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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʕʢʦʩʠʩʪʝʤʳ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʩʪʘʣʠ ʟʦʥʦʡ ʥʝ ʪʦʣʴʢʦ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʥʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʥʝʜʨ. ʇʨʦʠʩʭʦʜʠʪ 

ʥʘʨʘʩʪʘʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʝʩʩʘ ʥʘ ʙʠʦʪʫ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠ ʫʥʠʯʪʦʞʝʥʠʝ ʫʥʠʢʘʣʴʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ 

ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʘʨʫʰʝʥʠʷʤʠ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ çʗʤʘʣ-ʎʝʥʪʨè ʥʘ ʝʛʦ ʫʯʘʩʪʢʝ çɹʦʚʘʥʝʥʢʦʚʦ-ʋʭʪʘè, ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʫʪʝʡ ʧʦ ʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʶ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʚʩʝ ʦʩʥʦʚʥʳʝ ʚʦʜʦʪʦʢʠ ʠ 

ʚʦʜʦʩʙʦʨʳ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʪʝʭʥʦʛʝʥʥʳʤʠ ʚʳʙʨʦʩʘʤʠ. ʇʣʘʥʦʤʝʨʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʨʠʨʦʜʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʧʦʜ ʚʣʠʷʥʠʝʤ ʵʪʠʭ ʦʙʲʝʢʪʦʚ, ʥʝ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʚʷʟʠ ʩ ʫʜʘʣʝʥʥʦʩʪʴʶ ʠ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʩʪʴʶ ʨʝʛʠʦʥʘ. ʆʩʪʘʝʪʩʷ ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʬʦʥʦʚʳʭ 

ʪʝʨʨʠʪʦʨʠʡ. ʀʤʝʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʛʝʦʛʨʘʬʠʠ ʠ ʛʠʜʨʦʣʦʛʠʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʇʦʣʷʨʥʦʛʦ 

ʋʨʘʣʘ (ɻʦʣʜʠʥʘ, 1972; ʂʝʤʤʝʨʠʭ, 1961; ʄʠʨʦʥʦʚʘ, ʇʦʢʨʦʚʩʢʘʷ, 1964; ʍʦʭʣʦʚʘ, 2002); 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʶ ʚʦʜʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ 

ʪʫʥʜʨʳ (ɸʣʴʛʦʬʣʦʨʘé, 1994; ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳé, 1994; ʇʨʠʨʦʜʥʘʷ ʩʨʝʜʘ ʪʫʥʜʨʳé, 

2005; ɹʦʛʜʘʥʦʚ ʠ ʜʨ., 2004; ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007). ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʘ ʧʨʦʛʥʦʟʥʘʷ ʦʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʵʤʠʩʩʠʡ 

ʜʘʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ (ɹʘʰʢʠʥ ʠ ʜʨ., 2002, 2006; ʂʘʟʘʢ, 2002; 

ʉʘʤʩʦʥʦʚ, 2006). ʇʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʚʣʠʷʥʠʠ ʦʙʲʝʢʪʦʚ ʛʘʟʦʧʨʦʚʦʜʘ ʥʘ ʚʦʜʥʳʝ ʠ 

ʥʘʟʝʤʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʇʘʪʦʚʘ ʠ 

ʜʨ., 2014ʘ, 2014ʙ).  

ɸʣʴʛʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʡʦʥʝ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʇʦʣʷʨʥʦʛʦ 

ʋʨʘʣʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʥʦʩʷʪ ʬʣʦʨʠʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʚʦʜʦʨʦʩʣʝʚʳʝ ʩʦʦʙʱʝʩʪʚʘ 

ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʠʟʫʯʝʥʥʳʤʠ. ʅʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ 

ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ 

ʧʨʦʛʥʦʟʘ ʠʭ ʠʟʤʝʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ.  

ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ ʷʚʣʷʝʪʩʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ 

ʧʨʠʟʥʘʢʦʤ ʩʦʩʪʦʷʥʠʷ ʚʦʜʦʸʤʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʘʣʴʛʦʮʝʥʦʟʦʚ ʠ ʫʩʣʦʚʠʡ ʚʦʜʥʦʡ 

ʩʨʝʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʙʲʝʢʪʦʚ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʨʘʥʝʝ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. ɹʘʩʩʝʡʥ ʨ. ʂʘʨʘ 

ʷʚʣʷʝʪʩʷ ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʥʳʤ, ʙʦʣʴʰʠʥʩʪʚʦ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʩʦʭʨʘʥʷʶʪ ʩʪʘʪʫʩ 

ʥʝʥʘʨʫʰʝʥʥʳʭ ʠʣʠ ʩʣʘʙʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ. ʇʦʵʪʦʤʫ ʢʨʦʤʝ ʥʘʫʯʥʦʡ ʮʝʥʥʦʩʪʠ 
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ʩʚʝʜʝʥʠʡ ʦ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʚʦʜʦʨʦʩʣʝʡ ʨʝʛʠʦʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘʤʝʯʘʝʤʦʡ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʠʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʥʘ ʜʘʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʙʫʜʫʱʝʤ.  

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ ʚ ʛʦʨʥʳʭ ʠ ʪʫʥʜʨʦʚʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʚ ʟʦʥʝ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʠʟʫʯʠʪʴ ʧʨʠʨʦʜʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ 

ʪʫʥʜʨʳ ʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ, ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʚʦʜ, ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʧʨʝʜʝʣʠʪʴ ʬʘʢʪʦʨʳ ʩʨʝʜʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 

ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ; 

2) ʚʳʷʚʠʪʴ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʚʦʜʦʨʦʩʣʝʡ ʨʝʢ ʠ ʦʟʝʨ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʂʘʨʘ, ʧʨʦʚʝʩʪʠ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʡ, ʵʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʘʣʴʛʦʮʝʥʦʟʦʚ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʠʪʴ 

ʜʦʤʠʥʠʨʫʶʱʠʝ ʢʦʤʧʣʝʢʩʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ;  

3)  ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʠʥʝʡʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʛʘʟʘ, ʠʭ 

ʘʜʘʧʪʠʚʥʳʝ ʨʝʘʢʮʠʠ ʢ ʩʦʚʦʢʫʧʥʦʤʫ ʜʝʡʩʪʚʠʶ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ, ʚʳʷʚʠʪʴ ʠʥʜʠʢʘʪʦʨʥʳʝ ʪʘʢʩʦʥʳ 

ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʚʦʜʦʨʦʩʣʝʡ ʥʘ ʜʘʥʥʳʡ ʚʠʜ ʚʦʟʜʝʡʩʪʚʠʷ; 

4) ʚʳʧʦʣʥʠʪʴ ʦʮʝʥʢʫ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʦʜʭʦʜʘ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʘʣʴʛʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ.   

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ɺʧʝʨʚʳʝ ʜʣʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

ʙʘʩʩʝʡʥʘ ʨ. ʂʘʨʘ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ, ʵʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ ʩʦʦʙʱʝʩʪʚ ʚʦʜʦʨʦʩʣʝʡ. ʆʧʨʝʜʝʣʝʥʳ ʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʚʦʜʥʦʡ ʩʨʝʜʳ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʦʩʥʦʚʥʳʝ ʟʘʛʨʷʟʥʠʪʝʣʠ ʚʦʜ, ʨʘʩʩʯʠʪʘʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʦʥʥʦʡ ʘʢʢʫʤʫʣʷʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʪʫʥʜʨʦʚʳʭ ʚʦʜʦʸʤʘʭ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ 

ʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ. ʋʩʪʘʥʦʚʣʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʘʣʴʛʦʮʝʥʦʟʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ. ʆʙʦʙʱʝʥʳ 

ʩʚʝʜʝʥʠʷ ʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʘʭ ʘʣʴʛʦʮʝʥʦʟʦʚ ʬʦʥʦʚʳʭ ʠ ʟʘʛʨʷʟʥʸʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

ʨʝʛʠʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʚʦʜʦʨʦʩʣʷʭ-ʠʥʜʠʢʘʪʦʨʘʭ ʢʘʯʝʩʪʚʘ ʩʨʝʜʳ 

ʜʣʷ ʤʘʣʦ ʠʟʫʯʝʥʥʳʭ ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ 

ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ, ʢʘʢ ʥʝ ʥʘʨʫʰʝʥʥʳʭ, ʪʘʢ ʠ ʠʩʧʳʪʳʚʘʶʱʠʭ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. 

ʉʦʩʪʘʚʣʝʥ ʘʥʥʦʪʠʨʦʚʘʥʥʳʡ ʩʧʠʩʦʢ ʚʠʜʦʚ ʚʦʜʦʨʦʩʣʝʡ ʜʣʷ ʤʘʣʦ ʠʟʫʯʝʥʥʦʛʦ ʨʘʡʦʥʘ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ, ʥʘʩʯʠʪʳʚʘʶʱʠʡ 206 ʚʠʜʦʚ ʩ ʚʥʫʪʨʠʚʠʜʦʚʳʤʠ 
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ʪʘʢʩʦʥʘʤʠ ʠʟ 7 ʦʪʜʝʣʦʚ, ʩʦʜʝʨʞʘʱʠʡ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʭ ʵʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚ ʢʘʞʜʦʤ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʩʪʨʫʢʪʫʨʳ ʘʣʴʛʦʮʝʥʦʟʦʚ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ, ʠʟʤʝʥʝʥʠʷʭ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʦʨʦʩʣʝʡ ʚ 

ʫʩʣʦʚʠʷʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʙʲʝʢʪʦʚ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ, ʧʦʧʦʣʥʷʶʪ 

ʟʥʘʥʠʷ ʦ ʨʘʟʥʦʦʙʨʘʟʠʠ ʠ ʵʢʦʣʦʛʠʠ ʚʦʜʦʨʦʩʣʝʡ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʉʫʙʘʨʢʪʠʢʠ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠʛʦʜʥʳ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʩʚʦʜʦʢ ʦ 

ʨʝʛʠʦʥʘʣʴʥʦʡ ʬʣʦʨʝ. ʊʘʢʩʦʥʦʤʠʯʝʩʢʠʝ ʩʧʠʩʢʠ ʚʦʜʦʨʦʩʣʝʡ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʝʛʠʦʥʦʚ ʠ ʩʚʝʜʝʥʠʷ 

ʧʦ ʵʢʦʣʦʛʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚʠʜʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʢʣʶʯʝʡ ʠ ʦʧʨʝʜʝʣʠʪʝʣʝʡ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʦʨʦʩʣʝʡ, ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʜʳ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʟʦʥʝ 

ʚʣʠʷʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʴʛʦʠʥʜʠʢʘʮʠʠ ʠ ʜʘʥʥʳʭ ʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ, ʚ ʢʦʪʦʨʦʡ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʟʘʛʨʷʟʥʝʥʠʷ ʠ 

ʧʨʝʜʣʦʞʝʥʳ ʥʘʙʣʶʜʘʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʛʦʪʦʚʣʝʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʦʡ ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʦʤʠ 

ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʉʠʣʦʚʘ-ʗʭʘ. ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʪʘʢʞʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʢʫʨʩʦʚ ʣʝʢʮʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ ʠ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʥʘ ʢʘʬʝʜʨʝ ʵʢʦʣʦʛʠʠ ʌɻɹʆʋ ɺʆ 

çʉʳʢʪʳʚʢʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘè.   

ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. ʅʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʰʠʬʨʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.5.15. ʕʢʦʣʦʛʠʷ (ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʩʦʦʙʱʝʩʪʚʘ ʠ ʵʢʦʩʠʩʪʝʤʳ; ʨʘʟʨʘʙʦʪʢʘ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ, ʙʠʦʠʥʜʠʢʘʮʠʷ).  

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ɺʦʜʥʳʝ ʦʙʲʝʢʪʳ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ ʩʦʭʨʘʥʷʶʪ ʩʚʦʠ 

ʧʨʠʨʦʜʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ (ʛʠʜʨʦ-ʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʳʡ ʪʠʧ ʚʦʜ ʩ ʥʠʟʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ), ʧʨʠ 

ʵʪʦʤ ʧʨʦʷʚʣʷʝʪʩʷ ʪʝʭʥʦʛʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ, ʨʪʫʪʴʶ, 

ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ. 

2. ʆʩʥʦʚʫ ʘʣʴʛʦʬʣʦʨʳ (ʙʝʟ ʫʯʝʪʘ ʜʠʘʪʦʤʦʚʳʭ) ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʨʘʡʦʥʘ 

ʩʦʩʪʘʚʣʷʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʦʪʜʝʣʦʚ Cyanoprokaryota, Streptophyta, Chlorophyta. ɺ ʚʦʜʦʨʦʩʣʝʚʳʭ 

ʩʦʦʙʱʝʩʪʚʘʭ ʧʦ ʯʠʩʣʫ ʚʠʜʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʦʚ Cosmarium, Scenedesmus, 

Staurastrum, Closterium. ʈʘʟʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʦʙʱʝʩʪʚ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʳ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ ʢ ʦʜʥʦʤʫ ʙʘʩʩʝʡʥʫ, ʯʝʤ ʥʘʣʠʯʠʝʤ ʟʘʛʨʷʟʥʝʥʠʡ. 

3. ɺ ʫʩʣʦʚʠʷʭ ʚʣʠʷʥʠʷ ʘʵʨʦʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʧʦʩʪʫʧʣʝʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ 

ʦʙʲʝʢʪʦʚ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʪʨʦʬʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʨʝʢ ʠ ʦʟʸʨ, 
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ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʘʣʴʛʦʮʝʥʦʟʦʚ ʠ ʢʦʤʧʣʝʢʩʘ ʜʦʤʠʥʠʨʫʶʱʠʭ ʚʠʜʦʚ. 

4. ɺʦʜʦʨʦʩʣʝʚʳʝ ʩʦʦʙʱʝʩʪʚʘ ʥʠʟʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʪʫʥʜʨʦʚʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

ʨʝʘʛʠʨʫʶʪ ʫʚʝʣʠʯʝʥʠʝʤ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʠ ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ ʟʘʛʨʷʟʥʝʥʠʷ ʚ 

ʟʦʥʝ ʚʣʠʷʥʠʷ ʛʘʟʦʧʨʦʚʦʜʘ. ʉʥʠʞʝʥʠʝ ʯʠʩʣʘ ʚʠʜʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʠʣʴʥʦʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʘʭ ï ʥʝʧʨʦʪʦʯʥʳʭ ʦʟʝʨʘʭ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʦʙʲʝʢʪʦʚ ʛʘʟʦʧʨʦʚʦʜʘ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʣʠʯʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʠ ʠ ʟʘʜʘʯ 

ʨʘʙʦʪʳ, ʚ ʢʦʤʧʣʝʢʩʥʳʭ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʦʪʙʦʨʝ ʘʣʴʛʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, 

ʧʨʦʙ ʧʨʠʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʳ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʚʦʜʦʨʦʩʣʝʡ ʨʘʟʣʠʯʥʳʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ (ʚʩʝ ʦʪʜʝʣʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʧʦʣʥʝʥʦ 

ʩʦʪʨʫʜʥʠʢʦʤ ʀɹ ʌʀʎ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ ï ɸ.ʉ. ʉʪʝʥʠʥʦʡ), ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʦʙʩʫʞʜʝʥʠʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʦʩʤʳʩʣʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʣʷ ʣʠʯʥʦʛʦ ʫʯʘʩʪʠʷ ʘʚʪʦʨʘ ʚ ʩʙʦʨʝ ʤʘʪʝʨʠʘʣʘ, ʥʘʧʠʩʘʥʠʠ ʠ ʧʦʜʛʦʪʦʚʢʝ 

ʧʫʙʣʠʢʘʮʠʡ ʩʦʩʪʘʚʣʷʝʪ 60ï95%.  

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʜʦʣʦʞʝʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ, 

ʨʦʩʩʠʡʩʢʠʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ 

ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʙʠʦʣʦʛʠʠ ʠ ʵʢʦʣʦʛʠʠè (ʉʳʢʪʳʚʢʘʨ, 2013-2014), 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʦʣʦʜʸʞʴ ʠ ʥʘʫʢʘ ʉʝʚʝʨʘè (ʉʳʢʪʳʚʢʘʨ, 2013); ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʵʢʦʩʠʩʪʝʤ ʢʨʘʡʥʝʛʦ ʉʝʚʝʨʘ: ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ, 

ʤʦʥʠʪʦʨʠʥʛ, ʦʭʨʘʥʘè (ʉʳʢʪʳʚʢʘʨ, 2013), ʥʘ ʢʨʫʛʣʦʤ ʩʪʦʣʝ çʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ 

ʈʦʩʩʠʡʩʢʦʛʦ ʉʝʚʝʨʘ ʚ ʢʦʥʪʝʢʩʪʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘè, ʧʦʩʚʷʱʝʥʥʦʤ ʜʝʩʷʪʠʣʝʪʠʶ 

ʢʘʬʝʜʨʳ ʵʢʦʣʦʛʠʠ ʉʳʢʪʳʚʢʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʉʳʢʪʳʚʢʘʨ, 2013), 

ʄʝʞʨʝʛʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʈʦʣʴ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʚ ʨʝʘʣʠʟʘʮʠʠ 

ʘʨʢʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʈʦʩʩʠʠ: ʵʢʦʣʦʛʠʯʝʩʢʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʝ ʘʩʧʝʢʪʳè 

(ʋʭʪʘ, 10-12 ʦʢʪʷʙʨʷ 2013 ʛ.), ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɺʦʜʦʨʦʩʣʠ: ʧʨʦʙʣʝʤʳ 

ʪʘʢʩʦʥʦʤʠʠ, ʵʢʦʣʦʛʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʤʦʥʠʪʦʨʠʥʛʝè (ɹʦʨʦʢ, 2014), ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʆʩʚʦʝʥʠʝ ʉʝʚʝʨʘ ʠ ʧʨʦʙʣʝʤʳ ʧʨʠʨʦʜʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷè (ʉʳʢʪʳʚʢʘʨ, 2014), 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʨʘʟʚʠʪʠʷ ʩʝʪʠ ʆʆʇʊ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʝʚʝʨʘ ʠ ʋʨʘʣʘè (ʢ 20-ʣʝʪʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʲʝʢʪʘ 

ɺʩʝʤʠʨʥʦʛʦ ʅʘʩʣʝʜʠʷ ʖʅɽʉʂʆ çɼʝʚʩʪʚʝʥʥʳʝ ʣʝʩʘ ʂʦʤʠè, 85-ʣʝʪʠʶ ʦʨʛʘʥʠʟʘʮʠʠ ʇʝʯʦʨʦ-

ʀʣʳʯʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ, ʉʳʢʪʳʚʢʘʨ, 2015), ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʠʤʧʦʟʠʫʤʝ çʈʪʫʪʴ ʚ ʙʠʦʩʬʝʨʝ: 

ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳè (ʅʦʚʦʩʠʙʠʨʩʢ, 2015), ʄʝʞʨʝʛʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɺʢʣʘʜ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʥʘʫʢʠ ʚ ʨʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʠʣ ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʉʝʚʝʨʘ ʈʦʩʩʠʠè (ʧʦʩʚʷʱʝʥʘ 95-ʣʝʪʠʶ ʩʦ ʚʨʝʤʝʥʠ ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʦʤʠ) (ʉʳʢʪʳʚʢʘʨ 
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18-19 ʤʘʷ 2016 ʛ.), II ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ 

çʎʠʘʥʦʧʨʦʢʘʨʠʦʪʳ/ʮʠʘʥʦʙʘʢʪʝʨʠʠ: ʩʠʩʪʝʤʘʪʠʢʘ, ʵʢʦʣʦʛʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝè (ʉʳʢʪʳʚʢʘʨ, 16-

21 ʩʝʥʪʷʙʨʷ 2019 ʛ.). ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʣʘʥʦʚʳʭ ʛʦʩʙʶʜʞʝʪʥʳʭ ʪʝʤ ʀʥʩʪʠʪʫʪʘ 

ʙʠʦʣʦʛʠʠ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ, ʧʨʦʝʢʪʦʚ ʋʨʆ ʈɸʅ ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ çɸʨʢʪʠʢʘè 

 ̄12-4-7-004-ɸʈʂʊʀʂɸ ʠ çʂʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ɽʚʨʦʧʝʡʩʢʦʡ ɸʨʢʪʠʢʠ, 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦʙʳʯʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʨʘʟʨʘʙʦʪʢʘ 

ʢʨʠʪʝʨʠʝʚ ʠʭ ʦʭʨʘʥʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʨʝʩʫʨʩʦʚè ˉ 15-15-4-36, ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʫʩʩʢʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ çʆʨʛʘʥʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʵʢʩʧʝʜʠʮʠʠ 

ʥʘ ʇʦʣʷʨʥʳʡ ʋʨʘʣ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʚ ʨʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʝ ʪʝʨʨʠʪʦʨʠʡ ʚʳʩʦʢʦʡ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ 

ʮʝʥʥʦʩʪʠè, ʛʨʘʥʪʦʚ ʈʌʌʀ ˉ  15-04-06346, ˉ18-04-00643, ˉ 18-04-00171. 

ʇʫʙʣʠʢʘʮʠʠ: ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 19 ʨʘʙʦʪ, ʠʟ ʥʠʭ 4 ï ʚ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʩʧʠʩʦʢ ɺɸʂ, ʦʪʜʝʣʴʥʳʝ ʨʘʟʜʝʣʳ ʪʨʝʭ ʢʦʣʣʝʢʪʠʚʥʳʭ ʤʦʥʦʛʨʘʬʠʡ (ʧʦ 

ʦʜʥʦʡ ʛʣʘʚʝ ʚ ʢʘʞʜʦʡ, ʚ ʩʦʘʚʪʦʨʩʪʚʝ). 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʨʘʙʦʪʳ. ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʦʧʨʝʜʝʣʠʣʦ ʩʪʨʫʢʪʫʨʫ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʚʚʝʜʝʥʠʷ, 5 ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, 7 ʧʨʠʣʦʞʝʥʠʡ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 212 ʩʪʨʘʥʠʮʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ 140 ʩʪʨʘʥʠʮ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʘ. ʈʘʙʦʪʘ 

ʠʣʣʶʩʪʨʠʨʦʚʘʥʘ 12 ʪʘʙʣʠʮʘʤʠ ʠ 31 ʨʠʩʫʥʢʦʤ. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 

292 ʠʩʪʦʯʥʠʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ 83 ʥʘ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʘʭ.   

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʠ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʟʘ 

ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʠʜʦʚ ʠ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʜʜʝʨʞʢʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ 

ʢ.ʙ.ʥ. ɽ.ʅ. ʇʘʪʦʚʦʡ; ʙʦʣʴʰʦʝ ʫʚʘʞʝʥʠʝ ʠ ʩʣʦʚʘ ʙʣʘʛʦʜʘʨʥʦʩʪʠ ʩʦʘʚʪʦʨʘʤ ʧʫʙʣʠʢʘʮʠʡ, 

ʢʦʣʣʝʢʪʠʚʫ ʢʘʬʝʜʨʳ ʵʢʦʣʦʛʠʠ ʀʥʩʪʠʪʫʪʘ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʌɻɹʆʋ ɺʆ çʉɻʋ ʠʤ. ʇʠʪʠʨʠʤʘ 

ʉʦʨʦʢʠʥʘè, ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʦʙʦʪʘʥʠʢʠ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʬʣʦʨʠʩʪʠʢʠ ʀʥʩʪʠʪʫʪʘ ʙʠʦʣʦʛʠʠ ʂʦʤʠ 

ʅʎ ʋʨʆ ʈɸʅ ʟʘ ʧʦʤʦʱʴ ʚ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ. ɸʚʪʦʨ ʧʨʠʟʥʘʪʝʣʝʥ ʟʘ ʚʥʠʤʘʥʠʝ ʢ ʨʘʙʦʪʝ ʠ 

ʮʝʥʥʳʝ ʟʘʤʝʯʘʥʠʷ ʩʦʪʨʫʜʥʠʢʘʤ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ. ʆʪʜʝʣʴʥʘʷ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ 

ʢʦʥʩʫʣʴʪʘʮʠʠ ʧʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʜ.ʙ.ʥ. ɺ.ʅ. ʗʢʠʤʦʚʫ, ʢ.ʙ.ʥ. 

ɸ.ɹ. ʅʦʚʘʢʦʚʩʢʦʤʫ ʠ ʄ.ɼ. ʉʠʚʢʦʚʫ. ʆʯʝʥʴ ʙʣʘʛʦʜʘʨʥʘ ʤʦʝʡ ʩʝʤʴʝ ʟʘ ʧʦʥʠʤʘʥʠʝ ʠ ʧʦʜʜʝʨʞʢʫ 

ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʨʘʙʦʪʳ. ʈʘʙʦʪʫ ʧʦʩʚʷʱʘʶ ʤʦʝʡ ʩʝʩʪʨʝ, ʤʘʪʝʤʘʪʠʢʫ ʄ.ʅ. ʖʨʢʠʥʦʡ, ʫʰʝʜʰʝʡ ʠʟ 

ʞʠʟʥʠ ʦʪ COVID-19. 
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ɻʃɸɺɸ 1. ʀʉʊʆʈʀʗ ʀʉʉʃɽɼʆɺɸʅʀʁ ɺʆɼʆʈʆʉʃɽʁ ɽʉʊɽʉʊɺɽʅʅʓʍ ʀ 

ɸʅʊʈʆʇʆɻɽʅʅʆ ʊʈɸʅʉʌʆʈʄʀʈʆɺɸʅʅʓʍ ɺʆɼʆɪʄʆɺ ɹʆʃʔʐɽɿɽʄɽʃʔʉʂʆʁ 

ʊʋʅɼʈʓ ʀ ʇʆʃʗʈʅʆɻʆ ʋʈɸʃɸ (ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ) 

 

 

1.1. ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚʦʜʦʨʦʩʣʝʡ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ 

ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ 

 

 

ɸʣʴʛʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ɽʚʨʦʧʝʡʩʢʦʤ ʉʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ 

ʙʳʣʠ ʪʝʩʥʦ ʩʦʧʨʷʞʝʥʳ ʩ ʠʩʪʦʨʠʝʡ ʬʣʦʨʠʩʪʠʯʝʩʢʦʛʦ, ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʛʦ ʠ 

ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʝʚʝʨʦ-ʚʦʩʪʦʢʘ. ʀ ʜʦ 60-ʭ ʛʦʜʦʚ 20-ʛʦ 

ʩʪʦʣʝʪʠʷ ʚ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʜʦʨʦʩʣʝʡ ʵʪʦʡ ʦʙʰʠʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʣʝʞʘʣʠ 

ʬʨʘʛʤʝʥʪʘʨʥʳʝ ʩʙʦʨʳ ʫʯʘʩʪʥʠʢʦʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʜʠʮʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʦʩʠʣʠ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʬʣʦʨʠʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ɺ ʨʷʜʝ ʨʘʙʦʪ ʦʙʦʙʱʘʶʱʝʛʦ ʭʘʨʘʢʪʝʨʘ (ɻʝʮʝʥ, 

1973, 1983, 1985; ʌʣʦʨʘ ʠ ʬʘʫʥʘ..., 1978; ɻʝʮʝʥ ʠ ʜʨ., 2002, 2005; ɸʣʴʛʦʬʣʦʨʘé, 1994) 

ʩʦʜʝʨʞʘʪʩʷ ʩʚʝʜʝʥʠʷ ʦʙ ʠʩʪʦʨʠʠ ʠʟʫʯʝʥʠʷ ʚʦʜʦʨʦʩʣʝʡ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ.   

ʇʝʨʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʚʦʜʦʨʦʩʣʷʭ ʚ ʚʦʜʦʝʤʘʭ ʨʝʛʠʦʥʘ ʧʦʷʚʠʣʠʩʴ ʚ ʥʘʯʘʣʝ 20 ʚʝʢʘ ʜʣʷ 

ʘʨʢʪʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ (ʌʣʝʨʦʚ, 1925, ʐʠʨʰʦʚ, 1935, ʧʦ: ɻʝʮʝʥ ʠ ʜʨ., 2005). ʅʘʯʠʥʘʷ ʩ 

1930-ʭ ʛʦʜʦʚ, ʦʩʦʙʘʷ ʨʦʣʴ ʚ ʧʦʟʥʘʥʠʠ ʘʣʴʛʦʬʣʦʨʳ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʝʚʝʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ, ʧʨʠʥʘʜʣʝʞʘʣʘ ʅ.ʅ. ɺʦʨʦʥʠʭʠʥʫ (1930, 

1931, 1932, ʧʦ: ɻʝʮʝʥ ʠ ʜʨ., 2005). ʀʤʝʥʥʦ ʧʦ ʩʙʦʨʘʤ ʚʦʜʦʨʦʩʣʝʡ ʪʝʭ ʣʝʪ ʠʟ ʚʦʜʦʝʤʦʚ 

ɹʦʣɹh ʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠʤ ʜʘʥʘ ʧʝʨʚʘʷ ʦʙʱʝʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʘʣʴʛʦʬʣʦʨʳ 

ɼʚʠʥʩʢʦ-ʇʝʯʦʨʩʢʦʛʦ ʨʘʡʦʥʘ (ʚ ʧʨʝʜʝʣʘʭ ʧʨʠʥʷʪʦʛʦ ʚ ʪʝ ʛʦʜʳ ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʛʦ 

ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʉʝʚʝʨʘ). ɺ 1950-ʭ ʛʦʜʘʭ ʵʪʠ ʩʚʝʜʝʥʠʷ ʚʦʰʣʠ ʚ ʩʧʨʘʚʦʯʥʫʶ ʩʚʦʜʢʫ (ʌʣʦʨʘ 

ʚʦʜʦʨʦʩʣʝʡ..., 1951, 1954, ʮʠʪ. ʧʦ: ɻʝʮʝʥ ʠ ʜʨ., 2005), ʘ ʩʧʫʩʪʷ ʯʝʪʚʝʨʪʴ ʚʝʢʘ ï ʚ ʧʝʨʚʫʶ ʜʣʷ 

ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʦʙʦʙʱʘʶʱʫʶ ʨʘʙʦʪʫ çʌʣʦʨʘ ʠ ʬʘʫʥʘ ʚʦʜʦʝʤʦʚ 

ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʝʚʝʨʘè (1978).   

ɺ ʥʘʯʘʣʝ 1960-ʭ ʛʛ. ʇʦʣʷʨʥʦ-ʋʨʘʣʴʩʢʘʷ ʣʝʜʥʠʢʦʚʘʷ ʵʢʩʧʝʜʠʮʠʷ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʃ.ʉ. ʊʨʦʮʢʦʛʦ ʠ ʛʠʜʨʦʣʦʛʘ ʆ.ɸ. ʂʝʤʤʝʨʠʭʘ ʥʘʯʘʣʘ ʠʟʫʯʝʥʠʝ ʩʘʤʳʭ ʩʝʚʝʨʥʳʭ ʛʦʨʥʳʭ ʦʟʝʨ 

ʋʨʘʣʘ (ʂʝʤʤʝʨʠʭ, 1961, 1966). ʃʠʤʥʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝʢʦʪʦʨʳʭ ʦʟʝʨ 

ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʜʘʥʘ ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʥʩʪʠʪʫʪʘ ʛʝʦʛʨʘʬʠʠ ʈɸʅ ʅ.ʗ. ʄʠʨʦʥʦʚʦʡ ʠ ʊ.ʅ. 

ʇʦʢʨʦʚʩʢʦʡ (1964). ʀʤʠ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥ ʬʠʪʦʧʣʘʥʢʪʦʥ ʦʟ. ɹ. ʍʘʜʘʪʘ ʠ ʜʨʫʛʠʭ ʦʟʝʨ 

ʚʦʩʪʦʯʥʦʛʦ ʩʢʣʦʥʘ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʙʘʩʩʝʡʥʫ ʨ. ʆʙʴ, ʢʦʪʦʨʳʡ ʙʳʣ 

ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʚʠʜʦʚ (7-25), ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʪʨʝʤ-ʯʝʪʳʨʝʤ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚ ʬʠʪʦʧʣʘʥʢʪʦʥʝ ʠʤʝʣʠ ʩʠʥʝʟʝʣʝʥʳʝ 

ʚʦʜʦʨʦʩʣʠ: ʚ ʥʘʯʘʣʝ ʣʝʪʘ ʧʨʝʦʙʣʘʜʘʣʘ Gloeocapsa minor (Kutzing) Hollerbach, ʚ ʢʦʥʮʝ ʣʝʪʘ ï 

ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʦʜʘʤ Gloeocapsa, Anabaena, Snowella, ʟʘʤʝʪʥʫʶ, ʥʦ 
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ʥʘʤʥʦʛʦ ʤʝʥʴʰʫʶ ʨʦʣʴ ʚ ʬʠʪʦʧʣʘʥʢʪʦʥʝ ʠʛʨʘʣʠ ʞʛʫʪʠʢʦʚʳʝ, ʠʟ ʢʦʪʦʨʳʭ ʯʘʱʝ ʚʩʪʨʝʯʘʣʩʷ 

Dinobryon cilindricum
1
, ʠ ʩʦʚʩʝʤ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ï ʜʠʘʪʦʤʦʚʳʝ ʠ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ. 

ʅʘʯʠʥʘʷ ʩ 1960-ʭ ʛʦʜʦʚ, ʚ ʪʫʥʜʨʦʚʦʡ ʟʦʥʝ ʇʝʯʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʧʦʷʚʠʣʠʩʴ ʧʝʨʚʳʝ 

ʥʘʫʯʥʳʝ ʩʪʘʮʠʦʥʘʨʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʫʛʣʫʙʣʝʥʠʶ ʘʣʴʛʦʬʣʦʨʠʩʪʠʯʝʩʢʠʭ ʠ 

ʟʘʨʦʞʜʝʥʠʶ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʢ ʨʘʟʜʝʣ ʨʘʟʣʠʯʥʳʭ 

ʧʣʘʥʦʚʳʭ ʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʦʮʠʘʣʴʥʳʝ ʟʘʢʘʟʳ ʚʨʝʤʝʥʠ. ʊʘʢ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʘʣʴʛʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʥʘʯʘʣʦʩʴ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʚʟʛʣʷʜʦʚ ʆ.ʉ. ɿʚʝʨʝʚʦʡ (1955; ɿʚʝʨʝʚʘ ʠ ʜʨ., 1964; ɻʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʦʝ 

ʠʟʫʯʝʥʠʝ..., 1966), ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ 1960-ʭ ʛʛ. ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʦʜʦʝʤʦʚ ʇʝʯʦʨʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ɻʝʮʝʥ ʠ ʜʨ., 

2005). ʉ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʚʩʝ ʙʦʣʴʰʝ ʩʦʩʨʝʜʦʪʘʯʠʚʘʶʪʩʷ ʚ ʵʪʦʤ 

ʨʘʡʦʥʝ. ɺ ʫʩʣʦʚʠʷʭ ʣʝʩʦʪʫʥʜʨʦʚʦʛʦ ʩʪʘʮʠʦʥʘʨʘ çʉʠʚʘʷ ʄʘʩʢʘè ʛʝʦʙʦʪʘʥʠʢʠ ɹʦʪʘʥʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ɸʅ ʉʉʉʈ ʧʨʦʚʝʣʠ ʘʣʴʛʦʣʦʛʠʯʝʩʢʠʝ ʩʙʦʨʳ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʙʨʘʙʦʪʘʥʥʳʝ 

ʕ.ɻ. ʂʫʢʢʦʤ (1970). ʉ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʥʘ ɽʚʨʦʧʝʡʩʢʦʤ ʉʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʚʦʜʦʨʦʩʣʠ ʩʪʘʥʦʚʷʪʩʷ 

ʚʘʞʥʳʤ ʦʙʲʝʢʪʦʤ ʠʟʫʯʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʛʨʘʤʤʘʭ. 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʍʘʨʙʝʡʩʢʠʭ ʦʟʝʨ (ɻʝʮʝʥ, 1970, 1973; ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʟʝʨé, 1976; ʉʪʝʥʠʥʘ, ɻʝʮʝʥ, 1975), 

ʚʳʧʦʣʥʝʥʥʳʝ ʚ 1968-1972 ʛʦʜʘʭ ʚ ʧʣʘʥʝ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ, 

ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʩʚʝʜʝʥʠʷ ʦ ʬʣʦʨʠʩʪʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʚʦʜʦʨʦʩʣʝʡ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʫʯʝʪʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʞʝ ʩʦʩʪʘʚʣʝʥ 

ʩʧʠʩʦʢ ʚʠʜʦʚ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʚʢʣʶʯʘʶʱʠʡ 236 ʚʠʜʦʚ ʠ ʚʥʫʪʨʠʚʠʜʦʚʳʭ ʪʘʢʩʦʥʦʚ 

(ʉʪʝʥʠʥʘ, ɻʝʮʝʥ, 1975). ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʠ ʚʥʫʪʨʠʚʠʜʦʚʳʭ ʪʘʢʩʦʥʦʚ ʦʟʝʨ ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʩʦʩʪʘʚʠʣʦ 399 ʚʠʜʦʚ ʠ ʚʥʫʪʨʠʚʠʜʦʚʳʭ ʪʘʢʩʦʥʦʚ: 

Cyanophita ï 54 (13,5 %), Chrysophyta ï 27 (6,8 %), Bacillariophyta ï 236 (59,2 %), 

Xanthophita ï 4 (1,0 %), Pyrrophyta ï 6 (1,5 %), Euglenozoa ï 3 (0,7 %), Chlorophyta ï 69 

(17,3 %) (ɻʝʮʝʥ, 1970, 1973; ʉʪʝʥʠʥʘ, ɻʝʮʝʥ, 1975; ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʟʸʨé, 1976). ʆʩʥʦʚʫ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʦʩʪʘʚʠʣʠ ʜʠʘʪʦʤʦʚʳʝ, ʟʝʣʝʥʳʝ ʠ ʩʠʥʝʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ 

(90 % ʩʦʩʪʘʚʘ). ʉʚʳʰʝ 60 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʚʠʜʦʚ ʬʦʨʤʠʨʦʚʘʣʠ ʬʘʢʫʣʴʪʘʪʠʚʥʦ- ʠ 

ʩʣʫʯʘʡʥʦ-ʧʣʘʥʢʪʦʥʥʳʝ ʚʦʜʦʨʦʩʣʠ. ʊʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʝ 

ʚʦʜʦʨʦʩʣʝʡ, ʦʧʠʩʘʥʳ ʩʝʟʦʥʥʳʝ ʷʚʣʝʥʠʷ ʚ ʧʣʘʥʢʪʦʥʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʥʩʪʠʪʫʪʘ ʦʟʝʨʦʚʝʜʝʥʠʷ ʈɸʅ (ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʟʝʨé, 1976) ɺ.ɸ. ɽʣʠʟʘʨʦʚʘ 

ʩ ʩʦʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʣʠ ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʚʦʜʘʭ ʍʘʨʙʝʡʩʢʠʭ ʦʟʝʨ, 

                                                           
1
 ɸʚʪʦʨʩʢʠʝ ʟʥʘʢʠ ʚʠʜʦʚ ʚʦʜʦʨʦʩʣʝʡ ʠ ʚʥʫʪʨʠʚʠʜʦʚʳʭ ʪʘʢʩʦʥʦʚ, ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʥʳʭ ʥʘʤʠ, ʧʨʠʚʝʜʝʥʳ ʚ 

ʇʨʠʣʦʞʝʥʠʠ 5. 
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ʀ.ʃ. ʇʳʨʠʥʘ ʩ ʩʦʘʚʪʦʨʘʤʠ ï ʧʝʨʚʠʯʥʫʶ ʧʨʦʜʫʢʮʠʶ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʄ.ɹ. ɺʘʡʥʰʪʝʡʥ ï 

ʬʦʪʦʩʠʥʪʝʟ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʩʣʝʜʦʚʘʥʠʷ ʪʨʝʭ ʢʨʫʧʥʳʭ ʦʟʝʨʥʦ-ʨʝʯʥʳʭ ʩʠʩʪʝʤ (ɺʘʰʫʪʢʠʥʩʢʘʷ, 

ʍʘʨʙʝʡʩʢʘʷ, ʇʘʜʠʤʝʡʩʢʘʷ) ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʄ.ɺ. ɻʝʮʝʥ (1973) 

ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʠʩʦʢ ʚʦʜʦʨʦʩʣʝʡ ʩ ʠʭ ʦʧʠʩʘʥʠʷʤʠ ï 60 ʪʘʢʩʦʥʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʪʫʥʜʨʦʚʳʭ 

ʚʦʜʦʝʤʘʭ, ʩʚʝʜʝʥʠʷ ʦ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚʧʝʨʚʳʝ. ɸʣʴʛʦʬʣʦʨʘ ʇʝʯʦʨʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʢʘʢ ʦʣʠʛʦʛʘʣʦʙʥʘʷ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ 

ʨʘʡʦʥʝ ʩʣʘʙʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ. ɺ ʩʦʩʪʘʚʝ ʧʣʘʥʢʪʦʥʥʳʭ ʠ ʙʝʥʪʦʩʥʳʭ ʚʦʜʦʨʦʩʣʝʚʳʭ 

ʘʩʩʦʮʠʘʮʠʡ ʦʪʤʝʯʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʠʥʜʠʬʬʝʨʝʥʪʥʳʭ ʠ ʛʘʣʦʬʠʣʴʥʳʭ (23 % ʬʣʦʨʳ) ʚʠʜʦʚ. 

ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʣʝʪʦ (ʩ ʢʦʥʮʘ ʠʶʣʷ) ʦʪʣʠʯʘʣʦʩʴ ʨʘʟʚʠʪʠʝʤ ʘʥʘʙʝʥ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʠʭ ʚ 

ʩʫʤʤʘʨʥʦʡ ʙʠʦʤʘʩʩʝ. ʂʘʢ ʦʩʦʙʝʥʥʦʩʪʴ ʙʝʥʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ ʦʪʤʝʯʝʥʦ ʤʘʩʩʦʚʦʝ 

ʨʘʟʚʠʪʠʝ ʨʦʜʘ Nostoc (ʌʣʦʨʘ ʠ ʬʘʫʥʘé, 1978). ʈʘʟʥʦʦʙʨʘʟʠʝ ʜʝʩʤʠʜʠʝʚʳʭ ʩʚʷʟʘʥʦ ʩ ʠʭ 

ʠʥʜʠʢʘʪʦʨʥʳʤ ʟʥʘʯʝʥʠʝʤ: ʦʪʤʝʯʝʥʘ çʜʝʩʤʠʜʠʝʚʦʩʪʴè ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʦʸʤʦʚ ʢʘʢ 

ʧʦʢʘʟʘʪʝʣʴ ʥʠʟʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʠ ʩʣʘʙʦʱʝʣʦʱʥʳʭ ʚʦʜ, ʘ ʪʘʢʞʝ ʧʨʠʟʥʘʢ 

ʟʘʙʦʣʦʯʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ. ʆʩʥʦʚʫ ʘʣʴʛʦʬʣʦʨʳ ʩʦʩʪʘʚʠʣʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠ 

ʢʦʩʤʦʧʦʣʠʪʥʳʝ ʚʠʜʳ (70 % ʪʘʢʩʦʥʦʚ). 

ʇʦ ʜʘʥʥʳʤ ʤʦʥʦʛʨʘʬʠʠ çʌʣʦʨʘ ʠ ʬʘʫʥʘ ʚʦʜʦʝʤʦʚ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʝʚʝʨʘ (ʥʘ ʧʨʠʤʝʨʝ 

ʦʟʝʨ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ)è (1978), ʚ ʢʦʪʦʨʦʡ ʄ.ɺ. ɻʝʮʝʥ (ɸ.ʉ. ʉʪʝʥʠʥʦʡ ï ʜʣʷ 

ʜʠʘʪʦʤʦʚʳʭ) ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʂʦʤʠ ʬʠʣʠʘʣʘ ɸʅ ʉʉʉʈ: 

ʥʘʠʙʦʣʴʰʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦ ʚʠʜʦʚʦʤʫ ʩʦʩʪʘʚʫ ʦʪʤʝʯʝʥʦ ʜʣʷ ʟʝʣʝʥʳʭ, ʩʠʥʝʟʝʣʝʥʳʭ ʠ 

ʟʦʣʦʪʠʩʪʳʭ ʚʦʜʦʨʦʩʣʝʡ. ʂʘʢ ʪʘʢʩʦʥʦʤʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʠʥʝʟʝʣʝʥʳʭ ʦʪʤʝʯʝʥʦ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʧʦʨʷʜʢʘ Nostocales ʩ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʚʠʜʦʚ ʨʦʜʘ 

Anabaena. ɼʣʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʘʨʢʪʠʯʝʩʢʠʭ ʚʦʜʦʝʤʦʚ ʦʪʤʝʯʝʥʦ ʤʘʣʦʝ ʬʣʦʨʠʩʪʠʯʝʩʢʦʝ 

ʩʭʦʜʩʪʚʦ (ʥʘ ʙʦʣʝʝ 11 %, ʯʘʱʝ ï 3-7 %), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʨʝʜʢʦ 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ, ʩʣʫʯʘʡʥʳʭ ʜʣʷ ʧʣʘʥʢʪʦʥʘ ʚʠʜʦʚ, ʚʤʝʩʪʝ ʩ ʵʪʠʤ ʟʘʤʝʯʝʥʦ ʩʭʦʜʩʪʚʦ ʩʦʩʪʘʚʘ 

ʜʦʤʠʥʠʨʫʶʱʠʭ ʠʩʪʠʥʥʦ ʧʣʘʥʢʪʦʥʥʳʭ ʬʦʨʤ, ʘ ʪʘʢʞʝ ʜʦʤʠʥʘʥʪʥʳʭ ʚʠʜʦʚ ʚ ʙʣʠʟʢʠʭ 

ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ ʘʨʢʪʠʯʝʩʢʠʭ ʚʦʜʦʝʤʦʚ. ʂʘʢ ʘʜʘʧʪʘʮʠʷ ʢ ʢʦʣʝʙʘʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ 

ʦʪʤʝʯʝʥʘ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʚ ʦʟʝʨʘʭ ʢʦʤʧʣʝʢʩʘ ʧʣʘʥʢʪʦʥʥʳʭ ʚʠʜʦʚ ʢ 

ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʧʝʣʘʛʠʯʝʩʢʦʡ ʟʦʥʝ. ɻʦʩʧʦʜʩʪʚʦ ʚ ʧʣʘʥʢʪʦʥʝ ʘʥʘʙʝʥ ʦʙʲʷʩʥʝʥʦ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʬʠʢʩʠʨʦʚʘʪʴ ʘʪʤʦʩʬʝʨʥʳʡ ʘʟʦʪ ʚ ʫʩʣʦʚʠʷʭ ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ 

ʜʝʬʠʮʠʪʘ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʚʝʜʝʥʠʷ ʧʦ ʵʚʛʣʝʥʦʚʳʤ ʚʦʜʦʨʦʩʣʷʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ ʊ.ɸ. ʉʘʬʦʥʦʚʦʡ (1982), 

ʚ ʪʦʤ ʯʠʩʣʝ ʩʧʠʩʦʢ ʚʠʜʦʚ, ʚʢʣʶʯʘʶʱʠʡ 123 ʚʠʜʘ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʵʚʛʣʝʥʦʚʳʝ ʚ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʝ ʦʙʨʘʟʫʶʪ ʜʦ 5 % ʘʣʴʛʦʬʣʦʨʳ, ʥʘ ʇʦʣʷʨʥʦʤ ʋʨʘʣʝ ï ʦʢʦʣʦ 10 %. 

ɿʦʣʦʪʠʩʪʳʝ ʚʦʜʦʨʦʩʣʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ (25 ʚʠʜʦʚ) ʦʧʠʩʘʥʳ ʀ.ʄ. ɹʘʣʦʥʦʚʳʤ 
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(1982). ʇʦ ʜʘʥʥʳʤ (ɸʣʴʛʦʬʣʦʨʘé, 1994), ʚʩʝʛʦ ʚ ʚʦʜʦʸʤʘʭ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ 

ʚʳʷʚʣʝʥʦ 1048 ʚʠʜʦʚ (1460 ʩ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʠ ʬʦʨʤʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ 

ʩʧʠʩʦʢ ʚʦʜʦʨʦʩʣʝʡ), ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ 10 ʦʪʜʝʣʘʤ: Cyanophyta ï 156, Euglenozoa ï 42, 

Dinophyta+Cryptophyta ï 9, Bacillariophyta ï 766, Xanthophyta ï 14, Rhodophyta ï 3, 

Chlorophyta ï 398, Charophyta ï 3. ʆʩʥʦʚʫ ʩʧʠʩʢʘ ʥʘ 90 % ʩʦʩʪʘʚʣʷʶʪ ʜʠʘʪʦʤʦʚʳʝ, ʟʝʣʸʥʳʝ 

ʠ ʩʠʥʝʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʦʜʦʝʤʦʚ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ. ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ 

ʩʧʠʩʢʘ ï 52,5 % ï ʜʠʘʪʦʤʦʚʳʝ. ɺʢʣʘʜ ʩʠʥʝʟʝʣʝʥʳʭ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 11 %.  

ɼʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ, ʣʠʜʠʨʫʶʱʠʝ 

ʚ ʩʝʚʝʨʥʦʡ ʘʣʴʛʦʬʣʦʨʝ, ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ɸ.ʉ. ʉʪʝʥʠʥʦʡ, ʨʝʟʫʣʴʪʘʪʳ ʝʝ ʨʘʙʦʪ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʤʦʥʦʛʨʘʬʠʷʭ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ, ʠʤʝʶʱʠʭ ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʧʨʘʚʦʯʥʳʡ ʭʘʨʘʢʪʝʨ. ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʤʫ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ 

ʘʥʘʣʠʟʫ ʬʣʦʨʳ, ʠʥʜʠʢʘʮʠʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ ʧʦʩʨʝʜʩʪʚʦʤ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ 

(ʉʪʝʥʠʥʘ, ɻʝʮʝʥ, 1975; ʌʣʦʨʘ ʠ ʬʘʫʥʘé, 1978; ʉʪʝʥʠʥʘ, ʂʦʶʰʝʚʘ, 1982; ʉʪʝʥʠʥʘ, 1985, 

1990, 1993, 1996, 2009, 2010; ʃʦʩʝʚʘ ʠ ʜʨ., 2004; ɻʝʮʝʥ ʠ ʜʨ., 2005). 

ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʠʟʫʯʝʥʠʠ ʘʣʴʛʦʮʝʥʦʟʦʚ ʫʜʝʣʝʥʦ ʩʠʥʝʟʝʣʝʥʳʤ, ʦʜʥʦʡ ʠʟ 

ʚʝʜʫʱʠʭ ʛʨʫʧʧ ʚʦ ʬʣʦʨʝ ʚʦʜʦʨʦʩʣʝʡ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ (ɻʝʮʝʥ, ɻʨʫʥʠʥʘ, 1982; 

ɻʨʫʥʠʥʘ ʠ ʜʨ., 1982; ɻʝʮʝʥ, 1985; ʇʘʪʦʚʘ, ɻʝʮʝʥ, 1991; ʇʘʪʦʚʘ ʠ ʜʨ., 2000; ʇʘʪʦʚʘ, 2007, 

2014). ɸʥʘʣʠʟ ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʚʦʜʦʨʦʩʣʝʡ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʧʨʝʜʝʣʷʶʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʵʣʝʤʝʥʪʳ 

ʧʠʪʘʥʠʷ, ʧʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʟʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʘʣʴʛʦʬʣʦʨʳ ʪʫʥʜʨʳ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʩʠʥʝʟʝʣʝʥʳʭ 

ʚʦʜʦʨʦʩʣʝʡ. ʉʨʝʜʠ ʥʠʭ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʘʟʦʪʘ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʚ ʚʠʜʦʚʦʤ 

ʩʦʩʪʘʚʝ ʧʨʠʥʘʜʣʝʞʠʪ ʚʠʜʘʤ, ʩʧʦʩʦʙʥʳʤ ʢ ʘʟʦʪʬʠʢʩʘʮʠʠ (ʚ ʚʦʜʦʝʤʘʭ ï 44, ʚ ʧʦʯʚʘʭ ï 45 %) 

(ɻʝʮʝʥ, 1985; ɻʝʮʝʥ ʠ ʜʨ., 2002).  

ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʠ ʚʦʜʦʨʦʩʣʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʦʥʦʛʨʘʬʠʷ 

ʄ.ɺ. ɻʝʮʝʥ (1985), ʚ ʢʦʪʦʨʦʡ ʜʘʥʦ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʚʦʜʦʨʦʩʣʝʚʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʙʠʦʪʦʧʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʨʘʩʩʤʦʪʨʝʥʳ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʚʦʜʦʨʦʩʣʝʡ, ʠʭ ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʥʘ ʫʩʣʦʚʠʷ ʩʨʝʜʳ. ɼʣʷ 

ʜʠʘʪʦʤʦʚʳʭ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʙʦʙʱʘʶʱʫʶ ʨʘʙʦʪʫ ɸ.ʉ. ʉʪʝʥʠʥʦʡ (2009). 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʜʣʷ ʵʢʦʩʠʩʪʝʤ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ. ɿʘʙʦʣʦʯʝʥʥʳʝ 

ʚʦʜʦʩʙʦʨʳ, ʭʦʣʦʜʥʳʝ ʚʦʜʳ ʩ ʥʠʟʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʙʝʜʥʳʡ ʠʦʥʥʳʡ ʩʦʩʪʘʚ, ʥʝʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʚʠʪʠʶ ʚ 

ʚʦʜʦʝʤʘʭ, ʥʘʨʷʜʫ ʩ ʜʠʘʪʦʤʦʚʳʤʠ ʚʦʜʦʨʦʩʣʷʤʠ, ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʤʠ ʢ ʪʘʢʠʤ ʫʩʣʦʚʠʷʤ, 

ʚʠʜʦʚ ï ʦʙʠʪʘʪʝʣʝʡ ʩʝʚʝʨʥʳʭ ʰʠʨʦʪ ʠʟ ʜʝʩʤʠʜʠʝʚʳʭ, ʟʝʣʝʥʳʭ ʠ ʩʠʥʝʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ 

(ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007; ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝé, 2010). ɺ ʮʝʣʦʤ, ʘʣʴʛʦʬʣʦʨʘ 
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ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʜʠʘʪʦʤʦʚʦʡ ʬʣʦʨʳ ʣʝʜʥʠʢʦʚʳʭ ʦʟʝʨ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʠʟʫʯʝʥʳ 

ɺ.ʅ. ʉʪʝʥʠʥʳʤ (1972), ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʂʘʨʘ ï ɸ.ʉ. ʉʪʝʥʠʥʦʡ (1993). ʇʦʩʣʝʜʥʷʷ ʨʘʙʦʪʘ 

ʷʚʣʷʣʘʩʴ ʝʜʠʥʩʪʚʝʥʥʦʡ ʜʣʷ ʙʘʩʩʝʡʥʘ ʜʘʥʥʦʡ ʨʝʢʠ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʊʘʢʞʝ ʠʟʚʝʩʪʥʳ ʤʘʪʝʨʠʘʣʳ ʧʦ ʦʙʩʣʝʜʦʚʘʥʠʶ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʦʟʝʨ ʂʨʠʚʦʝ ʠ ʂʨʫʛʣʦʝ 

ʇʨʠʧʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ɺ.ʅ. ʅʠʢʫʣʠʥʦʡ (1975). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʠʟʫʯʝʥʠʝ ʚʦʜʦʨʦʩʣʝʡ 

ʩʝʚʝʨʥʦʛʦ ʠ ʚʦʩʪʦʯʥʦʛʦ ʤʘʢʨʦʩʢʣʦʥʦʚ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ʂʘʨʘ, ʑʫʯʴʷ ʄ.ʀ. 

ʗʨʫʰʠʥʦʡ (ɹʦʛʜʘʥʦʚ ʠ ʜʨ., 2004), ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʤ 

ʨʘʟʥʦʦʙʨʘʟʠʠ ʘʣʴʛʦʬʣʦʨʳ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ, ʥʘʩʯʠʪʳʚʘʶʱʝʡ 414 ʚʠʜʦʚ (560 ʩ 

ʚʥʫʪʨʠʚʠʜʦʚʳʤʠ ʪʘʢʩʦʥʘʤʠ), ʦʪʥʦʩʷʱʠʭʩʷ ʢ 9 ʦʪʜʝʣʘʤ, 14 ʢʣʘʩʩʘʤ, 25 ʧʦʨʷʜʢʘʤ, 133 

ʨʦʜʘʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʤ ʚʠʜʦʚʳʤ ʙʦʛʘʪʩʪʚʦʤ ʚʦ ʚʩʝʭ ʪʠʧʘʭ ʚʦʜʦʝʤʦʚ 

ʦʪʣʠʯʘʪʁʩʷ ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ (53,1 %), ʚʪʦʨʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ 

(24,9 %), ʥʘ ʪʨʝʪʴʝʤ ï ʩʠʥʝʟʝʣʝʥʳʝ, ʟʦʣʦʪʠʩʪʳʝ ï ʥʘ ʯʝʪʚʝʨʪʦʤ, ʵʚʛʣʝʥʦʚʳʝ ï ʥʘ ʧʷʪʦʤ. 

ɺʝʜʫʱʠʤʠ ʨʦʜʘʤʠ ʧʦ ʯʠʩʣʫ ʚʠʜʦʚ ʷʚʣʷʶʪʩʷ Navicula, Cymbella, Pinnularia, Eunotia, 

Achnanthes, Nitzschia, Scenedesmus, Oscillatoria, Fragilaria , Gomphonema, ʩʦʩʪʘʚʣʷʶʱʠʝ 

40,6 % ʚʩʝʡ ʬʣʦʨʳ. ʊʘʢʞʝ ʦʪʤʝʯʝʥʳ ʜʦʤʠʥʠʨʫʶʱʠʝ ʚʠʜʳ ʚ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʘʭ. 

ɺʦʜʦʨʦʩʣʠ ʧʨʝʜʛʦʨʥʳʭ ʠ ʛʦʨʥʳʭ ʨʘʡʦʥʦʚ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʠʩʩʣʝʜʦʚʘʥʳ 

ɽ.ʅ. ʇʘʪʦʚʦʡ, ʀ.ɺ. ɼʝʤʠʥʦʡ (2006, 2008). ɺ ʦʙʦʙʱʘʶʱʝʡ ʤʦʥʦʛʨʘʬʠʠ çɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝ 

ʵʢʦʩʠʩʪʝʤ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘè (2007) ɸ.ʉ. ʉʪʝʥʠʥʦʡ (ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ), ʃ.ʅ. ɺʦʣʦʰʢʦ 

(ʟʦʣʦʪʠʩʪʳʝ ʚʦʜʦʨʦʩʣʠ), ɽ.ʅ. ʇʘʪʦʚʦʡ ʠ ʀ.ɺ. ɼʸʤʠʥʦʡ (ʜʨʫʛʠʝ ʦʪʜʝʣ)r ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʚʝʜʝʥʠʷ ʦ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʚʦʜʦʨʦʩʣʝʡ, ʦʙ ʠʥʜʠʢʘʪʦʨʥʳʭ ʛʨʫʧʧʘʭ 

ʘʣʴʛʦʮʝʥʦʟʦʚ, ʘʥʘʣʠʟ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ. ʆʪʤʝʯʝʥʦ 

ʚʳʩʦʢʦʝ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʢʦʪʦʨʦʝ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʧʦ ʚʩʝʤ ʠʤʝʶʱʠʤʩʷ 

ʜʘʥʥʳʤ ʩʦʩʪʘʚʣʷʝʪ 1050 ʚʠʜʦʚ ʩ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ, ʧʨʠ ʵʪʦʤ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʠ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʪʜʝʣʦʚ ʚʦʜʦʨʦʩʣʝʡ ʪʠʧʠʯʥʳ ʜʣʷ ʘʣʴʛʦʬʣʦʨ 

ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʠ ʛʦʨʥʳʭ ʨʘʡʦʥʦʚ, ʥʝ ʠʩʧʳʪʳʚʘʶʱʠʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʬʦʥʦʚʳʝ. ɺ ʩʙʦʨʥʠʢʝ (ɹʠʦʣʦʛʠʯʝʩʢʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝé, 2010), ʩʦʜʝʨʞʘʱʝʤ ʦʧʠʩʘʥʠʝ ʵʢʦʩʠʩʪʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʢʘʟʥʠʢʘ 

çʍʨʝʙʪʦʚʳʡè, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʭʨʝʙʪʝ ɽʥʛʘʥʵʧʵ ʚ ʛʦʨʥʳʭ ʪʫʥʜʨʘʭ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ, 

ɽ.ʅ. ʇʘʪʦʚʦʡ, ʀ.ɺ. ɼʝʤʠʥʦʡ, ʈ. ɹʨʠʰʢʘʡʪʝ ʜʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʜʦʨʦʩʣʝʡ ʦʟʝʨ ʠ 

ʚʦʜʦʪʦʢʦʚ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ. ʇʨʝʜʩʪʘʚʣʝʥ ʩʧʠʩʦʢ ʚʳʷʚʣʝʥʥʳʭ ʪʘʢʩʦʥʦʚ, ʚʢʣʶʯʘʶʱʠʡ 335 

ʚʠʜʦʚ (ʩ ʚʥʫʪʨʠʚʠʜʦʚʳʤʠ ʪʘʢʩʦʥʘʤʠ) ʚʦʜʦʨʦʩʣʝʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 98 ʨʦʜʘʤ, 52 ʩʝʤʝʡʩʪʚʘʤ. 

ʆʪʤʝʯʝʥʳ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʘʣʴʛʦʮʝʥʦʟʘʭ ʩʝʤʝʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʚʠʜʳ ʩ ʚʳʩʦʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʩʪʨʝʯʘʝʤʦʩʪʠ. 
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ʄ.ɺ. ɻʝʮʝʥ, ɸ.ʉ. ʉʪʝʥʠʥʦʡ, ɽ.ʅ. ʇʘʪʦʚʦʡ, ʚʥʩyʰʠʤʠ ʦʛʨʦʤʥʳʡ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ 

ʚʦʜʦʨʦʩʣʝʡ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ, ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ (ɻʝʮʝʥ, 1985; ʌʣʦʨʘ ʠ ʬʘʫʥʘ..., 1978; ɻʝʮʝʥ ʠ ʜʨ., 2002, 

2005; ɸʣʴʛʦʬʣʦʨʘé, 1994). ɺʳʷʚʣʝʥʳ ʟʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʚʦʜʦʨʦʩʣʝʚʳʭ ʛʨʫʧʧʠʨʦʚʦʢ, ʨʘʩʩʤʦʪʨʝʥʳ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʘʩʧʝʢʪʳ 

ʘʣʴʛʦʮʝʥʦʟʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʦʜʦʨʦʩʣʝʡ ʧʦ ʙʠʦʪʦʧʘʤ, ʦʙ ʠʭ 

ʘʜʘʧʪʠʚʥʳʭ ʨʝʘʢʮʠʷʭ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʟʘʛʨʷʟʥʝʥʠʷ ɺʦʨʢʫʪʠʥʩʢʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʋʢʘʟʘʥʥʳʝ ʨʘʙʦʪʳ ʦʙʦʙʱʘʶʱʝʛʦ 

ʭʘʨʘʢʪʝʨʘ ʧʦʩʣʫʞʠʣʠ ʙʘʟʠʩʦʤ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ (ɸʣʴʛʦʬʣʦʨʘé, 1994; ʉʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷé, 1994; ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳé, 1994; ʇʨʠʨʦʜʥʘʷ ʩʨʝʜʘ 

ʪʫʥʜʨʳé, 2005; ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007) ʠ ʷʚʣʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʬʝʨʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʪʘʢʞʝ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ 1986 ʧʦ 1989 ʛʛ. ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʥʩʪʠʪʫʪʘ ʦʟʝʨʦʚʝʜʝʥʠʷ ɸʅ ʉʉʉʈ 

(ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳé, 1994), ʚ 2003-2003 ʛʛ. ï ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʇʇʕʉ ʂʅʎ ʈɸʅ ʧʦ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʧʨʦʝʢʪʫ çʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʇʝʯʦʨʩʢʦʛʦ ʨʘʡʦʥʘ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ 

ʫʩʣʦʚʠʷʭ ʧʨʠʨʦʜʳ ʠ ʦʙʱʝʩʪʚʘè (ɼʘʫʚʘʣʴʪʝʨ, ʍʣʦʧʮʝʚʘ, 2008). 

ɿʘʛʨʷʟʥʝʥʠʝ ʚʦʜʥʦʡ ʩʨʝʜʳ ʚ ʨʘʡʦʥʘʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ, ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʙʠʦʛʝʦʮʝʥʦʟʦʚ ʠ ʩʚʷʟʘʥʥʦʝ ʩ ʥʠʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʜʠʢʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʣʴʛʦʮʝʥʦʟʦʚ, ʠʭ ʘʜʘʧʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ 

ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʢʦʥʮʘ 20 ʚʝʢʘ ʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ 

ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ (ɻʝʮʝʥ, 1985; ʉʪʝʥʠʥʘ, 1990; ɻʝʮʝʥ ʠ ʜʨ., 1992; ʆʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳé, 1994; ɸʣʴʛʦʬʣʦʨʘé, 1994; ʇʨʠʨʦʜʥʘʷ ʩʨʝʜʘ ʪʫʥʜʨʳé, 2005). ɺʦʧʨʦʩʳ 

ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʠ ʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʟʣʦʞʝʥʳ ʚ ʨʘʟʜʝʣʝ 1.2 ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʦʙʟʦʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʧʦ ʚʦʜʦʨʦʩʣʷʤ ʚʦʜʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ, 

ʧʨʠ ʵʪʦʤ ʦʪʜʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʫʥʜʨʦʚʳʭ ʙʠʦʛʝʦʮʝʥʦʟʦʚ ʷʚʣʷʶʪʩʷ 

ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʧʦʯʚʝʥʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʕ.ɸ. ʐʪʠʥʘ (1965; 1982), ʃ.ʅ. ʅʦʚʠʯʢʦʚʦʡ-

ʀʚʘʥʦʚʦʡ ʠ ʅ.ɺ. ʉʜʦʙʥʠʢʦʚʦʡ (1982), ʄ.ɺ. ɻʝʮʝʥ (1985), ɽ.ʅ. ʇʘʪʦʚʦʡ (1994, 2004; Patova, 

2005) ʠ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ (ɻʝʮʝʥ, ʂʦʩʪʷʝʚ, 1982; ʇʝʨʤʠʥʦʚʘ ʠ ʜʨ., 1982; ɿʠʤʦʥʠʥʘ, 2002; 

ʇʘʪʦʚʘ, ʅʦʚʘʢʦʚʩʢʘʷ, 2014). 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, 

ʘʣʴʛʦʬʣʦʨʘ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʠʟʫʯʝʥʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʯʘʱʝ ʚʩʝʛʦ ʧʦ ʦʙʲʝʢʪʠʚʥʳʤ ʧʨʠʯʠʥʘʤ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʠʜʦʚʦʛʦ 
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ʩʦʩʪʘʚʘ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʚ ʪʝʯʝʥʠʝ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. 

ʇʨʦʚʝʜʝʥʠʝ ʚʩʝʩʝʟʦʥʥʳʭ ʩʙʦʨʦʚ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʦʪʙʦʨ ʧʨʦʙ ʧʨʦʚʦʜʠʪʩʷ ʚ ʧʦʣʝʚʦʡ ʩʝʟʦʥ ʣʝʪʦʤ, ʚ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʜʠʮʠʡ, ʧʦʵʪʦʤʫ ʥʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʚʠʜʦʚʦʛʦ ʩʧʝʢʪʨʘ ʦʩʪʘʝʪʩʷ ʟʘ ʨʘʤʢʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʨʘʡʦʥʦʚ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ 

ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʛʥʦʟʘ ʠʭ 

ʠʟʤʝʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʦʩʢʦʣʴʢʫ ʤʦʜʠʬʠʢʘʮʠʷ ʩʪʨʫʢʪʫʨʳ 

ʚʦʜʦʨʦʩʣʝʚʳʭ ʘʩʩʦʮʠʘʮʠʡ ʷʚʣʷʝʪʩʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʦʜʥʳʭ 

ʵʢʦʩʠʩʪʝʤ. 

 

 

1.2. ʀʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʜʥʭr ʦʙʲʝʢʪʦʚ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʚ 

ʫʩʣʦʚʠʷʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ  

 

 

ɺ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ɸʨʢʪʠʢʠ ʩʪʘʣʠ ʘʢʪʫʘʣʴʥʳʤʠ 

ʧʨʦʙʣʝʤʳ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʠ ʤʝʭʘʥʠʟʤʦʚ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʠʦʛʝʦʮʝʥʦʟʦʚ (ʉʦʩʪʦʷʥʠʝ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳé, 1994; 

ʉʪʝʥʠʥʘ, ʍʦʭʣʦʚʘ, 1998; Analysisé, 2003; Pienitz et al., 2004). ɺ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʝ 

ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʠʟʫʯʝʥʦ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʘʣʳʝ ʚʦʜʦʝʤʳ ɺʦʨʢʫʪʠʥʩʢʦʛʦ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ï ʚʘʞʥʝʡʰʠʡ ʵʣʝʤʝʥʪ ʪʫʥʜʨʦʚʳʭ ʣʘʥʜʰʘʬʪʦʚ (ɻʝʮʝʥ ʠ ʜʨ., 

1992; ɸʣʴʛʦʬʣʦʨʘé, 1994). ʆʥʠ ʥʘʠʙʦʣʝʝ ʯʝʪʢʦ ʦʪʨʘʞʘʶʪ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʥʠʭ ʠʟʤʝʥʝʥʠʷ 

ʠ ʩʦʩʪʘʚʣʷʶʪ ʚ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʦʣʦ 90 % ʦʟʝʨ, ʷʚʣʷʶʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤʠ 

ʥʘʢʦʧʠʪʝʣʷʤʠ ʧʨʦʜʫʢʪʦʚ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɼʣʷ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ 

ʧʨʝʜʣʦʞʝʥʦ ʨʘʟʜʝʣʝʥʠʝ ʚʦʜʦʝʤʦʚ ʧʦ ʩʪʝʧʝʥʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʭʘʨʘʢʪʝʨʫ 

ʟʘʛʨʷʟʥʝʥʠʷ (ɻʝʮʝʥ ʠ ʜʨ., 1992; ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷé, 1994; 

ɸʣʴʛʦʬʣʦʨʘé, 1994). ʂ ʯʠʩʪʳʤ ʚʦʜʦʝʤʘʤ ʦʪʥʝʩʝʥʳ ʦʟʝʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʚʦʩʪʦʢʝ 

ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ, ʟʘ ʧʨʝʜʝʣʘʤʠ ɺʦʨʢʫʪʠʥʩʢʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʘʡʦʥʘ (ʦʙʩʣʝʜʦʚʘʥʥʳʝ ʚ 

1960-1970 ʛʛ. ʦʟʝʨʘ ʍʘʨʙʝʡʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʙʘʩʩʝʡʥʦʚ ʨʝʢ ʂʦʨʦʪʘʠʭʘ, ʂʘʨʘ). ɼʘʥʥʳʝ ʚʦʜʥʳʝ 

ʦʙʲʝʢʪʳ ʦʪʨʘʞʘʶʪ ʩʚʦʡʩʪʚʝʥʥʳʝ ʜʣʷ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʦʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ (ʚʳʩʦʢʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ï 2,2-4,7ę; ʮʚʝʪʥʦʩʪʴ ï 2-14ę, ʚ ʤʘʣʳʭ 

ʦʟʝʨʢʘʭ ï ʜʦ 25-84ę; ʥʝʙʦʣʴʰʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ï 10-68 ʤʛ/ʜʤ
3
; ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʡ ʠ ʩʫʣʴʬʘʪʥʦ-ʢʘʣʴʮʠʝʚʳʡ ʩʦʩʪʘʚ ʚʦʜʳ; pH ï 6,0-7,6 (ʦʪʤʝʯʝʥʦ 

ʫʚʝʣʠʯʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ ʦʟʝʨʘʭ ʩ ʙʦʛʘʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʜʳ); ʜʦʩʪʘʪʦʯʥʦʝ ʥʘʩʳʱʝʥʠʝ ʚʦʜʳ ʢʠʩʣʦʨʦʜʦʤ ï 70-150 % ʠ ʧʦʩʪʦʷʥʥʦʝ 

ʧʨʠʩʫʪʩʪʚʠʝ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ; ʥʝʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ: ʚʝʣʠʯʠʥʘ 

ʧʝʨʤʘʥʛʘʥʘʪʥʦʡ ʦʢʠʩʣʷʝʤʦʩʪʠ (ʇʆ) ï 4-7, ʚ ʚʦʜʝ ʩ ʟʘʙʦʣʦʯʝʥʥʳʤ ʚʦʜʦʩʙʦʨʦʤ ï 
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12-20 ʤʛ/ʜʤ
3
; ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʜʦ 0,04 ʤʛ/ʜʤ

3
, ʘʟʦʪʘ ʚ ʘʤʤʦʥʠʡʥʦʡ ʬʦʨʤʝ ï 

ʜʦ 0,19 ʤʛ/ʜʤ
3
). ʂ ʫʩʣʦʚʥʦ ʯʠʩʪʳʤ ʚʦʜʦʝʤʘʤ ʦʪʥʝʩʝʥʳ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʟʦʥʝ 

ʨʝʢʨʝʘʮʠʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 

ʩʪʦʢʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʥʝ ʠʩʧʳʪʳʚʘʶʪ ʚʣʠʷʥʠʝ ʧʳʣʝʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘʢ ʪʠʧʠʯʥʦ 

ʪʫʥʜʨʦʚʳʝ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ï 62-85 ʤʛ/ʜʤ
3
, ʩʦʩʪʘʚ ʠʦʥʦʚ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʳʡ. ʇʆ ï 3-7 ʤʛ/ʜʤ
3
, ʮʚʝʪʥʦʩʪʴ 2-15ę, ʤʘʣʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʘʤʤʦʥʠʡʥʦʛʦ ʘʟʦʪʘ ï 0,1-1,05 ʤʛ/ʜʤ
3
 ʠ ʬʦʩʬʘʪʦʚ ï 0,01-0,07 ʤʛ/ʜʤ

3
, ʨʝʘʢʮʠʷ 

ʩʨʝʜʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʣʘʙʦʢʠʩʣʘʷ ʠʣʠ ʙʣʠʟʢʘʷ ʢ ʥʝʡʪʨʘʣʴʥʦʡ, ʥʘʩʳʱʝʥʠʝ ʚʦʜʳ 

ʢʠʩʣʦʨʦʜʦʤ ï 82-99 %. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʚʦʜʦʝʤʦʚ, 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʪʦʢʘʤʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʦʜʫʢʪʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʦʪʭʦʜʘʤʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʩʦ ʩʤʝʰʘʥʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ (ʉʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷé, 1994). 

ɼʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ 1990-ʭ ʛʛ., ʧʨʦʚʝʜʝʥʥʦʡ ʩ ʮʝʣʴʶ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʚʦʩʪʦʯʥʦʝʚʨʦʧʝʡʩʢʠʭ ʪʫʥʜʨ ʚ ʧʨʝʜʜʚʝʨʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʦʩʚʦʝʥʠʷ ʨʘʡʦʥʘ, ʦʧʨʝʜʝʣʷʣʠʩʴ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʦʜʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, 

ʬʝʥʦʣʦʚ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ɼʣʷ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ 

ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʳʷʚʠʣʠ ʥʘʣʠʯʠʝ ʩʚʠʥʮʘ ʠ ʢʘʜʤʠʷ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ, ʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʭ 

ʙʳʣʠ ʥʘʩʪʦʣʴʢʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳ, ʯʪʦ ʦʥʠ ʥʝ ʦʢʘʟʳʚʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ 

ʚʦʜʳ. ɸ ʚʦʪ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʠ ʮʠʥʢʘ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʧʨʝʚʳʰʘʣʦ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ 

ʥʦʨʤʳ, ʚʳʟʳʚʘʷ ʩʝʨʴʝʟʥʫʶ ʪʨʝʚʦʛʫ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ (0,001-0,022 ʤʛ/ʜʤ
3
) ʚ 2-22 ʨʘʟʘ, ʘ 

ʮʠʥʢʘ (0,01-1,03 ʤʛ/ʜʤ
3
) ʚ 2-103 ʨʘʟʘ ʧʨʝʚʳʰʘʣʠ ʇɼʂ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ (ʜʘʣʝʝ 

ï ʇɼʂʨʳʙʦʭʦʟ) (ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʥʦʨʤʘʪʠʚʦʚé, 2010). ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʠ ʮʠʥʢʘ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʦʟʝʨʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚʦʟʨʘʩʪʘʝʪ ʚ 

ʚʦʜʦʸʤʘʭ ʠ ʚʦʜʦʪʦʢʘʭ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʧʨʠʣʠʚʥʦʡ ʚʦʜʦʡ. 

ʇʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ (ʚ 5-10 ʨʘʟ) ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ ʚʦʜʳ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʳ ʧʦʩʪʫʧʣʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʨʝʢʠ ʫʢʘʟʘʥʘ ʪʘʢʞʝ ʧʨʠʣʠʚʥʘʷ 

ʚʦʜʘ. ʆʪʤʝʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʣʦʢʘʣʴʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠʟ-ʟʘ ʙʣʠʟʦʩʪʠ ʦʟʝʨ ʢ 

ʙʫʨʦʚʳʤ (ɸʣʴʛʦʬʣʦʨʘé, 1994). ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʬʦʥʦʚʳʝ. 

ʉʦʛʣʘʩʥʦ ʥʘʙʣʶʜʝʥʠʷʤ ɺ.ɸ. ɼʘʫʚʘʣʴʪʝʨʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (2015), ʬʦʥʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚʦʜʦʝʤʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʨʘʟʣʠʯʥʳʝ ʛʦʜʳ ʧʦʜʦʙʥʳ, ʦʪʤʝʯʘʶʪʩʷ ʨʘʩʭʦʞʜʝʥʠʷ ʥʝ ʙʦʣʝʝ 10 %, ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ ʩʦʩʪʘʚʘ ʬʦʥʦʚʳʭ ʩʣʦʝʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʟʥʘʢʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʦʜʳ ʨ. ʇʝʯʦʨʘ ʦʪʤʝʯʝʥʳ 

ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʧʝʨʠʦʜ ʣʝʜʦʩʪʘʚʘ ʜʝʬʠʮʠʪ ʢʠʩʣʦʨʦʜʘ (ʜʦ 13 %), ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 
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ʘʤʤʦʥʠʡʥʦʛʦ ʘʟʦʪʘ ʜʦ ʧʨʝʜʝʣʦʚ, ʥʝʜʦʧʫʩʪʠʤʳʭ ʜʣʷ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ, ʠ ʨʦʩʪ 

ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʨʘʡʦʥʝ ʣʦʢʘʣʴʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

(ʙʣʠʟʦʩʪʴ ʢ ʘʵʨʦʧʦʨʪʫ ʠ ʙʫʨʦʚʦʡ ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ) ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ (ʍʦʭʣʦʚʘ, 1996). ɺ ʦʨʝʦʣʴʥʳʭ ʚʦʜʘʭ ʚ ʨʘʡʦʥʘʭ 

ʥʝʬʪʝʜʦʙʳʯʠ ʚʳʷʚʣʷʣʦʩʴ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʧʦʜʱʝʣʘʯʠʚʘʥʠʝ ʚʦʜ, ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʘʟʦʪʘ, ʞʝʣʝʟʘ, ʤʝʜʠ, ʨʦʩʪ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʊʝʥʪʶʢʦʚ, 2010). ɺ ʚʦʜʦʝʤʘʭ ʩʝʚʝʨʥʦʡ ʧʦʜʟʦʥʳ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʦʪʤʝʯʝʥʦ ʧʨʝʚʳʰʝʥʠʝ ʇɼʂʨʳʙʦʭʦʟ ʜʣʷ ʮʠʥʢʘ (ʚ 2-7 ʨʘʟ), ʧʨʠ 

ʧʦʢʘʟʘʪʝʣʷʭ ʜʣʷ ʜʨʫʛʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ. 

ʇʨʝʚʳʰʝʥʠʝ ʇɼʂʨʳʙʦʭʦʟ ʧʦ ʬʝʥʦʣʘʤ ʚ ʦʜʥʦʤ ʠʟ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʦʟʝʨ, ʥʝ ʠʩʧʳʪʳʚʘʶʱʝʤ 

ʟʘʤʝʪʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʙʲʷʩʥʝʥʦ ʨʘʟʣʦʞʝʥʠʝʤ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʦʩʪʘʪʢʦʚ. ɺ ʨʘʡʦʥʘʭ ʥʝʬʪʝʛʘʟʦʨʘʟʚʝʜʦʯʥʦʛʦ ʙʫʨʝʥʠʷ ʦʪʤʝʯʝʥ r ʧʦʜʱʝʣʘʯʠʚʘʥʠʝ ʩʨʝʜʳ, 

ʧʦʚʳʰʝʥʠʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʳ, ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ: ʥʝʬʪʝʧʨʦʜʫʢʪʳ ï 0,005-0,54 ʠ 

ʬʝʥʦʣʳ ï 0,0-4,0 ʤʛ/ʜʤ
3
 (ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷé, 1994).  

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʥʘʯʘʣʦ 1990-ʭ ʛʛ. (ɸʣʴʛʦʬʣʦʨʘé, 1994; ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳé, 

1994) ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ 

ʪʫʥʜʨʳ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʨʘʟʚʝʜʢʦʡ ʠ ʜʦʙʳʯʝʡ ʥʝʬʪʠ ʠ ʫʛʣʷ. ʈʘʟʨʘʙʦʪʢʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ 

ʰʝʣʴʬʝ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʚ ʯʠʩʣʦ ʦʩʪʨʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚʳʜʚʠʥʫʣʘ ʥʝʬʪʷʥʦʝ 

ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʝʘʥʘ ʠ ʵʢʦʩʠʩʪʝʤ ʚʜʦʣʴ ʤʦʨʩʢʠʭ ʧʦʙʝʨʝʞʠʡ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʠ ʪʷʞʝʣʳʤʠ 

ʤʝʪʘʣʣʘʤʠ. ɼʣʷ ʨʘʚʥʠʥʥʳʭ ʪʫʥʜʨ ʩʪʘʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʠ 

ʙʫʨʦʚʳʤʠ ʨʘʩʪʚʦʨʘʤʠ. ʀʟʚʝʩʪʥʦ ʪʦʢʩʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝʬʪʠ ʥʘ ʚʩʝ ʫʨʦʚʥʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʙʠʦʪʳ ʚʦʜʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ ɸʨʢʪʠʢʠ. ʀʟ ʜʨʫʛʠʭ ʚʠʜʦʚ ʟʘʛʨʷʟʥʝʥʠʡ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʦʪʤʝʯʝʥʳ: ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ, ʰʘʭʪʥʳʤʠ ʩʪʦʢʘʤʠ 

(ʱʝʣʦʯʥʳʝ ʚʦʜʳ) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠ ʙʣʠʟ ʫʛʣʝʜʦʙʳʚʘʶʱʠʭ ʰʘʭʪ, ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʦʝʤʦʚ ʚ 

ʩʝʣʠʪʝʙʥʳʭ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʟʦʥʘʭ (ʨʘʡʦʥ ʛ. ɺʦʨʢʫʪʘ), ʦʪ ʊʕʎ, ʦʪ ʮʝʤʟʘʚʦʜʘ, ʦʟʝʨʘ ʩʦ 

ʩʤʝʰʘʥʥʳʤ ʪʠʧʦʤ ʟʘʛʨʷʟʥʝʥʠʡ. ɺ ʤʦʥʦʛʨʘʬʠʠ (ʇʨʠʨʦʜʥʘʷ ʩʨʝʜʘ ʪʫʥʜʨʳé, 2005) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʫʥʜʨʦʚʳʭ 

ʵʢʦʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʠ ʫʛʣʷ. 

ɺ ʨʘʙʦʪʝ ʅ.ɻ. ʆʙʝʨʤʘʥʘ, ʀ.ɻ. ʐʝʩʣʝʨ ʠ ɸ.ʀ. ʈʫʙʮʦʚʘ (2004) ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ 

ʜʘʥʥʳʝ ʧʦ ʵʢʦʛʝʦʭʠʤʠʠ ʣʘʥʜʰʘʬʪʥʦ-ʪʝʭʥʦʛʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʦʙʲʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʟʘʛʨʷʟʥʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʦʤʠ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʅʝʥʝʮʢʦʛʦ ɸʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ (ʫʛʣʝʜʦʙʳʚʘʶʱʠʭ, ʥʝʬʪʝ- ʠ ʛʘʟʦʜʦʙʳʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ, 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ, ʩʝʣʠʪʝʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ). 

ʀʤʝʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʜʨʫʛʠʭ ʨʘʡʦʥʦʚ ʥʝʬʪʝ-ʛʘʟʦʜʦʙʳʯʠ: ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʥʘʨʫʰʝʥʠʶ ʵʢʦʩʠʩʪʝʤʳ 
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ʨʝʛʠʦʥʘ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʦʪʦʢʦʚ ʠ ʚʦʜʦʸʤʦʚ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʥʝ 

ʩʚʦʡʩʪʚʝʥʥʳʤʠ ʧʨʠʨʦʜʥʳʤ ʵʢʦʩʠʩʪʝʤʘʤ, ʟʘ ʩʯʝʪ ʩʙʨʦʩʘ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʣʦʢʘʣʴʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʣʘʥʜʰʘʬʪʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʧʦʣʣʶʪʘʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ ʚʦʜʦʨʦʩʣʝʡ, ʚ ʦʩʥʦʚʥʦʤ ʧʝʨʠʬʠʪʦʥʘ (Vilchek, 2002; Meylan et 

al., 2004; ʂʠʯʠʛʠʥ, ʇʦʣʷʢʦʚ, 2005; Broderick, Durning, 2006; L®vesque, Dub®, 2007; Wei et 

al., 2010; Yu et al., 2010; Warner et al., 2013; Xiao et al., 2014; ʂʠʩʝʣʝʚʘ, ɹʨʘʪʦʰʝʩʢʘʷ, 2017). 

1.3. ʈʝʘʢʮʠʷ ʘʣʴʛʦʮʝʥʦʟʦʚ ʥʘ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʩʨʝʜʳ 

ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʚʦʜʦʨʦʩʣʝʡ ʷʚʣʷʝʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʦʝʤʦʚ (ʪʘʙʣʠʮʘ 1.2.1). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ 

ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ ʚʦʜʳ ʙʠʦʛʝʥʘʤʠ ʚʠʜʦʚʦʝ ʙʦʛʘʪʩʪʚʦ 

ʚʦʟʨʘʩʪʘʝʪ ʟʘ ʩʯʝʪ ʰʠʨʦʢʦʚʘʣʝʥʪʥʳʭ ʚʠʜʦʚ (ʃʘʫʛʘʩʪʝ, ʇʦʨʢ, 1980; ɻʝʮʝʥ, 1985; ʊʨʠʬʦʥʦʚʘ, 

1990; ɹʘʨʠʥʦʚʘ ʠ ʜʨ., 2006), ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ï ʩʥʠʞʘʝʪʩʷ. 

ʅʝʙʦʣʴʰʠʝ ʜʦʙʘʚʢʠ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚʳʟʳʚʘʶʪ ʫʩʣʦʞʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʟʘ ʩʯʝʪ 

ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʠʣʠ ʫʩʠʣʝʥʥʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʨʘʥʝʝ ʝʜʠʥʠʯʥʳʭ ʚ ʬʠʪʦʮʝʥʦʟʝ ʚʠʜʦʚ 

(ʃʘʫʛʘʩʪʝ, ʇʦʨʢ, 1980). ɼʣʷ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʚ ʦʩʦʙʝʥʥʦ çʪʷʞʝʣʳʭè ʩʣʫʯʘʷʭ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʦʸʤʦʚ (ʩʪʦʢʘʤʠ ʰʘʭʪ ʠ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤ) ʦʪʤʝʯʝʥʦ ʫʤʝʥʴʰʝʥʠʝ 

ʩʨʝʜʥʝʡ ʚʠʜʦʚʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ ʩʝʤʝʡʩʪʚ ʠ ʨʦʜʦʚ ï ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʫʩʣʦʚʥʦ ʯʠʩʪʳʤʠ 

ʚʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʫʪʨʘʪʘ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʩʠʣʴʥʦ ʟʘʛʨʷʟʥʸʥʥʳʭ ʚʦʜʦʸʤʘʭ 

ʩʦʩʪʘʚʣʷʝʪ 72-89 % (ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷé, 1994). ʂʘʢ ʠʥʜʠʢʘʪʦʨ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʠʦʮʝʥʦʟʦʚ 

(ʈʦʩʩʦʣʠʤʦ, 1975; ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷé, 1994; ɹʘʨʠʥʦʚʘ ʠ ʜʨ., 2006). 

ɼʣʷ ʜʠʘʪʦʤʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʭ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ 

ʚ ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʠʷ (ʉʪʝʥʠʥʘ, 1990, 1996; ɻʝʮʝʥ ʠ ʜʨ., 1992). ɺ ʠʤʧʘʢʪʥʳʭ ʦʟʝʨʘʭ 

ʪʫʥʜʨʳ ʚ ʨʘʡʦʥʘʭ ʨʘʟʚʝʜʢʠ ʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʫʛʣʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʚʳʤʠ ʤʝʥʷʝʪʩʷ 

ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʠ ʜʦʤʠʥʠʨʫʶʱʠʝ ʢʦʤʧʣʝʢʩʳ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ. ʀʥʳʤ ʩʪʘʥʦʚʠʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʜʠʢʘʪʦʨʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ. ʇʦʢʘʟʘʪʝʣʴʥʳʝ ʜʣʷ ʯʠʩʪʳʭ ʫʩʣʦʚʠʡ 

ʛʨʫʧʧʳ ʜʠʘʪʦʤʝʡ ʧʦ ʤʝʨʝ ʟʘʛʨʷʟʥʝʥʠʷ ʩʤʝʥʷʶʪʩʷ ʚʠʜʘʤʠ-ʠʥʜʠʢʘʪʦʨʘʤʠ ʧʦʚʳʰʝʥʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʣʝʛʢʦ-ʦʢʠʩʣʷʝʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ. ɺ ʪʝʭʥʦʛʝʥʥʳʭ ʵʢʦʪʦʧʘʭ ʨʝʟʢʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʦʣʴ ʚʠʜʦʚ-ʘʣʢʘʣʠʬʠʣʦʚ ʠ ʩʦʣʝʣʶʙʠʚʳʭ ʜʠʘʪʦʤʝʡ (Solak, êcs, 2011). 

ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʚʳʧʘʜʝʥʠʶ ʠʟ ʩʦʦʙʱʝʩʪʚ 

ʩʝʚʝʨʥʳʭ ʚʠʜʦʚ, ʠʭ ʟʘʤʝʱʘʶʪ ʙʦʨʝʘʣʴʥʳʝ ʚʠʜʳ ʠ ʚʠʜʳ-ʢʦʩʤʦʧʦʣʠʪʳ, ʦʪʤʝʯʝʥʘ 

ʪʨʠʚʠʘʣʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʩʦʦʙʱʝʩʪʚ ʧʨʠ ʘʥʪʨʦʧʦʛʝʥʥʦʤ ʧʨʝʩʩʝ ʥʝ ʪʦʣʴʢʦ ʧʦ ʚʠʜʦʚʦʤʫ 

ʩʦʩʪʘʚʫ, ʥʦ ʠ ʧʦ ʛʨʫʧʧʝ ʚʝʜʫʱʠʭ ʚʠʜʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʦʩʥʦʚʫ ʬʠʪʦʮʝʥʦʟʘ (ɻʝʮʝʥ ʠ ʜʨ., 
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2002), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʱʠʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥ ʪʝʥʜʝʥʮʠʷʤ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʦʪʳ, ʟʘʢʣʶʯʘʶʱʠʤʩʷ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʡʢʘʭ, 

ʫʧʨʦʱʝʥʠʠ ʩʦʦʙʱʝʩʪʚ, ʙʦʨʝʘʣʠʟʘʮʠʠ ʠ ʢʦʩʤʦʧʦʣʠʪʠʟʘʮʠʠ ʬʣʦʨʳ ʠ ʬʘʫʥʳ (ʉʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷé, 1994).  

ɼʣʷ ʜʨʫʛʠʭ ʛʨʫʧʧ ʚʦʜʦʨʦʩʣʝʡ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʟʥʘʢʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʪʘʢʞʝ ʦʪʤʝʯʝʥʦ ʠʟʤʝʥʝʥʠʝ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʚʦʜʦʨʦʩʣʝʡ, ʥʘʟʚʘʥʳ ʚʠʜʳ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʚʦʜʦʝʤʦʚ (ɻʝʮʝʥ ʠ ʜʨ., 1992; ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷé, 1994; ʪʘʙʣʠʮʳ 1.2.1, 5.3.1). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩ ʫʩʠʣʝʥʠʝʤ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʩʦʢʨʘʱʘʝʪʩʷ ʯʠʩʣʦ ʚʠʜʦʚ ʚ ʩʝʤʝʡʩʪʚʘʭ ʠ ʨʦʜʘʭ. ɼʣʷ ʥʠʟʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 1:2,6:12,1, ʧʨʠ 

ʵʪʦʤ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʬʣʦʨʠʩʪʠʯʝʩʢʠʝ ʧʨʦʧʦʨʮʠʠ ʚ ʩʝʚʝʨʥʳʭ ʬʣʦʨʘʭ ʠʤʝʶʪ ʜʠʘʪʦʤʦʚʳʝ ʠ 

ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ʚ ʚʦʜʦʝʤʘʭ (ɻʝʮʝʥ, 1985).  

ɼʣʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ, ʠʩʧʳʪʳʚʘʶʱʠʭ ʘʥʪʨʦʧʦʛʝʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ, ʫʩʪʘʥʦʚʣʝʥʦ (ɻʝʮʝʥ, 1985), ʯʪʦ ʢʨʦʤʝ ʜʠʘʪʦʤʦʚʳʭ, ʚʳʩʦʢʦʠʥʜʠʢʘʪʦʨʥʳ ʥʘ 

ʥʘʣʠʯʠʝ ʟʘʛʨʷʟʥʝʥʠʡ ʜʝʩʤʠʜʠʝʚʳʝ ʠ ʭʣʦʨʦʢʦʢʢʦʚʳʝ (ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʨʦʜʦʚ Cosmarium, 

Scenedesmus, Euastrum, Dictyosphaerium, Tetraʸdron, Ankistrodesmus, Monoraphidium). ʉʨʝʜʠ 

ʩʠʥʝʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʥʘʠʙʦʣʴʰʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʣʘʙʠʣʴʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʧʦʨʷʜʢʦʚ Chlorococcales ʠ Oscillatoriales. ɺ ʠʟʤʝʥʸʥʥʳʭ ʠ ʩʦʟʜʘʥʥʳʭ 

ʯʝʣʦʚʝʢʦʤ ʫʩʣʦʚʠʷʭ ʚʝʜʫʱʝʝ ʟʥʘʯʝʥʠʝ ʚ ʚʦʜʦʸʤʘʭ ʧʦʣʫʯʘʶʪ ʪʘʢʞʝ ʥʠʪʯʘʪʳʝ ʟʝʣʝʥʳʝ ʠ 

ʞʝʣʪʦʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ʨʦʜʦʚ Vaucheria, Spirogyra, Ulothrix, ʉladophora ʠ Tribonema. 

ʂʨʦʤʝ ʪʦʛʦ, ʢ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʧʨʠʫʨʦʯʝʥʳ ʠʟʚʝʩʪʥʳʝ 

ʢʦʩʤʦʧʦʣʠʪʥʳʝ ʚʠʜʳ ʨʦʜʘ Euglena (ʪʘʙʣʠʮʘ 1.2.1).  

ʀʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʀʥʩʪʠʪʫʪʘ ʦʟʝʨʦʚʝʜʝʥʠʷ ɸʅ 

ʉʉʉʈ ʚ 1986-1989 ʛʛ. (ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳé, 1994) ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʨʦʜʫʢʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʠʬʠʪʦʥʘ ʥʘ ʩʪʸʢʣʘʭ ʦʙʨʘʩʪʘʥʠʷ ʚ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʝ. ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʦʙʱʝʩʪʚʝ 

ʧʝʨʠʬʠʪʦʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ, ʯʪʦ ʚʳʨʘʟʠʣʦʩʴ ʚ ʩʤʝʥʝ ʜʦʤʠʥʠʨʫʶʱʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʦʙʨʘʩʪʘʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʠʤʧʘʢʪʥʦʡ ʩʪʘʥʮʠʠ. 

ɺ ʤʝʩʪʘʭ, ʛʜʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʟʝʨʘ ʙʳʣʦ ʥʘʠʙʦʣʴʰʠʤ, ʥʘ ʤʸʨʪʚʳʭ ʩʫʙʩʪʨʘʪʘʭ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʙʦʣʴʰʠʝ ʩʣʠʟʠʩʪʳʝ ʛʨʦʟʜʴʷ. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʪʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ 

ʩʦʩʪʦʷʪ ʠʟ ʚʦʜʦʨʦʩʣʝʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʵʪʦʛʦ ʦʟʝʨʘ. ɺʠʜʠʤʦ, ʪʘʢʠʝ ʩʣʠʟʠʩʪʳʝ ʛʨʦʟʜʴʷ ï 

ʩʧʦʩʦʙ ʚʳʞʠʚʘʥʠʷ ʚʦʜʦʨʦʩʣʝʡ ʧʨʠ ʩʠʣʴʥʳʭ ʟʘʛʨʷʟʥʝʥʠʷʭ. ʅʝʬʪʷʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ 

ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʨʘʟʚʠʪʠʝ ʚʦʜʦʨʦʩʣʝʡ ʧʝʨʠʬʠʪʦʥʘ, ʠʭ ʜʘʣʴʥʝʡʰʝʝ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʧʨʦʛʥʦʟʝ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʵʪʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʩʪʨʫʢʪʫʨʥʳʤ ʠʟʤʝʥʝʥʠʷʤ. ɼʣʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʛʨʷʟʥʝʥʠʝ ʦʟʝʨ ʚʝʜʸʪ ʢ 
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ʦʙʝʜʥʝʥʠʶ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʜʦʤʠʥʠʨʫʶʱʠʭ ʚʠʜʦʚ. ʈʦʣʴ ʟʦʣʦʪʠʩʪʳʭ 

ʚʦʜʦʨʦʩʣʝʡ ʠ ʜʠʘʪʦʤʦʚʳʭ ʩʥʠʞʘʝʪʩʷ, ʘ ʜʦʤʠʥʘʥʪʘʤʠ ʩʪʘʥʦʚʷʪʩʷ ʩʠʥʝʟʝʣʝʥʳʝ ʠ 

ʭʣʦʨʦʢʦʢʢʦʚʳʝ ʚʦʜʦʨʦʩʣʠ. ʇʦ ʤʝʨʝ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʩʥʠʞʘʝʪʩʷ ʨʦʣʴ ʚ ʧʣʘʥʢʪʦʥʝ 

ʭʦʣʦʜʥʦʚʦʜʥʳʭ ʧʝʨʠʜʠʥʝʡ ʠ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʢʨʠʧʪʦʤʦʥʘʜ ʠ ʵʚʛʣʝʥʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ. 

ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʨʦʣʴ ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʟʢʦʝ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘʜ ʜʝʩʪʨʫʢʮʠʝʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʳʩʪʨʦʝ 

ʥʘʢʦʧʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʆʩʦʙʝʥʥʦ ʫʷʟʚʠʤʳ ʤʝʣʢʦʚʦʜʥʳʝ ʦʟʝʨʘ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʮʝʥʦʢ ʨʘʟʣʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ 

ʢʘʢ ʥʘʯʘʣʴʥʦʛʦ ʟʚʝʥʘ ʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ (ʚʝʣʠʯʠʥʘ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʦʙʱʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʠʜʦʚ, ʠʥʜʝʢʩ ʪʨʦʬʥʦʩʪʠ ʠ ʜʨʫʛʠʝ), ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʄ.ɺ. ɻʝʮʝʥ 

(1985), ʥʝ ʦʙʥʘʨʫʞʠʚʘʶʪ ʝʜʠʥʦʦʙʨʘʟʠʷ ʥʘ ʂʨʘʡʥʝʤ ʉʝʚʝʨʝ. ʅʘʨʷʜʫ ʩ ʙʠʦʪʠʯʝʩʢʠʤʠ 

ʠʥʜʝʢʩʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠʤʝʥʷʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʮʝʥʦʟʘ (Kelly, Whitton, 1998; Li  et al., 2010).  

ʇʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ ʪʨʦʬʠʠ ʚʦʜʦʝʤʘ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʩʦʩʪʦʷʥʠʶ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, 

ʠʤʝʶʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʢʦʣʝʙʘʥʠʡ ʢʘʢ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʡʦʥʘ, ʪʘʢ ʠ ʚ 

ʚʦʜʦʸʤʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʜʥʦʡ ʰʠʨʦʪʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʩʝʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ 

ʦʧʪʠʤʘʣʴʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʚʳʩʦʢʠʭ 

ʰʠʨʦʪʘʭ ʧʦ ʩʦʩʪʘʚʫ ʘʣʴʛʦʮʝʥʦʟʦʚ ʚʳʷʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʦʙʣʝʥʥʳʝ 

ʛʨʫʧʧʳ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʚʦʜʦʸʤʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʵʚʪʨʦʬʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʜʫʮʠʨʦʚʘʥʠʷ 

(ʇʦʢʨʦʚʩʢʘʷ, 1975, ɽʨʤʦʣʘʝʚ, 1981, ʮʠʪ. ʧʦ: ɻʝʮʝʥ, 1985). ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ 

ʙʠʦʣʠʤʥʦʣʦʛʠʯʝʩʢʠʤ ʪʠʧʦʤ ʚʦʜʦʸʤʘ, ʘ ʥʝ ʩ ʝʛʦ ʰʠʨʦʪʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʩʚʷʟʳʚʘʝʪʩʷ ʠ 

ʫʨʦʚʝʥʴ ʢʦʣʝʙʘʥʠʡ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (ʄʠʭʝʝʚʘ, 1975, ʪʘʤ ʞʝ). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʦʪʩʫʪʩʪʚʫʶʪ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʘʣʴʛʦʮʝʥʦʟʦʚ. 

ʊʘʢ, ʧʦ ʜʘʥʥʳʤ ɽ.ʅ. ʇʘʪʦʚʦʡ (ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷé, 1994; ʇʘʪʦʚʘ, 

2007, 2014) ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʧʣʘʥʢʪʦʥʘ ʘʨʢʪʠʯʝʩʢʠʭ ʦʟʝʨ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝ 

ʧʦʜʚʝʨʞʝʥʥʳʭ ʟʘʛʨʷʟʥʝʥʠʶ, ʷʚʣʷʝʪʩʷ çʮʚʝʪʝʥʠʝè ʚʦʜʳ ʩʠʥʝʟʝʣʝʥʳʤʠ ʚʦʜʦʨʦʩʣʷʤʠ, 

ʚʳʟʚʘʥʥʦʝ ʯʘʱʝ ʚʩʝʛʦ ʤʘʩʩʦʚʳʤ ʨʘʟʚʠʪʠʝʤ ʘʟʦʪʬʠʢʩʠʨʫʶʱʠʭ ʚʠʜʦʚ ʨʦʜʘ Anabaena. ʇʨʠ 

ʵʪʦʤ ʤʘʩʩʦʚʦʝ ʨʘʟʚʠʪʠʝ ʧʦ ʙʠʦʤʘʩʩʝ ʘʟʦʪʬʠʢʩʘʪʦʨʦʚ ʚ ʤʘʣʳʭ ʦʟʝʨʘʭ ʦʢʨʝʩʪʥʦʩʪʝʡ ɺʦʨʢʫʪʳ 

ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʣʠ ʩʤʝʰʘʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

(ʪʘʙʣʠʮʘ 1.2.1). 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʩʚʝʜʝʥʠʡ, ʚ ʦʩʥʦʚʥʦʤ 

ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʠʭ, ʦ ʩʦʩʪʦʷʥʠʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʇʦʣʷʨʥʦʛʦ 

ʋʨʘʣʘ, ʦ ʩʦʩʪʘʚʝ ʠ ʩʪʨʫʢʪʫʨʝ ʠʭ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ ʚ ʬʦʥʦʚʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʪʨʝʙʫʝʪʩʷ ʚʳʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ 
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ʠʟʤʝʥʝʥʠʡ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʥʦʚʳʭ ʚʠʜʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʈʘʥʝʝ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʩʪʝʧʝʥʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʦʦʙʱʝʩʪʚ ʚʦʜʦʨʦʩʣʝʡ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʛʦʨʥʳʭ ʠ 

ʪʫʥʜʨʦʚʳʭ ʧʨʝʩʥʦʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ 

ʛʘʟʦʧʨʦʚʦʜʘ. ʅʘʤʠ ʦʙʦʙʱʝʥʳ ʠ ʜʦʧʦʣʥʝʥʳ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʦ ʚʦʜʦʨʦʩʣʷʭ, ʢʦʪʦʨʳʝ 

ʧʨʠʛʦʜʥʳ ʜʣʷ ʙʠʦʠʥʜʠʢʘʮʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʡʦʥʦʚ (ʪʘʙʣʠʮʘ 5.3.1), ʘ ʪʘʢʞʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʯʠʩʪʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʦʜʚʝʨʞʝʥʥʳʭ ʨʘʟʥʳʤ ʚʠʜʘʤ 

ʟʘʛʨʷʟʥʝʥʠʷ (ʪʘʙʣʠʮʘ 1.2.1). ʉʚʝʜʝʥʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʘʣʴʛʦʮʝʥʦʟʦʚ ʠ ʦʙ ʠʟʤʝʥʝʥʠʠ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʜʦʸʤʦʚ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʚ 

ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʦʙʲʝʢʪʦʚ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʝʜʠʥʠʯʥʳ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

(ʇʘʪʦʚʘ ʠ ʜʨ., 2014ʘ, 2014ʙ, 2016; ʊʠʢʫʰʝʚʘ ʠ ʜʨ., 2015). ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʮʝʣʦʤ ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʈʦʩʩʠʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʳʧʦʣʥʝʥʳ 

ʥʘ ʦʨʛʘʥʠʟʤʝʥʥʦʤ ʫʨʦʚʥʝ, ʦʪʨʘʞʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʪʦʢʩʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʥʘ ʚʦʜʥʳʝ ʦʨʛʘʥʠʟʤʳ (ʄʦʠʩʝʝʥʢʦ, 2009), ʯʪʦ ʪʘʢʞʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ, ʚʳʧʦʣʥʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʵʢʦʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʤʘʣʦ ʠʟʫʯʝʥʥʦʛʦ ʨʘʡʦʥʘ. 



 

 

ʊʘʙʣʠʮʘ 1.2.1 

 

ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʘʣʴʛʦʮʝʥʦʟʦʚ ʯʠʩʪʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ  

ʠ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʥʳʭ ʚʠʜʦʚ ʟʘʛʨʷʟʥʝʥʠʡ 

 
ʋʩʣʦʚʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʣʴʛʦʮʝʥʦʟʘ ʠ ʫʩʣʦʚʠʡ ʩʨʝʜʳ ʀʩʪʦʯʥʠʢ ʜʘʥʥʳʭ 

ʊʝʢʫʯʠʝ ʯʠʩʪʳʝ ʚʦʜʳ  ʊʠʧʠʯʥʳʝ ʜʣʷ ʨʝʦʬʠʣʴʥʳʭ ʚʦʜ ʮʝʥʦʟʳ: ʤʘʩʩʦʚʦʝ ʨʘʟʚʠʪʠʝ ʭʵʪʦʬʦʨʦʚʳʭ, ʙʘʛʨʷʥʢʠ ʣʠʤʘʥʝʠ, 

ʜʠʘʪʦʤʝʡ, ʘʟʦʪʬʠʢʩʠʨʫʶʱʠʭ ʥʦʩʪʦʢʦʚ (ʤʥʦʛʦ çʥʦʩʪʦʢʦʚʳʭè ʢʘʤʥʝʡ). 
ʉʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷé, 1994 
ʋʩʣʦʚʥʦ ʯʠʩʪʳʝ ʦʟʝʨʘ  ʕʢʦʣʦʛʠʯʝʩʢʠ ʣʘʙʠʣʴʥʳʝ ʤʥʦʛʦʚʠʜʦʚʳʝ ʨʦʜʳ ʚ ʫʩʣʦʚʥʦ ʯʠʩʪʳʭ ʚʦʜʦʝʤʘʭ ʶʞʥʳʭ ʪʫʥʜʨ 

ʧʨʝʜʩʪʘʚʣʝʥʳ Closterium, Cosmarium, Cosmoastrum, Euastrum, Staurastrum
2
. 

ʀʟ ʦʪʜʝʣʘ ʟʝʣʝʥʳʭ ʚ ʢʦʤʧʣʝʢʩ ʚʦʜʦʨʦʩʣʝʡ, ʢʦʪʦʨʳʝ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʚ ʯʠʩʪʳʭ, ʠ ʚ ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʚʦʜʦʝʤʘʭ ɺʦʨʢʫʪʠʥʩʢʦʡ ʪʫʥʜʨʳ, ʠʟ ʜʝʩʤʠʜʠʝʚʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚʠʜʳ ʠʟ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʥʦʛʦʚʠʜʦʚʳʭ ʨʦʜʦʚ Closterium, Cosmarium, Euastrum, Staurastrum. 

ʕʢʦʣʦʛʠʯʝʩʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʘʣʦʚʠʜʦʚʳʝ ʨʦʜʳ ʜʝʩʤʠʜʠʝʚʳʭ ʚ ʩʠʣʴʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜʘʭ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʳʧʘʜʘʶʪ. 

ɸʣʴʛʦʬʣʦʨʘé, 1994 

ʂ ʢʦʥʮʫ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʜʥʦ ʫʩʪʣʘʥʦ ʩʣʠʟʠʩʪʦʡ ʤʘʩʩʦʡ ʨʘʟʣʘʛʘʶʱʠʭʩʷ ʘʟʦʪʬʠʢʩʘʪʦʨʦʚ. ɻʝʮʝʥ ʠ ʜʨ., 1992 

ʇʣʘʥʢʪʦʥ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ 

ʘʨʢʪʠʯʝʩʢʠʭ ʦʟʸʨ  

ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʯʝʨʪʘ ï çʮʚʝʪʝʥʠʝè ʚʦʜʳ ʩʠʥʝʟʝʣʝʥʳʤʠ ʚʦʜʦʨʦʩʣʷʤʠ ʚ ʦʣʠʛʦʪʨʦʬʥʳʭ ʠ 

ʤʝʟʦʪʨʦʬʥʳʭ ʦʟʝʨʘʭ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʟʘ ʩʯʝʪ ʘʟʦʪʬʠʢʩʠʨʫʶʱʠʭ ʚʠʜʦʚ ʨʦʜʘ Anabaena. 

ɼʦʤʠʥʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʙʦʨʝʘʣʴʥʳʭ ʚʠʜʦʚ ʘʥʘʙʝʥ ï ʨʝʟʫʣʴʪʘʪ ʠʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʢ ʢʦʤʧʣʝʢʩʫ 

ʟʦʥʘʣʴʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʪʫʥʜʨʳ. 

ʉʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷé, 1994 

ɿʘʛʨʷʟʥʸʥʥʳʝ ʚʦʜʦʸʤʳ  ʊʠʧʠʯʥʳʤʠ ʷʚʣʷʶʪʩʷ ʟʘʪʷʥʫʪʘʷ ʪʠʥʦʡ ʥʠʪʯʘʪʦʢ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ, ʩʨʝʜʠ ʟʘʨʘʩʪʘʥʠʡ ʟʠʛʥʝʤʳ ï 

ʤʝʣʢʠʝ ʚʠʜʳ ʜʠʘʪʦʤʝʡ (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, Nitzschia), ʯʘʱʝ ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ɓ-ʤʝʟʦʩʘʧʨʦʙʥʳʝ 

ʫʩʣʦʚʠʷ ʠ ɻʢʦʣʦʛʠʯʝʩʢʠ ʧʣʘʩʪʠʯʥʳʝ ʚʠʜʳ ʜʝʩʤʠʜʠʝʚʳʭ (ɓ-ʤʝʟʦʩʘʧʨʦʙ Cosmarium formosulum). 

ʇʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʤʝʥʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜ ʠ ʜʦʤʠʥʠʨʫʶʱʠʡ 

ʢʦʤʧʣʝʢʩ ʜʝʩʤʠʜʠʝʚʳʭ ʚʦʜʦʨʦʩʣʝʡ. ɽʛʦ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʶʪ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚʠʜʳ 

ʤʥʦʛʦʚʠʜʦʚʳʭ ʨʦʜʦʚ, ʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʘʣʦʚʠʜʦʚʳʝ ʨʦʜʘ ʚ ʩʠʣʴʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʚʦʜʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʉʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷé, 1994 

ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʟʘʛʨʷʟʥʝʥʠʡ ʥʘ ʚʦʜʦʸʤʳ  
ʇʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʤʝʥʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜ ʠ ʜʦʤʠʥʠʨʫʶʱʠʡ 

ʢʦʤʧʣʝʢʩ ʜʝʩʤʠʜʠʝʚʳʭ ʚʦʜʦʨʦʩʣʝʡ. ɽʛʦ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʶʪ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚʠʜʳ 

ʤʥʦʛʦʚʠʜʦʚʳʭ ʨʦʜʦʚ, ʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʘʣʦʚʠʜʦʚʳʝ ʨʦʜʘ ʚ ʩʠʣʴʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʚʦʜʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ.  

ʉʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷé, 1994 

ɺ ʚʦʜʦʝʤʘʭ ʩʦ ʩʤʝʰʘʥʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ ʭʣʦʨʦʢʦʢʢʦʚʳʝ ʧʨʝʚʘʣʠʨʫʶʪ ʧʦ ʯʠʩʣʫ ʪʘʢʩʦʥʦʚ ʥʘʜ 

ʜʝʩʤʠʜʠʝʚʳʤʠ ʠ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʦʙʠʣʠʝ ʠʟʤʝʣʴʯʝʥʥʳʭ ʬʦʨʤ. 

ɸʣʴʛʦʬʣʦʨʘé, 1994 

ʇʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʧʨʦʮʚʝʪʘʶʱʠʭ ʚ ʨʝʦʬʠʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢʩʝʥʦʦʣʠʛʦʩʘʧʨʦʙʦʚ ʩʨʝʜʠ ʜʠʘʪʦʤʝʡ ʚ 

ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʦʜʦʚ: Ceratoneis ï Meridion ï Synedra ï Achnanthes ï Navicula ï 

Cymbella ï Gonphonema ï Diatoma ï Surirella ï Nitzschia. ʉʨʝʜʠ ʨʝʦʬʠʣʦʚ ʣʠʰʴ ʝʜʠʥʠʯʥʳʝ ʚʠʜʳ 

ʉʪʝʥʠʥʘ, 1985; ɻʝʮʝʥ, 1985. 

                                                           
2
 ʇʨʠʤʝʯʘʥʠʝ: ʥʘʟʚʘʥʠʷ ʚʠʜʦʚ ʠ ʨʦʜʦʚ ʚ ʪʘʙʣʠʮʝ ʫʢʘʟʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʣʠʪʝʨʘʪʝʨʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʘʥʥʳʭ. 



23 

 
ʋʩʣʦʚʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʣʴʛʦʮʝʥʦʟʘ ʠ ʫʩʣʦʚʠʡ ʩʨʝʜʳ ʀʩʪʦʯʥʠʢ ʜʘʥʥʳʭ 

ʩʧʦʩʦʙʥʳ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʠʟʤʝʥʝʥʥʳʭ ʯʝʣʦʚʝʢʦʤ ʫʩʣʦʚʠʷʭ. ʇʦ ʤʝʨʝ ʥʘʨʘʩʪʘʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ Ŭ-, Ŭ-ɓ-, ɓ-Ŭ- ʠ ɓ-ʤʝʟʦʩʘʧʨʦʙʠʦʥʪʦʚ.  

ʅʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʚʦʜʦʝʤʘʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʭʦʨʦʰʦ 

ʚʳʨʘʞʝʥʥʳʝ ʫ ʨʷʜʘ ʨʦʜʦʚ (Gonatozygon, Scenedesmus, Diatoma, Eunotia) ʧʨʠʟʥʘʢʘʤʠ ʤʦʜʠʬʠʢʘʮʠʦʥʥʦʡ 

ʠ ʪʝʨʘʪʦʣʦʛʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʨʠ ʥʘʠʙʦʣʴʰʝʤ ʨʘʟʤʘʭʝ ʘʤʧʣʠʪʫʜʳ ʨʘʟʤʝʨʦʚ ʩ ʪʝʥʜʝʥʮʠʝʡ ʢ 

ʩʠʣʴʥʦʤʫ ʠʟʤʝʣʴʯʘʥʠʶ ʫ ʭʣʦʨʦʢʦʢʢʦʚʳʭ. 

ɺ ʟʦʥʝ ʛʦʨʦʜʩʢʦʛʦ ʢʦʣʴʮʘ ɺʦʨʢʫʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʟʦʪʬʠʢʩʘʪʦʨʦʚ ʠʤʝʝʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʅʘ 

ʤʭʘʭ ʠ ʮʚʝʪʢʦʚʳʭ ʤʘʢʨʦʬʠʪʘʭ ʦʩʦʙʝʥʥʦ ʦʙʠʣʴʥʦ ʧʦʩʝʣʷʶʪʩʷ ʚʠʜʳ ʨʦʜʦʚ Anabaena ʠ Nostoc. ɺ ʯʠʩʣʦ 

ʚʝʜʫʱʠʭ ʥʘʠʙʦʣʝʝ ʦʙʱʠʭ ʚʠʜʦʚ ʚʭʦʜʷʪ: Anabaena augstumalis Schmidle, A. cylindrica Lemmermann, 

A. oscillarioides, A. sedovii Kosinskaya, A. variabili s K¿tzing, Microchaete tenera Thuret, Nostoc 

caeruleum, N. commune f. Sphaericum (Vaucher) Elenkin, N. linckia, N. microscopicum Carmichael, 

N. punctiforme Hariot, Rivularia coadunate (Sommerf.) Foslie, Tolypothrix tenuis f. lanata (Wartmann) 

Kossinskaja. ɺ ʟʦʥʝ ʨʝʢʨʝʘʮʠʠ ʚʙʣʠʟʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʫʩʣʦʚʥʦ ʯʠʩʪʳʝ ʦʟʝʨʘ ʩ ʦʙʠʣʠʝʤ ʚʦʜʥʳʭ 

ʤʭʦʚ ʦʪʣʠʯʘʝʪ ʨʘʟʚʠʪʠʝ Anabaena sedovii ʠ A. solitaria f. tenuis (Woronichin) Elenkin.  

ɸʣʴʛʦʬʣʦʨʘé, 1994 

ɺʣʠʷʥʠʝ 
ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ  

ʍʘʨʘʢʪʝʨʥʦ ʤʘʩʩʦʚʦʝ ʨʘʟʚʠʪʠʝ ʜʠʘʪʦʤʦʚʳʭ ʧʨʠ ʦʙʝʜʥʝʥʥʦʩʪʠ ʠʭ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʂʘʢ ʧʦ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ, ʪʘʢ ʠ ʧʦ ʦʙʠʣʠʶ ʚʝʜʫʱʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʥʘʜʣʝʞʠʪ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʨʦʜʦʚ Navicula ʠ Nitzschia, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ, ʥʘʠʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʚʦʜʦʝʤʦʚ ʵʪʦʡ ʛʨʫʧʧʳ. 

ʂ ʢʦʥʮʫ ʚʝʛʝʪʘʮʠʠ ʧʝʨʠʬʠʪʦʥ ʚ ʨʫʯʴʝ ʟʦʥʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʧʨʠʨʦʜʥʫʶ çʢʫʣʴʪʫʨʫè ʨʦʜʘ Closterium. 

ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ï ʤʘʩʩʦʚʦʝ ʨʘʟʚʠʪʠʝ ʘʟʦʪʬʠʢʩʘʪʦʨʦʚ: ʚʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʙʫʢʚʘʣʴʥʦ 

çʟʘʪʷʥʫʪʘè ʩʣʠʟʴʶ ʥʦʩʪʦʢʘ (Nostoc linckia f. carneum (Ag.) Elenk.), ʘ ʥʘ ʤʘʢʨʦʬʠʪʘʭ ʩʦʚʤʝʩʪʥʦ ʩ 

ʦʩʮʠʣʣʷʪʦʨʠʝʚʳʤʠ ʠ ʭʵʪʦʬʦʨʦʚʳʤʠ ʦʙʠʣʴʥʳ Anabaena cylindrica ʠ A. oscillarioides f. ʩylindrical 

(Playfair) Elenkin.  

ɻʝʮʝʥ ʠ ʜʨ., 1991; 

ʉʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷé, 1994. 

ɺʦʜʦʸʤʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʬʝʨʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ Nitzschia fonticola, N. palea var. palea et var. capitata, Gomphonema parvulum ʠ ʨʝʞʝ ï 

Cocconeis placentula. ʂ ʯʠʩʣʫ ʩʫʙʜʦʤʠʥʘʥʪʦʚ ʦʪʥʦʩʷʪʩʷ ʤʝʣʢʠʝ ʜʠʘʪʦʤʝʠ: Navicula minima, 

N. seminulum, N. pelliculosa, Nitzschia kuetzingiana var. exilis. ɹʦʣʴʰʠʥʩʪʚʦ ʫʢʘʟʘʥʥʳʭ ʚʠʜʦʚ ʷʚʣʷʶʪʩʷ 

ʜʦʚʦʣʴʥʦ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʪʘʢ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦ ʨʝʘʛʠʨʫʶʪ ʥʘ 

ʚʥʝʩʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʨʛʘʥʠʢʠ ʚ ʚʦʜʦʝʤʳ. ʏʘʩʪʴ ʠʟ ʥʠʭ ï ʪʠʧʠʯʥʳʝ ʛʝʪʝʨʦʪʨʦʬʳ ʧʦ ʘʟʦʪʫ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʩʦʚʭʦʟʦʚ ʦʙʣʠʢ ʧʝʨʠʬʠʪʦʥʘ ʠʟ ʭʣʦʨʦʢʦʢʢʦʚʳʭ ʦʧʨʝʜʝʣʷʣʠ ʦʩʦʙʦ ʫʩʪʦʡʯʠʚʳʝ ʢ 

ʟʘʛʨʷʟʥʝʥʠʶ ʙʘʥʘʣʴʥʳʝ ʚʠʜʳ: Scenedesmus obliquus var. obliquus et var. alternans, S. bijugatus, 

S. quadricauda s. lat, Dictyosphaerium pulchellum, D. ehrenbergianum, Tetray dron caudatum, 

Ankistrodesmus spiralis, Monoraphidium griffithii ʠ M. contortum. ɼʘʥʥʳʝ ʚʠʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʟʦʥʫ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ.  

ʇʦʜ ʚʣʠʷʥʠʝʤ ʩʝʣʴʭʦʟʩʪʦʢʦʚ ʚ ʦʟʝʨʢʘʭ ʧʦʢʘʟʘʪʝʣʴʥʳ Anabaena variabilis, A. solitaria, A. sedovii, 

A. oscillarioides, Tolypothrix tenuis, Nostoc caeruleum. ʇʦʚʝʨʭʥʦʩʪʴ ʤʝʣʢʠʭ ʦʟʝʨʢʦʚ ʟʘʪʷʛʠʚʘʝʪ ʩʣʠʟʴ 

Nostoc linckia f. carneum. ʅʘʣʝʪʳ ʥʘ ʤʘʢʨʦʬʠʪʘʭ ʩʦʚʤʝʩʪʥʦ ʩ ʦʩʮʠʣʣʘʪʦʨʠʝʚʳʤʠ ʠ ʭʝʪʦʬʦʨʦʚʳʤʠ 

ʦʙʨʘʟʫʶʪ Anabaena cylindrica, A. oscillarioides f. cylindriaceae. ʆʩʝʥʴʶ ʧʝʨʠʬʠʪʦʥ ʵʪʠʭ ʦʟʝʨʢʦʚ 

ʠʟʦʙʠʣʦʚʘʣ ʦʩʮʠʣʣʘʪʦʨʠʝʚʳʤʠ ʠ ʭʵʪʦʬʦʨʦʚʳʤʠ (Oscillatoria tenuis ʠ Stigeoclonium tenue). ɺʳʩʦʢʠʡ 

ɸʣʴʛʦʬʣʦʨʘé, 1994. 
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ʋʩʣʦʚʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʣʴʛʦʮʝʥʦʟʘ ʠ ʫʩʣʦʚʠʡ ʩʨʝʜʳ ʀʩʪʦʯʥʠʢ ʜʘʥʥʳʭ 

ʢʣʘʩʩ ʚʩʪʨʝʯʘʝʤʦʩʪʠ (11-20 %) ʠʤʝʣʠ ʠ ʪʘʢʠʝ ʠʥʜʫʮʠʨʫʶʱʠʝ ʟʘʛʨʷʟʥʝʥʠʝ ʨʦʜʳ, ʢʘʢ Tribonema ʠ 

Trachelomonas. 

ʅʘʣʠʯʠʝ ʰʘʭʪʥʳʭ ʩʪʦʢʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʫʛʣʝʜʦʙʳʯʠ 

(ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ 

ʱʝʣʦʯʥʳʝ ʚʦʜʳ ʦʟʸʨ)  

ʅʘʙʣʶʜʘʝʪʩʷ ʦʙʝʜʥʝʥʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ. ɺʠʜʳ ʧʦʨʷʜʢʘ Nostocales ʚ ʨʘʟʚʠʪʠʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʪʫʧʘʶʪ ʭʨʦʦʢʦʢʢʦʚʳʤ ʠ ʦʩʮʠʣʣʘʪʦʨʠʝʚʳʤ, ʘ ʚ ʚʦʜʦʪʦʢʘʭ ʚ ʤʘʩʩʝ ʨʘʟʚʠʚʘʶʪʩʷ ʞʝʣʪʦʟʝʣʝʥʳʝ ʠ 

ʭʵʪʦʬʦʨʦʚʳʝ (Tribonema, Stigeoclonium). ɺ ʩʠʣʴʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʰʘʭʪʥʳʤʠ ʩʪʦʢʘʤʠ ʤʝʣʢʠʭ ʚʦʜʦʝʤʘʭ 

ʘʟʦʪʬʠʢʩʘʪʦʨʳ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ (ʚ ʦʪʩʪʦʡʥʠʢʝ ʰʘʭʪʳ ʚʩʪʨʝʯʝʥʳ ʣʠʰʴ ʶʚʝʥʠʣʴʥʳʝ ʬʦʨʤʳ 

ʥʦʩʪʦʢʘ). ɺ ʩʦʩʪʘʚʝ ʜʝʩʤʠʜʠʝʚʳʭ ʭʘʨʘʢʪʝʨʥʳ ʢʦʩʤʘʨʠʝʚʦ-ʛʦʥʘʪʠʟʠʛʦʚʳʝ ʩʦʯʝʪʘʥʠʷ ʚʠʜʦʚ. ʇʨʠʯʝʤ ʨʦʜ 

Gonatozygon ʩʢʣʦʥʝʥ ʢ ʪʝʨʘʪʦʣʦʛʠʯʝʩʢʠʤ ʥʘʨʫʰʝʥʠʷʤ ʤʦʨʬʦʣʦʛʠʠ ʢʣʝʪʢʠ. ɺ ʦʙʨʘʩʪʘʥʠʷʭ ʣʠʩʪʴʝʚ 

ʦʩʦʢʠ ʠ ʤʭʦʚ ʥʘ 80-90 % ʛʣʘʚʝʥʩʪʚʫʶʪ ʟʝʣʝʥʳʝ ʧʨʠ ʣʠʜʠʨʫʶʱʝʡ ʨʦʣʠ ʨʦʜʘ Cosmarium. ʇʨʝʜʩʪʘʚʠʪʝʣʠ 

ʜʨʫʛʠʭ ʧʦʨʷʜʢʦʚ ʚ ʩʦʩʪʘʚʝ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʧʨʦʷʚʣʷʶʪ ʪʝ ʞʝ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʚʠʜʦʚʦʛʦ 

ʩʦʩʪʘʚʘ. 

ɻʝʮʝʥ ʠ ʜʨ., 1991; 

ʉʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷé, 1994. 

ʍʘʨʘʢʪʝʨʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʟʘʛʨʷʟʥʝʥʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ ʝʜʠʥʠʯʥʘʷ 

ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʨʝʦʬʠʣʴʥʳʭ ʚʠʜʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ ʯʠʩʪʳʭ ʚʦʜ (Hannaea arcus, Diatoma hiemalis, D. 

mesodon, Didymosphernia geminata). 

ʇʨʠʨʦʜʥʘʷ ʩʨʝʜʘ ʪʫʥʜʨʳé, 

2005. 

ɺʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʱʝʣʦʯʥʳʝ ʚʦʜʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠ ʙʣʠʟ ʰʘʭʪ ʙʝʜʥʝʝ ʚʩʝʛʦ ʧʦ ʩʦʩʪʘʚʫ 

ʜʝʩʤʠʜʠʝʚʳʭ. ʅʘ ʤʭʘʭ ʠ ʮʚʝʪʢʦʚʳʭ ʤʘʢʨʦʬʠʪʘʭ ʚ ʦʟʝʨʘʭ ʫ ʫʛʦʣʴʥʦʡ ʰʘʭʪʳ ʦʩʥʦʚʫ ʟʝʣʝʥʳʭ 

ʩʦʩʪʘʚʣʷʣʠ ʜʝʩʤʠʜʠʝʚʳʝ, ʨʦʜ Cosmarium ʜʦʩʪʠʛʘʣ 40-80 % ʯʠʩʣʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʩʨʝʜʠ 

ʜʝʩʤʠʜʠʝʚʳʭ ʠ ʩʠʥʝʟʝʣʝʥʳʭ. ʄʘʩʩʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʜʦʩʪʠʛʘʣʠ C. granatum, ʉ. biretum var. trigibberum ʠ 

Cosmoastrum punctulatum. 

ɸʣʴʛʦʬʣʦʨʘé, 1994. 

ɺʦʜʦʸʤʳ ʩʦ ʩʤʝʰʘʥʥʳʤ 

ʟʘʛʨʷʟʥʝʥʠʝʤ 

ʍʘʨʘʢʪʝʨʥʦ ʤʘʩʩʦʚʦʝ ʨʘʟʚʠʪʠʝ ʥʠʪʯʘʪʦʢ, ʩʢʦʧʣʝʥʠʷ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪ ʜʣʠʥʥʳʝ ʧʨʷʜʠ ʥʘ 

ʧʦʜʚʦʜʥʳʭ ʩʫʙʩʪʨʘʪʘʭ ʠ ʪʦʣʩʪʳʝ çʤʘʪʳè ʥʘ ʜʥʝ ʦʪʜʝʣʴʥʳʭ ʚʦʜʦʝʤʦʚ. ʀʟʦʙʠʣʫʶʪ ʘʟʦʪʬʠʢʩʘʪʦʨʳ. 

ɼʣʷ ʜʠʘʪʦʤʦʚʳʭ ʦʪʤʝʯʝʥʦ ʠʟʤʝʥʝʥʠʝ ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ. ʉʘʤʘʷ ʦʙʝʜʥʝʥʥʘʷ ʬʣʦʨʘ ʜʠʘʪʦʤʝʡ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʢʨʘʡʥʠʭ ʟʚʝʥʴʷʭ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ ʚʦʜʦʝʤʦʚ ʚ ʣʶʙʦʡ ʛʨʫʧʧʝ ʟʘʛʨʷʟʥʝʥʠʡ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʫʩʣʦʚʠʷʭ ʧʨʷʤʦʛʦ ʜʝʡʩʪʚʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʬʦʨʤʠʨʫʶʪʩʷ ʦʣʠʛʦʜʦʤʠʥʘʥʪʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʚʠʜʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʧʨʦʱʝʥʠʝ ʩʦʦʙʱʝʩʪʚ (ʃʘʫʛʘʩʪʝ, ʇʦʨʢ, 1980; ʊʨʠʬʦʥʦʚʘ, 

1990; Kawecka, 1981; ɻʝʮʝʥ ʠ ʜʨ., 1992). ɺ ʚʦʜʦʝʤʘʭ ʩ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʧʨʦʠʩʭʦʜʷʪ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʧʝʨʝʩʪʨʦʡʢʘ ʜʦʤʠʥʠʨʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ, 

ʢʦʪʦʨʳʝ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʚʳʧʘʜʝʥʠʠ ʠʟ ʩʦʩʪʘʚʘ ʚʝʜʫʱʠʭ ʚʠʜʦʚ ʦʢʩʠʬʠʣʴʥʳʭ ʢʩʝʥʦʩʘʧʨʦʙʥʳʭ ʜʠʘʪʦʤʝʡ 

ʠʟ ʨʦʜʦʚ Achnanthes, Eunotia, Cimbella ʠ ʩʥʠʞʝʥʠʠ ʨʦʣʠ ʚʠʜʦʚ Tabellaria. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʫʩʣʦʚʥʦ 

ʯʠʩʪʳʤʠ ʚʦʜʦʝʤʘʤʠ ʟʜʝʩʴ ʚʳʰʝ ʦʙʠʣʠʝ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʟʥʘʯʝʥʠʝ ʪʦʣʝʨʘʥʪʥʳʭ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʠ 

ʜʘʞʝ ʩʘʧʨʦʬʠʣʴʥʳʭ ʚʠʜʦʚ ʠʟ ʨʦʜʦʚ Diatoma, Navicula, Gomphonema, Nitzschia, Surirella. ʂʘʢ ʩʣʝʜʩʪʚʠʝ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪʤʝʯʝʥʦ ʚ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜʦʝʤʘʭ ʤʘʩʩʦʚʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ 

ʫ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ (ɻʝʮʝʥ ʠ ʜʨ., 1992). 

ʇʦ: ɻʝʮʝʥ ʠ ʜʨ., 1992; 

ʉʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷé, 1994. 

ɺʣʠʷʥʠʝ ʥʝʬʪʷʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ 

ɼʣʷ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʠ ʄʘʣʦʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ (ʦʪ ʏʝʰʩʢʦʡ ʛʫʙʳ ʜʦ ɸʤʜʝʨʤʳ) ʦʪʤʝʯʝʥʦ 

ʨʘʟʣʠʯʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʘʟʥʳʭ ʦʪʜʝʣʦʚ ʚʦʜʦʨʦʩʣʝʡ. ʉʨʝʜʠ ʜʠʘʪʦʤʦʚʳʭ ʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʥʝʬʪʠ ʧʣʘʥʢʪʦʥʥʳʝ ʚʠʜʳ, ʢʦʪʦʨʳʝ ʧʦʛʠʙʘʶʪ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʯʝʤ 

ʙʝʥʪʦʩʥʳʝ. ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʜʦ 40 ʛ/ʣ) ʚʳʜʝʨʞʠʚʘʶʪ ʭʣʦʨʦʢʦʢʢʦʚʳʝ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʩʦʜʝʨʞʘʥʠʶ ʚ ʚʦʜʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩʠʥʝʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʟʥʘʯʠʤʳʭ ʬʘʢʪʦʨʦʚ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨ ʘʣʴʛʦʬʣʦʨʳ ʚʦʜʦʸʤʦʚ. 

ɸʣʴʛʦʬʣʦʨʘé, 1994. 



25 

 
ʋʩʣʦʚʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʣʴʛʦʮʝʥʦʟʘ ʠ ʫʩʣʦʚʠʡ ʩʨʝʜʳ ʀʩʪʦʯʥʠʢ ʜʘʥʥʳʭ 

ʆʪʤʝʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʘʢʮʠʠ ʚʦʜʦʨʦʩʣʝʡ ʥʘ ʥʝʬʪʷʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ: ʚ ʪʝʨʤʦʢʘʨʩʪʦʚʦʤ 

ʦʟʝʨʝ ʟʘʙʦʣʦʯʝʥʥʦʡ ʪʫʥʜʨʳ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʇʝʰʠ ʙʳʣʦ ʦʯʝʥʴ ʩʣʘʙʦʝ ʨʘʟʚʠʪʠʝ ʚʦʜʦʨʦʩʣʝʡ ʚ 

ʧʣʘʥʢʪʦʥʝ, ʩ ʥʝʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʟʜʝʩʴ ʦʪʤʝʯʝʥʳ ʩʠʥʝʟʝʣʝʥʳʝ (Aphanizomenon 

flosaquae ï ʦʙʱʝʠʟʚʝʩʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʠ ʤʘʩʩʦʚʦʤ ʨʘʟʚʠʪʠʠ ʵʚʪʨʦʬʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʡ) ʠ 

ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʠʘʪʦʤʦʚʳʝ (Asterionella formosa); ʚ ʦʟʝʨʝ, ʠʤʝʶʱʝʤ ʠʩʪʦʯʥʠʢʠ ʩʦʣʝʡ ʚ ʚʠʜʝ 

ʨʫʯʴʝʚʳʭ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ (ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʚ ʨʘʡʦʥʝ ʇʝʯʦʨʩʢʦʡ 

ʛʫʙʳ) ʦʪʤʝʯʝʥʦ ʩʠʣʴʥʦʝ çʮʚʝʪʝʥʠʝè ʚʦʜʳ (ʚ ʠʶʣʝ ï Anabaena  lemmermannii, ʚ ʘʚʛʫʩʪʝ ï 

Gloeotrichia echinulata), ʚʩʪʨʝʯʝʥ Aphanizomenon flosaquae; ʚ ʦʟ. ʂʨʠʚʦʝ ʥʘ ʦʩʪʨʦʚʝ ʂʦʣʛʫʝʚ ï 

çʮʚʝʪʝʥʠʝè ʚʦʜʳ ʩ ʫʯʘʩʪʠʝʤ Anabaena  lemmermannii ʠ ʩʠʣʴʥʳʡ çʩʛʦʥè ʧʣʘʥʢʪʦʥʥʳʭ ʚʦʜʦʨʦʩʣʝʡ 

ʚ ʪʠʭʠʝ ʟʘʚʦʜʠ ʦʟʝʨʘ, ʣʝʛʢʦ ʚʟʤʫʯʠʚʘʶʱʠʡʩʷ ʥʘʠʣʦʢ; ʚ ʨʘʡʦʥʝ ʤ/ʩʪ ʊʦʙʩʝʜʘ ʚ ʨʝʢʝ ʙʝʟ ʥʘʟʚʘʥʠʷ ʠ 

ʦʟʝʨʘʭ ʦʪʤʝʯʝʥ ʩʧʝʮʠʬʠʯʥʳʡ ʧʦ ʩʦʩʪʘʚʫ ʬʠʪʦʧʣʘʥʢʪʦʥ ʩ ʨʘʟʚʠʪʠʝʤ ʩʚʦʡʩʪʚʝʥʥʳʭ ʟʘʙʦʣʦʯʝʥʥʳʤ 

ʤʝʩʪʦʦʙʠʪʘʥʠʷʤ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ (ʨʦʜʳ Volvox, Hyalotheca, Sphaerozosma, Anabaena), ʩʨʝʜʠ 

ʜʠʘʪʦʤʦʚʳʭ ï ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʜʥʘ ʠ ʦʙʨʘʩʪʘʥʠʡ ʠʟ ʨʦʜʦʚ Tabellaria, Fragillaria  ʠ ʜʨ.; ʚ ʙʘʩʩʝʡʥʝ 

ʨ. ʏʝʨʥʘʷ ʚ ʦʟʝʨʝ, ʩʦʝʜʠʥʷʶʱʠʤʩʷ ʩ ʤʦʨʝʤ ï ʨʘʟʚʠʪʠʝ Aphanizomenon flosaquae ʠ Nodularia 

spumigena; ʚ ʨʘʡʦʥʝ ʖʛʦʨʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʚ ʧʣʘʥʢʪʦʥʝ ʨ. ʂʦʨʦʪʘʠʭʘ ʦʪʤʝʯʝʥʳ ʜʠʘʪʦʤʦʚʳʝ, ʘ 

ʪʘʢʞʝ Aphanizomenon flosaquae, ʚ ʤʘʣʳʭ ʦʟʝʨʘʭ ï Anabaena  lemmermannii, ɸ. solitaria, ʚ ʦʟʝʨʘʭ, 

ʠʤʝʶʱʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʟʘ ʩʯʝʪ ʚʣʠʷʥʠʷ ʤʦʨʩʢʠʭ ʚʦʜ ï ʚʠʜʳ 

ʨʦʜʦʚ Scenedesmus, Pediastrum, Coelastrum, Oocystis, Crucigenia. ʊʘʢʞʝ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʜʣʷ 

ʜʨʫʛʠʭ ʨʘʡʦʥʦʚ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ. ɼʣʷ ʩʝʚʝʨʥʳʭ ʪʫʥʜʨ (ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʚʘʨʠʘʥʪ) ʚ ʚʦʜʦʝʤʘʭ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʧʦʩʪʦʷʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʪʦʢʦʚ ʩ ʙʫʨʦʚʳʭ ʧʣʦʱʘʜʦʢ, ʚʩʪʨʝʯʝʥʳ ʪʠʧʠʯʥʳʝ 

ʜʣʷ ʟʘʙʦʣʦʯʝʥʥʳʭ ʚʦʜʦʝʤʦʚ ʜʝʩʤʠʜʠʝʚʳʝ, ʚʢʣʶʯʘʷ ʚʠʜʳ ʨʦʜʦʚ Spondilosum ʠ Teilingia, 

Cosmarium, Euastrum. ɺ ʧʝʨʠʬʠʪʦʥʝ ʚʦʜʦʝʤʦʚ ʠʤʝʶʪ ʤʝʩʪʦ ʠ ʭʣʦʨʦʢʦʢʢʦʚʳʝ: Dictyosphaerium, 

Coelastrum, Scenedesmus, Tetray dron ʠ Pediastrum. 

ɺʣʠʷʥʠʝ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠ 

ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʚʦʜʥʳʝ 

ʦʙʲʝʢʪʳ 

ɺ ʜʝʡʩʪʚʠʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʷʚʣʷʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ ʪʦʢʩʠʯʥʦʩʪʠ (ʚʦʟʤʦʞʥʦ, ʟʘ 

ʩʯʝʪ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ), ʧʦʚʳʰʝʥʠʷ pH ʠ ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʙʠʦʛʝʥʦʚ. 

ʆʪʤʝʯʝʥʦ ʪʨʠ ʫʨʦʚʥʷ ʜʝʡʩʪʚʠʷ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ: ʧʨʠ ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʚʦʟʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʣʠʰʴ ʥʘ ʫʨʦʚʥʝ ʥʘʠʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʚʠʜʦʚ, ʥʘʧʨʠʤʝʨ, Pseudohaplocaulus anabaenae. ʅʘ ʦʩʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʩʦʦʙʱʝʩʪʚʘ ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ ʟʘ ʩʯʝʪ ʠʤʝʶʱʠʭʩʷ ʚ ʥʝʤ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʢʘʟʳʚʘʝʪ 

ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ. ɹʦʣʝʝ ʩʠʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʚʳʧʘʜʝʥʠʶ ʟʚʝʥʘ ʢʦʥʩʫʤʝʥʪʦʚ ï ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʘʣʴʛʦʬʘʛʦʚ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʘʢʞʝ ʩʣʫʞʠʪ 

ʩʪʠʤʫʣʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʘ ʚʩʣʝʜ ʟʘ ʥʠʤ ʠ ʜʣʷ ʩʘʧʨʦʬʠʪʥʳʭ ʙʘʢʪʝʨʠʡ, 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘ ʧʦʩʪʫʧʠʚʰʝʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ ʠ ʦʪʤʝʨʰʠʭ ʦʨʛʘʥʠʟʤʘʭ. ʂʨʘʡʥʝ ʚʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʟʳʚʘʶʪ ʧʦʣʥʦʝ ʫʛʥʝʪʝʥʠʝ ʦʙʳʯʥʦʛʦ ʦʟʝʨʥʦʛʦ ʧʣʘʥʢʪʦʥʘ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʨʘʟʚʠʪʠʝ ʥʘ 

ʦʪʤʝʨʰʠʭ ʦʨʛʘʥʠʟʤʘʭ ʩʘʧʨʦʬʠʪʦʚ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳé, 

1994 

ɺ ʮʝʣʦʤ ʘʥʪʨʦʧʦʛʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʚʦʜʦʸʤʳ  

ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʫʥʜʨʦʚʳʝ ʦʟʝʨʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʢʘʢ ʧʝʨʚʦʛʦ ʟʚʝʥʘ ʪʨʦʬʠʯʝʩʢʦʡ ʮʝʧʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʟʝʨ 

ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ. ɺ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʦʣʠʛʦʪʨʦʬʥʳʭ ʦʟʝʨʘʭ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʜʠʘʪʦʤʦʚʳʭ, ʟʦʣʦʪʠʩʪʳʭ ʠ ʜʠʥʦʬʠʪʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʠʟʤʝʥʝʥʠʷ ʙʦʣʝʝ ʟʘʤʝʪʥʳ ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʩʤʝʥʝ 

ʜʦʤʠʥʠʨʫʶʱʠʭ ʚʠʜʦʚ. ɺ ʤʝʣʢʦʚʦʜʥʳʭ ʦʟʝʨʘʭ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʝʜʝʪ ʢ 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳé, 

1994 



26 

 
ʋʩʣʦʚʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʣʴʛʦʮʝʥʦʟʘ ʠ ʫʩʣʦʚʠʡ ʩʨʝʜʳ ʀʩʪʦʯʥʠʢ ʜʘʥʥʳʭ 

ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ ʩʠʥʝʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʚ ʦʩʥʦʚʥʦʤ ʚʠʜʦʚ ʨʦʜʘ Anabaena, ʘ ʪʘʢʞʝ 

ʭʣʦʨʦʢʦʢʢʦʚʳʭ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ çʮʚʝʪʝʥʠʝè ʚʦʜʳ. ʇʦ ʫʨʦʚʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʵʪʠ ʦʟʝʨʘ ʚʧʦʣʥʝ 

ʩʨʘʚʥʠʤʳ ʩ ʵʚʪʨʦʬʥʳʤʠ ʠ ʜʘʞʝ ʛʠʧʝʨʵʚʪʨʦʬʥʳʤʠ ʦʟʝʨʘʤʠ ʫʤʝʨʝʥʥʦʡ ʟʦʥʳ (ʙʠʦʤʘʩʩʘ >10 ʛ/ʤ
3
, 

ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ >50 ʤʛ/ʤ
3
). ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘʛʨʷʟʥʝʥʠʷ ʝʱʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʪʠʤʫʣʠʨʫʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ ʚ ʧʣʘʥʢʪʦʥʝ. 

ʇʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʘʢʞʝ ʠ ʦʙʝʜʥʝʥʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʩʥʠʞʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʩʦʦʙʱʝʩʪʚ, ʭʦʪʷ ʙʦʣʴʰʘʷ ʩʝʟʦʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʠʥʜʝʢʩʘ ʨʘʟʥʦʦʙʨʘʟʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ 

ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʟʘʛʨʷʟʥʝʥʠʷ ʦʟʝʨ ʉʫʙʘʨʢʪʠʢʠ. 

ɺʣʠʷʥʠʝ ʧʦʚʳʰʝʥʥʦʡ 

ʟʘʤʫʪʥʝʥʥʦʩʪʠ ʥʘ ʧʣʘʥʢʪʦʥ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ (ɻʦʨʙʫʥʦʚʘ, 1988; ʗʥʢʷʚʠʯʫʩ ʠ ʜʨ., 1988; Cuker, 1988) ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʜʦʙʘʚʢʠ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʛʣʠʥʳ ʙʦʣʝʝ 200 ʤʛ/ʣ ʜʝʡʩʪʚʫʶʪ ʫʛʥʝʪʘʶʱʝ. ʉʥʠʞʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘ 

çʘè, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʫ ʚʦʜʦʨʦʩʣʝʡ. ɺʤʝʩʪʦ ʦʙʳʯʥʳʭ ʜʦʤʠʥʠʨʫʶʱʠʭ ʚʦʜʦʨʦʩʣʝʡ ʥʘʯʠʥʘʶʪ 

ʚ ʤʘʩʩʝ ʨʘʟʚʠʚʘʪʴʩʷ ʬʣʘʛʝʣʣʷʪʳ. ʅʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ 

ʦʩʚʝʱʝʥʥʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʚ ʧʘʩʤʫʨʥʫʶ ʧʦʛʦʜʫ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʬʦʩʬʦʨʘ, ʩʤʷʛʯʘʝʪ ʜʝʡʩʪʚʠʝ ʟʘʤʫʪʥʝʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ (ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳé, 1994), ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʛʣʠʥʦʧʦʨʦʰʢʘ ʥʘʯʘʣʴʥʘʷ ʚʩʧʳʰʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ ʷʚʣʷʣʘʩʴ ʧʨʦʜʦʣʞʝʥʠʝʤ çʮʚʝʪʝʥʠʷè 

ʩʠʥʝʟʝʣʝʥʳʤʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʟʚʠʪʠʝ ʤʝʣʢʠʭ ʞʛʫʪʠʢʦʚʳʭ ʬʦʨʤ, ʠʥʬʫʟʦʨʠʡ ʠ 

ʢʦʣʦʚʨʘʪʦʢ (ʚʦʟʤʦʞʥʦ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʜʠʥʫʶ ʧʠʱʝʚʫʶ ʮʝʧʴ ʩ ʙʘʢʪʝʨʠʷʤʠ).  

ʇʦ: ʆʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳé, 1994 

ɸʥʪʨʦʧʦʛʝʥʥʦʝ 

ʧʦʜʱʝʣʘʯʠʚʘʥʠʝ ʚʦʜʳ  

ʈʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ pH ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʫʛʥʝʪʘʶʱʝʝ ʜʝʡʩʪʚʠʝ. ʇʨʠ ʩʥʠʞʝʥʠʠ pH, ʥʘʧʨʠʤʝʨ, 

ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ʚʦʜʳ, ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘ çʘè. ɼʝʡʩʪʚʠʝ 

ʧʦʚʳʰʝʥʥʦʛʦ pH çʚ ʯʠʩʪʦʤ ʚʠʜʝè ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʝʡʩʪʚʠʷ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠ 

ʠʥʪʝʥʩʠʚʥʦʤ ʬʦʪʦʩʠʥʪʝʟʝ ʚʦʜʦʨʦʩʣʝʡ. ʇʨʠ çʮʚʝʪʝʥʠʠè pH ʚʦʜʳ ʚ ʦʟʝʨʝ ʧʦʜʥʠʤʘʣʘʩʴ ʜʦ 7,8, 

ʥʘʙʣʶʜʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʟʦʦʧʣʘʥʢʪʦʥʘ ʠ ʠʥʬʫʟʦʨʠʡ, ʦʜʥʘʢʦ ʚ ʮʝʣʦʤ ʩʪʨʫʢʪʫʨʘ 

ʩʦʦʙʱʝʩʪʚʘ ʦʩʪʘʚʘʣʘʩʴ ʪʠʧʠʯʥʦʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʟʝʨ. ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʧʦʜʱʝʣʘʯʠʚʘʥʠʝ ʚʝʜʝʪ ʢ ʙʦʣʝʝ 

ʩʠʣʴʥʦʤʫ ʧʦʜʲʝʤʫ pH. ʑʝʣʦʯʥʳʝ ʨʝʘʛʝʥʪʳ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴ ʠʦʥʥʳʡ ʙʘʣʘʥʩ ʦʨʛʘʥʠʟʤʦʚ, ʚ ʮʝʣʦʤ 

ʠʟʤʝʥʷʪʴ ʩʪʨʫʢʪʫʨʫ ʩʦʦʙʱʝʩʪʚʘ ʠ ʧʦʜʘʚʣʷʪʴ ʨʘʟʚʠʪʠʝ ʪʠʧʠʯʥʦʡ ʬʣʦʨʳ ʠ ʬʘʫʥʳ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳé, 

1994 

ɺʣʠʷʥʠʝ ʥʘ ʚʦʜʦʨʦʩʣʠ 

ʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ  

ʄʝʣʢʠʝ ʪʝʨʤʦʢʘʨʩʪʦʚʳʝ ʦʟʝʨʘ ʠ ʛʣʫʙʦʢʦʚʦʜʥʳʝ ʦʟʝʨʘ ʣʝʜʥʠʢʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʛʠʜʨʦʙʠʦʥʪʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʧʨʦʜʫʢʮʠʦʥʥʦ-ʜʝʩʪʨʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʤʝʣʢʦʚʦʜʥʳʭ ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʦʟʝʨʘʭ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʚʝʣʠʯʠʥʳ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ (ʌ) ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ɼ), ʢʦʵʬʬʠʮʠʝʥʪ ʌ/ɼ ʚ ʘʙʩʦʣʶʪʥʦʤ ʙʦʣʴʰʠʥʩʪʚʝ ʦʟʝʨ ʙʦʣʴʰʝ 1 - ʵʪʠ ʦʟʝʨʘ 

ʩʧʦʩʦʙʥʳ ʢ ʙʳʩʪʨʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʚ ʪʦʣʱʝ ʚʦʜʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʬʠʪʦʧʣʘʥʢʪʦʥʦʤ, ʠ ʙʦʣʝʝ ʫʷʟʚʠʤʳ ʢ ʵʚʪʨʦʬʠʨʦʚʘʥʠʶ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ɺ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʦʟʝʨʘʭ ʩʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤʠ ʵʢʦʩʠʩʪʝʤʘʤʠ - ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʜʝʩʪʨʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘʜ ʧʨʦʜʫʢʮʠʦʥʥʳʤʠ (ʢʦʵʬʬʠʮʠʝʥʪ ʌ/ɼ ʤʝʥʴʰʝ 1). 

ɿʘʛʨʷʟʥʝʥʠʝ ʚʦʜʦʝʤʦʚ ʚʝʜʝʪ ʢ ʦʙʝʜʥʝʥʠʶ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ʈʦʣʴ ʟʦʣʦʪʠʩʪʳʭ 

ʚʦʜʦʨʦʩʣʝʡ ʠ ʜʠʘʪʦʤʦʚʳʭ ʩʥʠʞʘʝʪʩʷ, ʘ ʜʦʤʠʥʘʥʪʘʤʠ ʩʪʘʥʦʚʷʪʩʷ ʩʠʥʝʟʝʣʝʥʳʝ ʠ ʭʣʦʨʦʢʦʢʢʦʚʳʝ 

ʚʦʜʦʨʦʩʣʠ.  

ʇʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʦʟʝʨ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʨʦʣʠ ʠʣʠ ʧʦʣʥʦʝ ʚʳʧʘʜʝʥʠʝ ʦʩʥʦʚʥʳʭ ʜʦʤʠʥʘʥʪʦʚ 

ʧʨʦʩʪʝʡʰʠʭ, ʚ ʤʘʩʩʝ ʨʘʟʚʠʚʘʶʪʩʷ ʣʠʙʦ ʩʫʙʜʦʤʠʥʘʥʪʥʳʝ ʚʠʜʳ, ʣʠʙʦ ʚʠʜʳ, ʥʝʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳé, 

1994 



27 

 
ʋʩʣʦʚʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʣʴʛʦʮʝʥʦʟʘ ʠ ʫʩʣʦʚʠʡ ʩʨʝʜʳ ʀʩʪʦʯʥʠʢ ʜʘʥʥʳʭ 

ʧʣʘʥʢʪʦʥʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʟʝʨ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʩʪʝʡʰʠʝ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʘʭ 

ʩʘʤʦʦʯʠʱʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʫʩʠʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʦʜʦʝʤʝ.  

ʉʧʦʩʦʙʥʦʩʪʴ ʟʦʦʧʣʘʥʢʪʦʥʘ ʢ ʩʘʤʦʦʯʠʱʝʥʠʶ ʚʦʜʦʝʤʦʚ: ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥ ʩʪʨʝʩʩʦʚʦʤʫ 

ʚʣʠʷʥʠʶ ʟʘʛʨʷʟʥʝʥʠʷ ʟʦʦʧʣʘʥʢʪʦʥ ʤʝʣʢʠʭ ʦʟʝʨ ʧʨʫʜʦʚʦʛʦ ʪʠʧʘ, ʩ ʥʠʟʢʠʤ ʚʠʜʦʚʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠ ʩ 

ʫʢʦʨʦʯʝʥʥʳʤʠ ʧʠʱʝʚʳʤʠ ʩʚʷʟʷʤʠ. ɺʳʙʨʦʩʳ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʦʩʦʙʝʥʥʦ ʟʘʣʧʦʚʳʝ, ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʦʪʤʠʨʘʥʠʶ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʦʥʢʠʭ ʬʠʣʴʪʨʘʪʦʨʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʦʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʦʯʠʩʪʠʪʝʣʝʡ ʚ 

ʦʟʝʨʘʭ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʱʝ ʙʦʣʴʰʝʤʫ ʫʢʦʨʘʯʠʚʘʥʠʶ ʪʨʦʬʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʟʘʛʨʷʟʥʷʝʤʳʭ 

ʦʟʝʨ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʙʦʣʴʰʝʡ ʠʭ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ. ɿʘʛʨʷʟʥʝʥʠʝ ʪʫʥʜʨʦʚʳʭ ʦʟʝʨ ʯʘʩʪʦ ʚʳʟʳʚʘʣʦ 

ʫʚʝʣʠʯʝʥʠʝ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʧʨʠ ʙʦʣʝʝ ʩʣʘʙʦʤ ʫʚʝʣʠʯʝʥʠʠ ʙʠʦʤʘʩʩʳ ʟʦʦʧʣʘʥʢʪʦʥʘ ʠʣʠ ʜʘʞʝ 

ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ.  

ʈʦʣʴ ʚʳʩʰʠʭ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʩʚʦʜʠʪʩʷ ʢ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʟʘʜʝʨʞʘʥʠʶ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, 

ʫʚʝʣʠʯʝʥʠʶ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʧʣʦʱʘʜʠ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩ ʨʘʟʣʘʛʘʶʱʝʡ ʠʭ ʤʠʢʨʦʬʣʦʨʦʡ, 

ʧʦʚʳʰʝʥʠʶ ʯʠʩʣʝʥʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʘʤʦʦʯʠʱʝʥʠʠ ʚʦʜʳ ʙʣʘʛʦʜʘʨʷ 

ʚʳʧʘʜʝʥʠʶ ʤʝʪʘʙʦʣʠʪʦʚ, ʦʙʦʛʘʱʝʥʠʶ ʚʦʜʳ ʨʘʩʪʚʦʨʝʥʥʳʤ ʢʠʩʣʦʨʦʜʦʤ. 

çʎʚʝʪʝʥʠʝè ʚʦʜʳ  ɺʦʜʦʨʦʩʣʠ, ʚʳʟʳʚʘʶʱʠʝ çʮʚʝʪʝʥʠʝè ʚʦʜʳ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ: 

Anabaena  lemmermannii 

Gloeotrichia echinulata 

Aphanizomenon flos-aquae 

Aphanizomenon flos-aquae 

ɸʣʴʛʦʬʣʦʨʘé, 1994; 

ʉʪʝʥʠʥʘ, ʇʘʪʦʚʘ, 2010. 

ɺ ʩʠʩʪʝʤʝ ʍʘʨʙʝʡʩʢʠʭ ʦʟʝʨ: 

Dolichospermum flos-aquae f. flos-aquae 

Dolichospermum flos-aquae f. gracilis 

Dolichospermum  lemmermannii 

Planktothrix agardhii 

Dolichospermum circinale 

Dolichospermum circinale var. cyrtospora 

Anabaena solitaria f. solitaria 

Aphanizomenon flos-aquae 

Tolypothrix tenuis 

Woronichinia naegeliana 

ʇʘʪʦʚʘ, 2014. 

ʉʘʤʘʷ ʚʳʩʦʢʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʚʦʜʦʨʦʩʣʝʡ ʚ ʦʟʝʨʝ ʧʨʠ çʮʚʝʪʝʥʠʠè ʪʝʩʥʦ ʩʦʧʨʷʞʝʥʘ ʩ ʨʷʜʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʝʛʦ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ: ʙʦʣʝʝ ʱʝʣʦʯʥʘʷ ʩʨʝʜʘ, ʚʳʩʦʢʘʷ ʦʢʠʩʣʷʝʤʦʩʪʴ ʚʦʜʳ, 

ʦʙʥʘʨʫʞʝʥʠʝ ʚ ʧʝʨʠʦʜ ʮʚʝʪʝʥʠʷ ʥʠʪʨʘʪʦʚ.  

ɸʣʴʛʦʬʣʦʨʘé, 1994 
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ɻʃɸɺɸ 2. ʇʈʀʈʆɼʅʓɽ ʋʉʃʆɺʀʗ ʈɸʁʆʅʆɺ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

2.1. ʇʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ 

 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʂʘʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʟʘʧʘʜʥʦʛʦ ʤʘʢʨʦʩʢʣʦʥʘ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ 

(ʧʨʠʣʦʞʝʥʠ ̫1, 2).  

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʘʷ ʪʫʥʜʨʘ ï ʪʝʨʨʠʪʦʨʠʷ ʥʘ ʢʨʘʡʥʝʤ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ 

ʈʦʩʩʠʠ ʦʪ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʨ. ʇʝʯʦʨʘ ʥʘ ʟʘʧʘʜʝ ʜʦ ʭʨʝʙʪʘ ʇʘʡ-ʍʦʡ ʠ ʦʪʨʦʛʦʚ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʥʘ 

ʚʦʩʪʦʢʝ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʟʚʳʰʝʥʥʫʶ ʭʦʣʤʠʩʪʦ-ʛʨʷʜʦʚʫʶ ʨʘʚʥʠʥʫ ʥʘ ʩʝʚʝʨʝ ʠ 

ʧʦʣʦʛʦ-ʭʦʣʤʠʩʪʫʶ ʚ ʶʞʥʦʡ ʯʘʩʪʠ. ʇʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɻ.ɺ. ɻʦʨʙʘʮʢʦʛʦ (1976) (ʧʦ: ʉʪʝʥʠʥʘ, 

2009), ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ 

ʪʝʨʨʠʪʦʨʠʷ ʚʳʜʝʣʷʝʪʩʷ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʠʡ ʨʘʡʦʥ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ 

ʧʨʦʚʠʥʮʠʠ ʂʦʣʴʩʢʦ-ɻʳʜʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʦ ʙʦʪʘʥʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʘʷ ʪʫʥʜʨʘ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʜʟʦʥʝ ʶʞʥʳʭ ʛʠʧʦʘʨʢʪʠʯʝʩʢʠʭ ʪʫʥʜʨ (ɻʨʠʙʦʚʘ, 1980). 

ɽʸ ʶʞʥʘʷ ʛʨʘʥʠʮʘ ʧʨʦʭʦʜʠʪ ʧʦ 67ę ʩ.ʰ., ʩʝʚʝʨʥʘʷ ï ʧʦ ʙʝʨʝʛʫ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ, ʫʩʣʦʚʥʦ 

ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʚʦʩʪʦʯʥʫʶ ʠ ʟʘʧʘʜʥʫʶ ʯʘʩʪʠ ʧʦ 57ę ʚ.ʜ., ʝʝ ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʥʘ ʟʘʧʘʜʝ ʫʩʣʦʚʥʦ 

ʦʛʨʘʥʠʯʝʥʘ ʂʦʨʦʪʘʠʭʩʢʦʡ ʥʠʟʠʥʦʡ (ʈʝʙʨʠʩʪʘʷ, 1977).  

ʇʦʣʷʨʥʳʡ ʋʨʘʣ ï ʛʦʨʥʘʷ ʦʙʣʘʩʪʴ ʥʘ ʩʝʚʝʨʝ ɽʚʨʘʟʠʠ, ʩʘʤʘʷ ʩʝʚʝʨʥʘʷ ʯʘʩʪʴ ʋʨʘʣʴʩʢʠʭ ʛʦʨ.  

ʉʝʚʝʨʥʦʡ ʛʨʘʥʠʮʝʡ ʨʝʛʠʦʥʘ ʩʯʠʪʘʝʪʩʷ ʛʦʨʘ ʂʦʥʩʪʘʥʪʠʥʦʚ ʢʘʤʝʥʴ, ʘ ʦʪ ʇʨʠʧʦʣʷʨʥʦʛʦ ʋʨʘʣʘ 

ʨʘʡʦʥ ʦʪʜʝʣʷʝʪ ʨ. ʍʫʣʛʘ (ʂʝʤʤʝʨʠʭ, 1966; ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007). ʊʝʨʨʠʪʦʨʠʷ ʨʘʩʧʦʣʦʞʝʥʘ 

ʚ ʪʫʥʜʨʦʚʦʡ ʦʙʣʘʩʪʠ, ʚ ʧʦʜʟʦʥʝ ʩʫʙʘʨʢʪʠʯʝʩʢʠʭ (ʠʣʠ ʛʠʧʦʘʨʢʪʠʯʝʩʢʠʭ) ʪʫʥʜʨ (ʖʨʮʝʚ ʠ ʜʨ., 

1978) ʠ ʛʦʨʥʳʭ ʪʫʥʜʨʘʭ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʩ ʚʳʨʘʞʝʥʥʦʡ ʚʳʩʦʪʥʦʡ ʧʦʷʩʥʦʩʪʴʶ. ʈʘʡʦʥ ʨʘʙʦʪ 

ʦʪʥʦʩʠʪʩʷ ʢ ɺʦʩʪʦʯʥʦʝʚʨʦʧʝʡʩʢʦ-ɿʘʧʘʜʥʦʩʠʙʠʨʩʢʦʡ ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʋʨʘʣʦ-

ʇʘʡʭʦʡʩʢʦʡ ʧʦʜʧʨʦʚʠʥʮʠʠ ʩʫʙʘʨʢʪʠʯʝʩʢʠʭ ʪʫʥʜʨ (ɸʣʝʢʩʘʥʜʨʦʚʘ, 1977), ʘ ʩʦʛʣʘʩʥʦ 

ʨʘʡʦʥʠʨʦʚʘʥʠʶ ï ɸʨʢʪʠʯʝʩʢʦʡ ʬʣʦʨʠʩʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʋʨʘʣʦ-

ʅʦʚʦʟʝʤʝʣʴʩʢʦʡ ʬʣʦʨʠʩʪʠʯʝʩʢʦʡ ʧʦʜʧʨʦʚʠʥʮʠʠ ɽʚʨʦʧʝʡʩʢʦ-ɿʘʧʘʜʥʦʩʠʙʠʨʩʢʦʡ ʧʨʦʚʠʥʮʠʠ 

(ʖʨʮʝʚ ʠ ʜʨ., 1978). ʖʞʥʘʷ ʛʨʘʥʠʮʘ ʟʦʥʳ ʪʫʥʜʨ ʥʘ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʋʨʘʣʫ ʨʘʚʥʠʥʝ ʧʨʦʭʦʜʠʪ ʧʦ 

ʰʠʨʦʪʝ 67Á18' (ʈʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚé, 2006).  

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʨʝʣʴʝʬ. ɺ ʦʨʦʛʨʘʬʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʦʛʦ-ʭʦʣʤʠʩʪʫʶ ʨʘʚʥʠʥʫ, ʩ ʚʦʩʪʦʢʘ 

ʧʨʠʤʳʢʘʝʪ ʢ ʇʝʯʦʨʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʘ ʋʨʘʣʦʤ, ʘ ʩ ʟʘʧʘʜʘ ï ʊʠʤʘʥʦʤ. ɸʙʩʦʣʶʪʥʳʝ 

ʚʳʩʦʪʳ ʥʝ ʧʨʝʚʳʰʘʶʪ 220 ʤ.  

ʇʦʣʷʨʥʳʡ ʋʨʘʣ ʧʨʠʫʨʦʯʝʥ ʢ ʦʧʫʱʝʥʥʦʤʫ ʫʯʘʩʪʢʫ ʎʝʥʪʨʘʣʴʥʦ-ʋʨʘʣʴʩʢʦʛʦ 

ʘʥʪʠʢʣʠʥʦʨʠʷ (ʉʦʙʩʢʦ-ɺʦʡʩʢʦʛʦ) ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʦʜʥʠʤ ʭʨʝʙʪʦʤ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 15-20 ʢʤ. 

http://rfwiki.org/%D0%95%D0%B2%D1%80%D0%B0%D0%B7%D0%B8%D1%8F
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ʉ ʚʦʩʪʦʢʘ ʢ ʥʝʤʫ ʧʨʠʤʳʢʘʝʪ ʮʝʧʦʯʢʘ ʛʨʷʜ ʠ ʫʚʘʣʦʚ ʚʳʩʦʪʦʡ ʜʦ 600 ʤ, ʥʘʟʳʚʘʝʤʘʷ ʄʘʣʳʤ 

ʋʨʘʣʦʤ. ʅʘ ʟʘʧʘʜʝ ʇʦʣʷʨʥʳʡ ʋʨʘʣ ʦʛʨʘʥʠʯʝʥ ʧʦʣʦʛʦ-ʭʦʣʤʠʩʪʦʡ ʥʘʢʣʦʥʥʦʡ ʨʘʚʥʠʥʦʡ, ʚʳʩʦʪʳ 

ʢʦʪʦʨʦʡ ʫʤʝʥʴʰʘʶʪʩʷ ʜʦ 400-500 ʤ ʙʣʠʟ ʧʦʜʥʦʞʠʷ ʭʨʝʙʪʘ ʠ ʜʦ 200-260 ʤ ʥʘ ʛʨʘʥʠʮʝ ʩ 

ʇʝʯʦʨʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʴʶ (ɹʦʨʠʩʝʚʠʯ, 1974; ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007). ʇʦ ʭʘʨʘʢʪʝʨʫ ʨʝʣʴʝʬʘ ʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʩʪʨʦʝʥʠʶ ʇʦʣʷʨʥʳʡ ʋʨʘʣ ʨʘʟʜʝʣ̫ʝʪʩʷ ʥʘ ʩʝʚʝʨʥʫʶ ʠ ʶʞʥʫʶ ʨʝʟʢʦ 

ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʯʘʩʪʠ (ʂʝʤʤʝʨʠʭ, 1966). ʉʝʚʝʨʥʘʷ ʯʘʩʪʴ (ʦʪ ʛ. ʂʦʥʩʪʘʥʪʠʥʦʚ ʂʘʤʝʥʴ ʥʘ ʩʝʚʝʨʝ 

ʜʦ ʨ. ʉʦʙʴ ʥʘ ʶʛʝ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʢʦʨʦʪʢʠʭ ʭʨʝʙʪʦʚ ʠ ʤʘʩʩʠʚʦʚ 

ʩʝʚʝʨʥʦʛʦ ʠʣʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʨʘʟʜʝʣʝʥʥʦʛʦ ʧʨʦʜʦʣʴʥʳʤʠ ʠ ʧʦʧʝʨʝʯʥʳʤʠ 

ʜʦʣʠʥʘʤʠ ʨʝʢ ʥʘ ʦʪʜʝʣʴʥʳʝ ʤʘʩʩʠʚʳ ʠ ʚʦʟʚʳʰʝʥʥʦʩʪʠ. ɺ ʧʨʝʜʝʣʘʭ ʋʨʘʣʘ ʚʳʜʝʣʷʶʪ ʪʨʠ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ: ʚʳʩʦʢʦʛʦʨʴʝ (ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʪʘʤʠ ʙʦʣʝʝ 1000 ʤ), 

ʩʨʝʜʥʝʛʦʨʴʝ (ʩ ʚʳʩʦʪʥʳʤʠ ʦʪʤʝʪʢʘʤʠ ʦʪ 500 ʜʦ 1000 ʤ, ʵʪʦ ʩʚʦʝʦʙʨʘʟʥʳʝ ʛʦʨʥʳʝ ʛʨʷʜʳ, ʢʨʫʪʦ 

ʚʟʜʳʤʘʶʱʠʝʩʷ ʥʘʜ ʦʢʨʫʞʘʶʱʝʡ ʠʭ ʧʣʦʩʢʦʡ ʨʘʚʥʠʥʦʡ ʩ ʦʪʤʝʪʢʘʤʠ 120-180 ʤ), ʭʦʣʤʠʩʪʦ-

ʫʚʘʣʴʥʦʝ ʧʨʝʜʛʦʨʴʝ (300-500 ʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʝʜʛʦʨʥʘʷ ʨʘʚʥʠʥʘ ʠ ʥʠʟʢʦʝ ʧʨʝʜʛʦʨʴʝ ʩ ʚʳʩʦʪʘʤʠ 

100-500 ʤ ʠ ʫʢʣʦʥʘʤʠ ʜʦ 10ę). ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʷʚʣʷʶʪʩʷ ʭʨʝʙʪʳ ʆʯʝ-ʅʳʨʜ, 

ɹ. ʠ ʄ. ʇʘʡʧʫʜʳʥʩʢʠʡ: ʍʘʡʤʝʡʩʢʠʡ, ɹʦʨʟʦʚʘ, ɽʥʛʘʥʵʧʵ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʚʳʩʦʪʘʤʠ ʥʘʜ 

ʜʦʣʠʥʘʤʠ ʨʝʢ 800-1000 ʤ ʠ ʰʠʨʠʥʦʡ ʜʦʣʠʥ 3-4 ʢʤ. ʂ ʶʛʫ ʰʠʨʠʥʘ ʛʦʨʥʦʡ ʦʙʣʘʩʪʠ ʨʝʟʢʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʦʪ 5-7 ʢʤ ʫ ʛ. ʂʦʥʩʪʘʥʪʠʥʦʚ ʂʘʤʝʥʴ ʜʦ 125 ʢʤ ʚ ʨʘʡʦʥʝ ʢʨʷʞʘ ɽʥʛʘʥʵʧʵ). 

ɿʘʧʘʜʥʳʡ ʩʢʣʦʥ ʙʦʣʝʝ ʢʨʫʪʦʡ, ʯʝʤ ʚʦʩʪʦʯʥʳʡ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʠʣʴʥʝʝ ʨʘʩʯʣʝʥʝʥ ʨʝʢʘʤʠ ʠ 

ʨʫʯʴʷʤʠ. ʅʘʨʷʜʫ ʩ ʧʣʘʪʦʦʙʨʘʟʥʳʤʠ ʚʝʨʰʠʥʘʤʠ ʟʜʝʩʴ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʭʨʝʙʪʳ ʩ ʪʠʧʠʯʥʳʤʠ 

ʘʣʴʧʠʡʩʢʠʤʠ ʬʦʨʤʘʤʠ ʨʝʣʴʝʬʘ. ʅʘ ʚʝʨʰʠʥʘʭ ʠ ʩʢʣʦʥʘʭ ʛʦʨ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʢʘʤʝʥʥʳʝ 

ʨʦʩʩʳʧʠ, ʦʩʳʧʠ, ʧʦʣʠʛʦʥʘʣʴʥʳʝ ʠ ʜʨʫʛʠʝ ʬʦʨʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʮʝʩʩʘʤʠ ʤʦʨʦʟʥʦʛʦ 

ʚʳʚʝʪʨʠʚʘʥʠʷ. ɺ ʛʦʣʴʮʦʚʦʡ ʯʘʩʪʠ ʚʳʨʘʞʝʥ ʩʪʫʧʝʥʯʘʪʳʡ ʨʝʣʴʝʬ ʩ ʧʣʦʩʢʠʤʠ ʥʘʛʦʨʥʳʤʠ 

ʪʝʨʨʘʩʘʤʠ, ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʧʣʦʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠʤʝʶʪ ʪʘʢʠʝ ʧʝʨʝʚʘʣʳ ʩʝʜʣʦʚʠʜʥʦʛʦ ʪʠʧʘ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʢʨʫʪʠʟʥʘ ʩʢʣʦʥʦʚ ʦʪ 5-6 ʜʦ 15-20ę (ɿʘʙʦʝʚʘ, 1975; ɹʠʦʣʦʛʠʯʝʩʢʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝé, 2010).  

ɻʦʨʥʳʝ ʮʝʧʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ (ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʦʨʳʭ ʟʘʥʠʤʘʝʪ 

ʎʝʥʪʨʘʣʴʥʦ-ʋʨʘʣʴʩʢʦʝ (ʇʦʣʷʨʥʦʫʨʘʣʴʩʢʦʝ) ʧʦʜʥʷʪʠʝ) ʢʨʫʪʦ ʩʤʝʥʷʶʪʩʷ ʥʘ ʟʘʧʘʜʝ ʫʚʘʣʘʤʠ 

ɿʘʧʘʜʥʦ-ʋʨʘʣʴʩʢʦʡ ʟʦʥʳ ʩʢʣʘʜʯʘʪʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʝʨʝʭʦʜʷʪ ʯʝʨʝʟ ʇʨʝʜʫʨʘʣʴʩʢʠʡ ʢʨʘʝʚʦʡ 

ʧʨʦʛʠʙ ʚ ʨʘʚʥʠʥʫ ɺʦʩʪʦʯʥʦ-ʝʚʨʦʧʝʡʩʢʦʡ (ʈʫʩʩʢʦʡ) ʧʣʘʪʬʦʨʤʳ. ʅʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʦʥʠ 

ʩʦʯʣʝʥʷʶʪʩʷ ʩ ʛʨʷʜʘʤʠ ʇʘʡ-ʍʦʷ, ʘ ʥʘ ʩʝʚʝʨʝ ʠ ʚʦʩʪʦʢʝ ï ʧʦʣʦʛʦ ʩʧʫʩʢʘʶʪʩʷ ʢ ʥʠʟʤʝʥʥʦʩʪʠ 

ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʧʣʠʪʳ (ʄʠʣʘʥʦʚʩʢʠʡ, 1989). ʇʦʨʦʜʳ, ʩʣʘʛʘʶʱʠʝ ʋʨʘʣʴʩʢʫʶ ʩʢʣʘʜʯʘʪʫʶ 

ʦʙʣʘʩʪʴ, ʠʤʝʶʪ ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ, ʢʦʪʦʨʘʷ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩ ʨʠʬʝʡʩʢʦʛʦ ʚʨʝʤʝʥʠ. 

ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦʟʜʥʝʢʝʤʙʨʠʡʩʢʦ-ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʟʘʧʘʜʥʦʛʦ ʩʢʣʦʥʘ 

ʩʝʚʝʨʘ ʋʨʘʣʘ (ʫʨʘʣʠʜʳ). ɺ ʠʭ ʩʪʨʫʢʪʫʨʥʦʤ ʧʣʘʥʝ ʧʨʝʦʙʣʘʜʘʶʪ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʝ ʠ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʦʩʣʦʞʥʝʥʥʳʝ ʥʘʜʚʠʛʦʚʳʤʠ ʜʠʩʣʦʢʘʮʠʷʤʠ. 



30 

 

ʆʪ ʥʠʞʝʣʝʞʘʱʠʭ ʦʪʣʦʞʝʥʠʡ ʫʨʘʣʠʜʳ ʧʦʚʩʝʤʝʩʪʥʦ ʦʪʜʝʣʝʥʳ ʧʝʨʝʨʳʚʦʤ ʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ, 

ʤʦʱʥʳʤʠ ʪʦʣʱʘʤʠ (2-150 ʤ) ʧʦʣʠʤʠʢʪʦʚʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʳ ʨʘʟʤʳʚʘ 

ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʦʨʦʜ, ʠ ʥʝʨʝʜʢʦ ʩʪʨʫʢʪʫʨʥʳʤ ʥʝʩʦʛʣʘʩʠʝʤ (ʐʠʰʢʠʥ, 1989, 2003, 

ʧʦ: ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007). ɺ ʢʘʨʙʦʥʦ-ʧʝʨʤʩʢʠʡ ʵʪʘʧ ʚ ʩʚʷʟʠ ʩ ʦʙʱʝʫʨʘʣʴʩʢʠʤʠ 

ʢʦʣʣʠʟʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʰʣʦ ʚʥʝʜʨʝʥʠʝ 

ʛʨʘʥʠʪʥʳʭ, ʛʨʘʥʦʩʠʝʥʠʪʦʚʳʭ ʠ ʤʦʥʮʦʥʠʪʦʚʳʭ ʠʥʪʨʫʟʠʡ. ɺ ʢʦʥʮʝ ʦʣʠʛʦʮʝʥʦʚʦʛʦ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ 

ʚʦʟʥʠʢʣʘ ʦʩʥʦʚʥʘʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʥʝʝ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 

ʚʳʚʝʪʨʠʚʘʥʠʷ. ɺ ʤʠʦʮʝʥʝ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʜʦʣʠʥʘ. ʆʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʚʦʜʦʪʦʢʦʚ ʥʘ ʩʢʣʦʥʘʭ. ɺ ʧʝʨʠʦʜ ʦʣʝʜʝʥʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʢʦʤʧʣʝʢʩ 

ʦʩʘʜʦʯʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʚʢʣʶʯʘʶʱʠʡ ʣʝʜʥʠʢʦʚʳʝ, ʦʟʝʨʥʦ-ʣʝʜʥʠʢʦʚʳʝ ʠ ʛʣʷʮʠʦʬʣʶʚʠʘʣʴʥʳʝ 

ʦʪʣʦʞʝʥʠʷ. ɹʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʪʘʢʠʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʢʘʢ ʢʘʨʳ, ʪʨʦʛʦʚʳʝ ʜʦʣʠʥʳ, ʤʦʨʝʥʥʳʝ 

ʛʨʷʜʳ ʠ ʧʦʜʧʨʫʜʥʳʝ ʦʟʝʨʘ (ɸʩʪʘʭʦʚ, 1998, ʧʦ: ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 

ʟʦʥʝ ʢʨʷʞʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ ʜʝʥʫʜʘʮʠʷ, ʚʝʜʫʱʘʷ ʢ ʥʠʚʝʣʠʨʦʚʢʝ ʩʢʣʦʥʦʚ. ɺ 

ʧʦʥʠʞʝʥʠʷʭ ʠ ʜʝʧʨʝʩʩʠʷʭ ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʦʮʝʩʩʳ ʨʝʯʥʦʡ ʠ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʦʡ ʘʢʢʫʤʫʣʷʮʠʠ 

(ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007). 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʪʝʨʨʠʪʦʨʠʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ 

ʧʦʨʦʜʳ ʧʝʨʤʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʚ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʤʦʨʝʥʘ 

ʧʨʝʜʧʦʩʣʝʜʥʝʛʦ ʦʣʝʜʝʥʝʥʠʷ. ʏʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʧʦ ʤʥʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʫʯʝʥʳʭ, ʠʤʝʶʪ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ (ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʟʝʨé, 1976). ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ 

ʨʘʡʦʥ ɺʦʨʢʫʪʳ ʦʪʥʦʩʠʪʩʷ ʢ ʩʠʣʫʨʠʡʩʢʦʡ ʩʠʩʪʝʤʝ ʧʘʣʝʦʟʦʡʩʢʦʡ ʵʨʳ. ʉʠʣʫʨʠʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʜʦʣʦʤʠʪʘʤʠ, ʢʨʝʤʥʠʩʪʳʤʠ ʠ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ ʠ 

ʬʠʣʣʠʪʘʤʠ. ɼʨʝʚʥʠʝ ʢʦʨʝʥʥʳʝ ʧʦʨʦʜʳ ʧʝʨʝʢʨʳʪʳ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʤʦʱʥʦʩʪʴ 

ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ 118 ʤ. ʇʦʯʚʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʵʣʶʚʦ-ʜʝʣʶʚʠʡ ʢʦʨʝʥʥʳʭ 

ʧʦʨʦʜ, ʪʦʨʬʷʥʳʝ ʢʦʨʝʥʥʳʝ ʟʘʣʝʞʠ (ɿʘʙʦʝʚʘ, 2001). ʅʘ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩʧʣʦʰʥʳʤ 

ʯʝʭʣʦʤ, ʦʙʣʝʛʘʶʱʠʤ ʨʘʟʥʳʝ ʵʣʝʤʝʥʪʳ ʚʦʜʦʨʘʟʜʝʣʦʚ ʠ ʥʘʜʧʦʡʤʝʥʥʳʭ ʪʝʨʨʘʩ, ʟʘʣʝʛʘʶʪ 

ʧʦʢʨʦʚʥʳʝ ʩʫʛʣʠʥʢʠ. ʄʦʱʥʦʩʪʴ ʠʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,5 ʜʦ 3-5 ʤ. 80 % ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʧʳʣʝʚʘʪʳʝ ʬʨʘʢʮʠʠ. ʇʳʣʝʚʘʪʳʝ ʩʫʛʣʠʥʢʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʚ ʜʘʥʥʦʤ 

ʨʘʡʦʥʝ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʦʡ (ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳé, 1991; ɿʘʙʦʝʚʘ, ʂʘʟʘʢʦʚ, 2001).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʨʝʣʴʝʬ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʜʠʥʦʡ ʚʦʜʦʩʙʦʨʥʦʡ ʧʣʦʱʘʜʠ ʜʣʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʟʘʧʘʜʥʦʛʦ ʩʢʣʦʥʘ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ. ɺʦʜʦʨʘʟʜʝʣʘʤʠ ʙʘʩʩʝʡʥʘ 

ʨ. ʂʘʨʘ ʠ ʚʭʦʜʷʱʠʭ ʚ ʝʝ ʩʠʩʪʝʤʫ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʶʪʩʷ ʇʘʡ-ʍʦʡ ʠ ʋʨʘʣ. ʆʙʱʥʦʩʪʴ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʚ ʧʝʨʠʦʜʳ ʦʣʝʜʝʥʝʥʠʡ ʚ ʦʙʦʠʭ ʨʘʡʦʥʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʭʦʜʥʳʭ ʤʝʟʦʨʝʣʴʝʬʘ ʠ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ. 
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ʂʣʠʤʘʪ. ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʘʷ ʪʫʥʜʨʘ ʠ ʇʦʣʷʨʥʳʡ ʋʨʘʣ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʫʨʦʚʳʤ 

ʢʣʠʤʘʪʦʤ ʩ ʜʣʠʪʝʣʴʥʦʡ ʤʦʨʦʟʥʦʡ ʟʠʤʦʡ ʠ ʢʦʨʦʪʢʠʤ ʧʨʦʭʣʘʜʥʳʤ ʣʝʪʦʤ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʡʦʥʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ 

(ɸʪʣʘʩé, 1964; ʆʙʝʜʢʦʚ, 1995; ɸʪʣʘʩé, 1997; ɸʪʣʘʩé, 2001), ʘ ʪʘʢʞʝ ʩʚʦʜʦʢ ʧʦ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʝ (ʍʘʥʪʠʤʝʨ, 1974; ʈʝʙʨʠʩʪʘʷ, 1977; ɸʣʴʛʦʬʣʦʨʘé, 1994; ʆʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳé, 1994; ʂʘʢʫʥʦʚ, 2000; ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳé, 2001; ʇʦʩʪʪʝʭʥʦʛʝʥʥʳʝ 

ʩʠʩʪʝʤʳé, 2002) ʠ ʇʦʣʷʨʥʦʤʫ ʋʨʘʣʫ (ʂʝʤʤʝʨʠʭ, 1966; ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.1.1.  

ɻʠʜʨʦʛʨʘʬʠʷ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʦʟʝʨ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ɽʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ 

ʦʙʨʘʟʦʚʘʣʘʩʴ ʧʦ ʧʝʨʠʬʝʨʠʠ ʧʦʩʣʝʜʥʝʛʦ ɺʘʣʜʘʡʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ, ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʚʦʜʦʝʤʳ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʨʘʟʥʳʝ ʣʝʜʥʠʢʦʚʳʝ ʵʧʦʭʠ (ʈʫʤʷʥʮʝʚ ʠ ʜʨ., 2015). ɻʝʦʣʦʛʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ, ʢʣʠʤʘʪ, ʩʦʚʨʝʤʝʥʥʳʡ ʨʝʣʴʝʬ ʠ ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʠʤ ʭʘʨʘʢʪʝʨ ʩʪʦʢʘ 

ʦʧʨʝʜʝʣʠʣʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ 

ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ, ʚʳʩʦʢʫʶ ʠʭ ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ. ɻʠʜʨʦʛʨʘʬʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʨʘʡʦʥʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʟʜʝʣʝ 2.2 ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

 

ʊʘʙʣʠʮʘ 2.1.1 

 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʡʦʥʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ 

ʪʫʥʜʨʳ 

ɿʘʧʘʜʥʳʡ ʩʢʣʦʥ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ 

ʆʙʱʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʢʣʠʤʘʪʘ ʨʘʡʦʥʘ 

ʂʣʠʤʘʪ ʩʫʨʦʚʳʡ, ʦʪʥʦʩʠʪʩʷ ʢ 

ʩʫʙʘʨʢʪʠʯʝʩʢʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʦʨʦʟʥʦʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʟʠʤʦʡ, ʢʦʨʦʪʢʠʤ ʠ 

ʧʨʦʭʣʘʜʥʳʤ ʣʝʪʦʤ. 

ʈʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ, ʩ ʩʫʨʦʚʦʡ ʜʣʠʪʝʣʴʥʦʡ 

ʟʠʤʦʡ, ʭʦʣʦʜʥʳʤ ʣʝʪʦʤ, ʦʯʝʥʴ ʢʦʨʦʪʢʠʤ 

ʚʝʛʝʪʘʮʠʦʥʥʳʤ ʧʝʨʠʦʜʦʤ ʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ, ʯʨʝʟʚʳʯʘʡʥʦ 

ʤʘʣʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʠʩʧʘʨʝʥʠʷ ʠ ʠʟʙʳʪʦʯʥʳʤ 

ʫʚʣʘʞʥʝʥʠʝʤ. 

ʉʚʝʪʦʚʦʡ ʨʝʞʠʤ ʈʘʩʧʦʣʦʞʝʥʠʝ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ ʠ ʚʳʩʦʢʦʝ ʧʦʣʦʞʝʥʠʝ ʩʦʣʥʮʘ ʥʘʜ ʛʦʨʠʟʦʥʪʦʤ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʯʪʦ 

ʜʘʝʪ ʧʨʠʭʦʜ ʵʥʝʨʛʠʠ, ʢʘʢ ʚ ʶʞʥʳʭ ʨʘʡʦʥʘʭ. ɿʘ ʧʦʣʷʨʥʳʤ ʢʨʫʛʦʤ ï ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʭʦʜʘ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʧʦʣʷʨʥʦʡ ʥʦʯʠ ʠ ʥʝʧʨʝʨʳʚʥʦʝ ʝʝ ʧʦʩʪʫʧʣʝʥʠʝ 

ʚ ʧʝʨʠʦʜ ʧʦʣʷʨʥʦʛʦ ʜʥʷ. 

ʉʨʝʜʥʷʷ ʛʦʜʦʚʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 

ʆʪ -7,6 ʜʦ -4 Áʉ (ʧʦ ʜʘʥʥʳʤ 

ʤʝʪʝʦʩʪʘʥʮʠʡ ɺʘʨʘʥʜʝʡ, ɺʦʨʢʫʪʘ, 

ʍʘʣʴʤʝʨ-ʶ). 

ɺ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʠʟʤʝʥʷʝʪʩʷ ʦʪ -9 ʜʦ -6 Áʉ.  

ʇʝʨʝʭʦʜ ʩʨʝʜʥʝʡ 

ʩʫʪʦʯʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʯʝʨʝʟ 0 

ęʉ 

ʄʘʡ, ʦʙʨʘʪʥʳʡ ʧʝʨʝʭʦʜ ï ʪʨʝʪʴʷ ʜʝʢʘʜʘ 

ʦʢʪʷʙʨʷ. 

ʀʶʥʴ. 

ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 

ʚ ʧʝʨʠʦʜ ʘʢʪʠʚʥʦʡ 

ʚʝʛʝʪʘʮʠʠ  

9 Áʉ (ʫ ʶʞʥʳʭ ʦʢʨʘʠʥ ʪʫʥʜʨʳ ï ʜʦ 10 

Áʉ, ʚ ʢʫʩʪʘʨʥʠʢʦʚʳʭ ʪʫʥʜʨʘʭ ï 10-11 

Áʉ) ï ʩ ʢʦʥʮʘ ʠʶʥʷ ʜʦ ʚʪʦʨʦʡ ʜʝʢʘʜʳ 

ʘʚʛʫʩʪʘ.  

 8-11ęʉ ʚ ʠʶʣʝ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʝʨʠʦʜʘ ʩ ʫʩʪʦʡʯʠʚʦʡ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ 

200-210 ʜʥʝʡ ʚ ʛʦʜʫ (ʩ ʦʢʪʷʙʨʷ ʧʦ ʤʘʡ). 190-215 ʜʥʝʡ (ʚ ʛʦʨʘʭ ï ʥʘ ʥʘʠʙʦʣʝʝ 

ʚʦʟʚʳʰʝʥʥʳʭ ʧʣʘʪʦ, ʭʨʝʙʪʘʭ ʟʠʤʘ ʧʨʠʤʝʨʥʦ 

ʥʘ ʤʝʩʷʮ ʜʣʠʥʥʝʝ (ʧʨʦʜʦʣʞʘʝʪʩʷ 8-9 ʤʝʩʷʮʝʚ), 

ʯʝʤ ʥʘ ʨʘʚʥʠʥʘʭ, ʥʦ ʤʦʨʦʟʳ ʩʣʘʙʝʝ ï ʨʝʜʢʦ 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ 

ʪʫʥʜʨʳ 

ɿʘʧʘʜʥʳʡ ʩʢʣʦʥ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ 

(ʥʠʞʝ -5 ęʉ) 

ʜʦʩʪʠʛʘʶʪ 45 Áʉ.  

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʠ 

(ʧʝʨʠʦʜ ʩʦ 

ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ 

ʚʳʰʝ 5 ęʉ) 

 90 ʜʥʝʡ, ʜʦ 10 Áʉ ï 43-50 ʜʥʝʡ.  ʅʝ ʙʦʣʝʝ 80 ʜʥʝʡ, ʜʦ 10 Áʉ ï 0-40 ʜʥʝʡ. 

ʉʨʝʜʥʷʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʙʝʟʤʦʨʦʟʥʦʛʦ 

ʧʝʨʠʦʜʘ 

52 ʜʥʷ 60 ʠ ʤʝʥʝʝ ʜʥʝʡ (ʩ 21 ʠʶʥʷ ʧʦ 2 ʘʚʛʫʩʪʘ). 

ʉʫʤʤʘ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ ʟʘ ʛʦʜ 

550 ʤʤ, ʠʟ ʥʠʭ 283 ʤʤ ï ʚ ʙʝʟʤʦʨʦʟʥʳʡ 

ʧʝʨʠʦʜ (ʠʶʥʴ-ʩʝʥʪʷʙʨʴ), ʤʘʢʩʠʤʫʤ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʝʥʪʷʙʨʴ.  

ɺ ʥʘʠʙʦʣʝʝ ʚʦʟʚʳʰʝʥʥʳʭ ʨʘʡʦʥʘʭ ʟʘʧʘʜʥʦʛʦ 

ʩʢʣʦʥʘ ʦʩʘʜʢʦʚ ʚʳʧʘʜʝʪ 1000-1500 ʤʤ, 

ʚʦʩʪʦʯʥʦʛʦ ʩʢʣʦʥʘ ï 600-800 ʤʤ ʚ ʛʦʜ. 

ʉʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʚ 

ʨʘʚʥʠʥʥʦʡ ʯʘʩʪʠ ï 450-600 ʤʤ. 70% ʦʩʘʜʢʦʚ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʘʚʛʫʩʪ-ʩʝʥʪʷʙʨʴ (600-900 ʤʤ ʚ 

ʛʦʜ). ɺʳʥʦʩ ʚʣʘʞʥʳʭ ʘʪʣʘʥʪʠʯʝʩʢʠʭ ʤʘʩʩ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʠʜʝ 

ʟʘʧʘʜʥʳʭ ʠ ʶʛʦ-ʟʘʧʘʜʥʳʭ ʧʦʪʦʢʦʚ ï ʥʘʠʙʦʣʝʝ 

ʫʚʣʘʞʥʸʥʥʳʤʠ ʦʢʘʟʳʚʘʶʪʩʷ ʥʘʚʝʪʨʝʥʥʳʝ 

(ʟʘʧʘʜʥʳʝ ʠ ʶʛʦ-ʟʘʧʘʜʥʳʝ) ʩʢʣʦʥʳ ʇʦʣʷʨʥʦʛʦ 

ʋʨʘʣʘ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ 

ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʦʢʪʷʙʨʝ, ʘ ʩʭʦʜʠʪ ʚ 

ʥʘʯʘʣʝ ʠʶʥʷ. ɽʛʦ ʤʦʱʥʦʩʪʴ ʚʘʨʴʠʨʫʝʪ 

ʦʪ 10 ʩʤ ʜʦ 1,5 ʤ ʠ ʙʦʣʝʝ. ɺ ʩʚʷʟʠ ʩ 

ʟʘʧʳʣʝʥʥʦʩʪʴʶ ʩʥʝʛ ʚ 

ʦʢʨʝʩʪʥʦʩʪʷʭ ɺʦʨʢʫʪʳ ʩʭʦʜʠʪ ʥʘ 3-4 

ʥʝʜʝʣʠ ʨʘʥʴʰʝ, ʯʝʤ ʚ ʦʪʢʨʳʪʦʡ ʪʫʥʜʨʝ 

(ʚ ʢʦʥʮʝ ʤʘʷ - ʥʘʯʘʣʝ ʠʶʥʷ). 

ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʩʝʨʝʜʠʥʝ ʦʢʪʷʙʨʷ. ʉʭʦʜʠʪ ʚ 

ʢʦʥʮʝ ʤʘʷ, ʚ ʛʦʨʘʭ ï ʚ ʥʘʯʘʣʝ ʠʶʥʷ (210-215 

ʜʥʝʡ ʚ ʨʘʚʥʠʥʥʦʡ ʯʘʩʪʠ, ʙʦʣʝʝ 240 ï ʚ ʛʦʨʥʦʡ). 

ɽʛʦ ʪʦʣʱʠʥʘ ʚ ʧʨʝʜʛʦʨʥʦʡ ʯʘʩʪʠ ʤʝʥʝʝ 1 ʤ, ʚ 

ʛʣʫʙʦʢʠʭ ʜʦʣʠʥʘʭ ʚʳʩʦʢʦʛʦʨʴʷ ï ʜʝʩʷʪʢʠ 

ʤʝʪʨʦʚ, ʦʙʨʘʟʫʝʪ ʩʥʝʞʥʠʢʠ.  

ʇʨʝʦʙʣʘʜʘʶʱʠʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ 

ɺ ʟʠʤʥʝʝ ʚʨʝʤʷ ï ʶʞʥʦʝ ʠ ʶʛʦ-

ʟʘʧʘʜʥʦʝ, ʣʝʪʦʤ ï ʩʝʚʝʨʥʦʝ ʠ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʝ. 

ɺ ʷʥʚʘʨʝ ʧʨʝʦʙʣʘʜʘʶʪ ʶʛʦ-ʟʘʧʘʜʥʳʝ ʚʝʪʨʳ (42 

%) ʠ ʚʦʩʪʦʯʥʳʝ (23 %), ʚ ʠʶʣʝ ï ʚʝʪʨʳ 

ʩʝʚʝʨʥʦʛʦ (19 %), ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʠ 

ʚʦʩʪʦʯʥʦʛʦ (ʧʦ 16 %) ʥʘʧʨʘʚʣʝʥʠʡ. 

ɺʝʣʠʯʠʥʘ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʙʘʣʘʥʩʘ 

ʉʫʤʤʘʨʥʘʷ ʨʘʜʠʘʮʠʷ 72 ʢʢʘʣ/ʩʤ
2
. ɺ 

ʪʫʥʜʨʝ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛ. ɺʦʨʢʫʪʘ 

ʜʦʩʪʠʛʘʝʪ 50 % ʵʪʦʡ ʚʝʣʠʯʠʥʳ, ʘ ʚ 

ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʥʦʡ ʘʪʤʦʩʬʝʨʳ 

ʩʘʤʦʛʦ ʛʦʨʦʜʘ ʝʱʝ ʤʝʥʴʰʝ ʥʘ 10-15 

ʢʢʘʣ/ʩʤ
2
. 

ʉʫʤʤʘʨʥʘʷ ʨʘʜʠʘʮʠʷ 70 (63,5-72,0) ʢʢʘʣ/ʩʤ
2
 

(40-50 ʢʢʘʣ/ʩʤ
2
 ï ʧʦʛʣʦʱʝʥʥʘʷ ʨʘʜʠʘʮʠʷ).  

 

ʇʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ. ʉʫʨʦʚʦʩʪʴ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʚ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ 

ʪʫʥʜʨʝ ʜʦʧʦʣʥʷʶʪ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʝ ʧʦʨʦʜʳ, ʥʘ ʋʨʘʣʝ ï ʱʝʙʥʠʩʪʳʝ ʩʫʙʩʪʨʘʪʳ ʩ 

ʤʘʣʦʤʦʱʥʳʤʠ ʧʦʯʚʘʤʠ, ʢʨʘʡʥʷʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. ʄʦʱʥʦʩʪʴ ʤʥʦʛʦʣʝʪʥʝʡ 

ʤʝʨʟʣʦʪʳ ʚ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʝ ʜʦʩʪʠʛʘʝʪ 40-50 ʤ, ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʩʝʟʦʥʥʦʛʦ 

ʧʨʦʤʝʨʟʘʥʠʷ ʧʦʯʚʦʛʨʫʥʪʦʚ ï ʙʦʣʝʝ 150 ʩʤ. ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʤʝʨʟʣʦʪʳ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʢʦʣʝʙʣʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʨʝʣʴʝʬʘ (ʆʙʝʜʢʦʚ, 1995; ɸʪʣʘʩé, 2001; 

ʇʦʩʪʪʝʭʥʦʛʝʥʥʳʝ ʵʢʦʩʠʩʪʝʤʳé, 2002; ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳé, 1991). ʇʦʯʚʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʛʣʫʙʦʢʠʤ ʠ ʜʣʠʪʝʣʴʥʳʤ ʧʨʦʤʝʨʟʘʥʠʝʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʨʘʟʚʠʪʠʶ 

ʢʨʠʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʤʠʢʨʦ- ʠ ʤʝʟʦʨʝʣʴʝʬ ʪʫʥʜʨʳ. ʐʠʨʦʢʦ 
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ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʚʘ ʪʠʧʘ ʧʦʯʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ: ʦʜʠʥ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʘʙʦʨʘʟʚʠʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʛʣʝʝʚʦʡ ʧʦʯʚʦʡ ʧʷʪʥʘ-ʤʝʜʘʣʴʦʥʘ ʠ ʪʫʥʜʨʦʚʦʡ ʪʦʨʬʷʥʠʩʪʦ-ʧʝʨʝʛʥʦʡʥʦ-ʛʣʝʝʚʦʡ 

ʧʦʯʚʦʡ ʙʫʛʦʨʢʘ ʧʫʯʝʥʠʷ, ʚʪʦʨʦʡ ï ʙʦʣʦʪʥʦ-ʪʫʥʜʨʦʚʦʡ ʠ ʙʦʣʦʪʥʦ-ʪʫʥʜʨʦʚʦʡ ʪʦʨʬʷʥʠʩʪʦ-

(ʪʦʨʬʷʥʦ-)ʛʣʝʝʚʦʡ ʧʦʯʚʘʤʠ (ɸʨʯʝʛʦʚʘ, ɿʘʙʦʝʚʘ, 1974). ɼʣʷ ʪʫʥʜʨʦʚʳʭ ʧʦʯʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʭʘʨʘʢʪʝʨʥʳ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʙʝʜʥʦʩʪʴ ʢʦʨʥʝʦʙʠʪʘʝʤʦʛʦ ʩʣʦʷ 

ʵʣʝʤʝʥʪʘʤʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʟʦʣʴʥʦʛʦ ʧʠʪʘʥʠʷ, ʧʝʨʝʫʚʣʘʞʥʝʥʠʝ, ʦʛʣʝʝʥʥʦʩʪʴ, ʟʘʯʘʩʪʫʶ 

ʘʥʘʵʨʦʙʥʳʝ ʫʩʣʦʚʠʷ, ʩʠʣʴʥʦʢʠʩʣʘʷ ʨʝʘʢʮʠʷ ʧʦ ʚʩʝʤʫ ʧʨʦʬʠʣʶ. ʄʠʥʝʨʘʣʴʥʘʷ ʧʦʯʚʝʥʥʘʷ ʪʦʣʱʘ 

ʦʙʝʜʥʝʥʘ ʦʩʥʦʚʘʥʠʷʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʨʦʜʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʫʛʣʠʥʢʦʤ. 

ɿʘʧʘʩʳ ʛʫʤʫʩʘ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ ʧʦʯʚʳ, ʚ ʩʦʩʪʘʚʝ ʛʫʤʫʩʘ ʧʨʝʦʙʣʘʜʘʝʪ ʛʨʫʧʧʘ 

ʬʫʣʴʚʦʢʠʩʣʦʪ. ʇʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʤʫ ʧʦʢʨʦʚʫ ʩʚʦʡʩʪʚʝʥʥʘ ʧʝʩʪʨʦʪʘ ʠ ʢʦʤʧʣʝʢʩʥʦʩʪʴ 

ʩʣʦʞʝʥʠʷ, ʤʘʣʘʷ ʤʦʱʥʦʩʪʴ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʦʭʦʚʦ-ʪʦʨʬʷʥʠʩʪʦʛʦ ʩʣʦʷ 

(ɼʨʫʞʠʥʠʥʘ, ʄʷʣʦ, 1990; ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʟʝʨé, 1976; ʇʦʩʪʪʝʭʥʦʛʝʥʥʳʝ ʵʢʦʩʠʩʪʝʤʳé, 2002). 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʪʫʥʜʨʳ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʢʣʦʥʦʚʦʛʦ 

ʩʪʦʢʘ, ʥʘ ʠʥʬʠʣʴʪʨʘʮʠʶ ʦʩʘʜʢʦʚ, ʘ ʪʝʤ ʩʘʤʳʤ ï ʥʘ ʫʩʣʦʚʠʷ ʧʠʪʘʥʠʷ ʦʟʝʨ. ʍʠʤʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʧʦʯʚʝʥʥʳʭ ʨʘʟʥʦʩʪʝʡ ʪʫʥʜʨʳ ʚʣʠʷʶʪ ʥʘ ʭʠʤʠʟʤ ʦʟʝʨʥʳʭ ʚʦʜ ʠ ʥʘ ʝʛʦ 

ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ (ɻʦʣʜʠʥʘ, 1972). 

ɿʦʥʘʣʴʥʳʤ ʪʠʧʦʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʷʚʣʷʶʪʩʷ 

ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʤʦʭʦʚʳʝ ʠ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʳʝ ʪʫʥʜʨʳ. ɺ ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ 

ʧʨʝʦʙʣʘʜʘʶʪ ʝʨʥʠʢʦʚʦ-ʠʚʥʷʢʦʚʳʝ ʠ ʠʚʥʷʢʦʚʦ-ʝʨʥʠʢʦʚʳʝ ʤʦʭʦʚʳʝ, ʣʠʰʘʡʥʠʢʦʚʳʝ ʪʫʥʜʨʳ ʩ 

Betula nana L., Salix phylicifolia L., S. glauca L., S. lapponum L., S. lanata L. ɺ ʣʦʞʙʠʥʘʭ ʩʪʦʢʘ 

ʨʘʟʚʠʪʳ ʨʘʟʥʦʪʨʘʚʥʳʝ ʠʚʥʷʢʠ. ʅʘ ʧʣʦʩʢʠʭ ʚʦʜʦʨʘʟʜʝʣʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʧʣʦʩʢʦʙʫʛʨʠʩʪʳʝ ʙʦʣʦʪʘ. 

ɺ ʜʦʣʠʥʘʭ ʨʝʢ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʣʫʛʦʚʳʝ ʛʨʫʧʧʠʨʦʚʢʠ. ʍʘʨʘʢʪʝʨʥʘ ʨʘʟʨʝʞʝʥʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

ʦʙʨʳʚʦʚ, ʦʩʳʧʝʡ, ʦʙʥʘʞʝʥʠʡ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ (ɻʨʠʙʦʚʘ, 1980; ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷé, 1994; ɸʣʛɹʦʬʣʦʨʘé, 1994).  

ʅʘ ʇʦʣʷʨʥʦʤ ʋʨʘʣʝ ʛʦʨʥʳʝ ʪʫʥʜʨʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʛʦʨʥʳʤʠ ʧʦʜʥʷʪʠʷʤʠ ɽʚʨʘʟʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʟʜʝʩʴ ʧʦ ʭʨʝʙʪʘʤ ʠ ʛʨʝʙʥʷʤ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʢʘʤʝʥʠʩʪʳʝ ʨʦʩʩʳʧʠ ʠ ʩʢʘʣʳ ʩ ʦʯʝʥʴ ʨʘʟʨʝʞʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʫʨʦʚʳʤ 

ʢʣʠʤʘʪʦʤ ʨʝʛʠʦʥʘ (ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝé, 2010). ɺ ʛʦʨʥʳʭ ʪʫʥʜʨʘʭ ʚʩʣʝʜʩʪʚʠʝ 

ʢʦʥʪʨʘʩʪʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʪʘʢ ʞʝ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʦʡ 

ʢʦʤʧʣʝʢʩʥʦʩʪʴʶ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ (ʌʠʨʩʦʚʘ, ɼʝʜʢʦʚ, 1983, ʧʦ: ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007). 

ɼʣʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʘ ʩʤʝʥʘ ʛʦʨʥʳʭ ʧʦʯʚ. ɺ ʛʦʣʴʮʦʚʦʤ ʧʦʷʩʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʤʝʥʠʩʪʳʝ ʩʫʙʩʪʨʘʪʳ ʩ ʧʦʢʨʦʚʦʤ ʣʠʪʦʬʠʣʴʥʳʭ ʣʠʰʘʡʥʠʢʦʚ ʠ ʤʭʦʚ. ɺ ʧʦʷʩʝ 

ʛʦʨʥʳʭ ʪʫʥʜʨ ʬʦʨʤʠʨʫʶʪʩʷ ʛʦʨʥʦ-ʪʫʥʜʨʦʚʳʝ ʛʣʝʝʚʳʝ ʧʦʯʚʳ, ʩʣʘʙʦ ʦʪʦʨʬʦʚʘʥʥʳʝ, ʦʙʱʝʡ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 20-40 ʩʤ, ʩʠʣʴʥʦʱʝʙʥʠʩʪʳʝ, ʦʥʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʢʘʤʝʥʠʩʪʳʤ ʨʦʩʩʳʧʷʤ, ʪʝʨʨʘʩʘʤ 

ʠ ʧʣʦʩʢʠʤ ʚʝʨʰʠʥʘʤ ʛʦʨʥʳʭ ʭʨʝʙʪʦʚ (ʀʚʘʥʦʚʘ, 1962, ʧʦ: ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007). ɺ ʛʦʨʥʦʤ 
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ʧʦʷʩʝ ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʛʦʨʥʦ-ʣʫʛʦʚʳʝ ʧʦʯʚʳ. ɺ ʧʨʝʜʛʦʨʴʷʭ ʧʨʝʦʙʣʘʜʘʶʪ ʢʨʠʦʟʝʤʳ ʛʣʝʝʚʳʝ 

ʥʘ ʩʫʛʣʠʥʢʘʭ ʠ ʛʣʠʥʘʭ. ʊʘʢʞʝ ʥʘ ʇʦʣʷʨʥʦʤ ʋʨʘʣʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʝʦʧʦʜʟʦʣʝʥʥʳʝ 

ʢʘʤʝʥʠʩʪʳʝ ʤʘʣʦʤʦʱʥʳʝ ʧʦʯʚʳ ï ʧʦʜʙʫʨʳ ʢʨʠʦʛʝʥʥʳʝ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ 

ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ ʱʝʙʥʠʩʪʦʡ ʧʦʯʚʝʥʥʦʡ ʪʦʣʱʠ, ʠ ʧʦʜʟʦʣʳ ʘʣʴʬʝʛʫʤʫʩʦʚʳʝ ʥʘ ʧʝʩʢʘʭ 

(ʊʘʨʛʫʣʴʷʥ, 1971; ʌʠʨʩʦʚʘ, ɼʝʜʢʦʚ, 1983, ʧʦ: ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007). ɺ ʧʦʥʠʞʝʥʠʷʭ ʨʝʣʴʝʬʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʦʣʦʪʥʳʝ ʧʦʯʚʳ ï ʪʦʨʬʦʟʝʤʳ ʢʨʠʦʛʝʥʥʳʝ (ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007). 

ʇʦʣʷʨʥʳʡ ʋʨʘʣ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʟʦʥʘʭ ʢʨʘʡʥʝʩʝʚʝʨʥʦʡ ʪʘʡʛʠ (ʝʛʦ ʶʞʥʘʷ ʯʘʩʪʴ), 

ʣʝʩʦʪʫʥʜʨʳ ʠ ʝʨʥʠʢʦʚʦʡ ʪʫʥʜʨʳ ï ʥʘ ʩʝʚʝʨʝ (ɸʪʣʘʩé, 1964). ɺ ʛʦʨʘʭ ʚʳʨʘʞʝʥʳ ʚʳʩʦʪʥʳʝ 

ʧʦʷʩʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ: ʛʦʨʥʦ-ʣʝʩʥʦʡ (ʜʦ 300 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ (ʜʘʣʝʝ ï ʥʘʜ ʫʨ. ʤʦʨʷ) ʩ 

ʫʯʘʩʪʠʝʤ Picea obovata Ledeb., Larix sibirica Ledeb.), ʧʦʜʛʦʣʴʮʦʚʳʡ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʨʝʜʢʦʩʪʦʡʥʳʝ ʣʠʩʪʚʝʥʥʠʯʥʳʝ ʣʝʩʘ, ʙʣʠʟ ʠʭ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʚʩʪʨʝʯʘʶʪʩʷ ʟʘʨʦʩʣʠ ʦʣʴʭʦʚʥʠʢʘ 

ʢʫʩʪʘʨʥʠʢʦʚʦʛʦ (Duschekia fruticosa (Rupr.) Pouzar), ʛʦʨʥʦ-ʪʫʥʜʨʦʚʳʡ (ʪʷʥʝʪʩʷ ʥʘ ʚʳʩʦʪʘʭ ʦʪ 50 

ʜʦ 800-900 ʤ ʥʘʜ ʫʨ. ʤʦʨʷ, ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʤʝʥʠʩʪʳʤʠ, ʨʝʞʝ ï ʣʠʰʘʡʥʠʢʦʚʳʤʠ ʠ ʤʦʭʦʚʳʤʠ 

ʪʫʥʜʨʘʤʠ, ʩ ʚʢʨʘʧʣʝʥʠʷʤʠ ʣʫʛʦʚʠʥʥʳʭ ʠ ʟʘʙʦʣʦʯʝʥʥʳʭ ʪʫʥʜʨ) ʠ ʛʦʣʴʮʦʚʳʡ, ʚ ʢʦʪʦʨʦʤ ʰʠʨʦʢʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʤʝʥʠʩʪʳʝ ʨʦʩʩʳʧʠ ʠ ʩʢʘʣʠʩʪʳʝ ʦʩʪʘʥʮʳ (ʀʛʦʰʠʥʘ, 1964; ʇʨʠʨʦʜʥʳʝ 

ʫʩʣʦʚʠʷé, 1968; ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007). 

 

2.2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ 

 

 

ɻʠʜʨʦʣʦʛʠʷ ʠ ʛʠʜʨʦʭʠʤʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʂʘʨʘ 

ʚʩʣʝʜʩʪʚʠʝ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʩʪʠ ʨʘʡʦʥʘ ʤʘʣʦ ʠʟʫʯʝʥʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʯʪʠ ʥʝ ʧʨʦʚʦʜʷʪʩʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʝʢ ʠ ʦʟʝʨ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ  ʪʫʥʜʨʳ ʠ 

ʧʨʠʣʝʛʘʶʱʝʛʦ ʢ ʥʝʡ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʨʷʜʝ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʚ ʦʩʥʦʚʥʦʤ 

ʚʦʧʨʦʩʘʤ ʤʦʨʬʦʤʝʪʨʠʠ, ʛʠʜʨʦʣʦʛʠʠ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ ʛʠʜʨʦʭʠʤʠʠ ʦʟʝʨ (ɼʦʣʛʫʰʠʥ, ʂʝʤʤʝʨʠʭ, 

1959; ɾʘʜʠʥ, ɻʝʨʜ, 1961; ʂʝʤʤʝʨʠʭ, 1961, 1966; ʄʠʨʦʥʦʚʘ, ʇʦʢʨʦʚʩʢʘʷ, 1964; ɹʦʛʜʘʥʦʚ ʠ ʜʨ., 

2004) ʠ ʦʪʜʝʣʴʥʳʭ ʨʝʢ (ʄʠʨʦʥʦʚʘ, ʇʦʢʨʦʚʩʢʘʷ, 1964; ɻʦʣʜʠʥʘ, 1972; ʍʦʭʣʦʚʘ, 1991; 

ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007; Patova, Demina, 2008). ɻʝʦʛʨʘʬʠʷ ʦʟʝʨ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ 

ʠʩʩʣʝʜʦʚʘʥʘ ʃ.ʇ. ɻʦʣʜʠʥʦʡ (1972): ʜʘʥʳ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ ʦʟʝʨʥʳʭ ʙʘʩʩʝʡʥʦʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʦʚ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʫʥʜʨʦʚʳʭ ʦʟʝʨ. ʈʘʙʦʪʘ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʫʪʨʘʯʠʚʘʝʪ 

ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ, ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʢʨʘʪʢʠʡ ʠʩʪʦʨʠʯʝʩʢʠʡ ʦʯʝʨʢ ʦʙ ʠʟʫʯʝʥʠʠ ʦʟʝʨ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ. ʉʚʝʜʝʥʠʷ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʦʟʝʨ, ʠʭ ʣʠʤʥʦʣʦʛʠʯʝʩʢʦʡ 

ʠʟʫʯʝʥʥʦʩʪʠ, ʦʩʦʙʝʥʥʦʩʪʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʠʜʘʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʟʜʥʝʝ ʦʙʦʙʱʝʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ çʆʟʸʨʘ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠè 

(ʈʫʤʷʥʮʝʚ ʠ ʜʨ., 2015). 



35 

 

ɼʦ 1980-ʭ ʛʛ. ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʇʦʣʷʨʥʦʛʦ 

ʋʨʘʣʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʣʠ ʮʝʣʴʶ ʦʮʝʥʢʫ ʧʨʠʨʦʜʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ï ʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʧʨʦʮʝʩʩʦʚ ʥʘʢʦʧʣʝʥʠʷ ʚʝʱʝʩʪʚ, ʭʘʨʘʢʪʝʨʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

(ʈʦʩʩʦʣʠʤʦ, 1964; ʄʠʨʦʥʦʚʘ, 1964; ʌʝʜʦʨʦʚʘ, 1964; ʄʠʨʦʥʦʚʘ, ʈʦʩʩʦʣʠʤʦ, 1964; 

ʄʠʨʦʥʦʚʘ, ʇʦʢʨʦʚʩʢʘʷ, 1964; Limnologyé, 1980). ɺ 1968-1970 ʛʛ. ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʟʝʨ ʍʘʨʙʝʡʩʢʦʡ ʩʠʩʪʝʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ: ʥʘ ʦʟ. ɹ. ʍʘʨʙʝʡ ʚ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʘʙʠʦʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ (ʵʣʝʤʝʥʪʳ ʛʠʜʨʦʣʦʛʠʠ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜ, ʛʨʫʥʪʦʚ) ʠ ʦʩʥʦʚʥʳʝ 

ʟʚʝʥʴʷ ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʦʩʪʘʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ (ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʦʟʝʨé, 1976). ʈʷʜ ʨʘʙʦʪ ʩʦʜʝʨʞʠʪ ʘʥʘʣʠʟ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ (ɸʣʴʛʦʬʣʦʨʘé, 1994; ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷé, 1994; ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳé, 1994; ʍʦʭʣʦʚʘ, 1996, 2002; ʆʙʝʨʤʘʥ ʠ ʜʨ., 

2004;  ʇʨʠʨʦʜʥʘʷ ʩʨʝʜʘ ʪʫʥʜʨʳé, 2005; ɼʘʫʚʘʣʴʪʝʨ, ʍʣʦʧʮʝʚʘ, 2008; ʉʪʝʥʠʥʘ, 2009; 

ʍʦʭʣʦʚʘ, ʌʝʬʠʣʦʚʘ, 2014), ʦʪʜʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʣʷ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ 

(ʄʠʨʦʥʦʚʘ, ʇʦʢʨʦʚʩʢʘʷ, 1964; ʉʪʝʥʠʥʘ, 1993; ʆʙʝʨʤʘʥ ʠ ʜʨ., 2004; ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 

2007; ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝé, 2010). ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʚʦʜʦʝʤʦʚ, 

ʠʟʫʯʘʚʰʠʭʩʷ ʚ 1960-80-ʝ ʛʛ., ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʣʩʷ ʧʨʠʨʦʜʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: 

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠ ʧʦʯʚʝʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʟʝʨ ʠ ʨʘʟʚʠʪʠʝʤ ʚ ʥʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʈʫʤʷʥʮʝʚ ʠ ʜʨ., 2015). 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʟʦʰʝʜʰʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʟʚʠʪʠʷ ʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʝʛʠʦʥʘ. ɸʥʘʣʠʟ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʟʜʝʣʝ 4.2 ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨ.r ʈʝʣʴʝʬ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ ʯʘʩʪʠ ʚʦʜʦʨʘʟʜʝʣʦʤ, ʠʜʫʱʠʤ ʚ ʰʠʨʦʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʣʠʥʠʠ ʦʟ. ʍʘʨʙʝʡʪʳ, ʯʝʨʝʟ ʇʘʜʠʤʝʡʩʢʠʝ ʠ ɺʘʰʫʪʢʠʥʳ ʦʟʝʨʘ ʜʦ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ 

ʨ. ʇʝʯʦʨʳ. ʂ ʩʝʚʝʨʫ ʦʪ ʵʪʦʛʦ ʚʦʜʦʨʘʟʜʝʣʘ ʨʝʢʠ ʪʝʢʫʪ ʚ ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ, ʢ ʶʛʫ ï ʚʳʭʦʜʷʪ ʚ 

ʙʘʩʩʝʡʥ ʨ. ʇʝʯʦʨʳ. ʕʪʦʪ ʚʦʜʦʨʘʟʜʝʣ, ʠʟʚʝʩʪʥʳʡ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʛʦ ʭʨʝʙʪʘ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʨʝʥʥʫʶ ʛʫʙʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʢʦʤʧʣʝʢʩʘ ʦʪʜʝʣʴʥʳʭ ʭʦʣʤʦʚ ʨʘʟʥʦʡ ʚʳʩʦʪʳ 

(ʜʦ 50-60 ʤ) ʠ ʦʨʠʝʥʪʠʨʦʚʢʠ (ʉʪʘʥʢʝʚʠʯ, 1962, ʧʦ: ɻʦʣʜʠʥʘ, 1972). ʄʝʞʜʫ ʵʪʠʤʠ ʭʦʣʤʘʤʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʟʸʨʘ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʳ.  

ɻʠʜʨʦʛʨʘʬʠʯʝʩʢʘʷ ʩʝʪʴ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨ. ʋʩʘ 

(ʧʨʘʚʳʡ ʧʨʠʪʦʢ ʨ. ʇʝʯʦʨʘ) ʩ ʝʝ ʧʨʠʪʦʢʘʤʠ: ɸʜʟʴʚʘ, ɹ. ʈʦʛʦʚʘʷ, ɽʣʝʮ, ɺʦʨʢʫʪʘ ʩ ʣʝʚʳʤ ʧʨʠʪʦʢʦʤ 

ʉʝʡʜʦʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʢ ʙʘʩʩʝʡʥʫ ʇʝʯʦʨʩʢʦʛʦ ʤʦʨʷ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʨʝʢʘʤʠ, 

ʚʧʘʜʘʶʱʠʤʠ ʚ ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ, ʷʚʣʷʶʪʩʷ ʂʦʨʦʪʘʠʭʘ ʩ ʧʨʠʪʦʢʘʤʠ ʊʘʨʴʶ, ʇʘʜʠʤʝʡ-ʪ-rʚʠʩ, 

ʍʘʘʡʧʫʜʳʨʘ, ʄʦʨʝ-ʶ ʠ ʂʘʨʘ. ʅʘ ʚʦʜʦʨʘʟʜʝʣʘʭ ʠ ʩʢʣʦʥʘʭ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʝʛʣʫʙʦʢʠʝ 
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ʣʦʞʙʠʥʳ (ʧʦʣʦʩ r ʩʪʦʢʘ), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʵʨʦʟʠʦʥʥʳʤʠ ʠ ʪʝʨʤʦʢʘʨʩʪʦ-ʵʨʦʟʠʦʥʥʳʤʠ 

ʬʦʨʤʘʤʠ ʨʝʣʴʝʬʘ. ʆʥʠ ʠʤʝʶʪ ʰʠʨʠʥʫ ʜʦ 200 ʠ ʛʣʫʙʠʥʫ ʦʪ 0,5 ʜʦ 6 ʤ. ɺ ʣʝʪʥʝʝ ʚʨʝʤʷ 

ʧʦʩʪʦʷʥʥʳʝ ʚʦʜʦʪʦʢʠ ʚ ʧʦʣʦʩʘʭ ʩʪʦʢʘ ʦʪʩʫʪʩʪʚʫʶʪ. ɼʣʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʨʝʣʴʝʬʘ ʭʘʨʘʢʪʝʨʥʘ 

ʟʘʙʦʣʦʯʝʥʥʦʩʪʴ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʤʘʩʩʠʚʳ ʙʦʣʦʪ ʧʨʠʫʨʦʯʝʥʳ ʢ ʚʦʜʦʨʘʟʜʝʣʘʤ.  

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʟʝʨ (ʩʚʳʰʝ 6000 ʥʘ ʧʣʦʱʘʜʠ ʙʦʣʝʝ 1500 ʢʤ
2
) ʷʚʣʷʝʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ, ʛʜʝ 

ʦʟʝʨʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 55-70%, ʧʨʠ ʵʪʦʤ ʚʦʜʦʸʤʳ ʦʯʝʥʴ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ 

ʪʝʨʨʠʪʦʨʠʠ ï ʥʘ ʠʭ ʨʘʟʤʝʱʝʥʠʝ ʚʣʠʷʝʪ ʭʘʨʘʢʪʝʨ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʵʨʦʟʠʦʥʥʳʝ, 

ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʠ ʵʦʣʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʘ ʪʘʢʞʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʣʠʢʪʦʚʦʡ 

ʤʝʨʟʣʦʪʦʡ, ʢʘʨʩʪʦʤ ʠ ʧʨʦʰʣʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʣʝʜʥʠʢʘ. ʊʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʢʣʠʤʘʪ, 

ʩʦʚʨʝʤʝʥʥʳʡ ʨʝʣʴʝʬ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʫʩʣʦʚʠʷ ʩʪʦʢʘ. ʊʫʥʜʨʦʚʳʝ ʦʟʝʨʘ ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʶ, ʬʦʨʤʝ ʠ ʨʘʟʤʝʨʘʤ. ʃ.ʇ. ɻʦʣʜʠʥʘ (1972) ʚʳʜʝʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ ʦʟʝʨ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ: ʣʝʜʥʠʢʦʚʳʝ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʧʘʭʠʚʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʣʝʜʥʠʢʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʨʝʥʥʳʭ ʠ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ; 

ʪʝʨʤʦʢʘʨʩʪʦʚʳʝ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʦʩʪʢʨʠʦʛʝʥʥʳʤ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʬʦʨʤʘʤ ʨʝʣʴʝʬʘ, 

ʷʚʣʷʶʱʠʤʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʪʘʠʚʘʥʠʷ ʠʩʢʦʧʘʝʤʳʭ ʣʴʜʦʚ ʠ ʣʴʜʠʩʪʳʭ ʧʦʨʦʜ; ʦʟʝʨʘ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʨʝʢ, ʠ ʣʘʛʫʥʥʳʝ ʦʟʝʨʘ ï ʧʦʷʚʠʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʨʦʟʠʦʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

(ʤʝʘʥʜʨʠʨʦʚʘʥʠʷ) ʨʫʩʣʘ ʨʝʢʠ (ɻʦʣʜʠʥʘ, 1972). ʇʨʠ ʵʪʦʤ ʙʣʘʛʦʜʘʨʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʪʝʨʤʦʢʘʨʩʪʦʚʳʝ ʦʟʝʨʘ ʩ ʧʣʦʱʘʜʴʶ ʤʝʥʝʝ 0,1 ʢʤ
2
 

(ɻʦʣʜʠʥʘ, 1972; ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʟʝʨé, 1976; ɼʨʫʞʠʥʠʥʘ, ʄʷʣʦ, 1990; ʈʫʤʷʥʮʝʚ ʠ ʜʨ., 2015). 

ʊʝʨʤʦʢʘʨʩʪʦʚʳʝ ʦʟʝʨʘ ʦʪʣʠʯʘʶʪʩʷ ʦʙʨʳʚʠʩʪʳʤʠ ʙʝʨʝʛʘʤʠ, ʰʠʨʠʥʘ ʠʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 10 ʤ, 

ʛʣʫʙʠʥʘ ï ʜʦ 3 ʤ. ʅʘ ʠʭ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ 90 % ʦʟʝʨ (ɻʦʣʜʠʥʘ, 1972). ʇʨʠ ʵʪʦʤ ʚʩʪʨʝʯʘʶʪʩʷ 

ʪʝʨʤʦʢʘʨʩʪʦʚʳʝ ʚʦʨʦʥʢʠ ʩ ʛʣʫʙʠʥʦʡ ʜʦ 20 ʤ (ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳé, 1994). ʈʝʣʴʝʬ ʜʥʘ 

ʪʘʢʠʭ ʚʦʜʦʝʤʦʚ ʩʛʣʘʞʝʥ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʦʟʸʨ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʝʥ ʩʣʦʞʥʳʡ 

ʨʝʣʴʝʬ ʜʥʘ ʩ ʚʧʘʜʠʥʘʤʠ ʠ ʷʤʘʤʠ, ʢʦʪʦʨʳʝ ʯʝʨʝʜʫʶʪʩʷ ʩ ʢʘʤʝʥʠʩʪʳʤʠ ʛʨʷʜʘʤʠ ʠ ʦʪʤʝʣʷʤʠ. 

ɼʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʦʟʝʨ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʣʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʦʪʪʝʥʢʘ, ʚ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʝ ʦʥʠ 

ʩʤʝʥʷʶʪʩʷ ʧʝʩʯʘʥʳʤʠ, ʢʘʤʝʥʠʩʪʳʤʠ ʠʣʠ ʛʣʠʥʠʩʪʳʤʠ ʛʨʫʥʪʘʤʠ ʠ ʚʘʣʫʥʘʤʠ (ɻʦʣʜʠʥʘ, 1972).  

ʊʘʢʞʝ ʜʣʷ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʭʘʨʘʢʪʝʨʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʫʯʴʝʚ, ʩʪʝʢʘʶʱʠʭ ʩ 

ʙʦʣʦʪ, ʦʟʝʨ, ʩʥʝʞʥʠʢʦʚ. ʅʘ ʦʙʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʪʝʢʘʶʪ ʨʫʯʴʠ ʜʚʫʭ ʪʠʧʦʚ: ʩ ʙʳʩʪʨʳʤ 

ʪʝʯʝʥʠʝʤ, ʥʘʣʠʯʠʝʤ ʧʦʨʦʛʦʚ, ʢʘʤʝʥʠʩʪʳʤ ʜʥʦʤ, ʧʨʦʟʨʘʯʥʦʡ ʠ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ ʠ ʩ ʥʝʙʦʣʴʰʦʡ 

ʩʢʦʨʦʩʪʴʶ ʪʝʯʝʥʠʷ, ʙʫʨʳʤ ʮʚʝʪʦʤ ʚʦʜʳ, ʢʘʤʝʥʠʩʪʳʤ ʠʣʠ ʟʘʨʦʩʰʠʤ ʤʭʘʤʠ ʟʘʙʦʣʦʯʝʥʥʳʤ ʜʥʦʤ 

ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʧʣʦʡ ʚʦʜʦʡ. ʈʝʢʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʚ ʮʝʣʦʤ ʠʤʝʶʪ 

ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ (ʦʪ 0.1 ʜʦ 1 ʤ/ʩ, ʥʘ ʧʦʨʦʛʘʭ ʠ ʚʦʜʦʧʘʜʘʭ ï ʜʦ 3ï4 ʤ/ʩ ʠ ʙʦʣʝʝ) 

ʚʩʣʝʜʩʪʚʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʣʴʝʬʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ (ɻʦʣʜʠʥʘ, 1972). ʄʦʨʬʦʣʦʛʠʷ ʨʝʯʥʳʭ 

ʜʦʣʠʥ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʠ ʤʦʱʥʦʩʪʠ ʚʦʜʦʪʦʢʦʚ. ʅʘ ʫʯʘʩʪʢʘʭ ʙʝʟ 
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ʚʳʭʦʜʦʚ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʨʝʯʥʳʝ ʜʦʣʠʥʳ ʠʤʝʶʪ ʰʠʨʠʥʫ ʜʦ 2 ʢʤ, ʪʝʨʘʩʩʠʨʦʚʘʥʳ, ʧʦʨʦʛʠ ʠ 

ʧʝʨʝʢʘʪʳ ʨʝʜʢʠ. ɺ ʤʝʩʪʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʚʳʭʦʜʘʤʠ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʦʙʨʘʟʫʶʪʩʷ ʫʟʢʠʝ ʜʦʣʠʥʳ ʠ 

ʢʘʥʴʦʥʳ ʩ ʤʦʱʥʳʤʠ ʠ ʜʣʠʥʥʳʤʠ ʧʝʨʝʢʘʪʘʤʠ ʠ ʧʦʨʦʛʘʤʠ (ɹʦʙʦʚ, ʋʚʘʨʢʠʥ, 1964). ɼʥʦ ʨʝʢ ʠ 

ʨʫʯʴʝʚ ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʦʝ ʠʣʠ ʛʘʣʝʯʥʦ-ʧʝʩʯʘʥʦʝ.  

ɺʦʜʥʳʡ ʨʝʞʠʤ ʨʝʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʤ ʧʦʣʦʚʦʜʴʝʤ ʠ ʣʝʪʥʠʤʠ ʧʘʚʦʜʢʘʤʠ. 

ʇʦʣʦʚʦʜʴʝ ʦʙʳʯʥʦ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʝʨʝʜʠʥʫ ʤʘʷ ï ʥʘʯʘʣʦ ʠʶʣʷ, ʧʦʣʦʚʦʜʴʷ ʥʘʙʣʶʜʘʶʪʩʷ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʟʘ ʩʝʟʦʥ, ʦʥʠ ʨʘʩʪʷʥʫʪʳ ʧʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʝʨʠʦʜʘʤʠ ʙʳʩʪʨʦʛʦ ʪʘʷʥʠʷ 

ʩʥʝʞʥʠʢʦʚ, ʩʤʝʥʦʡ ʧʦʛʦʜʳ ʠ ʯʘʩʪʳʤʠ ʜʦʞʜʷʤʠ. ʃʝʪʥʷʷ ʤʝʞʝʥʴ (ʠʶʣʴ-ʘʚʛʫʩʪ) ʥʝʫʩʪʦʡʯʠʚʘʷ ʩ 

ʜʦʞʜʝʚʳʤʠ ʧʘʚʦʜʢʘʤʠ, ʘ ʟʠʤʥʷʷ ʤʝʞʝʥʴ (ʥʦʷʙʨʴ-ʤʘʡ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʦ ʥʠʟʢʠʤʠ 

ʨʘʩʭʦʜʘʤʠ ʚʦʜʳ. ʃʝʜʦʩʪʘʚ ʚ ʩʨʝʜʥʝʤ ʧʨʦʜʦʣʞʘʝʪʩʷ 240-260 ʜʥʝʡ. ɺʝʩʝʥʥʠʡ ʧʘʚʦʜʦʢ ʥʘ 

ʪʫʥʜʨʦʚʳʭ ʦʟʝʨʘʭ ʦʙʳʯʥʦ ʥʘʯʠʥʘʝʪʩʷ ʚ ʪʨʝʪʴʝʡ ʜʝʢʘʜʝ ʠʶʥʷ, ʧʨʠ ʵʪʦʤ ʚ ʪʝʯʝʥʠʝ ʠʶʥʷ 

ʩʦʭʨʘʥʷʶʪʩʷ ʟʠʤʥʠʝ ʫʩʣʦʚʠʷ ʩ ʦʙʨʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʝʡ (ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ 

ʪʝʤʧʝʨʘʪʫʨʘ 1,6 ęʉ, ʥʘ ʜʥʝ ï 4,6 ęʉ). ʇʨʷʤʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ 

ʢʦʥʮʝ ʠʶʥʷ (ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ï 6 ęʉ, ʥʘ ʛʣʫʙʠʥʝ ï 4 ęʉ). ɼʣʷ ʚʝʩʝʥʥʝʛʦ ʨʝʞʠʤʘ ʪʫʥʜʨʦʚʳʭ ʦʟʝʨ 

ʭʘʨʘʢʪʝʨʥʘ ʝʛʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʩʪʴ: ʧʝʨʝʭʦʜ ʦʪ ʟʠʤʥʝʡ ʩʪʘʛʥʘʮʠʠ ʢ ʛʦʤʦʪʝʨʤʠʠ ʠ ʜʘʣʝʝ ʢ 

ʧʨʷʤʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʟʘʚʝʨʰʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 4-7 ʜʥʝʡ. ʉ ʨʘʩʩʣʦʝʥʠʝʤ ʥʘ ʪʝʨʤʠʯʝʩʢʠʝ ʟʦʥʳ, 

ʭʦʪʷ ʠ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʳʝ ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ, ʥʘʩʪʫʧʘʝʪ ʧʝʨʠʦʜ ʣʝʪʥʝʛʦ ʧʨʦʛʨʝʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʚ 

ʫʩʣʦʚʠʷʭ ʪʫʥʜʨʦʚʳʭ ʦʟʝʨ ʜʣʠʪʩʷ ʩ ʧʝʨʚʳʭ ʯʠʩʝʣ ʠʶʣʷ ʜʦ ʧʝʨʚʦʡ ʜʝʢʘʜʳ ʩʝʥʪʷʙʨʷ. ɼʣʷ 

ʤʝʣʢʦʚʦʜʥʳʭ ʦʟʝʨ ʭʘʨʘʢʪʝʨʝʥ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ï 

ʚ ʪʝʯʝʥʠʝ ʣʝʪʥʠʭ ʤʝʩʷʮʝʚ ʚʦʜʥʘʷ ʤʘʩʩʘ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʚʦʜʥʳʝ 

ʩʣʦʠ ʭʦʨʦʰʦ ʧʨʦʛʨʝʚʘʶʪʩʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʳ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʦʙʳʯʥʦ 

12-16 ęʉ, ʤʝʣʢʦʚʦʜʴʷ ʧʨʦʛʨʝʚʘʶʪʩʷ ʜʦ 28 ęʉ (ɻʦʣʜʠʥʘ, 1972; ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʟʝʨé, 1976; 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳé, 1994). ʇʦ ʜʘʥʥʳʤ ʊ.ɸ. ɺʣʘʩʦʚʦʡ (ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʟʝʨé, 1976), 

ʬʘʢʪʦʨ ʚʝʪʨʦʚʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʡ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ ʪʫʥʜʨʳ, ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʨʝʞʠʤʝ ʦʟʝʨ. ʆʥ ʥʘʨʷʜʫ ʩ ʧʨʦʪʦʯʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʷʝʪ ʚ ʧʝʨʠʦʜ ʦʪʢʨʳʪʦʡ ʚʦʜʳ ʛʦʤʦʪʝʨʤʠʶ ʦʟʝʨ, ʭʦʨʦʰʫʶ ʘʵʨʘʮʠʶ ʚʦʜʥʳʭ ʩʣʦʝʚ, 

ʦʜʥʦʨʦʜʥʦʩʪʴ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʠ 

ʤʥʦʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʪʦʢ ʩ ʚʦʜʦʩʙʦʨʥʦʡ 

ʧʣʦʱʘʜʠ ʠ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ, 65-76 % ʢʦʪʦʨʳʭ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝʤ ʠʭ ʠʥʬʠʣʴʪʨʘʮʠʠ ʚ ʧʦʯʚʫ ʚ ʩʚʷʟʠ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ ʜʘʥʥʦʤ 

ʨʘʡʦʥʝ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ, ʘ ʪʘʢʞʝ ʤʘʣʤrʠ ʧʦʪʝʨʷʤʠ ʚʣʘʛʠ ʥʘ ʠʩʧʘʨʝʥʠʝ ʠʟ-ʟʘ 

ʦʭʣʘʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ ʪʦʡ ʞʝ çʚʝʯʥʦʡè ʤʝʨʟʣʦʪʦʡ (ʆʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳé, 1994). ɸʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʨʝʛʠʦʥʘ ï ʫʣʴʪʨʘʧʨʝʩʥʳʝ ʭʣʦʨʠʜʥʦ-

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʩʦ ʩʤʝʰʘʥʥʳʤ ʢʘʪʠʦʥʥʳʤ ʩʦʩʪʘʚʦʤ, ʢʠʩʣʦʪʥʦʩʪʴ ʠʭ ʩʨʝʜʥʷʷ ʠ ʩʣʘʙʘʷ. 
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ʉʦʩʪʘʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʯʘʱʝ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ ʢʘʣʴʮʠʝʚʳʡ ʠ ʥʘʪʨʠʝʚʳʡ, ʭʦʪʷ ʥʝʨʝʜʢʠ ʠ 

ʭʣʦʨʠʜʥʳʝ ʚʦʜʳ (ʆʙʝʨʤʘʥ ʠ ʜʨ., 2004).  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ. ʇʦʣʷʨʥʳʡ ʋʨʘʣ ʠʟʨʝʟʘʥ ʛʫʩʪʦʡ 

ʩʝʪʴʶ ʨʝʢ, ʨʫʯʴʝʚ ʠ ʚʨʝʤʝʥʥʳʭ ʚʦʜʦʪʦʢʦʚ, ʥʝʩʫʱʠʭ ʩʚʦʠ ʦʙʠʣʴʥʳʝ ʚʦʜʳ ʥʘ ʟʘʧʘʜ ï ʚ ʇʝʯʦʨʫ, 

ʥʘ ʩʝʚʝʨ ï ʚ ɹʘʡʜʘʨʘʮʢʫʶ ʛʫʙʫ ʂʘʨʩʢʦʛʦ ʤʦʨʷ ʠ ʥʘ ʚʦʩʪʦʢ ï ʚ ʆʙʴ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʨʝʢʠ 

ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ (ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ) ï ʂʘʨʘ, ʋʩʘ, ɽʣʝʮ. ɻʦʨʥʳʝ ʨʝʢʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʦʡ 

ʚʦʜʦʥʦʩʥʦʩʪʴʶ, ʙʫʨʥʳʤ, ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʪʝʯʝʥʠʝʤ, ʨʫʩʣʘ ʠʭ ʠʟʦʙʠʣʫʶʪ ʧʦʨʦʛʘʤʠ ʠ 

ʧʝʨʝʢʘʪʘʤʠ; ʥʝʙʦʣʴʰʠʝ ʨʝʯʢʠ, ʦʩʦʙʝʥʥʦ ʚʧʘʜʘʶʱʠʝ ʚ ɹʘʡʜʘʨʘʮʢʫʶ ʛʫʙʫ, ʠ ʨʝʢʠ ʙʘʩʩʝʡʥʘ 

ʂʘʨʳ, ʧʨʦʨʝʟʘʶʱʠʝ ʪʚʝʨʜʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʥʝʨʝʜʢʦ ʠʤʝʶʪ ʚʦʜʦʧʘʜʳ. ʅʘʠʙʦʣʝʝ ʙʫʨʥʳʝ ʠ 

ʧʦʨʦʞʠʩʪʳʝ ʫʯʘʩʪʢʠ ʩ ʧʘʜʝʥʠʝʤ ʨʫʩʣʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʥʘ ʢʠʣʦʤʝʪʨ, ʩ ʙʳʩʪʨʳʤ 

ʪʝʯʝʥʠʝʤ (ʚ ʤʝʞʝʥʴ ʜʦ 15-20 ʢʤ/ʯʘʩ) ʦʪʤʝʯʘʶʪʩʷ ʚ ʤʝʩʪʘʭ ʧʨʦʨʳʚʘ ʨʝʢ ʯʝʨʝʟ ʤʝʨʠʜʠʘʥʘʣʴʥʳʝ 

ʭʨʝʙʪʳ, ʛʨʷʜʳ ʠ ʫʚʘʣʳ (ɹ. ʋʩʘ, ɺʦʡʢʘʨ, ʂʦʞʠʤ). ɺ ʧʨʦʜʦʣʴʥʳʭ ʜʦʣʠʥʘʭ ʨʝʢ (ʊʘʥʴ-ʖ, 

ɹ. ʇʘʡʧʫʜʳʥʘ, ʃʘʛʦʨʪʘ) ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʩʧʦʢʦʡʥʦʝ, ʘ ʨʫʩʣʦ ʙʦʣʝʝ ʠʟʚʠʣʠʩʪʦʝ. ʇʦʩʣʝ ʚʳʭʦʜʘ ʠʟ 

ʛʦʨ ʚ ʥʠʟʤʝʥʥʦʩʪʠ ʨʝʢʠ ʨʝʟʢʦ ʤʝʥʷʶʪ ʩʚʦʡ ʭʘʨʘʢʪʝʨ: ʦʥʠ ʩʧʦʢʦʡʥʦ ʪʝʢʫʪ ʚ ʰʠʨʦʢʠʭ ʜʦʣʠʥʘʭ, 

ʦʙʨʘʟʫʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʟʚʠʣʠʥʳ, ʦʩʪʨʦʚʘ ʠ ʩʪʘʨʠʮʳ; ʧʘʜʝʥʠʝ ʨʫʩʣʘ ʩʥʠʞʘʝʪʩʷ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʩʘʥʪʠʤʝʪʨʦʚ ʥʘ ʢʠʣʦʤʝʪʨ, ʘ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 1-2 ʢʤ/ʯʘʩ; ʚ ʜʦʣʠʥʘʭ ʨʝʢ 

ʧʦʷʚʣʷʝʪʩʷ ʤʥʦʛʦ ʦʟʝʨ. ʈʘʟʣʠʯʠʝ ʚ ʢʨʫʪʠʟʥʝ ʩʢʣʦʥʦʚ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʭʘʨʘʢʪʝʨʝ 

ʨʝʯʥʦʡ ʩʝʪʠ: ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʥʦʡ ʦʙʣʘʩʪʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʨʝʢ ʟʘʧʘʜʥʦʛʦ ʩʢʣʦʥʘ ʠʤʝʝʪ ʤʝʥʴʰʫʶ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ, ʙʦʣʴʰʠʝ ʫʢʣʦʥʳ ʨʫʩʣʘ ʠ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ, ʯʝʤ ʨʝʢʠ ʚʦʩʪʦʯʥʦʛʦ ʩʢʣʦʥʘ 

(ʂʝʤʤʝʨʠʭ, 1966).   

ɺʝʩʥʦʡ ʨʝʢʠ ʦʯʠʱʘʶʪʩʷ ʦʪʦ ʣʴʜʘ ʦʙʳʯʥʦ ʩ 25 ʤʘʷ ʜʦ 10 ʠʶʥʷ, ʘ ʚ ʦʢʪʷʙʨʝ ʧʦʢʨʳʚʘʶʪʩʷ 

ʣʴʜʦʤ. ʉʨʝʜʥʷʷ ʤʥʦʛʦʣʝʪʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʣʝʜʦʩʪʘʚʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 200-210 ʜʥʝʡ 

(ʩ 30 ʦʢʪʷʙʨʷ ʧʦ 20-30 ʤʘʷ ʠ ʧʦʟʜʥʝʝ). ʉʨʝʜʥʷʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ï 

80-100 ʩʤ ʠ ʙʦʣʝʝ. ɺʝʩʝʥʥʝʝ ʧʦʣʦʚʦʜʴʝ ʥʘ ʨʝʢʘʭ ʟʘʧʘʜʥʦʛʦ ʩʢʣʦʥʘ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ (ʨʝʢʠ 

ʙʘʩʩʝʡʥʦʚ ʋʩʳ ʠ ʂʘʨʳ), ʧʨʦʭʦʜʠʪ ʦʯʝʥʴ ʙʫʨʥʦ, ʩ ʤʦʱʥʳʤ ʣʝʜʦʭʦʜʦʤ ʠ ʚʳʩʦʢʠʤʠ ʧʦʜʲʝʤʘʤʠ 

ʫʨʦʚʥʝʡ ʚʦʜʳ (ʜʦ 5-7 ʤ), ʧʨʦʜʦʣʞʘʝʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʝʢʘʭ ʦʪ 1,5 ʜʦ 2,5 ʤʝʩʷʮʝʚ ʠ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʠʶʣʷ. ɺ ʧʝʨʠʦʜ ʣʝʪʥʝ-ʦʩʝʥʥʝʡ ʤʝʞʝʥʠ (ʠʶʣʴ-ʘʚʛʫʩʪ) ʚʩʝ ʨʝʢʠ 

ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ, ʦʩʦʙʝʥʥʦ ʚ ʚʝʨʭʦʚʴʷʭ, ʦʪʣʠʯʘʶʪʩʷ ʥʝʧʦʩʪʦʷʥʩʪʚʦʤ ʨʝʞʠʤʘ ʠ ʨʝʟʢʠʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ ʫʨʦʚʥʝʡ ʠ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʧʦʩʣʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʜʦʞʜʷ ʠʣʠ ʩʥʝʛʦʧʘʜʘ. ʇʨʠ 

ʵʪʦʤ ʣʠʚʥʝʚʳʝ ʧʘʚʦʜʢʠ ʪʠʧʘ ʩʝʣʝʡ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʛʦʨʥʳʭ ʨʝʢ ʚʦʩʪʦʯʥʦʛʦ ʩʢʣʦʥʘ 

ʶʞʥʦʡ ʯʘʩʪʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ (ʨʝʢʠ ʙʘʩʩʝʡʥʦʚ ʉʳʥʠ, ɺʦʡʢʘʨʘ ʠ ʉʦʙʠ). ʇʦʜʲʝʤʳ ʫʨʦʚʥʝʡ ʠ 

ʨʘʩʭʦʜʳ ʚʦʜʳ ʥʘ ʨʝʢʘʭ ʦʪ ʩʠʣʴʥʳʭ ʣʠʚʥʝʡ ʙʳʚʘʶʪ ʠʥʦʛʜʘ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢʠ, ʯʪʦ ʧʨʝʚʳʰʘʶʪ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʩʭʦʜʳ ʠ ʧʦʜʲʝʤʳ ʫʨʦʚʥʝʡ ʚʦʜʳ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ. ʅʦ ʚʳʩʦʢʠʝ ʜʦʞʜʝʚʳʝ 

ʧʘʚʦʜʢʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʝʜʢʠ: ʚ ʜʦʞʜʣʠʚʳʝ ʛʦʜʳ ʟʘ ʠʶʣʴ-ʩʝʥʪʷʙʨʴ ʧʨʦʭʦʜʠʪ ʦʪ 4 ʜʦ 6 ʧʘʚʦʜʢʦʚ, 

ʧʨʠʯʝʤ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʥʘ ʨʝʢʘʭ ʙʳʚʘʶʪ ʚ ʠʶʣʝ ʠ ʩʝʥʪʷʙʨʝ, ʘʚʛʫʩʪ ï ʩʘʤʳʡ 
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ʤʘʣʦʚʦʜʥʳʡ ʤʝʩʷʮ. ɺʦʜʘ ʚ ʛʦʨʥʳʭ ʦʟʝʨʘʭ ʭʦʣʦʜʥʘʷ ʠ ʜʘʞʝ ʚ ʞʘʨʢʠʝ ʜʥʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʥʝ ʚʳʰʝ 10-14 Áʉ. ʇʦʩʣʦʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʪʨʫʢʪʫʨʘ 

ʚʦʜʥʦʡ ʤʘʩʩʳ ʦʟʝʨ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠ ʥʝʧʦʩʪʦʷʥʩʪʚʦʤ (ʄʠʨʦʥʦʚʘ, 

ʇʦʢʨʦʚʩʢʘʷ, 1964; ʂʝʤʤʝʨʠʭ, 1966; ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007). 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʛʦʨʥʳʭ ʦʟʝʨ ʠ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠʟ ʥʠʭ ï ɹ. ʠ ʄ. ʑʫʯʴʝ, ʆʯʝ-ʊʳ, 

ɹ. ʠ ʄ. ʍʘʜʘʪʘ-ʖʛʘʥ-ʃʦʨ, ʋʩʚʘ-ʊʳ ʠ ʜʨʫʛʠʝ ï ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʝʚʝʨʥʦʡ, ʨʘʩʰʠʨʝʥʥʦʡ, ʯʘʩʪʠ 

ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʚʳʩʦʪʘʭ ʦʪ 200 ʜʦ 500 ʤ ʥʘʜ ʫʨ. ʤʦʨʷ. ʅʘ ʙʦʣʝʝ 

ʚʣʘʞʥʦʤ ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʦʟʝʨ ʙʦʣʴʰʝ (1968), ʯʝʤ ʥʘ ʚʦʩʪʦʯʥʦʤ (1259), ʥʦ ʢʨʫʧʥʳʭ ʟʜʝʩʴ ʤʘʣʦ. 

ʆʟʝʨʘ ʚ ʦʩʥʦʚʥʦʤ ʣʝʜʥʠʢʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ; ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʛʣʫʙʦʢʠʭ ʢʘʨʘʭ ʠ ʮʠʨʢʘʭ ï 

ʢʘʨʦʚʳʝ ʦʟʝʨʘ, ʚ ʪʨʦʛʦʚʳʭ ʜʦʣʠʥʘʭ ʨʝʢ ï ʧʣʦʪʠʥʥʳʝ ʦʟʝʨʘ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʜʧʨʫʞʠʚʘʥʠʷ ʨʝʢʠ ʤʦʨʝʥʦʡ ʠʣʠ ʢʦʥʫʩʘʤʠ ʚʳʥʦʩʘ ʙʦʢʦʚʳʭ ʧʨʠʪʦʢʦʚ ʠ ʚ ʫʛʣʫʙʣʝʥʠʷʭ ʩʨʝʜʠ 

ʤʦʨʝʥ ï ʤʦʨʝʥʥʳʝ ʦʟʝʨʘ. ʉʘʤʳʝ ʢʨʫʧʥʳʝ ʦʟʝʨʘ ï ɹ. ʠ ʄ. ʑʫʯʴʝ ï ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʛʣʫʙʠʥʘ ʧʝʨʚʦʛʦ ï 136 ʤ, ʧʣʦʱʘʜʠ ï 12 ʠ 4 ʢʤ
2
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺ ʨʝʯʥʳʭ 

ʜʦʣʠʥʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʡʤʝʥʥʳʝ ʦʟʝʨʘ, ʘ ʥʘ ʟʘʙʦʣʦʯʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʜʥʠʱ ʜʨʝʚʥʠʭ ʪʨʦʛʦʚ ʠ 

ʧʝʨʝʚʘʣʴʥʳʭ ʩʝʜʣʦʚʠʥ ï ʥʝʙʦʣʴʰʠʝ ʪʝʨʤʦʢʘʨʩʪʦʚʳʝ ʦʟʝʨʘ. ʈʘʟʤʝʨʳ ʛʦʨʥʳʭ ʚʦʜʦʸʤʦʚ ʥʝʚʝʣʠʢʠ 

ï ʚʩʝʛʦ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪ ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ ʜʦ 1-2 ʢʤ
2
, ʧʨʠ ʵʪʦʤ ʛʣʫʙʠʥʳ ʦʟʝʨ, ʦʩʦʙʝʥʥʦ 

ʢʘʨʦʚʳʭ, ʜʦʩʪʠʛʘʶʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ (ʂʝʤʤʝʨʠʭ, 1966; ʈʫʤʷʥʮʝʚ ʠ ʜʨ., 2015). ɺʩʝ 

ʦʟʝʨʘ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʧʨʦʪʦʯʥʳ. ʆʯʝʥʴ ʭʘʨʘʢʪʝʨʥʳ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʦʟʝʨ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʩʦʙʦʡ ʧʣʦʪʥʳʡ ʛʣʠʥʠʩʪʳʡ ʠʣ ʨʘʟʥʳʭ ʦʪʪʝʥʢʦʚ ʦʪ ʩʝʨʦ-ʛʦʣʫʙʦʛʦ ʜʦ ʢʦʨʠʯʥʝʚʘʪʦ-ʦʣʠʚʢʦʚʦʛʦ, 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʚʷʟʘʥʦ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʚ ʦʟʝʨʘʭ ʧʨʦʜʫʢʪʦʚ ʣʝʜʥʠʢʦʚʦʡ ʠ ʩʥʝʞʥʦʡ 

ʵʨʦʟʠʠ (ʄʠʨʦʥʦʚʘ, ʇʦʢʨʦʚʩʢʘʷ, 1964). ɺʩʣʝʜʩʪʚʠʝ ʥʝʛʣʫʙʦʢʦʛʦ ʟʘʣʝʛʘʥʠʷ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʥʘ 

ʇʦʣʷʨʥʦʤ ʋʨʘʣʝ ʧʦʯʪʠ ʦʪʩʫʪʩʪʚʫʶʪ ʪʦʧʢʠʝ ʙʦʣʦʪʘ. ɺʩʪʨʝʯʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʣʝʜʥʠʢʦʚ ï ʦʪ 

ʧʨʠʩʢʣʦʥʦʚʳʭ ʠ ʚʠʩʷʯʠʭ ʜʦ ʢʘʨʦʚʳʭ ʠ ʢʘʨʦʚʦ-ʜʦʣʠʥʥʳʭ. ɹʣʘʛʦʜʘʨʷ ʩʝʚʝʨʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ, 

ʧʦʣʷʨʥʦʫʨʘʣʴʩʢʠʝ ʣʝʜʥʠʢʠ ʦʪʣʠʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ, ʤʦʱʥʦʩʪʴʶ ʠ ʙʦʣʝʝ 

ʥʠʟʢʠʤʠ ʚʳʩʦʪʥʳʤʠ ʦʪʤʝʪʢʘʤʠ ʥʘʜ ʫʨ. ʤʦʨʷ, ʯʝʤ ʣʝʜʥʠʢʠ ʇʨʠʧʦʣʷʨʥʦʛʦ ʠ ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ. 

ʇʦ ʜʘʥʥʳʤ ɸ.ʆ. ʂʝʤʤʝʨʠʭʘ (1966), ʧʣʦʱʘʜʴ ʧʷʪʠ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʠʟ ʥʠʭ ʨʘʚʥʘ ʧʣʦʱʘʜʠ ʚʩʝʭ 

ʣʝʜʥʠʢʦʚ ʇʨʠʧʦʣʷʨʥʦʛʦ ʠ ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʫʯʴʝʚ 

ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʩʪʝʢʘʶʱʠʭ ʩʦ ʩʥʝʞʥʠʢʦʚ ʠ ʣʝʜʥʠʢʦʚ, ʠʟ ʛʦʨʥʳʭ ʦʟʝʨ, ʙʦʣʦʪ ʠ 

ʛʦʨʥʦ-ʜʦʣʠʥʥʳʭ ʦʟʝʨ. ʈʫʯʴʠ ʧʝʨʚʳʭ ʜʚʫʭ ʪʠʧʦʚ ʠʟ-ʟʘ ʧʝʨʝʧʘʜʦʚ ʚʳʩʦʪ ʠʤʝʶʪ ʙʳʩʪʨʦʝ ʪʝʯʝʥʠʝ, 

ʧʦʨʦʛʠ ʠʣʠ ʚʦʜʦʧʘʜʳ, ʢʘʤʝʥʠʩʪʦʝ ʜʥʦ, ʚʦʜʘ ʚ ʥʠʭ ʧʨʦʟʨʘʯʥʘʷ ʠ ʭʦʣʦʜʥʘʷ. ɼʣʷ ʚʦʜʦʪʦʢʦʚ 

ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʭʘʨʘʢʪʝʨʥʳ ʥʝʙʦʣʴʰʠʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ, ʙʫʨʳʡ ʮʚʝʪ ʚʦʜʳ, ʢʘʤʝʥʠʩʪʦʝ ʠʣʠ 

ʟʘʨʦʩʰʝʝ ʤʭʘʤʠ ʜʥʦ (ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007). 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ ʨʝʢ ʠ ʦʟʝʨ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʷʚʣʷʶʪʩʷ ʘʪʤʦʩʬʝʨʥʳʝ 

ʦʩʘʜʢʠ ï ʩʥʝʛʦʚʳʝ ʠ ʜʦʞʜʝʚʳʝ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʪʘʣʳʝ ʚʦʜʳ ʣʝʜʥʠʢʦʚ. ʉʦʦʪʥʦʰʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ 
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ʧʠʪʘʥʠʷ ʨʝʢ ʩʣʝʜʫʶʱʝʝ: ʩʥʝʛʦʚʦʝ (70 %), ʩʥʝʞʥʠʢʦʚʦ-ʜʦʞʜʝʚʦʝ (20 %), ʧʦʜʟʝʤʥʦʝ (10 %). 

ɺ ʟʦʥʘʭ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʪʨʝʱʠʥʥʦʩʪʠ ʧʦʜʟʝʤʥʦʝ ʧʠʪʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʤʝʞʤʝʨʟʣʦʪʥʳʭ ʠ ʧʦʜʤʝʨʟʣʦʪʥʳʭ ʚʦʜ (ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007). 

ʂʘʨʘ, ʚ ʛʨʘʥʠʮʘʭ ʙʘʩʩʝʡʥʘ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʚʦʜʦʪʦʢʦʚ ʨʘʡʦʥʘ, ʠʤʝʝʪ ʜʣʠʥʫ 287 ʢʤ ʠ 

ʧʣʦʱʘʜʴ ʙʘʩʩʝʡʥʘ 16180 ʢʤ
2
 (ʂʝʤʤʝʨʠʭ, 1961). ʀʩʪʦʢʠ ʝʝ ʩʦʩʪʘʚʣʷʶʪ ʨʝʢʠ ɹ. ʠ ʄ. ʂʘʨʘ: ʧʝʨʚʘʷ 

ʙʝʨʝʪ ʥʘʯʘʣʦ ʚ ʤʘʣʝʥʴʢʦʤ ʛʦʨʥʦʤ ʦʟʝʨʢʝ ʚ 5 ʢʤ ʢ ʟʘʧʘʜʫ ʦʪ ʛ. ʍʫʫʪʘ-ʉʘʫʨʝʡ ʥʘ ʚʳʩʦʪʝ ʙʦʣʝʝ 

1000 ʤ ʥʘʜ ʫʨ. ʤʦʨʷ ʥʘ ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ, ʚʪʦʨʘʷ ʚʳʪʝʢʘʝʪ ʠʟ-ʧʦʜ ʣʝʜʥʠʢʘ. 

ʇʦʩʣʝ ʩʣʠʷʥʠʷ ʨʝʢ ʂʘʨʘ ʪʝʯʝʪ ʚ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʡ ʜʦʣʠʥʝ ʠ ʧʦʚʦʨʘʯʠʚʘʝʪ ʥʘ ʩʝʚʝʨ, ʩʦʭʨʘʥʷʷ 

ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʜʦ ʫʩʪʴʷ, ʚʧʘʜʘʝʪ ɹʘʡʜʘʨʘʮʢʫʶ ʛʫʙʫ ʂʘʨʩʢʦʛʦ ʤʦʨʷ. ʂ ʯʠʩʣʫ ʢʨʫʧʥʳʭ 

ʧʨʠʪʦʢʦʚ ʂʘʨʳ ʦʪʥʦʩʷʪʩʷ ʨʝʢʠ ɹʦʣʴʰʦʡ ʃʷʜʛʝʡ (ɹ. ʃʷʜʛʝʡ-ʗʭʘ), ʅʷʨʤʘ (ʅʷʨʤʘ-ʗʭʘ), ʉʠʣʦʚʘ-

ʗʭʘ, ʉʠʙʠʨʯʘʪʘ-ʗʭʘ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ. ɼʚʝ ʧʦʩʣʝʜʥʠʭ ʙʝʨʫʪ ʥʘʯʘʣʦ ʥʘ ʭʨʝʙʪʝ ʇʘʡ-ʍʦʡ 

(ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007). ɺ ʜʦʣʠʥʝ ʨʝʢʠ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʫʯʴʝʚ ʠ ʦʟʝʨ. 

ʇʦʜʨʦʙʥʝʝ ʦʧʠʩʘʥʠʝ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʥʘʤʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʘʟʜʝʣʝ 4.1 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʧʨʠʣʦʞʝʥʠʠ 2.  

ʀʩʩʣʝʜʫʝʤʳʡ ʨʘʡʦʥ ʦʪʣʠʯʘʝʪʩʷ ʦʙʠʣʠʝʤ ʨʘʟʥʳʭ ʧʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʚʦʜʦʸʤʦʚ, 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢʦʪʦʨʳʭ ʢ ʙʘʩʩʝʡʥʫ ʦʜʥʦʡ ʨʝʢʠ ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʤʘʣʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ ʨʝʢ ʠ ʦʟʝʨ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʥʝʡ ʯʘʩʪʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ, ʦʙʩʣʝʜʦʚʘʥʠʝ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʙʘʩʩʝʡʥʘ ʨ. ʂʘʨʘ, ʘʥʘʣʠʟ ʠʭ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʠʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ.  
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ɻʃɸɺɸ 3. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

3.1. ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠ ̫

 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʦʦʙʱʝʩʪʚʘ ʚʦʜʦʨʦʩʣʝʡ ʧʨʝʩʥʦʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ 

ʟʘʧʘʜʥʦʛʦ ʩʢʣʦʥʘ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠʟ ʦʪʜʝʣʦʚ 

Chlorophyta, Chrysophyta, Cyanoprokaryota, Dinophyta ʠ Xanthophyta, ʘ ʪʘʢʞʝ ʧʨʠʚʣʝʯʝʥʳ 

ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦ Bacillaryophyta (ʉʪʝʥʠʥʘ, 2009; 2015). ʊʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʦʜʥʦʡ ʩʨʝʜʳ. ʆʧʠʩʘʥʠʝ ʦʙʩʣʝʜʦʚʘʥʥʳʭ 

ʚʦʜʦʸʤʦʚ, ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʦʪʙʦʨʘ ʧʨʦʙ ʠ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʧʨʠʣʦʞʝʥʠʠ 2.  

ʆʪʙʦʨ ʧʨʦʙ ʚʦʜʳ, ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʚʦʜʦʨʦʩʣʝʡ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʧʝʨʠʬʠʪʦʥʘ 

ʧʨʦʚʝʜʝʥ ʚ ʠʶʣʝ-ʘʚʛʫʩʪʝ 2011-2013 ʛʛ. ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʤʝʪʦʜʘʤʠ (ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠé, 1999). ʆʙʩʣʝʜʦʚʘʥʦ 5 ʨʝʢ ʠ 9 ʦʟʝʨ: ʨ. ʉʠʣʦʚʘ-ʗʭʘ, ʝʸ ʧʨʠʪʦʢ ʨ. ʍʘʣʴʤʝʨʲʶ, 

ʦʟʸʨʘ ʍʘʣʴʤʝʨʪʳ, ʂʨʫʛʣʦʝ, ʊʨʦʡʥʦʝ, ʙʝʟ ʥʘʟʚʘʥʠʷ ï ˉ 3, ˉ 4, ˉ 5, ʥʘʭʦʜʷʪʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʫʜʘʣʝʥʠʠ ʦʪ ʢʨʫʧʥʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʦʪʥʦʩʷʪʩʷ ʢ ʙʘʩʩʝʡʥʫ ʨ. ʉʠʣʦʚʘ-ʗʭʘ, ʥʘ ʚʦʜʦʩʙʦʨʝ 

ʢʦʪʦʨʦʡ ʚʣʠʷʥʠʝ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʨʠ ʵʪʦʤ ʠʤʝʶʪʩʷ ʠʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʟʘʛʨʷʟʥʝʥʠʷ (ʪʨʘʜʠʮʠʦʥʥʦʝ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝ ï ʦʣʝʥʝʚʦʜʩʪʚʦ, ʪʫʨʠʟʤ). ʈʝʢʘ ʂʘʨʘ ʠ ʝʸ 

ʧʨʠʪʦʢʠ ï ʨʝʢʠ ɹ. ʃʷʜʛʝʡ, ʅʷʨʤʘ, ʘ ʪʘʢʞʝ ʦʟʸʨʘ ɹ. ʄʘʥʷʩʝʡʪʦ, ʂʦʤʘʪʳ, ʙʝʟ ʥʘʟʚʘʥʠʷ ˉ 1, 

ʦʙʩʣʝʜʦʚʘʥʳ ʚ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ʪʨʘʩʩʳ ʛʘʟʦʧʨʦʚʦʜʘ çɹʦʚʘʥʝʥʢʦʚʦ-ʋʭʪʘè ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʫʪʝʡ ʧʦ ʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʶ (ʛʨʫʥʪʦʚʘʷ ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ ʩ ʟʘʙʝʪʦʥʠʨʦʚʘʥʥʳʤʠ 

ʤʦʩʪʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ), ʢʦʪʦʨʳʝ ʧʝʨʝʩʝʢʘʶʪ ʚʩʝ ʦʩʥʦʚʥʳʝ ʚʦʜʦʪʦʢʠ ʠ ʚʦʜʦʩʙʦʨʳ ʚ ʙʘʩʩʝʡʥʝ 

ʨ. ʂʘʨʘ. ɺʩʝ ʨʝʢʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʤʝʩʪʘʭ ʠʭ ʧʝʨʝʩʝʯʝʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʳʤ ʛʘʟʦʧʨʦʚʦʜʦʤ. ɼʣʷ 

ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʝʢʠ ʧʨʦʙʳ ʧʨʠʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʚʦʜʳ, ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʚʦʜʦʨʦʩʣʝʡ ʚ ʚʦʜʦʪʦʢʘʭ ʦʪʦʙʨʘʥʳ ʥʘ ʜʚʫʭ ʫʯʘʩʪʢʘʭ ʜʣʷ ʢʘʞʜʦʡ 

ʨʝʢʠ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 500 ʤ ʦʪ ʜʦʨʦʛʠ: ʥʘ ʫʩʣʦʚʥʦ ʯʠʩʪʦʤ (ʚʳʰʝ ʤʦʩʪʘ ʧʦ ʪʝʯʝʥʠʶ) ʠ 

ʟʘʛʨʷʟʥʝʥʥʦʤ (ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʨʝʢʠ). ɺ ʦʟʝʨʘʭ ʧʨʦʙʳ ʦʪʦʙʨʘʥʳ ʫ ʙʝʨʝʛʘ ʠ ʚ ʮʝʥʪʨʝ.  

ɺʩʝʛʦ ʠʩʩʣʝʜʦʚʘʥ r 52 ʩʤʝʰʘʥʥʳʝ ʧʨʦʙ r ʚʦʜʦʨʦʩʣʝʡ, ʠʟ ʥʠʭ 9 ï ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

(ʧʨʠʣʦʞʝʥʠʝ 3), 19 ʧʨʦʙ ʧʨʠʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʳ, 9 ʧʨʦʙ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

(ʧʨʠʣʦʞʝʥʠʝ 4).  

ʉ 04.08.2011 ʧʦ 12.08.2011 ʦʙʩʣʝʜʦʚʘʥʦ ʤʝʞʛʦʨʥʦʝ ʦʟʝʨʦ ʣʝʜʥʠʢʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ï ɹ. ʄʘʥʷʩʝʡʪʦ, ʢʦʪʦʨʦʝ ʦʪʥʦʩʠʪʩʷ ʢ ʙʘʩʩʝʡʥʫ ʨ. ʂʘʨʘ, 

ʨʘʩʧʦʣʦʞʝʥʦ ʯʝʨʝʟ ʛʦʨʫ ɹ. ʄʘʥʷʩʝʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 8 ʢʤ ʦʪ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ ʠ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ, ʧʨʦʣʦʞʝʥʥʦʡ ʚʜʦʣʴ ʥʝʛʦ. ʂʦʦʨʜʠʥʘʪʳ: 68Ü 28' ʩ.ʰ., 66Ü 21' ʚ.ʜ., 160 ʤ 

ʥʘʜ ʫʨ. ʤʦʨʷ. ɻʣʫʙʠʥʘ ʦʟʝʨʘ ʜʦʩʪʠʛʘʝʪ 40 ʤ. ɺʟʷʪʦ ʚ ʢʘʯʝʩʪʚʝ ʬʦʥʦʚʦʛʦ.  



42 

 

ʉ 09.07.2012 ʧʦ 28.07.2012 ʧʨʦʚʝʜʝʥ ʦʪʙʦʨ ʧʨʦʙ ʥʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ, ʠʩʧʳʪʳʚʘʶʱʠʭ 

ʚʣʠʷʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʉʠʣʦʚʘ-ʗʭʘ, 

ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʪʦʢʦʚ ʨ. ʂʘʨʘ, ʚʢʣʶʯʘʷ: ʨ. ʍʘʣʴʤʝʨʲʶ (ʧʨʘʚʳʡ ʧʨʠʪʦʢ ʨ. ʉʠʣʦʚʘ-ʗʭʘ), 

ʦʟʸʨʘ ʍʘʣʴʤʝʨʪʳ, ʊʨʦʡʥʦʝ, ʂʨʫʛʣʦʝ, ʙʝʟ ʥʘʟʚʘʥʠʷ ˉ 3 (68Á11' ʩ.ʰ., 64Á30 ʚ.ʜ., 179 ʤ ʥʘʜ 

ʫʨ. ʤʦʨʷ; ʨʘʟʤʝʨ 500Ĭ300 ʤ),  ̄4 (68Á10' ʩ.ʰ., 64Á29 ʚ.ʜ., 180 ʤ ʥʘʜ ʫʨ. ʤʦʨ;̫ ʨʘʟʤʝʨ 500Ĭ400 ʤ), 

 ̄5 (68Á10' ʩ.ʰ., 64Á34 ʚ.ʜ., 177 ʤ ʥʘʜ ʫʨ. ʤʦʨʷ; ʨʘʟʤʝʨ 400Ĭ250 ʤ).  

ʉ 20.07.2013 ʧʦ 26.07.2013 ʦʙʩʣʝʜʦʚʘʥʳ ʨ. ʂʘʨʘ, ʝʝ ʧʨʠʪʦʢʠ ʅʷʨʤʘ (ʅʷʨʤʘ-ʗʭʘ) ʠ 

ɹ. ʃʷʜʛʝʡ (ɹ. ʃʷʜʛʝʡ-ʗʭʘ), ʦʟʝʨʘ ʂʦʤʘʪʳ, ʙʝʟʳʤʷʥʥʦʝ ʪʝʨʤʦʢʘʨʩʪʦʚʦʝ ˉ 1, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʙʘʩʩʝʡʥʫ ʨ. ʂʘʨʘ. ʆʪʙʦʨ ʧʨʦʙ ʧʨʠʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʳ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʦʠʟʚʝʜʝʥ 

ʚ ʨʘʡʦʥʝ ʚʣʠʷʥʠʷ ʥʘ ʚʦʜʦʪʦʢʠ ʠ ʦʟʝʨʘ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ 

(ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ, ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ ʠ ʦʙʲʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʝʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ).  

 

3.2. ʄʝʪʦʜʳ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ 

 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʦʩʪʘʚʘ ʘʣʴʛʦʬʣʦʨʳ ʚʦʜʦʤyʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʨʦʙʳ ʨʘʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ ʚʦʜʦʨʦʩʣʝʡ:  ʧʣʘʥʢʪʦʥʘ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʤʝʪʘʬʠʪʦʥʘ), ʧʝʨʠʬʠʪʦʥʘ (ʵʧʠʬʠʪʦʥʘ ʠ ʵʧʠʣʠʪʦʥʘ) ʠ ʙʝʥʪʦʩʘ.  

ʆʪʙʦʨ ʧʨʦʙ ʚʦʜʦʨʦʩʣʝʡ ʧʨʦʚʦʜʠʣʠ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʚ ʘʣʴʛʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʤʝʪʦʜʘʤʠ (ʄʝʪʦʜʠʢʘé, 1975; ʈʫʢʦʚʦʜʩʪʚʦé, 1983; ɺʦʜʦʨʦʩʣʠé, 1989). ʉʙʦʨ ʧʨʦʙ ʧʣʘʥʢʪʦʥʘ 

ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʣʘʥʢʪʦʥʥʦʡ ʩʝʪʠ ʠʟ ʤʝʣʴʥʠʯʥʦʛʦ ʛʘʟʘ ˉ 76. ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʨʦʙ ʦʙʲʝʤ ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʦʡ ʚʦʜʳ ʩʦʩʪʘʚʣʷʣ 50 ʣ. ʄʝʪʘʬʠʪʦʥ (ʩʚʦʙʦʜʥʦ 

ʧʣʘʚʘʶʱʠʝ ʚʦʜʦʨʦʩʣʠ ï ʥʠʪʯʘʪʢʠ, ʧʣʝʥʢʠ, ʩʣʠʟʠʩʪʳʝ ʦʙʨʘʟʦʚʘʥʠʷ) ʩʦʙʠʨʘʣʠ ʚʨʫʯʥʫʶ ʠʣʠ 

ʩʘʯʢʦʤ. ʇʨʦʙʳ ʵʧʠʬʠʪʦʥʘ (ʦʙʨʘʩʪʘʥʠʷ ʨʘʩʪʝʥʠʡ) ʦʪʙʠʨʘʣʠ ʚʨʫʯʥʫʶ. ʉ ʬʨʘʛʤʝʥʪʦʚ ʨʘʩʪʝʥʠʡ 

ʩʦʩʢʘʙʣʠʚʘʣʠ ʠ ʩʤʳʚʘʣʠ ʚʦʜʦʨʦʩʣʠ ʚ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʚ ʰʠʨʦʢʦʡ ʙʘʥʦʯʢʝ. 

ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʢʣʝʪʦʢ ʩʣʠʚʘʣʠ ʚ ʢʦʣʣʝʢʮʠʦʥʥʫʶ ʧʦʩʫʜʫ. ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʥʘʙʣʶʜʘʣʦʩʴ ʟʘʨʘʩʪʘʥʠʝ ʧʣʦʪʥʦʛʦ ʛʨʫʥʪʘ ʤʭʘʤʠ, ʠʭ ʧʦʜʥʠʤʘʣʠ ʩ ʧʦʤʦʱʴʶ çʢʦʰʢʠè. ʉʙʦʨ ʧʨʦʙ 

ʵʧʠʣʠʪʦʥʘ (ʦʙʨʘʩʪʘʥʠʷ ʢʘʤʥʝʡ) ʧʨʦʚʦʜʠʣʩʷ ʧʫʪʝʤ ʩʦʩʢʘʙʣʠʚʘʥʠʷ ʥʘʣʝʪʘ ʚʦʜʦʨʦʩʣʝʡ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʤʥʝʡ ʚ ʤʘʣʳʡ ʦʙʲʝʤ ʚʦʜʳ ʚ ʰʠʨʦʢʫʶ ʸʤʢʦʩʪʴ, ʟʘʪʝʤ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙʳ 

ʠʟ ʩʤʝʰʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʤʝʱʘʣʦʩʴ ʚ ʢʦʣʣʝʢʮʠʦʥʥʫʶ ʧʦʩʫʜʫ. ʌʠʪʦʙʝʥʪʦʩ (ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʚʦʜʦʨʦʩʣʝʡ, ʦʙʠʪʘʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ) ʚ ʚʦʜʦʤyʘʭ ʠ ʚʦʜʦʪʦʢʘʭ 

ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ. ɺ ʧʨʠʙʨʝʞʥʳʭ ʫʯʘʩʪʢʘʭ, ʥʘ ʤʷʛʢʠʭ ʛʨʫʥʪʘʭ ʧʨʦʙʳ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʚʦʜʦʨʦʩʣʝʡ ʦʪʙʠʨʘʣʠ ʨʝʟʠʥʦʚʳʤʠ ʪʨʫʙʢʘʤʠ ʜʠʘʤʝʪʨʦʤ 7-10 ʤʤ ʠʣʠ ʧʨʦʩʪʳʤ ʟʘʯʝʨʧʳʚʘʥʠʝʤ 

ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʦʣʣʝʢʮʠʦʥʥʫʶ ʧʦʩʫʜʫ. 
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ʇʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʝʪ ʬʘʢʪʦʨ ʤʠʢʨʦʤʦʟʘʠʯʥʦʩʪʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʦʜʦʨʦʩʣʝʡ, ʦʪʙʦʨ 

ʤʘʪʝʨʠʘʣʘ ʚʦ ʚʩʝʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ ʧʨʦʚʦʜʠʣʩʷ ʧʫʪʝʤ ʧʦʣʫʯʝʥʠʷ ʩʤʝʰʘʥʥʦʡ ʧʨʦʙʳ, ʩʦʩʪʦʷʱʝʡ 

ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ. ʇʨʦʙʳ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ 4% ʨʘʩʪʚʦʨʦʤ ʬʦʨʤʘʣʴʜʝʛʠʜʘ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʚʦʜʦʨʦʩʣʝʡ ʦʩʫʱʝʩʪʚʣʝʥʦ ʘʚʪʦʨʦʤ ʚ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʨʦʙʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʩʢʦʧʦʚ Carl Zeiss çAxiolabè, Nikon Eclipse 80i ʩ ʚʩʪʨʦʝʥʥʳʤʠ ʮʠʬʨʦʚʳʤʠ 

ʬʦʪʦʢʘʤʝʨʘʤʠ ʠ ʩ ʧʨʠʣʘʛʘʶʱʠʤʠʩʷ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ Ĭ400, Ĭ1000 ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʦʙʦʪʘʥʠʢʠ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʬʣʦʨʠʩʪʠʢʠ 

ʀʥʩʪʠʪʫʪʘ ʙʠʦʣʦʛʠʠ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ. ʇʨʘʚʠʣʴʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʚʝʨʝʥʘ 

ɽ.ʅ. ʇʘʪʦʚʦʡ. ʀʩʩʣʝʜʦʚʘʣʠ ʮʠʘʥʦʧʨʦʢʘʨʠʦʪʳ, ʟʝʣʝʥʳʝ, ʵʚʛʣʝʥʦʚʳʝ, ʜʠʥʦʬʠʪʦʚʳʝ, 

ʞʝʣʪʦʟʝʣʝʥʳʝ, ʟʦʣʦʪʠʩʪʳʝ, ʢʨʘʩʥʳʝ ʠ ʭʘʨʦʚʳʝ ʚʦʜʦʨʦʩʣʠ.  

ɺʳʙʦʨʢʠ ʠʟ ʢʘʞʜʦʡ ʧʨʦʙʳ ʠʟʫʯʘʣʠʩʴ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʩʦʩʪʦʷʥʠʷ, ʢʦʛʜʘ 

ʥʦʚʳʭ ʚʠʜʦʚ ʥʝ ʧʦʷʚʣʷʝʪʩʷ. ʇʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʦʜʦʨʦʩʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥʳ çʆʧʨʝʜʝʣʠʪʝʣʴ 

ʧʨʝʩʥʦʚʦʜʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʉʉʉʈè (ɻʦʣʣʝʨʙʘʭ, ʇʦʣʷʥʩʢʠʡ, 1951; ɻʦʣʣʝʨʙʘʭ ʠ ʜʨ., 1953; 

ʄʘʪʚʠʝʥʢʦ, 1954; ʇʦʧʦʚʘ, 1955; ɼʝʜʫʩʝʥʢʦ-ʑʝʛʦʣʝʚʘ ʠ ʜʨ., 1959; ɼʝʜʫʩʝʥʢʦ-ʑʝʛʦʣʝʚʘ, 

ɻʦʣʣʝʨʙʘʭ, 1962; ɿʝʣʝʥʳʝ, ʢʨʘʩʥʳʝé, 1980; ʇʘʣʘʤʘʨʴ-ʄʦʨʜʚʠʥʮʝʚʘ, 1982; ʄʦʰʢʦʚʘ, 

ɻʦʣʣʝʨʙʘʭ, 1987), çʌʣʦʨʘ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʉʉʉʈè (ʂʦʩʠʥʩʢʘʷ, 1952, 1960; ʇʦʧʦʚʘ, 

ʉʘʬʦʥʦʚʘ, 1976), çɺʠʟʥʘʯʥʠʢ ʧʨiʩʥʦʚʦʜʥʠʭ ʚʦʜʦʨʦʩʪʝʡ ʋʈʉʈè (ʂʦʨʰʠʢʦʚ, 1953; ʄʘʪʚiʻʥʢʦ, 

1965; ʂʦʥʜʨʘʪʴʝʚʘ, 1968; ʄʘʪʚʠʝʥʢʦ, ɼʦʛʘʜʠʥʘ, 1978; ʇʘʣʘʤʘʨʴ-ʄʦʨʜʚʠʥʮʝʚʘ, 1986; ʖʥʛʝʨ, 

ʄʦʰʢʦʚʘ, 1993), S¿Çwasserflora von Mitteleuropa (MroziŒska, 1985; PopovskĨ, Pfiester, 1990; 

Krause, 1997; Kom§rek, Anagnostidis, 1986, 1989, 1998, 2005; Kom§rek, 2013), De Dosmidiaceeʸn 

van Nederland (Coesel, 1982, 1983, 1985, 1994, 1997), Flora of New Zealand (Croasdale, Flint, 1986, 

1988; Croasdale et al., 1994), ʘ ʪʘʢʞʝ ʩʚʦʜʢʠ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ (West et al., 1923; Skuja, 1956, 

1964; Ettl, 1978; Kom§rek, Fott, 1983; Hind§k, 1990; Anagnostidis, Kom§rek, 1985, 1988, 1990; John 

et al., 2002; Will®n, 2003; Woğowski, Hind§k, 2005; Benthic algaeé, 2006) ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ 

ʦʙʟʦʨʳ ʧʦ ʛʨʫʧʧʘʤ (ʂʦʥʜʨʘʪʴʝʚʘ, ʂʦʚʘʣʝʥʢʦ, 1975; Gerrath, 1986; Handke, 1986; Eloranta, 1989; 

ʎʘʨʝʥʢʦ, 1990; ʈʫʥʜʠʥʘ, 1998; ɺʝʪʨʦʚʘ, 2004; ʇʘʪʦʚʘ, 2004; ʃʫʢʥʠʮʢʘʷ, 2005; Lenzenweger, 

1996, 1997, 1999, 2003).  

ɺ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʩʧʠʩʢʝ ʚʠʜʦʚ ʚʦʜʦʨʦʩʣʝʡ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ  ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ 

ʙʘʩʩʝʡʥʘ ʨ. ʂʘʨʘ (ʧʨʠʣʦʞʝʥʠʝ 5), ʦʪʜʝʣʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʛʝʥʝʪʠʯʝʩʢʦʤ ʧʦʨʷʜʢʝ ʩ ʫʯʝʪʦʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʦʤʝʥʢʣʘʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦ ʙʘʟʝ ʜʘʥʥʳʭ AlgaeBase (Guiry, Guiry, 2020), 

ʪʘʢʩʦʥʳ ʚʥʫʪʨʠ ʦʪʜʝʣʦʚ ï ʚ ʘʣʬʘʚʠʪʥʦʤ ʧʦʨʷʜʢʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʚʪʦʨʩʢʠʭ ʟʥʘʢʦʚ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʨʪʘʣ Universal Biological Indexer and Organizer (http://www.ubio.org/).  

ʄʝʪʦʜʳ ʵʢʦʣʦʛʦ-ʬʣʦʨʠʩʪʠʯʝʩʢʦʛʦ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʆʮʝʥʢʘ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʘʣʴʛʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʝʥʘ ʩ 

ʫʯʝʪʦʤ ʩʣʝʜʫʶʱʝʛʦ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʵʢʦʩʠʩʪʝʤʳ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʪʩʷ, ʠ ʥʝʧʨʝʨʳʚʥʳʝ 
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ʬʣʫʢʪʫʘʮʠʠ ʩʨʝʜʳ ʚʳʟʳʚʘʶʪ ʘʜʝʢʚʘʪʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʚ ʚʠʜʦʚʦʤ ʩʦʩʪʘʚʝ ʠ ʩʪʨʫʢʪʫʨʝ ʚʠʜʦʚʳʭ 

ʧʦʧʫʣʷʮʠʡ ʠ ʩʦʦʙʱʝʩʪʚ ʚʠʜʦʚ (ʖʨʮʝʚ, 1990). ʉʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʩʠʩʪʝʤʳ ʠʣʠ ʝʝ 

ʯʘʩʪʠ, ʥʘʧʨʠʤʝʨ, ʚʦʜʦʨʦʩʣʝʡ, ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʝʡ ʭʘʨʘʢʪʝʨʘ ʜʝʡʩʪʚʠʷ 

ʢʦʤʧʣʝʢʩʘ ʬʘʢʪʦʨʦʚ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʵʢʦʩʠʩʪʝʤʫ (ɹʘʨʠʥʦʚʘ ʠ ʜʨ., 2006). ɺʤʝʩʪʝ ʩ 

ʪʝʤ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʩʥʦʚʦʜʥʳʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʚʦʜʦʨʦʩʣʠ ï ʦʜʥʦʢʣʝʪʦʯʥʳʝ ʨʘʩʪʝʥʠʷ, 

ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʙʳʩʪʨʦ, ʦʥʠ ʙʳʩʪʨʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʫʩʣʦʚʠʡ ʩʨʝʜʳ 

ʠʭ ʦʙʠʪʘʥʠʷ ʠʟʤʝʥʝʥʠʝʤ ʯʠʩʣʘ ʠ ʦʙʠʣʠʷ ʚʠʜʦʚ ʚ ʩʦʦʙʱʝʩʪʚʘʭ. ɺ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ 

ʩʝʟʦʥʘ, ʧʦ ʤʝʨʝ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʦʙʠʪʘʥʠʷ, ʤʝʥʷʝʪʩʷ ʠ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ, ʠ ʦʙʠʣʠʝ ʢʘʞʜʦʛʦ 

ʚʠʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʥʘʙʦʨ ʚʠʜʦʚ, ʪʘʢ ʠ ʦʙʠʣʠʝ ʢʘʞʜʦʛʦ, ʤʝʥʷʶʪʩʷ ʚ ʚʦʜʥʦʤ ʦʙʲʝʢʪʝ ʛʦʜ ʦʪ 

ʛʦʜʘ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩ ʧʦʤʦʱʴʶ ʚʦʜʦʨʦʩʣʝʡ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʟʫʯʘʝʤʳʡ ʚʦʜʥʳʡ ʦʙʲʝʢʪ, 

ʥʝʦʙʭʦʜʠʤʦ ʚ ʪʘʢʦʡ ʜʠʥʘʤʠʯʥʦʡ ʩʠʩʪʝʤʝ ʥʘʡʪʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʠʩʭʦʜʷʱʠʭ ʠʟʤʝʥʝʥʠʡ ʠ 

ʚʳʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʥʳʝ (ɹʘʨʠʥʦʚʘ ʠ ʜʨ., 2006). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʧʨʠʜʘʚʘʣʦʩʴ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ ʚ 

ʦʪʥʦʰʝʥʠʠ ʜʦʤʠʥʘʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʥʜʠʢʘʪʦʨʥʳʭ ʛʨʫʧʧ ʚʦʜʦʨʦʩʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ 

ʘʥʘʣʦʛʠʯʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʩʧʠʩʦʢ ʚʦʜʦʨʦʩʣʝʡ. ʕʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟ ʜʘʥʥʳʭ (ɹʘʨʠʥʦʚʘ ʠ ʜʨ., 2006; ɼʘʚʳʜʦʚ ʠ ʜʨ., 2019). ɺ 

ʘʥʘʣʠʟʝ ʩʪʨʫʢʪʫʨʳ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ ʧʨʠʤʝʥʝʥʳ ʠʥʜʝʢʩʳ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʐʝʥʥʦʥʘ-ʋʠʚʝʨʘ, ʚʳʨʦʚʥʝʥʥʦʩʪʠ, ʇʠʝʣʦʫ, ʉʠʤʧʩʦʥʘ, ʐʝʣʜʦʥʘ, ʠ ɹʝʨʛʝʨʘ-ʇʘʨʢʝʨʘ (ʇʝʩʝʥʢʦ, 

1982), ʨʘʩʯʝʪ ʠʥʜʝʢʩʦʚ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Exel. ɼʣʷ ʧʦʜʩʯʝʪʘ ʯʠʩʣʝʥʥʦʩʪʠ 

ʚʦʜʦʨʦʩʣʝʡ ʧʨʠʤʝʥʷʣʠ ʩʯʝʪʥʳʝ ʢʘʤʝʨʳ ɻʦʨʷʝʚʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʦʪʜʝʣʴʥʳʭ ʢʣʝʪʦʢ 

ʚʦʜʦʨʦʩʣʝʡ ʠʟʤʝʨʷʣʠ, ʠʩʧʦʣʴʟʫʷ ʦʢʫʣʷʨ-ʤʠʢʨʦʤʝʪʨ, ʧʦʣʫʯʘʣʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

(ʈʫʢʦʚʦʜʩʪʚʦé, 1983). ʇʦʜʩʯʝʪ ʯʠʩʣʝʥʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʧʨʦʚʦʜʠʣʠ ʚ ʢʘʤʝʨʝ ɻʦʨʷʝʚʘ ʚ 

ʧʷʪʠ ʧʦʚʪʦʨʥʦʩʪʷʭ. ʇʝʨʝʩʯʝʪ ʥʘ 1 ʣ ʚʦʜʳ ʚʝʣʠ ʧʦ ʬʦʨʤʫʣʝ (ʄʝʪʦʜʠʢʘé, 1975):  

w

1000³³
=

vn
N , (1) 

ʛʜʝ N ï ʯʠʩʣʦ ʢʣʝʪʦʢ ʚ 1 ʣ ʚʦʜʳ, n ï ʯʠʩʣʦ ʢʣʝʪʦʢ ʚ ʢʘʤʝʨʝ ʦʙʲʝʤʦʤ 1 ʩʤ
3
, ᾇ ï ʦʙʲʝʤ 

ʢʦʥʮʝʥʪʨʘʪʘ ʧʨʦʙʳ, ά ï ʦʙʲʝʤ ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʦʡ ʚʦʜʳ. 

ʆʮʝʥʢʘ ʩʭʦʜʩʪʚʘ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʘʣʴʛʦʮʝʥʦʟʦʚ ʚʳʧʦʣʥʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʤʦʜʫʣʷ çGraphsè (ʅʦʚʘʢʦʚʩʢʠʡ, 2004) ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉʲʝʨʝʥʩʝʥʘ-ʏʝʢʘʥʦʚʩʢʦʛʦ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʩʪʨʝʯʘʝʤʦʩʪʠ (ʧʦʩʪʦʷʥʩʪʚʘ) ʚʠʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʦʨʤʫʣʫ 

(ʂʦʥʜʨʘʪʴʝʚʘ, ʂʦʚʘʣʝʥʢʦ, 1975): 

%100³=
ɸ

ʘ
N , (2) 
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ʛʜʝ N ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʩʪʨʝʯʘʝʤʦʩʪʠ (ʧʦʩʪʦʷʥʩʪʚʘ) ʚʠʜʘ (ʪʘʢʩʦʥʘ), ʘ ï ʯʠʩʣʦ 

ʘʣʴʛʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙ, ʚ ʢʦʪʦʨʳʭ ʦʙʥʘʨʫʞʝʥʘ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʘ, ɸ ï ʦʙʱʝʝ ʯʠʩʣʦ 

ʠʟʫʯʝʥʥʳʭ ʧʨʦʙ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʠʩʩʣʝʜʦʚʘʣʠ ʥʝ ʤʝʥʝʝ 10 ʧʨʦʙ. 

ʆʙʠʣʠʝ ʚʦʜʦʨʦʩʣʝʡ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʰʢʘʣʝ (ɺʘʩʠʣʴʝʚʘ, ʈʝʤʠʛʘʡʣʦ, 1982), ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

Ĭ400, ʚ ʧʨʦʠʟʚʦʣʴʥʦ ʚʟʷʪʳʭ ʪʨʘʥʩʝʢʪʘʭ ʥʘ ʩʪʝʢʣʝ 18Ĭ18 ʤʤ ʩʯʠʪʘʣʠ ʯʠʩʣʦ ʠʥʜʠʚʠʜʦʚ 

ʚʦʜʦʨʦʩʣʝʡ. ʐʢʘʣʘ ʦʙʠʣʠʷ ʰʝʩʪʠʙʘʣʴʥʘʷ: 1 ï ʝʜʠʥʠʯʥʦ (ʝʜ), ʤʝʥʝʝ 10 ʠʥʜʠʚʠʜʦʚ ʚ ʧʨʝʧʘʨʘʪʝ; 

2 ï ʨʝʜʢʦ (ʨ), 10 ʠʥʜʠʚʠʜʦʚ ʚ ʧʨʝʧʘʨʘʪʝ; 3 ï ʥʝʨʝʜʢʦ (ʥʨ), 1-10 ʠʥʜʠʚʠʜʦʚ ʚ ʨʷʜʫ ʧʨʝʧʘʨʘʪʘ; 4 ï

 ʯʘʩʪʦ (ʯ), 11-25 ʠʥʜʠʚʠʜʦʚ ʚ ʦʜʥʦʤ ʨʷʜʫ ʧʨʝʧʘʨʘʪʘ; 5 ï ʦʯʝʥʴ ʯʘʩʪʦ (ʦʯ), 25-50 ʠʥʜʠʚʠʜʦʚ ʚ 

ʨʷʜʫ ʧʨʝʧʘʨʘʪʘ; 6 ï ʚ ʤʘʩʩʝ (ʤ), ʙʦʣʝʝ 50 ʠʥʜʠʚʠʜʦʚ ʚ ʨʷʜʫ ʧʨʝʧʘʨʘʪʘ. 

ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʠʥʜʠʢʘʪʦʨʥʳʤ ʛʨʫʧʧʘʤ ʚʦʜʦʨʦʩʣʝʡ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʉ.ʉ. ɹʘʨʠʥʦʚʦʡ, ʃ.ɸ. ʄʝʜʚʝʜʝʚʦʡ, ʆ.ɺ. ɸʥʠʩʠʤʦʚʦʡ (2006), ʩ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʘʡʦʥʘ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʧʨʦʰʣʳʭ ʣʝʪ (ʄʠʨʦʥʦʚʘ, ʇʦʢʨʦʚʩʢʘʷ, 

1964; ʇʦʢʨʦʚʩʢʘʷ, 1964; ɻʝʮʝʥ, 1973; ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʟʝʨé, 1976; ʌʣʦʨʘ ʠ ʬʘʫʥʘé, 1978; 

ʉʧʦʨʦʚʳʝ ʨʘʩʪʝʥʠʷé, 1982; ɻʝʮʝʥ, 1985; ʉʪʝʥʠʥʘ, 1990; ɻʝʮʝʥ ʠ ʜʨ., 1992; ʉʪʝʥʠʥʘ, 1993; 

ɸʣʴʛʦʬʣʦʨʘé, 1994; ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷé, 1994; ʆʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳé, 1994; ɹʦʛʜʘʥʦʚ ʠ ʜʨ., 2004; ʇʨʠʨʦʜʥʘʷ ʩʨʝʜʘ ʪʫʥʜʨʳé, 2005; ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 

2007; ʉʪʝʥʠʥʘ, 2010; ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝé, 2010).  

ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʱʝʧʨʠʥʷʪʳʝ ʛʨʫʧʧʳ ʛʘʣʦʙʥʦʩʪʠ 

ʜʣʷ ʧʨʝʩʥʳʭ ʚʦʜʦʝʤʦʚ (ʇʨʦʰʢʠʥʘ-ʃʘʚʨʝʥʢʦ, 1953; ɹʘʨʠʥʦʚʘ ʠ ʜʨ., 2006). ʆʣʠʛʦʛʘʣʦʙʥʳʝ ʚʠʜʳ, 

ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʧʨʠ ʥʠʟʢʦʡ ʩʦʣʝʥʦʩʪʠ ʚʦʜʳ ʦʪ 0.01 ʜʦ 5 ă, ʨʘʟʜʝʣʝʥʳ ʥʘ ʛʘʣʦʬʦʙʥʳʝ, 

ʠʥʜʠʬʬʝʨʝʥʪʥʳʝ ʠ ʛʘʣʦʬʠʣʴʥʳʝ ʚʠʜʳ. ɻʘʣʦʬʦʙʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʨʝʩʥʳʭ ʚʦʜ, ʩʦʣʝʥʦʩʪʴ 

ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 0.02 ă. ʀʥʜʠʬʬʝʨʝʥʪʳ ʦʙʠʪʘʶʪ ʧʨʠ ʩʦʣʝʥʦʩʪʠ ʚʦʜʳ 0.2-0.3 ă. 

ɻʘʣʦʬʠʣʳ ʥʘʩʝʣʷʶʪ ʩʣʝʛʢʘ ʩʦʣʦʥʦʚʘʪʳʝ ʚʦʜʦʝʤʳ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʚʦʜʳ 0.4-0.5 ă. 

ɺʳʜʝʣʷʝʪʩʷ ʪʘʢʞʝ ʛʨʫʧʧʘ ʤʝʟʦʛʘʣʦʙʥʳʭ ʚʠʜʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʦʣʦʥʦʚʘʪʳʭ ʚʦʜʦʝʤʦʚ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʣʝʡ ʚ ʚʦʜʝ ʙʦʣʝʝ 5 ă. 

ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʨʅ-ʛʨʫʧʧʳ, ʚʢʣʶʯʘʶʱʠʝ ʚʠʜʳ-ʠʥʜʠʬʬʝʨʝʥʪʳ, ʘʮʠʜʦʬʠʣʳ 

ʠ ʘʣʢʘʣʠʬʠʣʳ ʚʤʝʩʪʝ ʩ ʘʣʢʘʣʠʙʠʦʥʪʘʤʠ (Merilªinen, 1967). ɸʣʢʘʣʠʙʠʦʥʪʳ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ 

ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʨʅ >7. ɸʣʢʘʣʠʬʠʣʳ ï ʧʨʠ ʨʅ ʦʢʦʣʦ 7 ʠ ʩ ʦʧʪʠʤʫʤʦʤ > 7. ʀʥʜʠʬʬʝʨʝʥʪʳ 

ʦʙʠʣʴʥʳ ʧʨʠ ʨʅ ʦʢʦʣʦ 7. ɸʮʠʜʦʬʠʣʳ ï ʧʨʠ ʨʅ ʦʢʦʣʦ 7, ʥʦ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

< 7. ɸʮʠʜʦʙʠʦʥʪʳ ï ʧʨʠ ʨʅ ʥʠʞʝ 7, ʦʧʪʠʤʫʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠ ʨʅ 5.5 ʠ ʥʠʞʝ. 

ɺ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʧʨʠʤʝʥʝʥʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʪʝʨʤʠʥʦʣʦʛʠʷ ʚ 

ʧʦʜʨʘʟʜʝʣʝʥʠʠ ʥʘ ʛʨʫʧʧʳ ï ʙʦʨʝʘʣʴʥʳʝ, ʘʨʢʪʦʙʦʨʝʘʣʴʥʳʝ, ʘʨʢʪʦʤʦʥʪʘʥʥʳʝ, ʘʨʢʪʠʯʝʩʢʠʝ ʚʠʜʳ 

ʠ ʢʦʩʤʦʧʦʣʠʪʳ (ɼʘʚʳʜʦʚ, 2008, ɼʘʚʳʜʦʚ ʠ ʜʨ., 2019). ʇʦ ʘʨʝʘʣʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ï 
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ʧʘʣʝʦʪʦʪʨʦʧʠʯʝʩʢʠʝ, ʝʚʨʘʟʠʘʪʩʢʠʝ, ʝʚʨʦʧʝʡʩʢʠʝ, ʙʠʧʦʣʷʨʥʳʝ, ʮʠʨʢʫʤʧʦʣʨ̫ʥʳʝ, 

ʢʦʩʤʦʧʦʣʠʪʥʳʝ (ɹʘʨʠʥʦʚʘ ʠ ʜʨ., 2006; ɼʘʚʳʜʦʚ, 2008; ɼʘʚʳʜʦʚ ʠ ʜʨ., 2019). 

ɺ ʘʥʘʣʠʟʝ ʩʪʨʫʢʪʫʨʳ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ ʧʨʠʤʝʥʝʥʳ ʠʥʜʝʢʩʳ ʚʠʜʦʚʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʐʝʥʥʦʥʘ-ʋʠʚʝʨʘ, ʚʳʨʦʚʥʝʥʥʦʩʪʠ, ʉʠʤʧʩʦʥʘ, ʐʝʣʜʦʥʘ, ɾʠʚʦʪʦʚʩʢʦʛʦ ʠ ɹʝʨʛʝʨʘ-

ʇʘʨʢʝʨʘ (ʇʝʩʝʥʢʦ, 1982), ʨʘʩʯʝʪ ʠʥʜʝʢʩʦʚ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Exʩel.  

ɼʣʷ ʦʮʝʥʢʠ ʩʭʦʜʩʪʚʘ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʦʨʦʩʣʝʡ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʦʝʤʦʚ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ çGraphsè, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ Microsoft Excel (ʅʦʚʘʢʦʚʩʢʠʡ, 2004), ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʉʲʝʨʝʥʩʝʥʘ-

ʏʝʢʘʥʦʚʩʢʦʛʦ (ʇʝʩʝʥʢʦ, 1982):  

%100
2

. ³
+

=
ba

ʩ
Ks , (3) 

ʛʜʝ ʂSʉ ï ʢʦʵʬʬʠʮʠʝʥʪ ʉʲʝʨʝʥʩʝʥʘ-ʏʝʢʘʥʦʚʩʢʦʛʦ, ʘ ï ʯʠʩʣʦ ʚʠʜʦʚ ʚ ʦʜʥʦʤ ʚʦʜʦʤyʝ, b ï 

ʯʠʩʣʦ ʚʠʜʦʚ ʚʦ ʚʪʦʨʦʤ ʚʦʜʦʤyʝ, ʩ ï ʦʙʱʝʝ ʯʠʩʣʦ ʚʠʜʦʚ ʜʣʷ ʵʪʠʭ ʜʚʫʭ ʚʦʜʦʤyʦʚ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʥʦʡ ʩʨʝʜʳ. ɺ ʤʝʩʪʘʭ ʩʙʦʨʘ 

ʘʣʴʛʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙ ʧʨʦʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʠʟʤʝʨʝʥʳ ʛʣʫʙʠʥʳ ʦʩʥʦʚʥʳʭ 

ʚʦʜʦʝʤʦʚ, ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʨʅ ʚʦʜʳ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʘʤ (ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, 1999), ʚʟʷʪʳ ʧʨʦʙʳ ʧʨʠʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʳ (ʩ ʛʣʫʙʠʥʳ 0,5 ʤ, ʘ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʩ ʨʘʟʥʳʭ ʛʣʫʙʠʥ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʘʤ ï ɻʆʉʊ ʈ 51592-2000, ɻʆʉʊ 31861-2012) ʠ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʧʦ ɻʆʉʊ 17.1.5.01-80) ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʀʟʤʝʨʝʥʠʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ: ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʚʦʜʳ, ʨʅ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ 

ʧʦʣʝʚʦʛʦ ʵʢʩʧʨʝʩʩ-ʧʨʠʙʦʨʘ Water test (Hanna instruments, ʇʦʨʪʫʛʘʣʠʷ), ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ï 

ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʣʦʛʛʝʨʦʚ ʪʠʧʘ Thermochron DS 1921 (USA).  

ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʙ ʚʦʜʳ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʳʧʦʣʥʝʥ ʧʦ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠ 

ʘʪʪʝʩʪʦʚʘʥʥʳʤʠ ʤʝʪʦʜʠʢʘʤ (ʪʘʙʣʠʮʘ 3.1.1) ʚ ʣʘʙʦʨʘʪʦʨʠʠ çʕʢʦʘʥʘʣʠʪè ʀɹ ʌʀʎ ʂʦʤʠ ʅʎ ʋʨʆ 

ʈɸʅ (ʘʪʪʝʩʪʘʪ ʘʢʢʨʝʜʠʪʘʮʠʠ ʈʆʉʉ RU.0001.511257).  

ʊʘʙʣʠʮʘ 3.1.1 

ʄʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ, ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʧʨʦʙ ʚʦʜʳ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

 

ʇʦʢʘʟʘʪʝʣʴ ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʡ, ʥʦʨʤʘʪʠʚʥʳʡ ʜʦʢʫʤʝʥʪ 
ʉʨʝʜʩʪʚʦ ʠʟʤʝʨʝʥʠʡ 

(ʤʘʨʢʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ) 

ɺʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, 

ʨʅ 

ʇʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ,  

ʈɼ 52.24.495-2017 (ʌʈ.1.31.2019.33238)
 3

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʬʠʣʴʪʨʦʚʘʥʥʳʭ ʧʨʦʙ 

ɸʥʘʣʠʟʘʪʦʨ ʞʠʜʢʦʩʪʠ ï pH-ʤʝʪʨ-

ʢʦʥʜʫʢʪʦʤʝʪʨ Professional Meter PP-20 

ʩ pH-ʤʝʪʨʠʯʝʩʢʠʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ 

ʵʣʝʢʪʨʦʜʦʤ ʚ ʩʪʝʢʣʷʥʥʦʤ ʢʦʨʧʫʩʝ PY-

P11,  

                                                           
3
 ʅʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤʠ ʙʳʣ ʚʳʧʦʣʥʝʥ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʙ ʚʦʜʳ ʠ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʠ ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʜʣʷ ʧʦʷʩʥʝʥʠʷ ʤʝʪʦʜʘ, ʥʝ ʦʪʨʘʞʝʥʳ ʚ ʩʧʠʩʢʝ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ. 



47 

 

ʇʦʢʘʟʘʪʝʣʴ ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʡ, ʥʦʨʤʘʪʠʚʥʳʡ ʜʦʢʫʤʝʥʪ 
ʉʨʝʜʩʪʚʦ ʠʟʤʝʨʝʥʠʡ 

(ʤʘʨʢʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ) 

Sartorius, ɻʝʨʤʘʥʠʷ 

ʋʜʝʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ, Þ 

ʂʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ,  

ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ Sartorius 

Professional Meter PP-20 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʬʠʣʴʪʨʦʚʘʥʥʳʭ ʧʨʦʙ 

ɸʥʘʣʠʟʘʪʦʨ ʞʠʜʢʦʩʪʠ ï pH-ʤʝʪʨ-

ʢʦʥʜʫʢʪʦʤʝʪʨ Professional Meter PP-

20,  

Sartorius, ɻʝʨʤʘʥʠʷ 

ɺʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, 

ɺɺ 

ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ,  

ʇʅɼ ʌ 14.1:2:4.254-09 ʌʈ.1.31.2018.29036) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙ, ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʭ ʯʝʨʝʟ 

ʬʠʣʴʪʨʳ ʦʙʝʟʟʦʣʝʥʥʳʝ çʉʠʥʷʷ ʣʝʥʪʘè ʩ 

ʬʠʣʴʪʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 100 

ʩʝʢʫʥʜ 

ɺʝʩʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 1 

ʢʣʘʩʩʘ ʪʦʯʥʦʩʪʠ XP205,  

Mettler Toledo, ʐʚʝʡʮʘʨʠʷ 

ʇʨʦʟʨʘʯʥʦʩʪʴ ɺʠʟʫʘʣʴʥʳʡ ʤʝʪʦʜ,  

ʈɼ 52.24.496-2018 (ʧ. 9.2) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʬʠʣʴʪʨʦʚʘʥʥʳʭ ʧʨʦʙ 

ʃʠʥʝʡʢʘ ʠʟʤʝʨʠʪʝʣʴʥʘʷ 

ʤʝʪʘʣʣʠʯʝʩʢʘʷ, 300 ʤʤ,  

ʆɸʆ çʉʪʘʚʨʦʧʦʣʴʩʢʠʡ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʟʘʚʦʜè, ʈʦʩʩʠʷ 

ʄʫʪʥʦʩʪʴ (ʧʦ ʬʦʨʤʘʟʠʥʫ) ʊʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ,  

ʇʅɼ ʌ 14.1:2:3:4.213-05 (ʌʈ.1.31.2019.34789) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʬʠʣʴʪʨʦʚʘʥʥʳʭ ʧʨʦʙ 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨ UNICO 2100,  

United Products & Instruments, Inc., 

ʉʐɸ 

ʎʚʝʪʥʦʩʪʴ ʌʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ,  

ʇʅɼ ʌ 14.1:2:4.207-04 (ʌʈ.1.31.2007.03807) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙ, ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʭ ʯʝʨʝʟ 

ʤʝʤʙʨʘʥʥʳʝ ʬʠʣʴʪʨʳ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,45 ʤʢʤ 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨ UNICO 2100,  

United Products & Instruments, Inc., 

ʉʐɸ 

ɹʠʦʭʠʤʠʯʝʩʢʦʝ 

ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ, 

ɹʇʂ5 

ɸʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩ ɹʇʂ-ʪʝʩʪʝʨʦʤ, 

ʇʅɼ ʌ 14.1:2:3:4.123-97 (ʌʈ.1.31.2007. 03436) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʬʠʣʴʪʨʦʚʘʥʥʳʭ ʧʨʦʙ 

ɸʥʘʣʠʟʘʪʦʨ ʧʦʨʪʘʪʠʚʥʳʡ ʩʝʨʠʠ 

ɸʅʀʆʅ 7000 (ɸ 7040 ï 

ʢʠʩʣʦʨʦʜʦʤʝʨ) ʩ ʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʤ 

ʩʝʥʩʦʨʦʤ ɸʉʨʆ2 ʠ ʜʘʪʯʠʢʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ɼʊ-1,  

çʀʥʬʨʘʩʧʘʢ-ɸʥʘʣʠʪè, ʈʦʩʩʠʷ 

ʍʠʤʠʯʝʩʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ 

ʢʠʩʣʦʨʦʜʘ, ʍʇʂ 

ʌʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʘʥʘʣʠʟʘʪʦʨʘ ʞʠʜʢʦʩʪʠ çʌʣʶʦʨʘʪ-02è,  

ʇʅɼ ʌ 14.1:2:4.190-2003 (ʌʈ.1.31.2012.12706) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʬʠʣʴʪʨʦʚʘʥʥʳʭ ʧʨʦʙ 

ɸʥʘʣʠʟʘʪʦʨ ʞʠʜʢʦʩʪʠ çʌʣʶʦʨʘʪ-02-

3ʄè,  

ʆʆʆ çʃʶʤʵʢʩè, ʈʦʩʩʠʷ 

ʇʝʨʤʘʥʛʘʥʘʪʥʘʷ 

ʦʢʠʩʣʷʝʤʦʩʪʴ, ʇʆ 

ʊʠʪʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ,  

ʇʅɼ ʌ 14.1:2:4.154-99 (ʌʈ.1.31.2013.13900) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʬʠʣʴʪʨʦʚʘʥʥʳʭ ʧʨʦʙ 

ɹʶʨʝʪʢʘ ʩ ʦʜʥʦʭʦʜʦʚʳʤ ʢʨʘʥʦʤ 1-1-2-

25-0,1,  

ʇɸʆ çʍʠʤʣʘʙʦʨʧʨʠʙʦʨè, ʈʦʩʩʠʷ 

ɻʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥ, 

HCO3
ï 

ʄʝʪʦʜ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ, 

ɻʆʉʊ 31957-2012 (ʄʝʪʦʜ ɸ.1) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʬʠʣʴʪʨʦʚʘʥʥʳʭ ʧʨʦʙ 

ʊʠʪʨʘʪʦʨ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʡ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ɸʊʇ-02,  

ɿɸʆ çʅʇʂʌ ɸʢʚʠʣʦʥè, ʈʦʩʩʠʷ 

ɸʟʦʪ ʘʤʤʦʥʠʡʥʳʡ, N-

NH4
+ 

ʌʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʚ ʚʠʜʝ ʠʥʜʦʬʝʥʦʣʦʚʦʛʦ 

ʩʠʥʝʛʦ,  

ʈɼ 52.24.383-2018 (ʌʈ.1.31.2019.33119) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙ, ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʭ ʯʝʨʝʟ 

ʤʝʤʙʨʘʥʥʳʝ ʬʠʣʴʪʨʳ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,45 ʤʢʤ 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨ UNICO 2100,  

United Products & Instruments, Inc., 

ʉʐɸ 

ɸʟʦʪ ʥʠʪʨʘʪʥʳʡ, N-Nʆ3
ï 
ʌʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩ ʨʝʘʢʪʠʚʦʤ ɻʨʠʩʩʘ 

ʧʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʢʘʜʤʠʝʚʦʤ ʨʝʜʫʢʪʦʨʝ,  

ʈɼ 52.24.380-2017 (ʌʈ.1.31.2019.32572) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙ, ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʭ ʯʝʨʝʟ 

ʤʝʤʙʨʘʥʥʳʝ ʬʠʣʴʪʨʳ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,45 ʤʢʤ 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨ UNICO 2100,  

United Products & Instruments, Inc., 

ʉʐɸ 

ɸʟʦʪ ʥʠʪʨʠʪʥʳʡ, N-Nʆ2
ï 
ʌʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩ ʨʝʘʢʪʠʚʦʤ ɻʨʠʩʩʘ,  

ʈɼ 52.24.381-2017 (ʌʈ.1.31.2019.32573) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙ, ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʭ ʯʝʨʝʟ 

ʤʝʤʙʨʘʥʥʳʝ ʬʠʣʴʪʨʳ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,45 ʤʢʤ 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨ UNICO 2100,  

United Products & Instruments, Inc., 

ʉʐɸ 

ʍʣʦʨʠʜ-ʠʦʥ, Cl
ï 

ʄʝʪʦʜ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ  

ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ,  

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ˉ 88-17641-002-2016 

(ʌʈ.1.31.2016.23501) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙ, ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʭ ʯʝʨʝʟ 

ʤʝʤʙʨʘʥʥʳʝ ʬʠʣʴʪʨʳ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,45 ʤʢʤ 

ʉʧʝʢʪʨʦʤʝʪʨ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʳʡ ʩ 

ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ 

Spectro Arcos,  

Spectro Analytical Instruments GmbH, 

ɻʝʨʤʘʥʠʷ 
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ʇʦʢʘʟʘʪʝʣʴ ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʡ, ʥʦʨʤʘʪʠʚʥʳʡ ʜʦʢʫʤʝʥʪ 
ʉʨʝʜʩʪʚʦ ʠʟʤʝʨʝʥʠʡ 

(ʤʘʨʢʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ) 

ʉʫʣʴʬʘʪ-ʠʦʥ, SO4
2ï 

ʊʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ,  

ʈɼ 52.24.405-2018 (ʌʈ.1.31.2019.32905) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙ, ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʭ ʯʝʨʝʟ 

ʤʝʤʙʨʘʥʥʳʝ ʬʠʣʴʪʨʳ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,45 ʤʢʤ 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨ UNICO 2100,  

United Products & Instruments, Inc., 

ʉʐɸ 

ʌʦʩʬʘʪ-ʠʦʥ, PO4
3ï

(ʧʨʠʚʝʜʝʥ ʚ ʨʘʩʯʝʪʝ ʥʘ 

ʬʦʩʬʦʨ ʈ-PO4
3ï

) 

ʌʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ,  

ʇʅɼ ʌ 14.1:2:4.248-07 (ʌʈ.1.31.2016.22975) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙ, ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʭ ʯʝʨʝʟ 

ʤʝʤʙʨʘʥʥʳʝ ʬʠʣʴʪʨʳ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,45 ʤʢʤ 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨ UNICO 2100,  

United Products & Instruments, Inc., 

ʉʐɸ 

ʆʙʱʠʡ ʫʛʣʝʨʦʜ, Cʦʙ ɦ

ʆʙʱʠʡ ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ 

ʫʛʣʝʨʦʜ, IC  

ʆʙʱʠʡ ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʫʛʣʝʨʦʜ, DOC 

ʄʝʪʦʜ ʪʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʩ 

ʙʝʟʜʠʩʧʝʨʩʠʦʥʥʦʡ ʀʂ-ʨʝʛʠʩʪʨʘʮʠʝʡ ʩ ʧʦʤʦʱʴʶ 

ʘʥʘʣʠʟʘʪʦʨʘ TOC (Shimadzu), ʄʝʪʦʜʠʢʘ 

ʠʟʤʝʨʝʥʠʡ ʄ-02-2405-13 (ʌʈ.1.31.2017.25625) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙ, ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʭ ʯʝʨʝʟ 

ʩʪʝʢʣʦʚʦʣʦʢʦʥʥʳʝ ʬʠʣʴʪʨʳ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,7 

ʤʢʤ 

ɸʥʘʣʠʟʘʪʦʨ ʦʙʱʝʛʦ ʫʛʣʝʨʦʜʘ/ʘʟʦʪʘ 

TOC-VCPN,  

Shimadzu Corporation, ʗʧʦʥʠʷ 

ɸʟʦʪ ʦʙʱʠʡ, Nʦʙ ɦ ʄʝʪʦʜ ʪʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʩ 

ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ ʩ 

ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘʪʦʨʘ TOC (Shimadzu),  

ʄ-02-2405-13 (ʌʈ.1.31.2017.25625) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙ, ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʭ ʯʝʨʝʟ 

ʩʪʝʢʣʦʚʦʣʦʢʦʥʥʳʝ ʬʠʣʴʪʨʳ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,7 

ʤʢʤ 

ɸʥʘʣʠʟʘʪʦʨ ʦʙʱʝʛʦ ʫʛʣʝʨʦʜʘ/ʘʟʦʪʘ 

TOC-VCPN,  

Shimadzu Corporation, ʗʧʦʥʠʷ 

ʉʝʨʘ ʦʙʱʘʷ (Sʦʙ)ɦ; 

ʌʦʩʬʦʨ ʦʙʱʠʡ (Pʦʙ)ɦ; 

ʂʨʝʤʥʠʡ (Si); ʂʘʣʠʡ (K); 

ʅʘʪʨʠʡ (Na); ʂʘʣʴʮʠʡ 

(Ca); ʄʘʛʥʠʡ (Mg); 

ɾʝʣʝʟʦ (Fe); ʄʘʨʛʘʥʝʮ 

(Mn); ʎʠʥʢ (Zn); ʄʝʜʴ 

(Cu); ʉʚʠʥʝʮ (Pb); 

ʂʘʜʤʠʡ (Cd); ʅʠʢʝʣʴ 

(Ni); ʂʦʙʘʣʴʪ (Co); ʍʨʦʤ 

(Cr); ɸʣʶʤʠʥʠʡ (Al); 

ɺʘʥʘʜʠʡ (V); ʄʦʣʠʙʜʝʥ 

(Mo); ɹʦʨ (B); ʉʪʨʦʥʮʠʡ 

(Sr); ʄʳʰʴʷʢ (As) 

ʄʝʪʦʜ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ 

ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ,  

ʇʅɼ ʌ 14.1:2:4.135-98 (ʌʈ.1.31.2000.00132) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙ, ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʭ ʯʝʨʝʟ 

ʤʝʤʙʨʘʥʥʳʝ ʬʠʣʴʪʨʳ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,45 ʤʢʤ 

ʉʧʝʢʪʨʦʤʝʪʨ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʳʡ ʩ 

ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ 

Spectro Arcos,  

Spectro Analytical Instruments GmbH, 

ɻʝʨʤʘʥʠʷ 

ʈʪʫʪʴ, Hg ɸʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʡ ʤʝʪʦʜ ʩ ʟʝʝʤʘʥʦʚʩʢʦʡ 

ʢʦʨʨʝʢʮʠʝʡ ʥʝʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʥʘ 

ʘʥʘʣʠʟʘʪʦʨʝ ʨʪʫʪʠ ʈɸ-915 (ʤʝʪʦʜ çʭʦʣʦʜʥʦʛʦ 

ʧʘʨʘè),  

ʇʅɼ ʌ 14.1:2:4.243-07 (ʌʈ.1.29.2006.02578) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʬʠʣʴʪʨʦʚʘʥʥʳʭ ʧʨʦʙ 

ɸʥʘʣʠʟʘʪʦʨ ʨʪʫʪʠ ʈɸ-915ʄ,  

ʆʆʆ çʃʶʤʵʢʩ-ʄʘʨʢʝʪʠʥʛè, ʈʦʩʩʠʷ 

ʅʝʬʪʝʧʨʦʜʫʢʪʳ, ʅʇ ʌʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ 

ʞʠʜʢʦʩʪʠ çʌʣʶʦʨʘʪ-02è,  

ʇʅɼ ʌ 14.1:2:4.128-98 (ʌʈ.1.31.2012.13169) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʬʠʣʴʪʨʦʚʘʥʥʳʭ ʧʨʦʙ 

ɸʥʘʣʠʟʘʪʦʨ ʞʠʜʢʦʩʪʠ çʌʣʶʦʨʘʪ-02-

3ʄè,  

ʆʆʆ çʃʶʤʵʢʩè, ʈʦʩʩʠʷ 

ɸʥʠʦʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, 

ɸʇɸɺ 

ʌʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ 

ʞʠʜʢʦʩʪʠ çʌʣʶʦʨʘʪ-02è,  

ʇʅɼ ʌ 14.1:2:4.158-2000 (ʌʈ.1.31.2014.17189) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʬʠʣʴʪʨʦʚʘʥʥʳʭ ʧʨʦʙ 

ɸʥʘʣʠʟʘʪʦʨ ʞʠʜʢʦʩʪʠ çʌʣʶʦʨʘʪ-02-

3ʄè,  

ʆʆʆ çʃʶʤʵʢʩè, ʈʦʩʩʠʷ 

ʌʝʥʦʣ ʄʝʪʦʜ ʢʘʧʠʣʣʷʨʥʦʡ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ 

ʜʝʪʝʢʪʦʨʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʟʘʭʚʘʪʘ,  

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ˉ 88-17641-001-2019 

(ʌʈ.1.31.2019.33465) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʬʠʣʴʪʨʦʚʘʥʥʳʭ ʧʨʦʙ 

ʍʨʦʤʘʪʦʛʨʘʬ çʂʨʠʩʪʘʣʣ 2000ʄè,  

ɿɸʆ ʉʂɹ çʍʈʆʄɸʊʕʂè, ʈʦʩʩʠʷ 

ʇʦʣʠʮʠʢʣʠʯʝʩʢʠʝ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ, ʇɸʋ 

ɺʢʶʯʘʷ ʙʝʥʟ[ʘ]ʧʠʨʝʥ, ɹʇ 

ʥʘʬʪʘʣʠʥ, ʘʮʝʥʘʬʪʝʥ, 

ʄʝʪʦʜ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʤ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʞʠʜʢʦʩʪʥʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ çʃʶʤʘʭʨʦʤè,  

ʇʅɼ ʌ14.1:2:4.186-02 (ʌʈ.1.31.2006.02395) 

ʍʨʦʤʘʪʦʛʨʘʬ ʞʠʜʢʦʩʪʥʳʡ 

çʃʶʤʘʭʨʦʤè ʩʦ 

ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʤ 

ʜʝʪʝʢʪʦʨʦʤ,  

ʆʆʆ çʃʶʤʵʢʩè, ʈʦʩʩʠʷ 
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ʇʦʢʘʟʘʪʝʣʴ ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʡ, ʥʦʨʤʘʪʠʚʥʳʡ ʜʦʢʫʤʝʥʪ 
ʉʨʝʜʩʪʚʦ ʠʟʤʝʨʝʥʠʡ 

(ʤʘʨʢʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ) 

ʬʣʫʦʨʝʥ, ʬʝʥʘʥʪʨʝʥ, 

ʘʥʪʨʘʮʝʥ, ʬʣʫʦʨʘʥʪʝʥ, 

ʭʨʠʟʝʥ, 

ʙʝʥʟ(b)ʬʣʫʦʨʘʥʪʨʝʥ, 

ʙʝʥʟ(ʢ)ʬʣʫʦʨʘʥʪʨʝʥ, 

ʜʠʙʝʥʟ(a,h)ʘʥʪʨʘʮʝʥ, 

ʙʝʥʟ(g,h,i)ʧʝʨʠʣʝʥ, 

ʠʥʜʝʥʦ(1,2,3-ʩ,d)ʧʠʨʝʥ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʬʠʣʴʪʨʦʚʘʥʥʳʭ ʧʨʦʙ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʨʦʙ ʧʨʠʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʳ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʦʧʨʝʜʝʣʝʥʳ ʦʙʱʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʘ ʪʘʢʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʦʨʠʪʝʪʥʳʭ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ 

ʧʦʣʣʶʪʘʥʪʦʚ.  

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʪʨʘʞʘʶʪ ʘʢʢʫʤʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ 

ʘʵʨʦʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʤʝʪʘʣʣʦʚ ʥʘ ʚʦʜʦʩʙʦʨʳ, ʢʦʪʦʨʘʷ ʟʘʯʘʩʪʫʶ ʤʦʞʝʪ ʙʳʪʴ ʥʝ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ (ɼʘʫʚʘʣʴʪʝʨ, ʂʘʥʠʱʝʚ, 2008).  

 ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʙ 

ʚʦʜʳ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʠʭ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʜʦʥʥʦʡ 

ʘʢʢʫʤʫʣʷʮʠʠ (ʂɼɸ) (ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʄʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʡé, 2014), ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʘʥʳ ʧʦ 

ʬʦʨʤʫʣʝ: 

 

        , (4) 

ʛʜʝ ʂɼɸ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʥʥʦʡ ʘʢʢʫʤʫʣʷʮʠʠ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʉʜʦ ï 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʤʛ/ʢʛ ʠʣʠ ʤʢʛ/ʢʛ; ʉʚʦʜʘ ï 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʦʜʝ, ʦʪʦʙʨʘʥʥʦʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʵʪʦʤ ʞʝ ʩʪʚʦʨʝ, ʤʛ/ʣ ʠʣʠ 

ʤʢʛ/ʣ. 

ɺʝʣʠʯʠʥʳ ʂɼɸ, ʨʘʚʥʳʝ nĬ10 (ʛʜʝ n = ʦʪ 1 ʜʦ 9) ʧʨʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʙʩʪʘʥʦʚʢʫ ʚ 

ʚʦʜʥʦʤ ʦʙʲʝʢʪʝ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ (ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʭʨʦʥʠʯʝʩʢʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ). ʅʝʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʂɼɸ (nĬ10 ʜʦ nĬ10
2
) ʠ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʚʦʜʥʳʡ ʦʙʲʝʢʪ ʩʚʝʞʝʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʪʥʦʰʝʥʠʷ ʉʜʦ/ʉʚʦʜʘ ʩʥʠʞʘʶʪʩʷ ʠ ʥʝ ʧʨʝʚʳʰʘʶʪ ʜʚʫʭ ʧʦʨʷʜʢʦʚ. ɿʥʘʯʝʥʠʷ 

ʂɼɸ, ʨʘʚʥʳʝ ʦʪ nĬ10
3
ʜʦ nĬ10

4 
ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʦʜʝ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʱʠʭ ʚʝʣʠʯʠʥʫ ʇɼʂʨʳʙʦʭʦʟ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

ʭʨʦʥʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʂɼɸ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʥʘʣʠʯʠʠ 

ʩʚʝʞʠʭ ʠ ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ ʚ 

ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʠʩʪʦʯʥʠʢ ʟʘʛʨʷʟʥʝʥʠʷ.  
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ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦ ʚʳʷʚʣʝʥʠʶ ʚʣʠʷʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʩʦʩʪʘʚ 

ʚʦʜʦʨʦʩʣʝʡ ʚʳʧʦʣʥʝʥ ʤʝʪʦʜʦʤ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʦʪʚʝʪʩʪʚʠʡ (Canonical Correspondence 

Analysis: CCA, ʧʨʝʜʠʢʪʦʨʘʤʠ ʤʦʜʝʣʠ ʩʣʫʞʠʣʠ ʧʦʢʘʟʘʪʝʣʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ), ʘ ʪʘʢʞʝ 

ʧʨʦʛʨʘʤʤ Statistica 13.0 (StatSoft, ʉʐɸ), R (ʚʝʨʩʠʷ 3.5.1) ʠ Excel ʥʘʜʩʪʨʦʡʢʠ ï ExStatR 

(ʅʦʚʘʢʦʚʩʢʠʡ, 2016).  

ʉ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʨʘʡʦʥʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʧʨʠʤʝʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ: 

1) ʦʭʚʘʪ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʡʦʥʘʤ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ, ʥʝ ʥʘʨʫʰʝʥʥʳʭ ʠ ʠʩʧʳʪʳʚʘʶʱʠʭ 

ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ: ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʘʣʴʛʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʠʭ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʘ ʠʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʫʩʣʦʚʠʷʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʚʣʠʷʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ); 

2) ʩʝʟʦʥʥʘʷ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʟʥʘʯʠʪʝʣʴʥʘʷ ʫʜʘʣʝʥʥʦʩʪʴ ʠ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʨʘʡʦʥʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʪʨʫʜʥʷʝʪ ʜʣʠʪʝʣʴʥʳʝ ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ ʥʘʙʣʶʜʝʥʠʷ, 

ʢʨʦʤʝ ʪʦʛʦ, ʪʨʝʙʫʝʪʩʷ ʫʯʝʪ ʧʨʠʨʦʜʥʳʭ ʩʝʟʦʥʥʳʭ ʷʚʣʝʥʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʚʦʜ, ʩʫʢʮʝʩʩʠʠ ʚ ʘʣʴʛʦʮʝʥʦʟʘʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ (ʩ ʩʝʨʝʜʠʥʳ ʠʶʣʷ ʜʦ ʥʘʯʘʣʘ ʘʚʛʫʩʪʘ), ʚ ʧʝʨʠʦʜ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʦʧʪʠʤʫʤʘ ʜʣʷ ʨʘʟʚʠʪʠʷ ʞʠʚʳʭ ʩʠʩʪʝʤ ʚ ʜʘʥʥʳʭ ʨʘʡʦʥʘʭ; 

3) ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʦʚ: ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʚʳʷʚʣʝʥʳ ʘʜʘʧʪʠʚʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʘʣʴʛʦʮʝʥʦʟʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʦʤʠʥʘʥʪʥʳʭ ʠ ʠʥʜʠʢʘʪʦʨʥʳʭ ʪʘʢʩʦʥʦʚ ʠ ʛʨʫʧʧ 

ʚʦʜʦʨʦʩʣʝʡ; 

4) ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʘʣʴʛʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʅʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʩʚʝʜʝʥʠʡ ʦ ʩʦʩʪʘʚʝ 

ʘʣʴʛʦʮʝʥʦʟʦʚ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʀʤʝʶʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʛʠʜʨʦʵʢʦʣʦʛʠʠ, ʠʟʚʝʩʪʝʥ ʨʷʜ ʨʘʙʦʪ ʧʦ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʠʥʝʡʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʨʠʨʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʨʘʡʦʥʘʭ 

ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʪʨʝʙʫʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʦʙʦʙʱʝʥʠʝ ʩʚʝʜʝʥʠʡ ʦ ʩʦʩʪʦʷʥʠʠ 

ʚʦʜʦʸʤʦʚ ʠ ʚʳʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ ʠ ʧʨʦʛʥʦʟʫ ʠʟʤʝʥʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʧʨʠ ʘʥʘʣʠʟʝ ʩʧʝʮʠʬʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʨʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʩʣʫʞʠʣʠ ʨʘʙʦʪʳ 

ʊ.ʀ. ʄʦʠʩʝʝʥʢʦ ʩ ʩʦʘʚʪʦʨʘʤʠ (ʄʦʠʩʝʝʥʢʦ ʠ ʜʨ., 2006, 2010ʘ, 2010ʙ, 2011ʘ, 2012; ʄʦʠʩʝʝʥʢʦ, 

2009; ʄʦʠʩʝʝʥʢʦ, ɻʘʰʢʠʥʘ, 2010; ʂʨʝʤʣʝʚʘ ʠ ʜʨ., 2012; ɻʘʰʢʠʥʘ ʠ ʜʨ., 2012).   
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ɻʃɸɺɸ 4. ʊʈɸʅʉʌʆʈʄɸʎʀʗ ɺʆɼʅʓʍ ʆɹʒɽʂʊʆɺ ɺ ɹɸʉʉɽʁʅɽ ʈɽʂʀ ʂɸʈɸ ɺ 

ɿʆʅɽ ɺʃʀʗʅʀʗ ʄɸɻʀʉʊʈɸʃʔʅʆɻʆ ɻɸɿʆʇʈʆɺʆɼɸ 

 

 

4.1. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ 

ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ  

 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʪʠʧʠʯʥʳʝ ʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ (ʧʨʠʣʦʞʝʥʠʝ 2) ï ʥʝʙʦʣʴʰʠʝ ʪʝʨʤʦʢʘʨʩʪʦʚʳʝ 

ʚʦʜʦʸʤʳ ʠ ʢʨʫʧʥʳʝ ʦʟʝʨʘ ʣʝʜʥʠʢʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʨʝʢʠ (ʚ ʛʦʨʥʦʡ ʠ ʨʘʚʥʠʥʥʦʡ ʠʭ ʯʘʩʪʠ), ʚ 

ʧʨʠʨʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʚ ʫʩʣʦʚʠʷʭ ʚʣʠʷʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ 

ʛʘʟʦʧʨʦʚʦʜʘ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʘʣʴʛʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʫʩʣʦʚʥʦ ʯʠʩʪʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʦʮʝʥʢʠ ʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʠ, ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ 

ʨʝʢ ʠ ʦʟʝʨ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʠʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʟʜʝʣʝ 

2.2 ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʬʦʪʦʤʘʪʝʨʠʘʣʳ, ʦʧʠʩʘʥʠʝ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʥʘʤʠ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʤʝʩʪʘʭ ʦʪʙʦʨʘ ʧʨʦʙ ʚʦʜʳ, ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʘʣʴʛʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ï ʚ ʧʨʠʣʦʞʝʥʠʠ 2. ɺ ʨʘʟʜʝʣʝ 4.2 ʜʘʥʘ ʦʮʝʥʢʘ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʩʣʝʜʦʚʘʥʥʳʭ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʚ ʨʘʟʜʝʣʝ 4.3 ï ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ ʚʦʜʥʦʡ ʩʨʝʜʳ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʛʘʟʦʧʨʦʚʦʜʘ. 

ɺʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʥʝ ʠʩʧʳʪʳʚʘʶʱʠʝ ʚʣʠʷʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʛʘʟʦʧʨʦʚʦʜʘ (ʨ. ʉʠʣʦʚʘ-ʗʭʘ, ʝʝ ʧʨʘʚʳʡ ʧʨʠʪʦʢ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ï ʨ. ʍʘʣʴʤʝʨʲʶ, ʦʟʸʨʘ 

ʍʘʣʴʤʝʨʪʳ, ʂʨʫʛʣʦʝ, ʊʨʦʡʥʦʝ, ʙʝʟ ʥʘʟʚʘʥʠʷ ï ˉ 3, ˉ 4, ˉ 5), ʥʘʭʦʜʷʪʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʫʜʘʣʝʥʠʠ ʦʪ ʢʨʫʧʥʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʦʪʥʦʩʷʪʩʷ ʢ ʙʘʩʩʝʡʥʫ ʨ. ʉʠʣʦʚʘ-ʗʭʘ 

(ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʘʷ ʪʫʥʜʨʘ), ʥʘ ʚʦʜʦʩʙʦʨʝ ʢʦʪʦʨʦʡ ʚʣʠʷʥʠʝ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ 

ʦʪʩʫʪʩʪʚʫʝʪ, ʩʙʨʦʩ ʩʪʦʯʥʳʭ ʚʦʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʫʢʘʟʘʥʥʳʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʥʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʠʤʝʶʪʩʷ ʠʥʳʝ ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ: ʪʝʨʨʠʪʦʨʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʣʝʥʝʚʦʜʩʪʚʘ. ɺʩʪʨʝʯʘʶʪʩʷ ʚʨʝʤʝʥʥʳʝ 

ʩʪʦʷʥʢʠ ʵʢʩʧʝʜʠʮʠʡ ʠ ʪʫʨʠʩʪʦʚ (ʨʠʩʫʥʢʠ 4.1.1, 4.1.2).    

ʈʝʢʘ ʉʠʣʦʚʘ-ʗʭʘ (ʉʠʣʦʚʘʷ) ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʘʷ ʨʝʢʘ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ, 

ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʪʦʢʦʚ ʨ. ʂʘʨʘ, ʙʝʨʝʪ ʥʘʯʘʣʦ ʟʘ ʶʞʥʳʤʠ ʩʢʣʦʥʘʤʠ ʇʘʡ-ʍʦʷ, ʟʘʪʝʤ 

ʧʝʨʝʨʝʟʘʝʪ ʵʪʦʪ ʛʦʨʥʳʡ ʭʨʝʙʝʪ. ʐʠʨʠʥʘ ï ʦʪ 20 ʜʦ 100 ʤ, ʛʣʫʙʠʥʘ ï 0.15-0.5 ʤ. ʉʢʦʨʦʩʪʴ ʥʘ 

ʧʝʨʝʢʘʪʝ ï 1.5 ʤ/ʩ (ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007). ɹʝʨʝʛʘ ʧʦʣʦʛʠʝ, ʤʝʩʪʘʤʠ ʦʙʨʳʚʠʩʪʳʝ, ʨʫʩʣʦ 

ʠʟʚʠʣʠʩʪʦʝ ʩ ʧʝʨʝʢʘʪʘʤʠ, ʜʥʦ ʢʘʤʝʥʠʩʪʦʝ, ʛʘʣʝʯʥʠʢʦʚʦʝ ʠʣʠ ʠʣʠʩʪʦ-ʧʝʩʯʘʥʦʝ. ʊʝʯʝʥʠʝ ʙʳʩʪʨʦʝ. 

ɺʦʜʘ ʧʨʦʟʨʘʯʥʘʷ, ʚ ʛʣʫʙʦʢʠʭ ʫʯʘʩʪʢʘʭ ʟʝʣʝʥʦʚʘʪʦ-ʛʦʣʫʙʘʷ, ʙʝʟ ʟʘʧʘʭʘ. ʇʦ ʙʝʨʝʛʘʤ ʢʘʤʝʥʠʩʪʳʝ 

ʙʠʯʝʚʥʠʢʠ, ʟʘʨʦʩʣʠ ʦʩʦʢʠ, ʨʘʟʥʦʪʨʘʚʴʷ, ʠʚ ʠ ʝʨʥʠʢʘ. 

ʈʝʢʘ ʍʘʣʴʤʝʨʲʶ ï  ʰʠʨʠʥʦʡ ʦʪ 20 ʜʦ 70 ʤ, ʙʝʨʝʛʘ ʦʙʨʳʚʠʩʪʳʝ, ʤʝʩʪʘʤʠ ʧʦʣʦʛʠʝ, 

ʟʘʨʦʩʰʠʝ ʦʩʦʢʦʡ ʠ ʠʚʘʤʠ. ʈʫʩʣʦ ʨʝʢʠ ʠʟʚʠʣʠʩʪʦʝ ʩ ʧʝʨʝʢʘʪʘʤʠ ʠ ʷʤʘʤʠ, ʜʥʦ ʢʘʤʝʥʠʩʪʦʝ, 
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ʫʯʘʩʪʢʘʤʠ ʠʣʠʩʪʦ-ʧʝʩʯʘʥʦʝ. ʊʝʯʝʥʠʝ ʜʦ 0.1-0.5 ʤ/ʩ. ʀʟʤʝʨʝʥʥʘʷ ʛʣʫʙʠʥʘ ï ʜʦ 3 ʤ, ʩʨʝʜʥʷʷ 

0.5-1.0 ʤ. ɺʦʜʘ ʧʨʦʟʨʘʯʥʘʷ ʙʝʟ ʟʘʧʘʭʘ. ʇʨʦʙ rʚʟʷʪ rʚ ʨʘʡʦʥʝ ʦʟ. ʍʘʣʴʤʝʨʪʳ, ʙʣʠʟ ʟʘʙʨʦʰʝʥʥʦʡ 

ʫʛʣʝʜʦʙʳʚʘʶʱʝʡ ʰʘʭʪʳ. 

ʆʟʝʨʦ ʍʘʣʴʤʝʨʪʳ ï ʩʘʤʦʝ ʢʨʫʧʥʦʝ ʥʘ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, 

ʣʝʜʥʠʢʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʤʦʨʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʷʭ), 

ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ, ʝʩʪʴ ʟʘʣʠʚʳ. ʇʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʟʸʨ, ʧʨʝʜʣʦʞʝʥʥʦʡ ɺ.ʀ. ɾʘʜʠʥʳʤ ʠ 

ʉ.ɺ. ɻʝʨʜʦʤ (1961), ʍʘʣʴʤʝʨʪʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʤʝʟʦʪʨʦʬʥʳʤ (ʛʣʫʙʠʥʦʡ ʜʦ 25 ʤ) ʦʟʝʨʘʤ. 

ɻʨʫʥʪ ʛʘʣʝʯʥʳʡ, ʧʝʩʯʘʥʳʡ ʤʝʩʪʘʤʠ ʠʣʠʩʪʳʡ. ʇʨʠʙʨʝʞʥʦ-ʚʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

Carex aquatilis Wahlenb., Potamogeton sp., ʙʝʨʝʛʘ ʤʝʩʪʘʤʠ ʧʦʢʨʳʪʳ ʦʩʦʢʦʡ, ʠʚʘʤʠ ʠʣʠ ʤʭʘʤʠ. 

ʆʟʝʨʦ ʯʝʨʝʟ ʧʨʦʪʦʢʫ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʨ. ʍʘʣʴʤʝʨʲʶ. ɺʦʜʘ ʧʨʦʟʨʘʯʥʘʷ, ʙʝʟ ʟʘʧʘʭʘ. 

ʆʟʝʨʦ ʂʨʫʛʣʦʝ ï ʤʝʣʢʦʝ ʪʝʨʤʦʢʘʨʩʪʦʚʦʝ (ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ 50 ʩʤ), ʨʘʟʤʝʨʦʤ 500Ĭ500 ʤ, 

ʩʪʦʯʥʦʝ. ʀʤʝʝʪ ʧʦʣʦʛʠʝ ʯʘʩʪʠʯʥʦ ʟʘʙʦʣʦʯʝʥʥʳʝ ʙʝʨʝʛʘ ʩ ʤʦʭʦʚʳʤʠ ʠ ʦʩʦʢʦʚʳʤʠ ʟʘʨʦʩʣʷʤʠ. 

ɼʥʦ ʧʝʩʯʘʥʦʝ, ʤʝʩʪʘʤʠ ʠʣʠʩʪʦʝ, ʤʘʢʨʦʬʠʪʳ (ʘʨʢʪʦʬʠʣʘ, ʦʩʦʢʠ, ʤʭʠ) ʦʪʩʫʪʩʪʚʫʶʪ. ɺʦʜʘ 

ʢʦʨʠʯʥʝʚʘʷ, ʤʘʣʦ ʧʨʦʟʨʘʯʥʘʷ (ʚʣʠʷʝʪ ʙʦʣʦʪʥʦʝ ʧʠʪʘʥʠʝ). ʂʦʦʨʜʠʥʘʪʳ: 68Á17' ʩ.ʰ., 64Á31' ʚ.ʜ. 

ɺ ʦʟʝʨʝ ʥʘʙʣʶʜʘʣʠ çʮʚʝʪʝʥʠʝè ʚʦʜʳ, ʚ ʤʦʤʝʥʪ ʦʪʙʦʨʘ ʧʨʦʙ pH = 7.9.  

ʆʟʝʨʦ ʊʨʦʡʥʦʝ ï ʤʝʣʢʦʝ ʪʝʨʤʦʢʘʨʩʪʦʚʦʝ (ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʜʦ 1 ʤ), ʩʪʦʯʥʦʝ. ɼʥʦ ʠʣʠʩʪʦ-

ʢʘʤʝʥʠʩʪʦʝ, ʤʝʩʪʘʤʠ ʩʠʣʴʥʦ ʟʘʠʣʝʥʥʦʝ, ʚʦʜʘ ʧʨʦʟʨʘʯʥʘʷ. ɹʝʨʝʛʘ ʠʟʚʠʣʠʩʪʳʝ ʩ ʟʘʨʦʩʣʷʤʠ ʦʩʦʢʠ, 

ʭʚʦʱʘ, ʟʝʣʝʥʳʭ ʤʭʦʚ. ʇʨʠʙʨʝʞʥʦ-ʚʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ Carex aquatilis, 

C. ʩinerea Pollich, Comarum palustre L. ɺ ʦʟʝʨʝ ʨʘʟʚʠʪ ʟʦʦʧʣʘʥʢʪʦʥ. ɺ ʤʦʤʝʥʪ ʦʪʙʦʨʘ ʧʨʦʙ 

pH = 8.5.  

ʆʟʝʨʦ ˉ 3 ï ʥʝʙʦʣʴʰʦʡ ʪʝʨʤʦʢʘʨʩʪʦʚʳʡ ʚʦʜʦʝʤ, ʪʠʧʠʯʥʳʡ ʜʣʷ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʂʦʦʨʜʠʥʘʪʳ: 68Á11' ʩ.ʰ., 64Á30' ʚ.ʜ., ʚʳʩʦʪʘ ʥʘʜ ʫʨ. ʤʦʨʷ 179 ʤ. ʈʘʟʤʝʨ 500Ĭ300 ʤ. ʆʟʝʨʦ 

ʧʨʦʪʦʯʥʦʝ, ʠʤʝʝʪ ʧʦʣʦʛʠʝ ʙʝʨʝʛʘ, ʝʩʪʴ ʦʙʨʳʚ ʠ ʟʘʙʦʣʦʯʝʥʥʳʝ ʫʯʘʩʪʢʠ. ɼʥʦ ʠʣʠʩʪʦʝ, ʤʝʩʪʘʤʠ 

ʢʘʤʝʥʠʩʪʦ-ʧʝʩʯʘʥʦʝ. ɺʦʜʘ ʥʝʧʨʦʟʨʘʯʥʘʷ, ʢʦʨʠʯʥʝʚʘʷ. ʇʨʠʙʨʝʞʥʦ-ʚʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʘ Carex aquatilis, Calamagrostis purpurea (Trin) Trin., Comarum palustre. ʇʦ ʙʝʨʝʛʘʤ ï 

ʠʚʳ, ʝʨʥʠʢ. ɺ ʦʟʝʨʝ ʥʘʙʣʶʜʘʣʠ çʮʚʝʪʝʥʠʝè ʚʦʜʳ, ʚ ʤʦʤʝʥʪ ʩʙʦʨʘ ʧʨʦʙ pH = 7.26.  

ʆʟʝʨʦ ˉ 4 ï ʪʝʨʤʦʢʘʨʩʪʦʚʳʡ ʚʦʜʦʝʤ ʨʘʟʤʝʨʦʤ 500Ĭ400 ʤ. ʂʦʦʨʜʠʥʘʪʳ: 68Á10' ʩ.ʰ., 

64Á29' ʚ.ʜ., ʚʳʩʦʪʘ ʥʘʜ ʫʨ. ʤʦʨʷ 180 ʤ. ʆʟʝʨʦ ʧʨʦʪʦʯʥʦʝ, ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʦʥʠʞʝʥʠʠ ʨʝʣʴʝʬʘ 

ʤʝʞʜʫ ʪʦʨʬʷʥʠʩʪʳʤʠ ʙʫʛʨʘʤʠ. ɹʝʨʝʛʘ ʤʝʩʪʘʤʠ ʦʙʨʳʚʠʩʪʳʝ, ʟʘʨʦʩʰʠʝ ʦʩʦʢʦʡ. ɼʥʦ ʪʦʧʢʦʝ, 

ʠʣʠʩʪʦʝ, ʤʝʩʪʘʤʠ ʧʝʩʯʘʥʦʝ ʠʣʠ ʪʦʨʬʷʥʠʩʪʦʝ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ 3 ʤ, ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ 

1-1.5 ʤ. ɺʦʜʘ ʢʦʨʠʯʥʝʚʘʷ. ɺ ʦʟʝʨʝ çʮʚʝʪʝʥʠʷè ʚʦʜʳ ʥʝ ʥʘʙʣʶʜʘʣʠ, pH = 7.07.  
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ʦʟ. ʍʘʣʴʤʝʨʪʳ  ʦʟ. ʂʦʤʘʪʳ  ʦʟ. ɹ. ʄʘʥʷʩʝʡʪʦ  

 

ʂʨʫʧʥʦʝ ʦʟʝʨʦ 

ʣʝʜʥʠʢʦʚʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʨʘʩʧʦʣʦʞʝʥʦ ʚ 

ʨʘʚʥʠʥʥʦʡ ʯʘʩʪʠ 

(ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ 

ʪʫʥʜʨʳ) 

 ʂʨʫʧʥʦʝ ʦʟʝʨʦ 

ʣʝʜʥʠʢʦʚʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʨʘʩʧʦʣʦʞʝʥʦ ʚ 

ʧʨʝʜʛʦʨʴʷʭ ʇʦʣʷʨʥʦʛʦ 

ʋʨʘʣʘ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ 

ʪʫʥʜʨʝ 

 ʂʨʫʧʥʦʝ ʦʟʝʨʦ 

ʣʝʜʥʠʢʦʚʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʨʘʩʧʦʣʦʞʝʥʦ ʚ 

ʚʳʩʦʢʦʛʦʨʥʦʡ ʯʘʩʪʠ 

ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ 

 

 

ʌʦʥʦʚʦʝ, ʨʘʩʧʦʣʦʞʝʥʦ 

ʚ ʟʦʥʝ ʨʘʟʚʠʪʠʷ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 

(ʦʣʝʥʝʚʦʜʩʪʚʘ) 

 ʈʘʩʧʦʣʦʞʝʥʦ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ ʛʘʟʦʧʨʦʚʦʜʘ 

ʠ ʛʨʫʥʪʦʚʦʡ ʜʦʨʦʛʠ, 

ʧʦʜʚʝʨʞʝʥʦ 

ʧʦʩʪʦʷʥʥʦʤʫ ʧʳʣʝʚʦʤʫ 

ʟʘʛʨʷʟʥʝʥʠʶ 

 ʌʦʥʦʚʦʝ, ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ 

ʫʜʘʣʝʥʠʠ ʦʪ ʠʩʪʦʯʥʠʢʦʚ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ  

 

ʈʠʩʫʥʦʢ 4.1.1. ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʨʷʜ ʦʟʸʨ ʣʝʜʥʠʢʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʨʝʣʴʝʬʝ ʠ ʧʦ ʥʘʣʠʯʠʶ ʟʘʛʨʷʟʥʝʥʠʷ 

 

ʦʟ. 

ʊʨʦʡʥʦʝ 
 ʦʟ. 

ʂʨʫʛʣʦʝ 
 ʦʟ. ˉ 3  ʦʟ. ˉ 4  ʦʟ. ˉ 5  ʦʟ. ˉ 1 

 

ʅʝʙʦʣʴʰʠʝ ʛʫʤʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʟʝʨʘ ʪʝʨʤʦʢʘʨʩʪʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

 

ʆʣʠʛʦʛʫʤʦʟʥʦʝ  ʇʦʣʠʛʫʤʦʟʥʳʝ 

 

ʈʘʩʧʦʣʦʞʝʥʳ ʚ ʟʦʥʝ ʨʘʟʚʠʪʠʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 

(ʦʣʝʥʝʚʦʜʩʪʚʘ), ʷʚʣʷʶʪʩʷ ʬʦʥʦʚʳʤʠ ʜʣʷ ʦʙʲʝʢʪʦʚ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ 

ʛʘʟʦʧʨʦʚʦʜʘ 

 

ʈʷʜʦʤ ʩ 

ʢʦʤʧʨʝʩʩʦʨʥʦʡ 

ʩʪʘʥʮʠʝʡ 

ʛʘʟʦʧʨʦʚʦʜʘ, 

ʩʙʨʦʩ ʩʪʦʯʥʳʭ 

ʚʦʜ ʚ ʦʟʝʨʦ 

 

ʈʠʩʫʥʦʢ 4.1.2. ʉʨʘʚʥʝʥʠʝ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʦʟʝʨ ʪʝʨʤʦʢʘʨʩʪʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

 

ʆʟʝʨʦ ˉ 5 ï ʪʝʨʤʦʢʘʨʩʪʦʚʦʝ ʛʫʤʠʬʠʮʠʨʦʚʘʥʥʦʝ ʦʟʝʨʦ. ʂʦʦʨʜʠʥʘʪʳ: 68Á10' ʩ.ʰ., 

64Á34' ʚ.ʜ., 177 ʤ ʥʘʜ ʫʨ. ʤʦʨʷ; ʨʘʟʤʝʨ 400Ĭ250 ʤ. ʉʨʝʜʥʷʷ ʛʣʫʙʠʥʘ 1-1.5 ʤ. ɺʦʜʘ ʢʦʨʠʯʥʝʚʘʷ. 

ɼʥʦ ʪʦʧʢʦʝ, ʠʣʠʩʪʦʝ. ɹʝʨʝʛʘ ʤʝʩʪʘʤʠ ʦʙʨʳʚʠʩʪʳʝ, ʟʘʨʦʩʰʠʝ ʦʩʦʢʦʡ. 

ʇʦ ʜʘʥʥʳʤ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠ ʘʣʴʛʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ, ʫʢʘʟʘʥʥʳʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʯʠʩʪʳʝ, ʥʝ ʠʩʧʳʪʳʚʘʶʱʠʝ 

ʟʘʤʝʪʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʠ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʢ ʚʢʣʶʯʝʥʠʶ ʚ ʩʦʩʪʘʚ ʦʩʦʙʦ 
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ʦʭʨʘʥʷʝʤʦʡ ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ (ʆʆʇʊ) ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʘʢ ʵʪʘʣʦʥʥʳʝ ʦʙʲʝʢʪʳ 

ʪʫʥʜʨʦʚʳʭ ʧʨʝʩʥʦʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʨʘʚʥʠʥʥʳʭ ʦʟʝʨ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ (ʊʠʢʫʰʝʚʘ, 

2013; ʊʠʢʫʰʝʚʘ, ʇʘʪʦʚʘ, 2013, 2014, 2015ʘ; ʉʪʝʥʠʥʘ, 2015; ʇʘʪʦʚʘ ʠ ʜʨ., 2015). 

ɺʦʜʥʳʝ ʦʙʲʝʢʪʳ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʛʘʟʦʧʨʦʚʦʜʘ. ʈ. ʂʘʨʘ ʠ ʝ yʧʨʠʪʦʢʠ ï ʨʝʢʠ ɹ. ʃʷʜʛʝʡ, 

ʅʷʨʤʘ, ʘ ʪʘʢʞʝ ʦʟʸʨʘ ɹ. ʄʘʥʷʩʝʡʪʦ, ʂʦʤʘʪʳ, ʙʝʟ ʥʘʟʚʘʥʠʷ ˉ 1, ʦʙʩʣʝʜʦʚʘʥʳ ʚ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʪʨʘʩʩʳ ʛʘʟʦʧʨʦʚʦʜʘ çɹʦʚʘʥʝʥʢʦʚʦ-ʋʭʪʘè (ʫʯʘʩʪʦʢ ʛʘʟʦʧʨʦʚʦʜʘ çʗʤʘʣ-ʎʝʥʪʨè) ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʫʪʝʡ ʧʦ ʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʶ, ʢʦʪʦʨʳʝ ʧʝʨʝʩʝʢʘʶʪ ʚʩʝ ʦʩʥʦʚʥʳʝ ʚʦʜʦʪʦʢʠ ʠ ʚʦʜʦʩʙʦʨʳ ʚ 

ʙʘʩʩʝʡʥʝ ʨ. ʂʘʨʘ. 

ʈʝʢʘ ʂʘʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʚʦʜʦʪʦʢʦʚ ʨʘʡʦʥʘ (ʝʝ ʜʣʠʥʘ 287 ʢʤ). 

ɹʝʨʝʪ ʥʘʯʘʣʦ ʥʘ ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ, ʚʧʘʜʘʝʪ ʚ ʂʘʨʩʢʦʝ ʤʦʨʝ. ʇʦʩʣʝ ʩʣʠʷʥʠʷ ʨʝʢ 

ɹ. ʠ ʄ. ʂʘʨʘ, ʷʚʣʷʶʱʠʭʩʷ ʝʝ ʠʩʪʦʢʘʤʠ, ʪʝʯʝʪ ʚ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʡ ʜʦʣʠʥʝ ʠ ʧʦʚʦʨʘʯʠʚʘʝʪ ʥʘ 

ʩʝʚʝʨ, ʩʦʭʨʘʥʷʷ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʜʦ ʫʩʪʴʷ. ɺʧʘʜʘʝʪ ʚ ɹʘʡʜʘʨʘʮʢʫʶ ʛʫʙʫ ʂʘʨʩʢʦʛʦ ʤʦʨʷ. ʐʠʨʠʥʘ 

ʨʝʢʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 30 ʤ, ʛʣʫʙʠʥʘ ï 0.5-1.3 ʤ, ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ï 0.4-0.9 ʤ/ʩ. ʅʘ ʧʣyʩʘʭ ʚ 

ʧʨʠʙʨʝʞʴʝ ʧʨʝʦʙʣʘʜʘʶʪ ʛʘʣʝʯʥʳʝ ʛʨʫʥʪʳ, ʚ ʤʝʜʠʘʣʠ ï ʧʝʩʯʘʥʳʝ ʩ ʤʝʣʢʦʡ ʛʘʣʴʢʦʡ, ʘ ʥʘ 

ʧʝʨʝʢʘʪʘʭ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʘʣʫʥʥʳʝ ʠʣʠ ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʳʝ. ɺʦʜʘ ʧʨʦʟʨʘʯʥʘʷ, ʝ y

ʪʝʤʧʝʨʘʪʫʨʘ 11.9 ęʉ. ʇʦʩʣʝ ʩʧʫʩʢʘ ʩ ʛʦʨ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʩʢʦʨʦʩʪʴ 

ʪʝʯʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪʩʷ. ɺ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʚ ʤʝʩʪʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʪʚʝʨʜʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʤʝʞʜʫ ʦʪʨʦʛʘʤʠ ʇʘʡ-ʍʦʷ ʨ. ʂʘʨʘ ʪʝʯʪy ʪʦ ʚ ʛʣʫʙʦʢʦʤ ʢʘʥʴʦʥʦʦʙʨʘʟʥʦʤ ʫʱʝʣʴʝ, ʪʦ ʚ ʰʠʨʦʢʦʡ 

ʜʦʣʠʥʝ ʩ ʧʦʣʦʛʠʤʠ ʙʝʨʝʛʘʤʠ. ʐʠʨʠʥʘ ʝ yʚ ʫʩʪʴʝ ʨ. ɹ. ʃʷʜʛʝʡ ʜʦʩʪʠʛʘʝʪ 120 ʤ. ʅʘ ʛʘʣʝʯʥʦʤ ʜʥʝ 

ʧʣʸʩʦʚʳʭ ʫʯʘʩʪʢʦʚ ʣʝʞʘʪ ʦʛʨʦʤʥʳʝ ʚʘʣʫʥʳ ʩ ʤʦʭʦʚʳʤʠ ʦʙʨʘʩʪʘʥʠʷʤʠ (ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʳ Hygrohypnum ochraceum (Turn. ex Wils.) Loeske), ʤʝʩʪʘʤʠ ï ʩʧʣʦʰʥʳʝ ʢʘʤʝʥʥʳʝ 

ʧʣʠʪʳ. ʈʝʢʘ ʠʤʝʝʪ ʟʜʝʩʴ ʧʦʨʦʞʠʩʪʳʡ ʭʘʨʘʢʪʝʨ, ʚʩʪʨʝʯʘʶʪʩʷ ʚʦʜʦʧʘʜʳ, ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʠʟ ʥʠʭ ï 

ɹʫʨʝʜʘʥ. ɺ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʧʝʨʝʢʘʪʳ ʯʝʨʝʜʫʶʪʩʷ ʩ ʧʣʸʩʘʤʠ, ʛʣʫʙʠʥʘ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 5.8 ʤ 

(ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007). ʂʦʦʨʜʠʥʘʪʳ ʦʙʩʣʝʜʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ: 68Á 07' 12.4'' ʩ.ʰ., 65Á 19' 17.8'' 

ʚ.ʜ. (ʧʦ ʪʝʯʝʥʠʶ ʥʠʞʝ ʤʦʩʪʘ); 68Á 07' 08.5'' ʩ.ʰ., 65Á 19' 21.7'' ʚ.ʜ. (ʚʳʰʝ ʤʦʩʪʘ).  

ʈʝʢʘ ʅʷʨʤʘ (ʅʷʨʤʘ-ʗʭʘ) ï ʢʨʫʧʥʳʡ ʧʨʠʪʦʢ ʨ. ʂʘʨʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 81 ʢʤ, ʩʦʙʠʨʘʶʱʠʡ 

ʚʦʜʳ ʩ ʟʘʧʘʜʥʦʛʦ ʩʢʣʦʥʘ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ, ʧʦʩʣʝ ʩʧʫʩʢʘ ʩ ʢʦʪʦʨʦʛʦ ʪʝʯyʪ ʧʦ ʪʝʨʨʠʪʦʨʠʠ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ, ʚ ʝʸ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ. ɹʳʩʪʨʘʷ ʤʥʦʛʦʚʦʜʥʘʷ ʨʝʢʘ ʩ ʙʫʨʥʳʤʠ 

ʧʦʨʦʛʘʤʠ, ʘ ʤʝʩʪʘʤʠ ʩ ʚʦʜʦʧʘʜʘʤʠ. ʆʪ ʠʩʪʦʢʘ ʨʝʢʘ ʪʝʯʝʪ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ, ʣʠʰʴ ʧʨʠʥʷʚ ʩʧʨʘʚʘ 

ʨʫʯ. ʍʘʨʘ-ʧ-ɻʰʦʨ, ʧʦʚʦʨʘʯʠʚʘʝʪ ʥʘ ʟʘʧʘʜ ʢ ʂʘʨʝ. ɺ ʚʝʨʭʦʚʴʷʭ, ʜʦ ʚʧʘʜʝʥʠʷ ʨ. ʂʳʟʳʛʝʡ-ʗʭʠ, 

ʅʷʨʤʘ ʪʝʯʝʪ ʧʦ ʰʠʨʦʢʦʡ ʜʦʣʠʥʝ ʚ ʢʘʤʝʥʥʦʤ ʫʱʝʣʴʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 5-6 ʢʤ/ʯ. ɺ ʪʨʝʭ ʢʠʣʦʤʝʪʨʘʭ 

ʥʠʞʝ ʫʩʪʴʷ ʂʳʟʳʛʝʡ-ʷʭʠ ʨʝʢʘ ʚʭʦʜʠʪ ʚ ʫʟʢʠʡ ʛʣʫʙʦʢʠʡ ʢʘʥʴʦʥ, ʛʜʝ ʥʘ ʫʯʘʩʪʢʝ ʜʣʠʥʦʡ 8 ʢʤ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ 8 ʚʦʜʦʧʘʜʦʚ ʚʳʩʦʪʦʡ ʦʪ 1,5 ʜʦ 5 ʤʝʪʨʦʚ. ɺ ʨʘʚʥʠʥʥʦʡ ʯʘʩʪʠ ʨʝʢʘ ʪʝʯʪy ʚ ʥʠʟʢʠʭ, 

ʧʦʨʦʩʰʠʭ ʢʫʩʪʘʨʥʠʢʦʤ ʙʝʨʝʛʘʭ. ɼʥʦ ʢʘʤʝʥʠʩʪʦʝ, ʧʝʩʯʘʥʳʭ ʫʯʘʩʪʢʦʚ ʤʘʣʦ, ʪʦʨʬʷʥʳʭ 
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ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ ʩʦʚʩʝʤ. ʇʦʩʣʝ ʫʩʪʴʷ ʨ. ʉʷʙʪʘ-ʗʭʘ ʯʝʨʝʟ ʅʷʨʤʘ ʧʨʦʣʦʞʝʥʘ ʘʚʪʦʜʦʨʦʛʘ ʜʣʷ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʛʘʟʦʧʨʦʚʦʜʘ çɹʦʚʘʥʝʥʢʦʚʦ ï ʋʭʪʘè (68Á 28' 34.1'' ʩ.ʰ., 66Á 06' 19.0'' ʚ.ʜ.).  

ʈʝʢʘ ɹ. ʃʷʜʛʝʡ (ɹ. ʃʷʜʛʝʡ, ɹ. ʃʷʜʛʝʡ-ʗʭʘ, ʃʷʜʭʝʡ-ʗʭʘ) ï ʢʨʫʧʥʳʡ ʧʨʠʪʦʢ ʨ. ʂʘʨʘ (181 

ʢʤ), ʪʝʯʝʪ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ. ɺ 300 ʤ ʦʪ ʫʩʪʴʷ ʰʠʨʠʥʘ ʨʝʢʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

50 ʤ, ʧʦ ʣʝʚʦʤʫ ʙʝʨʝʛʫ ʠʤʝʶʪʩʷ ʚʳʭʦʜʳ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʳʩʦʪʦʡ ʜʦ 4 ʤ. ɻʨʫʥʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʚʘʣʫʥʥʳʡ, ʨʝʞʝ ʛʘʣʝʯʥʳʡ ʩ ʤʦʭʦʚʳʤʠ ʠ ʚʦʜʦʨʦʩʣʝʚʳʤʠ (Tetraspora cylindrica, Closterium 

acerosum, Nostoc caeruleum) ʦʙʨʘʩʪʘʥʠʷʤʠ. ʉʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʦʢʦʣʦ 1 ʤ/ʩ, ʛʣʫʙʠʥʘ 0.4-1.0 ʤ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ 10.4 ęʉ (ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007). ʂʦʦʨʜʠʥʘʪʳ ʦʙʩʣʝʜʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ: 

68Á 17' 19.1'' ʩ.ʰ., 65Á 41' 17.8'' ʚ.ʜ. (ʧʦ ʪʝʯʝʥʠʶ ʥʠʞʝ ʤʦʩʪʘ); 68Á 17' 20.7'' ʩ.ʰ., 65Á 41' 28.8'' ʚ.ʜ. 

(ʚʳʰʝ ʤʦʩʪʘ). 

ʆʟʝʨʦ ɹʦʣʴʰʦʝ ʄʘʥʷʩʝʡʪʦ ï ʤʝʞʛʦʨʥʦʝ ʦʟʝʨʦ ʣʝʜʥʠʢʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʛʣʫʙʠʥʦʡ ʜʦ 

40 ʤ (ʇʦʣʷʨʥʳʡ ʋʨʘʣ, ʙʘʩʩʝʡʥ ʨ. ʂʘʨʘ), ʨʘʩʧʦʣʦʞʝʥʦ ʦʪ ʛʘʟʦʧʨʦʚʦʜʘ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 8 ʢʤ, ʯʝʨʝʟ ʛʦʨʫ ɹ. ʄʘʥʷʩʝʡ (ʬʦʥʦʚʦʝ). ʂʦʦʨʜʠʥʘʪʳ: 68Ü 28' ʩ.ʰ., 

66Ü 21' ʚ.ʜ., 160 ʤ ʥʘʜ ʫʨ. ʤʦʨʷ. 

ʆʟʝʨʦ ʂʦʤʘʪʳ ʩʦʝʜʠʥʝʥʦ ʧʨʦʪʦʢʦʡ ʩ ʨ. ʂʘʨʘ ʚ ʝ y ʚʝʨʭʥʝʤ ʪʝʯʝʥʠʠ (ʪʝʨʨʠʪʦʨʠʷ 

ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ). ʇʦ ʙʝʨʝʛʘʤ ʧʨʦʪʦʢʠ ʨʘʩʪʝʪ ʠʚʘ, ʘ ʚ ʧʨʠʙʨʝʞʴʠ ï ʟʘʨʦʩʣʠ ʦʩʦʢʠ ʠ ʭʚʦʱʘ, 

ʛʨʫʥʪ ʧʝʩʯʘʥʦ-ʠʣʠʩʪʳʡ. ɺ ʦʟʝʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʠʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʤʘʢʨʦʬʠʪʦʚ (ʘʨʢʪʦʬʠʣʘ, 

ʨʜʝʩʪʳ, ʫʨʫʪʴ, ʨʷʩʢʘ, ʙʦʣʦʪʥʠʢ), ʥʘ ʜʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʤʦʭʦʚʳʝ ʠ ʚʦʜʦʨʦʩʣʝʚʳʝ ʦʙʨʘʩʪʘʥʠʷ. 

ɼʣʠʥʘ ʦʟʝʨʘ ï 2.5 ʢʤ, ʰʠʨʠʥʘ ï 0.8 ʢʤ. ʅʘʠʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ ʨʘʚʥʘ 4 ʤ, ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʘʷ ï 2 ʤ. 

ɻʨʫʥʪʳ ʚ ʦʩʥʦʚʥʦʤ ʧʝʩʯʘʥʳʝ. ɺʦʜʘ ʙʝʩʮʚʝʪʥʘʷ, ʙʝʟ ʟʘʧʘʭʘ, pH 8,26, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ 7.4 ęʉ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ï 54 ʤʢʉ/ʩʤ, ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ï 8.5 ʤʛ/ʜʤ
3
. 

ʆʟʝʨʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʣʝʥʝʚʦʜʘʤʠ ʜʣʷ ʣʦʚʣʠ ʨʳʙʳ (Ponomarev, Loskutova, 2006; 

ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007). ʈʘʩʧʦʣʦʞʝʥʦ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʛʘʟʦʧʨʦʚʦʜʘ ʠ 

ʛʨʫʥʪʦʚʦʡ ʜʦʨʦʛʠ, ʧʦʜʚʝʨʞʝʥʦ ʧʦʩʪʦʷʥʥʦʤʫ ʧʳʣʝʚʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ. ʂʦʦʨʜʠʥʘʪʳ: 68Ü 08' ʩ.ʰ., 

65Ü 21' ʚ.ʜ., 90 ʤ ʥʘʜ ʫʨ. ʤʦʨʷ. 

ɹʝʟʳʤʷʥʥʦʝ ʦʟ. ˉ 1 ï ʪʝʨʤʦʢʘʨʩʪʦʚʦʝ ʛʫʤʠʬʠʮʠʨʦʚʘʥʥʦʝ ʦʟʝʨʦ (ʇʦʣʷʨʥʳʡ ʋʨʘʣ, 

ʙʘʩʩʝʡʥ ʨ. ʂʘʨʘ), ʥʘʭʦʜʠʪʩʷ ʨʷʜʦʤ ʩ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʩʪʘʥʮʠʝʡ ʛʘʟʦʧʨʦʚʦʜʘ, ʚ ʥʝʛʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʙʨʦʩ ʩʪʦʯʥʳʭ ʚʦʜ. ɼʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʠʣʢʦʤ ʩ ʟʘʧʘʭʦʤ ʥʝʬʪʠ. 

ʂʦʦʨʜʠʥʘʪʳ: 68Ü 01' ʩ.ʰ., 65Ü 11' ʚ.ʜ., 90 ʤ  ʥʘʜ ʫʨ. ʤʦʨʷ.  

ʈʝʢʠ ʂʘʨʘ, ɹ. ʃʷʜʛʝʡ, ʅʷʨʤʘ ʙʝʨʫʪ ʥʘʯʘʣʦ ʚ ʛʦʨʥʳʭ ʦʟʝʨʘʭ, ʵʪʦ ʦʧʨʝʜʝʣʷʝʪ ʠʭ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ. ʈʝʢʠ ʍʘʣʴʤʝʨʲʶ ʠ ʉʠʣʦʚʘʷʭʘ ï ʨʘʚʥʠʥʥʳʝ. ɺʩʝ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʙʘʩʩʝʡʥʫ ʨ. ʂʘʨʘ, ʷʚʣʷʶʪʩʷ ʝ yʧʨʠʪʦʢʘʤʠ. ʄʝʩʪʘ ʦʪʙʦʨʘ ʧʨʦʙ ʘʣʴʛʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ ʙʳʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʨ. ʂʘʨʘ ï ʨ. ʍʘʣʴʤʝʨʲʶ ï 

ʨ. ʉʠʣʦʚʘʷʭʘ ï ʨ. ɹ. ʃʷʜʛʝʡ ï ʨ. ʅʷʨʤʘ. ʄʝʩʪʘ ʦʪʙʦʨʘ ʧʨʦʙ ʦʧʨʝʜʝʣʷʣʠ ʫʜʘʣʝʥʠʝʤ ʦʪ ʜʦʨʦʛʠ ʠ 

ʛʘʟʦʧʨʦʚʦʜʘ ʥʘ 500 ʤ ʚʳʰʝ ʠ ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ (ʧʨʠʣʦʞʝʥʠ ̫ 2, 3, 4). ʆʟyʨʘ ɹ. ʄʘʥʷʩʝʡʪʦ, 
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ʂʦʤʘʪʳ ʠ ʍʘʣʴʤʝʨʪʳ ï ʢʨʫʧʥʳʝ, ʣʝʜʥʠʢʦʚʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʳ ʚ 

ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʨʷʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʨʝʣʴʝʬʝ ʤʝʩʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦ ʧʨʠʟʥʘʢʫ 

ʥʘʣʠʯʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ (ʨʠʩʫʥʦʢ 4.1.1). ʆʟ. ʊʨʦʡʥʦʝ ï ʪʝʨʤʦʢʘʨʩʪʦʚʦʝ, ʩʨʝʜʥʠʭ 

ʨʘʟʤʝʨʦʚ, ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʦʟʝʨʘʤʠ ʙʝʟ ʥʘʟʚʘʥʠʷ ˉ 1, ˉ 3, 

 ̄4, ˉ 5, ʨʘʟʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʪʦʯʥʠʢʘʭ ʠʭ ʟʘʛʨʷʟʥʝʥʠʷ (ʨʠʩʫʥʦʢ 4.1.2). 

 

4.2. ɸʥʘʣʠʟ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ 

 

ʂʘʯʝʩʪʚʦ ʚʦʜʳ ʦʧʨʝʜʝʣʷʶʪ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʝʛʦ ʚʦʜ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʚʝʛʝʪʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʠ 

ʛʨʫʧʧ ʚʦʜʦʨʦʩʣʝʡ ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ (ʵʢʟʦʛʝʥʥʳʭ ʠ ʵʥʜʦʛʝʥʥʳʭ) 

ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ, ʥʘʣʠʯʠʝ ʪʝʧʣʦʚʦʛʦ ʠʣʠ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜ.  

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʯʘʩʪʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ 

ʦʪʥʦʩʷʪʩʷ ʢ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʦʤʫ ʪʠʧʫ, ʭʘʨʘʢʪʝʨʥʦʤʫ ʠ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʚʦʩʪʦʯʥʦʝʚʨʦʧʝʡʩʢʠʭ ʪʫʥʜʨ (ɻʦʣʜʠʥʘ, 1972; ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007). 

ʇʨʝʦʙʣʘʜʘʥʠʝ ʠʦʥʦʚ HCO
3-

 ʚ ʩʦʩʪʘʚʝ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʢʘʢ ʠ ʤʘʣʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜ ʠ 

ʥʠʟʢʘʷ ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʪʦʢʝ ʠ 

ʧʨʝʚʘʣʠʨʦʚʘʥʠʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʚ ʧʠʪʘʥʠʠ ʚʦʜʦʸʤʦʚ, ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʦʜ 

ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʦʚ (ʉʦʢʦʣʦʚ, 1952; ʄʠʨʦʥʦʚʘ, ʇʦʢʨʦʚʩʢʘʷ, 1962; ɻʦʣʜʠʥʘ, 1972; ʆʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳé, 1994; ʍʦʭʣʦʚʘ, 1996, 2002, 2014; ʇʨʠʨʦʜʥʘʷ ʩʨʝʜʘ ʪʫʥʜʨʳé, 2005; ɼʘʫʚʘʣʴʪʝʨ, 

ʍʣʦʧʮʝʚʘ, 2008; ʊʦʨʦʧʦʚ, ɹʝʰʝʥʮʝʚ, 2013; ʈʫʤʷʥʮʝʚ ʠ ʜʨ., 2015).  

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚʦʜr ʠʩʩʣʝʜʦʚʘʥʥʭr ʚʦʜʦʸʤʦʚ ʠʟʤʝʨʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪ 41 (ʦʟ. ɹ. ʄʘʥʷʩʝʡʪʦ) ʜʦ 140 (ʦʟ.  ̄1) ʤʢʉʤ/ʩʤ ʚ ʦʟʨyʘʭ ʠ ʦʪ 78 (ʨ. ʅʷʨʤʘ) ʜʦ 166 

(ʨ. ʍʘʣʴʤʝʨʲʶ) ʤʢʉʤ/ʩʤ ʚ ʚʦʜʦʪʦʢʘʭ (ʧʨʠʣʦʞʝʥʠʝ 4). ɿʥʘʯʝʥʠʷʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʢʘʟʘʪʝʣʠ ʞʝʩʪʢʦʩʪʠ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥʘ, 

ʩʫʣʴʬʘʪ-ʠʦʥʘ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ï ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ, ʥʘʪʨʠʷ (ʧʨʠʣʦʞʝʥʠʝ 4, ʨʠʩʫʥʦʢ 

4.2.1). ʂʦʥʮʝʥʪʨʘʮʠʷ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥʘ ʥʘʠʤʝʥʴʰʘʷ ʚ ʯʠʩʪʦʤ ʛʦʨʥʦʤ ʦʟ. ɹ. ʄʘʥʷʩʝʡʪʦ 

(15.5-18.0 ʤʛ/ʜʤ
3
), ʥʘʠʙʦʣʴʰʘʷ ʚ ʪʝʨʤʦʢʘʨʩʪʦʚʦʤ, ʟʘʛʨʷʟʥʝʥʥʦʤ ʩʪʦʢʘʤʠ, ʦʟ.  ̄1 (56.4 ʤʛ/ʜʤ

3
), 

ʪʘʢʦʝ ʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʷʚʣʷʝʪ ʩʫʣʴʬʘʪ-ʠʦʥ: 2.5-2.6 ʠ 10.4 ʤʛ/ʜʤ
3 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʦʜʝʨʞʘʥʠʝ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ï ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ï ʤʥʦʛʦ ʤʝʥʴʰʝ ʠʭ ʇɼʂʨʳʙʦʭʦʟ 

(ʧʨʠʣʦʞʝʥʠʝ 4), ʨʘʚʥʦʛʦ 180 ʠ 40 ʤʛ/ʜʤ
3
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʠʨʦʜʥʦʡ 

ʥʦʨʤʳ. ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʤʝʯʝʥʳ ʜʣʷ ʦʟ. ɹ. ʄʘʥʷʩʝʡʪʦ (5.1-5.2 ʠ 0.57-0.50 ʤʛ/ʜʤ
3
 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʢʘʣʴʮʠʷ ʜʣʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ï 

ʚ ʦʟ. ˉ 1 (15.5), ʚ ʦʩʪʘʣʴʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ï 10.4-12.4 ʤʛ/ʜʤ
3
. ɼʣʷ ʨʝʢ ʠ ʦʟʝʨ ʚʦʩʪʦʯʥʦʡ 
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ʯʘʩʪʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʭʘʨʘʢʪʝʨʥʦ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʥʘ ʫʨʦʚʥʝ 4.6-30 ʤʛ/ʜʤ
3
, ʧʨʠ 

ʵʪʦʤ ʚ ʚʦʜʦʪʦʢʘʭ ʟʥʘʯʝʥʠʷ ʙʦʣʴʰʝ. ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʨʦʷʚʣʷʝʪ 

ʤʘʛʥʠʡ. ɽʛʦ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʚ ʚʦʜʝ ʙʦʣʴʰʝ ʚ ʦʟ. ʂʦʤʘʪʳ ʠ ʦʟ. ˉ 1 (1.79 ʠ 2.5 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), 

ʯʝʤ ʚ ʦʩʪʘʣʴʥʳʭ ʚʦʜʦʸʤʘʭ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ (0.92-1.35 ʤʛ/ʜʤ
3
). ʅʘʠʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʘʛʥʠʷ ʚʳʷʚʣʝʥʳ ʚ ʚʦʜʦʪʦʢʘʭ ʚʦʩʪʦʢʘ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ (3.9-4.3 ʤʛ/ʜʤ
3
), ʚ ʦʟʝʨʘʭ 

ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʩʦʜʝʨʞʘʥʠʝ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʤʝʥʴʰʝ ï 1.26-2.4 ʤʛ/ʜʤ
3
. ʉʦʧʦʩʪʘʚʠʤʳʝ ʜʘʥʥʳʝ 

ʨʘʥʝʝ ʦʪʤʝʯʝʥʳ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ (ʊʝʥʪʶʢʦʚ, 2010). 

 

 

ʈʠʩʫʥʦʢ 4.2.1. ʉʦʦʪʥʦʰʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʦʩʥʦʚʥʳʭ ʠʦʥʦʚ  

 

ɼʣʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʙʘʩʩʝʡʥʦʚ ʨʝʢ ʂʘʨʘ ʠ ʉʠʣʦʚʘ-ʗʭʘ ʦʪʤʝʯʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʜʦʩʪʦʚʝʨʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʩʦʜʝʨʞʘʥʠʠ ʚ ʚʦʜʝ ʭʣʦʨʠʜ- ʠ ʬʦʩʬʘʪ-ʠʦʥʦʚ, ʂ ʠ Fe (ʨʠʩʫʥʦʢ 4.2.2), ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ ʧʨʠʨʦʜʥʳʭ ʚʦʜ. ʋʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʛʘʟʦʧʨʦʚʦʜʘ ʣʦʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ 

ʣʝʥʪʠʯʝʩʢʠʝ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʪʘʢʞʝ ʜʦʩʪʦʚʝʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʨʷʜʘ ʠʟʫʯʝʥʥʳʭ 
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ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʥʦʡ ʩʨʝʜʳ ʚ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ʛʘʟʦʧʨʦʚʦʜʘ ʥʘ ʚʦʜʦʝʤʳ (ʨʠʩʫʥʦʢ 4.2.3, 

ʧʨʠʣʦʞʝʥʠʝ 4).  

               

                

              

ʈʠʩʫʥʦʢ 4.2.2. ʇʘʨʥʦʝ ʩʨʘʚʥʝʥʠ ̫ʨʝʢ ʠ ʦʟʝʨ (ʚʝʨʭʥʠʝ ʜʚʘ ʨʠʩʫʥʢʘ), ʙʘʩʩ. ʨʝʢ ʂʘʨʘ ʠ 

ʉʠʣʦʚʘ-ʗʭʘ (ʥʠʞʥʠʝ ʯʝʪr ʨʝ ʨʠʩʫʥʢʘ) ʧʦ ʨʷʜʫ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʥʛʦʚʦʛʦ ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ-ʋʠʪʥʠ. 
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ʈʠʩʫʥʦʢ 4.2.3. ʇʘʨʥʦʝ ʩʨʘʚʥʝʥʠʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʬʦʥʦʚʳʭ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚʦʜʦʝʤʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʥʛʦʚʦʛʦ 

ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ-ʋʠʪʥʠ.  

 

ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Fe ʚ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʦʝʤʘʭ ʙʘʩʩʝʡʥʘ ʨ. ʂʘʨʘ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʣʠʷʥʠʝʤ, ʦ ʯʝʤ ʫʢʘʟʘʥʦ ʥʠʞʝ (ʨʠʩʫʥʦʢ 4.2.8). ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ 

ʜʦʩʪʦʚʝʨʥʦʝ ʨʘʟʣʠʯʠʝ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʍʇʂ ʠ ʩʦʜʝʨʞʘʥʠʶ Nʦʙ ɦ ï ʦʥʠ ʚʳʰʝ ʚ ʦʟʝʨʘʭ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʦʡ ʥʦʨʤʦʡ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʝʨʨʠʪʦʨʠʠ ʚʦʜʦʩʙʦʨʘ, ʨʘʟʣʠʯʠʷʤʠ 

ʧʠʪʘʥʠʷ ʨʝʢ ʠ ʦʟʝʨ. 
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ʈʠʩʫʥʦʢ 4.2.4. ʇʦʢʘʟʘʪʝʣʠ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ pH 

ʇʨʠʤʝʯʘʥʠʝ: ʜʣʷ ʨ. ʂʘʨʘ (ʠʤʧʘʢʪ) ʠ ʦʟ. ˉ 1 ʍʇʂ ʥʝ ʦʧʨʝʜʝʣʷʣʠ. 

 

ɸʢʪʠʚʥʘʷ ʨʝʘʢʮʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ ʨʘʟʣʠʯʥʘ, ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʩʣʘʙʦʥʝʡʪʨʘʣʴʥʦʡ ʜʦ 

ʩʣʘʙʦʱʝʣʦʯʥʦʡ (ʨʅ 6.77-8.96) (ʧʨʠʣʦʞʝʥʠʝ 4, ʨʠʩʫʥʦʢ 4.2.4). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʅ ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ 

7.8 ʧʨʠ çʮʚʝʪʝʥʠʠè ʚʦʜʦʝʤʦʚ, ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʧʦʜʱʝʣʘʯʠʚʘʥʠʝ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠ ʨʅ > 7.8 
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(ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳé, 1994). ʆʪʤʝʯʝʥʥʘʷ ʥʘʤʠ ʨʝʘʢʮʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ ʬʦʥʦʚʳʭ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʙʘʩʩʝʡʥʘ ʨ. ʉʠʣʦʚʘ-ʗʭʘ, ʦʟ. ɹ. ʄʘʥʷʩʝʡʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʭ ʧʨʠʨʦʜʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ. 

ɼʣʷ ʨʝʢ ʠ ʦʟʝʨ ʚ ʨʘʡʦʥʝ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ çɹʦʚʘʥʝʥʢʦʚʦ-ʋʭʪʘè (ʨʝʢʠ ʂʘʨʘ, ʅʷʨʤʘ, 

ɹ. ʃʷʜʛʝʡ, ʦʟʝʨʘ ʂʦʤʘʪʳ ʠ ˉ 1) ʭʘʨʘʢʪʝʨʥʳ ʟʥʘʯʝʥʠʷ ʨʅ ʦʪ 8.30 ʜʦ 8.96, ʯʪʦ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʣʠʯʠʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʦʜʱʝʣʘʯʠʚʘʥʠʷ (ʧʨʠʣʦʞʝʥʠʝ 4, ʨʠʩʫʥʦʢ 4.2.4) 

ʠʣʠ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ʚʦʜʦʩʙʦʨʘ ʱʝʣʦʯʥʳʭ ʠ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʥʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ ʠ ʚʣʠʷʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʩʠʥʝʟʝʣʝʥʳʭ ʚ ʫʢʘʟʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ (ʪʘʙʣʠʮʘ 5.1.4), ʨʘʟʣʦʞʝʥʠʝ ʧʦʩʣʝ 

ʦʪʤʠʨʘʥʠʷ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʜʱʝʣʘʯʠʚʘʥʠʶ ʚʦʜʥʦʡ ʩʨʝʜʳ (ʉʪʝʥʠʥʘ, 

ʇʘʪʦʚʘ, 2010). ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ 

ʭʘʨʘʢʪʝʨʥʳ ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʨʅ ï ʜʦ 6.6-7.6 (ʊʝʥʪʶʢʦʚ, 2010), ʜʣʷ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ï 6.56-

7.23 (ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007). ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʨʅ (ʜʦ 8.6) ʚʤʝʩʪʝ ʩ ʫʚʝʣʠʯʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʨʦʜʥʳʤʠ ʚʦʜʘʤʠ, ʦʙʦʛʘʱʝʥʠʠ ʚʦʜʳ ʞʝʣʝʟʦʤ, 

ʤʝʜʴʶ, ʧʦʚʳʰʝʥʠʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ 20 ʜʦ 114 ʤʛ/ʣ ʨʘʥʝʝ ʦʪʤʝʯʘʣʠʩʴ ʜʣʷ ʦʨʝʦʣʴʥʳʭ ʚʦʜ ʚ 

ʨʘʡʦʥʘʭ ʥʝʬʪʝʜʦʙʳʯʠ (ʊʝʥʪʶʢʦʚ, 2010).  

ʉʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʧʨʠʣʦʞʝʥʠʝ 4) ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʥʠʟʢʠʭ, ʯʝʤ ʠʭ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

(ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ..., 1999). ʇʨʠ ʵʪʦʤ ʧʨʦʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ.  

ɺ ʙʘʩʩʝʡʥʝ ʨ. ʉʠʣʦʚʘ-ʗʭʘ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʦʥʮʠʷ (ʨʠʩʫʥʦʢ 4.2.5) ʥʘʠʙʦʣʴʰʝʝ  ʚ ʚʦʜʦʪʦʢʘʭ 

ï ʨʝʢʘʭ ʉʠʣʦʚʘ-ʗʭʘ ʠ ʍʘʣʴʤʝʨʲʶ (56-83 ʤʢʛ/ʜʤ
3
, ʯʪʦ ʤʝʥʴʰʝ ʇɼʂʨʳʙʦʭʦʟ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ), ʚ 

ʜʨʫʛʠʭ ʚʦʜʦʸʤʘʭ ʦʙʩʣʝʜʦʚʘʥʥʦʛʦ ʨʘʡʦʥʘ 16-44 ʤʢʛ/ʜʤ3
. ʕʪʦ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʘ ʚ ʧʨʦʙʘʭ ʚʦʜʳ ʘʥʘʣʦʛʠʯʥ rʩ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʦʩʥʦʚʥʳʭ ʠʦʥʦʚ (ʨʠʩʫʥʦʢ 4.2.1). ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʳ ʘʥʦʤʘʣʠʠ 

ʩʪʨʦʥʮʠʷ ʚ ʪʫʥʜʨʦʚʳʭ ʧʦʯʚʘʭ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʣʠʯʠʝʤ ʩʝʟʦʥʥʳʭ ʢʨʠʦʛʝʥʥʳʭ 

ʢʘʨʙʦʥʘʪʥʳʭ ʬʦʨʤ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʠʣʣʶʚʠʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ (ʊʝʥʪʶʢʦʚ, 2010). ʇʨʠ ʵʪʦʤ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʜʘʥʥʳʤʠ ʜʣʷ ʦʟʸʨ ʪʫʥʜʨʳ ʠ ʣʝʩʦʪʫʥʜʨʳ ɿʘʧʘʜʥʦʡ 

ʉʠʙʠʨʠ (ʂʨʝʤʣʝʚʘ ʠ ʜʨ., 2012). 

ʄʝʜʴ ʠ ʥʠʢʝʣʴ ʧʨʦʷʚʣʷʶʪ ʩʭʦʜʥʦʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ: ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ, ʩʨʝʜʥʠʝ ʠʣʠ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʢʘʟʘʥʥʳʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʷʚʣʷʶʪʩʷ ʧʘʨʥʦ ʜʣʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

(ʨʠʩʫʥʦʢ 4.2.6, ʧʨʠʣʦʞʝʥʠʝ 4). ɼʣʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ 

ʚ ʟʦʥʝ ʟʘʛʨʷʟʥʝʥʠʷ ɻʂʄ çʇʝʯʝʥʛʘʥʠʢʝʣʴè, ʪʘʢʞʝ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʪʝʩʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʜʣʷ ʥʠʢʝʣʷ, ʤʝʜʠ ʠ ʢʦʙʘʣʴʪʘ ʤʝʞʜʫ ʩʦʙʦʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʜʠʥʦʤ ʠʩʪʦʯʥʠʢʝ 

ʠʭ ʧʦʩʪʫʧʣʝʥʠʡ ʠ ʩʭʦʜʥʳʭ ʧʫʪʷʭ ʤʠʛʨʘʮʠʠ (ɼʘʫʚʘʣʴʪʝʨ, ʂʘʥʠʱʝʚ, 2008; ɼʘʫʚʘʣʴʪʝʨ ʠ ʜʨ., 
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2015). ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʤʘʩʩʦʚʳʝ ʜʦʣʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʦʪʤʝʯʝʥʳ ʚ ʧʨʦʙʘʭ ʚʦʜʳ ʠʟ ʩʪʦʷʯʠʭ 

ʚʦʜʦʸʤʦʚ ʠ ʚʦʜʦʪʦʢʦʚ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʥʝʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʪʝʯʝʥʠʷ, ʢʘʢ ʟʘʛʨʷʟʥʝʥʥʳʭ, ʪʘʢ ʠ 

ʬʦʥʦʚʳʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʧʦʩʪʫʧʣʝʥʠʠ ʩ ʧʨʠʨʦʜʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʩ ʚʦʜʦʩʙʦʨʘ ʠ ʩ 

ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ. 

 

 

ʈʠʩʫʥʦʢ 4.2.5. ʉʦʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʪʨʦʥʮʠʷ ʚ ʧʨʠʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʝ 

ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʦʪʦʢʦʚ ʠ ʚʦʜʦʸʤʦʚ 

 

ʈʘʟʣʠʯʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʠ ʮʠʥʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ʨʠʩʫʥʦʢ 4.2.7, ʧʨʠʣʦʞʝʥʠʝ 4). ɺʝʨʦʷʪʥʦ, ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ (ʚ ʠʥʪʝʥʩʠʚʥʳʭ ʧʦʪʦʢʘʭ ʟʥʘʯʝʥʠʷ 

ʤʠʥʠʤʘʣʴʥʳ). ʅʘʧʨʠʤʝʨ, ʥʘ ʧʝʨʝʢʘʪʝ ʨ. ʉʠʣʦʚʘ-ʗʭʘ, ʚ ʨ. ʍʘʣʴʤʝʨʲʶ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ 

0.61-0.75 ʤʢʛ/ʜʤ
3
, ʥʘ ʧʣʸʩʝ ʨ. ʉʠʣʦʚʘ-ʗʭʘ ï 2.5 ʤʢʛ/ʜʤ

3
. 

 

ʈʠʩʫʥʦʢ 4.2.6. ɼʠʘʛʨʘʤʤʘ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʩʭʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ ʠ ʥʠʢʝʣʷ ʚ 

ʧʨʦʙʘʭ ʧʨʠʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʳ 
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ʈʠʩʫʥʦʢ 4.2.7. ʉʦʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʘʨʛʘʥʮʘ ʠ ʮʠʥʢʘ ʚ ʧʨʦʙʘʭ ʧʨʠʨʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʳ 

 

 

ʈʠʩʫʥʦʢ 4.2.8. ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ ʚ ʧʨʦʙʘʭ ʧʨʠʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʚʦʜʳ 

 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ ʚ ʚʦʜʝ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ (ʨʠʩʫʥʦʢ 4.2.8, ʧʨʠʣʦʞʝʥʠʝ 4) ʥʘʭʦʜʷʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʛʨʘʥʠʮʳ ʝʛʦ 

ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʥʦ ʚ ʥʝʙʦʣʴʰʠʭ ʛʫʤʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʟʝʨʘʭ ʟʥʘʯʝʥʠʷ ʙʦʣʴʰʝ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʨʦʜʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʠʭ ʧʠʪʘʥʠʷ ʠ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ. ɼʣʷ ʚʦʜ ʇʦʣʷʨʥʦʛʦ 

ʋʨʘʣʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚʳʰʝ, ʯʝʤ ʚ ʨʘʚʥʠʥʥʦʡ ʪʫʥʜʨʝ. ʇʨʠ ʵʪʦʤ ʤʥʦʛʦ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʦʟʝʨ ˉ 1 ʠ ʂʦʤʘʪʳ (ʚ ʧʝʨʚʦʤ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 

1,7 ʇɼʂʨʳʙʦʭʦʟ), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʟʥʘʢʦʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘʟʚʘʥʥʳʭ ʚʦʜʦʸʤʦʚ 

ʞʝʣʝʟʦʤ ʦʪ ʦʙʲʝʢʪʦʚ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ. ʅʘ ʨʠʩʫʥʢʝ 4.2.2 ʧʦʢʘʟʘʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʛʦ ʤʠʢʨʦʵʣʝʤʝʥʪʘ ʚ ʚʦʜʦʝʤʘʭ ʙʘʩʩʝʡʥʘ ʨ. ʂʘʨʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ 

ʛʘʟʦʧʨʦʚʦʜʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʩʩʝʡʥʦʤ ʨ. ʉʠʣʦʚʘ-ʗʭʘ. ʆʙʦʛʘʱʝʥʠʝ ʚʦʜ ʞʝʣʝʟʦʤ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʨʘʡʦʥʘʭ ʥʝʬʪʝʜʦʙʳʯʠ (ʊʝʥʪʶʢʦʚ, 2010). ʊʘʢʞʝ ʧʦ ʜʘʥʥʳʤ ʄ.ʇ. ʊʝʥʪʶʢʦʚʘ 

(2010), ʚ ʨʘʡʦʥʘʭ ʛʘʟʦʜʦʙʳʯʠ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʦʞʝʣʝʟʥʝʥʠʝ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ 

0
2
4
6
8

10
12
14

Mn, ͣ ͎κ͒ͣо

Zn, ͣ ͎͟κ͒ͣо

0
20
40
60
80

100
120
140
160
180

ˣ
Φ
 
˸
͊
ͤ
Ύ
ͫ
͔
͚
ͭ
ͦ

˹
Ύ
ͪ
ͣ
͊
Σ
 
ͺ
ͦ
ͤ

ˣ
Φ
 
˶
Ύ
͒
͎
͔
͚
Σ
 
ͺ
ͦ
ͤ

ˣ
Φ
 
˶
Ύ
͒
͎
͔
͚
Σ
 
͙
ͣ
ͨ
͊
͟
ͭ

˴
ͦ
ͣ
͊
ͭ
·

˴
͊
ͪ
͊
Σ
 
ͺ
ͦ
ͤ

˴
͊
ͪ
͊
Σ
 
͙
ͣ
ͨ
͊
͟
ͭ

ͦ
͘
Φ
 
Ѕ
м

̆
͊
͡
Έ
ͣ
͔
ͪ
Ά
Ό

ͦ
͘
Φ
 
Ѕ
 
о

˿
͙
͡
ͦ
͍
͊

-̒
ͻ
͊
Σ
 
ͨ
͔
ͪ
͔
͟
͊
ͭ

˿
͙
͡
ͦ
͍
͊

-̒
ͻ
͊
Σ
 
ͨ
͡
͔
ͫ

˴
ͪ
ͯ
͎
͡
ͦ
͔

̆
͊
͡
Έ
ͣ
͔
ͪ
ͭ
·

́
ͪ
ͦ
͚
ͤ
ͦ
͔

ͦ
͘
Φ
 
Ѕ
 
п

Fe, ͣ ͎͟κ͒ͣо



64 

 

ʩʚʷʟʘʥʦ ʩ ʛʠʜʨʦʢʠʩʣʘʤʠ ʞʝʣʝʟʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʀʭ ʧʦʷʚʣʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʠʩʣʳʭ ʘʵʨʦʟʦʣʝʡ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʤʠ 

ʤʠʥʝʨʘʣʘʤʠ ʪʝʣʣʫʨʠʯʝʩʢʦʡ ʧʳʣʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʶʪʩʷ ʩʫʣʴʬʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʞʝʣʝʟʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʮʠʥʢʘ ʤʠʥʠʤʘʣʴʥʘ ʜʣʷ ʧʨʦʙʳ ʚʦʜʳ, ʚʟʷʪʦʡ ʥʘ ʧʝʨʝʢʘʪʝ ʨ. ʉʠʣʦʚʘ-ʗʭʘ 

(0.22), ʥʘ ʧʣʸʩʝ ʵʪʦʡ ʞʝ ʨʝʢʠ ï 1.93 ʤʢʛ/ʜʤ
3
 (ʧʨʠʣʦʞʝʥʠʝ 4). ɼʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʪʘʢʞʝ ʦʪʤʝʯʘʣʠ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ, 

ʤʘʨʛʘʥʮʘ, ʤʝʜʠ ʠ ʮʠʥʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʜʠʘʧʘʟʦʥʦʤ ʚʝʣʠʯʠʥ. ɺʦʟʨʘʩʪʘʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʪʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʛʫʤʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʦʜ ʩ ʢʠʩʣʦʡ 

ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ ʠ ʥʝʜʦʩʪʘʪʢʦʤ ʢʠʩʣʦʨʦʜʘ (ɽʨʝʤʝʥʢʦ, 1969; ʃʦʟʦʚʠʢ, 1998, ʧʦ: ʍʦʭʣʦʚʘ, 

ʌʝʬʠʣʦʚʘ, 2014; ʍʦʭʣʦʚʘ, 2002), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʫʯʝʥʥʳʤ ʥʘʤʠ ʜʘʥʥʳʤ. ɺʳʩʦʢʦʝ 

ʬʦʥʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʦʪʤʝʯʘʶʪ ʠ ʚ ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ ʧʨʠ ʥʘʣʠʯʠʠ ʙʦʣʦʪʥʦʛʦ ʧʠʪʘʥʠʷ 

ʚʦʜʦʸʤʦʚ (ʃʘʨʠʥʘ ʠ ʜʨ., 2010). ɼʣʷ ʩʝʚʝʨʥʦʡ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʈʫʩʩʢʦʡ ʧʣʠʪʳ, 

ʦʪʤʝʯʘʶʪ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʦʟʝʨ ʞʝʣʝʟʘ, ʤʝʜʠ ʠ ʮʠʥʢʘ 

(ʈʫʤʷʥʮʝʚ ʠ ʜʨ., 2015). ʇʦ ʜʘʥʥʳʤ ʅ.ɻ. ʆʙʝʨʤʘʥʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (2004) ʜʣʷ ʨʘʟʥʳʭ ʚʦʜʦʥʦʩʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʘʚʥʠʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʈʝʩʧʫʙʣʠʢʠ ʂʦʤʠ ʤʦʞʝʪ ʦʪʤʝʯʘʪʴʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ, ʚ 

ʦʩʥʦʚʥʦʤ ʜʦ ʝʜʠʥʠʮ ʇɼʂ, ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜ ʞʝʣʝʟʦʤ, ʙʘʨʠʝʤ, ʤʘʨʛʘʥʮʝʤ. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ 

ʤʘʨʛʘʥʮʘ ʠ ʞʝʣʝʟʘ ʚ ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ ʠ ʚʦʜʘʭ ʧʝʨʚʳʭ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʙʥʘʧʦʨʥʳʭ ʛʦʨʠʟʦʥʪʦʚ 

ʧʦʜʟʦʥʳ ʩʧʣʦʰʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʨʠʦʛʝʥʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʩʦʣʝʡ, ʯʨʝʟʚʳʯʘʡʥʦ ʦʧʘʩʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ: Mn ï 29-28 ʇɼʂ, 

Fe ï ʜʦ 105, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʰʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ ʞʝʣʝʟʠʩʪʳʭ ʢʦʥʢʨʝʮʠʡ (ʆʙʝʨʤʘʥ ʠ ʜʨ., 2004). 

ʇʦʩʪʫʧʣʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʠʭ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʪʦʷʯʝʡ ʠʣʠ ʤʘʣʦʪʝʢʫʯʝʡ ʚʦʜʝ, ʯʪʦ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʥʘʤʠ. 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ (ʨʠʩʫʥʦʢ 4.2.4, ʧʨʠʣʦʞʝʥʠʝ 4) ʩʦʜʝʨʞʘʪʩʷ ʚ ʚʦʜʝ ʚ ʥʝʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʮʚʝʪʥʦʩʪʠ (7-53ę), ʧʝʨʤʘʥʛʘʥʘʪʥʦʡ ʦʢʠʩʣʷʝʤʦʩʪʠ 

(1.27-7.8 ʤʛ/ʜʤ
3
) ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (ɻʦʣʜʠʥʘ, 1972; ʍʦʭʣʦʚʘ, 

1996; ɼʘʫʚʘʣʴʪʝʨ, ʍʣʦʧʮʝʚʘ, 2008). ʇʦ ʜʘʥʥʳʤ ʃ.ɻ. ʍʦʭʣʦʚʦʡ (1996), ʮʚʝʪʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ 7-28Ü 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʚʪʦʭʪʦʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʮʚʝʪʥʦʩʪʴ ʚʦʜʳ ʙʦʣʴʰʠʥʩʪʚʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

ʦʪʤʝʯʝʥʘ ʥʘ ʫʨʦʚʥʝ 7-19Ü (ʧʨʠʣʦʞʝʥʠʝ 4). ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʠʣʠ ʦʟʝʨʘ ʂʦʤʘʪʳ ʠ ˉ 1 (37 ʠ 34Ü 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʟʘʛʨʷʟʥʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʛʘʟʦʧʨʦʚʦʜʘ, ʘ ʪʘʢʞʝ ʦʟʸʨʘ, 

ʠʩʧʳʪʳʚʘʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʦʣʫʯʘʶʱʠʝ ʧʠʪʘʥʠʝ ʩ 

ʟʘʙʦʣʦʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ï ˉ 3, ˉ 4, ʊʨʦʡʥʦʝ (31, 37, 53Ü ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ (0.65-1.61 ʤʛ/ʜʤ
3
 ï ʜʣʷ ʧʦʣʠʛʫʤʦʟʥʳʭ ʦʟʸʨ, 0.073-0.25 ʤʛ/ʜʤ

3
 ï ʜʣʷ 

ʦʩʪʘʣʴʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ). ʇʦʢʘʟʘʪʝʣʴ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʚʩʝʭ ʦʙʩʣʝʜʦʚʘʥʥʳʭ 
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ʚʦʜʦʝʤʦʚ ʩʦʩʪʘʚʠʣ ʤʝʥʝʝ 5 ʤʛ/ʜʤ
3
, ʟʥʘʯʝʥʠʝ ʤʫʪʥʦʩʪʠ ï ʚ ʩʨʝʜʥʝʤ 1.92 ɽʄʌ ʜʣʷ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ, 2.09 ɽʄʌ ï ʜʣʷ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʨʦʜʥʳʤ ʚʦʜʘʤ ʩ ʤʘʣʦʡ ʤʫʪʥʦʩʪʴʶ (ɻʣʘʟʦʚʩʢʘʷ, 2007).  

ɼʦʧʦʣʥʷʶʪ ʦʪʤʝʯʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʠ ʧʝʨʤʘʥʛʘʥʘʪʥʦʡ ʦʢʠʩʣʷʝʤʦʩʪʠ (ʇʆ) 

ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ (ʍʇʂ), ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʪʁ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʚʦʜ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ɺ ʨʘʚʥʠʥʥʦʡ ʪʫʥʜʨʝ ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ 

ʨ. ʍʘʣʴʤʝʨʲʶ ʠ ʦʟ. ʍʘʣʴʤʝʨʪʳ (1.27 ʠ 1.41 ï ʇʆ, 3.14 ʠ 7.9 ï ʍʇʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʥʘʠʙʦʣʴʰʠʝ 

ï ʜʣʷ ʧʦʣʠʛʫʤʦʟʥʳʭ ʦʟʸʨ (7.2-7.8 ï ʇʆ, 21-40 ï ʍʇʂ) (ʨʠʩʫʥʦʢ 4.2.4, ʧʨʠʣʦʞʝʥʠʝ 4). ʍʇʂ ʜʣʷ 

ʚʦʜʦʸʤʦʚ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʜʦʩʪʦʚʝʨʥʦ ʤʝʥʴʰʝ (ʨʠʩʫʥʦʢ 4.2.3), ʯʝʤ ʜʣʷ ʚʦʩʪʦʢʘ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ (ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʩʪʨʦʝʥʠʝ ʨʫʩʝʣ ʨʝʢ ʠ ʢʦʪʣʦʚʠʥ ʦʟʸʨ ï ʚ ʛʦʨʥʦʡ 

ʯʘʩʪʠ ʦʥʠ ʦʙʨʘʟʦʚʘʥʳ ʩʢʘʣʴʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʤʝʥʝʝ ʟʘʠʣʝʥʳ, ʪʘʢʞʝ ʚ ʧʠʪʘʥʠʠ ʟʥʘʯʠʪʝʣʴʥʘ ʜʦʣʷ 

ʪʘʣʳʭ ʚʦʜ ʩʥʝʞʥʠʢʦʚ, ʚ ʨʘʚʥʠʥʥʦʡ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʫʯʘʩʪʠʠ ʧʨʠʪʦʢʦʚ ʩ ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʚʦʜʦʩʙʦʨʘ). ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʱʠʤ ʪʝʥʜʝʥʮʠʷʤ: ʟʘʙʦʣʦʯʝʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʨʠʯʠʥ ʚʳʩʦʢʦʡ ʦʢʠʩʣʷʝʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ (ʄʦʠʩʝʝʥʢʦ ʠ ʜʨ., 2011ʘ). ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ ʪʘʢ ʞʝ ʦʪʤʝʯʝʥʦ, ʚ ʦʩʥʦʚʥʦʤ, ʜʣʷ 

ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʦʟʨy (ʨʠʩʫʥʦʢ 4.2.4, ʧʨʠʣʦʞʝʥʠʝ 4), ʛʜʝ ʢʨʦʤʝ ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʚʦʜʦʩʙʦʨʘ ʥʝ 

ʠʩʢʣʶʯʝʥ ʪʘʢʞʝ ʚʢʣʘʜ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ (ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ) ʚ 

ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʚʦʜʝ ʦʪʜʝʣʴʥʳʭ ʚʦʜʦʤyʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʨʘʥʝʝ (ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007; ʊʝʥʪʶʢʦʚ, 2010). 

ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʘʟʦʪʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʦʟ. ʊʨʦʡʥʦʝ (Nʦʙ ɦ ï 1.61 ʤʛ/ʜʤ
3
, NH4

+
 ï 

1.04 ʤʛ/ʜʤ
3
 (ʯʪʦ ʚʳʰʝ ʇɼʂʨʳʙʦʭʦʟ = 0.5 ʤʛ/ʜʤ

3
), NO3

-
 ï 0.82 ʤʛ/ʜʤ

3
 (ʤʝʥʝʝ ʇɼʂʨʳʙʦʭʦʟ = 

40.0 ʤʛ/ʜʤ
3
): ʚʦʟʤʦʞʥʦ, ʵʪʦ ʦʟʝʨʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʠʩʧʳʪʳʚʘʝʪ ʥʘʛʨʫʟʢʫ ʦʪ ʦʣʝʥʝʚʦʜʩʪʚʘ. ɺ 

ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟʤʝʨʷʶʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ 

ʧʨʝʜʝʣʘʭ: Nʦʙ ɦï 0.073ï0.88 ʤʛ/ʜʤ
3
, NH4

+
 ï 0.018ï0.44 ʤʛ/ʜʤ

3
, NO3

-
 ï 0.005ï0.044 ʤʛ/ʜʤ

3
. ʈʘʥʝʝ 

ʜʣʷ ʦʟʝʨ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʦʪʤʝʯʘʣʦʩʴ ʦʪʩʫʪʩʪʚʠʝ ʥʠʪʨʘʪʦʚ ʠ ʥʠʪʨʠʪʦʚ, 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʤʤʦʥʠʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʟʘʤʝʜʣʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʠ 

ʥʠʪʨʠʬʠʢʘʮʠʠ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʢʠʩʣʦʡ ʨʝʘʢʮʠʠ ʩʨʝʜʳ (ɻʝʮʝʥ, 1985). ʋʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʵʚʪʨʦʬʠʢʘʮʠʠ 

ʚʦʜʦʝʤʦʚ (ʨʠʩʫʥʦʢ 4.2.4 ʵʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʜʣʷ ʦʟ.  ̄1 ʠ ʂʦʤʘʪʳ). ʊʘʢʦʡ ʚʳʚʦʜ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʜʘʥʥʳʤʠ ʉ.ʉ. ɹʘʨʠʥʦʚʦʡ (ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷé, 1992). ʅʘʨʷʜʫ ʩ ʧʦʷʚʣʝʥʠʝʤ ʪʦʢʩʠʯʥʳʭ ʩʚʦʡʩʪʚ 

ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺʳʩʦʢʘʷ ʜʦʣʷ 

ʠʭ ʙʠʦʜʦʩʪʫʧʥʳʭ ʬʦʨʤ ʚ ʵʢʦʩʠʩʪʝʤʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʦʥʠ ʥʝ 

ʫʪʠʣʠʟʠʨʫʶʪʩʷ ʚ ʪʨʦʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʩʦʟʜʘʚʘʷ ʫʩʣʦʚʠʷ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʫʩʪʦʡʯʠʚʳʭ ʬʦʨʤ ʧʝʨʚʠʯʥʳʭ ʧʨʦʜʫʮʝʥʪʦʚ (ʄʦʠʩʝʝʥʢʦ, 2009). ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʜʣʷ ʚʦʜ 
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ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ (IC) ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ 

(DOC) (ʧʨʠʣʦʞʝʥʠʝ 4). ʅʠʞʥʝʝ ʟʥʘʯʝʥʠʝ IC ï ʚ ʦʟ. ɹ. ʄʘʥʷʩʝʡʪʦ (3.2-3.6), ʚʝʨʭʥʝʝ ï ʚ ʦʟ.  ̄1 

(9.1), ʚ ʦʩʪʘʣʴʥʳʭ ï 5.8-7.9 ʤʛ/ʜʤ
3
, DOC ʥʘʠʤʝʥʴʰʝʝ ʚ ʚʦʜʦʪʦʢʘʭ (ʨʝʢʠ ʅʷʨʤʘ, ɹ. ʃʷʜʛʝʡ, ʂʘʨʘ) 

ï 0.80-1.21, ʤʘʢʩʠʤʘʣʴʥʦʝ ï ʚ ʠʩʧʳʪʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʛʘʟʦʧʨʦʚʦʜʘ ʦʟ. ʂʦʤʘʪʳ ʠ ʦʟ. ˉ 1 ï 6.7 ʠ 

6.1 ʤʛ/ʜʤ
3
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʢʨʦʤʝ ʨʘʟʣʠʯʠʡ ʚ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʥʝʝ 

ʦʪʤʝʯʝʥʥʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠʟ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘʤʠ ʟʥʘʯʝʥʠʡ DOC 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʣʷ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʠ ʜʘʞʝ ʤʝʥʴʰʝ ʥʝʢʦʪʦʨʳʭ 

ʦʪʤʝʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʉʝʚʝʨʥʦʡ ɼʚʠʥʳ (ʈʠʞʠʥʘʰʚʠʣʠ, 2008). 

ɺ ʦʟʝʨʘʭ ʪʫʥʜʨʳ ʠ ʪʘʡʛʠ ɽʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ (ʜʣʷ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʵʪʦ ʥʝ 

ʭʘʨʘʢʪʝʨʥʦ) ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʚʦʜʦʨʦʩʣʝʡ ʦʪʣʠʯʘʶʪʩʷ ʣʠʤʠʪʠʨʦʚʘʥʠʝʤ ʢʘʢ ʧʦ ʬʦʩʬʦʨʫ, ʪʘʢ 

ʠ ʧʦ ʘʟʦʪʫ, ʥʦ ʥʘ ʢʨʠʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ï ʙʦʣʴʰʝ ʧʦ ʘʟʦʪʫ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʬʦʩʬʦʨ, 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʘʟʦʪ ʠ ʢʨʝʤʥʠʡ ʩʪʘʥʦʚʷʪʩʷ ʣʠʤʠʪʠʨʫʶʱʠʤʠ, ʢʦʛʜʘ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʞʝ 

10 ʤʢʛ/ʣ, 300 ʤʢʛ/ʣ ʠ 0,5 ʤʛ/ʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʥʠʞʥʠʝ ʛʨʘʥʠʮʳ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚʦʜʦʨʦʩʣʝʡ (ʧʦ: ɻʘʰʢʠʥʘ ʠ ʜʨ., 2012). ɼʣʷ 

ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʫʢʘʟʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʰʝ ʣʠʤʠʪʠʨʫʶʱʠʭ (ʧʨʠʣʦʞʝʥʠʝ 4, 

ʨʠʩʫʥʦʢ 4.2.4). 

ɺ ʧʨʝʜʝʣʘʭ ʟʘʧʘʜʥʦʛʦ ʩʢʣʦʥʘ ʇʝʯʦʨʩʢʦʛʦ ʋʨʘʣʘ ʚʦʟʤʦʞʥʦ ʝʩʪʝʩʪʚʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʦʸʤʦʚ ʟʘ ʩʯʝʪ ʪʨʝʱʠʥʥʦ-ʞʠʣʴʥʳʭ ʚʦʜ ʚ ʛʨʘʥʠʮʘʭ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʡ (ʆʙʝʨʤʘʥ ʠ ʜʨ., 2004). ʆʜʥʘʢʦ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ 

ʚʳʷʚʣʷʶʪ ʟʘʛʨʷʟʥʝʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʠʤʧʘʢʪʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʛʘʟʦʧʨʦʚʦʜʘ 

(ʧʨʠʣʦʞʝʥʠʝ 4): ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʥʘʠʙʦʣʴʰʝʝ ʚ ʨ. ʅʷʨʤʘ 

(ʚʳʰʝ ʤʦʩʪʘ) ï 0.022, ʪʝʨʤʦʢʘʨʩʪʦʚʦʤ ʦʟ. ˉ 1 ï 0.014, ʦʟ. ʂʦʤʘʪʳ ï 0.011, ʨ. ɹ. ʃʷʜʛʝʡ (ʥʠʞʝ 

ʤʦʩʪʘ) ï 0.010, ʚ ʦʩʪʘʣʴʥʳʭ ʧʨʦʙʘʭ ʚʦʜʳ ï ʤʝʥʝʝ 0.0050 ʤʛ/ʜʤ
3
. ʅʝʬʪʝʧʨʦʜʫʢʪʳ ʧʦʧʘʜʘʶʪ ʚ 

ʚʦʜʦʸʤʳ ʩʦ ʩʪʦʢʘʤʠ ʦʪ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʚ ʚʠʜʝ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʧʘʨʳ ʥʝʬʪʷʥʦʛʦ ʛʦʨʶʯʝʛʦ ʠ ʚʳʭʣʦʧʥʳʝ ʛʘʟʳ (ɼʦʣʤʘʪʦʚʘ, 2009). ɺʳʩʦʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʫʩʣʦʚʥʦ 

ʯʠʩʪʦʛʦ ʫʯʘʩʪʢʘ ʨ. ʅʷʨʤʘ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʨʦʛʠ ʩ ʤʦʩʪʦʚʳʤ 

ʧʝʨʝʭʦʜʦʤ ʧʨʦʝʟʜ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʤʦʛ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦ ʨʫʩʣʫ ʵʪʦʡ ʨʝʢʠ ʥʝʤʥʦʛʦ ʚʳʰʝ ʧʦ 

ʪʝʯʝʥʠʶ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʨʝʢʘ ʠʤʝʝʪ ʧʦʣʦʛʠʝ ʙʝʨʝʛʘ (ʧʨʠʣʦʞʝʥʠʝ 2). ʕʪʠ 

ʟʥʘʯʝʥʠʷ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ (ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷé, 1994). 

ʄʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʥʠʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ ʜʦ 

0.025 ʤʛ/ʜʤ
3
, ʬʝʥʦʣʘ ï ʤʝʥʝʝ 0.50 ʤʢʛ/ʜʤ

3
, ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ï 

ʥʠʞʝ 1.0 ʥʛ/ʜʤ
3
. 

ʈʘʥʝʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ 

ʦʪʣʠʯʘʝʪʩʷ ʥʠʟʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʘ ʧʦ ʦʪʜʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʦʷʚʣʷʝʪ ʙʦʣʴʰʫʶ 
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ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ, ʜʦʤʠʥʠʨʫʶʱʘʷ ʨʦʣʴ ʚ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʠʨʦʜʥʳʤ ʬʘʢʪʦʨʘʤ 

(ʍʦʭʣʦʚʘ, ʌʝʬʠʣʦʚʘ, 2014). ɼʣʷ ʪʝʨʨʠʪʦʨʠʠ ʄʫʨʤʘʥʩʢʦʡ, ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʝʡ ʪʘʢʞʝ 

ʭʘʨʘʢʪʝʨʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʟʝʨʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦ ʚʝʣʠʯʠʥʘʤ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʚ ʛʝʦʭʠʤʠʠ ʚʦʜʦʩʙʦʨʥʦʡ ʧʣʦʱʘʜʠ, ʩ 

ʦʙʲʝʜʠʥʷʶʱʝʡ ʪʘʢʠʝ ʚʦʜʦʸʤʳ ʧʦʚʳʰʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠʭ ʵʢʦʩʠʩʪʝʤ ʢ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ (ɼʘʫʚʘʣʴʪʝʨ ʠ ʜʨ., 2015; ʈʫʤʷʥʮʝʚ ʠ ʜʨ., 2015). ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʥʘʤʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʚ 

ʦʩʥʦʚʥʦʤ ʩʦʭʨʘʥʷʶʪ ʩʚʦʠ ʧʨʠʨʦʜʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʧʨʦʷʚʣʷʝʪʩʷ ʪʝʭʥʦʛʝʥʥʦʝ 

ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʛʘʟʦʧʨʦʚʦʜʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʘʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʨʫʥʪʦʚʦʡ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ, ʧʨʦʭʦʜʷʱʝʡ ʚʜʦʣʴ ʪʨʘʩʩʳ ʛʘʟʦʧʨʦʚʦʜʘ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʩʠʩʪʝʤʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ (ʇʘʪʦʚʘ ʠ ʜʨ., 2014ʘ; ʊʠʢʫʰʝʚʘ, 2014; ʊʠʢʫʰʝʚʘ ʠ 

ʜʨ., 2015). ʅʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʝʥʥʳʤʠ ʠʟ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʶʪʩʷ ʦʟyʨʘ 

ʂʦʤʘʪʳ ʠ ˉ 1.  

ɺ ʟʦʥʝ ʚʣʠʷʥʠʷ ʛʘʟʦʧʨʦʚʦʜʘ ʧʦ ʚʩʝʤ ʧʦʢʘʟʘʪʝʣʷʤ ʥʘʠʙʦʣʝʝ ʯʠʩʪʳʤ ʷʚʣʷʝʪʩʷ 

ʦʟ. ɹ. ʄʘʥʷʩʝʡʪʦ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 8 ʢʤ ʦʪ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ ʠ 

ʛʨʫʥʪʦʚʦʡ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ, ʟʘʢʨʳʪʦʝ ʦʪ ʥʠʭ ʛʦʨʥʳʤ ʤʘʩʩʠʚʦʤ ï ʝʩʪʝʩʪʚʝʥʥʳʤ ʙʘʨʴʝʨʦʤ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʤ ʪʝʭʥʦʛʝʥʥʦʤʫ ʧʳʣʝʚʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʢʣʘʜʢʫ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʠʥʳʭ ʣʠʥʝʡʥʳʭ ʦʙʲʝʢʪʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩ ʫʯʝʪʦʤ ʨʝʣʴʝʬʘ 

ʤʝʩʪʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʟʘʱʠʪʫ ʦʪ ʠʭ ʚʣʠʷʥʠʷ ʚʦʜʦʸʤʦʚ, ʠʤʝʶʱʠʭ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʨʘʡʦʥʘ. ʇʨʠʨʦʜʥʳʝ ʨʝʟʝʨʚʘʪʳ ʩʣʝʜʫʝʪ ʚʳʜʝʣʷʪʴ ʪʘʢʞʝ ʚ ʤʝʩʪʘʭ ʥʘʠʙʦʣʝʝ 

ʟʘʱʠʱʝʥʥʳʭ ʦʪ ʧʳʣʝʚʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. 

ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʩʠʩʪʝʤʥʦʛʦ 

ʧʦʜʭʦʜʘ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʝʥ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʥʝ ʪʦʣʴʢʦ ʘʙʠʦʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ (ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ), ʥʦ ʠ ʙʠʦʪʠʯʝʩʢʠʭ ï ʚ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʢʘʟʘʪʝʣʠ ʯʠʩʪʦʪʳ ʠʣʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ 

ʢʘʢʦʤʫ-ʣʠʙʦ ʢʨʠʪʝʨʠʶ (ʥʘʧʨʠʤʝʨ, ʧʦ ʫʨʦʚʥʶ ʮʚʝʪʥʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʶ ʘʟʦʪʘ, ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʧʦ ʠʥʜʝʢʩʫ ʩʘʧʨʦʙʥʦʩʪʠ, ʩʪʝʧʝʥʠ ʵʚʪʨʦʬʠʢʘʮʠʠ ʠ ʜʨ.), 

ʙʫʜʫʪ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʧʨʠʤʝʥʠʤʳ ʢ ʚʦʜʥʳʤ ʦʙʲʝʢʪʘʤ. ɺ ʢʘʪʝʛʦʨʠʠ çʩʠʣʴʥʦ 

ʟʘʛʨʷʟʥʝʥʥʳʭè ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʚʦʜʦʸʤʳ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʠʭ ʩʦʩʪʦʷʥʠʠ, ʥʝ ʠʩʧʳʪʳʚʘʶʱʠʝ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ.  
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4.3. ʆʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʣʠʥʝʡʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ ʥʘ ʚʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ 

 

 

ɺʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʚ ʤʝʩʪʘʭ ʧʨʦʭʦʞʜʝʥʠʷ ʣʠʥʝʡʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʛʘʟʦʧʨʦʚʦʜʘ ʠʩʧʳʪʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ, ʚʳʷʚʣʝʥʳ ʧʨʠʟʥʘʢʠ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ. ʆ ʤʘʩʰʪʘʙʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʤʦʞʥʦ ʩʫʜʠʪʴ 

ʠ ʧʦ ʪʦʤʫ ʬʘʢʪʫ, ʯʪʦ ʜʣʷ ʦʟʸʨʥʳʭ ʨʝʛʠʦʥʦʚ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ ʧʨʝʜʧʨʠʷʪʠʷ ʣʠʥʝʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ çɻʘʟʧʨʦʤ ʊʨʘʥʩʛʘʟ ʋʭʪʘè 

ʦʪʥʦʩʷʪʩʷ ʢ ʢʨʫʧʥʝʡʰʠʤ ʮʝʥʪʨʘʤ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʠ ʘʵʨʦʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜ 

ʥʘʨʷʜʫ ʩ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʏʝʨʝʧʦʚʝʮʢʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʫʟʣʘ (ʈʫʤʷʥʮʝʚ ʠ ʜʨ., 2015). 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʢʘʟʘʣ ʧʦʚʳʰʝʥʥʦʝ 

ʥʘʢʦʧʣʝʥʠʝ ʚ ʚʦʜʦʝʤʘʭ ʠ ʚʦʜʦʪʦʢʘʭ, ʧʝʨʝʩʝʢʘʝʤʳʭ ʪʨʘʩʩʦʡ, ʠ ʚ ʟʦʥʝ ʨʘʟʤʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʧʦʩʝʣʢʠ, ʢʦʤʧʨʝʩʩʦʨʥʳʝ ʩʪʘʥʮʠʠ, ʢʘʨʴʝʨʳ) ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʨʷʜʘ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ (ʊʠʢʫʰʝʚʘ, 2014; ʊʠʢʫʰʝʚʘ ʠ ʜʨ., 2015). ʅʘʠʙʦʣʴʰʝʝ ʘʵʨʦʪʝʭʥʦʛʝʥʥʦʝ (ʧʨʷʤʦʝ) 

ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʳʣʝʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪ ʜʦʨʦʛ ʠ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʪʨʘʩʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩʦʟʜʘʝʪ ʨʷʜ ʬʘʢʪʦʨʦʚ, 

ʢʦʩʚʝʥʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʢ ʥʠʤ ʦʪʥʦʩʷʪ ʩʣʝʜʫʶʱʠʝ: 

ʟʘʭʣʘʤʣʝʥʠʝ; ʟʘʠʣʝʥʠʝ ʠ ʟʘʨʘʩʪʘʥʠʝ ʨʫʩʝʣ; ʨʘʟʨʫʰʝʥʠʝ ʙʝʨʝʛʦʚ ʠ ʨʘʟʤʳʚ ʪʨʘʥʰʝʡ; ʧʝʨʝʢʨʳʪʠʝ 

(ʧʦʣʥʦʝ ʠʣʠ ʯʘʩʪʠʯʥʦʝ) ʨʫʩʝʣ ʪʨʫʙʘʤʠ ʛʘʟʦʧʨʦʚʦʜʘ ʠ ʚʨʝʤʝʥʥʳʤʠ ʧʨʠʪʨʘʩʩʦʚʳʤʠ ʜʦʨʦʛʘʤʠ, ʘ 

ʪʘʢʞʝ ʧʦʡʤ ʪʨʫʙʘʤʠ ʚ ʦʙʚʘʣʦʚʢʝ ʠ ʙʝʟ ʥʝʝ ʥʘ ʚʳʩʦʪʝ 0.5-2.0 ʤ; ʠʟʨʳʪʦʩʪʴ ʧʦʡʤ ʠ ʥʘʨʫʰʝʥʠʝ 

ʟʘʜʝʨʥʦʚʘʥʥʦʩʪʠ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʡʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ 

ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ, ʘ ʪʘʢʞʝ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʝʢ ʠ ʨʫʯʴʸʚ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʮʝʩʩʦʚ ʘʢʢʫʤʫʣʷʮʠʠ ʧʦʣʣʶʪʘʥʪʦʚ ʠ ʚʪʦʨʠʯʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠʤʠ ʚʦʜ 

(ɽʬʠʤʦʚ, 2000). 

ʆʙʩʣʝʜʦʚʘʥʥʳʡ ʫʯʘʩʪʦʢ ʜʦʨʦʛʠ ʚʜʦʣʴ ʛʘʟʦʧʨʦʚʦʜʘ çɹʦʚʘʥʝʥʢʦʚʦ-ʋʭʪʘè ʨʘʩʧʦʣʦʞʝʥ 

ʩʝʚʝʨʥʝʝ ɺʦʨʢʫʪʳ ʚ ʪʫʥʜʨʦʚʦʡ ʟʦʥʝ ʠ ʥʘ ʚʦʩʪʦʯʥʦʤ ʤʘʢʨʦʩʢʣʦʥʝ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ. ɼʦʨʦʛʘ 

ʦʪʩʳʧʘʥʘ ʧʨʠʨʦʜʥʳʤ ʛʨʫʥʪʦʤ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʫʛʣʠʥʢʘʤʠ), ʩʣʘʛʘʶʱʠʤ ʚʦʜʦʨʘʟʜʝʣʴʥʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʝʨʨʠʪʦʨʠʠ, ʚ ʩʫʭʫʶ ʧʦʛʦʜʫ ʣʝʪʫʯʠʝ ʯʘʩʪʠʮʳ ʢʦʪʦʨʦʛʦ ʣʝʛʢʦ ʧʝʨʝʥʦʩʷʪʩʷ ʚʝʪʨʦʤ 

ʠ ʦʩʝʜʘʶʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ (15-100 ʤ), ʥʦ ʠ ʜʘʣʝʢʦ ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʚʝʪʨʦʚ. ʉʦʛʣʘʩʥʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ɿʝʤʣʠ, ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʳʣʝʚʳʭ ʚʳʙʨʦʩʦʚ ʦʪ ʘʚʪʦʜʦʨʦʛʠ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ 250 ʜʦ 1000 ʤ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ʃʝʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʳʣʝʚʳʭ ʚʳʙʨʦʩʦʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʦʨʝʦʣʳ ʧʳʣʝʚʳʭ 

ʟʘʛʨʷʟʥʝʥʠʡ ʦʪ ʛʘʟʦʧʨʦʚʦʜʘ, ʜʦʩʪʠʛʘʶʱʠʝ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ (ʇʘʪʦʚʘ ʠ ʜʨ., 2014ʙ). ʈʘʩʯʝʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʣʠʩʪʴʷʭ ʢʫʩʪʘʨʥʠʢʦʚ (ʠʚʳ, ʢʘʨʣʠʢʦʚʦʡ ʙʝʨʝʟʢʠ) ʥʘ ʧʣʦʱʘʜʠ ʚ 1 ʤ
2
 ʟʘ ʣʝʪʥʠʡ 
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ʧʝʨʠʦʜ ʦʩʘʞʜʘʝʪʩʷ ʜʦ 10 ʛ ʧʳʣʠ, ʩʦʜʝʨʞʘʱʝʡ ʪʦʢʩʠʯʥʝr ʚʝʱʝʩʪʚʘ (ʇʘʪʦʚʘ ʠ ʜʨ., 2014ʘ). ɺ 

ʠʤʧʘʢʪʥʦʡ ʟʦʥʝ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʚʙʣʠʟʠ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʧʨʦʠʩʭʦʜʠʪ 

ʦʩʘʞʜʝʥʠʝ ʯʘʩʪʠʮ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʦʚ ʚ ʩʦʩʪʘʚʝ ʧʳʣʝʚʦʡ ʵʤʠʩʩʠʠ 

(ʄʦʠʩʝʝʥʢʦ, 2009). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʦʩʙʦʨʦʚ, ʩ ʪʝʨʨʠʪʦʨʠʠ 

ʢʦʪʦʨʳʭ ʩʪʦʢʠ ʧʨʠʥʦʩʷʪ ʟʘʛʨʷʟʥʠʪʝʣʠ ʚ ʚʦʜʦʝʤʳ, ʘ ʪʘʢʞʝ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʦʩʘʞʜʝʥʠʝ ʥʘ ʟʝʨʢʘʣʦ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʯʘʩʪʠʮ ʠʟ ʧʨʠʟʝʤʥʦʛʦ ʩʣʦʷ ʘʪʤʦʩʬʝʨʳ. 

ʂʨʦʤʝ ʧʳʣʝʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʚʳʙʨʦʩʳ ʧʦʣʣʶʪʘʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʘʟʦʧʨʦʚʦʜʦʚ ʚʦʟʥʠʢʘʶʪ ʟʘ ʩʯʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʛʘʟʘ ʥʘ 

ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ (ʂʘʟʘʢ, ʉʘʤʩʦʥʦʚ, 2007). ʕʪʦ ʪʦʧʣʠʚʥʳʡ ʛʘʟ, ʨʘʩʭʦʜʫʝʤʳʡ ʥʘ 

ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʩʪʘʥʮʠʷʭ (ʂʉ), ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʝʨʠ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʫʪʝʯʢʠ ʥʘ 

ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʧʨʠ ʨʘʙʦʪʝ ʛʘʟʦʢʦʤʧʨʝʩʩʦʨʥʦʡ ʩʪʘʥʮʠʠ (ɻʂʉ), ʘʚʘʨʠʡʥʳʝ 

ʩʠʪʫʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʦʯʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʥʫʞʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʪʝʨʠ ʧʨʠ ʨʝʤʦʥʪʝ 

ʛʘʟʦʧʨʦʚʦʜʦʚ (ʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠé, 2012). ʅʝʬʪʝʛʘʟʦʧʨʦʚʦʜʥʳʝ ʣʘʥʜʰʘʬʪʥʦ-

ʪʝʭʥʦʛʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʠʩʧʨʘʚʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʥʘʣʠʯʠʝʤ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ-ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʧʦʯʚ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʨʝʜʳ) ï ʭʨʦʤʘ, ʚʘʥʘʜʠʷ, ʤʘʨʛʘʥʮʘ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ï ʤʳʰʴʷʢʘ, ʮʠʥʢʘ, ʤʦʣʠʙʜʝʥʘ, ʥʠʢʝʣʷ. 

ʇʨʠʩʫʪʩʪʚʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʫʤʝʨʝʥʥʦ ʦʧʘʩʥʦʝ. ʅʘ ʪʘʢʦʤ 

ʫʨʦʚʥʝ ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ, ʭʨʦʤʘ, ʤʘʨʛʘʥʮʘ, ʙʘʨʠʷ ʚʦ ʤʭʘʭ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

(ʆʙʝʨʤʘʥ ʠ ʜʨ., 2004). ʂʨʦʤʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʟʘ ʩʯʝʪ ʧʦʪʝʨʴ ʛʘʟʘ ʠʟ ʩʠʩʪʝʤʳ ʛʘʟʦʧʨʦʚʦʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ ʢʠʩʣʦʪʦʬʦʨʤʠʨʫʶʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ï ʦʢʩʠʜʘʤʠ ʩʝʨʳ ʠ 

ʘʟʦʪʘ, ʤʝʪʘʥʦʤ, ʩʝʨʦʚʦʜʦʨʦʜʦʤ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʤʠ ʵʚʪʨʦʬʠʨʫʶʱʠʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʇʦ ʦʙʦʙʱʝʥʥʳʤ ʜʘʥʥʳʤ ʊ.ʀ. ʄʦʠʩʝʝʥʢʦ (2009), ʢʘʢ ʧʨʘʚʠʣʦ, 

ʩʦʧʫʪʩʪʚʫʶʱʘʷ ʧʳʣʝʚʘʷ ʵʤʠʩʩʠʷ ʠ ʵʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʠʤʧʘʢʪʥʦʡ ʟʦʥʝ ʧʨʦʠʟʚʦʜʩʪʚ 

ʬʦʨʤʠʨʫʶʪ ʱʝʣʦʯʥʳʝ ʧʦʪʦʢʠ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠ ʤʝʪʘʣʣʦʚ. ʇʨʠ 

ʵʪʦʤ ʚ ʢʠʩʣʦʡ ʠ ʱʝʣʦʯʥʦʡ ʩʨʝʜʘʭ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳ, ʪʘʢ ʢʘʢ ʚ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ʦʥʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʠʦʥʥʦʡ ʬʦʨʤʝ, ʚʦ ʚʪʦʨʦʤ ï ʚ ʚʠʜʝ 

ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ (ʄʦʠʩʝʝʥʢʦ, 2009). 

ɼʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʥʘ ʣʠʥʝʡʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʝ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʟʦʥ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʆʙʝʨʤʘʥ ʠ ʜʨ., 2004). ɿʦʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʵʤʠʩʩʠʠ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʧʨʠ ʨʘʙʦʪʝ ɻʂʉ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʦʜʝʣʝʡ ʧʝʨʝʥʦʩʘ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʝ, ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʝʛʠʦʥʝ 90 ʪʳʩ. ʢʤ
2
 ʜʣʷ ʢʘʞʜʦʡ 

ʩʪʘʥʮʠʠ. ʇʨʠ ʵʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠʟʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʚʫʭ ʠ ʙʦʣʝʝ ɻʂʉ ʠʭ ʟʦʥʳ 

ʧʝʨʝʢʨʳʚʘʶʪʩʷ, ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʫʤʤʘʨʥʘʷ ʟʦʥʘ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ 805 ʪʳʩ. ʢʤ
2
, 



70 

 

ʧʨʠʚʝʩʪʠ ʢ ʘʢʪʫʘʣʴʥʦʤʫ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʤʫ ʧʨʝʚʳʰʝʥʠʶ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʘʟʦʪʘ, ʩʝʨʳ ʠ 

ʢʠʩʣʦʪʥʦʩʪʠ (ʉʘʤʩʦʥʦʚ ʠ ʜʨ., 2007).  

ɹʠʦʛʝʥʥʳʝ ʚʝʱʝʩʪʚʘ (ʩʦʝʜʠʥʝʥʠʷ ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ, ʬʦʩʬʦʨʘ), ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʩʪʦʯʥʳʭ 

ʚʦʜʘʭ, ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʦʝʤʳ ʥʘʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʱʝʨʙ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ (ʩʚʝʜʝʥʠʷ ʦ ʩʦʜʝʨʞʘʥʠʠ ʚ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʦʝʤʘʭ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ 

ʧʦʣʣʶʪʘʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʜʝʣʝ 4.2 ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ). ʅʠʪʨʘʪʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ 

ʧʨʦʮʝʩʩʝ ʥʠʪʨʠʬʠʢʘʮʠʠ, ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʚʦʜʦʝʤ ʩʪʘʥʦʚʷʪʩʷ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ ʜʣʷ 

ʤʠʢʨʦʬʣʦʨʳ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʵʚʪʨʦʬʠʢʘʮʠʠ ʚʦʜʦʝʤʘ. 

ʅʘʠʤʝʥʴʰʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʵʨʦʪʝʭʥʦʛʝʥʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩʝʨʳ ʠ ʘʟʦʪʘ 

ʭʘʨʘʢʪʝʨʥʘ ʪʫʥʜʨʦʚʳʤ ʵʢʦʩʠʩʪʝʤʘʤ. ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʧʦʩʪʫʧʣʝʥʠʝ 

ʢʠʩʣʦʪʦʦʙʨʘʟʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ ʜʣʷ ʙʠʦʛʝʦʮʝʥʦʟʦʚ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʝ ʜʦʣʞʥʦ 

ʧʨʝʚʳʰʘʪʴ 200-250 ʵʢʚ/ʛʘ (ʜʣʷ ʩʨʘʚʥʝʥʠʷ, ʪʘʝʞʥʳʭ ʵʢʦʩʠʩʪʝʤ ï 500-1000 ʵʢʚ/ʛʘ ʚ ʛʦʜ), ʘʟʦʪʘ ï 

301 ʵʢʚ/ʛʘ (ʜʣʷ ʪʘʡʛʠ ï 1776 ʵʢʚ/ʛʘ) (ʉʘʤʩʦʥʦʚ ʠ ʜʨ., 2007). ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʧʨʦʙʘʭ ʧʨʠʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʳ (ʧʨʠʣʦʞʝʥʠʝ 4) ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʟʘʛʨʷʟʥʝʥʠʷ ʟʘ ʩʯʝʪ ʵʤʠʩʩʠʠ ʛʘʟʦʚ ʠʟ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʝ ʚʳʷʚʣʝʥʦ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ 

(ʩʫʣʴʬʘʪ-ʠʦʥ) ʦʪʤʝʯʝʥʦ ʨʘʟʣʠʯʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʧʨʠ ʵʪʦʤ ʙʦʣʴʰʠʝ 

ʠʟ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʚʦʜʦʪʦʢʦʚ. ʇʦʩʢʦʣʴʢʫ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʷʚʣʷʝʪʩʷ 

ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʵʚʪʨʦʬʠʢʘʮʠʠ ʚʦʜʦʝʤʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʦʥʠ ʥʝ ʫʪʠʣʠʟʠʨʫʶʪʩʷ ʚ 

ʪʨʦʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʩʦʟʜʘʶʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ çʮʚʝʪʝʥʠʷè ʚʦʜʦʝʤʦʚ ʠ ʟʘʨʘʩʪʘʥʠʷ ʠʭ ʚʳʩʰʝʡ 

ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ (ʨʘʟʜʝʣ 4.2 ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʨʠʩʫʥʦʢ 4.2.3). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʨʝʙʫʝʪʩʷ 

ʢʦʥʪʨʦʣʴ ʥʘ ʨʝʛʫʣʷʨʥʦʡ ʦʩʥʦʚʝ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ, ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ ʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʨʠʨʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ.  

ɿʥʘʯʠʪʝʣʴʥʦ ʟʘʛʨʷʟʥʝʥʠʝ ʚʳʭʣʦʧʥʳʤʠ ʛʘʟʘʤʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʨʪʦʚ 

ʙʝʥʟʠʥʘ ʩʦʜʝʨʞʘʪ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʜʝʪʦʥʘʮʠʦʥʥʳʭ ʧʨʠʩʘʜʦʢ ʪʝʪʨʘʵʪʠʣʩʚʠʥʝʮ, ʘ ʚ ʜʠʟʝʣʴʥʦʝ 

ʪʦʧʣʠʚʦ ʚʭʦʜʷʪ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʘʞʠ ʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʘ, ʤʝʜʠ, ʥʠʢʝʣʷ, ʭʨʦʤʘ. ɺ ʚʳʭʣʦʧʥʳʭ ʛʘʟʘʭ ʩʘʤʳʤʠ ʚʨʝʜʥʳʤʠ ʷʚʣʷʶʪʩʷ  ʦʢʩʠʜʳ 

ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ ʠ ʥʝʩʛʦʨʝʚʰʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʴʰʝ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʘʞʠ, ʯʝʤ ʚ ʙʝʥʟʠʥʦʚʳʭ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʝʥʟ(ʘ)ʧʠʨʝʥ 

(ʆʙʝʨʤʘʥ ʠ ʜʨ., 2004). ɺ ʩʚʷʟʠ ʩ ʧʨʝʢʨʘʱʝʥʠʝʤ ʚʳʧʫʩʢʘ ʵʪʠʣʠʨʦʚʘʥʥʳʭ ʙʝʥʟʠʥʦʚ ʫʤʝʥʴʰʠʣʦʩʴ 

ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʩʚʠʥʮʦʤ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʩʨʝʜʳ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʩʦʝʜʠʥʝʥʠʡ ʮʠʥʢʘ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ. ʎʠʥʢ ʠ ʢʘʜʤʠʡ ʧʦʩʪʫʧʘʪʁ ʚ ʧʨʠʜʦʨʦʞʥʫʶ ʧʳʣʴ ʧʨʠ ʠʩʪʠʨʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʜʝʪʘʣʝʡ, 

ʵʨʦʟʠʠ ʦʮʠʥʢʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʠʟʥʦʩʝ ʰʠʥ, ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʘʩʣʘʭ ʧʨʠʩʘʜʦʢ, 

ʩʦʜʝʨʞʘʱʠʭ ʵʪʦʪ ʤʝʪʘʣʣ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʚʜʦʣʴ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ 



71 

 

ʬʦʨʤʠʨʫʶʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʮʠʥʢʘ (ʇʰʝʥʠʥ, 2003). ʂʨʦʤʝ ʪʦʛʦ, ʮʠʥʢ ʠʤʝʝʪ ʙʦʣʝʝ 

ʧʦʜʚʠʞʥʳʝ ʬʦʨʤʳ ʚ ʧʦʯʚʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʠʥʮʦʤ ʠ ʣʝʛʯʝ ʤʠʛʨʠʨʫʝʪ ʠʟ ʥʠʭ ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʝʩʪʨʫʢʮʠʠ ʠ 

ʧʨʦʜʚʠʛʘʶʪʩʷ ʧʦ ʮʝʧʠ ʧʠʪʘʥʠʷ, ʢʦʥʝʯʥʳʤ ʟʚʝʥʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʢʨʫʧʥʳʝ ʛʠʜʨʦʙʠʦʥʪʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʪʤʝʯʝʥʥʳʝ ʚʳʰʝ ʪʝʥʜʝʥʮʠʠ. ʄʘʩʩʦʚʘʷ 

ʜʦʣʷ ʮʠʥʢʘ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʦʙʘʭ ʚʦʜʳ ʤʝʥʝʝ 2.5 ʤʢʛ/ʜʤ
3
, ʧʨʠ ʵʪʦʤ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʦʢʘʣʴʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʘʥʦʤʘʣʠʡ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʮʠʥʢʘ ʚ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ (ʨʠʩʫʥʦʢ 4.3.1). ɺ 

ʥʠʞʥʠʭ ʩʪʚʦʨʘʭ ʨ. ʂʘʨʘ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʮʠʥʢʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩʦʩʪʘʚʠʣʘ 1800, ʨ. ɹ. ʃʷʜʛʝʡ 

ï 190 (ʧʨʠ ʵʪʦʤ ʚ ʚʝʨʭʥʠʭ ʩʪʚʦʨʘʭ ʵʪʠʭ ʨʝʢ ï 34 ʠ 40 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩʦ 

ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʜʨʫʛʠʭ ʧʨʦʙ ï 31,6 ʤʛ/ʢʛ). ɸʢʢʫʤʫʣʷʮʠʷ ʮʠʥʢʘ ʚ ʪʘʢʠʭ ʚʝʣʠʯʠʥʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʚʦʜʦʩʙʦʨʘ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ. ɺʦʟʤʦʞʥʦ, ʪʘʢʞʝ ʧʦʩʣʝʜʫʶʱʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʙʠʦʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʟʘ ʩʯʝʪ ʘʢʢʫʤʫʣʷʮʠʠ ʚ ʧʝʨʠʬʠʪʦʥʝ (Meylan et al., 2004). ɼʣʷ 

ʚʦʜʦʸʤʦʚ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʜʣʷ ʙʦʣʝʝ ʶʞʥʳʭ ʨʘʡʦʥʦʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʝʚʨʦʧʝʡʩʢʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʨʘʥʝʝ ʪʘʢʞʝ ʦʪʤʝʯʘʣʦʩʴ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʠ ʮʠʥʢʘ ʚ ʚʦʜʝ 

(ɸʣʴʛʦʬʣʦʨʘé, 1994; ʍʦʭʣʦʚʘ, 2014; ʈʫʤʷʥʮʝʚ ʠ ʜʨ., 2015). ʀʩʩʣʝʜʦʚʘʥʠʝ ʍʘʨʙʝʡʩʢʠʭ ʦʟʝʨ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ ʠ ʮʠʥʢʘ ʚ ʧʨʠʜʦʥʥʳʭ ʩʣʦʷʭ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ 

ʚʦʟʨʘʩʪʘʣʠ, ʯʪʦ ʤʦʛʣʦ ʦʙʲʷʩʥʷʪʴʩʷ ʠʭ ʩʤʳʚʦʤ ʩ ʚʦʜʦʩʙʦʨʘ ʠʣʠ ʢʦʥʪʘʢʪʦʤ ʩ ʧʦʜʟʝʤʥʳʤʠ ʚʦʜʘʤʠ 

(ʍʦʭʣʦʚʘ, 2014). ʕʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʜʣʷ ʜʨʫʛʠʭ ʨʘʡʦʥʦʚ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʦʟʝʨ 

ʣʝʩʦʩʪʝʧʥʦʛʦ ʇʨʠʠʰʠʤʴʷ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʵʪʠ ʞʝ ʵʣʝʤʝʥʪʳ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ 

ʛʨʫʥʪʦʤ ʦʟʸʨ (ʃʘʨʠʥʘ ʠ ʜʨ., 2010). ʇʨʠ ʵʪʦʤ ʜʣʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʦʜʦʸʤʦʚ ʚʦʢʨʫʛ 

ʅʦʨʠʣʴʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘ ʚ ʉʠʙʠʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʠ ʤʝʜʠ ʦʪʤʝʯʝʥʳ ʜʦ ʟʥʘʯʝʥʠʡ 2142 ʠ 

5400 ʤʢʛ/ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ɼʘʫʚʘʣʴʪʝʨ ʠ ʜʨ., 2015). ʆʙʨʘʟʫʶʱʘʷʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʮʠʥʢʘ 

ʩ ʚʦʜʦʡ ʛʠʜʨʦʦʢʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʩʪʚʦʨʠʤʘ, ʤʥʦʛʠʝ ʩʦʝʜʠʥʝʥʠʷ ʮʠʥʢʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʝʛʦ 

ʩʫʣʴʬʘʪ ʠ ʭʣʦʨʠʜ, ʪʦʢʩʠʯʥʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʮʠʥʢ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʦʩʪ ʠ ʥʦʨʤʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʦʨʛʘʥʠʟʤʦʚ (ʫʯʘʩʪʚʫʝʪ ʚ ʘʟʦʪʥʦʤ 

ʦʙʤʝʥʝ). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʠʥʢʘ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʙʫʜʫʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠʭ ʵʚʪʨʦʬʠʨʦʚʘʥʠʶ. 

ʅʘʠʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʜʤʠʷ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʪʤʝʯʝʥʳ ʪʘʢʞʝ ʜʣʷ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ï ʚ ʪʝʨʤʦʢʘʨʩʪʦʚʦʤ ʦʟ. ˉ 1 (1.3) ʠ ʚ ʥʠʞʥʝʤ ʩʪʚʦʨʝ ʨ. ʅʷʨʤʘ (0.9), ʚ 

ʜʨʫʛʠʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʥʘʭʦʜʠʣʦʩʴ ʥʘ ʫʨʦʚʥʝ 0.21-0.6 ʤʛ/ʢʛ. ɺʦ ʚʩʝʭ ʧʨʦʙʘʭ 

ʚʦʜʳ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʜʤʠʷ ï ʤʝʥʝʝ 0.2 ʤʢʛ/ʜʤ
3
 (ʧʨʠʣʦʞʝʥʠʝ 4).  
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ʈʠʩʫʥʦʢ 4.3.1. ʄʥʦʛʦʢʨʘʪʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʮʠʥʢʘ ʠ ʤʝʜʠ ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʠʤʧʘʢʪʥʳʭ ʫʯʘʩʪʢʦʚ ʨʝʢ ʅʷʨʤʘ ʠ ɹ. ʃʷʜʛʝʡ 

 

ʉʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʦʙʘʭ ʚʦʜʳ ʩʦʩʪʘʚʠʣʦ ʤʝʥʝʝ 2 ʤʢʛ/ʜʤ
3
. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʧʨʝʜʝʣʝʥʦ ʜʣʷ ʨ. ʅʷʨʤʘ ʚ 

ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ʜʦʨʦʛʠ ï 47, ʚ ʦʩʪʘʣʴʥʳʭ ʝʛʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ 3.16 ʤʛ/ʢʛ 

(ʧʨʠʣʦʞʝʥʠʝ 4). 

ʉʚʠʥʝʮ, ʢʘʜʤʠʡ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʪʦʢʩʠʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʢʫʤʫʣʷʪʠʚʥʳʡ ʠ ʤʫʪʘʛʝʥʥʳʡ ʵʬʬʝʢʪ (ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʙʝʣʢʘʤʠ). ʂʨʦʤʝ 

ʪʦʛʦ, ʢʘʜʤʠʡ ʩʧʦʩʦʙʝʥ ʟʘʤʝʱʘʪʴ ʢʘʣʴʮʠʡ ʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʘ ʥʘʢʦʧʣʝʥʠʝ ʩʚʠʥʮʘ ʚ 

ʦʨʛʘʥʠʟʤʘʭ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʝʣʣ (ɹʘʟʦʚʘ, 2013). 

ʄʝʜʴ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʨʘʩʪʝʥʠʡ, ʫʯʘʩʪʚʫʝʪ ʚ ʬʦʪʦʩʠʥʪʝʟʝ, ʜʳʭʘʥʠʠ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʫʛʣʝʚʦʜʦʚ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠ 

ʬʠʢʩʘʮʠʠ ʘʟʦʪʘ, ʤʝʪʘʙʦʣʠʟʘʮʠʠ ʧʨʦʪʝʠʥʦʚ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʪʦʢʩʠʯʥʦʩʪʠ ʵʪʦʛʦ ʤʝʪʘʣʣʘ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʝʜʴ ʩʧʦʩʦʙʥʘ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʨʘʩʪʝʥʠʷʭ. ʉʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʚʦʜʝ (ʧʨʠʣʦʞʝʥʠʝ 4) ʦʪʤʝʯʝʥʦ ʥʘ ʫʨʦʚʥʝ 0.22-2.1 ʤʢʛ/ʜʤ
3
, ʧʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʢʘʟʳʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ ʚ 

ʚʦʜʦʪʦʢʘʭ ʚ ʟʦʥʝ ʟʘʛʨʷʟʥʝʥʠʷ. ʊʘʢ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʨ. ʅʷʨʤʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʜʠ ʥʘ 

ʬʦʥʦʚʦʤ ʫʯʘʩʪʢʝ ʩʦʩʪʘʚʠʣʘ 8.1, ʚ ʟʦʥʝ ʟʘʛʨʷʟʥʝʥʠʷ ï 250 ʤʛ/ʢʛ (ʪʘʙʣʠʮʘ 4.3), ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʦʢʘʣʴʥʦʡ ʪʝʭʥʦʛʝʥʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʘʥʦʤʘʣʠʠ, ʚ ʝʝ 

ʦʙʨʘʟʦʚʘʥʠʠ ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʧʝʨʠʬʠʪʦʥʘ (Meylan et al., 2004). 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʦʜʝ ʘʣʶʤʠʥʠʷ, ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ ʠ ʙʘʨʠʷ ʷʚʣʷʝʪʩʷ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʠʨʦʜʥʦ-ʧʦʜʢʠʩʣʝʥʥʳʭ ʦʟʝʨ ʟʘʙʦʣʦʯʝʥʥʳʭ ʤʘʩʩʠʚʦʚ, 

ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʦʙʦʛʘʱʝʥʠʝ ʚʦʜ ʛʫʤʫʩʦʚʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ ʘʢʪʠʚʥʦʡ 
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ʤʠʛʨʘʮʠʠ ʚ ʚʦʜʫ ʦʟʝʨ ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ɹʘʟʦʚʘ, 2013). ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʘʥʘʣʠʟ ʧʨʠʨʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʳ (ʧʨʠʣʦʞʝʥʠʝ 4) ʚʳʷʚʠʣ ʫʚʝʣʠʯʝʥʠʝ ʚ ʟʦʥʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʨ. ɹ. ʃʷʜʛʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʨʛʘʥʮʘ (1.7 ï ʚʳʰʝ ʤʦʩʪʘ, 6.2 ʤʢʛ/ʜʤ
3 
ï ʥʠʞʝ ʤʦʩʪʘ) ʠ ʘʣʶʤʠʥʠʷ 

(ʤʝʥʝʝ 2.5 ʠ 13 ʤʢʛ/ʜʤ
3
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʣʶʤʠʥʠʷ 

ʚ ʨ. ʂʘʨʘ (ʤʝʥʝʝ 6.8 ʠ 17 ʤʢʛ/ʜʤ
3
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  

ɺʦʜʥʳʝ ʦʙʲʝʢʪʳ ʚ ʟʦʥʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʝʶʪ ʧʨʠʟʥʘʢʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʨʪʫʪʴʶ (ʊʠʢʫʰʝʚʘ, ʇʘʪʦʚʘ, 2015ʙ). ʅʘʠʙʦʣʴʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʦʪʤʝʯʝʥʳ ʚ ʦʟ. ˉ 1 (46) ʠ ʥʠʞʥʝʤ ʩʪʚʦʨʝ ʨ. ʅʷʨʤʘ (52), ʚ ʦʩʪʘʣʴʥʳʭ ï ʥʘ ʫʨʦʚʥʝ 

6-23 ʤʢʛ/ʢʛ (ʧʨʠʣʦʞʝʥʠʝ 4, ʪʘʙʣʠʮʘ 4.3.1), ʧʨʠ ʵʪʦʤ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ ʚʦʜʳ ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ 

ʤʝʥʝʝ 0.010 ʤʢʛ/ʜʤ
3
 (ʇɼʂʨʳʙʦʭʦʟ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ 0.0005 ʤʛ/ʜʤ

3
). ʕʪʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ, 

ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʢʘʢ ʧʨʠʨʦʜʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʘʡʦʥʘ, ʪʘʢ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʅʘʧʨʠʤʝʨ, ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʨʪʫʪʠ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ 

ʦʪʣʦʞʝʥʠʷʭ ʦʟʸʨ ʌʝʥʥʦʩʢʘʥʜʠʠ ʠ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 

0.02 ʜʦ 0.1 ʤʢʛ/ʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ, ʘ ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʟʸʨ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ 

ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,008 ʜʦ 1,146 ʤʢʛ/ʛ (ɼʘʫʚʘʣʴʪʝʨ ʠ ʜʨ., 2015). 

ʆʧʘʩʥʦʩʪʴ ʨʪʫʪʠ ʦʙʫʩʣʦʚʣʝʥʘ ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʝʝ ʙʠʦʥʘʢʦʧʣʝʥʠʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʪʫʪʴ ʷʚʣʷʝʪʩʷ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʤ ʟʘʛʨʷʟʥʠʪʝʣʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʟʦʥʝ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʂ ʝʩʪʝʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʨʪʫʪʠ ʦʪʥʦʩʠʪʩʷ 

ʚʳʚʝʪʨʠʚʘʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʧʦʯʚ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʫʩʠʣʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʜʚʠʞʝʥʠʝ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʪʘʢ ʢʘʢ ʜʦʨʦʛʘ ʚʜʦʣʴ ʛʘʟʦʧʨʦʚʦʜʘ çɹʦʚʘʥʝʥʢʦʚʦ-ʋʭʪʘè ʥʝ ʠʤʝʝʪ ʪʚʝʨʜʦʛʦ 

ʧʦʢʨʳʪʠʷ, ʧʦʩʪʨʦʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʪʭʦʜʦʚ. ʀʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʨʪʫʪʴʶ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʞʠʛʘʥʠʝ ʠʩʢʦʧʘʝʤʦʛʦ 

ʪʦʧʣʠʚʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʪʝʯʢʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠʟ ʩʠʩʪʝʤʳ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʆʩʥʦʚʥʦʡ ʩʧʦʩʦʙ 

ʧʦʧʘʜʘʥʠʷ ʨʪʫʪʠ ʚ ʚʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ï ʩʦ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ ʚ ʚʠʜʝ ʛʦʤʦʛʝʥʥʳʭ ʠ ʢʦʣʣʦʠʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʠ ʚʟʚʝʩʝʡ. ʂʦʣʠʯʝʩʪʚʦ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʨʪʫʪʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʚʦʜʦʤy  r(ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʨʝʜʳ), ʚ 10 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʝ yʧʦʩʪʫʧʣʝʥʠʝ ʠʟ ʧʨʠʨʦʜʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ (ʇʝʪʨʦʩʘʷʥ, 2007; ɺʘʡʥʙʝʨʛ, 2010). ɺ ʚʦʜʝ ʢʘʪʠʦʥʳ ʨʪʫʪʠ ʅg
2+

 ʦʙʨʘʟʫʶʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʫʩʪʦʡʯʠʚʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. ɺʦʜʥʳʝ ʦʨʛʘʥʠʟʤʳ ʠ ʘʙʠʦʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʧʨʝʚʨʘʱʘʶʪ ʝʝ ʚ 

ʤʝʪʠʣʨʪʫʪʴ ï ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʚ ʤʘʣʳʭ ʜʦʟʘʭ ʥʘʤʥʦʛʦ ʪʦʢʩʠʯʥʝʝ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʨʪʫʪʠ (ʚ ʚʦʜʝ ʜʘʥʥʳʡ ʵʣʝʤʝʥʪ ʧʨʠʤʝʨʥʦ ʥʘ 85% ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ 

ʤʝʪʠʣʨʪʫʪʠ), ʧʦʜʚʝʨʛʘʝʪʩʷ ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ ʠ ʙʠʦʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʠʱʝʚʳʭ ʮʝʧʷʭ ʚʦʜʥʳʭ 

ʵʢʦʩʠʩʪʝʤ. ʆʩʦʙʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʢʦʤʧʣʝʢʩʳ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ ʨʪʫʪʠ ʩ ʧʨʠʨʦʜʥʳʤʠ 

ʛʫʤʠʥʦʚʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʇʨʦʮʝʩʩʳ ʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʠ ʩʝʜʠʤʝʥʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ 

ʜʣʷ ʨʪʫʪʠ: ʠʥʪʝʥʩʠʚʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʚʦʜʝ ʩ ʪʚʝʨʜʳʤʠ ʚʟʚʝʰʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 
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ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʬʘʢʪʦʨ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 1.3-1.8Ĭ10
5
, ʪʦ 

ʝʩʪʴ ʜʦʣʷ ʨʪʫʪʠ, ʩʚʷʟʘʥʥʦʡ ʩʦ ʚʟʚʝʰʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʚ 10 ʪʳʩʷʯ ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ 

ʨʘʩʪʚʦʨʝʥʥʘʷ ʜʦʣʷ (ʇʝʪʨʦʩʘʷʥ, 2007; ɺʘʡʥʙʝʨʛ, 2010). ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʫʯʝʥʥʳʤ ʥʘʤʠ 

ʜʘʥʥʳʤ (ʪʘʙʣʠʮʘ 4.3.1). ɿʘʛʨʷʟʥʝʥʠʝ ɸʨʢʪʠʢʠ ʪʘʢʞʝ ʦʙʲʷʩʥʷʶʪ ʧʨʦʮʝʩʩʦʤ ʠʩʪʦʱʝʥʠ ̫

ʘʪʤʦʩʬʝʨʥʦʡ ʨʪʫʪʠ: ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʝʛʦ ʚʢʣʘʜ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʨʪʫʪʠ, 

ʚʳʧʘʜʘʶʱʝʡ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ (Jens et al., 2005; Steffen et al., 

2008; Laurier et al., 2008). 

ɺ ʠʤʧʘʢʪʥʦʡ ʟʦʥʝ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʳʰʴʷʢʘ (ʧʨʠʣʦʞʝʥʠʝ 4, ʪʘʙʣʠʮʘ 4.3.1). ɽʛʦ ʥʘʠʤʝʥʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ (3.0) ï ʚ ʦʟ. ɹ. ʄʘʥʷʩʝʡʪʦ, 

ʤʘʢʩʠʤʘʣʴʥʦʝ ï ʚ ʦʟ. ˉ 1 (14). ɺ ʚʦʜʦʪʦʢʘʭ ʚ ʥʠʞʥʝʤ ʩʪʚʦʨʝ ʜʘʥʥʦʛʦ ʧʦʣʣʶʪʘʥʪʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ 

ʚʝʨʭʥʝʤ (ʚ ʨ. ʅʷʨʤʘ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 4.7 ʠ 9, ʚ ʨ. ɹ. ʃʷʜʛʝʡ ï 3.7 ʠ 4.5, ʚ ʨ. ʂʘʨʘ ï 

3.9 ʠ 4.8 ʤʛ/ʢʛ). ʄʳʰʴʷʢ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʤ ʚʝʱʝʩʪʚʦʤ, ʧʦʩʪʫʧʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʚʝʪʨʠʚʘʥʠʷ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï ʧʨʠ 

ʛʦʨʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ, ʩʞʠʛʘʥʠʠ ʪʦʧʣʠʚʘ (ʂʦʬʤʘʥ, 2014).  

ʅʝʬʪʝʧʨʦʜʫʢʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʛʨʫʧʧʫ ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ï 

ʧʦʚʩʝʤʝʩʪʥʳʝ ʟʘʛʨʷʟʥʠʪʝʣʠ ʧʨʠʜʦʨʦʞʥʳʭ ʧʦʣʦʩ. ʉʨʝʜʠ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠʤʝʝʪ ʢʘʥʮʝʨʦʛʝʥ ʙʝʥʟ(ʘ)ʧʠʨʝʥ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʚ ʦʪʭʦʜʷʱʠʭ ʛʘʟʘʭ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʇʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʇɸʋ) ʪʘʢʞʝ 

ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʰʠʥ (ʇʰʝʥʠʥ 2003). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʨʝʙʫʝʪʩʷ ʢʦʥʪʨʦʣʴ ʥʘʟʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɼʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʚʦʜʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʇɸʋ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʨʘʟʜʝʣʝ 4.2. 

ʅʘʤʠ ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʢʦʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʦʥʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ (ʪʘʙʣʠʮʘ 4.3.1), ʢʦʪʦʨʳʝ ʜʦʧʦʣʥʷʶʪ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. ʋʩʪʘʥʦʚʣʝʥ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʭʨʦʥʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʩʝʭ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʨʪʫʪʴʶ, ʘ ʪʘʢʞʝ ʨʝʢ ʅʷʨʤʘ ʠ ɹ. ʃʷʜʛʝʡ ʥʠʞʝ ʤʦʩʪʘ ï ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ (ʂɼɸ ʦʪ 1000 

ʜʦ 10000). ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʠʣʦ ʦʟ. ʂʦʤʘʪʳ ï ʂɼɸ ʨʪʫʪʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʩʚʝʞʝʛʦ 

ʧʦʩʪʫʧʣʝʥʠʷ. ʅʘ ʵʪʦʤ ʞʝ ʫʨʦʚʥʝ (ʂɼɸ ʦʪ 90 ʜʦ 1000) ʟʥʘʯʝʥʠʷ ʜʣʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʦʟʝʨʘʭ 

 ̄1 ʠ ʂʦʤʘʪʳ, ʚ ʨ. ʅʷʨʤʘ ʚʳʰʝ ʤʦʩʪʘ, ʮʠʥʢʘ ʚ ʨʝʢʘʭ ʅʷʨʤʘ ʠ ɹ. ʃʷʜʛʝʡ ʥʠʞʝ ʤʦʩʪʘ (ʚʣʠʷʥʠʝ 

ʜʦʨʦʛʠ), ʤʝʜʠ ʚ ʨ. ʅʷʨʤʘ, ʪʦʞʝ ʥʘ ʟʘʛʨʷʟʥʝʥʥʦʤ ʫʯʘʩʪʢʝ. ɺʝʣʠʯʠʥʳ ʂɼɸ ʜʦ 90 ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʦʣʣʶʪʘʥʪʦʚ ʚ ʚʦʜʝ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʙʩʪʘʥʦʚʢʫ ʚ ʚʦʜʥʦʤ ʦʙʲʝʢʪʝ ʢʘʢ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ, ʦʪʤʝʯʝʥʳ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʥʘʙʣʶʜʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʕʪʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʠ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʘʤʦʦʯʠʱʝʥʠʷ ʚʦʜʦʸʤʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʩʧʨʘʚʣʷʶʪʩʷ ʩ 

ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦ ʭʠʤʠʠ ʚʦʜ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. 
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ʊʘʙʣʠʮʘ 4.3.1 

 

ʉʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʚʦʜʝ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 
 Cu, 

ʤʛ/ʢʛ 

Pb, 

ʤʛ/ʢʛ 

Cd, 

ʤʛ/ʢʛ 

Zn, 

ʤʛ/ʢʛ 

Ni, 

ʤʛ/ʢʛ 

Co, 

ʤʛ/ʢʛ 

Cr, 

ʤʛ/ʢʛ 

As, 

ʤʛ/ʢʛ 

Hg, 

ʤʢʛ/ʢʛ 

ʅʇ, 

ʤʛ/ʢʛ 

ʊʝʨʤʦʢʘʨʩʪʦʚʦʝ ʦʟ. ˉ 1 (ʚʦʟʜʝʡʩʪʚʠʝ ʜʦʨʦʛʠ ʠ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʩʪʘʥʮʠʠ) 

ɺʦʜʘ 1.7 <2.0 <0.20 <2.5 <0.50 <0.50 <0.50 1.8 <0.010 0.014 

ʜ/ʦ 12.0 5.6 1.3 33 21 6.1 16 14 46 27 

ʂɼɸ 7.06 >2.8 >6.5 >13.2 >42 >12.2 >32 7.78 >4600 192.86 

ʦʟ. ʂʦʤʘʪʳ (ʚʦʟʜʝʡʩʪʚʠʝ ʜʦʨʦʛʠ) 

ɺʦʜʘ <1.0 <2.0 <0.20 <2.5 0.7 <0.50 <0.50 <0.50 <0.010 0.011 

ʜ/ʦ 4.2 1.2 0.21 25 11 5.2 12.5 1.7 6 6.3 

ʂɼɸ >4.2 >0.6 >1.05 >10 15.7 >10.4 >25 >3.4 >600 572.73 

ʨ. ʅʷʨʤʘ, ʚʳʰʝ ʤʦʩʪʘ 

ɺʦʜʘ <1.0 <2.0 <0.20 <2.5 <0.50 <0.50 <0.50 <0.50 <0.010 0.022 

ʜ/ʦ 8.1 3.5 0.53 34 14 6.7 16 4.7 23 7 

ʂɼɸ >8.1 >1.75 >2.65 >13.6 >28 >13.4 >32 >9.4 >2300 318.18 

ʨ. ʅʷʨʤʘ, ʥʠʞʝ ʤʦʩʪʘ (ʚʦʟʜʝʡʩʪʚʠʝ ʜʦʨʦʛʠ) 

ɺʦʜʘ <1.0 <2.0 <0.20 <2.5 <0.50 <0.50 <0.50 0.67 <0.010 <0.0050 

ʜ/ʦ 250 47 0.9 1800 31 10 40 9 52 29 

ʂɼɸ >250 >23.5 >4.5 >720 >62 >20 >80 13.43 >5200 >5800 

ʨ. ɹ. ʃʷʜʛʝʡ, ʚʳʰʝ ʤʦʩʪʘ 

ɺʦʜʘ <1.0 <2.0 <0.20 <2.5 <0.50 <0.50 <0.50 0.67 <0.010 <0.0050 

ʜ/ʦ 6.5 2.0 0.46 40 14 6.9 19 3.7 10 5.1 

ʂɼɸ >6.5 >1 >2.3 >16 >28 >13.8 >38 5.5 >1000 >1020 

ʨ. ɹ. ʃʷʜʛʝʡ, ʥʠʞʝ ʤʦʩʪʘ (ʚʦʟʜʝʡʩʪʚʠʝ ʜʦʨʦʛʠ) 

ɺʦʜʘ <1.0 <2.0 <0.20 <2.5 <0.50 <0.50 <0.50 0.59 <0.010 0.010 

ʜ/ʦ 19 5.3 0.54 190 16 8 22 4.5 13 14 

ʂɼɸ >19 >2.65 >2.7 >380 >32 >16 >44 7.63 >1300 1400 

ʨ. ʂʘʨʘ, ʚʳʰʝ ʤʦʩʪʘ 

ɺʦʜʘ <1.0 <2.0 <0.20 <2.5 <0.50 <0.50 <0.50 0.9 <0.010 ʥ/ʘ 

ʜ/ʦ 5.1 2.1 0.38 28 14 6.1 13.5 3.9 11 7 

ʂɼɸ >5.1 >1.05 >1.9 >11.2 >28 >12.2 >27 4.3 >1100 - 

ʨ. ʂʘʨʘ, ʥʠʞʝ ʤʦʩʪʘ (ʚʦʟʜʝʡʩʪʚʠʝ ʜʦʨʦʛʠ) 

ɺʦʜʘ <1.0 <2.0 <0.20 <2.5 <0.50 <0.50 <0.50 0.9 <0.010 <0.0050 

ʜ/ʦ 8.3 1.8 0.6 43 22 9 19 4.8 9 5.8 

ʂɼɸ >8.3 >0.9 >3 >17.2 >44 >18 >38 5.3 >900 >1160 

ʦʟ. ɹ. ʄʘʥʷʩʝʡʪʦ 

ɺʦʜʘ <1.0 <2.0 <0.20 <2.5 <0.50 <0.50 <0.50 <0.50 <0.010 ʥ/ʘ 

ʜ/ʦ 5.1 3.8 0.31 29 12 3.9 11.8 3.0 20 <5.0 

ʂɼɸ >5.1 >1.9 >1.55 >11.6 >24 >7.8 >23.6 >6 >2000 - 

ʇʨʠʤʝʯʘʥʠʝ: ʜ/ʦ ï ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ: ʥ/ʘ ï ʥʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠ. 

 

ʉʧʦʩʦʙʥʦʩʪʴ ʚʦʜʥʳʭ ʛʨʫʥʪʦʚ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠʣʠ ʞʝ ʥʘʦʙʦʨʦʪ, 

ʦʪʜʘʚʘʪʴ ʠʭ ʚ ʚʦʜʫ, ʢʦʥʪʘʢʪʠʨʫʶʱʫʶ ʩ ʥʠʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʘ 

ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʧʨʠʨʦʜʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ (ʢʚʘʨʮ, ʘʣʶʤʦʩʠʣʠʢʘʪʳ), ʠʤʝʶʱʠʝʩʷ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʭʘʨʘʢʪʝʨ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ (ʂʨʝʤʣʝʚʘ, ɹʨʦʥʥʠʢʦʚʘ, 2010). 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʜ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʙʫʬʝʨʥʫʶ 

ʝʤʢʦʩʪʴ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʦʢʩʠʯʥʳʤ ʤʝʪʘʣʣʘʤ (ʄʦʠʩʝʝʥʢʦ ʠ ʜʨ., 2011ʘ). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʜʴ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʢ 

ʛʫʤʠʥʦʚʳʤ ʢʠʩʣʦʪʘʤ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʜʤʠʝʤ ʠ ʩʚʠʥʮʦʤ, ʙʠʦʘʢʢʫʤʫʣʷʮʠʷ 
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ʤʝʜʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʩʣʘʙʦʢʦʤʧʣʝʢʩʠʨʦʚʘʥʥʦʡ ʤʝʜʠ ʚ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʘʭ (Meylan et al., 2004; ʌʘʭʨʫʪʜʠʥʦʚ ʠ ʜʨ., 2010). ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ (ʪʘʙʣʠʮʘ 

4.3.1) ʧʦʜʪʚʝʨʞʜʘʶʪ ʫʢʘʟʘʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʦʥʥʳʝ ʬʦʨʤʳ ʤʝʪʘʣʣʦʚ, ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʝ ʠ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ, ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʴʰʝʡ ʪʦʢʩʠʯʥʦʩʪʴʶ (ɼʠʥʫ ʠ ʜʨ., 

2012).  

ʕʩʩʝʥʮʠʘʣʴʥʳʝ ʠʣʠ ʙʠʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (ʞʝʣʝʟʦ, ʢʦʙʘʣʴʪ, ʤʝʜʴ, ʭʨʦʤ, ʤʘʨʛʘʥʝʮ, ʮʠʥʢ 

ʠ ʜʨ.) ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʝ ʦʢʘʟʳʚʘʶʪ ʪʦʢʩʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʞʠʚʳʝ 

ʦʨʛʘʥʠʟʤʳ, ʘ ʥʘʦʙʦʨʦʪ, ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʦʨʛʘʥʠʟʤʦʚ (ɹʘʟʦʚʘ, 2013). ʀʩʭʦʜʷ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʧʦ ʬʦʨʤʘʤ, ʦʧʘʩʥʳʝ ʩʚʦʡʩʪʚʘ 

ʪʘʢʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʢʘʢ ʘʣʶʤʠʥʠʡ, ʞʝʣʝʟʦ, ʤʝʜʴ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʩ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ. ʊʦʢʩʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʜʤʠʷ, ʩʚʠʥʮʘ, ʥʠʢʝʣʷ, ʮʠʥʢʘ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʠʦʥʦʚ ʞʝʣʝʟʘ, ʤʝʜʠ, ʘʣʶʤʠʥʠʷ, ʪʦ ʝʩʪʴ ʧʨʠ 

ʥʘʣʠʯʠʠ ʚ ʩʠʩʪʝʤʝ ʩʠʣʴʥʳʭ ʢʦʥʢʫʨʝʥʪʦʚ ʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʩ ʛʫʤʫʩʦʚʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, 

ʧʨʦʷʚʣʷʶʱʠʭ ʙʦʣʴʰʝʝ ʩʨʦʜʩʪʚʦ ʢ ʦʨʛʘʥʠʯʝʩʢʦʤʫ ʚʝʱʝʩʪʚʫ (ʄʦʠʩʝʝʥʢʦ ʠ ʜʨ., 2011ʘ; ɼʠʥʫ ʠ 

ʜʨ., 2012).  

ʅʠʟʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʚʦʜʳ ʨʝʢ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʯʘʩʪʠ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʪʚʝʨʜʳʝ ʚʟʚʝʰʝʥʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʠʤʝʶʪ ʥʝʚʳʩʦʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʦʯʠʱʝʥʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʪʝʯʝʥʠʷ ʚʦʜʦʪʦʢʦʚ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʟʘʪʨʫʜʥʷʝʪ ʩʝʜʠʤʝʥʪʘʮʠʶ. ɺʦʟʤʦʞʥʦ ʦʩʘʞʜʝʥʠʝ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʠʭ ʥʘʢʦʧʣʝʥʠʝ ʜʦʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ 

ʦʪ ʠʩʪʦʯʥʠʢʘ ï ʚ ʩʠʣʫ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʧʦʣʣʶʪʘʥʪʦʚ ʦʪ ʘʵʨʦʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʠ ʠʭ ʩʤʳʚʘ ʩ ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʥʘ ʙʦʣʝʝ ʫʜʘʣʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʨʝʢ ʩʦ ʩʧʦʢʦʡʥʳʤ 

ʪʝʯʝʥʠʝʤ. ʅʝʙʦʣʴʰʠʝ ʪʝʨʤʦʢʘʨʩʪʦʚr ʝ ʚʦʜʦʸʤʳ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʦʯʠʱʝʥʠʷ ʟʘ ʩʯʪy ʥʘʩʳʱʝʥʠʷ ʠʭ ʚʦʜ ʛʫʤʫʩʦʚʳʤʠ ʠ ʚʟʚʝʰʝʥʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ, ʪʘʢʞʝ ʙʫʜʫʪ ʠʤʝʪʴ ʤʘʣʫʶ ʙʫʬʝʨʥʫʶ ʸʤʢʦʩʪʴ ʵʢʦʩʠʩʪʝʤʳ (ʝʸ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʦʭʨʘʥʷʪʴ ʩʚʦʠ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ) ʠʟ-ʟʘ ʩʚʦʠʭ ʤʘʣʳʭ 

ʨʘʟʤʝʨʦʚ. ɹʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤʠ ʠ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʢʨʫʧʥʳʝ ʦʟʝʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʮʠʥʢʘ, ʤʝʜʠ ʚʦʟʤʦʞʥʦ ʫʩʠʣʝʥʠʝ ʪʦʢʩʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʢʘʜʤʠʷ, ʩʚʠʥʮʘ, ʥʠʢʝʣ.̫ ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʜʦʥʥʘʷ ʘʢʢʫʤʫʣʷʮʠʷ ʮʠʥʢʘ ʠ ʤʝʜʠ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩ ʫʯʘʩʪʠʝʤ ʬʠʪʦʙʝʥʪʦʩʘ (Meylan et al., 2004), ʯʪʦ ʚ 

ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʦʷʚʠʪʩʷ ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʚʝʥʴʷʭ ʧʠʱʝʚʦʡ ʮʝʧʠ. ɼʣʷ ʦʨʝʦʣʴʥʳʭ ʚʦʜ ʚ ʨʘʡʦʥʘʭ 

ʥʝʬʪʝʜʦʙʳʯʠ ʨʘʥʝʝ ʪʘʢʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʠʦʥʥʳʡ ʩʦʩʪʘʚ ʚʦʜʦʪʦʢʦʚ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ 

ʪʝʯʝʥʠʷ ʜʘʞʝ ʚ ʧʨʝʜʝʣʘʭ ʪʝʭʥʦʛʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʤʝʥʷʣʩʷ ʩʣʘʙʦ, ʠʟʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʚ 

ʩʪʦʷʯʠʭ ʚʦʜʘʭ (ʊʝʥʪʶʢʦʚ, 2010). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʡʦʥʘ 
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ʩʦʟʜʘʶʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʙʦʣʴʰʝʡ ʪʦʢʩʠʯʥʦʩʪʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠ ʤʝʥʴʰʠʭ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʅʝʙʦʣʴʰʠʝ ʦʟʝʨʘ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʜʦʪʦʢʘʤʠ ʠ ʢʨʫʧʥʳʤʠ ʦʟʝʨʘʤʠ) ʚ ʟʦʥʝ 

ʚʣʠʷʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʙʦʣʝʝ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʳ ʢ 

ʥʘʢʦʧʣʝʥʠʶ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠ ʵʚʪʨʦʬʠʨʦʚʘʥʠʶ.  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʟʘʛʨʷʟʥʝʥʠʠ ʚʦʜ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ, ʨʪʫʪʴʶ, ʮʠʥʢʦʤ, ʤʝʜʴʶ ʠ ʜʨʫʛʠʤʠ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʘʵʨʦʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʠ ʩʤʳʚʘ ʧʦʣʣʶʪʘʥʪʦʚ ʩ ʟʘʛʨʷʟʥʝʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ. ʉ ʫʯʝʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʫʨʦʚʥʝʤ 

ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʟʤʦʚ ʩʘʤʦʦʯʠʱʝʥʠʷ. ɺ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʜʦʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 

ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʨʪʫʪʴ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʩʝʜʠʤʝʥʪʘʮʠʝʡ ʵʪʠʭ ʚʝʱʝʩʪʚ ʪʚʝʨʜʳʤʠ 

ʚʟʚʝʰʘʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠʟ ʪʦʣʱʠ ʚʦʜʳ. ʉʨʝʜʠ ʧʦʣʣʶʪʘʥʪʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʪʝʢʫʱʝʤ 

ʚʨʝʤʝʥʠ, ʦʪʤʝʯʝʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ ʧʨʠʜʦʨʦʞʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʥʝʬʪʝʧʨʦʜʫʢʪʳ, 

ʮʠʥʢ ʠ ʤʝʜʴ. ɺ ʦʪʥʦʰʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʨʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʧʦʢʘʟʘʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʦʥ ʪʝʭʥʦʛʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ. ʆʩʦʙʳʝ ʦʧʘʩʝʥʠʷ ʚʳʟʳʚʘʝʪ 

ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠ ̫ ʨʪʫʪʴʶ. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʧʨʠʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʩʨʝʜʳ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʢʘʞʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʴʝ 

ʥʘʩʝʣʝʥʠʷ, ʧʨʦʞʠʚʘʶʱʝʛʦ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʦʙʲʝʢʪʦʚ ʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʘʣʳʭ 

ʥʘʨʦʜʦʚ ʉʝʚʝʨʘ.  
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ɻʃɸɺɸ 5. ʉʊʈʋʂʊʋʈɸ ɺʆɼʆʈʆʉʃɽɺʓʍ ʉʆʆɹʑɽʉʊɺ ʀ ʆʎɽʅʂɸ 

ʕʂʆʃʆɻʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ ʀʉʉʃɽɼʆɺɸʅʅʓʍ ɺʆɼʅʓʍ ʆɹʒɽʂʊʆɺ ʅɸ 

ʆʉʅʆɺɽ ɸʃʔɻʆʃʆɻʀʏɽʉʂʀʍ ɼɸʅʅʓʍ 

 

 

5.1. ʊʘʢʩʦʥʦʤʠʯʝʩʢʠʡ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ 

 

 

ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʚʦʜʦʨʦʩʣʝʡ ʷʚʣʷʝʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʝʛʦ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ. ʃʶʙʳʝ ʧʨʦʮʝʩʩʳ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʠʟʤʝʥʷʶʪ ʪʘʢʩʦʥʦʤʠʯʝʩʢʫʶ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʘʣʴʛʦʮʝʥʦʟʦʚ. ɼʦʤʠʥʠʨʫʶʱʘʷ ʨʦʣʴ ʚ ʚʦʜʦʨʦʩʣʝʚʳʭ ʛʨʫʧʧʠʨʦʚʢʘʭ 

ʚʩʝʛʜʘ ʙʫʜʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʚʠʜʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʦʧʪʠʤʫʤʝ ʫʩʣʦʚʠʡ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ. ʅʦʨʤʘ 

ʨʝʘʢʮʠʠ, ʩʚʦʡʩʪʚʝʥʥʘʷ ʚʩʝʤ ʞʠʚʳʤ ʩʠʩʪʝʤʘʤ, ʧʨʦʷʚʣʝʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ 

ʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ ʦʧʨʝʜʝʣʷʶʪ ʠʥʜʠʢʘʪʦʨʥʫʶ ʬʫʥʢʮʠʶ ʙʠʦʮʝʥʦʟʘ. ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ 

ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʘʣʴʛʦʮʝʥʦʟʦʚ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʳʭ, ʥʝ 

ʠʟʤʝʥʝʥʥʳʭ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ, ʪʘʢ ʠ ʚʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʧʨʠ 

ʥʘʣʠʯʠʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ.   

ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʠʜʦʚ ʚʦʜʦʨʦʩʣʝʡ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʦʩʪʘʚʣʷʝʪ ʘʣʴʛʦʬʣʦʨʫ 

(ɹʘʨʠʥʦʚʘ ʠ ʜʨ., 2006). ɸʥʘʣʠʟ ʝ,y ʢʘʢ ʩʠʩʪʝʤʳ ʩʦʚʤʝʩʪʥʦ ʦʙʠʪʘʶʱʠʭ ʠ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʭ 

ʧʦʧʫʣʷʮʠʡ ʚʠʜʦʚ (ʧʦ ɹ.ɸ. ʖʨʮʝʚʫ, 1982), ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ. ɼʣʷ 

ʬʣʦʨ ʩʦʩʫʜʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ɺ.ʄ. ʐʤʠʜʪ (1980) ʩʯʠʪʘʝʪ ʜʦʩʪʘʪʦʯʥʳʤ ʚ ʫʢʘʟʘʥʥʳʭ ʮʝʣʷʭ 

ʦʛʨʘʥʠʯʠʪʴʩʷ ʘʥʘʣʠʟʦʤ 10 ʚʝʜʫʱʠʭ ʚ ʚʠʜʦʚʦʤ ʠ ʨʦʜʦʚʦʤ ʦʪʥʦʰʝʥʠʠ ʩʝʤʝʡʩʪʚ, ʢʘʢ 

ʩʦʩʪʘʚʣʷʶʱʠʭ çʣʠʮʦè ʬʣʦʨʳ, ʝ yʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʛʦʣʦʚʥʫʶ ʯʘʩʪʴ ʬʣʦʨʠʩʪʠʯʝʩʢʦʛʦ 

ʩʧʝʢʪʨʘ. ɺ ʦʪʥʦʰʝʥʠʠ ʘʣʴʛʦʮʝʥʦʟʦʚ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʝ ʛʨʫʧʧʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʪʘʢʩʦʥʳ ʥʘʰʣʠ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʧʪʠʤʫʤ ʜʣʷ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʝʱʝ ʥʝ ʩʣʦʞʠʣʦʩʴ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʘʣʴʛʦʬʣʦʨʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʣʘ ʙʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠʤʝʥʥʦ ʬʣʦʨ ʚʦʜʦʨʦʩʣʝʡ ï ʚʳʩʦʢʦʝ ʚʠʜʦʚʦʝ ʙʦʛʘʪʩʪʚʦ, 

ʚʥʫʪʨʠʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʙʦʣʴʰʠʝ ʦʪʣʠʯʠʷ ʘʣʴʛʦʬʣʦʨ ʚ ʮʝʣʦʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʧʦ ʩʦʩʪʘʚʫ 

ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ ʬʣʦʨʠʩʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʳʤ ʚʦʧʨʦʩ ʦ ʜʦʩʪʘʪʦʯʥʦʤ 

ʚʠʜʦʚʦʤ ʩʦʩʪʘʚʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʜʝʢʚʘʪʥʦʛʦ ʬʣʦʨʠʩʪʠʯʝʩʢʦʛʦ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ-

ʬʣʦʨʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦ ʧʦʣʥʦʪʝ ʠʟʫʯʝʥʥʦʩʪʠ ʢʘʞʜʦʡ ʠʟ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʬʣʦʨ (ɹʘʨʠʥʦʚʘ ʠ 

ʜʨ., 2006). ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʬʣʦʨʝ 

ʚʦʜʦʨʦʩʣʝʡ ʦʪʜʝʣʴʥʳʭ ʨʘʡʦʥʦʚ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʜʣʷ ʮʝʣʝʡ 

ʩʨʘʚʥʠʪʝʣʴʥʦ-ʬʣʦʨʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʥʘʰʠʤʠ ʜʘʥʥʳʤʠ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʩʦʦʙʱʝʩʪʚ ʚʦʜʦʨʦʩʣʝʡ 
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ʢʘʢ ʧʦ ʚʠʜʦʚʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ, ʪʘʢ ʠ ʧʦ ʯʠʩʣʫ ʚʠʜʦʚ ʜʣʷ ʨʘʟʥʳʭ ʧʦ ʛʠʜʨʦʣʦʛʠʠ ʠ 

ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʟʝʨé, 1976; ɻʝʮʝʥ, 1985; ʆʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳé, 1994; ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007; ʈʫʤʷʥʮʝʚ ʠ ʜʨ., 2015). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩʨʘʚʥʝʥʠʝ ʘʣʴʛʦʮʝʥʦʟʦʚ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦ ʜʦʤʠʥʘʥʪʥʳʤ ʚʠʜʘʤ ʠ 

ʛʨʫʧʧʘʤ ʚʦʜʦʨʦʩʣʝʡ, ʢʘʢ ʛʨʫʧʧʳ ʦʧʪʠʤʫʤʘ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ, ʩ ʫʯʝʪʦʤ ʠʥʜʠʢʘʪʦʨʦʚ ʩʨʝʜʳ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʤʝʪʦʜʦʣʦʛʠʝʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʚʦʜʦʨʦʩʣʝʡ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʉ.ʉ. ɹʘʨʠʥʦʚʦʡ, ʃ.ɸ. ʄʝʜʚʝʜʝʚʦʡ ʠ ʆ.ɺ. ɸʥʠʩʠʤʦʚʦʡ (2006): ʥʘ 

ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʵʢʦʩʠʩʪʝʤʳ ʜʣʷ ʥʝ y ʭʘʨʘʢʪʝʨʝʥ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʦʩʪʘʚ ʚʠʜʦʚ ʚ 

ʩʦʦʙʱʝʩʪʚʘʭ, ʧʦ ʢʦʪʦʨʦʤʫ ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ, ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʵʪʫ 

ʩʪʘʜʠʶ.  

ʊʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʘʣʴʛʦʮʝʥʦʟʦʚ ʦʙʩʣʝʜʦʚʘʥʥʳʭ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʙʘʩʩʝʡʥʘ ʨ. ʂʘʨʘ ʚ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ (ʘʣʴʬʘ-ʨʘʟʥʦʦʙʨʘʟʠʝ) 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 5.1.1, ʩʧʠʩʦʢ ʚʠʜʦʚ ï ʚ ʧʨʠʣʦʞʝʥʠʠ 5. ʀʩʩʣʝʜʦʚʘʥʥʘʷ ʥʘʤʠ ʘʣʴʛʦʬʣʦʨʘ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʙʘʩʩʝʡʥʘ ʨ. ʂʘʨʘ ʧʦʜʯʠʥʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ɺʠʣʣʠʩʘ (ʨʠʩʫʥʦʢ 5.1.1), 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʩʪʘʚʣʷʝʪ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩ ʧʦʟʠʮʠʠ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʦʮʝʥʠʚʘʷ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ï ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʚʠʜʦʚʦʝ ʦʙʠʣʠʝ, ʠ 

ʩʪʨʫʢʪʫʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʇʣʘʚʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɺʠʣʣʠʩʘ ʦʪʨʘʞʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʠʟʫʯʝʥʥʫʶ ʘʣʴʛʦʬʣʦʨʫ (ɹʘʨʠʥʦʚʘ ʠ ʜʨ., 2006). 

ʅʘʤʠ ʚʳʷʚʣʝʥʦ 206 ʚʠʜʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʚʥʫʪʨʠʚʠʜʦʚʳʭ ʬʦʨʤ, ʙʝʟ ʫʯʝʪʘ ʜʠʘʪʦʤʦʚʳʭ), 

ʚʢʣʶʯʘʶʱʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 77 ʨʦʜʦʚ ʠʟ 46 ʩʝʤʝʡʩʪʚ, 7 ʦʪʜʝʣʦʚ (ʧʨʠʣʦʞʝʥʠʝ 5). ʇʦ 

ʥʝʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʜʘʥʥʳʤ ɸ.ʉ. ʉʪʝʥʠʥʦʡ ʚ ʪʝʭ ʞʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʂʘʨʘ 

ʚʳʷʚʣʝʥʦ 179 ʚʠʜʦʚ ʜʠʘʪʦʤʦʚʳʭ ʩ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʠ ʬʦʨʤʘʤʠ ʠʟ 62 ʨʦʜʦʚ, 27 ʩʝʤʝʡʩʪʚ 

(ʨʠʩʫʥʦʢ 5.1.2). 

 

ʈʠʩʫʥʦʢ 5.1.1. ɿʘʚʠʩʠʤʦʩʪʴ ɺʠʣʣʠʩʘ ʜʣʷ ʘʣʴʛʦʬʣʦʨʳ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʙʘʩʩʝʡʥʘ ʨ. ʂʘʨʘ 
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ʊʘʙʣʠʮʘ 5.1.1 

ʇʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʦʪʜʝʣʦʚ ʧʦ ʯʠʩʣʫ ʩʝʤʝʡʩʪʚ ʠ ʨʦʜʦʚ ʚʦʜʦʨʦʩʣʝʡ ʚ ʘʣʴʛʦʮʝʥʦʟʘʭ 

ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʠʘʪʦʤʦʚʳʭ) 

 

ʆʪʜʝʣ ʏʠʩʣʦ ʩʝʤʝʡʩʪʚ ʏʠʩʣʦ ʨʦʜʦʚ 

Cyanoprokaryota 15 29 

Rhodophyta 3 4 

Dinophyta 2 2 

Euglenozoa 1 3 

Ochrophyta 4 4 

Chlorophyta 17 32 

Streptophyta 4 13 

ɺʩʝʛʦ: 7 46 87 

 

ʆʩʥʦʚʫ ʬʣʦʨʳ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʨʘʡʦʥʘ ʩʦʩʪʘʚʣʷʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

ʦʪʜʝʣʦʚ Bacillariophyta, Cyanoprokaryota, Streptophyta, Chlorophyta (ʩ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʦʡ 

ʩʠʩʪʝʤʘʪʠʢʠ), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ (ɻʝʮʝʥ, 1973; ʇʨʦʜʫʢʪʠʚʥʦʩʪʴé, 

1976; ʌʣʦʨʘ ʠ ʬʘʫʥʘé, 1978; ɸʣʴʛʦʬʣʦʨʘé, 1994; ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷé, 1994; 

ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007; ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝé, 2010). ʇʨʠ ʵʪʦʤ ʜʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝ 

ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʜʣʷ ʜʨʫʛʠʭ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ. ʅʘʧʨʠʤʝʨ, ʧʦ ʜʘʥʥʳʤ ʅ.ɸ. ɹʦʥʜʘʨʝʥʢʦ 

(2009) ʚ ʦʟʝʨʘʭ ʛʦʨʥʳʭ ʦʙʣʘʩʪʝʡ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʦʪʤʝʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʯʘʩʪʠʝ ʟʦʣʦʪʠʩʪʳʭ 

ʚʦʜʦʨʦʩʣʝʡ, ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʙʦʨʝʘʣʴʥʳʭ ʬʦʨʤ, ʢʦʪʦʨʳʝ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʙʩʣʝʜʫʝʤʦʤ ʥʘʤʠ ʨʘʡʦʥʝ. ʌʣʦʨʘ ʨʝʢ ʶʞʥʦʛʦ (ʇʦʤʦʨʩʢʦʛʦ) ʧʦʙʝʨʝʞʴʷ ɹʝʣʦʛʦ 

ʤʦʨʷ (ʂʦʤʫʣʘʡʥʝʥ ʠ ʜʨ., 2012) ʦʪʣʠʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʫʯʘʩʪʠʝʤ Streptophyta (ʨʘʥʝʝ ï 

Dinophita), ʘʥʘʣʦʛʠʯʥʦ ï ʜʣʷ ʚʦʜʦʤyʦʚ ʈʝʩʧʫʙʣʠʢʠ ʂʘʨʝʣʠʷ (ʏʝʢʨʳʞʝʚʘ, ʂʦʤʫʣʘʡʥʝʥ, 2010). 

 

ʈʠʩʫʥʦʢ 5.1.2. ʊʘʢʩʦʥʦʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʘʣʴʛʦʮʝʥʦʟʦʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ 

ʦʙʩʣʝʜʦʚʘʥʥʦʤ ʨʘʡʦʥʝ 

ʇʨʠʤʝʯʘʥʠʝ: ʫʢʘʟʘʥʳ ʯʠʩʣʦ ʚʠʜʦʚ ʠ ʬʦʨʤ ʚʦʜʦʨʦʩʣʝʡ ʚ ʦʪʜʝʣʘʭ, ʘ ʪʘʢʞʝ ʠʭ ʜʦʣʷ ʦʪ 

ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ. ʏʠʩʣʦ ʚʠʜʦʚ ʜʠʘʪʦʤʦʚʳʭ ï ʧʦ ʜʘʥʥʳʤ ɸ.ʉ. ʉʪʝʥʠʥʦʡ. 

 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʬʣʦʨʳ ï ʵʪʦ ʦʜʥʦ ʠʟ ʝʝ ʩʚʦʡʩʪʚ. ʅʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʩʦʩʪʘʚʣʷʶʪ ʧʦʣʦʚʠʥʫ ʠ ʙʦʣʝʝ ʩʧʠʩʢʘ ʚʠʜʦʚ (ɹʘʨʠʥʦʚʘ ʠ ʜʨ., 2006). ɺ 
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ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʘʢʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ (ʪʘʙʣʠʮʘ 5.1.2): 12 ʚʝʜʫʱʠʭ ʧʦ 

ʚʠʜʦʚʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʨʦʜʦʚ ʦʙʲʝʜʠʥʷʶʪ 108 (52 %) ʚʳʷʚʣʝʥʥʳʭ ʚʠʜʦʚ. ɺ ʚʦʜʦʨʦʩʣʝʚʳʭ 

ʩʦʦʙʱʝʩʪʚʘʭ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʯʠʩʣʫ ʚʠʜʦʚ (ʙʝʟ ʫʯʝʪʘ ʜʠʘʪʦʤʦʚʳʭ) 

ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʦʚ Cosmarium, Scenedesmus, Staurastrum, Closterium (ʪʘʙʣʠʮʘ 

5.1.2). ʈʘʥʝʝ ʥʘʟʚʘʥʥʳʝ ʨʦʜʳ ʦʪʥʦʩʠʣʠʩʴ ʢ ʦʜʥʦʤʫ ʩʝʤʝʡʩʪʚʫ ï Desmidiaceae, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ Scenedesmaceae, Closteriaceae, Desmidiaceae. ʅʝʩʤʦʪʨʷ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʩʠʩʪʝʤʘʪʠʢʠ, ʜʝʩʤʠʜʠʝʚʳʝ ʧʦ ʯʠʩʣʫ ʚʠʜʦʚ ʧʨʝʦʙʣʘʜʘʶʪ. ɼʦʤʠʥʠʨʫʶʱʠʤʠ 

ʩʝʤʝʡʩʪʚʘʤʠ (ʙʝʟ ʫʯʝʪʘ ʜʠʘʪʦʤʦʚʳʭ) ʷʚʣʷʶʪʩʷ Desmidiaceae (46), Scenedesmaceae (16), 

Nostocaceae (14), Aphanizomenonaceae, Closteriaceae, Selenastraceae (ʧʦ 9), Merismopediaceae 

(8 ʚʠʜʦʚ) (ʪʘʙʣʠʮʘ 5.1.3), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ (ɻʝʮʝʥ, 1973; 

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴé, 1976; ʌʣʦʨʘ ʠ ʬʘʫʥʘé, 1978; ɸʣʴʛʦʬʣʦʨʘé, 1994; ʉʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷé, 1994; ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝé, 2007; ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝé, 2010). 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʟʚʝʩʪʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʥʠʟʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʠ 

ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʚʦʜ, ʘ ʪʘʢʞʝ ʠʩʧʳʪʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʟʘʙʦʣʦʯʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ 

ï ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ, çʜʝʩʤʠʜʠʝʚʦʩʪʴè ʬʣʦʨʳ (ɻʝʮʝʥ, 1973). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʛʨʫʧʧʘ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʠʥʜʠʢʘʪʦʨʥʦʡ ʜʣʷ ʫʩʣʦʚʠʡ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʜʨʫʛʠʭ ʨʘʡʦʥʦʚ (ʇʨʠʨʦʜʥʘʷ 

ʩʨʝʜʘ ʪʫʥʜʨʳé, 2005; Solak, êcs, 2011). ʉʨʝʜʠ ʦʪʤʝʯʝʥʥʳʭ ʥʘʤʠ ʚʠʜʦʚ ʜʝʩʤʠʜʠʝʚʳʭ ʝʩʪʴ 

ʦʙʠʪʘʪʝʣʠ ʯʠʩʪʳʭ ʚʦʜ ï ʦʣʠʛʦʩʘʧʨʦʙ Staurastrum muticum, ʠ, ʥʘʧʨʦʪʠʚ, ʪʠʧʠʯʥʳʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʝʦʬʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʟʘʪʨʦʥʫʪʳʭ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ ʚʦʜʦʸʤʘʭ ï Cosmarium botrytis, Euastrum bidentatum, Cosmarium 

formosulum, Closterium ehrenbergii. ʅʘʠʙʦʣʴʰʝʡ ʚʩʪʨʝʯʘʝʤʦʩʪʴʶ ʚ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʘʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ Pediastrum boryanum (33,32 %), Spirogyra sp. (29,40 %), Cosmarium 

formosulum (27,44 %), Tribonema minus (25,48 %), Dolichospermum flos-aquae (23,54 %), Nostoc 

caeruleum ʠ N. paludosum (ʧʦ 21,56 %), Closterium leibleinii, Cosmarium botrytis, Staurastrum 

gracile (ʧʦ 19,6 %), Chaetophoropsis elegans, Cosmarium reniforme, Pediastrum duplex (ʧʦ 

17,64 %), Scenedesmus acutiformis, S. ellipticus, S. quadricauda, Messastrum gracile, Ulothrix zonata 

(ʧʦ 15,68 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʧʨʦʙ).  

 

ʈʠʩʫʥʦʢ 5.1.3. ʅʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʨʘʥʛʦʚʳʡ ʢʨʠʪʝʨʠʡ ʄʘʥʥʘ-ʋʠʪʥʠ ʜʣʷ 

Cyanoprokaryota ʧʦ ʯʠʩʣʫ ʚʠʜʦʚ ʜʣʷ ʦʟʸʨ ʠ ʨʝʢ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʨʘʡʦʥʘ. 

 

http://www.algaebase.org/browse/taxonomy/?id=6872
http://www.algaebase.org/browse/taxonomy/?id=6918
http://www.algaebase.org/browse/taxonomy/?id=6853
http://www.algaebase.org/browse/taxonomy/?id=6873
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ʊʘʙʣʠʮʘ 5.1.2 

ɺʝʜʫʱʠʝ ʨʦʜʳ ʚ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

(ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʠʘʪʦʤʦʚʳʭ) 

 

ʈʦʜ ʏʠʩʣʦ ʚʠʜʦʚ ʄʝʩʪʦ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʠʜʦʚ 

Cosmarium 25 1 

Staurastrum 14 2 

Scenedesmus s.l. (+Desmodesmus) 11 3 

Closterium 9 4 

Anabaena 8 5 

Nostoc 7 6 

Dolichospermum 6 7-8 

Monoraphidium 6 7-8 

Dinobryon 5 9-10 

Spirogyra 5 9-10 

ɼʨʫʛʠʝ ʨʦʜʳ (76) 110 ï  

 

ʊʘʙʣʠʮʘ 5.1.3 

ɺʝʜʫʱʠʝ ʩʝʤʝʡʩʪʚʘ ʚ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

(ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʠʘʪʦʤʦʚʳʭ) 

 

ʉʝʤʝʡʩʪʚʦ ʏʠʩʣʦ ʚʠʜʦʚ ʄʝʩʪʦ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʠʜʦʚ 

Desmidiaceae 46 1 

 Scenedesmaceae 16 2 

Nostocaceae  15 3 

Closteriaceae 9 4-5 

Selenastraceae 9 4-5 

Aphanizomenonaceae 8 6-8 

Merismopediaceae 8 6-8 

Zygnemataceae 8 6-8 

Phormidiaceae 6 9-11 

Pseudanabaenaceae 6 9-11 

Rivulariaceae 6 9-11 

Dinobryaceae 5 12-13 

Hydrodictyaceae 5 12-13 

ɼʨʫʛʠʝ ʩʝʤʝʡʩʪʚʘ (33) 59 ï 

 

ɺ ʵʧʠʣʠʪʦʥʝ ʘʙʩʦʣʶʪʥʳʤ ʜʦʤʠʥʘʥʪʦʤ ʷʚʣʷʣʘʩʴ ʮʠʘʥʦʧʨʦʢʘʨʠʦʪʘ Nostoc caeruleum 

(ʧʨʠʣʦʞʝʥʠʝ 6 - ʨʠʩʫʥʦʢ 2). ʇʦʢʘʟʘʪʝʣʠ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʟʝʨʘʭ 

ʠʟʤʝʥʷʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 108 ʪʳʩ. ʜʦ 525 ʪʳʩ. ʢʣ/ʜʤ
3
, ʙʠʦʤʘʩʩʘ ʦʪ 0.011 ʜʦ 0.25 ʤʛ/ʜʤ

3
, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʘʙʦʡ ʩʪʝʧʝʥʠ çʮʚʝʪʝʥʠʷè. ʏʠʩʣʝʥʥʦʩʪʴ ʧʣʘʥʢʪʦʥʘ ʚ ʧʝʨʠʦʜ çʮʚʝʪʝʥʠʷè ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ 1.5-20 ʤʣʥ ʢʣ/ʜʤ
3
, ʮʠʘʥʦʧʨʦʢʘʨʠʦʪʳ ʬʦʨʤʠʨʫʶʪ ʜʦ 20-80 % ʙʠʦʤʘʩʩʳ, ʚ ʦʩʥʦʚʥʦʤ ʠʭ 

ʨʘʟʚʠʪʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩ ʩʝʨʝʜʠʥʳ ʠʶʣʷ ʜʦ ʥʘʯʘʣʘ ʩʝʥʪʷʙʨʷ (ʊʠʢʫʰʝʚʘ, ʇʘʪʦʚʘ, 2013). 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ ʨʘʡʦʥʦʚ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʚ ʮʝʣʦʤ, ʢʦʪʦʨʳʝ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʝ 1.1 
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ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. ʌʣʦʨʠʩʪʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜʦʨʦʩʣʝʚʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʦʪʦʙʨʘʞʘʝʪ ʧʨʠʨʦʜʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʦʝʤʦʚ: ʟʘʙʦʣʦʯʝʥʥʳʝ ʚʦʜʦʩʙʦʨʳ, ʭʦʣʦʜʥʳʝ ʚʦʜʳ ʩ ʥʠʟʢʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʙʝʜʥʳʡ ʠʦʥʥʳʡ ʩʦʩʪʘʚ, ʥʝʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ.  

ɼʣʷ ʧʨʦʛʥʦʟʘ ʠʟʤʝʥʝʥʠʡ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʘʣʴʛʦʠʥʜʠʢʘʮʠʠ (ʦʮʝʥʢʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʣʴʛʦʮʝʥʦʟʦʚ, ʚʳʷʚʣʝʥʠʠ ʠʥʜʠʢʘʪʦʨʥʳʭ ʛʨʫʧʧ 

ʠ ʪʘʢʩʦʥʦʚ ʚʦʜʦʨʦʩʣʝʡ) ʚʘʞʥʳ ʧʦʥʠʤʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʚʦʜʦʨʦʩʣʝʚʳʭ ʛʨʫʧʧʠʨʦʚʦʢ 

ʥʝʥʘʨʫʰʝʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʚʳʷʚʣʝʥʠʝ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʢʦʪʦʨʳʤʠ ʚ 

ʦʪʥʦʰʝʥʠʠ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʚʦʜʦʸʤʦʚ, ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʘʣʴʛʦʮʝʥʦʟʦʚ. ɺ ʪʘʙʣʠʮʝ 5.1.4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʘʣʴʛʦʬʣʦʨ 

13 ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʙʘʩʩʝʡʥʘ ʨ. ʂʘʨʘ. ʆʙʩʣʝʜʦʚʘʥʥʳʝ ʨʝʢʠ ʠ ʦʟʝʨʘ ʧʨʦʷʚʣʷʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʚʦʜʦʨʦʩʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʚʘʨʴʠʨʫʶʪ ʚʠʜʦʚʦʝ ʙʦʛʘʪʩʪʚʦ ʠʭ ʘʣʴʛʦʮʝʥʦʟʦʚ ʠ ʜʦʤʠʥʘʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʠʜʦʚ (ʪʘʙʣʠʮʳ 5.1.4, 

5.1.5, ʨʠʩʫʥʢʠ 5.1.4, 5.1.5). 

ʊʘʙʣʠʮʘ 5.1.4 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʘʣʴʛʦʬʣʦʨ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʂʘʨʘ 

(ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʠʘʪʦʤʦʚʳʭ) 

 

ʆʙʩʣʝʜʦʚʘʥʥʳʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ 

ʆʪʜʝʣʳ, ʯʠʩʣʦ ʚʠʜʦʚ ʚʦʜʦʨʦʩʣʝʡ 
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ɺʩʝʛʦ 

ʚʩʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ 66 4 2 3 11 57 63 206 

ʨ. ʉʠʣʦʚʘ-ʗʭʘ 24 3 0 0 3 17 20 67 

ʨ. ʍʘʣʴʤʝʨʲʶ 3 0 0 0 2 5 7 17 

ʦʟ. ʍʘʣʴʤʝʨʪʳ 13 2 1 0 0 6 6 28 

ʦʟ. ʂʨʫʛʣʦʝ 9 0 1 0 0 13 17 40 

ʦʟ. ʊʨʦʡʥʦʝ 16 0 0 0 2 24 19 61 

ʦʟ. ˉ 3 4 0 0 0 0 0 0 4 

ʦʟ. ˉ 4 3 0 0 0 0 10 15 28 

ʦʟ. ˉ 5 2 0 0 0 0 0 0 2 

ʨ. ʂʘʨʘ (ʬʦʥ) 8 1 0 0 0 13 10 32 

ʨ. ʂʘʨʘ (ʠʤʧʘʢʪ) 2 0 0 0 0 5 8 15 

ʨ. ɹ. ʃʷʜʛʝʡ (ʬʦʥ) 3 0 0 0 1 2 0 6 

ʨ. ɹ. ʃʷʜʛʝʡ (ʠʤʧʘʢʪ) 4 0 0 0 0 8 3 15 

ʨ. ʅʷʨʤʘ (ʬʦʥ) 2 0 0 0 0 6 4 12 

ʨ. ʅʷʨʤʘ (ʠʤʧʘʢʪ) 2 2 0 0 0 3 0 7 

ʦʟ. ɹ. ʄʘʥʷʩʝʡʪʦ 17 0 0 0 8 10 30 65 

ʦʟ. ʂʦʤʘʪʳ 11 0 0 3 1 6 11 32 

ʦʟ. ˉ 1 10 0 0 1 0 22 8 41 
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ʈʠʩʫʥʦʢ 5.1.4. ɼʝʥʜʨʦʛʨʘʤʤʘ ʩʭʦʜʩʪʚʘ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʘʣʴʛʦʮʝʥʦʟʦʚ ʦʙʩʣʝʜʦʚʘʥʥʳʭ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ʙʝʟ ʫʯʝʪʘ ʜʠʘʪʦʤʦʚʳʭ) ʥʘ ʦʩʥʦʚʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉʲʝʨʝʥʩʝʥʘ-

ʏʝʢʘʥʦʚʩʢʦʛʦ (ʂsc) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 

ʇʨʠʤʝʯʘʥʠʝ: 1 ï ʨ. ʉʠʣʦʚʘʷʭʘ, 2 ï p. ʍʘʣʴʤʝʨʲʶ, 3 ï ʦʟ. ʍʘʣʴʤʝʨʪʳ, 4 ï ʦʟ. ʂʨʫʛʣʦʝ, 5 ï 

ʦʟ. ʊʨʦʡʥʦʝ, 6 ï ʦʟ. ˉ 3, 7 ï ʦʟ. ˉ 4, 8 ï ʦʟ. ˉ 5, 9ʟ ï ʨ. ʂʘʨʘ, ʥʠʞʝ ʤʦʩʪʘ, 9ʬ ï ʨ. ʂʘʨʘ, ʚʳʰʝ 

ʤʦʩʪʘ, 10ʟ ï ʨ. ʅʷʨʤʘ, ʥʠʞʝ ʤʦʩʪʘ, 10ʬ ï ʨ. ʅʷʨʤʘ, ʚʳʰʝ ʤʦʩʪʘ, 11ʟ ï ʨ. ɹ. ʃʷʜʛʝʡ, ʥʠʞʝ ʤʦʩʪʘ, 

11ʬ ï ʨ. ɹ. ʃʷʜʛʝʡ, ʚʳʰʝ ʤʦʩʪʘ, 12 - ʦʟ. ɹ. ʄʘʥʷʩʝʡʪʦ, 13 ï ʦʟ. ʂʦʤʘʪʳ, 14 ï ʦʟ. ˉ 1. ʅʘ ʨʝʙʨʘʭ 

ʛʨʘʬʘ ʦʪʤʝʯʝʥʳ ʟʥʘʯʝʥʠʷ ʂsc.  

 
 

ʈʠʩʫʥʦʢ 5.1.5. ɼʝʥʜʨʠʪ ʩʭʦʜʩʪʚʘ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʘʣʴʛʦʮʝʥʦʟʦʚ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ (ʙʝʟ ʫʯʝʪʘ ʜʠʘʪʦʤʦʚʳʭ) ʥʘ ʦʩʥʦʚʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉʲʝʨʝʥʩʝʥʘ-

ʏʝʢʘʥʦʚʩʢʦʛʦ (ʂsc)  

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʪʝ ʞʝ, ʯʪʦ ʠ ʥʘ ʨʠʩʫʥʢʝ 5.1.4. ʅʘ ʨʝʙʨʘʭ ʛʨʘʬʘ ʦʪʤʝʯʝʥʳ 

ʟʥʘʯʝʥʠʷ ʂsc. ʈʝʢʠ ʦʪʤʝʯʝʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ (ʚʢʣʶʯʝʥʳ ʚ ʟʝʣʝʥʳʡ ʦʚʘʣ), ʦʟʝʨʘ ï ʢʨʫʛʘʤʠ 

(ʚʢʣʶʯʝʥʳ ʚ ʩʠʥʠʡ ʦʚʘʣ). 
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ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʦʝ ʚʠʜʦʚʦʝ ʙʦʛʘʪʩʪʚʦ ʚʦʜʦʨʦʩʣʝʡ ʨʝʢ ʠ ʦʟʝʨ 

ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ. ɺʦ ʚʩʝʭ ʧʨʦʙʘʭ ʘʣʴʛʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘʙʣʶʜʘʣʠ ʜʦʤʠʥʠʨʦʚʘʥʠʝ 

ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʭ ʢ ʦʙʠʪʘʥʠʶ ʚ ʭʦʣʦʜʥʳʭ, ʥʠʟʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʠ 

ʙʝʜʥʳʭ ʙʠʦʛʝʥʘʤʠ ʚʦʜʘʭ (ʧʨʠʣʦʞʝʥʠʝ 6 ï ʨʠʩʫʥʦʢ 3). ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʠʜʳ-

ʦʙʠʪʘʪʝʣʠ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʦʚ ʠʟ ʜʝʩʤʠʜʠʝʚʳʭ, ʟʝʣʝʥʳʭ ʠ ʩʠʥʝʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʜʦʤʠʥʠʨʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʠʯʝʥ ʜʣʷ ʚʦʜʦʝʤʦʚ ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ 

ʨʝʛʠʦʥʦʚ, ʥʝ ʠʩʧʳʪʳʚʘʶʱʠʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ ʧʨʦʷʚʣʷʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ 

ʘʣʴʛʦʮʝʥʦʟʦʚ ï ʦʥʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ ʨʘʟʜʝʣʝ 5.2. 

ʊʘʙʣʠʮʘ 5.1.5 

ɼʦʤʠʥʘʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʠʜʦʚ  

ʜʣʷ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʙʘʩʩʝʡʥʘ ʨ. ʂʘʨʘ 
 

ɺʦʜʥʳʡ ʦʙʲʝʢʪ 

ɼʦʤʠʥʘʥʪʥʳʡ ʢʦʤʧʣʝʢʩ ʚʠʜʦʚ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʠʘʪʦʤʦʚʳʭ) ï ʚʠʜʳ, 

ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʧʦ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʜʦʤʠʥʘʥʪʳ ʩʫʙʜʦʤʠʥʘʥʪʳ 

ʦʟ. ɹ. ʄʘʥʷʩʝʡʪʦ ɺ ʧʝʨʠʬʠʪʦʥʝ: Cosmarium reniforme, 

C.  subcostatum, C. subprotumidum, 

Staurastrum muticum ï ʦʙʨʘʩʪʘʥʠʷ 

ʨʘʩʪʝʥʠʡ (ʣʶʪʠʢ, ʘʨʢʪʦʬʠʣʣʘ); 

Ulothrix zonata ï ʥʘ ʢʘʤʥʷʭ 

Euastrum elegans, Staurastrum 

gracile ï ʦʙʨʘʩʪʘʥʠʷ ʨʘʩʪʝʥʠʡ 

ɺ ʧʣʘʥʢʪʦʥʝ: Dinobryon divergens ï 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ; ʵʪʦʪ ʞʝ ʚʠʜ ʠ 

Tribonema minus ï ʥʘ ʛʣʫʙʠʥʝ 9-10 ʤ 

Dinobryon cylindricum ï ʥʘ ʛʣʫʙʠʥʝ 

9-10 ʤ 

ɹʝʥʪʦʩ ï ʥʝ ʠʩʩʣʝʜʦʚʘʥ 

ʦʟ. ˉ 1 ʅʘ ʜʥʝ ʠ ʦʙʨʘʩʪʘʥʠʷʭ ʨʘʩʪʝʥʠʡ - 

Nostoc paludosum, Pediastrum 

boryanum  

Scenedesmus quadricauda, 

Trachelomonas volvocina  

ɺ ʧʣʘʥʢʪʦʥʝ - Trachelomonas 

volvocina  

- 

ʦʟ. ʂʦʤʘʪʳ ɺ ʧʝʨʠʬʠʪʦʥʝ: Dolichospermum  

lemmermannii, Nostoc paludosum ï ʚ 

ʦʙʨʘʩʪʘʥʠʷʭ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ (ʦʩʦʢʘ 

ʠ ʩʘʙʝʣʴʥʠʢ);  

Anabaena oscillarioides f. 

ʦscillarioides, Nostoc caeruleum ï ʥʘ 

ʢʘʤʥʷʭ 

Cosmarium botrytis, Tolypothrix 

tenuis ï ʚ ʦʙʨʘʩʪʘʥʠʷʭ ʚʦʜʥʳʭ 

ʨʘʩʪʝʥʠʡ 

 

Nostoc paludosum ï ʥʘ ʢʘʤʥʷʭ  

ɺ ʧʣʘʥʢʪʦʥʝ: Dolichospermum  

lemmermannii  

Nostoc paludosum  

ʨ. ʂʘʨʘ, ʥʠʞʝ 

ʤʦʩʪʘ 

ʅʘ ʢʘʤʥʷʭ ï Nostoc caeruleum, 

Tetraspora cylindrica, Ulothrix zonata  

Cosmarium formosulum, Microcoleus 

autumnalis 

ʨ. ʂʘʨʘ, ʚʳʰʝ 

ʤʦʩʪʘ 

ʅʘ ʢʘʤʥʷʭ ï  Tetraspora cylindrica, 

Anabaena cylindrospora, A.  

hieronymii, A.  inaequalis, Spirogyra 

weberi  

Cosmarium meneghinii, Mougeotia 

sp., Nostoc caeruleum  

ʨ. ɹ. ʃʷʜʛʝʡ, 

ʥʠʞʝ ʤʦʩʪʘ 

ʅʘ ʢʘʤʥʷʭ ï Tetraspora cylindrica, 

Scenedesmus acutiformis, S. 

Monoraphidium arcuatum  
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ɺʦʜʥʳʡ ʦʙʲʝʢʪ 

ɼʦʤʠʥʘʥʪʥʳʡ ʢʦʤʧʣʝʢʩ ʚʠʜʦʚ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʠʘʪʦʤʦʚʳʭ) ï ʚʠʜʳ, 

ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʧʦ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʜʦʤʠʥʘʥʪʳ ʩʫʙʜʦʤʠʥʘʥʪʳ 

quadricauda   

ʨ. ɹ. ʃʷʜʛʝʡ, 

ʚʳʰʝ ʤʦʩʪʘ 

ʅʘ ʢʘʤʥʷʭ ï  Nostoc caeruleum, 

Tetraspora cylindrica, Ulothrix 

tenerrima   

Anabaena oscillarioides f. 

ʦscillarioides 

ʨ. ʅʷʨʤʘ, ʥʠʞʝ 

ʤʦʩʪʘ 

ʅʘ ʢʘʤʥʷʭ ï  Audouinella chalybaea  - 

ʨ. ʅʷʨʤʘ, ʚʳʰʝ 

ʤʦʩʪʘ 

ʅʘ ʢʘʤʥʷʭ ï Chaetophoropsis elegans, 

Ulothrix zonata  

Closterium leibleinii  

ʨ. ʉʠʣʦʚʘ-ʗʭʘ ʅʘ ʢʘʤʥʷʭ ï  Nostoc caeruleum, N.  

parmelioides; 

ɺ ʦʪʞʠʤʝ ʚʦʜʥʳʭ ʤʭʦʚ  - N.  

caeruleum 

Closterium tumidum  

  

Scenedesmus quadricauda, Snowella 

lacustris  

ɺ ʧʣʘʥʢʪʦʥʝ ʜʦʤʠʥʘʥʪʥʳʡ ʢʦʤʧʣʝʢʩ 

ʥʝ ʚʳʨʘʞʝʥ 

- 

ʨ. ʍʘʣʴʤʝʨʴʶ 

 

ʅʘ ʢʘʤʥʷʭ ï  Chaetophora tuberculosa, 

Spirogyra gracilis , Spirogyra sp.  

Staurastrum punctulatum, Ulothrix 

zonata 

ʦʟ. ʊʨʦʡʥʦʝ 

 

ɺ ʦʙʨʘʩʪʘʥʠʷʭ ʦʩʦʢʠ ï Microcystis 

flosaquae, Snowella lacustris 

Cosmarium formosulum, Cosmarium 

turpinii, Scenedesmus acutus  

 

ɺ ʧʣʘʥʢʪʦʥʝ ï Dolichospermum flos-

aquae, ʚ ʟʦʥʝ çʮʚʝʪʝʥʠʷè - 

Dolichospermum  lemmermannii, 

Tribonema sp. 

Ankyra cf. ancora, Pseudocharacium 

acuminatum 

ʦʟ. ˉ 3 ɺ ʟʦʥʝ çʮʚʝʪʝʥʠʷè ʚ ʧʣʘʥʢʪʦʥʝ ï 

Dolichospermum flos-aquae ʠ 

D. lemmermannii 

 

ʦʟ. ʂʨʫʛʣʦʝ 

 

ɺ ʦʙʨʘʩʪʘʥʠʷʭ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ 

(ʘʨʢʪʦʬʠʣʘ) ï  Bulbochaete sp. 

Cosmarium botrytis  

ɺ ʧʣʘʥʢʪʦʥʝ ʚ ʟʦʥʝ çʮʚʝʪʝʥʠʷè ï 

Dolichospermum flos-aquae ʠ 

D. lemmermannii 

 

ʦʟ. ̄  4 

 

ɺ ʟʦʥʝ çʮʚʝʪʝʥʠʷè ʚ ʧʣʘʥʢʪʦʥʝ ï 

Dolichospermum flos-aquae ʠ 

D. lemmermannii. 

ɺ ʦʙʨʘʩʪʘʥʠʷʭ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ 

(ʦʩʦʢʘ) ï  Cosmarium botrytis, C.  

formosulum 

- 

ʦʟ. ˉ 5 ʅʝ ʚʳʨʘʞʝʥ 

ʦʟ. ʍʘʣʴʤʝʨʪʳ 

 

ɺ ʧʣʘʥʢʪʦʥʝ ï Ceratium hirundinella - 

 

ʅʘ ʢʘʤʥʷʭ ï  Lemanea borealis  Nostoc caeruleum, N. paludosum, 

Rivularia borealis  
 

ʅʘ ʜʝʥʜʨʦʛʨʘʤʤʝ ʩʭʦʜʩʪʚʘ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ ʦʙʩʣʝʜʦʚʘʥʥʳʭ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ʨʠʩʫʥʦʢ 5.1.4) ʚ ʦʙʱʫʶ ʛʨʫʧʧʫ ʚʢʣʶʯʝʥʳ ʘʣʴʛʦʮʝʥʦʟʳ ʦʟʝʨ, ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚ 

ʢʘʯʝʩʪʚʝ ʬʦʥʦʚʳʭ, ʧʨʦʷʚʣʷʝʪʩʷ ʙʣʠʟʦʩʪʴ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʦʨʦʩʣʝʡ ʨʝʢ, ʧʨʠ ʵʪʦʤ 

ʚʦʜʦʨʦʩʣʝʚʳʝ ʩʦʦʙʱʝʩʪʚʘ ʦʪʣʠʯʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʤ ʚʠʜʦʚʳʤ ʩʭʦʜʩʪʚʦʤ (ʪʘʙʣʠʮʘ 
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5.1.4, ʨʠʩʫʥʦʢ 5.1.4). ʅʘ ʨʠʩʫʥʢʝ 5.1.4 ʚʦʜʦʪʦʢʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʙʱʠʡ ʢʣʘʩʪʝʨ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

ʂsc 46-53. ɸʣʴʛʦʮʝʥʦʟ p. ʍʘʣʴʤʝʨʲʶ ʙʣʠʟʦʢ ʢ ʚʦʜʦʨʦʩʣʝʚʳʤ ʩʦʦʙʱʝʩʪʚʘʤ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʨʝʢ ʚ 

ʟʦʥʝ ʚʣʠʷʥʠʷ ʛʘʟʦʧʨʦʚʦʜʘ (ʨʠʩʫʥʦʢ 5.1.4), ʘ ʪʘʢʞʝ ʢ ʮʝʥʦʟʫ ʦʟ. ʍʘʣʴʤʝʨʪʳ (ʨʠʩʫʥʦʢ 5.1.5), ʩ 

ʢʦʪʦʨʳʤ ʦʙʨʘʟʫʝʪ ʦʜʥʫ ʨʝʯʥʫʶ ʩʠʩʪʝʤʫ. ɺ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ, ʤʘʣʦ ʩʭʦʜʥʫʶ ʩ ʦʩʪʘʣʴʥʳʤʠ, 

ʦʙʲʝʜʠʥʝʥʳ ʦʟʸʨʘ ʂʦʤʘʪʳ ʠ ˉ 1 (ʨʠʩʫʥʢʠ 5.1.4, 5.1.5), ʠʩʧʳʪʳʚʘʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʙʲʝʢʪʦʚ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ (ʨʘʟʜʝʣ 4.1, ʧʨʠʣʦʞʝʥʠʝ 2), ʘ 

ʪʘʢʞʝ ʨʘʚʥʠʥʥʘʷ ʨ. ʉʠʣʦʚʘʷʭʘ ʩ ʟʘʙʦʣʦʯʝʥʥʳʤ ʚʦʜʦʩʙʦʨʦʤ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʜʝʥʜʨʦʛʨʘʤʤʘ 

(ʨʠʩʫʥʦʢ 5.1.4) ʦʪʦʙʨʘʞʘʝʪ ʚ ʮʝʣʦʤ ʨʘʟʣʠʯʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʦʨʦʩʣʝʡ ʜʣʷ ʨʝʢ ʠ ʦʟʸʨ 

ʦʜʥʦʛʦ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʜʝʥʜʨʠʪʘ ʩʭʦʜʩʪʚʘ ʩʛʨʫʧʧʠʨʦʚʘʣʠʩʴ ʘʣʴʛʦʮʝʥʦʟʳ 

ʦʟʸʨ, ʦʪʜʝʣʴʥʫʶ ʚʝʪʚʴ ʬʦʨʤʠʨʫʶʪ ʩʦʦʙʱʝʩʪʚʘ ʨʝʢ.  

ɼʣʷ ʚʦʜʦʸʤʦʚ ʙʘʩʩʝʡʥʘ ʨ. ʂʘʨʘ ʤʘʣʦʝ ʨʦʜʩʪʚʦ ʧʦ ʚʠʜʦʚʦʤʫ ʩʦʩʪʘʚʫ ʚʦʜʦʨʦʩʣʝʡ, 

ʚʳʨʘʞʝʥʥʦʝ ʚ ʟʥʘʯʝʥʠʷʭ ʂsc, ʪʘʢʞʝ ʦʪʤʝʯʝʥʦ ʄ.ʀ. ʗʨʫʰʠʥʦʡ (ɹʦʛʜʘʥʦʚ ʠ ʜʨ., 2004). ɼʣʷ 

ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʥʘʠʙʦʣʴʰʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʭʦʜʩʪʚʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʙʦʣʝʝ ʯʠʩʪʳʭ 

ʫʯʘʩʪʢʦʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ɻʝʮʝʥ, 1985). ʇʦ ʥʘʰʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʠʙʦʣʝʝ ʩʭʦʜʥʳ 

ʚʦʜʦʨʦʩʣʝʚʳʝ ʩʦʦʙʱʝʩʪʚʘ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʝ ʧʦ ʪʠʧʘʤ ʚʦʜʦʸʤʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʦʜʦʨʦʩʣʝʚʳʝ ʩʦʦʙʱʝʩʪʚʘ, ʠʤʝʶʱʠʝ ʦʙʱʠʝ ʯʝʨʪʳ, ʦ ʢʦʪʦʨʳʭ ʙʫʜʝʪ 

ʦʪʤʝʯʝʥʦ ʚ ʵʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ, ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ (ʧʦ ʯʠʩʣʫ ʚʠʜʦʚ ʠ ʬʦʨʤ ʚʦʜʦʨʦʩʣʝʡ) ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʣʫʯʘʡʥʳʤʠ ʚʠʜʘʤʠ 

(ʧʨʠʣʦʞʝʥʠʝ 5). ʀʟ 206 ʚʠʜʦʚ ʚʦʜʦʨʦʩʣʝʡ ʪʦʣʴʢʦ 31 ʚʠʜ ʠʤʝʝʪ ʧʦʢʘʟʘʪʝʣʴ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʙʦʣʝʝ 

10 %, ʧʨʠ ʵʪʦʤ 95 ʚʠʜʦʚ (46 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʚʳʷʚʣʝʥʥʳʭ ʚʠʜʦʚ) ʦʪʤʝʯʝʥʦ ʪʦʣʴʢʦ ʚ ʦʜʥʦʡ 

ʘʣʴʛʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʝ. ʕʪʦ ʫʜʦʩʪʦʚʝʨʷʝʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦ ʥʝʙʦʣʴʰʦʤ ʯʠʩʣʝ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʚʠʜʦʚ, ʦʪʨʘʞʘʷ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʭ ʦʪʙʦʨʝ ʬʘʢʪʦʨʦʚ 

ʩʨʝʜʳ (ɻʝʮʝʥ, 1985). ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʩʦʩʪʘʚ ʜʦʤʠʥʘʥʪʥʳʭ ʚʠʜʦʚ ʚ ʙʣʠʟʢʠʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ 

ʨʘʟʣʠʯʥʳʭ ʘʨʢʪʠʯʝʩʢʠʭ ʚʦʜʦʸʤʦʚ ʩʭʦʜʝʥ (ʌʣʦʨʘ ʠ ʬʘʫʥʘé, 1978), ʯʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ (ʪʘʙʣʠʮʘ 5.1.5).  

ʕʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ɺ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʘʣʴʛʦʮʝʥʦʟʦʚ ʦʙʩʣʝʜʦʚʘʥʥʳʭ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʧʨʝʦʙʣʘʜʘʶʪ ʢʦʩʤʦʧʦʣʠʪʳ (89 %), ʜʦʣʷ 

ʜʨʫʛʠʭ ʛʨʫʧʧ ʩʦʩʪʘʚʣʷʝʪ: 7 % ï ʘʨʢʪʦʙʦʨʝʘʣʴʥʳʝ ʚʠʜʳ, ʧʦ 3 % ï ʘʨʢʪʦʤʦʥʪʘʥʥʳʝ ʠ ʙʦʨʝʘʣʴʥʳʝ 

ʚʠʜʳ, 1 % ï ʘʨʢʪʠʯʝʩʢʠʝ ʚʠʜʳ ʚʦʜʦʨʦʩʣʝʡ, ʩʦʦʪʥʦʰʝʥʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʛʨʫʧʧ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 5.1.6. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʘʥʥʳʤ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ (ɻʝʮʝʥ, 1985; 

ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷé, 1994; ɸʣʴʛʦʬʣʦʨʘé, 1994). ɸʨʢʪʠʯʝʩʢʠʡ 

ʢʦʤʧʦʥʝʥʪ ʧʨʝʜʩʪʘʚʣʝʥ Calothrix parietina. ɿʥʘʯʠʪʝʣʴʥʦ ʫʯʘʩʪʠʝ ʘʨʢʪʦʤʦʥʪʘʥʥʳʭ ʚʠʜʦʚ 

(ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʘʢ ʚ ɸʨʢʪʠʢʝ, ʪʘʢ ʠ ʛʦʨʘʭ, ʚʳʩʦʢʠʭ ʠʭ ʧʦʷʩʘʭ): Chroococcus cohaerens, 

Gloeocapsa alpina, Tolypothrix lanata, Woronichinia compacta, Staurastrum anatinum, S. pelagicum, 

Tolypella canadensis, Staurodesmus spetsbergensis, Spondylosium planum, ʜʚʘ ʧʦʩʣʝʜʥʠʭ ʠʟ ʥʠʭ 
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ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʠʣʠʷ (ʧʨʠʣʦʞʝʥʠʝ 5). ʉʨʝʜʠ ʘʨʢʪʦʙʦʨʝʘʣʴʥʳʭ ʚʠʜʦʚ ʦʪʤʝʯʝʥʳ 

Anabaena inaequalis, Nostoc caeruleum, Tolypothrix tenuis, Lemanea borealis, Tribonema vulgare, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʚʳʩʦʢʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʴʶ ʚ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ (ʪʘʙʣʠʮʘ 5.1.6; 

ʧʨʠʣʦʞʝʥʠʝ 5). ɹʦʨʝʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʧʨʝʜʩʪʘʚʣʝʥ Anabaena aequalis, Dolichospermum 

lemmermannii, Cyanosarcina chroococcoides, Coenocystis subcylindrica, Staurastrum botrophilum.  

 
ʈʠʩʫʥʦʢ 5.1.6. ʉʦʦʪʥʦʰʝʥʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʛʨʫʧʧ ʚʦʜʦʨʦʩʣʝʡ  

ʇʨʠʤʝʯʘʥʠʝ: ɺʆ ï ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ 

 

ʇʦ ʨʘʡʦʥʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʪʴ ʚʦʜʦʨʦʩʣʝʡ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʙʘʩʩʝʡʥʘ 

ʨ. ʂʘʨʘ ʦʪʥʦʩʷʪʩʷ ʢ ʚʠʜʘʤ ʩ ʢʦʩʤʦʧʦʣʠʪʥʳʤ (19 %) ʠ ʛʦʣʘʨʢʪʠʯʝʩʢʠʤ (13 %) ʘʨʝʘʣʘʤʠ, ʪʘʢʞʝ 

ʦʪʤʝʯʝʥʳ ʮʠʨʢʫʤʧʦʣʷʨʥʳʝ, ʙʠʧʦʣʷʨʥʳʝ, ʝʚʨʦʧʝʡʩʢʠʝ, ʝʚʨʦʟʠʘʪʩʢʠʝ ʠ ʧʘʣʝʦʪʨʦʧʠʯʝʩʢʠʝ ʚʠʜʳ 

(ʨʠʩʫʥʦʢ 5.1.7). ʇʦ ʜʘʥʥʳʤ ʅ.ɸ. ɹʦʥʜʘʨʝʥʢʦ (2009) ʜʣʷ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʤʝʥʴʰʝ ʚʩʝʛʦ 

ʢʦʩʤʦʧʦʣʠʪʦʚ ʚ ʛʦʨʥʳʭ ʦʟʝʨʘʭ (60 %). ʆʙʩʣʝʜʦʚʘʥʥʳʝ ʥʘʤʠ ʛʦʨʥʳʝ ʦʟʝʨʘ ʥʝ ʧʨʦʷʚʣʷʶʪ ʪʘʢʫʶ 

ʦʩʦʙʝʥʥʦʩʪʴ (ʨʠʩʫʥʦʢ 5.1.5). 

ʉʦʦʪʥʦʰʝʥʠʝ ʚʦʜʦʨʦʩʣʝʡ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʙʘʩʩʝʡʥʘ ʨ. ʂʘʨʘ ʧʦ 

ʧʦʢʘʟʘʪʝʣʶ ʩʘʧʨʦʙʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 5.1.8, ʘ ʪʘʢʞʝ ʚ ʨʘʟʜʝʣʝ 5.2 ʥʘ ʨʠʩʫʥʢʘʭ 5.4.4-

5.4.6. ʉʘʧʨʦʙʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʧʦʪʨʝʙʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʧʠʪʘʥʠʠ, ʘ ʪʘʢʞʝ 

ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʘʶʱʠʤ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʦʨʛʘʥʠʢʠ ʚʝʱʝʩʪʚʘʤ ï ʩʝʨʦʚʦʜʦʨʦʜʫ, ʘʤʤʠʘʢʫ, 

ʚʦʜʦʨʦʜʥʳʤ ʠʦʥʘʤ, ʦʨʛʘʥʠʯʝʩʢʠʤ ʢʠʩʣʦʪʘʤ, ʧʦʩʣʝʜʩʪʚʠʶ ʟʘʛʨʷʟʥʝʥʠʡ ï ʜʝʬʠʮʠʪʫ ʢʠʩʣʦʨʦʜʘ 

(ʉʥʠʪʴʢʦ, 2009). ɺ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʙʘʩʩʝʡʥʘ ʨ. ʂʘʨʘ ʦʪʤʝʯʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ɓ-ʤʝʟʦʩʘʧʨʦʙʦʚ 

(33 %), ʯʪʦ ʷʚʣʷʝʪʩʷ ʟʦʥʘʣʴʥʳʤ ʧʨʠʟʥʘʢʦʤ ʚ ʩʚʷʟʠ ʩ ʙʦʣʴʰʦʡ ʟʘʙʦʣʦʯʝʥʥʦʩʪʴʶ ʪʝʨʨʠʪʦʨʠʠ 

ʚʦʜʦʩʙʦʨʘ ʨʝʢ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʦʙʩʣʝʜʦʚʘʥʥʳʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ 

ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʯʠʩʪʳʝ. ɺ ʩʪʨʫʢʪʫʨʝ ʘʣʴʛʦʮʝʥʦʟʦʚ ʟʥʘʯʠʪʝʣʴʥʘ ʜʦʣʷ ʦïɓ, (ɓïʦ)-
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ʤʝʟʦʩʘʧʨʦʙʦʚ, oïŬ-ʤʝʟʦʩʘʧʨʦʙʦʚ ʠ ʦʣʠʛʦʩʘʧʨʦʙʦʚ (ʨʠʩʫʥʦʢ 5.1.7). ɼʦʤʠʥʘʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʚʠʜʦʚ ʜʣʷ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ʪʘʙʣʠʮʘ 5.1.6) ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ɓ-ʤʝʟʦʩʘʧʨʦʙʘʤʠ ï ʚʦʜʦʨʦʩʣʷʤʠ ʨʦʜʦʚ Nostoc, Anabaena, Dolichospermum, Snowella, 

Scenedesmus, Cosmarium, ʘ ʪʘʢʞʝ oïŬ-, ʦïɓ-ʤʝʟʦʩʘʧʨʦʙʘʤʠ (Ulothrix zonata, Cosmarium 

formosulum, Staurastrum punctulatum), oïɢ-ʩʘʧʨʦʙʘʤʠ (Cosmarium turpinii). ɼʦʤʠʥʠʨʦʚʘʥʠʝ 

ʘʥʘʙʝʥ ʩ ʢʦʥʮʘ ʠʶʣʷ ʜʦ ʩʝʥʪʷʙʨʷ ʭʘʨʘʢʪʝʨʥʦ ʚ ʮʝʣʦʤ ʜʣʷ ʦʟʝʨ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ ʠ 

ʜʨʫʛʠʭ ʟʘʧʦʣʷʨʥʳʭ ʨʝʛʠʦʥʦʚ, ʦʥʦ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʝʨʠʦʜ ʠʩʪʦʱʝʥʠʷ ʨʝʩʫʨʩʦʚ ʚʦʜʥʦʡ ʩʨʝʜʳ ʧʦ 

ʧʠʪʘʪʝʣʴʥʳʤ ʚʝʱʝʩʪʚʘʤ (ɻʝʮʝʥ, 1985). ɺ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʧʦʣʠʩʘʧʨʦʙʳ, 

ʷʚʣʷʶʱʠʝʩʷ ʠʥʜʠʢʘʪʦʨʘʤʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜ, ʥʝ ʦʪʤʝʯʝʥʳ.  

 

 

ʈʠʩʫʥʦʢ 5.1.7. ʉʦʦʪʥʦʰʝʥʠʝ ʚʦʜʦʨʦʩʣʝʡ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʙʘʩʩʝʡʥʘ 

ʨ. ʂʘʨʘ ʧʦ ʘʨʝʘʣʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

 

ʇʦ ʩʦʩʪʘʚʫ ʚʦʜʦʨʦʩʣʝʡ-ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʥʳʝ 

ʚʦʜʦʝʤʳ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʯʠʩʪʳʝ ʠ ʦʯʝʥʴ ʯʠʩʪʳʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʈʘʟʜʝʣ 5.2 ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʦʜʝʨʞʠʪ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʷ ʩʘʧʨʦʙʥʦʩʪʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ 

ʛʘʟʦʧʨʦʚʦʜʘ. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ɸ.ʉ. ʉʪʝʥʠʥʦʡ (ʇʘʪʦʚʘ ʠ ʜʨ., 2014ʘ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʪʦʤʦʚʳʭ ʠ 

ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧ ʚʦʜʦʨʦʩʣʝʡ ʠʥʜʝʢʩʳ ʩʘʧʨʦʙʥʦʩʪʠ ʢʦʣʝʙʣʶʪʩʷ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʚ ʧʨʝʜʝʣʘʭ 

1.80-2.03, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ III  ʢʣʘʩʩʫ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʠʣʠ ʙʝʪʘʤʝʟʦʩʘʧʨʦʙʥʦʡ ʟʦʥʝ ʩ ʫʤʝʨʝʥʥʳʤ 

ʟʘʛʨʷʟʥʝʥʠʝʤ ʣʝʛʢʦ ʦʢʠʩʣʷʝʤʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʘʤʠ. ɼʣʷ ʩʨʘʚʥʠʚʘʝʤʳʭ ʫʯʘʩʪʢʦʚ ʨʝʢ 

(ʬʦʥʦʚʦʛʦ ʠ ʠʤʧʘʢʪʥʦʛʦ) ʠʥʜʝʢʩʳ ʩʘʧʨʦʙʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ: ʨ. ʂʘʨʘ ï 

1.85-189, ʨ. ɹ. ʃʷʜʛʝʡ ï 1.88-1.90, ʨ. ʅʷʨʤʘ ï 2.02-2.03, ʜʣʷ ʦʟ. ʂʦʤʘʪʳ ï 1.80, ʦʟ. ˉ 1 ï 1.87. 
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ʈʠʩʫʥʦʢ 5.1.8. ʉʪʨʫʢʪʫʨʘ ʘʣʴʛʦʮʝʥʦʟʦʚ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ 

ʚʦʜʦʨʦʩʣʝʡ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʠʘʪʦʤʦʚʳʭ) ʧʦ ʧʦʢʘʟʘʪʝʣ ʁʩʘʧʨʦʙʥʦʩʪʠ. 

 

ʇʦʣʦʞʝʥʠʝ ʧʦ ʰʢʘʣʝ ʛʘʣʦʙʥʦʩʪʠ ʠʟʚʝʩʪʥʦ ʜʣʷ 40 ʪʘʢʩʦʥʦʚ (ʧʨʠʣʦʞʝʥʠʝ 5), ʪʨʠ ʯʝʪʚʝʨʪʠ 

ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ ʦʣʠʛʦʛʘʣʦʙʦʚ-ʠʥʜʠʬʬʠʨʝʥʪʦʚ (ʨʠʩʫʥʦʢ 5.1.9), ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʥʠʟʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ ʜʣʷ ʜʨʫʛʠʭ ʨʘʡʦʥʦʚ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ 

(ʂʦʤʫʣʘʡʥʝʥ ʠ ʜʨ., 2011, 2013). ʆʣʠʛʦʛʘʣʦʙʳ-ʛʘʣʦʬʦʙʳ ʩ ʚʳʩʦʢʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʴʶ ʦʪʤʝʯʝʥʳ ʚ 

ʨ. ʉʠʣʦʚʘʷʭʘ, ʦʟ. ʊʨʦʡʥʦʝ ʠ ʂʨʫʛʣʦʝ, ʦʣʠʛʦʛʘʣʦʙ-ʛʘʣʦʬʦʙ Cosmarium reniforme ʷʚʣʷʝʪʩʷ 

ʜʦʤʠʥʘʥʪʦʤ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʚ ʛʦʨʥʦʤ ʦʟ. ɹ. ʄʘʥʷʩʝʡʪʦ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʯʠʩʪʦʪʳ ʝʛʦ 

ʚʦʜ (ʧʨʠʣʦʞʝʥʠʝ 6, ʨʠʩʫʥʦʢ 4). ʉʨʝʜʠ ʛʘʣʦʬʠʣʦʚ ʜʦʤʠʥʘʥʪʥʳʭ ʚʠʜʦʚ ʥʝ ʦʪʤʝʯʝʥʦ. 

 

 

ʈʠʩʫʥʦʢ 5.1.9. ʉʦʦʪʥʦʰʝʥʠʝ ʚʦʜʦʨʦʩʣʝʡ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʙʘʩʩʝʡʥʘ 

ʨ. ʂʘʨʘ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʛʘʣʦʙʥʦʩʪʠ 

ʇʨʠʤʝʯʘʥʠʝ: i ï ʦʣʠʛʦʛʘʣʦʙ-ʠʥʜʠʬʬʠʨʝʥʪ, hl ï ʦʣʠʛʦʛʘʣʦʙ-ʛʘʣʦʬʠʣ, hb ï ʦʣʠʛʦʛʘʣʦʙ-

ʛʘʣʦʬʦʙ. 

 

ʀʥʜʠʢʘʪʦʨʦʚ ʘʮʠʜʠʬʠʢʘʮʠʠ (ʨH-ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ) ï 16 ʚʠʜʦʚ (ʧʨʠʣʦʞʝʥʠʝ 5), 

ʧʨʝʦʙʣʘʜʘʶʪ ʠʥʜʠʬʬʝʨʝʥʪʳ ʠ/ʠʣʠ ʥʝʡʪʨʦʬʠʣʳ (10), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ 
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(ʌʣʦʨʘ ʠ ʬʘʫʥʘé, 1978; ɻʝʮʝʥ, 1985; ʇʨʠʨʦʜʥʘʷ ʩʨʝʜʘ ʪʫʥʜʨʳé, 2005; ɹʠʦʣʦʛʠʯʝʩʢʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝé, 2010). ɸʣʢʘʣʠʬʠʣ Audouinella chalybaea ʜʦʤʠʥʠʨʫʝʪ ʚ ʠʤʧʘʢʪʥʦʡ ʟʦʥʝ 

ʨ. ʅʷʨʤʘ, ʘʣʢʘʣʠʬʠʣ Chantransia sp. ʩ ʚʳʩʦʢʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʴʶ ʦʪʤʝʯʝʥʘ ʚ ʨ. ʉʠʣʦʚʘʷʭʘ ʙʣʠʟ 

ʟʘʙʨʦʰʝʥʥʦʡ ʰʘʭʪʳ ï ʜʘʥʥʳʝ ʚʠʜʳ ʧʨʠ ʤʘʩʩʦʚʦʤ ʨʘʟʚʠʪʠʠ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ 

ʘʥʪʨʦʧʦʛʝʥʥʦʤ ʧʦʜʱʝʣʘʯʠʚʘʥʠʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʥʘʨʫʰʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʘʥʘʣʦʛʦʚ. ʉʨʝʜʠ ʘʮʠʜʦʬʠʣʦʚ ʦʪʤʝʯʝʥʳ Aphanocapsa grevillei ʚ ʦʟ. ʂʦʤʘʪʳ, ʠʩʧʳʪʳʚʘʶʱʝʤ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʪ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʩʪʘʥʮʠʠ ʛʘʟʦʧʨʦʚʦʜʘ, ʠ Closterium 

tumidulum, ʢʦʪʦʨʳʝ ʥʝ ʜʦʩʪʠʛʘʝʪ ʤʘʩʩʦʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʥʦ ʷʚʣʷʶʪʩʷ ʚʠʜʘʤʠ ʩ ʚʳʩʦʢʦʡ 

ʚʩʪʨʝʯʘʝʤʦʩʪʴʶ ʚ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ (ʧʨʠʣʦʞʝʥʠʝ 5).  

ʇʦ ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ ʢ ʤʝʩʪʦʦʙʠʪʘʥʠʶ (ʧʨʠʣʦʞʝʥʠʝ 5; ʨʠʩʫʥʦʢ 5.1.10) ʚ ʦʙʩʣʝʜʦʚʘʥʥʳʭ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʧʨʝʦʙʣʘʜʘʶʪ ʧʣʘʥʢʪʦʥʥʦ-ʙʝʥʪʦʩʥʳʝ ʚʠʜʳ (58 %), ʥʘ ʜʦʣʶ ʧʣʘʥʢʪʦʥʥʳʭ 

ʧʨʠʭʦʜʠʪʩʷ 40 %, ʙʝʥʪʦʩʥʳʭ ï 22 %, ʵʧʠʬʠʪʦʚ ï 3 %. ʋʢʘʟʘʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʨʝʢʠ 

ʠʣʠ ʦʟʝʨʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳ (ʨʠʩʫʥʦʢ 5.1.9), ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʷʤʠ ʵʢʦʪʦʧʘ ʚ ʤʝʩʪʝ ʦʪʙʦʨʘ 

ʧʨʦʙ ʚʦʜʦʨʦʩʣʝʡ: ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʫʙʩʪʨʘʪʘ, ʬʦʨʤʠʨʫʶʱʝʛʦ ʜʥʦ 

ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʥʘʣʠʯʠʝʤ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝʤ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʤʭʦʚ. ʇʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ 

ʤʝʩʪʦʦʙʠʪʘʥʠʶ ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʩ ʜʘʥʥʳʤʠ ʚ ʦʪʥʦʰʝʥʠʠ 55 ʚʠʜʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ 

ʨʝʦʬʠʣʴʥʦʩʪʠ (ʧʨʠʣʦʞʝʥʠʝ 5): 76 % ʩʦʩʪʘʚʣʷʶʪ ʠʥʜʠʢʘʪʦʨʳ ʩʪʦʷʯʝ-ʪʝʢʫʯʠʭ ʚʦʜ ʠ/ʠʣʠ 

ʠʥʜʠʬʬʝʨʝʥʪʳ, 20 % -  ʩʪʦʷʯʠʭ ʚʦʜ, 4 % - ʪʝʢʫʯʠʭ.  

 

 
ʈʠʩʫʥʦʢ 5.1.10. ʉʦʦʪʥʦʰʝʥʠʝ ʚʦʜʦʨʦʩʣʝʡ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʙʘʩʩʝʡʥʘ 

ʨ. ʂʘʨʘ ʧʦ ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ ʢ ʤʝʩʪʦʦʙʠʪʘʥʠʶ 

ʇʨʠʤʝʯʘʥʠʝ: ɺʆ ï ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʫ ʘʣʴʛʦʮʝʥʦʟʦʚ ʬʦʨʤʠʨʫʶʪ ʵʢʦʣʦʛʠʯʝʩʢʠ ʣʘʙʠʣʴʥʳʝ ʚʠʜʳ, 

ʩʧʦʩʦʙʥʳʝ ʦʙʠʪʘʪʴ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʫʩʣʦʚʠʡ ʩʨʝʜʳ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʨʦʜʥʳʤʠ 
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ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ: ʢʦʨʦʪʢʠʡ 

ʚʝʛʝʪʘʪʠʚʥʳʡ ʧʝʨʠʦʜ, ʧʨʦʛʨʝʚʘʥʠʝ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚʦʜʥʳʭ ʤʘʩʩ ʥʘ ʚʩʶ ʛʣʫʙʠʥʫ, ʦʪʩʫʪʩʪʚʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʚʦʜʦʸʤʦʚ, ʟʘʙʦʣʦʯʝʥʥʳʝ ʚʦʜʦʩʙʦʨʳ, ʨʘʟʣʠʯʥʳʝ 

ʩʫʙʩʪʨʘʪʳ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʘʟʥʳʭ ʫʯʘʩʪʢʦʚ ʨʝʢ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʥʘʤʠ ʦʪʤʝʯʝʥʳ ʚʠʜʳ, 

ʢʦʪʦʨʳʝ ʧʨʠ ʤʘʩʩʦʚʦʤ ʨʘʟʚʠʪʠʠ ʠʣʠ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ 

ʠʥʜʠʢʘʪʦʨʘʤʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ (ʜʘʥʥʳʝ ʦʙʦʙʱʝʥʳ ʚ ʨʘʟʜʝʣʝ 5.2). 

ʀʥʪʝʨʝʩʥʳ ʥʘʭʦʜʢʠ ʨʝʜʢʠʭ ʚʠʜʦʚ Tolypothrix saviczii (ʧʨʠʣʦʞʝʥʠʝ 6 ï ʨʠʩʫʥʦʢ 11), 

Nostoc pruniforme, Stigonema mamilosum (ʧʨʠʣʦʞʝʥʠʝ 6 ï ʨʠʩʫʥʢʠ 5, 7), ʚ ʩʝʚʝʨʥʳʭ ʚʦʜʦʝʤʘʭ 

ʠʥʦʛʜʘ ʜʦʩʪʠʛʘʶʱʠʝ ʤʘʩʩʦʚʦʛʦ ʨʘʟʚʠʪʠʷ (ʂʦʤʫʣʘʡʥʝʥ ʠ ʜʨ., 2011, 2013), ʘ ʪʘʢʞʝ ʦʙʠʪʘʪʝʣʷ 

ʯʠʩʪʳʭ ʚʦʜ, ʢʦʪʦʨʳʡ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʤʦʭʦʚʳʭ ʘʩʩʦʮʠʘʮʠʷʭ (ʇʘʪʦʚʘ, 2005) ï Fischerella muscicola 

(ʧʨʠʣʦʞʝʥʠʝ 6 ï ʨʠʩʫʥʦʢ 6). ʀʟ ʚʦʜʦʨʦʩʣʝʡ, ʟʘʥʝʩʝʥʥʳʭ ʚ ʂʨʘʩʥʫʶ ʢʥʠʛʫ ʈʝʩʧʫʙʣʠʢʠ ʂʦʤʠ, 

ʦʪʤʝʯʝʥʳ: ʢʨʘʩʥʳʝ ʚʦʜʦʨʦʩʣʠ Batrachospermum gelatinosum (ʚ ʦʟ. ʍʘʣʴʤʝʨʪʳ) ʠ Lemanea 

borealis (ʚ ʵʧʠʣʠʪʦʥʝ ʦʟ. ʍʘʣʴʤʝʨʪʳ, ʨ. ʉʠʣʦʚʘ-ʗʭʘ ï ʧʨʠʣʦʞʝʥʠʝ 6, ʨʠʩʫʥʦʢ 9), ʦʯʝʥʴ ʨʝʜʢʘʷ 

ʭʘʨʦʚʘʷ ʚʦʜʦʨʦʩʣʴ Tolypella canadensis (ʦʟ. ʍʘʣʴʤʝʨʪʳ ï ʧʨʠʣʦʞʝʥʠʝ 6, ʨʠʩʫʥʦʢ 10). ʄʦʞʥʦ 

ʦʪʤʝʪʠʪʴ ʟʦʣʦʪʠʩʪʫʶ ʚʦʜʦʨʦʩʣʴ Hydrurus foetidus (ʨʝʢʠ ʉʠʣʦʚʘ-ʗʭʘ, ɹ. ʃʷʜʛʝʡ (ʚʳʰʝ ʤʦʩʪʘ), 

ʦʟ. ʄʘʥʷʩʝʡʪʦ) ï ʚʠʜ ʟʘʥʝʩʝʥ ʚʦ ʤʥʦʛʠʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʂʨʘʩʥʳʝ ʢʥʠʛʠ (ʧʨʠʣʦʞʝʥʠʝ 6 ï ʨʠʩʫʥʦʢ 

8), ʚ ʚʦʜʦʸʤʘʭ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʤʘʩʩʝ ʚ ʛʦʨʥʳʭ ʠ ʢʘʤʝʥʠʩʪʳʭ ʨʫʯʴʷʭ, ʩ 

ʦʯʝʥʴ ʯʠʩʪʦʡ ʚʦʜʦʡ, ʟʜʝʩʴ ʫʛʨʦʟʳ ʝʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʥʝʪ. ʅʝʦʙʭʦʜʠʤʘ ʦʭʨʘʥʘ 

ʧʦʧʫʣʷʮʠʡ ʵʪʠʭ ʚʠʜʦʚ.  

ʉʨʝʜʠ ʚʳʷʚʣʝʥʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʚ ʂʨʘʩʥʫʶ ʢʥʠʛʫ 

ʈʝʩʧʫʙʣʠʢʠ ʂʦʤʠ Chaetophora tuberculosa (Roth) C. Agardh (ʩʠʥʦʥʠʤ Rivularia tuberculosa Roth) 

ï ʭʝʪʦʬʦʨʘ ʙʫʛʦʨʯʘʪʘʷ (ʧʨʠʣʦʞʝʥʠʝ 6 ï ʨʠʩʫʥʦʢ 12). ʆʧʠʩʘʥʠʝ ʚʠʜʘ: ʩʣʦʝʚʠʱʝ ʙʦʨʦʜʘʚʯʘʪʦʝ 

ʠʣʠ ʫʟʝʣʢʦʚʦʝ, ʟʝʣʝʥʦʝ; ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʥʠʪʠ, ʧʦʛʨʫʞʝʥʥʳʝ ʚ ʪʚʝʨʜʫʶ ʩʣʠʟʠʩʪʫʶ ʦʙʦʣʦʯʢʫ, 

ʧʦʧʝʨʝʤʝʥʥʦ ʠʣʠ ʜʠʭʦʪʦʤʠʯʝʩʢʠ ʨʘʟʜʝʣʝʥʥʳʝ, ʚʳʭʦʜʷʱʠʝ ʨʘʜʠʘʣʴʥʦ ʦʪ ʦʙʱʝʛʦ ʮʝʥʪʨʘ, 

ʙʘʟʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʨʠʟʦʠʜʥʘʷ, ʩʘʤʳʝ ʚʝʨʭʥʠʝ ʥʠʪʠ ʧʣʦʪʥʦ ʩʦʤʢʥʫʪʳ ʠ ʚʩʝ ʟʘʦʩʪʨʷʶʪʩʷ 

ʩʣʝʛʢʘ ʢ ʦʩʪʨʦʡ ʚʝʨʰʠʥʝ ʠʣʠ ʙʦʣʝʝ ʨʝʜʢʦ, ʦʢʘʥʯʠʚʘʶʱʠʝʩʷ ʚ ʤʥʦʛʦʢʣʝʪʦʯʥʳʝ 

ʥʠʪʠ. ɺʝʛʝʪʘʪʠʚʥʳʝ ʢʣʝʪʢʠ (3-)8-9 Ĭ 15-54 ʤʢʤ. ɿʦʦʩʧʦʨʳ ʪʝʪʨʘʬʣʘʛʝʣʣʘʪʥʳʝ; 5-7 Ĭ 9-11 ʤʢʤ 

(Phadnis, Iyer, 2016). ʆʙʠʪʘʝʪ ʚ ʨʫʯʴʷʭ, ʧʨʠʢʨʝʧʣʷʝʪʩʷ ʢ ʢʘʤʝʥʠʩʪʳʤ ʩʫʙʩʪʨʘʪʘʤ ʩ ʧʦʤʦʱʴʶ 

ʩʣʠʟʠ.  ɺʠʜ ʚʩʪʨʝʯʘʝʪʩʷ ʢʘʢ ʚ ʯʠʩʪʳʭ ʚʦʜʘʭ, ʪʘʢ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦ ʠʟʤʝʥʝʥʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʙʳʣ 

ʦʪʤʝʯʝʥ ʚ ʚʦʜʦʸʤʘʭ ʚ ʨʘʡʦʥʝ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (Chavhan, 2016). ʅʘʤʠ Chaetophora 

tuberculosa ʦʪʤʝʯʝʥʘ ʪʦʣʴʢʦ ʚ ʦʜʥʦʡ ʧʨʦʙʝ, ʢʘʢ ʜʦʤʠʥʘʥʪ ʚ ʨ. ʍʘʣʴʤʝʨʴʶ, ʥʘ ʫʯʘʩʪʢʝ ʨʷʜʦʤ ʩ 

ʟʘʙʨʦʰʝʥʥʦʡ ʰʘʭʪʦʡ (ʧʨʠʣʦʞʝʥʠʷ 3, 5). 

ɺr ʩʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʦʜʦʨʦʩʣʝʡ ʚ ʨʝʢʘʭ ʠ ʦʟʸʨʘʭ ʦʙʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʠʝ ʨʝʜʢʠʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʭʨʘʥʷʝʤʳʭ ʚʠʜʦʚ ʚʦʜʦʨʦʩʣʝʡ, ʚ ʢʘʯʝʩʪʚʝ ʜʦʤʠʥʘʥʪʦʚ 



93 

 

ʩʦʦʙʱʝʩʪʚ ʚ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʦʤyʦʚ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʦʭʨʘʥʳ 

ʜʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ.  

ʅʘʤʠ ʠʩʩʣʝʜʦʚʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚʦʜʦʨʦʩʣʝʡ ʧʨʠ ʨʘʟʥʦʤ 

ʩʦʯʝʪʘʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʝʢ ʠ ʦʟʝʨ, ʧʦʩʨʝʜʩʪʚʦʤ  NMS-ʦʨʜʠʥʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ExStatR ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʚʦʜʦʸʤʦʚ (ʨʠʩʫʥʦʢ 5.1.11). 

 
ʈʠʩʫʥʦʢ 5.1.11. NMS-ʦʨʜʠʥʘʮʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʚʠʜʦʚʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʚʦʜʦʨʦʩʣʝʡ 

ʩ ʫʯʝʪʦʤ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʇʨʠʤʝʯʘʥʠʝ: 1 ï ʨ. ʉʠʣʦʚʘʷʭʘ, 2 ï p. ʍʘʣʴʤʝʨʲʶ, 3 ï ʦʟ. ʍʘʣʴʤʝʨʪʳ, 4 ï ʦʟ. ʂʨʫʛʣʦʝ, 5 ï 

ʦʟ. ʊʨʦʡʥʦʝ, 6 ï ʦʟ. ˉ 3, 7 ï ʦʟ. ˉ 4, 8 ï ʦʟ. ˉ 5, 9ʟ ï ʨ. ʂʘʨʘ, ʥʠʞʝ ʤʦʩʪʘ, 9ʬ ï ʨ. ʂʘʨʘ, ʚʳʰʝ 

ʤʦʩʪʘ, 10ʟ ï ʨ. ʅʷʨʤʘ, ʥʠʞʝ ʤʦʩʪʘ, 10ʬ ï ʨ. ʅʷʨʤʘ, ʚʳʰʝ ʤʦʩʪʘ, 11ʟ ï ʨ. ɹ. ʃʷʜʛʝʡ, ʥʠʞʝ ʤʦʩʪʘ, 

11ʬ ï ʨ. ɹ. ʃʷʜʛʝʡ, ʚʳʰʝ ʤʦʩʪʘ, 12 - ʦʟ. ɹ. ʄʘʥʷʩʝʡʪʦ, 13 ï ʦʟ. ʂʦʤʘʪʳ, 14 ï ʦʟ. ˉ 1.  

ɿʝʣʝʥʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʨʝʢʠ, ʩʠʥʠʤ ʦʟʝʨʘ. ɼʣʷ ʦʩʠ 1 ï ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤʫ ʨʝʞʠʤʫ (ʧʨʦʪʦʯʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ), ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʦʟʝʨ ʢ ʛʦʨʥʳʤ ʚʦʜʦʪʦʢʘʤ. ʆʩʴ 2 ʥʝ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ. 

 

ɺʝʜʫʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ NMS-ʦʨʜʠʥʘʮʠʠ ʚ ʦʪʥʦʰʝʥʠʠ ʦʟʸʨ ʷʚʣʷʶʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʘʟʦʪʘ, ʫʨʦʚʥʷ ʛʫʤʠʬʠʢʘʮʠʠ (ʧʦʢʘʟʘʪʝʣʷ ʮʚʝʪʥʦʩʪʠ), ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʜ-

ʠʦʥʘ (ʝʛʦ ʟʥʘʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ ʜʣʷ ʙʘʩʩʝʡʥʘ ʨ. ʉʠʣʦʚʘ-ʗʭʘ ï ʨʠʩʫʥʦʢ 4.2.2), ʩʚʠʥʮʘ, 

ʮʠʥʢʘ, ʢʘʣʠʷ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʜʦʩʪʦʚʝʨʥʦ ʟʥʘʯʠʤʦʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʠʜʦʚʦʝ 

ʙʦʛʘʪʩʪʚʦ ʚʦʜʦʨʦʩʣʝʡ. ʕʪʠ ʬʘʢʪʦʨʳ ʚʣʠʷʶʪ ʥʘ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʩʘʧʨʦʙʥʦʩʪʠ ʚʦʜʦʸʤʦʚ, ʤʦʛʫʪ 

ʚʳʟʳʚʘʪʴ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʵʚʪʨʦʬʠʨʦʚʘʥʠʝ ʠ ʮʚʝʪʝʥʠʝ ʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʶʪʩʷ 

ʤʘʣʦʚʠʜʦʚʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʧʦ ʙʠʦʤʘʩʩʝ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ (ʪʘʙʣʠʮʘ 5.1.5). 

ʎʠʥʢ, ʢʘʣʠʡ, ʭʣʦʨ ʷʚʣʷʶʪʩʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʙʠʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʠʛʨʘʶʱʠʤʠ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʚʦʜʦʨʦʩʣʝʡ (ʉʘʫʪ, ʋʠʪʠʢ, 1990). ʉʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ 
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ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ï ʚʳʧʘʜʝʥʠʶ 

ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʚʦʜʦʨʦʩʣʝʡ ʣʠʙʦ ʫʛʥʝʪʝʥʠʶ ʠʭ ʨʘʟʚʠʪʠʷ.  

ʂʘʢ ʧʦʢʘʟʘʣʘ NMS-ʦʨʜʠʥʘʮʠʷ (ʨʠʩʫʥʦʢ 5.1.11), ʜʣʷ ʨʝʢ ʚ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ ʜʦʩʪʦʚʝʨʥʦ 

ʟʥʘʯʠʤʳʤʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʥʘ ʚʠʜʦʚʦʝ ʙʦʛʘʪʩʪʚʦ ʘʣʴʛʦʮʝʥʦʟʦʚ ʷʚʣʷʶʪʩʷ 

ʫʨʦʚʝʥʴ pH, ʬʦʩʬʘʪ-ʠʦʥʘ ʠ ʢʦʙʘʣʴʪʘ. ʀʭ ʙɧʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚ ʧʨʦʪʦʯʥʳʭ ʚʦʜʦʸʤʘʭ, ʚʦʟʤʦʞʥʦ, 

ʩʚʷʟʘʥʦ ʩ ʚʳʤʳʚʘʥʠʝʤ ʩʦʣʝʡ ʠʟ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʌʦʩʬʦʨ ʦʪʥʦʩʠʪʩʷ ʢ ʦʩʥʦʚʥʳʤ ʙʠʦʛʝʥʥʳʤ 

ʣɻʝʤʝʥʪʘʤ, ʢʦʙʘʣʴʪ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʚʠʪʘʤʠʥʘ ɺ12 ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʦʙʤʝʥʝ ʧʨʠ 

ʬʦʪʦʩʠʥʪʝʟʝ (ʉʘʫʪ, ʋʠʪʠʢ, 1990). ʇʨʠ ʵʪʦʤ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʘʪ-ʠʦʥʘ ʜʦʩʪʦʚʝʨʥʦ 

ʧʦʢʘʟʘʥʦ (ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʥʛʦʚʦʛʦ ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ-ʋʠʪʥʠ) ʚ ʚʦʜʦʸʤʘʭ 

ʙʘʩʩʝʡʥʘ ʨ. ʂʘʨʘ (ʚ ʧʨʝʜʛʦʨʴʷʭ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʙʘʩʩʝʡʥʘ 

ʨ. ʉʠʣʦʚʘ-ʗʭʘ (ʨʠʩʫʥʦʢ 4.2.2), ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʘ ʥʝ 

ʧʨʦʷʚʣʝʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʤ ʬʘʢʪʦʨʘʤ, ʣʠʤʠʪʠʨʫʶʱʠʤ ʨʘʟʚʠʪʠʝ ʚʦʜʦʨʦʩʣʝʡ (ʚ ʨʘʟʜʝʣʝ 4.2 ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʟʥʘʯʝʥʠʠ ʬʦʩʬʦʨʘ ʜʣʷ ʚʦʜʥʳʭ ʩʦʦʙʱʝʩʪʚ). ɼʣʷ ʥʠʟʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ 

ʨʝʯʥʳʭ ʚʦʜ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ, 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʚʦʜʦʨʦʩʣʝʡ. ʃʝʛʢʦʝ ʧʦʜʱʝʣʘʯʠʚʘʥʠʝ 

ʚʦʜ ʪʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʚʠʜʦʚʦʝ ʙʦʛʘʪʩʪʚʦ ʘʣʴʛʦʮʝʥʦʟʦʚ ʩʝʚʝʨʥʳʭ ʨʝʢ. ɺʤʝʩʪʝ ʩ 

ʵʪʠʤ, ʨʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ pH ʧʨʠʚʦʜʠʪ ʢ ʫʛʥʝʪʝʥʠʶ ʨʘʟʚʠʪʠʷ ʚʦʜʦʨʦʩʣʝʡ (ʆʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳé, 1994). 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ NMS-ʦʨʜʠʥʘʮʠʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʥʝʚʳʩʦʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʩʭʦʜʩʪʚʘ (ʨʠʩʫʥʦʢʠ 5.1.4, 5.1.5) ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʬʘʢʪʦʨʦʚ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ ʘʣʴʛʦʮʝʥʦʟʳ ï 

ʨʘʟʣʠʯʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʤʝʩʪʦʦʙʠʪʘʥʠʡ, ʩʪʝʧʝʥʴ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ.    

 

5.2. ʇʦʢʘʟʘʪʝʣʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʦʦʙʱʝʩʪʚ ʚʦʜʦʨʦʩʣʝʡ  

 

 

ʇʦʢʘʟʘʪʝʣʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʦʦʙʱʝʩʪʚ ʚʦʜʦʨʦʩʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 

5.2.1. ʇʦʣʫʯʝʥʥʳʝ ʠʥʜʝʢʩʳ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʢʘʢ ʜʣʷ ʬʦʥʦʚʳʭ, ʪʘʢ ʠ ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʚʦʜʦʝʤʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʚʳʩʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʦʦʙʱʝʩʪʚ ʚʦʜʦʨʦʩʣʝʡ ʚ ʮʝʣʦʤ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʨʝʛʠʦʥʘ, ʯʪʦ ʦʙʲʷʩʥʠʤʦ ʩʫʨʦʚʦʩʪʴʶ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʙʝʜʥʦʩʪʴʶ ʚʦʜ 

ʙʠʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʪʝʣʠ ʙʦʣʴʰʠʥʩʪʚʘ ʠʥʜʝʢʩʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʚʦʜʦʪʦʢʦʚ ʠ ʦʟʝʨ ʚ ʬʦʥʦʚʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʘʢʞʝ ʠʤʝʶʪ ʨʘʟʣʠʯʠʷ.  

ɼʣʷ ʚʦʜʦʪʦʢʦʚ ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʠʜʦʚ ʠ 

ʙɧʣʴʰʘʷ ʩʪʝʧʝʥʴ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʦʪʤʝʯʝʥʳ ʚ ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʠʷ (ʪʘʙʣʠʮʘ 

5.2.1), ʜʣʷ ʦʟʝʨ ʪʘʢʘʷ ʪʝʥʜʝʥʮʠʷ ʥʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ. ʇʦ ʠʥʜʝʢʩʘʤ ʚʠʜʥʦ, ʯʪʦ ʩʦʦʙʱʝʩʪʚʘ 
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ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʨʝʢ ʚ ʬʦʥʦʚʳʭ ʫʩʣʦʚʠʷʭ ʙʦʣʝʝ ʚʳʨʦʚʥʝʥʥʳʤ, ʠ ʙʝʪʘ-ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʩʥʠʞʘʝʪʩʷ ʩʪʝʧʝʥʴ ʜʦʤʠʥʠʨʦʚʘʥʠʷ. ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʬʠʪʦʧʣʘʥʢʪʦʥʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʦʙʲʝʢʪʦʚ ʛʘʟʦʧʨʦʚʦʜʘ ʧʦʢʘʟʳʚʘʶʪ ʪʘʢʞʝ 

ʠʥʜʝʢʩʳ ɹʝʨʛʝʨʘ-ʇʘʨʢʝʨʘ ʠ ʐʝʣʜʦʥʘ. ʉʨʘʚʥʝʥʠʝ ʚʳʨʦʚʥʝʥʥʦʩʪʠ ʩʦʦʙʱʝʩʪʚ ʧʦ ʠʥʜʝʢʩʘʤ 

ʇʠʝʣʦʫ, ʐʝʣʜʦʥʘ ʥʝ ʧʦʢʘʟʘʣʦ ʟʘʤʝʪʥʳʭ ʨʘʟʣʠʯʠʡ ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ. 

 

ʊʘʙʣʠʮʘ 5.2.1 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʦʚ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚʦʜʦʨʦʩʣʝʡ  

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʦʪʦʢʦʚ ʠ ʦʟʝʨ 
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5.3. ʀʟʤʝʥʝʥʠʷ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʘʣʴʛʦʮʝʥʦʟʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ ʛʘʟʦʧʨʦʚʦʜʘ 

 

 

ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʦʠʩʭʦʜʷʱʠʭ ʠʟʤʝʥʝʥʠʡ ʘʣʴʛʦʮʝʥʦʟʦʚ ʩ ʧʦʟʠʮʠʠ ʩʠʩʪʝʤʥʦʛʦ 

ʧʦʜʭʦʜʘ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʘʞʥʦʝ ʩʚʦʡʩʪʚʦ ʵʢʦʩʠʩʪʝʤ ï ʩʪʨʝʤʣʝʥʠʝ ʢ ʧʦʜʜʝʨʞʘʥʠʶ ʛʦʤʝʦʩʪʘʟʘ, 

ʧʦʜ ʢʦʪʦʨʳʤ ʧʦʥʠʤʘʶʪ (ʈʝʡʤʝʨʩ, 1990) ʩʦʩʪʦʷʥʠʝ ʠʭ ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, 

ʧʦʜʜʝʨʞʠʚʘʝʤʦʝ ʨʝʛʫʣʷʨʥʳʤ ʚʦʟʦʙʥʦʚʣʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʝʝ ʩʪʨʫʢʪʫʨ, ʚʝʱʝʩʪʚʝʥʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʦʩʪʦʷʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɺʦʜʦʸʤʳ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʚʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ, ʟʥʘʯʠʪʝʣʴʥʳʤ 
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ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʝʥʦʙʠʦʥʪʥʳʭ ʚʠʜʦʚ, ʚʠʜʦʚ ʩ ʨʘʟʥʳʤʠ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʘʤʠ (ɭʚʪʫʰʝʥʢʦ, 

ʍʠʞʥʷʢ, 2013). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʘʣʴʛʦʮʝʥʦʟʦʚ (ɻʝʮʝʥ ʠ ʜʨ., 1991; ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷé, 1994; 

ɸʣʴʛʦʬʣʦʨʘé, 1994; ɹʘʨʠʥʦʚʘ ʠ ʜʨ., 2009; ʪʘʙʣʠʮʘ 1.2.1 ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ). ʋʩʪʘʥʦʚʣʝʥʦ 

(ɹʘʨʠʥʦʚʘ ʠ ʜʨ., 2009), ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʘʣʴʛʦʮʝʥʦʟʘ, ʚʳʨʘʞʝʥʥʘʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʪʘʢʩʦʥʘʤʠ 

ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʦʡ (ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʚʦʜʥʦʤ ʦʙʲʝʢʪʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʝʟʦʥʥʳʭ ʩʫʢʮʝʩʩʠʡ ʤʝʥʷʶʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʝ ʚʠʜʳ ʚʦʜʦʨʦʩʣʝʡ, ʧʨʠ ʵʪʦʤ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ 

ʨʦʜʘʤ, ʦʪʜʝʣʘʤ ʥʝ ʧʦʜʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ). ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʘʣʴʛʦʮʝʥʦʟʦʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʦʙʲʝʢʪʦʚ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ. 

ɽʩʣʠ ʧʨʠʤʝʥʠʪʴ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʠʜʦʚ ʧʦ ʦʪʜʝʣʘʤ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʟʚʸʟʜʯʘʪʳʭ 

ʜʠʘʛʨʘʤʤ, ʪʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʯʝʨʪʳ ʘʣʴʛʦʬʣʦʨʳ 

(ɹʘʨʠʥʦʚʘ ʠ ʜʨ., 2009). ʅʘʤʠ ʧʨʠʤʝʥʝʥ ʜʘʥʥʳʡ ʤʝʪʦʜ ʜʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʠʥʝʡʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʛʘʟʘ 

(ʨʠʩʫʥʢʠ 5.3.1 ï 5.3.6). ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠ ʘʥʘʣʠʟʝ ʩʪʨʫʢʪʫʨʳ ʘʣʴʛʦʮʝʥʦʟʦʚ ʠ ʝʝ 

ʠʟʤʝʥʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠ ̫ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ 

ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʯʪʦ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʧʦʩʢʦʣʴʢʫ ʦʪʙʦʨ ʧʨʦʙ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ 

ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ, ʚ ʧʝʨʠʦʜ ʣʝʪʥʝʡ ʤʝʞʝʥʠ (ʚ ʠʶʣʝ ï ʘʚʛʫʩʪʝ, ʥʘʠʙʦʣʝʝ ʪʝʧʣʳʝ ʤʝʩʷʮʳ ʚ 

ʛʦʜʫ). ɺ ʮʝʣʦʤ ʜʣʷ ʘʣʴʛʦʬʣʦʨʳ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʙʘʩʩʝʡʥʘ ʨ. ʂʘʨʘ ʭʘʨʘʢʪʝʨʥʦ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʧʦ ʯʠʩʣʫ ʚʠʜʦʚ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʦʪʜʝʣʦʚ Cyanoprokaryota, Streptophyta ʠ 

Chlorophyta (ʨʠʩʫʥʦʢ 5.3.1, ɸ) ï ʥʘ ʜʠʘʛʨʘʤʤʝ ʦʙʨʘʟʫʶʪ ʪʨʘʧʝʮʠʝʚʠʜʥʫʶ ʠʣʠ ʚʝʝʨʦʦʙʨʘʟʥʫʶ 

ʬʦʨʤʫ, ʪʨʠ ʫʛʣʘ ʢʦʪʦʨʦʡ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʧʦ ʨʘʟʥʦʦʙʨʘʟʠʶ ʪʘʢʩʦʥʳ. ɹʣʠʟʢʠ ʢ 

ʜʘʥʥʦʤʫ ʪʠʧʫ ʜʠʘʛʨʘʤʤʳ ʬʦʨʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ʠʭ ʫʯʘʩʪʢʦʚ), ʥʝ 

ʠʩʧʳʪʳʚʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʦʝ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ï ʨ. ʉʠʣʦʚʘ-ʗʭʘ, ʦʟyʨ ʂʨʫʛʣʦʝ, 

ʊʨʦʡʥʦʝ (ʨʠʩʫʥʦʢ 5.3.1, ɹ, ɺ, ɻ), ʬʦʥʦʚʳʭ ʫʯʘʩʪʢʦʚ ʨʝʢ ʂʘʨʘ ʠ ʅʷʨʤʘ (ʨʠʩʫʥʦʢ 5.3.3, ɹ, ɺ). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʩʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʦʙʰʠʨʥʳʝ ʨʦʜʳ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʛʝʪʝʨʦʛʝʥʥʳ, ʩʦʜʝʨʞʘʪ ʢʘʢ 

ʠʥʜʠʬʬʝʨʝʥʪʥʳʝ ʢʦʩʤʦʧʦʣʠʪʥʳʝ ʚʠʜʳ, ʪʘʢ ʠ ʙʦʣʝʝ ʠʟʙʠʨʘʪʝʣʴʥʳʝ ʚ ʚʳʙʦʨʝ ʵʢʦʪʦʧʦʚ, 

ʩʪʝʥʦʙʠʦʥʪʥʳʝ ʢ ʨʘʟʣʠʯʥʳʤ ʬʘʢʪʦʨʘʤ ʪʘʢʩʦʥʳ (ɻʝʮʝʥ, 1985). ɺ ʙʣʠʟʢʠʭ ʢ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʫʩʣʦʚʠʷʤ ʩʪʨʫʢʪʫʨʘ ʚʝʜʫʱʠʭ ʨʦʜʦʚ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ-ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʦʡ, ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʳ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ (ɹʘʨʠʥʦʚʘ ʠ ʜʨ., 2009). 

ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʜʠʘʛʨʘʤʤʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʜʣʷ ʦʟ. ɹ. ʄʘʥʷʩʝʡʪʦ 

(ʨʠʩʫʥʦʢ 5.3.2, ɻ) ʠ ʨ. ʍʘʣʴʤʝʨʲʶ (ʨʠʩʫʥʦʢ 5.3.3, ɸ) ï ʚ ʠʭ ʘʣʴʛʦʮʝʥʦʟʘʭ ʢʨʦʤʝ ʚʳʰʝʥʘʟʚʘʥʥʳʭ 

ʦʪʜʝʣʦʚ ʚʳʜʝʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʯʘʩʪʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʦʪʜʝʣʘ Ochrophyta, ʧʨʠ ʵʪʦʤ ʦʩʪʨʳʡ 

ʫʛʦʣ ʜʠʘʛʨʘʤʤʳ ʫʢʘʟʳʚʘʝʪ ʧʨʝʦʙʣʘʜʘʥʠʝ ʧʦ ʯʠʩʣʫ ʚʠʜʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ Streptophyta.  

ʆʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʦʙʨʘʟʫʶʪ ʥʝʙʦʣʴʰʦʝ ʪʝʨʤʦʢʘʨʩʪʦʚʦʝ ʦʟ. ˉ 4 (ʨʠʩʫʥʦʢ 5.3.2, ɹ) ʠ 

ʠʤʧʘʢʪʥʳʡ ʫʯʘʩʪʦʢ ʨ. ʂʘʨʘ (ʨʠʩʫʥʦʢ 5.3.3, ɺ), ʧʨʦʷʚʣʷʶʱʫʶ ʩʭʦʜʩʪʚʦ ʩʦ ʚʪʦʨʦʡ ʛʨʫʧʧʦʡ, 
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ʢʦʪʦʨʦʝ ʚʳʨʘʞʘʝʪʩʷ ʚ ʥʘʠʙʦʣʴʰʝʡ ʜʦʣʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ Streptophyta, ʧʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʫʶʪ 

ʚʦʜʦʨʦʩʣʠ ʠʟ ʦʪʜʝʣʘ Ochrophyta.  

ɼʣʷ ʢʨʫʧʥʳʭ ʦʟʝʨ ʂʦʤʘʪʳ (ʨʠʩʫʥʦʢ 5.3.2, ɺ), ɹ. ʄʘʥʷʩʝʡʪʦ (ʨʠʩʫʥʦʢ 5.3.2, ɻ) ʠ 

ʍʘʣʴʤʝʨʪʳ (ʨʠʩʫʥʦʢ 5.3.3, ɸ), ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʣʝʜʥʠʢʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʨʠʩʫʥʦʢ 4.1.1), 

ʜʠʘʛʨʘʤʤʳ ʥʝ ʧʨʦʷʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʭʦʜʩʪʚʘ. ɺ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʬʠʛʫʨʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʦʟʝʨ (ʨʠʩʫʥʦʢ 4.1.2), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʚʦʜ, 

ʢʦʪʦʨʳʡ ʩʜʝʣʘʥ ʚ ʨʘʟʜʝʣʝ 5.1: ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʦʨʦʩʣʝʡ ʚʦʜʦʸʤʦʚ ʥʝ 

ʠʤʝʝʪ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠʭ ʢʦʪʣʦʚʠʥ ʠ ʨʘʟʤʝʨʳ ʦʟʝʨʘ, ʵʪʦ ʨʘʥʝʝ 

ʦʪʤʝʯʘʣʦʩʴ ʠ ʜʣʷ ʦʟʸʨ ʚ ʢʘʥʘʜʩʢʦʡ ɸʨʢʪʠʢʝ ʠ ʉʫʙʘʨʢʪʠʢʝ (Moore, 1978). ɼʣʷ ʘʥʪʨʦʧʦʛʝʥʥʦ 

ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʪʝʨʤʦʢʘʨʩʪʦʚʦʛʦ ʦʟ. ˉ 1 (ʨʠʩʫʥʦʢ 5.3.2, ɸ) ʥʘʙʣʶʜʘʝʪʩʷ ʩʭʦʜʩʪʚʦ ʩ ʙʣʠʟʢʠʤʠ ʢ 

ʥʝʤʫ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʦʟyʨʘʤʠ ʂʨʫʛʣʦʝ ʠ ˉ 4 (ʨʠʩʫʥʦʢ 4.1.2) ï ʚ ʢʘʞʜʦʤ ʠʟ ʥʠʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʯʘʩʪʠʝ Cyanoprokaryota ʠ Chlorophyta (ʦʣʠʛʦʛʫʤʦʟʥʦʝ ʪʝʨʤʦʢʘʨʩʪʦʚʦʝ ʦʟ. ʊʨʦʡʥʦʝ 

ʦʪʥʦʩʠʪʩʷ ʢ ʵʪʦʡ ʞʝ ʛʨʫʧʧʝ, ʥʦ ʝʛʦ ʩʪʨʫʢʪʫʨʘ ʦʪʣʠʯʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚʠʜʦʚ ʠʟ ʨʦʜʘ Tribonema 

ʦʪʜʝʣʘ Ochrophyta). ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʝʭ ʧʦʩʣʝʜʥʠʭ ʠʟ ʥʘʟʚʘʥʥʳʭ ʚʦʜʦʸʤʦʚ, ʚ ʦʟ.  ̄1 ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪʩʷ ʯʠʩʣʦ ʚʠʜʦʚ ʠʟ ʦʪʜʝʣʘ Streptophyta, ʚʝʜʫʱʠʤʠ ʨʦʜʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ Closterium, 

Cosmarium, Staurastrum. ʅʘʟʚʘʥʥʳʝ ʪʘʢʩʦʥʳ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʦʪʥʦʩʠʣʠ ʢ ʜʝʩʤʠʜʠʝʚʳʤ, ʠʭ 

ʠʥʜʠʢʘʪʦʨʥʘʷ ʨʦʣʴ ʠʟʚʝʩʪʥʘ ʜʣʷ ʦʟʸʨ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ (ʪʘʙʣʠʮʳ 1.2.1, 5.3.1), ʥʘʰʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʣʝʜʫʶʱʝʝ ʠʭ ʩʚʦʡʩʪʚʦ: ʵʢʦʣʦʛʠʯʝʩʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʤʘʣʦʚʠʜʦʚʳʝ ʨʦʜʘ ʜʝʩʤʠʜʠʝʚʳʭ ʚ ʩʠʣʴʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ 

(ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷé, 1994; ʇʨʠʨʦʜʥʘʷ ʩʨʝʜʘ ʪʫʥʜʨʳé, 2005), ʦʥʠ 

ʚʳʧʘʜʘʶʪ ʠʟ ʩʦʩʪʘʚʘ ʘʣʴʛʦʮʝʥʦʟʘ (ɸʣʴʛʦʬʣʦʨʘé, 1994). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʟʚʸʟʜʯʘʪʳʭ 

ʜʠʘʛʨʘʤʤ ʚ ʦʪʥʦʰʝʥʠʠ ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʶ ʛʘʟʦʧʨʦʚʦʜʘ ʥʝʙʦʣʴʰʦʛʦ ʪʝʨʤʦʢʘʨʩʪʦʚʦʛʦ 

ʦʟ. ˉ 1 ʠ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʦʛʦ ʦʟ. ʂʦʤʘʪ rʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʥʝʝ ʦʪʤʝʯʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ï ʚ 

ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʘʣʴʛʦʮʝʥʦʟʦʚ, ʚ ʚʦʜʦʸʤʘʭ ʧʨʦʠʩʭʦʜʠʪ 

ʚʳʧʘʜʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʠʜʦʚ ʠʟ ʦʪʜʝʣʘ Streptophyta, ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʨʦʜʦʚ Closterium, Cosmarium, Staurastrum. ɸʥʘʣʦʛʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚ ʘʥʪʨʦʧʦʛʝʥʥʦ 

ʠʟʤʝʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ï ʩʦʭʨʘʥʝʥʠʝ ʚʠʜʦʚ ʰʠʨʦʢʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʩ ʫʪʨʘʪʦʡ ʤʘʣʦ ʪʦʣʝʨʘʥʪʥʳʭ ʚʠʜʦʚ ï ʧʦʜʪʚʝʨʞʜʘʶʪ ʠ ʜʨʫʛʠʝ ʘʚʪʦʨʳ (ʄʦʠʩʝʝʥʢʦ, 

2009; ʄʦʠʩʝʝʥʢʦ, ʐʘʨʦʚ, 2010; ɽʚʪʫʰʝʥʢʦ, ʍʠʞʥʷʢ, 2013; ɸʥʮʠʬʝʨʦʚʘ, 2015; ʪʘʙʣʠʮʘ 1.2.1). 

ɼʨʫʛʠʤ ʧʨʦʷʚʣʝʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʠ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʚ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʚʠʜʦʚ ʠʟ ʦʪʜʝʣʘ 

Euglenozoa (ʚ ʦʟ. ʂʦʤʘʪʳ, ʦʟ. ˉ 1), ʥʝ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʯʠʩʪʳʭ ʚʦʜʦʝʤʦʚ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ 

ʪʫʥʜʨʳ ʠ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ (ʨʠʩʫʥʦʢ 5.3.2, ɺ). ɺʠʜʳ ʨʦʜʘ Euglena ʦʪʥʦʩʷʪ ʢ ʚʦʜʦʨʦʩʣʷʤ, 

ʥʘʠʙʦʣʝʝ ʪʦʣʝʪʘʥʪʥʳʤ ʢ ʩʠʣʴʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʜʦʸʤʦʚ (Hosmani, 2013). 




