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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʴ ʪʝʤʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʣʳʭ 

ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ ʚʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʠʩʪʦʨʠʠ ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ 

çʤʘʪʝʨʠʥʩʢʦʛʦè ʚʦʜʦʝʤʘ, ʯʘʩʪʴʶ ʢʦʪʦʨʦʛʦ ʦʥʠ ʷʚʣʷʣʠʩʴ. ʀʟʫʯʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʨʘʟʥʳʭ ʚʳʩʦʪʥʳʭ ʦʪʤʝʪʢʘʭ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ ʚ ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʫʨʦʚʥʷ ʚ ʧʨʦʰʣʦʤ. ɿʘ ʩʚʦʶ ʠʩʪʦʨʠʶ ʃʘʜʦʛʘ ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʧʨʝʪʝʨʧʝʚʘʣʘ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ, ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʷʟʘʥʦ ʩ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʬʘʟʘʤʠ 

ʪʨʘʥʩʛʨʝʩʩʠʠ ʠ ʨʝʛʨʝʩʩʠʠ. ʋʨʦʚʝʥʴ ʚʦʜʦʝʤʘ ʧʨʦʜʦʣʞʘʝʪ ʤʝʥʷʪʴʩʷ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ï 

ʵʪʦ ʩʦʟʜʘʝʪ ʧʨʦʙʣʝʤʳ ʜʣʷ ʥʘʩʝʣʝʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ ʠ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʯʪʦ ʜʝʣʘʝʪ 

ʧʨʦʙʣʝʤʫ ʜʠʥʘʤʠʢʠ ʫʨʦʚʥʷ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʧʨʦʰʣʦʤ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʦʛʥʦʟʦʚ. 

ʅʘʯʘʣʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʦʟʝʨʘʭ ʥʘ 

ʦʩʪʨʦʚʘʭ ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʠ ɺʘʣʘʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʩʝʚʝʨʝ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʥʘʯʘʣʦʩʴ 

ʚʦ ʚʨʝʤʷ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦʡ ʬʘʟʳ ʚ ʩʫʙʙʦʨʝʘʣʴʥʦʤ ʧʝʨʠʦʜʝ ʛʦʣʦʮʝʥʘ. ʃʘʜʦʞʩʢʘʷ 

ʪʨʘʥʩʛʨʝʩʩʠʷ ʥʘʯʘʣʘʩʴ ʦʢʦʣʦ 5 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʣʷʮʠʦʠʟʦʩʪʘʪʠʯʝʩʢʠʭ, 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʟʘʚʝʨʰʠʣʘʩʴ ʦʢʦʣʦ 3 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ 

ʧʦʩʪʝʧʝʥʥʳʤ ʧʦʥʠʞʝʥʠʝʤ ʚʦʜ ʃʘʜʦʛʠ ʜʦ ʩʦʚʨʝʤʝʥʥʦʡ ʦʪʤʝʪʢʠ ʦʢʦʣʦ 5 ʤʝʪʨʦʚ ʥʘʜ 

ʫʨʦʚʥʝʤ ʤʦʨʷ [ʉʫʙʝʪʪʦ, 2009; Saarnisto, 2012]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʛʨʝʩʩʠʠ ʦʩʪʨʦʚʥʳʝ ʦʟʝʨʘ 

ʠʟʦʣʠʨʦʚʘʣʠʩʴ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʚʘʣʠʩʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʚ ʥʠʭ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ 

ʩʦʙʩʪʚʝʥʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʩ ʨʘʟʚʠʪʦʡ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. 

ʈʘʥʝʝ ʧʘʣʝʦʣʠʤʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ ʚ 

ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʛʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʩʪʨʦʚʘʭ ʇʫʪʩʘʘʨʠ [ʉʫʙʝʪʪʦ ʠ ʜʨ., 2005; ʃʫʜʠʢʦʚʘ ʠ 

ʜʨ., 2005; ʉʘʧʝʣʢʦ ʠ ʜʨ., 2014; ʉʘʧʝʣʢʦ, ʂʦʨʥʝʝʥʢʦʚʘ, 2017], ʈʠʝʢʢʘʣʘʥʩʘʘʨʠ [Alenius et 

al., 2004], ɺʘʣʘʘʤ [Vuorela, Saarnisto, 1997; Vuorela et al., 2001; Saarnisto, 2012], ʂʠʣʴʧʦʣʘ 

[Taavitsainen et al., 1994; Saarnisto, Grºnlund, 1996]; ʄʘʥʪʩʠʥʩʘʘʨʠ [Delusin, Donner, 1995]. 

ʇʨʠ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦ. ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʨʘʥʝʝ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʧʨʦʰʣʦʛʦ ʦʟʝʨʥʳʭ ʵʢʦʩʠʩʪʝʤ ʧʨʠ 

ʧʘʣʝʦʣʠʤʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʷʚʣʷʝʪʩʷ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʆʟʝʨʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʪʣʠʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʩʣʦʚʠʡ ʧʘʣʝʦʩʨʝʜʳ. ɺʦ-

ʧʝʨʚʳʭ, ʧʦʩʪʦʷʥʩʪʚʦ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʚʠʜʦʚ ʦʪʣʦʞʝʥʠʡ ï 

ʤʦʨʩʢʠʭ, ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʭ, ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʣʝʩʩʦʚ, ʣʝʩʩʦʚʠʜʥʳʭ ʩʫʛʣʠʥʢʦʚ ʠ ʜʨ., 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʠʣʫʯʰʝʡ ʩʦʭʨʘʥʥʦʩʪʠ ʧʳʣʴʮʳ ʠ ʩʧʦʨ. ɺʦ-ʚʪʦʨʳʭ, ʚ ʢʦʪʣʦʚʠʥʝ ʦʟʝʨʘ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʦʩʪʘʪʢʠ ʨʘʩʪʝʥʠʡ, ʦʙʠʪʘʶʱʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʠ ʩʥʦʩʠʤʳʝ 

ʩ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʦʩʘʜʢʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʢʘʢ ʦ 



4 
 

ʣʦʢʘʣʴʥʳʭ, ʪʘʢ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. ʅʘʢʘʧʣʠʚʘʶʱʘʷʩʷ ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʧʳʣʴʮʘ ʩʣʫʞʠʪ ʩʚʦʝʦʙʨʘʟʥʦʡ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʡ ʣʝʪʦʧʠʩʴʶ ʚʦʜʦʝʤʘ. 

ʋ ʪʝʨʤʠʥʘ çʤʘʢʨʦʬʠʪʳè ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʙʣʠʟʢʠʭ ʧʦ ʟʥʘʯʝʥʠʶ, ʥʦ ʚʩʝ-ʪʘʢʠ 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʦʧʨʝʜʝʣʝʥʠʡ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʜ ʤʘʢʨʦʬʠʪʘʤʠ ʧʦʥʠʤʘʶʪʩʷ ʚʳʩʰʠʝ 

ʚʦʜʥʳʝ ʠ ʧʨʠʙʨʝʞʥʦ-ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ. ʄʘʢʨʦʬʠʪʳ ʷʚʣʷʶʪʩʷ ʠʥʜʠʢʘʪʦʨʘʤʠ ʩʦʩʪʦʷʥʠʷ ʠ 

ʠʟʤʝʥʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. ʂʘʞʜʳʡ ʚʦʜʦʝʤ ʦʪʣʠʯʘʝʪʩʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʦʦʙʱʝʩʪʚ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ï ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ, ʦʙʠʣʠʝʤ, ʟʘʥʠʤʘʝʤʦʡ ʧʣʦʱʘʜʴʶ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʚʦʜʦʝʤʘ. ʅʘ 

ʵʪʦ ʚʣʠʷʶʪ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠ ʩʚʝʪʦʚʦʡ ʨʝʞʠʤ ʚʦʜʦʝʤʘ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ, 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ, ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʜʦʝʤʘ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚʦʜʥʳʭ 

ʨʘʩʪʝʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʘʢʨʦʬʠʪʘʤ ʩʚʦʡʩʪʚʝʥʥʘ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʩʨʝʜʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʤʥʦʛʦʣʝʪʥʠʝ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʟʝʨʥʦʡ ʵʢʦʩʠʩʪʝʤʳ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʣʦ ʙʦʣʴʰʝ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʚʦʜʥʳʤ ʨʘʩʪʝʥʠʷʤ. 

ʄʘʢʨʦʦʩʪʘʪʢʠ ʤʘʢʨʦʬʠʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʦʚ ʧʦʪʝʧʣʝʥʠʷ ʠ ʧʦʭʦʣʦʜʘʥʠʷ 

ʢʣʠʤʘʪʘ, ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʨʦʚʥʷ ʚʦʜʳ, ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ [Sayer et al., 2010; Valiranta et al., 2011; Galka et al., 2012; Galka, 

Sznel, 2013; Galka et al., 2014; Galka et al., 2019; Zhang et al., 2022]. ʆʩʪʘʪʦʯʥʘʷ ɼʅʂ 

ʤʘʢʨʦʬʠʪʦʚ ʚ ʦʪʣʦʞʝʥʠʷʭ (sedaDNA) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʪʨʦʬʥʦʩʪʠ, 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʫʨʦʚʥʷ ʚʦʜʦʝʤʦʚ [Stoof-Leichsenring et al., 2022; Karachurina et al., 

2023; Baisheva et al., 2024; Li et al., 2024]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʤʘʢʨʦʬʠʪʦʚ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʘʪʴ ʪʨʦʬʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʠ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʜʠʥʘʤʠʢʫ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʦʝʤʳ [ɸʥʜʨʦʥʠʢʦʚʘ, ʈʘʩʧʦʧʦʚ, 2007; 

Sßndergaard et al., 2009; Robiansyah et al., 2010]. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʜʠʢʘʪʦʨʥʘʷ ʨʦʣʴ 

ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʠʟʫʯʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʦʟʝʨ [Zhang et al., 

2022]. 

ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʚ 

ʦʩʥʦʚʥʦʤ, ʧʳʣʴʮʘ ʜʨʝʚʝʩʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ. ʇʳʣʴʮʘ ʤʘʢʨʦʬʠʪʦʚ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʞʝ (ʯʘʩʪʦ ʝʝ ʜʘʞʝ ʥʝ ʚʢʣʶʯʘʶʪ ʚ ʦʙʱʠʡ ʧʦʜʩʯʝʪ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʪʘʢʩʦʥʦʚ), ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ, ʧʣʦʭʦʡ ʩʦʭʨʘʥʥʦʩʪʴʶ ʠ 

ʦʪʨʘʞʝʥʠʝʤ ʣʦʢʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʦʟʝʨʥʦʡ ʵʢʦʩʠʩʪʝʤʳ. ɼʨʝʚʝʩʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʘ ʚʦ ʚʨʝʤʝʥʠ, ʩʤʝʥʳ ʪʠʧʦʚ ʣʝʩʘ ʧʨʦʠʩʭʦʜʷʪ ʩʪʦʣʝʪʠʷʤʠ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʚʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʦʪʨʘʞʘʝʪ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʠʟʤʝʥʝʥʠʷ. ɺʦ ʤʥʦʞʝʩʪʚʝ 

ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʠʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʘʭ ʧʦ ʠʟʫʯʝʥʠʶ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ 
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ʚ ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ [Vuorela, 1980; Vuorela, Saarnisto, 1997; Vuorela et al., 2001; 

Alenius et al., 2004; Saarnisto, 2012], ʬʠʛʫʨʠʨʫʝʪ ʧʳʣʴʮʘ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʫʢʘʟʳʚʘʝʪʩʷ ʠʭ 

ʨʦʣʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʪʨʦʬʥʦʩʪʠ ʠ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʚʦʜʦʝʤʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʦʟʝʨ ʦ. ʇʫʪʩʘʘʨʠ ʤʝʪʦʜʘʤʠ ʙʦʪʘʥʠʯʝʩʢʦʛʦ ʠ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ 

ʧʦʢʘʟʘʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʘʢʨʦʬʠʪʦʚ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʦʟʝʨ ï ʚ ʩʦʩʪʘʚʝ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʠʟʦʣʷʮʠʠ ʠ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ [ʉʘʧʝʣʢʦ ʠ ʜʨ., 2014; 

ʉʘʧʝʣʢʦ, ʂʦʨʥʝʝʥʢʦʚʘ, 2017]. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʭ ʧʳʣʴʮʫ 

ʤʘʢʨʦʬʠʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʪʜʝʣʴʥʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʢʩʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ ʠ ʜʣʷ 

ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʦʟʝʨ ʚ ʧʨʦʰʣʦʤ ʧʳʣʴʮʘ ʤʘʢʨʦʬʠʪʦʚ ʨʘʥʝʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʟʚʘʥʳ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʠʩʪʦʨʠʶ 

ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ ʚ ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ ʧʦ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʠ ʚʦʩʧʦʣʥʠʪʴ ʧʨʦʙʝʣʳ 

ʚ ʠʟʫʯʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʫʨʦʚʥʷ ʃʘʜʦʛʠ ʚ ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʩʪʨʦʚʦʚ 

ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʠ ɺʘʣʘʘʤ. ʇʦʤʠʤʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʣʦʢʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠʟʤʝʥʝʥʠʷ ʦʟʝʨʥʳʭ 

ʵʢʦʩʠʩʪʝʤ, ʧʳʣʴʮʘ ʤʘʢʨʦʬʠʪʦʚ ʧʦʟʚʦʣʠʪ ʧʨʦʩʣʝʜʠʪʴ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʚʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

ʚ ʢʦʥʪʝʢʩʪʝ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʭ ʬʘʟ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ 

ʧʦʟʜʥʝʛʦʣʦʮʝʥʦʚʦʡ ʚʦʜʥʦʡ ʠ ʥʘʟʝʤʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ ʥʘ ʬʦʥʝ 

ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʭ ʬʘʟ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʦʣʠ ʧʳʣʴʮʳ 

ʤʘʢʨʦʬʠʪʦʚ ʚ ʠʟʫʯʝʥʠʠ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʚʦʜʦʝʤʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ 

ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʧʨʦʚʝʩʪʠ ʜʝʪʘʣʴʥʳʡ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʡ ʘʥʘʣʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʩʪʨʦʚʥʳʭ 

ʦʟʝʨ ʚ ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ; 

2) ʩʨʘʚʥʠʪʴ ʩʦʚʨʝʤʝʥʥʫʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʩ ʩʫʙʨʝʮʝʥʪʥʳʤʠ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʤʠ 

ʩʧʝʢʪʨʘʤʠ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ; 

3) ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʧʦʟʜʥʝʛʦʣʦʮʝʥʦʚʫʶ ʚʦʜʥʫʶ ʠ ʥʘʟʝʤʥʫʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʦ 

ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ; 

4) ʠʟʫʯʠʪʴ ʜʠʥʘʤʠʢʫ ʩʦʜʝʨʞʘʥʠʷ ʧʳʣʴʮʳ ʤʘʢʨʦʬʠʪʦʚ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ 

ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʫʨʦʚʥʷ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʟʜʥʝʛʦʣʦʮʝʥʦʚʘʷ ʠʩʪʦʨʠʷ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ ʃʘʜʦʞʩʢʦʛʦ 

ʦʟʝʨʘ. ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʜʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʧʳʣʴʮʳ ʚʦʜʥʳʭ ʠ ʥʘʟʝʤʥʳʭ 

ʨʘʩʪʝʥʠʡ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ.  

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʳʙʨʘʥʳ ʩʝʤʴ ʦʟʝʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʩʪʨʦʚʘʭ 

ʃʫʥʢʫʣʘʥʩʘʘʨʠ (ʦʟʝʨʘ ʂʫʡʢʢʘʣʘʤʧʠ, ʉʦʢʢʘʩʝʥʣʘʤʧʠ ʠ ʍʦʚʘʪʘʥʣʘʤʧʠ) ʠ ɺʘʣʘʘʤ (ʦʟʝʨʘ 

ɻʝʨʤʘʥʦʚʩʢʦʝ, ɿʠʤʥʷʢʦʚʩʢʦʝ, ɸʥʪʦʥʠʝʚʩʢʦʝ ʠ ɺʠʪʘʣʴʝʚʩʢʦʝ) ʚ ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ 
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ʦʟʝʨʘ. ɹʳʣʦ ʦʪʦʙʨʘʥʦ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʤʝʪʦʜʦʤ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 8 ʢʦʣʦʥʦʢ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ (425 ʦʙʨʘʟʮʦʚ) ʠ 18 ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ. ʆʪʙʦʨ ʢʝʨʥʦʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʈʫʩʩʢʦʛʦ ʙʫʨʘ ʜʣʠʥʦʡ 1 ʤ ʠ ʜʠʘʤʝʪʨʦʤ 5 ʩʤ, ʦʪʙʦʨ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ ï ʩ ʧʦʤʦʱʴʶ ʣʦʪʘ ɺʦʨʦʥʢʦʚʘ [ɺʦʣʢʦʚʘ, 2021]. ʈʘʟʙʦʨ ʢʝʨʥʦʚ ʥʘ 

ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʝ ʜʘʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʀʥʩʪʠʪʫʪʘ ʦʟʝʨʦʚʝʜʝʥʠʷ ʈɸʅ ï ʉʇɹ ʌʀʎ ʈɸʅ. ʆʙʨʘʙʦʪʢʘ ʦʙʨʘʟʮʦʚ ʜʣʷ ʩʧʦʨʦʚʦ-

ʧʳʣʴʮʝʚʦʛʦ ʘʥʘʣʠʟʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦ ʩʝʧʘʨʘʮʠʦʥʥʦʡ ʤʝʪʦʜʠʢʝ ɺ.ʇ. ɻʨʠʯʫʢʘ [1940], 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʚ ʀʥʩʪʠʪʫʪʝ ʦʟʝʨʦʚʝʜʝʥʠʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʣʠʡ-ʢʘʜʤʠʝʚʦʡ 

ʪʷʞʝʣʦʡ ʞʠʜʢʦʩʪʠ. ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ Tilia 

[Grimm, 2004]. ʆʮʝʥʢʘ ʚʦʟʨʘʩʪʘ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨ ʥʘ ʦ. ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʧʨʦʚʦʜʠʣʘʩʴ 

ʤʝʪʦʜʦʤ ʫʩʢʦʨʠʪʝʣʴʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (AMS) ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʠ ʠʟʦʪʦʧʥʦʡ 

ʛʝʦʭʠʤʠʠ ʀʥʩʪʠʪʫʪʘ ʛʝʦʭʠʤʠʠ ɻʫʘʥʯʞʦʫ ʂʠʪʘʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (GIGCAS), ɻʫʘʥʯʞʦʫ, 

ʂʠʪʘʡ. ʂʘʣʠʙʨʦʚʢʘ ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʭ ʜʘʪʠʨʦʚʦʢ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ OxCal v.4.4 

[Bronk-Ramsey 2008; Bronk-Ramsey, Lee 2013] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ 

IntCal20 [Reimer et al., 2020]. ʀʟʫʯʝʥʠʝ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʟʝʨ ʥʘ ʦ. ɺʘʣʘʘʤ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʦʤ ʢʘʨʪʠʨʦʚʘʥʠʷ ʬʠʪʦʣʠʪʦʨʘʣʠ [ʂʘʪʘʥʩʢʘʷ, 1988; 

Kolada et al., 2009], ʜʣʷ ʥʘʟʝʤʥʦʡ ʠ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʦ. ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʙʳʣʦ 

ʚʳʧʦʣʥʝʥʦ ʩʪʘʥʜʘʨʪʥʦʝ ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ. ʂʘʨʪʦʩʭʝʤʳ ʟʘʨʘʩʪʘʥʠʷ ʦʟʝʨ ʥʘ ʦ. 

ɺʘʣʘʘʤ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʚ ʧʨʦʛʨʘʤʤʝ ArcView 3.2 [ʂʘʨʷʢʠʥ ʠ ʜʨ., 2009].  

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ: 

1. ʈʘʟʚʠʪʠʝ ʣʝʩʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʦʩʪʨʦʚʘʭ ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʠ ɺʘʣʘʘʤ ʚ ʧʦʟʜʥʝʤ 

ʛʦʣʦʮʝʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: ʩʤʝʥʘ ʝʣʦʚʦ-

ʩʦʩʥʦʚʳʭ ʣʝʩʦʚ ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʤʠ; ʩʦʢʨʘʱʝʥʠʝ ʨʦʣʠ ʝʣʠ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʭʦʣʦʜʘʥʠʷ; ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʝʨʝʟʳ ʠʟ-ʟʘ ʚʳʨʫʙʦʢ ʠ ʧʦʞʘʨʦʚ 

ʧʦʩʣʝʜʥʠʝ 1800 ʣʝʪ; ʘʢʪʠʚʥʦʝ ʧʦʜʩʝʯʥʦ-ʦʛʥʝʚʦʝ ʟʝʤʣʝʜʝʣʠʝ ʧʦʩʣʝʜʥʠʝ 1000 ʣʝʪ.  

2. ʆʩʪʨʦʚʥʳʝ ʦʟʝʨʘ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʦʣʝʙʘʥʠʡ 

ʫʨʦʚʥʷ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ ʩ ʧʦʤʦʱʴʶ ʧʳʣʴʮʳ ʤʘʢʨʦʬʠʪʦʚ ï ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʦʟʝʨʥʦʛʦ ʨʘʟʚʠʪʠʷ: ʟʘʣʠʚ ʃʘʜʦʛʠ, ʠʟʦʣʷʮʠʷ, 

ʦʙʦʩʦʙʣʝʥʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ. 

3. ɺʨʝʤʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʳʣʴʮʳ ʤʘʢʨʦʬʠʪʦʚ ʠʣʠ ʝʝ 

ʧʦʣʥʦʝ ʠʩʯʝʟʥʦʚʝʥʠʝ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʡʢʘʭ 

ʚ ʦʟʝʨʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʚ ʩʚʷʟʠ ʩ ʠʟʦʣʷʮʠʝʡ ʦʪ ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ çʤʘʪʝʨʠʥʩʢʦʛʦè ʚʦʜʦʝʤʘ ʠ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʦʣʝʙʘʥʠʡ 

ʫʨʦʚʥʷ ʚʦʜʦʝʤʦʚ. 
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ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʜʣʷ ʧʘʣʝʦʣʠʤʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʝʪʦʜʠʢ ʦʪʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ; ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʩʦʢʦʪʦʯʥʦʛʦ 

ʤʝʪʦʜʘ ʜʘʪʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʥʝʡ ʚʝʨʩʠʠ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ; ʢʦʨʨʝʣʷʮʠʝʡ ʩ 

ʠʤʝʶʱʠʤʠʩʷ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ 

ʤʝʪʦʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʦʣʴ ʧʳʣʴʮʳ ʤʘʢʨʦʬʠʪʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʚʦʜʦʝʤʦʚ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʥʘʣʠʟʦʚ (ʜʠʘʪʦʤʦʚʳʡ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ, 

ʨʠʟʦʧʦʜʥʳʡ, ʢʣʘʜʦʮʝʨʥʳʡ, ʙʦʪʘʥʠʯʝʩʢʠʡ); ʦʙʲʝʤʦʤ ʠʟʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʥʘ ʜʚʫʭ 

ʨʘʟʥʳʭ ʦʩʪʨʦʚʘʭ ʠʟʫʯʝʥʳ ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʝʤʠ ʦʟʝʨ, ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ 

ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ ʩʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ; ʘʧʨʦʙʘʮʠʝʡ ʤʝʪʦʜʠʢʠ ʥʘ ʦʟʝʨʘʭ ʂʫʨʛʘʣʴʩʢʦʛʦ 

ʧʦʣʫʦʩʪʨʦʚʘ, ʥʝʢʦʛʜʘ ʷʚʣʷʚʰʠʭʩʷ ʯʘʩʪʴʶ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ [Sapelko et al., 2024]. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʘʧʨʦʙʠʨʦʚʘʥʘ ʥʘ ʩʝʤʠ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨʘʭ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʤʝʪʦʜʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʳʣʴʮʳ ʤʘʢʨʦʬʠʪʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʩʪʦʨʠʠ 

ʨʘʟʚʠʪʠʷ ʤʘʣʳʭ ʦʟʝʨ ʚ ʧʨʦʰʣʦʤ ʚ ʩʚʝʪʝ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʭ ʬʘʟ ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ 

ʚʦʜʦʝʤʘ (ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ). ɼʦʢʘʟʘʥʘ ʨʦʣʴ ʧʳʣʴʮʳ ʤʘʢʨʦʬʠʪʦʚ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʠʥʜʠʢʘʪʦʨʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʝʨʠʦʜʘ ʠʟʦʣʷʮʠʠ ʦʟʝʨʘ. ɺʧʝʨʚʳʝ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʦʟʝʨ ʥʘ ʦ. ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʠ ʧʦʣʫʯʝʥʳ 

ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʝ ʜʘʪʳ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ, ʧʨʦʩʣʝʜʠʪʴ ʜʠʥʘʤʠʢʫ ʚʦʜʥʦʡ ʠ ʥʘʟʝʤʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʦʟʝʨ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʚʨʝʤʷ ʠʭ ʠʟʦʣʷʮʠʠ ʦʪ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. ɺʧʝʨʚʳʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʨʦʙʳ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʧʠʩʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʥʘ ʦʩʪʨʦʚʘʭ ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʠ ɺʘʣʘʘʤ, ʯʪʦ ʜʘʣʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʪʨʘʞʝʥʠʠ ʩʦʚʨʝʤʝʥʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʩʫʙʨʝʮʝʥʪʥʳʭ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʭ ʩʧʝʢʪʨʘʭ (ʉʇʉ) ʠ ʩʪʘʣʦ ʦʩʥʦʚʦʡ ʜʣʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠʟ ʢʦʣʦʥʦʢ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʄʝʪʦʜʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ʧʳʣʴʮʳ 

ʤʘʢʨʦʬʠʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʠʩʪʦʨʠʠ ʦʩʪʨʦʚʥʳʭ 

ʦʟʝʨ ʚ ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʠ ʥʘ 

ʜʨʫʛʠʭ ʦʟʝʨʘʭ, ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʥʘ ʬʦʥʝ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʭ ʬʘʟ ʙʦʣʝʝ 

ʢʨʫʧʥʦʛʦ çʤʘʪʝʨʠʥʩʢʦʛʦè ʚʦʜʦʝʤʘ (ʦʟʝʨʘ, ʤʦʨʷ). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʧʨʦʙʘʮʠʷ ʤʝʪʦʜʠʢʠ 

ʥʘ ʦʟʝʨʘʭ ʂʫʨʛʘʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ [Sapelko et al., 2024]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʫʯʝʥʥʳʝ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʩʭʝʤ ʜʠʥʘʤʠʢʠ 

ʫʨʦʚʥʷ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʫʨʦʚʥʷ ʚ 

ʙʫʜʫʱʝʤ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʚʦʜʦʩʙʦʨʝ. 
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ɼʘʥʥʳʝ ʦ ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨ 

ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʩʫʙʨʝʮʝʥʪʥʳʭ ʧʨʦʙ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʉ 2017 ʧʦ 2022 ʛʛ. ʘʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʫʯʘʩʪʠʝ ʚ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʦʩʪʨʦʚʘ ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʠ ɺʘʣʘʘʤ ʚ 

ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʤʘʪʝʨʠʘʣʳ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʨʦʙʳ ʠ ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨ. ɺʦ ʚʨʝʤʷ 

ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʥʘ ʦ. ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʘʚʪʦʨʦʤ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʦʟʝʨʥʳʭ ʩʧʣʘʚʠʥ ʠ ʩʦʙʨʘʥ ʛʝʨʙʘʨʠʡ ʚʦʜʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʨʘʩʪʝʥʠʡ. ɸʚʪʦʨ ʫʯʘʩʪʚʦʚʘʣ ʚ 

ʨʘʟʙʦʨʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʢʘʣʠʙʨʦʚʢʝ ʚʩʝʭ ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʭ ʜʘʪ ʧʦ ʦʜʥʦʡ ʧʦʩʣʝʜʥʝʡ ʰʢʘʣʝ IntCal20. ɺ 

ʣʘʙʦʨʘʪʦʨʠʠ ʀʥʩʪʠʪʫʪʘ ʦʟʝʨʦʚʝʜʝʥʠʷ ʈɸʅ ï ʉʇɹ ʌʀʎ ʈɸʅ ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʚʳʧʦʣʥʝʥʘ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ ʠ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʡ ʘʥʘʣʠʟ 443 ʦʙʨʘʟʮʦʚ; ʚʳʧʦʣʥʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ 

ʚʦʜʥʦʡ ʠ ʥʘʟʝʤʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ ʧʦ ʜʘʥʥʳʤ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. ɺʩʝ ʨʠʩʫʥʢʠ ʠ ʜʠʘʛʨʘʤʤʳ (ʝʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ʠʥʦʝ ʩʦ ʩʩʳʣʢʦʡ ʥʘ ʠʩʪʦʯʥʠʢ) 

ʧʦʩʪʨʦʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Tilia [Grimm, 

2004], OxCal [Bronk-Ramsey 2008; Bronk-Ramsey, Lee 2013], ʚ ʧʨʦʛʨʘʤʤʘʭ Microsoft 

Office.  

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʪʳ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 3 ʩʪʘʪʴʷʭ ʠʟ ʩʧʠʩʢʘ ɺɸʂ ʠ ʜʨʫʛʠʭ ʠʟʜʘʥʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ 13 ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʦʚʝʱʘʥʠʷʭ: V ʠ VII 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɼʠʥʘʤʠʢʘ ʵʢʦʩʠʩʪʝʤ ʚ 

ʛʦʣʦʮʝʥʝè (ʄʦʩʢʚʘ, 2019; ʇʝʨʤʴ, 2025), I ʠ II ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ çʀʟʫʯʝʥʠʝ 

ʚʦʜʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ: ʠʩʪʦʨʠʷ ʠ ʩʦʚʨʝʤʝʥʥʦʩʪʴè (ʉʝʚʘʩʪʦʧʦʣʴ, 2021, 2022), II 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʇʫʪʠ ʵʚʦʣʶʮʠʦʥʥʦʡ ʛʝʦʛʨʘʬʠʠè (ʄʦʩʢʚʘ, 2021), 

XV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ 

ʧʘʣʠʥʦʣʦʛʠʠè (ʄʦʩʢʚʘ, 2022), V International Conference çPaleolimnology of Northern 

Eurasiaè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2023), International Conference IAL  IPA 2022 çLake, Memories 

of the landscapesè (ʉʘʥ-ʂʘʨʣʦʩ-ʜʝ-ɹʘʨʠʣʦʯʝ, ɸʨʛʝʥʪʠʥʘ, 2022), XVIII ɺʩʝʨʦʩʩʠʡʩʢʦʝ 

ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʦʝ ʩʦʚʝʱʘʥʠʝ çʄʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʷ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʠ ʚʢʣʘʜ ʚ ʨʝʛʠʦʥʘʣʴʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʥʝʜʨ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2023), 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʃʠʤʥʦʣʦʛʠʷ ʚ ʈʦʩʩʠʠè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2024), 7th 

Open Science Meeting çPAGES 2025è (ʐʘʥʭʘʡ, ʂʠʪʘʡ, 2025), 38th International Meeting of 

Sedimentology (ʋʵʣʴʚʘ, ʀʩʧʘʥʠʷ, 2025), ʍVI ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʇʘʣʠʥʦʣʦʛʠʷ ʚ XXI  ʚʝʢʝè (ʄʦʩʢʚʘ, 2025). 
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ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʙʦʪʳ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ 

ɺɸʂ: 

1. ɻʘʟʠʟʦʚʘ ʊ.ʖ., ʈʫʩʘʥʦʚ ɸ.ɻ., ʉʘʧʝʣʢʦ ʊ.ɺ. ʆʮʝʥʢʘ ʩʭʦʜʩʪʚʘ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʤʘʢʨʦʬʠʪʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʩʫʙʨʝʮʝʥʪʥʳʭ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʭ 

ʩʧʝʢʪʨʦʚ ʤʘʣʳʭ ʦʟʝʨ ʥʘ ʦʩʪʨʦʚʝ ɺʘʣʘʘʤ (ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ) // ʊʨʫʜʳ ʂʘʨʝʣʴʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʮʝʥʪʨʘ ʈɸʅ. ʉʝʨʠʷ ʃʠʤʥʦʣʦʛʠʷ ʠ ʦʢʝʘʥʦʣʦʛʠʷ. ï 2023. ï ˉ 6. ï ʉ. 73-83. ʋɹʉ 1, RSCI, 

ʀʌ ʈʀʅʎ 0,523. 

2. ʉʘʧʝʣʢʦ ʊ.ɺ., ɻʘʟʠʟʦʚʘ ʊ.ʖ., ʄʦʠʩʝʝʥʢʦ ɸ.ɼ., ʃʫʜʠʢʦʚʘ ɸ.ɺ., ʂʫʟʥʝʮʦʚ ɼ.ɼ., 

ʈʫʩʘʥʦʚ ɸ.ɻ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʦʣʷʮʠʠ ʦʟʝʨʘ ɺʠʪʘʣʴʝʚʩʢʦʝ (ʦʩʪʨʦʚ ɺʘʣʘʘʤ) ʠ 

ʜʠʥʘʤʠʢʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥʷ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʧʦʟʜʥʝʤ 

ʛʦʣʦʮʝʥʝ // ɻʝʦʤʦʨʬʦʣʦʛʠʷ ʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʷ. ï 2023. ï ʊ. 54. ï ˉ 4. ï ʉ. 72-89. Scopus Q2, 

RSCI, ʀʌ ʈʀʅʎ 0,755. 

3. ʉʘʧʝʣʢʦ ʊ.ɺ., ɻʘʟʠʟʦʚʘ ʊ.ʖ., ʄʘʟʝʡ ʅ.ɻ., ʎʳʛʘʥʦʚ ɸ.ʅ., ʇʘʩʪʫʭʦʚʘ ʖ.ɸ., 

ʂʦʤʘʨʦʚ ɸ.ɸ., ʂʦʨʥʝʝʥʢʦʚʘ ʅ.ʖ., ʄʘʟʝʡ ʖ.ɸ. ɼʠʥʘʤʠʢʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʵʢʦʩʠʩʪʝʤʳ 

ʦʩʪʨʦʚʥʦʛʦ ʦʟʝʨʘ ʚ ʨʝʛʨʝʩʩʠʚʥʦʡ ʩʪʘʜʠʠ ʃʘʜʦʛʠ ʚ ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ (ʧʦ ʜʘʥʥʳʤ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨʘ ʂʫʡʢʢʘʣʘʤʧʠ ʥʘ ʦʩʪʨʦʚʝ ʃʫʥʢʫʣʘʥʩʘʘʨʠ) // 

ɻʝʦʤʦʨʬʦʣʦʛʠʷ ʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʷ. ï 2026. ï ˉ 1. Scopus Q2, RSCI, ʀʌ ʈʀʅʎ 0,755. 

ʇʫʙʣʠʢʘʮʠʠ ʚ ʜʨʫʛʠʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʤʠʨʦʚʳʝ (Web of Science 

ʠ/ʠʣʠ Scopus) ʠ ʨʦʩʩʠʡʩʢʠʝ (ʈʀʅʎ, RSCI) ʙʘʟʳ ʜʘʥʥʳʭ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ: 

1. ɻʘʟʠʟʦʚʘ ʊ.ʖ., ʉʘʧʝʣʢʦ ʊ.ɺ. ʆʙʦʩʥʦʚʘʥʠʝ ʟʥʘʯʝʥʠʷ ʧʳʣʴʮʳ ʤʘʢʨʦʬʠʪʦʚ ʜʣʷ 

ʧʘʣʝʦʣʠʤʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʧʨʠʤʝʨʝ ʦʟʝʨ ʦʩʪʨʦʚʘ ʃʫʥʢʫʣʘʥʩʘʘʨʠ (ʩʝʚʝʨʦ-

ʚʦʩʪʦʢ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ) // ɹʠʦʩʬʝʨʘ. ï 2020. ï ʊ.12. ï ˉ 4. ï ʉ. 231-241. RSCI, ʀʌ 

ʈʀʅʎ 0,701. 

2. Gazizova T.Yu., Sapelko T.V., Korneenkova N.Yu. The role of macrophytes in the 

study of north-eastern Ladoga small island lakes evolution during the Holocene // Limnology 

and Freshwater Biology. ï 2020. ï ˉ4. ï P. 459-460. Scopus, ʀʌ ʈʀʅʎ 0,331. 

3. Gazizova T.Yu., Sapelko T.V., Rusanov A.G. The dynamics of macrophytes in Lake 

Vitalievskoye (Valaam Island, Russia) after level changes of Lake Ladoga during the Late 

Holocene // Limnology and Freshwater Biology. ï 2022. ï ˉ 4. ï P. 1423-1425. Scopus, ʀʌ 

ʈʀʅʎ 0,331. 

4. Gazizova T., Sapelko T. Macrophyte pollen in the Late Holocene history studies of the 

Ladoga island lakes // Journal of Paleolimnology. ï 2024. ï ˉ 72(4). ï P. 419-428. WoS Q2 / 

Scopus Q2. 
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5. ʉʘʧʝʣʢʦ ʊ.ɺ., ʈʫʩʘʥʦʚ ɸ.ɻ., ɻʘʟʠʟʦʚʘ ʊ.ʖ., ɺʘʩʠʣʶʢ ɺ.ɸ., ʂʫʮʘʡ ɸ.ɸ., 

ʗʤʧʦʣʴʩʢʠʡ ʄ.ɺ. ʇʘʣʝʦʣʠʤʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʩʪʨʦʚʝ ɺʘʣʘʘʤ ʚ ʃʘʜʦʞʩʢʦʤ 

ʦʟʝʨʝ // ʈʝʣʴʝʬ ʠ ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ɸʨʢʪʠʢʠ, ʉʫʙʘʨʢʪʠʢʠ ʠ ʉʝʚʝʨʦ-ɿʘʧʘʜʘ 

ʈʦʩʩʠʠ. ï 2025. ï ɺʳʧʫʩʢ 12. ï ʉ. 482-488.  

ʇʫʙʣʠʢʘʮʠʠ ʚ ʤʘʪʝʨʠʘʣʘʭ ʢʦʥʬʝʨʝʥʮʠʡ: 

1. ɻʘʟʠʟʦʚʘ ʊ.ʖ., ʉʘʧʝʣʢʦ ʊ.ɺ. ɺʦʜʥʳʝ ʨʘʩʪʝʥʠʷ ʤʘʣʳʭ ʦʟʝʨ ʚ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ ʛʦʣʦʮʝʥʘ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ // ʄʘʪʝʨʠʘʣʳ V 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɼʠʥʘʤʠʢʘ ʵʢʦʩʠʩʪʝʤ ʚ 

ʛʦʣʦʮʝʥʝè / ʆʪʚ. ʨʝʜ. ɸ.ɹ. ʉʘʚʠʥʝʮʢʠʡ. ï ʄ.: ʄʝʜʠʘ-ʇʈɽʉʉ, 2019. ï ʉ. 66-69. 

2. ɻʘʟʠʟʦʚʘ ʊ.ʖ., ʉʘʧʝʣʢʦ ʊ.ɺ. ɼʠʥʘʤʠʢʘ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʟʝʨʘ 

ʍʦʚʘʪʘʥʣʘʤʧʠ (ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ) // ʄʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʀʟʫʯʝʥʠʝ ʚʦʜʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ: ʠʩʪʦʨʠʷ ʠ ʩʦʚʨʝʤʝʥʥʦʩʪʴè. ï 

ʉʝʚʘʩʪʦʧʦʣʴ, 2021. ï ʉ. 237-238. 

3. ɻʘʟʠʟʦʚʘ ʊ.ʖ., ʉʘʧʝʣʢʦ ʊ.ɺ. ʈʦʣʴ ʧʳʣʴʮʳ ʤʘʢʨʦʬʠʪʦʚ ʚ ʧʘʣʝʦʣʠʤʥʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʟ. ʍʦʚʘʪʘʥʣʘʤʧʠ // ʄʘʪʝʨʠʘʣʳ II ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʇʫʪʠ ʵʚʦʣʶʮʠʦʥʥʦʡ ʛʝʦʛʨʘʬʠʠè. ï ʄ.: ʀʥʩʪʠʪʫʪ ʛʝʦʛʨʘʬʠʠ ʈɸʅ, 2021. ï ʉ. 73-76. 

4. ɻʘʟʠʟʦʚʘ ʊ.ʖ., ʉʘʧʝʣʢʦ ʊ.ɺ. ʇʦʟʜʥʝʛʦʣʦʮʝʥʦʚʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʦʩʪʨʦʚʘ 

ɺʘʣʘʘʤ (ʩʝʚʝʨʥʘʷ ʯʘʩʪʴ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ) ʧʦ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʦʟ. 

ɺʠʪʘʣʴʝʚʩʢʦʛʦ // ʄʘʪʝʨʠʘʣʳ XV ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ ʧʘʣʠʥʦʣʦʛʠʠè / ʆʪʚ. ʨʝʜʘʢʪʦʨ ʅ. ʉ. ɹʦʣʠʭʦʚʩʢʘʷ. 

ʈʝʜʘʢʪʦʨ-ʩʦʩʪʘʚʠʪʝʣʴ ɼ. ɸ. ʄʘʤʦʥʪʦʚ. ï ʄʦʩʢʚʘ: ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ɻɽʆʉ, 2022. 

ï ʉ. 119-124.  

5. ɻʘʟʠʟʦʚʘ ʊ.ʖ., ʈʫʩʘʥʦʚ ɸ.ɻ., ʉʘʧʝʣʢʦ ʊ.ɺ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʜʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʟʝʨ ʦ. ɺʘʣʘʘʤ (ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ) ʧʦ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʤ ʠ 

ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʤ ʜʘʥʥʳʤ / ʄʘʪʝʨʠʘʣʳ II ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʀʟʫʯʝʥʠʝ 

ʚʦʜʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ: ʠʩʪʦʨʠʷ ʠ ʩʦʚʨʝʤʝʥʥʦʩʪʴè. ï ʉʝʚʘʩʪʦʧʦʣʴ, 2022. ï ʉ. 82-83. 

6. Gazizova T., Sapelko T. Macrophyte pollen in the lakes history studies / Theses of 

International Conference IAL IPA 2022 çLake, Memories of the landscapesè. ï 2022. ï P.97.  

7. ɻʘʟʠʟʦʚʘ ʊ.ʖ., ʉʘʧʝʣʢʦ ʊ.ɺ. ɼʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ ʥʘʟʝʤʥʦʡ ʠ ʚʦʜʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʦʩʪʨʦʚʝ ɺʘʣʘʘʤ (ʩʝʚʝʨ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ) ʚ ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ ʧʦ 

ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʦʟʝʨʘ ɸʥʪʦʥʠʝʚʩʢʦʝ // ʄʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʷ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʠ ʚʢʣʘʜ ʚ ʨʝʛʠʦʥʘʣʴʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʥʝʜʨ. ʊʨʫʜʳ XVIII 

ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʚʝʱʘʥʠʷ. ï 2023. ï ʉ. 294-298. 

8. ɻʘʟʠʟʦʚʘ ʊ.ʖ., ʉʘʧʝʣʢʦ ʊ.ɺ. ʇʦʟʜʥʝʛʦʣʦʮʝʥʦʚʳʝ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʦʟʝʨ ʥʘ 

ʦʩʪʨʦʚʝ ɺʘʣʘʘʤ ʧʦ ʜʘʥʥʳʤ ʧʳʣʴʮʳ ʤʘʢʨʦʬʠʪʦʚ // ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ɺʩʝʨʦʩʩʠʡʩʢʦʡ 
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ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʃʠʤʥʦʣʦʛʠʷ ʚ ʈʦʩʩʠʠè / ʂʦʣʣʝʢʪʠʚ ʘʚʪʦʨʦʚ, ʈɸʅ. ï ʉʇʙ.: ʈɸʅ, 

2024. ï ʉ. 120-121. 

9. Gazizova T., Sapelko T. Macrophyte pollen as indicator of lake-ecosystems changes 

in the past // Theses of 7th Open Science Meeting çPAGES 2025è. ï 2025. ï P. 762-764. 

10. Gazizova T., Sapelko T. Lake sedimentation features on Valaam Island (Lake 

Ladoga, NW Russia) in the Late Holocene according to macrophyte pollen data // Abstract book 

of 38th IAS Meeting çSedimentology on the Estuary shoreè / J. A. Morales, B. M. Carro, C. 

Cantero, D. Amador-Luna (eds.). 2025. P. 451. 

11. ɻʘʟʠʟʦʚʘ ʊ.ʖ., ʂʫʧʨʠʷʥʦʚ ɼ.ɸ., ʉʘʧʝʣʢʦ ʊ.ɺ. ʉʚʠʜʝʪʝʣʴʩʪʚʘ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʦʩʪʨʦʚʝ ɺʘʣʘʘʤ ʚ ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ ʧʦ ʜʘʥʥʳʤ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ 

ʧʘʣʝʦʘʥʪʨʘʢʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ // ʄʘʪʝʨʠʘʣʳ ʍVI ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 145-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ɺ.ʅ. ʉʫʢʘʯʝʚʘ çʇʘʣʠʥʦʣʦʛʠʷ ʚ 

XXI ʚʝʢʝè / ʆʪʚ. ʨʝʜʘʢʪʦʨʳ ɽ.ʖ. ʅʦʚʝʥʢʦ ʠ ʅ.ʉ. ɹʦʣʠʭʦʚʩʢʘʷ. ï ʄ.: ʀʥʩʪʠʪʫʪ ʛʝʦʛʨʘʬʠʠ 

ʈɸʅ, 2025. ï ʉ. 80-83.  

12. ɻʘʟʠʟʦʚʘ ʊ.ʖ., ʂʦʨʥʝʝʥʢʦʚʘ ʅ.ʖ., ʉʘʧʝʣʢʦ ʊ.ɺ. ʇʦʟʜʥʝʛʦʣʦʮʝʥʦʚʘʷ ʠʩʪʦʨʠʷ 

ʦʟʝʨʘ ʉʦʢʢʘʩʝʥʣʘʤʧʠ (ʦʩʪʨʦʚ ʃʫʥʢʫʣʘʥʩʘʘʨʠ, ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ) ʧʦ ʜʘʥʥʳʤ 

ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʙʦʪʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ // ʄʘʪʝʨʠʘʣʳ VII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɼʠʥʘʤʠʢʘ ʵʢʦʩʠʩʪʝʤ ʚ ʛʦʣʦʮʝʥʝè / ʆʪʚ. ʨʝʜ. 

ʉ.ɺ. ʂʦʧʳʪʦʚ. ï ʇʝʨʤʴ: ʊʦʚ-ʚʦ ʥʘʫʯʥ. ʠʟʜʘʥʠʡ ʂʄʂ, 2025. ï ʉ. 93-97. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʦʙʲʝʤʦʤ 153 ʩʪʨʘʥʠʮ r ʚʢʣʶʯʘʝʪ 

ʚʚʝʜʝʥʠʝ, 6 ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʝ, 50 ʨʠʩʫʥʢʦʚ, 9 ʪʘʙʣʠʮ, ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 165 

ʥʘʠʤʝʥʦʚʘʥʠʡ, 73 ʠʟ ʢʦʪʦʨʳʭ ʥʘ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʘʭ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʉʘʧʝʣʢʦ 

ʊʘʪʴʷʥʝ ɺʘʣʝʥʪʠʥʦʚʥʝ ʟʘ ʤʥʦʛʦʣʝʪʥʝʝ ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ, ʧʦʤʦʱʴ ʚ ʦʩʚʦʝʥʠʠ 

ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʥʘʧʠʩʘʥʠʠ ʩʪʘʪʝʡ, ʚʳʩʰʠʭ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʠ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʚ ʧʦʠʩʢʝ ʥʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʨʦʩʪʘ, ʟʘ ʦʨʛʘʥʠʟʘʮʠʶ ʵʢʩʧʝʜʠʮʠʡ, 

ʩʪʘʞʠʨʦʚʦʢ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʝʪʨʦʚʫ ʂ.ʄ. ʟʘ ʧʦʜʜʝʨʞʢʫ ʥʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ 

ʥʘʫʯʥʦʛʦ ʧʫʪʠ. ʈʫʩʘʥʦʚʫ ɸ.ɻ. ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʂʦʨʥʝʝʥʢʦʚʦʡ 

ʅ.ʖ. ʠ ʄʘʟʝʡ ʅ.ɻ.  ï ʙʦʪʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʃʫʜʠʢʦʚʦʡ ɸ.ɺ. ï ʜʠʘʪʦʤʦʚʦʛʦ ʘʥʘʣʠʟʘ, 

ʂʫʟʥʝʮʦʚʫ ɼ.ɼ. ï ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʇʘʩʪʫʭʦʚʦʡ ʖ.ɸ. ï ʢʣʘʜʦʮʝʨʥʦʛʦ ʘʥʘʣʠʟʘ; 

ʄʘʟʝʡ ʖ.ɸ. ʠ ʎʳʛʘʥʦʚʫ ɸ.ʅ. ï ʨʠʟʦʧʦʜʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʩʣʫʞʠʚʰʠʭ ʦʩʥʦʚʦʡ ʜʣʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʢʦʨʨʝʣʷʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʤ ʧʫʪʝʤ ʨʝʟʫʣʴʪʘʪʦʚ. ʂʦʣʣʝʛʘʤ 

ʠ ʩʪʫʜʝʥʪʘʤ ʈɻʇʋ ʠʤ. ɻʝʨʮʝʥʘ ʠ ʉʇʙɻʋ ʟʘ ʧʦʤʦʱʴ ʚ ʦʪʙʦʨʝ ʤʘʪʝʨʠʘʣʦʚ ʚʦ ʚʨʝʤʷ 

ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʨʘʙʦʪ. 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʅʆɿ ʈɸʅ ï ʉʇʙ ʌʀʎ 

ʈɸʅ ʧʦ ʪʝʤʘʤ ˉ FMNG-0154-2019-0001 çʂʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʜʠʥʘʤʠʢʠ ʵʢʦʩʠʩʪʝʤ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʚʦʜʦʝʤʦʚ ʝʛʦ ʙʘʩʩʝʡʥʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚè ʠ FMNG-0154-2024-0001 çʕʢʦʩʠʩʪʝʤʳ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʚʦʜʦʝʤʦʚ ʝʛʦ 

ʙʘʩʩʝʡʥʘ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʬʦʥʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡè. ʄʝʪʦʜʠʢʘ ʪʘʢʞʝ ʦʪʨʘʙʘʪʳʚʘʣʘʩʴ ʥʘ ʦʟʝʨʘʭ, 

ʠʟʫʯʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-27-00128 çʈʝʢʦʥʩʪʨʫʢʮʠʷ ʜʠʥʘʤʠʢʠ ʤʘʢʨʦʬʠʪʦʚ 

ʨʘʟʥʦʪʠʧʥʳʭ ʦʟʝʨ ʂʫʨʛʘʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ (ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʛʦʣʦʮʝʥʦʚʘʷ 

ʠʩʪʦʨʠʷ)è. 
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ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1 ʇʦʥʷʪʠʝ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʢʨʦʬʠʪʦʚ ʚ ʚʦʜʦʝʤʘʭ 

 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʫ ʪʝʨʤʠʥʘ çʤʘʢʨʦʬʠʪʳè ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʠʡ. ʇʦ 

ʈʘʩʧʦʧʦʚʫ ʀ.ʄ. [1985] ʤʘʢʨʦʬʠʪʘʤʠ ʷʚʣʷʶʪʩʷ çʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʨʘʩʪʠʪʝʣʴʥʳʝ 

ʦʨʛʘʥʠʟʤʳ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʦʜʦʚʦʡ 

(ʚʠʜʦʚʦʡ) ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢʦʪʦʨʳʭ ʥʝ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʩ 

ʙʦʣʴʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤè. ʉʭʦʞʝʝ ʪʦʣʢʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪʩʷ ʚ ʉʣʦʚʘʨʝ ʙʦʪʘʥʠʯʝʩʢʠʭ 

ʪʝʨʤʠʥʦʚ [1984]. ʉʦʛʣʘʩʥʦ ɻʝʦʣʦʛʠʯʝʩʢʦʤʫ ʩʣʦʚʘʨʶ [1978], ʤʘʢʨʦʬʠʪʘʤʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

çʢʨʫʧʥʳʝ ʤʥʦʛʦʢʣʝʪʯʘʪʳʝ ʚʦʜʦʨʦʩʣʠ (ʟʝʣʝʥʳʝ, ʙʫʨʳʝ, ʢʨʘʩʥʳʝ) ʠ ʤʦʨʩʢʠʝ ʮʚʝʪʢʦʚʳʝ 

ʨʘʩʪʝʥʠʷ (ʪʨʘʚʳ)è. ʇʦ ɻʆʉʊ 30813-2002 [2004] ʤʘʢʨʦʬʠʪʳ ʷʚʣʷʶʪʩʷ ʩʠʥʦʥʠʤʦʤ ʢ 

ʚʳʩʰʠʤ ʚʦʜʥʳʤ ʨʘʩʪʝʥʠʷʤ. ɺ ʕʢʦʣʦʛʠʯʝʩʢʦʤ ʵʥʮʠʢʣʦʧʝʜʠʯʝʩʢʦʤ ʩʣʦʚʘʨʝ [1989] ʵʪʦ 

ʨʘʩʪʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚʳʩʰʠʝ ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ), 

ʦʙʨʘʟʫʶʱʠʝ ʨʷʜ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧʠʨʦʚʦʢ ʚ ʚʦʜʦʝʤʝ:  

1) ʤʘʢʨʦʬʠʪʳ ʩ ʧʣʘʚʘʶʱʠʤʠ ʣʠʩʪʴʷʤʠ (ʢʫʚʰʠʥʢʘ, ʢʫʙʳʰʢʘ, ʚʦʜʦʢʨʘʩ, ʨʜʝʩʪ 

ʧʣʘʚʘʶʱʠʡ, ʩʘʣʴʚʠʥʠʷ, ʨʷʩʢʘ, ʚʦʜʷʥʦʡ ʦʨʝʭ ʠ ʜʨ.); 

3) ʧʦʜʚʦʜʥʳʝ ʤʘʢʨʦʬʠʪʳ (ʨʜʝʩʪʳ, ʵʣʦʜʝʷ, ʨʦʛʦʣʠʩʪʥʠʢ, ʫʨʫʪʴ ʠ ʜʨ.); 

2) ʧʨʠʙʨʝʞʥʦ-ʚʦʜʥʳʝ ʤʘʢʨʦʬʠʪʳ (ʪʨʦʩʪʥʠʢ, ʨʦʛʦʟ, ʘʠʨ, ʝʞʝʛʦʣʦʚʥʠʢ ʠ ʜʨ.). 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʜ ʤʘʢʨʦʬʠʪʘʤʠ ʙʫʜʫʪ ʧʦʜʨʘʟʫʤʝʚʘʪʴʩʷ ʚʳʩʰʠʝ ʚʦʜʥʳʝ ʠ 

ʧʨʠʙʨʝʞʥʦ-ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ. 

ɺʦʜʥʳʝ ʨʘʩʪʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʧʣʘʚʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʧʦʛʨʫʞʝʥʳ ʚ 

ʪʦʣʱʫ ʚʦʜʳ. ʇʣʘʚʘʶʱʠʝ ʤʘʢʨʦʬʠʪʳ ʥʝ ʠʤʝʶʪ ʢʦʨʥʝʡ ʠ ʧʣʘʚʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ; 

ʧʦʛʨʫʞʝʥʥʳʝ ʨʘʩʪʝʥʠʷ ʟʘʢʨʝʧʣʷʶʪʩʷ ʢʦʨʥʷʤʠ ʚ ʛʨʫʥʪʝ, ʘ ʣʠʩʪʴʷ ʚʳʥʦʩʷʪ ʥʘʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ. ʄʘʢʨʦʬʠʪʳ ʧʨʝʜʧʦʯʠʪʘʶʪ ʵʚʪʨʦʬʠʨʦʚʘʥʥʳʝ ʦʟʝʨʘ, ʤʝʣʢʠʝ ʟʘʚʦʜʠ ʠ 

ʙʝʨʝʛʦʚʳʝ ʣʠʥʠʠ; ʦʟʝʨʘ ʩ ʢʘʤʝʥʠʩʪʳʤ ʠʣʠ ʛʨʘʚʠʡʥʳʤ ʜʥʦʤ ʠ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʙʠʦʛʝʥʥʳʭ 

ʚʝʱʝʩʪʚʘ ʷʚʣʷʶʪʩʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʜʣʷ ʠʭ ʧʨʦʠʟʨʘʩʪʘʥʠʷ.  

ɺ ʠʟʙʳʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʚʪʨʦʬʠʢʘʮʠʠ ʠ 

ʟʘʨʘʩʪʘʥʠʶ ʦʟʝʨ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤ ʵʪʘʧʦʤ ʩʫʢʮʝʩʩʠʠ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʇʦ 

ʤʝʨʝ ʟʘʧʦʣʥʝʥʠʷ ʦʟʝʨʥʦʡ ʢʦʪʣʦʚʠʥʳ ʪʝʨʨʠʛʝʥʥʳʤʠ ʥʘʥʦʩʘʤʠ ʠ ʧʨʦʜʫʢʪʘʤʠ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʞʠʚʫʱʠʭ ʚ ʦʟʝʨʝ ʦʨʛʘʥʠʟʤʦʚ, ʩʦʟʜʘʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʤʘʢʨʦʬʠʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʤʠ ʧʦʷʩʘʤʠ (ʨʠʩʫʥʦʢ 1) 

[ɼʘʚʳʜʦʚ, 1955; ɼʘʚʳʜʦʚ ʠ ʜʨ., 1973; ʂʫʜʨʷʰʦʚ, ʉʘʜʯʠʢʦʚ, 2005]. ʂʘʞʜʦʡ ʟʦʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʘʷ ʛʣʫʙʠʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʦʜʳ ʠ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʪʠʧ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ [ʂʫʜʨʷʰʦʚ, ʉʘʜʯʠʢʦʚ, 2005]. ɺ ʧʝʨʚʦʡ ʟʦʥʝ (ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʦʙʩʳʭʘʶʱʝʝ ʤʝʣʢʦʚʦʜʴʝ; ʦʩʦʢʦʚʳʡ ʠʣʠ ʩʤʝʰʘʥʥʦ-ʪʨʘʚʷʥʦʡ ʪʦʨʬ) ʨʘʩʪʫʪ ʟʘʨʦʩʣʠ 
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ʢʨʫʧʥʳʭ ʦʩʦʢ, ʩʠʪʥʷʛʘ, ʚʘʭʪʳ, ʯʘʩʪʫʭʠ, ʩʪʨʝʣʦʣʠʩʪʘ, ʢʠʟʣʷʢʘ, ʝʞʝʛʦʣʦʚʥʠʢʘ, ʢʘʤʳʰʘ 

ʦʟʝʨʥʦʛʦ ʠ ʜʨ. ɺʦ ʚʪʦʨʦʡ ʟʦʥʝ (ʜʦ ʛʣʫʙʠʥʳ 3 ʤ; ʪʨʦʩʪʥʠʢʦʚʳʡ, ʢʘʤʳʰʦʚʳʡ ʠʣʠ ʭʚʦʱʦʚʳʡ 

ʪʦʨʬ) ʨʘʩʪʫʪ ʚʳʩʦʢʠʝ ʟʘʨʦʩʣʠ ʪʨʦʩʪʥʠʢʘ, ʢʘʤʳʰʘ, ʭʚʦʱʘ ʠ ʜʨ. ɺ ʪʨʝʪʴʝʡ ʟʦʥʝ (ʜʦ ʛʣʫʙʠʥʳ 

5 ʤ; ʩʘʧʨʦʧʝʣʝʚʳʡ ʪʦʨʬ ï ʪʝʤʥʳʡ ʪʦʨʬʷʥʦʡ ʠʣ ʩ ʦʩʪʘʪʢʘʤʠ ʢʦʨʥʝʚʠʱ ʠ ʜʨʫʛʠʭ ʢʨʫʧʥʳʭ 

ʯʘʩʪʝʡ ʨʘʩʪʝʥʠʡ) ʦʙʠʪʘʶʪ ʨʘʩʪʝʥʠʷ ʩ ʧʣʘʚʘʶʱʠʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʣʠʩʪʴʷʤʠ ï 

ʢʫʚʰʠʥʢʠ, ʢʫʙʳʰʢʠ, ʚʦʜʷʥʦʡ ʦʨʝʭ, ʨʜʝʩʪ ʧʣʘʚʘʶʱʠʡ. ɺ ʯʝʪʚʝʨʪʦʡ ʟʦʥʝ (ʧʦʷʩ 

ʧʦʛʨʫʞʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʟʘʧʦʣʥʷʶʱʠʡ ʩʪʝʙʣʷʤʠ ʠ ʣʠʩʪʴʷʤʠ ʚʩʶ ʪʦʣʱʫ ʚʦʜʳ) ʦʙʠʪʘʶʪ 

ʫʨʫʪʴ, ʨʦʛʦʣʠʩʪʥʠʢ, ʰʠʨʦʢʦʣʠʩʪʥʳʝ ʨʜʝʩʪʳ. ɺ ʧʷʪʦʡ ʟʦʥʝ (ʧʦʜʚʦʜʥʳʝ ʣʫʛʘ ʠʟ ʨʘʩʪʝʥʠʡ, 

ʥʝ ʜʦʩʪʠʛʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ) ʨʘʩʪʫʪ ʚʦʜʦʨʦʩʣʠ ʠ ʥʝʢʦʪʦʨʳʝ ʫʟʢʦʣʠʩʪʥʳʝ ʨʜʝʩʪʳ. ɺ 

ʧʦʩʣʝʜʥʠʭ ʟʦʥʘʭ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʩʘʧʨʦʧʝʣʴ (ʛʠʪʪʠʷ). 

 
ʈʠʩʫʥʦʢ 1 ï ɺʦʜʥʘ ̫ʠ ʧʨʠʙʨʝʞʥʦ-ʚʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪ ɹʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʡ 

ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʟʘʨʘʩʪʘʶʱʝʤ ʦʟʝʨʝ ʧʦ [ʂʫʜʨʷʰʦʚ, ʉʘʜʯʠʢʦʚ, 2005]. ʋʩʣʦʚʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʨʜʝʩʪʳ; 2 ï ʪʝʣʦʨʝʟ; 3 ï ʢʫʚʰʠʥʢʘ ʙʝʣʘʷ; 4 ï ʨʦʛʦʟ; 5 ï ʪʨʦʩʪʥʠʢ; 6 ï 

ʦʩʦʢʠ; 7 ï ʚʝʡʥʠʢ; ɸ ï ʩʘʧʨʦʧʝʣʴ (ʛʠʪʪʠʷ), ɹ ï ʩʘʧʨʦʧʝʣʝʚʳʡ ʪʦʨʬ, ɺ ï ʪʨʦʩʪʥʠʢʦʚʳʡ, 

ʭʚʦʦɦʚʳʡ ʠ ʢʘʤʳʰʦʚʳʡ ʪʦʨʬ, ɻ ï ʦʩʦʢʦʚʳʡ ʠ ʩʤʝʰʘʥʥʦ-ʪʨʘʚʷʥʦʡ ʪʦʨʬ, ɼ ï 

ʤʠʥʝʨʘʣʴʥʳʡ ʛʨʫʥʪ 

ʆʪʤʠʨʘʷ, ʦʩʪʘʪʢʠ ʨʘʩʪʝʥʠʡ ʦʩʝʜʘʶʪ ʚ ʧʨʝʜʝʣʘʭ ʩʚʦʝʡ ʟʦʥʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʥʘʢʦʧʣʝʥʠʶ ʠʣʘ ʠ ʦʙʤʝʣʝʥʠʶ ʦʟʝʨʘ [ɼʘʚʳʜʦʚ ʠ ʜʨ., 1973; ʂʫʜʨʷʰʦʚ, ʉʘʜʯʠʢʦʚ, 2005]. ʇʦ 

ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʛʣʫʙʠʥʘ ʟʦʥʳ ʫʤʝʥʴʰʘʝʪʩʷ, ʩʦʟʜʘʶʪʩʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʚ ʥʝʡ ʨʘʩʪʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʘ ʨʘʩʪʠʪʝʣʴʥʘʷ ʟʦʥʘ ʩʤʝʥʷʝʪʩʷ ʜʨʫʛʦʡ ʠ 

ʤʘʢʨʦʬʠʪʳ ʧʦʩʪʝʧʝʥʥʦ ʧʨʦʜʚʠʛʘʶʪʩʷ ʦʪ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʢ ʮʝʥʪʨʫ ʦʟʝʨʘ, ʧʦʢʘ ʦʟʝʨʥʘʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʦʢʦʥʯʘʪʝʣʴʥʦ ʥʝ ʩʤʝʥʠʪʩʷ ʙʦʣʦʪʥʦʡ. ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʧʨʝʚʨʘʱʝʥʠʷ ʦʟʝʨʘ 

ʚ ʙʦʣʦʪʦ ʷʚʣʷʝʪʩʷ ʥʘʨʘʩʪʘʥʠʝ ʩʧʣʘʚʠʥʳ, ʢʦʛʜʘ ʩ ʙʝʨʝʛʘ ʢ ʩʝʨʝʜʠʥʝ ʚʦʜʦʝʤʘ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʥʘʧʣʳʚʘʝʪ ʩʣʦʡ ʤʭʦʚ ʠ ʩʦʩʫʜʠʩʪʳʭ ʨʘʩʪʝʥʠʡ [ɼʘʚʳʜʦʚ ʠ ʜʨ., 1973; 

ʂʫʜʨʷʰʦʚ, ʉʘʜʯʠʢʦʚ, 2005]. ʇʠʦʥʝʨʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʣʘʚʠʥʳ ʷʚʣʷʶʪʩʷ ʩʘʙʝʣʴʥʠʢ, 

ʙʝʣʦʢʨʳʣʴʥʠʢ, ʚʘʭʪʘ. ɺ ʙʦʛʘʪʳʭ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚʦʜʦʸʤʘʭ ʩʧʣʘʚʠʥʘ ʩʦʩʪʦʠʪ ʠʟ 

ʟʝʣʸʥʳʭ ʤʭʦʚ, ʢʘʤʳʰʘ, ʨʦʛʦʟʘ, ʚʘʭʪʳ ʠ ʜʨʫʛʠʭ ʢʦʨʥʝʚʠʱʥʳʭ ʨʘʩʪʝʥʠʡ; ʚ ʙʝʜʥʳʭ 
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ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ï ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʩʬʘʛʥʦʚʳʭ ʤʭʦʚ [ɼʘʚʳʜʦʚ ʠ ʜʨ., 1973]. 

ʉʧʣʘʚʠʥʘ ʨʘʟʨʘʩʪʘʝʪʩʷ ʢʘʢ ʚ ʪʦʣʱʠʥʫ, ʪʘʢ ʠ ʚʛʣʫʙʴ ʚʦʜʦʝʤʘ; ʦʪʤʝʨʰʠʝ ʨʘʩʪʠʪʝʣʴʥʳʝ 

ʦʩʪʘʪʢʠ ʦʩʝʜʘʶʪ ʥʘ ʜʥʦ ʠ ʧʦʩʪʝʧʝʥʥʦ ʟʘʧʦʣʥʷʶʪ ʢʦʪʣʦʚʠʥʫ. ʈʘʟʚʠʪʠʝ ʩʧʣʘʚʠʥ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʦʟʝʨ ʩʦ ʩʣʘʙʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. 

ɺ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʚʦʜʦʝʤʘ ʨʘʩʪʠʪʝʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʠʤʝʶʪ ʩʚʦʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʦʪʣʠʯʘʷʩʴ ʬʣʦʨʠʩʪʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʦʙʠʣʠʝʤ, ʟʘʥʠʤʘʝʤʦʡ 

ʧʣʦʱʘʜʴʶ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʪʝʨʨʠʪʦʨʠʠ. ɹʦʣʴʰʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʠʛʨʘʶʪ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʠ ʩʚʝʪʦʚʦʡ ʨʝʞʠʤ ʚʦʜʦʝʤʘ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ, ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʚʦʜʦʝʤʘ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ [ʉʘʜʯʠʢʦʚ, ʂʫʜʨʷʰʦʚ, 2005]. ʆʥʠ ʦʧʨʝʜʝʣʷʶʪ ʪʠʧ 

ʫʩʣʦʚʠʡ, ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʩʦʦʙʱʝʩʪʚ ʧʨʠʙʨʝʞʥʦ-ʚʦʜʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʢʨʦʬʠʪʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʠʥʜʠʢʘʪʦʨʘʤʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ 

ʚʦʜʥʳʡ ʩʨʝʜʳ (ʩʘʧʨʦʙʥʦʩʪʠ, ʪʨʦʬʥʦʩʪʠ, ʛʣʫʙʠʥʳ ʚʦʜʦʝʤʘ) ʠʣʠ ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ ʦ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʚ ʚʦʜʦʝʤʝ (ʪʘʙʣʠʮʘ 1). ɺ ʪʘʙʣʠʮʝ 

ʧʨʠʚʦʜʷʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʤʘʢʨʦʬʠʪʦʚ, ʧʳʣʴʮʘ ʢʦʪʦʨʳʭ ʙʳʣʘ ʚʩʪʨʝʯʝʥʘ ʚ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠʟʫʯʝʥʥʳʭ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ. ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʘʧʨʦʙʥʦʩʪʠ (ʩʪʝʧʝʥʠ 

ʦʙʦʛʘʱʝʥʠʷ ʚʦʜʦʝʤʦʚ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ) ʫ ʚʦʜʦʝʤʦʚ ʚʳʜʝʣʷʶʪ ʯʝʪʳʨʝ ʟʦʥʳ: 

ʧʦʣʠ-, Ŭ-ʤʝʟʦ-, ɓ-ʤʝʟʦ- ʠ ʦʣʠʛʦʩʘʧʨʦʙʥʫʶ, ʧʨʠʯʝʤ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʚʦʜʦʝʤʝ ʤʦʛʫʪ ʙʳʪʴ 

ʫʯʘʩʪʢʠ ʩ ʨʘʟʥʦʡ ʩʘʧʨʦʙʥʦʩʪʴʶ [ʉʘʜʯʠʢʦʚ, ʂʫʜʨʷʰʦʚ, 2005]. ʇʦʣʠʩʘʧʨʦʙʥʘʷ ʟʦʥʘ ʙʦʛʘʪʘ 

ʦʨʛʘʥʠʢʦʡ ï ʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʠʣʠʝʤ ʩʣʦʞʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʪʩʫʪʩʪʚʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. ɹʣʠʟʢʘ ʢ ʧʦʣʠʩʘʧʨʦʙʥʦʡ, ʥʦ ʦʪʣʠʯʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʢʠʩʣʦʨʦʜʘ Ŭ-

ʤʝʟʦʩʘʧʨʦʙʥʘʷ ʟʦʥʘ. ʆʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʦʢʠʩʣʠʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘʜ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ɓ-ʤʝʟʦʩʘʧʨʦʙʥʘʷ ʟʦʥʘ, ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʙʣʘʛʦʜʘʨʷ 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʬʦʪʦʩʠʥʪʝʟʫ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʦʥʘ ʙʳʚʘʝʪ ʧʝʨʝʥʘʩʳʱʝʥʘ ʢʠʩʣʦʨʦʜʦʤ; 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʢʨʘʡʥʝ ʤʘʣʦ. ʆʣʠʛʦʩʘʧʨʦʙʥʘʷ ʟʦʥʘ ʧʦʣʥʦʩʪʴʶ ʩʚʦʙʦʜʥʘ ʦʪ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʧʝʨʝʥʘʩʳʱʝʥʘ ʢʠʩʣʦʨʦʜʦʤ. 

ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʨʦʬʥʦʩʪʠ ʚʳʜʝʣʷʶʪ ʦʣʠʛʦʪʨʦʬʥʳʝ, ʤʝʟʦʪʨʦʬʥʳʝ, ʵʚʪʨʦʬʥʳʝ ʠ 

ʜʠʩʪʨʦʬʥʳʝ ʚʦʜʦʝʤʳ [ʉʘʜʯʠʢʦʚ, ʂʫʜʨʷʰʦʚ, 2005]. ʆʣʠʛʦʪʨʦʬʥʳʝ ʚʦʜʦʝʤʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʦʡ, ʚʳʩʦʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ, ʧʨʠʩʫʪʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚ 

ʪʦʣʱʝ ʚʦʜʳ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ, ʙʝʜʥʦʩʪʴʶ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, 

ʙʝʜʥʳʤ ʚʠʜʦʚʳʤ ʩʦʩʪʘʚʦʤ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʧʨʝʦʙʣʘʜʘʶʪ ʚʦʜʷʥʦʡ ʤʦʭ 

ʬʦʥʪʠʥʘʣʠʩ, ʧʦʣʫʰʥʠʢ ʦʟʝʨʥʳʡ, ʪʨʦʩʪʥʠʢ ʦʙʳʢʥʦʚʝʥʥʳʡ ʠ ʜʨ.). ʄʝʟʦʪʨʦʬʥʳʝ ʚʦʜʦʝʤʳ 

ʦʪʣʠʯʘʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʤʝʞʜʫ ʦʣʠʛʦʪʨʦʬʥʳʤʠ ʠ ʵʚʪʨʦʬʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ. 
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ʊʘʙʣʠʮʘ 1 ï ʆʩʦʙʝʥʥʦʩʪʠ ʤʘʢʨʦʬʠʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ (ʇʨʠʤʝʯʘʥʠʝ: ʦ ï ʦʣʠʛʦʩʘʧʨʦʙʳ, ɓ ï ɓ-ʤʝʟʦʩʘʧʨʦʙʳ, ɓ-ʦ ï ɓ-

ʤʝʟʦ-ʦʣʠʛʦʩʘʧʨʦʙʳ) [Sladecek, 1963; ʂʦʢʠʥ, 1982; ɻʠʛʝʚʠʯ ʠ ʜʨ., 1999; 2001; ʀʣʣʶʩʪʨʠʨʦʚʘʥʥʳʡ ʦʧʨʝʜʝʣʠʪʝʣʴé, 2002; ʂʫʜʨʷʰʦʚ, 

ʉʘʜʯʠʢʦʚ, 2005; ʂʫʨʦʯʢʠʥʘ ʠ ʜʨ., 2013; ʂʘʧʠʪʦʥʦʚʘ, ʅʠʢʦʣʘʝʥʢʦ, 2021] 

ʄʘʢʨʦʬʠʪ 
ʉʘʧʨʦʙʥʦʩʪʴ 

ʚʦʜʦʝʤʘ 

ʊʨʦʬʥʦʩʪʴ 

ʚʦʜʦʝʤʘ 
ʄʝʩʪʦʦʙʠʪʘʥʠʝ 

ɿʘʥʠʤʘʝʤʘʷ 

ʛʣʫʙʠʥʘ 
ʆʩʦʙʝʥʥʦʩʪʠ 

Alisma  

plantago-aquatica 
ï ï 

ɹʝʨʝʛʘ ʚʦʜʦʝʤʦʚ, 

ʤʝʣʢʦʚʦʜʴʷ, ʙʦʣʦʪʘ, 

ʙʦʣʦʪʠʩʪʳʝ ʣʫʛʘ 

ʄʝʣʢʦʚʦʜʴʝ, 

ʜʦ 50 ʩʤ 

ʉʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʥʪʨʦʧʦʛʝʥʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʠ ʵʚʪʨʦʬʠʨʦʚʘʥʠʠ 

Hydrocharis 

morsus-ranae 
ʦ ʠ ɓ 

ʆʣʠʛʦ- ʠ 

ʤʝʟʦʪʨʦʬʥʳʡ 

ɹʝʨʝʛʘ ʟʘʨʘʩʪʘʶʱʠʭ ʦʟʝʨ ʩʦ 

ʩʪʦʷʯʝʡ ʠ ʤʝʜʣʝʥʥʦ ʪʝʢʫʱʝʡ 

ʚʦʜʦʡ 

ʜʦ 300 ʩʤ ʀʥʜʠʢʘʪʦʨ ʯʠʩʪʦʡ ʚʦʜʳ 

Iris psaudacorus ï ï 
ɹʝʨʝʛʘ ʦʟʝʨ, ʙʦʣʦʪ, ʨʝʢ, 

ʙʦʣʦʪʠʩʪʳʝ ʣʫʛʘ 
ʄʝʣʢʦʚʦʜʴʝ ï 

Lemna minor ɓ ʄʝʟʦʪʨʦʬʥʳʡ 
ɺʦʜʦʝʤʳ ʩʦ ʩʪʦʷʯʝʡ ʠ 

ʤʝʜʣʝʥʥʦ ʪʝʢʫʱʝʡ ʚʦʜʦʡ 
ʜʦ 70-100 ʩʤ 

ʀʥʜʠʢʘʪʦʨ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

Myriophyllum 

ʦ / ɓ 

(ʟʘʚʠʩʠʪ ʦʪ 

ʚʠʜʘ) 

ʆʣʠʛʦ- / 

ʤʝʟʦʪʨʦʬʥʳʡ  

ɺʦʜʦʝʤʳ ʩʦ ʩʪʦʷʯʝʡ ʠ 

ʤʝʜʣʝʥʥʦ ʪʝʢʫʱʝʡ ʚʦʜʦʡ 
ʜʦ 200 ʩʤ 

M. alterniflorum ï ʠʥʜʠʢʘʪʦʨ ʯʠʩʪʦʪʳ ʠ 

ʦʣʠʛʦʪʨʦʬʠʠ ʚʦʜʳ. M. spicatum 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʥʪʨʦʧʦʛʝʥʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ 

Nuphar pumila ï 
ʆʣʠʛʦ- ʠ 

ʤʝʟʦʪʨʦʬʥʳʡ 

ɺʦʜʦʝʤʳ ʩʦ ʩʪʦʷʯʝʡ ʠ 

ʤʝʜʣʝʥʥʦ ʪʝʢʫʱʝʡ ʚʦʜʦʡ 
ʜʦ 250 ʩʤ 

ʄʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʦʨʛʘʥʠʯʝʩʢʦʤ 

ʟʘʛʨʷʟʥʝʥʠʠ 

Nuphar lutea ɓ-ʦ 

ʄʝʟʦ-, 

ʵʚʪʨʦʬʥʳʡ, 

ʜʠʩʪʨʦʬʥʳʡ 

ɺʦʜʦʝʤʳ ʩʦ ʩʪʦʷʯʝʡ ʠ 

ʤʝʜʣʝʥʥʦ ʪʝʢʫʱʝʡ ʚʦʜʦʡ 
ʜʦ 300 ʩʤ ï 

Nymphaea 

candida 
ɓ-ʦ ʄʝʟʦʪʨʦʬʥʳʡ 

ɺʦʜʦʝʤʳ ʩʦ ʩʪʦʷʯʝʡ ʠ 

ʤʝʜʣʝʥʥʦ ʪʝʢʫʱʝʡ ʚʦʜʦʡ 
ʜʦ 250 ʩʤ 

ʈʘʩʪʝʪ ʚ ʙʦʛʘʪʳʭ ʧʠʪʘʪʝʣʴʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʵʚʪʨʦʬʥʳʭ ʚʦʜʦʝʤʘʭ ʩ 

ʠʣʠʩʪʳʤʠ ʠʣʠ ʪʦʨʬʷʥʦ-ʠʣʠʩʪʳʤʠ ʛʨʫʥʪʘʤʠ 

Polygonum 

amphibium 
ɓ ï 

ɺʦʜʦʝʤʳ ʩʦ ʩʪʦʷʯʝʡ ʠ 

ʤʝʜʣʝʥʥʦ ʪʝʢʫʱʝʡ ʚʦʜʦʡ 
ʜʦ 300 ʩʤ ï 
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ʇʨʦʜʦʣʞʝʥʠʝ ʊʘʙʣʠʮʳ 1 ï ʆʩʦʙʝʥʥʦʩʪʠ ʤʘʢʨʦʬʠʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ 

ʄʘʢʨʦʬʠʪ 
ʉʘʧʨʦʙʥʦʩʪʴ 

ʚʦʜʦʝʤʘ 

ʊʨʦʬʥʦʩʪʴ 

ʚʦʜʦʝʤʘ 
ʄʝʩʪʦʦʙʠʪʘʥʠʝ 

ɿʘʥʠʤʘʝʤʘʷ 

ʛʣʫʙʠʥʘ 
ʆʩʦʙʝʥʥʦʩʪʠ 

Potamogeton 

ɓ / ɓ-ʦ 

(ʟʘʚʠʩʠʪ ʦʪ 

ʚʠʜʘ) 

ʆʣʠʛʦ- / 

ʤʝʟʦʪʨʦʬʥʳʡ  

ɺʦʜʦʝʤʳ ʩʦ ʩʪʦʷʯʝʡ ʠ 

ʤʝʜʣʝʥʥʦ ʪʝʢʫʱʝʡ ʚʦʜʦʡ 
ʜʦ 400 ʩʤ 

P. natans ð ʠʥʜʠʢʘʪʦʨ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʚʦʜʦʸʤʘ 

Scirpus ï 
ʄʝʟʦ- ʠ 

ʵʚʪʨʦʬʥʳʡ 
ɹʝʨʝʛʘ ʦʟʝʨ, ʤʝʣʢʦʚʦʜʴʷ ʜʦ 100 ʩʤ ï 

Sparganium ï 

ʄʝʟʦ-, 

ʵʚʪʨʦʬʥʳʡ, 

ʜʠʩʪʨʦʬʥʳʡ 

ʄʝʣʢʦʚʦʜʴʷ ʠ ʛʣʫʙʦʢʠʝ 

ʤʝʩʪʘ, ʙʝʨʝʛʘ ʦʟʝʨ, ʟʘʚʦʜʝʡ 

ʨʝʢ, ʙʦʣʦʪ (ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ) 

20- 300 ʩʤ ï 

Stratiotes ï ʄʝʟʦʪʨʦʬʥʳʡ ʆʟʝʨʘ, ʨʝʞʝ ʙʦʣʦʪʘ ʜʦ 300 ʩʤ 
ʉʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʥʪʨʦʧʦʛʝʥʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ 

Typha 

angustifolia 
ï 

ʄʝʟʦ- ʠ 

ʵʚʪʨʦʬʥʳʡ 
ɹʝʨʝʛʘ ʦʟʝʨ, ʤʝʣʢʦʚʦʜʴʷ ʜʦ 150 ʩʤ ï 

Typha latifolia ï 
ʄʝʟʦ- ʠ 

ʵʚʪʨʦʬʥʳʡ 

ɹʝʨʝʛʘ ʦʟʝʨ, ʪʨʘʚʷʥʳʭ ʙʦʣʦʪ, 

ʤʝʣʢʦʚʦʜʴʷ 
ʜʦ 150 ʩʤ 

ʄʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʵʚʪʨʦʬʠʨʦʚʘʥʠʝ 

ʚʦʜʦʸʤʘ 
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ʕʪʠ ʚʦʜʦʝʤʳ ʠʤʝʶʪ ʛʣʫʙʠʥʫ ʜʦ 5-30 ʤ, ʩʨʝʜʥʶʶ ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʦʜʳ (1-4 ʤ), 

ʜʝʬʠʮʠʪ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʠʜʦʥʥʳʭ ʩʣʦʷʭ ʚʦʜʳ, ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʚʦʜʥʫʶ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ (ʜʦʤʠʥʠʨʫʶʪ ʭʘʨʦʚʳʝ ʚʦʜʦʨʦʩʣʠ, ʵʣʦʜʝʷ, ʰʠʨʦʢʦʣʠʩʪʥʳʝ ʨʜʝʩʪʳ, 

ʨʦʛʦʣʠʩʪʥʠʢ). ʕʚʪʨʦʬʥʳʝ ʚʦʜʦʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ, ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʦʡ, ʧʨʦʟʨʘʯʥʦʩʪʴʶ 0,5-2 ʤ, ʦʙʠʣʴʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ 

ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʚʦʜʦʩʙʦʨʘ, ʯʘʩʪʳʤ çʮʚʝʪʝʥʠʝʤè ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʢʠʩʣʦʨʦʜʦʤ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʜʳ, ʨʘʟʚʠʪʦʡ ʚʦʜʥʦʡ ʠ ʧʨʠʙʨʝʞʥʦ-ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚʩʝʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ (ʥʘʜʚʦʜʥʳʭ, ʥʘʚʦʜʥʳʭ ʠ ʧʦʛʨʫʞʝʥʥʳʭ). ɺ 

ʩʣʘʙʦʵʚʪʨʦʬʥʳʭ ʦʟʝʨʘʭ ʜʦʤʠʥʠʨʫʶʪ ʧʦʣʫʧʦʛʨʫʞʝʥʥʳʝ (ʪʨʦʩʪʥʠʢ, ʨʦʛʦʟ, ʢʘʤʳʰ) ʠ 

ʧʦʜʚʦʜʥʳʝ (ʵʣʦʜʝʷ, ʨʦʛʦʣʠʩʪʥʠʢ, ʨʜʝʩʪʳ ʠ ʜʨ.) ʨʘʩʪʝʥʠʷ; ʚ ʩʠʣʴʥʦ ʵʚʪʨʦʬʠʨʦʚʘʥʥʳʭ ï 

ʧʦʛʨʫʞʝʥʥʳʝ ʤʘʢʨʦʬʠʪʳ (ʚ ʦʩʥʦʚʥʦʤ ʨʜʝʩʪʳ). ɼʠʩʪʨʦʬʥʳʝ ʚʦʜʦʝʤʳ ʦʪʣʠʯʘʶʪʩʷ ʩʣʘʙʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʚʦʜʳ, ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ, ʙʦʛʘʪʩʪʚʦʤ ʦʨʛʘʥʠʢʦʡ, 

ʥʠʟʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ, ʪʦʨʬʷʥʠʩʪʳʤʠ ʠʣʠ ʧʝʩʯʘʥʳʤʠ ʜʦʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʰʠʨʦʢʠʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʟʘʨʦʩʣʝʡ ʧʨʠʙʨʝʞʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʯʪʠ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ 

ʥʘʩʪʦʷʱʠʭ ʛʠʜʨʦʬʠʪʦʚ. 

 

1.2 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʢʨʦʬʠʪʦʚ ʚ ʧʘʣʝʦʣʠʤʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

 

ʂʘʢ ʦʙʲʝʢʪʳ ʠʟʫʯʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʦʝʤʦʚ, ʤʘʢʨʦʬʠʪʳ ʠʤʝʶʪ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ [ɺʝʡʩʙʝʨʛ, 1999]. ɺʦ-ʧʝʨʚʳʭ, ʜʦʚʦʣʴʥʦ ʢʨʫʧʥʳʝ ʨʘʟʤʝʨʳ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ɺʦ-ʚʪʦʨʳʭ, ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʩʪʝʧʝʥʴ 

ʨʘʟʚʠʪʠʷ, ʞʠʟʥʝʥʥʦʩʪʴ ʠ ʦʪʢʣʦʥʝʥʠʷ ʚ ʨʦʩʪʝ ʨʘʩʪʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ 

ʩʦʩʪʦʷʥʠʠ ʚʦʜʦʝʤʘ ʝʱʸ ʧʨʠ ʨʝʢʦʛʥʦʩʮʠʨʦʚʦʯʥʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʦʟʝʨʘ. ɺ-ʪʨʝʪʴʠʭ, ʭʦʪʷ 

ʤʘʢʨʦʬʠʪʘʤ ʠ ʩʚʦʡʩʪʚʝʥʥʘ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʩʨʝʜʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʤʥʦʛʦʣʝʪʥʠʝ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʟʝʨʥʦʡ ʵʢʦʩʠʩʪʝʤʳ. ʕʪʦ ʜʝʣʘʝʪ ʤʘʢʨʦʬʠʪʳ ʠ ʠʭ ʧʳʣʴʮʫ, ʦʩʝʜʘʶʱʫʶ ʚ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʮʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʠʥʘʤʠʢʝ ʚʦʜʦʝʤʘ ʚ ʧʨʦʰʣʦʤ.  

ɹʦʣʴʰʠʥʩʪʚʦ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʝʢʦʥʩʪʨʫʢʮʠʷʤ 

ʢʣʠʤʘʪʘ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʛʦʣʦʮʝʥʝ, ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʜʠʥʘʤʠʢʫ ʧʳʣʴʮʳ ʥʘʟʝʤʥʳʭ 

ʨʘʩʪʝʥʠʡ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʪʨʘʞʘʶʪ ʨʝʛʠʦʥʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠ ʠʤʝʶʪ ʭʦʨʦʰʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʚ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. ʆʙʠʪʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʦʜʦʝʤʝ, ʤʘʢʨʦʬʠʪʳ 

ʯʫʪʢʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʥʠʭ ʠʟʤʝʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʠʥʜʠʢʘʪʦʨʘʤʠ 

ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʳʣʴʮʘ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʠʷʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʞʝ ʚ ʩʚʷʟʠ ʩ ʝʝ ʥʝʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʠ ʩʦʭʨʘʥʥʦʩʪʴʶ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʳʣʴʮʳ ʥʘʟʝʤʥʳʭ ʨʘʩʪʝʥʠʡ. ʊʘʢʞʝ ʧʳʣʴʮʘ ʤʘʢʨʦʬʠʪʦʚ ʦʪʨʘʞʘʝʪ ʫʟʢʦʣʦʢʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 



19 
 

ʨʘʟʚʠʪʠʷ ʚʦʜʦʝʤʘ ʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʠʤʝʶʱʠʭʩʷ 

ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʠʷʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʨʦʣʴ ʤʘʢʨʦʬʠʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʦʚ ʢʣʠʤʘʪʘ ʠ 

ʪʨʦʬʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʚʦʜʦʝʤʘ, ʧʨʦʚʦʜʷʪ ʧʦʣʥʦʮʝʥʥʳʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʘʩʝʣʝʥʠʷ ʦʟʝʨ 

ʤʘʢʨʦʬʠʪʘʤʠ, ʦʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʧʳʣʴʮʳ ʤʘʢʨʦʬʠʪʦʚ ʢʘʢ 

ʦʪʜʝʣʴʥʦʛʦ ʧʨʦʢʩʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. 

ɼʣʷ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʩʦʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʘʢʨʦʬʠʪʦʚ ʤʥʦʛʦ ʣʝʪ 

ʠʟʫʯʘʣʦʩʴ ʚ ʀʥʩʪʠʪʫʪʝ ʦʟʝʨʦʚʝʜʝʥʠʷ ʈɸʅ [ʃʘʜʦʛʘ, 1969; ʈʘʩʧʦʧʦʚ, 1961; 1968; 1985; 

ʈʘʩʧʦʧʦʚ ʠ ʜʨ., 1971; 2000; 2009]. ʇr ʣʴʮʘ ʠ ʤʘʢʨʦʦʩʪʘʪʢʠ ʤʘʢʨʦʬʠʪʦʚ ʨʘʥʝʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʛʦʣʦʮʝʥʦʚʦʡ ʠʩʪʦʨʠʠ ʦʟ. ʇʠʵʥʠ-ʍʘʫʢʠʣʘʤʧʠ ʚ ʩʝʚʝʨʥʦʤ 

ʇʨʠʣʘʜʦʞʴʝ [Miettinen et al., 2002], ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʢʦʨʨʝʣʷʮʠ ̫ʤʝʞʜʫ ʘʢʪʠʚʥʳʤ ʨʘʟʚʠʪʠʷ 

Iso±tes sp. ʠ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʧʨʠ ʵʪʦʤ ʦʙʳʯʥʦ 

ʩʧʦʨʳ ʧʦʣʫʰʥʠʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʣʠʛʦʪʨʦʬʥʳʭ ʫʩʣʦʚʠʷ ʚ ʚʦʜʦʝʤʘʭ. ɺ ʨʘʤʢʘʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʧʘʣʝʦʣʠʤʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦ. ʈʠʝʢʢʘʣʘʥʩʘʘʨʠ ʚ ʃʘʜʦʞʩʢʦʤ 

ʦʟʝʨʝ [Alenius et al., 2004] ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

Nymphaea sp. ʠ ʵʚʪʨʦʬʠʢʘʮʠʝʡ ʚʦʜʦʝʤʘ ʚ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʤ ʧʝʨʠʦʜʝ ʛʦʣʦʮʝʥʘ. 

ʇʝʨʚʳʝ ʨʘʙʦʪʳ ʥʘ ʦ. ɺʘʣʘʘʤ ʧʦ ʠʟʫʯʝʥʠʶ ʧʦʟʜʥʝʛʦʣʦʮʝʥʦʚʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʪʣʦʞʝʥʠʷʭ ʦʟ. ʅʠʢʦʥʦʚʩʢʦʛʦ [Vuorela, Saarnisto, 1997] ʟʘʪʨʘʛʠʚʘʣʠ ʠ 

ʜʠʥʘʤʠʢʫ ʤʘʢʨʦʬʠʪʦʚ. ɺʦʟʨʘʩʪʘʝʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʧʦʩʣʝ ʠʟʦʣʷʮʠʠ ʤʘʣʦʛʦ 

ʦʟʝʨʘ ʦʪ ʃʘʜʦʛʠ, ʧʨʝʦʙʣʘʜʘʶʪ Nymphaea sp., Myriophyllum alterniflorum, Typha latifolia, 

Potamogeton sp., Sparganium sp. [Vuorela, 1980]. ʆʙʱʠʡ ʨʦʩʪ ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʘʢʨʦʬʠʪʦʚ 

ʛʦʚʦʨʠʪ ʦ ʧʦʚʳʰʝʥʠʠ ʪʨʦʬʥʦʩʪʠ ʦʟʝʨʘ [Vuorela et al., 2001]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʨʫʛʠʭ ʦʟʝʨ ʥʘ ʦ. ɺʘʣʘʘʤ [Vuorela et al., 2001] ʧʦʢʘʟʳʚʘʶʪ ʜʠʥʘʤʠʢʫ 

ʤʘʢʨʦʬʠʪʦʚ ʚ ʩʦʩʪʘʚʝ ʃʘʜʦʛʠ ʠ ʧʦʩʣʝ ʠʟʦʣʷʮʠʠ. ɺ ʦʪʣʦʞʝʥʠʷʭ ʣʘʜʦʞʩʢʦʛʦ ʧʝʨʠʦʜʘ 

ʧʳʣʴʮʘ ʤʘʢʨʦʬʠʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ. ʉʨʘʟʫ ʧʦʩʣʝ ʠʟʦʣʷʮʠʠ ʚ ɿʘʧʘʜʥʦʤ 

ʀʛʫʤʝʥʩʢʦʤ ʦʟʝʨʝ ʧʦʷʚʣʷʝʪʩʷ Myriophyllum alterniflorum ʠ Iso±tes sp., ʘ ʥʝʤʥʦʛʦ ʧʦʟʜʥʝʝ ï 

Polygonum amphibium, Sparganium sp., Nuphar sp., Potamogeton sp., Alisma sp. ʠ ʚʦʜʦʨʦʩʣʠ 

Pediastrum sp., ʯʪʦ ʦʪʨʘʞʘʝʪ ʧʨʦʮʝʩʩ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʚʦʜʦʝʤʘ. ʇʦʷʚʣʝʥʠʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʨʘʟʨʝʟʘ Menyanthes sp. ʠ Butomus umbellatus, ʥʘʨʷʜʫ ʩ Nuphar sp. ʠ Potamogeton sp. 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʚʳʰʝʥʠʠ ʧʦʩʪʫʧʣʝʥʠʷ ʙʠʦʛʝʥʦʚ ʚ ʦʟʝʨʦ. Myriophyllum sp. ʠ Iso±tes sp. 

ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʪʘʢʩʦʥʘʤʠ, ʧʳʣʴʮʘ ʢʦʪʦʨʳʭ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʦʪʣʦʞʝʥʠʷʭ 

ʄʦʥʘʩʪʳʨʩʢʦʡ ʙʫʭʪʳ ʚ ʧʝʨʠʦʜ ʨʝʛʨʝʩʩʠʠ ʃʘʜʦʛʠ 3100 ʢʘʣ. ʣ. ʥ. [Saarnisto, 2012]. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʢʣʶʯʘʶʱʠʝ ʤʘʢʨʦʬʠʪʳ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ, ʪʦ 

ʛʦʣʦʮʝʥʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʵʢʦʩʠʩʪʝʤʳ ʦʟ. ʂʠʧʦʷʨʚʠ, ʩʝʚʝʨʥʘʷ ʌʠʥʣʷʥʜʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʚ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʠʟʫʯʝʥʠʝ ʤʘʢʨʦʦʩʪʘʪʢʦʚ ʤʘʢʨʦʬʠʪʦʚ 

[Valiranta et al., 2011]. ɺ ʨʘʥʥʝʤ ʛʦʣʦʮʝʥʝ ʦʟʝʨʦ ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʦʙʦʡ ʤʝʣʢʦʚʦʜʥʳʡ ʚʦʜʦʝʤ 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʛʘʪʳʡ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʚ ʢʦʪʦʨʦʤ ʦʙʠʪʘʣʠ ʚʠʜʳ Potamogeton 

sp., Myriophyllum sp., Callitriche hamulata, C. hermaphroditica ʠ ʭʘʨʦʚʘʷ ʚʦʜʦʨʦʩʣʴ Nitella 

sp. ʇʨʠʩʫʪʩʪʚʠʝ ʧʦʩʣʝʜʥʝʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʦʜʳ [Coops, 2002]. 

ɺ ʩʨʝʜʥʝʤ ʛʦʣʦʮʝʥʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʘʢʨʦʬʠʪʦʚ ʚ ʦʟ. ʂʠʧʦʷʨʚʠ ʩʥʠʟʠʣʦʩʴ. ʇʦʤʠʤʦ 

ʩʦʭʨʘʥʠʚʰʠʭʩʷ Potamogeton sp. ʠ Myriophyllum sp. ʧʦʷʚʠʣʠʩʴ ʥʠʤʬʝʡʥʳʝ (ʚʢʣʶʯʘʷ 

Nuphar sp.). ʉʦʩʪʘʚ ʤʘʢʨʦʬʠʪʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʣʠʪʦʨʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʘ 

ʧʦʩʪʦʷʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʤʘʢʨʦʦʩʪʘʪʢʦʚ Equisetum sp. ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʝʣʢʦʚʦʜʴʝ ʠʣʠ ʦ 

ʙʦʣʝʝ ʙʣʠʟʢʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʧʝʨʠʦʜʦʤ. 

ʉʥʠʞʝʥʠʝ ʦʙʱʝʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʘʢʨʦʬʠʪʦʚ ʠ ʩʤʝʥʘ ʧʦʛʨʫʞʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚ ʨʜʝʩʪʦʚ ʥʘ 

ʧʣʘʚʘʶʱʠʝ ʚʠʜʳ ʥʠʤʬʝʡʥʳʭ ʛʦʚʦʨʠʪ ʦʙ ʠʟʤʝʥʝʥʠʠ ʪʨʦʬʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʦʟʝʨʘ ʚ ʩʪʦʨʦʥʫ 

ʦʣʠʛʦʪʨʦʬʥʦʛʦ. ɺ ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ ʦʟʝʨʦ ʷʚʣʷʝʪʩʷ ʦʣʠʛʦʪʨʦʬʥʳʤ ʛʫʤʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʚʦʜʦʝʤʦʤ ʩ ʨʝʜʢʦʡ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʠʤʬʝʡʥʳʤʠ. 

ɺ ʨʘʤʢʘʭ ʧʘʣʝʦʣʠʤʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʟʝʨ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʇʦʣʴʰʠ 

ʠʟʫʯʘʣʠʩʴ ʤʘʢʨʦʦʩʪʘʪʢʠ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ [Galka et al., 2012; Galka, Sznel, 2013; Galka et 

al., 2014]. ʄʘʢʨʦʦʩʪʘʪʢʠ Potamogeton filiformis, P. alpinus, P. pusillus ʠ Nuphar pumila ʚ 

ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʦʟʜʥʝʣʝʜʥʠʢʦʚʴʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʪʁ ʦ ʧʨʦʭʣʘʜʥʦʤ ʢʣʠʤʘʪʝ, ʠʭ 

ʩʦʚʨʝʤʝʥʥʳʝ ʘʨʝʘʣʳ ʥʘʭʦʜʷʪʩʷ ʩʝʚʝʨʥʝʝ [Galka, Sznel, 2013]. ʇʨʠʩʫʪʩʪʚʠʝ P. filiformis 

ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʴʮʠʷ ʚ ʚʦʜʦʝʤʘʭ. ʇʦʷʚʣʝʥʠʝ ʤʘʢʨʦʦʩʪʘʪʢʦʚ 

Najas marina ʠ Typha sp. ʚ ʦʪʣʦʞʝʥʠʷʭ ʨʘʥʥʝʛʦ ʛʦʣʦʮʝʥʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʪʝʧʣʝʥʠʠ 

ʢʣʠʤʘʪʘ. ʆ ʜʘʣʴʥʝʡʰʝʤ ʧʦʥʠʞʝʥʠʠ ʫʨʦʚʥʷ ʦʟʝʨ ʛʦʚʦʨʠʪ ʥʘʣʠʯʠʝ Potamogeton natans, 

Nymphaea alba ʠ Typha sp., ʦʙʳʯʥʦ ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʤʝʣʢʦʚʦʜʴʷʭ. ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ-

ʠʥʜʠʢʘʪʦʨʦʚ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʦʧʪʠʤʫʤʘ ʛʦʣʦʮʝʥʘ ʚ ʦʟʝʨʘʭ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʇʦʣʴʰʠ ʷʚʣʷʝʪʩʷ 

Najas flexilis [Galka et al., 2012]. ʈʘʩʩʝʣʝʥʠʝ Potamogeton lucens, P. natans and Nymphaea 

alba ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʨʦʚʥʷ ʚʦʜʦʝʤʘ, ʧʦʷʚʣʝʥʠʝ P. lucens 

ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ ʚ ʦʟʝʨʝ [Galka et al., 2014]. 

ʀʟʫʯʝʥʠʝ ʨʘʥʥʝʛʦʣʦʮʝʥʦʚʳʭ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ʗʯʥʦ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʇʦʣʴʰʠ 

ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʤʘʢʨʦʦʩʪʘʪʢʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʣʠʷʥʠʝ ʤʘʢʨʦʬʠʪʦʚ ʥʘ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ 

ʚʦʜʳ [Galka et al., 2019]. ʂʦʣʦʥʠʟʘʮʠʷ ʣʠʪʦʨʘʣʴʥʦʡ ʟʦʥʳ ʦʟʝʨʘ Nymphaea alba, Nuphar sp. 

ʠ Schoenoplectus lacustris ʚʳʟʚʘʣʘ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʚʦʜʦʝʤʘ. ʉʦʚʤʝʩʪʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ 

ʵʪʠʭ ʤʘʢʨʦʬʠʪʦʚ ʩ ʥʝʢʦʪʦʨʳʤʠ ʙʦʣʦʪʥʳʤʠ ʚʠʜʘʤʠ (Ranunculus lingua, Carex 

pseudocyperus) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʩʪʝʧʝʥʥʦʤ ʟʘʪʦʧʣʝʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ ʚ 

ʦʟ. ʗʯʥʦ. ʇʠʦʥʝʨʥʳʤ ʚʠʜʦʤ, ʟʘʩʝʣʠʚʰʠʤ ʦʟʝʨʦ ʧʦʩʣʝ ʜʝʛʣʷʮʠʘʮʠʠ, ʩʪʘʣ Ceratophyllum 

demersum ï ʠʥʜʠʢʘʪʦʨ ʙʦʣʝʝ ʪʝʧʣʳʭ ʫʩʣʦʚʠʡ. ɼʨʫʛʠʤ ʠʥʜʠʢʘʪʦʨʦʤ ʧʦʪʝʧʣʝʥʠʷ ʢʣʠʤʘʪʘ ʚ 

ʨʘʥʥʝʤ ʛʦʣʦʮʝʥʝ ʷʚʣʷʝʪʩʷ Cladium mariscus.  
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ɸʥʘʣʠʟ ʤʘʢʨʦʦʩʪʘʪʢʦʚ ʤʘʢʨʦʬʠʪʦʚ ʦʟ. ʂʨʘʢʝʥʝʩ, ʚʦʩʪʦʯʥʘʷ ʅʦʨʚʝʛʠʷ, ʜʘʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʣʠʷʥʠʠ ʢʣʠʤʘʪʘ ʥʘ ʩʦʦʙʱʝʩʪʚʘ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ [Birks, 2000]. ʆʢʦʣʦ 14 

ʪʳʩ. ʢʘʣ. ʣ. ʥ. ʧʦʩʣʝ ʜʝʛʣʷʮʠʘʮʠʠ ʧʠʦʥʝʨʘʤʠ ʙʳʣʠ Nitella sp. ʠ Ranunculus sect. Batrachium, 

ʠʟʚʝʩʪʥʳʝ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʙʳʩʪʨʦʡ ʢʦʣʦʥʠʟʘʮʠʠ ʚʦʜʦʝʤʦʚ [Bennike, 1995; Fredskild, 

1992; Rßrslett, 1989; Stewart, 1996; Wade, 1990]. ɺ ʢʦʥʮʝ ʘʣʣʝʨʝʜʘ (14-12,5 ʪʳʩ. ʢʘʣ. ʣ. ʥ.) 

ʩʦʭʨʘʥʷʣʩʷ ʭʦʣʦʜʥʳʡ ʢʣʠʤʘʪ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʨʘʟʚʠʪʠʶ ʤʘʢʨʦʬʠʪʦʚ, ʦʜʥʘʢʦ ʧʦʷʚʠʣʠʩʴ 

ʧʝʨʚʳʝ ʚʠʜʳ Potamogeton. ɺ ʨʘʥʥʝʤ ʜʨʠʘʩʝ ʙʳʩʪʨʦʝ ʫʭʫʜʰʝʥʠʝ ʢʣʠʤʘʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ ʚʳʟʚʘʣʠ ʠʩʯʝʟʥʦʚʝʥʠʝ Ranunculus sect. Batrachium ʠ ʩʥʠʞʝʥʠʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ Nitella sp. ɺ ʣʝʜʥʠʢʦʚʦʤ ʧʝʨʠʦʜʝ (12,5-11,5 ʪʳʩ. ʢʘʣ. ʣ. ʥ.) ʦʟʝʨʦ ʙʳʣʦ 

ʧʦʢʨʳʪʦ ʣʴʜʦʤ. ʅʘʯʘʚʰʘʷʩʷ ʚ ʛʦʣʦʮʝʥʝ ʜʝʛʣʷʮʠʘʮʠʷ ʠ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ 

ʠʥʜʠʮʠʨʫʝʪʩʷ ʙʳʩʪʨʳʤ ʧʦʷʚʣʝʥʠʝʤ Ranunculus sect. Batrachium ʠ Nitella sp., ʧʦʟʜʥʝʝ ï 

Limosella aquatica ʠ Subularia aquatica. 11,5 ʪʳʩ. ʢʘʣ. ʣ. ʥ. ʧʦʷʚʠʣʩʷ ʜʨʫʛʦʡ ʧʠʦʥʝʨʥʳʡ ʚʠʜ 

ï Myriophyllum alterniflorum. ɺʦʜʦʝʤ ʟʘʩʝʣʷʶʪ Iso±tes echinospora ʠ Elatine hydropiper, 

ʧʦʷʚʠʣʠʩʴ ʩʧʦʨʳ Fontinalis antipyretica. ʉʦʦʙʱʝʩʪʚʘ ʤʘʢʨʦʬʠʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ 

ʦʣʠʛʦʪʨʦʬʥʦ-ʤʝʟʦʪʨʦʬʥʦʤ ʩʪʘʪʫʩʝ ʦʟʝʨʘ. 10,7 ʪʳʩ. ʢʘʣ. ʣ. ʥ. ʥʘʯʘʣʦʩʴ ʩʥʠʞʝʥʠʝ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʘʢʨʦʬʠʪʦʚ, ʩʚʷʟʘʥʥʦʝ ʩ ʧʦʷʚʣʝʥʠʝʤ ʚʠʜʦʚ Potamogeton. 10,1 ʪʳʩ ʢʘʣ. ʣ. ʥ. 

ʨʘʩʩʝʣʠʣʠʩʴ Nymphaea sp. ʠ Potamogeton sp. ʇʨʝʜʩʪʘʚʠʪʝʣʠ Nymphaea ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ ʚʠʜʘʤʠ [Preston & Croft, 1997], ʬʦʨʤʠʨʫʶʱʠʤʠ 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʫʶ ʚʦʜʥʫʶ ʩʨʝʜʫ [Gran®li & Solander, 1988]. ʆʢʦʣʦ 9800 ʢʘʣ. ʣ. ʥ. ʦʟʝʨʦ 

ʟʘʩʝʣʠʣʦʩʴ Iso±tes lacustris, ʧʦʩʣʝ ʯʝʛʦ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʪʘʙʠʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ 

ʤʘʢʨʦʬʠʪʦʚ, ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. 

ʇʦʤʠʤʦ ʤʘʢʨʦʦʩʪʘʪʢʦʚ ʜʣʷ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʠʡ ʥʝʨʝʜʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ sedaDNA 

(ʦʩʪʘʪʦʯʥʘʷ ɼʅʂ ʚ ʦʪʣʦʞʝʥʠʷʭ) ʤʘʢʨʦʬʠʪʦʚ. ʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʦʟ. ɹʘʣʳʢʪʫʢʝʣʴ ʥʘ ɸʣʪʘʝ [Karachurina et al., 2023], ʚʢʣʶʯʘʶʱʠʝ ʘʥʘʣʠʟ 

sedaDNA ʤʘʢʨʦʬʠʪʦʚ, ʧʦʟʚʦʣʠʣʠ ʠʟʫʯʠʪʴ ʠʟʤʝʥʝʥʠʝ ʪʨʦʬʥʦʩʪʠ ʚʦʜʦʝʤʘ ʟʘ ʧʦʩʣʝʜʥʠʝ 

7000 ʣʝʪ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ (6950-6000 ʢʘʣ. ʣ. ʥ.) ʜʦʤʠʥʘʥʪʘʤʠ ʷʚʣʷʶʪʩʷ Ceratophyllum 

demersum ʠ Myriophyllum sibiricum ï ʠʥʜʠʢʘʪʦʨʳ ʵʚʪʨʦʬʥʦʛʦ ʠʣʠ ʧʝʨʝʭʦʜʥʦʛʦ ʢ 

ʵʚʪʨʦʬʥʦʤʫ ʩʪʘʪʫʩʫ ʦʟʝʨʘ [ʄʘʢʨʦʬʠʪʳ..., 1993; Wilmanns, 1998; Kuzmichev et al., 2009; 

Chepinova, Rosbakh, 2012]. ɼʣʷ ʚʪʦʨʦʛʦ ʵʪʘʧʘ (6000-2600 ʢʘʣ. ʣ. ʥ.) ʭʘʨʘʢʪʝʨʥʦ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʦʣʠʛʦ-ʤʝʟʦʪʨʦʬʥʳʭ ʚʠʜʦʚ ï Potamogeton alpinus ʠ Ceratophyllum demersum. 

ʇʨʠʩʫʪʩʪʚʠʝ Ranunculus sect. Batrachium ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʰʠʨʦʢʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ 

ʤʝʣʢʦʚʦʜʠʡ. ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ (ʩ 2500 ʢʘʣ. ʣ. ʥ. ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ) ʜʦʤʠʥʠʨʫʶʪ ʦʣʠʛʦ-

ʤʝʟʦʪʨʦʬʥʳʝ ʚʠʜʳ ï Potamogeton alpinus ʠ Callitriche hermaphroditica. 

ʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ sedaDNA ʠ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʦʟʜʥʝʣʝʜʥʠʢʦʚʦʡ ʠ ʛʦʣʦʮʝʥʦʚʦʡ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ 
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ʦʟʝʨ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʗʢʫʪʠʠ [Baisheva et al., 2024]. ʇʨʠʩʫʪʩʪʚʠʝ Nuphar lutea ʠ 

Pediastrum sp. ʦʢʦʣʦ 18,4 ʪʳʩ. ʢʘʣ. ʣ. ʥ. ʛʦʚʦʨʠʪ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʝʣʢʦʚʦʜʥʦʩʪʠ ʚʦʜʦʝʤʘ. 

ʇʦʩʪʝʧʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʨʦʣʠ Potamogeton perfoliatus ʠ P. praelongus ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ʚʦʜʳ, ʥʘʯʠʥʘʷ ʩ 14,4 ʪʳʩ. ʢʘʣ. ʣ. ʥ.  

ɼʨʫʛʘʷ ʨʘʙʦʪʘ ʩ ʠʟʫʯʝʥʠʝʤ ʧʳʣʴʮʳ ʠ sedaDNA ʤʘʢʨʦʬʠʪʦʚ [Li  et al., 2024] 

ʧʦʩʚʷʱʝʥʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʦʟʝʨʘ ʕʤʫ ʂʦ, ʟʘʧʘʜ ʊʠʙʝʪʩʢʦʛʦ ʧʣʘʪʦ, ʚ 

ʛʦʣʦʮʝʥʝ ʠ ʝʛʦ ʨʝʘʢʮʠʷʤ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ (12,6-9,7 ʪʳʩ. ʢʘʣ. ʣ. 

ʥ.) ʚ ʦʟʝʨʝ ʦʙʠʪʘʣʠ ʩʦʣʦʥʦʚʦʜʥʳʝ ʚʠʜʳ ï ʚʥʘʯʘʣʝ Stuckenia pectinata ʠ Stuckenia filiformis, 

ʧʦʟʜʥʝʝ ʨʘʩʩʝʣʠʣʩʷ ʤʝʥʝʝ ʪʦʣʝʨʘʥʪʥʳʡ ʢ ʚʳʩʦʢʦʡ ʩʦʣʝʥʦʩʪʠ ʚʠʜ Myriophyllum sibiricum. ɺ 

ʧʝʨʠʦʜ 9700-5000 ʢʘʣ. ʣ. ʥ. ʥʘʯʠʥʘʶʪ ʧʨʝʦʙʣʘʜʘʪʴ ʧʨʝʩʥʦʚʦʜʥʳʝ ʚʠʜʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʨʜʝʩʪʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʦʝʤʝ 

[Spence, 1967; Duigan et al., 2007]. ʇʨʠʩʫʪʩʪʚʠʝ Callitriche hermaphroditica ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʪʝʧʣʦʤ ʢʣʠʤʘʪʝ. ʇʦʩʣʝ 5000 ʢʘʣ. ʣ. ʥ. ʧʨʦʠʟʦʰʣʦ ʧʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʕʤʫ ʂʦ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʩʥʠʞʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʘʢʨʦʬʠʪʦʚ ʠ ʢʦʣʠʯʝʩʪʚʘ sedaDNA, ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʩʦʢ, ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Pediastrum sp. [Jiang et al., 2013; Wu et 

al., 2015]. ʇʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʳʣʴʮʳ Potamogeton sp. ʚ ʧʝʨʠʦʜ ʩ 4100 ʧʦ 1000 ʢʘʣ. ʣ. 

ʥ. ʠʥʜʠʮʠʨʫʝʪ ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʦʙʠʪʘʥʠʷ ʚ ʦʟʝʨʝ. ʇʦʟʜʥʝʝ ʨʝʟʢʦ ʚʦʟʨʦʩʣʦ ʩʦʜʝʨʞʘʥʠʝ 

ʦʙʠʪʘʶʱʠʭ ʚ ʙʦʛʘʪʦʡ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʩʨʝʜʝ ʪʘʢʩʦʥʦʚ (Potamogeton crispus). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʢʨʦʬʠʪʦʚ ʧʦʟʚʦʣʷʶʪ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʪʨʦʬʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʠ ʩʪʝʧʝʥʴ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʦʝʤʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʑʫʯʴʝʛʦ ʟʘʣʠʚʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʧʦʢʘʟʘʣʦ ʟʘʨʘʩʪʘʥʠʝ ʤʘʢʨʦʬʠʪʘʤʠ ʧʦ 

ʤʝʨʝ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʛʦ ʢʦʤʙʠʥʘʪʘ [ɸʥʜʨʦʥʠʢʦʚʘ, ʈʘʩʧʦʧʦʚ, 2007]. ʇʠʦʥʝʨʥʳʤʠ ʚʠʜʘʤʠ 

ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʩʙʨʦʩʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʢʦʤʙʠʥʘʪʘ ʩʪʘʣʠ ʫʩʪʦʡʯʠʚʳʝ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʧʦʣʣʶʪʘʥʪʦʚ Typha latifolia, Cicuta virosa ʠ Bidens tripartite. ʇʦʩʪʝʧʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʟʘʣʠʚʝ ʬʠʢʩʠʨʫʝʪʩʷ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʧʣʘʚʘʶʱʠʭ ʤʘʢʨʦʬʠʪʦʚ (Polygonum amphibium, Sagittaria sagittifolia). ʇʦʩʣʝʜʥʠʤʠ, ʧʦ 

ʤʝʨʝ ʚʳʤʳʚʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʦʦʙʱʝʩʪʚʘ ʧʦʛʨʫʞʝʥʥʳʭ 

ʤʘʢʨʦʬʠʪʦʚ (Potamogeton perfoliatus, Myriophyllum spicatum ʠ Elodea canadensis). 

ʄʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʪʩʢʠʭ ʦʟʝʨ [Sßndergaard et al., 2009] ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦ ʪʦʤ, ʯʪʦ Lobelia sp., Iso±tes sp., Potamogeton gramineus, Potamogeton alpinus ʠ 

Potamogeton filiformis ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʠʥʜʠʢʘʪʦʨʘʤʠ ʥʝʜʦʩʪʘʪʢʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

ɸʩʩʦʮʠʘʮʠʠ Phragmitetum communis ʩʣʫʞʘʪ ʠʥʜʠʢʘʪʦʨʘʤʠ ʪʨʦʬʥʦʩʪʠ ʚʦʜʦʝʤʦʚ, ʘ 

ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʷ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ [Peğechaty, 1999]. Typha angustifolia ʷʚʣʷʝʪʩʷ 

ʪʠʧʠʯʥʳʤ ʚʠʜʦʤ ʜʣʷ ʵʚʪʨʦʬʥʳʭ ʠ ʤʝʟʦʪʨʦʬʥʳʭ ʦʟʝʨ, ʪʘʢʞʝ ʦʥ ʤʦʞʝʪ ʦʙʠʪʘʪʴ ʚ 
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ʩʦʣʦʥʦʚʘʪʦʡ ʚʦʜʝ [Grace, Harisson, 1986; Hansen et al., 1988]. ɺ ʚʦʜʦʝʤʘʭ, ʛʜʝ ʦʙʠʪʘʶʪ 

ʩʦʚʤʝʩʪʥʦ Typha angustifolia ʠ Typha latifolia, ʧʝʨʚʳʡ ʦʙʳʯʥʦ ʟʘʩʝʣʷʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ 

ʫʯʘʩʪʢʠ (80 ʩʤ ʠ ʛʣʫʙʞʝ) [Grace, Wetzel, 1982]. ʇʨʠʩʫʪʩʪʚʠʝ Sparganium erectum ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʠʥʜʠʢʘʪʦʨʦʤ ʦʟʝʨ, ʙʦʛʘʪʳʭ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ [Robiansyah et al., 2010]. 

ʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʟ. ʊʘʡʭʫ ʚ ʚʦʩʪʦʯʥʦʤ ʂʠʪʘʝ, ʚʢʣʶʯʘʶʱʠʝ 

ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʡ ʠ ʙʦʪʘʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟʳ, ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʜʠʥʘʤʠʢʠ ʤʘʢʨʦʬʠʪʦʚ ʚ ʧʝʨʠʦʜ ʩ 1900 ʛʦʜʘ [Zhang et al., 2022]. ʇʝʨʚʳʡ ʧʝʨʠʦʜ (ʜʦ 1960-

ʛʦ ʛʦʜʘ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʩʠʣʴʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʣʥ ʠ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʫʨʦʚʥʷ ʚʦʜʳ. ɺ ʚʦʜʦʝʤʝ ʦʙʠʪʘʣʠ 

Potamogeton malaianus, Vallisneria natans, Hydrilla verticillata ʠ Myriophyllum spicatum, 

ʠʥʜʠʮʠʨʫʶʱʠʝ ʦʣʠʛʦʪʨʦʬʥʦ-ʤʝʟʦʪʨʦʬʥʳʝ ʫʩʣʦʚʠʷ. ɺʦ ʚʪʦʨʦʤ ʧʝʨʠʦʜʝ (1960-1998 ʛʛ.) 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʘʩʴ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʦʟʝʨʦ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩʣʦ 

ʧʦʩʪʫʧʣʝʥʠʝ ʙʠʦʛʝʥʦʚ, ʦʜʥʘʢʦ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʠʭ 

ʥʝʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʋʨʦʚʝʥʴ ʚʦʜʳ ʥʘʯʘʣ ʩʥʠʞʘʪʴʩʷ, ʯʪʦ ʚʳʟʚʘʣʦ ʫʚʝʣʠʯʝʥʠʝ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʘʢʨʦʬʠʪʦʚ ʠ ʨʘʩʩʝʣʝʥʠʝ Chara sp. ʠ Nitella sp. ɺ ʪʨʝʪʴʝʤ ʧʝʨʠʦʜʝ (ʧʦʩʣʝ 

1998 ʛʦʜʘ) ʦʟ. ʊʘʡʭʫ ʩʠʣʴʥʦ ʵʚʪʨʦʬʠʨʦʚʘʣʦʩʴ, ʦ ʯʝʤ ʧʦʤʠʤʦ ʧʨʦʯʝʛʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʘʢʪʠʚʥʦʝ ʨʘʟʨʘʩʪʘʥʠʝ ʚʦʜʦʨʦʩʣʝʡ Pediastrum sp., ʧʨʝʜʧʦʯʠʪʘʶʱʠʭ ʵʚʪʨʦʬʥʳʝ ʩʪʦʷʯʠʝ 

ʚʦʜʦʝʤʳ. ʈʦʣʴ ʭʘʨʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʩʥʠʟʠʣʘʩʴ, ʚʦʟʨʦʩʣʘ ʜʦʣʷ ʧʣʘʚʘʶʱʠʭ ʤʘʢʨʦʬʠʪʦʚ 

(ʥʠʤʬʝʡʥʳʭ ʠ Trapa sp.) ʠ ʪʦʣʝʨʘʥʪʥʳʭ ʢ ʧʦʚʳʰʝʥʥʦʡ ʪʨʦʬʥʦʩʪʠ ʧʦʛʨʫʞʝʥʥʳʭ 

ʤʘʢʨʦʬʠʪʦʚ (Ceratophyllum demersum, Myriophyllum spicatum ʠ Potamogeton crispus).  

ɼʦʣʛʦʩʨʦʯʥʘʷ ʜʠʥʘʤʠʢʘ ʤʘʢʨʦʬʠʪʦʚ ʚ ʦʟ. ʌʝʣʙʨʠʛʛ, ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ɸʥʛʣʠʷ, ʟʘ 

ʧʦʩʣʝʜʥʠʝ 250 ʣʝʪ ʠʟʫʯʝʥʘ ʚ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʥʳʭ ʨʘʙʦʪ [Sayer et al., 2010] 

ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʤ ʠ ʙʦʪʘʥʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ. ɹʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʢʦʥʦʤʝʨʥʘʷ ʩʤʝʥʘ 

ʤʘʢʨʦʬʠʪʦʚ ʩ MyriophyllumïCharaïPotamogeton (ʜʦ 1900 ʛ.) ʥʘ CeratophyllumïCharaï

Potamogeton (1900-1960 ʛʛ.) ʠ ʥʘʢʦʥʝʮ ʥʘ ZannichelliaïPotamogeton (ʧʦʩʣʝ 1960 ʛ.) 

ʩʦʦʙʱʝʩʪʚʘ. ɼʘʥʥʘʷ ʜʠʥʘʤʠʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʯʘʩʪʥʦʩʪʠ ʦʙ ʵʚʪʨʦʬʠʢʘʮʠʠ ʚʦʜʦʝʤʘ. 

ʇʦʷʚʣʝʥʠʝ Ceratophyllum demersum, ʨʘʩʪʫʱʝʛʦ ʚ ʵʚʪʨʦʬʥʳʭ ʤʝʣʢʦʚʦʜʥʳʭ ʚʦʜʦʝʤʘʭ 

[Mjelde & Faafeng, 1997; Kennison, Dunsford & Schutten, 1998], ʚʝʨʦʷʪʥʦ ʠʥʜʠʮʠʨʫʝʪ 

ʫʚʝʣʠʯʝʥʠʝ ʧʦʩʪʫʧʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʪʘʙʣʠʮʫ, 

ʦʪʨʘʞʘʶʱʫʶ ʠʥʜʠʢʘʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʢʨʦʬʠʪʦʚ (ʪʘʙʣʠʮʘ 2), ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ 

ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʚ ʦʪʣʦʞʝʥʠʷʭ ʥʘ ʦʩʪʨʦʚʘʭ ɺʘʣʘʘʤ ʠ ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʚ ʃʘʜʦʞʩʢʦʤ ʦʟʝʨʝ. 

ʆʮʝʥʠʚʘʪʴ ʢʦʣʝʙʘʥʠʷ ʢʣʠʤʘʪʘ ʠʣʠ ʜʠʥʘʤʠʢʫ ʚʦʜʦʝʤʘ ʪʦʣʴʢʦ ʧʦ ʦʜʥʦʤʫ ʪʘʢʩʦʥʫ 

ʥʝʢʦʨʨʝʢʪʥʦ, ʦʜʥʘʢʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʠʜʦʚ ʤʦʞʝʪ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ 

ʠʟʤʝʥʝʥʠʷʭ ʚ ʧʨʦʰʣʦʤ. 
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ʊʘʙʣʠʮʘ 2 ï ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʟʥʘʯʝʥʠʷ ʤʘʢʨʦʬʠʪʦʚ ʜʣʷ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʠʡ 

ʊʘʢʩʦʥ  ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʊʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʀʩʪʦʯʥʠʢ 

Nitella sp.  
ʇʠʦʥʝʨʥʳʡ ʚʠʜ ʧʨʠ ʟʘʩʝʣʝʥʠʠ ʚʦʜʦʝʤʘ ɺʦʩʪʦʯʥʘʷ ʅʦʨʚʝʛʠʷ [Birks, 2000] 

ɺʳʩʦʢʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʦʜʳ ʉʝʚʝʨʥʘʷ ʌʠʥʣʷʥʜʠʷ [Valiranta et al., 2011] 

Ranunculus sect. 

Batrachium  

ʇʠʦʥʝʨʥʳʡ ʚʠʜ ʧʨʠ ʟʘʩʝʣʝʥʠʠ ʚʦʜʦʝʤʘ ɺʦʩʪʦʯʥʘʷ ʅʦʨʚʝʛʠʷ [Birks, 2000] 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʣʢʦʚʦʜʠʡ ɸʣʪʘʡ [Karachurina et al., 2023] 

Myriophyllum 

alterniflorum 
ʇʠʦʥʝʨʥʳʡ ʚʠʜ ʧʨʠ ʟʘʩʝʣʝʥʠʠ ʚʦʜʦʝʤʘ ɺʦʩʪʦʯʥʘʷ ʅʦʨʚʝʛʠʷ [Birks, 2000] 

Ceratophyllum demersum  
ʇʦʪʝʧʣʝʥʠʝ ʢʣʠʤʘʪʘ ʉɿ ʇʦʣʴʰʘ [Galka et al., 2019] 

ʕʚʪʨʦʬʥʳʡ ʩʪʘʪʫʩ ʚʦʜʦʝʤʘ ɸʣʪʘʡ [Karachurina et al., 2023] 

Myriophyllum sibiricum  ʕʚʪʨʦʬʥʳʡ ʩʪʘʪʫʩ ʚʦʜʦʝʤʘ ɸʣʪʘʡ [Karachurina et al., 2023] 

Cladium mariscus ʇʦʪʝʧʣʝʥʠʝ ʢʣʠʤʘʪʘ (ʚ ʨʘʥʥʝʤ ʛʦʣʦʮʝʥʝ) ʉɿ ʇʦʣʴʰʘ [Galka et al., 2019] 

Potamogeton alpinus  
ʆʣʠʛʦ-ʤʝʟʦʪʨʦʬʥʳʡ ʩʪʘʪʫʩ ʚʦʜʦʝʤʘ ɸʣʪʘʡ [Karachurina et al., 2023] 

ʆʣʠʛʦʪʨʦʬʥʳʡ ʩʪʘʪʫʩ ʚʦʜʦʝʤʘ ɼʘʥʠʷ [Sßndergaard et al., 2009] 

Ceratophyllum demersum ʆʣʠʛʦ-ʤʝʟʦʪʨʦʬʥʳʡ ʩʪʘʪʫʩ ʚʦʜʦʝʤʘ 
ɸʣʪʘʡ [Karachurina et al., 2023] 

ʖɺ ɸʥʛʣʠʷ [Sayer et al., 2010] 

Callitriche 

hermaphroditica 

ʆʣʠʛʦ-ʤʝʟʦʪʨʦʬʥʳʡ ʩʪʘʪʫʩ ʚʦʜʦʝʤʘ ɸʣʪʘʡ [Karachurina et al., 2023] 

ʊʝʧʣʳʡ ʢʣʠʤʘʪ ɿʘʧʘʜ ʊʠʙʝʪʩʢʦʛʦ ʧʣʘʪʦ [Li et al., 2024] 

Nuphar lutea  ʄʝʣʢʦʚʦʜʥʦʩʪʴ ʚʦʜʦʝʤʘ ʖɺ ʗʢʫʪʠʷ [Baisheva et al., 2024] 

Pediastrum sp.  
ʄʝʣʢʦʚʦʜʥʦʩʪʴ ʚʦʜʦʝʤʘ ʖɺ ʗʢʫʪʠʷ [Baisheva et al., 2024] 

ʕʚʪʨʦʬʥʳʡ ʩʪʘʪʫʩ ʚʦʜʦʝʤʘ ɺʦʩʪʦʯʥʳʡ ʂʠʪʘʡ [Zhang et al., 2022] 

Potamogeton perfoliatus  ʈʘʩʩʝʣʝʥʠʝ ï ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʚʦʜʦʝʤʘ ʖɺ ʗʢʫʪʠʷ [Baisheva et al., 2024] 

Potamogeton praelongus ʈʘʩʩʝʣʝʥʠʝ ï ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʚʦʜʦʝʤʘ ʖɺ ʗʢʫʪʠʷ [Baisheva et al., 20240 

Potamogeton crispus ʕʚʪʨʦʬʥʳʡ ʩʪʘʪʫʩ ʚʦʜʦʝʤʘ ɿʘʧʘʜ ʊʠʙʝʪʩʢʦʛʦ ʧʣʘʪʦ [Li et al., 2024] 

Iso±tes sp. ʆʣʠʛʦʪʨʦʬʥʳʡ ʩʪʘʪʫʩ ʚʦʜʦʝʤʘ ɼʘʥʠʷ [Sßndergaard et al., 2009] 

Cladium sp.  
ʈʘʩʩʝʣʝʥʠʝ ï ʧʦʞʘʨʥʘʷ ʠ ʠʥʘʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ 
ʇʠʨʝʥʝʡʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ [Scussolini et al., 2011] 
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ʇʨʦʜʦʣʞʝʥʠʝ ʊʘʙʣʠʮʳ 2 ï ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʟʥʘʯʝʥʠʷ ʤʘʢʨʦʬʠʪʦʚ ʜʣʷ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʠʡ 

ʊʘʢʩʦʥ  ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʊʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʀʩʪʦʯʥʠʢ 

Myriophyllum spicatum ʆʣʠʛʦ-ʤʝʟʦʪʨʦʬʥʳʡ ʩʪʘʪʫʩ ʚʦʜʦʝʤʘ ɺʦʩʪʦʯʥʳʡ ʂʠʪʘʡ [Zhang et al., 2022] 

Potamogeton filiformis 
ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Ca ʚ ʚʦʜʦʝʤʝ ʉɿ ʇʦʣʴʰʘ [Galka, Sznel, 2013] 

ʆʣʠʛʦʪʨʦʬʥʳʡ ʩʪʘʪʫʩ ʚʦʜʦʝʤʘ ɼʘʥʠʷ [Sßndergaard et al., 2009] 

Potamogeton natans ʄʝʣʢʦʚʦʜʥʦʩʪʴ ʚʦʜʦʝʤʘ ʉɿ ʇʦʣʴʰʘ [Galka, Sznel, 2013] 

Nymphaea alba  ʄʝʣʢʦʚʦʜʥʦʩʪʴ ʚʦʜʦʝʤʘ ʉɿ ʇʦʣʴʰʘ [Galka, Sznel, 2013] 

Typha sp. 
ʄʝʣʢʦʚʦʜʥʦʩʪʴ ʚʦʜʦʝʤʘ ʉɿ ʇʦʣʴʰʘ [Galka, Sznel, 2013] 

ʇʦʪʝʧʣʝʥʠʝ ʢʣʠʤʘʪʘ [ʚ ʨʘʥʥʝʤ ʛʦʣʦʮʝʥʝ] ʉɿ ʇʦʣʴʰʘ [Galka, Sznel, 2013] 

Najas flexilis ʀʥʜʠʢʘʪʦʨ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʦʧʪʠʤʫʤʘ ʛʦʣʦʮʝʥʘ ʉɿ ʇʦʣʴʰʘ [Galka, Sznel, 2013] 

Potamogeton lucens ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Ca ʚ ʚʦʜʦʝʤʝ ʉɿ ʇʦʣʴʰʘ [Galka, Sznel, 2013] 

Potamogeton gramineus ʆʣʠʛʦʪʨʦʬʥʳʡ ʩʪʘʪʫʩ ʚʦʜʦʝʤʘ ɼʘʥʠʷ [Sßndergaard et al., 2009] 

Sparganium erectum  ʄʝʟʦ- ʠ ʵʚʪʨʦʬʥʳʡ ʩʪʘʪʫʩ ʚʦʜʦʝʤʘ ɿʘʧʘʜʥʘʷ ʇʦʣʴʰʘ [Robiansyah et al., 2010] 
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1.3 ʃʘʜʦʞʩʢʘʷ ʪʨʘʥʩʛʨʝʩʩʠʷ  

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʩʚʷʟʘʥʦ ʩ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʬʘʟʘʤʠ 

ʪʨʘʥʩʛʨʝʩʩʠʠ ʠ ʨʝʛʨʝʩʩʠʠ, ʟʘ ʩʚʦʶ ʠʩʪʦʨʠʶ ʚʦʜʦʝʤ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʝʪʝʨʧʝʚʘʣ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ (ʪʘʙʣʠʮʘ 3).  

ʊʘʙʣʠʮʘ 3 ï ʕʪʘʧʳ ʨʘʟʚʠʪʠʷ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʛʦʣʦʮʝʥʝ ʠ ʧʣʝʡʩʪʦʮʝʥʝ [ʃʘʜʦʛʘ, 2013] 

ɺʦʟʨʘʩʪ, ʣʝʪ ʥʘʟʘʜ ʇʝʨʠʦʜ ʛʦʣʦʮʝʥʘ ʉʦʩʪʦʷʥʠʝ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ 

0 ï 2500 
ʉʦʚʨʝʤʝʥʥʳʡ - 

ʉʫʙʘʪʣʘʥʪʠʯʝʩʢʠʡ 
ʀʟʦʣʠʨʦʚʘʥʥʳʡ ʚʦʜʦʝʤ 

2500 ï 5000 ʉʫʙʙʦʨʝʘʣʴʥʳʡ 

5000 ï 8000 ɸʪʣʘʥʪʠʯʝʩʢʠʡ 

8000 ï 9000 ɹʦʨʝʘʣʴʥʳʡ ɿʘʣʠʚ ɸʥʮʠʣʦʚʦʛʦ ʦʟʝʨʘ 

9000 ï 10000 ʇʨʝʙʦʨʝʘʣʴʥʳʡ ʀʟʦʣʠʨʦʚʘʥʥʳʡ ʚʦʜʦʝʤ 

10000 ï 11000 ʇʦʟʜʥʠʡ ʜʨʠʘʩ ɿʘʣʠʚ ɹʘʣʪʠʡʩʢʦʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʦʟʝʨʘ 

11000 ï 12500 ɸʣʣʝʨʸʜ ʠ ʩʨʝʜʥʠʡ ʜʨʠʘʩ ʇʣʝʩ ʧʨʠʣʝʜʥʠʢʦʚʦʛʦ ʦʟʝʨʘ ʈʘʤʩʝʷ 

12500 ï 13000 ɹʸʣʣʠʥʛ ʃʝʜʥʠʢ 

ɺ ʛʦʣʦʮʝʥʦʚʦʡ ʠʩʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚʳʜʝʣʷʶʪ ʪʨʠ ʢʨʫʧʥʝʡʰʠʭ 

ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʭ ʵʪʘʧʘ: ɸʥʮʠʣʦʚʘʷ ʪʨʘʥʩʛʨʝʩʩʠʷ ʚ ʨʘʥʥʝʤ ʛʦʣʦʮʝʥʝ, 

ʧʦʩʣʝʜʦʚʘʚʰʘʷ ʨʝʛʨʝʩʩʠʷ ʚ ʩʨʝʜʥʝʤ ʛʦʣʦʮʝʥʝ ʠ ʥʘʢʦʥʝʮ ʥʘʯʘʚʰʘʷʩʷ ʦʢʦʣʦ 5000 ʣʝʪ ʥʘʟʘʜ 

ʃʘʜʦʞʩʢʘʷ ʪʨʘʥʩʛʨʝʩʩʠʷ. ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʦʩʣʝʜʥʝʡ ʚʧʝʨʚʳʝ ʚʳʩʢʘʟʘʣ ɸ.ɸ. 

ʀʥʦʩʪʨʘʥʮʝʚ [1882], ʟʘʪʝʤ ʰʚʝʜʩʢʠʡ ʫʯʝʥʳʡ ɼʝ ɻʝʝʨ [De Geer, 1893] ʠ ʧʦʟʜʥʝʝ ʦʙʦʩʥʦʚʘʣ 

ʖ. ɸʡʣʠʦ [Ailio, 1915]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʃʘʜʦʞʩʢʫ  ʁʪʨʘʥʩʛʨʝʩʩʠʁ ʠʟʫʯʘʣʠ ʠʥʦʩʪʨʘʥʥʳʝ 

[Hyyppa, 1943; Saarnisto, Gronlund, 1996] ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ [ʄʘʨʢʦʚ, 1949; ʂʚʘʩʦʚ, 1990; 

ʂʦʰʝʯʢʠʥ, ʕʢʤʘʥ, 1993; ʄʘʣʘʭʦʚʩʢʠʡ ʠ ʜʨ., 1993, ɺʝʨʟʠʣʠʥ, ʂʣʝʡʤʝʥʦʚʘ, 2006; ʐʠʪʦʚ, 

2007; ɸʣʝʢʩʘʥʜʨʦʚʩʢʠʡ ʠ ʜʨ., 2009; ʉʫʙʝʪʪʦ, 2009; ɸʤʘʥʪʦʚ ʠ ʜʨ., 2016; ʉʘʧʝʣʢʦ ʠ ʜʨ., 

2018; 2019 ʠ ʜʨ.]. ʊʨʘʥʩʛʨʝʩʩʠʷ ʜʣʠʣʘʩʴ ʦʢʦʣʦ 2000 ʣʝʪ ʠ ʟʘʚʝʨʰʠʣʘʩʴ ʧʦʩʪʝʧʝʥʥʳʤ 

ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʃʘʜʦʛʠ ʜʦ ʩʦʚʨʝʤʝʥʥʦʡ ʦʪʤʝʪʢʠ ʦʢʦʣʦ 5 ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ 

[ʉʫʙʝʪʪʦ, 2009], ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʠʟʦʣʷʮʠʝʡ ʠʟʫʯʘʝʤʳʭ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ. ʅʘʠʙʦʣʝʝ 

ʦʙʱʝʧʨʠʥʷʪʦʡ ʪʝʦʨʠʝʡ ʦ ʧʨʠʯʠʥʘʭ ʥʘʯʘʣʘ ʨʝʛʨʝʩʩʠʠ ʷʚʣʷʝʪʩʷ ʧʨʝʢʨʘʱʝʥʠʝ ʩʪʦʢʘ ʠʟ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ɹʘʣʪʠʢʫ ʚʩʣʝʜʩʪʚʠʝ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʧʦʨʦʛʘ ʩʪʦʢʘ, 

ʨʘʩʧʦʣʘʛʘʚʰʝʛʦʩʷ ʚ ʨʘʡʦʥʝ ʧʦʩ. ɺʝʱʝʚʦ (ʂʘʨʝʣʴʩʢʠʡ ʧʝʨʝʰʝʝʢ).  ʇʦʩʣʝ ʵʪʦʛʦ ʦʢʦʣʦ 3100 

ʣʝʪ ʥʘʟʘʜ ʚʦʟʥʠʢʣʘ ʨ. ʅʝʚʘ, ʠ ʩʪʦʢ ʩʪʘʣ ʧʨʦʠʩʭʦʜʠʪʴ ʶʞʥʝʝ [ʄʘʨʢʦʚ, 1949; ʀʩʪʦʨʠʷ 

ʃʘʜʦʞʩʢʦʛʦé, 1990; ʂʦʰʝʯʢʠʥ ʠ ʜʨ., 1992; ɸʣʝʢʩʘʥʜʨʦʚʩʢʠʡ ʠ ʜʨ., 2009; ʉʫʙʝʪʪʦ, 2009].  
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ɹʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩʣʦʞʥʘʷ ʧʨʠʨʦʜʘ ʪʨʘʥʩʛʨʝʩʩʠʠ ï ʧʦʤʠʤʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʣ ʠʟʦʩʪʘʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ. ʀʟ-ʟʘ ʥʝʨʘʚʥʦʤʝʨʥʳʭ 

ʩʢʦʨʦʩʪʝʡ ʧʦʜʥʷʪʠʷ ʙʝʨʝʛʦʚ ʪʨʘʥʩʛʨʝʩʩʠʷ ʚ ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʷʭ ʦʟʝʨʘ ʧʨʦʠʩʭʦʜʠʣʘ ʩ 

ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʠ ʘʤʧʣʠʪʫʜʦʡ [ɹʠʩʢʵ ʠ ʜʨ., 1971; ʃʠʡʚʘ ʠ ʜʨ., 1971; ɸʤʘʥʪʦʚ, 2014; 

ʉʘʧʝʣʢʦ ʠ ʜʨ., 2018; 2019]. ɼʣʷ ʶʞʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʃʘʜʦʞʩʢʦʡ 

ʪʨʘʥʩʛʨʝʩʩʠʠ ʧʦ ʜʘʥʥʳʤ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 14-22 ʤ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ï 400-1000 ʣʝʪ [Ailio, 1915; ʄʘʨʢʦʚ, 1949; Saarnisto, Grºnlund, 1996]. 

ɼʣʷ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʵʪʦ 18-22 ʤ ʠ ʦʢʦʣʦ 2000 ʣʝʪ [Delusin, Donner, 1995; ʐʠʪʦʚ, 2007; 

ʉʫʙʝʪʪʦ, 2009; ʉʘʧʝʣʢʦ ʠ ʜʨ., 2014; 2018]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʥʳʝ ʨʘʡʦʥʳ ʃʘʜʦʞʩʢʦʛʦ 

ʦʟʝʨʘ ʧʨʦʜʦʣʞʘʣʠ ʠʩʧʳʪʳʚʘʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʠʟʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʜʥʷʪʠʝ. ɺ ʭʦʜʝ ʨʝʛʨʝʩʩʠʠ 

ʤʘʣʳʝ ʦʟʝʨʘ ʥʘ ʨʘʟʥʳʭ ʦʩʪʨʦʚʘʭ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʦʜʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʝ ʥʘʜ ʫʨʦʚʥʝʤ 

ʤʦʨʷ, ʦʪʜʝʣʷʣʠʩʴ ʦʪ ʃʘʜʦʛʠ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ; ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʩʦʪʳ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ ʪʘʢʞʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʚʳʩʦʪ ʥʘ ʤʦʤʝʥʪ ʠʟʦʣʷʮʠʠ (ʨʠʩʫʥʦʢ 2) [ʉʘʧʝʣʢʦ ʠ ʜʨ., 2018].  

 
ʈʠʩʫʥʦʢ 2 ï ʂʘʨʪʘ-ʩʭʝʤʘ ʜʘʪʠʨʦʚʘʥʥʳʭ ʦʙʦʩʦʙʣʝʥʠʡ ʦʟʸʨ ʚ ʭʦʜʝ ʧʦʩʣʝʜʥʝʡ ʨʝʛʨʝʩʩʠʠ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ (ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʦ ʩʫʤʤʘʨʥʦʝ ʧʦʜʥʷʪʠʝ ʚ ʤʝʪʨʘʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ) 

 

1.4 ʇʘʣʠʥʦʣʦʛʠʯʝʩʢʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ ʚ ʝʛʦ 

ʘʢʚʘʪʦʨʠʠ ʠ ʩʝʚʝʨʥʦʛʦ ʇʨʠʣʘʜʦʞʴʷ 

 

ɸʢʚʘʪʦʨʠʷ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ.  

ɼʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʃʘʜʦʛʠ ʠʟʫʯʘʣʠʩʴ ʥʝʦʜʥʦʢʨʘʪʥʦ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʝʨʚʦʡ 

ʵʢʩʧʝʜʠʮʠʠ, ʩʦʩʪʦʷʚʰʝʡʩʷ ʚ 1959 ʛ. [ʉʝʤʝʥʦʚʠʯ, 1966], ʚʧʝʨʚʳʝ ʙʳʣʘ ʜʘʥʘ 
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ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʧʦ ʜʘʥʥʳʤ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ 

ʜʠʘʪʦʤʦʚʦʛʦ ʘʥʘʣʠʟʦʚ [ɸʙʨʘʤʦʚʘ, ɼʘʚʳʜʦʚʘ, 1966; ɸʙʨʘʤʦʚʘ ʠ ʜʨ., 1967; ɼʘʚʳʜʦʚʘ, 1961]. 

ʉ ʪʝʭ ʧʦʨ ʠʟʫʯʝʥʠʝ ʦʪʣʦʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʜʦʣʞʘʣʦʩʴ 

ʧʦʯʪʠ ʥʝʧʨʝʨʳʚʥʦ ʪʘʢʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʢʘʢ ɽ. ɸ. ɸʥʘʥʦʚʘ (1956ï1960 ʝ ʛʛ.), ʉ. ɸ. 

ɸʙʨʘʤʦʚʘ (1960ï70 ʝ ʛʛ.), ʀ. ɺ. ɼʝʣʶʩʠʥʦʡ (1980ï90 ʝ ʛʛ.), ɺ. ʀ. ʍʦʤʫʪʦʚʦʡ (1990 ʝ ʛʛ.), 

ʊ. ɺ. ʉʘʧʝʣʢʦ (1990 ʝ ï ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ), ɸ. ɸ. ɸʥʜʨʝʝʚ ʠ ʃ. ɸ. ʉʘʚʝʣʴʝʚʘ (ʩ 2000-ʭ 

ʛʦʜʦʚ) [ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝé, 2021]. ɺ XXI  ʚʝʢʝ ʥʘʯʘʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʝ 

ʜʦʥʥr ʭ ʦʪʣʦʞʝʥʠʡ ʤʘʣʳʭ ʦʟʝʨ ʥʘ ʦʩʪʨʦʚʘʭ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ï ʇʫʪʩʘʘʨʠ, ʃʫʥʢʫʣʘʥʩʘʘʨʠ, 

ɺʘʣʘʘʤ [ʃʫʜʠʢʦʚʘ ʠ ʜʨ., 2005; ʉʘʧʝʣʢʦ ʠ ʜʨ., 2014; ʉʘʧʝʣʢʦ, ʂʦʨʥʝʝʥʢʦʚʘ, 2017; Sapelko et 

al., 2020; ɻʘʟʠʟʦʚʘ, ʉʘʧʝʣʢʦ, 2020; ʉʘʧʝʣʢʦ ʠ ʜʨ., 2023; Gazizova, Sapelko, 2024; ʉʘʧʝʣʢʦ ʠ 

ʜʨ., 2026]. 

ɺ ʨʘʤʢʘʭ ʥʝʜʘʚʥʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʣʠʤʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ ʀʥʩʪʠʪʫʪʘ ʦʟʝʨʦʚʝʜʝʥʠʷ 

ʈɸʅ ʙʳʣʠ ʠʟʫʯʝʥʳ ʯʝʪʳʨʝ ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʷʭ 

ʃʘʜʦʛʠ [Sapelko et al., 2019; 2024]. ɺ ʧʦʟʜʥʝʣʝʜʥʠʢʦʚʴʝ ʩʦʩʪʘʚ ʧʳʣʴʮʳ ʠ ʝʝ ʥʠʟʢʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʭʠʭ ʭʦʣʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ɹʳʣʠ ʨʘʟʚʠʪʳ ʪʫʥʜʨʦʚʦ-

ʩʪʝʧʥʳʝ ʩʦʦʙʱʝʩʪʚʘ. ɼʦʤʠʥʠʨʦʚʘʣʘ ʧʳʣʴʮʘ ʢʩʝʨʦʬʠʪʦʚ ï ʧʦʣʳʥʠ ʠ ʤʘʨʝʚʳʭ; ʩʨʝʜʠ 

ʜʝʨʝʚʴʝʚ ʧʨʝʦʙʣʘʜʘʣʘ ʧʳʣʴʮʘ ʙʝʨʝʟʳ, ʩʨʝʜʠ ʩʧʦʨ ï ʧʳʣʴʮʘ ʩʬʘʛʥʫʤʦʤ ʠ ʤʥʦʛʦʥʦʞʢʦʚʳʭ. 

ʈʘʥʥʠʡ ʛʦʣʦʮʝʥ (ʜʦ 9000 ʣʝʪ ʥʘʟʘʜ) ʩʚʷʟʘʥ ʩ ʧʦʪʝʧʣʝʥʠʝʤ ʢʣʠʤʘʪʘ, ʧʘʜʝʥʠʝʤ ʫʨʦʚʥʷ 

ʃʘʜʦʛʠ ʠ ʧʝʨʝʭʦʜʦʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʪ ʧʝʨʠʛʣʷʮʠʘʣʴʥʦʡ ʢ ʣʝʩʥʦʡ. ʉʦʢʨʘʱʘʝʪʩʷ ʜʦʣʷ 

ʦʪʢʨʳʪʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʦʣʴ ʧʳʣʴʮʳ ʩʦʩʥʳ (ʜʦ 40%), ʧʦʷʚʣʷʶʪʩʷ ʚʦʜʥʳʝ 

ʨʘʩʪʝʥʠʷ ʠ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ. ʇʦʟʜʥʝʝ ʨʘʩʰʠʨʷʶʪʩʷ ʧʣʦʱʘʜʠ, ʟʘʥʷʪʳʝ ʩʦʩʥʦʚʳʤʠ ʠ 

ʙʝʨʝʟʦʚʳʤʠ ʣʝʩʘʤʠ, ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʦʣʴʭʠ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ. ɺ ʩʣʝʜʫʶʱʝʤ 

ʧʝʨʠʦʜʝ (9000-4700 ʢʘʣ. ʣ. ʥ.) ʥʘʙʣʶʜʘʣʩʷ ʪʝʧʣʳʡ ʢʣʠʤʘʪ, ʧʨʠʚʝʜʰʠʡ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. ʈʘʟʚʠʚʘʶʪʩʷ 

ʩʤʝʰʘʥʥʳʝ ʭʚʦʡʥʳʝ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ, ʜʦʤʠʥʠʨʫʶʪ ʩʦʩʥʘ ʠ ʝʣʴ; ʚ ʦʪʜʝʣʴʥʳʝ 

ʧʝʨʠʦʜʳ ʦʪʤʝʯʝʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ ʩʬʘʛʥʦʚʳʭ ʤʭʦʚ (ʜʦ 30%). ɺ ʪʨʝʪʴʝʤ 

ʧʝʨʠʦʜʝ (4700-2800 ʢʘʣ. ʣ. ʥ.) ʢʣʠʤʘʪ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʭʣʘʜʥʝʝ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʝʣʦʚʳʝ 

ʣʝʩʘ, ʦʜʥʘʢʦ ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ ʩʦʩʥʳ ʚ ʦʪʣʦʞʝʥʠʷʭ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʚʳʩʦʢʠʤ. 

ɼʘʣʴʥʝʡʰʝʝ ʧʦʭʦʣʦʜʘʥʠʝ ʢʣʠʤʘʪʘ ʚ ʧʝʨʠʦʜ 2800-1000 ʢʘʣ. ʣ. ʥ. ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ 

ʝʣʴʥʠʢʦʚ, ʨʘʟʚʠʪʠʶ ʩʦʩʥʦʚʳʭ ʣʝʩʦʚ ʠ ʩʦʢʨʘʱʝʥʠʶ ʧʳʣʴʮʳ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ. 

ʇʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ ʟʣʘʢʦʚ ʩʨʝʜʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ; ʚʳʩʦʢʘ ʨʦʣʴ ʨʫʜʝʨʘʣʴʥʳʭ ʚʠʜʦʚ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʧʦʚʳʰʝʥʠʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. ʇʦʩʣʝʜʥʠʡ ʧʝʨʠʦʜ (1000 ʢʘʣ. 

ʣ. ʥ. ï ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʩʦʩʥʦʚʳʭ ʠ ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʭ 

ʣʝʩʦʚ. 
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ʀʟʫʯʝʥʠʝ ʢʦʣʦʥʦʢ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ [ɺʝʨʟʠʣʠʥ, ʂʣʝʡʤʝʥʦʚʘ, 2006] ʧʦʢʘʟʳʚʘʝʪ ʩʤʝʥʳ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ ʛʦʣʦʮʝʥʘ. ɺ ʘʪʣʘʥʪʠʯʝʩʢʦʤ ʧʝʨʠʦʜʝ ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ ʩʦʩʥʳ (40-55%). ʈʦʣʴ 

ʧʳʣʴʮʳ ʦʣʴʭʠ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ (ʦʪ 10-15 ʜʦ 25%). ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ ʙʝʨʝʟʳ 

ʩʦʩʪʘʚʣʷʝʪ ʜʦ 20%, ʝʣʠ ï ʜʦ 6%. ʈʦʣʴ ʧʳʣʴʮʳ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʝʣʠʢʘ (4-7%). ʇʳʣʴʮʘ ʪʨʘʚ ʚʩʪʨʝʯʘʝʪʩʷ ʝʜʠʥʠʯʥʦ. ʄʘʢʩʠʤʫʤʳ ʧʳʣʴʮʳ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʠ ʫʚʝʣʠʯʝʥʠʝ ʨʦʣʠ ʧʳʣʴʮʳ ʦʣʴʭʠ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʯʝʨʪʘʤʠ ʜʣʷ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʦʧʪʠʤʫʤʘ ʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ. ɺ ʦʪʣʦʞʝʥʠʷʭ 

ʩʫʙʙʦʨʝʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʧʳʣʴʮʳ ʝʣʠ (40-50%), ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ ʩʦʩʥʳ 

ʪʘʢʞʝ ʩʦʩʪʘʚʣʷʝʪ 40-50%. ʈʦʣʴ ʧʳʣʴʮʳ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʭ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ 

ʩʥʠʞʘʝʪʩʷ. ɺ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʤ ʧʝʨʠʦʜʝ ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ ʩʦʩʥʳ (60-80%). ʉʦʜʝʨʞʘʥʠʝ 

ʧʳʣʴʮʳ ʝʣʠ ʩʦʩʪʘʚʣʷʝʪ 10-20%, ʙʝʨʝʟʳ ï 5-15%, ʦʣʴʭʠ ï ʦʪ ʝʜʠʥʠʯʥʳʭ ʟʝʨʝʥ ʜʦ 20%. 

ɺʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʜʝʨʝʚʴʝʚ (ʛʨʘʙ, ʜʫʙ, ʣʠʧʘ, ʚʷʟ). ʉʨʝʜʠ ʪʨʘʚ ʠ 

ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʶʪ ʟʣʘʢʠ, ʦʩʦʢʦʚʳʝ, ʣʫʛʦʚʦʝ ʨʘʟʥʦʪʨʘʚʴʝ ʠ ʩʬʘʛʥʦʚʳʝ ʤʭʠ. 

ʆʙʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʜʣʷ ʩʫʙʘʪʣʘʥʪʠʢʘ ʷʚʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʦʝ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʧʳʣʴʮʳ ʩʦʩʥʳ 

ʠ ʩʦʢʨʘʱʝʥʠʝ ʨʦʣʠ ʦʩʪʘʣʴʥʳʭ ʧʦʨʦʜ. 

ʇʦʭʦʞʘʷ ʜʠʥʘʤʠʢʘ ʦʧʠʩʳʚʘʝʪʩʷ ʜʣʷ ʢʦʣʦʥʢʠ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʃʘʜʦʞʩʢʦʛʦ 

ʦʟʝʨʘ [Savelieva et al., 2019]. ɺ ʘʪʣʘʥʪʠʯʝʩʢʦʤ ʧʝʨʠʦʜʝ ʩʫʱʝʩʪʚʦʚʘʣʠ ʥʘʠʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ. ɺ 

ʩʣʦʝ, ʜʘʪʠʨʫʝʤʦʤ 8572 ʢʘʣ. ʣ. ʥ., ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʦʣʴʭʠ. ʆʪʤʝʯʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ 

ʯʠʩʣʘ ʪʘʢʩʦʥʦʚ ʜʨʝʚʝʩʥʦʡ ʧʳʣʴʮʳ (ʦʩʦʙʝʥʥʦ ʝʣʠ) ʠ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʪʨʘʚ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʟʣʘʢʦʚʳʭ), ʯʪʦ ʚʝʨʦʷʪʥʦ ʚʳʟʚʘʥʦ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ ʚ ʧʦʩʣʝʜʥʠʝ 2225 ʢʘʣ. ʣ. ʥ. ɺ ʵʪʦ 

ʚʨʝʤʷ ʥʘʯʠʥʘʶʪ ʧʨʝʦʙʣʘʜʘʪʴ ʩʦʩʥʦʚʳʝ ʣʝʩʘ. ʇʳʣʴʮʘ Secale ʠ ʜʨʫʛʠʭ ʧʦʩʝʚʥʳʭ ʢʫʣʴʪʫʨ, ʘ 

ʪʘʢʞʝ ʨʫʜʝʨʘʣʴʥʳʝ ʪʨʘʚʳ ʧʦʩʪʦʷʥʥʦ ʚʩʪʨʝʯʘʶʪʩʷ, ʥʘʯʠʥʘʷ ʩ 706 ʢʘʣ. ʣ. ʥ. 

ʆʪʣʦʞʝʥʠʷ ʢʦʣʦʥʦʢ ʶʞʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʝʡ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ [ɼʝʣʶʩʠʥʘ, 1988] 

ʪʘʢʞʝ ʦʭʚʘʪʳʚʘʶʪ ʚʪʦʨʫʶ ʧʦʣʦʚʠʥʫ ʛʦʣʦʮʝʥʘ. ɺ ʘʪʣʘʥʪʠʯʝʩʢʦʤ ʧʝʨʠʦʜʝ ʜʦʤʠʥʠʨʫʝʪ 

ʧrʣʴʮʘ ʩʦʩʥʳ, ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʴʮʳ ʦʣʴʭʠ (20-25%). 

ʉʦʜʝʨʞʘʥʠʝ ʝʣʠ ʩʦʩʪʘʚʣʷʝʪ 10-12%, ʙʝʨʝʟʳ ï 10%. ʈʦʣʴ ʧʳʣʴʮʳ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ 

ʧʦʨʦʜ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʘ (5%). ʇʦʚʳʰʘʝʪʩʷ ʨʦʣʴ ʩʬʘʛʥʦʚʳʭ ʠ ʙʨʠʝʚʳʭ ʤʭʦʚ. ʅʘ 

ʧʦʙʝʨʝʞʴʷʭ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʣʝʩʘ ʠʟ ʩʦʩʥʳ, ʦʣʴʭʠ, ʙʝʨʝʟʳ, ʝʣʠ ʠ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚʷʟʘ ʠ ʣʠʧʳ). ʈʘʟʚʠʪʘ ʙʦʛʘʪʘʷ ʚʦʜʥʘʷ ʠ 

ʧʨʠʙʨʝʞʥʦ-ʚʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. ʇʦ ʤʝʨʝ ʥʘʩʪʫʧʣʝʥʠʷ ʃʘʜʦʞʩʢʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ ʥʘ 

ʧʦʙʝʨʝʞʴʷʭ ʨʘʟʨʘʩʪʘʶʪʩʷ ʙʝʨʝʟʥʷʢʠ, ʘ ʥʘ ʩʫʭʠʭ ʚʦʟʚʳʰʝʥʥʦʩʪʷʭ ï ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩ 

ʧʨʠʤʝʩʴʶ ʝʣʠ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʘʪʣʘʥʪʠʢʘ ʧʝʨʠʦʜʳ ʧʦʪʝʧʣʝʥʠʷ ʠ ʧʦʭʦʣʦʜʘʥʠʷ ʢʣʠʤʘʪʘ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʩʤʝʥʷʣʠ ʜʨʫʛ ʜʨʫʛʘ.  ʉʫʙʙʦʨʝʘʣʴʥʳʡ ʧʝʨʠʦʜ, ʥʘʯʘʚʰʠʡʩʷ ʩ ʨʝʟʢʦʛʦ 
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ʧʦʭʦʣʦʜʘʥʠʷ, ʚʳʜʝʣʷʝʪʩʷ ʧʦ ʧʠʢʫ ʧʳʣʴʮʳ ʝʣʠ (45%) ʠ ʩʦʢʨʘʱʝʥʠʶ ʨʦʣʠ ʧʳʣʴʮʳ ʩʦʩʥʳ 

(25-40%). ʉʦʜʝʨʞʘʥʠʝ ʙʝʨʝʟʳ ʠ ʦʣʴʭʠ (5-10%) ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ (2-3%) 

ʧʦʩʪʦʷʥʥʦ. ʉʨʝʜʠ ʧʦʩʣʝʜʥʠʭ ʧʨʝʦʙʣʘʜʘʝʪ ʚʷʟ. ɼʣʷ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʩʫʙʙʦʨʝʘʣʦʤ ʠ 

ʩʫʙʘʪʣʘʥʪʠʢʦʤ ʭʘʨʘʢʪʝʨʥʦ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʴʮʳ ʙʝʨʝʟʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʃʘʜʦʞʩʢʦʡ ʨʝʛʨʝʩʩʠʠ ʥʘ ʧʦʙʝʨʝʞʴʷʭ ʰʠʨʦʢʦ ʨʘʟʨʘʩʪʘʶʪʩʷ ʝʣʴʥʠʢʠ, ʥʘʠʙʦʣʴʰʝʝ ʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʝʨʝʜʠʥʫ-ʢʦʥʝʮ ʧʝʨʠʦʜʘ. ʅʘ ʩʫʭʠʭ ʫʯʘʩʪʢʘʭ ʜʦʤʠʥʠʨʫʶʪ 

ʤʦʭʦʚʦ-ʪʨʘʚʷʥʳʝ ʩʦʩʥʷʢʠ. ʅʘ ʛʨʘʥʠʮʝ ʩʫʙʙʦʨʝʘʣʘ ʠ ʩʫʙʘʪʣʘʥʪʠʢʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʭʦʣʦʜʘʥʠʝ ʢʣʠʤʘʪʘ. ʉʫʙʘʪʣʘʥʪʠʯʝʩʢʠʡ ʧʝʨʠʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʳʣʴʮʳ 

ʩʦʩʥʳ (60-70%), ʨʦʣʴ ʝʣʠ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ (20%), ʢʘʢ ʠ ʨʦʣʴ ʦʣʴʭʠ ʠ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ. ʉʨʝʜʠ ʪʨʘʚ ʜʦʤʠʥʠʨʫʶʪ ʦʩʦʢʠ ʠ ʟʣʘʢʠ, ʩʨʝʜʠ ʩʧʦʨʦʚʳʭ 

ʨʘʩʪʝʥʠʡ ï ʤʥʦʛʦʥʦʞʢʠ ʠ ʩʬʘʛʥʦʚʳʝ ʤʭʠ. ɺ ʩʦʩʪʘʚʝ ʜʨʝʚʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ 

ʤʝʥʴʰʝ ʪʝʧʣʦʣʶʙʠʚʳʭ ʧʦʨʦʜ, ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʘʝʪ ʚʷʟ. ɽʜʠʥʦʣʠʯʥʦ ʛʦʩʧʦʜʩʪʚʫʶʪ 

ʩʦʩʥʦʚʳʝ ʣʝʩʘ; ʝʣʴʥʠʢʠ ʦʩʪʘʶʪʩʷ ʣʠʰʴ ʥʘ ʩʝʚʝʨʝ, ʠʩʯʝʟʘʷ ʩ ʦʩʪʘʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʇʨʠʣʘʜʦʞʴʷ. 

ʆʩʪʨʦʚʥʳʝ ʦʟʝʨʘ ʚ ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. 

ʇʦ ʤʝʨʝ ʨʝʛʨʝʩʩʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʧʨʦʠʩʭʦʜʠʣʘ ʠʟʦʣʷʮʠʷ ʚʦʜʦʝʤʦʚ ʚ ʝʛʦ 

ʘʢʚʘʪʦʨʠʠ. ʀʟʫʯʝʥʠʝ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʟʥʳʭ ʘʙʩʦʣʶʪʥʳʭ ʚʳʩʦʪʥʳʭ 

ʦʪʤʝʪʢʘʭ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʙʦʣʝʝ 

ʢʨʫʧʥʦʛʦ ʚʦʜʦʝʤʘ. ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʥʘʭʦʜʠʪʩʷ ʥʝʩʢʦʣʴʢʦ ʢʨʫʧʥʳʭ 

ʦʩʪʨʦʚʦʚ, ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʥʠʭ ʦʟʝʨ ʠʟʫʯʘʣʠʩʴ ʤʝʪʦʜʦʤ 

ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʮʝʣʴʶ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʢʣʠʤʘʪʘ ʠ ʠʟʤʝʥʝʥʠʡ 

ʫʨʦʚʥʷ ʃʘʜʦʛʠ ʚ ʛʦʣʦʮʝʥʝ. 

ʆʩʪʨʦʚ ɺʘʣʘʘʤ. ɺʦ ʚʨʝʤʷ ʧʦʩʣʝʜʥʝʡ ʪʨʘʥʩʛʨʝʩʩʠʠ ʃʘʜʦʛʠ ʦ. ɺʘʣʘʘʤ ʧʨʝʜʩʪʘʚʣʷʣ 

ʩʦʙʦʡ ʘʨʭʠʧʝʣʘʛ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʝʩʷʪʢʘ ʩʢʘʣʠʩʪʳʭ ʦʩʪʨʦʚʢʦʚ [Vuorela, Saarnisto, 1997; 

Vuorela et al., 2001]. ʋʨʦʚʝʥʴ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʪʦ ʚʨʝʤʷ ʩʦʩʪʘʚʣʷʣ 21 ʤ ʥʘʜ ʫʨʦʚʥʝʤ 

ʤʦʨʷ. ʆʢʦʣʦ 3100 ʣʝʪ ʥʘʟʘʜ [Saarnisto, 2012], ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʦʨʳʚʦʤ ʨʝʢʠ 

ʅʝʚʳ ï ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʪʦʢʘ ʃʘʜʦʛʠ [Vuorela, Saarnisto, 1997; Vuorela et al., 2001], 

ʪʝʨʨʠʪʦʨʠʷ ʦʩʪʨʦʚʘ ʥʘʯʘʣʘ ʦʩʚʦʙʦʞʜʘʪʴʩʷ ʦʪ ʚʦʜ ʃʘʜʦʛʠ.  

ɿʘʧʘʜʥʦʝ ʀʛʫʤʝʥʩʢʦʝ ʦʟʝʨʦ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʚʳʩʦʪʝ 7,5 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʠʤʝʝʪ 

ʧʣʦʱʘʜʴ 1,75 ʛʘ. ʆʥʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʜʚʫʭ ʀʛʫʤʝʥʩʢʠʭ ʦʟʝʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʦʩʪʨʦʚʘ ɺʘʣʘʘʤ ʠ ʦʢʨʫʞʝʥʥʳʭ ʩʦʩʥʦʚʳʤ ʣʝʩʦʤ. ʆʟʝʨʘ ʩʦʝʜʠʥʝʥʳ 

ʜʚʘʜʮʘʪʠʤʝʪʨʦʚʳʤ ʧʨʦʣʠʚʦʤ ʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʫʨʦʚʝʥʴ ʚʦʜʳ. ʂʦʣʦʥʢʘ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ɿʘʧʘʜʥʦʛʦ ʀʛʫʤʝʥʩʢʦʛʦ ʦʟʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʣʠʥʘʤʠ, ʧʝʩʢʦʤ, ʛʣʠʥʠʩʪʳʤʠ ʠ 

ʦʨʛʘʥʦʛʝʥʥʳʤʠ ʛʠʪʪʠʷʤʠ [Vuorela et al., 2001; Saarnisto, 2012]. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ, 

ʩʣʦʞʝʥʥʘʷ ʛʨʫʙʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʜʝʪʨʠʪʦʤ ʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ, ʦʪʥʦʩʠʪʩʷ ʢʦ 
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ʚʨʝʤʝʥʠ ʦʙʦʩʦʙʣʝʥʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʟʝʨʘ. ɺ ʢʦʣʦʥʢʝ ʥʘʙʣʶʜʘʶʪʩʷ ʛʣʠʥʠʩʪʳʝ ʧʨʦʩʣʦʠ 

ʚ ʩʣʦʷʭ ʛʠʪʪʠʠ, ʜʘʪʠʨʫʝʤʳʝ ʚʨʝʤʝʥʝʤ ʧʦʩʣʝ ʠʟʦʣʷʮʠʠ ʦʟʝʨʘ ʦʪ ʃʘʜʦʛʠ ï 2695 ʠ 2606 ʢʘʣ. 

ʣ. ʥ. [Saarnisto, 2012], ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʤʝʜʣʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʦʙʦʩʦʙʣʝʥʠʷ ʚ 

ʩʚʷʟʠ ʩ ʣʘʛʫʥʥʳʤ, ʙʦʣʝʝ ʟʘʱʠʱʝʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʦʟʝʨʘ (ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʦʨʠʛʠʥʘʣʴʥʳʝ 

ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʝ ʜʘʪ r ʦʪʢʘʣʠʙʨʦʚʘʥʳ ʧʦ ʰʢʘʣʝ IntCal20 ʚ ʧʨʦʛʨʘʤʤʝ OxCal v.4.4). 

ʇʦʭʦʞʘʷ ʜʠʥʘʤʠʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʪʣʦʞʝʥʠʷʭ ʉʢʠʪʩʢʦʛʦ ʟʘʣʠʚʘ [Vuorela et al., 2001]. 

ʂʦʣʦʥʢʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ɿʘʧʘʜʥʦʛʦ ʀʛʫʤʝʥʩʢʦʛʦ ʦʟʝʨʘ ʙʳʣʘ ʠʟʫʯʝʥʘ ʤʝʪʦʜʦʤ 

ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʮʝʣʴʶ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʠʟʫʯʝʥʠʷ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ [Vuorela et 

al., 2001]. ʅʘ ʵʪʘʧʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʨʦʣʴ 

ʧʳʣʴʮʳ ʝʣʠ ʙʳʣʘ ʥʝʚʝʣʠʢʘ (10%). ɺʦ ʚʨʝʤʷ ʠʟʦʣʷʮʠʠ ʝʝ ʩʦʜʝʨʞʘʥʠʝ ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʝʪ 

(ʜʦ 35% ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʳʣʴʮʳ AP/NAP), ʯʪʦ ʷʚʣʷʝʪʩʷ, ʚʝʨʦʷʪʥʦ, ʨʝʟʫʣʴʪʘʪʦʤ 

ʥʘʢʦʧʣʝʥʠʷ ʧʳʣʴʮʳ ʚ ʙʦʣʝʝ ʟʘʢʨʳʪʦʤ ʙʘʩʩʝʡʥʝ, ʘ ʪʘʢʞʝ ʠʥʚʘʟʠʷ ʝʣʠ ʥʘ ʦʩʚʦʙʦʜʠʚʰʠʭʩʷ 

ʦʪ ʚʦʜʳ ʪʝʨʨʠʪʦʨʠʡ. ʇʦʩʣʝ ʠʟʦʣʷʮʠʠ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ ʷʚʣʷʣʠʩʴ 

ʩʦʩʥʘ (55%), ʙʝʨʝʟʘ (30%) ʠ ʦʣʴʭʘ (20%), ʘ ʩʨʝʜʠ ʢʫʩʪʘʨʥʠʢʦʚ ï ʤʦʞʞʝʚʝʣʴʥʠʢ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʦʨʦʜʘʤʠ ʦʪʨʘʞʘʝʪ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʢʘ ï ʧʦʚʳʰʝʥʠʝ ʨʦʣʠ 

ʩʦʩʥʳ ʠ ʙʝʨʝʟʳ, ʩʥʠʞʝʥʠʝ ʨʦʣʠ ʝʣʠ ʠ ʦʣʴʭʠ. ʋʚʝʣʠʯʝʥʠʝ ʨʦʣʠ ʧʳʣʴʮʳ ʜʫʙʘ (ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʧʦʩʘʜʦʢ) ʠ ʧʳʣʴʮʳ ʝʣʠ (ʟʘʥʠʤʘʶʱʝʡ ʦʩʪʘʚʣʝʥʥʳʝ ʧʦʣʷ) ʪʘʢʞʝ ʦʪʨʘʞʘʝʪ 

ʘʥʪʨʦʧʦʛʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʊʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʠʚʳ ʠ ʙʫʟʠʥʳ, ʧʦʷʚʣʷʝʪʩʷ ʧʳʣʴʮʘ 

ʢʨʫʰʠʥʳ ʣʦʤʢʦʡ ʠ ʞʠʤʦʣʦʩʪʠ. ʇʠʢ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʨʦʣʠ 

ʦʣʴʭʠ ʠ ʤʦʞʞʝʚʝʣʴʥʠʢʘ. 

ʉʨʝʜʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʪʘʢʩʦʥʘʤʠ ʷʚʣʷʶʪʩʷ ʟʣʘʢʦʚʳʝ, 

ʦʩʦʢʦʚʳʝ ʠ ʧʦʣʳʥʠ. ʉʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʪʘʢʩʦʥʦʚ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ 

ʦʪʣʦʞʝʥʠʷʭ, ʜʘʪʠʨʦʚʘʥʥʳʭ 1450-1800 ʢʘʣ. ʣ. ʥ. ʉʦʜʝʨʞʘʥʠʝ ʪʨʘʚ ʚ ʛʣʠʥʠʩʪʦʤ ʛʦʨʠʟʦʥʪʝ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʦʣʦʥʢʠ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʤʝʨʝ ʠʟʦʣʷʮʠʠ ɿʘʧʘʜʥʦʛʦ ʀʛʫʤʝʥʩʢʦʛʦ ʦʟʝʨʘ, 

ʚʩʪʨʝʯʘʶʪʩʷ ʣʶʪʠʢʦʚʳʝ, ʟʦʥʪʠʯʥʳʝ, ʥʦʨʠʯʥʠʢʦʚʳʝ, ʧʦʜʤʘʨʝʥʥʠʢʠ; ʧʦʟʜʥʝʝ ʧʦʷʚʣʷʶʪʩʷ 

ʙʦʙʦʚʳʝ ʠ ʣʘʧʯʘʪʢʘ. 

ɺ ʛʣʠʥʠʩʪʦʤ ʛʦʨʠʟʦʥʪʝ, ʦʪʥʦʩʷʱʝʤʩʷ ʢ ʧʝʨʠʦʜʫ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘ ʠʟʫʯʘʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʧʳʣʴʮʘ ʤʘʢʨʦʬʠʪʦʚ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʦʡ ʚʦʜʦʝʤʘ [Vuorela et al., 2001] ʠʣʠ ʪʫʨʙʘʮʠʷʤʠ. ʉʨʘʟʫ ʧʦʩʣʝ 

ʠʟʦʣʷʮʠʠ ɿʘʧʘʜʥʦʛʦ ʀʛʫʤʝʥʩʢʦʛʦ ʦʟʝʨʘ ʧʦʷʚʣʷʝʪʩʷ ʧʳʣʴʮʘ ʫʨʫʪʠ ʦʯʝʨʝʜʥʦʮʚʝʪʢʦʚʦʡ ʠ 

ʧʦʣʫʰʥʠʢʘ, ʘ ʟʘʪʝʤ ʚ ʩʣʦʝ ʛʠʪʪʠʠ ï ʧʳʣʴʮʘ ʛʦʨʮʘ ʟʝʤʥʦʚʦʜʥʦʛʦ, ʝʞʝʛʦʣʦʚʥʠʢʘ, ʢʫʙʳʰʢʠ, 

ʨʜʝʩʪʘ, ʯʘʩʪʫʭʠ ʠ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ (Pediastrum sp.). ɺ ʭʦʜʝ ʩʫʢʮʝʩʩʠʠ ʪʨʦʬʥʦʩʪʴ ʦʟʝʨʘ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ, ʯʪʦ ʠʥʜʠʮʠʨʫʝʪʩʷ ʟʘʤʝʪʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʨʦʣʠ ʫʨʫʪʠ ʦʯʝʨʝʜʥʦʮʚʝʪʢʦʚʦʡ 

ʠ ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʧʦʣʫʰʥʠʢʘ, ʛʦʨʮʘ ʟʝʤʥʦʚʦʜʥʦʛʦ, ʝʞʝʛʦʣʦʚʥʠʢʘ ʠ Pediastrum sp. 



32 
 

ʇʦʷʚʣʝʥʠʝ ʧʳʣʴʮʳ ʢʫʚʰʠʥʢʠ ʠ ʠʨʠʩʘ ʜʘʪʠʨʫʝʪʩʷ ʧʝʨʠʦʜʦʤ 1500-1600 ʢʘʣ. ʣ. ʥ. ɺ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʢʦʣʦʥʢʠ ʧʦʷʚʣʷʝʪʩʷ ʧʳʣʴʮʘ ʚʘʭʪʳ ʠ ʩʫʩʘʢʘ ʟʦʥʪʠʯʥʦʛʦ ʚʤʝʩʪʝ ʩ ʢʫʙʳʰʢʦʡ ʠ 

ʨʜʝʩʪʦʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʜʦʣʞʘʶʱʝʤʩʷ ʵʚʪʨʦʬʠʨʦʚʘʥʠʠ ʦʟʝʨʘ. 

ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʚ ʥʠʞʥʝʤ ʩʣʦʝ ʦʪʣʦʞʝʥʠʡ ɿʘʧʘʜʥʦʛʦ ʀʛʫʤʝʥʩʢʦʛʦ ʦʟʝʨʘ 

ʚʩʪʨʝʯʝʥʳ ʩʧʦʨʳ ʩʬʘʛʥʦʚʳʭ ʤʭʦʚ, ʭʚʦʱʝʡ ʠ ʤʥʦʛʦʥʦʞʢʦʚʳʭ; ʩʦʜʝʨʞʘʥʠʝ ʩʧʦʨ ʥʝʤʥʦʛʦ 

ʩʥʠʞʘʝʪʩʷ ʚ ʩʚʷʟʠ ʩ ʠʟʦʣʷʮʠʝʡ ʚʦʜʦʝʤʘ. ʉʧʦʨʘʜʠʯʝʩʢʠ ʦʪʤʝʯʘʶʪʩʷ ʩʧʦʨʳ ʦʨʣʷʢʘ, 

ʧʣʘʫʥʦʚ, ʤʥʦʛʦʥʦʞʢʠ ʦʙʳʢʥʦʚʝʥʥʦʡ, ʛʨʦʟʜʦʚʥʠʢʘ ʠ ʩʧʦʨʳ ʛʨʠʙʦʚ (ʛʦʣʦʚʥʠ). ɺ ʩʚʷʟʠ ʩ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʩʬʘʛʥʦʚʳʭ ʤʭʦʚ ʠ ʤʥʦʛʦʥʦʞʢʦʚʳʭ. 

ʇʝʨʚʦʝ ʧʦʷʚʣʝʥʠʝ ʧʳʣʴʮʳ ʢʫʣʴʪʫʨʥʳʭ ʟʣʘʢʦʚ (Cerealia) ʚ ʦʪʣʦʞʝʥʠʷʭ ɿʘʧʘʜʥʦʛʦ 

ʀʛʫʤʝʥʩʢʦʛʦ ʦʟʝʨʘ [Vuorela et al., 2001] ʜʘʪʠʨʫʝʪʩʷ ʧʝʨʠʦʜʦʤ 2695 ʢʘʣ. ʣ. ʥ. ʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʨʦʣʠ ʤʦʞʞʝʚʝʣʴʥʠʢʘ ʠ ʩʥʠʞʝʥʠʝʤ ʨʦʣʠ ʝʣʠ. ʇʝʨʚʳʝ 

ʧʳʣʴʮʝʚʳʝ ʟʝʨʥʘ ʨʞʠ (Secale) ʚʩʪʨʝʯʝʥʳ ʦʢʦʣʦ 1350 ʢʘʣ. ʣ. ʥ., ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʜ ʩʣʦʝʤ 

ʛʣʠʥʠʩʪʦʡ ʛʠʪʪʠʠ. ʆʢʦʣʦ 800 ʢʘʣ. ʣ. ʥ., ʦʪʤʝʯʘʝʪʩʷ ʧʝʨʠʦʜ ʰʠʨʦʢʦʛʦ ʨʘʩʩʝʣʝʥʠʷ 

ʢʫʣʴʪʫʨʥʳʭ ʟʣʘʢʦʚ, ʥʘʯʘʣʦ ʢʨʠʚʦʡ ʱʘʚʝʣʷ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʠʥʜʠʢʘʪʦʨʦʚ ʧʦʩʝʣʝʥʠʡ ʯʝʣʦʚʝʢʘ 

(ʧʳʣʴʮʘ ʮʠʢʦʨʠʝʚʳʭ, ʢʨʝʩʪʦʮʚʝʪʥʳʭ, ʷʩʥʦʪʢʦʚʳʭ). 

ɺʦʩʪʦʯʥʦʝ ʀʛʫʤʝʥʩʢʦʝ ʦʟʝʨʦ ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʚʳʩʦʪʝ 7,5 ʤ ʚ 60 ʤ ʦʪ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʦʩʪʦʯʥʦʛʦ ʙʝʨʝʛʘ ʦʩʪʨʦʚʘ ɺʘʣʘʘʤ. ɽʛʦ ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʣʷʝʪ 0,8 ʛʘ, ʛʣʫʙʠʥʘ 

ʦʟʝʨʘ ʜʦʩʪʠʛʘʝʪ 6 ʤ. ʂʘʢ ʠ ʩʦʩʝʜʥʝʝ ɿʘʧʘʜʥʦʝ, ɺʦʩʪʦʯʥʦʝ ʀʛʫʤʝʥʩʢʦʝ ʦʟʝʨʦ ʥʘʭʦʜʠʣʦʩʴ ʚ 

ʛʨʘʥʠʮʘʭ ʟʘʱʠʱʝʥʥʦʛʦ ʘʨʭʠʧʝʣʘʛʘ ʚʦ ʚʨʝʤʷ ʤʘʢʩʠʤʫʤʘ ʃʘʜʦʞʩʢʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ, ʦʜʥʘʢʦ 

ʣʘʜʦʞʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʚ ʢʦʣʦʥʢʝ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ [Saarnisto, 2012]. ʂʦʣʦʥʢʘ ʩʣʦʞʝʥʘ 

ʠʣʠʩʪʦʡ ʛʠʪʪʠʝʡ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʦʨʛʘʥʠʢʠ ʠ ʜʝʪʨʠʪʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʛʠʪʪʠʝʡ. ʅʝʯʝʪʢʘʷ, 

ʥʦ ʚʩʝ ʞʝ ʟʘʤʝʪʥʘʷ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʩʣʦʷʤʠ ʛʠʪʪʠʷʤʠ ʠʥʜʠʮʠʨʫʝʪ ʤʝʜʣʝʥʥʳʡ ʧʨʦʮʝʩʩ 

ʠʟʦʣʷʮʠʠ ï ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʃʘʜʦʛʠ ʙʳʣʦ ʥʝ ʪʘʢʠʤ ʟʘʤʝʪʥʳʤ, ʢʘʢ ʚ ʜʨʫʛʠʭ ʚʦʜʦʝʤʘʭ, 

ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʟʘʱʠʱʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʠ ʙʦʣʴʰʝʡ ʛʣʫʙʠʥʝ ʩʘʤʦʛʦ ʦʟʝʨʘ. ɼʣʷ ʚʨʝʤʝʥʠ 

ʠʟʦʣʷʮʠʠ ʦʟʝʨʘ ʦʪ ʃʘʜʦʛʠ ʧʨʠʚʦʜʷʪʩʷ ʜʚʝ ʜʘʪ rï 2545 ʠ 2175 ʢʘʣ. ʣ. ʥ. [Saarnisto, 2012]. 

ʆʟʝʨʦ ʅʠʢʦʥʦʚʩʢʦʝ ʥʘʭʦʜʠʪʩʷ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʦ. ɺʘʣʘʘʤ ʥʘ ʚʳʩʦʪʝ 8,1 ʤ ʥʘʜ 

ʫʨʦʚʥʝʤ ʤʦʨʷ. ɽʛʦ ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʣʷʝʪ 0,5 ʛʘ, ʛʣʫʙʠʥʘ ʜʦʩʪʠʛʘʝʪ 3,7 ʤ. ʆʟʝʨʦ ʦʢʨʫʞʝʥʦ 

ʩʪʘʨʦʚʦʟʨʘʩʪʥʳʤʠ ʩʦʩʥʘʤʠ ʠ ʝʣʷʤʠ. ʂʦʣʦʥʢʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨʘ ʩʣʦʞʝʥʘ ʛʣʠʥʘʤʠ, 

ʧʝʩʢʘʤʠ, ʛʣʠʥʠʩʪʳʤʠ ʠ ʦʨʛʘʥʦʛʝʥʥʳʤʠ ʛʠʪʪʠʷʤʠ [Vuorela, Saarnisto, 1997; Saarnisto, 

2012]. ʅʠʞʥʷʷ ʯʘʩʪʴ ʢʦʣʦʥʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʛʦʣʫʙʦʚʘʪʦ-ʩʝʨʦʡ ʛʣʠʥʦʡ, 

ʘʢʢʫʤʫʣʠʨʦʚʘʣʘʩʴ ʚʦ ʚʨʝʤʷ ʚʭʦʞʜʝʥʠʷ ʦʟʝʨʘ ʅʠʢʦʥʦʚʩʢʦʝ ʚ ʩʦʩʪʘʚ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. 

ɺʳʰʝʣʝʞʘʱʠʡ ʧʝʩʯʘʥʳʡ ʛʦʨʠʟʦʥʪ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʢʦʛʦ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ 

ʃʘʜʦʛʠ (3358 ʢʘʣ. ʣ. ʥ. [Saarnisto, 2012]), ʘ ʩʣʝʜʫʶʱʠʡ ʟʘ ʥʠʤ ʛʦʨʠʟʦʥʪ ʛʣʠʥʠʩʪʦʡ ʛʠʪʪʠʠ ï 

ʚʦ ʚʨʝʤʷ ʣʘʛʫʥʥʳʭ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʢʦʛʜʘ ʅʠʢʦʥʦʚʩʢʦʝ ʷʚʣʷʣʦʩʴ ʤʝʣʢʦʚʦʜʥʳʤ 
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ʟʘʣʠʚʦʤ ʃʘʜʦʛʠ. ɻʦʨʠʟʦʥʪʳ ʚʳʰʝ ʦʪʥʦʩʷʪʩʷ ʢʦ ʚʨʝʤʝʥʠ ʦʙʦʩʦʙʣʝʥʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʚʦʜʦʝʤʘ. 

ʇʝʨʚʳʝ ʩʣʝʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʚ ʢʦʣʦʥʢʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. 

ʅʠʢʦʥʦʚʩʢʦʛʦ [Vuorela, Saarnisto, 1997; Vuorela et al., 2001] ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʠʦʜʫ ʜʦ 

ʞʝʣʝʟʥʦʛʦ ʚʝʢʘ, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳʝ ʠʥʜʠʢʘʪʦʨʳ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʦʪʢʨʳʪʳʭ 

ʩʦʦʙʱʝʩʪʚ (ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ, ʚʝʨʦʷʪʥʦ, ʦ ʚʳʧʘʩʝ ʩʢʦʪʘ) ʧʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ 1127 ʢʘʣ. ʣ. 

ʥ. ʆ ʥʘʯʘʣʝ ʚʳʧʘʩʘ ʩʢʦʪʘ ʛʦʚʦʨʠʪ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʨʦʣʠ ʤʦʞʞʝʚʝʣʴʥʠʢʘ. ɺ ʪʦʥʢʦʤ ʩʣʦʝ 

ʛʣʠʥʳ, ʜʘʪʠʨʫʝʤʦʤ ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 1350 ʢʘʣ. ʣ. ʥ., ʦʪʤʝʯʘʝʪʩʷ ʢʨʘʪʢʦʩʨʦʯʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʨʦʣʠ ʦʣʴʭʠ ʠ ʙʝʨʝʟʳ ʠ ʩʥʠʞʝʥʠʝ ʨʦʣʠ ʠʚʳ. ɼʘʣʴʥʝʡʰʠʝ ʢʦʣʝʙʘʥʠʷ ʵʪʠʭ ʠʥʜʠʢʘʪʦʨʦʚ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚʧʣʦʪʴ ʜʦ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ. ɺ ʩʚʷʟʠ ʩ 

ʚʳʨʫʙʢʦʡ ʣʝʩʦʚ ʩʥʠʞʘʝʪʩʷ ʨʦʣʴ ʧʳʣʴʮʳ ʝʣʠ ʠ ʧʦʷʚʣʷʝʪʩʷ ʧʳʣʴʮʘ ʦʩʠʥ. ʇʨʠʩʫʪʩʪʚʠʝ 

ʢʣʝʥʘ ʦʪʨʘʞʘʝʪ ʥʘʣʠʯʠʝ ʦʪʢʨʳʪʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʘ ʧʳʣʴʮʘ ʣʠʩʪʚʝʥʥʠʮʳ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʧʦʩʘʜʢʘʭ. 

ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ (ʜʦ 10% ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʧʳʣʴʮʳ AP/NAP) ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʜʦʘʛʨʘʨʥʦʤ ʧʝʨʠʦʜʝ. ʉʦʦʪʥʦʰʝʥʠʝ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʧʳʣʴʮʳ ʚ ʦʪʣʦʞʝʥʠʷʭ ʦʟ. ʅʠʢʦʥʦʚʩʢʦʛʦ ʩʭʦʞʝ ʩ ɿʘʧʘʜʥʳʤ ʀʛʫʤʝʥʩʢʠʤ ʦʟʝʨʦʤ. ʉʨʝʜʠ 

ʪʨʘʚ ʧʦʤʠʤʦ çʦʙʱʠʭè ʪʘʢʩʦʥʦʚ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʜʦʨʦʞʥʠʢ, ʚʝʭ ʷʜʦʚʠʪʳʡ, ʣʠʣʝʡʥʳʝ, 

ʢʦʣʦʢʦʣʴʯʠʢʦʚʳʝ, ʚʘʩʠʣʠʩʪʥʠʢ, ʢʘʤʥʝʣʦʤʢʠ. ɺ ʩʝʨʝʜʠʥʝ ʨʘʟʨʝʟʘ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʱʝʝ 

ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʪʨʘʚ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʥʪʝʥʩʠʚʥʳʤ 

ʚʳʧʘʩʦʤ ʦʚʝʮ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʤ ʦʩʝʜʘʥʠʶ ʧʳʣʴʮʳ. 

ʂʨʦʤʝ ʚʩʪʨʝʯʝʥʥʳʭ ʚ ɿʘʧʘʜʥʦʤ ʀʛʫʤʝʥʩʢʦʤ ʦʟʝʨʝ ʤʘʢʨʦʬʠʪʦʚ, ʚ ʦʟ. ʅʠʢʦʥʦʚʩʢʦʤ 

ʪʘʢʞʝ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ ʧʦʚʦʡʥʠʯʢʘ, ʫʨʫʪʠ ʢʦʣʦʩʠʩʪʦʡ, ʨʦʛʦʟʘ ʠ ʨʫʧʧʠʠ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ ʫʨʫʪʠ ʦʯʝʨʝʜʥʦʮʚʝʪʢʦʚʦʡ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʪʦʣʴʢʦ ʯʪʦ 

ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʚʦʜʦʝʤʘ, ʘ ʚ ʛʦʨʠʟʦʥʪʝ ʛʣʠʥ ʥʘʯʠʥʘʝʪ ʩʥʠʞʘʪʴʩʷ ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ 

ʠʩʯʝʟʥʦʚʝʥʠʷ ʚ ʩʚʷʟʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʨʦʬʥʦʩʪʠ ʦʟʝʨʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʝ ʨʦʣʠ ʜʨʫʛʠʭ ʤʘʢʨʦʬʠʪʦʚ. ɼʘʥʥʳʡ ʩʣʦʡ ʦʪʥʦʩʠʪʩʷ ʧʨʠʤʝʨʥʦ ʢ 14 ʚʝʢʫ ʥʘʰʝʡ 

ʵʨʳ. ʉʦʜʝʨʞʘʥʠʷ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʘʥʘʣʦʛʠʯʥʦ ʩʧʝʢʪʨʘʤ ɿʘʧʘʜʥʦʛʦ ʀʛʫʤʝʥʩʢʦʛʦ ʦʟʝʨʘ, 

ʪʘʢʞʝ ʩʧʦʨʘʜʠʯʝʩʢʠ ʚʩʪʨʝʯʘʶʪʩʷ ʩʧʦʨʳ ʱʠʪʦʚʥʠʢʘ.  

ʉʨʝʜʠ ʢʫʣʴʪʫʨʥʳʭ ʠ ʨʫʜʝʨʘʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ ʨʞʠ ʚ ʦʪʣʦʞʝʥʠʷʭ, ʜʘʪʠʨʫʝʤʳʭ 712 ʢʘʣ. ʣ. ʥ. ʇʦʟʜʥʝʝ ʧʦʷʚʣʷʶʪʩʷ 

ʧʝʨʚʳʝ ʧʳʣʴʮʝʚʳʝ ʟʝʨʥʘ ʷʯʤʝʥʷ. ɺ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʢʦʣʦʥʢʠ ʦʟ. ʅʠʢʦʥʦʚʩʢʦʛʦ ʚʩʪʨʝʯʝʥʘ 

ʧʳʣʴʮʘ ʦʚʩʘ ʠ ʧʰʝʥʠʮʳ. ʈʦʣʴ ʧʳʣʴʮʳ ʱʘʚʝʣʷ ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʚʷʟʠ ʩ ʦʢʫʣʴʪʫʨʠʚʘʥʠʝʤ ʧʦʯʚ. 

ʉʧʦʨʘʜʠʯʝʩʢʠ ʚʩʪʨʝʯʘʶʱʘʷʩʷ ʧʳʣʴʮʘ ʧʦʜʦʨʦʞʥʠʢʘ ʙʦʣʴʰʦʛʦ ʠʥʜʠʮʠʨʫʝʪ ʣʦʢʘʣʴʥʳʝ 

ʧʦʩʝʣʝʥʠʷ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʣʦʥʢʠ ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʩʨʝʜʠ ʢʫʣʴʪʫʨʥʳʭ ʟʣʘʢʦʚ 

ʟʘʥʠʤʘʝʪ ʷʯʤʝʥʴ, ʩʨʝʜʠ ʩʦʨʥʷʢʦʚ ï ʤʘʨʝʚʳʝ. ʇʦʩʣʝ ʚʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ ʢʫʣʴʪʠʚʘʮʠʷ 
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ʟʣʘʢʦʚʳʭ ʨʘʩʪʝʥʠʡ ʥʘ ʦʩʪʨʦʚʝ ʧʨʝʢʨʘʪʠʣʘʩʴ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʯʪʠ ʧʦʣʥʳʤ 

ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʠʭ ʧʳʣʴʮʳ ʠʟ ʦʪʣʦʞʝʥʠʡ ʪʦʛʦ ʚʨʝʤʝʥʠ. ʅʘ ʤʝʩʪʝ ʙʳʚʰʠʭ ʧʦʣʝʡ 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʚʳʧʘʩ ʩʢʦʪʘ. 

ʆʟʝʨʦ ʂʨʝʩʪʦʚʦʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʪʝ 8,3 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʚ ʩʢʘʣʠʩʪʦʡ ʚʧʘʜʠʥʝ, 

ʦʢʨʫʞʝʥʥʦʡ ʦʪʚʝʩʥʳʤʠ ʦʙʨʳʚʘʤʠ, ʚ ʦʪʢʨʳʪʦʡ ʶʞʥʦʡ ʧʨʠʙʝʨʝʞʥʦʡ ʟʦʥʝ ʃʘʜʦʞʩʢʦʛʦ 

ʦʟʝʨʘ. ʇʣʦʱʘʜʴ ʦʟʝʨʘ ʩʦʩʪʘʚʣʷʝʪ 1,25 ʛʘ, ʛʣʫʙʠʥʘ ʜʦʩʪʠʛʘʝʪ 2,2 ʤ. ʆʟʝʨʦ ʦʪʜʝʣʝʥʦ ʦʪ 

ʃʘʜʦʛʠ ʠʩʢʫʩʩʪʚʝʥʥʦ ʫʛʣʫʙʣʝʥʥʳʤ ʧʦʨʦʛʦʤ. ʂʦʣʦʥʢʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ʂʨʝʩʪʦʚʦʛʦ 

ʜʦʚʦʣʴʥʦ ʤʦʱʥʘʷ (ʙʦʣʝʝ 2 ʤ), ʩʣʦʞʝʥʘ ʠʣʠʩʪʦʡ ʠ ʦʨʛʘʥʦʛʝʥʥʦʡ ʛʠʪʪʠʷʤʠ [Saarnisto, 2012]. 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʠʣʠʩʪʦʡ ʛʠʪʪʠʠ ʥʘʭʦʜʷʪʩʷ ʚʢʣʶʯʝʥʠʷ ʩʣʶʜʳ, ʧʝʩʢʘ ʠ ʛʣʠʥʳ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ çʣʘʜʦʞʩʢʦʤè ʚʦʟʨʘʩʪʝ ʦʪʣʦʞʝʥʠʡ. ɺ ʭʦʜʝ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ʦʟʝʨʦ 

ʩʬʦʨʤʠʨʦʚʘʣʦ ʩʚʦʝʛʦ ʨʦʜʘ ʟʘʱʠʱʝʥʥʳʡ ʙʘʩʩʝʡʥ ʚʥʫʪʨʠ ʃʘʜʦʛʠ, ʢʦʪʦʨʳʡ ʦʙʲʷʩʥʷʝʪ 

ʥʘʢʦʧʣʝʥʠʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʨʘʚʥʝʥʠʠ ʜʨʫʛʠʤʠ ʦʟʝʨʘʤʠ. 

ʈʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʦʨʛʘʥʠʢʠ ʠʥʜʠʮʠʨʫʝʪ ʧʝʨʠʦʜ ʠʟʦʣʷʮʠʠ ʦʟ. ʂʨʝʩʪʦʚʦʛʦ ʦʪ ʃʘʜʦʛʠ. 

ɺ ʨʘʤʢʘʭ ʧʘʣʝʦʣʠʤʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦ. ɺʘʣʘʘʤ ʠʟʫʯʘʣʠʩʴ ʥʝ ʪʦʣʴʢʦ 

ʦʟʝʨʥʳʝ ʢʦʣʦʥʢʠ, ʥʦ ʠ ʦʪʣʦʞʝʥʠʷ ʟʘʣʠʚʦʚ, ʜʦ ʩʠʭ ʧʦʨ ʩʦʭʨʘʥʷʶʱʠʭ ʩʚʷʟʴ ʩ ʃʘʜʦʞʩʢʠʤ 

ʦʟʝʨʦʤ [Vuorela et al., 2001]. ʉʢʠʪʩʢʠʡ ʟʘʣʠʚ, ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 1 ʢʤ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ, 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʦ. ɺʘʣʘʘʤ. ɿʘʣʠʚ ʦʢʨʫʞʝʥ ʧʦʭʦʞʠʤ 

ʩʪʘʨʦʚʦʟʨʘʩʪʥʳʤʠ ʜʫʙʘʤʠ ʠ ʩʦʩʥʘʤʠ. ʄʦʥʘʩʪʳʨʩʢʘʷ ʙʫʭʪʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʦʩʪʨʦʚʘ, ʝʝ ʟʘʧʘʜʥʳʡ ʙʝʨʝʛ ʠʤʝʝʪ ʧʨʦʪʷʞʝʥʥʦʩʪʴ 2 ʢʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʫʪʳʤʠ 

ʩʢʘʣʠʩʪʳʤʠ ʦʙʨʳʚʘʤʠ, ʥʘ ʚʝʨʰʠʥʘʭ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ɺʘʣʘʘʤʩʢʠʡ ʤʦʥʘʩʪʳʨʴ. 

ɺʦʩʪʦʯʥʳʡ ʙʝʨʝʛ ʙʦʣʝʝ ʧʦʣʦʛʠʡ, ʧʦʢʨʳʪ ʩʤʝʰʘʥʥʳʤ ʣʝʩʦʤ. ʂʦʣʦʥʢʘ ʦʪʣʦʞʝʥʠʡ, 

ʦʪʦʙʨʘʥʥʘʷ ʥʝʜʘʣʝʢʦ ʦʪ ʚʦʩʪʦʯʥʦʛʦ ʙʝʨʝʛʘ ʄʦʥʘʩʪʳʨʩʢʦʡ ʙʫʭʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʛʣʠʥʠʩʪʳʤʠ ʠ ʦʨʛʘʥʦʛʝʥʥʳʤʠ ʩʫʣʴʬʠʜʥʳʤʠ ʛʠʪʪʠʷʤʠ [Vuorela et al., 2001].  

ʆʪʣʦʞʝʥʠʷ ʉʢʠʪʩʢʦʛʦ ʟʘʣʠʚʘ ʠ ʄʦʥʘʩʪʳʨʩʢʦʡ ʙʫʭʪʳ ʦʯʝʥʴ ʧʦʭʦʞʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ 

ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʪʣʦʞʝʥʠʡ ʠʟʫʯʝʥʥʳʭ ʦʟʝʨ ʥʘ ʦ. ɺʘʣʘʘʤ [Vuorela, Saarnisto, 1997; 

Vuorela et al., 2001; Saarnisto, 2012]. ɺ ʢʦʣʦʥʢʘʭ ʦʪʨʘʞʝʥʦ ʧʦʚʳʰʝʥʠʝ ʨʦʣʠ ʝʣʠ, ʙʝʨʝʟʳ, 

ʤʦʞʞʝʚʝʣʴʥʠʢʘ, ʩʚʷʟʘʥʥʦʝ ʩ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʠ ʩʥʠʞʝʥʠʝ ʨʦʣʠ ʩʦʩʥʳ 

[Vuorela et al., 2001]. ɺ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʘʢʪʠʚʥʦʝ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʝ ʠʥʜʠʮʠʨʫʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʦʣʠ ʩʦʩʥʳ ʠ ʱʘʚʝʣʷ. ʇʦʩʘʜʢʘ ʜʨʝʚʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʥʘ ʦʩʪʨʦʚʝ ʚ 1800-ʭ 

ʛʦʜʘʭ ʦʪʨʘʞʝʥʘ ʚ ʩʧʝʢʪʨʘʭ ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʧʳʣʴʮʳ ʙʝʨʝʟʳ ʠ ʜʨʫʛʠʭ 

ʣʠʩʪʦʧʘʜʥʳʭ ʜʝʨʝʚʴʝʚ (ʜʫʙ, ʙʫʢ, ʣʠʩʪʚʝʥʥʠʮʘ). ʉʦʩʪʘʚ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʯʚ ʟʘʣʠʚʦʚ ʪʘʢʞʝ ʦʯʝʥʴ ʩʭʦʞ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʢʦʣʦʥʢʠ ʚʩʪʨʝʯʘʝʪʩʷ 

ʧʳʣʴʮʘ ʟʣʘʢʦʚʳʭ, ʦʩʦʢʦʚʳʭ, ʧʦʣʳʥʠ, ʧʦʜʤʘʨʝʥʥʠʢʘ, ʚʘʩʠʣʠʩʪʥʠʢʘ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʨʘʟʨʝʟʦʚ ʦʪʤʝʯʘʝʪʩʷ ʧʳʣʴʮʘ ʟʦʥʪʠʯʥʳʭ, ʥʦʨʠʯʥʠʢʦʚʳʭ, ʤʘʨʴʷʥʥʠʢʘ, ʣʠʣʝʡʥʳʭ, 

ʣʶʪʠʢʦʚʳʭ, ʙʦʙʦʚʳʭ.  
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ʉʨʝʜʠ ʤʘʢʨʦʬʠʪʦʚ ʚ ʦʪʣʦʞʝʥʠʷʭ ʄʦʥʘʩʪʳʨʩʢʦʡ ʙʫʭʪʳ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ 

ʝʞʝʛʦʣʦʚʥʠʢʘ, ʯʘʩʪʫʭʠ, ʨʜʝʩʪʘ, ʢʫʙʳʰʢʠ, ʨʦʛʦʟʘ, ʧʦʚʦʡʥʠʯʢʘ ʠ ʚʘʭʪʳ. ʇʳʣʴʮʘ ʫʨʫʪʠ 

ʦʯʝʨʝʜʥʦʮʚʝʪʢʦʚʦʡ ʠ ʧʦʣʫʰʥʠʢʘ ʦʪʤʝʯʝʥʘ ʝʜʠʥʠʯʥʦ ʦʢʦʣʦ 3100 ʣʝʪ ʥʘʟʘʜ, ʯʪʦ ʥʘʨʷʜʫ ʩʦ 

ʩʧʦʨʘʜʠʯʝʩʢʠʤ ʧʨʠʩʫʪʩʪʚʠʝʤ ʜʨʫʛʠʭ ʪʘʢʩʦʥʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʩʝʨʴʝʟʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚʦ ʚʨʝʤʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ 

ʨʘʩʪʝʥʠʡ ʚ ʦʪʣʦʞʝʥʠʷʭ ʄʦʥʘʩʪʳʨʩʢʦʡ ʙʫʭʪʳ ʦʪʤʝʯʝʥʦ ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʦʨ 

ʩʬʘʛʥʦʚʳʭ ʤʭʦʚ, ʭʚʦʱʝʡ, ʧʣʘʫʥʦʚ, ʛʦʣʦʚʥʠ, ʦʨʣʷʢʘ; ʨʦʣʴ ʩʧʦʨ ʤʥʦʛʦʥʦʞʢʦʚʳʭ ʚʳʰʝ ʚ 

ʩʚʷʟʠ ʩ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ɽʜʠʥʠʯʥʦ ʚʩʪʨʝʯʝʥʳ ʩʧʦʨʳ ʱʠʪʦʚʥʠʢʘ, ʙʘʨʘʥʮʘ ʠ 

ʤʥʦʛʦʥʦʞʢʠ ʦʙʳʢʥʦʚʝʥʥʦʡ. ʋʚʝʣʠʯʝʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘʟʘʜ ʠʥʜʠʮʠʨʫʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʳʣʴʮʳ ʟʣʘʢʦʚʳʭ ʦʢʦʣʦ 1200 ʢʘʣ. ʣ. ʥ.; ʪʘʢʞʝ ʵʪʦ ʚʨʝʤʷ 

ʥʘʯʘʣʘ ʢʫʣʴʪʠʚʘʮʠʠ ʨʞʠ. ʈʦʣʴ ʨʘʩʪʝʥʠʡ-ʠʥʜʠʢʘʪʦʨʦʚ ʧʦʩʝʣʝʥʠʡ ʯʝʣʦʚʝʢʘ ʚʦʟʨʘʩʪʘʝʪ ʢʦ 

ʚʨʝʤʝʥʠ ʧʦʟʜʥʝʛʦ ɾʝʣʝʟʥʦʛʦ ʚʝʢʘ ʠ ʉʨʝʜʥʝʚʝʢʦʚʴʶ (ʮʠʢʦʨʠʝʚʳʭ, ʱʘʚʝʣʷ, ʣʶʪʠʢʘ ʝʜʢʦʛʦ, 

ʢʨʘʧʠʚʳ, ʤʘʨʝʚʳʭ, ʪʳʩʷʯʝʣʠʩʪʥʠʢʘ ʠ ʜʨ.). 

ɺ ʦʪʣʦʞʝʥʠʷʭ ʉʢʠʪʩʢʦʛʦ ʟʘʣʠʚ ʚ ʧʝʨʠʦʜ ʃʘʜʦʞʩʢʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ ʩʨʝʜʠ 

ʤʘʢʨʦʬʠʪʦʚ ʩʧʦʨʘʜʠʯʝʩʢʠ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ ʛʦʨʮʘ ʟʝʤʥʦʚʦʜʥʦʛʦ, ʨʦʛʦʟʘ, ʫʨʫʪʠ 

ʦʯʝʨʝʜʥʦʮʚʝʪʢʦʚʦʡ, ʧʦʚʦʡʥʠʯʢʘ, ʝʞʝʛʦʣʦʚʥʠʢʘ, ʩʧʦʨʳ ʧʦʣʫʰʥʠʢʘ ʦʟʝʨʥʦʛʦ ʠ Pediastrum 

sp. ɺʦ ʚʨʝʤʷ ʨʝʛʨʝʩʩʠʠ ʃʘʜʦʛʠ ʧʳʣʴʮʘ ʠ ʩʧʦʨʳ ʚʨʝʤʝʥʥʦ ʠʩʯʝʟʘʶʪ ʠʟ ʦʪʣʦʞʝʥʠʡ. ʇʦʩʣʝ 

ʠʟʦʣʷʮʠʠ ʟʘʣʠʚ ʥʘʯʠʥʘʝʪ ʧʦʩʪʝʧʝʥʥʦ ʟʘʩʝʣʷʪʴʩʷ ʚʦʜʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ. ʇʠʦʥʝʨʥʳʤ ʚʠʜʦʤ 

ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʫʰʥʠʢ ʢʦʣʶʯʝʩʧʦʨʦʚʳʡ, ʧʦʟʜʥʝʝ ʧʦʷʚʣʷʝʪʩʷ ʢʫʙʳʰʢʘ, ʠʥʜʠʮʠʨʫʶʱʘʷ 

ʫʚʝʣʠʯʝʥʠʝ ʪʨʦʬʥʦʩʪʠ ʚʦʜʦʝʤʘ. ʅʘʯʘʚʰʘʷʩʷ ʦʢʦʣʦ 1408 ʢʘʣ. ʣ. ʥ. ʠ ʩʚʷʟʘʥʥʘʷ ʩ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʵʚʪʨʦʬʠʢʘʮʠʷ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʧʦʚʳʰʝʥʠʝʤ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʤʘʢʨʦʬʠʪʦʚ ʚ ʟʘʣʠʚʝ ʠ ʧʦ ʙʝʨʝʛʘʤ ï ʚʩʪʨʝʯʘʣʠʩʴ ʫʨʫʪʴ ʢʦʣʦʩʠʩʪʘʷ, ʚʘʭʪʘ, ʢʫʚʰʠʥʢʘ, 

ʯʘʩʪʫʭʘ, ʝʞʝʛʦʣʦʚʥʠʢ. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʚ ʦʪʣʦʞʝʥʠʷʭ ʉʢʠʪʩʢʦʛʦ ʟʘʣʠʚʘ 

ʧʨʝʦʙʣʘʜʘʶʪ ʩʬʘʛʥʦʚʳʝ ʤʭʠ ʠ ʤʥʦʛʦʥʦʞʢʦʚʳʝ, ʦʜʥʘʢʦ ʠʭ ʨʦʣʴ ʩʥʠʞʘʝʪʩʷ ʚ ʩʚʷʟʠ ʩ 

ʨʝʛʨʝʩʩʠʝʡ ʃʘʜʦʛʠ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʨʘʟʨʝʟʘ ʦʪʤʝʯʘʶʪʩʷ ʩʧʦʨʳ ʭʚʦʱʝʡ. ɺ ʩʣʦʝ 

ʛʠʪʪʠʠ ʥʝʤʥʦʛʦ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʦʨʣʷʢʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 

ʯʝʣʦʚʝʢʘ. ɺ ʩʣʦʝ ʦʪʣʦʞʝʥʠʡ ʟʘʣʠʚʘ, ʜʘʪʠʨʫʝʤʦʤ 1408 ʢʘʣ. ʣ. ʥ., ʦʪʤʝʯʝʥʦ ʥʘʯʘʣʦ ʢʨʠʚʦʡ 

ʱʘʚʝʣʷ ʠ ʟʘʤʝʪʥʦʝ ʩʥʠʞʝʥʠʝ ʨʦʣʠ ʝʣʠ. ɺ ʚʳʰʝʣʝʞʘʱʝʤ ʩʣʦʝ ʚʦʟʨʘʩʪʦʤ 985 ʢʘʣ. ʣ. ʥ. 

ʚʧʝʨʚʳʝ ʚʩʪʨʝʯʝʥʘ ʧʳʣʴʮʘ ʟʝʨʥʦʚʳʭ ʟʣʘʢʦʚ, ʠʥʜʠʮʠʨʫʶʱʠʭ ʟʝʤʣʝʜʝʣʠʝ. ʇʳʣʴʮʘ 

ʨʘʩʪʝʥʠʡ-ʠʥʜʠʢʘʪʦʨʦʚ ʧʦʩʝʣʝʥʠʡ ʚʩʪʨʝʯʘʝʪʩʷ ʩʧʦʨʘʜʠʯʝʩʢʠ, ʦʜʥʘʢʦ ʝʝ ʧʨʠʩʫʪʩʪʚʠʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʟʘʩʝʣʝʥʠʝ ʪʝʨʨʠʪʦʨʠʡ ʦʢʦʣʦ 500-600 ʣʝʪ ʥʘʟʘʜ ʠ ʢʫʣʴʪʠʚʘʮʠʶ 

ʢʫʣʴʪʫʨʥʳʭ ʨʘʩʪʝʥʠʡ, ʥʘʯʠʥʘʷ ʩ 10 ʚʝʢʘ ʥ.ʵ. 

ʆʩʪʨʦʚ ʈʠʝʢʢʘʣʘʥʩʘʘʨʠ. ʊʝʨʨʠʪʦʨʠʘʣʴʥʦ ʦʩʪʨʦʚ ʦʪʥʦʩʠʪʩʷ ʢ ʈʝʩʧʫʙʣʠʢʝ 

ʂʘʨʝʣʠʷ, ʠʤʝʝʪ ʧʣʦʱʘʜʴ 75 ʢʤ2 ʠ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʙʦʣʴʰʠʤ ʦʩʪʨʦʚʦʤ ʚ ʩʦʩʪʘʚʝ ʉʝʚʝʨʥʦʛʦ 

ʃʘʜʦʞʩʢʦʛʦ ʘʨʭʠʧʝʣʘʛʘ. ɸʨʭʠʧʝʣʘʛ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʪʝʨʨʠʪʦʨʠʠ ʩʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʤʠ 
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ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚʩʣʝʜʩʪʚʠʝ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʚʳʟʚʘʥʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ 

ʦʣʝʜʝʥʝʥʠʝʤ ʠ ʙʦʣʴʰʠʤʠ ʧʝʨʝʧʘʜʘʤʠ ʚʳʩʦʪ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʃʘʜʦʛʠ. ʅʘ ʈʠʝʢʢʘʣʘʥʩʘʘʨʠ 

ʙʳʣʘ ʦʪʦʙʨʘʥʘ ʢʦʣʦʥʢʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ʂʠʨʴʷʚʘʣʘʤʧʠ [Alenius et al., 2004], 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʦʩʪʨʦʚʘ ʥʘ ʚʳʩʦʪʝ 17 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ʇʣʦʱʘʜʴ 

ʦʟʝʨʘ ʩʦʩʪʘʚʣʷʝʪ 2,4 ʛʘ, ʥʘʠʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ ʜʦʩʪʠʛʘʝʪ 4 ʤ. ʉ ʶʛʘ ʠ ʩʝʚʝʨʘ ʥʘʭʦʜʷʪʩʷ 

ʩʝʥʦʢʦʩʥʳʝ ʧʦʣʷ ʠ ʧʘʩʪʙʠʱʘ ʜʣʷ ʚʳʧʘʩʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, ʟʘʧʘʜʥʳʡ ʙʝʨʝʛ 

ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʥʘʞʝʥʠʷʤʠ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ. ʆʟʝʨʦ ʦʢʨʫʞʝʥʦ ʩʦʩʥʦʚʳʤ ʣʝʩʦʤ, ʨʘʩʪʫʱʠʤ 

ʥʘ ʩʫʭʠʭ ʧʦʯʚʘʭ. ɺ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʰʥʘʷ ʥʝʤʦʨʘʣʴʥʘʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. ʇʦ ʙʝʨʝʛʘʤ ʥʘʭʦʜʷʪʩʷ ʟʘʨʦʩʣʠ ʦʣʴʭʠ ʠ ʠʚʳ, ʣʠʪʦʨʘʣʴʥʘʷ ʟʦʥʘ ʦʟʝʨʘ ʟʘʥʷʪʘ 

ʧʦʷʩʦʤ ʪʨʦʩʪʥʠʢʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ. ʂʦʣʦʥʢʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ʂʠʨʴʷʚʘʣʘʤʧʠ ʩʣʦʞʝʥʘ 

ʛʣʠʥʘʤʠ ʠ ʦʧʝʩʯʘʥʝʥʥʳʤʠ ʛʣʠʥʘʤʠ, ʛʣʠʥʠʩʪʳʤʠ ʠ ʦʨʛʘʥʦʛʝʥʥʳʤʠ ʛʠʪʪʠʷʤʠ. 

ʅʠʞʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʨʠʦʜʫ ʤʘʢʩʠʤʫʤʘ ʃʘʜʦʞʩʢʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʜʨʝʚʝʩʥʦʡ ʧʳʣʴʮʳ (ʜʦ 50%). ʉʨʝʜʠ ʢʫʩʪʘʨʥʠʢʦʚ 

ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ ʠʚʳ ʠ ʦʙʣʝʧʠʭʠ ʢʨʫʰʠʥʦʚʠʜʥʦʡ. ʉʨʝʜʠ ʪʨʘʚ ʠ ʢʫʩʪʘʨʥʠʯʢʦʚ 

ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ ʚʝʨʝʩʢʦʚʳʭ, ʧʦʣʳʥʝʡ, ʤʘʨʝʚʳʭ, ʟʣʘʢʦʚʳʭ, ʪʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ 

ʛʚʦʟʜʠʯʥʳʭ, ʱʘʚʝʣʷ, ʨʦʟʦʮʚʝʪʥʳʭ, ʟʦʥʪʠʯʥʳʭ, ʤʘʨʝʥʦʚʳʭ, ʩʣʦʞʥʦʮʚʝʪʥʳʭ ʠ ʮʠʢʦʨʠʝʚʳʭ. 

ʉʧʦʨʦʚʳʝ ʨʘʩʪʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʬʘʛʥʦʚʳʤʠ ʤʭʘʤʠ, ʭʚʦʱʘʤʠ ʠ 

ʤʥʦʛʦʥʦʞʢʦʚʳʤʠ.  

ɺ ʧʝʨʠʦʜ ʠʟʦʣʷʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʩʫʢʮʝʩʩʠʦʥʥʘʷ ʩʤʝʥʘ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʩʚʦʙʦʞʜʝʥʠʝʤ ʪʝʨʨʠʪʦʨʠʡ ʦʪ ʚʦʜʳ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ 

ʟʘʨʘʩʪʘʥʠʝ ʠ ʦʙʣʝʩʝʥʠʝʤ. ɺ ʦʪʣʦʞʝʥʠʷʭ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ ʠʚʳ, ʦʣʴʭʠ, ʙʝʨʝʟʳ, 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ, ʟʣʘʢʦʚʳʭ. 

ʇʦʩʣʝ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʠʟʦʣʷʮʠʠ ʦʟ. ʂʠʨʴʷʚʘʣʘʤʧʠ (ʦʪ 3256 ʜʦ 2016 ʢʘʣ. ʣ. ʥ.). ʥʘ 

ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʜʦʤʠʥʠʨʫʶʪ ʙʦʨʝʘʣʴʥʳʝ ʣʝʩʘ (ʧʳʣʴʮʘ ʜʝʨʝʚʴʝʚ ʩʦʩʪʘʚʣʷʝʪ 92% 

ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ AP/NAP). ʈʦʣʴ ʝʣʠ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ï 

ʩʥʠʞʘʝʪʩʷ. ɺ ʧʝʨʠʦʜ ʩ 2016 ʜʦ 1350 ʢʘʣ. ʣ. ʥ. ʩʥʠʞʘʝʪʩʷ ʜʦʣʷ ʝʣʠ, ʨʦʣʴ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʧʨʦʜʦʣʞʘʝʪ ʧʘʜʘʪʴ. ɺ ʧʝʨʠʦʜ ʩ 1350 ʜʦ 750 ʢʘʣ. ʣ. ʥ. 

ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ ʠʚʳ, ʣʶʪʠʢʦʚʳʭ, ʪʘʚʦʣʛʠ, ʤʘʨʴʷʥʥʠʢʘ, ʭʚʦʱʝʡ ʠ ʤʥʦʛʦʥʦʞʢʦʚʳʭ. ɺ 

ʧʝʨʠʦʜ ʩ 750 ʢʘʣ. ʣ. ʥ. ʜʦ 18 ʚʝʢʘ ʚ ʩʚʷʟʠ ʩ ʘʢʪʠʚʥʳʤ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʦʚʴ ʚʦʟʨʘʩʪʘʝʪ 

ʨʦʣʴ ʧʳʣʴʮʳ ʥʝ-ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ (10-20%). ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʨʦʣʴ ʧʳʣʴʮʳ ʠʚʳ, 

ʤʦʞʞʝʚʝʣʴʥʠʢʘ, ʪʘʚʦʣʛʠ, ʟʣʘʢʦʚʳʭ, ʣʶʪʠʢʦʚʳʭ, ʩʣʦʞʥʦʮʚʝʪʥʳʭ, ʮʠʢʦʨʠʝʚʳʭ, ʢʫʚʰʠʥʦʢ, 

ʦʩʦʢʦʚʳʭ, ʩʧʦʨ ʦʨʣʷʢʘ ʠ ʭʚʦʱʘ. ʇʦʷʚʣʷʝʪʩʷ ʧʳʣʴʮʘ ʱʘʚʝʣʷ, ʢʦʣʦʢʦʣʴʯʠʢʘ, ʧʦʜʦʨʦʞʥʠʢʘ, 

ʙʦʙʦʚʳʭ ʠ ʢʘʧʫʩʪʥʳʭ. ɺ ʧʝʨʠʦʜʝ ʩ 18 ʜʦ 20 ʚʝʢʘ ʨʦʣʴ ʜʝʨʝʚʴʝʚ ʩʥʠʞʘʝʪʩʷ, ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʚʠʜʦʤ ʩʪʘʥʦʚʠʪʩʷ ʙʝʨʝʟʘ. ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ ʥʝ-ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ 

ʜʦʩʪʠʛʘʝʪ 35%. ʉʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʤʦʞʞʝʚʝʣʴʥʠʢʘ, ʟʣʘʢʦʚʳʭ, ʠʚʳ, ʭʚʦʱʝʡ ʠ 
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ʦʩʦʢ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʣʦʥʢʠ (20 ʚʝʢ) ʨʦʣʴ ʧʳʣʴʮʳ ʥʝ-ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʧʘʜʘʝʪ. ʈʦʣʴ 

ʝʣʠ ʦʩʪʘʝʪʩʷ ʥʘ ʥʝʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʘ ʙʝʨʝʟʳ ʠ ʩʦʩʥʳ ʥʘʯʠʥʘʝʪ ʚʦʟʚʨʘʱʘʪʴʩʷ ʢ 

ʜʦʘʛʨʘʨʥʦʤʫ ʧʝʨʠʦʜʫ. 

ʇʝʨʚʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʦ. ʈʠʝʢʢʘʣʘʥʩʘʘʨʠ ʦʪʥʦʩʷʪʩʷ 

ʢ ʨʘʥʥʝʤʫ ʞʝʣʝʟʥʦʤʫ ʚʝʢʫ (1950-1750 ʢʘʣ. ʣ. ʥ.) [Alenius et al., 2004]. ɺʧʝʨʚʳʝ ʧʳʣʴʮʘ ʨʞʠ 

ʧʦʩʝʚʥʦʡ ʚʩʪʨʝʯʝʥʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʦʟ. ʂʠʨʴʷʚʘʣʘʤʧʠ (ʦʢʦʣʦ 1350 ʢʘʣ. ʣ. ʥ.). ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ ʪʠʧʘ ʢʘʥʥʘʙʠʩ-ʭʤʝʣʴ, ʠʥʜʠʮʠʨʫʶʱʘʷ ʧʦʩʝʣʝʥʠʷ ʯʝʣʦʚʝʢʘ. ɺ 

ʧʝʨʠʦʜ ʩ 750 ʢʘʣ. ʣ. ʥ. ʜʦ 18 ʚʝʢʘ ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ ʪʠʧʘ ʢʘʥʥʘʙʠʩ-ʭʤʝʣʴ ʠ ʨʞʠ 

ʩʥʠʞʘʝʪʩʷ. ʇʦʚʳʰʘʝʪʩʷ ʨʦʣʴ ʧʳʣʴʮʳ ʪʘʚʦʣʛʠ, ʣʶʪʠʢʦʚʳʭ, ʮʠʢʦʨʠʝʚʳʭ, ʪʘʢʞʝ 

ʷʚʣʷʶʱʠʭʩʷ ʠʥʜʠʢʘʪʦʨʘʤʠ ʞʠʣʠʱ ʯʝʣʦʚʝʢʘ. ʇʦʷʚʣʷʝʪʩʷ ʧʳʣʴʮʘ ʨʫʜʝʨʘʣʴʥʳʭ ʚʠʜʦʚ 

(ʱʘʚʝʣʷ, ʧʦʜʦʨʦʞʥʠʢʘ). ɺ ʧʝʨʠʦʜ ʩ 18 ʧʦ 20 ʚʝʢ ʚ ʦʪʣʦʞʝʥʠʷʭ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʧʦ 

ʨʘʟʨʝʟʫ ʢʦʣʠʯʝʩʪʚʦ ʧʳʣʴʮʳ ʘʧʦʬʠʪʥʳʭ (ʠʩʢʫʩʩʪʚʝʥʥʦ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʯʝʣʦʚʝʢʦʤ, ʥʝ 

ʩʚʦʡʩʪʚʝʥʥʳʭ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ) ʠ ʘʥʪʨʦʧʦʭʦʨʥʳʭ (ʟʘʥʝʩʝʥʥʳʭ ʯʝʣʦʚʝʢʦʤ) ʨʘʩʪʝʥʠʡ. 

ɺʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʢʫʣʴʪʫʨʥʳʭ ʟʣʘʢʦʚ ʠ ʱʘʚʝʣʷ. ʅʘ ʦ. ʈʠʝʢʢʘʣʘʥʩʘʘʨʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʦʜʩʝʯʥʦ-ʦʛʥʝʚʦʝ ʟʝʤʣʝʜʝʣʠʝ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʣʦʥʢʠ (20 ʚʝʢ) ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʝ 

ʩʦʢʨʘʱʘʝʪʩʷ, ʨʦʣʴ ʧʳʣʴʮʳ ʪʠʧʘ ʢʘʥʥʘʙʠʩ-ʭʤʝʣʴ, ʱʘʚʝʣʷ ʠ ʢʫʣʴʪʫʨʥʳʭ ʟʣʘʢʦʚ ʩʥʠʞʘʝʪʩʷ. 

ʈʦʣʴ ʧʳʣʴʮʳ ʜʨʫʛʠʭ ʨʘʩʪʝʥʠʡ-ʠʥʜʠʢʘʪʦʨʦʚ ʢʫʣʴʪʠʚʘʮʠʠ ʦʩʪʘʝʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

(ʪʘʚʦʣʛʘ, ʣʘʧʯʘʪʢʘ, ʨʷʙʠʥʘ, ʙʦʙʦʚʳʝ, ʩʣʦʞʥʦʮʚʝʪʥʳʝ, ʮʠʢʦʨʠʝʚʳʝ, ʣʶʪʠʢʦʚʳʝ). 

ʆʩʪʨʦʚ ʂʠʣʴʧʦʣʘ. ʆʩʪʨʦʚ ʧʣʦʱʘʜʴʶ 32,1 ʢʤ2 ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʚ ʧʦʜʟʦʥʝ ʶʞʥʦʡ ʪʘʡʛʠ. ɼʦʣʛʦʝ ʚʨʝʤʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ 

ʪʝʨʨʠʪʦʨʠʠ ʦ. ʂʠʣʴʧʦʣʘ ʧʨʠʤʝʥʷʣʦʩʴ ʧʦʜʩʝʯʥʦ-ʦʛʥʝʚʦʝ ʟʝʤʣʝʜʝʣʠʝ, ʦʜʥʘʢʦ ʢ ʥʘʯʘʣʫ 19 

ʚʝʢʘ ʵʪʘ ʧʨʘʢʪʠʢʘ ʨʝʟʢʦ ʩʦʢʨʘʪʠʣʘʩʴ. ɺ ʢʦʥʮʝ XIX  ʚʝʢʘ ʧʣʦʱʘʜʴ ʣʝʩʦʚ ʥʘ ʦʩʪʨʦʚʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʣʘʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ 

[Taavitsainen et al., 1994]. ɼʦʤʠʥʘʥʪʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚ ʩʦʩʪʘʚʝ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʦʛʦ ʣʝʩʘ 

ʙʳʣʠ ʙʝʨʝʟʘ ʠ ʦʣʴʭʘ, ʩʦʩʥʳ ʨʦʩʣʠ ʩʧʦʨʘʜʠʯʝʩʢʠ. ɽʣʴ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʘ, ʦʜʥʘʢʦ ʚ 

ʥʘʯʘʣʝ XX ʚʝʢʘ ʝʣʦʚʳʝ ʣʝʩʘ ʙʳʣʠ ʚʳʩʘʞʝʥʳ ʠʩʢʫʩʩʪʚʝʥʥʦ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʨʨʠʪʦʨʠʷ 

ʦʩʪʨʦʚʘ ʧʦʢʨʳʪʘ ʥʝʚʳʩʦʢʠʤ ʩʦʩʥʦʚʳʤ ʣʝʩʦʤ ʥʘ ʚʝʨʰʠʥʘʭ ʭʦʣʤʦʚ, ʥʘ ʥʠʞʝʣʝʞʘʱʠʭ 

ʫʯʘʩʪʢʘʭ ʨʘʩʪʫʪ ʩʦʩʥʦʚʳʝ, ʣʠʩʪʚʝʥʥʳʝ ʠ ʩʤʝʰʘʥʥʳʝ ʣʝʩʘ. ʇʨʠʙʨʝʞʴʷ ʟʘʥʷʪʳ 

ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʧʦʣʷʤʠ, ʚʩʪʨʝʯʘʶʪʩʷ ʟʘʥʷʪʳʝ ʧʘʩʪʙʠʱʘʤʠ ʜʨʝʚʥʠʝ ʧʦʣʷ. ʉ ʤʦʤʝʥʪʘ 

ʠʟʦʣʷʮʠʠ ʦʩʪʨʦʚʘ ʦʪ ʙʦʣʝʝ ʜʨʝʚʥʝʛʦ ʚʦʜʦʝʤʘ, ɸʥʮʠʣʦʚʦʛʦ ʦʟʝʨʘ, ʦʢʦʣʦ 9000 ʣʝʪ ʥʘʟʘʜ ʜʦ 

ʨʝʛʨʝʩʩʠʠ ʃʘʜʦʛʠ ʦʢʦʣʦ 3000 ʣʝʪ ʥʘʟʘʜ ʚʦʜʳ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʜʦʩʪʠʛʘʣʠ ʟʥʘʯʝʥʠʡ ʦʢʦʣʦ 

20 ʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦ. ʂʠʣʴʧʦʣʘ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʦʢʫʣʴʪʫʨʝʥʥʳʭ ʟʝʤʝʣʴ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ ʵʪʦʛʦ ʫʨʦʚʥʷ. 

ʆʟʝʨʦ ʉʫʫʨʠ-ʂʦʢʢʦʣʘʤʧʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦ. ʄʦʥʪʦʩʩʘʘʨʠ (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚʳʜʝʣʝʥ ʚ ʢʘʯʝʩʪʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʦʩʪʨʦʚʘ ʚ ʩʦʩʪʘʚʝ ʘʨʭʠʧʝʣʘʛʘ ʂʠʣʴʧʦʣʘ, ʦʧʠʩʘʥʥʦʛʦ 



38 
 

ʫ [Taavitsainen et al., 1994]) ʥʘ ʚʳʩʦʪʝ 8 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ʕʪʦ ʥʝʙʦʣʴʰʦʡ ʚʦʜʦʝʤ 

ʧʣʦʱʘʜʴʶ 1,2 ʛʘ ʠ ʛʣʫʙʠʥʦʡ ʜʦ 4 ʤ, ʦʢʨʫʞʝʥʥʳʡ ʜʨʝʚʥʠʤʠ ʦʢʫʣʴʪʫʨʝʥʥʳʤʠ ʧʦʣʷʤʠ 

[Taavitsainen et al., 1994]. ʂʦʣʦʥʢʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ʉʫʫʨʠ-ʂʦʢʢʦʣʘʤʧʠ ʩʣʦʞʝʥʘ 

ʛʣʠʥʦʡ, ʛʣʠʥʠʩʪʳʤʠ ʠ ʦʨʛʘʥʦʛʝʥʥʳʤʠ ʛʠʪʪʠʷʤʠ. ʇʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʩʘʜʢʘ ʢ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʣʦʥʢʠ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʧʨʦʚʝʜʝʥʥʳʭ ʘʥʘʣʠʟʦʚ 

(ʜʠʘʪʦʤʦʚʦʛʦ ʠ ʧʦʪʝʨʴ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ) ʦʪʨʘʞʘʶʪ ʤʝʜʣʝʥʥʳʡ ʧʨʦʮʝʩʩ ʠʟʦʣʷʮʠʠ ʦʟʝʨʘ 

ʦʪ ʃʘʜʦʛʠ. 

ʊʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʳʣʴʮʳ ʚ ʢʦʣʦʥʢʝ ʦʪʣʦʞʝʥʠʡ ʦʟ. ʉʫʫʨʠ-ʂʦʢʢʦʣʘʤʧʠ 

ʦʙʫʩʣʦʚʣʝʥ ʙʦʣʴʰʝ ʣʦʢʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʆʪʨʘʞʝʥʠʝʤ ʨʝʛʠʦʥʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʤʦʞʥʦ 

ʥʘʟʚʘʪʴ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʧʳʣʴʮʳ ʩʦʩʥʳ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʦʢʦʣʦ 40%). ʇʦ ʤʝʨʝ 

ʠʟʦʣʷʮʠʠ ʦʟʝʨʘ ʠ ʦʙʦʩʦʙʣʝʥʠʷ ʝʛʦ ʙʘʩʩʝʡʥʘ ʨʦʣʴ ʩʦʩʥʳ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʢʘʢ ʠ 

ʜʨʫʛʦʡ ʟʘʥʦʩʥʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʧʳʣʴʮʳ. ɺ ʩʝʨʝʜʠʥʝ ʨʘʟʨʝʟʘ ʚʳʨʘʞʝʥʘ ʨʦʣʴ ʣʦʢʘʣʴʥʳʭ 

ʪʘʢʩʦʥʦʚ ï ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ, ʚ ʯʘʩʪʥʦʩʪʠ ʙʝʨʝʟʳ ʠ ʦʣʴʭʠ; ʪʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ 

ʪʦʧʦʣʷ, ʢʣʝʥʘ, ʣʠʧʳ, ʚʷʟʘ, ʣʝʱʠʥʳ. ʇʨʠʩʫʪʩʪʚʠʝ ʧʳʣʴʮʳ ʛʨʘʙʘ, ʜʫʙʘ ʠ ʷʩʝʥʷ ʥʦʩʠʪ 

ʟʘʥʦʩʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘ ʤʝʩʪʝ ʦʩʚʦʙʦʜʠʚʰʠʭʩʷ ʦʪ ʚʦʜ ʃʘʜʦʛʠ ʪʝʨʨʠʪʦʨʠʡ ʬʦʨʤʠʨʫʶʪʩʷ 

ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ, ʷʚʣʷʶʱʠʝʩʷ ʭʦʨʦʰʠʤ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʠʚ ʠ ʦʣʴʭʠ. ʉʨʝʜʠ 

ʧʨʠʙʨʝʞʥʳʭ ʪʨʘʚ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ ʟʣʘʢʦʚ, ʦʩʦʢʦʚʳʭ, ʪʘʚʦʣʛʠ, ʣʶʪʠʢʦʚʳʭ, ʢʘʣʫʞʥʠʮʳ, 

ʚʝʨʙʝʡʥʠʢʘ ʢʠʩʪʝʮʚʝʪʥʦʛʦ ʠ ʜʨ. ɺʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʨʫʪʴʶ, ʢʫʙʳʰʢʦʡ, 

ʢʫʚʰʠʥʢʦʡ, ʛʦʨʮʦʤ ʟʝʤʥʦʚʦʜʥʳʤ, ʙʦʣʦʪʥʠʢʦʤ ʠ ʨʜʝʩʪʘʤʠ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ 

(ʥʘʯʠʥʘʷ ʩ 1700 ʢʘʣ. ʣ. ʥ.) ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʦʣʴ ʦʨʣʷʢʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʚʝʜʝʥʠʠ ʣʝʩʦʚ ʧʫʪʝʤ ʚʳʨʫʙʦʢ ʠ 

ʧʦʞʘʨʦʚ. ʉʥʠʞʘʝʪʩʷ ʨʦʣʴ ʝʣʠ, ʦʣʴʭʠ ʠ ʚʷʟʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʦʣʷ ʧʳʣʴʮʳ ʙʝʨʝʟʳ ʠ ʪʦʧʦʣʷ 

ʚʦʟʨʘʩʪʘʝʪ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʨʘʟʫ ʧʦʩʣʝ ʠʟʦʣʷʮʠʠ ʦʟʝʨʘ ʦʪ ʃʘʜʦʛʠ, ʚʧʝʨʚʳʝ ʦʪʤʝʯʝʥʘ 

ʧʳʣʴʮʘ ʢʫʣʴʪʫʨʥʳʭ ʟʣʘʢʦʚ. ʇʦʟʜʥʝʝ ʧʦʷʚʣʷʝʪʩʷ ʧʳʣʴʮʘ ʨʞʠ. ʇʳʣʴʮʘ ʜʨʫʛʠʭ ʨʘʩʪʝʥʠʡ-

ʠʥʜʠʢʘʪʦʨʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʤʦʞʞʝʚʝʣʴʥʠʢ, ʧʦʜʦʨʦʞʥʠʢ ʣʘʥʮʝʪʦʣʠʩʪʥʳʡ, 

ʱʘʚʝʣʴ ʢʠʩʣʳʡ, ʚʝʨʝʩʢ ʠ ʜʨ.)  ʪʘʢʞʝ ʧʦʷʚʣʷʝʪʩʷ ʧʦʩʣʝ ʠʟʦʣʷʮʠʠ. 

ʆʟʝʨʦ ʈʝʚʦʥʣʘʤʧʠ ʧʣʦʱʘʜʴʶ 2,15 ʛʘ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʦ. ʂʠʣʴʧʦʣʘ ʥʘ 

ʚʳʩʦʪʝ 18 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʝʛʦ ʛʣʫʙʠʥʘ ʜʦʩʪʠʛʘʝʪ 2 ʤ [Saarnisto, Grºnlund, 1996]. 

ʆʟʝʨʦ ʯʘʩʪʠʯʥʦ ʦʢʨʫʞʝʥʦ ʤʦʨʝʥʘʤʠ, ʷʚʣʷʚʰʠʤʠʩʷ ʦʙʦʩʦʙʣʝʥʥʳʝ ʟʘʣʠʚʳ ʃʘʜʦʛʠ ʚʦ ʚʨʝʤʷ 

ʃʘʜʦʞʩʢʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ; ʫʩʣʦʚʠʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʥʠʭ ʪʦʛʜʘ ʠ ʩʝʡʯʘʩ ʜʦʚʦʣʴʥʦ 

ʩʭʦʞʠ. ʂʦʣʦʥʢʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʣʦʞʝʥʘ ʛʣʠʥʠʩʪʳʤʠ ʠ ʦʨʛʘʥʦʛʝʥʥʳʤʠ ʛʠʪʪʠʷʤʠ, 

ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʠʥʜʠʮʠʨʫʝʪ ʚʨʝʤʷ ʠʟʦʣʷʮʠʠ ʦʟʝʨʘ ʦʪ ʃʘʜʦʛʠ. 

ʆʟʝʨʦ ɺʠʪʩʘʣʘʤʧʠ ʧʣʦʱʘʜʴʶ 9,8 ʛʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʪʝ 15 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, 

ʝʛʦ ʛʣʫʙʠʥʘ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 5 ʤ [Saarnisto, Grºnlund, 1996]. ʆʟʝʨʦ ʦʢʨʫʞʝʥʦ 

ʦʙʝʟʣʝʩʝʥʥʳʤʠ ʩʢʘʣʠʩʪʳʤʠ ʭʦʣʤʘʤʠ. ʂʦʣʦʥʢʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʫʙʦ- ʠ 
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ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʧʝʩʢʦʤ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʦʨʛʘʥʠʢʠ, ʛʣʠʥʠʩʪʳʤʠ, ʦʧʝʩʯʘʥʝʥʥʳʤʠ ʠ 

ʦʨʛʘʥʦʛʝʥʥʳʤʠ ʛʠʪʪʠʷʤʠ. ɺʨʝʤʷ ʠʟʦʣʷʮʠʠ ʦʪ ʃʘʜʦʛʠ ʦʮʝʥʠʚʘʝʪʩʷ ʚʦʟʨʘʩʪʦʤ 3188 ʠʣʠ 

3416 ʢʘʣ. ʣ. ʥ. 

ʆʩʪʨʦʚ ʄʘʥʪʩʠʥʩʘʘʨʠ. ʆʩʪʨʦʚ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʙʝʨʝʛʫ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʠʤʝʝʪ ʜʣʠʥʫ 14 ʢʤ ʠ ʰʠʨʠʥʫ 4 ʢʤ. ʊʝʨʨʠʪʦʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʠʟʢʦʚʳʩʦʪʥʫʶ ʨʘʚʥʠʥʫ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʪ, ʢʦʪʦʨʳʝ ʜʦʩʪʠʛʘʶʪ ʚʳʩʦʪʳ 

21-22 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ (ʨʘʚʥʦ ʢʘʢ ʠ ʩʦʩʝʜʥʠʡ ʦ. ʃʫʥʢʫʣʘʥʩʘʘʨʠ) ʠ ʷʚʣʷʶʪʩʷ 

ʧʨʦʜʦʣʞʝʥʠʝʤ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʚʘʣʦʚ, ʦʪʨʘʞʝʥʥʳʭ ʚ ʨʝʣʴʝʬʝ ʙʝʨʝʛʦʚ ʦʩʪʨʦʚʘ [Delusin, 

Donner, 1995]. ʄʘʥʪʩʠʥʩʘʘʨʠ ʦʩʚʦʙʦʜʠʣʩʷ ʦʪ ʣʝʜʥʠʢʘ ʦʢʦʣʦ 11000 ʣʝʪ ʥʘʟʘʜ ʚʦ ʚʨʝʤʷ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɹʘʣʪʠʡʩʢʦʛʦ ʃʝʜʥʠʢʦʚʦʛʦ ʦʟʝʨʘ, ʯʪʦ ʦʪʨʘʞʘʶʪ ʦʪʣʦʞʝʥʠʷ ʚʘʨʚʦʚʳʭ ʛʣʠʥ ʚ 

ʥʠʞʥʠʭ ʯʘʩʪʷʭ ʦʩʪʨʦʚʘ. ɹʦʣʝʝ ʤʦʣʦʜʳʝ ʛʦʣʦʮʝʥʦʚʳʝ ʦʩʘʜʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʙʦʣʦʪ ʠ ʧʝʩʯʘʥʠʢʦʚ ʥʘ ʚʝʨʭʫʰʢʘʭ ʙʦʣʦʪ. 

ʅʘʠʙʦʣʝʝ ʧʨʠʤʝʪʥʳʤʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʧʣʷʞʥʳʝ ʭʨʝʙʪʳ 

(ʙʝʨʝʛʦʚʳʝ ʚʘʣʳ), ʜʚʝ ʢʦʣʦʥʢʠ ʦʪʣʦʞʝʥʠʡ ʢʦʪʦʨʳʭ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ ʨʘʤʢʘʭ ʨʫʩʩʢʦ-

ʬʠʥʩʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ [Delusin, Donner, 1995]. 

ʇʝʨʚʘʷ ʢʦʣʦʥʢʘ ʩʣʦʞʝʥʘ ʩʧʨʝʩʩʦʚʘʥʥʳʤ ʪʦʨʬʦʤ, ʠʣʠʩʪʳʤ ʧʝʩʢʦʤ ʠ ʧʝʩʢʦʤ ʩ 

ʚʢʣʶʯʝʥʠʝʤ ʧʣʦʩʢʦʡ ʭʦʨʦʰʦ ʦʢʘʪʘʥʥʦʡ ʛʘʣʴʢʠ. ʆʪʣʦʞʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢʦ ʚʨʝʤʝʥʠ 

ʪʨʘʥʩʛʨʝʩʩʠʚʥʦʡ ʬʘʟʳ ʃʘʜʦʛʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʝʚ ʪʦʨʬʘ ʧʨʝʢʨʘʪʠʣʦʩʴ ʧʦʩʣʝ 

ʧʝʨʝʢʨʳʪʠʷ ʙʦʣʦʪ ʩʥʦʩʠʤʳʤ ʃʘʜʦʞʩʢʦʡ ʪʨʘʥʩʛʨʝʩʩʠʝʡ ʤʘʪʝʨʠʘʣʦʤ ʩ ʙʝʨʝʛʦʚʳʭ ʚʘʣʦʚ. 

ɼʣʷ ʩʣʦʷ ʠʣʠʩʪʦʡ ʛʣʠʥʳ ʧʦʣʫʯʝʥʘ ʜʘʪʘ 3055 ʢʘʣ. ʣ. ʥ., ʦʪʨʘʞʘʶʱʘʷ ʤʘʢʩʠʤʫʤ ʃʘʜʦʞʩʢʦʡ 

ʪʨʘʥʩʛʨʝʩʩʠʠ ʥʘ ʦ. ʄʘʥʪʩʠʥʩʘʘʨʠ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʡ ʙʝʨʝʛʦʚʳʝ ʚʘʣʳ. ɺʪʦʨʘʷ ʢʦʣʦʥʢʘ ʙʳʣʘ 

ʦʪʦʙʨʘʥʘ ʠʟ ʙʘʟʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʢʨʘʶ ʙʦʣʦʪʘ ʩ ʧʦʜʚʝʪʨʝʥʥʦʡ ʩʪʦʨʦʥʳ ʧʣʷʞʥʦʛʦ 

ʭʨʝʙʪʘ; ʦʥʘ ʩʣʦʞʝʥʘ ʛʣʠʥʦʡ, ʠʣʦʤ ʠ ʪʦʨʬʦʤ. ʇʦ ʜʘʥʥʳʤ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʣʦʡ 

ʙʘʟʘʣʴʥʦʡ ʛʣʠʥʳ ʦʪʥʦʩʠʪʩʷ ʢ ʘʪʣʘʥʪʠʯʝʩʢʦʤʫ ʧʝʨʠʦʜʫ ʛʦʣʦʮʝʥʘ (ʤʝʥʝʝ 8000 ʣʝʪ). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʙʦʣʦʪʘ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʥʘʯʘʣʝ ʬʣʘʥʜʨʠʘʥʩʢʦʛʦ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʦʧʪʠʤʫʤʘ, ʘ ʧʨʠʨʦʩʪ ʙʦʣʦʪʘ ʥʘʯʘʣʩʷ ʦʢʦʣʦ 5000 ʣʝʪ ʥʘʟʘʜ. ɺ ʦʪʣʦʞʝʥʠʷʭ 

ʩʫʙʙʦʨʝʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʛʦʣʦʮʝʥʘ ʦʪʤʝʯʝʥ ʨʦʩʪ ʢʨʠʚʦʡ ʝʣʠ. ɺ ʥʘʯʘʣʝ ʩʫʙʘʪʣʘʥʪʠʢʘ 

ʩʥʠʞʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʷ ʧʳʣʴʮʳ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ (ʣʝʱʠʥʘ, ʚʷʟ, ʜʫʙ, ʣʠʧʘ). 

ʆʩʪʨʦʚ ʇʫʪʩʘʘʨʠ. ʆʩʪʨʦʚ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. ʆʟ. 

ɺʫʦʨʝʥʣʘʤʧʠ ʧʣʦʱʘʜʴʶ 4000 ʤ2 ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʩʪʨʦʚʘ ʥʘ ʚʳʩʦʪʝ 49,4 ʤ 

ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ [ʉʘʧʝʣʢʦ ʠ ʜʨ., 2014]. ɼʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʦʣʦʥʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʝʥʪʦʯʥʳʤʠ ʛʣʠʥʘʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢʦ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ɹʘʣʪʠʡʩʢʦʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʦʟʝʨʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʟʝʨʘ ʥʘ ʇʫʪʩʘʘʨʠ ʩʠʣʴʥʦ ʟʘʙʦʣʦʯʝʥʳ, 

ʜʦʥʥʳʝ ʠʣʳ ʥʘʩʳʱʝʥʳ ʤʘʢʨʦʦʩʪʘʪʢʘʤʠ, ʧʦʵʪʦʤʫ, ʧʦʤʠʤʦ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʦʟʝʨʦ ʠʟʫʯʘʣʦʩʴ ʤʝʪʦʜʦʤ ʙʦʪʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʪʦʨʬʘ [ʉʘʧʝʣʢʦ, ʂʦʨʥʝʝʥʢʦʚʘ, 2017]. 
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ʃʝʥʪʦʯʥʳʝ ʛʣʠʥʳ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʦʛʦ ʩʫʭʦʛʦ ʢʣʠʤʘʪʘ ʧʦʟʜʥʝʛʦ 

ʜʨʠʘʩʘ. ɺ ʵʪʦ ʚʨʝʤʷ ʜʦʤʠʥʠʨʦʚʘʣʘ ʧʳʣʴʮʘ ʪʨʘʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʦʣʳʥʠ (40%), ʟʣʘʢʦʚʳʭ, 

ʦʩʦʢʦʚʳʭ ʠ ʤʘʨʝʚʳʭ [ʉʘʧʝʣʢʦ, ʂʦʨʥʝʝʥʢʦʚʘ, 2017]. ʉʨʝʜʠ ʜʝʨʝʚʴʝʚ ʧʨʝʦʙʣʘʜʘʣʘ ʧʳʣʴʮʘ 

ʙʝʨʝʟʳ. ʉ ʥʘʩʪʫʧʣʝʥʠʝʤ ʧʨʝʙʦʨʝʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʫʣʫʯʰʘʝʪʩʷ; 

ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʪʦʥʢʦʜʝʪʨʠʪʦʚʘʷ ʛʠʪʪʠʷ [ʉʘʧʝʣʢʦ, ʂʦʨʥʝʝʥʢʦʚʘ, 2017]. 

ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ ʪʨʘʚ ʨʝʟʢʦ ʩʦʢʨʘʱʘʝʪʩʷ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʙʝʨʝʟʥʷʢʠ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʚʦʨʦʢ ʜʠʘʪʦʤʝʡ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ [ʉʘʧʝʣʢʦ, ʂʦʨʥʝʝʥʢʦʚʘ, 2017]. ʅʘ 

ʵʪʦʤ ʵʪʘʧʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʝʛʨʝʩʩʠʷ ʧʨʠʣʝʜʥʠʢʦʚʦʛʦ ʦʟʝʨʘ ʠ ʠʟʦʣʷʮʠʷ ʦʟ. ɺʫʦʨʝʥʣʘʤʧʠ. 

ɺ ʢʦʥʮʝ ʧʨʝʙʦʨʝʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʩʫʱʝʩʪʚʦʚʘʣʦ ʧʘʣʝʦʩʦʦʙʱʝʩʪʚʦ ʩʬʘʛʥʦʚʳʭ ʵʚʪʨʦʬʥʳʭ 

ʪʦʧʝʡ [ʉʘʧʝʣʢʦ, ʂʦʨʥʝʝʥʢʦʚʘ, 2017]. ʉʦʢʨʘʱʝʥʠʝ ʨʦʣʠ ʧʳʣʴʮʳ ʙʝʨʝʟʳ ʠ ʨʝʟʢʠʡ ʨʦʩʪ 

ʢʨʠʚʦʡ ʧʳʣʴʮʳ ʩʦʩʥʳ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʥʘʯʘʣʦ ʙʦʨʝʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ.  ɺ ʙʦʨʝʘʣʴʥʦʤ ʧʝʨʠʦʜʝ 

ʙʳʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʝʣʦʚʦ-ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ ʦʩʦʢʦʚʦ-ʩʬʘʛʥʦʚʳʝ ʵʚʪʨʦʬʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ, ʧʦʜ ʢʦʪʦʨʳʤ ʬʦʨʤʠʨʦʚʘʣʩʷ ʥʠʟʠʥʥʳʡ ʪʦʨʬ. ɿʘʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ 

ʭʚʦʱʝʚʦ-ʦʩʦʢʦʚʦ-ʛʠʧʥʦʚʳʭ ʵʚʪʨʦʬʥʳʭ ʪʦʧʝʡ ʜʨʝʚʝʩʥʦ-ʩʬʘʛʥʦʚʳʝ ʪʦʨʬʳ ʩʤʝʥʠʣʠʩʴ 

ʚʥʘʯʘʣʝ ʚʘʭʪʦʚʦ-ʛʠʧʥʦʚʳʤʠ, ʘ ʟʘʪʝʤ ï ʛʠʧʥʦʚʳʤʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤʠ ʦʙ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʙʦʣʝʝ ʚʣʘʞʥʳʭ ʠ ʪʝʧʣʳʭ ʫʩʣʦʚʠʡ. ʅʘ ʠʭ ʩʤʝʥʫ ʧʨʠʰʣʠ ʙʝʨʝʟʦʚʦ-ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ ʛʠʧʥʦʚʦ-

ʪʨʘʚʷʥʳʝ ʵʚʪʨʦʬʥʳʝ ʩʦʦʙʱʝʩʪʚʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚʥʘʯʘʣʝ ʜʨʝʚʝʩʥʳʤ ʥʠʟʠʥʥʳʤ, ʟʘʪʝʤ 

ʜʨʝʚʝʩʥʦ-ʛʠʧʥʦʚʳʤ ʥʠʟʠʥʥʳʤ, ʧʦʪʦʤ ʜʨʝʚʝʩʥʦ-ʪʨʘʚʷʥʳʤ ʠ, ʥʘʢʦʥʝʮ, ʜʨʝʚʝʩʥʦ-

ʩʬʘʛʥʦʚʳʤʠ ʪʦʨʬʘʤʠ. ɺʝʨʭʥʶʶ ʯʘʩʪʴ ʟʘʣʝʞʠ ʩʣʘʛʘʶʪ ʥʠʟʠʥʥʳʝ ʩʬʘʛʥʦʚʳʝ, ʦʩʦʢʦʚʦ-

ʩʬʘʛʥʦʚʳʝ, ʪʨʘʚʷʥʦ-ʩʬʘʛʥʦʚʳʝ, ʦʩʦʢʦʚʳʝ ʠ ʩʬʘʛʥʦʚʦ-ʦʩʦʢʦʚʳʝ ʪʦʨʬʘ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ 

ʧʦʜ ʦʩʦʢʦʚʦ-ʩʬʘʛʥʦʚʳʤʠ ʤʝʟʦʪʨʦʬʥʦ-ʵʚʪʨʦʬʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ. 

ʉʝʚʝʨʥʦʝ ʇʨʠʣʘʜʦʞʴʝ. 

ʇʘʣʠʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʨʘʟʨʝʟʦʚ ʚ ʩʝʚʝʨʥʦʤ ʇʨʠʣʘʜʦʞʴʝ ʧʦʟʚʦʣʷʪʁ 

ʩʢʦʨʨʝʣʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ ʥʘ ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʠ ɺʘʣʘʘʤʝ 

ʧʘʣʝʦʜʘʥʥʳʝ ʦ ʜʠʥʘʤʠʢʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. 

ɿʘʣʠʚ ʄʘʨʴʷʣʘʭʪʠ. ɿʘʣʠʚ ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. 

ʂʦʣʦʥʢʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʣʦʞʝʥʘ ʛʣʠʥʘʤʠ ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʧʝʩʢʦʤ [ɹʠʩʢʵ, 1959; 

ɹʠʩʢʵ ʠ ʜʨ., 1959]. ɺ ʛʦʨʠʟʦʥʪʝ ʛʣʠʥ ʦʪʤʝʯʘʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ ʩʦʩʥʳ (ʜʦ 

80%). ʈʦʣʴ ʝʣʠ ʥʠʟʢʘʷ (5%). ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ ʙʝʨʝʟʳ ʩʦʩʪʘʚʣʷʝʪ 20%, ʚʩʪʨʝʯʘʝʪʩʷ 

ʧʳʣʴʮʘ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ. ɺ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʨʦʣʴ ʧʳʣʴʮʳ ʝʣʠ ʨʝʟʢʦ 

ʚʦʟʨʘʩʪʘʝʪ (ʜʦ 40%), ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ ʪʘʢʞʝ ʩʦʩʪʘʚʣʷʝʪ 40%. ʇʦʜʦʙʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʭʦʣʦʜʘʥʠʠ ʢʣʠʤʘʪʘ. ʊʦʣʱʘ ʛʣʠʥ ʦʪʥʦʩʠʪʩʷ ʢ ʘʪʣʘʥʪʠʯʝʩʢʦʤʫ 

ʧʝʨʠʦʜʫ, ʘ ʚʳʰʝʣʝʞʘʱʠʝ ʛʦʨʠʟʦʥʪʳ ï ʢ ʩʫʙʙʦʨʝʘʣʴʥʦʤʫ ʠ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʤʫ ʧʝʨʠʦʜʘʤ. 

ʂʫʨʢʠʸʢʠ. ʊʝʨʨʠʪʦʨʠ ̫ ʂʫʨʢʠʸʢʠ (ʩʝʚʝʨʥʦʝ ʇʨʠʣʘʜʦʞʴʝ) ʩʣʦʞʝʥʘ ʪʠʧʠʯʥʦ ʜʣʷ 

ʧʦʩʣʝʣʝʜʥʠʢʦʚʳʭ ʥʠʟʢʦʚʳʩʦʪʥʳʭ ʫʯʘʩʪʢʦʚ ʌʝʥʥʦʩʢʘʥʜʠʡʩʢʦʛʦ ʱʠʪʘ ï ʪʨʝʱʠʥʦʚʘʪʳʝ 
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ʛʨʘʥʠʪʥʦ-ʛʥʝʡʩʦʚʳʝ ʩʢʘʣʳ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʧʨʦʬʠʣʶ ʠʟ-ʟʘ ʜʝʡʩʪʚʠʡ ʣʝʜʥʠʢʘ ʠ ʧʦʟʜʥʝ- 

ʠ ʧʦʩʣʝʣʝʜʥʠʢʦʚʳʭ ʚʳʩʦʢʠʭ ʫʨʦʚʥʝʡ ʚʦʜʳ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ 

[Miettinen et al., 2002]. ʉʢʘʣʴʥʳʝ ʧʦʨʦʜʳ ʧʦʢʨʳʪʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʦʨʝʥʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ. ʅʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʦʪʤʝʪʢʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʛʣʠʥʳ ʠ ʠʣʳ ï ʩʘʤʳʝ ʤʦʣʦʜʳʝ ʠʟ 

ʥʠʭ ʦʪʥʦʩʷʪʩʷ ʢʦ ʚʨʝʤʝʥʠ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦʡ ʬʘʟʳ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ.  

ʆʟʝʨʦ ʇʠʝʥʠ-ʂʫʫʧʧʘʣʘʥʣʘʤʧʠ [Miettinen et al., 2002] ʨʘʩʧʦʣʦʞʝʥʦ ʚʦʩʪʦʯʥʝʝ 

ʧʦʩʝʣʢʘ ʂʫʨʢʠʸʢʠ ʥʘ ʚʳʩʦʪʝ 27 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ʆʟʝʨʦ ʠʤʝʝʪ ʧʣʦʱʘʜʴ 40000 ʤ2, 

ʛʣʫʙʠʥʘ ʜʦʩʪʠʛʘʝʪ 12 ʤ. ʇʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 0,18 ʢʤ2, ʦʭʚʘʪʳʚʘʷ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʦʙʥʘʞʝʥʥʳʝ ʠʣʠ ʝʜʚʘ ʧʦʢʨʳʪʳʝ ʦʪʣʦʞʝʥʠʷʤʠ ʩʢʘʣʳ ʩ ʩʫʭʠʤʠ ʩʦʩʥʦʚʳʤʠ ʣʝʩʘʤʠ. 

ɺ ʦʢʨʝʩʪʥʦʩʪʷʭ ʦʟʝʨʘ ʪʘʢʞʝ ʧʨʦʠʟʨʘʩʪʘʶʪ ʝʣʦʚʳʝ ʠ ʩʤʝʰʘʥʥʳʝ ʣʝʩʘ. ʂʦʣʦʥʢʘ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʦʟ. ʇʠʝʥʠ-ʂʫʫʧʧʘʣʘʥʣʘʤʧʠ ʩʣʦʞʝʥʘ ʛʣʠʥʦʡ ʠ ʦʨʛʘʥʦʛʝʥʥʦʡ ʛʠʪʪʠʝʡ. 

ʅʠʞʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʥʥʝʤʫ ʛʦʣʦʮʝʥʫ, ʢʦʛʜʘ ʦʟʝʨʦ ʷʚʣʷʣʦʩʴ ʯʘʩʪʴʶ 

ʀʦʣʴʜʠʝʚʦʛʦ ʠ ɸʥʮʠʣʦʚʦʛʦ ʤʦʨʝʡ. ʅʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʨʦʩʣʘ ʪʫʥʜʨʦʧʦʜʦʙʥʘʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʩʦʩʪʦʷʚʰʘʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʟ ʢʘʨʣʠʢʦʚʦʡ ʙʝʨʝʟʳ, ʟʣʘʢʦʚʳʭ   ʠ 

ʙʦʷʨʳʰʥʠʢʘ. ʆʟ. ʇʠʝʥʠ-ʂʫʫʧʧʘʣʘʥʣʘʤʧʠ ʠʟʦʣʠʨʦʚʘʣʦʩʴ 9785 ʢʘʣ. ʣʝʪ ʥʘʟʘʜ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʛʨʝʩʩʠʠ ʀʦʣʴʜʠʝʚʦʛʦ ʤʦʨʷ. 8500-9500 ʣʝʪ ʥʘʟʘʜ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʜʦʤʠʥʠʨʦʚʘʣʠ ʩʦʩʥʦʚʳʝ 

ʣʝʩʘ. ʅʘʯʠʥʘʷ ʩ 8500 ʣʝʪ ʥʘʟʘʜ, ʚ ʦʪʣʦʞʝʥʠʷʭ ʧʦʷʚʠʣʘʩʴ ʧʳʣʴʮʘ ʦʣʴʭʠ. ʂ ʢʦʥʮʫ ʧʝʨʠʦʜʘ 

ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ (ʚʷʟ, ʣʠʧʘ, ʜʫʙ, ʣʝʱʠʥʘ, ʷʩʝʥʴ) ʜʦʩʪʠʛʣʦ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ɺʳʩʦʢʘ ʨʦʣʴ ʦʨʣʷʢʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ. ɺʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʨʦʣʴ 

ʧʳʣʴʮʳ ʝʣʠ ʚʦʟʨʦʩʣʘ. ʆʢʦʣʦ 5500 ʣʝʪ ʥʘʟʘʜ ʨʘʩʧʨʦʩʪʨʘʥʠʣʠʩʴ ʝʣʦʚʳʝ ʣʝʩʘ, ʦʜʥʘʢʦ 

ʥʝʤʥʦʛʠʤ ʧʦʟʞʝ ʨʦʣʴ ʝʣʠ ʩʥʠʟʠʣʘʩʴ. ʈʦʣʴ ʧʘʧʦʨʦʪʥʠʢʦʚ ʧʨʦʜʦʣʞʠʣʘ ʨʘʩʪʠ. ʇʦʟʜʥʝʝ 

ʦʪʤʝʯʘʝʪʩʷ ʥʝʥʘʨʫʰʝʥʥʘʷ ʣʝʩʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ï ʜʦʣʷ ʩʦʩʥʳ, ʝʣʠ, ʦʣʴʭʠ ʠ ʙʝʨʝʟʳ 

ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 90%, ʘ ʧʳʣʴʮʘ ʥʝʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʚʩʪʨʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ. ɺ 

ɾʝʣʝʟʥʦʤ ʚʝʢʝ (1940-1530 ʣʝʪ ʥʘʟʘʜ) ʚʙʣʠʟʠ ʦʟ. ʇʠʝʥʠ-ʂʫʫʧʧʘʣʘʥʣʘʤʧʠ ʦʪʤʝʯʘʝʪʩʷ 

ʩʣʘʙʦʠʥʪʝʥʩʠʚʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʈʝʜʢʘʷ ʧʳʣʴʮʘ ʨʞʠ ʠ ʜʨʫʛʠʭ 

ʢʫʣʴʪʫʨʥʳʭ ʟʣʘʢʦʚ ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʳʣʴʮʳ ʧʘʧʦʨʦʪʥʠʢʦʚ ʠ ʧʦʚʳʰʝʥʠʝʤ 

ʨʦʣʠ ʧʳʣʴʮʳ ʟʣʘʢʦʚʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʠʤʝʥʝʥʠʠ ʧʦʜʩʝʯʥʦ-ʦʛʥʝʚʦʛʦ ʟʝʤʣʝʜʝʣʠʷ. 

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʢʦʣʦʥʢʠ ʦʪʥʦʩʠʪʩʷ ʢʦ ʚʨʝʤʝʥʠ ʫʩʪʦʡʯʠʚʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ ʧʦʜʩʝʯʥʦ-ʦʛʥʝʚʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʢ ʧʘʭʦʪʥʦʤʫ. 

ɹʦʣʦʪʦ ʉʫʦ. ɹʦʣʦʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʇʨʠʣʘʜʦʞʴʷ, ʶʞʥʝʝ ʦʟ. ʉʫʫʨʠ 

(ʇʨʠʟʝʨʩʢʠʡ ʨʘʡʦʥ, ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ). ʂʦʣʦʥʢʘ ʙʦʣʦʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʭʚʘʪʳʚʘʝʪ 

ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʛʦʣʦʮʝʥʘ, ʚʦʟʨʘʩʪ ʙʦʣʦʪʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 12546 ʢʘʣ. ʣʝʪ [ʏʝʨʥʦʚʘ ʠ ʜʨ., 

1997]. ʈʘʟʨʝʟ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ ʯʝʪʢʦ ʧʦʢʘʟʳʚʘʶʪ ʟʘʢʦʥʦʤʝʨʥʫʶ ʩʤʝʥʫ ʨʘʟʚʠʪʠʷ ʙʦʣʦʪʘ ʚ 

ʪʝʯʝʥʠʝ ʛʦʣʦʮʝʥʘ. ɺʥʘʯʘʣʝ ʦʟʝʨʥʘʷ ʩʪʘʜʠʷ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʪʦʨʬʷʥʠʩʪʦʛʦ ʩʘʧʨʦʧʝʣʷ. ɿʘʪʝʤ 

ʩʪʘʜʠʷ ʵʚʪʨʦʬʥʦʛʦ ʥʠʟʠʥʥʦʛʦ ʙʦʣʦʪʘ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʛʠʧʥʦʚʳʭ, ʛʠʧʥʦʚʦ-ʚʘʭʪʦʚʳʭ, 
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ʛʠʧʥʦʚʦ-ʦʩʦʢʦʚʳʭ ʠ ʜʨʫʛʠʭ ʪʦʨʬʦʚ. ʀ ʥʘʢʦʥʝʮ, ʩʪʘʜʠʷ ʤʝʟʦʪʨʦʬʥʦʛʦ ʙʦʣʦʪʘ ʩ 

ʥʘʢʦʧʣʝʥʠʝʤ ʛʠʧʥʦʚʦʛʦ ʪʦʨʬʘ ʠ ʩʪʘʜʠʷ ʦʣʠʛʦʪʨʦʬʥʦʛʦ ʚʝʨʭʦʚʦʛʦ ʙʦʣʦʪʘ ʩ ʥʘʢʦʧʣʝʥʠʝʤ 

ʧʫʰʠʮʝʚʦ-ʩʬʘʛʥʦʚʦʛʦ, ʤʘʛʝʣʣʘʥʠʢʫʤ- ʠ ʬʫʩʢʫʤ-ʪʦʨʬʘ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʪʦʨʬʦʚ. ʀʟʤʝʥʝʥʠʝ 

ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ ʠ ʢʨʠʚʳʭ ʧʳʣʴʮʳ ʦʪʜʝʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʠʤʝʝʪ ʧʠʣʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʥʳʡ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʚ ʛʦʣʦʮʝʥʝ. ʕʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʩʤʝʥʝ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ: ʚ ʥʘʯʘʣʝ ʛʦʣʦʮʝʥʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʟʨʘʩʪʘʶʪ ʙʝʨʝʟʦʚʳʝ 

ʨʝʜʢʦʣʝʩʴʷ, ʚʝʨʦʷʪʥʦ ʙʣʠʟʢʠʝ ʢ ʣʝʩʦʪʫʥʜʨʘʤ; ʚʦ ʚʨʝʤʷ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʦʧʪʠʤʫʤʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʶʞʥʦʪʘʝʞʥʳʝ ʣʝʩʘ; ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʨʝʜʥʝʪʘʝʞʥʳʤʠ ʣʝʩʘʤʠ ʩ ʩʦʭʨʘʥʠʚʰʠʤʠʩʷ ʥʝʤʦʨʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ɹʦʣʦʪʦ ʉʢʦʧʦʣʠʥʦʝ.  ɹʦʣʦʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʚʝʨʥʦʤ ʇʨʠʣʘʜʦʞʴʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʟʘʢʘʟʥʠʢʘ çʊʦʣʚʦʷʨʚʠè, ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʂʘʨʝʣʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ 

ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʩʫʢʮʝʩʩʠʦʥʥʳʡ ʨʷʜ ʟʦʥʘʣʴʥʦ ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʥʘʯʠʥʘʷ ʩ 

ʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ ʛʦʣʦʮʝʥʘ [ʌʠʣʠʤʦʥʦʚʘ, 2014]. ɼʣʷ ʶʞʥʦʡ ʪʘʡʛʠ, ʣʝʩʘ ʢʦʪʦʨʦʡ 

ʧʦʢʨʳʚʘʣʠ ʪʝʨʨʠʪʦʨʠʶ ʚ ʥʘʯʘʣʝ-ʩʝʨʝʜʠʥʝ ʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ (8000-6000 ʢʘʣ. ʣ. ʥ.), 

ʭʘʨʘʢʪʝʨʥʳ ʩʦʩʥʦʚʳʝ, ʩʦʩʥʦʚʦ-ʙʝʨʝʟʦʚʳʝ ʠ ʯʝʨʥʦʦʣʴʭʦʚʳʝ ʣʝʩʘ ʩ ʝʣʴʶ, 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʠ ʣʝʱʠʥʦʡ. ɺ ʢʦʥʮʝ ʘʪʣʘʥʪʠʢʘ (6000-4700 ʢʘʣ. ʣ. ʥ.) ʦʥʠ 

ʩʤʝʥʠʣʠʩʴ ʝʣʦʚʦ-ʩʦʩʥʦʚʳʤʠ, ʩʦʩʥʦʚʦ-ʝʣʦʚʳʤʠ ʠ ʩʦʩʥʦʚʦ-ʙʝʨʝʟʦʚʳʤʠ ʣʝʩʘʤʠ ʩ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʠ ʣʝʱʠʥʦʡ, ʝʣʦʚʦ-ʯʝʨʥʦʦʣʴʭʦʚʳʤʠ ʩ ʚʷʟʦʤ ʣʝʩʘʤʠ. ʅʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʫʙʙʦʨʝʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ (4700-2500 ʢʘʣ. ʣ. ʥ.) ʪʝʨʨʠʪʦʨʠʶ ʧʦʢʨʳʚʘʣʠ 

ʣʝʩʘ ʶʞʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩʨʝʜʥʝʡ ʪʘʡʛʠ: ʝʣʦʚʳʝ ʠ ʩʦʩʥʦʚʳʝ ʩ ʙʝʨʝʟʦʡ, ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʤʠ 

ʧʦʨʦʜʘʤʠ ʠ ʯʝʨʥʦʡ ʦʣʴʭʦʡ. ɺ ʥʘʯʘʣʝ-ʩʝʨʝʜʠʥʝ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ (2500-1400 ʢʘʣ. 

ʣ. ʥ.) ʦʥʠ ʫʩʪʫʧʠʣʠ ʤʝʩʪʦ ʩʨʝʜʥʝʪʘʝʞʥʳʤ ʝʣʦʚʦ-ʩʦʩʥʦʚʳʤ ʠ ʩʦʩʥʦʚʦ-ʝʣʦʚʳʤ ʩ ʙʝʨʝʟʦʡ 

ʣʝʩʘʤ. ʉ ʩʝʨʝʜʠʥʳ ʩʫʙʘʪʣʘʥʪʠʢʘ (1400 ʢʘʣ. ʣ. ʥ.) ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʨʨʠʪʦʨʠʶ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʂʘʨʝʣʠʠ ʟʘʥʠʤʘʶʪ ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩ ʧʨʠʤʝʩʴʶ ʝʣʠ ʠ ʙʝʨʝʟʳ. 

ʉʤʝʥʳ ʪʠʧʦʚ ʣʝʩʘ ʚ ʧʦʟʜʥʝʣʝʜʥʠʢʦʚʴʝ-ʛʦʣʦʮʝʥʝ ʚ ʇʨʠʣʘʜʦʞʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ʖʞʥʦʝ ʍʘʫʛʠʣʘʤʧʠ, 

ʮʝʥʪʨʘʣʴʥʘʷ ʂʘʨʝʣʠʷ [ʐʝʣʝʭʦʚʘ ʠ ʜʨ., 2021]. ɺ ʧʦʟʜʥʝʣʝʜʥʠʢʦʚʴʝ ʥʘ ʠʟʫʯʘʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʙʳʣʘ ʨʘʟʚʠʪʘ ʧʝʨʠʛʣʷʮʠʘʣʴʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ (ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ Artemisia ʠ 

Chenopodiaceae), ʪʫʥʜʨʦʚʳʝ ʠ ʣʝʩʦʪʫʥʜʨʦʚʳʝ ʙʝʨʝʟʦʚʳʝ ʩʦʦʙʱʝʩʪʚʘ. ɺ ʧʨʝʙʦʨʝʘʣʴʥʦʤ 

ʧʝʨʠʦʜʝ ʨʘʟʚʠʚʘʣʠʩʴ ʙʝʨʝʟʦʚʳʝ ʨʝʜʢʦʣʝʩʴʷ. ɺ ʙʦʨʝʘʣʴʥʦʤ ʧʝʨʠʦʜʝ ʜʦʤʠʥʠʨʦʚʘʣʠ 

ʩʦʩʥʦʚʳʝ ʩʨʝʜʥʝʪʘʝʞʥʳʝ ʣʝʩʘ, ʥʝʨʝʜʢʦ ʩ ʫʯʘʩʪʠʝʤ ʙʝʨʝʟʳ. ɺ ʘʪʣʘʥʪʠʯʝʩʢʦʤ ʧʝʨʠʦʜʝ ʦʥʠ 

ʩʤʝʥʠʣʠʩʴ ʶʞʥʦʪʘʝʞʥʳʤʠ ʩʦʩʥʦʚʳʤʠ ʠ ʝʣʦʚʳʤʠ ʣʝʩʘʤʠ ʩ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʤʠ 

ʧʦʨʦʜʘʤʠ. ɺ ʩʫʙʙʦʨʝʘʣʝ ʠ ʩʫʙʘʪʣʘʥʪʠʢʝ ʣʝʩʘ ʥʘʯʘʣʠ ʧʨʠʦʙʨʝʪʘʪʴ ʩʨʝʜʥʝʪʘʝʞʥʳʡ ʦʙʣʠʢ. 
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ɻʃɸɺɸ 2. ʌʀɿʀʂʆ-ɻɽʆɻʈɸʌʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʆʉʊʈʆɺʆɺ ɺ 

ɸʂɺɸʊʆʈʀʀ ʃɸɼʆɾʉʂʆɻʆ ʆɿɽʈɸ 

 

ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʦ ʚʝʣʠʯʠʥʝ ʦʟʝʨʦʤ ɽʚʨʦʧʳ. ɽʛʦ ʧʣʦʱʘʜʴ 

ʩʦʩʪʘʚʣʷʝʪ 18 329 ʢʤ2, ʠʟ ʢʦʪʦʨʳʭ 457 ʢʤ2 ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʩʪʨʦʚʘ [ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ..., 

2015]. ɼʣʠʥʘ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʃʘʜʦʛʠ ʙʝʟ ʫʯʝʪʘ ʜʣʠʥʳ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʦʩʪʨʦʚʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 1570 ʢʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʦʪʤʝʯʝʥʘ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ (230 

ʤ). ʉʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 48,3 ʤ [ʅʘʫʤʝʥʢʦ, 2013]. ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ ʦʙʨʘʟʦʚʘʣʦʩʴ 

ʧʦʩʣʝ ʦʪʩʪʫʧʘʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʚʘʣʜʘʡʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʣʝʢʩʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʵʪʦ ʧʨʦʠʟʦʰʣʦ ʚ ʠʥʪʝʨʚʘʣʝ 14000-12500 ʢʘʣʝʥʜʘʨʥʳʭ ʣʝʪ 

[ʉʫʙʝʪʪʦ, 2009]. 

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʘʣʳʝ ʦʟʝʨʘ ʥʘ ʦʩʪʨʦʚʘʭ 

ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʠ ɺʘʣʘʘʤ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ (ʨʠʩʫʥʦʢ 3). 

 

ʈʠʩʫʥʦʢ 3 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 
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2.1 ʆʩʪʨʦʚ ʃʫʥʢʫʣʘʥʩʘʘʨʠ 

 

ʆʩʪʨʦʚ ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʇʠʪʢʷʨʘʥʪʩʢʦʤʫ ʨʘʡʦʥʫ ʈʝʩʧʫʙʣʠʢʠ ʂʘʨʝʣʠʷ. ʊʦʯʥʘʷ 

ʧʣʦʱʘʜʴ ʦʩʪʨʦʚʘ ʥʝʠʟʚʝʩʪʥʘ, ʦʥ ʚʳʪʷʥʫʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ ʥʘ 

17,2 ʢʤ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʩʘʤʦʡ ʰʠʨʦʢʦʡ ʯʘʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 4,1 ʢʤ. ʂ ʟʘʧʘʜʫ ʨʘʩʧʦʣʦʞʝʥ ʝʱʝ 

ʦʜʠʥ ʢʨʫʧʥʳʡ ʦʩʪʨʦʚ ï ʄʘʥʪʩʠʥʩʘʘʨʠ, ʦʪʜʝʣʝʥʥʳʡ ʫʟʢʠʤ ʄʘʥʪʩʠʥʩʘʘʨʩʢʠʤ ʧʨʦʣʠʚʦʤ, ʘ 

ʦʪ ʤʘʪʝʨʠʢʘ ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʦʪʜʝʣʝʥ ʧʨʦʣʠʚʦʤ ʇʝʨʷʤʘʥʩʘʣʤʠ. ɼʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʢʣʶʯʘʷ ʠʟʫʯʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʦʟʝʨ, ʥʘ ʦ. 

ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʨʘʥʝʝ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ, ʧʦʵʪʦʤʫ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʜʘʥʥʳʭ ʦʪʥʦʩʠʪʩʷ ʚ ʮʝʣʦʤ 

ʜʣʷ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʇʨʠʣʘʜʦʞʴʷ. 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʨʝʣʴʝʬ. ʂʘʢ ʠ ʚʩʷ ʩʝʚʝʨʥʘʷ ʯʘʩʪʴ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʦ. 

ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʣʝʞʠʪ ʥʘ ɹʘʣʪʠʡʩʢʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʱʠʪʝ [ʂʘʣʝʩʥʠʢ, 1968]. ɼʨʝʚʥʠʝ 

ʧʦʨʦʜʳ, ʩʣʘʛʘʶʱʠʝ ʱʠʪ, ʚʳʭʦʜʷʪ ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʠ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʪʦʥʢʠʤ 

(ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ) ʩʣʦʝʤ ʨʳʭʣʳʭ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʩʘʜʢʦʚ. ɻʨʫʧʧʘ ʦʩʪʨʦʚʦʚ ʄʘʥʪʩʠʥʩʘʘʨʠ 

ʠ ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʩʣʦʞʝʥʘ ʦʣʠʚʠʥʦʚʳʤʠ ʜʠʘʙʘʟʘʤʠ. ʉʦʛʣʘʩʥʦ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤʫ 

ʨʘʡʦʥʠʨʦʚʘʥʠʶ ʂʘʨʝʣʠʠ, ʦ. ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʦʪʥʦʩʠʪʩʷ ʢ ʖʞʥʦ-ʂʘʨʝʣʴʩʢʦʤʫ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʡʦʥʫ [ɽʣʠʥʘ, 2005]. ɺ ʨʘʡʦʥʝ ʨʘʩʧʦʣʦʞʝʥʳ ʢʨʫʧʥʳʝ ʛʣʫʙʦʢʠʝ 

ʢʦʪʣʦʚʠʥʳ ʃʘʜʦʞʩʢʦʛʦ ʠ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨ ʠ ʨʘʟʜʝʣʷʶʱʠʭ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʠʧʦʜʥʷʪʳʝ ï 

ʃʘʜʦʞʩʢʦ-ʆʥʝʞʩʢʠʡ ʠ ʆʥʝʞʩʢʦ-ɹʝʣʦʤʦʨʩʢʠʡ ʚʦʜʦʨʘʟʜʝʣʳ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʖʞʥʦ-ʂʘʨʝʣʴʩʢʦʛʦ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʡʦʥʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʤʝʞʣʦʧʘʩʪʥʳʭ 

ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ, ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʢʨʘʝʚʳʤʠ ʣʝʜʥʠʢʦʚʳʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ. ɺʦʟʚʳʰʝʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʠʧʦʜʥʷʪʳʝ ʤʘʩʩʠʚʳ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʧʨʝʚʳʰʝʥʠʷʤʠ ʜʦ 120 ʤ, ʩʣʦʞʝʥʥʳʝ ʣʝʜʥʠʢʦʚʳʤʠ ʠ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 80ï100 ʤ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʨʫʛʠʝ ʬʦʨʤʳ 

ʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ʨʝʣʴʝʬʘ ï ʤʦʨʝʥʥʳʝ ʠ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʝ ʨʘʚʥʠʥʳ, ʧʦʷʩʘ ʢʦʥʝʯʥʳʭ 

ʤʦʨʝʥʥʳʭ ʛʨʷʜ ʠ ʦʟʦʚʦ-ʜʝʣʴʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ.  

ʂʣʠʤʘʪ. ʂʣʠʤʘʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ, ʚʳʩʦʢʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʴʶ, ʦʙʣʘʯʥʦʩʪʴʶ ʠ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʦʩʘʜʢʦʚ. ɿʠʤʘ ʫʤʝʨʝʥʥʦ ʭʦʣʦʜʥʘʷ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʘʷ, ʩʘʤʳʤ ʭʦʣʦʜʥʳʤ ʤʝʩʷʮʝʤ ʷʚʣʷʝʪʩʷ 

ʷʥʚʘʨʴ. ʃʝʪʦ ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʝ, ʩʘʤʳʡ ʪʝʧʣʳʡ ʤʝʩʷʮ ï ʠʶʣʴ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘ ʦʩʪʨʦʚʘʭ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ +3,6ÁC [ʉʪʝʧʘʥʦʚʘ ʠ ʜʨ., 

2021]. ʉʨʝʜʥʷʷ ʟʠʤʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʟʜʝʩʴ ʢʦʣʝʙʣʝʪʩʷ ʦʪ ï6,5 ʜʦ ï10Áʉ, ʣʝʪʥʷʷ - 

16ī18,5Áʉ. ʉʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 600 ʜʦ 850 ʤʤ ʚ ʛʦʜ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʧʨʦʠʩʭʦʜʠʪ ʦʙʳʯʥʦ ʚ ʥʘʯʘʣʝ ʜʝʢʘʙʨʷ, ʘ 
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ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʩʭʦʜ ï ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʘʧʨʝʣʷ [ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ..., 2015]. ʆʙʠʣʠʝ 

ʦʩʘʜʢʦʚ ʚ ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʛʠ ʨʘʩʧʨʝʜʝʣʝʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 380 ʤʤ ʚ ʛʦʜ ʥʘ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʧʦʙʝʨʝʞʴʝ ʜʦ 630 ʤʤ ʚ ʛʦʜ ʥʘ ʦʩʪʨʦʚʘʭ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ. ʏʠʩʣʦ ʜʥʝʡ 

ʩ ʦʩʘʜʢʘʤʠ ʚ ʛʦʜʫ ʜʦʩʪʠʛʘʝʪ 200. ɺ ʧʝʨʠʦʜ ʩ ʥʦʷʙʨʷ ʧʦ ʬʝʚʨʘʣʴ ʠʭ ʯʘʩʪʦʪʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʰʝ, ʯʝʤ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʣʠʤʘʪʘ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʦʨʩʢʠʭ ʘʪʣʘʥʪʠʯʝʩʢʠʭ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʩʨʝʜʥʠʭ (ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪ). 

ɺʦʟʜʫʰʥʳʝ ʤʘʩʩʳ ʘʨʢʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚʳʟʳʚʘʶʱʠʝ ʨʝʟʢʦʝ ʧʦʭʦʣʦʜʘʥʠʝ, 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʚʪʦʨʞʝʥʠʡ ʪʦʣʴʢʦ ʟʠʤʦʡ ʠ ʚ ʧʝʨʝʭʦʜʥʳʝ ʩʝʟʦʥʳ ʛʦʜʘ. 

ʀʟʨʝʜʢʘ ʣʝʪʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʪʨʦʧʠʯʝʩʢʠʝ ʚʦʟʜʫʰʥʳʝ ʤʘʩʩʳ, ʨʝʟʢʦ ʧʦʚʳʰʘʶʱʠʝ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ. ʅʘ ʩʝʚʝʨʝ ʃʘʜʦʛʠ ʚ ʦʩʝʥʥʝʝ ʠ ʟʠʤʥʝʝ ʚʨʝʤʷ ʜʦʤʠʥʠʨʫʶʪ ʶʛʦ-

ʟʘʧʘʜʥʳʝ, ʶʞʥʳʝ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʳʝ ʚʝʪʨʳ. ɼʣʷ ʚʝʩʥʳ ʠ ʣʝʪʘ ʩʝʚʝʨʥʳʝ ʠ ʶʞʥʳʝ ʚʝʪʨʳ 

ʧʦʚʪʦʨʷʶʪʩʷ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʦ, ʟʘʢʦʥʦʤʝʨʥʦ ʩʤʝʥʷʷ ʜʨʫʛ ʜʨʫʛʘ. ʃʘʜʦʞʩʢʠʝ ʚʝʪʨʘ 

ʥʝʫʩʪʦʡʯʠʚʳ ʠ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʤʦʛʫʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ 

[ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ..., 2015]. 

ɻʠʜʨʦʣʦʛʠʷ. ɺʦʜʥʘʷ ʩʝʪʴ ʥʘ ʦ. ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʤʘʣʳʤʠ ʦʟʝʨʘʤʠ ʠ ʟʘʙʦʣʦʯʝʥʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ 

ʦʩʪʨʦʚʘ ʥʘʭʦʜʷʪʩʷ ʥʝʩʢʦʣʴʢʦ ʥʝʙʦʣʴʰʠʭ ʦʟʝʨ ï ʂʘʨʝʩʣʘʤʧʠ, ʃʠʢʦʣʘʤʧʠ, ʍʦʚʘʪʘʥʣʘʤʧʠ, 

ʂʫʡʢʢʘʣʘʤʧʠ, ʉʦʢʢʘʩʝʥʣʘʤʧʠ. ʆʟʝʨʘ ʦʢʨʫʞʝʥʳ ʩʧʣʘʚʠʥʦʡ, ʚ ʥʠʭ ʧʨʦʠʩʭʦʜʷʪ 

ʠʥʪʝʥʩʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʟʘʨʘʩʪʘʥʠʷ ʠ ʟʘʙʦʣʘʯʠʚʘʥʠʷ. ʅʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʦʩʪʨʦʚʘ ʨʘʩʧʦʣʦʞʝʥ 

ʙʦʣʦʪʥʳʡ ʤʘʩʩʠʚ ʃʘʡʩʠʥʣʫʭʪʘ, ʦʪʜʝʣʴʥʳʝ ʟʘʙʦʣʦʯʝʥʥʳʝ ʫʯʘʩʪʢʠ ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʞʝ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ. ʉʦʛʣʘʩʥʦ ʨʘʡʦʥʠʨʦʚʘʥʠʶ ʙʦʣʦʪ ʂʘʨʝʣʠʠ, ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʦʪʥʦʩʠʪʩʷ ʢ 

ʦʢʨʫʛʫ ʪʨʘʚʷʥʦ-ʩʬʘʛʥʦʚʳʭ ʤʝʟʦʪʨʦʬʥʳʭ ʠ ʪʨʘʚʷʥʦ-ʩʬʘʛʥʦʚʳʭ ʛʨʷʜʦʚʦ-ʤʦʯʘʞʠʥʥʳʭ 

ʤʝʟʦʪʨʦʬʥʳʭ ʙʦʣʦʪ ɿʘʧʘʜʥʦ-ʂʘʨʝʣʴʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ, ʢ ʨʘʡʦʥʫ ʪʨʘʚʷʥʦ-ʩʬʘʛʥʦʚʳʭ 

ʤʝʟʦʪʨʦʬʥʳʭ ʙʦʣʦʪ ʆʣʦʥʝʮʢʦʡ ʨʘʚʥʠʥʳ, ʢ ʧʦʜʨʘʡʦʥʫ ʩ ʟʘʙʦʣʦʯʝʥʥʦʩʪʴʶ 30ï50% [ɽʣʠʥʘ, 

1984]. 

ʇʦʯʚʳ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. ʇʦʯʚʳ ʦʩʪʨʦʚʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ [ʂʘʣʝʩʥʠʢ, 1968]. ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʦʪʥʦʩʠʪʩʷ ʢ 

ʧʦʜʟʦʥʝ ʩʨʝʜʥʝʡ ʪʘʡʛʠ. ɼʣʷ ʢʦʨʝʥʥʦʡ ʩʨʝʜʥʝʡ ʪʘʡʛʠ ʭʘʨʘʢʪʝʨʥʳ ʝʣʴʥʠʢʠ-ʯʝʨʥʠʯʥʠʢʠ ʙʝʟ 

ʧʦʜʣʝʩʢʘ, ʩ ʩʦʤʢʥʫʪʳʤ ʜʨʝʚʦʩʪʦʝʤ ʠ ʩʧʣʦʰʥʳʤ ʧʦʢʨʦʚʦʤ ʙʣʝʩʪʷʱʠʭ ʟʝʣʝʥʳʭ ʤʭʦʚ 

[ʂʘʣʝʩʥʠʢ, 1968]. ʆʩʥʦʚʥʳʤʠ ʣʝʩʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʥʘ ʦʩʪʨʦʚʝ ʷʚʣʷʶʪʩʷ ʩʦʩʥʘ 

ʦʙʳʢʥʦʚʝʥʥʘ ̫ʠ ʝʣʴ ʝʚʨʦʧʝʡʩʢʘʷ ʠ ʩʠʙʠʨʩʢʘʷ; ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʙʝʨʝʟʘ ʧʫʰʠʩʪʘʷ ʠ 

ʧʦʚʠʩʣʘʷ. 

ʉʦʛʣʘʩʥʦ ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʤʫ ʨʘʡʦʥʠʨʦʚʘʥʠʶ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʃʫʥʢʫʣʘʥʩʘʘʨʠ 

ʦʪʥʦʩʠʪʩʷ ʢ ʚʦʩʪʦʯʥʦʤʫ ʨʘʡʦʥʫ ʦʪʢʨʳʪʳʭ ʙʝʨʝʛʦʚ [ʈʘʩʧʦʧʦʚ, 1968]. ʅʘ ʚʦʩʪʦʯʥʦʤ 
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ʧʦʙʝʨʝʞʴʝ ʚʩʪʨʝʯʘʶʪʩʷ 17 ʘʩʩʦʮʠʘʮʠʡ ʤʘʢʨʦʬʠʪʦʚ, ʚʢʣʶʯʘʷ ʦʪʢʨʳʪʫʶ ʛʨʫʧʧʠʨʦʚʢʫ 

ʟʘʨʘʩʪʘʥʠʷ ʦʩʚʦʙʦʜʠʚʰʠʭʩʷ ʦʪ ʚʦʜʳ ʫʯʘʩʪʢʦʚ ʜʥʘ. ɼʦʤʠʥʘʥʪʘʤʠ ʵʪʠʭ ʘʩʩʦʮʠʘʮʠʡ 

ʷʚʣʷʶʪʩʷ ʦʩʦʢʠ ʦʩʪʨʘʷ ʠ ʚʟʜʫʪʘʷ, ʪʨʦʩʪʥʠʢ, ʨʜʝʩʪʳ ʨʘʟʥʦʣʠʩʪʥʳʡ ʠ ʧʨʦʥʟʝʥʥʦʣʠʩʪʥʳʡ, 

ʢʫʙʳʰʢʠ, ʢʘʤʳʰ ʦʟʝʨʥʳʡ, ʯʘʩʪʫʭʘ, ʭʚʦʱʠ, ʙʦʣʦʪʥʠʮʘ ʠʛʦʣʴʯʘʪʘʷ, ʝʞʝʛʦʣʦʚʥʠʢ, ʛʦʨʝʮ 

ʟʝʤʥʦʚʦʜʥʳʡ. ɺʩʪʨʝʯʘʶʪʩʷ ʯʠʩʪʳʝ ʘʩʩʦʮʠʘʮʠʠ ʪʨʦʩʪʥʠʢʘ. ɻʨʫʧʧʠʨʦʚʢʠ ʨʦʛʦʟʦʚ (Typha 

latifolia, T. angustifolia) ʥʝ ʭʘʨʘʢʪʝʨʥʳ, ʠʭ ʧʦʷʚʣʝʥʠʝ ʚʳʟʚʘʥʦ ʧʦʚʳʰʝʥʠʝʤ ʙʠʦʛʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ. ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʃʘʜʦʛʠ ʧʨʝʜʩʪʘʚʣʝʥ 

ʩʣʝʜʫʶʱʠʤʠ ʚʳʩʰʠʤʠ ʚʦʜʥʳʤʠ ʠ ʧʨʠʙʨʝʞʥʦ-ʚʦʜʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ: Fontinalis 

antipuretica, Calliergon giganteum, drepanocladus aduncus, Isoetes lacustris, Equisetum 

fluviatile, Sparganium angustifolium, S. emersum, S. minimum, Potamogeton compressus, P. 

gramineus, P. natans, P. perfoliatus, Alisma plantago-aquatica, Sagittaria sagittifolia, Butomus 

umbellatus, Elodea ʩanadensis, Hydrocharis morsus-ranae, Stratiotes aloides, Carex acuta, C. 

aquatilis, C. lasiocarpa, C. nigra, C. pseudocuperus, C. rostrata, C. vesicaria, Eleocharis 

acicularis, E. palustris, Scirpus lacustris, S. sylvaticus, Lemna minor, Juncus articulates, J. 

bifonius, Iris pseudacorus, Nuphar lutea, Nuphar pumila, Numphaea candida, Comarum 

palustre, Epilobium palustre, Lysimachia vulgaris, Naumburgia thyrsiflora. ɹʝʨʝʛʘ 

ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʥʠʟʢʠʝ, ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ. ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ ʦʢʦʥʯʘʥʠʝ ʦʩʪʨʦʚʘ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʝʩʯʘʥʦʡ ʢʦʩʦʡ ʰʠʨʠʥʦʡ 3-5 ʤ, ʢʦʪʦʨʘʷ ʟʘʪʘʧʣʠʚʘʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʫʨʦʚʥʷ ʃʘʜʦʛʠ [ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝé, 2021]. ɿʘʨʦʩʣʠ ʪʨʦʩʪʥʠʢʘ ʚ ʵʪʦʤ ʤʝʩʪʝ 

ʬʦʨʤʠʨʫʶʪ ʧʦʷʩ ʰʠʨʠʥʦʡ ʜʦ 100 ʤ. 

 

2.2 ʆʩʪʨʦʚ ɺʘʣʘʘʤ 

 

ɺʘʣʘʘʤ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʙʦʣʴʰʠʤ ʦʩʪʨʦʚʦʤ (27,8 ʢʤ2) ʠʟ ʙʦʣʝʝ ʯʝʤ 50 ʦʩʪʨʦʚʦʚ 

ɺʘʣʘʘʤʩʢʦʛʦ ʘʨʭʠʧʝʣʘʛʘ (36,0 ʢʤ2), ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ 

[ʕʢʦʩʠʩʪʝʤʳ, 2016].  

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʨʝʣʴʝʬ. ʉ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʦʩʪʨʦʚ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʮʝʥʪʨ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ [ʕʢʦʩʠʩʪʝʤʳ, 2016]. 

ɸʨʭʠʧʝʣʘʛ ʦʙʨʘʟʦʚʘʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʣʳʙʦʚʦ-ʙʣʦʢʦʚʳʭ ʜʚʠʞʝʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʬʫʥʜʘʤʝʥʪʘ ʃʘʜʦʞʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʚ ʨʠʬʝʡʩʢʫʶ ʵʧʦʭʫ. ɺ ʨʘʟʣʦʤʘʭ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ 

ʬʫʥʜʘʤʝʥʪʝ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʟʘʧʦʣʥʠʚʰʠʭʩʷ ʤʘʛʤʦʡ, ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʠʥʪʨʫʟʠʚʥʳʝ ʪʝʣʘ. ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ ʷʚʣʷʣʩʷ ɺʘʣʘʘʤʩʢʠʡ ʩʠʣʣ ï ʧʣʘʩʪʦʚʦʝ 

ʠʥʪʨʫʟʠʚʥʦʝ ʪʝʣʦ ʤʦʱʥʦʩʪʴʶ ʜʦ 200 ʤ, ʟʘʣʝʛʘʶʱʝʝ ʤʝʞʜʫ ʦʩʘʜʦʯʥʳʤʠ ʠ ʵʬʬʫʟʠʚʥʦ-

ʦʩʘʜʦʯʥʳʤʠ ʨʠʬʝʡʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ [ʉʚʠʨʠʜʝʥʢʦ, ʉʚʝʪʦʚ, 2008]. ɺ ʭʦʜʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʠʩʪʦʨʠʠ ʩʠʣʣ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʜʚʝʨʛʘʣʩʷ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ 



47 
 

ʢʦʪʦʨʳʭ ʚ ʩʘʤʦʡ ʛʣʫʙʦʢʦʡ ʯʘʩʪʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʦʙʨʘʟʦʚʘʣʩʷ ɺʘʣʘʘʤʩʢʠʡ ʘʨʭʠʧʝʣʘʛ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʩʝʚʝʨʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʃʘʜʦʛʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʛʨʘʥʠʪʘʤʠ ʠ ʛʥʝʡʩʘʤʠ, 

ʘʨʭʠʧʝʣʘʛ ʩʣʦʞʝʥ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʱʝʣʦʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ï 

ʛʘʙʙʨʦʜʦʣʝʨʠʪʘʤʠ, ʬʝʨʨʦʛʘʙʙʨʘʤʠ ʠ ʤʦʥʮʦʥʠʪʦʠʜʘʤʠ ʩ ʘʧʣʠʪʦʚʳʤʠ ʞʠʣʘʤʠ [ʐʝʰʫʢʦʚʘ 

ʠ ʜʨ., 2005].  

ʅʘ ɺʘʣʘʘʤʝ ʥʘʭʦʜʠʪʩʷ ʢʨʫʧʥʝʡʰʘʷ ʠ ʝʜʠʥʩʪʚʝʥʥʘʷ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʈʦʩʩʠʠ 

ʦʙʣʘʩʪʠ ʚʳʭʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʩʩʠʚʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʜ [ʕʢʦʩʠʩʪʝʤʳ, 2016]. ʅʘ 

ʦʩʪʨʦʚʝ ʥʘʭʦʜʷʪʩʷ ʤʘʣʦʤʦʱʥʳʝ ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʫʧʝʩʯʘʥʳʤʠ 

ʣʝʜʥʠʢʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʚʘʣʜʘʡʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʠ ʣʝʜʥʠʢʦʚʦ-ʦʟʸʨʥʳʤʠ ʠ ʦʟʸʨʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʭʦʜʝ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʭ ʩʪʘʜʠʡ 

ɹʘʣʪʠʡʩʢʦ-ʃʘʜʦʞʩʢʠʭ ʧʘʣʝʦʙʘʩʩʝʡʥʦʚ [ʄʘʪʠʥʷʥ, ʋʨʫʩʝʚʩʢʘʷ, 1999]. ʃʝʜʥʠʢʦʚʦ-ʦʟʸʨʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʝʥʪʦʯʥʳʤʠ ʛʣʠʥʘʤʠ, ʧʝʨʝʢʨʳʪʳʤʠ ʦʟʸʨʥʳʤʠ ʧʝʩʢʠ, ʩʫʧʝʩʷʤʠ ʠ 

ʩʫʛʣʠʥʢʘʤʠ. ʊʘʢʞʝ ʥʘ ɺʘʣʘʘʤʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʵʣʶʚʠʘʣʴʥʳʝ, ʵʣʶʚʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʳʝ 

ʦʪʣʦʞʝʥʠʷ, ʢʦʣʣʶʚʠʘʣʴʥʳʝ ʠ ʪʦʨʬʷʥʦ-ʙʦʣʦʪʥʳʝ ʦʪʣʦʞʝʥʠʷ. 

ʈʝʣʴʝʬ ʦʩʪʨʦʚʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʜʝʥʫʜʘʮʠʦʥʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʡ [ʕʢʦʩʠʩʪʝʤʳ, 

2016]. ʂ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʨʘʟʣʦʤʘʤ ʠ ʪʨʝʱʠʥʘʤ ʧʨʠʫʨʦʯʝʥʳ ʩʢʘʣʠʩʪʳʝ ʛʨʷʜʳ ʠ ʢʨʫʧʥʳʝ 

ʧʨʠʧʦʜʥʷʪʳʝ ʤʘʩʩʠʚʳ, ʨʘʩʯʣʝʥʝʥʥʳʝ ʩʠʩʪʝʤʦʡ ʜʝʧʨʝʩʩʠʡ (ʣʦʱʠʥ, ʟʘʣʠʚʦʚ, ʦʟʝʨ). ʈʝʣʴʝʬ 

ʦʩʪʨʦʚʘ ʢʨʘʡʥʝ ʩʣʦʞʝʥ, ʚ ʥʝʤ ʚʳʜʝʣʷʝʪʩʷ ʦʢʦʣʦ 400 ʪʠʧʦʚ ʣʘʥʜʰʘʬʪʥʳʭ ʬʘʮʠʡ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ ʚʳʩʪʫʧʘʶʪ ʤʘʛʤʘʪʠʯʝʩʢʠʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʛʘʙʙʨʦ-ʜʠʘʙʘʟʘʤʠ, ʬʝʨʨʦ-ʛʘʙʙʨʘʤʠ ʠ ʤʦʥʦʮʠʪʘʤʠ, ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʦʚ ʬʦʩʬʦʨʘ, ʪʠʪʘʥʘ, ʱʝʣʦʯʝʡ, ʙʘʨʠʷ, ʢʘʣʴʮʠʷ, ʞʝʣʝʟʘ ʠ ʧʦʥʠʞʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʝʟʝʤʘ [ʄʘʪʠʥʷʥ, ʋʨʫʩʝʚʩʢʘʷ, 1999; ʕʢʦʩʠʩʪʝʤʳ, 2016]. 

ʂʣʠʤʘʪ. ʂʘʢ ʠ ʥʘ ʦ. ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʠ ʜʨʫʛʠʭ ʦʩʪʨʦʚʘʭ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʃʘʜʦʛʠ, 

ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʥʘ ʦ. ɺʘʣʘʘʤ ʩʦʩʪʘʚʣʷʝʪ +3,6Áʉ [ʉʪʝʧʘʥʦʚʘ ʠ ʜʨ., 

2021]. ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʛʦ ʭʦʣʦʜʥʦʛʦ ʤʝʩʷʮʘ ʩʦʩʪʘʚʣʷʝʪ -6,5ī-10Áʉ (ʷʥʚʘʨʴ), 

ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʛʦ ʪʝʧʣʦʛʦ ʤʝʩʷʮʘ ï 16ī18,5Áʉ (ʠʶʣʴ). ʉʨʝʜʥʝʛʦʜʦʚʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 600 ʜʦ 850 ʤʤ. ɺʘʣʘʘʤ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʩʠʣʴʥʳʤ 

ʚʣʠʷʥʠʝʤ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ.  ʇʨʦʭʦʜʷ ʥʘʜ ʦʟʝʨʦʤ, ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʚʦʟʜʫʰʥʳʝ ʤʘʩʩʳ 

ʧʨʠʦʙʨʝʪʘʶʪ ʯʝʨʪʳ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʤʦʨʩʢʠʤ ʚʦʟʜʫʰʥʳʤ ʤʘʩʩʘʤ [ʕʢʦʩʠʩʪʝʤʳ, 2016]. 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʩʪʨʦʚʘ ʚ ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʛʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ (81-83%), ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ (600 ʤʤ ʚ ʛʦʜ) ʠ ʯʘʩʪʳʝ ʪʫʤʘʥʳ 

[ʄʘʪʠʥʷʥ, ʋʨʫʩʝʚʩʢʘʷ, 1999].  

ɻʠʜʨʦʣʦʛʠʷ. ɺʦʜʥʘʷ ʩʠʩʪʝʤʘ ɺʘʣʘʘʤʘ ʦʙʨʘʟʦʚʘʥʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʟʝʨʘʤʠ ʠ 

ʟʘʣʠʚʘʤʠ, ʧʨʠʫʨʦʯʝʥʥʳʤ ʢ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʨʘʟʣʦʤʘʤ ʠ ʪʨʝʱʠʥʘʤ [ʕʢʦʩʠʩʪʝʤʳ, 2016]. ʅʘ 

ʦʩʪʨʦʚʝ ʥʘʭʦʜʠʪʩʷ 9 ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʟʝʨ ï ɻʝʨʤʘʥʦʚʩʢʦʝ, ɿʠʤʥʷʢʦʚʩʢʦʝ, ɸʥʪʦʥʠʝʚʩʢʦʝ, 
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ɺʠʪʘʣʴʝʚʩʢʦʝ, ʅʠʢʦʥʦʚʩʢʦʝ, ʂʨʝʩʪʦʚʦʝ, ʆʩʩʠʝʚʦ, ʏʝʨʥʦʝ ʠ ʀʛʫʤʝʥʩʢʦʝ. ɼʚʘ ʩʘʤʳʭ 

ʢʨʫʧʥʳʭ ʦʟʝʨʘ ï ʉʠʩʷʷʨʚʠ ʠ ʃʝʱʝʚʦʝ ï ʜʦ ʩʠʭ ʧʦʨ ʩʚʷʟʘʥʳ ʩ ʃʘʜʦʞʩʢʠʤ ʦʟʝʨʦʤ ʠ 

ʷʚʣʷʶʪʩʷ ʩʣʘʙʦʧʨʦʪʦʯʥʳʤʠ. ɺʩʝ ʦʟʝʨʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʤʝʞʩʝʣʴʛʦʚʳʭ ʧʦʥʠʞʝʥʠʷʭ. 

ʅʘʠʙʦʣʝʝ ʛʣʫʙʦʢʠʤʠ ʷʚʣʷʶʪʩʷ ʦʟʝʨʘ ʆʩʠʠʝʚʦ ʠ ʀʛʫʤʝʥʩʢʠʝ (ʜʦ 9 ʤ). ɼʣʷ ʚʩʝʭ ʦʟʝʨ 

ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʘʷ ʮʚʝʪʥʦʩʪʴ ʚʦʜʳ ʠ ʥʠʟʢʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʳʩʦʢʠʤ 

ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ (ʚʳʰʝ 18 ʤʛʆ/ʣ), ʯʪʦ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʜʣʷ 

ʤʘʣʳʭ ʣʝʩʥʳʭ ʦʟʝʨ ʂʘʨʝʣʠʠ. 

ʇʦʯʚʳ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. ʇʦʯʚʳ ʥʘ ʦʩʪʨʦʚʝ ʤʘʣʦʤʦʱʥʳ, ʥʦ ʦʪʣʠʯʘʶʪʩʷ 

ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʠ ʙʦʛʘʪʩʪʚʦʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʠʤʠʪʠʚʥʳʤʠ ʧʦʯʚʘʤʠ, ʧʦʜʙʫʨʘʤʠ, ʙʫʨʦʟʝʤʘʤʠ, ʧʦʜʟʦʣʠʩʪʳʤʠ, ʙʦʣʦʪʥʦ-ʧʦʜʟʦʣʠʩʪʳʤʠ, 

ʜʝʨʥʦʚʦ-ʛʣʝʝʚʳʤʠ, ʙʦʣʦʪʥʳʤʠ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ [ʄʦʨʦʟʦʚʘ, ʃʘʟʘʨʝʚʘ, 2002]. 

ʇʨʠʤʠʪʠʚʥʳʝ ʧʦʯʚʳ ʨʘʟʚʠʚʘʶʪʩʷ ʥʘ ʚʳʭʦʜʘʭ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ [ʄʘʪʠʥʷʥ, ʋʨʫʩʝʚʩʢʘʷ, 

1999]. ʇʦʜʙʫʨʳ ʠ ʙʫʨʦʟʝʤʳ ʩʚʷʟʘʥʳ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʜʩʪʠʣʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ, 

ʦʙʦʛʘʱʝʥʥʳʤʠ ʢʘʣʴʮʠʝʤ ʠ ʤʘʛʥʠʝʤ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʤʠ ʨʘʟʚʠʪʠʶ ʪʠʧʠʯʥʦʛʦ ʜʣʷ ʩʨʝʜʥʝʡ 

ʪʘʡʛʠ ʦʧʦʜʟʦʣʠʚʘʥʠʷ ʧʦʯʚ. ʕʪʠ ʧʦʯʚʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʩʢʣʦʥʘʭ ʩʝʣʴʛ ʠ ʧʣʦʩʢʠʭ 

ʚʝʨʰʠʥʘʭ. ʇʦʜʟʦʣʠʩʪʳʝ ʧʦʯʚʳ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʤʦʨʝʥʥʳʭ ʠʣʠ ʦʟʸʨʥʳʭ ʠ ʦʟʸʨʥʦ-

ʣʝʜʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚ ʧʦʥʠʞʝʥʠʷʭ ʤʝʞʜʫ ʩʝʣʴʛʘʤʠ ʥʠʟʠʥʘʭ. ɹʦʣʦʪʥʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʠ 

ʜʝʨʥʦʚʦ-ʛʣʝʝʚʳʝ ʧʦʯʚʳ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪʩʷ ʚ ʧʦʥʠʞʝʥʠʷʭ ʠ ʥʠʞʥʠʭ ʯʘʩʪʷʭ ʩʢʣʦʥʦʚ ʧʨʠ 

ʙʣʠʟʢʦʤ ʟʘʣʝʛʘʥʠʠ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʠʣʠ ʣʝʥʪʦʯʥʳʭ ʛʣʠʥ. ɼʣʷ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʩʝʚʝʨʥʦʡ 

ʯʘʩʪʝʡ ɺʘʣʘʘʤʘ, ʠʩʧʳʪʳʚʘʶʱʠʭ ʧʦʚʳʰʝʥʥʫʶ ʘʥʪʨʦʧʦʛʝʥʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ, 

ʭʘʨʘʢʪʝʨʥʳ ʘʥʪʨʦʧʦʛʝʥʥʦ-ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʧʦʯʚʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʟʤʝʥʸʥʥʳʤ ʚʦʜʥʳʤ ʨʝʞʠʤʦʤ. 

ʀʟ-ʟʘ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʦʨʦʜ ʚʩʝ ʧʦʯʚʳ ʦʩʪʨʦʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ (3 495-11 949 ʤʛ/ʢʛ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ, ʜʦ 12 369 ʤʛ/ʢʛ ʚ 

ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ) [ʕʢʦʩʠʩʪʝʤʳ, 2016]. ɼʣʷ ʣʫʛʦʚʳʭ ʧʦʯʚ ʭʘʨʘʢʪʝʨʥʦ ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʠ ʤʝʜʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʠʭ ʤʠʛʨʘʮʠʝʡ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʩʦʨʙʠʨʦʚʘʪʴʩʷ ʛʣʠʥʠʩʪʳʤʠ ʬʨʘʢʮʠʷʤʠ. ʊʘʢʞʝ ʚʝʣʠʢʦ ʩʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʙʣʠʟʦʩʪʴʶ ʜʦʨʦʛ ʠ ʚʦʟʨʘʩʪʘʶʱʝʡ ʠʟ ʛʦʜʘ ʚ ʛʦʜ ʪʨʘʥʩʧʦʨʪʥʦʡ ʥʘʛʨʫʟʢʦʡ.  

ʆʩʪʨʦʚ ɺʘʣʘʘʤ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʶʞʥʦʡ ʠ ʩʨʝʜʥʝʡ ʪʘʡʛʠ, ʦʩʥʦʚʥʳʤʠ 

ʣʝʩʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʩʦʩʥʘ ʠ ʝʣʴ. ʅʘ ʦʩʪʨʦʚʝ ʜʦʤʠʥʠʨʫʶʪ 

ʩʨʝʜʥʝʪʘʝʞʥʳʝ ʩʦʩʥʦʚʳʝ ʠ ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩ ʫʯʘʩʪʠʝʤ ʥʝʤʦʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

[ʂʫʯʢʦ, 1983]. ʈʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʣʝʥ ʦʩʪʨʦʣʠʩʪʥʳʡ, ʣʠʧʘ ʤʝʣʢʦʣʠʩʪʥʘʷ, ʚʷʟ ʰʝʨʰʘʚʳʡ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʝ ʩʚʦʝʛʦ ʘʨʝʘʣʘ [ɺʘʣʘʘʤ..., 1988]. ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ɺʘʣʘʘʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʮʠʡ (ʙʝʣʦʤʦʰʥʳʝ, ʚʝʨʝʩʢʦʚʳʝ, 

ʙʨʫʩʥʠʯʥʳʝ, ʯʝʨʥʠʯʥʳʝ, ʪʨʘʚʷʥʳʝ, ʩʢʘʣʴʥʳʝ) [ɺʘʣʘʘʤ..., 1988; ʄʘʪʠʥʷʥ, ʋʨʫʩʝʚʩʢʘʷ, 
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1999]. ʅʝʙʦʣʴʰʫʶ ʯʘʩʪʴ ʦʩʪʨʦʚʘ (ʦʢʦʣʦ 5%) ʟʘʥʠʤʘʶʪ ʙʝʨʝʟʦʚʳʝ ʣʝʩʘ [ʂʫʯʢʦ, 1983]. 

ʊʘʢʞʝ ʚ ʩʦʩʪʘʚʝ ʜʨʫʛʠʭ ʪʠʧʦʚ ʣʝʩʘ ʚʩʪʨʝʯʘʶʪʩʷ ʦʩʠʥʘ ʠ ʦʣʴʭʘ, ʧʦ ʙʝʨʝʛʘʤ ʦʟʝʨ ʘʢʪʠʚʥʦ 

ʧʨʦʠʟʨʘʩʪʘʝʪ ʦʣʴʭʘ ʯʝʨʥʘʷ [ɺʘʣʘʘʤ..., 1988]. ɺ ʧʦʜʣʝʩʢʝ ʚʩʪʨʝʯʘʶʪʩʷ ʨʷʙʠʥʘ, ʠʚʳ, 

ʤʦʞʞʝʚʝʣʴʥʠʢ, ʨʝʞʝ ʢʘʣʠʥʘ, ʯʝʨʸʤʫʭʘ, ʢʨʘʩʥʘʷ ʩʤʦʨʦʜʠʥʘ. ʅʘ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʘʭ 

ʚʩʪʨʝʯʘʶʪʩʷ ʦʩʠʥʥʠʢʠ, ʘ ʪʘʢʞʝ ʧʦʩʘʜʢʠ ʠʥʪʨʦʜʫʮʝʥʪʦʚ ï ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ, ʜʫʙʘ 

ʯʝʨʝʰʯʘʪʦʛʦ, ʧʠʭʪʳ ʩʠʙʠʨʩʢʦʡ, ʩʦʩʥʳ ʄʫʨʨʝʷ, ʪʫʠ ʟʘʧʘʜʥʦʡ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ. ʍʘʨʘʢʪʝʨʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʣʝʩʦʚ ʷʚʣʷʝʪʩʷ ʩʪʘʨʦʚʦʟʨʘʩʪʥʦʩʪʴ (200-300 ʣʝʪ) [ʕʢʦʩʠʩʪʝʤʳ, 2016]. 

ɺ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚ ʷʨʫʩʝ ʩʦʩʝʜʩʪʚʫʶʪ ʥʝʤʦʨʘʣʴʥʳʝ, ʘʨʢʪʠʯʝʩʢʠʝ, 

ʘʨʢʪʦʘʣʴʧʠʡʩʢʠʝ ʠ ʩʠʙʠʨʩʢʠʝ ʚʠʜʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʚ 

ʛʦʣʦʮʝʥʝ ʠ ʩʤʝʱʝʥʠʝʤ ʛʨʘʥʠʮ ʧʨʠʨʦʜʥʳʭ ʟʦʥ [ɺʘʣʘʘʤ..., 1988]. ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ ʦʩʪʨʦʚʘ ʥʘ ʛʨʘʥʠʮʝ ʶʞʥʦʡ ʠ ʩʨʝʜʥʝʡ ʪʘʡʛʠ, ʜʦʚʦʣʴʥʦ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʢʣʠʤʘʪ ʠ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʩʬʦʨʤʠʨʦʚʘʣʠ ʙʦʛʘʪʫʶ ʬʣʦʨʫ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. ʅʘ 

ɺʘʣʘʘʤʝ ʧʨʦʠʟʨʘʩʪʘʶ 530 ʚʠʜʦʚ ʩʦʩʫʜʠʩʪʳʭ ʨʘʩʪʝʥʠʡ (ʙʝʟ ʫʯʝʪʘ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ 

ʨʘʩʪʝʥʠʡ ʠ ʠʥʪʨʦʜʫʮʝʥʪʦʚ) [ʕʢʦʩʠʩʪʝʤʳ, 2016]. ʇʣʦʱʘʜʴ, ʟʘʥʷʪʘʷ ʙʦʣʦʪʘʤʠ, ʥʝʚʝʣʠʢʘ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1% [ʂʫʯʢʦ, 1983]. 

ʊʝʨʨʠʪʦʨʠʘʣʴʥʦ ɺʘʣʘʘʤ ʦʪʥʦʩʠʪʩʷ ʢ ʰʭʝʨʥʦʤʫ ʨʘʡʦʥʫ. ʈʘʥʝʝ ʢʦʤʧʣʝʢʩʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʟʜʝʩʴ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʠʩʴ ʀʥʩʪʠʪʫʪʦʤ ʦʟʝʨʦʚʝʜʝʥʠʷ 

ʈɸʅ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʀ.ʄ. ʈʘʩʧʦʧʦʚʘ [ʈʘʩʧʦʧʦʚ, 1961; 1968; 1985; 2009; ʈʘʩʧʦʧʦʚ ʠ ʜʨ., 

1969; 2000; ʈʘʩʧʦʧʦʚ, ʈʳʯʢʦʚʘ, 1971]. ɺ ʰʭʝʨʥʦʤ ʨʘʡʦʥʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʘʩʩʦʮʠʘʮʠʠ ʪʨʦʩʪʥʠʢʘ (Phragmitetum australis subpurum), ʪʨʦʩʪʥʠʢʘ ʩ ʚʦʜʥʳʤʠ 

ʨʘʩʪʝʥʠʷʤʠ (Phragmitetum australis aqui herbosum), ʨʜʝʩʪʘ ʧʨʦʥʟʝʥʥʦʣʠʩʪʥʦʛʦ (Potametum 

perfoliati subpurum), ʨʜʝʩʪʘ ʧʨʦʥʟʝʥʥʦʣʠʩʪʥʦʛʦ ʩ ʚʦʜʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ (Potametum 

perfoliati aqui-herbosum), ʨʜʝʩʪʘ ʪʨʘʚʷʥʦʛʦ ʩ ʚʦʜʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ (Potametum graminei 

aqui-herbosum), ʪʨʦʩʪʥʠʢʘ ʩ ʭʚʦʱʦʤ (Phragmitetum australis equisetosum) ʠ ʪʨʦʩʪʥʠʢʘ ʩ 

ʢʘʤʳʰʦʤ (Phragmitetum australis scirposum). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʘʢʨʦʬʠʪʳ ʟʘʣʠʚʦʚ 

ɺʘʣʘʘʤʩʢʦʛʦ ʘʨʭʠʧʝʣʘʛʘ ʠ ʚʥʫʪʨʝʥʥʠʭ ʦʟʝʨ ʠʟʫʯʘʶʪʩʷ ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʥʩʪʠʪʫʪʝ 

ʦʟʝʨʦʚʝʜʝʥʠʷ ʠ ʫʯʝʙʥʦ-ʥʘʫʯʥʦʡ ʩʪʘʥʮʠʝʡ ʈɻɻʄʋ çɺʘʣʘʘʤè. ʀʟʫʯʝʥʦ ʩʦʚʨʝʤʝʥʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʘʢʨʦʬʠʪʦʚ ʚ ʟʘʣʠʚʘʭ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʝʡ 

ɺʘʣʘʘʤʩʢʦʛʦ ʘʨʭʠʧʝʣʘʛʘ ï ʅʝʚʦʜ, ʄʝʣʴʥʠʯʥʳʡ, ʟʘʣʠʚ ɽʩʪʝʩʪʚʝʥʥʦʡ ʧʨʦʪʦʢʠ, ɼʠʚʥʘʷ ʠ 

ʄʘʣʘʷ ʅʠʢʦʥʦʚʩʢʘʷ ʙʫʭʪʳ [ɿʫʝʚʘ ʠ ʜʨ., 2015]. ʊʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʘʥʥʳʭ ʟʘʣʠʚʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥ 55 ʚʠʜʘʤʠ ʤʘʢʨʦʬʠʪʦʚ, ʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ Caltha 

palustris, Carex acuta, Eleocharis palustris, Lʫsimachia vulgaris, Lythrum salicaria, Myosotis 

palustris, Phalaroides arundinacea, Persicaria amphibia, Potamogeton gramineus ʠ 

Potamogeton perfoliatus. 
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ɻʃɸɺɸ 3. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

ɺ ʨʘʤʢʘʭ ʤʥʦʛʦʣʝʪʥʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʧʘʣʝʦʣʠʤʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʥʩʪʠʪʫʪʘ ʦʟʝʨʦʚʝʜʝʥʠʷ ʈɸʅ ï ʉʇʙ ʌʀʎ ʈɸʅ ʘʚʪʦʨʦʤ ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʦʤ 

ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʤʘʣʳʭ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ ʚ 

ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʦʣʦʥʦʢ ʫʜʝʣʷʣʦʩʴ ʚʳʩʰʠʤ 

ʚʦʜʥʳʤ ʨʘʩʪʝʥʠʷʤ ï ʤʘʢʨʦʬʠʪʘʤ. ʄʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʠ 

ʘʧʨʦʙʠʨʦʚʘʪʴ ʥʦʚʫʶ ʤʝʪʦʜʠʢʫ ʠʟʫʯʝʥʠʷ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ ʚ ʛʦʣʦʮʝʥʝ ʧʦ 

ʜʘʥʥʳʤ ʜʠʥʘʤʠʢʠ ʧʳʣʴʮʳ ʤʘʢʨʦʬʠʪʦʚ [Gazizova et al., 2019; ɻʘʟʠʟʦʚʘ, ʉʘʧʝʣʢʦ, 2020; 

Gazizova et al., 2022; ʉʘʧʝʣʢʦ ʠ ʜʨ., 2023; Gazizova, Sapelko, 2024; ʉʘʧʝʣʢʦ ʠ ʜʨ., 2026]. 

ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʚ ʨʘʤʢʘʭ ʥʝʩʢʦʣʴʢʠʭ 

ʧʘʣʝʦʣʠʤʥʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʜʠʮʠʡ. ɺ ʠʶʣʝ 2017 ʛʦʜʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʧʨʦʙʳ ʠ ʢʝʨʥʳ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʪʨʝʭ ʦʟʝʨ ʥʘ ʦ. ʃʫʥʢʫʣʘʥʩʘʘʨʠ ï ʍʦʚʘʪʘʥʣʘʤʧʠ, 

ʉʦʢʢʘʩʝʥʣʘʤʧʠ ʠ ʂʫʡʢʢʘʣʘʤʧʠ (ʨʠʩʫʥʦʢ 3, ʪʘʙʣʠʮʘ 4). ʇʦʣʝʚʳʝ ʨʘʙʦʪʳ ʥʘ ʦ. ɺʘʣʘʘʤ ʚ 

2019 ʠ 2021 ʛʦʜʘʭ ʧʦʟʚʦʣʠʣʠ ʦʪʦʙʨʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʨʦʙʳ ʠ ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʯʝʪʳʨʝʭ ʦʟʝʨ ï ɻʝʨʤʘʥʦʚʩʢʦʝ, ɿʠʤʥʷʢʦʚʩʢʦʝ, ɸʥʪʦʥʠʝʚʩʢʦʝ ʠ ɺʠʪʘʣʴʝʚʩʢʦʝ 

(ʨʠʩʫʥʦʢ 3, ʪʘʙʣʠʮʘ 3). ʆʪʙʦʨ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʣʦʪʘ 

ɺʦʨʦʥʢʦʚʘ [ɺʦʣʢʦʚʘ, 2021] ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʝʢ ʦʟʝʨʘ (ʪʘʙʣʠʮʘ 5). ɺ ʨʘʤʢʘʭ ʧʦʣʝʚʳʭ 

ʨʘʙʦʪ ʪʘʢʞʝ ʠʟʫʯʘʣʘʩʴ ʩʦʚʨʝʤʝʥʥʘʷ ʚʦʜʥʘʷ ʠ ʥʘʟʝʤʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. 

ʊʘʙʣʠʮʘ 4 ï ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʘʙʩʦʣʶʪʥʳʝ ʚʳʩʦʪʳ ʦʟʝʨ 

ʆʟʝʨʦ ʇʣʦʱʘʜʴ, ʤ2 ɻʣʫʙʠʥʘ, ʤ ɺʳʩʦʪʘ ʥʘʜ ʫʨʦʚʥʝʤ 

ʤʦʨʷ, ʤ 

ʂʫʡʢʢʘʣʘʤʧʠ 12000 2,8 17 

ʍʦʚʘʪʘʥʣʘʤʧʠ 161000 2,5 10 

ʉʦʢʢʘʩʝʥʣʘʤʧʠ 1450 2 14 

ɻʝʨʤʘʥʦʚʩʢʦʝ 10400 3,7 18 

ɿʠʤʥʷʢʦʚʩʢʦʝ 17000 2,1 12,3 

ɸʥʪʦʥʠʝʚʩʢʦʝ 28300 3,5 13 

ɺʠʪʘʣʴʝʚʩʢʦʝ 4300 1,9 10,8 

ʆʪʙʦʨ ʢʝʨʥʦʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʈʫʩʩʢʦʛʦ ʙʫʨʘ 

ʜʣʠʥʦʡ 1 ʤ ʠ ʜʠʘʤʝʪʨʦʤ 5 ʩʤ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʩ ʧʣʦʪʘ ʥʘ ʦʩʥʦʚʝ ʢʘʪʘʤʘʨʘʥʘ ʠʣʠ ʩʦ 

ʩʧʣʘʚʠʥ, ʦʢʨʫʞʘʶʱʠʭ ʦʟʝʨʘ. ʂʝʨʥʳ ʦʪʙʠʨʘʣʠʩʴ ʩ ʥʝʙʦʣʴʰʠʤ ʧʝʨʝʢʨʳʪʠʝʤ, ʯʪʦʙʳ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʫʯʠʪʴ ʥʝʧʨʝʨʳʚʥʫʶ ʢʦʣʦʥʢʫ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʇʦʜʨʦʙʥʘʷ 

ʣʠʪʦʩʪʨʘʪʠʛʨʘʬʠʷ ʢʝʨʥʦʚ ʠ ʢʦʣʦʥʦʢ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 6 ʠ ʥʘ ʨʠʩʫʥʢʝ 4. ɺ ʮʝʣʦʤ, 

ʤʦʱʥʦʩʪʴ ʚʩʢʨʳʪʳʭ ʦʪʣʦʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 0,5-2 ʤ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʢʦʣʦʥʦʢ ʧʨʝʜʩʪʘʚʣʝʥʘ 



51 
 

ʛʠʪʪʠʷʤʠ, ʥʠʞʥʷʷ ï ʛʣʠʥʘʤʠ, ʧʝʩʢʦʤ, ʦʧʝʩʯʘʥʝʥʥʳʤʠ ʘʣʝʚʨʠʪʘʤʠ, ʤʝʞʜʫ ʥʠʤʠ 

ʦʪʤʝʯʘʶʪʩʷ ʧʝʨʝʭʦʜʥʳʝ ʦʧʝʩʯʘʥʝʥʥʳʝ ʠʣʠ ʛʣʠʥʠʩʪʳʝ ʛʦʨʠʟʦʥʪʳ. ʇʦʜʩʪʠʣʘʶʱʠʝ ʧʦʨʦʜʳ 

ʠʤʝʶʪ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʤʦʨʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ; ʦʥʠ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʛʨʫʙʦʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʝ ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʙʫʨʠʪʴ ʥʠʞʝʣʝʞʘʱʠʝ ʦʪʣʦʞʝʥʠʷ. 

ʊʘʙʣʠʮʘ 5 ï ʊʦʯʢʠ ʦʪʙʦʨʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ ʥʘ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨʘʭ 

ʆʩʪʨʦʚ ʆʟʝʨʦ ɻʣʫʙʠʥʘ ʇʇ, ʤ ʂʦʦʨʜʠʥʘʪʳ 

ʃʫʥʢʫʣʘʥʩʘʘʨʠ 

ʂʫʡʢʢʘʣʘʤʧʠ 
2,5 61.303916; 31.864050 

2,8 61.303050; 31.866766 

ʉʦʢʢʘʩʝʥʣʘʤʧʠ 1,8 61.307500; 31.836100 

ʍʦʚʘʪʘʥʣʘʤʧʠ 
1,8 61.320583; 31.814333 

2,1 61.321116; 31.815050 

ɺʘʣʘʘʤ 

ɻʝʨʤʘʥʦʚʩʢʦʝ 

2,6 61.378010; 30.968450 

3,0 61.378710; 30.968380 

3,5 61.377640; 30.969230 

ɿʠʤʥʷʢʦʚʩʢʦʝ 

1,4 61.382080; 30.974460 

2,2 61.382560; 30.974000 

2,8 61.381700; 30.975080 

ɸʥʪʦʥʠʝʚʩʢʦʝ 

2,7 61.387151; 30.996192 

2,9 61.387164; 30.996972 

3,7 61.388931; 30.995562 

ɺʠʪʘʣʴʝʚʩʢʦʝ 1,9 61.399281; 30.999912 

ʆʪʦʙʨʘʥʥʳʝ ʢʝʨʥʳ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʫʧʘʢʦʚʳʚʘʣʠʩʴ ʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʦʯʥʫʶ 

ʧʣʝʥʢʫ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʯʝʭʣʳ. ʈʘʟʙʦʨ ʢʝʨʥʦʚ ʥʘ ʘʥʘʣʠʟʳ ʧʨʦʚʦʜʠʣʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʧʘʣʝʦʣʠʤʥʦʣʦʛʠʠ ʀʥʩʪʠʪʫʪʘ ʦʟʝʨʦʚʝʜʝʥʠʷ ʈɸʅ ï ʉʇʙ ʌʀʎ ʈɸʅ ʧʦʩʣʦʡʥʦ ʩʥʠʟʫ-ʚʚʝʨʭ ʩ 

ʯʘʩʪʦʪʦʡ 2 ʩʘʥʪʠʤʝʪʨʘ. ʇʨʠ ʥʘʣʠʯʠʠ ʯʝʪʢʦ ʨʘʟʣʠʯʘʶʱʝʛʦʩʷ ʧʦ ʮʚʝʪʫ ʠʣʠ ʩʪʨʫʢʪʫʨʝ 

ʜʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʯʘʩʪʦʪʘ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʜʦ 1 ʩʤ. ʇʦʣʫʯʝʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠʩʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʪʦʜʘʤʠ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ. 

ʇʘʣʠʥʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʄʝʪʦʜʦʤ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʟʫʯʘʣʠʩʴ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʨʦʙʳ ʠ ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʩʝʭ ʦʟʝʨ. ɺʩʝʛʦ ʙʳʣʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 425 ʧʨʦʙ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ 18 ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ. ʆʙʨʘʙʦʪʢʘ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʩʝʧʘʨʘʮʠʦʥʥʦʡ ʤʝʪʦʜʠʢʝ ɺ.ʇ. ɻʨʠʯʫʢʘ [1940], 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʚ ʀʥʩʪʠʪʫʪʝ ʦʟʝʨʦʚʝʜʝʥʠʷ. 



52 
 

ʊʘʙʣʠʮʘ 6 ï ʃʠʪʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʢʝʨʥʦʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨ 

ʆʟʝʨʦ ˉ ʪʦʯʢʠ ˉ ʢʝʨʥʘ ɻʦʨʠʟʦʥʪ, ʤ ʃʠʪʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

ʍʦʚʘʪʘʥʣʘʤʧʠ 

1 1 2,92-3,40 
2,92-3,25 ʤ ï ʧʣʦʪʥʘʷ ʯʝʨʥʘʷ ʛʠʪʪʠʷ 

3,25-3,40 ʤ ï ʧʣʦʪʥʘʷ ʢʦʨʠʯʥʝʚʘʷ ʛʠʪʪʠʷ 

1 2 2,51-3,00 

2,51-2,76 ʤ ï ʧʣʦʪʥʘʷ ʯʝʨʥʘʷ ʛʠʪʪʠʷ 

2,76-2,90 ʤ ï ʙʫʨʘʷ ʛʠʪʪʠʷ  

2,90-3,00 ʤ ï ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʘʷ ʦʧʝʩʯʘʥʝʥʥʘʷ ʛʠʪʪʠʷ 

2 3 2,08-2,57 

2,08-2,43 ʤ ï ʯʝʨʥʘʷ ʛʠʪʪʠʷ 

2,43-2,53 ʤ ï ʙʫʨʘʷ ʛʠʪʪʠʷ 

2,53-2,57 ʤ ï ʩʝʨʘʷ ʦʧʝʩʯʘʥʝʥʥʘʷ ʛʣʠʥʘ  

2 4 2,08-2,58 

2,08-2,46 ʤ ï ʯʝʨʥʘʷ ʞʠʜʢʘʷ ʛʠʪʪʠʷ 

2,46-2,54 ʤ ï ʙʫʨʘʷ ʛʠʪʪʠʷ 

2,54-2,57 ʤ ï ʩʝʨʘʷ ʦʧʝʩʯʘʥʝʥʥʘʷ ʛʣʠʥʘ  

2,57-2,58 ʤ ï ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʡ ʧʝʩʦʢ ʩ ʛʨʘʚʠʝʤ 

ʂʫʡʢʢʘʣʘʤʧʠ 1 1 2,30-3,30 

2,30-2,80 ʤ ï ʚʝʨʭʥʷʷ ʯʘʩʪʴ, ʨʘʟʤʳʪʘ 

2,80-3,23 ʤ ï ʪʝʤʥʦ-ʙʫʨʘʷ  ʛʠʪʪʠʷ 

3,23-3,28 ʤ ï ʟʝʣʝʥʦʚʘʪʦ-ʙʫʨʘʷ ʛʠʪʪʠʷ 

3,28-3,30 ʤ ï ʩʝʨʘʷ ʦʧʝʩʯʘʥʝʥʥʘʷ ʛʣʠʥʘ ʩ ʛʨʘʚʠʝʤ 

ʉʦʢʢʘʩʝʥʣʘʤʧʠ 

2 1 1,98-2,46 
1,98-2,45 ʤ ï ʪʝʤʥʦ-ʙʫʨʘʷ ʛʠʪʪʠʷ 

2,45-2,46 ʤ ï ʩʝʨʘʷ ʛʣʠʥʘ 

3 3 1,45-1,95 

1,45-1,47 ʤ ï ʥʝʨʘʟʣʦʞʠʚʰʠʡʩʷ ʪʦʨʬ 

1,47-1,58 ʤ ï ʪʦʨʬʷʥʠʩʪʘʷ ʛʠʪʪʠʷ ʩ ʤʘʢʨʦʦʩʪʘʪʢʘʤʠ 

1,58-1,95 ʤ ï ʯʝʨʥʘʷ ʛʠʪʪʠʷ 

3 4 0,80-1,80 

0,80-1,15 ʤ ï ʥʝʨʘʟʣʦʞʠʚʰʠʡʩʷ ʪʦʨʬ 

1,15-1,45 ʤ ï ʛʠʪʪʠʷ ʩ ʤʘʢʨʦʦʩʪʘʪʢʘʤʠ 

1,45-1,80 ʤ ï ʯʝʨʥʘʷ ʛʠʪʪʠʷ  

ɻʝʨʤʘʥʦʚʩʢʦʝ 
6 8 1,30-2,30 1,30-2,30 ʤ ï ʯʝʨʥʘʷ ʪʦʨʬʷʥʠʩʪʘʷ ʛʠʪʪʠʷ 

13 20 2,13-3,00 2,13-3,00 ʤ ï ʯʝʨʥʘʷ ʛʠʪʪʠʷ ʩ ʤʘʢʨʦʦʩʪʘʪʢʘʤʠ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʊʘʙʣʠʮʳ 6 ï ʃʠʪʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʢʝʨʥʦʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨ 

ʆʟʝʨʦ ˉ ʪʦʯʢʠ ˉ ʢʝʨʥʘ ɻʦʨʠʟʦʥʪ, ʤ ʃʠʪʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

ɿʠʤʥʷʢʦʚʩʢʦʝ 

2 2 2,73-3,73 2,73-3,73 ʤ ï ʯʝʨʥʘʷ ʛʠʪʪʠʷ 

2 4 2,68-3,68 
2,68-3,54 ʤ ï ʯʝʨʥʘʷ ʛʠʪʪʠʷ 

3,54-3,68 ʤ ï ʧʝʩʦʢ 

ɸʥʪʦʥʠʝʚʩʢʦʝ 2 4 3,67-4,63 

3,67-4,42 ʤ ï ʪʝʤʥʦ-ʙʫʨʘʷ ʛʠʪʪʠʷ 

4,42-4,48 ʤ ï ʟʝʣʝʥʦʚʘʪʦ-ʙʫʨʘʷ ʦʧʝʩʯʘʥʝʥʥʘʷ ʛʠʪʪʠʷ 

4,48-4,63 ʤ ï ʩʝʨʘʷ ʛʣʠʥʘ 

ɺʠʪʘʣʴʝʚʩʢʦʝ   

2 1,90-2,90 
1,90-2,05 ʤ ï ʯʝʨʥʳʡ ʥʘʠʣʦʢ 

2,05-2,90 ʤ ï ʦʜʥʦʨʦʜʥʘʷ ʛʠʪʪʠʷ 

3 2,70-3,70 

2,70-3,00 ʤ ï ʪʝʤʥʦ-ʙʫʨʘʷ ʛʠʪʪʠʷ 

3,00-3,25 ʤ ï ʙʫʨʘʷ ʛʠʪʪʠʷ ʩ ʤʘʢʨʦʦʩʪʘʪʢʘʤʠ 

3,18-3,70 ʤ ï ʙʫʨʘʷ ʘʣʝʚʨʠʪʦʚʘʷ ʛʠʪʪʠʷ 

5 3,20-4,20 

3,20-3,31 ʤ ï ʪʝʤʥʦ-ʙʫʨʘʷ ʛʠʪʪʠʷ 

3,31-3,73 ʤ ï ʙʫʨʘʷ ʛʠʪʪʠʷ ʩ ʧʨʦʩʣʦʷʤʠ ʜʝʪʨʠʪʘ 

3,73-3,94 ʤ ï ʢʦʨʠʯʥʝʚʳʡ ʦʧʝʩʯʘʥʝʥʥʳʡ ʘʣʝʚʨʠʪ 

3,97-4,20 ʤ ï ʩʝʨʦ-ʙʫʨʳʡ ʢʨʫʧʥʳʡ ʧʝʩʦʢ 

6 2,97-3,97 

2,97-3,28 ʤ ï ʪʝʤʥʦ-ʙʫʨʘʷ ʛʠʪʪʠʷ 

3,28-3,69 ʤ ï ʙʫʨʘʷ ʘʣʝʚʨʠʪʦʚʘʷ ʛʠʪʪʠʷ ʩ ʧʨʦʩʣʦʷʤʠ ʜʝʪʨʠʪʘ 

3,69-3,93 ʤ ï ʩʝʨʳʡ ʦʧʝʩʯʘʥʝʥʥʳʡ ʘʣʝʚʨʠʪ 

3,93-3,97 ʤ ï ʪʝʤʥʦ-ʩʝʨʳʡ ʢʨʫʧʥʳʡ ʧʝʩʦʢ 
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ʈʠʩʫʥʦʢ 4 ï ʃʠʪʦʩʪʨʘʪʠʛʨʘʬʠʷ ʢʦʣʦʥʦʢ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ (ʨʷʜʦʤ ʩ 

ʢʦʣʦʥʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʛʣʫʙʠʥʳ ʚ ʩʤ) 

ʇʨʦʙʳ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʤʝʱʘʣʠʩʴ ʚ ʬʘʨʬʦʨʦʚʳʝ ʩʪʘʢʘʥʳ ʦʙʲʝʤʦʤ 500 ʤʣ ʠ 

ʧʨʦʚʝʨʷʣʠʩʴ ʥʘ ʥʘʣʠʯʠʝ ʢʘʨʙʦʥʘʪʦʚ ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʠ ʥʘʚʝʩʢʠ ʚ 10% 

ʨʘʩʪʚʦʨʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ (HCl) ʚ ʦʪʜʝʣʴʥʦʤ ʩʪʝʢʣʷʥʥʦʤ ʩʪʘʢʘʥʝ. ɺʩʝ ʦʙʨʘʟʮʳ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʦʢʘʟʘʣʠʩʴ ʥʝʢʘʨʙʦʥʘʪʥʳ ï ʥʝ ʧʨʦʷʚʠʣʠ ʩʣʝʜʦʚ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʩ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʦʡ. ɼʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʛʫʤʫʩʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʩʘʜʢʘ ʚ ʩʪʘʢʘʥʳ ʜʦʙʘʚʣʷʣʦʩʴ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʨʘʥʝʝ ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ 10% ʨʘʩʪʚʦʨʘ ʧʠʨʦʬʦʩʬʘʪʘ ʥʘʪʨʠʷ 

(Na4P2O7). ʇʦʣʫʯʝʥʥʘʷ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ ʟʘʣʠʚʘʣʘʩʴ ʚʦʜʦʡ, 

ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʠ ʦʩʪʘʚʣʷʣʘʩʴ ʜʦ ʩʣʝʜʫʶʱʝʛʦ ʜʥʷ. ɿʘʪʝʤ ʧʨʦʙʳ ʘʢʢʫʨʘʪʥʦ 

ʩʣʠʚʘʣʠʩʴ ʠ ʚʥʦʚʴ ʨʘʟʙʘʚʣʷʣʠʩʴ ʚʦʜʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʯʠʱʝʥʥʦʛʦ ʦʩʘʜʢʘ. ʆʪʤʳʪʳʡ 
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ʦʩʘʜʦʢ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʩʷ ʚ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʮʝʥʪʨʠʬʫʞʥʳʭ ʧʨʦʙʠʨʢʘʭ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ 

ʚ ʟʘʨʘʥʝʝ ʧʨʠʛʦʪʦʚʣʝʥʥʦʡ ʪʷʞʝʣʦʡ ʞʠʜʢʦʩʪʠ (180 ʛʨ. KJ : 200 ʛʨ. CdJ2 : >200 ʤʣ ʅ2ʆ) 

ʧʣʦʪʥʦʩʪʴʶ 2,28 ʛ/ʩʤ3 ʜʣʷ ʩʝʧʘʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʷʞʝʣʦʡ ʞʠʜʢʦʩʪʠ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʙʦʣʴʰʝ 

ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʧʳʣʴʮʳ ʠ ʩʧʦʨ, ʥʦ ʤʝʥʴʰʝ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʩʣʠʚʘʣʩʷ ʚ ʩʪʝʢʣʷʥʥʳʝ ʩʪʘʢʘʥʳ ʦʙʲʝʤʦʤ 50 ʤʣ, ʨʘʟʙʘʚʣʷʣʩʷ ʚʦʜʦʡ ʠ 

ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ HCl ʠ ʦʩʪʘʚʣʷʣʩʷ ʜʦ ʩʣʝʜʫʶʱʝʛʦ ʜʥʷ. ʆʪʩʪʦʷʚʰʠʡʩʷ ʨʘʩʪʚʦʨ 

ʪʷʞʝʣʦʡ ʞʠʜʢʦʩʪʠ ʦʩʪʦʨʦʞʥʦ ʩʣʠʚʘʣʩʷ, ʦʩʘʜʦʢ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʩʷ ʚ 

ʩʪʝʢʣʷʥʥʳʭ ʮʝʥʪʨʠʬʫʞʥʳʭ ʧʨʦʙʠʨʢʘʭ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʚʦʜʳ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʩʣʝʜʦʚ ʪʷʞʝʣʦʡ ʞʠʜʢʦʩʪʠ. ɺ ʧʦʣʫʯʠʚʰʠʝʩʷ ʧʨʦʙʳ ʜʦʙʘʚʣʷʣʦʩʴ ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ 85% ʨʘʩʪʚʦʨʘ ʛʣʠʮʝʨʠʥʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʳʩʳʭʘʥʠʷ ʦʩʘʜʢʘ ʠ ʦʙʣʝʛʯʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʤʠʢʨʦʧʨʝʧʘʨʘʪʦʚ. 

ʀʟʫʯʝʥʠʝ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 400 ʤʢʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʪʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʄʀʂʄɽɼ-6 (ɸʆ çʃʆʄʆè, ʈʦʩʩʠʷ). ɼʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʳʣʴʮʳ ʠ ʩʧʦʨ ʨʘʩʪʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʧʨʝʜʝʣʠʪʝʣʠ [ʂʫʧʨʠʷʥʦʚʘ, 

ɸʣʝʰʠʥʘ, 1967, 1972, 1978], ʵʣʝʢʪʨʦʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ [https://www.paldat.org/; 

https://www.paleoaltai.com/sibpal; https://pollenatlas.net/homepage; http://botany-

collection.bio.msu.ru/] ʠ ʢʦʣʣʝʢʮʠʷ ʀʥʩʪʠʪʫʪʘ ʦʟʝʨʦʚʝʜʝʥʠʷ. ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʦ 

ʧʦʜʩʯʠʪʘʥʦ ʥʝ ʤʝʥʝʝ 250 ʟʝʨʝʥ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʧʦʩʣʝʜʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ [Djamali, Cilleros, 2020], ʜʣʷ ʛʦʣʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ 150 ʟʸʨʝʥ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 90% ʪʘʢʩʦʥʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʴʮʳ ʚ ʦʙʨʘʟʮʘʭ ʥʝ ʦʧʨʝʜʝʣʷʣʘʩʴ ï ʚ 

ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʥʘ ʦʙʳʯʥʦ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʘʷ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʡ 

ʜʠʘʛʨʘʤʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʧʝʮʠʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ Tilia [Grimm, 2004] ʠ Excel. ʇʨʦʮʝʥʪʳ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʦʪ ʦʙʱʝʡ ʩʫʤʤʳ ʧʳʣʴʮʳ ʠ ʩʧʦʨ. ʉʦʜʝʨʞʘʥʠʝ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʠ ʩʧʦʨ 

ʛʨʠʙʦʚ ʫʢʘʟʳʚʘʣʦʩʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ. 

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠʟʫʯʘʣʠʩʴ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʨʦʙʳ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʝ ʫʩʨʝʜʥʝʥʥʫʶ ʟʘ ʧʦʩʣʝʜʥʠʝ 

ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʚʦʜʦʩʙʦʨʘ. ɺʘʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ 

ʩʫʙʨʝʮʝʥʪʥʳʭ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʭ ʩʧʝʢʪʨʦʚ (ʉʇʉ) ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʘʣʝʦʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʜʦʢʘʟʘʥʘ ʚ ʨʘʙʦʪʘʭ ʢʣʘʩʩʠʢʦʚ [ɻʨʠʯʫʢ, ɿʘʢʣʠʥʩʢʘʷ, 

1948; ʂʘʙʘʡʣʝʥʝ, 1969]. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʡ ʜʘʥʥʳʭ ʩʚʷʟʘʥʘ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʳʣʴʮʳ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʝʥʠʡ, ʝʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʠ ʘʢʢʫʤʫʣʷʮʠʝʡ. ʅʘ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʧʳʣʴʮʳ ʚ ʉʇʉ ʚʣʠʷʶʪ ʧʳʣʴʮʝʚʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚʠʜʳ, ʩʧʦʩʦʙ 

ʧʝʨʝʥʦʩʘ ʧʳʣʴʮʳ (ʵʥʪʦʤʦʬʠʣʠʷ, ʘʥʝʤʦʬʠʣʠʷ, ʛʠʜʨʦʬʠʣʠʷ), ʩʪʝʧʝʥʴ ʫʯʘʩʪʠʷ ʢʦʥʢʨʝʪʥʦʛʦ 
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ʪʘʢʩʦʥʘ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ, ʜʘʣʴʥʠʡ ʟʘʥʦʩ ʧʳʣʴʮʳ, ʩʫʢʮʝʩʩʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʪ.ʜ. 

[Faegri, Iversen, 1989]. 

ʈʘʜʠʦʫʛʣʝʨʦʜʥʦʝ ʜʘʪʠʨʦʚʘʥʠʝ. ʆʧʨʝʜʝʣʝʥʥʘʷ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʭʨʦʥʦʣʦʛʠʷ ʦʪʣʦʞʝʥʠʡ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʧʦʩʪʘʚʣʷʣʘʩʴ ʩ ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʤʠ ʜʘʥʥʳʤʠ 

(ʪʘʙʣʠʮʘ 7, ʨʠʩʫʥʢʠ 5-7). ʈʘʜʠʦʫʛʣʝʨʦʜʥʦʝ ʜʘʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʦʟʝʨʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʥʘ ʦ. ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʤʝʪʦʜʦʤ ʫʩʢʦʨʠʪʝʣʴʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (AMS) 

ʜʦʢʪʦʨʦʤ Xiaolei Li ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʠ ʠʟʦʪʦʧʥʦʡ ʛʝʦʭʠʤʠʠ ʀʥʩʪʠʪʫʪʘ ʛʝʦʭʠʤʠʠ 

ɻʫʘʥʯʞʦʫ ʂʠʪʘʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (GIGCAS), ɻʫʘʥʯʞʦʫ, ʂʠʪʘʡ. 

ʊʘʙʣʠʮʘ 7 ï ʈʘʜʠʦʫʛʣʝʨʦʜʥʳʡ ʘʥʘʣʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ 

ʆʟʝʨʦ 
ʃʘʙ. 

ʥʦʤʝʨ 

ɻʣʫʙʠʥʘ, 

ʤ 
ɻʦʨʠʟʦʥʪ 14ʉ ʣ. ʥ. 

ʂʘʣʠʙʨʦʚʘʥʥʳʡ 

ʚʦʟʨʘʩʪ, ʣ. ʥ. 

(Ñ2ů = 95,4%) 

ʂʫʡʢʢʘʣʘʤʧʠ 

GZ10834 3,26-3,28 ɻʠʪʪʠʷ 3150Ñ35 3451-3257 

GZ10835 3,19-3,21 ɻʠʪʪʠʷ 2865Ñ20 3066-2884 

GZ10836 2,93-2,95 ɻʠʪʪʠʷ 1110Ñ20 1058-959 

ʉʦʢʢʘʩʝʥʣʘʤʧʠ 

GZ10837 2,43-2,45 ɻʠʪʪʠʷ 2765Ñ40 2956-2772 

GZ10838 1,76-1,77 ɻʠʪʪʠʷ 1900Ñ25 1881-1736 

GZ10839 1,45-1,46 ɻʠʪʪʠʷ 510Ñ20 546-511 

ʍʦʚʘʪʘʥʣʘʤʧʠ 

GZ10840 3,26-3,27 
ʆʧʝʩʯʘʥʝʥʥʳʡ 

ʘʣʝʚʨʠʪ 
2910Ñ25 3152-2963 

GZ10841 3,00-3,01 ɻʣʠʥʠʩʪʘʷ ʛʠʪʪʠʷ 2070Ñ45 2287-1892 

GZ10842 2,20-2,21 ɻʠʪʪʠʷ 1880Ñ25 1866-1719 

ɿʠʤʥʷʢʦʚʩʢʦʝ 

[Saarnisto, 2012] 

Su-2818 3,60-3,65 ɻʣʠʥʠʩʪʘʷ ʛʠʪʪʠʷ 3010 Ñ 100 3444-2896 

Su-2819 3,65-3,70 ɻʣʠʥʠʩʪʘʷ ʛʠʪʪʠʷ 2680 Ñ 80 2997-2517 

ɸʥʪʦʥʠʝʚʩʢʦʝ 

[Saarnisto, 2012] 

Su-2748 4,20-4,25 ɻʣʠʥʠʩʪʘʷ ʛʠʪʪʠʷ 2900 Ñ 80 3326-2845 

Su-2747 3,15-3,20 ɻʠʪʪʠʷ 2360 Ñ 40 2682-2319 

ɺʠʪʘʣʴʝʚʩʢʦʝ 

[Saarnisto, 2012] 

Su-2817 3,45-3,55 

ʆʨʛʘʥʠʯʝʩʢʠʡ 

ʜʝʪʨʠʪ ʩ ʠʣʦʤ ʠ 

ʧʝʩʢʦʤ 

2950 Ñ 150 3446-2775 

Su-2816 2,95-3,00 
ɻʣʠʥʠʩʪʘʷ ʠ 

ʦʧʝʩʯʘʥʝʥʥʘʷ ʛʠʪʪʠʷ 
2740 Ñ 90 3137-2723 

ʆʨʛʘʥʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʦʙʨʘʙʘʪʳʚʘʣʩʷ ʩʪʘʥʜʘʨʪʥʳʤ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʳʤ ʤʝʪʦʜʦʤ 

ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʢʘʨʙʦʥʘʪʦʚ ʠ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ. ʇʦʩʣʝ ʩʫʙʣʠʤʘʮʠʦʥʥʦʡ ʩʫʰʢʠ ʦʙʨʘʟʝʮ ʚ 

ʢʚʘʨʮʝʚʦʡ ʧʨʦʙʠʨʢʝ ʩ ʩʝʨʝʙʨʷʥʦʡ ʚʘʪʦʡ ʠ ʯʠʩʪʳʤʠ ʠʛʣʘʤʠ CuO ʚʳʩʫʰʠʚʘʣʩʷ ʚ ʧʝʯʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 350ÁC ʜʣʷ ʫʜʘʣʝʥʠʷ ʩʪʦʡʢʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʫʛʣʝʨʦʜʠʩʪʳʭ ʧʨʠʤʝʩʝʡ. ɿʘʪʝʤ 



57 
 

ʧʨʦʙʠʨʢʫ ʚʘʢʫʫʤʠʨʦʚʘʣʠ, ʛʝʨʤʝʪʠʟʠʨʦʚʘʣʠ ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 850ÁC ʚ 

ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ CO2. ʇʦʣʫʯʝʥʥʳʡ ʛʘʟʦʦʙʨʘʟʥʳʡ 

CO2 ʦʯʠʱʘʣʠ ʠ ʛʨʘʬʠʪʠʨʦʚʘʣʠ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ Xu ʩ ʩʦʘʚʪʦʨʘʤʠ [2007] ʤʝʪʦʜʠʢʝ. 

ɻʨʘʬʠʪʦʚʳʝ ʤʠʰʝʥʠ ʠʟʤʝʨʷʣʠʩʴ ʩʧʝʮʠʘʣʴʥʳʤ AMS-ʧʨʠʙʦʨʦʤ NEC ʩ ʵʥʝʨʛʠʝʡ 0,5 ʄʵɺ 

14ʉ ʩ ʪʦʯʥʦʩʪʴʶ ʙʦʣʝʝ 3,0ă. ɼʘʪʠʨʦʚʘʣʠʩʴ ʤʘʢʨʦʦʩʪʘʪʢʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ. 

ʆʪʣʦʞʝʥʠʷ ʦʟʝʨ ʥʘ ʦ. ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʝ, ʙʝʟ ʠʥʚʝʨʩʠʡ. ɼʣʷ ʦʪʣʦʞʝʥʠʡ 

ʦʟʝʨ ʥʘ ʦ. ɺʘʣʘʘʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʤʝʶʱʠʝʩʷ ʜʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ [Saarnisto, 2012], 

ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ AMS. ʂʘʣʠʙʨʦʚʢʘ ʚʩʝʭ ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʭ ʜʘʪʠʨʦʚʦʢ 

ʚʳʧʦʣʥʝʥʘ ʧʦ ʦʜʥʦʡ ʰʢʘʣʝ ʚ ʧʨʦʛʨʘʤʤʝ OxCal ʚʝʨʩʠʠ 4.4 [Bronk-Ramsey 2008; Bronk-

Ramsey, Lee 2013] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ IntCal20 [Reimer et al., 2020]. 

 

ʈʠʩʫʥʦʢ 5 ï ʄʦʜʝʣʴ ʚʦʟʨʘʩʪ-ʛʣʫʙʠʥʘ ʜʣʷ ʦʪʣʦʞʝʥʠʡ ʦʟ. ʂʫʡʢʢʘʣʘʤʧʠ 

 

ʈʠʩʫʥʦʢ 6 ï ʄʦʜʝʣʴ ʚʦʟʨʘʩʪ-ʛʣʫʙʠʥʘ ʜʣʷ ʦʪʣʦʞʝʥʠʡ ʦʟ. ʉʦʢʢʘʩʝʥʣʘʤʧʠ  
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ʈʠʩʫʥʦʢ 7 ï ʄʦʜʝʣʴ ʚʦʟʨʘʩʪ-ʛʣʫʙʠʥʘ ʜʣʷ ʦʪʣʦʞʝʥʠʡ ʦʟ. ʍʦʚʘʪʘʥʣʘʤʧʠ 

ɻʝʦʙʦʪʘʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʟʘʨʦʩʣʝʡ ʤʘʢʨʦʬʠʪʦʚ ʦʟʝʨ 

ʥʘ ʦ. ɺʘʣʘʘʤ ʠʟʫʯʘʣʠʩʴ ʈʫʩʘʥʦʚʳʤ ɸ.ɻ. [ɻʘʟʠʟʦʚʘ ʠ ʜʨ., 2023] ʚʦ ʚʨʝʤʷ ʣʝʪʥʝʡ ʵʢʩʧʝʜʠʮʠʠ 

2021 ʛʦʜʘ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʦʤ ʢʘʨʪʠʨʦʚʘʥʠʷ ʬʠʪʦʣʠʪʦʨʘʣʠ [ʂʘʪʘʥʩʢʘʷ, 1988; Kolada 

et al., 2009]. ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʟʘʨʘʩʪʘʥʠʷ ʦʟʝʨ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ɺ.ɻ. 

ʇʘʧʯʝʥʢʦʚʘ [2001]. ʀʟʫʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʦ. ʃʫʥʢʫʣʘʥʩʘʘʨʠ 

ʧʨʦʚʦʜʠʣʦʩʴ ʘʚʪʦʨʦʤ ʚ ʨʘʤʢʘʭ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʚ 2017 ʛʦʜʫ [ɻʘʟʠʟʦʚʘ, ʉʘʧʝʣʢʦ, 2020]. 

ʆʟʝʨʘ ʥʘ ʦ. ɺʘʣʘʘʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʮʚʝʪʥʦʩʪʴʶ ʚʦʜʳ ʚʩʣʝʜʩʪʚʠʝ 

ʟʘʙʦʣʦʯʝʥʥʦʩʪʠ ʚʦʜʦʩʙʦʨʘ [ʉʪʝʧʘʥʦʚʘ ʠ ʜʨ., 2021]. ʇʦ ʜʘʥʥʳʤ ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

[ɻʘʟʠʟʦʚʘ ʠ ʜʨ., 2023], ʦʟ. ɻʝʨʤʘʥʦʚʩʢʦʝ ʧʦ ʩʪʝʧʝʥʠ ʟʘʨʘʩʪʘʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʩʣʘʙʦ 

ʟʘʨʦʩʰʠʤ ʚʦʜʦʝʤʘʤ (7%). ʆʩʥʦʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʟʘʨʘʩʪʘʥʠʠ ʦʟʝʨʘ ʧʨʠʥʠʤʘʝʪ ʧʦʛʨʫʞʝʥʥʘʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ (56% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʟʘʨʦʩʣʝʡ), ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʭʦʤ Fontinalis 

antipyretica (ʨʠʩʫʥʦʢ 8). ʉʧʣʦʰʥʘʷ ʧʦʣʦʩʘ ʟʘʨʦʩʣʝʡ F. antipyretica ʨʘʩʧʦʣʦʞʝʥʘ ʚʜʦʣʴ 

ʙʝʨʝʛʦʚ ʦʟʝʨʘ. ɺʦʟʜʫʰʥʦ-ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ (ʛʝʣʦʬʠʪʳ) ʠ ʨʘʩʪʝʥʠʷ ʫʨʝʟʘ ʚʦʜʳ 

(ʛʠʛʨʦʛʝʣʦʬʠʪʳ) ï ʚʪʦʨʳʝ ʧʦ ʟʥʘʯʠʤʦʩʪʠ ʚ ʟʘʨʘʩʪʘʥʠʠ ʦʟʝʨʘ (39%). ʆʩʥʦʚʥʳʤ ʠʭ 

ʢʦʤʧʦʥʝʥʪʦʤ ʷʚʣʷʶʪʩʷ Phragmites australis ʠ Carex rostrate, ʦʙʨʘʟʫʶʱʠʝ ʟʘʨʦʩʣʠ 

ʢʫʨʪʠʥʥʦʛʦ ʪʠʧʘ ʚʜʦʣʴ ʟʘʧʘʜʥʦʛʦ ʙʝʨʝʛʘ. ʊʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ Calla palustris, Comarum 

palustre, Menyanthes trifoliata ʠ Naumburgia thyrsiflora.  ʇʣʘʚʘʶʱʠʝ ʛʠʜʨʦʬʠʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ Nuphar lutea; ʝʝ ʨʝʜʢʠʝ ʟʘʨʦʩʣʠ ʨʘʟʙʨʦʩʘʥʳ ʚ ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ, ʟʘʥʠʤʘʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ ʦʟʝʨʘ (5%). ʉʨʝʜʠ ʛʠʛʨʦʬʠʪʦʚ 

ʧʨʦʠʟʨʘʩʪʘʝʪ Carex nigra. ɺʦʢʨʫʛ ʦʟʝʨʘ ʨʘʩʪʫʪ ʟʘʙʦʣʦʯʝʥʥʳʝ ʩʪʘʨʦʚʦʟʨʘʩʪʥʳʝ ʩʦʩʥʦʚʳʝ, 

ʝʣʦʚʳʝ ʠ ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ, ʚʩʪʨʝʯʘʝʪʩʷ ʙʝʨʝʟʘ ʧʫʰʠʩʪʘʷ ʠ ʦʣʴʭʘ ʯʝʨʥʘʷ [ʂʦʤʦʣʦʚʘ ʠ 

ʜʨ., 2015]. ʇʨʝʦʙʣʘʜʘʶʱʝʡ ʨʘʩʪʠʪʝʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʠ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʤ ʙʝʨʝʛʘʭ ʷʚʣʷʝʪʩʷ ʩʦʩʥʷʢ ʙʘʛʫʣʴʥʠʢʦʚʦ-ʯʝʨʥʠʯʥʦ-ʩʬʘʛʥʦʚʳʡ, ʚ ʮʝʣʦʤ 
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ʩʬʘʛʥʦʚʳʝ ʤʭʠ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʚʦʜʦʩʙʦʨʘ ʦʟ. ɻʝʨʤʘʥʦʚʩʢʦʛʦ (4 ʛʘ). ʊʘʢʞʝ 

ʥʘ ʚʦʜʦʩʙʦʨʝ ʧʨʝʦʙʣʘʜʘʶʪ Vaccinium myrtillus, Eriophorum vaginatum, Ledum palustre, 

Chamaedaphne calyculata, Calluna vulgaris, Oxycoccus palustris, Drosera rotundifolia, 

Andromeda polifolia. 

 

ʈʠʩʫʥʦʢ 8 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʦʟʝʨʘʭ ʥʘ ʦ. ɺʘʣʘʘʤ 

ʆʟʝʨʦ ɿʠʤʥʷʢʦʚʩʢʦʝ ʧʦ ʩʪʝʧʝʥʠ ʟʘʨʘʩʪʘʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʩʣʘʙʦ ʟʘʨʦʩʰʠʤ ʚʦʜʦʝʤʘʤ 

(6%). ʆʩʥʦʚʫ ʟʘʨʘʩʪʘʥʠʷ ʦʟʝʨʘ ʩʦʩʪʘʚʣʷʶʪ ʧʣʘʚʘʶʱʠʝ ʛʠʜʨʦʬʠʪʳ ï Nuphar lutea, 

Nymphaea candida ʠ Potamogeton natans, ʟʘʥʠʤʘʶʱʠʝ 64% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ (ʨʠʩʫʥʦʢ 8). ɿʘʨʦʩʣʠ ʢʫʙʳʰʢʠ ʞʝʣʪʦʡ ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ, ʪʦʛʜʘ ʢʘʢ ʢʫʚʰʠʥʢʘ ʯʠʩʪʦ-ʙʝʣʘʷ ʠ ʨʜʝʩʪ ʧʣʘʚʘʶʱʠʡ ʯʘʱʝ 
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ʚʩʪʨʝʯʘʶʪʩʷ ʧʦ ʙʝʨʝʛʘʤ. ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʟʘʧʘʜʥʦʛʦ ʙʝʨʝʛʘ ʟʘʥʠʤʘʝʪ ʩʧʣʘʚʠʥʘ, ʧʦʨʦʩʰʘʷ 

ʤʭʦʤ (Sphagnum sp.) ʠ ʚʣʘʛʦʣʶʙʠʚʳʤ ʨʘʟʥʦʪʨʘʚʴʝʤ. ʋʟʢʦʡ ʧʦʣʦʩʦʡ ʚʜʦʣʴ ʫʨʝʟʘ ʚʦʜʳ ʧʦ 

ʩʧʣʘʚʠʥʝ ʧʨʦʪʷʥʫʣʠʩʴ ʟʘʨʦʩʣʠ ʦʩʦʢ (Carex rostrata ʠ C. nigra). ʅʝʙʦʣʴʰʠʝ ʢʫʨʪʠʥʳ 

ʛʝʣʦʬʠʪʦʚ (Equisetum fluviatile, Typha angustifolia) ʠ ʛʠʛʨʦʛʝʣʦʬʠʪʦʚ (Carex rostrata, 

Comarum palustre, Menyanthes trifoliata, Naumburgia thyrsiflora), ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʚʜʦʣʴ ʙʝʨʝʛʦʚ ʦʟʝʨʘ ʧʦ ʫʨʝʟʫ ʚʦʜʳ, ʟʘʥʠʤʘʶʪ ʧʣʦʱʘʜʴ ʚ ʜʚʘ ʨʘʟʘ 

ʤʝʥʴʰʫʶ, ʯʝʤ ʧʣʘʚʘʶʱʠʝ ʨʘʩʪʝʥʠʷ. ʇʦʛʨʫʞʝʥʥʳʝ ʨʘʩʪʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʭʦʤ 

Fontinalis antipyretica ʠ ʧʫʟʳʨʯʘʪʢʦʡ ʤʘʣʦʡ (Utricularia minor), ʠʛʨʘʶʪ ʦʯʝʥʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ (1%) ʚ ʟʘʨʘʩʪʘʥʠʠ ʦʟʝʨʘ. ʅʘ ʦʩʪʨʦʚʢʘʭ ʚʩʪʨʝʯʝʥ Galium aparine L. 

ʅʘ ʙʝʨʝʛʘʭ ʪʘʢʞʝ ʧʨʦʠʟʨʘʩʪʘʶʪ Eriophorum vaginatum, Ledum palustre, Vacc²nium myrt²llus, 

Vaccinium vitis-idaea, Oxycoccus palustris, ʩʬʘʛʥʦʚʳʝ ʠ ʧʦʣʠʪʨʠʭʦʚʳʝ ʤʭʠ; ʚ ʜʨʝʚʝʩʥʦʤ 

ʷʨʫʩʝ ï Pinus sylvestris, Picea abies, Betula spp., Alnus glutinosa, Juniperus communis. 

ʆʟʝʨʦ ɸʥʪʦʥʠʝʚʩʢʦʝ ʧʦ ʩʪʝʧʝʥʠ ʟʘʨʘʩʪʘʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʦʯʝʥʴ ʩʣʘʙʦ ʟʘʨʦʩʰʠʤ 

ʚʦʜʦʝʤʘʤ (4%). ʉʘʤʳʡ ʢʨʫʧʥʳʡ ʚʦʜʦʝʤ ʠʟ ʯʝʪʳʨʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʟʝʨ, ʠʤʝʶʱʠʡ ʜʚʘ 

ʚʳʪʷʥʫʪʳʭ ʟʘʣʠʚʘ ï ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ ʠ ʶʛʦ-ʟʘʧʘʜʥʳʡ. ɺʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʚ ʦʩʥʦʚʥʦʤ 

ʟʘʥʠʤʘʝʪ ʫʟʢʫʶ ʧʨʠʙʨʝʞʥʫʶ ʧʦʣʦʩʫ, ʧʨʦʪʷʥʫʚʰʫʶʩʷ ʚʜʦʣʴ ʧʣʝʩʦʚ ʤʝʞʜʫ ʟʘʣʠʚʘʤʠ 

(ʨʠʩʫʥʦʢ 8). ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʦʟʝʨʘ ʧʦʣʥʦʩʪʴʶ ʣʠʰʝʥʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʇʣʘʚʘʶʱʠʝ 

ʨʘʩʪʝʥʠʷ (Nuphar lutea ʠ Nymphaea candida) ï ʠʛʨʘʶʪ ʣʠʜʠʨʫʶʱʫʶ ʨʦʣʴ, ʟʘʥʠʤʘʷ 61% ʦʪ 

ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʟʘʨʘʩʪʘʥʠʷ. ʇʦʛʨʫʞʝʥʥʳʝ ʨʘʩʪʝʥʠʷ ʚʤʝʩʪʝ ʩ ʛʝʣʦʬʠʪʘʤʠ ʠ 

ʛʠʛʨʦʛʝʣʦʬʠʪʘʤʠ ʠʛʨʘʶʪ ʩʦʧʫʪʩʪʚʫʶʱʫʶ ʨʦʣʴ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ ʦʟʝʨʘ, ʟʘʥʠʤʘʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 19% ʠ 20%. ʇʦʛʨʫʞʝʥʥʳʡ ʷʨʫʩ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥ ʤʭʦʤ Fontinalis 

antipyretica. ʅʝʙʦʣʴʰʠʝ ʬʨʘʛʤʝʥʪʳ ʧʨʠʜʦʥʥʳʭ ʟʘʨʦʩʣʝʡ ʤʭʘ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ 

ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʝ ʧʦ ʚʩʝʤʫ ʦʟʝʨʫ. ɻʝʣʦʬʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ Sparganium sp., ʪʘʢʞʝ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʧʦ ʚʩʝʡ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʝ. ʂʫʨʪʠʥʳ Sparganium ʚʤʝʩʪʝ ʩ 

Nuphar lutea ʠ Nymphaea candida ʬʦʨʤʠʨʫʶʪ ʦʩʥʦʚʫ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʷʩʘ ʥʘ ʧʣʝʩʘʭ ʦʟʝʨʘ. 

ɺ ʟʘʣʠʚʘʭ ʧʦ ʫʨʝʟʫ ʚʦʜʳ ʨʘʩʧʦʣʦʞʝʥʳ ʤʦʟʘʠʯʥʳʝ ʟʘʨʦʩʣʠ ʛʠʛʨʦʛʝʣʦʬʠʪʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʝ 

Calla palustris, Menyanthes trifoliate ʠ Naumburgia thyrsiflora. ɺ ʟʘʣʠʚʘʭ ʥʘ ʥʝʙʦʣʴʰʦʤ 

ʫʜʘʣʝʥʠʠ ʦʪ ʙʝʨʝʛʘ ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʢʫʨʪʠʥʳ Potamogeton natans ʠ Nuphar lutea. 

ʉʧʣʘʚʠʥʳ ʢʘʢ ʪʘʢʦʚʦʡ ʥʝʪ, ʣʝʩ ʧʦʜʩʪʫʧʘʝʪ ʢ ʙʝʨʝʛʫ, ʛʜʝ ʨʘʩʪʫʪ Ledum palustre, Comarum 

palustre, Menyanthes trifoliata, Eriophorum vaginatum, Calla palustris, Vaccinium vitis-idaea, 

Oxycoccus palustris, Drosera rotundifolia, ʩʬʘʛʥʫʤʳ ʠ ʧʦʣʠʪʨʠʭʠ. ʆʟʝʨʦ ʦʢʨʫʞʝʥʦ ʣʝʩʦʤ ʠʟ 

Pinus sylvestris, Picea abies, Betula spp., Alnus glutinosa, A. incana, Juniperus communis. 

ʆʟʝʨʦ ɺʠʪʘʣʴʝʚʩʢʦʝ ʧʦ ʩʪʝʧʝʥʠ ʟʘʨʘʩʪʘʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʩʣʘʙʦ ʟʘʨʦʩʰʠʤ ʚʦʜʦʝʤʘʤ 

(9%). ʖʛʦ-ʟʘʧʘʜʥʳʡ ʙʝʨʝʛ ʦʙʨʘʟʦʚʘʥ ʩʧʣʘʚʠʥʦʡ, ʧʦʨʦʩʰʝʡ ʤʭʦʤ (Sphagnum sp.) ʠ 

ʚʣʘʛʦʣʶʙʠʚʳʤ ʨʘʟʥʦʪʨʘʚʴʝʤ (ʨʠʩʫʥʦʢ 8). ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʡ ʙʝʨʝʛ ʟʘʨʦʩ ʣʝʩʥʦʡ 
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ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʰʝʥ ʧʣʘʚʘʶʱʠʭ ʨʘʩʪʝʥʠʡ. ʈʘʩʪʝʥʠʷ ʫʨʝʟʘ ʚʦʜʳ 

ʜʦʤʠʥʠʨʫʶʪ ʚ ʟʘʨʘʩʪʘʥʠʠ ʦʟʝʨʘ, ʟʘʥʠʤʘʷ 70% ʚ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʟʘʨʦʩʣʝʡ. ʋʟʢʘʷ ʧʦʣʦʩʘ 

ʟʘʨʦʩʣʝʡ ʦʩʦʢʠ ʚʟʜʫʪʦʡ (Carex rostrata) ʧʨʦʪʷʥʫʣʘʩʴ ʚʜʦʣʴ ʶʛʦ-ʟʘʧʘʜʥʦʛʦ ʙʝʨʝʛʘ. 

ʂʫʨʪʠʥʳ ʙʝʣʦʢʨʳʣʴʥʠʢʘ ʙʦʣʦʪʥʦʛʦ (Calla palustris) ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʶʞʥʦʤ 

ʟʘʙʦʣʦʯʝʥʥʦʤ ʦʪʨʦʛʝ ʦʟʝʨʘ. ʊʘʢʞʝ ʧʨʦʠʟʨʘʩʪʘʶʪ Comarum palustre ʠ Naumburgia 

thyrsiflora. ɿʜʝʩʴ ʞʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʚʦʙʦʜʥʦ ʧʣʘʚʘʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʨʘʩʪʝʥʠʷ ï 

Hydrocharis morsus-ranae ʠ Lemna minor. ʇʣʘʚʘʶʱʘʷ ʠ ʧʦʛʨʫʞʝʥʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

ʠʛʨʘʝʪ ʚʪʦʨʦʩʪʝʧʝʥʥʫʶ ʨʦʣʴ ʚ ʟʘʨʘʩʪʘʥʠʠ ʚʦʜʦʝʤʘ, ʟʘʥʠʤʘʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 14% ʠ 16%. 

ʇʦʛʨʫʞʝʥʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʭʦʤ F. antipyretica, ʬʨʘʛʤʝʥʪʳ ʧʦʛʨʫʞʝʥʥʳʭ 

ʟʘʨʦʩʣʝʡ ʢʦʪʦʨʦʛʦ ʚ ʦʩʥʦʚʥʦʤ ʚʩʪʨʝʯʘʶʪʩʷ ʚʜʦʣʴ ʶʛʦ-ʟʘʧʘʜʥʦʛʦ ʙʝʨʝʛʘ. ʅʘ ʪʦʧʢʠʭ 

ʫʯʘʩʪʢʘʭ ʩʧʣʘʚʠʥʳ ʧʨʦʠʟʨʘʩʪʘʶʪ ʢʫʨʪʠʥʳ Carex rostrata, Calla palustris, Comarum 

palustre, Naumburgia thyrsiflora, Oxycoccus palustris, Eriophorum vaginatum, ʩʬʘʛʥʦʚʳʝ 

ʤʭʠ. ʇʦʜ ʣʝʩʥʳʤ ʧʦʣʦʛʦʤ ʜʦʤʠʥʠʨʫʶʪ Rubus chamaemorus, Vacc²nium myrt²llus, 

ʩʬʘʛʥʦʚʳʝ ʤʭʠ ʥʘ ʚʣʘʞʥʳʭ ʠ ʧʦʣʠʪʨʠʭʦʚʳʝ ʤʭʠ (ʚ ʯʘʩʪʥʦʩʪʠ, Polytrichum commune) ʥʘ 

ʙʦʣʝʝ ʩʫʭʠʭ ʫʯʘʩʪʢʘʭ (ʢʫʨʪʠʥʘʭ). ɼʨʝʚʝʩʥʳʡ ʷʨʫʩ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥ 

Pinus sylvestris, Picea abies, Betula spp., Alnus glutinosa, A. incana, Juniperus communis. 

ɺ ʮʝʣʦʤ, ʭʘʨʘʢʪʝʨ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʦʟʝʨ ʥʘ ʦ. ɺʘʣʘʘʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʦʜʦʝʤʘʤ ʩ ʩʠʣʴʥʦ ʛʫʤʠʬʠʮʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʅʝʜʦʩʪʘʪʦʢ ʧʦʜʚʦʜʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ, 

ʚʳʟʚʘʥʥʳʡ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʜʦʤʠʥʠʨʦʚʘʥʠʶ ʥʘʜʚʦʜʥʳʭ ʠ ʧʣʘʚʘʶʱʠʭ ʨʘʩʪʝʥʠʡ ʥʘʜ ʧʦʛʨʫʞʝʥʥʳʤʠ [Toivonen, 

Huttunen, 1995; Nurminen, 2003]. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʭʦʨʦʰʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʜʣʷ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ɿʠʤʥʷʢʦʚʩʢʦʛʦ, ɸʥʪʦʥʠʝʚʩʢʦʛʦ ʠ ɺʠʪʘʣʴʝʚʩʢʦʛʦ, ʚ ʢʦʪʦʨʳʭ 

ʙʝʜʥʳʡ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʧʦʛʨʫʞʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʤʭʦʤ Fontinalis antipyretica) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʝʝ ʚʪʦʨʦʩʪʝʧʝʥʥʦʡ ʨʦʣʴʶ ʚ 

ʟʘʨʘʩʪʘʥʠʠ ʜʥʘ ʚʦʜʦʝʤʦʚ. 

ʆʟʝʨʦ ʂʫʡʢʢʘʣʘʤʧʠ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʛʣʫʙʦʢʠʤ ʚʦʜʦʝʤʦʤ ʥʘ ʦ. ʃʫʥʢʫʣʘʥʩʘʘʨʠ. 

ɼʣʷ ʦʟʝʨʘ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʩʧʣʘʚʠʥʳ (ʨʠʩʫʥʦʢ 9). ɼʨʝʚʝʩʥʳʡ 

ʷʨʫʩ ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʚʳʩʦʢʠʤʠ (~6 ʤ) Pinus sylvestris, ʨʝʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʢʨʠʚʦʩʪʚʦʣʴʥʘʷ 

Betula pubescens (ʚʳʩʦʪʦʡ 3ï5 ʤ); ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʦʟʝʨʘ ʧʦ ʢʨʘʷʤ ʩʧʣʘʚʠʥʳ 

ʧʦʷʚʣʷʶʪʩʷ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʝ ʚʠʜʳ: Alnus glutinosa ʠ Populus tremula. ɺ ʧʦʜʣʝʩʢʝ 

ʧʨʦʠʟʨʘʩʪʘʶʪ ʥʠʟʢʦʨʦʩʣʳʝ (ʚ ʩʨʝʜʥʝʤ ~1 ʤ) Picea abies. ʂʫʩʪʘʨʥʠʢʦʚʳʡ ʷʨʫʩ ʩʣʦʞʝʥ 

Betula nana. ɺ ʪʨʷʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ʷʨʫʩʝ ʧʨʝʦʙʣʘʜʘʶʪ Ledum palustre, Andromeda 

polifolia ʠ Eriophorum angustifolium. ʉ ʤʝʥʴʰʠʤ ʦʙʠʣʠʝʤ ʠ ʧʨʦʝʢʪʠʚʥʳʤ ʧʦʢʨʳʪʠʝʤ 

ʧʨʠʩʫʪʩʪʚʫʶʪ Rubus chamaemorus, Vaccinium oxycoccus, Vaccinium uliginosum, Empetrum 

nigrum, Lysimachia thyrsiflora, Drosera rotundifolia, Menyanthes trifoliata, Scheuchzeria 
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palustris, Carex rostrata, Carex limosa. ɺ ʤʦʭʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʦʤ ʷʨʫʩʝ ʧʨʝʦʙʣʘʜʘʝʪ 

Sphagnum fallax, ʚʩʪʨʝʯʘʶʪʩʷ ʢʫʨʪʠʥʳ Polytrichum strictum. ʀʟ ʤʘʢʨʦʬʠʪʦʚ ʚ ʦʟʝʨʝ 

ʧʨʦʠʟʨʘʩʪʘʶʪ Menyanthes trifoliata ʠ Nuphar lutea. 

1  2  

ʈʠʩʫʥʦʢ 9 ï ʉʧʣʘʚʠʥʘ ʦʟ. ʂʫʡʢʢʘʣʘʤʧʠ: 1 ï ʙʦʣʝʝ ʟʘʜʝʨʥʦʚʘʥʥʳʡ ʫʯʘʩʪʦʢ ʩ 

ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ Ledum palustre ʠ Andromeda polifolia; 2 ï ʙʦʣʝʝ ʦʙʚʦʜʥʝʥʥʳʡ ʫʯʘʩʪʦʢ ʩ 

ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ Menyanthes trifoliata, Carex limosa ʠ Sphagnum fallax 

ʉʧʣʘʚʠʥʘ ʦʟʝʨʘ ʍʦʚʘʪʘʥʣʘʤʧʠ (ʨʠʩʫʥʦʢ 10) ʩʭʦʞʘ ʩʦ ʩʧʣʘʚʠʥʦʡ ʦʟ. ʂʫʡʢʢʘʣʘʤʧʠ. 

ɺʩʪʨʝʯʘʶʪʩʷ ʥʝʚʳʩʦʢʠʝ Pinus sylvestris, Betula pubescens, Picea abies ʠ Betula nana. ʅʘ 

ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʩʦʩʥʦʚʳʡ ʩ ʙʝʨʝʟʦʡ ʠ ʦʣʴʭʦʡ ʣʝʩ ʧʦʯʪʠ ʚʧʣʦʪʥʫʶ ʧʦʜʩʪʫʧʘʝʪ ʢ 

ʢʨʦʤʢʝ ʚʦʜʳ. ɺ ʪʨʘʚʷʥʦʤ ʷʨʫʩʝ ʙʣʠʞʝ ʢ ʣʝʩʫ ʜʦʤʠʥʠʨʫʶʪ Menyanthes trifoliata; ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʧʣʘʚʠʥʳ ï Eriophorum angustifolium; ʫ ʢʨʘʷ ʚʦʜʳ ï Menyanthes 

trifoli ata, Typha latifolia, Phragm²tes australis. ʇʨʠʩʫʪʩʪʚʫʶʪ ʙʦʣʦʪʥʳʝ ʚʠʜʳ, ʤʦʭʦʚʦ-

ʣʠʰʘʡʥʠʢʦʚʳʡ ʷʨʫʩ ʧʨʝʜʩʪʘʚʣʝʥ Sphagnum sp. ʉʨʝʜʠ ʤʘʢʨʦʬʠʪʦʚ ʚ ʦʟʝʨʝ ʦʙʠʪʘʶʪ Nuphar 

lutea, Menyanthes trifoliata, Potamogeton sp., Typha latifolia, Phragm²tes australis. 

 

ʈʠʩʫʥʦʢ 10 ï ɺʠʜ ʥʘ ʦʟ. ʍʦʚʘʪʘʥʣʘʤʧʠ 
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ʆʟʝʨʘ ʉʦʢʢʘʩʝʥʣʘʤʧʠ ʥʝʢʦʛʜʘ ʙʳʣʠ ʝʜʠʥʳʤ ʚʦʜʦʝʤʦʤ, ʦʜʥʘʢʦ ʩʝʡʯʘʩ ʵʪʦ ʜʚʘ 

ʥʝʙʦʣʴʰʠʭ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʧʣʘʚʠʥʦʡ ʦʟʝʨʘ, ʤʝʥʴʰʝʝ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʦ 

ʠʟʫʯʝʥʦ (ʨʠʩʫʥʦʢ 11). ʅʘ ʩʧʣʘʚʠʥʝ ʨʘʩʪʫʪ, ʚ ʦʩʥʦʚʥʦʤ, ʥʝʚʳʩʦʢʠʝ (ʦʢʦʣʦ 4 ʤ) Betula 

pubescens. ʂʫʩʪʘʨʥʠʢʦʚʳʡ ʷʨʫʩ ʩʣʦʞʝʥ ʨʝʜʢʠʤʠ Betula nana. ɺ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ 

ʷʨʫʩʝ ʜʦʤʠʥʠʨʫʝʪ Eriophorum angustifolium, ʙʣʠʞʝ ʢ ʢʨʦʤʢʝ ʚʦʜʳ ï ʦʩʦʢʦʚʳʝ. ɺʦʜʥʘʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ Nuphar lutea. 

 
ʈʠʩʫʥʦʢ 11 ï ʇʦʣʝʚʳʝ ʨʘʙʦʪʳ ʥʘ ʦʟ. ʉʦʢʢʘʩʝʥʣʘʤʧʠ 
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ɻʃɸɺɸ 4. ʇɸʃʀʅʆʃʆɻʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʆʉʊʈʆɺʅʓʍ ʆɿɽʈ 

ʃɸɼʆɾʉʂʆɻʆ ʆɿɽʈɸ 

 

ʇʘʣʠʥʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨ ʥʘ ʦʩʪʨʦʚʘʭ ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʠ ɺʘʣʘʘʤ ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʩʚʦʜʥʘʷ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ (ʨʠʩʫʥʦʢ 12), ʦʪʨʘʞʘʶʱʘʷ ʩʦʩʪʘʚ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʩʫʙʨʝʮʝʥʪʥʳʭ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʭ ʩʧʝʢʪʨʘʭ (ʉʇʉ). ʆʪʤʝʯʘʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʧʳʣʴʮʳ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʣʝʩʥʦʡ ʟʦʥʳ, 

ʩʨʝʜʠ ʥʠʭ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ ʭʚʦʡʥʳʭ ʜʝʨʝʚʴʝʚ (ʩʦʩʥʳ, ʝʣʠ) ʠ ʙʝʨʝʟʳ. ɼʦʚʦʣʴʥʦ ʚʝʣʠʢʦ 

ʫʯʘʩʪʠʝ ʧʳʣʴʮʳ Alnus glutinosa ʠ ʧʳʣʴʮʳ Betula nana, ʦʙʠʪʘʶʱʝʡ ʥʘ ʩʧʣʘʚʠʥʝ ʠ 

ʟʘʙʦʣʦʯʝʥʥʳʭ ʫʯʘʩʪʢʘʭ. ʇʨʠʩʫʪʩʪʚʫʝʪ ʧʳʣʴʮʘ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ (Carpinus sp., 

Corulus avellana, Fraxinus sp., Quercus sp., Ulmus sp., Tilia sp.). ɺʩʪʨʝʯʘʝʪʩʷ ʧr ʣʴʮʘ Abies 

sp. ʆ ʧʨʠʩʫʪʩʪʚʠʠ ʧʠʭʪʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦ. ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʥʝʪ ʜʘʥʥʳʭ, ʦʜʥʘʢʦ ʥʘ ʦ. 

ɺʘʣʘʘʤ ʦʥʘ ʷʚʣʷʝʪʩʷ ʠʥʪʨʦʜʫʮʝʥʪʦʤ ï ʧʦʩʘʜʢʠ ʧʠʭʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʥʘʯʘʣʝ-ʩʝʨʝʜʠʥʝ XX 

ʚʝʢʘ [ɺʘʣʘʘʤé, 1988]. ɺ ʢʦʣʦʥʢʘʭ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨ ʥʘ ɺʘʣʘʘʤʝ ʧʳʣʴʮʘ ʧʠʭʪʳ 

ʥʦʩʠʪ ʟʘʥʦʩʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʚ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʠʷʭ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. 

ʇr ʣʴʮʘ ʭʚʦʡʥʳʭ ʤʦʞʝʪ ʨʘʟʥʦʩʠʪʴʩʷ ʥʘ ʪʳʩʷʯʠ ʢʠʣʦʤʝʪʨʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʳʣʴʮʘ ʤʥʦʛʠʭ 

ʣʠʩʪʦʧʘʜʥʳʭ ʜʝʨʝʚʴʝʚ ʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʦʙʳʯʥʦ ʦʪʣʘʛʘʝʪʩʷ ʣʦʢʘʣʴʥʦ, ʯʪʦ ʛʦʚʦʨʠʪ 

ʦʙ ʠʭ ʜʦʩʪʦʚʝʨʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ [ʉʣʘʜʢʦʚ, 1967]. 

 

ʈʠʩʫʥʦʢ 12 ï ʉʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ ʦʟʝʨ 

ʥʘ ʦʩʪʨʦʚʘʭ ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʠ ɺʘʣʘʘʤ 

ʉʨʝʜʠ ʪʨʘʚ ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ ʩʝʤʝʡʩʪʚ Poaceae ʠ Cyperaceae, ʪʘʢʞʝ ʚʩʪʨʝʯʝʥʳ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ Apiaceae, Brassicaceae, Chenopodiaceae, Ericaceae, Fabaceae, Ranunculaceae ʠ 

ʜʨ. ʉʨʝʜʠ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʦʪʤʝʯʝʥʳ Nuphar lutea, Nymphaea candida, Potamogeton sp., 
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Sparganium sp., Lemna sp., Alisma sp., Typha latifolia ʠ ʜʨ. ʉʧʦʨʳ Bryales, Polypodiaceae, 

Equisetum sp. ʠ Sphagnum sp. ʧʨʝʦʙʣʘʜʘʶʪ ʩʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ. ɺ ʮʝʣʦʤ, ʩʦʩʪʘʚ ʉʇʉ 

ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʝʪ ʢʘʢ ʨʝʛʠʦʥʘʣʴʥʳʝ ʫʩʣʦʚʠʷ (ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʩʪʨʦʚʦʚ 

ʩʦʩʥʦʚʳʭ ʠ ʝʣʦʚʦ-ʩʦʩʥʦʚʳʭ ʣʝʩʦʚ ʩ ʙʝʨʝʟʦʡ), ʪʘʢ ʠ ʩʫʛʫʙʦ ʣʦʢʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʫʨʦʚʥʝ 

ʚʦʜʦʝʤʘ (ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ, ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʳʡ ʷʨʫʩ ʣʝʩʦʚ ʚʦʢʨʫʛ ʚʦʜʦʝʤʦʚ).  

ɺ ʦʪʣʦʞʝʥʠʷʭ ʦʟʝʨ ʥʘ ʦ. ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʳʣʴʮʘ ʜʦʤʠʥʘʥʪʦʚ ʚ 

ʟʘʨʘʩʪʘʥʠʠ ʥʘ ʤʦʤʝʥʪ ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʩʧʣʘʚʠʥ ï ʢʫʙʳʰʢʘ ʞʝʣʪʘʷ ʜʣʷ ʦʟʝʨ 

ʂʫʡʢʢʘʣʘʤʧʠ (8% ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʳʣʴʮʳ ʪʨʘʚ) ʠ ʉʦʢʢʘʩʝʥʣʘʤʧʠ (1%), ʨʜʝʩʪʳ ʜʣʷ 

ʦʟ. ʍʦʚʘʪʘʥʣʘʤʧʠ (4%). ʇʨʠ ʵʪʦʤ ʧʳʣʴʮʘ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʠ ʚ ʦʟ. ʍʦʚʘʪʘʥʣʘʤʧʠ ʢʫʙʳʰʢʠ 

ʞʝʣʪʦʡ ʥʝ ʙʳʣʘ ʚʩʪʨʝʯʝʥʘ ʚ ʉʇʉ. ʂʦʨʨʝʣʷʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ ʩ ʜʘʥʥʳʤʠ ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʦʟʝʨ ʥʘ ʦ. ɺʘʣʘʘʤ (ʨʠʩʫʥʦʢ 

8) ʧʦʢʘʟʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʧʳʣʴʮʳ ʤʘʢʨʦʬʠʪʦʚ ʜʣʷ ʧʘʣʝʦʣʠʤʥʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [ɻʘʟʠʟʦʚʘ ʠ ʜʨ., 2023]. ɼʣ̫ ʦʟʝʨ ʥʘ ʦ. ɺʘʣʘʘʤ ʚʳʷʚʣʝʥ ʨʘʟʣʠʯʥʳʡ ʫʨʦʚʝʥʴ 

ʩʭʦʜʩʪʚʘ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʠʟʫʯʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʟʝʨ. ɼʣʷ ʦʟ. 

ɸʥʪʦʥʠʝʚʩʢʦʛʦ ʦʪʤʝʯʝʥ ʥʘʠʙʦʣʴʰʠʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ (ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʦʚ 

ɾʘʢʢʘʨʘ ʠ ʉʝʨʝʥʩʝʥʘ-ʏʝʢʘʥʦʚʩʢʦʛʦ ʩʦʩʪʘʚʣʷʶʪ 0,60 ʠ 0,75 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ); ʜʣʷ ʦʟ. 

ɿʠʤʥʷʢʦʚʩʢʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠʥʜʝʢʩʘ ɹʨʝʷ-ʂʝʨʪʠʩʘ 

(0,76). ɼʣʷ ʦʟʝʨ ɻʝʨʤʘʥʦʚʩʢʦʛʦ ʠ ɺʠʪʘʣʴʝʚʩʢʦʛʦ ʦʪʤʝʯʘʶʪʩʷ ʥʝʚʳʩʦʢʠʝ ʠʥʜʝʢʩʳ ʩʭʦʜʩʪʚʘ. 

ʆʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʠʜʳ ʤʘʢʨʦʬʠʪʦʚ, ʜʦʤʠʥʠʨʫʶʱʠʝ ʧʦ ʧʣʦʱʘʜʠ ʟʘʨʘʩʪʘʥʠʷ ʥʘ 

ʤʦʤʝʥʪ ʠʟʫʯʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʫʙʨʝʮʝʥʪʥʳʭ 

ʉʇʉ ʚʩʝʭ ʦʟʝʨ ʥʘ ʦ. ɺʘʣʘʘʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʜʦʚʦʣʴʥʦ ʘʜʝʢʚʘʪʥʦʤ ʦʪʨʘʞʝʥʠʠ 

ʩʦʚʨʝʤʝʥʥʦʡ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙʘʭ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

ʆʩʪʨʦʚ ʃʫʥʢʫʣʘʥʩʘʘʨʠ. 

ʆʟʝʨʦ ʂʫʡʢʢʘʣʘʤʧʠ. ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʩʪʨʦʝʥʘ 

ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ, ʥʘ ʢʦʪʦʨʦʡ ʚʳʜʝʣʝʥʦ ʪʨʠ ʧʘʣʠʥʦʟʦʥʳ (ʨʠʩʫʥʦʢ 13).  

ʇʘʣʠʥʦʟʦʥʘ 1 (330-324 ʩʤ). ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʚ 

ʢʦʣʦʥʢʝ ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ (Pinus sp., Picea sp., Betula sp.), ʦʜʥʘʢʦ ʚ 

ʧʘʣʠʥʦʟʦʥʝ 1 ʜʦʣʷ ʧʳʣʴʮʳ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʥʘʠʙʦʣʴʰʘʷ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ (9-17%). ʉʨʝʜʠ ʜʝʨʝʚʴʝʚ ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ Pinus sp. (30%). ʊʘʢʞʝ 

ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ Picea sp. (15-20%), Betula sp. (15%) ʠ Alnus glutinosa (13-15%). 

ʇʳʣʴʮʘ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʧʘʣʠʥʦʟʦʥʳ 1; 

ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ Ulmus sp. (1-1,5%), ʨʝʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Quercus sp., Carpinus sp., 

Fraxinus sp., Tilia sp. (>1%). ʇʳʣʴʮʘ Corylus avellana ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ 

ʧʘʣʠʥʦʟʦʥʝ 1 ( 1%). ʉʨʝʜʠ ʢʫʩʪʘʨʥʠʢʦʚ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Betula nana (3-4%), ʨʝʞʝ 
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Alnus incana ʠ Salix sp. ɺ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ʷʨʫʩʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ 

Poaceae (10-13%). ʊʘʢʞʝ ʚʩʪʨʝʯʝʥʘ ʧʳʣʴʮʘ ʨʘʟʥʦʪʨʘʚʴʷ, Cyperaceae (2-3%), Ranunculaceae, 

Chenopodiaceae, Scrophyllariaceae, Carex sp., Vaccinium sp. ʉʨʝʜʠ ʤʘʢʨʦʬʠʪʦʚ ʦʪʤʝʯʝʥʘ 

ʧʳʣʴʮʘ Polygonum amphibium, Potamogeton sp. ʠ Typha latifolia. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ 

ʚʩʪʨʝʯʘʶʪʩʷ ʩʧʦʨʳ Sphagnum sp., Equisetum sp., Bryales (>1%). ɺ ʧʘʣʠʥʦʟʦʥʝ 1 ʚ ʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ Pediastrum sp., ʨʝʞʝ ï Botryococcus sp. 

ʅʘʯʠʥʘʷ ʩ ʢʦʥʮʘ ʧʘʣʠʥʦʟʦʥʳ 1, ʚ ʢʦʣʦʥʢʝ ʦʪʣʦʞʝʥʠʡ ʥʘʯʠʥʘʶʪ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ 

ʚʩʪʨʝʯʘʪʴʩʷ ʩʧʦʨʳ ʛʨʠʙʦʚ Glomus, ʥʝ ʦʪʤʝʯʝʥʥʳʝ ʥʘ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʡ ʜʠʘʛʨʘʤʤʝ.  

 
ʈʠʩʫʥʦʢ 13 ï ʉʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ʂʫʡʢʢʘʣʘʤʧʠ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʦʧʝʩʯʘʥʝʥʥʘʷ ʛʣʠʥʘ, 2 - ʛʠʪʪʠʷ 

ʇʘʣʠʥʦʟʦʥʘ 2 (324-299 ʩʤ). ʇʳʣʴʮʘ ʜʝʨʝʚʴʝʚ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʦʙʣʘʜʘʝʪ (>90%). ɺ 

ʜʨʝʚʝʩʥʦʤ ʷʨʫʩʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʳʣʴʮʘ Pinus sp. (ʚ ʩʨʝʜʥʝʤ 

25%), Betula sp. (ʚ ʩʨʝʜʥʝʤ 25%), Picea sp. (ʚ ʩʨʝʜʥʝʤ 20%). ʊʘʢʞʝ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ 

Alnus glutinosa (11-14%). ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʴʮʳ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʚʦʟʨʘʩʪʘʝʪ, 

ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ Ulmus sp. (ʜʦ 2%) ʠ Quercus sp. ( 1%), ʨʝʞʝ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ 

Carpinus sp., Fraxinus sp., Tilia sp. ɼʦʣʷ ʧʳʣʴʮʳ Corylus avellana ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʧʘʣʠʥʦʟʦʥʦʡ 1. ʉʨʝʜʠ ʢʫʩʪʘʨʥʠʢʦʚ ʚʳʩʦʢʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʧʳʣʴʮʘ Betula nana 

(ʜʦ 10-12%); ʨʝʞʝ ʧʳʣʴʮʘ Salix sp. (>1%). Alnus incana. ʈʦʣʴ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ 

Poaceae ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʧʝʨʠʦʜʦʤ (1-3%).  ʉʨʝʜʠ ʪʨʘʚ ʠ 

ʢʫʩʪʘʨʥʠʯʢʦʚ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ ʨʘʟʥʦʪʨʘʚʴʷ (ʜʦ 1,5%), Cyperaceae (>1%), 

Ranunculaceae, Rosaceae, Carex sp., Artemisia sp. ʈʝʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Chenopodiaceae, 

Fabaceea, Ericaceae, Brassicaceae, Cicuta virosa, Vaccinium sp. ʉʨʝʜʠ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ 

ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Potamogeton sp., Nuphar lutea, N. pumila, Polygonum amphibium, 

Sparganium sp., Menyanthes trifoliata ʠ Typha latifolia. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ 
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ʧʨʝʦʙʣʘʜʘʶʪ ʩʧʦʨʳ Equisetum sp. (1-1,5%) ʠ Sphagnum sp. ( 1%), ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʩʧʦʨʳ 

Bryales, Dicranum sp., Dryopteris sp. ʠ Polypodiaceae (ʚʢʣʶʯʘʷ Polypodium sp.). ʉʦʜʝʨʞʘʥʠʝ 

ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ Pediastrum sp. ʚ ʧʘʣʠʥʦʟʦʥʝ 2 ʧʦʩʪʝʧʝʥʥʦ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ, ʢ 

ʩʝʨʝʜʠʥʝ ʧʘʣʠʥʦʟʦʥʳ ʦʥʠ ʠʩʯʝʟʘʶʪ, ʢʘʢ ʠ Botryococcus sp. 

ʇʘʣʠʥʦʟʦʥʘ 3 (299-282 ʩʤ). ɺ ʧʘʣʠʥʦʟʦʥʝ ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʧʳʣʴʮʘ 

Pinus sp. (ʜʦ 50% ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʟʦʥʳ). ʈʦʣʴ ʧʳʣʴʮʳ Betula sp. ʥʝʤʥʦʛʦ ʩʥʠʞʘʝʪʩʷ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 20%. ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ ʪʘʢʞʝ ʧʘʜʘʝʪ Picea sp. (ʦʢʦʣʦ 15%). ɼʦʣʷ 

ʧʳʣʴʮʳ Alnus glutinosa ʪʘʢʞʝ ʩʥʠʞʘʝʪʩʷ (6-8%). ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʴʮʳ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʥʝʤʥʦʛʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʥʦ ʦʥʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʩʪʘʙʠʣʴʥʦ 

ʚʩʪʨʝʯʘʝʪʩʷ. ɼʦʣʷ ʧʳʣʴʮʳ Corylus avellana ʥʝʤʥʦʛʦ ʩʥʠʞʘʝʪʩʷ (>1%). ʉʨʝʜʠ ʢʫʩʪʘʨʥʠʢʦʚ 

ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ Betula nana, ʦʜʥʘʢʦ ʝʝ ʨʦʣʴ ʩʥʠʞʘʝʪʩʷ ʜʦ 3-6%; ʪʘʢʞʝ ʦʪʤʝʯʝʥʘ 

ʧʳʣʴʮʘ Salix sp., Alnus incana ʠ Frangula sp. ʊʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ 

ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʧʳʣʴʮʳ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʚʦʟʨʘʩʪʘʝʪ. ʇʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ 

ʨʘʟʥʦʪʨʘʚʴʷ, Poaceae, Cyperaceae, Ranunculaceae, Rosaceae, Cicuta virosa, Artemisia sp., 

Carex sp. ʈʝʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Asteraceae, Chenopodiaceae, Ericaceae, Fabaceea, 

Scrophyllariaceae, Rumex sp. ɽʜʠʥʠʯʥʦ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ ʢʫʣʴʪʫʨʥʳʭ ʟʣʘʢʦʚ Cerealia. 

ʇʳʣʴʮʘ ʤʘʢʨʦʬʠʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʧʘʣʠʥʦʟʦʥʳ 3, ʦʜʥʘʢʦ 

ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʝʝ ʩʦʜʝʨʞʘʥʠʝ ʠ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʇʨʝʦʙʣʘʜʘʝʪ 

ʧʳʣʴʮʘ Nuphar lutea ʠ Nymphaea candida. ʈʝʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Menyanthes trifoliata, 

Nuphar pumila ʠ Typha latifolia. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʶʪ ʩʧʦʨʳ Sphagnum 

sp. (1-1,5%, ʧʠʢ 3%) ʠ Equisetum sp. (1-1,5%); ʨʝʞʝ ʦʪʤʝʯʝʥʳ ʩʧʦʨʳ Bryales, Polypodiaceae 

(ʚʢʣʶʯʘʷ Polypodium sp.), Botrychium sp. ʠ Lycopodium sp. 

ʆʟʝʨʦ ʉʦʢʢʘʩʝʥʣʘʤʧʠ. ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʩʪʨʦʝʥʘ 

ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ, ʥʘ ʢʦʪʦʨʦʡ ʚʳʜʝʣʝʥʦ ʧʷʪʴ ʧʘʣʠʥʦʟʦʥ (ʨʠʩʫʥʦʢ 14). 

ʇʘʣʠʥʦʟʦʥʘ 1 (246-229 ʩʤ). ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʨʘʟʨʝʟʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʦʙʣʘʜʘʝʪ 

ʧʳʣʴʮʘ ʜʝʨʝʚʴʝʚ. ɺ ʧʝʨʚʦʡ ʟʦʥʝ ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ Pinus sp. ʠ Picea sp., ʩʦʜʝʨʞʘʥʠʝ 

ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ 40% ʫ ʦʙʝʠʭ ʧʦʨʦʜ. ʉ ʤʝʥʴʰʠʤ ʦʙʠʣʠʝʤ ʚʩʪʨʝʯʘʝʪʩʷ 

ʧʳʣʴʮʘ Betula sp. ʠ Alnus glutinosa, ʢʦʣʝʙʣʷʩʴ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʚ ʨʘʡʦʥʝ 10-20 ʠ 5-15% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʥʮʝʥʪʨʘʮʠʷ Betula nana ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʚ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʟʦʥʳ, ʦʜʥʘʢʦ ʢ 

ʛʨʘʥʠʮʝ ʟʦʥ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 10%. ɺʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Alnus incana (1-3%) ʠ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ï Corylus avellana ʠ Ulmus sp. (1-2%, ʠʭ ʢʨʠʚʳʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʧʨʝʨʳʚʥʳ ʥʘ ʚʩʝʤ ʨʘʟʨʝʟʝ), ʝʜʠʥʠʯʥʦ Tilia sp., Quercus sp. ʆʙʠʣʠʝ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʨʘʚ 

ʥʝʚʝʣʠʢʦ; ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ Poaceae, Cyperaceae ʠ Ranunculaceae; ʚ ʩʝʨʝʜʠʥʝ ʟʦʥʳ 

ʧʦʷʚʣʷʝʪʩʷ ʢʨʠʚʘʷ Artemisia sp., ʢʦʪʦʨʘʷ ʦʩʪʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʧʦʯʪʠ ʜʦ ʢʦʥʮʘ ʨʘʟʨʝʟʘ. 
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ʇʳʣʴʮʘ ʤʘʢʨʦʬʠʪʦʚ ʚʩʪʨʝʯʘʝʪʩʷ ʝʜʠʥʠʯʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʥʘʯʘʣʝ ʟʦʥʳ (Nymphaea 

candida, Sparganium sp. ʠ Typha latifolia). ʉʨʝʜʠ ʩʧʦʨ ʜʦʤʠʥʠʨʫʶʪ Equisetum sp. 

ʇʘʣʠʥʦʟʦʥʘ 2 (229-198 ʩʤ). ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʴʮʳ Pinus sp. ʚ ʮʝʣʦʤ ʧʦʥʠʞʘʝʪʩʷ ʠ 

ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 20-30% ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʟʦʥʳ. ʂʦʥʮʝʥʪʨʘʮʠʷ Picea sp. ʧʦʩʪʝʧʝʥʥʦ 

ʩʥʠʞʘʝʪʩʷ, ʢ ʢʦʥʮʫ ʟʦʥʳ ʜʦʩʪʠʛʘʷ 10%. ʈʦʣʴ Betula sp. ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʠʢʠ 

ʜʦʩʪʠʛʘʶʪ 45% ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʴʮʳ Alnus glutinosa ʦʩʪʘʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʦʡ, ʢʘʢ ʠ ʚ ʧʝʨʚʦʡ ʟʦʥʝ; ʜʦ 10-15% ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ Betula 

nana. ʂ ʪʘʢʩʦʥʘʤ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʜʦʙʘʚʣʷʝʪʩʷ Carpinus sp.; ʜʦʤʠʥʠʨʫʶʪ, ʢʘʢ ʠ ʚ 

ʧʝʨʚʦʡ ʟʦʥʝ, Corylus avellana ʠ Ulmus sp., ʦʜʥʘʢʦ ʠʭ ʦʙʠʣʠʝ ʥʝʤʥʦʛʦ ʩʥʠʞʘʝʪʩʷ. 

ʊʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ. ɺ 

ʩʝʨʝʜʠʥʝ ʟʦʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʙʠʣʠʝ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʘʢʨʦʬʠʪʦʚ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

Nuphar lutea, N. pumila, Nymphaea candida, Sparganium sp., Potamogeton sp., Myriophyllum 

sp. ʠ Typha latifolia. ʈʘʟʥʦʦʙʨʘʟʠʝ ʩʧʦʨ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʜʦʤʠʥʠʨʫʶʪ Equisetum sp. ʠ 

Sphagnum sp. ɺ ʥʘʯʘʣʝ ʧʘʣʠʥʦʟʦʥʳ ʧʦʷʚʣʷʶʪʩʷ ʩʧʦʨʳ ʛʨʠʙʦʚ Glomus, ʜʦʩʪʠʛʘʷ ʢ ʢʦʥʮʫ 

ʟʦʥʳ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (ʜʦ 60% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʧʳʣʴʮʳ ʠ ʩʧʦʨ). 

 

ʈʠʩʫʥʦʢ 14 ï ʉʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ʉʦʢʢʘʩʝʥʣʘʤʧʠ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʛʣʠʥʘ, 2 ï ʛʠʪʪʠʷ, 3 ï ʪʦʨʬʷʥʠʩʪʘʷ ʛʠʪʪʠʷ, 4 ï 

ʥʝʨʘʟʣʦʞʠʚʰʠʡʩʷ ʪʦʨʬ 

ʇʘʣʠʥʦʟʦʥʘ 3 (198-179 ʩʤ). ɺ ʜʘʥʥʦʡ ʟʦʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʧʳʣʴʮʳ 

ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ Pinus sp., Picea sp. ʠ Betula sp. ʘʥʘʣʦʛʠʯʥʦʝ ʧʘʣʠʥʦʟʦʥʝ I. ɼʦʣʷ ʧʳʣʴʮʳ 

Pinus ʠ Picea ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 40 ʠ 37% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʴʮʳ Betula sp. 

ʩʥʠʞʘʝʪʩʷ ʜʦ 20%. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʴʮʳ Corylus avellana ʧʦʚʳʰʘʝʪʩʷ ʢ ʢʦʥʮʫ ʟʦʥʳ ʜʦ 1-

2%. ʆʙʠʣʠʝ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʘʢʩʦʥʦʚ ʪʨʘʚ ʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʚʥʦʚʴ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʇʳʣʴʮʘ ʤʘʢʨʦʬʠʪʦʚ (Myriophyllum sp., N. pumila, Sparganium sp., 
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Potamogeton sp., Typha latifolia) ʚʩʪʨʝʯʘʝʪʩʷ ʝʜʠʥʠʯʥʦ. ʉʧʦʨʳ ʛʨʠʙʦʚ Glomus ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ. 

ʇʘʣʠʥʦʟʦʥʘ 4 (179-151 ʩʤ). ʉʦʦʪʥʦʰʝʥʠʝ ʧʳʣʴʮʳ Pinus sp., Picea sp. ʠ Betula sp. 

ʚʥʦʚʴ ʠʟʤʝʥʷʝʪʩʷ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʴʮʳ Picea sp. ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ (ʜʦ 10%); ʜʦʣʷ 

ʧʳʣʴʮʳ Pinus sp. ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 20%, ʦʜʥʘʢʦ ʢ ʢʦʥʮʫ ʟʦʥʳ ʚʥʦʚʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ 

ʜʦʩʪʠʛʘʝʪ ʧʠʢʘ ʤʘʢʩʠʤʫʤʘ ʥʘ ʚʩʝʤ ʨʘʟʨʝʟʝ (60%). ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʴʮʳ Betula sp. 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʪʘʢʞʝ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʦʚ ʚ 60% ʚ ʩʝʨʝʜʠʥʝ ʟʦʥʳ, ʦʜʥʘʢʦ 

ʢ ʢʦʥʮʫ ʟʦʥʳ ʩʥʠʞʘʝʪʩʷ ʜʦ 40%. ʆʙʠʣʠʝ Alnus glutinosa ʧʦʚʳʰʘʝʪʩʷ, ʜʦʩʪʠʛʘʷ ʧʠʢʘ 20% ʚ 

ʥʘʯʘʣʝ ʟʦʥʳ. ɿʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ Alnus glutinosa ʠ Betula nana; ʢ 

ʢʦʥʮʫ ʟʦʥʳ ʟʥʘʯʝʥʠʷ Corylus avellana ʠ Ulmus sp. ʧʦʥʠʞʘʶʪʩʷ, ʠʩʯʝʟʘʝʪ ʧʳʣʴʮʘ Carpinus 

sp. ʠ Quercus sp. ʊʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʦʙʠʣʠʝ ʧʳʣʴʮʳ ʪʨʘʚ ʠ ʩʧʦʨʦʚʳʭ ʚʥʦʚʴ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ; ʩʨʝʜʠ ʪʨʘʚ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ Poaceae, Cyperaceae, Ranunculaceae, 

Apiaceae ʠ Artemisia sp. ʏʘʱʝ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Ericaceae ʠ Chenopodiaceae. 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʤʘʢʨʦʬʠʪʦʚ ʥʝʚʝʣʠʢʦ ï ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Nymphaea candida, N. pumila ʠ 

Sparganium sp. ʂʨʠʚʘʷ ʩʧʦʨ ʛʨʠʙʦʚ Glomus ʚʥʦʚʴ ʧʦʷʚʣʷʝʪʩʷ, ʧʠʢʠ ʜʦʩʪʠʛʘʶʪ 40%.  

ʇʘʣʠʥʦʟʦʥʘ 5 (151-145 ʩʤ). ʉʨʝʜʠ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ Pinus sp.  

(ʜʦ 60%); ʢʦʥʮʝʥʪʨʘʮʠʷ Picea sp. ʥʝʚʝʣʠʢʘ (ʧʠʢ ʚ 20% ʚ ʩʝʨʝʜʠʥʝ ʟʦʥʳ). ʈʦʣʴ Betula sp. 

ʟʘʤʝʪʥʦ ʧʦʥʠʞʘʝʪʩʷ (ʜʦ 30% ʚ ʢʦʥʮʝ ʟʦʥʳ). ʉʨʝʜʠ ʧʳʣʴʮʳ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ 

ʚʩʪʨʝʯʝʥʘ ʪʦʣʴʢʦ ʧʳʣʴʮʘ Corylus avellana. ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʪʨʘʚ. ʉʨʝʜʠ ʪʨʘʚʷʥʠʩʪʳʭ 

ʨʘʩʪʝʥʠʡ ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ Poaceae ʠ Cyperaceae. ʈʘʟʥʦʦʙʨʘʟʥʘʷ ʧʳʣʴʮʘ ʤʘʢʨʦʬʠʪʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ï Alisma sp., Myriophyllum sp., Nuphar lutea, N. pumila, Nymphaea candida, 

Potamogeton sp. ʠ Typha latifolia. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʜʦʤʠʥʠʨʫʶʪ Equisetum sp. ʠ 

Sphagnum sp. 

ʆʟʝʨʦ ʍʦʚʘʪʘʥʣʘʤʧʠ. ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʩʪʨʦʝʥʘ 

ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ, ʥʘ ʢʦʪʦʨʦʡ ʚʳʜʝʣʝʥʦ ʧʷʪʴ ʧʘʣʠʥʦʟʦʥ (ʨʠʩʫʥʦʢ 15).  

ʇʘʣʠʥʦʟʦʥʘ 1 (440-434 ʩʤ). ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʨʘʟʨʝʟʘ ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ 

ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ. ɺ ʧʝʨʚʦʡ ʧʘʣʠʥʦʟʦʥʝ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ Pinus sp. ʠ Picea sp., ʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʜʦʩʪʠʛʘʝʪ 40% ʫ ʦʙʝʠʭ ʧʦʨʦʜ. ʉ ʤʝʥʴʰʠʤ ʦʙʠʣʠʝʤ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Betula 

sp.  (ʜʦ 15%) ʠ Alnus glutinosa (ʦʢʦʣʦ 8%). ɺʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ 

(1-2%) ï Corylus avellana, Ulmus sp., ʢʨʠʚʳʝ ʢʦʪʦʨʳʭ ʥʝʧʨʝʨʳʚʥʳ ʥʘ ʚʩʝʤ ʨʘʟʨʝʟʝ, ʠ Tilia 

sp. ʈʘʟʥʦʦʙʨʘʟʠʝ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʚ ʧʘʣʠʥʦʟʦʥʝ ʥʠʟʢʦʝ ï ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ 

Poaceae ʠ Cyperaceae, ʚ ʤʝʥʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʳʣʴʮʘ Ranunculaceae ʠ 

Artemisia sp. ʇʳʣʴʮʘ ʤʘʢʨʦʬʠʪʦʚ ʥʝ ʚʩʪʨʝʯʝʥʘ. ɺ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʦʪʤʝʯʝʥʳ ʩʧʦʨʳ 

Sphagnum sp. ʠ Polypodiaceae.  
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ʇʘʣʠʥʦʟʦʥʘ 2 (434-420 ʩʤ). ɺʦ ʚʪʦʨʦʡ ʧʘʣʠʥʦʟʦʥʝ ʩʨʝʜʠ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ 

ʧʨʦʜʦʣʞʘʝʪ ʧʨʝʦʙʣʘʜʘʪʴ ʧʳʣʴʮʘ Pinus sp. (21-33%) ʠ Picea sp. (20-33%) ï ʧʨʠ ʵʪʦʤ ʢ 

ʢʦʥʮʫ ʟʦʥʳ ʜʦʣʷ ʧʝʨʚʦʡ ʚ ʮʝʣʦʤ ʫʤʝʥʴʰʘʝʪʩʷ (ʜʦ 28%), ʘ ʚʪʦʨʦʡ, ʥʘʦʙʦʨʦʪ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʜʦ 38%). ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʨʦʣʴ ʧʳʣʴʮʳ Betula sp., ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʦʩʪʠʛʘʝʪ 24%. ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ Alnus glutinosa ʥʝʤʥʦʛʦ ʧʦʚʳʰʘʝʪʩʷ ʚ 

ʩʝʨʝʜʠʥʝ ʧʘʣʠʥʦʟʦʥʳ (ʜʦ ʟʥʘʯʝʥʠʡ ʚ 10-12%), ʚ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʟʦʥʳ ʦʥʦ ʦʩʪʘʚʣʷʝʪ 5-

6%. ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʧʳʣʴʮʳ Betula nana ʠ, ʢ ʢʦʥʮʫ ʟʦʥʳ, Alnus incana (ʜʦ 3%). ʉʦʩʪʘʚ 

ʠ ʦʙʠʣʠʝ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʥʝʠʟʤʝʥʝʥ, ʚ ʢʦʥʮʝ ʟʦʥʳ ʚʩʪʨʝʯʝʥʘ ʧʳʣʴʮʘ Fraxinus 

sp. ɿʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʦʙʠʣʠʝ ʧʳʣʴʮʳ ʪʨʘʚ ï ʜʦʤʠʥʠʨʫʶʪ 

Poaceae, Cyperaceae, Ranunculaceae ʠ Artemisia sp.; ʧʦʷʚʣʷʝʪʩʷ ʧʳʣʴʮʘ ʩʝʤʝʡʩʪʚ 

Brassicaceae, Apiaceae ʠ Chenopodiaceae. ɼʦʣʷ ʧʳʣʴʮʳ ʪʨʘʚ ʚ ʦʙʱʝʤ ʩʧʝʢʪʨʝ ʚʦʟʨʘʩʪʘʝʪ 

ʜʦ 10 %. ɽʜʠʥʠʯʥʦ ʚʩʪʨʝʯʝʥʘ ʧʳʣʴʮʘ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ï Sparganium sp., Potamogeton sp. ʠ 

Typha angustifolia. ɺʦʟʨʘʩʪʘʝʪ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ, 

ʧʨʝʦʙʣʘʜʘʶʪ ʩʧʦʨʳ Bryales.  

 

ʈʠʩʫʥʦʢ 15 ï ʉʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ʍʦʚʘʪʘʥʣʘʤʧʠ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʦʧʝʩʯʘʥʝʥʥʳʡ ʘʣʝʚʨʠʪ, 2 ï ʛʣʠʥʠʩʪʘʷ ʛʠʪʪʠʷ, 3 ï ʧʝʩʦʢ, 4 ï 

ʦʧʝʩʯʘʥʝʥʥʘʷ ʛʠʪʪʠʷ, 5 - ʛʠʪʪʠʷ 

ʇʘʣʠʥʦʟʦʥʘ 3 (420-408 ʩʤ). ɺ ʪʨʝʪʴʝʡ ʧʘʣʠʥʦʟʦʥʝ ʩʨʝʜʠ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ 

ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ Picea sp. (ʜʦ 38% ʚ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʟʦʥʳ, ʢ ʢʦʥʮʫ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʥʠʞʘʝʪʩʷ ʜʦ 30%), Pinus sp. (ʜʦ 30%) ʠ Betula sp. (ʜʦʣʷ ʧʳʣʴʮʳ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʟʦʥʳ ʩ 15 ʜʦ 30%). ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ Alnus glutinosa, Betula nana ʠ Alnus 

incana ʦʩʪʘʝʪʩʷ, ʚ ʮʝʣʦʤ, ʥʝʠʟʤʝʥʥʳʤ. ʆʙʠʣʠʝ ʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʳʣʴʮʳ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʝʜʳʜʫʱʝʡ ʟʦʥʦʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʧʳʣʴʮʳ 
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ʤʘʢʨʦʬʠʪʦʚ (ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Nuphar lutea, N. pumila, Typha latifolia, T. angustifolia) ʠ 

ʩʧʦʨ ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʝʪ.  

ʇʘʣʠʥʦʟʦʥʘ 4 (408-398 ʩʤ). ɺ ʜʘʥʥʦʡ ʟʦʥʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʳʣʴʮʳ Pinus sp., Picea sp. 

ʠ Betula sp. ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʝ (25-30%). ʆʙʠʣʠʝ Alnus glutinosa ʚʦʟʨʘʩʪʘʝʪ ʜʦ 10 % ʚ 

ʢʦʥʮʝ ʟʦʥʳ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʴʮʳ Alnus incana ʠ Betula nana ʩʥʠʞʘʝʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʧʨʝʜʳʜʫʱʠʤʠ ʟʦʥʘʤʠ (ʜʦ 1%). ʉʨʝʜʠ ʪʨʘʚ ʜʦʤʠʥʠʨʫʶʪ Poaceae, Cyperaceae ʠ 

Ranunculaceae. ʉʨʝʜʠ ʧʨʠʙʨʝʞʥʦ-ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʧʘʣʠʥʦʟʦʥʳ 

ʚʩʪʨʝʯʘʝʪʩʷ ʪʦʣʴʢʦ Typha angustifolia. ʈʘʟʥʦʦʙʨʘʟʠʝ ʩʧʦʨ ʪʘʢʞʝ ʩʥʠʞʘʝʪʩʷ. 

ʇʘʣʠʥʦʟʦʥʘ 5 (398-392 ʩʤ). ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚ 

ʧʦʩʣʝʜʥʝʡ ʧʘʣʠʥʦʟʦʥʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʝ ï Pinus (ʜʦ 36 %), Picea (ʜʦ 35 % ʚ ʢʦʥʮʝ 

ʟʦʥʳ) ʠ Betula (ʜʦ 31 %). ʇʳʣʴʮʘ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ (Corylus avellana, Ulmus, Tilia) 

ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʞʝ. ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ Alnus glutinosa ʩʥʠʞʘʝʪʩʷ ʜʦ 5% ʢ ʢʦʥʮʫ ʟʦʥʳ. 

ʉʨʝʜʠ ʪʨʘʚ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ Poaceae ʠ Ranunculaceae. ʉʨʝʜʠ ʤʘʢʨʦʬʠʪʦʚ ʚʩʪʨʝʯʝʥʘ 

ʧʳʣʴʮʘ Typha angustifolia. ʈʘʟʥʦʦʙʨʘʟʠʝ ʠ ʦʙʠʣʠʝ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʥʠʟʢʦʝ. 

ʆʩʪʨʦʚ ɺʘʣʘʘʤ. 

ʆʟʝʨʦ ɻʝʨʤʘʥʦʚʩʢʦʝ. ʄʝʪʦʜʦʤ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʪʘʢʞʝ ʠʟʫʯʝʥʳ ʜʚʝ 

ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ: ʦʩʥʦʚʥʘʷ ʢʦʣʦʥʢʘ 1 ʦʪʦʙʨʘʥʘ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʟ. 

ɻʝʨʤʘʥʦʚʩʢʦʛʦ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʢʦʣʦʥʢʘ 2 ï ʩʦ ʩʧʣʘʚʠʥʳ. ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʢʦʣʦʥʦʢ 

ʧʦʩʪʨʦʝʥʳ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʝ ʜʠʘʛʨʘʤʤʳ, ʥʘ ʢʦʪʦʨʳʭ ʙʳʣʦ ʚʳʜʝʣʝʥʳ ʪʨʠ ʠ ʯʝʪʳʨʝ 

ʧʘʣʠʥʦʟʦʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʢʠ 16-17). 

ʂʦʣʦʥʢʘ 1. ʇʘʣʠʥʦʟʦʥʘ 1 (300-277 ʩʤ). ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʚ ʢʦʣʦʥʢʝ ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ (Pinus sp. ʠ Betula 

sp.). ɺ ʧʘʣʠʥʦʟʦʥʝ 1 ʩʨʝʜʠ ʜʝʨʝʚʴʝʚ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ Pinus sp. (40-50%, ʩ ʧʠʢʦʤ ʜʦ 

60%). ɼʦʣʷ ʧʳʣʴʮʳ Betula sp. ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʘ, ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 25-27%. ʉʦʜʝʨʞʘʥʠʝ 

ʧʳʣʴʮʳ Picea sp. ʚ ʮʝʣʦʤ ʧʦ ʢʦʣʦʥʢʝ ʥʠʟʢʦʝ, ʚ ʧʘʣʠʥʦʟʦʥʝ 1 ʦʥʦ ʜʦʩʪʠʛʘʝʪ ʥʘʠʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʡ (8-10%). ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ Alnus glutinosa ʩʪʘʙʠʣʴʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 

ʨʘʟʨʝʟʘ, ʚ ʥʘʯʘʣʝ ʧʘʣʠʥʦʟʦʥʳ 1 ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ 12-15%, ʚ ʢʦʥʮʝ ï 5-6%. ʉʨʝʜʠ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʩʪʘʙʠʣʴʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʳʣʴʮʘ Corylus avellana (>1%, ʧʠʢ ʜʦ 

3% ʚ ʥʘʯʘʣʝ ʧʘʣʠʥʦʟʦʥʳ 1). ʊʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Ulmus sp. (>1%) ʠ Quercus sp., 

ʝʜʠʥʠʯʥʦ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Carpinus sp. ʠ Fraxinus sp. ʉʨʝʜʠ ʢʫʩʪʘʨʥʠʢʦʚ ʚʩʪʨʝʯʘʝʪʩʷ 

ʧʳʣʴʮʘ Betula nana (>1, ʜʦ 2,5% ʚ ʥʘʯʘʣʝ ʧʘʣʠʥʦʟʦʥʳ 1), Salix sp. (>1%), ʝʜʠʥʠʯʥʦ 

ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Frangula sp. ʠ Juniperus sp. ʉʨʝʜʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʝʪ 

ʧʳʣʴʮʘ ʨʘʟʥʦʪʨʘʚʴʷ, Poaceae (0,5-1,5%, ʧʠʢ 3%), Cyperaceae (0,5-1%), Ranunculaceae, 

Artemisia sp., Rumex sp., Ranunculus sp. ʈʝʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Ericaceae, Apiaceae, 
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Rosaceae. ʉʨʝʜʠ ʤʘʢʨʦʬʠʪʦʚ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Potamogeton sp., ʝʜʠʥʠʯʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʧʳʣʴʮʘ Nuphar lutea, Nymphaea candida ʠ Typha latifolia. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ 

ʧʨʝʦʙʣʘʜʘʶʪ ʩʧʦʨʳ Sphagnum sp. (ʜʦ 1,5%), Polypodiaceae (ʜʦ 1,5%), Polypodium sp., ʨʝʞʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʩʧʦʨʳ Bryales, Lycopodium sp., Dicranum sp. ɺʩʪʨʝʯʘʶʪʩʷ Botryococcus sp. 

ʇʘʣʠʥʦʟʦʥʘ 2 (277-259 ʩʤ). ɺ ʜʘʥʥʦʡ ʧʘʣʠʥʦʟʦʥʝ ʚ ʜʨʝʚʝʩʥʦʤ ʷʨʫʩʝ 

ʜʦʤʠʥʠʨʫʶʱʘʷ ʨʦʣʴ ʧʳʣʴʮʳ Pinus sp. ʩʤʝʥʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʳʣʴʮʳ Betula sp. 

ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ Pinus sp. ʩʥʠʞʘʝʪʩʷ ʩ 40-50% ʜʦ 20-25%, ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ Betula 

sp. ʚʦʟʨʘʩʪʘʝʪ ʩ 25 ʜʦ 35-45%. ʇʦʜʦʙʥʘʷ ʜʠʥʘʤʠʢʘ (ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʧʦʨʦʜʘʤʠ) ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʜʨʫʛʠʭ ʨʘʟʨʝʟʘʭ ʥʘ ʦ. ɺʘʣʘʘʤ. ɼʦʣʷ ʧʳʣʴʮʳ 

Picea sp. ʩʥʠʞʘʝʪʩʷ ʜʦ 4-5%. ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ Alnus glutinosa ʚʦʟʨʘʩʪʘʝʪ ʠ ʩʦʩʪʘʚʣʷʝʪ 

ʚ ʩʨʝʜʥʝʤ 8-10%. ʇʦʚʳʰʘʝʪʩʷ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʧʳʣʴʮʳ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ, 

ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ Corylus avellana. ʊʘʢʞʝ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Ulmus sp., Tilia sp., Quercus 

sp. ʠ Carpinus sp. ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ Betula nana ʥʝʤʥʦʛʦ ʩʥʠʞʘʝʪʩʷ. ʉʨʝʜʠ ʢʫʩʪʘʨʥʠʢʦʚ 

ʪʘʢʞʝ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Frangula sp., ʝʜʠʥʠʯʥʦ ï ʧʳʣʴʮʘ Alnus incana. ʉʨʝʜʠ ʪʨʘʚ ʠ 

ʢʫʩʪʘʨʥʠʯʢʦʚ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ ʨʘʟʥʦʪʨʘʚʴʷ, ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ Poaceae (ʜʦ 3%), 

Cyperaceae, Ranunculaceae, Ericaceae, Fabaceae, Rosaceea, Artemisia sp., Rumex sp. (ʜʦ 2%), 

ʪʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Apiaceae, Chenopodiaceae, Calluna sp. ʉʨʝʜʠ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ 

ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Typha latifolia ʠ ʝʜʠʥʠʯʥʦ Potamogeton sp. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʧʦʨ 

ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʜʦ 15-17%), ʚ ʯʘʩʪʥʦʩʪʠ ʟʘ ʩʯʝʪ ʨʝʟʢʦʛʦ ʧʦʚʳʰʝʥʠʷ ʜʦʣʠ ʩʧʦʨ 

Sphagnum sp. (ʜʦ 10-14%). ʊʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʧʦʨʳ Polypodiaceae (ʚʢʣʶʯʘʷ Polypodium 

sp.), Bryales, Dicranum sp., Dryopteris sp., Botrychium sp., Lycopodium sp. (ʚʢʣʶʯʘʷ 

Lycopodium annotinum). ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ʚ ʧʘʣʠʥʦʟʦʥʝ 2 ʥʝ ʚʩʪʨʝʯʝʥʳ.  

 

ʈʠʩʫʥʦʢ 16 ï ʉʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ɻʝʨʤʘʥʦʚʩʢʦʛʦ 

(ʢʦʣʦʥʢʘ 1). ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʛʠʪʪʠʷ 
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ʇʘʣʠʥʦʟʦʥʘ 3 (259-248 ʩʤ). ʇʘʣʠʥʦʟʦʥʘ ʚʳʜʝʣʝʥʘ ʧʦ ʩʥʠʞʝʥʠʶ ʦʙʱʝʡ ʜʦʣʠ ʩʧʦʨ 

(ʜʦ 9-11%). ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ ʧʳʣʴʮʳ ʪʨʘʚ (ʤʘʢʩʠʤʫʤ ʜʦ 8-11%) ʠ ʧʦ ʩʤʝʥʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʧʳʣʴʮʦʡ ʦʩʥʦʚʥʳʭ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ. ɺ ʧʘʣʠʥʦʟʦʥʝ 3 ʚʥʦʚʴ ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ 

Pinus sp. (30-40%, ʧʠʢ 57%), ʨʦʣʴ ʧʳʣʴʮʳ Betula sp. ʧʦ-ʧʨʝʞʥʝʤʫ ʚʝʣʠʢʘ, ʦʜʥʘʢʦ ʚ ʮʝʣʦʤ 

ʥʠʞʝ, ʯʝʤ ʫ ʩʦʩʥʳ (25-35%, ʧʠʢ 42%). ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ Picea sp. ʦʩʪʘʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ. ɼʦʣʷ ʧʳʣʴʮʳ Alnus glutinosa ʥʝʤʥʦʛʦ 

ʩʥʠʞʘʝʪʩʷ (6-9%). ʏʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Corylus avellana, ʝʝ ʜʦʣʷ ʯʫʪʴ ʩʥʠʞʘʝʪʩʷ. 

ʇʳʣʴʮʘ ʜʨʫʛʠʭ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʦʪʤʝʯʝʥʘ ʨʝʜʢʦ, ʢʘʢ ʠ ʢʫʩʪʘʨʥʠʢʦʚ. ʉʨʝʜʠ 

ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʘʟʥʦʪʨʘʚʴʷ, Poaceae (ʜʦ 3-

4%), Cyperaceae (ʨʦʣʴ ʧʳʣʴʮʳ ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʜʦ ʚ ʩʨʝʜʥʝʤ >1%, ʧʠʢ 3%), Apiaceae, 

Ranunculaceae, Rosaceea, Artemisia sp., Rumex sp. ʉʨʝʜʠ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʚʩʪʨʝʯʝʥʘ 

ʧʳʣʴʮʘ Typha latifolia, ʝʜʠʥʠʯʥʦ - Typha angustifolia ʠ Nuphar lutea. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ 

ʨʘʩʪʝʥʠʡ ʧʦ-ʧʨʝʞʥʝʤʫ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʦʙʣʘʜʘʶʪ ʩʧʦʨʳ Sphagnum sp. (ʧʠʢʠ ʜʦ 12-14%), 

ʪʘʢʞʝ ʦʪʤʝʯʝʥʳ ʩʧʦʨʳ Athyrium sp., Bryales, Dicranum sp., Dryopteris sp., Polypodium sp., 

Lycopodium annotinum. ɽʜʠʥʠʯʥʦ ʚʩʪʨʝʯʝʥʘ ʟʝʣʝʥʘʷ ʚʦʜʦʨʦʩʣʴ Botryococcus sp. 

ʇʘʣʠʥʦʟʦʥʘ 4 (248-215 ʩʤ). ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʳʣʴʮʦʡ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʚʥʦʚʴ 

ʤʝʥʷʝʪʩʷ - ʧʳʣʴʮʘ Betula sp. ʧʨʝʦʙʣʘʜʘʝʪ (35-40% ʚ ʩʨʝʜʥʝʤ), ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ Pinus 

sp. ʩʦʩʪʘʚʣʷʝʪ 20-25%. ɼʦʣʷ Picea sp. ʥʠʟʢʘʷ (3-5%). ʅʝʤʥʦʛʦ ʧʦʚʳʰʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ 

ʧʳʣʴʮʳ Alnus glutinosa (9-13%). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʝʡ ʧʘʣʠʥʦʟʦʥʦʡ ʩʦʜʝʨʞʘʥʠʝ ʠ 

ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʧʳʣʴʮʳ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʟʘʤʝʪʥʦ ʚʳʰʝ. ɺ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ 

ʧʘʣʠʥʦʟʦʥʳ 4 ʚʦʟʨʘʩʪʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ Corylus avellana (ʜʦ 1,5%), ʟʘʪʝʤ ʩʥʠʞʘʝʪʩʷ 

(>1%), ʥʦ ʚʩʪʨʝʯʘʝʪʩʷ ʩʪʘʙʠʣʴʥʦ ʧʦ ʚʩʝʡ ʟʦʥʝ. ʊʘʢʞʝ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ Tilia sp. (0,5-

1,5%; ʧʠʢ 2,5%) ʠ Ulmus sp. (ʚ ʩʨʝʜʥʝʤ >1%), ʧʳʣʴʮʘ ʜʨʫʛʠʭ ʧʦʨʦʜ ʚʩʪʨʝʯʘʝʪʩʷ ʢʨʘʡʥʝ 

ʨʝʜʢʦ. ɺʧʝʨʚʳʝ ʚ ʨʘʟʨʝʟʝ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʳ Acer sp. ʉʨʝʜʠ ʢʫʩʪʘʨʥʠʢʦʚ ʪʘʢʞʝ ʚʩʪʨʝʯʝʥʘ 

ʧʳʣʴʮʘ Salix sp., Frangula sp., ʨʝʞʝ Alnus incana. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ ʪʨʘʚ 

ʩʥʠʞʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʝʡ ʧʘʣʠʥʦʟʦʥʦʡ (2,5-3,5%), ʦʜʥʘʢʦ ʚ ʮʝʣʦʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʪʘʢʩʦʥʦʚ ʥʘʠʙʦʣʴʰʝʝ ʧʦ ʚʩʝʤʫ ʨʘʟʨʝʟʫ. ʇʨʝʦʙʣʘʜʘʝʪ 

ʧʳʣʴʮʘ ʨʘʟʥʦʪʨʘʚʴʷ, ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ Poaceae (ʜʦ 1%), Ericaceae, Fabaceae, Rosaceae, 

Ranunculaceae, Vaccinium sp., ʨʝʞʝ Cyperaceae, Cichoriaceae, Scrophyllariaceae, Artemisia 

sp., Rumex sp. ʉʨʝʜʠ ʤʘʢʨʦʬʠʪʦʚ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Typha latifolia, 

ʝʜʠʥʠʯʥʦ Menyanthes sp., Myriophyllum sp., Nuphar lutea. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʧʦʨ ï 

ʥʘʠʙʦʣʴʰʝʝ ʧʦ ʨʘʟʨʝʟʫ (15-20%, ʧʠʢʠ 25-29%). ɼʦʣʷ ʩʧʦʨ Sphagnum sp. ʩʦʩʪʘʚʣʷʝʪ 13-

19%, ʧʠʢʠ 24-28%). ʊʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʩʧʦʨʳ Dicranum sp., Polypodium sp., Lycopodium 

annotinum. ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ʚ ʧʘʣʠʥʦʟʦʥʝ 4 ʥʝ ʚʩʪʨʝʯʝʥʳ. 
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ʂʦʣʦʥʢʘ 2, ʩʦ ʩʧʣʘʚʠʥʳ. ʇʘʣʠʥʦʟʦʥʘ 1 (230-204 ʩʤ). ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 

ʧʝʨʠʦʜʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʚ ʢʦʣʦʥʢʝ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ (>90% ʚ 

ʧʘʣʠʥʦʟʦʥʘʭ 1 ʠ 2). ɺ ʧʘʣʠʥʦʟʦʥʝ 1 ʩʨʝʜʠ ʜʝʨʝʚʴʝʚ ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ Pinus sp. (40%), 

ʪʘʢʞʝ ʚʳʩʦʢʘ ʨʦʣʴ Betula sp. (30%). ɼʦʣʷ ʧʳʣʴʮʳ Picea sp. ʚ ʮʝʣʦʤ ʧʦ ʨʘʟʨʝʟʫ ʥʠʟʢʘʷ, ʚ 

ʧʘʣʠʥʦʟʦʥʝ 1 ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 5-10%. ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ Alnus glutinosa 

ʥʘʠʙʦʣʴʰʝʝ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ (9-12%). ʉʨʝʜʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ 

ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ Corylus avellana (1%), Ulmus sp., Quercus sp. ʠ Fraxinus sp., ʨʝʞʝ 

ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Carpinus sp. ʠ Tilia sp. ʉʨʝʜʠ ʢʫʩʪʘʨʥʠʢʦʚ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Betula 

nana (ʜʦ 3%), ʨʝʞʝ Salix sp., Frangula sp. ʉʨʝʜʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʝʪ 

ʧʳʣʴʮʘ Poaceae (ʜʦ 2%), Ranunculaceae, Cyperaceae (ʚʢʣʶʯʘʷ Carex sp.), Rosaceae, 

Fabaceae ʠ ʧʳʣʴʮʘ ʨʘʟʥʦʪʨʘʚʴʷ. ʇʦ ʨʘʟʨʝʟʫ ʩʧʦʨʘʜʠʯʝʩʢʠ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Cerealia. 

ʉʨʝʜʠ ʤʘʢʨʦʬʠʪʦʚ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Menyanthes trifoliata, Nuphar lutea, Potamogeton sp. ʠ 

Typha angustifolia. ʉʨʝʜʠ ʩʧʦʨ ʧʨʝʦʙʣʘʜʘʶʪ Botrychium sp., Sphagnum sp., Bryales, 

Polypodiaceae. ɺ ʧʘʣʠʥʦʟʦʥʝ 1 ʚʩʪʨʝʯʘʶʪʩʷ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ Botryococcus sp. 

 

ʈʠʩʫʥʦʢ 17 ï ʉʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ɻʝʨʤʘʥʦʚʩʢʦʛʦ 

(ʢʦʣʦʥʢʘ 2, ʩʦ ʩʧʣʘʚʠʥʳ). ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʪʦʨʬʷʥʠʩʪʘʷ ʛʠʪʪʠʷ 

ʇʘʣʠʥʦʟʦʥʘ 2 (204-152 ʩʤ). ɺ ʜʨʝʚʝʩʥʦʤ ʷʨʫʩʝ ʥʘʯʠʥʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʜʦʤʠʥʠʨʦʚʘʪʴ ʧʳʣʴʮʘ Pinus sp. (60-75%). ɼʦʣʷ Betula sp. ʩʥʠʞʘʝʪʩʷ (10-20%), ʉʦʜʝʨʞʘʥʠʝ 

ʧʳʣʴʮʳ Picea sp. ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝʚʳʩʦʢʦʝ (5-10%). ɿʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ ʨʦʣʴ ʧʳʣʴʮʳ Alnus 

glutinosa (1-3%). ʈʦʣʴ ʧʳʣʴʮʳ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʧʘʜʘʝʪ, ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ 

Ulmus sp., Fraxinus sp., ʠ Quercus sp. ʉʨʝʜʠ ʢʫʩʪʘʨʥʠʢʦʚ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Betula nana (1-

2%), Salix sp. (>1%), ʝʜʠʥʠʯʥʦ Alnus incana. ʉʨʝʜʠ ʪʨʘʚ ʠ ʢʫʩʪʘʨʥʠʯʢʦʚ ʧʨʝʦʙʣʘʜʘʝʪ 

ʧʳʣʴʮʘ Poaceae (1%), Cyperaceae (>1%), Ranunculaceae, Rosaceae, Ericaceae, Rumex sp., 
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Artemisia sp. ʠ ʧʳʣʴʮʘ ʨʘʟʥʦʪʨʘʚʴʷ. ʉʨʝʜʠ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ 

Potamogeton sp., ʪʘʢʞʝ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Nuphar lutea, Typha latifolia, T. angustifolia. ʉʨʝʜʠ 

ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʶʪ ʩʧʦʨʳ Sphagnum sp. ( 1%), Polypodiaceae (ʚʢʣʶʯʘʷ 

Polypodium sp.), ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʩʧʦʨʳ Lycopodium sp. ʠ Dryopteris sp. ʇʨʦʜʦʣʞʘʶʪ 

ʚʩʪʨʝʯʘʪʴʩʷ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ Botryococcus sp. 

ʇʘʣʠʥʦʟʦʥʘ 3 (152-135 ʩʤ). ɼʦʣʷ ʧʳʣʴʮʳ ʜʝʨʝʚʴʝʚ ʩʦʩʪʘʚʣʷʝʪ >75%. 

ɼʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʧʦ-ʧʨʝʞʥʝʤʫ ʠʛʨʘʝʪ ʧʳʣʴʮʘ Pinus sp. (45-55%). ʈʦʣʴ ʧʳʣʴʮʳ Betula 

sp. ʚʦʟʨʘʩʪʘʝʪ ʠ ʩʦʩʪʘʚʣʷʝʪ 15-20%. ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ Alnus glutinosa ʪʘʢʞʝ ʥʝʤʥʦʛʦ 

ʧʦʚʳʰʘʝʪʩʷ (3-4%). ʇʳʣʴʮʘ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʚʩʪʨʝʯʘʝʪʩʷ ʝʜʠʥʠʯʥʦ. ʉʨʝʜʠ 

ʢʫʩʪʘʨʥʠʢʦʚ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Betula nana (1-2%) ʠ Salix sp. ʉʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʜʦʣʷ ʪʨʘʚ (ʜʦ 13-20%). ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʨʦʣʠ Myrica gale ʚ ʥʘʟʝʤʥʳʭ 

ʩʦʦʙʱʝʩʪʚʘʭ (ʜʦ 13% ʚ ʦʪʜʝʣʴʥʦʡ ʧʨʦʙʝ) ʠ Nymphaea candida ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ (2-3%). ɺ 

ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ʷʨʫʩʝ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ ʨʘʟʥʦʪʨʘʚʴʷ (2%), Poaceae (2%), 

Cyperaceae, Ranunculaceae, Rosaceae, Rumex sp., Fabaceea. ʉʨʝʜʠ ʤʘʢʨʦʬʠʪʦʚ ʪʘʢʞʝ 

ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Typha latifolia. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʶʪ ʩʧʦʨʳ Sphagnum 

sp. (1%) ʠ Polypodiaceae. Botryococcus sp. ʦʪʤʝʯʝʥʳ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ. 

ʆʟʝʨʦ ɿʠʤʥʷʢʦʚʩʢʦʝ. ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʩʪʨʦʝʥʘ 

ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ, ʥʘ ʢʦʪʦʨʦʡ ʚʳʜʝʣʝʥʦ ʪʨʠ ʧʘʣʠʥʦʟʦʥʳ (ʨʠʩʫʥʦʢ 18). 

 
ʈʠʩʫʥʦʢ 18 ï ʉʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ɿʠʤʥʷʢʦʚʩʢʦʛʦ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʦʧʝʩʯʘʥʝʥʥʘʷ ʛʠʪʪʠʷ, 2 ï ʛʠʪʪʠʷ 

ʇʘʣʠʥʦʟʦʥʘ 1 (373-359 ʩʤ). ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʚ 

ʢʦʣʦʥʢʝ ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ (Pinus sp., Picea sp., Betula sp.) (>90%). ɺ 

ʧʘʣʠʥʦʟʦʥʝ 1 ʩʨʝʜʠ ʜʝʨʝʚʴʝʚ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ Pinus sp. (ʜʦ 52%) ʠ Picea sp. (ʩʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ 30%, ʩ ʧʠʢʦʤ 44%). ɼʦʣʷ ʧʳʣʴʮʳ Betula sp. ʩʦʩʪʘʚʣʷʝʪ 10-14%. ʉʦʜʝʨʞʘʥʠʝ 
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ʧʳʣʴʮʳ Alnus glutinosa ʩʦʩʪʘʚʣʷʝʪ 4-7%. ʇʳʣʴʮʘ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʩʪʘʙʠʣʴʥʦ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʧʘʣʠʥʦʟʦʥʳ 1; ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ Ulmus sp. (>1%), 

ʨʝʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Corylus avellana, Carpinus sp., Fraxinus sp., Quercus sp., Tilia sp. 

ʉʨʝʜʠ ʢʫʩʪʘʨʥʠʢʦʚ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Betula nana (1-2%, ʧʠʢ 7% ʚ ʥʘʯʘʣʝ ʧʘʣʠʥʦʟʦʥʳ), 

ʨʝʞʝ Salix sp. ʉʨʝʜʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ Poaceae, Cyperaceae, 

Rosaceae, Ranunculaceae, Artemisia sp., ʦʜʥʘʢʦ ʩʦʜʝʨʞʘʥʠʝ ʢʘʞʜʦʛʦ ʪʘʢʩʦʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 

1%. ʉʨʝʜʠ ʤʘʢʨʦʬʠʪʦʚ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Stratiotes sp., Polygonum amphibium ʠ 

Potamogeton sp. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʶʪ ʩʧʦʨʳ Sphagnum sp. (ʜʦ 1,5%); 

ʩʧʦʨʳ ʜʨʫʛʠʭ ʨʘʩʪʝʥʠʡ ʚʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʦ. ɺ ʧʘʣʠʥʦʟʦʥʝ 1 ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ 

ʚʩʪʨʝʯʘʶʪʩʷ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ Pediastrum sp.  

ʇʘʣʠʥʦʟʦʥʘ 2 (359-320 ʩʤ). ɺ ʜʘʥʥʦʡ ʧʘʣʠʥʦʟʦʥʝ ʚ ʜʨʝʚʝʩʥʦʤ ʷʨʫʩʝ ʩʦʭʨʘʥʷʝʪʩʷ 

ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʨʦʣʴ ʧʳʣʴʮʳ Pinus sp. (38-45%). ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ Picea sp. 

ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʘʣʠʥʦʟʦʥʳ (ʩ 17-19% ʜʦ 14-15%). ɼʦʣʷ ʧʳʣʴʮʳ 

Betula sp. ʥʘʦʙʦʨʦʪ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ 15% ʚ ʥʘʯʘʣʝ ʧʘʣʠʥʦʟʦʥʳ 2 ʜʦ 

20-24% ʚ ʢʦʥʮʝ. ʇʦʜʦʙʥʘʷ ʜʠʥʘʤʠʢʘ ʤʝʞʜʫ ʵʪʠʤʠ ʧʦʨʦʜʘʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʜʨʫʛʠʭ 

ʨʘʟʨʝʟʘʭ ʥʘ ʦ. ɺʘʣʘʘʤ. ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ Alnus glutinosa ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 9-13% ʧʦ ʧʘʣʠʥʦʟʦʥʝ 2. ʂʦʥʮʝʥʪʨʘʮʠʷ ʠ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʧʳʣʴʮʳ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʦʩʪʘʝʪʩʷ ʥʘ ʧʨʝʞʥʝʤ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʧʨʝʦʙʣʘʜʘʝʪ 

ʧʳʣʴʮʘ Corylus avellana, Ulmus sp. ʠ Quercus sp. ɼʦʣʷ ʧʳʣʴʮʳ ʢʫʩʪʘʨʥʠʢʦʚ Betula nana (1-

1,5%) ʠ Salix sp. (>1%) ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. ɺʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Alnus incana (>1%), 

ʝʜʠʥʠʯʥʦ ï ʧʳʣʴʮʘ Juniperus sp. ʈʘʟʥʦʦʙʨʘʟʠʝ ʠ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʧʳʣʴʮʳ ʠ ʩʧʦʨ ʦʩʪʘʣʴʥʳʭ 

ʛʨʫʧʧ ʟʘʤʝʪʥʦ ʧʦʚʳʰʘʝʪʩʷ ʚ ʧʘʣʠʥʦʟʦʥʝ 2. ʉʨʝʜʠ ʪʨʘʚ ʠ ʢʫʩʪʘʨʥʠʯʢʦʚ ʧʨʝʦʙʣʘʜʘʝʪ 

ʧʳʣʴʮʘ ʨʘʟʥʦʪʨʘʚʴʷ, ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚ Poaceae (1-1,5%), Cyperaceae (ʟʜʝʩʴ ʠ ʜʘʣʝʝ 

>1%), Ranunculaceae, Rosaceae, Fabaceae, Artemisia sp. ʠ Carex sp. ʈʝʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ 

Caryophyllaceae, Chenopodiaceae, Scrophyllariaceae, Rumex sp., Ranunculus sp. ʉʨʝʜʠ 

ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ Myriophyllum sp. ʠ Hydrocharis sp., ʨʝʞʝ ʦʪʤʝʯʝʥʘ 

ʧʳʣʴʮʘ Nuphar lutea, Polygonum amphibium, Potamogeton sp., ʨʦʛʦʟʦʚ (Typha latifolia, T. 

angustifolia). ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʶʪ ʩʧʦʨʳ Sphagnum sp. (>1%), ʪʘʢʞʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʩʧʦʨʳ Bryales, Dicranum sp., Botrychium sp., Equisetum sp., Polypodiaceae 

(ʚʢʣʶʯʘʷ Polypodium sp.). ʉʦʜʝʨʞʘʥʠʝ Pediastrum sp. ʚ ʧʘʣʠʥʦʟʦʥʝ 2 ʧʦʩʪʝʧʝʥʥʦ ʟʘʤʝʪʥʦ 

ʩʥʠʞʘʝʪʩʷ ʜʦ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ; ʚʦʟʨʘʩʪʘʝʪ ʜʦʣʷ Botryococcus sp. 

ʇʘʣʠʥʦʟʦʥʘ 3 (320-276 ʩʤ). ɺ ʧʘʣʠʥʦʟʦʥʝ ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ Pinus sp. (45-50%) ʠ 

Betula sp. (ʚ ʩʨʝʜʥʝʤ 30%). ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ Picea sp. ʥʠʟʢʦʝ, ʦʥʦ ʩʥʠʞʘʝʪʩʷ ʦʪ 9-10% 

ʚ ʥʘʯʘʣʝ ʧʘʣʠʥʦʟʦʥʳ ʜʦ 5-6% ʚ ʝʝ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ. ɼʦʣʷ ʧʳʣʴʮʳ Alnus glutinosa ʥʝʤʥʦʛʦ 

ʩʥʠʞʘʝʪʩʷ (ʚ ʩʨʝʜʥʝʤ 9%). ʂʦʥʮʝʥʪʨʘʮʠʷ ʠ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʧʳʣʴʮʳ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ 
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ʧʦʨʦʜ ʪʘʢʞʝ ʧʘʜʘʝʪ. ɽʜʠʥʠʯʥʦ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Acer sp. ʉʦʜʝʨʞʘʥʠʝ Salix sp. ʦʩʪʘʝʪʩʷ 

ʧʨʝʞʥʠʤ (>1%), ʪʘʢʞʝ ʩʨʝʜʠ ʢʫʩʪʘʨʥʠʢʦʚ ʝʜʠʥʠʯʥʦ ʚʩʪʨʝʯʝʥʘ ʧʳʣʴʮʘ Frangula sp. ʠ 

Juniperus sp. ʊʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʧʳʣʴʮʳ ʠ ʩʧʦʨ ʦʩʪʘʣʴʥʳʭ 

ʛʨʫʧʧ ʚ ʮʝʣʦʤ ʥʝ ʤʝʥʷʝʪʩʷ. ʉʨʝʜʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ ʨʘʟʥʦʪʨʘʚʴʷ, 

Poaceae (1%, ʜʦ 2-2,5% ʚ ʢʦʥʮʝ ʧʘʣʠʥʦʟʦʥʳ 3), Cyperaceae (ʚʢʣʶʯʘʷ Carex sp.), 

Ranunculaceae, Rosaceae, Fabaceae, Artemisia sp., Rumex sp. (ʜʦ 1,5%). ʏʘʱʝ ʚʩʪʨʝʯʘʝʪʩʷ 

ʧʳʣʴʮʘ Ericaceae, ʘ ʪʘʢʞʝ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʧʘʣʠʥʦʟʦʥʳ 3 ʧʦʷʚʣʷʝʪʩʷ ʧʳʣʴʮʘ 

ʢʫʣʴʪʫʨʥʳʭ ʟʣʘʢʦʚ Cerealia. ʉʨʝʜʠ ʤʘʢʨʦʬʠʪʦʚ ʢ ʢʦʥʮʫ ʧʘʣʠʥʦʟʦʥʳ 3 ʚʦʟʨʘʩʪʘʝʪ 

ʩʦʜʝʨʞʘʥʠʝ ʠ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʧʳʣʴʮʳ Potamogeton sp., ʪʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ 

Myriophyllum sp. (ʠʩʯʝʟʘʝʪ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʧʘʣʠʥʦʟʦʥʳ 3), Polygonum amphibium, 

Typha latifolia. ɽʜʠʥʠʯʥʦ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Scirpus sp. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ 

ʧʨʝʦʙʣʘʜʘʶʪ ʩʧʦʨʳ Sphagnum sp. (ʜʦ 1%), Bryales (ʜʦ 1%), Polypodiaceae (ʚʢʣʶʯʘʷ 

Polypodium sp.) ʠ Lycopodium sp. ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ Pediastrum sp. ʩʧʦʨʘʜʠʯʝʩʢʠ 

ʦʪʤʝʯʝʥʳ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ, Botryococcus sp. ʩʪʘʙʠʣʴʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʘʣʠʥʦʟʦʥʝ 

3. ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʧʘʣʠʥʦʟʦʥʳ 3 ʧʦʷʚʣʷʶʪʩʷ ʩʧʦʨʳ ʛʨʠʙʦʚ Glomus. 

ʆʟʝʨʦ ɸʥʪʦʥʠʝʚʩʢʦʝ. ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʩʪʨʦʝʥʘ 

ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ, ʥʘ ʢʦʪʦʨʦʡ ʚʳʜʝʣʝʥʦ ʯʝʪʳʨʝ ʧʘʣʠʥʦʟʦʥʳ (ʨʠʩʫʥʦʢ 19).  

ʇʘʣʠʥʦʟʦʥʘ 1 (463-449 ʩʤ). ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʨʘʟʨʝʟʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʦʙʣʘʜʘʝʪ 

ʧʳʣʴʮʘ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ (Pinus sp., Picea sp., Betula sp.). ɺ ʧʘʣʠʥʦʟʦʥʝ 1 ʚʚʠʜʫ 

ʥʝʚʳʩʦʢʦʛʦ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʳʣʴʮʳ ʚ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʜʦʣʠ ʧʳʣʴʮʳ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ (ʜʦ 19%). ʉʨʝʜʠ ʜʝʨʝʚʴʝʚ ʚ ʜʘʥʥʦʡ ʧʘʣʠʥʦʟʦʥʝ 

ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ Pinus sp. (45%). ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ Picea sp.  ʩʦʩʪʘʚʣʷʝʪ 10-13%, 

Betula sp. ï 7-15%. ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ Alnus glutinosa ʩʦʩʪʘʚʣʷʝʪ 7-10%. ɼʦʣʷ ʧʳʣʴʮʳ 

Betula nana ʩʦʩʪʘʚʣʷʝʪ 4%. ʉʨʝʜʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ Corylus 

avellana (2%), ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Ulmus sp., ʨʝʞʝ Carpinus sp., Fraxinus sp., Quercus sp. 

ʉʨʝʜʠ ʢʫʩʪʘʨʥʠʢʦʚ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Alnus incana ʠ Salix sp. ɺ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ 

ʷʨʫʩʝ ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ Artemisia sp. (2-5%), Chenopodiaceae (1-4%), 

Cyperaceae (1-2%), Poaceae (1%), Ranunculaceae ʠ Rosaceae; ʪʘʢʞʝ ʚʝʣʠʢʘ ʨʦʣʴ ʨʘʟʥʦʪʨʘʚʴʷ 

(2-4%). ʇʳʣʴʮʘ ʤʘʢʨʦʬʠʪʦʚ ʝʜʠʥʠʯʥʦ ʦʪʤʝʯʝʥʘ ʚ ʢʦʥʮʝ ʧʘʣʠʥʦʟʦʥʳ (Potamogeton sp.). 

ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʶʪ ʩʧʦʨʳ Bryales (1-2%), Sphagnum sp. (1-2%) ʠ 

Polypodiaceae. ɽʜʠʥʠʯʥʦ ʦʪʤʝʯʝʥʳ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ Pediastrum sp. 

ʇʘʣʠʥʦʟʦʥʘ 2 (449-394 ʩʤ). ɺ ʜʘʥʥʦʡ ʧʘʣʠʥʦʟʦʥʝ ʚʦʟʨʘʩʪʘʝʪ ʩʦʜʝʨʞʘʥʠʝ Betula sp. 

(ʦʪ 15% ʚ ʥʘʯʘʣʝ ʟʦʥʳ ʜʦ 25-27% ʚ ʢʦʥʮʝ). ɼʦʣʷ ʩʦʩʥʳ ʥʝʤʥʦʛʦ ʩʥʠʞʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 

35-40%. ʉʦʜʝʨʞʘʥʠʝ Picea sp. ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʧʘʣʠʥʦʟʦʥʳ ʩʦʩʪʘʚʣʷʝʪ 20-22%, ʢ ʢʦʥʮʫ 

ʟʦʥʳ ʦʥʦ ʩʥʠʞʘʝʪʩʷ ʜʦ 6-11%. ɼʦʣʷ ʧʳʣʴʮʳ Alnus glutinosa ʩʦʩʪʘʚʣʷʝʪ 8-14%. ɼʦʣʷ 
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ʧʳʣʴʮʳ Betula nana ʩʦʩʪʘʚʣʷʝʪ 4-6%. ʇʳʣʴʮʘ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʦʪʤʝʯʘʝʪʩʷ 

ʩʪʘʙʠʣʴʥʦ ʧʦ ʚʩʝʡ ʧʘʣʠʥʦʟʦʥʝ; ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ Corylus avellana, Quercus sp. ʠ Ulmus 

sp., ʨʝʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Carpinus sp., Fraxinus sp., Tilia sp. ʉʨʝʜʠ ʢʫʩʪʘʨʥʠʢʦʚ 

ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Salix sp., Alnus incana, Frangula sp., Juniperus sp. ʉʨʝʜʠ ʪʨʘʚʷʥʳʭ 

ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ Poaceae, Cyperaceae, Ranunculaceae 

(ʚʢʣʶʯʘʷ Ranunculus sp.), Rosaceae, Artemisia sp., ʨʘʟʥʦʪʨʘʚʴʷ. ʇʳʣʴʮʘ ʤʘʢʨʦʬʠʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʘ Hydrocharis sp., Nuphar lutea, Nymphaea candida, Polygonum amphibium, 

Potamogeton sp., ʨʝʞʝ Lemna sp., Myriophyllum sp., Nuphar pumila, Typha latifolia. ʉʨʝʜʠ 

ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʚʩʪʨʝʯʘʶʪʩʷ ʩʧʦʨʳ Bryales, Polypodiaceae (ʚʢʣʶʯʘʷ Polypodium sp.), 

Sphagnum sp., Lycopodium sp. (ʚʢʣʶʯʘʷ Lycopodium annotinum), Equisetum sp. ʠ ʜʨ., ʚʦ 

ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʟʦʥʳ ʧʦʷʚʣʷʶʪʩʷ ʩʧʦʨʳ Botrichium sp. ʉʦʜʝʨʞʘʥʠʝ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ 

Pediastrum sp. ʚ ʥʘʯʘʣʝ ʟʦʥʳ ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʦ, ʟʘʪʝʤ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ. ʇʦʷʚʣʷʶʪʩʷ 

Botryococcus sp., ʠʭ ʨʦʣʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʧʘʣʠʥʦʟʦʥʳ. 

 

ʈʠʩʫʥʦʢ 19 ï ʉʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ɸʥʪʦʥʠʝʚʩʢʦʛʦ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʛʣʠʥʘ, 2 ï ʦʧʝʩʯʘʥʝʥʥʘʷ ʛʠʪʪʠʷ, 3 ï ʛʠʪʪʠʷ 

ʇʘʣʠʥʦʟʦʥʘ 3 (394-367 ʩʤ). ʇʳʣʴʮʘ Pinus sp. ʜʦʤʠʥʠʨʫʝʪ, ʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʩʦʩʪʘʚʣʷʝʪ 45-50% (ʧʠʢ 60% ʚ ʢʦʥʮʝ ʧʘʣʠʥʦʟʦʥʳ). ʉʦʜʝʨʞʘʥʠʝ Picea sp. ʦʩʪʘʝʪʩʷ 

ʥʝʚʳʩʦʢʠʤ (ʚ ʩʨʝʜʥʝʤ 5-9%), ʥʦ ʢ ʢʦʥʮʫ ʟʦʥʳ ʢʨʘʪʢʦʩʨʦʯʥʦ ʧʦʚʳʰʘʝʪʩʷ ʜʦ 13-20%. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʴʮʳ Betula sp. ʩʦʩʪʘʚʣʷʝʪ 25%, ʩʥʠʞʘʷʩʴ ʜʦ 12% ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʧʳʣʴʮʳ ʝʣʠ ʚ ʢʦʥʮʝ ʟʦʥʳ. ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ Alnus glutinosa ʥʝʤʥʦʛʦ 

ʧʘʜʘʝʪ (6-8%). ʈʦʣʴ ʧʳʣʴʮʳ Betula nana ʚ ʮʝʣʦʤ ʩʥʠʞʘʝʪʩʷ (4%). ɺʩʪʨʝʯʘʝʤʦʩʪʴ ʧʳʣʴʮʳ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʫʤʝʥʴʰʘʝʪʩʷ, ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Ulmus sp., Carpinus sp., Fraxinus 

sp., Quercus sp., Corylus avellana ʠ ʚʧʝʨʚʳʝ Tilia sp. (>1%). ʉʨʝʜʠ ʢʫʩʪʘʨʥʠʢʦʚ ʦʪʤʝʯʝʥʘ 

ʧr ʣʴʮʘ Salix sp., Alnus incana, ʨʝʞʝ Frangula sp., Juniperus sp. ɺ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ 
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ʷʨʫʩʝ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ ʩʝʤʝʡʩʪʚ Poaceae, Ranunculaceae (ʚʢʣʶʯʘʷ Ranunculus sp.), 

ʨʘʟʥʦʪʨʘʚʴʷ; ʪʘʢʞʝ ʚʩʪʨʝʯʝʥʘ ʧʳʣʴʮʘ Cyperaceae, Chenopodiaceae, Rosaceae, Rumex sp. 

ʉʨʝʜʠ ʧʳʣʴʮʳ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʶʪ Myriophyllum sp., Nuphar lutea, Polygonum 

amphibium; ʦʪʤʝʯʝʥʳ Hydrocharis sp., Nymphaea candida, Potamogeton sp., Lemna sp., Typha 

latifolia. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʶʪ ʩʧʦʨʳ Bryales, Polypodiaceae, Sphagnum 

sp. ɼʦʣʷ Botryococcus sp. ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʘʷ, Pediastrum sp. ʚʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʦ. 

ʆʟʝʨʦ ɺʠʪʘʣʴʝʚʩʢʦʝ. ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʩʪʨʦʝʥʘ 

ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ, ʥʘ ʢʦʪʦʨʦʡ ʚʳʜʝʣʝʥʦ ʰʝʩʪʴ ʧʘʣʠʥʦʟʦʥ (ʨʠʩʫʥʦʢ 20). 

ʇʘʣʠʥʦʟʦʥʘ 1 (420-393 ʩʤ). ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʨʘʟʨʝʟʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʧʘʣʠʥʦʟʦʥʳ 5, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ (>90%), ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ï Pinus sp. ʠ Picea sp.; 

ʩʫʱʝʩʪʚʝʥʥʘ ʨʦʣʴ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ Betula sp. ʠ Alnus glutinosa. ɺ ʧʘʣʠʥʦʟʦʥʝ 1 

ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ Pinus sp. ʠ Picea sp. (30-35% ʠ 20-40% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʈʦʣʴ ʧʳʣʴʮʳ 

Betula sp. ʥʝʚʳʩʦʢʘ (ʚ ʩʨʝʜʥʝʤ 12%). ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ Alnus glutinosa ʩʦʩʪʘʚʣʷʝʪ 7-

15%; ʜʦʣʷ ʧʳʣʴʮʳ Betula nana ï 2-8%. ʉʨʝʜʠ ʢʫʩʪʘʨʥʠʢʦʚ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Alnus incana. 

ʉʨʝʜʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ Corylus avellana, ʚʩʪʨʝʯʘʝʪʩʷ 

ʧʳʣʴʮʘ Ulmus sp. Carpinus sp., Fraxinus sp., Quercus sp., Tilia sp. ʊʘʢʩʦʥʦʤʠʯʝʩʢʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʨʝʜʠ ʪʨʘʚ ʠ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʥʝʚʳʩʦʢʦʝ. ɺ ʪʨʘʚʷʥʦʤ ʷʨʫʩʝ ʧʨʝʦʙʣʘʜʘʝʪ 

ʧʳʣʴʮʘ ʨʘʟʥʦʪʨʘʚʴʷ, ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ Poaceae, Cyperaceae, Ranunculaceae, Rosaceae, 

Chenopodiaceae, Artemisia sp. ʉʨʝʜʠ ʤʘʢʨʦʬʠʪʦʚ ʚʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ Polygonum 

amphibium. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Sphagnum sp., Bryales, Polypodium 

sp., Equisetum sp., Lycopodium sp. ɺʩʪʨʝʯʘʶʪʩʷ Pediastrum sp., ʚ ʢʦʥʮʝ ʟʦʥʳ ʧʦʷʚʣʷʶʪʩʷ 

Botryococcus sp. 

ʇʘʣʠʥʦʟʦʥʘ 2 (393-365 ʩʤ). ɼʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ Pinus sp. (50%, ʧʠʢ 60% ʚ ʥʘʯʘʣʝ 

ʟʦʥʳ). ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ Picea sp. ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ï ʦʥʦ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 20% ʜʦ 28%, 

ʫʚʝʣʠʯʠʚʘʷʩʴ ʜʦ 32-35% ʚ ʢʦʥʮʝ ʧʘʣʠʥʦʟʦʥʳ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʴʮʳ Betula sp. ʩʦʩʪʘʚʣʷʝʪ 

ʚ ʩʨʝʜʥʝʤ 6-8%, ʦʪʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʦʩʪʠʛʘʶʪ 11-12%; ʜʦʣʷ ʧʳʣʴʮʳ Alnus glutinosa 

ʩʦʩʪʘʚʣʷʝʪ 4-6%. ʈʦʣʴ ʧʳʣʴʮʳ Alnus incana ʠ Betula nana ʥʝʚʝʣʠʢʘ (ʧʠʢʠ ʜʦ 2% ʠ 3% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʳʣʴʮʘ Salix sp. ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʛʦ ʨʘʟʨʝʟʘ. ʉʨʝʜʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʩʪʘʙʠʣʴʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʳʣʴʮʘ Corylus 

avellana, Carpinus sp., Fraxinus sp., Quercus sp., Tilia sp., Ulmus sp. (>1%). ʊʘʢʩʦʥʦʤʠʯʝʩʢʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʦʙʠʣʠʝ ʧʳʣʴʮʳ ʜʨʫʛʠʭ ʛʨʫʧʧ ʨʘʩʪʝʥʠʡ ʥʝʚʝʣʠʢʦ. ɺ ʪʨʘʚʷʥʦ-

ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ʷʨʫʩʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʳʣʴʮʘ ʨʘʟʥʦʪʨʘʚʴʷ, ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚ 

Poaceae, Cyperaceae, Rosaceae, Ranunculaceae, Chenopodiaceae ʠ ʨʦʜʦʚ Artemisia sp., 

Ranunculus sp. ʉʨʝʜʠ ʤʘʢʨʦʬʠʪʦʚ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Potamogeton sp., ʝʜʠʥʠʯʥʦ Sparganium 
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sp. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʩʪʨʝʯʝʥʳ ʩʧʦʨʳ Bryales, ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

Polypodiaceae, Polypodium sp., Sphagnum sp., Lycopodium sp. ʇʨʠʩʫʪʩʪʚʫʶʪ ʟʝʣʝʥʳʝ 

ʚʦʜʦʨʦʩʣʠ Botryococcus sp. ʠ Pediastrum sp. 

 

ʈʠʩʫʥʦʢ 20 ï ʉʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ɺʠʪʘʣʴʝʚʩʢʦʛʦ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʧʝʩʦʢ, 2 ï ʦʧʝʩʯʘʥʝʥʥʳʡ ʘʣʝʚʨʠʪ, 3 ï ʘʣʝʚʨʠʪʦʚʘʷ ʛʠʪʪʠʷ, 4 ï 

ʛʠʪʪʠʷ, 5 - ʥʘʠʣʦʢ 

ʇʘʣʠʥʦʟʦʥʘ 3 (365-307 ʩʤ). ʈʦʣʴ ʧʳʣʴʮʳ ʟʘʤʝʪʥʦ Picea sp. ʚʦʟʨʘʩʪʘʝʪ, ʚ ʜʘʥʥʦʡ 

ʟʦʥʝ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʜʦʤʠʥʠʨʫʶʪ ʭʚʦʡʥʳʝ ʧʦʨʦʜʳ ï ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʣʝʙʣʶʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 28-56% ʫ Pinus sp. ʠ 32-56% ʫ Picea sp. ɼʦʣʷ ʧʳʣʴʮʳ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ 

Betula sp. ʠ Alnus glutinosa ʩʥʠʞʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 3-4% ʠ 2-3% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʦʜʥʘʢʦ ʚ ʢʦʥʮʝ ʟʦʥʳ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʚʳʰʘʝʪʩʷ ʜʦ 8% ʠ 6% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʠʣʠʝ 

ʧʳʣʴʮʳ Betula nana ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝʚʝʣʠʢʦ, ʦʜʥʘʢʦ ʢ ʢʦʥʮʫ ʟʦʥʳ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʜʦ 

5%). ʈʦʣʴ ʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʩʦʭʨʘʥʷʝʪʩʷ, ʩʨʝʜʠ ʥʠʭ 

ʧʨʝʦʙʣʘʜʘʝʪ Ulmus sp. ʠ Corylus avellana. ʈʘʟʥʦʦʙʨʘʟʠʝ ʠ ʦʙʠʣʠʝ ʧʳʣʴʮʳ ʚ ʪʨʘʚʷʥʦʤ ʷʨʫʩʝ 

ʚʦʟʨʘʩʪʘʝʪ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚ Poaceae, Cyperaceae, 

Ranunculaceae, ʨʦʜʦʚ Artemisia sp., Ranunculus sp. ɺʩʪʨʝʯʘʝʪʩʷ ʧʳʣʴʮʘ ʨʘʟʥʦʪʨʘʚʴʷ ï 

Caryophyllaceae, Cichoriaceae, ʙʦʣʦʪʥʳʭ ʢʫʩʪʘʨʥʠʯʢʦʚ Ericaceae. ʇʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ 

ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʥʝʚʝʣʠʢʘ, ʦʜʥʘʢʦ ʧʦʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʘʷ ʢʨʠʚʘʷ ʧʳʣʴʮʳ Myriophyllum 

sp., ʝʜʠʥʠʯʥʦ ʚʩʪʨʝʯʝʥʘ ʧʳʣʴʮʘ Potamogeton sp. ɺʦʟʨʘʩʪʘʝʪ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʠ ʦʙʠʣʠʝ ʩʧʦʨ ï 

ʧʨʝʦʙʣʘʜʘʶʪ Bryales, Polypodiaceae (ʚʢʣʶʯʘʷ Polypodium sp.), Sphagnum sp. ʅʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʟʦʥʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʧʦʨʳ Lycopodium sp. (ʚ ʪ. ʯ. L. annotinum, ʨʝʞʝ L. 

clavatum). ɿʘʤʝʪʥʦ ʧʦʚʳʰʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ Botryococcus sp. ʠ Pediastrum sp. 

ʇʘʣʠʥʦʟʦʥʘ 4 (307-245 ʩʤ). ɼʦʤʠʥʠʨʫʶʱʘʷ ʨʦʣʴ ʧʳʣʴʮʳ Pinus sp. ʩʦʭʨʘʥʷʝʪʩʷ, ʝʝ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʤʥʦʛʦ ʩʥʠʞʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 32-37%, ʦʪʜʝʣʴʥʳʝ ʧʠʢʠ 
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ʜʦʩʪʠʛʘʶʪ 47%. ɼʦʣʷ ʧʳʣʴʮʳ Picea sp. ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʜʦʩʪʠʛʘʷ ʟʥʘʯʝʥʠʡ 10-

14% ʢ ʢʦʥʮʫ ʟʦʥʳ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʴʮʳ Betula sp., ʥʘʧʨʦʪʠʚ, ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʝʪ ï ʩ 11% 

ʚ ʥʘʯʘʣʝ ʟʦʥʳ ʜʦ ʦʪʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 26-27% ʚ ʢʦʥʮʝ. ʈʦʣʴ ʧʳʣʴʮʳ Alnus glutinosa ʪʘʢʞʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ï ʦʪ 6-8% ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ ʟʦʥʳ ʜʦ 13% ʢ ʛʨʘʥʠʮʝ ʩ ʧʘʣʠʥʦʟʦʥʦʡ 4 

(ʦʪʜʝʣʴʥʳʝ ʧʠʢʠ ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʝʥʠʡ 17% ʠ 27%). ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʴʮʳ Betula nana 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ 8-9%, ʦʙʠʣʠʝ ʧʳʣʴʮʳ Alnus incana ʠ Salix sp. ʪʘʢʞʝ ʧʦʚʳʰʘʝʪʩʷ. ʉʨʝʜʠ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʜʝʨʝʚʴʝʚ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʘʷ ʨʦʣʴ ʧʳʣʴʮʳ Corylus 

avellana ʠ Ulmus sp., ʪʘʢʞʝ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Carpinus sp. ʠ Fraxinus sp. ɺʩʪʨʝʯʘʝʤʦʩʪʴ 

ʧʳʣʴʮʳ Tilia sp. ʧʘʜʘʝʪ, ʘ ʢʨʠʚʘʷ ʧʳʣʴʮʳ Quercus sp. ʠʩʯʝʟʘʝʪ ʢ ʩʝʨʝʜʠʥʝ ʟʦʥʳ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʴʮʳ ʩʨʝʜʠ ʪʨʘʚʷʥʳʭ ʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ, ʵʪʦ 

ʦʪʨʘʞʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʠʭ ʜʦʣʠ ʚ ʦʙʱʝʤ ʩʦʦʪʥʦʰʝʥʠʠ ʛʨʫʧʧ ʨʘʩʪʝʥʠʡ ʚ ʧʝʨʚʦʡ 

ʚʦʣʦʚʠʥʝ ʟʦʥʳ ï ʜʦ 5-6% ʠ 5-8% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʚʳʰʘʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʘʢʩʦʥʦʚ ʚ 

ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ʷʨʫʩʝ, ʢ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʪʘʢʩʦʥʘʤ ʜʦʙʘʚʣʷʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

Brassicaceae ʠ Polygonum sp. ʇʦʚʳʰʘʝʪʩʷ ʨʦʣʴ ʧʳʣʴʮʳ ʨʘʟʥʦʪʨʘʚʴʷ, Cyperaceae, 

Ranunculaceae ʠ Artemisia sp. ʅʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ, 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʠ ʦʙʠʣʠʷ ʧʳʣʴʮʳ ʤʘʢʨʦʬʠʪʦʚ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʟʦʥʳ ʜʦʤʠʥʠʨʫʝʪ 

ʧʳʣʴʮʘ Hydrocharis sp., Potamogeton sp. ʂ ʩʝʨʝʜʠʥʝ ʟʦʥʳ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ Nuphar lutea, ʘ 

ʢʨʠʚʘʷ Myriophyllum sp. ʧʦʩʪʝʧʝʥʥʦ ʠʩʯʝʟʘʝʪ. ʊʘʢʞʝ ʚʩʪʨʝʯʝʥʘ ʧʳʣʴʮʘ Alisma sp., 

Sparganium sp., ʝʜʠʥʠʯʥʦ Nymphaea candida, Iris pseudacorus, Typha latifolia. ʈʘʟʥʦʦʙʨʘʟʠʝ 

ʩʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʩʦʭʨʘʥʷʝʪʩʷ, ʧʦʚʳʰʘʝʪʩʷ ʦʙʠʣʠʝ ʩʧʦʨ Bryales, ʚ ʧʝʨʚʦʡ 

ʧʦʣʦʚʠʥʝ ʟʦʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʧʦʨ Equisetum sp. ʂ ʢʦʥʮʫ ʟʦʥʳ ʟʘʤʝʪʥʦ 

ʩʥʠʞʘʝʪʩʷ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ Pediastrum sp. ʇʦʷʚʣʷʶʪʩʷ ʩʧʦʨʳ ʛʨʠʙʦʚ 

Glomus, ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢ ʢʦʥʮʫ ʟʦʥʳ. 

ʇʘʣʠʥʦʟʦʥʘ 5 (245-202 ʩʤ). ɺʳʩʦʢʘʷ ʜʦʣʷ ʧʳʣʴʮʳ Betula sp. ʩʦʭʨʘʥʷʝʪʩʷ, ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʟʦʥʳ ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 25%. ʇʳʣʴʮʘ Pinus sp. ʧʦ-

ʧʨʝʞʥʝʤʫ ʜʦʤʠʥʠʨʫʝʪ ʩʨʝʜʠ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ, ʦʜʥʘʢʦ ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʥʠʞʘʝʪʩʷ ʦʪ 37-

40% ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʟʦʥʳ ʜʦ 27% ʚ ʢʦʥʮʝ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʴʮʳ Picea sp. ʧʘʜʘʝʪ ʜʦ 8-

11%, ʦʪʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʩʝʨʝʜʠʥʝ ʟʦʥʳ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 3-5%. ɼʦʣʷ ʧʳʣʴʮʳ Alnus 

glutinosa ʦʩʪʘʝʪʩʷ ʥʘ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 6% ʜʦ 12% ʥʘ ʙʦʣʴʰʝʡ 

ʯʘʩʪʠ ʧʘʣʠʥʦʟʦʥʳ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʴʮʳ Betula nana ʪʘʢʞʝ ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʘ (7-10%). 

ɺʩʪʨʝʯʘʝʤʦʩʪʴ ʠ ʦʙʠʣʠʝ ʧʳʣʴʮʳ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʧʳʣʴʮʘ 

Carpinus sp., Fraxinus sp., Tilia sp. ʠʩʯʝʟʘʝʪ ʢ ʩʝʨʝʜʠʥʝ ʟʦʥʳ. ʂʨʠʚʘʷ ʧʳʣʴʮʳ Ulmus sp. 

ʧʦʩʪʝʧʝʥʥʦ ʧʨʝʨʳʚʘʝʪʩʷ ʠ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʟʦʥʳ ʚʩʪʨʝʯʝʥʘ ʝʜʠʥʠʯʥʦ. ɺʩʪʨʝʯʘʝʤʦʩʪʴ 

Corylus avellana ʠ Salix sp. ʪʘʢʞʝ ʩʥʠʞʘʝʪʩʷ ʢ ʢʦʥʮʫ ʟʦʥʳ, ʝʜʠʥʠʯʥʦ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ 

Frangula sp. ɺ ʧʘʣʠʥʦʟʦʥʝ 4 ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ 
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ʛʨʫʧʧʘʤʠ ʨʘʩʪʝʥʠʡ. ʈʦʣʴ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʦʣʷ ʪʨʘʚ 

ʧʦʚʳʰʘʝʪʩʷ ʜʦ 8-12%, ʘ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʧʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʜʦʩʪʠʛʘʶʪ 18%, 30%, 60%. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʴʮʳ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ 

Poaceae ʚ ʧʝʨʚʦʡ ʚʦʣʦʚʠʥʝ ʟʦʥʳ ï ʜʦ 2-8% ʩ ʦʪʜʝʣʴʥʳʤʠ ʧʠʢʘʤʠ ʜʦ 14%, 27%, 59%. 

ʆʙʱʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʳʣʴʮʳ ʪʨʘʚʷʥʦʛʦ ʷʨʫʩʘ ʥʝʤʥʦʛʦ ʩʥʠʞʘʝʪʩʷ, ʢ ʧʨʝʦʙʣʘʜʘʶʱʠʤ 

ʪʘʢʩʦʥʘʤ ʪʘʢʞʝ ʦʪʥʦʩʠʪʩʷ ʧʳʣʴʮʘ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʘʟʥʦʪʨʘʚʴʷ, Cyperaceae, Primulaceae, 

Ranunculaceae, Rosaceae, Ericaceae, Artemisia sp., Primula sp., Ranunculus sp.; ʚ ʤʝʥʴʰʝʡ 

ʤʝʨʝ ï Chenopodiaceae, Polygonum sp. ʉʨʝʜʠ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ 

Hydrocharis sp., ʢʨʠʚʘʷ ʢʦʪʦʨʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʝʨʳʚʥʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʧʘʣʠʥʦʟʦʥʳ. 

ʊʘʢʞʝ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ Nuphar lutea, Nymphaea candida, Potamogeton sp.; ʝʜʠʥʠʯʥʦ 

ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Iris pseudacorus, Lemna sp. ʠ Typha latifolia. ʊʘʢʩʦʥʦʤʠʯʝʩʢʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʩʦʭʨʘʥʷʝʪʩʷ, ʜʦʤʠʥʠʨʫʶʪ ʩʧʦʨʳ Equisetum sp., 

Polypodium sp., Bryales, Sphagnum sp., Polypodiaceae. ɺʩʪʨʝʯʝʥʳ ʩʧʦʨʳ Dicranum sp., 

Lycopodium sp. (ʚʢʣʶʯʘʷ L. clavatum), ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʟʦʥʳ ʧʦʷʚʣʷʶʪʩʷ ʩʧʦʨʳ 

Dryopteris sp. ʂʨʠʚʘʷ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ Botryococcus sp. ʥʝʧʨʝʨʳʚʥʘ, ʝʜʠʥʠʯʥʦ 

ʦʪʤʝʯʝʥʳ ʚʦʜʦʨʦʩʣʠ Pediastrum sp. ʂʨʠʚʘʷ ʩʧʦʨ ʛʨʠʙʦʚ Glomus ʥʝʧʨʝʨʳʚʥʘ, ʠʭ ʦʙʠʣʠʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ, ʦʪʤʝʯʝʥʳ ʥʝʩʢʦʣʴʢʦ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ ʧʠʢʦʚ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʦʢʦʣʦ 600, 900 ʠ 1300 ʩʧʦʨ ʥʘ ʦʙʨʘʟʝʮ. 

ʇʘʣʠʥʦʟʦʥʘ 6 (202-195 ʩʤ). ɼʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ ʚʥʦʚʴ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʤʠʥʠʨʫʶʪ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʛʨʫʧʧʘʤʠ ʨʘʩʪʝʥʠʡ (>92%). ɼʦʣʷ ʧʳʣʴʮʳ Picea sp. 

ʩʠʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 22% ʜʦ 52%. ʇʳʣʴʮʘ Pinus sp. ʪʘʢʞʝ 

ʧʨʝʦʙʣʘʜʘʝʪ, ʝʝ ʟʥʘʯʝʥʠʷ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 28-44%. ʈʦʣʴ ʧʳʣʴʮʳ Betula sp. ʚ ʮʝʣʦʤ 

ʩʥʠʞʘʝʪʩʷ (6-14%, ʧʠʢ ʜʦ 26%), ʢʘʢ ʠ ʧʳʣʴʮʳ Alnus glutinosa (2-7%), Betula nana (>2%. 

ʧʠʢ ʜʦ 6%), Alnus incana (<1%). ʉʨʝʜʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Corylus 

avellana ʠ ʝʜʠʥʠʯʥʦ ʧʳʣʴʮʘ Ulmus sp. ɺʩʪʨʝʯʝʥʘ ʧʳʣʴʮʘ Salix sp. ʠ Juniperus sp. 

ʊʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʨʝʜʠ ʪʨʘʚ ʠ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʥʝʚʳʩʦʢʦʝ. ɺ ʪʨʘʚʷʥʦʤ 

ʷʨʫʩʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʳʣʴʮʘ ʨʘʟʥʦʪʨʘʚʴʷ, ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ Cyperaceae, Ranunculaceae, ʨʝʞʝ 

Poaceae, Rosaceae, Artemisia sp., Primula sp., Ranunculus sp. ʉʨʝʜʠ ʤʘʢʨʦʬʠʪʦʚ ʝʜʠʥʠʯʥʦ 

ʦʪʤʝʯʝʥʘ ʧʳʣʴʮʘ Hydrocharis sp., Lemna sp., Typha latifolia. ʈʘʟʥʦʦʙʨʘʟʠʝ ʩʨʝʜʠ ʩʧʦʨʦʚʳʭ 

ʨʘʩʪʝʥʠʡ ʩʦʭʨʘʥʷʝʪʩʷ, ʧʨʝʦʙʣʘʜʘʶʪ Polypodium sp., Sphagnum sp., Lycopodium sp., 

Polypodiaceae. ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ Botryococcus sp. ʠ Pediastrum sp. ʥʝ ʚʩʪʨʝʯʝʥʳ. ʉʧʦʨʳ 

ʛʨʠʙʦʚ Glomus ʧʨʠʩʫʪʩʪʚʫʶʪ ʝʜʠʥʠʯʥʦ. 
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ɻʃɸɺɸ 5. ʇɸʃɽʆʈɽʂʆʅʉʊʈʋʂʎʀʗ ʈɸʉʊʀʊɽʃʔʅʆʉʊʀ ʅɸ ʆʉʊʈʆɺɸʍ 

ʃʋʅʂʋʃɸʅʉɸɸʈʀ ʀ ɺɸʃɸɸʄ 

 

ɼʘʥʥʳʝ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʣʦʥʦʢ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʤʘʣʳʭ ʦʟʝʨ (ɻʣʘʚʘ 

4) ʧʦʟʚʦʣʠʣʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ ʥʘ 

ʦʩʪʨʦʚʘʭ ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʠ ɺʘʣʘʘʤ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʆʩʪʨʦʚ ʃʫʥʢʫʣʘʥʩʘʘʨʠ. 

ʆʟʝʨʦ ʂʫʡʢʢʘʣʘʤʧʠ. ʇʦ ʜʘʥʥʳʤ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʦʟ. ʂʫʡʢʢʘʣʘʤʧʠ (ʨʠʩʫʥʦʢ 13) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʣʠʩʴ ʩʦʩʥʦʚʳʝ ʠ ʝʣʦʚʦ-ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩ ʯʝʨʥʦʡ 

ʦʣʴʭʦʡ. ʇʦ ʚʩʝʤʫ ʨʘʟʨʝʟʫ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʧʦʨʦʜʦʡ ʷʚʣʷʝʪʩʷ ʩʦʩʥʘ, ʚ ʦʪʜʝʣʴʥʳʝ ʧʝʨʠʦʜʳ 

ʝʣʴ ʠ ʙʝʨʝʟʘ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʩʦʵʜʠʬʠʢʘʪʦʨʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʧʨʦʙ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ʂʫʡʢʢʘʣʘʤʧʠ (ʨʠʩʫʥʦʢ 12) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʢʨʫʞʘʶʱʝʡ 

ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʟʨʘʩʪʘʶʪ ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩ ʝʣʴʶ ʠ ʙʝʨʝʟʦʡ. 

ʅʠʞʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ (ʧʘʣʠʥʦʟʦʥʘ 1) ʦʪʥʦʩʠʪʩʷ ʢʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʩʫʙʙʦʨʝʘʣʘ 

(3350 ʢʘʣ. ʣ. ʥ.). ɺ ʵʪʦ ʚʨʝʤʷ ʦʩʥʦʚʥʦʡ ʣʝʩʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʦʡ ʚʳʩʪʫʧʘʝʪ ʩʦʩʥʘ. ʈʦʣʴ 

ʝʣʠ ʠ ʙʝʨʝʟʳ ʪʘʢʞʝ ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʘ. ʅʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʩʦʩʥʦʚʳʝ 

ʣʝʩʘ ʩ ʝʣʴʶ ʠ ʙʝʨʝʟʦʡ. ʅʘ ʚʣʘʞʥʳʭ ʫʯʘʩʪʢʘʭ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʦʣʴʭʘ ʯʝʨʥʘʷ. 

ɺʩʪʨʝʯʘʶʪʩʷ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʧʦʨʦʜʳ ï ʚʷʟ, ʛʨʘʙ, ʷʩʝʥʴ, ʜʫʙ ʠ ʣʠʧʘ. ɺ ʧʦʜʣʝʩʢʝ ʨʘʩʪʫʪ 

ʣʝʱʠʥʘ ʦʙʳʢʥʦʚʝʥʥʘʷ, ʠʚʳ, ʦʣʴʭʘ ʩʝʨʘʷ; ʥʘ ʟʘʙʦʣʦʯʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ï ʢʘʨʣʠʢʦʚʘʷ ʙʝʨʝʟʘ. 

ɺʝʣʠʢʘ ʨʦʣʴ ʦʪʢʨʳʪʳʭ ʪʨʘʚʷʥʠʩʪʳʭ ʩʦʦʙʱʝʩʪʚ, ʩʣʦʞʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʣʘʢʦʚʳʤʠ 

ʨʘʩʪʝʥʠʷʤʠ. ʇʦʜ ʧʦʣʦʛʦʤ ʣʝʩʘ ʧʨʦʠʟʨʘʩʪʘʶʪ ʨʘʟʥʦʪʨʘʚʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ʣʝʩʥʦʛʦ ʨʘʟʥʦʪʨʘʚʴʷ, ʣʶʪʠʢʦʚʳʭ. ʉʨʝʜʠ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʚʩʪʨʝʯʘʶʪʩʷ ʤʘʨʝʚʳʝ ʠ 

ʥʦʨʠʯʥʠʢʦʚʳʝ. ʅʘ ʟʘʙʦʣʦʯʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʩʦʢʦʚʦ-ʩʬʘʛʥʦʚʳʝ 

ʩʦʦʙʱʝʩʪʚʘ, ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʚʝʨʝʩʢʦʚʳʭ. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʪʘʢʞʝ 

ʨʘʟʚʠʪʳ ʙʨʠʝʚʳʝ ʤʭʠ ʠ ʭʚʦʱʠ. ɺʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʘʷ, ʚ ʚʦʜʦʝʤʝ 

ʧʨʦʠʟʨʘʩʪʘʝʪ ʛʦʨʝʮ ʟʝʤʥʦʚʦʜʥʳʡ ʠ ʨʜʝʩʪʳ, ʧʦ ʙʝʨʝʛʘʤ ï ʟʘʨʦʩʣʠ ʨʦʛʦʟʘ ʰʠʨʦʢʦʣʠʩʪʥʦʛʦ, 

ʧʨʠʙʨʝʞʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚʘ Poaceae; ʦʙʠʣʴʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ 

Pediastrum sp., ʨʝʞʝ ï Botryococcus sp. ʂʣʠʤʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʧʣʳʡ. 

ʇʝʨʠʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʘʣʠʥʦʟʦʥʝ 2, ʦʭʚʘʪʳʚʘʝʪ ʢʦʥʝʮ ʩʫʙʙʦʨʝʘʣʘ ʠ ʧʝʨʚʫʶ 

ʧʦʣʦʚʠʥʫ ʩʫʙʘʪʣʘʥʪʠʢʘ (ʥʘʯʘʣʩʷ 2970 ʢʘʣ. ʣ. ʥ.). ɺ ʣʝʩʥʦʤ ʧʦʢʨʦʚʝ ʧʨʝʦʙʣʘʜʘʶʪ ʩʨʘʟʫ 

ʥʝʩʢʦʣʴʢʦ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ï ʩʦʩʥʘ, ʝʣʴ ʠ ʙʝʨʝʟʘ. ʅʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʶʪʩʷ 

ʝʣʦʚʦ-ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ. ʉʦʩʪʘʚ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ, 

ʧʨʝʦʙʣʘʜʘʶʪ ʚʷʟ ʠ ʜʫʙ. ʈʦʣʴ ʯʝʨʥʦʡ ʦʣʴʭʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʚʳʩʦʢʘ, ʯʪʦ ʤʦʞʝʪ 
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ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʰʠʨʦʢʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʝʨʝʫʚʣʘʞʥʸʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʢʘʢ ʠ 

ʚʦʟʨʦʩʰʘʷ ʨʦʣʴ ʢʘʨʣʠʢʦʚʦʡ ʙʝʨʝʟʳ. ɺ ʧʦʜʣʝʩʢʝ ʪʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʣʝʱʠʥʘ ʦʙʳʢʥʦʚʝʥʥʘʷ, 

ʦʣʴʭʘ ʩʝʨʘʷ, ʠʚʳ. ʈʦʣʴ ʦʪʢʨʳʪʳʭ ʟʣʘʢʦʚʳʭ ʩʦʦʙʱʝʩʪʚ ʚ ʜʘʥʥʦʤ ʧʝʨʠʦʜʝ ʩʥʠʞʘʝʪʩʷ, 

ʦʜʥʘʢʦ ʚ ʪʨʘʚʷʥʦʤ ̫ ʨʫʩʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʨʘʟʥʦʪʨʘʚʥʦ-ʟʣʘʢʦʚʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʣʝʩʥʦʛʦ ʨʘʟʥʦʪʨʘʚʴʷ, ʣʶʪʠʢʦʚʳʭ, ʨʦʟʦʮʚʝʪʥʳʭ, ʙʦʙʦʚʳʭ ʠ 

ʢʨʝʩʪʦʮʚʝʪʥʳʭ. ɺʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʨʫʜʝʨʘʣʴʥʳʭ ʨʘʩʪʝʥʠʡ (ʧʦʣʳʥʝʡ). ʅʘ ʫʚʣʘʞʥʝʥʥʳʭ ʠ 

ʟʘʙʦʣʦʯʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʩʦʢʦʚʦ-ʩʬʘʛʥʦʚʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʩʬʘʛʥʦʚʳʭ ʤʭʦʚ, ʦʩʦʢʦʚʳʭ, ʚʝʨʝʩʢʦʚʳʭ. ɺ ʤʦʭʦʚʦʤ ʷʨʫʩʝ ʪʘʢʞʝ 

ʧʨʦʠʟʨʘʩʪʘʶʪ ʙʨʠʝʚʳʝ ʤʭʠ, ʜʠʢʨʘʥʫʤʳ, ʱʠʪʦʚʥʠʢʠ ʠ ʤʥʦʛʦʥʦʞʢʦʚʳʝ; ʚʝʣʠʢʘ ʨʦʣʴ 

ʭʚʦʱʝʡ. ɺ ʦʟ. ʂʫʡʢʢʘʣʘʤʧʠ ʧʨʦʠʟʨʘʩʪʘʶʪ ʢʫʙʳʰʢʠ ʞʝʣʪʘʷ ʠ ʤʘʣʘʷ, ʨʜʝʩʪʳ, ʝʞʝʛʦʣʦʚʥʠʢʠ 

ʠ ʛʦʨʝʮ ʟʝʤʥʦʚʦʜʥʳʡ. ʇʨʠʙʨʝʞʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʟʘʥʷʪʳ ʟʘʨʦʩʣʷʤʠ ʨʦʛʦʟʘ ʰʠʨʦʢʦʣʠʩʪʥʦʛʦ, 

ʚʘʭʪʦʡ ʪʨʝʭʣʠʩʪʥʦʡ, ʚʝʭʦʤ ʷʜʦʚʠʪʳʤ ʠ ʦʢʦʣʦʚʦʜʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʟʣʘʢʦʚʳʭ. ʈʦʣʴ 

Pediastrum sp. ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʢ ʩʝʨʝʜʠʥʝ ʧʝʨʠʦʜʘ ʦʥʠ ʠʩʯʝʟʘʶʪ, ʢʘʢ ʠ 

Botryococcus sp. ʂʣʠʤʘʪ ʙʣʘʛʦʧʨʠʷʪʥʳʡ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʝʣʠ, 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʠ ʤʘʢʨʦʬʠʪʦʚ.  

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ (ʧʘʣʠʥʦʟʦʥʘ 3) ʦʪʥʦʩʠʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ (ʥʘʯʘʣʩʷ 1010 ʢʘʣ. ʣ. ʥ.). ɺ ʵʪʦ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤ 

ʜʦʤʠʥʘʪʦʤ ʚ ʣʝʩʥʦʤ ʧʦʢʨʦʚʝ ʚʳʩʪʫʧʘʝʪ ʩʦʩʥʘ. ɹʝʨʝʟʘ ʠ ʝʣʴ ʚʳʩʪʫʧʘʶʪ ʩʦʵʜʠʬʠʢʘʪʦʨʘʤʠ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʠʟʨʘʩʪʘʶʪ ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩ ʙʝʨʝʟʦʡ ʠ ʝʣʴʶ. ʈʦʣʴ ʯʝʨʥʦʡ 

ʦʣʴʭʠ ʚ ʩʦʩʪʘʚʝ ʣʝʩʘ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʩʥʠʞʝʥʠʝ ʜʦʣʠ 

ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ɼʦʣʷ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʪʘʢʞʝ ʧʘʜʘʝʪ (ʚʷʟ, ʜʫʙ, 

ʛʨʘʙ). ɺ ʧʦʜʣʝʩʢʝ ʚʩʪʨʝʯʘʶʪʩʷ ʣʝʱʠʥʘ ʦʙʳʢʥʦʚʝʥʥʘʷ, ʠʚʳ, ʢʨʫʰʠʥʘ ʠ ʦʣʴʭʘ ʩʝʨʘʷ. 

ʅʝʤʥʦʛʦ ʚʦʟʨʘʩʪʘʝʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʨʘʚʷʥʠʩʪʳʭ ʩʦʦʙʱʝʩʪʚ, ʧʦʜ ʧʦʣʦʛʦʤ ʣʝʩʘ ʨʘʟʚʠʚʘʶʪʩʷ 

ʨʘʟʥʦʪʨʘʚʥʦ-ʟʣʘʢʦʚʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʣʝʩʥʦʛʦ ʨʘʟʥʦʪʨʘʚʴʷ, ʣʶʪʠʢʦʚʳʭ, 

ʨʦʟʦʮʚʝʪʥʳʭ, ʩʣʦʞʥʦʮʚʝʪʥʳʭ, ʙʦʙʦʚʳʭ. ʉʨʝʜʠ ʨʫʜʝʨʘʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʚʩʪʨʝʯʘʶʪʩʷ 

ʤʘʨʝʚʳʝ, ʱʘʚʝʣʴ, ʧʦʣʳʥʠ, ʥʦʨʠʯʥʠʢʦʚʳʝ ʠ ʮʠʢʦʨʠʝʚʳʝ. ɺʧʝʨʚʳʝ ʦʪʤʝʯʝʥʳ ʢʫʣʴʪʫʨʥʳʝ 

ʟʣʘʢʠ Cerealia, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʛʨʘʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʝʤʣʝʜʝʣʠʷ ʦʪʤʝʯʘʝʪʩʷ ʚ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʥʘ ʜʨʫʛʠʭ ʦʩʪʨʦʚʘʭ ʚ 

ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʛʠ ï ʥʘ ɺʘʣʘʘʤʝ [ʉʘʧʝʣʢʦ ʠ ʜʨ., 2023; Vuorela et al., 2001], ʇʫʪʩʘʘʨʠ 

[ʉʘʧʝʣʢʦ, ʂʦʨʥʝʝʥʢʦʚʘ, 2017] ʠ ʈʠʝʢʢʘʣʘʥʩʘʨʠ [Miettinen et al., 2002]. ɺʦʜʥʦ-ʙʦʣʦʪʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ ʩʣʦʞʝʥʳ ʩʬʘʛʥʦʚʳʤʠ ʠ ʙʨʠʝʚʳʤʠ ʤʭʘʤʠ, ʦʩʦʢʦʚʳʤʠ, ʚʝʨʝʩʢʦʚʳʤʠ. ʉʨʝʜʠ 

ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʪʘʢʞʝ ʧʨʝʦʙʣʘʜʘʶʪ ʭʚʦʱʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʤʥʦʛʦʥʦʞʢʦʚʳʝ, ʛʨʦʟʜʦʚʥʠʢʠ ʠ ʧʣʘʫʥʳ. ɺ ʦʟ. ʂʫʡʢʢʘʣʘʤʧʠ ʧʨʦʠʟʨʘʩʪʘʶʪ ʢʫʙʳʰʢʠ 

ʞʝʣʪʘʷ ʠ ʤʘʣʘʷ, ʢʫʚʰʠʥʢʘ ʯʠʩʪʦ-ʙʝʣʘʷ; ʙʝʨʝʛʘ ʟʘʥʷʪʳ ʨʦʛʦʟʦʤ ʰʠʨʦʢʦʣʠʩʪʥʳʤ, ʨʘʩʪʝʪ 

ʚʘʭʪʘ, ʚʝʭ ʷʜʦʚʠʪʳʡ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʟʣʘʢʦʚʳʭ. ʉʧʦʨʳ ʛʨʠʙʦʚ Glomus, ʠʥʜʠʢʘʪʦʨʦʚ 
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ʧʦʯʚʝʥʥʦʡ ʵʨʦʟʠʠ, ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʯʪʦ ʧʦʤʠʤʦ ʧʨʦʯʝʛʦ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʟʝʤʣʝʜʝʣʠʠ. ʉʥʠʞʘʝʪʩʷ ʨʦʣʴ ʝʣʠ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʦʪʢʨʳʪʳʭ ʪʨʘʚʷʥʠʩʪʳʭ ʩʦʦʙʱʝʩʪʚ, ʦʪʤʝʯʘʝʪʩʷ ʧʦʭʦʣʦʜʘʥʠʝ ʢʣʠʤʘʪʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʟʨʘʩʪʘʶʪ ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩ ʝʣʴʶ ʠ 

ʙʝʨʝʟʦʡ. ʐʠʨʦʢʦ ʚʩʪʨʝʯʘʝʪʩʷ ʦʣʴʭʘ ʯʝʨʥʘʷ ʥʘ ʫʚʣʘʞʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ. ʆʪʤʝʯʝʥʳ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʧʦʨʦʜʳ (ʚʷʟ, ʣʠʧʘ). ɿʘʙʦʣʦʯʝʥʥʳʝ ʤʝʩʪʘ ʟʘʥʷʪʳ ʢʘʨʣʠʢʦʚʦʡ ʙʝʨʝʟʦʡ. ɺ 

ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ʷʨʫʩʝ ʧʨʝʦʙʣʘʜʘʶʪ ʨʘʟʥʦʪʨʘʚʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ʣʝʩʥʦʛʦ ʨʘʟʥʦʪʨʘʚʴʷ, ʩʣʦʞʥʦʮʚʝʪʥʳʭ, ʟʣʘʢʦʚʳʭ, ʣʶʪʠʢʦʚʳʭ. ɺʩʪʨʝʯʘʶʪʩʷ ʩʦʨʥʳʝ ʚʠʜʳ 

ʧʦʣʳʥʝʡ. ʋʚʣʘʞʥʝʥʥʳʝ ʠ ʟʘʙʦʣʦʯʝʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʩʣʦʞʝʥʳ ʙʨʠʝʚʳʤʠ ʤʭʘʤʠ, ʦʩʦʢʘʤʠ, 

ʩʬʘʛʥʦʚʳʤʠ ʤʭʘʤʠ. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʪʘʢʞʝ ʦʪʤʝʯʝʥʳ ʭʚʦʱʠ ʠ ʧʣʘʫʥʳ. ʇʦ 

ʙʝʨʝʛʘʤ ʦʟ. ʂʫʡʢʢʘʣʘʤʧʠ ʘʢʪʠʚʥʦ ʨʘʩʪʝʪ ʚʝʭ ʷʜʦʚʠʪʳʡ, ʚ ʦʟʝʨʝ ʧʨʦʠʟʨʘʩʪʘʪʁ ʢʫʙʳʰʢʘ 

ʞʝʣʪʘʷ ʠ ʨʷʩʢʘ. 

ʆʟʝʨʦ ʉʦʢʢʘʩʝʥʣʘʤʧʠ. ʇʦ ʜʘʥʥʳʤ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʦʟ. ʉʦʢʢʘʩʝʥʣʘʤʧʠ (ʨʠʩʫʥʦʢ 14) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʣʠʩʴ ʩʦʩʥʦʚʳʝ, ʝʣʦʚʳʝ ʠ ʝʣʦʚʦ-

ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩ ʙʝʨʝʟʦʡ, ʯʝʨʥʦʡ ʦʣʴʭʦʡ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʅʘʙʣʶʜʘʝʪʩʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʤʝʥ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ: ʚʦʟʨʘʩʪʘʥʠʝ 

ʢʨʠʚʳʭ ʩʦʩʥʳ ʠ ʝʣʠ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʨʠʚʦʡ ʙʝʨʝʟʳ ʠ ʥʘʦʙʦʨʦʪ. ʇʝʨʠʦʜʳ 

ʧʨʝʦʙʣʘʜʘʥʠʷ ʙʝʨʝʟʳ ʩʚʷʟʘʥʳ, ʚʝʨʦʷʪʥʦ, ʩ ʧʝʨʚʠʯʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʙʝʨʝʟʥʷʢʦʚ ʥʘ 

ʦʩʚʦʙʦʞʜʘʚʰʠʭʩʷ ʦʪ ʚʦʜʳ ʧʦʙʝʨʝʞʴʷʭ ʠʣʠ ʩ ʚʪʦʨʠʯʥʳʤ ʟʘʨʘʩʪʘʥʠʝʤ ʥʘ ʤʝʩʪʘʭ ʚʳʨʫʙʦʢ ʠ 

ʧʦʞʘʨʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʨʠʩʫʥʦʢ 12) ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʤʠʥʠʨʫʶʪ ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩ ʝʣʴʶ ʠ ʙʝʨʝʟʦʡ. 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʧʘʣʠʥʦʟʦʥʘ 1) ʩʨʝʜʠ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʦʙʣʘʜʘʶʪ ʩʦʩʥʘ ʠ ʝʣʴ. ʅʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʩʦʩʥʦʚʳʝ ʠ ʝʣʦʚʳʝ ʣʝʩʘ 

ʩ ʙʝʨʝʟʦʡ, ʯʝʨʥʦʡ ʦʣʴʭʦʡ ʥʘ ʫʚʣʘʞʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʠ ʥʝʙʦʣʴʰʦʡ ʧʨʠʤʝʩʴʶ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ (ʣʝʱʠʥʘ, ʚʷʟ). ʈʘʟʥʦʦʙʨʘʟʠʝ ʚ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ʷʨʫʩʝ 

ʥʝʚʳʩʦʢʦʝ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʟʣʘʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʳʝ (ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʟʣʘʢʦʚ, 

ʣʶʪʠʢʦʚʳʭ, ʧʦʣʳʥʝʡ) ʠ ʚʦʜʥʦ-ʙʦʣʦʪʥʳʝ ʦʩʦʢʦʚʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩ ʙʨʠʝʚʳʤʠ ʠ ʩʬʘʛʥʦʚʳʤʠ 

ʤʭʘʤʠ. ɺ ʤʦʭʦʚʦʤ ʷʨʫʩʝ ʪʘʢʞʝ ʜʦʤʠʥʠʨʫʶʪ ʭʚʦʱʠ. ɺʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʘʷ, ʚʩʪʨʝʯʘʶʪʩʷ ʢʫʚʰʠʥʢʘ ʯʠʩʪʦ-ʙʝʣʘʷ, ʝʞʝʛʦʣʦʚʥʠʢʠ. ʇʦ ʙʝʨʝʛʘʤ ʨʘʩʪʝʪ 

ʨʦʛʦʟ ʰʠʨʦʢʦʣʠʩʪʥʳʡ. ʂʣʠʤʘʪʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚʝʨʦʷʪʥʦ ʙʣʘʛʦʧʨʠʷʪʥʘʷ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʜʦʤʠʥʠʨʫʶʱʘʷ ʨʦʣʴ ʝʣʠ ʠ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʝ ʦʙʠʣʠʝ ʥʝʢʦʪʦʨʳʭ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ. ɼʘʥʥʳʡ ʧʝʨʠʦʜ ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʥʮʫ ʩʫʙʙʦʨʝʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ 

(ʥʘʯʘʣʩʷ ʨʘʥʝʝ 2865 ʢʘʣ. ʣ. ʥ.). 
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ɺ ʧʝʨʠʦʜʝ, ʦʪʥʝʩʝʥʥʦʤʫ ʢ ʧʘʣʠʥʦʟʦʥʝ 2, ʚ ʥʘʯʘʣʝ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ ʥʘ 

ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʦʙʣʘʜʘʶʪ ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ, ʦʜʥʘʢʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʦʣʴ ʙʝʨʝʟʳ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʧʦʨ 

ʛʨʠʙʦʚ Glomus ï ʠʥʜʠʢʘʪʦʨʦʚ ʧʦʯʚʝʥʥʦʡ ʵʨʦʟʠʠ. ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ 

ʦʩʚʦʙʦʞʜʝʥʠʠ ʧʨʠʙʨʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʦʪ ʚʦʜʳ ʠ ʠʭ ʚʪʦʨʠʯʥʦʤ ʟʘʨʘʩʪʘʥʠʠ ʙʝʨʝʟʥʷʢʘʤʠ. 

ʈʦʣʴ ʢʘʨʣʠʢʦʚʦʡ ʙʝʨʝʟʳ ʚʦʟʨʘʩʪʘʝʪ. ɼʣʷ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʭʘʨʘʢʪʝʨʥʦ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ. ʊʘʢʞʝ ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʦ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʧʦʨʦʚʳʭ ʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ. ʇʨʦʜʦʣʞʘʶʪ ʨʘʟʚʠʚʘʪʴʩʷ ʟʣʘʢʦʚʦ-

ʨʘʟʥʦʪʨʘʚʥʳʝ ʩʦʦʙʱʝʩʪʚʘ; ʧʨʝʦʙʣʘʜʘʶʪ ʣʝʩʥʦʝ ʨʘʟʥʦʪʨʘʚʴʝ, ʣʶʪʠʢʦʚʳʝ ʠ ʟʦʥʪʠʯʥʳʝ. 

ɺʝʣʠʢʘ ʨʦʣʴ ʩʦʨʥʳʭ ʚʠʜʦʚ ʧʦʣʳʥʝʡ, ʪʘʢʞʝ ʦʪʤʝʯʝʥʳ ʧʦʜʦʨʦʞʥʠʢʠ ʠ ʤʘʨʝʚʳʝ. 

ʋʚʣʘʞʥʝʥʥʳʝ ʠ ʟʘʙʦʣʦʯʝʥʥʳʝ ʫʯʘʩʪʢʠ ʟʘʥʷʪʳ ʦʩʦʢʘʤʠ, ʙʨʠʝʚʳʤʠ ʠ ʩʬʘʛʥʦʚʳʤʠ ʤʭʘʤʠ. 

ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʪʘʢʞʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʭʚʦʱʠ, ʤʥʦʛʦʥʦʞʢʦʚʳʝ ʠ ʜʠʢʨʘʥʫʤʳ. 

ɿʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʝʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʤʘʢʨʦʬʠʪʦʚ; ʚ ʣʠʪʦʨʘʣʴʥʦʡ ʟʦʥʝ 

ʚʦʜʦʝʤʘ ʧʨʦʠʟʨʘʩʪʘʶʪ ʢʫʙʳʰʢʠ ʞʝʣʪʘʷ ʠ ʤʘʣʘʷ, ʢʫʚʰʠʥʢʘ ʯʠʩʪʦ-ʙʝʣʘʷ, ʝʞʝʛʦʣʦʚʥʠʢʠ, 

ʨʜʝʩʪʳ, ʫʨʫʪʴ; ʧʦ ʙʝʨʝʛʘʤ ï ʯʘʩʪʫʭʘ ʠ ʟʘʨʦʩʣʠ ʨʦʛʦʟʘ ʰʠʨʦʢʦʣʠʩʪʥʦʛʦ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʝʣʠ ʩʥʠʞʘʝʪʩʷ, ʧʦʚʳʰʘʝʪʩʷ ʜʦʣʷ ʦʪʢʨʳʪʳʭ ʪʨʘʚʷʥʠʩʪʳʭ ʩʦʦʙʱʝʩʪʚ, ʯʪʦ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʦʭʦʣʦʜʘʥʠʠ ʢʣʠʤʘʪʘ ʠ ʫʩʠʣʝʥʠʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. 

ɼʘʣʝʝ (ʧʘʣʠʥʦʟʦʥʘ 3) ʚʥʦʚʴ ʜʦʤʠʥʠʨʫʶʪ ʩʦʩʥʘ ʠ ʝʣʴ, ʨʦʣʴ ʙʝʨʝʟʳ ʟʘʤʝʪʥʦ 

ʩʥʠʞʘʝʪʩʷ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʦʩʥʦʚʳʝ ʠ ʝʣʦʚʳʝ ʣʝʩʘ ʩ ʙʝʨʝʟʦʡ, ʯʝʨʥʦʡ ʦʣʴʭʦʡ ʠ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʠ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʪʘʢʩʦʥʦʚ ʪʨʘʚ, ʤʘʢʨʦʬʠʪʦʚ 

ʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʧʦʥʠʞʘʝʪʩʷ. ʉʨʝʜʠ ʪʨʘʚ ʧʨʝʦʙʣʘʜʘʶʪ ʟʣʘʢʠ, ʦʩʦʢʦʚʳʝ, ʣʝʩʥʦʝ 

ʨʘʟʥʦʪʨʘʚʴʝ, ʣʶʪʠʢʦʚʳʝ, ʨʫʜʝʨʘʣʴʥʳʝ ʚʠʜʳ (ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʳʥʠ). ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ 

ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʶʪ ʩʬʘʛʥʦʚʳʝ ʤʭʠ ʠ ʤʥʦʛʦʥʦʞʢʦʚʳʝ. ɺʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʫʙʳʰʢʦʡ ʤʘʣʦʡ, ʝʞʝʛʦʣʦʚʥʠʢʘʤʠ, ʨʜʝʩʪʘʤʠ, ʫʨʫʪʴʶ. ʇʦ ʙʝʨʝʛʘʤ ʨʘʩʪʝʪ 

ʨʦʛʦʟ ʰʠʨʦʢʦʣʠʩʪʥʳʡ. ɺʨʝʤʝʥʥʦ ʠʩʯʝʟʘʶʪ ʩʧʦʨʳ ʛʨʠʙʦʚ Glomus. ʂʣʠʤʘʪ ʙʣʘʛʦʧʨʠʷʪʥʳʡ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʘʣʠʥʦʟʦʥʝ 4 ʧʝʨʠʦʜʝ (ʥʘʯʘʣʩʷ ʦʢʦʣʦ 1810 ʢʘʣ. ʣ. ʥ.) ʚʥʦʚʴ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʙʝʨʝʟʥʷʢʠ, ʩʦʢʨʘʱʘʝʪʩʷ ʨʦʣʴ ʝʣʠ ʠ ʧʦʷʚʣʷʶʪʩʷ ʩʧʦʨʳ ʛʨʠʙʦʚ 

Glomus, ʯʪʦ, ʚ ʩʦʚʦʢʫʧʦʩʪʠ, ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï 

ʚr ʨʫʙʢʘʭ ʣʝʩʘ ʠ ʧʦʞʘʨʘʭ. ʅʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʟʨʘʩʪʘʶʪ ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩ 

ʝʣʴʶ, ʙʝʨʝʟʦʡ, ʯʝʨʥʦʡ ʦʣʴʭʦʡ ʠ ʙʝʨʝʟʥʷʢʠ. ɼʦʣʷ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʩʥʠʞʘʝʪʩʷ. 

ʊʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʨʘʚʷʥʳʭ ʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ; 

ʧʨʝʦʙʣʘʜʘʶʪ ʟʣʘʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʣʶʪʠʢʦʚʳʭ, 

ʟʦʥʪʠʯʥʳʭ, ʢʨʝʩʪʦʮʚʝʪʥʳʭ. ɺʝʣʠʢʘ ʨʦʣʴ ʩʦʨʥʳʭ ʚʠʜʦʚ ʧʦʣʳʥʝʡ. ʈʘʟʚʠʪʳ ʚʦʜʥʦ-ʙʦʣʦʪʥʳʝ 

ʦʩʦʢʦʚʳʝ ʩʦʦʙʱʝʩʪʚʘ. ʄʘʢʨʦʬʠʪʳ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʫʙʳʰʢʦʡ ʞʝʣʪʦʡ, 

ʢʫʚʰʠʥʢʦʡ ʯʠʩʪʦ-ʙʝʣʦʡ ʠ ʝʞʝʛʦʣʦʚʥʠʢʘʤʠ. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʜʦʤʠʥʠʨʫʶʪ 
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ʩʬʘʛʥʦʚʳʝ ʤʭʠ. ʂʣʠʤʘʪ ʚʥʦʚʴ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʧʨʦʭʣʘʜʥʳʤ, ʟʘʤʝʪʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʨʦʣʴ 

ʝʣʠ ʠ ʧʦʚʳʰʘʝʪʩʷ ʜʦʣʷ ʦʪʢʨʳʪʳʭ ʪʨʘʚʷʥʠʩʪʳʭ ʩʦʦʙʱʝʩʪʚ. 

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʧʘʣʠʥʦʟʦʥʘ 5) ʚʳʨʘʞʝʥ ʧʝʨʠʦʜ ʧʨʝʦʙʣʘʜʘʥʠʷ ʪʨʘʚ, 

ʤʘʢʨʦʬʠʪʦʚ ʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʫʩʠʣʝʥʠʝ ʪʝʤʧʦʚ ʟʘʨʘʩʪʘʥʠʷ ʦʟʝʨʘ. 

ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʨʦʣʴ ʦʩʦʢʦʚʳʭ ʩʦʦʙʱʝʩʪʚ. ʇʦʜ ʧʦʣʦʛʦʤ ʣʝʩʘ ʧʨʦʜʦʣʞʘʶʪ ʨʘʟʚʠʚʘʪʴʩʷ 

ʟʣʘʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʳʝ ʩʦʦʙʱʝʩʪʚʘ. ɿʘʤʝʪʥʦ ʧʦʚʳʰʘʝʪʩʷ ʨʦʣʴ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ (ʧʦʣʳʥʝʡ, 

ʤʘʨʝʚʳʭ, ʙʦʙʦʚʳʭ, ʧʦʜʦʨʦʞʥʠʢʦʚ). ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʜʦʤʠʥʠʨʫʶʪ ʩʬʘʛʥʦʚʳʝ 

ʤʭʠ, ʭʚʦʱʠ ʠ ʤʥʦʛʦʥʦʞʢʦʚʳʝ. ʅʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʩʦʩʥʦʚʳʝ 

ʣʝʩʘ ʩ ʙʝʨʝʟʦʡ ʠ ʝʣʴʶ; ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʧʦʨʦʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ. ʂʣʠʤʘʪ 

ʧʨʦʭʣʘʜʥʳʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʟʨʘʩʪʘʶʪ ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ 

ʣʝʩʘ ʩ ʝʣʴʶ ʠ ʯʝʨʥʦʡ ʦʣʴʭʦʡ. ɺ ʧʦʜʣʝʩʢʝ ʚʩʪʨʝʯʘʶʪʩʷ ʩʝʨʘʷ ʦʣʴʭʘ, ʤʦʞʞʝʚʝʣʴʥʠʢ, 

ʣʝʱʠʥʘ. ʉʨʝʜʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʦʪʤʝʯʝʥʳ ʚʷʟ ʠ ʷʩʝʥʴ. ʉʨʝʜʠ ʪʨʘʚʷʥʠʩʪʳʭ ʠ 

ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʶʪ ʟʣʘʢʠ, ʦʩʦʢʦʚʳʝ, ʟʦʥʪʠʯʥʳʝ, ʜʠʢʨʘʥʫʤʳ, 

ʤʥʦʛʦʥʦʞʢʦʚʳʝ, ʩʬʘʛʥʦʚʳʝ ʠ ʙʨʠʝʚʳʝ ʤʭʠ, ʭʚʦʱʠ. ɺ ʦʟ. ʉʦʢʢʘʩʝʥʣʘʤʧʠ ʨʘʩʪʝʪ ʢʫʙʳʰʢʘ 

ʞʝʣʪʘʷ, ʢʫʚʰʠʥʢʘ ʯʠʩʪʦ-ʙʝʣʘʷ, ʨʜʝʩʪʳ, ʝʞʝʛʦʣʦʚʥʠʢʠ, ʫʨʫʪʴ. 

ʆʟʝʨʦ ʍʦʚʘʪʘʥʣʘʤʧʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʦʟ. ʍʦʚʘʪʘʥʣʘʤʧʠ (ʨʠʩʫʥʦʢ 15) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ 

ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʣʠʩʴ ʩʦʩʥʦʚʳʝ, ʝʣʦʚʳʝ, ʙʝʨʝʟʦʚʦ-ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ ʠ 

ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʦ-ʝʣʦʚʳʝ ʣʝʩʘ ʩ ʙʝʨʝʟʦʡ, ʯʝʨʥʦʡ ʦʣʴʭʦʡ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʤʠ 

ʧʦʨʦʜʘʤʠ. ɼʦʤʠʥʘʥʪʘʤʠ ʩʨʝʜʠ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʷʚʣʷʶʪʩʷ ʩʦʩʥʘ, ʝʣʴ ʠ ʙʝʨʝʟʘ ï ʥʘ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʝ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ʍʦʚʘʪʘʥʣʘʤʧʠ (ʨʠʩʫʥʦʢ 

12) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʤʠʥʠʨʫʶʪ ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩ ʙʝʨʝʟʦʡ, ʝʣʴʶ ʠ ʯʝʨʥʦʡ ʦʣʴʭʦʡ ʥʘ 

ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ. ɺ ʧʦʜʣʝʩʢʝ ʨʘʩʪʫʪ ʤʦʞʞʝʚʝʣʴʥʠʢ, ʦʣʴʭʘ ʩʝʨʘʷ, ʣʝʱʠʥʘ; ʩʨʝʜʠ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʪʘʢʞʝ ʦʪʤʝʯʝʥʳ ʚʷʟ ʠ ʷʩʝʥʴ. ʉʨʝʜʠ ʪʨʘʚ ʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ 

ʧʨʝʦʙʣʘʜʘʶʪ ʟʣʘʢʠ, ʦʩʦʢʦʚʳʝ, ʚʝʨʝʩʢʦʚʳʝ, ʧʦʣʳʥʠ, ʣʶʪʠʢʦʚʳʝ, ʣʝʩʥʦʝ ʨʘʟʥʦʪʨʘʚʴʝ, 

ʩʬʘʛʥʦʚʳʝ ʠ ʙʨʠʝʚʳʝ ʤʭʠ, ʭʚʦʱʠ, ʤʥʦʛʦʥʦʞʢʦʚʳʝ. ɺʦʜʥʳʝ ʨʘʩʪʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʯʘʩʪʫʭʦʡ, ʨʷʩʢʦʡ, ʨʜʝʩʪʘʤʠ, ʝʞʝʛʦʣʦʚʥʠʢʘʤʠ ʠ ʧʨʠʙʨʝʞʥʳʤ ʨʦʛʦʟʦʤ ʰʠʨʦʢʦʣʠʩʪʥʳʤ. 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʧʘʣʠʥʦʟʦʥʘ 1) ʩʨʝʜʠ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʦʙʣʘʜʘʶʪ ʩʦʩʥʘ ʠ ʝʣʴ. ʅʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʟʨʘʩʪʘʶʪ ʩʦʩʥʦʚʳʝ ʠ ʝʣʦʚʳʝ 

ʣʝʩʘ ʩ ʙʝʨʝʟʦʡ, ʯʝʨʥʦʡ ʦʣʴʭʦʡ ʥʘ ʫʚʣʘʞʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʠ ʧʨʠʤʝʩʴʶ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ 

ʧʦʨʦʜ (ʣʝʱʠʥʘ, ʚʷʟ). ʈʘʟʥʦʦʙʨʘʟʠʝ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʥʠʟʢʦʝ ï ʚ ʪʨʘʚʷʥʦ-

ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ʷʨʫʩʝ ʧʨʝʦʙʣʘʜʘʶʪ ʟʣʘʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʳʝ ʩʦʦʙʱʝʩʪʚʘ; ʚʩʪʨʝʯʘʶʪʩʷ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʣʝʩʥʦʛʦ ʨʘʟʥʦʪʨʘʚʴʷ, ʣʶʪʠʢʦʚʳʭ ʠ ʧʦʣʳʥʝʡ. ʈʘʟʚʠʪʳ ʦʩʦʢʦʚʳʝ ʚʦʜʥʦ-
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ʙʦʣʦʪʥʳʝ ʩʦʦʙʱʝʩʪʚʘ. ɺʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʘ. ʅʝʚʳʩʦʢʦʝ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʨʘʚ, ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʤʘʢʨʦʬʠʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʝ. ɼʘʥʥʳʡ ʧʝʨʠʦʜ ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʨʝʜʠʥʝ ʩʫʙʙʦʨʝʘʣʘ (>3045 ʢʘʣ. ʣ. ʥ.). 

ɺ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʘʣʠʥʦʟʦʥʝ 2 ʧʝʨʠʦʜʝ (ʢʦʥʝʮ ʩʫʙʙʦʨʝʘʣʘ ï ʥʘʯʘʣʦ 

ʩʫʙʘʪʣʘʥʪʠʢʘ, ʥʘʯʘʣʩʷ 3045 ʢʘʣ. ʣ. ʥ.) ʧʨʦʜʦʣʞʘʶʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʝʣʦʚʳʝ ʠ ʩʦʩʥʦʚʳʝ ʣʝʩʘ, 

ʦʜʥʘʢʦ ʧʦʩʪʝʧʝʥʥʦ ʜʦʣʷ ʝʣʠ ʚʦʟʨʘʩʪʘʝʪ. ʉʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʦʣʴ ʙʝʨʝʟʳ. ɺ 

ʩʝʨʝʜʠʥʝ ʟʦʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʦʣʴ ʯʝʨʥʦʡ ʦʣʴʭʠ. ɺʦʟʨʘʩʪʘʝʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʦʙʠʣʠʝ ʪʨʘʚ; 

ʪʨʘʚʷʥʳʡ ʷʨʫʩ ʧʨʝʜʩʪʘʚʣʝʥ ʟʣʘʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʳʤʠ (ʩʣʦʞʝʥʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ʣʶʪʠʢʦʚʳʭ, ʢʨʝʩʪʦʮʚʝʪʥʳʭ, ʟʦʥʪʠʯʥʳʭ, ʧʦʚʳʰʘʝʪʩʷ ʨʦʣʴ ʨʫʜʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ʤʘʨʝʚʳʭ ʠ 

ʧʦʣʳʥʝʡ) ʠ ʧʨʠʙʨʝʞʥʳʤʠ ʦʩʦʢʦʚʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ. ɺ ʣʠʪʦʨʘʣʴʥʦʡ ʟʦʥʝ ʦʟʝʨʘ 

ʍʦʚʘʪʘʥʣʘʤʧʠ ʧʨʦʠʟʨʘʩʪʘʶʪ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ (ʝʞʝʛʦʣʦʚʥʠʢ, ʨʜʝʩʪ), 

ʧʦ ʙʝʨʝʛʘʤ ʚʩʪʨʝʯʘʶʪʩʷ ʟʘʨʦʩʣʠ ʨʦʛʦʟʘ ʫʟʢʦʣʠʩʪʥʦʛʦ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʤʦʭʦʚʦʛʦ ʷʨʫʩʘ ʪʘʢʞʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʨʝʦʙʣʘʜʘʶʪ ʙʨʠʝʚʳʝ ʤʭʠ. ʂʣʠʤʘʪʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʫʣʫʯʰʘʝʪʩʷ. 

ɺ ʦʪʥʝʩʝʥʥʦʤ ʢ ʧʘʣʠʥʦʟʦʥʝ 3 ʧʝʨʠʦʜʝ (ʥʘʯʘʣʦ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ, ʥʘʯʘʣʩʷ 

2090 ʢʘʣ. ʣ. ʥ.) ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʜʦʤʠʥʠʨʫʶʪ ʝʣʦʚʳʝ ʠ ʩʦʩʥʦʚʳʝ 

ʣʝʩʘ. ʆʜʥʘʢʦ ʨʦʣʴ ʝʣʠ ʢ ʢʦʥʮʫ ʟʦʥʳ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʘ ʜʦʣʷ ʙʝʨʝʟʳ, ʥʘʦʙʦʨʦʪ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ. ɹʝʨʝʟʥʷʢʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʦʩʚʦʙʦʞʜʘʶʱʠʭʩʷ ʦʪ ʚʦʜʳ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʪʝʨʨʠʪʦʨʠʷʭ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʠ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʪʘʢʩʦʥʦʚ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤʠ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʘʢʨʦʬʠʪʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦ ʤʝʥʷʝʪʩʷ ï ʚ ʚʦʜʘʭ ʦʟ. 

ʍʦʚʘʪʘʥʣʘʤʧʠ ʧʨʦʠʟʨʘʩʪʘʶʪ ʢʫʙʳʰʢʠ ʞʝʣʪʘʷ ʠ ʤʘʣʘʷ, ʘ ʥʘ ʧʨʠʙʨʝʞʴʷʭ ï ʛʨʫʧʧʠʨʦʚʢʠ 

ʨʦʛʦʟʦʚ (ʫʟʢʦʣʠʩʪʥʦʛʦ ʠ ʰʠʨʦʢʦʣʠʩʪʥʦʛʦ). ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʜʦʤʠʥʠʨʫʶʪ 

ʩʬʘʛʥʦʚʳʝ ʠ ʙʨʠʝʚʳʝ ʤʭʠ, ʧʣʘʫʥʳ ʠ ʤʥʦʛʦʥʦʞʢʦʚʳʝ. ʂʣʠʤʘʪ ʜʦʚʦʣʴʥʦ ʙʣʘʛʦʧʨʠʷʪʥʳʡ. 

ɼʘʣʝʝ (ʧʘʣʠʥʦʟʦʥʘ 4) ʚ ʜʨʝʚʝʩʥʦʤ ʷʨʫʩʝ ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʙʝʨʝʟʳ, ʨʦʣʴ ʝʣʠ 

ʩʦʢʨʘʱʘʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʳʨʫʙʢʘʭ ʠ ʚʪʦʨʠʯʥʦʤ ʟʘʨʘʩʪʘʥʠʠ 

ʪʝʨʨʠʪʦʨʠʡ. ʅʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʙʝʨʝʟʦʚʦ-ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ ʠ 

ʙʝʨʝʟʦʚʳʝ ʣʝʩʘ. ʅʘ ʫʚʣʘʞʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʰʠʨʦʢʦ ʨʘʟʚʠʪʘ ʯʝʨʥʘʷ ʦʣʴʭʘ. ɺ ʪʨʘʚʷʥʦʤ 

ʷʨʫʩʝ ʜʦʤʠʥʠʨʫʶʪ ʟʣʘʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʣʶʪʠʢʦʚʳʭ, 

ʢʨʝʩʪʦʮʚʝʪʥʳʭ ʠ ʩʦʨʥʳʭ ʚʠʜʦʚ. ʊʘʢʞʝ ʨʘʟʚʠʪʳ ʚʦʜʥʦ-ʙʦʣʦʪʥʳʝ ʦʩʦʢʦʚʦ-ʩʬʘʛʥʦʚʳʝ 

ʩʦʦʙʱʝʩʪʚʘ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʩʥʠʞʘʝʪʩʷ, ʪʘʢʞʝ ʧʨʝʦʙʣʘʜʘʶʪ ʧʣʘʫʥʳ ʠ 

ʤʥʦʛʦʥʦʞʢʦʚʳʝ. ʇʨʠʙʨʝʞʥʦ-ʚʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʦʛʦʟʦʤ ʫʟʢʦʣʠʩʪʥʳʤ.  

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʧʘʣʠʥʦʟʦʥʘ 5) ʣʝʩʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩʣʦʞʝʥʳ ʩʦʩʥʦʡ, ʝʣʴʶ 

ʠ ʙʝʨʝʟʦʡ ʚ ʨʘʚʥʦʡ ʤʝʨʝ. ɼʘʥʥʳʡ ʧʝʨʠʦʜ ʦʪʥʦʩʠʪʩʷ ʢʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 

ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ. ʅʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʙʝʨʝʟʦʚʦ-ʝʣʦʚʦ-
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ʩʦʩʥʦʚʳʝ ʣʝʩʘ. ʅʘ ʫʚʣʘʞʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʨʘʩʪʝʪ ʯʝʨʥʘʷ ʦʣʴʭʘ. ʈʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʧʦʨʦʜʳ. ɺ ʧʦʜʣʝʩʢʝ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʨʣʠʢʦʚʘʷ ʙʝʨʝʟʘ ʠ ʩʝʨʘʷ 

ʦʣʴʭʘ. ɺ ʪʨʘʚʷʥʦʤ ʷʨʫʩʝ ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʟʣʘʢʦʚʳʭ ʠ ʣʶʪʠʢʦʚʳʭ; ʤʘʢʨʦʬʠʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʫʧʧʠʨʦʚʢʘʤʠ ʨʦʛʦʟʘ ʫʟʢʦʣʠʩʪʥʦʛʦ. ʅʠʟʢʘʷ ʨʦʣʴ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ 

ʠ ʥʝʚʳʩʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʳʣʴʮʳ ʪʨʘʚʷʥʠʩʪʳʭ, ʩʧʦʨʦʚʳʭ ʠ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʦʭʦʣʦʜʘʥʠʠ ʢʣʠʤʘʪʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʜʦʤʠʥʠʨʫʶʪ ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩ ʙʝʨʝʟʦʡ, 

ʝʣʴʶ ʠ ʯʝʨʥʦʡ ʦʣʴʭʦʡ ʥʘ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ. ɺ ʧʦʜʣʝʩʢʝ ʧʨʦʠʟʨʘʩʪʘʶʪ 

ʤʦʞʞʝʚʝʣʴʥʠʢ, ʦʣʴʭʘ ʩʝʨʘʷ ʠ ʣʝʱʠʥʘ, ʩʨʝʜʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʪʘʢʞʝ ʦʪʤʝʯʝʥʳ 

ʚʷʟ ʠ ʷʩʝʥʴ. ʉʨʝʜʠ ʪʨʘʚ ʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʶʪ ʟʣʘʢʠ, ʦʩʦʢʦʚʳʝ, ʚʝʨʝʩʢʦʚʳʝ, 

ʧʦʣʳʥʠ, ʣʶʪʠʢʦʚʳʝ, ʣʝʩʥʦʝ ʨʘʟʥʦʪʨʘʚʴʝ, ʩʬʘʛʥʦʚʳʝ ʠ ʙʨʠʝʚʳʝ ʤʭʠ, ʭʚʦʱʠ, 

ʤʥʦʛʦʥʦʞʢʦʚʳʝ. ɺʦʜʥʳʝ ʨʘʩʪʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʘʩʪʫʭʦʡ, ʨʷʩʢʦʡ, ʨʜʝʩʪʘʤʠ, 

ʝʞʝʛʦʣʦʚʥʠʢʘʤʠ ʠ ʧʨʠʙʨʝʞʥʳʤ ʨʦʛʦʟʦʤ ʰʠʨʦʢʦʣʠʩʪʥʳʤ. 

ʆʩʪʨʦʚ ɺʘʣʘʘʤ. 

ʆʟʝʨʦ ɻʝʨʤʘʥʦʚʩʢʦʝ. ʂʦʣʦʥʢʘ 1. ʇʦ ʜʘʥʥʳʤ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʣʦʥʢʠ 

1 ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ɻʝʨʤʘʥʦʚʩʢʦʛʦ (ʨʠʩʫʥʦʢ 16) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʣʠʩʴ ʩʦʩʥʦʚʳʝ, ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ 

ʠ ʙʝʨʝʟʦʚʳʝ ʣʝʩʘ ʩ ʯʝʨʥʦʡ ʦʣʴʭʦʡ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʇʦ ʚʩʝʤʫ ʨʘʟʨʝʟʫ 

ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʣʝʩʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʩʦʩʥʘ ʠ ʙʝʨʝʟʘ, ʧʦʧʝʨʝʤʝʥʥʦ 

ʩʤʝʥʷʶ ʜʨʫʛ ʜʨʫʛʘ. ʈʦʣʴ ʝʣʠ ʚ ʮʝʣʦʤ ʥʠʟʢʘʷ. ʇʦ ʜʘʥʥʳʤ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ɻʝʨʤʘʥʦʚʩʢʦʛʦ (ʨʠʩʫʥʦʢ 12), ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʟʨʘʩʪʘʶʪ ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩ ʝʣʴʶ. 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʧʘʣʠʥʦʟʦʥʘ 1) ʦʩʥʦʚʥʳʤʠ ʣʝʩʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ 

ʚʳʩʪʫʧʘʶʪ ʩʦʩʥʘ ʠ ʙʝʨʝʟʘ. ʅʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʩʦʩʥʦʚʳʝ ʠ ʙʝʨʝʟʦʚʦ-

ʩʦʩʥʦʚʳʝ ʣʝʩʘ. ʈʦʣʴ ʝʣʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʝʩʥʦʛʦ ʧʦʢʨʦʚʘ ʥʝʚʳʩʦʢʘ. ʅʘ ʚʣʘʞʥʳʭ 

ʫʯʘʩʪʢʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʦʣʴʭʘ ʯʝʨʥʘʷ. ɺʩʪʨʝʯʘʶʪʩʷ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʧʦʨʦʜʳ ï 

ʣʝʱʠʥʘ, ʚʷʟ, ʜʫʙ ʠ ʛʨʘʙ. ɺ ʧʦʜʣʝʩʢʝ ʧʨʦʠʟʨʘʩʪʘʶʪ ʠʚʳ, ʢʨʫʰʠʥʘ, ʦʣʴʭʘ ʩʝʨʘʷ, 

ʤʦʞʞʝʚʝʣʴʥʠʢ ʦʙʳʢʥʦʚʝʥʥʳʡ; ʥʘ ʟʘʙʦʣʦʯʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ï ʢʘʨʣʠʢʦʚʘʷ ʙʝʨʝʟʘ. ʊʨʘʚʷʥʦ-

ʢʫʩʪʘʨʥʠʯʢʦʚʳʝ ʷʨʫʩ ʩʣʦʞʝʥ ʟʣʘʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʟʣʘʢʦʚʳʭ, ʣʶʪʠʢʦʚʳʭ (ʚʢʣʶʯʘʷ ʣʶʪʠʢʠ), ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʦʟʦʮʚʝʪʥʳʝ, ʟʦʥʪʠʯʥʳʝ, 

ʣʝʩʥʦʝ ʨʘʟʥʦʪʨʘʚʴʝ. ʉʨʝʜʠ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦʣʳʥʠ ʠ ʱʘʚʝʣʠ, 

ʚʩʪʨʝʯʘʝʪʩʷ ʠʚʘʥ-ʯʘʡ. ʂʫʣʴʪʫʨʥʳʝ ʟʣʘʢʠ ʦʪʤʝʯʘʶʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʨʘʟʨʝʟʘ, ʨʦʣʴ 

ʠʭ ʥʝʚʝʣʠʢʘ. ʅʘ ʟʘʙʦʣʦʯʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʩʦʢʦʚʦ-ʩʬʘʛʥʦʚʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʚʝʨʝʩʢʦʚʳʭ ʠ ʙʨʠʝʚʳʭ ʤʭʦʚ. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʧʦʜ ʧʦʣʦʛʦʤ ʣʝʩʘ 
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ʪʘʢʞʝ ʨʘʩʪʫʪ ʤʥʦʛʦʥʦʞʢʦʚʳʝ, ʧʣʘʫʥʳ, ʜʠʢʨʘʥʫʤʳ. ɺʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʜʝʩʪʘʤʠ, ʪʘʢʞʝ ʚ ʚʦʜʦʝʤʝ ʨʘʩʪʫʪ ʢʫʙʳʰʢʘ ʞʝʣʪʘʷ ʠ ʢʫʚʰʠʥʢʘ ʯʠʩʪʦ-

ʙʝʣʘʷ. ʅʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʝʨʠʦʜʘ ʦʙʠʣʴʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ Botryococcus 

sp. ɼʘʥʥʳʡ ʧʝʨʠʦʜ ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʥʮʫ ʩʫʙʙʦʨʝʘʣʘ ï ʥʘʯʘʣʫ ʩʫʙʘʪʣʘʥʪʠʢʘ. 

ɺʳʰʝ ʧʦ ʨʘʟʨʝʟʫ (ʧʘʣʠʥʦʟʦʥʘ 2) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʦʣʴ ʙʝʨʝʟʳ ʚ ʣʝʩʦʦʙʨʘʟʦʚʘʥʠʠ; 

ʨʦʣʴ ʩʦʩʥʳ ʩʥʠʞʘʝʪʩʷ. ʈʦʣʴ ʝʣʠ ʦʩʪʘʝʪʩʷ ʥʠʟʢʦʡ. ʅʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʨʘʟʚʠʚʘʶʪʩʷ ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ, ʦʜʥʘʢʦ ʙʦʣʴʰʠʝ ʪʝʨʨʠʪʦʨʠʠ ʧʦʩʪʝʧʝʥʥʦ ʥʘʯʠʥʘʶʪ 

ʟʘʥʠʤʘʪʴ ʙʝʨʝʟʥʷʢʠ. ʕʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʨʝʛʨʝʩʩʠʝʡ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʚʪʦʨʠʯʥʳʤ 

ʟʘʨʘʩʪʘʥʠʝʤ ʦʩʚʦʙʦʞʜʝʥʥʳʭ ʦʪ ʝʛʦ ʚʦʜ ʪʝʨʨʠʪʦʨʠʡ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʵʪʠʤ ʧʨʦʠʩʭʦʜʠʪ 

ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʬʘʛʥʦʚʳʭ ʩʦʦʙʱʝʩʪʚ, ʚʝʨʦʷʪʥʦ, ʚ ʩʚʷʟʠ ʩ ʥʘʯʘʣʦʤ ʟʘʨʘʩʪʘʥʠʷ 

ʦʩʚʦʙʦʞʜʝʥʥʳʭ ʧʨʠʙʨʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʦʟ. ɻʝʨʤʘʥʦʚʩʢʦʛʦ ʠ ʥʘʯʘʣʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʧʣʘʚʠʥʳ. ʈʦʣʴ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ. ɺ ʩʦʩʪʘʚʝ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʧʦʷʚʣʷʝʪʩʷ ʣʠʧʘ. ʈʦʣʴ ʢʘʨʣʠʢʦʚʦʡ ʙʝʨʝʟ rʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪʩʷ. 

ʊʨʘʚʷʥʠʩʪʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩʣʦʞʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʝʩʥʳʤ ʨʘʟʥʦʪʨʘʚʴʝʤ, ʟʣʘʢʦʚʳʤʠ, 

ʣʶʪʠʢʦʚʳʤʠ, ʨʦʟʦʮʚʝʪʥʳʤʠ, ʙʦʙʦʚʳʤʠ, ʚʝʨʝʩʢʦʚʳʤʠ, ʚʠʜʘʤʠ ʨʦʜʘ Vaccinium. ʉʦʨʥʳʝ 

ʨʘʩʪʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʳʥʷʤʠ, ʱʘʚʝʣʝʤ, ʤʘʨʝʚʳʤʠ. ʅʘ ʟʘʙʦʣʦʯʝʥʥʳʭ ʠ 

ʦʩʚʦʙʦʜʠʚʰʠʭʩʷ ʧʨʠʙʨʝʞʥʳʭ ʫʯʘʩʪʢʘʭ ʨʘʩʪʫʪ ʦʩʦʢʦʚʳʝ ʠ ʙʨʠʝʚʳʝ ʤʭʠ. ʉʦʩʪʘʚ ʩʧʦʨʦʚʳʭ 

ʨʘʩʪʝʥʠʡ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤ, ʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʦʣʴ ʧʣʘʫʥʘ ʛʦʜʠʯʥʦʛʦ. 

ʃʠʰʴ ʚ ʢʦʥʮʝ ʨʘʟʨʝʟʘ ʚ ʦʟʝʨʝ ʦʪʤʝʯʝʥʘ ʚʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʜʝʩʪʘʤʠ. 

ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ Botryococcus sp. ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʧʝʨʠʦʜʘ. ʇʝʨʠʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʯʘʣʫ ʩʫʙʘʪʣʘʥʪʠʢʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʘʣʠʥʦʟʦʥʝ 3 ʧʝʨʠʦʜʝ (ʩʝʨʝʜʠʥʘ ʩʫʙʘʪʣʘʥʪʠʢʘ) ʨʦʣʴ ʩʦʩʥʳ ʚ 

ʣʝʩʥʦʤ ʧʦʢʨʦʚʝ ʪʝʨʨʠʪʦʨʠʠ ʚʦʟʨʘʩʪʘʝʪ. ʈʦʣʴ ʙʝʨʝʟʳ ʥʝʤʥʦʛʦ ʩʥʠʞʘʝʪʩʷ, ʥʦ ʚ ʮʝʣʦʤ 

ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. ʈʦʣʴ ʝʣʠ ʦʩʪʘʝʪʩʷ ʥʠʟʢʦʡ. ʅʘ ʠʟʫʯʘʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʩʦʩʥʦʚʳʝ, ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʠ ʙʝʨʝʟʥʷʢʠ. ʈʦʣʴ ʦʣʴʭʠ 

ʯʝʨʥʦʡ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʥʝʤʥʦʛʦ ʩʥʠʞʘʝʪʩʷ. ʋʚʝʣʠʯʠʚʘʶʪʩʷ ʧʣʦʱʘʜʠ, ʟʘʥʷʪʳʝ 

ʦʪʢʨʳʪʳʤʠ ʪʨʘʚʷʥʠʩʪʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʟʥʦʪʨʘʚʥʦ-ʟʣʘʢʦʚʳʤʠ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʟʣʘʢʦʚʳʭ, ʟʦʥʪʠʯʥʳʭ, ʣʶʪʠʢʦʚʳʭ, ʨʦʟʦʮʚʝʪʥʳʭ. ɺʝʣʠʢʘ 

ʨʦʣʴ ʩʦʨʥʳʭ ʪʨʘʚ ï ʧʦʣʳʥʝʡ ʠ ʱʘʚʝʣʝʡ, ʪʘʢʞʝ ʦʪʤʝʯʝʥʳ ʮʠʢʦʨʠʝʚʳʝ ʠ ʧʦʜʦʨʦʞʥʠʢʠ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʦʜʥʦ-ʙʦʣʦʪʥʳʝ ʦʩʦʢʦʚʦ-ʩʬʘʛʥʦʚʳʝ ʩʦʦʙʱʝʩʪʚʘ. ʈʦʣʴ ʩʬʘʛʥʦʚʳʭ ʤʭʦʚ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʧʣʘʚʠʥʳ ʥʝʤʥʦʛʦ ʩʥʠʞʘʝʪʩʷ, ʥʦ ʦʩʪʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʡ ï 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʘʢʪʠʚʥʦʝ ʟʘʙʦʣʘʯʠʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʡ. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʧʦʜ 

ʧʦʣʦʛʦʤ ʣʝʩʘ ʪʘʢʞʝ ʧʨʦʠʟʨʘʩʪʘʶʪ ʤʥʦʛʦʥʦʞʢʠ, ʜʠʢʨʘʥʫʤʳ, ʢʦʯʝʜʳʞʥʠʢʠ, ʧʣʘʫʥ 

ʛʦʜʠʯʥʳʡ. ɺʦʜʥʳʝ ʨʘʩʪʝʥʠʷ ʦʟ. ɻʝʨʤʘʥʦʚʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʨʫʪʴʶ ʠ ʧʨʠʙʨʝʞʥʳʤʠ 

ʚʠʜʘʤʠ ʨʦʛʦʟʦʚ. ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ Botryococcus sp. ʠʩʯʝʟʘʶʪ.  
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ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʧʘʣʠʥʦʟʦʥʘ 4) ʨʦʣʴ ʙʝʨʝʟʳ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʝʩʥʦʛʦ 

ʧʦʢʨʦʚʘ ʩʥʦʚʘ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʝ ʨʦʣʴ ʩʦʩʥʳ ʩʥʠʞʘʝʪʩʷ. ʈʦʣʴ ʝʣʠ 

ʥʠʟʢʘʷ. ʅʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ. ɺʦʟʨʘʩʪʘʝʪ ʨʦʣʴ 

ʯʝʨʥʦʡ ʦʣʴʭʠ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʣʝʱʠʥʘ, ʣʠʧʘ ʠ 

ʚʷʟ. ɺʩʪʨʝʯʘʝʪʩʷ ʢʣʝʥ. ʇʦʜ ʧʦʣʦʛʦʤ ʣʝʩʘ ʨʘʩʪʫʪ ʠʚʳ, ʢʨʫʰʠʥʘ, ʦʣʴʭʘ ʩʝʨʘʷ. ɼʦʣʷ 

ʦʪʢʨʳʪʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʥʝʤʥʦʛʦ ʩʥʠʞʘʝʪʩʷ, ʦʜʥʘʢʦ ʠʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʚ ʮʝʣʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʊʨʘʚʷʥʠʩʪʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩʣʦʞʝʥʳ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ʨʘʟʥʦʪʨʘʚʴʷ, ʟʣʘʢʦʚʳʭ, ʙʦʙʦʚʳʭ, ʨʦʟʦʮʚʝʪʥʳʭ, ʣʶʪʠʢʦʚʳʭ, ʥʦʨʠʯʥʠʢʦʚʳʭ, ʚʝʨʝʩʢʦʚʳʭ, 

Vaccinium sp. ʉʨʝʜʠ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʣʳʥʠ, ʱʘʚʝʣʠ, ʮʠʢʦʨʠʝʚʳʝ, ʤʘʨʝʚʳʝ. 

ɸʢʪʠʚʥʦ ʠʜʫʪ ʧʨʦʮʝʩʩʳ ʟʘʨʘʩʪʘʥʠʷ ʠ ʟʘʙʦʣʘʯʠʚʘʥʠʷ ʧʨʠʙʨʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʦʟ. 

ɻʝʨʤʘʥʦʚʩʢʦʛʦ. ʈʘʟʚʠʚʘʝʪʩʷ ʩʣʦʞʝʥʥʘʷ ʩʬʘʛʥʦʚʳʤʠ ʤʭʘʤʠ ʩʧʣʘʚʠʥʘ. ʇʨʦʠʟʨʘʩʪʘʶʪ 

ʦʩʦʢʦʚʳʝ ʠ ʙʨʠʝʚʳʝ ʤʭʠ. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʪʘʢʞʝ ʨʘʩʪʫʪ ʜʠʢʨʘʥʫʤʳ, 

ʤʥʦʛʦʥʦʞʢʠ, ʧʣʘʫʥ ʛʦʜʠʯʥʳʡ. ɺ ʦʟ. ɻʝʨʤʘʥʦʚʩʢʦʤ ʦʙʠʪʘʶʪ ʫʨʫʪʴ ʠ ʢʫʙʳʰʢʘ ʞʝʣʪʘʷ, ʧʦ 

ʙʝʨʝʛʘʤ ï ʚʘʭʪʘ ʠ ʨʦʛʦʟ ʰʠʨʦʢʦʣʠʩʪʥʳʡ. ʇʝʨʠʦʜ ʦʭʚʘʪʳʚʘʝʪ ʢʦʥʝʮ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʛʦ 

ʧʝʨʠʦʜʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʟʨʘʩʪʘʶʪ ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ 

ʣʝʩʘ ʩ ʝʣʴʶ. ɺʩʪʨʝʯʘʝʪʩʷ ʯʝʨʥʘʷ ʦʣʴʭʘ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʧʦʨʦʜʳ 

(ʣʝʱʠʥʘ, ʛʨʘʙ, ʚʷʟ, ʜʫʙ, ʷʩʝʥʴ, ʣʠʧʘ). ɺ ʧʦʜʣʝʩʢʝ ʨʘʩʪʫʪ ʠʚʳ, ʥʘ ʟʘʙʦʣʦʯʝʥʥʳʭ ʤʝʩʪʘʭ ï 

ʢʘʨʣʠʢʦʚʘʷ ʙʝʨʝʟʘ. ɺ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ʷʨʫʩʝ ʧʨʝʦʙʣʘʜʘʶʪ ʟʣʘʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʣʝʩʥʦʛʦ ʨʘʟʥʦʪʨʘʚʴʷ, ʣʶʪʠʢʦʚʳʭ, ʙʦʙʦʚʳʭ, ʨʦʟʦʮʚʝʪʥʳʭ, 

ʟʦʥʪʠʯʥʳʭ ʠ ʢʨʝʩʪʦʮʚʝʪʥʳʭ. ʉʨʝʜʠ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʦʪʤʝʯʝʥʳ ʧʦʣʳʥʠ ʠ ʧʦʜʦʨʦʞʥʠʢʠ. 

ɿʘʙʦʣʦʯʝʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʚʦʢʨʫʛ ʦʟʝʨʘ ʩʣʦʞʝʥʳ ʦʩʦʢʘʤʠ, ʙʨʠʝʚʳʤʠ ʠ ʩʬʘʛʥʦʚʳʤʠ 

ʤʭʘʤʠ, ʨʘʩʪʫʪ ʚʝʨʝʩʢʦʚʳʝ ʠ ʧʫʰʠʮʘ. ɺ ʦʟ. ɻʝʨʤʘʥʦʚʩʢʦʤ ʧʨʦʠʟʨʘʩʪʘʶʪ ʢʫʙʳʰʢʘ ʞʝʣʪʘʷ, 

ʢʫʚʰʠʥʢʘ ʯʠʩʪʦ-ʙʝʣʘʷ ʠ ʨʜʝʩʪʳ.  

ʂʦʣʦʥʢʘ 2. ʇʦ ʜʘʥʥʳʤ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʣʦʥʢʠ 2 ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʦʟ. ɻʝʨʤʘʥʦʚʩʢʦʛʦ (ʨʠʩʫʥʦʢ 17) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʣʠʩʴ ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩ ʙʝʨʝʟʦʡ. ʇʦ ʚʩʝʤʫ ʨʘʟʨʝʟʫ 

ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʣʝʩʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʦʡ ʷʚʣʷʝʪʩʷ ʩʦʩʥʘ, ʚ ʦʪʜʝʣʴʥʳʝ ʧʝʨʠʦʜʳ ʙʝʨʝʟʘ 

ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʩʦʵʜʠʬʠʢʘʪʦʨʘ. ɼʘʥʥʘʷ ʢʦʣʦʥʢʘ ʦʪʥʦʩʠʪʩʷ ʢ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʤʫ 

ʧʝʨʠʦʜʫ. 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʧʘʣʠʥʦʟʦʥʘ 1) ʦʩʥʦʚʥʦʡ ʣʝʩʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʦʡ 

ʚʳʩʪʫʧʘʝʪ ʩʦʩʥʘ, ʪʘʢʞʝ ʧʨʝʦʙʣʘʜʘʝʪ ʙʝʨʝʟʘ. ʈʦʣʴ ʝʣʠ ʥʝʚʳʩʦʢʘʷ. ʅʘ ʠʟʫʯʘʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ. ʅʘ ʚʣʘʞʥʳʭ ʫʯʘʩʪʢʘʭ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʦʣʴʭʘ ʯʝʨʥʘʷ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʳ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʧʦʨʦʜʳ ï ʣʝʱʠʥʘ, ʚʷʟ, 

ʜʫʙ, ʷʩʝʥʴ, ʨʝʞʝ ʦʪʤʝʯʘʶʪʩʷ ʛʨʘʙ ʠ ʣʠʧʘ. ɺ ʧʦʜʣʝʩʢʝ ʨʘʩʪʫʪ ʠʚʳ, ʦʣʴʭʘ ʩʝʨʘʷ, ʢʨʫʰʠʥʘ; ʥʘ 
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ʟʘʙʦʣʦʯʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ï ʢʘʨʣʠʢʦʚʘʷ ʙʝʨʝʟʘ. ʇʨʦʠʟʨʘʩʪʘʶʪ ʟʣʘʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ ʠʟ ʣʝʩʥʦʛʦ ʨʘʟʥʦʪʨʘʚʴʷ, ʣʶʪʠʢʦʚʳʭ, ʨʦʟʦʮʚʝʪʥʳʭ, ʙʦʙʦʚʳʭ. ʇʦ ʚʩʝʤʫ ʨʘʟʨʝʟʫ 

ʝʜʠʥʠʯʥʦ ʦʪʤʝʯʘʶʪʩʷ ʢʫʣʴʪʫʨʥʳʝ ʟʣʘʢʠ Cerealia. ʉʨʝʜʠ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʚʩʪʨʝʯʘʶʪʩʷ 

ʧʦʣʳʥʠ, ʤʘʨʝʚʳʝ, ʱʘʚʝʣʠ ʠ ʧʦʜʦʨʦʞʥʠʢʠ. ʅʘ ʟʘʙʦʣʦʯʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʦʩʦʢʦʚʦ-ʩʬʘʛʥʦʚʳʝ ʠ -ʙʨʠʝʚʳʝ ʩʦʦʙʱʝʩʪʚʘ. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʪʘʢʞʝ ʨʘʟʚʠʪʳ 

ʙʨʠʝʚʳʝ ʤʭʠ, ʤʥʦʛʦʥʦʞʢʦʚʳʝ, ʛʨʦʟʜʦʚʥʠʢʠ. ɺʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʘʷ, ʚ 

ʚʦʜʦʝʤʝ ʧʨʦʠʟʨʘʩʪʘʶʪ ʢʫʙʳʰʢʘ ʞʝʣʪʘʷ ʠ ʨʜʝʩʪʳ, ʧʦ ʙʝʨʝʛʘʤ ï ʚʘʭʪʘ ʪʨʝʭʣʠʩʪʥʘʷ. 

ɺʩʪʨʝʯʘʶʪʩʷ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ Botryococcus sp. ʂʣʠʤʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʭʣʘʜʥʳʡ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʠʟʢʘʷ ʨʦʣʴ ʝʣʠ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ. 

ɺ ʧʝʨʠʦʜʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʘʣʠʥʦʟʦʥʝ 2, ʚ ʣʝʩʥʦʤ ʧʦʢʨʦʚʝ ʜʦʤʠʥʠʨʫʝʪ ʩʦʩʥʘ. 

ʈʦʣʴ ʝʣʠ ʦʩʪʘʝʪʩʷ ʥʠʟʢʦʡ, ʜʦʣʷ ʙʝʨʝʟʳ ʪʘʢʞʝ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ. ʅʘ ʠʟʫʯʘʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʩʦʩʥʦʚʳʝ ʣʝʩʘ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ 

ʧʘʜʘʝʪ. ʈʦʣʴ ʯʝʨʥʦʡ ʦʣʴʭʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ. ɺ ʧʦʜʣʝʩʢʝ ʚʩʪʨʝʯʘʶʪʩʷ ʠʚʳ ʠ ʦʣʴʭʘ 

ʩʝʨʘʷ. ɺ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ʷʨʫʩʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʟʣʘʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʣʝʩʥʦʛʦ ʨʘʟʥʦʪʨʘʚʴʷ, ʣʶʪʠʢʦʚʳʭ, ʨʦʟʦʮʚʝʪʥʳʭ, ʙʦʙʦʚʳʭ, 

ʚʝʨʝʩʢʦʚʳʭ, Vaccinium sp. ɺʩʪʨʝʯʘʶʪʩʷ ʩʦʨʥʳʝ ʚʠʜʳ ï ʧʦʣʳʥʠ, ʤʘʨʝʚʳʝ, ʱʘʚʝʣʠ. ʅʘ 

ʫʚʣʘʞʥʝʥʥʳʭ ʠ ʟʘʙʦʣʦʯʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʩʦʢʦʚʦ-ʩʬʘʛʥʦʚʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʩʬʘʛʥʦʚʳʭ ʤʭʦʚ, ʦʩʦʢʦʚʳʭ. ɺ ʤʦʭʦʚʦʤ ʷʨʫʩʝ ʪʘʢʞʝ ʧʨʝʦʙʣʘʜʘʶʪ 

ʤʥʦʛʦʥʦʞʢʦʚʳʝ, ʭʚʦʱʠ ʠ ʛʨʦʟʜʦʚʥʠʢʠ. ɺ ʦʟ. ɻʝʨʤʘʥʦʚʩʢʦʤ ʜʦʤʠʥʠʨʫʶʪ ʨʜʝʩʪʳ, ʪʘʢʞʝ 

ʧʨʦʠʟʨʘʩʪʘʝʪ ʢʫʙʳʰʢʘ ʞʝʣʪʘʷ. ʇʨʠʙʨʝʞʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʟʘʥʷʪʳ ʟʘʨʦʩʣʷʤʠ ʨʦʛʦʟʦʚ 

ʰʠʨʦʢʦʣʠʩʪʥʦʛʦ ʠ ʫʟʢʦʣʠʩʪʥʦʛʦ. ʉʪʘʙʠʣʴʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ Botryococcus 

sp. ʉʦʭʨʘʥʷʝʪʩʷ ʧʨʦʭʣʘʜʥʳʡ ʢʣʠʤʘʪ. 

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʧʘʣʠʥʦʟʦʥʘ 3) ʦʩʥʦʚʥʳʤ ʜʦʤʠʥʘʪʦʤ ʚ ʣʝʩʥʦʤ ʧʦʢʨʦʚʝ 

ʚʳʩʪʫʧʘʝʪ ʩʦʩʥʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʠʟʨʘʩʪʘʶʪ ʩʦʩʥʦʚʳʝ ʣʝʩʘ. ʈʦʣʴ ʙʝʨʝʟʳ 

ʚʦʟʨʘʩʪʘʝʪ. ʈʦʣʴ ʯʝʨʥʦʡ ʦʣʴʭʠ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪʩʷ. ɼʦʣʷ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ 

ʩʥʠʞʘʝʪʩʷ. ʉʠʣʴʥʝʝ ʨʘʟʨʘʩʪʘʶʪʩʷ ʠʚʥʷʢʠ. ʈʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʚʦʩʢʦʚʥʠʢʘ ʙʦʣʦʪʥʦʛʦ ʚ 

ʩʦʩʪʘʚʝ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʛʦ ʷʨʫʩʘ. ʇʦʜ ʧʦʣʦʛʦʤ ʣʝʩʘ ʨʘʟʚʠʚʘʶʪʩʷ ʨʘʟʥʦʪʨʘʚʥʦ-

ʟʣʘʢʦʚʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʣʝʩʥʦʛʦ ʨʘʟʥʦʪʨʘʚʴʷ, ʣʶʪʠʢʦʚʳʭ, ʨʦʟʦʮʚʝʪʥʳʭ ʠ 

ʙʦʙʦʚʳʭ. ʉʨʝʜʠ ʨʫʜʝʨʘʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʚʩʪʨʝʯʘʶʪʩʷ ʤʘʨʝʚʳʝ ʠ ʱʘʚʝʣʠ. ɺʦʜʥʦ-ʙʦʣʦʪʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ ʩʣʦʞʝʥʳ ʩʬʘʛʥʦʚʳʤʠ ʤʭʘʤʠ, ʦʩʦʢʦʚʳʤʠ, ʚʝʨʝʩʢʦʚʳʤʠ. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ 

ʨʘʩʪʝʥʠʡ ʪʘʢʞʝ ʧʨʝʦʙʣʘʜʘʶʪ ʤʥʦʛʦʥʦʞʢʦʚʳʝ. ɺ ʦʟ. ɻʝʨʤʘʥʦʚʩʢʦʤ ʧʨʝʦʙʣʘʜʘʝʪ ʢʫʚʰʠʥʢʘ 

ʯʠʩʪʦ-ʙʝʣʘʷ; ʙʝʨʝʛʘ ʟʘʥʷʪʳ ʨʦʛʦʟʦʤ ʰʠʨʦʢʦʣʠʩʪʥʳʤ. ʉʪʘʙʠʣʴʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʟʝʣʝʥʳʝ 

ʚʦʜʦʨʦʩʣʠ Botryococcus sp. ʂʣʠʤʘʪ ʧʨʦʭʣʘʜʥʳʡ. 
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ʆʟʝʨʦ ɿʠʤʥʷʢʦʚʩʢʦʝ. ʇʦ ʜʘʥʥʳʤ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʦʟ. ɿʠʤʥʷʢʦʚʩʢʦʛʦ (ʨʠʩʫʥʦʢ 18) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ 

ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʣʠʩʴ ʩʦʩʥʦʚʳʝ, ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ ʠ ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ 

ʣʝʩʘ ʩ ʧʨʠʤʝʩʴʶ ʯʝʨʥʦʡ ʦʣʴʭʠ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ. ʇʦ ʚʩʝʤʫ ʨʘʟʨʝʟʫ 

ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʣʝʩʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʦʡ ʷʚʣʷʝʪʩʷ ʩʦʩʥʘ, ʚ ʦʪʜʝʣʴʥʳʝ ʧʝʨʠʦʜʳ ʝʣʴ ʠ 

ʙʝʨʝʟʘ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʩʦʵʜʠʬʠʢʘʪʦʨʦʚ, ʥʦ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʢʦʣʦʥʢʠ ʨʦʣʴ ʝʣʠ 

ʥʝʚʝʣʠʢʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ ʦʟ. ɿʠʤʥʷʢʦʚʩʢʦʛʦ (ʨʠʩʫʥʦʢ 12) ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʟʨʘʩʪʘʶʪ ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩ 

ʧʨʠʤʝʩʴʶ ʝʣʠ, ʯʝʨʥʦʡ ʦʣʴʭʠ, ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʭ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ. 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʧʘʣʠʥʦʟʦʥʘ 1) ʦʩʥʦʚʥʳʤʠ ʣʝʩʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ 

ʚʳʩʪʫʧʘʶʪ ʩʦʩʥʘ ʠ ʝʣʴ. ʅʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ. ʈʦʣʴ 

ʙʝʨʝʟʳ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʝʩʥʦʛʦ ʧʦʢʨʦʚʘ ʥʝʚʳʩʦʢʘ. ʅʘ ʚʣʘʞʥʳʭ ʫʯʘʩʪʢʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ 

ʦʣʴʭʘ ʯʝʨʥʘʷ. ɺʩʪʨʝʯʘʶʪʩʷ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʧʦʨʦʜʳ ï ʚʷʟ, ʛʨʘʙ, ʷʩʝʥʴ, ʜʫʙ, ʣʝʱʠʥʘ ʠ 

ʣʠʧʘ. ɺ ʧʦʜʣʝʩʢʝ ʨʘʩʪʫʪ ʠʚʳ, ʥʘ ʟʘʙʦʣʦʯʝʥʥʳʭ ʤʝʩʪʘʭ ï ʢʘʨʣʠʢʦʚʘʷ ʙʝʨʝʟʘ. ʊʨʘʚʷʥʦ-

ʢʫʩʪʘʨʥʠʯʢʦʚʳʝ ʷʨʫʩ ʩʣʦʞʝʥ ʟʣʘʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʟʣʘʢʦʚʳʭ, ʨʦʟʦʮʚʝʪʥʳʭ ʠ ʣʶʪʠʢʦʚʳʭ, ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʩʣʦʞʥʦʮʚʝʪʥʳʝ. ʉʨʝʜʠ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʣʳʥʠ, ʨʝʞʝ ʧʦʜʦʨʦʞʥʠʢʠ, 

ʢʨʝʩʪʦʮʚʝʪʥʳʝ ʠ ʮʠʢʦʨʠʝʚʳʝ. ʅʘ ʟʘʙʦʣʦʯʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʩʦʢʦʚʦ-

ʩʬʘʛʥʦʚʳʝ ʩʦʦʙʱʝʩʪʚʘ, ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʚʝʨʝʩʢʦʚʳʭ. ɺʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʘʷ, ʚ ʚʦʜʦʝʤʝ ʧʨʦʠʟʨʘʩʪʘʶʪ ʪʝʣʦʨʝʟ, ʛʦʨʝʮ ʟʝʤʥʦʚʦʜʥʳʡ ʠ ʨʜʝʩʪʳ; 

ʦʙʠʣʴʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ Pediastrum sp. ʂʣʠʤʘʪ ʜʦʚʦʣʴʥʦ ʙʣʘʛʦʧʨʠʷʪʥʳʡ, 

ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚʳʩʦʢʘʷ ʨʦʣʴ ʝʣʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ. 

ɼʘʥʥʳʡ ʧʝʨʠʦʜ ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʨʝʜʠʥʝ ʩʫʙʙʦʨʝʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʛʦʣʦʮʝʥʘ (> 3170 ʢʘʣ. ʣ. ʥ.). 

ɺ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʘʣʠʥʦʟʦʥʝ 2 ʧʝʨʠʦʜʝ (ʥʘʯʘʣʩʷ 3170 ʢʘʣ. ʣ. ʥ.) ʩʦʭʨʘʥʷʝʪʩʷ 

ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʨʦʣʴ ʩʦʩʥʳ, ʘ ʝʣʠ ï ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ. ʈʦʣʴ ʙʝʨʝʟʳ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʣʝʩʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘʧʨʦʪʠʚ ʚʦʟʨʘʩʪʘʝʪ, ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʧʘʣʠʥʦʟʦʥʳ ʦʥʘ ʥʘʯʠʥʘʝʪʩʷ 

ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʩʦʵʜʠʬʠʢʘʪʦʨʘ. ɺ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʜʘʥʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘ ʠʟʫʯʘʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩ ʝʣʴʶ ʠ ʙʝʨʝʟʦʡ, ʚʦ ʚʪʦʨʦʡ ï ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ 

ʣʝʩʘ. ʉʦʩʪʘʚ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ, ʧʨʝʦʙʣʘʜʘʶʪ ʣʝʱʠʥʘ, ʚʷʟ ʠ 

ʜʫʙ. ɿʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʯʝʨʥʦʡ ʦʣʴʭʠ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʫʚʝʣʠʯʝʥʠʠ 

ʧʣʦʱʘʜʠ ʧʝʨʝʫʚʣʘʞʥʸʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʢʘʢ ʠ ʩʦʭʨʘʥʷʶʱʘʷʩʷ ʨʦʣʴ ʢʘʨʣʠʢʦʚʦʡ ʙʝʨʝʟʳ. ɺ 

ʧʦʜʣʝʩʢʝ ʪʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʠʚʳ, ʦʣʴʭʘ ʩʝʨʘʷ ʠ ʤʦʞʞʝʚʝʣʴʥʠʢ. ɺʦʟʨʘʩʪʘʝʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚ 

ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ʷʨʫʩʝ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʨʘʟʥʦʪʨʘʚʥʦ-ʟʣʘʢʦʚʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʟʣʘʢʦʚʳʭ, ʣʶʪʠʢʦʚʳʭ, ʨʦʟʦʮʚʝʪʥʳʭ, ʙʦʙʦʚʳʭ, ʚʝʨʝʩʢʦʚʳʭ, 

Vaccinium sp. ʇʦʚʳʰʘʝʪʩʷ ʨʦʣʴ ʨʫʜʝʨʘʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ï ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʳʥʝʡ, ʨʝʞʝ 
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ʚʩʪʨʝʯʘʶʪʩʷ ʤʘʨʝʚʳʝ, ʱʘʚʝʣʠ ʠ ʮʠʢʦʨʠʝʚʳʝ. ʅʘ ʫʚʣʘʞʥʝʥʥʳʭ ʠ ʟʘʙʦʣʦʯʝʥʥʳʭ ʫʯʘʩʪʢʘʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʩʦʢʦʚʦ-ʩʬʘʛʥʦʚʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʩʬʘʛʥʦʚʳʭ ʤʭʦʚ ʠ 

ʦʩʦʢʦʚʳʭ. ɺ ʤʦʭʦʚʦʤ ʷʨʫʩʝ ʪʘʢʞʝ ʧʨʦʠʟʨʘʩʪʘʶʪ ʙʨʠʝʚʳʝ ʤʭʠ, ʜʠʢʨʘʥʫʤʳ, ʛʨʦʟʜʦʚʥʠʢʠ, 

ʭʚʦʱʠ ʠ ʤʥʦʛʦʥʦʞʢʦʚʳʝ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʤʘʢʨʦʬʠʪʦʚ ʚ ʦʟ. ɿʠʤʥʷʢʦʚʩʢʦʤ ʟʘʤʝʪʥʦ 

ʚʦʟʨʘʩʪʘʝʪ, ʦʩʦʙʝʥʥʦ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʧʝʨʠʦʜʘ. ɺ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʝʦʙʣʘʜʘʝʪ ʫʨʫʪʴ ʠ 

ʚʦʜʦʢʨʘʩ, ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʢʫʙʳʰʢʘ ʞʝʣʪʘʷ, ʛʦʨʝʮ ʟʝʤʥʦʚʦʜʥʳʡ ʠ ʨʜʝʩʪʳ. ʇʨʠʙʨʝʞʥʳʝ 

ʪʝʨʨʠʪʦʨʠʠ ʟʘʥʷʪʳ ʨʦʛʦʟʘʤʠ (ʰʠʨʦʢʦʣʠʩʪʥʳʤ ʠ ʫʟʢʦʣʠʩʪʥʳʤ), ʘ ʪʘʢʞʝ ʦʢʦʣʦʚʦʜʥʳʤʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʩʝʤʝʡʩʪʚʘ Poaceae. ʈʦʣʴ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ Pediastrum sp. ʧʦʩʪʝʧʝʥʥʦ 

ʩʥʠʞʘʝʪʩʷ, ʧʦʷʚʣʷʶʪʩʷ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ Botryococcus sp. ʂʣʠʤʘʪ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʧʨʦʭʣʘʜʥʳʤ. ʕʪʦ ʢʦʥʝʮ ʩʫʙʙʦʨʝʘʣʴʥʦʛʦ ï ʧʝʨʚʘʷ ʧʦʣʦʚʠʥʘ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ. 

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʧʘʣʠʥʦʟʦʥʘ 3), ʢʘʢ ʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʚ ʣʝʩʥʦʤ ʧʦʢʨʦʚʝ ʜʦʤʠʥʠʨʫʝʪ ʩʦʩʥʘ. ɹʝʨʝʟʘ ʚʳʩʪʫʧʘʝʪ 

ʩʦʵʜʠʬʠʢʘʪʦʨʦʤ. ʈʦʣʴ ʝʣʠ ʥʠʟʢʘʷ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʠʟʨʘʩʪʘʶʪ ʙʝʨʝʟʦʚʦ-

ʩʦʩʥʦʚʳʝ ʣʝʩʘ. ʈʦʣʴ ʯʝʨʥʦʡ ʦʣʴʭʠ ʚ ʩʦʩʪʘʚʝ ʣʝʩʘ ʥʝʤʥʦʛʦ ʩʥʠʞʘʝʪʩʷ; ʢʘʢ ʠ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʚʷʟ, ʣʝʱʠʥʘ, ʜʫʙ ʠ ʷʩʝʥʴ; ʜʦʣʷ 

ʦʩʪʘʣʴʥʳʭ ʧʦʨʦʜ ʢʨʘʡʥʝ ʥʠʟʢʘʷ. ɺ ʧʦʜʣʝʩʢʝ ʚʩʪʨʝʯʘʶʪʩʷ ʠʚʳ, ʢʨʫʰʠʥʘ ʠ ʤʦʞʞʝʚʝʣʴʥʠʢ. 

ɺ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ʷʨʫʩʝ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ ʨʘʟʥʦʪʨʘʚʥʦ-ʟʣʘʢʦʚʳʭ 

ʩʦʦʙʱʝʩʪʚ. ɼʦʤʠʥʠʨʫʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʟʣʘʢʦʚʳʭ, ʣʶʪʠʢʦʚʳʭ, ʨʦʟʦʮʚʝʪʥʳʭ, ʙʦʙʦʚʳʭ, 

ʚʝʨʝʩʢʦʚʳʭ. ʉʨʝʜʠ ʨʫʜʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʱʘʚʝʣʷ, ʪʘʢʞʝ ʧʨʝʦʙʣʘʜʘʶʪ 

ʧʦʣʳʥʠ. ʈʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʤʘʨʝʚʳʝ, ʥʦʨʠʯʥʠʢʦʚʳʝ, ʮʠʢʦʨʠʝʚʳʝ, Vaccinium sp. 

ʅʘʯʠʥʘʝʪʩʷ ʘʛʨʘʨʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʚʧʝʨʚʳʝ ʧʦʷʚʣʷʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʫʣʴʪʫʨʥʳʭ 

ʟʣʘʢʦʚ Cerealia. ɺʦʜʥʦ-ʙʦʣʦʪʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʬʘʛʥʦʚʳʤʠ ʠ ʙʨʠʝʚʳʤʠ 

ʤʭʘʤʠ, ʦʩʦʢʦʚʳʤʠ. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʪʘʢʞʝ ʧʨʝʦʙʣʘʜʘʶʪ ʤʥʦʛʦʥʦʞʢʦʚʳʝ ʠ 

ʧʣʘʫʥʳ. ʉʨʝʜʠ ʤʘʢʨʦʬʠʪʦʚ ʚ ʦʟ. ɿʠʤʥʷʢʦʚʩʢʦʤ ʧʨʝʦʙʣʘʜʘʶʪ ʨʜʝʩʪʳ, ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʫʨʫʪʴ, ʛʦʨʝʮ ʟʝʤʥʦʚʦʜʥʳʡ, ʨʦʛʦʟ ʰʠʨʦʢʦʣʠʩʪʥʳʡ, ʨʝʞʝ ʢʘʤʳʰ. ɹʝʨʝʛʘ ʦʟʝʨʘ ʪʘʢʞʝ 

ʟʘʥʠʤʘʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚʘ Poaceae. ɺ ʚʦʜʥʦʡ ʩʨʝʜʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʟʝʣʝʥʳʝ 

ʚʦʜʦʨʦʩʣʠ Botryococcus sp., Pediastrum sp. ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʞʝ. ʇʦʷʚʣʷʶʪʩʷ ʩʧʦʨʳ ʛʨʠʙʦʚ 

Glomus, ʠʥʜʠʢʘʪʦʨʦʚ ʧʦʯʚʝʥʥʦʡ ʵʨʦʟʠʠ, ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʟʝʤʣʝʜʝʣʠʠ. ʂʣʠʤʘʪ ʜʦʚʦʣʴʥʦ ʧʨʦʭʣʘʜʥʳʡ ʠ ʩʫʭʦʡ, ʦ ʯʝʤ ʛʦʚʦʨʠʪ ʨʘʟʚʠʪʠʝ ʩʦʩʥʦʚʳʭ 

ʣʝʩʦʚ, ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʨʦʣʠ ʝʣʠ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ. ʇʝʨʠʦʜ 

ʦʭʚʘʪʳʚʘʝʪ ʚʪʦʨʫʶ ʧʦʣʦʚʠʥʫ ʩʫʙʘʪʣʘʥʪʠʢʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʟʨʘʩʪʘʶʪ ʩʦʩʥʦʚʳʝ ʠ ʝʣʦʚʦ-

ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩ ʙʝʨʝʟʦʡ. ɺʩʪʨʝʯʘʝʪʩʷ ʦʣʴʭʘ ʯʝʨʥʘʷ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʧʦʨʦʜʳ (ʣʝʱʠʥʘ, 

ʛʨʘʙ, ʜʫʙ). ɺ ʧʦʜʣʝʩʢʝ ʨʘʩʪʫʪ ʠʚʳ ʠ ʞʠʤʦʣʦʩʪʴ, ʥʘ ʟʘʙʦʣʦʯʝʥʥʳʭ ʤʝʩʪʘʭ ï ʢʘʨʣʠʢʦʚʘʷ 

ʙʝʨʝʟʘ. ɺ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ʷʨʫʩʝ ʧʨʝʦʙʣʘʜʘʶʪ ʨʘʟʥʦʪʨʘʚʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩ 
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ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʣʶʪʠʢʦʚʳʭ ʠ ʣʝʩʥʦʛʦ ʨʘʟʥʦʪʨʘʚʴʷ, ʫʚʣʘʞʥʝʥʥʳʝ ʠ ʟʘʙʦʣʦʯʝʥʥʳʝ 

ʪʝʨʨʠʪʦʨʠʠ ʩʣʦʞʝʥʳ ʦʩʦʢʦʚʦ-ʩʬʘʛʥʦʚʳʤʠ ʠ ʙʨʠʝʚʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ ʩ ʚʝʨʝʩʢʦʚʳʤʠ. 

ɺʩʪʨʝʯʘʶʪʩʷ ʩʦʨʥʳʝ ʚʠʜʳ ʤʘʨʝʚʳʭ ʠ ʠʚʘʥ-ʯʘʡ. ɺ ʦʟʝʨʝ ʧʨʦʠʟʨʘʩʪʘʝʪ ʢʫʙʳʰʢʘ ʞʝʣʪʘʷ.  

ʆʟʝʨʦ ɸʥʪʦʥʠʝʚʩʢʦʝ. ʇʦ ʜʘʥʥʳʤ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʦʟ. ɸʥʪʦʥʠʝʚʩʢʦʛʦ (ʨʠʩʫʥʦʢ 19) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ 

ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʣʠʩʴ ʩʦʩʥʦʚʳʝ ʠ ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ ʩ ʝʣʴʶ, ʯʝʨʥʦʡ 

ʦʣʴʭʦʡ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʅʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʛʣʘʚʥʦʡ 

ʣʝʩʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʦʡ ʷʚʣʷʝʪʩʷ ʩʦʩʥʘ, ʚ ʦʪʜʝʣʴʥʳʝ ʧʝʨʠʦʜʳ ʙʝʨʝʟʘ ʷʚʣʷʝʪʩʷ 

ʩʦʵʜʠʬʠʢʘʪʦʨʦʤ. ʈʦʣʴ ʝʣʠ ʥʝʚʝʣʠʢʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʦʟ. ɸʥʪʦʥʠʝʚʩʢʦʛʦ (ʨʠʩʫʥʦʢ 12) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʢʨʫʞʘʶʱʝʡ 

ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʟʨʘʩʪʘʶʪ ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ. 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʧʘʣʠʥʦʟʦʥʘ 1) ʦʩʥʦʚʥʦʡ ʣʝʩʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʦʡ 

ʚʳʩʪʫʧʘʝʪ ʩʦʩʥʘ. ʅʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʩʦʩʥʦʚʳʝ ʣʝʩʘ. ɽʣʴ ʠ ʙʝʨʝʟʘ 

ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʞʝ, ʠʭ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʝʩʥʦʛʦ ʧʦʢʨʦʚʘ ʥʝʚʳʩʦʢʘ. ɺ ʧʦʜʣʝʩʢʝ 

ʧʨʦʠʟʨʘʩʪʘʶʪ ʦʣʴʭʘ ʩʝʨʘʷ ʠ ʤʦʞʞʝʚʝʣʴʥʠʢ; ʥʘ ʟʘʙʦʣʦʯʝʥʥʳʭ ʤʝʩʪʘʭ ï ʢʘʨʣʠʢʦʚʘʷ ʙʝʨʝʟʘ. 

ʅʘ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʤʝʩʪʘ ʠ ʙʝʨʝʛʘʭ ʚʦʜʦʝʤʦʚ ʨʘʩʪʫʪ ʯʝʨʥʘʷ ʦʣʴʭʘ ʠ ʠʚʳ. ɺʩʪʨʝʯʘʶʪʩʷ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʧʦʨʦʜʳ (ʣʝʱʠʥʘ, ʚʷʟ, ʜʫʙ, ʛʨʘʙ, ʷʩʝʥʴ). ʊʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʛʦ ʷʨʫʩʘ ʥʝʚʳʩʦʢʦʝ; ʚ ʪʨʘʚʷʥʦʤ ʧʦʢʨʦʚʝ ʨʘʟʚʠʚʘʶʪʩʷ ʨʘʟʥʦʪʨʘʚʥʦ-

ʤʘʨʝʚʦ-ʧʦʣʳʥʥʳʝ ʩʦʦʙʱʝʩʪʚʘ. ɼʦʤʠʥʠʨʫʶʱʘʷ ʨʦʣʴ ʫ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ï ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʩʝʤʝʡʩʪʚʘ ʤʘʨʝʚʳʭ ʠ ʧʦʣʳʥʝʡ. ʊʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʟʣʘʢʦʚʳʝ, ʣʶʪʠʢʦʚʳʝ, ʨʦʟʦʮʚʝʪʥʳʝ, 

ʜʨʫʛʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʣʝʩʥʦʛʦ ʨʘʟʥʦʪʨʘʚʴʷ. ʅʘ ʩʳʨʳʭ ʠ ʟʘʙʦʣʦʯʝʥʥʳʭ ʤʝʩʪʘʭ 

ʧʨʦʠʟʨʘʩʪʘʶʪ ʚʠʜʳ ʩʝʤʝʡʩʪʚʘ ʦʩʦʢʦʚʳʭ, ʚʦʩʢʦʚʥʠʢ ʙʦʣʦʪʥʳʡ; ʠʟ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ï 

ʩʬʘʛʥʦʚʳʝ ʠ ʙʨʠʝʚʳʝ ʤʭʠ. ʇʦʜ ʣʝʩʥʳʤ ʧʦʣʦʛʦʤ ʪʘʢʞʝ ʧʨʦʠʟʨʘʩʪʘʶʪ ʤʥʦʛʦʥʦʞʢʦʚʳʝ ʠ 

ʧʣʘʫʥʳ. ɺʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʙʝʜʥʘʷ, ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʚʩʪʨʝʯʘʶʪʩʷ ʨʜʝʩʪʳ, ʘ ʪʘʢʞʝ 

ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ Pediastrum sp. ʅʠʟʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʨʘʚʷʥʠʩʪʳʭ ʩʦʦʙʱʝʩʪʚ ʠ 

ʥʝʚʳʩʦʢʘʷ ʜʦʣʷ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʤʦʛʫ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʜʦʚʦʣʴʥʦ ʧʨʦʭʣʘʜʥʦʤ 

ʢʣʠʤʘʪʝ. ʇʝʨʠʦʜ ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʨʝʜʠʥʝ ʩʫʙʙʦʨʝʘʣʘ (ʜʦ 3050 ʢʘʣ. ʣ. ʥ.). 

ɺ ʧʝʨʠʦʜʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʘʣʠʥʦʟʦʥʝ 2, ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʨʦʣʴ 

ʩʦʩʥʳ. ʂ ʩʝʨʝʜʠʥʝ ʧʘʣʠʥʦʟʦʥʳ ʨʦʣʴ ʙʝʨʝʟʳ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʝʩʥʦʛʦ ʧʦʢʨʦʚʘ ʦʩʪʨʦʚʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʦʥʘ ʥʘʯʠʥʘʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʩʦʵʜʠʬʠʢʘʪʦʨʘ. ɺ ʧʝʨʚʦʡ 

ʧʦʣʦʚʠʥʝ ʟʦʥʳ ʪʘʢʞʝ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʦʣʴ ʝʣʠ, ʦʜʥʘʢʦ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʜʦʣʷ 

ʵʪʦʡ ʧʦʨʦʜʳ ʚʥʦʚʴ ʩʥʠʞʘʝʪʩʷ. ɺ ʪʝʯʝʥʠʝ ʜʘʥʥʦʛʦ ʧʝʨʠʦʜ ʥʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʨʘʟʚʠʚʘʶʪʩʷ ʩʦʩʥʦʚʳʝ, ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ ʠ ʝʣʦʚʦ-ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ. ʇʦʚʳʰʝʥʠʝ 

ʨʦʣʠ ʯʝʨʥʦʡ ʦʣʴʭʠ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʱʘʜʠ ʧʝʨʝʫʚʣʘʞʥʸʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ. ʈʦʣʴ ʢʘʨʣʠʢʦʚʦʡ ʙʝʨʝʟʳ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ. ʐʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʧʦʨʦʜʳ 
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ʚʩʪʨʝʯʘʶʪʩʷ ʩʪʘʙʠʣʴʥʦ, ʩʨʝʜʠ ʥʠʭ ʟʘʤʝʪʥʦ ʧʨʝʦʙʣʘʜʘʶʪ ʚʷʟ ʠ ʣʝʱʠʥʘ; ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʫʙ, ʛʨʘʙ ʠ ʷʩʝʥʴ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʚʦʟʨʘʩʪʘʝʪ. 

ʇʨʝʦʙʣʘʜʘʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʟʣʘʢʦʚʳʭ, ʣʶʪʠʢʦʚʳʭ, ʨʦʟʦʮʚʝʪʥʳʭ, ʩʦʨʥʳʝ ʨʘʩʪʝʥʠʷ 

(ʧʦʣʳʥʠ, ʤʘʨʝʚʳʝ); ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʦʞʥʦʮʚʝʪʥʳʝ, ʟʦʥʪʠʯʥʳʝ, ʧʦʜʤʘʨʝʥʥʠʢʠ. ʉʨʝʜʠ 

ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ï  ʤʥʦʛʦʥʦʞʢʦʚʳʝ, ʭʚʦʱʠ, ʧʣʘʫʥʳ, ʛʨʦʟʜʦʚʥʠʢʠ, ʱʠʪʦʚʥʠʢʠ. ʉʨʝʜʠ 

ʨʫʜʝʨʘʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʦʪʤʝʯʝʥʳ ʢʘʧʫʩʪʥʳʝ, ʱʘʚʝʣʴ, ʧʦʜʦʨʦʞʥʠʢʠ, ʮʠʢʦʨʠʝʚʳʝ. ɺʦʜʥʦ-

ʙʦʣʦʪʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʦʢʦʚʳʤʠ, ʚʝʨʝʩʢʦʚʳʤʠ, ʩʬʘʛʥʦʚʳʤʠ ʠ ʙʨʠʝʚʳʤʠ 

ʤʭʘʤʠ, ʚʩʪʨʝʯʝʥʘ ʨʦʩʷʥʢʘ. ɺ ʦʟʝʨʝ ɸʥʪʦʥʠʝʚʩʢʦʤ ʧʨʦʠʟʨʘʩʪʘʝʪ ʨʘʟʥʦʦʙʨʘʟʥʘʷ ʚʦʜʥʘʷ ʠ 

ʧʨʠʙʨʝʞʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ï ʚʦʜʦʢʨʘʩ, ʢʫʙʳʰʢʘ ʞʝʣʪʘʷ, ʢʫʚʰʠʥʢʘ ʯʠʩʪʦ-ʙʝʣʘʷ, ʛʦʨʝʮ 

ʟʝʤʥʦʚʦʜʥʳʡ, ʨʜʝʩʪʳ. ʈʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʨʷʩʢʘ, ʫʨʫʪʴ, ʢʫʙʳʰʢʘ ʤʘʣʘʷ, ʨʦʛʦʟ 

ʰʠʨʦʢʦʣʠʩʪʥʳʡ. ʆʙʠʣʴʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ. ʂʣʠʤʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʧʣʳʡ 

ʠ ʚʣʘʞʥʳʡ. ʇʝʨʠʦʜ ʦʭʚʘʪʳʚʘʝʪ ʢʦʥʝʮ ʩʫʙʙʦʨʝʘʣʘ ï ʧʝʨʚʫʶ ʧʦʣʦʚʠʥʫ ʩʫʙʘʪʣʘʥʪʠʢʘ. 

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʧʘʣʠʥʦʟʦʥʘ 3), ʢʘʢ ʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʛʣʘʚʥʦʡ ʜʦʤʠʥʠʨʫʶʱʝʡ ʧʦʨʦʜʦʡ ʚ ʣʝʩʥʦʤ ʧʦʢʨʦʚʝ ʷʚʣʷʝʪʩʷ ʩʦʩʥʘ. 

ɹʝʨʝʟʘ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʩʦʵʜʠʬʠʢʘʪʦʨʘ, ʝʝ ʚʳʩʦʢʘʷ ʨʦʣʴ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʚʳʨʫʙʢʘʭ ʠ ʚʪʦʨʠʯʥʦʤ ʟʘʨʘʩʪʘʥʠʠ ʪʝʨʨʠʪʦʨʠʡ. ʈʦʣʴ ʝʣʠ ʥʠʟʢʘʷ, ʣʠʰʴ ʚ ʩʘʤʦʡ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʝʝ ʜʦʣʷ ʥʝʤʥʦʛʦ ʚʦʟʨʘʩʪʘʝʪ. ʄʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʨʘʟʚʠʪʠʠ ʩʦʩʥʦʚʳʭ ʠ 

ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʭ ʣʝʩʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʦʣʴ ʯʝʨʥʦʡ ʦʣʴʭʠ ʩʥʠʞʘʝʪʩʷ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʝʜʳʜʫʱʝʡ ʧʘʣʠʥʦʟʦʥʦʡ, ʦʜʥʘʢʦ ʦʩʪʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʡ. ʈʦʣʴ 

ʢʘʨʣʠʢʦʚʦʡ ʙʝʨʝʟʳ ʥʝʤʥʦʛʦ ʧʦʚʳʰʘʝʪʩʷ. ʈʦʣʴ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʫʤʝʥʴʰʘʝʪʩʷ, 

ʩʨʝʜʠ ʥʠʭ ʚʩʪʨʝʯʘʶʪʩʷ ʣʝʱʠʥʘ, ʚʷʟ, ʜʫʙ, ʛʨʘʙ, ʷʩʝʥʴ, ʧʦʷʚʣʷʝʪʩʷ ʣʠʧʘ. ɺ ʧʦʜʣʝʩʢʝ ʨʘʩʪʫʪ 

ʤʦʞʞʝʚʝʣʴʥʠʢ, ʢʨʫʰʠʥʘ; ʥʘ ʫʚʣʘʞʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ï ʠʚʘ. ʉʨʝʜʠ ʪʨʘʚʷʥʠʩʪʳʭ ʠ ʩʧʦʨʦʚʳʭ 

ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʪʘʢʩʦʥʘʤʠ ʷʚʣʷʶʪʩʷ ʟʣʘʢʦʚʳʝ, ʣʶʪʠʢʦʚʳʝ (ʚʢʣʶʯʘʷ ʨʦʜ 

ʣʶʪʠʢ), ʨʦʟʦʮʚʝʪʥʳʝ, ʩʦʨʥʳʝ ʨʘʩʪʝʥʠʷ (ʧʦʣʳʥʠ, ʱʘʚʝʣʴ, ʤʘʨʝʚʳʝ), ʨʘʟʥʦʪʨʘʚʴʝ, 

ʤʥʦʛʦʥʦʞʢʦʚʳʝ, ʛʨʦʟʜʦʚʥʠʢʠ. ɺʦʜʥʦ-ʙʦʣʦʪʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʩʦʢʦʚʳʤʠ, 

ʚʝʨʝʩʢʦʚʳʤʠ, ʩʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ï ʩʬʘʛʥʦʚʳʤʠ ʠ ʙʨʠʝʚʳʤʠ ʤʭʘʤʠ. ʉʨʝʜʠ 

ʤʘʢʨʦʬʠʪʦʚ ʦʟʝʨʘ ʚʩʪʨʝʯʘʶʪʩʷ ʢʫʙʳʰʢʘ ʞʝʣʪʘʷ, ʛʦʨʝʮ ʟʝʤʥʦʚʦʜʥʳʡ, ʫʨʫʪʴ, ʨʜʝʩʪʳ, ʨʝʞʝ 

ʚʦʜʦʢʨʘʩ, ʨʷʩʢʘ, ʢʫʚʰʠʥʢʘ ʯʠʩʪʦ-ʙʝʣʘʷ, ʨʦʛʦʟ ʰʠʨʦʢʦʣʠʩʪʥʳʡ. ʉʨʝʜʠ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ 

ʧʨʝʦʙʣʘʜʘʝʪ Botryococcus sp. ɼʦʤʠʥʠʨʦʚʘʥʠʝ ʩʦʩʥʳ, ʩʥʠʞʝʥʠʝ ʨʦʣʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ 

ʧʦʨʦʜ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʧʨʦʭʣʘʜʥʦʤ ʠ ʩʫʭʦʤ ʢʣʠʤʘʪʝ. ʇʝʨʠʦʜ ʦʪʥʦʩʠʪʩʷ ʢʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ ʛʦʣʦʮʝʥʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʟʨʘʩʪʘʶʪ ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ 

ʣʝʩʘ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʝʣʠ ʠ ʩ ʯʝʨʥʦʡ ʦʣʴʭʦʡ ʥʘ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ. ɺ ʧʦʜʣʝʩʢʝ 

ʧʨʦʠʟʨʘʩʪʘʶʪ ʠʚʳ, ʦʣʴʭʘ ʩʝʨʘʷ ʠ ʣʝʱʠʥʘ, ʩʨʝʜʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʪʘʢʞʝ ʦʪʤʝʯʝʥ 

ʷʩʝʥʴ. ʉʨʝʜʠ ʪʨʘʚ ʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʶʪ ʟʣʘʢʠ, ʦʩʦʢʦʚʳʝ, ʢʨʝʩʪʦʮʚʝʪʥʳʝ, 
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ʛʨʝʯʠʰʥʳʝ, ʚʝʨʝʩʢʦʚʳʝ, ʣʝʩʥʦʝ ʨʘʟʥʦʪʨʘʚʴʝ, ʙʨʠʝʚʳʝ ʠ ʩʬʘʛʥʦʚʳʝ ʤʭʠ, ʭʚʦʱʠ, 

ʤʥʦʛʦʥʦʞʢʦʚʳʝ. ɺʦʜʥʳʝ ʨʘʩʪʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʜʝʩʪʘʤʠ, ʢʫʙʳʰʢʦʡ ʞʝʣʪʦʡ, ʫʨʫʪʴʶ, 

ʢʫʚʰʠʥʢʦʡ ʯʠʩʪʦ-ʙʝʣʦʡ ʠ ʝʞʝʛʦʣʦʚʥʠʢʘʤʠ. 

ʆʟʝʨʦ ɺʠʪʘʣʴʝʚʩʢʦʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʦʟ. ɺʠʪʘʣʴʝʚʩʢʦʛʦ (ʨʠʩʫʥʦʢ 20) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ 

ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʣʠʩʴ ʩʦʩʥʦʚʳʝ ʠ ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩ ʙʝʨʝʟʦʡ, 

ʯʝʨʥʦʡ ʦʣʴʭʦʡ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʅʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʛʣʘʚʥʦʡ 

ʣʝʩʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʦʡ ʷʚʣʷʝʪʩʷ ʩʦʩʥʘ, ʚ ʦʪʜʝʣʴʥʳʝ ʧʝʨʠʦʜʳ ï ʩʦʩʥʘ ʠ ʝʣʴ; ʙʝʨʝʟʘ 

ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʩʦʵʜʠʬʠʢʘʪʦʨʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ (ʨʠʩʫʥʦʢ 

12) ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ɺʠʪʘʣʴʝʚʩʢʦʛʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ 

ʧʨʦʠʟʨʘʩʪʘʶʪ ʝʣʦʚʦ-ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩ ʢʘʨʣʠʢʦʚʦʡ ʙʝʨʝʟʦʡ ʚ ʧʦʜʣʝʩʢʝ ʠ ʥʘ 

ʩʧʣʘʚʠʥʘʭ ʠ ʯʝʨʥʦʡ ʦʣʴʭʦʡ ʥʘ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ. 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʧʘʣʠʥʦʟʦʥʘ 1) ʦʩʥʦʚʥʳʤʠ ʣʝʩʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ 

ʷʚʣʷʶʪʩʷ ʩʦʩʥʘ ʠ ʝʣʴ. ʅʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ, ʙʝʨʝʟʘ 

ʠʛʨʘʝʪ ʥʝʚʳʩʦʢʫʶ ʨʦʣʴ ʚ ʣʝʩʥʦʤ ʧʦʢʨʦʚʝ. ʋʚʣʘʞʥʝʥʥʳʝ ʤʝʩʪʘ ʠ ʙʝʨʝʛʘ ʚʦʜʦʝʤʦʚ ʟʘʥʷʪʳ 

ʯʝʨʥʦʡ ʦʣʴʭʦʡ ʠ ʠʚʘʤʠ, ʚ ʧʦʜʣʝʩʢʝ ʨʘʩʪʫʪ ʦʣʴʭʘ ʩʝʨʘʷ, ʥʘ ʟʘʙʦʣʦʯʝʥʥʳʭ ʤʝʩʪʘʭ ï 

ʢʘʨʣʠʢʦʚʘʷ ʙʝʨʝʟʘ. ɸʩʩʝʢʪʘʪʦʨʘʤʠ ʜʨʝʚʝʩʥʦʛʦ ʷʨʫʩʘ ʷʚʣʷʶʪʩʷ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʧʦʨʦʜʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʣʝʱʠʥʦʡ, ʚʷʟʦʤ, ʜʫʙʦʤ, ʛʨʘʙʦʤ, ʣʠʧʦʡ ʠ ʷʩʝʥʝʤ. ʊʘʢʩʦʥʦʤʠʯʝʩʢʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʛʦ ʷʨʫʩʘ ʥʝʚʳʩʦʢʦʝ, ʧʨʝʦʙʣʘʜʘʶʪ ʟʣʘʢʦʚʦ-

ʨʘʟʥʦʪʨʘʚʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʠʟ ʟʣʘʢʦʚʳʭ, ʣʶʪʠʢʦʚʳʭ, ʨʦʟʦʮʚʝʪʥʳʭ, ʣʝʩʥʦʛʦ ʨʘʟʥʦʪʨʘʚʴʷ. 

ʆʪʤʝʯʘʶʪʩʷ ʨʫʜʝʨʘʣʴʥʳʝ ʚʠʜʳ (ʤʘʨʝʚʳʝ, ʧʦʣʳʥʠ). ʇʦ ʙʝʨʝʛʘʤ ʚʦʜʦʝʤʦʚ ʨʘʩʪʫʪ 

ʩʬʘʛʥʦʚʳʝ ʠ ʙʨʠʝʚʳʝ ʤʭʠ, ʦʩʦʢʠ, ʚʦʩʢʦʚʥʠʢ ʙʦʣʦʪʥʳʡ. ɺʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʙʝʜʥʘʷ, 

ʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʦʨʮʝʤ ʟʝʤʥʦʚʦʜʥʳʤ, ʘ ʪʘʢʞʝ ʟʝʣʝʥʳʤʠ ʚʦʜʦʨʦʩʣʷʤʠ (Botryococcus sp., 

Pediastrum sp.). ɺʳʩʦʢʘʷ ʨʦʣʴ ʝʣʠ, ʯʝʨʥʦʡ ʦʣʴʭʠ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʜʦʚʦʣʴʥʦ ʪʝʧʣʦʤ ʢʣʠʤʘʪʝ ʠ ʝʩʪʝʩʪʚʝʥʥʦʤ ʭʘʨʘʢʪʝʨʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ʇʝʨʠʦʜ ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʥʮʫ ʘʪʣʘʥʪʠʢʘ ï ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʩʫʙʙʦʨʝʘʣʘ. 

ɼʘʣʝʝ (ʧʘʣʠʥʦʟʦʥʘ 2) ʚ ʩʦʩʪʘʚʝ ʣʝʩʘ ʧʨʝʦʙʣʘʜʘʶʪ ʩʦʩʥʘ ʠ ʝʣʴ. ʅʘ ʠʟʫʯʘʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ, ʤʝʥʴʰʫʶ ʨʦʣʴ ʚ ʣʝʩʥʦʤ ʧʦʣʦʛʝ ʠʛʨʘʝʪ 

ʙʝʨʝʟʘ. ʋʚʣʘʞʥʝʥʥʳʝ ʤʝʩʪʘ ʠ ʙʝʨʝʛʘ ʚʦʜʦʝʤʦʚ ʟʘʥʷʪʳ ʯʝʨʥʦʡ ʦʣʴʭʦʡ ʠ ʠʚʘʤʠ, ʚ ʧʦʜʣʝʩʢʝ 

ʨʘʩʪʫʪ ʦʣʴʭʘ ʩʝʨʘʷ ʠ ʤʦʞʞʝʚʝʣʴʥʠʢ, ʥʘ ʟʘʙʦʣʦʯʝʥʥʳʭ ʤʝʩʪʘʭ ï ʢʘʨʣʠʢʦʚʘʷ ʙʝʨʝʟʘ. ɺ 

ʜʨʝʚʝʩʥʦʤ ʷʨʫʩʝ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʨʦʠʟʨʘʩʪʘʶʪ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʧʦʨʦʜʳ. ʇʦʜ ʧʦʣʦʛʦʤ 

ʣʝʩʘ ʨʘʟʚʠʚʘʶʪʩʷ ʩʦʦʙʱʝʩʪʚʘ, ʩʣʦʞʝʥʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʩʝʤʝʡʩʪʚ ʟʣʘʢʦʚʳʭ, 

ʣʶʪʠʢʦʚʳʭ (ʚʢʣʶʯʘʷ ʨʦʜ ʣʶʪʠʢ), ʨʦʟʦʮʚʝʪʥʳʭ, ʛʚʦʟʜʠʯʥʳʭ, ʜʨʫʛʠʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ʣʝʩʥʦʛʦ ʨʘʟʥʦʪʨʘʚʴʷ, ʩʦʨʥʳʤʠ ʚʠʜʘʤʠ ʤʘʨʝʚʳʭ ʠ ʧʦʣʳʥʠ, ʩʧʦʨʦʚʳʤʠ ʨʘʩʪʝʥʠʷʤʠ ï 

ʭʚʦʱʘʤʠ, ʤʥʦʛʦʥʦʞʢʘʤʠ, ʧʣʘʫʥʘʤʠ. ʅʘ ʟʘʙʦʣʦʯʝʥʥʳʭ ʠ ʩʳʨʳʭ ʫʯʘʩʪʢʘʭ, ʧʦ ʙʝʨʝʛʘʤ 
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ʚʦʜʦʝʤʦʚ ʨʘʩʪʫʪ ʚʠʜʳ ʦʩʦʢʦʚʳʭ, ʚʝʨʝʩʢʦʚʳʭ, ʩʬʘʛʥʦʚʳʝ ʠ ʙʨʠʝʚʳʝ ʤʭʠ. ɺʦʜʥʘʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʙʝʜʥʘʷ, ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʦʠʟʨʘʩʪʘʶʪ ʨʜʝʩʪʳ ʠ ʝʞʝʛʦʣʦʚʥʠʢʠ, ʘ ʪʘʢʞʝ 

ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ (Botryococcus sp., Pediastrum sp.). ʉʦʭʨʘʥʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʪʝʧʣʳʡ 

ʢʣʠʤʘʪ. ʇʝʨʠʦʜ ʦʪʥʦʩʠʪʩʷ ʢʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʩʫʙʙʦʨʝʘʣʘ (> 3095 ʢʘʣ. ʣ. ʥ.). 

ɺ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʘʣʠʥʦʟʦʥʝ 3 ʧʝʨʠʦʜʝ (ʥʘʯʘʣʩʷ 3095 ʢʘʣ. ʣ. ʥ.) ʨʦʣʴ ʝʣʠ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʝʩʥʦʛʦ ʧʦʢʨʦʚʘ ʦʩʪʨʦʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʘʣʘʘʤʘ 

ʨʘʟʚʠʚʘʶʪʩʷ ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ, ʨʦʣʴ ʙʝʨʝʟʳ ʩʥʠʞʘʝʪʩʷ. ʂ ʢʦʥʮʫ ʧʝʨʠʦʜʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʦʣʴ ʢʘʨʣʠʢʦʚʦʡ ʙʝʨʝʟʳ. ʉʨʝʜʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʟʘʤʝʪʥʦ 

ʧʨʝʦʙʣʘʜʘʶʪ ʣʝʱʠʥʘ ʠ ʚʷʟ. ʋʚʝʣʠʯʠʚʘʪʁʩʷ ʧʣʦʱʘʜʠ, ʟʘʥʷʪʳʝ ʦʪʢʨʳʪʳʤʠ ʪʨʘʚʷʥʠʩʪʳʤʠ 

ʩʦʦʙʱʝʩʪʚʘʤʠ. ʇʦʷʚʣʝʥʠʝ ʧʳʣʴʮʳ ʮʠʢʦʨʠʝʚʳʭ ʠ ʛʨʝʯʠʭʠ ʚ ʢʦʥʮʝ ʧʝʨʠʦʜʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʯʘʣʝ ʟʝʤʣʝʜʝʣʠʷ [ɻʘʟʠʟʦʚʘ ʠ ʜʨ., 2025]. ʆ ʨʘʥʥʝʤ ʟʝʤʣʝʜʝʣʠʠ ʥʘ ʦ. 

ɺʘʣʘʘʤ ʛʦʚʦʨʷʪ ʪʘʢʞʝ ʝʜʠʥʠʯʥʳʝ ʥʘʭʦʜʢʠ ʧʳʣʴʮʳ Cerealia ʠ ʧʠʢ ʯʘʩʪʠʮ ʫʛʣʷ ʦʢʦʣʦ 2700 

ʣʝʪ ʥʘʟʘʜ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʟ. ʀʛʫʤʝʥʩʢʦʝ [Vuorela et al., 2001].  ʆʙʝɦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʚ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ʷʨʫʩʝ ʚʦʟʨʘʩʪʘʝʪ, ʜʦʤʠʥʠʨʫʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʟʣʘʢʦʚʳʭ, 

ʣʶʪʠʢʦʚʳʭ (ʚʢʣʶʯʘʷ ʨʦʜ ʣʶʪʠʢ), ʨʦʟʦʮʚʝʪʥʳʭ, ʧʦʣʳʥʝʡ, ʚʩʪʨʝʯʘʝʪʩʷ ʨʘʟʣʠʯʥʦʝ 

ʨʘʟʥʦʪʨʘʚʴʝ, ʛʚʦʟʜʠʯʥʳʝ, ʮʠʢʦʨʠʝʚʳʝ, ʢʨʝʩʪʦʮʚʝʪʥʳʝ, ʩʧʦʨʦʚʳʝ ʨʘʩʪʝʥʠʷ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʤʥʦʛʦʥʦʞʢʦʚʳʭ, ʭʚʦʱʝʡ, ʧʣʘʫʥʦʚ. ʈʘʟʚʠʪʳ ʚʦʜʥʦ-ʙʦʣʦʪʥʳʝ ʩʦʦʙʱʝʩʪʚʘ 

ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚ ʦʩʦʢʦʚʳʭ ʠ ʚʝʨʝʩʢʦʚʳʭ ʩ ʤʦʭʦʚʳʤ ʷʨʫʩʦʤ ʠʟ ʩʬʘʛʥʦʚʳʭ ʠ 

ʙʨʠʝʚʳʭ ʤʭʦʚ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʤʘʢʨʦʬʠʪʦʚ ʦʩʪʘʝʪʩʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʠʟʢʦʝ, ʦʜʥʘʢʦ 

ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʟʘʩʝʣʝʥʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ ʫʨʫʪʴʶ, ʪʘʢʞʝ ʦʪʤʝʯʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʨʜʝʩʪʦʚ. 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʘ ʙʣʘʛʦʧʨʠʷʪʥʘʷ, ʢʣʠʤʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʧʣʳʡ ʠ ʚʣʘʞʥʳʡ. ʕʪʦ 

ʢʦʥʝʮ ʩʫʙʙʦʨʝʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ. 

ɼʣʷ ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʧʘʣʠʥʦʟʦʥʝ 4 ʧʝʨʠʦʜʘ (ʥʘʯʘʣʩʷ ʥʝʤʥʦʛʠʤ ʧʦʟʜʥʝʝ 2900 ʢʘʣ. ʣ. 

ʥ.) ʭʘʨʘʢʪʝʨʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʟʫʯʝʥʠʷ ʩʦʩʥʦʚʳʭ ʠ ʝʣʦʚʦ-ʩʦʩʥʦʚʳʭ 

ʣʝʩʦʚ ʩ ʙʝʨʝʟʦʡ, ʩʥʠʞʝʥʠʝ ʨʦʣʠ ʝʣʠ ʠ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʦʣʠ ʙʝʨʝʟʳ ʚ ʣʝʩʥʦʤ 

ʷʨʫʩʝ. ʂ ʩʝʨʝʜʠʥʝ ʟʦʥʳ ʙʝʨʝʟʘ, ʥʘʨʘʚʥʝ ʩ ʝʣʴʶ, ʩʪʘʥʦʚʠʪʩʷ ʚʠʜʦʤ-ʩʦʵʜʠʬʠʢʘʪʦʨʦʤ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʝʨʝʟʳ ʩʚʷʟʘʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʫʩʠʣʝʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ï ʚʳʨʫʙʢʘʤʠ ʠ ʧʦʞʘʨʘʤʠ [ɻʘʟʠʟʦʚʘ ʠ ʜʨ., 2025]. ʈʦʣʴ ʯʝʨʥʦʡ ʦʣʴʭʠ ʟʘʤʝʪʥʦ 

ʚʦʟʨʘʩʪʘʝʪ, ʢʘʢ ʠ ʨʦʣʴ ʢʘʨʣʠʢʦʚʦʡ ʙʝʨʝʟʳ, ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʱʘʜʠ 

ʩʳʨʳʭ ʠ ʟʘʙʦʣʦʯʝʥʥʳʭ ʫʯʘʩʪʢʦʚ. ɼʦʤʠʥʠʨʫʶʱʘʷ ʨʦʣʴ ʣʝʱʠʥʳ ʠ ʚʷʟʘ ʩʨʝʜʠ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʩʦʭʨʘʥʷʝʪʩʷ, ʪʘʢʞʝ ʧʨʝʦʙʣʘʜʘʶʪ ʷʩʝʥʴ ʠ ʛʨʘʙ. ʈʦʣʴ ʣʠʧʳ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʘ ʜʫʙ ʚʩʪʨʝʯʝʥ ʣʠʰʴ ʚ ʥʘʯʘʣʝ ʧʝʨʠʦʜʘ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʩʨʝʜʠ ʪʨʘʚ ʠ 

ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ, ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʪʘʢʩʦʥʳ ʧʦʧʦʣʥʷʶʪʩʷ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʢʨʝʩʪʦʮʚʝʪʥʳʭ, ʛʨʝʯʠʰʥʳʭ ʠ ʭʚʦʱʝʡ. ʇʦʚʳʰʘʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʣʫʛʦʚʦʛʦ ʨʘʟʥʦʪʨʘʚʴʷ, ʦ ʯʝʤ ʢʦʩʚʝʥʥʦ ʛʦʚʦʨʠʪ ʨʘʟʚʠʪʠʝ ʟʣʘʢʦʚ ʠ ʦʩʦʢʦʚʳʭ, ʠ 
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ʩʠʥʘʥʪʨʦʧʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʊʘʢʞʝ ʚ ʦʪʣʦʞʝʥʠʷʭ ʧʦʷʚʣʷʶʪʩʷ ʩʧʦʨʳ ʛʨʠʙʦʚ Glomus ï 

ʠʥʜʠʢʘʪʦʨʦʚ ʧʦʯʚʝʥʥʦʡ ʵʨʦʟʠʠ. ɺʦʜʥʘʷ ʩʨʝʜʘ ʥʘʯʠʥʘʝʪ ʘʢʪʠʚʥʦ ʟʘʩʝʣʷʪʴʩʷ ʤʘʢʨʦʬʠʪʘʤʠ ï 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʜʦʢʨʘʩ, ʟʘʪʝʤ ʨʜʝʩʪʳ, ʢ ʩʝʨʝʜʠʥʝ ʧʝʨʠʦʜʘ ʨʘʟʨʘʩʪʘʝʪʩʷ ʢʫʙʳʰʢʘ ʞʝʣʪʘʷ. 

ʊʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʯʘʩʪʫʭʘ, ʢʫʚʰʠʥʢʘ ʯʠʩʪʦ-ʙʝʣʘʷ, ʝʞʝʛʦʣʦʚʥʠʢʠ ʠ ʧʨʠʙʨʝʞʥʳʝ ʚʠʜʳ ï 

ʠʨʠʩ ʣʦʞʥʦʘʠʨʦʚʳʡ, ʨʦʛʦʟ ʰʠʨʦʢʦʣʠʩʪʥʳʡ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʜʨʫʛʠʭ ʚʠʜʦʚ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ 

ʨʦʣʴ ʫʨʫʪʠ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʠ ʚ ʩʝʨʝʜʠʥʝ ʧʝʨʠʦʜʘ ʦʥʘ ʠʩʯʝʟʘʝʪ. ɺ ʢʦʥʮʝ ʧʝʨʠʦʜʘ 

ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʨʦʣʴ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ Pediastrum sp. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʫʭʫʜʰʘʶʪʩʷ, ʯʪʦ ʠʥʜʠʮʠʨʫʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʨʦʣʠ ʝʣʠ ʠ ʥʝʢʦʪʦʨʳʭ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ 

ʧʦʨʦʜ. ʇʝʨʠʦʜ ʦʭʚʘʪʳʚʘʝʪ ʢʦʥʝʮ ʩʫʙʙʦʨʝʘʣʘ ʠ ʧʝʨʚʫʶ ʧʦʣʦʚʠʥʫ ʩʫʙʘʪʣʘʥʪʠʢʘ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʘʣʠʥʦʟʦʥʝ 5 ʧʝʨʠʦʜʝ (ʩʝʨʝʜʠʥʘ ï ʢʦʥʝʮ ʩʫʙʘʪʣʘʥʪʠʢʘ) ʥʘ 

ʦʩʪʨʦʚʝ ʥʘʙʣʶʜʘʝʪʩʷ ʛʦʩʧʦʜʩʪʚʦ ʩʦʩʥʦʚʳʭ ʣʝʩʦʚ ʩ ʙʝʨʝʟʦʡ. ɺ ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ 

ʧʨʦʜʦʣʞʘʝʪ ʩʥʠʞʘʪʴʩʷ ʨʦʣʴ ʝʣʠ, ʨʦʣʴ ʙʝʨʝʟʳ ʧʦ-ʧʨʝʞʥʝʤʫ ʚʳʩʦʢʘʷ, ʩʦʭʨʘʥʷʝʪʩʷ ʜʦʣʷ 

ʯʝʨʥʦʡ ʦʣʴʭʠ ʠ ʢʘʨʣʠʢʦʚʦʡ ʙʝʨʝʟʳ. ʇʦʩʪʝʧʝʥʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʨʦʣʴ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ 

ʧʦʨʦʜ. ɺ ʧʦʜʣʝʩʢʝ ʩʦʩʥʦʚʦʛʦ ʣʝʩʘ ʨʘʩʪʝʪ ʢʨʫʰʠʥʘ. ʅʘ ʩʳʨʳʭ ʫʯʘʩʪʢʘʭ ʪʘʢʞʝ ʨʘʩʪʝʪ ʠʚʘ. ɺ 

ʜʘʥʥʦʤ ʧʝʨʠʦʜʝ ʧʨʦʠʩʭʦʜʷʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʞʜʫ ʜʨʝʚʝʩʥʳʤʠ ʠ 

ʥʝʜʨʝʚʝʩʥʳʤʠ ʪʘʢʩʦʥʘʤʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ ʨʝʟʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʨʦʣʠ ʟʣʘʢʦʚʳʭ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʬʠʢʩʠʨʫʶʪʩʷ ʧʠʢʠ ʜʨʝʚʝʩʥʳʭ ʤʘʢʨʦʯʘʩʪʠʮ ʫʛʣʷ; ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʭʚʦʱʝʡ, ʧʠʦʥʝʨʦʚ ʛʘʨʝʡ [ʀʚʘʥʦʚʘ, ɻʦʣʫʙʮʦʚʘ, 2014]; ʧʦʚʳʰʝʥʠʝ ʨʦʣʠ ʢʫʣʴʪʫʨʥʳʭ ʟʣʘʢʦʚ; 

ʧʠʢʠ ʩʧʦʨ ʛʨʠʙʦʚ Glomus ï ʚʩʝ ʵʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʜʩʝʯʥʦ-ʦʛʥʝʚʦʝ 

ʟʝʤʣʝʜʝʣʠʝ ʠ ʜʘʣʴʥʝʡʰʫʶ ʨʘʩʧʘʰʢʫ ʪʝʨʨʠʪʦʨʠʡ [ɻʘʟʠʟʦʚʘ ʠ ʜʨ., 2025]. ʇʦʭʦʞʘʷ 

ʜʠʥʘʤʠʢʘ ʦʪʤʝʯʘʝʪʩʷ ʜʣʷ ʜʨʫʛʠʭ ʚʦʜʦʝʤʦʚ ʥʘ ʦʩʪʨʦʚʝ ʦʢʦʣʦ 400-700 ʢʘʣ. ʣ. ʥ. [Vuorela et 

al., 2001]. ʆʙʱʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʷʨʫʩʘ ʩʥʠʞʘʝʪʩʷ, ʧʦʜ ʧʦʣʦʛʦʤ ʣʝʩʘ ʧʨʝʦʙʣʘʜʘʝʪ 

ʨʘʟʥʦʪʨʘʚʴʝ, ʣʶʪʠʢʦʚʳʝ (ʚʢʣʶʯʘʷ ʨʦʜ ʣʶʪʠʢ), ʧʝʨʚʦʮʚʝʪʥʳʝ (ʚʢʣʶʯʘʷ ʨʦʜ ʧʝʨʚʦʮʚʝʪ), 

ʨʦʟʦʮʚʝʪʥʳʝ, ʩʦʨʥʳʝ ʚʠʜʳ ʧʦʣʳʥʠ ʠ ʤʘʨʝʚʳʭ, ʩʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʜʦʤʠʥʠʨʫʶʪ 

ʭʚʦʱʠ ʠ ʤʥʦʛʦʥʦʞʢʠ. ʊʘʢʞʝ ʦʪʤʝʯʝʥʳ ʟʦʥʪʠʯʥʳʝ, ʮʠʢʦʨʠʝʚʳʝ, ʛʨʝʯʠʰʥʠʢ, ʜʠʢʨʘʥʫʤʳ, 

ʧʣʘʫʥʳ, ʧʦʷʚʣʷʶʪʩʷ ʱʠʪʦʚʥʠʢʠ. ʅʘ ʩʳʨʳʭ ʫʯʘʩʪʢʘʭ ʨʘʩʪʫʪ ʦʩʦʢʠ, ʚʝʨʝʩʢʦʚʳʝ, ʩʬʘʛʥʦʚʳʝ 

ʠ ʙʨʠʝʚʳʝ ʤʭʠ. ʉʨʝʜʠ ʤʘʢʨʦʬʠʪʦʚ ʜʦʤʠʥʠʨʫʝʪ ʚʦʜʦʢʨʘʩ, ʘʢʪʠʚʥʦ ʟʘʩʝʣʷʶʱʠʡ ʚʦʜʦʝʤ. 

ʊʘʢʞʝ ʧʨʝʦʙʣʘʜʘʶʪ ʢʫʙʳʰʢʘ ʞʝʣʪʘʷ, ʢʫʚʰʠʥʢʘ ʯʠʩʪʦ-ʙʝʣʘʷ, ʨʜʝʩʪʳ. ʆʪʤʝʯʝʥʳ ʨʷʩʢʘ ʠ 

ʚʠʜʳ, ʨʘʩʪʫʱʠʝ ʚʜʦʣʴ ʙʝʨʝʛʦʚ ʠ ʥʘ ʤʝʣʢʦʚʦʜʴʝ ï ʠʨʠʩ ʣʦʞʥʦʘʠʨʦʚʳʡ ʠ ʨʦʛʦʟ 

ʰʠʨʦʢʦʣʠʩʪʥʳʡ. ɺ ʚʦʜʥʦʡ ʩʨʝʜʝ ʦʙʠʪʘʶʪ ʪʘʢʞʝ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ Botryococcus sp., ʘ 

Pediastrum sp., ʥʘʧʨʦʪʠʚ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʩʪʨʝʯʝʥʳ. ʂʣʠʤʘʪ ʩʪʘʥʦʚʠʪʩʷ ʭʦʣʦʜʥʝʝ, 

ʫʨʦʚʝʥʴ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʠʡ. 

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʧʘʣʠʥʦʟʦʥʘ 6) ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʝʣʠ ʚ ʣʝʩʥʦʤ 

ʧʦʢʨʦʚʝ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʚʠʚʘʶʪʩʷ ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ. ɼʦʣʷ ʙʝʨʝʟʳ ʚ 

ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ ʩʥʠʞʘʝʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤ ʧʝʨʠʦʜʦʤ. ʈʦʣʴ ʯʝʨʥʦʡ 
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ʦʣʴʭʠ ʠ ʢʘʨʣʠʢʦʚʦʡ ʙʝʨʝʟʳ ʪʘʢʞʝ ʧʘʜʘʝʪ; ʩʨʝʜʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʜʝʨʝʚʴʝʚ ʦʪʤʝʯʘʶʪʩʷ 

ʣʝʱʠʥʘ ʠ ʚʷʟ. ɺ ʧʦʜʣʝʩʢʝ ʨʘʩʪʝʪ ʤʦʞʞʝʚʝʣʴʥʠʢ, ʠʚʘ ï ʥʘ ʫʚʣʘʞʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ. ɼʦʣʷ 

ʦʪʢʨʳʪʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʩʥʠʞʘʝʪʩʷ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʣʝʩʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʩʨʝʜʠ 

ʪʨʘʚ ʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʥʝʚʝʣʠʢʦ, ʢ ʚʩʪʨʝʯʝʥʥʳʤ ʪʘʢʩʦʥʘʤ ʦʪʥʦʩʷʪʩʷ ʣʶʪʠʢʦʚʳʝ 

(ʚʢʣʶʯʘʷ ʨʦʜ ʣʶʪʠʢ), ʟʣʘʢʦʚʳʝ, ʨʦʟʦʮʚʝʪʥʳʝ, ʧʦʣʳʥʠ, ʧʝʨʚʦʮʚʝʪ, ʣʝʩʥʦʝ ʨʘʟʥʦʪʨʘʚʴʝ, 

ʩʨʝʜʠ ʩʧʦʨʦʚʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʤʥʦʛʦʥʦʞʢʠ, ʧʣʘʫʥʳ, ʭʚʦʱʠ. ɺʦʜʥʦ-ʙʦʣʦʪʥʫʶ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʩʣʘʛʘʶʪ ʦʩʦʢʦʚʳʝ, ʩʬʘʛʥʦʚʳʝ ʠ ʙʨʠʝʚʳʝ ʤʭʠ. ɺʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʦʜʦʢʨʘʩʦʤ, ʨʷʩʢʦʡ ʠ ʧʨʠʙʨʝʞʥʳʤ ʨʦʛʦʟʦʤ 

ʰʠʨʦʢʦʣʠʩʪʥʳʤ. ɿʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ʥʝ ʚʩʪʨʝʯʝʥʳ. ʂʣʠʤʘʪ ʧʨʦʭʣʘʜʥʳʡ ʠ ʜʦʚʦʣʴʥʦ ʩʫʭʦʡ. 

ʕʪʦ ʢʦʥʝʮ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ ʛʦʣʦʮʝʥʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʟ. ɺʠʪʘʣʴʝʚʩʢʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʙʦʣʴʰʦʡ ʟʘʨʘʩʪʘʶʱʠʡ ʠ 

ʟʘʙʦʣʘʯʠʚʘʶʱʠʡʩʷ ʚʦʜʦʝʤ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʦʢʨʫʞʸʥʥʳʡ ʤʦʱʥʦʡ ʩʧʣʘʚʠʥʦʡ; ʚʦʜʥʘʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʦʟʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʦʜʦʢʨʘʩʦʤ ʣʷʛʫʰʘʯʴʠʤ, ʨʷʩʢʦʡ ʤʘʣʦʡ ʠ ʨʝʜʢʦʡ 

ʢʫʙʳʰʢʦʡ ʞʝʣʪʦʡ. ʅʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʟʨʘʩʪʘʶʪ ʝʣʦʚʦ-ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ 

ʣʝʩʘ. ɺ ʧʦʜʣʝʩʢʝ ʨʘʩʪʫʪ ʦʣʴʭʘ ʯʝʨʥʘʷ ʠ ʩʝʨʘʷ, ʤʦʞʞʝʚʝʣʴʥʠʢ, ʣʝʱʠʥʘ. ʅʘ ʟʘʙʦʣʦʯʝʥʥʳʭ 

ʫʯʘʩʪʢʘʭ ʧʨʦʠʟʨʘʩʪʘʝʪ ʢʘʨʣʠʢʦʚʘʷ ʙʝʨʝʟʘ. ʉʨʝʜʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʪʘʢʞʝ ʦʪʤʝʯʝʥ 

ʚʷʟ. ʊʨʘʚʷʥʠʩʪʳʝ ʠ ʩʧʦʨʦʚʳʝ ʨʘʩʪʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʣʘʢʘʤʠ, 

ʦʩʦʢʦʚʳʤʠ, ʩʣʦʞʥʦʮʚʝʪʥʳʤʠ, ʟʦʥʪʠʯʥʳʤʠ, ʣʝʩʥʳʤ ʨʘʟʥʦʪʨʘʚʴʝʤ, ʙʨʠʝʚʳʤʠ ʠ 

ʩʬʘʛʥʦʚʳʤʠ ʤʭʘʤʠ, ʤʥʦʛʦʥʦʞʢʘʤʠ. 

ʇʦ ʜʘʥʥʳʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ʩʝʤʠ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ 

ʩʚʦʜʥʘʷ ʪʘʙʣʠʮʘ, ʦʪʨʘʞʘʶʱʘʷ ʜʠʥʘʤʠʢʫ ʪʠʧʦʚ ʣʝʩʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʩʪʨʦʚʦʚ 

ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʠ ɺʘʣʘʘʤ ʚ ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ (ʪʘʙʣʠʮʘ 8). ʇʦʣʫʯʝʥʥʳʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʠʤʝʶʱʠʤʠʩʷ ʧʫʙʣʠʢʘʮʠʷʤʠ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʇʨʠʣʘʜʦʞʴʷ [ɹʠʩʢʵ, 1959; ɹʠʩʢʵ ʠ ʜʨ., 1959; ɼʝʣʶʩʠʥʘ, 1988; ɺʝʨʟʠʣʠʥ, ʂʣʝʡʤʝʥʦʚʘ, 

2006; ʌʠʣʠʤʦʥʦʚʘ, 2014; Delusin, Donner, 1995; ʏʝʨʥʦʚʘ ʠ ʜʨ., 1998] ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʦʙʱʫʶ ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʚ ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ. ʀʟʤʝʥʝʥʠʷ ʚ ʣʝʩʥʦʤ 

ʧʦʢʨʦʚʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ, ʪʘʢ ʠ ʘʥʪʨʦʧʦʛʝʥʥr ʤʠ ʬʘʢʪʦʨʘʤʠ. ʆʙʱʘʷ 

ʪʝʥʜʝʥʮʠʷ ʩʤʝʥʳ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ï ʧʝʨʝʭʦʜ ʦʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ 

ʩʫʙʙʦʨʝʘʣʴʥʦʤ ʧʝʨʠʦʜʝ ʝʣʦʚʦ-ʩʦʩʥʦʚʳʭ ʣʝʩʦʚ ʢ ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʤ ʣʝʩʘʤ, 

ʜʦʤʠʥʠʨʫʶʱʠʤ ʩ ʩʝʨʝʜʠʥʳ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ï ʩʚʷʟʘʥʘ ʩ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. ʇʦʩʪʝʧʝʥʥʦʝ ʧʦʭʦʣʦʜʘʥʠʝ ʢʣʠʤʘʪʘ, ʥʘʩʪʫʧʠʚʰʝʝ ʧʦʩʣʝ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʦʧʪʠʤʫʤʘ ʛʦʣʦʮʝʥʘ ʚ ʘʪʣʘʥʪʠʯʝʩʢʦʤ ʧʝʨʠʦʜʝ, ʧʨʠʚʝʣʦ ʢ ʨʘʟʚʠʪʠʶ 

ʩʦʩʥʦʚʳʭ ʣʝʩʦʚ ʠ ʩʦʢʨʘʱʝʥʠʶ ʨʦʣʠ ʝʣʠ ʠ ʪʝʧʣʦʣʶʙʠʚʳʭ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ 

(ʣʠʧʳ, ʜʫʙʘ, ʚʷʟʘ, ʷʩʝʥʷ ʠ ʜʨ.) ʚ ʩʦʩʪʘʚʝ ʣʝʩʘ. ɸʥʪʨʦʧʦʛʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʥʘʯʘʚʰʘʷʩʷ 
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ʧʦʩʣʝ ʨʝʛʨʝʩʩʠʠ ʃʘʜʦʛʠ ʠ ʠʟʦʣʷʮʠʠ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ, ʧʦʣʫʯʠʣʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʚʦ 

ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ. ʇʦʞʘʨʳ ʠ ʚʳʨʫʙʢʠ ʣʝʩʘ ʧʨʠʚʝʣʠ ʢ 

ʰʠʨʦʢʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʙʝʨʝʟʥʷʢʦʚ ʠ ʙʝʨʝʟʳ ʚ ʩʦʩʪʘʚʝ ʣʝʩʦʚ, ʘ ʪʘʢʞʝ ʫʩʠʣʠʣʠ 

ʩʦʢʨʘʱʝʥʠʝ ʝʣʠ, ʢʘʢ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʮʝʥʥʦʡ ʜʣʷ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʮʝʣʝʡ ʧʦʨʦʜ.r ʅʘ ʦ. 

ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʦʥʠ ʥʘʯʘʣʠʩʴ ʦʢʦʣʦ 1800 ʣʝʪ ʥʘʟʘʜ (ʦʟ. ʉʦʢʢʘʩʝʥʣʘʤʧʠ, ʦʟ. ʍʦʚʘʪʘʥʣʘʤʧʠ). 

ʇʦʷʚʣʝʥʠʝ ʧʳʣʴʮʳ ʢʫʣʴʪʫʨʥʳʭ ʟʣʘʢʦʚ ʥʘ ʦʩʪʨʦʚʘʭ ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʠ ɺʘʣʘʘʤ ʦʪʤʝʯʘʝʪʩʷ ʚ 

ʧʦʩʣʝʜʥʝʝ ʪʳʩʷʯʝʣʝʪʠʝ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʛʨʘʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ɺ ʵʪʦʪ 

ʧʝʨʠʦʜ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʝʤʣʝʜʝʣʠʷ ʦʪʤʝʯʘʝʪʩʷ ʚ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʥʘ ʜʨʫʛʠʭ ʦʩʪʨʦʚʘʭ 

ʚ ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʛʠ ï ʥʘ ɺʘʣʘʘʤʝ [ʉʘʧʝʣʢʦ ʠ ʜʨ., 2023; Vuorela et al., 2001], ʇʫʪʩʘʘʨʠ 

[ʉʘʧʝʣʢʦ, ʂʦʨʥʝʝʥʢʦʚʘ, 2017] ʠ ʈʠʝʢʢʘʣʘʥʩʘʨʠ [Miettinen et al., 2002]. ɹʦʣʝʝ ʨʘʥʥʷʷ 

ʥʘʭʦʜʢʘ ʧʳʣʴʮʳ ʛʨʝʯʠʭʠ ʚ ʦʪʣʦʞʝʥʠʷʭ ʦʟ. ɺʠʪʘʣʴʝʚʩʢʦʛʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʯʘʣʝ 

ʟʝʤʣʝʜʝʣʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʠʟʦʣʷʮʠʠ [ɻʘʟʠʟʦʚʘ ʠ ʜʨ., 2025]. ʆ 

ʨʘʥʥʝʤ ʟʝʤʣʝʜʝʣʠʠ ʥʘ ʦ. ɺʘʣʘʘʤ ʛʦʚʦʨʷʪ ʪʘʢʞʝ ʝʜʠʥʠʯʥʳʝ ʥʘʭʦʜʢʠ ʧʳʣʴʮʳ Cerealia ʠ ʧʠʢ 

ʯʘʩʪʠʮ ʫʛʣʷ ʦʢʦʣʦ 2700 ʣʝʪ ʥʘʟʘʜ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʟ. ʀʛʫʤʝʥʩʢʦʝ [Vuorela et al., 

2001]. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʚʦʱʝʡ, ʢʫʣʴʪʫʨʥʳʭ ʟʣʘʢʦʚ, ʩʧʦʨ ʛʨʠʙʦʚ Glomus, 

ʤʘʢʨʦʯʘʩʪʠʮ ʫʛʣʷ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʜʩʝʯʥʦ-ʦʛʥʝʚʦʝ ʟʝʤʣʝʜʝʣʠʝ ʠ 

ʜʘʣʴʥʝʡʰʫ  ʁʨʘʩʧʘʰʢʫ ʪʝʨʨʠʪʦʨʠʡ [ɻʘʟʠʟʦʚʘ ʠ ʜʨ., 2025], ʧʨʦʠʩʭʦʜʠʚʰʠʝ ʥʘ ʦ. ɺʘʣʘʘʤ ʚ 

ʧʦʩʣʝʜʥʝʝ ʪʳʩʷʯʝʣʝʪʠʝ (ʦʟ. ɺʠʪʘʣʴʝʚʩʢʦʝ). ʇʦʜʩʝʯʥʦ-ʦʛʥʝʚʳʤ ʟʝʤʣʝʜʝʣʠʝʤ ʥʘ ʩʝʚʝʨʥʦʤ 

ʧʦʙʝʨʝʞʴʝ ʃʘʜʦʛʠ ʠʥʪʝʥʩʠʚʥʦ ʟʘʥʠʤʘʣʠʩʴ ʫʞʝ ʚ ʥʘʯʘʣʴʥʳʝ ʚʨʝʤʝʥʘ ʢʨʝʩʪʦʚʳʭ ʧʦʭʦʜʦʚ 

(X ʚʝʢ ʥ.ʵ.) [Saksa, 1994; Alenius et al., 2004].  

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʜʠʥʘʤʠʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʦʩʪʨʦʚʘʭ ʚ ʧʦʟʜʥʝʤ 

ʛʦʣʦʮʝʥʝ ʧʦʩʪʨʦʝʥʳ ʩʭʝʤʘʪʠʯʝʩʢʠʝ ʢʘʨʪʳ ʚ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ QGIS (ʚʝʨʩʠʷ 

3.0.3). ʂʘʨʪʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʛʣʷʜʥʦ ʧʨʦʩʣʝʜʠʪʴ ʠʟʦʣʷʮʠʶ ʤʘʣʳʭ ʦʟʝʨ, ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʦʪʨʝʥʥʫʶ ʚ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ. ʊʝʨʨʠʪʦʨʠʘʣʴʥʦ ʢʘʨʪʳ ʦʭʚʘʪʳʚʘʶʪ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʫʶ 

ʯʘʩʪʴ ʦ. ɺʘʣʘʘʤ (ʈʠʩʫʥʦʢ 21) ʠ ʶʞʥʫʶ ʯʘʩʪʴ ʦ. ʃʫʥʢʫʣʘʥʩʘʘʨʠ (ʈʠʩʫʥʦʢ 22), ʛʜʝ 

ʥʘʭʦʜʷʪʩʷ ʠʟʫʯʘʝʤʳʝ ʦʟʝʨʘ. ʂʘʞʜʳʡ ʵʪʘʧ (ɸ-ɽ) ʦʪʨʘʞʘʝʪ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʪʠʧʳ ʣʝʩʘ ʥʘ ʦʩʪʨʦʚʘʭ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʩʤʝʥʘ 

ʪʠʧʦʚ ʣʝʩʘ ʤʝʞʜʫ ʵʪʘʧʘʤʠ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʘʚʪʦʨʘ. ʀʟʦʣʠʥʠʠ ʠ ʜʘʥʥʳʝ ʦ 

ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʜʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʬʠʥʩʢʠʭ ʢʘʨʪ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ [Kare, 

1930; Kokko, Kªki, 1934; Matilainen, 1934; Matilainen, Kokko, 1940]. ʋʨʦʚʝʥʴ ʃʘʜʦʞʩʢʦʛʦ 

ʦʟʝʨʘ ʜʣʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʧʦʩʪʨʦʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʠ 

ʠʤʝʶʱʠʭʩʷ ʨʝʢʦʥʩʪʨʫʢʮʠʡ [Ailio, 1915; ʉʘʧʝʣʢʦ ʠ ʜʨ., 2018]. 
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ʊʘʙʣʠʮʘ 8 ï ɼʠʥʘʤʠʢʘ ʪʠʧʦʚ ʣʝʩʘ ʥʘ ʦʩʪʨʦʚʘʭ ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʠ ɺʘʣʘʘʤ ʚ ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ ʧʦ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ 

ʆʟʝʨʦ 
ɸʪʣʘʥʪʠʢ ʉʫʙʙʦʨʝʘʣ ʉʫʙʘʪʣʘʥʪʠʢ 

ʉʦʚʨʝʤʝʥʥʦʩʪʴ 
AT-3 SB-1 SB-2 SB-3 SA-1 SA-2 SA-3 

ʂʫʡʢʢʘʣʘʤʧʠ 
  

ʩʦʩʥʦʚʳʝ ʝʣʦʚʦ-ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ ʩʦʩʥʦʚʳʝ ʩʦʩʥʦʚʳʝ 

ʉʦʢʢʘʩʝʥʣʘʤʧʠ 
   

ʩʦʩʥʦʚʳʝ, 

ʝʣʦʚʳʝ 
ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ, ʙʝʨʝʟʦʚʳʝ 

ʙʝʨʝʟʦʚʦ-

ʩʦʩʥʦʚʳʝ 

ʍʦʚʘʪʘʥʣʘʤʧʠ 
  

ʩʦʩʥʦʚʳʝ, ʝʣʦʚʳʝ 
ʙʝʨʝʟʦʚʦ-ʝʣʦʚʦ-

ʩʦʩʥʦʚʳʝ, ʙʝʨʝʟʦʚʳʝ 

ʙʝʨʝʟʦʚʦ-ʝʣʦʚʦ-

ʩʦʩʥʦʚʳʝ 
ʩʦʩʥʦʚʳʝ 

 

ɻʝʨʤʘʥʦʚʩʢʦʝ 
   

ʩʦʩʥʦʚʳʝ, 

ʙʝʨʝʟʦʚʦ-

ʩʦʩʥʦʚʳʝ 

ʙʝʨʝʟʦʚʦ-

ʩʦʩʥʦʚʳʝ 

ʩʦʩʥʦʚʳʝ, ʙʝʨʝʟʦʚʦ-

ʩʦʩʥʦʚʳʝ, ʙʝʨʝʟʦʚʳʝ 
ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ 

ɿʠʤʥʷʢʦʚʩʢʦʝ 
  

ʝʣʦʚʦ-

ʩʦʩʥʦʚʳʝ 
ʩʦʩʥʦʚʳʝ ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ 

ʩʦʩʥʦʚʳʝ, 

ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ 

ɸʥʪʦʥʠʝʚʩʢʦʝ 
  

ʩʦʩʥʦʚʳʝ 

ʩʦʩʥʦʚʳʝ, ʙʝʨʝʟʦʚʦ-

ʩʦʩʥʦʚʳʝ, ʝʣʦʚʦ-ʙʝʨʝʟʦʚʦ-

ʩʦʩʥʦʚʳʝ 

ʩʦʩʥʦʚʳʝ, ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ 
ʙʝʨʝʟʦʚʦ-

ʩʦʩʥʦʚʳʝ 

ɺʠʪʘʣʴʝʚʩʢʦʝ ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ 
ʩʦʩʥʦʚʳʝ, 

ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ  
ʩʦʩʥʦʚʳʝ ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ 

ʝʣʦʚʦ-ʙʝʨʝʟʦʚʦ-

ʩʦʩʥʦʚʳʝ 
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ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʝʣʦʚʳʝ ʣʝʩʘ; 2 ï ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ; 3 ï ʩʤʝʰʘʥʥʳʝ ʣʝʩʘ 

(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʝʨʝʟʦʚʦ-ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ); 4 ï ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʙʝʨʝʟʦʚʳʝ); 5 ï ʢʫʩʪʘʨʥʠʢʠ; 6 ï ʣʫʛʘ; 7 ï ʙʦʣʦʪʘ ʠ ʪʨʷʩʠʥʳ; 8 ï ʚʳʨʫʙʢʠ; 9 ï ʧʦʩʝʣʝʥʠʷ ʠ 

ʢʫʣʴʪʫʨʥʳʝ ʥʘʩʘʞʜʝʥʠʷ (ʩʘʜʳ, ʦʛʦʨʦʜʳ ʠ ʜʨ.); 10 ï ʧʝʩʢʠ 

ʈʠʩʫʥʦʢ 21 ï ɼʠʥʘʤʠʢʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʦ. ʃʫʥʢʫʣʘʥʩʘʘʨʠ ʚ 

ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ:  

ɸ ï ʩʫʙʙʦʨʝʘʣʴʥʳʡ ʧʝʨʠʦʜ, ʤʘʢʩʠʤʫʤ ʃʘʜʦʞʩʢʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ, ʫʨʦʚʝʥʴ ʃʘʜʦʛʠ 19-21 ʤ;  

ɹ ï ʥʘʯʘʣʦ ʃʘʜʦʞʩʢʦʡ ʨʝʛʨʝʩʩʠʠ, 15 ʤ;  

ɺ ï ʩʝʨʝʜʠʥʘ ʃʘʜʦʞʩʢʦʡ ʨʝʛʨʝʩʩʠʠ, 10 ʤ (~2950 ʢʘʣ. ʣ. ʥ.);  

ɻ ï ʢʦʥʝʮ ʃʘʜʦʞʩʢʦʡ ʨʝʛʨʝʩʩʠʠ, 5 ʤ (~2430 ʢʘʣ. ʣ. ʥ.);  

ɼ ï ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʠʡ ʧʝʨʠʦʜ;  

ɽ ï ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ (ʧʦ [Kokko, Kªki, 1934; Matilainen, 1934; Matilainen, Kokko, 1940]) 
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ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʝʣʦʚʳʝ ʣʝʩʘ; 2 ï ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ; 3 ï ʩʤʝʰʘʥʥʳʝ ʣʝʩʘ 

(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʝʨʝʟʦʚʦ-ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ); 4 ï ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʙʝʨʝʟʦʚʳʝ); 5 ï ʢʫʩʪʘʨʥʠʢʠ; 6 ï ʣʫʛʘ; 7 ï ʙʦʣʦʪʘ ʠ ʪʨʷʩʠʥʳ; 8 ï ʚʳʨʫʙʢʠ; 9 ï ʧʦʩʝʣʝʥʠʷ ʠ 

ʢʫʣʴʪʫʨʥʳʝ ʥʘʩʘʞʜʝʥʠʷ (ʩʘʜʳ, ʦʛʦʨʦʜʳ ʠ ʜʨ.) 

ʈʠʩʫʥʦʢ 22 ï ɼʠʥʘʤʠʢʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʦ. ɺʘʣʘʘʤ ʚ 

ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ:  

ɸ ï ʩʫʙʙʦʨʝʘʣʴʥʳʡ ʧʝʨʠʦʜ, ʤʘʢʩʠʤʫʤ ʃʘʜʦʞʩʢʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ, ʫʨʦʚʝʥʴ ʃʘʜʦʛʠ 21 ʤ 

(>3300 ʢʘʣ. ʣ. ʥ.);  

ɹ ï ʥʘʯʘʣʦ ʃʘʜʦʞʩʢʦʡ ʨʝʛʨʝʩʩʠʠ, 15 ʤ (~3300 ʢʘʣ. ʣ. ʥ.);  

ɺ ï ʩʝʨʝʜʠʥʘ ʃʘʜʦʞʩʢʦʡ ʨʝʛʨʝʩʩʠʠ, 10 ʤ (~2900 ʢʘʣ. ʣ. ʥ.);  

ɻ ï ʢʦʥʝʮ ʃʘʜʦʞʩʢʦʡ ʨʝʛʨʝʩʩʠʠ, 5 ʤ (~2430 ʢʘʣ. ʣ. ʥ.);  

ɼ ï ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʠʡ ʧʝʨʠʦʜ;  

ɽ ï ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ (ʧʦ [Kare, 1930]) 

 

  



105 
 

ɻʃɸɺɸ 6. ʈɽʂʆʅʉʊʈʋʂʎʀʗ ʂʆʃɽɹɸʅʀʁ ʋʈʆɺʅʗ ʃɸɼʆɾʉʂʆɻʆ ʆɿɽʈɸ ɺ 

ʇʆɿɼʅɽʄ ɻʆʃʆʎɽʅɽ 

 

6.1 ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ ʧʦ ʧʳʣʴʮʝ ʤʘʢʨʦʬʠʪʦʚ 

ʇʦ ʜʘʥʥʳʤ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ, ʜʠʥʘʤʠʢʠ ʧʳʣʴʮʳ ʤʘʢʨʦʬʠʪʦʚ, 

ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʭ ʜʘʪ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʳ 

ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨ ʚ ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ ʥʘ ʬʦʥʝ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʭ 

ʬʘʟ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. ɺʳʜʝʣʝʥʠʝ ʘʩʩʦʮʠʘʮʠʡ ʧʦ ʧʳʣʴʮʝ ʤʘʢʨʦʬʠʪʦʚ ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʟʘʪʨʫʜʥʷʝʪʩʷ ʝʝ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʥʦʩʠʪ ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʚʳʜʝʣʠʪʴ ʩʦʦʙʱʝʩʪʚʘ 

ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʩ ʦʧʦʨʦʡ ʥʘ ʦʙʠʣʠʝ ʧʳʣʴʮʳ ʤʘʢʨʦʬʠʪʦʚ ʚ ʦʪʣʦʞʝʥʠʷʭ ʠ ʜʘʥʥʳʝ ʦ 

ʩʦʚʨʝʤʝʥʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʤʘʢʨʦʬʠʪʦʚ ʚ ʠʟʫʯʘʝʤʳʭ ʦʩʪʨʦʚʥʳʭ ʦʟʝʨʘʭ. ɺʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ ʜʦʩʪʦʚʝʨʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʝʛʦ ʧʨʠʩʫʪʩʪʚʠʠ ʠ 

ʰʠʨʦʢʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ [ɻʘʟʠʟʦʚʘ ʠ ʜʨ., 2023], ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʜʦʤʠʥʘʥʪʥʳʝ ʩʦʦʙʱʝʩʪʚʘ. ɿʘʢʣʶʯʝʥʠʷ ʦ ʩʘʧʨʦʙʥʦʩʪʠ, ʪʨʦʬʥʦʩʪʠ, 

ʛʣʫʙʠʥʘʭ ʚʦʜʦʝʤʦʚ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʳ ʠ ʩʜʝʣʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ 

(ʪʘʙʣʠʮʳ 1-2). 

ʆʩʪʨʦʚ ʃʫʥʢʫʣʘʥʩʘʘʨʠ. 

ʆʟʝʨʦ ʂʫʡʢʢʘʣʘʤʧʠ. ɹr ʣʦ ʚʳʜʝʣʝʥʦ ʪʨʠ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʦʟ. ʂʫʡʢʢʘʣʘʤʧʠ ï ʟʘʣʠʚ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʠʟʦʣʷʮʠʷ ʠ ʦʙʦʩʦʙʣʝʥʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ (ʨʠʩʫʥʢʠ 23-24). ʅʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʩʫʙʙʦʨʝʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʦʟ. ʂʫʡʢʢʘʣʘʤʧʠ ʷʚʣʷʣʦʩʴ ʯʘʩʪʴʶ 

ʤʝʣʢʦʚʦʜʥʦʛʦ ʟʘʣʠʚʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʚ ʢʦʪʦʨʦʤ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʦʧʝʩʯʘʥʝʥʥʳʝ ʛʣʠʥʳ. ɺ 

ʚʦʜʦʝʤʝ ʦʙʠʪʘʣʘ ʙʝʜʥʘʷ ʚʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ çʣʘʜʦʞʩʢʦʛʦè ʧʝʨʠʦʜʘ 

[Vuorela et al., 2001]. ɺʩʪʨʝʯʘʣʠʩʴ ʨʜʝʩʪ rʠ ʛʦʨʝʮ ʟʝʤʥʦʚʦʜʥʳʡ (ʨʠʩʫʥʦʢ 25), ʯʪʦ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʟʘʣʠʚʝ. ʃʝʩʥʦʡ ʧʦʢʨʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʩʥʦʚʳʤʠ ʣʝʩʘʤʠ ʩ ʝʣʴʶ ʠ ʙʝʨʝʟʦʡ. ʅʘ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʠʟʦʰʣʘ ʨʝʛʨʝʩʩʠʷ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʧʦʚʣʝʢʰʘʷ ʟʘ ʩʦʙʦʡ ʠʟʦʣʷʮʠ ʁʦʟ. 

ʂʫʡʢʢʘʣʘʤʧʠ, ʧʦ ʜʘʥʥʳʤ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʯʘʚʰʫʶʩʷ 3350 ʢʘʣ. ʣ. ʥ. 

ʆʙʦʩʦʙʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʩʪʝʧʝʥʥʦ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʦʟ. ʂʫʡʢʢʘʣʘʤʧʠ ʪʝʨʷʣʦ ʩʚʷʟʴ ʩ 

ʃʘʜʦʛʦʡ; ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʫʩʣʦʚʠʷʭ ʤʝʣʢʦʚʦʜʥʦʛʦ ʟʘʣʠʚʘ ï ʥʘʯʘʣʠ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʦʨʛʘʥʦʛʝʥʥʳʝ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ: ʚʥʘʯʘʣʝ ʟʝʣʝʥʦʚʘʪʦ-ʙʫʨʳʝ ʛʠʪʪʠʠ, 

ʧʦʟʜʥʝʝ ï ʪʝʤʥʦ-ʙʫʨʳʝ ʛʠʪʪʠʠ. ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʫʨʦʚʥʷ ʃʘʜʦʛʠ ʚʳʟʚʘʣʦ 

ʜʝʩʪʘʙʠʣʠʟʘʮʠʶ ʦʟʝʨʥʦʛʦ ʜʥʘ, ʯʪʦ ʠʥʜʠʮʠʨʫʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʧʳʣʴʮʳ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʚ 

ʧʘʣʠʥʦʩʧʝʢʪʨʘʭ. ʆʢʦʣʦʚʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʙʳʩʪʨʝʝ ʘʜʘʧʪʠʨʫʶʪʩʷ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ ï 
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ʙʝʨʝʛʘ ʦʙʦʩʦʙʣʷʶʱʝʛʦʩʷ ʦʟ. ʂʫʡʢʢʘʣʘʤʧʠ ʥʘʯʘʣʠ ʧʦʩʪʝʧʝʥʥʦ ʟʘʩʝʣʷʪʴʩʷ ʨʦʛʦʟʦʤ 

ʰʠʨʦʢʦʣʠʩʪʥʳʤ. ʅʘ ʩʫʰʝ ʚ ʵʪʦ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʣʠ ʨʘʟʚʠʚʘʪʴʩʷ ʩʦʩʥʦʚʳʝ ʣʝʩʘ.  

 

ʈʠʩʫʥʦʢ 23 ï ɼʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʧʳʣʴʮʳ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʦʟ. ʂʫʡʢʢʘʣʘʤʧʠ. ʋʩʣʦʚʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʦʧʝʩʯʘʥʝʥʥʘʷ ʛʣʠʥʘ, 2 ï ʛʠʪʪʠʷ 

 

ʈʠʩʫʥʦʢ 24 ï ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ ʤʘʢʨʦʬʠʪʦʚ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ 

ʦʟ. ʂʫʡʢʢʘʣʘʤʧʠ  
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ʈʠʩʫʥʦʢ 25 ï ʇʳʣʴʮʘ ʤʘʢʨʦʬʠʪʦʚ, ʚʩʪʨʝʯʝʥʥʘʷ ʚ ʢʦʣʦʥʢʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. 

ʂʫʡʢʢʘʣʘʤʧʠ (1 ï Nuphar lutea; 2 ï Nuphar pumila; 3 ï Nymphaea candida; 4 ï Typha 

latifolia; 5 ï Menyanthes trifoliata; 6 ï Potamogeton sp.) 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʚ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʤ ʧʝʨʠʦʜʝ ʥʘ ʩʫʰʝ ʧʨʦʠʟʨʘʩʪʘʶʪ ʝʣʦʚʦ-

ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ. ʇʦʩʣʝ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʠʟʦʣʷʮʠʠ, 2970 ʢʘʣ. ʣ. ʥ., ʚ ʦʟ. 

ʂʫʡʢʢʘʣʘʤʧʠ ʧʨʦʜʦʣʞʘʶʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʪʝʤʥʦ-ʙʫʨʳʝ ʛʠʪʪʠʠ ʠ ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 

ʩʦʙʩʪʚʝʥʥʘʷ ʚʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. ʇʦʚʪʦʨʥʦ ʧʦʷʚʣʷʶʪʩʷ ʨʜʝʩʪʳ ʠ ʛʦʨʝʮ ʟʝʤʥʦʚʦʜʥʳʡ, 

ʬʦʨʤʠʨʫʶʪʩʷ ʢʫʙʳʰʢʦʚʳʝ (Nyphar lutea, N. pumila) ʠ ʨʦʛʦʟʦʚʳʝ (Typha latifolia) 

ʩʦʦʙʱʝʩʪʚʘ, ʚʩʪʨʝʯʘʶʪʩʷ ʝʞʝʛʦʣʦʚʥʠʢʠ. ʆʢʦʣʦ 2000 ʢʘʣ. ʣ. ʥ. ʧʳʣʴʮʘ ʤʘʢʨʦʬʠʪʦʚ ʚʥʦʚʴ 

ʚʨʝʤʝʥʥʦ ʠʩʯʝʟʘʝʪ ʩʦ ʩʧʝʢʪʨʦʚ, ʦʜʥʘʢʦ ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʚ ʦʟʝʨʝ. 

ʉʦʭʨʘʥʷʶʪʩʷ ʩʦʦʙʱʝʩʪʚʘ ʨʦʛʦʟʘ ʰʠʨʦʢʦʣʠʩʪʥʦʛʦ. ʆʢʦʣʦ 1500 ʢʘʣ. ʣ. ʥ. ʬʦʨʤʠʨʫʶʪʩʷ 

ʩʦʦʙʱʝʩʪʚʘ ʫʢʦʨʝʥʷʶʱʠʭʩʷ ʛʠʜʨʦʬʠʪʦʚ ʩ ʧʣʘʚʘʶʱʠʤʠ ʣʠʩʪʴʤ̫ʠ ï ʛʨʫʧʧʠʨʦʚʢʠ ʢʫʙʳʰʢʠ 

ʞʝʣʪʦʡ, ʯʫʪʴ ʧʦʟʞʝ ʧʦʷʚʣʷʝʪʩʷ ʢʫʙʳʰʢʘ ʤʘʣʘʷ ʠ ʢʫʚʰʠʥʢʘ ʯʠʩʪʦ-ʙʝʣʘʷ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ 

ʨʘʟʨʝʟʘ (ʧʦʩʣʝʜʥʠʝ 700 ʣʝʪ) ʩʚʷʟʘʥʘ ʩ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʢʫʚʰʠʥʢʦʚʦ-ʢʫʙʳʰʢʦʚʳʭ 

ʩʦʦʙʱʝʩʪʚ, ʚʦʢʨʫʛ ʚʦʜʦʝʤʘ ʘʢʪʠʚʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʩʧʣʘʚʠʥʘ ʩ ʚʘʭʪʦʡ ʪʨʝʭʣʠʩʪʥʦʡ. ʆʟʝʨʦ 

ʦʣʠʛʦʪʨʦʬʥʦʝ, ʛʫʤʠʬʠʮʠʨʦʚʘʥʥʦʝ, ʩ ʢʨʘʡʥʝ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʢʠ, ʛʣʫʙʠʥʘʤʠ ʜʦ 

2,5-3 ʤ ʠ ʠʣʠʩʪʳʤ ʜʥʦʤ (ʧʨʝʦʙʣʘʜʘʥʠʝ ʢʫʚʰʠʥʢʠ ʯʠʩʪʦ-ʙʝʣʦʡ ʠʥʜʠʮʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʥʘʢʦʧʣʝʥʠʝ ʠʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ [ʊʝʪʝʨʶʢ, 2012]). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʟ. ʂʫʡʢʢʘʣʘʤʧʠ 

ʠʤʝʝʪ ʤʦʱʥʫʶ ʩʧʣʘʚʠʥʫ ʩ ʘʘʧʘ-ʢʦʤʧʣʝʢʩʘʤʠ. ɽʛʦ ʚʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʢʫʙʳʰʢʦʡ ʞʝʣʪʦʡ ʠ ʨʷʩʢʦʡ. ʇʦ ʜʘʥʥʳʤ ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʥʘ ʩʧʣʘʚʠʥʝ 

ʨʘʟʚʠʚʘʶʪʩʷ ʚʘʭʪʦʚʦ-ʩʬʘʛʥʦʚʳʝ ʩʦʦʙʱʝʩʪʚʘ. ʅʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʟʨʘʩʪʘʶʪ 

ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩ ʝʣʴʶ ʠ ʙʝʨʝʟʦʡ. 
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ʆʟʝʨʦ ʉʦʢʢʘʩʝʥʣʘʤʧʠ. ɹr ʣʦ ʚʳʜʝʣʝʥʦ ʪʨʠ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʦʟ. ʉʦʢʢʘʩʝʥʣʘʤʧʠ ï 

ʟʘʣʠʚ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʠʟʦʣʷʮʠʷ ʠ ʦʙʦʩʦʙʣʝʥʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ (ʨʠʩʫʥʢʠ 26-27). 

ʇʝʨʚʳʡ ʵʪʘʧ ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʥʮʫ ʩʫʙʙʦʨʝʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʛʦʣʦʮʝʥʘ, ʢʦʛʜʘ ʠʟʫʯʘʝʤʫʶ 

ʪʝʨʨʠʪʦʨʠʶ ʧʦʢʨʳʚʘʣʠ ʚʦʜʳ ʟʘʣʠʚʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʚ ʙʘʩʩʝʡʥʝ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʛʣʠʥʳ. 

ʅʘ ʩʫʰʝ ʨʘʟʚʠʚʘʣʠʩʴ ʝʣʦʚʳʝ ʠ ʩʦʩʥʦʚʳʝ ʣʝʩʘ, ʘ ʚ ʟʘʣʠʚʝ ʧʨʦʠʟʨʘʩʪʘʣʘ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ 

çʣʘʜʦʞʩʢʦʛʦè ʧʝʨʠʦʜʘ [Vuorela et al., 2001] ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʘʷ ʚʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ï 

ʢʫʚʰʠʥʢʘ ʯʠʩʪʦ-ʙʝʣʘʷ ʠ ʝʞʝʛʦʣʦʚʥʠʢʠ (ʨʠʩʫʥʦʢ 28). ɻʣʫʙʠʥʳ ʚ ʤʝʩʪʝ ʧʨʦʠʟʨʘʩʪʘʥʠʷ 

ʤʘʢʨʦʬʠʪʦʚ ʜʦ 3 ʤ, ʧʨʠʩʫʪʩʪʚʠʝ ʢʫʚʰʠʥʢʠ ʯʠʩʪʦ-ʙʝʣʦʡ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʧʦʚʳʰʝʥʥʦʡ ʪʨʦʬʥʦʩʪʠ ʚʦʜʳ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ 2865 ʢʘʣ. ʣ. ʥ. ʚʩʣʝʜʩʪʚʠʝ ʨʝʛʨʝʩʩʠʠ 

ʃʘʜʦʛʠ ʥʘʯʘʣʘʩʴ ʠʟʦʣʷʮʠʷ ʦʟ. ʉʦʢʢʘʩʝʥʣʘʤʧʠ. ʈʝʟʢʦʝ ʧʘʜʝʥʠʝ ʫʨʦʚʥʷ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ 

ʠʥʜʠʮʠʨʫʝʪʩʷ ʚʨʝʤʝʥʥʳʤ ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʧʳʣʴʮʳ ʤʘʢʨʦʬʠʪʦʚ ʚ ʧʘʣʠʥʦʩʧʝʢʪʨʘʭ. ʂʘʢ ʠ ʚ 

ʦʟ. ʂʫʡʢʢʘʣʘʤʧʠ, ʙʝʨʝʛʘ ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ ʥʘʯʠʥʘʶʪ ʟʘʩʝʣʷʪʴʩʷ ʨʦʛʦʟʦʚʳʤʠ 

ʛʨʫʧʧʠʨʦʚʢʘʤʠ (Typha latifolia). ʆʪʣʦʞʝʥʠʷ ʩʤʝʥʷʶʪʩʷ ʦʨʛʘʥʦʛʝʥʥʦʡ ʛʠʪʪʠʝʡ. ʅʘ ʪʨʝʪʴʝʤ 

ʵʪʘʧʝ ʚ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʤ ʧʝʨʠʦʜʝ ʢʣʠʤʘʪ ʙʦʣʝʝ ʧʨʦʭʣʘʜʥʳʡ, ʥʘ ʩʫʰʝ ʜʦʤʠʥʠʨʫʶʪ 

ʩʦʩʥʦʚʳʝ ʩ ʝʣʴʶ ʠ ʙʝʨʝʟʦʡ ʣʝʩʘ ʠ ʙʝʨʝʟʥʷʢʠ. ʀʟʦʣʷʮʠʷ ʉʦʢʢʘʩʝʥʣʘʤʧʠ ʟʘʚʝʨʰʘʝʪʩʷ ʦʢʦʣʦ 

2700 ʢʘʣ. ʣ. ʥ., ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩʦʙʩʪʚʝʥʥʘʷ ʚʦʜʥʘʷ ʠ ʧʨʠʙʨʝʞʥʦ-ʚʦʜʥʘʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʦʟʝʨʘ. ɹʝʨʝʛʘ ʟʘʩʝʣʷʶʪʩʷ ʯʘʩʪʫʭʦʡ, ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦʙ 

ʥʘʯʘʣʝ ʵʚʪʨʦʬʠʨʦʚʘʥʠ ̫ʚʦʜʦʝʤʘ. ʆʢʦʣʦ 2500 ʢʘʣ. ʣ. ʥ. ʚ ʦʟʝʨʝ ʬʦʨʤʠʨʫʶʪʩʷ ʚʩʝ ʛʨʫʧʧʳ 

ʤʘʢʨʦʬʠʪʦʚ ï ʧʦʛʨʫʞʝʥʥʳʝ, ʩ ʧʣʘʚʘʶʱʠʤʠ ʣʠʩʪʴʤ̫ʠ ʠ ʧʨʠʙʨʝʞʥʳʝ. ʇʦʷʚʣʷʶʪʩʷ 

ʛʨʫʧʧʠʨʦʚʢʠ ʢʫʚʰʠʥʢʠ ʯʠʩʪʦ-ʙʝʣʦʡ, ʦʜʥʘʢʦ ʚʩʢʦʨʝ ʦʥʠ ʩʤʝʥʷʶʪʩʷ ʢʫʙʳʰʢʦʚʳʤʠ (Nyphar 

lutea, N. pumila), ʨʜʝʩʪʦʚʳʤʠ ʠ ʝʞʝʛʦʣʦʚʥʠʢʦʚʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ. ɺʩʪʨʝʯʘʝʪʩʷ ʫʨʫʪʴ. ɺ 

ʧʝʨʠʦʜ 2000-1500 ʢʘʣ. ʣ. ʥ. ʧʨʝʦʙʣʘʜʘʶʪ ʩʦʦʙʱʝʩʪʚʘ ʝʞʝʛʦʣʦʚʥʠʢʦʚ. ʆʥʠ ʩʤʝʥʷʶʪʩʷ 

ʢʫʙʳʰʢʦʚʦ-ʢʫʚʰʠʥʢʦʚʳʤʠ (Nymphaea candida, Nuphar pumila) ʩʦʦʙʱʝʩʪʚʘʤʠ. ʆʢʦʣʦ 1000 

ʢʘʣ. ʣ. ʥ. ʚ ʙʘʩʩʝʡʥʝ ʥʘʯʠʥʘʶʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʪʦʨʬʷʥʠʩʪʳʝ ʛʠʪʪʠʠ. ɸʢʪʠʚʥʦ ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʨʘʩʪʘʥʠʝ ʠ ʟʘʙʦʣʘʯʠʚʘʥʠʝ ʚʦʜʦʝʤʘ. ʇʦ ʙʝʨʝʛʘʤ ʨʘʩʪʫʪ ʯʘʩʪʫʭʘ ʠ ʨʦʛʦʟ ʰʠʨʦʢʦʣʠʩʪʥʳʡ, 

ʠʥʜʠʢʘʪʦʨʳ ʧʦʚʳʰʝʥʥʦʡ ʪʨʦʬʥʦʩʪʠ ʦʟʝʨʘ. ʆʢʦʣʦ 500 ʢʘʣ. ʣ. ʥ. ʦʪʣʦʞʝʥʠʷ ʩʤʝʥʷʶʪʩʷ 

ʪʦʨʬʦʤ, ʚ ʦʟʝʨʝ ʧʨʝʦʙʣʘʜʘʶʪ ʢʫʙʳʰʢʦʚʦ-ʢʫʚʰʠʥʢʦʚʳʝ (Nuphar lutea, Nymphaea candida) 

ʠ ʨʜʝʩʪʦʚʳʝ ʩʦʦʙʱʝʩʪʚʘ, ʚʩʪʨʝʯʘʝʪʩʷ ʫʨʫʪʴ. ʆʟʝʨʦ ʥʝʛʣʫʙʦʢʦʝ, ʜʦ 3 ʤ, ʩ ʪʦʨʬʷʥʦ-ʠʣʠʩʪʳʤ 

ʜʥʦʤ, ʦʣʠʛʦ-ʤʝʟʦʪʨʦʬʥʦʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʦʙʣʘʜʘʶʪ 

ʙʝʨʝʟʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩ ʝʣʴʶ. ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ, ʚʦʜʥʘʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʦʟʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʫʙʳʰʢʦʡ ʞʝʣʪʦʡ, ʢʫʚʰʠʥʢʦʡ ʯʠʩʪʦ-ʙʝʣʦʡ, ʨʜʝʩʪʘʤʠ, 

ʝʞʝʛʦʣʦʚʥʠʢʘʤʠ ʠ ʫʨʫʪʴʶ. ɸʢʪʠʚʥʦ ʧʨʦʜʦʣʞʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʟʘʙʦʣʘʯʠʚʘʥʠʷ ʦʟʝʨʘ. 

ʆʟʝʨʦ ʍʦʚʘʪʘʥʣʘʤʧʠ. ɹʳʣʦ ʚʳʜʝʣʝʥʦ ʪʨʠ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʦʟ. ʍʦʚʘʪʘʥʣʘʤʧʠ ï ʚ 

ʩʦʩʪʘʚʝ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʠʟʦʣʷʮʠʷ ʠ ʦʙʦʩʦʙʣʝʥʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ (ʨʠʩʫʥʢʠ 29-30). 
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ʈʠʩʫʥʦʢ 26 ï ɼʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʧʳʣʴʮʳ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʦʟ. ʉʦʢʢʘʩʝʥʣʘʤʧʠ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʛʣʠʥʘ, 2 ï ʛʠʪʪʠʷ, 3 ï ʪʦʨʬʷʥʠʩʪʘʷ ʛʠʪʪʠʷ, 4 ï 

ʥʝʨʘʟʣʦʞʠʚʰʠʡʩʷ ʪʦʨʬ 

 

ʈʠʩʫʥʦʢ 27 ï ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ ʤʘʢʨʦʬʠʪʦʚ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ 

ʦʟ. ʉʦʢʢʘʩʝʥʣʘʤʧʠ 
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ʈʠʩʫʥʦʢ 28 ï ʇʳʣʴʮʘ ʤʘʢʨʦʬʠʪʦʚ, ʚʩʪʨʝʯʝʥʥʘʷ ʚ ʢʦʣʦʥʢʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. 

ʉʦʢʢʘʩʝʥʣʘʤʧʠ (1 ï Typha latifolia; 2 ï Nuphar pumila; 3 ï Nymphaea candida) 

 

 

ʈʠʩʫʥʦʢ 29 ï ɼʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʧʳʣʴʮʳ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʦʟ. ʍʦʚʘʪʘʥʣʘʤʧʠ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʦʧʝʩʯʘʥʝʥʥʳʡ ʘʣʝʚʨʠʪ, 2 ï ʛʣʠʥʠʩʪʘʷ ʛʠʪʪʠʷ, 3 ï ʧʝʩʦʢ, 4 ï 

ʦʧʝʩʯʘʥʝʥʥʘʷ ʛʠʪʪʠʷ, 5 - ʛʠʪʪʠʷ 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚ ʢʦʥʮʝ ʩʫʙʙʦʨʝʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʛʦʣʦʮʝʥʘ ʠʟʫʯʘʝʤʫʶ 

ʪʝʨʨʠʪʦʨʠʶ ʧʦʢʨʳʚʘʶʪ ʚʦʜʳ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʚ ʢʦʪʦʨʦʤ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʦʧʝʩʯʘʥʝʥʥʥʳʡ 

ʘʣʝʚʨʠʪ. ʆʢʦʣʦ 3000 ʢʘʣ. ʣ. ʥ. ʧʨʦʠʟʦʰʣʘ ʩʤʝʥʘ ʦʪʣʦʞʝʥʠʡ ʥʘ ʛʣʠʥʠʩʪʫʶ ʛʠʪʪʠʶ ʠ ʨʝʟʢʦ 
























































