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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʠ ʧʨʦʛʥʦʟ 

ʵʚʦʣʶʮʠʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠʤʝʶʪ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʥʪʨʦʣʷ ʥʘʜ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʵʢʦʩʠʩʪʝʤʘʤʠ ɿʝʤʣʠ [Richter, 

2007; ʕʚʦʣʶʮʠʷ ʧʦʯʚé, 2015; Phillips, 2017]. ʉʝʨʴʝʟʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʨʘʩʪʘʶʱʘʷ ʟʘʩʦʣʝʥʥʦʩʪʴ ʧʦʯʚ, ʚʳʟʚʘʥʥʘʷ 

ʧʨʠʨʦʜʥʳʤʠ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɻʣʦʙʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʝʨʚʠʯʥʳʭ 

ʩʦʣʝʩʦʜʝʨʞʘʱʠʭ ʧʦʯʚ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 955 ʤʣʥ ʛʘ, ʘ ʚʪʦʨʠʯʥʦʝ ʟʘʩʦʣʝʥʠʝ 

ʨʘʟʚʠʪʦ ʝʱʝ ʥʘ 77 ʤʣʥ ʛʘ, 58% ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʨʦʰʘʝʤʳʝ ʨʘʡʦʥʳ 

[Imetternicht, Azinck, 2003]. ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʫʛʨʦʟʫ ʚʪʦʨʠʯʥʦʛʦ ʛʘʣʦʛʝʥʝʟʘ 

ʩʦʟʜʘʶʪ ʧʦʠʩʢ ʠ ʜʦʙʳʯʘ ʥʝʬʪʠ [ʈʦʥʞʠʥʘ, 2009, 2013; ʌʦʤʠʥʳʭ, ʑʝʨʙʘʢ, 

2013; ʗʢʠʤʦʚ ʠ ʜʨ., 2014], ʦʙʨʘʟʦʚʘʥʠʝ ʪʝʭʥʦʛʝʥʥʳʭ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ʠ 

ʰʣʘʤʦʭʨʘʥʠʣʠʱ [Szabolcs, 1996; Grunewald et al, 2007; Gabbasova, 

Suleimanov, 2007; Artamonova et al, 2010; Hulisz et al, 2010; ʃʠʩʢʦʚʘ, 2017]. 

ɺʪʦʨʠʯʥʘʷ ʩʦʣʦʥʮʝʚʘʪʦʩʪʴ ʧʦʯʚ, ʧʨʦʷʚʠʚʰʘʷʩʷ ʚ ʥʘʩʳʱʝʥʥʦʩʪʠ ʧʦʯʚʝʥʥʦʛʦ 

ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʪʨʠʝʤ, ʬʦʨʤʠʨʫʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʤʝʥʝʥʠʷ 

ʘʥʪʠʦʙʣʝʜʝʥʠʪʝʣʝʡ ʥʘ ʜʦʨʦʛʘʭ [Ramakrishna, 2005; Nikiforova et al, 2017; 

Azovtseva, Smagin, 2018]. ʇʨʝʜʧʦʩʳʣʢʦʡ ʘʟʦʥʘʣʴʥʦʛʦ ʛʘʣʦʛʝʥʝʟʘ ʩʣʫʞʠʪ 

ʨʝʛʫʣʷʨʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʩʦʣʝʡ ʠʟ ʩʦʣʝʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʛʠʜʨʦʪʝʨʤ 

[ʃʦʧʘʪʦʚʩʢʘʷ ʠ ʜʨ., 2011; ʗʢʠʤʦʚ ʠ ʜʨ., 2014; ʇʘʨʘʤʦʥʦʚʘ ʠ ʜʨ., 2017; 

ʏʝʨʥʦʫʩʝʥʢʦ ʠ ʜʨ., 2017; ʉʠʤʦʥʦʚʘ ʠ ʜʨ., 2018; ʍʠʪʨʦʚ ʠ ʜʨ., 2019; 

ʃʦʧʘʪʦʚʩʢʘʷ, 2020; ʉʠʤʦʥʦʚʘ ʠ ʜʨ., 2022; ʉʠʤʦʥʦʚʘ, 2023; ʍʘʡʨʫʣʠʥʘ, 

ʏʘʡʢʦʚʩʢʠʡ, 2023].  

ɺ ʫʩʣʦʚʠʷʭ ʛʫʤʠʜʥʦʛʦ ʢʣʠʤʘʪʘ ʠʩʪʦʯʥʠʢʦʤ ʟʘʩʦʣʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʠ 

ʧʦʯʚ ʩʣʫʞʠʪ ʜʦʙʳʯʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʦʣʝʡ [ʍʦʤʠʯ, 1985; Hulisz et al, 2010, 

2018; ʍʘʡʨʫʣʠʥʘ, 2022; ʄʦʩʢʚʠʥʘ ʠ ʜʨ., 2023; ʐʝʡʥʢʤʘʥ, ʀʚʣʠʝʚʘ, 2023]. ɺ 

ʇʦʣʴʰʝ ʚʙʣʠʟʠ ʧʨʫʜʦʚ-ʦʪʩʪʦʡʥʠʢʦʚ ʩ ʦʪʭʦʜʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʀʥʦʚʨʦʮʣʦʚʩʢʦʛʦ ʩʦʜʦʚʦʛʦ ʟʘʚʦʜʘ ʦʙʨʘʟʦʚʘʣʠʩʴ ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ ʥʘ 

ʧʣʦʱʘʜʠ 135 ʛʘ [Hulisz et al, 2018]. 
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ʂʘʣʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ɺʝʨʭʥʝʢʘʤʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʩʦʣʝʡ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʦʪʭʦʜʦʚ, ʩʫʤʤʘʨʥʦʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʢ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʦʩʪʠʛʣʦ 425 ʤʣʥ ʪ. ʅʘʨʷʜʫ ʩ ʪʚʝʨʜʳʤʠ ʛʘʣʠʪʦʚʳʤʠ 

ʦʪʭʦʜʘʤʠ, ʩʢʣʘʜʠʨʫʝʤʳʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʩʦʣʝʦʪʚʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʛʣʠʥʠʩʪʦ-

ʩʦʣʝʚʳʭ ʰʣʘʤʦʚ ʠ ʠʟʙʳʪʦʯʥʳʭ ʨʘʩʩʦʣʦʚ, ʜʣʷ ʭʨʘʥʝʥʠʷ ʢʦʪʦʨʳʭ ʩʦʦʨʫʞʘʶʪ 

ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ. ʌʠʣʴʪʨʘʮʠʦʥʥʳʝ ʫʪʝʯʢʠ ʨʘʩʩʦʣʦʚ ʇɸʆ «ʋʨʘʣʢʘʣʠʡ», ʧʦ 

ʦʬʠʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʜʦʩʪʠʛʘʶʪ ʩʦʪʥʠ ʪʳʩʷʯ ʢʫʙʦʤʝʪʨʦʚ ʚ ʛʦʜ [ɹʦʙʦʰʢʦ, 

ɹʘʯʫʨʠʥ, 2004].  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ 

ʩʦʣʦʥʯʘʢʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ ʪʘʝʞʥʦ-ʣʝʩʥʦʡ ʟʦʥʳ ʚ 

ʤʝʩʪʘʭ ʨʘʟʛʨʫʟʢʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʦʪʚʘʣʴʥʦ-ʰʣʘʤʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʇɸʆ çʋʨʘʣʢʘʣʠʡè. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ɺʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠ ̫ ʠ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʚ ʜʦʣʠʥʘʭ ʤʘʣʳʭ ʨʝʢ ʇʨʠʢʘʤʴʷ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ. 

2. ʋʩʪʘʥʦʚʠʪʴ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʵʚʦʣʶʮʠʦʥʥʳʭ ʪʨʝʥʜʦʚ ʚʦ 

ʚʪʦʨʠʯʥʦʤ ʛʘʣʦʛʝʥʝʟʝ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʪʘʝʞʥʦ-ʣʝʩʥʦʡ ʟʦʥʳ ʧʦʩʣʝ 

ʥʝʩʢʦʣʴʢʠʭ ʩʪʦʣʝʪʠʡ ʚʦʟʜʝʡʩʪʚʠʷ ʩʠʣʴʥʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ. 

3. ʆʙʦʩʥʦʚʘʪʴ ʧʦʜʭʦʜ ʢ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʤʫ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʶ ʠ 

ʦʮʝʥʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʘʨʝʘʣʳ ʘʣʣʶʚʠʘʣʴʥʳʭ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʚ 

ʜʦʣʠʥʘʭ ʪʨʝʭ ʤʘʣʳʭ ʨʝʢ ʇʨʠʢʘʤʴʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺʧʝʨʚʳʝ ʚʳʜʝʣʝʥʳ ʘʨʝʘʣʳ ʠ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʳ 

ʘʣʣʶʚʠʘʣʴʥʳʝ ʩʦʣʦʥʯʘʢʦʚʳʝ ʧʦʯʚʳ ʠ ʚʪʦʨʠʯʥʳʝ ʩʦʣʦʥʯʘʢʠ, 

ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʨʫʥʪʦʚʳʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ 

ʦʪʚʘʣʴʥʦ-ʰʣʘʤʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ ʇɸʆ çʋʨʘʣʢʘʣʠʡè. ʋʩʪʘʥʦʚʣʝʥʳ 
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ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʣʦʥʯʘʢʦʚʳʭ ʥʝʥʘʩʳʱʝʥʥʳʭ ʧʦʯʚ ʩ 

ʨʝʟʢʦʢʠʩʣʦʡ ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʦʙʱʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 

ʵʚʦʣʶʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚʦ ʚʪʦʨʠʯʥʦ ʟʘʩʦʣʝʥʥʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʭ ʚʦʜ ʚ ʫʩʣʦʚʠʷʭ 

ʛʫʤʠʜʥʦʛʦ ʢʣʠʤʘʪʘ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʤʘʩʰʪʘʙʦʚ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʛʦ 

ʟʘʩʦʣʝʥʠʷ ʧʦʯʚ ʚ ʜʦʣʠʥʘʭ ʤʘʣʳʭ ʨʝʢ ʇʨʠʢʘʤʴʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʘʣʠʡʥʳʭ ʩʦʣʝʡ.  

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʨʘʙʦʪʳ. ɼʝʪʘʣʠʟʠʨʦʚʘʥʦ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʧʦ ʪʠʧʦʚʳʤ, 

ʧʦʜʪʠʧʦʚʳʤ, ʨʦʜʦʚʳʤ ʠ ʚʠʜʦʚʳʤ ʢʨʠʪʝʨʠʷʤ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

[ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ é, 2004] ʠ WRB [2022]. ʂʦʥʢʨʝʪʠʟʠʨʦʚʘʥʳ 

ʦʙʱʠʝ ʵʚʦʣʶʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʭ ʚʦʜ ʚ ʫʩʣʦʚʠʷʭ ʛʫʤʠʜʥʦʛʦ ʢʣʠʤʘʪʘ, 

ʥʘʧʨʘʚʣʝʥʥrʝ ʥʘ ʘʢʢʫʤʫʣʷʮʠ ʁ ʭʣʦʨʠʜʥʳʭ ʠ ʩʫʣʴʬʘʪʥʳʭ ʩʦʣʝʡ, 

ʥʝʡʪʨʘʣʠʟʘʮʠ ʁ ʢʠʩʣʦʪʥʦʩʪʠ, ʧʦʷʚʣʝʥʠʝ ʢʘʨʙʦʥʘʪʦʚ ʠ ʛʠʧʩʘ, ʥʘ 

ʤʥʦʛʦʥʘʪʨʠʝʚʦʩʪ ɹ (ʧʦ ʦʙʤʝʥʥʦʤʫ ʥʘʪʨʠʶ). ɺʳʜʝʣʝʥʥʳʝ ʘʨʝʘʣʳ 

ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ ʠ ʩʦʣʦʥʯʘʢʦʚ ʚʪʦʨʠʯʥʳʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʧʦʯʚʝʥʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʚ ʜʦʣʠʥʘʭ ʤʘʣʳʭ ʨʝʢ ʇʨʠʢʘʤʴʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʚʳʚʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʫʯʝʙʥʦʤ 

ʧʨʦʮʝʩʩʝ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ çʇʦʯʚʦʚʝʜʝʥʠʝè, çʕʢʦʣʦʛʠʷ ʧʦʯʚè, 

çɸʥʪʨʦʧʦʛʝʥʥʳʝ ʧʦʯʚʳè ʚ ʇɻʅʀʋ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʩʥʦʚʘʥʘ ʥʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʦʙ ʵʚʦʣʶʮʠʠ 

ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ. ʇʨʦʛʨʘʤʤʘ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʣʠ ʢʦʤʧʣʝʢʩ 

ʤʝʪʦʜʦʚ ʧʦʣʝʚʦʛʦ ʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʦʯʚ. ɺ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ 

ʠʟʫʯʝʥʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʨʝʞʠʤʳ ʚʣʘʞʥʦʩʪʠ, ʨʅ ʠ Eh. 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʱʝʧʨʠʥʷʪʳʭ ʠ 

ʛʦʩʪʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ. ʀʩʧʦʣʴʟʦʚʘʥʳ 

ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 
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ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʉʦʚʨʝʤʝʥʥʦʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ 

ʚ ʜʦʣʠʥʘʭ ʤʘʣʳʭ ʨʝʢ ʇʨʠʢʘʤʴʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʭʥʦʛʝʥʥʳʭ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʪʝʧʝʥʠ ʠ ʭʠʤʠʟʤʝ 

ʟʘʩʦʣʝʥʠʷ, ʚ ʜʦʣʝ ʥʘʪʨʠʷ ʦʪ ʩʦʩʪʘʚʘ ʦʙʤʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ, ʥʘʩʳʱʝʥʥʦʩʪʠ ʠʣʠ 

ʥʝʥʘʩʳʱʝʥʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷʤʠ, ʚ ʥʘʣʠʯʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʦʚ ʠ 

ʛʠʧʩʘ. 

2. ɺ ʫʩʣʦʚʠʷʭ ʪʘʝʞʥʦ-ʣʝʩʥʦʡ ʟʦʥʳ ʵʚʦʣʶʮʠʷ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʩʝʨʦʛʫʤʫʩʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʳʭ ʧʦʯʚ ʚ ʜʦʣʠʥʘʭ ʤʘʣʳʭ ʨʝʢ 

ʇʨʠʢʘʤʴʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʘʭ ʨʘʟʛʨʫʟʢʠ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʭ ʚʦʜ, ʠʜʝʪ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʟʚʠʪʠʷ ʩʦʣʦʥʯʘʢʦʚʦʩʪʠ, ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʦʛʦ ʭʠʤʠʟʤʘ 

ʟʘʩʦʣʝʥʠʷ, ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʢʠʩʣʦʪʥʦʩʪʠ, ʚʭʦʞʜʝʥʠʷ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ ʚ ʩʦʩʪʘʚ 

ʦʙʤʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ, ʚ ʧʦʷʚʣʝʥʠʠ ʢʘʨʙʦʥʘʪʦʚ ʠ ʛʠʧʩʘ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʲʝʤʦʤ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʤʝʥʝʥʠʝʤ 

ʦʙʱʝʧʨʠʥʷʪʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʷ, ʩʦʦʪʥʦʩʷʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʚʪʦʨʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʇʦʯʚʦʚʝʜʝʥʠʝ: 

ɻʦʨʠʟʦʥʪʳ ɹʫʜʫʱʝʛʦ 2018è (ʄʦʩʢʚʘ, 2018), ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɺʳʩʦʢʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠè (ʇʝʨʤʴ, 

2018), XI ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʢʦʥʛʨʝʩʩʝ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ-ʙʠʦʣʦʛʦʚ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʉʠʤʙʠʦʟ-ʈʦʩʩʠʷ 2019è (ʇʝʨʤʴ, 2019), 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ XXII ɼʦʢʫʯʘʝʚʩʢʠʝ ʤʦʣʦʜʝʞʥʳʝ 

ʯʪʝʥʠʷ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2019), XII ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʢʦʥʛʨʝʩʩʝ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ-ʙʠʦʣʦʛʦʚ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʉʠʤʙʠʦʟ-ʈʦʩʩʠʷ 2020è 

(ʇʝʨʤʴ, 2020), ʨʝʛʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ 

ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ, ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷè 
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(ʇʝʨʤʴ, 2021), VII  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

(ɺʦʨʦʥʝʞ, 2021), XIII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʫʯʝʥʳʭ-ʙʠʦʣʦʛʦʚ 

çʉʠʤʙʠʦʟ-ʈʦʩʩʠʷ 2022è (ʇʝʨʤʴ, 2022), ʨʝʛʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ, ʙʠʦʪʝʭʥʦʣʦʛʠʠ 

ʠ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷè (ʇʝʨʤʴ, 2022), XXIX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ 

ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʉʳʢʪʳʚʢʘʨ, 2022), ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʇʦʯʚʳ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘè, 

ʧʦʩʚʷʱʝʥʥʦʡ 55-ʣʝʪʠʶ ʀʥʩʪʠʪʫʪʘ ʧʦʯʚʦʚʝʜʝʥʠʷ ʠ ʘʛʨʦʭʠʤʠʠ ʉʆ ʈɸʅ 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2023). 

ʇʦ ʪʝʤʝ ʥʘʫʯʥʦ-ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 16 ʨʘʙʦʪ, ʚ 

ʪʦʤ ʯʠʩʣʝ 3 ï ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʈʌ, 2 ï ʚ 

ʠʟʜʘʥʠʷʭ Scopus ʠ Web of Science. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 192 

ʩʪʨʘʥʠʮʘʭ ʧʝʯʘʪʥʦʛʦ ʪʝʢʩʪʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʪʨʝʭ ʛʣʘʚ, ʚʳʚʦʜʦʚ, 

ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʡ. ʉʦʜʝʨʞʠʪ ʚ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ 47 ʨʠʩʫʥʢʦʚ ʠ 

10 ʪʘʙʣʠʮ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 184 ʠʩʪʦʯʥʠʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ 49 

ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʘʭ. ʇʨʠʣʦʞʝʥʠʷ ʩʦʜʝʨʞʘʪ 9 ʪʘʙʣʠʮ ʠ 3 

ʨʠʩʫʥʢʘ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʄʘʪʝʨʠʘʣʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʟʘ ʧʝʨʠʦʜ 2018-2023 ʛʛ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʦʣʝʚʳʭ ʨʘʙʦʪʘʭ. ɺʳʧʦʣʥʝʥ ʧʦʣʥʳʡ ʦʙʲʸʤ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʧʦ ʘʥʘʣʠʟʫ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʧʨʦʙ ʚʦʜʳ, ʦʙʨʘʙʦʪʢʝ 

ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʇʦʜʛʦʪʦʚʢʘ ʢ 

ʧʝʯʘʪʠ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʪʘʢ ʠ ʧʨʠ ʫʯʘʩʪʠʠ 

ʩʦʘʚʪʦʨʦʚ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʦʛʨʦʤʥʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, 

ʧʨʦʬʝʩʩʦʨʫ, ʜʦʢʪʦʨʫ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ʆ.ɿ. ɽʨʝʤʯʝʥʢʦ ʟʘ ʥʝʦʮʝʥʠʤʫʶ 

ʧʦʤʦʱʴ ʠ ʧʦʜʜʝʨʞʢʫ. ɸʚʪʦʨ ʧʨʠʟʥʘʪʝʣʝʥ ʢʘʥʜʠʜʘʪʫ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪʫ ʀ.ɽ. ʐʝʩʪʘʢʦʚʫ ʟʘ ʫʯʘʩʪʠʝ ʚ ʩʙʦʨʝ ʧʦʣʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʟʘ 
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ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʨʠʩʫʥʢʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʟʘ ʧʦʤʦʱʴ, ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʠ ʟʘʤʝʯʘʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʀʇɸ 

ʉʆ ʈɸʅ.  



 
 

 
10 

 

ɻʣʘʚʘ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

1.1. ɻʝʥʝʟʠʩ, ʩʚʦʡʩʪʚʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʟʘʩʦʣʝʥʥʳʤ ʦʪʥʦʩʷʪ ʧʦʯʚʳ, ʚ ʞʠʜʢʦʡ ʠ 

ʪʚʝʨʜʦʡ ʬʘʟʘʭ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪʩʷ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ ʚ ʢʦʣʠʯʝʩʪʚʝ, 

ʩʥʠʞʘʶʱʝʤ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʱʝʤ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ 

ʨʘʩʪʝʥʠʡ-ʥʝʛʘʣʦʬʠʪʦʚ [ʇʦʯʚʦʚʝʜʝʥʠʝ, 1988; ʇʘʥʢʦʚʘ ʠ ʜʨ., 1996; ɿʘʩʦʣʝʥʥʳʝ 

ʧʦʯʚʳé, 2006; ʇʘʥʢʦʚʘ, ɻʦʨʦʭʦʚʘ, 2020]. ʂ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʤ ʦʪʥʦʩʷʪ ʩʦʣʠ, 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʛʠʧʩʘ [ʇʦʯʚʦʚʝʜʝʥʠʝ, 

1988]. ʇʦ USDA Agriculture Handbook [Diagnosisé, 1954], ʢ ʟʘʩʦʣʝʥʥʳʤ 

ʦʪʥʦʩʷʪ ʧʦʯʚʳ, ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʬʠʣʴʪʨʘʪʦʚ ʠʟ ʧʘʩʪ 

ʢʦʪʦʨʳʭ ʚʳʰʝ 2ï4 ʤʉʤ/ʩʤ (t=25ęʉ). 

ʈʘʟʜʝʣʝʥʠʝ ʟʘʩʦʣʝʥʥʳʭ ʠ ʥʝʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʧʨʦʚʦʜʷʪ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ 

ʧʦʨʦʛʘ ʪʦʢʩʠʯʥʦʩʪʠ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʜʣʷ 

ʩʨʝʜʥʝʩʦʣʝʫʩʪʦʡʯʠʚʳʭ ʢʫʣʴʪʫʨ. ɿʘ ʨʫʙʝʞʦʤ ʛʣʘʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʟʘʩʦʣʝʥʥʦʩʪʠ ʧʦʯʚ ʷʚʣʷʝʪʩʷ ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ (ʤʉʤ/ʩʤ, ʜʉʤ/ʤ), 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʚ ʬʠʣʴʪʨʘʪʘʭ ʠʟ ʥʘʩʳʱʝʥʥʳʭ ʚʦʜʦʡ ʧʘʩʪ. ɺ ʈʦʩʩʠʠ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʤʝʪʦʜ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ. ʇʦ ʜʘʥʥʳʤ ʚʦʜʥʳʭ ʚʳʪʷʞʝʢ (1:5), 

ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʧʦʨʦʛʠ ʪʦʢʩʠʯʥʦʩʪʠ (ʧʦ ʩʫʤʤʝ ʩʦʣʝʡ): ʜʣʷ ʧʦʯʚ 

ʭʣʦʨʠʜʥʦʛʦ ʠ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʦʛʦ ʟʘʩʦʣʝʥʠʷ ï 0,1%, ʜʣʷ ʧʦʯʚ ʭʣʦʨʠʜʥʦ-

ʩʫʣʴʬʘʪʥʦʛʦ ʟʘʩʦʣʝʥʠʷ ï 0,2%, ʜʣʷ ʧʦʯʚ ʩʫʣʴʬʘʪʥʦʛʦ ʟʘʩʦʣʝʥʠʷ ï 0,3% (ʩ 

ʫʯʘʩʪʠʝʤ ʛʠʧʩʘ ï ʜʦ 1,0%), ʘ ʜʣʷ ʧʦʯʚ, ʟʘʩʦʣʝʥʥʳʭ ʱʝʣʦʯʥʳʤʠ ʩʦʣʷʤʠ, ï 0,1-

0,15% [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘé, 2004]. ɺ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ ʠ ʉʐɸ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʨʦʛʘ ʪʦʢʩʠʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʫʜʝʣʴʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ʬʠʣʴʪʨʘʪʦʚ ʠʟ ʥʘʩʳʱʝʥʥʳʭ ʚʦʜʦʡ ʧʦʯʚʝʥʥʳʭ ʧʘʩʪ, ʨʘʚʥʫʶ 2ï4 ʤʉʤ/ʩʤ 

[Diagnosisé, 1954]. 

ʉʨʝʜʠ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʚʳʜʝʣʷʶʪ ʜʚʝ ʢʨʫʧʥʳʝ ʛʨʫʧʧʳ: 1) ʧʦʯʚʳ, 

ʟʘʩʦʣʝʥʥʳʝ ʥʝʡʪʨʘʣʴʥʳʤʠ ʩʦʣʷʤʠ (ʭʣʦʨʠʜʘʤʠ ʠ ʩʫʣʴʬʘʪʘʤʠ) ʠ 2) ʧʦʯʚʳ, 

ʟʘʩʦʣʝʥʥʳʝ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʱʝʣʦʯʥʳʤʠ ʩʦʣʷʤʠ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʜʦʡ 

[Szabolcs, 1989; ɺʦʨʦʙʴʝʚʘ, ʇʘʥʢʦʚʘ, 2008]. 
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1.1.1. ɻʝʥʝʟʠʩ ʠ ʩʚʦʡʩʪʚʘ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ 

ʆʙʱʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʩʣʫʞʘʪ: 1) ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ 

ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʠʣʠ ʧʘʣʝʦʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʣʘʥʜʰʘʬʪʘʭ, 2) ʫʯʘʩʪʠʝ ʚ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʠ (ʧʦʩʪʦʷʥʥʦ, ʣʠʙʦ ʥʘ ʢʘʢʦʡ-ʪʦ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ) 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʯʚʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ, 

3) ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʩʪʝʥʠʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʛʘʣʦʬʠʪʦʚ, ʟʘ ʩʯʝʪ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʯʚʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʣʠʙʦ ʚʳʩʦʢʦʡ ʱʝʣʦʯʥʦʩʪʠ [ʂʦʚʜʘ, 1946; 

ʇʦʯʚʦʚʝʜʝʥʠʝ, 1988; ɿʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳé, 2006; ʍʠʪʨʦʚ, 2016; ʇʘʥʢʦʚʘ ʠ 

ʜʨ., 2018; ʀʚʘʥʠʱʝʚ ʠ ʜʨ., 2020]. 

ʋʩʣʦʚʠʷ ʘʢʢʫʤʫʣʷʮʠʠ ʩʦʣʝʡ ʚ ʧʦʯʚʘʭ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʩʦʣʝʥʥʳʭ 

ʧʦʯʚ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ ï ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʦʙʦʜʥʳʭ ʩʦʣʝʡ ʚ 

ʣʘʥʜʰʘʬʪʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʠʭ ʚ ʧʦʯʚʝ. ʆʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʦʣʝʡ ʚ ʧʦʯʚʘʭ ï 

ʵʪʦ ʨʘʟʨʫʰʘʶʱʠʝʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʚʝʪʨʠʚʘʥʠʷ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, 

ʩʦʣʝʥʦʩʥʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʨʘʟʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʦʚ, 

ʵʦʣʦʚʳʡ ʧʝʨʝʥʦʩ ʩʦʣʝʡ ʩ ʤʦʨʷ ʥʘ ʩʫʰʫ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʦʣʝʡ ʚ ʧʨʠʨʦʜʥʳʭ ʧʦʯʚʘʭ ʩʣʫʞʘʪ 

ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ, ʝʩʣʠ ʦʥʠ ʠʩʧʘʨʷʶʪʩʷ ʬʠʟʠʯʝʩʢʠ ʠʣʠ ʯʝʨʝʟ 

ʢʦʨʥʝʚʫʶ ʩʠʩʪʝʤʫ ʨʘʩʪʝʥʠʡ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦʤ ʟʘʣʝʛʘʥʠʠ. 

ɽʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʧʨʝʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʘʨʷʝʤʦʡ ʚʣʘʛʠ, 

ʩʦʣʝʥʘʢʦʧʣʝʥʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʧʦʯʚʘʭ ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ, ʚʤʝʩʪʝ ʩ 

ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʛʦʡ, ʩʦʣʠ ʚʳʥʦʩʷʪʩʷ ʟʘ ʧʨʝʜʝʣʳ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ. ʉʦʣʠ 

ʤʦʛʫʪ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴʩʷ ʚ ʧʨʠʨʦʜʥʳʭ ʧʦʯʚʘʭ ʣʠʰʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʠʩʧʘʨʷʝʤʦʩʪʴ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ [ʂʦʚʜʘ, 1946; 

ʇʦʯʚʦʚʝʜʝʥʠʝ, 1988; ʇʝʨʝʣʴʤʘʥ, 1999; Franzen et al, 2003; ɿʘʩʦʣʝʥʥʳʝ 

ʧʦʯʚʳé, 2006; ʍʠʪʨʦʚ, 2016; ʀʚʘʥʠʱʝʚ ʠ ʜʨ., 2020]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʚʣʘʞʥʝʥʥʦʩʪʠ ʢʣʠʤʘʪʘ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʨʘʟʥʳʝ ʩʦʣʠ. 

ɺ ʫʩʣʦʚʠʷʭ ʙʦʣʝʝ ʚʣʘʞʥʦʛʦ ʢʣʠʤʘʪʘ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʤʝʥʝʝ ʨʘʩʪʚʦʨʠʤʳʝ 

ʩʦʣʠ, ʧʦ ʤʝʨʝ ʫʩʠʣʝʥʠʷ ʩʫʭʦʩʪʠ ʢʣʠʤʘʪʘ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚʩʝ ʙʦʣʝʝ 
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ʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ. ʅʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʩʣʘʙʦʛʦ ʟʘʩʦʣʝʥʠʷ ʥʘʢʘʧʣʠʚʘʶʪʩʷ 

ʩʦʜʘ, ʧʨʠ ʫʩʠʣʝʥʠʠ ʩʪʝʧʝʥʠ ʟʘʩʦʣʝʥʠʷ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚʳʭʦʜʷʪ ʩʫʣʴʬʘʪʳ, 

ʟʘʪʝʤ ʭʣʦʨʠʜʳ. 

ʉʦʣʝʥʘʢʦʧʣʝʥʠʝ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʧʦʯʚʘʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ, 

ʛʜʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥ ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʙʘʣʘʥʩ ʚʝʱʝʩʪʚ [ʂʦʚʜʘ, 1946; 

ʇʦʯʚʦʚʝʜʝʥʠʝ, 1988; ʇʝʨʝʣʴʤʘʥ, 1999; Franzen et al, 2003; ɿʘʩʦʣʝʥʥʳʝ 

ʧʦʯʚʳé, 2006; ʀʚʘʥʠʱʝʚ ʠ ʜʨ., 2020]. 

ʉʚʦʡʩʪʚʘ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ. ɿʘʩʦʣʝʥʠʝ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʩɹʷ ʚ ʨʘʟʥʳʭ 

ʪʠʧʘʭ ʧʦʯʚ ʥʘ ʨʘʟʥʦʤ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. ʅʦ ʚ ʦʩʦʙʫʶ ʛʨʫʧʧʫ 

ʚʳʜʝʣʷʶʪʩʷ ʩʦʣʦʥʯʘʢʠ, ʫ ʢʦʪʦʨʳʭ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ 

ʚʳʜʝʣʷʝʪʩʷ ʛʦʨʠʟʦʥʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʢʦʧʣʝʥʠʷ ʩʦʣʝʡ; ʠ ʩʦʣʦʥʮʳ, ʚ ʢʦʪʦʨʳʭ, 

ʧʦʤʠʤʦ ʩʦʣʝʚʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʚʳʜʝʣʷʝʪʩʷ ʝʱʝ ʠ ʩʦʣʦʥʮʦʚʳʡ ʛʦʨʠʟʦʥʪ, 

ʦʙʣʘʜʘʶʱʠʡ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [ɹʨʝʩʣʝʨ ʠ ʜʨ., 1987; ɿʘʩʦʣʝʥʥʳʝ 

ʧʦʯʚʳé, 2006]. 

ʉʦʣʦʥʮʳ, ʢʘʢ ʠ ʩʦʣʦʥʯʘʢʠ, ʥʝ ʦʙʨʘʟʫʶʪ ʢʘʢʦʡ-ʪʦ ʧʦʯʚʝʥʥʦʡ ʟʦʥʳ, ʘ 

ʚʩʪʨʝʯʘʶʪʩʷ ʣʠʙʦ ʢʨʫʧʥʳʤʠ ʤʘʩʩʠʚʘʤʠ, ʣʠʙʦ ʧʷʪʥʘʤʠ ʩʨʝʜʠ ʧʦʯʚ ʜʨʫʛʦʛʦ 

ʛʝʥʝʟʠʩʘ.  

ɻʣʘʚʥʦʝ ʩʚʦʡʩʪʚʦ, ʧʦ ʢʦʪʦʨʦʤʫ ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ ʩʦʣʦʥʯʘʢʠ, ï ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ (ʙʦʣʝʝ 1%) ʩ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʦʣʦʥʮʳ ï ʵʪʦ ʧʦʯʚʳ, 

ʟʘʩʦʣʝʥʥʳʝ ʥʘ ʛʣʫʙʠʥʝ, ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ ʩʦʜʝʨʞʘʪʩʷ ʚ ʧʦʜʩʦʣʦʥʮʦʚʦʤ 

ʠ ʛʣʫʙʦʢʦʣʝʞʘʱʠʭ ʛʦʨʠʟʦʥʪʘʭ. 

ʇʨʦʬʠʣʴ ʩʦʣʦʥʯʘʢʦʚ ʥʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥ ʧʦ ʚʘʣʦʚʦʤʫ ʩʦʜʝʨʞʘʥʠʶ, 

ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤʫ ʠʣʠ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, 

ʝʩʣʠ ʪʦʣʴʢʦ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʥʝ ʩʚʷʟʘʥʘ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʳ. ʇʨʦʬʠʣʴ ʩʦʣʦʥʮʦʚ ʞʝ ʯʝʪʢʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥ ʧʦ 

ʚʘʣʦʚʦʤʫ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. 

ʈʝʘʢʮʠʷ ʭʣʦʨʠʜʥʳʭ ʠ ʩʫʣʴʬʘʪʥʳʭ ʩʦʣʦʥʯʘʢʦʚ ï ʥʝʡʪʨʘʣʴʥʘʷ; 

ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʦʩʪʘʚʝ ʩʦʣʝʡ ʩʦʜʫ ï ʱʝʣʦʯʥʘʷ (ʜʦ 9-10). ʂʨʘʡʥʝ ʨʝʜʢʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʢʠʩʣʳʝ ʩʦʣʦʥʯʘʢʠ. ʈʝʘʢʮʠʷ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʥʠʞʥʝʡ 
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ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʩʦʣʦʥʮʦʚ ʱʝʣʦʯʥʘʷ, ʚ ʥʘʜʩʦʣʦʥʮʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʡʪʨʘʣʴʥʦʡ ʠ ʩʣʘʙʦʢʠʩʣʦʡ. 

ʆʪ ʪʠʧʘ ʟʘʩʦʣʝʥʠʷ ʠ ʨʝʘʢʮʠʠ ʩʨʝʜʳ ʙʫʜʫʪ ʟʘʚʠʩʝʪʴ ʠ ʚʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. ʉʦʣʦʥʯʘʢʠ, ʟʘʩʦʣʝʥʥʳʝ ʥʝʡʪʨʘʣʴʥʳʤʠ ʩʦʣʷʤʠ, ʦʙʣʘʜʘʶʪ 

ʭʦʨʦʰʠʤʠ ʚʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʥʝʡʪʨʘʣʴʥʳʭ ʩʦʣʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʘʛʫʣʷʮʠʶ ʢʦʣʣʦʠʜʦʚ, 

ʤʠʢʨʦʦʩʪʨʫʢʪʫʨʝʥʥʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʧʦʨʠʩʪʦʩʪʴ ʠ 

ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ. ʉʦʣʦʥʯʘʢʠ, ʟʘʩʦʣʝʥʥʳʝ ʱʝʣʦʯʥʳʤʠ ʩʦʣʷʤʠ, 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ, ʪʘʢ ʢʘʢ ʱʝʣʦʯʥʘʷ 

ʨʝʘʢʮʠʷ ʩʨʝʜʳ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʝʧʪʠʟʘʮʠʶ ʢʦʣʣʦʠʜʦʚ, ʩʣʠʪʦʩʪʴ ʧʦʯʚʝʥʥʦʡ 

ʤʘʩʩʳ. 

ʉʦʣʦʥʮʳ ʦʙʣʘʜʘʶʪ ʧʣʦʭʠʤʠ ʚʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʉʦʣʦʥʮʦʚʳʡ ʛʦʨʠʟʦʥʪ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʴʶ ʠ ʣʠʧʢʦʩʪʴʶ, ʩʠʣʴʥʦ 

ʥʘʙʫʭʘʝʪ ʚʦ ʚʣʘʞʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʫʧʣʦʪʥʷʝʪʩʷ ʠ ʪʚʝʨʜʝʝʪ ʧʨʠ ʠʩʩʫʰʝʥʠʠ. ɺ 

ʮʝʣʦʤ ʩʦʣʦʥʮʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʠ 

ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʩʣʘʙʦʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʚʣʘʛʠ [ʂʦʚʜʘ, 

1946; ɹʨʝʩʣʝʨ ʠ ʜʨ., 1987; ʇʦʯʚʦʚʝʜʝʥʠʝ, 1988; ɿʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳé, 2006]. 

ɻʝʥʝʟʠʩ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ. ʇʨʠʨʦʜʥʦʝ ʟʘʩʦʣʝʥʠʝ ʧʦʯʚ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʚʣʘʞʥʝʥʠʷ ʤʝʥʝʝ 1,0 [ʂʦʚʜʘ, 

1937, 1946; ʇʦʯʚʦʚʝʜʝʥʠʝ, 1988; ɿʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳé, 2006]. ɺ ʦʙʣʘʩʪʷʭ 

ʛʫʤʠʜʥʦʛʦ ʠ ʨʝʟʢʦʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ ʘʨʝʘʣʳ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ 

ʟʘʩʦʣʝʥʥʳʭ ʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚ ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʚʳʭʦʜʘʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʠ ʙʣʠʟʢʦʤ ʟʘʣʝʛʘʥʠʠ ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ [ʃʦʧʘʪʦʚʩʢʘʷ ʠ ʜʨ., 2011; ʇʘʨʘʤʦʥʦʚʘ ʠ ʜʨ., 2017; ʉʠʤʦʥʦʚʘ ʠ ʜʨ., 2018; 

ʍʠʪʨʦʚ ʠ ʜʨ., 2019; ʃʦʧʘʪʦʚʩʢʘʷ, 2020; ʏʝʨʥʦʫʩʝʥʢʦ ʠ ʜʨ., 2017; ʉʠʤʦʥʦʚʘ, 

2023. 

ʉʦʣʦʥʯʘʢʦʚʳʡ ʧʨʦʮʝʩʩ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʚʠʜʝ ï ʵʪʦ ʥʘʢʦʧʣʝʥʠʝ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʧʦʯʚʳ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʩʦʣʝʡ. 

ʉʦʣʦʥʯʘʢʦʚʳʡ ʧʨʦʮʝʩʩ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʠ ʚʳʧʦʪʥʦʤ ʚʦʜʥʦʤ ʨʝʞʠʤʝ, ʢʦʛʜʘ 



 
 

 
14 

 

ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʘʜʘʶʱʠʭ ʦʩʘʜʢʦʚ ʤʝʥʴʰʝ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʯʚʳ ʠ ʨʘʩʪʝʥʠʡ 

ʨʘʩʭʦʜʦʚʘʪʴ ʚʣʘʛʫ [ʂʦʚʜʘ, 1937, 1946; ʗʤʥʦʚʘ ʠ ʜʨ., 2005; ɿʘʩʦʣʝʥʥʳʝ 

ʧʦʯʚʳé, 2006; ʇʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, 2006; ʈʦʜʠʢʦʚʘ, 2007; 

ʏʝʨʥʦʫʩʝʥʢʦ ʠ ʜʨ., 2011; Özcan et al., 2018]. 

ʆʙʨʘʟʦʚʘʥʠʝ ʩʦʣʦʥʮʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʨʦʷʚʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ: ʩʦʣʦʥʮʦʚʳʡ, 

ʦʩʦʣʦʜʝʥʠʝ, ʵʣʶʚʠʘʣʴʥʦ-ʠʣʣʶʚʠʘʣʴʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʧʨʦʬʠʣʷ ʧʦʯʚʳ, 

ʜʝʨʥʦʚʳʡ, ʚʳʱʝʣʘʯʠʚʘʥʠʝ. ʉʦʣʦʥʮʦʚʳʡ ʧʨʦʮʝʩʩ ʩʚʷʟʘʥ ʩ ʚʥʝʜʨʝʥʠʝʤ ʚ 

ʧʦʯʚʝʥʥʳʡ ʧʦʛʣʦʱʘʶʱʠʡ ʢʦʤʧʣʝʢʩ ʦʙʤʝʥʥʳʭ ʠʦʥʦʚ ʥʘʪʨʠʷ. ʇʨʠ ʵʪʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʱʝʣʘʯʠʚʘʥʠʝ ʩʨʝʜʳ ʜʦ pH ʦʢʦʣʦ 9 ʚ ʩʚʷʟʠ ʩ ʧʦʷʚʣʝʥʠʝʤ ʚ 

ʧʦʯʚʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʩʦʜʳ. ʆʩʦʣʦʜʝʥʠʝ, ʠʣʠ ʱʝʣʦʯʥʦʡ ʛʠʜʨʦʣʠʟ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʨʘʟʨʫʰʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʱʝʣʦʯʥʳʭ 

ʨʘʩʪʚʦʨʦʚ. ʕʣʶʚʠʘʣʴʥʦ-ʠʣʣʶʚʠʘʣʴʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʧʨʦʬʠʣʷ ʧʦʯʚʳ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʠʩʭʦʜʷʱʠʭ ʪʦʢʦʚ ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʛʠ. 

ɺʦʟʥʠʢʘʝʪ ʠʥʪʝʥʩʠʚʥʳʡ ʚʳʥʦʩ ʚʝʱʝʩʪʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʧʨʝʦʙʣʘʜʘʶʱʝʡ 

ʤʘʩʩʝ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʤʠ ʢʦʣʣʦʠʜʘʤʠ ʛʠʜʨʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ ʩ 

ʛʫʤʠʥʦʚʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʚ 

ʚʝʨʭʥʝʤ ʵʣʶʚʠʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ ʢʨʝʤʥʝʟʝʤʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʧʣʦʪʥʝʥʥʦʛʦ 

ʛʣʠʥʠʩʪʦʛʦ ʠʣʣʶʚʠʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ ʧʦʣʫʪʦʨʥʳʤʠ 

ʦʢʩʠʜʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʦʣʦʥʮʘʭ ʦʙʨʘʟʫʝʪʩʷ ʨʝʟʢʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʘʷ 

ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʚʦʡʩʪʚʘʤ ʧʦʯʚʝʥʥʘʷ ʪʦʣʱʘ [ʂʦʚʜʘ, 1946; ɹʨʝʩʣʝʨ ʠ ʜʨ., 1987; 

ʇʦʯʚʦʚʝʜʝʥʠʝ, 1988; ɿʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳé, 2006; ʇʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʧʨʦʮʝʩʩʳ, 2006; ɺʦʨʦʙʴʝʚʘ, ʇʘʥʢʦʚʘ, 2008; ʉʝʥʴʢʦʚ, ʇʦʧʦʚ, 2017]. 

ɺʳʱʝʣʘʯʠʚʘʥʠʝ ʠ ʤʠʛʨʘʮʠʷ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʥʠʩʭʦʜʷʱʠʭ ʪʦʢʦʚ ʚʦʜʳ ʧʨʠʚʦʜʷʪ ʢ ʦʩʚʦʙʦʞʜʝʥʠʶ ʵʣʶʚʠʘʣʴʥʦ-

ʠʣʣʶʚʠʘʣʴʥʦʡ ʧʦʯʚʝʥʥʦʡ ʤʘʩʩʳ ʦʪ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʠʞʝ ʵʪʦʡ ʪʦʣʱʠ ʩʦʣʝʚʳʭ ʛʦʨʠʟʦʥʪʦʚ ʩʢʦʧʣʝʥʠʷ ʢʘʨʙʦʥʘʪʦʚ, 

ʛʠʧʩʘ, ʭʣʦʨʠʜʦʚ ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ, ʥʘʪʨʠʷ, ʩʫʣʴʬʘʪʦʚ ʤʘʛʥʠʷ ʠ ʥʘʪʨʠʷ. ɺ ʩʚʷʟʠ 

ʩ ʥʝʧʨʦʤʳʚʥʳʤ ʚʦʜʥʳʤ ʨʝʞʠʤʦʤ ʚʩʝ ʩʦʣʠ ʦʩʪʘʶʪʩʷ ʟʘʢʣʶʯʝʥʥʳʤʠ ʚ 
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ʩʦʣʝʚʦʤ ʧʨʦʬʠʣʝ ʩʦʣʦʥʮʘ ʠ ʥʝ ʤʠʛʨʠʨʫʶʪ ʟʘ ʝʛʦ ʧʨʝʜʝʣʳ. ɼʝʨʥʦʚʳʡ ʧʨʦʮʝʩʩ 

ʦʩʣʘʙʣʝʥ ʠ ʦʭʚʘʪʳʚʘʝʪ ʪʦʣʴʢʦ ʵʣʶʚʠʘʣʴʥʫʶ ʪʦʣʱʫ ʩʦʣʦʥʮʦʚ [ʂʦʚʜʘ, 1946; 

ɹʨʝʩʣʝʨ ʠ ʜʨ., 1987; ʇʦʯʚʦʚʝʜʝʥʠʝ, 1988; ɿʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳé, 2006; 

ʇʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, 2006; ʉʝʥʴʢʦʚ, ʇʦʧʦʚ, 2017]. 

ɸʥʘʣʠʟ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʈʌ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦ ʜʦʤʠʥʠʨʫʶʱʠʤ ʢʘʪʠʦʥʘʤ 

ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʪʨʠʝʚʳʡ (38,6%) ʠ ʥʘʪʨʠʝʚʦ-ʤʘʛʥʠʝʚʳʡ (34,5%) ʭʠʤʠʟʤ 

ʟʘʩʦʣʝʥʠʷ. ʅʘ ʧʦʯʚʳ ʩ ʢʘʣʴʮʠʝʚʳʤ, ʥʘʨʷʜʫ ʩ ʨʘʟʥʦʩʤʝʰʘʥʥʳʤ (ʨʘʚʥʘʷ ʜʦʣʷ 

ʉʘ, Mg, Na), ʭʠʤʠʟʤʦʤ ʟʘʩʦʣʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʣʠʰʴ ʦʢʦʣʦ 2% [ʏʝʨʥʦʫʩʝʥʢʦ, 

ʍʠʪʨʦʚ, 2023]. ʂʘʣʠʝʚʳʡ ʭʠʤʠʟʤ ʟʘʩʦʣʝʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ. 

1.1.2. ʂʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ 

ʉʦʚʨʝʤʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʧʦʯʚʦʚʝʜʝʥʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ: 

1) ʦʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʘʷ ʦʙʱʝʧʨʠʥʷʪʘʷ ʩʠʩʪʝʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʯʚ ʤʠʨʘ, 

2) ʦʪʩʫʪʩʪʚʫʝʪ ʦʙʱʝʧʨʠʥʷʪʳʡ ʧʨʠʥʮʠʧ ʥʘʫʯʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʯʚ ʤʠʨʘ, 

3) ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ ʤʠʨʘ, ʦʩʦʙʝʥʥʦ ʚ ʪʝʭ, ʛʜʝ ʠʩʪʦʨʠʯʝʩʢʠ 

ʩʣʦʞʠʣʠʩʴ ʨʘʟʚʠʪʳʝ ʥʘʫʯʥʳʝ ʰʢʦʣʳ ʠ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ ʧʦʯʚʦʚʝʜʦʚ, ʩʫʱʝʩʪʚʫʶʪ ʩʚʦʝʦʙʨʘʟʥʳʝ 

ʥʘʮʠʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʯʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʧʦʜʭʦʜʘʭ [ʇʨʦʢʦʬʴʝʚʘ ʠ ʜʨ., 2014]. 

ʂʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ ʧʨʦʙʣʝʤʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʙʦʣʴʰʠʥʩʪʚʘ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ. ʉʣʦʞʥʦʩʪʴ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚ ʧʦʯʚʦʚʝʜʝʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʝʮʠʬʠʢʦʡ 

ʧʦʯʚʳ. ʇʦʯʚʘ, ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ï ʵʪʦ ʙʠʦʢʦʩʥʘʷ, 

ʤʥʦʛʦʬʘʟʥʘʷ, ʧʦʣʠʜʠʩʧʝʨʩʥʘʷ, ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ, ʛʝʪʝʨʦʭʨʦʥʥʘʷ, 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʦʪʢʨʳʪʘʷ ʧʨʠʨʦʜʥʘʷ ʩʠʩʪʝʤʘ, ʷʚʣʷʶʱʘʷʩʷ ʬʫʥʢʮʠʝʡ 

ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʩʚʦʡʩʪʚ ʧʦʯʚ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ 

ʧʦʩʪʨʦʝʥʠʝ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï ʦʪ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜʳ ʜʦ 
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ʨʝʞʠʤʦʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʟʚʠʪʠʝ ʠ ʵʚʦʣʶʮʠʶ 

ʧʦʯʚ [ɼʦʙʨʦʚʦʣʴʩʢʠʡ, ʊʨʦʬʠʤʦʚ, 1996; ʇʨʦʢʦʬʴʝʚʘ ʠ ʜʨ., 2014]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʦʩʩʠʡʩʢʠʝ ʫʯʝʥʳʝ-ʧʦʯʚʦʚʝʜʳ ʯʘʱʝ ʚʩʝʛʦ 

ʧʦʣʴʟʫʶʪʩʷ ʪʨʝʤʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷʤʠ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʨʠʪʝʨʠʷʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʯʚ: ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʯʚ ʉʉʉʈ [1977], 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʯʚ ʈʦʩʩʠʠ [2004], World reference base for 

soil resources [2022]. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʯʚ ʉʉʉʈ 

ʇʦ ʩʚʦʝʡ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ ʜʘʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʷʚʣʷʝʪʩʷ 

ʵʢʦʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ, ʫʯʠʪʳʚʘʶʱʝʡ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʫʩʣʦʚʠʷ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʉʦʣʦʥʯʘʢʠ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʦʣʦʥʯʘʢʠ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʠʧ ʘʚʪʦʤʦʨʬʥʳʭ ʩʦʣʦʥʯʘʢʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʥʘ 

ʟʘʩʦʣʝʥʥʳʭ ʧʦʨʦʜʘʭ, ʠ ʥʘ ʪʠʧ ʛʠʜʨʦʤʦʨʬʥʳʭ ʩʦʣʦʥʯʘʢʦʚ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʇʦ ʩʪʘʜʠʷʤ ʧʝʨʝʭʦʜʘ ʦʪ 

ʩʦʣʦʥʯʘʢʘ ʢ ʟʦʥʘʣʴʥʦʡ ʧʦʯʚʝ ʘʚʪʦʤʦʨʬʥʳʝ ʩʦʣʦʥʯʘʢʠ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ 

ʧʦʜʪʠʧʘ: ʪʠʧʠʯʥʳʝ ʠ ʦʪʘʢʳʨʝʥʥʳʝ. ʊʠʧ ʛʠʜʨʦʤʦʨʬʥʳʭ ʩʦʣʦʥʯʘʢʦʚ 

ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ: ʪʠʧʠʯʥʳʝ, ʣʫʛʦʚʳʝ, ʙʦʣʦʪʥʳʝ, ʩʦʨʦʚʳʝ, ʛʨʷʟʝʚʦ-

ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʠ ʙʫʛʨʠʩʪʳʝ ʧʦʜʪʠʧʳ. 

ɼʘʣʝʝ ʩʦʣʦʥʯʘʢʠ ʜʝʣʷʪʩʷ ʥʘ ʨʦʜʳ ʧʦ ʭʠʤʠʟʤʫ ʟʘʩʦʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦ 

ʠʩʪʦʯʥʠʢʘʤ ʟʘʩʦʣʝʥʠʷ (ʣʠʪʦʛʝʥʥʳʝ, ʜʨʝʚʥʝʛʠʜʨʦʤʦʨʬʥʳʝ, ʙʠʦʛʝʥʥʳʝ). 

ʈʘʟʜʝʣʝʥʠʝ ʩʦʣʦʥʯʘʢʦʚ ʥʘ ʚʠʜʳ ʧʨʦʠʟʚʦʜʠʪʩʷ: 1) ʧʦ ʭʘʨʘʢʪʝʨʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʦʣʝʡ ʚ ʧʨʦʬʠʣʝ (ʧʦʚʝʨʭʥʦʩʪʥʳʝ, ʠ ʛʣʫʙʦʢʦʧʨʦʬʠʣʴʥʳʝ); 2) ʧʦ ʤʦʨʬʦʣʦʛʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ (ʧʫʭʣʳʝ, ʦʪʘʢʳʨʝʥʥʳʝ, ʚʳʮʚʝʪʥʳʝ, ʢʦʨʢʦʚʳʝ, 

ʯʝʨʥʳʝ, ʤʦʢʨʳʝ) [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘé, 1977]. 

ʉʦʣʦʥʮʳ. ʇʦ ʭʘʨʘʢʪʝʨʫ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʩʦʣʦʥʮʳ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʪʠʧʘ: 

ʩʦʣʦʥʮʳ ʘʚʪʦʤʦʨʬʥʳʝ, ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʝ ʠ ʛʠʜʨʦʤʦʨʬʥʳʝ. ʇʦʜʪʠʧʳ 

ʩʦʣʦʥʮʦʚ ʚʳʜʝʣʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʝ (ʯʝʨʥʦʟʝʤʥʳʝ, ʢʘʰʪʘʥʦʚʳʝ, ʧʦʣʫʧʫʩʪʳʥʥʳʝ, ʣʫʛʦʚʦ-



 
 

 
17 

 

ʯʝʨʥʦʟʝʤʥʳʝ, ʣʫʛʦʚʦ-ʢʘʰʪʘʥʦʴʳʝ, ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʝ ʤʝʨʟʣʦʪʥʳʝ, 

ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʳʝ, ʢʘʰʪʘʥʦʚʦ-ʣʫʛʦʚʳʝ, ʣʫʛʦʚʳʝ ʤʝʨʟʣʦʪʥʳʝ, ʣʫʛʦʚʦ-

ʙʦʣʦʪʥʳʝ). ʉʦʣʦʥʮʳ ʜʝʣʷʪʩʷ ʥʘ ʨʦʜʳ ʧʦ ʛʣʫʙʠʥʝ ʟʘʣʝʛʘʥʠʷ ʩʦʣʝʡ, ʧʦ 

ʭʠʤʠʟʤʫ ʠ ʩʪʝʧʝʥʠ ʟʘʩʦʣʝʥʠʷ: 1) ʨʘʟʜʝʣʝʥʠʝ ʩʦʣʦʥʮʦʚ ʥʘ ʩʦʣʦʥʯʘʢʦʚʳʝ, 

ʩʦʣʦʥʯʘʢʦʚʘʪʳʝ, ʛʣʫʙʦʢʦʩʦʣʦʥʯʘʢʦʚʘʪʳʝ ʠ ʛʣʫʙʦʢʦʟʘʩʦʣʝʥʥʳʝ ʩ ʫʢʘʟʘʥʠʝʤ 

ʭʠʤʠʟʤʘ (ʪʠʧʘ) ʟʘʩʦʣʝʥʠʷ; 2) ʧʦ ʩʪʝʧʝʥʠ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʩʣʘʙʦ-, ʩʨʝʜʥʝ-, ʩʠʣʴʥʦ- ʠ ʦʯʝʥʴ ʩʠʣʴʥʦ ʟʘʩʦʣʝʥʥʳʝ; 3) ʧʦ ʭʠʤʠʟʤʫ ʟʘʩʦʣʝʥʠʷ 

ʚʳʜʝʣʷʶʪʩʷ ʩʦʣʦʥʮʳ ʩ ʭʣʦʨʠʜʥʳʤ ʠ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʤ, ʭʣʦʨʠʜʥʦ-

ʩʫʣʴʬʘʪʥʳʤ ʠ ʪ.ʜ. ʭʠʤʠʟʤʦʤ ʟʘʩʦʣʝʥʠʷ.  

ʈʘʟʜʝʣʝʥʠʝ ʩʦʣʦʥʮʦʚ ʥʘ ʚʠʜʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʤʦʱʥʦʩʪʠ 

ʥʘʜʩʦʣʦʥʮʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʩʦʜʝʨʞʘʥʠʶ ʦʙʤʝʥʥʦʛʦ ʥʘʪʨʠʷ ʚ ʩʦʣʦʥʮʦʚʦʤ 

ʛʦʨʠʟʦʥʪʝ ʠ ʧʦ ʩʪʨʫʢʪʫʨʝ ʩʦʣʦʥʮʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ 

ʜʠʘʛʥʦʩʪʠʢʘé, 1977]. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʯʚ ʈʦʩʩʠʠ 

ɼʘʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʷʚʣʷʝʪʩʷ ʩʫʙʩʪʘʥʪʠʚʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ, ʪ.ʢ. ʚ 

ʦʩʥʦʚʝ ʝʝ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʝʚʘʣʠʨʫʶʪ ʩʚʦʡʩʪʚʘ ʩʘʤʠʭ ʧʦʯʚ. ʋʩʣʦʚʠʷ ʠ 

ʬʘʢʪʦʨʳ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ ʜʠʘʛʥʦʩʪʠʢʠ 

[ʊʦʥʢʦʥʦʛʦʚ ʠ ʜʨ., 2008]. 

ɺ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ ʚʭʦʜʷʪ ʚ ʩʪʚʦʣ ʧʦʩʪʣʠʪʦʛʝʥʥʳʭ 

ʧʦʯʚ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʧʦʯʚʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʠʜʝʪ ʥʘ 

ʩʬʦʨʤʠʨʦʚʘʚʰʝʡʩʷ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʝ. ʉʦʣʦʥʯʘʢʠ ʠ ʩʦʣʦʥʮʳ 

ʦʪʥʦʩʷʪʩʷ ʢ ʜʚʫʤ ʨʘʟʥʳʤ ʦʪʜʝʣʘʤ; ʩʦʣʦʥʯʘʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʦʪʜʝʣʫ 

ʛʘʣʦʤʦʨʬʥʳʭ ʧʦʯʚ, ʘ ʩʦʣʦʥʮʳ ï ʢ ʦʪʜʝʣʫ ʱʝʣʦʯʥʦ-ʛʣʠʥʠʩʪʦ-

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʧʦʯʚ. 

ʉʦʣʦʥʯʘʢʠ. ʂ ʦʪʜʝʣʫ ʛʘʣʦʤʦʨʬʥʳʝ ʧʦʯʚʳ ʦʪʥʦʩʷʪʩʷ ʧʦʯʚʳ, ʛʣʘʚʥʳʤ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʦʣʦʥʯʘʢʦʚʳʡ 

(ʩʦʣʝʚʦʡ) ʛʦʨʠʟʦʥʪ. ʉʧʝʮʠʬʠʢʘ ʚʳʜʝʣʝʥʠʷ ʩʦʣʦʥʯʘʢʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ (ʥʘʣʠʯʠʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʣʝʡ) ʩʣʫʞʠʪ ʧʨʠʯʠʥʦʡ ʦʙʲʝʜʠʥʝʥʠʷ ʚ ʦʪʜʝʣ 

ʛʘʣʦʤʦʨʬʥʳʭ ʧʦʯʚ ʩ ʨʘʟʣʠʯʥʳʤ ʩʪʨʦʝʥʠʝʤ ʧʨʦʬʠʣʷ. 
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ʊʠʧʳ ʩʦʣʦʥʯʘʢʦʚ ʚʳʜʝʣʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ 

ʩʦʣʦʥʯʘʢʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʜʝʣʷʝʪʩʷ ʦʩʦʙʘʷ ʛʨʫʧʧʘ ʚʪʦʨʠʯʥʳʭ 

ʩʦʣʦʥʯʘʢʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʘʢʢʫʤʫʣʷʮʠʠ ʩʦʣʝʡ ʚ 

ʣʶʙʦʤ ʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʧʨʦʬʠʣʝ. ʆʪʜʝʣ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ ʪʠʧʘ: 

ʩʦʣʦʥʯʘʢʠ ʛʣʝʝʚʳʝ, ʩʦʣʦʥʯʘʢʠ ʩʫʣʴʬʠʜʥʳʝ, ʩʦʣʦʥʯʘʢʠ ʚʪʦʨʠʯʥʳʝ [ʇʦʣʝʚʦʡ 

ʦʧʨʝʜʝʣʠʪʝʣʴ ʧʦʯʚ, 2008]. ɺ ʚʘʨʠʘʥʪʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʯʚ 

ʈʦʩʩʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʩʘʡʪʝ ʧʦʯʚʝʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ɺ.ɺ. ɼʦʢʫʯʘʝʚʘ 

[URL: http://soils.narod.ru/index.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 12.04.2023)] ʚ ʦʪʜʝʣʝ 

ʛʘʣʦʤʦʨʬʥʳʭ ʧʦʯʚ ʚʳʜʝʣʷʝʪʩʷ ʯʝʪʳʨʝ ʪʠʧʘ: ʩʦʣʦʥʯʘʢʠ, ʩʦʣʦʥʯʘʢʠ ʛʣʝʝʚʳʝ, 

ʩʦʣʦʥʯʘʢʠ ʩʫʣʴʬʠʜʥʳʝ (ʩʦʨʦʚʳʝ), ʩʦʣʦʥʯʘʢʠ ʚʪʦʨʠʯʥʳʝ. 

ʊʠʧ ʩʦʣʦʥʯʘʢʠ ʩʫʣʴʬʠʜʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥ ʪʦʣʴʢʦ ʦʜʥʠʤ ʧʦʜʪʠʧʦʤ ï 

ʪʠʧʠʯʥʳʝ. 

ʇʦ ʧʨʠʟʥʘʢʘʤ ʦʛʣʝʝʥʠʷ, ʧʨʠʩʫʪʩʪʚʠʶ ʪʘʢʳʨʥʦʡ ʢʦʨʢʠ, ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʨʦʬʠʣʷ ʪʠʧ ʩʦʣʦʥʯʘʢʠ ʜʝʣʠʪʩʷ ʥʘ 4 ʧʦʜʪʠʧʘ: ʪʠʧʠʯʥʳʝ, 

ʪʘʢʳʨʦʚʠʜʥʳʝ, ʩʦʣʦʥʮʝʚʘʪʳʝ ʠ ʩʣʘʙʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ (ʣʠʪʦʛʝʥʥʳʝ). 

ʊʠʧ ʩʦʣʦʥʯʘʢʠ ʛʣʝʝʚʳʝ ʧʦ ʧʨʠʟʥʘʢʘʤ ʦʛʣʝʝʥʠʷ, ʧʨʠʩʫʪʩʪʚʠʶ ʪʘʢʳʨʥʦʡ 

ʢʦʨʢʠ, ʦʩʦʙʝʥʥʦʩʪʷʤ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʨʦʬʠʣʷ ʜʝʣʠʪʩʷ ʥʘ 3 ʧʦʜʪʠʧʘ: 

ʪʠʧʠʯʥʳʝ, ʪʘʢʳʨʦʚʠʜʥʳʝ ʠ ʩʦʣʦʥʮʝʚʘʪʳʝ. 

ʈʘʟʜʝʣʝʥʠʝ ʪʠʧʘ ʩʦʣʦʥʯʘʢʠ ʚʪʦʨʠʯʥʳʝ ʥʘ ʧʦʜʪʠʧʳ ʧʨʦʚʦʜʠʪʩʷ ʧʦ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʚʪʦʨʠʯʥʦ-ʟʘʩʦʣʝʥʥʦʛʦ ʧʨʦʬʠʣʷ. 

ʉʦʣʦʥʮʳ. ʆʪʜʝʣ ʱʝʣʦʯʥʦ-ʛʣʠʥʠʩʪʦ-ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʧʦʯʚ 

ʦʙʲʝʜʠʥʷʝʪ ʧʦʯʚʳ, ʚ ʧʨʦʬʠʣʝ ʢʦʪʦʨʳʭ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʦʣʦʥʮʦʚʳʡ 

ʠʣʠ ʪʝʤʥʦʩʦʣʦʥʮʦʚʳʡ ʛʦʨʠʟʦʥʪ.r 

ʉʦʣʦʥʮʳ ʨʘʟʜʝʣʷʶʪ ʥʘ ʪʠʧʳ ʧʦ ʭʘʨʘʢʪʝʨʫ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ (ʩʦʣʦʥʮʦʚʦ-

ʵʣʶʚʠʘʣʴʥʦʛʦ, ʪʸʤʥʦʛʫʤʫʩʦʚʦʛʦ ʠʣʠ ʩʚʝʪʣʦʛʫʤʫʩʦʚʦʛʦ) ʛʦʨʠʟʦʥʪʘ, ʝʛʦ 

ʩʦʯʝʪʘʥʠʡ ʩ ʪʸʤʥʦʩʦʣʦʥʮʦʚʳʤ ʠʣʠ ʩʦʣʦʥʮʦʚʳʤ ʛʦʨʠʟʦʥʪʘʤʠ, ʘ ʪʘʢʞʝ ʧʦ 

ʥʘʣʠʯʠʶ ʚ ʧʨʦʬʠʣʝ ʢʚʘʟʠʛʣʝʝʚʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʆʪʜʝʣ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 8 ʪʠʧʦʚ 

ʧʨʠʨʦʜʥʳʭ ʧʦʯʚ: ʩʦʣʦʥʮʳ ʪʝʤʥʳʝ, ʩʦʣʦʥʮʳ ʩʚʝʪʣʳʝ, ʩʦʣʦʥʮʳ ʪʝʤʥʳʝ 

ʢʚʘʟʠʛʣʝʝʚʳʝ, ʩʦʣʦʥʮʳ ʩʚʝʪʣʳʝ ʢʚʘʟʠʛʣʝʝʚʳʝ, ʩʦʣʦʥʮʳ ʩʚʝʪʣʦʛʫʤʫʩʦʚʳʝ, 
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ʩʦʣʦʥʮʳ ʪʝʤʥʦʛʫʤʫʩʦʚʳʝ, ʩʦʣʦʥʮʳ ʩʚʝʪʣʦʛʫʤʫʩʦʚʳʝ ʢʚʘʟʠʛʣʝʝʚʳʝ, ʩʦʣʦʥʮʳ 

ʪʝʤʥʦʛʫʤʫʩʦʚʳʝ ʢʚʘʟʠʛʣʝʝʚʳʝ [ʇʦʣʝʚʦʡ ʦʧʨʝʜʝʣʠʪʝʣʴ ʧʦʯʚ, 2008; URL: 

http://soils.narod.ru/index.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 12.04.2023)]. 

ʇʦ ʥʘʣʠʯʠʶ ʧʨʠʟʥʘʢʦʚ ʛʠʜʨʦʤʝʪʘʤʦʨʬʠʟʤʘ, ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʨʫʰʝʥʠʷ 

ʩʠʩʪʝʤʳ ʥʘʜʩʦʣʦʥʮʦʚʳʭ ʛʦʨʠʟʦʥʪʦʚ ʪʠʧʳ ʩʦʣʦʥʮʦʚ ʪʝʤʥʳʭ, ʩʦʣʦʥʮʦʚ 

ʩʚʝʪʣʳʭ, ʩʦʣʦʥʮʦʚ ʪʝʤʥʦʛʫʤʫʩʦʚʳʭ ʠ ʩʦʣʦʥʮʦʚ ʩʚʝʪʣʦʛʫʤʫʩʦʚʳʭ ʜʝʣʷʪʩʷ ʥʘ 

3 ʧʦʜʪʠʧʘ: ʪʠʧʠʯʥʳʝ, ʛʠʜʨʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ, ʪʫʨʙʠʨʦʚʘʥʥʳʝ. ɺ ʪʠʧʘʭ 

ʩʦʣʦʥʮʦʚ ʪʝʤʥʳʭ ʢʚʘʟʠʛʣʝʝʚʳʝ, ʩʦʣʦʥʮʦʚ ʩʚʝʪʣʳʭ ʢʚʘʟʠʛʣʝʝʚʳʝ, ʩʦʣʦʥʮʦʚ 

ʩʚʝʪʣʦʛʫʤʫʩʦʚʳʭ ʢʚʘʟʠʛʣʝʝʚʳʭ ʠ ʩʦʣʦʥʮʦʚ ʪʝʤʥʦʛʫʤʫʩʦʚʳʭ ʢʚʘʟʠʛʣʝʝʚʳʭ 

ʢʨʦʤʝ ʪʠʧʠʯʥʦʛʦ, ʚʳʜʝʣʷʝʪʩʷ ʧʦʜʪʠʧ ʧʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʥʘʨʫʰʝʥʠʷʤ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʦʚ (ʧʦʚʝʨʭʥʦʩʪʥʦ-ʪʫʨʙʠʨʦʚʘʥʥʳʡ). 

ɿʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ ʜʝʣʷʪʩʷ ʥʘ ʨʦʜʳ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʦʢʘʟʘʪʝʣʷʤ: 1) ʧʦ 

ʥʘʣʠʯʠʶ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʢʘʨʙʦʥʘʪʦʚ: ʢʘʨʙʦʥʘʪʦʩʦʜʝʨʞʘʱʠʝ ʠ 

ʙʝʩʢʘʨʙʦʥʘʪʥʳʝ; 2) ʧʦ ʭʠʤʠʟʤʫ ʟʘʩʦʣʝʥʠʷ ï ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʢʘʪʠʦʥʦʚ 

(ʥʘʪʨʠʝʚʳʡ, ʤʘʛʥʠʝʚʳʡ, ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʝʚʳʡ ʠ ʪ.ʜ.) ʠ ʘʥʠʦʥʦʚ (ʭʣʦʨʠʜʥʳʡ ʠ 

ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ, ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʳʡ ʠ ʪ.ʜ.); 3) ʧʦ ʥʘʩʳʱʝʥʥʦʩʪʠ 

ʧʦʯʚʝʥʥʦʛʦ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʦʩʥʦʚʘʥʠʷʤʠ (% ʦʪ ʩʫʤʤʳ ʦʙʤʝʥʥʳʭ 

ʦʩʥʦʚʘʥʠʡ) ï ʥʝʥʘʩʳʱʝʥʥʳʝ (<80) ʠ ʥʘʩʳʱʝʥʥʳʝ (>80); 4) ʧʦ ʥʘʣʠʯʠʶ ʚ 

ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʢʘʨʙʦʥʘʪʦʚ ï ʢʘʨʙʦʥʘʪʦʩʦʜʝʨʞʘʱʠʝ ʠ ʙʝʩʢʘʨʙʦʥʘʪʥʳʝ; 

5) ʧʦ ʥʘʣʠʯʠʶ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʛʠʧʩʘ ï ʛʠʧʩʩʦʜʝʨʞʘʱʠʝ (ʧʨʠʩʫʪʩʪʚʠʝ 

ʛʠʧʩʘ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ >1%) ʠ ʙʝʟʛʠʧʩʦʚʳʝ (ʛʠʧʩ ʚ ʧʨʦʬʠʣʝ 

ʦʪʩʫʪʩʪʚʫʝʪ). 

ʈʘʟʜʝʣʝʥʠʝ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʥʘ ʚʠʜʳ ʧʨʦʠʟʚʦʜʠʪʩʷ: 1) ʧʦ ʤʦʱʥʦʩʪʠ 

ʥʘʜʩʦʣʦʥʮʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚ ʪʠʧʘʭ ʩʦʣʦʥʮʦʚ ï ʢʦʨʢʦʚʳʝ (<5 ʩʤ), ʤʝʣʢʠʝ (5-

10 ʩʤ), ʩʨʝʜʥʠʝ (10-20 ʩʤ), ʛʣʫʙʦʢʠʝ (>20 ʩʤ); 2) ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʦʙʤʝʥʥʦʛʦ 

ʥʘʪʨʠʷ ʚ ʩʦʣʦʥʮʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʩʦʣʥʦʮʦʚ ï ʩʣʘʙʦʥʘʪʨʠʝʚʳʝ (ʜʦ 10% ʦʪ ɽʂʆ), 

ʤʘʣʦʥʘʪʨʠʝʚʳʝ (10-25% ʦʪ ɽʂʆ), ʩʨʝʜʥʝʥʘʪʨʠʝʚʳʝ (25-40% ʦʪ ɽʂʆ) ʠ 

ʤʥʦʛʦʥʘʪʨʠʝʚʳʝ (>40% ʦʪ ɽʂʆ); 3) ʧʦ ʛʣʫʙʠʥʝ ʟʘʣʝʛʘʥʠʷ ʢʘʨʙʦʥʘʪʦʚ ï 

ʢʘʨʙʦʥʘʪʥʳʝ (<30 ʩʤ), ʚʳʩʦʢʦ ʢʘʨʙʦʥʘʪʥʳʝ (30-50 ʩʤ), ʩʨʝʜʥʝʢʘʨʙʦʥʘʪʥʳʝ 
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(50-80 ʩʤ), ʛʣʫʙʦʢʦ ʢʘʨʙʦʥʘʪʥʳʝ (80-120 ʩʤ); 4) ʧʦ ʛʣʫʙʠʥʝ ʟʘʣʝʛʘʥʠʷ 

ʩʦʣʝʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ï ʩʦʣʦʥʯʘʢʦʚʳʝ (0-30 ʩʤ), ʩʦʣʦʥʯʘʢʦʚʘʪʳʝ (30-80 ʩʤ), 

ʛʣʫʙʦʢʦʩʦʣʦʥʯʘʢʦʚʘʪʳʝ (80-150 ʩʤ), ʛʣʫʙʦʢʦʟʘʩʦʣʝʥʥʳʝ (>150 ʩʤ); 5) ʧʦ 

ʩʪʝʧʝʥʠ ʥʘʩʳʱʝʥʥʦʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ (% ʦʪ ʩʫʤʤʳ 

ʦʙʤʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ) ï ʩʠʣʴʥʦʥʝʥʘʩʳʱʝʥʥʳʝ (<30), ʥʝʥʘʩʳʱʝʥʥʳʝ (30-50), 

ʩʣʘʙʦʥʘʩʳʱʝʥʥʳʝ (50-80), ʥʘʩʳʱʝʥʥʳʝ (>80); 6) ʧʦ ʩʪʝʧʝʥʠ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚ 

(ʩʣʘʙʘʷ, ʩʨʝʜʥʷʷ, ʩʠʣʴʥʘʷ, ʦʯʝʥʴ ʩʠʣʴʥʘʷ), ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʠʟʤʘ 

ʟʘʩʦʣʝʥʠʷ (ʭʣʦʨʠʜʥʳʡ, ʩʫʣʴʬʘʪʥʳʡ, ʩʦʜʦʚʳʡ, ʩʦʜʦʚʦ-ʭʣʦʨʠʜʥʳʡ ʠ ʪ.ʜ.). 

ʄʠʨʦʚʘʷ ʨʝʬʝʨʘʪʠʚʥʘʷ ʙʘʟʘ ʧʦʯʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ (WRB) 

ʉʠʩʪʝʤʘ WRB ʪʘʢʞʝ, ʢʘʢ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʯʚ ʈʦʩʩʠʠ 

[2004], ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʩʫʙʩʪʘʥʪʠʚʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʚ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʯʚ [World reference baseé, 2022]. 

ɺ ʜʘʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ ʦʙʲʝʜʠʥʝʥʳ ʚ 

2 ʨʝʬʝʨʘʪʠʚʥʳʝ ʧʦʯʚʝʥʥʳʝ ʛʨʫʧʧʳ: Solonchaks ʠ Solonetz. ʈʝʬʝʨʘʪʠʚʥʘʷ 

ʧʦʯʚʝʥʥʘʷ ʛʨʫʧʧʘ Solonchaks ʦʙʲʝʜʠʥʷʝʪ ʧʦʯʚʳ ʩ ʛʦʨʠʟʦʥʪʦʤ salic, ʚʝʨʭʥʷʷ 

ʛʨʘʥʠʮʘ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʝ Ò50 ʩʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ 

ʧʦʯʚʳ ʥʝ ʜʦʣʞʥʳ ʠʤʝʪʴ ʛʦʨʠʟʦʥʪʘ thionic, ʥʘʯʠʥʘʷ ʩ ʛʣʫʙʠʥʳ Ò50 ʩʤ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʥʝ ʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʘʭ ʧʦʩʪʦʷʥʥʦʛʦ ʟʘʪʦʧʣʝʥʠʷ ʠʣʠ ʤʦʨʩʢʠʭ 

ʧʨʠʣʠʚʦʚ. ɻʦʨʠʟʦʥʪ salic, ʷʚʣʷʶʱʠʡʩʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʜʣʷ ʜʘʥʥʦʡ 

ʨʝʬʝʨʘʪʠʚʥʦʡ ʛʨʫʧʧʳ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʠʣʠ ʙʣʠʟʢʦ 

ʟʘʣʝʛʘʶʱʠʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʠʟʦʥʪ ʩ ʧʝʜʦʛʝʥʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ 

ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ, ʪ.ʝ. ʩʦʣʝʡ, ʙʦʣʝʝ ʨʘʩʪʚʦʨʠʤʳʭ, ʯʝʤ ʛʠʧʩ. 

ʈʝʬʝʨʘʪʠʚʥʘʷ ʧʦʯʚʝʥʥʘʷ ʛʨʫʧʧʘ Solonetz ʦʙʲʝʜʠʥʷʝʪ ʧʦʯʚʳ ʩ 

ʛʦʨʠʟʦʥʪʦʤ natric, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʪʦʣʱʝ Ò100ʩʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ. 

ɻʦʨʠʟʦʥʪ natric ï ʧʣʦʪʥʳʡ ʩʨʝʜʠʥʥʳʡ ʛʦʨʠʟʦʥʪ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʠʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʳʰʝʣʝʞʘʱʠʤ ʛʦʨʠʟʦʥʪʦʤ ʠʣʠ 

ʛʦʨʠʟʦʥʪʘʤʠ; ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʙʤʝʥʥʦʛʦ ʥʘʪʨʠʷ, ʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ï ʤʘʛʥʠʷ. 



 
 

 
21 

 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʘʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʤʝʯʘʪʴ 

ʟʘʩʦʣʝʥʠʝ ʚ ʜʨʫʛʠʭ ʧʦʯʚʝʥʥʳʭ ʨʝʬʝʨʘʪʠʚʥʳʭ ʛʨʫʧʧʘʭ ʧʨʠ ʧʦʤʦʱʠ ʛʣʘʚʥʳʭ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʚʘʣʠʬʠʢʘʪʦʨʦʚ Natric (na) ʠ Salic (sz). 

1.1.3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ 

ɽʩʣʠ ʪʝʤʘ ʚʣʠʷʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʟʘʩʦʣʝʥʠʷ ʥʘ ʧʦʯʚʫ ʭʦʨʦʰʦ ʠʟʫʯʝʥʘ 

ʠ ʦʪʨʘʞʝʥʘ ʚ ʤʦʥʦʛʨʘʬʠʷʭ ʠ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʷʭ, ʪʦ ʨʘʙʦʪ ʧʦ ʪʝʭʥʦʛʝʥʥʦʤʫ 

ʟʘʩʦʣʝʥʠʶ ʧʦʯʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʤʥʦʛʦ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʩʦʣʝʚʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʧʨʠ ʥʝʬʪʝʜʦʙʳʯʝ [ʉʦʨʦʤʦʪʠʥ, 1996; 

ʈʦʥʞʠʥʘ, 2009], ʧʨʦʙʣʝʤʘʤ ʧʨʠʤʝʥʝʥʠʷ ʘʥʪʠʛʦʣʦʣʝʜʥʳʭ ʧʦʢʨʳʪʠʡ 

[ʄʦʩʢʚʠʥʘ, 2004; Ramakrishna et al., 2005; ʅʠʢʠʬʦʨʦʚʘ ʠ ʜʨ., 2017; ɸʟʦʚʮʝʚʘ 

ʠ ʜʨ., 2018]. ɺʪʦʨʠʯʥʦʝ ʟʘʩʦʣʝʥʠʝ ʧʦʯʚ ʩʚʷʟʘʥʦ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʩʦʣʝʡ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʩʦʜʳ [Grunewald et al., 2007; Hulisz et al., 2010]. ɺ ʇʦʣʴʰʝ ʚʙʣʠʟʠ 

ʦʪ ʀʥʦʚʨʦʮʣʦʚʩʢʦʛʦ ʩʦʜʦʚʦʛʦ ʟʘʚʦʜʘ ʠ ʝʛʦ ʧʨʫʜʦʚ-ʦʪʩʪʦʡʥʠʢʦʚ ʩ ʦʪʭʦʜʘʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ ʦʙʨʘʟʦʚʘʣʠʩʴ ʥʘ ʧʣʦʱʘʜʠ 135 ʛʘ [Hulisz et 

al., 2010; ʍʫʣʠʰ ʠ ʜʨ., 2018]. 

ʇʦʩʪʫʧʣʝʥʠʝ ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ, ʩ ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ 

ʩʦʣʝʡ ʚ ʧʨʦʬʠʣʝ ʧʦʯʚ [ɻʘʡʥʫʪʜʠʥʦʚ ʠ ʜʨ., 1979; Baker, Brendecke, 1983; 

ʉʦʣʥʮʝʚʘ, 1998]. ʂʘʢ ʧʨʘʚʠʣʦ, ʟʦʥʘ ʘʢʢʫʤʫʣʷʮʠʠ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ 

ʧʨʠʫʨʦʯʝʥʘ ʢ ʷʜʨʫ ʦʨʝʦʣʘ ʟʘʛʨʷʟʥʝʥʠʷ, ʘ ʧʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʢ ʢʨʘʝʚʳʤ 

ʯʘʩʪʷʤ ʨʘʟʣʠʚʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʥʠʞʘʶʪʩʷ. ɺ ʨʘʜʠʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʧʦʯʚ 

[ʉʦʣʥʮʝʚʘ, 1998, 2004]. 

ɺ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʢʦʧʣʝʥʠʝ ʩʦʣʝʡ ʚ ʧʦʯʚʘʭ ʚʦʟʤʦʞʥʦ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʠʩʧʘʨʷʝʤʦʩʪʴ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʷʤ ʘʨʠʜʥʦʛʦ ʢʣʠʤʘʪʘ. ʄʝʞʜʫ ʪʝʤ, ʧʦʷʚʠʣʠʩʴ ʨʘʙʦʪ rʧʦ 

ʚʣʠʷʥʠ ʁ ʚʳʭʦʜʦʚ ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʙʣʠʟʢʦ ʟʘʣʝʛʘʶʱʠʭ 

ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʘ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʪʘʡʛʠ ʠ 
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ʣʝʩʦʩʪʝʧʠ, ʛʜʝ ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʬʘʢʪʦʨʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʩʦʣʝʥʥʳʭ 

ʠʥʪʨʘʟʦʥʘʣʴʥʳʭ ʧʦʯʚ [ʃʦʧʘʪʦʚʩʢʘʷ, 2009; ʃʦʧʘʪʦʚʩʢʘʷ ʠ ʜʨ., 2011; ʗʢʠʤʦʚ ʠ 

ʜʨ., 2014; ʈʘʤʘʤʦʥʦʚʘ ʠ ʜʨ., 2017; ʍʘʡʨʫʣʠʥʘ ʠ ʜʨ.,  2017; ʉʠʤʦʥʦʚʘ ʠ ʜʨ., 

2018; ʍʠʪʨʦʚ ʠ ʜʨ., 2019]. 

ʅʘʢʦʧʣʝʥʠʝ ʩʦʣʝʡ ʚ ʧʦʯʚʘʭ ʛʫʤʠʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʠʭ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʟʘʛʨʷʟʥʠʪʝʣʷʭ, ʥʦ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ 

ʧʦʩʪʫʧʣʝʥʠʝʤ ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʚ ʣʘʥʜʰʘʬʪ, ʘ ʪʘʢʞʝ 

ʧʨʠʨʦʜʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: ʟʘʙʦʣʦʯʝʥʥʦʩʪʴʶ ʠ/ʠʣʠ ʩʣʘʙʦʡ ʜʨʝʥʠʨʦʚʘʥʥʦʩʪʴʶ 

ʧʦʯʚ. ɺ ʨʘʙʦʪʘʭ ʅ.ʇ. ʉʦʣʥʮʝʚʦʡ [1998, 2004] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ ʨʘʡʦʥʘʭ 

ʥʝʬʪʝʜʦʙʳʯʠ ʧʨʠ ʪʝʭʥʦʛʝʥʥʦʤ ʟʘʩʦʣʝʥʠʠ ʚ ʩʦʩʪʘʚʝ ʩʦʣʝʡ ʜʦʤʠʥʠʨʫʶʪ 

ʭʣʦʨʠʜʳ, ʤʥʦʛʦ ʩʫʣʴʬʘʪʦʚ ʠ ʢʘʨʙʦʥʘʪʦʚ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ 

ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʦʝ ʟʘʩʦʣʝʥʠʝ, ʦʜʥʘʢʦ ʩʦʩʪʘʚ ʩʦʣʝʡ, ʨʘʚʥʦ ʢʘʢ ʠʭ 

ʩʦʜʝʨʞʘʥʠʝ ʠ ʧʫʪʠ ʤʠʛʨʘʮʠʠ ʚ ʣʘʥʜʰʘʬʪʘʭ, ʢʨʘʡʥʝ ʜʠʥʘʤʠʯʥʳ. 

ɺʳʩʦʢʘʷ ʤʠʛʨʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʣʝʡ, ʦʢʘʟʘʚʰʠʭʩʷ ʚ ʧʦʯʚʘʭ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʠʣʠ ʠʟʙʳʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʪ ʜʠʥʘʤʠʯʥʦʩʪʴ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʩʦʣʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʧʦʧʘʜʘʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʩʦʣʠ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʚʝʨʭʥʠʭ 

ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ, ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʚʛʣʫʙʴ. ʉʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʦʩʪʘʚ ʩʦʣʝʡ, ʢʘʢ ʚʦ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʧʦ ʧʦʯʚʝʥʥʦʤʫ 

ʧʨʦʬʠʣʶ. ɺʩʝ ʵʪʦ ʦʙʲʷʩʥʷʝʪ ʩʣʦʞʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʩʦʣʝʥʠʷ, 

ʤʦʟʘʠʯʥʦʩʪʴ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʭʠʤʠʯʝʩʢʠ-ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʯʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚ ʛʫʤʠʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʪʨʦʡʢʘ ʧʦʯʚʝʥʥʦʛʦ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ (ʇʇʂ), 

ʚʧʝʨʚʳʝ ʚʳʷʚʣʝʥʥʘʷ ʜʣʷ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ ʥʘ ʥʝʬʪʝʧʨʦʤʳʩʣʘʭ 

ʇʝʨʤʩʢʦʛʦ ʇʨʠʢʘʤʴʷ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʜʪʚʝʨʞʜʝʥʥʘʷ ʜʣʷ ʨʷʜʘ ʧʦʯʚ ʩʝʚʝʨʘ 

ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ [ʉʦʣʥʮʝʚʘ, 1998, 2004]. 
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ʇʦʩʣʝ ʩʙʨʦʩʘ ʚ ʧʦʯʚʳ ʩʳʨʦʡ ʥʝʬʪʠ ʠʣʠ ʜʨʫʛʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʩʚʦʡʩʪʚʘ ʇʇʂ ʤʝʥʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

¶ ʩʫʤʤʘ ʧʦʛʣʦʱʝʥʥʳʭ ʢʘʪʠʦʥʦʚ ʤʦʞʝʪ ʚʦʟʨʘʩʪʘʪʴ ʚ 1,3-1,5 ʨʘʟʘ;  

¶ ʚ ʇʇʂ ʚʥʝʜʨʷʶʪʩʷ ʠʦʥʳ ʥʘʪʨʠʷ, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʢʘʪʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʧʦʛʣʦʱʝʥʥʦʛʦ ʥʘʪʨʠʷ ʚ ʧʦʯʚʘʭ ʩʦʩʪʘʚʣʷʝʪ 8-10% ʦʪ ʝʤʢʦʩʪʠ 

ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. ɺ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʩʦʜʝʨʞʘʥʠʝ 

ʧʦʛʣʦʱʝʥʥʦʛʦ ʥʘʪʨʠʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 45-80%;  

¶ ʚ ʪʫʥʜʨʦʚʦ-ʛʣʝʝʚʳʭ, ʧʦʜʟʦʣʠʩʪʳʭ ʠ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʥʦʝ ʚʳʪʝʩʥʝʥʠʝ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʠ ʘʣʶʤʠʥʠʷ ʠʟ 

ʇʇʂ;  

¶ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʱʝʣʦʯʥʦʩʪʴ (ʨʅ ʚʦʜʥʳʭ ʩʫʩʧʝʥʟʠʡ ʜʦʩʪʠʛʘʝʪ 

ʟʥʘʯʝʥʠʡ 7,8-8,3). 

ʇʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʦʛʣʦʱʝʥʥʦʛʦ ʥʘʪʨʠʷ ʚ ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʯʚʘʭ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʢʘʟʘʪʝʣʝʤ ʨʘʟʚʠʪʠʷ ʩʦʣʦʥʮʦʚʦʛʦ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʬʦʥʦʚʳʭ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚʘʭ ʛʫʤʠʜʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʝʚʦʟʤʦʞʝʥ [ʉʦʣʥʮʝʚʘ, 2004]. 

ɺ 2001 ʛ. ʠ 2003 ʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʨʘʩʥʦʙʦʨʩʢʦʛʦ ʥʝʬʪʷʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʦʠʟʦʰʣʠ ʨʘʟʣʠʚʳ 

ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʣʘʩʪʦʚʳʭ ʚʦʜ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʪʝʭʥʦʛʝʥʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. ʇʦʩʪʫʧʣʝʥʠʝ ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʚ ʜʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʳʝ ʧʦʯʚʳ ʧʨʠʚʝʣʦ ʢ ʠʭ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʧʦʯʚʳ 

ʟʘʩʦʣʝʥʥʦʛʦ ʨʷʜʘ ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʙʦʣʝʝ 1%. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʠʟʤʝʥʠʣʩʷ ʩʦʩʪʘʚ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʩ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʦʛʦ ʥʘ ʭʣʦʨʠʜʥʳʡ ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ. 

ɸʚʘʨʠʡʥʳʡ ʨʘʟʣʠʚ ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʧʨʠʚʝʣ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ 

ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ. ʇʦʯʚʳ ʚ ʮʝʥʪʨʝ ʦʨʝʦʣʘ ʟʘʛʨʷʟʥʝʥʠʷ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʦʣʦʥʯʘʢʘʤʠ ʥʘ ʪʝʭʥʦʛʝʥʥʳʭ ʥʘʥʦʩʘʭ ʧʦ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʤʘʣʦʤʦʱʥʦʡ 
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ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʦʡ ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʦʡ ʧʦʯʚʝ ʥʘ ʢʘʨʙʦʥʘʪʥʦʡ ʤʦʨʝʥʝ. ɼʣʷ 

ʟʦʥʳ ʩʨʝʜʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʙʳʣʠ ʭʘʨʘʢʪʝʨʥʳ ʜʝʨʥʦʚʳʝ ʠʣʠ ʜʝʨʥʦʚʦ-ʛʣʝʝʚʳʝ 

ʩʨʝʜʥʝ ʠ ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʳʝ ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʝ ʧʦʯʚʳ ʥʘ ʢʘʨʙʦʥʘʪʥʦʡ 

ʤʦʨʝʥʝ. ɺ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ ʨʘʟʣʠʚʦʚ, ʛʜʝ ʪʝʭʥʦʛʝʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʦʯʚ 

ʤʠʥʠʤʘʣʴʥʘ ï ʬʦʨʤʠʨʫʶʪʩʷ ʥʝʟʘʩʦʣʝʥʥʳʝ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ 

ʩʨʝʜʥʝʤʦʱʥʳʝ ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʝ ʧʦʯʚʳ ʥʘ ʢʘʨʙʦʥʘʪʥʦʡ ʤʦʨʝʥʝ. ʇʨʠ 

ʧʦʩʪʫʧʣʝʥʠʠ ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʚ ʢʠʩʣʳʝ ʧʦʯʚʳ 

ʧʨʦʠʟʦʰʝʣ ʦʙʤʝʥ ʥʘʪʨʠʷ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʚʦʜʦʨʦʜ ʠ ʘʣʶʤʠʥʠʡ ʚ 

ʇʇʂ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʦʙʤʝʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʠ ʢ ʨʦʩʪʫ ʢʠʩʣʦʪʥʦʩʪʠ 

ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʄʠʛʨʘʮʠʷ ʧʦʜʢʠʩʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʢʘʨʙʦʥʘʪʥʫʶ 

ʪʦʣʱʫ ʧʨʠʚʝʣʘ ʢ ʨʘʩʪʚʦʨʝʥʠʶ ʢʘʨʙʦʥʘʪʦʚ ʠ ʩʥʠʞʝʥʠʶ ʛʣʫʙʠʥʳ ʠʭ ʟʘʣʝʛʘʥʠʷ. 

ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʘ ʢʘʣʴʮʠʷ ʚ ʩʦʩʪʘʚʝ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ 

ʨʦʩʪʝ pH ʩʦʟʜʘʣʠ ʫʩʣʦʚʠʷ ʜʣʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ [ʈʦʥʞʠʥʘ, 

2011]. 

ɺ ʶʞʥʦʡ ʪʘʡʛʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʨʪʝʟʠʘʥʩʢʠʭ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦʣʫʯʠʣ ʨʘʟʚʠʪʠʝ 

ʩʦʣʦʥʯʘʢʦʚʳʡ ʧʨʦʮʝʩʩ. ɿʘ ʜʚʘʜʮʘʪʠʧʷʪʠʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʦʯʚʳ ʧʝʨʚʦʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʠ ʚʳʩʦʢʦʡ ʧʦʡʤʳ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʩʦʣʦʥʯʘʢʠ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʝ ʩʦ ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʠ 

ʱʝʣʦʯʥʦʡ ʨʝʘʢʮʠʝʡ, ʘ ʪʘʢʞʝ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʟʘʩʦʣʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ʜʝʨʥʦʚʦ-

ʛʣʝʝʚʘʪʳʭ ʧʦʯʚ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʩʦʣʦʥʯʘʢʦʚ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʦʥʦʚʳʭ ʧʦʯʚ ʩʣʘʙʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʥʘ ʛʝʥʝʪʠʯʝʩʢʠʝ 

ʛʦʨʠʟʦʥʪʳ ʠ ʩʦʭʨʘʥʷʝʪ ʨʝʣʠʢʪʦʚʳʝ ʧʨʠʟʥʘʢʠ ʛʫʤʫʩʦʚʳʭ ʠ ʠʣʣʶʚʠʘʣʴʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ. ɺ ʧʨʝʜʝʣʘʭ ʥʠʟʢʦʡ ʧʦʡʤʳ ʘʣʣʶʚʠʘʣʴʥʳʝ ʣʫʛʦʚʳʝ ʢʠʩʣʳʝ 

ʩʣʦʠʩʪʳʝ ʧʦʯʚʳ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʘʣʣʶʚʠʘʣʴʥʳʝ ʣʫʛʦʚʳʝ ʥʘʩʳʱʝʥʥʳʝ 

ʩʣʦʠʩʪʳʝ ʩʦʣʦʥʯʘʢʦʚʳʝ ʩʣʘʙʦʟʘʩʦʣʝʥʥʳʝ ʠ ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ 

[ʉʚʘʥʠʜʟʝ ʠ ʜʨ., 2014; ʗʢʠʤʦʚ ʠ ʜʨ., 2014].  

ɺ ʪʘʝʞʥʦ-ʣʝʩʥʦʡ ʟʦʥʝ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʚʝʜʝʪʩʷ ʜʦʙʳʯʘ ʢʘʣʠʡʥʳʭ 

ʫʜʦʙʨʝʥʠʡ, ʧʦʵʪʦʤʫ ʤʥʦʛʠʝ ʠʟ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʳ 
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ʧʨʦʙʣʝʤʝ ʟʘʩʦʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ [ɹʘʙʦʰʢʦ, ɹʘʯʫʨʠʥ, 2004; 

ʄʘʢʩʠʤʦʚʠʯ ʠ ʜʨ., 2010; ɽʨʝʤʯʝʥʢʦ ʠ ʜʨ., 2013; ʃʠʩʢʦʚʘ, 2017; ʍʘʡʨʫʣʠʥʘ ʠ 

ʜʨ., 2017]. ɺ ʨʘʙʦʪʘʭ ʧʦ ʚʣʠʷʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʣʠʡʥʳʭ ʩʦʣʝʡ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʦʙʣʝʤʝ ʩʦʩʪʦʷʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ [ɹʦʙʦʰʢʦ, ɹʘʯʫʨʠʥ, 2004; ɹʝʣʢʠʥ, 2008, 

ɻʦʣʫʙʮʦʚʘ, ʂʘʨʤʘʥʦʚʘ, 2015; ʃʠʩʢʦʚʘ, 2017; ʍʘʡʨʫʣʠʥʘ ʠ ʜʨ., 2017; 

ʐʝʡʢʤʘʥ, ʀʚʣʝʚʘ, 2023]. 

ʆʙʲʝʢʪʳ ʦʪʚʘʣʴʥʦ-ʰʣʘʤʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʛʠʜʨʦʩʬʝʨʳ ï ʦʪʢʨʳʪʳʡ ʩʙʨʦʩ ʧʨʦʤʩʪʦʢʦʚ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʛʠʜʨʦʩʝʪʴ ʠ ʬʠʣʴʪʨʘʮʠʷ ʨʘʩʩʦʣʦʚ ʚ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʧʨʠʚʝʣʠ 

ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʙʰʠʨʥʳʭ ʦʨʝʦʣʦʚ ʟʘʩʦʣʝʥʠʷ ʛʠʜʨʦʩʬʝʨʳ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʧʨʠʥʠʤʘʝʤʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʛʠʜʨʦʠʟʦʣʷʮʠʠ ʰʣʘʤʦʭʨʘʥʠʣʠʱ, ʦʙʲʝʤʳ 

ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʫʪʝʯʝʢ ʨʘʩʩʦʣʦʚ, ʜʘʞʝ ʧʦ ʦʬʠʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʜʦʩʪʠʛʘʶʪ 

ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʩʦʪʥʠ ʪʳʩʷʯ ʢʫʙʦʤʝʪʨʦʚ ʚ ʛʦʜ [ɹʘʙʦʰʢʦ, ɹʘʯʫʨʠʥ, 

2004]. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʭʘʨʘʢʪʝʨ ʠ ʩʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʚʘʣʴʥʦ-ʰʣʘʤʦʚʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʥʘ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʀʤʝʶʪʩʷ 

ʝʜʠʥʠʯʥʳʝ ʨʘʙʦʪʳ [ɽʨʝʤʯʝʥʢʦ ʠ ʜʨ., 2013, 2017], ʧʦʩʚʷʱʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʚʙʣʠʟʠ ʩʦʣʝʦʪʚʘʣʦʚ ʚ ʛʦʨʦʜʘʭ 

ʉʦʣʠʢʘʤʩʢ ʠ ɹʝʨʝʟʥʠʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʣʝʦʪʚʘʣʦʚ 

ʬʦʨʤʠʨʫʶʪʩʷ ʟʘʩʦʣʝʥʥʳʝ ʪʝʭʥʦʛʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʘʥʘʣʦʛʠ ʧʨʠʨʦʜʥʳʭ ʧʦʯʚ (ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ, ʩʝʨʦʛʫʤʫʩʦʚʳʭ, ʛʣʝʝʟʝʤʦʚ ʠ 

ʪ.ʜ.) ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʩʦʣʦʥʯʘʢʦʚʘʪʦʩʪʠ, ʚʧʣʦʪʴ ʜʦ ʩʦʣʦʥʯʘʢʦʚ ʚʪʦʨʠʯʥʳʭ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʣʘʜʘʶʱʠʝ ʱʝʣʦʯʥʦʡ ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ, ʩʦʣʦʥʮʝʚʘʪʦʩʪʴʶ ʠ 

ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʤ ʭʠʤʠʟʤʦʤ ʟʘʩʦʣʝʥʠʷ. 

ʈʷʜ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʳ ʦʧʠʩʘʥʠʶ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ 

ʩʚʦʡʩʪʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʚʪʦʨʠʯʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʚ ʇʨʠʢʘʤʴʝ. ʅʘ ʧʨʠʤʝʨʝ 

ʥʝʩʢʦʣʴʢʠʭ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʧʦʢʘʟʘʥ ʭʣʦʨʠʜʥʳʡ ʥʘʪʨʠʝʚʦ-ʤʘʛʥʠʝʚʦ-

ʢʘʣʴʮʠʝʚʳʡ ʭʠʤʠʟʤ ʟʘʩʦʣʝʥʠʷ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚʘʭ ʠ 
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ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ ʭʠʤʠʟʤ ï ʚʦ ʚʪʦʨʠʯʥʦʤ 

ʩʦʣʦʥʯʘʢʝ. ʆʪʤʝʯʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʣʘʙʦʢʠʩʣʘʷ ʠ ʥʝʡʪʨʘʣʴʥʘʷ ʨʝʘʢʮʠʷ 

ʩʨʝʜʳ ʚ ʩʦʣʦʥʯʘʢʘʭ, ʩʠʣʴʥʦʢʠʩʣʘʷ ʨʝʘʢʮʠʷ (ʨʅ ʚʦʜ = 4,2-5,5) ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ï ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ ʧʦʯʚʝ. ɺ ʩʦʣʦʥʯʘʢʘʭ 

ʦʪʤʝʪʠʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʨʙʦʥʘʪʦʚ (0,2-0,3%) ʠ ʛʠʧʩʘ (ʦʪ 1,4 ʜʦ 8,5%) 

[ʄʠʪʨʘʢʦʚʘ, 2018; ʄʠʪʨʘʢʦʚʘ, ʍʘʡʨʫʣʠʥʘ, 2020]. ʆʧʨʝʜʝʣʝʥʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚʪʦʨʠʯʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ: ʘʣʣʶʚʠʘʣʴʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʧʦʯʚʘ Gleyic Fluvisoils (Salic) ʠ ʩʦʣʦʥʯʘʢ ʚʪʦʨʠʯʥʳʡ Gleyic 

Fluvic Solonchak [ʍʘʡʨʫʣʠʥʘ, 2022]. 

ɸʥʘʣʠʟ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʥʥʳʭ ʧʦ ʚʪʦʨʠʯʥʦʤʫ ʟʘʩʦʣʝʥʠʶ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʚ ʟʦʥʘʭ ʨʘʟʛʨʫʟʢʠ ʧʦʜʟʝʤʥʳʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʚ 

ʜʦʣʠʥʘʭ ʤʘʣʳʭ ʨʝʢ ʇʨʠʢʘʤʴʷ ʥʝ ʜʦʩʪʘʪʦʯʥʦ. ʅʝ ʫʩʪʘʥʦʚʣʝʥʘ ʦʙʱʘʷ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʵʚʦʣʶʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʵʪʠʭ ʧʦʯʚ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʡ 

ʦʩʥʦʚʥʳʭ ʧʦʯʚʝʥʥʳʭ ʩʚʦʡʩʪʚ. ʅʝ ʦʧʠʩʘʥʦ ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʧʦʯʚ, ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʜʦ 

ʧʦʜʪʠʧʦʚʦʛʦ, ʨʦʜʦʚʦʛʦ, ʚʠʜʦʚʦʛʦ ʫʨʦʚʥʷ. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ 

ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʤʘʩʰʪʘʙʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʦʣʦʥʯʘʢʦʚʦʛʦ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʜʦʣʠʥʘʭ ʨʝʯʥʦʡ ʩʝʪʠ ʇʨʠʢʘʤʴʷ. 

1.2. ʆʙʨʘʟʦʚʘʥʠʝ, ʩʚʦʡʩʪʚʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ 

ɺ ʧʦʡʤʘʭ ʨʝʢ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʘʷ ʧʝʩʪʨʦʪʘ ʧʦʯʚ. ʆʥʘ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʥʳʤʠ ʦʪ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʧʨʠʨʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

ɺ ʨʝʯʥʦʡ ʧʦʡʤʝ ʠʤʝʶʪ ʤʝʩʪʦ ʜʚʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘ ï ʧʦʝʤʥʳʡ ʠ 

ʘʣʣʶʚʠʘʣʴʥʳʡ. ʇʦʝʤʥʳʡ ʧʨʦʮʝʩʩ ï ʵʪʦ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʟʘʪʦʧʣʝʥʠʝ ʧʦʯʚ 

ʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʧʘʚʦʜʢʦʚʳʤʠ ʚʦʜʘʤʠ. ɸʣʣʶʚʠʘʣʴʥʳʡ ʧʨʦʮʝʩʩ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʣʦʞʝʥʠʠ ʧʦʣʳʤʠ ʚʦʜʘʤʠ ʨʝʢʠ ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʥʘʥʦʩʘ. ʊʘʢʞʝ 

ʥʝʧʨʝʤʝʥʥʳʤ ʬʘʢʪʦʨʦʤ ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʡʤʘʭ ʯʨʝʟʚʳʯʘʡʥʦ ʨʘʟʥʦʦʙʨʘʟʝʥ ʨʝʣʴʝʬ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʠʩʪʝʤʫ ʚʘʣʦʚ, ʧʦʥʠʞʝʥʠʡ, ʙʫʛʨʦʚ. ɺʩʝ ʵʪʦ ʦʯʝʥʴ ʚʣʠʷʝʪ ʥʘ 
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ʧʨʦʮʝʩʩ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʫʩʠʣʠʚʘʝʪ ʧʝʩʪʨʦʪʫ ʧʦʯʚ [ʂʦʨʦʪʘʝʚ, 1962; ʐʨʘʛ, 

1969; ʇʦʯʚʦʚʝʜʝʥʠʝ, 1988; ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʠ ʜʨ., 2011]. 

ɺ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʡʤʳ ʩʦʩʪʦʷʪ ʠʟ ʧʨʠʨʫʩʣʦʚʦʡ 

ʧʨʠʧʦʜʥʷʪʦʡ ʯʘʩʪʠ (ʠʣʠ ʧʨʠʨʫʩʣʦʚʦʛʦ ʚʘʣʘ), ʮʝʥʪʨʘʣʴʥʦʡ ʥʘʠʙʦʣʝʝ 

ʚʳʨʦʚʥʝʥʥʦʡ ʯʘʩʪʠ ʠ ʧʨʠʪʝʨʨʘʩʥʦʛʦ ʧʦʥʠʞʝʥʠʷ. ʅʝ ʠʤʝʶʪ ʚʳʨʘʞʝʥʥʳʭ 

ʧʦʡʤ ʣʠʰʴ ʤʝʣʢʠʝ ʛʦʨʥʳʝ ʨʝʢʠ. ɺ ʧʨʠʨʫʩʣʦʚʦʡ ʯʘʩʪʠ ʧʦʡʤʳ ʟʘʣʝʛʘʶʪ 

ʘʣʣʶʚʠʘʣʴʥʳʝ ʩʣʦʠʩʪʳʝ ʧʦʯʚʳ. ʋ ʙʦʣʴʰʠʭ ʨʝʢ ʦʥʠ ʤʦʛʫʪ ʟʘʥʠʤʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʨʨʠʪʦʨʠʠ; ʫ ʩʨʝʜʥʠʭ ʠ ʤʘʣʳʭ ʨʝʢ ʧʦʣʦʩʘ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʩʣʦʠʩʪʳʭ ʧʦʯʚ ʦʢʘʟʳʚʘʝʪʩʷ ʫʟʢʦʡ ʠʣʠ ʩʦʚʩʝʤ ʥʝ ʚʳʨʘʞʝʥʘ. ʇʨʠ ʨʘʟʣʠʚʝ ʨʝʢʠ 

ʚ ʧʦʣʦʚʦʜʴʝ ʥʘʠʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʩʦʟʜʘʝʪʩʷ ʚ ʧʨʠʨʫʩʣʦʚʦʡ ʯʘʩʪʠ 

ʧʦʡʤʳ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʧʨʠʨʫʩʣʦʚʴʝ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʛʨʫʙʳʡ 

ʛʘʣʝʯʥʠʢʦʚʦ-ʧʝʩʯʘʥʳʡ ʘʣʣʶʚʠʡ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʡʤʳ ʘʣʣʶʚʠʡ ʙʦʣʝʝ 

ʪʦʥʢʠʡ, ʧʳʣʝʚʘʪʦ-ʩʫʛʣʠʥʠʩʪʳʡ. ɺ ʧʨʠʪʝʨʨʘʩʥʦʤ ʞʝ ʧʦʥʠʞʝʥʠʠ, ʦʙʳʯʥʦ 

ʟʘʥʷʪʦʤ ʙʦʣʦʪʦʤ ʩ ʚʳʩʦʢʦʩʪʝʙʝʣʴʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 

ʤʠʥʠʤʘʣʴʥʘʷ, ʠ ʟʜʝʩʴ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʦʥʢʠʡ ʛʣʠʥʠʩʪʳʡ 

ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʡ ʘʣʣʶʚʠʡ [ʐʨʘʛ, 1969; ʇʦʯʚʦʚʝʜʝʥʠʝ, 1988; 

ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʠ ʜʨ., 2011]. 

ʇʦʡʤʘ ʩʣʫʞʠʪ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ ʜʣʷ ʚʝʱʝʩʪʚ, ʧʨʠʥʦʩʠʤʳʭ 

ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ ʩ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ; ʠʟ ʛʫʤʫʩʦʚʳʭ ʚʦʜ ʟʜʝʩʴ 

ʤʦʛʫʪ ʚʳʧʘʜʘʪ ɹʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʠ ʢʨʝʤʥʝʟʝʤ, ʠʟ ʞʝʣʝʟʠʩʪʳʭ ï ʦʢʩʠʜʳ 

ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ, ʠʟ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʭ ï ʠʟʚʝʩʪʴ ʠ ʛʠʧʩ, ʠʟ ʩʦʣʝʥʳʭ ï ʛʠʧʩ, 

ʩʫʣʴʬʘʪ ʠ ʭʣʦʨʠʜ ʥʘʪʨʠʷ [ʐʨʘʛ, 1969; ʇʦʯʚʦʚʝʜʝʥʠʝ, 1988; ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʠ 

ʜʨ., 2011]. 

ʇʦʯʚʳ ʧʨʠʨʫʩʣʦʚʦʡ ʧʦʡʤʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʩʯʘʥʳʝ, ʩʣʦʠʩʪʳʝ, 

ʩʣʘʙʦ ʧʝʨʝʨʘʙʦʪʘʥʥʳʝ ʧʦʯʚʝʥʥʦʡ ʬʘʫʥʦʡ ʠ ʢʦʨʥʝʚʳʤʠ ʩʠʩʪʝʤʘʤʠ ʨʘʩʪʝʥʠʡ. 

ʉʣʘʙʦʨʘʟʚʠʪʳʡ ʛʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ ʩʦʜʝʨʞʠʪ 1-3% ʛʫʤʫʩʘ. ɺ ʤʝʞʝʥʥʳʡ 

ʧʝʨʠʦʜ ʦʥʠ ʠʤʝʶʪ ʣʠʰʴ ʘʪʤʦʩʬʝʨʥʦʝ ʚʦʜʥʦʝ ʧʠʪʘʥʠʝ ʧʨʠ ʛʣʫʙʦʢʠʭ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ, ʧʦʵʪʦʤʫ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʥʝʫʩʪʦʡʯʠʚʘ, ʯʘʩʪʦ 

ʥʝʜʦʩʪʘʪʦʯʥʘ. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚʳʩʦʢʠʡ (ʙʦʣʝʝ 
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400 ʤɺ) ʩʝʟʦʥʥʦ-ʫʩʪʦʡʯʠʚʳʡ, ʧʦʵʪʦʤʫ ʧʦ ʚʩʝʤʫ ʧʨʦʬʠʣʶ Fe3+ ʧʨʝʦʙʣʘʜʘʝʪ 

ʥʘʜ Fe2+. ʕʪʠ ʧʦʯʚʳ ʤʦʛʫʪ ʙʳʪʴ ʢʠʩʣʳʤʠ, ʥʘʩʳʱʝʥʥʳʤʠ ʠʣʠ ʢʘʨʙʦʥʘʪʥʳʤʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪ ʟʦʥʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʩʪʝʧʝʥʠ ʧʨʦʤʳʚʘʥʠʷ 

ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʧʝʩʯʘʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʥʠʟʢʦʡ 

ʛʫʤʫʩʠʨʦʚʘʥʥʦʩʪʴʶ ʦʥʠ ʠʤʝʶʪ ʥʝʚʳʩʦʢʫʶ ʝʤʢʦʩʪʴ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ (10-

15 ʤʛ-ʵʢʚ/100 ʛ) ʠ ʥʠʟʢʫʶ ʙʫʬʝʨʥʦʩʪʴ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʦʥʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1-2% ʜʦ 3-

5%. ʍʘʨʘʢʪʝʨʥʘ ʙʠʦʛʝʥʥʘʷ ʠ ʤʝʭʘʥʠʯʝʩʢʘʷ ʘʢʢʫʤʫʣʷʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ. 

ʕʪʦ ʥʘʠʤʝʥʝʝ ʨʘʟʚʠʪʳʝ ʠ ʥʘʠʤʝʥʝʝ ʧʣʦʜʦʨʦʜʥʳʝ ʧʦʯʚʳ ʧʦʡʤʳ [ʐʨʘʛ, 1969; 

ʇʦʯʚʦʚʝʜʝʥʠʝ, 1988; ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʠ ʜʨ., 2011]. 

ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʧʦʡʤʝ ʧʦʜ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʡ ʨʘʟʥʦʪʨʘʚʥʦ-ʟʣʘʢʦʚʦʡ 

ʣʫʛʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʩ ʤʦʱʥʦʡ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʦʡ ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ 

ʦʩʪʨʫʢʪʫʨʝʥʥʦʩʪʴ ʧʦʯʚ. ʀʭ ʧʨʦʬʠʣʴ ʧʨʦʩʪʦʡ, ʥʦ ʩʦʜʝʨʞʠʪ ʦʙʳʯʥʦ ʤʥʦʛʦ 

ʧʝʨʝʭʦʜʥʳʭ ʧʦ ʛʫʤʫʩʠʨʦʚʘʥʥʦʩʪʠ ʛʦʨʠʟʦʥʪʦʚ. ʍʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ 

ʛʫʤʫʩʠʨʦʚʘʥʥʦʩʪʴ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ (8-12%), ʚʳʩʦʢʘʷ ʝʤʢʦʩʪʴ ʢʘʪʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ (30-50 ʤʛ-ʵʢʚ/100 ʛ). ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʢʘʧʠʣʣʷʨʥʦʡ ʢʘʡʤʳ ʧʦʩʪʦʷʥʥʦ 

ʠʣʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ. ɺʣʘʞʥʦʩʪʴ 

ʦʧʪʠʤʘʣʴʥʘ, ʠʥʦʛʜʘ ʠʟʙʳʪʦʯʥʘ. ʍʘʨʘʢʪʝʨʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ Fe3+ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʧʨʦʬʠʣʷ, ʘ Fe2+ ï ʚ ʥʠʞʥʝʡ. ʆʥʠ ʯʘʩʪʦ ʢʦʥʢʨʝʮʠʦʥʥʳ: ʩʦʜʝʨʞʘʪ 

ʞʝʣʝʟʠʩʪʦ-ʤʘʨʛʘʥʮʦʚʳʝ ʠʣʠ ʢʘʨʙʦʥʘʪʥʳʝ ʢʦʥʢʨʝʮʠʠ, ʠʥʦʛʜʘ ʪʝ ʠ ʜʨʫʛʠʝ 

ʚʤʝʩʪʝ; ʞʝʣʝʟʠʩʪʳʝ ʢʦʥʢʨʝʮʠʠ ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʪʠʧʝ ʢʠʩʣʳʭ ʧʦʯʚ, ʘ 

ʢʘʨʙʦʥʘʪʥʳʝ ï ʚ ʥʘʩʳʱʝʥʥʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʯʚʘʭ [ʐʨʘʛ, 1969; 

ʇʦʯʚʦʚʝʜʝʥʠʝ, 1988; ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʠ ʜʨ., 2011]. 

ʇʦʯʚʳ ʧʨʠʪʝʨʨʘʩʥʳʭ ʣʠʙʦ ʩʪʘʨʠʯʥʳʭ ʧʦʥʠʞʝʥʠʡ ʚʩʝʛʜʘ ʩʠʣʴʥʦ 

ʟʘʠʣʝʥʳ. ʆʙʨʘʟʫʶʪʩʷ ʧʦʜ ʦʩʦʢʦʚʦ-ʪʨʦʩʪʥʠʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ ʙʳʩʪʨʦ ʨʘʟʣʘʛʘʶʪʩʷ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʯʝʨʥʫʶ ʠʣʠ ʩʠʟʦ-

ʯʝʨʥʫʶ ʤʘʞʫʱʫʶʩʷ ʤʘʩʩʫ. ʍʘʨʘʢʪʝʨʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ ʠ ʬʦʩʬʦʨʘ. ʉʚʦʡʩʪʚʝʥʥʦ ʦʙʠʣʠʝ 

ʥʝʛʫʤʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ 
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ʩʦʝʜʠʥʝʥʠʡ, ʧʦʜʘʚʣʝʥʥʦʩʪʴ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʯʚʳ 

ʧʦʩʪʦʷʥʥʦ ʧʦʜʪʦʧʣʝʥʳ ʚʳʢʣʠʥʠʚʘʶʱʠʤʠʩʷ ʚʦʜʘʤʠ, ʚʣʘʞʥʦʩʪʴ ʧʦʯʚ 

ʧʦʩʪʦʷʥʥʦ ʠʟʙʳʪʦʯʥʘʷ. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʥʠʟʢʠʡ 

(ʤʝʥʝʝ 300 ʤɺ), Fe2+ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ Fe3+. ɻʠʜʨʦʤʦʨʬʠʟʤ ʧʨʦʷʚʣʷʝʪʩʷ 

ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʚ ʧʨʦʮʝʩʩʘʭ ʦʛʣʝʝʥʠʷ ʠ ʪʦʨʬʦʥʘʢʦʧʣʝʥʠʷ [ʐʨʘʛ, 1969; 

ʇʦʯʚʦʚʝʜʝʥʠʝ, 1988; ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʠ ʜʨ., 2011]. 

ʆʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʪʘʝʞʥʦ-ʣʝʩʥʦʡ 

ʟʦʥʳ ʷʚʣʷʶʪʩʷ: ʩʝʨʦ-ʙʫʨʳʡ ʮʚʝʪ, ʢʠʩʣʘʷ ʠ ʩʣʘʙʦʢʠʩʣʘʷ ʨʝʘʢʮʠʷ ʩʨʝʜʳ, 

ʥʝʥʘʩʳʱʝʥʥʦʩʪʴ ʦʩʥʦʚʘʥʠʷʤʠ, ʬʫʣʴʚʘʪʥʳʡ ʩʦʩʪʘʚ, ʙʦʣʴʰʘʷ ʧʨʦʬʠʣʴʥʘʷ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʜʠʥʘʤʠʯʥʦʩʪʴ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʥʝʦʜʥʦʨʦʜʥʳʡ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʚʦʜʦʩʙʦʨʥʦʡ ʧʠʪʘʶʱʝʡ 

ʧʨʦʚʠʥʮʠʝʡ [ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʠ ʜʨ., 2011]. 

ɺʩʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʦʙʲʝʜʠʥʝʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ 

ʧʦʯʚ ʉʉʉʈ [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘé, 1977] ʚ ʪʨʠ ʛʨʫʧʧʳ: ʜʝʨʥʦʚʳʝ, 

ʣʫʛʦʚʳʝ ʠ ʙʦʣʦʪʥʳʝ. 

ʇʦ ʭʘʨʘʢʪʝʨʫ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ, ʘ ʪʘʢʞʝ ʧʦ ʨʝʘʢʮʠʠ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ ʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʠʭ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʘʣʣʶʚʠʘʣʴʥʳʝ ʜʝʨʥʦʚʳʝ ʠ ʣʫʛʦʚʳʝ ʧʦʯʚʳ 

ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʰʝʩʪʴ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ ʧʦʯʚ: ʘʣʣʶʚʠʘʣʴʥʳʝ ʜʝʨʥʦʚʳʝ 

ʢʠʩʣʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ ʜʝʨʥʦʚʳʝ ʥʘʩʳʱʝʥʥʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ ʜʝʨʥʦʚʦ-

ʦʧʫʩʪʳʥʠʚʘʶʱʠʝʩʷ ʢʘʨʙʦʥʘʪʥʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ ʣʫʛʦʚʳʝ ʢʠʩʣʳʝ, 

ʘʣʣʶʚʠʘʣʴʥʳʝ ʣʫʛʦʚʳʝ ʥʘʩʳʱʝʥʥʳʝ ʠ ʘʣʣʶʚʠʘʣʴʥʳʝ ʣʫʛʦʚʳʝ ʢʘʨʙʦʥʘʪʥʳʝ. 

ɻʨʫʧʧʫ ʘʣʣʶʚʠʘʣʴʥʳʭ ʙʦʣʦʪʥʳʭ ʧʦʯʚ ʜʝʣʷʪ ʥʘ ʪʠʧʳ ʧʦ ʩʪʝʧʝʥʠ 

ʨʘʟʣʦʞʝʥʠʷ ʠ ʘʢʢʫʤʫʣʷʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʥʘ ʩʣʝʜʫʶʱʠʝ ʪʨʠ ʪʠʧʘ: 

ʘʣʣʶʚʠʘʣʴʥʳʝ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ ʙʦʣʦʪʥʳʝ ʠʣʦʚʘʪʦ-

ʧʝʨʝʛʥʦʡʥʦ-ʛʣʝʝʚʳʝ ʠ ʘʣʣʶʚʠʘʣʴʥʳʝ ʙʦʣʦʪʥʳʝ ʠʣʦʚʘʪʦ-ʪʦʨʬʷʥʳʝ. 

ɺ ʨʘʤʢʘʭ ʨʦʩʩʠʡʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʯʚ [ʂʣʘʩʩʠʬʠʢʘʮʠ̫ ʠ 

ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʯʚ ʈʦʩʩʠʠ, 2004] ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʚʭʦʜʷʪ ʚ ʩʪʚʦʣ 

ʩʠʥʣʠʪʦʛʝʥʥʳʭ ʧʦʯʚ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʧʦʯʚʳ, ʚ ʢʦʪʦʨʳʭ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ 
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ʧʨʦʪʝʢʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʘʢʢʫʤʫʣʷʮʠʝʡ ʩʚʝʞʝʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʨʦʩʪ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʚʚʝʨʭ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʙʠʥʘʮʠʡ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʦʛʝʥʥʳʭ, ʛʫʤʫʩʦʚʳʭ, 

ʛʣʝʝʚʦʛʦ, ʢʚʘʟʠʛʣʝʝʚʦʛʦ ʠ ʩʣʠʪʦʛʦ ʛʦʨʠʟʦʥʪʦʚ, ʘ ʪʘʢʞʝ ʛʦʨʠʟʦʥʪʦʚ 

ʛʠʜʨʦʛʝʥʥʦʡ ʘʢʢʫʤʫʣʷʮʠʠ ʞʝʣʝʟʘ ʠ ʢʘʨʙʦʥʘʪʦʚ ʚ ʦʪʜʝʣʝ ʘʣʣʶʚʠʘʣʴʥʳʝ 

ʧʦʯʚʳ ʚʳʜʝʣʷʝʪʩʷ 10 ʪʠʧʦʚ ʧʨʠʨʦʜʥʳʭ ʧʦʯʚ: ʘʣʣʶʚʠʘʣʴʥʳʝ ʛʫʤʫʩʦʚʳʝ, 

ʘʣʣʶʚʠʘʣʴʥʳʝ ʪʝʤʥʦʛʫʤʫʩʦʚʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ ʪʝʤʥʦʛʫʤʫʩʦʚʳʝ ʛʣʝʝʚʳʝ, 

ʘʣʣʶʚʠʘʣʴʥʳʝ ʪʝʤʥʦʛʫʤʫʩʦʚʳʝ ʢʚʘʟʠʛʣʝʝʚʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʝʨʝʛʥʦʡʥʦ-

ʛʣʝʝʚʳʝ, ʘʣʣʶʚʠʘʣʴʥʝr ʛʫʤʫʩʦʚʳʝ ʛʣʝʝʚʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ ʨʫʜʷʢʦʚʳʝ, 

ʘʣʣʶʚʠʘʣʴʥʳʝ ʩʣʠʪʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ ʤʝʨʛʝʣʠʩʪʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ ʪʦʨʬʷʥʦ-

ʛʣʝʝʚʳʝ [ʇʦʣʝʚʦʡ ʦʧʨʝʜʝʣʠʪʝʣʴ ʧʦʯʚ, 2008; URL: 

http://soils.narod.ru/index.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 12.04.2023)]. 

ɺ ʪʠʧʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʛʫʤʫʩʦʚʳʝ ʧʦ ʧʨʠʟʥʘʢʘʤ ʦʧʦʜʟʦʣʠʚʘʥʠʷ, 

ʦʛʣʝʝʥʠʷ ʠ ʥʘʨʫʰʝʥʥʦʩʪʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʟʘʣʝʛʘʥʠʷ ʛʦʨʠʟʦʥʪʦʚ ʚʳʜʝʣʷʶʪ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 4 ʧʦʜʪʠʧʘ: ʪʠʧʠʯʥʳʝ, ʦʧʦʜʟʦʣʝʥʥʳʝ, ʛʣʝʝʚʘʪʳʝ, 

ʪʫʨʙʠʨʦʚʘʥʥʳʝ. 

ɺ ʪʠʧʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʪʝʤʥʦʛʫʤʫʩʦʚʳʝ ʧʦ ʧʨʠʟʥʘʢʘʤ ʩʦʣʦʥʮʝʚʘʪʦʩʪʠ, 

ʟʘʩʦʣʝʥʠʷ, ʩʣʠʪʠʟʘʮʠʠ, ʦʛʣʝʝʥʠʷ ʠ ʛʠʜʨʦʤʝʪʘʤʦʨʬʠʟʤʘ ʚʳʜʝʣʷʶʪʩʷ 6 

ʧʦʜʪʠʧʦʚ: ʪʠʧʠʯʥʳʝ, ʩʦʣʦʥʮʝʚʘʪʳʝ, ʟʘʩʦʣʝʥʥʳʝ, ʩʣʠʪʠʟʠʨʦʚʘʥʥʳʝ, 

ʛʣʝʝʚʘʪʳʝ, ʢʚʘʟʠʛʣʝʝʚʳʝ. 

ʇʦ ʧʨʠʟʥʘʢʘʤ ʩʦʣʦʥʮʝʚʘʪʦʩʪʠ ʠ ʟʘʩʦʣʝʥʠʷ ʚ ʪʠʧʝ ʘʣʣʶʚʠʘʣʴʥʳʝ 

ʪʝʤʥʦʛʫʤʫʩʦʚʳʝ ʛʣʝʝʚʳʝ ʚʳʜʝʣʷʝʪʩʷ 3 ʧʦʜʪʠʧʘ: ʪʠʧʠʯʥʳʝ, ʩʦʣʦʥʮʝʚʘʪʳʝ ʠ 

ʟʘʩʦʣʝʥʥʳʝ. 

ʊʠʧ ʘʣʣʶʚʠʘʣʴʥʳʝ ʪʝʤʥʦʛʫʤʫʩʦʚʳʝ ʢʚʘʟʠʛʣʝʝʚʳʝ ʥʘ ʦʩʥʦʚʝ ʧʨʠʟʥʘʢʦʚ 

ʩʦʣʦʥʮʝʚʘʪʦʩʪʠ, ʟʘʩʦʣʝʥʠʷ, ʩʣʠʪʠʟʘʮʠʠ, ʦʤʝʨʛʝʣʠʨʦʚʘʥʠʷ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 5 

ʧʦʜʪʠʧʦʚ: ʪʠʧʠʯʥʳʝ, ʩʦʣʦʥʮʝʚʘʪʳʝ, ʟʘʩʦʣʝʥʥʳʝ, ʩʣʠʪʠʟʠʨʦʚʘʥʥʳʝ, 

ʦʤʝʨʛʝʣʝʥʥʳʝ. 
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ɺ ʪʠʧ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʝʨʝʛʥʦʡʥʦ-ʛʣʝʝʚʳʭ ʧʦ ʧʨʠʟʥʘʢʘʤ ʟʘʩʦʣʝʥʠʷ, 

ʦʤʝʨʛʝʣʠʨʦʚʘʥʠʷ, ʦʨʫʜʝʥʝʥʠʷ ʠ ʟʘʠʣʠʚʘʥʠʷ ʚʢʣʶʯʝʥʳ 5 ʦʩʥʦʚʥʳʭ ʧʦʜʪʠʧʦʚ: 

ʪʠʧʠʯʥʳʝ, ʟʘʩʦʣʝʥʥʳʝ, ʦʤʝʨʛʝʣʝʥʥʳʝ, ʦʨʫʜʝʥʝʣʳʝ, ʠʣʦʚʘʪʦ-ʧʝʨʝʛʥʦʡʥʳʝ. 

ʇʦʜʪʠʧʳ ʚ ʪʠʧʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʛʫʤʫʩʦʚʳʝ ʛʣʝʝʚʳʝ ʚʳʜʝʣʷʶʪʩʷ ʧʦ 

ʥʘʣʠʯʠʶ ʧʨʠʟʥʘʢʦʚ ʛʠʜʨʦʛʝʥʥʦʡ ʘʢʢʫʤʫʣʷʮʠʠ ʞʝʣʝʟʘ (ʦʨʫʜʝʥʝʥʠʷ). 

ɺʳʜʝʣʷʝʪʩʷ 2 ʧʦʜʪʠʧʘ: ʪʠʧʠʯʥʳʝ ʠ ʦʨʫʜʝʥʝʣʳʝ. 

ʇʦ ʧʨʠʟʥʘʢʘʤ ʦʛʣʝʝʥʠʷ ʚ ʪʠʧʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʨʫʜʷʢʦʚʳʝ ʧʦʯʚʳ 

ʚʳʜʝʣʷʝʪʩʷ 2 ʧʦʜʪʠʧʘ: ʪʠʧʠʯʥʳʝ ʠ ʛʣʝʝʚʘʪʳʝ. 

ɺ ʪʠʧʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʩʣʠʪʳʝ ʧʦ ʧʨʠʟʥʘʢʘʤ ʟʘʩʦʣʝʥʠʷ ʠ 

ʛʠʜʨʦʤʝʪʘʤʦʨʬʠʟʤʘ ʚʳʜʝʣʷʝʪʩʷ 3 ʦʩʥʦʚʥʳʭ ʧʦʜʪʠʧʘ: ʪʠʧʠʯʥʳʝ, ʟʘʩʦʣʝʥʥʳʝ, 

ʛʠʜʨʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ. 

ʊʠʧ ʘʣʣʶʚʠʘʣʴʥʳʝ ʤʝʨʛʝʣʠʩʪʳʝ ʧʨʝʜʩʪʘʚʣʝʥ ʪʦʣʴʢʦ ʦʜʥʠʤ ʧʦʜʪʠʧʦʤ ï 

ʪʠʧʠʯʥʳʝ. 

ʊʠʧ ʘʣʣʶʚʠʘʣʴʥʳʝ ʪʦʨʬʷʥʦ-ʛʣʝʝʚʳʝ ʥʘ ʦʩʥʦʚʝ ʧʨʠʟʥʘʢʦʚ ʟʘʩʦʣʝʥʠʷ, 

ʦʤʝʨʛʝʣʠʚʘʥʠʷ, ʦʨʫʜʝʥʝʥʠʷ ʠ ʟʘʠʣʠʚʘʥʠʷ ʨʘʟʜʝʣʷʝʪʩʷ 4 ʧʦʜʪʠʧʘ: ʪʠʧʠʯʥʳʝ, 

ʦʤʝʨʛʝʣʝʥʥʳʝ, ʦʨʫʜʝʥʝʣʳʝ ʠ ʪʦʨʬʷʥʦ-ʤʠʥʝʨʘʣʴʥʳʝ [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ 

ʜʠʘʛʥʦʩʪʠʢʘé, 2004; ʇʦʣʝʚʦʡ ʦʧʨʝʜʝʣʠʪʝʣʴ ʧʦʯʚ, 2008; URL: 

http://soils.narod.ru/index.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 12.04.2023)]. 

ɺ ʩʠʩʪʝʤʝ WRB ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʯʘʩʪʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ 

ʨʝʬʝʨʘʪʠʚʥʦʡ ʧʦʯʚʝʥʥʦʡ ʛʨʫʧʧʦʡ Fluvisols. ɺ ʛʨʫʧʧʫ Fluvisols ʚʭʦʜʷʪ 

ʛʝʥʝʪʠʯʝʩʢʠ ʤʦʣʦʜʳʝ ʧʦʯʚʳ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʨʝʯʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ, ʥʦ ʪʘʢʞʝ ʠ ʥʘ ʦʟʸʨʥʳʭ ʠ ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ. ʈʝʬʝʨʘʪʠʚʥʘʷ 

ʧʦʯʚʝʥʥʘʷ ʛʨʫʧʧʘ Fluvisols ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʧʦ ʥʘʣʠʯʠʶ ʚ ʧʨʦʬʠʣʝ 

ʤʘʪʝʨʠʘʣʘ fluvic ʚ ʩʣʦʝ ʤʦʱʥʦʩʪʴʶ Ó25 ʩʤ, ʥʘʯʠʥʘʷ ʩ ʛʣʫʙʠʥʳ Ò25 ʩʤ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʯʚʳ. ʄʘʪʝʨʠʘʣ fluvic ʦʪʥʦʩʠʪʩʷ ʢ ʨʝʯʥʳʤ, 

ʤʦʨʩʢʠʤ ʠ ʦʟʸʨʥʳʤ ʦʪʣʦʞʝʥʠʷʤ ʩ ʩʦʚʨʝʤʝʥʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʩʚʝʞʠʭ 

ʥʘʥʦʩʦʚ ʣʠʙʦ ʩ ʠʭ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ ʧʨʦʰʣʦʤ, ʥʦ ʩʦʭʨʘʥʠʚʰʠʭ 

ʩʪʨʘʪʠʬʠʢʘʮʠʶ. ʄʘʪʝʨʠʘʣ fluvic ʚʩʝʛʜʘ ʩʚʷʟʘʥ ʩ ʚʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ (ʨʝʢʘʤʠ, 

ʦʟʸʨʘʤʠ, ʤʦʨʝʤ) [World reference baseé, 2022]. 
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ʇʨʠʯʠʥʦʡ ʟʘʩʦʣʝʥʠʷ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʫʰʣʠʚʦʛʦ 

ʢʣʠʤʘʪʘ ʷʚʣʷʶʪʩʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ [ʇʝʨʝʣʴʤʘʥ, 1966; 

ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999; ɸʶʰʠʥʘ ʠ ʜʨ., 2018; ʄʠʪʨʘʢʦʚʘ, 2018; ɽʣʠʟʘʨʦʚ 

ʠ ʜʨ., 2023]. ʇʦ ʨʘʟʥʳʤ ʦʮʝʥʢʘʤ ʚ ʈʌ ʘʣʣʶʚʠʘʣʴʥʳʝ ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ 

ʟʘʥʠʤʘʶʪ ʦʪ 965,7 ʪʳʩ. ʛʘ (0,06% ʦʙʱʝʡ ʧʣʦʱʘʜʠ) [ʉʪʦʣʙʦʚʦʡ, ʐʝʨʝʤʝʪ,  

1997] ʜʦ 2797,2 ʪrʩ. ʛʘ (0,2% ʦʙʱʝʡ ʧʣʦʱʘʜʠ) [ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ...,  2001].  

1.3. ʉʫʣʴʬʠʜʦʛʝʥʝʟ ʠ ʦʙʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʢʠʩʣʳʭ ʩʫʣʴʬʘʪʥʳʭ ʧʦʯʚʘʭ 

ʉʫʣʴʬʠʜʦʛʝʥʝʟ ï ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʝʨʳ ʩʫʣʴʬʘʪʦʚ ʜʦ 

ʩʝʨʦʚʦʜʦʨʦʜʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʣʴʬʠʜʦʚ, ʠʜʫʱʠʡ ʧʨʠ ʧʦʤʦʱʠ 

ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ [ɻʣʘʟʦʚʩʢʘʷ, 2007]. 

ʉʫʣʴʬʠʜʦʛʝʥʝʟ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʙʦʛʘʪʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʩʪʘʪʢʘʤʠ, ʥʘ ʜʥʝ ʩʦʣʦʥʦʚʘʪʳʭ ʚʦʜʦʝʤʦʚ, ʛʜʝ ʩʦʟʜʘʝʪʩʷ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʨʝʞʠʤ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʚʘʶʪʩʷ 

ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʝ ʙʘʢʪʝʨʠʠ-ʛʘʣʦʬʠʣʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʦʜʘ 

Desulfovibrio. ʆʥʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʩʝʨʫ ʩʫʣʴʬʘʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʧʦʪʨʝʙʣʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʨʝʜʝ 

ʦʙʨʘʟʫʶʪʩʷ ʩʫʣʴʬʠʜʳ, ʢʦʪʦʨʳʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʫʛʣʝʢʠʩʣʦʪʦʡ, 

ʚʳʜʝʣʷʶʱʝʡʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʦʨʛʘʥʠʢʠ, ʜʘʶʪ ʫʛʣʝʢʠʩʣʳʝ ʩʦʣʠ ʠ 

ʩʝʨʦʚʦʜʦʨʦʜ [ɻʣʘʟʦʚʩʢʘʷ, 2007]. 

ʇʦʜʦʙʥʳʝ ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʧʦʯʚʘʭ ʥʘ ʟʘʪʦʧʣʷʝʤʳʭ 

ʨʠʩʦʚʳʭ ʧʦʣʷʭ, ʚ ʢʦʪʦʨʳʭ ʠʜʝʪ ʧʦʣʥʦʝ ʚʳʪʝʩʥʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʚʦʟʜʫʭʘ 

ʧʦʣʠʚʥʳʤʠ ʚʦʜʘʤʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʂʘʢ 

ʠʟʚʝʩʪʥʦ [ɿʘʡʜʝʣʴʤʘʥ, 1998; ɺʦʜʷʥʠʮʢʠʡ, 2008], ʚ ʧʦʯʚʘʭ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʩʚʦʙʦʜʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʨʘʟʚʠʚʘʶʪʩʷ ʛʣʝʝʚʳʝ ʧʨʦʮʝʩʩʳ, ʠʤʝʶʱʠʝ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ. ʅʘʨʷʜʫ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʩʝʨʳ ʧʨʦʠʩʭʦʜʠʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʞʝʣʝʟʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʛʦ ʧʦʜʚʠʞʥʦʩʪʴ. ɺ ʘʥʘʵʨʦʙʥʦʡ ʠ 

ʩʠʣʴʥʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʛʜʝ ʞʝʣʝʟʦ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʜʚʠʞʥʦʡ ʬʦʨʤʝ, 

ʧʦʷʚʣʝʥʠʝ ʩʝʨʦʚʦʜʦʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ 
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(ʧʠʨʠʪ, ʛʠʜʨʦʪʨʦʠʣʠʪ). ɽʩʣʠ ʚ ʪʘʢʦʡ ʧʦʯʚʝ ʟʘ ʩʯʝʪ ʧʨʦʩʳʭʘʥʠʷ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʨʝʞʠʤ, ʞʝʣʝʟʦ ʠ ʩʝʨʘ ʦʢʠʩʣʷʶʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʨʙʦʥʘʪʦʚ ʠʟ-ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʦʙʨʘʟʫʝʪʩʷ ʛʠʧʩ. ɺ 

ʦʪʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʦʚ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ ʨʘʟʨʫʰʘʝʪ ʩʠʣʠʢʘʪʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʛʣʠʥʠʚʘʥʠʶ ʧʦʯʚʳ [ɻʣʘʟʦʚʩʢʘʷ, 2007]. 

ʉʦʣʦʥʯʘʢʠ ʩʫʣʴʬʠʜʥʳʝ (ʩʦʨʦʚʳʝ) ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʛʠʜʨʦʤʦʨʬʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʜʥʠʱʘʭ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʳʩʳʭʘʶʱʠʭ ʩʦʣʝʥʳʭ ʦʟʝʨ. 

ɻʨʫʥʪʦʚʳʝ ʚʦʜʳ ʟʘʣʝʛʘʶʪ ʥʘ ʛʣʫʙʠʥʝ 0,5-1,0 ʤ, ʩʝʟʦʥʥʦ ʚʳʭʦʜʷʪ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʫʚʣʘʞʥʝʥʠʷ-

ʠʩʩʫʰʝʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ. ʇʦ 

ʚʩʝʤʫ ʧʦʯʚʝʥʥʦʤʫ ʧʨʦʬʠʣʶ ʦʪʤʝʯʘʝʪʩʷ ʩʠʣʴʥʦʝ ʦʛʣʝʝʥʠʝ ʠ ʦʱʫʱʘʝʪʩʷ ʟʘʧʘʭ 

ʩʝʨʦʚʦʜʦʨʦʜʘ.  [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ é, 1977; ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ 

ʜʠʘʛʥʦʩʪʠʢʘ é, 2004].  

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʨʦʚʳʭ ʩʦʣʦʥʯʘʢʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʩʦʣʝʚʘʷ ʢʦʨʢʘ, 

ʧʨʦʧʫʩʢʘʶʱʘʷ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ; ʥʘ ʝʝ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʛʫʪ ʧʦʩʝʣʠʪɹʩʷ 

ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ, ʧʦʵʪʦʤʫ ʚ ʩʘʤʦʤ ʚʝʨʭʥʝʤ ʧʦʯʚʝʥʥʦʤ ʩʣʦʝ ʛʦʩʧʦʜʩʪʚʫʝʪ 

ʨʝʟʢʦʦʢʠʩʣʠʪʝʣʴʥʘʷ ʩʨʝʜʘ. ʆʪʤʠʨʘʷ, ʚʦʜʦʨʦʩʣʠ ʧʦʩʪʦʷʥʥʦ ʧʦʩʪʘʚʣʷʶʪ 

ʧʠʪʘʪʝʣʴʥʳʡ ʩʫʙʩʪʨʘʪ ʜʣʷ ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ. ʅʘ ʛʣʫʙʠʥʝ 5-10 

ʩʤ ʬʦʨʤʠʨʫʝʪʩʷ ʪʝʤʥʳʡ (ʧʦʯʪʠ ʯʝʨʥʳʡ) ʛʦʨʠʟʦʥʪ (ʤʦʢʨʘʷ ʩʦʣʝʥʘʷ ʛʨʷʟʴ) ʩ 

ʨʝʟʢʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʚ ʢʦʪʦʨʦʤ ʫʞʝ ʨʘʟʚʠʚʘʝʪʩʷ 

ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʷ ʠ ʦʙʨʘʟʫʶʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (H2S, ʧʠʨʠʪ, 

ʛʠʜʨʦʪʨʦʠʣʠʪ). ʅʠʞʝ ʵʪʦʛʦ ʛʦʨʠʟʦʥʪʘ ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ 

ʩʪʝʧʝʥʴ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʩʪʠ ʩʨʝʜʳ ʫʤʝʥʴʰʘʶʪʩʷ, ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʛʣʝʝʚʳʡ 

ʛʦʨʠʟʦʥʪ [ʇʝʨʝʣʴʤʘʥ, 1966]. 

ʉʫʣʴʬʠʜʥʳʝ ʩʦʣʦʥʯʘʢʠ ʤʦʛʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʨʘʟʥʦʡ ʨʝʘʢʮʠʝʡ 

ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ. ʉʦʣʦʥʯʘʢʠ ʩʫʣʴʬʠʜʥʳʝ ʚ ɿʘʙʘʡʢʘʣʴʝ ʠ ʇʨʝʜʙʘʡʢʘʣʴʝ 

ʠʤʝʶʪ ʩʠʣʴʥʦʱʝʣʦʯʥʫʶ ʨʝʘʢʮʠʶ ʩʨʝʜʳ (ʨʅ 9,0-10,3) [ʍʘʜʝʝʚʘ, 2021]. 

ʆʪʤʝʯʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʠʩʣʳʭ ʩʫʣʴʬʠʜʥʳʭ ʩʦʣʦʥʯʘʢʦʚ, ʢʦʪʦʨʳʝ 
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ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʩʫʣʴʬʘʪʥʳʭ ʚʦʜ. ʇʦʷʚʣʝʥʠʝ ʨʅ <3-4 ʦʙʷʟʘʥʦ 

ʦʢʠʩʣʝʥʠʶ ʧʠʨʠʪʘ ʠ ʜʨʫʛʠʭ ʜʠʩʫʣʴʬʠʜʦʚ ʚ ʧʦʯʚʘʭ ʠ ʧʦʨʦʜʘʭ, ʧʨʠʚʦʜʷʱʝʝ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ H2SO4 [ʇʝʨʝʣʴʤʘʥ, 1966; ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999].  

ɺ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʢʠʩʣʳʤʠ ʩʫʣʴʬʘʪʥʳʤʠ ʥʘʟʳʚʘʶʪ ʧʦʯʚʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʩʫʣʴʬʠʜʥʳʝ ʤʠʥʝʨʘʣʳ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʠʨʠʪ) 

ʠʣʠ ʧʨʦʜʫʢʪʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʫʣʴʬʠʜʦʚ ʞʝʣʝʟʘ. ʊʘʢʠʝ ʧʦʯʚʳ ʤʦʛʫʪ ʣʠʙʦ 

ʩʦʜʝʨʞʘʪʴ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ (ʘʢʪʠʚʥʳʝ ʢʠʩʣʳʝ ʩʫʣʴʬʘʪʥʳʝ ʧʦʯʚʳ), ʣʠʙʦ 

ʦʙʣʘʜʘʪʴ ʧʦʪʝʥʮʠʘʣʦʤ ʢ ʝʝ ʦʙʨʘʟʦʚʘʥʠʶ (ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʢʠʩʣʳʝ ʩʫʣʴʬʘʪʥʳʝ 

ʧʦʯʚʳ). ʂʠʩʣʳʝ ʩʫʣʴʬʘʪʥʳʝ ʧʦʯʚʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʨʘʩʪʝʥʠʡ. 

ʊʦʢʩʠʯʥʦʩʪʴ ʢʠʩʣʳʭ ʩʫʣʴʬʘʪʥʳʭ ʧʦʯʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʘ ʩ ʥʠʟʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʨʅ (Ò4). ʊʝ ʯʘʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʟʦʰʣʦ 

ʦʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʩʫʣʴʬʘʪʥʳʝ ʤʠʥʝʨʘʣʳ 

(ʷʨʦʟʠʪ, ʰʚʝʨʪʤʘʥʥʠʪ, ʩʠʜʝʨʦʥʘʪʨʠʪ ʠ ʜʨ.) ʚ ʚʠʜʝ ʧʷʪʝʥ ʞʝʣʪʦʛʦ ʠʣʠ 

ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʷʨʦʟʠʪʘ ʩʯʠʪʘʝʪʩʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ 

ʧʨʠʟʥʘʢʦʤ ʜʣʷ ʢʠʩʣʳʭ ʩʫʣʴʬʘʪʥʳʭ ʧʦʯʚ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ Eh (Ó400 ʤɺ) ʠ ʦʯʝʥʴ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ pH (Ò4) 

[Rabenhorst et al, 2012].  

ɺʦ ʚʣʘʞʥʳʭ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʘʥʘʵʨʦʙʥʳʝ ʛʝʪʝʨʦʪʨʦʬʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʚʦ 

ʚʨʝʤʷ ʧʦʛʣʦʱʝʥʠʷ ʫʛʣʝʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʧʦʩʦʙʥʳ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʠʩʣʦʨʦʜ ʩʫʣʴʬʘʪʦʚ (SO4
2-), ʢʦʪʦʨʳʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ 

ʩʫʣʴʬʠʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ (1). ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ 

ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʷ: 

Ὓὕ ρπὌ ψὩ ᴼὌὛ τὌὕ ρ 

ʆʩʫʱʝʩʪʚʣʷʪʴ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʶ ʩʧʦʩʦʙʥʳ ʦʢʦʣʦ 15 ʨʦʜʦʚ ʙʘʢʪʝʨʠʡ, 

ʚʢʣʶʯʘʷ Desulfovibrio, Desulfotomaculum ʠ Desulfobacter. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʧʪʠʤʫʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 30-40°C, ʧʦʵʪʦʤʫ 
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ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʫʣʴʬʘʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʪʨʦʧʠʢʘʭ. ɺ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʵʪʦʪ ʧʨʦʮʝʩʩ ʠʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʜʣʝʥʥʝʝ [Rabenhorst et al, 2012]. 

ʉʫʣʴʬʠʜ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ ʩʧʦʩʦʙʝʥ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʦʚʳʝ ʤʠʥʝʨʘʣʳ ʚ ʧʦʯʚʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʠʨʠʪ (ʧʨʠ ʥʘʣʠʯʠʠ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʞʝʣʝʟʘ). 

ʏʘʱʝ ʚʩʝʛʦ ʩʫʣʴʬʠʜʳ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʧʦʯʚʘʭ ʧʨʠʤʦʨʩʢʠʭ ʙʦʣʦʪ (ʚ 

ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ) ʠ ʤʘʥʛʨʦʚʳʭ ʟʘʨʦʩʣʝʡ (ʚ ʪʨʦʧʠʢʘʭ), ʪʘʢ ʢʘʢ 

ʠʤʝʥʥʦ ʚ ʵʪʠʭ ʵʢʦʩʠʩʪʝʤʘʭ ʩʢʣʘʜʳʚʘʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ: ʥʘʣʠʯʠʝ ʩʫʣʴʬʘʪʦʚ, ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʞʝʣʝʟʘ, ʘ ʪʘʢʞʝ ʘʥʘʵʨʦʙʥʘʷ ʦʙʩʪʘʥʦʚʢʘ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʩʫʣʴʬʘʪʦʚ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠ ʚ ʜʨʫʛʠʭ ʵʢʦʩʠʩʪʝʤʘʭ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʫʩʣʦʚʠʡ. ʉʫʣʴʬʘʪʨʝʜʫʢʮʠʷ ʙʫʜʝʪ ʧʨʝʦʙʣʘʜʘʪʴ ʚ 

ʩʦʣʦʥʦʚʘʪʳʭ ʩʠʩʪʝʤʘʭ, ʚ ʧʨʝʩʥʦʡ ʞʝ ʩʨʝʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʫʣʴʬʘʪʦʚ ʤʦʞʝʪ 

ʟʘʤʝʱʘʪʴʩʷ ʤʝʪʘʥʦʛʝʥʝʟʦʤ ʧʦ ʤʝʨʝ ʠʩʪʦʱʝʥʠʷ ʟʘʧʘʩʦʚ ʩʫʣʴʬʘʪʦʚ [Rabenhorst 

et al, 2012]. 

ʉʫʣʴʬʠʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ ʥʘʯʠʥʘʶʪ ʦʢʠʩʣʷʪʴʩʷ, ʢʘʢ ʪʦʣʴʢʦ 

ʧʦʧʘʜʘʶʪ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ. ʏʘʱʝ ʚʩʝʛʦ ʪʘʢʠʝ ʫʩʣʦʚʠʷ ʩʦʟʜʘʶʪʩʷ 

ʙʣʘʛʦʜʘʨʷ ʯʝʣʦʚʝʢʫ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʩʫʰʝʥʠʠ ʙʦʣʦʪ, ʥʦ ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʢʣʠʟʤʦʚ (ʟʘʩʫʭʘ, ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʧʦʜʲʝʤ ʠ ʪ.ʜ.). ʇʨʠ ʚʳʩʦʢʦʤ 

pH ʦʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜʦʤ, ʥʦ ʧʨʠ ʥʠʟʢʠʭ 

ʟʥʘʯʝʥʠʷʭ pH ʩʫʣʴʬʠʜ ʦʢʠʩʣʷʝʪʩʷ ʞʝʣʝʟʦʤ (III ) [Rabenhorst et al, 2012]. 

ʆʢʠʩʣʝʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʫʯʘʩʪʠʠ 

ʘʚʪʦʪʨʦʬʥʳʭ ʙʘʢʪʝʨʠʡ, ʪʘʢʠʭ ʢʘʢ Thiobacillus spp., ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʨʝʟʢʦʤʫ ʧʦʜʢʠʩʣʝʥʠʶ 

ʧʦʯʚʳ [Dent, 1993; Husson et al, 2000; Michael, 2018]. ɺʳʩʚʦʙʦʞʜʝʥʠʝ H2SO4, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʟʨʫʰʘʝʪ ʤʠʥʝʨʘʣʴʥʫʶ ʤʘʪʨʠʮʫ ʧʦʯʚ, ʤʦʙʠʣʠʟʫʷ ʤʝʪʘʣʣʳ, 

ʪʘʢʠʝ ʢʘʢ ʞʝʣʝʟʦ (Fe2+, Fe3+), ʘʣʶʤʠʥʠʡ (Al3+) ʠ ʜʨʫʛʠʝ ʪʦʢʩʠʯʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʚʠʜʝ ʨʘʩʩʝʠʚʘʶʪʩʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ [Åström, 
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Björklund, 1995; Sohlenius, Öhborn, 2002; Ljung et al, 2009; Poch et al, 2009]. 

ʂʦʛʜʘ ʚ ʧʦʯʚʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ CaCO3, ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ ʚʩʪʫʧʘʝʪ ʩ 

ʥʠʤ ʚ ʨʝʘʢʮʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʧʩʘ (2). ɼʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚ ʨʘʩʪʚʦʨʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ, ʧʦʯʚʘ ʥʝ ʩʪʘʥʦʚʠʪʩʷ ʢʠʩʣʦʡ [Rabenhorst et al, 

2012]. 

ὅὥὅὕὌὛὕ ὌὕᴼὅὥὛὕϽςὌὕ ὅὕ ς 

ɺ ʤʠʨʝ ʚʳʷʚʣʝʥʦ ʙʦʣʝʝ 17 ʤʣʥ ʛʘ ʢʠʩʣʳʭ ʩʫʣʴʬʘʪʥʳʭ ʧʦʯʚ, ʠʟ ʢʦʪʦʨʳʭ 

6,5 ʤʣʥ ʛʘ ʥʘʭʦʜʠʪʩʷ ʚ ɸʟʠʠ, 4,5 ʤʣʥ ï ʚ ɸʬʨʠʢʝ, 3 ʤʣʥ ï ʚ ɸʚʩʪʨʘʣʠʠ, 3 ʤʣʥ 

ï ʚ ʃʘʪʠʥʩʢʦʡ ɸʤʝʨʠʢʝ, ʘ ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ï ʚ ɽʚʨʦʧʝ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚ 

ʌʠʥʣʷʥʜʠʠ ʠ ʐʚʝʮʠʠ [Andriesse, van Mensvoort, 2002; Fitzpatrick et al, 2009]. 

ɺ ʧʨʠʙʨʝʞʥʳʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ ʵʪʠ ʧʦʯʚʳ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʘʢʚʘʢʫʣʴʪʫʨʫ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʪ.ʢ. 

ʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʯʘʩʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʛʫʩʪʦʥʘʩʝʣʝʥʥʳʤʠ ʨʘʡʦʥʘʤʠ. ʂʠʩʣʳʝ 

ʩʫʣʴʬʘʪʥʳʝ ʧʦʯʚʳ ʪʨʝʙʫʶʪ ʫʩʠʣʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʠ ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʧʦʯʚʦʚʝʜʘʤʠ ʠ ʵʢʦʣʦʛʘʤʠ [Ljung et al, 2009; Fanning et al, 2017]. 
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ɻʣʘʚʘ 2. ʋʉʃʆɺʀʗ, ʆɹʒɽʂʊʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

2.1. ʇʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʳʝ ʫʩʣʦʚʠʷ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʂʣʠʤʘʪ. ʂʣʠʤʘʪ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ 

ʫʤʝʨʝʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʭʦʣʦʜʥʦʡ ʠ ʤʥʦʛʦʩʥʝʞʥʦʡ 

ʟʠʤʦʡ ʠ ʫʤʝʨʝʥʥʦ-ʪʝʧʣʳʤ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʤ ʣʝʪʦʤ [ʅʘʟʘʨʦʚ, 2006]. 

ʂʣʠʤʘʪ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʋʨʘʣʴʩʢʠʭ ʛʦʨ, ʢʦʪʦʨʳʝ 

ʟʘʜʝʨʞʠʚʘʶʪ ʜʚʠʞʝʥʠʷ ʪʝʧʣʳʭ ʠ ʚʣʘʞʥʳʭ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, ʧʨʠʭʦʜʷʱʠʭ ʩ 

ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ, ʪʘʢ ʠ ʭʦʣʦʜʥʳʭ ʘʨʢʪʠʯʝʩʢʠʭ ʤʘʩʩ ï ʩ ʉʝʚʝʨʥʦʛʦ 

ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ [ʐʢʣʷʝʚ, ɹʘʣʢʦʚ, 1963]. 

ʇʦ ʜʘʥʥʳʤ ʤʝʪʝʦʩʪʘʥʮʠʠ ʚ ʛ. ɹʝʨʝʟʥʠʢʠ ʩʨʝʜʥʷʷ ʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʘʚʥʘ +1,7Áʉ. ʅʘʠʙʦʣʝʝ ʭʦʣʦʜʥʳʤ ʤʝʩʷʮʝʤ ʷʚʣʷʝʪʩʷ ʷʥʚʘʨʴ (ï14,9Áʉ), ʘ 

ʥʘʠʙʦʣʝʝ ʪʝʧʣʳʤ ï ʠʶʣʴ (+17,9Áʉ). ʉʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 660 ʤʤ (ʇʨʠʣʦʞʝʥʠʝ ɸ) [ʈʘʩʧʠʩʘʥʠʝ ʧʦʛʦʜʳé, 2023]. 

ɿʘ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʡ (2018-2022 ʛʛ.), ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʩʪʘʥʮʠʠ 

ʛ. ɹʝʨʝʟʥʠʢʠ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʩʨʝʜʥʠʭ ʤʥʦʛʦʣʝʪʥʠʭ 

ʜʘʥʥʳʭ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ ʚ ʠʶʣʝ ʠ 

ʧʦʥʠʞʝʥʥʦʡ ï ʚ ʘʚʛʫʩʪʝ (ʨʠʩ. 1). ɺ ʠʶʣʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ 2018, 2020 ʠ 2022 ʛʛ., ʤʠʥʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ï ʚ 2019 ʛ. ʅʘʠʤʝʥʴʰʘʷ ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ 

ʘʚʛʫʩʪʝ ʙʳʣʘ ʚ 2019 ʛ., ʘ ʥʘʠʙʦʣʴʰʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ï 2022 ʛ.  

ɺ ʢʦʣʠʯʝʩʪʚʝ ʚʳʧʘʚʰʠʭ ʦʩʘʜʢʦʚ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʨʝʜʥʠʭ ʤʥʦʛʦʣʝʪʥʠʭ ʜʘʥʥʳʭ (ʩʤ. ʨʠʩ. 1). ʅʘʠʤʝʥʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʶʣʴʩʢʠʭ ʦʩʘʜʢʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚ 2018, 2020 ʠ 2022 ʛʛ., 

ʥʘʠʙʦʣʴʰʝʝ ï ʚ 2021 ʛ. ɺ ʘʚʛʫʩʪʝ ʤʝʥʴʰʝ ʚʩʝʛʦ ʦʩʘʜʢʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʚ 

2022 ʛ., ʘ ʙʦʣʴʰʝ ʚʩʝʛʦ ï ʚ 2019 ʛ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʘʤʳʤ ʭʦʣʦʜʥʳʤ ʠ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʜʦʞʜʣʠʚʳʭ ʛʦʜʦʚ ʙʳʣ 2019 ʛ., ʘ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʞʘʨʢʠʭ ʠ 

ʟʘʩʫʰʣʠʚʳʭ ï 2022 ʛ. 
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ʈʠʩʫʥʦʢ 1 ï ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ (ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʩʨʝʜʥʷʷ 

ʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʠʶʣʝ ʠ ʘʚʛʫʩʪʝ) ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʨʝʜʥʠʤʠ 

ʤʥʦʛʦʣʝʪʥʠʤʠ ʜʘʥʥʳʤʠ [ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʩʪʘʥʮʠʠ ʛ. ɹʝʨʝʟʥʠʢʠ] 

 

ʉʝʟʦʥʥʦʝ ʧʨʦʤʝʨʟʘʥʠʝ ʧʦʯʚʳ ï ʷʚʣʝʥʠʝ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʥʘ ʚʩʝʡ 

ʪʝʨʨʠʪʦʨʠʠ ʇʨʠʢʘʤʴʷ. ʅʘʠʙʦʣʝʝ ʦʙʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʨʝʞʠʤʘ ʩʝʟʦʥʥʦʛʦ 

ʧʨʦʤʝʨʟʘʥʠʷ ʧʦʯʚʳ ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʷʷ ʤʝʩʷʯʥʘʷ ʛʣʫʙʠʥʘ ʧʨʦʤʝʨʟʘʥʠʷ, ʢʦʪʦʨʘʷ 

ʥʘʨʘʩʪʘʝʪ ʦʪ ʥʦʷʙʨʷ ʢ ʤʘʨʪʫ. ʋʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ ʧʨʦʤʝʨʟʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ: ʚ ʏʝʨʥʫʰʢʝ ʩʨʝʜʥʷʷ ʤʝʩʷʯʥʘʷ ʛʣʫʙʠʥʘ 

ʧʨʦʤʝʨʟʘʥʠʷ ʚ ʤʘʨʪʝ ï 67 ʩʤ, ʚ ʇʝʨʤʠ ï 89 ʩʤ, ʚ ʂʫʜʳʤʢʘʨʝ ï 107 ʩʤ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʧʨʦʤʝʨʟʘʥʠʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 175 ʩʤ [ʅʘʟʘʨʦʚ, 2006]. 

ʈʝʣʴʝʬ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ. ʇʦ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤʫ 

ʨʘʡʦʥʠʨʦʚʘʥʠʶ ʇʝʨʤʩʢʠʡ ʢʨʘʡ ʚʭʦʜʠʪ ʚ ʋʬʠʤʩʢʦ-ʇʝʨʤʩʢʫʶ ʧʦʜʦʙʣʘʩʪʴ 

ʉʨʝʜʥʝʨʫʩʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʵʨʦʟʠʦʥʥʦ-ʜʝʥʫʜʘʮʠʦʥʥʫʶ ʨʘʚʥʠʥʫ, ʩʣʦʞʝʥʥʫʶ ʧʝʨʤʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 
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ʋʬʠʤʩʢʦʛʦ ʩʚʦʜʘ, ʂʘʤʩʢʦʡ ʚʧʘʜʠʥʳ, ʇʨʝʜʫʨʘʣʴʩʢʦʛʦ ʢʨʘʝʚʦʛʦ ʧʨʦʛʠʙʘ. 

ʇʨʝʦʙʣʘʜʘʶʱʠʡ ʪʠʧ ʨʝʣʴʝʬʘ ï ʩʠʣʴʥʦ ʨʘʩʯʣʝʥʝʥʥʘʷ ʨʘʚʥʠʥʘ ʥʘ ʟʘʧʘʜʥʦʤ 

ʢʨʳʣʝ ʋʬʠʤʩʢʦʛʦ ʩʚʦʜʘ [ʗʩʪʨʝʙʦʚ, 1959; ɸʥʘʥʴʝʚ ʠ ʜʨ., 1980]. 

ʊʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʇʝʨʤʩʢʦʡ ʢʨʘʷ, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʣʘʙʦʧʨʠʧʦʜʥʷʪʦʡ, ʩʠʣʴʥʦʵʨʦʜʠʨʦʚʘʥʥʦʡ ʯʘʩʪʴʶ ʈʫʩʩʢʦʡ 

ʨʘʚʥʠʥʳ. ɻʦʨʦʜ ɹʝʨʝʟʥʠʢʠ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨ. ʂʘʤʳ. ʊʝʨʨʠʪʦʨʠʷ 

ʛʦʨʦʜʘ ʦʪʣʠʯʘʝʪʩʷ ʩʧʦʢʦʡʥʳʤ ʨʝʣʴʝʬʦʤ ʠ ʧʦʣʦʛʠʤ ʥʘʢʣʦʥʦʤ ʚ ʟʘʧʘʜʥʦʤ ʠ 

ʶʛʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʇʝʨʝʧʘʜ ʚʳʩʦʪ ʙʦʣʝʝ 130 ʤ. ʉʝʣʦ ʋʩʪʴ-ʀʛʫʤ 

ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨʝʢʠ ʗʡʚʘ ʚ ʫʩʪʴʷʭ ʨʝʢ ʀʛʫʤ ʠ ʋʩʦʣʢʘ. 

ʅʠʟʤʝʥʥʳʡ ʨʝʣʴʝʬ, ʘ ʪʘʢʞʝ ʨʝʯʥʘʷ ʜʦʣʠʥʘ ʨ. ʗʡʚʘ, ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʟʘʙʦʣʘʯʠʚʘʥʠʶ ʤʝʩʪʥʦʩʪʠ [ʉʘʬʨʦʥʠʮʢʠʡ, 1959; ʂʦʨʦʪʘʝʚ, 1962; ɹʦʨʠʩʝʚʠʯ, 

1968; ʆʣʝʥʝʚ, ɻʦʨʯʘʢʦʚʩʢʠʡ, 1969]. 

ʉʨʝʜʥʷʷ ʛʫʩʪʦʪʘ ʜʦʣʠʥʥʦʡ (ʨʝʯʥʦʡ) ʩʝʪʠ ʚ ʇʝʨʤʩʢʦʤ ʢʨʘʝ ʩʦʩʪʘʚʣʷʝʪ 

0,6-0,8 ʢʤ/ʢʤ2 (ʩʫʤʤʘʨʥʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʨʝʯʥʳʭ ʜʦʣʠʥ ʥʘ ʧʣʦʱʘʜʠ ʚ 1 ʢʤ2). 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʜʥʦʩʪʠ ʚʦʜʦʪʦʢʦʚ ʚʳʜʝʣʷʶʪʩʷ ʜʦʣʠʥʳ ʢʨʫʧʥʳʭ (ʂʘʤʘ, 

ɺʠʰʝʨʘ, ʏʫʩʦʚʘʷ, ʉʳʣʚʘ), ʩʨʝʜʥʠʭ (ʂʦʣʚʘ, ʗʡʚʘ, ʂʦʩʴʚʘ) ʠ ʤʘʣʳʭ ʨʝʢ, 

ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʩʚʦʠʤʠ ʨʘʟʤʝʨʘʤʠ ʠ ʤʦʨʬʦʣʦʛʠʝʡ. 

ɼʦʣʠʥʳ ʢʨʫʧʥʳʭ ʠ ʩʨʝʜʥʠʭ ʨʘʚʥʠʥʥʳʭ ʨʝʢ ʠʤʝʶʪ ʜʦʚʦʣʴʥʦ ʩʭʦʜʥʦʝ 

ʩʪʨʦʝʥʠʝ. ʈʘʟʚʠʚʘʷʩʴ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʚʦʜʦʪʦʢʠ ʩʬʦʨʤʠʨʦʚʘʣʠ ʰʠʨʦʢʠʝ 

ʧʦʡʤʳ ʠ 4-5 ʥʘʜʧʦʡʤʝʥʥʳʭ ʪʝʨʨʘʩ, ʩʣʦʞʝʥʥʳʭ ʘʣʣʶʚʠʝʤ. ʐʠʨʠʥʘ ʜʦʣʠʥ 

ʛʣʘʚʥʳʭ ʨʝʢ ʨʝʛʠʦʥʘ, ʦʩʦʙʝʥʥʦ ʚ ʤʝʩʪʘʭ ʨʘʟʚʠʪʠʷ ʢʨʫʧʥʳʭ ʠʟʣʫʯʠʥ ʠʣʠ 

ʚʧʘʜʝʥʠʷ ʚ ʥʠʭ ʦʩʥʦʚʥʳʭ ʧʨʠʪʦʢʦʚ, ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ 

ʢʠʣʦʤʝʪʨʦʚ. 

ɼʦʣʠʥʳ ʤʘʣʳʭ ʨʝʢ (ʜʣʠʥʦʡ ʜʦ 50 ʢʤ) ʷʚʥʦ ʧʨʝʦʙʣʘʜʘʶʪ ʢʘʢ ʚ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ, ʪʘʢ ʠ ʧʦ ʩʫʤʤʘʨʥʦʡ ʜʣʠʥʝ. ʐʠʨʠʥʘ ʠʭ ʜʦʣʠʥ 

ʢʦʣʝʙʣʝʪʩʷ ï ʦʪ ʩʦʪʝʥ ʤʝʪʨʦʚ ʜʦ 1-2 ʢʤ. ɺ ʧʨʝʜʝʣʘʭ ʜʥʠʱ ʜʦʣʠʥ ʫʟʢʠʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʡʤʘ ʠ ʦʜʥʘ-ʜʚʝ ʥʘʜʧʦʡʤʝʥʥʳʝ ʪʝʨʨʘʩʳ 

[ʅʘʟʘʨʦʚ, 2006]. 
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ɻʝʦʣʦʛʠʯʝʩʢʠʤʠ ʥʘʧʣʘʩʪʦʚʘʥʠʷʤʠ, ʩʣʘʛʘʶʱʠʤʠ ʚʥʝʛʦʨʥʫʶ ʯʘʩʪʴ 

ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ, ʷʚʣʷʶʪʩʷ ʦʪʣʦʞʝʥʠʷ ʧʝʨʤʩʢʦʡ ʩʠʩʪʝʤʳ. ʊʝʨʨʠʪʦʨʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʟʦʥʝ ʦʪʣʦʞʝʥʠʡ ʢʘʟʘʥʩʢʦʛʦ ʷʨʫʩʘ ʚʝʨʭʥʝʡ 

ʧʝʨʤʠ [ʂʦʨʦʪʘʝʚ, 1962]. ʆʪʣʦʞʝʥʠʷ ʢʘʟʘʥʩʢʦʛʦ ʷʨʫʩʘ ʚʝʨʭʥʝʡ ʧʝʨʤʠ ʩʦʩʪʦʷʪ 

ʠʟ ʢʨʘʩʥʦ-ʙʫʨʳʭ (ʤʘʣʠʥʦʚʦ-ʙʫʨʳʭ) ʠ ʢʦʨʠʯʥʝʚʦ-ʙʫʨʳʭ ʤʝʨʛʝʣʠʩʪʳʭ ʛʣʠʥ, 

ʧʝʨʝʩʣʘʠʚʘʶʱʠʭʩʷ ʩʝʨʳʤʠ ʠ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʤʠ ʩʣʘʙʦʠʟʚʝʩʪʢʦʚʠʩʪʳʤʠ 

ʧʝʩʯʘʥʠʢʘʤʠ. ʕʪʠ ʢʦʨʝʥʥʳʝ ʧʦʨʦʜʳ ʧʦʢʨʳʪʳ ʧʣʘʱʦʤ ʯʝʪʚʝʨʪʠʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʜʥʝʚʥʳʝ ʛʦʨʠʟʦʥʪʳ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʤʘʪʝʨʠʥʩʢʠʤʠ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ [ʉʘʬʨʦʥʠʮʢʠʡ, 1959; ʂʦʨʦʪʘʝʚ, 1962; 

ɹʦʨʠʩʝʚʠʯ, 1968; ʆʣʝʥʝʚ, ɻʦʨʯʘʢʦʚʩʢʠʡ, 1969]. 

ɺʝʨʭʥʝʢʘʤʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩʦʣʝʡ ʧʨʠʫʨʦʯʝʥʦ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʉʦʣʠʢʘʤʩʢʦʡ ʚʧʘʜʠʥʳ ʇʨʝʜʫʨʘʣʴʩʢʦʛʦ ʢʨʘʝʚʦʛʦ ʧʨʦʛʠʙʘ. ʉʦʣʷʥʘʷ ʪʦʣʱʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʠʤʝʶʱʘʷ ʬʦʨʤʫ ʣʠʥʟʳ ʧʣʦʱʘʜʴʶ 8,1 ʪʳʩ. ʢʤ2, 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ 205 ʢʤ, ʚ ʰʠʨʦʪʥʦʤ ï ʜʦ 

55 ʢʤ. ɺʥʫʪʨʠ ʢʦʥʪʫʨʘ ʩʦʣʷʥʦʡ ʪʦʣʱʠ ʨʘʩʧʦʣʦʞʝʥʘ ʤʥʦʛʦʧʣʘʩʪʦʚʘʷ ʟʘʣʝʞʴ 

ʢʘʣʠʡʥʦ-ʤʘʛʥʠʝʚʳʭ ʩʦʣʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 135 ʢʤ ʧʨʠ ʰʠʨʠʥʝ ʜʦ 41 ʢʤ, 

ʧʣʦʱʘʜʴ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʢʘʣʠʡʥʦʡ ʟʘʣʝʞʠ ï 3,7 ʪʳʩ. ʢʤ2. 

ʉʦʣʷʥʳʝ ʧʦʨʦʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʣʠʡʥʦʡ ʩʦʣʴʶ, 

ʩʠʣʴʚʠʥʠʪʘʤʠ ʠ ʢʘʨʥʘʣʣʠʪʦʚʳʤʠ ʧʦʨʦʜʘʤʠ. ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʟʘʧʘʩʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʮʝʥʠʚʘʶʪʩʷ ʧʦ ʢʘʨʥʘʣʣʠʪʦʚʦʡ ʧʦʨʦʜʝ ï 96,4 ʤʣʨʜ ʪ, ʧʦ 

ʩʠʣʴʚʠʥʠʪʘʤ ï 113,2 ʤʣʨʜ ʪ, ʧʦ ʢʘʤʝʥʥʦʡ ʩʦʣʠ ï 4650 ʤʣʨʜ ʪ. 

ʂʘʤʝʥʥʘʷ ʩʦʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʨʦʜʫ, ʩʣʦʞʝʥʥʫʶ ʛʘʣʠʪʦʤ (NaCl). 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʝʡ ʚ ʥʝʡ ʚʩʪʨʝʯʘʶʪʩʷ ʘʥʛʠʜʨʠʪ, ʩʠʣʠʢʘʪʳ (ʚ ʦʩʥʦʚʥʦʤ 

ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ), ʢʘʨʙʦʥʘʪʳ (ʜʦʣʦʤʠʪ, ʢʘʣʴʮʠʪ) ʠ ʜʨ. ʍʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʢʘʤʝʥʥʦʡ ʩʦʣʠ: NaCl (80-96%), CaSO4, MgCl2, KCl ï ʩʣʝʜʳ, 

ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʦʩʪʘʪʦʢ. 

ʉʠʣʴʚʠʥʠʪ ï ʙʠʦʤʠʥʝʨʘʣʴʥʘʷ ʧʦʨʦʜʘ, ʩʣʦʞʝʥʥʘʷ ʛʘʣʠʪʦʤ ʠ ʩʠʣʴʚʠʥʦʤ 

(ʂʉl), ʩʦʜʝʨʞʘʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʚ ʩʠʣʴʚʠʥʠʪʝ 20-45%. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʝʡ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝʩʦʣʷʥʳʝ ʤʠʥʝʨʘʣʳ (ʘʥʛʠʜʨʠʪ, ʢʘʨʙʦʥʘʪʳ, ʛʣʠʥʠʩʪʳʝ 
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ʤʠʥʝʨʘʣʳ ʠ ʜʨ.). ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʠʣʴʚʠʥʘ: KCl (97-99,3%), NaCl, CaSO4, 

MgCl2, H2O. 

ʂʘʨʥʘʣʣʠʪʦʚʘʷ ʧʦʨʦʜʘ ʩʦʩʪʦʠʪ ʠʟ ʢʘʨʥʘʣʣʠʪʘ (KCl*MgCl2*6H2O) ʠ 

ʛʘʣʠʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʝʡ ʢʘʨʥʘʣʣʠʪʦʚʘʷ ʧʦʨʦʜʘ ʩʦʜʝʨʞʠʪ ʩʠʣʴʚʠʥ ʠ 

ʥʝʩʦʣʷʥʳʝ ʤʠʥʝʨʘʣʳ (ʘʥʛʠʜʨʠʪ, ʢʘʨʙʦʥʘʪʳ, ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʠ ʜʨ.) 

[ʂʫʜʨʷʰʦʚ, 2013]. 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ɺ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʛʨʘʥʠʮʳ 

ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʦʚʧʘʜʘʶʪ ʩ ʚʘʞʥʝʡʰʠʤʠ 

ʚʦʜʦʨʘʟʜʝʣʘʤʠ ʨʝʢ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ. ʊʝʨʨʠʪʦʨʠʷ ʋʨʘʣʴʩʢʦʛʦ 

ʇʨʠʢʘʤʴʷ ʠʤʝʝʪ ʭʦʨʦʰʦ ʨʘʟʚʠʪʫʶ ʨʝʯʥʫʶ ʩʝʪʴ, ʦʪʥʦʩʠʪʩʷ ʢ ʙʘʩʩʝʡʥʫ 

ʨ. ɺʦʣʛʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʤ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʚ 

ʧʨʝʜʝʣʘʭ ʦʙʣʘʩʪʠ ʩʣʦʞʠʣʦʩʴ ʜʝʣʝʥʠʝ ʨ. ʂʘʤʳ ʥʘ ʜʚʘ ʫʯʘʩʪʢʘ ï ɺʝʨʭʥʷʷ ʂʘʤʘ 

(ʦʪ ʟʘʧʘʜʥʦʡ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʜʦ ʫʩʪʴʷ ɺʠʰʝʨʳ) ʠ ʉʨʝʜʥʷʷ ʂʘʤʘ (ʂʘʤʩʢʦʝ ʠ 

ɺʦʪʢʠʥʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʜʦ ʫʩʪʴʷ ʨ. ʉʠʚʳ). 

ʆʩʥʦʚʥʦʡ ʚʦʜʥʦʡ ʘʨʪʝʨʠʝʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨ. ʂʘʤʘ. ɹʦʣʝʝ ʤʝʣʢʠʝ ʨʝʢʠ (ɺʦʣʠʤ, ɹʦʣʴʰʘʷ ʋʥʴʚʘ, 

ʃʝʥʚʘ, ɿʳʨʷʥʢʘ, ɹʳʛʝʣʴ, ɿʘʪʦʧʳʯ, ʀʟʚʝʨ, ɹʦʨʦʚʘʷ, ʋʩʦʣʢʘ, ʂʣʝʩʪʦʚʢʘ, 

ʇʦʧʦʚʢʘ ʠ ʜʨ.) ʠ ʨʫʯʴʠ ʦʙʨʘʟʫʶʪ ʨʝʯʥʫʶ ʩʝʪʴ [ʂʫʜʨʷʰʦʚ, 2013]. 

ɺ ʫʩʣʦʚʠʷʭ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ, ʢʘʢ ʠ ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ, 

ʧʦʯʚʝʥʥʘʷ ʚʦʜʘ (ʚʝʨʭʦʚʦʜʢʘ) ʥʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʘ. ɻʨʫʥʪʦʚʳʝ ʞʝ ʚʦʜʳ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ. ɻʨʫʥʪʦʚʘʷ ʚʦʜʘ ʩʦʜʝʨʞʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ, ʧʦʧʘʚʰʠʭ ʚ ʥʝʝ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʪʚʦʨʝʥʠʷ ʢʘʨʙʦʥʘʪʦʚ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʠʤʝʶʱʠʭʩʷ ʚ ʢʦʨʝʥʥʳʭ 

ʧʝʨʤʩʢʠʭ ʧʦʨʦʜʘʭ [ʂʦʨʦʪʘʝʚ, 1962]. 

ʇʦʯʚʳ ʠ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʝ ʧʦʨʦʜʳ. ʉʦʛʣʘʩʥʦ ʧʦʯʚʝʥʥʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʨʘʡʦʥʠʨʦʚʘʥʠ ʁ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ, 

ʯʘʩʪʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʧʨʝʜʝʣʘʭ ʏʝʨʜʳʥʩʢʦ-ɻʘʡʥʩʢʦ-ʉʦʣʠʢʘʤʩʢʦʛʦ 

ʧʦʜʨʘʡʦʥʘ ʠ ʂʫʜʳʤʢʘʨʩʢʦ-ʏʝʨʤʦʟʩʢʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʨʘʡʦʥʘ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ 

[ʂʦʨʦʪʘʝʚ, 1962; ʇʦʯʚʝʥʥʘʷ ʢʘʨʪʘé, 1979.; ʌʠʣʴʢʠʥ ʠ ʜʨ., 2014].  
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ʊʝʨʨʠʪʦʨʠʷ ʏʝʨʜʳʥʩʢʦ-ɻʘʡʥʩʢʦ-ʉʦʣʠʢʘʤʩʢʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʧʦʜʨʘʡʦʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʝʧʨʝʩʩʠʶ, ʟʘʧʦʣʥʝʥʥʫʶ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʤʠ ʠ ʯʘʩʪʠʯʥʦ 

ʦʟʝʨʥʦ-ʣʝʜʥʠʢʦʚʳʤʠ ʠ ʜʨʝʚʥʝʘʣʣʶʚʠʘʣʴʥʳʤʠ ʧʝʩʢʘʤʠ ʠ ʩʫʧʝʩʷʤʠ. ɺ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʡʦʥʘ ʩ ʦʪʤʝʪʢʘʤʠ 140-170 ʤ, ʤʦʱʥʦʩʪʴ ʧʝʩʢʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 3 ʤ ʠ ʙʦʣʝʝ, ʘ ʢ ʛʨʘʥʠʮʘʤ ʨʘʡʦʥʘ, ʩ ʧʦʚʳʰʝʥʠʝʤ ʤʝʩʪʥʦʩʪʠ ʜʦ 

180-200 ʤ, ʠʭ ʤʦʱʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʠ ʩʭʦʜʠʪ ʥʘ ʥʝʪ. ʇʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʥʘ 

ʚʦʟʚʳʰʝʥʥʦʩʪʷʭ ʠ ʩʢʣʦʥʘʭ ʢ ʜʦʣʠʥʘʤ ʨʝʢ. ɺ ʧʦʯʚʝʥʥʦʤ ʨʘʡʦʥʝ ʜʦʤʠʥʠʨʫʶʪ 

ʧʦʜʟʦʣʳ ʠ ʧʦʜʟʦʣʠʩʪʳʝ ʧʝʩʯʘʥʳʝ ʧʦʯʚʳ. ʅʘ ʚʩʭʦʤʣʝʥʥʳʭ ʠ ʢʨʫʪʳʭ ʩʢʣʦʥʘʭ 

ʥʘ ʵʣʶʚʠʠ ʧʝʨʤʩʢʠʭ ʤʝʨʛʝʣʝʡ, ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʛʣʠʥ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʩʝʨʦʛʫʤʫʩʦʚʳʝ ʧʦʯʚʳ (ʨʠʩ. 2) [ʂʦʨʦʪʘʝʚ, 1962]. 

ʈʝʣʴʝʬ ʪʝʨʨʠʪʦʨʠʠ ʂʫʜʳʤʢʘʨʩʢʦ-ʏʝʨʤʦʟʩʢʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʨʘʡʦʥʘ 

ʩʛʣʘʞʝʥʥʦ-ʰʠʨʦʢʦʚʦʣʥʠʩʪʳʡ, ʧʨʝʦʙʣʘʜʘʶʪ ʚʳʩʦʪʳ 160-180 ʤ. ʊʝʨʨʠʪʦʨʠʷ 

ʩʣʦʞʝʥʘ ʢʨʘʩʥʦʮʚʝʪʥʳʤʠ ʛʣʠʥʘʤʠ, ʩ ʧʨʦʩʣʦʡʢʘʤʠ ʤʝʨʛʝʣʷ ʠ ʠʟʚʝʩʪʥʷʢʦʚ, 

ʢʦʪʦʨʳʝ ʧʝʨʝʢʨʳʪʳ ʵʣʶʚʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʳʤʠ (ʧʦʢʨʦʚʥʳʤʠ) ʩʫʛʣʠʥʢʘʤʠ 

ʠ ʛʣʠʥʘʤʠ. ʇʨʝʦʙʣʘʜʘʶʪ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʪʷʞʝʣʦ- ʠ ʨʝʞʝ 

ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʝ ʧʦʯʚʳ. ʅʘ ʩʢʣʦʥʘʭ, ʛʜʝ ʧʦʢʨʦʚʥʳʝ ʦʪʣʦʞʝʥʠʷ ʫʜʘʣʝʥʳ 

ʪʝʢʫʯʠʤʠ ʚʦʜʘʤʠ, ʥʘ ʵʣʶʚʠʠ ʧʝʨʤʩʢʠʭ ʧʦʨʦʜ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ 

ʩʝʨʦʛʫʤʫʩʦʚʳʝ ʧʦʯʚʳ. ɺ ʜʦʣʠʥʘʭ ʨʝʢ ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʛʣʠʥʠʩʪʳʤ ʠ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ [ʂʦʨʦʪʘʝʚ, 

1962]. 

ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ. ʊʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʭʦʜʠʪ ʚ ʨʘʡʦʥ 

ʶʞʥʦʪʘʝʞʥʳʭ ʧʠʭʪʦʚʦ-ʝʣʦʚʳʭ ʣʝʩʦʚ ʩ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʠ ʣʠʧʦʡ 

ʚ ʜʨʝʚʝʩʥʦʤ ʷʨʫʩʝ. ʖʞʥʦ-ʪʘʝʞʥʳʝ ʣʝʩʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʦʞʥʳʤ 

ʩʪʨʦʝʥʠʝʤ ʜʨʝʚʦʩʪʦʷ; ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʪʨʘʚʷʥʳʭ ʪʠʧʦʚ ʣʝʩʦʚ; ʤʦʭʦʚʦʡ ʧʦʢʨʦʚ 

ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ, ʥʝ ʩʧʣʦʰʥʦʡ. ʕʪʦʪ ʨʘʡʦʥ ʦʪʥʦʩʠʪʩʷ ʢ ʂʘʤʩʢʦ-ʇʝʯʦʨʩʢʦ-

ɿʘʧʘʜʥʦʫʨʘʣʴʩʢʦʡ ʧʦʜʧʨʦʚʠʥʮʠʠ ʋʨʘʣʦ-ɿʘʧʘʜʥʦʩʠʙʠʨʩʢʦʡ ʪʘʝʞʥʦʡ 

ʧʨʦʚʠʥʮʠʠ. ʃʝʩʦʧʦʢʨʳʪʳʝ ʟʝʤʣʠ ʩʦʩʪʘʚʣʷʶʪ 65-75% [ʆʚʝʩʥʦʚ, 2009]. 
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ʈʠʩʫʥʦʢ 2 ï ʂʘʨʪʘ ʧʦʯʚ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʬʨʘʛʤʝʥʪ ʢʘʨʪʳ ʧʦʯʚʝʥʥʦʛʦ 

ʧʦʢʨʦʚʘ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ [ʌʠʣʴʢʠʥ ʠ ʜʨ., 2014]) 

 

ʊʝʭʥʦʛʝʥʥʳʝ ʫʩʣʦʚʠʷ. ɻʦʨʦʜ ɹʝʨʝʟʥʠʢʠ ï ʢʨʫʧʥʳʡ ʧʨʦʤʳʰʣʝʥʥʳʡ 

ʮʝʥʪʨ, ʚʪʦʨʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʛʦʨʦʜ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ. ʇʣʦʱʘʜʴ ʛʦʨʦʜʘ ï 525 ʢʤ2, 

ʥʘʩʝʣʝʥʠʝ ï 198 ʪʳʩ. ʯʝʣ. [ʇʝʨʤʩʢʘʷ ʦʙʣʘʩʪʴé, 1997; ʉʦʩʪʦʷʥʠʝé, 2002]. 

ʇʝʨʚʳʝ ʧʦʩʝʣʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʚʦʟʥʠʢʣʠ ʚ XVI-XVIII ʚʚ. ʥʘ 

ʙʘʟʝ ʩʦʣʷʥʳʭ ʧʨʦʤʳʩʣʦʚ [ʇʝʨʤʩʢʘʷ ʦʙʣʘʩʪʴé, 1997]. ɻʦʨʦʜ ɹʝʨʝʟʥʠʢʠ ʙʳʣ 
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ʦʩʥʦʚʘʥ ʚ 1932 ʛ. ɺ ʩʚʷʟʠ ʩʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʟʘʚʦʜʦʚ: ʘʟʦʪʥʦ-ʪʫʢʦʚʦʛʦ, 

ʢʘʣʠʡʥʦʛʦ, ʪʠʪʘʥʦʤʘʛʥʠʝʚʦʛʦ, ʘ ʪʘʢʞʝ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘʣʠʡʥʳʭ ʩʦʣʝʡ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ 

ʥʘʭʦʜʷʪʩʷ ɹʝʨʝʟʥʠʢʦʚʩʢʠʡ ʠ ɼʫʨʳʤʘʥʩʢʠʡ ʫʯʘʩʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʮʝʥʪʨ ʛʦʨʦʜʘ ʙʳʣ ʟʘʩʪʨʦʝʥ ʚ 1930-ʭ - 1940-ʭ ʛʛ. ʇʦʟʜʥʝʝ (1960-

ʝ ʛʛ.) ʥʘ ʤʝʩʪʝ ʧʨʠʛʦʨʦʜʥʦʛʦ ʣʝʩʦʧʘʨʢʘ ʚʦʟʥʠʢʣʠ ʨʘʡʦʥ ʆʢʦʣʠʮʘ, ʘ ʥʘ ʙʝʨʝʛʫ 

ʩʦʟʜʘʥʥʦʛʦ ʧʨʫʜʘ ï ʨʘʡʦʥ ʉʝʤʠʥʦ. 

ʈʷʜ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʛʦʨʦʜʘ ʷʚʣʷʶʪʩʷ (ʠ ʦʬʠʮʠʘʣʴʥʦ 

ʧʨʠʟʥʘʥʳ) ʤʦʥʦʧʦʣʠʩʪʘʤʠ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ: ɸʆ çʋʨʘʣʢʘʣʠʡè 

(ʧʨʦʠʟʚʦʜʠʪ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩʪʨʘʥʳ), ɸʆ çɽʚʨʦʍʠʤè 

ɸʆ çɹʝʨʘʪʦʥè (ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ), ɸʆ çɸʚʠʩʤʘ, ʪʠʪʘʥʦ-

ʤʘʛʥʠʝʚʳʡ ʢʦʤʙʠʥʘʪè (ʪʠʪʘʥ, ʤʘʛʥʠʡ, ʥʘʪʨʠʝʚʳʝ ʩʧʣʘʚʳ), ɸʆ çɸʟʦʪè 

(ʢʘʣʠʝʚʘʷ ʩʝʣʠʪʨʘ). 

ʋʩʪʴ-ʀʛʫʤ ï ʩʝʣʦ ʚ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʤ ʨʘʡʦʥʝ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ, ʚʭʦʜʠʪ ʚ 

ʩʦʩʪʘʚ ɺʩʝʚʦʣʦʜʦ-ɺʠʣʴʚʠʥʩʢʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʧʦʩʝʣʝʥʠʷ, ʥʘʩʝʣʝʥʠʝ 450 ʯʝʣ. 

ʇʦʩʝʣʝʥʠʝ ʚʦʟʥʠʢʣʦ ʧʨʠ ʧʠʣʴʥʦʡ ʤʝʣʴʥʠʮʝ (ʣʝʩʦʧʠʣʢʝ), ʧʦʩʪʨʦʝʥʥʦʡ ʚ 

1753 ʛ. (ʥʘ ʥʝʡ ʩʪʨʦʠʣʠ ʜʝʨʝʚʷʥʥʳʝ ʩʫʜʘ ï ʢʦʣʦʤʝʥʢʠ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʨʫʜʳ). 

ʉʝʣʦʤ ʩʪʘʣʦ ʚ 1893 ʛ., ʢʦʛʜʘ ʟʜʝʩʴ ʙʳʣʘ ʩʦʦʨʫʞʝʥʘ ʉʚʷʪʦ-ʅʠʢʦʣʘʝʚʩʢʘʷ 

ʜʝʨʝʚʷʥʥʘʷ ʮʝʨʢʦʚʴ. ʉ 1890 ʧʦ 1 ʤʘʷ 1963 ʛ. ʚ ʋʩʪʴ-ʀʛʫʤʝ ʨʘʙʦʪʘʣ 

ʢʠʨʧʠʯʥʳʡ ʟʘʚʦʜ (ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ï ʟʘʚʦʜ çʆʛʥʝʫʧʦʨè). ɺ 1913 ʛ. ʩʦʟʜʘʥʦ 

ʋʩʪʴ-ʀʛʫʤʩʢʦʝ ʢʨʝʜʠʪʥʦʝ ʪʦʚʘʨʠʱʝʩʪʚʦ, ʚ 1914 ʛ. ï ʋʩʪʴ-ʀʛʫʤʩʢʦʝ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʝ ʦʙʱʝʩʪʚʦ. ɺ 1930 ʛ. ʦʙʨʘʟʦʚʘʣʩʷ ʢʦʣʭʦʟ çʋʨʘʣʴʩʢʠʡ 

ʨʘʙʦʯʠʡè, ʢʦʪʦʨʳʡ 1 ʤʘʷ 1935 ʛ. ʙʳʣ ʨʘʟʫʢʨʫʧʥʝʥ (ʩʫʱʝʩʪʚʦʚʘʣ ʜʦ 1956 ʛ.). ʉ 

1 ʦʢʪʷʙʨʷ 1947 ʛ. ʧʨʠʩʪʫʧʠʣʘ ʢ ʣʝʩʦʟʘʛʦʪʦʚʢʘʤ ʋʩʪʴ-ʀʛʫʤʩʢʘʷ 

ʣʝʩʦʟʘʛʦʪʦʚʠʪʝʣʴʥʘʷ ʢʦʥʪʦʨʘ ʉʪʘʣʠʥʛʨʘʜʩʢʦʛʦ ʞʠʚʪʨʝʩʪʘ ʩʦʚʭʦʟʦʚ. ʆʜʥʦ 

ʚʨʝʤʷ (ʚ 1940-1950-ʭ ʛʛ.) ʚ ʩʝʣʝ ʥʘʭʦʜʠʣʘʩʴ ʢʦʥʪʦʨʘ ʋʩʪʴ-ʀʛʫʤʩʢʦʛʦ 

ʣʝʩʧʨʦʤʭʦʟʘ, ʢʦʪʦʨʳʡ ʚ 1952 ʛ. ʚʣʠʣʩʷ ʚ ʩʦʩʪʘʚ ʀʚʘʢʠʥʩʢʦʛʦ ʃʇʍ. ʋʩʪʴ-

ʀʛʫʤ ʷʚʣʷʣʩʷ ʮʝʥʪʨʦʤ ʋʩʪʴ-ʀʛʫʤʩʢʦʡ ʚʦʣʦʩʪʠ ʉʦʣʠʢʘʤʩʢʦʛʦ ʫʝʟʜʘ ʠ ʋʩʪʴ-

ʀʛʫʤʩʢʦʛʦ ʩʝʣʴʩʢʦʛʦ ʩʦʚʝʪʘ (ʜʦ ʷʥʚʘʨʷ 2006 ʛ.) [ʐʫʤʠʣʦʚ, 1994]. 
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ɹʣʠʟ ʩʝʣʘ ʨʘʩʧʦʣʦʞʝʥʳ ʩʪʘʨʳʝ ʨʘʩʩʦʣʦʧʦʜʲʝʤʥʳʝ ʩʢʚʘʞʠʥʳ, ʢʦʪʦʨʳʝ 

ʩʫʱʝʩʪʚʫʶʪ ʩʦ ʚʨʝʤʝʥ ʦʜʥʦʛʦ ʠʟ ʧʝʨʚʳʭ ʨʫʩʩʢʠʭ ʧʦʩʝʣʝʥʠʡ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ 

ʩʦʣʠ ï ʗʡʚʠʥʩʢʦʛʦ ʦʩʪʨʦʞʦʢʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʚ 1570 ʛ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʦʣʠ 

ʙʳʣʦ ʦʩʪʘʥʦʚʣʝʥʦ ʚ XVIII ʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʨʨʠʪʦʨʠʷ ʧʦʩʝʣʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʘʣʝʥʘ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʫʭʦʜʦʣʴʥʳʝ ʠ ʧʦʡʤʝʥʥʳʝ ʣʫʛʘ [ʍʘʡʨʫʣʠʥʘ ʠ ʜʨ., 2017]. 

2.2. ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʚ ʩʚʷʟʠ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʨʝʣʴʝʬʘ, 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʯʚ [ʂʦʨʦʪʘʝʚ, 1962; ɽʨʝʤʯʝʥʢʦ ʠ ʜʨ., 2016]. ʇʦʯʚʝʥʥʦ-

ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ [ʂʘʨʪʘ ʧʦʯʚʝʥʥʦ-

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦé, 1997] ʚʢʣʶʯʘʝʪ ʂʘʤʩʢʦ-ɺʝʨʭʥʝʚʳʯʝʛʦʜʩʢʫʶ, ɺʷʪʩʢʦ-

ʂʘʤʩʢʫʶ, ʇʨʠʢʘʤʩʢʫʶ ʧʦʯʚʝʥʥʳʝ ʧʨʦʚʠʥʮʠʠ ʠ ʋʨʘʣʴʩʢʠʡ ʧʦʯʚʝʥʥʳʡ ʦʢʨʫʛ 

(ʨʠʩ. 3). ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ɺʷʪʩʢʦ-ʂʘʤʩʢʦʡ ʧʦʯʚʝʥʥʦʡ 

ʧʨʦʚʠʥʮʠʠ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ. 

ʉʦʛʣʘʩʥʦ ʦʪʢʨʳʪʳʤ ʠʩʪʦʯʥʠʢʘʤ, ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛ. ɹʝʨʝʟʥʠʢʠ 

ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʦʪʭʦʜʦʚ ʧʨʝʜʧʨʠʷʪʠʝʤ ʇɸʆ çʋʨʘʣʢʘʣʠʡè ʥʘʯʘʣʦʩʴ ʚ 60-70 ʛʛ. 

XX ʚ., ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʝʜʝʣʘʭ ʨʘʟʚʠʪʦʡ ʨʝʯʥʦʡ ʩʝʪʠ ʨʘʩʧʦʣʦʞʝʥʳ 4 

ʩʦʣʝʦʪʚʘʣʘ ʠ 4 ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ (ʨʠʩ. 4). ʆʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ ʦʪʭʦʜʦʚ ʚ 

ʩʦʣʝʦʪʚʘʣʘʭ ï ʛʘʣʠʪ (NaCl) ï 90,55-94,54%, ʪʘʢʞʝ ʩʦʜʝʨʞʘʪʩʷ KCl ï 3,2-

7,34%, MgCl2 ï 0,07-0,08%, CaSO4 ï 1,34-1,48% [ɽʨʝʤʯʝʥʢʦ ʠ ʜʨ., 2013]. 

ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʳ ʚ ʰʣʘʤʦʭʨʘʥʠʣʠʱʝ ɹʂʇʈʋ-3 ʩʦʩʪʘʚʣʷʝʪ 99 ʛ/ʣ, ʩʦʩʪʘʚ 

ʩʦʣʝʡ ʭʣʦʨʠʜʥʳʡ ʥʘʪʨʠʡ ï ʢʘʣʠʝʚʳʡ (ʩʤ. ʪʘʙʣ. 4). 

ɺ 2018-2022 ʛʛ. ʚ ʜʦʣʠʥʘʭ ʫʢʘʟʘʥʥʳʭ ʤʘʣʳʭ ʨʝʢ ʟʘʣʦʞʝʥ 21 ʧʦʯʚʝʥʥʳʡ 

ʨʘʟʨʝʟ, ʧʦʯʚʳ ʠʟʫʯʝʥʳ ʜʦ ʛʣʫʙʠʥʳ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʛʨʫʥʪʦʚ. ʈʘʩʧʦʣʦʞʝʥʠʝ 

ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʥʘ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʦʪʤʝʯʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 

5-8. ʂʦʦʨʜʠʥʘʪʳ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʫʢʘʟʘʥʳ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ WGS-84. 

ʇʨʦʙʳ ʧʦʯʚ ʦʪʦʙʨʘʥʳ ʧʦ ʛʦʨʠʟʦʥʪʘʤ (ʩʣʦʷʤ) ʩ ʪʨʝʭ ʩʪʝʥʦʢ ʨʘʟʨʝʟʘ. ʇʦʣʝʚʫʶ  
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ʈʠʩʫʥʦʢ 3 ï ʇʦʯʚʝʥʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʇʝʨʤʩʢʦʛʦ 

ʢʨʘʷ [ʘʚʪʦʨ ʨʠʩʫʥʢʘ ʐʝʩʪʘʢʦʚ ʀ.ɽ., ʩ ʜʦʙʘʚʣʝʥʠʷʤʠ]; 

ʇʦʯʚʝʥʥʳʝ ʧʨʦʚʠʥʮʠʠ: I ï ʂʘʤʩʢʦ-ɺʝʨʭʥʝʚʳʯʝʛʦʜʩʢʘʷ, II ï ɺʷʪʩʢʦ-ʂʘʤʩʢʘʷ, 

III ï ʇʨʠʢʘʤʩʢʘʷ, IV ï ʋʨʘʣʴʩʢʠʡ ʧʦʯʚʝʥʥʳʡ ʦʢʨʫʛ, ʢʨʫʞʢʘʤʠ ʦʪʤʝʯʝʥʳ 

ʤʝʩʪʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʞʝʣʪʳʡ ʢʨʫʞʦʢ ï ʬʦʥʦʚʳʝ ʧʦʯʚʳ) 
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ʜʠʘʛʥʦʩʪʠʢʫ ʧʦʯʚ ʧʨʦʚʝʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ 

ʧʦʯʚ ʈʦʩʩʠʠ [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʯʚé, 2004] ʠ ʤʠʨʦʚʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʦʡ 

ʧʦʯʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ [WRB, 2022]. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚʟʷʣʠ 14 ʧʨʦʙ ʚʦʜʳ. ʇʦʯʚʝʥʥʦ-

ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʦʪʙʠʨʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ. 

 

 

ʈʠʩʫʥʦʢ 4 ī ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʦʣʝʦʪʚʘʣʦʚ ʠ ʰʣʘʤʦʭʨʘʥʠʣʠʱ ʇɸʆ 

çʋʨʘʣʢʘʣʠʡè (ʘʚʪʦʨ ʨʠʩʫʥʢʘ ʐʝʩʪʘʢʦʚ ʀ.ɽ.) 
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ɺ ʜʦʣʠʥʝ ʤʘʣʦʡ ʨ. ɹʳʛʝʣʴ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʜʟʝʤʥʳʭ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʦʣʝʦʪʚʘʣʘ 

ɹʝʨʝʟʥʠʢʦʚʩʢʦʛʦ ʢʘʣʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʨʫʜʦʫʧʨʘʚʣʝʥʠʷ ˉ4 (ɹʂʇʈʋ 

ˉ4), ʦʙʨʘʟʦʚʘʣʩʷ ʟʘʩʦʣʝʥʥʳʡ ʫʯʘʩʪʦʢ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʜʚʘ 

ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʘ (ʨʠʩ. 5); ʚʟʷʪʳ ʜʚʝ ʧʨʦʙʳ ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

 

ʈʠʩʫʥʦʢ 5 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʚ ʜʦʣʠʥʝ ʨ. ɹʳʛʝʣʴ 
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ʅʘ ʢʦʩʤʦʩʥʠʤʢʘʭ ʜʦʣʠʥʳ ʨ. ʏʝʨʥʘʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʟʦʥʝ ʩʪʦʢʘ 

ʧʦʜʟʝʤʥʳʭ, ʘ ʤʝʩʪʘʤʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʦʪ 

ʩʦʣʝʦʪʚʘʣʘ, ʚʳʷʚʣʝʥʳ ʫʯʘʩʪʢʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. ɺ 

ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2019-2020 ʛʛ. ʧʨʦʚʝʜʝʥʳ ʤʘʨʰʨʫʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʚ 

ʨʝʯʥʦʡ ʜʦʣʠʥʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʜʝʣʷʶʱʠʝʩʷ ʥʘ ʢʦʩʤʦʩʥʠʤʢʘʭ ʫʯʘʩʪʢʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʣʠʙʦ ʠʤʝʶʪ ʥʠʟʢʦʝ 

ʧʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ 1-5 ʚʠʜʦʚ ʩʦʣʝʫʩʪʦʡʯʠʚʦʡ ʠ 

ʩʦʣʝʣʶʙʠʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (Puccinellia distans (Jacq.) Parl., Atriplex 

prostrata Boucher ex DC., Spergularia salina J. et C. Presl ʠ ʜʨ.). ʅʘ ʰʝʩʪʠ 

ʢʦʥʪʨʦʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʩ ʥʘʨʫʰʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʟʘʣʦʞʠʣʠ 6 

ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ (ʨʠʩ. 6), ʘ ʪʘʢʞʝ ʚʟʷʪʳ ʧʨʦʙʳ ʚʦʜʳ ʠʟ ʨ. ʏʝʨʥʘʷ, ʨʫʯʴʷ ʩ 

ʩʦʣʝʥʦʡ ʚʦʜʦʡ ʠ ʜʚʝ ʧʨʦʙʳ ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʦʣʠʥʝ ʨ. ʃʝʥʚʘ ʨʘʟʛʨʫʞʘʶʪʩʷ 

ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʚ ʢʦʪʦʨʳʝ ʬʠʣʴʪʨʫʶʪʩʷ ʨʘʩʩʦʣʳ ʠʟ ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ 

ɹʂʇʈʋ-3. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʣʠ ʧʦʩʪʫʧʘʶʪ ʩ ʚʦʜʘʤʠ ʨ. ʃʝʥʚʘ, ʠʩʧʳʪʳʚʘʶʱʝʡ 

ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʣʝʦʪʚʘʣʘ ʠ ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ ɹʂʇʈʋ-2. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʠ ʨʝʣʴʝʬʦʤ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ʚʳʜʝʣʝʥʳ ʩʝʤʴ ʢʦʥʪʨʦʣʴʥʳʭ 

ʫʯʘʩʪʢʦʚ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʟʘʢʣʘʜʳʚʘʣʠ ʧʦʯʚʝʥʥʳʝ ʨʘʟʨʝʟʳ ʜʦ ʛʣʫʙʠʥʳ 

ʚʦʜʦʥʘʩʳʱʝʥʳʭ ʛʨʫʥʪʦʚ (ʨʠʩ. 7). ʆʪʦʙʨʘʥʳ ʧʨʦʙʳ ʚʦʜʳ ʠʟ ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ 

ɹʂʇʈʋ-3, ʠʟ ʨ. ʃʝʥʚʘ, ʠʟ ʤʝʣʢʦʚʦʜʥʦʛʦ ʚʦʜʦʝʤʘ ʚ ʟʘʙʦʣʦʯʝʥʥʦʡ ʯʘʩʪʠ 

ʧʦʡʤʳ, ʘ ʪʘʢʞʝ ʦʜʥʘ ʧʨʦʙʘ ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʭ ʚʦʜ.  
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ʈʠʩʫʥʦʢ 6 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʚ ʜʦʣʠʥʝ ʨ. ʏʝʨʥʘʷ 
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ʈʠʩʫʥʦʢ 7 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʚ ʜʦʣʠʥʝ ʨ. ʃʝʥʚʘ 

 

ʅʘ ʙʝʨʝʛʘʭ ʨ. ʋʩʦʣʢʘ ʚʦʟʣʝ ʜʚʫʭ ʨʘʩʩʦʣʦʧʦʜʲʝʤʥʳʭ ʩʢʚʘʞʠʥ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ, ʧʦ ʤʥʝʥʠʶ ʘʨʭʝʦʣʦʛʦʚ, ʩ XVI ʚ., ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʯʝʪʳʨʝ 

ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʘ; ʦʪʦʙʨʘʥʳ ʧʦʯʚʝʥʥʳʝ ʧʨʦʙʳ ʠ ʧʨʦʙʳ ʚʦʜ, ʠʟʣʠʚʘʶʱʠʭʩʷ 

ʠʟ ʨʘʩʩʦʣʦʧʦʜʲʝʤʥʳʭ ʩʢʚʘʞʠʥ (ʨʠʩ. 8).  
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ʈʠʩʫʥʦʢ 8 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʚ ʜʦʣʠʥʝ ʨ. ʋʩʦʣʢʘ 

2.3. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʧʨʦʙʘʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʦʧʨʝʜʝʣʷʣʠ: 

¶ ʨʅ ï ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [ɻʆʉʊ 34774-2021]; 

¶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ (ʩʫʭʦʡ ʦʩʪʘʪʦʢ) ï ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ [ɻʆʉʊ 

18164-72]; 

¶ ʠʦʥʳ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ï ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [ɻʆʉʊ 

23268.5-78]; 

¶ ʠʦʥʳ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ ï ʧʣʘʤʝʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

[ɻʆʉʊ 23268.6-78; ɻʆʉʊ 23268.7-78]; 

¶ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʜʦʚ ï ʘʨʛʝʥʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [ɻʆʉʊ 

4245-72]; 

¶ ʩʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʘʪʦʚ ï ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ (ʚʝʩʦʚʳʤ) ʤʝʪʦʜʦʤ 

[ɻʆʉʊ 4389-72]; 

¶ ʩʦʜʝʨʞʘʥʠʝ HCO3
-ï ʪʠʪʨʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʦʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ 

[ɻʆʉʊ 31957-2012]; 
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ɺ ʦʙʨʘʟʮʘʭ ʠʟ ʬʦʥʦʚʳʭ ʠ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʦʧʨʝʜʝʣʷʣʠ: 

¶ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʛʫʤʫʩʘ) ï 

ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʚʘʨʠʘʥʪ ʊʶʨʠʥʘ; 

¶ ʨʅʚʦʜ, ʨʅʩʦʣ ï ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [ɻʆʉʊ 26423-85; 

ɻʆʉʊ 26483-85]; 

¶ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ï ʧʦ ʤʝʪʦʜʫ ʂʘʧʧʝʥʘ ʚ 

ʤʦʜʠʬʠʢʘʮʠʠ ʎʀʅɸʆ [ɻʆʉʊ 26212-2021]; 

¶ ʩʦʩʪʘʚ ʦʙʤʝʥʥʳʭ ʢʘʪʠʦʥʦʚ ʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ï ʤʝʪʦʜʦʤ 

ʇʬʝʬʬʝʨʘ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʄʦʣʦʜʮʦʚʘ ʠ ʀʛʥʘʪʦʚʦʡ [ʄʦʣʦʜʮʦʚ, 

ʀʛʥʘʪʦʚʘ, 1975]; 

¶ ʩʫʤʤʘ ʦʩʥʦʚʘʥʠʡ ʚ ʬʦʥʦʚʳʭ ʧʦʯʚʘʭ ʧʦ ʤʝʪʦʜʫ ʂʘʧʧʝʥʘ [ɻʆʉʊ 

27821-2020]; 

¶ ʝʤʢʦʩʪʴ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ (ɽʂʆ) ʨʘʩʩʯʠʪʘʣʠ ʧʫʪʝʤ ʩʣʦʞʝʥʠʷ 

ʩʫʤʤʳ ʦʩʥʦʚʘʥʠʡ ʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ; 

¶ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʦʚ ʠ ʛʠʧʩʘ ï ʧʦ ʤʝʪʦʜʫ ʄʦʣʦʜʮʦʚʘ 

[ʄʦʣʦʜʮʦʚ ʠ ʜʨ., 1979]; 

¶ ʠʦʥʥʦ-ʩʦʣʝʚʦʡ ʩʦʩʪʘʚ ʠʟʫʯʘʣʠ ʚ ʚʦʜʥʦʡ ʚʳʪʷʞʢʝ (ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

ʧʦʯʚʘ : ʚʦʜʘ ʨʘʚʥʳʤ 1:5) [ɸʨʠʥʫʰʢʠʥʘ, 1970]: Na+ ʠ ʂ+ ï 

ʧʣʘʤʝʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, Cl- ï ʘʨʛʝʥʪʦʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ ʧʦ ʄʦʨʫ, SO4
2- ï ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ (ʚʝʩʦʚʳʤ) ʤʝʪʦʜʦʤ; 

HCO3
- ï ʪʠʪʨʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʦʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ; Ca2+, Mg2+ ï 

ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʩʫʤʤʘ ʩʦʣʝʡ (%) ʠ ʩʫʤʤʘ 

ʪʦʢʩʠʯʥʳʭ ʩʦʣʝʡ (%) ï ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʦʤ; 

¶ ʧʣʦʪʥʳʡ ʦʩʪʘʪʦʢ ï ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ [ɻʆʉʊ 26423-85]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʪʦʯʥʠʣʠ ʜʠʘʛʥʦʩʪʠʢʫ 

ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʦʧʨʝʜʝʣʠʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʧʦʯʚ ʈʌ 
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[ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʯʚé, 2004] ʠ ʤʠʨʦʚʦʡ ʨʝʬʝʨʘʪʠʚʥʦʡ ʙʘʟʦʡ 

ʧʦʯʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ [WRB, 2022]. 

ɺ 2022 ʛ. ʥʘ ʢʦʥʪʨʦʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʚ ʜʦʣʠʥʘʭ ʨʝʢ ʏʝʨʥʘʷ ʠ ʃʝʥʚʘ ʚ 

ʧʦʯʚʝʥʥʳʭ ʧʨʠʢʦʧʢʘʭ ʧʨʦʚʝʣʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʜʠʥʘʤʠʢʦʡ ʧʦʢʘʟʘʪʝʣʝʡ ʨʅ ʠ 

Eh ï ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʧʦʨʪʘʪʠʚʥʦʛʦ ʨʅ ʤʝʪʨʘ HI-

9125 (Hanna Instruments, ɻʝʨʤʘʥʠʷ), ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘʤʠ ʨʝʜʦʢʩ HI 

3230, ʨʅ HI 1230 ʠ ʪʝʨʤʦʢʦʤʧʝʥʩʘʪʦʨʦʤ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʝʣʠ ʥʘ ʛʣʫʙʠʥʘʭ 

10Ñ2, 20Ñ2, 30Ñ2, 40Ñ2 ʩʤ ï ʚ ʪʨʝʭʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ, ʚ ʧʝʨʠʦʜ ʩ 17 ʠʶʥʷ 

ʧʦ 7 ʩʝʥʪʷʙʨʷ 2022 ʛ.: 17.06, 04.07, 14.07, 25.07, 02.08 ʠ 07.09. ʉʦʧʨʷʞʝʥʥʦ ʠʟ 

ʧʨʠʢʦʧʦʢ ʦʪʙʠʨʘʣʠ ʩʤʝʰʘʥʥʳʝ ʧʦʯʚʝʥʥʳʝ ʧʨʦʙʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʝʚʦʡ ʚʣʘʞʥʦʩʪʠ ï ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʞʠʤʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʧʦʣʝʚʦʡ ʚʣʘʞʥʦʩʪʴʶ, 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ (Eh), ʚʝʣʠʯʠʥʦʡ ʨʅ ʙʳʣʠ 

ʦʙʨʘʙʦʪʘʥʳ ʤʝʪʦʜʦʤ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ; ʘʜʝʢʚʘʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʦʮʝʥʠʣʠ ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ ʥʫʣʝʚʦʡ ʛʠʧʦʪʝʟʳ ʈ <0,05. 

ʇʣʦʱʘʜʠ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ ʨʘʩʩʯʠʪʘʥʳ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ 

ArcMap 10.5. ʂʦʥʪʫʨʳ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʚʳʜʝʣʷʣʠʩʴ ʥʘ ʢʦʩʤʦʩʥʠʤʢʘʭ ʥʘ 

ʦʩʥʦʚʝ ʚʠʟʫʘʣʴʥʦʛʦ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʠ ʧʦʣʝʚʳʭ ʧʨʦʚʝʨʦʢ. 
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ɻʃɸɺɸ 3. ʈɸɿɺʀʊʀɽ ʉʆʃʆʅʏɸʂʆɺʆɻʆ ʇʆʏɺʆʆɹʈɸɿʆɺɸʅʀʗ ɺ 

ɸʃʃʖɺʀɸʃʔʅʓʍ ʇʆʏɺɸʍ 

3.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʦʥʦʚʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ɺʷʪʩʢʦ-ʂʘʤʩʢʦʡ 

ʧʦʯʚʝʥʥʦʡ ʧʨʦʚʠʥʮʠʠ 

ɿʦʥʘʣʴʥʳʝ ʧʦʯʚʳ ʪʘʝʞʥʦ-ʣʝʩʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʥʝʟʘʩʦʣʝʥʥʳʝ ʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʠʩʣʦʡ ʨʝʘʢʮʠʝʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ [ʇʝʨʝʣʴʤʘʥ, 

1966; ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999]. ʃʘʥʜʰʘʬʪʳ ʨʝʯʥʳʭ ʜʦʣʠʥ ʪʘʝʞʥʦ-ʣʝʩʥʦʡ 

ʟʦʥʳ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʦʪʥʝʩʝʥʳ ʢ ʧʨʝʩʥʳʤ ʢʠʩʣʦʨʦʜʥʦ-ʛʣʝʝʚʳʤ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʳʤ ʣʘʥʜʰʘʬʪʘʤ ʢʠʩʣʦʛʦ ʢʣʘʩʩʘ [ʍʘʡʨʫʣʠʥʘ, 

2022].  

ʌʦʥʦʚʳʝ ʧʦʯʚʳ ʜʦʣʠʥ ʤʘʣʳʭ ʨʝʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʭ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʩ ʪʝʨʨʠʪʦʨʠʠ ɺʷʪʩʢʦ-ʂʘʤʩʢʦʡ ʧʦʯʚʝʥʥʦʡ ʧʨʦʚʠʥʮʠʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ɼʦʙʨʷʥʩʢʦʤ ʨʘʡʦʥʝ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ.  

ʈʘʟʨʝʟ 20 ʥʘ ʬʦʥʦʚʦʡ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʝʨʦʛʫʤʫʩʦʚʦʡ ʛʣʝʝʚʦʡ ʧʦʯʚʝ (ʨʠʩ. 

9) ʟʘʣʦʞʝʥ ʚ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʘʭ ʦʪ ʨʫʩʣʘ ʨ. ʅʠʞʥʠʡ ʃʫʭ, ʧʦʜ ʦʩʦʢʦʚʦ-

ʟʣʘʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ (ʦʩʦʢʘ, ʢʦʩʪʨʝʮ, ʚʝʡʥʠʢ, ʢʨʘʧʠʚʘ, 

ʠʚʘʥ-ʯʘʡ, ʙʦʜʷʢ, ʭʚʦʱ, ʱʠʪʦʚʥʠʢ ʠ ʜʨ.). 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ: 

ɸYg ï ʩʝʨʦʛʫʤʫʩʦʚʳʡ ʛʣʝʝʚʘʪʳʡ, 0-10/8 ʩʤ; ʙʫʨʦʚʘʪʦ-ʩʝʨʳʡ, 

ʢʦʤʢʦʚʘʪʳʡ, ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʡ, ʤʘʞʫʱʠʡʩʷ, ʩ ʦʯʝʥʴ ʦʙʠʣʴʥʳʤʠ ʢʦʨʥʷʤʠ; 

ʧʝʨʝʭʦʜ ʧʦʩʪʝʧʝʥʥʳʡ ʚʦʣʥʠʩʪʳʡ. 

G~~ ï ʛʣʝʝʚr ʡ, 10-37 ʩʤ; ʙʫʨʦʚʘʪʦ-ʩʠʟʳʡ ʩ ʨʞʘʚʦ-ʨʳʞʠʤʠ ʧʷʪʥʘʤʠ; 

ʩʫʧʝʩʯʘʥʳʡ, ʨʳʭʣʳʡ, ʩʣʘʙʦʣʠʧʢʠʡ, ʩʳʨʦʡ, ʩʦʜʝʨʞʠʪ ʢʦʨʥʠ, ʧʝʨʝʭʦʜ 

ʧʦʩʪʝʧʝʥʥʳʡ.  

CG~~ >37 ʩʤ ï ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʛʣʝʝʚʘʷ ʧʦʨʦʜʘ, ʩʝʨʦ-ʩʠʟʘʷ, ʧʝʩʯʘʥʘʷ, 

ʛʨʫʥʪʦʚʘʷ ʚʦʜʘ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 40 ʩʤ. 

ʉʠʟʳʝ ʦʪʪʝʥʢʠ ʚ ʦʢʨʘʩʢʝ ʧʦʯʚʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʨʘʟʚʠʪʠʝ ʦʛʣʝʝʥʠʷ. 

ʍʦʣʦʜʥʳʝ ʦʪʪʝʥʢʠ (ʩʠʟʳʡ, ʟʝʣʝʥʦʚʘʪʳʡ, ʩʝʨʦ-ʛʦʣʫʙʦʡ) ʪʨʘʜʠʮʠʦʥʥʦ 
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ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʧʦʯʚ ʠ ʧʨʠʩʫʪʩʪʚʠʷ 

ʩʦʝʜʠʥʝʥʠʡ Fe (II) [ɿʘʡʜʝʣʴʤʘʥ, 2004; ʉʤʠʨʥʦʚʘ, ʂʦʟʣʦʚ, 2023]. 

 

ʈʠʩʫʥʦʢ 9 ï ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʦ ʦʛʣʝʝʥʥʘʷ 

ʧʦʯʚʘ ʚ ʜʦʣʠʥʝ ʨ. ʅʠʞʥʠʡ ʃʫʭ (ʨʘʟʨʝʟ 20) 

ʈʘʟʨʝʟ 21 ʥʘ ʬʦʥʦʚʦʡ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʝʨʦʛʫʤʫʩʦʚʦʡ ʛʣʝʝʚʘʪʦʡ ʧʦʯʚʝ 

(ʨʠʩ. 10) ʟʘʣʦʞʝʥ ʚ 3-4 ʤ ʦʪ ʨʫʩʣʘ ʨ. ɹʦʣʴʰʦʡ ɺʠʩʠʤ, ʧʦʜ ʦʩʦʢʦʚʦ-ʟʣʘʢʦʚʦ-

ʨʘʟʥʦʪʨʘʚʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ (ʜʫʜʥʠʢ, ʦʩʦʢʘ, ʢʦʩʪʨʝʮ ʙʝʟʦʩʪʳʡ, ʚʝʡʥʠʢ, 

ʠʚʘʥ-ʯʘʡ, ʙʦʜʷʢ, ʭʚʦʱ, ʢʠʩʣʠʮʘ, ʱʠʪʦʚʥʠʢ ʠ ʜʨ.). 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ: 

ɸYg ï ʩʝʨʦʛʫʤʫʩʦʚʳʡ ʛʣʝʝʚʘʪʳʡ, 0-11(9) ʩʤ; ʩʝʨʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʦ-

ʙʫʨʳʡ, ʨʳʭʣʳʡ, ʢʦʤʢʦʚʘʪʳʡ; ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʡ; ʚʣʘʞʥʳʡ, ʩ ʦʙʠʣʴʥʳʤʠ 

ʢʦʨʥʷʤʠ ʠ ʚʩʪʨʝʯʘʶʪʩʷ ʨʞʘʚʳʝ ʧʨʦʞʠʣʦʯʢʠ ʠ ʧʷʪʥʘ; ʧʝʨʝʭʦʜ ʟʘʤʝʪʥʳʡ 

ʨʦʚʥʳʡ. 

ɸY/ʉg~~ ï ʧʝʨʝʭʦʜʥʳʡ ʛʣʝʝʚʘʪʳʡ 11-26/15 ʩʤ; ʞʝʣʪʦʚʘʪʦ-ʙʫʨʳʡ ʩ 

ʨʞʘʚʳʤʠ ʧʷʪʥʘʤʠ ʠ ʧʨʦʞʠʣʢʘʤʠ; ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʩʫʛʣʠʥʠʩʪʳʡ, ʩʳʨʦʡ, 

ʢʦʨʥʝʡ ʤʥʦʛʦ, ʦʙʣʦʤʢʠ ʛʥʠʶʱʝʡ ʜʨʝʚʝʩʠʥʳ.  

Cg~~ ïʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʧʦʨʦʜʘ c ʛʣʫʙʠʥʳ 26 ʩʤ ï ʙʫʨʦʚʘʪʳʡ ʩʫʛʣʠʥʦʢ. 

ʉʦʯʠʪʩʷ ʚʦʜʘ.  
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ɺ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʧʨʦʬʠʣʷ ʦʙʝʠʭ ʬʦʥʦʚʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʞʘʚʳʝ ʧʨʦʞʠʣʦʯʢʠ ʠ ʧ̫ ʪʥʘ, ʢʦʪʦʨʳʝ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʩʤʝʥʝ ʧʦʩʪʦʷʥʥʦʛʦ ʟʘʩʪʦʡʥʦʛʦ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʥʘ 

ʟʘʩʪʦʡʥʦ-ʧʨʦʤʳʚʥʦʡ [ʊʘʨʛʫʣʴʷʥ ʠ ʜʨ., 1987; ɿʘʡʜʝʣʴʤʘʥ, 2004.]. 

 

ʈʠʩʫʥʦʢ 10 ï ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʦ ʦʛʣʝʝʥʥʘʷ 

ʧʦʯʚʘ ʚ ʜʦʣʠʥʝ ʨ. ɹʦʣʴʰʦʡ ɺʠʩʠʤ (ʨʘʟʨʝʟ 21) 

ʋ ʬʦʥʦʚʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʝʨʦʛʫʤʫʩʦʚʳʭ ʧʦʯʚ ʤʝʣʢʠʝ ʧʦ ʤʦʱʥʦʩʪʠ 

ʛʫʤʫʩʦʚʳʝ ʛʦʨʠʟʦʥʪʳ (ʦʢʦʣʦ 10 ʩʤ), ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʛʫʤʫʩʘ ʦʥʠ ʤʘʣʦ 

ʛʫʤʫʩʠʨʦʚʘʥʥʳʝ. ɽʤʢʦʩʪʴ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʩʚʷʟʘʥʘ ʩ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ; ʧʦʛʣʦʪʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʨʘʡʥʝ ʥʠʟʢʘʷ ʫ ʤʠʥʝʨʘʣʴʥʳʭ 

ʧʝʩʯʘʥʳʭ ʠ ʩʫʧʝʩʯʘʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʥʠʟʢʘʷ ï ʫ ʛʫʤʫʩʦʚʳʭ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʭ 

ʛʦʨʠʟʦʥʪʦʚ. ʇʦ ʚʝʣʠʯʠʥʝ ʨʅʚʦʜ ʧʦʯʚʳ ʠʤʝʶʪ ʩʠʣʴʥʦʢʠʩʣʫʶ ʠ ʩʣʘʙʦʢʠʩʣʫʶ 

ʨʝʘʢʮʠʶ ʩʨʝʜʳ (5,1-6,0 ʨʅ), ʩʣʘʙʦʥʘʩʳʱʝʥʳ ʦʩʥʦʚʘʥʠʷʤʠ (V = 50-61%) 

(ʪʘʙʣ. 1). 

ʉʚʦʡʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʜʦʣʠʥ ʤʘʣʳʭ ʨʝʢ 

ʇʨʠʢʘʤʴʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʱʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʪʘʝʞʥʦ-

ʣʝʩʥʦʡ ʟʦʥʳ, ʪʘʢʠʤ ʢʘʢ, ʩʝʨʦ-ʙʫʨʘʷ ʦʢʨʘʩʢʘ, ʢʠʩʣʘʷ ʨʝʘʢʮʠʷ ʩʨʝʜʳ ʠ 
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ʥʝʥʘʩʳʱʝʥʥʦʩʪʴ ʦʩʥʦʚʘʥʠʷʤʠ, ʧʨʠʟʥʘʢʠ ʦʛʣʝʝʥʠʷ [ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʠ ʜʨ., 

2011]. 

 

ʊʘʙʣʠʮʘ 1 ï ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʦʥʦʚʳʭ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ  

ʈʘʩʧʦʣʦʞʝʥʠʝ 

ʨʘʟʨʝʟʘ 
ɻʦʨʠʟʦʥʪ 

ɻʣʫʙʠʥʘ, 

ʩʤ 
ʨʅʚʦʜ ʨʅʩʦʣ 

ʉ, 

% 

H++Al3+ S*  ɽʂʆ 

ʤʤʦʣʴ(ʵʢʚ)/100 ʛ 

ɼʦʣʠʥʘ 

ʨ. ʅ. ʃʫʭ 

AYg 10-20 5,09 4,17 2,22 7,2 7,1 14,3 

G 20-30 5,44 4,31 1,05 4,2 5,7 9,9 

CG 37-47 5,99 5,62 - - - - 

ɼʦʣʠʥʘ 

ʨ. ɹ. ɺʠʩʠʤ 

AYg 3-10 5,30 4,52 1,85 8,2 14,7 22,9 

ɸY/Cg 15-25 5,65 4,85 0,45 5,3 8,4 13,7 

ʇʨʠʤʝʯʘʥʠʝ: S ï ʩʫʤʤʘ ʦʙʤʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ; (-) ï ʥʝ ʦʧʨʝʜʝʣʷʣʦʩʴ. 

 

ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʯʚ ʈʦʩʩʠʠ [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ 

ʧʦʯʚ ʈʦʩʩʠʠ, 2004] ʬʦʥʦʚʳʝ ʧʦʯʚʳ ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʝʝ ʥʘʟʚʘʥʠʝ: 

ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʘʷ ʤʘʣʦ ʛʫʤʫʩʠʨʦʚʘʥʥʘʷ 

ʥʝʥʘʩʳʱʝʥʥʘʷ (ʚ ʜʦʣʠʥʝ ʨ. ʅ. ʃʫʭ) / ʩʣʘʙʦʥʘʩʳʱʝʥʥʘ ̫(ʚ ʜʦʣʠʥʝ ʨ. ɹ. ɺʠʩʠʤ) 

ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ (ʚ ʜʦʣʠʥʝ ʨ. ʅ. ʃʫʭ) / ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʘʷ (ʚ ʜʦʣʠʥʝ ʨ. ɹ. 

ɺʠʩʠʤ) ʧʦʯʚʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʠʨʦʚʦʡ ʨʝʬʝʨʘʪʠʚʥʦʡ ʙʘʟʦʡ ʧʦʯʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ 

[WRB, 2022] ʬʦʥʦʚʘʷ ʧʦʯʚʘ ʚ ʜʦʣʠʥʝ ʨ. ʅ. ʃʫʭ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʘ ʢʘʢ Dystric 

Gleyic Fluvisols (Loamic); ʚ ʜʦʣʠʥʝ ʨ. ɹ. ɺʠʩʠʤ ï Eutric Gleyic Fluvisols 

(Loamic). 

3.2. ʀʦʥʥʦ-ʩʦʣʝʚʦʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʦʪʭʦʜʦʚ ʦʪʚʘʣʴʥʦ-ʰʣʘʤʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʉʦʛʣʘʩʥʦ ʦʪʢʨʳʪʳʤ ʠʩʪʦʯʥʠʢʘʤ, ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛ. ɹʝʨʝʟʥʠʢʠ 

ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʦʪʭʦʜʦʚ ʧʨʝʜʧʨʠʷʪʠʝʤ ʇɸʆ «ʋʨʘʣʢʘʣʠʡ» ʥʘʯʘʣʦʩʴ ʚ 60-70 ʛʛ. 

XX ʚ., ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʝʜʝʣʘʭ ʨʘʟʚʠʪʦʡ ʨʝʯʥʦʡ ʩʝʪʠ ʨʘʩʧʦʣʦʞʝʥʳ 4 
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ʩʦʣʝʦʪʚʘʣʘ ʠ 4 ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ. ɿʘ ʧʦʣʩʪʦʣʝʪʠʷ ʦʪ ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ 

ɹʝʨʝʟʥʠʢʦʚʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʨʫʜʦʫʧʨʘʚʣʝʥʠʷ ɹʂʇʈʋ-2 ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʨʫʯʴʷ ʇʦʥʘʤʘʨʝʚʩʢʠʡ ʃʦʛ (ʧʨʠʪʦʢ ʨ. ɿʳʨʷʥʢʘ) ʦʙʨʘʟʦʚʘʣʩʷ 

ʦʨʝʦʣ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 3,5 ʢʤ ʠ ʰʠʨʠʥʦʡ 

1-3 ʢʤ. ɼʨʫʛʘʷ ʯʘʩʪʴ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʨʘʩʩʦʣʦʚ ʤʠʛʨʠʨʫʝʪ ʚ ʶʞʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʨʘʟʛʨʫʞʘʝʪʩʷ ʚ ʨ. ʃʝʥʚʘ. ʆʙʲʝʢʪʳ ʦʪʚʘʣʴʥʦ-ʰʣʘʤʦʚʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ɹʂʇʈʋ-3 ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʨʝʢ ɺʦʣʠʤ, ʏʝʨʥʘʷ ʠ 

ʃʝʥʚʘ. ɺ ʩʝʚʝʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʰʣʘʤʦʥʘʢʦʧʠʪʝʣʷ ɹʂʇʈʋ-3 

ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʦʨʝʦʣ ʟʘʩʦʣʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʰʠʨʠʥʦʡ ʜʦ 2,5 ʢʤ. ʆʪ 

ʧʨʦʤʧʣʦʱʘʜʢʠ ʠ ʩʦʣʝʦʪʚʘʣʘ ɹʂʇʈʋ-4 ʦʙʨʘʟʦʚʘʣʩʷ ʦʨʝʦʣ ʟʘʩʦʣʝʥʠʷ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 1 ʢʤ ʠ ʰʠʨʠʥʦʡ ʜʦ 1,5 ʢʤ, ʚʳʪʷʥʫʪʳʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʨ. ɹʳʛʝʣʴ, ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʜʦʚ ʚ ʢʦʪʦʨʦʤ ʩʦʩʪʘʚʣʷʝʪ 0,2-2,0 ʛ/ʣ [ɹʘʙʦʰʢʦ, 

ɹʘʯʫʨʠʥ, 2004; ʐʝʡʥʢʤʘʥ, ʀʚʣʠʝʚʘ, 2023]. 

ʇʦʜ ʚʣʠʷʥʠʝʤ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʩʦʣʝʚʳʝ ʦʪʭʦʜʳ ʨʘʩʪʚʦʨʷʶʪʩʷ, 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʨʘʩʩʦʣʳ ʷʚʣʷʶʪʩʷ ʬʘʢʪʦʨʦʤ ʟʘʩʦʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ; ʩʦʣʠ ʠʟ ʰʣʘʤʦʥʘʢʦʧʠʪʝʣʝʡ ʟʘ ʩʯʝʪ ʠʥʬʠʣʴʪʨʘʮʠʠ ʪʘʢʞʝ 

ʧʦʩʪʫʧʘʶʪ ʚ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ [ʄʘʢʩʠʤʦʚʠʯ ʠ ʜʨ., 2010]. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʜʨʝʥʘʞʥʳʭ ʚʦʜ ʦʪ ʩʦʣʝʦʪʚʘʣʦʚ ʠ ʰʣʘʤʦʭʨʘʥʠʣʠʱ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʭʣʦʨʠʜʥʦ-

ʥʘʪʨʠʝʚʳʤ ʩʦʩʪʘʚʦʤ. ɼʨʝʥʘʞʥʳʝ ʚʦʜʳ ʧʦʧʦʣʥʷʶʪ ʤʝʩʪʥʳʝ ʚʦʜʦʥʦʩʥʳʝ 

ʛʦʨʠʟʦʥʪʳ. ɺ ʧʨʦʮʝʩʩʝ ʤʠʛʨʘʮʠʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ 

[ʍʘʡʨʫʣʠʥʘ, 2022].  

ʇʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʚ ʜʦʣʠʥʝ ʨ. ɹʳʛʝʣʴ, ʟʘʣʝʛʘʶʱʠʝ ʥʘ ʛʣʫʙʠʥʝ 

90-120 ʩʤ, ʧʦ ʩʪʝʧʝʥʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʩʩʦʣʘʤ [ʆʚʯʠʥʥʠʢʦʚ, 

1970; ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʯʚ, 1977] (ʪʘʙʣ. 2). ʉʦʛʣʘʩʥʦ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʫ [1982] 

ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʩʣʘʙʦʢʠʩʣʳʭ ʚʦʜ. ʉʨʝʜʠ ʘʥʠʦʥʦʚ ʚ ʥʠʭ 

ʧʨʝʦʙʣʘʜʘʣʠ ʭʣʦʨʠʜʳ, ʥʘ ʜʦʣʶ ʩʫʣʴʬʘʪʦʚ ʧʨʠʭʦʜʠʣʦʩʴ ʦʢʦʣʦ 4% ʦʪ ʩʫʤʤʳ 

ʘʥʠʦʥʦʚ. ɺ ʩʦʩʪʘʚʝ ʢʘʪʠʦʥʦʚ ʜʦʤʠʥʠʨʦʚʘʣʠ Na+ ʠ ʂ+, ʪ.ʝ. ʭʠʤʠʟʤ ʚʦʜ ʙʳʣ 

ʭʣʦʨʠʜʥʳʤ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʳʤ.  
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ʊʘʙʣʠʮʘ 2 ï ʉʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʚ ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ ʜʦʣʠʥʳ 

ʨ. ɹʳʛʝʣʴ, ʤʤʦʣʴ(ʵʢʚ)/ʣ 

ʨʅ 
ʄʠʥʝʨʘʣʠʟʘʮʠʷ,  

ʛ/ʣ 
Ca2+ Mg2+ Na+ K+ ClȤ SO4

2Ȥ HCO3
- 

6,3 111,4 108 26 1080 494 1644 67 0 

6,5 106,9 48 11 1070 500 1564 63 0 

 

ʍʠʤʠʟʤ ʚʦʜ ʨ. ɹʳʛʝʣʴ ʙʳʣ ʭʣʦʨʠʜʥʳʤ ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʤ; ʧʦ 

ʩʪʝʧʝʥʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʩʦʛʣʘʩʥʦ ɸ.ʄ. ʆʚʯʠʥʥʠʢʦʚʫ [1970], ʚʦʜʳ ʦʪʥʦʩʷʪʩʷ 

ʢ ʢʘʪʝʛʦʨʠʠ ʩʦʣʝʥʳʭ ʚʦʜ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜ ʩʦʣʝʥʦʛʦ ʨʫʯʴʷ ʚ ʜʦʣʠʥʝ 

ʨ. ʏʝʨʥʘʷ, ʩʦʩʪʘʚʣʷʣʘ 26 ʛ/ʣ (ʪʘʙʣ. 3), ʯʪʦ, ʩʦʛʣʘʩʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʢʨʠʪʝʨʠʷʤ 

[ʆʚʯʠʥʥʠʢʦʚ, 1970], ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʠʭ ʢ ʢʘʪʝʛʦʨʠʠ ʚʦʜ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʩʦʣʝʥʦʩʪʴʶ. ɺʦʜʳ ʨʫʯʴʷ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʩʣʘʙʦʢʠʩʣʳʭ ʚʦʜ [ʇʝʨʝʣʴʤʘʥ, 

1982], ʩʨʝʜʠ ʢʘʪʠʦʥʦʚ ʚ ʥʠʭ ʧʨʝʦʙʣʘʜʘʶʪ Na+ ʠ Ca2+, ʩʨʝʜʠ ʘʥʠʦʥʦʚ 

ʜʦʤʠʥʠʨʫʶʪ ʭʣʦʨʠʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʠʤʠʟʤ ʚʦʜ ʩʦʣʝʥʦʛʦ ʨʫʯʴʷ ʙʳʣ 

ʭʣʦʨʠʜʥʳʤ ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʤ. 

 

ʊʘʙʣʠʮʘ 3 ï ʉʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʭ 

ʚʦʜʘʭ ʜʦʣʠʥʳ ʨ. ʏʝʨʥʘʷ, ʤʤʦʣʴ(ʵʢʚ)/ʣ 

ʄʝʩʪʦ 

ʦʪʙʦʨʘ 
ʨʅ ʄ*, ʛ/ʣ Ca2+ Mg2+ Na+ K+ ClȤ SO4

2Ȥ HCO3Ȥ 

ʉʦʣʝʥʳʡ 

ʨʫʯʝʡ 
6,4 25,8 118 79 248 21 397 25 2 

ʈʝʢʘ ʏʝʨʥʘʷ 7,0 5,7 40 8 30 2 71 11 2 

ɻʨʫʥʪʦʚʳʝ 

ʚʦʜʳ 

6,3 12,4 38 22 115 23 177 12 4 

6,2 5,7 10 3 63 11 79 6 0 

ʇʨʠʤʝʯʘʥʠʝ: * ï ʤʠʥʝʨʘʣʠʟʘʮʠʷ 

 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ [ʆʚʯʠʥʥʠʢʦʚ, 1970], ʧʦʯʚʝʥʥʦ-

ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʚʦʜ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʦʣʝʥʦʩʪʴʶ. ʉʨʝʜʠ 

ʢʘʪʠʦʥʦʚ ʚ ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ ʜʦʤʠʥʠʨʦʚʘʣ Na+, ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ, ʢʘʢ ʧʨʘʚʠʣʦ, 
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ʙʳʣ Ca2+. ɺ ʩʦʩʪʘʚʝ ʘʥʠʦʥʦʚ ʧʨʝʦʙʣʘʜʘʣʠ ʭʣʦʨʠʜʳ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ SO4
2Ȥ ʩʦʩʪʘʚʣʷʣʦ 6-7% ʦʪ ʩʫʤʤʳ ʘʥʠʦʥʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʭʠʤʠʟʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚ ʜʦʣʠʥʝ ʨ. ʏʝʨʥʘʷ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʡ. ʇʦ ʱʝʣʦʯʥʦ-

ʢʠʩʣʦʪʥʳʤ ʫʩʣʦʚʠʷʤ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʦʪʥʝʩʣʠ ʢ ʢʣʘʩʩʫ ʩʣʘʙʦʢʠʩʣʳʭ ʚʦʜ 

[ʇʝʨʝʣʴʤʘʥ, 1982]. 

ɺʦʜʳ ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ ɹʂʇʈʋ-3 ʧʦ ʩʪʝʧʝʥʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʩʦʛʣʘʩʥʦ 

ɸ.ʄ. ʆʚʯʠʥʥʠʢʦʚʫ [1970], ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʩʩʦʣʘʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʝʡʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʩʦʣʝʡ (ʪʘʙʣ. 4). ɺ ʚʦʜʘʭ ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ ʩʨʝʜʠ 

ʘʥʠʦʥʦʚ ʧʨʝʦʙʣʘʜʘʣʠ ʭʣʦʨʠʜʳ, ʥʘ ʩʫʣʴʬʘʪ-ʠʦʥʳ ʧʨʠʭʦʜʠʣʦʩʴ ʦʢʦʣʦ 3% ʦʪ 

ʩʫʤʤʳ ʘʥʠʦʥʦʚ. ɺ ʩʦʩʪʘʚʝ ʢʘʪʠʦʥʦʚ ʜʦʤʠʥʠʨʦʚʘʣʠ Na+ ʠ ʂ+, ʜʦʣʷ Ca2+ ʠ Mg2+ 

ʩʦʩʪʘʚʣʷʣʘ ʤʝʥʝʝ 4%. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʭʠʤʠʟʤ ʚʦʜ ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ ʙʳʣ 

ʭʣʦʨʠʜʥʳʤ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʳʤ. ɺʦʜʳ ʤʝʣʢʦʚʦʜʥʦʛʦ ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʚʦʜʦʝʤʘ 

ʚ ʜʦʣʠʥʝ ʨ. ʃʝʥʚʘ ʠʤʝʣʠ ʧʦʜʦʙʥʳʡ ʭʠʤʠʟʤ ʧʨʠ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ [Eremchenko, Pakhorukov, Shestakov, 2020].  

ɺʦʜʳ ʨ. ʃʝʥʚʘ ʙʳʣʠ ʥʝʩʢʦʣʴʢʦ ʤʝʥʝʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ (ʛʨʫʧʧʘ ʚʦʜ 

ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʦʣʝʥʦʩʪʴʶ) [ʧʦ ʆʚʯʠʥʥʠʢʦʚʫ, 1970] ʠ ʭʣʦʨʠʜʥʳʤʠ ʤʘʛʥʠʝʚʦ-

ʥʘʪʨʠʝʚʳʤʠ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. ʈʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʘʡʦʥʝ 

ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ ʩʫʭʦʡ ʦʩʪʘʪʦʢ ʨʝʯʥʦʡ ʚʦʜʳ ʢʦʣʝʙʘʣʩʷ ʚ ʧʨʝʜʝʣʘʭ 8-13 ʛ/ʣ 

[ʍʘʡʨʫʣʠʥʘ, 2018]. 

 

ʊʘʙʣʠʮʘ 4 ï ʉʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʚ ʚʦʜʘʭ ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ, ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ ʜʦʣʠʥʳ ʨ. ʃʝʥʚʘ, ʤʤʦʣʴ(ʵʢʚ)/ʣ 

ʄʝʩʪʦ ʦʪʙʦʨʘ ʨʅ 
ʄ*, 

ʛ/ʣ 
Ca2+ Mg2+ Na+ K+ ClȤ SO4

2Ȥ HCO3Ȥ 

ʐʣʘʤʦʭʨʘʥʠʣʠʱʝ 6,8 99,0 80 8 1150 434 1520 40 2 

ɿʘʙʦʣʦʯʝʥʥʳʡ 

ʚʦʜʦʝʤ 
6,7 109,8 137 29 1238 434 1625 40 2 

ɻʨʫʥʪʦʚʳʝ ʚʦʜʳ 6,5 40,0 110 29 350 180 550 10 2 

ʈʝʢʘ ʃʝʥʚʘ 6,5 15,3 51 17 113 32 212 6 2 

ʇʨʠʤʝʯʘʥʠʝ: ʄ* ï ʤʠʥʝʨʘʣʠʟʘʮʠʷ 
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ʉʦʩʪʘʚ ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚ ʜʦʣʠʥʝ ʨ. ʃʝʥʚʘ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʦʣʝʥʦʡ ʨʝʯʥʦʡ ʚʦʜʳ ʠ ʧʦʜʟʝʤʥʳʭ ʩʦʣʝʥʳʭ ʚʦʜ, ʤʠʛʨʠʨʫʶʱʠʭ 

ʧʦ ʫʢʣʦʥʫ ʤʝʩʪʥʦʩʪʠ ʦʪ ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ. ʉʪʝʧʝʥʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʩʦʩʪʘʚʣʷʣʘ 40 ʛ/ʣ, ʧʦ ɸ.ʄ. ʆʚʯʠʥʥʠʢʦʚʫ [1970] 

ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʚʦʜ, ʧʝʨʝʭʦʜʥʳʭ ʢ ʨʘʩʩʦʣʘʤ. ʍʠʤʠʟʤ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʙʳʣ ʭʣʦʨʠʜʥʳʤ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʳʤ. 

ʇʦ ʱʝʣʦʯʥʦ-ʢʠʩʣʦʪʥʳʤ ʫʩʣʦʚʠʷʤ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʧʦʯʚʝʥʥʦ-

ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʜʦʣʠʥʳ ʨ. ʃʝʥʚʘ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʥʝʡʪʨʘʣʴʥʳʭ ʠ 

ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʚʦʜ [ʇʝʨʝʣʴʤʘʥ, 1982]. 

3.3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ 

ʇʨʠʨʦʜʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ 

ʷʚʣʷʶʪʩʷ ʧʨʝʩʥʳʤʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʳʤʠ 

[ʂʦʧʳʣʦʚ, 2021]. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʢʦʥʪʨʦʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʜʦʣʠʥ 

ʤʘʣʳʭ ʨʝʢ ɹʳʛʝʣʴ, ʏʝʨʥʘʷ ʠ ʃʝʥʚʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ 

ʙʳʣʠ ʩʦʣʝʥʳʤʠ (ʚʧʣʦʪʴ ʜʦ ʨʘʩʩʦʣʦʚ) ʭʣʦʨʠʜʥʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʠ ʢʘʣʠʝʚʦ-

ʥʘʪʨʠʝʚʦʛʦ ʭʠʤʠʟʤʘ. ɺ ʠʭ ʩʦʩʪʘʚʝ ʥʘ ʜʦʣʶ ʩʫʣʴʬʘʪ-ʠʦʥʦʚ ʧʨʠʭʦʜʠʣʦʩʴ ʦʢʦʣʦ 

2-7% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʥʠʦʥʦʚ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʵʪʠʭ ʚʦʜ ʧʨʦʠʩʭʦʜʠʣʦ 

ʨʘʟʚʠʪʠʝ ʩʦʣʦʥʯʘʢʦʚʦʛʦ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ. 

3.3.1. ʊʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʚ ʜʦʣʠʥʝ ʨ. ɹʳʛʝʣʴ 

ʈʘʟʨʝʟ ˉ 5 ʨʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʨʝʯʥʦʡ ʜʦʣʠʥʳ. 

ʂʦʦʨʜʠʥʘʪʳ ʨʘʟʨʝʟʘ 5 (ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ WGS-84): N 59.27.419, 

E 056.55.052. ʇʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ï 30-40%, ʧʨʦʠʟʨʘʩʪʘʶʪ 

ʙʝʩʢʠʣʴʥʠʮʘ ʨʘʩʩʪʘʚʣʝʥʥʘʷ (Puccinellia distans (Jacq.) Parl.), ʣʝʙʝʜʘ 

ʨʘʩʢʠʜʠʩʪʘʷ (Atriplex patula L.), ʤʘʨʴ ʩʠʟʘʷ (Chenopodium glaucum L.), ʩʠʪʥʠʢ 

ʞʘʙʠʡ (Juncus bufonius L.). ʃʠʰʝʥʥʘʷ ʨʘʩʪʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚʳ ʧʦʢʨʳʪʘ 

ʚʳʮʚʝʪʘʤʠ ʩʦʣʝʡ. ʅʠʞʝ ʩʣʝʜʫʝʪ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʬʠʣʷ 
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ʩʝʨʦʛʫʤʫʩʦʚʦʡ ʘʣʣʶʚʠʘʣʴʥʦʡ ʛʣʝʝʚʦʡ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʦʡ ʧʦʯʚʳ 

(ʨʠʩ. 11). 

 

ʈʠʩʫʥʦʢ 11 ï ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʧʦʯʚʘ ʚ ʜʦʣʠʥʝ ʨ. ɹʳʛʝʣʴ (ʨʘʟʨʝʟ 5) 
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AY ï cʝʨʦʛʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ, 0-10/10 ʩʤ, ʚʝʨʭʥʠʡ ʩʣʦʡ 0-4 ʩʤ 

ʧʝʨʝʧʣʝʪʝʥ ʢʦʨʥʷʤʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ, ʩʚʝʪʣʦʙʫʨʳʡ, ʩʫʛʣʠʥʠʩʪʳʡ, 

ʩʪʨʫʢʪʫʨʘ ʧʦʨʦʰʠʩʪʘʷ, ʚʣʘʞʥʳʡ, ʧʝʨʝʭʦʜ ʦʯʝʥʴ ʧʦʩʪʝʧʝʥʥʳʡ. 

AY/Cg~~ ï ʧʝʨʝʭʦʜʥʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 10-57/47 ʩʤ, ʨʳʞʝʚʘʪʦ-

ʙʫʨʳʡ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʛʦʨʠʟʦʥʪʘ ʧʦʷʚʣʷʶʪʩʷ ʨʞʘʚʳʝ ʧʨʠʤʘʟʢʠ; ʩʣʦʠʩʪʳʡ: 

ʩʣʦʠ ʧʝʩʢʘ ʧʝʨʝʤʝʞʘʶʪʩʷ ʩʫʛʣʠʥʠʩʪʳʤʠ ʩʣʦʷʤʠ; ʢʦʨʥʠ ʪʨʘʚ ʧʨʦʥʠʢʘʶʪ ʜʦ 

ʛʣʫʙʠʥʳ ʦʢʦʣʦ 43-45 ʩʤ; ʧʝʨʝʭʦʜ ʢ ʥʠʞʝʣʝʞʘʱʝʤʫ ʛʦʨʠʟʦʥʪʫ ʟʘʤʝʪʥʳʡ ʧʦ 

ʮʚʝʪʫ ʠ ʩʪʨʫʢʪʫʨʝ. 

[AYg] ï ʧʦʛʨʝʙʝʥʥʳʡ ʛʫʤʫʩʦʚʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 57-80/23 ʩʤ, 

ʪʝʤʥʦ-ʩʝʨʦʡ ʦʢʨʘʩʢʠ, ʤʝʩʪʘʤʠ ʧʦʯʪʠ ʯʝʨʥʳʡ ʩʦ ʩʪʘʣʴʥʳʤ ʙʣʝʩʢʦʤ, ʚ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʧʦʷʚʣʷʶʪʩʷ ʩʠʟʳʝ ʪʦʥʘ; ʧʨʦʥʠʟʘʥ ʦʩʪʘʪʢʘʤʠ ʢʦʨʥʝʡ ʪʨʘʚ, ʩʦʭʨʘʥʠʚʰʠʭ 

ʘʥʘʪʦʤʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʩʪʨʫʢʪʫʨʘ ʢʨʫʧʥʦʟʝʨʥʠʩʪʘʷ ʠ ʤʝʣʢʦʦʨʝʭʦʚʘʪʘʷ; 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʦʨʥʝʚʠʥʳ, ʧʦʢʨʳʪʳʝ ʞʝʣʝʟʠʩʪʳʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ; 

ʩʫʛʣʠʥʠʩʪʳʡ, ʚʣʘʞʥʳʡ; ʧʝʨʝʭʦʜ ʢ ʥʠʞʝʣʝʞʘʱʝʤʫ ʛʦʨʠʟʦʥʪʫ ʧʦʩʪʝʧʝʥʥʳʡ. 

ʉG~~ ï ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʛʣʝʝʚʘʷ ʧʦʨʦʜʘ, 80-127/47 ʩʤ, ʨʳʞʝ-ʩʠʟʦʡ 

ʦʢʨʘʩʢʠ ʩ ʤʥʦʞʝʩʪʚʦʤ ʨʞʘʚʳʭ ʧʷʪʝʥ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʞʘʚʳʝ ʧʷʪʥʘ ʙʦʣʴʰʝʛʦ 

ʨʘʟʤʝʨʘ; ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʡ; ʩ ʛʣʫʙʠʥʳ ʦʢʦʣʦ 124 ʩʤ 

ʩʦʯʠʪʩʷ ʚʦʜʘ. 

ʈʘʟʨʝʟ 6 ʨʘʩʧʦʣʦʞʝʥ ʚ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʧʦʡʤʳ, ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 1 ʤ ʦʪ ʨʫʩʣʘ ʚʳʩʦʭʰʝʛʦ ʨʫʯʴʷ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʛʦ 

ʧʦʢʨʳʪʘ ʚʳʮʚʝʪʘʤʠ ʩʦʣʝʡ. ʂʦʦʨʜʠʥʘʪʳ ʨʘʟʨʝʟʘ 6 (ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ WGS-

84): N 59.27.442, E 056.55.055. ʇʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʝ 

ʙʦʣʝʝ 30-40%, ʧʨʦʠʟʨʘʩʪʘʶʪ ʙʝʩʢʠʣʴʥʠʮʘ ʨʘʩʩʪʘʚʣʝʥʥʘʷ (Puccinellia distans), 

ʣʝʙʝʜʘ ʨʘʩʢʠʜʠʩʪʘʷ (Atriplex patula), ʤʘʪʴ-ʠ-ʤʘʯʝʭʘ (Tussilago farfara L.). 

ʅʠʞʝ ʩʣʝʜʫʝʪ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʬʠʣʷ ʩʝʨʦʛʫʤʫʩʦʚʦʡ 

ʘʣʣʶʚʠʘʣʴʥʦʡ ʛʣʝʝʚʦʡ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʦʡ ʧʦʯʚʳ (ʨʠʩ. 12). 
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ʈʠʩʫʥʦʢ 12 ï ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʧʦʯʚʘ ʚ ʜʦʣʠʥʝ ʨ. ɹʳʛʝʣʴ (ʨʘʟʨʝʟ 6) 
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AYg ï cʝʨʦʛʫʤʫʩʦʚʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 0-10/10 ʩʤ; ʪʝʤʥʦ-ʙʫʨʦʡ 

ʦʢʨʘʩʢʠ ʩ ʪʝʤʥʳʤʠ, ʧʦʯʪʠ ʯʝʨʥʳʤʠ ʧʷʪʥʘʤʠ ʚ ʤʝʩʪʘʭ ʩʢʦʧʣʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ; ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʩʫʛʣʠʥʠʩʪʳʡ, ʚʣʘʞʥʳʡ, ʧʝʨʝʧʣʝʪʝʥ 

ʢʦʨʥʷʤʠ; ʧʝʨʝʭʦʜ ʢ ʥʠʞʝʣʝʞʘʱʝʤʫ ʛʦʨʠʟʦʥʪʫ ʧʦʩʪʝʧʝʥʥʳʡ. 

AY/Cg~~ ï ʧʝʨʝʭʦʜʥʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 10-41/31 ʩʤ; ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʦʢʨʘʩʢʠ: ʨʳʞʝ-ʩʝʨʦ-ʙʫʨʳʡ ʩ ʯʝʨʥʳʤʠ ʧʷʪʥʘʤʠ ʠ ʨʞʘʚʳʤʠ ʧʨʠʤʘʟʢʘʤʠ; 

ʩʣʦʠʩʪʳʡ: ʩʫʛʣʠʥʠʩʪʳʝ ʩʣʦʠ ʯʝʨʝʜʫʶʪʩʷ ʩʦ ʩʣʦʷʤʠ ʧʝʩʢʘ; ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, 

ʚʣʘʞʥʳʡ; ʧʝʨʝʭʦʜ ʢ ʥʠʞʝʣʝʞʘʱʝʤʫ ʛʦʨʠʟʦʥʪʫ ʟʘʤʝʪʥʳʡ. 

[AYg] ï ʧʦʛʨʝʙʝʥʥʳʡ ʛʫʤʫʩʦʚʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 41-56/15 ʩʤ, 

ʪʝʤʥʦ-ʩʝʨʦʡ ʦʢʨʘʩʢʠ, ʩʫʛʣʠʥʠʩʪʳʡ, ʚʢʣʶʯʘʝʪ ʤʘʪʝʨʠʘʣ ʧʣʦʪʥʳʭ ʛʣʠʥʠʩʪʳʭ 

ʢʫʩʦʯʢʦʚ, ʦʙʣʦʤʢʠ ʚʝʪʦʢ, ʜʨʝʚʝʩʠʥʳ, ʤʥʦʞʝʩʪʚʦ ʤʝʣʢʠʭ ʢʦʨʥʝʡ, ʧʝʨʝʭʦʜ ʢ 

ʥʠʞʝʣʝʞʘʱʝʤʫ ʛʦʨʠʟʦʥʪʫ ʧʦʩʪʝʧʝʥʥʳʡ. 

ʉG~~ ï ʛʣʝʝʚʘʷ ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʧʦʨʦʜʘ, 56-95/40 ʩʤ, ʦʢʨʘʩʢʘ ʩʠʟʘʷ, 

ʧʝʩʯʘʥʘʷ, ʙʝʩʩʪʨʫʢʪʫʨʥʘʷ, ʩʳʨʘʷ, ʚʩʪʨʝʯʘʶʪʩʷ ʦʙʣʦʤʢʠ ʢʦʨʥʝʡ ʜʝʨʝʚʴʝʚ; ʩ 

ʛʣʫʙʠʥʳ 93 ʩʤ ʩʦʯʠʪʩʷ ʚʦʜʘ. 

ʍʦʣʦʜʥʘʷ ʦʢʨʘʩʢʘ (ʩʠʟʘʷ) ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʳ ʚ ʦʧʠʩʘʥʥʳʭ 

ʨʘʟʨʝʟʘʭ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ, ʚʦ-ʧʝʨʚʳʭ, ʦʩʚʦʙʦʞʜʝʥʠʝʤ ʚ ʘʥʘʵʨʦʙʥʦʡ 

ʩʨʝʜʝ ʤʠʥʝʨʘʣʴʥʳʭ ʟʝʨʝʥ ʤʝʣʢʦʟʝʤʘ (ʭʣʦʨʠʜʘ, ʧʣʘʛʠʦʢʣʘʟʘ, ʢʚʘʨʮʘ, 

ʢʘʦʣʠʥʠʪʘ, ʙʝʡʜʝʣʠʪʘ ʠ ʜʨ.) ʦʪ ʛʠʜʨʦʦʢʠʩʥʳʭ ʞʝʣʝʟʠʩʪʳʭ ʦʙʦʣʦʯʝʢ ʠ 

ʧʦʷʚʣʝʥʠʝʤ ʠʭ ʩʦʙʩʪʚʝʥʥʦʛʦ ʮʚʝʪʘ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʛʣʝʝʦʙʨʘʟʦʚʘʥʠʠ 

ʦʙʨʘʟʫʝʪʩʷ ʛʦʣʫʙʦʚʘʪʦ-ʟʝʣʝʥʘ ̫ʛʠʜʨʦʟʘʢʠʩ ɹʞʝʣʝʟʘ [ɿʘʡʜʝʣʴʤʘʥ, 2004]. 

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʦʪʤʝʯʝʥʦ ʦʙʠʣʠʝ ʨʞʘʚʳʭ 

ʧʨʠʤʘʟʦʢ, ʢʦʪʦʨʳʝ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʩʤʝʥʝ ʧʦʩʪʦʷʥʥʦʛʦ 

ʟʘʩʪʦʡʥʦʛʦ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʥʘ ʟʘʩʪʦʡʥʦ-ʧʨʦʤʳʚʥʦʡ [ʊʘʨʛʫʣʴʷʥ ʠ ʜʨ., 1987; 

ɿʘʡʜʝʣʴʤʘʥ, 2004]. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʠʟʥʘʢʘʤʠ ʛʣʝʝʛʝʥʝʟʘ ʭʘʨʘʢʪʝʨʥʳʤʠ, ʜʣʷ ʬʦʥʦʚʳʭ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ, ʚ ʧʨʦʬʠʣʝ ʦʙʦʠʭ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʯʝʨʥʘ ̫ ʦʢʨʘʩʢʘ ʠ ʯʝʨʥʳʝ ʧʷʪʥʘ, ʚʦʟʤʦʞʥʦ, ʵʪʦ ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʫʣʴʬʠʜʦʚ ʞʝʣʝʟʘ. ʇʦʪʝʥʮʠʘʣ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʣʴʬʠʜʦʚ ʚ ʵʪʠʭ ʧʦʯʚʘʭ 
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ʠʤʝʝʪʩʷ, ʪ.ʢ. ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʩʫʣʴʬʘʪ-ʠʦʥʦʚ, 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ [Ivarson et al, 1982; 

Kittrick  et al, 1982; Pons et al, 1982; Fanning, 2017]. ʆʙʠʣʠʝ ʞʝʣʝʟʠʩʪʳʭ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʜʚʠʞʥʦʩʪʠ Fe ʚʩʣʝʜʩʪʚʠʝ ʨʝʜʫʢʮʠʠ. ɺ 

ʥʠʞʥʠʭ ʩʣʦʷʭ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʇʨʠʢʘʤʴʷ ʧʨʝʦʙʣʘʜʘʣʠ 

ʘʥʘʵʨʦʙʥʳʝ ʙʘʢʪʝʨʠʠ ʨʦʜʘ Shewanella, ʩʧʦʩʦʙʥʳʝ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʞʝʣʝʟʘ ʠ 

ʤʘʨʛʘʥʮʘ, ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʢ ʧʨʦʜʫʢʮʠʠ ʩʫʣʴʬʠʜʦʚ [ʍʘʡʨʫʣʠʥʘ ʠ 

ʜʨ., 2022]. ʅʘ ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʣʴʬʠʜʥʳʭ ʩʦʣʦʥʯʘʢʦʚ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʇʨʠʢʘʤʴʝ ʫʢʘʟʳʚʘʣʘ ɽ.ɸ. ʍʘʡʨʫʣʠʥʘ [2022].  

ɺ ʧʨʦʬʠʣʝ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʧʦʩʪʦʷʥʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ, ʘʢʢʫʤʫʣʠʨʦʚʘʣʠʩʴ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ 

ʩʦʣʠ (ʨʠʩ. 13, ʧʨʠʣʦʞʝʥʠʝ ɹ). ɺ ʚʦʜʥʦʡ ʚʳʪʷʞʢʝ ʠʟ ʧʦʯʚ ʢʦʣʠʯʝʩʪʚʦ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʳʤ (0,2-0,3 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ). ʉʨʝʜʠ 

ʘʥʠʦʥʦʚ ʜʦʤʠʥʠʨʦʚʘʣʠ ʭʣʦʨʠʜʳ, ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʙʳʣʦ ʥʘ ʫʨʦʚʥʝ 0,7-

74,8 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ ʧʦʯʚʳ. ʂʦʣʠʯʝʩʪʚʦ ʩʫʣʴʬʘʪ-ʠʦʥʦʚ ʥʘʭʦʜʠʣʦʩʴ ʚ 

ʧʨʝʜʝʣʘʭ 1,2-6,8 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ. ʉʨʝʜʠ ʢʘʪʠʦʥʦʚ ʧʨʝʦʙʣʘʜʘʣ Na+, ʥʘ 

ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʙʳʣ K+, ʥʘ ʝʛʦ ʜʦʣʶ ʧʨʠʭʦʜʠʣʦʩʴ ʦʢʦʣʦ 36% ʦʪ 

ʩʫʤʤʳ ʢʘʪʠʦʥʦʚ [ʇʘʭʦʨʫʢʦʚ, ʏʝʪʠʥʘ, ɽʨʝʤʯʝʥʢʦ, 2022]. 

ʄʝʪʦʜʦʤ ʩʚʷʟʳʚʘʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʠʦʥʦʚ ʚ ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʩʦʣʠ 

[ʧʦ: ʄʷʢʠʥʘ, ɸʨʠʥʫʰʢʠʥʘ, 1979] ʚ ʧʦʯʚʘʭ ʜʦʣʠʥʳ ʨ. ɹʳʛʝʣʴ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʭʣʦʨʠʜʦʚ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʣʦʞʝʥʥʳʤʠ ʛʨʘʜʘʮʠʷʤʠ ʟʘʩʦʣʝʥʥʦʩʪʠ 

[ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʯʚé, 2004] ʧʦʯʚʘ ʚ ʨʘʟʨʝʟʝ 5 ʷʚʣʷʝʪʩʷ 

ʩʦʣʦʥʯʘʢʦʚʦʡ, ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʦʡ ï ʚ ʩʝʨʦʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ, ʩ ʭʣʦʨʠʜʥʳʤ 

ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʳʤ ʭʠʤʠʟʤʦʤ (ʨʠʩ. 13, ɸ). ʇʦʯʚʘ ʚ ʨʘʟʨʝʟʝ 6 ï 

ʩʦʣʦʥʯʘʢʦʚʘʪʘʷ, ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʘʷ ï ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ, ʩ ʭʣʦʨʠʜʥʳʤ 

ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʳʤ ʭʠʤʠʟʤʦʤ (ʨʠʩ. 13, ɹ). 
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ɸ ɹ 

ʈʠʩʫʥʦʢ 13 ï ʉʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ (1 ï HCO3
ī; 2 ï Clī; 3 ï SO4

2ī; 4 ï K+; 5 

ï Na+; 6 ï Mg2+; 7 ï Ca2+) ʚ ʚʦʜʥʳʭ ʚʳʪʷʞʢʘʭ ʠʟ ʧʦʯʚ ʚ ʜʦʣʠʥʝ ʨ. ɹʳʛʝʣʴ: ɸ ï 

ʨʘʟʨʝʟ 5, ɹ ï ʨʘʟʨʝʟ 6 

 

ɺ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʜʦʣʠʥʳ ʨ. ɹʳʛʝʣʴ ʩʫʤʤʘ 

ʪʦʢʩʠʯʥʳʭ ʩʦʣʝʡ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 0,2-0,4%, ʥʘʠʙʦʣʴʰʘʷ ʘʢʢʫʤʫʣʷʮʠʷ 

ʪʦʢʩʠʯʥʳʭ ʩʦʣʝʡ (1,6-5,2%), ʧʨʦʩʣʝʞʠʚʘʣʘʩʴ ʚ ʥʠʞʥʝʤ ʧʦʣʫʤʝʪʨʦʚʦʤ ʩʣʦʝ 

(ʧʨʠʣʦʞʝʥʠʝ ɹ) [ʇʘʭʦʨʫʢʦʚ, ʏʝʪʠʥʘ, ɽʨʝʤʯʝʥʢʦ, 2022]. 

ʈʝʘʢʮʠʷ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 

ʩʣʘʙʦʢʠʩʣʦʡ (pHʚʦʜ=6,0) ʜʦ ʩʣʘʙʦʱʝʣʦʯʥʦʡ (pHʚʦʜ=7,8) (ʪʘʙʣ. 5). ʇʨʠʩʫʪʩʪʚʠʝ 

ʘʢʪʫʘʣʴʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʚ ʩʦʣʦʥʯʘʢʦʚʦʡ ʧʦʯʚʝ ʠʟ ʨʘʟʨʝʟʘ 5 ʨʘʩʩʤʘʪʨʠʚʘʝʤ 

ʢʘʢ ʦʩʪʘʪʦʯʥʳʡ ʧʨʠʟʥʘʢ ʢʠʩʣʦʪʥʦʩʪʠ ʬʦʥʦʚʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʪʘʝʞʥʦ-

ʣʝʩʥʦʡ ʟʦʥʳ. ʂʘʨʙʦʥʘʪʳ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,5-1,2%, ʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ ʈ 70229-2022 ʧʦʯʚʳ ʷʚʣʷʶʪʩʷ ʥʝʢʘʨʙʦʥʘʪʥʳʤʠ. 

ʇʨʠʩʫʪʩʪʚʠʷ ʛʠʧʩʘ ʚ ʧʦʯʚʘʭ ʥʝ ʥʘʙʣʶʜʘʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʚ ʜʦʣʠʥʘʭ ʨʝʢ ʏʝʨʥʘʷ, ʃʝʥʚʘ ʠ 

ʋʩʦʣʢʘ (ʩʤ. ʥʠʞʝ), ʩʦʣʦʥʯʘʢʦʚʳʝ ʧʦʯʚʳ ʠʟ ʜʦʣʠʥʳ ʨ. ɹʳʛʝʣʴ ʥʝʢʘʨʙʦʥʘʪʥʳ ʠ 

ʚ ʥʠʭ ʦʪʩʫʪʩʪʚʫʝʪ ʛʠʧʩ. ʉʦʣʝʦʪʚʘʣ ɹʂʇʈʋ ˉ4 ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʪʦʣʴʢʦ ʩ 
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1986 ʛ. ɼʣʷ ʘʢʢʫʤʫʣʷʮʠʠ ʢʘʨʙʦʥʘʪʦʚ ʠ ʛʠʧʩʘ ʚ ʥʝʥʘʩʳʱʝʥʥʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʧʦʯʚʘʭ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ʩʦʣʦʥʯʘʢʦʚʦʛʦ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ.  
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ʊʘʙʣʠʮʘ 5 ï ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ ʚ ʜʦʣʠʥʝ ʨ. ɹʳʛʝʣʴ  

ˉ ʨʘʟʨʝʟʘ ɻʣʫʙʠʥʘ, ʩʤ Cʦʨʛ, % pHʚʦʜ pHʩʦʣ 

ʆʙʤʝʥʥʳʝ ʢʘʪʠʦʥʳ, 

ʤʤʦʣʴ(ʵʢʚ)/100 ʛ 
ɽʂʆ, 

ʤʤʦʣʴ(ʵʢʚ)/100 ʛ 
CO2 ʢʘʨʙ., % 

Ca2+ Mg2+ Na+ K+ H++Al3+ 

5 

0-10 2,73 6,51 5,27 0,80 1,28 4,64 13,67 2,07 22,46 0 

20-30 0,65 6,16 5,21 0,64 0,80 3,48 11,76 1,13 17,81 0 

40-50 - 5,95 5,55 0,80 0,96 3,97 17,39 1,69 24,81 0 

57-67 - 6,42 5,96 0,64 1,12 8,20 19,34 2,45 31,75 0 

81-91 - 6,78 6,15 0,80 0,96 3,81 15,07 0 20,64 1,18 

102-112 - 6,17 5,78 0,96 0,96 3,81 14,69 1,32 21,74 0 

6 

0-10 2,08 7,13 5,22 1,60 1,28 5,97 13,67 0 22,52 0,95 

20-30 0,51 7,45 5,55 1,12 1,28 3,10 6,49 0 11,99 0,47 

41-51 - 7,64 7,14 1,76 1,12 6,13 14,30 0 23,31 1,18 

59-69 - 7,43 6,84 0,96 0,96 2,97 8,16 0 13,05 0,95 

83-93 - 7,77 7,41 1,28 0,96 3,23 8,63 0 14,1 0,71 

ʇʨʠʤʝʯʘʥʠʝ: (-) ï ʥʝ ʦʧʨʝʜʝʣʷʣʦʩʴ. 
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ɺ ʩʦʩʪʘʚʝ ʦʙʤʝʥʥʳʭ ʢʘʪʠʦʥʦʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʧʨʝʦʙʣʘʜʘʶʪ ʠʦʥʳ 

ʂ+, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ 54-70% ʦʪ ʝʤʢʦʩʪʠ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ (ɽʂʆ) 

(ʪʘʙʣ. 5). ʅʘ ʜʦʣʶ ʥʘʪʨʠʷ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 16-26% ɽʂʆ, ʩʦʜʝʨʞʘʥʠʝ 

ʦʙʤʝʥʥʦʛʦ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʙʳʣʦ ʥʝʙʦʣʴʰʠʤ [ʇʘʭʦʨʫʢʦʚ, ʏʝʪʠʥʘ, 

ɽʨʝʤʯʝʥʢʦ, 2022]. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʦʙʤʝʥʥʦʛʦ ʥʘʪʨʠʷ ʜʘʥʥʳʝ ʧʦʯʚʳ ʤʦʞʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʤʘʣʦʥʘʪʨʠʝʚʳʝ. 

ɺ ʧʦʯʚʝ ʠʟ ʨʘʟʨʝʟʘ 5 ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʙʤʝʥʥʳʝ H+ ʠ Al3+ ï ʦʢʦʣʦ 6-9% ʦʪ 

ɽʂʆ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʩʪʘʪʦʯʥʘʷ ʦʙʤʝʥʥʘ ̫ ʢʠʩʣʦʪʥʦʩʪʴ ʫʥʘʩʣʝʜʦʚʘʥʘ ʦʪ 

ʬʦʥʦʚʦʡ ʘʣʣʶʚʠʘʣʴʥʦʡ ʧʦʯʚ.r ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ [ʧʦ 

ʰʢʘʣʝ: ɻʨʠʰʠʥʘ, ʆʨʣʦʚ, 1978] ʚ ʧʦʯʚʘʭ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʦʝʥʠʝʤ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʠ ʩʚʦʡʩʪʚʘʤʠ 

ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʠʟ ʜʦʣʠʥʳ ʨ. ɹʳʛʝʣʴ ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʠʝ ʥʘʟʚʘʥʠʷ: 

ʨʘʟʨʝʟ 5 ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʘʷ ʭʣʦʨʠʜʥʘʷ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʘʷ ʥʝʥʘʩʳʱʝʥʥʘʷ 

ʤʘʣʦʥʘʪʨʠʝʚʘʷ ʩʫʛʣʠʥʠʩʪʘʷ ʧʦʯʚʘ; Sodic Gleyic Fluvisols (Loamic, Salic). 

ʨʘʟʨʝʟ 6 ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʪʘʷ ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʘʷ ʭʣʦʨʠʜʥʘʷ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʘʷ ʥʘʩʳʱʝʥʥʘʷ 

ʤʘʣʦʥʘʪʨʠʝʚʘʷ ʩʫʛʣʠʥʠʩʪʘʷ ʧʦʯʚʘ; Sodic Gleyic Fluvisols (Loamic, Salic). 

3.3.2. ʊʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʚ ʜʦʣʠʥʝ ʨ. ʏʝʨʥʘ ̫

ɺ ʜʦʣʠʥʝ ʨ. ʏʝʨʥʘʷ ʚ ʤʝʩʪʘʭ ʨʘʟʛʨʫʟʢʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ ʧʨʦʠʟʦʰʣʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʠ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ 

ʢʦʤʧʣʝʢʩʳ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ. ɺʥʝʰʥʠʡ ʚʠʜ ʧʦʯʚ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʘʭ 14-19. 
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ʈʠʩʫʥʦʢ 14 ï ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʧʦʯʚʘ ʠʟ ʜʦʣʠʥʳ ʨ. ʏʝʨʥʘʷ (ʨʘʟʨʝʟ 7) 
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ʈʠʩʫʥʦʢ 15 ï ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʧʦʯʚʘ ʠʟ ʜʦʣʠʥʳ ʨ. ʏʝʨʥʘʷ (ʨʘʟʨʝʟ 8) 
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ʈʠʩʫʥʦʢ 16 ï ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʧʦʯʚʘ ʠʟ ʜʦʣʠʥʳ ʨ. ʏʝʨʥʘʷ (ʨʘʟʨʝʟ 9) 
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ʈʠʩʫʥʦʢ 17 ï ʉʦʣʦʥʯʘʢ ʚʪʦʨʠʯʥʳʡ ʧʦ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʝʨʦʛʫʤʫʩʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʦ ʦʛʣʝʝʥʥʦʡ ʧʦʯʚʝ ʠʟ ʜʦʣʠʥʳ ʨ. ʏʝʨʥʘʷ (ʨʘʟʨʝʟ 10) 
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ʈʠʩʫʥʦʢ 18 ï ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʧʦʯʚʘ ʠʟ ʜʦʣʠʥʳ ʨ. ʏʝʨʥʘʷ (ʨʘʟʨʝʟ 11) 
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ʈʠʩʫʥʦʢ 19 ï ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʧʦʯʚʘ ʠʟ ʜʦʣʠʥʳ ʨ. ʏʝʨʥʘʷ (ʨʘʟʨʝʟ 12) 
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ʅʘ ʫʯʘʩʪʢʝ ʩ ʬʨʘʛʤʝʥʪʘʨʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʚ 2 ʤ ʦʪ ʨʫʩʣʘ ʨʝʢʠ ʠ ʚ 

200 ʤ ʦʪ ʩʦʣʝʦʪʚʘʣʘ ɹʂʇʈʋ-3 ʦʧʠʩʘʥʘ ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʛʣʝʝʚʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʧʦʯʚʘ (ʨʘʟʨʝʟ 7, ʨʠʩ. 14). ʂʦʦʨʜʠʥʘʪʳ ʨʘʟʨʝʟʘ 7 (ʚ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ WGS-84): N 59.17.050, E 056.49.265. 

ʇʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ (ʨʘʟʨʝʟ ˉ 7) ʠʤʝʣ ʩʣʝʜʫʶʱʝʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ: 

AYs,g ï ʩʝʨʦʛʫʤʫʩʦʚʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 0-25/25 ʩʤ, ʜʦ ʛʣʫʙʠʥʳ 

3 ʩʤ ʛʫʩʪʦ ʧʝʨʝʧʣʝʪʝʥ ʢʦʨʥʷʤʠ ʨʘʩʪʝʥʠʡ, ʙʫʨʳʡ, ʩ ʨʳʞʠʤʠ ʧʷʪʥʘʤʠ, ʩʳʨʦʡ, 

ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʧʦ ʢʦʨʥʝʚʠʥʘʤ ʦʪʣʦʞʝʥʳ ʞʝʣʝʟʠʩʪʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ 

ʨʞʘʚʦʛʦ ʮʚʝʪʘ; ʩ ʛʣʫʙʠʥʳ 3 ʩʤ ʟʘʣʝʛʘʝʪ ʩʳʨʦʡ ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ ʩʣʦʡ, ʚ 

ʢʦʪʦʨʦʤ ʧʨʦʩʣʦʡʢʠ ʧʝʩʢʘ ʠ ʩʫʛʣʠʥʢʘ ʩʤʝʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ: ʧʝʩʯʘʥʳʝ 

ʧʨʦʩʣʦʡʢʠ ʨʳʞʝʛʦ ʮʚʝʪʘ, ʩʫʛʣʠʥʠʩʪʳʝ ï ʩʠʟʦʛʦ; ʧʨʠʩʫʪʩʪʚʫʶʪ ʝʜʠʥʠʯʥʳʝ 

ʢʦʨʥʠ, ʧʝʨʝʭʦʜ ʧʦʩʪʝʧʝʥʥʳʡ. 

Gs~~ ï ʛʣʝʝʚʳʡ ʛʦʨʠʟʦʥʪ: ʥʘ ʛʣʫʙʠʥʝ 25-33/8 ʩʤ ʚʳʜʝʣʷʝʪʩʷ ʩʫʛʣʠʥʠʩʪʘʷ 

ʧʨʦʩʣʦʡʢʘ ʠʥʪʝʥʩʠʚʥʦʡ ʩʠʟʦʡ ʦʢʨʘʩʢʠ; ʩʣʦʡ 33-65/32 ʩʤ ï ʯʝʨʥʦʛʦ ʮʚʝʪʘ, 

ʩʫʛʣʠʥʠʩʪʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʘʙʦʨʘʟʣʦʞʠʚʰʠʝʩʷ ʦʩʪʘʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, 

ʧʝʨʝʭʦʜ ʧʦʩʪʝʧʝʥʥʳʡ. 

CGs~~ ï ʛʣʝʝʚʘʷ ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʧʦʨʦʜʘ, 65-95/30 ʩʤ ï 

ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʡ, ʧʨʠ ʨʘʩʢʘʪʳʚʘʥʠʠ ʯʫʚʩʪʚʫʶʪʩʷ ʟʝʨʥʘ ʧʝʩʢʘ, ʙʫʨʦʚʘʪʦ-

ʩʠʟʳʡ, ʩʦ ʩʪʘʣʴʥʳʤ ʙʣʝʩʢʦʤ, ʩʳʨʦʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ; ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 80 ʩʤ 

ʦʙʥʘʨʫʞʝʥʳ ʦʩʪʘʪʢʠ ʜʨʝʚʝʩʠʥʳ. 

ʅʘ ʧʨʠʪʝʨʨʘʩʥʦʡ ʯʘʩʪʠ ʧʦʡʤʳ, ʨʷʜʦʤ ʩ ʥʝʙʦʣʴʰʠʤ ʣʝʩʦʤ, ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 1 ʤ ʦʪ ʨʫʯʴʷ ʩ ʩʦʣʝʥʦʡ ʚʦʜʦʡ ʦʧʠʩʘʥʘ ʘʣʣʶʚʠʘʣʴʥʘʷ 

ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʛʣʝʝʚʘʷ ʩʦʣʦʥʯʘʢʦʚʘʷ ʧʦʯʚʘ (ʨʘʟʨʝʟ 8, ʨʠʩ. 15). ʂʦʦʨʜʠʥʘʪʳ 

ʨʘʟʨʝʟʘ 8 (ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ WGS-84): N 59.16.555, E 056.49.013. 

ʇʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ ʠʤʝʣ ʩʣʝʜʫʶʱʝʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ: 

AYs,g ï ʩʝʨʦʛʫʤʫʩʦʚʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 0-14/14 ʩʤ, ʧʝʩʯʘʥʳʡ, 

ʚʣʘʞʥʳʡ, ʨʳʞʝ-ʙʫʨʳʡ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʞʘʚʳʡ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʦʨʥʠ, 

ʧʝʨʝʭʦʜ ʟʘʤʝʪʥʳʡ ʧʦ ʮʚʝʪʫ. 
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Gs~~ ï ʛʣʝʝʚʳʡ ʛʦʨʠʟʦʥʪ, ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʷʱʠʡ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʫʶ 

ʧʦʨʦʜʫ, 14-52/38 ʩʤ, ʩʳʨʦʡ, ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ, ʪʝʤʥʦ-ʩʠʟʳʡ, ʩ ʯʝʨʥʳʤʠ 

ʧʦʣʦʩʘʤʠ ʠ ʨʳʞʝʚʘʪʦ-ʙʫʨʳʤʠ ʧʷʪʥʘʤʠ; ʚʷʟʢʠʡ, ʣʠʧʢʠʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, 

ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʨʥʠ ʨʘʩʪʝʥʠʡ, ʥʦ ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ, ʯʝʤ ʚ ʩʝʨʦʛʫʤʫʩʦʚʦʤ 

ʛʦʨʠʟʦʥʪʝ. ʅʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 60 ʩʤ ʚʩʢʨʳʣʠʩʴ ʛʨʫʥʪʦʚʳʝ ʩʦʣʝʥʳʝ ʚʦʜʳ. 

ʅʘ ʧʨʠʪʝʨʨʘʩʥʦʡ ʯʘʩʪʠ ʧʦʡʤʳ ʚʙʣʠʟʠ ʨʫʯʴʷ ʩ ʩʦʣʝʥʦʡ ʚʦʜʦʡ, ʥʘ 

ʫʯʘʩʪʢʝ ʩ ʥʠʟʢʠʤ ʧʨʦʝʢʪʠʚʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʢʦʪʦʨʳʡ ʟʘʥʷʪ ʦʜʥʠʤ ʚʠʜʦʤ ï 

ʪʦʨʠʯʥʠʢʦʤ ʩʦʣʦʥʯʘʢʦʚʳʤ (Spergularia salina J. et C. Presl), ʟʘʣʦʞʝʥ ʨʘʟʨʝʟ 9 

(ʨʠʩ. 16). ʂʦʦʨʜʠʥʘʪʳ ʨʘʟʨʝʟʘ 9 (ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ WGS-84): N 59.16.542, 

E 056.48.987. 

ɺ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʝʨʦʛʫʤʫʩʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʦʡ ʩʦʣʦʥʯʘʢʦʚʦʡ 

ʧʦʯʚʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʛʦʨʠʟʦʥʪʳ: 

AYs,g ï ʩʝʨʦʛʫʤʫʩʦʚʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 0-17/17 ʩʤ, ʙʫʨʳʡ, ʚʷʟʢʠʡ, 

ʣʠʧʢʠʡ, ʧʣʘʩʪʠʯʥʳʡ, ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ 

ʢʦʨʥʠ ʨʘʩʪʝʥʠʡ, ʧʦ ʢʦʨʥʝʚʠʥʘʤ ʦʪʣʦʞʝʥʳ ʞʝʣʝʟʠʩʪʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ 

ʨʞʘʚʦʛʦ ʮʚʝʪʘ; ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʛʦʨʠʟʦʥʪʘ (13-17/3 ʩʤ) ʨʘʩʧʦʣʦʞʝʥʘ ʧʝʩʯʘʥʘʷ 

ʧʨʦʩʣʦʡʢʘ ʷʨʢʦ-ʨʳʞʝʛʦ ʮʚʝʪʘ, ʧʝʨʝʭʦʜ ʟʘʤʝʪʥʳʡ ʧʦ ʮʚʝʪʫ. 

Gs~~ ï ʛʣʝʝʚʳʡ ʛʦʨʠʟʦʥʪ, 17-52/35 ʩʤ, ʩʠʟʦʛʦ ʮʚʝʪʘ, ʩʳʨʦʡ, ʚʝʨʭʥʷʷ 

ʯʘʩʪʴ ʝʛʦ ʦʩʪʨʫʢʪʫʨʝʥʘ, ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʠ ʪʦʥʢʦʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʦʪʜʝʣʴʥʦʩʪʠ 

ʥʘ ʠʟʣʦʤʝ ʠʤʝʶʪ ʨʞʘʚʳʡ ʮʚʝʪ; ʚʷʟʢʠʡ, ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ. ʅʘ ʛʣʫʙʠʥʝ 

ʦʢʦʣʦ 60 ʩʤ ʚʩʢʨʳʣʠʩʴ ʛʨʫʥʪʦʚʳʝ ʩʦʣʝʥʳʝ ʚʦʜʳ. 

ʅʘ ʨʘʩʩʪʦʷʥʠʠ 1330 ʤ ʶʛʦ-ʟʘʧʘʜʥʝʝ ʦʪ ʩʦʣʝʦʪʚʘʣʘ, ʚ 5 ʤʝʪʨʘʭ ʦʪ ʨʫʩʣʘ 

ʨ. ʏʝʨʥʘʷ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʟʘʣʦʞʝʥ ʨʘʟʨʝʟ 10 (ʨʠʩ. 17). ʂʦʦʨʜʠʥʘʪʳ ʨʘʟʨʝʟʘ 

10 (ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ WGS-84): N 59.15.648, E 056.49.259. ʋʯʘʩʪʦʢ ʩ 

ʥʠʟʢʠʤ ʧʨʦʝʢʪʠʚʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʧʨʦʠʟʨʘʩʪʘʣʠ ʪʦʨʠʯʥʠʢ ʩʦʣʦʥʯʘʢʦʚʳʡ 

(Spergularia salina) ʙʝʩʢʠʣʴʥʠʮʘ ʨʘʩʩʪʘʚʣʝʥʥʘʷ (Puccinellia distans), ʣʝʙʝʜʘ 

ʨʘʩʢʠʜʠʩʪʘʷ (Atriplex patula), ʤʘʨʴ ʩʠʟʘʷ (Chenopodium glaucum). ʃʠʰʝʥʥʘʷ 

ʨʘʩʪʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚʳ ʧʦʢʨʳʪʘ ʚʳʮʚʝʪʘʤʠ ʩʦʣʝʡ, ʧʦʚʩʶʜʫ ʩʪʚʦʣʳ 

ʚʳʩʦʭʰʠʭ ʜʝʨʝʚʴʝʚ ʩ ʙʝʣʳʤ ʥʘʣʝʪʦʤ. 
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AYs,g ï ʩʝʨʦʛʫʤʫʩʦʚʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 0-13/13 ʩʤ, ʩʣʦʡ 0-5 ʩʤ 

ʨʳʞʝʚʘʪʦ-ʙʫʨʦʡ ʦʢʨʘʩʢʠ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʝʪ ʚʳʮʚʝʪʳ ʩʦʣʝʡ, ʚʣʘʞʥʳʡ, 

ʣʠʧʢʠʡ, ʧʝʨʝʧʣʝʪʝʥ ʢʦʨʥʷʤʠ ʨʘʩʪʝʥʠʡ, ʩʫʛʣʠʥʠʩʪʳʡ; ʩ ʛʣʫʙʠʥʳ 5 ʩʤ ʦʢʨʘʩʢʘ 

ʥʝʦʜʥʦʨʦʜʥʘʷ: ʚʝʨʭʥʷʷ ʠ ʩʨʝʜʥʷʷ ʯʘʩʪʴ ʙʫʨʦʚʘʪʦʛʦ ʮʚʝʪʘ ʩ ʨʞʘʚʳʤʠ ʧʷʪʥʘʤʠ, 

ʥʠʞʥʷʷ ï ʙʫʨʦʚʘʪʦ-ʩʠʟʘʷ ʩʦ ʩʪʘʣʴʥʳʤ ʦʪʪʝʥʢʦʤ ʠ ʯʝʨʥʳʤʠ ʧʨʠʤʘʟʢʘʤʠ, 

ʩʳʨʦʡ, ʩʪʨʫʢʪʫʨʘ ʟʝʨʥʠʩʪʦ-ʧʳʣʝʚʘʪʘʷ, ʩʫʛʣʠʥʠʩʪʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʨʥʠ 

ʨʘʩʪʝʥʠʡ, ʧʝʨʝʭʦʜ ʟʘʤʝʪʥʳʡ ʧʦ ʮʚʝʪʫ ʠ ʩʪʨʫʢʪʫʨʝ. 

Gs~~ ï ʛʣʝʝʚʳʡ ʛʦʨʠʟʦʥʪ, 13-39/67 ʩʤ, ʪʝʤʥʦ-ʙʫʨʳʡ, ʛʣʠʥʠʩʪʳʡ, ʩʳʨʦʡ, 

ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʜʦ ʛʣʫʙʠʥʳ 23 ʩʤ ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʨʥʠ ʨʘʩʪʝʥʠʡ, ʥʘ ʛʣʫʙʠʥʝ 

ʦʢʦʣʦ 33 ʩʤ ʩʦʯʠʪʩʷ ʚʦʜʘ, ʚʩʪʨʝʯʘʶʪʩʷ ʦʩʪʘʪʢʠ ʜʨʝʚʝʩʠʥʳ, ʧʝʨʝʭʦʜ ʷʩʥʳʡ. 

[AYs,g] ï ʧʦʛʨʝʙʝʥʥʳʡ ʛʫʤʫʩʦʚʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 39-74/35 ʩʤ, 

ʠʤʝʝʪ ʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʨʘʩʩʳʧʯʘʪʳʡ, ʧʦʚʝʨʭʥʦʩʪʴ ʧʝʜʦʚ ʪʝʤʥʦʛʦ ʮʚʝʪʘ, 

ʚʥʫʪʨʠ ʧʝʜʦʚ ï ʙʫʨʦʛʦ ʮʚʝʪʘ, ʩʫʛʣʠʥʠʩʪʳʡ. ʉ ʛʣʫʙʠʥʳ ʦʢʦʣʦ 70 ʩʤ ʦʢʨʘʩʢʘ 

ʩʪʘʥʦʚʠʪʩʷ ʩʠʟʦʚʘʪʦʡ, ʧʝʨʝʭʦʜ ʷʩʥʳʡ. 

CGs~~ ï ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʛʣʝʝʚʘʷ ʧʦʨʦʜʘ, 74-110/36 ʩʤ ï ʩʳʨʘʷ, ʩʠʟʘʷ, 

ʙʝʩʩʪʨʫʢʪʫʨʥʘʷ, ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʘʷ. 

ʈʘʟʨʝʟ 11 (ʨʠʩ. 18) ʟʘʣʦʞʝʥ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 500 ʤ ʦʪ ʩʦʣʝʦʪʚʘʣʘ, 

ʥʘ ʧʦʡʤʝʥʥʦʤ ʣʫʛʫ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʨ. ʏʝʨʥʘʷ. ʂʦʦʨʜʠʥʘʪʳ ʨʘʟʨʝʟʘ 11 (ʚ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ WGS-84): N 59.16.434, E 056.48.850. ʇʨʦʝʢʪʠʚʥʦʝ 

ʧʦʢʨʳʪʠʝ ʚʳʩʦʢʦʝ, ʧʨʦʠʟʨʘʩʪʘʝʪ ʣʫʛʦʚʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ: ʙʝʩʢʠʣʴʥʠʮʘ 

ʨʘʩʩʪʘʚʣʝʥʥʘʷ (Puccinellia distans), ʚʝʡʥʠʢ ʥʘʟʝʤʥʳʡ (Calamagrostis epigeios 

(L.) Roth.), ʣʘʧʯʘʪʢʘ ʛʫʩʠʥʘʷ (Potentilla anserina L.), ʝʞʘ ʩʙʦʨʥʘʷ (Dactylis 

glomerata L.), ʪʘʚʦʣʛʘ ʚʷʟʦʣʠʩʪʥʘʷ (Filipendula ulmaria (L.) Maxim.), ʣʝʙʝʜʘ 

ʨʘʩʢʠʜʠʩʪʘʷ (Atriplex patula), ʤʘʨʴ ʩʠʟʘʷ (Chenopodium glaucum), ʜʫʜʥʠʢ 

ʣʝʩʥʦʡ (Angelica sylvestris L.), ʧʳʨʝʡ ʧʦʣʟʫʯʠʡ (Elytrigia repens (L.) Nevski), 

ʥʝʟʘʙʫʜʢʘ ʜʝʨʥʠʩʪʘʷ (Myosotis cespitosa Schultz). 

ɸʣʣʶʚʠʘʣʴʥʘʷ ʧʦʯʚʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʝʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ. 

AYs,g ï ʩʝʨʦʛʫʤʫʩʦʚʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 0-15/15 ʩʤ, ʧʣʦʪʥʳʡ, 

ʪʝʤʥʦ-ʙʫʨʳʡ, ʧʝʨʝʧʣʝʪʝʥ ʢʦʨʥʷʤʠ ʪʨʘʚ, ʩʫʛʣʠʥʠʩʪʳʡ, ʚʣʘʞʥʳʡ, 
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ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ; ʚʩʪʨʝʯʘʶʪʩʷ ʧʝʩʯʘʥʳʝ ʣʠʥʟʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʧʝʨʝʭʦʜ ʧʦʩʪʝʧʝʥʥʳʡ. 

AY/Cg,s~~ ï ʛʣʝʝʚʘʪʳʡ ʧʝʨʝʭʦʜʥʳʡ ʢ ʧʦʨʦʜʝ ʛʦʨʠʟʦʥʪ, 15-53/38 ʩʤ, 

ʙʫʨʳʡ, ʩ ʨʞʘʚʳʤʠ ʧʨʠʤʘʟʢʘʤʠ ʠ ʯʝʨʥʳʤʠ ʧʦʣʦʩʘʤʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ, 

ʩʫʛʣʠʥʠʩʪʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʥʘ ʛʣʫʙʠʥʝ 33-36 ʩʤ ʦʪʤʝʯʝʥʘ ʧʝʩʯʘʥʘʷ 

ʧʨʦʩʣʦʡʢʘ, ʧʝʨʝʭʦʜ ʧʦʩʪʝʧʝʥʥʳʡ. 

ʉG~~ ï ʛʣʝʝʚʘʷ ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʧʦʨʦʜʘ, 53-88/35 ʩʤ, ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʦʢʨʘʩʢʠ: ʥʘ ʩʠʟʦ-ʙʫʨʦʤ ʬʦʥʝ ʚʠʜʥʳ ʪʝʤʥʳʝ (ʧʦʯʪʠ ʯʝʨʥʳʝ) ʧʷʪʥʘ ʠ ʧʦʣʦʩʳ, 

ʚʩʪʨʝʯʘʝʪʩʷ ʤʥʦʛʦ ʥʝʨʘʟʣʦʞʠʚʰʝʡʩʷ ʦʨʛʘʥʠʢʠ (ʦʩʪʘʪʢʠ ʪʨʘʚʷʥʠʩʪʳʭ 

ʨʘʩʪʝʥʠʡ, ʜʨʝʚʝʩʠʥʳ), ʩ ʛʣʫʙʠʥʳ 80 ʩʤ ʮʚʝʪ ʩʪʘʥʦʚʠʪʩʷ ʷʚʥʦ ʩʠʟʳʤ; ʩʳʨʘʷ, 

ʚʷʟʢʘʷ, ʤʘʞʫʱʘʷʩʷ. 

ʈʘʟʨʝʟ 12 (ʨʠʩ. 19) ʟʘʣʦʞʝʥ ʥʘ ʧʦʡʤʝʥʥʦʤ ʣʫʛʫ ʚʙʣʠʟʠ ʨʫʩʣʘ ʨ. ʏʝʨʥʘʷ. 

ʂʦʦʨʜʠʥʘʪʳ ʨʘʟʨʝʟʘ 12 (ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ WGS-84): N 59.16.521, 

E 056.48.926. ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʦʙʠʣʴʥʘʷ, ʧʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ ʦʢʦʣʦ 80%, 

ʧʨʦʠʟʨʘʩʪʘʶʪ: ʚʝʡʥʠʢ ʥʘʟʝʤʥʳʡ (Calamagrostis epigejos), ʣʘʧʯʘʪʢʘ ʛʫʩʠʥʘʷ 

(Potentilla anserina), ʝʞʘ ʩʙʦʨʥʘʷ (Dactylis glomerata), ʧʳʨʝʡ ʧʦʣʟʫʯʠʡ 

(Elytrigia repens), ʤʘʪʴ-ʠ-ʤʘʯʝʭʘ (Tussilago farfara). ʇʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚʳ 

ʥʝʨʦʚʥʘʷ, ʧʝʨʝʨʳʪʘ ʧʦʟʚʦʥʦʯʥʳʤʠ ʞʠʚʦʪʥʳʤʠ. 

AYs,tur ï ʪʫʨʙʠʨʦʚʘʥʥʳʡ ʩʝʨʦʛʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ, 0-15/15 ʩʤ, ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʳʜʝʣʷʝʪʩʷ ʧʣʦʪʥʦ ʧʝʨʝʧʣʝʪʝʥʥʘʷ ʢʦʨʥʷʤʠ ʜʝʨʥʠʥʘ; ʚʣʘʞʥʳʡ, 

ʙʫʨʳʡ ʩ ʨʝʜʢʠʤʠ ʨʞʘʚʳʤʠ ʧʷʪʥʘʤʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʞʘʚʳʭ 

ʧʷʪʝʥ ʩʪʘʥʦʚʠʪʩʷ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ, ʩʪʨʫʢʪʫʨʘ ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ, ʩʫʛʣʠʥʠʩʪʳʡ, 

ʚʩʪʨʝʯʘʶʪʩʷ ʥʝʙʦʣʴʰʠʝ ʧʝʩʯʘʥʳʝ ʧʨʦʩʣʦʡʢʠ ʠ ʣʠʥʟʳ, ʧʝʨʝʭʦʜ ʧʦʩʪʝʧʝʥʥʳʡ. 

AY/Cg,s~~ ï ʛʣʝʝʚʘʪʳʡ ʧʝʨʝʭʦʜʥʳʡ ʢ ʧʦʨʦʜʝ ʛʦʨʠʟʦʥʪ, 15-43/28 ʩʤ, 

ʙʫʨʳʡ ʩ ʦʙʠʣʠʝʤ ʨʞʘʚʳʭ ʧʷʪʝʥ, ʥʝʦʜʥʦʨʦʜʥʳʡ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ: ʧʝʩʯʘʥʳʡ ʩ ʩʫʛʣʠʥʠʩʪʳʤʠ ʧʨʦʩʣʦʡʢʘʤʠ, ʩʫʛʣʠʥʠʩʪʳʝ ʧʨʦʩʣʦʡʢʠ 

ʠʤʝʶʪ ʙʫʨʳʡ ʮʚʝʪ, ʧʝʩʯʘʥʳʝ ï ʩʚʝʪʣʦ-ʙʫʨʳʡ; ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʚʣʘʞʥʳʡ, 

ʧʝʨʝʭʦʜ ʟʘʤʝʪʥʳʡ ʧʦ ʮʚʝʪʫ. 

ʉG~~ ï ʛʣʝʝʚʘʷ ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʧʦʨʦʜʘ, 43-88/35 ʩʤ, ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʦʢʨʘʩʢʠ: ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʝʤʥʘʷ (ʧʦʯʪʠ ʯʝʨʥʘʷ) ʩ ʦʩʪʘʪʢʘʤʠ ʦʨʛʘʥʠʢʠ, ʚ 
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ʥʠʞʥʝʡ ï ʩʠʟʘʷ; ʩʫʛʣʠʥʠʩʪʘʷ, ʣʠʧʢʘʷ, ʙʝʩʩʪʨʫʢʪʫʨʥʘʷ, ʩʳʨʘʷ, ʩ ʛʣʫʙʠʥʳ 78 ʩʤ 

ʩʣʘʙʦ ʩʦʯʠʪʩʷ ʚʦʜʘ. 

ɺ ʮʝʣʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʧʨʦʬʠʣʝʡ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʯʘʩʪʦʡ ʩʤʝʥʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ ʤʦʙʠʣʠʟʘʮʠʝʡ Fe (II). 

ʆʪʤʝʯʝʥʦ ʥʘʣʠʯʠʝ ʧʨʠʟʥʘʢʦʚ ʛʣʝʝʚʘʪʦʩʪʠ (ʞʝʣʝʟʠʩʪʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ, ʩʠʟʳʝ ʦʪʪʝʥʢʠ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʳ), 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʚʦʜʦʟʘʩʪʦʡʥʦ-ʧʨʦʤʳʚʥʦʛʦ ʠ ʚʦʜʦʟʘʩʪʦʡʥʦʛʦ ʨʝʞʠʤʘ 

[ʊʘʨʛʫʣʴʷʥ ʠ ʜʨ., 1987; ɿʘʡʜʝʣʴʤʘʥ, 2004]. ʇʦʷʚʣʝʥʠʝ ʪʝʤʥʦʛʦ (ʯʝʨʥʦʛʦ) 

ʮʚʝʪʘ ʚ ʧʦʯʚʝʥʥʳʭ ʧʨʦʬʠʣʷʭ ʩʚʷʟʘʥʦ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʩʫʣʴʬʠʜʦʚ Fe (II); ʦ 

ʩʫʣʴʬʠʜʥʳʭ ʩʦʣʦʥʯʘʢʘʭ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʇʨʠʢʘʤʴʝ ʫʢʘʟʳʚʘʣʘ 

ɽ.ɸ. ʍʘʡʨʫʣʠʥʘ [2022]. 

ɺ ʧʦʯʚʘʭ ʩʦʩʫʱʝʩʪʚʫʶʪ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠ ʨʘʟʥʳʝ, ʥʦ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦ ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʨʝʜʫʢʮʠʠ ʠʩʪʦʯʥʠʢʠ Fe (III): (ʛʠʜʨ) 

ʦʢʩʠʜʳ ʞʝʣʝʟʘ ʠ Fe (III) -ʩʦʜʝʨʞʘʱʠʝ ʩʣʦʠʩʪʳʝ ʩʠʣʠʢʘʪʳ [ɺʦʜʷʥʠʮʢʠʡ, 2008].  

ɺ ʨʘʙʦʪʘʭ ʧʦ ʦʛʣʝʝʥʠʶ ʧʦʯʚ [ɿʘʡʜʝʣʴʤʘʥ, 1998], ʧʨʦʮʝʩʩ ʨʝʜʫʢʮʠʠ 

Fe (III) ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʘʢ ʙʠʦʭʠʤʠʯʝʩʢʠʡ; ʨʦʣʴ ʙʘʢʪʝʨʠʡ ʩʚʦʜʠʣʘʩʴ ʢ 

ʩʙʨʘʞʠʚʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ 

ʥʘ Fe (III) ʢʘʢ ʨʝʜʫʢʪʘʥʪʳ. ɺ ʢʦʥʮʝ ʍʍ ʩʪʦʣʝʪʠʷ ʦʧʠʩʘʥʳ 

ʞʝʣʝʟʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʙʘʢʪʝʨʠʠ, ʩʧʦʩʦʙʥʳʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ ʦʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Fe (III) ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʨʦʩʪʘ [Coates et al., 1999]. ʄʥʦʛʠʝ 

ʠʟ ʥʠʭ (ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʦʚ Shewanella, Panatoea ʠ Rhodoferax) ʥʝ ʷʚʣʷʶʪʩʷ 

ʩʪʨʦʛʠʤʠ ʘʥʘʵʨʦʙʘʤʠ ʠ ʩʧʦʩʦʙʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʜʳʭʘʥʠʷ ʢʠʩʣʦʨʦʜ [Lin et 

al., 2004]. ʍʘʡʨʫʣʠʥʦʡ ɽ.ɸ.  ʩ ʩʦʘʚʪʦʨʘʤʠ [2022] ʚ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʭ 

ʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚʘʭ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʙʘʢʪʝʨʠʡ 

ʨʦʜʘ Shewanella, ʩʧʦʩʦʙʥʳʭ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ, 

ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʢ ʧʨʦʜʫʢʮʠʠ ʩʫʣʴʬʠʜʦʚ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 

ʜʦʥʦʨʘʤʠ ʵʣʝʢʪʨʦʥʦʚ ʤʦʛʫʪ ʙʳʪʴ ʥʝʢʦʪʦʨʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ. 

ʇʝʨʝʥʦʩʠʪʴ ʵʣʝʢʪʨʦʥʳ ʢ Fe(III) ʩʧʦʩʦʙʥʳ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʛʫʤʠʥʦʚʳʝ 
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ʢʠʩʣʦʪʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ Fe(II) ʠ 

ʨʝʛʝʥʝʨʠʨʫʝʪʩʷ ʦʢʠʩʣʝʥʥʘʷ ʬʦʨʤʘ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ [Lovley, Blunt-Harris, 

1999]. 

ʇʨʦʬʠʣʴ ʧʦʯʚʳ ʚ ʨʘʟʨʝʟʝ 9 ʦʪʣʠʯʘʣʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʩʝʨʦʛʫʤʫʩʦʚʦʤ 

ʛʦʨʠʟʦʥʪʝ ʧʝʩʯʘʥʦʛʦ ʩʣʦʷ ʨʞʘʚʦʛʦ ʮʚʝʪʘ, ʧʦʭʦʞʝʛʦ ʥʘ ʦʨʪʟʘʥʜʳ. ɼʣʷ ʣʝʩʥʳʭ 

ʛʠʜʨʦʤʦʨʬʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʭʘʨʘʢʪʝʨʝʥ ʧʨʠʚʥʦʩ ʞʝʣʝʟʘ; ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʨʪʟʘʥʜʦʚ ʚ ʨʘʡʦʥʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʞʝʣʝʟʥʝʥʥʦʡ ʛʨʫʥʪʦʚʦʡ ʚʦʜʳ ʦʧʠʩʘʥ 

ʌ. ʈ. ɿʘʡʜʝʣʴʤʘʥʦʤ [1998]. ʆʨʪʟʘʥʜʳ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʳ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʛʣʝʝʚʳʭ ʛʦʨʠʟʦʥʪʦʚ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʛʣʝʝʚʳʭ ʠ ʛʣʝʝʚʘʪʳʭ ʛʦʨʠʟʦʥʪʦʚ Fe (II) 

ʦʢʠʩʣʷʝʪʩʷ ʙʘʢʪʝʨʠʷʤʠ; ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʘʟʥʳʭ ʨʦʜʦʚ ʞʝʣʝʟʦʦʢʠʩʣʷʶʱʠʭ 

ʙʘʢʪʝʨʠʡ ʦʧʠʩʘʥʳ ʚ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʭ ʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚʘʭ 

ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ [ʍʘʡʨʫʣʠʥʘ ʠ ʜʨ., 2022].  

ʇʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʠ ʪʦʥʢʦ 

ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʦʪʜʝʣʴʥʦʩʪʠ ʪʝʤʥʦʡ ʦʢʨʘʩʢʠ ʥʘ ʠʟʣʦʤʝ ʠʤʝʶʪ ʨʞʘʚʳʡ ʮʚʝʪ. 

ʇʨʠ ʩʤʝʥʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ ʥʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ (ʛʠʜʨ)ʦʢʩʠʜʳ 

ʞʝʣʝʟʘ ʤʦʛʫʪ ʩʦʭʨʘʥʠʪʴʩʷ ʧʦʜ ʧʨʠʢʨʳʪʠʝʤ Fe (II) -ʩʦʝʜʠʥʝʥʠʡ [Roden, 

Zachara, 1996].  

ʇʦ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʚ ʩʦʣʦʥʦʚʘʪʳʭ ʠ ʩʦʣʝʥʳʭ ʚʦʜʘʭ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʨʦʮʝʩʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʝʨʳ ʩʫʣʴʬʘʪʦʚ ʜʦ 

ʩʝʨʦʚʦʜʦʨʦʜʘ ʧʨʠ ʫʯʘʩʪʠʠ ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ. 

ʉʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʝ ʙʘʢʪʝʨʠʠ ï ʵʪʦ ʭʝʤʦʦʨʛʘʥʦʪʨʦʬʥʳʝ ʦʨʛʘʥʠʟʤʳ, 

ʧʦʪʨʝʙʣʷʶʱʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ; ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʦʙʤʝʥ ʩʚʷʟʘʥ ʩ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʩʝʨʳ ʩʫʣʴʬʘʪʦʚ [ʇʝʨʝʣʴʤʘʥ 1966; ɻʣʘʟʦʚʩʢʘʷ, 2007]. ɺ 

ʘʥʘʵʨʦʙʥʦʡ ʩʠʣʴʥʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʛʜʝ ʞʝʣʝʟʦ ʥʘʭʦʜʠʪʩʷ ʚ 

ʜʚʫʭʚʘʣʝʥʪʥʦʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʜʚʠʞʥʦʡ ʬʦʨʤʝ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʙʠʢʘʨʙʦʥʘʪʦʚ), ʧʦʷʚʣʝʥʠʝ ʩʝʨʦʚʦʜʦʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʣʴʬʠʜʦʚ 

ʞʝʣʝʟʘ ʠ ʚʳʧʘʜʝʥʠʶ ʠʭ ʚ ʦʩʘʜʦʢ ʚ ʚʠʜʝ ʢʦʣʣʦʠʜʘʣʴʥʦʛʦ ʯʝʨʥʦʛʦ ʦʩʘʜʢʘ 

ʛʠʜʨʦʪʨʦʠʣʠʪʘ FeSnH2O. ɺ ʧʨʦʬʠʣʷʭ ʧʦʯʚ ʠʟ ʨʘʟʨʝʟʦʚ 7, 10 ʠ 12 

ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʯʝʨʥʳʡ ʩʣʦʡ, ʚ ʢʦʪʦʨʦʤ ʠʥʪʝʥʩʠʚʥʦʡ ʨʝʜʫʢʮʠʠ ʞʝʣʝʟʘ ʠ ʩʝʨʳ, 
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ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʧʦʛʨʝʙʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ, ʩʣʫʞʘʱʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʳʨʴʝʤ ʙʠʦʛʝʥʥʦʛʦ ʠ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ɺ ʛʫʤʠʜʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʪʤʝʯʘʣʠ ʨʘʟʚʠʪʠʝ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʫʣʴʬʠʜʦʛʝʥʝʟʘ. ɺ ʧʦʡʤʘʭ ʤʘʣʳʭ ʨʝʢ ʀʚʘʥʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʩʚʷʟʘʣʠ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʩʝʨʳ ʚ ʩʦʩʪʘʚʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʢʦʚ 

[ʊʨʫʭʠʥʘ, 1988]. ɺ ɹʝʣʦʨʫʩʩʠʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʡʦʥʝ 

ʨʘʩʩʦʣʦʰʣʘʤʦʭʨʘʥʠʣʠʱʘ ʚ ʧʦʯʚʝʥʥʦʡ ʪʦʣʱʝ ʦʙʥʘʨʫʞʝʥ ʛʦʨʠʟʦʥʪ ʯʝʨʥʦʛʦ 

ʮʚʝʪʘ. ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ (ʤʘʢʨʦ-, ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ, 

ʬʦʨʤʳ ʩʝʨʳ, ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠ ʜʨ.) 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʯʝʨʥʘʷ ʦʢʨʘʩʢʘ ʦʙʫʩʣʦʚʣʝʥʘ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʤʠ 

ʩʫʣʴʬʠʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʪʠʧʘ ʛʠʜʨʦʪʨʦʠʣʠʪʘ [ʍʦʤʠʯ, 1985]. ʀʤʝʶʪʩʷ 

ʩʚʝʜʝʥʠʷ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʠʜʨʦʪʨʦʠʣʠʪʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚ ʩʫʣʴʬʠʜʥʳʭ 

ʩʦʣʦʥʯʘʢʘʭ ʚ ʤʝʩʪʘʭ ʨʘʟʛʨʫʟʢʠ ʟʘʩʦʣʝʥʥʳʭ ʚʦʜ ʥʘ ɺʝʨʭʥʝʢʘʤʩʢʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚ ʇʨʝʜʫʨʘʣʴʝ [ʍʘʡʨʫʣʠʥʘ ʩ ʩʦʘʚʪ., 2018; ʍʘʡʨʫʣʠʥʘ, 2022; 

ʍʘʡʨʫʣʠʥʘ, 2023]. 

ʀʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ ʠʟ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʦʣʦʥʯʘʢʦʚʳʭ 

ʧʦʯʚ ʠ ʩʦʣʦʥʯʘʢʘ ʚʪʦʨʠʯʥʦʛʦ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʧʦʩʪʦʷʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʭ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʭ ʚʦʜ, ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʩʝʨʦʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ ʜʘʞʝ ʪʝʭ 

ʧʦʯʚ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ ʠʤʝʝʪʩʷ ʦʙʠʣʴʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʘ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ ï ʚ ʛʣʝʝʚʳʭ ʛʦʨʠʟʦʥʪʘʭ ʠ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ 

ʧʦʨʦʜʝ (ʨʠʩ. 20-21, ʧʨʠʣʦʞʝʥʠʝ ɺ) [ʇʘʭʦʨʫʢʦʚ, ɽʨʝʤʯʝʥʢʦ, 2021].  
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ʈʠʩʫʥʦʢ 20 ï ʉʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ (1 ï HCO3
ī; 2 ï Clī; 3 ï SO4

2ī; 4 ï K+; 5 ï Na+; 

6 ï Mg2+; 7 ï Ca2+) ʚ ʚʦʜʥʳʭ ʚʳʪʷʞʢʘʭ ʠʟ ʧʦʯʚ ʚ ʜʦʣʠʥʝ ʨ. ʏʝʨʥʘʷ: ɸ ï ʨʘʟʨʝʟ 

7, ɹ ï ʨʘʟʨʝʟ 8, ɺ ï ʨʘʟʨʝʟ 9, ɻ ï ʨʘʟʨʝʟ 10 
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ɸ ɹ 

ʈʠʩʫʥʦʢ 21 ï ʉʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ (1 ï HCO3
ī; 2 ï Clī; 3 ï SO4

2ī; 4 ï K+; 5 ï Na+; 

6 ï Mg2+; 7 ï Ca2+) ʚ ʚʦʜʥʳʭ ʚʳʪʷʞʢʘʭ ʠʟ ʧʦʯʚ ʚ ʜʦʣʠʥʝ ʨ. ʏʝʨʥʘʷ: ɸ ï ʨʘʟʨʝʟ 

11, ɹ ï ʨʘʟʨʝʟ 12 

 

ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ ʚ ʧʦʯʚʘʭ ʥʘʭʦʜʠʣʦʩʴ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 0,15 ʜʦ 0,75 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ. ʂʦʣʠʯʝʩʪʚʦ ʭʣʦʨʠʜʦʚ ʚʘʨʴʠʨʦʚʘʣʦ 

ʦʪ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ (0,35 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ) ʜʦ ʦʯʝʥʴ ʚʳʩʦʢʠʭ 

(42,47 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ). ʂʦʣʠʯʝʩʪʚʦ ʩʫʣʴʬʘʪ-ʠʦʥʦʚ ʥʘʭʦʜʠʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 

0,52-18,31 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʷʤʠ ʚʳʜʝʣʝʥʠʷ ʨʦʜʦʚ 

ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʘʥʠʦʥʦʚ [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʯʚé, 2004] 

ʩʦʣʦʥʯʘʢ ʚʪʦʨʠʯʥʳʡ ʠ ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʠʤʝʣʠ ʭʣʦʨʠʜʥʦʝ ʟʘʩʦʣʝʥʠʝ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʝʨʦʛʫʤʫʩʦʚʳʭ ʛʣʝʝʚʳʭ ʧʦʯʚ ʠʟ ʨʘʟʨʝʟʦʚ 8 ʠ 12, 

ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʤ ʭʠʤʠʟʤʦʤ.  

ʉʨʝʜʠ ʢʘʪʠʦʥʦʚ ʚ ʚʦʜʥʦʡ ʚʳʪʷʞʢʝ ʜʦʤʠʥʠʨʦʚʘʣʠ ʠʦʥʳ Na+, ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʣʷʣʦ ʦʪ 0,37 ʜʦ 41,38 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ 

ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʙʳʣ K+, ʫʨʦʚʝʥʴ ʝʛʦ ʘʢʢʫʤʫʣʷʮʠʠ ʧʨʝʚʳʩʠʣ 

ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ Ca2+ ʠ Mg2+, ʠ ʪʦʣʴʢʦ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʝ ʠʟ 
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ʨʘʟʨʝʟʘ 8 ʢʦʣʠʯʝʩʪʚʦ Ca2+ ʚʩʝ ʞʝ ʧʨʝʚʳʩʠʣʦ ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ K+ 

[ʇʘʭʦʨʫʢʦʚ, ɽʨʝʤʯʝʥʢʦ, 2021]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʩʪʘʚʦʤ ʢʘʪʠʦʥʦʚ [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ 

ʧʦʯʚé, 2004], ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʠʤʝʣʠ ʥʝʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʚ ʭʠʤʠʟʤʝ 

ʟʘʩʦʣʝʥʠʷ. ʋ ʙʦʣʴʰʠʥʩʪʚʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʠ ʩʦʣʦʥʯʘʢʘ ʚʪʦʨʠʯʥʦʛʦ ʙʳʣ 

ʥʘʪʨʠʝʚʳʡ ʭʠʤʠʟʤ; ʫ ʧʦʯʚʳ ʠʟ ʨʘʟʨʝʟʘ 8 ʚ ʩʝʨʦʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ï ʪʦʞʝ 

ʥʘʪʨʠʝʚʦʝ ʟʘʩʦʣʝʥʠʝ, ʥʦ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʝ ï ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ 

ʭʠʤʠʟʤ; ʧʦʯʚʘ ʠʟ ʨʘʟʨʝʟʘ 12 ʠʤʝʣʘ ʥʘʪʨʠʝʚʦ-ʢʘʣʠʝʚʳʡ ʭʠʤʠʟʤ. 

ʄʝʪʦʜʦʤ ʩʚʷʟʳʚʘʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʠʦʥʦʚ ʚ ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʩʦʣʠ 

[ʄʷʢʠʥʘ, ɸʨʠʥʫʰʢʠʥʘ, 1979] ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ ʧʦʯʚʘʭ ʭʣʦʨʠʜʦʚ 

ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ, ʘ ʪʘʢʞʝ ʩʫʣʴʬʘʪʦʚ ʥʘʪʨʠʷ. 

ʇʦʯʚʳ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʤ ʩʚʦʡʩʪʚʘʤ. 

ʅʝʡʪʨʘʣʴʥʦʡ ʠ ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ 

ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʠʟ ʨʘʟʨʝʟʦʚ 8, 9, 11 ʠ 12. ʅʝʡʪʨʘʣʠʟʘʮʠʷ ʧʨʠʨʦʜʥʦʡ 

ʢʠʩʣʦʪʥʦʩʪʠ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʨʘʟʚʠʪʠʝʤ 

ʥʘʪʨʠʝʚʦʛʦ ʟʘʩʦʣʝʥʠ.̫ ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʘʩʪʥʦʡ ʙʳʣʘ ʨʝʘʢʮʠʷ ʩʨʝʜʳ ʚ 

ʧʦʯʚʝ ʠʟ ʨʘʟʨʝʟʘ 7, ʦʥʘ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ ʩʣʘʙʦʢʠʩʣʦʡ, ʥʝʡʪʨʘʣʴʥʦʡ ʠ ʜʦ 

ʩʣʘʙʦʱʝʣʦʯʥʦʡ (ʪʘʙʣ. 6) [ʇʘʭʦʨʫʢʦʚ, ɽʨʝʤʯʝʥʢʦ, 2021]. ʉʠʣʴʥʦʢʠʩʣʦʡ 

ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ ʧʦʜʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʦʚ ʦʪʣʠʯʠʣʩʷ ʩʦʣʦʥʯʘʢ ʚʪʦʨʠʯʥʳʡ, 

ʚʝʨʦʷʪʥʦ, ʘʢʪʫʘʣʴʥʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʫʥʘʩʣʝʜʦʚʘʥʘ ʦʪ ʧʨʠʨʦʜʥʦʡ ʘʣʣʶʚʠʘʣʴʥʦʡ 

ʧʦʯʚʳ. 
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ʊʘʙʣʠʮʘ 6 ï ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ʏʝʨʥʘʷ 

ˉ ʨʘʟʨʝʟʘ ɻʣʫʙʠʥʘ, ʩʤ Cʦʨʛ, % pHʚʦʜ pHʩʦʣ 

ʆʙʤʝʥʥʳʝ ʢʘʪʠʦʥʳ, 

ʤʤʦʣʴ(ʵʢʚ)/100 ʛ 
ɽʂʆ, 

ʤʤʦʣʴ(ʵʢʚ)/100 ʛ 

% 

Ca2+ Mg2+ Na+ K+ H++Al3+ CO2 ʢʘʨʙ. ɻʠʧʩ 

7 

0-9 1,18 7,16 7,11 3,36 1,6 2,61 2,36 0 9,93 2,08 4,52 

15-25 0,79 7,64 7,61 2,32 0,4 3,04 3,59 0 9,35 6,70 0 

35-45 - 6,24 6,02 1,84 0,88 6,61 7,03 2,68 19,04 0 0 

50-60 - 5,91 5,63 2,24 1,04 6,96 7,18 3,54 20,96 0 4,04 

70-80 - 6,73 6,42 2,24 0,8 4,52 5,13 1,10 13,79 0 0,69 

85-95 - 6,40 6,31 2,48 0,88 5,22 6,15 1,65 16,38 0 0,99 

8 

3-13 0,50 7,14 6,78 1,52 0,96 2,09 0,67 0 5,24 2,08 0 

16-26 0,31 8,04 7,63 4,4 1,52 5,57 7,38 0 18,87 1,96 2,04 

35-45 - 7,23 7,25 3,2 1,2 5,39 5,03 0 14,82 3,70 6,28 

9 

2-12 2,69 7,92 7,77 3,04 2,16 6,26 5,28 0 16,74 3,93 6,41 

20-30 1,53 7,80 7,67 2,64 1,12 9,39 8,92 0 22,07 3,47 2,11 

40-50 - 7,57 7,58 2,32 1,28 6,61 6,77 0 16,98 4,04 2,69 

10 

0-12 2,96 6,96 6,82 4,48 2,72 5,22 8,35 0 20,77 5,05 1,08 

20-30 3,37 4,97 4,61 4,96 2,40 13,22 13,22 13,43 47,23 0 3,87 

35-45 - 5,04 4,78 5,44 2,40 13,69 12,30 11,74 45,57 0 2,84 

50-60 - 5,41 5,03 5,44 2,72 13,44 12,05 9,72 43,37 0 0 

76-86 - 5,48 4,95 5,76 3,04 11,60 12,30 9,63 42,33 0 0 

110-120 - 5,62 4,17 6,72 2,56 5,03 12,05 4,70 31,06 0 0,77 

125-135 - 5,15 3,87 6,24 3,84 3,10 3,95 4,14 21,27 0 1,12 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 6 

ˉ ʨʘʟʨʝʟʘ ɻʣʫʙʠʥʘ, ʩʤ Cʦʨʛ, % pHʚʦʜ pHʩʦʣ 

ʆʙʤʝʥʥʳʝ ʢʘʪʠʦʥʳ, 

ʤʤʦʣʴ(ʵʢʚ)/100 ʛ 
ɽʂʆ, 

ʤʤʦʣʴ(ʵʢʚ)/100 ʛ 

% 

Ca2+ Mg2+ Na+ K+ H++Al3+ CO2 ʢʘʨʙ. ɻʠʧʩ 

11 

3-13 1,95 6,92 6,78 6,56 2,88 2,59 4,31 0 16,34 2,62 2,67 

19-29 1,44 7,54 7,27 5,92 2,40 2,47 4,64 0 15,43 5,24 5,16 

33-43 - 7,21 7,09 4,40 2,40 2,33 5,30 0 14,43 6,55 5,38 

47-57 - 7,19 6,86 4,96 3,36 2,59 7,88 0 18,79 4,11 0 

69-77 - 4,71 4,11 3,84 3,04 3,36 9,74 15,05 35,03 0 0 

80-90 - 5,57 4,38 4,64 2,72 3,22 9,04 9,41 29,03 0 0 

12 

3-13 2,70 8,24 7,48 6,40 3,04 2,34 3,17 0 14,95 5,20 0,99 

14-24 2,02 7,98 7,26 5,28 3,20 2,09 3,17 0 13,74 4,26 0 

28-38 - 7,03 6,18 2,72 1,92 1,97 1,86 0 8,47 0,71 0 

46-56 - 5,28 4,72 3,36 3,84 2,34 6,01 6,02 21,57 0 1,12 

67-77 - 7,43 5,92 2,40 2,24 2,09 4,59 0 11,32 0 0,73 

ʇʨʠʤʝʯʘʥʠʝ: (-) ï ʥʝ ʦʧʨʝʜʝʣʷʣʦʩʴ. 
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ɽʤʢʦʩʪʴ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ (ɽʂʆ) ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ ʟʘʚʠʩʝʣʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪ ʠʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʉʫʛʣʠʥʠʩʪʳʝ 

ʛʦʨʠʟʦʥʪʳ ʠʤʝʣʠ ɽʂʆ ʚ ʧʨʝʜʝʣʘʭ 14-47 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ, ʘ ʧʝʩʯʘʥʳʝ ï ʦʢʦʣʦ 

5 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ. ʇʦ ʜʦʣʝ ʦʙʤʝʥʥʦʛʦ Na+ ʩʨʝʜʠ ʧʦʛʣʦʱʝʥʥʳʭ ʢʘʪʠʦʥʦʚ 

ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʧʦʯʚʳ ʦʪʥʦʩʝʥʳ ʢ ʚʠʜʘʤ ʤʘʣʦʥʘʪʨʠʝʚʳʭ ʠ ʩʨʝʜʥʝʥʘʪʨʠʝʚʳʭ 

ʧʦʯʚ [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʯʚé, 2004]. ʄʥʦʛʦʥʘʪʨʠʝʚʳʤʠ ʙʳʣʠ 

ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚ r ʩ ʦʯʝʥʴ ʩʠʣʴʥʦʡ ʠ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʟʘʩʦʣʝʥʠ ̫

(ʨʘʟʨʝʟʳ 7-9), ʘ ʪʘʢʞʝ ʩʦʣʦʥʯʘʢ ʚʪʦʨʠʯʥʳʡ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ (ʨʘʟʨʝʟʳ 8, 9, 11, 12), 

ʢʠʩʣʘ ̫ ʧʦʯʚʘ ʠʟ ʨʘʟʨʝʟʘ 7 ʠ, ʦʩʦʙʝʥʥʦ, ʩʦʣʦʥʯʘʢ ʚʪʦʨʠʯʥʳʡ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʥʝʥʘʩʳʱʝʥʥʦʩʪʴ ʁ ʦʩʥʦʚʘʥʠʷʤʠ. ʆʙʱʘʷ ʩʦʜʝʨʞʘʥʠʝ 

ʦʙʤʝʥʥʳʭ H+ ʠ Al3+ ʚ ʩʦʣʦʥʯʘʢʝ ʚʪʦʨʠʯʥʦʡ ʧʦ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʝʨʦʛʫʤʫʩʦʚʦʡ 

ʧʦʯʚʝ ʩʦʩʪʘʚʣʷʣʦ 10-13 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʦʩʪʘʚʝ ʦʙʤʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʜʦʣʠʥʳ ʨ. ʏʝʨʥʘʷ ʧʨʝʜʩʪʘʚʣʝʥʳ Ca2+, Mg2+, 

Na+, K+, ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ H+ ʠ Al3+. ɺ ʧʦʯʚʝʥʥʦʤ ʧʦʛʣʦʱʘʶʱʝʤ 

ʢʦʤʧʣʝʢʩʝ ʜʦʤʠʥʠʨʦʚʘʣʠ Na+ ʠ K+, ʥʘ ʠʭ ʜʦʣʶ ʧʨʠʭʦʜʠʣʦʩʴ ʜʦ 80% ɽʂʆ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʘʥʦʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ K+ ʚ ʩʦʩʪʘʚʝ ʧʦʯʚʝʥʥʦʛʦ 

ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ (13-40% ɽʂʆ), ʥʝʨʝʜʢʦ ʧʨʝʚʳʰʘʶʱʝʝ ʜʦʣʶ Na+ 

[ʇʘʭʦʨʫʢʦʚ, ɽʨʝʤʯʝʥʢʦ, 2021]. ʀʩʪʦʯʥʠʢʦʤ ʠʦʥʦʚ ʢʘʣʠʷ, ʢʘʢ ʠ ʥʘʪʨʠʷ, 

ʩʣʫʞʘʪ ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʢʣʘʜʠʨʫʝʤʳʝ ʚ ʩʦʣʝʦʪʚʘʣʝ, ʨʘʩʪʚʦʨʷʶʱʠʝʩʷ ʚ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʘʭ ʠ ʤʠʛʨʠʨʫʶʱʠʝ ʩ ʧʦʜʟʝʤʥʳʤʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 

ʚʦʜʘʤʠ. ʇʨʠʩʫʪʩʪʚʠʝ ʦʙʤʝʥʥʦʛʦ ʢʘʣʠʷ ï ʭʘʨʘʢʪʝʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚ, ʪ.ʢ. ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʨʦʜʥʦʛʦ ʟʘʩʦʣʝʥʠʷ ʥʝ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʟʥʘʯʠʤʦʝ ʧʨʠʩʫʪʩʪʚʠʝ K+ ʚ ʩʦʩʪʘʚʝ ʦʙʤʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʧʦʯʚ 

[ʏʝʨʥʦʫʩʝʥʢʦ, ʍʠʪʨʦʚ, 2023]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ ʈ 70229-2022 ʚʩʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʩʦʣʦʥʯʘʢʦʚʳʝ 

ʧʦʯʚʳ ʜʦʣʠʥʳ ʨ. ʏʝʨʥʘʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʘʨʙʦʥʘʪʦʚ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ 

(>2%) ʷʚʣʷʶʪʩʷ ʢʘʨʙʦʥʘʪʥʳʤʠ. ʅʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʛʠʧʩʘ ʚ ʧʨʦʬʠʣʝ  
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ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʯʚ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, ʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʢʘʟʘʣʠ 

ʛʠʧʩʦʩʦʜʝʨʞʘʥʠʝ ʚ ʢʦʣʠʯʝʩʪʚʝ 1-6%, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʢʠʩʣʦʤ ʩʦʣʦʥʯʘʢʝ (ʪʘʙʣ. 

6). ʇʦʷʚʣʝʥʠʝ ʛʠʧʩʘ ʚ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʫʣʴʬʠʜʦʛʝʥʝʟʦʤ, ʧʨʦʮʝʩʩ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʦʧʠʩʘʥ 

ʄ.ɸ ɻʣʘʟʦʚʩʢʦʡ [2007]. ʉʫʣʴʬʠʜʳ ʞʝʣʝʟʘ ʦʢʠʩʣʷʶʪʩʷ ʧʨʠ ʧʦʜʩʳʭʘʥʠʠ 

ʧʦʯʚʳ ʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʦʢʩʠʜʦʚ 

Fe (III) ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ɽʩʣʠ ʧʦʯʚʘ ʙʝʩʢʘʨʙʦʥʘʪʥʘʷ, ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ ʤʦʞʝʪ 

ʨʘʟʨʫʰʠʪʴ ʩʠʣʠʢʘʪʳ. ɽʩʣʠ ʚ ʧʦʯʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʨʙʦʥʘʪʳ ʢʘʣʴʮʠʷ, ʪʦ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʦʥʠ ʟʘʤʝʱʘʶʪʩʷ ʛʠʧʩʦʤ. ɺ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʩʦʣʦʥʯʘʢʦʚʳʭ ʥʝ ʢʠʩʣʳʭ ʧʦʯʚʘʭ ʤʳ ʦʪʤʝʯʘʣʠ ʥʘʢʦʧʣʝʥʠʝ ʢʘʨʙʦʥʘʪʦʚ, 

ʧʦʵʪʦʤʫ, ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʝʥ ʧʨʦʮʝʩʩ ʠʭ ʟʘʤʝʱʝʥʠʷ ʛʠʧʩʦʤ. 

ʀʦʥʳ Ca2+ ʠ SO4
2- ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʝʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʠʦʥʘʤʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʛʠʧʩʘ 

ʠ ʢʘʨʙʦʥʘʪʦʚ [ʇʝʨʝʣʴʤʘʥ, 1966; ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999; ʄʦʭʘʤʤʘʜʠ, 

2022; ɽʣʠʟʘʨʦʚ ʠ ʜʨ., 2023]. ʇʦ-ʚʠʜʠʤʦʤʫ, ʠʟ-ʟʘ ʨʘʟʣʠʯʠʷ ʚ ʧʦʜʚʠʞʥʦʩʪʠ 

ʠʦʥʦʚ ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʚ ʜʦʣʠʥʝ ʨ. ʏʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘʢ 

ʭʣʦʨʠʜʥʳʤ, ʪʘʢ ʠ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʤ ʟʘʩʦʣʝʥʠʝʤ, ʚ ʥʠʭ ʪʘʢʞʝ ʧʦʩʪʝʧʝʥʥʦ 

ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʢʘʨʙʦʥʘʪʳ ʠ ʛʠʧʩ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʫʝʤʳʝ ʪʝʭʥʦʛʝʥʥʦ 

ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ ʜʦʣʠʥʳ ʨ. ʏʝʨʥʘʷ ʜʠʘʛʥʦʩʪʠʨʦʚʘʣʠ ʧʦ ʠʟʫʯʝʥʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ï ʜʦ ʨʦʜʘ ʠ ʚʠʜʘ [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʯʚé, 2004], ʘ 

ʪʘʢʞʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʠʨʦʚʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʦʡ ʧʦʯʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ 

[WRB, 2022]: 

ʨʘʟʨʝʟ 7 ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʦʯʝʥʴ ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʘʷ ʭʣʦʨʠʜʥʘʷ ʥʘʪʨʠʝʚʘʷ ʥʝʥʘʩʳʱʝʥʥʘʷ 

ʩʨʝʜʥʝʥʘʪʨʠʝʚʘʷ ʛʠʧʩʩʦʜʝʨʞʘʱʘʷ ʩʫʛʣʠʥʠʩʪʘʷ ʧʦʯʚʘ; Sodic Gleyic Fluvisols 

(Loamic, Salic); 

ʨʘʟʨʝʟ 8 ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʘʷ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʘʷ ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʘʷ 
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ʥʘʩʳʱʝʥʥʘʷ ʩʨʝʜʥʝʥʘʪʨʠʝʚʘʷ ʢʘʨʙʦʥʘʪʥʘʷ ʛʠʧʩʩʦʜʝʨʞʘʱʘʷ ʩʫʛʣʠʥʠʩʪʘʷ 

ʧʦʯʚʘ; Gypsiric Sodic Gleyic Fluvisols (Loamic, Salic); 

ʨʘʟʨʝʟ 9 ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʦʯʝʥʴ ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʘʷ ʭʣʦʨʠʜʥʘʷ ʥʘʪʨʠʝʚʘʷ ʥʘʩʳʱʝʥʥʘʷ 

ʩʨʝʜʥʝʥʘʪʨʠʝʚʘʷ ʢʘʨʙʦʥʘʪʥʘʷ ʛʠʧʩʩʦʜʝʨʞʘʱʘʷ ʩʫʛʣʠʥʠʩʪʘʷ ʧʦʯʚʘ; Gypsiric 

Sodic Gleyic Fluvisols (Loamic, Salic); 

ʨʘʟʨʝʟ 10 ï ʩʦʣʦʥʯʘʢ ʚʪʦʨʠʯʥʳʡ ʭʣʦʨʠʜʥʳʡ ʥʘʪʨʠʝʚʳʡ ʥʝʥʘʩʳʱʝʥʥʳʡ 

ʩʨʝʜʥʝʥʘʪʨʠʝʚʳʡ ʛʠʧʩʩʦʜʝʨʞʘʱʠʡ ʧʦ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʝʨʦʛʫʤʫʩʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʦʡ ʩʫʛʣʠʥʠʩʪʦʡ ʧʦʯʚʝ; Fluvic Sodic Gleyic Solonchak 

(Chloridic, Hypersalic, Loamic); 

ʨʘʟʨʝʟ 11 ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʘʷ ʭʣʦʨʠʜʥʘʷ ʥʘʪʨʠʝʚʘʷ ʥʘʩʳʱʝʥʥʘʷ 

ʤʘʣʦʥʘʪʨʠʝʚʘʷ ʢʘʨʙʦʥʘʪʥʘʷ ʛʠʧʩʩʦʜʝʨʞʘʱʘʷ ʩʫʛʣʠʥʠʩʪʘʷ ʧʦʯʚʘ; Gypsiric 

Sodic Gleyic Fluvisols (Loamic, Salic); 

ʨʘʟʨʝʟ 12 ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʩʨʝʜʥʝʟʘʩʦʣʝʥʥʘʷ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʘʷ ʥʘʪʨʠʝʚʦ-ʢʘʣʠʝʚʘʷ 

ʥʘʩʳʱʝʥʥʘʷ ʤʘʣʦʥʘʪʨʠʝʚʘʷ ʢʘʨʙʦʥʘʪʥʘʷ ʛʠʧʩʩʦʜʝʨʞʘʱʘʷ ʩʫʛʣʠʥʠʩʪʘʷ ʧʦʯʚʘ; 

Sodic Gleyic Fluvisols (Loamic, Salic). 

3.3.3. ʊʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʚ ʜʦʣʠʥʝ ʨ. ʃʝʥʚʘ 

ɺ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʣʠʥʳ ʨ. ʃʝʥʚʘ ʨʘʟʛʨʫʞʘʶʪʩʷ ʧʦʜʟʝʤʥʳʝ 

ʚʦʜʳ, ʬʠʣʴʪʨʫʶʱʠʝʩʷ ʦʪ ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ ɹʂʇʈʋ-3. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʣʠ 

ʧʦʩʪʫʧʘʶʪ ʩ ʚʦʜʘʤʠ ʨ. ʃʝʥʚʘ, ʠʩʧʳʪʳʚʘʶʱʝʡ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʣʝʦʪʚʘʣʘ ʠ 

ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ ɹʂʇʈʋ-2. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʟʘʩʦʣʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʚ ʨʝʯʥʦʡ 

ʜʦʣʠʥʝ ʬʦʨʤʠʨʫʶʪʩʷ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʩ 

ʥʝʡʪʨʘʣʴʥʦ-ʱʝʣʦʯʥʦʡ ʠ ʨʝʟʢʦʢʠʩʣʦʡ ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ.  

3.3.3.1. ʉʚʦʡʩʪʚʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʦʣʦʥʯʘʢʦʚʳʭ ʥʘʩʳʱʝʥʥʳʭ ʧʦʯʚ  

ɺ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʘʭ ʦʪ ʨ. ʃʝʥʚʘ ʧʦʜ ʠʟʨʝʞʝʥʥʦʡ ʩʦʣʦʥʯʘʢʦʚʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ (ʪʦʨʠʯʥʠʢ ʩʦʣʦʥʯʘʢʦʚʳʡ Spergularia salina, ʣʝʙʝʜʘ 
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ʧʨʦʩʪʝʨʪʘʷ Atriplex prostrata, ʙʝʩʢʠʣʴʥʠʮʘ ʨʘʩʩʪʘʚʣʝʥʥʘʷ Puccinellia distans) 

ʟʘʣʦʞʝʥ ʨʘʟʨʝʟ 13 (ʨʠʩ. 22). ʂʦʦʨʜʠʥʘʪʳ ʨʘʟʨʝʟʘ 13 (ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

WGS-84): N 59.19.029, E 056.49.406. 

 

ʈʠʩʫʥʦʢ 22 ï ʉʦʣʦʥʯʘʢ ʚʪʦʨʠʯʥʳʡ ʧʦ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʝʨʦʛʫʤʫʩʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʦ ʦʛʣʝʝʥʥʦʡ ʧʦʯʚʝ ʠʟ ʜʦʣʠʥʳ ʨ. ʃʝʥʚʘ (ʨʘʟʨʝʟ 13) 
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ɺʦ ʚʪʦʨʠʯʥʦʤ ʩʦʣʦʥʯʘʢʝ ʧʦ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʝʨʦʛʫʤʫʩʦʚʦʡ ʛʣʝʝʚʘʪʦʡ 

ʧʦʯʚʝ (ʨʠʩ. 22) ʜʠʘʛʥʦʩʪʠʨʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʛʦʨʠʟʦʥʪʳ:  

0-5 ʩʤ ï ʦʪʦʨʬʦʚʘʥʥʘʷ ʜʝʨʥʠʥʘ, ʪʝʤʥʦ-ʙʫʨʘʷ, ʦʙʠʣʠʝ ʢʦʨʥʝʡ, ʩʳʨʘʷ. 

S/AYg ï ʩʦʣʝʚʦʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 0-21/21 ʩʤ, ʚʢʣʶʯʘʣ 

ʚʳʰʝʫʢʘʟʘʥʥʫʶ ʦʪʦʨʬʦʚʘʥʥʫʶ ʜʝʨʥʠʥʫ; ʨʞʘʚʦ-ʙʫʨʳʡ, ʩʳʨʦʡ, 

ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʚʷʟʢʠʡ, ʩʫʛʣʠʥʠʩʪʳʡ, ʧʝʨʝʭʦʜ ʢ ʥʠʞʝʣʝʞʘʱʝʤʫ ʛʦʨʠʟʦʥʪʫ 

ʚʦʣʥʠʩʪʳʡ, ʟʘʤʝʪʥʳʡ ʧʦ ʮʚʝʪʫ. 

S/ʉG~~ ï ʟʘʩʦʣʝʥʥʘʷ ʛʣʝʝʚʘʷ ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʧʦʨʦʜʘ, 21-75/54 ʩʤ, 

ʩʠʟʦʚʘʪʦ-ʩʝʨʘʷ, ʩʳʨʘʷ, ʙʝʩʩʪʨʫʢʪʫʨʥʘʷ, ʚʷʟʢʘʷ, ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʘʷ, ʩʦʜʝʨʞʠʪ 

ʢʨʫʧʥʦʧʝʩʯʘʥʳʝ ʬʨʘʢʮʠʠ. ʋʨʦʚʝʥʴ ʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʦʡ ʚʦʜʳ ï 

75 ʩʤ. 

ʅʘ ʢʨʦʤʢʝ ʧʦʡʤʝʥʥʦʛʦ ʙʦʣʦʪʘ ʥʘ ʦʪʣʦʞʝʥʠʷʭ ʩʫʧʝʩʯʘʥʦʛʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜ ʨʫʜʝʨʘʣʴʥʦ-ʟʣʘʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ 

ʦʧʠʩʘʥʘ ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʛʣʝʝʚʘʪʘʷ ʩʦʣʦʥʯʘʢʦʚʘʷ ʧʦʯʚ (ʨʘʟʨʝʟ 

15, ʨʠʩ. 23). ʂʦʦʨʜʠʥʘʪʳ ʨʘʟʨʝʟʘ 15 (ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ WGS-84): 

N 59.19.038, E 056.49.631. 

AYs,g ï ʩʝʨʦʛʫʤʫʩʦʚʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 0-20/20 ʩʤ, ʚʝʨʭʥʷʷ ʯʘʩʪʴ 

ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʪʦʨʬʦʚʘʥʥʦʡ ʜʝʨʥʠʥʦʡ ʤʦʱʥʦʩʪʴʶ 10 ʩʤ; ʩʝʨʦ-

ʙʫʨʳʡ ʩ ʨʳʞʠʤʠ ʢʨʘʧʠʥʢʘʤʠ, ʩʳʨʦʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʩʫʧʝʩʯʘʥʳʡ, ʧʝʨʝʭʦʜ 

ʚʦʣʥʠʩʪʳʡ, ʟʘʤʝʪʥʳʡ ʧʦ ʮʚʝʪʫ; 

ʉs,g,ʦʭ~~ ï ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʛʣʝʝʚʘʪʘʷ ʧʦʨʦʜʘ, 20-32/12 ʩʤ, ʨʞʘʚʦ-

ʨʳʞʘʷ, ʩʳʨʘʷ, ʙʝʩʩʪʨʫʢʪʫʨʥʘʷ, ʩʫʧʝʩʯʘʥʘʷ, ʧʝʨʝʭʦʜ ʟʘʤʝʪʥʳʡ ʧʦ ʮʚʝʪʫ; 

ʉGs~~ ï ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʛʣʝʝʚʘʷ ʧʦʨʦʜʘ, 32-69/37 ʩʤ, ʩʠʟʦ-ʩʝʨʦʛʦ 

ʮʚʝʪʘ, ʩʳʨʘʷ, ʙʝʩʩʪʨʫʢʪʫʨʥʘʷ, ʣʠʧʢʘʷ, ʚʷʟʢʘʷ; ʧʨʠʩʫʪʩʪʚʫʝʪ ʨʞʘʚʳʡ ʤʠʮʝʣʠʡ 

ʧʦ ʪʨʝʱʠʥʘʤ ʠ ʢʦʨʥʷʤ, ʨʞʘʚʳʝ ʧʷʪʥʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʚʩʪʨʝʯʘʶʪʩʷ ʫʛʦʣʴʢʠ ʠ ʚʢʨʘʧʣʝʥʠʷ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʛʠʧʩʘ, ʩʫʛʣʠʥʠʩʪʳʡ; 

ʚʦʜʘ ʩʦʯʠʪʩʷ ʩ ʛʣʫʙʠʥʳ 32 ʩʤ. 
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ʈʠʩʫʥʦʢ 23 ï ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʟʘʩʦʣʝʥʥʘʷ ʧʦʯʚʘ ʠʟ ʜʦʣʠʥʳ ʨ. ʃʝʥʚʘ (ʨʘʟʨʝʟ 15) 
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ʉʦʣʦʥʯʘʢ ʚʪʦʨʠʯʥʳʡ (ʩʦʨʦʚʳʡ) (ʨʘʟʨʝʟ 16) ʩʬʦʨʤʠʨʦʚʘʥ ʥʘ 

ʦʙʥʘʞʠʚʰʝʤʩʷ ʜʥʠʱʝ ʤʝʣʢʦʛʦ ʚʦʜʦʝʤʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʡʤʳ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʰʝʥ ʚʳʩʰʝʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʂʦʦʨʜʠʥʘʪʳ ʨʘʟʨʝʟʘ 16 (ʚ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ WGS-84): N 59.19.069, E 056.49.629. 

ʇʨʦʬʠʣʴ ʩʦʣʦʥʯʘʢʘ ʩʦʨʦʚʦʛʦ ʠʤʝʣ ʩʣʝʜʫʶʱʝʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ: 

S ï ʩʦʣʦʥʯʘʢʦʚʘʷ ʢʦʨʢʘ ʤʦʱʥʦʩʪʴʶ 3 ʩʤ, ʨʳʭʣʘʷ, ʨʞʘʚʦʛʦ ʮʚʝʪʘ; 

SS ï ʩʫʣʴʬʠʜʥʳʡ ʩʦʣʝʚʦʡ ʛʦʨʠʟʦʥʪ, 3-15/12 ʩʤ, ʧʦʯʪʠ ʯʝʨʥʳʡ ʩ 

ʨʞʘʚʳʤʠ ʧʨʦʩʣʦʡʢʘʤʠ, ʩʳʨʦʡ, ʛʝʣʝʦʙʨʘʟʥʳʡ, ʩʦʜʝʨʞʠʪ ʩʚʝʪʣʳʝ ʚʢʣʶʯʝʥʠʷ 

ʤʫʯʥʠʩʪʦʛʦ ʛʠʧʩʘ; 

S/G~~ ï 15-70/55 ʩʤ, ʦʛʣʝʝʥʥʳʡ ʩʳʨʦʡ ʩʫʛʣʠʥʦʢ ʩʠʟʦʛʦ ʮʚʝʪʘ ʩ ʨʞʘʚʳʤʠ 

ʧʨʠʤʘʟʢʘʤʠ. 

ʈʘʟʨʝʟ 17 ʟʘʣʦʞʠʣʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʠ ʧʦʡʤʳ ʧʦʜ 

ʣʫʛʦʚʦ-ʟʣʘʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. ʂʦʦʨʜʠʥʘʪʳ ʨʘʟʨʝʟʘ 17 (ʚ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ WGS-84): N 59.19.202, E 056.50.787. ʅʠʞʝ ʩʣʝʜʫʝʪ ʦʧʠʩʘʥʠʝ 

ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʝʨʦʛʫʤʫʩʦʚʦʡ ʛʣʝʝʚʘʪʦʡ ʩʦʣʦʥʯʘʢʦʚʦʡ ʧʦʯʚ:r  

AYs,g ï cʝʨʦʛʫʤʫʩʦʚʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 0-20/20 ʩʤ; ʜʦ ʛʣʫʙʠʥʳ 

10 ʩʤ ʛʫʩʪʦ ʧʝʨʝʧʣʝʪʝʥ ʢʦʨʥʷʤʠ ʪʨʘʚ, ʥʠʞʝ ʢʦʨʥʠ ʝʜʠʥʠʯʥʳʝ; ʩʝʨʦ-ʙʫʨʳʡ, 

ʙʦʣʝʝ ʪʝʤʥʳʡ ʜʦ ʛʣʫʙʠʥʳ 14 ʩʤ; ʩ ʛʣʫʙʠʥʳ 18 ʩʤ ʧʦʷʚʠʣʠʩʴ ʧʨʠʟʥʘʢʠ 

ʦʛʣʝʝʥʠʷ ʚ ʚʠʜʝ ʩʠʟʦʛʦ ʦʪʪʝʥʢʘ ʠ ʨʞʘʚʳʭ ʧʷʪʝʥ, ʩʪʨʫʢʪʫʨʘ ʢʦʤʢʦʚʘʪʦ-

ʧʦʨʦʰʠʩʪʘʷ; ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʡ; ʧʦ ʢʦʨʥʝʚʠʥʘʤ ʦʪʣʦʞʝʥʳ ʞʝʣʝʟʠʩʪʳʝ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ; ʧʝʨʝʭʦʜ ʢ ʧʦʨʦʜʝ ʚʦʣʥʠʩʪʳʡ, ʧʦʩʪʝʧʝʥʥʳʡ; 

Cs,g,ox ï ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʛʣʝʝʚʘʪʘʷ ʧʦʨʦʜʘ, 20-70/50 ʩʤ, ʙʫʨʦʛʦ 

ʮʚʝʪʘ, ʭʘʨʘʢʪʝʨʥʳ ʨʞʘʚʳʝ ʧʷʪʥʘ ʠ ʤʥʦʞʝʩʪʚʦ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ 

ʢʦʥʢʨʝʮʠʡ; 

CGs~~ ï ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʛʣʝʝʚʘʷ ʩʫʛʣʠʥʠʩʪʘʷ ʧʦʨʦʜʘ, 70-100/30 ʩʤ, 

ʩʠʟʘʷ, ʩ ʨʞʘʚʳʤʠ ʧʨʠʤʘʟʢʘʤʠ; ʩ ʛʣʫʙʠʥʳ 100 ʩʤ ʩʪʘʥʦʚʠʣʘʩʴ ʩʳʨʦʡ, ʩʠʟʦʡ, 

ʙʝʟ ʨʳʞʠʭ ʧʷʪʝʥ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʜʥʦʡ ʠʟ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ, ʧʦʷʚʠʣʩʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʟʥʘʢ ʚ 

ʚʠʜʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʛʠʧʩʘ (ʨʘʟʨʝʟ 15). ʉʠʟʳʝ 

ʦʪʪʝʥʢʠ ʚ ʦʢʨʘʩʢʝ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʞʝʣʝʟʠʩʪʳʝ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʨʞʘʚʦʛʦ ʮʚʝʪʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʜʦʟʘʩʪʦʡʥʦ-ʧʨʦʤʳʚʥʦʡ ʪʠʧ 

ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʠ ʛʣʝʝʦʙʨʘʟʦʚʘʥʠʝ [ʊʘʨʛʫʣʴʷʥ ʠ ʜʨ., 1987; ɿʘʡʜʝʣʴʤʘʥ, 

2004]. ʉʦʣʦʥʯʘʢ ʩʦʨʦʚʳʡ ï ʥʦʚʳʡ ʢʦʤʧʦʥʝʥʪ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ, 

ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʧʨʠ ʚʳʩʳʭʘʥʠʠ ʩʦʣʝʥʦʛʦ ʤʝʣʢʦʚʦʜʥʦʛʦ ʚʦʜʦʝʤʘ. ɺ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʵʪʦʛʦ ʩʦʣʦʥʯʘʢʘ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʯʝʨʥʳʡ ʛʝʣʝʦʙʨʘʟʥʳʡ ʦʩʘʜʦʢ, 

ʚʠʜʠʤʦ, ʢʦʣʣʦʠʜʥʳʡ ʩʫʣʴʬʠʜ ʞʝʣʝʟʘ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʥʘ ʜʥʝ ʚʦʜʦʝʤʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʩʫʣʴʬʘʪʦʚ ʧʨʠ ʫʯʘʩʪʠʠ ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʭ 

ʙʘʢʪʝʨʠʡ [ɻʣʘʟʦʚʩʢʘʷ, 2007].  

ɺ ʧʨʦʬʠʣʝ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʘʢʢʫʤʫʣʠʨʦʚʘʣʠʩʴ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ 

ʩʦʣʠ (ʨʠʩ. 24, ʧʨʠʣʦʞʝʥʠʝ ɻ). ɺ ʚʦʜʥʦʡ ʚʳʪʷʞʢʝ ʠʟ ʧʦʯʚ ʢʦʣʠʯʝʩʪʚʦ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʳʤ (0,1-0,4 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ ʧʦʯʚʳ). 

ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʜʦʚ ʙʳʣʦ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʚ ʩʦʣʦʥʯʘʢʘʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʥʠʞʝʥʥʳʤ ï ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ. ʂʦʣʠʯʝʩʪʚʦ ʩʫʣʴʬʘʪ-ʠʦʥʦʚ ʚ 

ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʘʭ ʥʘʭʦʜʠʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 1,2-3,8 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ. 

ʉʦʣʦʥʯʘʢ ʩʦʨʦʚʳʡ ʦʪʣʠʯʠʣʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʣʴʬʘʪ-ʠʦʥʦʚ 

ï 120-190 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ, ʥʘʢʦʧʣʝʥʠʝ ʩʫʣʴʬʘʪʥʳʭ ʩʦʣʝʡ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʦ ʤʝʨʝ ʚʳʩʳʭʘʥʠʷ ʚʦʜʦʝʤʘ ʠ ʥʘʢʦʧʣʝʥʠʷ ʛʠʧʩʘ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʷʤʠ ʚʳʜʝʣʝʥʠʷ ʨʦʜʦʚ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʘʥʠʦʥʦʚ 

[ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʯʚé, 2004] ʧʦʯʚʳ ʠʤʝʣʠ ʭʣʦʨʠʜʥʦʝ 

ʟʘʩʦʣʝʥʠʝ, ʣʠʰʴ ʩʦʣʦʥʯʘʢ ʩʦʨʦʚʳʡ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʤ 

ʭʠʤʠʟʤʦʤ ʩʦʣʝʡ [Eremchenko, Pakhorukov, Shestakov, 2020].  
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ʈʠʩʫʥʦʢ 24 ï ʉʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ (1 ï HCO3
ī; 2 ï Clī; 3 ï SO4

2ī; 4 ï K+; 5 ï Na+; 

6 ï Mg2+; 7 ï Ca2+) ʚ ʚʦʜʥʳʭ ʚʳʪʷʞʢʘʭ ʠʟ ʘʣʣʶʚʠʘʣʴʥʳʭ ʥʘʩʳʰʝʥʥʳʭ ʧʦʯʚ ʚ 

ʜʦʣʠʥʝ ʨ. ʃʝʥʚʘ: ɸ ï ʨʘʟʨʝʟ 13, ɹ ï ʨʘʟʨʝʟ 15, ɺ ï ʨʘʟʨʝʟ 16, ɻ ï ʨʘʟʨʝʟ 17 
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ʜʦ 240 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ. ɺ ʩʦʣʦʥʯʘʢʝ ʩʦʨʦʚʦʤ ʢʦʣʠʯʝʩʪʚʦ ʉʘ2+ ʧʨʝʚʳʩʠʣʦ 

100 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ, ʦʪʣʠʯʠʣʘʩʴ ʧʦʯʚʘ ʠ ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Mg2+ 

[Eremchenko, Pakhorukov, Shestakov, 2020]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʩʪʘʚʦʤ ʢʘʪʠʦʥʦʚ [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ 

ʧʦʯʚé, 2004], ʩʦʣʦʥʯʘʢ ʩʦʨʦʚʳʡ ʠʤʝʣ ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ ʭʠʤʠʟʤ ʚ 

ʩʦʣʝʚʦʤ ʛʦʨʠʟʦʥʪʝ ʠ ʥʘʪʨʠʝʚʦ-ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ ï ʚ ʛʣʝʝʚʦʤ. ɺ ʚʝʨʭʥʠʭ 

ʛʦʨʠʟʦʥʪʘʭ ʩʦʣʦʥʯʘʢʘ ʚʪʦʨʠʯʥʦʛʦ ï ʥʘʪʨʠʝʚʦʝ ʟʘʩʦʣʝʥʠʝ, ʘ ʚ ʥʠʞʥʠʭ ï 

ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʦʝ. ʋ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ ʦʪʤʝʯʝʥ 

ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ (ʨʘʟʨʝʟ 15), ʥʘʪʨʠʝʚʦ-ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ ʠ 

ʤʘʛʥʠʝʚʦ-ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ (ʨʘʟʨʝʟ 17) ʭʠʤʠʟʤ. ɺ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʦʯʚʳ ʩ ʢʘʣʴʮʠʝʚʳʤ ʠ ʨʘʟʥʦʩʤʝʰʘʥʥʳʤ (ʨʘʚʥʘʷ ʜʦʣʷ ʉʘ, Mg, Na) ʟʘʩʦʣʝʥʠʝʤ 

ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ, ʥʘ ʥʠʭ ʧʨʠʭʦʜʠʪʩʷ ʚʩʝʛʦ ʦʢʦʣʦ 2% ʧʣʦʱʘʜʠ ʟʘʩʦʣʝʥʥʳʭ 

ʧʦʯʚ [ʏʝʨʥʦʫʩʝʥʢʦ, ʍʠʪʨʦʚ, 2023]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʚʦʜʥʦʡ 

ʚʳʪʷʞʢʠ ʥʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ ʤʝʪʦʜʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʘ ʠʤʝʥʥʦ, 

ʨʘʩʪʚʦʨʝʥʠʝ ʛʠʧʩʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʚʦʜʥʫʶ 

ʚʳʪʷʞʢʫ ʠʟ ʢʠʩʣʦʡ ʧʦʯʚʳ ʢʘʣʴʮʠʡ ʠʟ ʇʇʂ ʤʦʞʝʪ ʙʳʪʴ ʚʳʪʝʩʥʝʥ ʧʨʦʪʦʥʘʤʠ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʦʙʦʠʭ ʩʦʣʦʥʯʘʢʦʚ ʙʳʣʦ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʂ+ ʚ ʚʦʜʥʦʡ ʚʳʪʷʞʢʝ. ɺ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʨʢʝ ʫ ʩʦʣʦʥʯʘʢʘ 

ʩʦʨʦʚʦʛʦ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʚʳʩʠʣʦ ʩʦʜʝʨʞʘʥʠʝ Na+. ɺ ʩʦʣʦʥʯʘʢʝ ʚʪʦʨʠʯʥʦʤ 

ʫʨʦʚʝʥʴ ʘʢʢʫʤʫʣʷʮʠʠ ʂ+ ʙʳʣ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʳʰʝ ʩʫʤʤʘʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʉʘ2+ ʠ Mg2+. ɺ ʦʜʥʦʡ ʠʟ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ (ʨʘʟʨʝʟ 17) ʩʦʜʝʨʞʘʥʠʝ ʂ+ 

ʙʦʣʴʰʝ, ʯʝʤ Mg2+. ɺ ʧʨʠʨʦʜʥʳʭ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʢʘʣʠʝʚʳʡ ʭʠʤʠʟʤ 

ʟʘʩʦʣʝʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ [ʏʝʨʥʦʫʩʝʥʢʦ, ʍʠʪʨʦʚ, 2023]. ʂʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚʳʰʝ, 

ʢʘʣʠʡ ʧʦʩʪʫʧʘʝʪ ʚ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʠʟ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʣʝʡ; ʚ ʧʦʯʚʘʭ 

ʵʪʦʪ ʵʣʝʤʝʥʪ ʤʦʞʝʪ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴʩʷ ʙʣʘʛʦʜʘʨʷ ʠʟʙʠʨʘʪʝʣʴʥʦʤʫ 

ʙʠʦʛʝʥʥʦʤʫ ʧʦʛʣʦʱʝʥʠʶ [ʇʝʨʝʣʴʤʘʥ, 1966; ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999]. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʩʚʷʟʳʚʘʥʠʠ ʠʦʥʦʚ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ ʚ ʪʦʢʩʠʯʥʳʝ 

ʩʦʣʠ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ) ʧʨʠʰʣʠ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʚ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ ʭʣʦʨʠʜʳ ʥʘʪʨʠʷ, ʥʦ ʠ 

ʭʣʦʨʠʜʳ ʢʘʣʠʷ, ʤʘʛʥʠʷ ʠ ʢʘʣʴʮʠʷ. 
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ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʪʦʢʩʠʯʥʳʭ ʩʦʣʝʡ (17-27%) 

ʫʩʪʘʥʦʚʣʝʥ ʚ ʩʦʣʝʚʦʤ ʛʦʨʠʟʦʥʪʝ (0-15 ʩʤ) ʩʦʣʦʥʯʘʢʘ ʩʦʨʦʚʦʛʦ; ʢʦʣʠʯʝʩʪʚʦ 

ʩʦʣʝʡ ʦʩʪʘʚʘʣʦʩʴ ʦʯʝʥʴ ʚʳʩʦʢʠʤ (10%) ʠ ʚ ʛʣʝʝʚʦʤ ʛʦʨʠʟʦʥʪʝ ʵʪʦʡ ʧʦʯʚʳ 

(ʧʨʠʣʦʞʝʥʠʝ ɻ). ɺ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ ʩʦʣʦʥʯʘʢʘ ʚʪʦʨʠʯʥʦʛʦ ʧʦ 

ʘʣʣʶʚʠʘʣʴʥʦʡ ʛʫʤʫʩʦʚʦʡ ʛʣʝʝʚʘʪʦʡ ʧʦʯʚʝ ʩʦʜʝʨʞʘʣʦʩʴ ʙʦʣʝʝ 1% ʪʦʢʩʠʯʥʳʭ 

ʩʦʣʝʡ, ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʝ ï ʙʦʣʝʝ 2%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʝʥʴ 

ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʳʤ ʙʳʣ ʚʝʩʴ ʧʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ. ɺ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ (ʨʘʟʨʝʟʳ 17, 15) ʩʫʤʤʘ ʪʦʢʩʠʯʥʳʭ ʩʦʣʝʡ 

ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 0,3-0,5%, ʥʘʠʙʦʣʴʰʘʷ ʘʢʢʫʤʫʣʷʮʠʷ ʪʦʢʩʠʯʥʳʭ ʩʦʣʝʡ 

(0,75-1,6%), ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʩʣʝʞʠʚʘʣʘʩʴ ʚ ʥʠʞʥʝʤ ʧʦʣʫʤʝʪʨʦʚʦʤ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʤ ʩʣʦʝ [Eremchenko, Pakhorukov, Shestakov, 2020]. 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʧʦʯʚʳ ʧʦʡʤʳ ʨ. ʃʝʥʚʘ ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʨʝʘʢʮʠʠ 

ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ (ʪʘʙʣ. 7). ʅʝʡʪʨʘʣʴʥʦʡ ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʡʪʨʘʣʴʥʦʡ 

ʨʝʘʢʮʠʝʡ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʩʦʣʦʥʯʘʢ ʚʪʦʨʠʯʥʳʡ ʠ ʘʣʣʶʚʠʘʣʴʥrʝ ʛʣʝʝʚʘʪʳʝ 

ʧʦʯʚ r(ʨʘʟʨʝʟʳ 13, 15). ʉʣʘʙʦʢʠʩʣʘʷ ʨʝʘʢʮʠʷ ʩʨʝʜʳ ʚʳʷʚʣʝʥʘ ʚ ʩʦʣʦʥʯʘʢʝ 

ʩʦʨʦʚʦʤ, ʩʠʣʴʥʦʢʠʩʣʘʷ ï ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ ʧʦʯʚʝ ʠʟ ʨʘʟʨʝʟʘ 17, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʵʪʦ ʦʩʪʘʪʦʯʥʘ ̫ ʢʠʩʣʦʪʥʦʩʪʴ ʫʥʘʩʣʝʜʦʚʘʥʘ ʦʪ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʪʘʝʞʥʦ-

ʣʝʩʥʦʡ ʟʦʥʳ. 
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ʊʘʙʣʠʮʘ 7 ï ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ʃʝʥʚʘ 

ˉ ʨʘʟʨʝʟʘ ɻʣʫʙʠʥʘ, ʩʤ Cʦʨʛ, % pHʚʦʜ pHʩʦʣ 

ʆʙʤʝʥʥʳʝ ʢʘʪʠʦʥʳ, 

ʤʤʦʣʴ(ʵʢʚ)/100 ʛ 
ɽʂʆ, 

ʤʤʦʣʴ(ʵʢʚ)/100 ʛ 

% 

Ca2+ Mg2+ Na+ K+ H++Al3+ CO2 ʢʘʨʙ. ɻʠʧʩ 

13 

9-19 1,15 7,23 6,81 2,80 1,20 4,77 8,82 0 17,59 1,6 2,1 

25-35 1,43 6,83 6,57 2,00 0,76 4,59 7,71 0 15,06 1,6 1,3 

45-55 - 6,55 6,45 1,84 0,88 4,45 6,67 0 13,84 1,5 1,8 

63-73 - 6,41 6,29 1,76 0,76 3,83 6,30 0 12,65 1,2 1,8 

15 

10-20 0,38 6,48 6,41 3,68 1,28 2,57 2,13 0 9,66 1,2 0 

21-31 0,31 5,93 5,82 2,92 1,08 2,85 2,40 0 9,32 0 0 

35-45 - 6,47 6,25 5,08 1,60 4,90 4,62 0 16,20 1,2 0 

59-69 - 6,89 6,78 5,12 1,36 4,45 5,25 0 16,18 1,3 0 

16 

0-3 10,2 5,90 5,84 6,4 2,7 4,4 2,4 2,5 18,4 0 19,3 

3-15 10,0 6,75 6,70 8,7 3,0 5,5 1,0 1,2 19,4 0 12,5 

45-55 - 5,85 5,80 - - - - 3,7 - 0 2,7 

17 

5-15 9,3 4,69 5,42 - - - - 13,3 - 0 0 

20-30 1,7 4,47 4,48 8,0 3,0 2,1 0,3 5,6 19,0 0 0 

32-42 - 5,02 4,78 - - - - 3,8 - 0 0 

50-60 - 4,16 3,97 - - - - 5,6 - 0 0 

70-80 - 4,68 4,72 - - - - 7,2 - 0 0 

95-105 - 5,18 5,22 - - - - 4,5 - 0 0 

ʇʨʠʤʝʯʘʥʠʝ: (-) ï ʥʝ ʦʧʨʝʜʝʣʷʣʦʩʴ. 
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ɺ ʧʦʯʚʘʭ ʩ ʥʝʡʪʨʘʣʴʥʦʡ ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ (ʨʘʟʨʝʟʳ 13, 15) ʩʦʜʝʨʞʘʣʠʩʴ 

ʢʘʨʙʦʥʘʪʳ ʚ ʢʦʣʠʯʝʩʪʚʝ ʉʆ2 ï 1,2-1,6%, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʭ ʧʦ ʧʨʦʬʠʣʶ ʙʳʣʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʳʤ. ʉʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʦʚ (ʩ ʧʝʨʝʩʯʝʪʦʤ ʥʘ 

ʉʘʉʆ3) ʚ ʵʪʠʭ ʧʦʯʚʘʭ ʧʨʝʚʳʩʠʣʦ 2%, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ ɻʆʉʊʫ ʈ 70229-2022 

ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʨʙʦʥʘʪʥʳʤ ʧʦʯʚʘʤ. ʂʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʨʘʥʝʝ (ʩʤ. ʨʘʟʜʝʣ 

3.3.2), ʧʦʷʚʣʝʥʠʝ ʢʘʨʙʦʥʘʪʦʚ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ ʪʘʝʞʥʦ-ʣʝʩʥʦʡ ʟʦʥʳ, 

ʠʩʧʳʪʳʚʘʶʱʠʭ ʪʝʭʥʦʛʝʥʥʦʝ ʟʘʩʦʣʝʥʠʝ, ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ 

ʢʘʣʴʮʠʷ, ʢʦʪʦʨʳʡ ʩʨʝʜʠ ʜʨʫʛʠʭ ʢʘʪʠʦʥʦʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʦʪʣʠʯʘʝʪʩʷ 

ʧʦʥʠʞʝʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ [ʇʝʨʝʣʴʤʘʥ, 1966; ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999; 

ʄʦʭʘʤʤʘʜʠ, 2022; ɽʣʠʟʘʨʦʚ ʠ ʜʨ., 2023]. 

ɺ ʫʩʣʦʚʠʷʭ ʧʦʡʤʝʥʥʦʛʦ ʨʝʞʠʤʘ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ 

ʧʦʯʚʘʭ ʨʝʯʥʦʡ ʜʦʣʠʥʳ ʥʝʚʝʣʠʢʦ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʫʧʝʩʯʘʥʦʤ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ (ʪʘʙʣ. 7). ʅʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʛʫʤʫʩʦʤ, ʥʦ ʠ ʩ ʥʘʢʦʧʣʝʥʠʝʤ 

ʧʝʨʝʛʥʦʡʥʳʭ ʚʝʱʝʩʪʚ ʚ ʛʣʝʝʚʳʭ ʧʦʯʚʘʭ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʦʪʤʝʯʘʝʪʩʷ ʚ ʩʦʣʦʥʯʘʢʝ ʩʦʨʦʚʦʤ, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʚ ʠʣʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚʦʜʦʝʤʘ. 

ɽʤʢʦʩʪʴ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ (ɽʂʆ) ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ ʟʘʚʠʩʝʣʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪ ʠʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʉʫʛʣʠʥʠʩʪʳʝ 

ʛʦʨʠʟʦʥʪʳ ʠʤʝʣʠ ɽʂʆ ʚ ʧʨʝʜʝʣʘʭ 13-19 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ, ʘ ʩʫʧʝʩʯʘʥʳʝ ï 

ʦʢʦʣʦ 9 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ [Eremchenko, Pakhorukov, Shestakov, 2020].  

ʉʦʣʦʥʯʘʢʠ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʦʙʤʝʥʥʦʛʦ ʥʘʪʨʠʷ ʚ 

ʧʦʛʣʦʱʘʶʱʝʤ ʢʦʤʧʣʝʢʩʝ ʦʪʥʦʩʪ̫ʩʷ ʢ ʩʨʝʜʥʝʥʘʪʨʠʝʚʳʤ ʧʦʯʚʘʤ; ʠʟ ʜʚʫʭ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ ʦʜʥʘ ʙʳʣʘ ʩʨʝʜʥʝʥʘʪʨʠʝʚʦʡ, ʜʨʫʛʘʷ 

ʤʘʣʦʥʘʪʨʠʝʚʦʡ (ʪʘʙʣ. 7) [ʧʦ: ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʯʚé, 2004]. 

ɺ ʜʚʫʭ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʩʦʭʨʘʥʠʣʘʩʴ ʥʝʥʘʩʳʱʝʥʥʦʩʪʴ 

ʦʩʥʦʚʘʥʠʷʤʠ, ʚ ʩʦʣʦʥʯʘʢʝ ʩʦʨʦʚʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʙʤʝʥʥʳʭ 

H++Al 3+ ʩʦʩʪʘʚʣʷʣʦ 6-14% ʦʪ ɽʂʆ. ʂʠʩʣʘʷ ʘʣʣʶʚʠʘʣʴʥʘʷ ʧʦʯʚʘ (ʨʘʟʨʝʟ 17) 

ʙʳʣʘ ʩʣʘʙʦʥʘʩʳʱʝʥʥʦʡ ʦʩʥʦʚʘʥʠʷʤʠ, ʪ.ʢ. ʦʙʱʘʷ ʜʦʣʷ H++Al 3+ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 

30 ʜʦ 57% ʦʪ ɽʂʆ. 
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ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʦʙʤʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ. 

ɸʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʪʘʝʞʥʦ-ʣʝʩʥʦʡ ʟʦʥʳ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʜʦʟʘʩʪʦʡʥʦʛʦ ʨʝʞʠʤʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʦʮʝʩʩʘ ʦʛʣʝʝʥʠʷ. 

ɻʣʝʝʦʙʨʘʟʦʚʘʥʠʝ ï ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, 

ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʘʥʘʵʨʦʙʥʦʡ ʩʨʝʜʝ ʥʘ ʢʠʩʣʳʭ ʠ ʥʝʡʪʨʘʣʴʥʳʭ ʧʦʨʦʜʘʭ, ʥʝ 

ʩʦʜʝʨʞʘʱʠʭ ʩʫʣʴʬʘʪʦʚ, ʧʨʠ ʥʘʣʠʯʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʧʦʩʦʙʥʦʛʦ ʢ 

ʬʝʨʤʝʥʪʘʮʠʠ. ʇʨʠ ʫʯʘʩʪʠʠ ʛʝʪʝʨʦʪʨʦʬʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ʧʨʦʜʫʮʠʨʫʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʫʣʴʚʦʢʠʩʣʦʪ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʠʩʣʦʪ, ʧʦʵʪʦʤʫ ʜʣʷ ʛʣʝʝʚʳʭ ʧʦʯʚ ʭʘʨʘʢʪʝʨʥʳ ʢʠʩʣʘʷ ʨʝʘʢʮʠʷ ʠ 

ʥʝʥʘʩʳʱʝʥʥʦʩʪʴ ʦʩʥʦʚʘʥʠʷʤʠ [ɿʘʡʜʝʣʴʤʘʥ, 2017]. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʧʦʩʪʫʧʣʝʥʠʝ ʦʩʥʦʚʘʥʠʡ ʩ ʪʝʭʥʦʛʝʥʥʳʤʠ ʚʦʜʘʤʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʚʳʪʝʩʥʝʥʠʶ 

H+ ʠ Al3+ ʠʟ ʧʦʯʚʝʥʥʦʛʦ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 

ʢʠʩʣʦʪʥʦʩʪʠ, ʯʪʦ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʦ ʚʪʦʨʠʯʥʦʤ ʩʦʣʦʥʯʘʢʝ ʠ ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ 

ʛʣʝʝʚʘʪʦʡ ʩʫʧʝʩʯʘʥʦʡ ʧʦʯʚʝ (ʨʘʟʨʝʟʳ 13, 15). ɺ ʩʦʨʦʚʦʤ ʩʦʣʦʥʯʘʢʝ ʠ ʚ 

ʘʣʣʶʚʠʘʣʴʥʦʡ ʛʣʝʝʚʘʪʦʡ ʧʦʯʚʝ (ʨʘʟʨʝʟʳ 16, 17) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʦʭʨʘʥʠʣʠʩʴ ʢʠʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ ʠ ʥʝʥʘʩʳʱʝʥʥʦʩʪʴ ʦʩʥʦʚʘʥʠʷʤʠ 

[Eremchenko, Pakhorukov, Shestakov, 2020]. 

ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ ʩʦʩʪʘʚ ʦʙʤʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʚʪʦʨʠʯʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʧʨʝʜʩʪʘʚʣʝʥ Ca2+, Mg2+, Na+, K+, H++Al3+. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʅ+ ʠ Na+ ʚ ʧʦʯʚʝʥʥʦʤ 

ʧʦʛʣʦʱʘʶʱʝʤ ʢʦʤʧʣʝʢʩʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʦʣʦʜʝʡ ʠ ʜʝʨʥʦʚʦ-ʩʦʣʦʜʝʡ 

[ɹʘʟʠʣʝʚʠʯ, 1965; ʉʘʧʨʳʢʠʥ, 2021.]. ʇʦ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, 

ʩʦʣʦʜʠ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʨʘʩʩʦʣʝʥʠʠ ʩʦʣʦʥʮʦʚ, ʦʙʤʝʥʥʳʡ Na+ ʧʦʩʪʝʧʝʥʥʦ 

ʚʳʪʝʩʥʷʝʪʩʷ ʅ+ [ɻʝʜʨʦʡʮ, 1955]. ɺ ʢʠʩʣʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ ʚ 

ʧʦʯʚʝʥʥʦʤ ʧʦʛʣʦʱʘʶʱʝʤ ʢʦʤʧʣʝʢʩʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʭ 

ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʜ ʠʜʝʪ ʧʦʩʪʝʧʝʥʥʦʝ ʚʳʪʝʩʥʝʥʠʝ ʅ+ ʦʜʥʦʚʘʣʝʥʪʥʳʤʠ 

ʢʘʪʠʦʥʘʤʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ Na+. ʄʝʞʜʫ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤ Na+ ʠ ʝʛʦ 

ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʛʣʦʱʘʶʱʝʤ ʢʦʤʧʣʝʢʩʝ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ  

 



 
 

104 
 

ʧʨʦʷʚʣʷʝʪʩʷ ʩʠʣʴʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ (R2=0,75) [ɽʣʠʟʘʨʦʚ ʠ ʜʨ., 2023]. 

ʅʝ ʤʝʥʝʝ ʘʥʦʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʧʦʯʚʝʥʥʦʤ 

ʧʦʛʣʦʱʘʶʱʝʤ ʢʦʤʧʣʝʢʩʝ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʂ+. 

ʂʘʣʠʝʚʳʝ ʩʦʣʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠʟ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʦʩʪʫʧʘʶʪ ʚ 

ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ, ʫʚʝʣʠʯʠʚʘʷ ʩʚʝʨʭ ʚʩʝʭ ʧʨʠʨʦʜʥʳʭ ʧʨʝʜʝʣʦʚ ʜʦʣʶ 

ʦʙʤʝʥʥʦʛʦ ʢʘʣʠʷ (ʜʦ 50% ɽʂʆ ʚʦ ʚʪʦʨʠʯʥʦʤ ʩʦʣʦʥʯʘʢʝ) [Eremchenko, 

Pakhorukov, Shestakov, 2020]. 

ɺ ʧʨʦʬʠʣʝ ʚʪʦʨʠʯʥʦʛʦ ʩʦʣʦʥʯʘʢʘ ʠ ʘʣʣʶʚʠʘʣʴʥʦʡ ʛʣʝʝʚʦʡ ʩʫʧʝʩʯʘʥʦʡ 

ʧʦʯʚʳ (ʨʘʟʨʝʟʳ 13, 15) ʥʘ ʛʣʫʙʠʥʝ 70-80 ʩʤ ʦʪʤʝʯʝʥʳ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ 

ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʛʠʧʩʘ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ 

ʧʨʠʩʫʪʩʪʚʠʝ ʛʠʧʩʘ ʚʠʟʫʘʣʴʥʦ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʧʦʢʘʟʘʣʠ ʛʠʧʩʦʩʦʜʝʨʞʘʥʠʝ ʚ ʢʦʣʠʯʝʩʪʚʝ 1,3-2,0%. ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʘʢʢʫʤʫʣʷʮʠʷ ʛʠʧʩʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʧʦʯʚ ʘʨʠʜʥʳʭ ʠ ʩʝʤʠʘʨʠʜʥʳʭ ʨʝʛʠʦʥʦʚ. 

ɻʠʧʩʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʧʦʯʚʘʭ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ: ʘ) ʧʦʩʪʫʧʣʝʥʠʝʤ ʠ 

ʫʧʘʨʠʚʘʥʠʝʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʥʘʩʳʱʝʥʥʳʭ ʧʦ ʢʘʣʴʮʠʶ ʠ ʩʫʣʴʬʘʪ-ʠʦʥʫ; 

ʙ) ʦʙʤʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ 

ʛʠʧʩʘ ʟʘ ʩʯʝʪ ʦʙʤʝʥʥʳʭ ʨʝʘʢʮʠʡ ʤʝʞʜʫ ʢʘʣʴʮʠʝʤ ʢʘʨʙʦʥʘʪʦʚ ʠ ʩʫʣʴʬʘʪʥʦ-

ʥʘʪʨʠʝʚʳʤʠ ʚʦʜʘʤʠ (ʜʝʢʘʨʙʦʥʘʪʠʟʘʮʠʷ); ʚ) ʦʙʤʝʥʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʩʦʣʝʚʳʭ 

ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʢʘʣʴʮʠʝʤ ʧʦʯʚʝʥʥʦʛʦ ʧʦʛʣʦʱʘʶʱʝʛʦ 

ʢʦʤʧʣʝʢʩʘ [Eswaran, Gong, 1991; Yamnova et al, 2013; ʍʠʪʨʦʚa, ʈʦʛʦʚʥʝʚʘ, 

2021]. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʥʝʥʘʩʳʱʝʥʥʳʤʠ ʧʦ ʢʘʣʴʮʠʶ ʠ ʩʫʣʴʬʘʪ-ʠʦʥʘʤ. ʆʩʘʞʜʝʥʠʝ ʛʠʧʩʘ 

ʤʫʯʥʠʩʪʦʛʦ ʤʦʨʬʦʪʠʧʘ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʚʳʩʳʭʘʥʠʠ ʤʝʣʢʦʛʦ ʚʦʜʦʝʤʘ, 

ʧʦʵʪʦʤʫ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʩʦʣʦʥʯʘʢʘ ʩʦʨʦʚʦʛʦ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʜʦʩʪʠʛʘʣʦ 12-

19%. ʊʘʢʦʝ ʛʠʧʩʦʦʙʨʘʟʦʚʘʥʠʝ ʧʦ ʧʫʪʠ ʠʩʧʘʨʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ï 

ʵʪʦ ʷʚʣʝʥʠʝ ʩʝʟʦʥʥʦʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʪʦʨʠʯʥʦʛʦ ʟʘʩʦʣʝʥʠʷ ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʠʧʩʘ ʚ ʧʦʯʚʘʭ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʝʧʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʚ ʧʦʯʚʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʘʣʦ ʧʦʜʚʠʞʥʳʭ ʉʘ2+ ʠ SO4
2- ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʟ ʥʠʭ ʛʠʧʩʘ. 

 



 
 

105 
 

ʅʝ ʠʩʢʣʶʯʘʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʢʨʠʦʛʝʥʥʦʛʦ ʛʠʧʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʦʬʠʣʝ 

ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ, ʪʘʢ ʢʘʢ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʛʠʧʩʘ ʦʙʥʘʨʫʞʝʥʳ ʥʘ 

ʛʣʫʙʠʥʝ ʧʨʦʤʝʨʟʘʥʠʷ ʧʦʯʚ ʚ ʫʩʣʦʚʠʷʭ ʶʞʥʦʡ ʪʘʡʛʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩ 

ʜʠʥʘʤʠʢʦʡ ʧʨʦʤʝʨʟʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ ʧʦʯʚʳ ʩʚʷʟʘʥʦ ʧʝʨʝʜʚʠʞʝʥʠʝ ʚʝʱʝʩʪʚʘ. 

ʇʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʚʣʘʛʦʥʘʩʳʱʝʥʥʳʭ ʧʦʯʚ ʯʘʩʪʴ ʩʦʣʝʡ ʚʦʚʣʝʯʝʥʘ ʚ ʣʝʜ, ʯʘʩʪʴ 

ʦʪʞʠʤʘʝʪʩʷ ʚ ʥʠʞʝʣʝʞʘʱʠʝ ʩʣʦʠ ʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʦʟʨʘʩʪʘʝʪ ʚ ʨʘʩʪʚʦʨʝ ʧʝʨʝʜ ʬʨʦʥʪʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʦʙʨʘʟʫʷ ʦʙʣʘʩʪʠ 

ʢʨʠʦʛʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʜʝʣʘ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʦʣʠ 

ʚʳʧʘʜʘʶʪ ʚ ʦʩʘʜʦʢ. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʪʪʘʠʚʘʥʠʠ ʥʝ ʚʩʝ ʚʳʧʘʚʰʠʝ ʚ ʦʩʘʜʦʢ 

ʩʦʣʠ ʧʝʨʝʭʦʜʷʪ ʚ ʨʘʩʪʚʦʨ, ʦʙʨʘʟʫʷ ʨʘʟʣʠʯʥʳʝ ʘʢʢʫʤʫʣʷʮʠʠ ʚ ʧʨʦʬʠʣʝ 

[ʇʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, 2006; Eremchenko, Pakhorukov, Shestakov, 

2020].  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʘʛʥʦʩʪʠʨʦʚʘʣʠ ʠʩʩʣʝʜʫʝʤʳʝ 

ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ ʧʦʡʤʳ ʨ. ʃʝʥʚʘ ʧʦ ʠʟʫʯʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ï 

ʜʦ ʨʦʜʘ ʠ ʚʠʜʘ [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʯʚé, 2004], ʘ ʪʘʢʞʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʠʨʦʚʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʦʡ ʧʦʯʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ [WRB, 

2022]: 

ʨʘʟʨʝʟ 13 ï ʩʦʣʦʥʯʘʢ ʚʪʦʨʠʯʥʳʡ ʭʣʦʨʠʜʥʳʡ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ 

ʥʘʩʳʱʝʥʥʳʡ ʩʨʝʜʥʝʥʘʪʨʠʝʚʳʡ ʢʘʨʙʦʥʘʪʥʳʡ ʛʠʧʩʩʦʜʝʨʞʘʱʠʡ ʧʦ 

ʘʣʣʶʚʠʘʣʴʥʦʡ ʛʫʤʫʩʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʦʡ ʩʫʛʣʠʥʠʩʪʦʡ ʧʦʯʚʝ; Fluvic 

Sodic Gleyic Solonchak (Chloridic, Hypersalic, Loamic, Ochric); 

ʨʘʟʨʝʟ 15 ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʘʷ ʭʣʦʨʠʜʥʘʷ ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʘʷ ʥʘʩʳʱʝʥʥʘʷ 

ʩʨʝʜʥʝʥʘʪʨʠʝʚʘʷ ʢʘʨʙʦʥʘʪʥʘʷ ʩʫʧʝʩʯʘʥʦ-ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ ʧʦʯʚʘ Sodic Gleyic 

Fluvisol (Loamic, Ocric, Salic); 

ʨʘʟʨʝʟ 16 ï ʩʦʣʦʥʯʘʢ ʚʪʦʨʠʯʥʳʡ ʩʫʣʴʬʠʜʥʳʡ (ʩʦʨʦʚʳʡ) ʩʫʣʴʬʘʪʥʦ-

ʭʣʦʨʠʜʥʳʡ ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ ʥʝʥʘʩʳʱʝʥʥʳʡ ʩʨʝʜʥʝʥʘʪʨʠʝʚʳʡ 

ʛʠʧʩʩʦʜʝʨʞʘʱʠʡ ʩʫʛʣʠʥʠʩʪʳʡ; Fluvic Sodic Gleyic Solonchak (Chloridic, 

Gypsic, Hypersalic, Loamic, Ochric, Sulfidic); 
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ʨʘʟʨʝʟ 17 ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʭʣʦʨʠʜʥʘʷ ʤʘʛʥʠʝʚʦ-ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʘʷ ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʘʷ 

ʥʝʥʘʩʳʱʝʥʥʘʷ ʤʘʣʦʥʘʪʨʠʝʚʘʷ ʩʫʛʣʠʥʠʩʪʘʷ ʧʦʯʚʘ; Sodic Gleyic Fluvisol 

(Loamic, Ochric, Salic). 

3.3.3.2. ʉʚʦʡʩʪʚʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʦʣʦʥʯʘʢʦʚʳʭ ʥʝʥʘʩʳʱʝʥʥʳʭ ʧʦʯʚ  

ɺ 2018 ʠ 2021 ʛʛ. ʥʘ ʢʦʥʪʨʦʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʜʦʣʠʥʳ ʨ. ʃʝʥʚʘ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 1 ʢʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʠʟʫʯʝʥʳ ʩʚʦʡʩʪʚʘ ʪʨʝʭ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʦʣʦʥʯʘʢʦʚʳʭ ʥʝʥʘʩʳʱʝʥʥʳʭ ʧʦʯʚ ʩ ʨʝʟʢʦʢʠʩʣʦʡ ʨʝʘʢʮʠʝʡ 

ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ ʚ ʩʝʨʦʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ. ɺʥʝʰʥʠʡ ʚʠʜ ʧʦʯʚ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʥʘ ʨʠʩʫʥʢʘʭ 25-27. 

ʈʘʟʨʝʟ 14 ʟʘʣʦʞʝʥ ʚ ʧʦʥʠʞʝʥʠʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʜʦʣʠʥʳ ʧʦʜ ʣʫʛʦʚʦ-

ʙʦʣʦʪʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ (ʨʠʩ. 25). ʂʦʦʨʜʠʥʘʪʳ ʨʘʟʨʝʟʘ 14 (ʚ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ WGS-84): N 59.19.072, E 056.49.424. 

AYs,g ï cʝʨʦʛʫʤʫʩʦʚʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 0-15/15 ʩʤ, ʪʝʤʥʦ-ʙʫʨʳʡ, 

ʩʣʦʡ 0-4 ʩʤ ʙʦʣʝʝ ʪʝʤʥʦʛʦ ʮʚʝʪʘ, ʛʫʩʪʦ ʧʝʨʝʧʣʝʪʝʥ ʢʦʨʥʷʤʠ, ʢʦʤʢʦʚʘʪʳʡ, 

ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ, ʫʚʣʘʞʥʝʥʥʳʡ, ʩʣʝʛʢʘ ʚʷʟʢʠʡ, ʧʝʨʝʭʦʜ ʧʦʩʪʝʧʝʥʥʳʡ; 

ʉs,g,ʦʭ~~ ï ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʛʣʝʝʚʘʪʘʷ ʧʦʨʦʜʘ, 15-65/40 ʩʤ, ʩʚʝʪʣʦ-

ʩʠʟʘʷ ʩ ʷʨʢʠʤʠ ʨʳʞʠʤʠ ʧʷʪʥʘʤʠ, ʩʳʨʘʷ, ʙʝʩʩʪʨʫʢʪʫʨʥʘʷ, ʚʷʟʢʘʷ, 

ʩʫʛʣʠʥʠʩʪʘʷ; ʩ ʛʣʫʙʠʥʳ ʦʢʦʣʦ 40 ʩʤ ʩʦʯʠʪʩʷ ʚʦʜʘ; 

CGs~~ ïʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʛʣʝʝʚʘʷ ʧʦʨʦʜʘ ʩ ʛʣʫʙʠʥʳ 65 ʩʤ ʧʨʠʦʙʨʝʪʘʝʪ 

ʩʝʨʦ-ʩʠʟʫʶ ʦʢʨʘʩʢʫ ʩ ʨʝʜʢʠʤʠ ʨʳʞʠʤʠ ʧʷʪʥʘʤʠ; ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 80 ʩʤ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʢʨʫʛʣʳʝ ʩʪʷʞʝʥʠʷ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʛʠʧʩʘ. 
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ʈʠʩʫʥʦʢ 25 ï ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʧʦʯʚʘ ʠʟ ʜʦʣʠʥʳ ʨ. ʃʝʥʚʘ (ʨʘʟʨʝʟ 14) 
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ʈʠʩʫʥʦʢ 26 ï ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʧʦʯʚʘ ʠʟ ʜʦʣʠʥʳ ʨ. ʃʝʥʚʘ (ʨʘʟʨʝʟ 18) 
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ʈʠʩʫʥʦʢ 27 ï ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʧʦʯʚʘ ʠʟ ʜʦʣʠʥʳ ʨ. ʃʝʥʚʘ (ʨʘʟʨʝʟ 19) 
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ʈʘʟʨʝʟ 18 ʟʘʣʦʞʝʥ ʚ 10-15 ʤ ʦʪ ʨʫʩʣʘ ʨ. ʃʝʥʚʘ; ʞʠʚʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

ʦʪʩʫʪʩʪʚʫʝʪ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʭʠʝ ʦʩʪʘʪʢʠ ʪʨʘʚ, ʚʳʨʘʞʝʥʘ ʢʦʯʢʦʚʘʪʦʩʪʴ; 

ʦʛʦʣʝʥʥʳʝ ʫʯʘʩʪʢʠ ʧʦʯʚʳ ʧʦʢʨʳʪʳ ʞʝʣʝʟʠʩʪʦʡ ʧʣʝʥʢʦʡ ʨʞʘʚʦ-ʢʦʨʠʯʥʝʚʦʛʦ 

ʮʚʝʪʘ (ʨʠʩ. 26). ʂʦʦʨʜʠʥʘʪʳ ʨʘʟʨʝʟʘ 18 (ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ WGS-84): 

N 59.19.271 E 056.50.491. 

ʉʣʦʡ 0-8 ʩʤ ï ʦʪʦʨʬʦʚʘʥʥʘʷ ʜʝʨʥʠʥʘ, ʩʚʝʪʣʦ-ʙʫʨʘʷ, ʩʳʨʘʷ.  

AYs,g ï cʝʨʦʛʫʤʫʩʦʚʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 8-20/12 ʩʤ, ʪʝʤʥʦ-ʙʫʨʳʡ, 

ʥʝʧʨʦʯʥʦʢʦʤʢʦʚʘʪʳʡ, ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ, ʩʳʨʦʡ, ʧʦ ʢʦʨʥʝʚʠʥʘʤ ʦʪʣʦʞʝʥʳ 

ʞʝʣʝʟʠʩʪʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʨʞʘʚʦʛʦ ʮʚʝʪʘ; ʧʝʨʝʭʦʜ ʟʘʤʝʪʥʳʡ ʧʦ ʮʚʝʪʫ.  

AY/ʉs,g ï ʧʝʨʝʭʦʜʥʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 20-29/9 ʩʤ, ʥʝʦʜʥʦʨʦʜʥʦ 

ʦʢʨʘʰʝʥʥʳʡ: ʙʫʨʳʝ ʷʟʳʢʠ ʠ ʨʞʘʚʳʝ ʟʘʢʣʠʥʳ; ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, 

ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ, ʙʦʣʝʝ ʫʧʣʦʪʥʝʥʥʳʡ, ʚʷʟʢʠʡ, ʧʦ ʢʦʨʥʝʚʠʥʘʤ ʦʪʣʦʞʝʥʳ 

ʞʝʣʝʟʠʩʪʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʨʞʘʚʦʛʦ ʮʚʝʪʘ, ʧʝʨʝʭʦʜ ʟʘʤʝʪʥʳʡ ʧʦ ʮʚʝʪʫ. 

ʉs,g,ʦʭ~~ ï ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʛʣʝʝʚʘʪʘʷ ʧʦʨʦʜʘ, 29-37/8 ʩʤ, ʨʳʞʝ-

ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʘʷ, ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʘʷ, ʚʷʟʢʘʷ, ʩʦʜʝʨʞʠʪ ʞʝʣʝʟʠʩʪʳʝ 

ʪʨʫʙʦʯʢʠ ʨʞʘʚʦʛʦ ʮʚʝʪʘ.  

ʉs,g,ʦʭ~~ ï ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʛʣʝʝʚʘʪʘʷ ʧʦʨʦʜʘ, 37-58/21 ʩʤ, ʩʠʟʘʷ ʩ 

ʨʞʘʚʳʤʠ ʧʷʪʥʘʤʠ, ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʘʷ, ʩʳʨʘʷ. 

CGs~~ ï ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʛʣʝʝʚʘʷ ʧʦʨʦʜʘ, 58-82/24 ʩʤ, ʩʠʟʘʷ, 

ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʘʷ, ʣʠʧʢʘʷ, ʩ ʛʣʫʙʠʥʳ ʦʢʦʣʦ 70 ʩʤ ʩʦʯʠʪʩʷ ʚʦʜʘ. 

ʈʘʟʨʝʟ 19 ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʛʣʝʝʚʘʷ ʩʦʣʦʥʯʘʢʦʚʘʷ ʧʦʯʚʘ 

(ʨʠʩ. 27). ʀʟʣʫʯʠʥʘ ʨʝʢʠ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʠʪʥʠʢʦʤ (Juncus sp.), ʧʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ ʦʢʦʣʦ 50%. ʂʦʦʨʜʠʥʘʪʳ 

ʨʘʟʨʝʟʘ 19 (ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ WGS-84): N 59.19.292 E 056.50.495. 

AYs,g ï ʩʝʨʦʛʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ 0-24/24 ʩʤ, ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʪʦʨʬʦʚʘʥʥʦʡ ʜʝʨʥʠʥʦʡ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 5 ʩʤ; ʙʫʨʳʡ, 

ʚʣʘʞʥʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ, ʚʷʟʢʠʡ, ʧʝʨʝʧʣʝʪʝʥ ʢʦʨʥʷʤʠ 

ʪʨʘʚ, ʧʝʨʝʭʦʜ ʟʘʤʝʪʥʳʡ ʧʦ ʧʣʦʪʥʦʩʪʠ, ʮʚʝʪʫ ʠ ʩʪʨʫʢʪʫʨʝ. 
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AY/ʉs,g ï ʧʝʨʝʭʦʜʥʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 24-44/20 ʩʤ, ʙʫʨʳʡ, 

ʤʥʦʛʦʧʦʨʷʜʢʦʚʘʷ ʦʨʝʭʦʚʘʪʘʷ ʩʪʨʫʢʪʫʨʘ, ʛʨʘʥʠ ʦʨʝʭʦʚʘʪʳʭ ʦʪʜʝʣʴʥʦʩʪʝʡ 

ʧʦʢʨʳʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʣʩʪʳʤʠ ʞʝʣʝʟʠʩʪʳʤʠ ʧʣʝʥʢʘʤʠ (ʧʨʠ ʢʦʧʘʥʠʠ 

ʧʦʭʨʫʩʪʳʚʘʶʪ), ʚʣʘʞʥʳʡ, ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ, ʧʣʦʪʥʳʡ, ʧʦ ʪʨʝʱʠʥʘʤ ʠ 

ʢʦʨʥʷʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʨʞʘʚʳʡ ʤʠʮʝʣʠʡ, ʧʝʨʝʭʦʜ ʟʘʤʝʪʥʳʡ ʧʦ ʩʪʨʫʢʪʫʨʝ.  

ʉs,g~~ ï ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʛʣʝʝʚʘʪʘʷ ʧʦʨʦʜʘ, 44-92/48 ʩʤ, ʙʫʨʳʡ, ʩʳʨʦʡ, 

ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʚʷʟʢʠʡ, ʣʠʧʢʠʡ, ʩ ʛʣʫʙʠʥʳ 52 ʩʤ ʩʦʯʠʪʩʷ ʚʦʜʘ, ʧʝʨʝʭʦʜ ʧʦ 

ʮʚʝʪʫ. 

ʉs,g,ʦʭ~~ ï ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʛʣʝʝʚʘʪʘʷ ʧʦʨʦʜʘ ʩ ʛʣʫʙʠʥʳ 92 ʩʤ, ʩʝʨʦ-

ʛʦʣʫʙʘʷ ʩ ʝʜʠʥʠʯʥʳʤʠ ʨʞʘʚʳʤʠ ʧʷʪʥʘʤʠ, ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʦ-ʣʝʛʢʦʛʣʠʥʠʩʪʘʷ, 

ʩʣʦʠʩʪʘʷ, ʩʳʨʘʷ. 

ɺʦ ʚʩʝʭ ʪʨʝʭ ʨʘʟʨʝʟʘʭ ʚ ʦʙʠʣʠʠ ʚʩʪʨʝʯʘʣʠʩʴ ʞʝʣʝʟʠʩʪʳʝ 

ʥʦʦʦʚʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʠʜʝ ʧʣʝʥʦʢ, ʨʞʘʚʦʛʦ ʤʠʮʝʣʠʷ, ʨʞʘʚʳʭ ʧʷʪʝʥ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʝʭʦʜʳ Fe (II ) ź Fe (III), ʯʪʦ ʧʦʜʪʚʝʨʞʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʚ 

ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʙʘʢʪʝʨʠʡ ʨʦʜʦʚ Acidocella ʠ Acidophilium, 

ʩʧʦʩʦʙʥʳʝ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʞʝʣʝʟʘ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ [ʍʘʡʨʫʣʠʥʘ 

ʠ ʜʨ., 2022]. 

ʀʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ ʠʟ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ 

ʩʝʨʦʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ, ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ï ʚ ʦʛʣʝʝʥʥʦʡ 

ʧʦʨʦʜʝ ʠʟ ʨʘʟʨʝʟʘ 19 (ʨʠʩ. 28, ʧʨʠʣʦʞʝʥʠʝ ɻ). 

ʂʦʣʠʯʝʩʪʚʦ ʭʣʦʨʠʜ-ʠʦʥʦʚ ʚ ʚʦʜʥʦʡ ʚʳʪʷʞʢʝ ʠʟ ʧʦʯʚ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 

ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ (10,3 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ) ʜʦ ʦʯʝʥʴ ʚʳʩʦʢʠʭ 

(44,6 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ); ʩʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʘʪ-ʠʦʥʦʚ ʥʘʭʦʜʠʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 

2,0-4,8 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ. ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʛʠʜʨʦʢʘʨʙʦʥʘʪʳ ʚ ʧʦʯʚʘʭ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʷʤʠ ʚʳʜʝʣʝʥʠʷ ʨʦʜʦʚ ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ ʘʥʠʦʥʦʚ ʚ ʚʦʜʥʦʡ ʚʳʪʷʞʢʝ [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ 

ʧʦʯʚé, 2004] ʧʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʭʣʦʨʠʜʥʳʤ ʭʠʤʠʟʤʦʤ ʟʘʩʦʣʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 28 ï ʉʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ (1 ï HCO3
-; 2 ï Cl-; 3 ï SO4

2-; 4 ï K+; 5 ï Na+; 

6 ï Mg2+; 7ï Ca2+) ʚ ʚʦʜʥʳʭ ʚʳʪʷʞʢʘʭ ʠʟ ʘʣʣʶʚʠʘʣʴʥʳʭ ʥʝʥʘʩʳʱʝʥʥʳʭ ʧʦʯʚ 

ʚ ʜʦʣʠʥʝ ʨ. ʃʝʥʚʘ (ɸ ï ʨʘʟʨʝʟ 14; ɹ ï ʨʘʟʨʝʟ 18, ɺ ï ʨʘʟʨʝʟ 19) 

 

ʉʨʝʜʠ ʢʘʪʠʦʥʦʚ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ ʚ ʧʦʯʚʘʭ ʠʟ ʨʘʟʨʝʟʦʚ 14 ʠ 18 

ʜʦʤʠʥʠʨʦʚʘʣʠ ʠʦʥʳ Ca2+, ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʣʷʣʦ ʦʪ 6,2 ʜʦ 

12,6 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ, ʘ ʚ ʧʦʯʚʝ ʠʟ ʨʘʟʨʝʟʘ 19 ʜʦʤʠʥʠʨʦʚʘʣʠ ʠʦʥʳ Na+ (7,0-

22,1 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʩʪʘʚʦʤ ʢʘʪʠʦʥʦʚ ʚ ʚʦʜʥʦʡ 
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ʚʳʪʷʞʢʝ [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʯʚé, 2004], ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ 

ʠʟ ʨʘʟʨʝʟʦʚ 14 ʠ 18 ʠʤʝʣʠ ʢʘʣʴʮʠʝʚʳʡ ʭʠʤʠʟʤ ʟʘʩʦʣʝʥʠʷ, ʘ ʧʦʯʚʘ ʠʟ ʨʘʟʨʝʟʘ 

19 ï ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ. ʂʘʣʴʮʠʝʚʳʡ ʭʠʤʠʟʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥ 

ʥʘʢʦʧʣʝʥʠʝʤ ʤʝʥʝʝ ʧʦʜʚʠʞʥʦʛʦ Ca2+ ʥʘ ʬʦʥʝ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ Na+ ʩ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʩʪʦʢʦʤ ʧʦ ʫʢʣʦʥʫ ʤʝʩʪʥʦʩʪʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠʧʦʣʫʯʝʥʠʠ 

ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ ʤʦʞʝʪ ʨʘʩʪʚʦʨʠʪʴʩʷ ʛʠʧʩ, ʠʣʠ ʠʟ ʢʠʩʣʦʡ ʧʦʯʚʳ ʢʘʣʴʮʠʡ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʪʝʩʥʝʥ ʧʨʦʪʦʥʘʤʠ ʠʟ ʇʇʂ.  

ʄʝʪʦʜʦʤ ʩʚʷʟʳʚʘʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʠʦʥʦʚ ʚ ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʩʦʣʠ 

[ʄʷʢʠʥʘ, ɸʨʠʥʫʰʢʠʥʘ, 1979] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʭʣʦʨʠʜʦʚ 

ʥʘʪʨʠʷ ʠ ʢʘʣʴʮʠʷ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ. ʇʦʯʚʳ ʩʦʜʝʨʞʘʣʠ 

ʪʦʢʩʠʯʥʳʝ ʩʦʣʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʙʳʣʦ ʥʘʠʤʝʥʴʰʠʤ (0,49%) ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʘʣʣʶʚʠʘʣʴʥʦʡ ʧʦʯʚʳ ʠʟ ʨʘʟʨʝʟʘ 14. ʄʘʢʩʠʤʘʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʪʦʢʩʠʯʥʳʭ ʩʦʣʝʡ (2,62%) ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʝ (ʥʘ ʛʣʫʙʠʥʝ 44- ʤ) ʚ ʧʦʯʚʝ ʠʟ ʨʘʟʨʝʟʘ 19. 

ʇʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʨʝʟʢʦʢʠʩʣʦʡ ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ ʚ 

ʩʝʨʦʛʫʤʫʩʦʚʳʭ ʠ ʧʝʨʝʭʦʜʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ï ʨʅʚʦʜ Ò3 (ʪʘʙʣ. 8). 
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ʊʘʙʣʠʮʘ 8 ï ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ʃʝʥʚʘ 

ˉ ʨʘʟʨʝʟʘ ɻʣʫʙʠʥʘ, ʩʤ Cʦʨʛ, % pHʚʦʜ pHʩʦʣ 

ʆʙʤʝʥʥʳʝ ʢʘʪʠʦʥʳ, 

ʤʤʦʣʴ(ʵʢʚ)/100 ʛ 
ɽʂʆ, 

ʤʤʦʣʴ(ʵʢʚ)/100 ʛ 

ɻʠʧʩ, 

% 
Ca2+ Mg2+ Na+ K+ H++Al3+ 

14 

5-15 2,93 2,97 2,82 4,72 1,88 1,70 0,88 18,5 27,68 0 

20-30 0,72 2,82 2,58 5,88 2,24 1,91 0,47 11,8 22,3 0 

40-50 - 3,44 3,23 7,08 2,68 2,02 0,53 10,9 23,21 0 

55-65 - 3,27 2,97 7,12 2,32 1,91 0,35 10,3 22,0 0 

74-84 - 3,33 3,18 - - - - 9,7 - 2,5 

18 

8-18 3,06 2,81 2,62 3,84 3,52 1,51 0,87 33,25 42,99 3,61 

20-27 0,83 3,34 3,18 6,08 2,40 1,62 0,70 14,13 24,93 4,82 

27-37 - 3,67 3,45 6,72 3,04 1,74 0,70 9,56 21,76 4,82 

40-50 - 3,58 3,37 6,88 2,88 1,62 0,52 6,23 18,13 4,82 

67-77 - 3,62 3,31 7,52 2,56 1,62 0,35 5,82 17,87 5,16 

19 

0-5 0,42 3,34 3,14 3,68 2,72 2,70 0,35 30,34 39,79 4,13 

10-20 0,39 3,03 2,64 5,44 2,56 2,71 0,17 15,79 26,67 4,99 

25-35 - 2,94 2,61 7,04 2,88 4,05 0,35 14,96 29,28 4,99 

44-54 - 4,39 3,89 11,36 4,16 10,85 0,17 6,65 33,19 4,99 

60-70 - 4,81 4,21 11,68 3,20 11,13 0,35 4,16 30,52 5,42 

92-98 - 6,12 5,61 8,48 3,36 7,23 0,17 1,25 20,49 5,50 

ʇʨʠʤʝʯʘʥʠʝ: (-) ï ʥʝ ʦʧʨʝʜʝʣʷʣʦʩʴ. 
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ɽʤʢʦʩʪʴ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʢʦʣʝʙʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 13-

43 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ ʠ ʙʳʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʘ ʚ ʩʝʨʦʛʫʤʫʩʦʚʳʭ 

ʛʦʨʠʟʦʥʪʘʭ. ʇʦ ʜʦʣʝ ʦʙʤʝʥʥʦʛʦ Na+ ʚ ʩʦʩʪʘʚʝ ʧʦʛʣʦʱʝʥʥʳʭ ʢʘʪʠʦʥʦʚ ʧʦʯʚʳ 

ʠʟ ʨʘʟʨʝʟʦʚ 14 ʠ 18 ʦʪʥʦʩʷʪʩʷ ʢ ʚʠʜʫ ʤʘʣʦʥʘʪʨʠʝʚʳʭ ʧʦʯʚ, ʘ ʧʦʯʚʘ ʠʟ ʨʘʟʨʝʟʘ 

19 ï ʢ ʚʠʜʫ ʩʨʝʜʥʝʥʘʪʨʠʝʚʳʭ (ʪʘʙʣ. 8) [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʯʚé, 

2004]. 

ɺ ʩʝʨʦʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ ʩʦʜʝʨʞʘʥʠʝ ʦʙʤʝʥʥʳʭ 

H++Al 3+ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 18 ʜʦ 33 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ. ɺ ʨʝʟʢʦʢʠʩʣʳʭ ʧʦʯʚʝʥʥʳʭ 

ʛʦʨʠʟʦʥʪʘʭ ʜʘʥʥʳʝ ʦʙʤʝʥʥʳʝ ʢʘʪʠʦʥʳ ʧʨʝʦʙʣʘʜʘʣʠ ʚ ʩʦʩʪʘʚʝ ʧʦʯʚʝʥʥʦʛʦ 

ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ (ʜʦ 70%), ʪ.ʝ. ʧʦʯʚʳ ʦʪʥʦʩʷʪʩʷ ʢ ʚʠʜʫ 

ʥʝʥʘʩʳʱʝʥʥʳʭ ʧʦʯʚ [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʯʚé, 2004]. ʉ 

ʫʤʝʥʴʰʝʥʠʝʤ ʧʦʯʚʝʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʚ ʩʦʩʪʘʚʝ ʦʙʤʝʥʥʳʭ ʢʘʪʠʦʥʦʚ 

ʜʦʤʠʥʠʨʦʚʘʣʠ Ca2+ ʠ Na+, ʚ ʩʣʘʙʦʢʠʩʣʦʡ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʝ (ʨʘʟʨʝʟ 

19) ʥʘ ʠʭ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 77% ɽʂʆ (ʪʘʙʣ. 8).  

ʂʦʣʠʯʝʩʪʚʦ ʛʠʧʩʘ ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʧʨʝʜʝʣʘʭ 2,5-5,5%, ʢʘʨʙʦʥʘʪʳ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʛʦ ʟʘʩʦʣʝʥʠʷ ʛʠʧʩ 

ʧʦʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʥʠʤ ʠʟ ʤʠʥʝʨʘʣʦʚ-ʩʦʣʝʡ [ʇʝʨʝʣʴʤʘʥ, 1966; ʇʝʨʝʣʴʤʘʥ, 

ʂʘʩʠʤʦʚ, 1999]. ɺ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʝʟʢʦʢʠʩʣʳʭ ʧʦʯʚʘʭ ʧʨʠʩʫʪʩʪʚʠʝ ʛʠʧʩʘ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʦ ʄ.ɸ ɻʣʘʟʦʚʩʢʦʡ [2007]. ʉʫʣʴʬʠʜʳ ʦʢʠʩʣʷʶʪʩʷ ʧʨʠ 

ʫʩʪʘʥʦʚʣʝʥʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʦʢʩʠʜʦʚ Fe(III) ʠ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ɽʩʣʠ ʚ ʧʦʯʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʨʙʦʥʘʪʳ ʢʘʣʴʮʠʷ, ʪʦ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʦʥʠ ʟʘʤʝʱʘʶʪʩʷ ʛʠʧʩʦʤ. 

ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ [ʧʦ ʰʢʘʣʝ: ɻʨʠʰʠʥʘ, ʆʨʣʦʚ, 1978] 

ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ ʙʳʣʦ ʥʠʟʢʠʤ ʠ ʦʯʝʥʴ ʥʠʟʢʠʤ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʦʝʥʠʝʤ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʠ ʩʚʦʡʩʪʚʘʤʠ 

ʘʣʣʶʚʠʘʣʴʥʳʝ ʢʠʩʣʳʝ ʧʦʯʚʳ ʠʟ ʜʦʣʠʥʳ ʨ. ʃʝʥʚʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʧʦ 

ʠʟʫʯʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ï ʜʦ ʨʦʜʘ ʠ ʚʠʜʘ [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ 

ʧʦʯʚé, 2004], ʘ ʪʘʢʞʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʠʨʦʚʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʦʡ 

ʧʦʯʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ [WRB, 2022]: 
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ʨʘʟʨʝʟ 14 ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʘʷ ʭʣʦʨʠʜʥʘʷ ʥʘʪʨʠʝʚʦ-ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʘʷ 

ʥʝʥʘʩʳʱʝʥʥʘʷ ʩʣʘʙʦʥʘʪʨʠʝʚʘʷ ʛʠʧʩʩʦʜʝʨʞʘʱʘʷ ʩʫʛʣʠʥʠʩʪʘʷ ʧʦʯʚʘ; Sodic 

Gleyic Fluvisol (Loamic, Ochric, Salic); 

ʨʘʟʨʝʟ 18 ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʦʯʝʥʴ ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʘʷ ʭʣʦʨʠʜʥʘʷ ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʘʷ 

ʥʝʥʘʩʳʱʝʥʥʘʷ ʩʣʘʙʦʥʘʪʨʠʝʚʘʷ ʛʠʧʩʩʦʜʝʨʞʘʱʘʷ ʩʫʛʣʠʥʠʩʪʘʷ ʧʦʯʚʘ; Gypsiric 

Sodic Gleyic Fluvisols (Loamic, Salic, Thionic); 

ʨʘʟʨʝʟ 19 ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʦʯʝʥʴ ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʘʷ ʭʣʦʨʠʜʥʘʷ ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʘʷ 

ʥʝʥʘʩʳʱʝʥʥʘʷ ʩʨʝʜʥʝʥʘʪʨʠʝʚʘʷ ʛʠʧʩʩʦʜʝʨʞʘʱʘʷ ʩʫʛʣʠʥʠʩʪʘʷ ʧʦʯʚʘ; Gypsiric 

Sodic Gleyic Fluvisols (Loamic, Salic, Thionic). 

3.4. ɼʠʥʘʤʠʢʘ ʧʦʣʝʚʦʡ ʚʣʘʞʥʦʩʪʠ, ʧʦʢʘʟʘʪʝʣʝʡ ʨʅ ʠ Eh ʚ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚʘʭ  

ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ. ʈʝʞʠʤʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʚʦʡʩʪʚʘʤʠ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʧʝʨʠʦʜ ʩ 17 ʠʶʥʷ ʧʦ 7 ʩʝʥʪʷʙʨʷ 2022 ʛ.: 17.06, 04.07, 14.07, 25.07, 02.08 ʠ 

07.09. 

ɺ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʩʦʩʪʘʚʣʷʣʘ 17,6Áʉ, 

ʩʨʝʜʥʷʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ï 73,1%, ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʩ ʦʩʘʜʢʘʤʠ ï 33 

(ʧʨʠʣʦʞʝʥʠʷ ɽ, ɾ). 

17 ʠʶʥʷ ʥʘʙʣʶʜʘʣʠʩʴ ʩʨʝʜʥʠʝ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ, ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ; 4 ʠʶʣʷ ï ʧʦʥʠʞʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʩʨʝʜʥʷʷ ʚʣʘʞʥʦʩʪʴ ʠ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ; 14 ʠʶʣʷ ï ʧʦʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʩʨʝʜʥʷʷ 

ʚʣʘʞʥʦʩʪʴ, ʦʩʘʜʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ; 25 ʠʶʣʷ ï ʧʦʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʧʦʥʠʞʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʦʩʘʜʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ; 2 ʘʚʛʫʩʪʘ ï ʩʨʝʜʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʧʦʥʠʞʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʦʩʘʜʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ; 7 ʩʝʥʪʷʙʨʷ ï 

ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ, ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ 
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(ʧʨʠʣʦʞʝʥʠʷ ɽ, ɾ). ɺ ʮʝʣʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2022 ʛ. ʙʳʣ 

ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʞʘʨʢʠʭ ʠ ʟʘʩʫʰʣʠʚʳʭ ʟʘ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ (ʩʤ. ʨʠʩ. 1). 

 

ɼʠʥʘʤʠʢʘ ʧʦʣʝʚʦʡ ʚʣʘʞʥʦʩʪʠ, ʧʦʢʘʟʘʪʝʣʝʡ ʨʅ ʠ Eh ʚ ʥʘʩʳʱʝʥʥʦʡ 

ʧʦʯʚʝ. ʅʘ ʢʦʥʪʨʦʣʴʥʦʤ ʫʯʘʩʪʢʝ ʚ ʜʦʣʠʥʝ ʨ. ʏʝʨʥʘʷ ʩʪʨʦʝʥʠʝ ʧʨʦʬʠʣʷ ʠ 

ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʛʝʥʝʪʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʦʪ ʩʦʣʝʦʪʚʘʣʘ ɹʂʇʈʋ-3, ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʜʝʣʝ 3.3.2. ɺ ʧʨʦʬʠʣʝ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʝʨʦʛʫʤʫʩʦʚʳʭ 

ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ ʦʪʤʝʯʝʥʘ ʪʝʤʥʘʷ (ʚʧʣʦʪʴ ʜʦ ʯʝʨʥʦʡ) ʦʢʨʘʩʢʘ ʛʣʝʝʚʘʪʳʭ ʠ 

ʛʣʝʝʚʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʚʣʘʞʥʦʩʪʠ ʚ ʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚʘʭ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ [Picek et al, 2000; ʄʦʭʘʤʤʘʜʠ, 2022]. ɺ 

ʪʝʯʝʥʠʝ ʣʝʪʥʝ-ʦʩʝʥʥʝʛʦ ʧʝʨʠʦʜʘ 2022 ʛ. ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʫʯʘʩʪʢʝ ʚ ʜʦʣʠʥʝ 

ʨ. ʏʝʨʥʘʷ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 10-40 ʩʤ ʧʦʣʝʚʘʷ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʥʘʭʦʜʠʣʘʩʴ ʚ 

ʧʨʝʜʝʣʘʭ 13-24% (ʨʠʩ. 29; ʧʨʠʣʦʞʝʥʠʝ ɿ). ʇʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʴʶ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʪʣʠʯʘʣʠʩʴ ʧʦʯʚʝʥʥʳʝ ʩʣʦʠ ʥʘ ʛʣʫʙʠʥʝ 30-40 ʩʤ. ʇʨʦʷʚʠʣʘʩʴ 

ʥʝʢʦʪʦʨʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʦʙʱʝʤʫ ʧʦʚʳʰʝʥʠʶ ʧʦʣʝʚʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ ʣʝʪʘ ʠ ʥʘʯʘʣʝ ʩʝʥʪʷʙʨʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʦʡ ʣʝʪʘ 

[ʇʘʭʦʨʫʢʦʚ, ɽʨʝʤʯʝʥʢʦ, 2023].  
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ʈʠʩʫʥʦʢ 29 ï ʇʦʣʝʚʘʷ ʚʣʘʞʥʦʩʪʴ ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʦʣʦʥʯʘʢʦʚʦʡ ʥʘʩʳʱʝʥʥʦʡ 

ʧʦʯʚʝ ʠʟ ʜʦʣʠʥʳ ʨ. ʏʝʨʥʘʷ ʥʘ ʛʣʫʙʠʥʝ: 1 ï 10±2 ʩʤ; 2 ï 20±2 ʩʤ; 3 ï 30±2 ʩʤ; 

4 ï 40±2 ʩʤ 

 

ɺ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ ʧʦʯʚʝ ʥʘ ʛʣʫʙʠʥʝ 

ʦʢʦʣʦ 10-30 ʩʤ ʨʝʘʢʮʠʷ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 

ʥʝʡʪʨʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ï 6,5-7,5 ʨʅ (ʨʠʩ. 30; ʧʨʠʣʦʞʝʥʠʝ ʀ). ʅʘ ʛʣʫʙʠʥʝ 

ʦʢʦʣʦ 40 ʩʤ ʚ ʧʦʣʦʚʠʥʝ ʩʨʦʢʦʚ ʥʘʙʣʶʜʝʥʠʡ ʦʪʤʝʯʘʣʠ ʩʣʘʙʦʱʝʣʦʯʥʫʶ 

ʨʝʘʢʮʠʶ (7,7-7,8 ʨʅ), ʚ ʦʩʪʘʣʴʥʦʝ ʚʨʝʤʷ ï ʥʝʡʪʨʘʣʴʥʫʶ ʨʝʘʢʮʠʶ ʧʦʯʚʝʥʥʦʡ 

ʩʨʝʜʳ [ʇʘʭʦʨʫʢʦʚ, ɽʨʝʤʯʝʥʢʦ, 2023]. 
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ʈʠʩʫʥʦʢ 30 ï ɺʝʣʠʯʠʥʘ ʨʅ ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʦʣʦʥʯʘʢʦʚʦʡ ʥʘʩʳʱʝʥʥʦʡ ʧʦʯʚʝ 

ʠʟ ʜʦʣʠʥʳ ʨ. ʏʝʨʥʘʷ ʥʘ ʛʣʫʙʠʥʝ: 1 ï10±2 ʩʤ; 2 ï 20±2 ʩʤ; 3 ï 30±2 ʩʤ; 4 ï 

40±2 ʩʤ 

 

ɺ ʩʝʨʝʜʠʥʝ ʠʶʥʷ ʠ ʚ ʠʶʣʝ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 10-20 ʩʤ ʚʝʣʠʯʠʥʘ Eh, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʥʝʙʦʣʴʰʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ï 5-

185 ʤɺ (ʨʠʩ. 31; ʧʨʠʣʦʞʝʥʠʝ ʀ); ʥʘ ʛʣʫʙʠʥʝ 30-40 ʩʤ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʦʪʤʝʯʝʥʳ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ Eh (ʦʪ -70 ʜʦ -200 ʤɺ). ɺ ʥʘʯʘʣʝ ʘʚʛʫʩʪʘ ʠ ʥʘʯʘʣʝ 

ʩʝʥʪʷʙʨʷ ʚ ʧʦʯʚʝ ʙʳʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Eh ʚʦ ʚʩʝʭ ʩʣʦʷʭ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ ʩʝʨʝʜʠʥʳ ʣʝʪʘ: ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 10-20 ʩʤ ï 220-

250 ʤɺ; ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 30-40 ʩʤ ï ʦʪ -30 ʜʦ -90 ʤɺ [ʇʘʭʦʨʫʢʦʚ, ɽʨʝʤʯʝʥʢʦ, 

2023]. 
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ʈʠʩʫʥʦʢ 31 ï ɺʝʣʠʯʠʥʘ ɽh ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʦʣʦʥʯʘʢʦʚʦʡ ʥʘʩʳʱʝʥʥʦʡ ʧʦʯʚʝ 

ʠʟ ʜʦʣʠʥʳ ʨ. ʏʝʨʥʘʷ ʥʘ ʛʣʫʙʠʥʝ: 1 ï10±2 ʩʤ; 2 ï 20±2 ʩʤ; 3 ï 30±2 ʩʤ; 4 ï 

40±2 ʩʤ 

 

ɸʵʨʠʨʦʚʘʥʥʳʝ ʧʦʯʚʳ ʠʤʝʶʪ Eh ʙʦʣʝʝ +400-450 ʤɺ [ʂʘʫʨʠʯʝʚ, 1967; 

ʉʤʠʨʥʦʚʘ, ʂʦʟʣʦʚ, 2023], ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ 

ʩʦʣʦʥʯʘʢʦʚʦʡ ʧʦʯʚʳ ʠʟ ʜʦʣʠʥʳ ʨ. ʏʝʨʥʘʷ ʭʘʨʘʢʪʝʨʥʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ 

ʦʙʩʪʘʥʦʚʢʘ. ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʤʝʥʝʝ 200 ʤɺ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʨʘʞʝʥʥʳʡ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʨʝʞʠʤ, ʧʦʯʚʳ ʧʝʨʝʫʚʣʘʞʥʝʥʳ [ʉʤʠʨʥʦʚʘ, ʂʦʟʣʦʚ, 2023]. 

ʇʦ W.J. Mitsch ʩ ʩʦʘʚʪʦʨʘʤʠ [Mitsch et al, 2015] ʚ ʧʦʯʚʘʭ ʩ ʥʝʡʪʨʘʣʴʥʦʡ 

ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ ʚʝʣʠʯʠʥʘ Eh ʦʢʦʣʦ 225-250 ʤɺ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʚʠʪʠʠ 

ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʟʦʪʘ ʠ ʤʘʨʛʘʥʮʘ. Fe(III) ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ 

Fe(II) ʧʨʠ Eh ʦʪ +100 ʜʦ -100 ʤɺ [Mitsch et al, 2015]. ʇʦ ʤʥʝʥʠʶ ʨʷʜʘ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚ ʧʦʯʚʝ ʜʣʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʩʫʣʴʬʘʪ-ʠʦʥʘ ʪʨʝʙʫʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ Eh [Harter et al, 1965; Takai 

et al, 1966; Connell et al, 1968]. ʇʦ W.J. Mitsch ʩ ʩʦʘʚʪʦʨʘʤʠ [Mitsch et al, 

2015] ʚ ʧʦʯʚʘʭ ʩ ʥʝʡʪʨʘʣʴʥʦʡ ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ SO4 ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ S2- 

ʧʨʠ ʚʝʣʠʯʠʥʝ Eh ʦʪ -100 ʜʦ -200 ʤɺ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʠʩʩʣʝʜʫʝʤʦʡ 
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ʘʣʣʶʚʠʘʣʴʥʦʡ ʧʦʯʚʝ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 30-40 ʩʤ Eh ʚ ʧʨʝʜʝʣʘʭ ʦʪ +100 ʜʦ -

200 ʤɺ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʞʝʣʝʟʘ ʠ ʩʝʨʳ 

[ʇʘʭʦʨʫʢʦʚ, ɽʨʝʤʯʝʥʢʦ, 2023].  

ɺ ʜʦʣʠʥʝ ʨ. ʏʝʨʥʘʷ ʠʤʝʶʪʩʷ ʫʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʠʨʠʪʘ: ʩʫʣʴʬʘʪ-ʠʦʥʳ, ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʤʠʥʝʨʘʣʳ, ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ 

ʠ ʘʥʘʵʨʦʙʥʳʝ ʫʩʣʦʚʠʷ, ʯʝʨʝʜʫʶʱʠʝʩʷ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʘʵʨʘʮʠʝʡ [Ivarson et al, 

1982; Kittrick  et al, 1982; Pons et al, 1982; Fanning, 2017]. ʇʨʦʮʝʩʩ ʨʝʜʫʢʮʠʠ 

Fe(III) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʙʠʦʭʠʤʠʯʝʩʢʠʡ; ʨʦʣʴ ʙʘʢʪʝʨʠʡ ʩʚʦʜʠʪʩʷ ʢ 

ʩʙʨʘʞʠʚʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ 

ʥʘ Fe(III) ʢʘʢ ʨʝʜʫʢʪʘʥʪʳ [ɿʘʡʜʝʣʴʤʘʥ, 1998]. ɾʝʣʝʟʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ 

ʙʘʢʪʝʨʠʠ ʩʧʦʩʦʙʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ ʦʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Fe(III) ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʨʦʩʪʘ [Coates, 1999]; ʤʥʦʛʠʝ ʠʟ ʥʠʭ (ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʦʚ 

Shewanella, Panatoea ʠ Rhodoferax) ʥʝ ʷʚʣʷʶʪʩʷ ʩʪʨʦʛʠʤʠ ʘʥʘʵʨʦʙʘʤʠ ʠ 

ʩʧʦʩʦʙʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʜʳʭʘʥʠʷ ʢʠʩʣʦʨʦʜ [Lin et al, 2004]. ɺ ʪʝʭʥʦʛʝʥʥʦ 

ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʇʨʝʜʫʨʘʣʴʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʘʢʪʝʨʠʠ, ʨʝʜʫʮʠʨʫʶʱʠʝ 

Fe(III) [ʍʘʡʨʫʣʣʠʥʘ ʠ ʜʨ., 2022]. 

 

ɼʠʥʘʤʠʢʘ ʧʦʣʝʚʦʡ ʚʣʘʞʥʦʩʪʠ, ʧʦʢʘʟʘʪʝʣʝʡ ʨʅ ʠ Eh ʚ ʥʝʥʘʩʳʱʝʥʥʳʭ 

ʧʦʯʚʘʭ. ɺ ʜʦʣʠʥʝ ʨ. ʃʝʥʚʘ, ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ 

ɹʂʇʈʋ-3, ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦʯʚʳ, ʦʙʣʘʜʘʶʱʠʝ ʨʝʟʢʦʢʠʩʣʦʡ ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ 

ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ. ʉʪʨʦʝʥʠʝ ʧʨʦʬʠʣʷ ʠ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʚ 

ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʟʜʝʣʝ 3.3.3.2. ʅʘ ʢʦʥʪʨʦʣʴʥʦʤ ʫʯʘʩʪʢʝ ʦʢʦʣʦ ʨʘʟʨʝʟʦʚ 18 

ʠ 19 ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʝʞʠʤʥʳʝ ʥʘʙʣʶʜʝʥʠʷ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠ ʨʝʘʢʮʠʷ ʩʨʝʜʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩ ʩʫʪʦʯʥʳʤ ʮʠʢʣʦʤ, ʩʠʣʴʥʳʤʠ 

ʩʝʟʦʥʥʳʤʠ ʠ ʤʝʞʛʦʜʦʚʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ [Mansfeldt, 2003; Sabiene et al, 2010; 

ʄʦʭʘʤʤʘʜʠ, 2022]. ɺ ʧʦʯʚʝ ʫ ʨʘʟʨʝʟʘ 18 ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ  
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ʧʦʣʝʚʘʷ ʚʣʘʞʥʦʩʪʴ ʢʦʣʝʙʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 9-32%; ʧʨʦʩʣʝʞʝʥʘ ʥʝʢʦʪʦʨʘʷ 

ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʣʘʞʥʦʩʪʠ ʦʪ ʥʘʯʘʣʘ ʣʝʪʘ ʢ ʩʝʥʪʷʙʨʶ (ʨʠʩ. 32; 

ʧʨʠʣʦʞʝʥʠʝ ʂ). ʅʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 10 ʩʤ ʧʦʣʝʚʘʷ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʘ ʟʘʤʝʪʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʥʠʞʝʣʝʞʘʱʠʭ ʩʣʦʷʭ, 

ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʛʦʝʤʢʦʩʪʴʶ ʦʪʦʨʬʦʚʘʥʥʦʡ 

ʜʝʨʥʠʥʳ [ʇʘʭʦʨʫʢʦʚ, ɽʨʝʤʯʝʥʢʦ, 2023]. 

 

  

ʈʠʩʫʥʦʢ 32 ï ɼʠʥʘʤʠʢʘ ʧʦʣʝʚʦʡ ʚʣʘʞʥʦʩʪʠ ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʦʣʦʥʯʘʢʦʚʦʡ 

ʥʝʥʘʩʳʱʝʥʥʦʡ ʧʦʯʚʝ (ʨʘʟʨʝʟ 18) ʚ ʜʦʣʠʥʝ ʨ. ʃʝʥʚʘ ʥʘ ʛʣʫʙʠʥʝ:  

1 ï 10±2 ʩʤ; 2 ï 20±2 ʩʤ; 3 ï 30±2 ʩʤ; 4 ï 40±2 ʩʤ 

 

ɺ ʧʦʯʚʝ ʠʟ ʨʘʟʨʝʟʘ 19 ʦʪʤʝʯʝʥʳ ʢʦʣʝʙʘʥʠʷ ʧʦʣʝʚʦʡ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʚ 

ʧʨʝʜʝʣʘʭ 9-17% (ʨʠʩ. 33; ʧʨʠʣʦʞʝʥʠʝ ʃ). ʅʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 10 ʠ 40 ʩʤ 

ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʧʦʚʳʰʘʣʘʩʴ ʦʪ ʠʶʣʷ ʢ ʩʝʥʪʷʙʨʶ, ʥʦ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 20-

30 ʩʤ ʦʪʤʝʯʘʣʠ ʪʘʢʞʝ ʟʘʤʝʪʥʦʝ ʧʦʚʳʰʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʚ ʢʦʥʮʝ ʠʶʣʷ 

[ʇʘʭʦʨʫʢʦʚ, ɽʨʝʤʯʝʥʢʦ, 2023]. 
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ʈʠʩʫʥʦʢ 33 ï ɼʠʥʘʤʠʢʘ ʧʦʣʝʚʦʡ ʚʣʘʞʥʦʩʪʠ ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʦʣʦʥʯʘʢʦʚʦʡ 

ʥʝʥʘʩʳʱʝʥʥʦʡ ʧʦʯʚʝ (ʨʘʟʨʝʟ 19) ʚ ʜʦʣʠʥʝ ʨ. ʃʝʥʚʘ ʥʘ ʛʣʫʙʠʥʝ:  

1 ï 10±2 ʩʤ; 2 ï 20±2 ʩʤ; 3 ï 30±2 ʩʤ; 4 ï 40±2 ʩʤ 

 

ɺ ʮʝʣʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʥʝ ʚʳʷʚʣʝʥʦ 

ʦʜʠʥʘʢʦʚʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʠʟʤʝʥʝʥʠʷʭ ʧʦʣʝʚʦʡ ʚʣʘʞʥʦʩʪʠ ʥʘ ʨʘʟʥʳʭ 

ʢʦʥʪʨʦʣʴʥʳʭ ʧʣʦʱʘʜʢʘʭ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ ʩʦʜʝʨʞʘʥʠʝ 

ʚʣʘʛʠ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʤʝʩʪʥʦʩʪʠ, ʪʘʢ ʠ ʫʨʦʚʥʝʤ 

ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʭ ʠ ʨʝʯʥʳʭ ʚʦʜ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʧʦʣʥʷʪʴʩʷ 

ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʚ ʩʦʧʨʷʞʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ.  

ʇʨʠʨʦʜʥʳʝ ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ ʧʨʠ ʥʝʡʪʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʩʦʣʝʡ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʩʣʘʙʦʱʝʣʦʯʥʫʶ ʠʣʠ ʥʝʡʪʨʘʣʴʥʫʶ ʨʝʘʢʮʠʶ ʩʨʝʜʳ 

[ɺʦʨʦʙʴʝʚʘ, ʇʘʥʢʦʚʘ, 2008]. ʆʙʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʩʦʣʦʥʯʘʢʦʚʳʝ ʧʦʯʚʳ ʜʦʣʠʥʳ 

ʨ. ʃʝʥʚʘ ʚ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʨʝʟʢʦʢʠʩʣʦʡ ʨʝʘʢʮʠʝʡ 

ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʘʭ: ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 10 ʩʤ 

ʨʅ <3, ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 20 ʩʤ ï 3-4 ʨʅ (ʨʠʩ. 34-35; ʧʨʠʣʦʞʝʥʠʝ ʄ). ɺ ʧʦʯʚʝ 

ʫ ʨʘʟʨʝʟʘ 18 ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 30-40 ʩʤ ʢʠʩʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ʩʥʠʞʘʣʘʩʴ ʜʦ 4,7-

5,9 ʨʅ. ʇʦʯʚʘ ʫ ʨʘʟʨʝʟʘ 19 ʚ ʵʪʦʤ ʩʣʦʝ ʙʳʣʘ ʙʦʣʝʝ ʢʠʩʣʦʡ ï ʚ ʧʨʝʜʝʣʘʭ 4-
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5 ʨʅ. ɺ ʧʦʯʚʝ ʫ ʨʘʟʨʝʟʘ 18 ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ ʧʨʦʩʣʝʞʝʥʘ 

ʪʝʥʜʝʥʮʠʷ ʢ ʧʦʚʳʰʝʥʠʶ ʢʠʩʣʦʪʥʦʩʪʠ; ʘ ʚ ʧʦʯʚʝ ʫ ʨʘʟʨʝʟʘ 19, ʥʘʧʨʦʪʠʚ, ʚ 

ʥʘʯʘʣʝ ʦʩʝʥʠ ʢʠʩʣʦʪʥʦʩʪʴ ʙʳʣʘ ʥʘʠʤʝʥʴʰʝʡ [ʇʘʭʦʨʫʢʦʚ, ɽʨʝʤʯʝʥʢʦ, 2023]. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʨʝʟʢʦʢʠʩʣʘʷ ʨʝʘʢʮʠʷ ʩʨʝʜʳ (ʤʝʥʝʝ 3-4 ʨʅ) ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʧʦʯʚ, ʚ ʢʦʪʦʨʳʭ ʠʜʫʪ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ [ʇʝʨʝʣʴʤʘʥ, 1966; ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999; Dent, 1993; Husson et 

al, 2000; Michael, 2018].  

ɺ ʩʫʭʦʝ ʣʝʪʦ 2022 ʛ. ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʧʨʦʬʠʣʷ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ 

ʦʢʘʟʘʣʘʩʴ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʥʠʭ ʩʫʣʴʬʠʜʳ ʙʳʣʠ 

ʦʢʠʩʣʝʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʨʝʟʢʦ ʢʠʩʣʦʡ 

ʨʝʘʢʮʠʠ ʩʨʝʜʳ.  

  

ʈʠʩʫʥʦʢ 34 ï ɺʝʣʠʯʠʥʘ ʨʅ ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʦʣʦʥʯʘʢʦʚʦʡ ʥʝʥʘʩʳʱʝʥʥʦʡ 

ʧʦʯʚʝ (ʨʘʟʨʝʟ 18) ʠʟ ʜʦʣʠʥʳ ʨ. ʃʝʥʚʘ ʥʘ ʛʣʫʙʠʥʝ: 1 ï10±2 ʩʤ; 2 ï 20±2 ʩʤ; 3 ï 

30±2 ʩʤ; 4 ï 40±2 ʩʤ 
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ʈʠʩʫʥʦʢ 35 ï ɺʝʣʠʯʠʥʘ ʨʅ ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʦʣʦʥʯʘʢʦʚʦʡ ʥʝʥʘʩʳʱʝʥʥʦʡ 

ʧʦʯʚʝ (ʨʘʟʨʝʟ 19) ʠʟ ʜʦʣʠʥʳ ʨ. ʃʝʥʚʘ ʥʘ ʛʣʫʙʠʥʝ: 1 ï 10±2 ʩʤ; 2 ï 20±2 ʩʤ; 3 ï 

30±2 ʩʤ; 4 ï 40±2 ʩʤ 

 

ɺ ʧʨʦʮʝʩʩʝ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʧʦʯʚʘʤʠ ʜʦʣʠʥ ʤʘʣʳʭ ʨʝʢ ʚ ʧʨʝʜʝʣʘʭ 

ʪʝʨʨʠʪʦʨʠʠ ʛ. ʇʝʨʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʧʦʯʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚʘʨʴʠʨʫʶʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ (-174 ʤɺ) ʜʦ ʫʤʝʨʝʥʥʦ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ (532 ʤɺ). 

ɺ ʛʣʝʝʚʳʭ ʛʦʨʠʟʦʥʪʘʭ ʵʪʠʭ ʧʦʯʚ Eh ʢʦʣʝʙʘʣʘʩʴ ʦʪ -111 ʤɺ ʜʦ 396 ʤɺ [ɺʣʘʩʦʚ, 

2021.]. ʂʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʣʝʪʥʝ-ʨʘʥʥʝʦʩʝʥʥʠʡ ʧʝʨʠʦʜ 2022 ʛ. 

ʦʪʣʠʯʘʣʩʷ ʟʘʩʫʰʣʠʚʦʩʪʴʶ. ɺ ʦʙʝʠʭ ʧʦʯʚʘʭ ʠʟ ʜʦʣʠʥʳ ʨ. ʃʝʥʚʘ ʥʘ ʛʣʫʙʠʥʝ 

ʦʢʦʣʦ 10 ʩʤ ʦʪʤʝʯʘʣʠ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʦʙʩʪʘʥʦʚʢʫ (Eh 450-540 ʤɺ). ɺ ʧʦʯʚʝ ʫ 

ʨʘʟʨʝʟʘ 18 ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 20 ʩʤ ʧʨʝʦʙʣʘʜʘʣʘ ʩʣʘʙʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ 

ʦʙʩʪʘʥʦʚʢʘ (Eh = 170-340 ʤɺ), ʘ ʥʘ ʛʣʫʙʠʥʝ 30-40 ʩʤ ï ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ 

ʦʙʩʪʘʥʦʚʢʘ (Eh ʦʪ +70 ʜʦ -50 ʤɺ). ɺ ʧʦʯʚʝ ʫ ʨʘʟʨʝʟʘ 19 ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ Eh ʥʝ ʥʘʙʣʶʜʘʣʠ; ʧʨʝʦʙʣʘʜʘʣʘ ʧʝʨʝʭʦʜʥʘʷ ʦʙʩʪʘʥʦʚʢʘ: ʥʘ ʛʣʫʙʠʥʝ 

ʦʢʦʣʦ 20 ʩʤ Eh ʥʘʭʦʜʠʣʩʷ ʚ ʧʨʝʜʝʣʘʭ +370-440 ʤɺ, ʥʘ ʛʣʫʙʠʥʝ 30-40 ʩʤ ï 

+160-300 ʤɺ (ʨʠʩ. 36-37; ʧʨʠʣʦʞʝʥʠʝ ʄ) [ʇʘʭʦʨʫʢʦʚ, ɽʨʝʤʯʝʥʢʦ, 2023].  
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ʈʠʩʫʥʦʢ 36 ï ɺʝʣʠʯʠʥʘ ɽh ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʦʣʦʥʯʘʢʦʚʦʡ ʥʝʥʘʩʳʱʝʥʥʦʡ 

ʧʦʯʚʝ (ʨʘʟʨʝʟ 18) ʠʟ ʜʦʣʠʥʳ ʨ. ʃʝʥʚʘ ʥʘ ʛʣʫʙʠʥʝ: 1 ï 10±2 ʩʤ; 2 ï 20±2 ʩʤ; 3 ï 

30±2 ʩʤ; 4 ï 40±2 ʩʤ 

  

ʈʠʩʫʥʦʢ 37 ï ɺʝʣʠʯʠʥʘ ɽh ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʦʣʦʥʯʘʢʦʚʦʡ ʥʝʥʘʩʳʱʝʥʥʦʡ 

ʧʦʯʚʝ (ʨʘʟʨʝʟ 19) ʠʟ ʜʦʣʠʥʳ ʨ. ʃʝʥʚʘ ʥʘ ʛʣʫʙʠʥʝ: 1 ï 10±2 ʩʤ; 2 ï 20±2 ʩʤ; 3 ï 

30±2 ʩʤ; 4 ï 40±2 ʩʤ 
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ʇʨʠ ʟʥʘʯʝʥʠʷʭ Eh ʧʦʯʚ ʙʦʣʝʝ 450 ʤɺ ʧʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʦʡ, ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʤʝʥʝʝ 200 ʤɺ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʳʨʘʞʝʥʥʳʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʨʝʞʠʤ, ʧʦʯʚʳ ʧʝʨʝʫʚʣʘʞʥʝʥʳ [ʉʤʠʨʥʦʚʘ, 

ʂʦʟʣʦʚ, 2023]. ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʩʨʝʜʘ ʩ Eh ʤʝʥʝʝ 100 ʤɺ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʞʝʣʝʟʘ [Mitsch et al, 2015]. ʆ 

ʧʦʜʚʠʞʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʞʝʣʝʟʘ, ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʧʝʨʝʭʦʜʘʭ Fe(III ) ź 

Fe(II ) ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ ʜʦʣʠʥʳ ʨ. ʃʝʥʚʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙʠʣʠʝ 

ʞʝʣʝʟʠʩʪʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʨʞʘʚʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ʇʨʝʚʨʘʱʝʥʠʝ 

ʩʫʣʴʬʘʪʘ ʚ ʩʫʣʴʬʠʜ ʟʘʚʠʩʠʪ ʦʪ ʨʝʘʢʮʠʠ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ; ʚʥʝ ʜʠʘʧʘʟʦʥʘ ʦʪ 

6,5 ʜʦ 8,5 ʨʅ ʦʪʤʝʯʘʣʠ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ 

[Connell et al, 1968]. ɺʦʟʤʦʞʥʦ, ʧʦʵʪʦʤʫ ʚ ʧʨʦʬʠʣʝ ʘʣʣʶʚʠʘʣʴʥʳʭ ʢʠʩʣʳʭ 

ʧʦʯʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʘʩʳʱʝʥʥʳʭ ʧʦʯʚ ʠʟ ʜʦʣʠʥʳ ʨ. ʏʝʨʥʘʷ, ʦʪʩʫʪʩʪʚʦʚʘʣʘ 

ʪʝʤʥʘʷ (ʧʦʯʪʠ ʯʝʨʥʘʷ) ʦʢʨʘʩʢʘ ʛʦʨʠʟʦʥʪʦʚ (ʩʤ. ʨʘʟʜʝʣ 3.3.3.2). 

ɿʥʘʯʠʤʳʭ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʧʦʣʝʚʦʡ ʚʣʘʞʥʦʩʪʴʶ ʠ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʤʠ, ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚʘʭ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʨʅ ʠ Eh ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʶʪ ʚ ʧʦʯʚʘʭ, ʨʅ ʠʤʝʝʪ 

ʪʝʥʜʝʥʮʠʶ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʠ ʨʘʟʚʠʪʠʠ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ 

ʫʤʝʥʴʰʘʪʴʩʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ [Van Breemen, 1987; Bohrerova et al, 

2004]. ʅʘ ʩʚʷʟʴ ʤʝʞʜʫ ʵʪʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚʘʭ ʜʦʣʠʥ ʨʝʢ ʏʝʨʥʘʷ ʠ ʃʝʥʚʘ ʫʢʘʟʳʚʘʝʪ ʧʦʣʫʯʝʥʥʘʷ 

ʨʝʛʨʝʩʩʠʦʥʥʘ ̫ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʅ (y) ʠ ɽh (x): y = 6,35 ï 

0,0068x; ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ R= -0,84; ʢʨʠʪʝʨʠʡ ʌʠʰʝʨʘ F=130; 

ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ P=0,000 (ʨʠʩ. 38). ʉʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ, ʘʜʝʢʚʘʪʥʦʤʫ 

ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ (0-40 ʩʤ) ʧʦʯʚ ʧʨʠ ɽh ʦʢʦʣʦ -20 ʤɺ 

ʚʝʣʠʯʠʥʘ ʨʅ=6,6, ʘ ʧʨʠ ɽh=500 ʤɺ ʨʅ ʩʥʠʞʘʝʪʩʷ ʜʦ 3,0 ʝʜʠʥʠʮ [ʇʘʭʦʨʫʢʦʚ, 

ɽʨʝʤʯʝʥʢʦ, 2023]. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ Eh ʨʝʟʢʦ ʚʣʠʷʶʪ ʥʘ ʨʝʘʢʮʠʶ 

ʩʨʝʜʳ ʚ ʧʦʯʚʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʧʠʨʠʪ, ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʝʪʩʷ 

ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ [Dent, 1993; Husson et al, 2000]. ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʢʘʣʠʡʥʳʭ 
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ʩʦʣʝʡ ʚ ʤʝʩʪʘʭ ʨʘʟʛʨʫʟʢʠ ʟʘʩʦʣʝʥʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʧʦʯʚʘʭ ʦʪʤʝʯʘʣʠ 

ʧʨʠʩʫʪʩʪʚʠʝ ʛʠʜʨʦʪʨʦʠʣʠʪʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ [ʍʘʡʨʫʣʠʥʘ ʠ ʜʨ., 2018, 2022]. 

  

ʈʠʩʫʥʦʢ 38 ï ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʨʝʘʢʮʠʝʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚʘʭ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʤʩʢʠʭ ʤʠʢʨʦʙʠʦʣʦʛʦʚ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʧʝʨʝʭʦʜʳ Fe3+ ź Fe2+ ʠ S6+ ź S2- ʚ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʭ 

ʧʦʯʚʘʭ. ɺ ʵʪʠʭ ʧʦʯʚʘʭ ʦʙʥʘʨʫʞʝʥʳ ʙʘʢʪʝʨʠʠ ʨʦʜʦʚ Acidocella ʠ Acidophilium, 

ʩʧʦʩʦʙʥʳʝ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʞʝʣʝʟʘ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. ɺ ʦʙʨʘʟʮʘʭ 

ʠʟ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʩʣʦʸʚ ʧʦʯʚ ʧʨʝʦʙʣʘʜʘʣʠ ʘʥʘʵʨʦʙʥʳʝ ʙʘʢʪʝʨʠʠ ʨʦʜʘ 

Shewanella, ʩʧʦʩʦʙʥʳʝ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ, 

ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʧʨʦʜʫʢʮʠʠ ʩʫʣʴʬʠʜʦʚ. ʇʦʚʩʝʤʝʩʪʥʦ ʚ 

ʧʦʯʚʘʭ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʘʟʥʳʭ ʨʦʜʦʚ ʞʝʣʝʟʦ- ʠ 

ʩʝʨʦʦʢʠʩʣʷʶʱʠʭ ʙʘʢʪʝʨʠʡ [ʍʘʡʨʫʣʠʥʘ ʠ ʜʨ., 2022]. 

Y = 6,35 - 0,0069*x; R = -0,84; 

R² = 0,71; F = 130; P = 0,00
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ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʷʚʣʝʥʠʝʤ ʨʝʟʢʦʢʠʩʣʳʭ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ ʚ ʇʨʠʢʘʤʴʝ, ʝʱʝ ʥʝ ʧʦʣʫʯʠʣʠ 

ʥʝʦʙʭʦʜʠʤʦʡ ʦʮʝʥʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʜʢʠʩʣʝʥʠʝʤ ʛʨʫʥʪʦʚʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʛʠʙʝʣʴʶ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʨʳʙ ʠ ʜʨʫʛʠʭ ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʨʘʟʨʫʰʝʥʠʝʤ ʙʝʪʦʥʥʳʭ ʠ 

ʩʪʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ [Sohlenius et al, 2002; Rosicky et al, 2004; Nordmyr et al, 

2008; Ljung et al, 2009; Poch et al, 2009]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʝʨʥʦʢʠʩʣʦʛʦ ʛʠʜʨʦʣʠʟʘ 

ʤʠʥʝʨʘʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʤʦʙʠʣʠʟʘʮʠʷ ʞʝʣʝʟʘ, ʘʣʶʤʠʥʠ,̫ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʤʝʪʘʣʣʦʠʜʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ, ʤʳʰʴʷʢʘ). ʀʟ ʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʤʦʛʫʪ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʦʚʳʝ ʤʠʥʝʨʘʣʳ; ʧʦ ʤʥʝʥʠʶ D.S. Fanning ʩ ʢʦʣʣʝʛʘʤʠ 

[Fanning et al, 2017] ʦʙʨʘʟʦʚʘʥʠʝ ʞʝʣʝʟʠʩʪʳʭ, ʘ ʪʘʢʞʝ, ʢʨʝʤʥʠʩʪʳʭ 

ʛʦʨʠʟʦʥʪʦʚ ʠ ʢʦʨʦʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʨʥʦʢʠʩʣʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ 

ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ.  

3.5. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ ʠ ʩʦʣʦʥʯʘʢʦʚ 

ʚʪʦʨʠʯʥʳʭ ʚ ʜʦʣʠʥʘʭ ʤʘʣʳʭ ʨʝʢ 

ɿʘʩʦʣʝʥʥʦʩʪʴ ʧʦʯʚ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ ʦʩʥʦʚʝ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʡ ʘʨʠʜʠʟʘʮʠʠ ʢʣʠʤʘʪʘ 

[ʇʘʥʢʦʚʘ, ɻʦʨʦʭʦʚʘ, 2020].  

ʅʘ ɺʝʨʭʥʝʢʘʤʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʩʦʣʝʡ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʤʠʛʨʘʮʠʠ 

ʩʦʣʝʚʳʭ ʧʦʪʦʢʦʚ ʚʦʢʨʫʛ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʦʱʘʜʦʢ ʠ ʰʣʘʤʦʭʨʘʥʠʣʠʱ ʜʝʣʘʶʪ 

ʦʙʚʘʣʦʚʢʫ ʠʟ ʪʷʞʝʣʳʭ ʛʨʫʥʪʦʚ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʩʦʣʝʦʪʚʘʣʦʚ ʧʝʨʝʚʦʜʷʪ 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ ʨʘʩʩʦʣʦʚ ʚ ʧʦʜʟʝʤʥʳʡ ʩʪʦʢ ʧʫʪʝʤ ʫʩʪʨʦʡʩʪʚʘ ʩʢʚʘʞʠʥ 

ʜʦ ʫʨʦʚʥʷ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. ʆʜʥʘʢʦ ʵʪʠ ʤʝʨʦʧʨʠʷʪʠʷ ʥʝ ʫʩʪʨʘʥʷʶʪ 

ʧʨʦʙʣʝʤʫ ʟʘʛʨʫʟʢʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʚ ʜʦʣʠʥʳ ʨʝʢ ʠ ʨʘʟʚʠʪʠʝ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʛʘʣʦʛʝʥʝʟʘ.  

ʇʣʦʱʘʜʠ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ ʚ ʜʦʣʠʥʘʭ ʤʘʣʳʭ ʨʝʢ ʇʨʠʢʘʤʴʷ 

ʨʘʩʩʯʠʪʘʥʳ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ ArcMap 10.5. ʂʦʥʪʫʨʳ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ 
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ʚʳʜʝʣʷʣʠʩʴ ʥʘ ʢʦʩʤʦʩʥʠʤʢʘʭ ʥʘ ʦʩʥʦʚʝ ʚʠʟʫʘʣʴʥʦʛʦ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʠ 

ʧʦʣʝʚʳʭ ʧʨʦʚʝʨʦʢ. 

ɼʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʢʦʥʪʫʨʦʚ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ ʠ ʩʦʣʦʥʯʘʢʦʚ ʚʪʦʨʠʯʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʝʪʥʠʝ 

ʢʦʩʤʦʩʥʠʤʢʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ çʝʩʪʝʩʪʚʝʥʥʳʝ ʮʚʝʪʘè. ɺ 

ʪʘʢʦʡ ʢʦʤʙʠʥʘʮʠʠ ʦʙʲʝʢʪʳ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʛʣʷʜʷʪ ʧʦʭʦʞʠʤʠ ʥʘ ʪʦ, 

ʢʘʢ ʦʥʠ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʯʝʣʦʚʝʯʝʩʢʠʤ ʛʣʘʟʦʤ. ʃʝʪʥʠʝ ʢʦʩʤʦʩʥʠʤʢʠ 

ʦʙʣʘʜʘʶʪ ʥʘʠʣʫʯʰʠʤʠ ʜʝʰʠʬʨʦʚʦʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʩʠʥʪʝʟ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʮʚʝʪʦʚ ʤʘʣʦʧʨʠʛʦʜʝʥ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʦʪʢʨʳʪʦʡ ʧʦʯʚʳ ʠ ʩʫʭʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʦʡ ʙʳʚʘʝʪ ʤʥʦʛʦ ʚ ʚʝʩʝʥʥʠʝ ʠ ʦʩʝʥʥʠʝ ʧʝʨʠʦʜʳ 

[ʉʠʤʘʢʦʚʘ, 1959; ʂʦʥʶʰʢʦʚʘ, 2014]. 

ʅʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʘʭ ʜʦʣʠʥ ʪʨʝʭ ʤʘʣʳʭ ʨʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʟʦʥʘʭ ʩʪʦʢʘ ʧʦʜʟʝʤʥʳʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʦʪ ʩʦʣʝʦʪʚʘʣʦʚ ʠ 

ʰʣʘʤʦʭʨʘʥʠʣʠʱ, ʥʘ ʦʩʥʦʚʝ ʚʠʟʫʘʣʴʥʦʛʦ ʜʝʰʝʬʨʠʨʦʚʘʥʠʷ ʚʳʷʚʣʷʣʠʩʴ 

ʫʯʘʩʪʢʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. ɺ ʢʘʯʝʩʪʚʝ ʜʝʰʠʬʨʦʚʦʯʥʦʛʦ 

ʧʨʠʟʥʘʢʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʦʥʪʫʨʦʚ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʮʚʝʪ ʠʟʦʙʨʘʞʝʥʠʷ (ʩʠʥʪʝʟ ʝʩʪʝʩʪʚʝʥʥʳʭ ʮʚʝʪʦʚ), 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʪʣʠʯʠʪʴ ʫʯʘʩʪʢʠ ʧʦʯʚ, ʟʘʥʷʪʳʭ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʦʪ ʫʯʘʩʪʢʦʚ 

ʧʦʯʚ, ʣʠʰʝʥʥʳʭ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. ɺ ʩʠʥʪʝʟʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʮʚʝʪʦʚ 

ʫʯʘʩʪʢʠ, ʟʘʥʷʪʳʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʦʪʦʙʨʘʞʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʦʪʪʝʥʢʘʤʠ 

ʟʝʣʝʥʦʛʦ, ʘ ʥʘ ʦʪʢʨʳʪʳʝ ʫʯʘʩʪʢʠ ʧʦʯʚ ʫʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʦʪʪʝʥʢʠ ʩʝʨʦʛʦ. 

ʇʨʠ ʵʪʦʤ ʦʪʪʝʥʢʠ ʩʝʨʦʛʦ ʮʚʝʪʘ ʟʘʚʠʩʷʪ ʦʪ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʥʘʣʠʯʠʷ ʠʣʠ 

ʦʪʩʫʪʩʪʚʠʷ ʞʝʣʝʟʠʩʪʳʭ ʢʦʨʦʢ ʠ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

[ʂʨʘʚʮʦʚʘ, 2005]. 

ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2018-2022 ʛʛ. ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʘʨʰʨʫʪʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʯʥʳʭ ʜʦʣʠʥ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʜʝʣʷʶʱʠʝʩʷ ʥʘ 

ʢʦʩʤʦʩʥʠʤʢʘʭ ʫʯʘʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʦʪʪʝʥʢʘʤʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʢʨʳʪʳ ʣʫʛʦʚʦʡ ʠʣʠ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. 

ʋʯʘʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʦʪʪʝʥʢʘʤʠ ʩʝʨʦʛʦ ʮʚʝʪʘ ʣʠʙʦ ʧʦʯʪʠ ʣʠʰʝʥʳ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʣʠʙʦ ʠʤʝʶʪ ʥʠʟʢʦʝ ʧʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ ʩ 
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ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ 1-5 ʚʠʜʦʚ ʩʦʣʝʫʩʪʦʡʯʠʚʦʡ ʠ ʩʦʣʝʣʶʙʠʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ï 

ʙʝʩʢʠʣʴʥʠʮʳ ʨʘʩʩʪʘʚʣʝʥʥʦʡ, ʣʝʙʝʜʳ ʧʨʦʩʪʝʨʪʦʡ, ʪʦʨʠʯʥʠʢʘ ʩʦʣʦʥʯʘʢʦʚʦʛʦ ʠ 

ʜʨ. ʇʦʯʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʜʝʛʨʘʜʠʨʫʝʪ ʥʘ 

ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚʘʭ ʠ ʩʦʣʦʥʯʘʢʘʭ ʚʪʦʨʠʯʥʳʭ (ʩʤ. ʨʘʟʜʝʣʳ 3.3.1-3.3.3). 

ʉʦʛʣʘʩʥʦ ʦʪʢʨʳʪʳʤ ʠʩʪʦʯʥʠʢʘʤ, ʨʫʜʥʠʢ ɹʂʇʈʋ-4 ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩ 

1986 ʛ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʩʩʦʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʩʦʣʝʦʪʚʘʣʘ ɹʂʇʈʋ-4 ʠ ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʚ ʜʦʣʠʥʝ ʤʘʣʦʡ 

ʨ. ɹʳʛʝʣʴ ʦʙʨʘʟʦʚʘʣʩʷ ʫʯʘʩʪʦʢ ʩ ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʩʦʣʦʥʯʘʢʦʚʳʤʠ ʧʦʯʚʘʤʠ. 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʩʦʣʝʦʪʚʘʣʘ ɹʂʇʈʋ-4 ʜʦ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 800 ʤ, ʩʨʝʜʥʠʡ ʫʢʣʦʥ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʦʣʦ 4%. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʢʦʩʤʦʩʥʠʤʢʦʚ, ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʧʷʪʥʦ ʩ ʠʟʨʝʞʝʥʥʳʤ 

ʪʨʘʚʷʥʳʤ ʧʦʢʨʦʚʦʤ ʧʦʷʚʠʣʦʩʴ ʚ ʧʝʨʠʦʜ ʩ 2011 ʧʦ 2013 ʛʛ. (ʨʠʩʫʥʦʢ 39); ʚ 

2020 ʛ. ʝʛʦ ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʠʣʘ 2027 ʤ2. 

  

ɸ ɹ 

ʈʠʩʫʥʦʢ 39 ï ɺʥʝʰʥʠʡ ʚʠʜ ʫʯʘʩʪʢʘ ʩ ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʩʦʣʦʥʯʘʢʦʚʳʤʠ 

ʧʦʯʚʘʤʠ ʚ ʜʦʣʠʥʝ ʨ. ɹʳʛʝʣʴ ʥʘ ʢʦʩʤʦʩʥʠʤʢʘʭ 2011 ʛ. (ɸ) ʠ 2013 ʛ. (ɹ) 
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ɼʦʣʠʥʘ ʨ. ʏʝʨʥʘʷ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʦʣʝʦʪʚʘʣʘ ɹʂʇʈʋ-3, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʥʘʯʘʣʦʩʴ ʧʦʩʣʝ ʟʘʧʫʩʢʘ ʨʫʜʥʠʢʘ ʚ 1973 ʛ. ʇʦ ʥʘʰʠʤ 

ʨʘʩʯʝʪʘʤ ʧʣʦʱʘʜʴ ʜʦʣʠʥʳ ʨ. ʏʝʨʥʘʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 30,6 ʛʘ. ɺ 2015 ʛ. 

ʦʪʯʝʪʣʠʚʳʝ ʧʨʠʟʥʘʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ ʠ 

ʚʪʦʨʠʯʥʳʭ ʩʦʣʦʥʯʘʢʦʚ ʧʦʜ ʠʟʨʝʞʝʥʥʳʤ ʨʘʩʪʠʪʝʣʴʥʳʤ ʧʦʢʨʦʚʦʤ ʧʨʦʩʣʝʞʝʥʳ 

ʥʘ ʧʣʦʱʘʜʠ 4,9 ʛʘ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 16% ʪʝʨʨʠʪʦʨʠʠ ʨʝʯʥʦʡ ʜʦʣʠʥʳ 

(ʨʠʩʫʥʦʢ 40). ɺ 2021 ʛ. ʧʣʦʱʘʜʴ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ ʠ ʚʪʦʨʠʯʥʳʭ ʩʦʣʦʥʯʘʢʦʚ 

ʚ ʨʝʯʥʦʡ ʜʦʣʠʥʝ ʩʦʩʪʘʚʠʣʘ 8,7 ʛʘ ʠʣʠ 28% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʨʝʯʥʦʡ ʜʦʣʠʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʝʨʠʦʜ ʩ 2015 ʧʦ 2021 ʛ. ʧʣʦʱʘʜʴ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʚ 

ʜʦʣʠʥʝ ʨ. ʏʝʨʥʘʷ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 1,8 ʨʘʟʘ; ʝʞʝʛʦʜʥʦ ʦʥʘ ʚʦʟʨʘʩʪʘʣʘ ʚ ʩʨʝʜʥʝʤ 

ʥʘ 0,63 ʛʘ.  

ɸʨʝʘʣʳ ʩʦʣʦʥʯʘʢʦʚʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦ ʚʩʝʡ ʜʦʣʠʥʝ 

ʨʝʢʠ, ʜʘʞʝ ʚʙʣʠʟʠ ʚʧʘʜʝʥʠʷ ʨ. ʏʝʨʥʘʷ ʚ ʨ. ɺʦʣʠʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1700 ʤ ʦʪ 

ʩʦʣʝʦʪʚʘʣʘ. ʋʯʘʩʪʢʠ ʧʦʜ ʠʟʨʝʞʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʥʘ ʩʦʣʦʥʯʘʢʦʚʳʭ 

ʧʦʯʚʘʭ ʯʝʨʝʜʫʶʪʩʷ ʩ ʫʯʘʩʪʢʘʤʠ, ʛʫʩʪʦ ʟʘʨʦʩʰʠʤʠ ʣʫʛʦʚʦʡ ʠ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ (ʩʤ. ʨʘʟʜʝʣ 3.3.2), ʘʣʣʶʚʠʘʣʴʥʳʝ 

ʧʦʯʚʳ ʥʘ ʪʘʢʠʭ ʫʯʘʩʪʢʘʭ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʩʦʣʦʥʯʘʢʦʚʳʤʠ ʩʨʝʜʥʝ- ʠ 

ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʳʤʠ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ 

ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʜʦʣʠʥʳ ʨ. ʏʝʨʥʘʷ ʥʘ ʧʣʦʱʘʜʠ 30,6 ʛʘ ʩʦʜʝʨʞʘʪ 

ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʭʥʦʛʝʥʥʳʭ ʩʦʣʝʡ.  

ʇʦ ʥʘʰʠʤ ʨʘʩʯʝʪʘʤ ʧʣʦʱʘʜʴ ʜʦʣʠʥʳ ʨ. ʃʝʥʚʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

179,5 ʛʘ. ɺ ʦʙʩʣʝʜʦʚʘʥʥʦʡ ʥʘʤʠ ʯʘʩʪʠ ʨʝʯʥʦʡ ʜʦʣʠʥʳ ʘʣʣʶʚʠʘʣʴʥʳʝ 

ʩʦʣʦʥʯʘʢʦʚʳʝ ʧʦʯʚʳ ʠ ʩʦʣʦʥʯʘʢʠ ʚʪʦʨʠʯʥʳʝ ʧʦʜ ʠʟʨʝʞʝʥʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʚ 2015 ʛ. ʟʘʥʠʤʘʣʠ ʦʢʦʣʦ 14 ʛʘ (7,8% ʜʦʣʠʥʳ). ɺ 2021 ʛ. 

ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ ʠ ʚʪʦʨʠʯʥʳʭ ʩʦʣʦʥʯʘʢʦʚ 

ʚʳʨʦʩʣʘ ʜʦ 22,2 ʛʘ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 12,4% ʧʣʦʱʘʜʠ ʨʝʯʥʦʡ ʜʦʣʠʥʳ (ʨʠʩʫʥʢʠ 

41-42). ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʟʘ ʧʝʨʠʦʜ 2015-2021 ʛʛ. ʧʣʦʱʘʜʴ ʩʦʣʦʥʯʘʢʦʚʳʭ 

ʧʦʯʚ ʠ ʩʦʣʦʥʯʘʢʦʚ ʚʪʦʨʠʯʥʳʭ ʚ ʜʦʣʠʥʝ ʨ. ʃʝʥʚʘ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 1,6 ʨʘʟʘ. 

ɽʞʝʛʦʜʥʦ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ ʟʘʥʠʤʘʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʩʨʝʜʥʝʤ 

1,37 ʛʘ. 
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ʈʠʩʫʥʦʢ 40 ï ʂʘʨʪʦʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ ʠ 

ʩʦʣʦʥʯʘʢʦʚ ʚʪʦʨʠʯʥʳʭ ʚ ʜʦʣʠʥʝ ʨ. ʏʝʨʥʘʷ ʚ 2015 ʛ. ʠ 2021 ʛ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʩʦʣʦʥʯʘʢʦʚʦʛʦ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʜʦʣʠʥʘʭ ʤʘʣʳʭ ʨʝʢ ʧʨʦʛʨʝʩʩʠʨʫʝʪ ʧʨʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʩʦʣʝʚʳʭ ʦʪʭʦʜʦʚ ʭʣʦʨʠʜʥʦ-

ʥʘʪʨʠʝʚʦʛʦ ʩʦʩʪʘʚʘ. ɽ.ɸ. ʍʘʡʨʫʣʠʥʦʡ [2022] ʧʨʝʜʣʦʞʝʥʦ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʩʥʦʚʘʥʠʷ ʩʦʣʝʦʪʚʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ 

ʪʘʤʧʦʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʫʪʝʤ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʩʫʣʴʬʘʪʘ ʢʘʣʴʮʠʷ. ɺ ʩʦʣʝʚʳʭ ʦʪʭʦʜʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʫʣʴʬʘʪʳ, ʥʘʰʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦ ʚʨʝʤʝʥʝʤ ʚʦ ʚʪʦʨʠʯʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ 

ʦʙʨʘʟʫʝʪʩʷ ʛʠʧʩ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʦʩʘʞʜʝʥʠʝ ʛʠʧʩʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʦʯʚʦʛʨʫʥʪʘʭ 

ʚʦʟʣʝ ʧʣʦʱʘʜʦʚʢ ʜʣʷ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʦʪʭʦʜʦʚ, ʠ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʝ ʧʨʝʜʦʪʚʨʘʪʠʣ 

ʤʠʛʨʘʮʠʶ ʩʦʣʝʡ ʩ ʧʨʠʨʦʜʥʳʤʠ ʚʦʜʘʤʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜ ʩʦʣʝʦʪʚʘʣʘʤʠ ʠ ʰʣʘʤʦʭʨʘʥʠʣʠʱʘʤʠ ʟʘʥʷʪʦ 

ʦʢʦʣʦ 1 ʪʳʩ. ʛʘ, ʩ ʫʯʝʪʦʤ ʨʘʟʚʠʪʠʷ ʢʘʣʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʭ ʧʣʦʱʘʜʠ ʤʦʛʫʪ 

ʜʦʩʪʠʛʥʫʪʴ 2-3 ʪʳʩ. ʛʘ [ɹʦʙʦʰʢʦ, ɹʘʯʫʨʠʥ, 2004]. ʇʨʝʜʦʪʚʨʘʪʠʪʴ ʚʦʜʥʫʶ 

ʤʠʛʨʘʮʠʶ ʪʝʭʥʦʛʝʥʥʳʭ ʩʦʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʛʫʤʠʜʥʦʛʦ ʢʣʠʤʘʪʘ ʤʦʞʥʦ ʣʠʰʴ 

ʧʫʪʝʤ ʫʩʪʨʘʥʝʥʠʷ ʦʪʭʦʜʦʚ ʢʘʣʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʥʘʧʨʠʤʝʨ, ʟʘʭʦʨʦʥʝʥʠʝ 

ʟʘ ʧʨʝʜʝʣʳ ʟʦʥʳ ʩʚʦʙʦʜʥʦʛʦ ʚʦʜʦʦʙʤʝʥʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ) ʠʣʠ ʠʭ 

ʧʝʨʝʨʘʙʦʪʢʠ (ʥʘʧʨʠʤʝʨ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ 

ʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʨʫʛʠʭ ʩʦʣʝʡ). 
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ʈʠʩʫʥʦʢ 41 ï ʂʘʨʪʦʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ ʠ ʩʦʣʦʥʯʘʢʦʚ ʚʪʦʨʠʯʥʳʭ  

ʚ ʜʦʣʠʥʝ ʨ. ʃʝʥʚʘ ʚ 2015 ʛ. 
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ʈʠʩʫʥʦʢ 42 ï ʂʘʨʪʦʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ ʠ ʩʦʣʦʥʯʘʢʦʚ ʚʪʦʨʠʯʥʳʭ  

ʚ ʜʦʣʠʥʝ ʨ. ʃʝʥʚʘ ʚ 2021 ʛ. 
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3.6 ɻʘʣʦʛʝʥʝʟ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʚʦʟʣʝ ʨʘʩʩʦʣʦʧʦʜʲʝʤʥʳʭ ʩʢʚʘʞʠʥ 

XVI  ʚ. 

ɺ ʜʦʣʠʥʝ ʨ. ʋʩʦʣʢʘ, ʙʣʠʟ ʩʝʣʘ ʋʩʪʴ-ʀʛʫʤ, ʥʘ ʤʝʩʪʝ ʙʳʚʰʝʛʦ 

ʗʡʚʠʥʩʢʦʛʦ ʦʩʪʨʦʞʢʘ, ʠʟ ʩʪʘʨʳʭ ʨʘʩʩʦʣʦʧʦʜʲʝʤʥʳʭ ʩʢʚʘʞʠʥ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ, ʧʦ ʤʥʝʥʠʶ ʘʨʭʝʦʣʦʛʦʚ, ʩ XVI ʚ., ʠʟʣʠʚʘʶʪʩʷ ʩʦʣʝʥʳʝ 

ʨʫʯʴʠ, ʧʦ ʙʝʨʝʛʘʤ ʢʦʪʦʨʳʭ ʧʨʦʠʟʨʘʩʪʘʝʪ ʩʦʣʝʨʦʩ cʦʣʦʥʯʘʢʦʚʳʡ (Salicornia 

perennans Willd.). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠʟʣʠʚʘʶʱʠʭʩʷ ʚʦʜ, 

ʩʦʩʪʘʚʣʷʣʘ 30-35 ʛ/ʣ (ʪʘʙʣ. 9), ʯʪʦ, ʩʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʷʤ [ʆʚʯʠʥʥʠʢʦʚ, 1970], 

ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʠʭ ʢ ʢʘʪʝʛʦʨʠʠ ʚʦʜ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʦʣʝʥʦʩʪʴʶ. ʉʦʛʣʘʩʥʦ 

ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʫ [1982] ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʚʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ 

ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʩʣʘʙʦʱʝʣʦʯʥʳʭ. 

 

ʊʘʙʣʠʮʘ 9 ï ʉʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʚ ʚʦʜʘʭ, ʠʟʣʠʚʘʶʱʠʭʩʷ ʠʟ ʨʘʩʩʦʣʦʧʦʜʲʝʤʥʳʭ 

ʩʢʚʘʞʠʥ ʜʦʣʠʥʳ ʨ. ʋʩʦʣʢʘ, ʤʤʦʣʴ(ʵʢʚ)/ʣ 

ˉ 

ʩʢʚʘʞʠʥʳ 
ʨʅ ʄ*, ʛ/ʣ Ca2+ Mg2+ Na+ K+ ClȤ SO4

2Ȥ HCO3Ȥ 

1 7,8 35,3 58,6 14,6 480,0 0,3 468,8 69,2 16,7 

2 7,8 30,1 56,4 14,4 420,9 0,3 410,4 65,0 19,2 

ʇʨʠʤʝʯʘʥʠʝ: * ï ʤʠʥʝʨʘʣʠʟʘʮʠʷ. 

 

ʍʠʤʠʟʤ ʚʦʜ ʙʳʣ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʤ, ʥʘ ʜʦʣʶ ʩʫʣʴʬʘʪ-ʠʦʥʦʚ 

ʧʨʠʭʦʜʠʣʦʩʴ ʦʢʦʣʦ 13% ʦʪ ʩʫʤʤʳ ʘʥʠʦʥʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʙʳʣʦ ʦʯʝʥʴ 

ʥʠʟʢʠʤ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʨʘʩʩʦʣʦʧʦʜʲʝʤʥʳʝ ʩʢʚʘʞʠʥʳ ʥʘʭʦʜʷʪʩʷ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘʣʠʡʥʳʭ ʩʦʣʝʡ (ʨʠʩ. 43). 
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ʈʠʩʫʥʦʢ 43 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʨʘʩʩʦʣʦʧʦʜʲʝʤʥʳʭ ʩʢʚʘʞʠʥ, ʩʦʣʝʦʪʚʘʣʦʚ ʠ 

ʰʣʘʤʦʭʨʘʥʠʣʠʱ ʚ ʛʨʘʥʠʮʘʭ ʢʘʣʠʡʥʦʡ ʠ ʩʦʣʷʥʦʡ ʟʘʣʝʞʝʡ [ʂʫʜʨʷʰʦʚ, 2013 ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ] 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʯʚʳ ʚ ʜʦʣʠʥʝ ʨ. ʋʩʦʣʢʘ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʩʪʦʣʝʪʠʡ ʠʩʧʳʪʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʭ 

ʚʦʜ. ʕʪʠ ʫʥʠʢʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʛʘʣʦʛʝʥʝʟʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘʤʠ 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʛʥʦʟʥʳʭ ʤʦʜʝʣʝʡ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʜʦʣʠʥʘʭ 

ʤʘʣʳʭ ʨʝʢ ʶʞʥʦʡ ʪʘʡʛʠ [Eremchenko et al., 2022]. 

ʅʘ ʨʘʩʩʪʦʷʥʠʠ 3-5 ʤ ʦʪ ʨʫʩʣʘ ʨ. ʋʩʦʣʢʘ, ʚ ʢʦʪʦʨʫʶ ʠʟʣʠʚʘʶʪʩʷ ʚʦʜʳ ʠʟ 

ʨʘʩʩʦʣʦʧʦʜʲʝʤʥʳʭ ʩʢʚʘʞʠʥ, ʧʦʜ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ 

ʟʘʣʦʞʝʥʳ ʪʨʠ ʨʘʟʨʝʟʘ ʥʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʝʨʦʛʫʤʫʩʦʚʳʭ ʛʣʝʝʚʘʪʳʭ 

cʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚʘʭ. ʈʘʟʨʝʟʳ 1 ʠ 2 ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 20-25 ʤ ʦʪ 

ʨʘʩʩʦʣʦʧʦʜʲʝʤʥʦʡ ʩʢʚʘʞʠʥʳ 1 ʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 8-12 ʤ ʦʪ ʩʢʚʘʞʠʥʳ 2. ʈʘʟʨʝʟ 

3 ʥʘʭʦʜʠʣʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 70 ʤ ʦʪ ʩʢʚʘʞʠʥ. ʇʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ 

ʚ ʨʘʟʨʝʟʘʭ ʟʘʣʝʛʘʣʠ ʥʘ ʛʣʫʙʠʥʝ 90-100 ʩʤ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʦʙʣʠʢ ʧʦʯʚ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʘʭ 44-46. 
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ʈʠʩʫʥʦʢ 44 ï ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʛʣʝʝʚʘʪʘʷ 

cʦʣʦʥʯʘʢʦʚʘʷ ʧʦʯʚʘ ʚ ʜʦʣʠʥʝ ʨ. ʋʩʦʣʢʘ (ʨʘʟʨʝʟ 1) 
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ʈʠʩʫʥʦʢ 45 ï ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʛʣʝʝʚʘʪʘʷ 

cʦʣʦʥʯʘʢʦʚʘʷ ʧʦʯʚʘ ʚ ʜʦʣʠʥʝ ʨ. ʋʩʦʣʢʘ (ʨʘʟʨʝʟ 2) 
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ʈʠʩʫʥʦʢ 46 ï ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʛʣʝʝʚʘʪʘʷ 

cʦʣʦʥʯʘʢʦʚʘʷ ʧʦʯʚʘ ʚ ʜʦʣʠʥʝ ʨ. ʋʩʦʣʢʘ (ʨʘʟʨʝʟ 3) 
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ʇʦʯʚʘ ʠʟ ʨʘʟʨʝʟʘ ˉ 1 (ʨʠʩ. 44) ʠʤʝʣʘ ʩʣʝʜʫʶʱʝʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ: 

AYs,g ï ʩʝʨʦʛʫʤʫʩʦʚʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 0-15/15 ʩʤ, ʛʫʩʪʦ 

ʧʝʨʝʧʣʝʪʝʥ ʢʦʨʥʷʤʠ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʪʝʤʥʦ-ʙʫʨʳʡ, ʩʳʨʦʡ, 

ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ, ʧʝʨʝʭʦʜ ʧʦʩʪʝʧʝʥʥʳʡ. 

AY/Cs,g ï ʧʝʨʝʭʦʜʥʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 15-43/28 ʩʤ, ʩʝʨʦʚʘʪʦ-

ʙʫʨʳʡ, ʩʳʨʦʡ, ʩʣʦʠʩʪʳʡ, ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʢʦʨʥʠ 

ʨʘʩʪʝʥʠʡ, ʥʘ ʛʣʫʙʠʥʝ 24-25 ʩʤ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚʢʣʶʯʝʥʠʷ ʫʛʣʝʡ ʠ ʙʠʪʦʛʦ 

ʢʠʨʧʠʯʘ, ʩ ʛʣʫʙʠʥʳ 25 ʩʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʙʠʣʠʝ ʨʞʘʚʳʭ ʧʨʠʤʘʟʦʢ, ʧʝʨʝʭʦʜ 

ʧʦʩʪʝʧʝʥʥʳʡ. 

CGs~~ ïʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʛʣʝʝʚʘʷ ʧʦʨʦʜʘ, 43-84/41 ʩʤ, ʩʠʟʘʷ, ʩʳʨʘʷ, 

ʩʣʦʠʩʪʘʷ, ʣʠʧʢʘʷ, ʤʘʞʝʪʩʷ, ʛʣʠʥʠʩʪʘʷ, ʩ ʟʘʧʘʭʦʤ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʥʘ ʛʣʫʙʠʥʝ 

69-74 ʩʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʛʥʠʶʱʘʷ ʜʨʝʚʝʩʠʥʘ, ʩ ʛʣʫʙʠʥʳ 85-90 ʩʤ ʩʦʯʠʪʩʷ ʚʦʜʘ.  

ʇʦʯʚʘ ʠʟ ʨʘʟʨʝʟʘ ˉ 2 (ʨʠʩ. 45) ʠʤʝʣʘ ʩʣʝʜʫʶʱʝʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ:  

AYs,g ï ʩʝʨʦʛʫʤʫʩʦʚʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 0-20/20 ʩʤ, ʛʫʩʪʦ 

ʧʝʨʝʧʣʝʪʝʥ ʢʦʨʥʷʤʠ ʨʘʩʪʝʥʠʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʪʝʤʥʦ-ʙʫʨʳʡ, ʚʣʘʞʥʳʡ, 

ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ, ʧʝʨʝʭʦʜ ʧʦʩʪʝʧʝʥʥʳʡ. 

AY/Cs,g ï ʧʝʨʝʭʦʜʥʳʡ ʛʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 20-60/40 ʩʤ, ʢʦʨʥʠ ʨʘʩʪʝʥʠʡ 

ʝʜʠʥʠʯʥʳʝ, ʩʝʨʦʚʘʪʦ-ʙʫʨʳʡ, ʚʷʟʢʠʡ, ʩʣʦʠʩʪʳʡ, ʚʣʘʞʥʳʡ, 

ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ, ʥʘ ʛʣʫʙʠʥʝ 45-60 ʩʤ ʠʤʝʝʪʩʷ ʩʣʦʡ ʤʝʥʝʝ ʚʷʟʢʠʡ, ʙʦʣʝʝ 

ʨʳʭʣʳʡ ʩ ʦʙʠʣʠʝʤ ʨʳʞʠʭ ʧʦʣʦʩʦʢ ʠ ʧʷʪʝʥ, ʧʝʨʝʭʦʜ ʧʦʩʪʝʧʝʥʥʳʡ. 

CGs~~ ï ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʛʣʝʝʚʘʷ ʛʣʠʥʠʩʪʘʷ ʧʦʨʦʜʘ, 60-101/41 ʩʤ, 

ʩʠʟʦʚʘʪʦ-ʙʫʨʘʷ ʩ ʯʝʨʥʳʤʠ ʧʦʣʦʩʘʤʠ, ʧʨʦʷʚʣʷʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʨʘʩʩʣʦʝʥʠʶ, ʩ ʛʣʫʙʠʥʳ 90-100 ʩʤ ʩʦʯʠʪʩʷ ʚʦʜʘ.  

ʇʦʯʚʘ ʠʟ ʨʘʟʨʝʟʘ ˉ 3 (ʨʠʩ. 46) ʠʤʝʣʘ ʩʣʝʜʫʶʱʝʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ:  

AYs,g ï ʩʝʨʦʛʫʤʫʩʦʚʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 0-22/22 ʩʤ, ʪʝʤʥʦ-ʙʫʨʳʡ, 

ʩʪʨʫʢʪʫʨʘ ʧʦʨʦʰʠʩʪʘʷ, ʛʫʩʪʦ ʧʝʨʝʧʣʝʪʝʥ ʢʦʨʥʷʤʠ ʨʘʩʪʝʥʠʡ, ʩʫʛʣʠʥʠʩʪʳʡ, 

ʚʣʘʞʥʳʡ, ʧʝʨʝʭʦʜ ʧʦʩʪʝʧʝʥʥʳʡ 
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AY/Cs,g ï ʧʝʨʝʭʦʜʥʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 22-40/18 ʩʤ, ʙʫʨʦʚʘʪʦ-

ʩʝʨʳʡ, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩ ʯʝʨʥʳʤʠ ʧʦʣʦʩʘʤʠ, ʨʞʘʚʳʤʠ ʠ ʩʠʟʦʚʘʪʳʤʠ 

ʧʨʦʞʠʣʢʘʤʠ ʠ ʧʷʪʥʘʤʠ, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʩʪʨʝʯʘʣʠʩʴ ʢʦʨʥʠ ʨʘʩʪʝʥʠʡ, ʥʠʞʝ 

ʢʦʨʥʠ ʙʳʣʠ ʝʜʠʥʠʯʥʳ, ʩʫʛʣʠʥʠʩʪʳʡ, ʩʠʣʴʥʦ ʫʚʣʘʞʥʝʥ, ʧʨʦʩʣʝʞʠʚʘʣʘʩʴ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʜʝʣʠʤʦʩʪʴ, ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ ʚʢʣʶʯʝʥʠʷ ʙʠʪʦʛʦ ʢʠʨʧʠʯʘ, 

ʧʝʨʝʭʦʜ ʧʦʩʪʝʧʝʥʥʳʡ. 

ʉGs~~ ï ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʛʣʝʝʚʘʷ ʧʦʨʦʜʘ, 40-95/50 ʩʤ, ʪʝʤʥʦ-ʩʝʨʦ-

ʙʫʨʘʷ, ʣʠʧʢʘʷ, ʙʝʩʩʪʨʫʢʪʫʨʥʘʷ, ʩʫʛʣʠʥʠʩʪʘʷ, ʥʘ ʛʣʫʙʠʥʝ 90-95 ʩʤ ʦʪʤʝʯʝʥʳ 

ʦʢʨʫʛʣʳʝ ʩʪʷʞʝʥʠʷ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʛʠʧʩʘ, ʩ ʛʣʫʙʠʥʳ 85-90 ʩʤ 

ʩʦʯʠʣʘʩʴ ʚʦʜʘ. 

ʅʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ ʜʚʫʭ ʤʝʪʨʦʚ ʦʪ ʩʣʠʷʥʠʷ ʜʚʫʭ ʩʦʣʝʥʳʭ ʨʫʯʴʝʚ, 

ʢʦʪʦʨʳʝ ʙʝʨʫʪ ʥʘʯʘʣʦ ʠʟ ʨʘʩʩʦʣʦʧʦʜʲʝʤʥʳʭ ʩʢʚʘʞʠʥ, ʙʳʣ ʦʧʠʩʘʥ ʩʦʣʦʥʯʘʢ 

ʚʪʦʨʠʯʥʳʡ ʧʦ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʝʨʦʛʫʤʫʩʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʦʡ ʧʦʯʚʝ 

(ʨʘʟʨʝʟ ˉ 4): 

S/AYg ï ʩʦʣʦʥʯʘʢʦʚʳʡ ʛʣʝʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ, 0-43/43 ʩʤ; ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʦʢʨʘʩʢʠ: ʜʦ ʛʣʫʙʠʥʳ 12 ʩʤ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦ-ʙʫʨʳʡ ʩ ʨʞʘʚʳʤʠ ʧʨʠʤʘʟʢʘʤʠ, 

ʛʣʠʥʠʩʪʳʡ; ʚ ʮʝʣʦʤ ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʤʝʩʪʘʤʠ ʩʦ ʩʣʘʙʦ ʥʘʤʝʯʘʶʱʝʡʩʷ 

ʢʦʤʢʦʚʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ; ʥʠʞʝ ï ʩʠʟʦʚʘʪʦ-ʙʫʨʳʡ ʩ ʨʳʞʠʤʠ ʧʷʪʥʘʤʠ, ʧʝʩʪʨʳʡ, 

ʛʣʠʥʠʩʪʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ; ʩ ʛʣʫʙʠʥʳ 26 ʩʤ ï ʙʫʨʦʚʘʪʦ-ʩʠʟʦʛʦ ʦʪʪʝʥʢʘ ʩ 

ʥʘʤʝʯʘʶʱʝʡʩʷ ʧʣʘʩʪʠʥʯʘʪʦʩʪʴʶ; ʥʠʞʝ 27 ʩʤ ï ʨʳʞʠʝ ʧʷʪʥʘ ʦʪʩʫʪʩʪʚʫʶʪ; 

ʯʝʨʚʦʪʦʯʠʥ ʤʘʣʦ, ʚʩʪʨʝʯʘʶʪʩʷ ʫʛʦʣʴʢʠ. 

Gs ï ʛʣʝʝʚʳʡ ʛʦʨʠʟʦʥʪ, 43-95/52 ʩʤ, ʪʝʤʥʦ-ʩʝʨʦ-ʩʠʟʳʡ, ʩ ʥʘʤʝʯʘʶʱʝʡʩʷ 

ʧʨʠʟʤʘʪʠʯʥʦʩʪʴʶ; ʥʘ ʛʣʫʙʠʥʝ 80-90 ʩʤ ʥʘʭʦʜʠʣʘʩʴ ʛʥʠʶʱʘʷ ʜʨʝʚʝʩʠʥʘ, 

ʚʩʪʨʝʯʘʣʠʩʴ ʢʘʤʥʠ. 

CGs ï ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʛʣʝʝʚʘʷ ʧʦʨʦʜʘ, ʟʘʣʝʛʘʝʪ ʩ ʛʣʫʙʠʥʳ 95 ʩʤ, 

ʩʚʝʪʣʦ-ʩʝʨʘʷ ʠ ʛʦʣʫʙʦʚʘʪʦ-ʩʠʟʘʷ; ʚʣʘʞʥʦʚʘʪʘʷ, ʙʝʩʩʪʨʫʢʪʫʨʥʘʷ, ʛʣʠʥʠʩʪʘʷ, 

ʤʘʞʫʱʘʷʩʷ, ʧʣʘʩʪʠʯʥʘʷ, ʫʧʣʦʪʥʝʥʥʘʷ, ʩ ʟʘʧʘʭʦʤ ʩʝʨʦʚʦʜʦʨʦʜʘ. 

ɺʩʢʠʧʘʥʠʝ ʧʦʯʚ ʦʙʥʘʨʫʞʝʥʦ ʪʦʣʴʢʦ ʧʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ ʧʨʦʙ, ʛʣʫʙʠʥʘ 

ʚʩʢʠʧʘʥʠʷ: ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʘʟʨʝʟ 1 ʠ 4), ʥʘ ʫʨʦʚʥʝ 24-34 ʩʤ (ʨʘʟʨʝʟ 3) ʠ 45-
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55 ʩʤ (ʨʘʟʨʝʟ 2). ʅʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʥʝ 

ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ ʚ ʧʦʯʚʝʥʥʳʭ ʧʨʦʬʠʣʷʭ ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʴʶ ʧʦʯʚ. 

ʇʦʷʚʣʝʥʠʝ ʢʘʨʙʦʥʘʪʦʚ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʦʙʫʩʣʦʚʣʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʢʘʣʴʮʠʷ ʩ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ 

ʚʦʜʘʤʠ. ʉʦʝʜʠʥʝʥʠʝ Cʘ2+ ʩ ʉʆ2 ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʢʘʨʙʦʥʘʪʦʚ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʧʦʯʚ [ɻʣʘʟʦʚʩʢʘʷ, 1981; 

ʇʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, 2006].  

ʇʨʠʩʫʪʩʪʚʠʝ ʟʘʧʘʭʘ ʩʝʨʦʚʦʜʦʨʦʜʘ (ʨʘʟʨʝʟ 1) ʠ ʯʝʨʥʦʡ ʦʢʨʘʩʢʠ (ʨʘʟʨʝʟʳ 

2 ʠ 3) ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʧʦʯʚʝʥʥʦʤ 

ʧʨʦʬʠʣʝ ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʫʣʴʬʘʪʦʚ ʜʦ H2S ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʣʴʬʠʜʦʚ [ʇʝʨʝʣʴʤʘʥ 1966; ɻʣʘʟʦʚʩʢʘʷ, 2007; Rabenhorst et al, 

2012].  

ɺ ʚʦʜʥʦʡ ʚʳʪʷʞʢʝ ʠʟ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ (ʨʠʩ. 47, ʧʨʠʣʦʞʝʥʠʝ ɼ) 

ʩʨʝʜʠ ʘʥʠʦʥʦʚ ʤʝʥʴʰʝ ʚʩʝʛʦ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ (0,8-1,7 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ); 

ʩʦʜʝʨʞʘʥʠʝ Cl- ʠ SO4
2- ʙʳʣʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʳʤ, ʧʨʠ ʥʝʢʦʪʦʨʦʤ 

ʧʨʝʚʳʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʭʣʦʨʠʜ-ʠʦʥʦʚ. ʉʨʝʜʠ ʢʘʪʠʦʥʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʝʦʙʣʘʜʘʣ Na+; ʟʘ ʥʠʤ ʩʣʝʜʦʚʘʣ ʉʘ2+; ʩʦʜʝʨʞʘʥʠʝ ʉʘ2+ ʙʳʣʦ ʤʘʢʩʠʤʘʣʴʥʳʤ 

(12 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ) ʚ ʧʦʨʦʜʝ, ʩʦʜʝʨʞʘʱʝʡ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʛʠʧʩʘ (ʨʘʟʨʝʟ 

3). ɺ ʥʘʠʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʚʦʜʥʦʡ ʚʳʪʷʞʢʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʂ+ (0,1-

0,5 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ). ʍʠʤʠʟʤ ʟʘʩʦʣʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʯʚ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ 

ʢʘʪʠʦʥʦʚ ï ʥʘʪʨʠʝʚʳʡ, ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʘʥʠʦʥʦʚ ï ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ 

[Eremchenko, Pakhorukov, Shestakov, 2020]. 
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ɸ ɹ 

  

ɺ ɻ 

ʈʠʩʫʥʦʢ 47 ï ʉʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ (1 ï HCO3
ī; 2 ï Clī; 3 ï SO4

2ī; 4 ï K+; 5 ï Na+; 

6 ï Mg2+; 7 ï Ca2+) ʚ ʚʦʜʥʳʭ ʚʳʪʷʞʢʘʭ ʠʟ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʚ ʜʦʣʠʥʝ 

ʨ. ʋʩʦʣʢʘ: ɸ ï ʨʘʟʨʝʟ 1, ɹ ï ʨʘʟʨʝʟ 2, ɺ ï ʨʘʟʨʝʟ 3, ɻ ï ʨʘʟʨʝʟ 4 

 

ɸʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʚ ʜʦʣʠʥʝ ʨ. ʋʩʦʣʢʘ ʩʦʜʝʨʞʘʪ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʝ 

ʩʦʣʠ ʚ ʪʦʢʩʠʯʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʧʨʠʣʦʞʝʥʠʝ ɼ), ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʝʨʦʛʫʤʫʩʦʚʦʤ 

ʛʦʨʠʟʦʥʪʝ ï 0,31-0,56%. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ 

ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʯʚé, 2004], ʦʥʠ ʩʦʣʦʥʯʘʢʦʚʳʝ, ʧʦ ʩʫʤʤʝ ʪʦʢʩʠʯʥʳʭ ʩʦʣʝʡ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʝʜʥʝʡ ʠ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʟʘʩʦʣʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʝʡ ʦʪʤʝʯʝʥʦ ʚ ʥʠʞʥʝʡ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʟʨʝʟʝ 3 [Eremchenko, 

Pakhorukov, Shestakov, 2020].  
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ʄʝʪʦʜʦʤ ʩʚʷʟʳʚʘʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʠʦʥʦʚ ʚ ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʩʦʣʠ 

[ʧʦ: ʄʷʢʠʥʘ, ɸʨʠʥʫʰʢʠʥʘ, 1979] ʚ ʧʦʯʚʘʭ ʜʦʣʠʥʳ ʨ. ʋʩʦʣʢʘ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʭʣʦʨʠʜʦʚ ʥʘʪʨʠʷ, ʘ ʪʘʢʞʝ ʩʫʣʴʬʘʪʦʚ ʢʘʣʴʮʠʷ ʠ 

ʥʘʪʨʠʷ. 

ʇʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʡʪʨʘʣʴʥʦʡ ʠ ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ 

(ʪʘʙʣ. 10). ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʥʠʟʢʦʝ, ʚ ʩʝʨʦʛʫʤʫʩʦʚʦʤ 

ʛʦʨʠʟʦʥʪʝ ï 1,5-1,8%. ɽʤʢʦʩʪʴ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʩʦʩʪʘʚʣʷʣʘ 17-

23 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ ʧʦʯʚʳ. ɺ ʩʦʩʪʘʚʝ ʦʙʤʝʥʥʳʭ ʢʘʪʠʦʥʦʚ ʙʦʣʴʰʝ ʚʩʝʛʦ ʉʘ2+; 

ʜʦʣʷ Na+ ʚ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʢʦʣʝʙʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 33-41%. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʝʛʦ ʩʦʜʝʨʞʘʥʠʶ ʧʦʯʚʳ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʥʘʪʨʠʝʚʳʤʠ 

[Eremchenko, Pakhorukov, Shestakov, 2020]. ɺʩʝ ʛʦʨʠʟʦʥʪʳ ʧʦʯʚ ʩʦʜʝʨʞʘʣʠ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʙʦʥʘʪʦʚ (1-2,9% ʉʆ2). ʉʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 70229-

2022 ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʉʘʉʆ3 >2% ʧʦʯʚʳ ʷʚʣʷʶʪʩʷ ʢʘʨʙʦʥʘʪʥʳʤʠ, ʧʦ ʵʪʦʤʫ 

ʢʨʠʪʝʨʠʶ ʩʦʣʦʥʯʘʢ ʚʪʦʨʠʯʥʳʡ ʠ ʩʦʣʦʥʯʘʢʦʚʳʝ ʧʦʯʚ r ʷʚʣʷʶʪʩʷ 

ʢʘʨʙʦʥʘʪʥʳʤʠ.  

ɻʠʧʩ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʚʦ ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʚ 

ʢʦʣʠʯʝʩʪʚʝ 1-3%, ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʛʠʧʩʦʚʳʭ ʩʪʷʞʝʥʠʡ ʚ ʩʦʣʦʥʯʘʢʝ ʝʛʦ 

ʩʦʜʝʨʞʘʥʠʝ ʚʦʟʨʦʩʣʦ ʜʦ 11% (ʪʘʙʣ. 10). ʉʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ ʥʘʪʨʠʝʚʳʡ 

ʭʠʤʠʟʤ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʛʠʧʩʘ ʚ ʧʦʯʚʘʭ ʜʦʣʠʥʳ ʨ. ʋʩʦʢʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʨʦʜʥʳʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ. ɺ ʟʘʩʦʣʝʥʥʳʭ 

ʛʠʧʩʩʦʜʝʨʞʘʱʠʭ ʧʦʯʚʘʭ ʈʌ ʭʠʤʠʟʤ ʟʘʩʦʣʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʫʣʴʬʘʪʥʳʡ ʩ ʛʠʧʩʦʤ, ʨʝʞʝ ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʳʡ ʩ ʛʠʧʩʦʤ, ʝʱʝ ʨʝʞʝ 

ʭʣʦʨʠʜʥʳʡ ʩ ʛʠʧʩʦʤ [ʏʝʨʥʦʫʩʝʥʢʦ, ʍʠʪʨʦʚ, 2023]. 
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ʊʘʙʣʠʮʘ 10 ï ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʪʦʨʠʯʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ʋʩʦʣʢʘ 

ˉ ʨʘʟʨʝʟʘ ɻʣʫʙʠʥʘ, ʩʤ Cʦʨʛ, % pHʚʦʜ pHʩʦʣ 

ʆʙʤʝʥʥʳʝ ʢʘʪʠʦʥʳ, 

ʤʤʦʣʴ(ʵʢʚ)/100 ʛ 
ɽʂʆ, 

ʤʤʦʣʴ(ʵʢʚ)/100 ʛ 

% 

Ca2+ Mg2+ Na+ K+ CO2 ʢʘʨʙ. ɻʠʧʩ 

1 

5-15 1,8 7,7 7,2 12,08 1,88 8,66 0,27 22,89 2,57 2,92 

15-25 0,67 8,2 7,5 9,64 1,48 8,17 0,45 19,74 2,18 2,45 

43-53 - 7,7 7,3 8,08 1,68 8,94 0,66 19,36 1,98 0,99 

72-82 - 7,5 7,5 7,64 1,68 8,94 0,41 18,67 1,19 1,76 

2 

10-20 1,67 7,2 6,8 9,92 1,92 8,66 0,45 20,95 1,09 1,72 

30-40 0,49 7,8 6,9 9,52 1,36 7,69 0,45 19,02 0,79 1,25 

45-55 - 8,1 7,3 10,76 1,36 7,93 0,31 20,36 0,99 2,24 

65-75 - 7,9 7,4 9,44 1,60 9,15 0,45 20,64 1,19 2,41 

85-92 - 7,8 7,5 - - - - - 1,39 2,67 

3 

2-12 1,51 7,2 6,7 13,52 1,60 7,69 0,41 23,22 0,99 2,97 

12-22 1,28 6,8 6,5 11,12 1,48 9,04 0,48 22,12 0,89 2,92 

24-34 - 7,4 7,1 8,56 0,92 9,04 0,66 19,18 1,39 1,81 

55-65 - 7,7 7,5 9,32 0,96 9,04 0,66 19,98 1,19 2,11 

80-90 - 7,2 7,3 - - - - - 1,19 11,09 

4 

0-10 1,77 7,9 7,32 12,95 2,02 7,78 0,31 23,06 2,90 1,99 

11-21 0,69 8,1 7,22 10,12 1,96 6,78 0,27 19,71 2,60 1,14 

27-40 - 8,2 7,29 8,49 1,71 6,40 0,32 17,31 2,12 2,08 

60-75 - 7,6 7,11 - - - - - 1,62 1,97 

100-115 - 7,5 7,06 - - - - - 2,70 3,47 

ʇʨʠʤʝʯʘʥʠʝ: (-) ï ʥʝ ʦʧʨʝʜʝʣʷʣʦʩʴ. 
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ʇʦʯʚʳ ʜʦʣʠʥʳ ʨ. ʋʩʦʣʢʘ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʪʦʣʝʪʠʡ ʥʘʭʦʜʠʣʠʩʴ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʭ ʚʦʜ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʫʣʴʬʘʪ-ʠʦʥʳ 

ʤʝʥʝʝ ʧʦʜʚʠʞʥʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʣʦʨʠʜ-ʠʦʥʘʤʠ. ʉʫʣʴʬʘʪʳ ʟʘʜʝʨʞʠʚʘʶʪʩʷ 

ʧʦʯʚʦʡ, ʢʘʢ ʚ ʚʠʜʝ ʛʠʧʩʘ, ʪʘʢ ʠ ʚ ʚʠʜʝ MgSO4 ʠ Na2SO4 [ʇʝʨʝʣʴʤʘʥ, 1966; 

ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999; ʄʦʭʘʤʤʘʜʠ, 2022; ɽʣʠʟʘʨʦʚ ʠ ʜʨ., 2023, ʇʦʧʦʚ, 

ɽʣʠʟʘʨʦʚ, 2023]. ʇʦʵʪʦʤʫ ʚ ʥʘʰʠʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ ʥʘ ʭʣʦʨʠʜʥʳʭ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʝ ʧʦʯʚʳ. ʉʫʣʴʬʘʪ-

ʠʦʥʳ ʩʚʷʟʳʚʘʣʠʩʴ ʩ ʢʘʣʴʮʠʝʤ, ʪʘʢ ʧʦʩʪʝʧʝʥʥʦ ʚ ʧʦʯʚʘʭ ʜʦʣʠʥʳ ʨ. ʋʩʦʣʢʘ 

ʧʦʷʚʠʣʩʷ ʛʠʧʩ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʩʦʣʦʥʯʘʢʦʚʳʝ ʧʦʯʚʳ ʜʦʣʠʥʳ ʨ. ʋʩʦʣʢʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʣʠ 

ʧʦ ʠʟʫʯʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ï ʜʦ ʨʦʜʘ ʠ ʚʠʜʘ [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ 

ʧʦʯʚé, 2004], ʘ ʪʘʢʞʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʠʨʦʚʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʦʡ 

ʧʦʯʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ [WRB, 2022]: 

ʨʘʟʨʝʟ 1 ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʛʣʝʝʚʘʪʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʘʷ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʘʷ ʥʘʪʨʠʝʚʘʷ ʥʘʩʳʱʝʥʥʘʷ 

ʤʥʦʛʦʥʘʪʨʠʝʚʘʷ ʢʘʨʙʦʥʘʪʥʘʷ ʛʠʧʩʩʦʜʝʨʞʘʱʘʷ ʧʦʯʚʘ; Sodic Gleyic Fluvisols 

(Loamic, Salic); 

ʨʘʟʨʝʟ 2 ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʛʣʝʝʚʘʪʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʘʷ ʭʣʦʨʠʜʥʘʷ ʥʘʪʨʠʝʚʘʷ ʥʘʩʳʱʝʥʥʘʷ 

ʤʥʦʛʦʥʘʪʨʠʝʚʘʷ ʢʘʨʙʦʥʘʪʥʘʷ ʛʠʧʩʩʦʜʝʨʞʘʱʘʷ ʧʦʯʚʘ; Sodic Gleyic Fluvisols 

(Loamic, Salic); 

ʨʘʟʨʝʟ 3 ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʛʣʝʝʚʘʪʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʘʷ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʘʷ ʥʘʪʨʠʝʚʘʷ ʥʘʩʳʱʝʥʥʘʷ 

ʤʥʦʛʦʥʘʪʨʠʝʚʘʷ ʢʘʨʙʦʥʘʪʥʘʷ ʛʠʧʩʩʦʜʝʨʞʘʱʘʷ ʧʦʯʚʘ; Gypsic Sodic Gleyic 

Fluvisols (Loamic, Salic); 

ʨʘʟʨʝʟ 4 ï ʩʦʣʦʥʯʘʢ ʚʪʦʨʠʯʥʳʡ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ ʥʘʪʨʠʝʚʳʡ 

ʥʘʩʳʱʝʥʥʳʡ ʩʨʝʜʥʝʥʘʪʨʠʝʚʳʡ ʢʘʨʙʦʥʘʪʥʳʡ ʛʠʧʩʩʦʜʝʨʞʘʱʠʡ ʧʦ 

ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʝʨʦʛʫʤʫʩʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦ ʛʣʝʝʚʘʪʦʡ ʧʦʯʚʝ; Sodic Fluvic 

Gleyic Solonchak (Loamic, Hypersalic). 
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ɺ ʮʝʣʦʤ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʧʦʯʚ ʜʦʣʠʥʳ ʨ. ʋʩʦʣʢʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʵʚʦʣʶʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʧʦʜ ʧʦʩʪʦʷʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʚ 

ʫʩʣʦʚʠʷʭ ʛʫʤʠʜʥʦʛʦ ʢʣʠʤʘʪʘ. ɺʪʦʨʠʯʥʦ ʟʘʩʦʣʝʥʥʳʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʩʦʣʦʥʯʘʢʦʚʦʩʪʴʶ, ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʳʤ ʥʘʪʨʠʝʚʳʤ 

ʭʠʤʠʟʤʦʤ, ʥʝʡʪʨʘʣʴʥʦ-ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʨʝʘʢʮʠʝʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ. ʆʥʠ 

ʤʥʦʛʦʥʘʪʨʠʝʚʳʝ (ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʦʙʤʝʥʥʦʛʦ ʥʘʪʨʠʷ), ʩʦʜʝʨʞʘʣʠ ʢʘʨʙʦʥʘʪʳ ʠ 

ʛʠʧʩ ʚ ʢʦʣʠʯʝʩʪʚʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʥʪʦʚ. ɺ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʝ (ʥʘ 

ʛʣʫʙʠʥʝ ʦʢʦʣʦ 90 ʩʤ ʦʪʤʝʯʝʥʦ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʝ ʛʠʧʩʘ ʚ ʚʠʜʝ ʦʢʨʫʛʣʳʭ 

ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʷʞʝʥʠʡ. ʉʦʣʦʥʯʘʢ ʚʪʦʨʠʯʥʳʡ ʧʦ ʘʣʣʶʚʠʘʣʴʥʦʡ 

ʩʝʨʦʛʫʤʫʩʦʚʦʡ ʛʣʝʝʚʦʡ ʧʦʯʚʝ ʦʪʣʠʯʠʣʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʭʣʦʨʠʜʦʚ ʥʘʪʨʠʷ ʚ ʩʝʨʦʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ.  

3.7. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ 

ɺ ʤʠʨʦʚʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʝ ʧʦʯʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ [WRB, 2022] 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʚʘʣʠʬʠʢʘʪʦʨʳ Chloridic, Gypsiric, Salic, Sodic ʦʙʦʟʥʘʯʘʶʪ 

ʧʨʠʟʥʘʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʝʡ ʪʝʭʥʦʛʝʥʥʳʭ ʩʦʣʝʡ. ɺʩʣʝʜ ʟʘ 

ʧʨʝʜʣʦʞʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʚʘʣʠʬʠʢʘʪʦʨ Calcitechnic ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ 

ʢʘʨʙʦʥʘʪʦʚ ʢʘʣʴʮʠʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [Hulisz et al, 2018], ʥʘʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠ ʣʦʛʠʯʥʳʤ ʧʨʝʜʣʦʞʠʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʚʘʣʠʬʠʢʘʪʦʨʳ Salictechnic, Chloridictechnic, Gypsirictechnic, 

Sodictechnic ʜʣʷ ʧʦʯʚ ʩ ʘʢʢʫʤʫʣʷʮʠʝʡ ʪʝʭʥʦʛʝʥʥʳʭ ʩʦʣʝʡ, ʭʣʦʨʠʜʥʳʭ ʩʦʣʝʡ, 

ʛʠʧʩʘ, ʘ ʪʘʢʞʝ ʥʘʩʳʱʝʥʥʳʭ ʦʙʤʝʥʥʳʤ ʥʘʪʨʠʝʤ (ʙʦʣʝʝ 15% ʦʪ ɽʂʆ). 

ʉʦʛʣʘʩʥʦ WRB [2022] ʯʨʝʟʚʳʯʘʡʥʦ ʢʠʩʣʳʡ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʡ 

ʛʦʨʠʟʦʥʪ ʤʦʱʥʦʩʪʴʶ Ó15 ʩʤ ʩ ʨʅ <4, ʚ ʢʦʪʦʨʦʤ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ ʦʙʨʘʟʫʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ, ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ Thionic ï ʪʠʦʥʦʚʳʡ 

ʛʦʨʠʟʦʥʪ. ɺ ʧʝʨʝʯʥʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ ʈʦʩʩʠʠ ʛʦʨʠʟʦʥʪ 

Thionic ʦʪʩʫʪʩʪʚʫʝʪ [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘé, 2004; ʍʠʪʨʦʚ, 2021]. 

ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʨʝʟʢʦʢʠʩʣʦʡ ʨʝʘʢʮʠʠ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ (ʨʅ Ò3-4), 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʦʢʠʩʣʝʥʠʝʤ ʩʫʣʴʬʠʜʦʚ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 
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ʩʯʠʪʘʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʚʘʣʠʬʠʢʘʪʦʨ 

Thionictechnic ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʥʘʟʚʘʥʠʠ ʧʦʯʚ. 

ʇʦ WRB [2022] ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʦʙʤʝʥʥʦʛʦ ʥʘʪʨʠʷ (ʙʦʣʝʝ 15% ʦʪ ɽʂʆ) 

ʚ ʥʘʟʚʘʥʠʠ ʧʦʯʚʳ ʠʩʧʦʣʴʟʫʶʪ ʢʚʘʣʠʬʠʢʘʪʦʨ Sodic, ʧʦʩʢʦʣʴʢʫ ʚʳʩʦʢʘʷ 

ʥʘʩʳʱʝʥʥʦʩʪʴ ʥʘʪʨʠʝʤ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʧʦʯʚ ʩʦʜʦʚʦʛʦ ʭʠʤʠʟʤʘ ʟʘʩʦʣʝʥʠʷ. ɺ 

ʧʨʠʨʦʜʝ ʛʠʜʨʦʣʠʟ ʩʦʜʳ (Na2CO3, Naʅʉʆ3) ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʱʝʣʦʯʥʫʶ 

ʨʝʘʢʮʠʶ ʨʘʩʪʚʦʨʦʚ ʠ ʦʩʦʙʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʱʝʣʦʯʥʳʭ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ 

[ɺʦʨʦʙʴʝʚʘ, ʇʘʥʢʦʚʘ, 2008]. ɺ ʜʦʣʠʥʘʭ ʤʘʣʳʭ ʨʝʢ ʇʨʠʢʘʤʴʷ ʦʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ ʩ ʨʝʟʢʦ ʢʠʩʣʦʡ ʨʝʘʢʮʠʝʡ 

ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʩʠʣʴʥʦʡ ʥʝʥʘʩʳʱʝʥʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷʤʠ ʠ 

ʩʦʜʝʨʞʘʥʠʝ ʦʙʤʝʥʥʦʛʦ ʥʘʪʨʠʷ ʙʦʣʝʝ 15% ɽʂʆ, ʯʪʦ ʜʝʣʘʝʪ ʥʝ ʣʦʛʠʯʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʠʭ ʥʘʟʚʘʥʠʠ ʢʚʘʣʠʬʠʢʘʪʦʨʘ Sodic. 

ʇʦ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʯʚ ʈʦʩʩʠʠ [ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ 

ʜʠʘʛʥʦʩʪʠʢʘé, 2004] ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʰʠʤʠ ʧʨʝʜʣʦʞʝʥʠʷʤʠ ʧʦ 

ʚʚʝʜʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʚʘʣʠʬʠʢʘʪʦʨʦʚ ʚ WRB [2022] ʠʟʫʯʝʥʥʳʝ 

ʪʝʭʥʦʛʝʥʥʦ ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚ rʜʦʣʠʥ ʨʝʢ ɹʳʛʝʣʴ, ʏʝʨʥʘʷ, ʃʝʥʚʘ ʧʦʣʫʯʠʣʠ 

ʩʣʝʜʫʶʱʠʝ ʥʘʟʚʘʥʠʷ. 

ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʘʷ ʩʦʣʦʥʯʘʢʦʚʘʷ 

(ʦʯʝʥʴ)ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʘʷ ʭʣʦʨʠʜʥʘʷ (ʠʣʠ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʘʷ) ʥʘʪʨʠʝʚʘʷ 

(ʠʣʠ ʥʘʪʨʠʝʚʦ-ʢʘʣʠʝʚʘʷ) ʥʘʩʳʱʝʥʥʘʷ ʤʥʦʛʦ(ʩʨʝʜʥʝ)ʥʘʪʨʠʝʚʘʷ ʢʘʨʙʦʥʘʪʥʘʷ 

ʛʠʧʩʩʦʜʝʨʞʘʱʘʷ ʧʦʯʚʘ ï Salictechnic Chloridictechnic Gypsirictechnic 

Sodictechnic Gleyic Fluvisols (Loamic). 

ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʘʷ ʩʦʣʦʥʯʘʢʦʚʘʷ 

(ʦʯʝʥʴ)ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʘʷ ʭʣʦʨʠʜʥʘʷ ʥʘʪʨʠʝʚʘʷ (ʠʣʠ ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʘʷ) 

ʥʝʥʘʩʳʱʝʥʥʘʷ ʩʨʝʜʥʝ(ʤʘʣʦ)ʥʘʪʨʠʝʚʘʷ ʛʠʧʩʩʦʜʝʨʞʘʱʘʷ ʧʦʯʚʘ ï Salictechnic 

Chloridictechnic Gypsirictechnic Thionictechnic Gleyic Fluvisols (Loamic). 

ʉʦʣʦʥʯʘʢ ʚʪʦʨʠʯʥʳʡ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ ʥʘʪʨʠʝʚʳʡ ʥʘʩʳʱʝʥʥʳʡ 

ʩʨʝʜʥʝʥʘʪʨʠʝʚʳʡ ʢʘʨʙʦʥʘʪʥʡr ʛʠʧʩʩʦʜʝʨʞʘʱʠʡ ʧʦ ʘʣʣʶʚʠʘʣʴʥʦʡ 

ʩʝʨʦʛʫʤʫʩʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʦʡ ʧʦʯʚʝ ï Salictechnic Chloridictechnic 

Gypsirictechnic Sodictechnic Fluvic Gleyic Solonchak (Loamic). 
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ʉʦʣʦʥʯʘʢ ʚʪʦʨʠʯʥʳʡ ʩʫʣʴʬʠʜʥʳʡ (ʩʦʨʦʚʳʡ) ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ 

ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ ʛʠʧʩʩʦʜʝʨʞʘʱʠʡ ʥʝʥʘʩʳʱʝʥʥʳʡ ʩʨʝʜʥʝʥʘʪʨʠʝʚʳʡ; 

Salictechnic Fluvic Gypsirictechnic Sodictechnic Gleyic Solonchak (Loamic, 

Chloridictechnic, Ochric, Sulfidic). 
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ɺʓɺʆɼʓ 

1. ɺ ʟʦʥʘʭ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʩʦʣʝʚʳʭ ʦʪʭʦʜʦʚ ʇɸʆ çʋʨʘʣʢʘʣʠʡè ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ (6-111 ʛ/ʣ) ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʭ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ ʧʦ ʘʣʣʶʚʠʘʣʴʥʳʤ ʩʝʨʦʛʫʤʫʩʦʚʳʤ ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʛʣʝʝʥʥʳʤ ʧʦʯʚʘʤ 

ʜʦʣʠʥ ʤʘʣʳʭ ʨʝʢ ʇʨʠʢʘʤʴʷ ʟʘ ʧʝʨʠʦʜ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʦʣʦʥʯʘʢʦʚʳʝ ʧʦʯʚ rʠ ʚʪʦʨʠʯʥʳʝ ʩʦʣʦʥʯʘʢʠ.  

2. ʈʘʟʥʦʦʙʨʘʟʠʝ ʩʦʣʦʥʯʘʢʦʚʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʠ ʚʪʦʨʠʯʥʳʭ 

ʩʦʣʦʥʯʘʢʦʚ ʧʨʦʷʚʠʣʦʩʴ ʚ ʩʪʝʧʝʥʠ ʟʘʩʦʣʝʥʠ ̫(ʩʨʝʜʥʝʡ, ʩʠʣʴʥʦʡ ʠʣʠ ʦʯʝʥʴ 

ʩʠʣʴʥʦʡ), ʭʠʤʠʟʤʝ ʟʘʩʦʣʝʥʠʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʭʣʦʨʠʜʥʦʤ ʠ ʩʫʣʴʬʘʪʥʦ-

ʭʣʦʨʠʜʥʦʤ ʥʘʪʨʠʝʚʦʤ, ʨʝʞʝ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʦʤ, ʝʱʝ ʨʝʞʝ ï ʨʘʚʥʦʩʤʝʰʘʥʥʦʤ 

(ʉʘ, ʂ, Na). ʂʘʨʙʦʥʘʪʥʳʝ (ʦʪ 0,5% ʜʦ 6,7%) ʠ ʛʠʧʩʩʦʜʝʨʞʘʱʠʝ (ʦʪ 1% ʜʦ 

19%) ʩʦʣʦʥʯʘʢʦʚʳʝ ʧʦʯʚʳ ʠ ʩʦʣʦʥʯʘʢʠ ʚʩʪʨʝʯʘʣʠʩʴ ʯʘʱʝ, ʯʝʤ 

ʙʝʩʢʘʨʙʦʥʘʪʥʳʝ ʠ ʙʝʟʛʠʧʩʦʚʳʝ. 

3. ɸʣʣʶʚʠʘʣʴʥʳʝ ʩʦʣʦʥʯʘʢʦʚʳʝ ʧʦʯʚʳ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʣʠʩʴ ʧʦ 

ʨʝʘʢʮʠʠ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ ʠ ʩʦʩʪʘʚʫ ʦʙʤʝʥʥʳʭ ʢʘʪʠʦʥʦʚ. ɺ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʩʣʘʙʦʢʠʩʣʦʡ ʠʣʠ 

ʥʝʡʪʨʘʣʴʥʦ-ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ; ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʛʣʦʱʘʶʱʝʤ 

ʢʦʤʧʣʝʢʩʝ ʧʨʝʦʙʣʘʜʘʣʠ Na+ ʠ ʂ+ (ʜʦ 50-90% ʦʪ ɽʂʆ). ɺ ʦʢʠʩʣʠʪʝʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ (Eh=450-540 ʤɺ) ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ ʥʘʙʣʶʜʘʣʠ ʨʝʟʢʦ 

ʢʠʩʣʫ  ʁ ʨʝʘʢʮʠ ʁ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ (ʤʝʥʝʝ 3-4 ʨʅ) ʠ ʩʠʣʴʥʫ  ʁ

ʥʝʥʘʩʳʱʝʥʥʦʩʪ ɹʦʩʥʦʚʘʥʠʷʤʠ (H+ + Al 3+ ʜʦ 70% ʦʪ ɽʂʆ).  

4. ʕʚʦʣʶʮʠʦʥʥʳʝ ʪʨʝʥʜʳ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʝʨʦʛʫʤʫʩʦʚʳʭ 

ʧʦʚʝʨʭʥʦʩʪʥʦ ʛʣʝʝʚʘʪʳʭ ʧʦʯʚʘʭ, ʠʩʧʳʪʳʚʘʶʱʠʭ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʩʪʦʣʝʪʠʡ ʚʦʟʜʝʡʩʪʚʠʝ ʩʠʣʴʥʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ (30-35 ʛ/ʣ) ʭʣʦʨʠʜʥʦ-

ʥʘʪʨʠʝʚʳʭ ʚʦʜ, ʧʨʦʷʚʠʣʠʩʴ ʚ ʩʦʣʦʥʯʘʢʦʚʦʩʪʠ, ʩʠʣʴʥʦʡ ʠ ʦʯʝʥʴ ʩʠʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʟʘʩʦʣʝʥʠʷ, ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʦʤ ʥʘʪʨʠʝʚʦʤ ʭʠʤʠʟʤʝ, ʥʝʡʪʨʘʣʴʥʦ-

ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʨʝʘʢʮʠʠ ʩʨʝʜʳ (6,8-8,2 ʨʅ), ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʦʚ (ʦʪ 1 

ʜʦ 2,9%) ʠ ʛʠʧʩʘ (ʦʪ 1-3 ʜʦ 11%), ʩʨʝʜʥʝʡ ʠ ʚʳʩʦʢʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ ʥʘʪʨʠʝʤ 

(33-47% ʦʪ ɽʂʆ).  
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5. ʋʩʪʘʥʦʚʣʝʥʦ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ ʟʘʩʦʣʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʚ 

ʜʦʣʠʥʘʭ ʤʘʣʳʭ ʨʝʢ ʇʨʠʢʘʤʴʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʛʨʫʟʢʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ. ɺ ʜʦʣʠʥʝ ʨ. ɹʳʛʝʣʴ ʩʦʣʦʥʯʘʢʦʚʳʝ ʧʦʯʚʳ ʧʦʷʚʠʣʠʩʴ 

ʧʦʩʣʝ 2011 ʛ., ʚ 2021 ʛ. ʠʭ ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 0,2 ʛʘ. ɺ ʦʙʩʣʝʜʦʚʘʥʥʦʡ 

ʯʘʩʪʠ ʜʦʣʠʥʳ ʨ. ʏʝʨʥʘʷ ʩʦʣʦʥʯʘʢʦʚʳʝ ʧʦʯʚʳ ʠ ʩʦʣʦʥʯʘʢʠ ʚʪʦʨʠʯʥʳʝ 

ʟʘʥʠʤʘʣʠ 17 ʛʘ ʠʣʠ 16% ʨʝʯʥʦʡ ʜʦʣʠʥʳ; ʟʘ ʧʝʨʠʦʜ 2015-2021 ʛʛ. ʠʭ ʧʣʦʱʘʜʴ 

ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 3,8 ʛʘ. ɺ ʜʦʣʠʥʝ ʨ. ʃʝʥʚʘ ʧʣʦʱʘʜ ɹ ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚ ʠ 

ʩʦʣʦʥʯʘʢʦʚ ʚʪʦʨʠʯʥʳʭ ʩʦʩʪʘʚʣʷʝʪ 15 ʛʘ ʠʣʠ 8% ʪʝʨʨʠʪʦʨʠʠ ʨʝʯʥʦʡ ʜʦʣʠʥʳ; 

ʟʘ ʧʝʨʠʦʜ 2015-2021 ʛʛ. ʦʥʘ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 8,2 ʛʘ.  
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