʥʘʯʠʤʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʮʝʥʪʥʦʛʦ ʚʢʣʘʜʘ ʚ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʥʘ 3-ʡ ʜʝʥʴ 

(ʈʠʩ. 14ʙ). ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʩʷ ʜʦ ʫʨʦʚʥʷ ʛʨʫʧʧʳ ɸʂ ʢ 30-ʤʫ ʜʥʶ. 

ɺ ʛʨʫʧʧʘʭ ɸʂ+ʃʬ ʠ ɸʂ+ʃʬʭ2 ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʟʣʠʯʠʝ ʚ ʜʠʥʘʤʠʢʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʠʭ ʠ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ. ʆʜʥʦʢʨʘʪʥʦʝ ʚʚʝʜʝʥʠʝ ʯʃʬ ʫʚʝʣʠʯʠʣʦ 

ʚʢʣʘʜ ʯʘʩʪʠʮ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ (67,75-91,26 ʥʤ) ʠ ʫʤʝʥʴʰʠʣʦ ʚʢʣʘʜ ʢʨʫʧʥʳʭ 

ʯʘʩʪʠʮ (122,92-165,57 ʥʤ) ʥʘ 3-ʡ ʜʝʥʴ. ʇʨʠ ʵʪʦʤ ʚ ʛʨʫʧʧʝ ɸʂ+ʃʬ ʙʳʣ ʚʳʨʘʞʝʥ 

ʪʦʣʴʢʦ ʦʜʠʥ ʧʠʢ ʢʨʫʧʥʦʤʦʣʝʢʫʣʷʨʥʦʡ ʬʨʘʢʮʠʠ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʙʳʣʦ 

ʩʤʝʱʝʥʦ ʚ ʩʪʦʨʦʥʫ ʯʘʩʪʠʮ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ (ʈʠʩ. 14ʘ). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ 

ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʚʦʩʩʪʘʥʦʚʠʣʦʩʴ ʢ 30-ʤʫ ʜʥʶ. 

ʇʦʚʪʦʨʥʦʝ ʚʚʝʜʝʥʠʝ ʙʝʣʢʘ ʤʝʥʷʣʦ ʵʬʬʝʢʪ ʧʝʨʚʦʛʦ, ʧʨʦʷʚʠʚʰʠʡʩʷ ʥʘ 3-ʡ 

ʜʝʥʴ. ɺʢʣʘʜʳ ʩʨʝʜʥʠʭ ʠ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʚ ʛʨʫʧʧʝ ɸʂ+ʃʬʭ2 ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʨʫʧʧʳ ɸʂ ʚ ʵʪʦʡ ʚʨʝʤʝʥʥʦʡ ʪʦʯʢʝ. ɺʢʣʘʜ ʚ 
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ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ ʯʘʩʪʠʮ ʢʨʫʧʥʦʛʦ ʨʘʟʤʝʨʘ ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʠʣʩʷ, ʘ ʚʢʣʘʜ ʯʘʩʪʠʮ 

ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 30-ʡ ʜʝʥʴ, ʧʨʠ ʵʪʦʤ ʦʙʘ ʧʦʢʘʟʘʪʝʣʷ ʥʝ ʦʪʣʠʯʘʣʠʩʴ 

ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʨʫʧʧʳ ɸʂ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʃʂ-ʩʧʝʢʪʨʳ 

ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʤʳʰʝʡ ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧ ʟʥʘʯʠʤʦ ʥʝ ʨʘʟʣʠʯʘʣʠʩʴ ʤʝʞʜʫ 

ʩʦʙʦʡ ʧʦ ʩʫʤʤʘʨʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚʦ ʚʩʝʭ ʪʨʝʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʟʦʥʘʭ ʥʘ 30-ʡ ʜʝʥʴ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʢʣʘʜ ʚ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ ʚʦ ʚʩʝʭ ʪʨʝʭ ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧʘʭ 

ʚʥʦʩʠʣʠ ʯʘʩʪʠʮʳ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʢʘʢ ʥʘ 3-ʡ, ʪʘʢ ʠ ʥʘ 30-ʡ ʜʝʥʴ (ʈʠʩ. 14ʙ). 

 

ʈʠʩʫʥʦʢ 14. ʀʟʤʝʥʝʥʠʷ ʚ ʃʂ-ʩʧʝʢʪʨʘʭ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʤʳʰʝʡ ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧ ʥʘ 3-ʡ ʠ 30-

ʡ ʜʝʥʴ ʧʦʩʣʝ ʣʦʞʥʦʛʦ ʦʙʣʫʯʝʥʠʷ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ (ʘ). #p < 0,05 ï ɸʂ+ʃʬ vs 

ɸʂ, &p < 0,05 ï ɸʂ+ʃʬʭ2 vs ɸʂ, +p < 0,05 ï ɸʂ+ʃʬ vs ɸʂ+ʃʬʭ2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʟʦʥʘʤ (ʙ). #p < 0,05, ##p < 0,01, ###p < 0,001, &p < 0,05, &&p < 0,01  ï ʦʪʣʠʯʠʷ ʦʪ 

ʪʦʡ ʞʝ ʛʨʫʧʧʳ ʥʘ 30-ʡ ʜʝʥʴ; @p < 0,05, @@p < 0,01 ï ʦʪʣʠʯʠʷ ʦʪ ʛʨʫʧʧʳ ɸʂ ʥʘ 3-ʡ ʜʝʥ;ɹ $$p < 

0,01 ï ʦʪʣʠʯʠʷ ʦʪ ʛʨʫʧʧʳ ɸʂ+ʃʬʭ2 ʥʘ 3-ʡ ʜʝʥʴ. 
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ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ ʚʳʟʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʃʂ-

ʩʧʝʢʪʨʦʚ. ʆʙʱʝʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʡ ʩʫʙʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʤʳʰʝʡ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʚʢʣʘʜʘ ʚ 

ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ ʯʘʩʪʠʮ ʩʚʳʰʝ 122,92 ʥʤ [ɸʣʯʠʥʦʚʘ ʀ.ɹ. ʠ ʜʨ., 2014]. ʊʘʢʫʶ 

ʨʝʘʢʮʠʶ ʤʳ ʥʘʙʣʶʜʘʣʠ ʚʦ ʚʩʝʭ ʦʧʳʪʥʳʭ ʛʨʫʧʧʘʭ ʥʘ 3-ʡ ʜʝʥʴ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ 

(ʈʠʩ. 15ʘ, ʙ).  

 

ʈʠʩʫʥʦʢ 15. ʀʟʤʝʥʝʥʠʷ ʚ ʃʂ-ʩʧʝʢʪʨʘʭ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʤʳʰʝʡ ʥʘ 3-ʡ ʜʝʥʴ ʧʦʩʣʝ ʪʦʪʘʣʴʥʦʛʦ 

ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7,5 ɻʨ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ (ʘ). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʟʦʥʘʤ (ʙ). *p < 0,05, **p < 0,01 ï ʆʙʣ vs ɸʂ, #p < 0,05, ###p < 0,001  ï ʆʙʣ+ʃʬ vs 

ɸʂ+ʃʬ, &p < 0,05, &&&p < 0,001 ï ʆʙʣ+ʃʬʭ2 vs ɸʂ+ʃʬʭ2, +p < 0,05 ï ʆʙʣ vs ʆʙʣ+ʃʬ, ^p < 

0,05, ̂ ^^p < 0,001  ï ʆʙʣ vs ʆʙʣ+ʃʬʭ2, @p < 0,05, @@p < 0,01 ï ʦʪʣʠʯʠʷ ʦʪ ʛʨʫʧʧʳ ɸʂ; $$p < 0,01 

ï ʦʪʣʠʯʠʷ ʦʪ ʛʨʫʧʧʳ ɸʂ+ʃʬʭ2. 
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ʋ ʦʙʣʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʦʜʥʦʢʨʘʪʥʦʝ ʚʚʝʜʝʥʠʝ ʯʃʬ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʚʢʣʘʜʘ ʚ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ (165,57-223,03 ʥʤ) ʠ ʫʤʝʥʴʰʝʥʠʶ ʚʢʣʘʜʘ 

ʯʘʩʪʠʮ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ (ʈʠʩ. 15ʘ ʩʣʝʚʘ, ʙ) [Kopaeva M.Yu. et al., 2020]. 

ɼʚʫʢʨʘʪʥʦʝ ʚʚʝʜʝʥʠʝ ʙʝʣʢʘ ʧʨʠʚʝʣʦ ʢ ʥʝʢʦʪʦʨʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʢʣʘʜʘ ʯʘʩʪʠʮ 

ʨʘʟʤʝʨʦʤ 122,92 ʥʤ ʠ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʢʣʘʜʘ ʤʝʣʢʠʭ ʯʘʩʪʠʮ (6,25-8,42 

ʥʤ) (ʈʠʩ. 15ʘ ʩʧʨʘʚʘ, ʙ). ɺ ʦʙʣʫʯʝʥʥʳʭ ʛʨʫʧʧʘʭ (ʆʙʣ, ʆʙʣ+ʃʬ, ʆʙʣ+ʃʬʭ2) ʥʘ 3-ʡ 

ʜʝʥʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʢʣʘʜ ʚ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ ʚʥʦʩʠʣʠ ʯʘʩʪʠʮʳ ʢʨʫʧʥʦʛʦ ʨʘʟʤʝʨʘ. 

ɼʚʫʢʨʘʪʥʦʝ ʚʚʝʜʝʥʠʝ ʯʃʬ (ʛʨʫʧʧʘ ʆʙʣ+ʃʬʭ2) ʧʨʠʚʝʣʦ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʚ ʩʪʦʨʦʥʫ ʢʦʥʪʨʦʣʴʥʳʭ ʃʂ-ʛʠʩʪʦʛʨʘʤʤ ʠ ʩʬʦʨʤʠʨʦʚʘʣʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʡ ʧʠʢ ʚ ʟʦʥʝ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʥʘ 122,92 ʥʤ, ʧʦʣʦʞʝʥʠʝ ʠ 

ʧʨʦʮʝʥʪʥʳʡ ʚʢʣʘʜ ʚ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʟʥʘʯʝʥʠʷʤ 

ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧ (ʈʠʩ. 15ʘ ʩʧʨʘʚʘ).  

ʅʘ 30-ʡ ʜʝʥʴ ʚ ʛʨʫʧʧʝ ʆʙʣ ʚʢʣʘʜ ʚ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ ʯʘʩʪʠʮ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ 

ʙʳʣ ʟʥʘʯʠʤʦ ʤʝʥʴʰʠʤ, ʘ ʚʢʣʘʜ ʯʘʩʪʠʮ ʢʨʫʧʥʦʛʦ ʨʘʟʤʝʨʘ ʧʨʦʜʦʣʞʘʣ ʦʩʪʘʚʘʪʴʩʷ 

ʟʥʘʯʠʤʦ ʙʦʣʴʰʠʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʈʠʩ. 16ʘ, ʙ). ʂʨʦʤʝ ʪʦʛʦ ʚʢʣʘʜ 

ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʫ ʦʙʣʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʙʳʣ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʤʳʰʝʡ ʦʙʝʠʭ ʛʨʫʧʧ, 

ʧʦʣʫʯʠʚʰʠʭ ʯʃʬ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ [Kopaeva M.Yu. et al., 2020]. ʇʦʣʦʞʝʥʠʝ ʧʠʢʘ 

ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʙʳʣʦ ʩʜʚʠʥʫʪʦ ʚ ʛʨʫʧʧʝ ʆʙʣ (4,64 ʥʤ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ 

(6,25 ʥʤ), ʘ ʚʢʣʘʜ ʚ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ ʧʠʢʘ ʯʘʩʪʠʮ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ (50,3 ʥʤ) ʚ ʵʪʦʡ 

ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ ʙʳʣ ʟʥʘʯʠʤʦ ʤʝʥʴʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʚ ʛʨʫʧʧʝ ɸʂ 

(ʈʠʩ. 16ʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫ ʦʙʣʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ (ʛʨʫʧʧʘ ʆʙʣ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʫʙʬʨʘʢʮʠʦʥʥʳʭ ʯʘʩʪʠʮ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʥʝ ʚʝʨʥʫʣʦʩʴ ʢ ʥʦʨʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʢ ʢʦʥʮʫ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ 

ʜʘʥʥʳʤʠ [ʄʝʜʚʝʜʝʚʘ ʖ.ʉ. ʠ ʜʨ., 2013; ɸʣʯʠʥʦʚʘ ʀ.ɹ. ʠ ʜʨ., 2014]. 

ʃʂ-ʩʧʝʢʪʨʳ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʤʳʰʝʡ ʦʧʳʪʥʳʭ ʛʨʫʧʧ (ʆʙʣ+ʃʬ, ʆʙʣ+ʃʬʭ2), 

ʧʦʣʫʯʠʚʰʠʭ ʯʃʬ, ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧ (ɸʂ, ɸʂ+ʃʬ, ɸʂ+ʃʬʭ2) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʨʘʟʣʠʯʘʣʠʩʴ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʩʫʤʤʘʨʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚʦ ʚʩʝʭ ʪʨʝʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʟʦʥʘʭ, ʘ ʪʘʢʞʝ ʧʦ ʧʦʣʦʞʝʥʠʶ ʧʠʢʦʚ ʠ ʠʭ ʧʨʦʮʝʥʪʥʦʤʫ ʚʢʣʘʜʫ ʚ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ ʥʘ 

30-ʡ ʜʝʥʴ [Kopaeva M.Yu. et al., 2020]. ʄʝʞʜʫ ʪʝʤ, ʦʪʤʝʯʘʣʠ ʫʤʝʥʴʰʝʥʠʝ ʚʢʣʘʜʘ ʚ 

ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ ʯʘʩʪʠʮ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʚ ʛʨʫʧʧʝ ʆʙʣ+ʃʬʭ2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
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ʛʨʫʧʧʦʡ ɸʂ+ʃʬʭ2. ʇʦʣʦʞʝʥʠʝ ʧʠʢʘ ʚ ʟʦʥʝ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʙʳʣʦ ʥʝʩʢʦʣʴʢʦ 

ʩʜʚʠʥʫʪʦ ʚ ʩʪʦʨʦʥʫ ʯʘʩʪʠʮ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ (8,42 ʥʤ) ʚ ʛʨʫʧʧʘʭ ʆʙʣ+ʃʬ (ʈʠʩ. 

16ʘ ʩʣʝʚʘ) ʠ ɸʂ+ʃʬʭ2 (ʈʠʩ. 16ʘ ʩʧʨʘʚʘ). 

 

ʈʠʩʫʥʦʢ 16. ʀʟʤʝʥʝʥʠʷ ʚ ʃʂ-ʩʧʝʢʪʨʘʭ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʤʳʰʝʡ ʥʘ 30-ʡ ʜʝʥʴ ʧʦʩʣʝ ʪʦʪʘʣʴʥʦʛʦ 

ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7,5 ɻʨ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ (ʘ). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʟʦʥʘʤ (ʙ). *p < 0,05 ï ʆʙʣ vs ɸʂ, #p < 0,05 ï ʆʙʣ+ʃʬ vs ɸʂ+ʃʬ, &p < 0,05 ï 

ʆʙʣ+ʃʬʭ2 vs ɸʂ+ʃʬʭ2, +p < 0,05 ï ʆʙʣ vs ʆʙʣ+ʃʬ, ^p < 0,05 ï ʆʙʣ vs ʆʙʣ+ʃʬʭ2 .  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʣʫʯʝʥʠʝ ʚʳʟʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʫʙʬʨʘʢʮʠʦʥʥʳʭ ʯʘʩʪʠʮ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʤʳʰʝʡ. ɺʚʝʜʝʥʠʝ ʯʃʬ 

ʧʨʠʚʝʣʦ ʢ ʚʦʟʚʨʘʱʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʚ ʧʨʝʜʝʣʳ ʠʭ 

ʥʦʨʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢ ʢʦʥʮʫ ʵʢʩʧʝʨʠʤʝʥʪʘ [Kopaeva M.Yu. et al., 2020]. ʂʨʦʤʝ 

ʪʦʛʦ ʚʳʷʚʣʝʥ ʩʦʙʩʪʚʝʥʥʳʡ ʵʬʬʝʢʪ ʯʃʬ ʥʘ ʩʳʚʦʨʦʪʦʯʥʳʡ ʛʦʤʝʦʩʪʘʟ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʩʪʘʜʠʷʭ ʧʦʩʣʝ ʝʛʦ ʚʚʝʜʝʥʠʷ. 
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3.6. ɻʠʩʪʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʡ ʪʢʘʥʝʡ ʩʝʣʝʟʝʥʢʠ ʠ 

ʧʝʯʝʥʠ ʤʳʰʝʡ ʧʦʩʣʝ ʪʦʪʘʣʴʥʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʣʝʟʝʥʢʠ ʠ 

ʧʝʯʝʥʠ ʥʘ 3-ʡ, 10-ʡ ʠ 30-ʡ ʜʥʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʪʨʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʚʳʩʦʢʠʭ ʜʦʟ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʦʨʛʘʥʦʚ [Alchinova et al., 2015; ʄʝʜʚʝʜʝʚʘ 

ʖ.ʉ., 2017; Wang et al., 2013]. 

ʉʝʣʝʟʝʥʢʘ  

ʋ ʞʠʚʦʪʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧ (ɸʂ, ɸʂ+ʃʬ, ɸʂ+ʃʬʭ2) ʩʝʣʝʟʝʥʢʘ ʠʤʝʣʘ 

ʛʣʘʜʢʠʝ ʯʝʪʢʦ ʦʯʝʨʯʝʥʥʳʝ ʢʦʥʪʫʨʳ ʥʘ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʨʦʢʘʭ (3-ʡ, 10-ʡ ʠ 30-ʡ 

ʜʥʠ) (ʈʠʩ. 17, 18, 19). ʅʘ ʩʨʝʟʘʭ ʭʦʨʦʰʦ ʨʘʟʣʠʯʘʣʠʩʴ ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʵʣʝʤʝʥʪʳ - ʙʝʣʘʷ ʠ ʢʨʘʩʥʘʷ ʧʫʣʴʧʘ, ʪʨʘʙʝʢʫʣʳ. ʃʠʤʬʘʪʠʯʝʩʢʠʝ ʫʟʝʣʢʠ 

(ʬʦʣʣʠʢʫʣʳ) ʚ ʙʝʣʦʡ ʧʫʣʴʧʝ ʙʳʣʠ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʩ ʯʝʪʢʠʤʠ ʛʨʘʥʠʮʘʤʠ. ɺ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʬʦʣʣʠʢʫʣʦʚ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʙʦʣʝʝ ʩʚʝʪʣʳʝ ʫʯʘʩʪʢʠ 

ʛʝʨʤʠʥʘʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. ʉʪʝʥʢʠ ʩʦʩʫʜʦʚ ʥʝ ʙʳʣʠ ʠʟʤʝʥʝʥʳ, ʥʘʙʣʶʜʘʣʠ 

ʫʤʝʨʝʥʥʦʝ ʢʨʦʚʝʥʘʧʦʣʥʝʥʠʝ ʢʨʘʩʥʦʡ ʧʫʣʴʧʳ. ʆʙʥʘʨʫʞʝʥʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʛʝʤʦʩʠʜʝʨʠʥʘ ʚ ʤʘʢʨʦʬʘʛʘʭ ʚ ʢʨʘʩʥʦʡ ʧʫʣʴʧʝ. ɺʚʝʜʝʥʠʝ ʯʃʬ (ʛʨʫʧʧʳ ɸʂ+ʃʬ, 

ɸʂ+ʃʬʭ2) ʥʝ ʚʳʟʚʘʣʦ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʪʢʘʥʠ ʦʨʛʘʥʘ. 

 

ʈʠʩʫʥʦʢ 17. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʨʝʟʦʚ ʩʝʣʝʟʝʥʢʠ ʤʳʰʝʡ ʥʘ 3-ʡ ʜʝʥʴ ʧʦʩʣʝ 

ʣʦʞʥʦʛʦ (ʛʨʫʧʧʘ ɸʂ, ʩʣʝʚʘ) ʠ ʪʦʪʘʣʴʥʦʛʦ (ʛʨʫʧʧʘ ʆʙʣ, ʩʧʨʘʚʘ) ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7,5 ɻʨ. 

ʆʢʨʘʩʢʘ ʧʦ ʇʝʨʣʩʫ ʥʘ ʞʝʣʝʟʦ (III ). ɹʇ ï ʙʝʣʘʷ ʧʫʣʴʧʘ, ʂʇ ï ʢʨʘʩʥʘʷ ʧʫʣʴʧʘ, ʩʪʨʝʣʢʠ ʫʢʘʟʳʚʘʪʁ 

ʥʘ ʛʨʘʥʫʣʳ ʛʝʤʦʩʠʜʝʨʠʥʘ. 
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ʆʙʣʫʯʝʥʠʝ ʧʨʠʚʝʣʦ ʢ ʥʘʢʦʧʣʝʥʠʶ ʛʝʤʦʩʠʜʝʨʠʥʘ ʚ ʢʨʘʩʥʦʡ ʧʫʣʴʧʝ 

ʩʝʣʝʟʝʥʢʠ ʫ ʤʳʰʝʡ ʚʩʝʭ ʦʧʳʪʥʳʭ ʛʨʫʧʧ (ʆʙʣ, ʆʙʣ+ʃʬ, ʆʙʣ+ʃʬʭ2), ʫʨʦʚʝʥʴ 

ʢʦʪʦʨʦʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʣʩʷ ʦʪ 3-ʛʦ ʢ 10-ʤʫ ʜʥʶ, ʘ ʟʘʪʝʤ ʩʥʠʞʘʣʩʷ, ʥʦ 

ʦʩʪʘʚʘʣʩʷ ʚʳʰʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʥʘ 30-ʡ ʜʝʥʴ (ʈʠʩ. 17, 18).   

 

ʈʠʩʫʥʦʢ 18. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʨʝʟʦʚ ʩʝʣʝʟʝʥʢʠ ʤʳʰʝʡ ʥʘ 3-ʡ (ʣʝʚʳʡ ʨʷʜ), 

10-ʡ (ʩʨʝʜʥʠʡ ʨʷʜ) ʠ 30-ʡ (ʧʨʘʚʳʡ ʨʷʜ) ʜʥʠ ʧʦʩʣʝ ʪʦʪʘʣʴʥʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7,5 ɻʨ. 

ɻʨʫʧʧʳ: ɸʂ, ʆʙʣ, ʆʙʣ+ʃʬ. ʆʢʨʘʩʢʘ ʧʦ ʇʝʨʣʩʫ ʥʘ ʞʝʣʝʟʦ (III). 

ɻʠʩʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ, ʯʪʦ ʫ ʤʳʰʝʡ ʛʨʫʧʧʳ ʆʙʣ ʫʞʝ ʥʘ 3-ʡ ʜʝʥʴ 

ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠʟʤʝʥʷʣʦʩʴ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʙʝʣʦʡ ʠ ʢʨʘʩʥʦʡ ʧʫʣʴʧʦʡ, ʥʘ 

10-ʡ ʜʝʥʴ ʥʘʯʠʥʘʣʘʩʴ ʨʝʜʫʢʮʠʷ ʬʦʣʣʠʢʫʣʦʚ, ʛʨʘʥʠʮʳ ʬʦʣʣʠʢʫʣʦʚ ʦʪʩʫʪʩʪʚʦʚʘʣʠ 
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(ʈʠʩ. 18). ʅʘ 30-ʡ ʜʝʥʴ ʩʝʣʝʟʸʥʢʘ ʞʠʚʦʪʥʳʭ ʛʨʫʧʧʳ ʆʙʣ ʥʝ ʠʤʝʣʘ ʯʝʪʢʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʙʝʣʫʶ ʠ ʢʨʘʩʥʫʶ ʧʫʣʴʧʫ, ʬʦʣʣʠʢʫʣʳ ʙʳʣʠ ʨʝʜʫʮʠʨʦʚʘʥʳ, 

ʥʘʙʣʶʜʘʣʠ ʩʣʝʜʳ ʙʝʣʦʡ ʧʫʣʴʧʳ, ʢʨʘʩʥʘʷ ʧʫʣʴʧʘ ʙʳʣʘ ʩʣʘʙʦ ʚʳʨʘʞʝʥʘ. 

ɺʩʪʨʝʯʘʣʠʩʴ ʦʪʜʝʣʴʥʳʝ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʛʠʛʘʥʪʩʢʠʝ ʢʣʝʪʢʠ, ʧʦ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʧʦʭʦʞʠʝ ʥʘ ʤʝʛʘʢʘʨʠʦʮʠʪʳ (ʈʠʩ. 19). ʅʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʨʛʘʥʘ ʙʳʣʠ ʚʠʜʥʳ ʩʢʣʘʜʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʱʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʝʛʦ 

ʦʙʲʝʤʘ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (ʧ. 1.2.3). 

 

ʈʠʩʫʥʦʢ 19. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʨʝʟʦʚ ʩʝʣʝʟʝʥʢʠ ʤʳʰʝʡ ʥʘ 30-ʡ ʜʝʥʴ ʧʦʩʣʝ 

ʪʦʪʘʣʴʥʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7,5 ɻʨ. ɻʨʫʧʧʳ: ɸʂ, ʆʙʣ, ʆʙʣ+ʃʬ, ʆʙʣ+ʃʬʭ2. ʆʢʨʘʩʢʘ ʧʦ 

ɺʘʥ-ɻʠʟʦʥʫ. ʉʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʤʝʛʘʢʘʨʠʦʮʠʪʳ. 

ɺ ʦʙʝʠʭ ʦʧʳʪʥʳʭ ʛʨʫʧʧʘʭ, ʧʦʣʫʯʠʚʰʠʭ ʯʃʬ (ʆʙʣ+ʃʬ, ʆʙʣ+ʃʬʭ2), 

ʩʪʨʫʢʪʫʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʩʝʣʝʟʝʥʢʠ ʩʦʭʨʘʥʷʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʈʠʩ. 18, 

19). 
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ʇʝʯʝʥʴ 

ʋ ʞʠʚʦʪʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧ (ɸʂ, ɸʂ+ʃʬ, ɸʂ+ʃʬʭ2) ʪʢʘʥʴ ʧʝʯʝʥʠ 

ʠʤʝʣʘ ʙʘʣʦʯʥʦʝ ʩʪʨʦʝʥʠʝ, ʤʝʞʜʫ ʢʣʝʪʢʘʤʠ ʙʳʣʠ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ ʛʨʘʥʠʮʳ ʥʘ 

ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʨʦʢʘʭ (3-ʡ, 10-ʡ ʠ 30-ʡ ʜʥʠ). ɻʝʧʘʪʦʮʠʪʳ ʠʤʝʣʠ ʧʦʣʠʛʦʥʘʣʴʥʫʶ 

ʬʦʨʤʫ, ʛʨʘʥʫʣʷʨʥʫʶ ʮʠʪʦʧʣʘʟʤʫ, ʦʜʥʦ, ʠʥʦʛʜʘ ʜʚʘ ʷʜʨʘ ʦʢʨʫʛʣʦʡ ʠʣʠ ʚʳʪʷʥʫʪʦʡ 

ʬʦʨʤʳ ʩ ʯʝʪʢʠʤʠ ʢʦʥʪʫʨʘʤʠ ʠ ʛʣʳʙʢʘʤʠ ʭʨʦʤʘʪʠʥʘ. ɺʚʝʜʝʥʠʝ ʯʃʬ (ʛʨʫʧʧʳ 

ɸʂ+ʃʬ, ɸʂ+ʃʬʭ2) ʥʝ ʚʳʟʚʘʣʦ ʠʟʤʝʥʝʥʠʡ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ (ʈʠʩ. 

20 ʚʝʨʭʥʠʡ ʨʷʜ). 

 

ʈʠʩʫʥʦʢ 20. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʨʝʟʦʚ ʧʝʯʝʥʠ ʤʳʰʝʡ ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧ ʥʘ 

30-ʡ ʜʝʥʴ ʧʦʩʣʝ ʣʦʞʥʦʛʦ ʦʙʣʫʯʝʥʠʷ. ɻʨʫʧʧʳ: ɸʂ, ɸʂ+ʃʬ, ɸʂ+ʃʬʭ2. ʆʢʨʘʩʢʘ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ 

ʠ ʵʦʟʠʥʦʤ. 

ɺ ʧʘʨʝʥʭʠʤʝ ʦʨʛʘʥʘ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ (ʛʨʫʧʧʘ ɸʂ) ʥʘʙʣʶʜʘʣʠ 

ʝʜʠʥʠʯʥʳʝ ʤʝʩʪʘ ʩʢʦʧʣʝʥʠʷ ʤʦʥʦʥʫʢʣʝʘʨʥʳʭ ʢʣʝʪʦʢ. ɺʚʝʜʝʥʠʝ ʯʃʬ (ʛʨʫʧʧʳ 

ɸʂ+ʃʬ, ɸʂ+ʃʬʭ2) ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʠ ʨʘʟʤʝʨʘ 

ʪʘʢʠʭ ʫʯʘʩʪʢʦʚ ʫʞʝ ʥʘ 3-ʡ ʜʝʥʴ, ʯʪʦ ʩʦʭʨʘʥʷʣʦʩʴ ʠ ʥʘ 10-ʡ ʜʝʥʴ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʘ 

30-ʡ ʜʝʥʴ ʫʯʘʩʪʢʠ ʩʢʦʧʣʝʥʠʷ ʫ ʞʠʚʦʪʥʳʭ ʚʩʝʭ ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧ (ɸʂ, ɸʂ+ʃʬ, 

ɸʂ+ʃʬʭ2) ʙʳʣʠ ʙʣʠʟʢʠʤʠ ʧʦ ʨʘʟʤʝʨʫ, ʥʦ ʯʘʩʪʦʪʘ ʠʭ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʦʩʪʘʚʘʣʘʩʴ 

ʚʳʰʝ ʚ ʛʨʫʧʧʝ ɸʂ+ʃʬʭ2 (ʈʠʩ. 20 ʥʠʞʥʠʡ ʨʷʜ). 
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ɻʠʩʪʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫ ʤʳʰʝʡ ʛʨʫʧʧʳ ʆʙʣ ʫʞʝ ʥʘ 

3-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʙʳʣʠ ʚʳʨʘʞʝʥʳ ʜʝʛʝʥʝʨʘʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʢʘʥʠ 

ʧʝʯʝʥʠ ʨʘʟʣʠʯʥʦʡ ʪʷʞʝʩʪʠ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʣʠʩʴ ʥʘ 10-ʡ ʠ 30-ʡ ʜʥʠ. ʅʘʙʣʶʜʘʣʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʘʥʦʤʘʣʠʠ ʷʜʨʘ ʛʝʧʘʪʦʮʠʪʦʚ: ʚʘʢʫʦʣʠʟʘʮʠʶ, ʧʠʢʥʦʟ, 

ʢʦʥʜʝʥʩʘʮʠʶ ʭʨʦʤʘʪʠʥʘ; ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʭʲʷʜʝʨʥʳʭ ʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʜʚʫʷʜʝʨʥʳʭ ʢʣʝʪʦʢ; ʧʘʨʝʥʭʠʤʘʪʦʟʥʫʶ ʚʘʢʫʦʣʷʨʥʫʶ ʜʠʩʪʨʦʬʠʶ. ʉʠʥʫʩʥʳʝ 

ʩʦʩʫʜʳ ʙʳʣʠ ʨʘʩʰʠʨʝʥʳ, ʜʠʘʤʝʪʨ ʮʝʥʪʨʘʣʴʥʳʭ ʚʝʥ ʫʚʝʣʠʯʝʥ, ʤʝʞʜʦʣʴʢʦʚʘʷ 

ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʪʢʘʥʴ ʩʣʘʙʦ ʨʘʟʚʠʪʘ. ʅʘʙʣʶʜʘʣʠ ʦʯʘʛʦʚʳʡ ʥʝʢʨʦʟ ʛʝʧʘʪʦʮʠʪʦʚ ʠ 

ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʤʦʥʦʥʫʢʣʝʘʨʥʳʝ ʠʥʬʠʣʴʪʨʘʪʳ ʚ ʧʝʨʠʧʦʨʪʘʣʴʥʦʡ ʟʦʥʝ, 

ʨʘʟʚʠʚʘʶʱʠʝʩʷ   ʥʘ   ʬʦʥʝ   ʥʘʨʫʰʝʥʠʷ   ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ   (ʈʠʩ. 21). 

 

ʈʠʩʫʥʦʢ 21. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʨʝʟʦʚ ʧʝʯʝʥʠ ʤʳʰʝʡ (ʆʙʣ, ʆʙʣ+ʃʬ, 

ʆʙʣ+ʃʬʭ2) ʧʦʩʣʝ ʪʦʪʘʣʴʥʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7,5 ɻʨ. ʇʨʠʤʝʨʳ ʜʝʛʝʥʝʨʘʪʠʚʥʳʭ 

ʠʟʤʝʥʝʥʠʡ: ʥʝʢʨʦʟʳ (ɸ, ɹ, ʟʚʝʟʜʦʯʢʠ),  ʧʠʢʥʦʪʠʯʝʩʢʠʝ ʷʜʨʘ (ɸ, ʩʪʨʝʣʢʠ), ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʤʠʪʦʟʳ (ɸ, ɺ, ʩʪʨʝʣʢʠ-ʪʨʝʫʛʦʣʴʥʠʢʠ), ʚʘʢʫʦʣʷʨʥʘʷ ʜʠʩʪʨʦʬʠʷ ʛʝʧʘʪʦʮʠʪʦʚ (ɺ), 

ʤʦʥʦʥʫʢʣʝʘʨʥʳʡ ʠʥʬʠʣʴʪʨʘʪ (ɻ). ʄʝʛʘʢʘʨʠʦʮʠʪ (ɹ). ʆʢʨʘʩʢʘ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ ʵʦʟʠʥʦʤ. 

 ʆʪʤʝʯʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʠʪʦʟʦʚ ʚ ʛʝʧʘʪʦʮʠʪʘʭ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ 

ʧʨʦʭʦʜʠʣʘ ʩ ʥʘʨʫʰʝʥʠʝʤ ʚʝʨʝʪʝʥʘ ʜʝʣʝʥʠʷ [Kopaeva M.Yu. et al., 2020]. 
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ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʪʦʟʦʚ ʥʘʙʣʶʜʘʣʠ ʥʘ 10-ʡ ʜʝʥʴ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (ʧ. 

1.2.3). ɺ ʪʢʘʥʠ ʧʝʯʝʥʠ ʚʩʪʨʝʯʘʣʠ ʦʪʜʝʣʴʥʳʝ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʛʠʛʘʥʪʩʢʠʝ 

ʢʣʝʪʢʠ, ʧʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʧʦʭʦʞʠʝ ʥʘ ʤʝʛʘʢʘʨʠʦʮʠʪʳ (ʈʠʩ. 21ɹ). 

ɺʚʝʜʝʥʠʝ ʯʃʬ ʦʙʣʫʯʝʥʥʳʤ ʞʠʚʦʪʥʳʤ (ʛʨʫʧʧʳ ʆʙʣ+ʃʬ, ʆʙʣ+ʃʬʭ2) ʥʝ 

ʚʣʠʷʣʦ ʥʘ ʚʳʨʘʞʝʥʥʦʩʪʴ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʝʘʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘ 

ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʩʨʦʢʘʭ (3-ʡ, 10-ʡ ʠ 30-ʡ ʜʥʠ), ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʈʠʩʫʥʦʢ 21 

ʧʨʝʜʩʪʘʚʣʝʥ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʛʨʫʧʧʳ. 

ʆʙʣʫʯʝʥʠʝ ʧʨʠʚʝʣʦ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʫʯʘʩʪʢʦʚ ʩʢʦʧʣʝʥʠʷ ʤʦʥʦʥʫʢʣʝʘʨʥʳʭ 

ʢʣʝʪʦʢ ʚ ʧʘʨʝʥʭʠʤʝ ʧʝʯʝʥʠ ʞʠʚʦʪʥʳʭ ʚʩʝʭ ʦʧʳʪʥʳʭ ʛʨʫʧʧ (ʆʙʣ, ʆʙʣ+ʃʬ, 

ʆʙʣ+ʃʬʭ2) ʥʘ 3-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ. ʕʪʠ ʩʪʨʫʢʪʫʨʳ ʥʘʯʘʣʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ 10-ʡ ʜʝʥʴ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʈʠʩ. 22 ʚʝʨʭʥʠʡ ʨʷʜ). 

 

ʈʠʩʫʥʦʢ 22. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʨʝʟʦʚ ʧʝʯʝʥʠ ʤʳʰʝʡ ʥʘ 10-ʡ (ʚʝʨʭʥʠʡ ʨʷʜ) ʠ 

30-ʡ (ʥʠʞʥʠʡ ʨʷʜ) ʜʥʠ ʧʦʩʣʝ ʪʦʪʘʣʴʥʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 7,5 ɻʨ. ɻʨʫʧʧʳ: ʆʙʣ, ʆʙʣ+ʃʬ, 

ʆʙʣ+ʃʬʭ2. ʆʢʨʘʩʢʘ ʧʦ ɺʘʥ-ɻʠʟʦʥʫ. 

ʂ 30-ʤʫ ʜʥʶ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʠ ʨʘʟʤʝʨʳ ʪʘʢʠʭ ʫʯʘʩʪʢʦʚ ʙʳʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʫ ʦʙʣʫʯʝʥʥʳʭ ʤʳʰʝʡ, ʧʦʣʫʯʠʚʰʠʭ ʯʃʬ (ʆʙʣ+ʃʬ, ʆʙʣ+ʃʬʭ2), 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʚʦʪʥʳʤʠ ʛʨʫʧʧʳ ʆʙʣ (ʈʠʩ. 22 ʥʠʞʥʠʡ ʨʷʜ) ʠ ʧʨʠ ʵʪʦʤ ʙʣʠʟʢʠ ʢ 

ʢʦʥʪʨʦʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ (ʛʨʫʧʧʳ ɸʂ+ʃʬ, ɸʂ+ʃʬʭ2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʯʃʬ 

ʦʢʘʟʘʣ ʢʦʤʧʝʥʩʘʪʦʨʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʚʝʜʝʥʠʠ ʞʠʚʦʪʥʳʭ ʧʦʩʣʝ 

ʦʩʪʨʦʛʦ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʚ ʩʫʙʣʝʪʘʣʴʥʦʡ  ʜʦʟʝ. ɺʚʝʜʝʥʠʝ ʯʃʬ ʧʦʟʚʦʣʠʣʦ 

ʫʚʝʣʠʯʠʪʴ ʚʳʞʠʚʘʝʤʦʩʪʴ ʠ ʩʨʝʜʥʶʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʦʙʣʫʯʝʥʥʳʭ 

ʤʳʰʝʡ ʚ ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʢʘʟʘʣʦ ʢʦʤʧʝʥʩʘʪʦʨʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʦʙʣʫʯʝʥʠʝʤ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ ʠ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʣʝʡʢʦʮʠʪʦʚ, ʠʟʤʝʥʝʥʠʝ ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʬʦʨʤʫʣʳ ʢʨʦʚʠ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ, ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʩʪʨʫʢʪʫʨʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ 

ʩʝʣʝʟʝʥʢʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʜʝʣʘ ʦʧʫʙʣʠʢʦʚʘʥʳ [ʂʦʧʘʝʚʘ ʄ.ʖ. ʠ ʜʨ., 

2020; Kopaeva M.Yu. et al., 2020]. 

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʯʃʬ ʦʢʘʟʘʣ ʨʷʜ ʧʣʝʡʦʪʨʦʧʥʳʭ ʵʬʬʝʢʪʦʚ ʥʘ ʤʳʰʝʡ 

ʧʦʩʣʝ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʠʰʝʥʝʡ, 

ʟʘʧʫʩʢʘʶʱʝʝ ʨʘʟʣʠʯʥʳʝ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʳʭ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʃʬ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʝʱʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʥʷʪʝʥ. ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʃʬ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ  ʩʚʦʡʩʪʚʘʤʠ (ʧ. 1.2.2). ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʛʠʙʝʣʠ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʠʤʤʫʥʠʪʝʪʘ 

ʦʨʛʘʥʠʟʤʘ. ʇʨʦʪʠʚʦʣʫʯʝʚʦʝ ʜʝʡʩʪʚʠʝ ʃʬ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʘʥʦ ʥʘ ʝʛʦ 

ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ (ʧ. 1.1.7). ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʯʃʬ ʦʢʘʟʘʣ 

ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʩʪʨʫʢʪʫʨʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʩʝʣʝʟʝʥʢʠ ï ʦʜʥʦʛʦ ʠʟ ʦʨʛʘʥʦʚ 

ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʃʬ ʦʩʣʘʙʣʷʣ ʧʦʚʨʝʞʜʝʥʠʝ ʵʧʠʪʝʣʠʷ 

ʪʦʥʢʦʡ ʢʠʰʢʠ [Wei et al., 2019], ʧʦʚʳʰʘʣ ʚʳʞʠʚʘʝʤʦʩʪʴ, ʩʪʠʤʫʣʠʨʫʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʠʰʝʯʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ʠ ʪʦʨʤʦʟʷ ʨʘʟʚʠʪʠʝ ʠ ʦʙʦʩʪʨʝʥʠʝ 

ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ [Nishimura et al., 2014] ʫ ʤʳʰʝʡ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. 

ʉʪʝʧʝʥʴ ʧʦʚʨʝʞʜʝʥʠʷ ʢʨʦʚʝʪʚʦʨʥʦʡ ʬʫʥʢʮʠʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʜʦʟʦʡ ʦʙʣʫʯʝʥʠʷ [Liu et al., 2017]. ʂʦʩʪʥʳʡ ʤʦʟʛ,  ʷʚʣʷʶʱʠʡʩʷ ʧʝʨʚʠʯʥʦʡ 

ʢʨʦʚʝʪʚʦʨʥʦʡ ʪʢʘʥʴʶ, -  ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʦʨʛʘʥ-ʤʠʰʝʥʴ, ʧʦʜʚʝʨʞʝʥʥʳʡ 

ʧʦʚʨʝʞʜʝʥʠʶ ʧʨʠ ʦʙʣʫʯʝʥʠʠ. ɼʘʞʝ ʥʝʙʦʣʴʰʘʷ ʜʦʟʘ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ 

ʤʦʞʝʪ ʥʘʨʫʰʠʪʴ ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʝʤʠʷ, ʢʨʦʚʦʪʝʯʝʥʠʝ ʠ ʠʥʬʝʢʮʠʠ ʦʢʘʟʳʚʘʶʪ 



82 
 

 

ʩʝʨʴʝʟʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʳʞʠʚʘʝʤʦʩʪʴ ʞʠʚʦʪʥʳʭ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʳʞʠʚʘʝʤʦʩʪʴ 

ʤʳh ʝʡ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʫʙʣʝʪʘʣʴʥʦʡ ʜʦʟʳ ʨʘʜʠʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʠʩʪʝʤʳ ʢʨʦʚʝʪʚʦʨʝʥʠʷ [Liu et al., 2017; Li et al., 2017]. 

ʂʨʦʚʝʪʚʦʨʝʥʠʝ - ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ, ʨʝʛʫʣʠʨʫʝʤʳʡ ʤʥʦʞʝʩʪʚʦʤ ʬʘʢʪʦʨʦʚ. 

ʍʦʪʷ ʢʦʩʪʥʳʡ ʤʦʟʛ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʩʪʦʤ ʢʨʦʚʝʪʚʦʨʝʥʠʷ, ʦʥʦ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʪʢʘʥʷʭ ʢʘʢ ʚʦ ʚʨʝʤʷ ʚʥʫʪʨʠʫʪʨʦʙʥʦʛʦ ʨʘʟʚʠʪʠʷ, 

ʪʘʢ ʠ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ. ʉʝʣʝʟʝʥʢʘ ʦʩʪʘʝʪʩʷ ʢʨʦʚʝʪʚʦʨʥʳʤ ʦʨʛʘʥʦʤ ʫ ʤʳʰʝʡ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʠʭ ʞʠʟʥʠ, ʭʦʪʷ ʠ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ. ɺ ʪʝʯʝʥʠʝ ʚʟʨʦʩʣʦʡ ʞʠʟʥʠ 

ʧʝʯʝʥʴ ʧʦʜʜʝʨʞʠʚʘʝʪ ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ, ʵʨʠʪʨʦʧʦʵʟ ʠ ʤʠʝʣʦʧʦʵʟ 

ʪʘʢʞʝ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ [Wolber et al., 2002; Golden-Mason and O'Farrelly, 2002]. 

ʕʢʩʪʨʘʤʝʜʫʣʣʷʨʥʦʝ ʢʨʦʚʝʪʚʦʨʝʥʠʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ ʫ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ (ʚ ʯʘʩʪʥʦʩʪʠ ʫ ʛʨʳʟʫʥʦʚ), ʢʦʛʜʘ ʠʤʤʫʥʥʳʝ ʨʝʘʢʮʠʠ ʚʦʟʥʠʢʘʶʪ ʥʘ 

ʧʝʨʠʬʝʨʠʠ, ʚ ʢʘʯʝʩʪʚʝ ʥʦʨʤʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʠʥʬʝʢʮʠʶ ʠ ʚʦʩʧʘʣʝʥʠʝ; ʚ ʦʪʚʝʪ ʥʘ 

ʢʨʦʚʦʪʝʯʝʥʠʝ, ʛʝʤʦʣʠʟ, ʨʘʜʠʘʮʠʦʥʥʦʝ ʦʙʣʫʯʝʥʠʝ. ʇʝʯʝʥʴ ʠ ʩʝʣʝʟʝʥʢʘ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʦʨʛʘʥʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʪʘʪʴ ʤʝʩʪʘʤʠ ʵʢʩʪʨʘʤʝʜʫʣʣʷʨʥʦʛʦ 

ʢʨʦʚʝʪʚʦʨʝʥʠʷ [Kim, 2010]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʳʩʪʨʦʛʦ ʫʩʠʣʝʥʠʷ ʵʨʠʪʨʦʧʦʵʟʘ ʚ ʩʝʣʝʟʝʥʢʝ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ 

ʦʪʚʝʪ ʥʘ ʧʝʨʠʬʝʨʠʯʝʩʢʠʡ ʘʥʝʤʠʯʝʩʢʠʡ ʩʪʨʝʩʩ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʵʨʠʪʨʦʧʦʵʟʘ ʧʦʩʣʝ 

ʦʩʪʨʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʩʪʨʝʩʩʘ ʚ ʵʪʦʤ ʦʨʛʘʥʝ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʦʩʣʝ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ. ɹʘʟʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʵʨʠʪʨʦʧʦʵʟʘ 

ʚ ʩʝʣʝʟʝʥʢʝ ʤʳʰʝʡ ʦʪʩʫʪʩʪʚʦʚʘʣ ʯʝʨʝʟ 6 ʜʥʝʡ ʧʦʩʣʝ ʪʦʪʘʣʴʥʦʛʦ ʦʩʪʨʦʛʦ ʛʘʤʤʘ-

ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 4 ɻʨ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʳʩʪʨʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ, ʘ 

ʯʝʨʝʟ 10 ʜʥʝʡ ʧʨʦʠʟʦʰʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʨʘʩʥʦʡ ʧʫʣʴʧʳ, ʠ 

ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʵʢʩʪʨʘʤʝʜʫʣʣʷʨʥʦʛʦ ʵʨʠʪʨʦʧʦʵʟʘ ʚ 

ʩʝʣʝʟʝʥʢʝ [Peslak et al., 2012]. ʆʙʰʠʨʥʳʡ ʵʢʩʪʨʘʤʝʜʫʣʣʷʨʥʳʡ ʛʝʤʦʧʦʵʟ 

ʥʘʙʣʶʜʘʣʠ ʚ ʩʝʣʝʟʝʥʢʝ ʤʳʰʝʡ ʥʘ 10-ʡ ʜʝʥʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʛʘʤʤʘ-

ʦʙʣʫʯʝʥʠʷ ʚ ʜʦʟʝ 6 ɻʨ [Masutani et al., 2000]. 

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳʰʠ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʪʦʪʘʣʴʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ ʙʦʣʴʰʝʡ ʜʦʟʝ (7,5 ɻʨ), ʯʝʤ ʚ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʨʘʙʦʪʘʭ. ʄʳ 

ʧʦʣʘʛʘʝʤ, ʵʪʦ ʷʚʠʣʦʩʴ ʧʨʠʯʠʥʦʡ ʪʦʛʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʮʠʪʦʚ ʚ ʢʨʦʚʠ 
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ʞʠʚʦʪʥʳʭ ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʫʚʝʣʠʯʠʣʦʩʴ ʪʦʣʴʢʦ ʥʘ 30-ʡ ʜʝʥʴ (ʘ ʥʝ ʥʘ 10-ʡ, ʢʘʢ ʚ 

ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʨʘʙʦʪʘʭ). ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʞʠʚʦʪʥʳʭ 

ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʦʙʨʘʟʮʳ ʢʨʦʚʠ ʥʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʦʢʘʭ ʤʝʞʜʫ 10-ʤ ʠ 30-ʤ ʜʥʷʤʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. ʅʘ 30-ʡ ʜʝʥʴ 

ʚ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʟʘʭ ʩʝʣʝʟʝʥʢʠ (ʛʨʫʧʧʘ ʆʙʣ) ʠ ʧʝʯʝʥʠ (ʛʨʫʧʧʳ ʆʙʣ,  ʆʙʣ+ʃʬ 

ʠ ʆʙʣ+ʃʬʭ2) ʥʘʤʠ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʤʝʛʘʢʘʨʠʦʮʠʪʳ, ʯʪʦ ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʘʣʠʯʠʝ ʘʢʪʠʚʥʦʛʦ ʵʢʩʪʨʘʤʝʜʫʣʣʷʨʥʦʛʦ ʛʝʤʦʧʦʵʟʘ ʚ ʵʪʠʭ ʦʨʛʘʥʘʭ 

[Volinsky et al., 2020]. ʊʘʢʞʝ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʝʜʠʥʠʯʥʳʝ ʫʯʘʩʪʢʠ 

ʩʢʦʧʣʝʥʠʷ ʤʦʥʦʥʫʢʣʝʘʨʥʳʭ ʢʣʝʪʦʢ ʚ ʧʘʨʝʥʭʠʤʝ ʧʝʯʝʥʠ ʞʠʚʦʪʥʳʭ ʷʚʣʷʣʠʩʴ 

ʦʯʘʛʘʤʠ ʵʢʩʪʨʘʤʝʜʫʣʣʷʨʥʦʛʦ ʢʨʦʚʝʪʚʦʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʯʝʟʘʣʠ ʥʘ 3-ʡ ʠ ʥʘʯʠʥʘʣʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ 10-ʡ ʜʝʥʴ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. ɺʚʝʜʝʥʠʝ ʯʃʬ ʧʨʠʚʦʜʠʣʦ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʠ ʨʘʟʤʝʨʘ ʪʘʢʠʭ ʩʢʦʧʣʝʥʠʡ. 

ɺ ʟʜʦʨʦʚʦʡ ʧʝʯʝʥʠ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʘʷʩʷ ʘʢʪʠʚʥʦʩʪʴ ʤʝʪʘʙʦʣʠʟʤʘ ʠ 

ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʢʘʥʝʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʤʠʢʨʦʙʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʪʦʡʢʦʤʫ, ʨʝʛʫʣʠʨʫʝʤʦʤʫ ʚʦʩʧʘʣʝʥʠʶ 

[Robinson et al., 2016]. ɸʢʪʠʚʘʮʠʷ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ 

ʤʝʭʘʥʠʟʤʘʤʠ, ʢʦʪʦʨʳʝ ʫʩʪʨʘʥʷʶʪ ʚʦʩʧʘʣʝʥʠʝ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʝʛʝʥʝʨʘʮʠʠ 

ʪʢʘʥʝʡ. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʠʙʝʣʴ ʣʠʤʬʦʮʠʪʦʚ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʧʨʠʚʦʜʠʣʘ ʢ 

ʫʛʥʝʪʝʥʠʶ ʤʝʩʪʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʧʝʯʝʥʠ ʠ ʠʩʯʝʟʥʦʚʝʥʠʶ ʫʯʘʩʪʢʦʚ ʩʢʦʧʣʝʥʠʷ 

ʤʦʥʦʥʫʢʣʝʘʨʥʳʭ ʢʣʝʪʦʢ ʚ ʧʘʨʝʥʭʠʤʝ ʦʨʛʘʥʘ. ɺʚʝʜʝʥʠʝ ʯʃʬ ʩʪʠʤʫʣʠʨʦʚʘʣʦ 

ʤʝʩʪʥʳʡ ʠʤʤʫʥʠʪʝʪ, ʧʨʠʚʣʝʢʘʷ ʚ ʪʢʘʥʠ ʧʝʯʝʥʠ ʠʤʤʫʥʦʢʦʤʧʝʪʝʥʪʥʳʝ ʢʣʝʪʢʠ,  ʢʘʢ 

ʪʦʣʴʢʦ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʚ ʢʨʦʚʝʥʦʩʥʦʤ ʨʫʩʣʝ ʥʘʯʠʥʘʣʦ ʚʦʟʨʘʩʪʘʪʴ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʠ ʝʜʠʥʠʯʥʳʝ ʫʯʘʩʪʢʠ ʩʢʦʧʣʝʥʠʷ ʚ ʧʘʨʝʥʭʠʤʝ ʧʝʯʝʥʠ 

ʞʠʚʦʪʥʳʭ ʩʦʩʪʦʷʣʠ ʠʟ ʠʤʤʫʥʦʢʦʤʧʝʪʝʥʪʥʳʭ ʢʣʝʪʦʢ.  

ʈʝʛʝʥʝʨʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʝʯʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʜʠʘʪʦʨʘʤʠ ʚʦʩʧʘʣʝʥʠʷ 

(ʥʘʧʨʠʤʝʨ, IL-1Ŭ, TNFŬ ʠ IL-6), ʬʘʢʪʦʨʘʤʠ ʨʦʩʪʘ (ʥʘʧʨʠʤʝʨ, ʬʘʢʪʦʨʦʤ ʨʦʩʪʘ 

ʛʝʧʘʪʦʮʠʪʦʚ) ʠ ʧʦʧʫʣʷʮʠʷʤʠ ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʧʝʯʝʥʠ 

[Michalopoulos and Bhushan , 2021].  ʂʣʝʪʢʠ ʂʫʧʬʝʨʘ ʠʛʨʘʶʪ ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʚ 

ʵʪʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʩʚʦʙʦʞʜʝʥʠʷ IL-6 ʠ TNFŬ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʨʦʣʠʬʝʨʘʮʠʠ ʛʝʧʘʪʦʮʠʪʦʚ, ʘ ʠʩʪʦʱʝʥʠʝ ʂʫʧʬʝʨʦʚʩʢʠʭ ʢʣʝʪʦʢ ʧʨʝʧʷʪʩʪʚʫʝʪ 
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ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʛʝʥʝʨʘʮʠʠ ʧʝʯʝʥʠ [Selzner et al., 2003]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʃʬ ʤʦʞʝʪ 

ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʤʘʢʨʦʬʘʛʘʤʠ ʠ ʘʢʪʠʚʠʨʦʚʘʪʴ ʠʭ [Birgens et al., 1983; Crouch et al., 

1992]. ʂʨʦʤʝ ʪʦʛʦ ʥʘ ʤʳʰʠʥʦʡ ʤʦʜʝʣʠ ʧʦʚʨʝʞʜʝʥʠʷ ʧʝʯʝʥʠ ʘʮʝʪʘʤʠʥʦʬʝʥʦʤ (300 

ʤʛ/ʢʛ, ʚ/ʙ), ʢʦʪʦʨʳʡ ʧʦʨʘʞʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʛʝʧʘʪʦʮʠʪʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʜʠʩʬʫʥʢʮʠʠ, ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ, ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʩʪʨʝʩʩʘ ʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ɼʅʂ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʨʦʚʠʡ ʃʬ (50 ʤʛ/ʢʛ, 

ʚʥʫʪʨʠʚʝʥʥʦ), ʚʚʝʜʝʥʥʳʡ ʯʝʨʝʟ 1 ʠ 4 ʯʘʩʘ ʧʦʩʣʝ ʘʮʝʪʘʤʠʥʦʬʝʥʘ ʠʥʛʠʙʠʨʦʚʘʣ 

ʧʦʚʨʝʞʜʝʥʠʝ ʧʝʯʝʥʠ ʫ ʞʠʚʦʪʥʳʭ [Yin et al., 2010]. ɻʝʧʘʪʦʧʨʦʪʝʢʪʦʨʥʳʡ ʵʬʬʝʢʪ 

ʃʬ ʙʳʣ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʣʝʪʦʢ ʂʫʧʬʝʨʘ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ 

ʧʦʣʘʛʘʶʪ, ʯʪʦ ʃʬ ʟʘʱʠʱʘʝʪ ʛʝʧʘʪʦʮʠʪʳ ʧʫʪʝʤ ʩʪʠʤʫʣʷʮʠʠ ʂʫʧʬʝʨʦʚʩʢʠʭ ʢʣʝʪʦʢ 

ʢ ʚʳʨʘʙʦʪʢʝ ʟʘʱʠʪʥʳʭ ʤʝʜʠʘʪʦʨʦʚ. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ (ʧ.ʧ. 1.1.2), ʃʬ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʤʥʦʞʝʩʪʚʦ 

ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʝʪʦʯʥʦʡ ʩʠʩʪʝʤʳ, ʥʘ ʢʦʪʦʨʫʶ ʦʥ 

ʚʦʟʜʝʡʩʪʚʫʝʪ, ʙʣʘʛʦʜʘʨʷ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʨʝʮʝʧʪʦʨʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʢʟʦʛʝʥʥʳʡ 

ʃʬ ʚ ʦʩʥʦʚʥʦʤ ʫʪʠʣʠʟʠʨʫʝʪʩʷ ʚ ʧʝʯʝʥʠ [Levay and Viljoen, 1995; Adlerova et al., 

2008]. ɿʜʝʩʴ ʦʥ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʧʨʷʤʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʛʝʧʘʪʦʮʠʪʳ, ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ 

ʢʣʝʪʢʠ ʠ ʢʣʝʪʢʠ ʂʫʧʬʝʨʘ, ʢʦʪʦʨʳʝ ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʨʝʮʝʧʪʦʨʳ ʢ ʥʝʤʫ (LRP1 ʠ 

ʘʩʠʘʣʦʛʣʠʢʦʧʨʦʪʝʠʥʦʚʳʡ ʨʝʮʝʧʪʦʨ, ʠʥʪʝʣʝʢʪʠʥ-1, CD14, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʉʚʷʟʳʚʘʥʠʝ ʃʬ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʦʥ 

ʤʦʞʝʪ ʟʘʧʫʩʢʘʪʴ ʪʘʢʠʝ ʢʣʝʪʦʯʥʳʝ ʨʝʘʢʮʠʠ, ʢʘʢ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ, ʘʢʪʠʚʘʮʠʷ ʠ 

ʧʨʦʣʠʬʝʨʘʮʠʷ [Legrand et al., 2006].  ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʃʬ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʥʝʟʨʝʣʳʭ ɺ- ʠ ʊ-ʣʠʤʬʦʮʠʪʦʚ ʠ ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʦʮʝʩʩ 

ʩʦʟʨʝʚʘʥʠʷ ɺ-ʢʣʝʪʦʢ ʩʝʣʝʟʝʥʢʠ ʤʳʰʠ [Zimecki et al., 1995; Suzuki et al., 2005]. 

ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʨʝʮʝʧʪʦʨʳ ʥʫʢʣʝʦʣʠʥ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʡʩʷ  ʚ ɺ- ʠ ʊ-ʣʠʤʬʦʮʠʪʘʭ, 

ʠ CD14, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʡʩʷ ʚ ʤʦʥʦʮʠʪʘʭ, ʤʦʛʫʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥʳ ʚ ʟʘʧʫʩʢ 

ʢʣʝʪʦʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʩʪʠʤʫʣʷʮʠʶ ʵʢʟʦʛʝʥʥʳʤ ʯʃʬ. ʇʦʩʢʦʣʴʢʫ ʥʫʢʣʝʦʣʠʥ 

ʷʚʣʷʝʪʩʷ ʤʫʣʴʪʠʣʠʛʘʥʜʥʳʤ ʙʝʣʢʦʤ, ʠʟʚʝʩʪʥʳʤ ʩʚʦʝʡ ʯʝʣʥʦʯʥʦʡ ʬʫʥʢʮʠʝʡ ʤʝʞʜʫ 

ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʷʜʨʦʤ [Legrand et al., 2004; Jia et al., 2017], ʤʦʞʥʦ 

ʦʞʠʜʘʪʴ, ʯʪʦ ʤʥʦʛʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʃʬ ʠʤʝʶʪ ʦʪʥʦʰʝʥʠʝ ʢ ʩʚʷʟʳʚʘʥʠʶ 

ʩ ʵʪʠʤ ʨʝʮʝʧʪʦʨʦʤ. 
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ɻʃɸɺɸ 4. ʀɿʋʏɽʅʀɽ ʕʌʌɽʂʊʆɺ ʃɸʂʊʆʌɽʈʈʀʅɸ ʏɽʃʆɺɽʂɸ ʋ 

ʄʓʐɽʁ ʅɸ ʄʆɼɽʃʀ ʄʌʊʇ-ʀʅɼʋʎʀʈʆɺɸʅʅʆʁ ɻʀɹɽʃʀ 

ʅɽʁʈʆʅʆɺ 

ɿʘʜʘʯʝʡ ʜʘʥʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʯʃʬ ʥʘ ʧʦʚʝʜʝʥʠʝ 

ʠ ʵʢʩʧʨʝʩʩʠʶ ʪʠʨʦʟʠʥʛʠʜʨʦʢʩʠʣʘʟʳ (ʊɻ) ʚ ʥʠʛʨʦʩʪʨʠʘʪʥʦʡ ʩʠʩʪʝʤʝ ʤʦʟʛʘ ʤʳʰʝʡ 

ʥʘ ʤʦʜʝʣʠ ʄʌʊʇ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʛʠʙʝʣʠ ʥʝʡʨʦʥʦʚ. 

ʋ ʞʠʚʦʪʥʳʭ, ʧʦʣʫʯʠʚʰʠʭ ʄʌʊʇ, ʥʘʙʣʶʜʘʣʠ ʵʢʩʪʨʘʧʠʨʘʤʠʜʥʳʝ 

ʥʘʨʫʰʝʥʠʷ. ɻʝʥʝʨʘʣʠʟʦʚʘʥʥʳʡ ʪʨʝʤʦʨ ʥʠʟʢʦʡ ʠ ʩʨʝʜʥʝʡ ʘʤʧʣʠʪʫʜʳ ʧʦʷʚʠʣʩʷ 

ʚʩʢʦʨʝ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ ʠ ʩʦʭʨʘʥʷʣʩʷ ʚ ʪʝʯʝʥʠʝ 30-40 ʤʠʥ. ʇʠʣʦʵʨʝʢʮʠʷ ʧʦʷʚʠʣʘʩʴ 

ʯʝʨʝʟ 2-3 ʤʠʥ, ʨʝʘʢʮʠʷ ʐʪʨʘʫʙʘ, ʨʠʛʠʜʥʦʩʪʴ ʠ ʛʠʧʦʢʠʥʝʟʠʷ ï ʯʝʨʝʟ 10-14 ʤʠʥ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʚʝʜʝʥʠʝ ʯʃʬ ʥʝ ʧʨʝʜʦʪʚʨʘʱʘʣʦ ʵʪʠ ʦʩʪʨʳʝ ʵʬʬʝʢʪʳ ʄʌʊʇ. 

4.1. ʀʟʤʝʥʝʥʠʝ ʧʨʠʨʦʩʪʘ ʤʘʩʩʳ ʪʝʣʘ ʞʠʚʦʪʥʳʭ 

ɺ ʛʨʫʧʧʝ ʄʌʊʇ ʥʘʙʣʶʜʘʣʠ ʜʦʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ ʥʘ 7-ʡ ʜʝʥʴ 

ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʥʝʡʨʦʪʦʢʩʠʥʘ (ʈʠʩ. 23). ʇʨʠʨʦʩʪ ʤʘʩʩʳ ʚ ʛʨʫʧʧʝ ʄʌʊʇ ʙʳʣ ʥʠʞʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ ʥʘ 7-ʦʡ, 14-ʳʡ, 21-ʳʡ, 28-ʦʡ ʜʥʠ, ʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʫʧʧʦʡ ʄʌʊʇ+ʃʬ ʥʘ 28-ʦʡ ʜʝʥʴ. 

 

ʈʠʩʫʥʦʢ 23. ʀʟʤʝʥʝʥʠʝ ʧʨʠʨʦʩʪʘ ʤʘʩʩʳ ʪʝʣʘ ʤʳʰʝʡ, ʧʦʣʫʯʠʚʰʠʭ ʄʌʊʇ/ʬʠʟʨʘʩʪʚʦʨ, ʚ ʪʝʯʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ʉʪʨʝʣʢʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʝʥʴ, ʢʦʛʜʘ ʙʳʣʠ ʚʚʝʜʝʥʳ ʄʌʊʇ ʠʣʠ ʬʠʟʨʘʩʪʚʦʨ. *p < 

0.05, **p < 0.01 ï ʦʪʣʠʯʠʷ ʦʪ ʛʨʫʧʧʳ ʂʦʥʪʨʦʣʴ; +p < 0.05 ï ʦʪʣʠʯʠʷ ʦʪ ʛʨʫʧʧʳ ʄʌʊʇ+ʃʬ ʚ 

ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ [Kopaeva M.Yu. et al., 2021]. 
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ɺ ʛʨʫʧʧʘʭ ʂʦʥʪʨʦʣʴ ʠ ʄʌʊʇ+ʃʬ ʤʘʩʩʘ ʪʝʣʘ ʤʳʰʝʡ ʧʦʩʪʝʧʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ 7-ʛʦ ʧʦ 28-ʡ ʜʝʥʴ. ʂ 14-ʤʫ ʜʥʶ ʤʘʩʩʘ ʪʝʣʘ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ 

(ʂʦʥʪʨʦʣʴ ʠ ʄʌʊʇ+ʃʬ) ʥʘʯʘʣʘ ʧʨʝʚʳʰʘʪʴ ʠʩʭʦʜʥʫʶ. ɺ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝ ʥʘʙʣʶʜʘʣʠ ʨʘʟʣʠʯʠʡ ʚ ʧʨʠʨʦʩʪʝ ʤʘʩʩʳ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ 

ʂʦʥʪʨʦʣʴ ʠ ʄʌʊʇ+ʃʬ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʃʬ, ʚʚʝʜʝʥʥʳʡ ʜʦ ʥʝʡʨʦʪʦʢʩʠʥʘ, ʦʢʘʟʘʣ 

ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ. 

4.2. ʈʦʪʘʨʦʜ 

ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʦʪʘʨʦʜ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʤʦʪʦʨʥʦʛʦ ʜʝʬʠʮʠʪʘ. ɺʩʝ ʤʳʰʠ 

ʫʩʧʝʰʥʦ ʦʙʫʯʠʣʠʩʴ ʠ ʜʦʩʪʠʛʣʠ ʩʪʘʙʠʣʴʥʦʛʦ ʫʨʦʚʥʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʟʘ 1 ʜʝʥʴ ʜʦ 

ʚʚʝʜʝʥʠʷ ʄʌʊʇ/ʬʠʟʨʘʩʪʚʦʨʘ (ʈʠʩ. 24ʘ). ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʜʥʠ ʢʦʥʪʨʦʣʴʥʳʝ 

ʞʠʚʦʪʥʳʝ ʩʦʭʨʘʥʷʣʠ ʨʘʚʥʦʚʝʩʠʝ ʥʘ ʨʦʪʘʨʦʜʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 

ʚʨʝʤʝʥʠ ʪʝʩʪʠʨʦʚʘʥʠʷ (120 ʩ). ʄʌʊʇ ʫʤʝʥʴʰʠʣ ʚʨʝʤʷ, ʧʨʦʚʝʜʝʥʥʦʝ ʞʠʚʦʪʥʳʤʠ 

ʥʘ ʩʪʝʨʞʥʝ, ʯʝʨʝʟ 60 ʤʠʥ, 120 ʤʠʥ ʠ 2 ʜʥʷ ʧʦʩʣʝ ʝʛʦ ʚʚʝʜʝʥʠʷ. ʆʜʥʘʢʦ ʚ 1-ʡ ʜʝʥʴ 

ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʙʳʣ ʟʥʘʯʠʤʦ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʪʦʣʴʢʦ ʚ ʛʨʫʧʧʝ 

ʄʌʊʇ, ʥʦ ʥʝ ʚ ʛʨʫʧʧʝ ʄʌʊʇ+ʃʬ. ɼʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ, 

ʧʦʣʫʯʠʚʰʠʤʠ ʄʌʊʇ, ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ ʚ ʪʝʩʪʘʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ 7-ʡ ʠ 28-

ʦʡ ʜʥʠ, ʥʝ ʥʘʙʣʶʜʘʣʠ. 

 

ʈʠʩʫʥʦʢ 24. ʃʘʪʝʥʪʥʳʡ ʧʝʨʠʦʜ ʧʘʜʝʥʠʷ ʚ ʪʝʩʪʝ ʨʦʪʘʨʦʜ (ʘ) ʠ ʜʣʠʥʘ ʰʘʛʘ (ʙ) ʤʳʰʝʡ, 

ʧʦʣʫʯʠʚʰʠʭ ʄʌʊʇ/ʬʠʟʨʘʩʪʚʦʨ. ʂʘʞʜʘʷ ʪʦʯʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʜʥʦ ʞʠʚʦʪʥʦʝ. *p < 0.05, **p < 

0.01, ***p < 0.001 - ʦʪʣʠʯʠʷ ʦʪ ʛʨʫʧʧʳ ʂʦʥʪʨʦʣʴ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ [Kopaeva M.Yu. et 

al., 2021]. 
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4.3. ɼʣʠʥʘ ʰʘʛʘ 

ɿʘ ʜʝʥʴ ʜʦ ʚʚʝʜʝʥʠʷ ʄʌʊʇ/ʬʠʟʨʘʩʪʚʦʨʘ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʜʣʠʥʝ 

ʰʘʛʘ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʣʠ (ʈʠʩ. 24ʙ). ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʰʘʛʘ ʚ ʛʨʫʧʧʝ 

ʂʦʥʪʨʦʣʴ ʙʳʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ʆʩʪʨʘʷ ʠʥʪʦʢʩʠʢʘʮʠʷ ʄʌʊʇ ʚʳʟʚʘʣʘ ʫʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʝʡ ʜʣʠʥʳ 

ʰʘʛʘ. ʋ ʞʠʚʦʪʥʳʭ ʛʨʫʧʧ ʄʌʊʇ ʠ ʄʌʊʇ+ʃʬ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʙʳʣ ʥʠʞʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʂʦʥʪʨʦʣʝʤ ʯʝʨʝʟ 60 ʤʠʥ, 120 ʤʠʥ, 1 ʜʝʥʴ ʠ 2 ʜʥʷ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʜʣʠʥʳ ʰʘʛʘ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ, ʧʦʣʫʯʠʚʰʠʭ ʄʌʊʇ, ʥʘ 7-ʡ ʠ 28 ʜʥʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫ ʤʳʝhʡ, ʧʦʣʫʯʠʚʰʠʭ ʄʌʊʇ, ʥʘʙʣʶʜʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʥʘʨʫʰʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʠ ʜʚʠʞʝʥʠʡ (ʪʝʩʪ ʨʦʪʘʨʦʜ) ʠ ʫʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʝʡ ʜʣʠʥʳ 

ʰʘʛʘ ʯʝʨʝʟ 60 ʤʠʥ, 120 ʤʠʥ, ʦʜʠʥ ʠ ʜʚʘ ʜʥʷ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʚʚʝʜʝʥʠʝ ʯʃʬ ʥʝ ʧʨʝʜʦʪʚʨʘʱʘʣʦ ʵʪʠ ʦʩʪʨʳʝ ʵʬʬʝʢʪʳ ʄʌʊʇ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘʙʣʶʜʘʣʠ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ, ʧʦʣʫʯʠʚʰʠʭ ʥʝʡʨʦʪʦʢʩʠʥ, ʥʘ 7-ʡ ʜʝʥʴ. 

ʅʘʰʠ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ. Rosa ʠ ʩʦʘʚʪ. ʥʝ 

ʦʙʥʘʨʫʞʠʣʠ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʄʌʊʇ ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʚ ʪʝʩʪʝ ʨʦʪʘʨʦʜ (ʥʘ 

14-ʡ, 37-ʡ ʠ 52-ʡ ʜʥʠ) ʠ ʧʨʠ ʘʥʘʣʠʟʝ ʜʣʠʥʳ ʰʘʛʘ (ʥʘ 7-ʡ, 30-ʡ ʠ 45-ʡ ʜʥʠ) [Rosa et 

al., 2018].  

4.4. ʆʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʤʳʰʝʡ ʚ ʪʝʩʪʝ çʆʪʢʨʳʪʦʝ ʧʦʣʝè  

ɺʩʝ ʛʨʫʧʧʳ ʤʳʰʝʡ ʧʦʢʘʟʘʣʠ ʩʭʦʜʥʫʶ ʜʚʠʛʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʧʝʨʝʜ ʠʥʲʝʢʮʠʝʡ ʄʌʊʇ/ʬʠʟʨʘʩʪʚʦʨʘ. ʇʦʚʪʦʨʥʦʝ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʚ ʆʇ ʧʨʠʚʦʜʠʣʦ ʢ ʟʘʚʠʩʷʱʠʤ ʦʪ ʚʨʝʤʝʥʠ ʠʟʤʝʥʝʥʠʷʤ ʚ ʧʦʚʝʜʝʥʠʠ 

ʞʠʚʦʪʥʳʭ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ. ʇʦʚʝʜʝʥʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʪʨʘʭʦʤ ʚ 

ʦʪʚʝʪ ʥʘ ʥʦʚʠʟʥʫ, ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ, ʧʨʦʷʚʣʷʣʠʩʴ ʩʣʘʙʝʝ, ʘ 

ʜʚʠʛʘʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʥʠʞʘʣʘʩʴ ʙʣʘʛʦʜʘʨʷ ʧʨʠʚʳʢʘʥʠ.ʁ 

ʆʩʪʨʘʷ ʠʥʪʦʢʩʠʢʘʮʠʷ ʄʌʊʇ ʩʥʠʞʘʣʘ ʜʚʠʛʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʤʳʰʝʡ. 

ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ 5-ʤʠʥʫʪʥʳʝ ʪʨʝʢʠ ʧʦʚʝʜʝʥʠʷ ʚ ʆʇ ʥʘ 7-ʡ ʠ 28-ʡ ʜʥʠ ʧʦʢʘʟʘʥʳ 

ʥʘ ʈʠʩ. 25ʘ (ʣʝʚʘʷ ʠ ʧʨʘʚʘʷ ʧʘʥʝʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʆʙʱʠʡ ʧʨʦʡʜʝʥʥʳʡ ʧʫʪʴ ʚ 

ʆʇ ʫʤʝʥʴʰʠʣʩʷ ʢʘʢ ʚ ʛʨʫʧʧʝ ʄʌʊʇ, ʪʘʢ ʠ ʚ ʄʌʊʇ+ʃʬ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 



88 
 

 

ʢʦʥʪʨʦʣʝʤ ʯʝʨʝʟ 60 ʤʠʥ ʠ 120 ʤʠʥ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʥʝʡʨʦʪʦʢʩʠʥʘ (ʈʠʩ. 25ʙ). ʅʘ 

ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʩʨʦʢʘʭ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʠʡ ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ ʤʝʞʜʫ ʚʩʝʤʠ 

ʪʨʝʤʷ ʛʨʫʧʧʘʤʠ ʥʝ ʥʘʙʣʶʜʘʣʠ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʦʙʱʝʛʦ ʧʨʦʡʜʝʥʥʦʛʦ 

ʧʫʪʠ ʚ ʛʨʫʧʧʝ ʄʌʊʇ ʥʘ 28-ʡ ʜʝʥʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 7-ʤ ʜʥʝʤ. 

 

ʈʠʩʫʥʦʢ 25. ʇʦʚʝʜʝʥʠʝ ʤʳʰʝʡ ʚ ʪʝʩʪʝ çʆʪʢʨʳʪʦʝ ʧʦʣʝè ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʄʌʊʇ/ʬʠʟʨʘʩʪʚʦʨʘ. 

ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʧʷʪʠʤʠʥʫʪʥʳʝ ʪʨʝʢʠ ʜʚʠʞʝʥʠʷ ʤʳʰʝʡ ʚ ʦʪʢʨʳʪʦʤ ʧʦʣʝ ʥʘ 7-ʡ (ʩʣʝʚʘ) ʠ 28-ʡ 

(ʩʧʨʘʚʘ) ʜʥʠ (a). ʆʙʱʠʡ ʧʨʦʡʜʝʥʥʳʡ ʧʫʪʴ (ʙ). ʂʦʣʠʯʝʩʪʚʦ ʩʪʦʝʢ (ʚ). ʂʘʞʜʘʷ ʪʦʯʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʦʜʥʦ ʞʠʚʦʪʥʦʝ. *p < 0.05, **p < 0.01, ***p < 0.001 - ʦʪʣʠʯʠʷ ʦʪ ʛʨʫʧʧʳ ʂʦʥʪʨʦʣʴ, +p < 0.05 ï 

ʦʪʣʠʯʠʷ ʦʪ ʛʨʫʧʧʳ ʄʌʊʇ+ʃʬ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; #p < 0.05 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʡ ʞʝ 

ʛʨʫʧʧʦʡ ʚ ʧʨʝʜʳʜʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ [Kopaeva M.Yu. et al., 2021]. 

ʀʥʪʦʢʩʠʢʘʮʠʷ, ʚʳʟʚʘʥʥʘʷ ʄʌʊʇ, ʩʠʣʴʥʦ ʧʦʜʘʚʣʷʣʘ ʧʦʚʝʜʝʥʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʞʠʚʦʪʥʳʭ ʚ ʜʝʥʴ ʝʛʦ ʚʚʝʜʝʥʠʷ. ʇʦʵʪʦʤʫ ʤʳ ʥʝ ʩʨʘʚʥʠʚʘʣʠ ʛʨʫʧʧʳ 

ʤʳʰʝʡ ʯʝʨʝʟ 60 ʠ 120 ʤʠʥ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤ: ʣʘʪʝʥʪʥʦʤʫ ʧʝʨʠʦʜʫ 

ʚʳʭʦʜʘ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ, ʧʨʦʮʝʥʪʫ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʚ ʮʝʥʪʨʝ, ʢʦʣʠʯʝʩʪʚʫ 

ʚʳʭʦʜʦʚ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʟʦʥʫ ʠ ʢʦʣʠʯʝʩʪʚʫ ʩʪʦʝʢ. 
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ɺ 1-ʡ ʜʝʥʴ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʩʪʦʝʢ (ʈʠʩ. 25ʚ). ʅʘ 2-ʡ ʜʝʥʴ ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʝʢ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ, ʧʦʣʫʯʠʚʰʠʭ 

ʄʌʊʇ, ʙʳʣʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ, ʥʦ ʥʘ 7-ʡ ʜʝʥʴ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʙʳʣ 

ʜʦʩʪʦʚʝʨʥʦ ʥʠʞʝ ʢʦʥʪʨʦʣʷ ʪʦʣʴʢʦ ʚ ʛʨʫʧʧʝ ʄʌʊʇ. ɺ ʛʨʫʧʧʝ ʄʌʊʇ ʨʘʟʣʠʯʠʷ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʩʪʦʝʢ ʥʘʙʣʶʜʘʣʠʩʴ ʤʝʞʜʫ 28-ʤ ʠ 7-ʤ ʜʥʝʤ. ʅʘ 28-ʡ ʜʝʥʴ ʨʘʟʣʠʯʠʡ ʧʦ 

ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ. 

ʄʳ ʥʝ ʚʳʷʚʠʣʠ ʨʘʟʣʠʯʠʡ ʧʦ ʨʘʩʩʪʦʷʥʠʶ, ʧʨʦʡʜʝʥʥʦʤʫ ʚ ʮʝʥʪʨʝ, ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ ʄʌʊʇ+ʃʬ ʠ ʂʦʥʪʨʦʣʴ ʚ ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʠʥʪʝʨʚʘʣʘ 120 ʤʠʥ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʄʌʊʇ (ʈʠʩ. 26ʘ). ɺ ʵʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʤʳʰʠ ʦʙʝʠʭ ʛʨʫʧʧ, ʧʦʣʫʯʠʚʰʠʭ ʄʌʊʇ, ʧʨʦʰʣʠ ʤʝʥʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʚ ʮʝʥʪʨʝ, 

ʯʝʤ ʢʦʥʪʨʦʣʴʥʳʝ. ʆʜʥʘʢʦ ʥʘ 28-ʡ ʜʝʥʴ ʚ ʛʨʫʧʧʝ ʄʌʊʇ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʙʳʣ ʚʳʰʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ɺ ʛʨʫʧʧʝ ʄʌʊʇ ʦʪʤʝʯʘʣʠ ʚʳʨʘʞʝʥʥʫʶ ʪʝʥʜʝʥʮʠʶ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ, ʧʨʦʡʜʝʥʥʦʛʦ ʚ ʮʝʥʪʨʝ, ʥʘ 28-ʡ ʜʝʥʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 7-ʤ 

ʜʥʝʤ. 

ʅʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʳʭʦʜʦʚ ʚ 

ʮʝʥʪʨ ʚ 1-ʡ ʜʝʥʴ (ʈʠʩ. 26ʙ). ʅʘ 7-ʡ ʜʝʥʴ ʢʦʣʠʯʝʩʪʚʦ ʚʳʭʦʜʦʚ ʚ ʮʝʥʪʨ ʚ ʛʨʫʧʧʝ 

ʄʌʊʇ ʙʳʣʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʛʨʫʧʧʘʭ ʂʦʥʪʨʦʣʴ ʠ ʄʌʊʇ+ʃʬ, ʭʦʪʷ ʨʘʟʥʠʮʘ ʚ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʥʝ ʜʦʩʪʠʛʣʘ ʫʨʦʚʥʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ (p = 0.069). 

ʅʘʧʨʦʪʠʚ, ʥʘ 28-ʡ ʜʝʥʴ ʢʦʣʠʯʝʩʪʚʦ ʚʳʭʦʜʦʚ ʚ ʮʝʥʪʨ ʚ ʛʨʫʧʧʝ ʄʌʊʇ ʙʳʣʦ ʚʳʰʝ, 

ʯʝʤ ʚ ʛʨʫʧʧʘʭ ʂʦʥʪʨʦʣʴ ʠ ʄʌʊʇ+ʃʬ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʵʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʚ ʛʨʫʧʧʝ ʄʌʊʇ ʥʘ 28-ʡ ʜʝʥʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 7-ʤ ʜʥʝʤ. ʄʳ ʥʝ 

ʦʙʥʘʨʫʞʠʣʠ ʨʘʟʣʠʯʠʡ ʚ ʢʦʣʠʯʝʩʪʚʝ ʚʳʭʦʜʦʚ ʚ ʮʝʥʪʨ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʄʌʊʇ+ʃʬ 

ʠ ʂʦʥʪʨʦʣʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ. 

ɾʠʚʦʪʥʳʝ, ʧʦʣʫʯʠʚʰʠʝ ʄʌʊʇ, ʧʨʦʚʦʜʠʣʠ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʚ ʮʝʥʪʨʝ ʆʇ, 

ʯʝʤ ʢʦʥʪʨʦʣʴʥʳʝ ʚ 1-ʡ ʠ ʚʦ 2-ʡ ʜʥʠ (ʈʠʩ. 26ʚ). ʆʜʥʘʢʦ, ʪʦʣʴʢʦ ʚ ʛʨʫʧʧʝ ʄʌʊʇ 

ʥʘʙʣʶʜʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ ʥʘ 7-ʡ ʠ 28-ʡ ʜʥʠ. ʊʘʢʘʷ ʞʝ ʪʝʥʜʝʥʮʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʫʧʧʦʡ ʄʌʊʇ+ʃʬ (p = 0,065) ʥʘ 28-ʡ ʜʝʥʴ. 



90 
 

 

 

ʈʠʩʫʥʦʢ 26. ʇʦʚʝʜʝʥʠʝ ʤʳʰʝʡ ʚ ʮʝʥʪʨʝ ʦʪʢʨʳʪʦʛʦ ʧʦʣʷ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʄʌʊʇ/ʬʠʟʨʘʩʪʚʦʨʘ. 

ʇʨʦʡʜʝʥʥʳʡ ʧʫʪʴ ʚ ʮʝʥʪʨʝ ʧʦʣʷ (ʘ). ʂʦʣʠʯʝʩʪʚʦ ʚʳʭʦʜʦʚ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʟʦʥʫ (ʙ). ɺʨʝʤʷ, 

ʧʨʦʚʝʜʝʥʥʦʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ, % (ʚ). ʃʘʪʝʥʪʥʳʡ ʧʝʨʠʦʜ ʚʳʭʦʜʘ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ (ʛ). 

ʂʘʞʜʘʷ ʪʦʯʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʜʥʦ ʞʠʚʦʪʥʦʝ. *p < 0.05, **p < 0.01, ***p < 0.001 - ʦʪʣʠʯʠʷ ʦʪ 

ʛʨʫʧʧʳ ʂʦʥʪʨʦʣʴ, +p < 0.05 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ  ʛʨʫʧʧʦʡ ʄʌʊʇ+ʃʬ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; #p 

< 0.05 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʡ ʞʝ ʛʨʫʧʧʦʡ ʚ ʧʨʝʜʳʜʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ [Kopaeva M.Yu. et al., 

2021]. 

ʅʘʢʦʥʝʮ, ʛʨʫʧʧʘ ʄʌʊʇ ʧʦʢʘʟʘʣʘ ʙʦʣʴʰʫʶ ʣʘʪʝʥʪʥʦʩʪʴ ʚʳʭʦʜʘ ʠʟ 

ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ, ʯʝʤ ʢʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ, ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʧʝʨʠʦʜʘ ʚ 1-ʡ, 2-ʡ, 7-ʡ ʠ 28-ʡ ʜʥʠ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʄʌʊʇ/ʬʠʟʨʘʩʪʚʦʨʘ (ʈʠʩ. 26ʛ). 

ɻʨʫʧʧʳ ʄʌʊʇ+ʃʬ ʠ ʂʦʥʪʨʦʣʴ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʭʦʞʫʶ ʣʘʪʝʥʪʥʦʩʪʴ ʚʳʭʦʜʘ ʠʟ 

ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 2-ʛʦ 

ʜʥʷ. 

ʇʦʢʘʟʘʪʝʣʠ ñʧʨʦʮʝʥʪ ʚʨʝʤʝʥʠ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ʮʝʥʪʨʝò ʠ ñʣʘʪʝʥʪʥʳʡ ʧʝʨʠʦʜ 

ʚʳʭʦʜʘ ʠʟ ʮʝʥʪʨʘò ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ ʠ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʢʦʣʠʯʝʩʪʚʦʤ 
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ʚʳʭʦʜʦʚ ʚ ʮʝʥʪʨ ʠ ʜʠʩʪʘʥʮʠʝʡ, ʧʨʦʡʜʝʥʥʦʡ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ, ʦʪʨʘʞʘʶʪ 

ʩʪʨʘʪʝʛʠʶ ʧʦʚʝʜʝʥʠʷ ʞʠʚʦʪʥʦʛʦ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʚʝʜʝʥʠʷ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʇʦʚʝʜʝʥʠʝ ʚ ʪʝʩʪʝ ʆʇ ʦʪʨʘʞʘʝʪ ʙʘʣʘʥʩ 

ʤʝʞʜʫ ʩʪʨʘʭʦʤ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ ʠ ʤʦʪʦʨʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʞʠʚʦʪʥʦʛʦ.  

ʇʦʩʪʝʧʝʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʦʪʦʨʥʦʡ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʩʭʦʜʠʣʦ ʫ ʤʳʰʝʡ, ʧʦʣʫʯʠʚʰʠʭ ʄʌʊʇ, ʧʦʩʣʝ ʠʭ ʩʠʣʴʥʝʡʰʝʛʦ ʧʦʜʘʚʣʝʥʠʷ, 

ʢʦʪʦʨʦʝ ʥʘʙʣʶʜʘʣʠ ʥʘ 60 ʠ 120 ʤʠʥ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʥʝʡʨʦʪʦʢʩʠʥʘ. ʕʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʨʘʥʝʝ ʜʘʥʥʳʤʠ [Ferger, 2000; Rosa et al., 2018] ʦ 

ʩʥʠʞʝʥʠʠ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʥʘʣʦʛʠʯʥʦʡ ʩʭʝʤʳ 

ʚʚʝʜʝʥʠʷ ʄʌʊʇ. ʄʦʪʦʨʥʳʡ ʜʝʬʠʮʠʪ ʫ ʵʪʠʭ ʞʠʚʦʪʥʳʭ ʠʩʯʝʟʘʣ ʢ 7-ʤʫ ʜʥʶ. 

ʆʜʥʘʢʦ ʚ ʛʨʫʧʧʝ ʄʌʊʇ ʜʝʡʩʪʚʠʝ ʥʝʡʨʦʪʦʢʩʠʥʘ ʥʘ ʧʦʚʝʜʝʥʠʝ ʥʘʙʣʶʜʘʣʠ ʙʦʣʝʝ 

ʜʣʠʪʝʣʴʥʦ, ʯʝʤ ʤʦʪʦʨʥʳʡ ʜʝʬʠʮʠʪ.  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʤʳʰʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʣʫʯʠʚʰʠʝ ʯʃʬ, ʧʦʣʥʦʩʪʴʶ ʚʦʩʩʪʘʥʦʚʠʣʠʩʴ ʧʦ ʠʟʫʯʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʥʘ 7-ʡ 

ʜʝʥʴ, ʥʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ (ʦʙʱʝʝ ʠ ʧʨʦʡʜʝʥʥʦʝ ʚ ʮʝʥʪʨʝ ʨʘʩʩʪʦʷʥʠʝ, ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʭʦʜʦʚ ʚ ʮʝʥʪʨ) ʚʝʨʥʫʣʠʩʴ ʢ ʥʦʨʤʘʣʴʥʦʤʫ (ʢʦʥʪʨʦʣʴʥʦʤʫ) ʫʨʦʚʥʶ ʥʘ 

ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʄʌʊʇ (ʈʠʩ. 25, 26). ɾʠʚʦʪʥʳʝ, ʧʦʣʫʯʠʚʰʠʝ 

ʯʃʬ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʢʦʥʪʨʦʣʴʥʳʝ ʤʳʰʠ, ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʪʘʙʠʣʴʥʳʡ ʫʨʦʚʝʥʴ ʚʩʝʭ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʝʜʝʥʠʷ ʥʘ 7-ʡ ʠ 28-ʡ ʜʥʠ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʜʚʫʢʨʘʪʥʦʝ ʚʚʝʜʝʥʠʝ ʯʃʬ ʩʪʠʤʫʣʠʨʦʚʘʣʦ 

ʙʳʩʪʨʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʚ ʆʇ, ʥʘʨʫʰʝʥʥʦʛʦ ʥʝʡʨʦʪʦʢʩʠʥʦʤ. ʕʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ Xu ʠ ʩʦʘʚʪ., ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʯʃʬ, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʦʛʦ ʚ ʨʠʩʝ (ʚ/ʙ, 4 ʤʛ/ʢʛ x 7 ʜʥʝʡ), ʤʦʞʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʜʚʠʛʘʪʝʣʴʥʳʝ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ ʫ 

ʰʝʩʪʠʤʝʩʷʯʥʳʭ ʤʳʰʝʡ, ʚʳʟʚʘʥʥʳʝ ʄʌʊʇ [Xu et al., 2019]. Liu ʠ ʩʦʘʚʪ. ʪʘʢʞʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʚʝʜʝʥʠʝ ʯʃʬ (ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦ ʚ 

ʨʘʟʣʠʯʥʳʭ ʜʦʟʘʭ; ʟʘ 2-ʘ ʜʥʷ ʜʦ ʠ ʚ ʪʝʯʝʥʠʝ 5-ʠ ʜʥʝʡ ʚʦ ʚʨʝʤʷ ʚʚʝʜʝʥʠʷ ʄʌʊʇ) 

ʦʩʣʘʙʣʷʣʦ ʵʬʬʝʢʪ ʄʌʊʇ ʚ ʪʝʩʪʝ ñʚʝʨʪʠʢʘʣʴʥʳʡ ʩʪʝʨʞʝʥʴò ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ 

ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʛʦ ʚʚʝʜʝʥʠʷ [Liu et al., 2020]. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʭʦʞʠʝ 



92 
 

 

ʵʬʬʝʢʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʠ ʨʘʙʦʪʘʭ ʫʢʘʟʘʥʥʳʭ ʘʚʪʦʨʦʚ ʙʳʣʠ 

ʦʧʦʩʨʝʜʦʚʘʥʳ ʨʘʟʥʳʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʚʚʝʜʝʥʠʷ ʃʬ: ʜʚʫʢʨʘʪʥʳʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʣʠʪʝʣʴʥʳʤ ʢʘʢ ʧʨʝʜʚʘʨʷʶʱʠʤ ʚʚʝʜʝʥʠʝ ʥʝʡʨʦʪʦʢʩʠʥʘ, ʪʘʢ ʠ ʥʘ 

ʬʦʥʝ ʝʛʦ ʚʚʝʜʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʚʫʢʨʘʪʥʦʝ ʚʚʝʜʝʥʠʝ ʯʃʬ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʜʚʠʛʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ, ʥʘʨʫʰʝʥʥʳʭ ʄʌʊʇ. 

4.5. ɻʠʩʪʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ, ʚʳʟʚʘʥʥʦʡ ʄʌʊʇ 

ʄʌʊʇ ʠʥʜʫʮʠʨʦʚʘʣ ʧʦʪʝʨʶ ɼɸ-ʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʚ ʢʦʤʧʘʢʪʥʦʡ ʯʘʩʪʠ 

ʏʉ (ʈʠʩ. 27ʘ,ʚ,ʜ) ʠ ɼɸ-ʝʨʛʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʚ ʩʪʨʠʘʪʫʤʝ (ʈʠʩ. 27ʞ,ʠ,ʣ) ʥʘ 2-ʡ ʜʝʥʴ 

ʧʦʩʣʝ ʝʛʦ ʚʚʝʜʝʥʠʷ. ɻʠʩʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʊɻ+ 

ʢʣʝʪʦʢ ʚ ʢʦʤʧʘʢʪʥʦʡ ʯʘʩʪʠ ʏʉ (ʈʠʩ. 27ʥ) ʠ ʫʤʝʥʴʰʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʊɻ-ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʚ ʩʪʨʠʘʪʫʤʝ (ʈʠʩ. 27ʦ) ʤʳʰʝʡ, ʧʦʣʫʯʠʚʰʠʭ 

ʄʌʊʇ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʂʦʣʠʯʝʩʪʚʦ ʊɻ+ ʢʣʝʪʦʢ ʙʳʣʦ ʩʥʠʞʝʥʦ ʜʦ 34% 

ʠ 36%, ʘ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʊɻ+ ʚʦʣʦʢʦʥ - ʜʦ 35% ʠ 33% ʦʪ ʢʦʥʪʨʦʣʷ ʚ 

ʛʨʫʧʧʘʭ ʄʌʊʇ ʠ ʄʌʊʇ+ʃʬ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʛʨʫʧʧʝ ʄʌʊʇ ʧʦʪʝʨʷ ʊɻ+ ʥʝʡʨʦʥʦʚ ʚ ʢʦʤʧʘʢʪʥʦʡ ʯʘʩʪʠ ʏʉ ʙʳʣʘ 

ʥʝʦʙʨʘʪʠʤʦʡ. ʅʘ 28-ʡ ʜʝʥʴ ʢʦʣʠʯʝʩʪʚʦ ʊɻ+ ʢʣʝʪʦʢ ʫ ʞʠʚʦʪʥʳʭ ʵʪʦʡ ʛʨʫʧʧʳ 

ʦʩʪʘʚʘʣʦʩʴ ʥʠʞʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ. ʅʘʧʨʦʪʠʚ, ʛʨʫʧʧʘ ʄʌʊʇ+ʃʬ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʫʚʝʣʠʯʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ 28-ʡ ʜʝʥʴ (ʈʠʩ. 27ʙ,ʛ,ʝ,ʥ), ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʊɻ+ ʢʣʝʪʦʢ ʚ ʛʨʫʧʧʝ ʄʌʊʇ+ʃʬ ʙʳʣʦ ʟʥʘʯʠʤʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʛʨʫʧʧʝ 

ʄʌʊʇ (ʈʠʩ. 27ʥ). 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʊɻ+ ʚʦʣʦʢʦʥ ʚ ʩʪʨʠʘʪʫʤʝ, ʪʦ ʚ ʛʨʫʧʧʝ ʄʌʊʇ ʦʧʪʠʯʝʩʢʘʷ 

ʧʣʦʪʥʦʩʪʴ ʊɻ-ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʦʩʪʘʚʘʣʘʩʴ ʟʥʘʯʠʤʦ ʥʠʞʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʫʧʧʦʡ ʂʦʥʪʨʦʣʴ ʥʘ 28-ʡ ʜʝʥʴ. ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʥʘ 28-ʡ ʜʝʥʴ ʚ 

ʛʨʫʧʧʝ ʄʌʊʇ+ʃʬ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 2-ʤ 

ʜʥʝʤ (ʈʠʩ. 27ʟ,ʢ,ʤ,ʦ). ʆʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʊɻ+ ʚʦʣʦʢʦʥ ʚ ʛʨʫʧʧʝ ʄʌʊʇ+ʃʬ 

ʙʳʣʘ ʟʥʘʯʠʤʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʛʨʫʧʧʝ ʄʌʊʇ ʥʘ 28-ʡ ʜʝʥʴ (ʈʠʩ. 27ʦ). ʅʘ 28-ʡ ʜʝʥʴ 

ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʢʘʢ ʚ ʢʦʣʠʯʝʩʪʚʝ ʊɻ-ʧʦʟʠʪʠʚʥʳʭ ʢʣʝʪʦʢ 
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ʚ ʢʦʤʧʘʢʪʥʦʡ ʯʘʩʪʠ ʏʉ, ʪʘʢ ʠ ʚ ʢʦʣʠʯʝʩʪʚʝ ʊɻ-ʧʦʟʠʪʠʚʥʳʭ ʚʦʣʦʢʦʥ ʚ ʩʪʨʠʘʪʫʤʝ 

ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʄʌʊʇ+ʃʬ ʠ ʂʦʥʪʨʦʣʴ. 

 

ʈʠʩʫʥʦʢ 27. ʕʬʬʝʢʪʳ ʃʬ ʥʘ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʶ, ʚʳʟʚʘʥʥʫʶ ʚʚʝʜʝʥʠʝʤ ʄʌʊʇ. 

ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʨʝʟʦʚ ʢʦʤʧʘʢʪʥʦʡ ʯʘʩʪʠ ʏʉ (ʘïʝ) ʠ ʩʪʨʠʘʪʫʤʘ (ʞïʤ) 

ʧʦʩʣʝ ʀɻʍ-ʦʢʨʘʰʠʚʘʥʠʷ ʥʘ ʊɻ. ʂʦʣʠʯʝʩʪʚʦ ʊɻ+ ʥʝʡʨʦʥʦʚ ʚ ʢʦʤʧʘʢʪʥʦʡ ʯʘʩʪʠ ʏʉ (ʥ). 

ʆʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʊɻ+ ʚʦʣʦʢʦʥ ʚ ʩʪʨʠʘʪʫʤʝ (ʦ). ʂʘʞʜʘʷ ʪʦʯʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʜʥʦ ʞʠʚʦʪʥʦʝ. 

ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʊɻ+ ʥʝʡʨʦʥʦʚ ʚ ʏʉ ʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʊɻ+ 

ʚʦʣʦʢʦʥ ʚ ʩʪʨʠʘʪʫʤʝ ʥʘ 28-ʡ ʜʝʥʴ (ʧ). *p < 0.05, **p < 0.01 - ʦʪʣʠʯʠʷ ʦʪ ʛʨʫʧʧʳ ʂʦʥʪʨʦʣʴ ʚ 

ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; #p < 0.05, ##p < 0.01 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʡ ʞʝ ʛʨʫʧʧʦʡ ʚ ʧʨʝʜʳʜʫʱʠʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; 
x
p < 0.05 [Kopaeva M.Yu. et al., 2021]. 



94 
 

 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ 28-ʡ ʜʝʥʴ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

ʢʦʣʠʯʝʩʪʚʦʤ ʊɻ+ ʥʝʡʨʦʥʦʚ ʚ ʢʦʤʧʘʢʪʥʦʡ ʯʘʩʪʠ ʏʉ ʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʊɻ+ 

ʚʦʣʦʢʦʥ ʚ ʩʪʨʠʘʪʫʤʝ ʩʫʱʝʩʪʚʦʚʘʣʘ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ, ʧʦʣʫʯʠʚʰʠʭ ʄʌʊʇ (ʈʠʩ. 

27ʧ). ɺ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʧʦʜʦʙʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ. 

ʈʘʥʝʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʃʬ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʚʳʟʚʘʥʥʫʶ ʄʌʊʇ 

ʧʦʪʝʨʶ ɼɸ-ʥʝʡʨʦʥʦʚ ʚ ʏʉ ʠ ʠʩʪʦʱʝʥʠʝ ɼɸ ʚ ʩʪʨʠʘʪʫʤʝ [Xu et al., 2019; Liu et al., 

2020]. ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʚ ʦʙʝʠʭ ʨʘʙʦʪʘʭ ʃʬ ʚʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ ʩʝʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʜʥʝʡ (ʥʘ ʬʦʥʝ ʚʚʝʜʝʥʠʷ ʄʌʊʇ ʠ ʜʦ ʥʝʛʦ), ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ ʧʨʦʚʦʜʠʣʠ ʪʦʣʴʢʦ ʚ ʦʜʠʥ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ - ʥʘ 

ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʛʦ ʚʚʝʜʝʥʠʷ. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʞʠʚʦʪʥʳʝ 

ʧʦʣʫʯʘʣʠ ʯʃʬ ʪʦʣʴʢʦ ʜʚʘʞʜʳ ʠ ʪʦʣʴʢʦ ʜʦ ʚʚʝʜʝʥʠʷ ʥʝʡʨʦʪʦʢʩʠʥʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʫ ʤʳʰʝʡ, ʜʚʫʢʨʘʪʥʦ 

ʧʦʣʫʯʠʚʰʠʭ ʯʃʬ, ʧʨʦʠʩʭʦʜʠʣʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʛʨʦʩʪʨʠʘʪʥʦʡ ʩʠʩʪʝʤʳ ʥʘ 28-ʡ 

ʜʝʥʴ, ʢʦʪʦʨʦʝ ʚʳʨʘʞʘʣʦʩʴ ʚ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʊɻ+ ʢʣʝʪʦʢ ʠ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʊɻ+ ʚʦʣʦʢʦʥ ʜʦ 53% ʠ 92% ʦʪ ʢʦʥʪʨʦʣʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʯʃʬ ʥʘ ʜʠʥʘʤʠʢʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ 

ʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʥʠʛʨʦʩʪʨʠʘʪʥʦʡ ʩʠʩʪʝʤʝ ʧʦʩʣʝ ʦʩʪʨʦʛʦ ʚʚʝʜʝʥʠʷ 

ʄʌʊʇ ʤʳʰʘʤ. 

4.6. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʦʝʢ ʚ ʪʝʩʪʝ çʆʪʢʨʳʪʦʝ ʧʦʣʝè ʠ 

ʢʦʣʠʯʝʩʪʚʦʤ TH-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʳʭ ʥʝʡʨʦʥʦʚ ʠ ʚʦʣʦʢʦʥ 

ɺ ʛʨʫʧʧʝ ʄʌʊʇ ʚʳʷʚʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʢʘʢ ʤʝʞʜʫ 

ʢʦʣʠʯʝʩʪʚʦʤ ʊɻ+ ʥʝʡʨʦʥʦʚ ʚ ʢʦʤʧʘʢʪʥʦʡ ʯʘʩʪʠ ʏʉ, ʪʘʢ ʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʊɻ-ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʳʭ ʚʦʣʦʢʦʥ ʚ ʩʪʨʠʘʪʫʤʝ ʥʘ 28-ʡ ʜʝʥʴ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʦʝʢ ʚ 

ʪʝʩʪʝ ʆʇ ʚ ʪʦʪ ʞʝ ʜʝʥʴ (ʈʠʩ. 28ʘ,ʙ). ɺ ʛʨʫʧʧʘʭ ʄʌʊʇ+ʃʬ ʠ ʂʦʥʪʨʦʣʴ  ʧʦʜʦʙʥʳʭ 

ʢʦʨʨʝʣʷʮʠʡ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ. 
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ʈʠʩʫʥʦʢ 28. ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʦʝʢ ʚ ʪʝʩʪʝ çʆʪʢʨʳʪʦʝ ʧʦʣʝè ʠ 

ʢʦʣʠʯʝʩʪʚʦʤ ʊɻ+ ʥʝʡʨʦʥʦʚ ʚ ʯʝʨʥʦʡ ʩʫʙʩʪʘʥʮʠʠ (ʘ) ʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʊɻ+ ʚʦʣʦʢʦʥ ʚ 

ʩʪʨʠʘʪʫʤʝ (ʙ) ʤʳʰʝʡ ʯʝʨʝʟ 28 ʜʥʝʡ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʄʌʊʇ/NaCl. * - ʜʦʩʪʦʚʝʨʥʘʷ ʢʦʨʨʝʣʷʮʠʷ 

[Kopaeva M.Yu. et al., 2021]. 

ʈʘʥʝʝ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʜʝʬʠʮʠʪʦʤ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʚ ʪʝʩʪʝ ʨʦʪʘʨʦʜ ʠ ʧʦʪʝʨʝʡ ʊɻ-ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʦʩʪʠ ʚ ʩʪʨʠʘʪʫʤʝ 

[Rozas et al., 1998]. Schwarting ʠ ʩʦʘʚʪ. ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʝʬʠʮʠʪ ʚ ʢʦʣʠʯʝʩʪʚʝ ʩʪʦʝʢ 

ʙʳʣ ʩʚʷʟʘʥ ʩʦ ʩʪʝʧʝʥʴʶ ʠʩʪʦʱʝʥʠʷ ɼɸ ʚ ʩʪʨʠʘʪʫʤʝ ʤʳʰʝʡ, ʢʘʢ ʩʨʘʟʫ ʧʦʩʣʝ 

ʧʦʨʘʞʝʥʠʷ, ʪʘʢ ʠ ʯʝʨʝʟ ʯʝʪʳʨʝ ʜʥʷ ʧʦʩʣʝ ʥʝʛʦ [Schwarting et al., 1999]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʯʃʬ ʦʢʘʟʘʣ ʟʘʱʠʪʥʦʝ 

ʜʝʡʩʪʚʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʜʚʠʛʘʪʝʣʴʥʳʭ 

ʬʫʥʢʮʠʡ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʳʰʝʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

Tɻ+ ʢʣʝʪʦʢ ʥʠʛʨʦʩʪʨʠʘʪʥʦʡ ʩʠʩʪʝʤʳ ʧʦʩʣʝ ʦʩʪʨʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʄʌʊʇ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʜʝʣʘ ʦʧʫʙʣʠʢʦʚʘʥʳ [Kopaeva M.Yu. et al., 2021]. 
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ɻʃɸɺɸ 5. ʀɿʋʏɽʅʀɽ ɺʆɿʄʆɾʅʓʍ ʇʋʊɽʁ ʊʈɸʅʉʇʆʈʊɸ 

ʏɽʃʆɺɽʏɽʉʂʆɻʆ ʃɸʂʊʆʌɽʈʈʀʅɸ ɺ  ʄʆɿɻ ʄʓʐʀ 

ɼʘʥʥʳʝ ʦ ʧʦʟʠʪʠʚʥʳʭ ʵʬʬʝʢʪʘʭ ʯʃʬ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʘʪʦʣʦʛʠʠ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʚ ɻʣʘʚʘʭ 3 ʠ 4, ʦʙʫʩʣʦʚʠʣʠ ʚʳʷʩʥʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʝʛʦ ʜʝʡʩʪʚʠʷ. 

ɿʘʜʘʯʝʡ, ʧʦʩʪʘʚʣʝʥʥʦʡ ʚ ʵʪʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ, ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʧʫʪʝʡ ʪʨʘʥʩʧʦʨʪʘ ʯʃʬ 

ʚ ʛʦʣʦʚʥʦʡ ʤʦʟʛ ʤʳʰʝʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʚʚʝʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ʵʪʦʛʦ ʙʝʣʢʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʃʬ ʚ ʤʦʟʛʝ ʠ ʦʧʨʝʜʝʣʷʣʠ ʬʝʥʦʪʠʧ 

ʢʣʝʪʦʢ, ʚʢʣʶʯʘʶʱʠʭ ʯʃʬ. ʂʦʣʦʢʘʣʠʟʘʮʠʶ ʯʃʬ ʠ ʤʘʨʢʝʨʦʚ ʨʘʟʥʦʛʦ ʪʠʧʘ ʢʣʝʪʦʢ 

ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

5.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʃʬ ʚ ʤʦʟʛʝ ʤʳʰʝʡ ʧʦʩʣʝ ʝʛʦ ʚʚʝʜʝʥʠʷ 

ʀʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʯʃʬ ʜʝʪʝʢʪʠʨʦʚʘʣʩʷ ʚ 

ʤʦʟʛʝ ʤʳʰʝʡ ʯʝʨʝʟ 10 ʠ 60 ʤʠʥ ʧʦʩʣʝ ʠʥʪʨʘʥʘʟʘʣʴʥʦʛʦ (ʠ/ʥ) (ʈʠʩ. 29), ʯʝʨʝʟ 5, 15 

ʠ 30 ʤʠʥ ʧʦʩʣʝ ʧʦʜ̡̫ ʟʳʯʥʦʛʦ, ʯʝʨʝʟ 30 ʠ 60 ʤʠʥ ʧʦʩʣʝ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦʛʦ 

ʚʚʝʜʝʥʠʷ. ʏʝʨʝʟ 5 ʤʠʥ ʧʦʩʣʝ ʠ/ʥ ʚʚʝʜʝʥʠʷ ʠ ʯʝʨʝʟ 5, 10 ʠ 60 ʤʠʥ ʧʦʩʣʝ 

ʢʦʥʲʶʥʢʪʠʚʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʣʦʢʘʣʠʟʘʮʠʠ ʯʃʬ ʚ ʤʦʟʛʝ ʤʳʰʠ ʥʝ ʦʙʥʘʨʫʞʠʣʠ. 

ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʚʚʝʜʝʥʠʷ ʠ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ  ʙʝʣʦʢ 

ʜʝʪʝʢʪʠʨʦʚʘʣʩʷ ʚ ʮʠʪʦʧʣʘʟʤʝ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʩʦʩʫʜʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. 

ʇʨʠ ʠ/ʥ ʚʚʝʜʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʠʣʴʥʝʝ ʯʝʨʝʟ 10 ʤʠʥ, ʯʝʤ ʯʝʨʝʟ 60 ʤʠʥ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ. ʈʘʥʝʝ ʢʦʨʦʚʠʡ ʃʬ ʙʳʣ 

ʚʳʷʚʣʝʥ ʩ ʧʦʤʦʱʴʶ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʛʦʤʦʛʝʥʘʪʘʭ ʤʦʟʛʘ ʤʳʰʝʡ 

ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʙʝʣʢʘ ʧʝʨʦʨʘʣʴʥʦ [Fischer et al., 2007] ʠ ʤʦʟʛʘ ʢʨʳʩ ð ʧʦʩʣʝ 

ʧʦʜʲʷʟʳʯʥʦʛʦ ʚʚʝʜʝʥʠʷ [Hayashi et al., 2017]. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʠ ʙʳʣ ʚʳʙʨʘʥ ʠ/ʥ ʧʫʪʴ ʚʚʝʜʝʥʠʷ. ʇʨʠ 

ʩʦʨʘʟʤʝʨʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʝʪʝʢʮʠʷ 

ʯʃʬ ʚ ʤʦʟʛʝ ʤʳʰʝʡ ʧʨʦʠʩʭʦʜʠʣʘ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʙʝʣʢʘ. ʀʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʩʘʛʠʪʪʘʣʴʥʳʭ ʩʨʝʟʦʚ 

ʤʦʟʛʘ ʚʳʷʚʠʣʦ, ʯʪʦ ʯʝʨʝʟ 10 ʤʠʥ ʧʦʩʣʝ ʠ/ʥ ʚʚʝʜʝʥʠʷ ʃʬ ʜʝʪʝʢʪʠʨʦʚʘʣʩʷ ʚ 

ʮʠʪʦʧʣʘʟʤʝ ʨʷʜʘ ʢʣʝʪʦʢ ʚ ʩʦʤʘʪʦʩʝʥʩʦʨʥʦʡ, ʤʦʪʦʨʥʦʡ, ʠʥʩʫʣʷʨʥʦʡ, ʧʘʨʠʝʪʘʣʴʥʦʡ 
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ʧʠʨʠʬʦʨʤʥʦʡ ʦʙʣʘʩʪʷʭ ʥʝʦʢʦʨʪʝʢʩʘ, ʚ CA2 ʠ CA3 ʟʦʥʘʭ ʛʠʧʧʦʢʘʤʧʘ, ʚ ʩʪʨʠʘʪʫʤʝ, 

ʚ ʦʛʨʘʜʝ, ʚʝʥʪʨʘʣʴʥʦʤ ʧʦʩʪʝʨʦʤʝʜʠʘʣʴʥʦʤ ʠ ʙʦʢʦʚʦʤ ʢʦʣʝʥʯʘʪʦʤ ʷʜʨʘʭ ʪʘʣʘʤʫʩʘ, 

ʚ ʟʘʜʥʝʡ ʪʘʣʘʤʠʯʝʩʢʦʡ ʷʜʝʨʥʦʡ ʛʨʫʧʧʝ (ʈʠʩ. 29ʙ). 

 

ʈʠʩʫʥʦʢ 29. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʨʝʟʦʚ ʤʦʟʛʘ ʤʳʰʠ ʯʝʨʝʟ 10 ʤʠʥʫʪ ʧʦʩʣʝ 

ʦʜʥʦʢʨʘʪʥʦʛʦ ʠʥʪʨʘʥʘʟʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʯʃʬ. ʀʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʘʷ ʜʝʪʝʢʮʠʷ ʯʃʬ 

(ʢʨʘʩʥʳʡ). ʗʜʨʘ ʢʣʝʪʦʢ ʜʦʢʨʘʰʝʥʳ DAPI (ʛʦʣʫʙʦʡ) (ʘ). ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʃʬ+ 

ʢʣʝʪʦʢ (ʩʪʨʝʣʢʠ) ʚ ʩʪʨʫʢʪʫʨʘʭ ʤʦʟʛʘ (ʙ) [ʂʦʧʘʝʚʘ ʄ.ʖ. ʠ ʜʨ., 2019]. 

ʌʣʫʦʨʝʩʮʝʥʪʥʦ ʦʢʨʘʰʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʢʦʨʦʚʴʝʛʦ ʃʬ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʥʝʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʵʢʟʦʛʝʥʥʦʛʦ ʙʝʣʢʘ. ʇʦʩʣʝ 

ʠ/ʥ ʚʚʝʜʝʥʠʷ ʢʦʥʲʶʛʘʪʘ ʃʬ ʠ ʥʘʥʦʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠ(ʵʪʠʣʝʥʛʣʠʢʦʣʴ)ï

ʧʦʣʠ(ʣʘʢʪʠʜʘ) ʙʝʣʦʢ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʦʙʦʥʷʪʝʣʴʥʳʭ ʣʫʢʦʚʠʮʘʭ, ʤʦʟʞʝʯʢʝ ʠ 

ʩʪʨʠʘʪʫʤʝ ʤʳʰʠ [Bi et al., 2016], ʘ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʭʚʦʩʪʦʚʫʶ ʚʝʥʫ - ʚ ʩʪʨʠʘʪʫʤʝ, ʢʦʨʝ ʠ ʧʝʨʠʚʝʥʪʨʠʢʫʣʷʨʥʦʡ ʦʙʣʘʩʪʠ ʪʨʝʪʴʝʛʦ 

ʞʝʣʫʜʦʯʢʘ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʤʳʰʠ [Hu et al., 2009]. ʂʣʝʪʦʯʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʃʬ ʚ 

ʵʪʠʭ ʨʘʙʦʪʘʭ ʥʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ. 

5.2. ʌʝʥʦʪʠʧʠʨʦʚʘʥʠʝ ʢʣʝʪʦʢ ʤʦʟʛʘ ʤʳʰʠ, ʚʢʣʶʯʠʚʰʠʭ ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʣʘʢʪʦʬʝʨʨʠʥ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʝʛʦ ʞʠʚʦʪʥʳʤ    
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ʀʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ ʩʨʝʟʦʚ ʤʦʟʛʘ ʤʳʰʠ ʚʳʚ̫ʠʣ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʯʃʬ ʚ ʢʣʝʪʢʘʭ ʠ ʝʛʦ ʢʦʣʦʢʘʣʠʟʘʮʠʶ ʩ 

ʤʘʨʢʝʨʦʤ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ CD31 ʧʦʩʣʝ ʠ/ʥ ʚʚʝʜʝʥʠʷ ʙʝʣʢʘ. ʂʦʣʦʢʘʣʠʟʘʮʠʠ 

ʚʢʣʶʯʝʥʠʷ ʯʃʬ ʩ ʤʘʨʢʝʨʘʤʠ ʟʨʝʣʳʭ ʥʝʡʨʦʥʦʚ (NeuN), ʘʩʪʨʦʮʠʪʦʚ (GFAP) ʠ 

ʤʠʢʨʦʛʣʠʠ (Iba1) ʥʝ ʥʘʙʣʶʜʘʣʠ (ʈʠʩ. 30).  

 

ʈʠʩʫʥʦʢ 30. ʀʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʘʷ ʜʝʪʝʢʮʠʷ ʤʘʨʢʝʨʦʚ ʟʨʝʣʳʭ ʥʝʡʨʦʥʦʚ (NeuN, ʩʠʥʠʡ) (ʘ), 

ʘʩʪʨʦʮʠʪʦʚ (GFAP, ʟʝʣʝʥʳʡ) (ʙ), ʤʠʢʨʦʛʣʠʠ (Iba1, ʟʝʣʝʥʳʡ) (ʚ), ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ (CD31, 

ʟʝʣʝʥʳʡ) (ʛ) ʠ ʯʃʬ (ʢʨʘʩʥʳʡ) ʚ ʢʣʝʪʢʘʭ ʤʦʟʛʘ ʤʳʰʠ ʯʝʨʝʟ 10 ʤʠʥ ʧʦʩʣʝ ʠʥʪʨʘʥʘʟʘʣʴʥʦʛʦ 

ʚʚʝʜʝʥʠʷ ʙʝʣʢʘ. ʗʜʨʘ ʢʣʝʪʦʢ ʜʦʢʨʘʰʝʥʳ DAPI (ʛʦʣʫʙʦʡ) [ʂʦʧʘʝʚʘ ʄ.ʖ. ʠ ʜʨ., 2019]. 
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ʅʘʰʠ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ ʥʘ ʢʨʳʩʘʭ. 

ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʯʝʨʝʟ ʭʚʦʩʪʦʚʫʶ ʚʝʥʫ ʢʦʨʦʚʴʝʛʦ ʃʬ ʙʝʣʦʢ ʜʝʪʝʢʪʠʨʦʚʘʣʩʷ ʚ 

ʚʝʟʠʢʫʣʷʨʥʳʭ ʤʝʤʙʨʘʥʘʭ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ ʤʦʟʛʘ 

ʞʠʚʦʪʥʳʭ [Kamemori et al., 2008]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʵʢʟʦʛʝʥʥʳʡ ʯʃʬ ʙʳʣ ʜʝʪʝʢʪʠʨʦʚʘʥ ʚ ʤʦʟʛʝ ʤʳʰʠ 

ʩ ʧʦʤʦʱʴʶ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʀɻʍ ʘʥʘʣʠʟʘ. 

5.3. ʌʝʥʦʪʠʧʠʨʦʚʘʥʠʝ ʢʣʝʪʦʢ ʤʦʟʛʘ ʤʳʰʠ, ʚʢʣʶʯʠʚʰʠʭ ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʣʘʢʪʦʬʝʨʨʠʥ ʧʨʠ ʧʨʷʤʦʡ ʘʧʧʣʠʢʘʮʠʠ ʙʝʣʢʘ ʥʘ ʩʨʝʟʳ 

ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʚ ʢʣʝʪʢʘʭ ʤʦʟʛʘ ʤʳʰʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʤʝʩʪʘ ʩʚʷʟʳʚʘʥʠʷ ʯʃʬ, ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʷʤʦʝ ʥʘʥʝʩʝʥʠʝ ʨʘʩʪʚʦʨʘ 

ʙʝʣʢʘ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʧʣʘʚʘʶʱʠʝ ʩʨʝʟʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʡ ʛʠʧʦʪʝʟʳ. 

ʀʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ ʢʣʝʪʦʢ ʤʦʟʛʘ ʤʳʰʠ, ʚʢʣʶʯʠʚʰʠʭ ʯʃʬ, ʚʳʷʚʠʣ 

ʢʦʣʦʢʘʣʠʟʘʮʠʶ ʙʝʣʢʘ ʩ ʤʘʨʢʝʨʘʤʠ ʟʨʝʣʳʭ ʥʝʡʨʦʥʦʚ, ʘʩʪʨʦʮʠʪʦʚ ʠ ʤʠʢʨʦʛʣʠʠ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʯʃʬ ʠʤʝʣ ʷʜʝʨʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ (ʈʠʩ. 31, 32). 

 

ʈʠʩʫʥʦʢ 31. ʀʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʘʷ ʜʝʪʝʢʮʠʷ ʤʘʨʢʝʨʘ ʟʨʝʣʳʭ ʥʝʡʨʦʥʦʚ (NeuN, ʩʠʥʠʡ) ʠ ʯʃʬ 

(ʢʨʘʩʥʳʡ) ʚ ʢʣʝʪʢʘʭ ʤʦʟʛʘ ʤʳʰʠ ʧʦʩʣʝ 16 ʯ ʠʥʢʫʙʘʮʠʠ ʩʨʝʟʦʚ ʩ ʵʢʟʦʛʝʥʥʳʤ  ʙʝʣʢʦʤ. ʗʜʨʘ 

ʢʣʝʪʦʢ ʜʦʢʨʘʰʝʥʳ DAPI (ʛʦʣʫʙʦʡ) [ʂʦʧʘʝʚʘ ʄ.ʖ. ʠ ʜʨ., 2019]. 
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ʈʠʩʫʥʦʢ 32. ʀʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʘʷ ʜʝʪʝʢʮʠʷ ʤʘʨʢʝʨʦʚ ʘʩʪʨʦʮʠʪʦʚ (GFAP, ʟʝʣʝʥʳʡ) (ʘ) ʠ 

ʤʠʢʨʦʛʣʠʠ (Iba1, ʟʝʣʝʥʳʡ) (ʙ) ʠ ʯʃʬ (ʢʨʘʩʥʳʡ) ʚ ʢʣʝʪʢʘʭ ʤʦʟʛʘ ʤʳʰʠ ʧʦʩʣʝ 16 ʯ ʠʥʢʫʙʘʮʠʠ 

ʩʨʝʟʦʚ ʩ ʵʢʟʦʛʝʥʥʳʤ ʙʝʣʢʦʤ. ʗʜʨʘ ʢʣʝʪʦʢ ʜʦʢʨʘʰʝʥʳ DAPI (ʛʦʣʫʙʦʡ) [ʂʦʧʘʝʚʘ ʄ.ʖ. ʠ ʜʨ., 

2019]. 

ʃʬ+ ʢʣʝʪʢʠ ʥʝ ʵʢʩʧʨʝʩʩʠʨʦʚʘʣʠ ʤʘʨʢʝʨ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ (ʈʠʩ. 33), 

ʯʪʦ ʫʢʘʟʳʚʘʣʦ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʙʠʦʩʧʝʮʠʬʠʯʥʦʩʪʠ ʯʃʬ ʢ ʷʜʨʘʤ ʵʪʠʭ ʢʣʝʪʦʢ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʜʝʣʘ ʦʧʫʙʣʠʢʦʚʘʥʳ [ʂʦʧʘʝʚʘ ʄ.ʖ. ʠ ʜʨ., 2019; Kopaeva 

M.Yu. et al., 2019]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ  ʧʨʠ 

ʠʥʪʨʘʥʘʟʘʣʴʥʦʤ, ʧʦʜʲʷʟʳʯʥʦʤ ʠ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦʤ ʩʧʦʩʦʙʘʭ ʚʚʝʜʝʥʠʷ ʯʃʬ 

ʧʨʦʥʠʢʘʣ ʚ ʤʦʟʛ ʤʳʰʠ. ʇʦʩʣʝ ʠʥʪʨʘʥʘʟʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʵʢʟʦʛʝʥʥʳʡ ʙʝʣʦʢ 




































