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ɺʚʝʜʝʥʠʝ 

ɻʝʥʝʟʠʩ ʠ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʤʝʨʟʣʦʪʦʚʝʜʝʥʠʷ, ʢʦʪʦʨʘʷ ʜʦ ʥʘʩʪʦʷʱʝʛʦ 

ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʦʡ. ɺʘʨʠʘʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ 

ʣʴʜʦʚ ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ, ʫʩʣʦʚʠʷʤʠ ʣʴʜʦʚʳʜʝʣʝʥʠʷ ʠ 

ʩʦʩʪʘʚʦʤ ʚʦʜ [ɻʝʦʢʨʠʦʣʦʛʠʷ ʉʉʉʈ, 1989]. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʜʟʝʤʥʳʭ 

ʣʴʜʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʩʣʦʚʠʷʭ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʤʝʨʟʣʳʭ ʪʦʣʱʘʭ. ʉʦʙʨʘʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʦʜʝʨʞʘʥʠʠ ʦʩʥʦʚʥʳʭ ʠʦʥʦʚ ʚ ʧʦʜʟʝʤʥʳʭ ʣʴʜʘʭ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʩʦʜʝʨʞʘʥʠʝ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠʟʫʯʝʥʦ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʩʥʝʞʥʠʢʦʚ, ʣʝʜʥʠʢʦʚʳʭ ʠ ʩʝʟʦʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʣʴʜʦʚ.  

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʙʲʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ɸʨʢʪʠʢʠ ʟʘʚʠʩʠʪ ʦʪ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʠ ʭʘʨʘʢʪʝʨʘ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. ɺʳʷʚʣʝʥʠʝ ʣʦʢʘʣʴʥʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʬʦʥʘ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʣʠʤʘʪʘ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʘʚʝ, ʣʴʜʠʩʪʦʩʪʠ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʤʝʨʟʣʳʭ ʧʦʨʦʜ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ 

ʧʨʠ ʦʩʚʦʝʥʠʠ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʗʤʘʣʘ, ɻʳʜʘʥʘ ʠ 

ʊʘʡʤʳʨʘ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʣʴʜʘ ʦʩʥʦʚʘʥʦ ʥʘ ʩʨʘʚʥʝʥʠʠ ʠʦʥʥʦʛʦ 

ʩʦʩʪʘʚʘ ʣʴʜʦʚ ʩ ʩʦʩʪʘʚʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ, ʥʘʜʤʝʨʟʣʦʪʥʳʭ, ʧʦʜʤʝʨʟʣʦʪʥʳʭ, 

ʤʝʞʤʝʨʟʣʦʪʥʳʭ ʚʦʜ, ʢʨʠʦʧʝʛʦʚ, ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʩʦʣʝʡ ʠ ʧʦʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ [ʇʦʧʦʚ, 1967; ɺʪʶʨʠʥ, 

1975; ɸʥʠʩʠʤʦʚʘ, 1981; ʍʠʤʝʥʢʦʚ, 1991; ʌʦʪʠʝʚ, 1999; ʍʠʤʝʥʢʦʚ, ɹʨʫʰʢʦʚ, 

2006; ɹʨʫʰʢʦʚ, 2007; ʈʦʛʦʚ, 2009; ʂʨʠʮʫʢ, 2010]. ʀʦʥʥʳʡ ʩʦʩʪʘʚ ʠ ʩʦʜʝʨʞʘʥʠʝ 

ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʦʜʟʝʤʥʳʭ ʣʴʜʘʭ ʬʠʢʩʠʨʫʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʠʩʪʦʯʥʠʢʘʭ ʚʣʘʛʠ ʠ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʣʦ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ. 

ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʮʝʥʢʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʤʦʨʩʢʠʭ, ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʘʵʨʦʟʦʣʝʡ, ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʤʝʨʟʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʣʠʙʦ ʧʦʩʣʝ ʠʭ 
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ʬʦʨʤʠʨʦʚʘʥʠʷ ï ʵʧʠʛʝʥʝʪʠʯʝʩʢʠ, ʣʠʙʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝʤ ï 

ʩʠʥʛʝʥʝʪʠʯʝʩʢʠ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʪʤʝʯʘʝʪʩʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʚ ʥʠʭ ʚʣʘʛʠ ʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʴʜʦʚ ʨʘʟʨʘʙʦʪʘʥʳ ɿ.ɸ. ʅʝʨʩʝʩʦʚʦʡ [1961], ɺ.ʇ. ɺʦʣʢʦʚʦʡ ʠ 

ʅ.ʅ. ʈʦʤʘʥʦʚʩʢʠʤ [1974], ɹ.ɸ. ʉʘʚʝʣʴʝʚʳʤ [1980], ʅ. ʇ. ɸʥʠʩʠʤʦʚʦʡ [1981], 

ʅ.ʅ. ʈʦʤʘʥʦʚʩʢʠʤ [1983], ɸ.ɺ. ʀʚʘʥʦʚʳʤ [1987]. ʉ.ʄ. ʌʦʪʠʝʚ [1999, 2009, 

2012], ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ɻʠʪʪʝʨʤʘʥʘ [1937], ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ 

ʨʘʩʪʚʦʨʘ ʥʘ ʬʨʦʥʪʝ ʧʨʦʤʝʨʟʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʢʨʠʦʛʝʥʥʦʡ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʡ 

ʟʦʥʘʣʴʥʦʩʪʠ ʣʴʜʦʚ ʠ ʧʨʝʜʣʦʞʠʣ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʟʘʩʦʣʝʥʥʳʭ ʚʦʜ ʠ ʪʨʠ ʩʪʘʜʠʠ ʠʭ ʢʨʠʦʛʝʥʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ. 

ʀʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʝʨʟʣʳʭ 

ʦʪʣʦʞʝʥʠʡ ʠ ʚʦʟʤʦʞʥʳʭ ʧʦʩʣʝʜʫʶʱʠʭ ʝʛʦ ʠʟʤʝʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʪʘʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʫʩʣʦʚʠʡ ʧʨʦʤʝʨʟʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʠ ʭʘʨʘʢʪʝʨʘ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʩʦʙʝʥʥʦʩʪʠ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʩʪʦʯʥʠʢʦʚ ʚʦʜ ʠ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʴʜʦʚ ʠ ʦʪʣʦʞʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʦʥʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʠʩʪʦʯʥʠʢʠ 

ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʜʳ ʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʉʦʩʪʘʚ ʠ ʩʦʜʝʨʞʘʥʠʝ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʦʜʟʝʤʥʳʭ ʣʴʜʘʭ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʩʣʦʚʠʷʭ 

ʠ ʧʨʦʮʝʩʩʘʭ, ʫʯʘʩʪʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʘʵʨʦʟʦʣʝʡ, ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʣʴʜʘ. 

ʉʚʝʜʝʥʠʷ ʦ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʤ ʩʦʩʪʘʚʝ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʂʘʨʩʢʦʛʦ ʨʝʛʠʦʥʘ ʚ 

ʧʫʙʣʠʢʘʮʠʷʭ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ, ʠʥʦʛʜʘ ʥʝʩʦʧʦʩʪʘʚʠʤʳ. ʊʘʷʥʠʝ ʧʦʜʟʝʤʥʳʭ 

ʣʴʜʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʠʟʤʝʥʝʥʠʶ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ. 

ɼʦʩʪʦʚʝʨʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʦʜʝʨʞʘʥʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚʦ ʣʴʜʘʭ ʤʦʛʫʪ 
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ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ ʧʦʩʣʝʜʩʪʚʠʡ ʠʥʪʝʥʩʠʚʥʦʛʦ ʦʩʚʦʝʥʠʷ 

ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʠ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ 

ʧʦʜʟʝʤʥʳʭ ʣʴʜʘʭ ʠʟʫʯʝʥʳ ʜʣʷ ʧʣʘʩʪʦʚʳʭ [ʀʚʘʥʦʚʘ, 2012] ʠ 

ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʭ [Alexeev et al., 2016] ʣʴʜʦʚ ʗʢʫʪʠʠ ʠ ʧʦʣʠʛʦʥʘʣʴʥʦ-

ʞʠʣʴʥʳʭ ʣʴʜʦʚ ʗʤʘʣʘ [ɹʫʜʘʥʮʝʚʘ, ɺʘʩʠʣʴʯʫʢ, 2017; ɺʘʩʠʣʴʯʫʢ ʠ ʜʨ. 2017; 

ɺʘʩʠʣʴʯʫʢ, ɺʘʩʠʣʴʯʫʢ, 2018].  

ʎʝʣʴ ʨʘʙʦʪʳ: ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʤʠʛʨʘʮʠʠ 

ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʪʠʧʘ ʧʨʦʤʝʨʟʘʥʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʀʟʫʯʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʦʥʥʦʛʦ ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ 

ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ. 

2. ʋʩʪʘʥʦʚʠʪʴ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ, ʚʤʝʱʘʶʱʠʭ 

ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʝ ʣʴʜʳ ʠ ʧʣʘʩʪʦʚʳʝ ʣʴʜʳ ʥʘ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʘʭ 

ʂʘʨʩʢʦʛʦ ʨʝʛʠʦʥʘ.  

3. ʋʩʪʘʥʦʚʠʪʴ ʠʦʥʥʳʡ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʦʣʠʛʦʥʘʣʴʥʦ-

ʞʠʣʴʥʳʭ, ʧʣʘʩʪʦʚʳʭ ʠ ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʣʴʜʦʚ; ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʤ ʚʦʜ ʠ ʤʝʭʘʥʠʟʤʦʤ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ.  

4. ɺʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʪʠʧʘ ʣʴʜʦʚʳʜʝʣʝʥʠʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʣʴʜʘ ʠ ʩʦʩʪʘʚʠʪʴ ʙʘʟʫ ʜʘʥʥʳʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʂʘʨʩʢʦʛʦ ʨʝʛʠʦʥʘ. 

ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʠ ʣʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨʦʤ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ rʚʦʧʨʦʩ rʦ ʩʦʩʪʦʷʥʠʠ ʠʟʫʯʝʥʥʦʩʪʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʠ 

ʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ, ʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʘʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ.  

ɺ ʵʢʩʧʝʜʠʮʠʷʭ 2016-2018 ʛʛ. ʩʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʣʴʜʘ, ʚʦʜʳ ʠ ʧʦʨʦʜ ʥʘ ʧ-

ʚʝ ɻʳʜʘʥ, ʇʫʨ-ʊʘʟʦʚʩʢʦʤ ʤʝʞʜʫʨʝʯʴʝ. ɸʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ 24 ʨʘʩʧʣʘʚʦʚ ʣʴʜʘ, 5 ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ 15 ʧʦʨʦʜ ʚ ɸʥʘʣʠʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʠ, 

ʭʠʤʠʠ ʠ ʤʝʭʘʥʠʢʠ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʊʶʤʝʥʩʢʦʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʣʘʙʦʨʘʪʦʨʠʠ ʆʆʆ çʊʶʤʝʥʴʇʨʦʤʀʟʳʩʢʘʥʠʷè. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʂɿ ʊʶʤʅʎ ʉʆ ʈɸʅ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʣʴʜʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʟʘ ʧʝʨʠʦʜ 2008ï2019 ʛʛ. 

ʌʦʥʜʦʚʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪʳ ʠʦʥʥʦʛʦ (14 ʧʦʢʘʟʘʪʝʣʝʡ) ʠ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ (58 ʵʣʝʤʝʥʪʦʚ) 93 ʧʨʦʙ ʣʴʜʘ: 32 ï ʧʦʣʠʛʦʥʘʣʴʥʦ-

ʞʠʣʴʥʦʛʦ, 27 ï ʧʣʘʩʪʦʚʦʛʦ, 7 ï ʢʣʠʥʦʚʠʜʥʦʛʦ, 11 ï ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʝʛʦ, 15 ï 

ʦʟʝʨʥʦʛʦ ʠ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʦʛʦ, 1 ï ʬʠʨʥʦʚʦʛʦ; 3 ʧʨʦʙʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ; 

ʩʦʩʪʘʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʠ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʵʣʝʤʝʥʪʦʚ 12 ʧʨʦʙ 

ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ. ʄʦʥʦʣʠʪʳ ʣʴʜʘ ʙʳʣʠ ʩʦʭʨʘʥʝʥʳ ʚ ʤʸʨʟʣʦʤ 

ʩʦʩʪʦʷʥʠʠ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʦʚ. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʥʦʣʠʪʳ ʣʴʜʘ 

ʙʳʣʠ ʟʘʯʠʱʝʥʳ, ʨʘʟʨʝʟʘʥʳ ʥʘ ʯʘʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ, ʨʘʩʧʣʘʚʣʝʥʳ. ʈʘʩʧʣʘʚʳ ʦʪʬʠʣʴʪʨʦʚʘʥʳ ʯʝʨʝʟ 

ʧʦʣʠʢʘʨʙʦʥʘʪʥʳʝ ʬʠʣʴʪʨʳ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,45 ʤʢʤ. 

ɸʚʪʦʨʦʤ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ çGeochem Anomalyè ʠ ʩʦʙʨʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʂʘʨʩʢʦʛʦ ʨʝʛʠʦʥʘ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʚʣʝʢʘʣʠʩʴ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʠʟ ʧʫʙʣʠʢʘʮʠʡ ɽ.ɸ. ʉʣʘʛʦʜʳ, ʊ.ɺ. ʊʠʭʦʥʨʘʚʦʚʦʡ, ʆ.ʃ. ʆʧʦʢʠʥʦʡ, 

ɸ.ʅ. ʂʫʨʯʘʪʦʚʦʡ, ʖ.ʂ. ɺʘʩʠʣʴʯʫʢʘ, ɺ.ɺ. ʀʚʘʥʦʚʦʡ, ʊ.ɸ. ʂʨʝʤʣʝʚʦʡ, ɽ.ʉ. 

ʉʝʤʝʥʝʮ, ʉ.ɺ. ɸʣʝʢʩʝʝʚʘ, ʃ.ʇ. ɸʣʝʢʩʝʝʚʦʡ, ʃ.ʇ. ɻʦʣʦʙʦʢʦʚʦʡ, ʈ.ʄ. 

ʄʘʥʘʩʳʧʦʚʘ ʠ ʜʨ.  

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʤʝʭʘʥʠʟʤʦʚ ʠ ʫʩʣʦʚʠʡ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʧʦʜʟʝʤʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʣʴʜʦʚ ʤʝʞʜʫ 

ʩʦʙʦʡ ʠ ʩ ʢʣʘʨʢʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʣʝʤʝʥʪʦʚ. ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ 

ʦʧʨʝʜʝʣʝʥ ʠʟ ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʳʭ ʯʝʨʝʟ ʧʦʣʠʢʘʨʙʦʥʘʪʥʳʝ ʬʠʣʴʪʨʳ (0,45 ʤʢʤ) 

ʨʘʩʧʣʘʚʦʚ ʤʦʥʦʣʠʪʦʚ ʣʴʜʘ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʛʠʜʨʦʭʠʤʠʠ ʠ ʭʠʤʠʠ ʘʪʤʦʩʬʝʨʳ 
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ʃʠʤʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʉʆ ʈɸʅ ʥʘ ʢʚʘʜʨʫʧʦʣʴʥʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ 

Agilent 7500ce. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʙʳʣ ʨʘʟʜʝʣʝʥ ʥʘ ʛʨʫʧʧʳ ʧʦ ʨʘʡʦʥʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦ 

ʛʝʥʝʟʠʩʫ ʠ ʚʦʟʨʘʩʪʫ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ, ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʤʠʥʝʨʘʣʴʥʦʡ 

ʚʟʚʝʩʠ ʚʦ ʣʴʜʫ. ʆʙʨʘʙʦʪʢʘ ʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʩʦʩʪʘʚʣʝʥʠʠ ʥʘʠʤʝʥʦʚʘʥʠʷ ʧʦ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʤʫ ʪʠʧʫ ʚʦʜʳ.  

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʨʘʟʣʠʯʠʡ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʠ 

ʥʦʨʤʘʣʠʟʘʮʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʚʦ ʣʴʜʘʭ ʩ ʢʣʘʨʢʘʤʠ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʨʝʯʥʦʡ ʚʦʜʝ. ɺ ʧʨʦʛʨʘʤʤʝ çGeochem Anomalyè ʧʨʦʚʝʜʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 58 ʵʣʝʤʝʥʪʘʤ ʩ ʢʣʘʨʢʘʤʠ 

ʨʝʯʥʳʭ ʠ ʤʦʨʩʢʠʭ ʚʦʜ ʧʨʦʚʝʜʝʥ ʧʘʨʥʳʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ. 

ʀʟʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʨʠʝʚʦʡ, 

ʝʚʨʦʧʠʝʚʦʡ ʘʥʦʤʘʣʠʡ ʠ ʦʪʥʦʰʝʥʠʷ ʣʝʛʢʠʭ ʠ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʦʚʝʜʝʥʦ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʦʥʥʦʛʦ ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ɿʘʧʘʜʥʦʡ ʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ. 

ʆʩʥʦʚʥʳʝ ʟʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ: 

1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʦʚ ʂʘʨʩʢʦʛʦ ʨʝʛʠʦʥʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʰʠʨʦʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʬʘʢʪʦʨʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʨʠʨʦʜʥʦʡ 

ʦʙʩʪʘʥʦʚʢʦʡ, ʫʩʣʦʚʠʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʦʤ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ. ɺ 

ʠʭ ʯʠʩʣʦ ʚʭʦʜʷʪ ʤʦʨʩʢʠʝ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʘʵʨʦʟʦʣʠ, ʘ ʪʘʢʞʝ ʥʘʜʤʝʨʟʣʦʪʥʳʝ 

ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ. ʇʦʩʪʫʧʣʝʥʠʝ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʩ ʤʦʨʩʢʠʤʠ 

ʘʵʨʦʟʦʣʷʤʠ ʠʣʠ ʥʘʜʤʝʨʟʣʦʪʥʳʭ ʚʦʜ ʬʠʢʩʠʨʫʝʪ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʮʝʨʠʝʚʘʷ 

ʘʥʦʤʘʣʠʷ. ʇʦʢʘʟʘʪʝʣʝʤ ʫʯʘʩʪʠʷ ʥʘʜʤʝʨʟʣʦʪʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʝʚʨʦʧʠʝʚʘʷ ʘʥʦʤʘʣʠʷ. 

2. ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ ɿʘʧʘʜʥʦʛʦ ʗʤʘʣʘ ʠ ʉʝʚʝʨʘ ɻʳʜʘʥʘ ʦʪʣʠʯʘʶʪʩʷ 

ʙʦʣʴʰʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʚ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠ 

ʣʘʪʝʨʘʣʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʩʣʦʚʠʷʤʠ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʠ 

ʢʦʨʨʝʣʷʮʠʷʤ ʠʦʥʦʚ ʠ ʘʥʦʤʘʣʠʷʤ ʣʘʥʪʘʥʦʠʜʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʩʭʦʜʩʪʚʦ 

ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʚ ʦʪʣʦʞʝʥʠʷʭ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ 

ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʡ ʛʝʥʝʟʠʩ. ʆʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʫʥʘʩʣʝʜʦʚʘʥʳ 



8 

 

ʧʣʘʩʪʦʚʳʤʠ ʣʴʜʘʤʠ ʦʪ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ ʧʨʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʠ, ʯʪʦ 

ʦʪʨʘʞʝʥʦ ʚ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʥʘ ʢʦʥʪʘʢʪʝ 

ʣʝʜ ï ʧʦʨʦʜʘ ʟʘ ʩʯʝʪ ʤʠʛʨʘʮʠʠ ʚʣʘʛʠ. 

3. ʋʩʪʘʥʦʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠʦʥʦʚ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ 

ʨʘʟʥʳʭ ʪʠʧʘʭ ʣʴʜʘ: ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʭ, ʧʣʘʩʪʦʚʳʭ, ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ, 

ʦʟʝʨʥʦʛʦ ʠ ʣʝʜʥʠʢʦʚʦʛʦ ʣʴʜʘʭ. ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ ɿʘʧʘʜʥʦʛʦ ʗʤʘʣʘ ʦʪʣʠʯʘʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʠʦʥʦʚ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʯʝʤ 

ʣʝʜʥʠʢʦʚʳʡ ʣʝʜ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʡ 

ʛʝʥʝʟʠʩ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ: 

1. ɸʚʪʦʨʩʢʠʡ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠʦʥʥʦʛʦ ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʣʴʜʘ ʠ ʚʦʜʳ, ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ, ʧʦʜʚʠʞʥʳʭ, 

ʚʘʣʦʚʳʭ ʬʦʨʤ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʘʥʦʤʘʣʠʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʣʴʜʦʚ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʘʨʥʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦ-ʨʝʛʨʝʩʩʠʚʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʧʝʨʚʳʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʙʨʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʠʦʥʥʦʛʦ ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʂʘʨʩʢʦʛʦ ʨʝʛʠʦʥʘ; ʧʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʠ ʥʦʨʤʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʦ ʟʥʘʯʝʥʠʷʤ ʢʣʘʨʢʦʚ, ʩʦʜʝʨʞʘʥʠʶ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʩʣʘʥʮʝ. 

2. ɺʳʷʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʩʦʜʝʨʞʘʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʦʚ 

ʧʦʩʪʫʧʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ï ʤʦʨʩʢʠʭ ʠʣʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʘʵʨʦʟʦʣʝʡ ʠ 

ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ. 

3. ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʚ ʠʦʥʥʦʤ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʤ ʩʦʩʪʘʚʝ 

ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʠʩʪʦʯʥʠʢʘ ʚʦʜ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʜʟʝʤʥʳʭ 

ʣɹ ʜʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʨʠʪʝʨʠʝʤ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ 

ʧʘʣʝʦʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʝʛʠʦʥʘ. ʇʨʠʤʝʥʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚʦ ʣʴʜʫ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʢʨʠʦʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʨʘʟʣʠʯʘʪʴ ʛʝʥʝʪʠʯʝʩʢʠʝ 
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ʪʠʧʳ ʣʴʜʘ. ʉʚʝʜʝʥʠʷ ʦ ʤʠʛʨʘʮʠʠ ʠ ʥʘʢʦʧʣʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʦʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʝʨʟʣʳʭ ʧʦʨʦʜ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʨʦʛʥʦʟʦʚ 

ʟʘʛʨʷʟʥʝʥʠʡ ʣʠʪʦʩʬʝʨʳ ʧʨʠ ʝʝ ʭʦʟʷʡʩʪʚʝʥʥʦʤ ʦʩʚʦʝʥʠʠ. ʄʝʪʦʜʳ ʠ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʣʴʜʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʦʥʥʦʛʦ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʠ ʧʦʨʦʜ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʠ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʰʣʠ ʚ ʦʪʯʸʪʳ ʧʦ ʧʨʦʝʢʪʘʤ ʈʌʌʀ ˉˉ 18-

35-00031 ʤʦʣ_ʘ, 18-05-00376 ɸ, 18-05-60222 ɸʨʢʪʠʢʘ, 18-55-11005 AF_t, ʠ 

ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ˉ ʅʐ-9880-2016.5; ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʛʦʩʟʘʜʘʥʠʷ ʈʝʛ.ˉ 

ʅʀʆʂʊʈ ɸɸɸɸ-ɸ17-117051850062-6. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʝʜʠʥʦʦʙʨʘʟʥʦʡ ʤʝʪʦʜʠʢʦʡ ʦʪʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʧʨʦʙ ʣʴʜʘ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ. ʅʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʠ ʛʠʜʨʦʭʠʤʠʠ ʠ ʭʠʤʠʠ 

ʘʪʤʦʩʬʝʨʳ ʃʠʤʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʉʆ ʈɸʅ (ʛ. ʀʨʢʫʪʩʢ) ʧʦ 

ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ ʦʧʨʝʜʝʣʝʥ ʠʦʥʥʳʡ ʠ ɻʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʣʴʜʘ ʠ 

ʦʪʣʦʞʝʥʠʡ. ʏʘʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʠʦʥʥʦʛʦ 

ʩʦʩʪʘʚʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥ r ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʠ, ʭʠʤʠʠ ʠ 

ʤʝʭʘʥʠʢʠ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʊʶʤʝʥʩʢʦʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʠ ʠ ʤʝʭʘʥʠʢʠ ʛʨʫʥʪʦʚ ʆʆʆ çʊʶʤʝʥʴʇʨʦʤʀʟʳʩʢʘʥʠʷè. 

ʆʙʝʩʧʝʯʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʚʥʫʪʨʠʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʦʮʝʥʢʦʡ 

ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ.  

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʣʦʞʝʥʥʳʝ ʚ ʦʩʥʦʚʫ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʙʳʣʠ ʦʙʩʫʞʜʝʥʳ ʥʘ 6 

ʨʦʩʩʠʡʩʢʠʭ ʠ 5 ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʉʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʠ ʛʝʦʜʠʥʘʤʠʢʘè (ʀʨʢʫʪʩʢ, 2021); 
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ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʋʩʪʦʡʯʠʚʦʩʪʴ 

ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʢʨʠʦʣʠʪʦʟʦʥʝè (ʗʢʫʪʩʢ, 2020); 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɸʈʂʊʀʂɸ: 

ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʥʝʬʪʝʛʘʟʦʚʦʤ ʩʝʢʪʦʨʝè (ʊʶʤʝʥʴ, 2019); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʚ ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʫʩʣʦʚʠʷʭè 

(ʉʦʯʠ, 2019)è; ʅʘʮʠʦʥʘʣʴʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʅɽʌʊʔ ʀ ɻɸɿ: ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʥʦʚʘʮʠʠè 

(ʊʶʤʝʥʴ, 2019); XX ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ çʇʨʦʙʣʝʤʳ ʨʘʟʚʠʪʠʷ ʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè (ʊʶʤʝʥʴ, 

2018); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʂʨʠʦʩʬʝʨʘ ɿʝʤʣʠ: ʧʨʦʰʣʦʝ, ʥʘʩʪʦʷʱʝʝ 

ʠ ʙʫʜʫʱʝʝè (ʇʫʱʠʥʦ, 2017); XI ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ ʧʦ ʧʨʦʙʣʝʤʘʤ 

ʠʥʞʝʥʝʨʥʦʛʦ ʤʝʨʟʣʦʪʦʚʝʜʝʥʠʷ (ʄʘʛʘʜʘʥ, 2017); The 2nd Asian Conference on 

Permafrost (ʉʘʧʧʦʨʦ, ʗʧʦʥʠʷ, 2017); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʣʦʜʸʞʥʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʅʘʫʯʥʘʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ï 

ʩʨʝʜʩʪʚʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘè (ʊʶʤʝʥʴ, 2017). 

ʇʫʙʣʠʢʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 16 ʩʪʘʪʴʷʭ ʠ 

ʪʝʟʠʩʘʭ, ʠʟ ʥʠʭ 5 ʩʪʘʪʝʡ ï ʚ ʠʟʜʘʥʠʷʭ ʠʟ ʧʝʨʝʯʥʷ ɺɸʂ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʪʨʝʭ ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʷ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 120 

ʩʪʨʘʥʠʮ ʧʝʯʘʪʥʦʛʦ ʪʝʢʩʪʘ, ʚʢʣʶʯʘʷ 2 ʪʘʙʣʠʮ,r 46 ʨʠʩʫʥʢʦʚ. ʉʧʠʩʦʢ 

ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 132 ʠʩʪʦʯʥʠʢ, ʠʟ ʥʠʭ 17 ï ʠʥʦʩʪʨʘʥʥʳʝ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ ʜʦʢʪʦʨʫ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ɽʣʝʥʝ ɸʜʦʣʴʬʦʚʥʝ 

ʉʣʘʛʦʜʝ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʦʚʤʝʩʪʥʦʝ 

ʦʙʩʫʞʜʝʥʠʝ ʠ ʧʦʤʦʱʴ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ. ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ 

ʜ.ʛ.ʥ. ɺ.ɺ. ʈʦʛʦʚʘ ʠ ʢ.ʛ.-ʤ.ʥ. ɸ.ʅ. ʂʫʨʯʘʪʦʚʫ ʟʘ ʧʦʤʦʱʴ ʚ ʨʘʙʦʪʝ. ɸʚʪʦʨ 

ʚʳʨʘʞʘʝʪ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʟʘ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʢ.ʛ.-ʤ.ʥ. ʗ.ɺ. ʊʠʭʦʥʨʘʚʦʚʦʡ, 

ʢ.ʛ.-ʤ.ʥ. ʆ.ʃ. ʆʧʦʢʠʥʦʡ; ʩʦʪʨʫʜʥʠʢʘʤ ʃʘʙʦʨʘʪʦʨʠʠ ʛʠʜʨʦʭʠʤʠʠ ʠ ʭʠʤʠʠ 

ʘʪʤʦʩʬʝʨʳ ʃʠʤʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʉʆ ʈɸʅ ʢ.ʭ.ʥ. ʀ.ɺ. ʊʦʤʙʝʨʛ ʠ ʅ.ɸ. 
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ɾʫʯʝʥʢʦ ʟʘ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ; ʟʘʚʝʜʫʶʱʝʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʊʀʋ ɻʘʟʠʟʦʚʦʡ ɽ.ʉ. ʟʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɻʣʘʚʘ 1. ʀʩʪʦʨʠʷ ʠ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʴʜʦʚ 

1.1. ʉʦʩʪʦʷʥʠʝ ʚʦʧʨʦʩʘ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ 

ʣʴʜʦʚ 

ʃʝʜ, ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʛʦʨʥʘʷ ʧʦʨʦʜʘ ʠʣʠ ʢʘʢ ʤʠʥʝʨʘʣ ʚ 

ʧʦʣʠʤʠʥʝʨʘʣʴʥʦʡ ʛʦʨʥʦʡ ʧʦʨʦʜʝ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʢʨʠʦʣʠʪʦʟʦʥʝ 

ɽʚʨʘʟʠʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʣʴʜʘ, ʢʘʢ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʧʨʠʚʝʜʝʥʦ ʚ ʤʦʥʦʛʨʘʬʠʠ ɸ.ʀ. 

ʇʦʧʦʚʘ [1967]. ʂʦʤʧʦʥʝʥʪʘʤʠ ʣʴʜʘ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʤʠʥʝʨʘʣʴʥʳʝ ʨʘʩʪʚʦʨʠʤʳʝ 

ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʧʨʠʤʝʩʠ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʨʘʩʪʚʦʨʝʥʥʳʝ ʛʘʟʳ 

[ʂʠʨʶʭʠʥ ʠ ʜʨ., 1988]. ʅʘʣʠʯʠʝ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʮʝʣʳʤ ʨʷʜʦʤ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʨʘʟʥʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ 

ʬʠʟʠʯʝʩʢʠʭ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ, ʢʨʠʦʛʝʥʥʳʭ, ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʨʠʨʦʜʥʳʭ ʣʴʜʦʚ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʫʩʣʦʚʠʡ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʅ.ʀ. ʊʦʣʩʪʠʭʠʥʳʤ 

[1941], ʅ.ʇ. ɸʥʠʩʠʤʦʚʦʡ [1971], ɹ.ʀ. ɺʪʶʨʠʥʳʤ [1975]. 

ʅʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʴʜʘ ʣʝʜʥʠʢʦʚ, ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʟʘ ʩʯʝʪ 

ʥʘʢʦʧʣʝʥʠʷ ʩʥʝʛʘ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʘʵʨʦʟʦʣʷʤʠ, ʚʣʠʷʶʪ ʚʫʣʢʘʥʠʯʝʩʢʠʝ, 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ, ʢʦʩʤʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ [ʂʦʪʣʷʢʦʚ, ɻʦʨʜʠʝʥʢʦ, 

1982]. ɺ.ʄ. ʂʦʪʣʷʢʦʚ ʠ ɻ.ɻ. ɻʦʨʜʠʝʥʢʦ [1982] ʦʪʤʝʯʘʶʪ, ʯʪʦ ʨʷʜ ʧʨʠʤʝʩʝʡ 

ʘʙʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʥʝʞʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʜʘʣʴʥʝʡʰʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪʣʦʞʝʥʥʳʭ ʩʦ ʩʥʝʛʦʤ ʧʨʠʤʝʩʝʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʨʝʜʦʚʘʥʠʷ ʪʘʷʥʠʷ ʠ ʟʘʤʝʨʟʘʥʠʷ. ʃʸʜ ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʨʫʛʦʚʦʨʦʪ ʢʦʤʧʦʥʝʥʪʦʚ 

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʭ ʤʠʛʨʘʮʠʠ ʠ ʚʳʥʦʩʫ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʢʦʥʩʝʨʚʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʢʨʠʦʩʬʝʨʝ ʠ ʦʪʨʘʞʘʝʪ ʵʚʦʣʶʮʠʶ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ 

ʬʦʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʝʜʥʠʢʦʚ [ʂʦʨʟʫʥ, 

1985]. ʉʝʟʦʥʥʳʝ ʤʦʨʩʢʠʝ, ʨʝʯʥʳʝ ʠ ʦʟʝʨʥʳʝ ʣʴʜʳ ʠʤʝʝʪ ʪʝʩʥʫʶ ʩʚʷʟʴ ʩ 

ʩʦʩʪʘʚʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ [ʉʘʚʝʣʴʝʚ, 1963; ɸʥʠʩʠʤʦʚʘ, ʈʦʛʦʚʩʢʘʷ, 1974]. 



12 

 

ʉʨʝʜʠ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʢʘʢ ʧʦʛʨʝʙʝʥʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ, ʪʘʢ ʠ ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʪʠʧʳ ʣʴʜʦʚ [ɺʪʶʨʠʥ, 

ɺʪʶʨʠʥʘ, 1969; ɺʘʩʠʣʴʯʫʢ, 2011]. ʇʦʵʪʦʤʫ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʢʣʶʯʘʶʪ ʠʟʫʯʝʥʠʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ ʠ 

ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ [ʄʝʪʦʜʳ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 2004] 

ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʴʜʦʚ ʨʘʟʨʘʙʦʪʘʥʳ ɿ.ɸ. ʅʝʨʩʝʩʦʚʦʡ [1961], ɺ.ʇ. ɺʦʣʢʦʚʦʡ ʠ 

ʅ.ʅ. ʈʦʤʘʥʦʚʩʢʠʤ [1974], ɹ.ɸ. ʉʘʚʝʣʴʝʚʳʤ [1980], ʅ. ʇ. ɸʥʠʩʠʤʦʚʦʡ [1981], 

ʅ.ʅ. ʈʦʤʘʥʦʚʩʢʠʤ [1983], ɸ.ɺ. ʀʚʘʥʦʚʳʤ [1987]. ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ ʚ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜʘʭ ʠ ʣʴʜʘʭ ʧʨʠ ʜʠʩʩʦʮʠʘʮʠʠ ʦʙʨʘʟʫʶʪ ʛʣʘʚʥʳʝ ʠʦʥʳ 

ʉl-, SO4
2-, ʅʉʆ3

-, Na+, ʂ+, ʉʘ2+, Mg2+ [ʌʦʪʠʝʚ, 1999]. ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʛʣʘʚʥʳʭ ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʳʡ ʠʩʪʦʯʥʠʢ ʚʦʜʳ, 

ʫʯʘʩʪʚʦʚʘʚʰʝʡ ʚ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʢʨʠʦʛʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʴʜʦʚ [ɸʥʠʩʠʤʦʚʘ, 1971, 2004]. ɼʣʷ 

ʚʪʦʨʠʯʥʦ ʧʨʦʤʝʨʟʰʠʭ ʦʪʣʦʞʝʥʠʡ ʪʘʣʠʢʦʚ ʚʳʷʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ Cl- ʠ 

ʫʚʝʣʠʯʝʥʠʝ SO4
-2 ʚ ʩʦʩʪʘʚʝ ʩʦʣʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʦʧʨʝʩʥʝʥʠʝʤ ʧʨʠ 

ʧʨʦʪʘʠʚʘʥʠʠ ʠ ʠʥʬʠʣʴʪʨʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʚ ʪʘʣʠʢʠ [ɸʥʠʩʠʤʦʚʘ, 1971; 

ʂʨʠʮʫʢ, 2010]. ʉ.ʄ. ʌʦʪʠʝʚ [1999, 2009, 2012], ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ɻʠʪʪʝʨʤʘʥʘ 

[1937], ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʥʘ ʬʨʦʥʪʝ ʧʨʦʤʝʨʟʘʥʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʢʨʠʦʛʝʥʥʦʡ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʣʴʜʦʚ, ʧʨʝʜʣʦʞʠʣ 

ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʟʘʩʦʣʝʥʥʳʭ ʚʦʜ ʠ ʪʨʠ ʩʪʘʜʠʠ ʠʭ 

ʢʨʠʦʛʝʥʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ: ʦʭʣʘʞʜʝʥʠʝ ʨʘʩʩʦʣʘ ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ -1,8 ʦʉ; 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʨʘʩʩʦʣʘ ʟʘ ʩʯʝʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʣʴʜʘ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ -1,8 ʜʦ 

-7,4 ʦʉ; ʜʝʩʫʣʴʬʘʪʠʟʘʮʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʳʧʘʜʝʥʠʝʤ ʤʠʨʘʙʠʣʠʪʘ 

(Na2SO4Ŀ10ĬH2O) ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ -7,4 ʜʦ -25 Áʉ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʘʟʥʳʭ ʪʠʧʦʚ ʧʦʜʟʝʤʥʦʛʦ ʣʴʜʘ, ʫʩʪʘʥʦʚʣʝʥʳ ʦʙʱʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʚʦʜʳ ʚ ʧʦʨʦʜʘʭ: 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʟʘʤʝʨʟʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ, 



13 

 

ʢʨʠʦʛʝʥʥʦʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ, ʠʟʤʝʥʝʥʠʝ ʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ [ʍʠʤʝʥʢʦʚ 

ɹʨʫʰʢʦʚ, 2003; ʈʦʛʦʚ, 2009]. ʋʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʳ, 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʩ ʫʩʣʦʚʠʷʤʠ 

ʧʨʦʤʝʨʟʘʥʠʷ ʦʪʣʦʞʝʥʠʡ. ʇʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʝ ʣʴʜʳ (ʇɾʃ), 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʟʘ ʩʯʝʪ ʟʠʤʥʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʫʣʴʪʨʘʧʨʝʩʥʳʤ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʤ ʠ ʭʣʦʨʠʜʥʦ-ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʤ 

ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʦ-ʤʘʛʥʠʝʚʳʤ, ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʤ ʩʦʩʪʘʚʦʤ, ʢʦʪʦʨʳʡ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ [ʊʨʦʬʠʤʦʚ, 

ɺʘʩʠʣʴʯʫʢ, 1983; ɼʫʙʠʢʦʚ, 2002]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʩʠʥʛʝʥʝʪʠʯʝʩʢʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʇɾʃ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʜ ʷʚʣʷʶʪʩʷ ʘʪʤʦʩʬʝʨʥʳʝ 

ʦʩʘʜʢʠ [ʂʨʠʮʫʢ, 2010]. ʄʦʨʩʢʦʡ ʘʪʤʦʩʬʝʨʥʳʡ ʘʵʨʦʟʦʣʴ ʬʦʨʤʠʨʫʝʪ ʭʣʦʨʠʜʥʦ-

ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ ʣʴʜʦʚ, ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʘʵʨʦʟʦʣʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-

ʢʘʣʴʮʠʝʚʳʡ ʩʦʩʪʘʚ. 

ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʦʣʦʮʝʥʦʚʳʭ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʭ ʇɾʃ ʙʳʣ 

ʦʧʨʝʜʝʣʝʥ ʥʘ ʧ-ʦʚʝ ʗʤʘʣ: ʚ ʞʠʣʘʭ ʪʦʨʬʷʥʠʢʦʚ ʚ ʜʦʣʠʥʝ ʨ. ʑʫʯʴʷ, ʚ 

ʧʦʡʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʨʝʢ ɽʨʢʫʪʘʷʭʘ ʠ ʃʷʢʢʘʪʦʩʸ ʠ ʚ ʦʪʣʦʞʝʥʠʷʭ ʣʘʡʜʳ ʚ 

ʨʘʡʦʥʝ ʧʦʩ. ʄʳʩ ʂʘʤʝʥʥʳʡ [ɹʫʜʘʥʮʝʚʘ, ɺʘʩʠʣʴʯʫʢ, 2017]. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ, ʟʘʣʝʛʘʶʱʠʭ ʚ ʤʦʨʩʢʠʭ 

ʦʪʣʦʞʝʥʠʷʭ ʗʤʘʣʘ, ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʣʠ ɻ. ʀ. ɼʫʙʠʢʦʚ ʠ ʄ. ʄ. ʂʦʨʝʡʰʘ 

[1964]. ʆʥʠ ʦʪʤʝʯʘʣʠ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʴʜʘ ʥʝʦʜʥʦʨʦʜʝʥ ʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʟʘʣʝʛʘʥʠʷ ʥʘ ʧ-ʚʝ ʗʤʘʣ ʚʳʜʝʣʷʶʪʩʷ: ʟʘʣʝʞʠ 

ʠʩʢʦʧʘʝʤʦʛʦ ʠʥʲʝʢʮʠʦʥʥʦʛʦ ʣʴʜʘ ʙʝʟ ʟʘʤʝʪʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʩʣʦʠʩʪʦʩʪʠ 

ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ï ʠʥʪʨʫʟʠʚʥʳʝ ʧʣʘʩʪʳ ʠ ʣʠʥʟʳ ʠ ʟʘʣʝʞʠ ʠʩʢʦʧʘʝʤʦʛʦ 

ʠʥʲʝʢʮʠʦʥʥʦʛʦ ʣʴʜʘ, ʥʘʨʫʰʘʶʱʠʝ ʩʣʦʠʩʪʦʩʪʴ ʧʦʨʦʜ ï ʣʘʢʢʦʣʠʪʳ. ʀ.ɼ. 

ʉʪʨʝʣʝʮʢʘʷ ʠ ʄ.ʆ. ʃʝʡʙʤʘʥ [2002] ʧʨʝʜʧʦʣʘʛʘʶʪ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʤʝʞʜʫ 

ʢʨʠʦʧʵʛʘʤʠ ʠ ʧʣʘʩʪʦʚʳʤʠ ʣʴʜʘʤʠ ʠ ʜʦʢʘʟʘʣʠ ʩʭʦʜʩʪʚʦ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʩ ʩʦʩʪʘʚʦʤ ʚʳʪʷʞʝʢ ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʝʩʢʦʚ ʠ 

ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʤʦʨʩʢʠʭ ʛʣʠʥ. ʅʘ ɿʘʧʘʜʥʦʤ ʗʤʘʣʝ, ɿʘʧʘʜʥʦʤ ʊʘʡʤʳʨʝ, 

ʦʩʪʨʦʚʘʭ ɹʝʣʳʡ ʠ ʉʠʙʠʨʷʢʦʚʘ ʚ ʂʘʨʩʢʦʤ ʤʦʨʝ ʠʟʫʯʝʥʳ ʩʪʨʦʝʥʠʝ, ʛʝʥʝʟʠʩ ʠ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ, ʫʩʪʘʥʦʚʣʝʥʘ ʠʭ ʩʚʷʟʴ ʩ ʛʝʥʝʟʠʩʦʤ 
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ʦʪʣʦʞʝʥʠʡ, ʠ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʦʨʩʢʠʭ ʚʦʜ ʥʘ ʩʦʩʪʘʚ ʣʝʜʷʥʳʭ ʞʠʣ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʧʨʠʣʠʚʥʦʡ ʟʦʥʝ [ʉʪʨʝʣʝʮʢʘʷ ʠ ʜʨ., 2012ʘ; ɺʘʩʠʣʴʯʫʢ, 

ʊʨʦʬʠʤʦʚ, 1984; ʉʣʘʛʦʜʘ ʠ ʜʨ., 2012; ʆʧʦʢʠʥʘ ʠ ʜʨ., 2014]. ɼʦʩʪʫʧʥʳʭ ʚ 

ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʧʦʜʟʝʤʥʳʭ 

ʣʴʜʦʚ ʠ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ ʩʝʚʝʨʘ ɻʳʜʘʥʩʢʦʛʦ 

ʧʦʣʫʦʩʪʨʦʚʘ ʠ ʇʫʨ-ʊʘʟʦʚʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ ʦʧʫʙʣʠʢʦʚʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʧʦʣʫʦʩʪʨʦʚʘ ʗʤʘʣ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʚ ʩʚʷʟʠ ʩ ʠʥʪʝʨʝʩʦʤ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʙʣʝʤʘʤ 

ɸʨʢʪʠʢʠ ʥʘʯʘʣʦʩʴ ʠʟʫʯʝʥʠʝ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʜʟʦʥʘ ʢʨʠʦʛʝʥʝʟʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʥʦʩʦʤ Ca, Mg, Fe, Mn, Ti, Si, K, Nʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʚ ʩʝʟʦʥʥʦ-ʪʘʣʦʤ ʩʣʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ, ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʧʨʦʜʫʢʪʦʚ 

ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʙʠʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ. ɺ ʮʝʣʦʤ ʟʜʝʩʴ ʚʳʥʦʩʷʪʩʷ 

Ca, Mg, S, ʉʦ, Ni, ʄn, ʉr, ʦʪʯʘʩʪʠ Cu, Zn, Si, Mo, Ag, V ʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ Fe, 

Al, Ti, ʣʘʥʪʘʥʦʠʜʳ, Zr, Pb, P [ʀʚʘʥʦʚʘ, 2019].  

ɼʘʥʥʳʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʦʜʟʝʤʥʳʭ ʣʴʜʘʭ ʚ 

ʧʫʙʣʠʢʘʮʠʷʭ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ. ɸʚʪʦʨʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʚʷʟʴ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʪʝʢʩʪʫʨʦʦʙʨʘʟʶʱʠʭ ʣʴʜʦʚ ʩ ʩʦʩʪʘʚʦʤ ʠʩʭʦʜʥʦʡ ʚʦʜʳ, ʫʩʪʘʥʦʚʣʝʥ 

ʧʝʨʝʭʦʜ ʵʣʝʤʝʥʪʦʚ ʠʟ ʧʦʨʦʜʳ ʚ ʚʦʜʫ, ʠ ʜʘʣʝʝ ï ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ ʩʦʣʝʡ ʚ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ [ɸʣʝʢʩʝʝʚʘ, ɸʣʝʢʩʝʝʚ, 2019]. ʆʧʨʝʜʝʣʝʥʳ 

ʩʧʝʢʪʨʳ ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʜʣʷ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ 

ʅʦʚʦʩʠʙʠʨʩʢʠʭ ʦʩʪʨʦʚʦʚ [ʀʚʘʥʦʚʘ, 2012]. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʇɾʃ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʧʨʠʤʝʩʠ ʚ ʘʪʤʦʩʬʝʨʥʳʭ 

ʟʠʤʥʠʭ ʦʩʘʜʢʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʥʪʨʦʧʦʛʝʥʥʳʝ, ʤʦʨʩʢʠʝ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʝ 

ʘʵʨʦʟʦʣʠ.  

ɺ ʩʦʩʪʘʚʝ ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʦʛʦ ʣʴʜʘ ʦʙʥʘʨʫʞʝʥʳ ʢʦʤʧʦʥʝʥʪʳ 

ʧʦʯʚʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʤʦʨʦʟʦʙʦʡʥʳʝ ʪʨʝʱʠʥʳ [ɺʘʩʠʣʴʯʫʢ ʠ 

ʜʨ., 2016]. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ ʇɾʃ [ʉʦʣʦʤʘʪʠʥ, 2017] ʤʦʛʫʪ 
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ʫʯʘʩʪʚʦʚʘʪʴ ʩʝʛʨʝʛʘʮʠʦʥʥʳʡ ʠ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʳʡ ʣʝʜ [ʊʠʭʦʥʨʘʚʦʚʘ, 

2019].  

ʉʦʩʪʘʚ ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʩʝʛʨʝʛʘʮʠʦʥʥʳʭ ʣʴʜʦʚ ʠ ʣʴʜʘ-ʮʝʤʝʥʪʘ 

ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʪʣʦʞʝʥʠʡ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʢʦʨʦʩʪʠ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʤʝʞʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʟʘʭʚʘʪʳʚʘʶʪʩʷ 

ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʩʣʘʙʦʩʚʷʟʘʥʥʦʡ ʠ ʧʣʝʥʦʯʥʦʡ ʚʦʜʝ, 

ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʠ [ɻʝʦʢʨʠʦʣʦʛʠʷ ʉʉʉʈ, 1989]. ʆʩʥʦʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʘ ʷʚʣʷʝʪʩʷ ʚʥʫʪʨʠʛʨʫʥʪʦʚʘʷ 

ʩʣʘʙʦʩʚʷʟʘʥʥʘʷ ʚʦʜʘ, ʜʣʷ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʦʣʦʩʪʥʦʛʦ ʣʴʜʘ ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʚʦʜʘ [ʈʦʛʦʚ, 2009]. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ, ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʇɾʃ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ 

ʚʝʱʝʩʪʚʘ, ʧʦʩʪʫʧʘʚʰʠʝ ʚʤʝʩʪʝ ʩ ʛʨʫʥʪʦʚʦʡ ʚʣʘʛʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʘʤʠ. 

ʋʯʘʩʪʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʤʦʨʩʢʠʭ ʚʦʜ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʧʦ ʦʩʥʦʚʥʳʤ ʠʦʥʘʤ 

[ɻʦʣʦʙʦʢʦʚʘ ʠ ʜʨ., 2013], ʘ ʫʯʘʩʪʠʝ ʘʪʤʦʩʬʝʨʥʳʭ ʘʵʨʦʟʦʣʝʡ ʠʣʠ ʛʨʫʥʪʦʚʦʡ 

ʚʣʘʛʠ ï ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʇɾʃ 

[ʀʚʘʥʦʚʘ, 2012]. 

ʇʦʜʟʝʤʥʳʝ ʣʴʜʳ ʦʙʣʘʜʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʤ ʟʘʧʘʩʦʤ ʠʥʬʦʨʤʘʮʠʠ ʟʘ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʝʩʪʝʩʪʚʝʥʥʳʡ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʬʦʥ ʠ ʝʛʦ ʵʚʦʣʶʮʠʶ ʚ ʧʣʝʡʩʪʦʮʝʥʝ ʠ ʛʦʣʦʮʝʥʝ. 

1.2. ɻʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʦʨʥʳʭ ʨʘʟʨʝʟʦʚ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʪʦʣʱ ʗʤʘʣʘ, ɻʳʜʘʥʘ, 

ɿʘʧʘʜʥʦʛʦ ʊʘʡʤʳʨʘ, ʘʨʢʪʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ ʠ ʩʝʚʝʨʘ ʇʫʨ-ʊʘʟʦʚʩʢʦʛʦ 

ʤʝʞʜʫʨʝʯʴʷ ʚ 2008-2018 ʛʛ. ʚʢʣʶʯʘʣʠ ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ, ʚʦʟʨʘʩʪʘ 

ʦʪʣʦʞʝʥʠʡ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʜʟʝʤʥʳʭ 

ʣʴʜʦʚ, ʥʘʟʝʤʥʳʭ ʤʦʨʩʢʦʛʦ ʠ ʦʟʝʨʥʦʛʦ ʣʴʜʘ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʥʘ ʢʣʶʯʝʚʳʭ 

ʫʯʘʩʪʢʘʭ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ 

ʩʦʩʪʘʚʝ ʣʴʜʦʚ ʧʨʦʚʝʜʝʥʳ ʥʘ ʦʧʦʨʥʳʭ ʨʘʟʨʝʟʘʭ ʤ. ʄʘʨʨʝ-ʉʘʣʝ, ʦʟ. ʉʦʭʦʥʪʦ ʠ ʨ. 

ʖʨʠʙʝʡ, ʦ. ɹʝʣʳʡ, ʦ. ʉʠʙʠʨʷʢʦʚʘ, ʧʦʩ. ɼʠʢʩʦʥ, ʤ. ʂʘʨʝʧʦʚʩʢʠʡ, ʩ. ɻʘʟ-ʉʘʣʝ, ʩ. 

ɻʳʜʘ (ʨʠʩ. 1).  
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ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ 

ʦʧʦʨʥʳʝ ʫʯʘʩʪʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʭʦʣʦʜʥʦʡ 

ʟʠʤʦʡ, ʢʦʨʦʪʢʠʤ ʧʨʦʭʣʘʜʥʳʤ ʣʝʪʦʤ ʠ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʟʘʧʘʜʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʪʨʦʚ [ɻʝʦʢʨʠʦʣʦʛʠʷ ʉʉʉʈ, 1989] ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʧʣʦʰʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ ʠ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ. 

ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʸʨʟʣʳʭ 

ʧʦʨʦʜ ʠʟʤʝʥʷʝʪʩʷ ʦʪ -7 ʜʦ -10 Áʉ ʥʘ 

ʩʝʚʝʨʝ ʠ ʦʪ -4 ʜʦ -5 Áʉ ʥʘ ʶʛʝ. ɼʣʷ 

ʪʫʥʜʨ ʩʝʚʝʨʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ 

ʭʘʨʘʢʪʝʨʥʳ ʧʣʦʩʢʘʷ, 

ʩʣʘʙʦʨʘʩʯʣʝʥʸʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʚʳʩʦʢʘʷ ʟʘʦʟʸʨʝʥʥʦʩʪʴ, ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʦʩʢʦ- ʠ 

ʚʳʧʫʢʣʦʙʫʛʨʠʩʪʳʭ ʪʦʨʬʷʥʠʢʦʚ ʚ 

ʭʘʩʳʨʝʷʭ, ʜʦʣʠʥʘʭ ʨʝʢ [ʊʨʦʬʠʤʦʚ ʠ 

ʜʨ., 1987; ʉʣʘʛʦʜʘ, ɽʨʤʘʢ, 2014; 

ɹʘʙʢʠʥ ʠ ʜʨ., 2018]. 

 
ʈʠʩ. 1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʴʜʦʚ, ʤʝʨʟʣʳʭ ʧʦʨʦʜ ʠ 

ʧʨʠʨʦʜʥʳʭ ʚʦʜ (www.google.ru/maps) 

ɺʳʭʦʜʳ ʢʨʫʧʥʳʭ ʤʘʩʩʠʚʦʚ ʣʴʜʘ ʚ ʦʙʥʘʞʝʥʠʷʭ ʥʘ ʗʤʘʣʝ ʠ ɻʳʜʘʥʝ, 

ʘʨʢʪʠʯʝʩʢʠʭ ʦʩʪʨʦʚʘʭ ʠ ʚ ʥʠʟʦʚʴʷʭ ɽʥʠʩʝʷ ʙʳʣʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʧʠʩʘʥʳ ʚ 

ʣʠʪʝʨʘʪʫʨʝ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʩʣʦʞʥʳʝ ʠ ʨʘʟʣʠʯʥʝr ʬʦʨʤʳ, ʩʢʣʘʜʯʘʪʦʩʪʴ, 

ʩʣʦʠʩʪʦʝ ʩʪʨʦʝʥʠʝ ʣʝʜʷʥʳʭ ʪʝʣ [ɼʫʙʠʢʦʚ, ʂʦʨʝʡʰʘ, 1964; ʊʨʦʬʠʤʦʚ, 

ɺʘʩʠʣʴʯʫʢ, 1983; ʉʪʨʝʣʝʮʢʘʷ, ʃʝʡʙʤʘʥ, 2002; ʂʨʠʮʫʢ, 2010; ɺʘʩʠʣʴʯʫʢ, 2011; 

ʉʣʘʛʦʜʘ ʠ ʜʨ., 2012; ʉʣʘʛʦʜʘ ʠ ʜʨ., 2015; ɺʘʩʠʣʴʯʫʢ, 2016; ʆʙʣʦʛʦʚ, 2016]. 

ʂʣʶʯʝʚʳʝ ʫʯʘʩʪʢʠ, ʥʘ ʢʦʪʦʨʳʭ ʙʳʣʠ ʩʦʙʨʘʥʳ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʴʜʦʚ, ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʠʟʠʢʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ [ɻʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷé, 1983]. 

ɺ ʘʨʢʪʠʯʝʩʢʦʡ ʪʫʥʜʨʝ ʩ ʤʦʨʩʢʠʤ ʚʣʠʷʥʠʝʤ ʠʟʫʯʝʥʳ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʝ 

ʇɾʃ ʥʘ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʘʭ (ʨʠʩ. 2): 

ʈʘʟʨʝʟ ʦ. ɹʝʣʳʡ ï ʧʨʝʜʩʪʘʚʣʝʥ ʣʴʜʦʤ ʞʠʣ, ʟʘʣʝʛʘʶʱʠʭ ʚ ʧʨʠʙʨʝʞʥʦ-

ʤʦʨʩʢʠʭ, ʩʫʙʘʵʨʘʣʴʥʳʭ ʟʘʩʦʣʝʥʥʳʭ ʧʝʩʢʘʭ ʠ ʩʫʧʝʩʷʭ. I ʪʝʨʨʘʩʘ ʬʦʨʤʠʨʦʚʘʣʘʩʴ 
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24,5ï18,2 ʪʳʩ. ʣ.ʥ. ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʦ. ɹʝʣʳʡ. ʉʘʨʪʘʥʩʢʠʝ ʦʪʣʦʞʝʥʠʷ 

ʟʘʣʝʛʘʶʪ ʥʘ ʥʝʨʦʚʥʦʡ ʩʥʠʞʝʥʥʦʡ ʢʨʦʚʣʝ ʧʨʦʪʘʷʚʰʠʭ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠ 

ʧʨʦʤʝʨʟʰʠʭ ʢʘʨʛʠʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ɺ ʪʳʣʦʚʦʡ ʯʘʩʪʠ ʪʝʨʨʘʩʳ ʚʳʷʚʣʝʥʳ 

ʩʘʨʪʘʥʩʢʠʝ ʩʫʙʘʵʨʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʚʦʜʦʪʦʢʦʚ, ʜʝʣʶʚʠʡ, ʘ ʥʘ 

ʩʝʚʝʨʝ, ʥʘ ʩʥʠʞʝʥʥʦʤ ʮʦʢʦʣʝ ï ʤʦʨʩʢʠʝ ʧʨʠʙʨʝʞʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠ ʦʪʣʦʞʝʥʠʷ 

ʤʝʣʢʠʭ ʩʦʣʦʥʦʚʘʪʳʭ ʦʟʝʨ, ʢʦʪʦʨʳʝ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠ ʧʨʦʤʝʨʟʘʣʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʝʜʷʥʳʭ ʞʠʣ. [ʉʣʘʛʦʜʘ ʠ ʜʨ., 2018]. 

ʈʘʟʨʝʟ ʦ. ʉʠʙʠʨʷʢʦʚʘ ï ʧʨʝʜʩʪʘʚʣʝʥ ʣʴʜʦʤ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ (ʧʨʦʙʳ ʆʉ-2-09) ʠ ʙʝʟ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʠʤʝʩʝʡ (ʧʨʦʙʳ ʆʉ-5-09) 

ʚ ʞʠʣʘʭ, ʟʘʣʝʛʘʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠ ʩʫʧʝʩʯʘʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʩ ʢʨʫʧʥʳʤʠ ʣʠʥʟʘʤʠ ʪʦʨʬʘ [ʉʪʨʝʣʝʮʢʘʷ ʠ ʜʨ., 2012; ʆʧʦʢʠʥʘ ʠ 

ʜʨ., 2014]. 

ʈʘʟʨʝʟ ʧ. ɼʠʢʩʦʥ ï ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫʤʷ ʷʨʫʩʘʤʠ ʞʠʣ ï ʙʝʣʳʤ ʟʘ ʩʯʝʪ 

ʧʫʟʳʨʴʢʦʚ ʚʦʟʜʫʭʘ ʣʴʜʦʤ ʚ ʟʘʪʦʨʬʦʚʘʥʥʳʭ ʩʫʧʝʩʷʭ ʠ ʧʝʩʢʘʭ ʩ ʜʨʝʚʝʩʥʳʤʠ 

ʦʩʪʘʪʢʘʤʠ ʚ ʜʥʠʱʝ ʜʦʣʠʥʳ, ʠ ʙʦʣʝʝ ʜʨʝʚʥʠʤ ʞʝʣʪʦʚʘʪʳʤ ʣʴʜʦʤ, ʟʘʣʝʛʘʶʱʠʤ 

ʚ ʜʝʣʶʚʠʘʣʴʥʳʭ ʩʫʛʣʠʥʢʘʭ ʥʘ ʩʢʣʦʥʝ ʚʦʟʚʳʰʝʥʥʦʩʪʠ, ʩʣʦʞʝʥʥʦʡ ʩʣʘʥʮʘʤʠ, 

ʛʨʘʥʠʪʘʤʠ, ʛʥʝʡʩʘʤʠ [ʆʧʦʢʠʥʘ ʠ ʜʨ., 2014];  

ɺ ʩʝʚʝʨʥʦʡ ʪʫʥʜʨʝ ʠʟʫʯʝʥʳ ʨʘʟʥʳʝ ʪʠʧʳ ʧʦʜʟʝʤʥʳʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʣʴʜʦʚ ʨʘʟʨʝʟʘʭ ʥʘ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʘʭ: 

ʈʘʟʨʝʟ ʩ. ɻʳʜʘ ï ʧʨʝʜʩʪʘʚʣʝʥ ʇɾʃ ʙʝʟ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʠ ʩ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ, ʣʠʥʟʦʚʠʜʥʳʤ ʧʣʘʩʪʦʚʳʤ ʣʴʜʦʤ, ʣʴʜʦʤ ʪʨʝʱʠʥ 

ʦʪʩʝʜʘʥʠʷ, ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʤʠ ʣʴʜʘʤʠ ʠ ʣʴʜʦʤ ʪʝʨʤʦʘʙʨʘʟʠʦʥʥʦʡ ʥʠʰʠ, 

ʟʘʣʝʛʘʶʱʠʤʠ ʚ ʩʫʧʝʩʷʭ ʠ ʧʝʩʢʘʭ ʦʩʪʘʥʮʘ II-ʡ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʦʡ ʪʝʨʨʘʩʳ ʠ 

ʭʘʩʳʨʝʷ [ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘé, 2000; ɺʘʩʠʣʴʯʫʢ, ʂʦʪʣʷʢʦʚ, 

2000; ɺʘʩʠʣʴʯʫʢ, 2011; ɹʫʪʘʢʦʚ ʠ ʜʨ., 2018]. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ ʧʝʨʠʦʜʘ 1968-1972 ʛʛ. ʩʦʩʪʘʚʣʷʣʘ -12 Áʉ, ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʸʧʣʦʛʦ 

ʧʝʨʠʦʜʘ 4,6 Áʉ, ʷʥʚʘʨʷ -30,7 Áʉ, ʠʶʣʷ 7,9 Áʉ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʥʝ 

ʙʦʣʝʝ 350 ʤʤ, ʤʦʱʥʦʩʪʴ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʤʝʥʝʝ 50 ʩʤ. ʅʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʣʝʪʥʝʛʦ ʩʝʟʦʥʘ ʦʧʨʝʜʝʣʷʝʪ ʥʝʙʦʣʴʰʫʶ ɻʣʫʙʠʥʫ ʩʝʟʦʥʥʦʛʦ ʦʪʪʘʠʚʘʥʠʷ ï 0,8-1,0 
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ʤ. ɺ ʧʨʝʜʝʣʘʭ ʚʪʦʨʳʭ ʪʝʨʨʘʩ ʜʦʣʠʥʳ ʨ. ɻʳʜʘ ʤʦʱʥʦʩʪʴ ʤʸʨʟʣʳʭ ʪʦʣʱ ʨʝʜʢʦ 

ʜʦʩʪʠʛʘʝʪ 200 ʤ.  

ʈʘʟʨʝʟ ʤ. ʂʘʨʝʧʦʚʩʢʠʡ ï ʧʨʝʜʩʪʘʚʣʝʥ ʇɾʃ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʧʨʠʤʝʩʷʤʠ, ʟʘʣʝʛʘʶʱʝʤ ʚ ʧʝʩʢʘʭ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤ ʜʝʪʨʠʪʦʤ ʠ 

ʩʫʧʝʩʷʭ ʩ ʘʚʪʦʭʪʦʥʥʳʤ ʪʦʨʬʦʤ, ʧʝʨʝʢʨʳʪʳʭ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʨʝʚʝʩʠʥʦʡ ʠ 

ʢʦʨʦʡ, ʱʝʧʦʡ [ʆʧʦʢʠʥʘ ʠ ʜʨ., 2014]. 

ɺ ʪʠʧʠʯʥʦʡ ʪʫʥʜʨʝ ʠʟʫʯʝʥʳ ʧʦʜʟʝʤʥʳʝ ʠ ʩʝʟʦʥʥʳʝ ʣʴʜʳ ʚ ʨʘʟʨʝʟʘʭ ʥʘ 

ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʘʭ ʧ-ʚʘ ʗʤʘʣ: 

ʈʘʟʨʝʟʳ ʤ. ʄʘʨʨʝ-ʉʘʣʝ ï ʧʨʝʜʩʪʘʚʣʝʥ ʧʣʘʩʪʦʚʳʤ ʣʴʜʦʤ 

ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʠ ʠʥʲʝʢʮʠʦʥʥʦ-

ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʛʝʥʝʟʠʩʘ, ʇɾʃ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʚ ʞʠʣʘʭ, 

ʟʘʣʝʛʘʶʱʠʭ ʚ ʩʫʧʝʩʷʭ; ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʞʠʣʢʦʡ, ʟʘʣʝʛʘʶʱʠʭ ʚ 

ʩʫʧʝʩʷʭ, ʧʝʨʝʢʨʳʪʳʭ ʪʦʨʬʦʤ ʚ ʧʨʝʜʝʣʘʭ III -ʡ ʤʦʨʩʢʦʡ ʨʘʚʥʠʥʳ 

ʧʝʨʝʨʘʙʦʪʘʥʥʦʡ ʪʝʨʤʦʢʘʨʩʪʦʤ [ʂʨʠʮʫʢ, 2010]; ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʤʠ ʠ 

ʢʣʠʥʦʚʠʜʥʳʤʠ ʣʴʜʘʤʠ ʠʥʲʝʢʮʠʦʥʥʦ-ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʛʝʥʝʟʠʩʘ [ʉʣʘʛʦʜʘ ʠ ʜʨ., 

2010; ʉʣʘʛʦʜʘ ʠ ʜʨ., 2012, ɹʫʪʘʢʦʚ ʠ ʜʨ., 2020ʘ]. 

ʈʘʟʨʝʟ ʦʟ. ʉʦʭʦʥʪʦ ï ʧʨʝʜʩʪʘʚʣʝʥ ʇɾʃ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʧʨʠʤʝʩʷʤʠ, 

ʟʘʣʝʛʘʶʱʠʤ ʚ ʩʣʦʠʩʪʳʭ ʧʝʩʢʘʭ, ʩʫʧʝʩʷʭ ʠ ʩʫʛʣʠʥʢʘʭ ʩ ʣʠʥʟʘʤʠ ʘʚʪʦʭʪʦʥʥʦʛʦ 

ʪʦʨʬʘ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʤʝʨʟʣʦʡ ʪʦʣʱʠ III ʤʦʨʩʢʦʡ ʨʘʚʥʠʥʳ ʥʘ ʎʝʥʪʨʘʣʴʥʦʤ 

ʗʤʘʣʝ ʚ ʨʘʡʦʥʝ ʩʣʦʞʝʥʘ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠ ʧʨʦʤʝʨʟʘʚʰʠʤʠ ʩʘʨʪʘʥʩʢʠʤʠ 

ʩʫʙʘʵʨʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʩ ʇɾʃ [ʉʣʘʛʦʜʘ ʠ ʜʨ., 2016]. 

ʇʦʣʫʦʩʪʨʦʚ ʗʤʘʣ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʪʫʥʜʨʦʚʦʡ ʟʦʥʳ [ʊʨʦʬʠʤʦʚ, 

1987]. ʉʨʝʜʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʷʥʚʘʨʷ ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ -23 ʜʦ -27 ęʉ, 

ʠʶʣʷ ï ʦʪ +3 ʜʦ +9 ęʉ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʤʝʥʷʶʪʩʷ ʦʪ -11 ęʉ 

ʥʘ ʩʝʚʝʨʝ, ʜʦ -5 ęʉ ʥʘ ʶʛʝ. ɻʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʜʣʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 

ʪʝʨʨʠʪʦʨʠʠ ʙʦʣʝʝ 400 ʤʤ ʚ ʛʦʜ. ʃʝʪʥʠʝ ʦʩʘʜʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʜʣʠʪʝʣʴʥʳʝ ʤʦʨʦʩʷʱʠʝ ʜʦʞʜʠ, ʚ ʢʦʥʮʝ ʣʝʪʘ ï ʩʦ ʩʥʝʛʦʤ. ʉʥʝʛ ʚʳʧʘʜʘʝʪ ʚ 

ʢʦʥʮʝ ʩʝʥʪʷʙʨʷ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʤʘʝ (ʜʦ 50 ʩʤ), 

ʤʠʥʠʤʘʣʴʥʘʷ ʠʶʥʝ-ʠʶʣʝ (0-6 ʩʤ). ʅʘ ʧʦʙʝʨʝʞʴʝ ï ʤʦʨʩʢʦʡ ʘʨʢʪʠʯʝʩʢʠʡ 

ʢʣʠʤʘʪ, ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʦʣʫʦʩʪʨʦʚʘ ï ʤʦʨʩʢʦʡ ʩʫʙʘʨʢʪʠʯʝʩʢʠʡ 
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ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ ʧʦʙʝʨʝʞʴʝ ʂʘʨʩʢʦʛʦ ʤʦʨʷ. 

ʉʨʝʜʥʷʷ ʤʝʩʷʯʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘ ʧʦʙʝʨʝʞʴʝ ʟʠʤʦʡ 7-9 ʤ/ʩʝʢ.  

ʈʘʟʨʝʟ ʨ. ʖʨʠʙʝʡ ï ʧʨʝʜʩʪʘʚʣʝʥ ʇɾʃ ʩ ʧʨʠʤʝʩʴʶ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ 

ʚ ʞʠʣʘʭ, ʟʘʣʝʛʘʶʱʠʭ ʚ ʘʚʪʦʭʪʦʥʥʦʤ ʪʦʨʬʝ ʠ ʟʘʪʦʨʬʦʚʘʥʥʳʭ ʩʫʧʝʩʷʭ ʨʘʡʦʥʝ 

III -ʡ ʨʘʚʥʠʥʳ ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʨ. ʖʨʠʙʝʡ [ʊʠʭʦʥʨʘʚʦʚʘ ʠ ʜʨ., 2017] 

 
ʈʠʩ. 2. ʋʩʣʦʚʠʷ ʟʘʣʝʛʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʚ ʛʦʣʦʮʝʥʦʚʳʭ ʠ ʚʝʨʭʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʂʘʨʩʢʦʛʦ ʨʝʛʠʦʥʘ: 1ï ʟʘʩʦʣʝʥʥʳʝ ʧʝʩʢʠ; 2 ï ʧʝʩʢʠ, ʩʫʧʝʩʠ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ 

ʦʩʪʘʪʢʘʤʠ; 3 ï ʩʫʧʝʩʠ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ; 4 ï ʩʣʦʠʩʪʳʝ ʩʫʛʣʠʥʢʠ, ʩʫʧʝʩʠ 

ʟʘʩʦʣʝʥʥʳʝ ʠ ʦʧʨʝʩʥʝʥʥʳʝ; 5 ï ʩʫʛʣʠʥʢʠ ʧʳʣʝʚʘʪʳʝ ʜʝʣʶʚʠʘʣʴʥʳʝ; 6 ï ʪʦʨʬ, ʙʠʦʛʝʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷ; 7 ï ʪʘʙʝʨʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ: ʩʫʛʣʠʥʢʠ ʠ ʩʫʧʝʩʠ; 8 ï ʦʟʝʨʥʳʝ ʦʪʣʦʞʝʥʠʷ; 9 ï 

ʣʝʜʷʥʳʝ ʞʠʣʳ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ (a), ʣʝʜʦʛʨʫʥʪʦʚʳʝ 

(b), ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʚʳʪʘʷʚʰʠʤ ʇɾʃ (c), ʵʣʝʤʝʥʪʘʨʥʳʝ ʞʠʣʢʠ ʣʴʜʘ (d); 10 ï ʧʣʘʩʪʦʚʳʡ 

ʣʝʜ (a), ʢʣʠʥʦʚʠʜʥʳʡ ʣʝʜ (b), ʣʠʥʟʦʚʠʜʥʳʡ ʧʣʘʩʪʦʚʳʡ ʣʝʜ (c). ɻʝʥʝʟʠʩ ʦʪʣʦʞʝʥʠʡ: a ï 

ʘʣʣʶʚʠʘʣʴʥʳʡ; b ï ʙʠʦʛʝʥʥʳʡ; d ï ʜʝʣʶʚʠʘʣʴʥʳʡ; la ï ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʡ; pm ï 

ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʦʡ; l ï ʦʟʝʨʥʳʡ 

 

ɺ ʧʨʝʜʝʣʘʭ ʶʞʥʦʡ ʪʫʥʜʨʳ ʥʘ ʩʝʚʝʨʝ ʇʫʨ-ʊʘʟʦʚʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ ʚ 

ʨʘʟʨʝʟʝ ʩ. ɻʘʟ-ʉʘʣʝ ʠʟʫʯʝʥʳ ʇɾʃ, ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʝ, ʪʝʨʤʦʢʘʨʩʪʦʚʦ-

ʧʦʣʦʩʪʥʳʝ ʠ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʩʝʛʨʝʛʘʮʠʦʥʥʳʝ ʣʴʜʳ, ʟʘʣʝʛʘʶʱʠʝ ʚ ʪʦʨʬʷʥʦʤ 

ʛʦʨʠʟʦʥʪʝ ʭʘʩʳʨʝʷ [ʊʠʭʦʥʨʘʚʦʚʘ ʠ ʜʨ. 2020]. ʍʘʩʳʨʝʠ ʧʨʠʫʨʦʯʝʥʳ ʢ III  

ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʝ 8-18 ʤ. ʉʨʝʜʥʝʛʦʜʦʚʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 

ʜʦʩʪʠʛʘʶʪ -9,3 Áʉ, ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 

ʜʦʩʪʠʛʘʝʪ 20 Áʉ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʜʦʩʪʠʛʘʝʪ 400 ʤʤ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʠʟ ʢʦʪʦʨʳʭ ʧʘʜʘʝʪ ʥʘ ʪʸʧʣʳʡ ʧʝʨʠʦʜ. ʉʥʝʞʥʳʡ ʧʦʢʨʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʩʝʚʝʨʝ 
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ʦʙʣʘʩʪʠ ʚ ʧʝʨʚʦʡ ʜʝʢʘʜʝ ʦʢʪʷʙʨʷ, ʩʭʦʜ ʩʥʝʛʘ ʟʘʚʝʨʰʘʝʪʩʷ ʚ ʢʦʥʮʝ ʤʘʷ ï ʥʘʯʘʣʝ 

ʠʶʥʷ. ɺʳʩʦʪʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʧʦ ʤʝʪʝʦʜʘʥʥʳʤ ʧ. ʊʘʟʦʚʩʢʠʡ ï 14-16 ʩʤ, ʥʘ 

ʫʯʘʩʪʢʘʭ ʧʦʡʤʳ, ʟʘʥʷʪʳʭ ʠʚʥʷʢʘʤʠ ï ʩʚʳʰʝ 1,0 ʤ [ɻʝʦʢʨʠʦʣʦʛʠʷ ʉʉʉʈé, 

1989]. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʦʧʦʨʥʳʭ ʨʘʟʨʝʟʦʚ 

ʯʝʪʚʝʨʪʠʯʥʳʭ ʣʴʜʠʩʪʳʭ ʪʦʣʱ ʚʢʣʶʯʘʝʪ:  

- ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʘʟʨʝʟʘ ʩ ʫʯʝʪʦʤ ʢʨʠʦʛʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ; 

- ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʪʣʦʞʝʥʠʡ ʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʡ ʠ ʧʦʜʚʠʞʥʦʡ ʬʦʨʤʝ; 

- ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʟʚʝʩʝʡ ʠʟ ʣʴʜʘ ʚ ʚʘʣʦʚʦʡ ʬʦʨʤʝ; 

- ʦʪʙʦʨ ʤʦʥʦʣʠʪʦʚ ʣʴʜʘ, ʠʟʫʯʝʥʠʝ ʝʛʦ ʪʝʢʩʪʫʨʳ ʠ ʩʪʨʫʢʪʫʨʳ, ʭʠʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ; 

- ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʨʝʟʫ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʣʴʜʦʚ. 

ʄʦʥʦʣʠʪʳ, ʦʪʦʙʨʘʥʥʳʝ ʚ 2009 ʛ, ʙʳʣʠ ʨʘʩʧʣʘʚʣʝʥʳ ʚ ʧʦʣʝ, 

ʧʨʦʬʠʣʴʪʨʦʚʘʥʳ ʚ ʧʣʘʩʪʠʢʦʚʳʝ ʸʤʢʦʩʪʠ ʠ ʟʘʤʦʨʦʞʝʥʳ ʜʦ ʧʨʦʚʝʜʝʥʠʷ 

ʘʥʘʣʠʟʦʚ. ʉ 2010 ʜʣʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʥʦʣʠʪʳ ʣʴʜʘ ʙʳʣʠ 

ʩʦʭʨʘʥʝʥʳ ʚ ʤʸʨʟʣʦʤ ʩʦʩʪʦʷʥʠʠ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʦʚ. ɼʣʷ ʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʥʦʣʠʪʳ ʣʴʜʘ ʙʳʣʠ ʟʘʯʠʱʝʥʳ, ʨʘʟʨʝʟʘʥʳ 

ʥʘ ʯʘʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ (ʨʠʩ. 3), 

ʨʘʩʧʣʘʚʣʝʥʳ. ʉʚʝʞʠʝ ʨʘʩʧʣʘʚʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʪʬʠʣʴʪʨʦʚʘʥʳ ʯʝʨʝʟ 

ʧʦʣʠʢʘʨʙʦʥʘʪʥʳʝ ʬʠʣʴʪʨʳ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,45 ʤʢʤ. 

ʀʟʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ, ʨʘʥʝʝ 

ʚʳʜʝʣʝʥʥʳʝ ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʠ ʟʘʣʝʛʘʥʠʶ, ʥʘ ʦʧʦʨʥʳʭ ʨʘʟʨʝʟʘʭ: ʧʣʘʩʪʦʚʳʝ, 

ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʝ, ʇɾʃ, ʢʣʠʥʦʚʠʜʥʳʝ ʣʴʜʳ (ʢʣʠʥʦʚʠʜʥʳʝ ʪʝʣʘ ʩ 

ʚʝʨʪʠʢʘʣʴʥʦ-ʚʦʣʥʠʩʪʦʡ ʩʣʦʠʩʪʦʩʪʴʶ ʠ ʜʘʡʢʠ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʠʥʲʝʢʮʠʦʥʥʦ-

ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʛʝʥʝʟʠʩʘ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʯʘʩʪʠʯʥʦ ʚʳʪʘʷʚʰʠʝ ʷʜʨʘ 

ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ) [ʉʣʘʛʦʜʘ ʠ ʜʨ., 2012]. 
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ʈʠʩ. 3. ɺʳʭʦʜ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ (ʬʦʪʦ ʉʣʘʛʦʜʳ ɽ.ɸ.): ʚʥʝʜʨʝʥʠʝ ʢʣʠʥʦʚʠʜʥʦʛʦ ʣʴʜʘ ʚ 

ʥʠʞʥʶʶ ʟʘʣʝʞʴ ʣʴʜʘ; ʨʘʟʨʝʟ 1-09 (ɸ), ʨʘʟʜʝʣʝʥʠʝ ʤʦʥʦʣʠʪʘ ʣʴʜʘ ʥʘ ʯʘʩʪʠ ʜʣʷ ʭʠʤʠʯʝʩʢʠʭ 

ʘʥʘʣʠʟʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ; ʘʥʘʣʦʛʠʯʥʳʡ ʨʘʟʨʝʟ 2-12 (ɹ). 

ʎʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʪʠʧʳ ʣʴʜʘ: 1 ï ʯʠʩʪʳʡ ʩʪʝʢʣʦʚʘʪʳʡ ʣʸʜ; 2 ï ʩʣʦʠʩʪʳʡ ʣʸʜ ʩ 

ʚʢʣʶʯʝʥʠʷʤʠ ʩʫʛʣʠʥʢʦʚ; 3 ï ʚʝʨʪʠʢʘʣʴʥʦ-ʩʣʦʠʩʪʳʡ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʧʝʩʢʦʚ ʠ ʩʫʧʝʩʝʡ. 
 

ʉʪʨʦʝʥʠʝ ʟʘʣʝʞʝʡ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ, ʥʠʞʥʝʛʦʣʦʮʝʥʦʚʳʭ ʧʦʜʟʝʤʥʳʭ 

ʣʴʜʦʚ ʠ ʤʝʨʟʣʳʭ ʪʦʣʱ ʯʘʩʪʦ ʦʩʣʦʞʥʷʶʪ ʚʥʝʜʨʝʥʥʳʝ ʧʦʟʜʥʝʛʦʣʦʮʝʥʦʚʳʝ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ. ɼʣʷ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʧʦʛʨʝʙʝʥʥʳʭ ʣʴʜʦʚ ʥʘ 

ʧʦʙʝʨʝʞʴʝ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʠ 

ʦʟʝʨʥʳʭ ʣʴʜʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʙʳʪʴ ʟʘʭʦʨʦʥʸʥʥʳʤʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʴʜʘ ʠ ʚʦʜʥʳʭ ʚʳʪʷʞʝʢ ʦʙʨʘʟʮʦʚ 

ʧʦʨʦʜ ʨʘʡʦʥʘ ʩ. ɻʳʜʘ ʣʴʜʳ ʙʳʣʠ ʦʪʬʠʣʴʪʨʦʚʘʥʳ ʚ ʧʣʘʩʪʠʢʦʚʳʝ ʝʤʢʦʩʪʠ ʠ 

ʩʨʘʟʫ ʟʘʤʦʨʦʞʝʥʳ. ʇʨʠ ʘʥʘʣʠʟʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ: ʠʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʪʠʪʨʦʚʘʥʠʷ (HCO3
-), ʪʠʪʨʠʤʝʪʨʠʠ (Cl-, Ca+2, Mg+2), ʪʫʨʙʠʜʠʤʝʪʨʠʠ (SO4

-2), 

ʬʦʪʦʤʝʪʨʠʠ (Fe2+,3+, NH3 ʠ NH4
+, NO3

-, NO2
-, ʤʫʪʥʦʩʪʴ ʧʦ ʢʘʦʣʠʥʫ), ʨʘʩʯʝʪʥʳʝ 

ʤʝʪʦʜʳ (Na++ʂ+, ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʦ ʩʦʩʪʘʚʫ ʠʦʥʦʚ), ʠʦʥʦʤʝʪʨʠʠ (pH), 

ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ. ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʨʦʜʘʭ ʦʮʝʥʝʥʦ ʧʦ 

ʧʦʪʝʨʷʤ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450 Áʉ ʚ 

ʪʝʯʝʥʠʝ 3 ʯ. ʉʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʛʫʤʫʩ) 

ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʦʤ ʧʝʨʤʘʥʛʘʥʘʪʥʦʡ ʦʢʠʩʣʷʝʤʦʩʪʠ. ɸʥʘʣʠʟ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚ 
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ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʡ ʃʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʠ ʠ ʤʝʭʘʥʠʢʠ ʛʨʫʥʪʦʚ ʆʆʆ 

çʊʶʤʝʥʴʇʨʦʤʀʟʳʩʢʘʥʠʷè. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʜ ʦʧʨʝʜʝʣʝʥ ʥʘ 

ʣʘʟʝʨʥʦʤ ʛʨʘʥʫʣʦʤʝʪʨʝ Malvern 3000 ʚ ʀʂɿ ʊʶʤʅʎ ʉʆ ʈɸʅ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʴʜʘ ʇʫʨ-ʊʘʟʦʚʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ 

ʣʝʜ ʙʳʣ ʦʪʦʙʨʘʥ ʠ ʜʦʩʪʘʚʣʝʥ ʤʦʥʦʣʠʪʦʤ ʚ ʤʝʨʟʣʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʨʦʬʠʣʴʪʨʦʚʘʥ 

ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ. ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙ ʣʴʜʘ, ʚʦʜʥʳʭ 

ʚʳʪʷʞʝʢ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʳ ʚ 2017 ʛ. ʧʨʦʚʝʜʝʥʳ ʚ ɸʥʘʣʠʪʠʯʝʩʢʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʠ, ʭʠʤʠʠ ʠ ʤʝʭʘʥʠʢʠ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʅʀʇʀ 

çʅʝʬʪʝʛʘʟʧʨʦʝʢʪè ʊʶʤʝʥʩʢʦʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʇʨʠ ʘʥʘʣʠʟʝ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʠʦʥʦʤʝʪʨʠʠ (pH), 

ʠʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ (HCO3
-) ʥʘ ʧʨʠʙʦʨʝ ʄʫʣʴʪʠʪʝʩʪ ʀʇʃ ʠ 

ɸʅʀʆʅ 4150, ʈʦʩʩʠʷ; ʪʠʪʨʠʤʝʪʨʠʠ (Cl-); ʘʪʦʤʥʦʡ ʘʙʩʦʨʙʮʠʠ (Ca+2, Mg+2) ʠ 

ʘʪʦʤʥʦʡ ʵʤʠʩʩʠʠ ʥʘ (Na+, ʂ+) ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ NovAA 350 ʬʠʨʤʳ Analytik 

Jena, ɻʝʨʤʘʥʠʷ; ʪʫʨʙʠʜʠʤʝʪʨʠʠ (SO4
-2), ʬʦʪʦʤʝʪʨʠʠ (Fe2+,3+, NO3

-, NO2
-, NH4

+) 

ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ UNICO 2800, ʉʐɸ. 

ʍʠʤʠʯʝʩʢʠʡ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʣʴʜʘ ʠ ʧʦʨʦʜ ʨʘʡʦʥʦʚ ʤ. 

ʄʘʨʨʝ-ʉʘʣʝ, ʦʟ. ʉʦʭʦʥʪʦ, ʨ. ʖʨʠʙʝʡ, ʘʨʢʪʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ ɹʝʣʳʡ ʠ 

ʉʠʙʠʨʷʢʦʚʘ, ʧ. ɻʳʜʘʥ, ʇʫʨ-ʊʘʟʦʚʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ, ʩ. ɼʠʢʩʦʥ, ʤ. ʂʘʨʝʧʦʚʩʢʠʡ 

ʚʳʧʦʣʥʝʥ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʛʠʜʨʦʭʠʤʠʠ ʠ ʭʠʤʠʠ ʘʪʤʦʩʬʝʨʳ ʃʠʤʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ. 

ʇʨʦʙʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚ ʚʠʜʝ ʤʦʥʦʣʠʪʦʚ ʣʴʜʘ ʠ ʬʠʣʴʪʨʦʚʘʥʥʦʡ ʚʦʜʳ, 

ʭʨʘʥʠʚʰʠʭʩʷ ʚ ʤʝʨʟʣʦʤ ʩʦʩʪʦʷʥʠʠ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʦʚ. ɼʣʷ ʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ, ʤʦʥʦʣʠʪʳ ʣʴʜʘ ʙʳʣʠ ʟʘʯʠʱʝʥʳ, ʨʘʩʧʣʘʚʣʝʥʳ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʦʪʬʠʣʴʪʨʦʚʘʥʳ ʯʝʨʝʟ ʘʮʝʪʘʪ-ʮʝʣʣʶʣʦʟʥʳʝ ʬʠʣʴʪʨʳ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,45 ʤʢʤ. 

ʆʩʥʦʚʥʳʝ ʢʘʪʠʦʥʳ ʚ ʨʘʩʧʣʘʚʘʭ ʣʴʜʘ ʠ ʚʦʜʥʦʡ ʚʳʪʷʞʢʝ ʠʟ ʦʪʣʦʞʝʥʠʡ (Na+, K+, 

Ca2+, Mg2+) ʠʟʤʝʨʷʣʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦʡ ʘʙʩʦʨʙʮʠʠ ʥʘ ʧʣʘʤʝʥʥʦʤ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ AAS-30 ʬʠʨʤʳ Karl Zeiss Jena, ɻʝʨʤʘʥʠʷ. ɸʥʠʦʥʳ (SO4
2-, 

NO3
-, Cl-) ï ʤʝʪʦʜʦʤ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ʄʠʣʣʠʭʨʦʤ ɸ-02, ʕʢʦʥʦʚʘ, 

ʈʦʩʩʠʷ), ʛʠʜʨʦʢʘʨʙʦʥʘʪʳ (HCO3
-) ï ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʪʠʪʨʦʚʘʥʠʝʤ; 

ʢʨʝʤʥʠʡ, ʬʦʩʬʘʪʳ, ʘʤʤʦʥʠʡ, ʥʠʪʨʘʪʳ ʠ ʥʠʪʨʠʪʳ ï ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 
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(ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ UNICO-2100 (Unico, ʉʐɸ). ɺ ʢʘʯʝʩʪʚʝ ʢʘʣʠʙʨʦʚʦʯʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʳ ʬʠʨʤʳ Cica-Reagent (ʗʧʦʥʠʷ).  

ʈʘʩʧʣʘʚʦʚ ʣʴʜʘ, ʚʦʜʳ ʠ ʘʮʝʪʘʪʥʦ-ʘʤʤʦʥʠʡʥʦʡ ʚʳʪʷʞʢʠ ʠʟ ʦʪʣʦʞʝʥʠʡ 

ʙʳʣ ʚʳʧʦʣʥʝʥ ʥʘ ʢʚʘʜʨʫʧʦʣʴʥʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ Agilent 7500ce ʬʠʨʤʳ 

Agilent Technologies Inc., ʉʐɸ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʧʦʪʦʯʥʦʛʦ (100 

ʤʤ3/ʤʠʥ) ʨʘʩʧʳʣʠʪʝʣʷ ʠ ʩʠʩʪʝʤʳ ʚʚʦʜʘ ʦʙʨʘʟʮʘ ʜʣʷ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʤʝʪʦʜʦʤ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 68-ʵʣʝʤʝʥʪʥʳʡ ʩʪʘʥʜʘʨʪʥʳʡ ʨʘʩʪʚʦʨ 

68 Element Standard Sol A-C (High Purity Standards, ʉʐɸ). 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʠʭ 

ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 3 ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʘ: ʜʦʥʥʦʛʦ ʠʣʘ ʦʟ. ɹʘʡʢʘʣ 

(ɹʀʃ-1), ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʩʫʧʝʩʯʘʥʦʡ ʧʦʯʚʳ (ʉɼʇʉ-3) ʠ ʯʝʨʥʦʟʝʤʘ 

ʪʠʧʠʯʥʦʛʦ (ʉʏʊ). ʂʦʥʪʨʦʣʴ ʜʨʝʡʬʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʚʳʧʦʣʥʷʣʩʷ ʧʦ 

ʚʥʫʪʨʝʥʥʝʤʫ ʩʪʘʥʜʘʨʪʫ In ʠ ʧʦ ʫʩʨʝʜʥʝʥʥʦʡ ʧʨʦʙʝ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ 

ʩʤʝʰʠʚʘʥʠʠ 6 ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʚʳʙʨʘʥʥʳʭ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʛʣʘʚʥʳʭ ʠʦʥʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠʥʮʠʧ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʠ (ʦʮʝʥʢʘ ʙʘʣʘʥʩʘ ʢʘʪʠʦʥʦʚ ʠ 

ʘʥʠʦʥʦʚ). ʂʨʦʤʝ ʵʪʦʛʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʉʨʘʚʥʠʚʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʭʣʦʨʠʜʦʚ, ʩʫʣʴʬʘʪʦʚ ʤʝʪʦʜʦʤ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʬʦʩʬʘʪʦʚ ʤʝʪʦʜʦʤ 

ʬʦʪʦʤʝʪʨʠʠ ʠ Cl, S, P ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ʨʠʩ. 4). ʉʫʤʤʘʨʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦ ʤʝʜʠʘʥʝ ʩʦʩʪʘʚʠʣʦ 5 %. ʉʘʤʘʷ 

ʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʧʦ ʨʘʩʯʝʪʥʳʤ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʚʳʷʚʣʝʥʘ ʜʣʷ 

SO4
-2/S ʠ PO4

-3/P ʪ.ʢ. ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ S ʠ P ʚʦ ʣʴʜʘʭ ʥʘʭʦʜʠʪʩʷ ʥʝ ʚ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ. 
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ɺʦ ʚʩʝʭ ʧʨʦʙʘʭ 

ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʠʟʤʝʨʷʣʠ ʫʜʝʣʴʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʩʨʘʚʥʠʚʘʣʠ ʩ 

ʩʫʤʤʦʡ ʛʣʘʚʥʳʭ ʠʦʥʦʚ (ʨʠʩ. 5ɸ). 

ʇʨʠ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʢʦʥʪʨʦʣʝ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

ʷʚʣʷʝʪʩʷ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʠʦʥʳ 

NH4
+, Ca2+, Mg2+, Na+, K+, HCO3

-, 

SO4
2-, NO3

-, Cl- ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʧʦʣʥʳʡ ʥʘʙʦʨ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ 

ʨʘʩʪʚʦʨʝ ʠʦʥʦʚ.  

 
ʈʠʩ. 4. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʧʦ 

ʩʦʩʪʘʚʫ ʣʴʜʦʚ ʠ ʚʦʜ, ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʤʝʪʦʜʦʤ ʠʦʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ 34 ʠʟʫʯʝʥʥʳʭ ʧʨʦʙ ʣʴʜʘ ʠ 

ʚʦʜʳ 

ɺ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʜʣʷ ʥʠʟʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʨʘʟʥʠʮʘ ʚ 

ʙʘʣʘʥʩʝ ʘʥʠʦʥʦʚ ʠ ʢʘʪʠʦʥʦʚ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 10 %. ɹʦʣʝʝ ʚʳʩʦʢʘʷ 

ʨʘʟʥʠʮʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʪʦʯʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʜʫʨ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʘʛʨʘʤʤʳ ʧʦ 75 

ʦʙʨʘʟʮʘʤ ʦʰʠʙʢʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʩʪʘʚʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦ ʤʝʜʠʘʥʝ 8 % (ʨʠʩ. 5ɹ). 

ɸ ɹ 

  
ʈʠʩ. 5. ʉʦʦʪʥʦʰʝʥʠʝ ɸ ï ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʩʫʤʤʳ ʦʩʥʦʚʥʳʭ ʠʦʥʦʚ (86 ʧʨʦʙ ʣʴʜʘ) ʠ ɹ 

ï ʦʩʥʦʚʥʳʭ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ (75 ʧʨʦʙ ʣʴʜʘ) 
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1.3. ʄʝʪʦʜʳ, ʘʧʨʦʙʘʮʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʙʘʟʳ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʦʪʦʙʨʘʥʥʳʭ ʧʨʦʙ ʚʩʝʛʜʘ ʥʝʩʫʪ ʥʝʢʦʪʦʨʫʶ ʜʦʣʶ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʦʧʨʦʙʦʚʘʥʠʝʤ ʠ ʘʥʘʣʠʟʦʤ ʧʨʦʙ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʦʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʨʨʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʦʛʨʘʥʠʯʝʥʥʳʤ ʚʳʙʦʨʢʘʤ.  

ʇʨʘʚʠʣʴʥʦʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ ʥʝ ʤʦʞʝʪ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ ʘʥʘʣʠʟʘ ʝʜʠʥʠʯʥʦʡ ʧʨʦʙʳ, ʘ ʪʦʣʴʢʦ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʠʩʩʣʝʜʫʝʤʫʶ ʯʘʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɺʘʞʥʝʡʰʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʷʚʣʷʶʪʩʷ ʠʭ ʚʘʨʠʘʮʠʠ ï 

ʠʟʤʝʥʯʠʚʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʚʢʣʶʯʘʣʘ ʩʦʩʪʘʚʣʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠ ʵʣʝʤʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʨʦʙ, ʠ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʳ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʙʨʘʟʮʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ ʣʴʜʘ, ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʚʟʚʝʩʠ ʠʟ ʣʴʜʘ 

çGeochem Anomalyè (ʨʠʩ. 6).  

 

ʈʠʩ. 6. ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʳ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʦʥʥʦʛʦ ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʣʴʜʦʚ, ʚʦʜ ʠ ʦʪʣʦʞʝʥʠʡ 
 

ʅʘ ʙʘʟʝ MS Excel ʤʘʩʩʠʚ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʙʳʣ ʨʘʟʜʝʣʝʥ ʥʘ ʛʨʫʧʧʳ ʧʦ ʨʘʡʦʥʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʤʠʥʝʨʘʣʴʥʦʡ ʚʟʚʝʩʠ ʚʦ ʣʴʜʫ, ʧʦ ʛʝʥʝʟʠʩʫ ʠ ʚʦʟʨʘʩʪʫ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ. 

ɹʘʟʘ ʜʘʥʥʳʭ 

ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ 

ʊʘʙʣʠʮʳ  

ʯʠʩʣʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ 

ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ 

ɹʣʦʢ 1. ʆʙʨʘʙʦʪʢʘ ʩʦʩʪʘʚʘ 

ʦʩʥʦʚʥʳʭ ʠʦʥʦʚ 

ɹʣʦʢ 3. ɸʥʘʣʠʟ ʛʝʦʭʠʤʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 
Ή͔͔͍ͣͤͭͦ͡ 

ɹʣʦʢ 5. ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ɹʣʦʢ 4. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

58 ʵʣʝʤʝʥʪʦʚ ʩ ʢʣʘʨʢʦʚʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ, ʜʣʷ ʫʯʝʪʘ ʨʘʟʥʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ 

ˣͦ͟͡ 2. ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʈʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ ʚ ʚʠʜʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʣʠ 

ʝʜʠʥʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥ  r ʩ ʧʦʤʦʱʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ (ʦʮʝʥʢʦʡ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ) ʠ 

ʤʝʪʦʜʦʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦ-ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ [ɼʵʚʠʩ, 1990]. 

ɼʣʷ ʦʮʝʥʢʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʣʴʜʦʚ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʖ.ʂ. 

ɺʘʩʠʣʴʯʫʢʘ [2016]. ʇʨʠ ʥʘʠʤʝʥʦʚʘʥʠʠ ʪʠʧʘ ʚʦʜʳ ʫʯʠʪʳʚʘʣʠ ʘʥʠʦʥʳ ʠ 

ʢʘʪʠʦʥʳ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 20 % ʦʪ ʩʫʤʤʳ 

ʤʠʣʣʠʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ï ʦʪ 

ʤʝʥʴʰʝʛʦ ʟʥʘʯʝʥʠʷ ʢ ʙʦʣʴʰʝʤʫ. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʠʘʛʨʘʤʤʘ ʇʘʡʧʝʨʘ [ɼʵʚʠʩ, 1970] 

ʇʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʩʦʦʪʥʦʰʝʥʠʡ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʚʦʜ,r ʩʬʦʨʤʠʨʦʚʘʚʰʝʡ ʣʝʜ. ʄʦʨʩʢʦʡ ʪʠʧ 

ʠʩʭʦʜʥʳʭ ʚʦʜ ʜʣʷ ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʭ ʣʴʜʦʚ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ 

ʦʩʥʦʚʥʳʭ ʠʦʥʦʚ Cl- >> SO4
2- > HCO3

- ʠ Na+ >> Mg2+ > Ca2+; ʩʦʦʪʥʦʰʝʥʠʶ Na/ʉʘ; 

Cl/Br, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʶ ʙʦʨʘ, ʩʪʨʦʥʮʠʷ, ʡʦʜʘ; ʩʦʦʪʥʦʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ I/Cl, 

Br/Cl ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʤʦʨʩʢʦʡ ʛʝʥʝʟʠʩ ʚʦʜʳ [ʍʠʤʝʥʢʦʚ, ɹʨʫʰʢʦʚ, 2003]. 

ʉʦʦʪʥʦʰʝʥʠʷ Fe/Ni, Fe/Co ʠʥʦʛʜʘ ʩʯʠʪʘʶʪ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦʩʪʫʧʣʝʥʠʷ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʪʣʦʞʝʥʠʷ [ʂʦʣʝʩʥʠʢʦʚ, ʂʦʣʝʩʥʠʢʦʚʘ, 2010]. ɼʣʷ 

ʚʪʦʨʠʯʥʦ ʧʨʦʤʝʨʟʰʠʭ ʦʪʣʦʞʝʥʠʡ ʪʘʣʠʢʦʚ ʚʳʷʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ SO4
-2 ʚ 

ʩʦʩʪʘʚʝ ʩʦʣʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʧʨʦʤʝʨʟʘʥʠʝʤ ʚʦʜ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ [ʂʨʠʮʫʢ, 

2010]. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʨʘʟʣʠʯʠʡ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʠ 

ʥʦʨʤʘʣʠʟʘʮʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʚʦ ʣʴʜʘʭ ʩ ʢʣʘʨʢʘʤʠ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʨʝʯʥʦʡ ʠ ʤʦʨʩʢʦʡ ʚʦʜʝ (ʧʨʠʣ., ʪʘʙʣ. 1) [ʉʧʨʘʚʦʯʥʠʢé, 1990]. ɼʣʷ 

ʦʮʝʥʢʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʩʨʘʚʥʠʚʘʣʠ ʩ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʚ ʚʦʜʘʭ [ɻʠʛʠʝʥʠʯʝʩʢʠʝ ʥʦʨʤʘʪʠʚʳ 

é, 2003]. ʄʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚʦ ʣʴʜʫ ʩʚʷʟʘʥʳ ʩ ʧʝʨʝʥʦʩʦʤ ʚʦʜʳ, 

ʩʫʩʧʝʥʟʠʡ ʠ ʧʦʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʦʪʣʦʞʝʥʠʡ ʧʨʠ ʠʭ ʧʨʦʤʝʨʟʘʥʠʠ. ɿʘ ʢʨʠʪʝʨʠʡ 

ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ʧʨʠʥʷʪʦ ʧʨʝʚʳʰʝʥʠʝ ʢʣʘʨʢʘ ʵʣʝʤʝʥʪʘ 

ʙʦʣʝʝ ʯʝʤ ʚ 1,5 ʨʘʟʘ, ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ.  
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ʆʜʥʦʟʥʘʯʥʳʭ ʠʥʪʝʨʧʨʝʪʘʮʠʡ ʩʦʦʪʥʦʰʝʥʠʡ ʛʣʘʚʥʳʭ ʠʦʥʦʚ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ, ʥʫʞʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ 

ʧʦʩʪʫʧʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʘʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʪʘʙʣ. 1).  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʛʝʦʭʠʤʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʤʝʨʟʣʦʡ ʪʦʣʱʝ 

ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʤʝʨʟʣʳʭ ʧʦʨʦʜʘʭ ʤʝʪʘʥʦʙʨʘʟʫʶʱʠʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʩʠʥʪʝʟʠʨʫʶʪ ʙʠʦʛʝʥʥʳʡ ʤʝʪʘʥ [ʈʠʚʢʠʥʘ ʠ ʜʨ., 2006]. 

ʄʝʪʠʣʦʪʨʦʬʥʳʝ ʙʘʢʪʝʨʠʠ ʩʦʜʝʨʞʘʪ ʙʝʣʢʠ, ʠʤʝʶʱʠʝ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ 

ʣʘʥʪʘʥ ʠ ʮʝʨʠʡ [ʆʰʢʠʥ, 2017]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʜʦʙʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ 

ʤʦʛʣʠ ʘʢʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʦʪʣʦʞʝʥʠʷʭ, 

ʦʙʦʛʘʱʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʩʪʘʪʢʘʤʠ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ ʷʚʣʷʝʪʩʷ 

ʠʥʜʠʢʘʪʦʨʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

[Elderfield, 1988; Johannesson, 1997]. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ 

ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʤʦʛʫʪ ʥʘʩʣʝʜʦʚʘʪʴ ʩʦʩʪʘʚ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʣʘʥʪʘʥʦʠʜʦʚ ʦʪ ʧʦʨʦʜ ʠʣʠ ʚʦʜʥʳʭ ʤʘʩʩ, ʩ ʢʦʪʦʨʳʤʠ ʦʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

[Fee, 1992; Gosselin, 1992]. ʏʪʦʙʳ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʠʟʤʝʥʝʥʠʠ 

ʩʦʩʪʘʚʘ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʯʝʪʥʳʭ ʠ ʥʝʯʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʥʦʨʤʘʣʠʟʘʮʠʠ ʩʦʩʪʘʚʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʥʘ ʩʦʩʪʘʚ ʚ 

ʭʦʥʜʨʠʪʘʭ, ʠʣʠ ʚ ʩʣʘʥʮʝ. ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʜʝʨʞʘʥʠʷ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ 

ʥʘ NASC (North American Shale Composite) [Gromet, 1984]. ʉʧʝʢʪʨʳ 

ʩʦʜʝʨʞʘʥʠʡ ʦʮʝʥʠʚʘʶʪ ʧʦ ʚʝʣʠʯʠʥʝ ʮʝʨʠʝʚʦʡ (Cean), ʝʚʨʦʧʠʝʚʦʡ (Euan) 

ʘʥʦʤʘʣʠʡ ʠ ʩʦʦʪʥʦʰʝʥʠʶ ʣʝʛʢʠʭ (ʃLa) ʠ ʪʷʞʝʣʳʭ (ʊLa) ʣʘʥʪʘʥʦʠʜʦʚ, 

ʚʳʨʘʞʝʥʥʳʭ ʢʘʢ: Cean = Ce/CeNASC / (2/3ĬLa/LaNASC + 1/3ĬNd/NdNASC);  

Euan = 2ĬEu/EuNASC / (Sm/SmNASC + Gd/GdNASC);  

(ʃLa/ʊLa)NASC
 = (La/LaNASC + 2ĬPr/PrNASC + Nd/NdNASC) / (Er/ErNASC + 

Tm/TmNASC + Yb/YbNASC + Lu/LuNASC) [Kato et al. 1998; ɼʫʙʠʥʠʥ, 2004]. 
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ʎʝʨʠʝʚʘʷ ʘʥʦʤʘʣʠʷ ï ʠʥʜʠʢʘʪʦʨ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ. [Gromet, 1984]. Cean, ʨʘʚʥʘʷ ʝʜʠʥʠʮʝ, ʦʟʥʘʯʘʝʪ 

ʦʪʩʫʪʩʪʚʠʝ ʤʦʨʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʘ ʯʝʤ ʦʥʘ ʙʣʠʞʝ ʢ ʥʫʣʶ, ʪʝʤ ʩʠʣʴʥʝʝ ʚʣʠʷʥʠʝ 

ʤʦʨʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʣʘʥʪʘʥʦʠʜʦʚ. Euan ï ʠʥʜʠʢʘʪʦʨ ʧʦʩʪʫʧʣʝʥʠʷ ʛʣʫʙʠʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʦʩʘʜʢʠ (ʛʠʜʨʦʪʝʨʤʳ, ʚʦʩʭʦʜʷʱʠʝ ʬʣʶʠʜʥʳʝ ʧʦʪʦʢʠ) [ɹʘʣʘʰʦʚ, 

1985], ʘ ʪʘʢʞʝ ʜʠʘʛʝʥʝʟʘ ʩ ʫʯʘʩʪʠʝʤ ʢʠʩʣʦʨʦʜʘ [ʐʘʪʨʦʚ, 2007]. ʆʪʨʠʮʘʪʝʣʴʥʦʡ 

ʥʘʟʳʚʘʝʪʩʷ ʘʥʦʤʘʣʠʷ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ, 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ï ʧʨʠ ʝʝ ʯʠʩʣʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ. ʉʦʦʪʥʦʰʝʥʠʝ 

ʃLa/ʊLa ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʢʠʩʣʳʭ ʠ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʚ 

ʠʩʪʦʯʥʠʢʘʭ ʩʥʦʩʘ [Kuļera et al, 2009]. ɺ ʬʘʮʠʘʣʴʥʳʭ ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ 

ʦʪʥʦʰʝʥʠʝ La/Sm ʚ ʦʩʘʜʢʘʭ ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʣʘʥʪʘʥʦʠʜʦʚ 

ʚ ʤʦʨʩʢʠʭ ʙʘʩʩʝʡʥʘʭ. La/Sm ʚ ʧʨʠʙʨʝʞʥʳʭ ʟʦʥʘʭ ʚʦʟʨʘʩʪʘʝʪ, ʚ ʫʜʘʣʝʥʥʳʭ ʠ 

ʛʣʫʙʦʢʠʭ ï ʧʦʥʠʞʘʝʪʩʷ [ʐʘʪʨʦʚ ʠ ʜʨ., 2004]. ʉʦʦʪʥʦʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʠʦʥʦʚ ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʙʩʪʘʥʦʚʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʠ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ (ʪʘʙʣ. 1).  

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʠʟʫʯʝʥʳ 

ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʦʡ ʠ ʦʟʝʨʥʳʡ ʣʴʜʳ ʚ ʨʘʡʦʥʝ ʤ. ʄʘʨʨʝ-ʉʘʣʝ; ʬʠʨʥ ʣʝʜʥʠʢʘ 

ʈʦʤʘʥʪʠʢʦʚ (ʛʦʨʥʳʡ ʤʘʩʩʠʚ ʈʘʡ-ʀʟ ʥʘ ʚʳʩʦʪʝ ʦʢʦʣʦ 800 ʤ); ʚʦʜʳ ʦʟ. ʉʦʭʦʥʪʦ 

ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʝʤʫ ʪʝʨʤʦʢʘʨʩʪʦʚʦʛʦ ʦʟʝʨʘ ʠ ʨʫʯʴʷ. ʂʝʨʥ ʧʨʠʙʨʝʞʥʦ-

ʤʦʨʩʢʦʛʦ ʣʴʜʘ, ʤʦʱʥʦʩʪʴʶ 1,8 ʤ, ʙʳʣ ʦʪʦʙʨʘʥ ʚ 0,9 ʢʤ ʠ 0,2 ʢʤ ʦʪ ʙʝʨʝʛʦʚʦʡ 

ʟʦʥʳ ʚ ʨʘʡʦʥʝ ʤ. ʄʘʨʨʝ-ʉʘʣʝ, ʧʦʜ ʩʥʝʞʥʳʤ ʧʦʢʨʦʚʦʤ ʤʦʱʥʦʩʪʴʶ 30 ʩʤ. 

ʈʝʣʴʝʬ ʜʥʘ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ ʩ ʣʦʞʙʠʥʘʤʠ ʛʣʫʙʠʥʦʡ 3 ʤ ʨʘʟʜʝʣʸʥ ʩʝʨʠʷʤʠ 

ʧʦʜʚʦʜʥʳʭ ʚʜʦʣʴʙʝʨʝʛʦʚʳʭ ʚʘʣʦʚ, ʛʜʝ ʚ ʧʝʨʠʦʜ ʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʧʘʷ 

ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʪʦʨʦʩʳ ʠ ʩʪʘʤʫʭʠ.  

ʇʨʠʙʨʝʞʥʳʡ ʧʨʠʧʘʡ ʚ 0,2 ʢʤ ʦʪ ʙʝʨʝʛʘ ʠʤʝʝʪ ʤʠʥʝʨʘʣʠʟʘʮʠʶ 1,1-1,2 

ʛ/ʜʤ3 ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ Cl- ʠ Na+ (ʧʨʠʣ., ʪʘʙʣ. 2) [ɹʫʪʘʢʦʚ ʠ ʜʨ., 2020ʚ]. 

ʉʦʜʝʨʞʘʥʠʝ ʣʘʥʪʘʥʘ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʧʨʝʚʳʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʦʩʪʘʣʴʥʳʭ 

ʣʘʥʪʘʥʦʠʜʦʚ. ɼʣʷ ʣʴʜʘ ʚʳʷʚʣʝʥʘ ʩʠʣʴʥʦ ʦʪʨʠʮʘʪʝʣʴʥʘʷ Cean, ʢʦʪʦʨʘʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ ʩ 0,0002 ʜʦ 0,002. Euan ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ ʩ 

0,95 ʜʦ 3,04. ɺ ʩʦʦʪʥʦʰʝʥʠʠ ʃLa/ʊLa ʧʨʝʦʙʣʘʜʘʶʪ ʣʝʛʢʠʝ ʣʘʥʪʘʥʦʠʜʳ (16-47) 
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(ʨʠʩ. 7). ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ ʤʦʨʩʢʠʭ ʚʦʜ ʣʸʜ ʦʙʦʛʘʱʝʥ La ʚ 2270 ʨʘʟ; Mn ʚ 

594 ʨʘʟ; Th ʚ 172 ʨʘʟ; Ce, Cr, Cu ʚ 50-65 ʨʘʟ; Eu, Se, Sm, Sn, Sb, Zn, Fe, P ʚ 11-

36 ʨʘʟ; Gd, Tm, Co, Lu, Tb, Ho, Ni, Yb, Er, Pr, Nd, Cd, Dy, Ti, Pb, Zr, V ʚ 2-9 ʨʘʟ 

(ʧʨʠʣ., ʪʘʙʣ. 1, ʨʠʩ. 8).  

 
ʈʠʩ. 7. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʝʟʦʥʥʳʭ ʣʴʜʦʚ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʦʚ ʗʤʘʣʘ ʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ; 

ʃla/ʊla ï ʩʦʦʪʥʦʰʝʥʠʝ ʣʝʛʢʠʭ ʠ ʪʷʞʝʣʳʭ ʣʘʥʪʘʥʦʠʜʦʚ; Euan ï ʝʚʨʦʧʠʝʚʘʷ ʘʥʦʤʘʣʠʷ, Cean ï 

ʮʝʨʠʝʚʘʷ ʘʥʦʤʘʣʠʷ 
 

ʄʦʨʩʢʦʡ ʣʸʜ ʚ 0,9 ʢʤ ʦʪ ʙʝʨʝʛʘ ʠʤʝʝʪ ʤʠʥʝʨʘʣʠʟʘʮʠʶ 2,1-3,5 ʛ/ʜʤ3 ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ Cl- ʠ Na+ (ʧʨʠʣ., ʪʘʙʣ. 2) (Butakov et al., 2020). ʄʠʥʝʨʘʣʠʟʘʮʠʷ 



30 

 

ʣʴʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ. ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʩʥʦʚʥʳʭ ʠʦʥʦʚ ʚ 

ʤʦʨʩʢʦʤ ʣʴʜʫ ʧʦ ʛʣʫʙʠʥʝ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʦ 

ʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ ʤʦʨʩʢʦʡ ʚʦʜʳ (ʂʨʠʮʫʢ, 2010). ʉʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʣʘʥʪʘʥʦʠʜʦʚ ʚʦ ʣʴʜʫ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪ ʦʪ 4 ʜʦ 32 ʤʢʛ/ʜʤ3 ʧʨʠ ʩʨʝʜʥʝʤ 

ʟʥʘʯʝʥʠʠ 9,1 ʤʢʛ/ʜʤ3). 

 
ʈʠʩ. 8. ʇʨʝʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʤʦʨʩʢʦʤ ʣʴʜʫ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ ʥʘʜ 

ʢʣʘʨʢʘʤʠ ʤʦʨʩʢʠʭ ʚʦʜ 
 

ʉʫʤʤʘ ʣʘʥʪʘʥʦʠʜʦʚ ʠʤʝʝʪ ʢʦʨʨʝʣʷʮʠʶ (ʟʜʝʩʴ ʠ ʜʘʣʝʝ R2 > 0,7) ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ Al, Cs, U. ʉʦʜʝʨʞʘʥʠʝ ʣʘʥʪʘʥʘ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʧʨʝʚʳʰʘʝʪ 

ʩʦʜʝʨʞʘʥʠʝ ʦʩʪʘʣʴʥʳʭ ʣʘʥʪʘʥʦʠʜʦʚ. ɼʣʷ ʣʴʜʘ ʚʳʷʚʣʝʥʘ ʩʠʣʴʥʦ ʦʪʨʠʮʘʪʝʣʴʥʘʷ 

Cean (0,002) ʠ ʚ ʩʨʝʜʥʝʤ ʧʦʣʦʞʠʪʝʣʴʥʘʷ Euan (1,65) ʘʥʦʤʘʣʠʠ. Euan ʘʥʦʤʘʣʠʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʛʣʫʙʠʥʝ, ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ Euan (0,40) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʢʣʶʯʝʥʠʶ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʦʩʣʦʝʢ ʦʪʣʦʞʝʥʠʡ ʚʦ ʣʴʜʫ, 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (1,6-2,4) ʚʳʷʚʣʝʥʳ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ. 

ɺ ʩʦʦʪʥʦʰʝʥʠʠ ʃLa/ʊLa ʧʨʝʦʙʣʘʜʘʶʪ ʣʝʛʢʠʝ ʣʘʥʪʘʥʦʠʜʳ (18-91) (ʨʠʩ. 7). 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ ʤʦʨʩʢʠʭ ʚʦʜ ʣʸʜ ʦʙʦʛʘʱʝʥ La ʚ 3327 ʨʘʟ; Mn ʚ 339 ʨʘʟ; 

Th, Cr, Ce ʚ 113-168 ʨʘʟ; Se ʚ 85 ʨʘʟ; Cu ʚ 66 ʨʘʟ; Fe, Ni, Zn, Cd, Sn, Al , P, Sb, 

Sm, Eu, Tb ʚ 10-44 ʨʘʟʘ; Ti, V, Co, Zr, Pr, Nd, Gd, Dy, Ho, Er, Tm, Yb, Lu, Pb ʚ 

4-8 ʨʘʟ (ʧʨʠʣ., ʪʘʙʣ. 1, ʨʠʩ. 8).  

ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʦʛʦ ʣʴʜʘ ʚ ʨʘʡʦʥʝ ʤ. ʄʘʨʨʝ-

ʉʘʣʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʣʘʨʢʦʚʳʭ ʟʥʘʯʝʥʠʡ ʤʦʨʩʢʦʡ ʠ ʨʝʯʥʦʡ ʚʦʜʳ. 
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ʉʦʩʪʘʚ ʩʬʦʨʤʠʨʦʚʘʥ ʟʘ ʩʯʝʪ ʚʦʜʳ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ ʩ ʫʯʘʩʪʠʝʤ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʪʦʢʘ, ʨʘʟʤʳʚʘ ʙʝʨʝʛʦʚ, ʦʪʪʘʠʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʠ 

ʟʘʭʚʘʪʘ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʩʦʩʪʘʚ ʣʴʜʘ. [ɹʫʪʘʢʦʚ ʠ ʜʨ., 2020ʚ] 

ʆʟʝʨʥʳʡ ʣʝʜ ʦʟ. ʉʶʨʪʘʚ-ʄʘʣʪʦ ʫʣʴʪʨʘʧʨʝʩʥʳʡ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ, ʦʪ 23 ʤʛ/ʜʤ3 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ 4 ʤʛ/ʜʤ3 ʥʘ ʛʣʫʙʠʥʝ. 

ʉ ʛʣʫʙʠʥʦʡ ʤʝʥʷʝʪʩʷ ʢʘʪʠʦʥʥʦ-ʘʥʠʦʥʥʳʡ ʩʦʩʪʘʚ ʦʪ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʦʛʦ, 

ʥʘʪʨʠʝʚʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʢ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʦʤʫ ʢʘʣʴʮʠʝʚʦ-

ʥʘʪʨʠʝʚʦ-ʤʘʛʥʠʝʚʦʤʫ ʩʦʩʪʘʚʫ ʥʘ ʛʣʫʙʠʥʝ 0,55 ʤ (ʧʨʠʣ., ʪʘʙʣ. 2). ʊʘʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʨʘʞʘʝʪ ʩʝʟʦʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ 

ʣʝʜʦʩʪʘʚʝ ʠ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʨʩʢʠʭ ʘʵʨʦʟʦʣʝʡ ʚ ʩʥʝʛʝ, 

ʧʝʨʝʢʨʳʚʘʶʱʝʤ ʦʟʝʨʥʳʡ ʣʝʜ ʚ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʪ.ʢ. ʥʝ ʚʩʷ ʘʢʚʘʪʦʨʠʷ 

ʤʦʨʷ ʧʦʢʨʳʪʘ ʣʴʜʦʤ [Mazurek et al., 2012]. ɸʥʦʤʘʣʠʠ ʣʘʥʪʘʥʦʠʜʦʚ ʦʪʨʘʞʘʶʪ 

ʥʘʢʦʧʣʝʥʠʝ ʣʴʜʘ. 

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʟʝʨʥʦʛʦ ʣʴʜʘ, ʚ ʩʣʦʷʭ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʟʘ ʩʯʝʪ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʣʝʜ ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʫʶ Cean (0,03-0,05) ʠ Euan (0,8-1,0) 

ʘʥʦʤʘʣʠʠ ʠ ʩʫʤʤʫ ʣʘʥʪʘʥʦʠʜʦʚ (1,2 ʤʢʛ/ʜʤ3). ɺ ʩʣʦʷʭ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʟʘ 

ʩʯʝʪ ʦʟʝʨʥʦʡ ʚʦʜʳ, ʟʥʘʯʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚʳʰʝ ï Cean (0,06-0,07) ʠ Euan (1,1), 

ʩʫʤʤʘ ʣʘʥʪʘʥʦʠʜʦʚ ʤʝʥʴʰʝ (0,6 ʤʢʛ/ʜʤ3). ʉʫʤʤʘ ʣʘʥʪʘʥʦʠʜʦʚ ʥʝ ʠʤʝʝʪ 

ʢʦʨʨʝʣʷʮʠʶ ʩ ʠʟʤʝʥʝʥʠʝʤ ʛʣʫʙʠʥʳ ʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ ʠʦʥʘʤʠ 

Mg+2 (R2 = -0.99), ʥʦ ʢʦʨʨʝʣʠʨʫʝʪ (R2 > 0,70) ʩ ʩʦʜʝʨʞʘʥʠʝʤ Li, Be, Mn, Se, Y, 

Zr, Ag, Sb, I, Tl, Pb. ʉʦʦʪʥʦʰʝʥʠʝ ʃLa/ʊLa ʧʨʝʦʙʣʘʜʘʶʪ ʣʝʛʢʠʝ ʣʘʥʪʘʥʦʠʜʳ (4-

6) (ʨʠʩ. 7).  

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʦʟʝʨʥʦʛʦ ʣʴʜʘ ʦʙʦʛʘʱʝʥʘ Sc ʚ 30 ʨʘʟ; Cr ʚ 17 ʨʘʟ; La ʚ 16 

ʨʘʟ; Fe, P, Br, Nb, Sn, Eu, Tb, Ho ʚ 2 ʨʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ ʨʝʯʥʳʭ ʚʦʜ 

(ʉʧʨʘʚʦʯʥʠʢé, 1990). ʅʠʞʥ̫̫ ʯʘʩʪ ɹʦʟʝʨʥʦʛʦ ʣʴʜʘ ʦʙʦʛʘʱʝʥʘ La ʚ 13 ʨʘʟ, Nb, 

Sn ʚ 2 ʨʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ ʨʝʯʥʳʭ ʚʦʜ (ʧʨʠʣ., ʪʘʙʣ. 1, ʨʠʩ. 9). 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʟʝʨʥʦʛʦ ʣʴʜʘ Cean ʘʥʦʤʘʣʠʷ ʥʠʞʝ, ʯʝʤ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʣʴʜʘ ʠ ʚʘʨʴʠʨʫʝʪ (0,01-0,03), ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʃLa/ʊLa ʧʨʝʦʙʣʘʜʘʶʪ ʣʝʛʢʠʝ 

ʣʘʥʪʘʥʦʠʜʳ (6-22) (ʨʠʩ. 7). Euan ʘʥʦʤʘʣʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ (0,7-1,4). 

ʉʫʤʤʘ ʣʘʥʪʘʥʦʠʜʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ ʩ 1,0 ʜʦ 0,3 ʤʢʛ/ʜʤ3 ʠ ʠʤʝʝʪ 
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ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ ʩʦʜʝʨʞʘʥʠʝʤ HCO3
- (R2 = -0,83) ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ (R2 > 0,70) ʩ Cl-, SO4
-2, Na+.  

 
ʈʠʩ. 9. ʇʨʝʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʦʟʝʨʥʦʤ ʠ ʬʠʨʥʦʚʦʤ ʣʴʜʘʭ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʥʘʜ ʢʣʘʨʢʘʤʠ ʨʝʯʥʳʭ ʚʦʜ 
 

ʌʠʨʥ ʣʝʜʥʠʢʘ ʈʦʤʘʥʪʠʢʦʚ ʠʤʝʝʪ ʦʯʝʥʴ ʥʠʟʢʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ (1 

ʤʛ/ʜʤ3), ʯʪʦ ʜʝʣʘʝʪ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʝʛʦ ʠʦʥʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠʟʫʯʝʥʥʳʭ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʦʚ 

[ɻʦʣʦʙʦʢʦʚʘ ʠ ʜʨ., 2012, ɻʦʣʦʙʦʢʦʚʘ ʠ ʜʨ., 2013], ʚ ʥʝʤ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʠʤʝʩʠ 

ʤʦʨʩʢʦʛʦ ʘʵʨʦʟʦʣʷ. ʌʠʨʥʦʚʳʡ ʣʝʜ ʦʙʦʛʘʱʝʥ Sc ʚ 28 ʨʘʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ 

ʨʝʯʥʳʭ ʚʦʜ (ʨʠʩ. 10ɸ).  

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʚ ʨʘʡʦʥʝ ʦʟʝʨʘ ʉʦʭʦʥʪʦ ʠ ʨʫʯʴʷ ʫʣʴʪʨʘʧʨʝʩʥʳʝ 

(27-54 ʤʛ/ʜʤ3) ʧʦ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʠʤʝʶʪ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ, 

ʤʘʛʥʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ (ʩʤ. ʨʠʩ. 7), ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ Sc, Mn, Fe, 

I ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ ʨʝʯʥʳʭ ʚʦʜ [ɹʫʪʘʢʦʚ ʠ ʜʨ. 2020ʘ]. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʣʘʥʪʘʥʦʠʜʦʚ ʜʣʷ ʩʝʟʦʥʥʳʭ 

ʣʴʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 10ɸ ʠ 10ɹ. ɺ ʦʟʝʨʥʦʤ ʣʴʜʫ ʩʦʜʝʨʞʘʥʠʝ 

ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʷ (ʩ 22 ʜʦ 5 ʤʛ/ʜʤ3) ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ, ʪ.ʢ. 

ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʣʴʜʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʩʥʝʛʘ. ɼʣʷ ʤʦʨʩʢʦʛʦ ʣʴʜʘ 

ʜʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʤʝʥʝʝ ʚʳʨʘʞʝʥʘ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʚʠʜʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʣʘʥʪʘʥʘ, ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʪʝʨʨʠʛʝʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʦʩʪʘʚʣʷʝʤʳʡ 

ʨʝʢʘʤʠ [ɼʫʙʠʥʠʥ, 2004].  
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ɸ ɹ 

  
ʈʠʩ. 10. ɸ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʳʭ (NASC) ʩʦʜʝʨʞʘʥʠʡ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʦʟʝʨʥʦʤ 

ʣʴʜʫ; ɹ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʳʭ (NASC) ʩʦʜʝʨʞʘʥʠʡ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʤʦʨʩʢʦʤ ʣʴʜʫ  
 

ʉʝʟʦʥʥʳʝ ʣʴʜʳ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʦʚ ʗʤʘʣʘ ʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʩʦʣʝʡ ʦʟʝʨʥʳʡ ʠ ʬʠʨʥʦʚʳʡ ʣʴʜʳ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ 

ʫʣʴʪʨʘʧʨʝʩʥʳʝ, ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʦʡ ʣʝʜ ï ʩʨʝʜʥʝʩʦʣʝʥʳʡ. 

ɺ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʦʤ ʣʴʜʫ ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʠʦʥʦʚ ʙʣʠʟʢʦʝ ʢ 

ʩʦʦʪʥʦʰʝʥʠʶ ʠʦʥʦʚ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʟʝʨʥʦʛʦ ʣʴʜʘ, ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ ʠʦʥʦʚ, ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʤʦʨʩʢʠʭ ʘʵʨʦʟʦʣʝʡ ʚ ʩʦʩʪʘʚʝ ʩʥʝʛʘ. 

ʉʦʦʪʥʦʰʝʥʠʷ ʠʦʥʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʦʙʫʩʣʦʚʣʝʥʦ ʜʚʫʤʷ ʠʩʪʦʯʥʠʢʘʤʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ï ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʠ ʦʙʤʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩ 

ʧʦʨʦʜʘʤʠ ʚ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ [ɹʫʪʘʢʦʚ ʠ ʜʨ. 2020ʙ]. ɺ ʬʠʨʥʦʚʦʤ ʣʴʜʫ 

ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʠʤʝʩʠ ʤʦʨʩʢʦʛʦ ʘʵʨʦʟʦʣʷ. 

ʉʫʤʤʘ ʣʘʥʪʘʥʦʠʜʦʚ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʚ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʦʤ (4-32 

ʤʢʛ/ʜʤ3) ʠ ʦʟʝʨʥʦʤ (0,3-1,2 ʤʢʛ/ʜʤ3) ʣʴʜʘʭ ʟʘ ʩʯʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʣʘʥʪʘʥʘ ʚ ʩʦʩʪʘʚʝ ʣʴʜʘ. ʉʦʦʪʥʦʰʝʥʠʝ ʣʝʛʢʠʭ ʠ ʪʷʞʝʣʳʭ ʣʘʥʪʘʥʦʠʜʦʚ ʚ 

ʤʦʨʩʢʠʭ ʠ ʦʟʝʨʥʳʭ ʣʴʜʘʭ ʚʘʨʴʠʨʫʝʪ ʦʪ 3,7 ʜʦ 91 ʚʩʣʝʜʩʪʚʠʝ ʧʨʝʦʙʣʘʜʘʥʠʷ 

ʣʘʥʪʘʥʘ. ʀʩʪʦʯʥʠʢʦʤ ʣʘʥʪʘʥʘ (98% ʦʪ ʩʫʤʤʳ ʣʘʥʪʘʥʦʠʜʦʚ) ʚ ʧʨʠʙʨʝʞʥʦ-

ʤʦʨʩʢʦʤ ʣʴʜʫ ʷʚʣʷʶʪʩʷ ʤʠʥʝʨʘʣʴʥʳʝ ʯʘʩʪʠʮʳ, ʟʘʭʚʘʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʤʝʞʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɺ ʦʟʝʨʥʦʤ ʣʴʜʫ ʚ 

ʩʦʩʪʘʚʝ ʩʫʤʤʳ ʣʘʥʪʘʥʦʠʜʦʚ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʣʘʥʪʘʥ (90%), 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʩʪʫʧʘʚʰʝʛʦ ʚʤʝʩʪʝ ʩ ʤʦʨʩʢʠʤʠ ʘʵʨʦʟʦʣʷʤʠ ʚ ʩʦʩʪʘʚʝ 

ʩʥʝʛʘ. ɺ ʬʠʨʥʦʚʦʤ ʣʴʜʫ ʣʝʜʥʠʢʘ ʈʦʤʘʥʪʠʢʦʚ ʩʦʜʝʨʞʘʥʠʝ ʣʘʥʪʘʥʦʠʜʦʚ ʢʨʘʡʥʝ 



34 

 

ʤʘʣʦ (ʥʘ ʧʨʝʜʝʣʝ ʦʙʥʘʨʫʞʝʥʠʷ ʠʣʠ ʥʠʞʝ) ï 0,03 ʤʢʛ/ʣ, ʙʝʟ ʣʘʥʪʘʥʘ ï ʤʝʥʝʝ 0,01 

ʤʢʛ/ʣ [ɹʫʪʘʢʦʚ ʠ ʜʨ., 2020ʙ]. ɺʝʨʦʷʪʥʦ, ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʘʥʪʘʥʦʠʜʦʚ 

ʦʙʫʩʣʦʚʣʝʥʳ ʦʪʩʫʪʩʪʚʠʝʤ ʤʦʨʩʢʦʛʦ ʘʵʨʦʟʦʣʷ ʚ ʩʦʩʪʘʚʝ ʩʥʝʛʘ ʇʦʣʷʨʥʦʛʦ 

ʋʨʘʣʘ. 

Cean ʘʥʦʤʘʣʠʷ ʚ ʤʦʨʩʢʦʤ ʣʴʜʫ ʙʣʠʟʢʘ ʢ 0 (ʦʪ 2Ĭ10
-4 ʜʦ 4Ĭ10-3), ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʦʨʩʢʦʡ ʚʦʜʳ; ʫ ʦʟʝʨʥʦʛʦ ʣʴʜʘ Cean ʦʪʨʠʮʘʪʝʣʴʥʘʷ (ʦʪ 0,01 ʜʦ 

0,06), ʚʝʨʦʷʪʥʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʣʘʥʪʘʥʘ ʠʟ ʤʦʨʩʢʠʭ ʘʵʨʦʟʦʣʝʡ. Euan 

ʚ ʤʦʨʩʢʦʤ ʣʴʜʫ ʚ ʩʨʝʜʥʝʤ ʧʦʣʦʞʠʪʝʣʴʥʘʷ (1,8) ʠ ʚʘʨʴʠʨʫʝʪ ʦʪ 0,4 ʜʦ 3,0, 

ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʠ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʦʟʝʨʥʦʤ ʣʴʜʫ Euan ʚ ʩʨʝʜʥʝʤ 

0,95 ʯʪʦ ʙʣʠʞʝ ʢ ʟʥʘʯʝʥʠʷʤ ʢʣʘʨʢʦʚ ʨʝʯʥʳʭ ʚʦʜ, ʦʜʥʘʢʦ ʟʥʘʯʝʥʠʝ Euan 

ʚʘʨʴʠʨʫʝʪ ʦʪ 0,7 ʜʦ 1,7, ʯʪʦ ʩʚʷʟʘʥʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ 

ʤʦʨʩʢʦʛʦ ʘʵʨʦʟʦʣʷ ʠ ʩ ʜʨʫʛʦʡ ï ʩ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʩʚʦʙʦʜʥʦʡ ʚʦʜʳ. 

ɿʥʘʯʝʥʠʷ I/Cl ʠ Br/Cl ʚ ʦʟʝʨʥʦʤ ʠ ʤʦʨʩʢʦʤ ʣʴʜʘʭ ʩʦʧʦʩʪʘʚʠʤʳ ʩ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʣʘʨʢʦʚʳʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʧʨʠʛʦʜʥʦʩʪʴ ʤʝʪʦʜʠʢʠ. ɺ ʬʠʨʥʦʚʦʤ ʣʴʜʫ ʩʦʦʪʥʦʰʝʥʠʷ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʢʣʘʨʢʦʚʳʭ ʟʥʘʯʝʥʠʡ. ʄʦʨʩʢʦʡ ʣʸʜ ʦʙʦʛʘʱʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ ʤʦʨʩʢʠʭ 

ʚʦʜ P, Al, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Se, Zr, Cd, Sn, Sb, ʣʘʥʪʘʥʦʠʜʘʤʠ, Pb, 

Th (ʨʠʩ. 7). ɺ ʦʟʝʨʥʦʤ ʣʴʜʫ ʚʳʷʚʣʝʥʳ ʪʝʥʜʝʥʮʠʠ ʢ ʥʘʢʦʧʣʝʥʠʶ Sc, Cr, La. ɺ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʠ ʬʠʨʥʦʚʦʤ ʣʴʜʫ ʚʳʷʚʣʝʥʳ ʪʝʥʜʝʥʮʠʠ ʢ ʥʘʢʦʧʣʝʥʠʶ Sc 

(ʨʠʩ. 9).  



 

ʊʘʙʣʠʮʘ 1. ʉʦʦʪʥʦʰʝʥʠʷ ʠʦʥʦʚ ʠ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʚʦʜʥʳʭ ʩʨʝʜ 

ʀʩʪʦʯʥʠʢ ʢʦʤʧʦʥʝʥʪʘ ʈʘʡʦʥ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʨʦʮʝʩʩ ʧʦʩʪʫʧʣʝʥʠʷ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʘ  

ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʠʦʥʳ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ɸʪʤʦʩʬʝʨʥʳʡ ʘʵʨʦʟʦʣʴ 

ʘʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ 

[ɻʦʣʦʙʦʢʦʚʘ ʠ ʜʨ., 2013] 

ɿʘʧʘʜʥʳʡ 

ʐʧʠʮʙʝʨʛʝʥ ʠ 

ʉʝʚʝʨ ʗʢʫʪʠʠ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʵʨʦʟʦʣʷ ʥʘʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʦʨʷ 

ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʠʦʥʳ ï Na+, Cl+, SO4
2- 

ʂʦʨʨʝʣʷʮʠʷ ʧʘʨ ʠʦʥʦʚ: NH4
+ ʠ SO4

2-; Na+ ʠ Cl-;  

Mg2+ ʠ Cl-; Ca2+ ʠ NO3
- 

ʃʝʪʦʤ ʚ ʩʦʩʪʘʚʝ ʘʵʨʦʟʦʣʷ ʦʪʨʘʞʝʥ 

ʧʨʦʮʝʩʩ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦʨʦʜ 

ʇʨʝʦʙʣʘʜʘʶʱʠʡ ʠʦʥ ï ʉʘ2+ 

ɸʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ 

[ʍʦʜʞʝʨ, 2005] 

ɹʘʡʢʘʣʴʩʢʠʡ 

ʨʝʛʠʦʥ 

ʌʦʪʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʚ 

ʘʪʤʦʩʬʝʨʝ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ 

ʂʦʨʨʝʣʷʮʠʷ ʠʦʥʦʚ: NH4
+ ʠ SO4

2- , NO3
- , ʂ+ / SO4

-2, ʉʘ+2 / 

SO4
2- , NO3

- 

ʇʦʩʪʫʧʣʝʥʠʝ ʠʟ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ 

ʂʦʨʨʝʣʷʮʠʷ ʠʦʥʦʚ: ʉʘ+2 / ʅʉʆ3
- ʠ ʉl- / Mg+2 ʠ ʅʉʆ3

- / ʉl- 

ʉʦʚʨʝʤʝʥʥʳʡ ʩʥʝʛ 

[ʀʚʘʥʦʚʘ, 2012] 

ʅʦʚʦʩʠʙʠʨʩʢʠʝ 

ʦʩʪʨʦʚʘ 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʚʝʪʨʠʚʘʥʠ ̫ʚ ʩʦʩʪʘʚ 

ʩʥʝʛʘ ʧʦʧʘʜʘʶʪ ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʣʣʦʠʜʥʦʡ ʚʟʚʝʩʠ  

ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Cl- ʠ SO4
2-Cean= 0,8 

ʇʨʝʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ La, Ce, Nd, Sm, Gd, Dy, Yb ʥʘʜ 

ʢʣʘʨʢʘʤʠ ʨʝʯʥʦʡ ʚʦʜʳ Ó 2 ʨʘʟʘ 

ʊʫʥʜʨʦʚʳʝ ʦʟʝʨʘ  

 [Mazurek, 2012] 

ʎʝʥʪʨʘʣʴʥʳʡ 

ʐʧʠʮʙʝʨʛʝʥ 

ʈʘʩʪʚʦʨʝʥʠʝ ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʝ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ 

(Ca2+ + Mg2+) / HCO3
- > 1 

ʇʦʩʪʫʧʣʝʥʠʝ ʭʣʦʨʠʜʦʚ ʠʟ ʧʦʨʦʜ Clī/ Na+> 1,1 

ʂʣʘʨʢ ʨʝʯʥʦʡ ʚʦʜʳ 

[ʉʧʨʘʚʦʯʥʠʢé, 1990] 

- - Cean = 0,76; Euan = 0,55 

ʂʣʘʨʢ ʤʦʨʩʢʦʡ ʚʦʜʳ 

[ʉʧʨʘʚʦʯʥʠʢé, 1990] 

- - ʄʠʥʝʨʘʣʠʟʘʮʠʷ 34,9 ʛ/ʜʤ3;  

Cean = 0,19; Euan = 0,91 

ʄʦʨʩʢʘʷ ʚʦʜʘ [ɼʫʙʠʥʠʥ, 

2004, Piper, 2013] 

- ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʝʪʘʣʣʦʥʦʩʥʳʭ 

ʦʩʘʜʢʦʚ  

Cean < 1; (ʃLa/ʊLa)
NASC < 1 

ʄʦʨʩʢʦʡ ʣʝʜ [ɹʫʪʘʢʦʚ ʠ 

ʜʨ., 2020ʚ] 

900 ʤ ʦʪ ʙʝʨʝʛʘ, 

ɹʘʡʜʘʨʘʮʢʘʷ 

ʛʫʙʘ 

ʋʯʘʩʪʠʝ ʩʪʦʢʘ ʨʘʟʤʳʚʘ ʙʝʨʝʛʦʚ ʠ 

ʟʘʭʚʘʪ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ 

ʩʦʩʪʘʚ ʣʴʜʘ 

ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʠʦʥʳ ï  Cl-, Mg+2, Na+; Cean = 0,002; Euan = 

0,4-3,0; ʇʨʝʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ P, Al , Cr, Mn, Fe, Ni, Cu, 

Zn, Se, Cd, Sn, Sb, La, Ce, Sm, Eu, Tb, Th ʥʘʜ ʢʣʘʨʢʘʤʠ 

ʤʦʨʩʢʠʭ ʚʦʜ Ó 10 ʨʘʟ 

ʆʟʝʨʥʳʡ ʣʝʜ [ɹʫʪʘʢʦʚ ʠ 

ʜʨ., 2020ʚ] 

ʦʟ. ʉʶʨʪʘʚ-

ʄʘʣʪʦ, ʤ. 

ʄʘʨʨʝ-ʉʘʣʝ, 

ɿʘʧʘʜʥʳʡ ʗʤʘʣ 

ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʨʩʢʠʭ 

ʘʵʨʦʟʦʣʝʡ ʚ ʩʥʝʛʝ. 

ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ 

ʚ ʧʨʦʮʝʩʩʝ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ 

ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʠʦʥʳ (0-0,3 ʤ) ï SO4
2-, Cl-, Na+ 

ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʠʦʥʳ (0,3-0,55 ʤ) ï ʅʉʆ3
-, Cl-, Na+, Mg+2 

Cean = 0,04; Euan = 0,7é1,4; ʇʨʝʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ Sc, Cr, 

La ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ ʨʝʯʥʳʭ ʚʦʜ Ó 5 ʨʘʟ 

ʌʠʨʥʦʚʳʡ ʣʝʜ [ɹʫʪʘʢʦʚ ʠ 

ʜʨ., 2020ʙ] 

ʃʝʜʥʠʢ 

ʈʦʤʘʥʪʠʢʦʚ, 

ʇʦʣʷʨʥʳʡ ʋʨʘʣ 

ʅʠʟʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʚ ʩʥʝʛʝ, 

ʬʦʨʤʠʨʫʶʱʝʤ ʣʝʜ 

ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʠʦʥʳ ï  ʅʉʆ3
-, ʉʘ2+, Na+;  

ʉʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʦʯʝʥʴ ʥʠʟʢʦʝ; ʟʘ ʠʩʢʣ. Sc (ʚ 28 

ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʢʣʘʨʢʠ ʨʝʯʥʳʭ ʚʦʜ) 
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ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ 

[ɹʫʪʘʢʦʚ ʠ ʜʨ., 2020ʘ ] 

ʎʝʥʪʨʘʣʴʥʳʡ 

ʗʤʘʣ 

ʉʦʦʪʥʦʰʝʥʠʷ ʠʦʥʦʚ ʦʙʫʩʣʦʚʣʝʥʦ 

ʜʚʫʤʷ ʠʩʪʦʯʥʠʢʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ï 

ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʠ 

ʦʙʤʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩ ʧʦʨʦʜʘʤʠ 

ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʠʦʥʳ ï ʅʉʆ3
-, Cl-, Mg+2, Na+ 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ Sc, 

Mn, Fe, I ʥʘʜ ʢʣʘʨʢʘʤʠ ʨʝʯʥʳʭ ʚʦʜ 

ʈʝʯʥʘʷ ʚʦʜʘ  

[ʀʚʘʥʦʚʘ, 2012] 

ʅʦʚʦʩʠʙʠʨʩʢʠʝ 

ʦʩʪʨʦʚʘ 

ʉʦʜʝʨʞʘʥʠʝ ʣʘʥʪʘʥʦʠʜʦʚ ʦʪʨʘʞʘʝʪ 

ʩʦʩʪʘʚ ʧʦʨʦʜ ʙʘʩʩʝʡʥʘ ʠ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ 

ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʠʦʥʳ ï Cl-, Na+; Cean = 1,21;  

Euan = 0,98; ʇʨʝʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ La, Ce, Nd, Sm, Eu, Gd, 

Dy, Er, Yb ʥʘʜ ʢʣʘʨʢʘʤʠ ʨʝʯʥʦʡ ʚʦʜʳ Ó 5 ʨʘʟ 

ʇɾʃ [ɺʘʩʠʣʴʯʫʢ, 2017] ʉʝʚʝʨ ʗʢʫʪʠʠ ʅʘʢʦʧʣʝʥʠʝ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʛʣʝʝʚʦʡ ʦʙʩʪʘʥʦʚʢʝ  

Cu, Zn ʠ Co ʧʨʝʚʳʰʘʶʪ ʢʣʘʨʢʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʇɾʃ [ʀʚʘʥʦʚʘ, 2012] ʅʦʚʦʩʠʙʠʨʩʢʠʝ 

ʦʩʪʨʦʚʘ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʣʴʜʘ ʠʟ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ  

ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʠʦʥʳ ï Cl-, Na+; Cean = 0,97; Euan = 2,37; 

Na+/Cl- = 1,35-1,61; ʇʨʝʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ La, Ce, Nd, Sm, 

Eu, Gd, Dy, Er, Yb ʥʘʜ ʢʣʘʨʢʘʤʠ ʨʝʯʥʦʡ ʚʦʜʳ Ó 15 ʨʘʟ. 

ʇɾʃ [ʉʣʘʛʦʜʘ ʠ ʜʨ, 2012] ɿʘʧʘʜʥʳʡ ʗʤʘʣ ʇʦʩʪʫʧʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʤʦʨʩʢʠʝ ʩʦʣʠ 

(Na+ + K+)/Clï = 0,9  

Mg2+/Clï = 0,2 

ʐʣʠʨʦʚʳʡ ʣʝʜ  

[ʀʚʘʥʦʚʘ, 2012] 

ʅʦʚʦʩʠʙʠʨʩʢʠʝ 

ʦʩʪʨʦʚʘ 

ʇʦʩʪʫʧʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ 

 

ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʠʦʥʳ ï Cl-, Na+ 

Na+/Cl- = 6,95, ʉʝan = 0,78; Euan = 0,62; ʇʨʝʚʳʰʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ La, Ce, Nd, Sm, Eu, Gd, Dy, Er, Yb ʥʘʜ ʢʣʘʨʢʘʤʠ 

ʨʝʯʥʦʡ ʚʦʜʳ Ó 8 ʨʘʟ 

ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ, ʚʝʨʭʥʷʷ 

ʟʘʣʝʞʴ [ʀʚʘʥʦʚʘ, 2012] 

ʅʦʚʦʩʠʙʠʨʩʢʠʝ 

ʦʩʪʨʦʚʘ 

ʇʦʩʪʫʧʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ.  

Mg2+/Cl-= 0,11é0,60; Na+/Cl- = 11,9 

ʉʝan = 0,83; Euan = 0,44; ʇʨʝʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ La, Ce, Nd, 

Sm, Eu, Gd, Dy, Er, Yb ʥʘʜ ʢʣʘʨʢʘʤʠ ʨʝʯʥʦʡ ʚʦʜʳ Ó 11 ʨʘʟ  

ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ, ʚʝʨʭʥʷʷ 

ʟʘʣʝʞʴ [ʀʚʘʥʦʚʘ, 2012] 

ʅʦʚʦʩʠʙʠʨʩʢʠʝ 

ʦʩʪʨʦʚʘ 

ʇʦʩʪʫʧʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ 

ʤʦʨʩʢʠʭ ʚʦʜ ʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ. 

ʍʣʦʨʠʜʥʳʡ, ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ 

ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʠʦʥʳ ï Cl-, Na+; ʉʝan = 0,86; Euan = 0,51; 

ʇʨʝʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ La, Ce, Nd, Sm, Eu, Gd, Dy, Er, Yb 

ʥʘʜ ʢʣʘʨʢʘʤʠ ʨʝʯʥʦʡ ʚʦʜʳ Ó 50 ʨʘʟ 

ʊʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʝ 

ʣʴʜʳ  

 [Alexeev, 2016] 

ɼʘʣʜʳʥʦ-ɸʣʘʢʠ

ʪʩʢʠʡ 

ʘʣʤʘʟʦʥʦʩʥʳʡ 

ʨʘʡʦʥ 

ʇʦʩʪʫʧʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ 

ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʠʦʥʳ ʥʘ ʛʣʫʙʠʥʝ ï SO4
2-, HCO3

-; Mg+2; ʉʘ2+ 

ʉʝan > 0,99, Euan > 3,6; ʃLa/ʊLa ~ 1 

ʇʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ Br, Sr, Mo, Cd, 

Sb, W, Re ʠ U.  



 

ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 1 

ʀʟ ʠʟʣʦʞʝʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʦʩʪʘʚ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʛʣʘʚʥʳʭ ʠʦʥʦʚ ʚ 

ʧʦʜʟʝʤʥʳʭ ʣʴʜʘʭ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʶʪ, ʧʦʵʪʦʤʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʩʪʦʯʥʠʢʦʚ 

ʚʦʜ. ʉʚʝʜʝʥʠʷ ʦ ʩʦʜʝʨʞʘʥʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʭʘʥʠʟʤʦʚ ʣʴʜʦʚʳʜʝʣʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ. ʉʦʩʪʘʚ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʠ ʩʝʟʦʥʥʳʭ ʣʴʜʘʭ ʧʦʟʚʦʣʷʝʪ ʦʪʣʠʯʘʪʴ 

ʧʦʛʨʝʙʝʥʥʳʝ ʣʴʜʳ ʦʪ ʜʨʫʛʠʭ ʪʠʧʦʚ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ.  

ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʚ ʩʙʦʨʝ ʜʘʥʥʳʭ ʠ ʚ ʘʥʘʣʠʟʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʦʥʥʦʛʦ ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʧʦʜʟʝʤʥʳʭ ʣʴʜʘʭ, ʦʧʨʝʜʝʣʝʥʠʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ï ʦʪʥʦʰʝʥʠʡ ʩʦʜʝʨʞʘʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ ʠʥʜʠʢʘʪʦʨʦʚ 

ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʘʥʦʤʘʣʠʡ ʣʘʥʪʘʥʦʠʜʦʚ.  

ɸʚʪʦʨʩʢʠʡ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠʦʥʥʦʛʦ ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʣʴʜʘ ʠ ʚʦʜʳ; ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ, ʧʦʜʚʠʞʥʳʭ, 

ʚʘʣʦʚʳʭ ʬʦʨʤ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʘʥʦʤʘʣʠʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʣʴʜʦʚ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʘʨʥʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦ-ʨʝʛʨʝʩʩʠʚʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʧʝʨʚʳʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʙʨʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʠʦʥʥʦʛʦ ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʂʘʨʩʢʦʛʦ ʨʝʛʠʦʥʘ; ʧʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʠ ʥʦʨʤʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʦ ʟʥʘʯʝʥʠʷʤ ʢʣʘʨʢʦʚ, ʩʦʜʝʨʞʘʥʠʶ 

ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʩʣʘʥʮʝ. 
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ɻʣʘʚʘ 2. ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʦʚ ʦʧʦʨʥʳʭ 

ʨʘʟʨʝʟʦʚ ʂʘʨʩʢʦʛʦ ʨʝʛʠʦʥʘ 

2.1. ʇʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʝ ʣʴʜʳ ʘʨʢʪʠʯʝʩʢʦʡ ʪʫʥʜʨʳ ʩ ʤʦʨʩʢʠʤ 

ʚʣʠʷʥʠʝʤ (ʦ. ɹʝʣʳʡ, ʉʠʙʠʨʷʢʦʚʘ, ʧ. ɼʠʢʩʦʥ) 

ʇɾʃ ʦ. ɹʝʣʳʡ (ʨʠʩ. 11ɸ) ʠʤʝʶʪ ʫʣʴʪʨʘʧʨʝʩʥʳʡ (34-43 ʤʛ/ʜʤ3) 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ, ʥʘʪʨʠʝʚʦ-ʤʘʛʥʠʝʚʳʡ ʠ ʢʘʣʴʮʠʝʚʦ-ʤʘʛʥʠʝʚʦ-

ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ (ʧʨʠʣ., ʪʘʙʣ. 3). ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʦʛʘʱʝʥ 

ʣʘʥʪʘʥʦʠʜʘʤʠ ʚ 10-41 ʨʘʟ, Fe ʚ 11 ʨʘʟ, Nb ʚ 8, Cl, Cr, Mn, Co, Ni, Se, Br, Sn, I ʚ 2-

4 ʨʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ ʨʝʯʥʳʭ ʚʦʜ (ʧʨʠʣ., ʪʘʙʣ. 4).  

ʃʝʜ ʠʤʝʝʪ Cean 

ʦʪʨʠʮʘʪʝʣʴʥʫʶ (0,74) ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʫʶ Euan (0,88) 

ʘʥʦʤʘʣʠʠ. ʉʦʦʪʥʦʰʝʥʠʝ ʃLa/ʊLa 

ʨʘʚʥʦ 0,56. (ʨʠʩ.12). 

ʇɾʃ ʦ. ʉʠʙʠʨʷʢʦʚʘ (ʨʠʩ. 

11ɹ, 13) ʠʤʝʶʪ ʫʣʴʪʨʘʧʨʝʩʥʳʡ 

(38-40 ʤʛ/ʜʤ3) ʭʣʦʨʠʜʥʳʡ, 

ʤʘʛʥʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ ʠ 

ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ. 

ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ 

ʦʙʦʛʘʱʝʥ Mo 58 ʨʘʟ; W ʚ 9 ʨʘʟ; 

Mn ʚ 7 ʨʘʟ; Na, Cl, Fe, Br, Sn, I, 

ʣʘʥʪʘʥʦʠʜʘʤʠ ʚ 2-4 ʨʘʟʘ. ʃʝʜ 

ʠʤʝʝʪ Cean ʦʪʨʠʮʘʪʝʣʴʥʫʶ (0,60) 

ʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ Euan (0,91). 

ʉʦʦʪʥʦʰʝʥʠʝ ʃLa/ʊLa ʨʘʚʥʦʝ 

0,59 (ʈʠʩ. 12). 

ɸ 

 

ɹ 

 
ɺ 

 

ɻ 

 
ʈʠʩ. 11. ʇɾʃ (ʬʦʪʦ ʉʣʘʛʦʜʳ ɽ.ɸ.): ɸ ï ʣʸʜ ʩ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʨʠʤʝʩʷʤʠ ʥʘ ʦ. 

ɹʝʣʳʡ; ɹ ï ʣʸʜ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʧʨʠʤʝʩʷʤʠ ʥʘ ʦ. ʉʠʙʠʨʷʢʦʚʘ; ɺ ï ʣʸʜ ʩ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʧʨʠʤʝʩʷʤʠ ʨʘʡʦʥʘ ʧ. ɼʠʢʩʦʥ 

(ʥʠʞʥʠʡ ʷʨʫʩ ʥʘ ʩʢʣʦʥʝ); ɻ ï ʣʸʜ ʩ ʧʫʟʳʨʴʢʘʤʠ 

ʨʘʡʦʥʘ ʧ. ɼʠʢʩʦʥ (ʚʝʨʭʥʠʡ ʷʨʫʩ ʚ ʥʠʟʠʥʝ) 
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ʈʠʩ. 12. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʘʥʦʤʘʣʠʠ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʇɾʃ ʚ ʟʦʥʝ ʘʨʢʪʠʯʝʩʢʦʡ ʪʫʥʜʨʳ ʩ 

ʤʦʨʩʢʠʤ ʚʣʠʷʥʠʝʤ; ʃla/ʊla ï ʩʦʦʪʥʦʰʝʥʠʝ ʣʝʛʢʠʭ ʠ ʪʷʞʝʣʳʭ ʣʘʥʪʘʥʦʠʜʦʚ; Euan ï 

ʝʚʨʦʧʠʝʚʘʷ ʘʥʦʤʘʣʠʷ, Cean ï ʮʝʨʠʝʚʘʷ ʘʥʦʤʘʣʠʷ 

 

 
ʈʠʩ. 13. ʂʨʠʦʛʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨʘʟʨʝʟʘ ʥʘ ʶʞʥʦʤ ʙʝʨʝʛʫ ʦ-ʚʘ 

ʉʠʙʠʨʷʢʦʚʘ [ʉʪʨʝʣʝʮʢʘʷ ʠ ʜʨ., 2012ʘ]: 1 ï ʧʝʩʢʠ ʩ ʪʦʨʬʦʤ ʠ ʛʘʣʴʢʦʡ, ʩʣʦʠʩʪʳʝ; 2 ï ʧʝʩʢʠ 

ʧʳʣʝʚʘʪʳʝ, ʩʣʦʠʩʪʳʝ, ʩ ʪʦʨʬʦʤ; 3 ï ʩʫʧʝʩʠ ʧʳʣʝʚʘʪʳʝ; 4 ï ʪʦʨʬ ʩ ʧʨʠʤʝʩʴʶ ʧʝʩʢʦʚ; 5 ï 

ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʞʠʣʴʥʳʤ ʣʴʜʘʤ; 6 ï ʩʣʦʠʩʪʦʩʪʴ ʦʪʣʦʞʝʥʠʡ; 7 ï ʥʦʤʝʨ ʨʘʩʯʠʩʪʢʠ; 8 ï 

ʦʩʳʧʴ; 9 ï ʢʦʥʮʝʥʪʨʠʯʝʩʢʘʷ ʩʣʦʠʩʪʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʩʦ ʰʣʠʨʘʤʠ ʣʴʜʘ; 10 ï ʧʦʜʟʝʤʥʳʝ 

ʣʴʜʳ; 11 ï ʣʴʜʳ ʦʟʝʨʥʳʝ; 12 ï ʦʩʳʧʴ. ʂʨʘʩʥʳʤʠ ʪʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʤʝʩʪʘ ʦʪʙʦʨʘ ʧʨʦʙ 

ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 



40 

ʇɾʃ ʚ ʨʘʡʦʥʝ ʩ. ɼʠʢʩʦʥ (ʨʠʩ. 14) ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʷʨʫʩʦʚ: ʥʠʞʥʝʛʦ (ɼ1-

09), ʚʝʨʦʷʪʥʦ, ʩʘʨʪʘʥʩʢʦʛʦ, ʩ ʧʨʦʞʠʣʢʘʤʠ ʛʨʫʥʪʘ (ʨʠʩ. 11ɺ) ʠ ʚʝʨʭʥʝʛʦ (ɼ3-09) 

(ʨʠʩ. 11ɻ) ʛʦʣʦʮʝʥʦʚʦʛʦ ʩ ʯʝʪʢʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʦʩʯʘʪʦʩʪʴʶ [ʉʪʨʝʣʝʮʢʘʷ ʠ 

ʜʨ., 2012ʘ]. ʃʴʜʳ ʠʤʝʶʪ ʫʣʴʪʨʘʧʨʝʩʥʳʡ (25-49 ʤʛ/ʜʤ3) ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ, 

ʭʣʦʨʠʜʥʦ-ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ, ʭʣʦʨʠʜʥʳʡ, ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ, ʤʘʛʥʠʝʚʦ-

ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ, ʥʘʪʨʠʝʚʳʡ, ʢʘʣʴʮʠʝʚʦ-ʤʘʛʥʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ 

(ʧʨʠʣ., ʪʘʙʣ. 3). ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʪʣʠʯʘʝʪʩʷ ʚ ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʝʤ ʷʨʫʩʝ 

ʞʠʣ. ʅʠʞʥʠʡ ʷʨʫʩ ʞʠʣ ʣʴʜʘ ʦʙʦʛʘʱʝʥ Mo ʚ 19 ʨʘʟ; Mn ʚ 9; ʣʘʥʪʘʥʦʠʜʘʤʠ ʚ 2-

7 ʨʘʟ; Cl, Co, Br, Nb, I, W ʚ 2-4 ʨʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ ʨʝʯʥʳʭ ʚʦʜ (ʧʨʠʣ., 

ʪʘʙʣ. 4); ʣʝʜ ʠʤʝʝʪ Cean ʦʪʨʠʮʘʪʝʣʴʥʫʶ (0,82) ʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ Euan (1,16). 

ʉʦʦʪʥʦʰʝʥʠʝ ʃLa/ʊLa ʣʘʥʪʘʥʦʠʜʦʚ ʨʘʚʥʦʝ 0,50 (ʨʠʩ. 12). ɺʝʨʭʥʠʡ ʷʨʫʩ ʞʠʣ 

ʣʴʜʘ ʦʙʦʛʘʱʝʥ Mn, Nb, Eu, Gd ʚ 2-3 ʨʘʟʘ; ʣʝʜ ʠʤʝʝʪ Cean ʦʪʨʠʮʘʪʝʣʴʥʫʶ (0,71) 

ʠ Euan ʙʣʠʟʢʫʶ ʢ ʝʜʠʥʠʮʝ (0,97), ʩʦʦʪʥʦʰʝʥʠʝ ʃLa/ʊLa ʣʘʥʪʘʥʦʠʜʦʚ ʨʘʚʥʦʝ 0,57.  

ʇɾʃ ʘʨʢʪʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ ɹʝʣʳʡ ʠ ʉʠʙʠʨʷʢʦʚʘ ʠ ʣʴʜʦʚ ʨʘʡʦʥʘ ʧ. 

ɼʠʢʩʦʥ ʥʘ ɿʘʧʘʜʥʦʤ ʊʘʡʤʳʨʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʝʡ ï ʤʝʥʝʝ 

50 ʤʛ/ʜʤ3. 

 
ʈʠʩ. 14. ʈʘʟʨʝʟʳ ʙʝʨʝʛʦʚʦʛʦ ʦʙʥʘʞʝʥʠʷ çɼʠʢʩʦʥè (2008, 2009 ʛʛ.) [ʆʧʦʢʠʥʘ ʠ ʜʨ., 2014]: 1 

ï ʢʦʨʝʥʥʳʝ ʧʦʨʦʜʳ; 2 ï ʘʣʝʚʨʠʪʳ, ʩʫʧʝʩʠ ʧʳʣʝʚʘʪʳʝ; 3 ï ʩʫʧʝʩʠ; 4 ï ʩʫʛʣʠʥʢʠ; 5 ï  

ʘʚʪʦʭʪʦʥʥʳʡ ʪʦʨʬ; 6 ï ʜʨʝʚʝʩʥʳʝ ʦʩʪʘʪʢʠ; 7 ï ʜʝʨʥʠʥʘ; 8 ï ʧʦʛʨʝʙʸʥʥʳʡ 

ʪʝʨʤʦʘʙʨʘʟʠʦʥʥʳʡ ʫʩʪʫʧ; 9 ï ʚʘʣʫʥʳ, ʛʨʘʚʠʡ, ʛʘʣʴʢʘ; 10 ï ʩʦʚʨʝʤʝʥʥʳʝ ʦʩʳʧʠ; 11 ï 

ʨʘʟʤʳʚ; 12 ï ʇɾʃ: ʚʝʨʭʥʠʡ ʷʨʫʩ ʞʠʣ (ʘ), ʥʠʞʥʠʡ ʷʨʫʩ ʞʠʣ (ʙ); 13 ï ʵʣʝʤʝʥʪʘʨʥʘʷ ʞʠʣʢʘ 

ʣʴʜʘ (ʘ), ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʝʱʝʨʥʳʡ ʣʸʜ (ʶ); 14 ï ʩʦʚʨʝʤʝʥʥʳʡ ʣʸʜ ʪʝʨʤʦʘʙʨʘʟʠʦʥʥʦʡ 

ʥʠʰʠ; 15 ï ʧʦʷʩʢʦʚʳʝ ʢʨʠʦʛʝʥʥʳʝ ʪʝʢʩʪʫʨʳ; 16 ï ʣʠʥʟʦʚʠʜʥʳʝ ʩʣʦʠʩʪʳʝ ʠ ʩʝʪʯʘʪʳʝ 

ʢʨʠʦʪʝʢʩʪʫʨʳ; 17 ï ʚʦʟʨʘʩʪ ʠ ʛʝʥʝʟʠʩ ʦʪʣʦʞʝʥʠʡ: III ï ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʡ; IV ï 

ʛʦʣʦʮʝʥʦʚʳʡ; dl ï ʜʝʣʶʚʠʘʣʴʥʳʡ; m ïʤʦʨʩʢʦʡ; lg-m ï ʣʘʛʫʥʥʦ-ʤʦʨʩʢʦʡ; gm ï ʣʝʜʥʠʢʦʚʦ-

ʤʦʨʩʢʦʡ; b ï ʙʠʦʛʝʥʥʳʡ; l ï ʦʟʸʨʥʳʡ; 18 ï ʨʘʩʯʠʩʪʢʠ; ʢʨʘʩʥʳʤʠ ʪʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ 

ʤʝʩʪʘ ʦʪʙʦʨʘ ʤʦʥʦʣʠʪʦʚ ʣʴʜʘ ʜʣʷ ʘʥʘʣʠʟʘ ʠʦʥʥʦʛʦ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ. 
 

ɺ ʞʠʣʳ ʘʨʢʪʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ ʠʦʥʳ ʭʣʦʨʠʜʦʚ ʠ ʥʘʪʨʠʷ ʧʦʩʪʫʧʘʣʠ 

ʚʤʝʩʪʝ ʩ ʤʦʨʩʢʠʤʠ ʘʵʨʦʟʦʣʷʤʠ ʚ ʩʦʩʪʘʚʝ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. ɺ ʨʘʡʦʥʝ ʧ. 
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ɼʠʢʩʦʥ, ʢʘʢ ʚ ʚʝʨʭʥʝʤ, ʪʘʢ ʠ ʚ ʥʠʞʥʝʤ ʷʨʫʩʘʭ ʞʠʣ ʣʴʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʩʢʣʦʥʝ ʚʳʩʦʢʦ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʧʨʝʦʙʣʘʜʘʶʪ ʠʦʥʳ Ca+2 ʠ HCO3
-. ɺ ʞʠʣʘʭ, 

ʚʩʢʨʳʪʳʭ ʚ ʜʥʠʱʝ ʜʦʣʠʥʳ, ʧʨʝʦʙʣʘʜʘʶʪ ʠʦʥʳ Cl- ʠ Na+, ʧʦʩʪʫʧʘʚʰʠʝ ʧʨʠ 

ʟʘʣʠʚʘʥʠʠ ʥʠʟʠʥ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʤʠ ʚʦʜʘʤʠ ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʦʣʦʮʝʥʦʚʳʭ ʞʠʣ.  

ʉʫʤʤʘ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʇɾʃ ʦ. ʉʠʙʠʨʷʢʦʚʘ ʠ ʧ. ɼʠʢʩʦʥ ʚ ʩʨʝʜʥʝʤ 0,27 

ʤʢʛ/ʜʤ3 ʙʣʠʟʢʘ ʢ ʢʣʘʨʢʦʚʳʤ ʟʥʘʯʝʥʠʷʤ ʜʣʷ ʨʝʯʥʳʭ ʚʦʜ (0,21 ʤʢʛ/ʜʤ3). ɺ ʇɾʃ 

ʦ. ɹʝʣʳʡ ʚʳʷʚʣʝʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʫʤʤʘ ʣʘʥʪʘʥʦʠʜʦʚ ʦʪ 2,1 ʜʦ 4,0 ʤʢʛ/ʜʤ3, 

ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʤʦʨʩʢʠʝ ʘʵʨʦʟʦʣʠ. ʆʪʥʦʰʝʥʠʝ ʃLa/ʊLa ʦʪ 0,47 

ʜʦ 0,59 ʚ ʩʨʝʜʥʝʤ 0,56. 

ʃʴʜʳ ʞʠʣ ʘʨʢʪʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ Cean (0,60-0,74), 

ʩʦʦʪʥʦʰʝʥʠʝ ʃLa/ʊLa ʦʪ 0,54 ʜʦ 0,59, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʤʦʨʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʩʦʩʪʘʚ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʩʣʫʞʠʚʰʠʭ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʜ ʜʣʷ 

ʇɾʃ. Euan ʘʥʦʤʘʣʠʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ (0,86) ʚ ʇɾʃ ʘʨʢʪʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ ʠ ʚ 

ʨʘʡʦʥʝ ʧ. ɼʠʢʩʦʥ, ʚ ʇɾʃ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʳʩʦʢʦ ʥʘ ʩʢʣʦʥʝ. ɺ ʇɾʃ, 

ʟʘʣʝʛʘʶʱʠʭ ʚ ʜʥʠʱʝ ʜʦʣʠʥʳ, Euan ʘʥʦʤʘʣʠʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ (1,17-1,21), ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʫʯʘʩʪʠʝʤ ʩʝʛʨʝʛʘʮʠʦʥʥʳʭ ʣʴʜʦʚ ʚ ʵʪʠʭ ʞʠʣʘʭ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʳʭ ʚʦʜ ʧʨʠ ʩʝʛʨʝʛʘʮʠʠ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʰʝʥʠʡ I/Cl ʠ Br/Cl ʚ ʣʴʜʘʭ ʥʘ ʜʠʘʛʨʘʤʤʝ ʟʘʥʠʤʘʶʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʢʣʘʨʢʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʦʨʩʢʠʭ ʠ ʨʝʯʥʳʭ 

ʚʦʜ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ 

ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʇɾʃ. 

ɺ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʨʠʩ. 15) ʚ ʇɾʃ ʟʦʥʳ ʘʨʢʪʠʯʝʩʢʦʡ 

ʪʫʥʜʨʳ ʩ ʤʦʨʩʢʠʤ ʚʣʠʷʥʠʝʤ ʚʳʷʚʣʝʥʳ ʪʝʥʜʝʥʮʠʠ ʢ ʥʘʢʦʧʣʝʥʠʶ Cl, Mn, Br, 

Mo, I, ʣʘʥʪʘʥʦʠʜʦʚ ʠ W. ʇɾʃ ʦ. ɹʝʣʳʡ ʠʤʝʶʪ ʚ ʩʦʩʪʘʚʝ ʥʘʠʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʣʘʥʪʘʥʦʠʜʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇɾʃ ʦ. ʉʠʙʠʨʷʢʦʚʘ ʠ ʧ. ɼʠʢʩʦʥ.   
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ʈʠʩ. 15. ʇʨʝʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʇɾʃ ʘʨʢʪʠʯʝʩʢʦʡ ʪʫʥʜʨʳ ʩ ʤʦʨʩʢʠʤ 

ʚʣʠʷʥʠʝʤ ʥʘʜ ʢʣʘʨʢʘʤʠ ʨʝʯʥʳʭ ʚʦʜ  
 

2.2. ʇʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʝ ʣʴʜʳ ʩʝʚʝʨʥʦʡ ʪʫʥʜʨʳ (ʩ. ɻʳʜʘ, ʤ. 

ʂʘʨʝʧʦʚʩʢʠʡ) 

ʉʠʥʛʝʥʝʪʠʯʝʩʢʠʝ ʇɾʃ ʠʟʫʯʝʥʳ ʥʘ ʦʧʦʨʥʦʤ ʫʯʘʩʪʢʝ ʥʘ ʩʝʚʝʨʝ ʧ-ʚʘ 

ɻʳʜʘʥ ʥʘ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠ ʭʘʩʳʨʝʝ (ʦʩʫʰʝʥʥʘʷ ʦʟʝʨʥʘʷ 

ʢʦʪʣʦʚʠʥʘ) II-ʡ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʦʡ ʪʝʨʨʘʩʳ. ɺ ʪʨʸʭ ʨʘʩʯʠʩʪʢʘʭ ʙʳʣʠ 

ʚʩʢʨʳʪʳ ʩʠʥʢʨʠʦʛʝʥʥʳʝ ʤʸʨʟʣʳʝ ʦʪʣʦʞʝʥʠʷ, ʣʝʜʷʥʳʝ ʠ ʣʝʜʦʛʨʫʥʪʦʚʳʝ ʞʠʣʳ, 

ʛʦʣʦʮʝʥʦʚʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʝ ʣʴʜʳ. 

ʆʩʪʘʥʮʳ II-ʡ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʦʡ ʪʝʨʨʘʩʳ ʩ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ 9 ʤ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ï 5-11 ʤ ʥʘʜ ʫʨʝʟʦʤ ʨ. ɻʳʜʘ, ʠʤʝʶʪ 

ʦʪʯʝʪʣʠʚʳʡ ʧʦʣʠʛʦʥʘʣʴʥʳʡ ʨʝʣʴʝʬ ʠ ʨʘʟʜʝʣʝʥʳ ʵʨʦʟʠʦʥʥʦ-ʪʝʨʤʦʢʘʨʩʪʦʚʳʤʠ 

ʣʦʞʙʠʥʘʤʠ, ʦʟʸʨʘʤʠ ʠ ʭʘʩʳʨʝʷʤʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʚʳʩʦʪʘʤʠ ʙʝʨʝʛʦʚ ʜʦ 4 ʤ 

ʦʪ ʫʨʝʟʘ ʨ. ɻʳʜʘ (ʈʠʩ. 16).  

ʈʘʟʨʝʟ ʦʩʪʘʥʮʘ II-ʡ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʦʡ ʪʝʨʨʘʩʳ (ɺ5, ɺ3, ʩʥʠʟʫ ï 

ʚʚʝʨʭ), ʚʩʢʨʳʣ ʩʣʝʜʫʶʱʠʝ ʩʣʦʠ. 

ʉʣʦʡ 1. ʉʝʨʘʷ ʩʫʧʝʩʴ ʧʳʣʝʚʘʪʘʷ ʩ ʧʨʦʩʣʦʷʤʠ ʢʦʨʠʯʥʝʚʘʪʦʡ 

ʟʘʪʦʨʬʦʚʘʥʥʦʡ ʩʫʧʝʩʠ, ʩ ʧʦʜʯʠʥʝʥʥʳʤʠ ʧʨʦʩʣʦʷʤʠ ʤʝʣʢʠʭ ʧʝʩʢʦʚ. 

ʂʨʠʦʪʝʢʩʪʫʨʘ ʤʘʩʩʠʚʥʘʷ, ʪʦʥʢʘʷ ʯʘʩʪʘʷ ʣʠʥʟʦʚʠʜʥʘʷ ʠ ʣʠʥʟʦʚʠʜʥʦ-ʩʝʪʯʘʪʘʷ. 

ɺʠʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʦʪ 1,2 ʜʦ 2,0 ʤ. 
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ʈʠʩ. 16. ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ (ɸ), ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʘʩʯʠʩʪʦʢ (ɹ) ʠ ʨʘʟʨʝʟ (ɺ) II ʦʟʸʨʥʦ-

ʘʣʣʶʚʠʘʣʴʥʦʡ ʪʝʨʨʘʩʳ [ʊʠʭʦʥʨʘʚʦʚʘ ʠ ʜʨ., 2019]. 1 ï ʦʩʪʘʥʮʳ ʪʝʨʨʘʩʳ; 2 ï ʵʨʦʟʠʦʥʥʦ-

ʪʝʨʤʦʢʘʨʩʪʦʚʳʝ ʣʦʞʙʠʥʳ ʠ ʭʘʩʳʨʝʠ; 3 ï ʧʦʡʤʘ, ʧʣʷʞʠ ʠ ʧʨʠʨʫʩʣʦʚʳʝ ʦʪʤʝʣʠ; 4 ï ʙʫʛʦʨ 

ʧʫʯʝʥʠʷ; 5 ï ʛʠʜʨʦʩʝʪʴ; 6 ï ʢʦʥʪʫʨʳ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ (ʘ), ʢʦʥʪʫʨʳ ʙʝʨʝʛʦʚʳʭ 

ʣʠʥʠʡ ʦʩʫʰʝʥʥʳʭ ʦʟʸʨ (ʙ); 7 ï ʧʦʣʠʛʦʥʘʣʴʥʳʡ ʨʝʣʴʝʬ; 8 ï ʨʘʩʯʠʩʪʢʠ; 9 ï ʟʘʩʪʨʦʝʥʥʘʷ 

ʪʝʨʨʠʪʦʨʠʷ ʩ. ɻʳʜʘ (ʘ), ʢʘʨʴʝʨ (ʙ); 10 ï ʩʫʧʝʩʠ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤ ʜʝʪʨʠʪʦʤ ʠ ʧʨʦʩʣʦʷʤʠ ʧʝʩʢʘ; 

11 ï ʧʝʩʢʠ; 12 ï ʩʫʧʝʩʠ (ʘ), ʛʣʠʥʳ (ʙ); 13 ï ʪʦʨʬ ʘʚʪʦʭʪʦʥʥʳʡ; 14 ï ʥʠʪʝʚʠʜʥʳʝ ʢʦʨʝʰʢʠ 

ʪʨʘʚ in situ (ʘ), ʣʠʥʟʳ, ʧʨʦʩʣʦʠ ʥʘʤʳʪʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʙʣʠʟʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ 

ʧʝʨʝʦʪʣʦʞʝʥʠʷ (ʙ); 15 ï ʦʭʨʠʩʪʳʝ ʧʷʪʥʘ; 16 ï ʇɾʃ ʚʩʢʨʳʪʳʡ (ʘ), ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ (ʙ); 17 ï 

ʣʝʜʦʛʨʫʥʪʦʚʳʝ ʞʠʣʳ ʠ ʵʣʝʤʝʥʪʳ ʩʪʨʦʝʥʠʷ ʞʠʣʳ (ʘ), ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʣʝʜʦʛʨʫʥʪʦʚʳʤ 

ʞʠʣʘʤ (ʙ); 18 ï ʪʨʝʱʠʥʥʳʡ ʣʝʜ; 19 ï ʣʸʜ ʪʝʨʤʦʘʙʨʘʟʠʦʥʥʦʡ ʥʠʰʠ; 20 ï ʣʸʜ ʧʣʘʩʪʦʚʳʡ 

ʣʠʥʟʦʚʠʜʥʳʡ; 21 ï ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʝ ʜʘʪʳ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʧʦ ʜʘʥʥʳʤ ʊʠʭʦʥʨʘʚʦʚʦʡ 

ʗ.ɺ.; 22 ï ʚʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ: ʩʘʨʪʘʥʩʢʠʡ, ʛʦʣʦʮʝʥʦʚʳʡ; 23 ï ʛʝʥʝʟʠʩ ʦʪʣʦʞʝʥʠʡ: 

ʘʣʣʶʚʠʘʣʴʥʳʡ (a), ʜʝʣʶʚʠʘʣʴʥʳʡ (d), ʦʟʝʨʥʳʡ (l), ʙʦʣʦʪʥʳʡ (b); 24 ï ʤʝʩʪʘ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ 
 

ʉʣʦʡ 2. ʇʝʨʝʩʣʘʠʚʘʥʠʝ ʩʚʝʪʣʦ-ʞʝʣʪʳʭ ʧʝʩʢʦʚ, ʩʚʝʪʣʦ-ʩʝʨʳʭ ʩʫʛʣʠʥʢʦʚ 

ʩ ʣʠʥʟʘʤʠ ʥʘʤʳʪʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ, ʩ ʪʦʥʢʦʡ ʢʦʩʦʡ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ, 

ʧʦʣʦʛʦʚʦʣʥʠʩʪʦʡ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ. ɼʦ ʛʣʫʙʠʥʳ 1,3 ʤ ʤʝʨʟʣʳʝ 

ʦʪʣʦʞʝʥʠʷ ʠʤʝʶʪ ʤʘʩʩʠʚʥʫʶ, ʤʠʢʨʦʣʠʥʟʦʚʠʜʥʫʶ, ʯʘʩʪʦ ʣʠʥʟʦʚʠʜʥʫʶ, 

ʥʝʧʦʣʥʦ-ʩʝʪʯʘʪʫʶ ʢʨʠʦʛʝʥʥʫʶ ʪʝʢʩʪʫʨʫ, ʚʙʣʠʟʠ ʣʝʜʷʥʦʡ ʞʠʣʳ ʦʪʤʝʯʝʥʳ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʪʦʥʢʠʝ ʧʨʦʞʠʣʢʠ ʣʴʜʘ, ʤʦʱʥʦʩʪʴ ï 6,7 ʤ. ʉʦʩʪʘʚ ʚʦʜʥʦʡ 

ʚʳʪʷʞʢʠ ʧʝʩʢʦʚ ï ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʦ-ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ, ʥʘʪʨʠʝʚʦ-

ʢʘʣʴʮʠʝʚʳʡ (ʧʨʠʣ., ʪʘʙʣ. 5; ʨʠʩ. 17). 
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ʈʠʩ. 17. ʂʨʠʦʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʨʝʟ ʨʘʩʯʠʩʪʦʢ ʚ ʨʘʡʦʥʝ ʩ. ɻʳʜʘ [ɹʫʪʘʢʦʚ ʠ ʜʨ., 2018]. 1ï 

ʧʝʩʢʠ; 2 ï ʩʫʧʝʩʠ; 3 ï ʪʦʨʬ ʘʚʪʦʭʪʦʥʥʳʡ (ʘ), ʥʘʤʳʪʳʡ ʨʘʩʪʠʪʝʣʴʥʳʡ ʜʝʪʨʠʪ (ʙ); 4 ï 

ʥʠʪʝʚʠʜʥʳʝ ʢʦʨʝʰʢʠ ʪʨʘʚ (ʘ), ʘʚʪʦʭʪʦʥʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ (ʙ); 5 ï ʩʦʝʜʠʥʝʥʠʷ 

ʞʝʣʝʟʘ; 6 ï ʛʨʘʥʠʮʘ ʤʸʨʟʣʳʭ ʧʦʨʦʜ; 7 ï ʣʝʜʷʥʘʷ ʞʠʣʘ (ʘ), ʣʝʜʦʛʨʫʥʪʦʚʘʷ ʞʠʣʘ (ʙ); 8 ï 

ʢʨʠʦʪʝʢʩʪʫʨʘ ʤʘʩʩʠʚʥʘʷ (ʘ); ʣʠʥʟʦʚʠʜʥʘʷ (ʙ), ʥʘʢʣʦʥʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʧʣʦʡʯʘʪʘʷ (ʚ); 9 ï 

ʩʫʙʣʠʤʘʮʠʦʥʥʳʡ ʣʸʜ (ʘ); ʣʸʜ ʪʝʨʤʦʘʙʨʘʟʠʦʥʥʦʡ ʥʠʰʠ (ʙ); 10 ï ʣʸʜ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-

ʧʦʣʦʩʪʥʦʡ (ʘ); ʪʨʝʱʠʥʥʳʡ (ʙ); 11-13 ï ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʝ ʬʨʘʢʮʠʠ: 11 ï ʧʝʩʢʦʚ (0,25ï0,05 

ʤʤ); 12 ï ʧʳʣʠ (0,05ï0,005 ʤʤ); 13 ï ʛʣʠʥʳ (>0,005 ʤʤ); 14 ï ʢʦʣʠʯʝʩʪʚʦ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ 
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ʩʦʝʜʠʥʝʥʠʡ: ʩʫʭʦʡ ʦʩʪʘʪʦʢ ʨʘʩʯʸʪʥʳʤ ʤʝʪʦʜʦʤ (ʘ), ʧʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʧʝʨʝʩʯʸʪʝ ʥʘ 

NaCl (ʙ); 15 ï ʚʣʘʞʥʦʩʪʴ. ʂʨʘʩʥʳʤʠ ʪʦʯʢʘʤʠ ʧʦʢʘʟʘʥʳ ʤʝʩʪʘ ʦʪʙʦʨʘ ʧʨʦʙ ʣʴʜʘ ʥʘ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 
 

ʃʝʜ ʣʠʥʟʦʚʠʜʥʦ-ʩʝʪʯʘʪʳʡ ʚ ʩʫʛʣʠʥʢʘʭ ʠʤʝʝʪ ʩʣʘʙʦʩʦʣʝʥʳʡ (0,7 ʛ/ʜʤ3) 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ, ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ ʩʦʩʪʘʚ (ʨʠʩ. 18). ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ 

ʩʦʩʪʘʚ ʦʙʦʛʘʱʝʥ Sc ʚ 398, I ʚ 185, Mn ʚ 95, Br ʚ 67, Nb ʚ 45, Sn ʚ 12, V ʚ 11 ʨʘʟ; 

Co, Mo, Ni, Sr, W, U ʚ 5-8 ʨʘʟ; Li, B, Ti, Cr, Fe, Cu, As, Se, Ba ʚ 2-4 ʨʘʟʘ; 

ʣʘʥʪʘʥʦʠʜʘʤʠ ʚ 2-22 ʨʘʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ ʨʝʯʥʳʭ ʚʦʜ (ʧʨʠʣ., ʪʘʙʣ. 7; ʨʠʩ. 

19). ʃʝʜ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ Cean (0,72) ʠ Euan ʧʦʣʦʞʠʪʝʣʴʥʫʶ (1,33). 

ʉʦʦʪʥʦʰʝʥʠʝ ʃLa/ʊLa ʨʘʚʥʦʝ 0,70. 

 
ʈʠʩ. 18. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʘʥʦʤʘʣʠʠ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʇɾʃ ʚ ʟʦʥʝ ʩʝʚʝʨʥʦʡ ʪʫʥʜʨʳ ʙʝʟ 

ʤʦʨʩʢʦʛʦ ʚʣʠʷʥʠʷ; ʃla/ʊla ï ʩʦʦʪʥʦʰʝʥʠʝ ʣʝʛʢʠʭ ʠ ʪʷʞʝʣʳʭ ʣʘʥʪʘʥʦʠʜʦʚ; Euan ï ʝʚʨʦʧʠʝʚʘʷ 

ʘʥʦʤʘʣʠʷ, Cean ï ʮʝʨʠʝʚʘʷ ʘʥʦʤʘʣʠʷ 
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ʃʝʜ ʪʦʥʢʦ-ʣʠʥʟʦʚʠʜʥʳʡ (ʣʠʥʟʳ ʣʴʜʘ ʪʦʣʱʠʥʦʡ 0,5-2 ʤʤ) ʚ ʧʝʩʢʘʭ ʠʤʝʝʪ 

ʦʧʨʝʩʥʝʥʥʳʡ (348 ʤʛ/ʜʤ3) ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ, ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ ʩʦʩʪʘʚ 

(ʨʠʩ. 18). ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʦʛʘʱʝʥ Sc ʚ 308, Mn ʚ 43, I ʚ 32, Br ʚ 21; 

Sn ʚ 14, Nb ʚ 13 ʨʘʟ; Li, B, Ti, V, Cr, Fe, Co, Ni, Se, Sr, Mo U ʚ 2-4 ʨʘʟʘ; 

ʣʘʥʪʘʥʦʠʜʘʤʠ ʚ 2-6 ʨʘʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ ʨʝʯʥʳʭ ʚʦʜ (ʨʠʩ. 19). ʃʝʜ ʠʤʝʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʫʶ Cean (0,45) ʠ Euan ʧʦʣʦʞʠʪʝʣʴʥʫʶ (1,41). ʉʦʦʪʥʦʰʝʥʠʝ ʃLa/ʊLa 

ʨʘʚʥʦʝ 1,22. 

 
ʈʠʩ. 19. ʇʨʝʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʣʴʜʘʭ ʚ ʨʘʡʦʥʝ 

ʩ. ɻʳʜʘ ʥʘʜ ʢʣʘʨʢʘʤʠ ʨʝʯʥʳʭ ʚʦʜ 
 

ʉʣʦʡ 3. ʇʝʨʝʩʣʘʠʚʘʥʠʝ ʩʫʧʝʩʠ ʪʝʤʥʦ-ʩʝʨʦʡ ʟʘʪʦʨʬʦʚʘʥʥʦʡ (3-5 ʩʤ), 

ʧʨʦʩʣʦʝʚ ʧʝʩʢʦʚ ʩʝʨʳʭ ʠ ʩʚʝʪʣʦ-ʩʝʨʳʭ (1-1,5 ʩʤ) ʠ ʣʠʥʟ ʘʚʪʦʭʪʦʥʥʦʛʦ ʪʦʨʬʘ. 

ʉʦʩʪʘʚ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ ʩʫʧʝʩʠ ï ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ, ʢʘʣʴʮʠʝʚʦ-

ʥʘʪʨʠʝʚʳʡ. ʉʣʦʠʩʪʦʩʪʴ ʤʝʣʢʠʭ ʧʝʩʢʦʚ ʤʝʣʢʦʚʦʣʥʠʩʪʘʷ ʯʘʩʪʘʷ ʥʘʢʣʦʥʥʘʷ, 

ʧʣʘʚʥʦ ʠʟʦʛʥʫʪʘ ʤʝʞʜʫ ʜʚʫʤʷ ʢʘʥʘʚʘʤʠ. ʉʦʩʪʘʚ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ ʧʝʩʢʘ ï 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ, ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ.  

ʉʣʦʡ 4. ʊʦʨʬ ʩʣʦʠʩʪʳʡ ʠ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʡ ʩʣʦʡ. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ 

ʪʦʨʬʘ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʠʛʦʥʘ ʦʩʣʦʞʥʝʥʘ ʥʘʢʣʦʥʥʳʤʠ ʧʨʦʞʠʣʢʘʤʠ ʠ 

ʚʥʝʜʨʝʥʠʷʤʠ ʠʟ ʥʠʞʝʣʝʞʘʱʝʛʦ ʩʣʦʷ ï ʢʨʠʦʪʫʨʙʘʮʠʷʤʠ. ʄʦʱʥʦʩʪʴ ʪʦʨʬʘ 
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ʤʝʥʷʝʪʩʷ ʦʪ 0,2 ʜʦ 1,0 ʤ ʚ ʧʨʝʜʝʣʘʭ ʭʘʩʳʨʝʷ ʥʘ ʚʦʜʦʨʘʟʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʨʠʩ. 16). ʊʦʨʬ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʪʝʧʝʥʥʦʤʫ ʟʘʨʘʩʪʘʥʠʶ ʤʝʣʢʦʛʦ ʚʦʜʦʝʤʘ, ʝʛʦ 

ʦʩʫʰʝʥʠʶ ʠ, ʚʝʨʦʷʪʥʦ, ʧʦʭʦʣʦʜʘʥʠʶ [ʊʠʭʦʥʨʘʚʦʚʘ ʠ ʜʨ., 2019].  

ʆʪʣʦʞʝʥʠʷ II-ʡ ʪʝʨʨʘʩʳ ʧʦ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʩʣʦʠʩʪʦʩʪʠ, 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʥʠʟʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (75-209 ʤʛ/ʢʛ), 

ʩʦʜʝʨʞʘʥʠʶ ʞʝʣʝʟʘ (4-26 ʤʛ/ʢʛ), ʛʫʤʫʩʘ (31-198 ʤʛʆ/ʢʛ), ʥʠʪʨʘʪʦʚ (ʜʦ 0,073 

ʤʤʦʣʴ-ʵʢʚ/100ʛ) ʠ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʦ-ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʤʫ, ʥʘʪʨʠʝʚʦ-

ʢʘʣʴʮʠʝʚʦʤʫ (ʩʣʦʡ 2) ʩʦʩʪʘʚʫ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪʥʝʩʝʥʳ ʢ 

ʦʩʘʜʢʘʤ ʧʨʝʩʥʳʭ ʪʝʢʫʯʠʭ ʚʦʜ (ʨʠʩ. 17). ɺʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ ʧʦ ʘʚʪʦʭʪʦʥʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩ ʛʣʫʙʠʥʳ 3,7 ʤ ï 16 640 Ñ 505 ʣʝʪ ʥʘʟʘʜ (ʀʄʂʕʉ-14ʉ1256). 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʪʝʨʨʘʩʳ ʠ ʞʠʣʴʥʳʝ ʣʴʜʳ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʩʘʨʪʘʥʩʢʦʤ ʧʝʨʠʦʜʝ 

ʧʦʟʜʥʝʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ. 

ʆʪʣʦʞʝʥʠʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʝʨʨʘʩʳ (ʨʘʩʯʠʩʪʢʘ ɺ5 ʩ ʛʣʫʙʠʥʳ 0,35 ʤ) ʧʦ 

ʩʣʦʠʩʪʦʩʪʠ, ʥʘʤʳʪʳʤ ʨʘʩʪʠʪʝʣʴʥʳʤ ʦʩʪʘʪʢʘʤ, ʥʠʟʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (73 

ʤʛ/ʢʛ), ʭʣʦʨʠʜʥʦ-ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʤʫ, ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʦʤʫ ʩʦʩʪʘʚʫ, 

ʩʦʜʝʨʞʘʥʠʶ ʞʝʣʝʟʘ (2,3 ʤʛ/ʢʛ), ʛʫʤʫʩʘ (46 ʤʛʆ/ʢʛ), ʥʠʪʨʘʪʦʚ (0,002 ʤʤʦʣʴ-

ʵʢʚ/100 ʛ) ʦʪʥʝʩʝʥʳ ʢ ʦʩʘʜʢʘʤ ʤʝʣʢʦʚʦʜʥʦʛʦ ʦʟʝʨʘ. ɺʦʟʨʘʩʪ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʦʩʪʘʪʢʦʚ ʩ ʛʣʫʙʠʥʳ 0,7ï0,75 ʤ ï 10 037 Ñ 440 ʣʝʪ ʥʘʟʘʜ (ʀʄʂʕʉ-14ʉ1262) 

[ʊʠʭʦʥʨʘʚʦʚʘ ʠ ʜʨ., 2019]. ɺ ʧʝʨʠʦʜ ʥʘʢʦʧʣʝʥʠʷ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʚ ʨʘʥʥʝʤ 

ʛʦʣʦʮʝʥʝ) ʥʘ ʦʩʪʘʥʮʘʭ ʪʝʨʨʘʩʳ ʨʘʟʚʠʚʘʣʩʷ ʪʝʨʤʦʢʘʨʩʪ, ʯʘʩʪʠʯʥʦ ʧʨʦʪʘʠʚʘʣʠ 

ʇɾʃ ʠ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʝ ʩʘʨʪʘʥʩʢʠʝ ʦʪʣʦʞʝʥʠʷ. ʅʘʢʦʧʣʝʥʠʝ ʧʦʢʨʦʚʥʦʛʦ 

ʪʦʨʬʘ ʠ ʧʨʦʤʝʨʟʘʥʠʝ ʦʟʝʨʥʳʭ ʦʩʘʜʢʦʚ ʧʨʦʠʩʭʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʣʦʮʝʥʘ 

ʦʪ 8 354 Ñ 107 (ʀʄʂʕʉ-14ʉ1259) ʜʦ 3 527 Ñ 95 ʣʝʪ ʥʘʟʘʜ (ʀʄʂʕʉ-14ʉ1255). 

ʃʝʜʷʥʳʝ ʠ ʣʝʜʦʛʨʫʥʪʦʚʳʝ ʞʠʣʳ ʟʘʣʝʛʘʶʪ ʚ ʩʣʦʷʭ 1, 2; ʚ ʪʦʨʬʝ ʩʣʦʷ 4 ï 

ʵʣʝʤʝʥʪʘʨʥʘʷ ʞʠʣʢʘ (ʩʤ. ʨʠʩ. 3). ɺʠʜʠʤʘʷ ʯʘʩʪʴ ʢʨʫʧʥʦʡ ʣʝʜʷʥʦʡ ʞʠʣʳ ʚʥʠʟʫ 

ʦʙʥʘʞʝʥʠʷ ʠʤʝʝʪ ʰʠʨʠʥʫ ʙʦʣʝʝ 2 ʤ, ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʤʝʨ ʙʦʣʝʝ 4 ʤ ʠ ʫʭʦʜʠʪ 

ʧʦʜ ʫʨʝʟ ʨʝʢʠ ɻʳʜʘ. ʃʝʜʦʛʨʫʥʪʦʚʳʝ ʞʠʣʳ (ʨʘʩʯʠʩʪʢʘ ɺ5 ʠ ɺ3), ʙʦʣʝʝ ʫʟʢʠʝ ï 

ʰʠʨʠʥʦʡ 1,0-1,5 ʤ, ʚʝʨʪʠʢʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 4,5 ʤ, ʟʘʣʝʛʘʶʪ ʚ 

ʦʪʣʦʞʝʥʠʷʭ ʩʣʦʝʚ 1, 2 ʠ ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʥʘ ʨʘʟʥʦʡ ʛʣʫʙʠʥʝ. ɾʠʣʳ ʠ ʤʝʨʟʣʳʝ 

ʦʪʣʦʞʝʥʠʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʝʨʝʩʝʯʝʥʳ ʪʨʝʱʠʥʘʤʠ ʦʪʩʝʜʘʥʠʷ ʩ 
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ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʤ ʣʴʜʦʤ, ʚ ʦʩʥʦʚʘʥʠʠ ï ʚʢʣʶʯʘʶʪ ʣʝʜ ʪʝʨʤʦʘʙʨʘʟʠʦʥʥʦʡ 

ʥʠʰʠ. 

ʇɾʃ ʙʝʟ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ (ʨʠʩ. 20ɸ) ʦʩʪʘʥʮʦʚ ʪʝʨʨʘʩʳ 

ʫʣʴʪʨʘʧʨʝʩʥʳʡ ʠ ʧʨʝʩʥʳʡ (45-76 ʤʛ/ʜʤ3), ʠʤʝʝʪ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ, 

ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʦ-ʤʘʛʥʠʝʚʳʡ, ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ ʠʣʠ 

ʥʘʪʨʠʝʚʦ-ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ, ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ (ʨʠʩ. 18, ʧʨʠʣ., ʪʘʙʣ. 6) 

ï ʙʣʠʟʢʠʡ ʧʦ ʩʦʩʪʘʚʫ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʚ ʜʦʣʠʥʝ ʨ. ʖʨʠʙʝʡ (ʧ-ʦʚ ɻʳʜʘʥ) 

[ʂʨʠʮʫʢ, 2010]. ʊʘʢʦʡ ʩʦʩʪʘʚ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʭ ʇɾʃ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʠ ʤʦʨʦʟʦʙʦʡʥʦʤ ʨʘʩʪʨʝʩʢʠʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʦʩʥʦʚʥʦʤ 

ʟʘ ʩʯʝʪ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ.  

ɸ ɹ 

  
ʈʠʩ. 20. ʇɾʃ (ʬʦʪʦ ʉʣʘʛʦʜʳ ɽ.ɸ.) ʚ ʨʘʡʦʥʝ ʩ. ɻʳʜʘ: ɸ ï ʣʝʜ ʙʝʟ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ, 

ɹ ï ʣʝʜ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ  
 

ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʇɾʃ ʩ ʧʫʟʳʨʴʢʘʤʠ ʚʦʟʜʫʭʘ ʠ ʧʣʝʥʢʘʤʠ ʤʫʪʠ 

(ɺ5-16, ʛʣʫʙʠʥʘ 6,0 ʤ) ʦʙʦʛʘʱʝʥ Sc ʚ 48; Cr ʚ 17; Mn, Nb, Sn ʚ 8-10; 

ʣʘʥʪʘʥʦʠʜʘʤʠ 4-11; P, Ti, Fe, Co, Ni, Cu, I ʚ 3-5 ʨʘʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ 

ʨʝʯʥʳʭ ʚʦʜ (ʨʠʩ. 21, ʧʨʠʣ., ʪʘʙʣ. 7). ʃʝʜ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ Cean (0,74) ʠ Euan 

ʙʣʠʟʢʫʶ ʚ ʝʜʠʥʠʮʝ (0,98) ʘʥʦʤʘʣʠʠ. ʉʦʦʪʥʦʰʝʥʠʝ ʃLa/ʊLa ʣʘʥʪʘʥʦʠʜʦʚ (0,82) 

ʩʨʘʚʥʠʤʦ ʩ ʨʝʯʥʳʤʠ ʚʦʜʘʤʠ. 

ʃʝʜʦʛʨʫʥʪʦʚʳʝ ʯʘʩʪʠ ʞʠʣ ʦʩʪʘʥʮʦʚ ʪʝʨʨʘʩʳ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʦʩʪʘʚʫ. 

ʃʝʜʦʛʨʫʥʪ ʞʠʣʳ ʚ ʨʘʩʯʠʩʪʢʝ ɺ3 ï ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ, ʢʘʣʴʮʠʝʚʦ-ʤʘʛʥʠʝʚʦ-

ʥʘʪʨʠʝʚʳʡ, ʧʨʝʩʥʳʡ (164 ʤʛ/ʜʤ3). ʃʝʜʦʛʨʫʥʪʦʚʘʷ ʯʘʩʪʴ ʞʠʣʳ ʚ ʨʘʩʯʠʩʪʢʝ ɺ5 

(ʨʠʩ. 20ɹ) ï ʭʣʦʨʠʜʥʦ-ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ ʢʘʣʴʮʠʝʚʦ-ʤʘʛʥʠʝʚʳʡ; ʧʨʝʩʥʳʡ (94 
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ʤʛ/ʜʤ3). ʉʦʩʪʘʚ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ ʣʝʜʦʛʨʫʥʪʘ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʇɾʃ [ʈʦʛʦʚ, 

2009] ʠ ʙʣʠʟʦʢ ʢ ʩʦʩʪʘʚʫ ʚʤʝʱʘʶʱʠʭ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠ ʧʨʦʤʝʨʟʘʚʰʠʭ 

ʦʪʣʦʞʝʥʠʡ. ʇʦʚʳʰʝʥʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʤʫʪʥʦʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ, 

ʞʝʣʝʟʘ ʚ ʣʝʜʦʛʨʫʥʪʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ çʯʠʩʪʳʤè ʣʴʜʦʤ ʞʠʣ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʳ 

ʩ ʚʦʜʘʤʠ, ʦʙʦʛʘʱʝʥʥʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ.  

ʇɾʃ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʧʨʦʞʠʣʢʘʤʠ ʩʫʧʝʩʠ ʠ ʪʦʥʢʦʛʦ ʧʝʩʢʘ (ɺ5-16, 

ʛʣʫʙʠʥʘ 2,5 ʤ) ʫʣʴʪʨʘʧʨʝʩʥʳʡ (44 ʤʛ/ʜʤ3) ʠʤʝʝʪ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ, ʥʘʪʨʠʝʚʦ-

ʢʘʣʴʮʠʝʚʦ-ʤʘʛʥʠʝʚʳʡ ʩʦʩʪʘʚ. ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʦʛʘʱʝʥ Sc ʚ 32; Nb 

ʚ 18; ʣʘʥʪʘʥʦʠʜʘʤʠ ʚ 4-12; Sn, I ʚ 8 ʨʘʟ; P, V, Mn, Fe ʚ 2-5 ʨʘʟ (ʨʠʩ. 21, ʧʨʠʣ., 

ʪʘʙʣ. 6 ʠ 7). ʃʝʜ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ Cean (0,72) ʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ Euan (1,06). 

ʉʦʦʪʥʦʰʝʥʠʝ ʃLa/ʊLa ʙʣʠʟʢʦʝ ʢ ʝʜʠʥʠʮʝ (0,71). 

ʉʪʨʦʝʥʠʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ ʭʘʩʳʨʝʷ 

ʈʘʩʯʠʩʪʢʘ ɺ4 ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʭʘʩʳʨʝʷ ʚ ʙʝʨʝʛʦʚʦʤ ʫʩʪʫʧʝ, ʚʳʩʦʪʦʡ 

3,0 ʤ. ʍʘʩʳʨʝʡ, ʜʠʘʤʝʪʨʦʤ ʜʦ 0,5 ʢʤ, ʩ ʧʦʣʠʛʦʥʘʣʴʥʳʤ ʨʝʣʴʝʬʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʥʠʞʥʶʶ ʩʪʫʧʝʥʴ ʦʟʝʨʥʦ-ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʧʦʥʠʞʝʥʠʡ, ʥʘ ʚʦʩʪʦʢʝ ʛʨʘʥʠʯʠʪ ʩ 

ʦʩʪʘʥʮʦʤ ʪʝʨʨʘʩʳ. ʈʘʟʨʝʟ ɺ4, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʧʦʜ ʤʝʞʧʦʣʠʛʦʥʘʣʴʥʦʡ 

ʢʘʥʘʚʦʡ, ʩʥʠʟʫ ï ʚʚʝʨʭ ʚʩʢʨʳʣ (ʨʠʩ. 17): 

ʉʣʦʡ 1. ʉʝʨʳʝ ʧʝʩʢʠ ʩ ʧʨʦʩʣʦʷʤʠ ʟʘʪʦʨʬʦʚʘʥʥʦʡ ʩʝʨʦʡ ʩʫʧʝʩʠ ʩ ʩʠʟʳʤʠ 

ʧʷʪʥʘʤʠ ʧʦ ʨʘʟʣʦʞʝʥʥʳʤ ʨʘʩʪʠʪʝʣʴʥʳʤ ʦʩʪʘʪʢʘʤ ʠ ʥʠʪʝʚʠʜʥʳʤ ʢʦʨʝʰʢʘʤ. 

ʉʣʦʠʩʪʦʩʪʴ ʤʝʣʢʦʚʦʣʥʠʩʪʘʷ ʧʘʨʘʣʣʝʣʴʥʘʷ ʪʦʥʢʘʷ, ʦʩʣʦʞʥʝʥʘ ʚʥʝʜʨʝʥʠʷʤʠ 

ʩʫʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʚʝʨʭ ʠ ʠʟʦʛʥʫʪʘ ʚʚʝʨʭ ʚʜʦʣʴ ʞʠʣʳ ʣʴʜʘ. 

ʂʨʠʦʪʝʢʩʪʫʨʘ ʤʘʩʩʠʚʥʘʷ. ɺʠʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ï 0,6 ʤ. 

ʉʣʦʡ 2. ʉʚʝʪʣʦ-ʞʝʣʪʳʝ ʠ ʩʝʨʳʝ ʧʝʩʢʠ ʩ ʥʠʪʝʚʠʜʥʳʤʠ ʢʦʨʝʰʢʘʤʠ, ʩ 

ʧʨʦʩʣʦʷʤʠ ʩʝʨʦʡ ʩʫʧʝʩʠ ʠ ʣʠʥʟʘʤʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʜʝʪʨʠʪʘ. ʉʣʦʠʩʪʦʩʪʴ 

ʧʣʘʚʥʘʷ ʚʦʣʥʠʩʪʘʷ, ʧʘʨʘʣʣʝʣʴʥʘʷ: ʩʣʦʠ ʪʦʣʱʠʥʦʡ 1-10 ʩʤ, ʦʩʣʦʞʥʝʥʳ 

ʚʥʝʜʨʝʥʠʷʤʠ ʩʫʧʝʩʯʘʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʚʝʨʭ ʥʘ 0,3-0,6 ʤ. ʆʪʣʦʞʝʥʠʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʦʢʨʘʰʝʥʳ ʛʠʜʨʦʦʢʠʩʣʘʤʠ ʞʝʣʝʟʘ ʚ ʚʠʜʝ ʧʷʪʝʥ ʠ ʧʦʪʝʢʦʚ, 

ʧʝʨʝʩʝʯʝʥʳ ʪʨʝʱʠʥʘʤʠ ʦʪʩʝʜʘʥʠʷ. ʂʨʠʦʪʝʢʩʪʫʨʘ ʤʘʩʩʠʚʥʘʷ, ʚʙʣʠʟʠ ʣʝʜʷʥʦʡ 

ʞʠʣʳ ʯʘʩʪʘʷ ʩʫʙʚʝʨʪʠʢʘʣʴʥʘʷ ʤʠʢʨʦʣʠʥʟʦʚʠʜʥʘʷ (ʧʣʦʡʯʘʪʘʷ). ʄʦʱʥʦʩʪʴ ï 
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1,5-1,7 ʤ. ʉʦʩʪʘʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʝʩʢʘʭ ï ʭʣʦʨʠʜʥʦ-

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ, ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ; ʚ ʩʫʧʝʩʷʭ ï ʭʣʦʨʠʜʥʦ-

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ, ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ (ʨʠʩ. 17). 

ʉʣʦʡ 3. ʉʣʦʠʩʪʳʡ ʪʦʨʬ ʠ ʧʩʝʚʜʦʤʦʨʬʦʟʘ, ʟʘʧʦʣʥʝʥʥʘʷ ʪʦʨʬʦʤ, ʥʘʜ 

ʣʝʜʦʛʨʫʥʪʦʚʦʡ ʞʠʣʦʡ. ʄʦʱʥʦʩʪʴ ʪʦʨʬʘ ʤʝʥʷʝʪʩʷ ʦʪ 0,2 ʜʦ 0,9 ʤ. ʅʠʞʥʷʷ ʯʘʩʪʴ 

ʪʦʨʬʘ ʠʤʝʝʪ ʥʘʢʣʦʥʥʫʶ, ʧʝʨʝʤʷʪʫʶ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʫʶ ʩʣʦʠʩʪʦʩʪʴ, ʣʠʥʟʳ ʠ 

ʥʝʚʳʜʝʨʞʘʥʥʳʝ ʧʨʦʩʣʦʠ ʩʫʧʝʩʝʡ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʪʦʨʬʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-

ʩʣʦʠʩʪʘʷ ʩ ʧʨʠʩʳʧʢʘʤʠ ʧʝʩʢʘ. 

ɺ ʩʣʦʷʭ 1, 2 ʟʘʣʝʛʘʝʪ ʢʣʠʥʦʚʠʜʥʘʷ ʣʝʜʦʛʨʫʥʪʦʚʘʷ ʞʠʣʘ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 2,5 ʤ. ɺʥʠʟʫ ʞʠʣʳ ʧʨʝʦʙʣʘʜʘʝʪ çʯʠʩʪʳʡè ʣʝʜ ʩ 

ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʞʠʣʢʘʤʠ, ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ ʠʟ ʧʫʟʳʨʴʢʦʚ ʚʦʟʜʫʭʘ, 

ʧʣʝʥʦʢ ʤʫʪʠ ʠ ʚʢʣʶʯʝʥʠʡ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʜʝʪʨʠʪʘ; ʚʚʝʨʭʫ ʞʠʣʳ ï ʣʝʜʦʛʨʫʥʪ, 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦ-ʚʦʣʥʠʩʪʳʝ ʧʨʦʞʠʣʢʠ ʧʝʩʢʘ, ʩʫʧʝʩʠ ʩ 

ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʰʣʠʨʘʤʠ, ʣʠʥʟʘʤʠ ʣʴʜʘ.  

ʆʪʣʦʞʝʥʠʷ ʭʘʩʳʨʝʷ ʧʦ ʩʣʦʠʩʪʦʩʪʠ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, 

ʥʠʟʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (62ï154 ʤʛ/ʢʛ), ʭʣʦʨʠʜʥʦ-ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʤʫ, 

ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʦʤʫ ʩʦʩʪʘʚʫ, ʩʦʜʝʨʞʘʥʠʶ ʞʝʣʝʟʘ (3-47 ʤʛ/ʢʛ), ʛʫʤʫʩʘ (56-

167 ʤʛʆ/ʢʛ), ʥʠʪʨʘʪʦʚ (0,002-0,138 ʤʤʦʣʴ-ʵʢʚ/100ʛ) ʦʪʥʝʩʝʥʳ ʢ ʘʣʣʶʚʠʘʣʴʥʳʤ 

ʦʩʘʜʢʘʤ ʧʨʠʨʫʩʣʦʚʳʭ ʦʪʤʝʣʝʡ, ʨʝʛʫʣʷʨʥʦ ʟʘʪʘʧʣʠʚʘʝʤʦʡ ʧʦʡʤʳ ʨ. ɻʳʜʘ ʩ 

ʤʝʥʷʶʱʠʤʩʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ. ɺʦʟʨʘʩʪ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʩ 

ʛʣ. 1,97-1,95 ʤ 12232Ñ290 ʣʝʪ ʥ. (ʀʄʂʕʉ-14ʉ1256) [ʊʠʭʦʥʨʘʚʦʚʘ ʠ ʜʨ., 2019]. 

ʉʣʦʡ ʪʦʨʬʘ ʚ ʦʪʣʦʞʝʥʠʷ ʭʘʩʳʨʝʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʚʝʨʰʝʥʠʶ ʧʦʡʤʝʥʥʦʛʦ 

ʨʝʞʠʤʘ ʙʝʟ ʜʣʠʪʝʣʴʥʦʛʦ ʧʦʜʪʦʧʣʝʥʠʷ ʧʘʚʦʜʢʦʚʳʤʠ ʚʦʜʘʤʠ [Kuznetsova et. al., 

2018] ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʛʦʣʦʮʝʥʘ ʦʪ 4680Ñ108 (ʀʄʂʕʉ-14ʉ1093) ʜʦ 854Ñ96 

ʣʝʪ. ʥ. (ʀʄʂʕʉ-14ʉ1243). 

ʀʟʫʯʝʥʥʳʝ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʝ ʦʪʣʦʞʝʥʠʷ ʭʘʩʳʨʝʷ ʠ ʦʩʪʘʥʮʦʚ II-ʡ 

ʪʝʨʨʘʩʳ ʧʨʠʫʩʪʴʝʚʦʛʦ ʫʯʘʩʪʢʘ ʜʦʣʠʥʳ ʨ. ɻʳʜʘ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʦʜʥʦʡ 

ʚʳʪʷʞʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʟʘʩʦʣʝʥʥʳʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ, 

ʦʧʨʝʩʥʝʥʥʳʤ ʟʘ ʩʯʝʪ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. ʆʪʣʦʞʝʥʠʷ 

ʥʠʞʥʝʡ ʯʘʩʪʠ II-ʡ ʪʝʨʨʘʩʳ ʦʪʥʝʩʝʥʳ ʢ ʘʣʣʶʚʠʶ ï ʦʩʘʜʢʘʤ ʧʨʝʩʥʳʭ ʪʝʢʫʯʠʭ 
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ʚʦʜ, ʩʠʥʛʝʥʝʪʠʯʝʩʢʠ ʧʨʦʤʝʨʟʘʚʰʠʭ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʇɾʃ ʚ ʩʘʨʪʘʥʩʢʦʤ 

ʧʝʨʠʦʜʝ ʧʦʟʜʥʝʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ. ʆʪʣʦʞʝʥʠʷ ʩʣʦʷ 3 ʚ ʨʘʟʨʝʟʝ ʪʝʨʨʘʩʳ 

ʦʪʥʝʩʝʥʳ ʢ ʥʠʞʥʝʛʦʣʦʮʝʥʦʚʳʤ ʦʩʘʜʢʘʤ ʤʝʣʢʦʚʦʜʥʦʛʦ ʦʟʝʨʘ, ʧʦʜ ʢʦʪʦʨʳʤ 

ʧʨʦʪʘʠʚʘʣʠ ʇɾʃ ʠ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʝ ʩʘʨʪʘʥʩʢʠʝ ʦʪʣʦʞʝʥʠʷ. ɺ ʭʘʩʳʨʝʝ, ʚ 

ʧʦʣʦʚʦʜʴʝ ʟʘʣʠʚʘʝʤʦʤ ʚʦʜʘʤʠ ʨ. ɻʳʜʘ, ʨʘʟʨʝʟ ʩʣʦʞʝʥ ʘʣʣʶʚʠʘʣʴʥʳʤʠ 

ʧʦʡʤʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʦʩʘʜʢʘʤʠ ʧʨʠʨʫʩʣʦʚʳʭ ʦʪʤʝʣʝʡ ʠ ʧʦʢʨʦʚʥʳʤ 

ʪʦʨʬʦʤ.  

ʇɾʃ ʙʝʟ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʭʘʩʳʨʝʝ ʚ ʨʘʩʯʠʩʪʢʝ ɺ4 

ʫʣʴʪʨʘʧʨʝʩʥʳʡ (9,3-37 ʤʛ/ʜʤ3), ʠʤʝʝʪ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʘʪʥʳʡ ʠ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ, ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʦ-ʤʘʛʥʠʝʚʳʡ ʠ ʢʘʣʴʮʠʝʚʦ-

ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ. ʃʝʜ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ Cean (0,29) ʠ Euan ʙʣʠʟʢʫʶ ʢ 

ʝʜʠʥʠʮʝ (1,19) ʘʥʦʤʘʣʠʠ. ʉʦʦʪʥʦʰʝʥʠʝ ʃLa/ʊLa ʣʘʥʪʘʥʦʠʜʦʚ ʙʣʠʟʢʦʝ ʢ ʝʜʠʥʠʮʝ 

(1,17) (ʨʠʩ. 18). ʆʪʣʠʯʠʝ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʠʦʥʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʞʠʣʳ ʚ ʫʩʣʦʚʠʷʭ ʨʝʛʫʣʷʨʥʦʛʦ ʧʦʜʪʦʧʣʝʥʠʷ ʨ. ɻʳʜʘ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʩʬʦʨʤʠʨʦʚʘʥ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʚʦʜʘʤʠ ʨ. ɻʳʜʘ. ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʦʛʘʱʝʥ I, W, Sn, Sc ʚ 9-13 ʨʘʟʘ; P, 

Mn, Fe, Co, Cu, La, Pr, Eu, Tb, Dy, Ho ʚ 2-4 ʨʘʟʘ (ʨʠʩ. 21).  

ʃʝʜ ʪʨʝʱʠʥ ʦʪʩʝʜʘʥʠʷ ʠʤʝʝʪ ʫʣʴʪʨʘʧʨʝʩʥʳʡ (46-52 ʤʛ/ʜʤ3) ʩʦʩʪʘʚ ʠ 

ʨʘʟʣʠʯʘʝʪʩʷ ʥʘ ʨʘʟʥʳʭ ʦʩʪʘʥʮʘʭ ʪʝʨʨʘʩʳ. ɺ ʨʘʩʯʠʩʪʢʝ ɺ5 ʣʝʜ ʠʤʝʝʪ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ, ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ, ʥʠʟʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ (0,28 ʤʛ/ʜʤ3), ʥʠʪʨʘʪʦʚ (0,13 ʤʛ/ʜʤ3) ʠ ʥʠʪʨʠʪʦʚ (0,01 

ʤʛ/ʜʤ3) (ʧʨʠʣ., ʪʘʙʣ. 8). ʊʘʢʦʡ ʩʦʩʪʘʚ ʠʜʝʥʪʠʯʝʥ ʩʦʩʪʘʚʫ ʇɾʃ ʣʴʜʘ ʙʝʟ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʚʦʜ, 

ʬʦʨʤʠʨʦʚʘʚʰʠʭ ʇɾʃ ʠ çʩʦʚʨʝʤʝʥʥʳʡè ʣʝʜ ʪʨʝʱʠʥʳ, ʷʚʣʷʣʠʩʴ ʘʪʤʦʩʬʝʨʥʳʝ 

ʦʩʘʜʢʠ. ʃʝʜ ʪʨʝʱʠʥ ʦʪʩʝʜʘʥʠʷ ʚ ʨʘʩʯʠʩʪʢʝ ɺ3 ʠʤʝʝʪ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ, 

ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ, ʧʦʚʳʰʝʥʥʫʶ ʤʫʪʥʦʩʪʴ (26 ʤʛ/ʜʤ3), ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʞʝʣʝʟʘ (12,5 ʤʛ/ʜʤ3) ʠ ʥʠʪʨʠʪʦʚ (0,17 ʤʛ/ʜʤ3). ʊʘʢʦʡ ʩʦʩʪʘʚ ʩʬʦʨʤʠʨʦʚʘʥ 

ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʩ ʫʯʘʩʪʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠ ʥʘʜʤʝʨʟʣʦʪʥʦʛʦ ʩʪʦʢʘ, 

ʦʙʦʛʘʱʝʥʥʦʛʦ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠʟ ʜʨʝʥʠʨʫʝʤʳʭ ʩʢʣʦʥʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ.  
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ʃʝʜ ʪʝʨʤʦʘʙʨʘʟʠʦʥʥʦʡ ʥʠʰʠ ʧʨʝʩʥʳʡ (148 ʤʛ/ʜʤ3), ʚ ʦʪʣʠʯʠʝ ʦʪ ʇɾʃ 

ʙʝʟ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʠʤʝʝʪ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ, ʥʘʪʨʠʝʚʦ-ʤʘʛʥʠʝʚʳʡ 

ʩʦʩʪʘʚ, ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ (48 ʤʛʆ/ʜʤ3), ʥʠʪʨʘʪʦʚ (1,3 ʤʛ/ʜʤ3), ʞʝʣʝʟʘ 

(6,5 ʤʛ/ʜʤ3), ʧʦʚʳʰʝʥʥʫʶ ʤʫʪʥʦʩʪʴ (27 ʤʛ/ʜʤ3) ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʦʧʨʝʩʥʝʥʥʳʭ ʚʦʜ ʶʞʥʦʡ ʯʘʩʪʠ ɻʳʜʘʥʩʢʦʡ ʛʫʙʳ [ʊʦʤʙʝʨʛ ʠ ʜʨ., 2011].  

ɺ ʨʘʡʦʥʝ ʤ. ʂʘʨʝʧʦʚʩʢʠʡ ʇɾʃ ʟʘʣʝʛʘʶʪ ʚ ʤʸʨʟʣʳʭ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʭ 

ʩʣʦʠʩʪʳʭ ʧʝʩʢʘʭ ʠ ʩʫʧʝʩʷʭ, ʧʝʨʝʢʨʳʪʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 

ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 2 ʤ ï ʜʨʝʚʝʩʠʥʦʡ ʠ ʢʦʨʦʡ ʩʦ ʩʣʝʜʘʤʠ ʨʫʙʢʠ, ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 

ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʦʛʦ 

ʣʴʜʘ (ʨʠʩ. 22) [ʆʧʦʢʠʥʘ ʠ ʜʨ., 2014]. ʃʝʜ ʠʤʝʝʪ ʧʨʝʩʥʳʡ (68 ʤʛ/ʜʤ3) 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ, ʤʘʛʥʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ ʠ Cean ʙʣʠʟʢʫʶ ʢ 

ʝʜʠʥʠʮʝ (0,90) ʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ Euan (0,57) ʘʥʦʤʘʣʠʠ.  

ʉʦʦʪʥʦʰʝʥʠʝ ʃLa/ʊLa 

ʨʘʚʥʦʝ 0,73 ʠ ʩʫʤʤʫ 

ʣʘʥʪʘʥʦʠʜʦʚ 4,1 ʤʢʛ/ʜʤ3 (ʨʠʩ. 

18). ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ 

ʦʙʦʛʘʱʝʥ P ʚ 65 ʨʘʟ; Fe ʚ 48 

ʨʘʟ; Mo ʚ 35 ʨʘʟ; Nb ʚ 30 ʨʘʟ; 

Mn ʚ 19 ʨʘʟ; ʣʘʥʪʘʥʦʠʜʘʤʠ ʚ 

11-55 ʨʘʟ; Ti, V, Co, W ʚ 6-8 

ʨʘʟ; Cl, Cr, Ni, As, Br, Cd, I ʚ 2-

3 ʨʘʟʘ (ʨʠʩ. 21, ʧʨʠʣ., ʪʘʙʣ. 3 ʠ 

4). 

ɸ 

 

ɹ 

 
ʈʠʩ. 22. ʇɾʃ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʦʜ 

ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʙʠʦʛʝʥʥʳʤ ʛʦʨʠʟʦʥʪʦʤ (ɸ), ʣʸʜ ʇɾʃ 

ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʨʦʞʠʣʢʘʤʠ (ɹ) [ʆʧʦʢʠʥʘ ʠ ʜʨ., 

2014] 

ʇɾʃ ʟʦʥʳ ʩʝʚʝʨʥʦʡ ʪʫʥʜʨʳ ʙʝʟ ʤʦʨʩʢʦʛʦ ʚʣʠʷʥʠʷ ʨʘʡʦʥʦʚ ʩ. ɻʳʜʘ ʥʘ 

ʉʝʚʝʨʝ ɻʳʜʘʥʘ ʠ ʤ. ʂʘʨʝʧʦʚʩʢʠʡ ʥʘ ɿʘʧʘʜʥʦʤ ʊʘʡʤʳʨʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʩʦʣʝʡ 

ʫʣʴʪʨʘʧʨʝʩʥʳʝ ʠ ʧʨʝʩʥʳʝ; ʣʸʜ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʥʝʨʘʩʪʚʦʨʠʤʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ. ɺ ʇɾʃ ʚʳʷʚʣʝʥʦ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠʦʥʦʚ (HCO3
-).  
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ɺ ʇɾʃ ʩ. ɻʳʜʘ ï ʚʦ ʣʴʜʫ ʙʝʟ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʩʫʤʤʘ 

ʣʘʥʪʘʥʦʠʜʦʚ ʨʘʚʥʘ 0,4 ʤʢʛ/ʜʤ3, ʚʦ ʣʴʜʘʭ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ 1,0-1,3 

ʤʢʛ/ʜʤ3. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ Sc ʠ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʝʤ ʣʴʜʫ ʚ 

ʣʠʥʟʦʚʠʜʥʦʡ ʢʨʠʦʪʝʢʩʪʫʨʝ ʦʪʦʨʬʦʚʘʥʥʳʭ ʩʫʛʣʠʥʢʦʚ (1,8 ʤʢʛ/ʜʤ3), ʯʪʦ ʩʚʷʟʘʥʦ 

ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚʘʭ ʠ ʧʝʨʝʭʦʜʦʤ ʠʭ ʚ ʩʦʩʪʘʚ 

ʣʴʜʘ ʧʨʠ ʩʠʥʛʝʥʝʪʠʯʝʩʢʦʤ ʧʨʦʤʝʨʟʘʥʠʠ. ʉʫʤʤʘ ʣʘʥʪʘʥʦʠʜʦʚ ʤʘʢʩʠʤʘʣʴʥʘ ʚ 

ʇɾʃ ʚ ʨʘʡʦʥʝ ʤ. ʂʘʨʝʧʦʚʩʢʠʡ (4,1 ʤʢʛ/ʜʤ3). 

ɺʳʷʚʣʝʥʘ ʦʪʨʠʮʘʪʝʣʴʥʘʷ Cean (0,73) ʚ ʩʘʨʪʘʥʩʢʠʭ ʇɾʃ ʪʝʨʨʘʩʳ ʠ ʚ 

ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʣʴʜʘʭ (0,45-0,72). ɺ ʇɾʃ ʙʝʟ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ 

Euan ʨʘʚʥʘ 0,98; ʚ ʇɾʃ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ (1,06) ʠ ʚ 

ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʣʴʜʘʭ Euan ʧʦʣʦʞʠʪʝʣʴʥʘʷ (1,3-1,4). ʇʦʣʦʞʠʪʝʣʴʥʘʷ Euan 

ʘʥʦʤʘʣʠʷ ʚ ʇɾʃ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʘ ʩ ʟʘʱʝʤʣʝʥʠʝʤ ʠ ʨʘʟʨʫʰʝʥʠʝʤ 

ʤʠʥʝʨʘʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʛʨʫʥʪʘ ʤʝʞʜʫ ʨʘʩʪʫʱʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʣʴʜʘ ʧʨʠ 

ʩʝʛʨʝʛʘʮʠʦʥʥʦʤ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʠ. 

ɺ ʩʘʨʪʘʥʩʢʦ-ʛʦʣʦʮʝʥʦʚʳʭ ʞʠʣʘʭ ʭʘʩʳʨʝʷ ɻʳʜʘʥʘ ʦʪʨʠʮʘʪʝʣʴʥʘʷ Cean 

(0,29), ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʦʙʫʩʣʦʚʣʝʥʘ ʙʠʦʛʝʥʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ, 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʥʘʜʤʝʨʟʣʦʪʥʳʭ ʚʦʜʘʭ ʚ ʪʦʨʬʝ ʠ ʫʯʘʩʪʠʝʤ 

ʵʪʠʭ ʚʦʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʞʠʣ, ʘ ʥʝ ʚʣʠʷʥʠʝʤ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʡ 

[ʆʰʢʠʥ, 2017]. ʇʦ ʘʥʦʤʘʣʠʷʤ ʣʘʥʪʘʥʦʠʜʦʚ ʇɾʃ ʚ ʨʘʡʦʥʝ ʤ. ʂʘʨʝʧʦʚʩʢʠʡ 

ʙʣʠʟʦʢ ʢ ʢʣʘʨʢʦʚʳʤ ʟʥʘʯʝʥʠʷʤ ʨʝʯʥʳʭ ʚʦʜ. 

ʇɾʃ ʠʤʝʶʪ ʩʦʦʪʥʦʰʝʥʠʷ I/Cl ʠ Br/Cl ʙʣʠʟʢʠʝ ʢ ʢʣʘʨʢʘʤ ʨʝʯʥʳʭ ʚʦʜ. 

ʀʩʪʦʯʥʠʢʦʤ ʚʦʜ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʣʴʜʦʚ ʩʣʫʞʠʣʠ 

ʩʚʷʟʘʥʥʳʝ ʠ ʩʣʘʙʦʩʚʷʟʘʥʥʳʝ ʚʥʫʪʨʠʛʨʫʥʪʦʚʳʝ ʨʘʩʪʚʦʨʳ, ʧʦʵʪʦʤʫ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʩʦʦʪʥʦʰʝʥʠʝ Br/Cl ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʇɾʃ. ɺ ʇɾʃ ʚ 

ʨʘʡʦʥʝ ʤ. ʂʘʨʝʧʦʚʩʢʠʡ ʩʦʦʪʥʦʰʝʥʠʷ ʙʣʠʟʢʠ ʢ ʢʣʘʨʢʘʤ ʨʝʯʥʳʭ ʚʦʜ. 

ɺ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʇɾʃ ʟʦʥʳ ʩʝʚʝʨʥʦʡ ʪʫʥʜʨʳ ʙʝʟ 

ʫʯʘʩʪʠʷ ʤʦʨʩʢʦʛʦ ʚʣʠʷʥʠʷ ʚʳʷʚʣʝʥʳ ʪʝʥʜʝʥʮʠʠ ʢ ʥʘʢʦʧʣʝʥʠʶ P, Sc, Fe, Nb, 

Mo, Sn, I, ʣʘʥʪʘʥʦʠʜʦʚ ʠ W (ʨʠʩ. 21). ɺ ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʣʴʜʘʭ ʚʳʷʚʣʝʥʳ 

ʪʝʥʜʝʥʮʠʠ ʢ ʥʘʢʦʧʣʝʥʠʶ Sc, Mn, Nb, I (ʨʠʩ. 19). ʉʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ 

ʚ ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʣʴʜʘʭ ʠ ʇɾʃ ʨʘʟʣʠʯʘʶʪʩʷ, ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 
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ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ, ʪ.ʝ. ʠʭ ʢʦʥʩʝʨʚʘʮʠʠ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʪʦʣʱʠ ʚ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʦʝ ʩʦʩʪʦʷʥʠʝ. ɺ ʇɾʃ ʚ ʨʘʡʦʥʝ ʤ. 

ʂʘʨʝʧʦʚʩʢʠʡ ʚʳʷʚʣʝʥʳ ʪʝʥʜʝʥʮʠʠ ʢ ʥʘʢʦʧʣʝʥʠʶ P, Ti, V, Mn, Fe, Nb, Mo ʠ 

ʣʘʥʪʘʥʦʠʜʦʚ, W. ɺr ʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʦʙʫʩʣʦʚʣʝʥʳ 

ʩʦʚʨʝʤʝʥʥʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʢʦʪʦʨʦʤ ʦʪʨʘʞʝʥʦ 

ʚʣʠʷʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʇʦʜʟʝʤʥʳʝ ʣʴʜʳ ʩʝʚʝʨʘ ʧ-ʚʘ ɻʳʜʘʥ ï ʫʣʴʪʨʘʧʨʝʩʥʳʝ ʠ ʧʨʝʩʥʳʝ. ʇɾʃ, 

ʥʝ ʠʤʝʶʱʠʡ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥ ʟʘ ʩʯʝʪ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ ʩ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʘʵʨʦʟʦʣʷʤʠ, ʘ ʣʝʜʦʛʨʫʥʪʦʚʳʝ ʯʘʩʪʠ ʞʠʣ ï ʩ 

ʫʯʘʩʪʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʦʙʦʛʘʱʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ ʩʦʣʷʤʠ. ɺ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʦʣʦʮʝʥʦʚʳʭ ʞʠʣ ʭʘʩʳʨʝʷ 

ʫʯʘʩʪʚʦʚʘʣʠ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʠ ʥʘʜʤʝʨʟʣʦʪʥʳʝ ʚʦʜʳ. ʃʴʜʳ ʪʨʝʱʠʥ 

ʦʪʩʝʜʘʥʠʷ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʟʘ ʩʯʝʪ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʥʘʜʤʝʨʟʣʦʪʥʦʛʦ 

ʩʪʦʢʘ. ʃʝʜ ʪʝʨʤʦʘʙʨʘʟʠʦʥʥʦʡ ʥʠʰʠ ʩʬʦʨʤʠʨʦʚʘʥ ʚʦʜʘʤʠ ʶʞʥʦʡ ʯʘʩʪʠ 

ɻʳʜʘʥʩʢʦʡ ʛʫʙʳ. ʆʪʨʠʮʘʪʝʣʴʥʘʷ Cean (0,29) ʠ ʧʦʣʦʞʠʪʝʣʴʥʘʷ Euan (1,19) 

ʘʥʦʤʘʣʠʠ ʚʳʷʚʣʝʥ rʚ ʇɾʃ ʭʘʩʳʨʝ ̫ʠ ʦʙʫʩʣʦʚʣʝʥʳ ʚʣʠʷʥʠʝʤ ʥʝ ʩʪʦʣʴʢʦ 

ʙʣʠʟʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʨʷ, ʩʢʦʣʴʢʦ ʚʣʠʷʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

(ʪʦʨʬʘ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʘʥʪʘʥʦʠʜʦʚ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʙʠʦʛʝʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.  

2.3. ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʦʚ ʪʠʧʠʯʥʦʡ 

ʪʫʥʜʨʳ (ʧ-ʚ ʗʤʘʣ) 

ʇɾʃ ʨʘʡʦʥʘ ʤ. ʄʘʨʨʝ-ʉʘʣʝ (ʨʠʩ. 23ɸ) ʫʣʴʪʨʘʧʨʝʩʥʳʝ ʠ ʧʨʝʩʥʳʝ (10-88 

ʤʛ/ʜʤ3) ʠʤʝʶʪ, ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ ʠ ʭʣʦʨʠʜʥʳʡ, ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ 

(ʧʨʠʣ., ʪʘʙʣ. 9). ʃʝʜ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ Cean (0,75) ʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ Euan 

(1,09) ʘʥʦʤʘʣʠʠ. ʉʦʦʪʥʦʰʝʥʠʝ ʃLa/ʊLa ʚʘʨʴʠʨʫʝʪ 0,87-1,48 (ʨʠʩ. 24). ɺʦ ʣʴʜʫ 

ʦʙʥʘʨʫʞʝʥʳ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Sc ʚ 50 ʨʘʟ, Sn ʚ 18 ʨʘʟ; Nb ʚ 9 ʨʘʟ; Mn ʚ 5 

ʨʘʟ; ʣʘʥʪʘʥʦʠʜʦʚ ʚ 4ï15 ʨʘʟ; Na, Fe, Co, Br, I ʚ 2-4 ʨʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ 

ʨʝʯʥʳʭ ʚʦʜ (ʨʠʩ. 25, ʧʨʠʣ., ʪʘʙʣ. 10). 
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ɸ ɹ ɺ 

   
ʈʠʩ. 23. ʇɾʃ (ʬʦʪʦ ʉʣʘʛʦʜʳ ɽ.ɸ.): ɸ ï ʇɾʃ ʚ ʨʘʡʦʥʝ ʤ. ʄʘʨʨʝ-ʉʘʣʝ; ɹ ï ʠ ʵʣʝʤʝʥʪʘʨʥʘʷ 

ʞʠʣʢʘ ʣʴʜʘ ʚ ʨʘʡʦʥʝ ʤ. ʄʘʨʨʝ-ʉʘʣʝ; ɺ ï ʇɾʃ ʚ ʨʘʡʦʥʝ ʦʟ. ʉʦʭʦʥʪʦ 

 

 
ʈʠʩ. 24. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʇɾʃ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʦʚ ʗʤʘʣʘ; ʃla/ʊla ï ʩʦʦʪʥʦʰʝʥʠʝ ʣʝʛʢʠʭ 

ʠ ʪʷʞʝʣʳʭ ʣʘʥʪʘʥʦʠʜʦʚ; Euan ï ʝʚʨʦʧʠʝʚʘʷ ʘʥʦʤʘʣʠʷ, Cean ï ʮʝʨʠʝʚʘʷ ʘʥʦʤʘʣʠʷ 
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ʉʫʤʤʘ ʣʘʥʪʘʥʦʠʜʦʚ ʠʤʝʝʪ ʢʦʨʨʝʣʷʮʠʶ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Be, Cl, Sc, Y, Cd, 

Te, Th, U. ʉʚʝʨʭʫ ʚʥʠʟ ʚ ʞʠʣʘʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʝʥʠʶ ʤʠʥʝʨʘʣʴʥʳʭ 

ʧʨʠʤʝʩʝʡ (ʠʟ ʪʘʙʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʚʤʝʱʘʶʱʠʭ ʩʠʥʢʨʠʦʛʝʥʥʳʭ 

ʩʘʨʪʘʥʩʢʠʭ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʧʳʣʝʚʘʪʳʭ ʧʝʩʢʦʚ), ʦʪʤʝʯʝʥʦ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Cl- ʦʪ 4 ʜʦ 36 ʤʛ/ʜʤ3 ʠ ʜʦʣʠ SO4
-2 ʦʪ 4 ʜʦ 13 %-ʵʢʚ; 

ʩʦʜʝʨʞʘʥʠʷ Mn ʦʪ 7 ʜʦ 85 ʤʢʛ/ʜʤ3, Br ʦʪ 26 ʜʦ 130 ʤʢʛ/ʜʤ3, Nb 5 ʜʦ 22 ʥʛ/ʜʤ3, 

I ʦʪ 1 ʜʦ 27 ʥʛ/ʜʤ3; ʠ ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ HCO3
-ʦʪ 22 ʜʦ 1 %-ʵʢʚ, Ca+2 ʦʪ 14 ʜʦ 5 

%-ʵʢʚ, Mg+2 ʦʪ 16 ʜʦ 9 %-ʵʢʚ. 

ʇɾʃ ʫʣʴʪʨʘʧʨʝʩʥʦʛʦ ʩʦʩʪʘʚʘ, ʠʤʝʶʱʠʝ ʥʝʙʦʣʴʰʠʝ ʜʠʘʧʘʟʦʥʳ 

ʠʟʤʝʥʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ, 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʩʠʥʢʨʠʦʛʝʥʥʦʡ ʚʝʨʭʥʝʩʘʨʪʘʥʩʢʦ-ʛʦʣʦʮʝʥʦʚʦʡ ʪʦʣʱʝ ʟʘ ʩʯʸʪ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. ʀʩʪʦʯʥʠʢʦʤ Na, Mn, Fe ʷʚʣʷʣʠʩʴ ʟʠʤʥʠʝ ʘʪʤʦʩʬʝʨʥʳʝ 

ʦʩʘʜʢʠ, ʧʨʝʚʳʰʝʥʠʝ ʬʦʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʘʪʤʦʩʬʝʨʝ 

ʚʳʷʚʣʝʥʦ ʜʣʷ ɸʨʢʪʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ [ʇʝʢʝʜʦʚʘ, 2007]. 

ʃʘʥʪʘʥʦʠʜʳ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ ʩʦʩʪʘʚʝ ʟʠʤʥʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ 

ʘʨʢʪʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ [ʀʚʘʥʦʚʘ, 2012]. ɺʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ ʦʙʥʘʨʫʞʝʥʳ ʚʦ ʣʴʜʘʭ ʉʝʚʝʨʥʦʡ ʗʢʫʪʠʠ, ʯʪʦ 

ʩʚʷʟʳʚʘʶʪ ʩ ʫʯʘʩʪʠʝʤ ʦʟʝʨʥʳʭ ʠʣʠ ʙʦʣʦʪʥʳʭ ʚʦʜ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʞʠʣ 

[ɹʫʜʘʥʮʝʚʘ, ɺʘʩʠʣʴʯʫʢ, 2017]. ʅʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ V, Sr Mo, W ʚ ʇɾʃ ʤ. 

ʄʘʨʨʝ-ʉʘʣʝ ʩʚʷʟʘʥʳ, ʚʝʨʦʷʪʥʦ, ʩ ʥʠʟʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴ  ʁʠʭ ʚ ʘʪʤʦʩʬʝʨʝ. ɼʣʷ 

ʇɾʃ ʦ-ʚʘ ʅʦʚʘʷ ʉʠʙʠʨʴ ʪʘʢʞʝ ʚʳʷʚʣʝʥʳ ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ V ʠ Sr ʚ ʩʥʝʛʝ 

[ʀʚʘʥʦʚʘ, 2012]. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʠʦʥʦʚ ʚʥʠʟʫ ʞʠʣ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʫʯʘʩʪʠʝʤ 

ʥʘʜʤʝʨʟʣʦʪʥʳʭ ʚʦʜ, ʪʘʢ ʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʞʠʣʳ. 
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ʈʠʩ. 25. ʇʨʝʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʇɾʃ ʪʠʧʠʯʥʦʡ ʪʫʥʜʨʳ ʥʘʜ ʢʣʘʨʢʘʤʠ 

ʨʝʯʥʳʭ ʚʦʜ  
 

ʕʣʝʤʝʥʪʘʨʥʘʷ ʞʠʣʢʘ ʚ ʪʦʨʬʝ ʧʦʟʜʥʝʛʦʣʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ (ʨʠʩ. 23ɹ) 

ʠʤʝʝʪ ʧʨʝʩʥʳʡ (72 ʤʛ/ʜʤ3); ʭʣʦʨʠʜʥʦ-ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ, ʤʘʛʥʠʝʚʦ-

ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ (ʨʠʩ. 24, ʧʨʠʣ., ʪʘʙʣ. 9). ɺ ʥʝʡ ʫʩʪʘʥʦʚʣʝʥʳ 

ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ V ʚ 41 ʨʘʟ; Nb ʚ 23 ʨʘʟʘ; I ʚ 15 ʨʘʟ; Fe ʚ 13 ʨʘʟ; Mn 

ʚ 12 ʨʘʟ; Ni, Cd, Br ʚ 8 ʨʘʟ; P, Cl, B, Ti, Cr, Co, Ge, Se, Y, Mo, Sn, Cs ʚ 2-4 ʨʘʟʘ, 

ʣʘʥʪʘʥʦʠʜʦʚ ʚ 39-140 ʨʘʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ ʨʝʯʥʳʭ ʚʦʜ (ʨʠʩ. 26, ʧʨʠʣ., 

ʪʘʙʣ. 10). ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʩʦʨʙʠʨʦʚʘʥʳ ʪʦʨʬʦʤ, ʧʝʨʝʢʨʳʚʘʶʱʠʤ ʞʠʣʫ. ʊʘʢʠʝ 

ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʨʛʘʥʮʘ ʠ ʞʝʣʝʟʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʪʦʨʬʷʥʠʢʦʚ 

ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ [ʄʘʥʘʩʳʧʦʚ ʠ ʜʨ., 2012]. ɺʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʣʘʥʪʘʥʦʠʜʦʚ 

ʦʙʫʩʣʦʚʣʝʥʳ ʩʦʚʨʝʤʝʥʥʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʢʦʪʦʨʦʤ 

ʦʪʨʘʞʝʥʦ ʚʣʠʷʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʣʘʥʪʘʥʦʠʜʦʚ. 

 
ʈʠʩ. 26. ʇʨʝʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʞʠʣʢʝ ʚ ʨʘʡʦʥʝ ʤ. 

ʄʘʨʨʝ-ʉʘʣʝ ʥʘʜ ʢʣʘʨʢʘʤʠ ʨʝʯʥʳʭ ʚʦʜ 
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ʇɾʃ ʚ ʨʘʡʦʥʝ ʦʟ. ʉʦʭʦʥʪʦ (ʨʠʩ. 23ɺ) ʠʤʝʶʪ ʧʨʝʩʥʳʡ (81-141 ʤʛ/ʜʤ3) 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ, ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʦ-

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ, ʩʫʣʴʬʘʪʥʦ-ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ ʠ ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ ʠ 

ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ (ʨʠʩ. 24). ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ 

ʦʙʦʛʘʱʝʥ Sc ʚ 29 ʨʘʟ; Mn ʚ 8 ʨʘʟ; Nb ʚ 6 ʨʘʟ; Na, Cl, V, Fe, Co, Ni, Br, Mo, Sn, I 

ʚ 2-4 ʨʘʟʘ, ʣʘʥʪʘʥʦʠʜʘʤʠ ʚ 2-11 ʨʘʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ ʨʝʯʥʳʭ ʚʦʜ (ʨʠʩ. 25). 

ʃʝʜ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ Cean (0,26) ʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ Euan (1,37). 

ʉʦʦʪʥʦʰʝʥʠʝ ʃla/ʊla ʨʘʚʥʦ 1,68. ʇʦʚʳʰʝʥʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠ ʘʥʦʤʘʣʠʠ 

ʣʘʥʪʘʥʦʠʜʦʚ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʳ ʩ ʥʘʜʤʝʨʟʣʦʪʥʳʤʠ ʚʦʜʘʤʠ, ʦʙʦʛʘʱʝʥʥʳʤʠ 

ʤʦʨʩʢʠʤʠ ʩʦʣʷʤʠ, ʧʦʩʪʫʧʘʚʰʠʤʠ ʚ ʤʦʨʦʟʦʙʦʡʥʳʝ ʪʨʝʱʠʥʳ ʩ ʚʳʩʦʢʠʭ 

ʤʦʨʩʢʠʭ ʨʘʚʥʠʥ, ʩʣʦʞʝʥʥʳʭ ʟʘʩʦʣʝʥʥʳʤʠ ʛʣʠʥʘʤʠ ʤʦʨʩʢʦʛʦ ʛʝʥʝʟʠʩʘ 

[ʉʣʘʛʦʜʘ ʠ ʜʨ., 2016]. 

ʊʨʝʱʠʥʥʳʡ ʣʝʜ ʚ ʨʘʡʦʥʝ ʦʟ. ʉʦʭʦʥʪʦ ʠʤʝʝʪ ʫʣʴʪʨʘʧʨʝʩʥʳʡ (28 ʤʛ/ʜʤ3) 

ʩʫʣʴʬʘʪʥʦ-ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ, ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ ʩʦʩʪʘʚ (ʨʠʩ. 24). 

ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʦʛʘʱʝʥ Sn ʚ 13 ʨʘʟ; Mn ʚ 7 ʨʘʟ; Fe, Co, Ni, Cu, Zn, 

Nb, I ʚ 2-4 ʨʘʟʘ (ʨʠʩ. 25). ʉʦʦʪʥʦʰʝʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ I/Cl ʠ Br/Cl ʠʤʝʶʪ 

ʦʪʣʠʯʠʷ ʦʪ ʢʣʘʨʢʦʚ ʨʝʯʥʳʭ ʚʦʜ. 

ʇɾʃ ʚ ʨʘʡʦʥʝ ʨ ʖʨʠʙʝʡ (ʗʤʘʣ) ʠʤʝʶʪ ʫʣʴʪʨʘʧʨʝʩʥʳʡ (8,5-10,3 ʤʛ/ʜʤ3) 

ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ, ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ, ʭʣʦʨʠʜʥʳʡ ʠ 

ʥʘʪʨʠʝʚʳʡ, ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ, ʤʘʛʥʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ (ʨʠʩ. 24). 

ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʦʛʘʱʝʥ Sc ʚ 52 ʨʘʟʘ, Nb ʚ 12 ʨʘʟ; V, Mn, Fe, Co, Sn 

ʚ 3-6, ʣʘʥʪʘʥʦʠʜʳ ʚ 3-13 ʨʘʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ ʨʝʯʥʳʭ ʚʦʜ. ʃʝʜ ʠʤʝʝʪ Cean 

ʙʣʠʟʢʫʶ ʢ ʝʜʠʥʠʮʝ (1,01) ʠ Euan ʙʣʠʟʢʫʶ ʢ ʝʜʠʥʠʮʝ (1,02) ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʃla/ʊla 

ʙʣʠʟʢʦʝ ʢ ʝʜʠʥʠʮʝ (0,97). 

ʊʨʝʱʠʥʥʳʡ ʣʝʜ ʚ ʨʘʡʦʥʝ ʨ. ʖʨʠʙʝʡ (ʗʤʘʣ) ʠʤʝʝʪ ʫʣʴʪʨʘʧʨʝʩʥʳʡ (25-28 

ʤʛ/ʜʤ3) ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ, ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ ʩʦʩʪʘʚ. 

ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʦʛʘʱʝʥ Sc ʚ 39 ʨʘʟ; Nb ʚ 8 ʨʘʟ; Mn ʚ 7 ʨʘʟ; Fe, Co, 

Sn ʚ 2-3 ʨʘʟʘ, ʣʘʥʪʘʥʦʠʜʘʤʠ ʚ 2-6 ʨʘʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ ʨʝʯʥʳʭ ʚʦʜ. ʃʸʜ 

ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ Cean (0,74-0,88) ʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ Euan (1,18-1,34) 

ʘʥʦʤʘʣʠʠ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʃla/ʊla ʦʪ 0,74 ʜʦ 0,81. (ʨʠʩ. 24, 25). 
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ʇɾʃ ʟʦʥʳ ʪʠʧʠʯʥʦʡ ʪʫʥʜʨʳ ʥʘ ʗʤʘʣʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʩʦʣʝʡ 

ʫʣʴʪʨʘʧʨʝʩʥʳʝ ʠ ʧʨʝʩʥʳʝ. ɺ ʨʘʡʦʥʝ ʦʟ. ʉʦʭʦʥʪʦ ʣʝʜ ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʫʶ 

ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʜʤʝʨʟʣʦʪʥʦʛʦ ʩʪʦʢʘ ʠ ʫʯʘʩʪʠʷ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʞʠʣ. 

ʇʦ ʧʨʝʦʙʣʘʜʘʥʠʶ ʭʣʦʨʠʜʦʚ ʠ ʥʘʪʨʠʷ ʚ ʩʦʩʪʘʚʝ ʛʣʘʚʥʳʭ ʠʦʥʦʚ 

ʥʘʠʙʦʣʴʰʝʝ ʤʦʨʩʢʦʝ ʚʣʠʷʥʠʝ ʟʘ ʩʯʝʪ ʤʦʨʩʢʠʭ ʘʵʨʦʟʦʣʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʣʴʜʘʭ 

ʨʘʡʦʥʘ ʤ. ʄʘʨʨʝ-ʉʘʣʝ. ɺ ʇɾʃ ʨʘʡʦʥʘ ʨ. ʖʨʠʙʝʡ ʚʳʷʚʣʝʥʦ ʫʯʘʩʪʠʝ ʨʝʯʥʳʭ 

ʚʦʜ. ɺ ʇɾʃ ʨʘʡʦʥʘ ʦʟ. ʉʦʭʦʥʪʦ ʚ ʩʦʩʪʘʚʝ ʩʦʣʝʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʦʣʠ ʢʘʢ 

ʤʦʨʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʪʘʢ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʇɾʃ ʫʯʘʩʪʚʦʚʘʣʠ ʥʘʜʤʝʨʟʣʦʪʥʳʝ ʚʦʜʳ, ʦʙʦʛʘʱʝʥʥʳʝ 

ʤʦʨʩʢʠʤʠ ʩʦʣʷʤʠ. 

ɺ ʞʠʣʘʭ ʨʘʟʨʝʟʘ ʄʘʨʨʝ-ʉʘʣʝ ʩʫʤʤʘ ʣʘʥʪʘʥʦʠʜʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ 0,5 ʜʦ 1,8 

ʤʢʛ/ʜʤ3. ɺ ʇɾʃ ʩ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʤʠ ʧʨʦʞʠʣʢʘʤʠ ʦʨʛʘʥʠʢʠ ʩʦʦʪʥʦʰʝʥʠʝ 

ʃLa/ʊLa ʧʦʚʳʰʝʥʦ (1,3). ʉʫʤʤʘ ʣʘʥʪʘʥʦʠʜʦʚ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʞʠʣʢʝ ʧʦʜ ʪʦʨʬʦʤ (12 ʤʢʛ/ʜʤ3) ʚʩʣʝʜʩʪʚʠʝ ʧʦʩʪʫʧʣʝʥʠʷ ʥʘʜʤʝʨʟʣʦʪʥʦʛʦ ʩʪʦʢʘ 

ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʚ ʞʠʣʝ ʧʨʠ ʙʳʩʪʨʦʤ ʧʨʦʤʝʨʟʘʥʠʠ.  

ʇɾʃ ʩ ʪʦʥʢʠʤʠ ʧʨʦʩʣʦʡʢʘʤʠ ʛʨʫʥʪʘ ʚ ʨʘʡʦʥʝ ʦʟ. ʉʦʭʦʥʪʦ ʩʦʩʪʘʚʣʷʝʪ 

0,7ï1,4 ʤʢʛ/ʜʤ3. ɺ ʵʪʠʭ ʣʴʜʘʭ ʥʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʧʨʦʮʝʩʩʦʚ 

ʩʝʛʨʝʛʘʮʠʠ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʃLa/ʊLa ʢʦʪʦʨʦʝ ʚʘʨʴʠʨʫʝʪ ʦʪ 1,4 ʜʦ 

2,0 ʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʱʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ 0,7 ʜʦ 1,2 ʚʦ ʣʴʜʘʭ ʇɾʃ. 

ɺ ʇɾʃ ʨʘʡʦʥʘ ʨ. ʖʨʠʙʝʡ ʫʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʩʫʤʤʳ ʣʘʥʪʘʥʦʠʜʦʚ 

ʠ ʢʦʣʠʯʝʩʪʚʘ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʦʪ 0,3 ʤʢʛ/ʜʤ3 ʚ çʯʠʩʪʦʤè ʣʴʜʫ (ʟʘ ʩʯʝʪ 

ʘʵʨʦʟʦʣʝʡ) ʜʦ 2,6 ʤʢʛ/ʜʤ3 ʚʦ ʣʴʜʫ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʠʥʝʨʘʣʴʥʳʭ 

ʯʘʩʪʠʮ. 

ʇɾʃ ʧʦʜ ʪʦʨʬʦʤ ʚ ʨʘʡʦʥʝ ʤ. ʄʘʨʨʝ-ʉʘʣʝ (ʄʉ-2-09) ʠʤʝʶʪ 

ʚʳʨʘʞʝʥʥʫʶ ʦʪʨʠʮʘʪʝʣʴʥʫʶ Cean (0,43) ʚʩʣʝʜʩʪʚʠʝ ʫʯʘʩʪʠ ̫ʥʘʜʤʝʨʟʣʦʪʥʦʛʦ 

ʩʪʦʢʘ ʠ ʙʠʦʛʝʥʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʣʘʥʪʘʥʦʠʜʦʚ. 

ʇʦʣʦʞʠʪʝʣʴʥʘʷ Euan ʚ ʇɾʃ ʩ ʢʦʨʠʯʥʝʚʳʤʠ ʧʨʦʞʠʣʢʘʤʠ ʠ ʨʝʜʢʠʤʠ 

ʧʝʩʯʠʥʢʘʤʠ (ʨʘʟʨʝʟ ʄʉ-2ɸ-11) ʩʚʷʟʘʥʘ ʩ ʩʝʛʨʝʛʘʮʠʦʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ 

ʧʦʧʘʜʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʛʨʫʥʪʘ ʚ ʤʦʨʦʟʦʙʦʡʥʫʶ ʪʨʝʱʠʥʫ. 
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ʅʘʠʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʘʷ Cean ʘʥʦʤʘʣʠʷ ʠ ʧʦʣʦʞʠʪʝʣʴʥʘʷ Euan ʘʥʦʤʘʣʠʷ 

ʚʳʷʚʣʝʥʘ ʚ ʨʘʡʦʥʝ ʦʟ. ʉʦʭʦʥʪʦ ʚʩʣʝʜʩʪʚʠʝ ʫʯʘʩʪʠʷ ʥʘʜʤʝʨʟʣʦʪʥʳʭ ʚʦʜ, 

ʜʨʝʥʠʨʫʶʱʠʭ ʤʦʨʩʢʠʝ ʦʩʘʜʢʠ ʟʘʣʝʛʘʶʱʠʭ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠ ʚʳʰʝ ʇɾʃ ʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʣʘʥʪʘʥʦʠʜʦʚ. 

ɺ ʇɾʃ ʚ ʨʘʡʦʥʝ ʨ. ʖʨʠʙʝʡ Cean (ʚ ʩʨʝʜʥʝʤ 1,0) ʠ Euan (ʚ ʩʨʝʜʥʝʤ 1,0) 

ʘʥʦʤʘʣʠʠ ʠʤʝʶʪ ʥʝʙʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ ʚʘʨʠʘʮʠʡ, ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʙʫʜʫʪ ʦʪʨʘʞʘʪʴ ʩʦʩʪʘʚ ʘʪʤʦʩʬʝʨʥʳʭ ʟʠʤʥʠʭ ʦʩʘʜʢʦʚ. 

ʅʘ ʜʠʘʛʨʘʤʤʝ I/Cl ʠ Br/Cl ʚʳʷʚʣʝʥʘ ʦʙʣʘʩʪʴ ʫʯʘʩʪʠʷ ʚ ʇɾʃ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʟʘ ʩʯʝʪ ʫʯʘʩʪʠʷ ʥʘʜʤʝʨʟʣʦʪʥʳʭ ʚʦʜ (ʣʴʜʳ ʚ 

ʨʘʡʦʥʝ ʦʟ. ʉʦʭʦʥʪʦ ʠ ʵʣʝʤʝʥʪʘʨʥʘʷ ʞʠʣʢʘ ʄʉ-2-09) ʠ ʧʨʦʮʝʩʩʘ 

ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ (ʄʉ-2ɸ-11).  

ɺ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʇɾʃ ʪʠʧʠʯʥʦʡ ʪʫʥʜʨʳ ʚʳʷʚʣʝʥʳ 

ʪʝʥʜʝʥʮʠʠ ʢ ʥʘʢʦʧʣʝʥʠʶ Sc, Mn, Fe, Co, Nb, Sn, ʣʘʥʪʘʥʦʠʜʦʚ (ʨʠʩ. 21). 

ʄʠʢʨʦʵʣʝʤʝʥʪʥr ʡ ʩʦʩʪʘʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʞʠʣʢʝ ʧʦʜ ʪʦʨʬʦʤ ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ. ɺ ʥʝʤ ʚʳʷʚʣʝʥʳ ʪʝʥʜʝʥʮʠʠ ʢ ʥʘʢʦʧʣʝʥʠʶ V, Nb ʠ ʣʘʥʪʘʥʦʠʜʦʚ 

ʚʩʣʝʜʩʪʚʠʝ ʫʯʘʩʪʠʷ ʥʘʜʤʝʨʟʣʦʪʥʦʛʦ ʩʪʦʢʘ, ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʪʷʞʝʣʳʤʠ 

ʤʝʪʘʣʣʘʤʠ (ʨʠʩ. 22).  

2.4. ʂʨʠʦʣʠʪʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʦʪʣʦʞʝʥʠʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʦʚ ʶʞʥʦʡ ʪʫʥʜʨʳ 

ʅʘ ʉʝʚʝʨʝ ʇʫʨ-ʊʘʟʦʚʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ ʚ ʧʨʝʜʝʣʘʭ III ʦʟʸʨʥʦ-

ʘʣʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʠʥʢʨʠʦʛʝʥʥʳʝ ʠ ʵʧʠʢʨʠʦʛʝʥʥʳʝ 

ʧʦʨʦʜʳ. ɺ ʧʨʝʜʝʣʘʭ ʭʘʩʳʨʝʝʚ ʩʚʝʨʭʫ ʟʘʣʝʛʘʶʪ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠ ʧʨʦʤʝʨʟʘʚʰʠʝ 

ʣʴʜʠʩʪʳʝ ʪʦʨʬʷʥʠʢʠ ʩ ʤʘʩʩʠʚʥʳʤʠ, ʢʦʨʢʦʚʳʤʠ ʰʣʠʨʦʚʳʤʠ ʩʣʦʠʩʪʳʤʠ 

ʢʨʠʦʛʝʥʥʳʤʠ ʪʝʢʩʪʫʨʘʤʠ ʠ ʇɾʃ. ɼʣʷ ʧʦʜʩʪʠʣʘʶʱʠʭ ʪʦʨʬ ʧʝʩʯʘʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʭʘʨʘʢʪʝʨʥʳ ʤʘʩʩʠʚʥʳʝ, ʜʣʷ ʧʳʣʝʚʘʪʳʭ ï ʪʦʥʢʦʰʣʠʨʦʚʳʝ, ʜʣʷ 

ʩʫʛʣʠʥʠʩʪʳʭ ï ʩʣʦʠʩʪʳʝ, ʩʝʪʯʘʪʳʝ ʢʨʠʦʛʝʥʥʳʝ ʪʝʢʩʪʫʨʳ. 

ʊʦʨʬʷʥʠʢ ʚ ʭʘʩʳʨʝʝ (ʨʠʩ. 27) ʩ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 7 ʤ 

ʨʘʟʨʫʰʘʝʪʩʷ ʟʘ ʩʯʸʪ ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʦʵʨʦʟʠʠ ʠ ʣʦʢʘʣʴʥʦʛʦ ʪʝʨʤʦʢʘʨʩʪʘ ʧʦ 

ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʝ. ɺʳʪʘʠʚʘʥʠʝ ʇɾʃ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʤʦʠʥ ʩ 

ʢʨʫʪʳʤʠ ʙʦʨʪʘʤʠ ʛʣʫʙʠʥʦʡ ʙʦʣʝʝ 4 ʤ. ɺʳʩʦʪʘ ʙʦʨʪʦʚ ʧʨʦʤʦʠʥ ʜʦʩʪʠʛʘʝʪ 2,3 
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ʤ, ʜʥʦ ʟʘʧʦʣʥʝʥʦ ʚʦʜʦʡ ʛʣʫʙʠʥʦʡ ʦʪ ʟʝʨʢʘʣʘ ʚʦʜʳ >1,6 ʤ. ɺ ʩʪʝʥʢʘʭ ʧʨʦʤʦʠʥ 

ʚʩʢʨʳʪʳ ʬʨʦʥʪʘʣʴʥʳʝ ʨʘʟʨʝʟʳ ʢʨʫʧʥʳʭ ʠ ʤʝʣʢʠʭ ʇɾʃ, ʨʘʟʙʠʚʘʶʱʠʭ 

ʪʦʨʬʷʥʠʢ ʥʘ ʧʦʣʠʛʦʥʳ. ʇʦʣʠʛʦʥʳ ʨʘʟʤʝʨʦʤ 10-20 ʤ, ʚ ʦʩʥʦʚʥʦʤ, ʠʤʝʶʪ ʪʨʸʭ-

ʣʫʯʝʚʳʝ ʩʦʯʣʝʥʝʥʠʷ. ʐʠʨʠʥʘ ʤʝʞʧʦʣʠʛʦʥʘʣʴʥʳʭ ʧʦʥʠʞʝʥʠʡ 0,7-3,8 ʤ. 

ʉʝʟʦʥʥʦ-ʪʘʣʳʡ ʩʣʦʡ ʩʦʩʪʘʚʣʷʝʪ ʥʘ ʧʦʣʠʛʦʥʘʭ 0,39-0,40 ʤ, ʚ ʧʦʥʠʞʝʥʠʷʭ ï 0,36-

0,52 ʤ [ʊʠʭʦʥʨʘʚʦʚʘ, 2019]. 

ʈʘʩʯʠʩʪʢʦʡ ɺ8 (N 67Á20ô14,8ò E 078Á55ô47,1ò) ʙʳʣ ʚʩʢʨʳʪ ʇɾʃ ʠ 

ʚʤʝʱʘʶʱʠʡ ʪʦʨʬ. ʊʘʣʳʡ ʩʣʦʡ ʩ ʢʨʠʦʪʫʨʙʘʮʠʷʤʠ ʩʣʦʞʝʥ ʩʣʦʠʩʪʳʤ ʦʭʨʠʩʪʳʤ, 

ʢʦʨʠʯʥʝʚʳʤ, ʞʸʣʪʳʤ ʪʦʨʬʦʤ ʩ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʩʪʝʧʝʥʴʶ ʨʘʟʣʦʞʝʥʠʷ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ. ʊʦʨʬ ʚʠʜʠʤʦʡ ʤʦʱʥʦʩʪʴʶ 2,4 ʤ, ʩʚʝʨʭʫ ʪʘʣʳʡ 

ʧʣʦʪʥʳʡ ʞʝʣʪʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʡ ʩʣʦʠʩʪʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʳʡ, ʩ ʛʣʫʙʠʥʳ 0,5 

ʤ ʤʸʨʟʣʳʡ, ʣʴʜʠʩʪʳʡ ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʩʣʦʠʩʪʳʡ. ʂʨʠʦʛʝʥʥʘʷ ʪʝʢʩʪʫʨʘ 

ʪʦʨʬʘ ʤʘʩʩʠʚʥʘʷ, ʙʘʟʘʣʴʥʘʷ, ʢʦʨʢʦʚʘʷ, ʛʥʝʟʜʦʚʘʷ (0,5-2,0 ʩʤ) ʠ ʰʣʠʨʦʚʘʷ 

(ʪʦʣʱʠʥʘ 2-25 ʩʤ). ʉʣʦʠ ʤʸʨʟʣʦʛʦ ʪʦʨʬʘ ʢʦʨʠʯʥʝʚʦʛʦ, ʯʸʨʥʦʛʦ, ʦʭʨʠʩʪʦʛʦ ʠ 

ʪʸʤʥʦ-ʞʸʣʪʦʛʦ ʮʚʝʪʘ ʩ ʨʘʟʥʦʡ ʣʴʜʠʩʪʦʩʪʴʶ ʠʟʦʛʥʫʪʳ ʚʚʝʨʭ ʚʜʦʣʴ ʙʦʢʦʚʦʛʦ 

ʢʦʥʪʘʢʪʘ ʇɾʃ. 

 
ʈʠʩ. 27. ʄʝʩʪʘ ʦʪʙʦʨʘ ʧʨʦʙ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠ ʣʴʜʘ [ʊʠʭʦʥʨʘʚʦʚʘ, 2019] ʠ ʩʪʨʦʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʭʘʩʳʨʝʷ ʚ ʨʘʡʦʥʝ ʩ. ɻʘʟ-ʉʘʣʝ ʥʘ ʩʝʚʝʨʝ ʇʫʨ-ʊʘʟʦʚʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ ʚ 2017-

2019 ʛʛ 
 

ɺ8-18 

ɺ8-17 

ɺ8-19 

90 ʤ 
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ʃʴʜʠʩʪʳʡ ʪʦʨʬ (ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʩʫʭʦʛʦ ʪʦʨʬʘ - 4,88 %, ʛʣ. 0,5-0,6 ʤ) ʠʤʝʝʪ 

ʧʨʝʩʥʳʡ (53,9 ʤʛ/ʜʤ3) ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ, ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ 

ʩʦʩʪʘʚ (ʨʠʩ. 28). ɺʣʘʞʥʦʩʪʴ ʩʫʤʤʘʨʥʘʷ ï 1214 % ʠ 1950 %. 

ʊʦʨʬ, ʚʤʝʱʘʶʱʠʡ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʦʣʦʩʪʥʦʡ ʣʝʜ (ʛʣ. 0,6 ʤ) ʩ ʣʠʥʟʘʤʠ 

ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʘ (ʨʠʩ. 29ɸ), ʠʤʝʝʪ ʫʣʴʪʨʘʧʨʝʩʥʳʡ (19 ʤʛ/ʜʤ3) ʩʫʣʴʬʘʪʥʦ-

ʭʣʦʨʠʜʥʳʡ, ʢʘʣʴʮʠʝʚʳʡ ʩʦʩʪʘʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ (ʨʠʩ. 28). ʅʘ ʜʦʣʶ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʥʠʦʥʘ ʧʨʠʭʦʜʠʪʩʷ 72 % ʦʪ ʩʫʤʤʳ ʘʥʠʦʥʦʚ (0,41 ʤʤʦʣʴ-

ʵʢʚ/ʜʤ3). ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʦʛʘʱʝʥ Sc ʚ 85 ʨʘʟ; Fe ʚ 52 ʨʘʟʘ; W, Sn, 

P, Nb, Co ʚ 10-17 ʨʘʟ; Mn, Cr, Cs ʚ 5-6 ʨʘʟ; Al, Ti, V, Cu, Zn, I ʚ 2-3 ʨʘʟʘ; 

ʣʘʥʪʘʥʦʠʜʳ ʚ 2-8 ʨʘʟ (ʧʨʠʣ., ʪʘʙʣ. 12) ʠ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ Cean (0,52) ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ Euan (1,13). 

ʃʴʜʠʩʪʳʡ ʪʦʨʬ ʥʘ ʛʨʘʥʠʮʝ ʩ ʇɾʃ (ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʩʫʭʦʛʦ ʪʦʨʬʘ - 1,65 %, 

ʛʣ. 0,8-1,0 ʤ) ʠʤʝʝʪ ʫʣʴʪʨʘʧʨʝʩʥʳʡ (29,1 ʤʛ/ʜʤ3) ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ, 

ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ ʩʦʩʪʘʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ. ɺʣʘʞʥʦʩʪʴ ʩʫʤʤʘʨʥʘʷ ï 

5963%. 
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ʈʠʩ. 28. ʂʨʠʦʣʠʪʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʪʦʨʬʷʥʠʢʘ ʇʫʨ-ʊʘʟʦʚʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ ʚ 

ʨʘʩʯʠʩʪʢʝ ɺ8. 1 ï ʪʦʨʬ; 2 ï ʇɾʃ; 3 ï ʨʦʩʪʦʢ ʇɾʃ (ʘ), ʵʣʝʤʝʥʪʘʨʥʘʷ ʞʠʣʢʘ ʣʴʜʘ (ʙ); 4 ï 

ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʦʣʦʩʪʥʦʡ ʣʸʜ; 5 ï ʢʨʫʧʥʳʝ ʰʣʠʨʳ (ʘ), ʪʦʥʢʠʝ ʰʣʠʨʳ (ʙ); 6 ï ʢʨʠʦʛʝʥʥʳʝ 

ʪʝʢʩʪʫʨʳ: ʤʘʩʩʠʚʥʘʷ (ʘ), ʛʥʝʟʜʦʚʘʷ (ʙ), ʢʦʨʢʦʚʘʷ (ʚ); 7 ï ʟʦʥʘ ʦʪʪʘʠʚʘʥʠʷ (ʘ), ʛʨʘʥʠʮʘ 

ʤʸʨʟʣʳʭ ʧʦʨʦʜ (ʜʘʪʘ ʠʟʤʝʨʝʥʠʷ: 11.08.2017 ʛ) (ʙ); 8 ï ʩʪʚʦʣʳ Betula nana 

 

ɸ ɹ ɺ 

   
ʈʠʩ. 29. ʃʴʜʳ ʚ ʪʦʨʬʷʥʠʢʝ ʥʘ ʩʝʚʝʨʝ ʇʫʨ-ʊʘʟʦʚʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ (ʬʦʪʦ ʉʣʘʛʦʜʳ ɽ.ɸ.): ɸ 

ï ʊʦʨʬ, ʚʤʝʱʘʶʱʠʡ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʦʣʦʩʪʥʦʡ ʣʝʜ ʩ ʣʠʥʟʘʤʠ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʘ; ɹ ï 

ʇɾʃ ʚʝʨʪʠʢʘʣʴʥʦ-ʧʦʣʦʩʯʘʪʳʡ ʩ ʧʫʟʳʨʴʢʘʤʠ ʚʦʟʜʫʭʘ ʠ ʨʝʜʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʦʨʛʘʥʠʢʠ 

ʠʟ ʪʦʨʬʘ; ɺ ï ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʦʣʦʩʪʥʦʡ ʣʝʜ (ʨʦʩʪʦʢ 2) 
 

ʃʴʜʠʩʪʳʡ ʪʦʨʬ, ʚʤʝʱʘʶʱʠʡ ʇɾʃ (ʛʣ. 1,4-1,6 ʤ) ʢʦʨʠʯʥʝʚʘʪʦ-ʯʝʨʥʳʡ 

ʠʤʝʝʪ ʦʧʨʝʩʥʝʥʥʳʡ (239 ʤʛ/ʜʤ3) ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ 

ʩʦʩʪʘʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ. ʅʘ ʜʦʣʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʥʠʦʥʘ ʧʨʠʭʦʜʠʪʩʷ 

ʚʩʝʛʦ 2 % ʦʪ ʩʫʤʤʳ ʘʥʠʦʥʦʚ (0,067 ʤʤʦʣʴ-ʵʢʚ/ʜʤ3). ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ 

ʦʙʦʛʘʱʝʥ Sc ʚ 159 ʨʘʟ; Mn ʚ 72 ʨʘʟʘ; Fe ʚ 54 ʨʘʟʘ; Co, I, Sn ʚ 10-16 ʨʘʟ; Br, As, 

Mg, Ho ʚ 5-8 ʨʘʟ; Cr, Ni, Cu, Zn, Rb, Sr, Nb, Cs, Ba, ʣʘʥʪʘʥʦʠʜʳ, W ʚ 2-4 ʨʘʟʘ. 

ʊʦʨʬ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ Cean (0,5) ʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ Euan (2,4) ʘʥʦʤʘʣʠʠ. 

ʀʟʫʯʝʥʥʳʡ ʪʦʨʬʷʥʠʢ ʚ ʭʘʩʳʨʝʝ ʥʘ ʩʝʚʝʨʝ ʇʫʨ-ʊʘʟʦʚʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ 

ʩʬʦʨʤʠʨʦʚʘʥ ʚ ʪʸʧʣʳʡ, ʥʦ ʫʤʝʨʝʥʥʦ ʚʣʘʞʥʳʡ ʘʪʣʘʥʪʠʯʝʩʢʠʡ ʧʝʨʠʦʜ ï 

ʦʧʪʠʤʫʤ ʛʦʣʦʮʝʥʘ [ʊʠʭʦʥʨʘʚʦʚʘ, 2019]. ɺʝʨʭʥʠʝ ʩʣʦʠ ʪʦʨʬʘ ʙʳʣʠ ʥʘʢʦʧʣʝʥʳ 

ʚ ʧʝʨʠʦʜʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʯʘʩʪʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʢʣʠʤʘʪʘ [ʍʦʪʠʥʩʢʠʡ, 

1977; ʍʦʪʠʥʩʢʠʡ, 1989]. ʉʦʩʪʘʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʦʨʬʘ ʚ ʚʝʨʭʥʝʡ 

ʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ. ʊʦʨʬ, ʚ ʧʨʝʜʝʣʘʭ ʩʝʟʦʥʥʦ-ʪʘʣʦʛʦ ʩʣʦʷ, 

ʠʤʝʝʪ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ, ʤʝʥʴʰʫʶ ʚʣʘʞʥʦʩʪʴ, 

ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʥʠʦʥʘ ʥʘ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʪ.ʝ. ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʪʦʨʬʘ ʚʩʣʝʜʩʪʚʠʝ ʥʝʦʜʥʦʢʨʘʪʥʳʭ 

ʧʝʨʝʦʪʣʦʞʝʥʠʡ ʠ ʧʨʦʪʘʠʚʘʥʠʡ.  

ʄʝʨʟʣʳʡ ʪʦʨʬ, ʚʤʝʱʘʶʱʠʡ ʇɾʃ, ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʫʶ ʟʘʩʦʣʝʥʥʦʩʪʴ, ʚ 

ʝʛʦ ʩʦʩʪʘʚʝ ʦʪʩʫʪʩʪʚʫʝʪ ʦʨʛʘʥʠʯʝʩʢʠʡ ʘʥʠʦʥ ï ʪʦʨʬ ʥʝ ʨʘʟʣʦʞʠʚʰʠʡʩʷ. 
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ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʦʙʦʠʭ ʩʣʦʷʭ ʪʦʨʬʘ ʩʭʦʞʠ, ʪ.ʝ. ʛʝʦʭʠʤʠʯʝʩʢʘʷ 

ʦʙʩʪʘʥʦʚʢʘ ʥʝ ʤʝʥʷʣʘʩʴ. ʆʪʨʠʮʘʪʝʣʴʥʘʷ Cean ʩʚʷʟʘʥʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʙʠʦʛʝʥʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʘʥʪʘʥʦʠʜʦʚ.  

ʇɾʃ (ʨʠʩ. 29ɹ) ʩ ʧʫʟʳʨʴʢʘʤʠ ʚʦʟʜʫʭʘ ʠ ʨʝʜʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʦʨʛʘʥʠʢʠ 

ʠʟ ʪʦʨʬʘ ʠʤʝʝʪ ʫʣʴʪʨʘʧʨʝʩʥʳʡ (5,4 ʤʛ/ʜʤ3) ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ, ʥʘʪʨʠʝʚʦ-

ʢʘʣʴʮʠʝʚʳʡ ʩʦʩʪʘʚ (ʨʠʩ. 30, ʧʨʠʣ., ʪʘʙʣ. 11). ɺ ʩʦʩʪʘʚʝ ʘʥʠʦʥʦʚ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

(0,059 ʤʤʦʣʴ-ʵʢʚ/ʜʤ3, 55 % ʦʪ ʩʫʤʤʳ ʘʥʠʦʥʦʚ) ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʥʠʦʥʘ. ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʦʛʘʱʝʥ Sn ʚ 10 ʨʘʟ; Fe ʚ 5 

ʨʘʟ; Mn, La, Eu ʚ 2 ʨʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ ʨʝʯʥʳʭ ʚʦʜ (ʧʨʠʣ., ʪʘʙʣ. 12). ʃʝʜ 

ʠʤʝʝʪ Cean ʦʪʨʠʮʘʪʝʣʴʥʫʶ (0,25) ʠ Euan ʧʦʣʦʞʠʪʝʣʴʥʫʶ (1,16).  

ʊʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʦʣʦʩʪʥʦʡ ʣʝʜ (ʨʠʩ. 29ɺ) ʠʤʝʝʪ ʫʣʴʪʨʘʧʨʝʩʥʳʡ (5,7 

ʤʛ/ʜʤ3) ʩʫʣʴʬʘʪʥʦ-ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ, ʢʘʣʴʮʠʝʚʳʡ ʩʦʩʪʘʚ. ʅʘ ʜʦʣʶ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʥʠʦʥʘ ʧʨʠʭʦʜʠʪʩʷ 37 % ʦʪ ʩʫʤʤʳ ʘʥʠʦʥʦʚ (0,040 ʤʤʦʣʴ-

ʵʢʚ/ʜʤ3). ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʦʛʘʱʝʥ W, Sn; Sc ʚ 10-13 ʨʘʟ; Fe ʚ 7 ʨʘʟ; 

Cr, La, Co, I, Eu, P ʚ 2-4 ʨʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚ ʨʝʯʥʳʭ ʚʦʜ.  

ɺʦʜʘ ʠʟ ʦʟʝʨʘ ʠʤʝʝʪ ʫʣʴʪʨʘʧʨʝʩʥʳʡ (13 ʤʛ/ʜʤ3), ʭʣʦʨʠʜʥʦ-

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ, ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ ʩʦʩʪʘʚ. ʋʯʘʩʪʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʘʥʠʦʥʘ ʚ ʩʦʩʪʘʚʝ ʘʥʠʦʥʦʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʥʝ ʚʳʷʚʣʝʥʦ.  

ɺʦʜʘ ʚ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʚʘʥʥʝ ʠʤʝʝʪ ʫʣʴʪʨʘʧʨʝʩʥʳʡ (11 ʤʛ/ʜʤ3), 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ, ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ ʩʦʩʪʘʚ. 

ɺʦʜʘ ʥʘ ʜʥʝ ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʧʦʥʠʞʝʥʠʷ ʠʤʝʝʪ ʫʣʴʪʨʘʧʨʝʩʥʳʡ (19 

ʤʛ/ʜʤ3), ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʳʡ, ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ ʩʦʩʪʘʚ. 
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ʈʠʩ. 30. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʚ ʟʦʥʝ ʶʞʥʦʡ ʪʫʥʜʨʳ 

ʥʘ ʩʝʚʝʨʝ ʇʫʨ-ʊʘʟʦʚʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ; ʃla/ʊla ï ʩʦʦʪʥʦʰʝʥʠʝ ʣʝʛʢʠʭ ʠ ʪʷʞʝʣʳʭ 

ʣʘʥʪʘʥʦʠʜʦʚ; Euan ï ʝʚʨʦʧʠʝʚʘʷ ʘʥʦʤʘʣʠʷ, Cean ï ʮʝʨʠʝʚʘʷ ʘʥʦʤʘʣʠʷ 

 

ʇɾʃ, ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʦʣʦʩʪʥʳʝ ʣʴʜʳ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʚ ʟʦʥʝ 

ʶʞʥʦʡ ʪʫʥʜʨʳ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʩʦʣʝʡ ʠʤʝʶʪ ʫʣʴʪʨʘʧʨʝʩʥʳʡ ʩʦʩʪʘʚ (ʦʪ 4 ʜʦ 19 

ʤʛ/ʜʤ3). ɺ ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʝʤ ʣʴʜʫ ʚ ʪʦʨʬʝ ʚʤʝʱʘʶʱʝʛʦ ʇɾʃ ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (239 ʤʛ/ʜʤ3). ɺ 

ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʝʤ ʣʴʜʫ ʚ ʪʦʨʬʝ ʚʤʝʱʘʶʱʝʛʦ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʦʣʦʩʪʥʳʝ 

ʣʴʜʳ ʩʦʩʪʘʚ ʫʣʴʪʨʘʧʨʝʩʥʳʡ (19 ʤʛ/ʜʤ3). ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ ʠʦʥʦʚ ʚ ʇɾʃ ʠ 

ʚʦʜʘʭ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʚʘʥʥʳ ʠ ʥʘ ʜʥʝ ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʧʦʥʠʞʝʥʠʷ ʧʨʝʦʙʣʘʜʘʶʪ 

Cl-ʠ Na+ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ SO4
-2 ʠ Ca+2. ɺ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʦʣʦʩʪʥʦʤ ʣʴʜʫ ʠ 

ʦʟʝʨʥʦʡ ʚʦʜʝ ʧʨʝʦʙʣʘʜʘʶʪ HCO3
-ʠ Ca+2. 

ʉʫʤʤʘ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʇɾʃ (0,23 ʤʢʛ/ʜʤ3) ʠ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʦʣʦʩʪʥʦʤ 

ʣʴʜʫ (0,29 ʤʢʛ/ʜʤ3) ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʢʣʘʨʢʘʤʠ ʨʝʯʥʳʭ ʚʦʜ. ʇɾʃ ʠʤʝʝʪ 
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ʦʪʨʠʮʘʪʝʣʴʥʫʶ Cean (0,25) ʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ Euan (1,16) ʘʥʦʤʘʣʠʠ; 

ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʦʣʦʩʪʥʦʡ ʣʝʜ Cean (0,17) ʠ Euan (1,46) ʘʥʦʤʘʣʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʙʠʦʛʝʥʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʣʘʥʪʘʥʦʠʜʦʚ [ʆʰʢʠʥ, 

2017]. ɺʦ ʣʴʜʘʭ ʟʥʘʯʝʥʠʷ I/Cl ʠ Br/Cl ʚʳʰʝ, ʯʝʤ ʫ ʢʣʘʨʢʦʚʳʭ ʚʩʣʝʜʩʪʚʠʝ 

ʧʝʨʝʭʦʜʘ I ʠ Br ʚ ʨʘʩʪʚʦʨʠʤʫʶ ʬʦʨʤʫ ʠ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ.  

ɺ ʇɾʃ ʟʦʥʳ ʶʞʥʦʡ ʪʫʥʜʨʳ ʚʳʷʚʣʝʥʘ ʪʝʥʜʝʥʮʠʷ ʢ ʥʘʢʦʧʣʝʥʠʶ Fe, Sn, 

La. ɺ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʦʣʦʩʪʥʦʤ ï Sc, Fe, Sn, W (ʨʠʩ. 31). ɺ 

ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʣʴʜʘʭ ʚ ʪʦʨʬʝ ʚʤʝʱʘʶʱʝʛʦ ʇɾʃ ʚʳʷʚʣʝʥʘ ʪʝʥʜʝʥʮʠʷ ʢ 

ʥʘʢʦʧʣʝʥʠʶ Sc, Mn, Fe, Co, As, Br, Sn, I, Eu, Ho. ɺ ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʣʴʜʘʭ 

ʚ ʪʦʨʬʝ ʚʤʝʱʘʶʱʝʤ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʦʣʦʩʪʥʦʡ ʣʝʜ ʚʳʷʚʣʝʥʘ ʪʝʥʜʝʥʮʠʷ ʢ 

ʥʘʢʦʧʣʝʥʠʶ P, Sc, Mn, Fe, Co, Nb, Sn, Eu, Ho, W (ʨʠʩ. 32). 

 
ʈʠʩ. 31. ʇʨʝʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʇɾʃ ʠ ʪʝʨʤʦʢʘʨʩʪʦʚʦ-ʧʦʣʦʩʪʥʦʤ 

ʣʴʜʫ ʶʞʥʦʡ ʪʫʥʜʨʳ ʥʘʜ ʢʣʘʨʢʘʤʠ ʨʝʯʥʳʭ ʚʦʜ 

 
ʈʠʩ. 32. ʇʨʝʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʝʤ ʣʴʜʫ 

ʩʠʣʴʥʦʣʴʜʠʩʪʦʛʦ ʪʦʨʬʘ ʶʞʥʦʡ ʪʫʥʜʨʳ ʥʘʜ ʢʣʘʨʢʘʤʠ ʨʝʯʥʳʭ ʚʦʜ 
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2.5. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʇɾʃ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʇɾʃ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʦʚ ʚ ʟʦʥʘʭ ʪʫʥʜʨʳ ʂʘʨʩʢʦʛʦ 

ʨʝʛʠʦʥʘ ʫʣʴʪʨʘʧʨʝʩʥʳʡ ʠ ʧʨʝʩʥʳʡ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʇɾʃ, ʙʝʟ ʫʯʘʩʪʠʷ 

ʩʝʛʨʝʛʘʮʠʦʥʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʩʦʩʪʘʚʣʷʝʪ 4-76 ʤʛ/ʜʤ3. ɺ ʚʝʨʪʠʢʘʣʴʥʦ-ʩʣʦʠʩʪʳʭ 

ʇɾʃ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʣʝʜʦʛʨʫʥʪʘ ʠʩʪʦʯʥʠʢʦʤ ʧʦʚʳʰʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

(68-141 ʤʛ/ʜʤ3) ʩʣʫʞʠʣʠ ʪʘʣʳʝ ʛʨʫʥʪʳ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ ʚʤʝʩʪʝ ʩ 

ʥʘʜʤʝʨʟʣʦʪʥʳʤʠ ʚʦʜʘʤʠ, ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʣʦ ʤʝʜʣʝʥʥʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʰʣʠʨʳ ʛʨʫʥʪʘ, ʣʴʜʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʫʩʣʦʚʠʡ ʟʘʣʝʛʘʥʠʷ ʣʴʜʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʤʘʨʢʝʨʳ ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʪʫʧʣʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʨʠʩ. 33). ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʇɾʃ ʙʝʟ 

ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʘ ʷʚʣʷʶʪʩʷ ʘʪʤʦʩʬʝʨʥʳʝ ʟʠʤʥʠʝ ʦʩʘʜʢʠ ʩ ʤʦʨʩʢʠʤʠ ʠʣʠ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʘʵʨʦʟʦʣʷʤʠ; ʇɾʃ ʩ ʩʝʛʨʝʛʘʮʠʦʥʥʳʤ ʣʴʜʦʤ - 

ʥʘʜʤʝʨʟʣʦʪʥʳʝ ʚʦʜʳ. ʉʦʩʪʘʚ ʥʘʜʤʝʨʟʣʦʪʥʳʭ ʚʦʜ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʟʘ 

ʩʯʝʪ ʦʪʣʦʞʝʥʠʡ, ʜʨʝʥʠʨʫʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʠ ʤʝʪʝʦʨʥʳʤʠ ʚʦʜʘʤʠ. 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʤʦʛʫʪ ʧʦʧʘʜʘʪʴ ʚ ʩʦʩʪʘʚ ʞʠʣ ʧʨʠ ʧʦʜʲʸʤʝ ʫʨʦʚʥʷ ʚʦʜ ʧʨʠ 

ʤʦʨʩʢʠʭ ʥʘʛʦʥʘʭ ʠʣʠ ʧʦʣʦʚʦʜʴʷ ʨʝʯʥʳʭ ʠ ʦʟʝʨʥʳʭ ʚʦʜ. 

ʅʘʢʦʧʣʝʥʠʶ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʩʧʦʩʦʙʩʪʚʫʶʪ: ʚʳʩʦʢʠʝ ʬʦʥʦʚʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʉʠʙʠʨʠ ʟʘ ʩʯʝʪ 

ʜʘʣʴʥʝʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʝʨʝʥʦʩʘ; ʧʦʧʘʜʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠʟ ʦʪʣʦʞʝʥʠʡ ʩ 

ʥʘʜʤʝʨʟʣʦʪʥʳʤʠ ʚʦʜʘʤʠ; ʧʦʧʘʜʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 

ʚʦʜʘʤʠ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʃLa/ʊLa ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʠʭ ʠʩʪʦʯʥʠʢʘ ï ʘʪʤʦʩʬʝʨʥʦʛʦ, ʠʟ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ ʠʣʠ 

ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʆʪʨʠʮʘʪʝʣʴʥʘʷ Cean ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ: 

ʚʣʠʷʥʠʷ ʤʦʨʩʢʠʭ ʘʵʨʦʟʦʣʝʡ ʚ ʩʦʩʪʘʚʝ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʫʯʘʩʪʠʷ 

ʥʘʜʤʝʨʟʣʦʪʥʳʭ ʚʦʜ; ʜʨʝʥʠʨʫʶʱʠʭ ʤʦʨʩʢʠʝ ʦʩʘʜʢʠ; ʙʠʦʛʝʥʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʪʦʨʬʝ.  
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ʈʠʩ. 33. ʆʩʥʦʚʥʳʝ ʤʘʨʢʝʨʳ ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʪʫʧʣʝʥʠʷ ʠʦʥʦʚ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʇɾʃ ʠ 

ʧʦʢʘʟʘʪʝʣʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʴʜʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʠʝʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ ʦʜʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʫʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ: ×ions ï ʩʫʤʤʘ ʠʦʥʦʚ, ʃla/ʊla ï ʩʦʦʪʥʦʰʝʥʠʝ ʣʝʛʢʠʭ ʠ 

ʪʷʞʝʣʳʭ ʣʘʥʪʘʥʦʠʜʦʚ; Euan ï ʝʚʨʦʧʠʝʚʘʷ ʘʥʦʤʘʣʠʷ, Cean ï ʮʝʨʠʝʚʘʷ ʘʥʦʤʘʣʠʷ; ʫʢʘʟʘʥʳ 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʧʨʝʚʳʰʘʶʱʠʝ ʢʣʘʨʢʠ ʨʝʯʥʳʭ ʚʦʜ ʙʦʣʝʝ ʯʝʤ ʚ 5 ʨʘʟ 
 

ʇʦʣʦʞʠʪʝʣʴʥʘʷ Euan ʘʥʦʤʘʣʠʷ ʚʦ ʣʴʜʘʭ ʇɾʃ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ 

ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ - ʧʦʧʘʜʘʥʠʷ ʯʘʩʪʠʮ ʛʨʫʥʪʘ ʚ ʤʦʨʦʟʦʙʦʡʥʫʶ 

ʪʨʝʱʠʥʫ, ʟʘ ʩʯʝʪ ʫʯʘʩʪʠ ̫ʥʘʜʤʝʨʟʣʦʪʥʳʭ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. ɺ ʇɾʃ 

ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ I/Cl ʠ Br/Cl ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʞʠʣʫ 

ɺʤʝʱʘʶʱʠʝ ʦʪʣʦʞʝʥʠʷ 
ʄʦʨʩʢʠʝ 
×ions ~ 81-140 ʤʛ/ʜʤ3 
ʇʨʝʦʙʣʘʜʘʶʪ Na+, Cl-   

Cean ~ 0,2-0,3 
Euan ~ 1,2-1,5 
ʃLa/ʊLa ~ 1,4-2,0 
I/Cl ~ 2Ĭ10-4 - 9Ĭ10-4 
Br/Cl ~ 5Ĭ10-3 - 7Ĭ10-3 

ʆʙʦʛʘʱʝʥ Sc, Mn, Nb, La, Eu 
 

ʂʦʥʪʠʥʝʥʪʘʣʴʥʳʝ 
×ions = 44 ʤʛ/ʜʤ3 
ʇʨʝʦʙʣʘʜʘʶʪ HCO3

-, Ca+2 Mg+2 
Cean = 0,7 
Euan = 1,1 
ʃLa/ʊLa = 0,7 
I/Cl = 6,3Ĭ10-3 
Br/Cl = 9,9Ĭ10-3 
ʆʙʦʛʘʱʝʥ Sc, Nb, Sn, I, 
ʣʘʥʪʘʥʦʠʜʘʤʠ 
 

ɹʠʦʛʝʥʥʳʝ 
×ions ~ 4-9 ʤʛ/ʜʤ3 
ʇʨʝʦʙʣʘʜʘʶʪ Cl-, HCO3

-, Ca+2 
Cean = 0,3 
Euan = 1,2 
ʃLa/ʊLa ~ 1,2-1,3 
I/Cl ~ 2,7Ĭ10-3 - 1,3Ĭ10-2 
Br/Cl ~ 6,7Ĭ10-3 - 1,0Ĭ10-2 
ʆʙʦʛʘʱʝʥ Sc, Sn, I, W, Fe, Sn 
 

ɸʥʪʨʦʧʦʛʝʥʥʳʝ 
×ions ~ 68-72 ʤʛ/ʜʤ3 

ʇʨʝʦʙʣʘʜʘʶʪ Cl-, HCO3
-, Ca+2 

Cean ~ 0,5-0,9 
Euan = 0,90 
ʃLa/ʊLa ~ 0,6-0,7 
I/Cl ~ 1,5Ĭ10-4 - 1,7Ĭ10-3  
Br/Cl ~ 1,7Ĭ10-3 - 8,8Ĭ10-3 
ʆʙʦʛʘʱʝʥ P, Ti, V, Mn, Co, Br, Fe, Nb, 
I, Mo, Cd, ʣʘʥʪʘʥʦʠʜʘʤʠ, W 

ɺʦʜr, 
ʬʦʨʤʠʨʫʶʱʠʝ 

ʇɾʃ ʅʘʜʤʝʨʟʣʦʪʥʳʝ 
ʚʦʜʳ 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ 
ʄʦʨʩʢʠʝ (ʥʘʛʦʥʳ) 
×ions ~ 25-46 ʤʛ/ʜʤ3 
ʇʨʝʦʙʣʘʜʘʶʪ Na+, Mg+2, Cl-  

Cean ~ 0,7-0,8 
Euan = 1,2 
ʃLa/ʊLa ~ 0,5-0,6 
I/Cl ~ 5,8 Ĭ10-5 ï 3,0 Ĭ10-4 
Br/Cl ~ 1,5Ĭ10-3 - 3,3Ĭ10-3  
ʆʙʦʛʘʱʝʥ Mn, Eu, 
 

ʈʝʯʥʳʝ ʠ ʦʟʝʨʥʳʝ 
×ions ~ 8-90 ʤʛ/ʜʤ3 
ʇʨʝʦʙʣʘʜʘʶʪ Na+, Cl-  

Cean ~ 0,8-1,0 
Euan ~ 0,9-1,34 
ʃLa/ʊLa ~ 0,8-1,2 
I/Cl ~ 7Ĭ10-5 - 7,6Ĭ10-4 
Br/Cl ~ 3,3Ĭ10-3 - 4,3Ĭ10-3 
ʆʙʦʛʘʱʝʥ Sc, Fe, Mn, Co, I 
Nb, ʣʘʥʪʘʥʦʠʜʘʤʠ 

ʇɾʃ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ 
ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ 

ʇɾʃ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʨʠ ʫʯʘʩʪʠʠ 
ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

 

ʄʘʨʢʝʨʳ ʠʩʪʦʯʥʠʢʦʚ ʠʦʥʦʚ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʇɾʃ 

ɸʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ 
ʩʦʜʝʨʞʘʱʠʝ ʘʵʨʦʟʦʣʠ 

ʄʦʨʩʢʠʝ  
×ions ~ 21-43 ʤʛ/ʜʤ3 
ʇʨʝʦʙʣʘʜʘʶʪ Na+, Mg+2, Cl-  

Cean = 0,4  
Euan = 0,9 
ʃLa/ʊLa ~ 0,9-1,1 
I/Cl ~ 1,2Ĭ10-4 ï 3,1Ĭ10-4 
Br/Cl ~ 2,4Ĭ10-3 - 3,4Ĭ10-3 

ʆʙʦʛʘʱʝʥ Fe, Mn, Nb, Mo, W, 
ʣʘʥʪʘʥʦʠʜʘʤʠ 
 

ʂʦʥʪʠʥʝʥʪʘʣʴʥʳʝ 
×ions ~ 48-60 ʤʛ/ʜʤ3 
ʇʨʝʦʙʣʘʜʘʶʪ HCO3

-, Ca+2  
Cean ~ 0,7-0,8 
Euan ~ 0,7-1,1 
ʃLa/ʊLa = 0,5-0,8 
I/Cl ~ 2,0Ĭ10-4 - 2,7Ĭ10-3 
Br/Cl ~1,2Ĭ10-3 ï 7,1Ĭ10-3 
ʆʙʦʛʘʱʝʥ Sc, Cr, Mn, Fe, Mo, 
Nb, Sn, ʣʘʥʪʘʥʦʠʜʘʤʠ, W 
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ʘʪʤʦʩʬʝʨʥʳʭ ʘʵʨʦʟʦʣʝʡ, ʘ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʢʘʟʘʪʝʣʝʤ 

ʧʦʩʪʫʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʞʠʣʫ.  

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 2 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʇɾʃ ʷʚʣʷʶʪʩʷ 

ʘʪʤʦʩʬʝʨʥʳʝ ʟʠʤʥʠʝ ʦʩʘʜʢʠ ʩ ʤʦʨʩʢʠʤʠ ʠʣʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʘʵʨʦʟʦʣʷʤʠ. 

ɼʨʫʛʠʤ ʠʩʪʦʯʥʠʢʦʤ ʤʦʛʫʪ ʙʳʪʴ ʥʘʜʤʝʨʟʣʦʪʥʳʝ ʚʦʜʳ ʩʝʟʦʥʥʦ-ʪʘʣʦʛʦ ʩʣʦʷ. ʀʭ 

ʩʦʩʪʘʚ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʦʪʣʦʞʝʥʠʡ, ʜʨʝʥʠʨʫʝʤʳʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʠ ʘʪʤʦʩʬʝʨʥʳʤʠ ʚʦʜʘʤʠ. ʊʨʝʪʠʡ ʠʩʪʦʯʥʠʢ ï ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʚʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʧʘʜʘʶʪ ʚ ʩʦʩʪʘʚ ʞʠʣ ʧʨʠ ʧʦʜʲʸʤʝ ʫʨʦʚʥʷ ʚʦʜʳ ʧʨʠ ʤʦʨʩʢʠʭ 

ʥʘʛʦʥʘʭ ʠʣʠ ʧʦʣʦʚʦʜʴʷʭ ʨʝʯʥʳʭ ʠ ʦʟʝʨʥʳʭ ʚʦʜ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʇɾʃ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʣʴʜʦʚ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʅʘ 

ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʣʴʜʦʚ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ, ʩʦʨʙʠʨʫʶʱʝʝ ʤʥʦʛʠʝ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʟʘ ʩʯʝʪ ʩʪʨʫʢʪʫʨʳ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ.  

ɺʳʰʝ ʠʟʣʦʞʝʥʥʦʝ ʦʙʦʩʥʦʚʳʚʘʝʪ ʧʝʨʚʦʝ ʟʘʱʠʱʘʝʤʦʝ ʧʦʣʦʞʝʥʠʝ:  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʦʚ ʂʘʨʩʢʦʛʦ 

ʨʝʛʠʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʰʠʨʦʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʬʘʢʪʦʨʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʧʨʠʨʦʜʥʦʡ ʦʙʩʪʘʥʦʚʢʦʡ, ʫʩʣʦʚʠʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʦʤ 

ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ. ɺ ʠʭ ʯʠʩʣʦ ʚʭʦʜʷʪ ʤʦʨʩʢʠʝ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ 

ʘʵʨʦʟʦʣʠ, ʘ ʪʘʢʞʝ ʥʘʜʤʝʨʟʣʦʪʥʳʝ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ. ʇʦʩʪʫʧʣʝʥʠʝ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʩ ʤʦʨʩʢʠʤʠ ʘʵʨʦʟʦʣʷʤʠ ʠʣʠ ʥʘʜʤʝʨʟʣʦʪʥʳʭ ʚʦʜ 

ʬʠʢʩʠʨʫʝʪ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʮʝʨʠʝʚʘʷ ʘʥʦʤʘʣʠʷ. ʇʦʢʘʟʘʪʝʣʝʤ ʫʯʘʩʪʠʷ 

ʥʘʜʤʝʨʟʣʦʪʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ 

ʝʚʨʦʧʠʝʚʘʷ ʘʥʦʤʘʣʠʷ. 
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ɻʣʘʚʘ 3. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ 

3.1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʠʥʟʦʚʠʜʥʦʛʦ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʥʘ ʩʝʚʝʨʝ ʧ-ʚʘ 

ɻʳʜʘʥ 

ʃʠʥʟʦʚʠʜʥʳʡ ʧʣʘʩʪʦʚʳʡ ʣʸʜ ʤʦʱʥʦʩʪʴʶ 0,3 ʤ ʠʟʫʯʝʥ ʚ ʨʘʟʨʝʟʝ ɺ3-18 

ʘʣʣʶʚʠʘʣʥɹʦʡ ʪʝʨʨʘʩʳ ʚ ʥʠʟʦʚʴʷʭ ʨ. ɻʳʜʘ (ʩʤ. ʨʠʩ. 16, ʛʣʘʚʘ 2), ʟʘʣʝʛʘʝʪ ʥʘ 

ʣʴʜʠʩʪʳʭ ʧʝʩʢʘʭ, ʧʝʨʝʢʨʳʪ ʩʫʧʝʩʷʤʠ ʩ ʣʠʥʟʦʚʠʜʥʦ-ʩʝʪʯʘʪʦʡ ʢʨʠʦʛʝʥʥʦʡ 

ʪʝʢʩʪʫʨʦʡ [ɹʫʪʘʢʦʚ, ʉʣʘʛʦʜʘ, 2021]. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʤʦʥʦʣʠʪʘ ʣʴʜʘ (10 ʩʤ) ʩ 

ʨʘʩʩʝʷʥʥʦʡ ʦʨʛʘʥʠʢʦʡ (ʨʠʩ. 34ɸ) ʠʤʝʝʪ ʫʣʴʪʨʘʧʨʝʩʥʳʡ (17 ʤʛ/ʜʤ3) 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ, ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ ʩʦʩʪʘʚ, ʦʪʨʠʮʘʪʝʣʴʥʫʶ Cean (0,62) ʠ 

ʙʣʠʟʢʫʶ ʢ ʝʜʠʥʠʮʝ Euan (0,95), ʩʦʦʪʥʦʰʝʥʠʝ ʃLa/ʊLa ʨʘʚʥʦʝ 0,76 (ʧʨʠʣ., ʪʘʙʣ. 6, 

ʨʠʩ. 35). ʄʠʢʨʦʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʦʛʘʱʝʥ Sc ʚ 23; I ʚ 11; Nb, Sn, Mn, W 

ʚ 6-9; P, Cr, Fe, Co ʚ 2-4; ʣʘʥʪʘʥʦʠʜʘʤʠ ʚ 3-6 ʨʘʟ (ʧʨʠʣ., ʪʘʙʣ. 7, ʨʠʩ. 36).  

ʅʠʞʥʷʷ ʯʘʩʪʴ 

ʣʠʥʟʦʚʠʜʥʦʛʦ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ 

(13 ʩʤ) ʚ ʨʘʟʨʝʟʝ ɺ3-18 ʩ 

ʨʘʩʩʝʷʥʥʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ 

ʧʨʠʤʝʩʷʤʠ (ʨʠʩ. 34ɹ) ʠʤʝʝʪ 

ʫʣʴʪʨʘʧʨʝʩʥʳʡ (36 ʤʛ/ʜʤ3) 

ʩʫʣʴʬʘʪʥʦ-ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ, 

ʢʘʣʴʮʠʝʚʦ-ʤʘʛʥʠʝʚʳʡ ʩʦʩʪʘʚ; 

ʦʪʨʠʮʘʪʝʣʴʥʫʶ Cean (0,76) 

ɸ ɹ 

  
ʈʠʩ. 34. ʃʠʥʟʦʚʠʜʥʳʡ ʧʣʘʩʪʦʚʳʡ ʣʝʜ ɺ3-18 (ʬʦʪʦ 

ʉʣʘʛʦʜʳ ɽ.ɸ.) ʥʘ ʛʣʫʙʠʥʝ 4,06-4,16 ʤ (ɸ, ʩ 

ʨʘʩʩʝʷʥʥʦʡ ʦʨʛʘʥʠʢʦʡ), ʥʘ ʛʣʫʙʠʥʝ 4,16-4,29 ʤ (ɹ, ʩ 

ʨʘʩʩʝʷʥʥʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʧʨʠʤʝʩʷʤʠ) 

ʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ Euan (1,07) ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʃLa/ʊLa ʨʘʚʥʦʝ 0,73. (ʨʠʩ. 35). 

ʄʠʢʨʦʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʦʛʘʱʝʥ Sc, Nb ʚ 16-17 ʨʘʟ; Sn ʚ 13; ʣʘʥʪʘʥʦʠʜʦʚ 

ʚ 5-13; I ʚ 8 ʨʘʟ; Mn, Fe, Co, Br ʚ 2-3 ʨʘʟʘ (ʨʠʩ. 36).  

ʃʠʥʟʦʚʠʜʥʳʡ ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʚ ʨʘʡʦʥʝ ʩ. ɻʳʜʘ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʦʣʝʡ 

ʫʣʴʪʨʘʧʨʝʩʥʳʡ, ʚ ʩʦʩʪʘʚʝ ʥʝ ʚʳʷʚʣʝʥʦ ʫʯʘʩʪʠʷ ʤʦʨʩʢʠʭ ʚʦʜ. 

ʊʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʡ ʣʸʜ ʚ ʩʫʛʣʠʥʢʝ ʩʣʘʙʦʩʦʣʝʥʳʡ (0,70 ʛ/ʜʤ3), ʚ ʧʝʩʢʝ 

ʦʧʨʝʩʥʝʥʥʳʡ (0,35 ʛ/ʜʤ3) ʩ ʟʘʩʦʣʝʥʠʝʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʪʠʧʘ (ʩʤ. ʨʠʩ. 18, 

ʛʣʘʚʘ 2). ʌʦʨʤʠʨʦʚʘʥʠʝ ʣʠʥʟʦʚʠʜʥʦ-ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʚ ʨʘʡʦʥʝ ʩ. ɻʳʜʘ 
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ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʚʳʪʝʩʥʝʥʠʝʤ ʩʦʣʝʡ ʚ ʦʩʪʘʪʦʯʥʳʡ (ʧʦʨʦʚʳʡ) ʨʘʩʪʚʦʨ ʚʦ 

ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʷʭ.  

 
ʈʠʩ. 35. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʠʥʟʦʚʠʜʥʦʛʦ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʟʦʥʳ ʩʝʚʝʨʥʦʡ ʪʫʥʜʨʳ ʙʝʟ 

ʤʦʨʩʢʦʛʦ ʚʣʠʷʥʠʷ; ʃla/ʊla ï ʩʦʦʪʥʦʰʝʥʠʝ ʣʝʛʢʠʭ ʠ ʪʷʞʝʣʳʭ ʣʘʥʪʘʥʦʠʜʦʚ; Euan ï ʝʚʨʦʧʠʝʚʘʷ 

ʘʥʦʤʘʣʠʷ, Cean ï ʮʝʨʠʝʚʘʷ ʘʥʦʤʘʣʠʷ 
 

ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ ʦʩʥʦʚʥʳʭ ʠʦʥʦʚ ʣʠʥʟʦʚʠʜʥʳʡ ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʦʯʝʥʴ 

ʙʣʠʟʦʢ ʩ ʩʦʩʪʘʚʦʤ ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʣʴʜʦʚ ʚʦ ʚʤʝʱʘʶʱʠʭ ʩʫʛʣʠʥʢʘʭ ʠ 

ʧʝʩʢʘʭ. ʉʫʤʤʘ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʣʠʥʟʦʚʠʜʥʦʤ ʧʣʘʩʪʦʚʦʤ ʠ ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʭ 

ʣʴʜʘʭ ʚʳʰʝ ʢʣʘʨʢʦʚʳʭ ʟʥʘʯʝʥʠʡ: ʚʦ ʣʴʜʫ ʩ ʦʨʛʘʥʠʢʦʡ 0,6 ʤʢʛ/ʜʤ3, ʚʦ ʣʴʜʫ ʩ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ 1,4 ʤʢʛ/ʜʤ3, ʪ.ʝ. ʠʩʪʦʯʥʠʢʦʤ ʣʘʥʪʘʥʦʠʜʦʚ 

ʷʚʣʷʶʪʩʷ ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʃLa/ʊLa 

ʦʯʝʥʴ ʙʣʠʟʢʦʝ (0,76 ʠ 0,73), ʩʭʦʞʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʝʤ ʣʴʜʫ 
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ʚ ʩʫʛʣʠʥʢʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʪʦʯʥʠʢʦʤ ʣʘʥʪʘʥʦʠʜʦʚ ʷʚʣʷʶʪʩʷ ʛʣʠʥʠʩʪʳʝ 

ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ. 

ɺʦ ʣʴʜʫ ʩ ʦʨʛʘʥʠʢʦʡ Cean ʥʠʞʝ (0,62), ʯʝʤ ʧʦ ʣʴʜʫ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ (0,76), ʟʘ ʩʯʝʪ ʙʠʦʛʝʥʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʘʥʪʘʥʦʠʜʦʚ. ɺʦ 

ʣʴʜʫ ʩ ʦʨʛʘʥʠʢʦʡ Euan ʙʣʠʟʢʘ ʢ ʝʜʠʥʠʮʝ (0,95); ʚʦ ʣʴʜʫ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ Euan ʧʦʣʦʞʠʪʝʣʴʥʘʷ (1,07). ɺ ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʣʴʜʘʭ Euan 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ (1,33-1,41), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʜʝʝ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʝʚʨʦʧʠʝʚʦʡ ʘʥʦʤʘʣʠʠ ʧʨʠ ʩʝʛʨʝʛʘʮʠʦʥʥʦʤ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʠ. 

 
ʈʠʩ. 36. ʇʨʝʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʣʠʥʟʦʚʠʜʥʦʤ ʧʣʘʩʪʦʚʦʤ ʠ 

ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʣʴʜʘʭ ʩʝʚʝʨʥʦʡ ʪʫʥʜʨʳ ʥʘʜ ʢʣʘʨʢʘʤʠ ʨʝʯʥʳʭ ʚʦʜ 
 

ʆʪʥʦʰʝʥʠʷ I/Cl ʥʘʭʦʜʷʪʩʷ ʥʘ ʜʠʘʛʨʘʤʤʝ ʙʣʠʞʝ ʢ ʢʣʘʨʢʘʤ ʨʝʯʥʳʭ ʚʦʜ, 

ʯʝʤ ʢ ʢʣʘʨʢʘʤ ʤʦʨʩʢʠʭ ʚʦʜ. ʆʪʥʦʰʝʥʠʷ I/Cl ʚ ʣʠʥʟʦʚʠʜʥʦʤ ʧʣʘʩʪʦʚʦʤ ʣʴʜʫ 

ʩʭʦʞʠ ʩ ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʤʠ. ʆʪʥʦʰʝʥʠʷ Br/Cl ʚʦ ʣʴʜʫ ʩ ʦʨʛʘʥʠʢʦʡ ʠ ʚ 

ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʣʴʜʘʭ ʚʳʰʝ, ʯʝʤ ʚʦ ʣʴʜʫ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ.  

ɺ ʣʠʥʟʦʚʠʜʥʦʤ ʧʣʘʩʪʦʚʦʤ ʣʴʜʫ ʚʳʷʚʣʝʥʳ ʪʝʥʜʝʥʮʠʠ ʢ ʥʘʢʦʧʣʝʥʠʶ Sc, 

Mn, Sn, Nb, I, ʣʘʥʪʘʥʦʠʜʦʚ, W. ɺ ʪʝʢʩʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʣʴʜʘʭ - Sc, V, Mn, Br, 

Sr, Nb, Mo, Sn, I, ʣʘʥʪʘʥʦʠʜʦʚ ʠ U.  

3.2. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ɿʘʧʘʜʥʦʛʦ ʗʤʘʣʘ 

ʆʧʦʨʥʳʡ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʚ ʨʘʡʦʥʝ ʧʦʣʷʨʥʦʡ ʩʪʘʥʮʠʠ ʄʘʨʨʝ-

ʉʘʣʝ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʧʨʝʜʝʣʘʭ III ʤʦʨʩʢʦʡ ʨʘʚʥʠʥʳ ɿʘʧʘʜʥʦʛʦ ʗʤʘʣʘ (ʨʠʩ. 

37), ʠʤʝʝʪ ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ ʠʟʫʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʜʠʩʢʫʩʩʠʝʡ ʦ ʛʝʥʝʟʠʩʝ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ [ʂʘʥʝʚʩʢʠʡ ʠ ʜʨ., 2005; ʂʨʠʮʫʢ, 2010; 

ʉʣʘʛʦʜʘ ʠ ʜʨ., 2010; ʏʠʞʦʚʘ, ɺʘʩʠʣʴʯʫʢ, 2019]. 
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ʅʠʞʥʶʶ ʯʘʩʪʴ ʨʘʟʨʝʟʘ 

ʩʣʘʛʘʝʪ ʤʘʨʨʝʩʘʣʴʩʢʘʷ ʩʚʠʪʘ ʩ 

ʥʝʨʦʚʥʦʡ ʢʨʦʚʣʝʡ, ʥʘ ʛʣʫʙʠʥʝ 

ʦʪ 0 ʜʦ 20 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

[ʂʘʥʝʚʩʢʠʡ ʠ ʜʨ., 2005; 

ʈʦʤʘʥʝʥʢʦ ʠ ʜʨ.; 2009], 

ʚʩʢʨʳʚʘʶʪʩʷ ʧʨʠʙʨʝʞʥʦ-

ʤʦʨʩʢʠʝ ʠ ʜʝʣʴʪʦʚʳʝ 

ʛʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʩ 

ʧʨʦʩʣʦʷʤʠ ʩʫʧʝʩʝʡ ʠ ʧʝʩʢʦʚ, 

ʨʝʜʢʦ ʩ ʦʙʣʦʤʢʘʤʠ ʢʦʨʝʥʥʳʭ 

ʧʦʨʦʜ, ʟʘʣʝʛʘʶʱʠʝ ʚ ʚʠʜʝ 

ʩʢʣʘʜʦʢ (ʨʠʩ. 38). 

ɺ ʮʝʥʪʨʝ ʨʘʟʨʝʟʘ ʚ 

ʧʝʩʢʘʭ ʩ ʧʨʦʩʣʦʷʤʠ "ʚʦʡʣʦʢʘ" 

ʠʟ ʤʭʦʚ, ʢʦʨʥʝʡ ʪʨʘʚ, ʜʝʪʨʠʪʘ 

ʧʦʣʫʯʝʥʘ ʨʘʜʠʦʫʛʣʝʨʦʜʥʘʷ 

ʜʘʪʠʨʦʚʢʘ 42,2+1,7 (MPI-49) 

ʪʳʩ. ʣ. ʥ., ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʦʪʥʝʩʪʠ ʵʪʫ ʪʦʣʱʫ ʢ 

ʢʘʨʛʠʥʩʢʦʤʫ ʪʝʨʤʦʭʨʦʥʫ 

ʧʦʟʜʥʝʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ. 

 

ʈʠʩ. 37. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʧʦʨʥʦʛʦ ʨʘʟʨʝʟʘ 

"ʄʘʨʨʝ-ʉʘʣʝ" (ɸ) ʠ ʨʘʩʯʠʩʪʦʢ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʩ 

ʠʟʫʯʝʥʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ (ɹ). 1- ʥʦʤʝʨ ʠ 

ʛʦʜ ʨʘʩʯʠʩʪʢʠ ʩ ʧʨʦʙʘʤʠ ʧʦʜʟʝʤʥʦʛʦ ʣʴʜʘ; 2- 

ʥʦʤʝʨ ʠ ʛʦʜ ʧʨʦʙ ʩʝʟʦʥʥʳʭ ʣʴʜʦʚ; 3 - ʘʙʩʦʣʶʪʥʳʝ 

ʦʪʤʝʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ; 4 - ʛʦʨʠʟʦʥʪʘʣʠ 

ʧʦʚʝʨʭʥʦʩʪʠ; 5 - ʙʝʨʝʛʦʚʳʝ ʫʩʪʫʧʳ 

ɺ ʩʚʠʪʝ ʚʳʜʝʣʝʥʳ ʧʦʨʦʜʳ ʩ ʧʝʨʚʠʯʥʳʤ ʵʧʠʢʨʠʦʛʝʥʥʳʤ ʩʪʨʦʝʥʠʝʤ ʠ 

ʧʨʦʪʘʷʚʰʠʝ ʠ ʚʪʦʨʠʯʥʦ ʧʨʦʤʝʨʟʰʠʝ ʦʪʣʦʞʝʥʠʷ ʪʘʙʝʨʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[ʉʪʨʝʣʝʮʢʘʷ ʠ ʜʨ., 2013]. 
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ʈʠʩ. 38. ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʄʘʨʨʝ-ʉʘʣʝ ʠ ʩʦʩʪʘʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʦʪʣʦʞʝʥʠʡ ʠ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʰʪʦʢʘʤʠ. 1 ï ʛʣʠʥʳ, ʩʫʛʣʠʥʢʠ ʩ ʚʦʣʥʠʩʪʦ-

ʩʢʣʘʜʯʘʪʦʡ ʩʣʦʠʩʪʦʩʪʴʶ ʟʘ ʩʯʝʪ ʧʨʦʩʣʦʝʚ ʩʚʝʪʣʳʭ ʧʝʩʢʦʚ ʠ ʘʣʝʚʨʠʪʦʚ; 2 ï ʧʝʩʢʠ ʪʦʥʢʠʝ 

ʧʳʣʝʚʘʪʳʝ ʩ ʧʨʦʩʣʦʡʢʘʤʠ çʚʦʡʣʦʢʘè ʠʟ ʤʭʦʚ ʠ ʛʦʬʨʠʨʦʚʘʥʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ; 3 ï 

ʪʘʙʝʨʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ: ʛʣʠʥʳ, ʩʫʛʣʠʥʢʠ, ʩʫʧʝʩʠ; 4 ï ʧʝʩʢʠ, ʩʫʧʝʩʠ ʩʣʦʠʩʪʳʝ ʩ ʧʨʦʩʣʦʷʤʠ 

ʠ ʣʠʥʟʘʤʠ ʢʦʨʝʰʢʦʚ ʪʨʘʚ, ʤʭʦʚ; 5 ï ʩʫʧʝʩʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦïʩʣʦʠʩʪʳʝ ʩ ʘʪʘʢʩʠʪʦʚʦʡ 

ʢʨʠʦʪʝʢʩʪʫʨʦʡ; 6 ï ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʥʠʞʥʝʡ ʟʘʣʝʞʠ; 7 ï ʧʣʘʩʪʦʚʳʡ ʣʝʜ ʚʝʨʭʥʝʡ ʟʘʣʝʞʠ; 8 ï 

ʩʦʚʨʝʤʝʥʥʳʝ ʇɾʃ; 9 ï ʇɾʃ; 10 ï ʢʣʠʥʦʚʠʜʥʳʡ ʣʝʜ. 
 

ɺʝʨʭʥʶʶ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʩʣʘʛʘʶʪ ʩʠʥʢʨʠʦʛʝʥʥʳʝ çʙʘʡʜʘʨʘʮʢʠʝè ʠ 

çʦʣʝʥʴʠè ʦʟʝʨʥʳʝ, ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ, ʵʦʣʦʚʳʝ ʧʝʩʢʠ, ʩʫʧʝʩʠ, 

ʩʫʛʣʠʥʢʠ ʩ ʚʦʟʨʘʩʪʦʤ ʘʚʪʦʭʪʦʥʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʦʪ 23,8 ʜʦ 5,2 ʪʳʩ. 

ʣ.ʥ. ʠ ʤʦʱʥʦʩʪʴʶ ʦʪ 2 ʜʦ 15 ʤ. ʂʨʦʚʣʷ ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ ʨʘʟʤʳʪʘ, ʯʪʦ 

ʤʘʨʢʠʨʫʶʪ ʣʠʥʟʳ ʘʣʣʦʭʪʦʥʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʩ ʚʦʟʨʘʩʪʦʤ ʦʪ 13,0 ʜʦ 

7,3 ʪʳʩ. ʣ.ʥ. ʇʦʢʨʦʚʥʳʡ ʛʦʨʠʟʦʥʪ ʚʢʣʶʯʘʝʪ ʩʢʣʦʥʦʚʳʝ ʠ ʵʦʣʦʚʳʝ ʧʝʩʢʠ, 

ʦʟʝʨʥʳʝ ʩʫʧʝʩʠ, ʘʚʪʦʭʪʦʥʥʳʡ ʪʦʨʬ ʩ ʚʦʟʨʘʩʪʦʤ 3,5-0,9 ʪʳʩ. ʣ. ʥ. (ʨʠʩ. 39) 

[ʆʧʦʢʠʥʘ ʠ ʜʨ., 2015]. 
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ʈʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ 

ʚʝʨʪʠʢʘʣʠ ʠ ʣʘʪʝʨʘʣʠ ʨʘʟʨʝʟʘ. ʄʘʨʨʝʩʘʣʴʩʢʘʷ ʩʚʠʪʘ ʚʢʣʶʯʘʝʪ ʥʠʞʥʶʶ ʟʘʣʝʞʴ 

ʠ ʬʨʘʛʤʝʥʪʳ ʚʝʨʭʥʝʡ ʟʘʣʝʞʠ ʣʴʜʘ. ʉʘʨʪʘʥʩʢʦ-ʛʦʣʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ 

ʩʦʜʝʨʞʘʪ ʚʝʨʭʥʶʶ ʟʘʣʝʞʴ ʣʴʜʘ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʫʯʘʩʪʢʘʤʠ, ʣʘʢʢʦʣʠʪʘʤʠ ʠ 

ʰʪʦʢʘʤʠ, ʇɾʃ, ʢʣʠʥʦʚʠʜʥʳʝ ʪʝʣʘ ʠ ʢʦʣʴʮʝʚʳʝ ʜʘʡʢʠ ʣʴʜʘ. ʅʠʞʥʠʝ ʯʘʩʪʠ 

ʢʣʠʥʴʝʚ ʠ ʜʘʝʢ ʣʴʜʘ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠ ʩʝʢʫʪ ʪʘʙʝʨʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 

ʤʘʨʨʝʩʘʣʴʩʢʦʡ ʩʚʠʪʳ, ʚʝʨʭʥʶʶ ʟʘʣʝʞʴ ʣʴʜʘ. ʇʦʢʨʦʚʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚʢʣʶʯʘʶʪ 

ʤʝʣʢʠʝ ʇɾʃ ʠ ʵʣʝʤʝʥʪʘʨʥʳʝ ʞʠʣʢʠ ʚ ʭʘʩʳʨʝʷʭ, ʪʝʨʤʦʵʨʦʟʠʦʥʥʳʭ ʣʦʞʙʠʥʘʭ 

ʠ ʥʘ ʟʘʪʦʨʬʦʚʘʥʥʳʭ ʩʢʣʦʥʘʭ [ʆʧʦʢʠʥʘ ʠ ʜʨ., 2015].  

ʅʘ ʩʝʚʝʨʝ ʦʧʦʨʥʦʛʦ ʨʘʟʨʝʟʘ ʚ ʛʦʣʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩʦʚʤʝʩʪʥʦ 

ʟʘʣʝʛʘʶʪ ʢʦʣʴʮʝʚʳʝ ʜʘʡʢʠ ʚʝʨʪʠʢʘʣʴʥʦ-ʧʦʣʦʩʯʘʪʦʛʦ ʣʴʜʘ ʩ ʧʨʦʞʠʣʢʘʤʠ 

ʛʨʫʥʪʘ ʠ ʚʝʨʪʠʢʘʣʴʥʦ-ʧʦʣʦʩʯʘʪʳʡ ʩ ʧʫʟʳʨʴʢʘʤʠ ʚʦʟʜʫʭʘ ʇɾʃ. ɺ ʮʝʥʪʨʝ 

ʨʘʟʨʝʟʘ, ʚ ʩʠʥʢʨʠʦʛʝʥʥʳʭ ʩʘʨʪʘʥʩʢʦ-ʛʦʣʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʩʦʚʤʝʩʪʥʦ 

ʟʘʣʝʛʘʶʪ ʇɾʃ, ʢʣʠʥʦʚʠʜʥʳʝ ʪʝʣʘ ʚʝʨʪʠʢʘʣʴʥʦ-ʧʦʣʦʩʯʘʪʦʛʦ ʣʴʜʘ, ʚʝʨʭʥʷʷ 

ʟʘʣʝʞʴ ʩ ʣʘʢʢʦʣʠʪʘʤʠ, ʰʪʦʢʘʤʠ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ, ʥʘʢʣʦʥʥʳʤʠ ʠ 

ʩʢʣʘʜʯʘʪʳʤʠ ʫʯʘʩʪʢʘʤʠ ʣʴʜʘ [ʉʣʘʛʦʜʘ ʠ ʜʨ., 2012]. ʅʘ ʶʛʝ ʚʩʢʨʳʪʘ ʥʠʞʥʷʷ 

ʟʘʣʝʞʴ ʣʴʜʘ ʤʦʱʥʦʩʪʴʶ 2ï9 ʤ, ʟʘʣʝʛʘʶʱʘʷ ʧʦʜ ʪʘʙʝʨʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʚ 

ʵʧʠʢʨʠʦʛʝʥʥʦʡ ʛʣʠʥʠʩʪʦʡ ʪʦʣʱʝ ʩ ʣʠʥʟʦʚʠʜʥʳʤʠ ʢʨʠʦʛʝʥʥʳʤʠ ʪʝʢʩʪʫʨʘʤʠ, 

ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʩʣʦʠʩʪʦʩʪʠ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʘʣʝʞʠ (ʨʠʩ. 

39) 

ʆʪʣʦʞʝʥʠʷ ʤʘʨʨʝʩʘʣʴʩʢʦʡ ʩʚʠʪʳ ʩ ʧʝʨʚʠʯʥʳʤ ʵʧʠʢʨʠʦʛʝʥʥʳʤ 

ʩʪʨʦʝʥʠʝʤ (ʩʣʦʡ 1) ʠʤʝʶʪ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʟʘʩʦʣʝʥʥʦʩʪʴ 0,10% ʤʦʨʩʢʦʛʦ ʪʠʧʘ. ɺʪʦʨʠʯʥʦ ʧʨʦʤʸʨʟʰʠʡ 

ʪʘʙʝʨʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ (ʩʣʦʡ 2) ʠʤʝʝʪ ʩʫʣʴʬʘʪʥʦ-ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-

ʭʣʦʨʠʜʥʳʡ, ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ ʠ ʭʣʦʨʠʜʥʳʡ, ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ ʠ 

ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʟʘʩʦʣʝʥʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ 

0,04-0,07%, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʦʨʩʢʦʛʦ ʪʠʧʘ. 
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