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ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘʨʷʜʫ ʩ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ (ʧʦʨʦ-

ʜʳ, ʢʣʠʤʘʪ, ʙʠʦʪʘ, ʨʝʣʴʝʬ, ʚʨʝʤʷ) ʥʘ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʠ 

ʵʥʜʦʛʝʥʥʳʝ (ʚʫʣʢʘʥʠʟʤ, ʥʝʦʪʝʢʪʦʥʠʢʘ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚ, ʧʦʜʟʝʤʥʳʝ ʛʘʟʳ ʠ ʥʘʧʦʨʥʳʝ ʛʣʫʙʠʥʥʳʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥ-

ʥʳʝ ʚʦʜʳ), ʢʦʪʦʨʳʝ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʶʪʩʷ ʩʣʘʙʦʠʟʫʯʝʥʥʳʤʠ (ʂʦ-

ʚʜʘ, 1973). ʅʘʠʙʦʣʝʝ ʷʨʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʛʣʫʙʠʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚ-

ʥʦʩʪʴʶ ʠ ʩ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ (ɻʦʣʴʜʬʘʨʙ, 

2006, ɻʝʥʘʜʴʝʚ ʠ ʜʨ., 2007; Hewitt, 1992; Rodman et al, 1996 ʠ ʜʨ.).  

ʂʨʫʧʥʝʡʰʘʷ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ɹʘʡʢʘʣʴʩʢʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʝ-

ʥʘ ʧʘʩʩʠʚʥʳʤ ʨʠʬʪʦʤ, ʛʜʝ ʚʫʣʢʘʥʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʪʩʫʪʩʪʚʫʝʪ. ʅʘ ʝʝ 

ʪʝʨʨʠʪʦʨʠʠ ʬʠʢʩʠʨʫʶʪʩʷ ʘʢʪʠʚʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʷ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʢʦ-

ʣʠʯʝʩʪʚʦʤ ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʟʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʛʘʟʦʚʦʛʦ ʩʦʩʪʘ-

ʚʦʚ. ʉʘʤʦʡ ʢʨʫʧʥʦʡ ʩʫʭʦʜʦʣʴʥʦʡ ʚʧʘʜʠʥʦʡ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ɹʘʨʛʫ-

ʟʠʥʩʢʘʷ ʢʦʪʣʦʚʠʥʘ, ʛʜʝ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʛʠʜʨʦʪʝʨʤʳ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʠʬʪʦʚʦʡ ʟʦʥʳ (ɿʘʤʘʥʘ, 2000; ɼʟʶʙʘ, 2002; ʐʚʘʨʮʝʚ ʠ ʜʨ., 

2015; ʇʣʶʩʥʠʥ ʠ ʜʨ., 2015 ʠ ʜʨ.). ɺ ʧʦʯʚʳ ʪʝʨʤʘʣʴʥʳʭ ʧʦʣʝʡ ʧʦʩʪʫʧʘʝʪ ʟʘ-

ʤʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʪʨʠʷ, ʩʝʨʳ (ʚ ʚʠʜʝ ʩʫʣʴʬʘʪʦʚ ʠ ʩʫʣʴʬʠʜʦʚ), ʣʠʪʠʷ, ʙʘ-

ʨʠʷ, ʩʪʨʦʥʮʠʷ, ʭʨʦʤʘ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʩʦʟʜʘʝʪ ʛʝʦʭʠʤʠʯʝ-

ʩʢʦʝ ʩʚʦʝʦʙʨʘʟʠʝ ʪʝʨʨʠʪʦʨʠʠ, ʦʢʘʟʳʚʘʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʯʚʳ ʠ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʭ ʟʘʩʦʣʝʥʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʣʦʥʯʘʢʦʚ ʠ ʩʦʣʦʥʮʦʚ ʟʦʥ 

ʨʘʟʣʦʤʦʚ. ɺ ɹʘʨʛʫʟʠʥʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʧʣʦʱʘʜʴ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʩʦʩʪʘʚʣʷʝʪ 

183 ʪʳʩ. ʛʘ (ʈʫʭʦʚʠʯ ʠ ʜʨ., 2015) ʩ ʣʦʢʘʣʠʟʘʮʠʝʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʦʟʝʨʥʦ-

ʘʣʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʝ. ʆʧʨʝʜʝʣʷʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʩʦʣʝʥʘʢʦʧʣʝʥʠʷ ʚ ʨʝʛʠ-

ʦʥʝ ʷʚʣʷʝʪʩʷ ʢʨʠʦʘʨʠʜʥʦʩʪʴ ʢʣʠʤʘʪʘ, ʥʘʣʠʯʠʝ ʤʝʨʟʣʦʪʳ, ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʴʝ-

ʬʘ, ʘ ʠʩʪʦʯʥʠʢʦʤ ʩʦʣʝʡ ʚʳʩʪʫʧʘʶʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʣʘʙʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ 

ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ. ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʩʦʣʝʥʘʢʦʧʣʝʥʠʷ ʠʛʨʘʶʪ ʠ ʪʝʨ-
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ʤʘʣʴʥʳʝ ʚʦʜʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʞʠʜʢʫʶ ʤʠʥʝʨʘʣʴʥʫʶ ʨʫʜʫ (ɼʟʶʙʘ, 

1999). ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʢʠʝ-ʣʠʙʦ ʩʚʝʜʝʥʠʷ 

ʦ ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʦʯʚ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ 

ʟʦʥʘʭ ʚʣʠʷʥʠʷ ʛʠʜʨʦʪʝʨʤ ʵʪʦʛʦ ʨʝʛʠʦʥʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦ-

ʚʠʥʝ ʧʨʦʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʥʦʝ ʢʦʥʪʨʘʩʪʥʦʝ ʩʦʯʝʪʘʥʠʝ ʵʥʜʦʛʝʥʥʳʭ ʠ ʵʢʟʦ-

ʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʠ 

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ 

ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʪʠʧʦʚ ʧʦʯʚ ʩ ʦʩʦʙʳʤ ʛʝʥʝʟʠʩʦʤ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʠʟʫʯʝʥʠʝ ʛʝʥʝʟʠʩʘ ʠ ʚʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʘ-

ʩʦʣʝʥʥʳʭ ʧʦʯʚ ʟʦʥ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ ʥʘ ʫʯʘʩʪʢʘʭ ʚʣʠʷʥʠʷ ʛʠʜʨʦʢʘʨ-

ʙʦʥʘʪʥʦ-ʩʫʣʴʬʘʪʥʦ ʥʘʪʨʠʝʚʳʭ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ.  

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1.��ʀʟʫʯʠʪʴ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʬʠ-

ʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʭʠʤʠʟʤ, ʩʪʝʧʝʥʴ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚ, ʬʦʨʤʠʨʫ-

ʶʱʠʭʩʷ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʂʫʯʠʛʝʨʩʢʠʭ ʛʠʜʨʦʪʝʨʤ. 

2.��ɺʳʷʚʠʪʴ ʧʨʠʯʠʥʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʘʣʦʤʦʨʬʥʳʭ ʧʦʯʚ ʚ ʣʝʩʥʦʡ ʟʦʥʝ 

ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ. 

3.��ʀʟʫʯʠʪʴ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʠ ʚʥʫʪʨʠʧʨʦ-

ʬʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʟʦʥ ʨʘʟʣʦʤʦʚ. 

4.��ʆʮʝʥʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʛʦ ʧʨʠʚʥʦʩʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ 

ʟʦʥ ʨʘʟʣʦʤʦʚ ʚ ʪʘʝʞʥʦʡ ʯʘʩʪʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ. ʆʪʤʝʯʝʥʘ ʣʦʢʘʣʠʟʘ-

ʮʠʷ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʭʠ-

ʤʠʟʤ ʠ ʩʪʝʧʝʥʴ ʟʘʩʦʣʝʥʠʷ ʛʘʣʦʤʦʨʬʥʳʭ ʧʦʯʚ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʂʫʯʠʛʝʨʩʢʠʭ 

ʛʠʜʨʦʪʝʨʤ. ɺʳʷʚʣʝʥʳ ʬʘʢʪʦʨʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʟʘʩʦʣʝʥʠʶ ʧʦʯʚ, ʩʨʝʜʠ ʢʦ-

ʪʦʨʳʭ ʚʳʜʝʣʝʥ ʵʥʜʦʛʝʥʥʳʡ ï ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʪʝʨʤʘʣʴʥʳʝ ʚʦʜʳ, ʢʘʢ ʠʩ-

ʪʦʯʥʠʢ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ. ʅʘ ʦʩʥʦʚʝ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʧʝʮʠʬʠʢʠ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ, ʦʧʨʝʜʝʣʝʥʳ ʧʨʠʨʦʜʥʳʝ ʙʘʨʴʝʨʳ 

ʜʣʷ ʛʨʫʧʧ ʵʣʝʤʝʥʪʦʚ.  
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ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʇʦʣʫʯʝʥʥʳʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʚ ɺʋɿʘʭ 

ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʟʘʥʷʪʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ çʕʢʦʣʦʛʠʷè, çʇʦʯʚʦʚʝʜʝʥʠʝè, çɻʝʦ-

ʛʨʘʬʠʷ ʧʦʯʚè ʠ ʜʨ. ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠ ʚʥʫʪ-

ʨʠʧʨʦʬʠʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʧʦʩʦʙʥʳ ʩʪʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩ-

ʥʦʚʦʡ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʵʚʦʣʶʮʠʦʥʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʧʦʯʚ ʠ ʣʘʥʜʰʘʬʪʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʪʝʢʪʦʥʠʯʝʩʢʠ ʘʢʪʠʚ-

ʥʳʭ ʨʠʬʪʦʚʳʭ ʟʦʥ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʛʝʥʝʟʠʩʝ, ʩʦʩʪʘʚʝ, ʩʚʦʡʩʪʚʘʭ, ʛʝʦʭʠʤʠʯʝ-

ʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʠʚʷʟʢʠ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʤʦʛʫʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʟʝʤʝʣʴ, ʩʦʩʪʘʚʣʝʥʠʠ ʧʦʯʚʝʥʥʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ, ʧʨʠ ʚʝʜʝʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʩʦʙʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠʤʝʶʪ ʩʚʝʜʝʥʠʷ 

ʦ ʥʝʙʣʘʛʦʧʦʣʫʯʥʦʡ ʩ ʤʝʜʠʮʠʥʩʢʠʭ ʧʦʟʠʮʠʡ ʦʙʩʪʘʥʦʚʢʝ ʚ ʧʣʘʥʝ ʘʢʢʫʤʫʣʷʮʠʠ 

ʚ ʧʦʯʚʘʭ ʩʪʨʦʥʮʠʷ ʠ ʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʩ ʢʘʣʴʮʠʝʤ, ʭʘʨʘʢʪʝʨʥʦʛʦ çʫʨʦʚʩʢʠʤè 

ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʧʨʦʚʠʥʮʠʷʤ.  

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ 

1. ɺ ʣʝʩʥʦʡ ʟʦʥʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʧʨʦʠʩ-

ʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʙʣʘʛʦʜʘʨʷ ʨʝʜʢʦʤʫ ʩʦʯʝʪʘʥʠʶ ʵʥʜʦ-

ʛʝʥʥʳʭ ʠ ʵʢʟʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʘʣʠʯʠʝ ʠʩʪʦʯʥʠʢʘ ʨʘʩʪʚʦʨʝʥʥʳʭ 

ʩʦʣʝʡ, ʟʘʪʨʫʜʥʝʥʥʦʛʦ ʩʪʦʢʘ, ʤʝʨʟʣʦʪʥʦʛʦ ʚʦʜʦʫʧʦʨʘ, ʨʝʟʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ 

ʢʣʠʤʘʪʘ ʠ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ. 

2. ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʬʠʢʘ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʵʥʜʦʛʝʥʥʦʝ 

ʧʦʩʪʫʧʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩ ʚʦʜʘʤʠ ʠʩʪʦʯʥʠʢʘ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʦʢʣʘʜʦʚ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ, ʚʩʝʨʦʩʩʠʡʩʢʠʭ 

ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʠʤʧʦʟʠʫʤʘʭ: çʇʨʦ-

ʜʫʢʪʠʚʥʦʩʪʴ ʘʛʨʦʬʠʪʦʮʝʥʦʟʦʚ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʩʨʝʜʘ ʠ ʦʭʨʘʥʘ ʣʝʩʥʳʭ ʨʝʩʫʨ-

ʩʦʚ ʛʣʘʟʘʤʠ ʤʦʣʦʜʳʭè (ʋʣʘʥ-ʋʜʵ, 2015 ʛ.), çCentral Asian environmental and 

agricultural problems, potential solutionsè (Darkhan-Uul, Mongolia, 2016 ʛ.), 

çʕʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠ ʧʨʠʣʝʛʘʶ-
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ʱʠʭ ʪʝʨʨʠʪʦʨʠʡè (ʋʣʘʥ-ʋʜʵ, 2016 ʛ.), çʈʘʟʥʦʦʙʨʘʟʠʝ ʧʦʯʚ ʠ ʙʠʦʪʳ ʉʝʚʝʨʥʦʡ 

ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠè (ʋʣʘʥ-ʋʜʵ, 2016 ʛ.), ç13th International conference on salt 

lake research (ICSLR 2017)è (UlanïUde, 2017), çʇʨʠʨʦʜʥʳʝ ʨʝʟʝʨʚʳ ï ʛʘʨʘʥʪ 

ʙʫʜʫʱʝʛʦè (ʋʣʘʥ-ʋʜʵ 2017), çʉʦʮʠʘʣʴʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ɹʘʡʢʘʣʴ-

ʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡè (ʀʨʢʫʪʩʢ, 2018). 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 20 ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʚ 

ʪʦʤ ʯʠʩʣʝ 4 ʚ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʫʝʤʳʭ ɺɸʂ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 5 ʛʣʘʚ, 

ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʷ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 238 ʩʪʨʘʥʠ-

ʮʘʭ, ʚʢʣʶʯʘʝʪ 33 ʪʘʙʣʠʮʳ, 57 ʨʠʩʫʥʢʦʚ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʩʦʩʪʦʠʪ ʠʟ 361 

ʠʩʪʦʯʥʠʢʘ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɼʠʩʩʝʨʪʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝʤ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʩʦʙʨʘʥʥʳʭ ʘʚʪʦʨʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʝʚʳʭ ʠ ʢʘʤʝʨʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʚ ʧʝʨʠʦʜ 2011-2017 ʛʛ. ʉʦʠʩʢʘʪʝʣʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʧʦʣʝʚʳʭ ʨʘʙʦʪʘʭ ʧʦ ʟʘʢʣʘʜʢʝ ʠ ʦʧʠʩʘʥʠʶ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ, 

ʦʪʙʦʨʫ ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢʞʝ ʚ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ. ɸʚʪʦʨʦʤ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʙʨʘʙʦʪʢʘ, ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʜ-

ʛʦʪʦʚʢʘ ʨʷʜʘ ʧʫʙʣʠʢʘʮʠʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ ʢ.ʙ.ʥ. ɺ.ʃ. ʋʙʫʛʫʥʦʚʫ ʟʘ ʧʦʩʪʦʷʥʥʦʝ ʩʦʜʝʡʩʪʚʠʝ ʠ ʧʦʤʦʱʴ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ɸʚʪʦʨ ʧʨʠʟʥʘʪʝʣʝʥ ʟʘ ʢʦʥʩʫʣʴʪʘʮʠʠ ʠ 

ʢʨʠʪʠʯʝʩʢʠʝ ʟʘʤʝʯʘʥʠʷ ʚʝʜʫʱʝʤʫ ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʣʘʙʦʨʘʪʦʨʠʠ ʙʠʦʛʝʦ-

ʭʠʤʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʘʛʨʦʭʠʤʠʠ ʀʆʕɹ ʉʆ ʈɸʅ ʜ.ʙ.ʥ ɺ.ʀ. ʋʙʫʛʫʥʦ-

ʚʦʡ, ʟʘʚʝʜʫʶʱʝʤʫ ʦʪʜʝʣʘ ʛʝʥʝʟʠʩʘ ʠ ʤʝʣʠʦʨʘʮʠʠ ʟʘʩʦʣʝʥʥʳʭ ʠ ʩʦʣʦʥʮʦʚʳʭ 

ʧʦʯʚ ʇʦʯʚʝʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ɺ.ɺ. ɼʦʢʫʯʘʝʚʘ ʜ. ʩ-ʭ. ʥ. ʅ.ɹ. ʍʠʪʨʦʚʫ, ʟʘʚʝ-

ʜʫʶʱʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʀʆʕɹ ʉʆ ʈɸʅ ʩ.ʥ.ʩ. ʢ.ʙ.ʥ. ɼ.ɼ ɹʘʨʭʫ-

ʪʦʚʦʡ ʠ ʩʦʪʨʫʜʥʠʢʫ ɻʀʅ ʉʆ ʈɸʅ ʢ.ʛ.ʥ. ʄ.ʂ. ʏʝʨʥʷʚʩʢʦʤʫ. ʆʪʜʝʣʴʥʘʷ ʙʣʘʛʦ-

ʜʘʨʥʦʩʪʴ ʟʘ ʧʦʜʜʝʨʞʢʫ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʣʝʢʪʠʚʫ ʣʘʙʦʨʘʪʦ-

ʨʠʠ ʙʠʦʛʝʦʭʠʤʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʘʛʨʦʭʠʤʠʠ: ʊ.ɸ. ɸʶʰʠʥʦʡ, ʕ.ɻ. ʎʳ-

ʨʝʤʧʠʣʦʚʫ, ʎ.ʅ. ʅʘʩʘʪʫʝʚʦʡ, ɸ.ɽ. ʇʘʨʘʤʦʥʦʚʦʡ, ʆ.ɻ. ɿʘʛʫʟʠʥʦʡ.  
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ɻʣʘʚʘ 1. ʇʆʏɺʓ ɿʆʅ ʈɸɿʃʆʄʆɺ ʀ ʀʍ ɻɽʆʍʀʄʀʏɽʉʂʀɽ  
ʆʉʆɹɽʅʅʆʉʊʀ (ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ) 

 1.1. ʕʥʜʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ 

ɺ. ɸ. ʂʦʚʜʦʡ (1973), ʢ ʬʘʢʪʦʨʘʤ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʨʷʜʫ ʩ ʦʩʥʦʚʥʳ-

ʤʠ (ʧʦʨʦʜʳ, ʢʣʠʤʘʪ, ʙʠʦʪʘ, ʨʝʣʴʝʬ, ʚʨʝʤʷ), ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʠ ʵʥʜʦʛʝʥʥʳʝ. ʂ 

ʥʠʤ ʦʥ ʦʪʥʦʩʠʣ ʚʫʣʢʘʥʠʟʤ, ʥʝʦʪʝʢʪʦʥʠʢʫ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʛʝʦʭʠʤʠʯʝʩʢʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʝʱʝʩʪʚ, ʧʦʜʟʝʤʥʳʝ ʛʘʟʳ ʠ ʥʘʧʦʨʥʳʝ ʛʣʫʙʠʥʥʳʝ ʤʠʥʝʨʘʣʠʟʦ-

ʚʘʥʥʳʝ ʚʦʜʳ. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʨʦʣʴ ʵʥʜʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʘʭ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʦʩʪʘʝʪʩʷ ʩʣʘʙʦ ʠʟʫʯʝʥʥʦʡ.  

 ɺʫʣʢʘʥʠʟʤ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʀʥʜʦʥʝʟʠʠ, ʌʠʣʠʧʧʠʥʘʭ, ʚ 

ʗʧʦʥʠʠ, ʥʘ ɻʘʚʘʡʩʢʠʭ ʦʩʪʨʦʚʘʭ, ʚ ʕʬʠʦʧʠʠ, ʚ ʨʘʡʦʥʝ ɺʦʩʪʦʯʥʦ-

ɸʬʨʠʢʘʥʩʢʦʛʦ ʛʨʘʙʝʥʘ, ʚ ʀʪʘʣʠʠ, ʏʠʣʠ, ʎʝʥʪʨʘʣʴʥʦʡ ɸʤʝʨʠʢʝ. ɺ ʈʦʩʩʠʠ 

ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʯʚʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʂʘʤʯʘʪʢʝ (ʉʦʢʦʣʦʚ, 1973; ʂʦʯʝʨʴ-

ʷʥ, 1991; ɿʘʭʘʨʠʭʠʥʘ, 2001; ʄʘʨʝʯʝʢ, 2007; ʂʘʨʧʘʯʝʚʩʢʠʡ ʠ ʜʨ., 2009 ʠ ʜʨ.). 

ʈʝʛʫʣʷʨʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʠʟʚʝʨʞʝʥʠʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʦʩʪʘʚʦʤ, 

ʦʙʲʝʤʘʤʠ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʚʳʧʘʜʝʥʠʷ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʯʚ. ʆʥʠ ʠʤʝʶʪ ʩʣʦʠʩʪʦʝ ʩʪʨʦʝʥʠʝ, ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʜʠʘʛʥʦ-

ʩʪʠʯʝʩʢʠʝ ʷʨʢʦ ʦʢʨʘʰʝʥʥʳʝ ʦʭʨʠʩʪʳʝ ʛʦʨʠʟʦʥʪʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʘʤʦʨʬʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʫʪʦʨʥʳʭ ʦʢʩʠʜʦʚ (ʃʠʚʝʨʦʚʩʢʠʡ, 1959, 1971; 

Makeev et al., 2003; Shoba et al., 2007).  ʉʠʥʣʠʪʦʛʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦʯʚʦʦʙʨʘ-

ʟʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ, ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʘʢʪʠʚʥʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ʉʣʘʙʦʚʳʚʝʪʨʝʣʳʝ, ʠʥʝʨʪʥʳʝ ʠ ʛʝʦ-

ʭʠʤʠʯʝʩʢʠ ʦʙʝʜʥʝʥʥʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʝʧʣʳ ʂʘʤʯʘʪʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʠʟʢʠʤ ʬʦʥʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʦʣʴʰʠʥʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɺ 

ʥʘʜʢʣʘʨʢʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʩʪʨʝʯʘʶʪʩʷ Sc, V, Cr, Co, Cu, Zn, Ag, P. ʆʙ-

ʱʫʶ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʯʚ ʂʘʤʯʘʪʢʠ ʦʧʨʝʜʝ-

ʣʷʶʪ P, Cu ʠ Sʝ (ɿʘʚʘʨʠʭʠʥʘ, 2009).  

ɺ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʨʘʡʦʥʘʭ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʠ ʉʨʝʜʠʟʝʤʥʦʤʦʨ-

ʩʢʦ-ʊʨʘʥʩʘʟʠʘʪʩʢʦʛʦ ʧʦʷʩʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʛʦʣʦʮʝʥʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 
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ʧʦʯʚ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʪʝʢʪʦʥʠʢʘ. ɸʢʪʠʚʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 

ʛʦʨʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʨʘʟʣʦʤʦʚ-ʣʠʥʝʘʤʝʥʪʦʚ ʠ ʤʦʨʬʦʩʪʨʫʢʪʫʨ-

ʥʳʭ ʫʟʣʦʚ. ɺʣʠʷʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʬʦʨ-

ʤʝ ʛʣʫʙʦʢʠʭ ʠ ʰʠʨʦʢʠʭ ʪʨʝʱʠʥ, ʚ ʦʧʫʩʢʘʥʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʯʘʩʪʝʡ ʩʫʰʠ ʥʘ 1-

3 ʤ, ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʥʦʚʴ ʧʦʜʥʷʪʳʭ ʥʘ 0,5-1 ʤ ʫʯʘʩʪʢʦʚ, ʚ ʤʘʩʩʦʚʳʭ ʦʧʦʣʟʥʷʭ 

ʦʛʨʦʤʥʳʭ ʛʣʳʙ, ʧʦʯʚ ʠ ʧʦʨʦʜ (ɿʦʥʥ, 1962; ʈʦʤʘʰʢʝʚʠʯ, 1988). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʷʚʣʝʥʠʷ ʩʝʡʩʤʦʪʝʢʪʦʥʠʢʠ ʚ ʦʜʥʠʭ ʩʣʫʯʘʷʭ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʰʠʚʘʥʠʝ 

ʧʦʯʚʝʥʥʳʭ ʪʦʣʱ ʩʦ ʩʤʝʱʝʥʠʝʤ ʧʨʠʟʥʘʢʦʚ ʨʘʟʥʳʭ ʵʪʘʧʦʚ ʵʚʦʣʶʮʠʠ ʧʦʯʚ; ʚ 

ʜʨʫʛʠʭ, ʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ï ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʦʨʦʜ ʠ 

ʚ ʠʟʤʝʥʝʥʠʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ (ʈʦʤʘʰʢʝʚʠʯ ʠ ʜʨ., 1996). ʇʨʠ ʧʦ-

ʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʧʨʦʮʝʩʩʳ ʟʘʩʦʣʝʥʠʷ ʠ ʟʘ-

ʙʦʣʘʯʠʚʘʥʠʷ ʤʝʩʪʥʦʩʪʠ, ʤʘʣʦ ʩʚʷʟʘʥʥʳʝ ʩ ʢʣʠʤʘʪʦʤ (ʂʦʚʜʘ 1973). ɺ ʛʦʨʥʳʭ 

ʩʪʨʘʥʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʧʦʯʚ ʛʫʤʠʜʥʦʛʦ ʠ ʢʩʝʨʦʬʠʪʥʦʛʦ ʨʷʜʦʚ ʥʘ ʥʝ-

ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʟʘʤʝʪʥʳʭ ʦʙʱʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʪʢʣʦ-

ʥʝʥʠʡ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʦʯʝʪʘʥʠʝ ʢʘʰʪʘʥʦʚʠʜʥʳʭ, ʛʦʨʥʦ-ʣʫʛʦʚʳʭ ʪʝʤʥʦʮʚʝʪ-

ʥʳʭ, ʛʦʨʥʳʭ ʣʝʩʦ-ʣʫʛʦʚʳʭ ʠ ʛʦʨʥʦ-ʣʫʛʦʚʳʭ ʜʝʨʥʦʚʳʭ ʩʚʷʟʘʥʦ ʩ ʵʢʩʧʦʟʠʮʠ-

ʦʥʥʳʤʠ ʠ ʢʣʠʤʘʪʦ-ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ (ʈʦʤʘʰʢʝʚʠʯ ʠ ʜʨ., 1993). ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʘʢʪʠʚʠʟʘʮʠʷ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʦʙʫʩʣʦ-

ʚʠʣʘ ʧʨʦʷʚʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʨʘʩʪʥʳʭ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʩʣʦʝʚ ʧʦʨʦʜ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʅʘ ʩʢʣʦʥʘʭ ʦʜʠʥʘʢʦ-

ʚʦʡ ʵʢʩʧʦʟʠʮʠʠ ʬʦʨʤʠʨʫʶʪʩʷ ʢʘʰʪʘʥʦʚʠʜʥʳʝ ʧʦʯʚʳ ʥʘ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʦʢʘʨ-

ʙʦʥʘʯʝʥʥʳʭ ʧʦʨʦʜʘʭ ʩ ʛʣʫʙʦʢʠʤ ʫʨʦʚʥʝʤ ʟʘʣʝʛʘʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʘ ʛʦʨʥʳʝ 

ʣʝʩʦ-ʣʫʛʦʚʳʝ ʧʦʯʚʳ ʨʘʟʚʠʚʘʶʪʩʷ ʥʘ ʙʝʩʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ ʩ ʚʳʢʣʠʥʠʚʘ-

ʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʘʥʦʤʘʣʠʠ ʚ ʩʪʨʦʝ-

ʥʠʠ ʧʦʯʚ ʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʛʦʨʥʳʭ ʨʝʛʠʦʥʦʚ ʩʚʷʟʘʥʳ ʩ ʩʝʡʩʤʦʪʝʢʪʦʥʠ-

ʢʦʡ (ʈʦʤʘʰʢʝʚʠʯ ʠ ʜʨ., 1997). 

ʊʘʢʦʡ ʵʥʜʦʛʝʥʥʳʡ ʬʘʢʪʦʨ ʢʘʢ ʘʥʦʤʘʣʴʥʘʷ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʘʭ ʩʚʷʟʘʥʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʭ ʥʘ ʪʝʭ ʠʣʠ ʠʥʳʭ ʛʣʫʙʠʥʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ.  ʂʦʥ-

ʮʝʥʪʨʘʮʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ, Cu, Zn, Co, J ʠ Br ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʥʘʭʦʞ-
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ʜʝʥʠʷ ʥʝʬʪʠ ʠʣʠ ʛʘʟʘ (ɻʣʘʟʦʚʩʢʘʷ, 1962). ɺ ʀʨʘʥʝ, ʉʨʝʜʥʝʡ ɸʟʠʠ, ʉʝʚʝʨʥʦʤ 

ʇʨʠʢʘʩʧʠʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʫʧʥʳʭ ʢʦʥʪʫʨʦʚ çʘʥʦʤʘʣʴʥʦè ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʳʭ 

ʠʣʠ ʩʦʣʦʥʮʦʚʳʭ ʧʦʯʚ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʩʦʣʷʥʳʭ ʢʫʧʦʣʦʚ (ʤʦʱʥʳʝ ʩʢʦʧʣʝ-

ʥʠʷ ʯʠʩʪʳʭ ʩʦʣʝʡ NaCl, KCl, MgCl2 ʠ ʜʨ.), ʧʦʜʥʷʪʳʭ ʩ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥ ʪʝʢ-

ʪʦʥʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ɺʣʠʷʥʠʝ ʧʦʜʟʝʤʥʳʭ ʛʘʟʦʚ ʥʘ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʦ 

(ʂʦʚʜʘ, 1973). ɻʨʷʟʝʚʳʝ ʚʫʣʢʘʥʳ, ʩʦʧʢʠ, ʛʨʠʬʦʥʳ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʳʙʨʘʩʳʚʘ-

ʶʪ ʛʨʷʟʝʚʫʶ ʙʨʝʢʯʠʶ, ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʘ ʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ. 

ʇʦʩʣʝʜʥʠʝ, ʧʦʜʥʷʪʳʝ ʩ ʛʣʫʙʠʥ 300-500 ʤ, ʦʯʝʥʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ (0-100 ʛ/ʣ). 

ɻʣʫʙʠʥʥʳʝ ʚʦʜʳ ʚʢʣʶʯʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʧʫʪʝʤ ʠʭ ʨʘʟʛʨʫʟ-

ʢʠ (ʜʨʝʥʠʨʦʚʘʥʠʷ) ʚ ʦʧʫʩʢʘʶʱʠʝʩʷ ʥʠʟʤʝʥʥʦʩʪʠ, ʚʦ ʚʨʝʟʘʥʥʳʝ ʜʨʝʚʥʠʝ ʠ ʩʦ-

ʚʨʝʤʝʥʥʳʝ ʨʝʯʥʳʝ ʜʦʣʠʥʳ, ʚ ʤʝʞʛʦʨʥʳʝ ʚʧʘʜʠʥʳ. ʆʥʠ ʩʤʝʰʠʚʘʶʪʩʷ ʩ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʤʠ ʠ ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ. ʀʥʪʝʥʩʠʚʥʦʝ ʠʩʧʘʨʝʥʠʝ, ʦʩʦ-

ʙʝʥʥʦ ʚ ʘʨʠʜʥʦʤ ʢʣʠʤʘʪʝ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ ʚʪʦʨʠʯʥʳʭ ʩʦʣʝʚʳʭ ʤʠ-

ʥʝʨʘʣʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʧʨʠʥʝʩʝʥʥʳʭ ʛʣʫʙʠʥʥʳʤʠ ʚʦʜʘʤʠ. ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʂʘʟʘʭʩʪʘʥʝ, ɻʦʣʦʜʥʦʡ ʩʪʝʧʠ ʋʟʙʝʢʠʩʪʘʥʘ, ʜʦʣʠʥʝ ɿʘʧʘʜʥʦʛʦ ʄʦʥʘʢʦ, ʚ ʧʦʯ-

ʚʘʭ ɸʨʘʨʘʪʥʦʡ ʜʦʣʠʥʳ ɸʨʤʝʥʠʠ, ʚ ʧʦʯʚʘʭ ɺʦʩʪʦʯʥʦ-ɸʬʨʠʢʘʥʩʢʦʛʦ ʛʨʘʙʝʥʘ 

(ʂʘʩʠʤʦʚ, 1980). ʇʦʯʚʳ ʟʦʥ ʨʘʟʣʦʤʦʚ ʠʤʝʶʪ ʭʣʦʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʳʡ ʪʠʧ ʟʘʩʦ-

ʣʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʘʢʢʫʤʫʣʷʮʠʝʡ J, Br, B, ʦʯʝʥʴ ʤʘʣʦʡ ʩʫʣʴʬʘʪʥʦʩʪʴʶ, 

ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʠʧʩʘ (ʂʦʚʜʘ, 1973). ɺ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʦʛʦ ʚʣʘʞʥʦʛʦ 

ʢʣʠʤʘʪʘ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʟʘʙʦʣʦʯʝʥʥʳʭ ʠ ʟʘ-

ʩʦʣʝʥʥʳʭ ʧʦʯʚ.  

ɺʳʢʣʠʥʠʚʘʥʠʝ (ʨʘʟʛʨʫʟʢʘ) ʥʘʧʦʨʥʳʭ ʛʣʫʙʠʥʥʳʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ 

ʚʦʜ, ʦʙʦʛʘʱʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʧʨʦʠʩʭʦʜʠʪ ʚ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬ-

ʪʦʚʦʡ ʟʦʥʝ (ɼʟʶʙʘ ʠ ʜʨ., 1999). ʇʦʩʪʫʧʣʝʥʠʝ ʵʪʠʭ ʚʦʜ ʦʧʨʝʜʝʣʷʝʪ ʤʥʦʛʠʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ (ʊʘʡʩʘʝʚ, 1981, 1994). ʇʦ ʤʥʝʥʠʶ 

ɽ.ɺ. ʉʢʣʷʨʦʚʘ ʠ ʜʨ. (2014) ʥʝʢʦʪʦʨʳʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʚʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʞʠʜʢʫʶ ʨʫʜʫ. 

1.2. ʇʦʯʚʳ ʟʦʥ ʨʘʟʣʦʤʦʚ: ʨʘʟʥʦʦʙʨʘʟʠʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 
ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʝ ʧʦʣʦʞʝʥʠʝ 
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ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʙʱʠʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʛʝʦ-

ʛʨʘʬʠʯʝʩʢʠʭ ʢʦʥʮʝʧʮʠʡ ʚ ʨʘʤʢʘʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʯʚʦʚʝʜʝʥʠʷ 

ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʘʢ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʠ ʩʫʛʫʙʦ ʣʦ-

ʢʘʣʴʥʳʡ, ʥʝ ʦʢʘʟʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʥʘ ʧʦʯʚʳ. ʍʦʪʷ ʥʘʢʦʧʠʣʦʩʴ ʦʯʝʥʴ ʤʥʦʛʦ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ ʘʛʨʝʩʩʠʚʥʳʭ ʵʥʜʦ-

ʛʝʥʥʳʭ ʚʦʜ ʥʘ ʧʨʦʮʝʩʩʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʣʠʪʦʩʬʝʨʳ (ʉʦʢʦʣʦʚ, ʄʠʭʘʡʣʦʚ, 

1992). ʄ. ɸ. ɻʣʘʟʦʚʩʢʦʡ (1968, 1973, 1997, 2002) ʩʦʟʜʘʥʦ ʧʦʯʚʝʥʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʦʙʲʝʜʠʥʷʶʱʝʝ ʧʨʦʙʣʝʤʳ ʧʦʛʨʘʥʠʯʥʦʛʦ ʭʘʨʘʢ-

ʪʝʨʘ, ʣʝʞʘʱʠʝ ʥʘ ʩʪʳʢʝ ʧʦʯʚʦʚʝʜʝʥʠʷ ʠ ʛʝʦʭʠʤʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʧʦʢʘʟʘʣʠ ʦʯʝʥʴ ʚʘʞʥʫʶ ʨʦʣʴ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʵʢʟʦʣʠʪʦ-

ʩʬʝʨʝ.  

ɻʠʜʨʦʪʝʨʤʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʦʩʣʘʙʣʝʥʥʳʤ ʟʦʥʘʤ ʟʝʤʥʦʡ ʢʦʨʳ, ʪʝʢʪʦʥʠ-

ʯʝʩʢʠ ʘʢʪʠʚʥʳʤ ʚʫʣʢʘʥʠʯʝʩʢʠʤ ʦʙʣʘʩʪʷʤ, ʟʦʥʘʤ ʨʘʟʣʦʤʦʚ. ʀʭ ʚʣʠʷʥʠʝ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʘʥʜʰʘʬʪʦʚ ʠʤʝʝʪ ʣʦʢʘʣʴʥʳʡ, ʣʠʥʝʡʥʳʡ ʠʣʠ ʧʣʦʱʘʜʥʦʡ ʭʘ-

ʨʘʢʪʝʨ (ʂʘʩʠʤʦʚ, 1980). ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʚʦʜʳ ʠʤʝʶʪ ʩʠʣʴʥʦʢʠʩʣʫʶ ʠʣʠ 

ʱʝʣʦʯʥʫʶ ʨʝʘʢʮʠʶ ʩʨʝʜʳ, ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʜʘʚʣʝʥʠʝ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʦʭʠʤʠʯʝʩʢʠ ʩʚʦʝʦʙʨʘʟʥʳʭ ʵʢʦʩʠʩʪʝʤ (ɻʣʘʟʦʚʩʢʘʷ ʠ ʜʨ.,1961; 

ʇʝʨʝʣʴʤʘʥ, 1961, 1968).  ʇʦʩʪʫʧʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʠʟ ʛʣʫʙʠʥʥʳʭ ʩʣʦʝʚ ʣʠʪʦ-

ʩʬʝʨʳ ʦʙʦʛʘʱʘʝʪ ʧʦʯʚʫ ʨʷʜʦʤ ʵʣʝʤʝʥʪʦʚ, ʧʦʵʪʦʤʫ ʯʘʩʪʦ ʧʨʠ ʧʦʠʩʢʝ ʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʝʪʘʣʴʥʦ ʠʟʫʯʘʣʠʩʴ ʛʝʦʭʠʤʠʯʝʩʢʠ ʘʥʦʤʘʣʴʥʳʝ ʧʦʯʚʳ ʟʦʥ 

ʨʘʟʣʦʤʦʚ ʚ ʂʘʟʘʭʩʪʘʥʝ, ʥʘ ʋʨʘʣʝ, ʚ ʉʨʝʜʥʝʡ ɸʟʠʠ (ɻʣʘʟʦʚʩʢʘʷ ʠ ʜʨ., 1961; 

ʉʫʣʪʘʥʭʦʜʞʘʝʚ ʠ ʜʨ., 1977; ʂʘʩʠʤʦʚ,1978, 1980 ʠ ʜʨ.).  

ɺʣʠʷʥʠʝ ʥʘ ʧʦʯʚʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʢʘʢ ʬʘʢʪʦʨʘ ʧʦʯʚʦʦʙʨʘ-

ʟʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʥʘ ʂʘʤʯʘʪʢʝ (ʉʦʣʥʮʝʚʘ, ɻʦʣʴʜʬʘʨʙ, 1994, 1998; ɻʦʣʴ-

ʜʬʘʨʙ, 1996, 2006, ʂʦʩʪʶʛ, ɻʝʥʥʘʜʠʝʚ, 2014; ʂʘʟʘʢʦʚ, 2015), ʚ ʀʩʣʘʥʜʠʠ 

(ɻʝʥʥʘʜʠʝʚ ʠ ʜʨ., 2007), ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ (Hewitt, 1992), ʚ ʉʐɸ ʚʙʣʠʟʠ ʪʝʨ-

ʤʦʧʨʦʷʚʣʝʥʠʡ ʚ ʁʝʣʣʦʫʩʪʦʥʩʢʦʤ ʥʘʮʠʦʥʘʣʴʥʦʤ ʧʘʨʢʝ (Rodman et al., 1996).  

ɹʳʣʠ ʚʳʜʝʣʝʥʳ ʵʢʟʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ ʵʥʜʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʯʚʳ, ʦʧʨʝʜʝʣʝʥʳ 

ʩʪʝʧʝʥʴ ʛʫʤʫʩʠʨʦʚʘʥʥʦʩʪʠ, ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ, ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠ-

ʠʤʯʠʚʦʩʪʴ, ʠʟʫʯʝʥ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʠ ʵʣʝʤʝʥʪʥʳʡ ʩʦ-
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ʩʪʘʚ ʧʦʯʚ (ʃʠʚʝʨʦʚʩʢʠʡ, 1959, 1971; ɻʦʣʴʜʬʘʨʙ, 2006; ɿʘʚʘʨʠʭʠʥʘ, 2009; 

Wells, Whitton, 1966; Rodman et al., 1996; Wilson et al., 1997; Makeev et al., 

2003; Shoba et al., 2007). ʉ ʚʣʠʷʥʠʝʤ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʩʚʷʟʳʚʘʶʪ ʩʫʱʝʩʪʚʦʚʘ-

ʥʠʝ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʣʘʪʝʨʠʪʦʚ, ʢʨʝʤʥʠʝʚʳʭ ʢʦʨ, ʤʥʦʛʠʭ ʢʘʨʙʦʥʘʪʥʳʭ 

ʠ ʩʦʣʝʚʳʭ ʘʢʢʫʤʫʣʷʮʠʡ (ʈʘʟʫʤʦʚʘ, 1977; ɻʨʘʜʫʩʦʚ, ʉʦʢʦʣʦʚ, 1978; ʉʦʢʦʣʦʚ, 

ʃʝʞʘʝʚʘ, 1984, 1990; ʉʦʢʦʣʦʚ ʠ ʜʨ., 1990; ʉʘʤʢʦʚʘ, 2014; Hinkle, Botinelly, 

1988 ʠ ʜʨ.).  

ʅ. ʉ. ʂʘʩʠʤʦʚ (1980) ʚʳʜʝʣʠʣ ʪʨʠ ʬʦʨʤʳ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʨʘʟ-

ʣʦʤʦʚ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʚ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʣʘʥʜ-

ʰʘʬʪʦʚ: 1) ʟʘʩʦʣʝʥʠʝ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʤʠ ʩʦʣʷʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʣʦʥʯʘʢʦʚ 

ʠ ʩʦʣʦʥʮʦʚ ʚʜʦʣʴ ʨʘʟʣʦʤʦʚ ʩ ʠʩʧʘʨʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʧʦʯʚʘʭ ʠ ʢʦʨʝ 

ʚʳʚʝʪʨʠʚʘʥʠʷ; 2) ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʟʘʩʦʣʝʥʥʳʭ ʛʠʜʨʦʤʦʨʬʥʳʭ ʣʘʥʜʰʘʬʪʦʚ (ʙʦ-

ʣʦʪʥʳʭ, ʣʝʩʥʳʭ, ʣʫʛʦʚʳʭ), ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʩ ʟʦʥʘ-

ʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ; 3) ʦʞʝʣʝʟʥʝʥʠʝ ʠ ʦʤʘʨʛʘʥʮʝʚʘʥʠʝ ʧʦʯʚ ʠ ʧʦ-

ʨʦʜ ʚ ʟʦʥʝ ʨʘʟʣʦʤʦʚ. 

ʉʦʣʦʥʯʘʢʠ ʠ ʩʦʣʦʥʮʳ ʟʦʥ ʨʘʟʣʦʤʦʚ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʩʦʚʨʝʤʝʥʥʦʤ ʠʣʠ 

ʜʘʚʥʝʤ ʚʣʠʷʥʠʠ ʛʣʫʙʠʥʥʳʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ. ʆʙʨʘʟʦʚʘʥʠʝ ʟʘʩʦʣʝʥʥʳʭ 

ʧʦʯʚ ʟʦʥ ʨʘʟʣʦʤʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʪʨʝʱʠʥʥʳʭ ʚʦʜ ʠ ʜʝʙʠʪʦʤ 

ʠʩʪʦʯʥʠʢʦʚ. ʇʨʠ ʨʘʟʛʨʫʟʢʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝ ʟʘʚʠ-

ʩʠʤʦ ʦʪ ʜʝʙʠʪʘ ʠʩʪʦʯʥʠʢʘ ʬʦʨʤʠʨʫʶʪʩʷ ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ. ʇʨʠ ʚʳʭʦʜʝ 

ʧʨʝʩʥʳʭ ʚʦʜ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʣʦʥʯʘʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʜʝʙʠʪʦʤ, ʧʨʦʮʝʩʩʳ ʟʘ-

ʩʦʣʝʥʠʷ ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʠ ʤʘʣʳʭ ʜʝʙʠʪʘʭ ʠ ʠʩʧʘʨʝʥʠʠ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʩʦʣʦʥʯʘʢʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʭʠʤʠʯʝ-

ʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʟʘʩʦʣʝʥʠʷ: ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʠ ʱʝʣʦʯʥʦ-

ʢʠʩʣʦʪʥʳʝ ʧʘʨʘʤʝʪʨʘʤʠ (ʇʝʨʝʣʴʤʘʥ, 1968, 1975). ɺ. ɸ. ʂʘʩʠʤʦʚʳʤ (1980) 

ʚʳʜʝʣʝʥʳ ʚ ʟʦʥʘʭ ʨʘʟʣʦʤʦʚ ʢʠʩʣʳʝ (ʨʅ 3ï6,5), ʩʣʘʙʦʱʝʣʦʯʥʳʝ (ʨʅ 6,5ï8,5) ʠ 

ʩʦʜʦʚʳʝ (ʨʅ>8,5) ʩʦʣʦʥʯʘʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʘʩʩʦʮʠʘ-

ʮʠʷʤʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. 

 ʂʠʩʣʳʝ ʩʦʣʦʥʯʘʢʠ ʬʦʨʤʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʩʫʣʴʬʠʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʠʣʠ ʤʘʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜ. ʅʘ ʩʫʣʴʬʠʜʥʳʭ 
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ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩ ʚʦʜʘʤʠ ʤʦʛʫʪ ʚʳʥʦʩʠʪʴʩʷ ʩʦʪʥʠ ʢʠʣʦʛʨʘʤʤʦʚ Cu, Pb ʠ Ag, 

ʪʦʥʥʳ ʠ ʜʝʩʷʪʢʠ ʪʦʥʥ Zn, Ni ʠ Co ʚ ʛʦʜ (Breauning, 1977). ɼʘʣʴʥʝʡʰʝʝ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ ï ʧʦʣʦʞʝʥʠʷ ʤʝʩʪʘ 

ʨʘʟʛʨʫʟʢʠ ʚʦʜ ʚ ʨʝʣʴʝʬʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʢʨʫʞʘʶʱʠʭ ʣʘʥʜ-

ʰʘʬʪʦʚ ʠ ʪ.ʧ. ʇʨʠ ʨʘʟʛʨʫʟʢʝ ʢʠʩʣʳʭ ʩʫʣʴʬʘʪʥʳʭ ʚʦʜ ʥʘ ʩʢʣʦʥʝ, ʦʙʨʘʟʫʶʱʠʝ-

ʩʷ ʢʠʩʣʳʝ ʩʦʣʦʥʯʘʢʠ ʯʘʩʪʦ ʦʙʝʜʥʝʥʳ ʤʥʦʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʚʳʥʦ-

ʩʷʪʩʷ ʚʥʠʟ ʧʦ ʩʢʣʦʥʫ ʠʣʠ ʧʦ ʜʦʣʠʥʝ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʝʪʨʦʚ. ʇʨʦʮʝʩʩʳ 

ʠʩʧʘʨʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʜʝʩʴ ʧʦʜʘʚʣʷʶʪʩʷ ʩʝʨʥʦʢʠʩʣʳʤ ʚʳʱʝʣʘʯʠʚʘ-

ʥʠʝʤ, ʧʦʵʪʦʤʫ ʚ ʢʠʩʣʳʭ ʩʦʣʦʥʯʘʢʘʭ ʦʙʨʘʟʫʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʬʦʥʦʤ ʘʥʦʤʘʣʠʠ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ. ʅʘʢʦʧʣʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ ʱʝʣʦʯʥʦʤ ʙʘʨʴʝʨʝ, ʦʙʨʘʟʦʚʘʥʥʦʤ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʢʠʩ-

ʣʳʭ ʩʦʣʦʥʯʘʢʦʚ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʩʪʝʧʥʳʤʠ ʠ ʧʫʩʪʳʥʥʳʤʠ ʧʦʯʚʘʤʠ, ʠʤʝʶ-

ʱʠʭ ʱʝʣʦʯʥʫʶ ʩʨʝʜʫ. ʉʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ Pb, Mn, Ni, 

Co, Cu ʥʘ ʱʝʣʦʯʥʦʤ ʙʘʨʴʝʨʝ ʚ 5ï15 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʠʭ ʚ ʩʦʣʦʥʯʘ-

ʢʘʭ (ʇʝʨʝʣʴʤʘʥ ʠ ʜʨ., 1980).  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʥʝʡʪʨʘʣʴʥʳʝ ʠ ʩʣʘʙʦʱʝʣʦʯʥʳʝ 

ʩʦʣʦʥʯʘʢʠ. ʊʘʢʠʝ ʩʦʣʦʥʯʘʢʠ ʠʟʫʯʘʣʠʩʴ ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʟʘʭʩʪʘʥʝ ʠ ʉʝʚʝʨʥʦʤ 

ʇʨʠʙʘʣʭʘʰʴʝ (ʇʝʨʝʣʴʤʘʥ, 1968; ʂʘʩʠʤʦʚ, ʐʤʝʣʴʢʦʚʘ, 1975). ʆʥʠ ʠʤʝʶʪ 

ʦʙʳʯʥʦ ʭʣʦʨʠʜʥʦʝ, ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʦʝ ʥʘʪʨʠʝʚʦʝ ʟʘʩʦʣʝʥʠʝ. ʈʘʟʣʦʤʥʳʝ 

ʩʦʣʦʥʯʘʢʠ ʥʘʩʣʝʜʫʶʪ ʭʘʨʘʢʪʝʨ ʟʘʩʦʣʝʥʠʷ ʠ ʨʅ ʦʪ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʚ 

ʟʦʥʝ ʨʘʟʣʦʤʘ. ʅʘʢʦʧʣʝʥʠʝ ʩʦʣʝʡ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʪʘʢʠʭ ʩʦʣʦʥʯʘʢʘʭ ʧʨʦ-

ʷʚʣʷʝʪʩʷ ʧʨʠ ʠʩʧʘʨʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʚʝʨʪʠ-

ʢʘʣʴʥʘʷ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ, ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʩʥʠʟʫ-ʚʚʝʨʭ ʢʘʨʙʦʥʘʪ-

ʥʦʛʦ, ʩʫʣʴʬʘʪʥʦʛʦ (ʛʠʧʩʦʚʦʛʦ) ʠ ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʙʘ-

ʨʴʝʨʦʚ ʩʦ ʩʚʦʝʡ ʘʩʩʦʮʠʘʮʠʝʡ ʥʘʢʘʧʣʠʚʘʶʱʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ʅʘ ʢʘʨʙʦʥʘʪ-

ʥʦʤ ʙʘʨʴʝʨʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʵʣʝʤʝʥʪʳ, ʦʙʨʘʟʫʶʱʠʝ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʝ ʢʘʨ-

ʙʦʥʘʪʳ ï Pb, Mn, Cu, Ag. ʅʘ ʛʠʧʩʦʚʦʤ ʙʘʨʴʝʨʝ ʦʩʘʞʜʘʶʪʩʷ Sr, Mo. ʇʨʠ ʭʣʦ-

ʨʠʜʥʦʤ ʠ ʩʦʜʦʚʦʤ ʟʘʩʦʣʝʥʠʠ Sr ʥʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ (ʂʘʩʠʤʦʚ, 1980). 

ɺ ʨʘʟʣʦʤʥʳʭ ʩʦʣʦʥʯʘʢʘʭ ʄʫʭʦʜʞʘʨ ʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʧʨʝʦʙ-

ʣʘʜʘʝʪ ʩʫʣʴʬʘʪʥʦʝ, ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʦʝ ʠ ʩʦʜʦʚʦ-ʩʫʣʴʬʘʪʥʦʝ ʟʘʩʦʣʝʥʠʝ. 
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ʈʘʟʥʳʡ ʭʠʤʠʟʤ ʟʘʩʦʣʝʥʠʷ ʚʣʠʷʝʪ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ʀʟ-ʟʘ 

ʩʣʘʙʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʫʣʴʬʘʪʦʚ ʤʥʦʛʠʝ ʵʣʝʤʝʥʪʳ ʟʜʝʩʴ ʥʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʭʣʦʨʠʜʥʳʭ ʩʦʣʦʥʯʘʢʦʚ. ʊʠʧʠʯʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʫʣʴʬʘʪʥʳʭ ʩʦʣʦʥ-

ʯʘʢʦʚ ʷʚʣʷʝʪʩʷ Sr, ʝʛʦ ʟʥʘʯʝʥʠʷ ʚʳʰʝ, ʯʝʤ ʚ ʥʝʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʠ ʭʣʦʨʠʜ-

ʥʳʭ ʩʦʣʦʥʯʘʢʘʭ. ʊʘʢʞʝ ʭʦʨʦʰʦ ʥʘʢʘʧʣʠʚʘʝʪʩʷ Ti, ʩʣʘʙʝʝ Mo, Ir ʠ Zn. ʇʨʠ 

ʩʤʝʰʘʥʥʦʤ ʩʦʜʦʚʦ-ʩʫʣʴʬʘʪʥʦʤ ʟʘʩʦʣʝʥʠʠ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ Cr ʠ W (ʇʝʨʝ-

ʣʴʤʘʥ ʠ ʜʨ., 1973; ʂʘʩʠʤʦʚ, ʐʤʝʣʴʢʦʚʘ, 1975; ʂʘʩʠʤʦʚ ʠ ʜʨ., 1978). ɺ ʩʫʣʴ-

ʬʘʪʥʳʭ ʩʦʣʦʥʯʘʢʘʭ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ Mo, Sr, Cu, 

Zn, Pb, Ba. ɺ ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʳʭ ʩʦʣʦʥʯʘʢʘʭ ʢ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʤʠʢ-

ʨʦʵʣʝʤʝʥʪʘʤ ʜʦʙʘʚʣʷʝʪʩʷ Fe ʠ Mn.  

ʉʦʜʦʚʳʝ ʪʨʝʱʠʥʥʳʝ ʚʦʜʳ ʪʠʧʠʯʥʳ ʜʣʷ ʤʘʩʩʠʚʦʚ ʦʩʥʦʚʥʳʭ ʠ ʫʣʴʪʨʘ-

ʦʩʥʦʚʥʳʭ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ, ʢʘʨʙʦʥʘʪʠʪʦʚ, ʘ ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʫʛʣʝʢʠʩʣʳʝ ʪʝʨʤʘʣʴʥʳʝ 

ʠ ʭʦʣʦʜʥʳʝ ʚʦʜʳ ʩʦʜʦʚʦʛʦ ʪʠʧʘ ʚ ʧʨʝʜʝʣʘʭ ɺʝʣʠʢʠʭ ʘʬʨʠʢʘʥʩʢʠʭ ʨʘʟʣʦʤʦʚ. 

ʊʘʢʞʝ ʩʦʜʦʚʳʝ ʨʘʟʣʦʤʥʳʝ ʚʦʜʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʄʦʥʛʦʣʠʠ, ʀʣʠʡʩʢʦʡ ʚʧʘ-

ʜʠʥʝ, ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʟʘʭʩʪʘʥʝ (ʇʦʩʦʭʦʚ, 1969). ɻʝʦʭʠʤʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦ-

ʩʪʴʶ ʩʦʜʦʚʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʘʥʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(Mo, Ir, Sc, ʨʝʜʢʠʭ ʟʝʤʝʣʴ, W ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʭ ʢʘʪʠʦʥʦʛʝʥʥʳʭ (Cu, 

Ag, Zn) (ʇʝʨʝʣʴʤʘʥ, 1973; ʂʘʩʠʤʦʚ, 1980).  

ʉʣʘʙʦ ʠʟʫʯʝʥʥʳʤʠ ʦʩʪʘʶʪʩʷ ʩʦʜʦʚʳʝ ʩʦʣʦʥʯʘʢʠ ʟʦʥ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʨʘʟʣʦʤʦʚ (ʂʘʩʠʤʦʚ, 1980). ɿʘ ʩʯʝʪ ʠʩʧʘʨʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʜʦʚʳʭ ʚʦʜ 

ʠʜʝʪ ʦʙʦʛʘʱʝʥʠʝ ʩʦʣʦʥʯʘʢʦʚ ʘʥʠʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʧʦʜʚʠʞʥʳʭ ʚ ʩʠʣʴ-

ʥʦʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. ʉʦʜʦʚʳʝ ʩʦʣʦʥʯʘʢʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʢʦʤʧʣʝʢ-

ʩʦʤ ʥʘʢʘʧʣʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ. ɿʜʝʩʴ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ Mo, Cu, Zn, Ir, Ti, Zr, 

Cr, Ag ʠ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ (ʂʘʩʠʤʦʚ ʠ ʜʨ., 1978).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʦʚʝʡʰʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʦʜʥʷʪʠʡ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʦʪ-

ʨʳʚ ʨʘʟʣʦʤʥʳʭ ʩʦʣʦʥʯʘʢʦʚ ʦʪ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʯʘʩʪʠʯʥʦʝ ʨʘʩʩʦʣʝʥʠʝ 

(ʇʝʨʝʣʴʤʘʥ, 1975), ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʣʦʥʮʦʚ. ʈʘʟʣʦʤʥʳʝ 

ʩʦʣʦʥʮʳ ʚʦ ʤʥʦʛʦʤ ʥʘʩʣʝʜʫʶʪ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ 

ʩʦʣʦʥʯʘʢʦʚʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ. ʌʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʩʦʣʦʥ-
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ʮʘʭ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʦʣʦʥʯʘʢʦʚ. ɺ ʩʦʣʦʥʮʘʭ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʝ ʬʦʨʤʳ ʩʫʣʴ-

ʬʘʪʦʚ, ʭʣʦʨʠʜʦʚ, ʢʘʨʙʦʥʘʪʦʚ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠʟ ʩʦʣʦʥʯʘʢʦʚ ʧʝʨʝʭʦʜʷʪ ʚ 

ʤʝʥʝʝ ʧʦʜʚʠʞʥʫʶ ʬʦʨʤʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʠʣʠʩʪʳʤʠ ʯʘʩʪʠʮʘʤʠ ʩʦʣʦʥʮʦʚʦʛʦ ʛʦ-

ʨʠʟʦʥʪʘ. ɿʜʝʩʴ ʧʨʝʦʙʣʘʜʘʝʪ ʩʦʨʙʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ ʥʘʭʦʞʜʝʥʠʷ ʤʝʪʘʣʣʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʚʘʣʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʣʦʥʮʦʚʦʤ ʛʦʨʠ-

ʟʦʥʪʝ, ʥʘʦʙʦʨʦʪ, ʧʦʥʠʞʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ (ʂʘʩʠʤʦʚ, 1980). 

ʅʘ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʙʘʨʴʝʨʘʭ ʚ ʩʦʣʦʥʮʘʭ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʪʷʞʝʣʳʝ 

ʤʝʪʘʣʣʳ ï Cu, Ag, Cu, Zn, Mo. 

ʆʜʥʠʤ ʠʟ ʷʨʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʚʣʠʷʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʛʝʦ-

ʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʣʘʥʜʰʘʬʪʦʚ ʷʚʣʷʶʪʩʷ ʦʞʝʣʝʟʥʝʥʠʝ ʠ ʦʤʘʨʛʘʥʮʝʚʘ-

ʥʠʝ ʧʦʯʚ ʠ ʧʦʨʦʜ ʚ ʟʦʥʘʭ ʨʘʟʣʦʤʘ. ɺʳʜʝʣʷʶʪʩʷ ʩʝʨʥʦʢʠʩʣʳʡ, ʢʠʩʣʳʡ, 

ʥʝʡʪʨʘʣʴʥʳʡ ʠ ʩʠʣʴʥʦʱʝʣʦʯʥʦʡ ʪʠʧʳ ʦʞʝʣʝʟʥʝʥʠʷ, ʩʦʯʝʪʘʶʱʠʝʩʷ ʩ ʦʢʠʩʣʠ-

ʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʛʣʫʙʠʥʥʳʭ ʪʨʝʱʠʥʥʳʭ ʚʦʜ. ʆʞʝʣʝʟ-

ʥʝʥʠʝ ʠ ʦʤʘʨʛʘʥʮʝʚʘʥʠʝ ʧʦʯʚ ʠ ʧʦʨʦʜ ʠʤʝʶʪ ʦʩʪʘʪʦʯʥʦʝ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʝ 

(ʥʘ ʢʠʩʣʦʨʦʜʥʦʤ ʙʘʨʴʝʨʝ) ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʇʦ ʦʩʪʘʪʦʯʥʦʤʫ ʧʫʪʠ ʧʦʯʚʳ ʦʙʨʘ-

ʟʫʶʪʩʷ ʥʘ ʧʦʨʦʜʘʭ ʫʞʝ ʦʙʦʛʘʱʝʥʥʳʭ ʞʝʣʝʟʦʤ ʠ ʤʘʨʛʘʥʮʝʤ. ʕʧʠʛʝʥʝʪʠʯʝʩʢʦʝ 

ʦʞʝʣʝʟʥʝʥʠʝ ʠ ʦʤʘʨʛʘʥʮʝʚʘʥʠʝ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʘʪʤʦʩʬʝʨʥʳʤ ʢʠʩ-

ʣʦʨʦʜʦʤ ʟʘʢʠʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ ʚ ʩʣʘʙʦʟʘʢʠʩʣʝʥʥʳʭ ʛʣʝʝ-

ʚʳʭ ʚʦʜʘʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʧʦ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʪʨʝʱʠʥʘʤ ʢ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ (ʇʝʨʝʣʴʤʘʥ, 1968). ʉʝʨʥʦʢʠʩʣʦʝ ʦʞʝʣʝʟʥʝʥʠʝ ʥʝʨʝʜʢʦ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ 

ʢʠʩʣʦʝ ʟʘʩʦʣʝʥʠʝ, ʪʘʢ ʢʘʢ ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʘʥʦ ʩ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘ-

ʮʠʝʡ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʞʝʣʝʟʠʩʪʳʭ ʠ ʤʘʨʛʘʥʮʝʚʳʭ ʧʦʨʦʜʘʭ ʠ 

ʧʦʯʚʘʭ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʦʢ. ʇʨʠ ʢʠʩʣʦʡ ʨʝʘʢʮʠʠ ʩʨʝʜʳ ʠʜʝʪ ʥʘʢʦʧʣʝʥʠʝ ʘʥʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ, ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ï ʢʘʪʠʦʛʝʥʥʳʭ. ɺ ʦʤʘʨʛʘʥʮʦʚʘʥʥʳʭ ʧʦʨʦʜʘʭ ʥʘʢʘʧʣʠ-

ʚʘʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʢʘʪʠʦʛʝʥʥʳʝ ʤʠʢʨʦʵʣʝʤʝʥʪʳ. 

ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʘʟʦʥʘʣʴʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʜʣʠ-
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ʪʝʣʴʥʦʩʪʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʩʭʦʜʠʪ ʣʠʙʦ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʦʪʜʝʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʧʦʯʚ (ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʠʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ ʠ 

ʩʪʨʦʝʥʠʷ), ʣʠʙʦ ʢʦʨʝʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʯʚ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʧʦʯʚʝʥʥʳʭ ʪʝʣ ʩ ʫʥʠʢʘʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ, ʥʝ ʩʚʦʡʩʪʚʝʥʥʳʭ ʟʦʥʘʣʴʥʦʤʫ ʪʠʧʫ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ (ɻʦʣʴ-

ʜʬʘʨʙ, 1995; 2005). ɺʳʩʦʢʘʷ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʪʝʨʤʘʣʴʥʳʭ ʨʘʩ-

ʪʚʦʨʦʚ ʦʧʨʝʜʝʣʷʝʪ ʧʦʷʚʣʝʥʠʝ ʥʘ ʙʣʠʟʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʧʦʯʚ ʩ ʨʘʟʣʠʯʥʳʤ ʢʘ-

ʯʝʩʪʚʝʥʥʳʤ ʩʦʩʪʘʚʦʤ ʧʦʯʚʝʥʥʦʛʦ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ 

ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʨʘʟʥʳʭ ʧʨʠʨʦʜʥʳʭ ʟʦʥʘʭ. ʈʝʘʢʮʠʷ ʧʦʯʚ ʤʦʞʝʪ ʠʟʤʝ-

ʥʷʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʯʚ ʠ ʩʦʩʪʘʚʘ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʧʦʯʚʳ ʨʘʩʪʚʦ-

ʨʦʚ. ʂʦʥʪʨʘʩʪʥʦʩʪʴ ʠ ʜʠʥʘʤʠʯʥʦʩʪʴ ʫʩʣʦʚʠʡ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʚʦʜʷʪ ʢ 

ʜʠʩʩʦʥʘʥʩʫ ʧʦʯʚʝʥʥʳʭ ʩʚʦʡʩʪʚ. ɺ ʧʦʯʚʝʥʥʦʤ ʧʦʛʣʦʱʘʶʱʝʤ ʢʦʤʧʣʝʢʩʝ ʧʦʯʚ 

ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚʳʩʦʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʤʝʥʥʳʭ ʅ+, ɸ13+ 

ʠ Nʘ+, ʥʘʩʳʱʝʥʥʦʩʪʴ ʠ ʭʠʤʠʯʝʩʢʘʷ ʩʦʣʦʥʮʝʚʘʪʦʩʪʴ ʤʦʛʫʪ ʩʦʯʝʪʘʪʴʩʷ ʩ ʢʠʩ-

ʣʦʡ ʨʝʘʢʮʠʝʡ ʧʦʯʚʝʥʥʳʭ ʩʫʩʧʝʥʟʠʡ, ʘ ʩʦʣʝʚʦʡ ʩʦʩʪʘʚ ʧʦʯʚ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ 

ʦʪ ʩʦʩʪʘʚʘ ʚʦʜ, ʚʩʢʨʳʚʘʶʱʠʭʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ. ʕʪʠ ʠ ʜʨʫʛʠʝ ʜʠʩʩʦ-

ʥʘʥʩʥʳʝ ʩʦʯʝʪʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʨʠʨʦʜʥʳʭ ʧʦʯʚʘʭ.  

ɺ ʘʢʪʠʚʠʟʠʨʦʚʘʥʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʘʭ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ 

ʟʦʥʳ (ɹʈɿ) ʟʘ ʩʯʝʪ ʧʦʩʪʫʧʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʣʫʙʠʥʥʦʛʦ ʪʝʧʣʘ ʠ ʥʝʢʦʪʦ-

ʨʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʚʦʜʘʭ ʠ ʛʘʟʘʭ ʚ ʟʦʥʘʭ ʨʘʟʣʦʤʦʚ, ʦʪʤʝʯʘʝʪʩʷ 

ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʩʚʦʝʦʙʨʘʟʠʝ ʣʘʥʜʰʘʬʪʦʚ. ɺ ʵʪʠʭ ʤʝʩʪʘʭ ʬʦʨʤʠʨʫʶʪʩʷ ʩʚʦʝ-

ʦʙʨʘʟʥʳʝ ʣʦʢʘʣʴʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʥʠʰʠ ʩ ʛʝʥʦʬʦʥʜʦʤ ʨʝʣʠʢʪʦʚʳʭ ʨʘʩʪʝ-

ʥʠʡ ʠ ʞʠʚʦʪʥʳʭ (ʊʘʡʩʘʝʚ, 1994). 

 ɺ ʟʦʥʘʭ ʚʣʠʷʥʠʷ ʨʘʟʛʨʫʟʢʠ ʚʦʜ, ʥʘʨʷʜʫ ʩ ʟʦʥʘʣʴʥʳʤʠ ʚʠʜʘʤʠ, ʚʩʪʨʝ-

ʯʘʶʪʩʷ ʠ ʥʝ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʨʝʛʠʦʥʘ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʯʝʤ ʚʳʰʝ 

ʪʝʧʣʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʨʝʬʫʛʠʷ, ʪʝʤ ʷʨʯʝ ʨʝʣʠʢʪʦʚʳʝ ʯʝʨʪʳ ʪʘʢʠʭ 

ʩʦʦʙʱʝʩʪʚ (ʊʘʭʪʝʝʚ ʠ ʜʨ., 2010). ɺ ʫʩʣʦʚʠʷʭ ʩʧʣʦʰʥʦʛʦ ʟʘʣʝʛʘʥʠʷ ʤʝʨʟʣʦʪʳ 

ʚʙʣʠʟʠ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʋʤʭʝʡʩʢʦʛʦ ʠ ʂʫʯʠʛʝʨʩʢʦʛʦ ʠʩʪʦʯ-
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ʥʠʢʦʚ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʦʧʠʩʘʥʳ ʩʫʙʙʦʨʝʘʣʴʥʳʝ ʚʠʜʳ ʨʝʣʠʢʪʦʚʳʭ 

ʩʪʨʝʢʦʟ, ʦʩʥʦʚʥʦʡ ʘʨʝʘʣ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʚ 1300 ʢʤ (ɹʦʨʠʩʦʚ, 2012). ɺ 

ʨʘʡʦʥʝ ʐʫʤʘʢʩʢʠʭ ʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʩʠʥʝʟʝʣʝʥʘʷ ʚʦ-

ʜʦʨʦʩʣʴ �+�D�P�P�D�W�R�L�G�H�D�V�� �L�P�S�O�H�[, ʘʨʝʘʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʪʦʨʦʡ ʣʦʢʘʣʠʟʦʚʘʥ 

ʦʨʦʰʘʝʤʳʤʠ ʧʦʯʚʘʤʠ ʂʘʚʢʘʟʘ ʠ ʚʦʜʦʝʤʘʤʠ ɽʛʠʧʪʘ (ʊʘʭʪʝʝʚ ʠ ʜʨ., 2010). ɺ 

ʟʦʥʝ ʚʣʠʷʥʠʷ ʛʠʜʨʦʪʝʨʤ ʣʦʢʘʣʠʟʫʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʵʥʜʝʤʠʯʥʳʝ ʚʠʜʳ ʙʨʶʭʦ-

ʥʦʛʠʭ ʤʦʣʣʶʩʢʦʚ ʠ ʙʦʢʦʧʣʘʚʦʚ. ɺ ʩʦʩʪʘʚʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʵʢʦʩʠʩʪʝʤ ʬʦʨ-

ʤʠʨʫʝʪʩʷ ʪʝʨʤʦʬʠʣʴʥʘʷ ʠ ʢʦʥʢʨʝʪʥʘʷ ʬʣʦʨʘ ʩ ʫʯʘʩʪʠʝʤ ʨʝʣʠʢʪʦʚʳʭ ʚʠʜʦʚ 

(ʂʨʘʩʥʘʷ ʢʥʠʛʘ é, 2002; ɸʥʝʥʭʦʥʦʚ 1997,1998, 1999). ɺ ʟʦʥʘʭ ʨʘʟʛʨʫʟʢʠ ʪʝʨ-

ʤʘʣʴʥʳʭ ʚʦʜ ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʤʠʢʨʦʙʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ï ʤʘʪʳ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʠʢʨʦʙʥʳʭ ʤʘʪʦʚ ʷʚʣʷʝʪʩʷ ʜʨʝʚʥʝʡʰʘʷ 

ʛʨʫʧʧʘ ʮʠʘʥʦʙʘʢʪʝʨʠʡ. ɺʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʚʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʧʣʦʪʥʳʤʠ 

ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʘʪʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʘʢʪʠʚʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʭ, ʞʝʣʝʟʦʨʝʜʫʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ, ʫʯʘʩʪʚʫ-

ʶʱʠʭ ʚ ʘʥʘʵʨʦʙʥʦʤ ʦʢʠʩʣʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴ-

ʥʳʭ ʤʘʪʘʭ ʱʝʣʦʯʥʳʭ ʛʠʜʨʦʪʝʨʤ ʧʨʦʠʩʭʦʜʠʪ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ (ʃʘʟʘʨʝʚʘ 

ʠ ʜʨ., 2010). 

ʇʦ ʧʦʯʚʘʤ ʟʦʥ ʨʘʟʛʨʫʟʢʠ ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʙʰʠʨʥʦʡ ʪʝʨʨʠʪʦ-

ʨʠʠ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʨʘʙʦʪʘ ʆ. ɻ. ʃʦʧʘʪʦʚʩʢʦʡ ʩ 

ʩʦʘʚʪʦʨʘʤʠ (2009). ʀʤʠ ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʛʠʜʨʦ-

ʢʘʨʙʦʥʘʪʥʦʛʦ ʩʦʩʪʘʚʘ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ (ɻʦʨʷʯʘʷ ʚʘʥʥʘ, 

ʄʦʣʦʯʥʘʷ ʚʘʥʥʘ, ɾʝʣʫʜʦʯʥʳʡ, ɼʝʪʩʢʠʡ, ʈʘʜʦʥʦʚʳʡ, ʈʘʜʦʥʦʚʳʡ ʩ ʉʆ2, ʄʦ-

ʣʦʜʦʩʪʴ ʠ ʉʫʭʘʷ ʚʘʥʥʘ) ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʯʚ ʥʘ ʫʜʘʣʝʥʠʠ ʦʪ ʛʨʠʬʦʥʦʚ ʥʘ 

0,5, 2 ʠ 50 ʤ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʥʦʩʠʪ ʣʦʢʘʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ. ɺ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʤʝʩʪʘ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤ ʧʨʦʠʩ-

ʭʦʜʷʪ ʧʨʦʮʝʩʩʳ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ (1,5-2 ʤ ʠ ʙʦʣʝʝ), ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʥʘ 

ʪʨʘʚʝʨʪʠʥʘʭ ʧʦʯʚʳ ʤʘʣʦʤʦʱʥʳʝ, ʛʠʜʨʦʤʦʨʬʥʳʝ ʠ ʦʪʥʝʩʝʥʳ ʘʚʪʦʨʘʤʠ ʢ ʪʠʧʫ 

ʢʘʨʙʦʧʝʪʨʦʟʝʤʦʚ. ɺʣʠʷʥʠʝ ʛʠʜʨʦʪʝʨʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 50 ʠ 200 ʤ ʥʘ ʟʦʥʘʣʴʥʳʝ 

ʧʦʯʚʳ ʪʠʧʘ ʙʫʨʦʟʝʤʦʚ ʥʝ ʚʳʷʚʣʝʥʦ. ʉʣʘʙʦʝ ʟʘʩʦʣʝʥʠʝ ʠʤʝʶʪ ʧʦʯʚʳ ʚʙʣʠʟʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʍʘʥʛʦʨ-ʋʫʣʘ ʧʨʝʜʛʦʨʠʡ ʍʘʤʘʨ-ɼʘʙʘʥ (ʃʦʧʘʪʦʚ-



�í�ó��
��
ʩʢʘʷ, ʆʩʘʜʦʚʩʢʠʡ, 2008). ʇʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ ʵʪʠʭ ʧʦʯʚ, ʢʘʢ ʦʪʤʝʯʘʶʪ ʘʚʪʦ-

ʨʳ, ʪʠʧʠʯʝʥ ʜʣʷ ʨʞʘʚʦʟʝʤʦʚ, ʦʜʥʘʢʦ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ 

ʥʝʡʪʨʘʣʴʥʘʷ ʠʣʠ ʩʣʘʙʦʱʝʣʦʯʥʘʷ ʨʝʘʢʮʠʷ ʩʨʝʜʳ.  

ʅ. ʉ. ʂʘʩʠʤʦʚ (1980) ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʦʯʚ ʟʦʥ ʨʘʟʣʦʤʦʚ ʠʩʧʦʣʴʟʦʚʘʣ ʥʦ-

ʤʝʥʢʣʘʪʫʨʫ, ʜʠʘʛʥʦʩʪʠʢʫ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʦʯʚ, ʧʨʝʜʣʦʞʝʥʥʫʶ ʄ. ɸ. ɻʣʘ-

ʟʦʚʩʢʦʡ (1972). ʆʥ ʚʳʜʝʣʷʣ ʩʦʣʦʥʯʘʢʠ ʟʦʥ ʨʘʟʣʦʤʦʚ, ʩʦʣʦʥʮʳ ʟʦʥ ʨʘʟʣʦʤʦʚ ʠ 

ʪ.ʜ. ɺ ʥʦʚʦʟʝʣʘʥʜʩʢʦʡ ʧʦʯʚʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʳʜʝʣʝʥʘ ʛʨʫʧʧʘ Hydro-

thermal Recent Soils (ʤʦʣʦʜʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʧʦʯʚʳ) (Hewitt, 1992), ʢʦʪʦ-

ʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʝʜʥʝʛʦʜʦʚʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʦʯʚʳ (ʥʘ ʛʣʫʙʠʥʝ 30 

ʩʤ) ʧʨʝʚʳʰʘʶʱʠʝ ʥʘ 2,5Áʉ ʩʨʝʜʥʝʛʦʜʦʚʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ, ʩ ʨʅ <4,8 

ʜʦ ʛʣʫʙʠʥʳ 60 ʩʤ. ɺ ʉʐɸ ʧʦʯʚʳ ʚʙʣʠʟʠ ʪʝʨʤʦʧʨʦʷʚʣʝʥʠʡ (ʁʝʣʣʦʫʩʪʦʥʩʢʠʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʘʨʢ) ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʩʣʘʙʦʨʘʟʚʠʪʳʝ ʵʥʪʠʩʦʣʠ ʠ ʠʥ-

ʩʝʧʪʠʩʦʣʠ (Rodman et al., 1996; Keys to Soil Taxonomy, 2003). ʀ. ʃ. ɻʦʣʴ-

ʜʬʘʨʙ (2005) ʛʝʥʝʪʠʯʝʩʢʫʶ ʦʙʱʥʦʩʪʴ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʦʯʚ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʚʳʜʝʣʷʪʴ ʥʘ ʫʨʦʚʥʝ ʥʦʚʦʛʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʦʪʜʝʣʘ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʯʚ 

ʈʦʩʩʠʠ ʩ ʪʠʧʘʤʠ ʪʝʨʤʦʟʝʤʦʚ ʜʝʨʥʦʚʳʭ ʠ ʪʝʨʤʦʟʝʤʦʚ ʜʝʨʥʦʚʳʭ ʛʣʝʝʚʳʭ ʩ 

ʧʦʜʪʠʧʘʤʠ ʦʩʪʘʪʦʯʥʦ-ʩʣʦʠʩʪʳʭ, ʘʣʴʬʝʛʫʤʫʩʦʚʳʭ, ʪʠʧʠʯʥʳʭ ʠ ʩʣʘʙʦʨʘʟʚʠʪʳʭ 

ʧʦʯʚ. ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʵʪʦʛʦ ʦʪʜʝʣʘ ʷʚʣʷʶʪʩʷ çʪʝʨʤʦʤʝʪʘʤʦʨʬʠ-

ʯʝʩʢʠʝè (Bʊʄ, ʊʄ) ʛʦʨʠʟʦʥʪʳ. ʀʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘʢʪʠʚʥʦʤ ʧʨʠʚʥʦʩʝ ʚʝʱʝʩʪʚ ʠ ʵʥʝʨʛʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʳ 

ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠʤʝʶʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ.  

ɺ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʯʚ ʈʦʩʩʠʠ (2004) ʠ ʧʦʣʝʚʦʤ ʦʧʨʝʜʝʣʠʪʝʣʝ ʧʦʯʚ 

(2008) ʢ ʟʘʩʦʣʝʥʥʳʤ ʧʦʯʚʘʤ ʦʪʥʦʩʷʪ ʣʶʙʫʶ ʧʦʯʚʫ, ʚ ʢʦʪʦʨʦʡ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 

ʜʦ 200 ʩʤ ʠʤʝʝʪʩʷ ʛʦʨʠʟʦʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ ʚ ʢʦʣʠʯʝ-

ʩʪʚʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩʣʘʙʦʡ ʠʣʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʟʘʩʦʣʝʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʚʳʜʝʣʷʶʪ ʜʚʝ ʦʩʦʙʳʝ ʛʨʫʧʧʳ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ: ʩʦʣʦʥʯʘʢʦʚ (ʦʪʜʝʣ ʛʘ-

ʣʦʤʦʨʬʥʳʭ ʧʦʯʚ) ʠ ʩʦʣʦʥʮʦʚ (ʦʪʜʝʣ ʱʝʣʦʯʥʦ-ʛʣʠʥʠʩʪʦ-

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʧʦʯʚ).  

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʳʚʘʝʪ ʩʣʘʙʫʶ ʠʟʫʯʝʥʥʦʩʪʴ ʩʦ-

ʚʨʝʤʝʥʥʦʛʦ ʠʣʠ ʧʨʝʞʥʝʛʦ ʚʣʠʷʥʠʷ ʛʣʫʙʠʥʥʳʭ ʛʠʜʨʦʪʝʨʤ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 
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ʧʦʯʚ. ɿʥʘʯʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʩʧʝʮʠʬʠʢʠ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʵʥʜʦʛʝʥʥʦʤ 

ʧʨʠʚʥʦʩʝ ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʦʯʝʚʠʜʥʘ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʵʚʦʣʶʮʠʦʥʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʧʦʯʚ ʠ ʣʘʥʜʰʘʬʪʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ (ʈʘʟʫʤʦʚʘ,1977; ʉʦʢʦʣʦʚ, 

ʄʠʭʘʡʣʦʚ, 1992; ʉʦʢʦʣʦʚ, 1992,1993; ɻʨʘʯʝʚʘ, ɿʘʤʦʪʘʝʚ,1996; ʄʠʭʘʡʣʦʚ, 

2011 ʠ ʜʨ.). ʇʦʯʚʘ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʣʷʶʱʝʡ ʯʘʩʪʴʶ ʵʢʦʩʠʩʪʝʤ. ʉʚʝʜʝʥʠʷ ʦ ʩʦ-

ʩʪʘʚʝ ʠ ʩʚʦʡʩʪʚʘʭ ʧʦʯʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʧʦ ʜʨʫʛʠʤ ʢʦʤʧʦʥʝʥʪʘʤ 

ʛʝʦʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʘʙʠʦʪʠʯʝʩʢʠʤʠ ʠ ʙʠʦ-

ʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʩʨʝʜʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʣʘʥʜ-

ʰʘʬʪʦʚ. ʇʦʵʪʦʤʫ ʦʯʝʚʠʜʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʯ-

ʚʘʤ ʟʦʥ ʨʘʟʣʦʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ. 
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ɻʣʘʚʘ 2. ʌʀɿʀʂʆ-ɻɽʆɻʈɸʌʀʏɽʉʂʀɽ ʋʃʆɺʀʗ ʌʆʈʄʀʈʆɺɸʅʀʗ 

ʇʆʏɺ ɿʆʅ ʈɸɿʃʆʄʆɺ ɹɸʈɻʋɿʀʅʉʂʆʁ ʂʆʊʃʆɺʀʅʓ 
 

ɹʘʨʛʫʟʠʥʩʢʘʷ ʢʦʪʣʦʚʠʥʘ (ʜʣʠʥʘ ʦʢʦʣʦ 200 ʢʤ, ʰʠʨʠʥʘ 35 ʢʤ) ï ʦʜʥʘ ʠʟ 

ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʚʧʘʜʠʥ ɹʘʡʢʘʣʴʩʢʦʡ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ 

(ɹʈɿ), ʢʦʪʦʨʘʷ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʥʘ 2500 ʢʤ ʦʪ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ ʯʝʨʝʟ 

ʛʦʨʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʜʦ ʖʞʥʦʡ ʗʢʫʪʠʠ (ʨʠʩ. 2.1). ʕʪʘ ʪʝʨ-

ʨʠʪʦʨʠʷ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʢʨʫʧʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ɽʚʨʘʟʠʡʩʢʦʛʦ 

ʢʦʥʪʠʥʝʥʪʘ. ʉʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʟʝʨʥʳʝ ʠ ʩʫʭʦʧʫʪʥʳʝ ʤʝʞʛʦʨʥʳʝ ʚʧʘ-

ʜʠʥʳ (ʦʢʦʣʦ 70 ʚʧʘʜʠʥ), ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʣʠʙʦ ʧʦ ʣʠʥʠʠ ʦʜʥʘ ʟʘ ʜʨʫʛʦʡ, ʠʣʠ 

ʢʫʣʠʩʦʦʙʨʘʟʥʦ (ʌʣʦʨʝʥʩʦʚ, 1960). ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʵʪʦʡ ʟʦʥʳ ʷʚʣʷʶʪʩʷ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʘʷ, ʉʝʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʘʷ ʠ 

ʍʫʙʩʫʛʫʣʴʩʢʘʷ ʜʝʧʨʝʩʩʠʠ, ʟʘʧʦʣʥʝʥʥʳʝ ʚʦʜʦʡ, ʘ ʪʘʢʞʝ ʩʫʭʦʜʦʣʴʥʳʝ ɼʘʨʭʘʥ-

ʩʢʘʷ, ʊʫʥʢʠʥʩʢʘʷ, ɹʘʨʛʫʟʠʥʩʢʘʷ, ɺʝʭʥʝʘʥʛʘʨʩʢʘʷ, ʄʫʡʩʢʘʷ, ʏʘʨʩʢʘʷ, ʎʠʧʘ-

ɹʘʫʥʪʦʚʩʢʘʷ ʠ ɹʘʫʥʪʦʚʩʢʘʷ ʚʧʘʜʠʥʳ (ʋʙʫʛʫʥʦʚ ʠ ʜʨ.,2016).  

ʆʙʨʘʟʦʚʘʥʠʝ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ (ɹʈɿ) ʦʙʫʩʣʦʚʣʝʥʦ ʛʠʛʘʥʪ-

ʩʢʠʤ ʨʘʟʣʦʤʦʤ ʟʝʤʥʦʡ ʢʦʨʳ (ʦʪ 10ï15 ʜʦ 25 ʢʤ), ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʢʦʪʦ-

ʨʦʛʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʩʢʦʣʫ ɽʚʨʘʟʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʦʛʦ ʦʢʝʘʥʘ (ʃʦʛʘ-

ʯʝʚ, ɿʦʨʠʥ, 1984). ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʠʬʪʦʚʳʭ ʟʦʥ ʂʠʪʘʷ, ɺʦʩʪʦʯʥʦʡ ɸʬʨʠʢʠ, ʟʘ-

ʧʘʜʘ ʉʐɸ ɹʈɿ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʘʙʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʚʫʣʢʘʥʠʟʤʘ. ʆʪʩʫʪ-

ʩʪʚʠʝ ʤʘʛʤʘʪʠʟʤʘ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʚʷʟʳʚʘʶʪ ʩ ʤʘʣʳʤ ʨʘʩʢʨʳʪʠʝʤ ɹʘʡ-

ʢʘʣʘ (ʂʫʟʴʤʠʥ ʠ ʜʨ., 2000).  

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʙʦʣʴʰʘʷ ʩʦʚʨʝʤʝʥʥʘʷ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʘʢ-

ʪʠʚʥʦʩʪʴ ɹʘʡʢʘʣʴʩʢʦʡ ʛʦʨʥʦʡ ʩʠʩʪʝʤʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʱʝʧʣʘʥʝʪʘʨʥʦʡ ʘʢ-

ʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʤʝʜʣʝʥʥʳʭ ʦʧʫʩʢʘʥʠʡ ʠ ʧʦʜʥʷʪʠʡ ʙʝ-

ʨʝʛʦʚ ɹʘʡʢʘʣʘ, ʘ ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɽʞʝʛʦʜʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɹʈɿ ʩʝʡʩʤʦʩʪʘʥʮʠʠ ʨʝʛʠʩʪʨʠʨʫʶʪ ʜʦ 2000 ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʙʦʣʝʝ 80 

ʵʧʠʮʝʥʪʨʦʚ ʤʦʱʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʠʣʦʡ ʦʪ 9 ʜʦ 12 ʙʘʣʣʦʚ, ʯʪʦ ʦʙʫʩʣʘʚʣʠ-

ʚʘʝʪ ʝʝ ʚʳʩʦʢʫʶ ʪʝʢʪʦʥʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʦʚʨʝʤʝʥʥʫʶ ʩʝʡʩʤʠʯʥʦʩʪʴ 

(ʃʫʥʠʥʘ, 2009). ɹʈɿ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʢʨʫʞʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ ʰʠʨʦʢʠʤ ʨʘʩ-
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ʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʛʣʫʙʦʢʦ ʧʨʦʥʠʢʘʶʱʠʭ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝ-

ʥʠʡ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʠʬʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ (ʃʫʥʠʥʘ ʠ ʜʨ., 

2007, 2010). ʆʥʠ ʟʘʧʦʣʥʝʥʳ ʚʦʜʦʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʜʦ ʛʣʫʙʠʥ 12ï15 

ʢʤ (ʇʠʥʥʝʢʝʨ ʠ ʜʨ.,1998). ɺ ʦʪʢʨʳʪʳʭ ʨʘʟʣʦʤʘʭ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʢʦʥʚʝʢʪʠʚ-

ʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʷʯʝʡʢʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʧʨʦʛʨʝʚʫ ʧʦʨʦʜ ʚ 

ʠʭ ʚʦʩʭʦʜʷʱʠʭ ʚʝʪʚʷʭ (ʇʣʶʩʥʠʥ ʠ ʜʨ., 2008, 2010, 2015). ʅʘ ʧʝʨʝʩʝʯʝʥʠʠ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʨʘʟʣʦʤʦʚ ʨʘʟʛʨʫʞʘʶʪʩʷ ʪʨʝʱʠʥʥʦ-ʞʠʣʴʥʳʝ ʤʠʥʝʨʘʣʠʟʦ-

ʚʘʥʥʳʝ ʚʦʜʳ (ɼʟʶʙʘ, 1999; ʇʣʶʩʥʠʥ, 2013 ʠ ʜʨ.). 

 

ʈʠʩ. 2.1. ʉʭʝʤʘ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ (ʌʣʦʨʝʥʩʦʚ, 1968) 
1 ï ʨʠʬʪʦʚʳʝ ʚʧʘʜʠʥʳ; 2 ï ʛʣʘʚʥʳʝ ʨʘʟʣʦʤʳ  

ʎʠʬʨʘʤʠ ʥʘ ʩʭʝʤʝ ʫʢʘʟʘʥʳ ʢʨʫʧʥʳʝ ʨʠʬʪʦʚʳʝ ʚʧʘʜʠʥʳ:  
1 ïɼʘʨʭʘʥʩʢʘʷ, 2 ï ʂʦʩʦʛʦʣ; 3 ï ʊʫʥʢʠʥʩʢʘʷ; 4 ï ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʘʷ; 5 ï ʉʝʚʝʨʦ-

ɹʘʡʢʘʣʴʩʢʘʷ; 6 ï ʋʩʪʴ-ɹʘʨʛʫʟʠʥʩʢʘʷ; 7 ï ɹʘʨʛʫʟʠʥʩʢʘʷ; 8 ï ɺʝʨʭʥʝʘʥʛʘʨʩʢʘʷ; 9 ï ʎʠʧʠʢʘʥ-
ʩʢʘʷ; 10 ï ʄʫʡʩʢʘʷ; 11 ï ʏʘʨʩʢʘʷ; 12 ï ʊʦʢʢʠʥʩʢʘʷ 

 
ɹʘʨʛʫʟʠʥʩʢʘʷ ʢʦʪʣʦʚʠʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʩʫʭʦʜʦʣʴʥʳʭ 

ʚʧʘʜʠʥ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ (ʨʠʩ. 2.1). ʆʥʘ ʧʨʦʩʪʠʨʘʝʪʩʷ ʚ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʩʝʣ ʏʠʪʢʘʥ ʠ ʋʩʪʴ-ɹʘʨʛʫʟʠʥ. ɺʤʝʩʪʝ ʩ ʩʦʧʫʪʩʪʚʫ-

ʶʱʠʤʠ ʙʘʩʩʝʡʥʘʤʠ ʠ ʦʙʨʘʤʣʷʶʱʠʤʠ ʭʨʝʙʪʘʤʠ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʨʠʬʪ, ʜʣʷ ʢʦ-

ʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʘ ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ çʙʘʡʢʘʣʴʩʢʘʷ ʘʩʠʤʤʝʪʨʠʷè (ʃʫʥʠʥʘ ʠ 

ʜʨ., 2009). ʅʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʢʦʪʣʦʚʠʥʘ ʦʛʨʘʥʠʯʝʥʘ ʧʦʜʥʷʪʠʝʤ ɹʘʨʛʫʟʠʥʩʢʦʛʦ 

ʭʨʝʙʪʘ, ʜʦʩʪʠʛʘʶʱʝʛʦ ʚʳʩʦʪʳ 2841 ʤ, ʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʦʥʘ ʧʣʘʚʥʦ ʧʝʨʝʭʦʜʠʪ 

ʚ ʩʢʣʦʥʳ ʀʢʘʪʩʢʦʛʦ ʭʨʝʙʪʘ ʠ ɻʦʣʦʥʜʠʥʩʢʠʭ ɻʦʣʴʮʦʚ. ʅʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʢʦʪ-
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ʣʦʚʠʥʘ ʟʘʤʳʢʘʝʪʩʷ ʩʭʦʜʷʱʠʤʠʩʷ ʦʪʨʦʛʘʤʠ ɹʘʨʛʫʟʠʥʩʢʦʛʦ, ʀʢʘʪʩʢʦʛʦ, ʉʝʚʝ-

ʨʦ-ʄʫʡʩʢʦʛʦ ʭʨʝʙʪʦʚ. ʅʘ ʶʛʦ-ʟʘʧʘʜʝ ɹʘʨʛʫʟʠʥʩʢʘʷ ʢʦʪʣʦʚʠʥʘ ʦʪʜʝʣʝʥʘ ʦʪ 

ʋʩʪʴ-ɹʘʨʛʫʟʠʥʩʢʦʡ ʐʘʤʘʥʩʢʠʤ ʩʨʝʜʥʝʛʦʨʥʳʤ ʤʘʩʩʠʚʦʤ. ʆʩʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʨʦʛʠʙʘ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʩʤʝʱʝʥʘ ʚ ʩʪʦʨʦʥʫ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʛʦʨʩʪʘ 

(ʉʝʡʩʤʦʪʝʢʪʦʥʠʢʘ, 1968). 

2.1. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʝ ʧʦʨʦʜʳ 
 

ʀʩʪʦʨʠʷ ʩʪʘʥʦʚʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʩʚʷʟʘʥʘ ʩʦ 

ʩʣʦʞʥʳʤ ʧʫʪʝʤ ʨʘʟʚʠʪʠʷ ʜʨʝʚʥʝʡʰʝʛʦ ʙʣʦʢʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʟʝʤʥʦʡ ʢʦʨʳ 

ï ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʩʚʦʝʡ ʜʣʠʪʝʣʴʥʦʡ ʵʚʦʣʶʮʠʠ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʜʨʝʡʬʘ ʢʦʥʪʠʥʝʥʪʦʚ ʠʣʠ ʜʚʠʞʝʥʠʷ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ, ʚʳʟʚʘʥʥʦʛʦ ʨʘʩ-

ʪʷʞʝʥʠʷʤʠ ʠ ʦʙʨʘʪʥʳʤʠ ʩʜʚʠʛʘʤʠ ʟʝʤʥʦʡ ʢʦʨʳ, ʦʪʢʨʳʪʠʷʤʠ ʠ ʟʘʢʨʳʪʠʷʤʠ 

ʧʘʣʝʦʦʢʝʘʥʦʚ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʨʦʠʩʭʦʜʠʣʦ ʥʝʦʜʥʦʢʨʘʪʥʦʝ 

ʧʦʢʨʳʪʠʝ ʝʛʦ ʤʦʨʷʤʠ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʦʩʘʜʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʉʠʙʠʨ-

ʩʢʠʡ ʢʨʘʪʦʥ ʥʝʦʜʥʦʢʨʘʪʥʦ ʠʟʤʝʥʷʣ ʨʘʟʤʝʨʳ ʟʘ ʩʯʝʪ ʩʦʝʜʠʥʝʥʠʷ ʩ ʜʨʫʛʠʤʠ 

ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘʤʠ, ʦʩʪʨʦʚʥʳʤʠ ʜʫʛʘʤʠ, ʚʭʦʞʜʝʥʠʝʤ ʚ ʩʦʩʪʘʚ ʩʫʧʝʨʢʦʥʪʠ-

ʥʝʥʪʦʚ, ʨʘʟʲʝʜʠʥʝʥʠʷ ʩ ʥʠʤʠ (ʄʘʮ, 1987, 1990). 

ɺ ʨʘʥʥʝʢʘʣʝʜʦʥʩʢʠʡ ʵʪʘʧ ʦʙʨʘʟʦʚʘʣʩʷ ʩʢʣʘʜʯʘʪʳʡ ʧʦʷʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʧʦ ʛʝʥʝʟʠʩʫ ʪʝʨʨʝʡʥʦʚ (ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʦʚ, ʦʩʪʨʦʚ-

ʥʳʭ ʜʫʛ, ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʠ ʜʨ.) ʢʦʪʦʨʳʡ ʩʪʘʣ ʬʫʥʜʘʤʝʥʪʦʤ ɹʘʨʛʫʟʠʥʩʢʦʡ 

ʢʦʪʣʦʚʠʥʳ (ʄʘʮ, 1987, 1990; ɿʦʥʝʥʰʪʘʡʥ, 1990; ɹʝʣʠʯʝʥʢʦ ʠ ʜʨ., 2006; ɻʦʨ-

ʜʠʝʥʢʦ, 2006; ɻʣʘʜʢʦʯʫʙ ʠ ʜʨ., 2010; ʂʦʚʘʯ ʠ ʜʨ., 2012). ʆʩʥʦʚʫ ɹʘʨʛʫʟʠʥʩʢʦ-

ʛʦ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ ʩʦʩʪʘʚʣʷʣʠ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ɹʘʨʛʫʟʠʥʩʢʠʡ ʠ ʀʢʘʪ-

ʩʢʠʡ ʪʫʨʙʠʪʦʚʳʝ ʪʝʨʨʝʡʥʳ (ɹʝʣʠʯʝʥʢʦ ʠ ʜʨ., 2006). ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜ-

ʥʠʭ 500 ʤʣʥ ʣʝʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʨʘʟʚʠʚʘʣʘʩʴ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ 

ʫʯʘʩʪʠʠ ʧʦʜʣʠʪʦʩʬʝʨʥʳʭ ʚʥʫʪʨʠʧʣʠʪʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʣʠʷʥʠʷ 

ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʫʧʝʨʧʣʶʤʘ (ʗʨʤʦʣʶʢ ʠ ʜʨ., 2000). ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʦʝ 

ʩʦʙʳʪʠʝ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ï ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦ-ʨʘʥʥʝʤʝʟʦʟʦʡʩʢʦʡ 

ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ (ʗʨʤʦʣʶʢ ʠ ʜʨ., 1997). ʅʘ ʨʘʥʥʝʤ ʵʪʘ-

ʧʝ (320-290 ʤʣʥ ʣʝʪ) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʙʘʡʢʘʣʴʷ ʦʙʨʘʟʦʚʘʣʩʷ ɸʥʛʘʨʦ-
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ɺʠʪʠʤʩʢʠʡ ʙʘʪʦʣʠʪ ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʘʨʝʘʣʘ (ɼʦʙʨʝʮʦʚ, 1997). ʕʪʦʪ ʙʘʪʦʣʠʪ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʛʨʦʤʥʫʶ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʘʩʪʠʥʫ ʨʘʟʤʝʨʦʤ 

800ʭ400 ʢʤ, ʩʣʦʞʝʥʥʫʶ ʛʨʘʥʠʪʦʠʜʘʤʠ ʩ ʘʨʝʘʣʴʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʱʝ-

ʣʦʯʥʳʭ ʧʦʨʦʜ (ʃʠʪʚʠʥʦʚʩʢʠʡ ʠ ʜʨ., 1994; ʅʠʢʠʪʠʥ, ʅʝʥʘʭʦʚ, 2002; ʎʳʛʘʥʢʦʚ 

ʠ ʜʨ., 2007,2010). ʆʩʦʙʝʥʥʦʩʪʠ ʠ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʦʛʦ ʙʘʪʦʣʠ-

ʪʘ, ʚʳʚʝʪʨʠʚʘʥʠʝ ʱʝʣʦʯʥʳʭ ʠ ʩʫʙʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ ʚ ʛʦʨʥʳʭ ʦʙʣʘʩʪʷʭ, ʘʢ-

ʢʫʤʫʣʷʮʠʷ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʚʠʜʝ ʧʝʩʯʘʥʳʭ ʤʘʩʩʠʚʦʚ ʚ ʢʘʡʥʦʟʦʡʩʢʠʭ 

ʠ ʤʝʟʦʟʦʡʩʢʠʭ ʢʦʪʣʦʚʠʥʘʭ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʧʨʠʚʝʣʠ ʢ ʩʦʟʜʘʥʠʶ ʦʙʱʝʛʦ 

ʱʝʣʦʯʥʦʛʦ ʠ ʩʫʙʱʝʣʦʯʥʦʛʦ ʬʦʥʘ ʜʣʷ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʵʢʦʩʠʩʪʝʤ (ʋʙʫʛʫʥʦʚ, ʋʙʫʛʫʥʦʚʘ, 2017).  

ʌʦʨʤʠʨʦʚʘʥʠʝ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʧʨʠʫʨʦʯʝʥʦ ʢ ʨʘʥʥʝʦʨʦʛʝʥʥʦ-

ʤʫ ʨʠʬʪʦʚʦʤʫ ʵʪʘʧʫ (27-10(17?) ʤʣʥ ʣʝʪ ʥʘʟʘʜ), ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʣʦ ʬʦʨʤʠʨʦ-

ʚʘʥʠʝ ʢʨʫʧʥʳʭ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʦʟʝʨ ʚ ʖʞʥʦ- ʠ ʉʝʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠ-

ʥʘʭ (ʄʘʮ ʠ ʜʨ., 2001). ʉʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʧʣʠʦʮʝʥʘ (3,5 ʤʣʥ ʣʝʪ ʥʘʟʘʜ) ʠ ʧʦ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʇʨʠʙʘʡʢʘʣʴʝ ʫʩʪʘʥʦʚʠʣʩʷ ʨʠʬʪʦʚʳʡ ʨʝʞʠʤ.  

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʭʨʝʙʪʘ ʩʣʦʞʝʥʘ ʛʨʘʥʠʪʦʠʜʘʤʠ ɸʥʛʘʨʦ-

ɺʠʪʠʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ (ɻʦʨʜʠʝʥʢʦ, 2008). ʉʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ 

ʩʦʭʨʘʥʠʣʠʩʴ ʣʠʰʴ ʚ ʚʠʜʝ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, 

ʧʝʩʯʘʥʦ-ʩʣʘʥʮʝʚʳʤʠ ʠ ʪʝʨʨʠʛʝʥʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʤʠ ʦʩʘʜʢʘʤʠ, ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʠʤʠ ʩʣʘʥʮʘʤʠ ʠ ʛʥʝʡʩʘʤʠ ʢʝʤʙʨʠʡʩʢʦʛʦʛʦ ʚʦʟʨʘʩʪʘ (ɹʝʣʠʯʝʥʢʦ ʠ ʜʨ., 

2006). ʀʢʘʪʩʢʠʡ ʭʨʝʙʝʪ ʩʣʦʞʝʥ ʨʘʟʣʠʯʥʳʤʠ ʠʥʪʨʫʟʠʚʥʳʤʠ ʠ ʦʩʘʜʦʯʥʦ-

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʜʦʢʝʤʙʨʠʷ ʠ ʥʠʞʥʝʛʦ ʧʘʣʝʦʟʦʷ (ʉʝʡʩʤʦʛʝʦʣʦ-

ʛʠʷé, 1981; ɹʝʣʠʯʝʥʢʦ ʠ ʜʨ., 2006). ʅʘ ʧʨʝʜʛʦʨʥʳʭ ʨʘʚʥʠʥʘʭ ʧʨʝʜʛʦʨʠʡ ɹʘʨ-

ʛʫʟʠʥʩʢʦʛʦ ʠ ʀʢʘʪʩʢʦʛʦ ʭʨʝʙʪʦʚ, ʥʘ ʪʝʨʨʘʩʝ ʨ. ʀʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʨʝʠʤʫ-

ʱʝʩʪʚʝʥʥʦ ʣʝʜʥʠʢʦʚʳʝ ʩʨʝʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʠʟ ʩʣʘʙʦʦʢʘʪʘʥʥʳʭ 

ʛʣʳʙ ʠ ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʝʩʯʘʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ (ʂʨʠʚʦʥʦʛʦʚ, 

2010). ʇʦʯʚʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʥʘ ʢʦʥʫʩʘʭ ʚʳʥʦʩʘ ʠ ʧʦʜʛʦʨʥʳʭ ʰʣʝʡ-

ʬʘʭ ʷʚʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʵʣʶʚʠʡ, ʵʣʶʚʦ-ʜʝʣʶʚʠʡ ʢʦʨʝʥʥʳʭ ʠ ʧʝʨʝʦʪʣʦʞʝʥ-

ʥʳʭ ʧʦʨʦʜ, ʢʦʣʣʶʚʠʡ, ʧʨʦʣʶʚʠʡ ʠ ʧʨʦʣʶʚʦ-ʘʣʣʶʚʠʡ.  
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ʇʝʩʯʘʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʣʷ ʢʦʪʣʦʚʠʥʳ 

ʠʤʝʶʪ ʦʟʝʨʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʜʦʩʪʘʪʦʯʥʦ ʧʦʩʪʦʷʥʥʳʡ ʩʦʩʪʘʚ ʥʘ ʚʩʝʡ ʪʝʨ-

ʨʠʪʦʨʠʠ ʜʝʧʨʝʩʩʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʧʣʠʦʮʝʥʝ ɹʘʨʛʫʟʠʥʩʢʘʷ ʚʧʘʜʠʥʘ 

ʙʳʣʘ ʟʘʥʷʪʘ ʙʦʣʴʰʠʤ ʠ ʛʣʫʙʦʢʠʤ ʧʘʣʝʦʦʟʝʨʦʤ. ʊʦʥʢʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʣʦʠ-

ʩʪʦʩʪʴ ʦʩʘʜʢʦʚ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʜʠʘʪʦʤʠʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʧʦʢʦʡʥʳʭ 

ʫʩʣʦʚʠʷʭ ʦʟʝʨʥʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ (ʃʫʥʠʥʘ ʠ ʜʨ.,2010).�� 

ɼʥʠʱʝ ɹʘʨʛʫʟʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʩʦʩʪʦʠʪ ʠʟ ʦʪʣʦʞʝʥʠʡ ʧʨʦʪʝʨʦʟʦʡʩʢʦʡ, 

ʢʝʤʙʨʠʡʩʢʦʡ, ʧʘʣʝʦʛʝʥ-ʥʝʦʛʝʥʦʚʦʡ, ʥʝʦʛʝʥ-ʵʦʧʣʝʩʪʦʮʝʥʦʚʦʡ ʠ ʯʝʪʚʝʨʪʠʯʥʦʡ 

ʛʨʫʧʧ (ʐʘʪʢʦʚʩʢʘʷ, ʂʦʣʦʤʠʝʮ, 2007; Kuzmin, Krivonogov, 1994; Takahara et 

al., 2000; Hase et al., 2003; Kataoka et al., 2003;). ʇʨʦʪʝʨʦʟʦʡʩʢʘʷ ʪʦʣʱʘ ʦʪʣʦ-

ʞʝʥʠʡ (ʛʘʨʛʠʥʩʢʘʷ, ʭʦʡʛʦʪʩʢʘʷ ʠ ʙʘʨʛʫʟʠʥʩʢʘʷ ʩʚʠʪʳ) ʩʣʦʞʝʥʘ ʛʥʝʡʩʘʤʠ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩʣʘʥʮʘʤʠ ʩ ʛʦʨʠʟʦʥʪʘʤʠ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʭ, ʧʝʣʠʪʦʤʦʨʬ-

ʥʳʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ, ʯʘʩʪʦ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʩ ʣʠʥʟʘʤʠ ʠ 

ʧʨʦʩʣʦʷʤʠ ʬʠʣʣʠʪʦʚʠʜʥʳʭ ʠ ʫʛʣʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʩʣʘʥʮʝʚ, ʜʦʣʦʤʠʪʦʚ ʠ ʘʤ-

ʬʠʙʦʣʠʪʦʚ. ʂʝʤʙʨʠʡʩʢʘʷ ʛʨʫʧʧʘ ʦʙʨʘʟʦʚʘʥʠʡ (ʜʘʚʳʢʰʠʥʩʢʘʷ, ʠʢʘʪʩʢʘʷ ʩʚʠ-

ʪʳ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʦʣʦʤʠʪʘʤʠ, ʠʟʚʝʩʪʥʷʢʘʤʠ, ʜʦʣʦʤʠʪʦʚʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ, 

ʠʥʦʛʜʘ ï ʧʨʦʩʣʦʷʤʠ ʠ ʣʠʥʟʘʤʠ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʬʠʣʣʠʪʦʚʠʜʥʳʭ ʩʣʘʥʮʝʚ, ʢʘʨ-

ʙʦʥʘʪʥʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʢʚʘʨʮʝʚʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʛʨʘʚʝʣʠʪʘʤʠ, ʢʘʨʙʦʥʘʪ-

ʥʳʤʠ ʤʘʨʛʘʥʮʝʚʳʤʠ ʨʫʜʘʤʠ.  

ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʚʧʘʜʠʥʳ (ʦʢʦʣʦ 400 ʤ) 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʤʠʦʮʝʥʘ (ʪʘʥʭʦʡʩʢʘʷ ʩʚʠʪʘ) ʧʨʝʜʩʪʘʚʣʝʥ ʪʦʣʱʝʡ ʫʛʣʝʥʦʩʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʧʣʦʭʦ ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʝ ʛʣʠʥʳ, ʧʝʩʢʠ, ʩʣʘʙʦʩʮʝ-

ʤʝʥʪʠʨʦʚʘʥʥʳʝ ʧʝʩʯʘʥʠʢʠ (ʃʦʛʘʯʝʚ ʠ ʜʨ., 1968). ʋʛʣʝʥʦʩʥʘʷ ʩʚʠʪʘ ʧʝʨʝʢʨʳʪʘ 

ʢʨʘʩʥʦʮʚʝʪʥʳʤʠ (300 ʤ) ʢʘʦʣʠʥʦʚʳʤʠ ʛʣʠʥʘʤʠ, ʛʣʠʥʠʩʪʳʤʠ ʧʝʩʢʘʤʠ, ʧʝʩʯʘ-

ʥʠʢʘʤʠ ʠ ʜʠʘʪʦʤʠʪʘʤʠ (ʃʦʛʘʯʝʚ ʠ ʜʨ., 1964). ɺʳʰʝ ʵʪʦʡ ʪʦʣʱʠ ʟʘʣʝʛʘʝʪ 

ʤʦʱʥʘʷ ʪʦʣʱʘ ʥʠʞʥʝ- ʠ ʩʨʝʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ ʦʟʝʨʥʦ-ʨʝʯʥʳʭ 

ʧʝʩʢʦʚ ʩ ʧʨʦʩʣʦʷʤʠ ʠ ʣʠʥʟʘʤʠ ʛʘʣʝʯʥʠʢʘ, ʱʝʙʥʷ ʠ ʜʨʝʩʚʷʥʠʢʘ (350-500 ʤ). 

ʅʝʦʛʝʥ-ʵʦʧʣʝʡʩʪʦʮʝʥʦʚʘʷ ʛʨʫʧʧʘ ʦʪʣʦʞʝʥʠʡ (85-300 ʤ) ʯʠʥʠʥʩʢʦʡ, ʰʘʥʭʠʥ-

ʩʢʦʡ, ʢʫʨʫʤʢʘʥʩʢʦʡ ʩʚʠʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʝʣʳʤʠ, ʩʚʝʪʣʦ-ʩʝʨʳʤʠ, ʦʙʦʭʨʝʥʥʳʤʠ 

ʧʝʩʯʘʥʠʢʘʤʠ ʠ ʘʣʝʚʨʠʪʘʤʠ, ʙʝʣʳʤʠ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʧʝʩʢʘʤʠ, ʚʘʣʫʥ-
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ʥʦ-ʛʘʣʝʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʅʝʦʛʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʚʳʭʦʜʷʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʪʦʣʴʢʦ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ (ʜ. ɸʣʛʘ, ʩ. ɹʦʜʦʥ) ʠ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʷʭ ʚʧʘʜʠʥʳ 

(ɿʘʤʘʨʘʝʚ ʠ ʜʨ., 1979). ʄʦʱʥʦʩʪʴ ʧʣʝʡʩʪʦʮʝʥ-ʛʦʣʦʮʝʥʦʚʳʭ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚ-

ʣʷʝʪ ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 250 ʤ (Lunina, 2016). ʇʣʝʡʩʪʦʮʝʥ-ʛʦʣʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝ-

ʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʬʘʮʠʘʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʠ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʴʶ. ʅʝʦʛʝ-

ʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʧʦʛʨʝʙʝʥʳ ʩʧʣʦʰʥʳʤ ʧʦʢʨʦ-

ʚʦʤ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʛʘ-

ʣʝʯʥʠʢʘʤʠ, ʧʝʩʢʘʤʠ, ʛʣʠʥʘʤʠ, ʘʣʝʚʨʦʣʠʪʘʤʠ, ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ 

ʚʩʪʨʝʯʘʶʪʩʷ ʙʣʠʞʝ ʢ ʭʨʝʙʪʘʤ (ɿʘʤʘʨʘʝʚ, 1979).  

ʏʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʝʨʝʢʨʳʚʘʶʪ ʣʝʜʥʠʢʦʚʳʝ ʦʩʘʜʢʠ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʝ ʚ ʦʩʥʦʚʥʦʤ ʩʣʘʙʦʦʢʘʪʘʥʥʳʤʠ ʛʣʳʙʘʤʠ, ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʤʠ ʦʪʣʦ-

ʞʝʥʠʷʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʝʩʯʘʥʳʤ ʥʘʧʦʣʥʠ-

ʪʝʣʝʤ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ (ʃʝʩʥʦʡ, ɺʝʨʭʥʠʡ, ʅʠʞʥʠʡ ʠ 

ʉʫʚʠʥʩʢʠʡ ʢʫʡʪʫʥʳ, ʋʣʘʥ-ɹʫʨʛʠʥʩʢʘʷ ʠ ʗʩʠʥʩʢʘʷ ʚʧʘʜʠʥʳ) ʩʣʦʞʝʥʘ ʧʝʩʯʘ-

ʥʳʤʠ ʠ ʩʫʧʝʩʯʘʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʧʝʩʯʘʥʳʭ ʪʦʣʱ ʩʚʷʟʳʚʘʶʪ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʘʣʝʦʦʟʝʨ ʚ ʧʝʨʠʦʜʳ ʦʣʝʜʝʥʝʥʠʷ ʠ ʤʝʞʣʝʜʥʠʢʦʚʠʡ (200-250 

ʪʳʩ. ʣʝʪ) (ʆʩʘʜʯʠʡ, 1988, 1995; ɽʥʠʢʝʝʚ, ʉʪʘʨʳʰʢʦ, 2009; ɽʥʠʢʝʝʚ, 2010). 

ɺʣʠʷʥʠʝ ʛʦʨʥʳʭ ʣʝʜʥʠʢʦʚ ʦʢʘʟʳʚʘʣʦ ʚʣʠʷʥʠʝ ʥʘ ʩʝʜʠʤʝʥʪʘʮʠʶ ʦʩʘʜ-

ʢʦʚ ʧʨʝʜʛʦʨʥʦ-ʥʘʢʣʦʥʥʳʭ ʨʘʚʥʠʥ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʠ ʀʢʘʪʩʢʦʛʦ ʭʨʝʙʪʦʚ (ʂʨʠ-

ʚʦʥʦʛʦʚ, 2010). ʅʘ ʧʨʝʜʛʦʨʥʳʭ ʰʣʝʡʬʘʭ, ʢʦʥʫʩʘʭ ʚʳʥʦʩʘ ʠ ʥʘʟʝʤʥʳʭ çʩʫ-

ʭʠʭè ʜʝʣʴʪʘʭ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʫʙʳʤʠ ʢʦʣʣʶʚʠʘʣʴʥʳʤʠ ʠ ʧʨʦʣʶ-

ʚʠʘʣʴʥʳʤʠ ʚʘʣʫʥʘʤʠ, ʛʣʳʙʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʠʢʦʚʳʤʠ ʦʪ-

ʣʦʞʝʥʠʷʤʠ, ʪʘʢʞʝ ʜʝʣʶʚʠʘʣʴʥʳʤʠ ʠ ʜʝʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʤʠ ʦʙʨʘʟʦ-

ʚʘʥʠʷʤʠ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʚʘʣʫʥʥʦ-ʛʣʳʙʦʚʳʝ, ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʳʝ ʠ ʧʝʩʯʘʥʦ-

ʜʨʝʚʝʩʥʦ-ʛʘʣʝʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʧʨʠʤʝʩʴʶ ʛʣʠʥʳ, ʩʫʛʣʠʥʢʦʤ ʠ ʩʫʧʝʩʴʶ 

(ʨʠʩ. 2.2) (ʋʙʫʛʫʥʦʚ ʠ ʜʨ., 2016). ʅʘ ʢʦʥʫʩʝ ʚʳʥʦʩʘ ʠ ʚʜʦʣʴ ʨʫʩʣʘ ʨ. ʀʥʘ 

ʚʩʪʨʝʯʘʝʪʩʷ ʦʙʰʠʨʥʦʝ ʧʦʣʝ ʨʘʩʩʝʷʥʠʷ ʛʣʳʙ ʠ ʚʘʣʫʥʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʣʝʜʥʠʢʦʚʳʝ ʩʨʝʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ (ʋʬʠʤʮʝʚ, 1986). 
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ʈʠʩ. 2.2. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʘʡʥʦʟʦʡʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ (ʋʙʫʛʫʥʦʚ ʠ ʜʨ., 2016) 
ʋʩʣ. ʦʙʦʟʥ. ʢ ʨʠʩʫʥʢʫ ʩʧʨʘʚʘ: 1 ï ʚʘʣʫʥʳ; 2 ï ʛʘʣʴʢʘ, ʛʨʘʚʠʡ ʠ ʛʘʣʝʯʥʠʢ 
 
ʆʪʣʦʞʝʥʠʷ ʧʨʝʜʛʦʨʥʦʡ ʨʘʚʥʠʥʳ (ʢʦʥʫʩʳ ʚʳʥʦʩʘ, ʰʣʝʡʬʳ) ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʵʣʶʚʦ-ʜʝʣʶʚʠʝʤ ʢʦʨʝʥʥʳʭ ʠ ʧʝʨʝʦʪʣʦʞʝʥʥʳʭ ʧʦʨʦʜ, ʢʦ-

ʣʶʚʠʝʤ, ʧʨʦʣʶʚʠʝʤ ʠ ʧʨʦʣʶʚʦ-ʘʣʣʶʚʠʝʤ.  

ʇʦʥʠʞʝʥʥʘʷ ʯʘʩʪʴ ʢʦʪʣʦʚʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʦʣʦʮʝʥʦʚʳʤʠ ʧʦʡʤʝʥ-

ʥʳʤʠ ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʠ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʩʬʦʨʤʠ-

ʨʦʚʘʥʳ ʧʝʩʢʦʤ, ʩʫʧʝʩʴʶ, ʩʫʛʣʠʥʢʦʤ, ʛʘʣʝʯʥʠʢʦʤ, ʠʣʦʤ (ʨʠʩ. 2.2). ɺʳʩʦʢʘʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʝʜʠʤʝʥʪʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʨ. ɹʘʨʛʫʟʠʥ ʠ ʝʝ 

ʧʨʠʪʦʢʦʚ. 

ʆʟʝʨʥʳʝ ʦʪʣʦʞʝʥʠʷ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʘʜʢʘʤʠ 

ʥʳʥʝ ʥʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ, ʧʝʨʝʩʳʭʘʶʱʠʭ çʩʦʨʦʚʳʭè, ʘ ʪʘʢʞʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦʡʤʝʥʥʳʭ ʩʪʘʨʠʯʥʳʭ ʦʟʝʨ. ʇʦ ʦʢʨʘʠʥʘʤ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʧʝʩʢʘʤʠ, ʙʣʠʞʝ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ï ʧʳʣʝʚʘʪʳʤʠ ʧʝʩʢʘʤʠ, ʩʫʧʝ-

ʩʷʤʠ ʠ ʩʫʛʣʠʥʢʘʤʠ, ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʞʝ ʦʩʘʜʢʠ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜ-

ʥʦ-ʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ (ʨʠʩ. 2.3).  

ʉʣʦʞʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʦʙʫʩʣʦʚʣʠ-

ʚʘʝʪ ʤʥʦʛʦʦʙʨʘʟʠʝ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʧʦʨʦʜ ʨʘʟʣʠʯʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʛʨʘʥʫ-

ʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʦʚ. ʇʦʯʚʦʦʙʨʘʟʫʶʱʠʝ ʧʦʨʦʜʳ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝ-

ʥʳ ʧʨʦʜʫʢʪʘʤʠ ʨʘʟʨʫʰʝʥʠʷ ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ.  
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ʈʠʩ. 2.3. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ  

ʟʘʩʦʣʝʥʠʷ (ʋʙʫʛʫʥʦʚ ʠ ʜʨ., 2016) 
 
 

2.2. ʊʝʢʪʦʥʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 
 

 ɺ ʬʦʨʤʠʨʦʚʘʥʠʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʨʠʬʪʦʚʦʡ ʚʧʘʜʠʥʳ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ 

ʠʛʨʘʶʪ ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʩʦʟʜʘʶʱʠʝ ʩʣʦʞʥʫʶ ʙʣʦʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ 

ʟʝʤʥʦʡ ʢʦʨʳ (ʨʠʩ. 2.4). 

ɺ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʦʪʤʝʯʝʥʳ 4 ʚʠʜʘ ʜʠʟʲʶʥʢʪʠʚʦʚ: ʨʘʟʣʦʤʳ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ, ʩʫʙʰʠʨʦʪʥʦʛʦ, ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʠ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ 

ʧʨʦʩʪʠʨʘʥʠʷ (ʉʝʡʩʤʦʪʝʢʪʦʥʠʢʘé, 1968; ʉʝʡʩʤʦʣʦʛʠʷé, 1981; ʏʠʧʠʟʫʙʦʚ ʠ 

ʜʨ., 2000; ʃʫʥʠʥʘ ʠ ʜʨ., 2009, 2010 ʠ ʜʨ.). ʅʘʠʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʨʘʟʣʦʤʳ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ (ɿʘʤʘʨʘʝʚ ʠ ʜʨ., 1979; ʃʫʥʠʥʘ ʠ ʜʨ., 

2009). ʉʘʤʳʤ ʢʨʫʧʥʳʤ ʷʚʣʷʝʪʩʷ ɹʘʨʛʫʟʠʥʩʢʠʡ (230 ʢʤ). ʆʥ ʩʦʩʪʦʠʪ ʠʟ 

ʋʣʶʥʩʢʦʡ (ʶʛʦ-ʟʘʧʘʜ), ʉʘʨʘʥʭʫʨʩʢʦʡ (ʮʝʥʪʨ) ʠ ʐʘʤʘʥʩʢʦʡ (ʩʝʚʝʨʦ-ʚʦʩʪʦʢ) 

ʢʫʣʠʩ. ʂ ʪʨʝʪʴʝʡ ʢʫʣʠʩʝ ʧʨʠʫʨʦʯʝʥʳ ʧʘʣʝʦʩʝʡʩʤʦʛʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ çʐʘ-

ʤʘʥʢʘè, çɸʣʣʘè, çʉʫʭʦʪʢʝè, çɼʳʨʝʥè (ʪʘʙʣ. 2.1) (ʉʝʡʩʤʦʪʝʢʪʦʥʠʢʘé, 1968; 

ʉʝʡʩʤʦʛʝʦʣʦʛʠʷ..., 1981). 

ɼʨʫʛʠʝ ʨʘʟʣʦʤʳ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʠʤʝʶʪ ʩʭʦʞʠʝ ʧʨʦʷʚ-

ʣʝʥʠʷ. ʇʦ ʛʦʣʦʮʝʥʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 2 ʪʠʧʘ. ʇʝʨʚʳʡ 

ʪʠʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʨʝʱʠʥʘʤʠ ʨʘʩʢʨʳʪʠʷ ʩ ʨʦʚʥʳʤʠ ʢʨʘʷʤʠ, ʟʘʧʦʣʥʝʥʥʳʤʠ 

ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 
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ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ (ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʟʦʥʝ ɸʨʛʘʜʠʥʩʢʦʛʦ ʨʘʟʣʦʤʘ). ʇʨʠ ʚʪʦ-

ʨʦʤ ʪʠʧʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʣʦʤʘ ʦʙʨʘʟʫʶʪʩʷ ʩʢʣʘʜʢʠ ʠ ʢʦʥʚʦʣʶʮʠʠ (ʪʘʙʣ. 

2.1). ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʦʙʥʘʨʫʞʝʥʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʚʳʭʦʜʘʭ ʯʝʪʚʝʨʪʠʯʥʳʭ ʧʦ-

ʨʦʜ (ʧʦʩ. ʋʩʪʴ-ɹʘʨʛʫʟʠʥ). ʕʪʠ ʜʝʬʦʨʤʘʮʠʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʥʘ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʤ ʦʢʦʥʯʘʥʠʠ ʨʘʟʣʦʤʘ ʍʦʣʦʜʷʥʦʯʥʳʡ. ɺ ʮʝʣʦʤ, ʜʣʷ ʨʘʟʣʦʤʦʚ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʛʦïʶʛʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʭʘʨʘʢʪʝʨʝʥ ʩʙʨʦʩʦʚʳʡ ʭʘʨʘʢʪʝʨ 

ʩʤʝʱʝʥʠʡ (ʃʫʥʠʥʘ ʠ ʜʨ., 2009, 2010). 
��

 
 

ʈʠʩ. 2.4. ʈʘʟʣʦʤʳ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ (ʃʫʥʠʥʘ ʠ ʜʨ., 2009) 
ɺ ʧʨʘʚʦʤ ʥʠʞʥʝʤ ʫʛʣʫ ʨʦʟʳ ï ʜʠʘʛʨʘʤʤʳ ʧʨʦʩʪʠʨʘʥʠʷ ʨʘʟʣʦʤʦʚ:  

ɸ ï ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ; ɹ ï ʜʣʷ ʢʨʫʧʥʳʭ ʚʧʘʜʠʥ; ɺ ï ʟʘ ʧʨʝʜʝʣʳ ʚʧʘʜʠʥʳ 
 

ʉʫʙʰʠʨʦʪʥʳʝ ʨʘʟʣʦʤʳ ʟʘʧʘʜʥʦ-ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦïʚʦʩʪʦʯʥʦ-ʶʛʦ-

ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʢʘʢ ʠ ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʡ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʚʳʰʝ ʜʠʟʲʶʥʢʪʠʚʘʤʠ, ʧʨʦʷʚʣʝʥʳ ʟʥʘʯʠ-
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ʪʝʣʴʥʦ ʨʝʞʝ. ʆʥʠ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳ ʚ ʀʢʘʪʩʢʦʤ ʭʨʝʙʪʝ, ʤʝʩʪʘʤʠ ʧʨʦʩʣʝʞʠ-

ʚʘʶʪʩʷ ʚ ɹʘʨʛʫʟʠʥʩʢʫʶ ʚʧʘʜʠʥʫ.  
ʊʘʙʣʠʮʘ 2.1. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʨʘʟʣʦʤʦʚ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

ʅʘʟʚʘʥʠʝ  
ʨʘʟʣʦʤʘ 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʍʘʨʘʢʪʝʨ 
ʩʤʝʱʝʥʠʡ 

ʈʘʟʣʦʤʳ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ 
ʋʣʶʥʩʢʠʡ ʆʪ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʭʨʝʙʪʘ ʚ ʨʘʡʦʥʝ ʨ. 

ɸʜʘʤʦʚʢʘ (80 ʢʤ) ʧʨʦʭʦʜʠʪ ʋʣʶʥʩʢʘʷ ʢʫʣʠʩʘ 
ʉʙʨʦʩʳ 

ʉʘʨʘʥʭʫʨʩʢʠʡ ʉʘʨʘʥʭʫʨʩʢʘʷ ʢʫʣʠʩʘ ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʩʝʛʤʝʥʪʦʚ. ʅʘʯʠ-
ʥʘʝʪʩʷ ʥʘ ʶʛʝ ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ɹʦʣʴʰʦʡ ʏʠʚʳʨʢʫʡ ʠ ʦʛʨʘ-
ʥʠʯʠʚʘʝʪ ʋʣʶʥʩʢʫʶ ʚʧʘʜʠʥʫ ʩʘʪʝʣʣʠʪ. ɼʘʣʝʝ ʨʘʟʣʦʤʳ 
ʦʪʜʝʣʷʶʪ ʚʧʘʜʠʥʫ ʦʪ ʭʨʝʙʪʘ, ʘ ʧʷʪʳʡ ʩʝʛʤʝʥʪ ʧʨʦʭʦʜʠʪ 

ʧʘʨʘʣʣʝʣʴʥʦ ʐʘʤʘʥʩʢʦʡ ʢʫʣʠʩʝ (155 ʢʤ) 

ʉʙʨʦʩʳ 

ʐʘʤʘʥʩʢʠʡ ʐʘʤʘʥʩʢʘʷ ʢʫʣʠʩʘ ʥʘʯʠʥʘʝʪʩʷ ʦʪ ʚʝʨʭʦʚʴʷ ʨ. ʐʘʤʘʥʢʘ 
ʥʘ ʶʛʦ-ʟʘʧʘʜ ʜʦ ʦʢʦʥʯʘʥʠʷ ʂʦʚʳʣʝʡʩʢʦʡ ʚʧʘʜʠʥʳ-

ʩʘʪʝʣʣʠʪʘ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ (118 ʢʤ) 

ʉʙʨʦʩʳ 

ʉʫʙʰʠʨʦʪʥʳʝ ʨʘʟʣʦʤʳ 
ʅʠʞʥʝʘʨʛʘ-
ʜʠʥʩʢʠʡ 

ʇʨʦʭʦʜʠʪ ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʚʜʦʣʴ ʰʠʨʦʪʥʦʛʦ ʦʪʨʝʟʢʘ 
ʨ.ɸʨʛʘʜʘ, ʧʝʨʝʩʝʢʘʷ ʢʦʪʣʦʚʠʥʫ 

ʃʝʚʦʩʜʚʠʛʦ-
ʚʳʡ 

ʉʫʭʦʪʩʢʠʡ ʅʘʯʠʥʘʝʪʩʷ ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ʉʫʭʦʪʢʘ ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚ 
ʩʝʨʝʜʠʥʝ ʚʧʘʜʠʥʳ 

ʉʙʨʦʩʳ 

ʉʝʡʩʢʠʡ ʇʨʦʭʦʜʠʪ ʚʜʦʣʴ ʨ. ʉʝʷ ʜʦ ʩʝʣ ʗʛʜʳʢ ʠ ʋʣʶʥʭʘʥ. ʉʙʣʠ-
ʞʘʝʪʩʷ ʩ ʣʦʢʘʣʴʥʳʤ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʤ ʨʘʟʣʦʤʦʤ 

ʉʙʨʦʩʳ 

ʈʘʟʣʦʤʳ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ (ʶʞʥʘʷ ʯʘʩʪʴ ʢʦʪʣʦʚʠʥʳ) 
ʐʘʤʘʥʩʢʠʡ-1 ʈʘʩʧʦʣʦʞʝʥ ʚ ʐʘʤʘʥʩʢʦʤ ʦʪʨʦʛʝ ʚ ʤʝʩʪʝ ʩʙʣʠʞʝʥʠʷ ʩ 

ɹʘʨʛʫʟʠʥʩʢʠʤ ʭʨʝʙʪʦʤ 
ɺʟʙʨʦʩʦʚʘʷ 
ʢʦʤʧʦʥʝʥʪʘ 

ʐʘʤʘʥʩʢʠʡ-2 ɺ ʐʘʤʘʥʩʢʦʤ ʦʪʨʦʛʝ ʚ ʤʝʩʪʝ ʩʙʣʠʞʝʥʠʷ ʩ ʀʢʘʪʩʢʠʤ 
ʭʨʝʙʪʦʤ 

ʉʙʨʦʩ 

ɸʣʪʘʥ-
ɻʫʩʠʭʠʥʩʢʠʡ 

ʈʘʩʧʦʣʦʞʝʥ ʩʝʚʝʨʥʝʝ ʧʝʨʚʦʛʦ ʨʘʟʣʦʤʘ ʉʤʝʱʝʥʠʝ ʧʦ 
ʪʠʧʫ ʣʝʚʦʛʦ 
ʩʜʚʠʛʘ 

ɸʨʘʥʛʘʪʫʡʩʢʠʡ 
ʨʘʟʣʦʤ 

ʅʘʭʦʜʠʪʩʷ ʚ ʋʩʪʴ-ɹʘʨʛʫʟʠʥʩʢʦʡ ʚʧʘʜʠʥʝ ʉʙʨʦʩ 

 ʇʨʦʜʦʣʞʝʥʠʝ ɸʣʪʘʥ-ɻʫʩʠʭʠʥʩʢʦʛʦ ʨʘʟʣʦʤʘ, ʚʜʦʣʴ ɹʘʨ-
ʛʫʟʠʥʩʢʦʛʦ ʠ ʏʠʚʳʨʢʫʡʩʢʦʛʦ ʟʘʣʠʚʦʚ 

ʉʙʨʦʩ 

ʉʫʙʤʝʨʠʜʠʘʥʘʣʴʥʳʝ ʨʘʟʣʦʤʳ 
ɺʝʨʭʥʝʢʫʡʪʫʥ-

ʩʢʠʡ 
ɺʝʨʭʥʠʡ ʂʫʡʪʫʥ ʉʙʨʦʩʦ-

ʩʜʚʠʛʦʚʳʡ ʠ 
ʩʜʚʠʛʦʚʦ-
ʩʙʨʦʩʦʚʳʡ 

ʂʫʣʣʫʢʩʢʠʡ ʉʝʚʝʨ ɹʘʨʛʫʟʠʥʩʢʦʡ ʚʧʘʜʠʥʳ 

 
ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʨʠʬʪʘ ʨʘʟʣʦʤʳ ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʪʨʘʩ-

ʩʠʨʫʶʪʩʷ ʩ ʦʜʥʦʛʦ ʙʦʨʪʘ ɹʘʨʛʫʟʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʥʘ ʜʨʫʛʦʡ ʧʦ ʟʦʥʘʤ ʧʦʚʳ-

ʰʝʥʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʤʦʱʥʦʩʪʴʶ ʚ ʧʝʨʚʳʝ ʤʝʪʨʳ ʚ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜʘʭ. ɺ 

ʨʳʭʣʳʭ ʦʩʘʜʢʘʭ ʦʥʠ ʧʨʦʷʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʩʠʩʪʝʤʦʡ ʪʨʝʱʠʥ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 
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ʉʨʝʜʠ ʩʫʙʰʠʨʦʪʥʳʭ ʨʘʟʣʦʤʦʚ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʚʧʘ-

ʜʠʥʳ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʅʠʞʥʝʘʨʛʘʜʠʥʩʢʠʡ, ʉʫʭʦʪʩʢʠʥʩʢʠʡ ʠ ʉʝʡʩʢʠʡ. ʅʠʞ-

ʥʝʘʨʛʘʜʠʥʩʢʠʡ ʨʘʟʣʦʤ ʧʨʦʭʦʜʠʪ ʚʜʦʣʴ ʰʠʨʦʪʥʦʛʦ ʦʪʨʝʟʢʘ ʨ. ɸʨʛʘʜʘ, ʚ ʝʝ 

ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʠ ʮʝʣʠʢʦʤ ʧʝʨʝʩʝʢʘʝʪ ʜʝʧʨʝʩʩʠʶ. ʉʫʭʦʪʢʠʥʩʢʠʡ ʨʘʟʣʦʤ 

ʥʘʯʠʥʘʝʪʩʷ ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ʉʫʭʦʪʢʘ, ʘ ʚ ʤʝʩʪʝ ʚʳʭʦʜʘ ʨʝʢʠ ʠʟ ʛʦʨ ʦʪʭʦʜʠʪ ʦʪ 

ʝʝ ʨʫʩʣʘ ʠ ʜʘʣʝʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʜʦ ʩʝʨʝʜʠʥʳ ɹʘʨʛʫʟʠʥʩʢʦʡ ʚʧʘʜʠʥʳ.  

ʇʨʠʤʝʨʥʦ ʚ 5 ʢʤ ʩʝʚʝʨʥʝʝ ʦʪ ʣʠʥʠʠ ʨʘʟʣʦʤʘ, ʚ ʧʝʨʝʩʣʘʠʚʘʶʱʠʭʩʷ ʧʝʩ-

ʢʘʭ ʠ ʩʫʛʣʠʥʢʘʭ ʦʪʤʝʯʝʥ ʩʙʨʦʩ ʧʦ ʪʨʝʱʠʥʝ. ʉʝʡʩʢʠʡ ʨʘʟʣʦʤ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 

ʥʘ ʩʝʚʝʨʝ ɹʘʨʛʫʟʠʥʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʚʜʦʣʴ ʨ. ʉʝʷ ʚ ʀʢʘʪʩʢʦʤ ʭʨʝʙʪʝ ʜʦ ʦʢʨʝʩʪ-

ʥʦʩʪʝʡ ʩʝʣ ʗʛʜʳʛ ʠ ʋʣʶʥʭʘʥ ʚʦ ʚʧʘʜʠʥʝ, ʛʜʝ ʦʥ ʩʙʣʠʞʘʝʪʩʷ ʩ ʣʦʢʘʣʴʥʳʤ 

ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʤ ʨʘʟʣʦʤʦʤ. ʂ ʟʦʥʝ ʵʪʦʛʦ ʜʠʟʲʶʥʢʪʠʚʘ ʧʨʠʫʨʦʯʝʥ ʉʝʶʡ-

ʩʢʠʡ ʠʩʪʦʯʥʠʢ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʜʳ 52Á (ʃʫʥʠʥʘ, ɻʣʘʜʢʦʚ, 2007).  

ʈʘʟʣʦʤʳ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ɹʘʨʛʫʟʠʥ-

ʩʢʦʤ ʭʨʝʙʪʝ, ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʠ ʋʩʪʴ-ɹʘʨʛʫʟʠʥʩʢʦʡ ʚʧʘʜʠʥ, ʘ ʪʘʢ-

ʞʝ ʚʙʣʠʟʠ ʧʦʙʝʨʝʞʴʷ ʦʟ. ɹʘʡʢʘʣ. ɺʳʷʚʣʝʥʦ 4 ʢʨʫʧʥʳʭ ʨʘʟʣʦʤʘ ʩ ʨʘʟʥʳʤ ʪʠ-

ʧʦʤ ʩʤʝʱʝʥʠʡ. ʐʘʤʘʥʩʢʠʡ ʨʘʟʣʦʤ ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ ʤʝʩʪʝ ʝʛʦ ʩʙʣʠʞʝʥʠʷ ʩ 

ɹʘʨʛʫʟʠʥʩʢʠʤ ʭʨʝʙʪʦʤ, ɸʣʪʘʥ-ɻʫʩʠʭʠʥʩʢʠʡ ʨʘʟʣʦʤ ʨʘʩʧʦʣʦʞʝʥ ʚ ʋʩʪʴ-

ɹʘʨʛʫʟʠʥʩʢʦʡ ʚʧʘʜʠʥʝ, ɸʨʘʥʛʘʪʫʡʩʢʠʡ ʨʘʟʣʦʤ ʥʘʭʦʜʠʪʩʷ ʚʜʦʣʴ ʧʝʨʝʰʝʡʢʘ 

ʤʝʞʜʫ ɹʘʨʛʫʟʠʥʩʢʠʤ ʠ ʏʠʚʳʨʢʫʡʩʢʠʤ ʟʘʣʠʚʘʤʠ, ɸʣʣʠʥʩʢʠʡ ʨʘʟʣʦʤ ʧʨʦʪʷʛʠ-

ʚʘʝʪʩʷ ʚʜʦʣʴ ʨ. ɸʣʣʘ (ɸʛʘʬʦʥʦʚ, 1970; ʉʝʡʩʤʦʛʝʦʣʦʛʠʷé, 1981; ʃʫʭʥʸʚ ʠ ʜʨ., 

2013). 

ɿʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʥʦʝ ʦʬʦʨʤʣʝʥʠʝ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠ-

ʥʳ ʦʢʘʟʳʚʘʝʪ ʨʘʟʣʦʤ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ (ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʙʦ-

ʣʝʝ 400 ʢʤ), ʥʘʯʠʥʘʶʱʠʡʩʷ ʫ ʛʨʘʥʠʮ ʄʦʥʛʦʣʠʠ ʠ ʟʘʢʘʥʯʠʚʘʶʱʠʡʩʷ ʚ 30 ʢʤ 

ʶʞʥʝʝ ʨ. ʊʫʨʢʘ. ʈʘʟʣʦʤ ʧʨʦʜʦʣʞʘʝʪʩʷ ʠ ʚ ʧʨʝʜʝʣʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʜʝʧʨʝʩʩʠʠ, 

ʧʨʦʷʚʣʷʷʩʴ ʢʘʢ ʚ ʦʩʘʜʦʯʥʦʤ ʥʘʧʦʣʥʝʥʠʠ ʙʘʩʩʝʡʥʘ ʚ ʚʠʜʝ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʦʡ 

ʟʦʥʳ ʥʘʨʫʰʝʥʠʡ, ʪʘʢ ʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʬʫʥʜʘʤʝʥʪʝ (ʃʫʥʠʥʘ ʠ ʜʨ., 2009). 

ʅʘʠʙʦʣʴʰʘʷ ʤʦʱʥʦʩʪʴ ʦʩʘʜʢʦʚ (2,5 ʢʤ) ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ ʧʨʦʛʠʙʝ ʫ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʛʦ ʙʦʨʪʘ ʚʧʘʜʠʥʳ. ʆʩʘʜʦʯʥʳʡ ʯʝʭʦʣ ʚ ʧʨʝʜʝʣʘʭ ɺʝʨʭʥʝʛʦ ʂʫʡʪʫʥʘ 

ʪʘʢʞʝ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ (ʜʦ 2 ʢʤ). ʉʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʡ ʨʘʟʣʦʤ 
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ʨʘʟʜʝʣʷʝʪ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʚʧʘʜʠʥʳ ʥʘ ʜʚʝ ʩʪʨʫʢʪʫʨʳ: ʛʣʫʙʦʢʠʡ ʧʨʦʛʠʙ, 

ʩʤʝʱʝʥʥʳʡ ʢ ɹʘʨʛʫʟʠʥʩʢʦʤʫ ʭʨʝʙʪʫ ʠ ʦʙʣʘʩʪʴ ɺʝʨʭʥʝʛʦ ʂʫʡʪʫʥʘ. ɺ ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʳʡ ʠʟʛʠʙ ʝʝ ʦʩʠ ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʤʝʨʠʜʠʦʥʘʣʴʥʦʝ. ʕʪʠʤ ʞʝ ʦʨʠʝʥʪʠʨʦʚʢʘʤ ʧʦʜʯʠʥʷʶʪʩʷ ʠ 

ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʙʦʨʪʘ ʚʧʘʜʠʥʳ. ʉʫʙʤʝʨʠʜʠʦʥʘʣʴ-

ʥʳʡ ʨʘʟʣʦʤ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʩʦʙʩʪʚʝʥʥʦ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʨʠʬʪʘ ʠ ʧʨʦʩʣʝ-

ʞʠʚʘʝʪʩʷ ʧʦ ʤʝʨʠʜʠʘʥʫ ʧʦʯʪʠ ʜʦ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʳ ʦʟ. ɹʘʡʢʘʣ. ɻʝʦʣʦʛʦ-

ʩʪʨʫʢʪʫʨʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʨʘʟʣʦʤʥʦʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʘʝʪ-

ʩʷ ʚ ʜʚʫʭ ʚʳʭʦʜʘʭ. ɺ ʧʝʨʚʦʤ ʚʳʭʦʜʝ ʜʣʠʥʦʡ 30 ʤ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʝʝ ʩ. ʉʘʭʫʣʠ, ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʦʨʠʪʘʤʠ ʩ ʧʝʛʤʘʪʠʪʦʚʳʤʠ ʞʠ-

ʣʘʤʠ. ʊʝʢʪʦʥʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʝ. ɺʳʷʚʣʝʥʦ 

ʜʚʘ ʩʦʧʨʷʞʝʥʥʳʭ ʨʘʟʣʦʤʘ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʟʦʥʘʭ ʜʨʦʙʣʝ-

ʥʠʷ ʠ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ. ɼʨʦʙʣʝʥʠʝ ʚ ʥʠʭ ʚʳʛʣʷʜʠʪ ʦʯʝʥʴ ñʩʚʝʞʠʤò. ʇʦ ʨʘʟ-

ʨʳʚʘʤ, ʧʘʜʘʶʱʠʤ ʥʘ ʟʘʧʘʜ, ʦʪʤʝʯʘʶʪʩʷ ʩʙʨʦʩʳ. ʊʘʢʞʝ ʦʪʤʝʯʝʥʳ ʨʘʟʨʳʚʥʳʝ 

ʥʘʨʫʰʝʥʠʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦïʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦ ʩʙʨʦʩʦʚʳʤʠ 

ʩʤʝʱʝʥʠʷʤʠ ʜʦ 35 ʩʤ, ʠ ʧʦʣʦʛʠʝ ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ ʚʦʩʪʦʯʥʦ-ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʛʦ ï ʟʘʧʘʜʥʦ-ʶʛʦ-ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦ ʩʙʨʦʩʦʚʳʤʠ ʠ ʥʘʜʚʠʛʦ-

ʚʳʤʠ ʩʤʝʱʝʥʠʷʤʠ ʦʪ 5 ʜʦ 20 ʩʤ. ʇʦʩʣʝʜʥʠʝ ʩʚʷʟʘʥʳ ʩ ʜʦʢʘʡʥʦʟʦʡʩʢʠʤ ʵʪʘ-

ʧʦʤ ʜʝʬʦʨʤʘʮʠʡ (ʃʫʥʠʥʘ ʠ ʜʨ., 2009, 2010). ʖʞʥʝʝ ʢʦʨʝʥʥʦʛʦ ʚʳʭʦʜʘ ʦʙʥʘ-

ʞʘʶʪʩʷ ʯʝʪʚʝʨʪʠʯʥʳʝ ʛʘʣʝʯʥʠʢʠ, ʥʘ ʢʦʪʦʨʳʭ ʚʳʰʝ ʟʘʣʝʛʘʶʪ ʧʣʦʪʥʳʝ ʩʫ-

ʛʣʠʥʢʠ. ɺ ʦʙʣʦʤʢʘʭ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʢʨʫʪʦʧʘʜʘʶʱʠʝ ʩʢʦʣʳ ʩʫʙʤʝʨʠʜʠʦ-

ʥʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ɺ ʢʦʨʝʥʥʦʤ ʚʳʭʦʜʝ ʛʨʘʥʠʪʦʚ ʜʣʠʥʦʡ �ý40 ʤ, ʚʳʩʦʪʦʡ 

�ý6 ʤ, ʵʢʩʧʦʟʠʮʠʝʡ 165Á, ʚʳʭʦʜʠʪ ʟʦʥʘ ɺʝʨʭʥʝʢʫʡʪʫʥʩʢʦʛʦ ʨʘʟʣʦʤʘ, ʢ ʢʦʪʦʨʦʡ 

ʧʨʠʫʨʦʯʝʥʘ ʜʦʣʠʥʘ-ʨʘʩʱʝʣʠʥʘ ʰʠʨʠʥʦʡ �ý15 ʤ, ʧʨʦʩʪʠʨʘʶʱʘʷʩʷ ʥʘ 180Á. 

ʇʦʤʠʤʦ ʥʝʝ ʚ ʩʪʝʥʢʘʭ ʢʦʨʝʥʥʦʛʦ ʚʳʭʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʟʦʥʘ ʛʨʫʙʦʛʦ ʜʨʦʙʣʝ-

ʥʠʷ ʧʦʨʦʜ. ʈʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ ʩʦʧʨʷʞʝʥʥʳʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʩʪʘʥʦʚ-

ʣʝʥ ʧʨʘʚʳʡ ʩʜʚʠʛ ʧʦ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʤ ʨʘʟʨʳʚʘʤ ʠ ʣʝʚʳʡ ʩʜʚʠʛ ï ʧʦ ʚʦ-

ʩʪʦʯʥʦ-ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʤ. ʅʘ ʩʝʚʝʨʝ ɹʘʨʛʫʟʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʚʳʜʝʣʝʥ ʂʫʣ-

ʣʫʢʩʢʠʡ ʨʘʟʣʦʤ. ʇʦ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʦʥ ʬʠʢʩʠʨʫʝʪʩʷ ʥʠʞʝ 1200 ʤ 

(ʕʧʦʚ ʠ ʜʨ., 2007). ɻʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʧʦ 
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ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʤ ʨʘʟʣʦʤʘʤ ʧʨʦʠʩʭʦʜʠʣʠ ʧʨʘʚʦʩʪʦʨʦʥʥʠʝ ʩʙʨʦʩʦ-

ʩʜʚʠʛʦʚʳʝ ʠ ʩʜʚʠʛʦ-ʩʙʨʦʩʦʚʳʝ ʩʤʝʱʝʥʠʷ (ɿʘʤʘʨʘʝʚ ʠ ʜʨ., 1979).   

ʈʘʟʣʦʤʳ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦïʶʛʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʠʤʝʶʪ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʩʙʨʦʩʦʚʳʡ ʭʘʨʘʢʪʝʨ ʩʤʝʱʝʥʠʡ, ʩʫʙʰʠʨʦʪʥʦʛʦ ï ʣʝʚʦʩʜʚʠʛʦ-

ʚʳʡ, ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ï ʩʙʨʦʩʦ-ʩʜʚʠʛʦʚʳʡ ʠ ʩʜʚʠʛʦʩʙʨʦʩʦʚʳʡ. ʅʘ ʥʝʢʦ-

ʪʦʨʳʭ ʫʯʘʩʪʢʘʭ, ʯʘʱʝ ʥʘ ʦʢʦʥʯʘʥʠʷʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʨʘʟʣʦ-

ʤʦʚ, ʦʪʤʝʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʧʨʘʚʦʩʪʦʨʦʥʥʷʷ ʩʜʚʠʛʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. 

ɺ ʛʣʫʙʦʢʦ ʧʨʦʥʠʢʘʶʱʠʭ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʷʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʜʘ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʜʦ ʛʣʫʙʠʥʳ 12ï15 ʢʤ (ʇʠʥʥʝʢʝʨ ʠ ʜʨ., 1998). ʕʪʘ 

ʚʦʜʘ ʚ ʦʪʢʨʳʪʳʭ ʨʘʟʣʦʤʘʭ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʢʦʥʚʝʢʪʠʚʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ 

ʷʯʝʡʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʧʨʦʛʨʝʚʫ ʧʦʨʦʜ ʠ ʠʭ ʚʦʩʭʦʜʷʱʠʭ ʚʝʪ-

ʚʷʭ. ʇʦ ʵʪʠʤ ʦʪʢʨʳʪʳʤ ʨʘʟʣʦʤʘʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʛʨʫʟʢʘ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʃʫʥʠʥʘ ʠ ʜʨ., 2009; ʇʣʶʩʥʠʥ ʠ ʜʨ., 2013 ʠ 

ʜʨ.). ɺʩʝ ʠʩʪʦʯʥʠʢʠ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʨʘʟʨʳʚʥʳʭ 

ʥʘʨʫʰʝʥʠʡ ʩʙʨʦʩʦʚʦʛʦ ʪʠʧʘ. ʅʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ ʩ ʘʢʪʠʚʥʳʤʠ ʚ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʨʘʟʣʦʤʘʤʠ ʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʚʳʭʦʜʳ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʝʨʝʩʝʯʝʥʠʶ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʨʘʟʣʦʤʦʚ. ɼʚʠʞʝʥʠʝ ʚʦʜʳ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʨʘʟʣʦʤʦʚ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʢʘʣʴʟʳʚʘʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ. ʆʙʱʝʝ ʜʚʠʞʝʥʠʝ ʚʦʜʳ ï ʩ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʘʩʩʠʚʦʚ ʢ 

ʤʝʞʛʦʨʥʳʤ ʚʧʘʜʠʥʘʤ. ʅʘ ʛʨʘʥʠʮʘʭ ʙʣʦʢʦʚ ʤʦʛʫʪ ʜʦʙʘʚʣʷʪʴʩʷ ʩʚʝʞʠʝ ʧʦʨʮʠʠ 

ʚʦʜʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʄʝʩʪʘ ʧʠʪʘʥʠʷ ʛʠʜʨʦʪʝʨʤ ʩʚʷʟʘʥʳ ʩ ʤʝʩʪʥʳʤʠ ʧʦʥʠʞʝʥʠʷʤʠ, ʙʣʘʛʦ-

ʧʨʠʷʪʥʳʤʠ ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʚʛʣʫʙʴ 

ʨʘʟʣʦʤʦʚ. ɺʦʜʦʩʙʦʨʥʘʷ ʧʣʦʱʘʜʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʰʠʨʥʫʶ ʚʳʩʦʢʦʛʦʨ-

ʥʫʶ ʨʝʟʢʦ ʨʘʩʯʣʝʥʝʥʥʫʶ ʦʙʣʘʩʪʴ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʩʪʫʧʝʥʷʤʠ. 

ʇʝʨʚʘʷ (ʥʠʟʢʦʛʦʨʥʘʷ) ʩʪʫʧʝʥʴ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʚʳʩʦʪʥʦʤ ʧʦʷʩʝ ʚ ʧʨʝʜʝʣʘʭ 600 

ï1000 ʤ. ɺʪʦʨʘʷ (ʩʨʝʜʥʝʛʦʨʥʘʷ) ʩʪʫʧʝʥʴ ʚʳʜʝʣʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʚʳʩʦʪ ʦʪ 

1000 ʜʦ 1600ï1800 ʤ. ʕʪʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʦʣʴʮʦʚʘʷ ʦʙʣʘʩʪʴ ʩ ʤʘʩʩʠʚʥʳʤʠ 

ʧʨʷʤʳʤʠ ʠ ʚʳʧʫʢʣʳʤʠ ʩʢʣʦʥʘʤʠ ʙʦʣʴʰʦʡ ʠ ʩʨʝʜʥʝʡ ʢʨʫʪʠʟʥʳ ʩ ʦʪʜʝʣʴʥʳʤʠ 

ʦʩʪʘʥʮʘʤʠ ʠ ʦʪʚʝʩʥʳʤʠ ʩʢʘʣʘʤʠ. ʊʨʝʪʴʷ, ʩʘʤʘʷ ʚʝʨʭʥʷʷ ʩʪʫʧʝʥʴ ʭʨʝʙʪʦʚ, 
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ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʳʩʦʢʦʛʦʨʥʳʤ ʵʢʟʘʨʘʮʠʦʥʥʳʤ ʨʝʣʴʝʬʦʤ: ʢʘʨʘʤʠ, ʢʘʨʣʠʥʛʘʤʠ, 

ʧʠʣʦʦʙʨʘʟʥʳʤʠ ʛʨʝʙʥʷʤʠ ʠ ʪʨʦʛʘʤʠ. ɹʦʣʴʰʠʝ ʘʙʩʦʣʶʪʥʳʝ ʚʳʩʦʪʳ ʙʣʘʛʦʧʨʠ-

ʷʪʩʪʚʫʶʪ ʩʦʭʨʘʥʝʥʠʶ ʵʪʠʭ ʬʦʨʤ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʦʟʜʘʥʥʳʭ ʣʝʜʥʠʢʘʤʠ. ɿʥʘ-

ʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʧʨʦʥʠʢʘʝʪ ʚ ʥʝʜʨʘ ʚ ʧʨʝʜʝʣʘʭ ʵʪʦʡ, ʩʘʤʦʡ ʚʝʨʭ-

ʥʝʡ ʯʘʩʪʠ ʭʨʝʙʪʦʚ, ʠ ʛʦʩʧʦʜʩʪʚʫʶʱʠʝ ʟʜʝʩʴ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʧʨʝʜʝ-

ʣʷʶʪ ʨʝʩʫʨʩʳ, ʠʟʦʪʦʧʥʳʡ ʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʨʝ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚʳ ʛʠʜʨʦ-

ʪʝʨʤ (ʇʠʩʘʨʩʢʠʡ, 1987; ʇʠʥʥʝʢʝʨ, 1998).  

ɺ ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ ʠ ʛʦʣʦʮʝʥʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪ-

ʣʦʚʠʥʳ ʠ ʥʘ ʧʨʠʣʝʛʘʶʱʠʭ ʫʯʘʩʪʢʘʭ ʧʦʩʪʦʷʥʥʦ ʧʨʦʠʩʭʦʜʠʣʠ ʩʠʣʴʥʳʝ ʨʘʟʨʳ-

ʚʦʦʙʨʘʟʫʶʱʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ (ʉʦʣʦʥʝʥʢʦ ʠ ʜʨ., 1993; ʄʝʣʴʥʠʢʦʚʘ, ʈʘʜʟʠʤʦ-

ʚʠʯ, 1998). ɼʝʧʨʝʩʩʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʵʧʠʮʝʥʪʨʦʚ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʡ, ʤʘʛʥʠʪʫʜʘ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 5, 6 ʙʘʣʣʦʚ (ʉʝʡʩʤʦʛʝʦʣʦʛʠʷ é, 

1981) (ʨʠʩ. 2.5).  

 
 

ʈʠʩ. 2.5. ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ɹʘʨʛʫʟʠʥʩʢʦʡ ʨʠʬʪʦʚʦʡ ʚʧʘʜʠʥʝ ʠ ʥʘ ʩʦʧʨʝʜʝʣʴʥʦʡ  
ʪʝʨʨʠʪʦʨʠʠ (ʃʫʥʠʥʘ ʠ ʜʨ., 2009) 
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ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʧʨʠʫʨʦʯʝʥʘ ʢ ʨʘʡʦʥʫ 

ʧʦʣʫʦʩʪʨʦʚʘ ʉʚʷʪʦʡ ʥʦʩ, ʢʦʪʣʦʚʠʥʝ ʦʟ. ɹʘʡʢʘʣ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɹʘʨʛʫʟʠʥ-

ʩʢʦʡ ʢʦʪʣʦʚʠʥʳ (ʨʠʩ. 2.5). ɻʫʩʪʦʡ ʨʦʡ ʦʯʘʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʪʤʝʯʘʝʪʩʷ ʪʘʢ-

ʞʝ ʥʘ ʀʢʘʪʩʢʦʤ ʭʨʝʙʪʝ, ʧʨʠʫʨʦʯʝʥʥʦʡ ʢ ʄʘʨʠʢʪʠʥʩʢʦʡ ʚʧʘʜʠʥʝ-ʩʘʪʝʣʣʠʪʫ ʠ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʚʜʦʣʴ ʋʣʶʥʩʢʦʛʦ ʦʪʨʦʛʘ. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʪʷ-

ʛʦʪʝʶʪ ʢ ʨʘʟʣʦʤʘʤ, ʫʟʣʘʤ ʧʝʨʝʩʝʯʝʥʠʷ ʠ ʫʯʘʩʪʢʘʤ ʠʭ ʩʙʣʠʞʝʥʠʷ. ʇʦʣʷ 

ʥʘʧʨʷʞʝʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ɹʘʨʛʫʟʠʥʩʢʦʡ ʨʠʬʪʦʚʦʡ ʚʧʘʜʠʥʳ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʩ-

ʪʷʞʝʥʠʶ (52%), ʨʘʩʪʷʞʝʥʠʶ ʩʦ ʩʜʚʠʛʦʤ (16%) ʠ ʩʜʚʠʛʫ (25%), ʩʞʘʪʠʷ ʠ ʩʞʘ-

ʪʠʷ ʩʦ ʩʜʚʠʛʦʤ (7%) (ʃʫʥʠʥʘ ʠ ʜʨ., 2009).  

ɻʣʘʚʥʫʶ ʨʦʣʴ ʚ ʨʘʟʣʦʤʥʦʡ ʩʝʪʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʠʛʨʘʶʪ 

ʜʠʟʲʶʥʢʪʠʚʳ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦïʶʛʦ-ʟʘʧʘʜʥʦʛʦ çʙʘʡʢʘʣʴʩʢʦʛʦè ʥʘʧʨʘʚʣʝ-

ʥʠʷ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʜʦʤʠʥʠʨʫʶʪ ʢʘʢ ʚ ʦʪʨʠʮʘʪʝʣʴʥʳʭ, ʪʘʢ ʠ ʚ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʭ ʬʦʨʤʘʭ ʨʝʣʴʝʬʘ. ɿʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʥʦʝ ʦʬʦʨʤʣʝʥʠʝ 

ʦʜʥʦʡ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʜʝʧʨʝʩʩʠʡ ʇʨʠʙʘʡʢʘʣʴʷ ʦʢʘʟʳʚʘʝʪ ʨʘʟʣʦʤ ʩʫʙʤʝʨʠʜʠ-

ʦʥʘʣʴʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʥʘʯʠʥʘʶʱʠʡʩʷ ʫ ʛʨʘʥʠʮ ʄʦʥʛʦʣʠʠ. ʅʝʤʘʣʦʚʘʞʥʫʶ 

ʨʦʣʴ ʠʛʨʘʶʪ ʨʘʟʣʦʤʳ ʩʫʙʰʠʨʦʪʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ɺ ʤʝ-

ʩʪʘʭ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʨʘʟʣʦʤʦʚ ʦʪʤʝʯʘʝʪʩʷ ʨʘʟʛʨʫʟʢʘ ʪʨʝʱʠʥʥʦ-ʞʠʣʴʥʳʭ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ (ɼʟʶʙʘ ʠ ʜʨ., 1999). ʊʘʢʞʝ ʢ ʫʯʘʩʪʢʘʤ ʩ ʨʘʟʨʳʚʥʳʤʠ 

ʥʘʨʫʰʝʥʠʷʤʠ ʧʨʠʫʨʦʯʝʥʳ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ.  

 
2.3. ɻʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

 
ɻʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʬʦʨʤʠʨʦʚʘ-

ʣʦʩʴ ʚ ʯʝʪʳʨʝ ʵʪʘʧʘ (ʅʘʛʦʨʴʷé,1974). ʇʝʨʚʘʷ ʩʪʘʜʠʷ ʩʚʷʟʘʥʘ ʩ ʟʘʚʝʨʰʘʶʱʠʤ 

ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʤ ʦʨʦʛʝʥʝʟʦʤ. ɺʦ ʚʪʦʨʦʡ ʩʪʘʜʠʠ (ʨʘʥʥʝʢʘʡʥʦʟʦʡʩʢʘʷ) ʧʨʦ-

ʠʩʭʦʜʠʣʦ ʧʨʠʦʩʪʘʥʦʚʣʝʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʊʨʝʪʴʷ ʦʨʦʛʝʥʥʘʷ ʩʪʘ-

ʜʠʷ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʣʴʝʬʘ ʰʣʦ ʚ ʤʠʦʮʝʥ-

ʧʣʠʦʮʝʥʦʚʦʝ ʚʨʝʤʷ, ʘ ʟʘʚʝʨʰʠʣʘʩʴ ʚ ʧʦʟʜʥʝʤ ʧʣʠʦʮʝʥʝ ï ʨʘʥʥʝʤ ʵʦʧʣʝʡʩʪʦ-

ʮʝʥʝ. ʕʪʦ ʚʨʝʤʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʟʢʠʤ ʨʘʩʯʣʝʥʝʥʠʝʤ ʨʝʣʴʝʬʘ, ʫʩʠʣʝʥʠʝʤ 

ʛʣʫʙʠʥʥʦʡ ʵʨʦʟʠʠ, ʫʥʘʩʣʝʜʦʚʘʥʥʳʤ ʧʨʦʛʠʙʘʥʠʝʤ ʠ ʩʪʘʥʦʚʣʝʥʠʝʤ ɹʘʨʛʫʟʠʥ-

ʩʢʦʡ ʚʧʘʜʠʥʳ, ʘ ʪʘʢʞʝ ʚʧʘʜʠʥ-ʩʧʫʪʥʠʢʦʚ. ɺ ʘʥʪʨʦʧʦʛʝʥʥʳʡ ʧʝʨʠʦʜ ʧʨʦʭʦʜʠ-
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ʣʘ ʫʞʝ ʯʝʪʚʝʨʪʘʷ ʩʪʘʜʠʷ, ʟʘʚʝʨʰʘʶʱʘʷʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʯʝʨʪ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʨʝʣʴʝʬʘ. ɼʣʠʪʝʣʴʥʳʡ ʵʪʘʧ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪ-

ʣʦʚʠʥʳ ʧʨʝʜʦʧʨʝʜʝʣʠʣ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟ-

ʣʠʯʥʳʭ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʪʨʝʭ ʪʠʧʦʚ: ʜʝʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʭ 

ʧʨʝʜʛʦʨʥʳʭ ʥʘʢʣʦʥʥʳʭ ʨʘʚʥʠʥ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʠ ʀʢʘʪʩʢʦʛʦ ʭʨʝʙʪʦʚ, ʢʦʤ-

ʧʣʝʢʩʘ ʰʠʨʦʢʠʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʪʝʨʨʘʩ ʠ ʧʦʡʤ ʠ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʪʝʧʥʳʭ ʧʣʦʩ-

ʢʦʚʝʨʰʠʥʥʳʭ ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ (ʢʫʡʪʫʥʦʚ) (ʨʠʩ. 2.6) (ʃʦʛʘʯʝʚ, 1974; ʀʤʝʪʭʝ-

ʥʦʚ, 2013). 

 

 
 

ʈʠʩ. 2.6. ʈʝʣʴʝʬ ʠ ʦʩʥʦʚʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ɹʘʨʛʫʟʠʥʩʢʦʡ ʚʧʘʜʠʥʳ 
(ʋʙʫʛʫʥʦʚ ʠ ʜʨ., 2017)  

ʋʩʣ. ʦʙʦʟʥ. ʚʧʘʜʠʥʳ-ʩʘʪʝʣʣʠʪʳ: 1 ï ɺʘʣʠʫʣʠʥʩʢʘʷ; 2 ïʋʣʶʥʩʢʘʷ; 3 ï ʐʘʤʘʥʩʢʘʷ; 4 ï 
ʋʣʘʥ-ɹʫʨʛʠʥʩʢʘʷ; ʢʨʫʧʥʳʝ ʤʝʞʚʧʘʜʠʥʥʳʝ ʧʝʨʝʤʳʯʢʠ (ʦʪʨʦʛʠ): ɸ ï ʐʘʤʘʥʩʢʘʷ; ɹ ï 
ʋʣʶʥʩʢʘʷ; ɺ ï ʉʘʭʫʣʠʥʩʢʘʷ; ɻ ï ʄʦʣʝʙʝʥʩʢʘʷ; ɼ ï ɸʨʛʘʜʠʥʩʢʘʷ; ʢʨʫʧʥʳʝ ʧʝʩʯʘʥʳʝ ʚʦʟ-
ʚʳʰʝʥʥʦʩʪʠ (ʢʫʡʪʫʥʳ): I ï ʉʫʚʠʥʩʢʠʡ; II ï ʅʠʞʥʠʡ; III ï ɺʝʨʭʥʠʡ; IV ï ʃʝʩʥʦʡ;  - 

ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʝ ʥʠʟʠʥʳ ʟʦʥ ʥʦʚʝʡʰʝʛʦ ʧʦʛʨʫʞʝʥʠʷ 
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ɼʝʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʘʷ ʧʨʝʜʛʦʨʥʘʷ ʥʘʢʣʦʥʥʘʷ ʨʘʚʥʠʥʘ ʫʟʢʦʡ ʧʦ-

ʣʦʩʦʡ (ʦʪ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʜʦ 5-7 ʢʤ) ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ɹʘʨʛʫ-

ʟʠʥʩʢʦʛʦ ʠ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʀʢʘʪʩʢʦʛʦ ʭʨʝʙʪʘ. ʆʙʨʘʟʦʚʘʥʘ ʦʥʘ ʩʣʠʚʘʶʱʠʤʠʩʷ 

ʢʦʥʫʩʘʤʠ ʚʳʥʦʩʘ ʛʦʨʥʳʭ ʨʝʢ ʠ ʚʨʝʤʝʥʥʳʭ ʚʦʜʦʪʦʢʦʚ. ʋ ʧʦʜʥʦʞʠʡ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʧʨʝʜʛʦʨʥʦʡ ʨʘʚʥʠʥʳ ʭʦʣʤʠʩʪʘʷ, ʘ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʳ-

ʨʘʚʥʠʚʘʝʪʩʷ. ɺ ʫʩʪʴʝʚʳʭ ʯʘʩʪʷʭ ʪʨʦʛʦʚʳʭ ʜʦʣʠʥ ʚʳʨʘʞʝʥʳ ʬʨʘʛʤʝʥʪʳ ʤʦ-

ʨʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. ʇʨʠ ʚʳʭʦʜʝ ʥʘ ʜʦʣʠʥʫ ʛʣʫʙʠʥʘ ʵʨʦʟʠʦʥʥʦʛʦ ʚʨʝʟʘ ʨʝʟʢʦ 

ʩʥʠʞʘʝʪʩʷ, ʨʫʩʣʘ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʦʪʦʢʠ, ʚʦʜʦʪʦʢʠ, ʢʦʪʦ-

ʨʳʝ ʬʠʣʴʪʨʫʶʪʩʷ ʚ ʩʦʙʩʪʚʝʥʥʳʝ ʥʘʥʦʩʳ. 

ʉʘʤʳʝ ʥʠʟʢʠʝ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʜʥʠʱʘ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦ-

ʚʠʥʳ ʟʘʥʷʪʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʨʝʢʘʤʠ (223) ʠ ʦʟʝʨʘʤʠ (4918), ʢʦʪʦʨʳʝ ʦʙʨʘ-

ʟʫʶʪ ʦʙʰʠʨʥʫʶ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʫʶ ʨʘʚʥʠʥʫ (ɺʦʜʥʳʝ é, 2006). ʉ ʩʝʚʝʨʘ 

ʥʘ ʶʛ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ 3 ʢʨʫʧʥʳʝ ʨʘʩʰʠʨʝʥʠʷ. ʉʘʤʦʝ ʩʝʚʝʨʥʦʝ ʨʘʩʰʠ-

ʨʝʥʠʝ ʠʤʝʝʪ ʨʘʟʤʝʨ 8ʭ15 ʢʤ ʠ ʥʘʭʦʜʠʪʩʷ ʧʦ ʦʙʦʠʤ ʙʝʨʝʛʘʤ ʨ. ɹʘʨʛʫʟʠʥ ʧʨʠ 

ʚʧʘʜʝʥʠʠ ʚ ʥʝʛʦ ʨʝʢ ɻʘʨʛʘ ʠ ʐʘʤʘʥʢʘ. ʉʨʝʜʥʝʝ ʨʘʩʰʠʨʝʥʠʝ ʚʳʪʷʥʫʪʦ ʚ ʚʠʜʝ 

ʦʚʘʣʘ ʥʘ 30ʭ32 ʢʤ (ʧʣʦʱʘʜʴ ʙʦʣʝʝ 300 ʢʤ2) ʨʘʩʧʦʣʦʞʝʥʦ ʤʝʞʜʫ ʩ. ʄʦʛʦʡʪʦ ʠ 

ʨ. ɸʨʛʘʜʘ. ʉʘʤʦʝ ʙʦʣʴʰʦʝ ʧʦ ʧʣʦʱʘʜʠ (35ʭ40 ʢʤ) ʨʘʩʰʠʨʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ 

ʶʞʥʦʡ ʯʘʩʪʠ ʢʦʪʣʦʚʠʥʳ, ʧʨʦʩʪʠʨʘʝʪʩʷ ʦʪ ʜʦʣʠʥʳ ʨ. ʋʣʘʥ-ɹʫʨʛʘ ʜʦ ʶʛʦ-

ʟʘʧʘʜʥʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚʧʘʜʠʥʳ. ʈʫʩʣʦ ʨʝʢʠ ɹʘʨʛʫʟʠʥ ʠ ʝʛʦ ʧʨʠʪʦʢʦʚ ʚ ʧʨʝʜʝ-

ʣʘʭ ʟʦʥʳ ʧʦʛʨʫʞʝʥʠʷ ʜʨʦʙʠʪʩʷ ʚ ʩʣʦʞʥʦ ʩʧʫʪʘʥʥʫʶ ʩʝʪʴ ʨʫʢʘʚʦʚ ʠ ʧʨʠʪʦʢʦʚ, 

ʩʦʝʜʠʥʷʶʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʦʛʨʦʤʥʫʶ ʤʘʩʩʫ ʩʪʘʨʠʮ, ʧʨʦʚʘʣʴʥʳʭ ʠ ʜʨʫʛʠʭ 

ʦʟʝʨ. ʇʦʚʝʨʭʥʦʩʪʴ ʦʯʝʥʴ ʩʠʣʴʥʦ ʟʘʙʦʣʦʯʝʥʘ. 

ʆʢʦʣʦ ʪʨʝʪʠ ʜʥʠʱʘ ʢʦʪʣʦʚʠʥʳ ʟʘʥʷʪʳ ʧʝʩʯʘʥʳʤʠ ʫʚʘʣʘʤʠ çʢʫʡʪʫʥʘ-

ʤʠè, ʚʳʩʦʪʦʡ ʦʪ 30-50 ʜʦ 180-200 ʤ, ʧʨʦʩʪʠʨʘʶʱʠʭʩʷ ʚʜʦʣʴ ʧʦʜʥʦʞʴʷ ʀʢʘʪ-

ʩʢʦʛʦ ʭʨʝʙʪʘ. ʇʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʳʜʝʣʷʶʪ ʃʝʩʥʦʡ, 

ɺʝʨʭʥʠʡ, ʅʠʞʥʠʡ ʠ ʉʫʚʠʥʩʢʠʡ ʢʫʡʪʫʥʳ. ʉʘʤʳʡ ʙʦʣʴʰʦʡ ʧʦ ʧʣʦʱʘʜʠ ʧʝʩʯʘ-

ʥʳʡ ʤʘʩʩʠʚ ʫʨʦʯʠʱʘ çʃʝʩʥʦʡ ʢʫʡʪʫʥè ʠʤʝʝʪ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʦʢʦʣʦ 50 ʢʤ ʚ 

ʜʣʠʥʫ ʠ ʜʦʩʪʠʛʘʝʪ 20 ʢʤ ʚ ʰʠʨʠʥʫ. ʉ ʶʛʘ ʠ ʩʝʚʝʨʘ ʃʝʩʥʦʡ ʢʫʡʪʫʥ ʦʛʨʘʥʠʯʝʥ 

ʨʝʢʘʤʠ ɻʘʨʛʘ ʠ ʍʘʭʘʨʭʘʡ. ɺ ʤʝʞʜʫʨʝʯʴʝ ʨʝʢ ɻʘʨʛʠ ʠ ɸʨʛʘʜʳ ʥʘʭʦʜʠʪʩʷ 

çɺʝʨʭʥʠʡ ʢʫʡʪʫʥè. çʅʠʞʥʠʡ ʢʫʡʪʫʥè ʩ ʪʨʝʭ ʩʪʦʨʦʥ ʦʛʨʘʥʠʯʝʥ ʨʝʢʘʤʠ ɹʘʨʛʫ-
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ʟʠʥ, ɸʨʛʘʜʘ ʠ ʋʣʘʥ-ɹʫʨʛʘ. ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʢʦʪʣʦʚʠʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʝʙʦʣʴ-

ʰʦʡ ʧʦ ʨʘʟʤʝʨʘʤ çʉʫʚʠʥʩʢʠʡ ʢʫʡʪʫʥè. ʂʫʡʪʫʥʳ ʩʣʦʞʝʥʳ ʤʦʱʥʦʡ ʪʦʣʱʝʡ 

ʧʝʩʯʘʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʀʚʘʥʦʚ, 1966; ɺʳʨʢʠʥ, 1986, 2004; ɼʘʤʙʠʝʚ, ʕʨʜʳʥʝʝ-

ʚʘ, 1997; ɼʘʤʙʠʝʚ, 2000; ɹʠʣʠʢʪʫʝʚʘ, 2007 ʠ ʜʨ.). ʕʦʣʦʚʳʡ ʨʝʣʴʝʬ ʧʨʝʜʩʪʘʚ-

ʣʝʥ ʛʨʷʜʦʚʦ-ʙʫʛʨʠʩʪʳʤʠ ʬʦʨʤʘʤʠ, ʜʶʥʘʤʠ, ʢʦʪʣʦʚʠʥʘʤʠ ʚʳʜʫʚʘʥʠʷ ʠ ʚʝʪ-

ʨʦʚʳʤʠ ʦʩʪʘʥʮʘʤʠ.  

ɹʘʨʛʫʟʠʥʩʢʘʷ ʢʦʪʣʦʚʠʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤ ʛʝʦʤʦʨʬʦʣʦ-

ʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʘʜʠʷʤʠ ʨʝʣʴʬʝʦʦʙʨʘʟʦʚʘʥʠʷ 

ʩ ʤʝʟʦʟʦʡʩʢʦʛʦ ʧʝʨʠʦʜʘ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʅʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʣʴʝʬʘ 

ʧʨʝʜʛʦʨʥʳʭ ʥʘʢʣʦʥʥʳʭ ʨʘʚʥʠʥ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʠ ʀʢʘʪʩʢʦʛʦ ʭʨʝʙʪʦʚ, ʰʠʨʦʢʠʭ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʪʝʨʨʘʩ, ʧʦʡʤ ʠ ʩʪʝʧʥʳʭ ʧʣʦʩʢʦʚʝʨʰʠʥʥʳʭ ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ 

(ʢʫʡʪʫʥʦʚ) ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʟʣʦʤʳ.  
 

2.4. ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʨʤ 
ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

 
ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʥʝʦʜʥʦʨʦʜʥʦʝ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʣʦʞʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʩʪʨʦʝʥʠʷ ʢʨʠʦʣʠʪʦʟʦʥʳ (ɿʘʤʘʥʘ, 1978), 

ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ (ɸʜʫʰʠʥʦʚ, 1974), ʥʘʣʠʯʠʝʤ 

ʤʥʦʞʝʩʪʚʘ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ (ʃʫʥʠʥʘ ʠ ʜʨ., 2009). ɺ ɹʘʨ-

ʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʝ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʤʝʞʛʦʨʥʳʭ ʨʠʬʪʦʛʝʥʥʳʭ ʚʧʘʜʠʥʘʭ, ʚʳ-

ʜʝʣʷʶʪ ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʚʝʪʚʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ: ʚʦʜʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʚʳʜʝʨ-

ʞʘʥʥʳʭ ʧʣʘʩʪʦʚ ʠ ʚʦʜʳ ʚʝʨʪʠʢʘʣʴʥʦ ʨʘʟʚʠʪʳʭ ʟʦʥ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʦʙʨʘʟʦ-

ʚʘʥʥʳʭ ʨʘʟʣʦʤʘʤʠ (ɼʟʶʙʘ ʠ ʜʨ., 1999). ɺʦʜʳ ʧʝʨʚʦʛʦ ʪʠʧʘ ʩʦʩʪʦʷʪ ʠʟ ʧʨʠʧʦ-

ʚʝʨʭʥʦʩʪʥʳʭ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʭ ʢʘʣʴʮʠʝʚʳʭ ʚʦʜ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 0,2-0,3 ʛ/ʣ 

ʠ ʩʣʦʷ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʭ ʥʘʪʨʠʝʚʳʭ (ʩʦʜʦʚʳʭ) ʚʦʜ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 0,2-0,6 

ʛ/ʣ. ʅʘ ʫʯʘʩʪʢʘʭ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʪʦʣʱ, ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʠ-

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ, ʨʝʞʝ ʩʣʘʙʦʥʘʧʦʨʥʳʝ ʧʦʨʦʚʦ-ʧʣʘʩʪʦʚʳʝ. ɺ 

ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ ʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʳʝ ʚʦʜʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʪʚʝʨʜʦʡ ʬʘʟʝ ʠʣʠ ʥʘʩʳʱʘʶʪ ʪʘʣʠʢʠ. ɼʣʷ ʚʦʜ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʚʳʜʝʨʞʘʥʥʳʭ 

ʧʣʘʩʪʦʚ ʭʘʨʘʢʪʝʨʥʘ ʛʠʜʨʦʭʠʤʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ (ɼʟʶʙʘ ʠ ʜʨ., 2002). 
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ɺʳʭʦʜʳ ʚʦʜ ʚʪʦʨʦʛʦ ʪʠʧʘ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʝʨʝʩʝʯʝʥʠʶ ʛʣʫʙʦʢʠʭ ʧʦʧʝ-

ʨʝʯʥʳʭ ʨʘʟʣʦʤʦʚ (ʃʫʥʠʥʘ ʠ ʜʨ., 2009; ʉʢʣʷʨʦʚ, 2011). ɺ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦ-

ʚʠʥʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʙʦʨʪʘʭ ʚʧʘʜʠʥʳ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʪʝʨ-

ʤʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ (ʨʠʩ. 

2.7). ɺ ʵʪʦʤ ʨʘʡʦʥʝ ʦʪʤʝʯʘʶʪʩʷ ʘʥʦʤʘʣʴʥʦ-ʪʝʧʣʳʝ ʧʦʣʷ (ɸʪʣʘʩ ɹʘʡʢʘʣʘ, 

1993; ɻʦʣʫʙʝʚ, 2007). ʅʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʯʘʩʪʠ ʨʠʬʪʘ, ʨʘʟʛʨʫʟʢʘ ʪʝʨʤ ʧʨʦ-

ʠʩʭʦʜʠʪ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ 25000 ʣʝʪ (ʇʣʶʩʥʠʥ ʠ ʜʨ., 2000).  

 

 
ʈʠʩ. 2.7. ʄʠʥʝʨʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

 

ʇʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʠ ʛʘʟʦʚʦʤʫ ʩʦʩʪʘʚʘʤ ʚʦʜʳ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʪʥʝʩʝʥʳ 

ʢ ɹʘʡʢʘʣʴʩʢʦʡ ʛʠʜʨʦʤʠʥʝʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʘʟʦʪʥʳʭ ʪʝʨʤ (ʃʦʤʦʥʦʩʦʚ, 1974; 

ʇʠʩʘʨʩʢʠʡ, 1987; ɹʦʨʠʩʝʥʢʦ, ɿʘʤʘʥʘ, 1978). ʇʦ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʫ ʠʩ-

ʪʦʯʥʠʢʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ: ʭʦʣʦʜʥʳʝ (ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʜʳ ʥʠʞʝ 

20Áʉ), ʩʫʙʪʝʨʤʘʣʴʥʳʝ (20-36Áʉ), ʪʝʨʤʘʣʴʥʳʝ (37-41Áʉ) ʠ ʛʠʧʝʨʪʝʨʤʘʣʴʥʳʝ 

(ʚʳʰʝ 41Áʉ). 

ɺ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʚʳʜʝʣʷʶʪ ʜʚʝ ʢʨʫʧʥʳʝ ʛʨʫʧʧʳ ʠʩʪʦʯʥʠʢʦʚ 

ʪʨʝʱʠʥʥʦ-ʞʠʣʴʥʳʭ ʚʦʜ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ ʵʣʝʤʝʥʪʦʚ: ʀʢʘʪʩʢʠʝ 

ʠ ɹʘʡʢʘʣʴʩʢʦ-ɹʘʨʛʫʟʠʥʩʢʦ-ʖʞʥʦ-ʄʫʡʩʢʠʝ. ɻʨʘʥʠʪʳ ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʦʛʦ ʙʘ-

ʪʦʣʠʪʘ, ʩʣʘʛʘʶʱʠʝ ɹʘʨʛʫʟʠʥʩʢʠʡ ʭʨʝʙʝʪ, ʷʚʣʷʶʪʩʷ ʧʦʩʪʘʚʱʠʢʦʤ ʚʝʱʝʩʪʚ ʜʣʷ 
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ʚʦʜ ɸʣʣʠʥʩʢʦʛʦ, ʂʫʯʠʛʝʨʩʢʦʛʦ, ɿʤʝʠʥʥʦʛʦ ʠʩʪʦʯʥʠʢʦʚ ʠ ʂʫʣʠʥʥʳʭ ʙʦʣʦʪ. 

ʇʦʨʦʜʳ ʀʢʘʪʩʢʦʛʦ ʭʨʝʙʪʘ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʧʦʩʪʘʚʱʠʢʦʚ ʨʘʩʪʚʦʨʝʥʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ɸʣʛʠʥʩʢʦʤ, ʀʥʩʢʦʤ, ɻʘʨʛʠʥʩʢʦʤ, ʉʝʶʡʩʢʦʤ ʠʩʪʦʯʥʠʢʘʭ (ʇʣʶʩ-

ʥʠʥ, 2013, ʐʚʘʨʮʝʚ ʠ ʜʨ., 2015).  

ʄʠʥʝʨʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʨʘʟʛʨʫʞʘʶʱʠʝʩʷ ʚ ʜʦʣʠʥʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʝ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. ʅʘ ʤʝʩʪʝ ʠʭ ʨʘʟʛʨʫʟʢʠ ʬʦʨʤʠʨʫʶʪʩʷ ʩʦʣʝʥʳʝ 

ʦʟʝʨʘ (ɺʣʘʩʦʚ ʠ ʜʨ., 1961; ɿʦʨʠʥ, 1971; ɹʦʨʠʩʝʥʢʦ, ɿʘʤʘʥʘ, 1978; ɿʘʤʘʥʘ, 

1988). ɺ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʚʳʜʝʣʷʶʪ ʍʘʨʘʤʦʜʦʥʩʢʫʶ (ɻʘʨʛʠʥʩʢʦ-

ɸʨʛʘʜʠʥʩʢʫʶ), ʋʩʪʴ-ɸʨʛʘʜʠʥʩʢʫʶ, ɸʣʛʠʥʩʢʫʶ ʠ ʂʦʢʫʡʩʢʫʶ ʛʨʫʧʧʳ ʤʠʥʝʨʘ-

ʣʠʟʦʚʘʥʥʳʭ ʦʟʝʨ. ɺ ʦʟʝʨʘʭ, ʥʘʨʷʜʫ ʩ ʪʨʝʱʠʥʥʦ-ʞʠʣʴʥʳʤʠ ʚʦʜʘʤʠ, ʚ ʧʠʪʘʥʠʠ 

ʫʯʘʩʪʚʫʶʪ ʪʘʢʞʝ ʚʦʜʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʚʳʜʝʨʞʘʥʥʳʭ ʧʣʘʩʪʦʚ (ɼʟʶʙʘ ʠ ʜʨ., 

2002).  

 ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʦʙʣʠʢ ʧʦʨʦʜ ʪʝʨʨʠʪʦʨʠʠ, ʛʜʝ ʬʦʨʤʠʨʫʶʪʩʷ ʪʝʨʤʘʣʴʥʳʝ 

ʚʦʜʳ, ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʝʨʤ. ɹʘʡʢʘʣʴʩʢʘʷ 

ʨʠʬʪʦʚʘʷ ʩʠʩʪʝʤʘ ʚ ʦʩʥʦʚʥʦʤ ʩʣʦʞʝʥʘ ʠʟ ʦʜʥʦʪʠʧʥʳʭ ʠʥʪʨʫʟʠʚʥʳʭ ʠ ʤʝʪʘ-

ʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ (ɹʘʨʘʙʘʥʦʚ, ɼʠʩʣʝʨ, 1968; ʃʦʤʦʥʦʩʦʚ, 1974; ʇʣʶʩʥʠʥ ʠ 

ʜʨ., 1978; ɹʘʩʢʦʚ, ʂʣʠʤʦʚ, 1963; ɺʘʤʧʠʣʦʚ, ʂʦʨʩʘʢ, 1986; ɿʘʤʘʥʘ, 2000 (ʘ, ʙ, 

ʚ); ʃʫʥʠʥʘ ʠ ʜʨ., 2010). ʅʦ ʥʝ ʪʦʣʴʢʦ ʵʪʠ ʧʦʨʦʜʳ ʚʣʠʷʶʪ ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʦʙ-

ʣʠʢ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ. ʇʦ ʜʘʥʥʳʤ ʀ. ɺ. ɻʦʨʜʠʝʥʢʦ (2008) ʥʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠ-

ʪʦʨʠʠ ʩʦʭʨʘʥʠʣʠʩʴ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʩʣʝʜʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɹʘʨʛʫʟʠʥʦ-

ɺʠʪʠʤʩʢʦʛʦ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʥʠʤ ʂʝʣʷʥʩʢʦʡ ʠ ʄʝ-

ʪʝʰʠʭʠʥʩʢʦʡ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʩʠʩʪʝʤ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʛʝʦ-

ʭʠʤʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʛʣʫʙʦʢʦʧʨʦʥʠʢʘʶʱʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʠʩʷ ʚ ʧʝʨʠʦʜ ʦʙʨʘʟʦʚʘʥʠʷ ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ 

ʧʦʷʩʘ. 

ʇʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʛʦʨʷʯʠʝ ʠʩʪʦʯʥʠʢʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

ʷʚʣʷʶʪʩʷ ʧʨʝʩʥʳʤʠ ʩ ʦʯʝʥʴ ʥʠʟʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (ʤʝʥʝʝ 0,5 ʛ/ʜʤ3), ʚ ʨʝʜ-

ʢʠʭ ʩʣʫʯʘʷʭ ʧʨʝʚʳʰʘʝʪ 1 ʛ/ʜʤ3. ʕʪʦ ʦʩʦʙʝʥʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʜʚʫʤʷ ʧʨʠʯʠʥʘʤʠ. 

ɺʦ-ʧʝʨʚʳʭ, ʟʦʥʘ ʪʨʘʥʟʠʪʘ ʚʦʜ ʧʨʦʭʦʜʠʪ ʚ ʧʦʨʦʜʘʭ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʚʳʚʝʪʨʠʚʘ-

ʥʠʶ, ʘ ʚʦ-ʚʪʦʨʳʭ ï ʧʠʪʘʥʠʝ ʛʣʫʙʠʥʥʳʭ ʚʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ 
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ʟʘ ʩʯʝʪ ʫʣʴʪʨʘʧʨʝʩʥʳʭ ʚʦʜ ʚʳʩʦʢʦʛʦʨʥʦʡ ʦʙʣʘʩʪʠ (ʃʦʤʦʥʦʩʦʚ, 1974; ʇʣʶʩ-

ʥʠʥ ʠ ʜʨ., 2013; ʐʚʘʨʮʝʚ, 2015). ʇʦ ʛʘʟʦʚʦʤʫ ʩʦʩʪʘʚʫ ʠʩʪʦʯʥʠʢʠ ʷʚʣʷʶʪʩʷ 

ʘʟʦʪʥʳʤʠ ʪʝʨʤʘʤʠ, ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʜʦʩʪʠʛʘʝʪ ʙʦʣʝʝ 90%. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʚʦʜ ʪʝʨʤʳ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʨʘʟʜʝʣʝʥʳ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ 

(ʪʘʙʣ. 2.2) (ɹʘʩʢʦʚ, ʂʣʠʤʦʚ,1963; ɹʘʨʘʙʘʥʦʚ, ɼʠʩʣʝʨ,1968; ʃʦʤʦʥʦʩʦʚ, 1974; 

ʋʣʴʟʝʪʫʝʚʘ, ʍʘʭʠʥʦʚ, 2011; ʇʣʶʩʥʠʥ ʠ ʜʨ., 2013; ʐʚʘʨʮʝʚ ʠ ʜʨ., 2015).  
 
ʊʘʙʣʠʮʘ 2.2. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʟʦʪʥʳʭ ʪʝʨʤ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ 
ʟʦʥʳ ʚ ʧʨʝʜʝʣʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ (ʇʣʶʩʥʠʥ ʠ ʜʨ., 2013, ʐʚʘʨʮʝʚ ʠ ʜʨ., 2015) 

ʅʘʟʚʘʥʠʝ ʠʩʪʦʯʥʠʢʘ ʊ, Áʉ ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʤʛ/ʜʤ3 ʨʅ 
ɻʠʜʨʦʢʘʨʙʦʥʘʪʥʦïʥʘʪʨʠʝʚʳʡ ʪʠʧ HCO3 ï Na 

ɸʣʣʠʥʩʢʠʡ 1 76,7 402 9.7 
ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦ ɹʈɿ 46,2 425 9,1 

ʉʫʣʴʬʘʪʥʦïʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ ʪʠʧ HCO3 ïSO4 ïNʘ 
ɸʣʣʠʥʩʢʠʡ 2 42,0 397 9,6 
ʉʝʶʡʩʢʠʡ 50,6 340 9,8 
ʂʫʣʠʥʳʝ ʙʦʣʦʪʘ 60,0 489 9,5 
ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦ ɹʈɿ 48,8 356 9,1 

ɻʠʜʨʦʢʘʨʙʦʥʘʪʥʦïʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ ʪʠʧ SO4 ï HCO3 ï Na 
ʋʤʭʝʡʩʢʠʡ 1 48,4 379 9,9 
ʋʤʭʝʡʩʢʠʡ 2 43,7 395 9,9 
ʂʫʯʠʛʝʨʩʢʠʡ 1 46,2 394 9,8 
ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦ ɹʈɿ 49,0 420 8,6 

ʉʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ ʪʠʧ SO4 ïNa 
ʂʫʯʠʛʝʨʩʢʠʡ 1 38,8 423 9,9 
ɸʣʛʠʥʩʢʠʡ 20,8 425 8,3 
ɻʘʨʛʠʥʩʢʠʡ 76,0 1065 7,6 
ɻʫʩʠʭʠʥʩʢʠʡ 73,0 679 8,6 
ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦ ɹʈɿ 48,5 795 8,0 
 

ʆʧʨʝʜʝʣʷʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚʦʜ ʷʚ-

ʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʨʝʤʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʳ ʩ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ (ʃʦ-

ʤʦʥʦʩʦʚ, 1974; ɹʦʨʠʩʝʥʢʦ, ɿʘʤʘʥʘ, 1978; ɿʘʤʘʥʘ, 2000, ʘ, ʙ; ʇʣʶʩʥʠʥ ʠ ʜʨ., 

2008). ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʫʩʢʦʨʷʶʪʩʷ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʳ ʩ ʛʦʨʥʳʤʠ 

ʧʦʨʦʜʘʤʠ, ʚ ʨʘʩʪʚʦʨ ʥʘʯʠʥʘʶʪ ʠʥʪʝʥʩʠʚʥʦ ʧʦʩʪʫʧʘʪʴ ʧʨʦʜʫʢʪʳ ʛʠʜʨʦʣʠʟʘ 

ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʳʩʘʞʠʚʘʥʠʝ ʢʘʨʙʦʥʘʪʦʚ ʠʟ 

ʨʘʩʪʚʦʨʦʚ. ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʛʨʘʜʠʝʥʪ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʨʠ ʨʝʟʢʦʡ ʩʤʝʥʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʦʩʪʘʚʘ ʠʛ-

ʨʘʶʪ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʨʘʩʪʚʦʨʝ, ʘ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝ-
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ʨʘʪʫʨʳ ï ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʳ ʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ (ʇʣʶʩʥʠʥ ʠ ʜʨ., 

2008, 2013). 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʚʦʜ ʠʤʝʝʪ ʱʝʣʦʯʥʫʶ ʨʝʘʢʮʠʶ ʩʨʝʜʳ (8,5ï10). ʉʚʷʟʴ 

ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʅ ʠ ʩʦʣʝʥʦʩʪʴʶ ʪʝʨʤ ʩʣʦʞʥʘʷ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʤʠʥʝ-

ʨʘʣʠʟʘʮʠʠ ʨʅ ʚʦʜ ʥʘʯʠʥʘʝʪ ʫʤʝʥʴʰʘʪʴʩʷ, ʵʪʘ ʪʝʥʜʝʥʮʠʷ ʥʝ ʪʠʧʠʯʥʘ ʜʣʷ ʧʦ-

ʜʘʚʣʷʶʱʝʡ ʯʘʩʪʠ ʧʨʝʩʥʳʭ ʠ ʩʦʣʝʥʳʭ ʚʦʜ (ʐʚʘʨʮʝʚ, 1998; Shvartsev, 2008). 

ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʦʣʝʥʦʩʪʠ ʠ ʨʅ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʦʩʪʫʧʣʝ-

ʥʠʷ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʩʫʣʴʬʘʪʥʳʭ ʠʦʥʦʚ (ʐʚʘʨʮʝʚ ʠ ʜʨ., 2015). 

ɺ ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʩʫʤʤʘ ʛʠʜʨʦʢʘʨ-

ʙʦʥʘʪ-ʢʘʨʙʦʥʘʪ ʠʦʥʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʨʘʪʥʦʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩ ʩʫʣʴʬʘʪ- ʠ ʭʣʦʨʠʜ-ʠʦʥʘʤʠ. ʈʘʟʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩʫʣʴʬʘʪʥʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ 

ʠʦʥʦʚ ʦʧʨʝʜʝʣʷʝʪ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜ (ɿʘʤʘʥʘ, 

2000 (ʚ); ʅʘʤʩʘʨʘʝʚ ʠ ʜʨ., 2011; ʇʣʶʩʥʠʥ, 2013) (ʪʘʙʣ. 2.3). 
 

ʊʘʙʣʠʮʘ 2.3. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʘʟʦʪʥʳʭ ʪʝʨʤ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ, ʤʛ/ʜʤ3 
(ʅʘʤʩʘʨʘʝʚ ʠ ʜʨ., 2007; ʇʣʶʩʥʠʥ ʠ ʜʨ., 2013; ʐʚʘʨʮʝʚ ʠ ʜʨ., 2015) 

ʅʘʟʚʘʥʠʝ ʠʩʪʦʯ-
ʥʠʢʘ 

ʂʘʪʠʦʥʳ ɸʥʠʦʥʳ 
Na+ K+ Ca2+ Mg2+ HCO3- CO32- SO42- Cl- SiO2 F- 

ɻʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʠʝʚʳʡ ʪʠʧ 
ɸʣʣʠʥʩʢʠʡ 98 1,7 3,8 0,0 101 20,4 45,5 25,1 95,8 10,9 
ʍʘʨʘʤʦʜʫʥʩʢʦʝ* 1097 90 70 3810 510 150 480 ï ï 
ʅʫʭʵ-ʅʫʨ* 5090 50 20 4760 3900 580 140 ï ï 
ʉʘʛʘʥ-ʅʫʨ* 2100 430 - - 1780 1240 460 530 ï ï 
ʂʦʢʫʡʩʢʦʝ* 6500 60 50 50 5380 4860 680 920 ï ï 

ʉʫʣʴʬʘʪʥʦ-ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ ʪʠʧ 
ɸʣʣʠʥʩʢʠʡ2 92 1,6 8,6 0,1 96 15,9 63,3 22,4 87,4 9,9 
ʉʝʶʡʩʢʠʡ 99 0,6 0,9 0,1 63 18,3 71,1 14,1 67,3 5,3 
ʂʫʣʠʥʳʝ ʙʦʣʦʪʘ 135 1,8 2,0 0,1 114 9,0 117,3 32,2 60,4 16,4 

ɻʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ ʪʠʧ 
ʋʤʭʝʡ1 106 0,8 0,9 0,0 74 26,4 59,2 23,5 72,0 15,8 
ʋʤʭʝʡ2 111 0,8 1,3 0,1 73 26,4 76,0 23,5 68,4 15,1 
ʂʫʯʠʛʝʨ1 104 0,9 2,3 0,1 80 24,3 74,6 17,0 80,8 10,9 

ʉʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ ʪʠʧ 
ʂʫʯʠʛʝʨ2 117 0,9 1,1 0,0 71 28,3 77,5 34,1 81,2 12,0 
ɸʣʛʠʥʩʢʠʡ 95 3,0 18,6 1,0 52 0,2 189,1 15,5 47,4 3,2 
ɻʫʩʠʭʠʥʩʢʠʡ 169 7,0 13,5 0,1 80 7,8 272,9 31,6 88,3 9,5 
ɻʘʨʛʠʥʩʢʠʡ 285 18,3 27,1 1,1 112 4,0 90,9 56,1 58,7 12,0 
ɹʦʣʴʰʦʝ ɸʣʛʠʥ-
ʩʢʦʝ* 

15700 170 20 3050 3000 25690 60 ï ï 

ʇʨʠʤʝʯʘʥʠʝ: çïè ï ʥʝʪ ʜʘʥʥʳʭ; *ï ʦʟʝʨʦ 
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ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʠʤʝʝʪ ʩʦʜʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ (ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʠ ʩʫʣʴ-

ʬʘʪʥʦ-ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʪʝʨʤʳ), ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦ-

ʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʠʦʥʦʚ. ʊʝʨʤʳ ʵʪʦʛʦ ʪʠʧʘ ʦʙʨʘʟʫʶʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠ-

ʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ. ʇʨʠ ʛʠʜʨʦʣʠʟʝ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ (ʘʣʴʙʠʪʘ), ʢʦʪʦ-

ʨʳʝ ʜʦʤʠʥʠʨʫʶʪ ʚ ʛʨʘʥʠʪʘʭ ʠ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʘʭ (ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ 

ʨʝʛʠʦʥʝ) ʦʙʨʘʟʫʝʪʩʷ ʛʠʜʨʦʢʩʠʣ ʆʅ- ʧʦ ʨʝʘʢʮʠʠ (1): 

2NaAlSi3O8 + 11 H2O = Al2Si2O5(OH) + 2 Na+ + 2 OHï + 4H4SiO4 (1). 

ɸ ʧʦʩʪʫʧʘʶʱʠʡ ʠʟ ʛʦʨʥʳʭ ʧʦʨʦʜ ʢʘʣʴʮʠʡ ʚʳʩʘʞʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʢʘʨʙʦ-

ʥʘʪʘ. ɺ ʨʘʩʪʚʦʨʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʵʣʝʤʝʥʪʳ, ʧʦʜʚʠʞʥʦʩʪʴ ʢʦʪʦʨʳʭ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʦʥʳ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ, ʧʨʠʚʥʝʩʝʥʥʳʝ ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʘʤʠ, ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʩʘʞʠʚʘʶʪʩʷ ʚ ʚʠʜʝ ʢʘʨʙʦ-

ʥʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʢʘʣʴʮʠʪʘ, ʜʦʣʦʤʠʪʘ, ʤʘʛʥʝʟʠʪʘ, ʪʨʘʚʝʨʪʠʥʘ, ʘ ʪʘʢʞʝ ʚʪʦ-

ʨʠʯʥʳʭ ʩʠʣʠʢʘʪʦʚ ʪʠʧʘ ʣʦʤʦʥʪʠʪʘ). ʀʭ ʩʦʜʝʨʞʘʥʠʝ ʚ ʪʝʨʥʘʭ ʥʠʟʢʦʝ (ʐʚʘʨ-

ʮʝʚ, 1998; ɿʘʤʘʥʘ, 2000 (ʘ); ʇʣʶʩʥʠʥ ʠ ʜʨ., 2000). ʉʨʝʜʠ ʢʘʪʠʦʥʦʚ ʥʘʯʠʥʘʝʪ 

ʜʦʤʠʥʠʨʦʚʘʪʴ ʥʘʪʨʠʡ, ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʨʅ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ. ʉʦʟʜʘʝʪʩʷ ʱʝʣʦʯʥʘʷ ʩʨʝʜʘ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʭ ʚʦʜʘʭ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʛʠʜʨʦʢʘʨʙʦʥʘʪ ʠʦʥ ʧʦ ʨʝʘʢ-

ʮʠʠ (2): 

ʉʆ2+ʆʅï = ʅʉʆ3. 

ʏʝʤ ʥʠʞʝ ʈʉʆ, ʪʝʤ ʚʳʰʝ ʨʅ ʨʘʩʪʚʦʨʘ. ɿʘ ʩʯʝʪ ʵʪʠʭ ʨʝʘʢʮʠʡ ʘʙʩʦʣʶʪʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦ-

ʜʘʤʠ. ʉʚʷʟʴ ʤʝʞʜʫ ʨʅ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʅʉʆ3 + ʉʆ3 ʩʣʦʞʥʘʷ, ʥʦ ʚ ʮʝʣʦʤ ʧʦ-

ʣʦʞʠʪʝʣʴʥʘʷ (ʐʚʘʨʮʝʚ, 1998, 2012ʙ, 2015).  

ɺʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ (ʚʩʝ ʩʫʣʴʬʘʪʥʳʝ ʥʘʪʨʠʝʚʳʝ ʪʝʨʤʳ) ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʦʜʳ ʩ ʛʦʨʥʦʡ ʧʦʨʦʜʦʡ. ʇʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʘʥʠʦʥʦʚ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ ʪʝʨʤʳ 

ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʝʝ ʱʝʣʦʯʥʳʤʠ, ʚ ʨʘʩʪʚʦʨʝ ʨʘʩʪʝʪ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʠ ʤʘʛ-

ʥʠʷ, ʥʘ ʬʦʥʝ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪʥʦʰʝ-

ʥʠʝ ʤʝʞʜʫ ʢʘʨʙʦʥʘʪ- ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥʘʤʠ. ɺ ʵʪʠʭ ʪʝʨʤʘʭ ʠʜʝʪ ʠʥʪʝʥʩʠʚ-

ʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʩʫʣʴʬʘʪ-ʠʦʥʘ (ʇʣʶʩʥʠʥ ʠ ʜʨ., 2013). 
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ʉʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʤʥʝʥʠʡ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʩʫʣʴʬʘʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ. ʉʦʩʪʘʚ ʩʫʣʴʬʘʪ-ʠʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʨʝʚʥʠʤ ʦʩʘʜʦʯʥʳʤ ʦʙ-

ʨʘʟʦʚʘʥʠʷʤ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʩʷ ʚ ʧʨʦʪʝʨʦʟʦʡʩʢʦʝ ʚʨʝʤʷ ʚ ʧʝʨʠʦʜ ʩʪʘʥʦʚʣʝ-

ʥʠʷ ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ. ʕʪʠ ʦʩʘʜʢʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ, ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʘʢʪʠʚʥʦ ʧʝ-

ʨʝʨʘʙʘʪʳʚʘʣʠʩʴ, ʘ ʩʝʨʘ ʚ ʚʠʜʝ ʩʫʣʴʬʘʪʦʚ ʦʩʪʘʣʘʩʴ ʨʘʩʩʝʷʥʘ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʧʣʦʱʘʜʠ. ʊʝʨʤʘʣʴʥʳʤʠ ʚʦʜʘʤʠ ʦʥʘ ʚʳʱʝʣʘʯʠʚʘʝʪʩʷ ʠʟ ʚʢʣʶʯʝʥʠʡ ʚ ʤʘʛʤʘ-

ʪʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʚ ʬʦʨʤʝ ʩʫʣʴʬʘʪʦʚ 

ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ, ʩʪʨʦʥʮʠʷ (ʇʣʶʩʥʠʥ, 2008; ʇʣʶʩʥʠʥ ʠ ʜʨ., 2013). 

  ʇʦ ʜʨʫʛʠʤ ʜʘʥʥʳʤ ʟʘ 1 ʤʣʥ. ʣʝʪ ʪʝʨʤʘʤʠ ʚʳʥʦʩʠʪʩʷ ʣʠʰʴ ʦʢʦʣʦ 0,12% 

ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚʦ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ. ʉʦʜʝʨʞʘʥʠʝ ʞʝ SO4 ʚ 

ʘʟʦʪʥʳʭ ʪʝʨʤʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʜ ʜʦʩʪʠʛʘʶʪ 600 ʤʛ/ʣ ʠ ʙʦʣʝʝ, ʚʦ-

ʜʦʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʥʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʪʘʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʫʣʴʬʘʪ-

ʠʦʥʘ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʫʣʴʬʘʪʦʚ ʧʨʠʚʣʝʢʘʶʪʩʷ ʵʥʜʦ-

ʛʝʥʥʳʝ ʬʣʶʠʜʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʝʨʳ. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʘʪ-ʠʦʥʘ ʚ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʤ ʥʘʪʨʠʝʚʦʤ ʪʠʧʝ ʚʦʜ ʩʚʷʟʳʚʘʶʪ ʩ ʦʢʠʩʣʝʥʠʝʤ ʩʫʣʴʬʠʜʥʳʭ 

ʤʠʥʝʨʘʣʦʚ (ʧʠʨʠʪ, ʩʬʘʣʝʨʠʪ ʠ ʪ.ʧ.) (ɿʘʤʘʥʘ, 2000 ʚ; ɼʟʶʙʘ, 2002; ʐʚʘʨʮʝʚ ʠ 

ʜʨ., 2015). ʅʘ ʛʣʫʙʠʥʘʭ ʦʢʠʩʣʝʥʠʝ ʩʝʨʳ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ 

ʩʘʤʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʥʪʝʨʚʘʣʝ 

25ï300Áʉ ʨʘʟʣʦʞʝʥʠʝ ʚʦʜʳ ʠʜʝʪ ʧʦ ʩʭʝʤʝ (3): 

2H2OŸ 2ʅ + ʆ2 (3) 

 ʇʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʨʘʩʪʘʝʪ ʠ ʜʘʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ, ʧʨʠ ʬʫʛʠ-

ʪʠʚʥʦʩʪʠ ʢʠʩʣʦʨʦʜʘ ʙʦʣʝʝ 10-60 ʘʪʤ. ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʬʦʨʤʦʡ ʩʝʨʳ ʚ ʨʘʩʪʚʦ-

ʨʘʭ ʩʪʘʥʦʚʠʪʩʷ ʩʫʣʴʬʘʪʥʘʷ (ɺʦʚʢ, 1973). ʆʢʠʩʣʝʥʠʝ ʩʝʨʳ ʠʟ ʩʫʣʴʬʠʜʥʦʡ 

ʬʦʨʤʳ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʨʘʜʠʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʚʦʜʳ. ʉʝʨʘ 

ʦʢʠʩʣʷʝʪʩʷ ʧʦ ʨʝʘʢʮʠʠ:  

FeS2+ 3,5O2+H2O= Fe2++2SO4+2H+, 

ʧʨʠ ʢʦʪʦʨʦʡ ʨʅ ʨʘʩʪʚʦʨʘ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʦʵʪʦʤʫ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʡ 

ʩʫʣʴʬʘʪ-ʠʦʥʘ ʚ ʪʝʨʤʘʭ ʟʥʘʯʝʥʠʷ ʨʅ ʫʤʝʥʴʰʘʶʪʩʷ (ʐʚʘʨʮʝʚ ʠ ʜʨ., 2015). 
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ʊʝʨʤʘʣʴʥʳʝ ʚʦʜʳ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ ʠ ʬʪʦʨʘ (ʪʘʙʣ. 2.3). ʈʘʥʝʝ (ʃʦʤʦʥʦʩʦʚ, 1974) ʩʯʠʪʘ-

ʣʦʩʴ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʬʪʦʨʘ ʚ ʪʝʨʤʘʭ ʷʚʣʷʶʪʩʷ ʨʘʩʪʚʦʨʳ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʛʝ-

ʥʝʟʠʩʘ (ʶʚʝʥʠʣʴʥʳʝ ʚʦʜʳ), ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ï ʛʦʨʥʳʝ ʧʦʨʦʜʳ (ʇʣʶʩ-

ʥʠʥ ʠ ʜʨ., 2013). ʄʝʭʘʥʠʟʤ ʧʦʩʪʫʧʣʝʥʠʷ ʬʪʦʨʘ ʠʟ ʚʤʝʱʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ. ʄʥʦʛʠʝ ʩʯʠʪʘʶʪ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʬʪʦʨʘ ʩʣʫʞʘʪ 

ʤʠʥʝʨʘʣʳ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʤʝʥʪʘ ʚʦ ʚʤʝʱʘʶ-

ʱʠʭ ʧʦʨʦʜʘʭ (ʬʣʶʦʨʠʪ, ʙʠʦʪʠʪ, ʬʣʦʛʦʧʠʪ, ʤʫʩʢʦʚʠʪ, ʧʘʣʳʛʦʨʩʢʠʪ, ʩʝʧʠʦʣʠʪ 

ʠ ʜʨ.) (ʇʣʶʩʥʠʥ ʠ ʜʨ., 2008; Jacks et al, 2005; Seelig, Bucher, 2010; Krunic et al, 

2013). ɼʨʫʛʠʝ ʠʩʭʦʜʷʪ ʠʟ ʢʦʥʮʝʧʮʠʠ ʨʘʚʥʦʚʝʩʪʥʦ-ʥʝʨʘʚʥʦʚʝʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʩʠʩʪʝʤʳ ʚʦʜʘ ï ʧʦʨʦʜʘ, ʩʦ ʚʨʝʤʝʥʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʳ ʩ ʛʦʨʥʳʤʠ ʧʦʨʦ-

ʜʘʤʠ ʠ ʩʚʷʟʘʥʥʳʤ ʩ ʵʪʠʤ ʭʘʨʘʢʪʝʨʦʤ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʨʝʜʳ (ʐʚʘʨʮʝʚ, 1998, 

2015). ʉʦʜʝʨʞʘʥʠʝ ʬʪʦʨʘ ʚ ʪʝʨʤʘʭ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʢʘʨʙʦʥʘʪʘʤʠ, ʥʦ 

ʧʣʦʭʦ ʩ ʩʫʣʴʬʘʪʘʤʠ. ʅʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʬʪʦʨʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ SiO2 ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ (ʇʣʶʩʥʠʥ ʠ ʜʨ., 2010). ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, F-, SiO2 ʠ Na+ ʧʦʩʪʫʧʘʶʪ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʟʘ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʇʣʶʩʥʠʥ ʠ ʜʨ., 2013). ʉʦʛʣʘʩʥʦ ʢʦʥʮʝʧʮʠʠ 

ʨʘʚʥʦʚʝʩʪʥʦ-ʥʝʨʘʚʥʦʚʝʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʠʟʙʳʪʦʯʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʥʝʨʘʚʥʦ-

ʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʩʚʝʥʥʦ ʦʪʨʘʞʘʶʪ ʚʨʝʤʷ ʵʚʦʣʶʮʠʠ ʩʠʩʪʝʤʳ ʚʦʜʘïʧʦʨʦʜʘ: 

ʯʝʤ ʦʥʦ ʙʦʣʴʰʝ, ʪʝʤ ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʝ ʠʭ ʚ ʪʝʨʤʘʭ, ʝʩʣʠ, ʢʦʥʝʯʥʦ, ʥʝ ʚʦʟ-

ʥʠʢʥʫʪ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʵʪʦʤʫ ʧʨʦʮʝʩʩʫ (ʐʚʘʨʮʝʚ ʠ 

ʜʨ., 2015). ɺ ʩʣʫʯʘʝ ʩ ʬʪʦʨʦʤ, ʪʘʢʠʤ ʙʘʨʴʝʨʦʤ ʚ ʩʫʣʴʬʘʪʥʳʭ ʥʘʪʨʠʝʚʳʭ ʪʝʨ-

ʤʘʭ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝ ʩ ʬʣʶʦʨʠʪʦʤ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ. 

ɼʣʷ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʭʘʨʘʢʪʝʨʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝ-

ʤʝʥʪʦʚ. ʀʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʛʠʜʨʦʪʝʨʤʘʭ ʚʳʰʝ ʬʦʥʦʚʳʭ ʚʦʜ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʣʘʨʢʫ ʚʦʜ ʟʦʥʳ ʘʢʪʠʚʥʦʛʦ ʚʦʜʦʦʙʤʝʥʘ (ʐʚʘʨʮʝʚ, 1998)), ʘ ʥʝʢʦʪʦʨʳʝ ʵʣʝ-

ʤʝʥʪʳ ʧʨʝʚʳʰʘʶʪ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ 80ï150 ʨʘʟ. ʄʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʚʦʜʳ ʜʣʷ 

ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦʡ ʞʠʜʢʦʡ ʨʫʜʳ (ʉʢʣʷʨʦʚ ʠ ʜʨ., 2011; Guo et.al. 2017; Gui et.al. 2017; 

Fan et.al. 2017; Lei et.al. 2017; Li et.al. 2017; Tereshchenko et.al. 2017; Chen, 
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2017; Wang et.al. 2017; Wu et.al. 2017; ʠ ʜʨ.). ʇʦ ʨʘʟʥʳʤ ʦʮʝʥʢʘʤ ʚ ʧʨʠʨʦʜ-

ʥʳʭ ʚʦʜʘʭ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʦʪ 35 ʜʦ 75% ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ ʣʠʪʠʷ, ʨʫʙʠʜʠʷ, ʮʝ-

ʟʠʷ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʙʨʦʤʘ ʠ ʡʦʜʘ (ʇʣʦʪʥʠʢʦʚʘ, ʃʫʢʴʷʥʯʠʢʦʚ, 2010).��

ʉʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ, ʩʚʠʥʮʘ ʠ ʢʘʜʤʠʷ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʦʞʝʥʠʝʤ 

ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʇʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ ʦʪʤʝʯʝʥʳ ʚ ʀʥ-

ʩʢʦʤ, ɻʦʨʷʯʠʥʩʢʦʤ, ɻʘʨʛʠʥʩʢʦʤ, ʂʫʯʠʛʝʨʩʢʦʤ ʠ ɻʫʩʠʭʠʥʩʢʦʤ ʠʩʪʦʯʥʠʢʘʭ. 

ʅʠʢʝʣʴ ʠ ʢʦʙʘʣʴʪ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ɻʘʨ-

ʛʠʥʩʢʦʤ, ɸʣʣʠʥʩʢʦʤ ʠ ɸʣʛʠʥʩʢʦʤ ʠʩʪʦʯʥʠʢʘʭ (ʏʝʨʥʷʚʩʢʠʡ, 2006).  

ɺʳʩʦʢʦʡ ʤʠʛʨʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʩʪʨʦʥʮʠʡ (ɻʦʨʜʦʥ, 

1968), ʦʥ ʣʝʛʢʦ ʚʳʱʝʣʘʯʠʚʘʝʪʩʷ ʠʟ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ ʠʤʝʶʪ ʛʠʜʨʦʪʝʨʤʳ, ʨʘʟʛʨʫʞʘʶʱʠʝʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʀʢʘʪʩʢʦʛʦ ʭʨʝʙʪʘ. ʄʠʛʨʘʮʠʷ ʩʪʨʦʥʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʘʣʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʚ ʬʦʨʤʝ ʧʨʦʩʪʳʭ ʛʫʜʨʦʥʠʨʦʚʘʥʥʳʭ ʢʘʪʠʦʥʦʚ (ʇʝʨʝʣʴʤʘʥ, 1972). ʉ 

ʫʚʝʣʠʯʝʥʠʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜ (ʙʦʣʝʝ 1 ʛ) ʩʪʨʦʥʮʠʡ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʩʫʣʴʬʘʪʘʤʠ. ʋ ʙʘʨʠʷ ʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʠ-

ʞʝ, ʯʝʤ ʫ ʩʪʨʦʥʮʠʷ.  

ɸʟʦʪʥʳʝ ʪʝʨʤʘʣʴʥʳʝ ʚʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʨʝʜʢʠʭ ʱʝʣʦʯʝʡ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʣʠʪʠʷ ʚ ʪʝʨʤʘʭ ʷʚʣʷʝʪʩʷ ʤʝʪʠʝʚʳʝ 

ʩʣʶʜʳ. ʀʩʪʦʯʥʠʢʦʤ ʨʫʙʠʜʠʷ ï ʤʫʩʢʦʚʠʪ, ʙʠʦʪʠʪ; ʮʝʟʠʷ ï ʧʦʣʣʫʮʠʪ, ʩʣʶʜʳ, 

ʧʦʣʝʚʳʝ ʰʧʘʪʳ. ʕʪʠ ʵʣʝʤʝʥʪʳ ʠʥʪʝʥʩʠʚʥʦ ʚʳʚʦʜʷʪʩʷ ʠʟ ʨʘʩʪʚʦʨʦʚ ʟʘ ʩʯʝʪ 

ʩʦʨʙʮʠʠ ʧʦ ʠʦʥʦʦʙʤʝʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ʃʠʪʠʡ ʥʘʠʤʝʥʝʝ ʩʢʣʦʥʝʥ ʢ ʠʦʥʦʦʙ-

ʤʝʥʥʦʡ ʩʦʨʙʮʠʠ ʥʘ ʛʣʠʥʘʭ (ʂʨʘʡʥʦʚ, 1973, 2004). ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʣʠ-

ʪʠʷ ʷʚʣʷʝʪʩʷ ʩʧʦʜʫʤʝʥ, ʢʦʪʦʨʳʡ ʣʝʛʢʦ ʨʘʟʣʘʛʘʝʪʩʷ. ɸʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʝ ʩʦ-

ʜʝʨʞʘʥʠʝ ʣʠʪʠʷ ʠʤʝʶʪ ɻʘʨʛʠʥʩʢʠʝ ʠʩʪʦʯʥʠʢʠ, ʨʫʙʠʜʠʷ ï ʉʝʶʡʩʢʠʝ, ʯʪʦ ʦʙʫ-

ʩʣʦʚʣʝʥʦ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚʦ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ. 

ʉʦʜʝʨʞʘʥʠʝ ʩʢʘʥʜʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʚʦʜʳ ʩ ʛʦʨʥʦʡ ʧʦʨʦʜʦʡ, ʩ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ. ʇʨʠ ʧʦʚʳʰʝ-

ʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʵʣʝʤʝʥʪ ʫʜʘʣʷʝʪʩʷ ʠʟ ʨʘʩʪʚʦʨʘ. 

ʇʦʩʪʫʧʣʝʥʠʝ ʘʣʶʤʠʥʠʷ ʠ ʪʠʪʘʥʘ ʚ ʨʘʩʪʚʦʨ, ʩʚʷʟʘʥʦ ʩ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ 

ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ (ʏʝʨʥʷʚʩʢʠʡ, 2006). ʆʙʦʛʘʱʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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ʪʠʪʘʥʦʤ ʩʚʷʟʳʚʘʶʪ, ʪʘʢʞʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʟʘʙʦʣʦʯʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. ʄʠʛʨʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʠʪʘʥʘ 

ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʚʦʜʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚʦʟʨʘʩʪʘʝʪ ʚ ʜʝʩʷʪʢʠ ʨʘʟ (ʂʘʣʶʞ-

ʥʳʡ, 1968). 

ʄʦʣʠʙʜʝʥ ʠ ʚʦʣʴʬʨʘʤ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʩʭʦʜʩʪʚʦ ʚ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡ-

ʩʪʚʘʭ, ʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʤʠʛʨʘʮʠʦʥʥʳʤ ʩʧʦʩʦʙʥʦʩʪʷʤ ʠ ʧʦ ʠʭ ʨʦʣʠ ʚ ʛʝʦʭʠ-

ʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ɺʦʣʴʬʨʘʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʤʝʪʘʣ-

ʣʘʭ, ʘ ʤʦʣʠʙʜʝʥ ʧʨʦʷʚʣʷʝʪ ʩʨʦʜʩʪʚʦ ʩ ʩʝʨʦʡ. ɺ ʨʘʩʪʚʦʨʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʵʪʠ 

ʵʣʝʤʝʥʪʳ ʤʠʛʨʠʨʫʶʪ ʚ ʚʠʜʝ ʧʨʦʩʪʳʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʘʥʠʦʥʦʚ ï ʚʦʣʴ-

ʬʨʘʤʘʪʦʚ ʠ ʤʦʣʠʙʜʘʪʦʚ (ʂʠʩʣʷʥʦʚ, ʑʝʪʦʯʢʠʥ, 2000). ɹʣʘʛʦʧʨʠʷʪʥʳʤʠ ʜʣʷ 

ʤʠʛʨʘʮʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʱʝʣʦʯʥʳʝ ʥʘʪʨʠʝʚʳʝ ʚʦʜʳ. ʀʟ ʨʘʩʪʚʦʨʘ 

ʦʥʠ ʤʦʛʫʪ ʚʳʚʦʜʠʪʴʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʩʦʣʷʤʠ ʢʘʣʴʮʠʷ ʠ ʧʫʪʝʤ ʩʦʨʙ-

ʮʠʠ ʥʘ ʛʠʜʨʦʦʢʠʩʣʘʭ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ (ʇʝʨʝʣʴʤʘʥ, 1972). ɹʦʣʴʰʦʡ ʨʘʟʙʨʦʩ 

ʚ ʟʥʘʯʝʥʠʷʭ ʠʤʝʶʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʨʦʤʘ ʠ ʥʠʢʝʣʷ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʠʢʠ ʚ ɻʘʨ-

ʛʠʥʩʢʦʤ ʠ ɸʣʛʠʥʩʢʦʤ ʠʩʪʦʯʥʠʢʘʭ. 

ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪʤʝʯʘʶʪʩʷ ʚ ʂʫʯʠ-

ʛʝʨʩʢʦʤ ʠ ɸʣʛʠʥʩʢʦʤ ʠʩʪʦʯʥʠʢʘʭ, ʨʘʟʛʨʫʟʢʘ, ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʟʘʙʦʣʦ-

ʯʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʠʭ ʟʝʤʝʣʴ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʦʚʘʪʴ ʦ ʤʦʣʦʜʦʩʪʠ ʨʘʟʨʳʚʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʛʨʫʟʢʘ ʛʠʜʨʦʪʝʨʤ. 

ʃʝʛʢʠʝ ʣʘʥʪʘʥʦʠʜʳ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʥʠʦʙʦ-ʪʠʪʘʥʦʚʳʭ, 

ʪʠʪʘʥʦ-ʩʠʣʠʢʘʪʥʳʭ (ʣʦʧʘʨʠʪ, ʨʠʥʢʦʣʠʪ, ʩʬʝʥ ʠ ʜʨ.) ʠ ʬʦʩʬʦʨʠʪʘʭ, ʘ ʪʷʞʝʣʳʝ 

ï ʚ ʮʠʨʢʦʥʦʩʠʣʠʢʘʪʘʭ (ʦʩʦʙʝʥʥʦ ʚ ʵʚʜʠʘʣʠʪʝ) (ʂʨʘʡʥʦʚ, 1973) 

ɻʘʟʦʥʘʩʳʱʝʥʥʦʩʪʴ ʘʟʦʪʥʳʭ ʪʝʨʤ ʩʦʩʪʘʚʣʷʝʪ 20ï35 ʤʣ/ʣ. ʆʩʥʦʚʥʳʤ ʛʘ-

ʟʦʤ ʷʚʣʷʝʪʩʷ ʘʟʦʪ 83ï98 ʦʙ. %, ʜʦ 18 ʦʙ. % ʟʘʥʠʤʘʝʪ ʢʠʩʣʦʨʦʜ, ʦʢʦʣʦ 10 ʦʙ. % 

ʩʦʩʪʘʚʣʷʝʪ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, 2 ʦʙ. % ï ʘʨʛʦʥ, ʥʘ ʜʦʣʶ ʛʝʣʠʡ + ʥʝʦʥ ʧʨʠʭʦʜʠʪʩʷ 

ʪʦʣʴʢʦ 0,5 ʦʙ %, ʚ ʦʪʜʝʣʴʥʳʭ ʨʦʜʥʠʢʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʤʝʪʘʥ, ʩʝʨʦʚʦʜʦʨʦʜ, ʚʦ-

ʜʦʨʦʜ. ɻʘʟʦʚʳʡ ʩʦʩʪʘʚ ʘʟʦʪʥʳʭ ʪʝʨʤ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʟʜʫʭʘ. ɻʘʟʳ ʘʪʤʦʩʬʝʨʳ, ʨʘʩʪʚʦʨʷʷʩʴ ʚ ʚʦʜʘʭ, ʧʨʦʥʠʢʘʶʪ ʧʦ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʨʘʟʣʦʤʘʤ ʚʛʣʫʙʴ ʟʝʤʥʦʡ ʢʦʨʳ. ʂʠʩʣʦʨʦʜ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ 

ʦʢʠʩʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʛ-
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ʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʘʢʮʠʷʭ ʛʠʜʨʦʣʠʟʘ ʘʣʶʤʦʩʠʣʠ-

ʢʘʪʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʠʩʣʦʨʦʜʘ, ʘʟʦʪ ʠ ʜʨʫʛʠʝ ʠʥʝʨʪʥʳʝ ʛʘʟʳ ʚ ʨʝʘʢʮʠʷʭ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʥʝ ʫʯʘʩʪʚʫʶʪ, ʧʦʵʪʦʤʫ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʚʦʜʝ ʧʨʠ ʚʩʝʤ ʧʫʪʠ ʝʝ ʜʚʠʞʝ-

ʥʠʷ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚʦʜʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʙʣʝʛʯʝʥ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʠʭ ʤʝʪʝʦʨʥʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ (ʇʣʶʩʥʠʥ ʠ 

ʜʨ., 2010). ʇʦʩʪʫʧʣʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʛʣʫʙʠʥʥʳʭ ʚʦʜ ʧʨʦʠʩʭʦʜʠʣʦ ʚ 

ʧʝʨʠʦʜ ʪʘʷʥʠʷ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʣʝʜʥʠʢʦʚ (ɹʘʟʘʨʦʚ ʠ ʜʨ., 1981). ɺ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʦ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʚʳʜʝʣʷʶʪ ʚʦʜʦʥʦʩʥʳʝ 

ʟʦʥʳ ʨʘʟʣʦʤʦʚ (ʇʣʶʩʥʠʥ ʠ ʜʨ., 2013). 

ʇʨʠ ʦʩʘʞʜʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʪʨʘʚʝʨʪʠ-

ʥʦʚ ʠ ʜʨ.) ʚ ʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʙʘʢʪʝʨʠʘʣʴʥʳʝ 

ʤʘʪʳ (ʇʣʶʩʥʠʥ ʠ ʜʨ., 2000; ʊʘʪʘʨʠʥʦʚ ʠ ʜʨ., 2005, ɻʝʦʭʠʤʠʯʝʩʢʠʝ é, 2011 ʠ 

ʜʨ.). ʊʝʨʤʦʬʠʣʴʥʳʝ ʮʠʘʥʦʙʘʢʪʝʨʠʠ ʩʧʦʩʦʙʥʳ ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʤʦ-

ʥʦʤʠʥʝʨʘʣʴʥʳʝ ʢʘʮʠʪʦʚʳʝ ʧʦʨʦʜʳ (ɻʝʦʭʠʤʠʯʝʩʢʘʷé, 2011). ɻʝʦʭʠʤʠʯʝʩʢʘʷ 

ʬʫʥʢʮʠʷ ʠʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʥʘʢʦʧʣʝʥʠʠ ʚʝʱʝʩʪʚ ʛʣʫ-

ʙʠʥʥʦʛʦ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ï ʛʘʟʦʚ (ʚʦʜʦʨʦʜʘ, ʘʟʦʪʘ ʠ ʜʨ.), ʩʦ-

ʝʜʠʥʝʥʠʡ ʫʛʣʝʨʦʜʘ, ʩʝʨʳ, ʘʟʦʪʘ, ʙʨʦʤʘ, ʡʦʜʘ, ʟʦʣʦʪʘ ʠ ʜʨ. (ʅʘʤʩʘʨʘʝʚ ʠ ʜʨ., 

2006; ʃʘʟʘʨʝʚʘ ʠ ʜʨ., 2010, 2012; ɻʝʦʭʠʤʠʯʝʩʢʘʷ..., 2011). 

ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʥʝ ʦʜʥʦʨʦʜʥʦʝ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʣʦʚʠʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚʳʭʦʜʳ ʯʝʪʳʨʝʭ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ 

ʪʠʧʦʚ ʚʦʜ ʩ ʨʘʟʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʪʝʤʧʝʨʘʪʫʨʦʡ, ʨʅ ʠ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠ-

ʝʤ ʵʣʝʤʝʥʪʦʚ. ʄʝʩʪʘ ʨʘʟʛʨʫʟʢʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠ-

ʫʨʦʯʝʥʳ ʢ ʧʝʨʝʩʝʯʝʥʠʷʤ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ. ʊʝʨ-

ʤʘʣʴʥʳʝ ʚʦʜʳ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʦʪʥʦʩʷʪʩʷ ʢ ʘʟʦʪʥʳʤ ʪʝʨʤʘʤ.  
 

2.4.1. ʆʩʦʙʝʥʥʦʩʪʠ ʚʦʜ ʂʫʣʴʜʫʨʩʢʦʛʦ ʪʠʧʘ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 
 

ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʪʝʨʤʘʣʴ-

ʥʳʝ ʚʦʜʳ ʩʚʦʝʦʙʨʘʟʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʙʣʠʟʢʠʝ ʧʦ ʩʦʩʪʘʚʫ ʚʦʜ, ʚʩʪʨʝ-

ʯʘʶʱʠʭʩʷ ʚ ʧʨʝʜʝʣʘʭ ɺʦʩʪʦʯʥʦ-ɸʬʨʠʢʘʥʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ, ʥʘ ʇʘʤʠʨʝ, 

ʂʘʚʢʘʟʝ. ʂʨʫʧʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʚʦʜ ʵʪʦʛʦ ʪʠʧʘ ʠʟʚʝʩʪʥʦ ʚ ɽʚʨʝʡʩʢʦʡ ʘʚʪʦ-
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ʥʦʤʥʦʡ ʦʙʣʘʩʪʠ ʚ ʤʝʩʪʥʦʩʪʠ çʂʫʣʴʜʫʨè. ʅʘʟʚʘʥʠʝ ʚʦʜʳ ʧʦʣʫʯʠʣʠ ʦʪ ʙʘʣʴ-

ʥʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʫʨʦʨʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʵʪʦʡ ʤʝʩʪʥʦʩʪʠ, ʠʤʝʶʱʝʛʦ ʢʨʝʤ-

ʥʠʩʪʦ ʬʪʦʨʠʜʥʦ-ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ ʘʟʦʪʥʳʭ ʪʝʨʤ. ɺ ɹʘʨʛʫ-

ʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʢ ʵʪʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʠʩʪʦʯʥʠʢʠ ʋʤʭʝʡ, ʂʫʯʠʛʝʨ, 

ɹʳʩʪʨʠʥʩʢʠʡ, ɻʫʩʠʭʠʥʩʢʠʡ, ʉʝʶʷ ʠ ɹʦʣʦʪʥʳʡ (ɻʝʦʭʠʤʠʯʝʩʢʘʷ é, 2011). ʆʥʠ 

ʦʪʣʠʯʘʶʪʩʷ ʥʠʟʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (0,3ï0,75 ʛ/ʜʤ3), ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʬʪʦʨʘ (14ï26 ʤʛ/ʜʤ3), ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ (80ï85,7 ʤʛ/ʜʤ3), ʱʝʣʦʯʥʦʩʪʴʶ 

(ʨʅ 9,9), ʪʝʨʤʘʣʴʥʦʩʪʴʶ (40-50Áʉ). ʉʨʝʜʠ ʢʘʪʠʦʥʦʚ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʪʨʠʡ, ʚ 

ʘʥʠʦʥʥʦʤ ʩʦʩʪʘʚʝ ʅʉʆ3
-, SO4

-2 ʠ SiO2
- ʩʦʜʝʨʞʘʪʩʷ ʧʨʠʤʝʨʥʦ ʚ ʨʘʚʥʳʭ ʢʦʣʠ-

ʯʝʩʪʚʘʭ. ɺ ʛʘʟʦʚʦʤ ʩʦʩʪʘʚʝ ʧʨʝʦʙʣʘʜʘʝʪ ʘʟʦʪ 63,3ï95,5%. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫ-

ʯʘʝʚ ʚ ʤʝʩʪʝ ʚʳʭʦʜʦʚ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʦʪʤʝʯʘʝʪʩʷ ʩʠʣʴʥʳʡ ʟʘʧʘʭ ʩʝʨʦʚʦʜʦʨʦ-

ʜʘ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ, ʢʦʪʦʨʦʛʦ ʚ ʋʤʭʝʡʩʢʦʤ ʠʩʪʦʯʥʠʢʝ ʜʦʩʪʠʛʘʝʪ 31 

ʤʛ/ʜʤ3.  

ɻʫʩʠʭʠʥʩʢʠʡ ʠʩʪʦʯʥʠʢ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨ. ʄʘʣʘʷ ɻʫʩʠʭʘ. 

ʀʩʪʦʯʥʠʢ ʠʤʝʝʪ ʜʚʘ ʚʳʭʦʜʘ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʫ ʦʩʥʦʚʘʥʠʷ ʩʢʣʦʥʘ ʧʝʩʯʘʥʦʛʦ 

ʦʪʣʦʞʝʥʠʷ ʩ ʦʙʣʦʤʢʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʜ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʧʝʨʚʦʤ ʚʳ-

ʭʦʜʝ ʩʦʩʪʘʚʣʷʝʪ 52,3 Áʉ, ʚʦ ʚʪʦʨʦʤ ï 43,4 Áʉ, ʩʪʝʢʘʷ, ʛʦʨʷʯʘʷ ʚʦʜʘ ʦʙʨʘʟʫʝʪ 

ʦʟʝʨʦ, ʥʝ ʟʘʤʝʨʟʘʶʱʝʝ ʟʠʤʦʡ. ɺ 30 ʤ ʦʪ ʧʝʨʚʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʧʨʦʨʫʙʣʝʥʘ 

ʩʢʚʘʞʠʥʘ ʛʣʫʙʠʥʦʡ 84,2 ʤ, ʚʩʢʨʳʚʘʶʱʘʷ ʪʝʨʤʫ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʜʳ 71,5 Áʉ, 

ʨʅ 8,4, ʜʝʙʠʪ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 4 ʣ/ʩ. ɺ ʩʢʚʘʞʠʥʝ ʩʦʜʝʨʞʘʥʠʝ ʬʪʦʨʘ ʜʦʩʪʠ-

ʛʘʝʪ 13 ʤʛ/ʜʤ3, ʩʫʣʴʬʘʪʦʚ 130,9 ʤʛ/ʜʤ3, ʭʣʦʨʠʜʦʚ ï 36,4 ʤʛ/ʜʤ3, H2SiO3 80ï84 

ʤʛ/ʜʤ3. ʄʠʥʝʨʘʣʠʟʘʮʠʷ 640.5 ʤʛ/ʜʤ3, ʩʦʜʝʨʞʘʥʠʝ ʨʘʜʦʥʘ 15 ʵʤʘʥ.  

ʂʫʯʠʛʝʨʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʥʘʭʦʜʷʪʩʷ ʫ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʙʦʨʪʘ ɹʘʨʛʫʟʠʥ-

ʩʢʦʛʦ ʭʨʝʙʪʘ. ʆʯʘʛ ʨʘʟʛʨʫʟʢʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜ ʧʨʠʫʨʦʯʝʥ ʢ ʧʝʨʝʩʝʯʝʥʠʶ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʨʘʟʣʦʤʦʚ, ʧʝʨʝʢʨʳʪʳʭ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʀʩ-

ʪʦʯʥʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʫʧʧʦʡ ʨʦʜʥʠʢʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʜʚʝ ʣʠʥʠʠ. ʈʘʟʛʨʫʟʢʘ 

ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 500 ʭ 

200 ʤ. ʀʩʪʦʯʥʠʢʠ ʠʤʝʶʪ ʨʘʟʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚʳʭʦʜʦʚ: ʜʦ 40Áʉ, ʜʝʙʠʪ, ʢʦʪʦ-

ʨʳʭ ʨʘʚʝʥ 10ï11 ʣ/ʩ; ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 40ï50Áʉ ʠ ʨʅ 9,87. ʉʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦ-
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ʢʘʨʙʦʥʘʪʦʚ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 27,4 ʜʦ 109,8 ʤʛ/ʜʤ3, ʩʫʣʴʬʘʪʦʚ ʦʪ 

67,8 ʜʦ 136,9, ʭʣʦʨʠʜʦʚ ʦʪ 16 ʜʦ 17,7 ʤʛ/ʜʤ3. 

ʀʩʪʦʯʥʠʢ ʉʝʶʷ ʨʘʩʧʦʣʦʞʝʥ ʫ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʟʘʤʳʢʘʥʠʷ ɹʘʨʛʫʟʠʥ-

ʩʢʦʡ ʚʧʘʜʠʥʳ. ɺʳʭʦʜ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʨʦʥʢʦʦʙʨʘʟʥʦʝ 

ʫʛʣʫʙʣʝʥʠʝ ï ʦʟʝʨʦ ʨʘʟʤʝʨʦʤ 4ʭ7 ʤ ʠ ʛʣʫʙʠʥʦʡ 1ï2 ʤ. ʉʦ ʜʥʘ ʦʟʝʨʘ ʙʴʶʪ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʛʨʠʬʦʥʳ ʩ ʦʙʱʠʤ ʜʝʙʠʪʦʤ 15 ʣ/ʩ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ 55Áʉ. ʉʦ-

ʜʝʨʞʘʥʠʝ ʩʝʨʦʚʦʜʦʨʦʜʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 9 ʜʦ 2,75 ʤʛ/ʜʤ3. ʂʦʣʝʙʘʥʠʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝʟʥʘʯʠʪʝʣʴʥʳ ʠ ʩʚʷʟʘʥʳ ʩ ʩʝʟʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷ-

ʤʠ.  

ʋʤʭʝʡʩʢʠʝ ʪʝʨʤʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʘʤʦʤ ʩʝʚʝʨʝ ɹʘʨʛʫ-

ʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʠ ʠʤʝʶʪ ʩʝʤʴ ʛʨʫʧʧ ʚʳʭʦʜʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʚʳʭʦʜʦʚ ʛʦ-

ʨʷʯʠʭ ʠ ʪʝʧʣʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʦʩʪʨʦʚʝ ʧʣʦʱʘʜʴʶ 8 ʛʘ, ʦʙʨʘ-

ʟʦʚʘʥʥʳʤ ʨ. ɹʘʨʛʫʟʠʥ. ɼʦʣʠʥʘ ʨʝʢʠ ʠʤʝʝʪ ʰʠʨʠʥʫ ʙʦʣʝʝ 2 ʢʤ, ʣʝʚʳʡ ʝʝ ʙʝʨʝʛ 

ʩʣʦʞʝʥ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʧʨʘʚʳʡ ï ʛʨʘʥʠʪʦʠʜʘʤʠ. ʆʢʦʣʦ 20 ʚʳʭʦʜʦʚ ʥʘʭʦʜʷʪʩʷ 

ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨ. ɹʘʨʛʫʟʠʥ, ʦʯʘʛ ʨʘʟʛʨʫʟʢʠ ʚʦʜ ʧʨʠʫʨʦʯʝʥ ʢ ʧʝʨʝʩʝʯʝʥʠʶ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʨʘʟʣʦʤʦʚ, ʧʝʨʝʢʨʳʪʳʭ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. 

ɼʝʙʠʪ ʠʩʪʦʯʥʠʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 5ï7 ʣ/ʩ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʦ 50Áʉ, ʨʅ 9,0, ʤʠʥʝʨʘ-

ʣʠʟʘʮʠʝʡ 400ï420 ʤʛ/ʜʤ3 ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʦʚʦʜʦʨʦʜʘ (31 ʤʛ/ʜʤ3). 

ʉʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʘʪʦʚ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 67,0 ʜʦ 144,7 ʤʛ/ ʜʤ3, 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ ï ʦʪ 64,0 ʜʦ 76,2 ʤʛ/ʜʤ3, ʭʣʦʨʠʜʦʚ ï ʦʪ 14,2 ʜʦ 16,0. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʠʭ ʩʦʩʪʘʚʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʨʝʤʥʝʢʠʩʣʦʪʳ, ʬʪʦʨʘ 

ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʳʝ, ʜʦʩʪʠʛʘʷ ʙʘʣʴʥʝʦʣʦʛʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʡ ʥʦʨʤʳ, ʦʙ-

ʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤ ʣʝʯʝʙʥʳʤ ʜʝʡʩʪʚʠʝʤ (ʋʣʴʟʝʪʫʝʚʘ ʠ ʜʨ., 2015).  

ɺʦʜʳ ʂʫʣʴʜʫʨʩʢʦʛʦ ʪʠʧʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʙʦʣʝʟʥʷʭ ʩʠʩʪʝʤʳ ʢʨʦʚʦ-

ʦʙʨʘʱʝʥʠʷ (ʨʝʚʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʢʠ ʩʝʨʜʮʘ, ʠʰʝʤʠʷ ʠ ʪ.ʜ.), ʢʦʩʪʥʦ-ʤʳʰʝʯʥʦʡ 

ʩʠʩʪʝʤʳ (ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʦʣʝʟʥʠ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʠ ʪ.ʜ.), ʵʥʜʦʢʨʠʥʥʦʡ ʩʠ-

ʩʪʝʤʳ (ʦʞʠʨʝʥʠʝ), ʤʦʯʝʧʦʣʦʚʦʡ ʩʠʩʪʝʤʳ, ʢʦʞʥʳʝ ʙʦʣʝʟʥʠ (ʜʝʨʤʘʪʠʪ, ʵʢʟʝʤʘ, 

ʨʫʙʮʳ ʠ ʜʨ.) (ʏʝʨʥʷʚʩʢʠʡ, 2012; ʍʘʭʠʥʦʚ, ʋʣʴʟʝʪʫʝʚʘ, 2015). 
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ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʥʝʦʜʥʦʨʦʜʥʦʝ ʠ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʢʨʠʦʣʠʪʦʟʦʥʳ, ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ ʧʦʜ-

ʟʝʤʥʳʭ ʚʦʜ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʤʥʦʞʝʩʪʚʘ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʟʝʤʥʦʡ ʢʦ-

ʨʳ. ɺ ʤʝʩʪʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ ʨʘʟʛʨʫʞʘʶʪʩʷ ʪʝʨʤʘʣʴʥʳʝ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʚʦʜʳ. ʊʝʨʤʳ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʠʟʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʚʳʩʦʢʦʡ ʱʝʣʦʯʥʦʩʪʴʶ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʭʠʤʠʯʝ-

ʩʢʠʤ ʩʦʩʪʘʚʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ ʧʦʨʦʜ, ʛʜʝ ʠʜʝʪ ʨʘʟ-

ʛʨʫʟʢʘ. ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʜʝʧʨʝʩʩʠʠ ʧʨʝʦʙʣʘʜʘʶʪ ʪʝʨʤʳ ʂʫʣʴʜʫʨʩʢʦʛʦ ʪʠʧʘ ʩ 

ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʥʠʭ ʦʩʦʙʝʥʥʦʩʪʴʶ ï ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʢʨʝʤʥʝʢʠʩʣʦʪʳ, ʬʪʦʨʘ ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ. 
 
 

2.5. ʂʣʠʤʘʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʟʘʩʦʣʝʥʠʷ 
 

ʈʘʩʧʦʣʦʞʝʥʠʝ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʚ ʮʝʥʪʨʝ ʘʟʠʘʪʩʢʦʛʦ ʤʘʪʝʨʠʢʘ 

ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʫʜʘʣʝʥʥʦʩʪʴʶ ʦʪ ʦʢʝʘʥʦʚ ʦʙʫʩʣʦʚʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʝʝ 

ʪʝʨʨʠʪʦʨʠʠ ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ. ʂʨʫʧʥʳʝ ʛʦʨʥʳʝ ʩʠʩʪʝʤʳ (ɹʘʨ-

ʛʫʟʠʥʩʢʠʡ ʠ ʀʢʘʪʩʢʠʡ ʭʨʝʙʪʳ) ʧʨʝʧʷʪʩʪʚʫʶʪ ʧʦʩʪʫʧʣʝʥʠʶ ʢʘʢ ʘʪʣʘʥʪʠʯʝ-

ʩʢʠʭ, ʪʘʢ ʠ ʪʠʭʦʦʢʝʘʥʠʯʝʩʢʠʭ ʚʣʘʛʦʥʝʩʫʱʠʭ ʧʦʪʦʢʦʚ ʠ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʨʘʟʥʳʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʠ ʥʝʦʜʥʦʨʦʜʥʦʤʫ 

ʧʨʦʛʨʝʚʫ ʧʦʚʝʨʭʥʦʩʪʠ (ɾʫʢʦʚ, 1965; ʃʘʜʝʡʱʠʢʦʚ, 1982 ʠ ʜʨ.). ʆʪʣʠʯʠʪʝʣʴ-

ʥʦʡ ʯʝʨʪʦʡ ʢʣʠʤʘʪʘ ʷʚʣʷʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ -

3,8 ʜʦ 4,1Áʉ, ʩ ʭʦʣʦʜʥʦʡ, ʚʝʪʨʝʥʦʡ ʟʠʤʦʡ ʠ ʢʦʨʦʪʢʠʤ ʠ ʞʘʨʢʠʤ ʣʝʪʦʤ. ʉʨʝʜ-

ʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʷʥʚʘʨʝ ʩʦʩʪʘʚʣʷʝʪ -30,0 -31,6Áʉ, ʚ ʠʶʣʝ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ +19,2 Áʉ, ʩ ʘʙʩʦʣʶʪʥʳʤ ʤʘʢʩʠʤʫʤʦʤ ʜʦ +37 Áʉ (ʋʙʫʛʫ-

ʥʦʚ ʠ ʜʨ., 2017). ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʠʤʝʝʪ ʚʝʪ-

ʨʦʚʦʡ ʨʝʞʠʤ. ʅʘʠʙʦʣʴʰʘʷ ʚʝʪʨʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʚʧʘʜʘʝʪ ʩ ʚʝʩʝʥʥʝ-

ʨʘʥʥʝʣʝʪʥʠʤ ʟʘʩʫʰʣʠʚʳʤ ʧʝʨʠʦʜʦʤ (ɺʠʟʝʥʢʦ ʠ ʜʨ., 1986).  

ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʣʠʤʘʪʘ ʤʝʞʛʦʨʥʦʡ ʢʦʪʣʦʚʠʥʳ ʷʚʣʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴ-

ʥʦʝ ʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. ʆʩʘʜʢʠ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʥʝ-

ʨʘʚʥʦʤʝʨʥʦ, ʠ ʚʘʨʴʠʨʫʶʪ ʦʪ 196 ʜʦ 327 ʤʤ (ʉʧʨʘʚʦʯʥʠʢé, 1966). ɹʘʨʛʫʟʠʥ-
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ʩʢʠʡ ʠ ʀʢʘʪʩʢʠʡ ʭʨʝʙʪʳ, ʷʚʣʷʷʩʴ ʤʦʱʥʳʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ ʚʣʘʛʠ, ʟʘʜʝʨʞʠ-

ʚʘʶʪ ʥʘ ʩʝʙʝ ʦʩʥʦʚʥʫʶ ʝʝ ʤʘʩʩʫ. ɺʳʧʘʜʝʥʠʝ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʭʘʨʘʢʪʝ-

ʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ. ɹʦʣʴʰʫʶ 

ʯʘʩʪʴ ʛʦʜʘ ʦʪʤʝʯʘʝʪʩʷ ʥʠʟʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ (ʨʠʩ. 2.8). ɿʘ ʟʠʤʥʠʡ ʧʝʨʠ-

ʦʜ ʚʳʧʘʜʘʝʪ ʦʪ 11 ʜʦ 38 ʤʤ. ɺ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʠʥʩʦʣʷʮʠʝʡ ʩʥʝʛ ʝʱʝ ʜʦ ʥʘʯʘ-

ʣʘ ʪʘʷʥʠʷ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʚʧʘʜʠʥʳ ʠʩʧʘʨʷʝʪʩʷ, ʧʦʵʪʦʤʫ ʚʝʩʝʥʥʝʝ ʧʦʧʦʣʥʝ-

ʥʠʝ ʚʣʘʛʦʟʘʧʘʩʦʚ ʟʘ ʩʯʝʪ ʟʠʤʥʠʭ ʦʩʘʜʢʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɺ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ 

ʦʪʤʝʯʘʝʪʩʷ ʨʝʟʢʠʡ ʥʝʜʦʩʪʘʪʦʢ ʫʚʣʘʞʥʝʥʠʷ. ɺ ʵʪʦ ʚʨʝʤʷ ʦʪʤʝʯʘʶʪʩʷ ʯʘʩʪʳʝ 

ʤʘʡʩʢʦ-ʠʶʥʴʩʢʠʝ ʟʘʩʫʭʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʫʚʣʘʞʥʝʥʠʷ ʧʦ ʀʚʘʥʦʚʫ ʦʯʝʥʴ ʥʠʟ-

ʢʠʡ (0,10-0,16) ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʝʨʨʠʪʦʨʠʶ ʢʘʢ ʟʦʥʫ ʩʢʫʜʥʦʛʦ ʠ ʥʠʯʪʦʞʥʦʛʦ 

ʫʚʣʘʞʥʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʚʣʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠʶʣʴ-ʘʚʛʫʩʪʦʚʩʢʠʡ ʧʝʨʠʦʜ, ʚ ʢʦ-

ʪʦʨʦʤ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 61% ʦʪ ʛʦʜʦʚʳʭ ʦʩʘʜʢʦʚ. ɺ ʠʶʣʝ ʢʣʠʤʘʪ ʧʦ ʧʦʢʘʟʘʪʝ-

ʣʷʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʩʘʜʢʦʚ ʷʚʣʷʝʪʩʷ ʩʣʝʛʢʘ ʛʫʤʠʜʥʳʤ (ʋʙʫʛʫʥʦʚ ʠ ʜʨ., 

2016).  
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ʈʠʩ. 2.8. ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʝ ʦʩʘʜʢʠ ʚ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʝ (ʘ)  
ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʭʨʝʙʪʘʭ (ʙ)  

ʉʪʘʪʠʩʪʠʢʘ ʧʦ ʢʦʪʣʦʚʠʥʝ: ʤʠʥʠʤʫʤ -322 ʤʘʢʩʠʤʫʤ ï 435 ʩʨʝʜʥʝʝ - 333  
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ʇʦʪʝʧʣʝʥʠʝ ʚ ʈʦʩʩʠʠ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʪʝʤʧʘʤʠ, ʯʝʤ ʚ ʜʨʫ-

ʛʠʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ, ʘ ʚ ɿʘʙʘʡʢʘʣʴʝ ʝʱʝ ʙʦʣʝʝ ʬʦʨʩʠʨʦʚʘʥʦ (ʂʫʣʠʢʦʚ, ɻʳʥʠ-

ʥʦʚʘ, 2015). ɿʘ ʧʦʩʣʝʜʥʠʝ 100 ʣʝʪ ʚ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʩʨʝʜʥʝʛʦʜʦʚʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʳʩʠʣʘʩʴ ʙʦʣʝʝ ʯʝʤ ʥʘ 1 ʛʨʘʜʫʩ (ʨʠʩ 2.9). ʇʨʠ ʵʪʦʤ ʟʘ 50 ʣʝʪ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʜʚʘ ʧʝʨʠʦʜʘ ʩ ʪʨʝʭʣʝʪʥʠʤ ʮʠʢʣʦʤ ʟʘʩʫʰʣʠʚʳʤ ʣʝʪʦʤ: ʧʝʨ-

ʚʳʡ ʩ 1977 ʧʦ 1979, ʚʪʦʨʦʡ ï ʩ 2013 ʧʦ 2015 (ʨʠʩ. 2.10).  

 
ʈʠʩ. 2.9. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶ-
ʜʝʥʠʡ ʩ 1900 ʧʦ 2015 ʛʛ. (ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ -2,6Áʉ) (ʋʙʫʛʫʥʦʚ ʠ ʜʨ., 2017) 

 

 
ʈʠʩ. 2.10. ʄʥʦʛʦʣʝʪʥʷʷ ʜʠʥʘʤʠʢʘ ʛʦʜʦʚʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʤʤ/ʛʦʜ ʠ ʠʭ 

ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʟʥʘʯʝʥʠʡ (ʘʧʨʝʣʴ ʦʢʪʷʙʨʴ) ʧʦ ʜʚʫʤ ʟʘʩʫʰʣʠʚʳʤ ʮʠʢʣʘʤ ʧʦ ʜʘʥ-
ʥʳʤ ʤʝʪʝʦʩʪʘʥʮʠʠ çʂʫʨʫʤʢʘʥè (ʋʙʫʛʫʥʦʚ ʠ ʜʨ., 2017) 

 
ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʠʦʜʘ ʩ 1977ï1979 ʛʛ., ʩʦʚʨʝʤʝʥʥʳʡ 2013-2015 ʛʛ. ʦʪ-

ʣʠʯʘʣʩʷ ʘʥʦʤʘʣʴʥʦ ʟʘʩʫʰʣʠʚʳʤ ʮʠʢʣʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʶʣʴʩʢʦ-ʘʚʛʫʩʪʦʚʩʢʠʝ 

ʧʠʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ (ʨʠʩ. 2.10), ʪʘʢ ʢʘʢ ʚ ʵʪʠ ʤʝʩʷʮʳ ʪʠʭʦʦʢʝʘʥʩʢʠʡ ʤʫʩʩʦʥ 

ʟʜʝʩʴ ʥʝ çʨʘʟʛʨʫʞʘʣʩʷè (ʋʙʫʛʫʥʦʚ, 2017).  
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ʅʘʠʙʦʣʝʝ ʞʘʨʢʠʤ ʛʦʜʦʤ ʙʳʣ 2015 ʛ., ʚ ʢʦʪʦʨʦʤ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ ʚ ʠʶʣʝ ʜʦʩʪʠʛʘʣʘ +21,7Áʉ (ʨʠʩ. 2.10) ʧʨʠ ʩʨʝʜʥʝʛʦʜʦʚʦʤ ʟʥʘʯʝʥʠʠ 

+18,5Áʉ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʝʚʳʰʘʣʠ +40Áʉ. 2014-2016 ʛʛ. ʀʟ-ʟʘ 

ʘʥʦʤʘʣʴʥʦʡ ʞʘʨʳ ʠ ʦʪʩʫʪʩʪʚʠʷ ʜʦʞʜʝʡ ʚ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʦʪʨʘʟʠʣʦʩʴ 

ʥʘ ʩʠʣʴʥʦʤ ʠʩʩʫʰʝʥʠʠ ʧʦʯʚ, ʯʪʦ ʧʨʠʚʝʣʦ ʜʘʞʝ ʢ ʫʩʳʭʘʥʠʶ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʠʟ ʩʦʩʥʳ ʠ ʪʦʧʦʣʷ (ʋʙʫʛʫʥʦʚ ʠ ʜʨ., 2017, ʋʙʫʛʫ-

ʥʦʚ, 2017). ʊʨʝʭʣʝʪʥʠʡ ʧʝʨʠʦʜ ʠʩʩʫʰʝʥʠʷ ʧʦʯʚ ʩʧʦʩʦʙʩʪʚʦʚʘʣ çʧʦʜʪʷʞʢʝè 

ʩʦʣʝʡ ʢ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʛʦʨʠʟʦʥʪʘʤ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʣʝʚʳʭ ʢʦʨʦʯʝʢ. ʅʘ ʙʦ-

ʣʝʝ ʨʘʥʥʠʭ ʢʦʩʤʦʩʥʠʤʢʘʭ ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʜʝʧʨʝʩʩʠʠ ʥʝ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ, ʢʦʥʪʫʨʳ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʟʘʩʦʣʝʥʠʝʤ ʧʦʯʚ ʜʝʰʠʬʨʠʨʫʶʪ-

ʩʷ ʥʘ ʢʦʩʤʦʩʥʠʤʢʘʭ 2015-2016 ʛʛ.  

ɼʣʠʪʝʣʴʥʘʷ ʠ ʭʦʣʦʜʥʘʷ ʟʠʤʘ, ʘ ʪʘʢʞʝ ʟʘʩʫʰʣʠʚʳʡ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝ-

ʨʠʦʜ ʩʦʟʜʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʬʦʥ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʘʨʛʫ-

ʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ, ʟʘ ʩʯʝʪ ʟʠʤʥʝʛʦ ʚʳʤʦʨʘʞʠʚʘʥʠʷ ʠ ʧʦʜ-

ʪʷʞʢʠ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʚ ʚʝʨʭʥʠʝ ʩʣʦʠ ʧʦʯʚʳ.  

 
2.4. ʄʝʨʟʣʦʪʘ ʢʘʢ ʬʘʢʪʦʨ ʟʘʩʦʣʝʥʠʷ 

 
ʄʝʨʟʣʦʪʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ɸʟʠʘʪʩʢʦʡ 

ʯʘʩʪʠ ʈʦʩʩʠʠ (ɺʦʣʢʦʚʠʥʮʝʨ, 1978). ʆʜʥʘ ʠʟ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠ ʭʘʨʘʢʪʝʨʥʳʭ 

ʯʝʨʪ ʢʨʠʦʛʝʥʥʦʛʦ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʷʚʣʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʟʘ-

ʩʦʣʝʥʠʷ ʧʦʯʚ (ʇʘʥʠʥ, ʂʘʟʘʥʮʝʚ, 1986). ʂʨʠʦʛʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʝʧʝʥʴ ʠ ʭʠ-

ʤʠʟʤ ʟʘʩʦʣʝʥʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʣʦʞʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʭʦʜʷʱʠʭ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ (ʧʨʦʪʘʠʚʘʥʠʠ) ʧʦʨʦʜ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ 

ʥʘʨʫʰʝʥʠʝʤ ʠʦʥʥʦ-ʩʦʣʝʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ï ʢʨʠʦʛʝʥʥʘʷ ʤʝʪʘʤʦʨʬʠʟʘʮʠʷ. 

ʂʨʠʦʛʝʥʥʘʷ ʤʝʪʘʤʦʨʬʠʟʘʮʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ ʢʘʢ ʢʨʠʦʛʝʥʥʦʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ, ʢʨʠʦʛʝʥʥʦʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ, ʢʨʠʦʣʠʟ, ʚʦʚʣʝʯʝʥʠʝ 

ʩʦʣʝʡ ʚ ʣʝʜ ʠ ʜʨ. (ʂʝʨʞʝʥʮʝʚ, 2014; ʏʝʨʥʦʫʩʝʥʢʦ ʠ ʜʨ., 2015).  

ɹʘʨʛʫʟʠʥʩʢʘʷ ʢʦʪʣʦʚʠʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʟʦʥʝ ʧʝʨʝʭʦʜʘ ʦʪ ʩʧʣʦʰʥʦʡ ʢ 

ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʠ ʦʩʪʨʦʚʥʦʡ ʤʝʨʟʣʦʪʝ (ʃʝʱʠʢʦʚ, ɿʘʨʫʙʠʥ, 1698; ɿʘʤʘʥʘ, 

1988). ʇʦ ʥʘʣʠʯʠʶ ʠ ʭʘʨʘʢʪʝʨʫ ʝʝ ʟʘʣʝʛʘʥʠʷ ʚʳʜʝʣʷʶʪ ʪʨʠ ʪʠʧʘ: ʧʣʦʱʘʜʠ ʙʝʟ 
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ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ, ʛʣʫʙʦʢʦ- ʠ ʧʦʚʝʨʭʥʦʩʪʥʦ ʟʘʣʝʛʘʶʱʘʷ ʤʝʨʟʣʦʪʘ 

(ʨʠʩ. 2.11). 
 

 
ʈʠʩ. 2.11. ɼʦʣʝʚʦʝ ʫʯʘʩʪʠʝ ʙʣʠʟʢʦ- ʠ ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʝʡ ʤʝʨʟʣʦʪʳ  
ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ (ʋʙʫʛʫʥʦʚ ʠ ʜʨ., 2016) 

 
ɺ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ ʥʘʙʣʶʜʘʝʪʩʷ ʟʦʥʘʣʴʥʦʩʪʴ, 

ʢʦʪʦʨʘʷ ʚʳʨʘʞʝʥʘ ʚ ʨʘʩʰʠʨʝʥʠʠ ʧʣʦʱʘʜʠ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʤʝʨʟʣʦʪ-

ʥʦʡ ʪʦʣʱʠ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤʫ ʢʨʘʶ ʢʦʪʣʦʚʠʥʳ. ʄʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʝ ʧʦʨʦ-

ʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʙʦʨʪʘ ɹʘʨʛʫ-

ʟʠʥʩʢʦʛʦ ʭʨʝʙʪʘ ʠ ʚ ʶʞʥʦʤ ʟʘʤʳʢʘʥʠʠ ʚʧʘʜʠʥʳ (ʨʠʩ. 2.12). ʇʣʦʱʘʜʠ ʩ ʙʣʠʟ-

ʢʠʤ ʟʘʣʝʛʘʥʠʝʤ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʚ ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʦʪʣʦʚʠʥʳ ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʦʡʤʘʤ, ʥʠʟʢʠʤ ʥʘʜʧʦʡʤʝʥʥʳʤ 

ʪʝʨʨʘʩʘʤ ʠ ʦʪʯʘʩʪʠ ʘʣʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʝ. ʄʦʱʥʦʩʪʴ ʤʥʦʛʦ-

ʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ ʧʨʝʚʳʰʘʝʪ 270 ʤ. ʅʘʢʦʧʣʝʥʠʶ ʠ ʩʦʭʨʘʥʝʥʠʶ ʤʝʨʟʣʦʪʳ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʣʠʟʢʦʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʣʝʛʘʥʠʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʟʘʪʦʧʣʝʥʠʝ 

ʪʝʨʨʠʪʦʨʠʠ ʚ ʚʝʩʝʥʥʝʝ ʧʦʣʦʚʦʜʴʝ, ʚʳʩʦʢʘʷ ʚʦʜʦʧʦʛʣʦʱʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʪʦʨʬʷʥʠʢʦʚ ʠ ʩʫʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ ʧʦʡʤʝʥʥʦʡ ʯʘʩʪʠ (ɸʜʫʰʠʥʦʚ, ɿʘʤʘʥʘ, 

1976). 

ɻʣʫʙʦʢʦ ʟʘʣʝʛʘʶʱʘʷ ʤʝʨʟʣʦʪʘ (35%) ʨʘʟʚʠʪʘ ʥʘ ʧʝʩʯʘʥʳʭ ʚʦʟʚʳʰʝʥʥʦ-

ʩʪʷʭ ï ʢʫʡʪʫʥʘʭ (ʥʘ ʛʣʫʙʠʥʘʭ ʜʦ 150 ʤ), ʘ ʪʘʢʞʝ ʧʦʜ ʚʳʩʦʢʠʤʠ ʪʝʨʨʘʩʘʤʠ ʠ 

ʢʦʥʫʩʘʤʠ ʚʳʥʦʩʘ (ʨʠʩ. 2.12). ɻʣʫʙʦʢʦʝ ʟʘʣʝʛʘʥʠʝ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ 

ʦʙʲʷʩʥʷʶʪ ʝʝ çʟʘʭʦʨʦʥʝʥʠʝʤè ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ 
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(ʧʦʛʨʝʙʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʢʨʠʦʣʠʪʦʟʦʥʳ) (ʉʦʣʦʥʝʥʢʦ, 1960; ʃʝʱʠʢʦʚ, ɿʘʨʫʙʠʥ, 

1968; ʄʫʜʨʦʚ,2007). 

 

 
ʈʠʩ. 2.12. ɻʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ɹʘʨʛʫʟʠʥʩʢʦʡ ʚʧʘʜʠʥʳ (ɿʘʤʘʥʘ, 1988) 

 
ɺ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʘʷ ʤʝʨʟʣʦʪʘ ʠʤʝʝʪ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʩʧʦʨʘʜʠʯʝʩʢʦʝ (41%) ʠ ʩʧʣʦʰʥʦʝ (44%) ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ (ʨʠʩ. 

2.13). ʉʧʦʨʘʜʠʯʝʩʢʘʷ ʤʝʨʟʣʦʪʘ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ɺʝʨʭʥʝʤ ʂʫʡʪʫʥʝ. 

ʆʩʪʨʦʚʥʘʷ ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʘʷ ʤʝʨʟʣʦʪʘ ʟʘʥʠʤʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ 

(275 ʢʤ2). ʆʥʘ ʚʳʷʚʣʷʝʪʩʷ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʃʝʩʥʦʛʦ ʂʫʡʪʫʥʘ ʠ ʥʘ ʶʛʝ ʢʦʪʣʦ-

ʚʠʥʳ, ʥʘ ʉʫʚʠʥʩʢʦʤ ʂʫʡʪʫʥʝ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʤʝʨʟʣʦʪʳ 

ʧʨʦʠʩʭʦʜʠʪ ʢ ʩʝʚʝʨʫ ʦʪ ʨ. ɻʘʨʛʘ, ʛʜʝ ʤʝʨʟʣʦʪʥʳʡ ʛʦʨʠʟʦʥʪ ʧʦʣʫʯʘʝʪ ʚʦʜʥʦʝ 

ʧʠʪʘʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠ ʧʦʜʟʝʤʥʦʛʦ ʩʪʦʢʘ ʩ 

ʀʢʘʪʩʢʦʛʦ ʭʨʝʙʪʘ. ʅʘ ʵʪʦʡ ʧʣʦʱʘʜʠ ʤʥʦʛʦʣʝʪʥʠʝ ʤʝʨʟʣʳʝ ʧʦʨʦʜʳ ʨʘʩʧʨʦ-
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ʩʪʨʘʥʝʥʳ ʩʧʦʨʘʜʠʯʝʩʢʠ ʚ ʚʠʜʝ ʥʝʙʦʣʴʰʠʭ ʦʩʪʨʦʚʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʩʣʘʙʦʜʨʝʥʠʨʦʚʘʥʥʳʤ ʦʪʣʦʞʝʥʠʷʤ.  
 

 
ʈʠʩ. 2.13. ʉʦʦʪʥʦʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʝʡ ʤʝʨʟʣʦʪʳ  

ʚ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʝ (ʚ % ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʝʡ ʤʝʨʟʣʦʪʳ) 
(ʋʙʫʛʫʥʦʚ ʠ ʜʨ., 2016) 

 
ɹʣʠʟʢʦʧʦʚʝʨʭʥʦʩʪʥʘʷ ʤʝʨʟʣʦʪʘ ʩʧʦʨʘʜʠʯʝʩʢʦʛʦ ʪʠʧʘ ʟʘʥʠʤʘʝʪ ʚʩʝʛʦ 2% 

(ʨʠʩ. 2.14) ʪʝʨʨʠʪʦʨʠʠ ʠ ʚʩʪʨʝʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʢʦʪʣʦʚʠʥʳ. ʅʘ 

ʶʞʥʳʭ ʦʪʨʦʛʘʭ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʭʨʝʙʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʦʩʪʨʦʚʥʘʷ ʤʝʨʟʣʦʪʘ. 

ʇʨʝʦʙʣʘʜʘʶʱʠʤ ʪʠʧʦʤ ʙʣʠʟʢʦʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʨʟʣʦʪʳ ʷʚʣʷʝʪʩʷ ʪʘʣʠʢʦʚʘʷ 

(72%), ʢʦʪʦʨʘʷ ʣʦʢʘʣʠʟʫʝʪʩʷ ʥʘ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʝ. ɺ ʮʝʥʪʨʘʣʴ-

ʥʦʡ ʯʘʩʪʠ ʢʦʪʣʦʚʠʥʳ ʩʦʭʨʘʥʠʣʘʩʴ ʩʧʣʦʰʥʘʷ ʤʝʨʟʣʦʪʘ (ʋʙʫʛʫʥʦʚ ʠ ʜʨ., 2015). 

 
ʈʠʩ. 2.14. ʉʦʦʪʥʦʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʙʣʠʟʢʦʟʘʣʝʛʘʶʱʝʡ ʤʝʨʟʣʦʪʳ  

ʚ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʝ (ʋʙʫʛʫʥʦʚ ʠ ʜʨ., 2016) 
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ʉʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʤʝʨʟʣʦʪʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʥʫʪʨʝʥʥʠ-

ʤʠ ʩʚʷʟʷʤʠ ʟʦʥʳ ʢʨʠʦʛʝʥʝʟʘ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʢʨʫʛʦʚʦʨʦʪʦʤ ʠ ʨʝʛʫʣʠʨʫʝʪʩʷ 

ʩʝʟʦʥʥʳʤ ʨʝʞʠʤʦʤ ʪʝʧʣʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʜʠʥʩʪʚʦʤ ʟʠʤʥʝʛʦ (ʢʨʠʦʛʝʥʥʦʛʦ) ʠ 

ʣʝʪʥʝʛʦ (ʙʠʦʛʝʥʥʦʛʦ) ʮʠʢʣʦʚ ʤʠʛʨʘʮʠʠ (ʊʘʡʩʘʝʚ, 1994). ɺ ʟʠʤʥʠʡ ʮʠʢʣ ʧʨʦ-

ʠʩʭʦʜʠʪ ʟʠʤʥʝʝ ʚʳʤʦʨʘʞʠʚʘʥʠʝ (ʤʦʨʦʟʥʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ) ï ʤʠʛʨʘʮʠʷ ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʤʝʨʟʣʦʪʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʧʦʯʚʳ ʠ ʘʢʢʫʤʫʣʷʮʠʷ ʠʭ 

ʥʘ ʩʚʦʝʦʙʨʘʟʥʳʭ ʩʦʨʙʮʠʦʥʥʳʭ ʙʘʨʴʝʨʘʭ (ʩʥʝʛʫ, ʣʴʜʫ) (ʄʘʢʘʨʦʚ, 1991, 1992). 

ɺ ʟʦʥʝ ʢʨʠʦʛʝʥʝʟʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʬʠʟʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʛʨʫ-

ʙʦʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪʩʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʛʣʠʥʠʩʪʳʝ 

ʤʠʥʝʨʘʣʳ ʩ ʚʳʩʦʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʝʡ. ɺ ʣʝʪʥʝʤ ʮʠʢʣʝ ʥʘʢʦʧʠʚʰʠʝʩʷ 

ʟʘ ʟʠʤʫ ʩʦʣʠ ʫʞʝ ʚʦʚʣʝʢʘʶʪʩʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ, ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʘ-

ʥʦ ʠʥʪʝʥʩʠʚʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʠʭ ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ (ʤʝʭʘʥʠʯʝʩʢʠʡ, ʢʠʩʣʦʨʦʜʥʳʡ, ʩʦʨʙʮʠʦʥʥʳʡ, 

ʛʣʝʝʚʳʡ, ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ) (ʎʘʨʝʚ, 1989; ʊʘʡʩʘʝʚ, 1994). ʄʝʨʟʣʦʪʘ ʷʚʣʷʝʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʚʦʜʦʫʧʦʨʦʤ ʠ ʥʘ ʢʦʪʦʨʦʤ ʢʦʥʮʝʥ-

ʪʨʠʨʫʶʪʩʷ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ ʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʦʩʘʜʢʠ.  

ɺ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʧʨʠ ʥʘʣʠʯʠʠ ʢʨʠʦʣʠʪʦʟʦʥʳ ʧʨʦʠʩʭʦʜʷʪ ʪʘʢʠʝ 

ʧʨʦʮʝʩʩʳ ʢʘʢ ʩʫʬʬʦʟʠʷ ʠ ʩʦʣʠʬʣʶʢʮʠʷ. ʇʨʠ ʩʫʬʬʦʟʠʠ ʤʝʣʢʦʟʝʤ, ʦʙʨʘʟʦ-

ʚʘʚʰʠʡʩʷ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʧʨʦʤʝʨʟʘʥʠʠ ʠ ʦʪʪʘʠʚʘʥʠʠ, ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʦʩ-

ʥʦʚʥʦʤ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʥʳʤʠ ʧʦʪʦʢʘʤʠ ʧʦ ʤʝʨʟʣʦʪʥʦʤʫ ʚʦʜʦʫʧʦʨʫ. 

ʕʪʠ ʚʟʚʝʩʠ ʠʟ ʟʦʥʳ ʚʳʥʦʩʘ ʩʢʣʦʥʦʚʳʤʠ ʚʦʜʘʤʠ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʣʠʙʦ ʫ ʧʦʜ-

ʥʦʞʴʷ ʩʢʣʦʥʘ, ʣʠʙʦ ʚ ʦʟʝʨʝ, ʬʦʨʤʠʨʫʷ ʩʫʬʬʦʟʠʦʥʥʳʝ ʰʣʝʡʬʳ, ʥʘʠʣʢʠ ʠ 

ʜʦʥʥʳʝ ʦʩʘʜʢʠ. ɿʜʝʩʴ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘʯʠʥʘʝʪ ʘʢʪʠʚʥʦ ʧʨʝʦʙʨʘ-

ʟʦʚʳʚʘʪʴʩʷ ʢʨʠʦʛʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ (ʚʳʚʝʪʨʠʚʘʥʠʝ, ʚʳʧʫʯʠʚʘʥʠʝ, ʦʙʨʘʟʦ-

ʚʘʥʠʝ ʢʨʠʦʧʝʣʠʪʘ, ʚʳʤʦʨʘʞʠʚʘʥʠʝ ʩʦʣʝʡ ʠ ʪ.ʜ.). ʅʘ ʤʝʩʪʝ ʟʘʠʣʝʥʥʳʭ ʦʟʝʨ 

ʠʜʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʙʦʣʦʯʝʥʥʳʭ ʣʫʛʦʚ, ʪʦʨʬʷʥʠʢʦʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠ-

ʨʫʝʪʩʷ ʛʣʝʝʚʳʡ ʙʘʨʴʝʨ.  

ʕʪʠ ʧʨʦʮʝʩʩʳ ʩʚʷʟʘʥʳ ʩʦ ʩʪʝʧʝʥʴʶ ʜʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ. ɺ 

ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʧʦ ʩʪʝʧʝʥʠ ʜʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʚʳʜʝʣʝʥʳ: ʠʥʪʝʥʩʠʚʥʦ 
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ʜʨʝʥʠʨʦʚʘʥʥʳʝ, ʜʨʝʥʠʨʦʚʘʥʥʳʝ, ʩʣʘʙʦʜʨʝʥʠʨʦʚʘʥʥʳʝ ʠ ʥʝʜʨʝʥʠʨʦʚʘʥʥʳʝ 

ʟʦʥʳ (ɸʜʫʰʠʥʦʚ, ɿʘʤʘʥʘ, 1976; ɿʘʤʘʥʘ, 1988) (ʨʠʩ. 2.15). 

 
ʈʠʩ. 2.15. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨʦʜ ʨʘʟʣʠʯʥʦʡ ʜʨʝʥʠʨʦʚʘʥʥʦʩʪʠ  

(ɿʘʤʘʥʘ, 1988) 
 

ʂ ʩʣʘʙʦʜʨʝʥʠʨʦʚʘʥʥʦʡ ʟʦʥʝ ʦʪʥʝʩʝʥʘ ʥʠʞʥʷʷ ʯʘʩʪʴ ʩʣʘʙʦʥʘʢʣʦʥʥʳʭ 

ʨʘʚʥʠʥ ʫ ʧʦʜʥʦʞʴʷ ʀʢʘʪʩʢʦʛʦ ʭʨʝʙʪʘ, ʧʦʡʤʘ ʨ. ɹʘʨʛʫʟʠʥʘ ʚʳʰʝ ʩ. ʐʘʤʘʥʢʘ ʠ 

ʧʦʡʤʳ ʣʝʚʳʭ ʧʨʠʪʦʢʦʚ ɹʘʨʛʫʟʠʥʘ. ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʟʘʙʦʣʘʯʠʚʘʥʠʷ ʚ 

ʜʘʥʥʦʡ ʟʦʥʝ ʷʚʣʷʝʪʩʷ ʙʣʠʟʢʦʝ ʟʘʣʝʛʘʥʠʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ (0,8-1,5 ʤ), ʥʘʣʠʯʠʝ 

ʤʝʨʟʣʦʪʳ ʠ ʪʷʞʝʣʳʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ (ʩʫʛʣʠʥʢʠ, ʠʣʦ-

ʚʘʪʳʝ ʧʝʩʢʠ). ɺ ʩʣʘʙʦʜʨʝʥʠʨʦʚʘʥʥʦʤ ʦʢʨʫʛʝ ʚʳʨʘʞʝʥʳ ʢʨʠʦʛʝʥʥʳʝ ʦʙʨʘʟʦ-

ʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʠʛʦʥʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʤʥʦʛʦʣʝʪʥʠʤʠ 

ʙʫʛʨʘʤʠ ʠ ʧʣʦʱʘʜʷʤʠ ʧʫʯʝʥʠʷ, ʪʝʨʤʦʢʘʨʩʪʦʚʳʤʠ ʬʦʨʤʘʤʠ ʠ ʠʟʨʝʜʢʘ ï ʥʘʣʝ-

ʜʷʤʠ. ɺ ʨʘʡʦʥʝ ʦʟ. ʍʘʩʭʘʣ ʦʢʦʣʦ 20% ʟʘʥʷʪʦ ʧʨʦʚʘʣʴʥʳʤʠ ʪʝʨʤʦʢʘʨʩʪʦʚʳʤʠ 

ʦʟʝʨʘʤʠ ʠ ʚʦʨʦʥʢʘʤʠ.  
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ɺʝʩʴʤʘ ʩʣʘʙʦʜʨʝʥʠʨʦʚʘʥʥʳʡ ʠ ʥʝʜʨʝʥʠʨʦʚʘʥʳʡ ʦʢʨʫʛʘ ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʧʦʡʤʘʤ ʠ ʤʝʩʪʘʤ ʪʳʣʦʚʳʭ ʯʘʩʪʝʡ ʥʘʜʧʦʡʤʝʥʥʳʭ ʪʝʨʨʘʩ, ʶʞʥʦʡ ʠ ʮʝʥʪʨʘʣʴ-

ʥʦʡ ʯʘʩʪʠ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʳ. ʆʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʠʣʴʥʦ ʟʘʙʦʣʦ-

ʯʝʥʳ ʠ ʠʤʝʶʪ ʨʘʟʥʳʝ ʪʠʧʳ ʚʦʜʥʦʛʦ ʧʠʪʘʥʠʷ (ʨʠʩ. 2.15). ʋʨʦʚʝʥʴ ʤʠʥʝʨʘʣʠ-

ʟʦʚʘʥʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ (0,2-0,5 ʛ/ʣ) ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʝ ʤʝʥʝʝ 1 ʤ. 

ɹʘʨʛʫʟʠʥʩʢʘʷ ʢʦʪʣʦʚʠʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʟʦʥʝ ʧʝʨʝʭʦʜʘ ʦʪ ʩʧʣʦʰʥʦʡ ʢ 

ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʠ ʦʩʪʨʦʚʥʦʡ ʤʝʨʟʣʦʪʝ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʨʘʟʣʠʯʥʦʡ ʜʨʝʥʠʨʦʚʘʥ-

ʥʦʩʪʴʶ ʧʦʨʦʜ ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʤʝʨʟʣʦʪʥʳʭ ʧʦʨʦʜ ʦʢʘʟʳʚʘʝʪ ʤʥʦʛʦʬʘʢʪʦʨ-

ʥʦʝ ʚʣʠʷʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʧʦʯʚʳ ʠ ʢʨʠʦʣʠʪʦʟʦʥʳ ʫʞʝ ʚ 

ʧʨʝʜʝʣʘʭ ʥʝʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʡ. ɺʣʠʷʥʠʝ ʤʝʨʟʣʦʪʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʬʦʨʤʠʨʦ-

ʚʘʥʠʝ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʦʜʦʫʧʦʨʘ. ʄʝʨʟʣʦʪʘ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ, ʥʝ ʜʘʚʘʷ 

ʠʤ ʧʨʦʤʳʚʘʪʴʩʷ ʟʘ ʧʨʝʜʝʣʳ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ.  
 
2.6. ɹʠʦʪʘ ʚ ʟʦʥʘʭ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ 

  
ɺ ʟʦʥʘʭ ʨʘʟʛʨʫʟʢʠ ʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʦʟʜʘʶʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʝ 

ʬʣʦʨʠʩʪʠʯʝʩʢʠʝ, ʬʘʫʥʠʩʪʠʯʝʩʢʠʝ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʨʝʬʫʛʠʫʤʳ ʩ ʦʩʦʙʳʤ 

ʤʠʢʨʦʢʣʠʤʘʪʦʤ. ɹʠʦʪʘ ʵʪʠʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʟʦʥʘʣʴʥʦʡ (ʇʣʝ-

ʰʘʥʦʚ, ʊʘʭʪʝʝʚ, 2008; ʉʘʤʢʦʚʘ, 2009, 2014; ɻʠʜʨʦʭʠʤʠʯʝʩʢʘʷ, 2011). ʆʩʦʙʝʥ-

ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʥʠʝ ʛʠʜʨʦʪʝʨʤ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ 

ʟʦʥʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʧʨʝʜʝʣʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʧʣʦʰʥʦʡ ʠʣʠ ʦʩʪʨʦʚʥʦʡ 

ʤʝʨʟʣʦʪʳ. ʆʪʝʧʣʷʶʱʠʡ ʵʬʬʝʢʪ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʦʟʜʘʝʪ 

ʩʪʘʙʠʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʙʠʦʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʩ ʜʨʫʛʦʡ ï ʦʥ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʠʢʨʦʵʚʦʣʶʮʠʦʥʥʳʤ ʪʨʘʥʩʬʦʨʤʘʮʠʷʤ, ʧʦʩʢʦʣʴʢʫ ʦʙʠʪʘʥʠʝ ʚ 

ʨʝʬʫʛʠʫʤʝ ʩʚʷʟʘʥʦ ʩ ʠʟʦʣʷʮʠʝʡ ʤʘʣʦʯʠʩʣʝʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʦʪ ʦʩʥʦʚʥʦʛʦ ʘʨʝ-

ʘʣʘ. ʕʪʠ ʨʝʬʫʛʠʫʤʳ ʵʢʩʪʨʘʟʦʥʘʣʴʥʳ ï ʧʦ ʩʚʦʝʡ ʙʠʦʪʝ ʦʥʠ ʚʳʜʝʣʷʶʪʩʷ ʠʟ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʟʦʥʳ (ʰʠʨʦʪʥʦʡ, ʚʳʩʦʪʥʦʡ, ʛʣʫʙʠʥʥʦʡ) (Pleshanov et al., 2000).  

ɺ ʟʦʥʘʭ ʨʘʟʛʨʫʟʢʠ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ɹʘʨʛʫʟʠʥ-

ʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʩʦʟʜʘʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʫʙʙʦʨʝʘʣʴʥʦʛʦ ʚʠʜʘ 

ʩʪʨʝʢʦʟ �2�U�W�K�H�W�U�X�P�� �D�O�E�L�V�W�\�O�X�P, ʦʩʥʦʚʥʦʡ ʘʨʝʘʣ ʢʦʪʦʨʳʭ ʫʜʘʣʝʥ ʥʘ 1300 ʢʤ 



�ñ�õ��
��
(ɹʠʦʪʘ ʚʦʜʦʝʤʦʚ é, 2009; ɹʦʨʠʩʦʚ, 2012). ʂʨʦʤʝ ʨʝʣʠʢʪʦʚʳʭ ʚʠʜʦʚ ʥʘ ʙʦʣʝʝ 

ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʘʭ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ʚʩʪʨʝʯʘʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʵʥʜʝʤʠʢʠ 

(ʙʨʶʭʦʥʦʛʠʝ ʤʦʣʣʶʩʢʠ �/�\�P�Q�D�H�D���W�K�H�U�P�R�E�D�L�F�D�O�L�F�D�����*�\�U�D�X�O�X�V���V�S., ʙʦʢʦʧʣʘʚ �*�P�H��

�O�L�Q�R�L�G�H�V���I�D�V�F�L�D�W�X�V). ɺ ʧʦʯʚʝ ʚʦʟʣʝ ʐʫʤʘʢʩʢʠʭ ʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʘ ʩʠʥʝʟʝʣʝʥʘʷ ʚʦʜʦʨʦʩʣʴ ï �+�D�P�P�D�W�R�L�G�H�D�V�� �V�L�P�S�O�H�[, ʘʨʝʘʣ ʢʦʪʦʨʦʡ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʂʘʚʢʘʟʝ (ʦʨʦʰʘʝʤʳʝ ʧʦʯʚʳ) ʠ ɽʛʠʧʪʝ (ʚʦʜʦʝʤʳ) (ʊʘʭʪʝʝʚ ʠ ʜʨ., 

2010). 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʘʟʦʪʥʳʭ, ʘʟʦʪʥʦ-ʤʝʪʘʥʦʚʳʭ ʠ 

ʤʝʪʘʥʦʚʳʭ, ʭʣʦʨʠʜʥʳʭ ʠ ʩʫʣʴʬʘʪʥʳʭ ʩʦʣʝʥʳʭ ʚʦʜ, ʠ ʨʘʩʩʦʣʦʚ ʦʙʠʪʘʶʪ ʛʘʣʦ-

ʬʠʪʥʳʝ ʵʣʝʤʝʥʪʳ ʬʘʫʥʳ. ʉʦʣʦʥʦʚʘʪʳʤ ʠ ʩʣʘʙʦʩʦʣʦʥʦʚʘʪʳʤ ʠʩʪʦʯʥʠʢʘʤ 

ʩʚʦʡʩʪʚʝʥʥʳ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʩʦʦʙʱʝʩʪʚ ʤʘʢʨʦ-ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ: ʘʤʬʠ-

ʧʦʪʥʳʡ ʠ ʜʠʧʪʝʨʦʠʜʥʳʡ. ɺ ʘʤʬʠʧʦʪʥʦʤ ʜʦʤʠʥʠʨʫʝʪ ʵʚʨʠʛʘʣʠʥʥʳʡ ʚʠʜ 

Gammarus lacustris, ʢʦʪʦʨʳʡ ʘʜʘʧʪʠʨʦʚʘʥ ʢ ʩʦʣʝʥʦʩʪʥʦʩʪʠ. ɺ ʧʨʝʩʥʳʭ ʠ ʩʣʘ-

ʙʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜʘʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʣʠʯʠʥʢʠ ʭʠʨʦʥʦʤʠʜ. ɺ 

ʙʦʣʝʝ ʩʦʣʝʥʳʭ ʨʦʜʥʠʢʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʝʤʝʡʩʪʚʘ ʤʫʭ: ʟʝʣʝʥʫʰʝʢ, 

ʙʝʨʝʛʦʚʫʰʝʢ (ʊʘʭʪʝʝʚ, ɻʘʣʠʤʟʷʥʦʚʘ, 2009). 

ʅʘʣʠʯʠʝ ʛʠʜʨʦʪʝʨʤ ʧʦʚʳʰʘʝʪ ʦʙʱʝʝ ʬʣʦʨʠʩʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʨʝ-

ʛʠʦʥʘ ʟʘ ʩʯʝʪ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʨʤʦ-

ʬʠʣʴʥʦʡ ʠ ʟʦʥʘʣʴʥʦʡ ʬʣʦʨʳ ʩ ʫʯʘʩʪʠʝ ʨʝʣʠʢʪʦʚʳʭ ʚʠʜʦʚ (ʂʨʘʩʥʘʷ ʢʥʠʛʘ é, 

2002; ɸʥʝʥʭʦʥʦʚ 1997,1998, 1999; ɸʥʝʥʭʦʥʦʚ ʠ ʜʨ., 2016). ʈʘʩʪʝʥʠʷ, ʧʨʦʠʟ-

ʨʘʩʪʘʶʱʠʝ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʛʠʜʨʦʪʝʨʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʨʘʥʥʠʤ, ʥʘ 1ï

1,5 ʤʝʩʷʮʘ, ʥʘʯʘʣʦʤ ʚʝʛʝʪʘʮʠʠ (ʇʣʝʰʘʥʦʚ, ʂʘʟʘʥʦʚʩʢʠʡ, 2000). ɺʦʟʜʝʡʩʪʚʠʝ 

ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʣʦʢʘʣʴʥʳʡ, ʥʦ ʠ ʧʣʦʱʘʜʥʦʡ ʭʘʨʘʢʪʝʨ. ʏʝʤ 

ʚʳʰʝ ʪʝʧʣʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʨʝʬʫʛʠʷ, ʪʝʤ ʷʨʯʝ ʨʝʣʠʢʪʦʚʳʝ ʯʝʨʪʳ 

ʪʘʢʠʭ ʩʦʦʙʱʝʩʪʚ (ʊʘʭʪʝʝʚ ʠ ʜʨ., 2010). 

ʈʝʬʫʛʠʫʤʳ ʩʪʝʧʥʳʭ ʨʝʣʠʢʪʦʚ-ʛʘʣʦʬʠʣʦʚ ʪʷʛʦʪʝʶʪ ʢ ʩʦʣʦʥʦʚʘʪʳʤ ʚʦ-

ʜʦʝʤʘʤ ʠ ʟʦʥʘʤ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤ.  ʇʨʠ ʩʣʘʙʦʤ ʟʘʩʦʣʝʥʠʠ ʧʦʯʚʳ ʚʦʟʣʝ 

ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʦʩʪʥʠʢʦʤ ʶʞʥʳʤ, 

ʧʨʠ ʩʠʣʴʥʦʤ ʟʘʩʦʣʝʥʠʠ ʧʦʯʚʳ (ɸʣʛʠʥʩʢʠʝ ʦʟʝʨʘ) ʜʦʤʠʥʠʨʫʶʱʝʡ ʬʦʨʤʦʡ ʷʚ-

ʣʷʝʪʩʷ ʩʦʣʝʨʦʩ ʝʚʨʦʧʝʡʩʢʠʡ �6�D�O�L�F�R�U�Q�L�D�� �H�X�U�R�S�R�H�D. ʗʨʢʠʤʠ ʨʝʣʠʢʪʘʤʠ ʩʣʫʞʘʪ 



�ò�ì��
��
ʥʝʢʦʪʦʨʳʝ ʩʦʩʫʜʠʩʪʳʝ ʨʘʩʪʝʥʠʷ ï �.�D�O�L�G�L�X�P�� �I�R�O�L�D�W�X�P�� ���3�D�O�O�������� �6�X�D�H�G�D�� �V�D�O�V�D�� ���/������

�3�D�O�O���� �1�L�W�U�D�U�L�D�� �V�L�E�L�U�L�F�D�� �3�D�O�O������ �3�H�W�U�R�V�L�P�R�Q�L�D�� �O�L�W�Z�L�Q�R�Z�L�L�� �.�R�U�V�K������ �D�V�W�U�D�J�D�O�X�V�� �V�X�O�F�D�W�X�V��

�/������ �/�L�P�R�Q�L�X�P�� �J�P�H�O�L�Q�L�L�� ���:�L�O�O�G��, ʠ ʥʘʩʝʢʦʤʳʝ ï �&�L�F�L�Q�G�H�O�D�� �O�L�W�W�R�U�D�O�L�V�� �S�H�L�S�L�Q�J�H�Q�V�L�V��

�0�D�Q�G�O�����$�P�D�U�D���D�E�G�R�P�L�Q�D�O�L�V  ʠ ʜʨ. (ʇʣʝʰʘʥʦʚ, ʊʘʭʪʝʝʚ, 2008). 

 ɺ ʟʦʥʝ ʨʘʟʛʨʫʟʢʠ ʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʫʥʠ-

ʢʘʣʴʥʳʝ ʪʝʨʤʦʬʠʣʴʥʳʝ ʠ ʛʘʣʦʬʠʣʴʥʳʝ ʚʠʜʳ ʬʣʦʨʳ ʠ ʬʘʫʥʳ, ʥʦ ʠ ʩʧʝʮʠʬʠ-

ʯʝʩʢʠʝ ʤʠʢʨʦʙʥʳʝ ʩʦʦʙʱʝʩʪʚʘ, ʦʙʣʘʜʘʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠ 

ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ɻʝʦʭʠʤʠʯʝʩʢʘʷ 

é, 2011; ɹʫʜʘʛʘʝʚʘ ʠ ʜʨ., 2014, 2015). ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʩʦʦʙʱʝʩʪʚ ʷʚʣʷʝʪ-

ʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʙʥʳʭ ʤʘʪʦʚ (ʨʠʩ. 2.16), ʢʦʪʦʨʳʝ ʧʦ ʬʦʨʤʝ ʥʘʠʙʦʣʝʝ 

ʧʦʭʦʞʠ ʥʘ ʧʣʝʥʢʠ ʧʣʝʩʝʥʠ. 

ʄʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʣʦʪʥʳʡ ʤʥʦʛʦʩʣʦʡʥʳʡ çʢʦʚʝʨè ʨʘʟʤʝʨʦʤ 

ʜʦ 2 ʩʤ. ɼʦʤʠʥʠʨʫʶʱʠʤ ʩʪʨʫʢʪʫʨʥʳʤ ʢʦʤʧʦʥʝʥʪʦʚ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʤʘʪʦʚ 

ʷʚʣʷʶʪʩʷ ʥʠʪʯʘʪʳʝ ʬʦʨʤʳ ʮʠʘʥʦʙʘʢʪʝʨʠʡ, ʬʦʨʤʠʨʫʶʱʠʝ ʧʣʦʪʥʫʶ ʩʣʦʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ (ɿʘʚʘʨʟʠʥ, 2003; ʅʘʤʩʘʨʘʝʚ, 2003; Jorgensen, Nelson, 1988; Wiegel, 

1979, 1998). ɺʩʝʛʦ ʚ ʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ ʦʙ-

ʥʘʨʫʞʝʥʦ 74 ʚʠʜʘ ʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʮʠʘʥʦʙʘʢʪʝʨʠʡ, ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʝʜʩʪʘʚʠ-

ʪʝʣʠ ʨʦʜʘ Phormidium ʠ ʜʨʫʛʠʝ ʪʨʠʭʦʤʥʳʝ ʮʠʘʥʦʙʘʢʪʝʨʠʠ ʨʦʜʦʚ �2�V�F�L�O�O�D�W�R�U�L�D����

�0�D�V�W�L�J�R�F�O�D�G�X�V (ʅʘʤʩʘʨʘʝʚ ʠ ʜʨ., 2003). ʎʠʘʥʦʙʘʢʪʝʨʠʠ ï ʵʪʦ ʜʨʝʚʥʝʡʰʘʷ 

ʛʨʫʧʧʘ ʧʨʦʢʘʨʠʦʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʘʷ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦ-

ʚʠʷʭ. ʆʥʘ ʫʩʪʦʡʯʠʚʘ ʢ ʨʘʜʠʦʘʢʪʠʚʥʦʤʫ ʠʟʣʫʯʝʥʠʶ, ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ, 

ʩʦʣʝʥʦʩʪʠ, ʨʘʟʣʠʯʥʳʤ ʟʥʘʯʝʥʠʷ Eh, pH, ʧʝʨʝʥʦʩʠʪ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʚʦʜʥʦʡ ʠ 

ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʘʭ ʩʝʨʥʳʭ ʠ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʢʘʢ 

ʧʨʠ ʧʦʣʥʦʤ ʥʘʩʳʱʝʥʠʠ ʩʨʝʜʳ ʉʆ2, ʪʘʢ ʠ ʧʨʠ ʜʦʩʪʫʧʝ ʢʠʩʣʦʨʦʜʘ. ʊʘʢʠʝ ʵʢʩ-

ʪʨʝʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʪʤʝʯʘʶʪʩʷ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ (ɿʘʚʘʨʟʠʥ, 

2003; ʅʘʤʩʘʨʘʝʚ ʠ ʜʨ., 2006), ʛʜʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʯʝʪʘʥʠʷ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ 

ʬʦʨʤʠʨʫʶʪʩʷ ʨʘʟʥʦʪʠʧʥʳʝ ʩʧʝʮʠʬʠʯʥʳʝ ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ 

(ɻʝʨʘʩʠʤʝʥʢʦ, ʋʰʘʪʠʥʩʢʘʷ, 2002; ɻʝʦʭʠʤʠʯʝʩʢʘʷ é,2011).  
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ʄʠʥʝʨʘʣʴʥʳʝ ʛʠʜʨʦʪʝʨʤʳ 
ɸʣʣʘ ʉʝʶʷ 

  

  
ʂʫʯʠʛʝʨ ɻʘʨʛʘ ʋʤʭʝʡ 

   
ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʤʘʪʳ 

   

   
 
ʈʠʩ. 2.16. ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʤʘʪʳ ʚ ʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

(ʬʦʪʦ ɹʘʨʭʫʪʦʚʦʡ ɼ. ɼ.) 
  

ʊʨʦʬʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʘʪʦʚ ʠʤʝʝʪ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ: ʜʚʘ ʚʝʨʭʥʠʭ 

ʩʣʦʷ ʩʦʩʪʘʚʣʝʥʳ ʧʨʦʜʫʮʝʥʪʘʤʠ ʠ ʢʦʥʩʫʤʝʥʪʘʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (çʨʘʩʪʝʥʠʷ-

ʤʠè ʠ çʪʨʘʚʦʷʜʥʳʤʠè), ʩʦʝʜʠʥʝʥʥʳʤʠ ʚ ʧʠʱʝʚʫʶ ʮʝʧʴ ʧʘʩʪʙʠʱʥʦʛʦ ʪʠʧʘ. 
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ʅʠʞʥʠʡ ʩʣʦʡ ʩʬʦʨʤʠʨʦʚʘʥ ʨʝʜʫʮʝʥʪʘʤʠ, ʧʦʣʫʯʘʶʱʠʤʠ ʦʨʛʘʥʠʢʫ ʠʟ ʚʝʨʭʥʠʭ 

ʩʣʦʝʚ ʧʦ ʜʝʪʨʠʪʥʦʡ ʮʝʧʠ (ʇʝʨʤʠʥʦʚʘ, 2013). 

ʄʠʢʨʦʙʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ɿʘʙʘʡʢʘʣʴʷ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ. ʉʢʦʨʦʩʪʴ ʦʢʩʠʛʝʥʥʦʛʦ ʬʦʪʦʩʠʥʪʝʟʘ ʚ 

ʤʠʢʨʦʙʥʳʭ ʤʘʪʘʭ ʜʦʩʪʠʛʘʝʪ 3,5 ʛ ʉ/(ʤ2Āʩʫʪ), ʘʥʦʢʩʠʛʝʥʥʦʛʦ ʬʦʪʦʩʠʥʪʝʟʘ ï 5,5 

ʛ ʉ/(ʤ2Āʩʫʪ), ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʪʝʤʥʦʚʦʡ ʬʠʢʩʘʮʠʠ ï 12,1 ʛ ʉ/(ʤ2Āʩʫʪ), 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʫʤʤʘʨʥʘʷ ʧʨʦʜʫʢʮʠʷ ï21 ʛ ʉ/(ʤ2Āʩʫʪ) (ɻʦʨʣʝʥʢʦ, ɹʦʥʯ-

ʆʩʤʦʣʦʚʩʢʘʷ, 1989; ʅʘʤʩʘʨʘʝʚ ʠ ʜʨ., 2003, 2006; Ferris et al., 1997).  

ʊʝʨʤʠʥʘʣʴʥʘʷ ʜʝʩʪʨʫʢʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʤʘʪʘʭ ʱʝʣʦʯʥʳʭ 

ʛʠʜʨʦʪʝʨʤ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʛʣʝʢʠʩʣʦʪʳ ʠ ʩʝʨʦʚʦʜʦʨʦ-

ʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʫʯʘʩʪʠʝʤ ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ. ʆʥʠ ʠʤʝʶʪ ʨʘʟ-

ʥʫʶ ʬʦʨʤʫ ʢʣʝʪʢʠ (ʢʦʢʢʠ, ʚʠʙʨʠʦʥʳ, ʧʘʣʦʯʢʠ, ʩʧʠʨʠʣʣʳ, ʥʠʪʝʚʠʜʥʳʝ ʬʦʨ-

ʤʳ, ʛʨʘʤʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʛʨʘʤʤ-ʦʪʨʠʮʘʪʝʣʴʥʳʝ) ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʩʠʭʨʦ-

ʬʠʣʴʥʳʤʠ, ʤʝʟʦʬʠʣʴʥʳʤʠ ʠ ʪʝʨʤʦʬʠʣʴʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʩʧʦʩʦʙʥʳ-

ʤʠ ʢ ʭʝʤʦʦʨʛʘʥʦʪʨʦʬʠʠ, ʭʝʤʦʣʠʪʦʪʨʦʬʠʠ ʠ ʭʝʤʦʣʠʪʦʘʚʪʦʪʨʦʬʠʠ (ʊʫʜʫʧʦʚ, 

2012; Widdel, 1993; Ruff-Roberts et al., 1994). ʉʫʣʴʬʘʪʨʝʜʫʢʪʦʨʳ ʩʧʦʩʦʙʥʳ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʫʙʩʪʨʘʪʦʚ: ʚʦʜʦʨʦʜ, ʉʆ ʠ ʉʆ2, ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ (ɻʝʨʘʩʠʤʝʥʢʦ, ɿʘʚʘʨʟʠʥ, 1982; Wiegel, 199, 1998). ʕʪʠ ʤʠʢʨʦʦʨ-

ʛʘʥʠʟʤʳ ʷʚʣʷʶʪʩʷ ʧʨʦʢʘʨʠʦʪʘʤʠ, ʦʥʠ ʧʦʣʫʯʘʶʪ ʵʥʝʨʛʠʶ ʜʣʷ ʢʣʝʪʦʯʥʦʛʦ 

ʩʠʥʪʝʟʘ ʠ ʨʦʩʪʘ ʧʫʪʝʤ ʩʦʚʤʝʱʝʥʠʷ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʩʫʣʴʬʘʪʦʚ ʜʦ ʩʫʣʴʬʠʜʦʚ.  

ʇʨʦʮʝʩʩ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʨʦʚʦʜʦʨʦʜʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʚʘʞʥʳʭ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʳʟʳʚʘʝ-

ʤʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʪʝʨʤʦʬʠʣʴʥʳʭ ʩʫʣʴ-

ʬʘʪʨʝʜʫʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ ʚ ʛʠʜʨʦʪʝʨʤʘʭ ʜʦʩʪʠʛʘʝʪ 108 ʢʣ/ʩʤ3, ʤʝʟʦʬʠʣʴ-

ʥʳʭ ï 104 ʢʣ/ʩʤ3 (ɻʝʦʭʠʤʠʯʝʩʢʘʷ é, 2011). ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʫʣʴ-

ʬʘʪʨʝʜʫʢʮʠʠ ʜʦʩʪʠʛʘʶʪ 5,9 ʛ S/(ʤ2Āʩʫʪ). ʉʢʦʨʦʩʪʴ ʤʝʪʘʥʦʛʝʥʝʟʘ ʥʝʚʳʩʦʢʘ, ʜʦ 

1,5 ʤʛ ʉ/(ʤ2Āʩʫʪ). ʏʝʨʝʟ ʵʪʦʪ ʧʨʦʮʝʩʩ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ 2-3 ʧʦʨʷʜʢʘ ʙʦʣʴʰʝ ʦʨ-
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ʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʩʫʣʴʬʘʪʘ ʚ ʪʝʨʤʘʣʴ-

ʥʳʭ ʚʦʜʘʭ (ʅʘʤʩʘʨʘʝʚ ʠ ʜʨ., 2003, 2006).  

ʆʙʨʘʟʫʶʱʠʡʩʷ ʩʝʨʦʚʦʜʦʨʦʜ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʳʤ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʤ 

ʘʛʝʥʪʦʤ ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʘʭ ʭʝʤʦʣʠʪʦʪʨʦʬʠʠ, ʠʟʤʝʥʝʥʠʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩʳ ʙʠʦʛʝʥʥʦʛʦ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ (ʃʘʟʘʨʝʚʘ ʠ ʜʨ. 2010). ɿʘ ʩʯʝʪ ʦʢʠʩʣʝʥʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ ʥʘ 

ʛʨʘʥʠʮʝ ʘʵʨʦʙʥʳʭ ʠ ʘʥʘʵʨʦʙʥʳʭ ʟʦʥ ʧʨʦʠʩʭʦʜʠʪ ʩʠʥʪʝʟ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝ-

ʩʪʚʘ ʚ ʧʨʦʮʝʩʩʝ ʭʝʤʦʩʠʥʪʝʟʘ ʠ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʘʚʪʦʪʨʦʬʥʳʭ ʤʠʢʨʦʦʨ-

ʛʘʥʠʟʤʦʚ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʩʫʣʴʬʘʪʨʝʜʫʢʪʦʨʘʤʠ ʩʝʨʦʚʦʜʦʨʦʜ ʚʩʪʫʧʘʝʪ ʚ 

ʜʘʣʴʥʝʡʰʠʡ ʢʨʫʛʦʚʦʨʦʪ ʩʝʨʳ, ʚ ʢʦʪʦʨʦʤ ʫʯʘʩʪʚʫʶʪ ʘʥʦʢʩʠʛʝʥʥʳʝ ʬʦʪʦʪʨʦ-

ʬʳ ʠ ʭʝʤʦʣʠʪʦʪʨʦʬʥʳʝ ʩʝʨʦʙʘʢʪʝʨʠʠ. ɹʘʢʪʝʨʠʘʣʴʥʳʡ ʩʠʥʪʝʟ ʩʝʨʦʚʦʜʦʨʦʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ (27-70Áʉ). ʄʠʢʨʦʙʥʘʷ ʧʨʦʜʫʢ-

ʮʠʷ ʉʆ2 ʟʘ ʩʯʝʪ ʧʦʪʨʝʙʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠʚʦʜʠʪ ʢ ʦʩʘʞʜʝʥʠʶ 

ʢʘʨʙʦʥʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʃʘʟʘʨʝʚʘ ʠ ʜʨ., 2012). ʕʪʦʪ ʧʨʦʮʝʩʩ ʠʥʪʝʥʩʠʚʥʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʩʷ ʨʘʟʚʠʪʳʤ ʧʨʦʮʝʩ-

ʩʦʤ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ, ʢʦʪʦʨʳʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʤʝʪʥʳʤ ʧʦʜʱʝʣʘʯʠʚʘʥʠʝʤ 

ʚʦʜʳ ʟʘ ʩʯʝʪ ʠʟʲʷʪʠʷ ʠʦʥʘ ʚʦʜʦʨʦʜʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʩʝʨʦʚʦʜʦʨʦʜʘ. ʇʨʦʮʝʩʩ 

ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʨʘʩʪʚʦʨʝʥʥʳʭ ʩʫʣʴʬʘʪʦʚ ʠʟ ʧʣʘ-

ʩʪʦʚʳʭ ʚʦʜ ʠ ʦʩʘʞʜʝʥʠʶ ʞʝʣʝʟʘ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ (ʈʦʟʘʥʦʚʘ, ʂʫʟʥʝʮʦʚ, 

1974). ʉ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ ʩʚʷ-

ʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʤʠʥʝʨʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ, ʢʫʧʨʠʪ, ʩʬʘʣʝʨʠʪ, 

ʢʨʝʤʥʝʟʝʤ, ʢʘʣʴʮʠʪ, ʙʘʨʠʪ, ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʤʥʦʛʠʝ ʵʣʝʤʝʥʪʳ ʚʳʚʦ-

ʜʷʪʩʷ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʇʣʶʩʥʠʥ 2000; ʊʘʪʘʨʠʥʦʚ ʠ ʜʨ., 2005; ɻʝʦʭʠʤʠ-

ʯʝʩʢʘʷ é, 2011).  

ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʢʨʫʛʦʚʦʨʦʪʝ 

ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʠʚʦʜʷʪ ʚ ʜʚʠʞʝʥʠʝ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʮʠʢʣʳ, ʢʦʪʦʨʳʝ ʚʦ ʤʥʦ-

ʛʦʤ ʧʨʝʚʦʩʭʦʜʷʪ ʧʦ ʩʢʦʨʦʩʪʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. ʄʥʦʛʠʝ ʵʣʝʤʝʥʪʳ ʧʝ-

ʨʝʦʪʣʘʛʘʶʪʩʷ ʚ ʤʠʢʨʦʙʥʦʤ ʤʘʪʝ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʝ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʫʜ-

ʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʊʘʪʘʨʠʥʦʚ ʠ ʜʨ., 2005; ʃʘʟʘʨʝʚʘ, 2014). ʄʠʥʝʨʘʣʴʥʳʡ ʩʦ-

ʩʪʘʚ ʤʘʪʦʚ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʩʦʩʪʘʚʦʤ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʠʩʪʦʯʥʠ-
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ʢʦʚ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʣʦʞʝʥʠʷ ʦʧʘʣʘ, ʟʥʘʯʠ-

ʪʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʪʦʨʘ ï ʬʣʶʦʨʠʪʘ, ʠʟʙʳʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ 

ʩʦʟʜʘʶʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʣʴʮʠʪʘ, ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʩʪʨʦʥʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ. (ʃʘʟʘʨʝʚʘ ʠ ʜʨ., 2012). ʅʘ ɸʣʣʠʥʩʢʦʤ, ɻʘʨʛʠʥʩʢʦʤ ʠ ɻʫʩʠ-

ʭʠʥʩʢʦʤ ʠʩʪʦʯʥʠʢʘʭ ʬʦʨʤʠʨʫʶʪʩʷ ʪʨʘʚʝʨʪʠʥʳ (ʅʘʤʩʘʨʘʝʚ ʠ ʜʨ., 2006; ʃʘʟʘ-

ʨʝʚʘ ʠ ʜʨ., 2010). ɺ ʵʪʦʡ ʢʘʨʙʦʥʘʪʥʦʡ ʧʦʨʦʜʝ ʦʩʘʞʜʘʶʪʩʷ ʢʘʨʙʦʥʘʪʳ Ca, Mg, 

Fe, Na, ʠʥʦʛʜʘ ʩ ʢʨʝʤʥʝʟʝʤʦʤ ʠ ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ (ʉʦʢʪʦʝʚ ʠ ʜʨ., 

2015). ʅʘ ʨʷʜʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʂʫʯʠʛʝʨʩʢʦʤ ʠ ʋʤʭʝʡʩʢʦʤ ʠʩʪʦʯʥʠʢʘʭ ʪʨʘ-

ʚʝʨʪʠʥʳ ʥʝ ʦʙʨʘʟʫʶʪʩʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ɽ.ɺ. ʃʘʟʘʨʝʚʦʡ ʠ ʜʨ. (2009, 2014) 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʣʴʮʠʪʘ ʚ ʛʠʜʨʦʪʝʨʤʘʭ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʦ-

ʜʝʨʞʘʥʠʠ ʢʘʣʴʮʠʷ ʚʳʰʝ 10 ʤʛ/ʣ ʚ ʚʦʜʘʭ (ʃʘʟʘʨʝʚʘ ʠ ʜʨ., 2010, ʃʘʟʘʨʝʚʘ, 

2014; Lazareva et al., 2009), ʘ ʚ ʵʪʠʭ ʠʩʪʦʯʥʠʢʘʭ ʢʦʣʠʯʝʩʪʚʦ ʢʘʣʴʮʠʷ ʥʝ ʙʦʣʝʝ 

3 ʤʛ/ʣ.  

 ʇʦʤʠʤʦ ʥʘʢʦʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʠʥʝʨʘʣʘʭ, ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ, ʚ ʩʘʤʠʭ ʤʘʪʘʭ ʠʜʝʪ ʧʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ʄʘʪʳ ʨʘʟʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬ-

ʪʦʚʦʡ ʟʦʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʘʙʩʦʣʶʪʥʦ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ 

(ʇʝʨʤʠʥʦʚʘ, 2013). ɺ ʤʠʢʨʦʙʥʳʭ ʤʘʪʘʭ ɸʣʣʠʥʩʢʦʛʦ, ʂʫʯʠʛʝʨʩʢʦʛʦ, ʋʤʭʝʡ-

ʩʢʦʛʦ, ɻʘʨʛʠʥʩʢʦʛʦ ʠʩʪʦʯʥʠʢʦʚ ʦʪʤʝʯʝʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Fe, Ni, Cu, 

Zn, Cd, Pb. ʉʦʜʝʨʞʘʥʠʝ ʂ, Ca, Sr, Rb, Cs, Mn, Fe, Ni, Cu, Zn, Cd, V, Ga, Ge, 

Mo, Br ʚʳʰʝ, ʯʝʤ ʚ ʢʘʨʙʦʥʘʪʥʦʡ ʧʦʩʪʨʦʡʢʝ (ʃʘʟʘʨʝʚʘ ʠ ʜʨ., 2012). ʉʦʦʙʱʝ-

ʩʪʚʦ �7�K�L�R�W�K�U�L�[��ʘʢʢʫʤʫʣʠʨʫʝʪ ʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪ ʩʝʨʫ, ʥʦ ʟʘ ʧʨʝʜʝʣʘʤʠ ʩʦʦʙʱʝ-

ʩʪʚʘ ʫʩʣʦʚʠʷ ʥʝ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʪ ʥʘʢʦʧʣʝʥʠʶ ʠ ʩʦʭʨʘʥʝʥʠʶ ʵʪʦʛʦ ʵʣʝʤʝʥ-

ʪʘ.  

ʄʝʩʪʘ ʚʳʢʣʠʥʠʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ï ʫʥʠʢʘʣʴ-

ʥʘʷ ʪʝʨʨʠʪʦʨʠʷ, ʷʚʣʷʶʱʘʷʩʷ ʨʝʬʫʛʠʝʤ ʢʘʢ ʜʣʷ ʪʝʨʤʦʬʠʣʴʥʳʭ, ʪʘʢ ʠ ʛʘʣʦ-

ʬʠʣʴʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʬʣʦʨʳ, ʬʘʫʥʳ ʠ ʩʚʦʝʦʙʨʘʟʥʳʭ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʦʦʙʱʝʩʪʚ. ʎʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʝ ʤʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʱʥʳʡ ʙʠʦʛʝʦ-

ʭʠʤʠʯʝʩʢʠʡ ʙʘʨʴʝʨ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦ-
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ʩʪʠ ʤʠʛʨʘʮʠʠ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ ʠ ʦʪʤʝʯʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʤʠʥʝʨʘʣʦʚ. ɻʝʦʭʠ-

ʤʠʯʝʩʢʘʷ ʨʦʣʴ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʝ-

ʱʝʩʪʚ ʛʣʫʙʠʥʥʦʛʦ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ï ʛʘʟʦʚ (ʚʦʜʦʨʦʜʘ, ʘʟʦʪʘ, 

ʫʛʣʝʢʠʩʣʦʪʳ, ʤʝʪʘʥʘ), ʩʦʝʜʠʥʝʥʠʡ ʫʛʣʝʨʦʜʘ, ʩʝʨʳ, ʘʟʦʪʘ ʠ ʩʠʥʪʝʟ ʙʠʦʛʝʥʥʳʭ 

ʤʠʥʝʨʘʣʦʚ (ɻʝʦʭʠʤʠʯʝʩʢʘʷ é,2011). 
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ɻʣʘʚʘ 3. ʆɹʒɽʂʊʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 
 

�I�h�e�_�\�u�_���b�k�k�e�_�^�h�\�Z�g�b�y��ʧʨʦʚʦʜʠʣʠʩʴ ʚ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʚ ʧʝʨʠ-

ʦʜ 2011-2017 ʛʛ., ʙʳʣʦ ʟʘʣʦʞʝʥʦ 23 ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʘ ʥʘ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ. 

ʉʘʤʳʝ ʦʙʰʠʨʥʳʝ ʘʨʝʘʣʳ ʛʘʣʦʤʦʨʬʥʳʭ ʧʦʯʚ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʜʥʠʱʝ ʢʦʪʣʦʚʠ-

ʥʳ ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʘʨʝʘʣʫ ʟʘʩʦʣʝʥʥʳʭ ʦʟʝʨ ʍʘʨʘʤʦʜʦʥʩʢʦʡ, ʋʩʪʴ-

ɸʨʛʘʜʠʥʩʢʦʡ ʠ ʂʦʢʫʡʩʢʦʡ ʛʨʫʧʧʳ (ʨʠʩ. 3.1). 

 

��

ʈʠʩ. 3.1. ʂʦʩʤʠʯʝʩʢʠʡ ʩʥʠʤʦʢ ʟʘʣʦʞʝʥʥʳʭ ʨʘʟʨʝʟʦʚ 
 

ʆʩʥʦʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʢʦʪʣʦʚʠʥʳ, ʛʜʝ 

ʧʨʠ ʨʝʢʦʛʥʦʩʮʠʨʦʚʦʯʥʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʠʣʴʥʦ ʟʘʩʦʣʝʥ-

ʥʳʝ ʧʦʯʚʳ. ʇʦʟʜʥʝʝ ʧʨʠ ʜʝʪʘʣʴʥʳʭ ʨʘʙʦʪʘʭ, ʵʪʠ ʧʦʯʚʳ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʟʦʥʝ 

ʚʣʠʷʥʠʷ ʂʫʯʠʛʝʨʩʢʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʨʠʩ. 3.1).  

ɺ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʨʘʟʛʨʫʟʢʘ ʚʦʩʭʦʜʷʱʠʭ ʨʘʩʪʚʦʨʦʚ 

ʛʣʫʙʠʥʥʳʭ ʪʝʨʤʘʣʴʥʳʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʂʫʯʠʛʝʨʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ (N 

54,88236; E 111,0013889; h= 570 ʤ). ɺʳʢʣʠʥʠʚʘʥʠʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʨʠʫʨʦʯʝ-

ʥʦ ʢ ʧʝʨʝʩʝʯʝʥʠʶ ʧʨʦʜʦʣʴʥʦʛʦ (ɹʘʨʛʫʟʠʥʩʢʦʛʦ) ʠ ʧʦʧʝʨʝʯʥʦʛʦ (ɼʳʨʝʥʩʢʦʛʦ) 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʣʶʥʭʘʥʩʢʦʡ ʚʧʘʜʠʥʳ (ʨʠʩ. 3.2).  
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ʈʠʩ. 3.2. ʉʭʝʤʘ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ ʩʝʚʝʨʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ɹʘʨʛʫʟʠʥ-

ʩʢʦʡ ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʳ ʠ ʙʣʠʞʘʡʰʝʛʦ ʛʦʨʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ (ʏʝʨʥʷʚʩʢʠʡ ʠ ʜʨ., 2018) 
1 ï ʛʝʥʝʨʘʣʴʥʳʡ ʨʘʟʣʦʤ (ʰʪʨʠʭʠ ʥʘʧʨʘʚʣʝʥʳ ʚ ʩʪʦʨʦʥʫ ʧʘʜʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʨʘʟʣʦ-

ʤʘ); 2 ï ʨʘʟʣʦʤʳ ʜʦʩʪʦʚʝʨʥʳʝ (ʘ), ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ (ʙ); 3 ï ʜʥʠʱʝ ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʳ;  
4 ï çʧʣʝʯʠè ʨʠʬʪʘ; 5 ï ʪʝʨʤʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ (1 ï ʂʫʯʠʛʝʨʩʢʠʡ, 2 ï ʋʤʭʝʡʩʢʠʡ,  
3 ï ʉʝʶʡʩʢʠʡ). ʈʘʟʣʦʤʳ (ʮʠʬʨʳ ʚ ʢʨʫʞʢʘʭ): 1 ï ɼʳʨʝʥʩʢʠʡ, 2 ï ʋʣʶʛʥʠʥʩʢʠʡ,  

3 ï ʍʘʭʘʨʭʘʡ-ɹʘʨʛʫʟʠʥʩʢʠʡ, 4 ï ɼʞʠʨʛʠʥʩʢʠʡ, 5 ï ʉʝʶʡʩʢʠʡ 
 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʚʧʘʜʠʥʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʠʢʩʠʨʫʝʪʩʷ ʪʝʢʪʦʥʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʚ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʝ (ɿʘ-

ʤʘʨʘʝʚ, 1979; ʃʳʩʘʢ, 1982; ʃʫʥʠʥʘ ʠ ʜʨ., 2009; ʏʝʨʥʷʚʩʢʠʡ ʠ ʜʨ., 2018).  

ʂʫʯʠʛʝʨʩʢʠʡ ʠʩʪʦʯʥʠʢ ʨʘʟʛʨʫʞʘʝʪʩʷ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʋʣʶʥʭʘʥʩʢʦʡ 

ʚʧʘʜʠʥʳ. ɿʜʝʩʴ, ʚ ʧʨʝʜʝʣʘʭ ɼʳʨʝʥʩʢʦʛʦ ʨʘʟʣʦʤʘ, ʧʨʠ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʧʨʦʠʩ-

ʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʣʦʱʠʥ ʨʘʟʤʝʨʦʤ 200Ĭ2500 ʤ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʪʝʢʘʝʪ 

ʯʘʩʪʴ ʩʪʦʢʘ ʨ. ʀʥʜʠʭʵʥ. ʕʪʘ ʨʝʢʘ ʥʝ ʦʙʨʘʟʫʝʪ ʧʦʡʤʳ, ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʝʝ ʧʦ-

ʥʠʤʘʥʠʠ. ɿʜʝʩʴ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʮʝʧʦʯʢʘ ʠʩʪʦʯʥʠʢʦʚ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ, ʢʦʪʦ-
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ʨʘʷ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʜʦʣʴ ʨʫʩʣʘ ʧʨʘʚʦʛʦ ʨʫ-

ʢʘʚʘ ʨ. ʀʥʜʠʭʵʥ, ʚ 25-30 ʤ ʦʪ ʫʨʝʟʘ ʚʦʜʳ (ʨʠʩ. 3.3). ʆʧʫʩʪʠʚʰʘʷʩʷ ʧʨʠ ʪʝʢʪʦ-

ʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʣʘʩʪʠʥʘ ʧʦʨʦʜ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʚʠʞʝʥʠʶ ʧʦʪʦʢʘ ʪʝʨʤ 

ʦʪ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ ʢ ʚʧʘʜʠʥʝ, ʠ ʦʥʠ ʧʦʜʥʠʤʘʶʪʩʷ ʚʚʝʨʭ ʧʦ ʨʘʟ-

ʣʦʤʫ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʩʦʩʢʘʣʴʟʳʚʘʥʠʝ ʧʣʘʩʪʠʥʳ. ʈʘʟʛʨʫʟʢʘ ʤʠʥʝʨʘʣʠʟʦʚʘʥ-

ʥʳʭ ʚʦʜ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʳʭʣʳʝ ʠʣʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʥʘ ʧʣʦʱʘʜʠ ʧʨʠʤʝʨʥʦ 

200Ĭ500 ʤ (ʏʝʨʥʷʚʩʢʠʡ ʠ ʜʨ., 2018). 

 

 

ʈʠʩ. 3.3. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʂʫʯʠʛʝʨʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʏʝʨʥʷʚʩʢʠʡ ʠ ʜʨ., 2018) 

ʋʩʣ. ʦʙʦʟʥ.: 1 ï ʩʢʚʘʞʠʥʘ; 2 ï ʠʩʪʦʯʥʠʢ ʪʝʨʤʘʣʴʥʳʡ/ʭʦʣʦʜʥʳʡ; 3 ï ʜʦʨʦʛʘ (ʘ), ʪʨʦʧʘ (ʙ); 
4 ï ʙʘʟʘ ʦʪʜʳʭʘ; 5 ï ʩʤʝʰʘʥʥʳʡ ʣʝʩ; 6 ï ʣʠʩʪʚʝʥʥʳʡ ʣʝʩ; 7 ï ʭʚʦʡʥʳʡ ʣʝʩ; 8 ï ʣʫʛ;  

9 ï ʟʘʙʦʣʦʯʝʥʥʘʷ ʤʝʩʪʥʦʩʪʴ.  
 
ɺʦʜʘ ʪʝʨʤʳ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʪʥʦʩʠʪʩʷ ʢ ʬʪʦʨʠʩʪʦʤʫ ʩʝʨʦʚʦ-

ʜʦʨʦʜʥʦʤʫ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʘʪʥʦ ʥʘʪʨʠʝʚʦʤʫ ʪʠʧʫ (ʪʘʢ ʥʘʟʳʚʘʝʤʦʤʫ 

ʂʫʣʴʜʫʨʩʢʦʤʫ ʪʠʧʫ) (ʨʠʩ. 3.4). ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʥʠʟʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 

(365ï508 ʤʛ/ʜʤ3), ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ, ʱʝʣʦʯʥʦʩʪʴʶ 

(ʨʅ 9,3ï9,9), ʪʝʨʤʘʣʴʥʦʩʪʴʶ (40-50Áʉ). ɺ ʚʦʜʘʭ ʂʫʣʴʜʫʨʩʢʦʛʦ ʪʠʧʘ ʦʪʤʝʯʘʝʪ-

ʩʷ ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʵʣʝʤʝʥʪʦʚ: ʩ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ. (F, Al, Ti, S, Cu, W, Cr, Fe, Li, Ni, Pb, Cd, Sr, Cl, Ba ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ) (ʇʣʶʩʥʠʥ ʠ ʜʨ. 2013; ʏʝʨʥʷʚʩʢʠʡ ʠ ʜʨ., 2018).  
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ʈʠʩ. 3.4. ɺʳʭʦʜ ʠ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜ ʂʫʯʠʛʝʨʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ 
(ʇʣʶʩʥʠʥ ʠ ʜʨ. 2013, ʏʝʨʥʷʚʩʢʠʡ ʠ ʜʨ., 2018) ʤʛ/ʜʤ3 

 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʣʦʪʦ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʣʝʚʦʙʝ-

ʨʝʞʥʦʡ ʯʘʩʪʠ ʧʨʘʚʦʛʦ ʨʫʢʘʚʘ ʨʫʯʴʷ ʀʥʜʠʭʵʥ. ʊʝʨʤʘʣʴʥʳʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ 

ʚʦʜʳ ʨʘʟʛʨʫʞʘʶʪʩʷ ʚ ʵʪʠ ʙʦʣʦʪʘ, ʚ ʢʦʪʦʨʳʭ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʦʛʨʦʤʥʳʝ ʟʘʧʘʩʳ 

ʣʝʯʝʙʥʦʡ ʛʨʷʟʠ (ʆʪʯʝʪé, 1990). ɻʨʷʟʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʩʪʠʯʥʫʶ ʤʘʩ-

ʣʷʥʠʩʪʫʶ ʤʘʩʩʫ ʯʝʨʥʦʛʦ ʮʚʝʪʘ, ʛʫʩʪʦʡ ʩʤʝʪʘʥʦʦʙʨʘʟʥʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ ʩ ʟʘ-

ʧʘʭʦʤ ʩʝʨʦʚʦʜʦʨʦʜʘ. ʏʝʨʥʳʡ ʮʚʝʪ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʥʝʡ 

ʩʝʨʥʦʢʠʩʣʦʛʦ ʞʝʣʝʟʘ, ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʣʣʦʠʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɻʨʷʟʴ ʦʙ-

ʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʧʦʛʣʦʪʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʧʦʟʚʦʣʷʶʱʝʡ ʟʘʜʝʨʞʠʚʘʪʴ ʚ 

ʩʝʙʝ ʛʘʟʳ ʠ ʩʦʣʴ ʠʟ ʠʩʪʦʯʥʠʢʦʚ (ʆʪʯʝʪé, 2007). 

ɺ ʢʦʥʪʫʨʝ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʂʫʯʠʛʝʨʩʢʦʛʦ ʫʨʦʯʠʱʘ ʙʳʣʘ ʟʘʣʦʞʝʥʘ ʩʝ-

ʨʠʷ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ: ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʙʳʣʠ 

ʟʘʣʦʞʝʥʳ ʨʘʟʨʝʟʳ ʊʃʂ-2-16, ʊʃʂ-2-17, ʊʃʂ-2ʙ-17, ʊʃʂ-2ʚ-17; ʥʘ ʧʨʠʪʝʨ-

ʨʘʩʥʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ï ʨʘʟʨʝʟ ʊʃʂ-1-16, ʨʘʟʨʝʟ ʊʃʂ-3-16 ʨʘʩʧʦʣʦʞʝʥ ʥʘ 

ʟʘʙʦʣʦʯʝʥʥʦʤ ʫʯʘʩʪʢʝ ʩ ʧʝʨʝʩʳʭʘʶʱʠʤʠ ʦʟʝʨʘʤʠ (ʩʝʚʝʨʦ-ʟʘʧʘʜʥʝʝ ʜʝʨʝʚʥʠ 
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ʋʣʶʥʭʘʥ) ï ʘ ʨʘʟʨʝʟʳ ʊʃʂ-12-11 ʠ ʊʃʂ-4-16 ʥʘ ʚʳʩʦʢʦʤ ʦʩʪʝʧʥʝʥʥʦʤ ʨʝʜʢʦ 

ʟʘʪʦʧʣʷʝʤʦʤ ʫʯʘʩʪʢʝ (ʧʨʠʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʧʦʡʤʳ ʨ. ʋʣʶʛʥʘ) (ʪʘʙʣ. 3.1).  

ʊʘʙʣʠʮʘ 3.1. ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦʯʚ ʟʦʥʳ ʚʣʠʷʥʠʷ ʪʝʨʤʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 
ʂʫʯʠʛʝʨʩʢʠʡ 
ˉ ʨʘʟʨʝʟʘ ʠ ʛʝʦ-
ʛʨʘʬʠʯʝʩʢʘʷ ʧʨʠ-
ʚʷʟʢʘ 

ʂʦʦʨʜʠʥʘʪʳ, 
ʚʳʩʦʪʘ ʥʘʜ 
ʫʨʦʚʥʝʤ ʤʦʨʷ 

ʈʘʩʪʠʪʝʣʴʥʦʝ 
ʩʦʦʙʱʝʩʪʚʦ 

ʊʠʧ ʧʨʦʬʠʣʷ ʊʠʧ ʧʦʯʚʳ 

ʊʃʂ-2-16, ʚ ʧʦʡʤʝ 
ʨ. ʀʥʜʵʭʵʥ, ʚ 350 ʤ 
ʦʪ ʠʩʪʦʯʥʠʢʘ ɼʳ-
ʨʝʥʩʢʠʡ 

N54Á52'45,4"; 
E111Á00'2,9"; 
ʅ=551 ʤ ʥʘʜ ʫʨ. 
ʤ. 

ʈʘʩʪʠʪʝʣʴʥʦʝ 
ʩʦʦʙʱʝʩʪʚʦ 

ʉ.ʂ.* ī AJs,@ ī 
[AC, ACox, 
As]@ ī 
[AJ]Cq,s~~ ī 
2[AJ]Cq,s~~ ī 
3[AJ]Cq,s~~ 

ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʚʝʪʣʦʛʫʤʫ-
ʩʦʚʘʷ ʟʘʩʦʣʝʥʥʘʷ ʪʝʨʤʦʢʨʠ-
ʦʙʫʨʙʠʨʦʚʘʥʥʘʷ ʢʚʘʟʠʛʣʝʝ-
ʚʘʷ 
 

ʊʃʂ-2-17, ʚ ʧʦʡʤʝ 
ʨ. ʀʥʜʵʭʵʥ, ʚ 360 ʤ 
ʦʪ ʠʩʪʦʯʥʠʢʘ ɼʳ-
ʨʝʥʩʢʠʡ 

N 54,87922 
E 111,00094 
H=577 

ʇʦʣʟʫʥʢʦʚʦʝ AJs,@,ox ï 
TUR(BM+SU+Cc
a)@ï TUR/SUox, 
~,g ï Gsu ï G 

ʉʚʝʪʣʦʛʫʤʫʩʚʘʷ ʘʣʣʶʚʠ-
ʘʣʴʥʘʷ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʘʷ 
ʧʦʚʝʨʭʥʦʩʪʥʦ-
ʩʠʣʴʟʘʩʦʣʝʥʥʘʷ ʛʣʝʝʚʘʷ 
ʦʢʠʩʣʝʥʥʦ ʛʣʝʝʚʘʷ ʧʦʚʝʨʭ-
ʥʦʩʪʥʦ-ʢʘʨʙʦʥʘʪʥʘʷ ʩ ʯʝʨ-
ʥʳʤʠ ʩʫʣʴʬʠʜʥʳʤʠ ʛʦʨʠ-
ʟʦʥʪʘʤʠ ʩʫʧʝʩʯʘʥʘʷ ʥʘ ʘʣ-
ʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ  

ʊʃʂ-2ʙ-17, ʚ ʧʦʡ-
ʤʝ ʨ. ʀʥʜʵʭʵʥ, ʚ 
450 ʤ ʦʪ ʠʩʪʦʯʥʠʢʘ 
ɼʳʨʝʥʩʢʠʡ 

N 54,87842 
E 111,00266 
H=577 

ʇʨʝʜʩʪʘʚʣʝʥ 
ʩʣʝʜʫʶʱʠʤʠ 
ʚʠʜʘʤʠ: ʷʯʤʝʥʴ 
ʢʦʨʦʪʢʦʦʩʳʡ, 
ʙʝʩʢʠʣʴʥʠʮʘ, 
ʦʜʫʚʘʥʯʠʢ, ʣʘʧ-
ʯʘʪʢʘ ʛʫʩʠʥʘʷ, 
ʚʦʩʪʨʝʮ, ʧʦʣʳʥʴ, 
ʧʦʜʦʨʦʞʥʠʢ, 
ʦʩʦʢʘ ʩʪʦʧʦʚʠʜ-
ʥʘʷ, ʦʩʦʪ ʣʫʛʦ-
ʚʦʡ 

Wï WCï Cï 
[H]@ï [SU]@ï 
QC@ï SU 

ʇʩʘʤʦʟʝʤ ʛʫʤʫʩʦʚʳʡ ʥʘ 
ʧʦʛʨʝʙʝʥʥʦʡ-ʢʚʘʟʠʛʣʝʝʚʦʡ 
ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʦʡ ʩʫʧʝʩ-
ʯʘʥʦʡ ʧʦʯʚʝ ʩ ʪʝʤʥʳʤʠ 
ʩʫʣʴʬʠʜʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ 
ʥʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝ-
ʥʠʷʭ 

ʊʃʂ-2ʚ-17, ʚ ʧʦʡ-
ʤʝ ʨ. ʀʥʜʵʭʵʥ, ʚ 
550 ʤ ʦʪ ʠʩʪʦʯʥʠʢʘ 
ɼʳʨʝʥʩʢʠʡ 

N 54,87786 
E 111,00294 
H=577 

AH ï  2Cï 3C ï 
4C ï 5C ï 6C ï 
7Cca ï 8Gox, ca ï 
9C ï 10C 

ʇʝʨʝʛʦʡʥʦ-ʪʝʤʥʦʛʫʤʫʩʦʚʘʷ 
ʤʘʣʦʤʦʱʥʘʷ ʧʝʩʯʘʥʘʷ ʥʘ 
ʩʣʦʠʩʪʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ 
ʧʝʩʯʘʥʦ-ʩʫʧʝʩʯʘʥʳʭ ʦʪʣʦ-
ʞʝʥʠʷʭ ʩ ʧʨʦʩʣʦʡʢʘʤʠ ʩʫ-
ʛʣʠʥʢʘ 

ʊʃʂ-1-16, ʚ 
ʦʢʨʝʩʪʥʦʩʪʠ ʩʝʣ 
ʂʫʯʠʛʝʨ ʠ ʋʣʶʥ-
ʭʘʥ 

N54ʦ52'5,8",  
E111ʦ2' 47,2"; 
ʅ=563ʤ ʥʘʜ ʫʨ. ʤ. 

ʇʦʣʟʫʥʢʦʚʦʝ 
ʩʦʦʙʱʝʩʪʚʦ 

ʉ.ʂ.*ī Spa[AU] 
ï S@ ī [SAU, 
Cs~~, Cox,s~~, 
2SAU] ï 
[AU]Cs,ƍ 

ʉʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʧʦʩʪʘʛʨʦ-
ʛʝʥʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ 
ʤʝʨʟʣʦʪʥʳʡ 

 ʊʃʂ-3-16, ʥʘ ʟʘ-
ʙʦʣʦʯʝʥʥʦʤ ʫʯʘʩʪ-
ʢʝ ʩ ʧʝʨʝʩʳʭʘʶ-
ʱʠʤʠ ʦʟʝʨʘʤʠ ʚ 2 
ʢʤ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʝʝ 
ʜ. ʋʣʶʥʭʘʥ 

N54Á51'29,3";  
E111Á2'4,4"; 
ʅ=601 ʤ ʥʘʜ ʫʨ. 
ʤ. 

ʆʩʦʯʢʦʚʦ-
ʣʘʧʯʘʪʢʦʚʦʝ 

ʉ.ʂ.* ï S[AU] ī 
Csᾳᾳᾳᾳ ī [AU]s,@ 
ī 2Cs,ox,@ᾳᾳᾳᾳ ī 
2[AU]s,@,ox ï 
3Cs,ox,ƍ 

ʉʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʢʨʠʦʪʫʨ-
ʙʠʨʦʚʘʥʥʳʡ ʦʢʠʩʣʝʥʥʦ-
ʛʣʝʝʚʳʡ ʤʝʨʟʣʦʪʥʳʡ 

ʊʃʂ-4-16, ʥʘ ʚʳ-
ʩʦʢʦʤ ʫʯʘʩʪʢʝ 
ʤʝʞʜʫ ʨ. ʋʣʶʛʥʘ ʠ 
ʉʝʥ. 

N54Á49'42,5'',  
ɽ111Á1'57,2''; 
ʅ=605 ʤ ʥʘʜ ʫʨ.ʤ 

ɽʜʠʥʠʯʥʳʝ ʵʢ-
ʟʝʤʧʣʷʨʳ ʩʚʝʜʳ, 
ʣʘʧʯʘʪʢʠ ʛʫʩʠ-
ʥʦʡ  

ʉ.ʂ.* ï S[AU] ï 
2S ï 3S@ ï 4S@ 
ï ʉs ï 2Cs~~ ï 
[AU]s,ƍ 

ʉʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʢʨʠʦʪʫʨ-
ʙʠʨʦʚʘʥʥʳʡ ʩʦʣʦʥʮʝʚʘʪʳʡ 
ʤʝʨʟʣʦʪʥʳʡ 

ʊʃʂ-12-11 ʥʘ ʚʳ-
ʩʦʢʦʤ ʫʯʘʩʪʢʝ 
ʤʝʞʜʫ ʨ. ʋʣʶʛʥʘ ʠ 
ʉʝʥ  

N54Á49'46,5''; 
E111Ü01'48,2'', 
ʅ=605 ʤ ʥʘʜ ʫʨ.ʤ 

ʈʘʟʥʦʪʨʘʚʥʦ-
ʣʝʡʤʫʩʦʚʦʝ 
ʦʩʪʝʧʥʝʥʥʦʝ 
ʣʫʛʦʚʦʝ ʩʦʦʙʱʝ-
ʩʪʚʦ 

S[AU]@ ï S@,sn 
ï Cs~~ ï 2Cs~~ ï 
[AU]Cs~~ ï 
3Cs,~~ƍ 

ʉʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʢʨʠʦʪʫʨ-
ʙʠʨʦʚʘʥʥʳʡ ʩʦʣʦʥʮʝʚʘʪʳʡ 
ʤʝʨʟʣʦʪʥʳʡ 
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ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʨʠʤʝʥʷʣʠʩʴ ʩʨʘʚʥʠʪʝʣʴʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʠ ʤʦʨ-

ʬʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʠʩʧʦʣʴ-

ʟʦʚʘʣʠʩʴ ʤʘʪʝʨʠʘʣʳ ʜʝʪʘʣʴʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ, ʠʤʝʶʱʠʝ-

ʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʥʘ ʠʥʪʝʨʥʝʪ-ʩʝʨʚʠʩʘʭ Google, Yandex ʠ Bing. ɼʣʷ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ GPS-ʧʨʠʝʤʥʠʢ 

Garmin GPSMAP 60CSx. ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʘʥʘ-

ʣʠʟ ʚʳʧʦʣʥʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ArcGIS 10.1. 

�O�b�f�b�d�h���Z�g�Z�e�b�l�b�q�_�k�d�b�_���j�Z�[�h�l�u����ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʙʠʦʛʝʦʭʠʤʠʠ ʠ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦʡ ʘʛʨʦʭʠʤʠʠ ʀʆʕɹ ʉʆ ʈɸʅ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʘʢʪʫ-

ʘʣʴʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ (ʨʅ); ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʤʝʪʦʜʦʤ ʀ.ɺ. 

ʊʶʨʠʥʘ; ʦʙʱʝʛʦ ʘʟʦʪʘ ʧʦ ʂʴʝʣʴʜʘʣʶ; ʝʤʢʦʩʪʠ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʦ ɹʦʙʢʦ-

ɸʩʢʠʥʘʟʠ; ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʂʘʯʠʥʩʢʦʤʫ. ɸʥʘʣʠʟ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ ʧʨʦʚʝʜʝʥ ʩʪʘʥʜʘʨʪʥʳʤʠ ʦʙʱʝʧʨʠʥʷ-

ʪʳʤʠ ʤʝʪʦʜʘʤʠ (ɸʨʠʥʫʰʢʠʥʘ, 1970; ɸʛʨʦʭʠʤʠʯʝʩʢʠʝé, 1975; ʄʝʪʦ-

ʜʳé,1977; ʇʨʘʢʪʠʢʫʤé,1987). ʉʦʩʪʘʚ ʦʙʤʝʥʥʳʭ ʢʘʪʠʦʥʦʚ ʚ ʟʘʩʦʣʝʥʥʳʭ 

ʧʦʯʚʘʭ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʫ ʇʬʝʬʬʝʨʘ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʄʦʣʦʜʮʦʚʘ ʠ ʀʛʥʘ-

ʪʦʚʦʡ (ʍʠʪʨʦʚ, 1990). ʉʦʜʝʨʞʘʥʠʝ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʦʧʨʝʜʝʣʷʣʠ ʤʝ-

ʪʦʜʦʤ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ 1:5. ʉʪʝʧʝʥʴ ʟʘʩʦʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʠʟʤʘ ʟʘ-

ʩʦʣʝʥʠʷ (ʇʘʥʢʦʚʘ ʠ ʜʨ., 2006).  

ɼʣʷ ʧʦʜʨʦʙʥʦʛʦ ʘʥʘʣʠʟʘ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʳʙʨʘʥʳ 18 ʵʣʝ-

ʤʝʥʪʦʚ, ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʭ ʜʣʷ ʧʦʯʚ ʟʦʥ ʨʘʟʣʦʤʦʚ (ʂʘʩʠʤʦʚ, 1980) ʠ ʛʠʜʨʦ-

ʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ (ʇʣʶʩʥʠʥ ʠ ʜʨ., 2008, 

2013). ʕʪʦ ʱʝʣʦʯʥʳʝ (K, Na, Li), ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʝ (Ca, Mg, Sr, Ba,) ʵʣʝʤʝʥ-

ʪʳ, ʵʣʝʤʝʥʪʳ ʛʨʫʧʧʳ ʞʝʣʝʟʘ (Cr, Fe, Mn, Co, Ni), ʵʣʝʤʝʥʪʳ ʤʘʛʥʠʪʥʳʭ ʵʤʘ-

ʥʘʮʠʡ (S) ʠ ʨʝʜʢʠʝ ʵʣʝʤʝʥʪʳ (W). 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʘʣʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ 

ʚʳʧʦʣʥʷʣʦʩʴ ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ çʈʝʩʧʫʙʣʠʢʘʥ-

ʩʢʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘè ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʩ ʠʥʜʫʢʪʠʚʥʦ 

ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ICP), ʩʧʝʢʪʨʦʤʝʪʨʦʤ çSPECTROARCOSè. ɼʣʷ ʨʘʟʣʦʞʝ-
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ʥʠʷ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʤʝʩʴ ʬʪʦʨʠʩʪʦʚʦʜʦʨʦʜʥʦʡ (HF), 

ʭʣʦʨʥʦʡ (HClO4) ʠ ʘʟʦʪʥʦʡ (HNO3) ʢʠʩʣʦʪ (ɻʆʉʊ ʇʅɼ ʌ 16.1:2.3:3.11-98). 

�H�[�j�Z�[�h�l�d�Z���^�Z�g�g�u�o����ʆʮʝʥʢʘ ʟʘʩʦʣʝʥʥʦʩʪʠ ʧʦʯʚ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ 1:5. ʇʦ ʧʣʦʪʥʦʤʫ ʦʩʪʘʪʢʫ ʧʦʣʫʯʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʦʙ ʦʙʱʝʤ ʩʦʜʝʨʞʘʥʠʠ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦ-

ʝʜʠʥʝʥʠʡ. ʈʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʥʘʭʦʜʠʣʠ ʢʦʣʠʯʝʩʪʚʦ ʪʦʢʩʠʯʥʳʭ ʩʦʣʝʡ. ʇʨʠ ʚʳ-

ʯʠʩʣʝʥʠʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ (%) ʪʦʢʩʠʯʥʳʭ ʩʦʣʝʡ ʩʥʘʯʘʣʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʦʜʝʨ-

ʞʘʥʠʝ ʩʘʥʪʠʤʦʣʝʡ ʵʢʚʠʚʘʣʝʥʪʦʚ ʪʦʢʩʠʯʥʳʭ ʠʦʥʦʚ ʑʪʦʢʩ (ʅʉʆ3ʪʦʢʩ), SO4ʪʦʢʩ ʧʦ 

ʬʦʨʤʫʣʝ: 

ʑʪʦʢʩ(ʅʉʆ3ʪʦʢʩ) = ʑʦʙ ɦï ʉʘ, ʝʩʣʠ ʑʦʙιɦ ʉʘ2+; 

SO42ïʪʦʢʩ = SO42ï ï (ʉʘ2+ ï ʑʦʙ)ɦ, ʝʩʣʠ ʑʦʙ<ɦ ʉʘ2+, 

ʛʜʝ ʑʦʙ,ɦ SO4
2ï , ʉʘ2+ ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʘʥʪʠʤʦʣʝʡ ʵʢʚʠʚʘʣʝʥʪʦʚ 

ʠʦʥʦʚ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʦʤ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ, ʩʤʦʣʴ(ʵʢʚ)/ʢʛ 

ʧʦʯʚʳ; ʑʪʦʢʩ(ʅʉʆ3ʪʦʢʩ), SO4
2ï
ʪʦʢʩï ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ, ʢʦʪʦʨʦʝ ʧʝʨʝʰʣʦ ʠʟ ʧʦʯ-

ʚʳ ʚ ʚʦʜʥʫʶ ʚʳʪʷʞʢʫ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʪʚʦʨʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʩʦʣʝʡ ʩʤʦʣʴ(ʵʢʚ)/ʢʛ 

ʧʦʯʚ. ɿʘʪʝʤ ʚʳʯʠʩʣʷʣʠ ʠ ʩʫʤʤʠʨʦʚʘʣʠ ʤʘʩʩʦʚʳʝ ʜʦʣʠ (%) ʚʩʝʭ ʪʦʢʩʠʯʥʳʭ 

ʠʦʥʦʚ [ʑʪʦʢʩ (ʅʉʆ3ʪʦʢʩ), SO4ʪʦʢʩ, Clï, Mg2+, Na+, K+], ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦ, 

ʯʪʦ ʠʦʥʳ Clï, Mg2+, Na+ ʧʝʨʝʭʦʜʷʪ ʠʟ ʪʚʝʨʜʳʭ ʬʘʟ ʧʦʯʚ ʚ ʚʦʜʥʫʶ ʚʳʪʷʞʢʫ 

ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʪʚʦʨʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʩʦʣʝʡ.  

 ʉʪʝʧʝʥʴ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚ ʦʮʝʥʠʚʘʣʠ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ (ʄʝʪʦʜʠʯʝʩʢʠʝ 

é, 1968; ʄʠʥʘʰʠʥʘ, 1970; ɹʘʟʠʣʝʚʠʯ, ʇʘʥʢʦʚʘ, 1972; ʇʘʥʢʦʚʘ ʠ ʜʨ., 2006 ʠ 

ʜʨ.). ʍʠʤʠʟʤ ʟʘʩʦʣʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʩʘʥʪʠʤʦʣʝʡ ʵʢʚʠʚʘ-

ʣʝʥʪʦʚ ʢʘʢ ʘʥʠʦʥʦʚ, ʪʘʢ ʠ ʢʘʪʠʦʥʦʚ. ɺ ʥʘʠʤʝʥʦʚʘʥʠʠ ʪʠʧʘ ʭʠʤʠʟʤʘ ʟʘʩʦʣʝʥʠʷ 

ʚʢʣʶʯʘʣʠ ʪʝ ʘʥʠʦʥʳ ʠ ʢʘʪʠʦʥʳ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ 20 % ʦʪ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʫʤʤʳ ʘʥʠʦʥʦʚ ʠ ʢʘʪʠʦʥʦʚ. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʠʦʥʘ ʅʉʆ3
- ʙʦ-

ʣʝʝ 2 ʩʤʦʣʴ(ʵʢʚ)/ʢʛ ʧʦʯʚʳ ʦʪʤʝʯʘʣʦʩʴ ʧʨʠʩʫʪʩʪʚʠʝ ʩʦʜʳ (ɿʘʩʦʣʝʥʥʳʝé, 

2006). ɺ ʥʘʟʚʘʥʠʠ ʥʘ ʧʦʩʣʝʜʥʝʝ ʤʝʩʪʦ ʩʪʘʚʠʣʠ ʧʨʝʦʙʣʘʜʘʶʱʠʡ ʘʥʠʦʥ; ʦʜʠʥ 

ʘʥʠʦʥ ʚ ʥʘʟʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ 2 ʨʘʟʘ ʠ ʙʦʣʝʝ 

ʧʨʝʚʳʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʜʨʫʛʠʭ ʠʦʥʦʚ. ʇʦ ʭʠʤʠʟʤʫ ʟʘʩʦʣʝʥʠʷ ʚʳʜʝʣʷʣʠʩʴ 

ʧʦʯʚʳ, ʟʘʩʦʣʝʥʥʳʝ ʥʝʡʪʨʘʣʴʥʳʤʠ ʩʦʣʷʤʠ (ʭʣʦʨʠʜʥʳʝ, ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʝ, 
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ʩʫʣʴʬʘʪʥʳʝ) ʠ ʱʝʣʦʯʥʳʝ ʧʦʯʚʳ (ʨʅ ʚʳʰʝ 8,4) (ʂʦʚʜʘ, 1968; Szabolcs, 1989). 

ʉʨʝʜʠ ʱʝʣʦʯʥʳʭ ʧʦʯʚ ʚʳʜʝʣʷʣʠ ʩʦʜʦʚʳʝ, ʩʦʜʦʚʦ-ʭʣʦʨʠʜʥʳʝ, ʩʦʜʦʚʦ-

ʩʫʣʴʬʘʪʥʳʝ ʧʦʯʚʳ, ʚ ʢʦʪʦʨʳʭ ʚʝʣʠʯʠʥʘ ʦʙʱʝʡ ʱʝʣʦʯʥʦʩʪʠ ʙʦʣʝʝ 20 % ʦʪ 

ʩʫʤʤʳ ʘʥʠʦʥʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ (ɹʘʟʠʣʝ-

ʚʠʯ, ʇʘʥʢʦʚʘ, 1972). ʇʦ ʩʦʩʪʘʚʫ ʢʘʪʠʦʥʦʚ ʚʳʜʝʣʷʣʠʩʴ ʧʦʯʚʳ, ʟʘʩʦʣʝʥʥʳʝ 

ʥʘʪʨʠʝʚʳʤʠ, ʤʘʛʥʠʝʚʳʤʠ ʠ ʢʘʣʴʮʠʝʚʳʤʠ ʩʦʣʷʤʠ. 

ɼʣʷ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʠʟʫʯʝʥʦ 32 ʵʣʝʤʝʥʪʘ, ʜʣʷ ʙʦʣʝʝ ʧʦ-

ʜʨʦʙʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʧʦʯʚ ʟʦʥ ʨʘʟʣʦ-

ʤʦʚ (ʂʘʩʠʤʦʚ, 1980) ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ 

ʟʦʥʳ (ʇʣʶʩʥʠʥ ʠ ʜʨ., 2008, 2013).  

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʳʯʠʩʣʷʣʠʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘ-

ʟʘʪʝʣʠ (ʚʳʙʦʨʦʯʥʳʝ ʩʨʝʜʥʠʝ (ʄ); ʦʰʠʙʢʠ ʩʨʝʜʥʠʭ (m), ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ (ů); ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ (Cv); ʤʘʢʩʠʤʘʣʴʥʳʝ (max) ʠ ʤʠʥʠ-

ʤʘʣʴʥʳʝ (min) ʟʥʘʯʝʥʠʷ; ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ (r) ʠ ʜʨ.) (ɼʦʩʧʝʭʦʚ, 1979). 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʚʢʣʶʯʘʣʘ ʨʘʩʯʝʪ ʦʩʥʦʚʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʪʝʩʪʫ ʐʘʧʠʨʦ-ʋʠʣʢʘ ʚ ʧʘʢʝʪʘʭ Statistica 10 ʠ Microsoft Excel 

2010. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʟʘʩʦʣʝʥʥʳʭ 

ʧʦʯʚʘʭ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʘ ʧʦ ʦʪʥʦʰʝ-

ʥʠʶ ʢ ʣʠʪʦʩʬʝʨʝ: ʂʂ=Cb /ʉC, ʛʜʝ ʂʂ ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥ-

ʪʘ; Cbï ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ; ʉC ï ʢʣʘʨʢʠ ʣʠʪʦʩʬʝʨʳ. 

ɿʥʘʯʝʥʠʷ ʉʉ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʟ ʨʘʙʦʪ ʅ. ʉ. ʂʘʩʠʤʦʚʘ, ɼ. ɺ. ɺʣʘʩʦʚʘ (2015), ʘ 

ʪʘʢʞʝ ɸ. Kabata-Pendias (2011). ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʬʦʥʘ (ʂʬ) ʨʘʩʩʯʠʪʳʚʘʣʠ, ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ 

ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʯʚʝ ʢ ʩʨʝʜʥʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʵʣʝʤʝʥʪʘ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ. ɺ 

ʢʘʯʝʩʪʚʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʬʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʥʘʯʝʥʠʷ ʚ ʧʦʨʦʜʘʭ ʠ ʧʦʯʚʘʭ ʧʦ 

ɻ.ʄ. ʀʚʘʥʦʚʫ (2007). ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ, ʘ ʪʘʢʞʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʣʦ-

ʢʘʣʴʥʳʤʠ ʟʘʩʦʣʝʥʥʳʤʠ ʧʦʯʚʘʤʠ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʩʪʘʚʣʝʥʳ ʥʘʢʦʧʠʪʝʣʴʥʳʝ 

ʨʷʜʳ ʠ ʨʷʜʳ ʨʘʩʩʝʠʚʘʠʷ. ɺʳʷʚʣʝʥʘ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʠʟʫʯʝʥʥʳʭ 

ʧʦʯʚ. 

�>�b�Z�]�g�h�k�l�b�d�Z���b�� �d�e�Z�k�k�b�n�b�d�Z�p�b�y�� �a�Z�k�h�e�_�g�g�u�o�� �i�h�q�\��ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʛʣʘʩ-

ʥʦ ʧʦʣʦʞʝʥʠʷʤ çʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʯʚ ʈʦʩʩʠʠè (2004) ʠ çʇʦ-

ʣʝʚʦʛʦ ʦʧʨʝʜʝʣʠʪʝʣʷ ʧʦʯʚ ʈʦʩʩʠʠè (2008).  
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ɻʣʘʚʘ 4. ɿɸʉʆʃɽʅʅʓɽ ʇʆʏɺʓ ɿʆʅ ʈɸɿʃʆʄʆɺ ʂʋʏʀɻɽʈʉʂʀʍ 

ɻʀɼʈʆʊɽʈʄ  
 

ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʧʦʜ ʩʦʩʥʦʚʳʤʠ ʣʝʩʘʤʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʜʝʨʥʦʚʦ-ʧʦʜʙʫʨʳ, ʘ ʚ ʧʦʡʤʘʭ ʨʝʢ ï ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʝʨʝʛʥʦʡʥʦ-

ʪʝʤʥʦʛʫʤʫʩʦʚʳʝ ʤʝʨʟʣʦʪʥʳʝ ʧʦʯʚʳ (ʋʙʫʛʫʥʦʚ ʠ ʜʨ., 2016). 
��
�J�Z�a�j�_�a�� �L�E�D������������. ɼʘʪʘ ʟʘʢʣʘʜʢʠ: 17.07.2011 ʛ. ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ: N 

54Á53'29,8''; E 111Ü01'33,4''. ʈʘʟʨʝʟ ʟʘʣʦʞʝʥ ʥʘ ʩʣʘʙʦʥʘʢʣʦʥʥʦʤ ʢʦʥʫʩʝ ʚʳʥʦʩʘ ʨ. ʋʣʶʛʥʘ 
ʥʘ ʚʳʩʦʪʝ 582 ʤ. ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʩ. ʂʫʯʠʛʝʨ ʧʦʜ ʩʦʩʥʷʢʦʤ ʨʦʜʦʜʝʥʜʨʦ-
ʥʦʚʦ-ʢʣʘʜʦʥʠʝʚʳʤ ʩ ʧʨʦʝʢʪʠʚʥʳʤ ʧʦʢʨʳʪʠʝʤ ʦʢʦʣʦ 50%.  
+2-0 ʃʝʩʥʦʡ ʦʧʘʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʭʚʦʠ, ʰʠʰʝʢ, ʚʝʪʦʢ ʩʦʩʥʳ, ʢʣʘʜʦʥʠʡ. 
 

 

 +2ï0 ʩʤ ʃʝʩʥʦʡ ʦʧʘʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʭʚʦʠ, ʰʠʰʝʢ, ʚʝʪʦʢ 
ʩʦʩʥʳ, ʢʣʘʜʦʥʠʡ 

ɸY 0-4(9) ʩʤ. ʊʝʤʥʦ-ʩʝʨʳʡ, ʫʚʣʘʞʥʝʥʥʳʡ, ʨʳʭʣʳʡ, ʥʝʧʨʦʯ-
ʥʦ-ʢʦʤʢʦʚʘʪʳʡ, ʩʫʧʝʩʯʘʥʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʨʥʠ, ʥʝ 
ʚʩʢʠʧʘʝʪ ʦʪ ʅʉl; ʧʝʨʝʭʦʜ ʷʩʥʳʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ ʠ 
ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʛʨʘʥʠʮʘ ʢʘʨʤʘʥʦʚʠʜʥʘʷ 

BF(Cf) 4(9)-18(22) ʩʤ. ɹʫʨʳʡ, ʫʚʣʘʞʥʝʥʥʳʡ, ʨʳʭʣʳʡ, ʙʝʩʩʪʨʫʢ-
ʪʫʨʥʳʡ, ʧʝʩʯʘʥʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʨʥʠ ʜʝʨʝʚʴʝʚ, ʥʝ 
ʚʩʢʠʧʘʝʪ ʦʪ ʅʉl; ʧʝʨʝʭʦʜ ʧʦʩʪʝʧʝʥʥʳʡ, ʚʳʨʘʞʝʥ ʧʦ 
ʮʚʝʪʫ ʠ ʩʪʝʧʝʥʠ ʢʘʤʝʥʠʩʪʦʩʪʠ, ʛʨʘʥʠʮʘ ʚʦʣʥʠʩʪʘʷ 

C(ʩʘ)~~ᾈᾈD 18(22)-55 ʩʤ. ɹʣʝʜʥʦ-ʢʦʨʠʯʥʝʚʳʡ, ʫʚʣʘʞʥʝʥʥʳʡ, ʨʳʭʣʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, 
ʧʝʩʯʘʥʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʨʥʠ ʜʝʨʝʚʴʝʚ, ʤʝʩʪʘʤʠ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʉʪʝʧʝʥʴ 
ʢʘʤʝʥʠʩʪʦʩʪʠ ʜʦ 50-70%. ʅʘ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʘʤʥʝʡ ʢʘʨʙʦʥʘʪʥʳʝ ʥʘʣʝʪʳ ʠ ʢʦ-
ʨʦʯʢʠ. 

D 55 ʠ ʛʣʫʙʞʝ. ɺʘʣʫʥʥʦ-ʛʘʣʝʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩ ʜʨʝʩʚʷʥʠʩʪʦ-ʧʝʩʯʘʥʳʤ ʟʘʧʦʣʥʠ-
ʪʝʣʝʤ. 

ʇʦʯʚʘ ï ʜʝʨʥʦʚʦ-ʧʦʜʙʫʨ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʡ  
 

ɺ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʧʦʯʚ ʘʣʴʬʝʛʫʤʫʩʦʚʦʛʦ ʦʪʜʝʣʘ ʦʪʯʝʪʣʠʚʦ 

ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʩʝʨʦʛʫʤʫʩʦʚʳʡ ʠ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʡ ʛʦʨʠʟʦʥʪ ʙʫʨʦ-

ʚʘʪʦ-ʦʭʨʠʩʪʦʡ ʦʢʨʘʩʢʠ. ʇʦʯʚʳ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʨʦʜʦʜʝʥʜʨʦʥʦʚʦ-ʢʣʘʜʦʥʠʝʚʳʭ 

ʠ ʨʦʜʦʜʝʥʜʨʦʥʦʚʦ-ʙʨʫʩʥʠʯʥʳʭ ʩʦʩʥʷʢʘʭ ʥʘ ʛʣʷʮʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠ ʵʣʶ-

ʚʦ-ʜʝʣʶʚʠʘʣʴʥʳʭ ʱʝʙʥʠʩʪʳʭ ʧʨʦʜʫʢʪʘʭ ʚʳʚʝʪʨʠʚʘʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠʣʠ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ.  

ʇʦʜʙʫʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʣʝʛʢʠʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʨʝʜʥʝ- ʠ ʤʝʣʢʦʧʝʩʯʘʥʳʭ ʬʨʘʢʮʠʡ (ʪʘʙʣ. 4.1.). ʉʦʜʝʨʞʘʥʠʝ 

ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ ʥʝ ʧʨʝʚʳʰʘʝʪ 10 %. 

 
 



�ó�ò��
��
ʊʘʙʣʠʮʘ 4.1. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʝʨʥʦʚʦ-ʧʦʜʙʫʨʘ ʠ ʘʣʣʶʚʠʘʣʴʥʦʡ ʧʦʯʚ 

ɻʦʨʠʟʦʥʪ ɻʣʫʙʠʥʘ, ʩʤ   ʉʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʡ (ʤʤ), % 
1- 
0,25 

0,25- 
0,05 

0,05- 
0,01 

0,01- 
0,005 

0,005- 
0,001 

<0,001 <0,01 

ɼʝʨʥʦʚʦ-ʧʦʜʙʫʨ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʡ ʣʠʪʦʙʘʨʴʝʨʥʳʡ (ʊʃʂ-14-11) 
AY 0-2(4) 20 48 21 3 4 3 10 

BF(BFCf) 2(4)-20(26) 30 47 13 2 2 6 10 
CD 20(26)-50 45 41 7 2 1 5 8 
ɸʣʣʶʚʠʘʣʴʥʘʷ ʧʝʨʝʛʥʦʡʥʦ-ʪʝʤʥʦʛʫʤʫʩʦʚʦ-ʢʚʘʟʠʛʣʝʝʚʘʷ ʤʝʨʟʣʦʪʥʘʷ (ʊʃʂ-17-11) 
Aʅq 0-15(20) 3 5 59 16 11 6 33 
Auq, h 15(20)-20(27) 2 62 16 6 7 7 20 
Q 20(27)-28(34) 1 50 22 11 10 6 27 
[AH] 28(34)-40(45) 3 42 35 8 8 6 20 
Cqƍ 40(45)-70 2 43 35 6 6 8 20 
 

ʃʝʩʥʘʷ ʧʦʜʩʪʠʣʢʘ ʠʤʝʝʪ ʦʯʝʥʴ ʢʠʩʣʫʶ ʨʝʘʢʮʠʶ ʩʨʝʜʳ (ʪʘʙʣ. 4.2). ɺ ʩʝ-

ʨʦʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʨʝʘʢʮʠʷ ʩʨʝʜʳ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ (6,0). ʉʦʜʝʨʞʘʥʠʝ 

ʛʫʤʫʩʘ ʩʦʩʪʘʚʣʷʝʪ ʚ ʥʝʤ 3 %, ʚ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʦʤ ʛʦʨʠʟʦʥʪʝ ï ʚʩʝʛʦ 

0,3 %. 
ʊʘʙʣʠʮʘ 4.2. ʅʝʢʦʪʦʨʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʝʨʥʦʚʦ-ʧʦʜʙʫʨʘ ʠ ʘʣʣʶʚʠʘʣʴ-
ʥʦʡ ʧʦʯʚʳ 

ɻʦʨʠʟʦʥʪ ɻʣʫʙʠʥʘ, ʩʤ ʨʅ 
ʚʦʜʥ. 

ʉʆ2 ɻʫʤʫʩ ɸʟʦʪ ɽʂʆ ʇʦʛʣʦʱʝʥʥʳʝ 
ʢʘʪʠʦʥʳ 
ʉʘ2+ Mg+2 

% ʩʤʦʣʴ(ʵʢʚ)/ʢʛ ʧʦʯʚʳ 
ɼʝʨʥʦʚʦ-ʧʦʜʙʫʨ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʡ ʣʠʪʦʙʘʨʴʝʨʥʳʡ (ʊʃʂ-14-11) 

ʆʧʘʜ +2-0 4,4 ʥʝ ʦʧʨʝʜʝʣʷʣʠ 
AY 0-2(4) 6,0 ʥʝ ʦʙʥ. 2,95 0,27 ï 16,9 7,7 

BF(BFCf) 2(4)-20(26) 6,9 - 0,28 0,15 ï 14,2 3,1 
CD 20(26)-50 7,1 - 0,26 0,14 ï 13,3 11,1 
ɸʣʣʶʚʠʘʣʴʥʘʷ ʧʝʨʝʛʥʦʡʥʦ-ʪʝʤʥʦʛʫʤʫʩʦʚʦ-ʢʚʘʟʠʛʣʝʝʚʘʷ ʤʝʨʟʣʦʪʥʘʷ (ʊʃʂ-17-11) 
Aʅq 0-15(20) 8,0 2,53 15,21* 1,03 28 ï ï 
Auq, h 15(20)-20(27) 7,8 1,22 7,02 0,62 30 ï ï 
Q 20(27)-28(34) 8,3 3,47 4,30 0,23 28 ï ï 
[AH] 28(34)-40(45) 8,3 1,69 6,82 0,48 30   
Cqƍ 40(45)-70 8,1 2,82 1,03 0,15 4   

ʇʨʠʤʝʯʘʥʠʷ: ʥʝ ʦʙʥ. ï ʥʝ ʦʙʥʘʨʫʞʝʥʦ; * ï; çïè ï ʥʝ ʦʧʨʝʜʝʣʷʣʠ 
 
�J�Z�a�j�_�a�� �L�E�D�� ������������ ɼʘʪʘ ʟʘʢʣʘʜʢʠ: 14.07.11 ʛ. ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ: 

N54Á49'54,1''; E111Ü03'02,0''; ʚʳʩʦʪʘ ï 548 ʤ. ʥʘʜ ʫʨ. ʤ. ʈʘʟʨʝʟ ʟʘʣʦʞʝʥ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 
ʢʦʪʣʦʚʠʥʳ ʚ ʧʦʡʤʝ ʣʝʚʦʛʦ ʙʝʨʝʛʘ ʨ. ʉʝʥ ʧʦʜ ʤʦʥʛʦʣʴʩʢʦ-ʧʦʣʝʚʠʮʝʚʦ-ʙʝʟʞʠʣʢʦʚʦ-
ʦʩʦʢʦʚʳʤ ʩʦʦʙʱʝʩʪʚʦʤ. ʇʦʚʝʨʭʥʦʩʪʴ ʩʣʘʙʦ ʟʘʢʦʯʢʘʨʝʥʥʘʷ. 
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ɸʅq 0ï15(20) ʩʤ. ʊʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʩ ʨʞʘʚʳʤʠ ʧʦʪʝʢʘʤʠ, 
ʧʝʨʝʛʥʦʡʥʳʡ ʚ ʚʝʨʭʥʝʤ 5-7 ʩʤ ʩʣʦʝ, ʩʳʨʦʡ, ʫʧʣʦʪ-
ʥʝʥʥʳʡ, ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʡ, ʧʨʦʥʠʟʘʥ ʢʦʨʥʷʤʠ; ʙʫʨ-
ʥʦ ʚʩʢʠʧʘʝʪ ʦʪ ʅʉl. ʇʝʨʝʭʦʜ ʷʩʥʳʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝ-
ʪʫ ʠ ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠ ʚʝʱʝʩʪʚʘ, ʛʨʘ-
ʥʠʮʘ ʚʦʣʥʠʩʪʘʷ. 

Auq, h 
 

15(20)ï20(27) ʩʤ. ʊʝʤʥʦ-ʩʝʨʳʡ, ʧʦʯʪʠ ʯʝʨʥʳʡ, ʩʳʨʦʡ, 
ʨʳʭʣʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʡ, ʚʩʪʨʝ-
ʯʘʶʪʩʷ ʢʦʨʥʠ ʠ ʨʞʘʚʳʝ ʧʨʠʤʘʟʢʠ; ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ 
ʅʉl. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ, ʛʨʘʥʠʮʘ ʚʦʣ-
ʥʠʩʪʘʷ. 

Q 20(27)ï28(34) ʩʤ. ʉʚʝʪʣʦʚʘʪʦ-ʦʣʠʚʢʦʚʳʡ ʩ ʨʞʘʚʳʤʠ 
ʧʷʪʥʘʤʠ, ʨʳʭʣʳʡ, ʩʳʨʦʡ, ʢʦʤʢʦʚʘʪʳʡ, ʣʝʛʢʦʩʫʛʣʠʥʠ-
ʩʪʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʨʥʠ. ʇʝʨʝʭʦʜ ʟʘʤʝʪʥʳʡ, ʚʳʨʘ-
ʞʝʥ ʧʦ ʮʚʝʪʫ, ʛʨʘʥʠʮʘ ʚʦʣʥʠʩʪʘʷ. 

[ɸʅ] 28(34)ï40(45) ʩʤ. ʊʝʤʥʦ-ʩʝʨʳʡ, ʩʳʨʦʡ, ʨʳʭʣʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʩʫʛʣʠʥʠʩʪʳʡ, 
ʧʨʦʥʠʟʘʥ ʢʦʨʥʷʤʠ; ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ ʅʉl. ʇʝʨʝʭʦʜ ʧʦʩʪʝʧʝʥʥʳʡ, ʚʳʨʘʞʝʥ ʧʦ 
ʮʚʝʪʫ, ʛʨʘʥʠʮʘ ʚʦʣʥʠʩʪʘʷ. 

ʉq,ƍ 40(45)ï70 cʤ. ɾʝʣʪʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʡ ʩ ʝʜʚʘ ʟʘʤʝʪʥʳʤʠ ʨʞʘʚʳʤʠ ʧʷʪʥʘʤʠ, ʤʦʢ-
ʨʳʡ, ʨʳʭʣʳʡ, ʭʦʣʦʜʥʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʩʫʛʣʠʥʠʩʪʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʨʥʠ; 
ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ ʅʉl. ʉ 50 ʩʤ ʚʳʩʪʫʧʘʝʪ ʛʨʫʥʪʦʚʘʷ ʚʦʜʘ, ʥʘ ʛʣʫʙʠʥʝ 70 ʩʤ ʟʘʣʝ-
ʛʘʝʪ ʤʝʨʟʣʦʪʘ. 

ʇʦʯʚʘ ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʧʝʨʝʛʥʦʡʥʦ-ʪʝʤʥʦʛʫʤʫʩʦʚʦ-ʢʚʘʟʠʛʣʝʝʚʘʷ ʤʝʨʟʣʦʪʥʘʷ. 
 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʘʣʣʶʚʠʘʣʴʥʦʡ ʧʦʯʚʳ ʧʦʡʤʳ ʨ. ʉʝʥ 

ʷʚʣʷʝʪʩʷ ʧʝʨʝʛʥʦʡʥʦ-ʪʝʤʥʦʛʫʤʫʩʦʚʳʡ ʭʘʨʘʢʪʝʨ ʘʢʢʫʤʫʣʷʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ. ʀʟ-ʟʘ ʤʝʨʟʣʦʪʥʦʛʦ ʚʦʜʦʫʧʦʨʘ ʚ ʩʨʝʜʠʥʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʧʨʦʷʚ-

ʣʷʶʪʩʷ ʢʚʘʟʠʛʣʝʝʚʳʝ ʧʨʦʮʝʩʩʳ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚʳ ʩʫʛʣʠʥʠ-

ʩʪʳʡ (ʪʘʙʣ. 4.1). ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʧʨʦʬʠʣʷ ʠʤʝʝʪ ʙʦʣʝʝ ʪʷʞʝʣʳʡ ʩʦʩʪʘʚ: ʦʪʤʝ-

ʯʘʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ ʢʨʫʧʥʦ ʠ ʩʨʝʜʥʝʧʳʣʝʚʘʪʳʭ ʯʘʩʪʠʮ. ʉʦʜʝʨʞʘʥʠʝ ʬʠʟʠ-

ʯʝʩʢʦʡ ʛʣʠʥʳ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 20 ʜʦ 33%, ʚ ʩʦʩʪʘʚʝ ʬʠʟʠʯʝʩʢʦʛʦ ʧʝʩʢʘ ʜʦʤʠʥʠ-

ʨʫʝʪ ʤʝʣʢʠʡ ʧʝʩʦʢ (42-62%) ʠ ʢʨʫʧʥʘʷ ʧʳʣʴ (16-35%).  

ɸʣʣʶʚʠʘʣʴʥʘʷ ʧʦʯʚʘ ʠʤʝʝʪ ʱʝʣʦʯʥʫʶ ʨʝʘʢʮʠʶ ʩʨʝʜʳ, ʧʨʦʬʠʣʴ ʦʢʘʨ-

ʙʦʥʘʯʝʥ, ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1,03 ʜʦ 7,02 % ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ 

ʧʠʢʘʤʠ ʚ ʪʝʤʥʦʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ (ʪʘʙʣ. 4.2).  

ɿʦʥʘʣʴʥʳʤʠ ʧʦʯʚʘʤʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʷʚʣʷʶʪ-

ʩʷ ʧʦʯʚʳ ʧʦʩʪʣʠʪʦʛʝʥʥʦʛʦ ʩʪʚʦʣʘ ʘʣʴʬʝʛʫʤʫʩʦʚʦʛʦ ʦʪʜʝʣʘ ʜʝʨʥʦʚʦ-ʧʦʜʙʫʨʳ, 

ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʧʦʜ ʨʦʜʦʜʝʥʜʨʦʥʦʚʦ-ʢʣʘʜʦʥʠʝʚʳʭ ʠ ʨʦʜʦʜʝʥʜʨʦʥʦʚʦ-

ʙʨʫʩʥʠʯʥʳʭ ʩʦʩʥʷʢʘʭ ʥʘ ʧʨʝʜʛʦʨʥʦʡ ʥʘʢʣʦʥʥʦʡ ʨʘʚʥʠʥʝ (ʋʙʫʛʫʥʦʚ, 2016) 
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(ʪʘʙʣ. 4.3). ʇʦʜ ʚʣʠʷʥʠʝʤ ʧʦʡʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʘʟʦʥʘʣʴʥʳʝ 

ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʩʠʥʣʠʪʦʛʝʥʥʦʛʦ ʩʪʚʦʣʘ. 
ʊʘʙʣʠʮʘ 4.3. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʩʧʠʩʦʢ ʧʦʯʚ ʪʘʝʞʥʦʡ ʟʦʥʳ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

ʉʪʚʦʣ ʆʪʜʝʣ ʊʠʧ ʧʦʯʚʳ ʇʦʜʪʠʧʳ 
ʇʦʩʪʣʠʪʦʛʝʥʥʦʛʦ 
ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ 

ɸʣʴʬʝʛʫʤʫ-
ʩʦʚʳʡ 

ɼʝʨʥʦʚʦ-ʧʦʜʙʫʨ  ʀʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʡ 
ʣʠʪʦʙʘʨʴʝʨʥʳʡ 

ʉʠʥʣʠʪʦʛʝʥʥʦʛʦ 
ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ 

ɸʣʣʶʚʠ-
ʘʣʴʥʳʡ 

ɸʣʣʶʚʠʘʣʴʥʘʷ ʧʝʨʝʛʥʦʡ-
ʥʦ-ʪʝʤʥʦʛʫʤʫʩʦʚʦ-
ʢʚʘʟʠʛʣʝʝʚʘʷ  

ʄʝʨʟʣʦʪʥʘʷ 

 
ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʢʦʪʣʦʚʠʥʳ ʧʦʜ ʩʪʝʧʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ ʦʧʠʩʘʥʳ ʥʝ-

ʦʙʳʯʥʳʝ ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ, ʢʦʪʦʨʳʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʣʠʩʴ ʢʘʢ ʩʦʣʦʥʮʳ ʛʠʜʨʦ-

ʤʦʨʬʥʳʝ (Ubugunov, 2016). ɹʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ 

ʥʘʤʠ ʚ ʵʪʦʤ ʨʘʡʦʥʝ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʨʝʟ ʊʃʂ-12-11, ʧʨʠʚʝʜʝʥʥʳʡ ʚ ʚʳʰʝ-

ʫʢʘʟʘʥʥʦʡ ʧʫʙʣʠʢʘʮʠʠ, ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʦʢʨʘʠʥʝ, ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦ ʧʣʦʱʘʜʠ, 

ʢʦʥʪʫʨʘ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ. ʕʪʦʪ ʢʦʥʪʫʨ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʥʠʤʢʘʭ. 

ɺ ʢʦʥʪʫʨʝ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʙʳʣʘ ʟʘʣʦʞʝʥʘ ʩʝʨʠʷ ʨʘʟʨʝʟʦʚ. ɺ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʨʘʟʨʝʟʳ ʊʃʂ-2-16, ʊʃʂ-2-

17, ʊʃʂ-2ʙ-17, ʊʃʂ-2ʚ-17 (ʨʠʩ. 4.1ï4.5); ʥʘ ʧʨʠʪʝʨʨʘʩʥʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ï 

ʊʃʂ-1-16 (ʨʠʩ. 4.6); ʥʘ ʟʘʙʦʣʦʯʝʥʥʦʤ ʫʯʘʩʪʢʝ ʩ ʧʝʨʝʩʳʭʘʶʱʠʤʠ ʦʟʝʨʘʤʠ ï 

ʨʘʟʨʝʟ ʊʃʂ-3-16 (ʨʠʩ. 4.7); ʥʘ ʚʳʩʦʢʦʤ ʨʝʜʢʦ ʟʘʪʦʧʣʷʝʤʦʤ ʫʯʘʩʪʢʝ ʧʨʠʫʩʪʴʝ-

ʚʦʡ ʯʘʩʪʠ ʧʦʡʤʳ ʨ. ʋʣʶʛʥʘ ʨʘʟʨʝʟʳ ʊʃʂ-4-16 ʠ ʊʃʂ-12-11 (ʨʠʩ. 4.9, 4.10). 

ʅʠʞʝ ʧʨʠʚʝʜʝʤ ʠʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ.  
�J�Z�a�j�_�a�� �L�E�D������������ ɼʘʪʘ ʟʘʢʣʘʜʢʠ: 30.06.2016 ʛ. ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ: 

N54Á52'45,4'', ɽ111Á00'02,9'', ʚʳʩʦʪʘ ï 577 ʤ ʥʘʜ ʫʨ.ʤ. ʈʘʟʨʝʟ ʟʘʣʦʞʝʥ ʚʙʣʠʟʠ ʨʘʟʛʨʫʟʢʠ ʠʩ-
ʪʦʯʥʠʢʘ ɼʳʨʝʥʩʢʠʡ, ʚ ʤʝʞʜʫʨʝʯʴʝ ʨʫʯʴʷ ʋʣʶʛʥʘ ʠ ʀʥʜʵʭʵʥ (ʨʠʩ. 4.1). ʇʦʚʝʨʭʥʦʩʪʴ ʠʤʝʝʪ 
ʩʠʣʴʥʦ ʢʦʯʢʦʚʘʪʳʡ ʢʨʠʦʛʝʥʥʳʡ ʤʠʢʨʦʨʝʣʴʝʬ. ɺʳʮʚʝʪʳ ʩʦʣʝʡ ʧʨʠʫʨʦʯʝʥʳ ʢ ʤʠʢʨʦʧʦʥʠ-
ʞʝʥʠʷʤ, ʪʦʥʢʠʝ ʩʦʣʝʚʳʝ ʢʦʨʦʯʢʠ ʚʳʨʘʞʝʥʳ ʪʘʢʞʝ ʥʘ ʢʦʯʢʘʭ (ʨʠʩ. 4.2). ʈʘʩʪʠʪʝʣʴʥʳʡ ʧʦ-
ʢʨʦʚ ʥʝʦʜʥʦʨʦʜʝʥ, ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʩʦʣʝʥʠʷ ʩʠʣʴʥʦ ʠʟʨʝʞʝʥ, 
ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʦʣʟʫʥʦʢ. ʅʘ ʧʝʨʠʬʝʨʠʡʥʦʡ ʯʘʩʪʠ ʘʨʝʘʣʘ ʟʘʩʦʣʝʥʠʷ ʧʨʦʠʟʨʘʩʪʘʶʪ 
ʷʯʤʝʥʴ ʢʦʨʦʪʢʦʦʩʥʳʡ, ʙʝʩʢʠʣʴʥʠʮʘ, ʝʜʠʥʠʯʥʳʝ ʵʢʟʝʤʧʣʷʨʳ ʦʜʫʚʘʥʯʠʢʘ, ʣʘʧʯʘʪʢʠ ʛʫʩʠ-
ʥʦʡ, ʚʦʩʪʨʝʮʘ, ʧʦʣʳʥʠ, ʦʩʦʢʠ ʩʪʦʧʦʚʠʜʥʦʡ, ʧʦʜʦʨʦʞʥʠʢʘ, ʦʩʦʪʘ ʣʫʛʦʚʦʛʦ. 
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ʈʠʩ. 4.1. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʟʘʩʦʣʝʥʥʳʭ ʪʝʨʤʦʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʦʡ ʢʚʘʟʠʛʣʝʝʚʘʪʦʡ ʧʦʯ-

ʚʳ (ʊʃʂ-2-16, ʊʃʂ-2-17, ʊʃʂ-2ʙ-17, ʊʃʂ-2ʚ-17) 
 

  
ʈʠʩ. 4.2. ʈʝʣʴʝʬ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʘʣʣʶʚʠʘʣʴʥʦʡ ʟʘʩʦʣʝʥʥʦʡ ʪʝʨʤʦʢʨʠʦ-

ʪʫʨʙʠʨʦʚʘʥʥʦʡ ʢʚʘʟʠʛʣʝʝʚʘʪʦʡ ʧʦʯʚʳ (ʊʃʂ-2-16). 
 +1ï0 ï ʉʦʣʝʚʘʷ ʢʦʨʢʘ. 
AJs,@ 0ï2(20) ʩʤ. ʊʝʤʥʦ-ʩʝʨʳʡ, ʫʚʣʘʞʥʝʥʥʳʡ, ʩʣʝʛʢʘ ʫʧʣʦʪʥʝʥ, ʢʦʤʢʦʚʘʪʳʡ, ʣʝʛ-

ʢʦʩʫʛʣʠʥʠʩʪʳʡ, ʚʩʪʨʝʯʘʝʪʩʷ ʤʥʦʛʦ ʢʦʨʥʝʡ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; ʙʫʨ-
ʥʦ ʚʩʢʠʧʘʝʪ ʦʪ HCl.  ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ, ʢʨʠʦʪʫʨʙʘʮʠʠ, ʛʨʘ-
ʥʠʮʘ ʢʘʨʤʘʥʥʘʷ. 

[AC, 
ACox, 
As]@ 

 2(20) ï61(66) ʩʤ. ʅʝʦʜʥʦʨʦʜʥʦ ʦʢʨʘʰʝʥʥʳʡ ʩʠʣʴʥʦ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʛʦ-
ʨʠʟʦʥʪ ʩ 3 ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʩʣʦʷʤʠ: 
I cʣʦʡ ʠʤʝʝʪ ʩʚʝʪʣʦ-ʩʝʨʳʡ ʮʚʝʪ, ʚʣʘʞʥʳʡ, ʨʳʭʣʳʡ, ʩʣʘʙʦ ʢʦʤʢʦʚʘʪʳʡ, ʣʝʛʢʦ-
ʩʫʛʣʠʥʠʩʪʳʡ, ʤʥʦʛʦ ʢʦʨʥʝʡ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; ʚʩʢʠʧʘʝʪ ʦʪ HCl. 
II cʣʦʡ ʩʝʨʳʡ ʩ ʙʫʨʳʤ ʦʪʪʝʥʢʦʤ, ʚʣʘʞʥʳʡ, ʨʳʭʣʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʩʫʧʝʩ-
ʯʘʥʳʡ, ʤʥʦʛʦ ʢʦʨʥʝʡ; ʚʩʢʠʧʘʝʪ ʦʪ HCl. 
III cʣʦʡ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʚʣʘʞʥʳʡ, ʨʳʭʣʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʣʝʛʢʦʩʫʛʣʠ-
ʥʠʩʪʳʡ, ʜʦ ʛʣʫʙʠʥʳ 45 ʩʤ ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʨʥʠ; ʥʝ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ 
ʨʝʟʢʠʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ, ʛʨʘʥʠʮʘ ʚʦʣʥʠʩʪʘʷ.  

[AJ]ʉ~~q, s 61(66)ï70(75) ʩʤ. ʉʠʟʦʚʘʪʦ-ʩʝʨʳʡ, ʤʦʢʨʳʡ, ʩʣʝʛʢʘ ʫʧʣʦʪʥʝʥʥʳʡ, ʣʝʛʢʦʩʫʛʣʠ-
ʥʠʩʪʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʢʦʨʥʠ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; ʚʩʢʠʧʘʝʪ 
ʦʪ HCl. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ, ʛʨʘʥʠʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚʥʘʷ. 
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2[AJ]ʉ~~q,s  70(75)ï77(86) ʩʤ. ʊʝʤʥʦ-ʩʝʨʳʡ, ʤʦʢʨʳʡ, ʨʳʭʣʳʡ; ʣʝʛʢʦcʫʛʣʠʥʠʩʪʳʡ; ʚʩʢʠʧʘʝʪ 

ʦʪ HCl. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ, ʛʨʘʥʠʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚʥʘʷ. 
3[AJ]ʉ~~q,s 77(86)ï100ʩʤ. ʉʠʟʦʚʘʪʦ-ʩʝʨʳʡ, ʤʦʢʨʳʡ, ʦʯʝʥʴ ʩʠʣʴʥʳʡ ʟʘʧʘʭ ʩʝʨʦʚʦʜʦʨʦʜʘ, 

ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʡ; ʥʝ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʉ 96 ʩʤ ʚʳʩʪʫʧʘʝʪ ʛʨʫʥʪʦʚʘʷ ʚʦʜʘ. 
ʇʦʯʚʘ ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʚʝʪʣʦʛʫʤʫʩʦʚʘʷ ʟʘʩʦʣʝʥʥʘʷ ʪʝʨʤʦʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʘʷ ʢʚʘʟʠʛʣʝʝʚʘ-
ʪʘʷ 

 

 
ʈʠʩ. 4.3. ʈʝʣʴʝʬ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʩʚʝʪʣʦʛʫʤʫʩʦʚʦʡ ʘʣʣʶʚʠʘʣʴʥʦʡ ʢʨʠʦ-
ʪʫʨʙʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʦʡ ʛʣʝʝʚʦʡ ʦʢʠʩʣʝʥʥʦ-ʛʣʝʝʚʘʪʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ ʩ ʯʝʨʥʳʤʠ ʩʫʣʴʬʠʜʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʩʫʧʝʩʯʘʥʦʡ ʥʘ ʘʣ-

ʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ (ʊʃʂ-2-17) 
 

�J�Z�a�j�_�a�� �L�E�D������������ ɼʘʪʘ ʟʘʢʣʘʜʢʠ: 26.08.2017 ʛ. ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ: 
N54Á52'45.2", ɽ111Á0'03.4" ʚʳʩʦʪʘ ï 577 ʤ. ʈʘʟʨʝʟ ʟʘʣʦʞʝʥ ʚʥʫʪʨʠ ʪʝʨʤʦʢʘʨʩʪʦʚʦʡ ʧʨʦʩʘʜ-
ʢʠ (ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʥʠʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʙʦʣʝʝ 30-50 ʩʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʨʫʞʘʶ-
ʱʝʡ ʪʝʨʨʠʪʦʨʠʝʡ) ʚʙʣʠʟʠ ʚʳʢʣʠʥʠʚʘʥʠʷ ʠʩʪʦʯʥʠʢʘ ɼʳʨʝʥʩʢʠʡ ʥʘ ʪʝʨʨʘʩʝ ʨʫʯʴʷ ʚ 5 ʤ ʚʦ-
ʩʪʦʯʥʝʝ ʦʪ ʨʘʟʨʝʟʘ ʊʃʂ-2-16. ʀʩʪʦʯʥʠʢʠ ʨʘʟʛʨʫʞʘʶʪʩʷ ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʤ ʧʨʠʪʦʢʦʤ, ʢʦ-
ʪʦʨʳʡ ʥʝ ʜʦʩʪʠʛʘʝʪ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʚʥʫʪʨʝʥʥʷʷ ʨʘʟʛʨʫʟʢʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʚ 
ʧʨʝʜʝʣʘʭ ʪʝʨʤʦʢʘʨʩʪʦʚʦʡ ʧʨʦʩʘʜʢʠ). ʄʠʢʨʦʨʝʣʴʝʬ ʤʝʣʢʦʙʫʛʨʠʩʪʳʡ, ʤʠʢʨʦʙʫʛʦʨʢʠ ʧʨʝ-
ʠʤʫʱʝʩʪʚʝʥʥʦ ʚʳʪʷʥʫʪʳʝ ʠʟʦʛʥʫʪʳʝ ʚ ʧʣʘʥʝ ʰʠʨʠʥʦʡ 30-50 ʩʤ, ʜʣʠʥʦʡ 70-120 ʩʤ, ʠʣʠ 
ʦʢʨʫʛʣʳʝ ʚ ʧʣʘʥʝ ʜʠʘʤʝʪʨʦʤ 30-50 ʩʤ, ʘʤʧʣʠʪʫʜʘ 10-12 ʩʤ, ʜʣʠʥʘ ʚʦʣʥʳ ʦʢʦʣʦ 100 ʩʤ. 
ʇʦʚʝʨʭʥʦʩʪʴ ʤʠʢʨʦʙʫʛʦʨʢʦʚ ʥʘ 50-60% ʣʠʰʝʥʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʥʘ ʥʝʡ ʚʩʪʨʝʯʘʶʪʩʷ ʚʳ-
ʮʚʝʪʳ ʩʦʣʝʡ. ɺ ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ ʜʦʤʠʥʠʨʫʝʪ ʧʦʣʟʫʥʦʢ, ʦʥ ʟʘʥʠʤʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥ-
ʥʦ ʤʠʢʨʦʧʦʥʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʩʧʣʦʰʥʫʶ ʩʝʪʢʫ ʩ ʰʠʨʠʥʦʡ ʚʳʪʷʥʫʪʳʭ ʫʯʘʩʪʢʦʚ 
30-50 ʩʤ ʠ ʨʘʩʰʠʨʝʥʠʷʤʠ ʚ ʫʟʣʘʭ ʜʦ 70 ʩʤ. ʅʘ ʧʝʨʠʬʝʨʠʡʥʦʡ ʯʘʩʪʠ ʘʨʝʘʣʘ ʟʘʩʦʣʝʥʠʷ ʧʨʦ-
ʠʟʨʘʩʪʘʶʪ ʷʯʤʝʥʴ ʢʦʨʦʪʢʦʦʩʥʳʡ, ʙʝʩʢʠʣʴʥʠʮʘ, ʝʜʠʥʠʯʥʳʝ ʵʢʟʝʤʧʣʷʨʳ ʦʜʫʚʘʥʯʠʢʘ, ʣʘʧ-
ʯʘʪʢʠ ʛʫʩʠʥʦʡ, ʚʦʩʪʨʝʮʘ, ʧʦʣʳʥʠ, ʦʩʦʢʠ ʩʪʦʧʦʚʠʜʥʦʡ, ʧʦʜʦʨʦʞʥʠʢʘ, ʦʩʦʪʘ ʣʫʛʦʚʦʛʦ.  
 +0,3ï 0 ï ʉʦʣʝʚʘʷ ʢʦʨʢʘ 
AJs,@,ox 0ï5 ʩʤ. ʉʝʨʳʡ, ʫʚʣʘʞʥʝʥʥʳʡ, ʩʣʝʛʢʘ ʫʧʣʦʪʥʝʥ, ʢʦʤʢʦʚʘʪʳʡ, ʩʫ-

ʧʝʩʯʘʥʳʡ ʥʘ ʛʨʘʥʠʮʝ ʩ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʤ, ʚʩʪʨʝʯʘʝʪʩʷ ʤʥʦʛʦ ʢʦʨ-
ʥʝʡ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ɺʜʦʣʴ 
ʢʦʨʥʝʚʳʭ ʭʦʜʦʚ ʯʘʩʪʳ ʢʨʘʩʥʦʚʘʪʦ-ʙʫʨʳʝ ʚʳʪʷʥʫʪʳʝ ʟʦʥʳ ʧʣʝʥʦʢ 
ʦʢʩʠʜʦʚ ʠ ʛʠʜʨʦʢʩʠʜʦʚ ʞʝʣʝʟʘ. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ, 
ʢʨʠʦʪʫʨʙʘʮʠʠ, ʛʨʘʥʠʮʘ ʢʘʨʤʘʥʥʘʷ. 

TUR(BM+SU+Cca)@ 5ï30 ʩʤ. ʊʝʤʥʦ-ʩʝʨʳʡ, ʚʣʘʞʥʳʡ, ʩʣʝʛʢʘ ʫʧʣʦʪʥʝʥ, ʩʣʦʠʩʪʳʡ, ʥʝ 
ʦʜʥʦʨʦʜʥʳʡ ʧʦ ʛʨʘʥ. ʩʦʩʪʘʚʫ, ʩʣʦʠ ʦʙʨʘʟʫʶʪ ʚʠʭʨʝʦʙʨʘʟʥʳʡ ʨʠʩʫ-
ʥʦʢ, ʚʩʪʨʝʯʘʝʪʩʷ ʤʥʦʛʦ ʢʦʨʥʝʡ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʜʦ 20 
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ʩʤ; ʚʩʢʠʧʘʝʪ ʦʪ HCl ʜʦ 28 ʩʤ. ʇʝʨʝʭʦʜ ʟʘʤʝʪʥʳʡ ʚʳʨʘʞʝʥ ʧʦ ʮʚʝ-
ʪʫ, ʛʨʘʥʠʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚʥʘʷ. 

TUR/SUox, ~,g 30ï70 ʩʤ. ʏʝʨʥʳʡ ʩ ʩʠʟʳʤ ʦʪʪʝʥʢʦʤ, ʩʳʨʦʡ, ʨʳʭʣʳʡ, ʤʘʞʫʱʠʡʩʷ, 
ʩʣʦʠʩʪʳʡ, ʩʫʧʝʩʯʘʥʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʣʠʥʟʳ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʢʘ 
ʦʪ ʙʫʨʦʛʦ ʜʦ ʪʝʤʥʦ ʩʠʟʦʛʦ ʮʚʝʪʘ; ʥʝ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʏʝʨʥʳʡ ʮʚʝʪ 
ʩʢʦʨʝʝ ʚʩʝʛʦ ʩʚʷʟʘʥ ʩ ʩʫʣʴʬʠʜʘʤʠ, ʘ ʥʝ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ. 
ʇʝʨʝʭʦʜ ʟʘʤʝʪʥʳʡ ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ, ʛʨʘʥʠʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚʥʘʷ. 

Gsu 70ï90(95) ʩʤ. ɻʦʣʫʙʦʚʘʪʦ-ʩʠʟʳʡ (G) ʩ ʯʝʨʥʳʤʠ ʧʨʦʩʣʦʡʢʘʤʠ (su), 
ʤʦʢʨʳʡ ʩ ʟʘʧʘʭʦʤ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʨʳʭʣʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʧʳʣʝ-
ʚʘʪʦ-ʠʣʠʩʪʳʡ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʢʨʫʧʥʦʛʦ ʠ ʤʝʣʢʦʛʦ ʛʨʘʚʠʷ; ʥʝ ʚʩʢʠ-
ʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ ʟʘʤʝʪʥʳʡ ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ, ʛʨʘʥʠʮʘ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ ʨʦʚʥʘʷ.  

G 90(95)ï105 ʩʤ. ɻʦʣʫʙʦʡ, ʦʯʝʥʴ ʤʦʢʨʳʡ ʩ ʩʠʣʴʥʳʤ ʟʘʧʘʭʦʤ ʩʝʨʦʚʦ-
ʜʦʨʦʜʘ, ʧʳʣʝʚʘʪʘʷ ʩʫʧʝʩʴ; ʥʝ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʉ 98 ʩʤ ʚʳʩʪʫʧʘʝʪ 
ʛʨʫʥʪʦʚʘʷ ʚʦʜʘ.  

ʇʦʯʚʘ: ʉʚʝʪʣʦʛʫʤʫʩʦʚʘʷ ʘʣʣʶʚʠʘʣʴʥʘʷ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-
ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʘʷ ʛʣʝʝʚʘʷ ʦʢʠʩʣʝʥʥʦ-ʛʣʝʝʚʘʪʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʢʘʨʙʦʥʘʪʥʘʷ ʩ ʯʝʨʥʳʤʠ 
ʩʫʣʴʬʠʜʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʩʫʧʝʩʯʘʥʘʷ ʥʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. 
 

ʇʦʯʚʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʥʠʟʢʦʡ ʧʦʡʤʝ ʨʫʯʴʝʚ ʚʙʣʠʟʠ ʨʘʟʛʨʫʟʢʠ 

ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ, ʠʤʝʶʪ ʩʣʦʠʩʪʦʝ ʩʪʨʦʝʥʠʝ. ɺ 0ï70 ʩʤ ʪʦʣʱʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʤʷʪʳʤʠ ʚ ʢʨʫʧʥʦʚʦʣʥʠʩʪʳʝ ʩʢʣʘʜʢʠ ʯʝʨʝʜʫʶʱʠʭʩʷ ʛʫʤʫʩʦʚʳʭ ʠ ʧʦʛʨʝʙʝʥ-

ʥʳʭ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʦʚ ʩ ʘʣʣʶʚʠʝʤ (ʨʠʩ. 4.2, 4.3). ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦ-

ʬʠʣʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʩʦʣʝʥʠʷ (ʦʙ-

ʨʘʟʦʚʘʥʠʝ ʩʦʣʝʚʦʡ ʢʦʨʢʠ) ʠ ʢʨʠʦʪʫʨʙʘʮʠʠ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ, ʠʟ-ʟʘ 

ʦʪʝʧʣʷʶʱʝʛʦ ʵʬʬʝʢʪʘ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ, ʢʨʠʦʛʝʥʝʟ ʥʝ ʚʳʨʘʞʝʥ. ɿʘʣʝʛʘʥʠʝ ʚʦʜ 

ʚ ʧʨʝʜʝʣʘʭ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ (100 ʩʤ) ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʷʚʣʝʥʠʶ ʢʚʘʟʠʛʣʝ-

ʝʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʯʚʘ ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʚʝʪʣʦʛʫʤʫʩʦʚʘʷ ʟʘʩʦʣʝʥʥʘʷ ʪʝʨʤʦ-

ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʘʷ ʢʚʘʟʠʛʣʝʝʚʘʪʘʷ ʠ ʘʣʣʶʚʠʘʣʴʥʘʷ ʠ ʩʚʝʪʣʦʛʫʤʫʩʦʚʘʷ ʘʣʣʶ-

ʚʠʘʣʴʥʘʷ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʘʷ ʛʣʝʝʚʘʷ ʦʢʠʩ-

ʣʝʥʥʦ-ʛʣʝʝʚʘʪʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʢʘʨʙʦʥʘʪʥʘʷ ʩ ʯʝʨʥʳʤʠ ʩʫʣʴʬʠʜʥʳʤʠ ʛʦʨʠ-

ʟʦʥʪʘʤʠ ʩʫʧʝʩʯʘʥʘʷ ʥʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. 
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ʈʠʩ. 4.4. ʈʝʣʴʝʬ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʧʩʘʤʤʦʟʝʤʘ ʛʫʤʫʩʦʚʦʛʦ ʥʘ ʧʦʛʨʝʙʝʥʥʦʡ 
ʧʝʨʝʛʥʦʡʥʦ-ʢʚʘʟʠʛʣʝʝʚʦʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʦʡ ʩʫʧʝʩʯʘʥʦʡ ʧʦʯʚʝ ʩ ʪʝʤʥʳʤʠ ʩʫʣʴ-
ʬʠʜʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʥʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʣʦʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ (ʊʃʂ-2ʙ-17) 
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54Á52'42.3"ɽ 111Á00'9,6", ʚʳʩʦʪʘ ï 577 ʤ ʥʘʜ ʫʨ.ʤ. ʈʘʟʨʝʟ ʟʘʣʦʞʝʥ ʚ 150 ʤ ʶʛʦ-ʚʦʩʪʦʯʥʝʝ 
ʨʘʟʨʝʟʘ ʊʃʂ-2-17. ʀʩʪʦʯʥʠʢʠ ʨʘʟʛʨʫʞʘʶʪʩʷ ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʤ ʩʪʦʢʦʤ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝ 
ʚʳʭʦʜʷʪ. ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚʥʘʷ ʠʤʝʶʪʩʷ ʚʳʧʦʣʦʞʝʥʥʳʝ ʙʫʛʦʨʢʠ ʥʘ ʨʘʩʩʪʦʷ-
ʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 1.7-2 ʤ, ʥʘ ʢʦʪʦʨʳʭ ʦʪʤʝʯʝʥʳ ʥʘʥʦʩʳ ʢʨʫʧʥʦʛʦ ʧʝʩʢʘ. ʈʘʩʪʠʪʝʣʴʥʳʡ 
ʧʦʢʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʝʜʫʶʱʠʤʠ ʚʠʜʘʤʠ: ʷʯʤʝʥʴ ʢʦʨʦʪʢʦʦʩʥʳʡ, ʙʝʩʢʠʣʴʥʠʮʘ, ʦʜʫʚʘʥʯʠʢ, 
ʣʘʧʯʘʪʢʘ ʛʫʩʠʥʘʷ, ʚʦʩʪʨʝʮ, ʧʦʣʳʥʴ, ʦʩʦʢʘ ʩʪʦʧʦʚʠʜʥʘʷ, ʧʦʜʦʨʦʞʥʠʢ, ʦʩʦʪ ʣʫʛʦʚʦʡ.  
W 0ï3 ʩʤ. ʉʚʝʪʣʦ ʢʦʨʠʯʥʝʚʳʡ (10YR 4/2), ʩʫʭʦʡ, ʨʳʭʣʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʧʝʩʦʢ, 

ʤʥʦʛʦ ʢʦʨʥʝʡ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; ʥʝ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ, 
ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ, ʛʨʘʥʠʮʘ ʢʨʫʧʥʦ-ʚʦʣʥʠʩʪʘʷ. 

WC 3ï5(27) ʩʤ. ʉʝʨʳʡ, ʩʫʭʦʡ, ʨʳʭʣʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʧʝʩʦʢ, ʢʦʨʥʠ ʪʨʘʚʷʥʠʩʪʦʡ 
ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; ʥʝ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ, ʛʨʘʥʠʮʘ 
ʢʨʫʧʥʦ-ʚʦʣʥʠʩʪʘʷ. 

C 5(14)ï26 ʩʤ. ʊʝʤʥʦ ʩʝʨʳʡ (2.5Y 3/1), ʚʣʘʞʥʳʡ, ʨʳʭʣʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʧʝʩʦʢ, 
ʢʦʨʥʝʡ ʥʝʪ; ʥʝ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ, ʚʳʨʘʞʝʥ ʧʦ ʛʨʘʥ. ʩʦʩʪʘʚʫ, ʧʦ 
ʨʘʟʤʝʨʘʤ ʯʘʩʪʠʮ, ʛʨʘʥʠʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚʥʘʷ. 

[H]@ 5(27)ï31 ʩʤ. ʏʝʨʥʳʡ (GLEY1 2.5/N), ʩʚʝʞʠʡ, ʧʣʦʪʥʳʡ ï ʦʨʛʘʥʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ 
ʩ ʦʩʪʨʳʤʠ ʤʘʪʦʚʳʤʠ ʛʨʘʥʷʤʠ ʨʘʟʤʝʨʦʤ 5ï7 ʤʤ, ʧʨʠ ʨʘʟʣʘʤʳʚʘʥʠʠ ʦʙʨʘʟʫʶʪ 
ʩʪʨʫʢʪʫʨʫ ʨʘʟʤʝʨʦʤ 1ï2 ʤʤ, ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʨʥʠ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; ʥʝ 
ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ, ʛʨʘʥʠʮʘ ʢʨʫʧʥʦ-ʚʦʣʥʠʩʪʘʷ. 

[SU]@ 26(31) ï37(46) ʩʤ. ʏʝʨʥʳʡ (GLEY1 2.5/N), ʚʣʘʞʥʳʡ, ʧʣʦʪʥʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ 
ʠʤʝʝʪ ʩʣʦʠʩʪʦʩʪʴ ʧʦ ʢʨʫʧʥʦʩʪʠ ʠ ʦʢʨʘʩʢʠ ʩʫʣʴʬʠʜʘʤʠ, ʧʝʩʦʢ, ʚʩʪʨʝʯʘʶʪʩʷ ʦʪ-
ʜʝʣʴʥʳʝ ʢʦʨʝʰʢʠ; ʥʝ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ ʠ ʛʨʘ-
ʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʛʨʘʥʠʮʘ ʚʦʣʥʠʩʪʘʷ ʚʠʭʨʝʚʘʷ.  

QC@ 37(46)ï49(67) ʩʤ. ɿʝʣʝʥʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʡ (2,5 Y3/3) ʚʦ ʚʣʘʞʥʦʤ ʩʦcʪʘʷʥʠʠ, ʧʨʠ 
ʧʦʜʩʳʭʘʥʠʠ ʮʚʝʪ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʩʚʝʪʣʦ-ʙʫʨʦʚʘʪʦ ʩʝʨʳʡ (2,5Y 6/2, 6/3), ʚʣʘʞʥʳʡ, 
ʫʧʣʦʪʥʝʥ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʧʝʩʦʢ, ʟʝʨʥʘʢʚʘʨʮʘ ʧʦʢʨʳʪʳ ʛʠʜʨʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ, 
ʢʨʠʦʛʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʳʰʝʣʝʞʘʱʝʛʦ ʛʦʨʠʟʦʥʪʘ [ʅ]; ʥʝ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝ-
ʭʦʜ ʨʝʟʢʠʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ, ʛʨʘʥʠʮʘ ʢʨʫʧʥʦ-ʚʦʣʥʠʩʪʘʷ. 

SU 49(67)ï91 ʩʤ. ʥʝʦʜʥʦʨʦʜʥʦ ʦʢʨʘʰʝʥ: ʯʝʨʝʜʫʶʪʩʷ ʧʷʪʥʘ ʪʝʤʥʦ-ʩʝʨʳʝ ʠ ʯʝʨʥʳʝ; 
ʚʣʘʞʥʳʡ ʜʦ 70 ʩʤ, ʥʠʞʝ ï ʩʳʨʦʡ, ʤʦʢʨʳʡ ʩ 91 ʩʤ, ʧʣʦʪʥʳʡ, ʥʝ ʦʜʥʦʨʦʜʝʥ ʧʦ 
ʛʨʘʥ ʩʦʩʪʘʚʫ ʩʨʝʜʥʠʡ ʧʝʩʦʢ ʠ ʩʫʧʝʩʴ, ʢʦʨʥʝʡ ʥʝʪ; ʥʝ ʚʩʢʠʧʘʝʪ ʦʪ HCl, ʩ 91 ʩʤ ʚʳ-
ʩʪʫʧʘʝʪ ʛʨʫʥʪʦʚʘʷ ʚʦʜʘ. 
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ʇʦʯʚʘ: ʧʩʘʤʤʦʟʝʤ ʛʫʤʫʩʦʚʳʡ ʥʘ ʧʦʛʨʝʙʝʥʥʦʡ ʧʝʨʝʛʥʦʡʥʦ-ʢʚʘʟʠʛʣʝʝʚʦʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥ-
ʥʦʡ ʩʫʧʝʩʯʘʥʦʡ ʧʦʯʚʝ ʩ ʪʝʤʥʳʤʠ ʩʫʣʴʬʠʜʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʥʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʣʦʠʩʪʳʭ 
ʦʪʣʦʞʝʥʠʷʭ. 

 
ʈʘʟʨʝʟ ʟʘʣʦʞʝʥ ʥʘ ʫʯʘʩʪʢʝ ʩʨʝʜʥʝʡ ʧʦʡʤʳ ʚ 450 ʤ ʦʪ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʛʨʠʬʦʥʘ. ʀʩʪʦʯʥʠʢʠ ʨʘʟʛʨʫʞʘʶʪʩʷ ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʤ ʩʪʦʢʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʥʝ ʚʳʭʦʜʷʪ, ʟʘʣʝʛʘʥʠʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʬʠʢʩʠʨʫʝʪʩʷ ʩ ʛʣʫʙʠʥʳ 91 ʩʤ (ʨʠʩ. 4.4). 

ʇʨʦʬʠʣʴ ʧʦʯʚʳ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥ. ɺ ʩʣʦʝ 5(27)ï31 ʩʤ ʟʘʬʠʢʩʠʨʦʚʘʥ ʯʝʨʥʳʡ 

ʦʯʝʥʴ ʧʣʦʪʥʳʡ ʤʘʪʝʨʠʘʣ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʇʦʯʚʘ: ʧʩʘʤʤʦʟʝʤ 

ʛʫʤʫʩʦʚʳʡ ʥʘ ʧʦʛʨʝʙʝʥʥʦʡ ʧʝʨʝʛʥʦʡʥʦ-ʢʚʘʟʠʛʣʝʝʚʦʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʦʡ ʩʫ-

ʧʝʩʯʘʥʦʡ ʧʦʯʚʝ ʩ ʪʝʤʥʳʤʠ ʩʫʣʴʬʠʜʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʥʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʣʦ-

ʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ 

�� ��
ʈʠʩ. 4.5. ʈʝʣʴʝʬ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʧʝʨʝʛʥʦʡʥʦ-ʪʝʤʥʦʛʫʤʫʩʦʚʦʡ ʤʘ-

ʣʦʤʦʱʥʦʡ ʧʝʩʯʘʥʦʡ ʥʘ ʩʣʦʠʩʪʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʝʩʯʘʥʦ-ʩʫʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩ 
ʧʨʦʩʣʦʡʢʘʤʠ ʩʫʛʣʠʥʢʘ ʧʦʯʚʳ (ʊʃʂ-2ʚ-17) 

�J�Z�a�j�_�a�� �L�E�D�������\��������. ɼʘʪʘ ʟʘʢʣʘʜʢʠ: 26.08.2017 ʛ. ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ: 
N54Á52' 40,3", E 111Á00' 10,6", ʚʳʩʦʪʘ ï 577 ʤ. ʥʘʜ ʫʨ.ʤ. ʈʘʟʨʝʟ ʟʘʣʦʞʝʥ ʥʘ ʫʯʘʩʪʢʝ ʚ 60 ʤ 
ʶʛʦ-ʚʦʩʪʦʯʥʝʝ ʨʘʟʨʝʟʘ ʊʃʂ-2(ʙ)-17. ɺʦʩʪʦʯʥʝʝ ʧʨʦʪʝʢʘʝʪ ʨʝʢʘ ʩʠʣʴʥʳʤ ʟʘʧʘʭʦʤ ʩʝʨʦʚʦ-
ʜʦʨʦʜʘ. ʇʦʚʝʨʭʥʦʩʪʴ ʩ ʙʫʛʨʠʩʪʦ-ʟʘʧʘʜʠʥʥʳʤ ʨʝʣʴʝʬʦʤ.  

ɸʅ 0-6(8) ʩʤ. ʊʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ (2.5Y 3/1), ʩʚʝʞʠʡ, ʫʧʣʦʪʥʝʥ, ʥʝʷʩʥʦ ʧʨʠʟʤʘʪʠʯʝ-
ʩʢʘʷ ʥʝʧʨʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʦʯʝʥʴ ʤʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʨʦʥʠʟʘʥ ʢʦʨ-
ʥʷʤʠ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; ʥʝ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ, ʚʳʨʘ-
ʞʝʥ ʧʦ ʮʚʝʪʫ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʛʨʘʥʠʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚʥʘʷ. 

2ʉ~ 6(8)-18(20) ʩʤ. ʅʝʦʜʥʦʨʦʜʥʦ ʦʢʨʘʰʝʥʥʳʡ, ʩʫʭʦʡ, ʨʳʭʣʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʟʝʨ-
ʥʠʩʪʳʡ ʧʝʩʦʢ ʩ ʛʨʘʚʠʝʤ, ʧʨʦʥʠʟʘʥ ʢʦʨʥʷʤʠ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; ʥʝ 
ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ, ʚʳʨʘʞʝʥ ʧʦ ʛʨʘʥ. ʩʦʩʪʘʚʫ ʠ ʧʣʦʪʥʦʩʪʠ. 

3ʉ 18(20)ï22(24) ʩʤ. ʉʝʨʳʡ (10Y 4/2), ʩʫʭʦʡ, ʫʧʣʦʪʥʝʥ, ʥʝʧʨʦʯʥʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʘʷ 
ʩʪʨʫʢʪʫʨʘ, ʧʳʣʝʚʘʪʳʡ ʪʦʥʢʠʡ ʧʝʩʦʢ, ʧʨʦʥʠʟʘʥ ʪʦʥʢʠʤʠ ʢʦʨʥʷʤʠ ʪʨʘʚʷʥʠʩʪʦʡ 
ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; ʥʝ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ ʟʘʤʝʪʥʳʡ, ʚʳʨʘʞʝʥ ʧʦ ʛʨʘʥ. ʩʦʩʪʘ-
ʚʫ, ʛʨʘʥʠʮʘ ʜʫʛʦʦʙʨʘʟʥʘʷ ʚʚʝʨʭ. 

4ʉ 22(24)-25(26) ʩʤ. ʉʝʨʳʡ, ʩʫʭʦʡ, ʨʳʭʣʳʡ, ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʡ ʧʝʩʦʢ ʩ ʙʦʣʝʝ ʤʝʣʢʠʤ 
ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʛʨʘʚʠʷ 2-3 ʤʤ, ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʠʝ ʪʦʥʢʠʝ ʢʦʨʥʠ ʪʨʘʚʷʥʠʩʪʦʡ 
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ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; ʥʝ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ ʠ ʛʨʘʥ. 
ʩʦʩʪʘʚʫ, ʛʨʘʥʠʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚʥʘʷ. 

5ʉ 25(26)ï30(32) ʩʤ. ʇʦʜʦʙʝʥ 3ʉ ʮʚʝʪ ʩʚʝʪʣʦ-ʩʝʨʳʡ, ʩʫʭʦʡ, ʫʧʣʦʪʥʝʥ, ʥʝʧʨʦʯʥʦ-
ʧʨʠʟʤʘʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʳʣʝʚʘʪʳʡ ʪʦʥʢʠʡ ʧʝʩʦʢ, ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʠʝ ʪʦʥʢʠʝ 
ʢʦʨʥʠ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; ʥʝ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ ʧʦ ʮʚʝ-
ʪʫ ʠ ʛʨʘʥ. ʩʦʩʪʘʚʫ, ʛʨʘʥʠʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚʥʘʷ 

6ʉ 30(32)ï 34(35) ʩʤ. ʇʦʜʦʙʝʥ 2ʉ ʠ 4ʉ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʛʨʘʚʠʷ 3-5 ʤʤ. ʉʝʨʳʡ, ʩʫ-
ʭʦʡ, ʨʳʭʣʳʡ, ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʡ ʧʝʩʦʢ ʩ ʙʦʣʝʝ ʤʝʣʢʠʤ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʛʨʘʚʠʷ 2-3 
ʤʤ, ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʠʝ ʪʦʥʢʠʝ ʢʦʨʥʠ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; ʥʝ ʚʩʢʠʧʘʝʪ 
ʦʪ HCl. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ, ʚʳʨʘʞʝʥ ʧʦ ʛʨʘʥ. ʩʦʩʪʘʚʫ ʠ ʧʣʦʪʥʦʩʪʠ, ʛʨʘʥʠʮʘ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ ʨʦʚʥʘʷ. 

7ʉʩʘ 34(36)ï43(47) ʩʤ. ʉʝʨʳʡ (10YR 7/1, 6/1), ʩʫʭʦʡ, ʫʧʣʦʪʥʝʥ, ʥʝʦʜʥʦʨʦʜʥʘʷ ʩʪʨʫʢ-
ʪʫʨʘ ʣʠʩʪʦʚʘʪʦ-ʧʣʘʩʪʠʥʯʘʪʘʷ, ʧʝʩʯʘʥʦ-ʧʳʣʝʚʘʪʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʚʢʣʶʯʝʥʠʷ ʨʞʘ-
ʚʦ-ʞʝʣʝʟʠʩʪʳʭ ʧʣʝʥʦʢ ʙʫʨʦʛʦ ʮʚʝʪʘ; ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ, 
ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ ʠ ʛʨʘʥ. ʩʦʩʪʘʚʫ, ʛʨʘʥʠʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚʥʘʷ.  

8Gox,ca 43(47)ï60(62) ʩʤ. ʆʯʝʥʴ ʪʝʤʥʦ-ʩʝʨʳʡ (GLEY1 4/1N, 3/1N) ʩ ʙʫʨʳʤʠ ʫʯʘʩʪʢʘʤʠ 
(7.5YR 3/3 ʠʣʠ 7.5YR 4/3), ʩʚʝʞʠʡ, ʧʣʦʪʥʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʧʝʩʦʢ ʧʳʣʝʚʘʪʳʡ 
(ʩʫʧʝʩʴ), ʢʦʨʥʝʡ ʥʝʪ, ʚʩʪʨʝʯʘʶʪʩʷ ʙʫʨʳʝ ʧʷʪʥʘ; ʚʩʢʠʧʘʝʪ ʦʪ HCl ʜʦ ʛʣʫʙʠʥʳ 57 
ʩʤ, ʥʠʞʝ ʚʩʢʠʧʘʥʠʷ ʥʝʪ. ʇʝʨʝʭʦʜ ʧʦʩʪʝʧʝʥʥʳʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ  
ʠ ʛʨʘʥ. ʩʦʩʪʘʚʫ. 

9ʉ 60(62)ï80 ʩʤ. ʉʝʨʳʡ, ʨʳʭʣʳʡ, ʩʫʭʦʡ, ʧʣʦʪʥʳʡ ʩʣʝʛʢʘ ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʡ, ʧʝʩʦʢ, 
ʥʘ ʩʪʝʥʢʘʭ ʚʠʜʥʳ ʚʝʨʪʠʢʘʣʴʥʳʝ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ, ʞʝʣʝʟʠʩʪʦ-ʤʘʨʛʘʥʮʝʚʳʝ ʦʙʨʘ-
ʟʦʚʘʥʠʷ ʨʘʟʤʝʨʦʤ 2-3 ʩʤ ʠ ʯʝʨʥʳʝ ʟʦʥʳ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ; ʥʝ ʚʩʢʠʧʘʝʪ ʦʪ HCl. 
ʇʝʨʝʭʦʜ ʟʘʤʝʪʥʳʡ, ʚʳʨʘʞʝʥ ʧʦ ʧʣʦʪʥʦʩʪʠ, ʛʨʘʥʠʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚʥʘʷ. 

10ʉ 80ï98 ʩʤ. ʉʝʨʳʡ, ʚʣʘʞʥʦʚʘʪʳʡ, ʨʳʭʣʳʡ, ʧʝʩʦʢ, ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʥʢʨʝʮʠʠ ʦʢʩʠʜʦʚ 
ʞʝʣʝʟʘ; ʥʝ ʚʩʢʠʧʘʝʪ ʦʪ HCl. 

ʇʦʯʚʘ: ʧʝʨʝʛʥʦʡʥʦ-ʪʝʤʥʦʛʫʤʫʩʦʚʘʷ ʤʘʣʦʤʦʱʥʘʷ ʧʝʩʯʘʥʘʷ ʥʘ ʩʣʦʠʩʪʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ 
ʧʝʩʯʘʥʦ-ʩʫʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩ ʧʨʦʩʣʦʡʢʘʤʠ ʩʫʛʣʠʥʢʘ. 

 
ɺ 550 ʤʝʪʨʘʭ ʦʪ ʛʨʠʬʦʥʦʚ ʨʘʩʧʦʣʦʞʝʥʘ ʧʦʯʚʘ, ʚ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ 

ʩʪʨʦʝʥʠʠ, ʢʦʪʦʨʦʡ ʫʞʝ ʥʝ ʬʠʢʩʠʨʫʶʪʩʷ ʚʣʠʷʥʠʝ ʠʩʪʦʯʥʠʢʘ (ʨʠʩ. 4.5). ɿʜʝʩʴ 

ʥʝʪ ʧʨʦʷʚʣʝʥʠʡ ʢʨʠʦʪʫʨʙʘʮʠʡ. ʇʦʯʚʘ ʩʣʦʞʝʥʘ ʏʝʨʪʢʦ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʧʦ-

ʛʨʝʙʝʥʥʳʤʠ ʩʣʦʷʤʠ.  ʇʦʯʚʘ: ʧʝʨʝʛʥʦʡʥʦ-ʪʝʤʥʦʛʫʤʫʩʦʚʘʷ ʤʘʣʦʤʦʱʥʘʷ ʧʝʩ-

ʯʘʥʘʷ ʥʘ ʩʣʦʠʩʪʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʝʩʯʘʥʦ-ʩʫʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩ ʧʨʦ-

ʩʣʦʡʢʘʤʠ ʩʫʛʣʠʥʢʘ. 

ɺ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ ʛʨʠʬʦʥʦʚ ʚʳʷʚʣʝʥʦ 

ʙʦʣʴʰʦʝ ʧʦʯʚʝʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʧʦʯʚ ʦʪ ʪʝʨʤ ʦʩʣʘʙʝʚʘʝʪ ʠ ʠʭ ʚʣʠʷʥʠʝ. ɺ ʧʦʯʚʘʭ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 550 ʤ (ʊʃʂ-2ʚ-17) ʥʝʪ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ 

ʜʝʡʩʪʚʠʷ ʠʩʪʦʯʥʠʢʘ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʧʦʯʚ ʥʠʞʥʝʡ ʠ ʩʨʝʜʥʝʡ ʧʦʡʤʳ. ʅʘʠʙʦʣʝʝ 

ʷʨʢʦʝ ʚʣʠʷʥʠʝ ʪʝʨʤʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʧʦʯʚʝ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʦʡ ʚ 350 ʤ (ʊʃʂ-2-16). 
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ʈʠʩ. 4.6. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʩʦʣʦʥʯʘʢʘ ʪʝʤʥʦʛʦ ʧʦʩʪʘʛʨʦ-
ʛʝʥʥʦʛʦ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʦʛʦ ʤʝʨʟʣʦʪʥʦʛʦ (ʊʃʂ-1-16) 

�J�Z�a�j�_�a�� �L�E�D������������ ɼʘʪʘ ʟʘʢʣʘʜʢʠ: 30.06.2016 ʛ. ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ: 
N54Á52'5,8''; ɽ111Á2'47,2''; ʚʳʩʦʪʘ ï 563 ʥʘʜ ʫʨ.ʤ. ʈʘʟʨʝʟ ʟʘʣʦʞʝʥ ʥʘ ʩʝʚʝʨʥʦʡ ʦʢʨʘʠʥʝ ɹʘʨ-
ʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʨʷʜʦʤ ʩ ʩʝʣʦʤ ʋʣʶʥʭʘʥ, ʚ 1,5 ʢʤ ʦʪ ʨʘʟʨʝʟʘ ʊʃʂ-2-16 (ʨʠʩ. 4.6). 
ʇʦʯʚʘ ʨʘʩʧʘʭʠʚʘʣʘʩʴ, ʧʦʵʪʦʤʫ ʝʝ ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʨʦʚʥʝʥʘ, ʠʤʝʝʪʩʷ ʚʳʨʘʞʝʥʥʦʝ ʧʨʦʷʚʣʝ-
ʥʠʝ ʢʨʠʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʠʤʝʝʪʩʷ ʨʳʭʣʘʷ ʙʝʣʘʷ ʩʦʣʝʚʘʷ ʢʦʨʦʯʢʘ. 
ʇʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ ʩʦʩʪʘʚʣʷʝʪ 5-10 %. ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʩʦʯʢʦʚʦ-
ʣʘʧʯʘʪʢʦʚʳʤ ʩʦʦʙʱʝʩʪʚʦʤ. ɼʦʤʠʥʘʥʪ: ʛʦʨʝʮ, ʚʩʪʨʝʯʘʶʪʩʷ ʦʜʫʚʘʥʯʠʢ, ʣʝʡʤʫʩ ʠ ʧʦ ʧʝʨʠ-
ʬʝʨʠʠ ʘʨʝʘʣʘ ʟʘʩʦʣʝʥʠʷ ʣʘʧʯʘʪʢʘ. 
 +1-0 - ʉʦʣʝʚʘʷ ʢʦʨʢʘ. 
Sʨʘ[AU] 0 ï 22(30) ʩʤ. ʊʝʤʥʦʚʘʪʦ-ʩʝʨʳʡ, ʩʠʣʴʥʦ ʫʚʣʘʞʥʝʥ, ʩʣʝʛʢʘ ʫʧʣʦʪʥʝʥ, ʢʦʤʢʦ-

ʚʘʪʦ-ʛʣʳʙʠʩʪʳʡ, ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʡ, ʚʩʪʨʝʯʘʝʪʩʷ ʤʥʦʛʦ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʪʨʘ-
ʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ; ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ, ʚʳʨʘʞʝʥ ʧʦ 
ʮʚʝʪʫ, ʛʨʘʥʠʮʘ ʨʦʚʥʘʷ. 

S@ 22(30) ï 31(62) ʩʤ. ʅʝʦʜʥʦʨʦʜʥʦ ʦʢʨʘʰʝʥʥʳʡ ʛʦʨʠʟʦʥʪ, ʩʝʨʳʝ ʧʦʯʪʠ ʯʝʨʥʳʝ 
ʩʣʦʠ ʯʝʨʝʜʫʶʪʩʷ ʩ ʩʝʨʳʤʠ ʩʣʦʷʤʠ, ʛʨʘʥʠʮʳ ʧʝʨʝʭʦʜʘ ʨʘʩʧʣʳʚʯʘʪʳʝ, ʢʨʠʦ-
ʪʫʨʙʠʨʦʚʘʥʥʳʡ, ʚʣʘʞʥʳʡ, ʨʳʭʣʳʡ, ʢʦʤʢʦʚʘʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʚ ʯʝʨʥʳʭ ʧʷʪʥʘʭ 
ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʡ, ʚ ʩʝʨʳʭ ï ʩʫʧʝʩʯʘʥʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʠʝ ʢʦʨʥʠ ʪʨʘʚʷ-
ʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ, ʚʳʨʘʞʝʥ ʧʦ 
ʮʚʝʪʫ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʛʨʘʥʠʮʘ ʢʘʨʤʘʥʥʘʷ.  

[SA, Cs~~, 
Cox, s~~, 
2SA]  

31(62)ï95(115) ʩʤ. ʉʠʣʴʥʦ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʛʦʨʠʟʦʥʪ ʧʝʩʪʨʦʡ ʦʢʨʘʩʢʠ, 
ʩʦʩʪʦʷʱʠʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʣʦʝʚ ʠ ʧʨʦʩʣʦʝʢ ʨʘʟʣʠʯʥʦʛʦ ʮʚʝʪʘ ʠ ʛʨʘʥʫʣʦʤʝʪ-
ʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ.  
I ʩʣʦʡ ʠʤʝʝʪ ʩʝʨʦʚʘʪʦ-ʧʘʣʝʚʳʡ ʮʚʝʪ, ʚʣʘʞʥʳʡ, ʨʳʭʣʳʡ, ʤʝʣʢʦʢʦʤʢʦʚʘʪʳʡ, 
ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʡ; ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ HCl.  
II ʩʣʦʡ  ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ ʩ ʧʨʠʤʘʟʢʘʤʠ ʩʝʨʳʭ ʠ ʨʞʘʚʳʭ ʪʦʥʦʚ, ʚʣʘʞʥʳʡ, 
ʨʳʭʣʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʩʫʧʝʩʯʘʥʳʡ; ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ HCl. 
III ʩʣʦʡ ʠʤʝʝʪ ʨʞʘʚʦ-ʦʭʨʠʩʪʳʡ ʮʚʝʪ, ʚʣʘʞʥʳʡ, ʨʳʭʣʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʩʫ-
ʧʝʩʯʘʥʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʥʢʨʝʮʠʠ ʤʘʨʛʘʥʮʘ ʙʦʨʜʦʚʦʛʦ ʮʚʝʪʘ ʨʘʟʤʝʨʦʤ 2-3 
ʤʤ. 

[AU]Cs,ƍ~~ 95(115)ï115 ʩʤ.  ʊʝʤʥʦʚʘʪʦ-ʩʝʨʳʡ ʧʦʛʨʝʙʝʥʥʳʡ ʛʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ, ʚʣʘʞ-
ʥʳʡ, ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʡ; ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʅʘ ʛʣʫʙʠʥʝ 115 ʩʤ ʚʩʪʨʝʯʘʝʪʩʷ 
ʣʴʜʠʩʪʘʷ ʤʝʨʟʣʦʪʘ. 

ʇʦʯʚʘ ï ʩʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʧʦʩʪʘʛʨʦʛʝʥʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʤʝʨʟʣʦʪʥʳʡ.  
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ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʨʘʟʨʝʟʘ ʊʃʂ-1-16, ʟʘʣʦʞʝʥʥʦʛʦ ʚ 1,5 ʢʤ ʦʪ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘ ʧʨʠʪʝʨʨʘʩʥʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʙ ʦʩʣʘʙʣʝʥʠʠ ʚʣʠʷʥʠʷ ʪʝʨʤʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʯʚ. ʂʨʠʦ-

ʪʫʨʙʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚʳʨʘʞʝʥʳ ʧʦ ʚʩʝʤʫ ʧʨʦʬʠʣʶ (ʨʠʩ. 4.6). ʅʘ ʛʣʫʙʠʥʝ 

115 ʩʤ ʨʘʩʧʦʣʦʞʝʥʘ ʣʴʜʠʩʪʘʷ ʤʝʨʟʣʦʪʘ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʢʩʠʨʫʝʪʩʷ ʩʦʣʝʚʘʷ 

ʢʦʨʦʯʢʘ. ʇʘʭʦʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʠʣʴʥʦ ʠʟʤʝʥʠʣʦ ʚʥʝʰʥʠʡ ʚʠʜ ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. ʅʦ ʚ ʪʦʞʝ ʚʨʝʤʷ ʛʣʫʙʞʝ ʧʘʭʦʪʥʦʛʦ ʩʣʦʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ 

ʜʦʩʪʘʪʦʯʥʦ ʦʪʯʝʪʣʠʚʦ ʬʠʢʩʠʨʫʶʪʩʷ ʧʨʦʮʝʩʩʳ ʢʨʠʦʪʫʨʙʘʮʠʠ, ʛʫʤʫʩʦʥʘʢʦʧ-

ʣʝʥʠʷ, ʟʘʩʦʣʝʥʠʷ. ʍʘʨʘʢʪʝʨ ʢʨʠʦʪʫʨʙʘʮʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʥʝʝ ʚʝʨʭʥʠʡ ʧʘ-

ʭʦʪʥʳʡ ʩʣʦʡ ʙʳʣ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥ, ʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʩʢʦʨʝʝ 

ʚʩʝʛʦ, ʟʘʢʘʯʢʘʨʝʥʘ. ʊʠʧ ʧʦʯʚʳ ï ʩʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʧʦʩʪʘʛʨʦʛʝʥʥʳʡ ʢʨʠʦʪʫʨ-

ʙʠʨʦʚʘʥʥʳʡ ʤʝʨʟʣʦʪʥʳʡ.  

�� ��
ʈʠʩ. 4.7. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʩʦʣʦʥʯʘʢʘ ʪʝʤʥʦʛʦ ʢʨʠʦʪʫʨ-

ʙʠʨʦʚʘʥʥʦʛʦ ʦʢʠʩʣʝʥʥʦ-ʛʣʝʝʚʦʛʦ ʤʝʨʟʣʦʪʥʦʛʦ (ʊʃʂ-3-16). 
 

�J�Z�a�j�_�a�� �L�E�D����������. ɼʘʪʘ ʟʘʢʣʘʜʢʠ: 01.07.2016 ʛ. ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ: N 
54Á51'26,4'' ɽ 111Á2'4,8'', ʚʳʩʦʪʘ ï 586 ʤ ʥʘʜ ʫʨ.ʤ. ʈʘʟʨʝʟ ʟʘʣʦʞʝʥ ʚʦʟʣʝ ʟʘʙʨʦʰʝʥʥʦʡ ʟʘʠʤ-
ʢʠ ʚ 2 ʢʤ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʝʝ ʜʝʨʝʚʥʠ ʋʣʶʥʭʘʥ, ʚ 3 ʢʤ ʶʛʦ-ʚʦʩʪʦʯʥʝʝ ʠʩʪʦʯʥʠʢʘ ɼʳʨʝʥʩʢʠʡ 
ʥʘ ʟʘʙʦʣʦʯʝʥʥʦʤ ʫʯʘʩʪʢʝ ʩ ʧʝʨʝʩʳʭʘʶʱʠʤʠ ʦʟʝʨʘʤʠ (ʨʠʩ. 4.7). ʈʝʣʴʝʬ ʙʫʛʨʠʩʪʦ-
ʟʘʧʘʜʠʥʥʳʡ ʩ ʪʝʨʤʦʢʘʨʩʪʦʚʳʤʠ ʧʨʦʩʘʜʢʘʤʠ ʠ ʵʦʣʦʚʳʤʠ ʧʝʩʯʘʥʳʤʠ ʙʫʛʨʘʤʠ ʠ ʛʨʷʜʘʤʠ. 
ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʧʷʪʥʘʤʠ ʦʪʤʝʯʘʶʪʩʷ ʚʳʭʦʜʳ ʩʦʣʝʡ. ʈʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʥʘ ʟʘʩʦ-
ʣʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʩʠʣʴʥʦ ʠʟʨʝʞʝʥʥʳʡ ʩ ʝʜʠʥʠʯʥʳʤʠ ʵʢʟʝʤʧʣʷʨʘʤʠ ʩʚʝʜʳ ʠ ʧʦʣʟʫʥʢʘ. ʇʦ 
ʧʝʨʠʬʝʨʠʠ ʘʨʝʘʣʘ ʟʘʩʦʣʝʥʠʷ ʧʨʦʠʟʨʘʩʪʘʶʪ ʣʘʧʯʘʪʢʘ ʛʫʩʠʥʘʷ, ʦʜʫʚʘʥʯʠʢ, ʣʝʡʤʫʩ, ʦʩʦʢʘ 
ʩʪʦʧʦʚʠʜʥʘʷ, ʧʦʣʝʚʠʮʘ.  
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 +1-0 ï ʉʦʣʝʚʘʷ ʢʦʨʢʘ. 
S[AU] 0ï10 ʩʤ. ʊʝʤʥʦ-ʩʝʨʳʡ, ʧʦʯʪʠ ʯʝʨʥʳʡ ʛʦʨʠʟʦʥʪ ʩ ʝʜʠʥʠʯʥʳʤʠ ʩʚʝʪʣʦ-ʩʝʨʳʤʠ 

ʧʷʪʥʘʤʠ ʧʝʩʢʘ, ʫʚʣʘʞʥʝʥ, ʩʣʝʛʢʘ ʫʧʣʦʪʥʝʥ, ʢʦʤʢʦʚʘʪʳʡ, ʩʫʧʝʩʯʘʥʳʡ, ʚʩʪʨʝʯʘʝʪ-
ʩʷ ʤʥʦʛʦ ʢʦʨʥʝʡ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ; ʩʣʘʙʦ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ, 
ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʛʨʘʥʠʮʘ ʨʦʚʥʘʷ.  

ʉs'''' 10ï30(36) ʩʤ. ʉʚʝʪʣʦ-ʩʝʨʳʡ ʩ ʪʝʤʥʳʤʠ ʧʨʦʜʦʣʛʦʚʘʪʳʤʠ ʧʷʪʥʘʤʠ ʚ ʚʝʨʭʥʝʡ ʯʘ-
ʩʪʠ ʛʦʨʠʟʦʥʪʘ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʦʨʠʯʥʝʚʘʪʦ-ʩʝʨʦʝ ʧʷʪʥʦ, ʩʣʘ-
ʙʦ ʫʚʣʘʞʥʝʥ, ʨʳʭʣʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʧʝʩʯʘʥʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʠʝ ʢʦʨʥʠ; 
ʩʣʘʙʦ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝ-
ʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʛʨʘʥʠʮʘ ʩʣʘʙʦʚʦʣʥʠʩʪʘʷ.  

[AU]s, 
@ 

30(36)ï37(54) ʩʤ. ʅʝʦʜʥʦʨʦʜʥʦ ʦʢʨʘʰʝʥʥʳʡ ʪʝʤʥʦ-ʩʝʨʳʡ ʩ ʨʞʘʚʦ-ʦʭʨʠʩʪʳʤʠ ʠ 
ʦʣʠʚʢʦʚʳʤʠ ʧʷʪʥʘʤʠ ʛʦʨʠʟʦʥʪ, ʚʣʘʞʥʳʡ, ʨʳʭʣʳʡ, ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ, ʩʪʨʫʢ-
ʪʫʨʘ ʥʝʷʩʥʘʷ, ʚʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʢʦʨʥʠ; ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ 
ʨʝʟʢʠʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʛʨʘʥʠʮʘ ʢʘʨʤʘʥʥʘʷ. 

2Cs, oʭ,
@ '''' 

37(54)ï54(68) ʩʤ. ʅʝʦʜʥʦʨʦʜʥʦ ʦʢʨʘʰʝʥʥʳʡ ʩʝʨʳʡ ʩ ʨʞʘʚʦ-ʦʭʨʠʩʪʳʤʠ ʠ ʪʝʤʥʦ-
ʩʝʨʳʤʠ ʧʷʪʥʘʤʠ ʧʝʩʯʘʥʳʡ ʛʦʨʠʟʦʥʪ, ʚ ʢʦʪʦʨʦʤ ʚʳʨʘʞʝʥʳ ʪʦʥʢʠʝ ʣʠʥʟʳ ʪʷʞʝ-
ʣʦʛʦ ʩʫʛʣʠʥʢʘ, ʚʣʘʞʥʳʡ, ʨʳʭʣʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ; ʩʣʘʙʦ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝ-
ʨʝʭʦʜ ʨʝʟʢʠʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ, ʛʨʘʥʠʮʘ ʢʨʫʧʥʦ ʚʦʣʥʠʩʪʘʷ. 

2[AU]s, 
@, oʭ  

54(68)ï70(90) ʩʤ. ʅʝʦʜʥʦʨʦʜʥʦ ʦʢʨʘʰʝʥʥʳʡ ʦʣʠʚʢʦʚʳʡ ʩ ʨʞʘʚʦ-ʦʭʨʠʩʪʳʤʠ 
ʧʷʪʥʘʤʠ ʠ ʩ ʪʦʥʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ ʛʦʨʠʟʦʥʪ, ʚʣʘʞʥʳʡ, ʨʳʭ-
ʣʳʡ, ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʡ, ʩʪʨʫʢʪʫʨʘ ʥʝʷʩʥʘʷ, ʚ ʧʨʘʚʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʛʦʨʠʟʦʥʪʘ 
ʚʩʪʨʝʯʘʶʪʩʷ ʜʨʝʚʝʩʥʳʝ ʫʛʣʠ; ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ, ʚʳʨʘʞʝʥ 
ʧʦ ʮʚʝʪʫ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʛʨʘʥʠʮʘ ʢʘʨʤʘʥʥʘʷ.  

3ʉs, oʭ,
ƍ 

70(90)ï106 ʩʤ. ʅʝoʜʥʦʨʦʜʥʦ ʦʢʨʘʰʝʥʥʳʡ ʨʞʘʚʦ-ʦʭʨʠʩʪʦʛʦ ʮʚʝʪʘ ʩ ʩʝʨʳʤʠ ʧʷʪ-
ʥʘʤʠ ʛʦʨʠʟʦʥʪ, ʚʣʘʞʥʳʡ, ʨʳʭʣʳʡ, ʩʚʷʟʥʦʧʝʩʯʘʥʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ; ʩʣʘʙʦ 
ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʉ ʛʣʫʙʠʥʳ 106 ʩʤ ʟʘʣʝʛʘʝʪ ʤʝʨʟʣʦʪʘ. 

ʇʦʯʚʘ ï ʩʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʦʢʠʩʣʝʥʥʦ-ʛʣʝʝʚʳʡ ʤʝʨʟʣʦʪʥʳʡ.   
 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʧʦʯʚ ʦʟʝʨʥʦ-ʵʦʣʦʚʦʡ ʨʘʚʥʠʥʳ (ʊʃʂ-3-16) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʟʢʦ ʢʦʥʪʨʘʩʪʥʳʤʠ ʧʦ ʮʚʝʪʦʚʦʡ ʛʘʤʤʝ ʯʝʨʝʜʫʶʱʠʤʠ ʩʣʦʷ-

ʤʠ ʵʦʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʛʫʤʫʩʦʚʳʭ ʩʣʦʝʚ, ʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ï ʧʨʦ-

ʷʚʣʝʥʠʝʤ ʢʨʠʦʪʫʨʙʘʮʠʠ (ʨʠʩ. 4.7). ʏʝʪʢʘʷ ʣʠʥʠʷ, ʨʘʟʜʝʣʷʶʱʘʷ ʛʫʤʫʩʦʚʳʭ ʛʦ-

ʨʠʟʦʥʪ ʠ ʧʝʩʯʘʥʳʡ ʥʘʥʦʩ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʝʟʢʦʡ ʩʤʝʥʝ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘ-

ʢʦʧʣʝʥʠʷ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʫʩʠʣʝʥʠʝʤ ʵʦʣʦʚʳʭ ʥʘʥʦʩʦʚ ʚ ʘʨʠʜʥʳʝ 

ʧʝʨʠʦʜʳ ʠ ʛʫʤʫʩʦʥʘʢʦʧʣʝʥʠʝʤ ï ʚ ʛʫʤʠʜʥʳʝ. ʀʩʪʦʯʥʠʢʦʤ ʵʦʣʦʚʦʛʦ ʧʝʩʢʘ ʷʚ-

ʣʷʶʪʩʷ ʨʷʜʦʤ ʣʦʢʘʣʴʥʳʝ ʛʨʷʜʦʚʳʝ ʤʘʩʩʠʚʳ ʧʝʩʢʦʚ, ʟʘʢʨʝʧʣʸʥʥʳʝ ʚ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʩʦʩʥʦʡ (ʨʠʩ. 4.8).  

ʆʛʦʣʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʩʯʘʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜ-

ʚʝʨʛʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʘʟʚʠʚʘʥʠʶ, ʧʦʵʪʦʤʫ ʚʝʨʭʥʠʝ ʩʣʦʠ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ 

ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʦʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʉʚʝʞʠʝ ʧʝʩʯʘʥʳʝ ʦʪ-

ʣʦʞʝʥʠʷ ʚʦʚʣʝʢʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʳ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʠ ʯʝʨʝʟ ʢʘʢʦʝ-ʪʦ ʚʨʝʤʷ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʥʦʚʣʝʥʠʝ ʩʫʙʩʪʨʘʪʘ, ʛʜʝ ʛʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ ʧʦʛʨʝʙʘʝʪʩʷ 



�ô�ô��
��
ʚʥʦʚʴ ʧʦʜ ʵʪʦʡ ʪʦʣʱʝʡ. ʈʝʟʢʠʝ ʨʘʟʣʠʯʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʝʩʯʘ-

ʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʦʚ ʚʝʜʫʪ ʢ ʧʨʦʷʚʣʝʥʠʶ ʚ ʥʠʭ ʨʘʟʣʠʯ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʥʘ ʛʣʫʙʠʥʝ 106 

ʩʤ ʟʘʣʝʛʘʝʪ ʣʴʜʠʩʪʘʷ ʤʝʨʟʣʦʪʘ. ʊʠʧ ʧʦʯʚ ï ʩʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦ-

ʚʘʥʥʳʡ ʢʚʘʟʠʛʣʝʝʚʘʪʳʡ ʤʝʨʟʣʦʪʥʳʡ. 

    
ʈʠʩ. 4.8. ʇʝʩʯʘʥʳʝ ʤʘʩʩʠʚʳ ʙʣʠʟ ʨʘʟʨʝʟʘ ʊʃʂ-3-16 

 

 
ʈʠʩ. 4.9. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʩʦʣʦʥʯʘʢʦʚ ʪʝʤʥʳʭ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʭ ʩʦʣʦʥʮʝʚʘʪʳʭ 

ʤʝʨʟʣʦʪʥʳʭ (ʊʃʂ-4-16, ʊʃʂ-12-11)  

    
ʈʠʩ. 4.10. ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʩʦʣʦʥʯʘʢʦʚ ʪʝʤʥʳʭ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʭ ʩʦ-

ʣʦʥʮʝʚʘʪʳʭ ʤʝʨʟʣʦʪʥʳʭ (ʊʃʂ-4-16, ʊʃʂ-12-11) 
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��

�J�Z�a�j�_�a�� �L�E�D����������.  ɼʘʪʘ ʟʘʢʣʘʜʢʠ: 1.07.2016 ʛ. ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ: 
N54Á49'42,5'', ɽ111Á1'57,2''; ʚʳʩʦʪʘ ï 605 ʤ ʥʘʜ ʫʨ.ʤ. ʈʘʟʨʝʟ ʟʘʣʦʞʝʥ ʥʘ ʚʳʩʦʢʦʤ ʫʯʘʩʪʢʝ 
ʤʝʞʜʫ ʨ. ʋʣʶʛʥʘ ʠ ʉʝʥ, ʨʘʩʧʦʣʦʞʝʥ ʚ 6 ʢʤ ʥʘ ʶʛïʶʛʦ-ʚʦʩʪʦʢ ʦʪ ʠʩʪʦʯʥʠʢʘ ɼʳʨʝʥʩʢʠʡ, 
ʨʷʜʦʤ ʩ ʟʘʠʤʢʦʡ ɸʥʛʦʪʦ (ʨʠʩ. 4.9). ʆʪʤʝʯʘʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝ ʩʣʘʙʦʚʦʣʥʠʩʪʦʡ ʠ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ ʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʅʘ ʟʘʩʦʣʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʥʠʟʢʦʝ ʧʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ (10 
%), ʧʨʝʦʙʣʘʜʘʶʱʠʡ ʚʠʜ ï ʧʦʜʦʨʦʞʥʠʢ ʩʦʣʦʥʯʘʢʦʚʳʡ. ʇʦ ʧʝʨʠʬʝʨʠʠ ʘʨʝʘʣʘ ʨʘʩʪʠʪʝʣʴ-
ʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʥʦʪʨʘʚʥʦ-ʣʝʡʤʫʩʦʚʳʤ ʦʩʪʝʧʥʝʥʥʳʤ ʣʫʛʦʚʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʩ ʦʪʥʦ-
ʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʧʨʦʝʢʪʠʚʥʳʤ ʧʦʢʨʳʪʠʝʤ. 
 +0,5ï0 ʩʤ. ʉʦʣʝʚʘʷ ʢʦʨʢʘ. 
S[AU] 0ï3(5) ʩʤ. ʂʦʨʠʯʥʝʚʘʪʦ-ʩʝʨʳʡ, ʩʣʘʙʦ ʫʚʣʘʞʥʝʥ, ʨʳʭʣʳʡ, ʩʪʨʫʢʪʫʨʘ ʥʝ ʷʩʥʘʷ, ʩʫ-

ʛʣʠʥʠʩʪʳʡ, ʦʙʠʣʴʥʦ ʧʨʦʥʠʟʘʥ ʢʦʨʥʷʤ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; ʚʩʢʠʧʘʝʪ ʦʪ 
HCl. ʇʝʨʝʭʦʜ ʟʘʤʝʪʥʳʡ, ʩʣʘʙʦ ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ, ʭʦʨʦʰʦ ï ʧʦ ʤʦʱʥʦʩʪʠ ʜʝʨʥʠ-
ʥʳ, ʛʨʘʥʠʮʘ ʧʝʨʝʭʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚʥʘʷ. 

2S 3(5)ï7(10) ʩʤ. ʊʝʤʥʦ-ʩʝʨʳʡ, ʩʣʘʙʦ ʫʚʣʘʞʥʝʥ, ʨʳʭʣʳʡ, ʪʚʦʨʦʞʠʩʪʳʡ, ʪʷʞʝʣʦʩʫ-
ʛʣʠʥʠʩʪʳʡ, ʛʫʩʪʦ ʧʨʦʥʠʟʘʥ ʢʦʨʥʷʤʠ; ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ ʧʦʩʪʝʧʝʥ-
ʥʳʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʩʢʠʧʘʥʠʷ, ʛʨʘʥʠʮʘ ʩʣʘʙʦʚʦʣʥʠʩʪʘʷ. 

3S@ 7(10)ï13(24) ʩʤ ʩ ʪʨʝʱʠʥʦʡ ʩʝʨʦʛʦ ʮʚʝʪʘ (ʜʦ 34 ʩʤ), ʟʘʧʦʣʥʝʥʥʦʡ ʛʫʤʫʩʦʚʳʤ ʤʘ-
ʪʝʨʠʘʣʦʤ. ʂʦʨʠʯʥʝʚʘʪʦ-ʩʝʨʳʡ, ʩʣʘʙʦ ʫʚʣʘʞʥʝʥ, ʨʳʭʣʳʡ, ʪʚʦʨʦʞʠʩʪʳʡ, ʥʘ ʩʢʦʣʝ 
ʚʳʨʘʞʝʥʘ ʯʝʰʫʡʯʘʪʘʷ ʩʪʨʫʢʪʫʨʘ, ʛʣʠʥʠʩʪʳʡ, ʤʥʦʛʦ ʢʦʨʥʝʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʢʨʦʪʦʚʠ-
ʥʳ; ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ Hʉl. ʇʝʨʝʭʦʜ ʟʘʤʝʪʥʳʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠ-
ʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʛʨʘʥʠʮʘ ʢʘʨʤʘʥʥʦ-ʷʟʳʢʦʚʘʪʘʷ. 

4S@ 13(24)ï26(46) ʩʤ. ɻʦʨʠʟʦʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʯʝʪʘʥʠʝʤ ʪʨʝʭ ʩʣʦʝʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ 
ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚ ʠ ʦʢʨʘʩʢʝ. 
I ʩʣʦʡ.  ɾʝʣʪʦʚʘʪʦ-ʩʚʝʪʣʦ-ʩʝʨʳʡ, ʠʤʝʝʪ ʧʨʝʨʳʚʠʩʪʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʫʚʣʘʞʥʝʥ, 
ʫʧʣʦʪʥʝʥ, ʥʝ ʷʩʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʛʣʠʥʠʩʪʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʨʥʠ; ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ 
Hʉl. 
II ʩʣʦʡ. ɹʣʝʜʥʦ-ʧʘʣʝʚʳʡ, ʫʚʣʘʞʥʝʥ, ʫʧʣʦʪʥʝʥ, ʩʣʘʙʦ ʚʳʨʘʞʝʥʘ ʛʣʳʙʠʩʪʦ-
ʧʨʠʟʤʘʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʥʘ ʩʢʦʣʝ ʬʠʢʩʠʨʫʝʪʩʷ ʤʝʨʟʣʦʪʥʘʷ ʩʣʦʠʩʪʦʩʪʴ, ʪʷʞʝʣʦ-
ʩʫʛʣʠʥʠʩʪʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʠʝ ʢʦʨʥʠ; ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ Hʉl. 
III ʩʣʦʡ ʦʪʤʝʯʝʥ ʪʦʣʴʢʦ ʥʘ ʙʦʢʦʚʦʡ ʩʪʝʥʢʝ.  ʅʝʦʜʥʦʨʦʜʥʦ ʦʢʨʘʰʝʥ ʦʪ ʙʫʨʦʛʦ ʜʦ 
ʩʚʝʪʣʦʚʘʪʦ-ʢʠʨʧʠʯʥʦʛʦ, ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʣʝʛʢʘ ʥʘʢʣʦʥʝʥʥʳʭ 
ʧʷʪʝʥ, ʫʚʣʘʞʥʝʥ, ʫʧʣʦʪʥʝʥ, ʪʚʦʨʦʞʠʩʪʳʡ, ʛʣʠʥʠʩʪʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʨʥʠ ʪʨʘʚʷ-
ʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ ʷʩʥʳʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ 
ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʛʨʘʥʠʮʘ ʢʨʫʧʥʦ ʚʦʣʥʠʩʪʘʷ. 

ʉs 24(46)ï49(55) ʩʤ. ɿʘʩʳʧʢʘ ʧʦ ʪʨʝʱʠʥʝ ʜʦ 100 ʩʤ. ʈʳʞʝʚʘʪʦ ʩʚʝʪʣʦ-ʩʝʨʳʡ ʩ ʝʜʠ-
ʥʠʯʥʳʤʠ ʪʝʤʥʦ-ʩʝʨʳʤʠ ʧʷʪʥʘʤʠ, ʫʚʣʘʞʥʝʥ, ʫʧʣʦʪʥʝʥ, ʢʦʤʢʦʚʘʪʳʡ, ʣʝʛʢʦʩʫʛʣʠ-
ʥʠʩʪʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʢʦʨʥʠ; ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝʭʦʜ ʷʩʥʳʡ, 
ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʛʨʘʥʠʮʘ ʢʨʫʧʥʦ ʚʦʣʥʠʩʪʘʷ ʩ 
ʢʣʠʥʴʷʤʠ ʧʦ ʪʨʝʱʠʥʘʤ. 

2Cs~~ 49(55)ï82(85) ʩʤ. ʅʝʦʜʥʦʨʦʜʥʦ ʠ ʦʯʝʥʴ ʧʝʩʪʨʦ ʦʢʨʘʰʝʥʥʳʡ ʛʦʨʠʟʦʥʪ ʩʦ ʩʣʘʙʦʚʳ-
ʨʘʞʝʥʥʳʤʠ ʨʘʟʤʳʪʳʤʠ ʩʣʝʜʘʤʠ ʩʣʦʠʩʪʦʩʪʠ ʠ ʩ ʢʨʠʦʛʝʥʥʦʡ ʟʘʩʳʧʢʦʡ ʧʦ ʪʨʝʱʠ-
ʥʘʤ ʠʟ ʛʦʨʠʟʦʥʪʘ ʉs. ɻʦʨʠʟʦʥʪ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥ ʥʘ 2 ʩʣʦʷ ʧʦ ʪʦʥʫ ʦʙʱʝʡ ʦʢʨʘʩʢʠ. 
I ʩʣʦʡ ʩʚʝʪʣʦ-ʩʝʨʳʡ ʩ ʩʝʨʳʤʠ ʠ ʪʝʤʥʦʚʘʪʦ-ʩʝʨʳʤʠ ʧʨʦʩʣʦʡʢʘʤʠ, ʩ ʤʥʦʛʦʯʠʩʣʝʥ-
ʥʳʤʠ ʤʝʣʢʠʤʠ ʧʷʪʥʘʤʠ ʪʝʤʥʦ-ʩʝʨʦʛʦ, ʧʦʯʪʠ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʠ ʙʣʝʜʥʦ-ʦʭʨʠʩʪʳʭ 
ʮʚʝʪʦʚ, ʫʚʣʘʞʥʝʥ, ʫʧʣʦʪʥʝʥ, ʢʦʤʢʦʚʘʪʳʡ, ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʝʜʠ-
ʥʠʯʥʳʝ ʢʦʨʥʠ; ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ HCl. 
II ʩʣʦʡ ʙʦʣʝʝ ʪʝʤʥʳʡ ʧʦ ʮʚʝʪʫ, ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʡ, ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ HCl. ʇʝʨʝ-
ʭʦʜ ʩʣʘʙʦ ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ ʠ ʩʣʦʠʩʪʦʩʪʠ, ʛʨʘʥʠʮʘ ʩʣʘʙʦʚʦʣʥʠʩʪʘʷ. 

[AU]s,
ƍ 

82(85)ï100 ʩʤ. ʅʝʦʜʥʦʨʦʜʥʦ ʦʢʨʘʰʝʥ ʩ ʧʝʩʪʨʳʤʠ ʩʝʨʦʚʘʪʦ-ʨʞʘʚʳʤʠ ʠ ʪʝʤʥʦ-
ʩʝʨʳʤʠ ʧʨʦʩʣʦʷʤʠ, ʚʣʘʞʥʳʡ, ʫʧʣʦʪʥʝʥ, ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ, ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ 
HCl, ʦʪʤʝʯʝʥʳ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʤʘʨʛʘʥʮʝʚʳʭ ʟʘʢʠʩʝʡ ʜʦ 3ʤʤ. 

ʇʦʯʚʘ ï ʩʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʩʦʣʦʥʮʝʚʘʪʳʡ ʤʝʨʟʣʦʪʥʳʡ.��
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�J�Z�a�j�_�a�� �L�E�D�������������� ɼʘʪʘ ʟʘʢʣʘʜʢʠ: 12.07.2011 ʛ. ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ: 
N54Á49'46,5''; E111Ü01'48,2'', ʚʳʩʦʪʘ ï 553 ʤ ʥʘʜ ʫʨ.ʤ. ʈʘʟʨʝʟ ʟʘʣʦʞʝʥ ʥʘ ʚʳʩʦʢʦʤ ʫʯʘʩʪʢʝ 
ʤʝʞʜʫ ʨ. ʋʣʶʛʥʘ ʠ ʉʝʥ, ʚ 6 ʢʤ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ ʦʪ ʠʩʪʦʯʥʠʢʘ ɼʳʨʝʥʩʢʠʡ, ʚ ʶʛʦ-ʟʘʧʘʜʥʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʩ. ʋʣʶʥʭʘʥ. ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʨʦʚʥʝʥʥʘʷ, ʩʣʘʙʦʚʦʣʥʠʩʪʘʷ. 
ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʥʦʪʨʘʚʥʦ-ʣʝʡʤʫʩʦʚʳʤ ʦʩʪʝʧʥʝʥʥʳʤ ʣʫʛʦʚʳʤ ʩʦʦʙʱʝ-
ʩʪʚʦʤ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʧʨʦʝʢʪʠʚʥʳʤ ʧʦʢʨʳʪʠʝʤ.  
 
S[AU]@ 0ï20(32) ʩʤ. ʊʝʤʥʦ-ʩʝʨʳʡ, ʚʣʘʞʥʳʡ, ʫʧʣʦʪʥʝʥʥʳʡ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʚ ʚʝʨʭ-

ʥʝʡ ʯʘʩʪʠ ʛʦʨʠʟʦʥʪʘ (2-3ʩʤ), ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʡ, ʦʪʤʝʯʘʶʪʩʷ ʤʝʨʟʣʦʪʥʳʝ 
ʥʘʨʫʰʝʥʠʷ, ʧʨʦʥʠʟʘʥ ʢʦʨʥʷʤʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ; ʩʚʝʨʭʫ ʩʣʘʙʦ ʚʩʢʠʧʘʝʪ 
ʦʪ HCl, ʥʠʞʝ ï ʤʝʩʪʘʤʠ ʙʫʨʥʦ. ʇʝʨʝʭʦʜ ʷʩʥʳʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ ʠ ʧʣʦʪʥʦʩʪʠ, 
ʛʨʘʥʠʮʘ ʷʟʳʢʦʚʘʪʘʷ. 

S@,sn 20 (32ï54) ʩʤ. ʅʝʦʜʥʦʨʦʜʥʦ ʦʢʨʘʰʝʥʥʳʡ ʚʩʣʝʜʩʪʚʠʝ ʢʨʠʦʪʫʨʙʘʮʠʡ, ʚ ʦʙʱʝʡ 
ʪʦʥʘʣʴʥʦʩʪʠ ʙʣʝʜʥʦ-ʧʘʣʝʚʳʡ ʩ ʧʷʪʥʘʤʠ ʠ ʧʦʣʦʩʯʘʪʳʤʠ ʟʘʚʠʭʨʝʥʠʷʤʠ ʩʝʨʦʛʦ 
ʠ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʤʘʪʝʨʠʘʣʘ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠ ʚʳʨʘʞʝʥʘ 
ʜʠʘʛʦʥʘʣʴʥʘʷ ʪʨʝʱʠʥʘ, ʫʭʦʜʷʱʘʷ ʚʛʣʫʙʴ, ʜʦ ʜʥʘ ʚʩʢʨʳʪʦʛʦ ʧʨʦʬʠʣʷ, ʟʘʧʦʣ-
ʥʝʥʥʘʷ ʘʣʣʶʚʠʘʣʴʥʳʤ ʧʝʩʢʦʤ. ɻʦʨʠʟʦʥʪ ʫʚʣʘʞʥʝʥʥʳʡ, ʧʣʦʪʥʳʡ, ʧʣʠʪʯʘʪʦ-
ʧʨʠʟʤʘʪʠʯʝʩʢʠʡ, ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʨʥʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝ-
ʥʠʡ, ʢʦʧʨʦʣʠʪʳ ʠ ʢʨʦʪʦʚʠʥʳ; ʚʩʢʠʧʘʝʪ ʦʪ ʅʉl. ʇʝʨʝʭʦʜ ʷʩʥʳʡ, ʚʳʨʘʞʝʥ ʧʦ 
ʮʚʝʪʫ, ʛʨʘʥʠʮʘ ʚʦʣʥʠʩʪʘʷ. 

Cs~~ 54ï63(77) ʩʤ. ʇʝʩʪʨʦ ʦʢʨʘʰʝʥʥʳʡ, ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʡ ʩʦ ʩʚʝʪʣʦ-ʩʝʨʳʤʠ ʠ 
ʦʭʨʠʩʪʦ-ʨʞʘʚʳʤʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʷʪʥʘʤʠ, ʫʚʣʘʞʥʝʥʥʳʡ, ʧʣʦʪʥʳʡ, ʥʝ-
ʧʨʦʯʥʦ-ʢʦʤʢʦʚʘʪʳʡ, ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʢʦʨʥʠ ʪʨʘʚʷ-
ʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ; ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ ʅʉ1. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ, 
ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʧʣʦʪʥʦʩʪʠ, ʛʨʘʥʠʮʘ ʷʟʳʢʦʚʘʪʦ-ʢʘʨʤʘʥʥʘʷ. 

2Cs~~ 63(77)ï91(98) ʩʤ. ʉʚʝʪʣʦ-ʩʝʨʳʡ, ʫʚʣʘʞʥʝʥʥʳʡ, ʨʳʭʣʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, 
ʩʚʷʟʥʦʧʝʩʯʘʥʳʡ ʘʣʣʶʚʠʡ; ʚʩʢʠʧʘʝʪ ʦʪ ʅʉ1. ʇʝʨʝʭʦʜ ʨʝʟʢʠʡ ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ 
ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʛʨʘʥʠʮʘ ʚʦʣʥʠʩʪʘʷ.   

[AU]Cs~~ 91(98)ï130 ʩʤ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʠʶ ʧʦʛʨʝʙʝʥʥʳʭ ʪʝʤʥʦ-ʩʝʨʳʭ ʛʫʤʫʩʦ-
ʚʳʭ ʧʦʯʪʠ ʯʝʨʥʳʭ ʧʨʦʩʣʦʝʢ ʩ ʥʘʥʦʩʘʤʠ ʤʝʣʢʦʛʦ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʘʣʣʶʚʠ-
ʘʣʴʥʦʛʦ ʧʝʩʢʘ ʩ ʨʞʘʚʦ-ʦʭʨʠʩʪʳʤʠ ʧʷʪʥʘʤʠ, ʫʚʣʘʞʥʝʥʥʳʡ, ʫʧʣʦʪʥʝʥʥʳʡ, ʥʝ-
ʧʨʦʯʥʦ-ʢʦʤʢʦʚʘʪʳʡ, ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʡ, ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ ʅʉ1; ʧʝʨʝʭʦʜ ʨʝʟ-
ʢʠʡ, ʚʳʨʘʞʝʥ ʧʦ ʮʚʝʪʫ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʛʨʘʥʠʮʘ ʤʝʣʢʦ ʚʦʣʥʠ-
ʩʪʘʷ. 

3Cs,ƍ~~ 130ï145 ʩʤ. ʉʝʨʳʡ ʩʦ ʩʣʘʙʦ-ʨʞʘʚʦ-ʦʭʨʠʩʪʳʤʠ ʧʷʪʥʘʤʠ, ʫʚʣʘʞʥʝʥʥʳʡ, 
ʫʧʣʦʪʥʝʥʥʳʡ, ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ, ʩʫʧʝʩʯʘʥʳʡ, ʙʫʨʥʦ ʚʩʢʠʧʘʝʪ ʦʪ ʅʉ1, ʩ ʛʣʫʙʠ-
ʥʳ 145 ʩʤ ʤʝʨʟʣʦʪʘ.  

ʇʦʯʚʘ ï ʩʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʩʦʣʦʥʮʝʚʘʪʳʡ ʤʝʨʟʣʦʪʥʳʡ. 
 

ʅʘ ʧʝʨʠʬʝʨʠʡʥʦʡ ʯʘʩʪʠ ʢʦʥʪʫʨʘ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʬʦʨʤʠʨʫʶʪʩʷ ʤʝʥʝʝ 

ʫʚʣʘʞʝʥʥʳʝ ʧʦʯʚʳ ʩʦ ʩʣʘʙʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʢʨʠʦʪʫʨʙʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

(ʊʃʂ-4-16, ʊʃʂ-12-11) ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʚʠʭʨʝʚʦʛʦ ʨʠʩʫʥʢʘ ʤʠ-

ʥʝʨʘʣʴʥʦʡ ʤʘʩʩʳ. ɺ ʩʨʝʜʠʥʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʦʪʤʝʯʘʝʪʩʷ ʦʛʣʠʥʠʚʘʥʠʝ ʧʦʯʚ, 

ʛʣʫʙʞʝ ï ʩʝʨʠʷ ʧʦʛʨʝʙʝʥʥʳʭ ʩʣʦʝʚ (ʨʠʩ. 4.10).  

ɺ ʫʩʣʦʚʠʷʭ ʙʣʠʟʢʦʛʦ ʟʘʣʝʛʘʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ ʘʣʣʶʚʠʘʣʴ-

ʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ, ʷʚʣʷʷʩʴ ʘʙʩʦʣʶʪʥʳʤ ʚʦʜʦʫʧʦʨʦʤ, ʩʧʦʩʦʙ-
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ʩʪʚʦʚʘʣʠ ʧʝʨʝʫʚʣʘʞʥʝʥʠʶ ʠ ʨʘʟʚʠʪʠʶ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʚʝ-

ʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʦʪʪʘʠʚʘʥʠʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʚʘ-

ʟʠʛʣʝʝʚʦʛʦ ʛʦʨʠʟʦʥʪʘ. ɺ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʚʳʨʘʞʝʥʳ ʧʨʦʮʝʩʩʳ ʩʦʣʝ- (ʩʦʣʝʚʘʷ 

ʢʦʨʦʯʢʘ) (ʊʃʂ-4-16) ʠ ʛʫʤʫʩʦʥʘʢʦʧʣʝʥʠʷ. ɽʞʝʛʦʜʥʦʝ ʧʨʦʤʝʨʟʘʥʠʝ ʠ ʦʪʪʘʠ-

ʚʘʥʠʝ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠ-

ʥʦʡ, ʚʦ-ʧʝʨʚʳʭ, ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʠʪʯʘʪʦ-ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʩʪʨʦʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʡ 

ʧʦʯʚʝʥʥʦʡ ʤʘʩʩʳ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ, ʚʦ-ʚʪʦʨʳʭ, ʧʨʦʷʚʣʝʥʠʷ ʚʠʭʨʝʚʦʛʦ ʠ 

ʚʦʣʥʠʩʪʦʛʦ ʨʠʩʫʥʢʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʠ 

ʚʦʣʥʠʩʪʦʡ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʨʠʦʪʫʨʙʘ-

ʮʠʠ, ʚ-ʪʨʝʪʴʠʭ, ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʩʝʪʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʤʦʨʦʟʦʙʦʡ-

ʥʳʭ ʪʨʝʱʠʥ, ʚ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʠʝ ʠʟ ʢʦʪʦʨʳʭ ʟʘʩʳʧʘʝʪʩʷ ʤʘʪʝʨʠʘʣ ʛʫʤʫʩʦʚʦ-

ʛʦ ʛʦʨʠʟʦʥʪʘ, ʘ ʧʦ ʩʪʝʥʢʘʤ ʙʦʣʝʝ ʫʟʢʠʭ ʪʨʝʱʠʥ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘʪʝʯʥʳʝ ʛʫʤʫ-

ʩʦʚʦ-ʛʣʠʥʠʩʪʳʝ ʧʣʝʥʢʠ (ʢʫʪʘʥʳ) (ʨʠʩ. 4.11, 4.12). ʀʭ ʥʘʣʠʯʠʝ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ ʠʣʠʩʪʳʭ ʯʘ-

ʩʪʠʮ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʩʦʣʦʥʮʦʚʦʛʦ ʧʨʦʮʝʩʩʘ (ʍʠʪʨʦʚ, 2004; ʅʘʫʯ-

ʥʳʝé, 2013).  

 

  

ʈʠʩ. 4.11. ʌʦʪʦʛʨʘʬʠʠ: ʩʣʝʚʘ ï ʚʥʝʜʨʝʥʠʝ ʣʦʧʘʪʳ ʧʨʠʚʝʣʦ ʢ ʨʘʩʢʨʳʪʠʶ ʝʩʪʝʩʪʚʝʥʥʦʡ 
ʪʨʝʱʠʥʳ ʩ ʢʫʪʘʥʘʤʠ ʥʘ ʛʨʘʥʷʭ ʙʣʦʢʦʚ; ʙʝʣʝʩʳʡ ʥʘʣʝʪ ʥʘ ʙʦʢʦʚʦʡ ʩʪʝʥʢʝ ï ʵʪʦ ʚʳʮʚʝʪʳ 
ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ, ʚʦʟʥʠʢʰʠʝ ʧʨʠ ʚʳʩʳʭʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ, ʩʧʨʘʚʘ ï ʧʣʠʪ-

ʯʘʪʦ-ʧʣʘʩʪʠʥʯʘʪʘʷ ʩʪʨʫʢʪʫʨʘ ʛʦʨʠʟʦʥʪʘ 
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ʈʠʩ. 4.12. ʌʦʪʦʛʨʘʬʠʠ: ʬʦʥ ʦʣʠʚʢʦʚʦ-ʙʫʨʳʡ; ʛʨʘʥʠ ʙʣʦʢʦʚ ʧʦʢʨʳʪʳ ʩʝʨʳʤʠ ʢʫʪʘʥʘʤʠ 
(ʩʧʨʘʚʘ); ʩʦʭʨʘʥʠʚʰʠʡʩʷ ʬʨʘʛʤʝʥʪ ʟʘʩʳʧʢʠ ʛʫʤʫʩʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʩʣʝʚʘ); ʩʚʝʪʣʳʝ 

ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʩʢʦʧʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʢʦʚ ʛʠʧʩʘ 

 

 

ʈʠʩ. 4.13. ʌʦʪʦʛʨʘʬʠʠ: ʩʣʝʚʘïʚʝʨʪʠʢʘʣʴʥʳʡ ʩʨʝʟ, ʩʧʨʘʚʘ ï ʦʙʲʝʤʥʳʡ ʙʣʦʢ.  
ɹʝʣʳʝ ʧʨʦʞʠʣʢʠ ï ʤʫʯʥʠʩʪʳʡ ʛʠʧʩ 

 
ɻʝʥʝʪʠʯʝʩʢʠ ʚʩʝ ʧʦʯʚʳ ʠʤʝʣʠ ʚʳʨʘʞʝʥʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʩʠʥʣʠʪʦʛʝʥʝʟʘ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʘʣʣʶʚʠʘʣʴʥʳʤ ʧʦʯʚʘʤ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʚʳʨʘʞʝʥʥʳʝ ʚ 

ʩʣʦʠʩʪʦʩʪʠ ʧʨʦʬʠʣʷ. ɺ ʩʚʷʟʠ ʩ ʩʣʦʠʩʪʦʩʪʴʶ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ, ʝʛʦ 

ʚʳʩʦʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ 

ʢʨʠʦʪʫʨʙʘʮʠʷʤʠ, ʩʠʣʴʥʦ ʥʘʨʫʰʘʶʱʠʤʠ ʠʩʭʦʜʥʦʝ ʩʣʦʞʝʥʠʝ ʛʦʨʠʟʦʥʪʦʚ ʠ 

ʩʤʝʰʠʚʘʶʱʠʤʠ ʠʭ ʤʘʪʝʨʠʘʣ, ʤʳ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʩʯʝʪʦʤ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʭ ʚʝʣʠʯʠʥ ʧʦ ʬʨʘʢʮʠʷʤ. ɺ ʠʪʦʛʝ ʧʦ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ 

ʧʦʯʚʝ ʤʳ ʧʦʣʫʯʘʣʠ ʦʜʥʫ ʫʩʨʝʜʥʝʥʥʫʶ ʚʝʣʠʯʠʥʫ ʧʦ ʢʘʞʜʦʡ ʠʟ ʬʨʘʢʮʠʡ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʩʨʘʚʥʠʚʘʪʴ ʧʦʯʚʳ ʤʝʞʜʫ ʩʦʙʦʡ (ʨʠʩ. 4.14). ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʘʩʯʝʪʳ, 

ʥʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚ ʮʝʣʦʤ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʣʝʚʦʛʦ ʫʯʘʩʪʠʷ 
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ʬʨʘʢʮʠʡ ʯʘʩʪʠʮ ʤʦʛʣʘ ʧʦʚʣʠʷʪʴ ʘʢʪʠʚʥʦʩʪʴ ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ ʵʦʣʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʧʨʠʙʣʠʞʝʥʥʦʩʪʴʶ ʠʣʠ ʫʜʘʣʝʥʥʦʩʪʴʶ ʢ ʘʢʪʠʚʥʳʤ 

ʚʦʜʥʳʤ ʠʩʪʦʯʥʠʢʘʤ. ʕʪʦ ʦʪʯʝʪʣʠʚʦ ʠʣʣʶʩʪʨʠʨʦʚʘʣʦʩʴ ʢʨʠʚʳʤʠ 

ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʯʘʩʪʠʮ (ʨʠʩ. 4.14). ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʡ ʢ ʠʩʪʦʯʥʠʢʘʤ 

ʨʘʟʨʝʟ ʊʃʂ-2-16 ʦʙʣʘʜʘʣ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʧʝʩʯʘʥʝʥʥʦʩʪʠ (ʨʠʩ. 4.14), 

ʦʩʦʙʝʥʥʦ ʬʨʘʢʮʠʷʤʠ ʢʨʫʧʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʝʩʢʘ. ʇʨʠ ʥʝʢʦʪʦʨʦʤ ʩʥʠʞʝʥʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʊʃʂ-1-16) ʜʦʤʠʥʠʨʦʚʘʣʠ ʬʨʘʢʮʠʠ 

ʤʝʣʢʦʛʦ ʧʝʩʢʘ, ʘ ʥʘ ʙʦʣʝʝ ʫʜʘʣʝʥʥʳʭ ʫʯʘʩʪʢʘʭ, ʚʳʭʦʜʷʱʠʭ ʠʟ ʨʝʞʠʤʘ 

ʚʣʠʷʥʠʷ ʛʠʜʨʦʪʝʨʤ (ʊʃʂ-4-16), ʜʦʣʷ ʢʨʫʧʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʝʩʢʘ ʩʪʘʥʦʚʠʣʘʩʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʦʡ, ʟʜʝʩʴ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʫʪʷʞʝʣʝʥʠʝ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʊʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʰʝʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦʯʚ 

ʦʪʤʝʯʝʥʦ ʧʦʯʪʠ ʜʚʫʭʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʬʨʘʢʮʠʡ ʩʨʝʜʥʝʡ ʠ 

ʤʝʣʢʦʡ ʧʳʣʠ ʠ ʠʣʘ. ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʟʨʝʟ ʊʃʂ-3-16, 

ʢʦʪʦʨʳʡ, ʥʘʭʦʜʷʩʴ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʘʢʪʠʚʥʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʵʦʣʦʚʦʡ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʝʩʯʘʥʳʤʠ ʬʨʘʢʮʠʷʤʠ, ʦʤʦʣʘʞʠʚʘʶʱʝʡ ʧʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ. 

 
ʈʠʩ. 4.14. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʂʫʯʠʛʝʨʩʢʠʭ 
ʛʠʜʨʦʪʝʨʤ ʧʦ ʜʘʥʥʳʤ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʡ ʩʨʝʜʥʝʡ ʚ ʢʘʞʜʦʤ ʧʦʯʚʝʥʥʦʤ 

ʨʘʟʨʝʟʝ 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʨʘʢʮʠʡ ʦʪʤʝʯʘʝʪʩʷ ʚ ʘʣʣʶ-

ʚʠʘʣʴʥʳʭ ʩʚʝʪʣʦʛʫʤʫʩʦʚʳʭ ʧʦʯʚʘʭ ʚʙʣʠʟʠ ʂʫʯʠʛʝʨʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʊʃʂ-2-

16, ʊʃʂ-2-17). ɺʦ ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʝʛʢʦʩʫʛʣʠʥʠ-

ʩʪʳʡ. ɺ ʩʦʩʪʘʚʝ ʬʨʘʢʮʠʡ 60-80% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʨʝʜʥʝ- ʠ ʤʝʣʢʦʧʝʩʯʘʥʳʝ 
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(ʪʘʙʣ. 4.4). ʂʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʝ ʩʣʦʠ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʨʝʜʥʝʛʦ ʠ 

ʤʝʣʢʦʛʦ ʧʝʩʢʘ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʦʯʚʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʪʝʨʤʘʣʴ-

ʥʳʭ ʚʦʜ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʢʨʫʧʥʦʧʳʣʝʚʘʪʦʡ ʬʨʘʢʮʠʠ ʜʦ 26ï34%. 
ʊʘʙʣʠʮʘ 4.4. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚ ʚʙʣʠʟʠ ʂʫʯʠʛʝʨʩʢʠʭ ʛʠʜʨʦʪʝʨʤ 

ɻʦʨʠʟʦʥʪ ɻʣʫʙʠʥʘ, ʩʤ   ʉʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʡ (ʤʤ), % 
1- 
0,25 

0,25- 
0,05 

0,05- 
0,01 

0,01- 
0,005 

0,005- 
0,001 

<0,001 <0,0
1 

ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʚʝʪʣʦʛʫʤʫʩʦʚʘʷ ʟʘʩʦʣʝʥʥʘʷ ʪʝʨʤʦʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʘʷ ʢʚʘʟʠʛʣʝʝʚʘʪʘʷ 
(ʊʃʂ 2-16) 

AJs,@ 0-2 (20) 40 30 11 4 5 10 19 
[AC, 
ACox, 
A] @ 

1 cʣʦʡ  
2(20)-61(66) 

45 26 12 3 6 8 17 
2 ʩʣʦʡ 51 30 9 2 4 5 11 
3 ʩʣʦʡ 28 40 17 4 5 7 16 

[A]ʉ~~q,su 61(66)-70(75) 40 26 15 3 6 10 19 
2[A]ʉ~~q,su 70(75)-77(86) 37 27 16 5 6 8 19 
3[A]ʉ~~q,su 77(86)-100 26 32 26 6 4 7 17 

ʉʚʝʪʣʦʛʫʤʫʩʦʚʘʷ ʘʣʣʶʚʠʘʣʴʥʘʷ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʘʷ ʛʣʝ-
ʝʚʘʷ ʦʢʠʩʣʝʥʥʦ-ʛʣʝʝʚʘʪʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʢʘʨʙʦʥʘʪʥʘʷ ʩ ʯʝʨʥʳʤʠ ʩʫʣʴʬʠʜʥʳʤʠ ʛʦʨʠʟʦʥʪʘ-

ʤʠ ʩʫʧʝʩʯʘʥʘʷ ʥʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ (ʊʃʂ-2-17) 
AJs,@,ox 0-5  32 29 20 6 5 8 19 
TUR(BM+SU+Cca)@ 5-30 39 32 14 4 4 7 15 
TUR/SUox, ~,g 30-70 26 49 16 3 3 4 10 
Gsu 70-90 47 31 11 3 3 7 12 
G 90-98 20 37 34 5 3 2 9 
ʧʩʘʤʤʦʟʝʤ ʛʫʤʫʩʦʚʳʡ ʥʘ ʧʦʛʨʝʙʝʥʥʦʡ ʧʝʨʝʛʥʦʡʥʦ-ʢʚʘʟʠʛʣʝʝʚʦʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʦʡ ʩʫ-
ʧʝʩʯʘʥʦʡ ʧʦʯʚʝ ʩ ʪʝʤʥʳʤʠ ʩʫʣʴʬʠʜʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʥʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʣʦʠʩʪʳʭ ʦʪʣʦ-

ʞʝʥʠʷʭ (ʊʃʂ-2ʙ-17) 
W 0-3  67 12 10 4 3 5 12 
WC 3-5(27) 66 18 9 3 2 3 8 
C 5(14)-26 67 21 8 2 1 2 5 

2[H]@ 5(27)-31 22 5 22 12 14 25 51 
2[SU]@ 26(31)-37(46) 51 21 15 4 3 6 13 
2QC@ 37(46)-49(67) 65 25 5 1 1 3 5 
3[SU] 49(67)-91 50 39 7 1 1 2 4 

ʧʝʨʝʛʥʦʡʥʦ-ʪʝʤʥʦʛʫʤʫʩʦʚʘʷ ʤʘʣʦʤʦʱʥʘʷ ʧʝʩʯʘʥʘʷ ʥʘ ʩʣʦʠʩʪʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʝʩʯʘʥʦ-
ʩʫʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩ ʧʨʦʩʣʦʡʢʘʤʠ ʩʫʛʣʠʥʢʘ (ʊʃʂ-2ʚ-17) 

ɸʅ 0-6(8) 33 27 31 4 2 4 9 
2ʉ~ 6(8)-19(20) 81 11 4 1 1 2 4 
3ʉ 19(20)-22(24) 12 35 38 6 3 6 15 
4ʉ 22(24)-25(26) 56 31 8 1 1 3 5 
5ʉ 25(26)-30(32) 19 42 27 2 3 8 12 
6ʉ 30(32)-34(36) 66 24 4 1 - 5 5 
7ʉʩʘ 34(36)-43(47) 5 35 35 6 8 11 25 
8Gox,ca 43(47)-60(62) 43 27 16 2 2 10 14 
9ʉ 60(62)-80 59 22 11 2 2 5 8 
10ʉ 80-98 69 25 3 ï - 3 3 

ʇʨʠʤʝʯʘʥʠʝ: * çʩʣʦʠè ï ʩʣʦʠ ʠ ʧʨʦʩʣʦʡʢʠ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʮʚʝʪʫ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ 
ʩʦʩʪʘʚʫ, ʧʦʜʚʝʨʞʝʥʥʳʝ ʩʠʣʴʥʦʡ ʢʨʠʦʪʫʨʙʘʮʠʠ ʠ ʧʦʪʦʤʫ ʠʤʝʶʱʠʝ ʧʨʝʨʳʚʠʩʪʳʝ ʠ ʠʩʢʘʞʝʥʥʳʝ ʛʨʘʥʠʮʳ. 
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ɺ ʧʩʘʤʦʟʝʤʘʭ ʛʫʤʫʩʦʚʳʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʫʯʘʩʪʢʘʭ ʩʨʝʜʥʝʡ ʧʦʡʤʳ 

(ʊʃʂ-2ʙ-17), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʧʦʯʚʘʤʠ, ʧʦ ʚʩʝʤʫ ʧʨʦʬʠʣʶ 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʨʫʧʥʦʛʦ ʧʝʩʢʘ ʜʦ 50ï67% ʠ ʫʤʝʥʴʰʝ-

ʥʠʝ ʢʨʫʧʥʦʧʳʣʝʚʘʪʳʭ ʬʨʘʢʮʠʡ, ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ (ʪʘʙʣ. 4.4). ʈʝʟʢʠʡ ʩʢʘʯʦʢ 

ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʨʫʧʥʦʡ, ʤʝʣʢʦʡ ʧʳʣʠ, ʠʣʘ ʠ ʚ ʮʝʣʦʤ ʬʨʘʢʮʠʠ ʬʠʟʠ-

ʯʝʩʢʦʡ ʛʣʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʛʣʫʙʠʥʝ 5(27)ï31 ʩʤ ʚ ʧʝʨʝʛʥʦʡʥʦʤ ʛʦʨʠʟʦʥʪʝ.  

ʇʦʯʚʳ ʚʳʩʦʢʦʡ ʧʦʡʤʳ (ʊʃʂ-2ʚ-17) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝ ʧʝʩ-

ʯʘʥʳʭ ʠ ʩʫʧʝʩʯʘʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʢʨʫʧʥʦʛʦ ʠ ʤʝʣʢʦʛʦ 

ʧʝʩʢʘ ʜʦ 80% (ʪʘʙʣ. 4.4). ʅʘ ʛʣʫʙʠʥʝ 34(36)ï43(74) ʩʤ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʨʝʟʢʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʬʨʘʢʮʠʠ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ (25%).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ 

ʚʙʣʠʟʠ ʜʝʡʩʪʚʫʶʱʠʭ ʛʨʠʬʦʥʦʚ, ʥʝʦʜʥʦʨʦʜʝʥ (ʪʘʙʣ. 4.4). ɺ ʧʦʯʚʘʭ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʥʠʟʢʦʡ ʧʦʡʤʳ ʨʫʯʴʷ ʋʣʶʛʥʘ, ʚ ʩʦʩʪʘʚʝ ʬʨʘʢʮʠʡ ʦʪ-

ʤʝʯʝʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʫʧʥʦʡ ʧʳʣʠ. ʌʨʘʢʮʠʠ ʢʨʫʧʥʦʛʦ ʠ ʤʝʣʢʦʛʦ 

ʧʝʩʢʘ ʩʦʜʝʨʞʘʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʳʭ ʧʨʦʧʦʨʮʠʷʭ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʧʦʯʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʫʯʘʩʪʢʘʭ ʚʳʩʦʢʦʡ ʧʦʡʤʳ. ɿʜʝʩʴ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʫʚʝ-

ʣʠʯʝʥʠʝ ʢʨʫʧʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʝʩʢʘ, ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʤʝʣʢʦʛʦ ʧʝʩʢʘ ʠ ʬʠʟʠ-

ʯʝʩʢʦʡ ʛʣʠʥʳ. ʊʘʢʦʝ ʷʚʣʝʥʠʝ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʦ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʚʣʠʷʥʠʝʤ 

ʵʦʣʦʚʦʛʦ ʧʨʠʚʥʦʩʘ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ.  

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʦʣʦʥʯʘʢʘ ʪʝʤʥʦʛʦ ʧʦʩʪʘʛʨʦʛʝʥʥʦʛʦ ʢʨʠʦ-

ʪʫʨʙʠʨʦʚʘʥʥʦʛʦ ʤʝʨʟʣʦʪʥʦʛʦ (ʊʃʂ-1-16) ʠʤʝʝʪ ʦʜʥʦʪʠʧʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʘʣ-

ʣʶʚʠʘʣʴʥʦʡ ʩʚʝʪʣʦʛʫʤʫʩʦʚʦʡ ʧʦʯʚʦʡ. ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʤʦʞʥʦ ʧʨʦ-

ʩʣʝʜʠʪʴ ʪʦʣʴʢʦ ʧʦ ʙʦʣʝʝ ʨʝʟʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʦʤ ʛʦʨʠʟʦʥʪʝ (ʪʘʙʣ. 4.5). ʉʝʨʦʚʘʪʦ-ʧʘʣʝʚʳʡ ʩʣʦʡ, ʢʦʥʪʘʢʪʠ-

ʨʫʶʱʠʡ ʩ ʛʫʤʫʩʦʚʦʡ ʪʦʣʱʝʡ ʠʤʝʝʪ ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʡ ʩʦʩʪʘʚ, ʘ ʥʠʞʝ ʟʘʣʝ-

ʛʘʶʱʠʝ ʩʚʝʪʣʦ-ʩʝʨʳʡ ʠ ʨʞʘʚʦ-ʦʭʨʠʩʪʳʡ ʩʣʦʠ ï ʩʫʧʝʩʯʘʥʳʝ. ʉʦʦʪʥʦʰʝʥʠʝ 

ʬʨʘʢʮʠʡ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ ʚ ʵʪʠʭ ʩʣʦʷʭ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ. ɺ ʩʨʝʜʥʝ-

ʩʫʛʣʠʥʠʩʪʦʤ ʩʣʦʝ ʧʨʝʦʙʣʘʜʘʶʪ ʤʝʣʢʦʧʝʩʯʘʥʳʝ (45%) ʠ ʢʨʫʧʥʦʧʳʣʝʚʘʪʳʝ 

ʬʨʘʢʮʠʠ (21%), ʘ ʚ ʩʫʧʝʩʯʘʥʳʭ ï ʩʨʝʜʥʝ- (57-44%) ʠ ʤʝʣʢʦʧʝʩʯʘʥʳʝ (27-
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42%). ʂʨʫʧʥʦʧʳʣʝʚʘʪʦʡ ʬʨʘʢʮʠʠ ʩʦʜʝʨʞʠʪʩʷ ʚʩʝʛʦ 4-6%. ʊʘʢʞʝ ʦʯʝʥʴ ʥʠʟʢʦ 

ʢʦʣʠʯʝʩʪʚʦ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ (10%). 
ʊʘʙʣʠʮʘ 4.5.  ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʂʫʯʠʛʝʨʩʢʦʛʦ ʫʨʦʯʠʱʘ 

ɻʦʨʠʟʦʥʪ ɻʣʫʙʠʥʘ, ʩʤ   ʉʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʡ (ʤʤ), % 
1- 
0,25 

0,25- 
0,05 

0,05- 
0,01 

0,01- 
0,005 

0,005- 
0,001 

<0,001 <0,01 

ʉʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʧʦʩʪʘʛʨʦʛʝʥʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʤʝʨʟʣʦʪʥʳʡ (ʊʃʂ1-16) 
Spa[AU] 0-22(30) 26 37 17 4 6 10 20 
S@ 22(30)-31(62) 25 41 15 3 6 10 19 

[SA, 
Cs~~, 
Cox,s]@ 

1 ʩʣʦʡ 31(62)-
95(115) 
 

11 45 21 4 6 13 23 
2 ʩʣʦʡ 57 27 6 0,2 2 7 10 
3 ʩʣʦʡ 44 42 4 0,2 2 8 10 

[AU]Cs,ƍ~~ 95(115)-115 12 36 26 5 9 12 26 
ʉʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʦʢʠʩʣʝʥʥʦ-ʛʣʝʝʚʳʡ ʤʝʨʟʣʦʪʥʳʡ (ʊʃʂ 3-16) 
S[AU] 0-10 27 48 13 3 3 6 12 
ʉs'''' 10-30(36) 55 35 3 1 1 6 8 
[AU]s,@ 30(36)-37(54) 1 3 56 16 12 11 39 
2Cs, ʦʭ,@ '''' 37(54)-54(68) 37 51 5 1 2 5 8 
2[AU]s, ʦʭ, @ 54(68)-70(90) 0,4 28 50 9 5 7 21 
3Cs, ʦʭ, ƍ '''' 70(90)-106 36 52 4 1 1 6 8 

ʉʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʩʦʣʦʥʮʝʚʘʪʳʡ ʤʝʨʟʣʦʪʥʳʡ (ʊʃʂ-4-16) 
S[AU] 0-3(5) 4 27 48 7 6 8 21 
2S 3(5)-7(10) 2 23 39 12 14 11 36 

3S@, sn 7(10)-13(24) 1 11 38 13 17 21 50 
4S@ 
 

1 ʩʣʦʡ  
13(24)-26(46) 

0,1 8 47 12 15 19 46 
2 ʩʣʦʡ 1 23 39 9 12 16 37 
3 ʩʣʦʡ 0,3 13 44 12 15 16 43 

ʉs 26(46)-49(55) 4 55 21 5 4 11 20 
2Cs~~ 1 ʩʣʦʡ 49(55)-82(85) 0,2 32 44 7 6 12 24 

2 ʩʣʦʡ 2 48 32 4 4 11 18 
[AU]s,ƍ 82(85)-100 0,1 16 49 12 11 12 35 
ʉʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʩʦʣʦʥʮʝʚʘʪʳʡ ʤʝʨʟʣʦʪʥʳʡ (ʊʃʂ-12-11) 

S[AU]@ 0-20(32) 9 27 38 7 11 8 26 
S@, sn 20 (32-54) 9 23 33 7 11 17 35 
Cs~~ 54-63(77) 2 42 36 6 6 9 21 
2Cs~~ 63(77)-91(98) 33 44 14 1 2 7 10 
[AU]Cs~~ 91(98)-130 0 38 40 7 7 9 23 
3Csƍ~~ 130-145 3 66 17 3 3 8 14 

ʇʨʠʤʝʯʘʥʠʝ: * çʩʣʦʠè ï ʩʤ. ʧʨʠʤʝʯʘʥʠʝ ʢ ʪʘʙʣ. 4.4. 
 
ʅʝʦʜʥʦʨʦʜʥʳʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʤʝʝʪ ʩʦʣʦʥʯʘʢ ʪʝʤʥʳʡ 

ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʢʚʘʟʠʛʣʝʝʚʘʪʳʡ ʤʝʨʟʣʦʪʥʳʡ (ʊʃʂ-3-16), ʬʦʨʤʠʨʫʶ-

ʱʠʡʩʷ ʚ ʦʟʝʨʥʦʡ ʜʝʧʨʝʩʩʠʠ: ʦʪʤʝʯʘʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝ ʩʫʧʝʩʯʘʥʳʭ ʠ ʧʝʩʯʘʥʳʭ 

ʩʣʦʝʚ ʩ ʪʷʞʝʣʦ- ʠ ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʤʠ (ʪʘʙʣ. 4.5). ʃʝʛʢʠʤʠ ʧʦ ʛʨʘʥʫʣʦʤʝʪ-

ʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʷʚʣʷʶʪʩʷ ʵʦʣʦʚʳʝ ʥʘʥʦʩʳ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʛʣʫ-
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ʙʠʥʘʭ 10-30(36), 37(54)-54(68) ʠ 70(90)-106 ʩʤ. ɺ ʩʦʩʪʘʚʝ ʬʨʘʢʮʠʡ 80-90% 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʨʝʜʥʠʡ ʠ ʤʝʣʢʠʡ ʧʝʩʦʢ. ʉʦʜʝʨʞʘʥʠʝ ʢʨʫʧʥʦʧʳʣʝʚʘʪʳʭ ʠ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʬʨʘʢʮʠʡ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ ʦʯʝʥʴ ʥʠʟʢʦʝ ʠ ʩʦʩʪʘʚʣʷʝʪ ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ 3-5 ʠ 5-6%. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ (0-

10 ʩʤ) ʠ ʧʦʛʨʝʙʝʥʥʳʭ ʥʘ ʛʣʫʙʠʥʘʭ 30(36)-37(54) ʠ 54(68)-70(90) ʩʤ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʧʝʩʯʘʥʳʭ ʠ ʧʳʣʝʚʘʪʳʭ ʬʨʘʢʮʠʡ. ɺ 

ʚʝʨʭʥʝʤ 0-10 ʩʤ ʩʣʦʝ ʧʨʝʦʙʣʘʜʘʶʪ ʤʝʣʢʦʧʝʩʯʘʥʳʝ ʬʨʘʢʮʠʠ (48%), ʘ ʚ ʧʦʛʨʝ-

ʙʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ï ʢʨʫʧʥʦʧʳʣʝʚʘʪʳʝ (50-56%). ʄʘʣʦʤʦʱʥʳʡ ʩʦʚʨʝʤʝʥʥʳʡ 

ʛʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ (0-10 ʩʤ) ʟʘʥʠʤʘʝʪ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʇʨʦʮʝʩʩ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʝʩʯʘʥʦʛʦ ʩʫʙʩʪʨʘʪʘ 

ʧʨʦʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʪʯʝʪʣʠʚʦ, ʥʦ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʝʱʝ 

ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʛʨʝʙʝʥʥʳʤ ʛʫʤʫʩʦʚʳʤ ʛʦʨʠʟʦʥʪʘʤ. ʅʘʠʙʦʣʝʝ ʪʷʞʝʣʳʤ ʧʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ (ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʤ) ʷʚʣʷʝʪʩʷ ʧʦʛʨʝʙʝʥʥʳʡ 

ʛʦʨʠʟʦʥʪ ʥʘ ʛʣʫʙʠʥʝ 30(36)-37(54) ʩʤ. ɺʝʨʦʷʪʥʦ, ʵʪʦʪ ʩʣʦʡ ʷʚʣʷʝʪʩʷ ʟʦʥʦʡ 

ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʥʦʡ ʧʨʦʮʝʩʩʘʤ ʧʝʜʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ.  

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʦʣʦʥʯʘʢʦʚ ʪʝʤʥʳʭ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʭ 

ʤʝʨʟʣʦʪʥʳʭ (ʊʃʂ-4-16 ʠ ʊʃʂ-12-11) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʦ ʚʩʝ-

ʤʫ ʧʨʦʬʠʣʶ ʢʨʫʧʥʦʧʳʣʝʚʘʪʳʭ ʬʨʘʢʮʠʡ (ʪʘʙʣ. 4.5). ʀʭ ʩʦʜʝʨʞʘʥʠʝ ʢʦʣʝʙʣʝʪ-

ʩʷ ʦʪ 32 ʜʦ 49 %. ʃʠʰʴ ʚ ʛʦʨʠʟʦʥʪʝ ʉ ʥʘ ʛʣʫʙʠʥʝ (14(46)-49(55) ʩʤ) ʨʘʟʨʝʟʘ 

ʊʃʂ-4-16 ʠ ʚ ʩʘʤʦʡ ʥʠʞʥʝʡ ʪʦʣʱʝ (130-145 ʩʤ) ʨʘʟʨʝʟʘ ʊʃʂ-12-11 ʧʨʝʦʙʣʘ-

ʜʘʶʱʝʡ ʬʨʘʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʬʨʘʢʮʠʷ ʤʝʣʢʦʛʦ ʧʝʩʢʘ (55-66%).  

ɺ ʩʦʣʦʥʯʘʢʝ ʩʦʣʦʥʮʝʚʘʪʦʤ (ʊʃʂ-4-16) ʙʦʣʝʝ ʪʷʞʝʣʳʤ ʧʦ ʛʨʘʥʫʣʦʤʝʪ-

ʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ (ʪʷʞʝʣʦʛʣʠʥʠʩʪʳʤ) ʷʚʣʷʝʪʩʷ ʩʦʣʦʥʮʝʚʘʪʳʡ ʛʦʨʠʟʦʥʪ. ʕʪʘ 

ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠ ʚ ʨʘʟʨʝʟʝ ʊʃʂ-12-11, ʥʦ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. ɺ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʊʃʂ-12-11, ʚ ʦʪʣʠ-

ʯʠʠ ʦʪ ʊʃʂ-4-16, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʥʘʯʠʪʝʣʴʥʦ ʣʝʛʯʝ, ʧʨʝʦʙʣʘʜʘ-

ʶʪ ʬʨʘʢʮʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʧʝʩʢʘ ʠ ʢʨʫʧʥʦʡ ʧʳʣʠ. ɸʢʢʫʤʫʣʷʮʠʷ ʬʠʟʠʯʝʩʢʦʡ 

ʛʣʠʥʳ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʚʝʨʭʥʝʤ ʩʦʣʦʥʮʝʚʘʪʦʤ ʛʦʨʠʟʦʥʪʝ (25-26%) ʜʦ ʛʣʫ-

ʙʠʥʳ 54 ʩʤ, ʘ ʪʘʢʞʝ ʚ ʧʦʛʨʝʙʝʥʥʦʤ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ (23%). 
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ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ ʂʫʯʠʛʝʨʩʢʦ-

ʛʦ ʫʨʦʯʠʱʘ ʚʳʷʚʠʣ ʨʘʟʣʠʯʠʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʬʨʘʢʮʠʡ ʬʠʟʠʯʝʩʢʦʛʦ ʧʝʩʢʘ. 

ɸʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʦʙʦʛʘʱʝʥʳ ʢʨʫʧʥʦ- ʠ ʩʨʝʜʥʝʧʝʩʯʘʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ɺ 

ʨʘʟʨʝʟʝ ʊʃʂ-3-16 ʚ ʛʦʨʠʟʦʥʪʘʭ ʉ 89-90% ʩʦʩʪʘʚʣʷʶʪ ʧʝʩʯʘʥʳʝ ʬʨʘʢʮʠʠ, ʚ 

ʛʫʤʫʩʦʚʳʭ ʠ ʧʦʛʨʝʙʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ï ʢʨʫʧʥʦʧʳʣʝʚʘʪʳʝ (50-56%). ɿʥʘʯʠ-

ʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʨʫʧʥʦʧʳʣʝʚʘʪʳʭ ʬʨʘʢʮʠʡ (33-40%) ʠ ʬʨʘʢʮʠʡ ʬʠʟʠʯʝ-

ʩʢʦʡ ʛʣʠʥʳ (21-50%) ʦʪʤʝʯʘʝʪʩʷ ʚ ʙʦʣʝʝ ʟʘʩʦʣʝʥʥʳʭ ʩʦʣʦʥʯʘʢʘʭ ʪʝʤʥʳʭ 

ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʭ ʤʝʨʟʣʦʪʥʳʭ (ʊʃʂ-4-16, ʊʃʂ-12-11).  

ɺ ʮʝʣʦʤ ʚʩʝ ʧʦʯʚʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʡ 

ʧʝʩʢʘ, ʢʨʫʧʥʦʡ ʧʳʣʠ ʠ ʥʠʟʢʠʝ ʢʦʣʠʯʝʩʪʚʘ ï ʩʨʝʜʥʝʡ, ʤʝʣʢʦʡ ʧʳʣʠ ʠ ʠʣʘ. 

ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ 

ʘʢʪʠʚʥʦʩʪʠ ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ/ʠʣʠ ʵʦʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ: ʧʨʠ ʚʳʩʦʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚʳʩʦʢʘ ʜʦʣʷ ʧʝʩʯʘʥʳʭ ʬʨʘʢʮʠʡ, ʧʨʠ ʥʠʟʢʦʡ ï ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʤʝʱʝʥʠʝ ʧʠʢʘ ʚ ʩʪʦʨʦʥʫ ʢʨʫʧʥʦʡ ʧʳʣʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ 

ʙʦʣʝʝ ʪʦʥʢʠʭ ʯʘʩʪʠʮ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʥʘʢʦʧʣʝʥʠʷ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ ʚʦ ʚʨʝʤʷ 

ʧʦʝʤʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʩʠʥʣʠʪʦʛʝʥʝʟʘ 

(ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ ʧʦʝʤʥʳʭ ʧʨʦʮʝʩʩʦʚ) ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʘʚ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʡ ʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʟʦʥʳ ʚʣʠʷʥʠʷ 

ʂʫʯʠʛʝʨʩʢʠʭ ʛʠʜʨʦʪʝʨʤ. 

ɼʣʷ ʧʦʯʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʛʨʠʬʦʥʦʚ ʤʠ-

ʥʝʨʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʟʘʩʦʣʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʪʦʣʴʢʦ ʚ ʥʠʞʥʝʡ ʟʘʙʦʣʦʯʝʥʥʦʡ 

ʧʦʡʤʝ ʨ. ʀʥʜʵʭʵʥ (ʊʃʂ-2-16, ʊʃʂ-2-17). ɸʣʣʶʚʠʘʣʴʥʳʝ ʩʚʝʪʣʦʛʫʤʫʩʦʚʳʝ 

ʧʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʠʣʴʥʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʟʘʩʦʣʝʥʠʝ (ʪʘʙʣ. 4.6). ʑʝ-

ʣʦʯʥʘʷ ʨʝʘʢʮʠʷ ʩʨʝʜʳ ʧʦ ʚʩʝʤʫ ʧʨʦʬʠʣʶ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʡ ʦʪ 

ʛʨʠʬʦʥʦʚ ʘʣʣʶʚʠʘʣʴʥʦʡ ʧʦʯʚʝ (ʊʃʂ-2-16). ɺ ʊʃʂ-2-17 ʥʠʞʥʠʝ ʛʦʨʠʟʦʥʪʳ 

ʠʤʝʶʪ ʥʝʡʪʨʘʣʴʥʫʶ ʨʝʘʢʮʠʶ ʩʨʝʜʳ. ʉʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʧʦʯʚʘʭ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,84ï4,55% ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʫʤʫʩʦʚʳʭ ʠ ʧʦʛʨʝʙʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ (ʪʘʙʣ. 4.6).  
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ʊʘʙʣʠʮʘ 4.6. ʅʝʢʦʪʦʨʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʚʙʣʠʟʠ ʂʫʯʠʛʝʨʩʢʠʭ ʛʠʜʨʦ-
ʪʝʨʤ 

ɻʦʨʠʟʦʥʪ ɻʣʫʙʠʥʘ, ʩʤ ʨʅ 
ʚʦʜʥ. 

ʉʆ2 
ʉʫʭʦʡ 
ʦʩʪʘʪʦʢ 

ʊʦʢʩ 
ʩʦʣʠ ɻʫʤʫʩ 

ɽʂʆ, 
ʩʤʦʣʴ 
(ʵʢʚ)/ʢʛ % 

ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʚʝʪʣʦʛʫʤʫʩʦʚʘʷ ʟʘʩʦʣʝʥʥʘʷ ʪʝʨʤʦʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʘʷ ʢʚʘʟʠʛʣʝʝʚʘʪʘʷ 
(ʊʃʂ 2-16) 

ʉʂ +1-0 8,0 0,8 26,82 26,81 ʅʝ ʦʧʨʝʜʝʣʷʣʠ 
AJs,@ 0-2 (20) 8,0 2,2 0,33 0,10 2,83 20,0 

[AC, 
ACox,
A] @ 

1 cʣʦʡ 
2(20)-61(66) 

8,4 1,0 0,18 0,05 0,84 10,0 
2 ʩʣʦʡ 8,2 0,2 0,19 0,06 0,86 8,0 
3 ʩʣʦʡ 7,3 ï 0,20 0,11 2,03 20,0 

[AJ]ʉ~~q,s 61(66)-70(75) 7,8 1,6 0,19 0,04 1,89 10,0 
2[AJ]ʉ~~q,s 70(75)-77(86) 7,9 ï 0,20 0,04 2,91 24,0 
3[AJ]ʉ~~q,s 77(86)-100 8,1 ï 0,21 0,05 1,17 16,0 
ʉʚʝʪʣʦʛʫʤʫʩʦʚʘʷ ʘʣʣʶʚʠʘʣʴʥʘʷ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʘʷ 
ʛʣʝʝʚʘʷ ʦʢʠʩʣʝʥʥʦ-ʛʣʝʝʚʘʪʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʢʘʨʙʦʥʘʪʥʘʷ ʩ ʯʝʨʥʳʤʠ ʩʫʣʴʬʠʜʥʳʤʠ ʛʦʨʠ-

ʟʦʥʪʘʤʠ ʩʫʧʝʩʯʘʥʘʷ ʥʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ (ʊʃʂ-2-17) 
AJs,@,ox 0-5  7,7 5,35 1,96 1,85 4,55 22,0 
TUR(BM+SU+Cca)@ 5-30 8,1 1,78 0,19 0,19 1,69 14,0 
TUR/SUox, ~,g 30-70 6,1 - 0,11 0,10 1,27 28,1* 
Gsu 70-90 6,6 - 0,17 0,15 1,52 16,0* 
G 90-98 6,7 - 0,14 0,12 1,28 12,6* 
ʇʩʘʤʤʦʟʝʤ ʛʫʤʫʩʦʚʳʡ ʥʘ ʧʦʛʨʝʙʝʥʥʦʡ ʧʝʨʝʛʥʦʡʥʦ-ʢʚʘʟʠʛʣʝʝʚʦʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʦʡ ʩʫ-
ʧʝʩʯʘʥʦʡ ʧʦʯʚʝ ʩ ʪʝʤʥʳʤʠ ʩʫʣʴʬʠʜʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʥʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʣʦʠʩʪʳʭ ʦʪʣʦ-

ʞʝʥʠʷʭ (ʊʃʂ-2ʙ-17) 
W 0-3  7,0 ï 0,24 0,06 1,58 15,4* 
WC 3-5(27) 6,7 ï 0,10 0,06 1,14 8,6* 
C 5(14)-26 7,0 ï 0,12 0,12 0,46 6,8* 

2[H]@ 5(27)-31 7,9 0,19 5,71 0,71 5,81 58,4* 
2[SU]@ 26(31)-37(46) 6,9 ï 0,35 0,11 1,87 15,0* 
2QC@ 37(46)-49(67) 7,2 ï 0,24 0,15 0,36 8,1* 
3[SU] 49(67)-91 6,9 ï 0,23 0,06 0,75 7,0* 

ʇʝʨʝʛʥʦʡʥʦ-ʪʝʤʥʦʛʫʤʫʩʦʚʘʷ ʤʘʣʦʤʦʱʥʘʷ ʧʝʩʯʘʥʘʷ ʥʘ ʩʣʦʠʩʪʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʝʩʯʘʥʦ-
ʩʫʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩ ʧʨʦʩʣʦʡʢʘʤʠ ʩʫʛʣʠʥʢʘ (ʊʃʂ-2ʚ-17) 

ɸʅ 0-6(8) 6,4 ï 0,18  7,21 34,6* 
2ʉ~ 6(8)-19(20) 6,4 ï 0,09  1,03 9,3* 
3ʉ 19(20)-22(24) 7,5 ï 0,13  4,46 29,4* 
4ʉ 22(24)-25(26) 7,4 ï 0,11  0,41 11,3* 
5ʉ 25(26)-30(32) 7,5 1,31 0,13  1,79 14,0 
6ʉ 30(32)-34(36) 7,7 0,37 0,09  0,22 8,0 
7ʉʩʘ 34(36)-43(47) 8,6 3,57 0,17  2,24 18,0 
8Qox,ca 43(47)-60(62) 8,2 1,03 0,22  1,45 22,0 
9ʉ 60(62)-80 8,4 0,19 0,12  0,37 8,0 
10ʉ 80-98 7,1  0,10  0,30 5,6* 

ʇʨʠʤʝʯʘʥʠʝ: ʉʂï ʩʦʣʝʚʘʷ ʢʦʨʢʘ; çïè ʥʝ ʦʙʥʘʨʫʞʝʥʦ; ç*è ï ʩʫʤʤʘ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ; ʩʣʦʠ ïʩʤ. ʧʨʠʤʝʯʘʥʠʝ ʢ 
ʪʘʙʣ.4.4 

ɽʤʢʦʩʪʴ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʦ ʧʨʦʬʠʣʶ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪ ʦʪ 8 ʜʦ 28 

ʩʤʦʣʴ(ʵʢʚ)/ʢʛ ʧʦʯʚʳ. ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (8 
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ʩʤʦʣʴ(ʵʢʚ)/ʢʛ ʧʦʯʚʳ) ʦʪʤʝʯʝʥʦ ʚʦ ʚʪʦʨʦʤ ʙʦʣʝʝ ʣʝʛʢʦʤ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝ-

ʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩʣʦʝ ʧʦʛʨʝʙʝʥʥʦʛʦ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʉʨʝʜʠ ʢʘ-

ʪʠʦʥʦʚ ʧʨʝʦʙʣʘʜʘʝʪ ʢʘʣʴʮʠʡ (ʨʠʩ. 4.13), ʜʦʣʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 74-90%.  

ʇʩʘʤʤʦʟʝʤʳ ʩʨʝʜʥʝʡ ʧʦʡʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʡʪʨʘʣʴʥʦʡ ʨʝʘʢʮʠʝʡ 

ʩʨʝʜʳ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʢʘʨʙʦʥʘʪʦʚ (ʪʘʙʣ. 4.6). ʉʦʜʝʨʞʘʥʠʝ 0,19% ʉʆ2 ʬʠʢʩʠʨʫ-

ʝʪʩʷ ʪʦʣʴʢʦ ʚ ʧʝʨʝʛʥʦʡʥʦʤ ʛʦʨʠʟʦʥʪʝ, ʛʜʝ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʣʝʛʢʦʨʘʩʪʚʦʨʠ-

ʤʳʝ ʩʦʣʠ, ʛʫʤʫʩ, ʘ ʪʘʢʞʝ ʩʫʤʤʘ ʦʩʥʦʚʘʥʠʡ ʠʤʝʝʪ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʠʤʝʥʥʦ ʚ ʜʘʥʥʦʤ ʛʦʨʠʟʦʥʪʝ. ʄʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʫʤʫʩʘ 0,36 ʠ 0,46% 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʦʛʨʝʙʝʥʥʳʭ ʧʝʩʯʘʥʳʭ ʛʦʨʠʟʦʥʪʘʭ. 

ʇʨʦʬʠʣʴ ʧʝʨʝʛʥʦʡʥʦ-ʪʝʤʥʦʛʫʤʫʩʦʚʦʡ ʧʦʯʚʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʚʳʩʦ-

ʢʦʡ ʧʦʡʤʝ, ʥʝ ʟʘʩʦʣʝʥ. ʂʘʨʙʦʥʘʪʳ ʧʦʷʚʣʷʶʪʩʷ ʩ ʛʣʫʙʠʥʳ 25(26)ï30(32) ʜʦ 80 

ʩʤ, ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 0,19ï1,31% (ʪʘʙʣ. 4.6).  ʉ ʧʦʷʚʣʝʥʠ-

ʝʤ ʢʘʨʙʦʥʘʪʦʚ ʚ ʧʨʦʬʠʣʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʨʅ ʩʨʝʜʳ ʦʪ ʥʝʡʪʨʘʣʴʥʦʡ ʜʦ ʱʝ-

ʣʦʯʥʦʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʟʘʩʦʣʝʥʠʶ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʚ ʟʦʥʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʦʚʝʨʭʥʦʩʪ-

ʥʦ ʟʘʩʦʣʝʥʳ ʧʦʯʚʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʥʠʟʢʦʡ ʯʘʩʪʠ ʟʘʙʦʣʦʯʝʥʥʦʡ ʧʦʡʤʳ 

ʤʝʞʜʫʨʝʯʴʷ ʨʫʯʴʷ ʋʣʶʛʥʘ ʠ ʀʥʜʵʭʵʥ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʩʨʝʜʥʝʡ ʧʦʡʤʳ ʩʦʣʠ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʚ ʧʝʨʝʛʥʦʡʥʦʤ ʛʦʨʠʟʦʥʪʝ. ʅʘ ʚʳʩʦʢʦʡ ʧʦʡʤʝ ʚʣʠʷʥʠʝ ʠʩ-

ʪʦʯʥʠʢʘ ʥʝ ʬʠʢʩʠʨʫʝʪʩʷ ʥʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʥʠ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʦʣʝʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʡʩʪʚʫʶʱʠʝ ʛʨʠʬʦʥʳ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʧʦʯʚʳ, 

ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ ʧʨʝʜʝʣʘʭ ʥʠʟʢʦʡ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʩʨʝʜʥʝʡ ʧʦʡʤʳ. ʅʘ 

ʫʯʘʩʪʢʘʭ ʚʳʩʦʢʦʡ ʧʦʡʤʳ ʚʣʠʷʥʠʝ ʛʨʠʬʦʥʦʚ ʥʘ ʟʘʩʦʣʝʥʠʝ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ.  

ʇʦʯʚʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʧʨʠʪʝʨʨʘʩʥʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ (ʊʃʂ-1-16), 

ʦʟʝʨʥʦ-ʵʦʣʦʚʦʡ ʨʘʚʥʠʥʝ (ʊʃʂ-3-16), ʦʩʪʝʧʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ (ʊʃʂ-4-16, ʊʃʂ-

12-11), ʠʤʝʶʪ ʱʝʣʦʯʥʫʶ ʨʝʘʢʮʠʶ ʩʨʝʜʳ (ʪʘʙʣ. 4.7). ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʨʅ ʦʪʤʝʯʘʶʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʟʨʝʟʘʭ ʚ ʩʦʣʝʚʦʡ ʢʦʨʦʯʢʝ (8,6) ʠ ʧʨʠʫʨʦʯʝʥʳ 

ʪʘʢʞʝ ʢ ʥʠʞʥʠʤ ʩʣʦʷʤ ʩʦʣʦʥʯʘʢʦʚ ʪʝʤʥʳʭ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʭ ʢʚʘʟʠʛʣʝʝʚʘ-

ʪʳʭ ʤʝʨʟʣʦʪʥʳʭ (ʊʃʂ-3-16) ʠ ʩʦʣʦʥʯʘʢʦʚ ʪʝʤʥʳʭ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʭ ʤʝʨʟ-
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ʣʦʪʥʳʭ (ʊʃʂ-4-16, ʊʃʂ-12-11). ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʘʢʢʫʤʫʣʷʮʠʝʡ ʩʦʣʝʡ 

ʥʘ ʤʝʨʟʣʦʪʥʦʤ ʙʘʨʴʝʨʝ.  
ʊʘʙʣʠʮʘ 4.7. ʅʝʢʦʪʦʨʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʂʫʯʠʛʝʨʩʢʦʛʦ 
ʫʨʦʯʠʱʘ 

ɻʦʨʠʟʦʥʪ ɻʣʫʙʠʥʘ, ʩʤ ʨʅ 
ʚʦʜʥ. 

ʉʆ2 
ʉʫʭʦʡ 
ʦʩʪʘʪʦʢ 

ʊʦʢʩ 
ʩʦʣʠ 

ɻʫ-
ʤʫʩ 

ɽʂʆ, 
ʩʤʦʣʴ 
(ʵʢʚ)/ʢʛ % 

ʉʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʧʦʩʪʘʛʨʦʛʝʥʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʤʝʨʟʣʦʪʥʳʡ (ʊʃʂ1-16) 
ʉʂ +1-0 8,6 2,3 32,38 31,56 ʅʝ ʦʧʨʝʜʝʣʷʣʠ 

Spa[AU] 0-22(30) 8,0 2,7 1,39 1,39 2,66 24,0 
S@ 22(30)-31(62) 7,9 2,3 1,40 1,40 3,00 16,0 

[SA, 
Cs~~, 
Cox,s] 

1 ʩʣʦʡ 
31(62)-95(115) 

7,8 3,6 1,42 1,42 0,73 10,0 
2 ʩʣʦʡ 8,2 0,5 0,13 0,13 0,28 8,0 
3 ʩʣʦʡ 8,2 2,6 0,30 0,24 0,27 8,0 

[AU]Cs,ƍ~~  8,1 5,2 1,03 0,35 1,23 14,0 
ʉʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʦʢʠʩʣʠʥʥʦ-ʛʣʝʝʚʳʡ ʤʝʨʟʣʦʪʥʳʡ (ʊʃʂ 3-16) 
ʉʂ +1-0 8,1 0,6 27,46 24,30 ʅʝ ʦʧʨʝʜʝʣʷʣʠ 
S[AU] 0-10 7,6 0,1 2,17 0,84 3,13 20,0 
ʉs'''' 10-30(36) 7,8 0,1 0,25 0,18 0,40 14,0 
[AU]s,@ 30(36)-37(54) 7,6 1,7 1,38 0,04 2,64 26,0 
2Cs, ʦʭ,@ '''' 37(54)-54(68) 7,9 1,7 0,47 0,19 0,21 20,0 
2[AU]s, ʦʭ, @ 54(68)-70(90) 7,8 2,4 0,84 0,20 1,56 18,0 
3Cs, ʦʭ, ƍ '''' 70(90)-106 8,5 1,6 0,36 0,24 0,23 14,0 
ʉʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʩʦʣʦʥʮʝʚʘʪʳʡ ʤʝʨʟʣʦʪʥʳʡ (ʊʃʂ-4-16) 
ʉʂ +0,5-0 8,0 0,9 22,82 21,35 ʅʝ ʦʧʨʝʜʝʣʷʣʠ 
S[AU] 0-3(5) 7,7 0,8 5,69 4,64 3,75 26,0 
2S 3(5)-7(10) 7,7 1,2 2,84 2,49 4,98 36,0 
3S@ 7(10)-13(24) 7,8 6,4 2,41 2,03 3,37 32,0 

4S@ 
 

1 ʩʣʦʡ 
13(24)-26(46) 

7,8 10,8 2,50 1,92 1,56 22,0 
2 ʩʣʦʡ 7,9 7,3 1,75 1,58 1,53 26,0 
3 ʩʣʦʡ 7,7 6,5 2,05 1,66 1,44 28,0 

ʉs 26(46)-49(55) 8,8 4,4 0,50 0,39 0,55 14,0 

2Cs~~ 1 ʩʣʦʡ 49(55)-82(85) 8,1 3,9 0,92 0,88 0,87 8,0 
2 ʩʣʦʡ 8,8 3,6 0,45 0,19 0,63 14,0 

[AU]s,ƍ 82(85)-100 8,4 3,8 0,42 0,25 1,53 18,0 
ʉʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʩʦʣʦʥʮʝʚʘʪʳʡ ʤʝʨʟʣʦʪʥʳʡ (ʊʃʂ-12-11) 
S[AU]@ 0-20(32) 7,7 1,3 1,44 0,34 5,04 28,0 
S@, sn 20 (32-54) 7,8 6,4 1,86 1,03 1,62 14,0 
Cs~~ 54-63(77) 8,1 3,7 1,08 0,19 0,62 18,0 
2Cs~~ 63(77)-91(98) 7,7 3,1 0,50 0,51 0,11 4,0 
[AU]Cs~~ 91(98)-130 8,5 3,6 0,41 0,24 0,42 16,0 
3Csƍ~~ 130-145 8,1 3,8 0,34 0,19 0,39 6,0 

ʇʨʠʤʝʯʘʥʠʝ ʩʤ. ʪʘʙʣ. 4.4. 
 

ʂʘʨʙʦʥʘʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ. ʀʭ ʩʦʜʝʨʞʘʥʠʝ ʚʘ-

ʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: ʦʪ 0,2 ʜʦ 10,8%. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 
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ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚ ʙʦʣʝʝ ʪʷʞʝʣʳʭ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʦʯʚʘʭ 

(ʊʃʂ-4-16).  

ɺ ʩʦʣʦʥʯʘʢʘʭ ʪʝʤʥʳʭ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʭ ʢʚʘʟʠʛʣʝʝʚʘʪʳʭ ʤʝʨʟʣʦʪʥʳʭ 

(ʊʃʂ-1-16, ʊʃʂ-3-16) ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 3% ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʛʦʨʠʟʦʥʪʘʭ (ʪʘʙʣ. 4.5). ɺ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʥʠʟʢʦʝ 

(0,21ï0,40%). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʫʤʫʩʘ ʧʦ ʧʨʦʬʠʣʶ ʥʝʨʘʚʥʦʤʝʨʥʦʝ: ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʚ ʛʫʤʫʩʦʚʳʭ ʠ ʧʦʛʨʝʙʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʠ ʦʯʝʥʴ ʥʠʟʢʦʝ ʚ ʧʝʩ-

ʯʘʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. ɸʥʘʣʦʛʠʯʥʳʡ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʪʤʝʯʘʝʪʩʷ ʠ ʧʦ ʝʤʢʦʩʪʠ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʛʜʝ ʟʥʘʯʝʥʠʷ ʚʘʨʴʠʨʫʶʪ ʦʪ 8 ʜʦ 

26 ʩʤʦʣʴ(ʵʢʚ)/ʢʛ ʧʦʯʚʳ.  

ɺ ʩʦʩʪʘʚʝ ʦʙʤʝʥʥʳʭ ʢʘʪʠʦʥʦʚ ʦʩʥʦʚʥʳʭ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʦʪʤʝʯʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʤʘʛʥʠʷ ʚ ʩʦʣʦʥʯʘʢʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ ʜʦ 50% (ʨʠʩ. 4.15).  

 
                         ʊʃʂ-2-16                         ʊʃʂ-1-16                            ʊʃʂ-3-16 
��

���������� ����
                                                      ʊʃʂ-4-16                         ʊʃʂ-12-11 
ʈʠʩ. 4.15. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʤʝʥʥʳʭ ʢʘʪʠʦʥʦʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʪʨʘʥʩʝʢʪʘ ʂʫʯʠʛʝʨ 

(ʤʝʪʦʜ ʇʬʝʬʬʝʨʘ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ɺ.ɸ. ʄʦʣʦʜʮʦʚʘ ʠ ɺ.ʇ. ʀʛʥʘʪʦʚʦʡ) 
ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʠʦʥʦʚ:  - Ca2+; -   Mg2+;  - Na+; -           ʂ+ 
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ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʢʘʪʠʦʥʦʚ ʦʪʤʝʯʘʝʪʩʷ ʚ ʥʘʠʙʦ-

ʣʝʝ ʟʘʩʦʣʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ. ʆʩʦʙʝʥʥʦ ʷʚʥʦ ʵʪʦ ʚʳʨʘʞʝʥʦ ʚ ʩʦʣʦʥʯʘʢʝ ʤʝʨʟ-

ʣʦʪʥʦʤ ʦʢʠʩʣʝʥʥʦ-ʛʣʝʝʚʦʤ (ʊʃʂ-3-16).  

ʂʦʣʠʯʝʩʪʚʦ ʛʫʤʫʩʘ ʚ ʩʦʣʦʥʯʘʢʘʭ ʪʝʤʥʳʭ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʭ ʩʦʣʦʥʮʝ-

ʚʘʪʳʭ ʤʝʨʟʣʦʪʥʳʭ (ʊʃʂ-4-16, ʊʃʂ-12-11) ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʚ ʦʩʪʘʣʴʥʳʭ 

ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ (ʪʘʙʣ. 4.7). ɺ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʜʦʩʪʠʛʘ-

ʝʪ 5%. ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʧʨʦʬʠʣʶ ʧʦʩʪʝʧʝʥʥʦ ʫʙʳʚʘʶʱʠʡ. ʇʦʢʘ-

ʟʘʪʝʣʠ ʝʤʢʦʩʪʠ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʠʟʤʝʥʷʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 6 ʜʦ 36 

ʩʤʦʣʴ(ʵʢʚ)/ʢʛ ʧʦʯʚʳ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪʤʝʯʘʝʪʩʷ ʚ ʚʝʨʭʥʠʭ ʠ 

ʧʦʛʨʝʙʝʥʥʳʭ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ. ɺ ʩʦʩʪʘʚʝ ʦʙʤʝʥʥʳʭ ʢʘʪʠʦʥʦʚ ʧʨʝʦʙʣʘ-

ʜʘʶʪ ʤʘʛʥʠʡ ʠ ʥʘʪʨʠʡ.  ʆʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʠʭ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʚ ʛʫʤʫʩʦʚʳʭ 

ʛʦʨʠʟʦʥʪʘʭ (ʤʘʛʥʠʷ ï 46-71%, ʘ ʥʘʪʨʠʷ ï 16-22%). ɺ ʧʝʩʯʘʥʳʭ ʛʦʨʠʟʦʥʪʘʭ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʛʦ ʩʫʙʩʪʨʘʪʘ ʦʙʤʝʥʥʳʭ ʤʘʛʥʠʷ ʠ ʥʘʪʨʠʷ ʩʦʜʝʨʞʠʪʩʷ 34-36% 

ʦʪ ʩʫʤʤʳ ʢʘʪʠʦʥʦʚ, ʧʨʠ ʵʪʦʤ ʜʦʣʷ ʥʘʪʨʠʷ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 4-12% (ʨʠʩ. 4.15).  

ɼʣʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʟʘʩʦʣʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘ-

ʥʳ ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʦʚ: ʧʦʯʚʳ ʧʦʜʚʝʨʞʝʥʥʳʝ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʤʫ ʚʣʠʷʥʠʶ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʂʫʯʠʛʝʨʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʊʃʂ-2-

16, ʧʦʯʚʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʧʨʠʪʝʨʨʘʩʥʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ï ʊʃʂ-1-16, ʥʘ 

ʦʟʝʨʥʦ-ʵʦʣʦʚʦʡ ʨʘʚʥʠʥʝ ï ʨʘʟʨʝʟ ʊʃʂ-3-16, ʘ ʪʘʢʞʝ ʥʘ ʚʳʩʦʢʦʤ ʨʝʜʢʦ ʟʘʪʦʧ-

ʣʷʝʤʦʤ ʫʯʘʩʪʢʝ ʧʨʠʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʧʦʡʤʳ ʨ. ʋʣʶʛʥʘ ʨʘʟʨʝʟʳ ʊʃʂ-4-16 ʠ 

ʊʃʂ-12-11. 

ɺ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʟʘʬʠʢʩʠʨʦʚʘʥʘ 

ʚ ʩʦʣʝʚʦʡ ʢʦʨʢʝ (ʪʘʙʣ. 4.6, 4.7), ʛʜʝ ʩʫʤʤʘ ʩʦʣʝʡ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 21 ï 

32%. ɺ ʩʦʩʪʘʚʝ ʩʦʣʝʡ ʚʦ ʚʩʝʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʢʦʨʘʭ ʜʦʤʠʥʠʨʫʶʪ ʩʫʣʴʬʘʪ ʠʦ-

ʥʳ ʠ ʠʦʥʳ ʥʘʪʨʠʷ (ʨʠʩ. 4.16). ʍʠʤʠʟʤ ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʡ.  

ʀʟ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦʯʚ ʦʧʦʨʥʳʭ ʫʯʘʩʪʢʦʚ, ʤʝʥʝʝ ʟʘʩʦʣʝʥʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʘʣʣʶʚʠʘʣʴʥʳʝ ʩʚʝʪʣʦʛʫʤʫʩʦʚʳʝ ʧʦʯʚʳ (ʊʃʂ-2-16), ʚʙʣʠʟʠ ʪʝʨ-

ʤʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʨʠʩ. 4.17). ʉʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʛʦʨʠʟʦʥ-

ʪʝ ʩʦʩʪʘʚʣʷʝʪ 0,33%, ʠʟ ʥʠʭ 0,15% ï ʪʦʢʩʠʯʥʳʝ. ʉʪʝʧʝʥʴ ʟʘʩʦʣʝʥʠʷ ʩʨʝʜʥʷʷ, 

ʭʠʤʠʟʤ ʱʝʣʦʯʥʦʡ, ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʘʥʠʦʥʦʚ ï ʩʦʜʦʚʦ-ʩʫʣʴʬʘʪʥʳʡ, ʧʦ ʢʘʪʠ-
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ʦʥʘʤ ï ʥʘʪʨʠʝʚʳʡ (ʪʘʙʣ. 4.6). ɺ ʚʝʨʭʥʝʤ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʦʤ ʩʣʦʝ ʦʪʤʝʯʘʝʪʩʷ 

ʩʣʘʙʘʷ ʩʪʝʧʝʥʴ ʟʘʩʦʣʝʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 

0,18, ʧʨʠ ʵʪʦʤ ʪʦʣʴʢʦ 0,06% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʪʦʢʩʠʯʥʳʝ ʩʦʣʠ. ʍʠʤʠʟʤ ï

ʩʫʣʴʬʘʪʥʦ-ʩʦʜʦʚʳʡ ʧʦ ʘʥʠʦʥʘʤ ʠ ʥʘʪʨʠʝʚʳʡ ʧʦ ʢʘʪʠʦʥʘʤ. ʅʠʞʝ ʧʦ ʧʨʦʬʠʣʶ 

ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʦʨʦʛʘ ʪʦʢʩʠʯʥʦʩʪʠ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʟʘʩʦʣʝʥʠʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠʞʥʠʝ ʛʦʨʠʟʦʥʪʳ ʥʝ ʟʘʩʦʣʝʥʳ. 

ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʚʝʪʣʦʛʫʤʫʩʦʚʘʷ ʟʘʩʦʣʝʥʥʘʷ ʪʝʨʤʦʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʘʷ ʢʚʘʟʠʛʣʝʝʚʘʷ 
(ʊʃʂ-2-16) 

ʘ ʙ 

  
ʉʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʧʦʩʪʘʛʨʦʛʝʥʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʤʝʨʟʣʦʪʥʳʡ (ʊʃʂ-1-16) 

  
ʉʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʦʢʠʩʣʝʥʥʦ-ʛʣʝʝʚʳʡ ʤʝʨʟʣʦʪʥʳʡ (ʊʃʂ-3-16) 

  
ʉʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʤʝʨʟʣʦʪʥʳʡ (ʊʃʂ-4-16) 

�� ��
 
ʈʠʩ. 4.16. ʉʦʜʝʨʞʘʥʠʝ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʢʦʨʦʯʢʘʭ ʚ ʟʘʩʦ-

ʣʝʥʥʳʭ ʧʦʯʚʘʭ ʪʨʘʥʩʝʢʪʘ ʂʫʯʠʛʝʨ 
ʇʨʠʤʝʯʘʥʠʝ: ʘ- ʩʦʦʪʥʦʰʝʥʠʝ ʘʥʠʦʥʦʚ: - CO3

2-;   - HCO3
-;  - SO4

2-  - Cl-; 
ʙ- ʩʦʦʪʥʦʰʝʥʠʝ ʢʘʪʠʦʥʦʚ:  :  - ʂ+;  - Na+;   Mg2+ ; -ʉa2+ 

 
ɺ ʩʦʣʦʥʯʘʢʝ ʪʝʤʥʦʤ ʧʦʩʪʘʛʨʦʛʝʥʥʦʤ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʦʤ ʤʝʨʟʣʦʪʥʦʤ 

(ʊʃʂ-1-16) ʧʦ ʚʩʝʤʫ ʧʨʦʬʠʣʶ ʚʳʨʘʞʝʥ ʥʝʡʪʨʘʣʴʥʳʡ ʭʠʤʠʟʤ ʟʘʩʦʣʝʥʠʷ 

(ʪʘʙʣ. 4.8). ɺ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ ʩʪʝʧʝʥʴ ʟʘʩʦʣʝʥʠʷ ʩʠʣʴʥʘʷ, ʚ ʛʣʠʥʠʩʪʳʭ ʩʣʦ-

ʷʭ ï ʩʨʝʜʥʷʷ, ʚ ʩʫʧʝʩʯʘʥʳʭ ï ʩʣʘʙʘʷ. ʍʠʤʠʟʤ ʟʘʩʦʣʝʥʠʷ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ 

ʘʥʠʦʥʦʚ ʧʦ ʚʩʝʤʫ ʧʨʦʬʠʣʶ ʩʫʣʴʬʘʪʥʳʡ. ʇʦ ʩʦʩʪʘʚʫ ʢʘʪʠʦʥʦʚ ʦʪʤʝʯʘʝʪʩʷ ʯʝ-
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ʨʝʜʦʚʘʥʠʝ ʥʘʪʨʠʝʚʦʛʦ, ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʦʛʦ ʠ ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʦʛʦ ʪʠʧʦʚ 

ʟʘʩʦʣʝʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪʤʝ-

ʯʘʝʪʩʷ ʚ ʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ 1,39%, ʠʟ ʢʦʪʦʨʳʭ 0,97 % ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʪʦʢ-

ʩʠʯʥʳʝ.  
 

�� ��  
                         ʊʃʂ-2-16                                ʊʃʂ-1-16                                      ʊʃʂ-3-16 
 ��

�� ����
                                              ʊʃʂ-4-16                                  ʊʃʂ-12-11                            
ʈʠʩ. 4.17. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʠ ʪʦʢʩʠʯʥʳʭ ʩʦʣʝʡ ʚ ʟʘʩʦʣʝʥʥʳʭ 

ʧʦʯʚʘʭ ʪʨʘʥʩʝʢʪʘ ʂʫʯʠʛʝʨ 
ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʠʦʥʦʚ:  - ʂ+;  - Na+;   Mg2+ ;  - Ca2+ ; 

- CO32-;   - HCO3
-;  - SO4

2-;  - Cl- 
 
ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʘʥʠʦʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʫʣʴʬʘʪʘʤʠ (97% ʦʪ ʩʫʤʤʳ 

ʘʥʠʦʥʦʚ). ɺ ʩʦʩʪʘʚʝ ʢʘʪʠʦʥʦʚ 58% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ ʥʘʪʨʠʷ, ʘ ʧʦ 29% ï ʥʘ 

ʢʘʪʠʦʥʳ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ (ʨʠʩ. 4.17). ʍʠʤʠʟʤ ʟʘʩʦʣʝʥʠʷ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ 

ʢʘʪʠʦʥʦʚ ʚ ʵʪʦʤ ʛʦʨʠʟʦʥʪʝ ʩʤʝʰʘʥʥʳʡ ï ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ. ʅʘ ʛʣʫʙʠʥʝ 

22(30)-31(62) ʩʤ ʪʘʢʞʝ ʚʳʩʦʢʦ ʩʦʜʝʨʞʘʥʠʝ ʢʘʢ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ, ʪʘʢ ʠ ʪʦʢ-

ʩʠʯʥʳʭ ʩʦʣʝʡ. ʍʠʤʠʟʤ ʚ ʵʪʦʤ ʛʦʨʠʟʦʥʪʝ ʧʦ ʩʦʩʪʘʚʫ ʢʘʪʠʦʥʦʚ ï ʥʘʪʨʠʝʚʦ-

ʢʘʣʴʮʠʝʚʳʡ (ʪʘʙʣ. 4.8). ʄʠʥʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʷʭ (0,13%). ʇʦ ʢʘʪʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ ʚ ʵʪʠʭ ʩʣʦʷʭ ʜʦʤʠʥʠ-

ʨʫʝʪ ʥʘʪʨʠʡ (77% ʦʪ ʩʫʤʤʳ ʢʘʪʠʦʥʦʚ).  
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ʆʯʝʥʴ ʨʝʟʢʠʝ ʨʘʟʣʠʯʠʷ ʧʦ ʧʨʦʬʠʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʣʝʛʢʦʨʘʩʪʚʦ-

ʨʠʤʳʭ ʩʦʣʝʡ ʦʪʤʝʯʘʶʪʩʷ ʚ ʩʦʣʦʥʯʘʢʘʭ ʪʝʤʥʳʭ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʭ ʦʢʠʩʣʝʥ-

ʥʦ-ʛʣʝʝʚʳʭ ʤʝʨʟʣʦʪʥʳʭ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʧʨʠʦʟʝʨʥʦʡ ʜʝʧʨʝʩʩʠʠ (ʊʃʂ-3-

16). ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʦʣʝʚʦʡ ʢʦʨʦʯʢʝ 

(27,46%), ʛʫʤʫʩʦʚʦʤ (2,17%) ʠ ʧʦʛʨʝʙʝʥʥʳʭ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ (1,38 ʠ 

0,84%). ʉʪʝʧʝʥʴ ʟʘʩʦʣʝʥʠʷ ʩʠʣʴʥʘʷ ʪʦʣʴʢʦ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʛʦʨʠʟʦʥʪʝ (ʪʘʙʣ. 

4.8). ɺ ʵʪʦʤ ʩʣʦʝ ʩʨʝʜʠ ʘʥʠʦʥʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʭʣʦʨʠʜʳ (62%) ʠ ʩʫʣʴʬʘʪʳ 

(36%) (ʨʠʩ. 4.17). ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʭʣʦʨʠʜʦʚ ʢʘʢ 

ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʦʣʝʚʦʡ ʢʦʨʦʯʢʝ, ʪʘʢ ʠ ʧʦ ʚʩʝʤʫ ʧʨʦʬʠʣʶ.  

ʇʦʯʚʳ ʦʟʝʨʥʦʡ ʜʝʧʨʝʩʩʠʠ ʩ ʙʣʠʟʢʦʟʘʣʝʛʘʶʱʝʡ ʤʝʨʟʣʦʪʦʡ, ʷʚʣʷʶʪʩʷ 

çʣʦʚʫʰʢʦʡ ʭʣʦʨʘè ʚ ʚʳʩʦʭʰʝʡ ʦʟʝʨʥʦʡ ʢʦʪʣʦʚʠʥʝ. ɺ ʛʦʨʠʟʦʥʪʝ S[AU] ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʦʯʚʘʤʠ ʵʪʦʛʦ ʘʥʠʦʥʘ ʩʦʜʝʨʞʠʪʩʷ ʜʦ 50 ʨʘʟ ʙʦʣʴʰʝ. ɺ 

ʧʝʩʯʘʥʦʤ ʩʣʦʝ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʳ ʦʪʤʝʯʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʩʦʣʝʡ ʧʦ-

ʯʪʠ ʚ 10 ʨʘʟ. ʉʪʝʧʝʥʴ ʟʘʩʦʣʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʩʣʘʙʦʡ ʭʠʤʠʟʤʫ ï ʩʫʣʴʬʘʪʥʦ-

ʥʘʪʨʠʝʚʳʡ. ɺ ʧʦʛʨʝʙʝʥʥʦʤ ʛʦʨʠʟʦʥʪʝ ʩʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʥʦ ʧʨʠ ʵʪʦʤ ʪʦʢʩʠʯʥʳʭ ʩʦʣʝʡ ʩʦʜʝʨʞʠʪʩʷ ʤʘʣʦ. ʇʦʵʪʦʤʫ ʩʪʝʧʝʥʴ ʟʘʩʦʣʝʥʠʷ 

ʩʣʘʙʘʷ. ʊʠʧ ʭʠʤʠʟʤʘ ʧʦ ʢʘʪʠʦʥʘʤ ʢʘʣʴʮʠʝʚʳʡ, ʧʦ ʘʥʠʦʥʘʤ ï ʭʣʦʨʠʜʥʳʡ. 

 ʂʘʪʠʦʥʥʳʡ ʩʦʩʪʘʚ ʛʫʤʫʩʦʚʦʛʦ ʠ ʧʦʛʨʝʙʝʥʥʳʭ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʦʚ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ. ɺ 0-10 ʩʤ ʩʣʦʝ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʢʘʪʠʦʥʳ ʥʘʪʨʠʷ 

(90%), ʚ ʚʝʨʭʥʝʤ ʧʦʛʨʝʙʝʥʥʦʤ ʛʦʨʠʟʦʥʪʝ, ʟʘʣʝʛʘʶʱʝʤ ʥʘ ʛʣʫʙʠʥʝ 30(36)ï

37(54) ʩʤ 65% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʢʘʣʴʮʠʡ, ʚʦ ʚʪʦʨʦʤ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʩʨʝʜʠ 

ʢʘʪʠʦʥʦʚ ʚʦʟʨʘʩʪʘʝʪ ʜʦʣʷ ʥʘʪʨʠʷ (63%). ʊʠʧ ʭʠʤʠʟʤʘ ʟʘʩʦʣʝʥʠʷ ʚ ʛʫʤʫʩʦʚʦʤ 

ʛʦʨʠʟʦʥʪʝ ʧʦ ʘʥʠʦʥʘʤ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ, ʚ ʧʦʛʨʝʙʝʥʥʳʭ ʛʫʤʫʩʦʚʳʭ ʛʦ-

ʨʠʟʦʥʪʘʭ ï ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʳʡ. ʇʦ ʢʘʪʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ ʚ ʩʣʦʝ 0-10 ʩʤ ʚʳ-

ʨʘʞʝʥ ʥʘʪʨʠʝʚʳʡ ʭʠʤʠʟʤ ʟʘʩʦʣʝʥʠʷ, ʚ ʚʝʨʭʥʝʤ ʧʦʛʨʝʙʝʥʥʦʤ ʛʫʤʫʩʦʚʦʤ ʩʣʦʝ 

ï ʢʘʣʴʮʠʝʚʳʡ, ʚʦ ʚʪʦʨʦʤ ï ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ. ɺ ʧʝʩʯʘʥʳʭ ʩʣʦʷʭ ʩʦʜʝʨʞʘ-

ʥʠʝ ʩʦʣʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ (0,25-0,47%). ʉʨʝʜʠ ʘʥʠʦʥʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʩʫʣʴ-

ʬʘʪʳ (73-82% ʦʪ ʩʫʤʤʳ ʘʥʠʦʥʦʚ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʩʦ-

ʜʝʨʞʘʥʠʝ ʭʣʦʨʠʜʦʚ. ɼʦʤʠʥʠʨʫʶʱʠʤ ʢʘʪʠʦʥʦʤ ʷʚʣʷʝʪʩʷ ʥʘʪʨʠʡ. 
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ʊʘʙʣ. 4.8. ʍʠʤʠʟʤ ʠ ʩʪʝʧʝʥʴ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚ ʂʫʯʠʛʝʨʩʢʦʛʦ ʫʨʦʯʠʱʘ 
 

ɻʦʨʠʟʦʥʪ ʉʣʦʡ, ʩʤ 

ʍʠʤʠʟʤ ʟʘʩʦʣʝʥʠʷ ʧʦ 
ʇʨʠ-
ʩʫʪ-
ʩʪʚʠʝ 
ʛʠʧʩʘ 

ʋʯʘ
ʩʪʠʝ 
ʩʦ-
ʜʳ 

ʉʪʝʧʝʥʴ ʟʘʩʦ-
ʣʝʥʠʷ ʚ ʟʘʚʠ-
ʩʠʤʦʩʪʠ ʦʪ ʭʠ-
ʤʠʟʤʘ ʧʦ (ɿʘ-
ʩʦʣʝʥʥʳʝé, 
2006) 

ʱʝʣʦʯʥʦʩʪʠ ʩʦʦʪʥʦʰʝʥʠʶ ʘʥʠʦʥʦʚ ʩʦʦʪʥʦʰʝʥʠʶ ʢʘʪʠʦ-ʥʦʚ 

1 2 3 4 5 6 7 8 
ɸʣʣʶʚʠʘʣʴʥʘʷ ʩʚʝʪʣʦʛʫʤʫʩʦʚʘʷ ʟʘʩʦʣʝʥʥʘʷ ʪʝʨʤʦʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʘʷ ʢʚʘʟʠʛʣʝʝʚʘʪʘʷ (ʊʃʂ 2-16) 

ʉʂ +1-0 ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ + + ʦʯʝʥʴ ʩʠʣʴʥʘʷ 
AJs,@ 0-2(20) ʱʝʣʦʯʥʦʡ ʩʦʜʦʚʦ-ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ - - ʩʨʝʜʥʷʷ 

[AC, 
ACo
x,A] 
@ 

1 cʣʦʡ 
0(20)-61(66) 

ʱʝʣʦʯʥʦʡ ʩʫʣʴʬʘʪʥʦ-ʩʦʜʦʚʳʡ ʥʘʪʨʠʝʚʳʡ - - ʩʣʘʙʘʷ 
2 ʩʣʦʡ ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ - - - 
3 ʩʣʦʡ ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ - - - 

[AJ]ʉq,s~~ 61(66)-70(75) ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʦʝ ʥʘʪʨʠʝʚʳʡ - - - 
2[AJ]ʉq,s~~ 70(75)-77(86) ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʦʝ ʥʘʪʨʠʝʚʳʡ - - - 
3[AJ]ʉq,s~~ 77(86)-100 ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʦʝ ʥʘʪʨʠʝʚʳʡ - - - 

ʉʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʧʦʩʪʘʛʨʦʛʝʥʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʤʝʨʟʣʦʪʥʳʡ (ʊʃʂ-1-16) 
ʉʂ +1-0 ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ + + ʦʯʝʥʴ ʩʠʣʴʥʘʷ 

Spa[AU] 0-22(30) ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ + - ʩʠʣʴʥʘʷ 
S@ 22(30)-31(62) ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ - - ʩʨʝʜʥʷʷ 

[SAU, 
Cs~~, 
Cox,s~~] 

1 ʩʣʦʡ 31(62)-95(115) ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ - - ʩʨʝʜʥʷʷ 
2 ʩʣʦʡ 31(62)-95(115) ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ - - - 
3 ʩʣʦʡ 31(62)-95(115) ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ - - ʩʣʘʙʘʷ 

[AU]Cs,ƍ~~ 95(115)-115 ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ - - ʩʨʝʜʥʷʷ 
ʉʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʦʢʠʩʣʝʥʥʦ-ʛʣʝʝʚʳʡ ʤʝʨʟʣʦʪʥʳʡ (ʊʃʂ-3-16) 

ʉʂ +1-0 ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ + + ʦʯʝʥʴ ʩʠʣʴʥʘʷ 
S[AU] 0-10 ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ ʥʘʪʨʠʝʚʳʡ - - ʩʠʣʴʥʘʷ 
ʉs'''' 10-30(36) ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ - - ʩʣʘʙʘʷ 
[AU]s,@ 30(36)-37(54) ʥʝʡʪʨʘʣʴʥʳʡ ʭʣʦʨʠʜʥʳʡ ʢʘʣʴʮʠʝʚʳʡ - - ʩʣʘʙʘʷ 
2Cs, ʦʭ,@ '''' 37(54)-54(68) ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ -  ʩʣʘʙʘʷ 
2[AU]s, ʦʭ, @ 54(68)-70(90) ʥʝʡʪʨʘʣʴʥʳʡ ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʳʡ ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ - - ʩʣʘʙʘʷ 
3Cs, ʦʭ, ƍ '''' 70(90)-106 ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ - - ʉʣʘʙʘʷ 
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1 2 3 4 5 6 7 8 
ʉʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʤʝʨʟʣʦʪʥʳʡ (ʊʃʂ-4-16) 

ʉʂ +1-0 ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ + + ʦʯʝʥʴ ʩʠʣʴʥʘʷ 
S[AU] 0-3(5) ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʤʘʛʥʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ + - ʦʯʝʥʴ ʩʠʣʴʥʘʷ 
2S 3(5)-7(10) ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ - - ʦʯʝʥʴ ʩʠʣʴʥʘʷ 
3S@ 7(10)-13(24) ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ - - ʦʯʝʥʴ ʩʠʣʴʥʘʷ 

4S@ 
1 ʩʣʦʡ 13(24)-26(46) ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ - - ʦʯʝʥʴ ʩʠʣʴʥʘʷ 
2ʩʣʦʡ 13(24)-26(46) ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ - - ʦʯʝʥʴ ʩʠʣʴʥʘʷ 
3ʩʣʦʡ 13(24)-26(46) ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ - - ʦʯʝʥʴ ʩʠʣʴʥʘʷ 

ʉs 26(46)-49(55) ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ - - ʩʨʝʜʥʷʷ 

2Cs~~ 1 ʩʣʦʡ 49(55)-82(85) ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ - - ʩʠʣʴʥʘʷ 
2ʩʣʦʡ 49(55)-82(85) ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ - - ʩʨʝʜʥʷʷ 

[AU]sƍ 85(85)-100 ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ - - ʩʨʝʜʥʷʷ 
ʉʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ ʩʦʣʦʥʮʝʚʘʪʳʡ ʤʝʨʟʣʦʪʥʳʡ (ʊʃʂ-12-11) 

S[AU]@ 0-20(32) ʥʝʡʪʨʘʣʴʥʦʝ ʩʫʣʴʬʘʪʥʳʡ ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ + - ʩʨʝʜʥʷʷ 

S@, sn 20(32)-54 ʥʝʡʪʨʘʣʴʥʦʝ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-
ʩʫʣʴʬʘʪʥʳʡ ʥʘʪʨʠʝʚʳʡ + + ʦʯʝʥʴ ʩʠʣʴʥʘʷ 

Cs~~ 54-63(77) ʥʝʡʪʨʘʣʴʥʦʝ ʭʣʦʨʠʜʥʦ-
ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ -ʥʘʪʨʠʝʚʳʡ -  ʩʣʘʙʘʷ 

2Cs~~ 63(77)-91(98) ʥʝʡʪʨʘʣʴʥʦʝ ʩʫʣʴʬʘʪʥʳʡ ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ + - ʩʠʣʴʥʘʷ 
[AU]Cs~~ 91(98)-130 ʥʝʡʪʨʘʣʴʥʦʝ ʩʫʣʴʬʘʪʥʳʡ ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ + - ʩʣʘʙʘʷ 
3Csƍ~~ 130-145 ʥʝʡʪʨʘʣʴʥʦʝ ʩʫʣʴʬʘʪʥʳʡ ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ + - ʩʣʘʙʘʷ 
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ʅʘʠʙʦʣʴʰʘʷ ʟʘʩʦʣʝʥʥʦʩʪʴ ʧʦʯʚ ʥʘ ʠʟʫʯʝʥʥʦʤ ʧʦʣʠʛʦʥʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʩʦʣʦʥʯʘʢʘʭ ʪʝʤʥʳʭ ʩʦʣʦʥʮʝʚʘʪʳʭ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʭ ʤʝʨʟʣʦʪʥʳʭ (ʊʃʂ-4-

16) (ʨʠʩ. 4.17). ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʪʷʞʝʣʳʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ (ʀʣʴʠʥ, ʉʳʩʦ, 2001; ʉʳʩʦ, 2003). ɺ ʚʝʨʭʥʝʤ ʩʦʣʝ-

ʚʦʤ ʛʦʨʠʟʦʥʪʝ ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 5,69%, 

ʠʟ ʥʠʭ 4,64% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʪʦʢʩʠʯʥʳʝ ʩʦʣʠ. ʇʦ ʩʪʝʧʝʥʠ ʟʘʩʦʣʝʥʠʷ ʜʦ ʛʣʫ-

ʙʠʥʳ 46 ʩʤ ʧʦʯʚʳ ʦʯʝʥʴ ʩʠʣʴʥʦ ʟʘʩʦʣʝʥʳ, ʛʣʫʙʞʝ ï ʩʨʝʜʥʝʝ ʟʘʩʦʣʝʥʠʝ 

(ʪʘʙʣ. 4.8). ʍʠʤʠʟʤ ʟʘʩʦʣʝʥʠʷ ʧʦ ʘʥʠʦʥʘʤ ʩʫʣʴʬʘʪʥʳʡ, ʧʦ ʢʘʪʠʦʥʘʤ ï 

ʥʘʪʨʠʝʚʳʡ. ʅʝʢʦʪʦʨʳʝ ʦʪʣʠʯʠʷ ʚ ʢʘʪʠʦʥʥʦʤ ʩʦʩʪʘʚʝ ʠʤʝʝʪ ʚʝʨʭʥʠʡ ʛʦʨʠ-

ʟʦʥʪ, ʚ ʢʦʪʦʨʦʤ ʦʪʤʝʯʘʝʪʩʷ ʤʘʛʥʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ ʭʠʤʠʟʤ. 

ʅʝʦʜʥʦʨʦʜʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʩʦʣʝʥʠʷ ʦʪʤʝʯʘʝʪʩʷ ʠ ʚ ʩʦʣʦʥʯʘʢʘʭ ʪʝʤʥʳʭ 

ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʭ ʩʦʣʦʥʮʝʚʘʪʳʭ ʤʝʨʟʣʦʪʥʳʭ (ʊʃʂ-12-11). ɺʝʨʭʥʠʡ ʛʦʨʠ-

ʟʦʥʪ (0-20 ʩʤ) ʠʤʝʝʪ ʩʫʣʴʬʘʪʥʦʝ ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʦʝ ʟʘʩʦʣʝʥʠʝ ʩ ʧʨʠʩʫʪ-

ʩʪʚʠʝʤ ʛʠʧʩʘ, ʩʪʝʧʝʥʴ ʟʘʩʦʣʝʥʠʷ ï ʩʨʝʜʥʷʷ. ʅʠʞʝʣʝʞʘʱʠʡ ʛʦʨʠʟʦʥʪ (20-54 

ʩʤ) ʠʤʝʝʪ ʦʯʝʥʴ ʩʠʣʴʥʦʝ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʘʪʥʦʝ ʟʘʩʦʣʝʥʠʝ, ʚ ʥʝʤ 

ʪʘʢʞʝ ʦʪʤʝʯʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʛʠʧʩʘ. ɺ ʛʦʨʠʟʦʥʪʝ Cca,s,q~~ (54-63 ʩʤ) ʧʨʦʷʚ-

ʣʷʝʪʩʷ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʝ ʥʘʪʨʠʝʚʦʝ ʟʘʩʦʣʝʥʠʝ, ʘ ʛʣʫʙʞʝ ʚ ʩʣʦʠʩʪʦʤ ʘʣʣʶ-

ʚʠʠ ï ʩʫʣʴʬʘʪʥʦʝ ʥʘʪʨʠʝʚʦʝ ʟʘʩʦʣʝʥʠʝ ʩ ʛʠʧʩʦʤ, ʢʦʪʦʨʦʝ ʧʦʩʪʝʧʝʥʥʦ ʩʤʝʥʷ-

ʝʪʩʷ ʦʪ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʠ ʜʦ ʩʣʘʙʦʡ.  

 ʑʝʣʦʯʥʦ-ʛʣʠʥʠʩʪʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʧʨʦʬʠʣʷ ʧʦʟʚʦʣʠʣʘ ʥʘʤ ʚʳʜʝ-

ʣʠʪʴ ʩʦʣʦʥʮʝʚʘʪʳʡ ʧʦʜʪʠʧ ʩʦʣʦʥʯʘʢʦʚ. ɺ ʨʘʙʦʪʘʭ ʅ. ʉ. ʂʘʩʠʤʦʚʘ (1980) 

ʧʦʯʚʳ ʟʦʥ ʨʘʟʣʦʤʦʚ, ʚʳʰʝʜʰʠʝ ʠʟ-ʧʦʜ ʚʣʠʷʥʠʷ ʨʘʟʛʨʫʞʘʶʱʠʭʩʷ ʚʦʜ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʦʜʥʷʪʠʡ ʦʪʥʝʩʝʥʳ ʠʤ ʢ ʩʦʣʦʥʮʘʤ ʟʦʥ ʨʘʟʣʦʤʦʚ.  

ʇʨʦʚʝʜʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ ʚʳʷʚʠʣʦ ʨʘʟʣʠʯʥʫʶ 

ʩʪʝʧʝʥʴ ʟʘʩʦʣʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʝʛʢʦʨʘʩ-

ʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪʤʝʯʘʝʪʩʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʦʣʝʚʦʡ ʢʦʨʦʯʢʝ. ɺ ʘʣ-

ʣʶʚʠʘʣʴʥʦʡ ʩʚʝʪʣʦʛʫʤʫʩʦʚʦʡ ʧʦʯʚʝ (ʊʃʂ-2-16) ʦʪʤʝʯʝʥʘ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʘʷ 

ʩʚʷʟʴ ʩʦʩʪʘʚʘ ʩʦʣʝʡ ʩ ʩʦʩʪʘʚʦʤ ʚʦʜ ʂʫʯʠʛʝʨʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ 

ʧʦʢʘʟʘʣ ʙʦʣʴʰʫʶ ʟʘʩʦʣʝʥʥʦʩʪʴ ʪʷʞʝʣʳʭ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 
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ʛʦʨʠʟʦʥʪʦʚ. ɺ ʧʦʯʚʘʭ ʦʟʝʨʥʦʡ ʜʝʧʨʝʩʩʠʠ ʧʨʦʷʚʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʥʠʦʥʦʚ 

ʭʣʦʨʘ (ʊʃʂ-3-16). ɺʦ ʚʩʝʭ ʜʨʫʛʠʭ ʨʘʟʨʝʟʘʭ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʥʠʯʪʦʞʥʦ ʤʘʣʦ. 

ʀʩʪʦʯʥʠʢʦʤ ʩʦʣʝʡ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʩʣʫʞʘʪ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʨʷʜʦʤ 

ʤʠʥʝʨʘʣʴʥʳʝ ʂʫʯʠʛʝʨʩʢʠʝ ʠʩʪʦʯʥʠʢʠ. ɺ ʩʦʩʪʘʚʝ ʩʦʣʝʡ ʚʦʜ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʦ-

ʣʦʥʯʘʢʦʚ ʚʳʷʚʣʝʥʦ ʩʭʦʜʩʪʚʦ, ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʩʦʢʦʡ ʜʦʣʝ ʥʘʪʨʠʷ ʠ 

ʩʫʣʴʬʘʪʦʚ, ʥʦ ʝʩʪʴ ʠ ʨʘʟʣʠʯʠʷ: ʚ ʛʠʜʨʦʪʝʨʤʘʭ ʦʯʝʥʴ ʤʘʣʦ ʢʘʣʴʮʠʷ, ʥʦ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʢʘʨʙʦʥʘʪʦʚ ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʧʝʜʦ-

ʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʩʭʦʜʥʳʡ ʩʦʩʪʘʚ ʩʦʣʝʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ 

ʚʦʜʘʤʠ, ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ. ʇʦʯʚʳ ʩʪʝʧʥʳʭ ʠ ʦʩʪʝʧʥʝʥʥʳʭ ʣʫʛʦʚʳʭ ʣʘʥʜ-

ʰʘʬʪʦʚ ʘʢʢʫʤʫʣʠʨʫʶʪ ʢʘʣʴʮʠʡ. ʇʦʵʪʦʤʫ ʜʦʣʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʧʦʯʚʘʭ ʚʦʟ-

ʨʘʩʪʘʝʪ, ʘ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʢʘʨʙʦʥʘʪʦʚ ï ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʠʭ ʦʩʘʞʜʝʥʠʠ ʚ 

ʚʠʜʝ ʢʘʣʴʮʠʪʘ ʠ ʛʠʧʩʘ.   

ɻʠʜʨʦʤʦʨʬʥʳʝ ʩʦʣʦʥʯʘʢʠ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

ʨʘʟʚʠʚʘʶʪʩʷ ʥʘ ʦʩʪʝʧʥʝʥʥʳʭ ʧʦʡʤʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʩ ʦʯʝʥʴ ʨʝʜʢʠʤʠ ʠ ʥʝʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʳʤʠ ʧʘʚʦʜʢʘʤʠ ʠ ʥʘ ʥʠʟʢʠʭ ʥʘʜʧʦʡʤʝʥʥʳʭ ʪʝʨʨʘʩʘʭ ʩ ʥʝʛʣʫʙʦ-

ʢʠʤ ʟʘʣʝʛʘʥʠʝʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ ʧʦ ʧʝʨʠʬʝʨʠʠ ʦʟʝʨ-

ʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʭ ʨʘʚʥʠʥ ʩ ʚʳʢʣʠʥʠʚʘʥʠʝʤ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜ (ʨʠʩ. 4.18).  

      
ʈʠʩ. 4.18. ʆʙʣʘʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʪʨʘʥʩʝʢʪʘ ʂʫʯʠʛʝʨ 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1-ɸʃʪʢï ʘʣʣʶʚʠʘʣʴʥʳʝ ʪʝʨʤʦʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳ; 2-ʉʃʪʢʤï ʩʦ-
ʣʦʥʯʘʢʠ ʪʝʤʥʳʝ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʝ ʤʝʨʟʣʦʪʥʳʝ; 3-ʉʃʪʩʤï ʩʦʣʦʥʯʘʢʠ ʪʝʤʥʳʝ ʢʨʠʦʪʫʨ-

ʙʠʨʦʚʘʥʥʳʝ ʩʦʣʦʥʮʝʚʘʪʳʝ ʤʝʨʟʣʦʪʥʳʝ 
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ʉʦʩʪʘʚ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʥʘʩʣʝʜʫʝʪ 

ʭʠʤʠʟʤ ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩ ʧʝʜʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʚ ʚʠʜʝ ʘʢ-

ʢʫʤʫʣʷʮʠʠ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʠ ʦʩʘʞʜʝʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ. ʉʠʩʪʝʤʘ ʛʦ-

ʨʠʟʦʥʪʦʚ ʩʦʣʦʥʯʘʢʦʚ ʠ ʠʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ ʤʦʛʫʪ ʙʳʪʴ ʟʘʪʫʰʝʚʘ-

ʥʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʨʠʦʪʫʨʙʘʮʠʡ 

ʇʦ ʧʦʯʚʝʥʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʨʘʡʦʥʠʨʦʚʘʥʠʶ (ʇʦʯʚʳé, 1983) ʩʝʚʝ-

ʨʦ-ʟʘʧʘʜʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʋʣʶʥʭʘʥʩʢʦʡ ʚʧʘʜʠʥʳ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʧʝʨʝʭʦʜʘ 

ʪʨʝʭ ʧʦʯʚʝʥʥʳʭ ʘʨʝʘʣʦʚ: ʨʘʡʦʥʳ ʜʝʨʥʦʚʳʭ ʣʝʩʥʳʭ ʙʦʨʦʚʳʭ ʩʫʧʝʩʯʘʥʳʭ ʠ 

ʜʝʨʥʦʚʦ-ʛʣʝʝʚʳʭ ʩʫʧʝʩʯʘʥʳʭ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʣʫʛʦʚʳʭ ʠ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʭ 

ʧʦʯʚ (III A12); ʨʘʡʦʥ ʣʫʛʦʚʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʤʘʣʦʤʦʱʥʳʭ ʩʫʧʝʩʯʘʥʳʭ, ʣʫʛʦ-

ʚʦ-ʙʦʣʦʪʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʤʝʨʟʣʦʪʥʳʭ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʙʦʣʦʪʥʳʭ ʧʝʨʝʛʥʦʡ-

ʥʦ- ʠ ʪʦʨʬʷʥʠʩʪʦ-ʛʣʝʝʚʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʤʝʨʟʣʦʪʥʳʭ ʧʦʯʚ (IV A15); ʨʘʡʦʥ 

ʜʝʨʥʦʚʳʭ ʣʝʩʥʳʭ ʤʘʣʦʤʦʱʥʳʭ ʩʫʧʝʩʯʘʥʳʭ ʢʘʤʝʥʠʩʪʳʭ ʠ ʜʝʨʥʦʚʳʭ ʣʝʩʥʳʭ 

ʩʣʦʠʩʪʳʭ ʩʣʘʙʦʨʘʟʚʠʪʳʭ ʩʫʧʝʩʯʘʥʳʭ ʢʘʤʝʥʠʩʪʳʭ ʧʦʯʚ. ɺʣʠʷʥʠʝ ʵʥʜʦʛʝʥʥʦ-

ʛʦ ʬʘʢʪʦʨʘ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ, ʥʝ ʪʠʧʠʯʥʳʭ ʜʣʷ ʣʝʩʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʟʘ-

ʩʦʣʝʥʥʳʭ, ʩʠʣʴʥʦ ʟʘʩʦʣʝʥʥʳʭ ʠ ʩʦʣʦʥʮʝʚʘʪʳʭ ʧʦʯʚ, ʯʪʦ ʦʙʲʷʩʥʝʥʦ ʥʘʣʠʯʠ-

ʝʤ ʟʦʥ ʨʘʟʣʦʤʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʚʳʚʦʜʥʦʡ ʢʘʥʘʣ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ 

ʚʦʜ ʠʟ ʛʣʫʙʦʢʠʭ ʩʣʦʝʚ ʣʠʪʦʩʬʝʨʳ ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ (ʂʘʩʠʤʦʚ, 1980). 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʠʚʥʦʩ ʤʘʪʝʨʠʘʣʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʩʝʟʦʥʥʳʤʠ ʟʘʩʫʰʣʠʚʳʤ 

ʧʝʨʠʦʜʘʤʠ ʠ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʤʝʨʟʣʦʪʦʡ (ɿʘʤʘʥʘ, 1988) ʩʧʦʩʦʙʩʪʚʦ-

ʚʘʣ ʦʙʨʘʟʦʚʘʥʠʶ ʩʠʥʣʠʪʦʛʝʥʥʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʟʘʩʦʣʝʥʥʳʭ ʠ ʧʦʩʪʣʠʪʦʛʝʥ-

ʥʳʭ ʛʘʣʦʤʦʨʬʥʳʭ ʧʦʯʚ (ʪʘʙʣ. 4.9).  
ʊʘʙʣ. 4.9. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʩʧʠʩʦʢ ʧʦʯʚ ʂʫʯʠʛʝʨʩʢʦʛʦ ʫʨʦʯʠʱʘ 

ʉʪʚʦʣ ʆʪʜʝʣ ʊʠʧ ʇʦʜʪʠʧʳ 
ʉʠʥʣʠʪʦʛʝʥʥʳʡ ɸʣʣʶʚʠʘʣʴ-

ʥʳʡ 
ɸʣʣʶʚʠʘʣʴʥʘʷ 
ʩʚʝʪʣʦʛʫʤʫʩʦʚʘʷ 

ɿʘʩʦʣʝʥʥʳʡ, ʪʝʨʤʦʢʨʠʦʪʫʨʙʠʨʦʚʘʥ-
ʥʳʡ, ʢʚʘʟʠʛʣʝʝʚʳʡ 

ʇʦʩʪʣʠʪʦʛʝʥʥʳʡ ɻʘʣʦʤʦʨʬ-
ʥʳʡ 

ʉʦʣʦʥʯʘʢ  
ʪʝʤʥʳʡ  

ʂʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ, ʦʢʠʩʣʝʥʥʦ-
ʛʣʝʝʚʳʡ, ʤʝʨʟʣʦʪʥʳʡ, ʩʦʣʦʥʮʝʚʘʪʳʡ  

ʉʦʣʦʥʯʘʢ  
ʧʦʩʪʘʛʨʦʛʝʥʥʳʡ  

ʂʨʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ, ʤʝʨʟʣʦʪʥʳʡ 

 

ʉʚʦʝʦʙʨʘʟʥʦʝ ʩʦʯʝʪʘʥʠʝ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʘʟʚʠʪʠʶ ʥʝ ʪʠ-
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ʧʠʯʥʳʭ ʜʣʷ ʜʘʥʥʦʡ ʧʨʠʨʦʜʥʦʡ ʟʦʥʳ ʧʦʯʚ. ɸʣʣʶʚʠʘʣʴʥʘʷ ʧʦʯʚʘ, ʦʧʠʩʘʥʥʘʷ 

ʥʝʧʦʜʘʣʝʢʫ ʦʪ ʙʦʣʦʪʥʦʛʦ ʤʘʩʩʠʚʘ ï ʢʦʣʣʝʢʪʦʨʘ ʚʦʜ ʘʢʪʠʚʥʳʭ ʛʨʠʬʦʥʦʚ, ʚ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʬʠʢʩʠʨʫʝʪ ʧʨʦʮʝʩʩʳ ʟʠʤʥʝʛʦ ʧʨʦʤʦʨʘʞʠʚʘʥʠʷ 

(ʢʨʠʦʪʫʨʙʘʮʠʠ), ʘ ʪʘʢʞʝ ʦʪʝʧʣʷʶʱʝʛʦ ʵʬʬʝʢʪʘ ʪʝʨʤ. ʇʦʩʪʫʧʣʝʥʠʝ ʨʷʜʘ 

ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ 

ʧʨʦʬʠʣʷ ʚ ʚʠʜʝ ʩʦʣʝʚʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʦʚ (S), ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʟ-

ʨʝʟʘʭ ʠ ʧʨʦʮʝʩʩʦʚ ʦʩʦʣʦʥʮʝʚʘʥʠʷ (ʱʝʣʦʯʥʦ-ʛʣʠʥʠʩʪʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ), 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʪʝʯʥʳʭ ʢʫʪʘʥ ʠ ʤʫʯʥʠʩʪʦʛʦ ʛʠʧʩʘ. ʕʪʠ ʧʦʯʚʳ ʥʦʩʷʪ ʣʦʢʘʣʴ-

ʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʫʯʘʩʪʢʘʭ ʜʝʡʩʪʚʫʶʱʠʭ ʛʨʠʬʦʥʘʭ, ʤʝʩʪʘʭ 

ʩʢʨʳʪʦʡ ʠ ʧʘʣʝʦʨʘʟʛʨʫʟʢʠ ʤʠʥʝʨʘʣʴʥʳʭ ʪʝʨʤ (ʨʠʩ. 4.18).  

  



�í�í�ï��
��

��

ɻʣʘʚʘ 5. ɻɽʆʍʀʄʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ɿɸʉʆʃɽʅʅʓʍ ʇʆʏɺ 
ɿʆʅ ʈɸɿʃʆʄʆɺ ʂʋʏʀɻɽʈʉʂʀʍ ɻʀɼʈʆʊɽʈʄ 

 
ɺ ʧʦʯʚʘʭ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʟʦʥʘʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ, ʥʘʠʙʦʣʝʝ 

ʚʳʨʘʞʝʥʳ ʧʨʦʮʝʩʩʳ ʟʘʩʦʣʝʥʠʷ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʤʠ ʩʦʣʷʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʣʦʥʯʘʢʦʚ ʠ ʩʦʣʦʥʮʦʚ, ʘ ʪʘʢʞʝ ʦʞʝʣʝʟʥʝʥʠʝ ʠ ʦʤʘʨʛʘʥʮʝʚʘʥʠʝ ʧʦʯʚʝʥʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ (ʂʘʩʠʤʦʚ, 1980). ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʟʘʩʦʣʝʥʠʷ ʙʳʣʠ 

ʠʟʫʯʝʥʳ ʱʝʣʦʯʥʳʝ (ʂ, Na, Li) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (Mg, Ca, Sr, 

Ba) I ʠ II ʛʨʫʧʧ ʠʟ ʪʘʙʣʠʮʳ ʄʝʥʜʝʣʝʝʚʘ, ʠʟ ʵʣʝʤʝʥʪʦʚ ʤʘʛʥʠʪʥʳʭ ʵʤʘʥʘʮʠʡ 

ʨʘʩʩʤʦʪʨʝʥʦ ʩʦʜʝʨʞʘʥʠʝ S, ʠʟ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ï W; ʠʟ ʵʣʝʤʝʥʪʦʚ, ʦʙʫ-

ʩʣʘʚʣʠʚʘʶʱʠʭ ʧʨʦʮʝʩʩʳ ʦʞʝʣʝʟʥʝʥʠʷ ʠ ʦʤʘʨʛʘʥʮʝʚʘʥʠʷ ï ʵʣʝʤʝʥʪʳ ʛʨʫʧʧʳ 

ʞʝʣʝʟʘ (Fe, Mn, Cr, Ni).  

 
5.1. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʱʝʣʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

 
ʂ ʱʝʣʦʯʥʳʤ ʤʝʪʘʣʣʘʤ ʦʪʥʦʩʷʪʩʷ, ʵʣʝʤʝʥʪʳ, ʚʭʦʜʷʱʠʝ ʚ ʛʣʘʚʥʫʶ ʧʦʜ-

ʛʨʫʧʧʫ I ʛʨʫʧʧʳ ʪʘʙʣʠʮʳ ʄʝʥʜʝʣʝʝʚʘ. ɺ ʵʪʫ ʛʨʫʧʧʫ ʚʭʦʜʠʪ: ʣʠʪʠʡ (Li), 

ʥʘʪʨʠʡ (Na), ʢʘʣʠʡ (ʂ), ʨʫʙʠʜʠʡ (Rb), ʮʝʟʠʡ (Cs), ʬʨʘʥʮʠʡ (Fr). ɺʩʝ ʵʪʠ ʤʝ-

ʪʘʣʣʳ ʥʘ ʚʥʝʰʥʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʩʣʦʝ ʠʤʝʶʪ ʦʜʠʥ ʵʣʝʢʪʨʦʥ. ɺ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʷʭ ʘʪʦʤʳ ʣʝʛʢʦ ʦʪʜʘʶʪ ʚʥʝʰʥʠʡ s-ʵʣʝʢʪʨʦʥ, ʧʨʝʚʨʘʱʘʷ ʠʭ ʚ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦ ʦʜʥʦʟʘʨʷʜʥʳʝ ʠʦʥʳ. ʕʣʝʤʝʥʪʳ 1-ʡ ʛʨʫʧʧʳ ʦʙʣʘʜʘʶʪ ʤʘʣʳʤʠ ʚʝʣʠ-

ʯʠʥʘʤʠ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ ʠ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ. ʆʥʠ ʣʝʛʢʦ ʦʙʨʘʟʫʶʪ 

ʦʜʥʦʟʘʨʷʜʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ. ɺ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʨʝʘʢʮʠʷʭ ʱʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʩʠʣʴʥʳʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ, ʦʙʨʘ-

ʟʫʶʪ ʝʜʢʠʝ ʱʝʣʦʯʠ, ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ ʠ ʪ.ʜ. ʃʝʛʢʘʷ ʦʢʠʩʣʷʝʤʦʩʪʴ ʱʝ-

ʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʵʣʝʤʝʥʪʳ 1-ʡ ʛʨʫʧʧʳ ʩʫʱʝʩʪʚʫʶʪ ʚ 

ʧʨʠʨʦʜʝ ʚ ʚʠʜʝ ʩʦʝʜʠʥʝʥʠʡ ʩʚʦʠʭ ʦʜʥʦʟʘʨʷʜʥʳʭ ʢʘʪʠʦʥʦʚ. ʅʘʠʙʦʣʝʝ ʨʘʩ-

ʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʵʪʦʡ ʛʨʫʧʧʳ ʷʚʣʷʶʪʩʷ Na, K, Li. 

ʃʠʪʠʡ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜʥʳʤ ʵʣʝʤʝʥʪʦʤ ʦʪ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʢ ʱʝ-

ʣʦʯʥʦʟʝʤʝʣʴʥʳʤ. ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʣʘʙʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʘʨʙʦʥʘʪʘ, ʬʦʩ-

ʬʘʪʘ ʠ ʬʪʦʨʠʜʘ ʣʠʪʠʷ, ʣʝʛʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ï ʭʣʦʨʠʜʦʚ ʠ ʩʫʣʴʬʘʪʦʚ ʣʠʪʠʷ. 

ʇʦ ʱʝʣʦʯʥʦʩʪʠ ʦʥ ʩʣʘʙʝʝ ʜʨʫʛʠʭ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʚ ʟʦʥʝ ʛʠʧʝʨʛʝʥʝʟʘ 
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ʧʦʚʝʜʝʥʠʝ ʣʠʪʠʷ ʩʭʦʜʥʦ ʩ ʤʘʛʥʠʝʤ (çʧʨʘʚʠʣʦ ʜʠʘʛʦʥʘʣʠè). ʉʦʜʝʨʞʘʥʠʝ ʝʛʦ 

ʚ ʟʝʤʥʦʡ ʢʦʨʝ 20-25 ʤʛ/ʢʛ (ʪʘʙʣ. 5.1) (ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʧʝʛʤʘʪʠʪʘʭ, ʩʦʣʷ-

ʥʳʭ ʦʟʝʨʘʭ) ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ ʢʠʩʣʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʠ ʚ 

ʦʩʘʜʦʯʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʘʭ, ʨʝʞʝ ʚ ʬʦʩʬʘʪʘʭ, ʠʟ ʢʦʪʦʨʳʭ ʦʥ ʣʝʛʢʦ ʚʳʩʚʦ-

ʙʦʞʜʘʝʪʩʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ (ʂʫʣʠʬʠʝʚ ʠ ʜʨ., 2006). ɺ ʧʨʠʨʦʜʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 

55 ʤʠʥʝʨʘʣʦʚ ʣʠʪʠʷ, ʚʩʝ ʨʝʜʢʠʝ, ʠʟ ʥʠʭ ʦʩʥʦʚʥʳʝ ʩʧʦʜʫʤʝʥ, ʣʝʧʠʜʦʣʠʪ, ʧʝ-

ʪʘʣʠʪ, ʘʤʙʣʠʛʦʥʠʪ (ʊʦʣʢʫʰʢʠʥʘ ʠ ʜʨ., 2012). 
 
ʊʘʙʣʠʮʘ 5.1. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Li, Na, K ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʧʦʨʦʜʘʭ ʠ ʧʦʯʚʘʭ, ʤʛ/ʢʛ  

ʕʣʝʤʝʥʪ ʂʣʘʨʢ ʟʝʤʥʦʡ ʢʦʨʳ 
(ɻʨʠʛʦʨʴʝʚ, 2009; 
Kabata-Pendias, 

2011) 

ɻʨʘʥʠʪʳ 
ʢʣʘʩʩʠʯʝʩʢʠʝ 
(Kabata-

Pendias, 2011) 

ɸʥʛʘʨʦ-
ɺʠʪʠʤʩʢʠʡ 
ʙʘʪʦʣʠʪ (ʅʦʩ-
ʢʦʚ, 2011) 

ʇʝʩʯʘʥʳʝ ʧʦʯʚʦʦʙ-
ʨʘʟʫʶʱʠʝ ʧʦʨʦʜʳ 
ʤʠʨʘ (Kabata-
Pendias, 2011) 

Li 20-25 32,5 23,5 10ï40 
Na 20700 14252 29457 ï 
K 22300 33390 35524 ï 

 
ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʠʪʠʷ ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, 

ʪʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ. ʅʘʠʤʝʥʴʰʝʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʠʤʝʶʪ ʧʝʩ-

ʯʘʥʳʝ ʧʦʨʦʜʳ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʩʘʤʳʝ 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʚ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʘʭ (ɾʫʢ ʠ ʜʨ., 2010). ɽʛʦ ʩʦʜʝʨʞʘʥʠʝ 

ʚ ʧʝʩʢʘʭ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 10ï40 ʤʛ/ʢʛ (ʏʝʨʪʢʦ, ʏʝʨʪʢʦ, 2008; Kabata-

Pendias, 2011). ʇʦʯʚʦʦʙʨʘʟʫʶʱʠʝ ʧʦʨʦʜʳ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ, ʚ ʦʩʥʦʚʥʦʤ, ʧʝʩʯʘʥʳʤ ʤʘʪʝʨʠʘʣʦʤ (ʋʙʫʛʫʥʦʚ ʠ ʜʨ., 2016), ʚ ʢʦʪʦ-

ʨʦʤ ʩʦʜʝʨʞʘʥʠʝ ʣʠʪʠʷ ʩʦʩʪʘʚʣʷʝʪ 10,1ï13,5 ʤʛ/ʢʛ (ʪʘʙʣ. 5.2). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʣʘʨʢʦʤ ʟʝʤʥʦʡ ʢʦʨʳ, ʢ ʢʣʘʩʩʠʯʝʩʢʠʤ ʛʨʘʥʠʪʘʤ ʠ ʛʨʘʥʠʪʘʤ ɸʥʛʘʨʦ-

ɺʠʪʠʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ, ʚ ʧʝʩʢʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʣʠʪʠʡ ʨʘʩʩʝʠʚʘʝʪʩʷ.  

ɺ ʧʦʯʚʘʭ ʣʠʪʠʡ ʠʟʫʯʝʥ ʩʣʘʙʦ, ʦʪʤʝʯʘʶʪ ʝʛʦ ʨʦʣʴ ʚ ʠʩʧʘʨʠʪʝʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʥʘʢʦʧʣʝʥʠʠ ʚ ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ, ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʟʘʩʦ-

ʣʝʥʥʳʭ ʧʦʯʚʘʭ ʚ ʩʧʝʮʠʬʠʯʥʦʡ ʣʠʪʠʝʚʦʡ ʬʣʦʨʝ (ʨʷʜ ʚʠʜʦʚ ʠʟ ʩʝʤʝʡʩʪʚʘ ʧʘʩ-

ʣʝʥʦʚʳʭ ʠ ʣʶʪʠʢʦʚʳʭ) (ɺʣʘʩʦʚ, 1967; ɿʘʛʠʙʘʣʦʚ, 1970; ʂʘʰʠʥ, ʀʚʘʥʦʚ, 

2007; ʂʘʰʠʥ, 2011; ʄʦʩʢʦʚʯʝʥʢʦ ʠ ʜʨ., 2011). ɸʢʢʫʤʫʣʷʮʠʷ ʣʠʪʠʷ ʚ ʧʦʯʚʝ 

ʧʨʦʠʩʭʦʜʠʪ ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ 
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(ʂʦʚʘʣʝʚʩʢʠʡ, 1964; ɻʶʣʴʘʭʤʝʜʦʚ, ʄʫʛʘʣʠʥʩʢʘʷ, 1966; ʉʫʛʘʣʠʥʩʢʘʷ, 1966; 

ʀʚʘʥʦʚ, 2007; ɾʫʢ, 2010). 
 

ʊʘʙʣʠʮʘ 5.2. ʉʦʜʝʨʞʘʥʠʝ Li, Na, K ʚ ʧʝʩʢʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

ʕʣʝʤʝʥʪ n ʉʦʜʝʨʞʘʥʠʝ  ʆʪʥʦʰʝʥʠʝ 
ʢ ʢʣʘʨʢʫ 
ʟʝʤʥʦʡ 
ʢʦʨʝ 

ʢ ʛʨʘʥʠ-
ʪʘʤ 

ʢ ɸʥʛʘʨʦ-
ɺʠʪʠʤʩʢʦ-
ʤʫ ʙʘʪʦʣʠʪʫ 

ʢ ʧʝʩʯʘʥʳʤ ʧʦʯ-
ʚʦʦʙʨʘʟʫʶʱʠʤ 
ʧʦʨʦʜʘʤ ʤʠʨʘ 

ʇʝʩʯʘʥʳʝ ʦʪʣʦʞʝʥʠʷ ʨ. ʊʘʣʠʥʛʘ 
Li 1 13,5 0,59 0,41 0,6 0,45 
Na 1 32800 1,6 2,3 1,11 ï 
K 1 23100 1,0 0,69 0,65 ï 

ʇʝʩʯʘʥʘʷ ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʧʦʨʦʜʘ ɺʉʂ 
Li 59 10,1Ñ0,2 0,45 0,31 0,43 0,34 
Na 59 29141Ñ105 1,4 2,0 1,0 ï 
K 59 25047Ñ228 0,69 0,75 0,70 ï 

 
ʉʦʜʝʨʞʘʥʠʝ ʣʠʪʠʷ ʚ ʨʘʟʥʳʭ ʧʦʯʚʘʭ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 1,2 ʤʛ/ʢʛ ʜʦ 98 

ʤʛ/ʢʛ. ʇʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʪʠʷ ʫʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʧʝʩʯʘʥʳʭ ʧʦʯʚ (5-22 

ʤʛ/ʢʛ), ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʛʫʤʠʜʥʦʛʦ ʢʣʠʤʘʪʘ ʩ ʧʦʜʩʪʠʣʘʶʱʝʡ 

ʤʝʨʟʣʦʪʦʡ. ʇʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʤʝʶʪ ʧʦʯʚʳ ʚ ʘʨʠʜʥʳʭ ʟʦʥʘʭ, 

ʟʜʝʩʴ ʣʠʪʠʡ ʚʦʚʣʝʯʝʥ ʚ ʚʦʩʭʦʜʷʱʝʝ ʜʚʠʞʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʠ ʤʦʞʝʪ ʦʩʘʞʜʘʪʴ-

ʩʷ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʚ ʩʦʩʪʘʚʝ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ (ʀʚʘʥʦʚ, 1956; 

ɺʦʣʢʦʚ, 1966; ɾʘʨʥʠʢʦʚ, ɹʘʣʜʘʝʚ, 1967; ʂʘʙʘʪʘ-ʇʝʥʜʠʘʩ, 1989; Kabata-

Pendias, 2011). ʉʦʜʝʨʞʘʥʠʝ ʣʠʪʠʷ ʚ ʧʦʯʚʝ ʟʘʚʠʩʠʪ ʚ ʦʩʥʦʚʥʦʤ ʦʪ ʫʩʣʦʚʠʡ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ. ʃʠʪʠʡ ʫʯʘʩʪʚʫʝʪ ʚ ʪʘʢʠʭ ʧʦʯʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʢʘʢ ʦʙʨʘ-

ʟʦʚʘʥʠʝ ʠ ʩʠʥʪʝʟ ʢʦʣʣʦʠʜʦʚ, ʘ ʪʘʢʞʝ ʚ ʛʠʜʨʦʛʝʥʥʦʡ ʘʢʢʫʤʫʣʷʮʠʠ ʩʦʣʦʥʯʘ-

ʢʦʚ (ʆʨʣʦʚ, 1998). ʅʘʢʦʧʣʝʥʠʝ ʣʠʪʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʘʭ ʠ 

ʧʨʠ ʠʩʧʘʨʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʚ ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ, ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ. 

ʆʩʦʙʝʥʥʦ ʤʥʦʛʦ ʣʠʪʠʷ ʚ ʩʦʣʦʥʯʘʢʘʭ ʠ ʩʦʣʝʥʳʭ ʦʟʝʨʘʭ ʦʙʣʘʩʪʝʡ ʤʦʣʦʜʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ ʠ ʚʫʣʢʘʥʠʟʤʘ, ʧʠʪʘʶʱʠʤʠʩʷ ʛʣʫʙʠʥʥʳʤʠ ʣʠʪʠʝʥʦʩʥʳʤʠ ʪʝʨ-

ʤʘʣʴʥʳʤʠ ʚʦʜʘʤʠ (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999). ʉʦʜʝʨʞʘʥʠʝ ʣʠʪʠʷ ʚ ʩʨʝʜʥʝ-

ʩʫʛʣʠʥʠʩʪʳʭ ʧʦʯʚʘʭ ʩʦʩʪʘʚʣʷʝʪ 2ï130 (46) ʤʛ/ʢʛ, ʚ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʭ 9ï

175 (53) ʤʛ/ʢʛ. 

  ɺ ʧʦʯʚʘʭ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʠʪʠʷ ʢʦʣʝʙʣʝʪʩʷ ʚ 

ʦʯʝʥʴ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: ʦʪ ʩʣʝʜʦʚ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ ʜʦ 21-31 ʤʛ/ʢʛ ʚ ʯʝʨʥʦ-
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ʟʝʤʘʭ ʠ ʩʝʨʦ-ʣʝʩʥʳʭ ʧʦʯʚʘʭ (ʀʚʘʥʦʚ, 2007). ɺ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ɹʘʨʛʫʟʠʥ-

ʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʣʠʪʠʡ ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 20 ʤʛ/ʢʛ, ʯʪʦ ʚ 2 ʨʘʟʘ ʚʳʰʝ, 

ʯʝʤ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʝʩʢʘʭ ʢʦʪʣʦʚʠʥʳ (ʪʘʙʣ. 5.3). ʅʘʢʦʧʣʝʥʠʝ ʣʠʪʠʷ ʚ ʟʘ-

ʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʝʛʦ ʠʟ ʩʦʣʝʥʳʭ ʦʟʝʨ 

ʨʷʜʦʤ ʩ ʢʦʪʦʨʳʤʠ ʵʪʠ ʧʦʯʚʳ ʩʬʦʨʤʠʨʦʚʘʥʳ. 

ʊʘʙʣʠʮʘ 5.3. ʉʦʜʝʨʞʘʥʠʝ Li, Na, K ʚ ʧʦʯʚʘʭ ʤʠʨʘ, ɿʘʙʘʡʢʘʣʴʷ ʠ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ 
ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

ʕʣʝʤʝʥʪ 
 

ʂʣʘʨʢ ʧʦʯʚ 
ʤʠʨʘ (Kabata-
Pendias, 2011) 

ʂʣʘʨʢ ʧʦʯʚ, ʀʄ-
ɻʈʕ (ʊʨʝʙʦʚʘ-
ʥʠʷé., 2002) 

ɺ ʧʦʯʚʘʭ ɿʘʙʘʡ-
ʢʘʣʴʷ  (ʀʚʘʥʦʚ, 

2007) 

ɺ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯ-
ʚʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ 
ʢʦʪʣʦʚʠʥʳ 

Li 21 25 23 20,5Ñ1 
Na ï 5000 20370 26004Ñ531 
K ï 14000 25920 21490Ñ779 

 
ʇʨʠ ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʣʠʪʠʷ ʠʟ ʧʦʨʦʜ ʚ ʥʘʯʘʣʝ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʦʥ ʦʯʝʥʴ ʧʦʜʚʠʞʝʥ ʠ ʧʦʧʘʜʘʝʪ ʚ ʨʘʩʪʚʦʨʳ, ʠʟ ʢʦʪʦʨʳʭ ʙʦʣʴʰʘʷ 

ʝʛʦ ʯʘʩʪʴ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʠ ʚ ʢʘʢʦʡ-ʪʦ ʩʪʝʧʝʥʠ ʛʣʠ-

ʥʠʩʪʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ (ɺʠʥʦʛʨʘʜʦʚ, 1957; ʂʨʘʡʥʦʚ, ʂʘʧʨʘʥʦʚ, 1967). ʇʦʜ-

ʟʝʤʥʳʝ ʚʦʜʳ ʟʦʥʳ ʛʠʧʝʨʛʝʥʝʟʘ ʥʝ ʥʘʩʳʱʝʥʳ ʣʠʪʠʝʤ, ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 5ï15 ʤʢʛ/ʣ (ʐʚʘʨʮʝʚ, 1998). ʕʪʦʪ ʵʣʝʤʝʥʪ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥ ʚ ʪʝʨʤʘʣʴʥʳʭ, ʤʠʥʝʨʘʣʴʥʳʭ ʣʝʯʝʙʥʳʭ ʠ ʣʝʯʝʙʥʦ-ʩʪʦʣʦʚʳʭ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜʘʭ, ʘ ʪʘʢʞʝ ʚ ʨʘʩʩʦʣʘʭ, ʚ ʢʦʪʦʨʳʭ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʦʢʦʣʦ 78% ʧʨʠʨʦʜʥʳʭ 

ʟʘʧʘʩʦʚ ʣʠʪʠʷ (ʂʦʟʣʦʚ, 2004; ʈʘʤʘʟʘʥʦʚ ʠ ʜʨ., 2010). ʈʘʩʩʦʣʳ ʩʦʣʝʥʳʭ ʦʟʝʨ 

ʷʚʣʷʶʪʩʷ ʞʠʜʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʫʜʦʡ ʜʣʷ ʜʦʙʳʯʠ ʣʠʪʠʷ ʚ ʙʦʣʴʰʠʭ ʦʙʲʝ-

ʤʘʭ ʚ ʂʠʪʘʝ (Cao et.al., 2017; Chen et.al., 2017; Song et.al., 2017; Tao et.al., 

2017; Wang et.al., 2017; Zhao et.al., 2017; ʠ ʜʨ.), ʏʠʣʠ, ɸʨʛʝʥʪʠʥʘ, ɹʨʘʟʠʣʠʷ ʠ 

ʜʨ. (Evans, 2008). ɺʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʟʘʧʘʩʘʤ ʣʠʪʠʷ ʚ ʩʦ-

ʣʝʥʳʭ ʦʟʝʨʘʭ ʄʦʥʛʦʣʠʠ (ʀʩʫʧʦʚ ʠ ʜʨ., 2011; ɺʦʣʢʦʚʘ ʠ ʜʨ., 2012). ʂʨʦʤʝ 

ʩʦʣʝʥʳʭ ʦʟʝʨ, ʜʦʙʳʯʘ ʣʠʪʠʷ ʚʝʜʝʪʩʷ ʪʘʢʞʝ ʠʟ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ɼʘʛʝʩʪʘʥʘ 

(ʈʘʤʘʟʘʥʦʚ ʠ ʜʨ., 2010). ʊʘʢʞʝ ʚʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝ-

ʪʦʜʦʚ ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʣʠʪʠʷ ʠʟ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʇʦʧʦʚ, 

2015). ɺ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʤ ʪʝʨʤʘʣʴʥʦʤ ʠʩʪʦʯʥʠʢʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʪʠʷ ʚ 

8,44ï29,5 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʢʣʘʨʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʦʜ (ʪʘʙʣ. 5.4).  



�í�í�ó��
��

��

ʊʘʙʣʠʮʘ 5.4. ʉʦʜʝʨʞʘʥʠʝ Li, Na, K ʚ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜʘʭ ʂʫʯʠʛʝʨʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ, 
ʢʣʘʨʢʠ ʨʝʯʥʳʭ ʚʦʜ, ʤʢʛ/ʣ 

ʕʣʝ-
ʤʝʥʪ 

ʂʫʯʠʛʝʨʩʢʠʝ ʛʠʜ-
ʨʦʪʝʨʤʳ (ʏʝʨʥʷʚ-
ʩʢʠʡ, 2006; ʇʣʶʩ-
ʥʠʥ ʠ ʜʨ., 2013) 

ʂʣʘʨʢ ʨʝʯ-
ʥʳʭ ʚʦʜ 
(ɼʦʙʨʦʚʦʣʴ-
ʩʢʠʡ, 2009) 

ʂʣʘʨʢ ʚʦʜ ʟʦʥʳ 
ʘʢʪʠʚʥʦʛʦ ʚʦ-
ʜʦʦʙʤʝʥʘ 
(ʐʚʘʨʮʝʚ, 
1998) 

ʆʪʥʦʰʝʥʠʝ ʢ 
ʢʣʘʨʢʫ 
ʨʝʯʥʳʭ 
ʚʦʜ  

ʢʣʘʨʢʫ ʚʦʜ ʟʦ-
ʥʳ ʘʢʪʠʚʥʦʛʦ 
ʚʦʜʦʦʙʤʝʥʘ  

Li 65 2,2 7,7 29,5 8,44 
Na 117000 4500 13800 26 8,5 
K 900 1500 1550 0,2 0,6 

 
ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʣʠʪʠʷ, ʧʦʩʪʫʧʠʚʰʝʛʦ ʠʟ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ, ʦʩʝ-

ʜʘʝʪ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ (ʨʠʩ. 5.1).  

��

 

 
 

ʈʠʩ. 5.1. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʱʝʣʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ  
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ɺ ʧʦʯʚʘʭ ʂʫʯʠʛʝʨʩʢʦʛʦ ʫʨʦʯʠʱʘ ʩʦʜʝʨʞʘʥʠʝ Li ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

13,6ï39,2 ʤʛ/ʢʛ. ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʧʦʯʚʘʭ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʣʠʩʪʳʭ ʬʨʘʢʮʠʡ ï ʩʦʣʦʥʯʘʢʝ ʩʦʣʦʥʮʝʚʘʪʦʤ (34,5 

ʤʛ/ʢʛ). ɺ ʩʘʤʦʡ ʣʝʛʢʦʡ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʟʘʩʦʣʝʥʥʦʡ ʩʚʝʪʣʦ-

ʫʤʫʩʦʚʦʡ ʪʝʨʤʦʢʨʠʘʪʫʨʙʠʨʦʚʘʥʥʦʡ ʧʦʯʚʝ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʣʠʪʠʷ ʩʦʩʪʘʚʠʣʦ 27,6 ʤʛ/ʢʛ (ʨʠʩ. 5.1).  

ʅʘʢʦʧʣʝʥʠʷ ʝʛʦ ʚ ʧʨʦʬʠʣʝ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʚʝʪʣʦʛʫʤʫʩʦʚʦʡ ʟʘʩʦʣʝʥ-

ʥʦʡ ʪʝʨʤʦʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʦʡ ʢʚʘʟʠʛʣʝʝʚʘʪʦʡ ʧʦʯʚʝ (ʊʃʂ-2-16) ʥʘʙʣʶʜʘʝʪ-

ʩʷ ʚ ʩʦʣʝʚʦʡ ʢʦʨʢʝ ʠ ʚ ʥʠʞʥʝʤ ʛʦʨʠʟʦʥʪʝ, ʛʜʝ ʚʳʩʪʫʧʘʝʪ ʛʨʫʥʪʦʚʘʷ ʚʦʜʘ 

(ʨʠʩ. 5.3). ɺ ʩʦʣʦʥʯʘʢʝ ʪʝʤʥʦʤ ʧʦʩʪʘʛʨʦʛʝʥʥʦʤ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʦʤ ʤʝʨʟ-

ʣʦʪʥʦʤ (ʊʃʂ-1-16), ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʪʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʩʦʣʝ-

ʚʦʡ ʢʦʨʢʝ, ʥʠʞʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʟʨʘʩʪʘʝʪ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʠʢʦʤ ʚ ʥʠʞʥʝʤ 

ʤʝʨʟʣʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ. ɺ ʩʦʣʦʥʯʘʢʝ ʪʝʤʥʦʤ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʦʤ ʦʢʠʩʣʝʥʥʦ-

ʛʣʝʝʚʦʤ ʤʝʨʟʣʦʪʥʦʤ (ʊʃʂ-3-16) ʠ ʚ ʩʦʣʦʥʯʘʢʝ ʪʝʤʥʦʤ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʦʤ 

ʩʦʣʦʥʮʝʚʘʪʦʤ ʤʝʨʟʣʦʪʥʦʤ (ʊʃʂ-4-16) ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʣʠʪʠʷ ʟʘʬʠʢ-

ʩʠʨʦʚʘʥʳ ʚ ʩʦʣʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʨʢʝ. ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʘ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʛʦʨʠʟʦʥʪʘʤ ʩ ʙʦʣʝʝ ʪʷʞʝʣʳʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ 

(ʨʠʩ. 5.3).  

�� ��
                                          Li                                                                 Na 

 
K 

ʈʠʩ. 5.2. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ Li, Na, K ʧʦ ʩʨʘʚʥʝʥʠʶ: 1-ʢʣʘʨʢʦʤ ʟʝʤʥʦʡ ʢʦ-
ʨʳ; 2- ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ; 3- ʧʦʯʚʘʤʠ ɿʘʙʘʡ-

ʢʘʣʴʷ; 4-ʟʘʩʦʣʝʥʥʳʤʠ ʧʦʯʚʘʤʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 
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ʈʠʩ.  5.3. ʇʨʦʬʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ Li, Na, K ʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ 

ʂʫʯʠʛʝʨʩʢʠʭ ʛʠʜʨʦʪʝʨʤ 
 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʣʠʪʠʷ 27,5 ʤʛ/ʢʛ ʧʨʠ ʚʳʙʦʨʢʝ = 22, ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʦʩʠʪ ʥʦʨʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 5.4). ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʘʷ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʣʠʪʠʷ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 24,3ï30,7 ʤʛ/ʢʛ ʧʦʯʚʳ. ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘ-

ʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 26%, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʨʦʜʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. 

ʉʚʷʟʴ, ʩʦʜʝʨʞʘʥʠʷ ʣʠʪʠʷ ʩ ʦʩʥʦʚʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ ʧʦʯʚʳ, ʩʣʘʙʘʷ ʠ ʠʤʝʝʪ ʥʝ ʜʦʩʪʦʚʝʨʥʳʡ ʭʘʨʘʢʪʝʨ (ʧʨʠʣʦʞʝʥʠʝ 1). ʉʦ-

ʜʝʨʞʘʥʠʝ ʣʠʪʠʷ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʩʚʷʟʴ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚ 

ʧʦʯʚʘʭ ʢʨʫʧʥʦʡ ʧʳʣʠ, ʟʘʤʝʪʥʫʶ ï ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʦʡ ʠ ʦʙʨʘʪʥʫʶ ʚʳʩʦʢʫʶ 

ʩʚʷʟʴ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʩʢʘ (ʧʨʠʣʦʞʝʥʠʝ 1). ɸʢʢʫʤʫʣʷʮʠʷ ʣʠʪʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʛʣʠʥʠʩʪʳʤʠ ʯʘʩʪʠʮʘʤʠ ʥʘ ʩʦʨʙʮʠʦʥʥʦʤ ʙʘʨʴʝʨʝ.  
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʝ ʣʠʪʠʷ ʩ 

ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʝʛʦ ʩʚʷʟʴ ʩ Ni<Co<Fe<Cr  ʠ ʦʙʨʘʪʥʫʶ 

ʢʦʨʨʝʣʷʮʠʶ ʩ Na (ʧʨʠʣʦʞʝʥʠʝ 2). 

 

 

 
ʆʧʠʩʘʪʝʣʴʥʳʝ ʩʪʘʪʠʩʪʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Li, Na, K  

ʇʦʢʘʟʘʪʝʣʴ Li Na K 
ɺʳʙʦʨʢʘ 22 22 26 
ʉʨʝʜʥʝʝ 27,5 28286 17738,5 
ʄʝʜʠʘʥʘ 25,80 28150 17600 
ʄʦʜʘ ʄʥʦʞʝʩʪʚʦ 24900 ʄʥʦʞʝʩʪʚʦ 

ʏʘʩʪʦʪʘ ʤʦʜʳ ï 2 ï 
ʄʠʥʠʤʫʤ, ʤʛ/ʢʛ 16,10 23200 11600 
ʄʘʢʩʠʤʫʤ, ʤʛ/ʢʛ 40,80 33600 22700 

ɼʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 
(ʈ=0,05), ʤʛ/ʢʛ 

24,27ï30,75 27032ï29541 16483,97ï18992,95 

ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 7,31 2830 3105,87 
ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ V, % 26,58 10 17,5 

ʆʰʠʙʢʘ ʩʨʝʜʥʝʛʦ 1,56 603 609 
ɸʩʠʤʤʝʪʨʠʷ 0,25 -0,03 -0,11 
ʕʢʩʮʝʩʩ -0,92 -0,53 -0,31 

ʊʝʩʪ ʐʘʧʠʨʦ-ʋʠʣʢʘ SW-W=0,96 
(p=0,48) 

SW-W=0,98 
(p=0,95) 

SW-W=0,98 
(p=0,65) 

ʈʠʩ. 5.4. ʅʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Li, Na, K ʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ 
ʟʦʥʳ ʚʣʠʷʥʠʷ ʂʫʯʠʛʝʨʩʢʠʭ ʛʠʜʨʦʪʝʨʤ  
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ʅʘʪʨʠʡ ʦʪʥʦʩʠʪʩʷ ʢ ʙʠʦʬʠʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ ʠ ʩʦʜʝʨʞʠʪʩʷ ʚʦ ʚʩʝʭ ʤʘ-

ʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜʘʭ. ʂʣʘʨʢ ʥʘʪʨʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ 20700 ʤʛ/ʢʛ (ʪʘʙʣ. 5.5). ʄʠ-

ʥʝʨʘʣʴʥʳʝ ʚʠʜʳ ʥʘʪʨʠʷ ʧʦ ʛʝʥʝʟʠʩʫ ʥʘ 70% ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʠʣʠ ʪʝʨʤʘʣʴʥʳʝ 

ʠ ʥʘ 30% ʛʠʧʝʨʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʏʝʨʪʢʦ, ʏʝʨʪʢʦ, 2008). ɺ ʦʩʘʜʦʯʥʳʭ ʧʦ-

ʨʦʜʘʭ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ: ʩʦʜʝʨʞʘʥʠʝ ʚ ʛʣʠʥʘʭ ï0,96%, ʚ ʧʝʩ-

ʯʘʥʠʢʘʭ ï 0,33% (ɻʦʨʥʘʷé, 1987).  
ʊʘʙʣʠʮʘ 5.5. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Na ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʩʦʣʝʚʳʭ ʢʦʨʦʢ ʚ ʧʦʯ-
ʚʝʥʥʦʤ ʧʨʦʬʠʣʝ 

ɻʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦ-
ʚʝʥʠʷ, ʩʤ 

ʀʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʛʦ 
ʟʥʘʯʝʥʠʷ, ʤʛ/ʢʛ 

ʈʘʟʥʠʮʘ, ʤʛ/ʢʛ % ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘ-
ʯʝʥʠʷ 

0ï20 32800 4514 16,0 
0ï50 30092 1805 6,4 
0-100 29189 903 3,2 

 

ʆʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʥʘʪʨʠʷ ʚ ʙʠʦʩʬʝʨʝ ʷʚʣʷʝʪʩʷ ʚʳʚʝʪʨʠʚʘʥʠʝ ʛʦʨʥʳʭ 

ʧʦʨʦʜ. ɺ ʧʦʯʚʝ ʥʘʪʨʠʡ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʦʩʪʘʚʝ ʥʘʪʨʠʡʩʦ-

ʜʝʨʞʘʱʠʭ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʧʦʣʝʚʳʭ ʰʧʘʪʘʭ). ɺ ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷ-

ʶʱʠʭ ʢʨʫʧʥʦʡ ʬʨʘʢʮʠʠ ʩʦʜʝʨʞʘʥʠʝ ʚʘʣʦʚʦʛʦ ʥʘʪʨʠʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 5-6%, 

ʪʦʛʜʘ ʢʘʢ ʚ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,5-1% (ɹʝʣʠʮʠʥʘ ʠ ʜʨ., 1988). 

ʉʦʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ ʚ ʧʝʩʯʘʥʳʭ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ 

ʢʦʪʣʦʚʠʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʝʛʦ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʟʝʤʥʦʡ 

ʢʦʨʝ ʠ ʢʣʘʩʩʠʯʝʩʢʠʤ ʛʨʘʥʠʪʘʤ ʠ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʝʛʦ ʚ 

ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʦʤ ʙʘʪʦʣʠʪʝ (ʪʘʙʣ. 5.1).  

ʅʘʪʨʠʡ ʦʯʝʥʴ ʧʦʜʚʠʞʝʥ ʚ ʣʶʙʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ ʠ ʧʦʯʪʠ 

ʧʦʣʥʦʩʪʴʶ ʚʳʤʳʚʘʝʪʩʷ ʠʟ ʚʝʨʭʥʠʭ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʛʫ-

ʤʠʜʥʦʛʦ ʢʣʠʤʘʪʘ, ʥʘʢʦʧʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʘʨʠʜʥʦʤ ʢʣʠʤʘʪʝ ʟʘ ʩʯʝʪ ʠʩʧʘ-

ʨʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʅʘʪʨʠʡ ʦʩʘʞʜʘʝʪʩʷ ʥʘ ʠʩʧʘʨʠʪʝʣʴʥʦʤ ʠ ʩʦʨʙʮʠ-

ʦʥʥʦʤ ʙʘʨʴʝʨʝ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʠ ʚʳʭʦʜʠʪ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʢʘʪʠʦʥʦʚ 

(ʭʣʦʨʠʜʥʦ- ʠ ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʝ ʚʦʜʳ). ʇʦʵʪʦʤʫ ʥʘʪʨʠʡ ï ʪʠʧʦʤʦʨʬʥʳʡ 

ʵʣʝʤʝʥʪ ʩʫʭʠʭ ʩʪʝʧʝʡ ʠ ʦʩʦʙʝʥʥʦ ʧʫʩʪʳʥʴ (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999; 

ʏʝʨʪʢʦ, ʏʝʨʪʢʦ, 2008).  

ɺ ʧʦʯʚʘʭ ɹʫʨʷʪʠʠ ʩʦʜʝʨʞʘʥʠʝ ʚʘʣʦʚʦʛʦ ʥʘʪʨʠʷ ʚʳʩʦʢʦʝ (1,8ï3,4%) 

(ʋʙʫʛʫʥʦʚ, 1987; ʄʝʨʢʫʰʝʚʘ ʠ ʜʨ., 2006; ʀʚʘʥʦʚ, 2007; ʄʝʨʢʫʰʝʚʘ ʠ ʜʨ., 
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2011). ʊʘʢʦʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʚʷʟʘʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʝʛʦ 

ʚ ʧʦʣʝʚʳʭ ʰʧʘʪʘʭ (ʋʙʫʛʫʥʦʚ, 2012). ɺ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ 

ʢʦʪʣʦʚʠʥʳ ʩʦʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ (ʥʝ ʫʯʠʪʳʚʘʷ ʧʦʚʝʨʭ-

ʥʦʩʪʥʫʶ ʩʦʣʝʚʫʶ ʢʦʨʦʯʢʫ) ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 24897ï27112 ʤʛ/ʢʛ, ʯʪʦ ʚ 

1,3 ʨʘʟʘ ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʷ ʝʛʦ ʚ ʟʝʤʥʦʡ ʢʦʨʝ (ʪʘʙʣ. 5.3). 

ʅʘ ʤʠʛʨʘʮʠʶ ʥʘʪʨʠʷ ʚ ʙʠʦʩʬʝʨʝ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʧʨʦʮʝʩ-

ʩʳ ʨʘʩʪʚʦʨʝʥʠʷ. ɼʣʷ ʥʝʛʦ ʭʘʨʘʢʪʝʨʥʘ ʠʥʪʝʥʩʠʚʥʘʷ ʚʦʜʥʘʷ ʤʠʛʨʘʮʠʷ ʩ ʦʙʨʘ-

ʟʦʚʘʥʠʝʤ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ, ʢʣʘʨʢ ʚ ʨʝʯʥʳʭ ʚʦʜʘʭ ʩʦʩʪʘʚʣʷʝʪ ï4500 

ʤʢʛ/ʣ, ʚ ʚʦʜʝ ʩʨʝʜʠ ʢʘʪʠʦʥʦʚ ʦʥ ʟʘʥʠʤʘʝʪ 3-ʝ ʤʝʩʪʦ ʧʦʩʣʝ ʉʘ ʠ Mg (ʇʝʨʝʣʴ-

ʤʘʥ, ʂʘʩʠʤʦʚ, 1999; ɼʦʙʨʦʚʦʣʴʩʢʠʡ, 2009). ʅʘʪʨʠʡ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ 

ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʩʦʣʝʥʳʭ ʦʟʝʨʘʭ ʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ 

(ʐʘʙʳʥʠʥ ʠ ʜʨ., 2002; ʆʨʛʠʣʴʷʥʦʚ ʠ ʜʨ., 2013; ɻʝʦʭʠʤʠʯʝʩʢʘʷé, 2011; 

ʇʣʶʩʥʠʥ ʠ ʜʨ., 2013; ʉʦʢʪʦʝʚ ʠ ʜʨ., 2015 ʠ ʜʨ.). ʉʦʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ ʚ ʂʫʯʠ-

ʛʝʨʩʢʠʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʚ 26 ʨʘʟ ʚʳʰʝ ʢʣʘʨʢʘ ʨʝʯʥʳʭ ʚʦʜ ʠ 

ʨʘʚʝʥ 117000 ʤʢʛ/ʣ (ʪʘʙʣ. 5.4). 

ʇʨʠ ʨʘʟʛʨʫʟʢʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜ ʧʝʨʚʠʯʥʳʤ ʩʦʨʙʝʥʪʦʤ ʷʚʣʷʶʪʩʷ ʜʦʥ-

ʥʳʝ ʦʪʣʦʞʝʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ ʜʦʩʪʠʛʘʝʪ 22900 ʤʛ/ʢʛ ʚ ʜʦʥʥʳʭ ʦʪʣʦ-

ʞʝʥʠʷʭ ʙʘʥʥʦʛʦ ʢʦʨʧʫʩʘ, ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʙʦʣʦʪʥʦʡ ʤʝʩʪʥʦʩʪʠ ï 7500 

ʤʛ/ʢʛ (ʨʠʩ. 5.1). 

ɺ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ ʢʦʣʝʙʣʝʪʩʷ 

ʦʪ 24382 ʤʛ/ʢʛ ʜʦ 29553 ʤʛ/ʢʛ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʠʤʝʶʪ ʧʦʯʚʳ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʝ ʚʙʣʠʟʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʪʝʨʤʦʢʨʠʦʪʫʨʙʠ-

ʨʦʚʘʥʥʘʷ (ʊʃʂ-2-16), ʘ ʪʘʢʞʝ ʥʘ ʟʘʙʦʣʦʯʝʥʥʦʤ ʫʯʘʩʪʢʝ ʩ ʧʝʨʝʩʳʭʘʶʱʠʤʠ 

ʦʟʝʨʘʤ ï ʩʦʣʦʥʯʘʢ ʪʝʤʥʳʡ ʢʚʘʟʠʛʣʝʝʚʘʪʳʡ (ʊʃʂ-3-16), ʛʜʝ ʩʨʝʜʥʝʚʟʚʝʰʝʥ-

ʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ ʨʘʚʥʦ 29553 ʤʛ/ʢʛ ʠ 29245 ʤʛ/ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʨʠʩ. 5.1). ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʠʤʝʶʪ ʩʦʣʦʥʯʘʢ ʧʦʩʪʘʛʨʦʛʝʥʥʳʡ 

(ʊʃʂ-1-16) ʠ ʩʦʣʦʥʯʘʢ ʩʦʣʦʥʮʝʚʘʪʳʡ (ʊʃʂ-4-16), ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʪʨʠʷ, ʚ 

ʢʦʪʦʨʳʭ 24382 ʤʛ/ʢʛ ʠ 25777 ʤʛ/ʢʛ (ʨʠʩ. 5.1). 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ ʚ ʧʦʯʚʘʭ ʟʦʥʳ ʚʣʠʷʥʠʷ ʂʫʯʠʛʝʨʩʢʠʭ ʛʠʜ-

ʨʦʪʝʨʤ ʥʘ 10% ʚʳʰʝ, ʯʝʤ ʚ ʩʨʝʜʥʝʤ ʚ ʩʦʣʦʥʯʘʢʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 
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ʠ ʧʦʯʪʠ ʚʪʨʦʝ ï ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʬʦʥʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʪʠʚʥʦʝ ʚʣʠʷʥʠʝ 

ʛʠʜʨʦʪʝʨʤ ʥʘ ʝʛʦ ʥʘʢʦʧʣʝʥʠʝ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ (ʨʠʩ. 5.2). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʪʨʠʷ ʚʥʫʪʨʠ ʧʨʦʬʠʣʷ ʧʦʯʚ ʠʤʝʝʪ ʦʜʥʦʪʠʧʥʳʡ ʭʘʨʘʢ-

ʪʝʨ, ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʘ ʠʩʧʘʨʠʪʝʣʴʥʦʤ ʙʘʨʴʝʨʝ ï ʚ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʩʦʣʝʚʳʭ ʢʦʨʦʯʢʘʭ (ʨʠʩ. 5.3). ʀʩʧʘʨʠʪʝʣʴʥʳʡ ʙʘʨʴʝʨ ʭʦʨʦʰʦ ʚʳʨʘ-

ʞʝʥ ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ ʪʝʨʤʦʢʨʠʘʪʫʨʙʠʨʦʚʘʥʥʦʡ ʧʦʯʚʝ (ʊʃʂ-2-16), ʛʜʝ ʩʦ-

ʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ ʚ ʩʦʣʝʚʦʡ ʢʦʨʢʝ ʜʦʩʪʠʛʘʝʪ 99400 ʤʛ/ʢʛ ʠ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʚ 

ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʜʦ 28000 ʤʛ/ʢʛ. ɺ ʩʨʝʜʥʝʤ ʩʦʜʝʨʞʘʥʠʝ Na ʚ ʩʦʣʝʚʳʭ 

ʢʦʨʢʘʭ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ ʨʘʚʥʦ 90275 ʤʛ/ʢʛ.  

ʇʨʠ ʨʘʩʯʝʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʪʨʠʷ ʚ 

ʚʳʙʦʨʢʝ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʪʨʠʷ ʚ ʩʦʣʝʚʳʭ ʢʦʨʦʯʢʘʭ n = 22, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʩʠʪ ʥʦʨʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 29141 

ʤʛ/ʢʛ (ʨʠʩ. 5.4).  

ʇʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʩʫʭʦʡ ʨʘʥʥʝʣʝʪʥʠʡ ʧʝʨʠʦʜ 

2016 ʛ. ʧʦʩʣʝ ʘʥʦʤʘʣʴʥʦʡ 3-ʣʝʪʥʝʡ ʟʘʩʫʭʠ 2013-2015 ʛʛ. ʇʦʵʪʦʤʫ ʩʣʝʜʦʚʘʣʦ 

ʦʞʠʜʘʪʴ ʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʘ ʥʘ ʠʩʧʘʨʠʪʝʣʴʥʦʤ ʙʘʨʴʝʨʝ ʦʩʦ-

ʙʝʥʥʦ ʚ ʪʷʞʝʣʳʭ ʠ ʚʣʘʞʥʳʭ ʧʦʯʚʘʭ. ʇʨʠ ʜʨʫʛʠʭ, ʙʦʣʝʝ ʚʣʘʞʥʳʭ ʫʩʣʦʚʠʷʭ ʠ 

ʚʦʟʤʦʞʥʦʤ ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʪʚʦʨʝʥʠʠ ʩʦʣʝʚʳʭ ʢʦʨʦʯʝʢ ʚ 20 ʩʤ ʩʣʦʝ ʩʦʜʝʨ-

ʞʘʥʠʝ ʥʘʪʨʠʷ ʫʚʝʣʠʯʠʪʩʷ ʥʘ 16 %, ʚ 50 ʩʤ ʩʣʦʝ ʥʘ 6,4%, ʥʘ 3,2% ʚ 100 ʩʤ 

ʩʣʦʝ (ʪʘʙʣ. 5.5). 

ɼʦʣʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʳ ʥʘʪʨʠʷ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʢʦʣʝʙʘʣʘʩʴ 

ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʨʠʩ. 5.5). ʄʘʢʩʠʤʘʣʴʥʳʝ ʧʨʦʮʝʥʪʥʳʝ ʜʦʣʠ ʦʞʠ-

ʜʘʝʤʦ ʥʘʭʦʜʠʣʠʩʴ ʚ ʩʦʣʝʚʳʭ ʢʦʨʦʯʢʘʭ, ʜʦʩʪʠʛʘʷ 82-99%. ʅʝʧʦʣʥʘʷ ʚʦʜʦʨʘʩ-

ʪʚʦʨʠʤʦʩʪʴ ʥʘʪʨʠʷ ʚ ʢʦʨʦʯʢʘʭ ʨʘʟʨʝʟʦʚ ʊʃʂ-4-16 ʠ ʊʃʂ-3-16 ʦʯʝʚʠʜʥʦ ʩʚʷ-

ʟʘʥʘ ʩ ʚʝʪʨʦʚʳʤ ʧʨʠʚʥʦʩʦʤ ʠ ʧʦʜʤʝʰʠʚʘʥʠʝʤ ʧʳʣʠ ʠ ʧʝʩʢʘ. ʉʪʝʧʝʥʴ ʚʦʜʦ-

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʥʘʪʨʠʷ ʚ ʢʦʨʦʯʢʘʭ ʤʦʞʝʪ ʙʳʪʴ ʫʜʦʙʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʠʥʘ-

ʤʠʢʠ ʵʦʣʦʛʝʥʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ. 

ʇʨʦʬʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʥʘʪʨʠʷ ʚ ʧʦʯʚʘʭ ʧʦʢʘ-

ʟʳʚʘʝʪ ʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʦʝ ʠʩʧʘʨʠʪʝʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʣʝʛʢʠʭ 
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ʧʦʯʚʘʭ ʩ ʘʢʪʠʚʥʳʤ ʘʣʣʶʚʠʘʣʴʥʳʤ ʩʠʥʣʠʪʦʛʝʥʝʟʦʤ ʠ ʤʝʥʝʝ ʢʦʥʪʨʘʩʪʥʦʝ ï ʚ 

ʪʷʞʝʣʳʭ, ʚʳʭʦʜʷʱʠʭ ʠʟ ʧʦʜ ʚʣʠʷʥʠʷ ʧʦʝʤʥʦʩʪʠ (ʨʠʩ. 5.5). 

 

  
ʊʃʂ-2-16 ʊʃʂ-1-16 

  
ʊʃʂ-3-16 ʊʃʂ-4-16 

 

ʈʠʩ. 5.5. ɼʦʣʝʚʦʝ ʫʯʘʩʪʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʳ ʥʘʪʨʠʷ ʚ ʝʛʦ ʚʘʣʦʚʦʤ 
ʩʦʜʝʨʞʘʥʠʠ ʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʟʦʥʳ ʚʣʠʷʥʠʷ ʂʫʯʠʛʝʨʩʢʠʭ ʛʠʜʨʦʪʝʨʤ 

 
ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʥʘʪʨʠʷ ʩ ʦʩʥʦʚʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʥʝ ʚʳʷʚʣʝʥʳ, ʢʨʦʤʝ ʦʯʝʥʴ ʩʠʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ (ʧʨʠʣʦʞʝʥʠʝ 1). ʅʘʪʨʠʡ ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʚʩʝʤʠ 

ʬʨʘʢʮʠʷʤʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʧʨʠʣʦʞʝʥʠʝ 1). Na ʦʯʝʥʴ ʪʝʩʥʦ 

ʦʙʨʘʪʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ ʠ ʪʝʩʥʦ ï ʩ ʧʳʣʴʶ, ʘ 

ʩ ʧʝʩʯʘʥʳʤʠ ʬʨʘʢʮʠʷʤʠ, ʥʘʧʨʦʪʠʚ, ʩʚʷʟʴ ʧʨʷʤʘʷ: ʩʣʘʙʘʷ ï ʩ ʤʝʣʢʠʤ ʧʝʩʢʦʤ 

�ì �î�ì �ð�ì �ò�ì �ô�ì �í�ì�ì

�Á�¶

�����:�•�U�›

�€�����U�������}�Æ�U���•���›�í��
�-�#�(��

�€�����U�������}�Æ�U���•���›���î��
�-�#�(��

�€�����U�������}�Æ�U���•���›��
�ï�-�#�(��

�€���:�•�Á�‹�U�•�•�•

�î�€���:�•�Á�‹�U�•�•�•

�ï�€���:�•�Á�‹�U�•�•�•

�9

�§�(�,�����(�&�/ �ì �î�ì �ð�ì �ò�ì �ô�ì �í�ì�ì

�Á�¶

�^�‰���€���h�•

�^�›

�€�^���U�����•�•�•�U�����}�Æ�U�•�•�•�U��
�î�^���•���›���í���-�#�(��

�€�^���U�����•�•�•�U�����}�Æ�U�•�•�•�U��
�î�^���•���›���î�-�#�(��

�€�^���U�����•�•�•�U�����}�Æ�U�•�•�•�U��
�î�^���•���›���ï���-�#�(��

�€���h�•���•�U�O�•�•

�9

�§�(�,�����(�&�/

�ì �î�ì �ð�ì �ò�ì �ô�ì �í�ì�ì

�Á�¶

�^

���•

�€���:�•�•�U�›

�î��
;
;
;
;�•�U�‹�U�›

�î�€���:�•�•�U�›�U�‹

�ï���•�U�}�Æ�U�›

�9

�§�(�,�����(�&�/ �ì �î�ì �ð�ì �ò�ì �ô�ì �í�ì�ì

�Á�¶

�^�€���h�•

�î�^

�ï�^�›

�ð�^�‹�U�›���í���-�#�(��

�ð�^�‹�U�›���î�-�#�(��

�ð�^�‹�U�›���ï���-�#�(��

�î���•�•�•�����í���-�#�(��

�î���•�•�•�����î���-�#�(��

�Á�•

�€���•�‹�O

�9

�§�(�,�����(�&�/



�í�î�ñ��
��

��

ʠ ʦʯʝʥʴ ʪʝʩʥʘʷ ï ʩ ʢʨʫʧʥʳʤ ʠ ʩʨʝʜʥʠʤ. ʉʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʪʦʥʢʦʜʠʩ-

ʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʚʳʰʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʥʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʪʨʠʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʧʝʩʯʘʥʳʭ ʬʨʘʢʮʠʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʝʜʝʪ ʢ ʚʳʩʦʢʠʤ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷʤ ʵʣʝʤʝʥʪʘ. ʊʘʢʦʝ ʥʝʩʦʛʣʘʩʠʝ ʚ ʚʘʣʦʚʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʤʝʥʪʘ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʝʛʦ ʩʦʭʨʘʥʥʦʩʪʴʶ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʧʦʯʚʦʦʙʨʘ-

ʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʘʝʪ ʘʣʣʶʚʠʘʣʴʥʳʡ ʠ/ʠʣʠ ʵʦ-

ʣʦʚʳʡ ʧʝʩʦʢ. ʈʘʟʨʫʰʝʥʠʝ, ʫʪʦʥʯʝʥʠʝ ʧʝʩʯʘʥʳʭ ʯʘʩʪʠʮ, ʘʢʪʠʚʠʟʠʨʫʝʪ ʚʳʱʝ-

ʣʘʯʠʚʘʥʠʝ ʵʣʝʤʝʥʪʘ, ʫʩʢʦʨʷʝʪ ʝʛʦ ʧʝʨʝʭʦʜ ʚ ʧʦʜʚʠʞʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʚʝʜʝʪ 

ʢ ʧʦʪʝʨʝ Na ʢʘʢ ʠʟ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʪʘʢ ʠ ʚ ʮʝʣʦʤ ʠʟ ʧʨʦʬʠʣʷ. ʇʦ-

ʵʪʦʤʫ ʚ ʪʷʞʝʣʳʭ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʥʝ-

ʚʳʩʦʢʦʝ, ʘ ʚ ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʩʚʝʞʘʶʱʠʭʩʷ ʧʨʠʚʥʦʩʦʤ ʩʚʝʞʝʛʦ ʧʝʩʢʘ ï ʤʘʢ-

ʩʠʤʘʣʴʥʦʝ. 

ʆʩʥʦʚʥʳʤʠ ʧʦʯʚʝʥʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʙʘʨʴʝʨʘʤʠ ʜʣʷ ʣʝʛʢʦʨʘʩʪʚʦʨʠ-

ʤʦʛʦ ʥʘʪʨʠʷ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʠʟ ʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʷʚʣʷʶʪʩʷ ʠʩʧʘʨʠʪʝʣʴ-

ʥʳʡ ʠ ʤʝʨʟʣʦʪʥʳʡ, ʝʩʣʠ ʤʝʨʟʣʦʪʘ ʚʳʩʪʫʧʘʝʪ ʚʦʜʦʫʧʦʨʦʤ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʤ 

ʚʦʜʥʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʤʠʛʨʘʮʠʠ ʥʘʪʨʠʷ ʚ ʛʣʫʙʦʢʠʝ ʩʣʦʠ. ɺʘʣʦʚʦʝ ʩʦʜʝʨʞʘ-

ʥʠʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʩʯʘʥʳʭ ʬʨʘʢʮʠʡ, ʚ ʢʦ-

ʪʦʨʳʭ ʥʘʪʨʠʡ ʩʦʜʝʨʞʠʪʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʤʠʥʝʨʘʣʦʚ. 

ʉʦʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ ʚ ʧʦʯʚʘʭ ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

Ca<Li<Ni<Co<Cr, ʦʩʪʘʣʴʥʳʝ ʩʚʷʟʠ ʠʤʝʶʪ ʥʝ ʜʦʩʪʦʚʝʨʥʳʡ ʭʘʨʘʢʪʝʨ (ʧʨʠʣʦ-

ʞʝʥʠʝ 2). 

ʂʘʣʠʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʱʝʣʦʯʥʦʡ ʵʣʝʤʝʥʪ ʟʝʤʥʦʡ ʢʦʨʳ, ʝʛʦ ʢʣʘʨʢ 

ʩʦʩʪʘʚʣʷʝʪ 22300ʤʛ/ʢʛ (ʪʘʙʣ. 5.1). ʂʘʣʠʡ ʚʘʞʥʳʡ ʙʠʦʛʝʥʥʳʡ ʵʣʝʤʝʥʪ, ʢʦʪʦ-

ʨʳʡ ʚʣʠʷʝʪ ʥʘ ʬʦʪʦʩʠʥʪʝʟ, ʘ ʪʘʢʞʝ ʚʦʜʥʳʡ, ʫʛʣʝʚʦʜʥʳʡ, ʘʟʦʪʥʳʡ, ʬʦʩʬʦʨ-

ʥʳʡ ʦʙʤʝʥʳ.  

ʅʘʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 109 ʤʠʥʝʨʘʣʦʚ ʢʘʣʠʷ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʝʛʦ ʩ ʩʠʣʠʢʘʪʘʤʠ (40%), ʩʫʣʴʬʘʪʘʤʠ (35%), ʛʘʣʦʠʜʘʤʠ 

(12%), ʠʟ ʥʠʭ 75% ʛʠʧʝʨʛʝʥʥʦʡ ʟʦʥʳ. (ʏʝʨʪʢʦ, ʏʝʨʪʢʦ, 2008). ʉʦʜʝʨʞʘʥʠʝ 

ʝʛʦ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʛʨʘʥʠʪʘʭ 33390 ʤʛ/ʢʛ, ʚ ʛʨʘʥʠʪʘʭ ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʦʛʦ ʙʘ-

ʪʦʣʠʪʘ 35524 ʤʛ/ʢʛ, ʘ ʢʣʘʨʢ ʧʦʯʚ ʩʦʩʪʘʚʣʷʝʪ 14000 ʤʛ/ʢʛ (ʪʘʙʣ. 5.1). 
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ʂʘʣʠʡ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪ-

ʣʦʚʠʥʳ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʣʘʨʢʦʤ ʟʝʤʥʦʡ ʢʦʨʳ ʥʘʢʘʧʣʠʚʘʝʪʩʷ, ʘ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʠ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʛʨʘʥʠʪʘʤʠ ʨʘʩʩʝʠʚʘʝʪʩʷ 

(ʪʘʙʣ. 5.2). 

ʂʘʣʠʡ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥ, ʚ ʩʚʷʟʠ ʩ ʝʛʦ ʚʳʩʦʢʦʡ ʙʠʦʬʠʣʴʥʦ-

ʩʪʴʶ (ʀʚʘʥʝʥʢʦ, 1996; ʂʦʙʟʘʨʝʥʢʦ, 1998; ʗʢʠʤʝʥʢʦ, 2004; ɸʙʠʜʫʝʚʘ, ʉʦʢʦ-

ʣʦʚʘ, 2005; ɽʬʨʠʤʦʚʘ ʠ ʜʨ., 2007; ʅʠʢʠʪʠʰʝʥ, ʃʠʯʢʦ, 2007; ʅʝʯʘʝʚʘ, 2011; 

ʎʭʦʚʨʝʙʦʚ, 2013 ʠ ʜʨ.). ɺ ʧʦʯʚʝ ʢʘʣʠʬʠʢʩʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ 

ʠʣʠʩʪʳʝ ʤʠʥʝʨʘʣʳ (ʅʠʢʦʣʘʝʚʘ, 1988). ɼʣʷ ʢʘʣʠʷ ʭʘʨʘʢʪʝʨʥʳ ʙʠʦʛʝʦʭʠʤʠʯʝ-

ʩʢʠʡ ʠ ʩʦʨʙʮʠʦʥʥʳʡ ʙʘʨʴʝʨʳ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʠʩʧʘʨʠʪʝʣʴʥʳʡ ʠ ʩʫʣʴʬʘʪ-

ʥʳʡ (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999).  

ʇʦʯʚʳ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʚʘʣʦʚʦʛʦ ʢʘʣʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʢʘʣʠʝʚʳʝ ʰʧʘʪʳ ʠ 

ʩʣʶʜʳ (ɿʘʛʫʟʠʥʘ, ʈʫʟʘʚʠʥ, 1989; ʗʨʠʣʦʚʘ ʠ ʜʨ., 1970). ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʚʘʣʦʚʦʛʦ ʢʘʣʠʷ ʚ ʧʦʯʚʘʭ ɹʫʨʷʪʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ. ɺ ʘʣʣʶʚʠʘʣʴ-

ʥʳʭ ʧʦʯʚʘʭ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚʘʨʴʠʨʫʝʪ 1,79ï3,30%, ʚ ʯʝʨʥʦʟʝʤʘʭ ʠ ʢʘʰʪʘʥʦ-

ʚʳʭ ʩʪʝʧʥʳʭ ʧʦʯʚʘʭ 1,07ï5,17% (ʇʠʛʘʨʝʚʘ, 1991; ʋʙʫʛʫʥʦʚ, ʋʙʫʛʫʥʦʚʘ, 

1999; ɸʙʠʜʫʝʚʘ, ʉʦʢʦʣʦʚʘ, 2005). ɺ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʜʝ-

ʧʨʝʩʩʠʠ ʢʦʣʠʯʝʩʪʚʦ ʚʘʣʦʚʦʛʦ ʢʘʣʠʷ ʩʦʩʪʘʚʣʷʝʪ 21490 ʤʛ/ʢʛ, ʯʪʦ ʧʨʠʤʝʨʥʦ 

ʨʘʚʥʦ ʝʛʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ (ʪʘʙʣ. 5.2). 

ʇʨʠ ʚʳʚʝʪʨʠʚʘʥʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʢʘʣʠʡ ʧʝʨʝʭʦʜʠʪ ʚ ʚʦʜʳ, ʥʦ ʙʳʩʪʨʦ 

ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʦʨʛʘʥʠʟʤʘʤʠ ʠ ʛʣʠʥʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʘʙʘʷ ʚʦʜʥʘʷ ʤʠ-

ʛʨʘʮʠʷ ʂ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝ ʧʣʦʭʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʩʦʣʝʡ, ʘ ʚʳʩʦʢʦʡ ʙʠʦ-

ʬʠʣʴʥʦʩʪʴʶ ʵʣʝʤʝʥʪʘ (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999). ʇʦʵʪʦʤʫ ʨʝʢʠ ʙʝʜʥʳ ʢʘ-

ʣʠʝʤ ʝʛʦ ʢʣʘʨʢ ʨʘʚʝʥ 1500 ʤʢʛ/ʣ, ʘ ʦʢʝʘʥʠʯʝʩʢʠʝ ʚʦʜʳ ʩʦʜʝʨʞʘʪ ʂ ʚ 25 ʨʘʟ 

ʤʝʥʴʰʝ Na (ɼʦʙʨʦʚʦʣʴʩʢʠʡ, 2009). ɺ ʚʦʜʘʭ ʂʫʯʠʛʝʨʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʢʘʣʠʷ 

ʩʦʜʝʨʞʠʪʩʷ ʚ 130 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʥʘʪʨʠʷ (ʪʘʙʣ. 5.4), ʧʨʠʯʝʤ ʢʘʣʠʡ ʭʦʨʦʰʦ 

ʩʦʨʙʠʨʫʝʪʩʷ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠʩʪʦʯʥʠʢʘ. ʉʦʜʝʨʞʘʥʠʝ ʚ ʜʦʥʥʳʭ ʦʪʣʦ-

ʞʝʥʠʷʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʨʘʟʛʨʫʞʘʶʱʝʛʦʩʷ ʚ ʙʦʣʦʪʦ, ʩʦʩʪʘʚʣʷʝʪ 
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7400 ʤʛ/ʢʛ, ʚ ʙʦʣʝʝ ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʘʭ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʙʘʥʥʦʤʫ ʢʦʨʧʫʩʫ, 

ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʜʦʩʪʠʛʘʝʪ 17900 ʤʛ/ʢʛ (ʨʠʩ. 5.1). 

ʉʘʤʦʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ 22180 ʤʛ/ʢʛ ʠʤʝʶʪ ʧʦʯʚʳ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʝ ʚʙʣʠʟʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʚʝʪʣʦʛʫʤʫʩʦʚʘʷ 

ʧʦʯʚʘ, ʚ ʦʩʪʘʣʴʥʳʭ ʧʦʯʚʘʭ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʦ 

(16241ï17451 ʤʛ/ʢʛ) (ʨʠʩ. 5.1). 

ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʚ ʠʟʫʯʝʥʥʳʭ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʥʠʞʝ ʩʦʜʝʨʞʘʥʠʷ 

ʬʦʥʦʚʳʭ ʧʦʯʚ, ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʣʘʨʢʘʤ ʟʝʤʥʦʡ ʢʦʨʳ ï ʨʘʩʩʝʠʚʘʝʪʩʷ (ʨʠʩ. 5.2).  

ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʚ ʧʨʦʬʠʣʝ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʟʦʥʳ ʚʣʠʷʥʠʷ ʂʫʯʠ-

ʛʝʨʩʢʠʭ ʛʠʜʨʦʪʝʨʤ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 11600ï22700 ʤʛ/ʢʛ (ʨʠʩ. 5.3). 

ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʘ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʦʣʝʚʦʡ ʢʦ-

ʨʦʯʢʝ, ʥʠʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʠ ʦʩʪʘʶʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ʦʜʥʦʤ 

ʫʨʦʚʥʝ ʩ ʥʝʙʦʣʴʰʠʤʠ ʜʠʘʧʘʟʦʥʘʤʠ ʢʦʣʝʙʘʥʠʷ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʧʦʣʫʯʝʥʥʦʡ ʚʳʙʦʨʢʝ ʧʦʜʯʠʥʷʣʦʩʴ ʟʘ-

ʢʦʥʫ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ 17738,5Ñ609, 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʠ ʨʘʚʥʘ 17,5, ʥʘʠʙʦʣʝʝ ʚʩʪʨʝʯʘʝʤʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʣʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 16484ï18993 ʤʛ/ʢʛ (ʨʠʩ. 5.4). 

ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʠʤʝʝʪ ʜʦʩʪʦʚʝʨʥʫʶ ʟʘʤʝʪʥʫʶ ʩʚʷʟʴ ʩ ʩʦʜʝʨʞʘʥʠʝ 

ʢʘʨʙʦʥʘʪʦʚ ʠ ʫʤʝʨʝʥʥʫʶ ʩʚʷʟʴ ʩ ʧʣʦʪʥʳʤ ʦʩʪʘʪʢʦʤ. ʆʩʪʘʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʩ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ ʠʤʝʝʪ ʥʝ ʜʦʩʪʦʚʝʨʥʳʡ 

ʭʘʨʘʢʪʝʨ (ʧʨʠʣʦʞʝʥʠʝ 1). 

ɿʘʤʝʪʥʘʷ ʜʦʩʪʦʚʝʨʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʩ ʢʨʫʧʥʳʤ ʠ 

ʩʨʝʜʥʠʤ ʧʝʩʢʦʤ, ʦʩʪʘʣʴʥʳʝ ʩʚʷʟʠ ʧʨʦʷʚʣʝʥʳ ʩʣʘʙʦ ʠ ʠʤʝʶʪ ʥʝ ʜʦʩʪʦʚʝʨʥʳʡ 

ʭʘʨʘʢʪʝʨ (ʧʨʠʣʦʞʝʥʠʝ 1). ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʠ ʢʘʣʠʷ ʠ 

ʬʨʘʢʮʠʝʡ ʢʨʫʧʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʝʩʢʘ, ʪʘʢ ʞʝ ʢʘʢ ʫ ʥʘʪʨʠʷ, ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ 

ʥʘʭʦʞʜʝʥʠʝʤ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʷ ʚʘʣʦʚʦʛʦ ʢʘʣʠʷ 

ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʂ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 
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ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʩʚʷʟʠ ʪʦʣʴʢʦ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ɺʘ. ʉ ʪʘʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʘʢ 

Mg<Cr<Mn<Fe<Co<Ni<Ca ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʩʚʷʟʴ (ʧʨʠʣʦʞʝʥʠʝ 2). 

 ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʣʠʪʠʡ, ʥʘʪʨʠʡ ʠ ʢʘʣʠʡ ʚʭʦʜʷʪ ʚ ʦʜʥʫ ʛʨʫʧʧʫ ʠ 

ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʵʪʠ ʤʝʪʘʣʣʳ ʧʦ ʧʦʚʝʜʝʥʠʶ ʚ ʟʦʥʝ 

ʛʠʧʝʨʛʝʥʝʟʘ ʚʝʜʫʪ ʩʝʙʷ ʧʦ ʨʘʟʥʦʤʫ. ʃʠʪʠʡ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʠʩʢʣʶʯʪʝʣʴʥʦ ʥʘ 

ʩʦʨʙʮʠʦʥʥʦʤ ʙʘʨʴʝʨʝ. ʇʨʦʬʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʪʨʠʷ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯ-

ʚʘʭ ʦʪʣʠʯʘʝʪʩʷ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ 

ʠ ʩʦʣʝʚʦʡ ʢʦʨʢʝ ʥʘ ʠʩʧʘʨʠʪʝʣʴʥʦʤ ʙʘʨʴʝʨʝ, ʚ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʷʚ-

ʥʳʭ ʚʥʝʰʥʠʭ ʧʨʦʷʚʣʝʥʠʡ ʥʘʣʠʯʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛʢʦ-

ʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʦʥ, ʚʦʟʤʦʞʥʦ, ʚʭʦʜʠʪ, ʠ ʩ ʩʦʜʝʨʞʘʥʠ-

ʝʤ ʢʘʨʙʦʥʘʪʦʚ. ʀʟ ʬʨʘʢʮʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʘʣʠʡ ʠʤʝʝʪ ʜʦ-

ʩʪʦʚʝʨʥʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʚʷʟʴ ʪʦʣʴʢʦ ʩ ʬʨʘʢʮʠʝʡ ʢʨʫʧʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ 

ʧʝʩʢʘ, ʚʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʭʦʞʜʝʥʠʝʤ ʝʛʦ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪ-

ʢʝ. ʕʪʠ ʵʣʝʤʝʥʪʳ ʥʝ ʢʦʨʨʝʣʠʨʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ. ʆʪʤʝʯʝʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʜʦ-

ʩʪʦʚʝʨʥʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʣʠʪʠʝʤ ʠ ʥʘʪʨʠʝʤ. 

ʇʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʤ ʬʦʥʝ ʩʦʜʝʨʞʘʥʠʷ Li, K, Na ʚ ʟʘʩʦʣʝʥʥʳʭ 

ʧʦʯʚʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ, ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ ʟʦʥ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟ-

ʣʦʤʦʚ ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʚʳʭʦʜʘʤ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʂʫʯʠ-

ʛʝʨʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ Li 2,2-2,7, Na 1,0-1,13, ʩʦʜʝʨ-

ʞʘʥʠʝ ʂ0,8-1,0 ʚ ʧʨʝʜʝʣʘʭ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ. 
  
5.2. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ  

ʵʣʝʤʝʥʪʦʚ 
 

ʂ ʱʸʣʦʯʥʦʟʝʤʝʣʴʥʳʤ ʤʝʪʘʣʣʘʤ ʦʪʥʦʩʷʪ ʪʦʣʴʢʦ ʢʘʣʴʮʠʡ (Ca), ʩʪʨʦʥ-

ʮʠʡ (Sr), ʙʘʨʠʡ (Ba) ʠ ʨʘʜʠʡ (Ra), ʨʝʞʝ ʤʘʛʥʠʡ (Mg) ʠʟ II ʛʨʫʧʧʳ ʧʝʨʚʦʡ 

ʧʦʜʛʨʫʧʧʳ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ʵʣʝʤʝʥʪʦʚ. ʇʝʨʚʳʡ ʵʣʝʤʝʥʪ ʵʪʦʡ ʧʦʜ-

ʛʨʫʧʧʳ, ʙʝʨʠʣʣʠʡ, ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʩʚʦʡʩʪʚ ʛʦʨʘʟʜʦ ʙʣʠʞʝ ʢ ʘʣʶʤʠʥʠʶ, ʯʝʤ 

ʢ ʚʳʩʰʠʤ ʘʥʘʣʦʛʘʤ ʛʨʫʧʧʳ, ʚ ʢʦʪʦʨʫʶ ʦʥ ʚʭʦʜʠʪ. ɺʪʦʨʦʡ ʵʣʝʤʝʥʪ ʵʪʦʡ 

ʛʨʫʧʧʳ, ʤʘʛʥʠʡ, ʚ ʥʝʢʦʪʦʨʳʭ ʦʪʥʦʰʝʥʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʱʝ-
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ʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʧʦ ʨʷʜʫ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ɺʠʢʠʧʝʜʠʷ). ʑʝ-

ʣʦʯʥʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ, ʪʘʢ ʞʝ ʠ ʢʘʢ ʱʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ, ʦʪʥʦʩʷʪʩʷ ʢ 

ʛʨʫʧʧʝ ʪʠʧʠʯʥʳʭ ʢʘʪʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʄʘʛʥʠʡ ï ʤʘʢʨʦʵʣʝʤʝʥʪ, ʷʚʣʷʝʪʩʷ ʩʣʘʙʦʱʝʣʦʯʥʳʤ ʤʝʪʘʣʣʦʤ. ɽʛʦ ʩʦ-

ʝʜʠʥʝʥʠʷ ʣʝʛʯʝ ʨʘʩʪʚʦʨʠʤʳ, ʯʝʤ ʩʦʝʜʠʥʝʥʠʷ ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ. ʇʦ ʨʷʜʫ ʭʠ-

ʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʛʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʪʷʛʦʪʝʝʪ ʢ ʵʣʝʤʝʥʪʘʤ ʛʨʫʧʧʳ ʞʝʣʝʟʘ. ʀʦʥʥʳʝ ʨʘʜʠʫʩʳ Mg2+, 

Fe2+, Mn2+, Ni2+ ʙʣʠʟʢʠʝ ʤʝʞʜʫ ʩʦʙʦʡ, ʯʝʤ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʙʦʣʴʰʘʷ ʠʟʦ-

ʤʦʨʬʥʘʷ ʩʤʝʩʠʤʦʩʪʴ (ʏʝʨʪʢʦ, ʏʝʨʪʢʦ, 2008). ʄʘʣʳʝ ʨʘʟʤʝʨʳ ʠʦʥʘ Mg2+ 

ʧʦʟʚʦʣʷʶʪ ʝʤʫ ʚʭʦʜʠʪʴ ʚ ʨʝʰʝʪʢʫ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʯʪʦ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪ 

ʝʛʦ ʛʝʦʭʠʤʠʶ ʦʪ ʜʨʫʛʠʭ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʙʣʠ-

ʞʘʝʪ ʝʛʦ ʩ Al (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999). 

ɺ ʟʝʤʥʦʡ ʢʦʨʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 14950 ʤʛ/ʢʛ (ʂʘʩʠʤʦʚ, 

ɺʣʘʩʦʚ, 2015), ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʛʨʘʥʠʪʘʭ ï 4824 ʤʛ/ʢʛ (ʪʘʙʣ. 5.6). ɻʨʘʥʠʪʳ 

ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ ʦʪʣʠʯʘʶʪʩʷ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʛʥʠʷ, ʢʦ-

ʪʦʨʳʡ ʚ 2,6 ʨʘʟ ʤʝʥʴʰʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʛʨʘʥʠʪʘʭ ʠ ʚ 8 ʨʘʟ 

ʤʝʥʴʰʝ ʯʝʤ ʝʛʦ ʢʣʘʨʢ ʚ ʟʝʤʥʦʡ ʢʦʨʝ (ʪʘʙʣ. 5.6). 
 
ʊʘʙʣʠʮʘ 5.6. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Mg, Ca, Sr, Ba ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʛʨʘʥʠʪʘʭ, ʧʦʯʚʦʦʙʨʘ-
ʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ʤʛ/ʢʛ 

ʕʣʝʤʝʥʪ ʂʣʘʨʢ ʟʝʤʥʦʡ 
ʢʦʨʳ (Kabata-
Pendias, 2011) 

ɻʨʘʥʠʪʳ  
ʢʣʘʩʩʠʯʝʩʢʠʝ  
(Kabata-Pendias, 

2011) 

ɸʥʛʘʨʦ-
ɺʠʪʠʤʩʢʠʡ  
ʙʘʪʦʣʠʪ  

(ʅʦʩʢʦʚ, 2011) 

ʇʝʩʯʘʥʳʝ ʧʦʯʚʦ-
ʦʙʨʘʟʫʶʱʠʝ ʧʦ-
ʨʦʜʳ ʤʠʨʘ 

(Kabata-Pendias, 
2011) 

Mg 14950* 4824 1839,15 ï 
Ca 25660* 19662,5 11583 ï 
Sr 375 180 744,5 20ï140 
Ba 400 625 1771,5 100ï320 

ʇʨʠʤʝʯʘʥʠʝ: *ï ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʂʘʩʠʤʦʚ, ɺʣʘʩʦʚ 2015 
 

ɺ ʧʝʩʯʘʥʳʭ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ʥʝ ʧʦʜʚʝʨʞʝʥʥʳʭ ʠʣʠ ʤʠʥʠ-

ʤʘʣʴʥʦ ʠʟʤʝʥʝʥʥʳʭ ʧʨʦʮʝʩʩʘʤʠ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ (ʧʝʩʯʘʥʳʝ ʦʪʣʦʞʝʥʠʷ 

ʛʦʨʥʦʡ ʨ. ʊʘʣʠʥʛʘ) ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

8100 ʤʛ/ʢʛ, ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʝ ʧʦ ɺʂʉ ʩʦʜʝʨʞʘʥʠʝ Mg ʫʚʝʣʠʯʠʚʘ-
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ʝʪʩʷ ʜʦ 8981 ʤʛ/ʢʛ (ʪʘʙʣ. 5.7). ʉʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʝʩ-

ʢʘʭ ʧʨʝʚʳʰʘʶʪ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʛʨʘʥʠʪʘʭ ʜʦ 1,9 ʨʘʟ ʚ ʛʨʘʥʠ-

ʪʘʭ ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ ʜʦ 4,9 ʨʘʟ (ʪʘʙʣ. 5.7), ʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʣʘʨʢʘʤ ʟʝʤʥʦʡ ʢʦʨʳ ʤʘʛʥʠʡ ʨʘʩʩʝʠʚʘʝʪʩʷ.  

ʉʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʘʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠ-

ʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʳ, ʧʨʠ ʩʨʝʜʥʝʤ ʝʛʦ ʩʦʜʝʨʞʘʥʠʠ ʚ ʧʦʯʚʘʭ 

ʤʠʨʘ 6300 ʤʛ/ʢʛ (ʪʘʙʣ. 5.8). ʇʦʯʚʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʥʘ ʩʫʛʣʠʥʢʘʭ ʠ ʛʣʠʥʘʭ, 

ʠʤʝʶʪ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ, ʯʝʤ ʧʦʯʚʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʥʘ ʧʝʩʯʘ-

ʥʦʤ ʤʘʪʝʨʠʘʣʝ. ʆʜʥʘʢʦ ʧʝʩʢʠ ʚ ʧʦʣʫʧʫʩʪʳʥʥʦʡ ʟʦʥʝ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʜʦʣʦʤʠʪ, ʢʦʪʦʨʳʡ ʙʦʛʘʯʝ ʤʘʛʥʠʝʤ, ʯʝʤ ʧʝʩʢʠ ʚ ʟʦʥʝ ʠʟʙʳʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝ-

ʥʠʷ (ʄʘʛʥʠʮʢʠʡ, 1967).  
 
ʊʘʙʣʠʮʘ 5.7. ʉʦʜʝʨʞʘʥʠʝ Mg, Ca, Sr, Ba ʚ ʧʝʩʯʘʥʳʭ ʧʦʨʦʜʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

ʕʣʝʤʝʥʪ n ʉʦʜʝʨʞʘʥʠʝ ʆʪʥʦʰʝʥʠʝ 
ʢ ʢʣʘʨʢʫ 
ʟʝʤʥʦʡ 
ʢʦʨʝ 

ʢ ʛʨʘʥʠ-
ʪʘʤ 

ʢ ɸʥʛʘʨʦ-
ɺʠʪʠʤʩʢʦʤʫ 
ʙʘʪʦʣʠʪʫ 

ʢ ʧʝʩʯʘʥʳʤ ʧʦʯ-
ʚʦʦʙʨʘʟʫʶʱʠʤ 
ʧʦʨʦʜʘʤ ʤʠʨʘ 

ʇʝʩʯʘʥʳʝ ʦʪʣʦʞʝʥʠʷ ʨ. ʊʘʣʠʥʛʘ 
Mg 1 8100 0,46 1,7 4,4 ï 
Ca 1 33100 1,3 1,6 2,2 ï 
Sr 1 830 3,1 4,6 1,1 5,9 
Ba 1 1300 3,3 2,1 0,7 4,1 

ʇʝʩʯʘʥʘʷ ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʧʦʨʦʜʘ ɺʉʂ 
Mg 59 8981 0,6 1,9 4,9 ï 
Ca 59 38142 1,5 1,9 3,3 ï 
Sr 59 880 3,3 4,9 1,2 6,3 
Ba 59 1247 3,1 1,4 0,7 2,8 
 

ʊʘʙʣʠʮʘ 5.8. ʉʦʜʝʨʞʘʥʠʝ Mg, Ca, Sr, Ba ʚ ʧʦʯʚʘʭ 

ʕʣʝʤʝʥʪ ʂʣʘʨʢ ʧʦʯʚ ʤʠʨʘ 
(Kabata-Pendias, 

2011) 

ʂʣʘʨʢ ʧʦʯʚ, ʀʄɻʈʕ  
(ʊʨʝʙʦʚʘʥʠʷé., 

2002) 

ɺ ʧʦʯʚʘʭ  
ɿʘʙʘʡʢʘʣʴʷ 
 (ʀʚʘʥʦʚ, 2007) 

ɺ ʟʘʩʦʣʝʥʥʳʭ 
ʧʦʯʚʘʭ ɹʘʨʛʫʟʠʥ-
ʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

Mg 6300 5000 7800 18505Ñ2071 
Ca 31940 31940 15000 58724Ñ4600 
Sr 175 250 326* 860Ñ31 
Ba 460 500 970 1063Ñ24 

ʇʨʠʤʝʯʘʥʠʝ: *ï ɻʫʣʷʝʚʘ ʠ ʜʨ., 2017. 
 

ɺ ʧʦʯʚʝ ʤʘʛʥʠʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʨʝʰʝʪʢʝ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ: ʢʘʨ-

ʥʘʣʣʠ (8,7%), ʙʠʰʦʬʠʪ (11,9%), ʢʠʟʝʨʠʪ (17,6%), ʵʧʩʦʤʠʪ (9,9%), ʢʘʠʥʠʪ 
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(9,8%), ʤʘʛʥʝʟʠʪ (28,7%), ʜʦʣʦʤʠʪ (13,1%), ʙʨʫʩʠʪ (41,6%). ʄʘʛʥʝʟʠʘʣʴʥʳʝ 

ʩʦʣʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩʦʣʝʥʳʭ 

ʦʟʝʨ. ʄʘʛʥʝʟʠʪ ʦʙʨʘʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʜʦʣʦʤʠʪʘ ʩʚʷʟʘʥʳ ʩ ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʩʘʜʦʯʥʳʤʠ ʩʣʦʷʤʠ ʜʦ-

ʢʝʤʙʨʠʡʩʢʦʛʦ ʠ ʧʝʨʤʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʨʠ ʚʦʟʜʝʡ-

ʩʪʚʠʠ ʥʘ ʠʟʚʝʩʪʥʷʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʧʦʜʟʝʤʥʳʭ ʠʣʠ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʚʦʜ. ɺ ʧʝʩʯʘʥʳʭ ʧʦʯʚʘʭ ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʤʠʥʠʤʘʣʴʥʦ. 

ʄʘʛʥʠʡ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ. ʇʨʠ ʚʳʩʦʢʦʤ ʝʛʦ 

ʩʦʜʝʨʞʘʥʠʠ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ ʫʭʫʜʰʘʶʪʩʷ ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘ, ʭʘʨʘʢ-

ʪʝʨʥʳʝ ʜʣʷ ʧʦʯʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʪʨʠʷ ï ʬʠʟʠʯʝʩʢʘʷ ʩʦʣʦʥʮʝʚʘ-

ʪʦʩʪʴ. ʆʥʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʧʦʯʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʛʥʠʷ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ 

25% ʠ ʙʦʣʝʝ ʦʪ ʝʤʢʦʩʪʠ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ (ɻʦʛʦʣʝʚ, ɺʦʣʦʰʠʥ, 1968; Ellis, 

Goldwell, 1955; Curtin et al., 1994; Norton, Dontsova, 1998). ʆʪʨʠʮʘʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʘʛʥʠʷ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʫʩʪʨʘʥʷʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʢʘʣʴʮʠʷ ʚ 

ʧʦʯʚʘʭ. ʉʦʦʪʥʦʰʝʥʠʝ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʫ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ 2 ʜʦ 

8, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʯʚʳ ʠ ʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʠʣʝ ʩʚʷʟʳʚʘʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥ-

ʪʦʚ ʥʘ ʢʘʪʠʦʥʦʦʙʤʝʥʥʳʭ ʫʯʘʩʪʢʘʭ (ɺʦʝʚʦʜʠʥʘ, ɺʦʝʚʦʜʠʥ, 2015).  

ʇʦʯʚʳ ɿʘʙʘʡʢʘʣʴʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʛ-

ʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʤ ʧʦʯʚ ʤʠʨʘ, ʥʦ ʥʝ ʧʨʝʚʳʰʘʶʱʠʝ ʢʣʘʨʢ ʣʠʪʦʩʬʝ-

ʨʳ (ʪʘʙʣ. 5.8). ɺ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʩʦʜʝʨʞʘʥʠʷ 

ʤʘʛʥʠʷ ʚ 2 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ʠ ʚ 1,2 

ʨʘʟʘ ʢʣʘʨʢ ʟʝʤʥʦʡ ʢʦʨʳ (ʪʘʙʣ. 5.8). 

ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʚ ʛʘʣʦʤʦʨʬʥʳʭ ʧʦʯʚʘʭ ʩʚʷʟʘʥʦ ʩ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩʦʣʝʥʳʭ ʦʟʝʨ, ʥʘ ʢʦʪʦʨʳʭ ʩʬʦʨʤʠʨʦ-

ʚʘʥʳ ʧʦʯʚʳ, ʪʘʢ ʢʘʢ ʚ ʙʠʦʩʬʝʨʝ ʤʘʛʥʠʡ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʦʢʝʘʥʝ ʠ ʩʦʣʷ-

ʥʳʭ ʦʟʝʨʘʭ. ɿʜʝʩʴ ʦʥ ʚʝʜʝʪ ʩʝʙʷ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʝ ʵʣʝʤʝʥʪʳ ï Na, 

Cl, Br, J. ɼʣʷ ʤʘʛʥʠʷ ʭʘʨʘʢʪʝʨʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʩʘʤʳʭ ʛʣʫʙʠʥʥʳʭ ʚʳʩʦʢʦ-



�í�ï�î��
��

��

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʩʘʤʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ï ʚ ʛʠʜʨʦʩʬʝʨʝ (ʇʝʨʝʣʴ-

ʤʘʥ, ʂʘʩʠʤʦʚ, 1999).  

ɺ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜʘʭ ʂʫʯʠʛʝʨʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʧʦ ʜʘʥʥʳʤ ʚʦʜʥʦʡ ʚʳ-

ʪʷʞʢʠ (ʇʣʶʩʥʠʥ ʠ ʜʨ., 2013), ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʥʠʟʢʦʝ (ʪʘʙʣ. 5.9).  

ɺ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʂʫʯʠʛʝʨʩʢʦʛʦ ʪʝʨʤʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʦʜʝʨʞʘ-

ʥʠʝ ʤʘʛʥʠʷ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 5200 ʤʛ/ʢʛ ʥʘ ʙʦʣʦʪʥʦʤ ʫʯʘʩʪʢʝ ʜʦ 9500 ʤʛ/ʢʛ ʚ 

ʙʘʥʥʦʤ ʢʦʨʧʫʩʝ (ʨʠʩ. 5.6).  
ʊʘʙʣʠʮʘ 5.9. ʉʦʜʝʨʞʘʥʠʝ Mg, Ca, Sr, Ba ʚ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜʘʭ ʂʫʯʠʛʝʨʩʢʦʛʦ ʠʩʪʦʯʥʠ-
ʢʘ, ʢʣʘʨʢʠ ʨʝʯʥʳʭ ʚʦʜ ʤʢʛ/ʣ 

ʕʣʝʤʝʥʪ ʂʫʯʠʛʝʨʩʢʠʝ 
ʛʠʜʨʦʪʝʨʤʳ 
(ʏʝʨʥʷʚʩʢʠʡ, 
2006) 

ʂʣʘʨʢ ʨʝʯʥʳʭ 
ʚʦʜ (ɼʦʙʨʦ-
ʚʦʣʴʩʢʠʡ, 
2009) 

ʂʣʘʨʢ ʚʦʜ ʟʦʥʳ 
ʘʢʪʠʚʥʦʛʦ ʚʦʜʦ-
ʦʙʤʝʥʘ 

 (ʐʚʘʨʮʝʚ, 1998) 

ʆʪʥʦʰʝʥʠʝ ʢ 
ʢʣʘʨʢʫ 
ʨʝʯʥʳʭ 
ʚʦʜ  

ʢʣʘʨʢʫ ʚʦʜ 
ʘʢʪʠʚʥʦʛʦ 
ʚʦʜʦʦʙʤʝʥʘ  

Mg 100* 3300 14500 0,03 0,007 
Ca 2300* 13000 37800 0,18 0,06 
Sr 256 80 102 3,2 2,5 
Ba 820 25 14,1 32,8 58,1 

ʇʨʠʤʝʯʘʥʠʝ: * ï ʧʦ ʜʘʥʥʳʤ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ (ʇʣʶʩʥʠʥ ʠ ʜʨ., 2013). 
 

ɸʨʠʜʥʳʝ ʣʘʥʜʰʘʬʪʳ ʙʦʛʘʯʝ ʤʘʛʥʠʝʤ, ʯʝʤ ʛʫʤʠʜʥʳʝ. ɺ ʘʨʠʜʥʳʭ 

ʣʘʥʜʰʘʬʪʘʭ ʤʘʛʥʠʡ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʧʦʯʚʘʭ, ʚʦʜʘʭ, ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʪʣʦ-

ʞʝʥʠʷʭ ʠ ʨʘʩʪʝʥʠʷʭ. ʅʘ ʧʫʪʠ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ ʤʘʛʥʠʡ ʦʩʘʞʜʘʝʪʩʷ ʥʘ ʠʩʧʘ-

ʨʠʪʝʣʴʥʦʤ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ, ʢʘʨʙʦʥʘʪʥʦʤ (ʜʦʣʦʤʠʪʠʟʘʮʠʷ), ʩʠʣʠʢʘʪʥʦʤ 

(ʦʙʨʘʟʦʚʘʥʠʝ ʧʘʣʳʛʦʨʩʢʠʪʘ ʠ ʜʨʫʛʠʭ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ) ʠ ʩʦʨʙʮʠʦʥʥʦʤ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999).  

ɺ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʟʦʥ ʨʘʟʣʦʤʦʚ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʘʛʥʠʷ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 8810 ʤʛ/ʢʛ ʜʦ 18196 ʤʛ/ʢʛ (ʨʠʩ. 5.6). ʉʘʤʳʝ 

ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʷ ʠʤʝʝʪ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʙʣʠʟʦʩʪʴ ʢ ʪʝʨʤʘʣʴʥʦʤʫ ʠʩʪʦʯ-

ʥʠʢʫ, ʣʝʛʢʘʷ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʪʝʨʤʦʢʨʠʦ-

ʙʫʨʙʠʨʦʚʘʥʥʘʷ ʧʦʯʚʘ (ʊʃʂ-2-16). ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʷ ʧʨʠʫʨʦ-

ʯʝʥʳ ʢ ʩʦʣʦʥʯʘʢʫ ʩʦʣʦʥʮʝʚʘʪʦʤʫ (ʊʃʂ-4-16) ʩ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠ-

ʝʤ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ ʠʟ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ (ʨʠʩ. 5.6). 

ɺʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʂʫʯʠʛʝʨʩʢʦʛʦ ʫʨʦ-

ʯʠʱʘ ʙʣʠʟʢʠ ʢ ʢʣʘʨʢʘʤ ʟʝʤʥʦʡ ʢʦʨʳ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʯʚʘʤʠ ʤʠʨʘ ʠ ʧʦʯ-
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ʚʘʤʠ ɿʘʙʘʡʢʘʣʴʷ ʤʘʛʥʠʡ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝʤ ʩ ʛʘʣʦʤʦʨʬʥʳʤʠ ʧʦʯʚʘʤʠ  

   
 

  
ʈʠʩ. 5.6. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ Mg, Ca, Sr, ɺʘ ʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ 

ʂʫʯʠʛʝʨʩʢʦʛʦ ʪʨʘʥʩʝʢʪʘ  
 

ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ. ʉʨʝʜʠ ʚʩʝʭ ʨʘʟʨʝʟʦʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʤʘʛʥʠʷ ʨʝʟ-

ʢʦʝ ʦʪʣʠʯʠʝ ʠʤʝʝʪ ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʚʝʪʣʦʛʫʤʫʩʦʚʘʷ ʟʘʩʦʣʝʥʥʘʷ ʧʦʯʚʘ (ʊʃʂ-

2-16). ɿʜʝʩʴ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʩʝʠʚʘʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʘʨʢʫ ʟʝʤʥʦʡ ʢʦʨʳ 

ʩʦʩʪʘʚʣʷʝʪ 0,5, ʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʦʥʦʚʳʤ ʧʦʯʚʘʤ ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʥʠʞʝ 

ʚ 2 ʨʘʟʘ (ʨʠʩ. 5.7).  

ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʦʥʦ-

ʚʳʤ ʧʦʯʚʘʤ ʠ ʢʣʘʨʢʫ ʧʦʯʚ ʤʠʨʘ ʚʳʷʚʣʝʥʳ ʚ ʩʦʣʦʥʯʘʢʝ ʪʝʤʥʦʤ ʢʨʠʦʪʫʨʙʠ-

ʨʦʚʘʥʥʦʤ ʩʦʣʦʥʮʝʚʘʪʦʤ ʤʝʨʟʣʦʪʥʦʤ (ʊʃʂ-4-16). ɺʦʟʤʦʞʥʦ, ʚʳʩʦʢʠʝ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʷ ʩʚʷʟʘʥʳ ʩ ʙʦʣʝʝ ʪʷʞʝʣʳʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʘʛʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʛʣʠ-

ʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʤʦʞʝʪ ʚʳʱʝʣʘʯʠʚʘʪʴʩʷ ʠʟ ʥʝʦʙʤʝʥʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʘ 
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ʪʘʢʞʝ ʧʨʦʯʥʦ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʚ ʵʪʠʭ ʞʝ ʬʨʘʢʮʠʷʭ (ɹʘʨʙʝʨ, 1988). ɺ ʧʨʦʬʠʣʝ 

ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 7800 ʜʦ 21500 ʤʛ/ʢʛ (ʨʠʩ. 

5.8.). ɺʦ ʚʩʝʭ ʧʦʯʚʘʭ ʦʪʤʝʯʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʘʛ-

ʥʠʷ ʚ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʨʦʬʠʣʷ. 

 

  
                                           Mg                                                                       Ca 

��  
                                              Sr                                                                      Ba 
ʈʠʩ. 5.7. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ Mg, Ca, Sr, Ba ʧʦ ʩʨʘʚʥʝʥʠʶ: 1-ʢʣʘʨʢʦʤ ʟʝʤ-
ʥʦʡ ʢʦʨʳ; 2- ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ; 3- ʧʦʯʚʘʤʠ 

ɿʘʙʘʡʢʘʣʴʷ; 4-ʟʘʩʦʣʝʥʥʳʤʠ ʧʦʯʚʘʤʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 
 

ʇʨʠ ʚʳʙʦʨʢʝ n=22 ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʷ ʦʪʢʣʦʥʝʥʦ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ, 

ʨ<0,05, ʩʨʝʜʥʝʝ ʠ ʤʝʜʠʘʥʘ ʦʪʣʠʯʘʶʪʩʷ (ʨʠʩ. 5.9). ʇʨʦʤʝʞʫʪʦʢ 6000-10000 

ʤʛ/ʢʛ ʚʳʙʠʚʘʝʪʩʷ ʠʟ ʦʙʱʝʡ ʢʘʨʪʠʥʳ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ ʵʪʦʤ ʠʥ-

ʪʝʨʚʘʣʝ ʨʘʩʧʦʣʦʞʝʥʳ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʘʛʥʠʷ ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʚʝʪʣʦ-

ʛʫʤʫʩʦʚʦʡ ʟʘʩʦʣʝʥʥʦʡ ʪʝʨʤʦʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʦʡ ʢʚʘʟʠʛʣʝʝʚʘʪʦʡ ʧʦʯʚʝ (ʊʃʂ 

2-16). ɿʜʝʩʴ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ, ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʝʝ ʣʝʛʢʠʡ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ.  

ʇʨʠ ʠʩʢʣʶʯʝʥʠʠ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʚʝʪʣʦʛʫʤʫʩʦʚʦʡ ʟʘʩʦʣʝʥʥʦʡ ʪʝʨʤʦ-

ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʦʡ ʢʚʘʟʠʛʣʝʝʚʘʪʦʡ ʧʦʯʚʳ ʠʟ ʩʦʩʪʘʚʘ ʚʳʙʦʨʢʠ, ʚ ʙʣʠʟʢʠʭ ʧʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʦʯʚʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʷ ʥʦʩʠʪ ʥʦʨ-

ʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 5.9). 

ʇʨʠ ʪʘʢʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 

2,99%, ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 17388 ʤʛ/ʢʛ, ʘʩʠʤʤʝʪʨʠʷ ʠ ʵʢʩʮʝʩʩ ʠʤʝʶʪ ʤʘ-

ʣʝʥʴʢʠʝ ʟʥʘʯʝʥʠʷ, ʪʝʩʪ ʐʘʧʠʨʦ-ʋʠʣʢʘ ʩʦʩʪʘʚʣʷʝʪ 0,96, ʛʜʝ ʨ=0,66, ʯʪʦ ʟʥʘʯʠ-
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ʪʝʣʴʥʦ ʚʳʰʝ ʟʥʘʯʝʥʠʷ 0,05. ɺʩʝ ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ. 

    

    

    

    
 

ʈʠʩ. 5.8. ʇʨʦʬʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ Mg, Ca, Sr, ɺʘ ʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʟʦʥʳ ʚʣʠʷ-
ʥʠʷ ʂʫʯʠʛʝʨʩʢʠʭ ʛʠʜʨʦʪʝʨʤ 
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ʆʧʠʩʘʪʝʣʴʥʳʝ ʩʪʘʪʠʩʪʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
Mg, ʉʘ, Sr, ɺʘ 

 

ʇʘʨʘʤʝʪʨ Mg Mg ʉʘ Sr ɺʘ 
ɺʳʙʦʨʢʘ 22 17 22 22 22 
ʉʨʝʜʥʝʝ 15400 17388 57245 1057 1252 
ʄʝʜʠʘʥʘ 16850 17200 57300 1050 1250 
ʄʦʜʘ ʤʥʦʞʝʩʪʚ. ʤʥʦʞʝʩʪʚ. ʤʥʦʞʝʩʪʚ. ʤʥʦʞʝʩʪʚ. 1200 

ʏʘʩʪʦʪʘ ʤʦʜʳ ï ï ï ï 6 
ʄʠʥʠʤʫʤ 7800 13700 25100 720 850 
ʄʘʢʩʠʤʫʤ 21500 21500 102800 1300 1500 

ɼʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 
(ʈ=0,05), ʤʛ/ʢʛ 

 16283,57-
18492,90 

48893,2ï
65597,7 

981-1133 1174,12ï
1330,42 

ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 4211,3 2148,51 18837,9 171,02 176,26 
ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ, V % 5,8 2,99 7,01 16,17 14,07 

ʆʰʠʙʢʘ ʩʨʝʜʥʝʛʦ 897,9 521,09 4016,3 36,46 37,58 
ɸʩʠʤʤʝʪʨʠʷ -0,72 -0,0004 0,58 -0,10 0,36 
ʕʢʩʮʝʩʩ -0,64 -0,09 0,52 -0,79 0,101 

ʊʝʩʪ ʐʘʧʠʨʦ-ʋʠʣʢʘ SW-W=0,88 
(p=0,02) 

SW-W=0,96 
(p=0,66) 

SW-W=0,97 
(p=0,75) 

SW-W=0,95 
(p=0,30) 

SW-W=0,94 
(ʨ=0,19) 

ʈʠʩ. 5.9. ʅʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Mg, Ca, Sr, Ba ʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯ-
ʚʘʭ ʟʦʥʳ ʚʣʠʷʥʠʷ ʂʫʯʠʛʝʨʩʢʠʭ ʛʠʜʨʦʪʝʨʤ  
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ʉʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʫʶ ʜʦʩʪʦ-

ʚʝʨʥʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʫʤʝʨʝʥʥʫʶ ʩʚʷʟʴ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ. 

ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʘʛʥʠʷ ʩ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʤʠ ʩʦʣʷʤʠ ʚʦʟʤʦʞʥʘ 

ʟʘ ʩʯʝʪ ʩʦʣʝʡ ʤʘʛʥʠʷ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ. ʉʚʷʟʴ ʩ ʜʨʫʛʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚʳ ʥʝ ʚʳʷʚʣʝʥʦ (ʧʨʠʣʦʞʝʥʠʝ 1). 

ʄʘʛʥʠʡ ʠʟ ʚʩʝʭ ʬʨʘʢʮʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʤʝʝʪ ʪʦʣʴʢʦ 

ʜʚʝ ʜʦʩʪʦʚʝʨʥʳʝ ʩʚʷʟʠ: ʟʘʤʝʪʥʫʶ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʩ ʬʨʘʢʮʠʝʡ ʢʨʫʧʥʦʛʦ ʠ 

ʩʨʝʜʥʝʛʦ ʧʝʩʢʘ ʠ ʟʘʤʝʪʥʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩ ʬʨʘʢʮʠʝʡ ʢʨʫʧʥʦʡ ʧʳʣʠ (ʧʨʠ-

ʣʦʞʝʥʠʝ 2).  

ʉʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʧʦ-

ʣʦʞʠʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩ ʵʣʝʤʝʥʪʘʤʠ ʛʨʫʧʧʳ ʞʝʣʝʟʘ ʠ ʢʘʣʴʮʠʝʤ: 

Cr>Fe>Co>Ni>Mn>Ca. ʊʘʢʞʝ ʚʳʷʚʣʝʥʘ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʘʛʥʠʷ ʩ 

K>Ba. ʆʪʨʠʮʘʪʝʣʴʥʘ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʢʦʨʨʝʣʷʮʠʠ ʤʘʛʥʠʷ ʩ ʢʘʣʠʝʤ ʚʳʟʚʘʥʘ 

ʘʥʪʘʛʦʥʠʟʤʦʤ ʠʦʥʦʚ (ʗʢʠʤʝʥʢʦ, 2012; ɺʦʝʚʦʜʠʥʘ, ɺʦʝʚʦʜʠʥ, 2015) (ʧʨʠʣʦ-

ʞʝʥʠʝ 2). 

ʂʘʣʴʮʠʡ ʷʚʣʷʝʪʩʷ ʪʠʧʦʤʦʨʬʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚʦ ʤʥʦʛʠʭ ʣʘʥʜʰʘʬʪʘʭ. 

ʂʘʣʴʮʠʝʚʳʡ ʪʠʧ ʭʠʤʠʟʤʘ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʩ ʅ-Cʘ ʣʘʥʜʰʘʬʪʘʤʠ 

ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ ʚʣʘʞʥʦʛʦ ʢʣʠʤʘʪʘ. ɼʣʷ ʨʘʡʦʥʦʚ 

ʘʨʠʜʥʦʛʦ ʢʣʠʤʘʪʘ ʩ ʥʘʩʪʦʷʱʠʤʠ ʩʪʝʧʷʤʠ ʭʘʨʘʢʪʝʨʝʥ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʘʣʴ-

ʮʠʝʚʳʡ ʢʣʘʩʩ ʣʘʥʜʰʘʬʪʦʚ, ʘ ʜʣʷ ʩʫʭʠʭ ʩʪʝʧʝʡ ʠ ʧʫʩʪʳʥʴ ï ʢʘʣʴʮʠʝʚʦ-

ʥʘʪʨʠʝʚʳʡ (ʇʝʨʝʣʴʤʘʥ, 1972). ʕʪʦʪ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʡ ʵʣʝʤʝʥʪ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʠʤʝʝʪ ʙʦʣʝʝ 644 ʤʠʥʝʨʘʣʦʚ. ɺ ʟʝʤʥʦʡ ʢʦʨʝ ʝʛʦ 

ʩʦʜʝʨʞʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 25660 ʤʛ/ʢʛ (ʪʘʙʣ. 5.6). ʂʘʣʴʮʠʡ ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʥʠʞ-

ʥʝʡ çʙʘʟʘʣʴʪʦʚʦʡ ʯʘʩʪʠè ʟʝʤʥʦʡ ʢʦʨʳ.  

ʉʦʜʝʨʞʘʥʠʝ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʘʭ ʩʦʩʪʘʚʣʷʝʪ 6,72%, ʚ 

ʩʨʝʜʥʠʭ ï 4,65%, ʚ ʢʠʩʣʳʭ ï 1,55%. ɺ ʙʠʦʩʬʝʨʝ ʧʨʦʠʩʭʦʜʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʨʝʟʢʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʢʘʣʴʮʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʛʣʠʥʘʭ 

ʠ ʩʣʘʥʮʘʭ ʧʦʥʠʞʘʝʪʩʷ (2,53%), ʘ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʧʦʚʳ-

ʰʘʝʪʩʷ. ɺ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 1,3ï1,5 ʨʘʟʘ 

ʚʳʰʝ ʢʣʘʨʢʘ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʚ 1,6ï1,9 ʠ 2,2ï3,3 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʝʛʦ ʩʦʜʝʨʞʘ-
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ʥʠʝ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ ʛʨʘʥʠʪʘʭ ɸʥʛʘʨʦ-ʚʠʪʠʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ (ʪʘʙʣ. 5.6).  

ɺ ʛʫʤʠʜʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʢʘʣʴʮʠʡ ʠʥʪʝʥʩʠʚʥʦ ʚʳʱʝʣʘʯʠʚʘʝʪʩʷ ʠ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʧʦʯʚʳ ʠ ʚʦʜʳ, ʢʠʩʣʦʛʦ ʢʣʘʩʩʘ ʫʤʝʨʝʥʥʦʛʦ ʠ ʪʨʦʧʠʯʝʩʢʦʛʦ ʧʦʷʩʦʚ, 

ʦʙʝʜʥʝʥʳ ʉʘ. ʅʘʠʙʦʣʝʝ ʙʦʛʘʪʳ ʢʘʣʴʮʠʝʤ ʩʨʝʜʠ ʛʫʤʠʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

ʜʝʣʴʪʳ ʨʝʢ ʠ ʚ ʨʘʡʦʥʳ ʚʫʣʢʘʥʠʟʤʘ ʟʘ ʩʯʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʧʦʯʚ 

ʧʣʦʜʦʨʦʜʥʳʤ ʠʣʦʤ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʤ ʧʝʧʣʦʤ. ɺ ʘʨʠʜʥʳʭ ʫʩʣʦʚʠʷʭ ʢʘʣʴʮʠʪ 

ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤ, ʠʤ ʙʦʛʘʪʳ ʧʦʯʚʳ ʩʪʝʧʝʡ, ʧʫʩʪʳʥʴ, ʚ ʩʦʣʦʥʯʘʢʘʭ ʠ ʩʦʣʝ-

ʥʳʭ ʦʟʝʨʘʭ ʯʘʩʪʦ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʛʠʧʩ (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999). 

  ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʉʘ ʚ ʧʦʯʚʘʭ ʤʠʨʘ ʩʦʩʪʘʚʣʷʝʪ 31940 ʤʛ/ʢʛ (ʪʘʙʣ. 

5.8). ʇʦʯʚʳ ɿʘʙʘʡʢʘʣʴʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʴ-

ʮʠʷ. ʆʩʦʙʝʥʥʦʩʪʴʶ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨ-

ʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ ʬʦʥʦʚʳʭ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ, ʛʜʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʩʦ-

ʩʪʘʚʣʷʝʪ 58724 ʤʛ/ʢʛ (ʪʘʙʣ. 5.8).  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʜʣʷ ʢʘʣʴʮʠʷ ʷʚ-

ʣʷʶʪʩʷ ʩʫʣʴʬʘʪʥʳʡ, ʩʦʨʙʮʠʦʥʥʳʡ ʢʘʨʙʦʥʘʪʥʳʡ, ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ, ʠʩʧʘ-

ʨʠʪʝʣʴʥʳʡ, ʩʠʣʠʢʘʪʥʳʡ, ʱʝʣʦʯʥʦʡ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ (ʏʝʨʪʢʦ, ʏʝʨʪʢʦ, 

2008).  

ʅʘ ʚʦʜʥʫʶ ʤʠʛʨʘʮʠʶ ʢʘʣʴʮʠʷ ʦʯʝʥʴ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝ-

ʢʠʩʣʦʛʦ ʛʘʟʘ. ʇʨʠ ʚʳʩʦʢʦʤ ʝʛʦ ʩʦʜʝʨʞʘʥʠʠ ʉʘ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʩʪʚʦʨʝ, ʘ ʧʨʠ 

ʥʠʟʢʦʤ ï ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ ʚ ʚʠʜʝ ʢʘʣʴʮʠʪʘ ʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʙʘʨʴʝ-

ʨʝ. ɺ ʧʨʝʩʥʳʭ ʚʦʜʘʭ ʉʘ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ (ʩʚʦʙʦʜʥʦʤ) ʥʝ ʟʘʢʦʤ-

ʧʣʝʢʩʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʣʠ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠ-

ʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʙʨʘʟʫʶʪ ʛʫʤʘʪʥʳʝ ʠ ʬʫʣʴʚʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʂʣʘʨʢ 

ʢʘʣʴʮʠʷ ʚ ʨʝʯʥʳʭ ʚʦʜʘʭ ʩʦʩʪʘʚʣʷʝʪ 13000 ʤʢʛ/ʣ, ʢʣʘʨʢ ʘʢʪʠʚʥʦʛʦ ʚʦʜʦʦʙʤʝ-

ʥʘ 37800 ʤʛ/ʢʛ (ʪʘʙʣ. 5.9). ɺʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʚ 

ʠʟʚʝʩʪʢʦʚʳʭ ʤʘʩʩʠʚʘʭ ʤʝʩʪʘʤʠ ʚʳʱʝʣʘʯʠʚʘʶʪ ʢʘʣʴʮʠʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʘʨʩʪ ʠ ʧʝʱʝʨ. ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ ʂʫʯʠʛʝʨʩʢʠʭ ʛʠʜʨʦʪʝʨʤʘʭ (ʧʦ ʜʘʥʥʳʤ 

ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ ʇʣʶʩʥʠʥ ʠ ʜʨ., 2013) ʥʝ ʧʨʝʚʳʰʘʝʪ 2300 ʤʢʛ/ʣ, ʯʪʦ ʚ 5,7 ʠ 

16.4 ʨʘʟʘ ʚʳʰʝ ʢʣʘʨʢʦʚ (ʪʘʙʣ. 5.9).  
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ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ 

ʦʩʣʘʙʣʝʥʠʷ ʚʣʠʷʥʠʷ ʩʠʥʣʠʪʦʛʝʥʝʟʘ ʥʘ ʧʦʯʚʫ. ʉʘʤʳʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʢʘʣʴ-

ʮʠʷ ʠʤʝʶʪ ʧʦʯʚʳ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝʤ: ʘʣʣʶʚʠʘʣʴʥʘʷ ʪʝʨʤʦ-

ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʘʷ (ʊʃʂ-2-16), ʩʦʣʦʥʯʘʢ ʢʚʘʟʠʛʣʝʝʚʘʪʳʡ (ʊʃʂ-3-16) (ʨʠʩ. 

5.6). ʊʘʢʞʝ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʠʤʝʶʪ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠ-

ʢʦʚ (ʨʠʩ. 5.6). 

ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʟʦʥʳ ʚʣʠʷʥʠʷ ʂʫʯʠʛʝʨʩʢʠʭ 

ʛʠʜʨʦʪʝʨʤ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʨʢʦʤ ʣʠʪʦʩʬʝʨʳ ʚ 1,5ï1,7 ʨʘʟ; ʩ ʧʦʯʚʘ-

ʤʠ ʤʠʨʘ ï 1,1ï2,1; ʩ ʧʦʯʚʘʤʠ ɿʘʙʘʡʢʘʣʴʷ 0,9ï2,2 ʨʘʟʘ ʠ ʙʣʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʢ ʟʘʩʦʣʝʥʥʳʤ ʧʦʯʚʘʤ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ (0,6ï1,2) (ʨʠʩ. 5.7). 

ɺ ʧʨʦʬʠʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚʘʨʴʠʨʫʝʪ ʚ ʜʠʘʧʘ-

ʟʦʥʝ ʦʪ 25100ï102800 ʤʛ/ʢʛ (ʨʠʩ. 5.8). ʄʘʢʩʠʤʘʣʴʥʳʝ ʧʠʢʠ ʩʦʜʝʨʞʘʥʠʷ 

ʢʘʣʴʮʠʷ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʨʙʦʥʘʪʦʚ ʚ ʧʨʦʬʠʣʝ. 

 ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʩʦʩʪʘʚʣʷʝʪ 57245 

ʤʛ/ʢʛ, ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ, ʪʘʢ ʢʘʢ ʤʝʜʠʘʥʘ ʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʶʪ ʦʯʝʥʴ ʙʣʠʟʢʠʝ ʧʦʢʘʟʘʥʠʷ, ʨ=0,75, ʘʩʠʤʤʝʪʨʠʷ ʠ ʵʢʩʮʝʩʩ ʩʦʩʪʘʚʣʷʶʪ 

ʪʦʣʴʢʦ 0,58 ʠ 0,52 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 

7,01% (ʨʠʩ. 5.9). 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʴ-

ʮʠʷ ʠ ʥʝʢʦʪʦʨʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʳʷʚʣʝʥʘ ʦʜʥʘ ʚʝʩʴʤʘ 

ʚʳʩʦʢʘʷ ʜʦʩʪʦʚʝʨʥʘʷ ʩʚʷʟʴ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘ-

ʥʦ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʢʘʣʴʮʠʷ ʥʘ ʢʘʨʙʦʥʘʪʥʦʤ ʙʘʨʴʝʨʝ (ʧʨʠʣʦʞʝʥʠʝ 1). ʉ ʛʨʘʥʫ-

ʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʚʳʷʚʣʝʥʘ ʟʘʤʝʪʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘ ʩʚʷʟʴ ʩ ʠʣʠʩʪʦʡ 

ʬʨʘʢʮʠʝʡ, ʘ ʪʘʢʞʝ ʩ ʬʨʘʢʮʠʝʡ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ ʚ ʮʝʣʦʤ (ʧʨʠʣʦʞʝʥʠʝ 1). ʉ 

ʦʩʪʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝ ʚʳʷʚʣʝʥʦ. 

ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ Ca ʚʳʷʚʣʝʥʘ ʩ Mg>Cr ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʩ Na> K> Ba (ʧʨʠʣʦʞʝʥʠʝ 2). 

ʆʙʦʛʘʱʝʥʥʦʩʪʴ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ ʢʘʣʴʮʠʝʤ ʩʚʷʟʘʥʘ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʢʘʨʙʦʥʘʪ ʠʦʥʦʚ (ɿʘʤʘʥʘ, 2000; ʅʘʤʩʘʨʘʝʚ ʠ ʜʨ., 2011; ʇʣʶʩ-

ʥʠʥ, 2013). ʂʘʣʴʮʠʡ ʠʤʝʝʪ ʩʠʣʴʥʫʶ ʤʠʛʨʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ (n-n10). ʂʘʢ 
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ʠʟʚʝʩʪʥʦ, ʠʥʪʝʥʩʠʚʥʝʝ ʚʩʝʛʦ ʚʳʥʦʩʷʪʩʷ ʭʣʦʨʠʜʳ Ca, Mg, Na, K ʠ ʩʫʣʴʬʘʪʳ 

ʄg, ʟʘ ʥʠʤ ʩʣʝʜʫʶʪ ʩʫʣʴʬʘʪʳ ʠ ʢʘʨʙʦʥʘʪʳ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ, ʝʱʝ ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ ʢʨʝʤʥʠʡ. ɿʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ ʠʜʝʪ ʨʘʩʪʚʦʨʝʥʠʝ ʛʠʧʩʘ, ʢʘʨʙʦʥʘʪʦʚ 

ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ. ɺ ʦʙʣʘʩʪʷʭ ʪʨʘʥʟʠʪʘ ʠ ʨʘʟʛʨʫʟʢʠ ʚʦʜ ʚʳʧʘʜʝʥʠʝ ʩʦʣʝʡ 

ʠʜʝʪ ʚ ʦʙʨʘʪʥʦʤ ʧʦʨʷʜʢʝ: ʢʨʝʤʥʠʝʚʳʝ, ʢʘʨʙʦʥʘʪʥʳʝ, ʩʫʣʴʬʘʪʥʳʝ ʠ ʭʣʦʨʠʜ-

ʥʦ-ʩʫʣʴʬʘʪʥʳʝ ʘʢʢʫʤʫʣʷʮʠʠ (ʇʦʣʳʥʦʚ, 1934).  

ʉʪʨʦʥʮʠʡ ï ʢʘʪʠʦʥʦʛʝʥʥʳʡ ʵʣʝʤʝʥʪ, ʥʘ ʚʥʝʰʥʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʩʣʦʝ 

ʠʤʝʝʪ 2 ʵʣʝʢʪʨʦʥʘ, ʢʦʪʦʨʳʡ ʦʥ ʣʝʛʢʦ ʦʪʜʘʝʪ ʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ, ʧʨʦʷʚ-

ʣʷʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʦ ʩʪʝʧʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʦʥ ʟʘʥʠ-

ʤʘʝʪ 15-ʝ ʤʝʩʪʦ. ʂʣʘʨʢ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʩʦʩʪʘʚʣʷʝʪ 375 ʤʛ/ʢʛ (ʪʘʙʣ. 5.6).  

ʉʪʨʦʥʮʠʡ ʭʠʤʠʯʝʩʢʠ ʙʣʠʟʦʢ ʢ ʢʘʣʴʮʠʶ, ʥʦ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʝʝ ʠ ʤʦ-

ʞʝʪ ʟʘʤʝʱʘʪʴ ʢʘʣʴʮʠʡ ʚ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ. ʉʦʦʪʥʦʰʝʥʠʝ ʢʘʣʴʮʠʷ ʢ 

ʩʪʨʦʥʮʠʶ ʠʤʝʝʪ ʚʘʞʥʦʝ ʙʠʦʭʠʤʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ɽʩʣʠ ʩʦʦʪʥʦʰʝʥʠʝ 

Ca/Sr<100 ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʢʩʠʯʥʦʩʪʴ ʩʪʨʦʥʮʠʷ ʜʣʷ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ. ʀʟ-

ʙʳʪʦʢ ʚ ʦʨʛʘʥʠʟʤʝ ʧʨʦʚʦʮʠʨʫʝʪ ʟʘʤʝʱʝʥʠʝ ʢʘʣʴʮʠʷ ʥʘ ʩʪʨʦʥʮʠʡ, ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ çʩʪʨʦʥʮʠʝʚʦʤʫ ʨʘʭʠʪʫè (ʫʨʦʚʩʢʘʷ ʙʦʣʝʟʥʴ). ʉʨʝʜʥʝʝ ʦʪʥʦʰʝʥʠʝ 

ʉʘ/Sr ʚ ʧʦʯʚʘʭ ʩ ʥʦʨʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʚʥʦ 126, ʚ ʨʘʩ-

ʪʝʥʠʷʭï150 (ʂʦʚʘʣʴʩʢʠʡ, ɿʘʩʦʨʠʥʘ, 1965).  

ɺ ʧʝʩʯʘʥʳʭ ʧʦʨʦʜʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʨʘʚʥʦ 

830ï880 ʤʛ/ʢʛ, ʯʪʦ ʚ 3,1ï3,3 ʨʘʟʘ ʚʳʰʝ ʢʣʘʨʢʘ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʚ 4,6ï4,9 ʨʘʟ 

ʧʨʝʚʦʩʭʦʜʠʪ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʛʨʘʥʠʪʘʭ (ʪʘʙʣ. 5.7). ʊʘʢʘʷ ʚʳ-

ʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʪʨʦʥʮʠʷ ʚ ʤʘ-

ʪʝʨʠʥʩʢʦʡ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʨʦʜʝ ï ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʦʤ ʙʘʪʦʣʠʪʝ (ʪʘʙʣ. 5.6). 

ɸʢʢʫʤʫʣʷʮʠʷ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ʠ ʧʦʯʚʘʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʬʦʨʤʝ 

ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʭ ʢʘʨʙʦʥʘʪʦʚ ʠ ʩʫʣʴʬʘʪʦʚ (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999). 

ʉʭʦʜʩʪʚʦ ʩʪʨʦʥʮʠʷ ʠ ʢʘʣʴʮʠʷ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʠʭ ʩʦʚʤʝʩʪʥʫʶ ʤʠʛʨʘ-

ʮʠʶ ʚ ʣʘʥʜʰʘʬʪʘʭ. ʄʠʛʨʘʮʠʷ Sr ʟʘ ʧʨʝʜʝʣʳ ʣʘʥʜʰʘʬʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʬʦʨʤʝ 

ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ, ʭʣʦʨʠʜʦʚ, ʙʨʦʤʠʜʦʚ ʠ ʡʦʜʠʪʦʚ. ʆʥ 

ʣʝʛʢʦ ʤʦʙʠʣʠʟʫʝʪʩʷ ʧʨʠ ʚʳʚʝʪʨʠʚʘʥʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. ʇʦʵʪʦʤʫ 

ʣʝʩʥʳʝ ʢʠʩʣʳʝ ʧʦʯʚʳ ʣʝʛʢʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʙʝʜʥʝʥʳ 
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ʩʪʨʦʥʮʠʝʤ. ʊʘʢ ʢʘʢ ʦʥ ʦʯʝʥʴ ʧʦʜʚʠʞʝʥ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ, ʦʥ ʣʝʛʢʦ ʥʘʢʘʧʣʠʚʘ-

ʝʪʩʷ ʚ ʣʝʩʥʳʭ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʷʭ (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999; Kabata-

Pendias, 2011). ʆʩʥʦʚʥʳʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʙʘʨʴʝʨʘʤʠ ʜʣʷ Sr ʷʚʣʷʶʪʩʷ 

ʩʫʣʴʬʘʪʥʳʡ, ʢʘʨʙʦʥʘʪʥʳʡ, ʱʝʣʦʯʥʦʡ, ʠʩʧʘʨʠʪʝʣʴʥʳʡ, ʩʦʨʙʮʠʦʥʥʳʡ ʠ ʪʝʨ-

ʤʦʜʠʥʘʤʠʯʝʩʢʠʡ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʪʨʦʥʮʠʷ ʚ 

ʧʦʯʚʘʭ ʷʚʣʷʝʪʩʷ ʝʛʦ ʘʢʢʫʤʫʣʷʮʠʷ ʚ ʢʘʨʙʦʥʘʪʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ. ɺ ʢʘʰʪʘʥʦ-

ʚʳʭ ʧʦʯʚʘʭ, ʛʜʝ ʢʘʨʙʦʥʘʪʳ ʟʘʣʝʛʘʶʪ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʝ ʩʦʜʝʨʞʘʥʠʝ 

ʩʪʨʦʥʮʠʷ ʥʘʠʤʝʥʴʰʝʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʯʝʨʥʦʟʝʤʦʚ ʦʙʳʢʥʦʚʝʥʥʳʭ, ʛʜʝ ʢʘʨʙʦ-

ʥʘʪʳ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʙʣʠʟʢʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɺ ʩʦʣʦʥʯʘʢʘʭ ʩʪʨʦʥʮʠʡ ʩʣʝʜʫʝʪ ʟʘ ʛʠʧʩʦʤ, ʦʩʘʞʜʘʷʩʴ ʚ ʬʦʨʤʝ ʮʝʣʝ-

ʩʪʠʥʘ. ʅʘʠʙʦʣʝʝ ʦʙʦʛʘʱʝʥʳ ʩʪʨʦʥʮʠʝʤ ʩʫʣʴʬʘʪʥʳʝ ʩʦʣʦʥʯʘʢʠ, ʩʦʣʦʥʮʳ 

ʢʘʰʪʘʥʦʚʳʝ ʠ ʧʫʩʪʳʥʥʳʝ ʧʦʯʚʳ. ɺ ʭʣʦʨʠʜʥʳʭ ʠ ʩʦʜʦʚʳʭ ʩʦʣʦʥʯʘʢʘʭ, ʘ 

ʪʘʢʞʝ ʙʝʩʢʘʨʙʦʥʘʪʥʳʭ ʠ ʥʝʟʘʩʦʣʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚ ï ʩʪʨʦʥ-

ʮʠʡ ʨʘʩʩʝʠʚʘʝʪʩʷ (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999). ɺ ʛʘʣʦʤʦʨʬʥʳʭ ʧʦʯʚʘʭ ɹʘʨ-

ʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʦʥʮʠʷ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʧʨʝʜʝʣʘʭ 860 

ʤʛ/ʢʛ (ʪʘʙʣ. 5.8). ʊʘʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʪʨʦʥʮʠʷ ʚʳʰʝ ʢʣʘʨʢʘ ʟʝʤʥʦʡ ʢʦʨʳ ʚ 

2,3 ʨʘʟʘ ʠ ʧʨʠʙʣʠʞʝʥʥʦ ʢ ʝʛʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ɹʘʨ-

ʛʫʟʠʥʩʢʦʡ ʜʝʧʨʝʩʩʠʠ (ʪʘʙʣ. 5.8).  

ʍʦʨʦʰʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʪʨʦʥʮʠʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʳʩʦʢʦʝ ʝʛʦ ʩʦʜʝʨ-

ʞʘʥʠʝ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ, ʚ ʦʙʱʝʡ ʩʭʝʤʝ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʧʦʜ-

ʟʝʤʥʳʭ ʚʦʜ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʦʥʮʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʦʙʱʝʡ ʤʠʥʝʨʘʣʠ-

ʟʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ, ʩʫʣʴʬʘʪʦʚ ʠ ʭʣʦʨʘ. 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʧʨʝʚʳʰʘʶʱʘʷ ʇɼʂ (7 ʤʛ/ʣ), ʚʩʪʨʝʯʘ-

ʝʪʩʷ ʚ ʩʫʣʴʬʘʪʥʳʭ ʛʠʜʨʦʪʝʨʤʘʭ, ʪʘʢ ʢʘʢ SO4
2- ʷʚʣʷʝʪʩʷ ʩʣʘʙʳʤ ʦʩʘʜʠʪʝʣʝʤ 

(ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999; ɹʘʨʦʥ, 2011). ɺ ʩʫʣʴʬʘʪʥʳʭ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʭ 

ʚʦʜʘʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʂʫʯʠʛʝʨ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʦʥʮʠʷ ʩʦʩʪʘʚ-

ʣʷʝʪ 256 ʤʢʛ/ʣ, ʯʪʦ ʚ 3,2 ʨʘʟʘ ʚʳʰʝ ʝʛʦ ʢʣʘʨʢʘ ʨʝʯʥʳʭ ʚʦʜ ʠ ʚ 2,5 ʨʘʟʘ ʟʦʥ 

ʘʢʪʠʚʥʦʛʦ ʚʦʜʦʦʙʤʝʥʘ (ʪʘʙʣ. 5.9).  

ɺ ʩʫʣʴʬʘʪʥʳʭ ʩʦʣʦʥʯʘʢʘʭ ʟʦʥ ʨʘʟʣʦʤʦʚ ʩʪʨʦʥʮʠʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʪʠʧʠʯʥʳʤ, ʟʜʝʩʴ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʰʝ, ʯʝʤ ʚ ʥʝʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʠʣʠ ʚ 
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ʭʣʦʨʠʜʥʳʭ ʩʦʣʦʥʯʘʢʘʭ (ʂʘʩʠʤʦʚ ʠ ʜʨ., 1978). ɺ ʠʟʫʯʝʥʥʳʭ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯ-

ʚʘʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʪʨʦʥʮʠʷ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 720-1300 ʤʛ/ʢʛ. ʉʘʤʳʝ 

ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʩʪʨʦʥʮʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʘʤʦʡ ʦʪʜʘʣʝʥʥʦʡ ʦʪ ʪʝʨʤʘʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʧʦʯʚʝ (ʊʃʂ-4-16), ʟʜʝʩʴ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʝʛʦ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚ-

ʣʷʝʪ 923 ʤʛ/ʢʛ (ʨʠʩ. 5.4). ʅʘʠʙʦʣʝʝ ʦʙʦʛʘʱʝʥʳ ʩʪʨʦʥʮʠʝʤ ʧʦʯʚʳ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʝ ʥʘ ʧʨʠʪʝʨʨʘʩʥʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʨʷʜʦʤ ʩ ʩʝʣʦʤ ʋʣʶʥʭʘʥ (ʊʃʂ-1-

16) ʠ ʥʘ ʟʘʙʦʣʦʯʝʥʥʦʤ ʫʯʘʩʪʢʝ ʩ ʧʝʨʝʩʳʭʘʶʱʠʤʠ ʦʟʝʨʘʤʠ (ʊʃʂ-3-16), ʟʜʝʩʴ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʣʝʤʝʥʪʘ ʨʘʚʥʦ 1160 ʤʛ/ʢʛ. ɺ ʟʘʩʦʣʝʥʥʦʡ ʘʣʣʶ-

ʚʠʘʣʴʥʦʡ ʧʦʯʚʝ, ʚʙʣʠʟʠ ʪʝʨʤʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ɼʳʨʝʥʩʢʠʡ, ʩʦʜʝʨʞʘʥʠʝ 

ʩʪʨʦʥʮʠʷ ʨʘʚʥʦ 995 ʤʛ/ʢʛ (ʨʠʩ. 5.6). 

ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʦʥʮʠʷ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʢʦʣʝʙ-

ʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 950ï1084 ʤʛ/ʢʛ, ʯʪʦ 2,5ï2,9 ʨʘʟʘ ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʟʝʤ-

ʥʦʡ ʢʦʨʝ; 1,1ï1,3 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ; 2,9ï3,3 ʨʘ-

ʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʧʦʯʚʘʭ ɿʘʙʘʡʢʘʣʴʷ: ʩ ʬʦʥʦʚʳʤʠ ʟʘʩʦʣʝʥʥʳʤʠ ʧʦʯʚʘʤʠ ʚ 1,1ï

1,3 ʨʘʟʘ (ʨʠʩ. 5.7).  

ɺ ʧʨʦʬʠʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʪʨʦʥʮʠʷ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʝʛʦ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʦʣʝʚʳʤ ʢʦʨʢʘʤ. ɺʥʫʪʨʠʧʦʯʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦʝ (ʨʠʩ. 5.8).  

ɺ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʩʪʨʦʥʮʠʡ ʠʤʝʝʪ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ 

ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʝʤ 1057 ʤʛ/ʢʛ (ʨʠʩ. 5.9). ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʦʥʮʠʷ 

ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ, ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʠʚʥʦʩʦʤ ʠʟ ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʂʫʯʠʛʝʨ. ʊʘʢʠʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʦʥʮʠʷ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʪ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʚ ʧʦʯʚʘʭ çʫʨʦʚʩʢʠʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʚʠʥʮʠʡè 

(ɻʫʣʷʝʚʘ ʠ ʜʨ., 2017). ʉʦʦʪʥʦʰʝʥʠʝ ʉʘ ʢ Sr ʨʘʚʥʦ 54, ʯʪʦ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʥʠ-

ʞʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʢʦʧʣʝʥʠʶ ʩʪʨʦʥʮʠʷ ʠ ʟʘʤʝ-

ʱʝʥʠʶ ʠʤ ʢʘʣʴʮʠʷ ï ʩʪʨʦʥʮʠʝʚʳʡ ʪʨʘʭʠʪ. 

 ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʚʷʟʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʨʦʥʮʠʷ ʩ ʥʝʢʦʪʦʨʳʤʠ ʬʠʟʠ-

ʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚʳ ʚʳʷʚʣʝʥʘ ʝʜʠʥʩʪʚʝʥʥʘʷ ʜʦʩʪʦʚʝʨʥʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʩʪʨʦʥʮʠʷ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʝʤʢʦʩʪʠ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʠ ʥʦʩʠʪ ʦʪ-

ʨʠʮʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʉ ʦʩʪʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 
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ʩʪʨʦʥʮʠʡ ʥʝ ʢʦʨʨʝʣʠʨʫʝʪ (ʧʨʠʣʦʞʝʥʠʝ 1). ʊʘʢʞʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʥʠ ʦʜʥʦʡ 

ʜʦʩʪʦʚʝʨʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʠ ʩʪʨʦʥʮʠʷ ʩ ʬʨʘʢʮʠʷʤʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʧʨʠʣʦʞʝʥʠʝ 1). 

ʉʦʜʝʨʞʘʥʠʝ ʩʪʨʦʥʮʠʷ ʥʝ ʢʦʨʨʝʣʠʨʫʝʪ ʥʠ ʩ ʦʜʥʠʤ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʥʘʤʠ ʵʣʝʤʝʥʪʦʤ. ɺʩʝ ʩʚʷʟʠ ʥʦʩʷʪ ʥʝ ʜʦʩʪʦʚʝʨʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʠʤʝʶʪ ʥʠʟʢʫʶ 

ʪʝʩʥʦʪʫ (ʧʨʠʣʦʞʝʥʠʝ 2).  

ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʦʥʮʠʷ ʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʚ ʟʦʥʝ ʚʣʠʷ-

ʥʠʷ ʂʫʯʠʛʝʨʩʢʠʭ ʛʠʜʨʦʪʝʨʤ, ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʩʘʤʦʡ ʧʨʠʨʦʜʦʡ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʩʦʣʦʥʯʘʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʠʚʥʦʩ ʩʪʨʦʥʮʠʷ 

ʩ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʚʦʜʘʤʠ, ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʵʣʝʤʝʥʪʘ ʚ ʧʦʯʚʘʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʵʪʦʛʦ ʠʩʪʦʯʥʠʢʘ. ɺʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʦʥʮʠʷ ʚ ʧʦʯʚʝ ʥʘʨʫʰʘʝʪ ʢʘʣʴʮʠʝʚʦ-ʩʪʨʦʥʮʠʝʚʦʝ ʩʦʦʪʥʦʰʝ-

ʥʠʝ. ɺ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ 100, ʚʦʟʤʦʞʥʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

ɹʘʨʠʡ ï ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʠʤʝʶʱʠʡ ʥʘ ʚʥʝʰʥʝʤ ʵʣʝʢ-

ʪʨʦʥʥʦʤ ʩʣʦʝ 2 ʵʣʝʢʪʨʦʥʘ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʦʪʜʘʝʪ ʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ, 

ʧʨʦʷʚʣʷʷ ʩʠʣʴʥʳʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. ʂʣʘʨʢ ʙʘʨʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ 

ʩʦʩʪʘʚʣʷʝʪ 400 ʤʛ/ʢʛ, ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʵʪʦʪ ʵʣʝʤʝʥʪ ʟʘʥʠʤʘʝʪ 14-ʝ 

ʤʝʩʪʦ (ʪʘʙʣ. 5.6). ɺ ʭʠʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʦʥ ʘʢʪʠʚʥʝʝ ʩʪʨʦʥʮʠʷ ʠ ʢʘʣʴ-

ʮʠʷ, ʥʦ ʝʛʦ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫʩʪʫʧʘʝʪ ʠʤ. ɺ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʘʭ ʙʘʨʠʡ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʢʘʣʠʝʤ ʠʟ-ʟʘ ʙʣʠʟʦʩʪʠ ʠʭ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ, 

ʧʦʵʪʦʤʫ ʦʥ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʦʣʝʚʳʭ ʰʧʘʪʘʭ ʠ ʙʠʦʪʠʪʝ (Kabata-

Pendias, 2011). 

ʇʦʯʚʦʦʙʨʘʟʫʶʱʠʝ ʧʦʨʦʜʳ ɿʘʙʘʡʢʘʣʴʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʙʘʨʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʥʦʩʠʪʝʣʝʤ ʠ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʙʘʨʠʷ (ʂʘʰʠʥ, 2015). ɺ ʧʦʯ-

ʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʙʘʨʠʡ, ʪʘʢʞʝ ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʧʦʚʳʰʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʉʨʝʜʥʝʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʝʩʢʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ 

ʢʦʪʣʦʚʠʥʳ ʩʦʩʪʘʚʣʷʝʪ 1247ï1300 ʤʛ/ʢʛ, ʯʪʦ ʚ 3,1ï3,3 ʨʘʟʘ ʙʦʣʴʰʝ ʢʣʘʨʢʘ 

ʟʝʤʥʦʡ ʢʦʨʳ (ʪʘʙʣ. 5.7). 
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ɺ ʧʦʯʚʘʭ ʙʘʨʠʡ ʣʝʛʢʦ ʤʦʙʠʣʠʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʵʪʦʤʫ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʝʛʦ ʚ ʧʦʯʚʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪ. ʇʦ ʧʦʩʣʝʜʥʠʤ 

ʜʘʥʥʳʤ ʚ ʧʦʯʚʘʭ ʤʠʨʘ ʝʛʦ ʢʣʘʨʢ ʩʦʩʪʘʚʣʷʝʪ 460 ʤʛ/ʢʛ (Kabata-Pendias, 2011) 

(ʪʘʙʣ. 5.8). ɺ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ɿʘʙʘʡʢʘʣʴʷ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʢʦʣʝʙ-

ʣʝʪʩʷ ʦʪ 930-989 ʤʛ/ʢʛ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʚ ʧʝʩʢʘʭ (ʀʚʘʥʦʚ, 2006). 

ʇʦ ʨʘʟʥʳʤ ʜʘʥʥʳʤ ʚ ʧʦʯʚʝ ɿʘʙʘʡʢʘʣʴʷ ʩʦʜʝʨʞʘʥʠʝ ʙʘʨʠʷ ʚʘʨʴʠʨʫʝʪ ʦʪ 98ï

1520 ʤʛ/ʢʛ. (ʀʚʘʥʦʚ, 2006; ʂʘʰʠʥ, 2011). ɺ ʩʨʝʜʥʝʤ ʧʦʯʚʳ ɿʘʙʘʡʢʘʣʴʷ ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʘʨʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʨʢʦ-

ʚʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʠ ʩʨʝʜʥʝʝ ʨʝʛʠʦʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 917Ñ48 

ʤʛ/ʢʛ ʜʦ 990Ñ56 ʤʛ/ʢʛ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ, ʯʪʦ ʚ 1,8ï2,1 ʨʘʟʘ ʚʳʰʝ 

ʢʣʘʨʢʘ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ (ʂʘʰʠʥ, 2015). ɺ ʟʘʩʦʣʝʥʥʳʭ 

ʧʦʯʚʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʩʦʜʝʨʞʘʥʠʝ ʙʘʨʠʷ ʪʘʢʞʝ ʚʳʩʦʢʦʝ ʠ ʨʘʚʥʦ 

1063Ñ24 ʤʛ/ʢʛ ʠ ʧʨʝʚʳʰʘʝʪ ʢʣʘʨʢ ʟʝʤʥʦʡ ʢʦʨʳ ʚ 2,6 ʨʘʟ (ʪʘʙʣ. 5.8). 

   ɺ ʢʠʩʣʳʭ ʫʩʣʦʚʠʷʭ ʧʦʜʟʦʣʠʩʪʳʭ ʠ ʜʨʫʛʠʭ ʣʝʩʥʳʭ ʧʦʯʚ ʢʠʩʣʦʝ ʚʳʱʝ-

ʣʘʯʠʚʘʥʠʝ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʙʠʦʛʝʥʥʦʡ ʘʢʢʫʤʫʣʷʮʠʝʡ. ɺ ʛʫʤʠʜʥʳʭ ʣʘʥʜ-

ʰʘʬʪʘʭ ɺʘ ʤʝʥʝʝ ʧʦʜʚʠʞʝʥ, ʯʝʤ Mg, Ca ʠ Sr. ɺ ʘʨʠʜʥʳʭ ʫʩʣʦʚʠʷʭ ʙʘʨʠʡ 

ʤʘʣʦʧʦʜʚʠʞʝʥ ʢʘʢ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʢʨʫʛʦʚʦʨʦʪʝ, ʪʘʢ ʠ ʚ ʚʦʜʘʭ. ʆʥ ʥʝ 

ʫʯʘʩʪʚʫʝʪ ʚ ʠʩʧʘʨʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʦʣʝʥʳʭ ʦʟʝʨʘʭ ʠ ʩʦʣʦʥʯʘʢʘʭ, ʚ 

ʦʪʣʠʯʠʠ ʦʪ Mg, Ca, Sr (ʀʚʘʥʦʚ, 2006).   

ʆʥ ʦʙʨʘʟʫʝʪ ʧʨʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ. 

ʍʦʪʷ ʤʠʛʨʘʮʠʷ ʙʘʨʠʷ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʘ ʚ ʚʦʜʘʭ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

SO4 ʠ ʪʦʣʴʢʦ ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʦʛʦ ʠʦʥʘ, ʘ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʩʦ-

ʜʝʨʞʘʥʠʷʭ ʙʘʨʠʷ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʦʩʘʞʜʝʥʠʝ ʚ ʚʠʜʝ ʙʘʨʠʪʘ (BaSO4) ï ʥʝʨʘʩ-

ʪʚʦʨʠʤʘʷ ʩʦʣʴ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʘʨʠʝʚʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ʙʘʨʠʪʘ ʠ 

ʚʠʪʝʨʠʪʘ) ʧʨʠʫʨʦʯʝʥʦ ʢ ʧʦʟʜʥʠʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʙʘʨʠʪʦʚʳʤ 

ʞʠʣʘʤ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʏʝʨʪʢʦ, ʏʝʨʪʢʦ, 2008). 

ɺ ʛʠʜʨʦʪʝʨʤʘʭ ʂʫʯʠʛʝʨʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʙʘʨʠʡ ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

820 ʤʢʛ/ʣ ʠ ʚ 32,8ï58,1 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʢʣʘʨʢ ʨʝʯʥʳʭ ʚʦʜ ʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʚʦʜʘʭ ʟʦʥʳ ʘʢʪʠʚʥʦʛʦ ʚʦʜʦʦʙʤʝʥʘ (ʪʘʙʣ. 5.9). 
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  ɺʘʞʥʝʡʰʠʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʙʘʨʴʝʨʘʤʠ ʜʣʷ ʙʘʨʠʷ ʷʚʣʷʶʪʩʷ ʙʠʦʛʝʦ-

ʭʠʤʠʯʝʩʢʠʡ, ʩʦʨʙʮʠʦʥʥʳʡ, ʩʫʣʴʬʘʪʥʳʡ, ʢʘʨʙʦʥʘʪʥʳʡ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ. 

ʇʦ ʵʥʝʨʛʠʠ ʧʦʛʣʦʱʝʥʠʷ ʩʨʝʜʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʦʥ ʟʘʥʠʤʘʝʪ 

ʧʝʨʚʦʝ ʤʝʩʪʦ Ba>Sr>Ca>Mg. ʆʥ ʣʝʛʢʦ ʩʦʨʙʠʨʫʝʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝ-

ʩʪʚʦʤ, ʛʣʠʥʘʤʠ. ʆʩʦʙʝʥʥʦ ʣʝʛʢʦ ʧʨʦʠʩʭʦʜʠʪ ʩʦʨʙʮʠʷ ʙʘʨʠʷ ʩ ʛʠʜʨʦʢʩʠʜʘʤʠ 

Mn, ʩʦʜʝʨʞʘʱʠʤʠ ɺʘ ʜʦ 10%, ʘ BaSO4 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʪʚʦʨʠʤʘʷ ʩʦʣʴ 

(ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999).  

ɺ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʟʦʥ ʨʘʟʣʦʤʦʚ ʂʫʯʠʛʝʨʩʢʦʛʦ ʫʨʦʯʠʱʘ ʩʘʤʦʝ ʚʳ-

ʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʘʨʠʷ (1480 ʤʛ/ʢʛ) ʠʤʝʝʪ ʘʣʣʶʚʠʘʣʴʥʘʷ ʪʝʨʤʦʢʨʠʦʪʫʨʙʠ-

ʨʦʚʘʥʥʘʷ ʧʦʯʚʘ (ʊʃʂ-2-16), ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ 

ʠʩʪʦʯʥʠʢʘ. ʇʦʯʚʳ, ʦʪʜʘʣʝʥʥʳʝ ʦʪ ʛʠʜʨʦʪʝʨʤʳ, ʠʤʝʶʪ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ɺʘ, ʢʦʪʦʨʦʝ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 1223ï1163 ʤʛ/ʢʛ (ʨʠʩ. 5.6). 

ʉʦʜʝʨʞʘʥʠʝ ʙʘʨʠʷ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʧʨʠʙʣʠʞʝʥʦ ʢ ʝʛʦ ʩʦʜʝʨʞʘʥʠʶ 

ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʚʳ-

ʰʝʥʥʳʡ ʬʦʥ ʩʦʜʝʨʞʘʥʠʷ ʙʘʨʠʷ ʚ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʛʘʣʦʤʦʨʬʥʳʭ ʧʦʯʚʘʭ ɹʘʨ-

ʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ, ʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʨʘʟʛʨʫʟʢʝ ʤʠ-

ʥʝʨʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʂʫʯʠʛʝʨ ʩʦʜʝʨʞʘʥʠʝ ʙʘʨʠʷ ʚ 1,1ï1,5 ʨʘʟ ʧʨʝʚʳʰʘʝʪ 

ʨʝʛʠʦʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ (ʨʠʩ. 5.7). ʅʘ ʥʘʢʦʧʣʝʥʠʝ ʙʘʨʠʷ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ 

ʦʢʘʟʳʚʘʶʪ ʚʦʜʳ ʪʝʨʤʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʠʚʥʦʩ ʵʣʝ-

ʤʝʥʪʦʚ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʙʘʨʠʷ ʚ ʧʨʦʬʠʣʝ ʥʦʩʠʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʥʦʪʠʧʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʄʠʥʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 170ï270 ʤʛ/ʢʛ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʤ ʩʦʣʝʚʳʤ ʢʦʨʦʯʢʘʤ, ʢʦʪʦʨʳʝ ʩʤʝʥʷʝʪʩʷ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʚ 

ʚʝʨʭʥʠʭ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʜʦ 850ï1400 ʤʛ/ʢʛ, ʯʪʦ, ʩ ʥʝʙʦʣʴʰʦʡ ʚʘʨʠʘ-

ʮʠʝʡ, ʩʦʭʨʘʥʷʝʪʩʷ ʧʦ ʚʩʝʤʫ ʧʨʦʬʠʣʶ (ʨʠʩ. 5.8).  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʙʘʨʠʷ ʙʣʠʟʢʦ ʢ ʥʦʨʤʘʣʴʥʦʤʫ (ʨ=0,19), ʧʨʠ ʩʨʝʜʥʝʤ 

ʟʥʘʯʝʥʠʠ 1252 ʤʛ/ʢʛ (ʨʠʩ. 5.9). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʙʘʨʠʷ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʩʚʷʟʴ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛ-

ʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ 

(ʧʨʠʣʦʞʝʥʠʝ 1). ʂʦʨʨʝʣʷʮʠʷ ʙʘʨʠʷ ʩ ʬʨʘʢʮʠʷʤʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦ-
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ʩʪʘʚʘ ʧʦʜʪʚʝʨʜʠʣʘ ʝʛʦ ʟʘʤʝʪʥʫʶ ʩʚʷʟʴ ʩ ʬʨʘʢʮʠʝʡ ʢʨʫʧʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʝʩ-

ʢʘ (ʧʨʠʣʦʞʝʥʠʝ 1). ʊʘʢʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʘ ʩ 

ʥʘʣʠʯʠʝʤ ʙʘʨʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʤʠʥʝʨʘʣʦʚ. 

ʉʦʜʝʨʞʘʥʠʝ ʙʘʨʠʷ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʠʤʝʝʪ ʚʳʩʦ-

ʢʫʶ ʩʪʝʧʝʥʴ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʠʷ ʚ ʧʦʯʚʝʥʥʦʤ 

ʧʨʦʬʠʣʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ ʪʝʩʥʫʶ ʩʚʷʟʴ ʚ ʘʩʩʦʮʠʘʮʠʠ. ʉʠʥʝʨʛʠʟʤ ʙʘʨʠʷ 

ʩ ʤʘʛʥʠʝʤ ʠ ʢʘʣʴʮʠʝʤ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʦʩʪʦʚʝʨʥʦʡ ʢʦʨʨʝʣʷ-

ʮʠʝʡ ʩ ʵʪʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʊʘʢʞʝ ʜʦʩʪʦʚʝʨʥʫʶ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʩʚʷʟʴ ʙʘʨʠʡ 

ʠʤʝʝʪ ʩ ʛʨʫʧʧʦʡ ʞʝʣʝʟʘ (ʢʨʦʤʝ ʥʠʢʝʣʷ) ʠ ʩʝʨʦʡ (ʧʨʠʣʦʞʝʥʠʝ 2). 

 ʑʝʣʦʯʥʦʟʝʤʝʣʴʥʳʝ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʱʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ ʦʪʥʦʩʷʪ ʚ ʛʨʫʧʧʫ 

ʣʠʪʦʬʠʣʴʥʳʭ, ʪ.ʝ. ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʥʠ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. ɺ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʨʷʜ ʜʣʷ 

ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʵʣʝʤʝʥʪʦʚ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: Mg0.8, Ca1.4, Ba2.9, 

Sr3.2. ɸʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʘʨʠʷ ʠ ʩʪʨʦʥʮʠʷ ʩʚʷʟʘʥʳ ʩ ʛʣʫ-

ʙʠʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʦʩʪʫʧʣʝʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʛʠʜʨʦʪʝʨʤ ʂʫʯʠʛʝʨʩʢʦ-

ʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ.  
 
5.3. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʞʝʣʝʟʘ 

 
ʆʩʦʙʫʶ ʛʨʫʧʧʫ ʧʨʝʜʩʪʘʚʣʷʶʪ ʵʣʝʤʝʥʪʳ ʛʨʫʧʧʳ ʞʝʣʝʟʘ, ʠʣʠ ʪʘʢ ʥʘʟʳ-

ʚʘʝʤʳʝ ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ. ʂ ʵʪʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ: ʚʘʥʘʜʠʡ (V), ʭʨʦʤ 

(Cr), ʤʘʨʛʘʥʝʮ (Mn), ʞʝʣʝʟʦ (Fe), ʢʦʙʘʣʴʪ (Co), ʥʠʢʝʣʴ (Ni). ɺʩʝ ʦʥʠ ʥʘʭʦ-

ʜʷʪʩʷ ʚ 4-ʤ ʧʝʨʠʦʜʝ, ʠʤʝʶʪ ʧʝʨʝʤʝʥʥʳʝ ʚʘʣʝʥʪʥʦʩʪʠ ʠ ʷʚʣʷʶʪʩʷ ʩʠʜʝʨʦ-

ʬʠʣʴʥʳʤʠ. ʅʘʢʦʧʣʝʥʠʝ ʠʭ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʙʘʟʠʪʦʚʦʛʦ ʤʘʛʤʘ-

ʪʠʟʤʘ ʣʠʙʦ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʵʪʠʤ 

ʤʘʛʤʘʪʠʟʤʦʤ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠʟ ʜʘʥʥʦʡ ʛʨʫʧʧʳ 

ʷʚʣʷʝʪʩʷ ʩʘʤʦ ʞʝʣʝʟʦ, ʘ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʯʠʪʘʝʪʩʷ 

ʤʘʨʛʘʥʝʮ, ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʙʦʣʝʝ ʨʝʜʢʠʝ. 

ʍʨʦʤ. ʉʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʚ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʚ ʣʠʪʦʩʬʝʨʝ. ʂʣʘʨʢ ʭʨʦʤʘ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʩʦʪʘʚʣʷʝʪ 100 ʤʛ/ʢʛ. 

ɻʨʘʥʠʪʳ ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ ʦʙʝʜʥʝʥʳ ʭʨʦʤʦʤ (ʪʘʙʣ. 5.10).  
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ʊʘʙʣʠʮʘ 5.10. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Cr, Mn, Fe, Co, Ni ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʧʦʨʦʜʘʭ ʠ ʧʦʯ-
ʚʘʭ, ʤʛ/ʢʛ 

ʕʣʝʤʝʥʪ ʂʣʘʨʢ ʟʝʤʥʦʡ ʢʦʨʳ 
(ɻʨʠʛʦʨʴʝʚ, 2009; 
Kabata-Pendias,2011) 

ɻʨʘʥʠʪʳ 
ʢʣʘʩʩʠʯʝʩʢʠʝ 
(Kabata-

Pendias,2011)  

ɸʥʛʘʨʦ-
ɺʠʪʠʤʩʢʠʡ ʙʘ-
ʪʦʣʠʪ (ʅʦʩʢʦʚ, 

2011) 

ʇʝʩʯʘʥʳʝ ʧʦʯʚʦ-
ʦʙʨʘʟʫʶʱʠʝ ʧʦ-
ʨʦʜʳ ʤʠʨʘ 
(Kabata-

Pendias,2011) 
Cr 100 14,5 11 20ï40 
Mn 900 475 271 100ï500 
Fe 45000ï50000 20500 13456 10000ï30000 
Co 10 4 3 0,3ï10 
Ni 20 10 30 5ï20 
 
ʅʘʠʙʦʣʝʝ ʙʦʛʘʪʳ ʭʨʦʤʦʤ ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ ʧʦʨʦʜʳ (170ï3400 ʤʛ/ʢʛ), ʚ 

ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʦʢʦʣʦ ʢʣʘʨʢʦʚʳʭ ʟʥʘʯʝʥʠʷʭ. ɺ ʧʝʩʯʘʥʳʭ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ʭʨʦʤ ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 20ï40 ʤʛ/ʢʛ 

(Kabata-Pendias, 2011). ɺ ʧʝʩʢʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʭʨʦʤ ʨʘʩʩʝʠʚʘʝʪʩʷ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʝʛʦ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʘʩ-

ʩʠʯʝʩʢʠʤ ʠ ʛʨʘʥʠʪʘʤ ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ, ʘ ʪʘʢʞʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʤ ʧʝʩʯʘʥʳʤ ʧʦʨʦʜʘʤ ʤʠʨʘ, ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚʳʰʝ ʚ 3,3, 4,3 

ʠ 1,6 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣ. 5.11).  
 
ʊʘʙʣʠʮʘ 5.11. ʉʦʜʝʨʞʘʥʠʝ Cr, Mn, Fe, Co, Ni ʚ ʧʝʩʢʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

ʕʣʝʤʝʥʪ n ʉʦʜʝʨʞʘʥʠʝ ʆʪʥʦʰʝʥʠʝ 
ʢ ʢʣʘʨʢʫ 
ʟʝʤʥʦʡ 
ʢʦʨʝ 

ʢ ʛʨʘʥʠ-
ʪʘʤ 

ʢ ɸʥʛʘʨʦ-
ɺʠʪʠʤʩʢʦʤʫ 
ʙʘʪʦʣʠʪʫ 

ʢ ʧʝʩʯʘʥʳʤ ʧʦʯ-
ʚʦʦʙʨʘʟʫʶʱʠʤ 
ʧʦʨʦʜʘʤ ʤʠʨʘ 

ʇʝʩʯʘʥʳʝ ʦʪʣʦʞʝʥʠʷ ʨ. ʊʘʣʠʥʛʘ 
Cr 1 47,2 0,47 3,3 4,3 1,6 
Mn 1 360 0,4 0,8 1,3 1,2 
Fe 1 23800 0,5 1,2 1,8 1,2 
Co 1 8,1 0,8 2,0 2,7 1,5 
Ni 1 23,3 1,2 2,3 0,8 1,2 

ʇʝʩʯʘʥʘʷ ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʧʦʨʦʜʘ ɺʉʂ 
Cr 59 30 0,3 2,0 2,7 1,0 
Mn 59 375 0,4 0,8 1,4 1,3 
Fe 29 20166 0,4 1,0 1,5 1,0 
Co 59 6,4 0,6 1,6 2,1 1,2 
Ni 59 15,2 0,76 1,5 0,5 0,8 
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ɺ ʧʦʯʚʘʭ ʠ ʨʳʭʣʳʭ ʧʦʨʦʜʘʭ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʭʨʦʤʘ ʚ ʬʦʨʤʝ Cr+3 ʚʭʦʜʠʪ 

ʚ ʩʦʩʪʘʚ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ. ʇʦʵʪʦʤʫ ʝʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʤʘʣʦʧʦʜʚʠʞʥʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʅ ʠ Eh. 

ɺ ʧʦʯʚʘʭ ʤʠʨʘ ʩʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʨʘʚʝʥ 60 ʤʛ/ʢʛ (ʪʘʙʣ. 5.12). ɻʣʘʚʥʳ-

ʤʠ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʭʨʦʤʘ ʷʚʣʷʝʪʩʷ ʧʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʝʛʦ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ, ʚ ʟʦʥʘʣʴʥʳʭ ʠ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ (ʂʘʰʠʥ, 

ʀʚʘʥʦʚ, 2002; ʂʘʰʠʥ, 2008; ʉʦʩʦʨʦʚʘ, 2016). ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʚ 

ʧʦʯʚʘʭ ɿʘʙʘʡʢʘʣʴʷ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 10 ʤʛ/ʢʛ ʚ ʪʦʨʬʷʥʦ-ʙʦʣʦʪʥʦʡ ʜʦ 

83 ʤʛ/ʢʛ ʚ ʯʝʨʥʦʟʝʤʝ ʤʫʯʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʦʤ. ɽʛʦ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʚ ʧʦʯ-

ʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ ʱʝʣʦʯʥʦʛʦ ʠ ʩʦʨʙʮʠʦʥʥʦʛʦ ʙʘʨʴʝʨʘ, 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʛʦʨʠʟʦʥʪʘʭ (ʀʚʘʥʦʚ, 

2007). ɺ ʧʦʯʚʘʭ ʩʫʭʦʩʪʝʧʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʩʦʜʝʨʞʘ-

ʥʠʝ ʭʨʦʤʘ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 35ï98 ʤʛ/ʢʛ, ʚ ʩʨʝʜʥʝʤ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 62 ʤʛ/ʢʛ (ʀʚʘʥʦʚ, 2014). ʉʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ 

ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʪʘʢʦʝ ʞʝ, ʢʘʢ ʠ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʝ, ʯʪʦ 

ʥʠʞʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʚ 5 ʨʘʟ (ʪʘʙʣ. 5.12). 
 
ʊʘʙʣʠʮʘ 5.12. ʉʦʜʝʨʞʘʥʠʝ Cr, Mn, Fe, Co, Ni ʚ ʧʦʯʚʘʭ ʤʠʨʘ, ɿʘʙʘʡʢʘʣʴʷ ʠ ʟʘʩʦʣʝʥ-
ʥʳʭ ʧʦʯʚʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

ʕʣʝʤʝʥʪ ʂʣʘʨʢ ʧʦʯʚ 
ʤʠʨʘ (Kabata-
Pendias, 2011) 

ʂʣʘʨʢ ʧʦʯʚ, ʀʄ-
ɻʈʕ (ʊʨʝʙʦʚʘ-
ʥʠʷé., 2002) 

ɺ ʧʦʯʚʘʭ ɿʘʙʘʡ-
ʢʘʣʴʷ 

 (ʀʚʘʥʦʚ, 2007) 

ɺ ʟʘʩʦʣʝʥʥʳʭ 
ʧʦʯʚʘʭ ɹʘʨʛʫʟʠʥ-
ʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

Cr 60 70 54 35 
Mn 488 1000 680 616 
Fe 35000 40000 44590 24471 
Co 11,3 8 9,5 9,5 
Ni 29 50 26 19 
 
ɺ ʛʫʤʠʜʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʚʦʜʳ ʙʝʜʥʳ ʨʘʩʪʚʦʨʝʥʥʳʤ ʭʨʦʤʦʤ. ɺʦʜʥʘʷ 

ʤʠʛʨʘʮʠʷ Cr ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʱʝʣʦʯʥʦ-ʢʠʩʣʦʪʥʳʤʠ ʠ ʦʢʠʩʣʠʪʝʣʠ-

ʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ɺ ʩʠʣʴʥʦʢʠʩʣʦʡ ʩʨʝʜʝ ʧʨʝʦʙʣʘʜʘʝʪ 

Cr3+, ʧʨʠ ʨʅ 5-7 ï Cr(ʆʅ)3, ʚ ʩʠʣʴʥʦʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ï Crʆ4
2-. ɺ ʢʠʩʣʦʡ ʠ 

ʥʝʡʪʨʘʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʦʥ ʩʣʘʙʦʧʦʜʚʠʞʝʥ ʠ ʤʠʛʨʠʨʦʚʘʪʴ ʤʦʞʝʪ ʪʦʣʴʢʦ ʚ 
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ʱʝʣʦʯʥʦʡ ʨʝʟʢʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʚ ʬʦʨʤʝ Crʆ4
2-. (ʇʝʨʝʣʴʤʘʥ, ʂʘ-

ʩʠʤʦʚ). 

ʑʝʣʦʯʥʳʝ ʪʝʨʤʳ ʢʫʣʴʜʫʨʩʢʦʛʦ ʪʠʧʘ ʘʟʦʪʥʦ-ʢʨʝʤʥʠʩʪʳʭ ʚʦʜ ʬʪʦʨʠʜ-

ʥʦ-ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʠʝʚʦʛʦ ʩʦʩʪʘʚʘ ʦʙʦʛʘʱʝʥʳ ʭʨʦʤʦʤ. ʇʦ ʨʘʩʯʝʪʘʤ 

ʉ.ɺ. ʃʳʩʘʢʘ (1982) ʩ ʫʯʝʪʦʤ ʜʝʙʠʪʘ ʂʫʯʠʛʝʨʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʳʥʦʩ ʭʨʦʤʘ 

ʩʦʩʪʘʚʣʷʝʪ 1,87 ʢʛ/ʩʫʪʢʠ, ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ 7 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʢʣʘʨʢ ʨʝʯʥʳʭ 

ʚʦʜ ʠ 1,9 ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʟʦʥʳ ʛʠʧʝʨʛʝʥʝʟʘ (ʪʘʙʣ. 5.13).  
 
ʊʘʙʣʠʮʘ 5.13. ʉʦʜʝʨʞʘʥʠʝ Cr, Mn, Fe, Co, Ni ʚ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜʘʭ ʂʫʯʠʛʝʨʩʢʦʛʦ ʠʩ-
ʪʦʯʥʠʢʘ, ʢʣʘʨʢʠ ʨʝʯʥʳʭ ʚʦʜ ʤʢʛ/ʣ 

ʕʣʝ-
ʤʝʥʪ 

ʂʫʯʠʛʝʨʩʢʠʝ ʛʠʜʨʦ-
ʪʝʨʤʳ (ʏʝʨʥʷʚʩʢʠʡ, 
2006; ʇʣʶʩʥʠʥ ʠ 
ʜʨ., 2013) 

ʂʣʘʨʢ ʨʝʯ-
ʥʳʭ ʚʦʜ 
(ɼʦʙʨʦʚʦʣʴ-
ʩʢʠʡ, 2009) 

ʂʣʘʨʢ ʚʦʜ ʟʦʥʳ 
ʘʢʪʠʚʥʦʛʦ ʚʦʜʦ-
ʦʙʤʝʥʘ (ʐʚʘʨ-
ʮʝʚ, 1998) 

ʆʪʥʦʰʝʥʠʝ ʢ 
ʢʣʘʨʢʫ 
ʨʝʯʥʳʭ 
ʚʦʜ  

ʢʣʘʨʢʫ ʚʦʜ ʟʦ-
ʥʳ ʘʢʪʠʚʥʦʛʦ 
ʚʦʜʦʦʙʤʝʥʘ  

Cr 7,0 1,0 3,71 7,0 1,9 
Mn 28 10 22,7 2,8 1,3 
Fe 380 670 429 0,6 0,9 
Co 0,55 0,25 0,28 2,2 1,9 
Ni 7,86 2,5 2,22 3,1 3,5 

 
ɺ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʩʘʤʦʝ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʠʤʝʝʪ ʘʣʣʶʚʠ-

ʘʣʴʥʘʷ ʪʝʨʤʦʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʘʷ ʧʦʯʚʘ (ʨʠʩ. 5.10), ʛʜʝ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʩʦʩʪʘʚʣʷʝʪ 32 ʤʛ/ʢʛ. ɺ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʛʠʜʨʦʪʝʨʤ ʩʦ-

ʜʝʨʞʘʥʠʝ ʭʨʦʤʘ 35,2 ʤʛ/ʢʛ ʥʘ ʙʦʣʦʪʥʦʤ ʫʯʘʩʪʢʝ ʠ 47,1 ʤʛ/ʢʛ ʚ ʛʨʠʬʦʥʝ ʙʘʥ-

ʥʦʛʦ ʢʦʨʧʫʩʘ. ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ 

ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʠʢʦʤ ʚ 64 ʤʛ/ʢʛ ʚ ʩʦʣʦʥʯʘʢʝ 

ʩʦʣʦʥʮʝʚʘʪʦʤ. ɺʦʟʤʦʞʥʦ, ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʫʪʷʞʝʣʝʥʠʝʤ ʛʨʘʥʫʣʦ-

ʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʚʣʠʷʥʠʷ ʩʠʥʣʠʪʦʛʝʥʝʟʘ. 

ʇʨʠ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʭʨʦʤʘ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ɹʘʨʛʫ-

ʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʠʜʝʪ ʝʛʦ ʥʘʢʦʧʣʝʥʠʝ. ɺ ʮʝʣʦʤ ʟʘ-

ʩʦʣʝʥʥʳʝ ʧʦʯʚʳ ʂʫʯʠʛʝʨʩʢʦʛʦ ʫʨʦʯʠʱʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʘʢʠʤ ʞʝ ʩʦʜʝʨ-

ʞʘʥʠʝʤ, ʢʘʢ ʠ ʬʦʥʦʚʳʝ ʧʦʯʚʳ ɿʘʙʘʡʢʘʣʴʷ (ʨʠʩ. 5.11). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʨ-

ʢʦʤ ʟʝʤʥʦʡ ʢʦʨʳ, ʚ ʠʟʫʯʝʥʥʳʭ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʭʨʦʤ ʨʘʩʩʝʠʚʘʝʪʩʷ.  
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ʈʠʩ. 5.10. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ Cr, Mn, Fe, Co, Ni ʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ 

ʟʦʥʳ ʚʣʠʷʥʠʷ ʂʫʯʠʛʝʨʩʢʠʭ ʛʠʜʨʦʪʝʨʤ 
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                                            Cr                                                                       Mn 

  
                                          Fe                                                                          Co 

 
Ni 

ʈʠʩ. 5.11. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ Cr, Mn, Fe, Co, Ni ʧʦ ʩʨʘʚʥʝʥʠʶ: 1-ʢʣʘʨʢʦʤ 
ʟʝʤʥʦʡ ʢʦʨʳ; 2- ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ; 3- ʧʦʯʚʘ-

ʤʠ ɿʘʙʘʡʢʘʣʴʷ; 4-ʟʘʩʦʣʝʥʥʳʤʠ ʧʦʯʚʘʤʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 
 

ɺ ʧʨʦʬʠʣʝ ʠʟʫʯʝʥʥʳʭ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʩʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʢʦʣʝʙʣʝʪʩʷ 

ʚ ʧʨʝʜʝʣʘʭ 21,3ï76,0 ʤʛ/ʢʛ (ʨʠʩ. 5.12). ʋʚʝʣʠʯʝʥʠʝ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʵʣʝʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʦʯʚʘʭ ʩ ʙʦʣʝʝ ʪʷʞʝʣʳʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘ-

ʚʦʤ. ɼʠʬʬʝʨʝʥʮʠʘʮʠʷ ʭʨʦʤʘ ʧʦ ʧʦʯʚʝʥʥʦʤʫ ʧʨʦʬʠʣʶ ʠʤʝʝʪ ʨʘʟʥʳʡ ʭʘʨʘʢ-

ʪʝʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʠʣʠʩʪʳʭ ʬʨʘʢʮʠʡ ʠ ʢʘʨʙʦʥʘʪʦʚ.  

ʆʙʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʜʣʷ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʨʦʤʘ ʚ ʩʦʣʝʚʳʭ ʢʦʨʢʘʭ, ʘ ʪʘʢʞʝ ʦʙʱʝʝ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝ-

ʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʝʛʦ ʚ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʨʦʬʠʣʷ. ɺʝʨʦʷʪʥʦ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʩʘʞʜʝʥʠʝ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʤʝʨʟʣʦʪʥʦʤ ʙʘʨʴʝʨʝ. ɺ ʧʝʩʯʘʥʳʭ ʵʦʣʦʚʳʭ 

ʥʘʥʦʩʘʭ ʠ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʪʤʝʯʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ, ʘ ʚ ʛʫʤʫʩʦʚʳʭ ʠ ʩʫʛʣʠʥʠʩʪʳʭ ʛʦʨʠʟʦʥʪʘʭ ï 

ʤʘʢʩʠʤʘʣʴʥʘʷ (ʨʠʩ. 5.12). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʭʨʦʤʘ ʧʨʠʙʣʠʞʝʥʦ ʢ ʥʦʨʤʘʣʴʥʦʤʫ 

ʨ=0,19, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ 52 ʤʛ/ʢʛ. ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʠʤʝʝʪ ʦʜ-

ʥʦʨʦʜʥʫʶ ʩʪʝʧʝʥʴ 28.3% (ʨʠʩ. 5.13). 
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ʈʠʩ. 5.12. ʇʨʦʬʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ Cr, Mn, Fe, Co, Ni ʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʟʦʥʳ 

ʚʣʠʷʥʠʷ ʂʫʯʠʛʝʨʩʢʠʭ ʛʠʜʨʦʪʝʨʤ 
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 ʆʧʠʩʘʪʝʣʴʥʳʝ ʩʪʘʪʠʩʪʠʢʠ  

ʇʘʨʘʤʝʪʨ Cr Mn Fe  ʉʦ Ni Ni 
ɺʳʙʦʨʢʘ 22 22 22 22 22 10 
ʉʨʝʜʥʝʝ 52 790 33145 15,2 33 46 
ʄʝʜʠʘʥʘ 56,5 775 34450 14,9 29 45,2 
ʄʦʜʘ ʤʥʦʞʝʩʪʚ. 930 ʤʥʦʞʝʩʪʚ. 11,6 17,6 ʤʥʦʞʝʩʪʚ. 

ʏʘʩʪʦʪʘ ʤʦʜʳ - 4 - 2,0 2 - 
ʄʠʥʠʤʫʤ, ʤʛ/ʢʛ 26 470 17400 7,4 17,10 36,8 
ʄʘʢʩʠʤʫʤ, ʤʛ/ʢʛ 76 1100 48500 23,9 59,8 59,8 

ɼʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 
(ʈ=0,05), ʤʛ/ʢʛ 

45,5ï58,5 716ï863 29549ï36742 13,1-17,3 27,3ï39,3 41,2-50,3 

ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 14,7 165,71 8111 4,8 13,48 7,72 
ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ V, % 28,3 21 24 31,6 40 16,6 

ʆʰʠʙʢʘ ʩʨʝʜʥʝʛʦ 3,1 35,3 1773 1,03 2,87 2,87 
ɸʩʠʤʤʝʪʨʠʷ -0,36 -0,19 -0,21 0,19 0,5 0,58 
ʕʢʩʮʝʩʩ -1,00 -0,39 -0,35 -0,93 -1,00 -0,50 

ʊʝʩʪ ʐʘʧʠʨʦ-ʋʠʣʢʘ 0,94 
(p=0,19) 

0,95 
(p=0,67) 

0,95  
(ʨ=0,88) 

0,96 
(p=0,66) 

0,91 
 (p=0,05) 

0,93  
(p=0,45) 

ʈʠʩ. 5.13. ʅʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Cr, Mn, Fe, Co, Ni ʚ ʟʘʩʦʣʝʥʥʳʭ 
ʧʦʯʚʘʭ ʟʦʥʳ ʚʣʠʷʥʠʷ ʂʫʯʠʛʝʨʩʢʠʭ ʛʠʜʨʦʪʝʨʤ  
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ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʦʨʨʝʣʷʮʠʠ ʭʨʦʤʘ ʩ ʥʝʢʦʪʦʨʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚʳ, ʥʝ ʚʳʷʚʣʝʥʦ ʥʠ ʦʜʥʦʡ ʜʦʩʪʦʚʝʨʥʦʡ ʩʚʷʟʠ. 

ʅʦ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ ʫʤʝʨʝʥʥʫʶ ʩʚʷʟʴ ʩʦʜʝʨʞʘʥʠʷ ʚʘʣʦʚʦʛʦ ʭʨʦʤʘ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ, ʵʪʘ ʢʦʨʨʝʣʷʮʠʷ ʦʪʯʝʪʣʠʚʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ 

ʩʦʣʦʥʯʘʢʝ ʩʦʣʦʥʮʝʚʘʪʦʤ (ʊʃʂ-4-16), ʛʜʝ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʠʢ ʩʦʜʝʨʞʘʥʠʷ  

ʢʘʨʙʦʥʘʪʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʨʦʤʘ (ʧʨʠʣʦʞʝʥʠʝ 1).  

 ʀʟ ʚʩʝʭ ʬʨʘʢʮʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʦʪ-

ʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʬʨʘʢʮʠʷʤʠ ʢʨʫʧʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʝʩʢʘ. ʇʦʣʦʞʠ-

ʪʝʣʴʥʘʷ ʜʦʩʪʦʚʝʨʥʘʷ ʩʚʷʟʴ ʭʨʦʤʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩ ʬʨʘʢʮʠʷʤʠ ʢʨʫʧʥʦʡ ʠ 

ʩʨʝʜʥʝʡ ʧʳʣʠ (ʧʨʠʣʦʞʝʥʠʝ 1). ʆʩʪʘʣʴʥʳʝ ʩʚʷʟʠ ʥʦʩʷʪ ʥʝʜʦʩʪʦʚʝʨʥʳʡ ʭʘ-

ʨʘʢʪʝʨ. 

ʉʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʦʯʝʥʴ ʪʝʩʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʛʨʫʧʧʦʡ ʞʝʣʝʟʘ (Fe, Mn, 

Ni, Co). ɺʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʢʦʨʨʝʣʷʮʠʠ ʭʨʦʤ ʠʤʝʝʪ ʩ Mg, Li, Ca. ʉʚʷʟʴ ʭʨʦʤʘ 

ʩ ʢʘʣʠʝʤ ʠ ʙʘʨʠʝʤ ʥʦʩʠʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʦ ʪʝʩʥʦʪʝ ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʳʭ ʩʚʷʟʝʡ ʫ ʭʨʦʤʘ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʷʜʳ: ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷ-

ʮʠʷ Fe<Co<Mg<Ni<Mn<Ca<Li; ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ K<Ba (ʧʨʠʣʦʞʝ-

ʥʠʝ 2). 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʚ ʠʟʫ-

ʯʝʥʥʳʭ ʧʦʯʚʘʭ ʥʠʞʝ, ʯʝʤ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʣʠʪʦʩʬʝʨʝ ʠ ʧʦʯʚʘʭ ʤʠʨʘ. ʆʩʝ-

ʜʘʥʠʝ ʭʨʦʤʘ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʛʦʨʠʟʦʥʪʘʭ ʩ ʙʦʣʝʝ ʪʷʞʝ-

ʣʳʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʘ ʪʘʢʞʝ ʥʘ ʤʝʨʟʣʦʪʥʦʤ ʚʦʜʦʫʧʦʨʝ. 

ʄʘʨʛʘʥʝʮ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ. ʆʩʦ-

ʙʝʥʥʦʩʪʠ ʛʝʦʭʠʤʠʠ ʤʘʨʛʘʥʮʘ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʠ ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʩʦʜʝʨʞʘʥʠʝ ʝʛʦ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝ-

ʜʝʣʘʭ 716ï1400 ʤʛ/ʢʛ, ʢʣʘʨʢ ʨʘʚʝʥ 900 ʤʛ/ʢʛ (ʪʘʙʣ. 5.10). ʉʦʜʝʨʞʘʥʠʝ ʤʘʨ-

ʛʘʥʮʘ ʚ ʦʩʥʦʚʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ (1200ï2000 ʤʛ/ʢʛ), ʯʝʤ 

ʚ ʢʠʩʣʳʭ (350ï600 ʤʛ/ʢʛ) (ʂʘʰʠʥ ʠ ʜʨ., 2008, Kabata-Pendias, 2011). 

ʇʦʯʚʦʦʙʨʘʟʫʶʱʠʝ ʧʦʨʦʜʳ ɿʘʙʘʡʢʘʣʴʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʦʜʝʨʞʘʥʠʝ 

ʤʘʨʛʘʥʮʘ ʥʠʞʝ ʢʣʘʨʢʘ ʣʠʪʦʩʬʝʨʳ (ʉʦʩʦʨʦʚʘ ʠ ʜʨ., 2008). ɺ ʧʝʩʯʘʥʳʭ ʦʪʣʦ-

ʞʝʥʠʷʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʚ 2,5 ʨʘʟʘ ʥʠʞʝ 
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ʢʣʘʨʢʘ ʣʠʪʦʩʬʝʨʳ ʠ ʚ 1,3 ʨʘʟʘ ʤʝʥʴʰʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʛʨʘ-

ʥʠʪʘ. ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʨʘʥʠʪʘʤ ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ, ʧʨʦʩʣʝʞʠʚʘ-

ʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ ʤʘʨʛʘʥʮʘ ʚ 1,3 ʨʘʟʘ (ʪʘʙʣ. 5.11). 

ɺʘʞʥʝʡʰʝʝ ʭʠʤʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ ʤʘʨʛʘʥʮʘ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʛʝʦʭʠʤʠʶ, 

ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʦʣʠʚʘʣʝʥʪʥʦʩʪʴ: ʦʥ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʚʦʩʴʤʠ ʩʪʝʧʝʥʷʭ 

ʦʢʠʩʣʝʥʠʷ ï ʦʪ 0 ʜʦ +7, ʥʦ ʜʣʷ ʙʠʦʩʬʝʨʳ ʠ ʣʘʥʜʰʘʬʪʦʚ ʭʘʨʘʢʪʝʨʥʳ, ʪʦʣʴʢʦ 

Mn2+, Mn3+, Mn4+ (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999).  

ɻʠʜʨʦʢʩʠʜʳ ʤʘʨʛʘʥʮʘ (ʛʝʣʠ, ʜʝʥʪʨʠʪʳ, ʢʦʥʢʨʝʮʠʠ) ʵʥʝʨʛʠʯʥʦ ʩʦʨʙʠ-

ʨʫʶʪ ʤʥʦʛʠʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ. ɿʘʨʷʞʝʥʥʳʝ ʦʪʨʠʮʘʪʝʣʴʥʦ, ʦʥʠ ʩʣʫʞʘʪ 

ʩʦʨʙʮʠʦʥʥʳʤ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ ʜʣʷ ʢʦʙʘʣʴʪʘ, ʥʠʢʝʣʷ, ʩʚʠʥʮʘ, ʤʝʜʠ, 

ʙʘʨʠʷ, ʠ ʜʨʫʛʠʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʤʠʛʨʠʨʫʶʱʠʭ ʚ ʢʘʪʠʦʥʥʦʡ ʬʦʨʤʝ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʘʥʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʄʦʱʥʳʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʪʷ-

ʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʞʝʣʝʟʦ-ʤʘʨʛʘʥʮʝʚʳʝ ʦʨʪʰʪʝʡʥʳ (ʇʝʨʝʣʴʤʘ, ʂʘ-

ʩʠʤʦʚ, 1999; Ross et.al.; Liu et.al., 2002; ɺʦʜʷʥʠʮʢʠʡ, 2009). 

ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ɿʘʙʘʡʢʘʣʴʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʤʘʨʛʘʥʮʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʨʝʜʥʶʶ ʠ ʥʠʟʢʫʶ ʩʪʝʧʝʥʴ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ (ʀʚʘ-

ʥʦʚ, 2007; ʉʦʩʦʨʦʚʘ ʠ ʜʨ., 2008). ɺ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘ-

ʣʴʷ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʪʘʢʞʝ ʦʩʪʘʝʪʩʷ ʥʠʟʢʠʤ (ʅʘʩʘʪʫʝʚʘ ʠ ʜʨ.,2012; ʉʦ-

ʩʦʨʦʚʘ ʠ ʜʨ., 2016). ɺ ʬʦʥʦʚʳʭ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʩʦʩʪʘʚʣʷʝʪ 616Ñ32 ʤʛ/ʢʛ, ʯʪʦ ʚ 1,5 ʨʘʟʘ ʥʠʞʝ ʢʣʘʨʢʘ 

ʣʠʪʦʩʬʝʨʳ, ʥʦ ʧʨʠ ʵʪʦʤ ʚ 1,7 ʨʘʟʘ ʚʳʰʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ 

ʧʦʨʦʜʝ (ʪʘʙʣ. 5.12). 

ɺ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʤʘʨʛʘʥʝʮ ʤʠʛʨʠʨʫʝʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʨʦʩʪʦʡ ʢʘʪʠ-

ʦʥʥʦʡ ʬʦʨʤʝ (Mn2+). ʉʨʝʜʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʦʥ ʠʤʝʝʪ ʩʘʤʫʶ ʥʠʟʢʫʶ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ, ʝʛʦ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʥʝ ʫʩʪʦʡ-

ʯʠʚʳ. ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ ʠ ʘʜʩʦʨʙʮʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʘʥʜʘʤʠ 

(ʢʠʩʣʦʨʦʜʥʳʡ ʠ ʩʦʨʙʮʠʦʥʥʳʡ ʙʘʨʴʝʨʳ) ʩʧʦʩʦʙʩʪʚʫʶʪ ʝʛʦ ʥʘʢʦʧʣʝʥʠʶ ʚ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ 1999). 

ʉʦʜʝʨʞʘʥʠʝ Mn ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ɿʘʙʘʡʢʘʣʴʷ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,7 ʜʦ 

49 ʤʢʛ/ʣ, ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 3,7 ʤʢʛ/ʣ, ʯʪʦ ʚ 2 ʨʘʟʘ ʥʠʞʝ ʩʨʝʜʥʝʡ ʤʠʨʦ-
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ʚʦʡ ʚʝʣʠʯʠʥʳ (ʂʘʰʠʥ ʠ ʜʨ., 2008). ʄʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʚʦʜʳ ʂʫʯʠʛʝʨʩʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʨʛʘʥʮʘ, ʩ ʫʯʝʪʦʤ 

ʜʝʙʠʪʘ ʠʩʪʦʯʥʠʢʘ ʚʳʥʦʩ ʤʘʨʛʘʥʮʘ ʩʦʩʪʘʚʣʷʝʪ 0,17 ʢʛ/ʩʫʪʢʠ (ʃʳʩʘʢ, 1982).  

ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʘʨʛʘʥʮʘ ʚ ʛʠʜʨʦʪʝʨʤʘʭ ʩʦʩʪʘʚʣʷʝʪ 28 ʤʢʛ/ʣ, ʯʪʦ ʚ 2,8 ʨʘʟʘ 

ʚʳʰʝ ʢʣʘʨʢʘ ʨʝʯʥʳʭ ʚʦʜ ʧʦ ɼʦʙʨʦʚʦʣʴʩʢʦʤʫ (ʪʘʙʣ. 5.13). 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʣʠʟʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, Mn2+ ʙʦʣʝʝ ʘʢ-

ʪʠʚʥʳʡ ʚʦʜʥʳʡ ʤʠʛʨʘʥʪ, ʯʝʤ Fe2+. ɼʠʘʧʘʟʦʥ ʤʠʛʨʘʮʠʠ ʤʘʨʛʘʥʮʘ ʙʦʣʝʝ ʰʠ-

ʨʦʢʠʡ, ʯʝʤ ʫ ʞʝʣʝʟʘ ʦʪ ʥʝʡʪʨʘʣʴʥʳʭ ʜʦ ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʩʨʝʜ, ʛʜʝ ʞʝʣʝʟʦ 

ʤʘʣʦʧʦʜʚʠʞʥʦ. ɺ ʙʠʦʩʬʝʨʝ ʚʦʜʥʘʷ ʤʠʛʨʘʮʠʷ ʤʘʨʛʘʥʮʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʢʠʩ-

ʣʦʨʦʜʥʳʤʠ ʠ ʱʝʣʦʯʥʳʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʙʘʨʴʝʨʘʤʠ (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 

1999). ɺ ʧʦʯʚʘʭ ʦʯʝʥʴ ʤʘʣʦ ʩʦʜʝʨʞʘʥʠʷ ʩʠʣʠʢʘʪʥʦʛʦ ʤʘʨʛʘʥʮʘ, ʪʘʢ ʢʘʢ ʦʢ-

ʩʠʜʳ Mn ʥʝ ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʘʣʶʤʦʩʠʣʠʢʘʪʘʤʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ Fe, ʘ 

ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ ʚ ʧʝʩʯʘʥʦ-ʧʳʣʝʚʘʪʦʡ ʬʨʘʢʮʠʠ ʧʦʯʚ. ʆʩʦ-

ʙʝʥʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʨʛʘʥʮʘ ʚ ʧʦʯʚʘʭ ʷʚʣʷʝʪʩʷ ʝʛʦ ʥʠʟʢʘʷ ʜʦʣʷ ʩʦ-

ʜʝʨʞʘʥʠʷ ʚ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ (16ï20%), ʚ ʦʪʣʠʯʠʝ ʦʪ ʞʝʣʝʟʘ, ʫ ʢʦʪʦʨʦʛʦ 57ï

69% ʚʘʣʦʚʦʡ ʬʦʨʤʳ ʥʘʭʦʜʠʪʩʷ ʚ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ (ɺʦʜʷʥʠʮʢʠʡ, 2009).  

ɺ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʚ ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

Mn ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 603 ï 923 ʤʛ/ʢʛ. ɺ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩʦ-

ʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 500 ʤʛ/ʢʛ (ʨʠʩ. 5.10).  

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʚʦ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʯʚʝʥʥʳʭ ʧʨʦʙ 

ʨʝʛʠʦʥʘ 790 ʤʛ/ʢʛ, ʯʪʦ 1,3 ʨʘʟʘ ʥʠʞʝ ʢ ʩʨʝʜʥʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʝʛʦ ʚ ʟʝʤʥʦʡ 

ʢʦʨʝ. ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʤ ʧʦʨʦʜʘʤ ʠ ʨʝʛʠʦʥʘʣʴʥʳʤ ʧʦʯʚʘʤ 

ʠʟʫʯʝʥʥʳʝ ʧʦʯʚʳ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʥʘʢʦʧʣʝʥʠʷ ʤʘʨʛʘʥʮʘ ʜʦ 2,25 ʨʘʟ (ʨʠʩ. 

5.11). 

ʇʨʦʬʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʨʛʘʥʮʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 380 ʜʦ 

1100 ʤʛ/ʢʛ (ʨʠʩ. 5.12). ɺ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʚʝʪʣʦʛʫʤʫʩʦʚʦʡ ʧʦʯʚʝ (ʊʃʂ-2-16) 

ʥʘʠʤʝʥʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪʤʝʯʘʝʪʩʷ ʚ ʩʦʣʝʚʦʡ ʢʦʨʦʯʢʝ, ʥʘ 

ʛʣʫʙʠʥʝ 70 ʩʤ ([AJ]C~~q,s ) ʠ ʥʠʞʝ. ɺ ʩʨʝʜʠʥʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʤʘʨʛʘʥʮʘ 

ʩʦʜʝʨʞʠʪʩʷ 650-780 ʤʛ/ʢʛ. ʅʘʠʙʦʣʴʰʠʡ ʜʠʘʧʘʟʦʥ ʚʘʨʴʠʨʦʚʘʥʠʷ ʤʘʨʛʘʥʮʘ ʧʦ 

ʧʨʦʬʠʣʶ ʦʪʤʝʯʘʝʪʩʷ ʚ ʩʦʣʦʥʯʘʢʝ ʩʦʣʦʥʮʝʚʘʪʦʤ (ʊʃʂ-4-16). ʄʘʢʩʠʤʘʣʴʥʘʷ 
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ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʛʫʤʫʩʦʚʦʤ ʠ ʧʦʛʨʝʙʝʥʥʦʤ ʛʫʤʫ-

ʩʦʚʦʤ ʛʦʨʠʟʦʥʪʘʭ. ʕʪʘ ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠ ʚ ʩʦʣʦʥʯʘʢʝ 

ʧʦʩʪʘʛʨʦʛʝʥʥʦʤ (ʊʃʂ-1-16). ɺ ʩʦʣʝʚʦʡ ʢʦʨʦʯʢʝ ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ 

ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʤʠʥʠʤʘʣʴʥʦ (ʨʠʩ. 5.12). 

ɿʘʢʦʥʦʤʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʘʨʛʘʥʮʘ ʚ ʥʘʠʙʦʣʝʝ ʫʜʘʣʝʥʥʳʭ ʦʪ ʠʩʪʦʯ-

ʥʠʢʘ ʨʘʟʨʝʟʘʭ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʤʠʛʨʘʮʠʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʚʦʜʘ-

ʤʠ. ʅʘʠʙʦʣʝʝ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ 

ʩʚʝʪʣʦʛʫʤʫʩʦʚʦʡ ʧʦʯʚʝ, ʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ï ʚ ʩʦʣʦʥʯʘʢʝ ʪʝʤʥʦʤ ʩʦʣʦʥʮʝʚʘ-

ʪʦʤ.  

ʉʦʜʝʨʞʘʥʠʝ Mn ʚ ʩʦʚʦʢʫʧʥʦʡ ʚʳʙʦʨʢʝ ʠʤʝʝʪ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 21 %. ɼʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 716ï863 ʤʛ/ʢʛ, ʩ ʩʨʝʜʥʠʤ ʧʦʢʘʟʘʪʝʣʝʤ 790 ʤʛ/ʢʛ (ʨʠʩ. 

5.13). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʦʯʚ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ, ʛʜʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʦ-

ʣʦʞʠʪʝʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʤʘʨʛʘʥʮʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʛʫʤʫʩʘ, ʚ 

ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʟʦʥʘʣʴʥʳʭ (ʂʘʰʠʥ ʠ ʜʨ., 2008), ʥʝ ʚʳʷʚʣʝʥʦ 

ʩʚʷʟʠ ʚ ʩʠʩʪʝʤʝ ʛʫʤʫʩ ï ʤʘʨʛʘʥʝʮ (ʧʨʠʣʦʞʝʥʠʝ 1). ʍʦʪʷ ʚ 2-ʭ ʨʘʟʨʝʟʘʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ, ʢʘʢ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʛʫʤʫʩʦʚʦʤ 

ʛʦʨʠʟʦʥʪʝ, ʪʘʢ ʠ ʚ ʧʦʛʨʝʙʝʥʥʦʤ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ, ʟʘʣʝʛʘʶʱʝʤ ʥʘ ʣʴʜʠ-

ʩʪʦʡ ʤʝʨʟʣʦʪʝ. ʅʝ ʚʳʷʚʣʝʥʦ ʩʚʷʟʠ ʩʦʜʝʨʞʘʥʠʷ ʤʘʨʛʘʥʮʘ ʠ ʩ ʜʨʫʛʠʤʠ ʬʠʟʠ-

ʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚʳ (ʧʨʠʣʦʞʝʥʠʝ 1). 

ʄʥʦʛʠʝ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠ ʤʝʪʘʣʣʳ ʛʨʫʧʧʳ ʞʝʣʝʟʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʦʡ ʢʦʨʨʝʣʷʮʠʝʡ ʩ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʝʡ, ʥʦ ʥʝ ʤʘʨʛʘʥʝʮ (ɺʦʜʷʥʠʮʢʠʡ, 

2009). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʂʫʯʠʛʝʨʩʢʦʛʦ ʫʨʦʯʠʱʘ. 

ʂʦʨʨʝʣʷʮʠʷ ʤʘʨʛʘʥʮʘ ʩ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʬʨʘʢʮʠʷʤʠ, ʧʦʢʘʟʘʣʦ ʦʪʨʠʮʘ-

ʪʝʣʴʥʫʶ ʜʦʩʪʦʚʝʨʥʫʶ ʩʚʷʟʴ ʩ ʢʨʫʧʥʳʤ ʠ ʩʨʝʜʥʠʤ ʧʝʩʢʦʤ ʠ ʦʪʩʫʪʩʪʚʠʝ ʢʦʨ-

ʨʝʣʷʮʠʠ ʤʘʨʛʘʥʮʘ ʩ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʝʡ (ʧʨʠʣʦʞʝʥʠʝ 1).  

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʦʨʨʝʣʷʮʠʠ ʤʘʨʛʘʥʮʘ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʠʟʫ-

ʯʝʥʥʳʭ ʧʦʯʚʘʭ ʚʳʷʚʣʝʥʘ ʚʳʩʦʢʘʷ ʩʠʣʘ ʩʚʷʟʠ ʩ ʵʣʝʤʝʥʪʘʤʠ ʛʨʫʧʧʳ ʞʝʣʝʟʘ 

(Cr, Fe, Co, Ni) ʠ Mg, ʯʪʦ ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʘʢʢʫʤʫʣʷʪʠʚʥʳʤ ʩʚʦʡ-
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ʩʪʚʦʤ ʟʘʢʨʝʧʣʝʥʠʷ ʤʥʦʛʠʭ ʢʘʪʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʦ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʨʷ-

ʜʘʤ ʤʘʨʛʘʥʝʮ ʦʙʨʘʟʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩ Mg<Cr<Co<Fe<Ni; ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʩ K<Ba (ʧʨʠʣʦʞʝʥʠʝ 2). 

ɻʣʘʚʥʳʤʠ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʘʨʛʘʥʮʘ ʷʚʣʷʝʪʩʷ ʧʦʥʠ-

ʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʝʛʦ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ, ʟʦʥʘʣʴʥʳʭ ʧʦʯʚʘʭ, ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ (ʄʘʢʝʝʚ, 1973; 

ʉʝʥʠʯʢʠʥʘ, ɸʙʘʰʝʝʚʘ, 1986; ʂʘʰʠʥ ʠ ʜʨ., 2008). ʅʘ ʥʠʟʢʦʤ ʬʦʥʦʚʦʤ ʫʨʦʚʥʝ 

ʩʦʜʝʨʞʘʥʠʷ ʤʘʨʛʘʥʮʘ ʚ ʟʦʥʘʣʴʥʳʭ ʧʦʯʚʘʭ, ʧʦʯʚʳ ʟʦʥ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦ-

ʤʦʚ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʚʳʢʣʠʥʠʚʘʥʠʶ ʂʫʯʠʛʝʨʩʢʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠ-

ʢʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Mn. ɺ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷ Mn ʚ 1,28 ʧʨʝʚʳʰʘʝʪ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʚ 

ʮʝʣʦʤ ʧʦ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʝ, ʠ ʚ 2 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ 

ʧʦʨʦʜʝ. ɺʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʠʚʥʦʩʘ ʤʘʨʛʘʥʮʘ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʦʜʘ-

ʤʠ ʦʯʝʚʠʜʥʦ. 

ɾʝʣʝʟʦ. ʗʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʣʠʪʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʝʤʥʦʡ 

ʢʦʨʳ. ʂʣʘʨʢ ʝʛʦ ʚ ʣʠʪʦʩʬʝʨʝ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 45000ï50000 ʤʛ/ʢʛ 

(ʪʘʙʣ. 5.10). ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ ʚ ʢʘʤʝʥʥʳʭ ʤʝʪʝʦʨʠʪʘʭ 

(25%), ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ (9,85%) ʧʦʨʦʜʘʭ. ɺ ʢʠʩʣʳʭ ʧʦʨʦʜʘʭ (ʛʨʘʥʠʪʘʭ) ï 

2.05% ʞʝʣʝʟʘ, ʩʘʤʦʝ ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʝʩʯʘʥʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ï ʤʝʥʝʝ 1% (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999; Kabata-Pendias, 

2011). 

ɺ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ɿʘʙʘʡʢʘʣʴʷ ʢʦʣʠʯʝʩʪʚʦ ʞʝʣʝʟʘ ʠʟʤʝʥʷ-

ʝʪʩʷ ʦʪ 30015 ʜʦ 60025 ʤʛ/ʢʛ, ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʚʥʦ 44590 ʤʛ/ʢʛ (ʀʚʘ-

ʥʦʚ, 2008). ʇʦʯʚʦʦʙʨʘʟʫʶʱʠʝ ʧʦʨʦʜʳ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʢʣʘʨʢʦʤ ʟʝʤʥʦʡ ʢʦʨʳ ï ʦʙʝʜʥʝʥʳ ʞʝʣʝʟʦʤ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʛʨʘʥʠʪʘʤʠ 

ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ, ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʝʩʢʘʭ ʩʦʜʝʨʞʘʥʠʝ Fe ʚ 

1,5ï1,8 ʨʘʟʘ ʚʳʰʝ (ʪʘʙʣ. 5.11). 

ʄʠʛʨʘʮʠʷ ʞʝʣʝʟʘ ʚ ʛʫʤʠʜʥʳʭ ʠ ʘʨʠʜʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʨʘʟʣʠʯʘʝʪʩʷ ʠʟ-

ʟʘ ʨʘʟʥʳʭ ʚʝʣʠʯʠʥ pH ʠ Eh. ɺ ʛʫʤʠʜʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʞʝʣʝʟʦ ʠʥʪʝʥʩʠʚʥʦ 

ʤʠʛʨʠʨʫʝʪ, ʦʩʦʙʝʥʥʦ ʚ ʙʦʣʦʪʥʳʭ ʚʦʜʘʭ ʠ ʛʣʝʝʚʳʭ ʧʦʯʚʘʭ, ʨʘʩʪʝʥʠʷ, ʢʘʢ ʧʨʘ-
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ʚʠʣʦ, ʦʙʦʛʘʱʝʥʳ Fe. ɺ ʛʣʝʝʚʳʭ ʚʦʜʘʭ ʞʝʣʝʟʦ ʦʩʘʞʜʘʝʪʩʷ ʥʘ ʢʠʩʣʦʨʦʜʥʦʤ 

ʙʘʨʴʝʨʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝ ʦʟʝʨʥʳʭ ʠ ʙʦʣʦʪʥʳʭ ʞʝʣʝʟʥʳʭ ʨʫʜ. ɺ ʩʪʝʧʥʳʭ ʠ ʧʫ-

ʩʪʳʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʞʝʣʝʟʦ ʤʘʣʦʧʦʜʚʠʞʥʦ, ʝʛʦ ʩʦʜʝʨ-

ʞʘʥʠʝ ʚ ʚʦʜʘʭ ʠ ʦʨʛʘʥʠʟʤʘʭ ʥʠʟʢʦʝ. 

ɺ ʧʦʯʚʘʭ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1 ʜʦ 5%. ʅʘʠʙʦʣʝʝ ʙʦʛʘʪʳ 

ʞʝʣʝʟʦʤ ʢʨʘʩʥʦʟʝʤʳ (ʜʦ 10%), ʠ ʙʝʜʥʳ ʣʝʛʢʠʝ ʧʝʩʯʘʥʳʝ ʧʦʯʚʳ (ʦʢʦʣʦ 1%). 

ɺ ʧʦʯʚʘʭ ɿʘʙʘʡʢʘʣʴʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʞʝʣʝʟʘ ʩʦʩʪʘʚʣʷʝʪ 45400 ʤʛ/ʢʛ 

(ʂʘʰʠʥ, 2014). ɺ ʟʦʥʘʣʴʥʳʭ ʯʝʨʥʦʟʝʤʘʭ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝ-

ʜʝʣʘʭ 29900ï60108 ʤʛ/ʢʛ, ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ï 30014ï60112 ʤʛ/ʢʛ, ʚ ʢʘʰʪʘʥʦ-

ʚʳʭ 29988ï60988 ʤʛ/ʢʛ (ʀʚʘʥʦʚ, 2007). ɺ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ 

ʢʦʪʣʦʚʠʥʳ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʙʣʠʞʝʥʦ ʢ 24471Ñ922 ʤʛ/ʢʛ (ʪʘʙʣ. 5.12).  

ɺ ʛʝʦʭʠʤʠʠ Fe ʚʘʞʥʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ Fe2+, 

Fe3+. ɼʚʫʭʚʘʣʝʥʪʥʦʝ ʞʝʣʝʟʦ ʧʦ ʩʚʦʡʩʪʚʘʤ ʙʣʠʟʦʢ ʢ ʜʨʫʛʠʤ ʜʚʫʭʚʘʣʝʥʪʥʳʤ 

ʢʘʪʠʦʥʘʤ, ʝʛʦ ʤʠʛʨʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʩʦʢʘ ʚ ʢʠʩʣʳʭ ʚʦʜʘʭ ʠ ʥʠʟʢʘʷ ʚ 

ʱʝʣʦʯʥʳʭ. ʊʨʝʭʚʘʣʝʥʪʥʦʝ Fe ʧʦʜʚʠʞʥʦ ʪʦʣʴʢʦ ʚ ʩʠʣʴʥʦʢʠʩʣʳʭ ʩʨʝʜʘʭ. 

ʆʩʦʙʝʥʥʦ ʚʳʩʦʢʘ ʧʦʜʚʠʞʥʦʩʪʴ Fe ʚ ʩʠʣʴʥʦʢʠʩʣʳʭ ʠ ʢʠʩʣʳʭ ʛʣʝʝʚʳʭ ʚʦʜʘʭ. 

ɺ ʩʝʨʦʚʦʜʦʨʦʜʥʳʭ ʚʦʜʘʭ ʦʥʦ ʤʝʩʪʘʤʠ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʚ ʬʦʨʤʝ ʛʠʜʨʦʩʫʣʴʬʠʜʦʚ Fe(HS)n
2-n. ʉ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʞʝʣʝʟʦ 

ʣʝʛʢʦ ʦʙʨʘʟʫʝʪ ʫʩʪʦʡʯʠʚʳʝ ʬʫʣʴʚʘʪʥʳʝ ʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʢʘʨʙʦʥʦʚʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʧʨʝʜʦʭʨʘʥʷʶʱʠʝ ʝʛʦ ʦʪ ʛʠʜʨʦʣʠʟʘ ʜʘʞʝ ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʩʨʝʜʘʭ. 

ʂʦʣʦʠʜʥʳʝ ʛʠʜʨʦʢʩʠʜʳ Fe ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʟʘʨʷʞʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʩʦʨʙʠ-

ʨʫʶʪ ʘʥʠʦʥʳ (P, As, Mo, Cr, V), ʘ ʧʨʠ ʥʝʡʪʨʘʣʴʥʳʭ ʨʅ ï ʦʪʨʠʮʘʪʝʣʴʥʦ ʠ 

ʩʦʨʙʠʨʫʶʪ ʢʘʪʠʦʥʳ (Mn, Cu, Co, Ni, Pb) (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999). 

  ɺ ʱʝʣʦʯʥʳʭ ʚʦʜʘʭ ʂʫʯʠʛʝʨʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʦʜʝʨʞʠʪʩʷ 380 ʤʢʛ/ʣ ʞʝ-

ʣʝʟʘ, ʯʪʦ ʚ 1,7 ʨʘʟʘ ʤʝʥʴʰʝ ʢʣʘʨʢʘ ʨʝʯʥʳʭ ʚʦʜ (ʪʘʙʣ. 5.13). ʆʪʤʝʯʘʝʪʩʷ ʝʛʦ 

ʟʘʢʨʝʧʣʝʥʠʝ ʚ ʚʠʜʝ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʥʦʢʠʩʣʦʛʦ ʞʝʣʝʟʘ ʚ ʛʨʷʟʝʚʳʭ ʦʪʣʦʞʝʥʠʷʭ 

(ʆʪʯʝʪé, 1990), ʛʜʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚʘʨʴʠʨʫʝʪ ʦʪ 25800 ʤʛ/ʢʛ ʚ ʛʨʠʬʦʥʝ 

ʨʘʟʛʨʫʞʘʶʱʠʤʩʷ ʚ ʙʦʣʦʪʦ ʜʦ 38700 ʤʛ/ʢʛ ʚ ʙʘʥʥʦʤ ʢʦʤʧʣʝʢʩʝ (ʨʠʩ. 5.10).  

ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʦʪ ʩʘʤʦʡ ʣʝʛʢʦʡ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʦʯʚʝ (ʊʃʂ-2-16), ʜʦ ʙʦ-
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ʣʝʝ ʪʷʞʝʣʦʡ (ʊʃʂ-4-16). ʄʠʥʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʞʝʣʝʟʘ ʚ ʘʣʣʶʚʠʘʣʴ-

ʥʦʡ ʪʝʨʤʦʢʨʠʘʪʫʨʙʠʨʦʚʘʥʥʦʡ (ʊʃʂ-2-16) ʩʦʩʪʘʚʣʷʝʪ 22414 ʤʛ/ʢʛ, ʘ ʤʘʢʩʠ-

ʤʘʣʴʥʘʷ ʚ ʩʦʣʦʥʯʘʢʝ ʩʦʣʦʥʮʝʚʘʪʦʤ 38574 ʤʛ/ʢʛ (ʨʠʩ. 5.11).  

ʉʦʜʝʨʞʘʥʠʝ Fe ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʚ ʦʩʥʦʚʥʦʤ ʤʝʥʴʰʝ ʢʣʘʨʢʘ ʣʠʪʦ-

ʩʬʝʨʳ, ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʦʯʚ. ʉʘʤʦʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʩʦʣʦʥʯʘ-

ʢʝ ʩʦʣʦʥʮʝʚʘʪʦʤ (ʊʃʂ-4-16) ʧʨʠʙʣʠʞʝʥʦ ʢ ʢʣʘʨʢʦʚʳʤ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʯ-

ʚʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʠ ʟʘʩʦʣʝʥʥʳʤʠ ʧʦʯʚʘʤʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠ-

ʥʳ, ʠʟʫʯʝʥʥʳʝ ʧʦʯʚʳ ʩʦʜʝʨʞʘʪ ʞʝʣʝʟʦ ʚ 1,6 ʠ 1,4 ʨʘʟʘ ʚʳʰʝ, ʯʪʦ ʧʦʜʪʚʝʨ-

ʞʜʘʝʪ ʚʣʠʷʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʛʠʜʨʦʪʝʨʤ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʠ-

ʚʥʦʩʘ (ʨʠʩ. 5.11). 

ɺ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʞʝʣʝʟʦ ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 17400 ʜʦ 48500 

ʤʛ/ʢʛ (ʨʠʩ. 5.12). ɺʥʫʪʨʠʧʨʦʬʠʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʞʝʣʝʟʘ ʦʪʤʝʯʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩ ʛʣʫʙʠʥʦʡ. ʕʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʥʝʚʳʩʦʢʦʡ 

ʙʠʦʛʝʥʥʦʩʪʴʶ ʵʣʝʤʝʥʪʘ ʠ ʩʣʘʙʦʡ ʝʛʦ ʨʝʘʢʮʠʝʡ ʥʘ ʠʩʧʘʨʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ. 

ɺʦʟʤʦʞʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ Fe ʚ ʧʦʯʚʳ ʧʦʩʪʫʧʘʝʪ ʩ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ ʠ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʥʘ ʤʝʨʟʣʦʪʥʦʤ 

(ʊʃʂ-1-16, ʊʃʂ-3-16, ʊʃʂ-4-16) ʚʦʜʦʫʧʦʨʝ ʠ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʙʘʨʴʝʨʝ (ʊʃʂ-2-16). ɺ ʥʘʠʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʦʡ ʧʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʦʯʚʝ (ʊʃʂ-3-16) ʦʪʤʝʯʝʥʦ ʩʠʣʴʥʦʝ 

ʧʨʦʬʠʣʴʥʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʩʦʨʙʮʠʦʥʥʥʳʤ ʙʘʨʴʝʨʦʤ (ʨʠʩ. 5.12). 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ ʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ʥʦʨ-

ʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: W=0,98, p=0,88, ʩʨʝʜʥʷʷ (33145 ʤʛ/ʢʛ) ʠ ʤʝʜʠʘʥʘ 

(34450 ʤʛ/ʢʛ) ʙʣʠʟʢʠ, ʦʰʠʙʢʘ ʩʨʝʜʥʝʡ, ʘʩʠʤʤʝʪʨʠʷ ʠ ʵʢʩʮʝʩʩ ʠʤʝʶʪ ʥʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 24 % (ʨʠʩ. 5.13).  

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʦʪʩʫʩʪʚʠʝ ʜʦʩʪʦʚʝʨʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʥʘʢʦʧʣʝʥʠʝʤ Fe ʠ ʦʩʥʦʚʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʩ ʨʅ ʥʝ ʚʳʷʚʣʝʥʘ, ʦʯʝʚʠʜʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʥʝʙʦʣʴʰʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʢʦʣʝʙʘʥʠʡ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. ʅʘ ʫʨʦʚʥʝ ʩʣʘʙʦʚʳʨʘʞʝʥʥʳʭ 

ʪʝʥʜʝʥʮʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʚʷʟʴ ʞʝʣʝʟʘ ʩ ɽʂʆ (r=0,29) ʠ ʢʘʨʙʦʥʘʪʘʤʠ 

(r=0,32), ʥʦ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʵʪʠʭ ʩʚʷʟʝʡ ʚ ʚʳʙʦʨʢʝ ʥʝ ʧʦʜʪʚʝʨʞʜʝʥʘ 
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ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ (ʧʨʠʣʦʞʝʥʠʝ 1). ʇʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦ-

ʩʪʘʚʫ ʥʘʠʙʦʣʝʝ ʪʝʩʥʫʶ ʜʦʩʪʦʚʝʨʥʫʶ ʩʚʷʟʴ ʩ ʞʝʣʝʟʦʤ ʠʤʝʣʘ ʬʨʘʢʮʠʷ 

ʩʨʝʜʥʝʡ ʧʳʣʠ (r=0,58), ʘ ʩʚʷʟʴ ʩ ʙʦʣʝʝ ʪʦʥʢʠʤʠ ʬʨʘʢʮʠʷʤʠ ʥʝ ʜʦʩʪʦʚʝʨʥʘ. 

ɺʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʦʙʨʘʪʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʞʝʣʝʟʦ ʠʤʝʝʪ ʩ ʬʨʘʢʮʠʷʤʠ 

ʢʨʫʧʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʝʩʢʘ (ʧʨʠʣʦʞʝʥʠʝ 1).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʢʘʟʳʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʧʦʯʚʘʭ: ʥʘʠʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʣʝʤʝʥʪʘ ʭʘʨʘʢʪʝʨʥʳ ʢʨʫʧʥʦ- ʠ ʩʨʝʜʥʝʧʳʣʝʚʘʪʳʤ ʛʦʨʠʟʦʥʪʘʤ, ʘ 

ʥʘʠʤʝʥʴʰʠʝ ï ʢʨʫʧʥʦ-ʩʨʝʜʥʝʧʝʩʯʘʥʳʤ. ɹʦʣʝʝ ʪʷʞʝʣʳʝ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝ-

ʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʦʯʚʳ ʠʣʠ ʦʪʜʝʣʴʥʳʝ ʠʭ ʩʣʦʠ ʥʘʢʘʧʣʠʚʘʶʪ ʞʝʣʝʟʦ ʚ ʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ, ʥʝʞʝʣʠ, ʣʝʛʢʠʝ.  

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʜʦʩʪʦʚʝʨʥʳʝ ʪʝʩʥʳʝ ʠ ʦʯʝʥʴ ʪʝʩʥʳʝ 

ʩʚʷʟʠ ʞʝʣʝʟʘ ʩʦ ʤʥʦʛʠʤʠ ʠʟʫʯʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʧʨʠʣʦʞʝʥʠʝ 2), ʧʨʠʯʝʤ 

ʩʚʷʟʴ ʤʦʛʣʘ ʙʳʪʴ ʢʘʢ ʧʨʷʤʦʡ (Mn, Cr, Ni, Co, Li, Mg), ʪʘʢ ʠ ʦʙʨʘʪʥʦʡ (K, 

Ba). ʇʦ ʪʝʩʥʦʪʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʠ ʞʝʣʝʟʦ ʦʙʨʘʟʫʝʪ ʩ ʵʣʝʤʝʥʪʘʤʠ ʩʣʝ-

ʜʫʶʱʠʝ ʫʙʳʚʘʶʱʠʝ ʨʷʜʳ: 1) ʧʨʷʤʘʷ ʩʚʷʟʴ ï Cr > Co > Mg > Ni > Mn > Li; 2) 

ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ï K > Ba.  

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʞʝʣʝʟʘ ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ ʟʦʥʳ ʚʣʠʷʥʠʷ ʂʫʯʠʛʝʨʩʢʠʭ 

ʛʠʜʨʦʪʝʨʤ ʙʳʣʠ ʟʘʤʝʪʥʦ ʦʙʝʜʥʝʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʣʠʪʦʩʬʝʨʦʡ, ʦʙʝʜʥʝʥʳ 

ʠʣʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩʦ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʧʦʯʚʘʭ ʤʠʨʘ ʠ ʦʙʝʜʥʝʥʳ ʧʦ ʦʪ-

ʥʦʰʝʥʠʶ ʢ ʨʝʛʠʦʥʘʣʴʥʦʤʫ ʬʦʥʫ. ʆʜʥʘʢʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʝʩʪʥʳʤ ʬʦʥʦʤ ʙʳ-

ʣʠ ʦʪʤʝʯʝʥʳ ʧʦʚʳʰʝʥʥʳʝ (ʚ 1,25 ʨʘʟʘ) ʢʦʥʮʝʥʪʨʘʮʠʠ Fe, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶ-

ʱʠʝ ʦ ʥʘʢʦʧʣʝʥʠʠ ʤʝʪʘʣʣʘ ʠʟ ʚʦʜ ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʇʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʝ ʠ ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʟʘʚʠʩʠʪ ʦʪ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴʶ ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʠ ʵʦʣʦʚʦʛʦ ʩʠʥʣʠʪʦʛʝʥʝʟʘ. 

ʂʦʙʘʣʴʪ ʛʝʦʭʠʤʠʯʝʩʢʠ ʙʣʠʟʦʢ ʩ Fe, Ni, Ru, Ro, Pd. ʂʣʘʨʢ ʢʦʙʘʣʴʪʘ ʚ 

ʟʝʤʥʦʡ ʢʦʨʝ ʩʦʩʪʘʚʣʷʝʪ 10 ʤʛ/ʢʛ. ɺ ʢʣʘʩʩʠʯʝʩʢʠʭ ʛʨʘʥʠʪʘʭ ʩʦʜʝʨʞʘʥʠʝ ʢʦ-

ʙʘʣʴʪʘ ʨʘʚʥʦ 4 ʤʛ/ʢʛ, ʘ ʚ ʢʦʤʧʣʝʢʩʝ ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ ʦʢʦʣʦ 3 

ʤʛ/ʢʛ (ʪʘʙʣ. 5.10).  
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ɺ ʣʠʪʦʩʬʝʨʝ, ʢʘʢ ʠ ʥʠʢʝʣʴ, ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜʘʭ, 

ʢʠʩʣʳʝ ʧʦʨʦʜʳ ʦʙʝʜʥʝʥʳ ʢʦʙʘʣʴʪʦʤ. ɺ ʢʠʩʣʳʭ ʧʦʨʦʜʘʭ ʠ ʧʝʩʯʘʥʳʭ ʦʪʣʦ-

ʞʝʥʠʷʭ ɿʘʙʘʡʢʘʣʴʷ ʩʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ ʙʣʠʟʢʦ ʢ ʢʣʘʨʢʦʚʳʤ ʟʥʘʯʝʥʠʷʤ. 

ʆʩʥʦʚʥʳʝ ʠ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʦʙʝʜʥʝʥʳ ʵʪʠʤ ʵʣʝʤʝʥʪʦʤ (ʀʚʘʥʦʚ, 2007). ɺ 

ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʩʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ ʩʦ-

ʩʪʘʚʣʷʝʪ 6,4ï8,1 ʤʛ/ʢʛ (ʪʘʙʣ. 5.11).  

ɺ ʙʠʦʩʬʝʨʝ ʵʪʦʪ ʵʣʝʤʝʥʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʚʠʜʝ ʉʦ2+, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘ-

ʝʪ ʢʘʪʠʦʥʦʛʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʊʘʢʞʝ, ʢʘʢ ʠ ʞʝʣʝʟʦ, ʚʦʟʤʦʞʥʦ ʦʢʠʩʣʝʥʠʝ 

ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʢʦʙʘʣʴʪʘ ʜʦ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʩʦʝʜʠʥʝʥʠʷ ʢʦʪʦʨʳʭ 

ʦʙʣʘʜʘʶʪ ʩʠʣʴʥʳʤʠ ʦʢʠʩʣʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 

1999). 

ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʦʚʝʜʝʥʠʷ ʢʦʙʘʣʴʪʘ ʚ ʧʦʯʚʘʭ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʨ-

ʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ. ʆʩʦʙʝʥʥʦ ʙʦʣʴʰʘʷ 

ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ ʤʦʥʪʤʦʨʠʣʦʥʠʪʦʚʳʤ ʠ ʠʣʣʠʪʦʚʳʤ ʛʣʠʥʘʤ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ 

ʩʦʨʙʠʨʫʶʪ ʠ ʣʝʛʢʦ ʚʳʩʚʦʙʦʞʜʘʶʪ ʢʦʙʘʣʴʪ (ʂʘʙʘʪʘ-ʇʝʥʜʠʘʩ, 1989; Kabata-

Pendias, 2011).  

ɺ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ ʢʦʙʘʣʴʪ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʝʥ ʚ ʛʫʤʠʜ-

ʥʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʠʩʣʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʦʥ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʠʣʣʶʚʠʘʣʴ-

ʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʣʝʩʥʳʭ ʧʦʯʚ. ʉʦʨʙʮʠʷ ʢʦʙʘʣʴʪʘ ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʦʢʩʠʜʘʤʠ 

Fe ʠ ʦʩʦʙʝʥʥʦ Mn ʠ ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ (ʩʦʨʙʮʠʦʥʥʳʡ ʙʘʨʴʝʨ). ɺ ʧʨʦ-

ʬʠʣʝ ʙʦʣʴʰʠʥʩʪʚʘ ʩʪʝʧʥʳʭ ʠ ʧʫʩʪʳʥʥʳʭ ʧʦʯʚ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʉʦ ʥʝ ʜʠʬʬʝ-

ʨʝʥʮʠʨʦʚʘʥʥʦ ʧʦ ʧʨʦʬʠʣʶ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʝ 

(ʘʮʝʪʘʪʥʦ-ʨʘʩʪʚʦʨʠʤʳʝ) ʬʦʨʤʳ ʢʦʙʘʣʴʪʘ, ʢʦʪʦʨʳʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʠʣʣʶ-

ʚʠʘʣʴʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʪʠʧʠʯʥʳʭ ʠ ʚʳʱʝʣʦʯʝʥʥʳʭ ʯʝʨʥʦʟʝʤʘʭ. 

ʅʘʠʙʦʣʝʝ ʙʝʜʥʳ ʢʦʙʘʣʴʪʦʤ ʧʝʩʯʘʥʳʝ ʧʦʯʚʳ (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999). 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ ʚ ʧʦʯʚʘʭ ɿʘʙʘʡʢʘʣʴʷ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝ-

ʜʝʣʘʭ 9,5 ʤʛ/ʢʛ (ʪʘʙʣ. 5.12). ɺ ʢʘʰʪʘʥʦʚʳʭ ʧʦʯʚʘʭ ɿʘʙʘʡʢʘʣʴʷ ʢʦʣʠʯʝʩʪʚʦ 

ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 8 ʜʦ 14 ʤʛ/ʢʛ, ʚ ʯʝʨʥʦʟʝʤʘʭ ï ʦʪ 8 ʜʦ 15 ʤʛ/ʢʛ. 

ʆʥ ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʚ ʛʫʤʫʩʦʚʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʛʦʨʠʟʦʥʪʘʭ (ʀʚʘʥʦʚ, 2007; 

ʂʘʰʠʥ, 2014). ɸʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʜʝʣʴʪʳ ʨ. ʉʝʣʝʥʛʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 
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ʩʨʝʜʥʠʤ ʫʨʦʚʥʝʤ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʦʙʘʣʴʪʘ ʩ ʧʨʝʜʝʣʘʤʠ ʢʦʣʝʙʘʥʠʷ 

2,0ï21,0 ʤʛ/ʢʛ. ʄʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʳʷʚʣʝʥʦ ʚ ʙʦʨʦʚʳʭ ʧʝʩʢʘʭ, ʘ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʘʣʣʶʚʠʘʣʴʥʦ-ʪʦʨʬʷʥʦ-ʛʣʝʝʚʦʡ ʧʦʯʚʝ (ʉʦʩʦʨʦʚʘ, 

2009). ɺ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ɿʘʙʘʡʢʘʣʴʷ ʢʦʙʘʣʴʪ ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

11,1ï23,8 ʤʛ/ʢʛ (ʅʘʩʘʪʫʝʚʘ ʠ ʜʨ., 2012). ɿʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ ɹʘʨʛʫʟʠʥʩʢʦʡ 

ʢʦʪʣʦʚʠʥʳ ʩʦʜʝʨʞʘʪ ʢʦʙʘʣʴʪ ʚ ʧʨʝʜʝʣʘʭ 8,5ï10,5 ʤʛ/ʢʛ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠ-

ʝʤ 9,5 ʤʛ/ʢʛ (ʪʘʙʣ. 5.12), ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʧʦʯʚ ɿʘ-

ʙʘʡʢʘʣʴʷ. 

ʄʠʛʨʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʉʦ ʚ ʚʦʜʘʭ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʅ ʠ 

Eh, ʥʦ ʦʥ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥ ʛʠʜʨʦʣʠʟʫ ʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʚʠʜʝ ʩʚʦʙʦʜ-

ʥʳʭ ʠʦʥʦʚ ʚʧʣʦʪʴ ʜʦ ʨʅ=9,0. ɺ ʩʠʣʴʥʦʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ ʚʦʟʤʦʞʥʳ 

ʥʝʡʪʨʘʣʴʥʳʝ ʠ ʘʥʠʦʥʥʳʝ ʛʠʜʨʦʢʦʤʧʣʝʢʩʳ (ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʠ ʬʫʣʴʚʘʪʥʳʝ 

ʢʦʤʧʣʝʢʩʳ). ʂʣʘʨʢ ʚʦʜ ʟʦʥʳ ʘʢʪʠʚʥʦʛʦ ʚʦʜʦʦʙʤʝʥʘ 0,28 ʤʢʛ/ʣ, ʢʣʘʨʢ ʨʝʯ-

ʥʳʭ ʚʦʜ 0,25 ʤʢʛ/ʣ. ɺ ʱʝʣʦʯʥʳʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜʘʭ ʂʫʯʠʛʝʨʩʢʦʛʦ ʠʩ-

ʪʦʯʥʠʢʘ ʩʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ ʩʦʩʪʘʚʣʷʝʪ 0,55 ʤʢʛ/ʣ (ʪʘʙʣ. 5.13). ʕʣʝʤʝʥʪ 

ʧʦʜʚʠʞʥʳʡ ʠ ʩʣʘʙʦ ʧʦʜʚʠʞʥʳʡ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦ-ʛʣʝʝʚʦʡ ʦʙʩʪʘʥʦʚʢʝ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʜʣʷ ʢʦʙʘʣʴʪʘ: ʢʠʩʣʦ-

ʨʦʜʥʳʡ, ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʩʝʨʦʚʦʜʦʨʦʜʥʳʡ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ, ʩʦʨʙʮʠ-

ʦʥʥʳʡ, ʱʝʣʦʯʥʦʡ. 

ʅʘʢʦʧʣʝʥʠʝ ʢʦʙʘʣʴʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʷʞʝʣʳʭ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʩʦʣʦʥʯʘʢʘʭ ʩʦʣʦʥʮʝʚʘʪʳʭ (ʨʠʩ. 5.10). ʉʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ ʚ ʠʟʫ-

ʯʝʥʥʳʭ ʧʦʯʚʘʭ ʥʦʩʠʪ ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʨʝʚʳʰʘʷ ʢʣʘʨʢ ʣʠʪʦʩʬʝʨʳ, 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ, ʧʦʯʚ ɿʘʙʘʡʢʘʣʴʷ ʠ ʤʝʩʪʥʳʡ ʬʦʥ 

ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ (ʨʠʩ. 5.11).   

ɺ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʩʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 6,0 ʜʦ 23,9 

ʤʛ/ʢʛ. ʄʠʥʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʝʛʦ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʦʣʝ-

ʚʳʤ ʢʦʨʢʘʤ. ʅʘʢʦʧʣʝʥʠʝ ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʚʝʪʣʦʛʫʤʫʩʦʚʦʡ ʧʦʯʚʝ (ʊʃʂ-2-

16) ʠ ʩʦʣʦʥʯʘʢʝ ʧʦʩʪʘʛʨʦʛʝʥʥʦʤ (ʊʃʂ-1-16) ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ. ɺ ʩʦ-

ʣʦʥʯʘʢʝ ʪʝʤʥʦʤ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʦʤ ʦʢʠʩʣʝʥʥʦ-ʛʣʝʝʚʦʤ ʤʝʨʟʣʦʪʥʦʤ (ʊʃʂ-

3-16) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʙʘʣʴʪʘ ʨʝʟʢʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʦ ʤʝʞʜʫ ʧʦʛʨʝʙʝʥʥʳ-



�í�ò�ð��
��

��

ʤʠ ʛʫʤʫʩʦʚʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ, ʵʦʣʦʚʳʤʠ ʥʘʥʦʩʘʤ ʠ ʘʣʣʶʚʠʝʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʥʘʢʦʧʣʝʥʠʝ ʢʦʙʘʣʴʪʘ ʥʘ ʩʦʨʙʮʠʦʥʥʦʤ ʙʘʨʴʝʨʝ. ɺ ʩʦʣʦʥʯʘʢʝ ʩʦʣʦʥʮʝʚʘʪʦʤ 

ʚʳʨʘʞʝʥʘ ʘʢʢʫʤʫʣʷʮʠʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʢʘʨʙʦʥʘʪʥʦʤ ʙʘʨʴʝʨʝ (ʨʠʩ. 5.12). 

ʅʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʪʝʩʪʦʤ ʐʘʧʠʨʦ-ʋʠʣʢʘ ʨ=0,66, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ 0,05, ʩʨʝʜʥʝʝ 

(15,2 ʤʛ/ʢʛ) ʠ ʤʝʜʠʘʥʘ (14,9 ʤʛ/ʢʛ) ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʚʩʝ ʵʪʦ ʫʢʘʟʳʚʘ-

ʝʪ ʥʘ ʧʨʠʙʣʠʞʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢ ʥʦʨʤʘʣʴʥʦʤʫ (ʨʠʩ. 5.13).  

ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʢʦʙʘʣʴʪʘ ʩ ʦʩʥʦʚʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʥʦʩʷʪ ʥʝʜʦʩʪʦʚʝʨʥʳʡ ʭʘʨʘʢʪʝʨ. ʍʦʪʷ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷ-

ʮʠʠ ʢʦʙʘʣʴʪʘ ʩ ɽʂʆ (r=0,37) ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ (r=0,40) ʜʦʚʦʣʴʥʦ 

ʚʳʩʦʢʠʡ (ʧʨʠʣʦʞʝʥʠʝ 1).  

ʉʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ ʠʤʝʝʪ ʪʝʩʥʫʶ ʦʙʨʘʪʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ ʬʨʘʢʮʠʝʡ 

ʢʨʫʧʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʝʩʢʘ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʫʶ ʜʦʩʪʦʚʝʨʥʫʶ ʩʚʷʟʴ ʩ ʬʨʘʢʮʠʷ-

ʤʠ ʢʨʫʧʥʦʡ, ʩʨʝʜʥʝʡ ʠ ʤʝʣʢʦʡ ʧʳʣʠ (ʧʨʠʣʦʞʝʥʠʝ 1). 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʢʦʙʘʣʴʪʘ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʚʳ-

ʷʚʠʣ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ Fe<Ni<Cr<Mg<Mn<Li. 

ʆʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ K<Na<Ba (ʧʨʠʣʦʞʝʥʠʝ 2). 

ʉʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʚʳʰʝ ʢʣʘʨʢʘ ʟʝʤʥʦʡ ʢʦʨʳ, 

ʤʝʩʪʥʦʛʦ ʠ ʟʦʥʘʣʴʥʦʛʦ ʬʦʥʘ. ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ 

ʚ ʙʦʣʝʝ ʪʷʞʝʣʳʭ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʦʯʚʘʭ. ɺʥʫʪʨʠʧʨʦʬʠʣʴ-

ʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʉʦ ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ ʟʘʩʦʣʝʥʥʦʡ ʧʦʯʚʝ (ʊʃʂ-2-16) ʠ ʩʦʣʦʥ-

ʯʘʢʝ ʧʦʩʪʘʛʨʘʛʝʥʥʦʤ (ʊʃʂ-1-16) ʧʨʦʠʩʭʦʜʠʪ, ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʤʝʨʟʣʦʪʥʦʤ ʙʘ-

ʨʴʝʨʝ. ɼʣʷ ʩʦʣʦʥʯʘʢʦʚ ʪʝʤʥʳʭ ʦʢʠʩʣʝʥʥʦ-ʛʣʝʝʚʳʭ ʠ ʩʦʣʦʥʮʝʚʘʪʳʭ ʥʘʢʦʧʣʝ-

ʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʩʦʨʙʮʠʦʥʥʦʤ ʠ ʢʘʨʙʦʥʘʪʥʦʤ ʙʘʨʴʝʨʘʭ. 

  ʅʠʢʝʣʴ��ʧʦ ʩʚʦʠʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʧʦʭʦʞ ʥʘ ʢʦʙʘʣʴʪ. 

ʆʥ ʦʪʥʦʩʠʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ ʪʦʢʩʠʯʥʳʤ ʵʣʝʤʝʥʪʘʤ. ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʞʠ-

ʚʳʤ ʦʨʛʘʥʠʟʤʘʤ ʚ ʤʠʢʨʦʢʦʣʠʯʝʩʪʚʘʭ ʦʥ ʷʚʣʷʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʳʤ, ʘ ʚ 

ʧʦʚʳʰʝʥʥʳʭ ï ʦʧʘʩʥʳʤ ʪʦʢʩʠʢʘʥʪʦʤ (ɸʣʴʙʝʨʪ, 1989; ɸʚʮʳʥ ʠ ʜʨ., 1991). ɺ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʠʢʝʣʷ, ʢʦʙʘʣʴʪʘ ʠ ʞʝʣʝʟʘ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʴ-

ʰʦʝ ʩʭʦʜʩʪʚʦ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʫʣʴʪʨʘʦʩ-
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ʥʦʚʥʳʭ ʧʦʨʦʜ (1400-2000 ʤʛ/ʢʛ): ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʠʩʣʦʪʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 5ï20 ʤʛ/ʢʛ (ʂʘʙʘʪʘ-ʇʝʥʜʠʘʩ, 1989; 

Kabata-Pendias, 2011). ɺ ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʘʭ ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ 

ʩʦʜʝʨʞʘʥʠʝ Ni ʚ 1,5 ʨʘʟʘ ʚʳʰʝ ʢʣʘʨʢʘ ʟʝʤʥʦʡ ʢʦʨʳ, ʢʦʪʦʨʳʡ ʨʘʚʝʥ 20 ʤʛ/ʢʛ 

(ʪʘʙʣ. 5.10).  

ɺ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 5 ʜʦ 90 ʤʛ/ʢʛ, 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ, ʘ ʥʘʠʙʦ-

ʣʝʝ ʥʠʟʢʠʝ ï ʜʣʷ ʧʝʩʯʘʥʠʢʦʚ (ʂʘʙʘʪʘ-ʇʝʥʜʠʘʩ, 1989; Kabata-Pendias, 2011).  

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ɿʘʙʘʡʢʘʣʴʷ 

ʨʘʚʥʦ 26Ñ3 ʤʛ/ʢʛ. ʉʘʤʳʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʥʠʢʝʣʷ (8ï23 ʤʛ/ʢʛ) ʦʪʤʝʯʘʝʪʩʷ ʚ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɿʘʙʘʡʢʘʣʴʷ. ʉʦʜʝʨʞʘʥʠʷ ʥʠʢʝʣʷ 

ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ʶʞʥʦʡ ʯʘʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʪʝʧʥʦʡ ʠ ʩʫʭʦ-

ʩʪʝʧʥʦʡ ʟʦʥʘʭ, ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 20ï47 ʤʛ/ʢʛ. ɺ ʦʩʥʦʚʝ ʵʪʠʭ ʨʘʟʣʠʯʠʡ 

ʣʝʞʘʪ ʛʝʦʣʦʛʠʯʝʩʢʠʝ, ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ 

(ʂʘʰʠʥ, ʀʚʘʥʦʚ, 1995; ʀʚʘʥʦʚ, 2007). ɺ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ɹʘʨʛʫʟʠʥʩʢʦʡ 

ʢʦʪʣʦʚʠʥʳ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 14,4 ʜʦ 17,8 ʤʛ/ʢʛ ʩʦ ʩʨʝʜʥʝʤ 

ʩʦʜʝʨʞʘʥʠʝʤ 16,1 ʤʛ/ʢʛ, ʯʪʦ ʥʠʞʝ ʢʣʘʨʢʘ ʟʝʤʥʦʡ ʢʦʨʳ (ʪʘʙʣ. 5.11).  

ɺ ʙʠʦʩʬʝʨʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩ Ni2+, ʚ ʩʠʣʴʥʦʱʝ-

ʣʦʯʥʦʡ ʩʨʝʜʝ ʤʦʞʝʪ ʦʢʠʩʣʷʪʴʩʷ ʜʦ Ni3+. ɺ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʧʦʜʘʚʣʷʶ-

ʱʘʷ ʯʘʩʪʴ ʥʠʢʝʣʷ ʧʝʨʝʥʦʩʠʪʩʷ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠ-

ʤʦʚ. 1999).  

ɺ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ɿʘʙʘʡʢʘʣʴʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʢʝʣʷ ʢʦʣʝʙʣʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 0,004-0,03 ʤʛ/ʣ, ʚ ɹʘʡʢʘʣʝ ï 0,00034-0,00041 (ɺʝʪʨʦʚ, 2002). ʆʩ-

ʥʦʚʥʘʷ ʤʘʩʩʘ ʥʠʢʝʣʷ ʤʠʛʨʠʨʫʝʪ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʫʪʝʤ ʚʤʝʩʪʝ ʩ ʛʣʠʥʠʩʪʳʤʠ 

ʯʘʩʪʠʮʘʤʠ. ɺ ʚʦʜʘʭ ʛʠʜʨʦʪʝʨʤ ʢʫʣʴʜʫʨʩʢʦʛʦ ʪʠʧʘ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʚʳʰʝ 

ʚ 3,5 ʨʘʟʘ ʢʣʘʨʢʦʚʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʚʦʜ ʘʢʪʠʚʥʦʛʦ ʚʦʜʦʦʙʤʝʥʘ ʠ ʚ 3,1 ʢʣʘʨʢʘ 

ʨʝʯʥʳʭ ʚʦʜ (ʪʘʙʣ. 5.13). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʟʦʥʝ ʛʠʧʝʨʛʝʥʝʟʘ ʥʠʢʝʣʴ ʦʩʘʞʜʘʝʪʩʷ ʥʘ ʱʝʣʦʯʥʦʤ 

ʙʘʨʴʝʨʝ, ʣʝʛʢʦ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʛʣʠʥʘʤʠ, ʤʦʞʝʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʬʦʨʤʝ ʠʟʦ-

ʤʦʨʬʥʦʡ ʧʨʠʤʝʩʠ ʞʝʣʝʟʘ ʠ ʤʘʛʥʠʷ ʚ ʦʣʠʚʠʥʘʭ, ʧʠʨʦʢʩʝʥʘʭ ʠ ʜʨʫʛʠʭ ʤʠʥʝ-
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ʨʘʣʘʭ (ʇʝʨʝʣʴʤʘʥ 1968). ʂʨʝʤʥʝʟʝʤ ʠ ʩʝʨʦʚʦʜʦʨʦʜʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʩʧʦʩʦʙ-

ʩʪʚʫʶʪ ʦʩʘʞʜʝʥʠʶ ʥʠʢʝʣʷ. ɺ ʢʠʩʣʳʭ ʧʦʯʚʘʭ ʥʠʢʝʣʴ ʤʠʛʨʠʨʫʝʪ ʢʘʢ ʧʦ ʧʦʯ-

ʚʝʥʥʦʤʫ ʧʨʦʬʠʣʶ, ʪʘʢ ʠ ʦʪ ʘʚʪʦʤʦʨʬʥʳʭ ʢ ʛʠʜʨʦʤʦʨʬʥʳʤ ʵʣʝʤʝʥʪʘʤ 

ʣʘʥʜʰʘʬʪʘ. ɺ ʘʨʠʜʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʩ ʥʝʡʪʨʘʣʴʥʳʤʠ ʠ ʱʝʣʦʯʥʳʤʠ ʧʦʯʚʘʤʠ 

ʤʘʣʦʧʦʜʚʠʞʝʥ ʠ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʠʩʧʘʨʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ (ʇʝʨʝʣʴʤʘʥ, 1975, 

ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999). 

ʉʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦ ʛʝʥʝʟʠʩʫ ʧʦʯʚʘʭ ɿʘʙʘʡʢʘʣʴʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʢʦʥʪʨʘʩʪʥʦʩʪʴʶ ʠ ʚʘʨʴʠʨʫʝʪ ʦʪ 9,8 ʜʦ 55,0 

ʤʛ/ʢʛ (ʂʘʰʠʥ, ʀʚʘʥʦʚ, 1995; ʀʚʘʥʦʚ, 2007; ʉʦʩʦʨʦʚʘ, ʂʘʰʠʥ, 2008; ʅʘʩʘʪʫ-

ʝʚʘ ʠ ʜʨ., 2012; ʏʠʤʠʪʜʦʨʞʠʝʚʘ ʠ ʜʨ., 2012; ʂʘʰʠʥ, 2014). ɺ ʟʘʩʦʣʝʥʥʳʭ ʧʦ-

ʯʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 15,7ï

21,5 ʤʛ/ʢʛ, ʩ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʨʘʚʥʳʤ 18,6 Ñ1,4 ʤʛ/ʢʛ (ʪʘʙʣ. 5.12).  

ɺ ʛʨʷʟʝʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʪʝʨʤʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 30 ʤʛ/ʢʛ, ʢʦʛʜʘ ʚ ʧʦʯʚʘʭ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʚ 

ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 20 ï 45 ʤʛ/ʢʛ, (ʨʠʩ. 5.10). ʉʘʤʦʝ ʥʠʟ-

ʢʦʝ ʟʥʘʯʝʥʠʝ Ni ʧʨʠʫʨʦʯʝʥʦ ʢ ʘʣʣʶʚʠʘʣʴʥʦʡ ʪʝʨʤʦʢʨʠʘʪʫʨʙʠʨʦʚʘʥʥʦʡ ʧʦʯ-

ʚʝ (20 ʤʛ/ʢʛ) ʠ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʛʠʜʨʦʪʝʨʤʳ ʠ 

ʫʪʷʞʝʣʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ 

ʩʦʣʦʥʯʘʢʝ ʩʦʣʦʥʮʝʚʘʪʦʤ. 

ɺ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʦʪʤʝʯʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ ʥʠʢʝʣʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʣʘʨʢʦʤ ʟʝʤʥʦʡ ʢʦʨʳ, ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ, ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʬʦʥʦʚʳʭ 

ʧʦʯʚ (ʨʠʩ. 5.11). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ 

ʚʳʰʝ ʚ ʩʦʣʦʥʯʘʢʝ ʩʦʣʦʥʮʝʚʘʪʦʤ (ʊʃʂ-4-16), ʥʘʠʙʦʣʝʝ ʫʜʘʣʝʥʥʦʤ ʦʪ ʠʩʪʦʯ-

ʥʠʢʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʣʶʚʠʘʣʴʥʦʡ ʧʦʯʚʦʡ (ʊʃʂ-2-16), ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʨʷ-

ʜʦʤ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʠʛʨʘʮʠʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʩʦʨʙʮʠʠ ʚ ʥʘʠʙʦʣʝʝ 

ʪʷʞʝʣʳʭ ʧʦʯʚʘʭ. 

ɺ ʧʨʦʬʠʣʝ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 9,5 ʜʦ 

59,8 ʤʛ/ʢʛ (ʨʠʩ. 5.12). ʆʪʤʝʯʘʝʪʩʷ ʦʜʥʦʪʠʧʥʦʩʪʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦ ʧʨʦʬʠ-

ʣʶ ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʚʝʪʣʦʛʫʤʫʩʦʚʦʡ ʧʦʯʚʝ (ʊʃʂ-2-16) ʠ ʩʦʣʦʥʯʘʢʝ ʧʦʩʪʘ-

ʛʨʦʛʝʥʥʦʤ (ʊʃʂ-1-16). ɺ ʩʦʣʝʚʦʡ ʢʦʨʦʯʢʝ ʩʦʜʝʨʞʠʪʩʷ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ ʥʠ-
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ʢʝʣʷ, ʯʝʤ ʚ ʧʨʦʬʠʣʝ ʧʦʯʚʳ. ɺ ʩʘʤʳʭ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ 

ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʨʠʩ. 5.12). ɺʝʨʦʷʪʥʦ, ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʘʢʢʫʤʫʣʷʮʠʷ ʥʘ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʙʘʨʴʝʨʝ ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ ʧʦʯʚʝ ʠ ʤʝʨʟʣʦʪ-

ʥʦʤ ï ʚ ʩʦʣʦʥʯʘʢʝ ʘʛʨʦʛʝʥʥʦʤ. ʈʝʟʢʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʧʨʦʬʠʣʴ ʧʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʥʠʢʝʣʷ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʩʦʣʦʥʯʘʢʘ ʪʝʤʥʦʛʦ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥ-

ʥʦʛʦ ʦʢʠʩʣʝʥʥʦ-ʛʣʝʝʚʦʛʦ ʤʝʨʟʣʦʪʥʦʛʦ (ʊʃʂ-3-16). ʄʝʞʜʫ ʤʠʥʠʤʘʣʴʥʳʤ ʠ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʢʝʣʷ ʨʘʟʥʠʮʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʯʪʠ ʪʨʠ ʨʘʟʘ. ɺʳ-

ʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʦʛʨʝʙʝʥʥʦʤ ʛʫʤʫʩʦʚʦʤ 

ʪʷʞʝʣʦ- ʠ ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʦʤ ʛʦʨʠʟʦʥʪʝ, ʘ ʤʠʥʠʤʘʣʴʥʘʷ ï ʚ ʧʝʩʯʘʥʳʭ ʵʦʣʦ-

ʚʳʭ ʠ ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʣʦʷʭ. ʉʦʨʙʮʠʷ ʥʠʢʝʣʷ ʛʣʠʥʠʩʪʳʤʠ ʯʘʩʪʠʮʘʤʠ ʦʙʫ-

ʩʣʦʚʣʠʚʘʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʥʘ 

ʤʝʨʟʣʦʪʥʦʤ ʙʘʨʴʝʨʝ ʚ ʵʪʦʡ ʧʦʯʚʝ ʥʝ ʦʪʤʝʯʘʝʪʩʷ. ɺ ʧʨʦʬʠʣʝ ʩʦʣʦʥʯʘʢʘ ʪʝʤ-

ʥʦʛʦ ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʦʛʦ ʩʦʣʦʥʮʝʚʘʪʦʛʦ ʤʝʨʟʣʦʪʥʦʛʦ (ʊʃʂ-4-16) ʚʳʨʘʞʝʥʳ 

ʜʚʘ ʙʘʨʴʝʨʘ: ʢʘʨʙʦʥʘʪʥʳʡ ʠ ʤʝʨʟʣʦʪʥʳʡ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʠʢʝʣʷ ʚʟʷʪʳ ʚʳʙʦʨʢʠ 

ʧʦ ʩʚʷʟʷʤ ʠʤʝʶʱʠʭ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʩ ʬʨʘʢʮʠʝʡ ʢʨʫʧʥʦʡ 

ʧʳʣʠ ʠ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ ʪʘʢ ʢʘʢ, ʧʨʠ ʦʮʝʥʢʝ ʥʦʨʤʘʣʴʥʦʩʪʠ ʚ ʚʳʙʦʨʢʝ ʨʘʚ-

ʥʦʡ 22 ʪʝʩʪʘ ʐʘʧʠʨʦ-ʋʠʣʢʘ ʚʳʷʚʣʝʥʦ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʨ (0,05), ʨʘʟʣʠʯʠʷ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, ʤʝʜʠʘʥʳ ʠ ʤʦʜʳ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʚʩʝ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʠʟʢʫʶ ʪʦʯʥʦʩʪʴ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʠʢʝʣʷ 

(ʨʠʩ. 5.1).��

ʅʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʠʢʝʣʷ ʚ ʛʦʨʠʟʦʥʪʘʭ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨ-

ʞʘʥʠʝʤ ʬʨʘʢʮʠʠ ʢʨʫʧʥʦʡ ʧʳʣʠ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʷʜʦʤ 

ʧʘʨʘʤʝʪʨʦʚ. ɿʥʘʯʝʥʠʝ ʨ=0,45, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ 0,05, ʩʨʝʜʥʝʝ (46 ʤʛ/ʢʛ) 

ʟʥʘʯʝʥʠʝ ʠ ʤʝʜʠʘʥʘ (45 ʤʛ/ʢʛ) ʙʣʠʟʢʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʘ ʘʩʠʤʤʝʪʨʠʷ ʠ ʵʢʩʮʝʩʩ 

ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ (ʨʠʩ. 5.13). 

ʅʠʢʝʣʴ, ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʚʷʟʝʡ ʩ ʥʝʢʦʪʦʨʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʠʤʝʝʪ ʜʦʩʪʦʚʝʨʥʫʶ ʫʤʝʨʝʥʥʫʶ ʩʪʝʧʝʥʴ ʢʦʨʨʝʣʷʮʠʠ ʩ ʩʦʜʝʨʞʘ-

ʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ, ʩ ʦʩʪʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʦʨʨʝʣʷ-

ʮʠʠ ʥʝ ʚʳʷʚʣʝʥʦ (ʧʨʠʣʦʞʝʥʠʝ 1).  
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ʉʦʜʝʨʞʘʥʠʝ Ni ʢʦʨʨʝʣʠʨʫʝʪ ʢʘʢ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ, 

ʪʘʢ ʠ ʩʦ ʚʩʝʤʠ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʤʠ ʬʨʘʢʮʠʷʤʠ ʯʘʩʪʠʮ (ʧʨʠʣʦʞʝʥʠʝ 1). ʅʠʢʝʣʴ 

ʦʯʝʥʴ ʪʝʩʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʬʨʘʢʮʠʝʡ ʧʳʣʠ. ɺʳʩʦʢʘʷ ʦʙʨʘʪʥʘʷ ʩʪʝʧʝʥʴ ʢʦʨ-

ʨʝʣʷʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʬʨʘʢʮʠʷʤʠ ʢʨʫʧʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʝʩʢʘ, ʚʦʟʤʦʞʥʦ, 

ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʴʶ ʵʪʦʡ ʬʨʘʢʮʠʠ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʚʷʟʠ ʥʠʢʝʣʷ ʩ ʜʨʫʛʠʤʠ ʠʟʫʯʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʚʳʷʚʣʝʥʘ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩ Co< Fe <Cr < Mg < 

Li < Mn. ʆʪʨʠʮʘʪʝʣʴʥʦ ʥʠʢʝʣʴ ʢʦʨʨʝʣʠʨʫʝʪ ʩ Na ʠ ʂ (ʧʨʠʣʦʞʝʥʠʝ 2). 

ɸʢʢʫʤʫʣʷʮʠʷ ʥʠʢʝʣʷ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʢʘʨʙʦʥʘʪʥʦʤ 

ʠ ʩʦʨʙʮʠʦʥʥʦʤ ʙʘʨʴʝʨʘʭ. ʇʨʠʨʦʜʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʞʝʣʝʟʘ 

ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ. ɺ ʭʦʜʝ ʧʦʯʚʦʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ, ʥʦ ʩʚʷʟʴ ʭʠ-

ʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʥʠʭ ʧʦʯʚ ʩʦʭʨʘʥʷʶʪʩʷ (ʏʠ-

ʤʠʪʜʦʨʞʠʝʚʘ ʠ ʜʨ., 2012).  

ɺʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʞʝʣʝʟʘ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʚ 

ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ: Cr ï 52Ñ3,1 ʤʛ/ʢʛ, Mn ï 790Ñ35,3 ʤʛ/ʢʛ, Fe ï 33145Ñ1773 

ʤʛ/ʢʛ, Co ï 15Ñ1,03 ʤʛ/ʢʛ, Ni ï 33Ñ2,87 ʤʛ/ʢʛ. ʉʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ, ʤʘʨʛʘʥʮʘ ʠ 

ʞʝʣʝʟʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʘʨʢʫ ʟʝʤʥʦʡ ʢʦʨʳ ï ʨʘʩʩʝʠʚʘʶʪʩʷ, ʘ ʢʦʙʘʣʴʪ ʠ 

ʥʠʢʝʣʴ ï ʥʘʢʘʧʣʠʚʘʶʪʩʷ. ʅʦ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʪʠʭ ʵʣʝ-

ʤʝʥʪʦʚ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ʠ ʬʦʥʦʚʳʭ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ɹʘʨʛʫ-

ʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ, ʧʦʯʚʳ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʟʦʥʘʤ ʨʘʟʣʦʤʘ, ʥʘʢʘʧʣʠʚʘʶʪ 

ʵʪʠ ʵʣʝʤʝʥʪʳ ʚ ʩʚʦʝʤ ʧʨʦʬʠʣʝ.  

 
5.4. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ  

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʵʤʘʥʘʮʠʡ 
 

ʉʝʨʘ (S) ʦʪʥʦʩʠʪʩʷ ʢ ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʝ VI ʛʨʫʧʧʳ ï ʵʪʦ ʯʝʪʥʳʝ ʵʣʝ-

ʤʝʥʪʳ ʩ ʰʝʩʪʴʶ ʚʘʣʝʥʪʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʥʘ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʝ. ʉʝʨʘ ʜʝ-

ʬʠʮʠʪʥʘ ʚ ʣʠʪʦʩʬʝʨʝ, ʦʩʥʦʚʥʘʷ ʝʝ ʯʘʩʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚʦ ʚʥʝʰʥʝʤ ʞʠʜʢʦʤ 

ʷʜʨʝ. ʇʦ ɸ.ʅ. ɿʘʚʘʨʠʮʢʦʤʫ ʩʝʨʘ ʦʪʥʦʩʠʪʩʷ ʢ ʵʣʝʤʝʥʪʘʤ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʵʤʘ-

ʥʘʮʠʡ (ʈʦʜʳʛʠʥʘ, 2006). ʄʥʦʛʦ ʩʝʨʳ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʩ ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʛʘ-
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ʟʘʤʠ, ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʚʠʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʛʦʨʷʯʠʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʠʩ-

ʪʦʯʥʠʢʘʭ, ʚ ʚʠʜʝ ʧʨʠʤʝʩʝʡ, ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʥʝʬʪʠ, ʢʘʤʝʥʥʳʭ ʫʛʣʝʡ, ʧʨʠ-

ʨʦʜʥʦʛʦ ʛʘʟʘ. ɺ ʧʨʠʨʦʜʝ ʚʩʪʨʝʯʘʝʪʩʷ ʢʘʢ ʚ ʩʘʤʦʨʦʜʥʦʤ ʚʠʜʝ, ʪʘʢ ʠ ʚ ʚʠʜʝ 

ʩʫʣʴʬʘʪʦʚ ʠ ʩʫʣʴʬʠʜʦʚ (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999; ɹʨʶʭʘʥʦʚʘ, 2007). 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʫʣʴʬʘʪʳ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝ-

ʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʩʫʣʴʬʠʜʳ Fe, Cu, Pb, Hg, Ag ʠ ʜʨ.  

ʉʝʨʘ ʦʪʥʦʩʠʪʩʷ ʢ ʵʣʝʤʝʥʪʘʤ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʝʡ ʢʣʘʨʢʦʚ ʚʝʨʭ-

ʥʝʡ ʯʘʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʦʪ 62 (Rudnick, Gao, 2003) ʜʦ 

1400 ʤʛ/ʢʛ (ɻʨʠʛʦʨʴʝʚ, 2009). ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʢʣʘʨʢʘ ʜʣʷ ʩʝʨʳ ʨʘ-

ʟʝʥ 23. ɺ ʢʘʯʝʩʪʚʝ ʢʣʘʨʢʦʚ ʜʣʷ ʩʝʨʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʦʮʝʥʢʠ ʠʟ ʨʘ-

ʙʦʪʳ (Wedepohl,1995) ï953 ʤʛ/ʢʛ. ʊʘʢ ʢʘʢ ʧʨʠ ʨʘʩʯʝʪʝ ʢʣʘʨʢʦʚ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʠʣʠ ʨʘʩʩʝʠʚʘʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʟʢʠʭ (ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʜʘʥʥʳʭ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ) ʤʦʛʫʪ ʙʳʪʴ ʚʳʷʚʣʝʥʳ ʣʦʞʥʳʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ, ʣʠʙʦ ʥʘʦʙʦʨʦʪ, ʤʦʛʫʪ ʙʳʪʴ ʩʠʣʴʥʦ ʟʘʥʠʞʝʥʳ (ʂʘ-

ʩʠʤʦʚ, ɺʣʘʩʦʚ, 2015) (ʪʘʙʣ. 5.14). 

ʊʘʙʣʠʮʘ 5.14. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ S ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʧʦʨʦʜʘʭ ʠ ʧʦʯʚʘʭ, ʤʛ/ʢʛ 

ʕʣʝʤʝʥʪ ʂʣʘʨʢ ʟʝʤʥʦʡ 
ʢʦʨʳ 

(Wedepohl,1995) 

ɻʨʘʥʠʪʳ 
ʢʣʘʩʩʠʯʝʩʢʠʝ  

ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʠʡ 
ʙʘʪʦʣʠʪ (ʅʦʩʢʦʚ, 

2011) 

ʇʝʩʯʘʥʳʝ ʧʦʯ-
ʚʦʦʙʨʘʟʫʶʱʠʝ 
ʧʦʨʦʜʳ  

S 953 400 ï ï 
 
ʈʝʛʠʦʥʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʧʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ. ʅʘʠʙʦʣʝʝ ʙʝʜʥʳ ʩʝʨʦʡ ʘʣʣʶʚʠʘʣʴʥʳʝ (39 ʤʛ/ʢʛ) 

ʠ ʧʝʩʯʘʥʳʝ ʠ ʵʦʣʦʚʳʝ (55) ʧʦʨʦʜʳ (ʀʚʘʥʦʚ, 2007). ʇʝʩʯʘʥʳʝ ʦʪʣʦʞʝʥʠʷ 

ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ (ʪʘʙʣ. 

5.15). 

ʊʘʙʣʠʮʘ 5.15. ʉʦʜʝʨʞʘʥʠʝ S ʚ ʧʝʩʢʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

ʕʣʝʤʝʥʪ n ʉʦʜʝʨʞʘʥʠʝ ʆʪʥʦʰʝʥʠʝ 
ʢ ʢʣʘʨʢʫ 
ʟʝʤʥʦʡ 
ʢʦʨʝ 

ʢ ʛʨʘʥʠ-
ʪʘʤ 

ʢ ɸʥʛʘʨʦ-
ɺʠʪʠʤʩʢʦʤʫ 
ʙʘʪʦʣʠʪʫ 

ʢ ʧʝʩʯʘʥʳʤ ʧʦʯ-
ʚʦʦʙʨʘʟʫʶʱʠʤ 
ʧʦʨʦʜʘʤ ʤʠʨʘ 

ʇʝʩʯʘʥʳʝ ʦʪʣʦʞʝʥʠʷ ʨ. ʊʘʣʠʥʛʘ 
S 1 130 0,13 0,3 ï ï 

ʇʝʩʯʘʥʘʷ ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʧʦʨʦʜʘ ɺʂʉ 
S 59 105 0,11 0,3 ï ï 
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ɼʣʷ ʩʝʨʳ ʚ ʙʠʦʩʬʝʨʝ, ʢʘʢ ʜʣʷ ʢʠʩʣʦʨʦʜʘ, ʭʘʨʘʢʪʝʨʥʳ ʢʨʫʛʦʚʦʨʦʪʳ 

ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʦʚ ï ʦʪ ʥʝʙʦʣʴʰʠʭ ʚ ʧʨʝʜʝʣʘʭ ʣʘʥʜʰʘʬʪʦʚ ʜʦ ʙʦʣʴʰʠʭ ʩʚʷ-

ʟʳʚʘʶʱʠʭ ʤʘʪʝʨʠʢʠ ʠ ʦʢʝʘʥʳ. ɺ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʢʨʫʛʦʚʦʨʦʪʝ ʩʝʨʘ ʤʥʦʛʦ-

ʢʨʘʪʥʦ ʤʝʥʷʝʪ ʩʚʦʶ ʚʘʣʝʥʪʥʦʩʪʴ. ɺ ʣʘʥʜʰʘʬʪʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʩʦʝʜʠʥʝʥʠʷ ʰʝʩʪʠʚʘʣʝʥʪʥʦʡ ʩʝʨʳ ï ʩʫʣʴʬʘʪʳ, ʢʦʪʦʨʳʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʷʩʴ 

ʦʙʨʘʟʫʶʪ ʜʚʫʭʚʘʣʝʥʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʠ ʦʙʨʘʟʫʶʪ ʩʝʨʦʚʦʜʦʨʦʜ, ʩʫʣʴʬʠʜʳ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ɺʩʝ ʵʪʠ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʨʠ ʫʯʘʩʪʠʠ ʙʘʢʪʝʨʠʡ (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠʤʦʚ, 1999). 

ɺ ʫʩʣʦʚʠʷʭ ʚʣʘʞʥʦʛʦ ʢʣʠʤʘʪʘ ʧʨʦʠʩʭʦʜʠʪ ʦʙʝʜʥʝʥʠʝ ʘʚʪʦʥʦʤʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ʩʝʨʦʡ ʟʘ ʩʯʝʪ ʠʥʪʝʥʩʠʚʥʦʛʦ ʝʝ ʚʳʥʦʩʘ, ʘ ʧʦʜʯʠʥʝʥʥʳʝ ʬʘʮʠʠ 

ʦʙʦʛʘʱʘʶʪʩʷ. ɺ ʩʫʭʦʤ ʢʣʠʤʘʪʝ ʩʝʨʘ ʚʳʱʝʣʘʯʠʚʘʝʪʩʷ ʠʟ ʧʦʯʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʣʘʙʝʝ, ʘ ʚ ʧʫʩʪʳʥʷʭ ʧʦʯʪʠ ʥʝ ʚʳʥʦʩʠʪʩʷ. ʇʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʩʫʣʴʬʘ-

ʪʦʚ ʚ ʩʫʧʝʨʘʢʚʘʣʴʥʳʭ ʧʦʯʚʘʭ ʩʪʝʧʝʡ ʠ ʧʫʩʪʳʥʴ, ʧʦʵʪʦʤʫ ʪʘʢʠʝ ʣʘʥʜʰʘʬʪʳ 

ʙʦʛʘʪʳ ʩʝʨʦʡ (ʇʝʨʝʣʴʤʘʥ, 1979). ʇʝʩʯʘʥʳʝ ʧʦʯʚʳ ʥʘʠʙʦʣʝʝ ʙʝʜʥʳ ʩʝʨʦʡ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ, ʙʦʣʝʝ ʙʦʛʘʪʳʤʠ ʧʝʨʝʛʥʦʝʤ, ʧʦʯʚʘʤʠ, ʛʜʝ ʦʥʘ ʤʦʞʝʪ 

ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʩʝʨʳ ʠ ʛʠʧʩʘ (ʀʚʘʥʦʚ, 

2007). 

 ɺ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ɿʘʙʘʡʢʘʣʴʷ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠ-

ʨʦʢʠʭ ʧʨʝʜʝʣʘʭ (ʪʘʙʣ. 5.16). ɺ ʩʝʨʳʭ ʣʝʩʥʳʭ ʚʘʨʴʠʨʫʝʪ ʦʪ 10 ʜʦ 6200 ʤʛ/ʢʛ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚ ʚʝʨʭʥʠʭ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ. ɺ ʯʝʨʥʦʟʝʤʘʭ 

ʦʪ 50ï394 ʤʛ/ʢʛ ʩ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 215 ʤʛ/ʢʛ. ʉʝʨʘ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯ-

ʚʘʭ ɿʘʙʘʡʢʘʣʴʷ ʷʚʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʤʠʛʨʘʥʪʦʤ ʠ ʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʝʨʭ-

ʥʠʭ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 2900 ʤʛ/ʢʛ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦ-

ʪʦʨʳʭ ʨʘʚʥʷʝʪʩʷ 731 ʤʛ/ʢʛ (ʀʚʘʥʦʚ, 2007).  
 
ʊʘʙʣʠʮʘ 5.16. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ S ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʧʦʨʦʜʘʭ ʠ ʧʦʯʚʘʭ, ʤʛ/ʢʛ 

ʕʣʝʤʝʥʪ ʂʣʘʨʢ ʟʝʤ-
ʥʦʡ ʢʦʨʳ 
(Wedepohl,19

95) 

ʂʣʘʨʢ ʧʦʯʚ 
ʤʠʨʘ 
(Kabata-
Pendias, 
2011) 

ʂʣʘʨʢ ʧʦʯʚ, 
ʀʄɻʈʕ (ʊʨʝ-
ʙʦʚʘʥʠʷé., 
2002) 

ɺ ʧʦʯʚʘʭ 
ɿʘʙʘʡʢʘʣʴʷ 
 (ʀʚʘʥʦʚ, 
2007) 

ɺ ʟʘʩʦʣʝʥʥʳʭ 
ʧʦʯʚʘʭ ɹʘʨʛʫ-
ʟʠʥʩʢʦʡ ʢʦʪ-
ʣʦʚʠʥʳ 

S 953 ï 700 1360 586 
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ɺ ʚʦʜʘʭ ʣʘʥʜʰʘʬʪʘ SO4
2- ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦʩʣʝ HCO3

-, ʘ ʠʥʦʛʜʘ 

ʠ ʧʝʨʚʦʝ (ʩʫʣʴʬʘʪʥʳʝ ʚʦʜʳ), ʚ ʨʝʯʥʳʭ ʚʦʜʘʭ ʩʫʣʴʬʘʪ-ʠʦʥ ʚʳʥʦʩʠʪʩʷ ʠʟ 

ʣʘʥʜʰʘʬʪʘ (ʇʝʨʝʣʴʤʘʥ, 1979, 1982). ɺ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʭ ʩʫʣʴʬʘʪʥʳʭ ʚʦʜʘʭ 

ʂʫʯʠʛʝʨʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʘʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 77500 ʤʢʛ/ʣ ʯʪʦ 

ʚ 6,4 ʧʨʝʚʳʰʘʝʪ ʢʣʘʨʢ ʨʝʯʥʳʭ ʚʦʜ ʠ ʚ 3,8 ʨʘʟ ʢʣʘʨʢ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʟʦʥʳ ʛʠ-

ʧʝʨʛʝʥʝʟʘ (ʪʘʙʣ. 5.17). 
 

ʊʘʙʣʠʮʘ 5.17. ʉʦʜʝʨʞʘʥʠʝ S ʚ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜʘʭ ʂʫʯʠʛʝʨʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʢʣʘʨʢʠ 
ʨʝʯʥʳʭ ʚʦʜ ʤʢʛ/ʣ 

ʕʣʝ-
ʤʝʥʪ 

ʂʫʯʠʛʝʨʩʢʠʝ ʛʠʜ-
ʨʦʪʝʨʤʳ (ʏʝʨʥʷʚ-
ʩʢʠʡ, 2006; ʇʣʶʩ-
ʥʠʥ ʠ ʜʨ., 2013) 

ʂʣʘʨʢ ʨʝʯ-
ʥʳʭ ʚʦʜ 
(ɼʦʙʨʦʚʦʣʴ-
ʩʢʠʡ, 2009) 

ʂʣʘʨʢ ʚʦʜ ʟʦʥʳ 
ʘʢʪʠʚʥʦʛʦ ʚʦ-
ʜʦʙʤʝʥʘ  

(ʐʚʘʨʮʝʚ, 1998) 

ʆʪʥʦʰʝʥʠʝ ʢ 
ʢʣʘʨʢʫ 
ʨʝʯʥʳʭ 
ʚʦʜ  

ʢʣʘʨʢʫ ʚʦʜ 
ʟʦʥʳ ʘʢʪʠʚʥʦ-
ʛʦ ʚʦʜʦʦʙʤʝʥʘ  

S 77500 12000 20300 6,4 3,8 
 
ɺ ʧʦʜʯʠʥʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʢʠʩʣʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ 

ʜʝʩʫʣʴʬʠʨʠʟʘʮʠʷ (ʦʙʨʘʟʦʚʘʥʠʝ H2S ʠ ʩʫʣʴʬʠʜʦʚ, ʟʘ ʩʯʝʪ ʩʫʣʴʬʘʪʦʚ) ʚ ʧʦʯ-

ʚʘʭ, ʠʣʘʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʩʝʨʦʚʦʜʦʨʦʜ. ʊʘʢʠʝ ʚʦʜʳ ʠ ʛʨʷ-

ʟʠ ʠʤʝʶʪ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʙʘʣʴʥʝʦʣʦʛʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʣʝʯʝʥʠʷ ʤʥʦʛʠʭ ʙʦʣʝʟʥʝʡ (ʇʣʶʩʥʠʥ ʠ ʜʨ., 2007; ɹʘʨʭʫʪʦʚʘ ʠ ʜʨ., 2011; ʄʠ-

ʭʘʡʣʦʚʘ, 2016, 2017; ʏʝʨʥʷʚʩʢʠʡ, ʋʢʨʘʠʥʮʝʚ, 2016; ɻʘʣʪʘʝʚʘ, ʂʫʟʥʝʮʦʚʘ, 

2017 ʠ ʜʨ.). 

ɺ ʜʝʧʨʝʩʩʠʷʭ ʨʝʣʴʝʬʘ ʩʪʝʧʝʡ ʠ ʧʫʩʪʳʥʴ, ʛʜʝ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʟʘʣʝʛʘʶʪ 

ʙʣʠʟʢʦ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʠʩʭʦʜʠʪ ʠʩʧʘʨʠʪʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʣʴʬʘʪʦʚ, 

ʚʦʜʳ ʩʪʘʥʦʚʷʪʩʷ ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʳʤʠ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʪʘʢʞʝ ʨʘʟʚʠʪʳ ʠ ʚ 

ʙʝʩʩʪʦʯʥʳʭ ʦʟʝʨʘʭ (ʇʝʨʝʣʴʤʘʥ, ʂʘʤʩʠʤʦʚ, 1999). 

ɺ ʟʦʥʝ ʨʘʟʛʨʫʟʢʠ ʂʫʯʠʛʝʨʩʢʠʭ ʛʠʜʨʦʪʝʨʤ ʩʝʨʘ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʛʨʷ-

ʟʝʚʳʭ ʦʪʣʦʞʝʥʠʷʭ 20700 ï 20800 ʤʛ/ʢʛ (ʨʠʩ. 5.14). ɺ ʧʦʯʚʘʭ ʩʨʝʜʥʝʚʟʚʝʰʝʥ-

ʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2435 ï 4441 ʤʛ/ʢʛ.  

ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʧʨʝʚʳʰʘʝʪ ʢʣʘʨʢ ʣʠʪʦʩʬʝʨʳ ʚ 

2,5ï4,8 ʨʘʟʘ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ʚ 23,1 ï 43,9 ʨʘʟʘ, ʚ 

1,7ï7,6 ʨʘʟʘ ʨʝʛʠʦʥʘʣʴʥʳʡ ʠ ʬʦʥʦʚʳʡ ʫʨʦʚʝʥʴ (ʨʠʩ. 5.15). 
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ʈʠʩ. 5.14. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ S  
 

 
ʈʠʩ. 5.15. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ S ʧʦ ʩʨʘʚʥʝʥʠʶ: 1-ʢʣʘʨʢʦʤ ʟʝʤʥʦʡ ʢʦ-

ʨʳ; 2- ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ; 3- ʧʦʯʚʘʤʠ ɿʘʙʘʡ-
ʢʘʣʴʷ; 4-ʟʘʩʦʣʝʥʥʳʤʠ ʧʦʯʚʘʤʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

 
ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʧʦʯʚʘʭ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʟʦʥʘʤ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʨʘʟʣʦʤʦʚ ʚ ʦʢʨʫʛʝ ʂʫʯʠʛʝʨʩʢʠʭ ʛʠʜʨʦʪʝʨʤ, ʚʘʨʴʠʨʫʝʪ ʚ ʦʯʝʥʴ ʰʠʨʦʢʠʭ ʧʨʝ-

ʜʝʣʘʭ (ʨʠʩ. 5.16).  

       
 

ʈʠʩ. 5.16. ʇʨʦʬʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʝʨʳ ʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʟʦʥʳ ʚʣʠʷ-
ʥʠʷ ʂʫʯʠʛʝʨʩʢʠʭ ʛʠʜʨʦʪʝʨʤ 
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ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʦʣʝʚʳʤ ʢʦʨʢʘʤ ï ʠʩʧʘʨʠ-

ʪʝʣʴʥʳʡ ʙʘʨʴʝʨ, ʛʜʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 59700ï72700 

ʤʛ/ʢʛ. ɺ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʤ ʢʦʨʢʘʤ, ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 780 ʜʦ 18100 ʤʛ/ʢʛ 

(ʨʠʩ. 5.16).   

ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʥʦʩʠʪ LOG-ʥʦʨʤʘʣʴʥʦʝ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ (ʨʠʩ. 5.17). ʊʘʢ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʠʤʝʝʪ LOG-ʥʦʨʤʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ 

ʦʪ ʚʳʙʦʨʢʠ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ 

ʧʦʯʚʘʭ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʟʦʥʘʤ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ, ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪ-

ʣʦʚʠʥʳ ʩʦʩʪʘʚʠʣʦ 3905 ʤʛ/ʢʛ, ʯʪʦ ʚ 37 ʨʘʟ ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʦʯʚʦʦʙʨʘ-

ʟʫʶʱʝʡ ʧʦʨʦʜʝ, 2,9 ʨʘʟ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʬʦʥʘ ʠ ʚ 4,1 ʨʘʟ ʢʣʘʨʢʘ ʣʠʪʦʩʬʝʨʳ.  

ʊʘʢ ʢʘʢ ʦʪʙʦʨʳ ʧʨʦʙ ʧʨʦʠʟʚʦʜʠʩʴ ʚ ʧʝʨʠʦʜ ʤʥʦʛʦʣʝʪʥʝʡ ʟʘʩʫʭʠ, ʦʩ-

ʥʦʚʥʘʷ ʯʘʩʪʴ ʩʝʨʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʘʩʴ ʚ ʩʦʣʝʚʳʭ ʢʦʨʢʘʭ, ʛʜʝ ʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʚ ʩʨʝʜʥʝʤ ʧʦ ʚʩʝʤ ʠʟʫʯʝʥʥʳʤ ʧʦʯʚʘʤ ʩʦʩʪʘʚʠʣʦ 67900 ʤʛ/ʢʛ. ʇʨʠ ʨʘʩʯʝʪʝ 

ʩʨʝʜʥʝʡ ʚ ʧʦʯʚʘʭ ʥʝ ʫʯʠʪʳʚʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʥʘʜʧʦʯʚʝʥʥʳʭ ʩʦʣʝʚʳʭ 

ʢʦʨʢʘʭ. ʅʦ ʧʨʠ ʫʯʝʪʝ ʚʦʟʤʦʞʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʩʦʣʝʚʳʭ ʢʦʨʦʢ ʠ ʧʨʠ ʨʘʚʥʦ-

ʤʝʨʥʦʤ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʩʝʨʳ ʚ ʧʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ ʥʘ 20 ʩʤ, ʝʝ ʩʨʝʜʥʝ-

ʚʟʚʝʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʫʚʝʣʠʯʠʪʩʷ ʥʘ 87 %, ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ 0-50 ʩʤ ʩʣʦʝ 

ʥʘ 35% ʠ ʫʚʝʣʠʯʝʥʠʝ ʥʘ 17% ʧʨʠ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʥʘ ʛʣʫʙʠʥʫ 100 ʩʤ (ʪʘʙʣ. 

5.18).  
ʊʘʙʣʠʮʘ 5.18. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʳ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʩʦʣʝʚʳʭ ʢʦʨʦʢ ʚ 
ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ 

ɻʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦ-
ʚʝʥʠʷ, ʩʤ 

ʀʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʛʦ 
ʟʥʘʯʝʥʠʷ, ʤʛ/ʢʛ 

ʈʘʟʥʠʮʘ, ʤʛ/ʢʛ % ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘ-
ʯʝʥʠʷ 

0ï20 7292 3395 86,9 
0ï50 5258 1358 34,7 
0-100 4579 679 17,4 
 
ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʢʦʨʨʝ-

ʣʷʮʠʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ (ʧʨʠʣʦʞʝʥʠʝ 1), ʚ ʩʦʩʪʘʚʝ 

ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʝʪ SO4- ʠʦʥ. ʊʘʢʞʝ ʩʝʨʘ ʪʝʩʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʩʦʜʝʨʞʘʥʠ-

ʝʤ ʛʫʤʫʩʘ ʚ ʧʨʦʬʠʣʝ ʠ ʩ ɽʂʆ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʦ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʩʝʨʳ 
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ʥʘ ʙʠʦʛʝʥʥʦʤ ʙʘʨʴʝʨʝ. ʉʝʨʘ ʥʝ ʠʤʝʝʪ ʜʦʩʪʦʚʝʨʥʳʭ ʩʚʷʟʝʡ ʥʠ ʩ ʦʜʥʦʡ ʬʨʘʢ-

ʮʠʝʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʧʨʠʣʦʞʝʥʠʝ 1). 

 

 

 
ʆʧʠʩʘʪʝʣʴʥʳʝ ʩʪʘʪʠʩʪʠʢʠ  

ʇʘʨʘʤʝʪʨ* S 
ɺʳʙʦʨʢʘ 22 
ʉʨʝʜʥʝʝ 3905 
ʄʝʜʠʘʥʘ 3900 
ʄʦʜʘ ʄʥʦʞʝʩʪʚʦ 

ʏʘʩʪʦʪʘ ʤʦʜʳ ï 
ʄʠʥʠʤʫʤ, ʤʛ/ʢʛ 780 
ʄʘʢʩʠʤʫʤ, ʤʛ/ʢʛ 18100 

ɼʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ (ʈ=0,05), ʤʛ/ʢʛ 2757ï5532 
ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 2,1 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ (V), % 0,05 
ʆʰʠʙʢʘ ʩʨʝʜʥʝʛʦ 1,2 
ɸʩʠʤʤʝʪʨʠʷ 0,4 
ʕʢʩʮʝʩʩ 3,2 

ʊʝʩʪ ʐʘʧʠʨʦ-ʋʠʣʢʘ SW-W=0,95 (p=0,3) 
ʇʨʠʤʝʯʘʥʠʝ: *ï ʚʩʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʯʠʩʣʝʥʳ ʠʟ ʣʦʛʘʨʠʬʤʘ 

 
ʈʠʩ. 5.17. ʅʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʝʨʳ ʚ ʟʘʩʦʣʝʥʥʳʭ 

ʧʦʯʚʘʭ ʟʦʥʳ ʚʣʠʷʥʠʷ ʂʫʯʠʛʝʨʩʢʠʭ ʛʠʜʨʦʪʝʨʤ 
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ʀʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʘʤʠ ʵʣʝʤʝʥʪʦʚ ʩʝʨʘ ʠʤʝʝʪ ʜʦʩʪʦʚʝʨʥʫʶ ʩʚʷʟʴ 

ʪʦʣʴʢʦ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʙʘʨʠʷ (ʧʨʠʣʦʞʝʥʠʝ 2).  

 ɺ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ 4,1 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʢʣʘʨʢ ʟʝʤ-

ʥʦʡ ʢʦʨʳ ʠ ʚ 30 ʨʘʟ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ʢʦʪ-

ʣʦʚʠʥʳ. ʊʘʢʘʷ ʘʥʦʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ 

ʨʘʟʛʨʫʟʢʝ ʩʫʣʴʬʘʪʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʪʝʨʤ ʂʫʯʠʛʝʨʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ. 

ʅʘʢʦʧʣʝʥʠʝ S, ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ, ʚ ʦʩʥʦʚʥʦʤ, ʠʜʝʪ ʥʘ ʠʩʧʘʨʠʪʝʣʴʥʦʤ ʠ ʚ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʥʘ ʩʦʨʙʮʠʦʥʥʦʤ ʠ ʙʠʦʛʝʥʥʦʤ ʙʘʨʴʝʨʘʭ.  

 

5. 5. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ɺʦʣʴʬʨʘʤ (W) ï ʩʘʤʳʡ ʪʫʛʦʧʣʘʚʢʠʡ ʠʟ ʤʝʪʘʣʣʦʚ, ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʝʤ-

ʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʠʤʝʝʪ ʪʦʣʴʢʦ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ï ʫʛʣʝʨʦʜ. ʇʨʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʭʠʤʠʯʝʩʢʠ ʩʪʦʝʢ. ɺʦʣʴʬʨʘʤ ʦʪʥʦʩʠʪʩʷ ʢ ʨʝʜʢʠʤ ʵʣʝ-

ʤʝʥʪʘʤ, ʩʦʜʝʨʞʘʥʠʝ ʝʛʦ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 1 ʤʛ/ʢʛ (ʪʘʙʣ. 5.19). 

ɺ ʈʦʩʩʠʠ ʥʝʩʢʦʣʴʢʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʦʣʴʬʨʘʤʘ. ʆʥʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ɸʣ-

ʪʘʝ, ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ, ʉʝʚʝʨʥʦʤ ʂʘʚʢʘʟʝ, ʏʫʢʦʪʢʠ ʠ ʚ ɹʫʨʷʪʠʠ. 

ɻʝʦʭʠʤʠʷ W ʘʥʘʣʦʛʠʯʥʘ ʛʝʦʭʠʤʠʠ Mo ʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʝʨʘʣʘʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʱʝʥʠʝ ʚʦʣʴʬʨʘʤʘ. ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʤʠʥʝʨʘʣʳ ʩʦʜʝʨʞʘʪ 

ʘʥʠʦʥʥʫʶ ʬʦʨʤʫ ʤʝʪʘʣʣʘ (WO4)2-. ʆʙʳʯʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʚʦʣʴ-

ʬʨʘʤʠʪ (Fe, Mn) (WO4); ʩʘʥʤʘʨʪʠʥ, (Zn, Fe) (WO4); ʠ ʰʝʝʣʠʪ, CaWO4. ʆʜʥʘ-

ʢʦ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʚʦʣʴʬʨʘʥʠʪʦʚ, ʙʝʟʚʦʜʥʳʭ ʠ ʚʦʜʥʳʭ, ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʠʥʝʨʘʣʳ ʠ 

ʩʦʝʜʠʥʝʥʠʷ W ʤʘʣʦʨʘʩʪʚʦʨʠʤʳ, ʥʦ ʥʝʢʦʪʦʨʳʝ ʩʣʦʞʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʩʦ-

ʙʝʥʥʦ ʩʚʷʟʘʥʥʳʝ ʩ Mo, ʤʦʛʫʪ ʙʳʪʴ ʤʦʙʠʣʠʟʦʚʘʥʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ W ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʘʥʠʦʥʥʦʡ ʬʦʨʤʝ, ʚʦʣʴ-

ʬʨʘʤʘʪʦʚ (WO4
2-), ʘ ʪʘʢʞʝ ʚ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʠ ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʳʭ ʚʠʜʘʭ. 

ɺ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ) ʜʨʫʛʠʝ ʚʠʜʳ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ W ʜʦ ʙʦʣʝʝ ʥʠʟʢʠʭ ʚʘʣʝʥʪʥʳʭ ʩʦʩʪʦʷʥʠʡ 

(Kabata-Pendias, 2011).  
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ʊʘʙʣʠʮʘ 5.19. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ W ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʧʦʨʦʜʘʭ ʠ ʧʦʯʚʘʭ, ʤʛ/ʢʛ 

ʕʣʝʤʝʥʪ ʂʣʘʨʢ ʟʝʤ-
ʥʦʡ ʢʦʨʳ 
(Kabata-
Pendias, 
2011) 

ɻʨʘʥʠʪʳ 
ʢʣʘʩʩʠʯʝ-
ʩʢʠʝ 
(Kabata-
Pendias, 
2011) 

ɸʥʛʘʨʦ-
ɺʠʪʠʤʩʢʠʡ 
ʙʘʪʦʣʠʪ 
(ʅʦʩʢʦʚ, 
2011) 

ʂʣʘʨʢ 
ʧʦʯʚ ʤʠʨʘ 
(Kabata-
Pendias, 
2011) 

ʂʣʘʨʢ ʧʦʯʚ, 
ʀʄɻʈʕ 
(ʊʨʝʙʦʚʘ-
ʥʠʷé., 
2002) 

ɺ ʧʦʯʚʘʭ 
ɿʘʙʘʡʢʘ-
ʣʴʷ 

 (ʀʚʘʥʦʚ, 
2007) 

W 1 1,3ï2,4 ï 1,7 1,5 ï 
 
ɼʣʷ ʚʦʣʴʬʨʘʤʘ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʭʘʨʘʢʪʝʨʥʦ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʠʩʣʦʪʥʦʩʪʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨ-

ʞʘʥʠʷ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ ʚ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱʘʭ (ʂʘʙʘʪʘ-ʇʝʥʜʠʘʩ, 1989; 

Kabata-Pendias, 2011). ɺ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʝʩʢʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʴʬʨʘʤʘ <5 ʤʛ/ʢʛ. 

ɺ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʚʦʣʴʬʨʘʤ ʚʩʪʨʝʯʘʝʪʩʷ ʦʯʝʥʴ ʨʝʜʢʦ ʠ ʚ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ɺ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʚʦʣʴʬʨʘʤ ʧʦʧʘʜʘʝʪ ʠ ʤʠʛʨʠʨʫʝʪ 

ʣʠʙʦ ʚ ʚʠʜʝ ʚʦʣʴʬʨʘʤʘʪ-ʠʦʥʘ WO4
2-, ʣʠʙʦ ʚ ʚʠʜʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʦʤʧʣʝʢʩ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʧʨʠʨʦʜʥʳʭ ʤʘʣʦʤʠʥʝ-

ʨʘʣʠʟʦʚʘʥʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʦʩʪʘʚʣʷʝʪ ʩʦʪʳʝ ʜʦʣʠ ʤʛ/ʣ. ɺʦʣʴʬʨʘʤ ʤʦ-

ʞʝʪ ʧʦʧʘʜʘʪʴ ʚ ʚʦʜʫ ʩʦ ʩʪʦʢʘʤʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚ. 

ɺ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʩʦʜʝʨʞʘʥʠʝ 

ʚʦʣʴʬʨʘʤʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 3,9 ʤʢʛ/ʣ ï ʂʫʯʠʛʝʨʩʢʠʝ ʛʠʜʨʦʪʝʨʤʳ ʜʦ 

68,4 ʤʢʛ/ʣ ï ɻʘʨʛʠʥʩʢʠʡ ʤʠʥʝʨʘʣʴʥʳʡ ʠʩʪʦʯʥʠʢ (ʏʝʨʥʷʚʩʢʠʡ, 2006). 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ W ʚʦ ʚʩʝʤʠʨʥʳʭ ʧʦʯʚʘʭ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 1,7 ʤʛ/ʢʛ, 

ʥʝʙʦʣʴʰʦʝ ʧʦʚʳʰʝʥʠʝ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʩʫʛʣʠʥʠʩʪʳʭ ʧʦʯʚʘʭ. ʇʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʴʬʨʘʤʘ ʠʤʝʶʪ ʟʘʛʨʷʟʥʝʥʥʳʝ ʧʦʯʚʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚʙʣʠ-

ʟʠ ʟʘʚʦʜʦʚ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʨʫʜʳ W, ʛʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ W ʚʘʨʴʠʨʫʝʪ ʦʪ 100 ʜʦ 

2000 ʤʛ/ʢʛ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʵʣʝʤʝʥʪʘ ʩʥʠʞʘʶʪʩʷ (Kabata-Pendias, 2011). ɺ ɿʘʙʘʡʢʘʣʴʝ ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʴʬʨʘʤʘ ʠʤʝʶʪ ʧʦʯʚʳ ʚʙʣʠʟʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: ʟʘʢʦʥ-

ʩʝʨʚʠʨʦʚʘʥʥʦʤ ɼʞʠʜʠʥʩʢʦʤ ʤʦʣʠʙʜʝʥʦʚʦ-ʚʦʣʴʬʨʘʤʦʚʦʤ ʢʦʤʙʠʥʘʪʝ ʠ ʜʝʡ-

ʩʪʚʫʶʱʠʤ ɹʦʤ-ɻʦʨʭʦʥʩʢʦʤ. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʴʬʨʘʤʘ ʩʚʷʟʘʥʦ ʩ 
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ʥʘʤʳʪʳʤ ʛʦʨʠʟʦʥʪʦʤ ʪʝʭʥʦʛʝʥʥʳʭ ʧʝʩʢʦʚ ʠ ʜʦʩʪʠʛʘʝʪ 1280 ʤʛ/ʢʛ, ʯʪʦ ʚ 

16,0ï17,0 ʨʘʟ ʚʳʰʝ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ (ʉʤʠʨʥʦʚʘ, ɼʦʨʦʰʢʝʚʠʯ, 2014). ʉʦ-

ʜʝʨʞʘʥʠʝ ʚʦʣʴʬʨʘʤʘ ʚ ʪʝʭʥʦʛʝʥʥʳʭ ʧʝʩʢʘʭ ʚ 80ï120 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʇɼʂ 

(ʀʤʝʪʭʝʥʦʚ ʠ ʜʨ., 2016).  

ɼʦʢʘʟʘʥʦ ʫʯʘʩʪʠʝ ʚʦʣʴʬʨʘʤʘ ʚ ʟʘʩʦʣʝʥʠʠ ʧʦʯʚ, ʥʘʢʦʧʣʝʥʠʝ ʝʛʦ ʚ ʥʝ-

ʢʦʪʦʨʳʭ ʨʘʩʩʦʣʘʭ. ʉʘʤʳʡ ʟʥʘʤʝʥʠʪʳʡ ʩʦʣʦʥʯʘʢ ʉʝʨʣʩ ʚ ʂʘʣʠʬʦʨʥʠʠ 

(ʉʐɸ), ʛʜʝ ʠʩʧʘʨʝʥʠʝ ʱʝʣʦʯʥʳʭ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ, ʦʙʦʛʘʱʝʥʥʳʭ W, B, F, Li, 

Br ʠ Na, ʧʨʠʚʝʣʦ ʢ ʥʘʢʦʧʣʝʥʠʶ ʥʘʨʷʜʫ ʩ ʩʦʜʦʡ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʨʘʩʩʦ-

ʣʘʭ ʩʦʣʦʥʯʘʢʘ ʉʝʨʣʩ ʥʘʢʦʧʠʣʦʩʴ ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʪʦʥʥ W (ʇʝʨʝʣʴʤʘʥ, ʂʘʩʠ-

ʤʦʚ, 1999).  

ɺ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʥʘʢʦʧʣʝʥʠʝ ʚʦʣʴʬʨʘʤʘ 

ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʚ 

ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʘʣʣʶʚʠʘʣʴʥʦʡ ʪʝʨʤʦʢʨʠʘʪʫʨʙʠʨʦʚʘʥʥʦʡ ʟʘʩʦʣʝʥʥʦʡ 

ʧʦʯʚʝ (ʊʃʂ-2-16), ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚʙʣʠʟʠ ʪʝʨʤʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ɼʳ-

ʨʝʥʩʢʠʡ, ʚ ʦʩʪʘʣʴʥʳʭ ʧʦʯʚʘʭ W ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ <5 ʤʛ/ʢʛ (ʨʠʩ. 5.18).  
 

  
 

ʈʠʩ. 5.18. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʠ ʧʨʦʬʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ 
ʩʚʝʪʣʦʛʫʤʫʩʦʚʦʡ ʟʘʩʦʣʝʥʥʦʡ ʪʝʨʤʦʢʨʠʘʪʫʨʙʠʨʦʚʘʥʥʦʡ ʢʚʘʟʠʛʣʝʝʚʘʪʦʡ ʧʦʯʚʝ 

 
ɺ ʧʨʦʬʠʣʝ ʘʣʣʶʚʠʘʣʴʥʦʡ ʟʘʩʦʣʝʥʥʦʡ ʧʦʯʚʳ (ʊʃʂ-2-16) ʩʦʜʝʨʞʘʥʠʝ 

ʚʦʣʴʬʨʘʤʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 47,2 ʤʛ/ʢʛ ʚ ʚʝʨʭʥʝʤ ʩʚʝʪʣʦʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ, 

ʜʦ 90,9 ʤʛ/ʢʛ ʚ ʧʦʛʨʝʙʝʥʥʦʤ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʥʘ ʛʣʫʙʠʥʝ 61(66)ï70(75) 

ʩʤ, ʯʪʦ ʚ 27,8 ʠ ʚ 53,5 ʨʘʟ ʚʳʰʝ ʢʣʘʨʢʘ ʧʦʯʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʠʞʝ 70(75) ʩʤ 
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ʩʦʜʝʨʞʘʥʠʝ W ʚ ʧʨʦʬʠʣʝ ʘʣʣʶʚʠʘʣʴʥʦʡ ʧʦʯʚʳ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʩʪʘʥʦ-

ʚʠʪʩʷ <5 ʤʛ/ʢʛ (ʨʠʩ. 5.18), ʢʘʢ ʚ ʦʩʪʘʣʴʥʳʭ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʂʫʯʠʛʝʨʩʢʦʛʦ 

ʫʨʦʯʠʱʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʝʚʠʜʥʦ ʚʣʠʷʥʠʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʪʝʨʤʘʣʴʥʦ-

ʛʦ ʠʩʪʦʯʥʠʢʘ ʂʫʯʠʛʝʨ, ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʠʚʥʦʩʘ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʫ.  
 

5.6. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘ-
ʮʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ ʟʦʥ ʨʘʟʣʦʤʦʚ ʂʫʯʠʛʝʨʩʢʦʛʦ ʫʨʦʯʠʱʘ 

 
ɺ ʠʟʫʯʝʥʥʳʭ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʩʨʝʜʥʝʝ ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥ-

ʪʦʚ ʩʦʩʪʘʚʠʣʦ Li 27,5Ñ1,6; Naï28286Ñ603; Kï17739Ñ609; Mgï17388Ñ521; 

Caï57245Ñ4016; Srï 1057Ñ36,5; Baï1252Ñ37,6; Crï52Ñ3,1; Mnï790Ñ35,3; Feï

33145Ñ1773; Coï15,2Ñ1,03; Niï46Ñ2,9; Sï3905Ñ1,2; Wï43 ʤʛ/ʢʛ. ʇʦ ʟʥʘʯʝʥʠ-

ʷʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 2 ʛʨʫʧʧʳ. ɺ 

ʧʝʨʚʫʶ ʦʪʥʝʩʝʥʳ ʵʣʝʤʝʥʪʳ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʢʦʪʦʨʳʭ ʚʳʰʝ 

ʢʣʘʨʢʘ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʨʷʜ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ba3,1> Sr2,9> S2,8> Ni2,3> Ca2,2> Co1,5> Na1,4> Li1,2> Mg1,2. ɺʦ ʚʪʦʨʫʶ ʛʨʫʧʧʫ 

ʚʭʦʜʷʪ K0,8> Fe0,8> Cr0,5, ʟʜʝʩʴ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʨʝʜʝʣʘʭ 0,5ï

0,8. 

ʇʨʠ ʚʳʷʚʣʝʥʠʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ ʚ ʨʝʛʠ-

ʦʥʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ, ʙʳʣʠ ʚʟʷʪʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʦʯʚ ɿʘʙʘʡʢʘʣʴʷ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʘʣʦʚʦʛʦ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ, ʥʠʟ-

ʢʠʤ ʫʨʦʚʥʝʤ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʠ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʞʝʣʝʟʘ (ʀʚʘʥʦʚ, 2006). 

ʈʝʛʠʦʥʘʣʴʥʦ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʨʷʜ ʠʤʝʣ ʩʣʝ-

ʜʫʶʱʠʡ ʧʦʨʷʜʦʢ: Sr3,2>S2,9>Mg2,2>Ni1,8>Ca1,8>Co1,6>Na1,4>Li1,2>Mn1,2. ʉʦ-

ʜʝʨʞʘʥʠʝ Ba, Cr, Fe ʠ ʂ ʙʣʠʟʢʦ ʢ ʩʦʜʝʨʞʘʥʠʶ ʚ ʧʦʯʚʘʭ ɿʘʙʘʡʢʘʣʴʷ (ʨʠʩ. 

5.19ɹ). 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʫʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʦʯʚʫ ʥʘʤʠ ʙʳʣ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ 

ʧʦʨʦʜʳ, ʢʦʪʦʨʘʷ ʚ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʧʝʩʯʘ-

ʥʳʤ ʤʘʪʝʨʠʘʣʦʤ (ʋʙʫʛʫʥʦʚ ʠ ʜʨ., 2016). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʨʦʜʘʤʠ, ʟʥʘʯʝ-

ʥʠʷ ʢʦʪʦʨʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʩʯʘʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʛʦʨʥʦʡ ʨʝʢʠ ʊʘʣʠʥʛʘ, 
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ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ ʟʦʥ ʨʘʟʣʦʤʦʚ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Li, Mg, 

Ca, Sr, Mn, Fe, Co, Ni. ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʦʯʚ ʂʫʯʠʛʝʨʩʢʦʛʦ ʫʨʦʯʠʱʘ ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʢʨʘʪʥʦʝ (ʚ 37 ʨʘʟ) ʧʨʝʚʳʰʝʥʠʝ S ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʩʢʘʤʠ ʧʝʩʯʘʥʳʭ 

ʤʘʩʩʠʚʦʚ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ (ʨʠʩ. 5.19ɺ). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦ, ʯʪʦ 

ʪʦʣʴʢʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʠʚʥʦʩ ʚʦʜʘʤʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʙʫʩʣʦʚ-

ʣʠʚʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʦ ʤʦ-

ʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʠ ʢ ʜʨʫʛʠʤ ʪʝʨʨʠʪʦʨʠʷʤ, ʧʨʠʫʨʦʯʝʥʥʳʤ ʢ ʟʦʥʘʤ 

ʘʢʪʠʚʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ ʩʦ ʩʭʦʞʠʤʠ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ. 

 
                                ɸ                                                                            ɹ 

 
                                  ɺ                                                                        ɻ 

ʈʠʩ. 5.19. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ:  
ɸ ï ʢʣʘʨʢʫ ʣʠʪʦʩʬʝʨʳ; ɹ ï ʢ ʧʦʯʚʘʤ ɿʘʙʘʡʢʘʣʴʷ (ʀʚʘʥʦʚ, 2006); ɺ ï ʧʦʯʚʦ-

ʦʙʨʘʟʫʶʱʠʤ ʧʦʨʦʜʘʤ; ɻï ʢ ʟʘʩʦʣʝʥʥʳʤ ʧʦʯʚʘʤ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

 
ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʟʘʩʦʣʝʥ-

ʥʳʭ ʧʦʯʚʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʚ ʮʝʣʦʤ, ʛʜʝ ʠʩʪʦʯʥʠʢʦʤ ʩʦʣʝʡ ʩʣʫʞʠʪ 

ʨʘʧʘ ʩʦʣʝʥʥʳʭ ʦʟʝʨ, ʚ ʧʦʯʚʘʭ ʚʙʣʠʟʠ ʂʫʯʠʛʝʨʩʢʠʭ ʛʠʜʨʦʪʝʨʤ ʪʦʪ ʬʦʥ ʧʨʝ-

ʚʳʰʘʝʪʩʷ ʚ 1,1-6,7 ʨʘʟ. ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʨʷʜ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʨʝʜʥʠʤ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷʤ ʵʣʝʤʝʥʪʦʚ ʛʘʣʦʤʦʨʬʥʳʭ ʧʦʯʚ ʢʦʪʣʦʚʠʥʳ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: S6,7> Ni2,4> Co1,6> Cr1,5> Fe1,3> Li1,3> Mn1,3> Sr1,2> Ba1,2> Na1,1 (ʨʠʩ. 

5.19ɻ). ʊʘʢʦʝ ʧʨʝʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʟʦʥ ʪʝʢʪʦʥʠʯʝ-

ʩʢʠʭ ʨʘʟʣʦʤʦʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʩʚʷʟʘʥʳ ʢʘʢ ʩ ʭʠʤʠ-

ʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʚʦʜ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʂʫʯʠʛʝʨ, ʪʘʢ ʠ ʩʦ ʩʧʝʮʠʬʠʯʝ-

ʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠʭ ʘʢʢʫʤʫʣʷʮʠʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʧʝʜʦʩʬʝʨʝ.  
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ʉʦʜʝʨʞʘʥʠʝ ʱʝʣʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ Na ʠ Li ʚ ʚʦʜʘʭ ʂʫʯʠʛʝʨʩʢʠʭ ʛʠʜ-

ʨʦʪʝʨʤ ʚ 8,4ï8,5 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʢʣʘʨʢ ʘʢʪʠʚʥʦʛʦ ʚʦʜʦʦʙʤʝʥʘ. ʆʩʥʦʚʥʘʷ ʤʘʩ-

ʩʘ ʣʠʪʠʷ (53,7 ʤʛ/ʢʛ), ʧʦʩʪʫʧʠʚʰʝʛʦ ʠʟ ʚʦʜ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʢʦʥ-

ʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʛʨʷʟʝʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʛʨʠʬʦʥʘ, ʨʘʟʛʨʫʞʘʶʱʝʛʦʩʷ ʚ ʙʦʣʦʪʦ. 

ɺ ʧʦʯʚʘʭ Li ʦʩʝʜʘʝʪ ʥʘ ʩʦʨʙʮʠʦʥʥʦʤ ʙʘʨʴʝʨʝ ʚ ʧʦʯʚʘʭ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ, ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʢʦʨ-

ʨʝʣʷʮʠʠ ʩ ʵʪʠʤʠ ʬʨʘʢʮʠʷʤʠ (ʪʘʙʣ. 5.20).  
 
ʊʘʙʣʠʮʘ 5.20. ʊʠʧʳ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ 

ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʙʘ-
ʨʴʝʨ Li Na K Mg Ca Sr Ba Cr Mn Fe Co Ni S W 

ʆʢʠʩʣʠʪʝʣʴʥʳʡ ɸ         + +     
ʉʝʨʦʚʦʜʦʨʦʜʥʳʡ ɺ               
ɻʣʝʝʚʳʡ ʉ               
ʂʠʩʣʳʡ ɽ               

ʀʩʧʘʨʠʪʝʣʴʥʳʡ F  +           +  
ʉʦʨʙʮʠʦʥʥʳʡ G +  + + +   +  + + + + + 
ʂʘʨʙʦʥʘʪʥʳʡ     +   +       
ʄʝʭʘʥʠʯʝʩʢʠʡ ʄ        + + +     
ɹʠʦʛʝʥʥʳʡ   +          +  

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ 
H 

      +        

 

ʅʘʪʨʠʡ, ʦʙʣʘʜʘʷ ʚʳʩʦʢʦʡ ʤʦʙʠʣʴʥʦʩʪʴʶ, ʥʝ ʨʝʘʛʠʨʫʝʪ ʥʘ ʫʪʷʞʝʣʝʥʠʝ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ, ʝʛʦ ʥʘʢʦʧʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʠʩʧʘʨʠ-

ʪʝʣʴʥʦʤ ʙʘʨʴʝʨʝ ʚ ʧʦʯʚʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

(99400 ʤʛ/ʢʛ) ʠ ʚ ʪʝʨʤʦʢʘʨʩʪʦʚʦʡ ʦʟʝʨʥʦʡ ʜʝʧʨʝʩʩʠʠ (92000 ʤʛ/ʢʛ). ɺʘʣʦʚʳʡ 

ʥʘʪʨʠʡ ʠ ʢʘʣʠʡ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʚʷʟʴ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʬʨʘʢ-

ʮʠʠ ʢʨʫʧʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʝʩʢʘ. ʊʘʢʘʷ ʢʦʨʨʝʣʷʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ, ʩʢʦʨʝʝ ʚʩʝ-

ʛʦ, ʧʨʠʩʫʪʩʪʚʠʝʤ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʧʦʯʚʦʦʙʨʘʟʫ-

ʶʱʠʭ ʤʠʥʝʨʘʣʦʚ (ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ). ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʣʠʷ ʠ 

ʥʘʪʨʠʷ ʠʤʝʣʘ ʥʘʠʙʦʣʝʝ ʦʧʝʩʯʘʥʝʥʘʷ ʘʣʣʶʚʠʘʣʴʥʘʷ ʧʦʯʚʘ.  

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʯʝʥʴ ʥʝʦʜʥʦʨʦʜʥʦ. ʄʘʛʥʠʡ ʚ ʠʟʫʯʝʥʥʳʭ 

ʧʦʯʚʘʭ ʦʩʝʜʘʝʪ ʥʘ ʩʦʨʙʮʠʦʥʥʦʤ ʙʘʨʴʝʨʝ ʚ ʧʦʯʚʘʭ ʩ ʙʦʣʝʝ ʪʷʞʝʣʳʤ ʛʨʘʥʫʣʦ-
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ʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ (ʪʘʙʣ. 5.20). ɽʛʦ ʤʠʥʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (8810 

ʤʛ/ʢʛ), ʥʝʩʤʦʪʨʷ ʥʘ ʙʣʠʟʦʩʪʴ ʢ ʠʩʪʦʯʥʠʢʫ, ʠʤʝʝʪ ʚ ʘʣʣʶʚʠʘʣʴʥʘʷ ʪʝʨʤʦ-

ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʘʷ ʧʦʯʚʘ, ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʧʨʦʬʠʣʝ ʢʨʫʧʥʦʛʦ ʠ 

ʩʨʝʜʥʝʛʦ ʧʝʩʢʘ, ʩ ʢʦʪʦʨʳʤ ʤʘʛʥʠʡ ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ. ʄʘʢʩʠʤʘʣʴ-

ʥʦʝ ʩʦʜʝʨʞʘʥʠʝ (18196 ʤʛ/ʢʛ) ʠʤʝʝʪ ʩʦʣʦʥʯʘʢ ʩʦʣʦʥʮʝʚʘʪʳʡ. 

ʂʘʣʴʮʠʡ ʨʝʘʛʠʨʫʝʪ ʥʘ ʢʘʨʙʦʥʘʪʥʳʡ ʠ ʩʦʨʙʮʠʦʥʥʳʡ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʙʘʨʴʝʨʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʩʥʳʤʠ ʩʚʷʟʷʤʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʧʨʦʬʠʣʝ 

ʢʘʨʙʦʥʘʪʦʚ (r=0,91), ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʝʡ (r=0,63) ʠ ʩʫʤʤʘʨʥʦ ʬʨʘʢʮʠʝʡ ʬʠʟʠ-

ʯʝʩʢʦʡ ʛʣʠʥʳ (r=0,42). ʀʟ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ, ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʢʘʣʴʮʠʷ ʠʤʝʝʪ ʩʦʣʦʥʯʘʢ ʩʦʣʦʥʮʝʚʘʪʳʡ. 

ʉʪʨʦʥʮʠʡ ʚ ʩʫʣʴʬʘʪʥʳʭ ʩʦʣʦʥʯʘʢʘʭ ʟʦʥ ʨʘʟʣʦʤʦʚ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʪʠʧʠʯʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʟʜʝʩʴ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʰʝ, ʯʝʤ ʚ ʥʝʟʘʩʦʣʝʥʥʳʭ 

ʧʦʯʚʘʭ ʠʣʠ ʚ ʭʣʦʨʠʜʥʳʭ ʩʦʣʦʥʯʘʢʘʭ (ʂʘʩʠʤʦʚ ʠ ʜʨ., 1978). ɺ ʠʟʫʯʝʥʥʳʭ 

ʧʦʯʚʘʭ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʦʥʮʠʷ ʦʜʠʥʘʢʦʚʦ ʚʳʩʦʢʦʝ ʠ ʢʦ-

ʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 950ï1084 ʤʛ/ʢʛ, ʯʪʦ ʚ 2,9 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʢʣʘʨʢ ʟʝʤʥʦʡ 

ʢʦʨʳ ʠ 3,2 ʨʘʟʘ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ. ʊʘʢʠʝ ʚʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Sr ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʚ ʧʦʯʚʘʭ çʫʨʦʚʩʢʠʭ ʙʠʦʭʠ-

ʤʠʯʝʩʢʠʭ ʧʨʦʚʠʥʮʠʡè (ɻʫʣʷʝʚʘ ʠ ʜʨ., 2017). ʉʦʦʪʥʦʰʝʥʠʝ ʉʘ ʢ Sr ʚ ʠʟʫʯʝʥ-

ʥʳʭ ʧʦʯʚʘʭ ʨʘʚʥʦ 54. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʥʠʞʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʢʦʧʣʝʥʠʶ ʩʪʨʦʥʮʠʷ ʠ ʟʘʤʝʱʝʥʠʶ ʠʤ ʢʘʣʴʮʠʷ. 

ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʥʝ ʚʳʷʚʣʝʥʳ, ʪʘʢ ʢʘʢ ʥʝʪ ʥʠ ʦʜʥʦʡ ʜʦʩʪʦʚʝʨʥʦʡ 

ʩʚʷʟʠ ʩ ʠʟʫʯʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚʳ. 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʘʨʠʷ ʠʤʝʝʪ ʘʣʣʶʚʠʘʣʴʥʘʷ ʪʝʨʤʦ-

ʢʨʠʦʪʫʨʙʠʨʦʚʘʥʥʘʷ ʧʦʯʚʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʝʝ ʦʧʝʩʯʘʥʝʥʥʦʩʪʴʶ. ʉ 

ʧʝʩʯʘʥʦʡ ʬʨʘʢʮʠʝʡ ʙʘʨʠʡ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ (r=0,51), ʪʘʢ 

ʢʘʢ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ (ʂʘʰʠʥ, 

2015). 

ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʞʝʣʝʟʘ, ʢʨʦʤʝ 

ʤʘʨʛʘʥʮʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʙʦʣʝʝ ʪʷʞʝʣʳʭ ʧʦʯʚʘʭ ʠʣʠ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥ-

ʪʘʭ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ, ʪʘʢ ʠ ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʳʤ 
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ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʝʡ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʪʦʥʢʦ-

ʜʠʩʧʝʨʩʥʳʭ ʬʨʘʢʮʠʡ. ʉʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʠʤʝʝʪ ʪʦʣʴʢʦ ʦʜʥʫ ʜʦʩʪʦʚʝʨ-

ʥʫʶ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʩʚʷʟʴ ʩ ʬʨʘʢʮʠʝʡ ʢʨʫʧʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʝʩʢʘ (r = -0,55). 

ʕʣʝʤʝʥʪʳ ʛʨʫʧʧʳ ʞʝʣʝʟʘ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʝʡ 

ʤʝʞʜʫ ʩʦʙʦʡ. 

ʅʘʠʙʦʣʝʝ ʷʨʢʦ ʚʣʠʷʥʠʝ ʨʘʟʣʦʤʥʦʡ ʪʝʢʪʦʥʠʢʠ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʥʘʢʦʧʣʝʥʠʠ ʩʝʨ,r ʪʘʢ ʢʘʢ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʝ ʧʦʨʦʜʳ ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝʤ (ʨʠʩ. 5.19ɺ). ʉʠʣʴʥʳʤ ʢʦʥʮʝʥʪʨʘ-

ʪʦʨʦʤ ʩʝʨʳ (20000 ʤʛ/ʢʛ) ʷʚʣʷʶʪʩʷ ʛʨʷʟʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠʩ-

ʪʦʯʥʠʢʘ, ʯʪʦ, ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥʦ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ (ʩʫʣʴ-

ʬʘʪʨʝʜʫʢʮʠʷ) ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ. ɺ ʧʦʯʚʘʭ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʩʦʜʝʨʞʘ-

ʥʠʝ ʩʝʨʳ ʚ ʧʨʦʬʠʣʝ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2435ï4441 ʤʛ/ʢʛ. ʅʘʢʦʧʣʝʥʠʝ ʩʝ-

ʨʳ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʠʩʧʘʨʠʪʝʣʴʥʦʤ ʙʘʨʴʝʨʝ, ʛʜʝ ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʜʦʭʦʜʠʪ ʜʦ 59700-72700 ʤʛ/ʢʛ (ʪʘʙʣ. 5.20). ɼʦʩʪʦʚʝʨʥʳʭ ʩʚʷʟʝʡ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʵʣʝʤʝʥʪʘ ʩ ʬʨʘʢʮʠʷʤʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʉʨʝʜʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʘʣʦʚʘʷ ʩʝʨʘ ʠʤʝʝʪ ʪʝʩʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ 

ʧʣʦʪʥʳʤ ʦʩʪʘʪʢʦʤ (r=0,84), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʣʝʛ-

ʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʩʝʨʘ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ 

ʠ ɽʂʆ ï ʙʠʦʛʝʥʥʳʡ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʙʘʨʴʝʨ (ʪʘʙʣ. 5.20).  

ɺ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʂʫʯʠʛʝʨʩʢʦʛʦ ʫʨʦʯʠʱʘ ʥʘʢʦʧʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʩʦʨʙʮʠʦʥʥʦʤ (Li, K, Mg, ʉʘ, Cr, Fe, Co, Ni, W), 

ʦʢʠʩʣʠʪʝʣʴʥʦʤ (Mn, Fe), ʠʩʧʘʨʠʪʝʣʴʥʦʤ (Na, S), ʠ ʤʝʭʘʥʠʯʝʩʢʦʤ (Cr, Mn, 

Fe, Co) ʙʠʦʛʝʥʥʦʤ (K, S), ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ (Ba) ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ 

(ɾʘʤʙʘʣʦʚʘ, ʇʘʨʘʤʦʥʦʚʘ, 2016) (ʪʘʙʣ. 5.20). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʟʦʥ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦ-

ʤʦʚ ʩʝʚʝʨʘ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʝ ʚʣʠʷʥʠʝ ʵʥʜʦʛʝʥʥʦʛʦ 

ʬʘʢʪʦʨʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʘʢʦʧʣʝʥʠʠ, ʥʝ ʪʠʧʠʯʥʳʭ ʜʣʷ ʵʢʟʦʛʝʥʝʟʘ S, Sr, Li, W. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʠʚʥʦʩ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʚʦʜʘʤʠ ʪʝʨʤ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʛʝʦ-

ʭʠʤʠʯʝʩʢʫʶ ʧʨʦʚʠʥʮʠʶ. 
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 ʅʘʢʦʧʣʝʥʠʝ ʩʪʨʦʥʮʠʷ ʚ ʣʘʥʜʰʘʬʪʘʭ ʋʣʶʥʭʘʥʩʢʦʡ ʚʧʘʜʠʥʳ, ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ çʩʪʨʦʥʮʠʝʚʦʤʫ ʨʘʭʠʪʫè. ɺ ʩʚʷʟʠ ʩ ʪʘʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʜʘʥʥʳʝ 

ʵʪʦʡ ʨʘʙʦʪʳ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʚʝʜʝʥʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɼʣʷ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʥʝʦʙʭʦʜʠʤʦ ʣʠʙʦ ʦʛʨʘ-

ʥʠʯʠʪʴ ʚʳʨʘʱʠʚʘʥʠʝ ʢʫʣʴʪʫʨ ʥʘ ʫʯʘʩʪʢʘʭ ʚʣʠʷʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʪʝʨʤ, ʣʠʙʦ 

ʦʙʝʩʧʝʯʠʪʴ ʚʥʝʩʝʥʠʝ ʢʘʣʴʮʠʝʚʳʭ ʫʜʦʙʨʝʥʠʡ ʜʣʷ ʠʟʤʝʥʝʥʠʷ Ca/Sr ʩʦʦʪʥʦ-

ʰʝʥʠʷ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ (ʂʦʚʘʣʴʩʢʠʡ, ɿʘʩʦʨʠʥʘ, 1965; ɻʫʣʷʝʚʘ ʠ ʜʨ., 

2017).  
��
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1.��ʇʨʠ ʫʥʠʢʘʣʴʥʦʤ ʩʦʯʝʪʘʥʠʠ ʵʢʟʦʛʝʥʥʳʭ ʠ ʵʥʜʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ 

ʣʝʩʥʦʡ ʟʦʥʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʩʝʚʝʨʥʦʡ ʯʘ-

ʩʪʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ, ʛʜʝ, ʥʘʨʷʜʫ ʩ ʬʦʥʦʚʳʤʠ ʜʝʨʥʦʚʦ-ʧʦʜʙʫʨʘʤʠ ʠ 

ʠʥʪʨʘʟʦʥʘʣʴʥʳʤʠ ʧʦʡʤʝʥʥʳʤʠ ʬʦʨʤʠʨʫʶʪʩʷ ʥʝʪʠʧʠʯʥʳʝ ʜʣʷ ʜʘʥʥʳʭ ʰʠ-

ʨʦʪ ʟʘʩʦʣʝʥʥʳʝ, ʩʠʣʴʥʦ ʟʘʩʦʣʝʥʥʳʝ ʠ ʩʦʣʦʥʮʝʚʘʪʳʝ ʧʦʯʚʳ. ʇʦ ʤʦʨʬʦʣʦʛʠ-

ʯʝʩʢʦʤʫ ʩʪʨʦʝʥʠʶ ʠ ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʘ ʠʭ ʧʨʠʥʘʜ-

ʣʝʞʥʦʩʪʴ ʢ ʦʪʜʝʣʫ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʩʠʥʣʠʪʦʛʝʥʥʦʛʦ ʩʪʚʦʣʘ ʠ ʦʪʜʝʣʫ ʛʘ-

ʣʦʤʦʨʬʥʳʭ ʧʦʯʚ ʧʦʩʪʣʠʪʦʛʝʥʥʦʛʦ ʩʪʚʦʣʘ.  

2.��ʅʘ ʩʦʩʪʘʚ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʚ ʧʨʦʬʠʣʝ ʧʦʯʚ ʚʣʠʷʝʪ ʵʥʜʦ-

ʛʝʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʚʦʜʘʤʠ ʠʩʪʦʯʥʠʢʦʚ ʩ ʧʝʜʦʛʝʥ-

ʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʠ ʪʦʢ-

ʩʠʯʥʳʭ ʩʦʣʝʡ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ ʥʘ ʠʩʧʘʨʠʪʝʣʴʥʦʤ ʙʘʨʴʝʨʝ ʚ ʚʠʜʝ ʩʦʣʝʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʨʦʯʢʠ, ʛʜʝ ʩʨʝʜʠ ʘʥʠʦʥʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʩʫʣʴʬʘʪʳ, ʩʨʝʜʠ 

ʢʘʪʠʦʥʦʚ ï ʥʘʪʨʠʡ. ʇʝʜʦʛʝʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʘʢʢʫʤʫʣʷʮʠʝʡ 

ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʚ ʚʠʜʝ ʢʘʣʴʮʠʪʘ ʠ ʛʠʧʩʘ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʠ ʚ ʭʠʤʠʟʤʝ ʟʘʩʦʣʝ-

ʥʠʷ. 

3.��ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʣʝʡ ʧʦ ʧʨʦʬʠʣʶ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝ-

ʥʠ ʟʘʚʠʩʠʪ ʦʪ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʧʨʦ-

ʠʩʭʦʜʠʪ ʚ ʧʦʯʚʘʭ ʠ ʛʦʨʠʟʦʥʪʘʭ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʨʘʢʮʠʡ ʬʠ-

ʟʠʯʝʩʢʦʡ ʛʣʠʥʳ.  

4.��ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʯʚ ʦʙʫʩʣʦʚʣʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʧʨʠʚʥʦʩʦʤ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʨʘʟʛʨʫʟʢʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʂʫ-

ʯʠʛʝʨʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʇʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ: Ba3,1> Sr2,9> S2,8> Ni2,3> Ca2,2> Co1,5> Na1,4> Li1,2> Mg1,2.  

5.��ʈʘʟʣʠʯʠʝ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʙʫ-

ʩʣʘʚʣʠʚʘʝʪ ʥʝʦʜʥʦʨʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ. ɹʣʠ-

ʟʦʩʪʴ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʣʝʛʢʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢ ʛʨʠʬʦʥʘʤ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʘʢʦʧʣʝʥʠʝ S, W, Na, K ʠ Ba. ʉ 
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ʫʪʷʞʝʣʝʥʠʝʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʩʦʨʙʮʠʦʥʥʦʤ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʙʘʨʴʝʨʝ, ʥʝ 

ʩʤʦʪʨʷ ʥʘ ʫʜʘʣʝʥʥʦʩʪʴ ʧʦʯʚ ʦʪ ʛʠʜʨʦʪʝʨʤ. ʕʪʦ ʭʦʨʦʰʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ 

ʩʦʣʦʥʯʘʢʘʭ ʩʦʣʦʥʮʝʚʘʪʳʭ, ʛʜʝ ʦʪʤʝʯʘʝʪʩʷ ʩʘʤʦʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Li, 

Mg, Ca, Cr, Fe, Co ʠ Ni. 

6.��ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʱʝʣʦʯʥʳʭ (ʢʨʦʤʝ 

ʢʘʣʠʷ) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʮʝʩʩʳ ʟʘʩʦʣʝʥʠʷ 

ʧʦʯʚ ʟʦʥ ʨʘʟʣʦʤʦʚ. ʇʨʦʮʝʩʩʳ ʦʞʝʣʝʟʥʝʥʠʷ ʠ ʦʤʘʨʛʘʥʮʝʚʘʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠ 

ʥʝ ʚʳʨʘʞʝʥʳ: ʵʣʝʤʝʥʪʳ ʛʨʫʧʧʳ ʞʝʣʝʟʘ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʨʘʩʩʝʠʚʘʶʪʩʷ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʘʨʢʫ ʣʠʪʦʩʬʝʨʳ.  

7.��ʇʦʩʪʫʧʣʝʥʠʝ ʩʪʨʦʥʮʠʷ ʩ ʚʦʜʘʤʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʦʙʦʛʘʱʘʝʪ ʧʦʯʚʳ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʥʦʤʘʣʠʷʤ ʫʨʦʚʩʢʠʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʚʠʥʮʠʡ. ʉʦʦʪʥʦʰʝʥʠʝ ʢʘʣʴʮʠʷ ʠ ʩʪʨʦʥʮʠʷ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ 

ʥʠʞʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʝʙʣʘʛʦ-

ʧʨʠʷʪʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

8.��ɺ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʦʪʤʝʯʘʝʪʩʷ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʩʝʨʳ, ʢʦʪʦʨʦʝ ʚ 37 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ʢʦʪʣʦʚʠʥʳ, ʚ 

2,9 ʨʘʟ ʚʳʰʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʦʯʚ, ʚ 6,7 ʨʘʟʘ ʚʳʰʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʟʘ-

ʩʦʣʝʥʥʳʤ ʧʦʯʚʘʤ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ. ʊʘʢʘʷ ʘʥʦʤʘʣʠʷ ʩʚʷʟʘʥʦ ʩ ʵʥʜʦ-

ʛʝʥʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʩʝʨʳ ʩ ʪʝʨʤʘʣʴʥʳʤʠ ʚʦʜʘʤʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠ-

ʢʘ.  

9.��ɸʢʢʫʤʫʣʷʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʟʦʥ ʨʘʟ-

ʣʦʤʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʩʦʨʙʮʠʦʥʥʦʤ (Li, K, Mg, ʉʘ, Cr, Mn, Fe, 

Co, Ni, W), ʦʢʠʩʣʠʪʝʣʴʥʦʤ (Cr, Mn, Fe, Co, Ni), ʠʩʧʘʨʠʪʝʣʴʥʦʤ (Na, S), ʠ 

ʤʝʭʘʥʠʯʝʩʢʦʤ (Mn) ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ. 
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ʇʨʠʣʦʞʝʥʠʝ 1 
ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʩʦʜʝʨʞʘʥʠʷ ʣʠʪʠʷ ʚ ʧʦʯʚʝ ʩ ʦʩʥʦʚʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚ 

ʇʦʢʘʟʘʪʝʣʠ ɻʫʤʫʩ, % ʨʅʚʦʜʥ. 
ɽʂʆ, 

ʩʤʦʣʴ(ʵʢʚ)/ʢʛ 
ʇʣʦʪʥʳʡ  
ʦʩʪʘʪʦʢ, % 

ʉʆ2 ʢʘʨʙʦ-
ʥʘʪʦʚ 

n 22 22 22 22 22 
r 0,15 0,13 0,24 0,10 0,36 
Sr 0,22 0,22 0,22 0,22 0,21 
tr 0,7 0,6 1,1 0,4 1,7 

dyx (R2) 0,02 0,02 0,06 0,01 0,13 
tʬʘʢʪ. 0,69 0,59 1,09 0,44 1,74 
tʪʝʦʨ. 2,09 2,09 2,09 2,09 2,09 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʩʚʷʟʠ* - - - - - 
ʇʨʠʤʝʯʘʥʠʝ (ʟʜʝʩʴ ʠ ʜʘʣʝʝ): Sr ï ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ; tr ï ʢʨʠʪʝʨʠʡ 
ʩʫʱʝʩʪʚʝʥʥʦʩʪʠ; dxy (R2) ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ; * ï "ʧʣʶʩ" - ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʜʦ-
ʩʪʦʚʝʨʥʘ, "ʤʠʥʫʩ" ï ʥʝʜʦʩʪʦʚʝʨʥʘ 
 

 

ʊʝʩʥʦʪʘ (ʨʘʟʤʝʨ ʩʪʦʣʙʮʘ) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ (ʩʝʨʘʷ ʧʦʜʩʚʝʪʢʘ) ʟʥʘʯʝʥʠʷ ʢʦʵʬ-
ʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʣʠʪʠʷ ʩ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʬʨʘʢʮʠʷʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟ-

ʤʝʨʥʦʩʪʠ ʯʘʩʪʠʮ 

 ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʩʦʜʝʨʞʘʥʠʷ ʥʘʪʨʠʷ ʚ ʧʦʯʚʝ ʩ ʦʩʥʦʚʥʳʤʠ ʬʠʟʠʢʦ-
ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚ 

ʇʦʢʘʟʘʪʝʣʠ ɻʫʤʫʩ, % ʨʅʚʦʜʥ. ɽʂʆ, 
ʩʤʦʣʴ(ʵʢʚ)/ʢʛ 

ʇʣʦʪʥʳʡ  
ʦʩʪʘʪʦʢ, % 

ʉʆ2 ʢʘʨʙʦ-
ʥʘʪʦʚ 

n 22 22 22 22 22 
r -0,07 -0,19 -0,16 -0,12 -0,81 
Sr 0,22 0,22 0,22 0,22 0,13 
tr -0,3 -0,9 -0,7 -0,5 -6,2 

dyx (R2) 0,01 0,04 0,03 0,01 0,66 
tʬʘʢʪ. 0,33 0,88 0,74 0,54 6,17 
tʪʝʦʨ. 2,09 2,09 2,09 2,09 2,09 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʩʚʷʟʠ* - - - - + 
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 ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʩʚʷʟʠ ʥʘʪʨʠʷ ʩ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʬʨʘʢʮʠʷʤʠ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʯʘʩʪʠʮ 

 
 ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʠʷ ʚ ʧʦʯʚʝ ʩ ʦʩʥʦʚʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚ 

ʇʦʢʘʟʘʪʝʣʠ ɻʫʤʫʩ, % ʨʅʚʦʜʥ. 
ɽʂʆ, 

ʩʤʦʣʴ(ʵʢʚ)/ʢʛ 
ʇʣʦʪʥʳʡ  
ʦʩʪʘʪʦʢ, % 

ʉʆ2 ʢʘʨʙʦ-
ʥʘʪʦʚ 

n 22 22 22 22 22 
r 0,05 -0,03 -0,32 -0,48 -0,53 
Sr 0,22 0,22 0,21 0,20 0,19 
tr 0,2 -0,1 -1,5 -2,5 -2,8 

dyx (R2) 0,00 0,00 0,10 0,23 0,28 
tʬʘʢʪ. 0,22 0,11 1,51 2,46 2,78 
tʪʝʦʨ. 2,09 2,09 2,09 2,09 2,09 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʩʚʷʟʠ* - - - + + 
 

 
 ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʩʚʷʟʠ ʢʘʣʠʷ ʩ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʬʨʘʢʮʠʷʤʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʯʘʩʪʠʮ 
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ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʩʦʜʝʨʞʘʥʠʷ ʤʘʛʥʠʷ ʚ ʧʦʯʚʝ ʩ ʦʩʥʦʚʥʳʤʠ ʬʠʟʠʢʦ-
ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚ 

ʇʦʢʘʟʘʪʝʣʠ ɻʫʤʫʩ, % ʨʅʚʦʜʥ. 
ɽʂʆ, 

ʩʤʦʣʴ(ʵʢʚ)/ʢʛ 
ʇʣʦʪʥʳʡ  
ʦʩʪʘʪʦʢ, % 

ʉʆ2 ʢʘʨʙʦ-
ʥʘʪʦʚ 

n 22 22 22 22 22 
r 0,01 0,00 0,26 0,50 0,36 
Sr 0,22 0,22 0,22 0,19 0,21 
tr 0,0 0,0 1,2 2,6 1,7 

dyx (R2) 0,00 0,00 0,07 0,25 0,13 
tʬʘʢʪ. 0,04 0,00 1,22 2,60 1,71 
tʪʝʦʨ. 2,09 2,09 2,09 2,09 2,09 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʩʚʷʟʠ* - - - + - 
 

 

 ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʩʚʷʟʠ ʤʘʛʥʠʷ ʩ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʬʨʘʢʮʠʷʤʠ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʯʘʩʪʠʮ 

 
ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ ʚ ʧʦʯʚʝ ʩ ʦʩʥʦʚʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚ  

ʇʦʢʘʟʘʪʝʣʠ ɻʫʤʫʩ, % ʨʅʚʦʜʥ. 
ɽʂʆ, 

ʩʤʦʣʴ(ʵʢʚ)/ʢʛ 
ʇʣʦʪʥʳʡ  
ʦʩʪʘʪʦʢ, % 

ʉʆ2 ʢʘʨʙʦ-
ʥʘʪʦʚ 

n 22 22 22 22 22 
r -0,25 0,17 -0,03 0,08 0,91 
Sr 0,22 0,22 0,22 0,22 0,09 
tr -1,2 0,8 -0,1 0,3 10,1 

dyx (R2) 0,06 0,03 0,00 0,01 0,84 
tʬʘʢʪ. 1,16 0,78 0,14 0,35 10,08 
tʪʝʦʨ. 2,09 2,09 2,09 2,09 2,09 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʩʚʷʟʠ* - - - - + 
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���ʥ̄ʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʩʚʷʟʠ ʢʘʣʴʮʠʷ ʩ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʬʨʘʢʮʠʷʤʠ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʯʘʩʪʠʮ 

 
ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʩʦʜʝʨʞʘʥʠʷ ʩʪʨʦʥʮʠʷ ʚ ʧʦʯʚʝ ʩ ʦʩʥʦʚʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚ 

ʇʦʢʘʟʘʪʝʣʠ ɻʫʤʫʩ, % ʨʅʚʦʜʥ. 
ɽʂʆ, ʤʛ-
ʵʢʚ./100 ʛ 

ʇʣʦʪʥʳʡ  
ʦʩʪʘʪʦʢ, % 

ʉʆ2 ʢʘʨʙʦ-
ʥʘʪʦʚ 

n 22 22 22 22 22 
r -0,39 -0,15 -0,51 -0,34 -0,12 
Sr 0,21 0,22 0,19 0,21 0,22 
tr -1,9 -0,7 -2,7 -1,6 -0,5 

dyx (R2) 0,15 0,02 0,26 0,12 0,01 
tʬʘʢʪ. 1,90 0,69 2,66 1,63 0,54 
tʪʝʦʨ. 2,09 2,09 2,09 2,09 2,09 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʩʚʷʟʠ* - - + - - 
 

 
ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʩʚʷʟʠ ʩʪʨʦʥʮʠʷ ʩ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʬʨʘʢʮʠʷʤʠ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʯʘʩʪʠʮ 
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ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʩʦʜʝʨʞʘʥʠʷ ʥʘʪʨʠʷ ʚ ʧʦʯʚʝ ʩ ʦʩʥʦʚʥʳʤʠ ʬʠʟʠʢʦ-
ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚ 

ʇʦʢʘʟʘʪʝʣʠ ɻʫʤʫʩ, % ʨʅʚʦʜʥ. 
ɽʂʆ, 

ʩʤʦʣʴ(ʵʢʚ)/ʢʛ 
ʇʣʦʪʥʳʡ  
ʦʩʪʘʪʦʢ, % 

ʉʆ2 ʢʘʨʙʦ-
ʥʘʪʦʚ 

n 22 22 22 22 22 
r -0,14 -0,03 -0,38 -0,70 -0,49 
Sr 0,22 0,22 0,21 0,16 0,19 
tr -0,6 -0,2 -1,8 -4,4 -2,5 

dyx (R2) 0,02 0,00 0,14 0,49 0,24 
tʬʘʢʪ. 0,63 0,15 1,82 4,37 2,53 
tʪʝʦʨ. 2,09 2,09 2,09 2,09 2,09 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʩʚʷʟʠ* - - - + + 
 

 
ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʩʚʷʟʠ ʙʘʨʠʷ ʩ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʬʨʘʢʮʠʷʤʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʯʘʩʪʠʮ 
 

ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʩʦʜʝʨʞʘʥʠʷ ʭʨʦʤʘ ʚ ʧʦʯʚʝ ʩ ʦʩʥʦʚʥʳʤʠ ʬʠʟʠʢʦ-
ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚ 

ʇʦʢʘʟʘʪʝʣʠ ɻʫʤʫʩ, % ʨʅʚʦʜʥ. 
ɽʂʆ, 

ʩʤʦʣʴ(ʵʢʚ)/ʢʛ 
ʇʣʦʪʥʳʡ  
ʦʩʪʘʪʦʢ, % 

ʉʆ2 ʢʘʨʙʦ-
ʥʘʪʦʚ 

n 22 22 22 22 22 
r -0,13 0,10 0,22 0,26 0,40 
Sr 0,22 0,22 0,22 0,22 0,21 
tr -0,6 0,4 1,0 1,2 1,9 

dyx (R2) 0,02 0,01 0,05 0,07 0,16 
tʬʘʢʪ. 0,57 0,44 1,01 1,21 1,94 
tʪʝʦʨ. 2,09 2,09 2,09 2,09 2,09 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʩʚʷʟʠ* - - - - - 
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ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʩʚʷʟʠ ʭʨʦʤʘ ʩ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʬʨʘʢʮʠʷʤʠ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʯʘʩʪʠʮ 
 
 

ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʩʦʜʝʨʞʘʥʠʷ ʤʘʨʛʘʥʮʘ ʚ ʧʦʯʚʝ ʩ ʦʩʥʦʚʥʳʤʠ ʬʠʟʠʢʦ-
ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚ 

ʇʦʢʘʟʘʪʝʣʠ ɻʫʤʫʩ, % ʨʅʚʦʜʥ. 
ɽʂʆ, 

ʩʤʦʣʴ(ʵʢʚ)/ʢʛ 
ʇʣʦʪʥʳʡ  
ʦʩʪʘʪʦʢ, % 

ʉʆ2 ʢʘʨʙʦ-
ʥʘʪʦʚ 

n 22 22 22 22 22 
r 0,11 0,18 0,29 0,42 0,25 
Sr 0,22 0,22 0,21 0,20 0,22 
tr 0,5 0,8 1,4 2,0 1,2 

dyx (R2) 0,01 0,03 0,09 0,17 0,06 
tʬʘʢʪ. 0,51 0,80 1,36 2,04 1,15 
tʪʝʦʨ. 2,09 2,09 2,09 2,09 2,09 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʩʚʷʟʠ* - - - - - 
 

 
ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʩʚʷʟʠ ʤʘʨʛʘʥʮʘ ʩ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʬʨʘʢʮʠʷʤʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʯʘʩʪʠʮ 
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 ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʚ ʧʦʯʚʝ ʩ ʦʩʥʦʚʥʳʤʠ ʬʠʟʠʢʦ-
ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚ 

ʇʦʢʘʟʘʪʝʣʠ ɻʫʤʫʩ, % ʨʅʚʦʜʥ. 
ɽʂʆ, 

ʩʤʦʣʴ(ʵʢʚ)/ʢ
ʛ 

ʇʣʦʪʥʳʡ  
ʦʩʪʘʪʦʢ, % 

ʉʆ2 ʢʘʨ-
ʙʦʥʘʪʦʚ 

n 22 22 22 22 22 
r -0,02 0,02 0,29 0,29 0,32 
Sr 0,22 0,22 0,21 0,21 0,21 
tr -0,1 0,1 1,4 1,3 1,5 

dyx (R2) 0,00 0,00 0,08 0,08 0,10 
tʬʘʢʪ. 0,11 0,07 1,35 1,34 1,53 
tʪʝʦʨ. 2,09 2,09 2,09 2,09 2,09 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʩʚʷʟʠ* - - - - - 
 

 

 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʩʚʷʟʠ ʞʝʣʝʟʘ ʩ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʬʨʘʢʮʠʷʤʠ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʯʘʩʪʠʮ 

 
 

 ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʩʦʜʝʨʞʘʥʠʷ ʢʦʙʘʣʴʪʘ ʚ ʧʦʯʚʝ ʩ ʦʩʥʦʚʥʳʤʠ ʬʠʟʠʢʦ-
ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚ 

ʇʦʢʘʟʘʪʝʣʠ ɻʫʤʫʩ, % ʨʅʚʦʜʥ. 
ɽʂʆ, 

ʩʤʦʣʴ(ʵʢʚ)/ʢʛ 
ʇʣʦʪʥʳʡ  
ʦʩʪʘʪʦʢ, % 

ʉʆ2 ʢʘʨʙʦ-
ʥʘʪʦʚ 

n 22 22 22 22 22 
r 0,10 0,03 0,37 0,32 0,40 
Sr 0,22 0,22 0,21 0,21 0,20 
tr 0,4 0,1 1,8 1,5 2,0 

dyx (R2) 0,01 0,00 0,14 0,11 0,16 
tʬʘʢʪ. 0,43 0,14 1,78 1,53 1,95 
tʪʝʦʨ. 2,09 2,09 2,09 2,09 2,09 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʩʚʷʟʠ* - - - - - 
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ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʩʚʷʟʠ ʭʨʦʤʘ ʩ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʬʨʘʢʮʠʷʤʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʯʘʩʪʠʮ 
 
.ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʩʦʜʝʨʞʘʥʠʷ ʥʠʢʝʣʷ ʩ ʦʩʥʦʚʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚ 

ʇʦʢʘʟʘʪʝʣʠ ɻʫʤʫʩ, % ʨʅʚʦʜʥ. 
ɽʂʆ, 

ʩʤʦʣʴ(ʵʢʚ)/ʢʛ 
ʇʣʦʪʥʳʡ  
ʦʩʪʘʪʦʢ, % 

ʉʆ2 ʢʘʨʙʦ-
ʥʘʪʦʚ 

n 22 22 22 22 22 
r 0,11 0,02 0,37 0,31 0,48 
Sr 0,22 0,22 0,21 0,21 0,20 
tr 0,5 0,1 1,8 1,5 2,4 

dyx (R2) 0,01 0,00 0,13 0,10 0,23 
tʬʘʢʪ. 0,48 0,07 1,75 1,45 2,43 
tʪʝʦʨ. 2,09 2,09 2,09 2,09 2,09 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʩʚʷʟʠ* - - - - + 
 

 
 ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʩʚʷʟʠ ʥʠʢʝʣʷ ʩ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʬʨʘʢʮʠʷʤʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʯʘʩʪʠʮ 
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 ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚ ʧʦʯʚʝ ʩ ʦʩʥʦʚʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚ 

ʇʦʢʘʟʘʪʝʣʠ ɻʫʤʫʩ, % ʨʅʚʦʜʥ. 
ɽʂʆ, 

ʩʤʦʣʴ(ʵʢʚ)/ʢʛ 
ʇʣʦʪʥʳʡ  
ʦʩʪʘʪʦʢ, % 

ʉʆ2 ʢʘʨʙʦ-
ʥʘʪʦʚ 

n 22 22 22 22 22 
r 0,61 -0,32 0,52 0,84 0,01 
Sr 0,18 0,21 0,19 0,12 0,22 
tr 3,5 -1,5 2,7 6,9 0,0 

dyx (R2) 0,38 0,10 0,27 0,71 0,00 
tʬʘʢʪ. 3,47 1,51 2,73 6,91 0,05 
tʪʝʦʨ. 2,09 2,09 2,09 2,09 2,09 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʩʚʷʟʠ* + - + + - 
 

 
ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʩʚʷʟʠ ʩʝʨʳ ʩ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʬʨʘʢʮʠʷʤʠ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʯʘʩʪʠʮ 
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ʇʨʠʣʦʞʝʥʠʝ 2 
 

 
ʊʝʩʥʦʪʘ (ʨʘʟʤʝʨ ʩʪʦʣʙʮʘ) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ (ʩʝʨʘʷ ʧʦʜʩʚʝʪʢʘ) ʢʦʨʨʝʣʷ-
ʮʠʦʥʥʦʡ ʩʚʷʟʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Li ʩ ʜʨʫʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

 

��
ʊʝʩʥʦʪʘ (ʨʘʟʤʝʨ ʩʪʦʣʙʮʘ) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ (ʩʝʨʘʷ ʧʦʜʩʚʝʪʢʘ) ʢʦʨʨʝʣʷʮʠ-

ʦʥʥʦʡ ʩʚʷʟʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Na ʩ ʜʨʫʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 
��

��
ʊʝʩʥʦʪʘ (ʨʘʟʤʝʨ ʩʪʦʣʙʮʘ) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ (ʩʝʨʘʷ ʧʦʜʩʚʝʪʢʘ) ʢʦʨʨʝʣʷ-
ʮʠʦʥʥʦʡ ʩʚʷʟʠ ʢʦʥʮʝʥʪʨʘʮʠʠ K ʩ ʜʨʫʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 
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ʊʝʩʥʦʪʘ (ʨʘʟʤʝʨ ʩʪʦʣʙʮʘ) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ (ʩʝʨʘʷ ʧʦʜʩʚʝʪʢʘ) ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʦʡ ʩʚʷʟʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Mg ʩ ʜʨʫʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 
 

 
ʊʝʩʥʦʪʘ (ʨʘʟʤʝʨ ʩʪʦʣʙʮʘ) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ (ʩʝʨʘʷ ʧʦʜʩʚʝʪʢʘ) ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʦʡ ʩʚʷʟʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Ca ʩ ʜʨʫʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 
 

 
ʊʝʩʥʦʪʘ (ʨʘʟʤʝʨ ʩʪʦʣʙʮʘ) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ (ʩʝʨʘʷ ʧʦʜʩʚʝʪʢʘ) ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʦʡ ʩʚʷʟʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Sr ʩ ʜʨʫʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ  
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ʊʝʩʥʦʪʘ (ʨʘʟʤʝʨ ʩʪʦʣʙʮʘ) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ (ʩʝʨʘʷ ʧʦʜʩʚʝʪʢʘ) ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʦʡ ʩʚʷʟʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Ba ʩ ʜʨʫʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 
 

 
ʊʝʩʥʦʪʘ (ʨʘʟʤʝʨ ʩʪʦʣʙʮʘ) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ (ʩʝʨʘʷ ʧʦʜʩʚʝʪʢʘ) ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʦʡ ʩʚʷʟʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Cr ʩ ʜʨʫʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ  
 

 
ʊʝʩʥʦʪʘ (ʨʘʟʤʝʨ ʩʪʦʣʙʮʘ) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ (ʩʝʨʘʷ ʧʦʜʩʚʝʪʢʘ) ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʦʡ ʩʚʷʟʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Mn ʩ ʜʨʫʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ  
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ʊʝʩʥʦʪʘ (ʨʘʟʤʝʨ ʩʪʦʣʙʮʘ) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ (ʩʝʨʘʷ ʧʦʜʩʚʝʪʢʘ) ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʦʡ ʩʚʷʟʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Fe ʩ ʜʨʫʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ  
 

 
ʊʝʩʥʦʪʘ (ʨʘʟʤʝʨ ʩʪʦʣʙʮʘ) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ (ʩʝʨʘʷ ʧʦʜʩʚʝʪʢʘ) ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʦʡ ʩʚʷʟʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʦ ʩ ʜʨʫʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ  
 

 
ʊʝʩʥʦʪʘ (ʨʘʟʤʝʨ ʩʪʦʣʙʮʘ) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ (ʩʝʨʘʷ ʧʦʜʩʚʝʪʢʘ) ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʦʡ ʩʚʷʟʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Ni ʩ ʜʨʫʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤ 
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ʊʝʩʥʦʪʘ (ʨʘʟʤʝʨ ʩʪʦʣʙʮʘ) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ (ʩʝʨʘʷ ʧʦʜʩʚʝʪʢʘ) ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʦʡ ʩʚʷʟʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Ni ʩ ʜʨʫʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ  
 

 
ʊʝʩʥʦʪʘ (ʨʘʟʤʝʨ ʩʪʦʣʙʮʘ) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ (ʩʝʨʘʷ ʧʦʜʩʚʝʪʢʘ) ʢʦʨʨʝʣʷʮʠ-

ʦʥʥʦʡ ʩʚʷʟʠ ʢʦʥʮʝʥʪʨʘʮʠʠ S ʩ ʜʨʫʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ  
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