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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʌʽʪʦʧʣʘʥʢʪʦʥ ʷʚʣʷʻ ʩʦʙʦʶ ʚʘʞʣʠʚʫ ʩʢʣʘʜʦʚʫ 

ʝʢʦʩʠʩʪʝʤʠ, ʷʢʘ ʰʚʠʜʢʦ ʨʝʘʛʫʻ ʥʘ ʟʤʽʥʠ ʚ ʦʪʦʯʫʶʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʪʦʞ ʻ 

ʟʨʫʯʥʠʤ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘʡʙʽʣʴʰ ʚʠʚʯʝʥʠʤ ʻ ʬʽʪʦʧʣʘʥʢʪʦʥ 

ʧʨʽʩʥʦʚʦʜʥʠʭ ʚʦʜʦʡʤ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʩʦʣʦʥʠʭ ʢʘʨʩʪʦʚʠʭ ʦʟʝʨ 

ʥʘʜʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʫʚʘʛʠ. ʆʢʨʝʤʦ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʚʠʚʯʝʥʥʷ 

ʫʛʨʫʧʦʚʘʥʴ ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ ʦʭʦʨʦʥʥʠʭ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʬ̔ ʪʦʧʣʘʥʢʪʦʥʫ ʩʦʣʦʥʠʭ ʉʣʦʚôʷʥʩʴʢʠʭ ʦʟʝʨ ʧʦʻʜʥʫ ̒ʚ ʩʦʙʽ ʫʩʽ 

ʟʘʟʥʘʯʝʥ ̔ʚʠʱʝ ʪʝʟʠ, ʚʨʘʭʦʚʫʶʯʠ ʦʭʦʨʦʥʥʠʡ ʩʪʘʪʫʩ ʜʘʥʠʭ ʦʟʝʨ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʩʢʣʘʜʫ ʈʝʛʽʦʥʘʣʴʥʦʛʦ ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʘʨʢʫ (ʈʃʇ) çʉʣʦʚôʷʥʩʴʢʠʡ ʢʫʨʦʨʪè. 

ʈʃʇ çʉʣʦʚôʷʥʩʴʢʠʡ ʢʫʨʦʨʪè ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʥʘ ʦʩʥʦʚʽ ʫʥʽʢʘʣʴʥʠʭ 

ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʢʘʨʩʪʦʚʠʭ ʦʟʝʨ, ʱʦ ʻ ʥʘʡʚʽʜʜʘʣʝʥʽʰʠʤʠ ʚʽʜ ʤʦʨʷ ʧʦ ʋʢʨʘʾʥʽ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʫʧʦʚʽʣʴʥʝʥʠʤ ʚʦʜʦʦʙʤʽʥʦʤ ʫ ʥʠʭ ʬʦʨʤʫʶʪʴʩʷ ʫʥʽʢʘʣʴʥʽ 

ʫʛʨʫʧʦʚʘʥʥʷ ʚʦʜʦʨʦʩʪʝʡ, ʚʠʚʯʝʥʥʷ ʷʢʠʭ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʽʤ, ʭʦʯʘ 

ʚʦʜʦʨʦʩʪʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʫʥʽʢʘʣʴʥʦʛʦ ʩʘʧʨʦʧʝʣʶ ʦʟʝʨ (ʟʘ ʩʢʣʘʜʦʤ 

ʛʨʷʟʽ ʤʫʣʦʚʽ, ʩʫʣʴʬʽʜʥʽ, ʩʝʨʝʜʥʴʦ ʤʽʥʝʨʘʣʽʟʦʚʘʥʽ, ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʽ ʥʘʪʨʽʻʚʽ 

ʦʟʝʨʥʦ-ʢʣʶʯʦʚʽ). ʅʘʷʚʥʽʩʪʴ ʣʽʢʫʚʘʣʴʥʠʭ ʛʨʷʟʝʡ ʽʩʪʦʨʠʯʥʦ ʦʙʫʤʦʚʠʣʦ 

ʩʪʚʦʨʝʥʥʷ 3 ʩʘʥʘʪʦʨʽʾʚ ʥʘʡʩʪʘʨʽʰʦʛʦ ʚ ʋʢʨʘʾʥʽ ʙʘʣʴʥʝʦʣʦʛʽʯʥʦʛʦ 

ʉʣʦʚ'ʷʥʩʴʢʦʛʦ ʢʫʨʦʨʪʫ. 

ɺʠʷʚʣʝʥʥʷ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʚʦʜʦʨʦʩʪʝʡ ʦʟʝʨ ʈʃʇ ʪʘ ʾʭ ʚʩʝʙʽʯʥʝ 

ʚʠʚʯʝʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤ ʥʝ ʪʽʣʴʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʨʽʟʥʦʤʘʥʽʪʪʷ, ʘʣʝ ʡ ʟ ʤʝʪʦʶ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ 

ʦʭʦʨʦʥʠ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʫ ʧʝʨʽʦʜ 2007ï2014 ʨʨ. ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʥʘʫʢʦʚʠʤʠ ʥʘʧʨʷʤʘʤʠ ʨʦʙʦʪʠ ʢʘʬʝʜʨʠ ʙʦʪʘʥʽʢʠ ʪʘ ʝʢʦʣʦʛʽʾ ɼʦʥʝʮʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚ ʨʘʤʢʘʭ ʜʝʨʞʘʚʥʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʭ ʨʦʙ̔ʪ çʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʥʦʨʤʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʽʦʽʥʜʠʢʘʪʦʨʽʚ ʜʣʷ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫè (ʰʠʬʨ: 12-1ɺɺ/17), çɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 
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ʙʽʦʽʥʜʠʢʘʪʦʨʽʚ ʱʦʜʦ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʥʦʨʤʫʚʘʥʥʷè (ˉ ɼʈ 0110U003462); 

çʈʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʙʽʦʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʷʢʦʩʪʽ ʙʽʦʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʥʠʞʯʠʭ ʨʦʩʣʠʥ ʪʘ 

ʙʘʟʠʜʽʦʤʽʮʝʪʽʚ (ˉ ɼʈ 0111U008852). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʪʘ ʢʽʣʴʢʽʩʥʦʛʦ ʨʦʟʚʠʪʢʫ ʬʽʪʦʧʣʘʥʢʪʦʥʫ 

ʉʣʦʚôʷʥʩʴʢʠʭ ʩʦʣʦʥʠʭ ʦʟʝʨ, ʘ ʪʘʢʦʞ ʙʽʦʽʥʜʠʢʘʮʽʷ ʾʭ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ. ɼʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʧʦʪʨʽʙʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

1. ɺʩʪʘʥʦʚʠʪʠ ʚʠʜʦʚʠʡ ʩʢʣʘʜ ʪʘ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʦ-ʬʣʦʨʠʩʪʠʯʥʫ ʦʮʽʥʢʫ 

ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ ʦʟʝʨ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʘʨʢʫ 

çʉʣʦʚôʷʥʩʴʢʠʡ ʢʫʨʦʨʪè. 

2. ɼʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʉʣʦʚôʷʥʩʴʢʠʭ ʩʦʣʦʥʠʭ ʦʟʝʨ ʟʘ 

ʽʥʜʠʢʘʪʦʨʥʠʤʠ ʚʠʜʘʤʠ ʚʦʜʦʨʦʩʪʝʡ. 

3. ɼʦʩʣʽʜʠʪʠ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʪʘ ʩʝʟʦʥʥʫ ʜʠʥʘʤʽʢʫ 

ʡʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʦʟʝʨʘʭ ʈʃʇ çʉʣʦʚôʷʥʩʴʢʠʡ ʢʫʨʦʨʪè. 

4. ɿôʷʩʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʤʽʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʣʦʥʠʭ ʦʟʝʨ. 

5. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʚ'ʷʟʦʢ ʤʽʞ ʷʢʽʩʥʠʤʠ ʪʘ ʢʽʣʴʢʽʩʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʪʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʚʦʜʠ ʉʣʦʚôʷʥʩʴʢʠʭ ʩʦʣʦʥʠʭ ʦʟʝʨ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʬʽʪʦʧʣʘʥʢʪʦʥ ʦʟʝʨ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʣʘʥʜʰʘʬʪʥʦʛʦ 

ʧʘʨʢʫ çʉʣʦʚôʷʥʩʴʢʠʡ ʢʫʨʦʨʪè. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʷʢʽʩʥʽ ʪʘ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʉʣʦʚôʷʥʩʴʢʠʭ ʩʦʣʦʥʠʭ ʦʟʝʨ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʽ ʤʝʪʦʜʠ ʚʽʜʙʦʨʫ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʪʘ ʢʘʤʝʨʘʣʴʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʧʨʦʙ ʬʽʪʦʧʣʘʥʢʪʦʥʫ; ʙʽʦʽʥʜʠʢʘʮʽʡʥʠʡ ʤʝʪʦʜ; 

ʤʝʪʦʜʠ ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ; ʧʦʨʽʚʥʷʣʴʥʦ-ʬʣʦʨʠʩʪʠʯʥʠʡ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʡ 

ʘʥʘʣʽʟ. 

ʋ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʥʘʜ ʜʠʩʝʨʪʘʮʽʻʶ ʥʝ ʙʫʣʠ ʧʦʨʫʰʝʥʽ ʙʽʦʝʪʠʯʥʽ ʥʦʨʤʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʉʢʣʘʜʝʥʦ ʧʦʚʥʠʡ ʩʧʠʩʦʢ 

ʚʠʜʽʚ ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ ʦʟʝʨ ʈʽʧʥʝ, ɺʝʡʩʦʚʝ, ɻʘʨʷʯʝ, ʉʣʽʧʥʝ, ʃʝʚʘʜʥʝ, 
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ʏʝʨʚʦʥʝ ʪʘ ʦʟʝʨʘ ʙʝʟ ʥʘʟʚʠ (ʜʘʣʽ ï ʆʟʝʨʦ), ʷʢʠʡ ʥʘʨʘʭʦʚʫʻ 336 ʚʠʜʽʚ (350 ʚ.ʚ.ʪ.) 

ʟ 9 ʚʽʜʜʽʣʽʚ (Cyanoprokaryota, Euglenophyta, Chrysophyta, Dinophyta, 

Xanthophyta, Cryptophyta, Bacillariophyta, Chlorophyta, Charophyta), 15 ʢʣʘʩʽʚ, 

38 ʧʦʨʷʜʢʽʚ, 72 ʨʦʜʠʥ ʪʘ 141 ʨʦʜʫ. ɺʧʝʨʰʝ ʜʣʷ ʘʣʴʛʦʬʣʦʨʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʟʝʨ 

ʥʘʚʦʜʠʪʴʩʷ 238 ʚʠʜʽʚ ʪʘ ʚʥʫʪʨʽʰʥʴʦʚʠʜʦʚʠʭ ʪʘʢʩʦʥʽʚ. ɺʧʝʨʰʝ ʟʜʽʡʩʥʝʥʦ 

ʘʥʘʣʽʟ ʩʝʟʦʥʥʦʾ ʜʠʥʘʤʽʢʠ ʯʠʩʝʣʴʥʦʩʪʽ ʪʘ ʙʽʦʤʘʩʠ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʉʣʦʚôʷʥʩʴʢʠʭ 

ʦʟʝʨ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʙʽʦʽʥʜʠʢʘʮʽʾ ʜʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʩʪʘʥʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʦʜʦʡʤ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʧʨʷʤʠ ʡʦʛʦ ʤʦʜʫʣʷʮʽʡ. ɺʧʝʨʰʝ 

ʥʘʚʝʜʝʥʦ ʨʦʟʤʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ ʉʣʦʚôʷʥʩʴʢʠʭ 

ʩʦʣʦʥʠʭ ʦʟʝʨ (ʜʦʚʞʠʥʘ, ʰʠʨʠʥʘ, ʜʽʘʤʝʪʨ ʪʘ ʦʙôʻʤ) ʪʘ ʟʜʽʡʩʥʝʥʦ ʩʧʨʦʙʫ 

ʧʦʚôʷʟʘʪʠ ʾʭ ʟ ʛʽʜʨʦʭʽʤʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʠʷʚʣʝʥʦ 

ʩʧʝʮʠʬʽʢʫ ʚʧʣʠʚʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜʠ ʥʘ ʨʦʟʚʠʪʦʢ ʘʣʴʛʦʫʛʨʫʧʦʚʘʥʴ 

ʩʦʣʦʥʠʭ ʦʟʝʨ, ʟʦʢʨʝʤʘ, ʚʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʘʢʠʡ ʬʘʢʪʦʨ ʷʢ ʧʝʨʝʩʠʭʘʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʟʝʨ ʚʧʣʠʚʘʻ ʥʘ ʾʭ ʬʽʪʦʧʣʘʥʢʪʦʥ ʟʥʘʯʥʽʰʝ, ʥʽʞ ʩʦʣʦʥʽʩʪʴ ʚʦʜʠ. 

ʉʪʘʪʠʩʪʠʯʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʉʣʦʚôʷʥʩʴʢʠʭ 

ʩʦʣʦʥʠʭ ʦʟʝʨ, ʩʝʨʝʜ ʷʢʠʭ ʚʠʷʚʣʝʥʽ ʥʝʧʝʨʝʩʠʭʘʶʯʽ ʪʘ ʯʘʩʪʢʦʚʦ ʧʝʨʝʩʠʭʘʶʯʽ 

ʚʦʜʦʡʤʠ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʨʦʟʰʠʨʠʣʠ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʘʣʴʛʦʬʣʦʨʠ ʩʦʣʦʥʠʭ ʚʦʜʦʡʤ ʋʢʨʘʾʥʠ ʪʘ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʬʣʦʨʠ 

ʈʃʇ ʉʣʦʚôʷʥʩʴʢʠʡ ʢʫʨʦʨʪè. ʆʪʨʠʤʘʥʽ ʜʘʥʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʷʢʦʩʪʽ 

ʦʩʥʦʚʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʦʜʦʡʤ ʪʘ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʟʘʭʦʜʽʚ ʧʦ ʾʭ ʦʭʦʨʦʥʽ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ. ɼʦʧʦʚʥʝʥʦ 

ʚʽʜʦʤʦʩʪʽ ʱʦʜʦ ʙʦ̔̔ʥʜʠʢʘʮ̔ ʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʦʢʨʝʤʠʭ ʚʠʜʽʚ ʚʦʜʦʨʦʩʪʝʡ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʢʣʶʯʝʥʦ ʚ ʥʘʚʯʘʣʴʥʠʡ (ʣʝʢʮʽʡʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʢʫʨʩʠ 

çɿʘʛʘʣʴʥʘ ʝʢʦʣʦʛʽʷè, çɽʢʦʣʦʛʽʷ ʨʦʩʣʠʥè, çɸʣʴʛʦʣʦʛʽʯʥʘ ʽʥʜʠʢʘʮʽʷè, 

çɻʽʜʨʦʙʽʦʣʦʛʽʷè, çɹʽʦʽʥʜʠʢʘʮʽʷè, çʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʙʽʦʽʥʜʠʢʘʮʽʾ ʟʘʙʨʫʜʥʝʥʴ 

ɼʦʥʙʘʩʫè) ʽ ʥʘʫʢʦʚ ̔ ʟʚʽʪʠ ʢʘʬʝʜʨʠ ʙʦʪʘʥʽʢʠ ʪʘ ʝʢʦʣʦʛʽʾ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʬʘʢʫʣʴʪʝʪʫ ɼʦʥʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʪʝʤʘʪʠʢʠ ʥʘʫʢʦʚʦ-
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ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ, ʚʠʢʦʥʘʥʥʷ ʩʪʫʜʝʥʪʘʤʠ ʢʫʨʩʦʚʠʭ, ʜʠʧʣʦʤʥʠʭ ʪʘ 

ʤʘʛʽʩʪʝʨʩʴʢʠʭ ʨʦʙʽʪ). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʨʦʙʦʪʘ ʻ ʩʘʤʦʩʪʽʡʥʠʤ 

ʦʨʠʛʽʥʘʣʴʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ, ʧʨʦʚʝʜʝʥʠʤ ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ. ʇʨʦʪʷʛʦʤ 

2007-2013 ʨʦʢʽʚ ʧʨʦʚʝʜʝʥʦ 29 ʝʢʩʧʝʜʠʮʽʡʥʠʭ ʚʠʾʟʜʠ ʪʘ ʟʽʙʨʘʥʦ 

195 ʘʣʴʛʦʣʦʛʽʯʥʠʭ ʪʘ 48 ʛʽʜʨʦʭʽʤʽʯʥʠʭ ʧʨʦʙ. ʇʨʦʚʝʜʝʥʽ ʛʽʜʨʦʭʽʤʽʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʦʧʨʘʮʶʚʘʥʥʷ ʘʣʴʛʦʣʦʛʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʪʘ ʢʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ ʣʽʪʝʨʘʪʫʨʠ. ʉʢʣʘʜʝʥʦ ʩʫʯʘʩʥʠʡ ʩʧʠʩʦʢ ʚʠʜʽʚ 

ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʉʣʦʚôʷʥʩʴʢʠʭ ʩʦʣʦʥʠʭ ʦʟʝʨ, ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʽʣʴʢʽʩʥʠʭ, ʨʦʟʤʽʨʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫʛʨʫʧʦʚʘʥʴ ʚʦʜʦʨʦʩʪʝʡ 

ʧʣʘʥʢʪʦʥʫ ʦʟʝʨ ʪʘ ʚʠʟʥʘʯʝʥʦ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʙʽʦʣʦʛʽʯʥʦʶ ʪʘ ʭʽʤʽʯʥʦʶ 

ʩʢʣʘʜʦʚʠʤʠ ʫ ʜʘʥʠʭ ʫʛʨʫʧʦʚʘʥʥʷʭ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʦʧʨʠʣʶʜʥʝʥʦ ʥʘ 10 ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: 

IV ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ ʽ ʘʩʧʽʨʘʥʪʽʚ çʄʦʣʦʜʴ ʽ ʧʦʩʪʫʧ 

ʙʽʦʣʦʛʽʾè (ʃʴʚʽʚ, 2008), VII ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ 

ʩʪʫʜʝʥʪʽʚ çʆʭʦʨʦʥʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚè (ɼʦʥʝʮʴʢ, 2008), ɯ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʪʘ ʧʨʠʢʣʘʜʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʙʽʦʣʦʛʽʾè (ɼʦʥʝʮʴʢ, 2009), VIII ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ çʆʭʦʨʦʥʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚè (ɼʦʥʝʮʴʢ, 2009), 

VI ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʧʦ 

ʧʨʦʙʣʝʤʘʤ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ĂPontus Euxinus ï 2009ò (ʉʝʚʘʩʪʦʧʦʣʴ, 2009), 

XX-ʍʍɯɯɯ ɺʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ 

çʆʭʦʨʦʥʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚè (ɼʦʥʝʮʴʢ, 2010, 2012, 2013), ʅʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

ɼʦʥʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʟʘ ʧʽʜʩʫʤʢʘʤʠ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ 

ʨʦʙʦʪʠ ʟʘ ʧʝʨʽʦʜ 2011-2012 ʨʨ. (ɼʦʥʝʮʴʢ, 2013), ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ 
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ʢʦʥʬʝʨʝʥʮʽʾ ñɺʽʜ ʟʘʧʦʚʽʜʘʥʥʷ ʟʘ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷò 

(ɼʦʥʝʮʴʢ, 2013). 

ʊʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʙʫʣʦ ʦʧʨʠʣʶʜʥʝʥʦ ʥʘ ʢʦʥʢʫʨʩʘʭ ʥʘʫʢʦʚʠʭ 

ʨʦʙʽʪ: ɯɯ ʪʫʨʽ ɺʩʝʫʢʨʘʾʥʩʴʢʦʛʦ ʢʦʥʢʫʨʩʫ ʩʪʫʜʝʥʪʩʴʢʠʭ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʟ 

ʧʨʠʨʦʜʥʠʯʠʭ, ʪʝʭʥʽʯʥʠʭ ʽ ʛʫʤʘʥʽʪʘʨʥʠʭ ʥʘʫʢ çɹʽʦʣʦʛʽʯʥʽ ʥʘʫʢʠè (ʄʝʣʽʪʦʧʦʣʴ, 

2009), ɯɯ ʪʫʨʽ ɺʩʝʫʢʨʘʾʥʩʴʢʦʛʦ ʢʦʥʢʫʨʩʫ ʩʪʫʜʝʥʪʩʴʢʠʭ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʟ 

ʥʘʧʨʷʤʫ çɽʢʦʣʦʛʽʷ ʪʘ ʦʭʦʨʦʥʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘè (ʆʜʝʩʘ, 2010). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 30 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, 

ʫ ʪʦʤʫ ʯʠʩʣʽ 7 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ (ʟ ʥʠʭ 6 ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ): 

ʫ ʞʫʨʥʘʣʘʭ çɻʽʜʨʦʙʽʦʣʦʛʽʯʥʠʡ ʞʫʨʥʘʣè, çɸʣʴʛʦʣʦʛʽʷè, çʇʨʦʙʣʝʤʠ ʝʢʦʣʦʛʽʾ ʪʘ 

ʦʭʦʨʦʥʠ ʧʨʠʨʦʜʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʨʝʛʽʦʥʫè, çʀʟʚʝʩʪʠʷ ʉʘʤʘʨʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʮʝʥʪʨʘ ʈɸʅè, çResearch and Reviews: Journal of Botanical Sciencesè, çApplied 

Ecology and Environmental Researchè, çJournal of Wetlands Biodiversityè, 

22 ʤʘʪʝʨʽʘʣʠ ʽ ʪʝʟʠ ʢʦʥʬʝʨʝʥʮʽʡ (17 ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ). 

ʉʪʨʫʢʪʫʨʘ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʷ ʚʠʢʣʘʜʝʥʘ ʥʘ 241 ʩʪʦʨʽʥʮʽ, ʚʢʣʶʯʘʻ 

ʚʩʪʫʧ, 5 ʨʦʟʜʽʣʽʚ, ʱʦ ʽʣʶʩʪʨʦʚʘʥʽ 63 ʨʠʩʫʥʢʘʤʠ ʪʘ 8 ʪʘʙʣʠʮʷʤʠ, ʚʠʩʥʦʚʢʠ, 

ʩʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ (173 ʜʞʝʨʝʣʘ, ʚ ʪ. ʯ. 56 ï ʽʥʰʦʤʦʚʥʠʭ) ʪʘ 15 ʜʦʜʘʪʢʽʚ. 

 

ɸʚʪʦʨ ʚʚʘʞʘʻ ʟʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʘ ʧʨʠʻʤʥʠʡ ʦʙʦʚ'ʷʟʦʢ ʚʠʩʣʦʚʠʪʠ ʱʠʨʫ 

ʚʜʷʯʥʽʩʪʴ ʢ.ʙ.ʥ., ʩʪ. ʚʠʢʣʘʜʘʯʝʚʽ ɯʥʩʪʠʪʫʪʫ ɽʚʦʣʶʮʽʾ ʍʘʡʬʩʴʢʦʛʦ 

ʋʥʽʚʝʨʩʠʪʝʪʫ (ɯʟʨʘʾʣʴ) ʉʦʬʽʾ ʉʪʝʧʘʥʽʚʥʽ ɹʘʨʠʥʦʚʽʡ ʟʘ ʚʩʝʙʽʯʥʫ ʜʦʧʦʤʦʛʫ, ʮʽʥʥʽ 

ʧʦʨʘʜʠ ʽ ʧʽʜʪʨʠʤʢʫ ʪʘ ɸʥʜʨʽʶ ɺʽʢʪʦʨʦʚʠʯʫ ʌʘʪʭʁʘ ʟʘ ʧʦʩʪʽʡʥʫ ʫʚʘʛʫ ʜʦ 

ʨʦʙʦʪʠ. 
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ʈʆɿɼɯʃ 1. ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ 

 

1.1. ʂʦʨʦʪʢʠʡ ʥʘʨʠʩ ʽʩʪʦʨʽʾ ʚʠʚʯʝʥʥʷ ʪʘ ʦʩʥʦʚʥʽ ʧʽʜʩʫʤʢʠ ʚʠʚʯʝʥʥʷ 

ʩʦʣʦʥʠʭ ʦʟʝʨ ʤ. ʉʣʦʚôʷʥʩʴʢʘ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʬʣʦʨʠ ʉʣʦʚôʷʥʩʴʢʠʭ ʦʟʝʨ ʝʧʽʟʦʜʠʯʥʦ ʧʨʦʚʦʜʠʣʦʩʷ ʟ ʜʨʫʛʦʾ 

ʧʦʣʦʚʠʥʠ XVII  ʩʪʦʨʽʯʯʷ ʪʘ ʙʫʣʦ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʚʠʷʚ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ 

ʚʦʜʦʨʦʩʪʝʡ. ʆʜʥʽʻʶ ʟ ʧʝʨʰʠʭ ʨʦʙʽʪ ʟ ʙʽʦʣʦʛʽʾ ʉʣʦʚôʷʥʩʴʢʠʭ ʦʟʝʨ ʙʫʣʘ ʨʦʙʦʪʘ 

ɽ.ɯ. ɽʡʭʚʘʣʴʜʘ [112], ʚ ʷʢʽʡ ʚʽʥ ʚʢʘʟʫʚʘʚ 8 ʚʠʜʽʚ ʜʽʘʪʦʤʦʚʠʭ ʚʦʜʦʨʦʩʪʝʡ. 

ʇʨʦʬʝʩʦʨ ʃ.ʉ. ʎʝʥʢʦʚʩʴʢʠʡ ʚʠʟʥʘʯʠʚ ʜʣʷ ʦʟʝʨʘ ʉʣʽʧʥʝ 2 ʚʠʜʠ ʚʦʜʦʨʦʩʪʝʡ, ʘ 

ʧʨʦʬʝʩʦʨ ɭ.ɸ. ʇʦʣʶʪʘ ʚʽʜʟʥʘʯʠʚ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʘʥʮʠʨʽʚ ʜʽʘʪʦʤʦʚʠʭ 

ʚʦʜʦʨʦʩʪʝʡ ʫ ʩʢʣʘʜʽ ʤʫʣʽʚ [16]. ɼʝʢʽʣʴʢʘ ʚʠʜʽʚ ʜʽʘʪʦʤʦʚʠʭ ʚʦʜʦʨʦʩʪʝʡ ʙʫʣʠ 

ʚʠʟʥʘʯʝʥʽ ʜʣʷ ʬʣʦʨʠ ʉʣʦʚôʷʥʩʴʢʠʭ ʦʟʝʨ ɯ.ʌ. ʃʝʚʘʢʦʚʩʢɹʠʤ [69]. 

ʋ ʢʚʽʪʥʽ, ʣʠʧʥʽ ʪʘ ʩʝʨʧʥʽ 1884 ʨ. ʜʦʩʣʽʜʞʝʥʥʷ ʬʣʦʨʠ ʪʘ ʬʘʫʥʠ ʦʟʝʨʘ 

ɺʝʡʩʦʚʝ ʧʨʦʚʽʚ ʇ.ʊ. ʉʪʝʧʘʥʦʚ. ʍʦʯʘ ʦʙôʻʢʪʘʤʠ ʡʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ 

ʧʝʨʝʚʘʞʥʦ ʧʨʝʜʩʪʘʚʥʠʢʠ ʪʚʘʨʠʥʥʦʛʦ ʩʚʽʪʫ, ʚʽʥ ʚʽʜʟʥʘʯʠʚ ʚ ʷʢʦʩʪʽ ʢʝʨʽʚʥʠʭ 

ʬʦʨʤ ʜʣʷ ʦʟʝʨʘ ɺʝʡʩʦʚʝ, ʦʢʨʽʤ ʪʠʧʦʚʦ ʟʦʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ, ʪʘʢʦʞ ʽ 

ʜʞʛʫʪʠʢʦʚʠʡ Sphaerodinium cinctum (Ehrenb.) Woğosz. (Glenodinium cinctum 

Ehrenb.), ʱʦ ʜʦʜʘʚʘʚ ʫ ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ ʚʦʜʽ ʞʦʚʪʫʚʘʪʠʡ ʚʽʜʪʽʥʦʢ. ʂʨʽʤ 

ʜʞʛʫʪʠʢʦʚʠʭ, ʚʽʥ ʚʚʘʞʘʚ ʛʦʣʦʚʥʠʤʠ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʘʣʴʛʦʬʣʦʨʠ ʜʘʥʦʛʦ ʦʟʝʨʘ 

ʜʽʘʪʦʤʦʚʽ ʚʦʜʦʨʦʩʪʽ ʽ ʥʠʪʯʘʩʪʽ ʩʠʥʴʦʟʝʣʝʥʽ [101, 102]. 

ɸ.ɯ. ɺʠʩʦʮʴʢʠʡ ʫ 1888 ʨ. ʚʠʚʯʘʚ ʚʠʜʦʚʠʡ ʩʢʣʘʜ Mastigophora ʪʘ 

Rhizopoda ï ʤʝʰʢʘʥʮʽʚ ʩʦʣʦʥʠʭ ʦʟʝʨ ʉʣʦʚôʷʥʩʴʢʘ, ʩʝʨʝʜ ʷʢʠʭ ʥʠʤ ʙʫʣʠ 

ʚʠʷʚʣʝʥʽ 4 ʚʠʜʠ ʚʦʜʦʨʦʩʪʝʡ ʚʽʜʜʽʣʫ Crysophyta [18]. 

ɺʠʟʥʘʯʝʥʥʷʤ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʚʦʜʦʨʦʩʪʝʡ ʦʟʝʨ ʟʘʡʤʘʣʘʩʷ ʪʘʢʦʞ ʫ 

1930 ʨ. ʅ.ɺ. ɸʥ̔ʩʽʤʦʚʘ [2], ʷʢʘ ʚʢʘʟʫʚʘʣʘ ʥʘ ̔ʩʥʫʚʘʥʥʷ ʚ ʉʣʦʚôʷʥʩʴʢʠʭ ʦʟʝʨʘʭ 

2 ʚʠʜʽʚ ʪʘ 2 ʨʦʜʽʚ (ʙʝʟ ʢʦʥʢʨʝʪʠʟʘʮʽʾ ʚʠʜʦʚʦʾ ʧʨʠʥʘʣʝʞʥʦʩʪʽ) ʚʦʜʦʨʦʩʪʝʡ ʟ 

ʚʽʜʜʽʣʫ ʉhlorophyta.  

ʆʢʨʝʤʦ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʨʦʙʦʪʠ ɸ.ɯ. ʇʨʦʰʢʽʥʦʾ-ʃʘʚʨʝʥʢʦ 1930-1945 ʨʨ., 

ʱʦ ʙʫʣʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʚʦʜʦʨʦʩʪʝʡ, ʧʝʨʝʚʘʞʥʦ 
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ɺʝʡʩʦʚʦʛʦ ʦʟʝʨʘ ʪʘ ʦʭʦʧʣʶʚʘʣʠ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʚʽʜʜʽʣʠ ʚʦʜʦʨʦʩʪʝʡ: 

Bacillariophyta [87], Cyanoprokaryota [86], Euglenophyta [88], Chlorophyta [86, 

89-91] ʪʘ Dinophyta [91]. 

ɿʥʘʯʥʦ ʧʦʧʦʚʥʠʚ ʜʘʥʽ ʱʦʜʦ ʩʠʥʴʦʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ ʘʣʴʛʦʬʣʦʨʠ 

ʉʣʦʚôʷʥʩʴʢʠʭ ʦʟʝʨ ɸ.ɸ. ɽʣʝʥʢʽʥ, ʫ ʤʦʥʦʛʨʘʬʽ ʾ̫ ʢʦʛʦ (1949 ʨ.) ʤʽʩʮʝʤ ʽʩʥʫʚʘʥʥʷ 

13 ʚʠʜʽʚ ʩʠʥʴʦʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ ʚʢʘʟʘʥʦ ʩʘʤʝ ʤʽʥʝʨʘʣʴʥʽ ʦʟʝʨʘ ʉʣʦʚôʷʥʩʴʢʘ 

[28]. ʈʝʟʫʣʴʪʘʪʠ ʡʦʛʦ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʠʣʘ ʪʘ ʜʝʱʦ ʨʦʟʰʠʨʠʣʘ ʫ 60-ʭ ʨʦʢʘʭ 

ʍʍ ʩʪʦʨʽʯʯʷ ʅ.ɺ. ʂʦʥʜʨʘʪʴʻʚʘ [62]. 

ɺʠʜʦʚʠʡ ʩʢʣʘʜ ʜʽʥʦʬʽʪʦʚʠʭ ʚʦʜʦʨʦʩʪʝʡ ʦʟʝʨ ʙʫʚ ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ɯ.ɸ. ʂʠʩʝʣʴʦʚʘ [33, 34], ʆ.ʄ. ʄʘʪʚʽʻʥʢʦ, ʈ.ʄ. ʃʠʪʚʠʥʝʥʢʦ [75] ʪʘ 

ɸ.ʌ. ʂʨʘʭʤʘʣʴʥʦʛʦ [64, 65]. 

ʋ 80-ʭ ʨʨ. ʍʍ ʩʪʦʨʽʯʯʷ ʊ.ɺ. ɼʦʛʘʜʽʥʘ ʪʘ ɸ.ʄ. ʄʘʪʚʽʻʥʢʦ ʩʢʦʥʮʝʥʪʨʫʚʘʣʠ 

ʩʚʦʶ ʫʚʘʛʫ ʥʘ ʚʠʚʯʝʥʥʽ ʩʢʣʘʜʫ ʚʦʜʦʨʦʩʪʝʡ ʦʟʝʨ ʟ ʚʽʜʜʽʣʫ Xanthophyta [27, 77]. 

ʋ 2000-ʭ ʨʨ. ʚʠʜʦʚʠʡ ʩʢʣʘʜ ʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ ʩʦʣʦʥʠʭ ʦʟʝʨ 

ʉʣʦʚôʷʥʩʴʢʘ ʚʠʚʯʘʣʠ ʆ.ɸ. ʇʝʪʣʴʦʚʘʥʠʡ ʪʘ ʇ.ʄ. ʎʘʨʝʥʢʦ [82-84, 109]. ɺʦʥʠ 

ʜʝʱʦ ʫʪʦʯʥʠʣʠ ʜʘʥʽ ɸ.ɯ. ʇʨʦʰʢʽʥʦʾ-ʃʘʚʨʝʥʢʦ ʪʘ ʚʽʜʟʥʘʯʠʣʠ 14 ʚʠʜʽʚ ʟʝʣʝʥʠʭ 

ʚʦʜʦʨʦʩʪʝʡ ʜʣʷ ʘʣʴʛʦʬʣʦʨ ʦʟʝʨ. ʆ.ɸ. ʇʝʪʣʴʦʚʘʥʠʡ ʘʢʮʝʥʪʫʚʘʚ ʫʚʘʛʫ ʥʘ ʪʦʤʫ, 

ʱʦ ʦʩʦʙʣʠʚʦʩʪʽ ʩʦʣʴʦʚʦʛʦ ʨʝʞʠʤʫ ʦʟʝʨ, ʾʭʥ ̔ʛʽʜʨʦʣʦʛʽʯʥʽ ʪʘ ʙʽʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ 

ʦʙʫʤʦʚʣʶʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʥʠʟʴʢʦʛʦ ʪʘ ʩʧʝʮʠʬʽʯʥʦʛʦ ʙʘʛʘʪʩʪʚʘ ʟʝʣʝʥʠʭ 

ʚʦʜʦʨʦʩʪʝʡ, ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʷʢʠʭ ʻ ʨʽʜʢʽʩʥʠʤʠ ʜʣʷ ʬʣʦʨ ɭʚʨʦʧʠ [84]. 

ʆʢʨʝʤʦ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʨʦʙʦʪʠ ʟ ʙʽʦʣʦʛʽʾ ʉʣʦʚôʷʥʩʴʢʠʭ ʦʟʝʨ 40-ʭ ʨʨ. 

ʍʍ ʩʪʦʨʽʯʯʷ ʃ.ɯ. ʈʫʙʝʥʯʠʢʘ, ɼ.ɻ. ɻʝʡʭʝʨʤʘʥʘ [94-96] ʪʘ 70-ʭ ʨʦʢʽʚ ʍʍ ʩʪʦʨʽʯʯʷ 

ɺ.ʄ. ɻʦʨʣʝʥʢʦ ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ [23], ʱʦ ʙʫʣʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʨʦʣʽ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʾʭʥ  ʁʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʣʽʢʫʚʘʣʴʥʠʭ ʛʨʷʟʝʡ ʪʘ ʢʨʫʛʦʦʙʽʛʫ 

ʨʝʯʦʚʠʥ ʚ ʦʟʝʨʘʭ ɺʝʡʩʦʚʝ ʪʘ ʈʽʧʥʝ. 

ɺʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʘʫʥʠ ʽ ʬʣʦʨʠ ʦʟʝʨ ʈʽʧʥʝ ʪʘ 

ʉʣʽʧʥʝ ʚʧʝʨʰʝ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʫ 1972 ʨ. ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʉʣʦʚ'ʷʥʩʴʢʦʾ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʾ ʨʝʞʠʤʥʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʩʪʘʥʮʽʾ ʉɻɻʈɽʉ [16]. ɼʣʷ ʦʟʝʨʘ 

ʉʣʽʧʥʝ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʬʽʪʦʧʣʘʥʢʪʦʥ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪ ʁʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʩʠʥʴʦʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ ʨʦʜʽʚ Oscillatoria Vaucher ex Gomont (ʟ ʢʚʽʪʥʷ ʧʦ 
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ʣʠʧʝʥʴ) ʪʘ Synechococcus Nªgeli (ʟ ʣʠʧʥʷ ʧʦ ʞʦʚʪʝʥʴ). ʅʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ ʧʨʦ 

ʧʨʦʨʽʩʪ ʙʽʦʤʘʩʠ ʧʣʘʥʢʪʦʥʫ ʟ ʢʚʽʪʥʷ ʧʦ ʣʠʧʝʥʴ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʚʠʩʦʢʽ 

ʪʝʤʧʠ ʫʪʚʦʨʝʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ʦʟʝʨʽ ʉʣʽʧʥʝ. ɼʣʷ ʦʟʝʨʘ ʈʽʧʥʝ ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ ʥʘʷʚʥʽʩʪʴ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʪʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʟʦʥ ʟʽ ʩʧʝʮʠʬʽʯʥʠʤ 

ʛʽʜʨʦʭʽʤʽʯʥʠʤ ʨʝʞʠʤʦʤ, ʤʝʞʘ ʤʽʞ ʷʢʠʤʠ ʥʘʚʝʩʥʽ ʧʨʦʭʦʜʠʣʘ ʥʘ ʛʣʠʙʠʥʽ 5-

6 ʤʝʪʨ̔ ʚ, ʘ ʚ ʽʥʰʽ ʧʦʨʠ ʨʦʢʫ ï ʥʘ ʛʣʠʙʠʥʽ 2-3 ʤʝʪʨʠ [16]. ɹʫʣʦ ʚʠʩʫʥʫʪʦ 

ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʩʘʤʝ ʮʝ ʻ ʬʘʢʪʦʨʦʤ ʨʦʟʧʦʜʽʣʫ ʧʣʘʥʢʪʦʥʫ ʪʘ ʙʝʥʪʦʩʫ ʚ ʦʟʝʨʽ. 

ɼʣʷ ʦʟʝʨʘ ʈʽʧʥʝ ʟ ʢʚʽʪʥʷ ʧʦ ʞʦʚʪʝʥʴ ʚʽʜʟʥʘʯʝʥʦ ʧʝʨʝʚʘʞʘʥʥʷ ʫ ʧʣʘʥʢʪʦʥʽ 

ʩʠʥʴʦʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ ʨʦʜʽʚ Synechocystis Sauvageau ʪʘ Gloeocapsa K¿tzing 

[16]. ɺ ʦʟʝʨʽ ʈʽʧʥʝ ʚʦʜʦʨʦʩʪʽ ʙʫʣʠ ʧʦʰʠʨʝʥʽ ʧʝʨʝʚʘʞʥʦ ʜʦ ʛʣʠʙʠʥʠ 2-3 ʤʝʪʨʠ 

(ʪʦʙʪʦ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʤʝʞʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʩʽʨʢʦʚʦʜʥʝʚʦʾ ʟʦʥʠ), ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʉʣʽʧʥʦʛʦ, ʜʝ ʚʦʜʦʨʦʩʪʽ ʨʦʟʧʦʜʽʣʷʣʠʩʷ ʚ ʪʦʚʱʽ ʚʦʜʠ ʙʽʣʴʰ ʤʝʥʰ ʨʽʚʥʦʤʽʨʥʦ. 

ʆʢʨʝʤʦ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʢʝʨʽʚʥʠʤʠ ʬʦʨʤʘʤʠ ʛʽʜʨʦʙʽʦʥʪʽʚ ʦʟʝʨʘ ʉʣʽʧʥʝ 

ʙʫʣʠ ʧʨʽʩʥʦʚʦʜʥʽ, ʘ ʦʟʝʨʘ ʈʽʧʥʝ ï ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʽ ʝʚʨʠʛʘʣʽʥʥʽ. 

ʌʘʭʽʚʮʷʤʠ ʉɻɻʈɽʉ ʫ ʧʝʨʽʦʜ 1985-2002 ʨʨ. ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʠʣʠʩʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʪʘ ʧʽʜʨʘʭʫʥʦʢ ʯʠʩʝʣʴʥʦʩʪʽ ʧʣʘʥʢʪʦʥʫ (ʟʦʦ- ʪʘ 

ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʩʫʤʘʨʥʦ) ʪʘ ʧʝʨʠʬʽʪʦʥʫ ʦʟʝʨ ʈʽʧʥʝ, ɺʝʡʩʦʚʝ ʽ ʉʣʽʧʥʝ ʟ ʨʽʟʥʦʶ 

ʧʝʨʽʦʜʠʯʥʽʩʪʶ. ʉʧʠʩʦʢ ʚʠʜʽʚ ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ ʪʘ ʧʝʨʠʬʽʪʦʥʫ ʟʘ ʮʝʡ 

ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶʯʘʚ 134 ʚʠʜʠ ʪʘ ʚʚʪ ʚʦʜʦʨʦʩʪʝʡ ʟ 8 ʚʽʜʜʽʣʽʚ: 

Cyanoprokaryota, Euglenophyta, Chrysophyta, Dinophyta, Cryptophyta, 

Bacillariophyta, Chlorophyta ʪʘ Charophyta. 

ʋ ʣʽʪʝʨʘʪʫʨʽ ʚʽʜʩʫʪʥʽ ʙʫʜʴ-ʷʢʽ ʜʘʥʽ ʱʦʜʦ ʨʽʯʥʦʾ ʧʦʤʽʩʷʯʥʦʾ ʜʠʥʘʤʽʢʠ 

ʯʠʩʝʣʴʥʦʩʪʽ ʪʘ ʙʽʦʤʘʩʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʟʝʨ, ʨʦʟʤʽʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʦʜʦʨʦʩʪʝʡ ʪʘ ʩʝʟʦʥʥʦʾ ʜʠʥʘʤʽʢʠ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜʠ ʥʘ ʚʦʜʦʨʦʩʪ ̔ʧʣʘʥʢʪʦʥʫ. ʊʘʢʦʞ ʚʽʜʩʫʪʥʽ ʜʘʥʽ ʱʦʜʦ 

ʙʽʦʽʥʜʠʢʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʦʟʝʨ ʟʘ ʚʦʜʦʨʦʩʪʷʤʠ-ʽʥʜʠʢʘʪʦʨʘʤʠ. ʋ ʟʚôʷʟʢʫ ʟ 

ʦʭʦʨʦʥʥʠʤ ʩʪʘʪʫʩʦʤ ʉʣʦʚôʷʥʩʴʢʠʭ ʦʟʝʨ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʽʪʦʧʣʘʥʢʪʦʥʫ, ʷʢ ʽ ʜʣʷ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ ʧʨʠʨʦʜʥʴʦ-ʟʘʧʦʚʽʜʥʦʛʦ 

ʬʦʥʜʫ ʋʢʨʘʾʥʠ [61], ʥʘʙʫʚʘʻ ʥʝ ʪʽʣʴʢʠ ʪʝʦʨʝʪʠʯʥʦʛʦ, ʘʣʝ ʡ ʧʨʠʢʣʘʜʥʦʛʦ 

ʟʥʘʯʝʥʥʷ. 
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1.2. ʇʨʠʨʦʜʥʽ ʫʤʦʚʠ ʨʘʡʦʥʫ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʟʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʦʣʦʥʠʭ ʦʟʝʨ 

 

ʉʣʦʚôʷʥʩʴʢʽ ʩʦʣʦʥʽ ʦʟʝʨʘ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʈʝʛʽʦʥʘʣʴʥʦʛʦ 

ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʘʨʢʫ (ʈʃʇ) çʉʣʦʚôʷʥʩʴʢʠʡ ʢʫʨʦʨʪè, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʉʭʽʜʥʽʡ 

ɭʚʨʦʧʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʫ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʤʽʩʪʘ ʉʣʦʚôʷʥʩʴʢ 

ɼʦʥʝʮʴʢʦʾ ʦʙʣʘʩʪʽ (ʜʦʜʘʪʦʢ ɸ). ʈʃʇ ʙʫʚ ʟʘʩʥʦʚʘʥʠʡ ʫ ʛʨʫʜʥʽ 2005 ʨ. ʨʽʰʝʥʥʷʤ 

ɼʦʥʝʮʴʢʦʾ ʦʙʣʘʩʥʦʾ ʨʘʜʠ. ɿʘʛʘʣʴʥʘ ʡʦʛʦ ʧʣʦʱʘ ʩʢʣʘʜʘʻ 431 ʛʘ. ɼʦ ʩʢʣʘʜʫ 

ʈʃʇ çʉʣʦʚôʷʥʩʴʢʠʡ ʢʫʨʦʨʪè ʫʚʽʡʰʣʠ 3 ʩʘʥʘʪʦʨʽʾ, ʧʘʨʢ, ʩʝʟʦʥʥʠʡ 

ʦʨʥʽʪʦʣʦʛʽʯʥʠʡ ʟʘʢʘʟʥʠʢ çʇʨʠʦʟʝʨʥʠʡè ʪʘ ʧʘʤôʷʪʥʠʢʠ ʧʨʠʨʦʜʠ ʜʝʨʞʘʚʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʦʟʝʨʘ ʈʽʧʥʝ ʪʘ ʉʣʽʧʥʝ (ʈʦʟʧʦʨʷʜʞʝʥʥʷ ʈʘʜʠ ʄʽʥʽʩʪʨʽʚ ʋʈʉʈ ˉ 780-

ʨ ʚʽʜ 14.10.1975 ʨ.) [29, 70], ɦ ʦ ʚʽʜʥʝʩʝʥʽ ʜʦ ʢʘʪʝʛʦʨʽʾ ʣʽʢʫʚʘʣʴʥʠʭ (ʧʦʩʪʘʥʦʚʦʶ 

ʂʄʋ ˉ 1499 ʚʽʜ 11.12.1996 )  ̔ʻ ʜʞʝʨʝʣʘʤʠ ʫʥʽʢʘʣʴʥʠʭ ʣʽʢʫʚʘʣʴʥʠʭ ʛʨʷʟʝʡ ʪʘ 

ʨʘʧʠ (ʚʽʜʟʥʘʯʝʥʠʭ ʫ 1907 ʨ. ʧʨʝʤʽʻʶ ɻʨʘʥ-ʇʨʽ ʫ ɹʝʣʴʛʽʾ) [68]. ɿʘ ʩʢʣʘʜʦʤ ʛʨʷʟʽ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʪʠʧʫ ʤʫʣʦʚʠʭ, ʩʫʣʴʬʽʜʥʠʭ ʩʝʨʝʜʥʴʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ, 

ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʠʭ, ʥʘʪʨʽʻʚʠʭ ʦʟʝʨʥʦ-ʢʣʶʯʦʚʠʭ ʛʨʷʟʝʡ ʟʛʽʜʥʦ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʎʝʥʪʨʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʢʫʨʦʨʪʦʣʦʛʽʾ ʪʘ ʬʽʟʽʦʪʝʨʘʧʽʾ [29, 

99]. 

ʊʝʨʠʪʦʨʽʷ ʉʣʦʚ'ʷʥʩʴʢʦʛʦ ʢʫʨʦʨʪʫ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʤʦʨʬʦʛʝʥʝʪʠʯʥʦʛʦ 

ʪʠʧʫ ʨʝʣʴʻʬʫ ʘʢʫʤʫʣʷʪʠʚʥʦʾ ʨʽʚʥʠʥʠ. ɺʝʨʭʥʽʡ ʰʘʨ ʩʢʣʘʜʝʥʠʡ ʧʝʨʝʚʘʞʥʦ 

ʩʫʧʽʩʢʘʤʠ ʽ ʩʫʛʣʠʥʢʘʤʠ, ʨʽʜʰʝ ʧʽʩʢʘʤʠ, ʟ ʩʝʨʝʜʥʴʦʶ ʧʦʪʫʞʥʽʩʪʶ 2,5 ʤ. ʋ 

ʧʽʜʦʰʚʽ ʟʘʣʷʛʘʶʪʴ ʘʣʶʚʽʘʣʴʥʽ ʧʽʩʢʠ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 3-5 ʜʦ 10-15 ʤ, ʘ ʚ 

ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʢʦʣʠʰʥʴʦʛʦ ʨʦʟʩʦʣʦʧʨʦʤʠʩʣʫ ï ʜʦ 37,3-53,2 ʤ, ʱʦ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʚʠʣʫʛʦʚʫʚʘʥʥʷʤ ʧʣʘʩʪʽʚ ʢʘʤ'ʷʥʦʾ ʩʦʣʽ ʧʽʜ ʯʘʩ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʨʦʟʩʦʣʦʚʠʜʦʙʫʪʢʫ ʪʘ ʟʤʽʱʝʥʥʷʤ ʘʣʶʚʽʶ ʟʽ ʩʭʠʣʽʚ ʪʝʨʘʩ [85]. 

ɿʘ ʜʘʥʠʤʠ ʉʣʦʚ'ʷʥʩʴʢʦʾ ʤʝʪʝʦʩʪʘʥʮʽʾ ʢʽʣʴʢʽʩʪʴ ʨʽʯʥʠʭ ʦʧʘʜʽʚ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 400,6 ʤʤ ʜʦ 1206 ʤʤ [85]. ʄʘʡʞʝ 47% ʦʧʘʜʽʚ ʚʠʧʘʜʘʻ ʚ ʣʽʪʥʽʡ 

ʧʝʨʽʦʜ ʨʦʢʫ (ʙʝʨʝʟʝʥʴ-ʚʝʨʝʩʝʥʴ), ʥʦʩʠʪʴ ʟʣʠʚʦʚʠʡ ʭʘʨʘʢʪʝʨ ʽ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ. ʇʦʧʦʚʥʝʥʥʷ ʨʝʩʫʨʩʽʚ ˇʨʫʥʪʦʚʠʭ ʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚ ʦʩʽʥʥʴʦ-ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʨʦʢʫ. 
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ʋ ʨʘʡʦʥʽ ʤʽʥʝʨʘʣʴʥʠʭ ʦʟʝʨ ʢʫʨʦʨʪʫ ʟʛʽʜʥʦ ʟ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʤ 

ʨʘʡʦʥʫʚʘʥʥʷʤ ʨʦʟʪʘʰʦʚʘʥʠʡ ʢʘʨʩʪʦʚʠʡ ʨʘʡʦʥ [85]. ʈʝʞʠʤ ʢʘʨʩʪʦʚʦʛʦ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʨʘʥʽʰʝ ʧʦʨʫʰʫʚʘʚʩʷ ʨʦʙʦʪʦʶ ʨʦʟʩʦʣʦʧʨʦʤʠʩʣʫ. ʈʽʚʥʽ 

ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʧʨʠ ʰʪʫʯʥʦʤʫ ʚʽʜʙʦʨʽ ʨʦʟʩʦʣʽʚ ʙʫʣʠ ʥʘʙʘʛʘʪʦ ʥʠʞʯʝ ʽʩʥʫʶʯʠʭ 

(ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʧʝʨʝʩʠʭʘʥʥʷ ʦʟʝʨʘ ɺʝʡʩʦʚʦʛʦ ʽ ʦʙʤʽʣʽʥʥʷ ʈʽʧʥʦʛʦ). 

ʇʨʠʧʠʥʝʥʥʷ ʨʦʟʩʦʣʦʚʠʜʦʙʫʪʢʫ ʫ 70-ʭ ʨʨ. ʍʍ ʩʪʦʨʽʯʯʷ ʧʨʠʟʚʝʣʦ ʜʦ ʨʽʟʢʦʛʦ 

ʧʽʜʚʠʱʝʥʥʷ (ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ) ʷʢ ʨʦʟʩʦʣʴʥʠʭ, ʪʘʢ ʽ ʘʣʶʚʽʘʣʴʥʠʭ ʚʦʜ. 

ʈʦʟʩʦʣʴʥʽ ʚʦʜʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʩʫʭʦʛʦ ʟʘʣʠʰʢʫ (ʧʦʥʘʜ 

100 ʛ/ʜʤ3) ʽ ʧʽʜʚʠʱʝʥʦʶ ʘʛʨʝʩʠʚʥʽʩʪʶ. ʄʽʥʝʨʘʣʽʟʘʮʽʷ ʘʣʶʚʽʘʣʴʥʠʭ ʚʦʜ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ <1 ʛ/ʜʤ3 ʜʦ >150 ʛ/ʜʤ3 [85]. 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʈʃʇ ʨʦʟʪʘʰʦʚʘʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʪʠʤʯʘʩʦʚʠʭ ʚʦʜʦʡʤ ʪʘ 

ʣʠʰʝ 7 ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʦʟʝʨ, ʱʦ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʥʝ ʧʝʨʝʩʠʭʘʶʪʴ ʧʦʚʥʽʩʪʶ: 

ʈʽʧʥʝ, ɺʝʡʩʦʚʝ, ɻʘʨʷʯʝ, ʉʣʽʧʥʝ, ʃʝʚʘʜʥʝ, ʏʝʨʚʦʥʝ ʪʘ ʦʟʝʨʦ ʙʝʟ ʥʘʟʚʠ (ʧʨʠʡʥʷʪʦ 

ʚ ʨʦʙʦʪʽ ʷʢ ʆʟʝʨʦ). ʆʟʝʨʘ ʈʽʧʥʝ, ɺʝʡʩʦʚʝ, ɻʘʨʷʯʝ ʪʘ ʉʣʽʧʥʝ ʤʘʶʪʴ ʢʘʨʩʪʦʚʝ 

ʧʦʭʦʜʞʝʥʥʷ, ʜʦʩʠʪʴ ʚʝʣʠʢʫ ʛʣʠʙʠʥʫ ʪʘ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʦʙôʻʤ ʾʭʥʽʭ ʚʦʜ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ɯʥʰʽ ʪʨʠ ʦʟʝʨʘ ï ʃʝʚʘʜʥʝ, ʏʝʨʚʦʥʝ ʪʘ ʆʟʝʨʦ ï 

ʫʪʚʦʨʠʣʠʩʷ ʚʥʘʩʣʽʜʦʢ ʟʘʧʦʚʥʝʥʥʷ ʥʝʟʥʘʯʥʠʭ ʟʥʠʞʝʥʴ ʤʽʩʮʝʚʦʩʪʽ ʽ ʤʘʶʪʴ 

ʥʝʟʥʘʯʥʫ ʛʣʠʙʠʥʫ ʪʘ ʯʘʩʪʢʦʚʦ ʧʝʨʝʩʠʭʘʶʪʴ ʧʨʦʪʷʛʦʤ ʪʝʧʣʦʛʦ ʧʝʨʽʦʜʫ ʨʦʢʫ, 

ʟʘʧʦʚʥʶʶʯʠʩʴ ʚʦʜʦʶ ʣʠʰʝ ʚʦʩʝʥʠ. 

ʄʽʞ ʦʟʝʨʘʤʠ ʽʩʥʫʻ ʥʘʜʟʝʤʥʝ ʪʘ ʧʽʜʟʝʤʥʝ ʩʧʦʣʫʯʝʥʥʷ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʝʨʝʧʘʜʽʚ ʚʠʩʦʪ ʤʽʩʮʝʚʦʩʪʽ. ɺʠʷʚʣʷʶʪʴʩʷ ʪʨʠ ʧʦʪʦʢʠ ʚʦʜ, ʱʦ ʚʨʝʰʪʽ ʨʝʰʪ 

ʚʧʘʜʘʶʪʴ ʫ ʨʽʯʢʫ ʂʘʣʘʥʪʘʚʾʢʫ: ʧʨʘʚʠʡ, ʩʝʨʝʜʥʽʡ ʪʘ ʣʽʚʠʡ. ʇʨʘʚʠʡ, ʱʦ 

ʚʽʜʦʙʨʘʞʝʥʠʡ ʥʘ ʢʘʨʪʘʭ ʤʽʩʮʝʚʦʩʪʽ, ʚʧʘʜʘʻ ʚ ʦʟʝʨʦ ʈʽʧʥʝ. ʂʨ̔ʟʴ ʘʣʶʚʘ̔ʣʴʥʽ 

ʰʘʨʠ ʮʽ ʚʦʜʠ ʥʘʜʭʦʜʷʪʴ ʜʦ ʦʟʝʨʘ ɺʝʡʩʦʚʝ, ʘ ʧʦʪʽʤ ï ʜʦ ʆʟʝʨʘ. ʉʝʨʝʜʥʽʡ ʧʦʪʽʢ 

ʤʘʻ ʧʽʜʟʝʤʥʠʡ ʧʦʯʘʪʦʢ ʚʠʱʝ ʦʟʝʨʘ ʉʣʽʧʥʝ ʪʘ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʫ ʥʴʦʛʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ (ʜʠʚ. ʨʦʟʜʽʣ 3.2), ʥʘʜʘʣʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʜʟʝʤʥʝ ʧʝʨʝʪʽʢʘʥʥʷ 

ʚʦʜ ʜʦ ʦʟʝʨʘ ɻʘʨʷʯʝ ʽ ʥʘʜʘʣʽ ʜʦ ʦʟʝʨʘ ʃʝʚʘʜʥʝ. ʃʽʚʠʡ ʧʦʪʽʢ ʪʘʢʦʞ ʚʽʟʫʘʣʽʟʫʻʪʴʩʷ 

ʪʘ ʧʦʚʝʨʭʥʝʚʠʤ ʩʪʦʢʦʤ ʧʦʪʨʘʧʣʷʻ ʚ ʦʟʝʨʦ ʃʝʚʘʜʥʝ. ʊʘʢʦʞ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ 

ʧʝʨʽʦʜʠʯʥʝ ʧʦʚʝʨʭʥʝʚʝ ʩʧʦʣʫʯʝʥʥʷ ʤʽʞ ʦʟʝʨʘʤʠ ɺʝʡʩʦʚʝ ʪʘ ʃʝʚʘʜʥʝ. 
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ʆʟʝʨʦ ʈʽʧʥʝ (ʈʘʧʥʝ) ʤʘʻ ʧʣʦʱʫ ʙʣʠʟʴʢʦ 19,1 ʛʘ. ɼʦʚʞʠʥʘ ʩʷʛʘʻ 850 ʤ, ʘ 

ʰʠʨʠʥʘ ï 320 ʤ. ʉʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʜʦʨʽʚʥʶʻ 2,9 ʤ, ʘ ʤʘʢʩʠʤʘʣʴʥʘ ʩʷʛʘʻ 8,4 ʤ. 

ɼʥʦ ʦʟʝʨʘ ʚʢʨʠʪʝ ʜʦʥʥʠʤʠ ʚʽʜʢʣʘʜʝʥʥʷʤʠ ʛʨʷʟʽ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 2,6 ʤ [68]. 

ʆʟʝʨʦ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʜʞʝʨʝʣʦ ʣʽʢʫʚʘʣʴʥʠʭ ʛʨʷʟʝʡ [24, 68, 98, 

99], ʤʘʻ ʧʣʷʞ ʜʣʷ ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦʙʣʠʟʫ ʩʘʥʘʪʦʨʽʾʚ ʪʘ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʧʣʷʞ 

ʥʘ ʧʣʠʪʘʭ ʛʨʝʙʣʽ (ʜʦʜʘʪʦʢ ɹ, ʨʠʩ. ɹ.1-ɹ.3). ɿʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʆ.ɸ. ɸʣʻʢʽʥʘ [1] 

ʬʦʨʤʫʣʘ ʚʦʜʠ: ὅὰ Ȣ
 , ʪʦʙʪʦ ʚʦʜʘ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʽʻʚʦʛʦ ʩʢʣʘʜʫ, ʞʦʨʩʪʢʘ, 

ʚʠʩʦʢʦ ʤʽʥʝʨʘʣʽʟʦʚʘʥʘ, ʩʣʘʙʢʦʣʫʞʥʘ (ʜʦʜʘʪʦʢ ʇ). ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʧʦʩʪʫʧʦʚʝ 

ʟʙʽʣʴʰʝʥʥʷ ʩʦʣʦʥʦʩʪʽ ʚʦʜ. ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʜʘʥʠʭ ʉɻɻʈɽʉ ʚʠʷʚʣʝʥʦ 

ʟʙʽʣʴʰʝʥʥʷ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʦʟʝʨʘ ʈʽʧʥʝ ʟʘ ʧʝʨʽʦʜ ʟ 1972-1983 ʨʨ. ʧʦ 2007-2012 ʨʨ. 

ʫ 1,46 ʨʘʟʠ. ʇʦʜʽʙʥʽ ʪʝʥʜʝʥʮʽʾ ʟʙʽʣʴʰʝʥʥʷ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʦʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ 

ʚʦʜʦʡʤ ʩʚʽʪʫ ʨʘʥʽʰʝ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ [67, 110]. ʆʙʨʘʥʘ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʦʚʘ ʪʦʯʢʘ ʦʟʝʨʘ ʈʽʧʥʝ ʤʘʻ ʢʦʦʨʜʠʥʘʪʠ: 48Á52'10.1"N 

37Á38'02.9"E. 

ʆʟʝʨʦ ɺʝʡʩʦʚʝ (ʄʘʷʮʴʢʝ) ʤʘʻ ʧʣʦʱʫ 19,5 ʛʘ. ʉʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʩʢʣʘʜʘʻ 

ʙʣʠʟʴʢʦ 1,7 ʤ. ɼʥʦ ʚʢʨʠʪʝ ʟʥʘʯʥʠʤʠ ʚʽʜʢʣʘʜʝʥʥʷʤʠ ʛʨʷʟʽ. ʄʘʻ ʤʽʩʮʝ ʟʥʘʯʥʠʡ 

ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʚʧʣʠʚ ʚʥʘʩʣʽʜʦʢ ʦʙʣʘʰʪʫʚʘʥʥ ̫ʧʣʷʞʫ (ʜʦʜʘʪʦʢ ɹ, ʨʠʩ. ɹ.5, ɹ.6). 

ɿʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʆ.ɸ. ɸʣʻʢʽʥʘ [1] ʬʦʨʤʫʣʘ ʚʦʜʠ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ὅὰ Ȣ
 , ʪʦʙʪʦ ʚʦʜʘ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʽʻʚʦʛʦ ʩʢʣʘʜʫ, ʜʫʞʝ ʞʦʨʩʪʢʘ, ʨʦʟʩʦʣʴʥʘ, 

ʩʣʘʙʢʦʣʫʞʥʘ (ʜʦʜʘʪʦʢ ʇ). ɺ ʦʟʝʨʽ ɺʝʡʩʦʚʝ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʦʮʝʩʠ 

ʚʠʤʠʚʘʥʥʷ ʢʘʨʩʪʦʚʠʭ ʧʦʨʽʜ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʦʜʠ 

ʦʟʝʨʘ (ʧʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ ʉɻɻʈɽʉ ʟʘ ʚʽʜʧʦʚʽʜʥʽ ʧʝʨʽʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʠʣʦ, 

ʱʦ ʫ ʧʝʨʽʦʜ ʟ 1972-1983 ʨʨ. ʧʦ 2007-2012 ʨʨ. ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʟʙʽʣʴʰʠʣʘʩʷ ʫ 

1,9 ʨʘʟʠ). ʄʦʥʽʪʦʨʠʥʛʦʚʘ ʪʦʯʢʘ ʦʟʝʨʘ ɺʝʡʩʦʚʝ ʤʘʻ ʥʘʩʪʫʧʥʽ ʢʦʦʨʜʠʥʘʪʠ: 

48Á52'04.5"N 37Á37'40.6"E. 

ʆʟʝʨʦ ɻʘʨʷʯʝ ʤʘʻ ʧʣʦʱʫ 7,4 ʛʘ. ʄʘʢʩʠʤʘʣʴʥʘ ʛʣʠʙʠʥʘ ʜʦʩʷʛʘʻ ʙʣʠʟʴʢʦ 

2,5 ʤ. ʋ ʯʘʩʠ ʨʦʙʦʪʠ ʩʦʣʝʚʠʜʦʙʫʚʥʦʛʦ ʟʘʚʦʜʫ (ʩʽʣʴʟʘʚʦʜ) ʩʘʤʝ ʫ ʮʝ ʦʟʝʨʦ 

ʩʢʠʜʘʣʠ ʚʽʜʧʨʘʮʴʦʚʘʥʫ ʛʘʨʷʯʫ ʨʘʧʫ, ʯʝʨʝʟ ʱʦ ʦʟʝʨʦ ʽ ʦʪʨʠʤʘʣʦ ʩʚʦʶ ʥʘʟʚʫ. 

ɼʥʦ ʦʟʝʨʘ ʚʢʨʠʪʝ ʟʥʘʯʥʠʤʠ ʚʽʜʢʣʘʜʝʥʥʷʤʠ ʛʨʷʟʽ. ʅʘ ʙʝʨʝʟʽ ʪʘʢʦʞ ʦʙʣʘʰʪʦʚʘʥʦ 

ʧʣʷʞ (ʜʦʜʘʪʦʢ ɹ, ʨʠʩ. ɹ.7-ɹ.9). ɿʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʆ.ɸ. ɸʣʻʢʽʥʘ [1] ʬʦʨʤʫʣʘ 



15 

ʚʦʜʠ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ὅὰ Ȣ
 , ʪʦʙʪʦ ʚʦʜʘ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʽʻʚʘ, 

ʞʦʨʩʪʢʘ, ʨʦʟʩʦʣʴʥʘ, ʩʣʘʙʢʦʣʫʞʥʘ (ʜʦʜʘʪʦʢ ʇ). ʄʦʥʽʪʦʨʠʥʛʦʚʘ ʪʦʯʢʘ ʦʟʝʨʘ 

ɻʘʨʷʯʝ ʤʘʻ ʥʘʩʪʫʧʥʽ ʢʦʦʨʜʠʥʘʪʠ: 48Á52'18.1"N 37Á37'02.5"E. 

ʆʟʝʨʦ ʉʣʽʧʥʝ ʧʣʦʱʝʶ 30 ʛʘ, ʝʣʽʧʪʠʯʥʦ ʾʬʦʨʤʠ ʟ ʜʦʚʞʠʥʦʶ 925 ʤ ʪʘ 

ʰʠʨʠʥʦʶ 400 ʤ. ʉʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʙʣʠʟʴʢʦ 1,2 ʤ, ʤʘʢʩʠʤʘʣʴʥʘ ï 2,2 ʤ [68]. 

ɺʦʥʦ ʥʘʡʙʽʣʴʰ ʧʨʽʩʥʝ ʽ ʡʦʛʦ ʙʝʨʝʛʠ ʚʢʨʠʪʽ ʚʦʜʥʦ-ʙʦʣʦʪʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ. 

ʈʘʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʷʢ ʜʞʝʨʝʣʦ ʣʽʢʫʚʘʣʴʥʠʭ ʛʨʷʟʝʡ, ʧʨʦʪʝ ʥʘ ʜʘʥʠʡ ʯʘʩ 

ʚʪʨʘʪʠʣʦ ʩʚʦʻ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ [99]. ɼʣʷ ʢʫʧʘʥʥʷ ʚʦʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʘʣʦ, ʦʩʢʽʣʴʢʠ ʥʝ ʤʘʻ ʩʫʯʘʩʥʠʭ ʦʙʣʘʰʪʦʚʘʥʠʭ ʤʽʩʮʴ, ʧʨʦʪʝ ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʣʦʚʫ ʨʠʙʠ (ʜʦʜʘʪʦʢ ɹ, ʨʠʩ. ɹ.11, ɹ.12). ɿʘ 

ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʆ.ɸ. ɸʣʻʢʽʥʘ [1] ʬʦʨʤʫʣʘ ʚʦʜʠ: ὅὰ Ȣ
 , ʚʦʜʘ ʭʣʦʨʠʜʥʦ-

ʥʘʪʨʽʻʚʘ, ʩʝʨʝʜʥʴʦʾ ʞʦʨʩʪʢʦʩʪʽ, ʩʝʨʝʜʥʴʦ ʤʽʥʝʨʘʣʽʟʦʚʘʥʘ, ʩʣʘʙʢʦʣʫʞʥʘ 

(ʜʦʜʘʪʦʢ ʇ). ʆʙʨʘʥʘ ʤʦʥʽʪʦʨʠʥʛʦʚʘ ʪʦʯʢʘ ʦʟʝʨʘ ʉʣʽʧʥʝ ʤʘʻ ʥʘʩʪʫʧʥʽ 

ʢʦʦʨʜʠʥʘʪʠ: 48Á52'22.2"N 37Á37'03.0"E. 

ʆʟʝʨʦ ʃʝʚʘʜʥʝ ʫ ʧʝʨʽʦʜ ʥʘʡʙʽʣʴʰʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʫ 

ʧʣʦʱʫ 6,2 ʛʘ. ʅʘʡʙʽʣʴʰʘ ʛʣʠʙʠʥʘ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 1,5 ʤ. ʈʝʣʴʻʬ ʜʥʘ ʜʦʩʠʪʴ 

ʨʽʚʥʦʤʽʨʥʠʡ, ʪʦʤʫ ʧʨʠ ʧʝʨʝʩʠʭʘʥʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʪʘ 

ʜʝʷʢʝ ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʽ ʦʟʝʨʘ (ʜʦʜʘʪʦʢ ɹ, ʨʠʩ. ɹ.10). ɿʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ 

ʆ.ɸ. ɸʣʻʢʽʥʘ [1] ʬʦʨʤʫʣʘ ʚʦʜʠ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ὅὰ Ȣ
 , ʪʦʙʪʦ ʚʦʜʘ 

ʭʣʦʨʠʜʥʦ-ʥʘʪʨʽʻʚʦʛʦ ʩʢʣʘʜʫ, ʩʝʨʝʜʥʴʦʾ ʞʦʨʩʪʢʦʩʪʽ, ʚʠʩʦʢʦ ʤʽʥʝʨʘʣʽʟʦʚʘʥʘ, 

ʩʣʘʙʢʦ ʣʫʞʥʘ (ʜʦʜʘʪʦʢ ʇ). ʄʦʥʽʪʦʨʠʥʛʦʚʘ ʪʦʯʢʘ ʦʟʝʨʘ ʃʝʚʘʜʥʝ ʤʘʻ ʥʘʩʪʫʧʥʽ 

ʢʦʦʨʜʠʥʘʪʠ: 48Á51'51.8"N 37Á37'03.9"E. 

ʆʟʝʨʦ ʏʝʨʚʦʥʝ ʫ ʧʝʨʽʦʜ ʥʘʡʙʽʣʴʰʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʫ 

ʧʣʦʱʫ 1,6 ʛʘ. ɺʦʥʦ ʤʘʻ ʩʧʝʮʠʬʽʯʥʠʡ ʨʝʣʴʻʬ ʜʥʘ ʟʘʚʜʷʢʠ ʯʦʤʫ ʥʘ ʟʥʘʯʥʽʡ 

ʧʣʦʱʽ, ʥʘʚʽʪʴ ʫ ʧʝʨʽʦʜ ʥʘʡʙʽʣʴʰʦʛʦ ʟʘʧʦʚʥʝʥʥʷ, ʤʘʻ ʛʣʠʙʠʥʫ ʙʣʠʟʴʢʦ 0,5 ʤ, ʘ 

ʤʘʢʩʠʤʘʣʴʥʘ ʛʣʠʙʠʥʘ ʩʷʛʘʻ ʙʣʠʟʴʢʦ 1,5 ʤ. ʇʨʠ ʧʝʨʝʩʠʭʘʥʥʽ ʦʟʝʨʦ ʟʤʝʥʰʫʻʪʴʩʷ 

ʜʦ ʨʦʟʤʽʨʽʚ ʚʝʣʠʢʦʾ, ʧʨʦʪʝ ʜʦʩʠʪʴ ʛʣʠʙʦʢʦʾ ʢʘʣʶʞʽ. (ʜʦʜʘʪʦʢ ɹ, ʨʠʩ. ɹ.4.). ɿʘ 

ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʆ.ɸ. ɸʣʻʢʽʥʘ [1] ʬʦʨʤʫʣʘ ʚʦʜʠ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ὅὰ Ȣ
 , ʪʦʙʪʦ ʚʦʜʘ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʽʻʚʦʛʦ ʩʢʣʘʜʫ, ʩʝʨʝʜʥʴʦʾ ʞʦʨʩʪʢʦʩʪʽ, 
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ʩʝʨʝʜʥʴʦ ʤʽʥʝʨʘʣʽʟʦʚʘʥʘ, ʩʣʘʙʢʦʣʫʞʥʘ (ʜʦʜʘʪʦʢ ʇ). ʄʦʥʽʪʦʨʠʥʛʦʚʘ ʪʦʯʢʘ 

ʦʟʝʨʘ ʏʝʨʚʦʥʝ ʤʘʻ ʥʘʩʪʫʧʥʽ ʢʦʦʨʜʠʥʘʪʠ: 48Á51'52.5"N 37Á37'07.1"E. 

ʆʟʝʨʦ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʧʣʦʱʫ 6,7 ʛʘ. ʅʘʡʙʽʣʴʰʘ ʛʣʠʙʠʥʘ ʩʷʛʘʻ 1,5-2 ʤ, 

ʧʨʦʪʝ ʥʘ ʟʥʘʯʥʽʡ ʧʣʦʱʽ ʫ ʧʝʨʽʦʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʧʦʚʥʝʥʥʷ ʚʦʥʘ ʥʝ 

ʧʝʨʝʚʠʱʫʻ ʽ 0,5 ʤ, ʱʦ ʥʘʢʣʘʜʘʻ ʚʽʜʙʠʪʦʢ ʥʘ ʟʘʛʘʣʴʥʫ ʥʝʟʥʘʯʥʫ ʧʣʦʱʫ ʦʟʝʨʘ ʫ 

ʧʝʨʽʦʜ ʧʦʩʫʭʠ. ʆʟʝʨʦ ʥʝ ʤʘʻ ʧʦ ʙʝʨʝʛʘʭ ʚʦʜʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ, ʨʦʟʪʘʰʦʚʘʥʝ ʫ 

ʧʨʦʤʠʩʣʦʚʽʡ ʟʦʥʽ, ʧʦʨʷʜ ʟʥʘʭʦʜʷʪʴʩʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʽ ʩʤʽʪʪʻʟʚʘʣʠʱʘ 

(ʜʦʜʘʪʦʢ ɹ, ʨʠʩ. ɹ.13, ɹ.14). ɿʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʆ.ɸ. ɸʣʻʢʽʥʘ [1] ʬʦʨʤʫʣʘ ʚʦʜʠ 

ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ὅὰ Ȣ
 , ʪʦʙʪʦ ʚʦʜʘ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʽʻʚʘ, ʜʫʞʝ 

ʞʦʨʩʪʢʘ, ʨʦʟʩʦʣʴʥʘ, ʩʣʘʙʢʦʣʫʞʥʘ (ʜʦʜʘʪʦʢ ʇ). ʄʦʥʽʪʦʨʠʥʛʦʚʘ ʪʦʯʢʘ ʆʟʝʨʘ ʤʘʻ 

ʥʘʩʪʫʧʥʽ ʢʦʦʨʜʠʥʘʪʠ: 48Á51'56.5"N 37Á37'46.7"E. 
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ʈʆɿɼɯʃ 2. ʄɸʊɽʈɯɸʃʀ ʊɸ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʔ 

 

ɿʙʽʨ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʘʣʴʛʦʣʦʛʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ 

ʧʨʦʚʝʜʝʥʽ ʧʨʦʪʷʛʦʤ 2007-2013 ʨʨ. ʥʘ ʦʟʝʨʘʭ ʈʝʛʽʦʥʘʣʴʥʦʛʦ ʣʘʥʜʰʘʬʪʥʦʛʦ 

ʧʘʨʢʫ çʉʣʦʚôʷʥʩʴʢʠʡ ʢʫʨʦʨʪè (ʈʽʧʥʝ, ɺʝʡʩʦʚʝ, ɻʘʨʷʯʝ, ʉʣʽʧʥʝ, ʃʝʚʘʜʥʝ, 

ʏʝʨʚʦʥʝ ʪʘ ʆʟʝʨʦ) ʙʘʩʝʡʥʫ ʨ. ʂʨʠʚʠʡ ʊʦʨʝʮʴ. ʇʨʦʙʠ ʬʽʪʦʧʣʘʥʢʪʦʥʫ (195) 

ʚʽʜʙʠʨʘʣʠ ʫ ʧʝʨʽʦʜ ʟ 2007 ʧʦ 2013 ʨʦʢʠ ʫ ʣʽʪʦʨʘʣʽ, ʚ ʪʝʧʣʫ ʧʦʨʫ ʨʦʢʫ 

ʧʨʦʬʫʥʜʘʣʽ ʦʟʝʨ (ʜʦʜʘʪʦʢ ɺ). ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʪʘ ʯʘʩʪʢʦʚʦ ʘʣʴʛʦʣʦʛʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʦʙôʻʤ ʧʨʦʙʠ ʩʪʘʥʦʚʠʚ 1,5-3 ʜʤ3 ʟ ʧʦʜʘʣʴʰʠʤ 

ʟʛʫʱʝʥʥʷʤ ʥʘ ʤʝʤʙʨʘʥʥʠʭ ʬʽʣʴʪʨʘʭ çɺʣʘʜʠʧʦʨè ˉ7. ɸʣʴʛʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ 

ʙʫʣʦ ʜʦʧʦʚʥʝʥʦ ʧʨʦʙʘʤʠ, ʚʽʜʽʙʨʘʥʠʤʠ ʩʽʪʥʠʤ ʩʧʦʩʦʙʦʤ (ʧʣʘʥʢʪʦʥʥʘ ʩʽʪʢʘ 

 ̄77) ʦʙôʻʤʦʤ 5-21 ʜʤ3. ʂʦʞʥʫ ʧʨʦʙʫ ʙʫʣʦ ʚʠʚʯʝʥʦ ʚ ʞʠʚʦʤʫ ʪʘ ʬʽʢʩʦʚʘʥʦʤʫ 

ʩʪʘʥʽ. ɺʦʜʥʽ ʧʨʦʙʠ ʬʽʢʩʫʚʘʣʠ 40%-ʤ ʬʦʨʤʘʣʴʜʝʛʽʜʦʤ (ʜʦʜʘʶʯʠ ʜʦ ʧʨʦʙʠ ʜʦ 

ʧʦʷʚʠ ʩʣʘʙʢʦʛʦ ʟʘʧʘʭʫ). ɻʝʨʤʝʪʠʯʥʦ ʟʘʢʫʧʦʨʝʥʽ ʬʽʢʩʦʚʘʥʽ ʧʨʦʙʠ ʟʙʝʨʽʛʘʣʠ ʚ 

ʪʝʤʥʦʤʫ ʤʽʩʮʽ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ʆʜʥʦʯʘʩʥʦ ʟ ʘʣʴʛʦʣʦʛʽʯʥʠʤʠ ʧʨʦʙʘʤʠ 

ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ ʙʫʣʠ ʚʽʜʽʙʨʘʥʽ ʧʨʦʙʠ ʜʣʷ ʛʽʜʨʦʭʽʤʽʯʥʠʭ ʘʥʘʣʽʟʽʚ (48) ʫ ʧʝʨʽʦʜ ʟ 

ʣʠʧʥʷ 2012 ʧʦ ʯʝʨʚʝʥʴ 2013 ʨ. ʆʙôʻʤ ʛʽʜʨʦʭʽʤʽʯʥʠʭ ʧʨʦʙ ʩʪʘʥʦʚʠʚ 1,5-2 ʜʤ3. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʩʢʣʘʜʫ ʚʠʜʽʚ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʦʟʝʨ ʚʦʜʦʨʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʣʠ 

ʫ ʞʠʚʦʤʫ ʪʘ ʬʽʢʩʦʚʘʥʦʤʫ ʩʪʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʽʪʣʦʚʠʭ ʤʽʢʨʦʩʢʦʧʽʚ ʄɹɯ-3 ʪʘ 

Micros MC 50 (ɸʚʩʪʨʽʷ) ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʫ 400 ʪʘ 900 ʨʘʟ (ʟ ʽʤʝʨʩʽʻʶ). ʈʦʟʤʽʨʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙôʻʢʪʽʚ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʦʛʦ ʦʢʫʣʷʨ-

ʤʽʢʨʦʤʝʪʨʫ. ʌʦʪʦʛʨʘʬʫʚʘʥʥʷ ʚʦʜʦʨʦʩʪʝʡ ʚʠʢʦʥʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʢʘʤʝʨʠ 

Carl Zeiss, ʱʦ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʤʽʢʨʦʩʢʦʧ Primo Star, Carl Zeiss. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʜʽʘʪʦʤʦʚʠʭ ʚʦʜʦʨʦʩʪʝʡ ʚʠʛʦʪʦʚʣʷʣʠ 

ʧʦʩʪʽʡʥʽ ʧʨʝʧʘʨʘʪʠ (ʤʝʪʦʜʦʤ ʧʨʦʞʘʨʶʚʘʥʥʷ ʫ ʢʠʩʣʦʪʘʭ) [11, 113]. ɺʠʟʥʘʯʝʥʥʷ 

ʚʠʜʦʚʦʾ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʟʥʘʯʥʠʢʽʚ ʚʦʜʦʨʦʩʪʝʡ 

ʤʦʨʩʴʢʠʭ ʪʘ ʧʨʽʩʥʠʭ ʚʦʜ [12, 20, 27, 34, 62, 65, 74-77, 79, 92, 103, 108, 156-159]. 

ʇʨʠ ʩʢʣʘʜʘʥʥʽ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʩʧʠʩʢʽʚ ʩʧʠʨʘʣʠʩʷ ʥʘ ʩʠʩʪʝʤʫ, ʱʦ ʧʨʠʡʥʷʪʘ ʚ 

çAlgae of Ukraineè [120, 121] ʪʘ çCyanoprokaryotaè [155]. ɺʠʜʠ, ʱʦ ʚʽʜʩʫʪʥʽ ʚ 

çAlgae of Ukraineè, ʧʦʜʘʥʽ ʟʛʽʜʥʦ ʟ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʙʘʟʠ www.algaebase.org. 
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ʄʝʪʦʜʠ ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ. ʂʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʚʢʣʶʯʘʚ ʚʠʟʥʘʯʝʥʥʷ 

ʯʠʩʝʣʴʥʦʩʪʽ ʪʘ ʙʽʦʤʘʩʠ ʚʦʜʦʨʦʩʪʝʡ. ʏʠʩʝʣʴʥʽʩʪʴ ʚʦʜʦʨʦʩʪʝʡ ʫ ʧʨʦʙʘʭ 

ʚʠʟʥʘʯʘʣʠ ʤʽʢʨʦʩʢʦʧʽʯʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʤʝʨʠ ʅʘʞʦʪʪʘ, ʦʙôʻʤʦʤ 

0,01 ʤʤ3. ʇʦʚʪʦʨʥʽʩʪʴ ʧʽʜʨʘʭʫʥʢʽʚ ï ʪʨʦʻʢʨʘʪʥʘ. ɼʣʷ ʧʝʨʝʨʘʭʫʥʢʫ ʯʠʩʝʣʴʥʦʩʪʽ 

ʦʨʛʘʥʽʟʤʽʚ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʥʘ 1 ʜʤ3 ʚʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʬʦʨʤʫʣʫ: 

ὔ Ὧὲὺ      (2.1), 

ʜʝ: N ï ʢʽʣʴʢʽʩʪʴ ʦʨʛʘʥʽʟʤʽʚ ʫ 1 ʜʤ3 ʚʦʜʠ; 

k ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʧʦʢʘʟʫʻ ʫ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʦʙôʻʤ ʣʽʯʠʣʴʥʦʾ ʢʘʤʝʨʠ ʤʝʥʰʝ 

1 ʩʤ3; 

ʧ ï ʢʽʣʴʢʽʩʪʴ ʦʨʛʘʥʽʟʤʽʚ, ʱʦ ʚʠʷʚʣʝʥʽ ʥʘ ʧʝʨʝʛʣʷʥʫʪʠʭ ʢʚʘʜʨʘʪʘʭ; 

ɸ ï ʢʽʣʴʢʽʩʪʴ ʢʚʘʜʨʘʪʽʚ ʣʽʯʠʣʴʥʦʾ ʢʘʤʝʨʠ; 

ʘ ï ʢʽʣʴʢʽʩʪʴ ʢʚʘʜʨʘʪʽʚ, ʥʘ ʷʢʠʭ ʧʨʦʚʦʜʠʚʩʷ ʧʽʜʨʘʭʫʥʦʢ ʚʦʜʦʨʦʩʪʝʡ; 

V ï ʧʝʨʚʠʥʥʠʡ ʦʙôʻʤ ʚʽʜʽʙʨʘʥʦʾ ʧʨʦʙʠ (ʩʤ3); 

v ï ʦʙôʻʤ ʟʛʫʱʝʥʦʾ ʧʨʦʙʠ (ʩʤ3). 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʙʽʦʤʘʩʠ ʚʦʜʦʨʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʣʽʯʠʣʴʥʦ-

ʦʙ'ʻʤʥʠʡ ʤʝʪʦʜ. ʉʫʤʘʨʥʫ ʙʽʦʤʘʩʫ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʚ 1 ʜʤ3 ʚʦʜʠ ʨʦʟʨʘʭʦʚʫʚʘʣʠ 

ʩʫʤʫʚʘʥʥʷʤ ʙʽʦʤʘʩ ʫʩʽʭ ʚʠʜʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʜʘʥʽʡ ʧʨʦʙʽ ʬʽʪʦʧʣʘʥʢʪʦʥʫ. 

ʆʙôʻʤ ʢʣʽʪʠʥ ʚʦʜʦʨʦʩʪʝʡ ʚʠʟʥʘʯʘʣʠ ʩʪʝʨʝʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʤʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʦʨʦʩʪʝʡ ʚʠʟʥʘʯʘʣʠ ʥʝ 

ʤʝʥʰ ʥʽʞ ʫ 20 ʦʨʛʘʥʽʟʤʽʚ ʪʘ ʦʙʯʠʩʣʶʚʘʣʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

(ʧʨʦʛʨʘʤʘ Excel). ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʙôʻʤʫ ʢʣʽʪʠʥ ʨʽʟʥʦʾ ʬʦʨʤʠ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʬʦʨʤʫʣʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʍʽʣʣʝʙʨʘʥʜʦʤ [148]: 

ʌʦʨʤʘ ʩʬʝʨʠ: 

ὠ ϽὨ      (2.2), 

ʜʝ: V ï ʦʙôʻʤ ʢʣʽʪʠʥʠ; 

d ï ʜʽʘʤʝʪʨ ʢʣʽʪʠʥʠ. 

ʌʦʨʤʘ ʚʠʪʷʛʥʫʪʦʛʦ ʩʬʝʨʦʾʜʫ: 

ὠ ϽὨϽὬ     (2.3), 

ʜʝ: V ï ʦʙôʻʤ ʢʣʽʪʠʥʠ; 
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d ï ʜʽʘʤʝʪʨ ʢʣʽʪʠʥʠ; 

h ï ʚʠʩʦʪʘ ʢʣʽʪʠʥʠ (ʙʽʣʴʰʘ ʟʘ ʜʽʘʤʝʪʨ). 

ʌʦʨʤʘ ʝʣʽʧʩʦʾʜʫ: 

ὠ ϽὥϽὦϽὬ     (2.4), 

ʜʝ: V ï ʦʙôʻʤ ʢʣʽʪʠʥʠ; 

a ï ʜʦʚʞʠʥʘ ʢʣʽʪʠʥʠ; 

b ï ʰʠʨʠʥʘ ʢʣʽʪʠʥʠ; 

h ï ʚʠʩʦʪʘ ʢʣʽʪʠʥʠ. 

ʌʦʨʤʘ ʮʠʣʽʥʜʨʫ: 

ὠ ϽὨϽὬ     (2.5), 

ʜʝ: V ï ʦʙôʻʤ ʢʣʽʪʠʥʠ; 

d ï ʜʽʘʤʝʪʨ ʢʣʽʪʠʥʠ; 

h ï ʚʠʩʦʪʘ ʢʣʽʪʠʥʠ. 

ʌʦʨʤʘ ʮʠʣʽʥʜʨʫ ʟ ʜʚʦʤʘ ʧʽʚʩʬʝʨʘʤʠ: 

ὠ “ϽὨϽ     (2.6), 

ʜʝ: V ï ʦʙôʻʤ ʢʣʽʪʠʥʠ; 

d ï ʜʽʘʤʝʪʨ ʢʣʽʪʠʥʠ; 

h ï ʚʠʩʦʪʘ ʢʣʽʪʠʥʠ. 

ʌʦʨʤʘ ʮʠʣʽʥʜʨʫ ʟ ʜʚʦʤʘ ʢʦʥʫʩʘʤʠ: 

ὠ ϽὨϽὬ     (2.7), 

ʜʝ: V ï ʦʙôʻʤ ʢʣʽʪʠʥʠ; 

d ï ʜʽʘʤʝʪʨ ʢʣʽʪʠʥʠ; 

h ï ʚʠʩʦʪʘ ʢʣʽʪʠʥʠ ʥʘ ʨʽʚʥʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʪʽʣʘ; 

z ï ʚʠʩʦʪʘ ʢʣʽʪʠʥʠ ʥʘ ʨʽʚʥʽ ʢʦʥʫʩʥʦʾ ʬʦʨʤʠ ʪʽʣʘ. 

ʌʦʨʤʘ ʧʘʨʘʣʣʝʣʽʧʽʧʝʜʫ: 

ὠ ὥϽὦϽὧ      (2.8), 

ʜʝ: V ï ʦʙôʻʤ ʢʣʽʪʠʥʠ; 

a ï ʜʦʚʞʠʥʘ ʢʣʽʪʠʥʠ; 

b ï ʰʠʨʠʥʘ ʢʣʽʪʠʥʠ; 
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ʩ ï ʚʠʩʦʪʘ ʢʣʽʪʠʥʠ. 

ʌʦʨʤʘ ʧʨʠʟʤʠ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʩʫ: 

ὠ ϽὥϽὦϽὧ     (2.9), 

ʜʝ: V ï ʦʙôʻʤ ʢʣʽʪʠʥʠ; 

a ï ʜʦʚʞʠʥʘ ʢʣʽʪʠʥʠ; 

b ï ʰʠʨʠʥʘ ʢʣʽʪʠʥʠ; 

ʩ ï ʚʠʩʦʪʘ ʢʣʽʪʠʥʠ. 

ɼʣʷ ʧʝʨʝʨʘʭʫʥʢʫ ʙʽʦʤʘʩʠ ʧʝʚʥʦʛʦ ʚʠʜʫ ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ ʥʘ 1 ʜʤ3 

ʚʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʩʪʫʧʥʫ ʬʦʨʤʫʣʫ: 

ὄ ὠϽὔ      (2.10), 

ʜʝ: B ï ʙʽʦʤʘʩʘ ʦʨʛʘʥʽʟʤʽʚ ʧʝʚʥʦʛʦ ʚʠʜʫ ʚʦʜʦʨʦʩʪʝʡ ʫ 1 ʜʤ3 ʚʦʜʠ; 

V ï ʦʙôʻʤ ʢʣʽʪʠʥʠ ʧʝʚʥʦʛʦ ʚʠʜʫ ʚʦʜʦʨʦʩʪʝʡ; 

N ï ʢʽʣʴʢʽʩʪʴ ʦʨʛʘʥʽʟʤʽʚ ʧʝʚʥʦʛʦ ʚʠʜʫ ʚʦʜʦʨʦʩʪʝʡ ʫ 1 ʜʤ3 ʚʦʜʠ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʦʙôʻʤʠ ʢʣʽʪʠʥ 

ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʚʠʜʦʚʽ ʨʦʟʤʽʨʠ ʟʽ ʩʚʽʪʦʚʠʭ ʚʠʟʥʘʯʥʠʢʽʚ [156-159]. ɿ ʜʘʥʠʭ, 

ʱʦ ʥʘʜʘʥʽ ʫ ʚʠʟʥʘʯʥʠʢʘʭ, ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʩʝʨʝʜʥʶ ʜʦʚʞʠʥʫ, ʰʠʨʠʥʫ ʯʠ 

ʜʽʘʤʝʪʨ ʢʣʽʪʠʥʠ, ʘ ʜʘʣʽ ʥʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʟʘ ʘʥʘʣʦʛʽʯʥʦʶ ʜʣʷ ʚʠʜʫ 

ʬʦʨʤʫʣʦʶ, ʪʘʢʦʶ ʞ ʷʢ ʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʚʪʦʨʩʴʢʠʭ ʦʙôʻʤʽʚ, ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ 

ʩʝʨʝʜʥʽʡ ʦʙôʻʤ ʢʣʽʪʠʥʠ ʟʘ ʚʠʟʥʘʯʥʠʢʦʤ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʦʨʦʩʪʝʡ ʧʝʚʥʦʛʦ ʚʽʜʜʽʣʫ 

ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʾ ʟ ʪʨʴʦʭ ʧʦʚʪʦʨʥʦʩʪʝʡ ʧʽʜʨʘʭʫʥʢʫ ʧʨʦʙʠ ʙʫʣʠ ʧʽʜʩʫʤʦʚʘʥʽ 

ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʽʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʜʘʥʦʛʦ ʚʽʜʜʽʣʫ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʩʝʨʝʜʥʴʦʾ ʯʠʩʝʣʴʥʦʩʪʽ ʘʙʦ ʙʽʦʤʘʩʠ (ʭʩʨ) ʟʘ ʧʝʚʥʽʡ ʩʝʟʦʥ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʦ 

ʪʨʠ ʧʽʜʨʘʭʫʥʢʠ ʧʨʦʙ ʚʽʜʧʦʚʽʜʥʦʾ ʩʝʟʦʥʥʦʩʪʽ ʟʘ ʫʩʽ ʨʦʢʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʄʽʥʽʤʘʣʴʥʽ (Min) ʪʘ ʤʘʢʩʠʤʘʣʴʥʽ (Max) ʟʥʘʯʝʥʥʷ ʧʦʜʘʥʦ ʜʣʷ ʚʠʧʘʜʢʽʚ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʨʠʩʫʪʥʦʩʪʽ ʚʦʜʦʨʦʩʪʝʡ ʧʝʚʥʦʛʦ ʚʽʜʜʽʣʫ ʫ ʣʽʯʠʣʴʥʽʡ ʢʘʤʝʨʽ. 

ɺʠʟʥʘʯʝʥʥʷ ʩʝʟʦʥʥʠʭ ʟʘʛʘʣʴʥʠʭ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (Ɇ) ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʷʢ 

ʩʫʤʫ ʩʝʨʝʜʥʽʭ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫʩʽʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʚʽʜʜʽʣʽʚ ʚʦʜʦʨʦʩʪʝʡ ʟʘ 

ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʨʦʢʫ. ɺʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʽʭ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ 
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ʚʽʜʭʠʣʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʦʟʝʨʘ ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʽ ʩʝʨʝʜʥʽʭ ʩʝʟʦʥʥʠʭ 

ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʄʝʪʦʜʠ ʙʽʦʽʥʜʠʢʘʮʽʾ. ɼʣʷ ʘʥʘʣʽʟʫ ʝʢʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʤʽʩʮʷ 

ʽʩʥʫʚʘʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ, ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʾ ʚʦʜ ʪʘ ʥʘʩʠʯʝʥʦʩʪʽ ʾʭ 

ʢʠʩʥʝʤ, ʩʦʣʦʥʦʩʪʽ ʪʘ ʨʅ ʩʝʨʝʜʦʚʠʱʘ, ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘ ʩʠʩʪʝʤʦʶ 

ɺʘʪʘʥʘʙʝ ʪʘ ʩʠʩʪʝʤʦʶ ʇʘʥʪʣʝ-ɹʫʢʫ, ʪʠʧʫ ʞʠʚʣʝʥʥʷ ʪʘ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʢʽʣʴʢʦʩʪʽ 

ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʪʘ ʨʽʚʥʷ ʪʨʦʬʥʦʩʪʽ) ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ 

ʩʠʩʪʝʤʘ, ʨʦʟʨʦʙʣʝʥʘ ʉ.ʉ. ɹʘʨʠʥʦʚʦʶ [8]. 

ɿʘ ʤʽʩʮʝʤ ʽʩʥʫʚʘʥʥʷ ʚʠʜʽʣʷʣʠ P ï ʧʣʘʥʢʪʦʥʥʽ, P-B ï ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʥʽ, 

B ï ʙʝʥʪʦʩʥʽ ʚʠʜʠ ʪʘ Ep ï ʝʧʽʬʽʪʠ. ɯʥʜʠʢʘʪʦʨʘʤʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʙʫʣʠ cool 

ï ʭʦʣʦʜʦʣʶʙʥʽ, temp ï ʧʦʤʽʨʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨʠ, eterm ï ʝʚʨʠʪʝʨʤʥʽ, 

warm ï ʪʝʧʣʦʣʶʙʥʽ. ɿʘ ʧʨʠʫʨʦʯʝʥʽʩʪʶ ʜʦ ʫʤʦʚ ʨʝʦʬʽʣʴʥʦʩʪʽ ʚʠʜʽʣʝʥʽ ʥʘʩʪʫʧʥʽ 

ʛʨʫʧʠ ʽʥʜʠʢʘʪʦʨʽʚ: st ï ʩʪʦʷʯʠʭ ʚʦʜ ʩʣʘʙʢʦʥʘʩʠʯʝʥʠʭ ʢʠʩʥʝʤ, st-str ï 

ʧʦʚʽʣʴʥʦʪʝʢʫʯʠʭ ʚʦʜ ʟ ʩʝʨʝʜʥʽʤ ʨʽʚʥʝʤ ʢʠʩʥʶ, str ï ʰʚʠʜʢʦʪʝʢʫʯʠʭ ʚʦʜ ʟ 

ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʢʠʩʥʶ, ae ï ʘʝʨʦʬʽʣʠ. ʇʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʫʤʦʚ ʩʦʣʦʥʦʩʪʽ ʚ 

ʷʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʚʠʩʪʫʧʘʣʠ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʜʽʘʪʦʤʦʚʽ ʚʦʜʦʨʦʩʪʽ ʪʘ ʜʝʷʢʽ 

ʽʥʰʽ [8, 151]; ʾʭ ʧʦʜʽʣʷʣʠ ʥʘ ʦʣʽʛʦʛʘʣʦʙʠ (ʩʦʣʦʥʽʩʪʴ 0-5 ă), ʤʝʟʦʛʘʣʦʙʠ ï mh 

(5-20 ă), ʝʫʛʘʣʦʙʠ ï ʝ (20-40 ă) ʪʘ ʧʦʣʽʛʘʣʦʙʠ ï ph (40-300 ă). ɻʨʫʧʫ 

ʦʣʽʛʦʛʘʣʦʙʽʚ ʧʦʜʽʣʷʣʠ ʥʘ ʛʘʣʦʬʦʙʽʚ ï hb (ʧʨʽʩʥʦʚʦʜʥʽ, ʛʠʥʫʪʴ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʚʤʽʩʪʫ NaCl), ʽʥʜʠʬʝʨʝʥʪʽʚ ï i (ʧʨʽʩʥʦʚʦʜʥʽ, ʧʨʦʪʝ ʤʦʞʫʪʴ ʽʥʢʦʣʠ ʟʫʩʪʨʽʯʘʪʠʩʴ 

ʫ ʩʦʣʦʥʫʚʘʪʠʭ ʚʦʜʘʭ) ʪʘ ʛʘʣʦʬʽʣʽʚ ï hl (ʧʨʽʩʥʦʚʦʜʥʽ, ʧʨʦʪʝ ʚʠʪʨʠʤʫʶʪʴ ʜʝʷʢʝ 

ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NaCl). ɯʥʜʠʢʘʮʽʷ ʫʤʦʚ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʦʩʥʦʚʘʥʘ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʷʭ ʜʽʘʪʦʤʦʚʠʭ ʚʦʜʦʨʦʩʪʝʡ [150]; ʩʝʨʝʜ ʜʘʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ 

ʚʠʨʽʟʥʷʶʪʴ ʘʮʠʜʦʙʽʦʥʪʠ (acb) ï ʨʅ 5 ʽ ʤʝʥʰʝ, ʘʮʠʜʦʬʽʣʠ (acf) ï ʨʅ 5-6, 

ʽʥʜʠʬʝʨʝʥʪʠ (ind) ï ʨʅ 6-7, ʘʣʢʘʣʽʬʽʣʠ (alf) ï ʨʅ 7-8, ʘʣʢʘʣʽʙʽʦʥʪʠ (alb) ï ʨʅ 8 

ʽ ʙʽʣʴʰʝ. ʇʨʠ ʽʥʜʠʢʘʮʽʾ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘ ʊ. ɺʘʪʘʥʘʙʝ [172, 173] 

ʜʽʘʪʦʤʦʚʽ ʚʦʜʦʨʦʩʪʽ-ʽʥʜʠʢʘʪʦʨʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʪʘʢʽ ʛʨʫʧʠ: sx ï ʩʘʧʨʦʢʩʝʥʠ 

(ʯʠʩʪʽ ʚʦʜʠ), es ï ʝʚʨʠʩʘʧʨʦʙʠ (ʧʦʤʽʨʥʦ ʟʘʙʨʫʜʥʝʥʽ ʚʦʜʠ), sp ï ʩʘʧʨʦʬʽʣʠ 

(ʟʘʙʨʫʜʥʝʥʽ ʚʦʜʠ). ɺ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ ʇʘʥʪʣʝ-ɹʫʢʫ ʫ ʤʦʜʠʬʽʢʘʮʽʾ ʉʣʘʜʝʯʝʢʘ ʻ 

ʧʦʥʷʪʪʷ ʟʦʥ ʩʘʤʦʦʯʠʱʝʥʥʷ (ʢʩʝʥʦʩʘʧʨʦʙʥʘ ï ʽʥʜʝʢʩ ʩʘʧʨʦʙʥʦʩʪʽ S = 0-0,5, 
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ʦʣʽʛʦʩʘʧʨʦʙʥʘ ï S = 0,5-1,5, ʙʝʪʘ-ʤʝʟʦʩʘʧʨʦʙʥʘ ï S = 1,5-2,5, ʘʣʴʬʘ-

ʤʝʟʦʩʘʧʨʦʙʥʘ ï S = 2,5-3,5, ʧʦʣʽʩʘʧʨʦʙʥʘ ï S = 3,5-4). ʅʘʜʘʣʽ ʦʪʨʠʤʘʥʽ 

ʚʝʣʠʯʠʥʠ ʽʥʜʝʢʩʽʚ ʤʦʞʥʘ ʟʽʩʪʘʚʠʪʠ ʟ ʢʣʘʩʘʤʠ ʷʢʦʩʪʽ ʚʦʜʠ. ɿʘ ʪʠʧʦʤ ʞʠʚʣʝʥʥʷ 

ʪʘ ʚʽʜʥʦʰʝʥʥʷʤ ʜʦ ʢʽʣʴʢʦʩʪʽ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ [171] ʽʩʥʫʶʪʴ 

ʪʘʢʽ ʛʨʫʧʠ ʜʽʘʪʦʤʦʚʠʭ ʚʦʜʦʨʦʩʪʝʡ-ʽʥʜʠʢʘʪʦʨʽʚ: ats ï ʘʚʪʦʪʨʦʬʠ, ʱʦ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʟʘ ʥʠʟʴʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ate ï 

ʘʚʪʦʪʨʦʬʠ, ʱʦ ʚʠʪʨʠʤʫʶʪʴ ʧʽʜʚʠʱʝʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ, hne ï ʬʘʢʫʣʴʪʘʪʠʚʥʽ ʛʝʪʝʨʦʪʨʦʬʠ, ʷʢʽ ʨʦʟʚʠʚʘʶʪʴʩʷ ʟʘ ʫʤʦʚ 

ʧʝʨʽʦʜʠʯʥʠʭ ʧʽʜʚʠʱʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʪʘ hce ï 

ʦʙʣʽʛʘʪʥʽ ʛʝʪʝʨʦʪʨʦʬʠ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ. ʈʽʚʝʥʴ ʪʨʦʬʥʦʩʪʽ [171] ʚʠʟʥʘʯʘʶʪʴ ʪʘʢʽ 

ʽʥʜʠʢʘʪʦʨʠ: ʦʣiʛʦʪʨʦʬʥi ʚʠʜʠ (ot), ʦʣiʛʦʤʝʟʦʪʨʦʬʥi (o-m), ʤʝʟʦʪʨʦʬʥi (m), 

ʤʝʟʦ-ʝʚʪʨʦʬʥi (mʝ), ʝʚʪʨʦʬʥi (ʝ), riʧʝʨʪʨʦʬʥi (he) ʪʘ ʰʠʨʦʢʦʾ ʘʤʧʣiʪʫʜʠ 

ʪʨʦʬʥʦʩʪi (ʦ-ʝ). 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʦ ʦʬʦʨʤʣʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʽʢʽʚ Excel, ʜʝ 

ʛʨʫʧʠ ʽʥʜʠʢʘʪʦʨʽʚ ʨʦʟʪʘʰʦʚʘʥʦ ʫ ʧʦʨʷʜʢʫ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʽʥʜʠʢʘʪʦʨʥʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʚʢʘʟʘʥʦ ʥʘ ʛʨʘʬʽʢʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʽʣʦʢ. ʊʘʢʝ 

ʥʦʨʤʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦʟʚʦʣʠʣʦ ʧʦʙʫʜʫʚʘʪʠ ʣʽʥʽʾ 

ʪʨʝʥʜʫ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʦʧʪʠʤʫʤ ʨʦʟʧʦʜʽʣʫ ʚʠʜʽʚ-ʽʥʜʠʢʘʪʦʨʽʚ ʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʥʠʭ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʜʘʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘ ʩʚʦʻʶ ʬʦʨʤʦʶ 

ʥʘʙʣʠʞʫʻʪʴʩʷ ʜʦ ʢʨʠʚʦʾ ɻʘʫʩʘ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʪʨʝʥʜʽʚ ʙʫʣʦ 

ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ. ʊʘʢʦʞ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʣʽʥʽʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, 

ʱʦ ʚʽʜʩʽʢʘʻ ʙʽʣʴʰʝ ʧʦʣʦʚʠʥʠ ʤʥʦʞʠʥʠ ʽʥʜʠʢʘʪʦʨʥʠʭ ʚʠʜʽʚ ʽ ʻ ʩʪʘʪʠʩʪʠʯʥʦ 

ʟʥʘʯʠʤʦʶ ʙʽʣʴʰʽʩʪʶ ʜʣʷ ʚʠʩʥʦʚʢʽʚ. 

ɸʥʘʣʽʟ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʜʝʢʩʫ 

ʐʝʥʥʦʥʘ (ʅ'), ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʪʝ, ̫ ʢ ʩʪʫʧʽʥʴ ʯʠʩʣʝʥʥʦʾ ʨʽʚʥʦʩʪʽ ʤʽʞ ʚʠʜʘʤʠ ʚ 

ʫʛʨʫʧʦʚʘʥʥʽ ʢʦʨʝʣʶʻ ʟ ʝʥʪʨʦʧʽʻʶ ʝʢʦʩʠʩʪʝʤʠ [145]. ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʚʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʝʢʟʝʤʧʣʷʨʽʚ ʢʦʞʥʦʛʦ ʚʠʜʫ ʚ ʫʛʨʫʧʦʚʘʥʥʽ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʢʦʞʥʦʤʫ ʦʟʝʨʽ, ʯʝʨʝʟ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ: 

Ὄ В ὰὲ    (2.11), 
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ʜʝ: ni ï ʢʽʣʴʢʽʩʪʴ ʝʢʟʝʤʧʣʷʨʽʚ ʢʦʞʥʦʛʦ ʚʠʜʫ; 

S ï ʯʠʩʣʦ ʚʠʜʽʚ (ʚʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ); 

N ï ʟʘʛʘʣʴʥʘ ʯʠʩʝʣʴʥʽʩʪʴ ʝʢʟʝʤʧʣʷʨʽʚ; 

 ï ʚʽʜʥʦʩʥʘ ʯʠʩʝʣʴʥʽʩʪʴ ʢʦʞʥʦʛʦ ʚʠʜʫ. 

ɯʥʜʝʢʩ ʩʘʧʨʦʙʥʦʩʪʽ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʟʘ ʩʠʩʪʝʤʦʶ ʇʘʥʪʣʝ-ɹʫʢʫ ʫ 

ʤʦʜʠʬʽʢʘʮʽʾ ʉʣʘʜʝʯʝʢʘ [166, 167] ʜʣʷ ʫʛʨʫʧʦʚʘʥʴ ʚʦʜʦʨʦʩʪʝʡ ʥʘ ʦʩʥʦʚʽ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʩʘʧʨʦʙʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʜʽʚ-ʽʥʜʠʢʘʪʦʨʽʚ [8] ʪʘ 

ʚʽʜʥʦʩʥʦʾ ʯʠʩʝʣʴʥʦʩʪʽ ʢʦʞʥʦʛʦ ʚʠʜʫ ʚ ʫʛʨʫʧʦʚʘʥʥʽ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

Ὓ
В Ͻ

В
     (2.12), 

ʜʝ: S ï ʽʥʜʝʢʩ ʩʘʧʨʦʙʥʦʩʪʽ ʫʛʨʫʧʦʚʘʥʴ ʚʦʜʦʨʦʩʪʝʡ; 

si ï ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʽʥʜʝʢʩ ʩʘʧʨʦʙʥʦʩʪʽ; 

ai ï ʯʠʩʝʣʴʥʽʩʪʴ ʚʠʜʽʚ. 

ɸʢʪʠʚʥʽʩʪʴ ʚʠʜʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ ɹ.ɸ. ʖʨʮʝʚʠʤ [114] ʟ ʜʝʷʢʠʤʠ ʟʤʽʥʘʤʠ. 

ʇʨʠ ʚʠʜʽʣʝʥʥʽ ʛʨʫʧ ʘʢʪʠʚʥʦʩʪʽ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʠ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʯʠʩʝʣʴʥʽʩʪʴ 

ʢʦʞʥʦʛʦ ʚʠʜʫ ʪʘ ʟʘʛʘʣʴʥʘ ʯʠʩʝʣʴʥʽʩʪʴ ʚʦʜʦʨʦʩʪʝʡ ʫ ʧʨʦʙʽ. ɺʠʜʠ, ʯʠʩʝʣʴʥʽʩʪʴ 

ʷʢʠʭ ʩʢʣʘʜʘʣʘ 75-100% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʯʠʩʝʣʴʥʦʩʪʽ ʧʨʦʙʠ, ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʫ ʛʨʫʧʫ 

ʦʩʦʙʣʠʚʦ ʘʢʪʠʚʥʠʭ, 50-75% ï ʚʠʩʦʢʦ ʘʢʪʠʚʥʠʭ, 15-50% ï ʤʘʣʦ ʘʢʪʠʚʥʠʭ, 0-

15% ï ʥʝʘʢʪʠʚʥʠʭ. ʊʘʢʝ ʚʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʚʠʜʽʚ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʟʘ ʚʩʽʤ 

ʤʘʩʠʚʦʤ ʧʨʦʙ ʟ ʧʦʜʘʣʴʰʠʤ ʦʙôʻʜʥʘʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. 

ʉʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɹʘʛʘʪʦʤʽʨʥʠʡ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ 

ʙʽʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʪʘ ʜʘʥʠʭ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Statistica 7.1 ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ, 

ʱʦ ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʫʛʨʫʧʦʚʘʥʥʷ ʚʦʜʦʨʦʩʪʝʡ ʫ ʢʦʞʥʦʤʫ 

ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʦʟʝʨʽ. ʇʦʢʨʦʢʦʚʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʧʨʠʭʦʚʘʥʫ 

ʢʦʨʝʣʷʮʽʶ ʤʽʞ ʬʘʢʪʦʨʘʤʠ ʧʽʩʣʷ ʚʠʢʣʶʯʝʥʥʷ ʟʚôʷʟʢʫ ʟ ʽʥʰʠʤ ʬʘʢʪʦʨʦʤ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʥʘ ʢʨʦʮʽ 1 ʚʠʷʚʣʷʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʟʚôʷʟʢʠ ʤʽʞ ʬʘʢʪʦʨʘʤʠ, ʥʘ 

ʢʨʦʮʽ 2 ʧʨʦʛʨʘʤʦʶ ʥʽʚʝʣʶʻʪʴʩʷ ʚʧʣʠʚ ʮʠʭ ʬʘʢʪʦʨʽʚ ʽ ʩʪʘʶʪʴ ʧʦʤʽʪʥʠʤʠ ʽʥʰʽ 

ʟʚôʷʟʢʠ ʤʽʞ ʬʘʢʪʦʨʘʤʠ. ʇʦʢʨʦʢʦʚʠʡ ʘʥʘʣʽʟ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʤʘʢʩʠʤʫʤ ʜʦ 
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ʢʨʦʢʫ 6, ʧʨʦʪʝ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʻ ʙʝʟʫʤʦʚʥʦ ʟʚôʷʟʢʠ, ʱʦ ʙʫʣʠ ʚʠʩʚʽʪʣʝʥʽ 

ʥʘ ʧʝʨʰʠʭ ʜʚʦʭ ʢʨʦʢʘʭ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʩʘʡʪ 

wessa.net. ɼʣʷ ʘʥʘʣʽʟʫ ʙʫʣʦ ʦʙʨʘʥʦ ʥʘʩʪʫʧʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʨʫʧʦʚʘʥʴ: 

ʯʠʩʝʣʴʥʽʩʪʴ, ʙʽʦʤʘʩʘ, ʽʥʜʝʢʩ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʐʝʥʥʦʥʘ, ʩʝʨʝʜʥʽʡ ʦʙôʻʤ ʢʣʽʪʠʥ, 

ʽʥʜʝʢʩ ʩʘʧʨʦʙʥʦʩʪʽ ʪʘ ʯʠʩʣʦ ʚʠʜʽʚ ʦʜʥʽʻʾ ʧʨʦʙʠ. ɸʥʘʣʽʟ ʚʠʷʚʣʷʚ ʣʽʥʽʡʥʫ 

ʟʘʣʝʞʥʽʩʪʴ (ʧʦʟʠʪʠʚʥʫ ʘʙʦ ʥʝʛʘʪʠʚʥʫ) ʤʽʞ ʟʤʽʥʦʶ ʜʚʦʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜ 

ʧʨʦʙʠ ʜʦ ʧʨʦʙʠ. ʉʪʘʪʠʩʪʠʯʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʦʾ ʢʦʨʝʣʷʮʽʾ ʙʫʣʘ ʦʮʽʥʝʥʘ 

ʟʘ p-ʢʦʻʬʽʮʽʻʥʪʦʤ. 

ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʚʟʘʻʤʠʥ ʚʠʜʦʚʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʫʛʨʫʧʦʚʘʥʴ 

ʚʦʜʦʨʦʩʪʝʡ ʪʘ ʾʭʥʽʭ ʝʢʦʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ ʙʫʚ ʨʦʟʨʘʭʦʚʘʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ (ɹɸɺ) ʟ CANOCO ʜʣʷ Windows 4.5 

[168]. ɼʣʷ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʽ ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʪʘ ʛʽʜʨʦʙʽʦʣʦʛʽʯʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʥʘʡʙʽʣʴʰ ʤʘʩʦʚʽ ʚʠʜʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʙʫʣʠ 

ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʽ ʽʣʶʩʪʨʫʶʪʴ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʬʘʢʪʦʨʘʤʠ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʠʜʘʤʠ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ: ʯʠʤ ʜʘʣʽ ʚʽʜ ʮʝʥʪʨʫ ʛʨʘʬʽʢʫ 

ʨʦʟʪʘʰʦʚʘʥʽ ʪʦʯʢʠ ʬʘʢʪʦʨʽʚ ʩʝʨʝʜʦʚʠʱʘ, ʪʠʤ ʙʽʣʴʰʠʡ ʚʧʣʠʚ ʚʦʥʠ ʤʘʶʪʴ ʥʘ 

ʨʦʟʪʘʰʦʚʘʥʽ ʙʣʠʞʯʝ ʜʦ ʧʝʨʠʬʝʨʽʾ ʚʠʜʠ (ʷʢ ʧʨʷʤʠʡ, ʪʘʢ ʽ ʟʚʦʨʦʪʥʽʡ). 

ʈʦʟʪʘʰʦʚʘʥʽ ʙʣʠʟʴʢʦ ʮʝʥʪʨʘ ʛʨʘʬʽʢʫ ʬʘʢʪʦʨʠ ʤʘʶʪʴ ʥʝʟʥʘʯʥʠʡ ʚʧʣʠʚ, ʘ ʚʠʜʠ 

ï ʻ ʽʥʜʠʬʝʨʝʥʪʘʤʠ. 

ʇʨʦʛʨʘʤʘ Statistica 7.1 ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʟ'ʷʩʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʠʭ ʚʽʜʥʦʩʠʥ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʦʟʝʨ ʛʨʘʬʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ (ʧʦʚʝʨʭʥʽ). 

ɸʥʘʣʽʟ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʽ ʟʚʘʞʝʥʠʭ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʜʦʟʚʦʣʷʻ 

ʚʠʷʚʠʪʠ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʪʨʴʦʤʘ ʟʤʽʥʥʠʤʠ (ʷʢ ʭʽʤʽʯʥʠʤʠ, ʪʘʢ ʽ ʙʽʦʣʦʛʽʯʥʠʤʠ). 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʟʚʘʞʝʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ ʟʘʣʠʰʢʽʚ ʤʦʜʝʣʽ, 

ʪʦʙʪʦ ʢʦʞʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʦʪʨʠʤʫʻ çʚʘʛʫè, ʱʦ ʟʚʦʨʦʪʥʦ ʧʨʦʧʦʨʮʽʡʥʘ 

ʜʠʩʧʝʨʩʽʾ ʚʠʧʘʜʢʦʚʦʾ ʧʦʤʠʣʢʠ ʚ ʜʘʥʦʤʫ ʩʧʦʩʪʝʨʝʞʝʥʥʽ. 

ʄʝʪʦʜʠ ʧʦʨʽʚʥʷʣʴʥʦʾ ʬʣʦʨʠʩʪʠʢʠ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʭʦʞʦʩʪʽ ʫʛʨʫʧʦʚʘʥʴ 

ʚʦʜʦʨʦʩʪʝʡ ʫ ʚʠʚʯʝʥʠʭ ʦʟʝʨʘʭ ʧʨʠ ʨʦʙʦʪʽ ʫ ʧʨʦʛʨʘʤʽ GRAPHS [161] ʙʫʚ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʬʣʦʨʠʩʪʠʯʥʠʡ ʧʽʜʭʽʜ. ɼʝʥʜʨʦʛʨʘʤʘ ʩʧʽʣʴʥʦʩʪʽ 
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ʬʣʦʨ ʚʦʜʦʨʦʩʪʝʡ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʤʝʪʦʜʦʤ ɺʘʨʜʘ ʥʘ ʦʩʥʦʚʽ ʽʥʜʝʢʩʽʚ 

ʉʴʦʨʝʥʩʝʥʘ-ʏʝʢʘʥʦʚʩʴʢʦʛʦ. ʊʘʢʦʞ ʙʫʚ ʧʦʙʫʜʦʚʘʥʠʡ ʜʝʥʜʨʠʪ, ʱʦ ʚʠʷʚʣʷʻ 

ʽʩʪʦʨʠʯʥʽ ʟʚôʷʟʢʠ ʬʣʦʨ ʦʟʝʨ ʈʃʇ. ɯʥʜʝʢʩ ʩʧʽʣʴʥʦʩʪʽ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ 

ʉʴʦʨʝʥʩʝʥʘ-ʏʝʢʘʥʦʚʩʴʢʦʛʦ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

Ὅ      (2.13), 

ʜʝ: Is ï ʽʥʜʝʢʩ ʩʧʽʣʴʥʦʩʪʽ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʉʴʦʨʝʥʩʝʥʘ-ʏʝʢʘʥʦʚʩʴʢʦʛʦ; 

ʘ ï ʯʠʩʣʦ ʩʧʽʣʴʥʠʭ ʚʠʜʽʚ ʜʣʷ ʜʚʦʭ ʩʧʠʩʢʽʚ; 

b ï ʯʠʩʣʦ ʚʠʜʽʚ, ʥʘʷʚʥʠʭ ʣʠʰʝ ʫ ʜʨʫʛʦʤʫ ʩʧʠʩʢʫ; 

ʩ ï ʯʠʩʣʦ ʚʠʜʽʚ, ʥʘʷʚʥʠʭ ʣʠʰʝ ʫ ʧʝʨʰʦʤʫ ʩʧʠʩʢʫ; 

ʘ+b ï ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʚʠʜʽʚ ʫ ʜʨʫʛʦʤʫ ʩʧʠʩʢʫ; 

a+c ï ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʚʠʜʽʚ ʫ ʧʝʨʰʦʤʫ ʩʧʠʩʢʫ. 

ʄʝʪʦʜʠ ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. ɺʠʟʥʘʯʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʚʦʜʠ ʧʨʦʚʦʜʠʣʠ 

ʟʘ ɻʆʉʊ 4151-72 [13]. ɺ ʢʦʥʽʯʥʫ ʢʦʣʙʫ ʚʥʦʩʠʣʠ 100 ʩʤ3 ʚʽʜʬʽʣʴʪʨʦʚʘʥʦʾ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʚʦʜʠ ʘʙʦ ʤʝʥʰʠʡ ʦʙôʻʤ, ʱʦ ʙʫʚ ʨʦʟʚʝʜʝʥʠʡ ʜʦ 100 ʩʤ3 

ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ. ʉʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʨʝʯʦʚʠʥʠ ʝʢʚʽʚʘʣʝʥʪʫ ʢʘʣʴʮʽʶ ʪʘ 

ʤʘʛʥʽʶ ʫ ʜʘʥʦʤʫ ʦʙôʻʤʽ ʥʝ ʤʘʣʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,5 ʤʦʣʴ. ɼʦʜʘʚʘʣʠ 5 ʩʤ3 

ʙʫʬʝʨʥʦʛʦ ʨʦʟʯʠʥʫ, 5-7 ʢʨʘʧʝʣʴ ʽʥʜʠʢʘʪʦʨʫ ʭʨʦʤʫ ʪʝʤʥʦ-ʩʠʥʴʦʛʦ ʽ ʪʠʪʨʫʚʘʣʠ 

ʧʨʠ ʟʥʘʯʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ 0,05 ʥ. ʨʦʟʯʠʥʦʤ ʪʨʽʣʦʥʫ ɹ ʜʦ ʟʤʽʥʠ ʟʘʙʘʨʚʣʝʥʥʷ 

ʫ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʪʦʯʮʽ ʥʘ ʩʠʥʻ ʟ ʟʝʣʝʥʫʚʘʪʠʤ ʚʽʜʜʪʽʥʢʦʤ. ɿʘʛʘʣʴʥʫ ʞʦʨʩʪʢʽʩʪʴ 

ʚʦʜʠ (ʍ), ʤʦʣʴ/ʤ3, ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

ˢ
Ȣ

     (2.14), 

ʜʝ: v ï ʢʽʣʴʢʽʩʪʴ ʨʦʟʯʠʥʫ ʪʨʽʣʦʥʫ ɹ, ʱʦ ʙʫʣʦ ʚʠʪʨʘʯʝʥʦ ʥʘ ʪʠʪʨʫʚʘʥʥʷ, ʩʤ3; 

K ï ʧʦʧʨʘʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʦ ʥʦʨʤʘʣʴʥʦʩʪʽ ʨʦʟʯʠʥʫ ʪʨʠʣʦʥʫ ɹ; 

V ï ʦʙôʻʤ ʚʦʜʠ, ʱʦ ʙʫʣʦ ʚʟʷʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ, ʩʤ3. 

ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʭʣʦʨʠʜʽʚ (Cl-) ʧʨʦʚʦʜʠʣʠ ʟʘ ɻʆʉʊ 4245-72 [14]. ʋ 

ʢʦʥʽʯʥʫ ʢʦʣʙʫ ʚʥʦʩʠʣʠ 100 ʩʤ3 ʜʦʩʣʽʞʜʫʚʘʥʦʾ ʚʦʜʠ ʘʙʦ ʤʝʥʰʠʡ ʦʙôʻʤ, 

ʨʦʟʚʝʜʝʥʠʡ ʜʦ 100 ʩʤ3 ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ. ɹʝʟ ʨʦʟʚʝʜʝʥʥʷ ʚʠʟʥʘʯʘʣʠ 

ʭʣʦʨʠʜʠ ʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦ 100 ʤʛ/ʜʤ3. ɼʦʜʘʚʘʣʠ 1 ʩʤ3 5% ʨʦʟʯʠʥʫ 

ʭʨʦʤʦʚʦʢʠʩʣʦʛʦ ʢʘʣʽʶ ʪʘ ʪʠʪʨʫʚʘʣʠ ʧʨʦʙʫ ʨʦʟʯʠʥʦʤ ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʩʨʽʙʣʘ ʜʦ 
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ʧʦʷʚʠ ʩʣʘʙʢʦʛʦ ʧʦʤʘʨʘʥʯʝʚʦʛʦ ʚʽʜʪʽʥʢʫ. ɺʤʽʩʪ ʭʣʦʨ-ʽʦʥʫ (ʍ), ʤʛ/ʜʤ3, 

ʚʠʟʥʘʯʘʣʠ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

ˢ      (2.15), 

ʜʝ: v ï ʢʽʣʴʢʽʩʪʴ ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʩʨʽʙʣʘ, ʱʦ ʙʫʣʘ ʚʠʪʨʘʯʝʥʘ ʥʘ ʪʠʪʨʫʚʘʥʥʷ, ʩʤ3; 

K ï ʧʦʧʨʘʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʦ ʪʠʪʨʫ ʨʦʟʯʠʥʫ ʥʽʪʨʘʪʫ ʩʨʽʙʣʘ; 

g ï ʢʽʣʴʢʽʩʪʴ ʭʣʦʨ-ʽʦʥʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 1 ʩʤ3 ʨʦʟʯʠʥʫ ʘʟʦʪʥʦʢʠʩʣʦʛʦ 

ʩʨʽʙʣʘ, ʤʛ; 

V ï ʦʙôʻʤ ʚʦʜʠ, ʱʦ ʙʫʣʦ ʚʟʷʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ, ʩʤ3. 

ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʛʽʜʨʦʢʘʨʙʦʥʘʪʽʚ (HCO3
-) ʧʨʦʚʦʜʠʣʠ ʟʘ ɻʆʉʊ 23268.3-

78 [17]. ʋ ʢʦʥʽʯʥʫ ʢʦʣʙʫ ʚʽʜʙʠʨʘʣʠ ʚʽʜ 25 ʜʦ 50 ʩʤ3 ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʚʦʜʠ ʪʘ 

ʜʦʚʦʜʠʣʠ ʦʙôʻʤ ʜʦ 100 ʩʤ3 ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ. ɼʦʜʘʚʘʣʠ 2-3 ʢʨʘʧʣʽ 

ʨʦʟʯʠʥʫ ʤʝʪʠʣʦʚʦʛʦ ʧʦʤʘʨʘʥʯʝʚʦʛʦ ʪʘ ʪʠʪʨʫʚʘʣʠ 0,1 ʥ ʨʦʟʯʠʥʦʤ ʩʦʣʷʥʦʾ 

ʢʠʩʣʦʪʠ ʜʦ ʟʤʽʥʠ ʢʦʣʴʦʨʫ ʨʦʟʯʠʥʫ ʟ ʞʦʚʪʦʛʦ ʚ ʨʦʞʝʚʠʡ. ʄʘʩʦʚʫ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʛʽʜʨʦʢʘʨʙʦʥʘʪ-ʽʦʥʽʚ (ʍ), ʤʛ/ʜʤ3, ʚʠʟʥʘʯʘʣʠ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

ˢ
̎

     (2.16), 

ʜʝ: V ï ʦʙôʻʤ ʨʦʟʯʠʥʫ ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ, ʱʦ ʙʫʣʦ ʚʠʪʨʘʯʝʥʦ ʥʘ ʪʠʪʨʫʚʘʥʥʷ, ʩʤ3; 

ʥ ï ʥʦʨʤʘʣʴʥʽʩʪʴ ʨʦʟʯʠʥʫ ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ; 

61 ï ʛʨʘʤ-ʝʢʚʽʚʘʣʝʥʪ ʛʽʜʨʦʢʘʨʙʦʥʘʪ-ʽʦʥʽʚ; 

V1 ï ʦʙôʻʤ ʚʦʜʠ, ʱʦ ʙʫʣʦ ʚʟʷʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ, ʩʤ3. 

ɺʠʟʥʘʯʝʥʥʷ ʨʅ ʪʘ ʢʦʥʜʫʢʪʠʚʥʦʩʪʽ (ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ) ʧʨʦʚʦʜʠʣʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʧʨʠʣʘʜʫ Hanna Instruments ʟʘ ɼʉʊʋ 4077-

2001 ʪʘ ISO 7888:1985 [32, 115]. ʇʽʩʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜ ʟʘʥʫʨʶʚʘʣʠ ʫ 

ʜʦʩʣʽʜʞʫʚʘʥʫ ʚʦʜʫ ʪʘ ʟʥʽʤʘʣʠ ʧʦʢʘʟʘʥʥʷ. 

ɺʠʟʥʘʯʝʥʥʷ ʣʫʞʥʦʩʪʽ ʚʽʣʴʥʦʾ ʪʘ ʣʫʞʥʦʩʪʽ ʟʘʛʘʣʴʥʦʾ ʧʨʦʚʦʜʠʣʠ ʟʘ 

ɼʉʊʋ ISO 9963-1:2007 [117]. ʋ ʢʦʥʽʯʥʫ ʢʦʣʙʫ ʚʥʦʩʠʣʠ 100 ʩʤ3 ʘʥʘʣʽʟʫʻʤʦʾ 

ʧʨʦʙʠ ʪʘ ʜʦʜʘʚʘʣʠ 0,1 ʩʤ3 ʨʦʟʯʠʥʫ ʽʥʜʠʢʘʪʦʨʫ ʬʝʥʦʣʬʪʘʣʝʾʥʫ. ʗʢʱʦ ʨʦʟʯʠʥ ʥʝ 

ʟʜʦʙʫʚʘʚ ʨʦʞʝʚʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ, ʪʦ ʣʫʞʥʽʩʪʴ ʚʽʣʴʥʫ ʧʨʠʡʤʘʣʠ ʨʽʚʥʦʶ ʥʫʣʶ. 

ʇʨʦʙʫ, ʟʘʙʘʨʚʣʝʥʥʫ ʫ ʨʦʞʝʚʠʡ ʢʦʣʽʨ ʪʠʪʨʫʚʘʣʠ ʜʦ ʟʥʝʙʘʨʚʣʝʥʥʷ ʨʦʟʯʠʥʦʤ 

ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ ʤʦʣʷʨʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 0,05 ʤʦʣʴ/ʜʤ3. ʈʝʻʩʪʨʫʚʘʣʠ 
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ʚʽʜʧʦʚʽʜʥʠʡ ʦʙôʻʤ ʢʠʩʣʦʪʠ, ʱʦ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘ ʪʠʪʨʫʚʘʥʥʷ (V2). ʋ ʮʶ ʞ 

ʢʦʣʙʫ ʜʦʜʘʚʘʣʠ 0,1 ʩʤ3 ʩʫʤʽʰʽ ʽʥʜʠʢʘʪʦʨʽʚ ʙʨʦʤʢʨʝʟʦʣʦʚʦʛʦ ʟʝʣʝʥʦʛʦ ʪʘ 

ʤʝʪʠʣʦʚʦʛʦ ʯʝʨʚʦʥʦʛʦ. ʇʨʦʜʦʚʞʫʚʘʣʠ ʪʠʪʨʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʠʤ ʨʦʟʯʠʥʦʤ 

ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ ʜʦ ʟʤʽʥʠ ʩʠʥʴʦʟʝʣʝʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʥʘ ʩʽʨʝ. ʈʝʻʩʪʨʫʚʘʣʠ 

ʦʙôʻʤ ʢʠʩʣʦʪʠ, ʱʦ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʫʤʘʨʥʦ ʥʘ ʦʙʠʜʚʘ ʪʠʪʨʫʚʘʥʥʷ (V3). 

ʃʫʞʥʽʩʪʴ ʚʽʣʴʥʫ (ʍ), ʤʤʦʣʴ/ʜʤ3, ʚʠʟʥʘʯʘʣʠ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

ˢ
̒

     (2.17), 

ʜʝ: ʩ (HCl) ï ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʫ ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ, ʤʦʣʴ/ʜʤ3; 

V1 ï ʦʙôʻʤ ʚʦʜʠ, ʱʦ ʙʫʣʦ ʚʟʷʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ, ʩʤ3; 

V2 ï ʦʙôʻʤ ʨʦʟʯʠʥʫ ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ, ʱʦ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʪʠʪʨʫʚʘʥʥʷ 

ʜʦ ʨʅ 8,3, ʩʤ3. 

ʃʫʞʥ̔ʩʪʴ ʟʘʛʘʣʴʥʫ (ʍ), ʤʤʦʣʴ/ʜʤ3, ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

ˢ
̒

     (2.18), 

ʜʝ: ʩ (HCl) ï ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʫ ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ, ʤʦʣʴ/ʜʤ3; 

V1 ï ʦʙôʻʤ ʚʦʜʠ, ʱʦ ʙʫʣʦ ʚʟʷʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ, ʩʤ3; 

V3 ï ʦʙôʻʤ ʨʦʟʯʠʥʫ ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ, ʱʦ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʪʠʪʨʫʚʘʥʥʷ 

ʜʦ ʨʅ 4,5, ʩʤ3. 

ɺʠʟʥʘʯʝʥʥʷ ʩʫʭʦʛʦ ʟʘʣʠʰʢʫ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʟʘ ɻʆʉʊ 18164 [15, 19]. 

ʇʨʦʙʫ ʬʽʣʴʪʨʫʚʘʣʠ ʢʨʽʟʴ ʬʽʣʴʪʨ ʙʽʣʘ ʩʪʨʽʯʢʘ. ʇʦʪʽʤ 100 ʩʤ3 ʧʨʦʙʠ 

ʚʠʧʘʨʦʚʫʚʘʣʠ ʫ ʬʘʨʬʦʨʦʚʽʡ ʯʘʰʮʽ, ʱʦ ʟʘʟʜʘʣʝʛʽʜʴ ʙʫʣʘ ʚʠʩʫʰʝʥʘ ʜʦ ʧʦʩʪʽʡʥʦʾ 

ʤʘʩʠ ʧʨʠ 150Áʉ ʪʘ ʟʚʘʞʝʥʘ. ɺʠʧʘʨʦʚʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʦʜʷʥʽʡ ʙʘʥʽ ʟ 

ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ. ɼʘʣʽ ʯʘʰʢʫ ʟ ʩʫʭʠʤ ʟʘʣʠʰʢʦʤ ʩʫʰʠʣʠ ʜʦ ʧʦʩʪʽʡʥʦʾ 

ʤʘʩʠ ʧʨʠ 110Áʉ ʫ ʪʝʨʤʦʩʪʘʪʽ. ʈʦʟʨʘʭʫʥʦʢ ʩʫʭʦʛʦ ʟʘʣʠʰʢʫ (ʍ), ʤʛ/ʜʤ3, 

ʧʨʦʚʦʜʠʣʠ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

ˢ     (2.19), 

ʜʝ: m ï ʤʘʩʘ ʯʘʰʢʠ ʽʟ ʩʫʭʠʤ ʟʘʣʠʰʢʦʤ, ʤʛ; 

m1 ï ʤʘʩʘ ʧʫʩʪʦ ʾʯʘʰʢʠ, ʤʛ; 

V ï ʦʙôʤ̒ ʚʦʜʠ, ɦ ʦ ʙʫʣʦ ʚʟʷʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ, ʩʤ3. 
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ɺʠʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜʠ (33 ʝʣʝʤʝʥʪʠ) ʧʨʦʚʦʜʠʣʠ ʟʘ 

ɼʉʊʋ ISO 11885:2005 [116]. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʪʦʤʥʦ-

ʝʤʽʩʽʡʥʠʡ ʩʧʝʢʪʨʦʤʝʪʨ ʟ ʽʥʜʫʢʪʠʚʥʦ ʟʚ'ʷʟʘʥʦʶ ʧʣʘʟʤʦʶ Shimadzu. ʇʽʩʣʷ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʧʨʠʣʘʜʫ ʧʨʦʚʦʜʠʣʠ ʚʠʤʽʨʫʚʘʥʥʷ ʚʤʽʩʪʫ ʝʣʝʤʝʥʪʽʚ ʫ ʨʦʟʚʝʜʝʥʽʡ 

ʫ 100 ʨʘʟʽʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʚʦʜʽ. ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʙʠ ʩʧʦʯʘʪʢʫ ʬʽʣʴʪʨʫʚʘʣʠ 

ʢʨʽʟʴ ʬʽʣʴʪʨʠ ʩʠʥʷ ʩʪʨʽʯʢʘ. ʇʦʚʪʦʨʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʙʫʣʘ ʪʨʦʻʢʨʘʪʥʦʶ. 

ɺʠʨʘʭʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʾʭ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʧʨʦʚʦʜʠʣʠ ʫ ʚʽʜʧʦʚʽʜʥʽʡ 

ʢʦʤʧʴʶʪʝʨʥʽʡ ʧʨʦʛʨʘʤʽ ICPEsolution.  

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʩʪʫʧʝʥʶ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʦʜ ʦʟʝʨ ʟʘ ʦʩʥʦʚʫ ʙʫʣʘ ʧʨʠʡʥʷʪʘ 

ʥʘʩʪʫʧʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ: ʩʣʘʙʢʦ ʤʽʥʝʨʘʣʽʟʦʚʘʥʽ (1-2 ʛ/ʜʤ3), ʤʘʣʦ ʤʽʥʝʨʘʣʽʟʦʚʘʥʽ 

(2-5 ʛ/ʜʤ3), ʩʝʨʝʜʥʴʦ ʤʽʥʝʨʘʣʽʟʦʚʘʥʽ (5-15 ʛ/ʜʤ3), ʚʠʩʦʢʦ ʤʽʥʝʨʘʣʽʟʦʚʘʥʽ (15-

30 ʛ/ʜʤ3), ʨʦʟʩʦʣʴʥʽ ʤʽʥʝʨʘʣʴʥʽ ʚʦʜʠ (35-150 ʛ/ʜʤ3) ʪʘ ʩʠʣʴʥʦ ʨʦʟʩʦʣʴʥʽ 

(150 ʛ/ʜʤ3 ʪʘ ʚʠʱʝ). 

ʌʦʨʤʫʣʘ ʚʦʜʠ ʧʦʜʘʥʘ ʟʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ɸʣʻʢʽʥʘ [1], ʟʛʽʜʥʦ ʟ ʷʢʦʶ ʫʩʽ 

ʧʨʠʨʦʜʥʽ ʚʦʜʠ ʟʘ ʜʦʤʽʥʫʶʯʠʤ ʘʥʽʦʥʦʤ ʧʦʜʽʣʷʶʪʴ ʥʘ ʪʨʠ ʢʣʘʩʠ: 

ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʠʭ ʪʘ ʢʘʨʙʦʥʘʪʥʠʭ (ʉ), ʩʫʣʴʬʘʪʥʠʭ (S) ʪʘ ʭʣʦʨʠʜʥʠʭ (Cl) ʚʦʜ. 

ʂʦʞʝʥ ʢʣʘʩ ʟʘ ʧʝʨʝʚʘʞʘʶʯʠʤ ʢʘʪʽʦʥʦʤ ʧʦʜʽʣʷʶʪʴ ʥʘ 3 ʛʨʫʧʠ: ʢʘʣʴʮʽʻʚʫ (Ca), 

ʤʘʛʥʽʻʚʫ (Mg) ʪʘ ʥʘʪʨʽʻʚʫ (Na). ʂʦʞʥʘ ʛʨʫʧʘ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 

ʥʘʩʪʫʧʥʽ ʪʠʧʠ ʚʦʜ: ɯ ï ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ HCO3
->Ca2++Mg2+, 

II  ï HCO3
-<Ca2++Mg2+<HCO3

-+SO4
2-, III  ï HCO3

-+SO4
2-< Ca2++Mg2+ ʘʙʦ Cl->Na+, 

IV ï HCO3
-=0. ʇʨʠ ʥʘʧʠʩʘʥʥʽ ʬʦʨʤʫʣʠ ʢʣʘʩ ʧʦʟʥʘʯʘʻʪʴʩʷ ʩʠʤʚʦʣʦʤ (ʉ, S ʘʙʦ 

Cl), ʛʨʫʧʘ ʫ ʚʠʛʣʷʜʽ ʩʠʤʚʦʣʫ (Ca, Mg ʘʙʦ Na) ʫ ʩʪʫʧʝʥʽ ʪʘ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʜʦ 

ʪʠʧʫ ʚʢʘʟʫʻʪʴʩʷ ʨʠʤʩʴʢʦʶ ʮʠʬʨʦʶ ʚʥʠʟʫ ʙʽʣʷ ʩʠʤʚʦʣʫ ʢʣʘʩʫ. ʂʨʽʤ ʪʦʛʦ ʜʦ 

ʽʥʜʝʢʩʫ ʜʦʜʘʶʪʴʩʷ ʚʝʣʠʯʠʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʾ (ʚʥʠʟʫ, ʟ ʪʦʯʥʽʩʪʶ ʜʦ 0,1 ʛ/ʜʤ3) ʪʘ 

ʟʘʛʘʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ (ʟʚʝʨʭʫ, ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʮʽʣʠʭ ʦʜʠʥʠʮʴ ʤʛ-ʝʢʚ/ʜʤ3). 

ɸʥʘʣʽʟ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʣʦʱʘ ʽ ʜʦʚʞʠʥʘ 

ʙʝʨʝʛʦʚʦʾ ʣʽʥʽʾ ʙʫʣʠ ʧʽʜʨʘʭʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʘʡʪʫ çʂʘʜʘʩʪʨʦʚʘ ʢʘʨʪʘ 

ʋʢʨʘʾʥʠè (http://www.map.land.gov.ua/kadastrova-karta), ʢʦʦʨʜʠʥʘʪʠ 

ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʪʦʯʦʢ ï ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʨʪ Google 

(https://www.google.com.ua/ maps).  

http://www.map.land.gov.ua/kadastrova-karta
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ʈʆɿɼɯʃ 3. ʊɸʂʉʆʅʆʄɯʏʅʀʁ ʉʂʃɸɼ ʊɸ ɽʂʆʃʆɻʆ-

ʌʃʆʈʀʉʊʀʏʅɸ ʍɸʈɸʂʊɽʈʉʊʀʂɸ ʌɯʊʆʇʃɸʅʂʊʆʅʋ 

 

3.1. ʊʘʢʩʦʥʦʤʽʯʥʠʡ ʩʢʣʘʜ ʪʘ ʧʦʨʽʚʥʷʣʴʥʦ-ʬʣʦʨʠʩʪʠʯʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʩʦʣʦʥʠʭ ʦʟʝʨ ʤ. ʉʣʦʚôʷʥʩʴʢʘ 

 

ʅʘ ʧʽʜʩʪʘʚʽ ʦʨʠʛʽʥʘʣʴʥʠʭ ʜʘʥʠʭ (238 ʚʠʜʽʚ ʪʘ ʚʥʫʪʨʽʰʥʴʦʚʠʜʦʚʠʭ 

ʪʘʢʩʦʥʽʚ (ʚʚʪ)), ʜʘʥʠʭ ʨʦʙʦʯʠʭ ʞʫʨʥʘʣʽʚ ʉɻɻʈɽʉ (134 ʚʠʜʠ ʪʘ ʚʚʪ) ʪʘ ʜʘʥʠʭ 

ʣʽʪʝʨʘʪʫʨʠ (47 ʚʠʜʽʚ ʪʘ ʚʚʪ, ʩʝʨʝʜ ʷʢʠʭ 40 ʚʠʜʽʚ ʪʘ ʚʚʪ ʙʫʣʠ ʚʽʜʟʥʘʯʝʥʽ ʪʽʣʴʢʠ ʚ 

ʣʽʪʝʨʘʪʫʨʽ ʤʠʥʫʣʠʭ ʨʦʢʽʚ) [120, 121] ʫ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʦʟʝʨ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

336 ʚʠʜ̔ʚ ʚʦʜʦʨʦʩʪʝʡ (350 ʚʠʜʽʚ ʪʘ ʚʥʫʪʨʽʰʥʴʦʚʠʜʦʚʠʭ ʪʘʢʩʦʥʽʚ) ʜʝʚôʷʪʠ 

ʚʽʜʜʽʣʽʚ (Cyanoprokaryota, Euglenophyta, Chrysophyta, Dinophyta, Xanthophyta, 

Cryptophyta, Bacillariophyta, Chlorophyta, Charophyta) 38 ʧʦʨʷʜʢʽʚ 72 ʨʦʜʠʥ ʽ 

141 ʨʦʜʫ (ʪʘʙʣ. 3.1, ʜʦʜʘʪʦʢ ɻ, ɼ). 

ʊʘʙʣʠʮ ̫3.1 

ʉʠʩʪʝʤʘʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʉʣʦʚôʷʥʩʴʢʠʭ ʦʟʝʨ ʥʘ ʨʽʚʥʽ 

ʚʽʜʜʽʣʽʚ 

ɺʽʜʜʽʣʠ ʂʣʘʩʠ ʇʦʨʷʜʢʠ ʈʦʜʠʥʠ ʈʦʜʠ ɺʠʜʠ (ʚʚʪ) 

Cyanoprokaryota  2 3 10 24 63 (65) 

Euglenophyta  1 1 1 5 18 (22) 

Chrysophyta 1 2 5 7 7 (7) 

Dinophyta  1 2 3 6 9 (9) 

Xanthophyta 1 2 3 5 6 (6) 

Cryptophyta 1 1 1 1 3 (3) 

Bacillariophyta 2 14 29 58 165 (172) 

Chlorophyta 5 11 18 33 62 (63) 

Charophyta 1 2 2 2 3 (3) 

ɺʩʴʦʛʦ 15 38 72 141 336 (350) 
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ʋ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʜʦʤʽʥʫʚʘʣʠ ʧʨʝʜʩʪʘʚʥʠʢʠ ʚʽʜʜʽʣʫ Bacillariophyta 

(49,1% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ ʪʘ ʚʚʪ). ʈ̔ ʟʥʦʤʘʥʽʪʪʷ ʚʠʜʽʚ ʚʽʜʜʽʣʽʚ 

Cyanoprokaryota ̔  Chlorophyta ʙʫʣʦ ʥʠʞʯʝ ï 18,6% ʽ 18% ʚʠʜʽʚ ʽ ʚʚʪ ʚʽʜʧʦʚʽʜʥʦ. 

ʊʘʢʦʞ ʜʦʩʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʙʫʣʠ ʚʦʜʦʨʦʩʪʽ ʚʽʜʜʽʣʫ Euglenophyta (6,3% ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ ʪʘ ʚʚʪ). ɼʣʷ ʽʥʰʠʭ ʚʽʜʜʽʣʽʚ ʙʫʣʦ ʟʘʨʝʻʩʪʨʦʚʘʥʦ 

ʟʥʘʯʝʥʦ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʶ ʚʠʜʽʚ ʪʘ ʚʚʪ, ʽ ʩʫʤʘʨʥʦ ʚʦʥʠ ʩʢʣʘʜʘʣʠ 7,7% ʚʠʜʦʚʦʛʦ 

ʩʢʣʘʜʫ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʦʟʝʨ ʈʃʇ çʉʣʦʚôʷʥʩʴʢʠʡ ʢʫʨʦʨʪè. 

ʋ ʪʘʙʣ. 3.2 ʧʦʜʘʥʦ ʩʠʩʪʝʤʘʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʉʣʦʚôʷʥʩʴʢʠʭ 

ʦʟʝʨ ʟʘ ʌʦʪʦʤ [142]. 

ʊʘʙʣʠʮʷ 3.2 

ʉʠʩʪʝʤʘʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʉʣʦʚôʷʥʩʴʢʠʭ ʦʟʝʨ 

ʈʦʜʠʥʘ ʈʦʜʠ ɺʠʜʠ ʪʘ ʚʚʪ 

ʢʽʣʴʢʽʩʪʴ % ʫʯʘʩʪ ̔ʢʽʣʴʢʽʩʪʴ % ʫʯʘʩʪ ̔

1 2 3 4 5 

Cyanoprokaryota 

Synechococcaceae Kom§rek et Anagn. 3 2,13 4 1,14 

Merismopediaceae Elenkin 5 3,55 9 2,57 

Microcystaceae Elenkin 1 0,71 3 0,85 

Chroococcaceae Nªgeli 1 0,71 3 0,85 

Pseudanabaenaceae Anagnostidis & 

Komarek 

6 4,26 16 4,57 

Phormidiaceae Anagnostidis et 

Komarek 

3 2,13 11 3,14 

Oscillatoriaceae [S.F. Gray] Harvey ex 

Kirchner 

2 1,42 13 3,71 

Plectonemataceae Elenkin 1 0,71 1 0,28 

Anabaenaceae Elenkin 1 0,71 4 1,14 

Aphanizomenonaceae Elenkin 1 0,71 1 0,28 

Euglenophyta 

Euglenaceae G.A. Klebs 5 3,55 22 6,30 

Chrysophyta 

Chromulinaceae Engl. 1 0,71 1 0,28 

Chrysococcaceae Lemmerm. 1 0,71 1 0,28 

Pedinellaceae Pascher 1 0,71 1 0,28 

Dinobryonaceae Ehrenb. 2 1,42 2 0,57 

Ochromonadaceae Senn 2 1,42 2 0,57 

Dinophyta 

Gymnodiniaceae (Bergh) Lankester 3 2,13 6 1,71 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 3.2 

1 2 3 4 5 

Glenodiniaceae Willey et Hickson 1 0,71 1 0,28 

Peridiniaceae Ehrenb. 2 1,42 2 0,57 

Xanthophyta 

Characiopsidaceae Pascher sensu Matv. 

et Dogadina 

1 0,71 2 0,57 

Pleurochloridaceae Pascher sensu Matv. 

et Dogadina 

3 2,13 3 0,86 

Ophiocytiaceae Bourr. sensu Dogadina  1 0,71 1 0,28 

Cryptophyta 

Cryptomonadaceae Ehrenb. 1 0,71 3 0,86 

Bacillariophyta 

Rhizosoleniaceae De Toni 1 0,71 1 0,28 

Chaetocerotaceae Ralfs in A. Pritch. 1 0,71 1 0,28 

Stephanodiscaceae I.V. Makarova in 

Glezer et Makarova 

1 0,71 2 0,57 

Fragilariaceae Grev. 9 6,38 21 6,01 

Eunotiaceae K¿tz. 1 0,71 3 0,86 

Lyrellaceae D.G. Mann in Round, 

Crawford et Mann 

1 0,71 1 0,28 

Mastogloiaceae Mereschk. 1 0,71 1 0,28 

Rhoicospheniaceae Chen et Zhu 1 0,71 1 0,28 

Anomoeoneidaceae D.G. Mann 2 1,42 2 0,57 

Cymbellaceae Grev. 4 2,84 17 4,86 

Gomphonemataceae (K¿tz.) Grunow 2 1,42 7 2,00 

Achnanthidiaceae D.G.Mann 1 0,71 1 0,28 

Achnanthaceae K¿tz. 3 2,13 7 2,00 

Cocconeidaceae K¿tz. 1 0,71 2 0,57 

Cavinulaceae D.G. Mann in Round, 

Crawford et Mann 

1 0,71 1 0,28 

Cosmioneidaceae D.G. Mann in Round, 

Crawford et Mann 

1 0,71 1 0,28 

Diadesmidaceae D.G. Mann in Round, 

Crawford et Mann 

1 0,71 2 0,57 

Sellaphoraceae Mereschk. 2 1,42 3 0,86 

Pinnulariaceae D.G. Mann in Round, 

Crawford et Mann 

2 1,42 8 2,29 

Diploneidaceae D.G. Mann in Round, 

Crawford et Mann 

1 0,71 2 0,57 

Naviculaceae K¿tz. 5 3,55 24 6,86 

Pleurosigmataceae Mereschk. 1 0,71 3 0,86 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 3.2 

1 2 3 4 5 

Stauroneidaceae D.G. Mann in Round, 

Crawford et Mann 

2 1,42 3 0,86 

Amphipleuraceae Grunow 1 0,71 1 0,28 

Catenulaceae Mereschk. 2 1,42 7 2,00 

Bacillariaceae Ehrenb. 5 3,55 34 9,72 

Rhopalodiaceae (Karsten) Topach. et 

Oksiyuk 

2 1,42 7 2,00 

Entomoneidaceae Reimer in Patrick et 

Reimer 

1 0,71 2 0,57 

Surirellaceae K¿tz. 2 1,42 7 2,00 

Chlorophyta 

Pedinomonadaceae Korschikov 1 0,71 1 0,28 

Chlorodendraceae Oltm.  1 0,71 2 0,57 

Ulotrichaceae K¿tz. emend. Borzi 1 0,71 4 1,14 

Ulvaceae Lamouroux ex Dumort. 1 0,71 2 0,57 

Cladophoraceae Wille in Warm.  1 0,71 1 0,28 

Chlorellaceae Brunnth. sensu Krienitz et 

al.  

3 2,13 5 1,43 

Oocystaceae Bohlin  2 1,42 5 1,43 

Botryococcaceae Wille  1 0,71 1 0,28 

Dunaliellaceae T.A. Chr.  1 0,71 2 0,57 

Chlamydomonadaceae G.M. Sm. 2 1,42 3 0,86 

Phacotaceae (B¿tsch.) Oltm. 1 0,71 1 0,28 

Chlorangiellaceae Bourr. et Fott  2 1,42 3 0,86 

Neochloridaceae H. Ettl et Kom§rek  2 1,42 2 0,57 

Radiococcaceae Fott ex Kom§rek  2 1,42 2 0,57 

Characiaceae (Nªgeli) Wille in 

Warming 

2 1,42 3 0,86 

Hydrodictyaceae (S.W. Gray) Dumort. 1 0,71 1 0,28 

Selenastraceae (F.F. Blackman et 

Tansley) F.E. Fritsch in West et Fritsch 

3 2,13 8 2,29 

Scenedesmaceae Oltm. 6 4,25 17 4,86 

Charophyta 

Desmidiaceae Ralfs 1 0,71 2 0,57 

Zygnemataceae K¿tzing 1 0,71 1 0,28 

ɺʩɹʦʛʦ 141 100 350 100 

 

ʉʝʨʝʜ 72 ʨʦʜʠʥ ʚʦʜʦʨʦʩʪʝʡ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʠʤʠʤʠ ʚʠʷʚʠʣʠʩʷ 17 ʨʦʜʠʥ 

(ʟʘ ʢʽʣʴʢʽʩʪʶ ʚʠʜʽʚ ʪʘ ʚʚʪ ʚʦʥʠ ʧʝʨʝʚʠʱʫʚʘʣʠ ʟʥʘʯʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʚʽʜʭʠʣʝʥʥʷ (6,52)), ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.1.  
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ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘʢʩʦʥʦʤʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʬʣʦʨʠ 

ʚʦʜʦʨʦʩʪʝʡ ʦʟʝʨ ʈʃʇ ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʛʨʫʧʠ ʧʨʦʚʽʜʥʠʭ ʨʦʜʠʥ (9) ʪʘ ʨʦʜʽʚ (8), ʷʢʽ 

ʚʢʣʶʯʘʣʠ ʚʽʜʧʦʚʽʜʥʦ 50,3% ʪʘ 26,3% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʚʠʜʽʚ. 

 

ʈʠʩ. 3.1. ʉʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʠʤʽ ʨʦʜʠʥʠ ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ ʦʟʝʨ 

ʈʃʇ çʉʣʦʚôʷʥʩʴʢʠʡ ʢʫʨʦʨʪè 

 

ʇʝʨʰʝ ʤʽʩʮʝ ʫ ʩʧʝʢʪʨʽ ʨʦʜʠʥ ʟʘʡʤʘʣʘ ʨʦʜʠʥʘ Bacillariaceae (34 ʚʠʜʠ ʪʘ 

ʚʚʪ (9,7%) 5 ʨʦʜʽʚ), ʜʨʫʛʝ ï ʨʦʜʠʥʘ Naviculaceae (24 ʚʠʜʠ ʪʘ ʚʚʪ (6,9%)), ʱʦ ʻ 

ʭʘʨʘʢʪʝʨʥʦʶ ʨʠʩʦʶ ʬʣʦʨ ʩʦʣʦʥʠʭ ʦʟʝʨ ʋʢʨʘʾʥʠ, ʟʦʢʨʝʤʘ ʂʨʠʤʫ [81] ʪʘ 

ɸʨʪʝʤʽʚʩʴʢʠʭ ʦʟʝʨ [21]. ʊʨʝʪʻ ʤʽʩʮʝ ʧʦʩʽʣʘ ʨʦʜʠʥʘ Euglenaceae (22 ʚʠʜʠ ʪʘ ʚʚʪ 

(6,3%)), ʯʝʪʚʝʨʪʝ ï Fragilariaceae (21 ʚʠʜ ʪʘ ʚʚʪ (6%)). ʇôʷʪʝ ʤʽʩʮʝ ʟʘʡʤʘʣʠ 

ʨʦʜʠʥʠ Cymbellaceae ʪʘ Scenedesmaceae (ʧʦ 17 ʚʠʜʽʚ ʪʘ ʚʚʪ (4,9%)). ɼʘʣʽ ʡʰʣʠ 

ʨʦʜʠʥʠ Pseudanabaenaceae (16 ʚʠʜʽʚ ʪʘ ʚʚʪ (4,6%)), Oscillatoriaceae (13 ʚʠʜʽʚ 

ʪʘ ʚʚʪ (3,7%)) ʪʘ Phormidiaceae (11 ʚʠʜʽʚ ʪʘ ʚʚʪ (3,1%)). 

ʅʘʡʙʽʣʴʰ ʙʘʛʘʪʠʤʠ ʚʠʜʘʤʠ ʙʫʣʠ ʨʦʜʠ Nitzschia ï 21 ʚʠʜ ʪʘ ʚʚʪ (6% ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ ʬʣʦʨʠ) ʪʘ Navicula ï 19 ʚʠʜʽʚ ʪʘ ʚʚʪ (5,4%). 

ɸʥʘʣʦʛʽʯʥʝ ʧʝʨʝʚʘʞʘʥʥʷ ʜʘʥʠʭ ʨʦʜʽʚ ʫ ʘʣʴʛʦʬʣʦʨʽ ʚʽʜʟʥʘʯʝʥʦ ʪʘʢʦʞ ʜʣʷ 

ʩʦʣʦʥʠʭ ʦʟʝʨ ʩʪʝʧʦʚʠʭ ʜʽʣʷʥʦʢ ʟʘʧʦʚʽʜʥʠʢʘ çʍʘʢʘʩʴʢʠʡè [72]. ɼʘʣʽ ʩʣʽʜʫʚʘʣʠ 

ʨʦʜʠ Euglena ï 14 ʚʠʜʽʚ ʪʘ ʚʚʪ ʽ Oscillatoria ï 9 ʚʠʜʽʚ ʪʘ ʚʚʪ, ʷʢʽ ʚ ʩʫʤʽ ʚʢʣʶʯʘʣʠ 
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6,6% ʫʩʽʭ ʚʠʷʚʣʝʥʠʭ ʚʠʜʽʚ. ɼʨʫʛʫ ʧʦʣʦʚʠʥʫ ʛʦʣʦʚʥʦʾ ʯʘʩʪʠʥʠ ʩʧʝʢʪʨʫ 

ʟʘʚʝʨʰʫʚʘʣʠ ʨʦʜʠ Synedra, Phormidium, Cymbella ʪʘ Desmodesmus, ʱʦ ʤʽʩʪʠʣʠ 

ʧʦ 7 ʚʠʜʽʚ ʪʘ ʚʚʪ ʚʦʜʦʨʦʩʪʝʡ ʪʘ ʟʘʛʘʣʦʤ ʦʙôʻʜʥʫʚʘʣʠ 8% ʚʠʜʦʚʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʛʽʜʥʦ ʟ ʦʩʪʘʥʥʽʤʠ ʜʘʥʠʤʠ ʣʽʪʝʨʘʪʫʨʠ [120, 121] 

ʩʝʨʝʜ ʚʠʟʥʘʯʝʥʠʭ ʥʘʤʠ ʚʠʜʽʚ ʜʝʢʽʣʴʢʘ ʥʝ ʚʢʘʟʫʚʘʣʠʩʷ ʨʘʥʽʰʝ ʜʣʷ ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠ. ɿ ʚʽʜʜʽʣʫ Cryptophyta ʮʝ: Cryptomonas caudata Massart, C. marssonii 

Skuja; ʟ ʚʽʜʜʽʣʫ Dinophyta ï Gymnodinium olivaceum Skvortzov; ʟ ʚʽʜʜʽʣʫ 

Bacillariophyta ï Planothidium joursacense (H®ribaud-Joseph) Lange-Bertalot, 

Campylodiscus hibernicus Ehrenberg, Fragilaria radians (K¿tzing) D.M.Williams 

& Round, Synedra pulchella K¿tzing var. naviculacea Grunow, Ulnaria ulna 

(Nitzsch) P.Comp¯re var. aequalis (K¿tzing) M.Aboal, Ulnaria biceps (K¿tzing) 

P.Comp¯re, Pinnularia cocconeis (Ehrenberg) Ehrenberg, Microcostatus krasskei 

(Hustedt) J.R.Johansen & J.C.Sray, Amphiprora kjellmanii Cleve var. striolata 

(Grunow) Cleve; ʟ ʚʽʜʜʽʣʫ Chlorophyta ï Chlamydomonas ovata P.A. Dangeard. 

ɺʠʜʦʚʠʡ ʩʢʣʘʜ ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ ʫ ʨʽʟʥʠʭ ʦʟʝʨʘʭ ʟʥʘʯʥʦ 

ʚʽʜʨʽʟʥʷʚʩʷ. ɺ ʦʟʝʨʽ ʈʽʧʥʝ ʟʘʛʘʣʦʤ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 179 ʚʠʜʽʚ ʪʘ ʚʚʪ, ʱʦ 

ʚʽʜʥʦʩʠʣʠʩʴ ʜʦ ʜʝʚôʷʪʠ ʚʽʜʜʽʣʽʚ (ʨʠʩ. 3.2). ʉʝʨʝʜ ʥʠʭ ʜʦʩʪʝʤʝʥʥʦ ʜʦʤʽʥʫʚʘʣʠ 

ʣʠʰʝ Bacillariophyta (66,3% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ ʪʘ ʚʚʪ). ʍʦʯʘ ʩʣʽʜ 

ʚʽʜʟʥʘʯʠʪʠ ʟʥʘʯʥʫ ʧʨʝʜʩʪʘʚʣʝʥʽʩʪʴ ʫ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʦʟʝʨʘ ʚʠʜʽʚ Chlorophyta ʪʘ 

Cyanoprokaryota. ɺʦʜʦʨʦʩʪʽ ʽʥʰʠʭ ʚʽʜʜʽʣʽʚ ʩʫʤʘʨʥʦ ʩʢʣʘʜʘʣʠ ʤʝʥʰʝ 9% ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ ʪʘ ʚʚʪ. ʋ ʩʝʟʦʥʥʦʤʫ ʘʩʧʝʢʪʽ (ʨʠʩ. 3.3 ɸ) ʜʽʘʪʦʤʦʚʽ 

ʚʦʜʦʨʦʩʪʽ ʙʫʣʠ ʥʘʡʙʽʣʴʰ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʧʝʨʽʦʜ ʟ ʢʚʽʪʥʷ ʧʦ ʚʝʨʝʩʝʥʴ. ɿ ʞʦʚʪʥʷ 

ʫ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʚʘʣʘʩʷ ʯʘʩʪʢʘ ʟʝʣʝʥʠʭ ʪʘ ʩʠʥʴʦʟʝʣʝʥʠʭ 

ʚʦʜʦʨʦʩʪʝʡ. ɼʽʥʦʬʽʪʦʚʽ ʽʩʪʦʪʥʠʡ ʚʢʣʘʜ ʤʘʣʠ ʣʠʰʝ ʥʘʧʨʠʢʽʥʮʽ ʟʠʤʠ ï ʧʦʯʘʪʢʫ 

ʚʝʩʥʠ. ɸʥʘʣʦʛʽʯʥʽ ʪʝʥʜʝʥʮʽʾ ʧʝʨʝʚʘʞʘʥʥʷ ʫ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ 

ʚʟʠʤʢʫ, ʘ ʜʽʘʪʦʤʦʚʠʭ ï ʚʣʽʪʢʫ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ ʪʘʢʦʞ ʜʣʷ 

ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʦʛʦ ʉʘʢʩʴʢʦʛʦ ʦʟʝʨʘ [110]. 

ʉʝʨʝʜ ʜʽʘʪʦʤʦʚʠʭ ʚʠʜʽʣʷʣʠʩʴ ʩʚʦʾʤ ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʨʦʜʠ Nitzschia Hassal 

(18 ʚʠʜʽʚ ʪʘ ʚʚʪ) ʪʘ Navicula Bory (17 ʚʠʜʽʚ ʪʘ ʚʚʪ). ʅʘʡʙʽʣʴʰ ʧʨʝʜʩʪʘʚʣʝʥʠʤ 

ʨʦʜʦʤ Cyanoprokaryota ʙʫʚ Phormidium Kiitzing ex Gomont (6 ʚʠʜʽʚ ʪʘ ʚʚʪ). 

http://www.algaebase.org/search/?genus=Amphiprora
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ʊʘʢʦʞ 6 ʚʠʜʽʚ ʪʘ ʚʚʪ ʙʫʣʦ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʜʣʷ ʨʦʜʫ Euglena Ehrenb. ʟ 

Euglenophyta. ʉʝʨʝʜ ʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ ʚʠʜʽʣʷʣʠʩʷ ʨʦʜʠ Monoraphidium 

Kom§rk.-Legn. ʪʘ Ulothrix K¿tz. (ʧʦ 3 ʚʠʜʠ ʪʘ ʚʚʪ ʢʦʞʝʥ). 

 

ʈʠʩ. 3.2. ʈʦʟʧʦʜʽʣ ʩʢʣʘʜʫ ʚʠʜʽʚ ʚʦʜʦʨʦʩʪʝʡ ʦʟʝʨʘ ʈʽʧʥʝ ʟʘ ʚʽʜʜʽʣʘʤʠ 

 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʚʠʜʘʤʠ ʚʦʜʦʨʦʩʪʝʡ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʦʟʝʨʘ ʈʽʧʥʝ 

ʚʠʷʚʠʣʠʩʷ Achnanthes brevipes C. Agardh var. brevipes, Oocystis lacustris Chodat, 

Tabularia fasciculata (C. Agardh) D.M. Williams et Round, Ankyra ocellata 

(Korschikov) Fott., Peridiniopsis oculatum (F. Stein) Bourr., Craticula halophila 

(Grunow in Van Heurck) D.G. Mann in Round, Crawford, Mann, Navicula 

capitatoradiata H. Germ., N. gregaria Donkin, Monoraphidium minutum (Nªgeli) 

Kom§rk.-Legn., Campylodiscus clypeus Ehrenb. 

ɺ ʦʟʝʨʽ ɺʝʡʩʦʚʝ ʟʘʛʘʣʦʤ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 176 ʚʠʜʽʚ ʪʘ ʚʚʪ, ʷʢʽ ʚʽʜʥʦʩʠʣʠʩʴ 

ʜʦ ʩʝʤʠ ʚʽʜʜʽʣʽʚ ʚʦʜʦʨʦʩʪʝʡ (ʨʠʩ. 3.4). ɼʦʤʽʥʫʚʘʣʠ ʚʦʜʦʨʦʩʪʽ ʚʽʜʜʽʣʫ 

Bacillariophyta, ʪʘʢʦʞ ʜʦʩʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʙʫʣʠ ʚʽʜʜʽʣʠ Cyanoprokaryota ʪʘ 

Chlorophyta. ɼʣʷ ʽʥʰʠʭ ʚʽʜʜʽʣʽʚ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʧʦ 1-4 ʚʠʜʠ.  
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ʈʠʩ. 3.3. ɿʤʽʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʨʽʟʥʠʭ ʚʽʜʜʽʣʽʚ ʚʦʜʦʨʦʩʪʝʡ 

ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʫ ʬʣʦʨʽ ʦʟʝʨ ɸ ï ʈʽʧʥʝ, ɹ ï ɺʝʡʩʦʚʝ, ɺ ï ɻʘʨʷʯʝ, ʪʘ ɻ ï ʉʣʽʧʥʝ 

ɸ 

ɹ 

ɺ 

ɻ 
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ʈʠʩ. 3.4. ʈʦʟʧʦʜʽʣ ʩʢʣʘʜʫ ʚʠʜʽʚ ʚʦʜʦʨʦʩʪʝʡ ʦʟʝʨʘ ɺʝʡʩʦʚʝ ʟʘ ʚʽʜʜʽʣʘʤʠ 

 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʫʩʽ ʪʨʠ ʥʘʡʙʽʣʴʰ 

ʤʘʩʦʚʽ ʚʽʜʜʽʣʠ, ʧʨʦʪʝ ʾʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘʣʝʞʘʣʦ ʚʽʜ ʧʦʨʠ ʨʦʢʫ (ʨʠʩ. 3.3 ɹ). 

ʊʘʢ, ʫ ʪʝʧʣʠʡ ʧʝʨʽʦʜ ʨʦʢʫ ʜʽʘʪʦʤʦʚʽ ʟʥʘʯʥʦ ʧʝʨʝʚʘʞʘʣʠ ʟʝʣʝʥʠʭ ʪʘ 

ʩʠʥʴʦʟʝʣʝʥʠʭ, ʘʣʝ ʜʦ ʦʩʝʥʽ ʾʭʥʽʡ ʚʽʜʩʦʪʦʢ ʫʯʘʩʪʽ ʟʥʠʞʫʚʘʚʩ ̫ ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʚʢʣʘʜʫ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʚʽʜʜʽʣʫ Chlorophyta ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʟʝʣʝʥʽ ʪʘ 

ʩʠʥʴʦʟʝʣʝʥʽ ʩʫʤʘʨʥʦ ʧʝʨʝʚʘʞʘʣʠ ʟʘ ʢʽʣʴʢʽʩʪʶ ʚʠʜʽʚ ʥʘʜ ʜʽʘʪʦʤʦʚʠʤʠ. 

ʉʝʨʝʜ Bacillariophyta ʥʘʡʙʽʣʴʰʠʤ ʚʠʜʦʚʠʤ ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʚʽʜʟʥʘʯʘʣʠʩʷ 

ʨʦʜʠ Navicula (18 ʚʠʜʽʚ ʪʘ ʚʚʪ) ʪʘ Nitzschia (15 ʚʠʜʽʚ ʪʘ ʚʚʪ). ʉʝʨʝʜ 

ʩʠʥʴʦʟʝʣʝʥʠʭ ʚʠʜʽʣʷʣʠʩʷ ʨʦʜʠ Jaaginema Anagnostidis et Komarek ʪʘ 

Phormidium (ʧʦ 4 ʚʠʜʠ ʪʘ ʚʚʪ ʢʦʞʝʥ). ʉʝʨʝʜ ʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ ʜʦʩʠʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʙʫʣʠ ʨʦʜʠ Monoraphidium ʪʘ Acutodesmus (E. Hegew.) 

P. Tsarenko in Tsarenko et Petlovany (ʧʦ 3 ʚʠʜʠ ʪʘ ʚʚʪ ʢʦʞʝʥ). 

ɼʦ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʚʠʜʽʚ ʚʦʜʦʨʦʩʪʝʡ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʦʟʝʨʘ ɺʝʡʩʦʚʝ 

ʥʘʣʝʞʘʣʠ: Chaetoceros muelleri Lemmerm., Lyngbya maior Meneghini ex 

Gomont, Achnanthes brevipes var. brevipes, Amphora holsatica Hust., Craticula 

halophila, Cylindrotheca closterium (Ehrenb.) Reimer et F.W. Lewis, Nitzschia 

reversa W.Sm f. reversa, Cymbella laevis Nªgeli in K¿tz., Entomoneis paludosa 

(W. Sm.) Reimer in Patrick et Reimer var. subsalina (Cleve) Krammer in Lange-

Bert et Krammer, Navicula gregaria, Tabularia fasciculata, Ankyra ocellata. 
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ɼʣʷ ʦʟʝʨʘ ɻʘʨʷʯʝ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 121 ʚʠʜ ʪʘ ʚʚʪ ʟ 5 ʚʽʜʜʽʣʽʚ (ʨʠʩ. 3.5). 

ʉʝʨʝʜ ʥʠʭ ʥʘʡʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʚʠʜʽʚ ʚʠʨʽʟʥʷʣʠʩʷ Bacillariophyta, 

Cyanoprokaryota ʪʘ Chlorophyta, ʭʦʯʘ ʜʦʩʪʝʤʝʥʥʦ ʜʦʤʽʥʫʚʘʣʠ ʪʽʣʴʢʠ ʜʽʘʪʦʤʦʚʽ 

ʚʦʜʦʨʦʩʪʽ (56,2% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʟʥʘʯʝʥʠʭ ʚʠʜʽʚ ʪʘ ʚʚʪ). ʋ ʩʝʟʦʥʥʦʤʫ 

ʘʩʧʝʢʪʽ ʩʧʦʩʪʝʨʽʛʘʣʠ ʜʝʢʽʣʴʢʘ ʪʝʥʜʝʥʮʽʡ (ʨʠʩ. 3.3 ɺ): ʧʨʝʜʩʪʘʚʥʠʢʠ 

Chlorophyta ʙʫʣʠ ʥʘʡʙʽʣʴʰ ʨʷʩʥʠʤʠ ʫ ʭʦʣʦʜʥʽ ʧʦʨʠ ʨʦʢʫ, ʘ Cyanoprokaryota ï 

ʥʘʚʧʘʢʠ ʚ ʪʝʧʣʽ; Euglenophyta ʟôʷʚʣʷʣʠʩʷ ʫ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʫ ʪʨʘʚʥʽ ʽ ʧʦʚʥʽʩʪʶ 

ʟʥʠʢʘʣʠ ʟ ʧʦʯʘʪʢʦʤ ʟʠʤʦʚʦʛʦ ʧʝʨʽʦʜʫ, ʘ Dinophyta ʥʘʚʧʘʢʠ ʥʘʡʙʽʣʴʰʠʡ 

ʚʽʜʩʦʪʢʦʚʠʡ ʚʢʣʘʜ ʤʘʣʠ ʥʘʧʨʠʢʽʥʮʽ ʟʠʤʠ, ʘ ʧʦʪʽʤ ʜʦ ʣʽʪʘ ʚʽʥ ʧʦʩʪʫʧʦʚʦ 

ʟʥʠʞʫʚʘʚʩʷ. 

 

ʈʠʩ. 3.5. ʈʦʟʧʦʜʽʣ ʩʢʣʘʜʫ ʚʠʜʽʚ ʚʦʜʦʨʦʩʪʝʡ ʦʟʝʨʘ ɻʘʨʷʯʝ ʟʘ ʚʽʜʜʽʣʘʤʠ 

 

ʉʝʨʝʜ ʜʽʘʪʦʤʦʚʠʭ ʚʦʜʦʨʦʩʪʝʡ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʦʟʝʨʘ ɻʘʨʷʯʝ ʚʠʜʦʚʠʤ 

ʙʘʛʘʪʩʪʚʦʤ ʚʽʜʟʥʘʯʘʣʠʩʴ ʨʦʜʠ Navicula (12 ʚʠʜʽʚ ʪʘ ʚʚʪ) ʪʘ Nitzschia (6 ʚʠʜʽʚ ʪʘ 

ʚʚʪ). ʈʽʜ Euglena ʙʫʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 8 ʚʠʜʘʤʠ ʪʘ ʚʚʪ. ɯʟ Cyanoprokaryota 

ʥʘʡʙʽʣʴʰʝ ʚʠʜʦʚʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʩʧʦʩʪʝʨʽʛʘʣʠ ʫ ʨʦʜʘʭ Phormidium (5 ʚʠʜʽʚ ʪʘ 

ʚʚʪ) ʪʘ Merismopedia Meyen (4 ʚʠʜʠ ʪʘ ʚʚʪ). ʉʝʨʝʜ ʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ 

ʥʘʡʙʽʣʴʰ ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʙʫʚ ʨʽʜ Monoraphidium (3 ʚʠʜʠ ʪʘ ʚʚʪ). 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʚʠʜʘʤʠ ʫ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʮʴʦʛʦ ʦʟʝʨʘ ʙʫʣʠ ʥʘʩʪʫʧʥʽ: 

Chroococcus cohaerens (Br®b.) Nªgeli, Achnanthes brevipes var. brevipes, 

A. brevipes var. intermedia (K¿tz.) Cleve, Adlafia minuscula (Grunow in Van 

Heurck) Lange-Bert. in Lange-Bert. et Genkal var. minuscula, Amphora holsatica, 
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Campylodiscus clypeus, Cylindrotheca closterium, Hantzschia amphioxys (Ehrenb.) 

Grunow in Cleve et Grunow var. amphioxys, Navicula capitatoradiata, N. gregaria, 

N. veneta K¿tz., Tabularia fasciculata, Acutodesmus dimorphus (Turpin) 

P. Tsarenko in Tsarenko et Petlovany, Ulothrix tenerrima (K¿tz.) K¿tz., Ulothrix 

zonata (Weber et Mohr) K¿tz. var. inaequalis (K¿tz.) Rabenh., Pseudoschroederia 

robusta (Korschikov) E. Hegew. et Schnepf, Ankyra ocellata. 

ʋ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʦʟʝʨʘ ʉʣʽʧʥʝ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 226 ʚʠʜʽʚ ʪʘ ʚʚʪ 

ʚʦʜʦʨʦʩʪʝʡ ʚʦʩʴʤʠ ʚʽʜʜʽʣʽʚ (ʨʠʩ. 3.6). ɿʘ ʯʠʩʣʦʤ ʚʠʜʽʚ ʟʥʘʯʥʦ ʧʝʨʝʚʘʞʘʣʠ 

ʧʨʝʜʩʪʘʚʥʠʢʠ Bacillariophyta, Chlorophyta ʪʘ Cyanoprokaryota. ɼʽʘʪʦʤʦʚʽ 

ʚʦʜʦʨʦʩʪʽ ʚ ʦʟʝʨʽ ʉʣʽʧʥʝ ʩʢʣʘʜʘʣʠ 50,4% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʟʥʘʯʝʥʠʭ 

ʚʠʜʽʚ ʪʘ ʚʚʪ, ʟʝʣʝʥʽ ï 18,6%, ʩʠʥʴʦʟʝʣʝʥʽ ï 18,1%. ɿʠʤʦʚʠʡ ʜʽʘʪʦʤʦʚʦ-

ʜʽʥʦʬʽʪʦʚʠʡ ʢʦʤʧʣʝʢʩ ʟʽ ʟʥʘʯʥʦʶ ʫʯʘʩʪʶ ʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ ʥʘʚʝʩʥʽ 

ʟʘʤʽʥʶʚʘʚʩʷ ʜʽʘʪʦʤʦʚʠʤ ʟʽ ʟʥʘʯʥʦʶ ʫʯʘʩʪʶ ʟʝʣʝʥʠʭ ʪʘ ʩʠʥʴʦʟʝʣʝʥʠʭ 

(ʨʠʩ. 3.3 ɻ). ʇʨʦʪʷʛʦʤ ʣʽʪʘ ʚʽʥ ʧʦʩʪʫʧʦʚʦ ʟʤʽʥʶʚʘʚʩʷ ʽ ʥʘʧʨʠʢʽʥʮʽ ʣʽʪʘ ï ʥʘ 

ʧʦʯʘʪʢʫ ʦʩʝʥʽ ʧʝʨʝʭʦʜʠʚ ʫ ʩʠʥʴʦʟʝʣʝʥʦ-ʟʝʣʝʥʦ-ʜʽʘʪʦʤʦʚʠʡ. ʇʨʦʪʷʛʦʤ ʦʩʝʥʽ 

ʚʢʣʘʜ ʩʠʥʴʦʟʝʣʝʥʠʭ ʥʽʚʝʣʶʚʘʚʩ ̫ ʽ ʬʦʨʤʫʚʘʚʩʷ ʜʽʘʪʦʤʦʚʠʡ ʢʦʤʧʣʝʢʩ ʟʽ 

ʟʥʘʯʥʦʶ ʫʯʘʩʪʶ ʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ. 

 

ʈʠʩ. 3.6. ʈʦʟʧʦʜʽʣ ʩʢʣʘʜʫ ʚʠʜʽʚ ʚʦʜʦʨʦʩʪʝʡ ʦʟʝʨʘ ʉʣʽʧʥʝ ʟʘ ʚʽʜʜʽʣʘʤʠ 

 

ʉʝʨʝʜ Bacillariophyta ʚʠʜʽʣʷʣʠʩʴ ʨʦʜʠ Navicula ʪʘ Nitzschia (ʧʦ 13 ʚʠʜʽʚ 

ʪʘ ʚʚʪ ʫ ʢʦʞʥʦʤʫ). ɿ Chlorophyta ʨʦʜʠ Acutodesmus, Monoraphidium ʪʘ 

Desmodesmus (Chodat) An, Friedl et E. Hegew. ʤʘʣʠ ʧʦ 5 ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʢʦʞʝʥ. 
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ʉʝʨʝʜ Cyanoprokaryota ʟʘ ʚʠʜʦʚʠʤ ʨʽʟʥʦʤʘʥʽʪʪʷ ʧʝʨʝʚʘʞʘʣʠ ʨʦʜʠ 

Merismopedia (5 ʚʠʜʽʚ ʪʘ ʚʚʪ), Jaaginema ʪʘ Phormidium (ʧʦ 4 ʚʠʜʠ ʪʘ ʚʚʪ 

ʢʦʞʝʥ). ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʚ ʪʘ ʚʚʪ ʨʦʜʫ Euglena (8 ʚʠʜʽʚ ʪʘ 

ʚʚʪ). 

ɼʦ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʚʠʜʽʚ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʦʟʝʨʘ ʉʣʽʧʥʝ ʥʘʣʝʞʘʣʠ 

Acutodesmus dimorphus, Dictyosphaerium pulchellum Wood, Hyaloraphidium 

contortum Pascher et Korschikov ex Korschikov var. contortum, Monoraphidium 

contortum (Thur.) Kom§rk.-Legn., M. irregulare (G.M. Sm.) Kom§rk.-Legn., 

M. minutum, Tetraedron minimum (A. Braun) Hansg. var. minimum f. minimum, 

Anabaena bergii Ostenf. f. minor (Kisselev) Kossinsk. in Elenkin, Merismopedia 

minima Beck, M. punctata Meyen in Wiegmann, Jaaginema kisselevii (Anisimova) 

Anagnostidis et Komarek, Snowella lacustris (Chodat) Kom§rek et Hind§k, 

Woronichinia compacta (Lemmerm.) Kom§rek et Hind§k, Euglena texta (Dujard.) 

Hubner var. texta, E. viridis Ehrenb., Peridiniopsis oculatum, Gymnodinium 

uberrimum (G.J. Allman) Kof. et Swezy, Caloneis molaris (Grunow) Krammer in 

Krammer et Lange-Bert., Navicula oblonga (K¿tz.) K¿tz. var. oblonga, Craticula 

halophila, Entomoneis paludosa var. subsalina, Nitzschia amphibia Grunov. 

ʆʟʝʨʦ ʃʝʚʘʜʥʝ ʟʘ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʦʩʴ ʥʘʷʚʥʽʩʪʶ 

59 ʚʠʜʽʚ ʪʘ ʚʚʪ, ʷʢʽ ʚʽʜʥʦʩʠʣʠʩʴ ʜʦ ʯʦʪʠʨʴʦʭ ʚʽʜʜʽʣʽʚ (ʨʠʩ. 3.7). ɿʘ ʯʠʩʣʦʤ ʚʠʜʽʚ 

ʟʥʘʯʥʦ ʧʝʨʝʚʘʞʘʣʠ ʧʨʝʜʩʪʘʚʥʠʢʠ ʚʽʜʜʽʣʫ Bacillariophyta (58,4 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ ʦʟʝʨʘ). Chlorophyta ʩʢʣʘʜʘʣʠ 20,8 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʠʜʽʚ ʦʟʝʨʘ, Cyanoprokaryota ï 17 %, Dinophyta ï 3,8 %. 

ʉʝʨʝʜ ʜʽʘʪʦʤʦʚʠʭ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʨʽʜ Navicula ʟ 6 ʚʠʜʘʤʠ ʪʘ ʚʚʪ; ʩʝʨʝʜ 

ʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ ï ʨʽʜ Desmodesmus ʟ 3 ʚʠʜʘʤʠ ʪʘ ʚʚʪ. ʅʘʡʯʘʩʪʽʰʝ ʫ ʧʨʦʙʘʭ 

ʟʫʩʪʨʽʯʘʣʠ Craticula halophila, Navicula protracta Grunow in Cleve, Cyclotella 

stelligera (Cleve et Grunow) Van Heurck, Woloszynskia pascheri (S¿chl.) Stosch, 

Chaetoceros muelleri, Cyclotella meneghiniana K¿tz., Cylindrotheca closterium. 
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ʈʠʩ. 3.7. ʈʦʟʧʦʜʽʣ ʩʢʣʘʜʫ ʚʠʜʽʚ ʚʦʜʦʨʦʩʪʝʡ ʦʟʝʨʘ ʃʝʚʘʜʥʝ ʟʘ ʚʽʜʜʽʣʘʤʠ 

 

ɺ ʦʟʝʨʽ ʏʝʨʚʦʥʝ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 40 ʚʠʜʽʚ ʪʘ ʚʚʪ ʟ 4 ʚʽʜʜʽʣʽʚ (ʨʠʩ. 3.8). ʊʫʪ 

ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ ʧʦʚʥʝ ʜʦʤʽʥʫʚʘʥʥʷ ʜʽʘʪʦʤʦʚʠʭ ʚʦʜʦʨʦʩʪʝʡ, ʷʢʽ ʩʢʣʘʜʘʣʠ 

92,5 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʟʥʘʯʝʥʠʭ ʜʣʷ ʦʟʝʨʘ ʚʠʜʽʚ. ɯʥʰʽ ʚʽʜʜʽʣʠ ʙʫʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʣʠʰʝ ʧʦ ʦʜʥʦʤʫ ʚʠʜʫ ʢʦʞʝʥ: Chlorophyta: Dunaliella salina 

(Dunal) Teodor., Cyanoprokaryota: Spirulina major K¿tz. ex Gomont, 

Euglenophyta: Euglena clara Skuja. 

 

ʈʠʩ. 3.8. ʈʦʟʧʦʜʽʣ ʩʢʣʘʜʫ ʚʠʜʽʚ ʚʦʜʦʨʦʩʪʝʡ ʦʟʝʨʘ ʏʝʨʚʦʥʝ ʟʘ ʚʽʜʜʽʣʘʤʠ 

 

ʅʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʚ ʚʢʣʶʯʘʚ ʨʽʜ Navicula ï 7 ʚʠʜʽʚ ʪʘ ʚʚʪ. ɼʦ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʚʠʜʽʚ ʤʦʞʥʘ ʙʫʣʦ ʚʽʜʥʝʩʪʠ Adlafia minuscula var. minuscula, 

Navicula protracta, Craticula halophila, Tabularia fasciculata, Cyclotella 

stelligera. 
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ɼʣʷ ʆʟʝʨʘ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 31 ʚʠʜ ʪʘ ʚʚʪ ʟ ʪʨʴʦʭ ʚʽʜʜʽʣʽʚ (ʨʠʩ. 3.9.). ʗʢ ʽ 

ʚ ʦʟʝʨʽ ʏʝʨʚʦʥʝ, ʧʝʨʝʚʘʞʥʫ ʯʘʩʪʠʥʫ ʬʽʪʦʧʣʘʥʢʪʦʥʫ (90,3 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ) ʪʫʪ ʩʢʣʘʜʘʣʠ ʚʦʜʦʨʦʩʪʽ ʚʽʜʜʽʣʫ Bacillariophyta. ɺʽʜʜʽʣ 

Chlorophyta ʙʫʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʚʦʤʘ ʚʠʜʘʤʠ (Dunaliella salina ʪʘ Ulothrix 

tenerrima), ʚʽʜʜʽʣ Cyanoprokaryota ï ʦʜʥʠʤ ʚʠʜʦʤ (Merismopedia punctata). 

 

ʈʠʩ. 3.9. ʈʦʟʧʦʜʽʣ ʩʢʣʘʜʫ ʚʠʜʽʚ ʚʦʜʦʨʦʩʪʝʡ ʆʟʝʨʘ ʟʘ ʚʽʜʜʽʣʘʤʠ 

 

ʅʘʡʙʽʣʴʰ ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʙʫʣʠ ʨʦʜʠ Navicula ʪʘ Nitzschia (4 ʽ 3 ʚʠʜʠ ʪʘ 

ʚʚʪ ʚʽʜʧʦʚʽʜʥʦ). ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʚʠʜʘʤʠ ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ ʆʟʝʨʘ ʙʫʣʠ 

Entomoneis paludosa (W. Sm.) Reimer in Patrick et Reimer var. paludosa, 

E. paludosa var. subsalina, Nitzschia amphibia, Hantzschia amphioxys (Ehrenb.) 

Grunow in Cleve et Grunow var. capitata O. M¿ll., Dunaliella salina, Adlafia 

bryophila (J.B. Petersen) Lange-Bert. in Moser et al., Cymbella tumidula Grunow in 

A.W.F. Schmidt et al. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʚʠʷʚʠʪʠ ʛʨʫʧʠ ʦʟʝʨ, ʱʦ ʧʦʜʽʙʥʽ ʟʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ 

ʚʦʜʦʨʦʩʪʝʚʦʛʦ ʥʘʩʝʣʝʥʥʷ, ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʜʝʥʜʨʦʛʨʘʤʘ ʩʧʽʣʴʥʦʩʪʽ. ʅʘ 

ʨʠʩ. 3.10 ʚʠʜʥʦ, ʱʦ ʥʘ ʨʽʚʥʽ ʙʽʣʴʰʝ 40% ʩʧʽʣʴʥʦʩʪʽ ʬʣʦʨʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʟʝʨ 

ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʘ ʛʦʣʦʚʥʠʭ ʢʣʘʩʪʝʨʠ. ɺ ʧʝʨʰʠʡ ʚʭʦʜʷʪʴ ʦʟʝʨʘ ʈʽʧʥʝ, 

ɺʝʡʩʦʚʝ, ɻʘʨʷʯʝ ʪʘ ʉʣʽʧʥʝ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʈʝʛʽʦʥʘʣʴʥʦʛʦ 

ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʘʨʢʫ. ɼʨʫʛʠʡ ʦʙôʻʜʥʫʻ ʃʝʚʘʜʥʝ, ʏʝʨʚʦʥʝ ʪʘ ʆʟʝʨʦ ï ʦʟʝʨʘ 

ʧʽʚʜʝʥʥʦʾ ʯʘʩʪʠʥʠ ʧʘʨʢʫ. 
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ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠʨʦʜʥʘ ʽʩʪʦʨʽʷ ʬʦʨʤʫʚʘʥʥʷ 

ʬʣʦʨʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʟʝʨ ʥʘʢʣʘʜʘʻ ʩʚʽʡ ʚʽʜʙʠʪʦʢ ʥʘ ʾʭ ʬʣʦʨʠʩʪʠʯʥʠʡ ʩʢʣʘʜ. 

ʋʛʨʫʧʦʚʘʥʥʷ ʚʦʜʦʨʦʩʪʝʡ, ʥʘʚʽʪʴ ʙʣʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʦʜʥʝ ʚʽʜ ʦʜʥʦʛʦ ʦʟʝʨ, 

ʤʘʶʪʴ ʩʚʦʾ ʨʠʩʠ, ʪʘʢ ʟʚʘʥʝ ʬʣʦʨʠʩʪʠʯʥʝ ʦʙʣʠʯʯʷ. 

 

ʈʠʩ. 3.10. ɼʝʥʜʨʦʛʨʘʤʘ ʩʧʽʣʴʥʦʩʪʽ ʩʢʣʘʜʫ ʚʠʜʽʚ ʦʟʝʨ ʈʃʇ çʉʣʦʚôʷʥʩʴʢʠʡ 

ʢʫʨʦʨʪè 

 

ɺʠʜʦʚʠʡ ʩʢʣʘʜ ʚʦʜʦʨʦʩʪʝʡ ʬʦʨʤʫʚʘʚʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, 

ʤʦʨʬʦʤʝʪʨʽʾ, ʭʽʤʽʟʤʫ ʪʘ ʽʩʪʦʨʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʦʟʝʨ. ɼʣʷ ʪʦʛʦ, ʱʦʙ 

ʚʠʷʚʠʪʠ ʽʩʪʦʨʠʯʥʽ ʟʚôʷʟʢʠ ʬʣʦʨʠ ʦʟʝʨ ʚʩʴʦʛʦ ʈʝʛʽʦʥʘʣʴʥʦʛʦ ʣʘʥʜʰʘʬʪʥʦʛʦ 

ʧʘʨʢʫ ʙʫʚ ʧʦʙʫʜʦʚʘʥʠʡ ʜʝʥʜʨʠʪ, ʷʢʠʡ ʧʦʢʘʟʫʻ ʤʽʨʫ ʚʢʣʶʯʝʥʥʷ-ʧʝʨʝʪʠʥʫ ʬʣʦʨ 

ʦʟʝʨ. ʅʘ ʨʠʩ. 3.11 ʚʠʜʥʦ, ʱʦ ʚʽʜʩʦʪʦʢ ʧʝʨʝʪʠʥʫ ʬʣʦʨ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʡ. ʇʨʦʪʝ 

ʫʛʨʫʧʦʚʘʥʥʷ ʚʦʜʦʨʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʟʝʨ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʘ 

ʬʣʦʨʠʩʪʠʯʥʠʭ ʷʜʨʘ, ʱʦ ʚʽʜʜʽʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ ʧʫʥʢʪʠʨʥʦʶ ʣʽʥʽʻʶ. ʊʦʚʱʠʥʘ 

ʣʽʥʽʡ ʟʚôʷʟʢʫ ʧʨʦʧʦʨʮʽʡʥʘ ʩʧʽʣʴʥʦʩʪʽ ʬʣʦʨ. 

ʇʝʨʰʝ ʷʜʨʦ ʫ ʩʚʦʾʡ ʦʩʥʦʚʽ ʤʘʣʦ ʬʣʦʨʫ ʦʟʝʨʘ ɺʝʡʩʦʚʝ (ʧʽʚʥʽʯʥʘ ʛʨʫʧʘ 

ʦʟʝʨ), ʘ ʜʨʫʛʝ ï ʦʟʝʨʦ ʏʝʨʚʦʥʝ (ʧʽʚʜʝʥʥʘ ʛʨʫʧʘ ʦʟʝʨ). ʅʘ ʢʘʨʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʦʟʝʨ ʈʃʇ (ʜʦʜʘʪʦʢ ɸ) ʚʠʜʥʦ, ʱʦ ʫ ʧʝʨʰʫ ʛʨʫʧʫ ʦʙôʻʜʥʫʶʪʴʩʷ ʦʟʝʨʘ ɺʝʡʩʦʚʝ, 

ɻʘʨʷʯʝ, ʈʽʧʥʝ ʪʘ ʉʣʽʧʥʝ ï ʙʽʣʴʰ ʛʣʠʙʦʢʽ, ʥʝʧʝʨʝʩʠʭʘʶʯʽ, ʚʽʜʥʦʩʥʦ ʥʘʙʣʠʞʝʥʽ 

ʦʜʥʝ ʜʦ ʦʜʥʦʛʦ ʟ ʦʟʝʨʦʤ ɺʝʡʩʦʚʝ ʚ ʮʝʥʪʨʽ. ɺ ʜʨʫʛʫ ï ʦʟʝʨʘ ʏʝʨʚʦʥʝ, ʃʝʚʘʜʥʝ 
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ʪʘ ʆʟʝʨʦ ï ʙʽʣʴʰ ʤʽʣʢʦʚʦʜʥʽ, ʯʘʩʪʢʦʚʦ ʧʝʨʝʩʠʭʘʶʯʽ ʧʨʦʪʷʛʦʤ ʨʦʢʫ, ʪʘʢʦʞ 

ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʨʷʜ ʦʜʥʝ ʟ ʦʜʥʠʤ ʪʘ ʟ ʦʟʝʨʦʤ ʏʝʨʚʦʥʝ ʧʦʩʝʨʝʜʠʥʽ. ɺ ʦʟʝʨʘʭ 

ʜʨʫʛʦʾ ʛʨʫʧʠ ʚʥʘʩʣʽʜʦʢ ʯʘʩʪʢʦʚʦʛʦ ʧʝʨʝʩʠʭʘʥʥʷ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʥʘʯʥʝ ʢʦʣʠʚʘʥʥʷ ʚʤʽʩʪʫ ʩʦʣʽ, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʚʠʜʦʚʦʤʫ ʩʢʣʘʜʽ.  

 

ʈʠʩ. 3.11. ɼʝʥʜʨʠʪ ʧʝʨʝʢʨʠʪʪʷ ʩʧʠʩʢʽʚ ʚʠʜʽʚ ʚʦʜʦʨʦʩʪʝʡ ʩʦʣʦʥʠʭ ʦʟʝʨ 

(ʯʠʩʣʘ ʥʘ ʣʽʥʽʷʭ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʨʦʮʝʥʪ ʧʝʨʝʢʨʠʪʪʷ) 

 

ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʯʠʩʣʘ ʚʠʜʽʚ ʫ ʬʣʦʨʽ ʟ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ ʚʦʜ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ ʧʝʚʥʫ ʟʘʣʝʞʥʽʩʪʴ: ʯʠʩʣʦ ʚʠʜʽʚ ʟʘʢʦʥʦʤʽʨʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. ʊʘʢ ʟʘ ʧʝʨʽʦʜ ʣʶʪʠʡ-ʣʠʧʝʥʴ 2013 ʨʦʢʫ ʫ 

ʥʘʡʙʽʣʴʰ ʧʨʽʩʥʦʤʫ ʦʟʝʨʽ ʉʣʽʧʥʝ ʙʫʣʦ ʟʘʨʝʻʩʪʨʦʚʘʥʦ 75 ʚʠʜʽʚ ʪʘ ʚʚʪ, ʘ ʫ 

ʥʘʡʙʽʣʴʰ ʩʦʣʦʥʦʤʫ ʆʟʝʨʽ ï ʣʠʰʝ 31 ʚʠʜ ʪʘ ʚʚʪ (ʨʠʩ. 3.12). ʊʘʢʘ ʩʘʤʘ ʟʘʣʝʞʥʽʩʪʴ 

ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʜʣʷ ʦʟʝʨ ʂʘʟʘʭʩʪʘʥʫ, ʱʦ ʤʘʶʪʴ ʘʥʘʣʦʛʽʯʥʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ 

[126]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʝʨʝʜ ʚʠʷʚʣʝʥʠʭ ʫ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʦʟʝʨ 336 ʚʠʜʽʚ 

ʚʦʜʦʨʦʩʪʝʡ (350 ʚʠʜʽʚ ʪʘ ʚʥʫʪʨʽʰʥʴʦʚʠʜʦʚʠʭ ʪʘʢʩʦʥʽʚ) ʧʝʨʝʚʘʞʘʣʠ 

ʧʨʝʜʩʪʘʚʥʠʢʠ ʚʽʜʜʽʣʫ Bacillariophyta (49,4% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ ʪʘ 

ʚʚʪ), ʘ ʪʘʢʦʞ ʜʦʩʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʙʫʣʠ ʚʽʜʜʽʣʠ Cyanoprokaryota ʽ 

Chlorophyta (18,6% ʪʘ 18% ʚʠʜʽʚ ʽ ʚʚʪ ʚʽʜʧʦʚʽʜʥʦ). 
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ʈʠʩ. 3.12. ɿʘʣʝʞʥʽʩʪʴ ʯʠʩʣʘ ʚʠʜʽʚ ʚʽʜ ʢʦʥʜʫʢʪʠʚʥʦʩʪ̔ ʚʦʜ ʚ ʦʟʝʨʘʭ 

ʈʃʇ çʉʣʦʚôʷʥʩʴʢʠʡ ʢʫʨʦʨʪè (ʘʥʘʣʽʟ ʜʘʥʠʭ ʟ ʧʝʨʽʦʜ ʣʶʪʠʡ-ʣʠʧʝʥʴ 2013 ʨʦʢʫ) 

 

ʇʨʦʚʽʜʥʠʤʠ ʨʦʜʠʥʘʤʠ ʙʫʣʠ Bacillariaceae (34 ʚʠʜʠ ʪʘ ʚʚʪ), Naviculaceae 

(24 ʚʠʜʽʚ ʪʘ ʚʚʪ), Euglenaceae (22 ʚʠʜʠ ʪʘ ʚʚʪ), Fragilariaceae (21 ʚʠʜ ʪʘ ʚʚʪ), 

Cymbellaceae (17 ʚʠʜʽʚ ʪʘ ʚʚʪ), Scenedesmaceae (17 ʚʠʜʽʚ ʪʘ ʚʚʪ), 

Pseudanabaenaceae (16 ʚʠʜʽʚ ʘʪ ʚʚʪ), Oscillatoriaceae (13 ʚʠʜʽʚ ʪʘ ʚʚʪ) ʪʘ 

Phormidiaceae (11 ʚʠʜʽʚ ʪʘ ʚʚʪ). ɼʦ ʧʨʦʚʽʜʥʠʭ ʨʦʜʽʚ ʚʽʜʥʦʩʠʣʠʩʷ ʨʦʜʠ 

Nitzschia, Navicula, Euglena, Oscillatoria, Synedra, Phormidium, Cymbella ʪʘ 

Desmodesmus, ʱʦ ʟʘʛʘʣʦʤ ʦʙôʻʜʥʫʚʘʣʠ 26,3% ʚʠʜʦʚʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʦʟʝʨ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʬʣʦʨ ʦʟʝʨ ʇʘʨʢʫ ʧʦʢʘʟʘʚ, ʱʦ ʫ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʫʩʽʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʟʝʨ, ʦʢʨʽʤ ʦʟʝʨʘ ʉʣʽʧʥʝ, ʧʝʨʝʚʘʞʘʣʠ ʜʽʘʪʦʤʦʚʽ ʚʦʜʦʨʦʩʪʽ. ɺ 

ʦʟʝʨʽ ʉʣʽʧʥʝ ʦʢʨʽʤ ʜʽʘʪʦʤʦʚʠʭ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʚʘʣʠ ʧʨʝʜʩʪʘʚʥʠʢʠ 

Chlorophyta ʪʘ Cyanoprokaryota. ʇʨʘʢʪʠʯʥʦ ʚ ʫʩʽʭ ʦʟʝʨʘʭ ʧʝʨʰʫ ʧʦʣʦʚʠʥʫ ʨʦʢʫ 

ʥʘʡʙʽʣʴʰʫ ʨʦʣʴ ʫ ʬʽʪʦʧʣʘʥʢʪʦʥ ̔ʛʨʘʣʠ ʜʽʘʪʦʤʦʚʽ ʚʦʜʦʨʦʩʪʽ, ʧʨʦʪʝ ʙʣʠʞʯʝ ʜʦ 

ʟʠʤʠ ʧʦʯʠʥʘʣʠ ʯʘʩʪʽʰʝ ʪʨʘʧʣʷʪʠʩʷ ʟʝʣʝʥʽ ʪʘ ʩʠʥʴʦʟʝʣʝʥʽ ʚʦʜʦʨʦʩʪʽ, ʥʝʨʽʜʢʦ 

ʟʥʘʯʥʦ ʟʤʽʱʫʶʯʠ ʜʽʘʪʦʤʦʚʽ (ʥʘʧʨʠʢʣʘʜ ʚ ʦʟʝʨʘʭ ɺʝʡʩʦʚʝ ʪʘ ʉʣʽʧʥʝ). ɺ ʫʩʽʭ 

ʦʟʝʨʘʭ ʧʨʦʚʽʜʥʠʤʠ ʚʠʷʚʠʣʠʩʷ ʨʦʜʠʥʠ Navicula ʪʘ Nitzschia. ɸʥʘʣʽʟ ʩʧʽʣʴʥʦʩʪʽ 

ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʚʦʜʦʨʦʩʪʝʡ ʦʟʝʨ ʈʃʇ ʚʠʷʚʠʚ ʜʚʽ ʛʨʫʧʠ ʦʟʝʨ: ʧʽʚʥʽʯʥʫ ʛʨʫʧʫ 

ʥʝʧʝʨʝʩʠʭʘʶʯʠʭ ʦʟʝʨ (ʈʽʧʥʝ, ɺʝʡʩʦʚʝ, ɻʘʨʷʯʝ ʪʘ ʉʣʽʧʥʝ) ʟ ʬʣʦʨʦʶ ʦʟʝʨʘ 

ɺʝʡʩʦʚʝ ʚ ʷʢʦʩʪʽ ʷʜʨʘ ʪʘ ʧʽʚʜʝʥʥʫ ʛʨʫʧʫ ʯʘʩʪʢʦʚʦ ʧʝʨʝʩʠʭʘʶʯʠʭ ʦʟʝʨ (ʃʝʚʘʜʥʝ, 

ʏʝʨʚʦʥʝ ʪʘ ʆʟʝʨʦ) ʟ ʬʣʦʨʦʶ ʦʟʝʨʘ ʏʝʨʚʦʥʝ ʚ ʮʝʥʪʨʽ. ʇʝʨʰʦʯʝʨʛʦʚʠʤ ʬʘʢʪʦʨʦʤ 
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ʬʦʨʤʫʚʘʥʥʷ ʬʣʦʨʠ ʚʦʜʦʨʦʩʪʝʡ ʚʠʩʪʫʧʘʚ ʥʝ ʩʪʽʣʴʢʠ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʩʦʣʝʡ ʫ 

ʚʦʜʽ, ʩʢʽʣʴʢʠ ʰʚʠʜʢʽʩʪʴ ʢʦʣʠʚʘʥʥʷ ʚʤʽʩʪʫ ʩʦʣʽ ʧʨʦʪʷʛʦʤ ʨʦʢʫ (ʟʦʢʨʝʤʘ 

ʚʥʘʩʣʽʜʦʢ ʚʠʧʘʨʦʚʫʚʘʥʥʷ). ʇʨʦʪʝ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʩʦʣʝʡ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʯʠʩʣʦ ʚʠʜʽʚ. ʄʽʞ ʮʠʤʠ ʬʘʢʪʦʨʘʤʠ ʚʠʷʚʣʝʥʠʡ ʟʚʦʨʦʪʥʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʟʚôʷʟʦʢ. 

 

3.2. ɹʽʦʽʥʜʠʢʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʩʦʣʦʥʠʭ ʦʟʝʨ ʟʘ ʬʽʪʦʧʣʘʥʢʪʦʥʦʤ 

 

3.2.1. ɹ̔ ʦʽʥʜʠʢʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʥʝʧʝʨʝʩʠʭʘʶʯʠʭ ʦʟʝʨ ɺʝʡʩʦʚʝ, ʉʣʽʧʥʝ, 

ʈʽʧʥʝ ʪʘ ɻʘʨʷʯʝ 

 

ʆʟʝʨʦ ɺʝʡʩʦʚʝ, ʱʦ ʻ ʮʝʥʪʨʦʤ ʧʽʚʥʽʯʥʦʾ ʛʨʫʧʠ ʦʟʝʨ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʩʝʨʝʜʥʽʤʠ ʨʦʟʤʽʨʘʤʠ ʪʘ ʥʘʡʙʽʣʴʰʦʶ ʩʦʣʦʥʽʩʪʶ ʩʝʨʝʜ ʦʟʝʨ ʜʘʥʦʾ ʛʨʫʧʠ. ɺ 

ʜʘʥʦʤʫ ʦʟʝʨʽ ʟʘ ʤʽʩʮʝʤ ʽʩʥʫʚʘʥʥʷ ʧʝʨʝʚʘʞʘʣʠ ʙʝʥʪʦʩʥʽ ʪʘ ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʥʽ 

ʬʦʨʤʠ, ʩʘʤʝ ʥʘ ʥʠʭ ʧʨʠʧʘʜʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ ʪʘ ʚʦʥʠ ʚʽʜʩʽʢʘʣʠʩʷ ʣʽʥʽʻʶ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.1 ɹ). ʇʣʘʥʢʪʦʥʥʽ ʬʦʨʤʠ ʩʢʣʘʜʘʣʠ 

ʣʠʰʝ 11,5 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ-ʽʥʜʠʢʘʪʦʨʽʚ ʤʽʩʮʷ ʽʩʥʫʚʘʥʥʷ. Ankyra 

ocellata ï ʻʜʠʥʠʡ ʚʠʜ-ʝʧʽʬʽʪ, ʟʘʨʝʻʩʪʨʦʚʘʥʠʡ ʜʣʷ ʦʟʝʨʘ ɺʝʡʩʦʚʝ. ʉʣʽʜ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʮʠʭ ʯʦʪʠʨʴʦʭ ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ ʜʝʱʦ 

ʚʽʜʨʽʟʥʷʣʦʩʷ ʫ ʨʽʟʥʽ ʧʦʨʠ ʨʦʢʫ. ʊʘʢ ʫ ʧʨʦʭʦʣʦʜʥʠʡ ʧʝʨʽʦʜ ʟʙʽʣʴʰʫʚʘʣʘʩʷ ʫʯʘʩʪʴ 

ʧʣʘʥʢʪʦʥʥʠʭ ʚʠʜʽʚ, ʽ ʚʦʜʥʦʯʘʩ ʟʥʠʢʘʚ ʚʠʜ-ʘʝʨʦʬʽʣ, ʱʦ ʨʝʻʩʪʨʫʚʘʚʩʷ ʪʽʣʴʢʠ 

ʧʨʦʪʷʛʦʤ ʪʝʧʣʦʛʦ ʧʝʨʽʦʜʫ ʨʦʢʫ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.9 ɺ). ɺʽʨʦʛʽʜʥʦ ʧʨʠ ʟʥʠʞʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʬʦʨʤʫʶʪʴʩʷ ʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʫ 

ʧʣʘʥʢʪʦʥʽ. 

ɸʥʘʣʽʟ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʦʟʝʨʘ ɺʝʡʩʦʚʝ ʧʦʢʘʟʘʚ, ʱʦ ʩʪʘʪʠʩʪʠʯʥʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʦʤʽʥʫʚʘʣʠ ʽʥʜʠʢʘʪʦʨʠ ʧʦʤʽʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ 

(ʚʦʥʠ ʚʽʜʩʽʢʘʣʠʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ ʥʠʭ ʧʨʠʧʘʜʘʣʘ 

ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ) (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.2 ɺ). ʊʝʧʣʦʣʶʙʥʽ, ʭʦʣʦʜʦʣʶʙʥʽ ʪʘ 

ʝʚʨʠʪʝʨʤʥʽ ʚʠʜʠ ʩʫʤʘʨʥʦ ʩʢʣʘʜʘʣʠ ʣʠʰʝ 34,4% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʽʥʜʠʢʘʪʦʨʽʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ. ʊʝʧʣʦʣʶʙʥʽ ʚʠʜʠ ʟʫʩʪʨʽʯʘʣʠʩʷ ʧʨʦʪʷʛʦʤ 

ʨʦʢʫ, ʧʨʦʪʝ ʚ ʣʽʪʥʽ ʤʽʩʷʮʽ ʟʘʤʽʥʶʚʘʣʠʩʷ ʝʚʨʠʪʝʨʤʘʤʠ, ʘ ʭʦʣʦʜʦʣʶʙʥʽ ʚʠʜʠ 
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ʩʧʦʨʘʜʠʯʥʦ ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʧʨʦʪʷʛʦʤ ʮʽʣʦʛʦ ʨʦʢʫ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.10 ɺ). 

ʆʪʨʠʤʘʥʽ ʜʝʷʢʽ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʱʦʜʦ ʩʝʟʦʥʥʦʩʪʽ ʚʠʜʽʚ-ʽʥʜʠʢʘʪʦʨʽʚ ʪʝʧʣʠʭ ʪʘ 

ʭʦʣʦʜʥʠʭ ʚʦʜ ʧʦʷʩʥʶʶʪʴʩʷ ʥʝʜʦʩʢʦʥʘʣʽʩʪʶ ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ. ʍʦʯʘ ʜʘʥʠʡ ʘʥʘʣʽʟ ʚʩʝ ʞ ʜʘʻ ʛʦʣʦʚʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʱʦʜʦ ʟʘʛʘʣʴʥʠʭ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ ʚ ʦʟʝʨʽ ʽ ʚʢʘʟʫʻ ʥʘ ʧʦʤʽʨʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʚʦʜʠ. 

ʇʨʠ ʽʥʜʠʢʘʮʽʾ ʫʤʦʚ ʥʘʩʠʯʝʥʦʩʪʽ ʚʦʜ ʦʟʝʨʘ ɺʝʡʩʦʚʝ ʢʠʩʥʝʤ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

ʧʝʨʝʚʘʞʘʥʥʷ ʚʠʜʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʚʦʜ ʽʟ ʩʝʨʝʜʥʽʤ ʨʽʚʥʝʤ ʢʠʩʥʶ. ʎʷ ʛʨʫʧʘ 

ʚʽʜʩʽʢʘʣʘʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʧʨʠʧʘʜʘʣʘ ʥʘ ʚʝʨʭʽʚʢʫ ʣʽʥʽʾ 

ʪʨʝʥʜʫ (ʨʠʩ. 3.13). 

 

ʈʠʩ. 3.13. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʥʘʩʠʯʝʥʦʩʪʽ ʚʦʜ ʢʠʩʥʝʤ ʪʘ 

ʨʝʦʬʽʣʴʥʦʩʪʽ ʚ ʦʟʝʨʽ ɺʝʡʩʦʚʝ (st ï ʩʪʦʷʯʽ; str ï ʰʚʠʜʢʦʪʝʢʫʯʽ; st-str ï 

ʧʦʚʽʣʴʥʦʪʝʢʫʯʽ ʪʘ/ʘʙʦ ʽʥʜʠʬʝʨʝʥʪʠ; ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʧʦʩʠʣʝʥʥʷ 

ʪʝʢʫʯʦʩʪʽ ʚʦʜ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 

 

ɺʠʜʠ, ʧʨʠʪʘʤʘʥʥʽ ʜʣʷ ʚʦʜ ʟ ʥʝʩʪʘʯʝʶ ʘʙʦ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʢʠʩʥʶ, 

ʩʫʤʘʨʥʦ ʩʢʣʘʣʠ ʤʘʡʞʝ 35% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ-ʽʥʜʠʢʘʪʦʨʽʚ. ʋ 

ʩʝʟʦʥʥʦʤʫ ʘʩʧʝʢʪʽ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʙʽʣʴʰʝʥʥʷ ʚʢʣʘʜʫ ʚʠʜʽʚ, ʱʦ ʽʩʥʫʶʪʴ ʟʘ 

ʫʤʦʚ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʠʩʥʶ ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʢʣʘʜʫ 

ʚʠʜʽʚ-ʽʥʜʠʢʘʪʦʨʽʚ ʥʝʟʥʘʯʥʦʛʦ ʚʤʽʩʪʫ ʢʠʩʥʶ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.11 ɺ). 
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ʉʝʨʝʜ ʽʥʜʠʢʘʪʦʨʽʚ ʩʦʣʦʥʦʩʪʽ ʚʦʜ ʫ ɺʝʡʩʦʚʦʤʫ ʟʥʘʯʥʦ ʧʝʨʝʚʘʞʘʣʠ 

ʦʣʽʛʦʛʘʣʦʙʠ-ʽʥʜʠʬʝʨʝʥʪʠ. ɺʦʥʠ ʚʽʜʩʽʢʘʣʠʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʜʽʙʥʫ ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʚ ʦʣʽʛʦʛʘʣʦʙʽʚ-ʛʘʣʦʬʽʣʽʚ ʪʘ ʤʝʟʦʛʘʣʦʙʽʚ 

(27 ʪʘ 23 ʚʠʜʠ ʚʽʜʧʦʚʽʜʥʦ), ʩʪʘʪʠʩʪʠʯʥʦ ʧʽʜʪʚʝʨʜʠʚʩʷ ʚʧʣʠʚ ʣʠʰʝ ʧʝʨʰʦʾ 

ʛʨʫʧʠ (ʥʘ ʥʠʭ ʪʘ ʦʣʽʛʦʛʘʣʦʙʽʚ-ʽʥʜʠʬʝʨʝʥʪʽʚ ʚʢʘʟʫʚʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ) 

(ʨʠʩ. 3.14). 

 

ʈʠʩ. 3.14. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʩʦʣʦʥʦʩʪʽ ʚ ʦʟʝʨʽ ɺʝʡʩʦʚʝ (ph ï 

ʧʦʣʽʛʘʣʦʙʠ; mh ï ʤʝʟʦʛʘʣʦʙʠ; i ï ʦʣʽʛʦʛʘʣʦʙʠ-ʽʥʜʠʬʝʨʝʥʪʠ; hl ï ʦʣʽʛʦʛʘʣʦʙʠ-

ʛʘʣʦʬʽʣʠ; hb ï ʦʣʽʛʦʛʘʣʦʙʠ-ʛʘʣʦʬʦʙʠ; ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʟʙʽʣʴʰʝʥʥʷ 

ʚʤʽʩʪʫ ʩʦʣʝʡ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 

 

ʇʨʦʪʷʛʦʤ ʨʦʢʫ ʚʽʜʩʦʪʦʢ ʫʯʘʩʪʽ ʦʣʽʛʦʛʘʣʦʙʽʚ-ʛʘʣʦʬʽʣʽʚ ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ 

ʚʦʜʦʨʦʩʪʝʡ ʟʘʣʠʰʘʚʩʷ ʧʨʘʢʪʠʯʥʦ ʥʝʟʤʽʥʥʠʤ. ʅʝʟʥʘʯʥʽ ʢʦʣʠʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʦʣʽʛʦʛʘʣʦʙʽʚ-ʽʥʜʠʬʝʨʝʥʪʽʚ ʚʽʜʙʫʚʘʣʠʩʷ ʧʝʨʝʚʘʞʥʦ ʟʘ ʨʘʭʫʥʦʢ ʤʝʟʦʛʘʣʦʙʽʚ. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʦʣʽʛʦʛʘʣʦʙʠ-ʛʘʣʦʬʦʙʠ ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʣʠʰʝ ʥʘʧʨʠʢʽʥʮʽ 

ʚʝʩʥʠ ï ʥʘ ʧʦʯʘʪʢʫ ʣʽʪʘ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.12 ɹ). ɿʙʽʣʴʰʝʥʥ ̫ ʚʢʣʘʜʫ 

ʩʦʣʝʣʶʙʥʠʭ ʚʠʜʽʚ (ʦʣʽʛʦʛʘʣʦʙʽʚ-ʛʘʣʦʬʽʣʽʚ ʪʘ ʤʝʟʦʛʘʣʦʙʽʚ) ʚʣʽʪʢʫ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʜʝʷʢʝ ʟʙʽʣʴʰʝʥʥʷ ʩʦʣʦʥʦʩʪʽ ʚʦʜʠ ʯʝʨʝʟ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. 

ɼʦʤʽʥʫʚʘʥʥʷ ʘʣʢʘʣʽʬʽʣʽʚ ʪʘ ʽʥʜʠʬʝʨʝʥʪʽʚ, ʷʢʽ ʚʽʜʩʽʢʘʣʠʩʷ ʣʽʥʽʻʶ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʧʨʠʧʘʜʘʣʠ ʥʘ ʚʝʨʭʽʚʢʫ ʣʽʥʽʾ ʪʨʝʥʜʫ, ʚ ʦʟʝʨʽ 

ɺʝʡʩʦʚʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʝʱʦ ʣʫʞʥʫ ʨʝʘʢʮʽʶ ʚʦʜʠ ʦʟʝʨ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.4 ɹ). 
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ɸʣʢʘʣʽʙʽʦʥʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʥʝʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʩʧʦʨʘʜʠʯʥʦ ʧʨʦʪʷʛʦʤ ʮʽʣʦʛʦ 

ʨʦʢʫ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʘʮʠʜʦʬʽʣʠ ʤʘʣʠ ʫ ʜʝʷʢʽ ʤʽʩʷʮʽ ʚʢʣʘʜ ʧʦʜʽʙʥʠʡ ʜʦ ʚʢʣʘʜʫ 

ʽʥʜʠʬʝʨʝʥʪʽʚ, ʧʨʦʪʝ ʟʦʚʩʽʤ ʟʥʠʢʘʣʠ ʫ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.13 ɺ). 

ʁʤʦʚʽʨʥʦ ʫ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʡʜʫʪʴ ʽʥʪʝʥʩʠʚʥʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʧʨʦʮʝʩʠ 

ʩʘʤʦʦʯʠʱʝʥʥʷ ʦʟʝʨʘ. 

ɸʥʘʣʽʟ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʦʟʝʨʘ ɺʝʡʩʦʚʝ ʜʘʚ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ: 

ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜʩʽʢʘʣʠʩʷ ʛʨʫʧʠ ʝʚʨʠʩʘʧʨʦʙʽʚ ʪʘ 

ʩʘʧʨʦʢʩʝʥʽʚ, ʭʦʯʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ ʯʽʪʢʦ ʚʢʘʟʫʚʘʣʘ ʪʽʣʴʢʠ ʥʘ ʝʚʨʠʩʘʧʨʦʙʽʚ 

(ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.6 ɹ). ʉʘʧʨʦʬʽʣʠ ʩʢʣʘʜʘʣʠ ʣʠʰʝ 10% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʠʜʽʚ-ʽʥʜʠʢʘʪʦʨʽʚ. ʋ ʩʝʟʦʥʥʦʤʫ ʘʩʧʝʢʪʽ ʮʽʢʘʚʠʤ ʙʫʣʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʩʘʧʨʦʬʽʣʽʚ ʚʦʩʝʥʠ ʪʘ ʧʦʚʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʾʭ ʚʟʠʤʢʫ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʩʠʪʴ 

ʽʥʪʝʥʩʠʚʥʽ ʧʨʦʮʝʩʠ ʩʘʤʦʦʯʠʱʝʥʥʷ ʦʟʝʨʘ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.14 ɺ). 

ʇʨʠ ʚʠʟʥʘʯʝʥʽ ʢʣʘʩʫ ʷʢʦʩʪʽ ʚʦʜ ɺʝʡʩʦʚʦʛʦ ʦʟʝʨʘ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

ʜʦʩʪʝʤʝʥʥʝ ʜʦʤʽʥʫʚʘʥʥʷ ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ 3 ʪʘ 2 ʢʣʘʩʫ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʚʘʣʦʩʷ 

ʣʽʥʽʷʤʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʪʨʝʥʜʫ (ʨʠʩ. 3.15 ɸ). ʂʽʣʴʢʽʩʪʴ ʽʥʜʠʢʘʪʦʨʽʚ 

ʽʥʰʠʭ ʪʨʴʦʭ ʢʣʘʩʽʚ ʷʢʦʩʪʽ ʚʦʜ ʙʫʣʘ ʥʝʟʥʘʯʥʦ  ʁï ʩʫʤʘʨʥʦ ʚʦʥʠ ʩʢʣʘʜʘʣʠ ʣʠʰʝ 

ʙʣʠʟʴʢʦ 17% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ. 

 

ʈʠʩ. 3.15. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʢʣʘʩʽʚ ʷʢʦʩʪʽ ʚʦʜʠ ʚ 

ʦʟʝʨʽ ɺʝʡʩʦʚʝ (ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʚʦʜ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ 

ï ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) ï 

ɸ ï ʩʫʤʘʨʥʦ, ɹ ï ʧʦ ʤʽʩʷʮʷʭ 

ɸ ɹ 
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ʇʨʦʪʷʛʦʤ ʨʦʢʫ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʪʝʥʜʝʥʮʽʷ ʟʙʽʣʴʰʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦʩʪʽ ʫ 

ʧʣʘʥʢʪʦʥ ̔ʨʽʟʥʠʭ ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ ʙʣʠʞʯʝ ʜʦ ʣʽʪʘ, ʘ ʧʦʪʽʤ ʪʝʥʜʝʥʮʽʷ ʩʪʘʚʘʣʘ 

ʧʨʦʪʠʣʝʞʥʦʶ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʣʽʪʢʫ ʫ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫʩʽ 

ʧôʷʪʴ ʛʨʫʧ, ʘ ʚʟʠʤʢʫ ï ʣʠʰʝ ʽʥʜʠʢʘʪʦʨʠ 2 ʪʘ 3 ʢʣʘʩʫ ʷʢʦʩʪʽ ʚʦʜ (ʨʠʩ. 3.15 ɹ). 

ʎʽʢʘʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʽʥʜʠʢʘʪʦʨʠ 5 ʢʣʘʩʫ (ʷʢʠʡ ʚʢʘʟʫʻ ʥʘ ʥʘʡʙʽʣʴʰʝ 

ʟʘʙʨʫʜʥʝʥʥʷ) ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʣʠʰʝ ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ ʯʝʨʚʝʥʴ-ʚʝʨʝʩʝʥʴ, 

ʾʭʥ ̒ʧʦʜʘʣʴʰʝ ʟʥʠʢʥʝʥʥʷ, ʚʽʨʦʛʽʜʥʦ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʧʨʦʮʝʩʽʚ 

ʩʘʤʦʦʯʠʱʝʥʥʷ ʦʟʝʨʘ. 

ɿʘ ʪʠʧʦʤ ʞʠʚʣʝʥʥʷ ʚ ʦʟʝʨʽ ɺʝʡʩʦʚʝ ʧʝʨʝʚʘʞʘʣʠ ʜʚʽ ʛʨʫʧʠ ʘʚʪʦʪʨʦʬʽʚ. 

ʆʙʠʜʚʽ ʛʨʫʧʠ ʚʽʜʩʽʢʘʣʠʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (ʜʦʜʘʪʦʢ ɽ, 

ʨʠʩ. ɽ.8 ɺ). ɯʥʰʽ ʜʚʽ ʛʨʫʧʠ ʛʝʪʝʨʦʪʨʦʬʽʚ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʣʠʰʝ ʧʦ 3 ʚʠʜʠ-

ʽʥʜʠʢʘʪʦʨʠ ʢʦʞʥʘ. ʉʝʨʝʜ ʘʚʪʦʪʨʦʬʽʚ ʥʘ ʧʦʯʘʪʢʫ ʨʦʢʫ ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ 

ʚʦʜʦʨʦʩʪʝʡ ʙʽʣʴʰʝ ʪʨʘʧʣʷʣʠʩʷ ʘʚʪʦʪʨʦʬʠ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʟʘ ʥʠʟʴʢʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.16 ɺ). ɿʛʦʜʦʤ 

ʚʦʥʠ ʜʝʱʦ ʧʦʩʪʫʧʘʣʠʩʷ ʘʚʪʦʪʨʦʬʘʤ, ʷʢʽ ʚʠʪʨʠʤʫʶʪʴ ʧʽʜʚʠʱʝʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ. ʅʘ ʧʦʯʘʪʢʫ ʣʽʪʘ ʜʨʫʛʘ ʛʨʫʧʘ ʘʚʪʦʪʨʦʬʽʚ 

ʧʦʯʠʥʘʣʘ ʧʝʨʝʚʘʞʘʪʠ ʧʝʨʰʫ ʟʘ ʢʽʣʴʢʽʩʪʶ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʬʘʢʫʣʴʪʘʪʠʚʥʽ 

ʛʝʪʝʨʦʪʨʦʬʠ, ʷʢʽ ʨʦʟʚʠʚʘʶʪʴʩʷ ʫ ʚʦʜʽ ʟʘ ʧʝʨʽʦʜʠʯʥʠʭ ʧʽʜʚʠʱʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʥʘ ʧʦʯʘʪʢʫ ʨʦʢʫ ʩʢʣʘʜʘʣʠ ʙʣʠʟʴʢʦ ʪʨʝʪʠʥʠ 

ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ. ʇʦʪʽʤ ʾʭ ʢʽʣʴʢʽʩʪʴ ʧʦʩʪʫʧʦʚʦ ʟʥʠʞʫʚʘʣʘʩʴ 

ʽ ʚʦʥʠ ʧʦʚʥʽʩʪʶ ʟʥʠʢʘʣʠ ʫ ʚʝʨʝʩʥʽ.  

ɸʥʘʣʽʟ ʨʽʚʥʷ ʪʨʦʬʥʦʩʪʽ ʚʠʷʚʠʚ ʯʽʪʢʝ ʜʦʤʽʥʫʚʘʥʥʷ ʝʚʪʨʦʬʽʚ, ʷʢʽ 

ʚʽʜʩʽʢʘʣʠʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ ʷʢʽ ʚʢʘʟʫʚʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ 

ʪʨʝʥʜʫ (ʨʠʩ. 3.16). ʄʝʥʰʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ ʚʢʘʟʫʚʘʣʘ ʥʘ ʧʝʨʽʦʜʠʯʥʝ (ʟ 

ʢʚʽʪʥʷ ʧʦ ʣʠʧʝʥʴ) ʬʦʨʤʫʚʘʥʥʷ ʱʝ ʦʜʥʦʛʦ ʷʜʨʘ ʜʦʤʽʥʘʥʪʽʚ ï ʢʦʤʧʣʝʢʩʫ 

ʦʣʽʛʦʪʨʦʬʽʚ ʪʘ ʦʣʽʛʦ-ʤʝʟʦʪʨʦʬʽʚ, ʭʦʯʘ ʮʽ ʛʨʫʧʠ ʽ ʥʝ ʧʝʨʝʪʠʥʘʣʠ ʣʽʥʽʶ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ. ɯʥʰʽ ʛʨʫʧʠ ʽʥʜʠʢʘʪʦʨʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʦ 4-7 ʚʠʜʽʚ 

ʢʦʞʥʘ. ʋ ʩʝʟʦʥʥʦʤʫ ʘʩʧʝʢʪʽ ʮʽʢʘʚʠʤ ʻ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ ʚ 

ʪʝʧʣʠʡ ʧʝʨʽʦʜ ʨʦʢʫ ʟ ʥʝʟʤʽʥʥʠʤ ʧʝʨʝʚʘʞʘʥʥʷʤ ʛʨʫʧʠ ʝʚʪʨʦʬʽʚ (ʜʦʜʘʪʦʢ ɽ. 
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ʨʠʩ. ɽ.17. ɹ). ɹʣʠʞʯʝ ʜʦ ʟʠʤʠ ʫʛʨʫʧʦʚʘʥʥʷ ʚʦʜʦʨʦʩʪʝʡ ʩʢʣʘʜʘʣʠʩʷ ʤʘʡʞʝ 

ʚʠʢʣʶʯʥʦ ʟ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʮʽʻʾ ʛʨʫʧʠ. 

 

ʈʠʩ. 3.16. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʨʽʚʥʷ ʪʨʦʬʥʦʩʪʽ ʚ ʦʟʝʨʽ 

ɺʝʡʩʦʚʝ (ot ï ʦʣʽʛʦʪʨʦʬʥʽ; o-m ï ʦʣʽʛʦ-ʤʝʟʦʪʨʦʬʥʽ; m ï ʤʝʟʦʪʨʦʬʥʽ; me ï ʤʝʟʦ-

ʝʚʪʨʦʬʥʽ; e ï ʝʚʪʨʦʬʥʽ; he ï ʛʽʧʝʨʪʨʦʬʥʽ; o-e ï ʰʠʨʦʢʦʾ ʘʤʧʣʽʪʫʜʠ ʪʨʦʬʥʦʩʪʽ; 

ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʟʙʽʣʴʰʝʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï 

ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʧʣʘʥʢʪʦʥʽ ʦʟʝʨʘ ɺʝʡʩʦʚʝ ʧʝʨʝʚʘʞʘʣʠ ʜʽʘʪʦʤʦʚʽ 

ʚʦʜʦʨʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʚʣʽʪʢʫ; ʚʦʩʝʥʠ ʟʙʽʣʴʰʫʚʘʣʘʩʷ ʢʽʣʴʢʽʩʪʴ ʟʝʣʝʥʠʭ ʪʘ 

ʩʠʥʴʦʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ, ʧʨʠʯʦʤʫ ʥʘʩʪʽʣʴʢʠ, ʱʦ ʙʣʠʞʯʝ ʜʦ ʟʠʤʠ ʚʦʥʠ 

ʩʫʤʘʨʥʦ ʥʘʚʽʪʴ ʧʦʯʠʥʘʣʠ ʧʝʨʝʚʘʞʘʶʪʴ ʟʘ ʢʽʣʴʢʽʩʪʶ ʜʽʘʪʦʤʦʚʽ. ɺ ʫʛʨʫʧʦʚʘʥʥʷʭ 

ʚʦʜʦʨʦʩʪʝʡ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʝʨʝʚʘʞʥʦ ʙʝʥʪʦʩʥʽ ʪʘ ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʥʽ ʚʠʜʠ, 

ʜʦʣʷ ʧʣʘʥʢʪʦʥʥʠʭ ʚʠʜʽʚ ʟʙʽʣʴʰʫʚʘʣʘʩʷ ʚʟʠʤʢʫ. ɺ ʦʟʝʨʥʠʭ ʫʛʨʫʧʦʚʘʥʥʷʭ 

ʜʦʤʽʥʫʚʘʣʠ ʽʥʜʠʢʘʪʦʨʠ ʧʦʤʽʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʽʥʜʠʢʘʪʦʨʠ 

ʜʦʩʪʘʪʥʴʦʾ ʥʘʩʠʯʝʥʦʩʪʽ ʚʦʜ ʢʠʩʥʝʤ. ɿʥʘʯʥʠʡ ʚʽʜʩʦʪʦʢ ʩʦʣʝʣʶʙʥʠʭ ʚʦʜʦʨʦʩʪʝʡ-

ʽʥʜʠʢʘʪʦʨʽʚ, ʦʩʦʙʣʠʚʦ ʚ ʣʽʪʢʫ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʭʣʦʨʠʜʽʚ ʫ ʚʦʜʽ 

ʦʟʝʨʘ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʘʣʢʘʣʽʬʽʣʽʚ ʚʢʘʟʫʻ ʥʘ ʜʝʷʢʫ ʣʫʞʥʽʩʪʴ ʚʦʜʠ ʦʟʝʨ, ʭʦʯʘ ʚ 

ʪʝʧʣʽ ʧʝʨʽʦʜʠ ʨʦʢʫ ʨʅ ʚʦʜʠ ʪʨʦʭʠ ʟʥʠʞʫʚʘʣʘʩʷ. ɿʥʘʯʥʝ ʧʝʨʝʚʘʞʘʥʥʷ 

ʝʚʨʠʩʘʧʨʦʙʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʤʽʨʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜ ʦʟʝʨʘ ʦʨʛʘʥʽʯʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ. ɯʥʜʠʢʘʮʽʷ ʢʣʘʩʫ ʷʢʦʩʪʽ ʚʦʜ ʚʢʘʟʫʻ ʥʘ ʧʨʦʮʝʩʠ ʩʘʤʦʦʯʠʱʝʥʥʷ ʦʟʝʨʘ 



52 

ʚʦʩʝʥʠ. ɺ ʮʽʣʦʤʫ ʷʢʽʩʪʴ ʚʦʜʠ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʙʫʣʘ 2-3 ʢʣʘʩʫ, ʪʦʙʪʦ ʟʘʜʦʚʽʣʴʥʘ. 

ʉʝʟʦʥʥʘ ʟʤʽʥʘ ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ ʟʘ ʪʠʧʦʤ ʞʠʚʣʝʥʥʷ ʚʢʘʟʫʚʘʣʘ ʥʘ ʜʝʷʢʝ 

ʘʥʪʨʦʧʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʦʪʝ ʧʝʨʝʚʘʞʘʥʥʷ ʘʚʪʦʪʨʦʬʽʚ ʩʚʽʜʯʠʣʦ ʧʨʦ 

ʝʬʝʢʪʠʚʥʽ ʧʨʦʮʝʩʠ ʩʘʤʦʦʯʠʱʝʥʥʷ ʚ ʦʟʝʨʽ. ɿʥʘʯʥʝ ʧʝʨʝʚʘʞʘʥʥʷ ʝʚʪʨʦʬʽʚ 

ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʜʦʟʚʦʣʷʻ ʧʨʠʩʫʜʠʪʠ ʚʦʜʘʤ ʦʟʝʨʘ ʝʚʪʨʦʬʥʠʡ ʨʽʚʝʥʴ ʚʤʽʩʪʫ 

ʨʝʯʦʚʠʥ ʧʨʦʪʷʛʦʤ ʨʦʢʫ, ʭʦʯʘ ʥʘʧʨʠʢʽʥʮʽ ʚʝʩʥʽ ï ʥʘ ʧʦʯʘʪʢʫ ʣʽʪʘ ʚ ʦʟʝʨʽ 

ʬʦʨʤʫʚʘʣʠʩʷ ʙʽʣʴʰ ʯʠʩʪʽ ʦʣʽʛʦ-ʤʝʟʦʪʨʦʬʥʽ ʫʤʦʚʠ. 

ʆʟʝʨʦ ʉʣʽʧʥʝ ʻ ʥʘʡʙʽʣʴʰʠʤ ʟʘ ʧʣʦʱʝʶ ʩʝʨʝʜ ʥʝʧʝʨʝʩʠʭʘʶʯʠʭ ʦʟʝʨ 

ʧʽʚʥʽʯʥʦʾ ʛʨʫʧʠ. ɺʦʥʦ ʥʘʡʧʨʽʩʥʽʝh ʚ ʮʽʡ ʛʨʫʧʽ, ʪʦʤʫ ʧʦ ʡʦʛʦ ʙʝʨʝʛʘʭ ʟʥʘʯʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʠʱʘ ʚʦʜʥʘ ʨʦʩʣʠʥʥʽʩʪʴ. ʇʨʠ ʘʥʘʣʽʟʽ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ, 

ʚʠʟʥʘʯʝʥʠʭ ʜʣʷ ʜʘʥʦʛʦ ʦʟʝʨʘ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʟʘ ʤʽʩʮʝʤ ʽʩʥʫʚʘʥʥʷ 

ʜʦʩʪʝʤʝʥʥʦ ʧʝʨʝʚʘʞʘʣʠ ʙʝʥʪʦʩʥʽ ʚʠʜʠ, ʚʦʥʠ ʚʽʜʩʽʢʘʣʠʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ ʥʠʭ ʚʢʘʟʫʚʘʣʘ ʣʽʥʽʷ ʪʨʝʥʜʫ (ʨʠʩ. 3.17). ɺʠʜʠ, ʱʦ ʧʨʠʫʨʦʯʝʥʽ 

ʜʦ ʽʩʥʫʚʘʥʥʷ ʫ ʧʣʘʥʢʪʦʥʽ ʙʫʣʠ ʪʘʢʦʞ ʜʦʩʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʽ, ʧʨʦʪʝ ʾʭʥ ̫ʢʽʣʴʢʽʩʪʴ 

ʙʫʣʘ ʥʠʞʯʘ ʟʘ ʟʥʘʯʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, ʪʦʤʫ ʚʦʥʠ ʥʝ ʫʚʽʡʰʣʠ ʜʦ 

ʜʦʩʪʦʚʽʨʥʦʾ ʤʥʦʞʠʥʠ. 

 

ʈʠʩ. 3.17. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʤʽʩʮʷ ʽʩʥʫʚʘʥʥʷ ʚ ʦʟʝʨʽ ʉʣʽʧʥʝ 

(B ï ʙʝʥʪʦʩʥʽ; P-B ï ʧʣʘʥʢʪʦʥʥʦ-ʙʝʥʪʦʩʥʽ; P ï ʧʣʘʥʢʪʦʥʥʽ; Ep ï ʝʧʽʬʽʪʥʽ; 

ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʧʦʩʠʣʝʥʥʷ ʟʚôʷʟʢʫ ʽʟ ʩʫʙʩʪʨʘʪʦʤ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʣʽʥʽʷ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 
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ɸʥʘʣʽʟ ʧʨʠʫʨʦʯʝʥʦʩʪʽ ʜʦ ʤʽʩʮʷ ʽʩʥʫʚʘʥʥʷ ʚ ʩʝʟʦʥʥʦʤʫ ʘʩʧʝʢʪʽ ʧʦʢʘʟʘʚ, 

ʱʦ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ ʚʦʜʦʨʦʩʪʝʡ ʜʦʤʽʥʫʚʘʣʠ ʧʝʨʝʚʘʞʥʦ 

ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʥʽ ʬʦʨʤʠ ʟʽ ʟʥʘʯʥʦʶ ʧʨʝʜʩʪʘʚʣʝʥʽʩʪʶ ʙʝʥʪʦʩʥʠʭ ʚʠʜʽʚ 

(ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.9 ɼ). ʊʘʢʘ ʨʽʟʥʠʮʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, 

ʱʦ ʧʨʠ ʘʥʘʣʽʟʽ ʤʽʩʮʷ ʽʩʥʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ ʙʫʣʦ 

ʚʨʘʭʦʚʘʥʦ ʫʩʽ ʜʘʥʥʽ, ʚʢʣʶʯʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʟʘ ʚʝʣʠʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʘ ʫ 

ʚʠʧʘʜʢʫ ʘʥʘʣʽʟʫ ʚ ʩʝʟʦʥʥʦʤʫ ʘʩʧʝʢʪʽ ï ʜʘʥʽ ʟʘ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʡ ʧʨʦʤʽʞʦʢ 

ʯʘʩʫ ʟ 2007 ʧʦ 2013 ʨʨ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʪʷʛʦʤ ʨʦʢʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʦʟʝʨʘ 

ʚʠʜʦʚʠʡ ʩʢʣʘʜ ʚʦʜʦʨʦʩʪʝʡ ʟʥʘʯʥʦ ʟʤʽʥʠʚʩʷ, ʱʦ ʚʽʜʙʠʣʦʩʷ ʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

ʛʨʫʧ ʚʦʜʦʨʦʩʪʝʡ-ʽʥʜʠʢʘʪʦʨʽʚ ʤʽʩʮʷ ʽʩʥʫʚʘʥʥʷ. 

ɿʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʚʧʦʜʦʙʘʥʥʷʤʠ ʚ ʦʟʝʨʽ ʉʣʽʧʥʝ ʧʝʨʝʚʘʞʘʣʠ ʚʦʜʦʨʦʩʪʽ 

ʧʦʤʽʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʝʚʨʠʪʝʨʤʥʽ. ɰʭ ʚʽʜʩʽʢʘʣʘ ʣʽʥʽʷ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ ʥʠʭ ʚʢʘʟʫʚʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ (ʜʦʜʘʪʦʢ ɽ, 

ʨʠʩ. ɽ.2 ɼ). ʊʝʧʣʦʣʶʙʥʽ ʪʘ ʭʦʣʦʜʦʣʶʙʥʽ ʚʠʜʠ ʩʫʤʘʨʥʦ ʩʢʣʘʜʘʣʠ ʣʠʰʝ ʙʣʠʟʴʢʦ 

16% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ. ɺ ʪʝʧʣʠʡ 

ʧʝʨʽʦʜ ʨʦʢʫ ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ ʚʦʜʦʨʦʩʪʝʡ ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʚʠʜʠ-ʽʥʜʠʢʘʪʦʨʠ ʫʩʽʭ 

ʛʨʫʧ, ʘ ʚ ʭʦʣʦʜʥʠʡ ï ʪʽʣʴʢʠ ʚʦʜʦʨʦʩʪʽ, ʱʦ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʧʦʤʽʨʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.10 ɼ). 

ʅʘ ʨʠʩ. ɽ.3 ɺ (ʜʠʚ. ʜʦʜʘʪʦʢ ɽ) ʤʦʞʥʘ ʙʘʯʠʪʠ ʯʽʪʢʝ ʧʝʨʝʚʘʞʘʥʥʷ ʚ 

ʉʣʽʧʥʦʤʫ ʛʨʫʧʠ ʽʥʜʠʢʘʪʦʨʽʚ ʚʦʜ, ʱʦ ʧʦʤʽʨʥʦ ʥʘʩʠʯʝʥʽ ʢʠʩʥʝʤ. ʎʶ ʛʨʫʧʫ 

ʚʽʜʩʽʢʘʣʘ ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ ʥʝʾ ʧʨʠʧʘʜʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ 

ʪʨʝʥʜʫ. ɺʘʞʣʠʚʽʩʪʴ ʜʣʷ ʫʛʨʫʧʦʚʘʥʴ ʚʦʜʦʨʦʩʪʝʡ ʽʥʜʠʢʘʪʦʨʽʚ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʥʝ ʧʽʜʪʚʝʨʜʠʣʘʩʴ ʩʪʘʪʠʩʪʠʯʥʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʾʭʥ  ʁʟʥʘʯʥʫ 

ʧʨʝʜʩʪʘʚʣʝʥʽʩʪʴ. ɺʠʜʠ, ʱʦ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʥʠʟʴʢʦʛʦ ʨʽʚʥʶ ʢʠʩʥʶ ʩʢʣʘʜʘʣʠ 

ʣʠʰʝ 15% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ ʽʥʜʠʢʘʪʦʨʽʚ. ʋ ʩʝʟʦʥʥʦʤʫ ʘʩʧʝʢʪʽ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʜʚʽ ʪʝʥʜʝʥʮʽʾ ï ʟʙʽʣʴʰʝʥʥʷ ʚʢʣʘʜʫ ʽʥʜʠʢʘʪʦʨʽʚ ʥʠʟʴʢʦʛʦ ʨʽʚʥʶ 

ʢʠʩʥʶ ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʪʘ ʟʥʠʢʥʝʥʥʷ ʟ ʫʛʨʫʧʦʚʘʥʴ ʚʦʜʦʨʦʩʪʝʡ-ʽʥʜʠʢʘʪʦʨʽʚ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʫ ʪʦʡ ʩʘʤʠʡ ʧʝʨʽʦʜ (ʜʦʜʘʪʦʢ ɽ, 

ʨʠʩ. ɽ.11 ɼ). ʊʘʢʘ ʪʝʥʜʝʥʮʽʷ ʧʦʷʩʥʶʻʪʴʩʷ ʣʴʦʜʦʩʪʘʚʦʤ ʦʟʝʨʘ ʚʟʠʤʢʫ, ʯʝʨʝʟ ʱʦ 

ʨʽʚʝʥʴ ʨʦʟʯʠʥʝʥʦʛʦ ʫ ʚʦʜʽ ʢʠʩʥʶ ʧʘʜʘʻ. 
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ʉʝʨʝʜ ʽʥʜʠʢʘʪʦʨʽʚ ʩʦʣʦʥʦʩʪʽ ʦʟʝʨʘ ʉʣʝʧʥʝ ʜʦʩʪʝʤʝʥʥʦ ʜʦʤʽʥʫʚʘʣʠ 

ʦʣʽʛʦʛʘʣʦʙʠ-ʽʥʜʠʬʝʨʝʥʪʠ, ʷʢʽ ʚʽʜʩʽʢʘʣʘ ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ 

(ʨʠʩ. 3.18 ɸ). ʂʽʣʴʢʽʩʪʴ ʦʣʽʛʦʛʘʣʦʙʽʚ-ʛʘʣʦʬʽʣʽʚ ʙʫʣʘ ʜʝʱʦ ʤʝʥʰʦ  ʁʟʘ ʟʥʘʯʝʥʥʷ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, ʧʨʦʪʝ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʮʽʻʾ ʛʨʫʧʠ (ʨʘʟʦʤ ʟ ʛʨʫʧʦʶ 

ʦʣʽʛʦʛʘʣʦʙʽʚ-ʽʥʜʠʬʝʨʝʥʪʽʚ) ʚʢʘʟʫʚʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ. ʇʨʦʪʷʛʦʤ ʙʽʣʴʰʦʾ 

ʯʘʩʪʠʥʠ ʨʦʢʫ (ʧʝʨʝʚʘʞʥʦ ʚ ʪʝʧʣʠʡ ʧʝʨʽʦʜ) ʫ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʧʝʨʝʚʘʞʘʣʠ 

ʦʣʽʛʦʛʘʣʦʙʠ-ʽʥʜʠʬʝʨʝʥʪʠ (ʨʠʩ. 3.18 ɹ). ɹʣʠʞʯʝ ʜʦ ʟʠʤʠ ʾʭ ʚʽʜʩʦʪʢʦʚʠʡ ʚʥʝʩʦʢ 

ʟʤʝʥʰʫʚʘʚʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʚʢʣʘʜʫ ʤʝʟʦʛʘʣʦʙʽʚ. ʉʧʦʩʪʝʨʽʛʘʣʘʩʷ 

ʪʝʥʜʝʥʮʽʷ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʦʣʝʣʶʙʥʠʭ ʚʠʜʽʚ ʙʣʠʞʯʝ ʜʦ ʟʠʤʠ, ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʝʷʢʝ ʦʩʦʣʦʥʝʥʥʷ ʚʦʜ ʫ ʮʝʡ ʧʝʨʽʦʜ ʪʘ ʥʘʚʧʘʢʠ ʦʧʨʽʩʥʝʥʥʷ ʚʦʜʠ ʫ 

ʪʝʧʣʠʡ ʧʝʨʽʦʜ ʨʦʢʫ. ɺʨʘʭʦʚʫʶʯʠ ʟʥʘʯʥʝ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʟ ʧʣʦʱʽ ʦʟʝʨʘ ʫ ʣʽʪʥʽʡ 

ʧʝʨʽʦʜ, ʱʦ ʤʘʣʦ ʙ ʧʨʠʟʚʝʩʪʠ ʜʦ ʦʩʦʣʦʥʝʥʥʷ ʚʦʜʠ, ʧʨʦʪʠʣʝʞʥʘ ʪʝʥʜʝʥʮʽʷ 

ʦʧʨʽʩʥʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʘ ʧʽʜʞʠʚʣʝʥʥʷʤ ʦʟʝʨʘ ʫ ʪʝʧʣʠʡ ʧʝʨʽʦʜ ʨʦʢʫ 

ʧʨʽʩʥʠʤʠ ʘʣʶʚʽʘʣʴʥʠʤʠ ʚʦʜʘʤʠ ʪʘ ʡʤʦʚʽʨʥʦʶ ʚʽʜʩʫʪʥʽʩʪʶ ʞʠʚʣʝʥʥʷ 

ʨʦʟʩʦʣʴʥʠʤʠ ʚʦʜʘʤʠ, ʷʢʽ ʙ ʢʦʤʧʝʥʩʫʚʘʣʠ ʘʣʶʚʽʘʣʴʥʽ. 

 

ʈʠʩ. 3.18. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʩʦʣʦʥʦʩʪʽ ʚ ʦʟʝʨʽ ʉʣʽʧʥʝ (ph ï 

ʧʦʣʽʛʘʣʦʙʠ; mh ï ʤʝʟʦʛʘʣʦʙʠ; i ï ʦʣʽʛʦʛʘʣʦʙʠ-ʽʥʜʠʬʝʨʝʥʪʠ; hl ï ʦʣʽʛʦʛʘʣʦʙʠ-

ʛʘʣʦʬʽʣʠ; hb ï ʦʣʽʛʦʛʘʣʦʙʠ-ʛʘʣʦʬʦʙʠ; ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʟʙʽʣʴʰʝʥʥʷ 

ʚʤʽʩʪʫ ʩʦʣʝʡ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) ï ɸ ï ʟʘʛʘʣʴʥʘ, ɹ ï ʧʦ ʤʽʩʷʮʷʭ 

 

ɸ ɹ 
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ɸʣʢʘʣʽʬʽʣʠ ʪʘ ʽʥʜʠʬʝʨʝʥʪʠ ʜʦʤʽʥʫʚʘʣʠ ʚ ʷʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʨʅ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ʦʟʝʨʽ ʉʣʽʧʥʝ. ɰʭ ʚʽʜʩʽʢʘʣʘ ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ 

ʥʠʭ ʧʨʠʧʘʜʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ (ʨʠʩ. 3.19). ʋ ʩʝʟʦʥʥʦʤʫ ʘʩʧʝʢʪʽ ʟ ʟʠʤʠ ʜʦ 

ʣʽʪʘ ʚʽʜʙʫʚʘʣʘʩʷ ʧʦʩʪʫʧʦʚʘ ʟʤʽʥʘ ʫʛʨʫʧʦʚʘʥʴ ʘʣʢʘʣʽʬʽʣʽʚ ʥʘ ʫʛʨʫʧʦʚʘʥʥʷ 

ʘʣʢʘʣʽʬʽʣʽʚ ʪʘ ʽʥʜʠʬʝʨʝʥʪʽʚ ʟ ʥʝʟʥʘʯʥʦʶ ʫʯʘʩʪʶ ʘʮʠʜʦʬʽʣʽʚ ʪʘ ʘʣʢʘʣʽʙʽʦʥʪʽʚ 

(ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.13 ɼ). ʇʦʪʽʤ ʪʝʥʜʝʥʮʽʷ ʩʪʘʚʘʣʘ ʧʨʦʪʠʣʝʞʥʦʶ. 

 

ʈʠʩ. 3.19. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʚ ʦʟʝʨʽ ʉʣʽʧʥʝ  

(ind ï ̔ ʥʜʠʬʝʨʝʥʪʠ; alf ï ʘʣʢʘʣʽʬʽʣʠ; alb ï ʘʣʢʘʣʽʙʽʦʥʪʠ; acf ï ʘʮʠʜʦʬʽʣʠ; ʩʪʨʽʣʢʘ 

ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʧʦʩʠʣʝʥʥʷ ʣʫʞʥʦʩʪʽ ʚʦʜ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 

 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʦʟʝʨʘ ʉʣʽʧʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

ʧʝʨʝʚʘʞʘʥʥʷ ʝʚʨʠʩʘʧʨʦʙʽʚ ʪʘ ʩʘʧʨʦʢʩʝʥʽʚ. ɺʦʥʠ ʬʦʨʤʫʚʘʣʠ ʜʦʩʪʦʚʽʨʥʫ 

ʤʥʦʞʠʥʫ, ʷʢʫ ʚʽʜʩʽʢʘʣʘ ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.6 ɻ). 

ʍʦʯʘ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ ʚʢʘʟʫʚʘʣʘ ʥʘ ʚʘʞʣʠʚʽʩʪʴ 

ʚʠʢʣʶʯʥʦ ʛʨʫʧʠ ʝʚʨʠʩʘʧʨʦʙʽʚ. ʇʨʦʪʷʛʦʤ ʨʦʢʫ ʮʽʢʘʚʠʤ ʙʫʣʦ ʢʦʣʠʚʘʥʥʷ 

ʩʘʧʨʦʬʽʪʽʚ ʫ ʬʽʪʦʧʣʘʥʢʪʦʥ:̔ ʚʣʽʪʢʫ ʾʭ ʚʢʣʘʜ ʟʥʘʯʥʦ ʟʤʝʥʰʫʚʘʚʩʷ, ʘ ʙʣʠʞʯʝ ʜʦ 

ʟʠʤʠ ʟʙʽʣʴʰʫʚʘʚʩʷ, ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʧʨʦʮʝʩʽʚ 

ʩʘʤʦʦʯʠʱʝʥʥʷ ʦʟʝʨʘ ʚ ʧʝʨʽʦʜ ʥʘʡʙʽʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʬʽʪʦʧʣʘʥʢʪʦʥʫ 

(ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.14 ɼ). 
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ɸʥʘʣʽʟ ʢʣʘʩʫ ʷʢʦʩʪʽ ʚʦʜ ʉʣʽʧʥʦʛʦ ʧʦʢʘʟʘʚ ʧʝʨʝʚʘʞʘʥʥʷ ʚʠʜʽʚ, ʱʦ 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 3 ʪʘ 2 ʢʣʘʩʽʚ. ʉʘʤʝ ʥʘ ʮʽ ʛʨʫʧʠ ʚʢʘʟʫʚʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ ʽ 

ʚʦʥʠ ʚʽʜʩʽʢʘʣʠʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.7 ɺ). ɯʥʰʽ 

ʢʣʘʩʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʥʘʯʥʦ ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʚʠʜʽʚ ʽ ʩʢʣʘʜʘʣʠ 3,6-7,9% ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʢʣʘʩʫ ʷʢʦʩʪʽ ʚʦʜ ʢʦʞʝʥ. ɺ ʩʝʟʦʥʥʦʤʫ ʘʩʧʝʢʪʽ 

ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʘʛʘʣʴʥʝ ʟʤʝʥʰʝʥʥʷ ʚʢʣʘʜʫ 

ʽʥʜʠʢʘʪʦʨʽʚ ʚʽʜʥʦʩʥʦ ʯʠʩʪʠʭ ʚʦʜ (1 ʪʘ 2 ʢʣʘʩʽʚ) ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʚʢʣʘʜʫ ʽʥʰʠʭ 

ʢʣʘʩʽʚ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.15 ɻ). ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʝʷʢʝ ʥʘʢʦʧʠʯʝʥʥʷ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʥʝʡʪʨʘʣʽʟʫʶʪʴʩʷ ʣʠʰʝ ʥʘ ʧʦʯʘʪʢʫ ʚʝʩʥʠ, ʱʦ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʪʝʥʜʝʥʮʽʷʤʠ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. 

ɿʘ ʪʠʧʦʤ ʞʠʚʣʝʥʥʷ ʚ ʦʟʝʨʽ ʉʣʽʧʥʝ ʜʦʤʽʥʫʚʘʣʠ ʦʙʠʜʚʽ ʘʚʪʦʪʨʦʬʥʽ ʛʨʫʧʠ 

ʚʠʜʽʚ: ʪʽ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʟʘ ʥʠʟʴʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ, ʽ ʪʽ, ʷʢʽ ʚʠʪʨʠʤʫʶʪʴ ʾʭ ʧʽʜʚʠʱʝʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʨʠʩ. 3.20 ɸ). ɻʨʫʧʠ 

ʛʝʪʝʨʦʪʨʦʬʽʚ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʦ 3-4 ʚʠʜʠ ʢʦʞʥʘ. ʋ ʩʝʟʦʥʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ 

ʮʽʢʘʚʘ ʧʦʷʚʘ ʫ ʬʣʦʨʽ ʘʚʪʦʪʨʦʬʽʚ, ʱʦ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʥʠʟʴʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʪʽʣʴʢʠ ʚ ʩʝʨʝʜʠʥʽ ʚʝʩʥʠ (ʨʠʩ. 3.20 ɹ). 

 

ʈʠʩ. 3.20. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʪʠʧʫ ʞʠʚʣʝʥʥʷ ʚ ʦʟʝʨʽ 

ʉʣʽʧʥʝ (ats ï ʘʚʪʦʪʨʦʬʠ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʟʘ ʥʠʟʴʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ; ate ï ʘʚʪʦʪʨʦʬʠ, ʷʢʽ ʚʠʪʨʠʤʫʶʪʴ ʧʽʜʚʠʱʝʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ; hne ï ʬʘʢʫʣʴʪʘʪʠʚʥʽ 

ʛʝʪʝʨʦʪʨʦʬʠ, ʷʢʽ ʨʦʟʚʠʚʘʶʪʴʩʷ ʫ ʚʦʜʽ ʟʘ ʧʝʨʽʦʜʠʯʥʠʭ ʧʽʜʚʠʱʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ; hce ï ʦʙʣʽʛʘʪʥʽ ʛʝʪʝʨʦʪʨʦʬʠ, ʷʢʽ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʫ ʚʦʜʽ ʟʘ ʧʽʜʚʠʱʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ; ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʧʦʩʠʣʝʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʘʧʨʦʢʩʠʤʘʮʽʾ) ï ɸ ï ʟʘʛʘʣʴʥʝ, ɹ ï ʧʦ ʤʽʩʷʮʷʭ 

ɸ ɹ 
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ʊʘʢʘ ʪʝʥʜʝʥʮʽʷ ʧʦʛʦʜʞʫʻʪʴʩʷ ʟ ʚʠʷʚʣʝʥʦʶ ʧʨʠ ʽʥʜʠʢʘʮʽʾ ʢʣʘʩʫ ʷʢʦʩʪʽ ʚʦʜ 

ʽ ʪʨʦʬʥʦʩʪʽ (ʱʦ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʥʠʞʯʝ) ʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʘʢʽʥʯʝʥʥʷ ʜʦ ʮʴʦʛʦ 

ʯʘʩʫ ʧʨʦʮʝʩʽʚ ʩʘʤʦʦʯʠʱʝʥʥʷ ʦʟʝʨʘ. ʈʦʟʚʠʪʦʢ ʦʙʣʽʛʘʪʥʠʭ ʛʝʪʝʨʦʪʨʦʬʽʚ, ʷʢʽ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʫ ʚʦʜʽ ʟʘ ʧʽʜʚʠʱʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ, ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʩʚʽʜʯʠʪʴ ʥʘʚʧʘʢʠ ʧʨʦ ʥʘʡʙʽʣʴʰʝ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ʫ 

ʮʝʡ ʧʝʨʽʦʜ. 

ɯʥʜʠʢʘʮʽʷ ʨʽʚʥʷ ʪʨʦʬʥʦʩʪʽ ʉʣʽʧʥʦʛʦ ʧʦʢʘʟʘʣʘ ʯʽʪʢʝ ʜʦʤʽʥʫʚʘʥʥʷ 

ʝʚʪʨʦʬʽʚ. ɺʦʥʠ ʟʘ ʢʽʣʴʢʽʩʪʶ ʧʝʨʝʪʠʥʘʣʠ ʣʽʥʽʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ 

ʥʠʭ ʧʨʠʧʘʜʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ (ʨʠʩ. 3.21). ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʡ ʜʨʫʛʠʡ ʧʽʢ 

ʣʽʥʽʾ ʪʨʝʥʜʫ, ʱʦ ʚʢʘʟʫʚʘʚ ʥʘ ʢʦʤʧʣʝʢʩ ʦʣʽʛʦʪʨʦʬʽʚ ʪʘ ʦʣʽʛʦ-ʤʝʟʦʪʨʦʬʽʚ. ɯʥʰʽ 

ʧôʷʪʴ ʛʨʫʧ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 4-8 ʚʠʜʘʤʠ ʢʦʞʥʘ. 

 

ʈʠʩ. 3.21. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʨʽʚʥʷ ʪʨʦʬʥʦʩʪʽ ʚ ʦʟʝʨʽ 

ʉʣʽʧʥʝ (ot ï ʦʣʽʛʦʪʨʦʬʥʽ; o-m ï ʦʣʽʛʦ-ʤʝʟʦʪʨʦʬʥʽ; m ï ʤʝʟʦʪʨʦʬʥʽ; me ï ʤʝʟʦ-

ʝʚʪʨʦʬʥʽ; e ï ʝʚʪʨʦʬʥʽ; he ï ʛʽʧʝʨʪʨʦʬʥʽ; o-e ï ʰʠʨʦʢʦʾ ʘʤʧʣʽʪʫʜʠ ʪʨʦʬʥʦʩʪʽ; 

ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʟʙʽʣʴʰʝʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï 

ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 

 

ʋ ʩʝʟʦʥʥʦʤʫ ʘʩʧʝʢʪʽ ʚʟʠʤʢʫ ʪʘ ʥʘ ʧʦʯʘʪʢʫ ʚʝʩʥʠ ʫ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʙʫʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʘʡʞʝ ʚʠʢʣʶʯʥʦ ʝʚʪʨʦʬʠ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.17 ɺ). ʃʠʰʝ ʟ ʢʚʽʪʥʷ 

ʟôʷʚʣʷʣʠʩʷ ʧʨʝʜʩʪʘʚʥʠʢʠ ʽʥʰʠʭ ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʦʣʽʛʦʪʨʦʬʥʽ ï 

ʽʥʜʠʢʘʪʦʨʠ ʥʘʡʯʠʩʪʽʰʠʭ ʚʦʜ. ʇʨʦʪʷʛʦʤ ʪʝʧʣʦʛʦ ʧʝʨʽʦʜʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʨʫʧ 

ʽʥʜʠʢʘʪʦʨʽʚ ʪʘ ʾʭ ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʥʦ ʟʤʽʥʶʚʘʣʠʩʷ. ʃʠʰʝ ʫ ʪʨʘʚʥʽ ʪʘ ʯʝʨʚʥʽ ʚ 
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ʫʛʨʫʧʦʚʘʥʥʷʭ ʚʦʜʦʨʦʩʪʝʡ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫʩʽ 6 ʛʨʫʧ, ʧʨʦʪʝ ʝʚʪʨʦʬʠ 

ʧʨʦʜʦʚʞʫʚʘʣʠ ʧʝʨʝʚʘʞʘʪʠ ʮʽʣʠʡ ʨʽʢ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʜʘʤʠ ʙʽʦʽʥʜʠʢʘʮʽʾ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʩʝʨʝʜ ʫʩʽʭ 

ʚʠʟʥʘʯʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ ʦʟʝʨʘ ʉʣʽʧʥʝ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʩʢʣʘʜʘʣʠ ʚʠʜʠ, ʱʦ 

ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʽʩʥʫʚʘʥʥʷ ʫ ʙʝʥʪʦʩʽ, ʧʨʦʪʝ ʘʥʘʣʽʟ ʩʝʟʦʥʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘ ʦʩʪʘʥʥʽ 

ʨʦʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʚ ʧʝʨʝʚʘʞʘʥʥʷ ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʥʠʭ ʪʘ ʙʝʥʪʦʩʥʠʭ 

ʬʦʨʤ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʚʧʦʜʦʙʘʥʥʷʤʠ ʧʝʨʝʚʘʞʘʣʠ ʚʦʜʦʨʦʩʪʽ ʧʦʤʽʨʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʝʚʨʠʪʝʨʤʥʽ. ɺ ʫʛʨʫʧʦʚʘʥʥʷʭ ʚʦʜʦʨʦʩʪʝʡ 

ʧʝʨʝʚʘʞʘʣʠ ʽʥʜʠʢʘʪʦʨʠ ʜʦʩʪʘʪʥʴʦʛʦ ʥʘʩʠʯʝʥʥʷ ʚʦʜ ʢʠʩʥʝʤ. ɺ ʮʽʣʦʤʫ ʚ ʦʟʝʨʽ 

ʙʫʣʠ ʥʘʡʙʽʣʴʰ ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʣʽʛʦʛʘʣʦʙʠ-ʽʥʜʠʬʝʨʝʥʪʠ, ʧʨʦʪʝ ʙʣʠʞʯʝ ʜʦ ʟʠʤʠ 

ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʚʘʣʘʩʷ ʢʽʣʴʢʽʩʪʴ ʩʦʣʝʣʶʙʥʠʭ ʚʠʜʽʚ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʦʩʦʣʦʥʝʥʥʷ ʚʦʜʠ ʦʟʝʨʘ, ʡʤʦʚʽʨʥʦ ʚʥʘʩʣʽʜʦʢ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʽʩʥʠʭ 

ʘʣʶʚʽʘʣʴʥʠʭ ʚʦʜ, ʱʦ ʡʦʛʦ ʧʽʜʞʠʚʣʶʶʪʴ. ɺ ʫʛʨʫʧʦʚʘʥʥʷʭ ʚʦʜʦʨʦʩʪʝʡ 

ʧʝʨʝʚʘʞʘʣʠ ʘʣʢʘʣʽʬʽʣʠ ʪʘ ʽʥʜʠʬʝʨʝʥʪʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʣʫʞʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ, 

ʧʨʦʪʝ ʧʦʷʚʘ ʚ ʪʝʧʣʠʡ ʧʝʨʽʦʜ ʨʦʢʫ ʘʮʠʜʦʬʽʣʽʚ ʚʢʘʟʫʚʘʣʘ ʥʘ ʜʝʷʢʝ ʧʽʜʢʠʩʣʝʥʥʷ 

ʚʦʜ. ʇʝʨʝʚʘʞʘʥʥʷ ʝʚʨʠʩʘʧʨʦʙʽʚ ʪʘ ʩʘʧʨʦʢʩʝʥʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʤʽʨʥʝ ʘʙʦ ʥʘʚʽʪʴ 

ʥʝʟʥʘʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʦʟʝʨʘ ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. ʗʢʽʩʪʴ ʚʦʜʠ ʦʟʝʨʘ 

ʟʘʜʦʚʽʣʴʥʘ (3-2 ʢʣʘʩ); ʟʤʽʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʣʘʩʽʚ ʷʢʦʩʪʽ ʚʦʜʠ ʩʚʽʜʯʠʣʘ ʧʨʦ 

ʜʝʷʢʝ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʧʨʦʪʷʛʦʤ ʨʦʢʫ, ʷʢʝ 

ʥʝʡʪʨʘʣʽʟʫʚʘʣʦʩʷ ʣʠʰʝ ʥʘ ʧʦʯʘʪʢʫ ʚʝʩʥʠ. ɿʘ ʪʠʧʦʤ ʞʠʚʣʝʥʥʷ ʧʝʨʝʚʘʞʘʣʠ 

ʘʚʪʦʪʨʦʬʥʽ ʛʨʫʧʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤʠ, ʧʨʦʪʝ ʟʤʽʥʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ ʜʘʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʚʢʘʟʫʻ ʥʘ 

ʥʘʡʙʽʣʴʰʝ ʟʘʙʨʫʜʥʝʥʥʷ ʚʣʽʪʢʫ, ʷʢʝ ʧʦʩʪʫʧʦʚʦ ʥʝʡʪʨʘʣʽʟʫʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʨʦʢʫ 

ʘʞ ʜʦ ʧʦʯʘʪʢʫ ʚʝʩʥʠ. ʇʝʨʝʚʘʞʘʥʥʷ ʝʚʪʨʦʬʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʪʨʦʬʥʦʩʪʽ ʚʦʜ ï ʝʚʪʨʦʬʥʠʡ, ʭʦʯʘ ʧʝʨʽʦʜʠʯʥʦ ʬʦʨʤʫʚʘʣʠʩʷ ʦʣʽʛʦ-ʤʝʟʦʪʨʦʬʥʽ 

ʫʤʦʚʠ ʙʽʣʴʰ ʯʠʩʪʠʭ ʚʦʜ. 

ʆʟʝʨʦ ʈʽʧʥʝ ʩʝʨʝʜ ʥʝʧʝʨʝʩʠʭʘʶʯʠʭ ʦʟʝʨ ʧʽʚʥʽʯʥʦʾ ʛʨʫʧʠ ʤʘʻ ʥʘʡʙʽʣʴʰʠʡ 

ʦʙôʻʤ ʚʦʜʥʠʭ ʤʘʩ ʪʘ ʻ ʥʘʡʛʣʠʙʰʠʤ ʩʝʨʝʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʟʝʨ (ʤʘʢʩʠʤʘʣʴʥʘ 

ʛʣʠʙʠʥʘ ʩʷʛʘʻ 8,4 ʤ). ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʟʦʥ: 

ʦʢʠʩʥʶʚʘʣʴʥʦʾ ʪʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ (ʦʩʪʘʥʥʷ ʥʘʩʠʯʝʥʘ ʩʽʨʢʦʚʦʜʥʝʤ, ʪʦʞ 
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ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʟʥʘʯʥʠʤ ʚʠʜʦʚʠʤ ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʥʘʩʝʣʝʥʥʷ). ɺ ʦʟʝʨʽ ʈʽʧʥʝ 

ʟʘ ʤʽʩʮʝʤ ʽʩʥʫʚʘʥʥʷ ʧʝʨʝʚʘʞʥʘ ʯʘʩʪʠʥʘ ʚʦʜʦʨʦʩʪʝʡ ʥʘʣʝʞʘʣʘ ʜʦ ʙʝʥʪʦʩʥʠʭ ʪʘ 

ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʥʠʭ ʛʨʫʧ, ʥʘ ʷʢʽ ʚʢʘʟʫʻ ʣʽʥʽʷ ʪʨʝʥʜʘ ʪʘ ʷʢʽ ʚʽʜʩʽʢʘʻ ʣʽʥʽʷ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (ʨʠʩ. 3.22). ʊʠʧʦʚʦ ʧʣʘʥʢʪʦʥʥʽ ʚʠʜʠ ʩʢʣʘʣʠ 10,6% ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ-ʽʥʜʠʢʘʪʦʨʽʚ ʤʽʩʮʷ ʽʩʥʫʚʘʥʥʷ. ʊʘʢʦʞ ʙʫʣʦ 

ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʜʚʘ ʚʠʜʠ-ʝʧʽʬʽʪʠ: Collacium sideropus Skuja ʪʘ Ankyra ocellata. 

ɿʠʤʦʚʽ ʫʛʨʫʧʦʚʘʥʥʷ ʟ ʤʘʡʞʝ ʦʜʥʘʢʦʚʦʶ ʧʨʝʜʩʪʘʚʣʝʥʽʩʪʶ ʧʣʘʥʢʪʦʥʥʠʭ, 

ʙʝʥʪʦʩʥʠʭ ʪʘ ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʥʠʭ ʛʨʫʧ ʚʦʜʦʨʦʩʪʝʡ ʚʞʝ ʥʘʚʝʩʥʽ ʟʤʽʥʶʚʘʣʠʩʷ 

ʫʛʨʫʧʦʚʘʥʥʷʤʠ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ ʙʝʥʪʦʩʥʠʭ ʪʘ ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʥʠʭ ʛʨʫʧ 

(ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.9 ɹ). ɽʧʽʬʽʪʽʚ ʨʝʻʩʪʨʫʚʘʣʠ ʣʠʰʝ ʚʣʽʪʢʫ ʪʘ ʚʦʩʝʥʠ. 

 

ʈʠʩ. 3.22. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʤʽʩʮʷ ʽʩʥʫʚʘʥʥʷ ʚ ʦʟʝʨʽ ʈʽʧʥʝ (B 

ï ʙʝʥʪʦʩʥʽ; P-B ï ʧʣʘʥʢʪʦʥʥʦ-ʙʝʥʪʦʩʥʽ; P ï ʧʣʘʥʢʪʦʥʥʽ; Ep ï ʝʧʽʬʽʪʥʽ; ʩʪʨʽʣʢʘ 

ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʧʦʩʠʣʝʥʥʷ ʟʚôʷʟʢʫ ʽʟ ʩʫʙʩʪʨʘʪʦʤ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʣʽʥʽʷ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 

 

ʉʝʨʝʜ ʽʥʜʠʢʘʪʦʨʽʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʦʟʝʨʘ ʈʽʧʥʝ ʙʫʣʠ 

ʧʨʝʜʩʪʘʚʥʠʢʠ ʚʩʽʭ ʯʦʪʠʨʴʦʭ ʛʨʫʧ. ɼʦʤʽʥʫʚʘʣʠ ʚʦʜʦʨʦʩʪʽ, ʷʢʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʚʦʜ ʧʦʤʽʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ, ʥʘ ʱʦ ʚʢʘʟʫʻ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʘ ʪʘ 

ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.2 ɹ). ʂʽʣʴʢʽʩʪʴ ʧʨʝʜʩʪʘʚʥʠʢʽʚ 

ʭʦʣʦʜʦʣʶʙʥʠʭ, ʪʝʧʣʦʣʶʙʥʠʭ ʚʠʜʽʚ ʪʘ ʝʚʨʽʪʝʨʤʽʚ ʢʦʣʠʚʘʣʘʩʴ ʚʽʜ 3 ʜʦ 5. 

ʊʝʧʣʦʣʶʙʥʽ ʚʠʜʠ ʟʫʩʪʨʽʯʘʣʠʩʷ ʧʝʨʝʚʘʞʥʦ ʚʣʽʪʢʫ, ʭʦʣʦʜʦʣʶʙʥʽ ï ʥʘʚʝʩʥʽ ʪʘ 

ʚʣʽʪʢʫ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.10 ɹ). ʇʨʠʩʫʪʥʽʩʪʴ ʭʦʣʦʜʦʣʶʙʠʚʠʭ ʚʠʜʽʚ ʚʣʽʪʢʫ 

ʚʽʨʦʛʽʜʥʦ ʙʫʣʘ ʧʦʚôʷʟʘʥʘ ʟ ʥʝʜʦʩʢʦʥʘʣʽʩʪʶ ʩʠʩʪʝʤʠ ʽʥʜʠʢʘʮʽʾ ʟʘ ʜʘʥʠʤ 



60 

ʬʘʢʪʦʨʦʤ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʥʘ ʜʘʥʠʡ ʯʘʩ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ. ʅʘ 

ʧʦʯʘʪʢʫ ʪʘ ʥʘʧʨʠʢʽʥʮʽ ʨʦʢʫ ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ ʚʦʜʦʨʦʩʪʝʡ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʣʠʰʝ ʽʥʜʠʢʘʪʦʨʠ ʧʦʤʽʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ. 

ɽʢʦʣʦʛʽʯʥʘ ʽʥʜʠʢʘʮʽʷ ʫʤʦʚ ʪʝʢʫʯʦʩʪʽ ʚʦʜ ʪʘ ʥʘʩʠʯʝʥʦʩʪʽ ʾʭ ʢʠʩʥʝʤ ʫ 

ʚʠʧʘʜʢʫ ʦʟʝʨ ʙʽʣʴʰ ʚʠʩʚʽʪʣʶʻ ʥʘʩʠʯʝʥʽʩʪʴ ʢʠʩʥʝʤ ʥʽʞ ʪʝʢʫʯʽʩʪʴ, ʪʦʞ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ, ʱʦ ʚʦʜʠ ʦʟʝʨʘ ʈʽʧʥʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʝʨʝʜʥʽʤ ʨʽʚʥʝʤ ʢʠʩʥʶ. ʉʘʤʝ 

ʮʷ ʛʨʫʧʘ ʽʥʜʠʢʘʪʦʨʽʚ ʚʽʜʩʽʢʘʣʘʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (ʨʠʩ. 3.23.). 

ʊʘʢʦʞ ʥʘ ʥʝʾ ʧʨʠʧʘʜʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʘ. ʇʨʝʜʩʪʘʚʥʠʢʠ, ʱʦ ʽʩʥʫʶʪʴ ʫ 

ʚʦʜʘʭ ʟ ʚʝʣʠʢʦʶ ʪʘ ʥʘʚʧʘʢʠ ʤʘʣʦʶ ʢʽʣʴʢʽʩʪʶ ʢʠʩʥʶ ʩʫʤʘʨʥʦ ʩʢʣʘʣʠ 36,3% ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʫʤʦʚ ʥʘʩʠʯʝʥʦʩʪʽ ʚʦʜ ʢʠʩʥʝʤ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ 

ʽ ʧʨʠʩʫʪʥʽʩʪʴ ʚʠʜʽʚ-ʘʝʨʦʬʽʣʽʚ: Achnanthes coarctata (Br®b. in W. Sm.) Grunow 

in Cleve et Grunow ʪʘ Luticola cohnii (Hilse in Rabenh.) D.G. Mann in Round, 

Crawford et Mann.  

 

ʈʠʩ. 3.23. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʥʘʩʠʯʝʥʦʩʪʽ ʚʦʜ ʢʠʩʥʝʤ ʪʘ 

ʨʝʦʬʽʣʴʥʦʩʪʽ ʚ ʦʟʝʨʽ ʈʽʧʥʝ (st ï ʩʪʦʷʯʽ; str ï ʰʚʠʜʢʦʪʝʢʫʯʽ; st-str ï 

ʧʦʚʽʣʴʥʦʪʝʢʫʯʽ ʪʘ/ʘʙʦ ʽʥʜʠʬʝʨʝʥʪʠ; ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʧʦʩʠʣʝʥʥʷ 

ʪʝʢʫʯʦʩʪʽ ʚʦʜ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 

 

ɿʠʤʦʚʽ ʫʛʨʫʧʦʚʘʥʥʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʙʦ ʽʥʜʠʢʘʪʦʨʘʤʠ ʟʥʘʯʥʦʾ 

ʥʘʩʠʯʝʥʦʩʪʽ ʢʠʩʥʝʤ ʘʙʦ ʽʥʜʠʢʘʪʦʨʘʤʠ ʤʘʣʦʾ ʢʽʣʴʢʦʩʪʽ ʢʠʩʥʶ ʫ ʚʦʜʽ ʥʘʚʝʩʥʽ 

ʟʤʽʥʶʚʘʣʠʩʷ ʩʢʣʘʜʥʠʤʠ ʫʛʨʫʧʦʚʘʥʥʷʤʠ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ ʛʨʫʧʠ ʽʥʜʠʢʘʪʦʨʽʚ 
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ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ ʥʘʩʠʯʝʥʦʩʪʽ ʚʦʜ ʢʠʩʥʝʤ ʪʘ ʟʥʘʯʥʦʶ ʧʨʝʜʩʪʘʚʣʝʥʽʩʪʶ ʛʨʫʧ 

ʤʘʣʦʾ ʪʘ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.11 ɹ). 

ɺʽʜʥʦʩʥʦ ʩʦʣʦʥʦʩʪʽ ʚ ʦʟʝʨʽ ʈʽʧʥʝ ʥʘ ʨʠʩ. 3.24 ɸ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʣʽʥʽʻʶ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜʩʽʢʘʻʪʴʩʷ ʛʨʫʧʘ ʦʣʽʛʦʛʘʣʦʙʽʚ-ʽʥʜʠʬʝʨʝʥʪʽʚ, ʷʢʽ 

ʩʢʣʘʜʘʣʠ ʙʽʣʴʰʝ ʧʦʣʦʚʠʥʠ (60%) ʚʠʜʽʚ-ʽʥʜʠʢʘʪʦʨʽʚ. ʇʨʦʪʝ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ 

ʪʨʝʥʜʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʨʝʜʩʪʘʚʣʝʥʽʩʪʴ ʛʨʫʧʠ ʦʣʽʛʦʛʘʣʦʙʽʚ-ʛʘʣʦʬʽʣʽʚ. ʊʘʢʦʞ ʙʫʚ 

ʟʘʨʝʻʩʪʨʦʚʘʥʠʡ ʧʦʣʽʛʘʣʦʙ Spirulina major. ʇʨʦʪʷʛʦʤ ʨʦʢʫ ʙʽʣʴʰ ʤʝʥʰ 

ʟʙʝʨʽʛʘʣʠʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʣʽʛʦʛʘʣʦʙʽʚ-ʽʥʜʠʬʝʨʝʥʪʽʚ, ʦʣʽʛʦʛʘʣʦʙʽʚ-ʛʘʣʦʬʽʣʽʚ 

ʪʘ ʤʝʟʦʛʘʣʦʙʽʚ ï ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ, ʱʦ ʧʝʨʝʚʘʞʘʣʠ ʫ ʬʣʦʨʽ. ʆʣʽʛʦʛʘʣʦʙʠ-

ʛʘʣʦʬʦʙʠ ʪʘ ʧʦʣʽʛʘʣʦʙʠ ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʧʝʨʝʚʘʞʥʦ ʚʣʽʪʢʫ. ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʫ 

ʩʝʟʦʥʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ (ʨʠʩ. 3.24 ɹ), ʚʣʽʪʢʫ ʩʦʣʦʥʽʩʪʴ ʦʟʝʨʘ 

ʜʝʱʦ ʟʙʽʣʴʰʫʚʘʣʘʩʷ ʽ ʛʨʫʧʠ ʛʘʣʦʬʽʣʽʚ ʪʘ ʤʝʟʦʛʘʣʦʙʽʚ ʟʨʦʩʪʘʣʠ ʟʘʤʽʥʶʶʯʠ 

ʽʥʜʠʬʝʨʝʥʪʽʚ, ʘ ʫ ʧʝʨʽʦʜ ʚʝʩʥʷʥʦʛʦ ʪʘʥʝʥʥʷ ʩʥʽʛʫ ʪʘ ʦʩʽʥʥʽʭ ʜʦʱʽʚ ʽʥʜʠʬʝʨʝʥʪʠ 

ʟʙʽʣʴʰʫʚʘʣʠʩʷ ʫ ʩʚʦʾʡ ʢʽʣʴʢʦʩʪʽ. 

 

ʈʠʩ. 3.24. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʩʦʣʦʥʦʩʪʽ ʚ ʦʟʝʨʽ ʈʽʧʥʝ (ph ï 

ʧʦʣʽʛʘʣʦʙʠ; mh ï ʤʝʟʦʛʘʣʦʙʠ; i ï ʦʣʽʛʦʛʘʣʦʙʠ-ʽʥʜʠʬʝʨʝʥʪʠ; hl ï ʦʣʽʛʦʛʘʣʦʙʠ-

ʛʘʣʦʬʽʣʠ; hb ï ʦʣʽʛʦʛʘʣʦʙʠ-ʛʘʣʦʬʦʙʠ; ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʟʙʽʣʴʰʝʥʥʷ 

ʚʤʽʩʪʫ ʩʦʣʝʡ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) ï ɸ ï ʟʘʛʘʣʴʥʝ, ɹ ï ʧʦ ʤʽʩʷʮʷʭ 

 

ʉʝʨʝʜ ʽʥʜʠʢʘʪʦʨʽʚ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʚ ʈʽʧʥʦʤʫ ʜʦʤʽʥʫʚʘʣʠ ʘʣʢʘʣʽʬʽʣʠ ʪʘ 

ʽʥʜʠʬʝʨʝʥʪʠ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʦʙʦʤʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʣʽʥʽʷʤʠ (ʜʦʜʘʪʦʢ ɽ, 

ʨʠʩ. ɽ.4 ɸ). ɸʮʠʜʦʬʽʣʠ ʩʢʣʘʣʠ ʣʠʰʝ 6,1% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ 

ɸ ɹ 
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ʨʅ ʩʝʨʝʜʦʚʠʱʘ. ʋ ʩʝʟʦʥʥʦʤʫ ʘʩʧʝʢʪʽ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚʟʠʤʢʫ ʧʣʘʥʢʪʦʥ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʝʨʝʚʘʞʥʦ ʤʦʥʦ ʛʨʫʧʘʤʠ ʘʙʦ ʽʥʜʠʬʝʨʝʥʪʽʚ, ʘʙʦ ʘʣʢʘʣʽʬʽʣʽʚ 

(ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.13 ɹ). ʇʨʦʪʝ ʚ ʽʥʰʽ ʧʝʨʽʦʜʠ ʨʦʢʫ ʫ ʧʨʦʙʘʭ ʨʝʻʩʪʨʫʚʘʣʠ 

ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʚʩʽʭ ʯʦʪʠʨʴʦʭ ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ ʦʜʥʦʯʘʩʥʦ ʟʽ ʟʥʘʯʥʠʤ 

ʧʝʨʝʚʘʞʘʥʥʷʤ ʽʥʜʠʬʝʨʝʥʪʽʚ ʪʘ ʘʣʢʘʣʽʬʽʣʽʚ. 

ɯʥʜʠʢʘʮʽʷ ʨʽʚʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʦʟʝʨʘ ʈʽʧʥʝ ʟʘ ɺʘʪʘʥʘʙʝ 

ʚʠʷʚʠʣʘ ʯʽʪʢʝ ʧʝʨʝʚʘʞʘʥʥʷ ʛʨʫʧʠ ʝʚʨʠʩʘʧʨʦʙʽʚ, ʷʢʫ ʚʽʜʩʽʢʘʻ ʣʽʥʽʷ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ ʷʢʫ ʧʨʠʧʘʜʘʻ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ (ʨʠʩ. 3.25). 

ɺ ʦʩʽʥʥʽʭ ʪʘ ʟʠʤʦʚʠʭ ʫʛʨʫʧʦʚʘʥʥʷʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʰʝ ʮʷ ʛʨʫʧʘ ʽʥʜʠʢʘʪʦʨʽʚ, 

ʧʨʦʪʝ ʥʘʚʝʩʥʽ ʪʘ ʚʣʽʪʢʫ ʜʦ ʥʝʾ ʜʦʜʘʶʪʴʩʷ ʩʘʧʨʦʢʩʝʥʠ ʪʘ ʩʘʧʨʦʬʽʪʠ, ʭʦʯʘ 

ʝʚʨʠʩʘʧʨʦʙʠ, ʙʝʟʫʤʦʚʥʦ, ʧʨʦʜʦʚʞʫʚʘʣʠ ʧʝʨʝʚʘʞʘʪʠ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.14 ɹ). 

 

ʈʠʩ. 3.25. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘ 

ɺʘʪʘʥʘʙʝ ʚ ʦʟʝʨʽ ʈʽʧʥʝ (sx ï ʩʘʧʨʦʢʩʝʥʠ; sp ï ʩʘʧʨʦʬʽʣʠ; es ï ʝʚʨʠʩʘʧʨʦʙʠ; 

ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʧʦʩʠʣʝʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï 

ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 

 

ɸʥʘʣʽʟ ʢʣʘʩʫ ʷʢʦʩʪʽ ʚʦʜ ʦʟʝʨʘ ʈʽʧʥʝ ʚʠʷʚʠʚ ʥʘʷʚʥʽʩʪʴ ʽʥʜʠʢʘʪʦʨʽʚ ʫʩʽʭ 

ʧôʷʪʠ ʢʣʘʩʽʚ, ʧʨʦʪʝ ʥʘʡʙʽʣʴʰ ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʙʫʣʠ ʽʥʜʠʢʘʪʦʨʠ 2 ʪʘ 3 ʢʣʘʩʫ, ʥʘ 

ʷʢʽ ʚʢʘʟʫʚʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ ʪʘ ʷʢʽ ʚʽʜʩʽʢʘʣʘ ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʚʽʜʭʠʣʝʥʥʷ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.7 ɹ). ʋ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʨʝʻʩʪʨʫʚʘʣʠ 

ʧʨʝʜʩʪʘʚʥʠʢʽʚ 3 ʢʣʘʩʫ, ʙʣʠʞʯʝ ʜʦ ʣʽʪʘ ʫʛʨʫʧʦʚʘʥʥʷ ʧʦʧʦʚʥʶʚʘʣʠʩʷ 

ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʽʥʰʠʭ ʯʦʪʠʨʴʦʭ ʢʣʘʩʽʚ, ʘ ʚʦʩʝʥʠ ʩʧʦʩʪʝʨʽʛʘʣʠ ʧʨʦʪʠʣʝʞʥʫ 
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ʪʝʥʜʝʥʮʽʶ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.15 ɹ). ʊʦʙʪʦ ʧʨʦʪʷʛʦʤ ʣʽʪʘ ʬʦʨʤʫʶʪʴʩʷ ʜʦʩʠʪʴ 

ʨʽʟʥʽ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʩʧʽʚʽʩʥʫʚʘʪʠ ʚʠʜʘʤ ʟ ʨʽʟʥʠʤʠ 

ʝʢʦʣʦʛʽʯʥʠʤʠ ʚʧʦʜʦʙʘʥʥʷʤʠ, ʭʦʯʘ ʧʝʨʝʚʘʞʘʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ ʫ ʚʩʽ ʩʝʟʦʥʠ. 

ɿʘ ʪʠʧʦʤ ʞʠʚʣʝʥʥʷ ʪʘ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʽʣʴʢʦʩʪʽ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ ʚ ʈʽʧʥʦʤʫ ʽʩʪʦʪʥʦ ʧʝʨʝʚʘʞʘʣʠ ʜʚʽ ʛʨʫʧʠ ʘʚʪʦʪʨʦʬʽʚ: ʪʘʢʽ, ʱʦ ʽʩʥʫʶʪʴ 

ʟʘ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʪʘ ʪʘʢʽ, ʱʦ 

ʚʠʪʨʠʤʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ. ʎʽ 

ʛʨʫʧʠ ʚʽʜʩʽʢʘʶʪʴʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.8 ɹ). ʋ 

ʧʨʦʭʦʣʦʜʥʠʡ ʧʝʨʽʦʜ ʨʦʢʫ ʫ ʧʣʘʥʢʪʦʥ ̔ʧʨʝʜʩʪʘʚʣʝʥʽ ʣʠʰʝ ʛʨʫʧʠ ʘʚʪʦʪʨʦʬʽʚ, ʘ 

ʫ ʪʝʧʣʠʡ ʧʝʨʽʦʜ ʨʦʢʫ ʪʘʢʦʞ ʟôʷʚʣʷʶʪʴʩʷ ʛʨʫʧʠ ʬʘʢʫʣʴʪʘʪʠʚʥʠʭ ʪʘ ʦʙʣʽʛʘʪʥʠʭ 

ʛʝʪʝʨʦʪʨʦʬʽʚ, ʭʦʯʘ ʘʚʪʦʪʨʦʬʠ ʧʨʦʜʦʚʞʫʚʘʣʠ ʧʝʨʝʚʘʞʘʪʠ ʟʘ ʢʽʣʴʢʽʩʪʶ (ʜʦʜʘʪʦʢ 

ɽ, ʨʠʩ. ɽ.16 ɹ). ɺʠʜʠ-ʯʘʩʪʢʦʚʽ ʤʽʢʩʦʪʨʦʬʠ ʨʦʟʚʠʚʘʣʠʩʷ ʙʽʣʴʰʝ ʚ ʦʩʽʥʥʽʡ ʧʝʨʽʦʜ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʚʝʣʠʢʠʡ, ʧʨʦʪʝ ʩʪʘʙʽʣʴʥʠʡ ʨʽʚʝʥʴ ʧʨʝʩʫ ʥʘ ʬʦʪʦʩʠʥʪʝʟ. 

ʑʦʜʦ ʘʥʘʣʽʟʫ ʨʽʚʥʷ ʪʨʦʬʥʦʩʪʽ ʦʟʝʨʘ ʈʽʧʥʝ, ʪʦ ʥʘʷʚʥʝ ʯʽʪʢʝ ʧʝʨʝʚʘʞʘʥʥʷ 

ʛʨʫʧʠ ʝʚʪʨʦʬʽʚ, ʷʢʘ ʚʽʜʩʽʢʘʻʪʴʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ ʷʢʫ 

ʧʨʠʧʘʜʘʻ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ (ʨʠʩ. 3.26). 

 

ʈʠʩ. 3.26. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʨʽʚʥʷ ʪʨʦʬʥʦʩʪʽ ʚ ʦʟʝʨʽ 

ʈʽʧʥʝ (ot ï ʦʣʽʛʦʪʨʦʬʥʽ; o-m ï ʦʣʽʛʦ-ʤʝʟʦʪʨʦʬʥʽ; m ï ʤʝʟʦʪʨʦʬʥʽ; me ï ʤʝʟʦ-

ʝʚʪʨʦʬʥʽ; e ï ʝʚʪʨʦʬʥʽ; he ï ʛʽʧʝʨʪʨʦʬʥʽ; o-e ï ʰʠʨʦʢʦʾ ʘʤʧʣʽʪʫʜʠ ʪʨʦʬʥʦʩʪʽ; 

ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʟʙʽʣʴʰʝʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï 

ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 
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ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʽʥʜʠʢʘʪʦʨʽʚ ʽʥʰʠʭ ʝhʩʪʠ ʛʨʫʧ 

ʪʨʦʬʥʦʩʪʽ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʤʝʥʰ ʧʨʝʜʩʪʘʚʣʝʥʽ ʛʽʧʝʨʪʨʦʬʠ ï ʣʠʰʝ ʦʜʠʥ ʚʠʜ 

Nitzschia palea (K¿tz.) W. Sm. var. palea. ʋ ʩʝʟʦʥʥʦʤʫ ʘʩʧʝʢʪʽ ʥʘʷʚʥʘ ʜʠʥʘʤʽʢʘ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʠʭ ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ ʙʣʠʞʯʝ ʜʦ ʣʽʪʘ ʟ ʥʝʟʤʽʥʥʠʤ 

ʧʝʨʝʚʘʞʘʥʥʷʤ ʛʨʫʧʠ ʝʚʪʨʦʬʽʚ (ʜʦʜʘʪʦʢ ɽ. ʨʠʩ. ɽ.17. ɸ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʦʜʦʨʦʩʪʽ ʦʟʝʨʘ ʈʽʧʥʝ ʚʦʣʽʶʪʴ ʨʦʟʚʠʚʘʪʠʩʷ ʚ ʙʝʥʪʦʩʽ ʪʘ 

ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʽ, ʦʩʦʙʣʠʚʦ ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ, ʚʟʠʤʢʫ ʞ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʘʩʪʢʘ 

ʧʣʘʥʢʪʦʥʥʠʭ ʤʝʰʢʘʥʮʽʚ. ɺ ʦʟʝʨʥʠʭ ʫʛʨʫʧʦʚʘʥʥʷʭ ʧʝʨʝʚʘʞʘʶʪʴ ʽʥʜʠʢʘʪʦʨʠ 

ʧʦʤʽʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʽʥʜʠʢʘʪʦʨʠ ʜʦʩʪʘʪʥʴʦʾ ʥʘʩʠʯʝʥʦʩʪʽ ʚʦʜʠ 

ʢʠʩʥʝʤ. ɺʠʩʦʢʘ ʯʘʩʪʢʘ ʽʥʜʠʢʘʪʦʨʽʚ ʩʦʣʦʥʫʚʘʪʠʭ ʚʦʜ ʚ ʦʟʝʨʥʠʭ ʫʛʨʫʧʦʚʘʥʥʷʭ ʚ 

ʮʽʣʦʤʫ ʪʘ ʦʩʦʙʣʠʚʦ ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ, ʧʦʢʘʟʫʻ ʟʥʘʯʥʫ ʧʨʠʩʫʪʥʽʩʪʴ ʭʣʦʨʠʜʽʚ ʫ ʚʦʜʽ 

ʦʟʝʨʘ. ɿʥʘʯʥʘ ʧʨʝʜʩʪʘʚʣʝʥʽʩʪʴ ʘʣʢʘʣʽʬʽʣʽʚ ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ ʚʦʜʦʨʦʩʪʝʡ ʚ ʮʽʣʦʤʫ 

ʧʦʢʘʟʫʻ, ʱʦ ʚʦʜʠ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʟʘʣʠʰʘʶʪʴʩʷ ʣʫʞʥʠʤʠ, ʘʣʝ ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ 

ʪʨʦʭʠ ʟʥʠʞʫʶʪʴ ʩʚʽʡ ʨʅ. ɺʠʩʦʢʘ ʯʘʩʪʢʘ ʝʚʨʽʩʘʧʨʦʙʽʚ ʚ ʦʟʝʨʥʠʭ ʫʛʨʫʧʦʚʘʥʥʷʭ 

ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʜʦʟʚʦʣʷʻ ʚʽʜʥʝʩʪʠ ʚʦʜʠ ʦʟʝʨʘ ʜʦ ʧʦʤʽʨʥʦ ʟʘʙʨʫʜʥʝʥʠʭ 

ʦʨʛʘʥʽʢʦʶ. ɺ ʮʽʣʦʤʫ ʽʥʜʠʢʘʮʽʷ ʧʦʢʘʟʫʻ ʢʨʘʱʠʡ ʢʣʘʩ ʷʢʦʩʪʽ ʚʦʜ ʚʣʽʪʢʫ, ʥʽʞ ʚ 

ʽʥʰʽ ʧʝʨʽʦʜʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʦ ʟ ʘʢʪʠʚʥʠʤ ʨʦʟʚʠʪʢʦʤ ʚʦʜʦʨʦʩʪʝʡ, 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʻʶ ʧʨʦʮʝʩʽʚ ʩʘʤʦʦʯʠʱʝʥʥʷ. ɸʥʪʨʦʧʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʠʩʫʪʥʻ, ʧʨʦʪʝ ʤʘʻ ʥʝʪʦʢʩʠʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʪʦʤʫ ʚʦʜʦʨʦʩʪʽ ʤʘʶʪʴ ʟʤʦʛʫ 

ʞʠʚʠʪʠʩʷ ʰʣʷʭʦʤ ʧʨʷʤʦʛʦ ʬʦʪʦʩʠʥʪʝʟʫ. ɺʠʩʦʢʘ ʯʘʩʪʢʘ ʽʥʜʠʢʘʪʦʨʽʚ ʚʠʩʦʢʦʛʦ 

ʩʪʫʧʝʥʷ ʪʨʦʬʥʦʩʪʠ ʚ ʦʟʝʨʥʠʭ ʫʛʨʫʧʦʚʘʥʥʷʭ ʚ ʮʽʣʦʤʫ ʽ ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʦʩʦʙʣʠʚʦ 

ʚʢʘʟʫʻ ʥʘ ʝʚʪʨʦʬʥʠʡ ʩʪʘʪʫʩ ʦʟʝʨʘ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʨʦʢʫ. 

ʆʟʝʨʦ ɻʘʨʷʯʝ ʥʘʡʤʝʥʰʝ ʩʝʨʝʜ ʦʟʝʨ ʧʽʚʥʽʯʥʦʾ ʛʨʫʧʠ, ʧʨʦʪʝ ʟʘʛʘʣʴʥʠʡ 

ʦʙôʻʤ ʚʦʜʠ ʜʘʥʦʛʦ ʦʟʝʨʘ ʥʝʟʥʘʯʥʦ ʢʦʣʠʚʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʨʦʢʫ. ʉʝʨʝʜ 

ʽʥʜʠʢʘʪʦʨʽʚ ʤʽʩʮʷ ʽʩʥʫʚʘʥʥʷ ʚ ɻʘʨʷʯʦʤʫ ʟʥʘʯʥʫ ʧʝʨʝʚʘʛʫ ʤʘʣʠ ʙʝʥʪʦʩʥʽ ʪʘ 

ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʥʽ ʬʦʨʤʠ. ɺʦʥʠ ʚʽʜʩʽʢʘʣʠʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ 

ʪʘ ʩʧʽʚʧʘʜʘʣʠ ʟ ʚʝʨʭʽʚʢʦʶ ʣʽʥʽʾ ʪʨʝʥʜʫ (ʨʠʩ. 3.27). ʊʠʧʦʚʦ ʧʣʘʥʢʪʦʥʥʽ ʚʠʜʠ 

ʩʢʣʘʜʘʣʠ ʣʠʰʝ 9% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʽʜʩʦʪʦʢ 

ʫʯʘʩʪʽ ʫ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʥʠʭ ʚʠʜʽʚ ʟʘʣʠʰʘʚʩʷ ʤʘʡʞʝ ʥʝʟʤʽʥʥʠʤ 

ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʫ ʪʦʡ ʯʘʩ ʷʢ ʚʥʝʩʦʢ ʙʝʥʪʦʩʥʠʭ ʚʠʜʽʚ ʫ ʭʦʣʦʜʥʫ ʧʦʨʫ ʨʦʢʫ ʜʝʱʦ 
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ʟʥʠʞʫʚʘʚʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʚʢʣʘʜʫ ʧʣʘʥʢʪʦʥʥʠʭ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.9 ɻ). 

ɺʠʜ-ʝʧʽʬʽʪ Ankyra ocellata ʨʝʻʩʪʨʫʚʘʚʩʷ ʪʽʣʴʢʠ ʚʣʽʪʢʫ ʪʘ ʚʦʩʝʥʠ. 

 

ʈʠʩ. 3.27. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʤʽʩʮʷ ʽʩʥʫʚʘʥʥʷ ʚ ʦʟʝʨʽ ɻʘʨʷʯʝ 

(B ï ʙʝʥʪʦʩʥʽ; P-B ï ʧʣʘʥʢʪʦʥʥʦ-ʙʝʥʪʦʩʥʽ; P ï ʧʣʘʥʢʪʦʥʥʽ; Ep ï ʝʧʽʬʽʪʥʽ; 

ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʧʦʩʠʣʝʥʥʷ ʟʚôʷʟʢʫ ʽʟ ʩʫʙʩʪʨʘʪʦʤ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʣʽʥʽʷ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 

 

ʅʘ ʧʦʤʽʨʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʦʟʝʨʘ ɻʘʨʷʯʝ ʚʢʘʟʫʚʘʣʦ ʧʝʨʝʚʘʞʘʥʥʷ 

ʫ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʽʥʜʠʢʘʪʦʨʽʚ ʧʦʤʽʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʝʚʨʽʪʝʨʤʽʚ. 

ʉʘʤʝ ʮʽ ʜʚʽ ʛʨʫʧʠ ʚʽʜʩʽʢʘʣʠʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ ʥʠʭ 

ʧʨʠʧʘʜʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.2 ɻ). ʍʦʣʦʜʦʣʶʙʥʽ ʪʘ 

ʪʝʧʣʦʣʶʙʥʽ ʚʠʜʠ ʩʫʤʘʨʥʦ ʩʢʣʘʜʘʣʠ ʤʝʥʰʝ 16% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʽʥʜʠʢʘʪʦʨʽʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ. ʋ ʩʝʟʦʥʥʦʤʫ ʘʩʧʝʢʪʽ ʩʧʦʩʪʝʨʽʛʘʣʠ 

ʧʦʩʪʫʧʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ ʟ ʦʜʥʽʻʾ ʛʨʫʧʠ (ʽʥʜʠʢʘʪʦʨʽʚ 

ʧʦʤʽʨʥʦʛʦ ʨʝʞʠʤʫ) ʫ ʣʶʪʦʤʫ ʜʦ ʫʩʽʭ ʯʦʪʠʨʴʦʭ ʛʨʫʧ ʫ ʣʠʧʥʽ ʟ ʥʘʩʪʫʧʥʠʤ 

ʧʦʩʪʫʧʦʚʠʤ ʟʥʠʢʥʝʥʥʷʤ ʭʦʣʦʜʦʣʶʙʥʠʭ ʪʘ ʪʝʧʣʦʣʶʙʥʠʭ ʚʠʜʽʚ ʥʘʧʨʠʢʽʥʮʽ 

ʦʩʝʥʽ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.10 ɻ). 

ʇʨʠ ʘʥʘʣʽʟʽ ʫʤʦʚ ʥʘʩʠʯʝʥʦʩʪʽ ʚʦʜ ʢʠʩʥʝʤ ʚ ɻʘʨʷʯʦʤʫ ʚʠʷʚʣʝʥʦ ʟʥʘʯʥʝ 

ʧʝʨʝʚʘʞʘʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ ʢʠʩʥʶ, ʱʦ ʪʘʢʦʞ ʙʫʣʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʩʪʘʪʠʩʪʠʯʥʦ: ʚʦʥʠ ʚʽʜʩʽʢʘʣʠʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ 

ʪʘ ʩʝʨʝʜ ʽʥʰʠʭ ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ ʟʥʘʭʦʜʠʣʠʩʷ ʥʘʡʙʣʠʞʯʝ ʜʦ ʚʝʨʭʽʚʢʠ ʣʽʥʽʾ 

ʪʨʝʥʜʫ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.3 ɹ). ɺʦʥʠ ʩʢʣʘʜʘʣʠ ʙʽʣʴʰʝ 65% ʚʽʜ ʟʘʛʘʣʴʥʦʾ 
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ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʨʝʦʬʽʣʴʥʦʩʪʽ. ʇʨʦʪʷʛʦʤ ʨʦʢʫ ʾʭ ʚʥʝʩʦʢ ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ 

ʚʦʜʦʨʦʩʪʝʡ ʟʘʣʠʰʘʚʩʷ ʤʘʡʞʝ ʥʝʟʤʽʥʥʠʤ, ʘ ʽʥʰʠʭ ʛʨʫʧ ʤʘʚ ʮʽʢʘʚʫ ʪʝʥʜʝʥʮʽʶ: 

ʚʠʜʠ-ʽʥʜʠʢʘʪʦʨʠ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʠʩʥʶ ʚʟʘʛʘʣʽ ʥʝ ʟʫʩʪʨʽʯʘʣʠʩʷ ʫ ʟʠʤʦʚʠʡ 

ʧʝʨʽʦʜ, ʘ ʚ ʽʥʰʽ ʧʝʨʽʦʜʠ ʨʦʢʫ ʩʢʣʘʜʘʣʠ ʙʣʠʟʴʢʦ 20-25% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʽʥʜʠʢʘʪʦʨʽʚ ʨʝʦʬʽʣʴʥʦʩʪʽ; ʚʠʜʠ-ʽʥʜʠʢʘʪʦʨʠ ʥʝʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʢʠʩʥʶ 

ʟʫʩʪʨʽʯʘʣʠʩʷ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʨʦʢʫ, ʧʨʦʪʝ ʾʭ ʚʢʣʘʜ ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʚʘʚʩʷ ʚ 

ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʽ ʪʘʢʦʞ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʚʘʚʩʷ ʚ ʣʽʪʥʽʡ (ʜʦʜʘʪʦʢ ɽ, 

ʨʠʩ. ɽ.11 ɻ). ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʮʽʣʢʦʤ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʚʽʜʦʤʦʶ ʪʝʥʜʝʥʮʽʻʶ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʢʠʩʥʶ ʫ ʧʝʨʽʦʜ ʣʴʦʜʦʩʪʘʚʫ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʦʟʝʨʽ 

ʚʟʠʤʢʫ. 

ɯʥʜʠʢʘʮʽʷ ʫʤʦʚ ʩʦʣʦʥʦʩʪʽ ʦʟʝʨʘ ɻʘʨʷʯʝ ʜʘʣʘ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ: 

ʥʘʡʙʽʣʴʰ ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʚʠʷʚʠʣʠʩʷ ʦʣʽʛʦʛʘʣʦʙʠ-ʽʥʜʠʬʝʨʝʥʪʠ, ʦʣʽʛʦʛʘʣʦʙʠ-

ʛʘʣʦʬʽʣʠ ʪʘ ʤʝʟʦʛʘʣʦʙʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʝ ʧʝʨʝʚʘʞʘʥʥʷ ʧʝʨʰʦʾ ʛʨʫʧʠ 

(ʥʘʚʽʪʴ ʩʫʤʘʨʥʦ ʦʣʽʛʦʛʘʣʦʙʠ-ʛʘʣʦʬʽʣʠ ʪʘ ʤʝʟʦʛʘʣʦʙʠ ʩʢʣʘʜʘʶʪʴ ʣʠʰʝ 88,4% 

ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʦʣʽʛʦʛʘʣʦʙʽʚ-ʽʥʜʠʬʝʨʝʥʪʽʚ) ʥʘ ʾʭ ʟʥʘʯʫʱʽʩʪʴ ʚʢʘʟʫʚʘʣʘ ʚʝʨʭʽʚʢʘ 

ʣʽʥʽʾ ʪʨʝʥʜʫ ʪʘ ʚʦʥʠ ʪʘʢʦʞ ʷʢ ʽ ʦʣʽʛʦʛʘʣʦʙʠ-ʽʥʜʠʬʝʨʝʥʪʠ ʧʝʨʝʪʠʥʘʣʠ ʣʽʥʽʶ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (ʨʠʩ. 3.28). 

 

ʈʠʩ. 3.28. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʩʦʣʦʥʦʩʪʽ ʚ ʦʟʝʨʽ ɻʘʨʷʯʝ (ph ï 

ʧʦʣʽʛʘʣʦʙʠ; mh ï ʤʝʟʦʛʘʣʦʙʠ; i ï ʦʣʽʛʦʛʘʣʦʙʠ-ʽʥʜʠʬʝʨʝʥʪʠ; hl ï ʦʣʽʛʦʛʘʣʦʙʠ-

ʛʘʣʦʬʽʣʠ; hb ï ʦʣʽʛʦʛʘʣʦʙʠ-ʛʘʣʦʬʦʙʠ; ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʟʙʽʣʴʰʝʥʥʷ 

ʚʤʽʩʪʫ ʩʦʣʝʡ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 
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ʇʨʦʪʷʛʦʤ ʨʦʢʫ ʫ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʧʝʨʝʚʘʞʘʣʠ ʧʨʝʜʩʪʘʚʥʠʢʠ ʦʜʥʽʻʾ ʟ ʮʠʭ 

ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.12 ɺ). ʇʦʣʽʛʘʣʦʙ Lyngbya aestuarii (Mert.) 

Liebm. f. aestuarii ʙʫʣʦ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʪʽʣʴʢʠ ʥʘʧʨʠʢʽʥʮʽ ʚʝʩʥʠ ʪʘ ʚʣʽʪʢʫ. 

ʋʤʦʚʠ ʨʅ ʚʦʜʠ ʦʟʝʨʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʷ ʧʝʨʝʚʘʞʘʥʥʷʤ ʘʣʢʘʣʽʬʽʣʽʚ ʪʘ 

ʽʥʜʠʬʝʨʝʥʪʽʚ ʩʝʨʝʜ ʽʥʰʠʭ ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ ï ʾʭ ʚʽʜʩʽʢʘʣʘ ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ ʥʠʭ ʚʢʘʟʫʚʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ (ʨʠʩ. 3.29). ʇʨʦʪʷʛʦʤ ʨʦʢʫ 

ʫ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʦʟʝʨʘ ɻʘʨʷʯʝ ʧʝʨʝʚʘʞʥʦ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫʩʽ ʯʦʪʠʨʠ ʛʨʫʧʠ 

ʽʥʜʠʢʘʪʦʨʽʚ ʨʅ (ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʟʠʤʦʚʦʛʦ ʧʝʨʽʦʜʫ, ʢʦʣʠ ʟʥʠʢʘʣʠ ʘʮʠʜʦʬʽʣʠ ʪʘ 

ʘʣʢʘʣʽʙʽʦʥʪʠ) ʟ ʙʝʟʫʤʦʚʥʠʤ ʧʝʨʝʚʘʞʘʥʥʷʤ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʘʣʢʘʣʽʬʽʣʽʚ ʪʘ 

ʽʥʜʠʬʝʨʝʥʪʽʚ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.13 ɻ). ʉʝʨʝʜ ʘʮʠʜʦʬʽʣʽʚ ʦʟʝʨʘ ɻʘʨʷʯʝ ʩʣʽʜ 

ʚʽʜʟʥʘʯʠʪʠ Euglena adhaerens Matv., Fragilaria tenera (W. Sm.) Lange-Bert., 

Navicula angusta Grunow, N. kotschyi Grunow var. kotschyi ʪʘ N. subtilissima 

Cleve. 

 

ʈʠʩ. 3.29. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʚ ʦʟʝʨʽ ɻʘʨʷʯʝ 

(ind ï ʽʥʜʠʬʝʨʝʥʪʠ; alf ï ʘʣʢʘʣʽʬʽʣʠ; alb ï ʘʣʢʘʣʽʙʽʦʥʪʠ; acf ï ʘʮʠʜʦʬʽʣʠ; 

ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʧʦʩʠʣʝʥʥʷ ʣʫʞʥʦʩʪʽ ʚʦʜ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʣʽʥʽʷ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 

 

ʉʪʘʪʠʩʪʠʯʥʦ ʧʽʜʪʚʝʨʜʞʝʥʝ ʧʝʨʝʚʘʞʘʥʥʷ ʛʨʫʧʠ ʝʚʨʠʩʘʧʨʦʙʽʚ (ʾʭ 

ʚʽʜʩʽʢʘʣʘ ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ ʥʠʭ ʚʢʘʟʫʚʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ 

ʪʨʝʥʜʫ) ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʟʥʘʯʥʠʡ ʨʽʚʝʥʴ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ʦʟʝʨʘ 

ɻʘʨʷʯʝ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.6 ɺ). ɺ ʫʩʽ ʧʦʨʠ ʨʦʢʫ, ʦʢʨʽʤ ʟʠʤʠ, ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ 
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ʚʦʜʦʨʦʩʪʝʡ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫʩʽ ʪʨʠ ʛʨʫʧʠ ʽʥʜʠʢʘʪʦʨʽʚ ʟ ʜʦʤʽʥʫʚʘʥʥʷʤ 

ʝʚʨʠʩʘʧʨʦʙʽʚ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʘʧʨʦʢʩʝʥʠ ʪʨʦʭʠ ʙʽʣʴʰʝ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʚ ʪʝʧʣʠʡ ʧʝʨʽʦʜ ʨʦʢʫ, ʘ ʚʽʜʩʦʪʦʢ ʫʯʘʩʪʽ ʩʘʧʨʦʬʽʪʽʚ ʙʫʚ ʚʠʱʝ ʫ ʧʝʨʰʽʡ ʧʦʣʦʚʠʥʽ 

ʨʦʢʫ, ʥʽʞ ʫ ʜʨʫʛʽʡ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.14 ɻ) . 

ʇʨʠ ʚʠʟʥʘʯʝʥʽ ʢʣʘʩʫ ʷʢʦʩʪʽ ʚʦʜ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, 

ʱʦ ʫ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʦʟʝʨʘ ɻʘʨʷʯʝ ʙʫʣʠ ʧʨʠʩʫʪʥʽ ʽʥʜʠʢʘʪʦʨʠ ʫʩʽʭ ʧôʷʪʠ ʢʣʘʩʽʚ 

ʷʢʦʩʪʽ ʚʦʜ, ʧʝʨʝʚʘʞʘʣʠ ʽʥʜʠʢʘʪʦʨʠ 3 ʪʘ 2 ʢʣʘʩʽʚ. ɺʦʥʠ ʧʝʨʝʪʠʥʘʣʠ ʣʽʥʽʶ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ ʥʠʭ ʚʢʘʟʫʚʘʣʘ ʣʽʥʽʷ ʪʨʝʥʜʫ (ʨʠʩ. 3.30). 

ʆʩʦʙʣʠʚʦʩʪʽ ʩʝʟʦʥʥʦʛʦ ʨʦʟʚʠʪʢʫ ʧʦʣʷʛʘʣʠ ʫ ʟʙʽʣʴʰʝʥʥʽ ʚʢʣʘʜʫ ʽʥʜʠʢʘʪʦʨʽʚ 

1 ʢʣʘʩʫ ʚʦʜ ʚ ʫʛʨʫʧʦʚʘʥʥʷ ʚʦʜʦʨʦʩʪʝʡ ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦʩʪʽ 

ʽʥʜʠʢʘʪʦʨʽʚ 5 ʢʣʘʩʫ ʧʝʨʝʚʘʞʥʦ ʫ ʧʝʨʰʽʡ ʧʦʣʦʚʠʥʽ ʨʦʢʫ (ʜʦʜʘʪʦʢ ɽ, 

ʨʠʩ. ɽ.15 ɺ). 

 

ʈʠʩ. 3.30. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʢʣʘʩʽʚ ʷʢʦʩʪʽ ʚʦʜʠ ʚ 

ʦʟʝʨʽ ɻʘʨʷʯʝ (ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʚʦʜ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï 

ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 

 

ɿʘ ʪʠʧʦʤ ʞʠʚʣʝʥʥʷ ʚ ɻʘʨʷʯʦʤʫ ʟʥʘʯʥʦ ʧʝʨʝʚʘʞʘʣʠ ʜʚʽ ʛʨʫʧʠ ʘʚʪʦʪʨʦʬʽʚ 

ï ʚʦʥʠ ʧʝʨʝʪʠʥʘʣʠ ʣʽʥʽʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.8 ɻ). ɼʦ 

ʬʘʢʫʣʴʪʘʪʠʚʥʠʭ ʛʝʪʝʨʦʪʨʦʬʽʚ, ʷʢʽ ʨʦʟʚʠʚʘʶʪʴʩʷ ʫ ʚʦʜʽ ʟʘ ʧʝʨʽʦʜʠʯʥʠʭ 

ʧʽʜʚʠʱʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʦʟʝʨʘ ʥʘʣʝʞʘʣʠ 

Cyclotella meneghiniana ʪʘ Nitzschia amphibia Grunov; ʜʦ ʦʙʣʽʛʘʪʥʠʭ 

ʛʝʪʝʨʦʪʨʦʬʽʚ, ʷʢʽ ʨʦʟʚʠʚʘʶʪʴʩʷ ʫ ʚʦʜʽ ʟʘ ʧʽʜʚʠʱʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 



69 

ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ï Nitzschia communis Rabenh. ʪʘ N. paleacea 

(Grunow in Cleve et Grunow) Grunow in Van Heurck. ʋ ʩʝʟʦʥʥʦʤʫ ʘʩʧʝʢʪʽ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʙʽʣʴʰʝʥʥʷ ʚʢʣʘʜʫ ʘʚʪʦʪʨʦʬʽʚ (ate), ʷʢʽ ʚʠʪʨʠʤʫʶʪʴ ʧʽʜʚʠʱʝʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʟʘ ʨʘʭʫʥʦʢ 

ʟʥʠʢʥʝʥʥʷ ʟ ʫʛʨʫʧʦʚʘʥʴ ʚʦʜʦʨʦʩʪʝʡ ʘʚʪʦʪʨʦʬʽʚ (ats), ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʟʘ 

ʥʠʟʴʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.16 ɻ). 

ɿʙʽʣʴʰʝʥʥʷ ʚʢʣʘʜʫ ʦʙʦʭ ʛʨʫʧ ʛʝʪʝʨʦʪʨʦʬʽʚ ʚ ʩʝʨʝʜʠʥʽ ʚʝʩʥʠ ï ʥʘ ʧʦʯʘʪʢʫ ʣʽʪʘ 

ʩʚʽʜʯʠʣʦ ʧʨʦ ʜʝʷʢʝ ʘʥʪʨʦʧʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʚʽʨʦʛʽʜʥʦ ʧʦʪʨʘʧʣʷʥʥʷ 

ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʟ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʡ ʫʛʽʜʴ ʧʽʜ ʯʘʩ ʪʘʥʝʥʥʷ ʩʥʽʛʫ), ʱʦ 

ʜʝʱʦ ʚʧʣʠʚʘʣʦ ʥʘ ʧʨʦʮʝʩʠ ʬʦʪʦʩʠʥʪʝʟʫ, ʧʨʦʪʝ ʟʛʦʜʦʤ ʩʠʪʫʘʮʽʷ 

ʩʪʘʙʽʣʽʟʫʚʘʣʘʩʷ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨʽʚʥʷ ʪʨʦʬʥʦʩʪʽ ʦʟʝʨʘ ɻʘʨʷʯʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

ʩʪʘʪʠʩʪʠʯʥʦ ʧʽʜʪʚʝʨʜʞʝʥʝ ʜʦʤʽʥʫʚʘʥʥʷ ʝʚʪʨʦʬʽʚ. ɺʦʥʠ ʚʽʜʩʽʢʘʣʠʩʷ ʣʽʥʽʻʶ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ ʥʠʭ ʧʨʠʧʘʜʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ 

(ʨʠʩ. 3.31 ɸ). ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʣʽʥʽʷ ʪʨʝʥʜʫ ʤʘʣʘ ʜʨʫʛʠʡ ʧʽʢ, ʷʢʠʡ ʩʚʽʜʯʠʚ 

ʧʨʦ ʧʝʨʽʦʜʠʯʥʝ ʬʦʨʤʫʚʘʥʥʷ ʚ ʦʟʝʨʽ ʙʽʣʴʰ ʯʠʩʪʠʭ ʫʤʦʚ, ʢʦʣʠ ʚʦʜʫ ʤʦʞʥʘ ʙʫʣʦ 

ʚʽʜʥʝʩʪʠ ʜʦ ʦʣʽʛʦ-ʤʝʟʦʪʨʦʬʥʦʾ. 

  

ʈʠʩ. 3.31. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʨʽʚʥʷ ʪʨʦʬʥʦʩʪʽ ʚ ʦʟʝʨʽ 

ɻʘʨʷʯʝ (ot ï ʦʣʽʛʦʪʨʦʬʥʽ; o-m ï ʦʣʽʛʦ-ʤʝʟʦʪʨʦʬʥʽ; m ï ʤʝʟʦʪʨʦʬʥʽ; me ï ʤʝʟʦ-

ʝʚʪʨʦʬʥʽ; e ï ʝʚʪʨʦʬʥʽ; he ï ʛʽʧʝʨʪʨʦʬʥʽ; o-e ï ʰʠʨʦʢʦʾ ʘʤʧʣʽʪʫʜʠ ʪʨʦʬʥʦʩʪʽ; 

ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʟʙʽʣʴʰʝʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï 

ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 
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ɯʥʰʽ ʛʨʫʧʠ ʽʥʜʠʢʘʪʦʨʽʚ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʦ 2-3 ʚʠʜʠ ʢʦʞʥʘ. ʈʽʯʥʦʶ 

ʪʝʥʜʝʥʮʽʻʶ ʙʫʣʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ ʚ ʪʝʧʣʠʡ ʧʝʨʽʦʜ ʨʦʢʫ 

ʜʦ hʝʩʪʠ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ ʝʚʪʨʦʬʽʚ ʽ ʚʽʜʧʦʚʽʜʥʝ ʟʤʝʥʰʝʥʥʷ ʫ ʭʦʣʦʜʥʠʡ ʣʠʰʝ 

ʜʦ ʜʦʤʽʥʫʶʯʦʾ ʛʨʫʧʠ (ʨʠʩ. 3.31 ɹ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʩʧʠʩʢʫ ʩʢʣʘʜʫ ʚʠʜʽʚ ʦʟʝʨʘ ɻʘʨʷʯʝ ʤʝʪʦʜʘʤʠ 

ʙʽʦʽʥʜʠʢʘʮʽʾ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʚʦʜʦʨʦʩʪʽ ʦʟʝʨʘ ʧʝʨʝʚʘʞʥʦ ʨʦʟʚʠʚʘʣʠʩʷ ʫ 

ʙʝʥʪʦʩʽ ʪʘ ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʽ, ʣʠʰʝ ʚʟʠʤʢʫ ʟʙʽʣʴʰʫʚʘʣʘʩʷ ʢʽʣʴʢʽʩʪʴ ʪʠʧʦʚʦ 

ʧʣʘʥʢʪʦʥʥʠʭ ʚʠʜʽʚ. ʋ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʧʝʨʝʚʘʞʘʣʠ ʽʥʜʠʢʘʪʦʨʠ ʧʦʤʽʨʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʝʚʨʽʪʝʨʤʠ. ʇʨʦʪʷʛʦʤ ʨʦʢʫ ʜʦʤʽʥʫʚʘʣʠ ʽʥʜʠʢʘʪʦʨʠ ʧʦʤʽʨʥʦʛʦ 

ʥʘʩʠʯʝʥʥʷ ʚʦʜʠ ʢʠʩʥʝʤ, ʱʦ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʨʦʟʚʠʪʢʫ ʧʦʚʥʦʮʽʥʥʠʭ ʫʛʨʫʧʦʚʘʥʴ 

ʬʽʪʦʧʣʘʥʢʪʦʥʫ. ɯʩʪʦʪʥʠʡ ʚʢʣʘʜ ʩʦʣʝʣʶʙʥʠʭ ʦʣʽʛʦʛʘʣʦʙʽʚ-ʛʘʣʦʬʽʣʽʚ ʪʘ 

ʤʝʟʦʛʘʣʦʙʽʚ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʚʢʘʟʫʚʘʚ ʥʘ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʭʣʦʨʠʜʽʚ ʫ ʚʦʜʽ, ʘ 

ʧʦʷʚʘ ʧʦʣʽʛʘʣʦʙʘ ʚʣʽʪʢʫ ʩʚʽʜʯʠʣʘ ʧʨʦ ʟʙʽʣʴʰʝʥʥʷ ʩʦʣʦʥʦʩʪʽ ʚʦʜ ʫ ʮʝʡ ʧʝʨʽʦʜ 

ʯʝʨʝʟ ʧʨʦʮʝʩʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. ʇʝʨʝʚʘʞʘʥʥʷ ʘʣʢʘʣʽʬʽʣʽʚ ʩʚʽʜʯʠʣʦ ʧʨʦ ʣʫʞʥʽʩʪʴ 

ʚʦʜʠ ʦʟʝʨʘ, ʧʨʦʪʝ ʧʨʦʪʷʛʦʤ ʪʝʧʣʦʛʦ ʧʝʨʽʦʜʫ ʚʽʜʙʫʚʘʣʦʩʷ ʜʝʷʢʝ ʧʽʜʢʠʩʣʝʥʥʷ 

ʚʦʜʠ, ʦʩʦʙʣʠʚʦ ʚʦʩʝʥʠ, ʱʦ ʚʽʜʙʠʚʘʣʦʩʷ ʥʘ ʟʙʽʣʴʰʝʥʥʽ ʚʢʣʘʜʫ ʘʮʠʜʦʬʽʣʽʚ. 

ɼʦʤʽʥʫʚʘʥʥʷ ʛʨʫʧʠ ʝʚʨʠʩʘʧʨʦʙʽʚ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʚʢʘʟʫʚʘʣʦ ʥʘ ʧʦʤʽʨʥʝ 

ʟʘʙʨʫʜʥʝʥʥʷ ʦʟʝʨʘ ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. ɺʦʜʘ ʦʟʝʨʘ ʚʽʜʥʦʩʠʣʘʩʷ ʜʦ 2-

3 ʢʣʘʩʫ ʷʢʦʩʪʽ ʚʦʜ; ʫ ʩʝʟʦʥʥʦʤʫ ʘʩʧʝʢʪʽ ʩʧʦʩʪʝʨʽʛʘʣʠ ʧʨʦʮʝʩʠ ʩʘʤʦʦʯʠʱʝʥʥʷ ʫ 

ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ ʨʦʢʫ. ɿʤʽʥʘ ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ ʟʘ ʪʠʧʦʤ ʞʠʚʣʝʥʥʷ ʩʚʽʜʯʠʣʘ ʧʨʦ 

ʘʥʪʨʦʧʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʢʦʩʠʩʪʝʤʫ ʦʟʝʨʘ ʥʘʚʝʩʥʽ, ʧʨʦʪʝ ʟʥʘʯʥʝ 

ʧʝʨʝʚʘʞʘʥʥʷ ʘʚʪʦʪʨʦʬʽʚ ʚʢʘʟʫʚʘʣʦ ʥʘ ʥʝʪʦʢʩʠʯʥʽʩʪʴ ʮʴʦʛʦ ʚʧʣʠʚʫ. 

ʇʝʨʝʚʘʞʘʥʥʷ ʝʚʪʨʦʬʽʚ ʙʫʣʦ ʧʦʚʷʟʘʥʦ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʪʨʦʬʥʦʩʪʽ ʚʦʜ ï 

ʝʚʪʨʦʬʥʠʤ, ʭʦʯʘ ʧʝʨʽʦʜʠʯʥʦ ʬʦʨʤʫʚʘʣʠʩʷ ʦʣʽʛʦ-ʤʝʟʦʪʨʦʬʥʽ ʫʤʦʚʠ ʙʽʣʴʰ 

ʯʠʩʪʠʭ ʚʦʜ. 

ɿʘʛʘʣʦʤ ʜʣʷ ʥʝʧʝʨʝʩʠʭʘʶʯʠʭ ʦʟʝʨ ʧʽʚʥʽʯʥʦʾ ʛʨʫʧʠ ɺʝʡʩʦʚʝ, ʉʣʽʧʥʝ, 

ʈʽʧʥʝ, ʪʘ ɻʘʨʷʯʝ, ʟʛʽʜʥʦ ʟ ʙʽʦʽʥʜʠʢʘʮʽʡʥʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʘʥʘʣʽʟʦʤ, ʭʘʨʘʢʪʝʨʥʠʤ 

ʙʫʣʦ ʧʝʨʝʚʘʞʘʥʥʷ ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʥʠʭ ʪʘ ʙʝʥʪʦʩʥʠʭ ʬʦʨʤ ʚʦʜʦʨʦʩʪʝʡ; ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʽʥʜʠʢʘʪʦʨʽʚ ʧʦʤʽʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ, ʘ ʪʘʢʦʞ ʝʚʨʪ̔ʝʨʤʽʚ; 

ʧʝʨʝʚʘʞʘʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʜʦʩʪʘʪʥʴʦʛʦ ʥʘʩʠʯʝʥʥʷ ʚʦʜʠ ʢʠʩʥʝʤ; ʚʠʩʦʢʘ ʯʘʩʪʢʘ 
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ʽʥʜʠʢʘʪʦʨʽʚ ʩʦʣʦʥʫʚʘʪʠʭ ʚʦʜ, ʦʩʦʙʣʠʚʦ ʚ ʣʽʪʢʫ (ʚʠʢʣʶʯʝʥʥʷ ʩʢʣʘʜʘʣʦ 

ʥʘʡʙʽʣʴʰ ʧʨʽʩʥʝ ʟʛʽʜʥʦ ʟ ʭʽʤʽʯʥʠʤ ʘʥʘʣʽʟʦʤ ʚʦʜʠ (ʜʦʜʘʪʦʢ ʇ) ʦʟʝʨʦ ʉʣʽʧʥʝ, ʜʝ 

ʥʘʡʙʽʣʴʰ ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʛʨʫʧʦʶ ʙʫʣʠ ʦʣʽʛʦʛʘʣʦʙʠ-ʽʥʜʠʬʝʨʝʥʪʠ, ʘ ʜʦʣʷ 

ʩʦʣʝʣʶʙʥʠʭ ʚʠʜʽʚ ʟʙʽʣʴʰʫʚʘʣʘʩʷ ʥʝ ʚʣʽʪʢʫ, ʘ ʥʘʚʧʘʢʠ ʚʟʠʤʢʫ); ʜʦʤʽʥʫʚʘʥʥʷ 

ʘʣʢʘʣʽʬʽʣʽʚ ʟ ʜʝʷʢʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʚʢʣʘʜʫ ʘʮʠʜʦʬʽʣʽʚ ʫ ʪʝʧʣʫ ʧʦʨʫ ʨʦʢʫ; ʚʝʣʠʢʘ 

ʯʘʩʪʢʘ ʝʚʨʠʩʘʧʨʦʙʽʚ ï ʽʥʜʠʢʘʪʦʨʽʚ ʧʦʤʽʨʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ (ʚ ʦʟʝʨʽ ʉʣʽʧʥʝ 

ʪʘʢʦʞ ʽ ʩʘʧʨʦʢʩʝʥʽʚ ï ̔ ʥʜʠʢʘʪʦʨʽʚ ʥʝʟʥʘʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ); ʚʦʜʠ ʟʘʜʦʚʽʣʴʥʦʛʦ 

ʢʣʘʩʫ ʷʢʦʩʪʽ (2-3 ʢʣʘʩ), ʧʨʦʮʝʩʠ ʩʘʤʦʦʯʠʱʝʥʥʷ ʤʘʣʠ ʤʽʩʮʝ ʚ ʨʽʟʥʽ ʧʦʨʠ ʨʦʢʫ ï 

ʚ ʦʟʝʨʽ ʈʽʧʥʝ ʚʣʽʪʢʫ, ʚ ʦʟʝʨʘʭ ɺʝʡʩʦʚʝ ʪʘ ɻʘʨʷʯʝ ï ʚʦʩʝʥʠ, ʚ ʦʟʝʨʽ ʉʣʽʧʥʝ ï ʥʘ 

ʧʦʯʘʪʢʫ ʚʝʩʥʠ; ʧʝʨʝʚʘʛʘ ʚʦʜʦʨʦʩʪʝʡ, ʱʦ ʞʠʚʣʷʪʴʩʷ ʰʣʷʭʦʤ ʬʦʪʦʩʠʥʪʝʟʫ, ʱʦ 

ʩʚʽʜʯʠʣʦ ʧʨʦ ʥʝ ʪʦʢʩʠʯʥʽʩʪʴ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʢʦʩʠʩʪʝʤʠ ʦʟʝʨ; 

ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʥʘʡʙʽʣʴʰʠʡ ʚʢʣʘʜ ʨʦʙʠʣʠ ʽʥʜʠʢʘʪʦʨʠ ʝʚʪʨʦʬʥʦʛʦ ʨʽʚʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʭʦʯʘ ʧʝʨʽʦʜʠʯʥʦ ʬʦʨʤʫʚʘʣʠʩʷ ʙʽʣʴʰ ʯʠʩʪʽ ʦʣʽʛʦ-ʤʝʟʦʪʨʦʬʥʽ 

ʫʤʦʚʠ (ʚʠʢʣʶʯʝʥʥʷ ʩʢʣʘʣʦ ʦʟʝʨʦ ʈʽʧʥʝ ʟ ʥʝʟʤʽʥʥʠʤ ʝʚʪʨʦʬʥʠʤ ʩʪʘʪʫʩʦʤ). 

 

3.2.2. ɹʽʦʽʥʜʠʢʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʯʘʩʪʢʦʚʦ ʧʝʨʝʩʠʭʘʶʯʠʭ ʦʟʝʨ ʏʝʨʚʦʥʝ, 

ʃʝʚʘʜʥʝ ʪʘ ʆʟʝʨʦ 

 

ʆʟʝʨʦ ʏʝʨʚʦʥʝ ʷʚʣʷʻ ʩʦʙʦʶ ʮʝʥʪʨ ʧʽʚʜʝʥʥʦʾ ʛʨʫʧʠ ʯʘʩʪʢʦʚʦ 

ʧʝʨʝʩʠʭʘʶʯʠʭ ʦʟʝʨ. ʍʦʯʘ ʚʦʥʦ ʥʘʡʤʝʥʰʝ ʟʘ ʧʣʦʱʝʶ ʪʘ ʦʙôʻʤʦʤ ʚʦʜʥʠʭ ʤʘʩ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦ ʥʘʡʙʽʣʴʰʝ ʧʽʜʜʘʻʪʴʩʷ ʚʧʣʠʚʫ ʬʘʢʪʦʨʫ ʦʩʫʰʝʥʥʷ, ʚʦʥʦ ʻ ʜʫʞʝ 

ʮʽʢʘʚʠʤ. ɼʘʥʝ ʦʟʝʨʦ ʥʘʡʙʽʣʴʰ ʧʨʽʩʥʝ, ʘ ʟʥʘʯʥʝ ʧʝʨʽʦʜʠʯʥʝ ʦʩʫʰʝʥʥʷ ʥʘʙʣʠʞʘʻ 

ʡʦʛʦ ʟʘ ʛʽʜʨʦʣʦʛʽʯʥʠʤ ʨʝʞʠʤʦʤ ʜʦ ʝʬʽʤʝʨʥʠʭ ʚʦʜʦʡʤ, ʱʦ ʚʽʜʦʤʽ ʩʚʦʾʤ 

ʚʠʩʦʢʠʤ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷʤ [63]. ɹʽʦʽʥʜʠʢʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʫʛʨʫʧʦʚʘʥʴ ʜʘʥʦʛʦ 

ʦʟʝʨʘ ʚʠʷʚʠʚ ʧʝʨʝʚʘʞʘʥʥʷ ʚʠʜ̔ʚ, ʱʦ ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʽʩʥʫʚʘʥʥʶ ʥʘ ʧʦʚʝʨʭʥʽ 

ˇʨʫʥʪʫ. ʎʷ ʛʨʫʧʘ ʽʥʜʠʢʘʪʦʨʽʚ ʚʽʜʩʽʢʘʣʘʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ 

ʥʝʾ ʧʨʠʧʘʜʘʚ ʧʽʢ ʣʽʥʽʾ ʪʨʝʥʜʫ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.1 ɻ). ɺʘʞʣʠʚʽʩʪʴ ʛʨʫʧʠ 

ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʥʠʭ ʚʠʜʽʚ, ʱʦ ʪʘʢʦʞ ʜʦʩʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʽ (25,6% ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʤʽʩʮʷ ʽʩʥʫʚʘʥʥʷ), ʥʝ ʧʽʜʪʚʝʨʜʠʣʘʩʷ ʩʪʘʪʠʩʪʠʯʥʦ. 
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ʉʝʨʝʜ ʽʥʜʠʢʘʪʦʨʽʚ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʚ ʏʝʨʚʦʥʦʤʫ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʪʽʣʴʢʠ ʝʚʨʠʪʝʨʤʠ ʪʘ ʽʥʜʠʢʘʪʦʨʠ ʧʦʤʽʨʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʆʩʪʘʥʥʷ ʛʨʫʧʘ ʟʥʘʯʥʦ 

ʧʝʨʝʚʘʞʘʣʘ, ʚʽʜʩʽʢʘʣʘʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʩʧʽʚʧʘʜʘʣʘ ʟ 

ʚʝʨʭʽʚʢʦʶ ʣʽʥʽʾ ʪʨʝʥʜʫ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.2 ɾ). ɽʚʨʠʪʝʨʤʠ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʣʠʰʝ ʦʜʥʠʤ ʚʠʜʦʤ: Euglena clara. 

ɿʘ ʚʽʜʥʦʰʝʥʥʷʤ ʜʦ ʥʘʩʠʯʝʥʦʩʪʽ ʚʦʜʠ ʨʦʟʯʠʥʝʥʠʤ ʢʠʩʥʝʤ ʧʝʨʝʚʘʞʘʣʠ 

ʛʨʫʧʠ ʽʥʜʠʢʘʪʦʨʽʚ ʚʦʜ ʟ ʩʝʨʝʜʥʽʤ ʪʘ ʥʝʟʥʘʯʥʠʤ ʨʽʚʥʝʤ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ. ʎʽ 

ʛʨʫʧʠ ʧʝʨʝʪʠʥʘʣʠ ʣʽʥʽʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ ʾʭ ʚʘʞʣʠʚʽʩʪʴ ʚʢʘʟʫʚʘʣʘ 

ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.3 ɻ). ɯʥʜʠʢʘʪʦʨʠ ʟʥʘʯʥʦʛʦ ʥʘʩʠʯʝʥʥʷ 

ʚʦʜʠ ʢʠʩʥʝʤ ʪʘ ʘʝʨʦʬʽʣʠ ʩʫʤʘʨʥʦ ʩʢʣʘʜʘʣʠ ʣʠʰʝ 13,6% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʽʥʜʠʢʘʪʦʨʽʚ ʨʝʦʬʽʣʴʥʦʩʪʽ. 

ʃʽʥʽʾ ʪʨʝʥʜʫ ʪʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʚʢʘʟʫʚʘʣʠ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʜʣʷ 

ʫʛʨʫʧʦʚʘʥʴ ʚʦʜʦʨʦʩʪʝʡ ʦʟʝʨʘ ʏʝʨʚʦʥʝ ʤʝʟʦʛʘʣʦʙʽʚ, ʦʣʽʛʦʛʘʣʦʙʽʚ-ʽʥʜʠʬʝʨʝʥʪʽʚ 

ʪʘ ʦʣʽʛʦʛʘʣʦʙʽʚ-ʛʘʣʦʬʽʣʽʚ (ʨʠʩ. 3.32). ʋ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʣʠʰʝ 

ʦʜʠʥ ʚʠʜ ʧʦʣʽʛʘʣʦʙ: Spirulina major. 

 

ʈʠʩ. 3.32. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʩʦʣʦʥʦʩʪʽ ʚ ʦʟʝʨ ̔ʏʝʨʚʦʥʝ (ph ï 

ʧʦʣʽʛʘʣʦʙʠ; mh ï ʤʝʟʦʛʘʣʦʙʠ; i ï ʦʣʽʛʦʛʘʣʦʙʠ-ʽʥʜʠʬʝʨʝʥʪʠ; hl ï ʦʣʽʛʦʛʘʣʦʙʠ-

ʛʘʣʦʬʽʣʠ; hb ï ʦʣʽʛʦʛʘʣʦʙʠ-ʛʘʣʦʬʦʙʠ; ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʟʙʽʣʴʰʝʥʥʷ 

ʚʤʽʩʪʫ ʩʦʣʝʡ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 
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ɿʘ ʚʽʜʥʦʰʝʥʥʷʤ ʜʦ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʜʦʤʽʥʫʚʘʣʠ ʘʣʢʘʣʽʬʽʣʠ ʪʘ 

ʽʥʜʠʬʝʨʝʥʪʠ. ɺʦʥʠ ʚʽʜʩʽʢʘʣʠʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ ʥʠʭ 

ʧʨʠʧʘʜʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.4 ɻ). ɸʮʠʜʦʬʽʣʠ ʪʘ 

ʘʣʢʘʣʽʙʽʦʥʪʠ ʏʝʨʚʦʥʦʛʦ ʩʢʣʘʜʘʣʠ ʣʠʰʝ ʧʦ 7,1% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʽʥʜʠʢʘʪʦʨʽʚ ʘʮʠʜʦʬʽʢʘʮʽʾ. 

ɸʥʘʣʽʟ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʦʟʝʨʘ ʏʝʨʚʦʥʝ ʚʠʷʚʠʚ ʯʽʪʢʝ 

ʜʦʤʽʥʫʚʘʥʥʷ ʝʚʨʠʩʘʧʨʦʙʽʚ, ʷʢʽ ʚʽʜʩʽʢʘʣʠʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ 

ʩʧʽʚʧʘʜʘʣʠ ʟ ʚʝʨʭʽʚʢʦʶ ʣʽʥʽʾ ʪʨʝʥʜʫ (ʨʠʩ. 3.33). ɻʨʫʧʠ ʩʘʧʨʦʢʩʝʥʽʚ ʪʘ 

ʩʘʧʨʦʬʽʣʽʚ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʣʠʰʝ ʧʦ 2-3 ʚʠʜʠ ʢʦʞʥʘ. 

 

ʈʠʩ. 3.33. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘ 

ɺʘʪʘʥʘʙʝ ʚ ʦʟʝʨʽ ʏʝʨʚʦʥʝ (sx ï ʩʘʧʨʦʢʩʝʥʠ; sp ï ʩʘʧʨʦʬʽʣʠ; es ï ʝʚʨʠʩʘʧʨʦʙʠ; 

ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʧʦʩʠʣʝʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï 

ʣʥ̔ʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 

 

ʇʝʨʝʚʘʞʘʥʥʷ ʜʚʦʭ ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ ʚʠʷʚʠʣʦ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʚʦʜʠ ʦʟʝʨʘ 

ʏʝʨʚʦʥʝ ʜʦ 2-3 ʢʣʘʩʫ ʷʢʦʩʪʽ ʚʦʜ. ʎʽ ʛʨʫʧʠ ʧʝʨʝʪʠʥʘʣʠ ʣʽʥʽʶ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ ʥʠʭ ʚʢʘʟʫʚʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.7 ɼ). 

ɻʨʫʧʠ ʽʥʜʠʢʘʪʦʨʽʚ 1, 4 ʪʘ 5 ʢʣʘʩʽʚ ʷʢʦʩʪʽ ʚʦʜ ʩʫʤʘʨʥʦ ʩʢʣʘʜʘʣʠ 18,5% ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʜʘʥʦʛʦ ʧʘʨʘʤʝʪʨʫ. 

ɿʘ ʪʠʧʦʤ ʞʠʚʣʝʥʥʷ ʚ ʦʟʝʨʽ ʏʝʨʚʦʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʯʽʪʢʝ ʧʝʨʝʚʘʞʘʥʥʷ 

ʘʚʪʦʪʨʦʬʽʚ, ʷʢʽ ʚʠʪʨʠʤʫʶʪʴ ʧʽʜʚʠʱʝʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ ï ʚʦʥʠ ʚʽʜʩʽʢʘʣʠʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (ʜʦʜʘʪʦʢ ɽ, 
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ʨʠʩ. ɽ.8 ɽ). ʃʠʰʝ ʧʦ ʜʚʘ ʚʠʜʠ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʚʪʦʪʨʦʬʠ, ʷʢʽ ʚʦʣʽʶʪʴ ʜʦ 

ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʪʘ ʬʘʢʫʣʴʪʘʪʠʚʥʽ 

ʛʝʪʝʨʦʪʨʦʬʠ. 

ɯʥʜʠʢʘʮʽʷ ʨʽʚʥʷ ʪʨʦʬʥʦʩʪʽ ʦʟʝʨʘ ʏʝʨʚʦʥʝ ʚʠʷʚʠʣʘ ʜʦʤʽʥʫʚʘʥʥʷ ʝʚʪʨʦʬʽʚ, 

ʷʢʽ ʧʝʨʝʚʠʱʫʚʘʣʠ ʟʥʘʯʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʩʧʽʚʧʘʜʘʣʠ ʟ 

ʚʝʨʭʽʚʢʦʶ ʣʽʥʽʾ ʪʨʝʥʜʫ, ʱʦ ʤʦʞʥʘ ʙʘʯʠʪʠ ʥʘ ʨʠʩ. ɽ.5 (ʜʦʜʘʪʦʢ ɽ). ɻʨʫʧʠ 

ʦʣʽʛʦʪʨʦʬʽʚ ʪʘ ʰʠʨʦʢʦʾ ʘʤʧʣʽʪʫʜʠ ʪʨʦʬʥʦʩʪʽ ʩʢʣʘʜʘʣʠ ʣʠʰʝ ʧʦ 7,1-14,3% 

ʢʦʞʥʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʚʜʷʢʠ ʙʽʦʽʥʜʠʢʘʮʽʾ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʥʘʩʪʫʧʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʝʢʦʣʦʛʽʾ ʦʟʝʨʘ ʏʝʨʚʦʥʝ: ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ ʚʦʜʦʨʦʩʪʝʡ ʥʘʡʙʽʣʴʰʝ ʙʫʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʠʜʠ, ʱʦ ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʽʩʥʫʚʘʥʥʶ ʥʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ. ʅʘ 

ʧʦʤʽʨʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʦʟʝʨʘ ʚʢʘʟʫʻ ʜʦʤʽʥʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʜʽʚ-

ʽʥʜʠʢʘʪʦʨʽʚ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ ʥʘʩʠʯʝʥʥʷ ʚʦʜʠ ʢʠʩʥʝʤ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʤʽʨʥʠʡ ʘʙʦ ʥʘʚʽʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʢʠʩʥʶ ʫ ʚʦʜʽ. ʇʝʨʝʚʘʞʘʥʥʷ 

ʩʦʣʝʣʶʙʥʠʭ ʚʠʜʽʚ ʚʢʘʟʫʻ ʥʘ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʭʣʦʨʠʜʽʚ. ʇʝʨʝʚʘʞʘʥʥʷ 

ʘʣʢʘʣʽʬʽʣʽʚ ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ ʚʦʜʦʨʦʩʪʝʡ ʜʦʟʚʦʣʷʻ ʚʽʜʥʝʩʪʠ ʚʦʜʫ ʦʟʝʨʘ ʚʽʜʥʦʩʥʦ 

ʨʅ ʜʦ ʩʣʘʙʢʦ ʣʫʞʥʦʾ. ɺʦʜʘ ʦʟʝʨʘ ʧʦʤʽʨʥʦ ʟʘʙʨʫʜʥʝʥʘ ʦʨʛʘʥʽʯʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʜʦʤʽʥʫʚʘʥʥʷ ʝʚʨʠʩʘʧʨʦʙʽʚ. ɺʦʜʘ ʚ ʦʟʝʨʽ 2-3 ʢʣʘʩʫ 

ʷʢʦʩʪʽ, ʪʦʙʪʦ ʮʽʣʢʦʤ ʟʘʜʦʚʽʣʴʥʘ. ʍʦʯʘ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʯʽʪʢʝ ʧʝʨʝʚʘʞʘʥʥʷ 

ʘʚʪʦʪʨʦʬʽʚ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʦʥʠ ʚʠʪʨʠʤʫʶʪʴ ʜʝʷʢʝ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʘ ʪʘʢʦʞ ʙʫʣʠ ʟʘʨʝʻʩʪʨʦʚʘʥʽ 

ʬʘʢʫʣʴʪʘʪʠʚʥʽ ʛʝʪʝʨʦʪʨʦʬʠ, ʪʘʢʠʤ ʯʠʥʦʤ ʜʝʷʢʠʡ ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʚʧʣʠʚ ʥʘ 

ʝʢʦʩʠʩʪʝʤʫ ʚʩʝ ʞ ʧʨʠʩʫʪʥʽʡ. ɺ ʦʟʝʨʽ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʜʦʩʠʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʪʨʦʬʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʩʝʨʝʜ ʽʥʜʠʢʘʪʦʨʽʚ ʧʝʨʝʚʘʞʘʣʠ ʝʚʪʨʦʬʠ. 

ʆʟʝʨʦ ʃʝʚʘʜʥʝ ʤʘʻ ʥʘʡʙʽʣʴʰʠʡ ʦʙôʻʤ ʚʦʜʥʠʭ ʤʘʩʩ ʩʝʨʝʜ ʦʟʝʨ ʧʽʚʜʝʥʦʾ 

ʛʨʫʧʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʽʩʪʦʪʥʝ ʦʩʦʣʦʥʝʥʥʷ ʚʦʜ ʙʝʨʝʛʘ ʦʟʝʨʘ ʚʢʨʠʪʽ ʚʠʱʦʶ 

ʚʦʜʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ. ɿʘ ʤʽʩʮʝʤ ʽʩʥʫʚʘʥʥʷ ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ ʚʦʜʦʨʦʩʪʝʡ ʜʘʥʦʛʦ 

ʦʟʝʨʘ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʙʝʥʪʦʩʥʽ, ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʥʽ ʪʘ ʧʣʘʥʢʪʦʥʥʽ ʚʠʜʠ. ʋʩʽ ʚʦʥʠ 

ʚʽʜʩʽʢʘʣʠʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.1 ɺ). ɿʘ 
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ʢʽʣʴʢʽʩʪʶ ʧʝʨʝʚʘʞʘʣʠ ʙʝʥʪʦʩʥʽ ʬʦʨʤʠ, ʱʦ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʝʨʭʽʚʢʦʶ 

ʣʽʥʽʾ ʪʨʝʥʜʫ. 

ʉʝʨʝʜ ʽʥʜʠʢʘʪʦʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʃʝʚʘʜʥʦʛʦ ʫ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʙʫʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʽʥʜʠʢʘʪʦʨʠ ʧʦʤʽʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʝʚʨʠʪʝʨʤʠ. 

ɹʽʣʴʰʽʩʪʴ, ʱʦ ʚʽʜʩʽʢʘʣʘʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, ʩʢʣʘʜʘʣʠ 

ʽʥʜʠʢʘʪʦʨʠ ʧʦʤʽʨʥʦʛʦ ʨʝʞʠʤʫ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.2 ɽ). ɽʚʨʠʪʝʨʤʠ ʙʫʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʣʠʰʝ ʦʜʥʠʤ ʚʠʜʦʤ: Phormidium ambiguum Gomont ex Gomont.  

ɯʥʜʠʢʘʮʽʷ ʫʤʦʚ ʥʘʩʠʯʝʥʦʩʪʽ ʚʦʜ ʦʟʝʨʘ ʃʝʚʘʜʥʝ ʢʠʩʥʝʤ ʧʦʢʘʟʘʣʘ 

ʧʝʨʝʚʘʞʘʥʥʷ ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ ʚʦʜʦʨʦʩʪʝʡ ʽʥʜʠʢʘʪʦʨʽʚ ʚʦʜ ʟ ʩʝʨʝʜʥʽʤ ʨʽʚʥʝʤ 

ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ, ʱʦ ʧʽʜʪʚʝʨʜʠʣʦʩʷ ʚʽʜʩʽʢʘʥʥʷʤ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʚʝʨʭʽʚʢʦʶ ʣʽʥʽʾ ʪʨʝʥʜʫ (ʨʠʩ. 3.34).  

 

ʈʠʩ. 3.34. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʥʘʩʠʯʝʥʦʩʪʽ ʚʦʜ ʢʠʩʥʝʤ ʪʘ 

ʨʝʦʬʽʣʴʥʦʩʪʽ ʚ ʦʝʟʨʽ ʃʝʚʘʜʥʝ (st ï ʩʪʦʷʯʽ; str ï ʰʚʠʜʢʦʪʝʢʫʯʽ; st-str ï 

ʧʦʚʽʣʴʥʦʪʝʢʫʯʽ ʪʘ/ʘʙʦ ʽʥʜʠʬʝʨʝʥʪʠ; ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʧʦʩʠʣʝʥʥʷ 

ʪʝʢʫʯʦʩʪʽ ʚʦʜ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 

 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʫ ʧʨʝʜʩʪʘʚʣʝʥʽʩʪʴ ʽʥʜʠʢʘʪʦʨʽʚ ʚʦʜ ʟ ʥʝʜʦʩʪʘʪʥʽʤ 

ʚʤ̔ʩʪʦʤ ʢʠʩʥʶ (22,6% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʨʝʦʬʽʣʴʥʦʩʪʽ), ʾʭ 

ʯʠʩʣʦ ʚʩʝ ʦʜʥʦ ʙʫʣʦ ʤʝʥʠhʤ ʟʘ ʟʥʘʯʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʩʦʣʦʥʦʩʪʽ ʚʦʜ ʃʝʚʘʜʥʦʛʦ ʧʝʨʝʚʘʞʘʣʠ 

ʦʣʽʛʦʛʘʣʦʙʠ-ʽʥʜʠʬʝʨʝʥʪʠ ʪʘ ʦʣʽʛʦʛʘʣʦʙʠ-ʛʘʣʦʬʽʣʠ, ʾʭ ʚʽʜʩʽʢʘʣʘ ʣʽʥʽʷ 
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ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (ʨʠʩ. 3.35). ʍʦʯʘ ʚ ʦʟʝʨʽ ʜʦʤʽʥʫʚʘʣʠ ʦʣʽʛʦʛʘʣʦʙʠ-

ʽʥʜʠʬʝʨʝʥʪʠ, ʧʨʠʩʫʪʥʽʩʪʴ ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ ʧʽʜʚʠʱʝʥʦʾ ʩʦʣʦʥʦʩʪʽ ʙʫʣʘ ʜʦʩʠʪʴ 

ʧʦʤʽʪʥʦ ,ʁ ʟʦʢʨʝʤʘ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʝ ʪʽʣʴʢʠ ʦʣʽʛʦʛʘʣʦʙʠ-ʛʘʣʦʬʽʣʠ, ʢʦʪʨʽ 

ʚʠʪʨʠʤʫʶʪʴ ʥʝʟʥʘʯʥʦ ʦʩʦʣʦʥʝʥʥʷ, ʘʣʝ ʡ ʤʝʟʦʛʘʣʦʙʠ, ʱʦ ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ 

ʩʦʣʦʥʫʚʘʪʠʤ ʚʦʜʘʤ ʽ ʥʘʚʽʪʴ ʧʦʣʽʛʘʣʦʙʠ ï ʚʦʯʝʚʠʜʴ ʩʦʣʝʣʶʙʥʽ ʚʠʜʠ. ʃʽʥʽʷ 

ʪʨʝʥʜʫ ʚʢʘʟʫʚʘʣʘ ʥʘ ʟʤʽʱʝʥʥʷ ʚʝʨʭʽʚʢʠ ʚ ʙʽʢ ʩʦʣʦʥʫʚʘʪʦʚʦʜʥʠʭ ʛʨʫʧ, ʪʘʢʠʤ 

ʯʠʥʦʤ ʾʭ ʧʨʠʩʫʪʥʽʩʪʴ ʥʝ ʪʽʣʴʢʠ ʙʫʣʘ ʧʦʤʽʪʥʦ ,ʁ ʘʣʝ ʡ ʤʘʣʘ ʽʩʪʦʪʥʝ ʟʥʘʯʝʥʥʷ ʚ 

ʫʛʨʫʧʦʚʘʥʥʷʭ ʚʦʜʦʨʦʩʪʝʡ ʦʟʝʨʘ. 

 

ʈʠʩ. 3.35. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʩʦʣʦʥʦʩʪʽ ʚ ʟʝʨʽ ʃʝʚʘʜʥʝ (ph ï 

ʧʦʣʽʛʘʣʦʙʠ; mh ï ʤʝʟʦʛʘʣʦʙʠ; i ï ʦʣʽʛʦʛʘʣʦʙʠ-ʽʥʜʠʬʝʨʝʥʪʠ; hl ï ʦʣʽʛʦʛʘʣʦʙʠ-

ʛʘʣʦʬʽʣʠ; hb ï ʦʣʽʛʦʛʘʣʦʙʠ-ʛʘʣʦʬʦʙʠ; ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʟʙʽʣʴʰʝʥʥʷ 

ʚʤʽʩʪʫ ʩʦʣʝʡ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 

 

ɿʘ ʚʽʜʥʦʰʝʥʥʷʤ ʜʦ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʚ ʦʟʝʨʽ ʃʝʚʘʜʥʝ ʜʦʤʽʥʫʚʘʣʠ 

ʘʣʢʘʣʽʬʽʣʠ ʪʘ ʽʥʜʠʬʝʨʝʥʪʠ, ʾʭ ʚʽʜʩʽʢʘʣʘ ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ 

ʥʠʭ ʧʨʠʧʘʜʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.4 ɺ). ɸʮʠʜʦʬʽʣʘʤʠ 

ʦʟʝʨʘ ʃʝʚʘʜʥʝ ʙʫʣʠ Navicula subtilissima ʪʘ Urosolenia eriensis (H.Sm.) Round 

et R.M. Crawford in Round. 

ɯʥʜʠʢʘʮʽʷ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʠʷʚʠʣʘ ʧʝʨʝʚʘʞʘʥʥʷ ʛʨʫʧʠ 

ʝʚʨʠʩʘʧʨʦʙʽʚ, ʱʦ ʚʽʜʩʽʢʘʣʘʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ. ɺʝʨʭʽʚʢʘ ʣʽʥʽʾ 

ʪʨʝʥʜʫ ʪʘʢʦʞ ʧʨʠʧʘʜʘʣʘ ʩʘʤʝ ʥʘ ʮʶ ʛʨʫʧʫ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.6 ɼ). ʉʘʧʨʦʢʩʝʥʠ 
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ʪʘ ʩʘʧʨʦʬʽʣʠ ʦʟʝʨʘ ʃʝʚʘʜʥʝ ʩʫʤʘʨʥʦ ʩʢʣʘʜʘʣʠ 36,8% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʽʥʜʠʢʘʪʦʨʽʚ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. 

ɺ ʦʟʝʨʽ ʃʝʚʘʜʥʝ ʧʝʨʝʚʘʞʘʣʠ ʽʥʜʠʢʘʪʦʨʠ 3 ʪʘ 2 ʢʣʘʩʽʚ ʷʢʦʩʪʽ ʚʦʜ. ʎʽ ʛʨʫʧʠ 

ʚʽʜʩʽʢʘʣʘ ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ ʥʠʭ ʧʨʠʧʘʜʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ 

ʪʨʝʥʜʫ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.7 ɻ). ɯʥʰʽ ʛʨʫʧʠ ʽʥʜʠʢʘʪʦʨʽʚ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʦ 1-

2 ʚʠʜʠ ʢʦʞʥʘ. 

ɿʘ ʪʠʧʦʤ ʞʠʚʣʝʥʥʷ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʯʽʪʢʝ ʧʝʨʝʚʘʞʘʥʥʷ ʛʨʫʧ ʘʚʪʦʪʨʦʬʽʚ, 

ʱʦ ʟʘ ʢʽʣʴʢʽʩʪʶ ʧʝʨʝʪʠʥʘʣʠ ʤʝʞʫ ʟʥʘʯʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ 

(ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.8 ɼ). ɺ ʦʟʝʨʽ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʣʠʰʝ ʜʚʘ ʚʠʜʠ ʬʘʢʫʣʴʪʘʪʠʚʥʠʭ 

ʛʝʪʝʨʦʪʨʦʬʽʚ: Cyclotella meneghiniana ʪʘ Nitzschia amphibia. 

ɸʥʘʣʽʟ ʪʨʦʬʥʦʩʪʽ ʦʟʝʨʘ ʃʝʚʘʜʥʝ ʚʠʷʚʠʚ ʜʦʤʽʥʫʚʘʥʥʷ ʛʨʫʧʠ ʝʚʪʨʦʬʽʚ. 

ʊʽʣʴʢʠ ʮʷ ʛʨʫʧʘ ʧʝʨʝʪʠʥʘʣʘ ʣʽʥʽʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ ʥʝʾ ʧʨʠʧʘʜʘʚ 

ʧʽʢ ʣʽʥʽʾ ʪʨʝʥʜʫ (ʨʠʩ. 3.36).  

 

ʈʠʩ. 3.36. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʨʽʚʥʷ ʪʨʦʬʥʦʩʪʽ ʚ ʦʟʝʨʽ 

ʃʝʚʘʜʥʝ (ot ï ʦʣʽʛʦʪʨʦʬʥʽ; o-m ï ʦʣʽʛʦ-ʤʝʟʦʪʨʦʬʥʽ; m ï ʤʝʟʦʪʨʦʬʥʽ; me ï ʤʝʟʦ-

ʝʚʪʨʦʬʥʽ; e ï ʝʚʪʨʦʬʥʽ; he ï ʛʽʧʝʨʪʨʦʬʥʽ; o-e ï ʰʠʨʦʢʦʾ ʘʤʧʣʽʪʫʜʠ ʪʨʦʬʥʦʩʪʽ; 

ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʟʙʽʣʴʰʝʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï 

ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 

 

ɼʝʷʢʽ ʢʦʣʠʚʘʥʥʷ ʣʽʥʽʾ ʪʨʝʥʜʫ ʩʚʽʜʯʘʪʴ ʪʘʢʦʞ ʧʨʦ ʧʝʨʽʦʜʠʯʥʝ ʬʦʨʤʫʚʘʥʥʷ 

ʯʘʩʪʢʦʚʦ ʦʣʽʛʦʪʨʦʬʥʠʭ ʫʤʦʚ ʚ ʦʟʝʨʽ. ɻʨʫʧʠ ʦʣʽʛʦʪʨʦʬʽʚ, ʦʣʽʛʦ-ʤʝʟʦʪʨʦʬʽʚ, 

ʤʝʟʦʪʨʦʬʽʚ ʪʘ ʤʝʟʦ-ʝʚʪʨʦʬʽʚ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʦ 1-2 ʚʠʜʠ ʢʦʞʥʘ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʚʜʷʢʠ ʤʝʪʦʜʘʤ ʙʽʦʽʥʜʠʢʘʮʽʾ ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ ʚʦʜʦʨʦʩʪʝʡ 

ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʙʝʥʪʦʩʥʽ, ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʥʽ ʪʘ ʧʣʘʥʢʪʦʥʥʽ ʚʠʜʠ, ʩʝʨʝʜ ʷʢʠʭ ʟʘ 

ʢʽʣʴʢʽʩʪʶ ʧʝʨʝʚʘʞʘʣʠ ʚʠʜʠ ʧʝʨʰʦʾ ʟ ʟʘʟʥʘʯʝʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʛʨʫʧ. ɹʽʣʴʰʽʩʪʴ ʟ 

ʚʠʜʽʚ-ʽʥʜʠʢʘʪʦʨʽʚ ʜʘʥʦʛʦ ʦʟʝʨʘ ʚʽʜʜʘʚʘʣʠ ʧʝʨʝʚʘʛʫ ʧʦʤʽʨʥʦʤʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʦʚʽ ʪʘ ʧʦʤʽʨʥʦʤʫ ʥʘʩʠʯʝʥʥʶ ʚʦʜ ʢʠʩʥʝʤ. ɿʥʘʯʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʽʩʪʴ ʩʦʣʝʣʶʙʥʠʭ ʚʠʜʽʚ ʚʦʜʦʨʦʩʪʝʡ ʩʚʽʜʯʠʪʴ ʧʨʦ ʽʩʪʦʪʥʫ ʢʽʣʴʢʽʩʪʴ 

ʭʣʦʨʠʜʽʚ ʫ ʚʦʜʽ ʦʟʝʨʘ. ʋ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʙʫʣʠ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʧʝʨʝʚʘʞʥʦ 

ʽʥʜʠʢʘʪʦʨʠ ʣʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʦ ʟʥʘʯʝʥʥʷʤ ʨʅ ʚʦʜʠ. ʅʘ 

ʧʦʤʽʨʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ʦʟʝʨʘ ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʚʢʘʟʫʻ ʧʝʨʝʚʘʞʘʥʥʷ 

ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ ʚʦʜʦʨʦʩʪʝʡ ʝʚʨʠʩʘʧʨʦʙʽʚ. ɺ ʦʟʝʨʽ ʷʢʽʩʪʴ ʚʦʜʠ ʟʘʜʦʚʽʣʴʥʘ, 3-

2 ʢʣʘʩʫ. ʅʘʷʚʥʽʩʪʴ ʬʘʢʫʣʴʪʘʪʠʚʥʠʭ ʛʝʪʝʨʦʪʨʦʬʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʝʷʢʝ 

ʘʥʪʨʦʧʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʦʪʝ ʚʦʥʦ ʤʘʻ ʥʝʟʥʘʯʥʠʡ ʚʧʣʠʚ, ʦʩʢʽʣʴʢʠ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʬʦʪʦʩʠʥʪʝʟʫ ʘʚʪʦʪʨʦʬʽʚ, ʱʦ ʜʦʤʽʥʫʶʪʴ. ʅʘ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʪʨʦʬʥʦʩʪʽ ʚʢʘʟʫʻ ʧʝʨʝʚʘʞʘʥʥʷ ʝʚʪʨʦʬʽʚ, ʧʨʦʪʝ ʧʝʨʽʦʜʠʯʥʦ 

ʬʦʨʤʫʶʪʴʩʷ ʫʤʦʚʠ ʙʽʣʴʰ ʙʣʠʟʴʢʽ ʜʦ ʦʣʽʛʦʪʨʦʬʥʠʭ. 

ʅʘʡʙʽʣʴʰʠʤ ʟʘ ʧʣʦʱʝʶ ʪʘ ʨʽʚʥʝʤ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʩʝʨʝʜ ʦʟʝʨ ʧʽʚʥʽʯʥʦʾ 

ʛʨʫʧʠ ʻ ʆʟʝʨʦ. ʅʝʟʥʘʯʥʘ ʛʣʠʙʠʥʘ ʦʟʝʨʘ ʩʧʨʠʷʻ ʩʠʣʴʥʦʤʫ ʧʝʨʝʩʠʭʘʥʥʶ ʦʟʝʨʘ 

ʚʣʽʪʢʫ. ʆʟʝʨʦ ʧʦʚʥʽʩʪʶ ʧʦʟʙʘʚʣʝʥʝ ʚʠʱʦʾ ʚʦʜʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʯʝʨʝʟ ʜʫʞʝ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʤʽʥʝʨʘʣʽʟʘʮʽʾ. ɺ ʆʟʝʨʽ ʟʘ ʤʽʩʮʝʤ ʽʩʥʫʚʘʥʥʷ ʜʦʤʽʥʫʚʘʣʠ ʙʝʥʪʦʩʥʽ 

ʚʠʜʠ, ʷʢʽ ʚʽʜʩʽʢʘʣʘ ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ ʷʢʽ ʧʨʠʧʘʜʘʚ ʧʽʢ ʣʽʥʽʾ 

ʪʨʝʥʜʫ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.1 ɼ). ʇʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʥʽ ʚʠʜʠ ʩʢʣʘʜʘʣʠ 20% ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʤʽʩʮʷ ʽʩʥʫʚʘʥʥʷ, ʘ ʪʠʧʦʚʦ ʧʣʘʥʢʪʦʥʥʽ ï 

ʙʣʠʟʴʢʦ 3% 

ɸʥʘʣʽʟ ʫʤʦʚ ʪʝʤʧʝʨʘʪʫʨʠ ʆʟʝʨʘ ʚʠʷʚʠʚ ʣʠʰʝ 3 ʚʠʜʠ ï ʽʥʜʠʢʘʪʦʨʠ 

ʧʦʤʽʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ. ʇʝʨʰ ʟʘ ʚʩʝ ʮʝ ʙʫʣʦ ʧʦʚôʷʟʘʥʦ ʟ 

ʥʝʚʝʣʠʢʠʤ ʧʝʨʽʦʜʦʤ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʦʪʝ, ʭʦʯʘ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʚʠʚʯʝʥʥʽ ʻ 

ʚʝʣʠʢʘ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʡ ʽʥʰʠʭ ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ: ʪʝʧʣʦʣʶʙʥʠʭ, 

ʭʦʣʦʜʦʣʶʙʥʠʭ ʯʠ ʝʚʨʪ̔ʝʨʤʽʚ, ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ ʧʝʨʝʚʘʞʘʥʥʷ ʩʘʤʝ ʛʨʫʧʠ 

ʽʥʜʠʢʘʪʦʨʽʚ ʧʦʤʽʨʥʦʛʦ ʨʝʞʠʤʫ. 
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ɺ ʆʟʝʨʽ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʨʠ ʛʨʫʧʠ ʽʥʜʠʢʘʪʦʨʽʚ ʥʘʩʠʯʝʥʦʩʪʽ ʚʦʜʠ 

ʨʦʟʯʠʥʝʥʠʤ ʢʠʩʥʝʤ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʪʘʪʥʶ ʧʨʝʜʩʪʘʚʣʝʥʽʩʪʴ ʫʩʽʭ ʪʨʴʦʭ 

ʛʨʫʧ, ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜʩʽʢʘʣʘ ʪʽʣʴʢʠ ʚʠʜʠ, ʱʦ ʧʨʠʫʨʦʯʝʥʽ ʜʦ 

ʽʩʥʫʚʘʥʥʷ ʫ ʚʦʜʘʭ ʟ ʩʝʨʝʜʥʽʤ ʨʽʚʥʝʤ ʥʘʩʠʯʝʥʦʩʪʽ ʢʠʩʥʝʤ (ʜʦʜʘʪʦʢ ɽ, 

ʨʠʩ. ɽ.3 ɼ). ɺʝʨʰʠʥʘ ʣʽʥʽʾ ʪʨʝʥʜʫ ʪʘʢʦʞ ʩʚʽʜʯʠʣʘ ʧʨʦ ʚʘʞʣʠʚʽʩʪʴ ʩʘʤʝ ʮʽʻʾ 

ʛʨʫʧʠ. 

ɯʥʜʠʢʘʮʽʷ ʫʤʦʚ ʩʦʣʦʥʦʩʪʽ ʆʟʝʨʘ ʚʠʷʚʠʣʘ ʚʘʞʣʠʚʽʩʪʴ ʥʘʩʪʫʧʥʠʭ ʛʨʫʧ: 

ʦʣʽʛʦʛʘʣʦʙʽʚ- ʥ̔ʜʠʬʝʨʝʥʪʽʚ, ʤʝʟʦʛʘʣʦʙʽʚ ʪʘ ʦʣʽʛʦʛʘʣʦʙʽʚ-ʛʘʣʦʬʽʣʽʚ. ɺʩʽ ʚʦʥʠ 

ʚʽʜʩʽʢʘʣʠʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (ʨʠʩ. 3.37). ʇʨʦʪʝ ʚʝʨʰʠʥʘ ʣʽʥʽʾ 

ʪʨʝʥʜʫ ʚʢʘʟʫʚʘʣʘ ʥʘ ʥʘʡʙʽʣʴʰʫ ʚʘʞʣʠʚʽʩʪʴ ʦʣʽʛʦʛʘʣʦʙʽʚ-ʛʘʣʦʬʽʣʽʚ. 

ʆʣʽʛʦʛʘʣʦʙʠ-ʛʘʣʦʬʦʙʠ ʙʫʣʠ ʤʘʣʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ï ʣʠʰʝ ʙʣʠʟʴʢʦ 3,4% ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʩʦʣʦʥʦʩʪʽ. 

 

ʈʠʩ. 3.37. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʩʦʣʦʥʦʩʪʽ ʚ ʆʟʝʨʽ (ph ï 

ʧʦʣʽʛʘʣʦʙʠ; mh ï ʤʝʟʦʛʘʣʦʙʠ; i ï ʦʣʽʛʦʛʘʣʦʙʠ-ʽʥʜʠʬʝʨʝʥʪʠ; hl ï ʦʣʽʛʦʛʘʣʦʙʠ-

ʛʘʣʦʬʽʣʠ; hb ï ʦʣʽʛʦʛʘʣʦʙʠ-ʛʘʣʦʬʦʙʠ; ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʟʙʽʣʴʰʝʥʥʷ 

ʚʤʽʩʪʫ ʩʦʣʝʡ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 

 

ɿʘ ʧʨʠʫʨʦʯʝʥʽʩʪʶ ʜʦ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʜʦʤʽʥʫʚʘʣʠ ʘʣʢʘʣʽʬʽʣʠ ʪʘ 

ʽʥʜʠʬʝʨʝʥʪʠ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʚʘʣʦʩʷ ʣʽʥʽʷʤʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʪʨʝʥʜʫ 

(ʨʠʩ. 3.38). ɸʮʠʜʦʬʽʣʠ ʆʟʝʨʘ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ Navicula subtilissima, 

ʘʣʢʘʣʽʙʽʦʥʪʠ ï Chaetoceros muelleri. 
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ʈʠʩ. 3.38. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʚ ʆʟʝʨʽ (ind ï 

ʽʥʜʠʬʝʨʝʥʪʠ; alf ï ʘʣʢʘʣʽʬʽʣʠ; alb ï ʘʣʢʘʣʽʙʽʦʥʪʠ; acf ï ʘʮʠʜʦʬʽʣʠ; ʩʪʨʽʣʢʘ 

ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʧʦʩʠʣʝʥʥʷ ʣʫʞʥʦʩʪʽ ʚʦʜ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 

 

ʉʝʨʝʜ ʽʥʜʠʢʘʪʦʨʽʚ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʆʟʝʨʘ ʜʦʤʽʥʫʚʘʣʠ 

ʝʚʨʠʩʘʧʨʦʙʠ. ɰʭ ʢʽʣʴʢʽʩʪʴ ʩʢʣʘʜʘʣʘ ʪʨʦʭʠ ʙʽʣʴʰʝ 73% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʽʥʜʠʢʘʪʦʨʽʚ ʜʘʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ, ʚʦʥʠ ʚʽʜʩʽʢʘʣʠʩʷ ʣʽʥʽʻʶ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ ʥʠʭ ʧʨʠʧʘʜʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ (ʜʦʜʘʪʦʢ ɽ, 

ʨʠʩ. ɽ.6 ɽ). ʉʝʨʝʜ ʽʥʰʠʭ ʜʚʦʭ ʛʨʫʧ ʩʘʧʨʦʬʽʣʠ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʨʠ ʨʘʟʠ 

ʙʽʣʴʰʝ ʥʽʞ ʩʘʧʨʦʢʩʝʥʠ. 

ɸʥʘʣʽʟ ʢʣʘʩʫ ʷʢʦʩʪʽ ʚʦʜ ʆʟʝʨʘ ʚʠʷʚʠʚ ʜʦʤʽʥʫʚʘʥʥʷ ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ, ʱʦ 

ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʽʩʥʫʚʘʥʥʷ ʫ ʚʦʜʘʭ 2 ʪʘ 3 ʢʣʘʩʽʚ ʷʢʦʩʪʽ. ʎʝ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʩʪʘʪʠʩʪʠʯʥʦ: ʮʽ ʛʨʫʧʠ ʧʝʨʝʪʠʥʘʣʠ ʣʽʥʽʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ ʥʠʭ 

ʚʢʘʟʫʚʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.7 ɽ). ɯʥʰʽ ʛʨʫʧʠ ʢʣʘʩʽʚ ʷʢʦʩʪʽ 

ʚʦʜ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʣʠʰʝ ʧʦ ʦʜʥʦʤʫ ʚʠʜʫ ʢʦʞʥʘ. 

ɿʘ ʪʠʧʦʤ ʞʠʚʣʝʥʥʷ ʚ ʆʟʝʨʽ ʜʦʤʽʥʫʚʘʣʠ ʛʨʫʧʠ ʘʚʪʦʪʨʦʬʽʚ ï ʾʭ ʚʽʜʩʽʢʘʣʘ 

ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʥʘ ʥʠʭ ʧʨʠʧʘʜʘʣʘ ʚʝʨʭʽʚʢʘ ʣʽʥʽʾ ʪʨʝʥʜʫ 

(ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.8 ɾ). ɿʘ ʢʽʣʴʢʽʩʪʶ ʘʚʪʦʪʨʦʬʠ, ʷʢʽ ʚʠʪʨʠʤʫʶʪʴ ʧʽʜʚʠʱʝʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʪʨʦʭʠ ʧʝʨʝʚʘʞʘʣʠ ʥʘʜ 

ʘʚʪʦʪʨʦʬʘʤʠ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʟʘ ʥʠʟʴʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʭ ʩʧʦʣʫʢ. 
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ʌʘʢʫʣʴʪʘʪʠʚʥʽ ʪʘ ʦʙʣʽʛʘʪʥʽ ʛʝʪʝʨʦʪʨʦʬʠ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʣʠʰʝ ʧʦ ʦʜʥʦʤʫ 

ʚʠʜʫ ï Nitzschia amphibia ʪʘ N. paleacea ʚʽʜʧʦʚʽʜʥʦ. 

ʉʝʨʝʜ ʽʥʜʠʢʘʪʦʨʽʚ ʪʨʦʬʥʦʩʪʽ ʚ ʆʟʝʨʽ ʜʦʤʽʥʫʚʘʣʠ ʝʚʪʨʦʬʠ ï ʚʦʥʠ 

ʚʽʜʩʽʢʘʣʠʩʷ ʣʽʥʽʻʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʩʧʽʚʧʘʜʘʣʠ ʟ ʚʝʨʭʽʚʢʦʶ ʣʽʥʽʾ 

ʪʨʝʥʜʫ (ʨʠʩ. 3.39). ʑʝ ʦʜʠʥ ʧʽʢ ʣʽʥʽʾ ʪʨʝʥʜʫ ʧʨʠʧʘʜʘʚ ʥʘ ʦʣʽʛʦʪʨʦʬʽʚ. ɻʨʫʧʠ 

ʽʥʜʠʢʘʪʦʨʽʚ ʦʣʽʛʦʪʨʦʬʥʦʩʪʽ, ʤʝʟʦʪʨʦʬʥʦʩʪʽ ʪʘ ʽʥʜʠʢʘʪʦʨʽʚ ʰʠʨʦʢʦʾ ʘʤʧʣʽʪʫʜʠ 

ʪʨʦʬʥʦʩʪʽ ʩʢʣʘʜʘʣʠ ʧʦ 7,7-15,4% ʢʦʞʥʘ. 

 

ʈʠʩ. 3.39. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʨʽʚʥʷ ʪʨʦʬʥʦʩʪʽ ʚ ʆʟʝʨʽ 

(ot ï ʦʣʽʛʦʪʨʦʬʥʽ; o-m ï ʦʣʽʛʦ-ʤʝʟʦʪʨʦʬʥʽ; m ï ʤʝʟʦʪʨʦʬʥʽ; me ï ʤʝʟʦ-ʝʚʪʨʦʬʥʽ; 

e ï ʝʚʪʨʦʬʥʽ; he ï ʛʽʧʝʨʪʨʦʬʥʽ; o-e ï ʰʠʨʦʢʦʾ ʘʤʧʣʽʪʫʜʠ ʪʨʦʬʥʦʩʪʽ; ʩʪʨʽʣʢʘ 

ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʟʙʽʣʴʰʝʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʣʽʥʽʷ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʚʜʷʢʠ ʝʢʦʣʦʛʽʯʥʦʤʫ ʘʥʘʣʽʟʫ ʙʫʣʦ ʟôʷʩʦʚʘʥʦ, ʱʦ ʙʝʥʪʦʩʥʽ 

ʚʠʜʠ ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ ʚʦʜʦʨʦʩʪʝʡ ʆʟʝʨʘ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʯʘʩʪʽʰʝ ʟʘ ʽʥʰʽ 

ʚʽʜʧʦʚʽʜʥʽ ʝʢʦʣʦʛʽʯʥʽ ʛʨʫʧʠ. ɽʢʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʚʢʘʟʫʻ ʥʘ ʧʦʤʽʨʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʚ ʆʟʝʨʽ ʪʘ ʜʦʩʪʘʪʥʶ ʥʘʩʠʯʝʥʽʩʪʴ ʢʠʩʥʝʤ. ʅʘ ʟʥʘʯʥʫ 

ʢʽʣʴʢʽʩʪʴ ʭʣʦʨʠʜʽʚ ʫ ʚʦʜʽ ʚʢʘʟʫʻ ʧʝʨʝʚʘʞʘʥʥʷ ʫ ʬʽʪʦʧʣʘʥʢʪʦʥʽ ʩʦʣʝʣʶʙʥʠʭ 

ʚʠʜʽʚ ʚʦʜʦʨʦʩʪʝʡ. ʃʫʞʥʠʡ ʨʅ ʚʦʜʠ ʆʟʝʨʘ ʚʠʷʚʣʷʻʪʴʩʷ ʧʝʨʝʚʘʞʘʥʥʷʤ 

ʘʣʢʘʣʽʬʽʣʽʚ ʪʘ ʽʥʜʠʬʝʨʝʥʪʽʚ ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ ʚʦʜʦʨʦʩʪʝʡ. ʋ ʬʽʪʦʧʣʘʥʢʪʦʥʽ 

ʜʦʤʽʥʫʶʪʴ ʝʚʨʠʩʘʧʨʦʙʠ, ʪʦ ʞ ʚʦʜʘ ʦʟʝʨʘ ʧʦʤʽʨʥʦ ʟʘʙʨʫʜʥʝʥʘ ʦʨʛʘʥʽʯʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ. ʗʢʽʩʪʴ ʚʦʜʠ ʮʽʣʢʦʤ ʟʘʜʦʚʽʣʴʥʘ, 2-3 ʢʣʘʩʫ. ʇʝʨʝʚʘʞʘʥʥʷ 

ʘʚʪʦʪʨʦʬʽʚ ʚʢʘʟʫʻ ʥʘ ʥʦʨʤʘʣʴʥʠʡ ʩʪʘʥ ʝʢʦʩʠʩʪʝʤ ʦʟʝʨʘ, ʧʨʦʪʝ ʥʘʷʚʥʽʩʪʴ 
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ʛʝʪʝʨʦʪʨʦʬʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʝʷʢʠʡ ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʚʧʣʠʚ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʛʨʫʧ ʪʨʦʬʥʦʩʪʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʝʚʪʨʦʬʥʽ ʘʙʦ ʟʨʽʜʢʘ ʦʣʽʛʦʪʨʦʬʥʽ 

ʫʤʦʚʠ ʚ ʦʟʝʨʽ.  

ɿʘʛʘʣʦʤ ʜʣʷ ʯʘʩʪʢʦʚʦ ʧʝʨʝʩʠʭʘʶʯʠʭ ʦʟʝʨ ʧʽʚʜʝʥʥʦʾ ʛʨʫʧʠ ʏʝʨʚʦʥʝ, 

ʃʝʚʘʜʥʝ ʪʘ ʆʟʝʨʦ ʭʘʨʘʢʪʝʨʥʠʤ ʙʫʣʦ ʧʝʨʝʚʘʞʘʥʥʷ ʛʨʫʧʠ ʽʥʜʠʢʘʪʦʨʽʚ ï 

ʤʝʰʢʘʥʮʽʚ ʙʝʥʪʦʩʫ; ʧʝʨʝʚʘʞʘʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʧʦʤʽʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʪʘ ʧʦʤʽʨʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʚʦʜʠ ʢʠʩʥʝʤ (ʚ ʦʟʝʨʽ ʏʝʨʚʦʥʝ ʪʘʢʦʞ ʙʫʣʦ 

ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʽʥʜʠʢʘʪʦʨʽʚ ʟʥʘʯʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʚʦʜ ʢʠʩʥʝʤ); 

ʥʘʡʙʽʣʴʰʫ ʯʘʩʪʢʫ ʤʘʣʠ ʩʦʣʝʣʶʙʥʽ ʚʠʜʠ ʚʦʜʦʨʦʩʪʝʡ; ʧʝʨʝʚʘʞʘʥʥʷ ʘʣʢʘʣʽʬʽʣʽʚ 

ï ̔ ʥʜʠʢʘʪʦʨʽʚ ʩʣʘʙʢʦʣʫʞʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ʜʦʤʽʥʫʚʘʥʥʷ ʝʚʨʠʩʘʧʨʦʙʽʚ; ʥʘʷʚʥʽʩʪʴ 

ʚʦʜ ʟʘʜʦʚʽʣʴʥʦʾ ʷʢʦʩʪʽ 2-3 ʢʣʘʩʫ; ʧʝʨʝʚʘʞʘʥʥʷ ʘʚʪʦʪʨʦʬʽʚ, ʧʨʦʪʝ ʥʘʷʚʥʽʩʪʴ 

ʛʝʪʝʨʦʪʨʦʬʽʚ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʝʷʢʝ ʘʥʪʨʦʧʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʝʟ ʟʥʘʯʥʠʭ 

ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʝʢʦʩʠʩʪʝʤ ʦʟʝʨ; ʝʚʪʨʦʬʥʽ ʫʤʦʚʠ ʧʦʤʽʨʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ (ʘ ʚ 

ʦʟʝʨʘʭ ʃʝʚʘʜʥʝ ʪʘ ʆʟʝʨʦ ʥʘʚʽʪʴ ʽʥʢʦʣʠ ʦʣʽʛʦʪʨʦʬʥʽ). 

 

3.2.3. ɿʘʛʘʣʴʥʠʡ ʙʽʦʽʥʜʠʢʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʉʣʦʚôʷʥʩʴʢʠʭ ʦʟʝʨ ʟʘ 

ʬʽʪʦʧʣʘʥʢʪʦʥʦʤ 

 

ɽʢʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʛʨʫʧʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʟʝʨ ʧʦʢʘʟʘʚ, ʱʦ ʚʠʷʚʣʝʥʽ ʫ 

ʥʠʭ ʚʠʜʠ ʙʫʣʠ ʧʨʠʫʨʦʯʝʥʽ ʙʽʣʴʰ ʟʘ ʚʩʝ ʜʦ ʽʩʥʫʚʘʥʥʷ ʫ ʙʝʥʪʦʩʽ, ʘ ʪʘʢʦʞ ʩʝʨʝʜ 

ʧʝʨʝʚʘʞʘʶʯʠʭ ʛʨʫʧ ʙʫʣʠ ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʥʽ ʤʝʰʢʘʥʮʽ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.1 ɸ, 

ɽ.9 ɸ). ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʧʨʦʙʠ ʙʫʣʠ ʧʣʘʥʢʪʦʥʥʽ, ʚʦʥʠ ʟʽʙʨʘʥʽ ʚ 

ʤʽʣʢʦʚʦʜʥʠʭ ʦʟʝʨʘʭ, ʩʭʠʣʴʥʠʭ ʜʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʪʘ ʚʽʪʨʦʚʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʨʠʚʫ ʙʝʥʪʦʩʥʠʭ ʽ ʧʝʨʠʬʽʪʦʥʥʠʭ ʬʦʨʤ ʥʘ ʧʨʦʪʠʚʘʛʫ 

ʛʣʠʙʦʢʠʤ ʚʦʜʥʠʤ ʦʙ'ʻʢʪʘʤ, ʜʝ ʫ ʧʣʘʥʢʪʦʥʽ ʙʝʥʪʦʩʥʠʭ ʚʠʜʽʚ ʤʘʣʦ. 

ɺ ʫʛʨʫʧʦʚʘʥʥʷʭ ʚʦʜʦʨʦʩʪʝʡ ʦʟʝʨ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʩʽ ʛʨʫʧʠ 

ʽʥʜʠʢʘʪʦʨʽʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ, ʘʣʝ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʤʠ ʚʠʷʚʠʣʠʩʷ 

ʽʥʜʠʢʘʪʦʨʠ ʧʦʤʽʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.2 ɸ, ɽ.10 ɸ). 

ʆʮʽʥʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʟʘ ʙʽʦʽʥʜʠʢʘʮʽʻ  ʁʨʦʟʚʠʥʝʥʘ ʱʝ ʥʝ ʜʦʩʪʘʪʥʴʦ 
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[8], ʦʜʥʘʢ, ʽ ʽʥʰʽ ʦʮʽʥʢʠ ʟ ʮʴʦʛʦ ʬʘʢʪʦʨʫ [133] ʪʘʢʦʞ ʧʦʢʘʟʫʶʪʴ ʽʥʪʝʨʚʘʣ 

ʧʦʤʽʨʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʷʢ ʨʝʛʽʦʥʘʣʴʥʫ ʢʣʽʤʘʪʠʯʥʫ ʥʦʨʤʫ. 

ɸʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʩʪʦʩʦʚʥʦ ʥʘʩʠʯʝʥʦʩʪʽ ʚʦʜ ʢʠʩʥʝʤ ʽ ʰʚʠʜʢʦʩʪʽ ʾʭ ʪʝʯʽʾ 

ʧʝʨʝʚʘʞʘʣʠ ʚʠʜʠ-ʽʥʜʠʢʘʪʦʨʠ ʤʘʣʦ ʨʫʭʣʠʚʠʭ ʚʦʜ ʩʝʨʝʜʥʴʦ-ʟʙʘʛʘʯʝʥʠʭ ʢʠʩʥʝʤ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʤʽʪʥʫ ʧʨʝʜʩʪʘʚʣʝʥʽʩʪʴ ʪʘʢʦʞ ʛʨʫʧ, ʧʨʠʫʨʦʯʝʥʠʭ ʜʦ 

ʽʩʥʫʚʘʥʥʷ ʫ ʰʚʠʜʢʦʪʝʢʫʯʠʭ ʽ ʩʪʦʷʯʠʭ ʚʦʜʘʭ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.3 ɸ, ɽ.11 ɸ). 

ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʮʽʣʢʦʤ ʚʽʜʧʦʚʽʜʘʻ ʤʽʩʮʶ ʽʩʥʫʚʘʥʥʷ ï ʤʽʣʢʦʚʦʜʥʽ ʦʟʝʨʘ ʟ 

ʚʽʪʨʦʚʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ. 

ɺʽʜʥʦʩʥʦ ʩʦʣʦʥʦʩʪʽ ʽʥʜʠʢʘʪʦʨʥʠʤʠ ʚʠʷʚʠʣʠʩʷ 228 ʚʠʜʽʚ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ 

ʜʦ 5 ʝʢʦʣʦʛʽʯʥʠʭ ʛʨʫʧ. ʇʝʨʝʚʘʞʘʣʠ ʦʣʽʛʦʛʘʣʦʙʠ-ʽʥʜʠʬʝʨʝʥʪʠ, ʧʨʦʪʝ ʪʘʢʦʞ 

ʚʘʞʣʠʚʦʶ ʙʫʣʘ ʛʨʫʧʘ ʦʣʽʛʦʛʘʣʦʙʽʚ-ʛʘʣʦʬʽʣʽʚ (ʨʠʩ. 3.40, ʜʦʜʘʪʦʢ ɽ ʨʠʩ. ɽ.12 ɸ). 

ʇʨʠʩʫʪʥʽʩʪʴ ʛʨʫʧ ʩʦʣʝʣʶʙʥʠʭ ʚʠʜʽʚ-ʽʥʜʠʢʘʪʦʨʽʚ (ʦʣʽʛʦʛʘʣʦʙʽʚ-ʛʘʣʦʬʽʣʽʚ, 

ʤʝʟʦʛʘʣʦʙʽʚ ʽ ʥʘʚʽʪʴ ʧʦʣʽʛʘʣʦʙʽʚ) ʚʽʜʦʙʨʘʞʘʻ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʷʢ 

ʚʽʜ ʦʟʝʨʘ ʜʦ ʦʟʝʨʘ, ʪʘʢ ʽ ʧʨʦʪʷʛʦʤ ʨʦʢʫ. ʆʩʫʰʝʥʥʷ, ʷʢ ʦʜʠʥ ʟ ʛʦʣʦʚʥʠʭ ʯʠʥʥʠʢʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚ ʦʟʝʨʘʭ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʚʦʜʦʨʦʩʪʝʡ ʽ ʻ ʦʜʥʠʤ ʟ ʢʣʽʤʘʪʠʯʥʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ 

ʘʣʴʛʦʬʣʦʨʠ. ʆʜʥʘʢ, ʢʣʽʤʘʪʠʯʥʠʡ ʚʧʣʠʚ ʥʘ ʚʦʜʥʽ ʦʙ'ʻʢʪʠ ʚ ʮʽʣʦʤʫ ʚʠʨʽʚʥʶʻ 

ʩʝʨʝʜʦʚʠʱʝ ʽʩʥʫʚʘʥʥʷ ʟ ʥʘʜʭʦʜʞʝʥʥʷʤ ʧʨʽʩʥʠʭ ʚʦʜ. 

 

ʈʠʩ. 3.40. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʩʦʣʦʥʦʩʪʽ ʚ ʦʟʝʨʘʭ ʈʃʇ ʚ ʮʽʣʦʤʫ 

(ph ï ʧʦʣʽʛʘʣʦʙʠ; mh ï ʤʝʟʦʛʘʣʦʙʠ; i ï ʦʣʽʛʦʛʘʣʦʙʠ-ʽʥʜʠʬʝʨʝʥʪʠ; hl ï 

ʦʣʽʛʦʛʘʣʦʙʠ-ʛʘʣʦʬʽʣʠ; hb ï ʦʣʽʛʦʛʘʣʦʙʠ-ʛʘʣʦʬʦʙʠ; ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ 

ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʩʦʣʝʡ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï 

ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 
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ɿʘ ʧʨʠʫʨʦʯʝʥʽʩʪʶ ʜʦ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʚ ʦʟʝʨʘʭ ʧʝʨʝʚʘʞʘʣʠ ʛʨʫʧʠ 

ʘʣʢʘʣʽʬʽʣʽʚ ʪʘ ʽʥʜʠʬʝʨʝʥʪʽʚ (ʨʠʩ. 3.41, ʜʦʜʘʪʦʢ ɽ ʨʠʩ. ɽ.13 ɸ). ʉʫʤʘʨʥʦ ʚʦʥʠ 

ʩʢʣʘʣʠ ʙʽʣʴʰʝ 85% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʽʥʜʠʢʘʪʦʨʽʚ ʨʅ ʩʝʨʝʜʦʚʠʱʘ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘ ʫʛʨʫʧʦʚʘʥʥʷʭ ʚʦʜʦʨʦʩʪʝʡ ʚʠʚʯʝʥʠʭ 

ʦʟʝʨ ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʚʧʣʠʚ, ʥʘʩʣʽʜʢʦʤ ʷʢʦʛʦ ʤʦʞʝ ʙʫʪʠ ʘʮʠʜʦʬʽʢʘʮʽʷ, 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʤʘʣʦ. ʁʤʦʚʽʨʥʦ, ʧʦʨʦʜʠ, ʱʦ ʧʽʜʩʪʠʣʘʶʪʴ ʦʟʝʨʘ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʟʘʣʫʞʝʥʥʷ ʚʦʜ ʚ ʦʟʝʨʘʭ, ʪʠʤ ʩʘʤʠʤ ʧʨʦʪʠʜʽʶʯʠ ʥʝʛʘʪʠʚʥʠʤ ʚʧʣʠʚʘʤ 

ʟʘʢʠʩʣʝʥʥʷ. 

 

ʈʠʩ. 3.41. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʚ ʦʟʝʨʘʭ ʈʃʇ ʚ 

ʮʽʣʦʤʫ  (ind ï ̔ ʥʜʠʬʝʨʝʥʪʠ; alf ï ʘʣʢʘʣʽʬʽʣʠ; alb ï ʘʣʢʘʣʽʙʽʦʥʪʠ; acf ï ʘʮʠʜʦʬʽʣʠ; 

ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʧʦʩʠʣʝʥʥʷ ʣʫʞʥʦʩʪʽ ʚʦʜ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʣʽʥʽʷ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ) 

 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨʽʚʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘ ɺʘʪʘʥʘʙʝ ʙʫʣʘ 

ʚʽʜʟʥʘʯʝʥʘ ʚʘʞʣʠʚʽʩʪʴ ʽʥʜʠʢʘʪʦʨʽʚ ʝʚʨʠʩʘʧʨʦʙʽʚ ʽ ʩʘʧʨʦʢʩʝʥʽʚ, ʤʝʰʢʘʥʮʽʚ 

ʯʠʩʪʠʭ ʽ ʩʝʨʝʜʥʴʦ ʥʘʩʠʯʝʥʠʭ ʦʨʛʘʥʽʢʦʶ ʚʦʜ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.6 ɸ, ɽ.14 ɸ). 

ʉʘʧʨʦʬʽʣʠ ʩʪʘʥʦʚʠʣʠ ʣʠʰʝ ʙʣʠʟʴʢʦ 13% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ 

ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ʊʦʙʪʦ ʚʦʜʠ ʦʟʝʨ ʜʦʩʠʪʴ ʯʠʩʪʽ ʘʙʦ ʧʦʤʽʨʥʦ 

ʟʘʙʨʫʜʥʝʥʽ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʣʘʩʫ ʷʢʦʩʪʽ ʚʦʜʠ ʙʫʣʠ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʛʨʫʧʠ ʚʠʜʽʚ, 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʚʩʽʭ ʢʣʘʩʽʚ, ʘʣʝ ʥʘʡʙʽʣʴʰ ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʙʫʣʠ ʛʨʫʧʠ ʚʠʜʽʚ 2 ʽ 

3 ʢʣʘʩʽʚ ʷʢʦʩʪʽ ʚʦʜʠ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.7 ɸ, ɽ.15 ɸ). ʊʘʢʠʤ ʯʠʥʦʤ, ʙʽʦʽʥʜʠʢʘʮʽʷ 
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ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʧʦʚ'ʷʟʘʥʦʛʦ ʥʘʡʙʽʣʴʰʝ ʟ ʘʥʪʨʦʧʦʛʝʥʥʠʤ ʚʧʣʠʚʦʤ, 

ʧʦʢʘʟʫʻ, ʱʦ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʩʦʢʝ ʨʝʢʨʝʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʦʜʘ ʦʟʝʨ 

ʟʘʣʠʰʘʶʪʴʩʷ ʮʽʣʢʦʤ ʟʘʜʦʚʽʣʴʥʦʾ ʷʢʦʩʪʽ. 

ɿʘ ʪʠʧʦʤ ʞʠʚʣʝʥʥʷ ʽ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʽʣʴʢʦʩʪʽ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ ʚʠʜʽʣʷʣʠʩʷ ʘʚʪʦʪʨʦʬʠ, ʷʢʽ ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʨʠ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 

ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʽ ʘʚʪʦʪʨʦʬʠ, ʱʦ ʚʠʪʨʠʤʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ (ʜʦʜʘʪʦʢ ɽ, ʨʠʩ. ɽ.8 ɸ, ɽ.16 ɸ). 

ɺʦʥʠ ʥʘʩʪʽʣʴʢʠ ʧʨʝʚʘʣʶʚʘʣʠ, ʱʦ ʚ ʩʫʤʽ ʩʢʣʘʣʠ ʙʣʠʟʴʢʦ 90 ʚʽʜʩʦʪʢʽʚ (48% ʽ 

40% ʚʽʜʧʦʚʽʜʥʦ) ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʽʥʜʠʢʘʪʦʨʽʚ ʪʠʧʫ ʞʠʚʣʝʥʥʷ. ʎʝʡ 

ʚʠʩʥʦʚʦʢ ʧʦʢʘʟʫʻ, ʱʦ ʘʥʪʨʦʧʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʻ ʤʽʩʮʝ, ʘʣʝ ʥʦʩʠʪʴ 

ʥʝʪʦʢʩʠʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʪʦʤʫ ʚʦʜʦʨʦʩʪʽ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʭʘʨʯʫʚʘʪʠʩʷ ʰʣʷʭʦʤ 

ʧʨʷʤʦʛʦ ʬʦʪʦʩʠʥʪʝʟʫ. 

ʗʢ ʨʝʟʫʣʴʪʘʪ ʦʮʽʥʢʠ ʧʨʠʨʦʜʥʦʛʦ ʩʪʘʥʫ ʝʢʦʩʠʩʪʝʤ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʟʝʨ, ʘ 

ʪʘʢʦʞ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ, ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʙʽʦʽʥʜʠʢʘʮʽʡʥʘ 

ʦʮʽʥʢʘ ʨʽʚʥʷ ʪʨʦʬʥʦʩʪʽ (ʨʠʩ. 3.42, ʜʦʜʘʪʦʢ ɽ ʨʠʩ. ɽ.17 ɸ).  

 

ʈʠʩ. 3.42. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʨʽʚʥʷ ʪʨʦʬʥʦʩʪʽ ʚ 

ʦʟʝʨʘʭ ʈʃʇ (ot ï ʦʣʛ̔ʦʪʨʦʬʥʽ; o-m ï ʦʣʽʛʦ-ʤʝʟʦʪʨʦʬʥʽ; m ï ʤʝʟʦʪʨʦʬʥʽ; me ï 

ʤʝʟʦ-ʝʚʪʨʦʬʥʽ; e ï ʝʚʪʨʦʬʥʽ; he ï ʛʽʧʝʨʪʨʦʬʥʽ; o-e ï ʰʠʨʦʢʦʾ ʘʤʧʣʽʪʫʜʠ 

ʪʨʦʬʥʦʩʪʽ; ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʥʘʧʨʷʤ ʟʙʽʣʴʰʝʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, 

ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʣʽʥʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, R2 ï ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʘʧʨʦʢʩʠʤʘʮʽʾ), ɸ ï ʚ ʮʽʣʦʤʫ, ɹ ï ʧʦ ʤʽʩʷʮʷʭ 

ɸ ɹ 
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ɺʽʜʥʦʩʥʦ ʪʨʦʬʽʯʥʦʛʦ ʩʪʘʥʫ ʙʫʣʠ ʚʠʷʚʣʝʥʽ 7 ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ; ʥʘʡʙʽʣʴʰʝ 

ʚʠʜʽʣʷʣʘʩʷ ʛʨʫʧʘ ʝʚʪʨʦʬʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʠʪʴ ʚʠʩʦʢʠʡ ʪʨʦʬʽʯʥʠʡ ʨʽʚʝʥʴ ï 

ʝʚʪʨʦʬʥʠʡ, ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʽʥʜʠʢʘʮʽʻʶ ʢʣʘʩʫ ʷʢʦʩʪʽ ʚʦʜ ʽ ʪʠʧʫ ʞʠʚʣʝʥʥʷ ʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʥʦʚʢʫ ʧʨʦ ʥʝʪʦʢʩʠʯʥʽʩʪʴ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʜʦʩʣʽʜʞʫʚʘʥʽ ʦʟʝʨʘ. 

ʇʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʜʣʷ ʨʽʟʥʠʭ ʦʟʝʨ ʈʃʇ çʉʣʦʚôʷʥʩʴʢʠʡ 

ʢʫʨʦʨʪè, ʜʘʣʦ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ: 

ɿʘ ʤʽʩʮʝʤ ʽʩʥʫʚʘʥʥʷ ʚʠʷʚʠʣʠʩʷ ʥʘʩʪʫʧʥʽ ʪʝʥʜʝʥʮʽʾ: ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ 

ʚʦʜʦʨʦʩʪʝʡ ʦʟʝʨ ʧʽʚʥʽʯʥʦʾ ʛʨʫʧʠ (ʈʽʧʥʝ, ɺʝʡʩʦʚʝ, ɻʘʨʷʯʝ ʪʘ ʉʣʽʧʥʝ) 

ʧʝʨʝʚʘʞʘʣʠ ʙʝʥʪʦʩʥʽ ʪʘ ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʥʽ ʚʠʜʠ ʚʦʜʦʨʦʩʪʝʡ, ʘ ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ 

ʚʦʜʦʨʦʩʪʝʡ ʦʟʝʨ ʧʽʚʜʝʥʥʦʾ ʛʨʫʧʠ (ʃʝʚʘʜʥʝ, ʏʝʨʚʦʥʝ ʪʘ ʆʟʝʨʦ) ï ʣʠʰʝ ʙʝʥʪʦʩʥʽ. 

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʬʘʢʪʦʨʦʤ ʯʘʩʪʢʦʚʦʛʦ ʧʝʨʝʩʠʭʘʥʥʷ ʦʟʝʨ 

ʧʽʚʜʝʥʥʦʾ ʛʨʫʧʠ ʯʝʨʝʟ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʣʽʪʢʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʜʣʷ ʧʣʘʥʢʪʦʥʥʠʭ 

ʪʘ ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʥʠʭ ʚʠʜʽʚ ʩʢʣʘʜʘʶʪʴʩʷ ʥʝ ʜʫʞʝ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ. 

ɯʥʜʠʢʘʮʽʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʦʟʝʨ ʚʠʷʚʠʣʘ ʫʤʦʚʠ ʧʦʤʽʨʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʫʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʦʟʝʨʘʭ. 

ɺ ʫʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʦʟʝʨʘʭ ʝʢʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʚʠʷʚʠʚ ʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ 

ʥʘʩʠʯʝʥʥʷ ʚʦʜʠ ʢʠʩʥʝʤ. 

ʄʝʪʦʜʘʤʠ ʙʽʦʽʥʜʠʢʘʮʽʾ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʧʨʠʩʫʪʥʽʩʪʴ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʭʣʦʨʠʜʽʚ ʫ ʚʦʜʽ. ɼʣʷ ʦʟʝʨ ʧʽʚʜʝʥʥʦʾ ʛʨʫʧʠ (ʃʝʚʘʜʥʝ, ʏʝʨʚʦʥʝ ʪʘ ʆʟʝʨʦ) 

ʭʘʨʘʢʪʝʨʥʠʤ ʙʫʣʦ ʟʙʽʣʴʰʝʥʥʷ ʚʢʣʘʜʫ ʩʦʣʝʣʶʙʥʠʭ ʚʠʜʽʚ ʪʘ ʥʘʚʧʘʢʠ ʟʤʝʥʰʝʥʥʷ 

ʚʢʣʘʜʫ ʪʠʧʦʚʠʭ ʧʨʽʩʥʦʚʦʜʥʠʭ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʯʘʩʪʢʦʚʠʤ ʧʝʨʝʩʠʭʘʥʥʷʤ ʦʟʝʨ 

ʧʽʚʜʝʥʥʦʾ ʛʨʫʧʠ, ʯʝʨʝʟ ʱʦ ʟʥʘʯʥʽ ʟʤʽʥʠ ʫ ʩʦʣʦʥʦʩʪʽ ʚʦʜ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ 

ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ʊʦ ʞ ʪʠʧʦʚʦ ʧʨʽʩʥʦʚʦʜʥʽ ʚʠʜʠ ʚʦʜʦʨʦʩʪʝʡ 

ʥʝ ʚʠʪʨʠʤʫʶʪʴ ʪʘʢʠʭ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ. ʋ ʩʝʟʦʥʥʦʤʫ ʘʩʧʝʢʪʽ ʩʪʦʩʦʚʥʦ ʮʽʻʾ 

ʝʢʦʣʦʛʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʪʘʢʦʞ ʮʽʢʘʚʽ ʨʝʟʫʣʴʪʘʪʠ: ʚ ʦʟʝʨʘʭ 

ʈʽʧʥʝ, ɺʝʡʩʦʚʝ ʪʘ ɻʘʨʷʯʝ ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ 

ʭʣʦʨʠʜʽʚ ʫ ʚʦʜʽ, ʱʦ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʩʦʣʝʣʶʙʥʠʭ ʚʠʜʽʚ ʚʦʜʦʨʦʩʪʝʡ, 

ʧʨʦʪʝ ʚ ʦʟʝʨʽ ʉʣʽʧʥʝ ʪʝʥʜʝʥʮʽʷ ʙʫʣʘ ʧʨʦʪʠʣʝʞʥʦʶ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʜʣʷ ʦʟʝʨ 

ʈʽʧʥʝ, ɺʝʡʩʦʚʝ ʪʘ ɻʘʨʷʯʝ ʧʦʷʩʥʶʶʪʴʩʷ ʧʨʦʮʝʩʘʤʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʠ, ʱʦ 
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ʤʘʶʪʴ ʩʚʽʡ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʯʝʨʝʟ ʜʦʩʠʪʴ ʥʝʚʝʣʠʢʠʡ ʦʙôʻʤ ʚʦʜʠ ʦʟʝʨ. ʊʝʥʜʝʥʮʽʾ 

ʟʤʽʥʠ ʩʦʣʦʥʦʩʪʽ ʚ ʦʟʝʨʽ ʉʣʽʧʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʷʩʥʝʥʽ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʪʫʪ 

ʪʘʢʦʞ ʡʜʫʪʴ ʧʨʦʮʝʩʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʧʨʦʪʝ ʾʤ ʧʨʦʪʠʜʽʶʪʴ ʧʨʦʮʝʩʠ 

ʥʘʜʭʦʜʞʝʥʥʷ ʤʘʡʞʝ ʧʨʽʩʥʠʭ ʘʣʶʚʽʘʣʴʥʠʭ ʚʦʜ, ʱʦ ʞʠʚʣʷʪʴ ʦʟʝʨʦ ʧʝʨʝʚʘʞʥʦ ʚ 

ʪʝʧʣʠʡ ʧʝʨʽʦʜ ʨʦʢʫ. ɺʧʣʠʚ ʧʨʽʩʥʠʭ ʘʣʶʚʽʘʣʴʥʠʭ ʚʦʜ ʥʘ ʽʥʰʽ ʦʟʝʨʘ ʡʤʦʚʽʨʥʦ 

ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʨʦʟʩʦʣʴʥʠʤʠ ʚʦʜʘʤʠ ʘʙʦ ʜʦ ʮʠʭ ʦʟʝʨ ʧʽʜʭʦʜʷʪʴ ʙʽʣʴʰ 

ʦʩʦʣʦʥʝʥʽ ʘʣʶʚʽʘʣʴʥʽ ʚʦʜʠ. ʎʝ ʤʦʞʣʠʚʦ ʟʘʚʜʷʢʠ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʘʣʶʚʽ,ʁ ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦʣʠʚʘʥʥʷ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʘʣʶʚʽʘʣʴʥʠʭ ʚʦʜ ʚʽʜ 1 ʛ/ʜʤ3 ʜʦ ʙʽʣʴʰ 

ʥʽʞ 150 ʛ/ʜʤ3 [85]. 

ɺʦʜʘ ʫʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʦʟʝʨ ʩʣʘʙʢʦ ʣʫʞʥʘ ʧʨʦʪʷʛʦʤ ʨʦʢʫ, ʧʨʦʪʝ ʚ ʣʽʪʥʽʡ 

ʪʘ ʽʥʦʜʽ ʦʩʽʥʥʽʡ ʧʝʨʽʦʜʠ ʨʦʢʫ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʜʝʷʢʝ ʟʥʠʞʝʥʥʷ ʾʾ ʨʅ. 

ɺʽʜʥʦʩʥʦ ʟʘʙʨʫʜʥʝʥʥʷ ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʫʩʽ ʦʟʝʨʘ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʷ ʧʦʤʽʨʥʠʤ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ, ʣʠʰʝ ʚ ʦʟʝʨʽ ʉʣʽʧʥʝ ʚ ʧʝʚʥʽ 

ʧʝʨʽʦʜʠ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʜʝʷʢʝ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʽ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʟʥʠʞʫʚʘʚʩʷ. 

ɺʦʜʫ ʚʩʽʭ ʦʟʝʨ ʈʃʇ çʉʣʦʚôʷʥʩʴʢʠʡ ʢʫʨʦʨʪè ʙʫʣʦ ʚʽʜʥʝʩʝʥʦ ʜʦ 2-3 ʢʣʘʩʫ 

ʷʢʦʩʪʽ, ʪʦʙʪʦ ʷʢʽʩʪʴ ʚʦʜʠ ʮʽʣʢʦʤ ʟʘʜʦʚʽʣʴʥʘ. 

ɸʥʘʣʽʟ ʪʠʧʫ ʞʠʚʣʝʥʥʷ ʚʦʜʦʨʦʩʪʝʡ ʦʟʝʨ ʚʠʷʚʠʚ, ʱʦ ʜʣʷ ʚʩʽʭ ʦʟʝʨ 

ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʜʝʷʢʠʡ ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʚʧʣʠʚ ʫ ʪʝʧʣʽ ʧʦʨʠ ʨʦʢʫ, ʧʨʦʪʝ ʚʽʥ ʥʝ ʙʫʚ 

ʢʨʠʪʠʯʥʠʤ, ʦʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʪʨʦʬʽʚ ʟʘʚʞʜʠ ʧʝʨʝʚʘʞʘʣʘ ʢʽʣʴʢʽʩʪʴ 

ʬʘʢʫʣʴʪʘʪʠʚʥʠʭ ʛʝʪʝʨʦʪʨʦʬʽʚ, ʪʦ ʞ ʚʦʜʦʨʦʩʪʽ ʤʘʣʠ ʟʤʦʛʫ ʞʠʚʠʪʠʩʴ ʟʘʚʜʷʢʠ 

ʧʨʦʮʝʩʘʤ ʬʦʪʦʩʠʥʪʝʟʫ. 

ʋʩʽ ʜʦʩʣʽʜʞʝʥʽ ʦʟʝʨʘ ʤʘʣʠ ʧʝʨʝʚʘʞʥʦ ʝʚʪʨʦʬʥʠʡ ʩʪʘʪʫʩ ʧʨʦʪʷʛʦʤ ʨʦʢʫ, 

ʭʦʯʘ ʧʝʨʽʦʜʠʯʥʦ ʩʢʣʘʜʘʣʠʩʷ ʽ ʙʽʣʴʰ ʯʠʩʪʽ ʫʤʦʚʠ. ʊʘʢ, ʜʣʷ ʦʟʝʨ ʧʽʚʥʽʯʥʦʾ ʛʨʫʧʠ 

(ʦʢʨʽʤ ʈʽʧʥʦʛʦ) ʭʘʨʘʢʪʝʨʥʠʤ ʙʫʣʦ ʧʝʨʽʦʜʠʯʥʝ ʬʦʨʤʫʚʘʥʥʷ ʦʣʽʛʦ-ʤʝʟʦʪʨʦʬʥʠʭ 

ʫʤʦʚ, ʘ ʜʣʷ ʦʟʝʨ ʧʽʚʜʝʥʥʦʾ ʛʨʫʧʠ (ʦʢʨʽʤ ʏʝʨʚʦʥʦʛʦ) ï ʦʣʽʛʦʪʨʦʬʥʠʭ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʽʩʥʫʶʯʝ ʘʥʪʨʦʧʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʧʦʨʫʰʫʚʘʣʦ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ 

ʜʣʷ ʚʦʜʦʨʦʩʪʝʡ ʦʟʝʨ.  
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ʈʆɿɼɯʃ 4. ʇʈʆʉʊʆʈʆɺʆ-ʏɸʉʆɺɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ʌɯʊʆʇʃɸʅʂʊʆʅʋ ʉʃʆɺôʗʅʉʔʂʀʍ ʆɿɽʈ 

 

4.1. ʂʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʥʢʪʦʥʥʠʭ ʚʦʜʦʨʦʩʪʝʡ 

ʉʣʦʚôʷʥʩʴʢʠʭ ʦʟʝʨ 

 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʦʟʝʨ ʈʃʇ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ (ʜʦʜʘʪʦʢ ɾ, ɿ). ʋ ʩʝʨʝʜʥʴʦʤʫ ʧʦ ʦʟʝʨʘʭ ʯʠʩʝʣʴʥʽʩʪʴ 

ʩʢʣʘʜʘʣʘ 3,569 ʤʣʥ. ʢʣ/ʜʤ3, ʙʽʦʤʘʩʘ ï 1,794 ʤʛ/ʜʤ3. ʅʘʡʙʽʣʴʰʘ ʯʠʩʝʣʴʥʽʩʪʴ ʟʘ 

ʙʘʛʘʪʦʨʽʯʥʠʤʠ ʩʝʨʝʜʥʽʤʠ ʜʘʥʠʤ ʙʫʣʘ ʟʘʨʝʻʩʪʨʦʚʘʥʘ ʜʣʷ ʦʟʝʨʘ ɻʘʨʷʯʝ 

(11,797 ʤʣʥ. ʢʣ/ʜʤ3). ɺ ʦʟʝʨʽ ʃʝʚʘʜʥʝ ʯʠʩʝʣʴʥʽʩʪʴ ʙʫʣʘ ʥʠʞʯʝ ʫ 1,9 ʨʘʟʠ 

(5,977 ʤʣʥ. ʢʣ/ʜʤ3), ʚ ʦʟʝʨʘʭ ʉʣʽʧʥʝ ʪʘ ɺʝʡʩʦʚʦʝ ï ʫ 3-6 ʨʘʟʽʚ ʥʠʞʯʝ ʽ ʩʢʣʘʜʘʣʘ 

3,666 ʤʣʥ. ʢʣ/ʜʤ3 ʪʘ 2,021 ʤʣʥ. ʢʣ/ʜʤ3 ʚʽʜʧʦʚʽʜʥʦ. ʅʘʡʤʝʥʰʘ ʩʝʨʝʜʥʷ 

ʯʠʩʝʣʴʥʽʩʪʴ ʙʫʣʘ ʟʘʨʝʻʩʪʨʦʚʘʥʘ ʜʣʷ ʦʟʝʨʘ ʈʽʧʥʝ ï 0,412 ʤʣʥ. ʢʣ/ʜʤ3. ʅʘʡʙʽʣʴʰʘ 

ʩʝʨʝʜʥʷ ʙʽʦʤʘʩʘ ʚʽʜʟʥʘʯʝʥʘ ʜʣʷ ʦʟʝʨʘ ʉʣʽʧʥʝ (3,859 ʤʛ/ʜʤ3). ɼʣʷ ʽʥʰʠʭ ʦʟʝʨ 

ʩʝʨʝʜʥʴʦʩʝʟʦʥʥʘ ʙʽʦʤʘʩʘ ʙʫʣʘ ʫ 1,7-4,2 ʨʘʟʠ ʤʝʥʰʝ. 

ʑʦʤʽʩʷʯʥʫ ʜʠʥʘʤʽʢʫ ʯʠʩʝʣʴʥʦʩʪʽ ʪʘ ʙʽʦʤʘʩʠ ʚʜʘʣʦʩʷ ʚʠʟʥʘʯʠʪʠ ʪʽʣʴʢʠ 

ʜʣʷ ʦʟʝʨ ʧʽʚʥʽʯʥʦʾ ʛʨʫʧʠ ï ʈʽʧʥʦʛʦ, ɺʝʡʩʦʚʦʛʦ, ɻʘʨʷʯʦʛʦ ʪʘ ʉʣʽʧʥʦʛʦ. ɼʣʷ ʦʟʝʨ 

ʧʽʚʜʝʥʥʦʾ ʛʨʫʧʠ (ʯʘʩʪʢʦʚʦ ʧʝʨʝʩʠʭʘʶʯʠʭ) ï ʃʝʚʘʜʥʦʛʦ, ʏʝʨʚʦʥʦʛʦ ʪʘ ʆʟʝʨʘ ï 

ʧʦʜʘʥʦ ʩʝʨʝʜʥʽ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʟʘ ʧʝʨʽʦʜ ʚʽʜ ʟʠʤʦʚʦʛʦ ʧʽʜ ʣʴʦʜʦʚʦʛʦ ʜʦ ʾʭ 

ʟʥʘʯʥʦʛʦ ʧʝʨʝʩʠʭʘʥʥʷ. 

ʅʘʡʙʽʣʴʰʫ ʯʠʩʝʣʴʥʽʩʪʴ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʚ ʦʟʝʨʽ ʈʽʧʥʝ ʩʧʦʩʪʝʨʽʛʘʣʠ 

ʥʘʧʨʠʢʽʥʮʽ ʟʠʤʠ ï ʥʘ ʧʦʯʘʪʢʫ ʚʝʩʥʠ, ʘ ʪʘʢʦʞ ʧʨʦʪʷʛʦʤ ʣʽʪʘ (ʨʠʩ. 4.1). 

ʅʘʡʙʽʣʴʰʦʛʦ ʧʦʢʘʟʥʠʢʘ ʯʠʩʝʣʴʥʽʩʪʴ ʜʦʩʷʛʘʣʘ ʫ ʙʝʨʝʟʥʽ (0,608 ʤʣʥ. ʢʣ/ʜʤ3), 

ʥʘʡʤʝʥʰʦʛʦ ï ʫ ʩʽʯʥʽ (0,011 ʤʣʥ. ʢʣ/ʜʤ3). 

ɹʽʦʤʘʩʘ ʤʘʣʘ ʘʥʘʣʦʛʽʯʥʽ ʧʽʢʠ, ʦʜʥʘʢ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʱʝ ʦʜʠʥ ʧʽʢ ʫ ʚʝʨʝʩʥʽ 

(6,246 ʤʛ/ʜʤ3), ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʶ ʫ ʧʣʘʥʢʪʦʥʽ ʯʘʩʪʠʥ ʪʘʣʦʤʫ ʚʦʜʦʨʦʩʪʽ 

Ulva intestinalis L. var. crispa (Roth) C. Agardh, ʷʢʘ ʻ ʪʠʧʦʚʠʤ ʧʨʝʜʩʪʘʚʥʠʢʦʤ 

ʦʙʨʦʩʪʘʥʴ ʥʘ ʧʣʠʪʘʭ ʥʘ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʤʫ ʙʝʨʝʟʽ ʦʟʝʨʘ ʈʽʧʥʝ ʧʨʦʪʷʛʦʤ ʨʦʢʫ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʝʨʝʜ ʥʘʷʚʥʠʭ ʧʽʢʽʚ ʧʦʢʘʟʥʠʢʽʚ ʙʽʦʤʘʩʠ ʥʘʡʙʽʣʴʰ 
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ʚʠʨʘʞʝʥʠʤʠ ʙʫʣʠ ʧʽʢʠ ʫ ʙʝʨʝʟʥʽ (5,265 ʤʛ/ʜʤ3) ʪʘ ʚʝʨʝʩʥʽ (6,246 ʤʛ/ʜʤ3), ʫ ʪʦʡ 

ʯʘʩ ʷʢ ʧʽʢ ʫ ʯʝʨʚʥʽ ʙʫʚ ʤʝʥʰʠʡ ʫ 4,6-5,5 ʨʘʟʠ. ʅʘʡʤʝʥʰʠʡ ʧʦʢʘʟʥʠʢ ʙʽʦʤʘʩʠ 

ʙʫʣʦ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʚ ʩʽʯʥʽ (0,004 ʤʛ/ʜʤ3). 

 

ʈʠʩ. 4.1. ɼʽʘʛʨʘʤʘ ʟʤʽʥʠ ʯʠʩʝʣʴʥʦʩʪʽ (ʤʣʥ. ʢʣ/ʜʤ3) ʪʘ ʙʽʦʤʘʩʠ (ʤʛ/ʜʤ3) ʧʦ 

ʤʽʩʷʮʷʭ ʚ ʦʟʝʨʽ ʈʽʧʥʝ 

 

ɸʥʘʣʽʟ ʟʤʽʥʠ ʚʢʣʘʜʫ ʚʠʜʽʚ ʚʦʜʦʨʦʩʪʝʡ ʨʽʟʥʠʭ ʚʽʜʜʽʣʽʚ ʫ ʟʘʛʘʣʴʥʫ 

ʯʠʩʝʣʴʥʽʩʪʴ ʪʘ ʙʽʦʤʘʩʫ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʧʦʢʘʟʘʚ (ʨʠʩ. 4.2 ɸ, ʨʠʩ. 4.3 ɸ), ʱʦ 

ʚʟʠʤʢʫ ʪʘ ʥʘʚʝʩʥʽ ʥʘʡʙʽʣʴʰʠʡ ʚʢʣʘʜ ʫ ʦʙʠʜʚʘ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʘ ʜʘʚʘʣʠ 

ʧʨʝʜʩʪʘʚʥʠʢʠ ʚʽʜʜʽʣʫ Dinophyta. ɺʣʽʪʢʫ ʥʘʡʙʽʣʴʰ ʯʠʩʝʣʴʥʠʤʠ ʙʫʣʠ ʟʝʣʝʥʽ 

ʚʦʜʦʨʦʩʪʽ, ʧʨʦʪʝ ʥʘʡʙʽʣʴʰʫ ʙʽʦʤʘʩʫ ʤʘʣʠ ʜʽʘʪʦʤʦʚʽ (ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʚʥʦʩʠʣʠ 

ʢʨʫʧʥʦʢʣʽʪʠʥʥʽ ʚʠʜʠ Amphora commutata Grunow in Van Heurck, Surirella 

striatula Turpin var. striatula ʪʘ Campylodiscus clypeus). ɺʦʩʝʥʠ ʞ ʩʧʦʩʪʝʨʽʛʘʣʠ 

ʟʚʦʨʦʪʥ ʁ ʪʝʥʜʝʥʮʽ:ʁ ʥʘ ʟʘʛʘʣʴʥʫ ʯʠʩʝʣʴʥʽʩʪʴ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʥʘʡʙʽʣʴʰʝ 

ʚʧʣʠʚʘʣʠ ʜʽʘʪʦʤʦʚʽ ʚʦʜʦʨʦʩʪʽ, ʧʨʦʪʝ 86,12% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʙʽʦʤʘʩʠ ʤʘʣʠ ʟʝʣʝʥʽ 

ʚʦʜʦʨʦʩʪʽ (ʟʦʢʨʝʤʘ, ʷʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, Ulva intestinalis var. crispa). ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʷʚʣʝʥʽ ʪʝʥʜʝʥʮʽʾ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʩʝʟʦʥʥʦʾ ʟʤʽʥʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʜʽʚ ʨʽʟʥʠʭ ʚʽʜʜʽʣʽʚ, ʷʢʽ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʩʧʠʩʢʽʚ 

ʚʠʜʽʚ ʪʘ ʨʦʟʛʣʷʥʫʪʦ ʫ ʨʦʟʜʽʣʽ 3.2. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʨʽʟʥʦʶ 

ʘʢʪʠʚʥʽʩʪʶ ʚʠʜʽʚ, ʧʨʦ ʱʦ ʤʦʚʘ ʧʽʜʝ ʥʠʞʯʝ. 
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ʈʠʩ. 4.2. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʽʜʩʦʪʢʦʚʦʛʦ ʚʢʣʘʜʫ ʚʦʜʦʨʦʩʪʝʡ ʨʽʟʥʠʭ 

ʚʽʜʜʽʣʽʚ ʫ ʟʘʛʘʣʴʥʫ ʯʠʩʝʣʴʥʽʩʪʴ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʜʣʷ ʦʟʝʨ: 

ɸ ï ʈʽʧʥʝ, ɹ ï ɺʝʡʩʦʚʝ, ɺ ï ɻʘʨʷʯʝ, ɻ ï ʉʣʽʧʥʝ 

 

ɺ ʦʟʝʨʽ ɺʝʡʩʦʚʝ ʜʠʥʘʤʽʢʘ ʯʠʩʝʣʴʥʦʩʪʽ ʤʘʣʘ ʜʚʦʧʽʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ʟ 

ʤʘʢʩʠʤʫʤʘʤʠ ʚ ʪʨʘʚʥʽ (9,918 ʤʣʥ. ʢʣ/ʜʤ3) ʪʘ ʞʦʚʪʥʽ-ʣʠʩʪʦʧʘʜʽ (2,366 ï 

2,614 ʤʣʥ. ʢʣ/ʜʤ3) (ʨʠʩ. 4.4). ʅʘʡʤʝʥʰʘ ʯʠʩʝʣʴʥʽʩʪʴ ʙʫʣʘ ʟʘʨʝʻʩʪʨʦʚʘʥʘ ʫ 

ʙʝʨʝʟʥʽ (0,154 ʤʣʥ. ʢʣ/ʜʤ3). ɹʽʦʤʘʩʘ ʚ ʮʽʣʦʤʫ ʩʪʨʽʤʢʦ ʟʙʽʣʴʰʫʚʘʣʘʩʷ ʫ ʢʚʽʪʥʽ 

(1,503 ʤʛ/ʜʤ3) ʽ ʧʦʩʪʫʧʦʚʦ ʧʘʜʘʣʘ ʜʦ ʚʝʨʝʩʥʷ (0,218 ʤʛ/ʜʤ3). ʇʨʦʪʷʛʦʤ ʣʽʪʘ 

ʚʽʜʙʫʚʘʣʠʩʷ ʥʝʟʥʘʯʥʽ ʾʾ ʢʦʣʠʚʘʥʥʷ. ʆʜʥʘʢ ʫ ʞʦʚʪʥʽ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʥʘʯʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʱʦ ʥʘʚʽʪʴ ʧʝʨʝʚʠʱʫʻ ʣʽʪʥʽ ʜʘʥʽ (2,671 ʤʛ/ʜʤ3). 

ʊʘʢʝ ʩʪʨʽʤʢʝ ʧʽʜʚʠʱʝʥʥʷ ʙʽʦʤʘʩʠ ʙʫʣʦ ʧʦʚôʷʟʘʥʝ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʝʣʴʥʦʩʪʽ 

ʚʦʜʦʨʦʩʪʝʡ. ɿʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʚ ʦʟʝʨʽ ɺʝʡʩʦʚʝ ʫ 

ʪʨʘʚʥʽ ʥʘ ʬʦʥʽ ʚʽʜʥʦʩʥʦ ʤʘʣʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʙʽʦʤʘʩʠ ʙʫʣʦ ʧʦʚôʷʟʘʥʦ ʟ ʤʘʩʦʚʠʤ 

ʨʦʟʚʠʪʢʦʤ ʜʨʽʙʥʦʢʣʽʪʠʥʥʠʭ ʚʠʜʽʚ ʚʦʜʦʨʦʩʪʝʡ. 
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ʈʠʩ. 4.3. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʽʜʩʦʪʢʦʚʦʛʦ ʚʢʣʘʜʫ ʚʦʜʦʨʦʩʪʝʡ ʨʽʟʥʠʭ 

ʚʽʜʜʽʣʽʚ ʫ ʟʘʛʘʣʴʥʫ ʙʽʦʤʘʩʫ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʜʣʷ ʦʟʝʨ: ɸ ï ʈʽʧʥʝ, 

ɹ ï ɺʝʡʩʦʚʝ, ɺ ï ɻʘʨʷʯʝ, ɻ ï ʉʣʽʧʥʝ 

 

ʎʽʢʘʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʩʭʦʞʽʩʪʴ ʜʠʥʘʤʽʢʠ, ʫ ʨʽʟʥʽ ʨʦʢʠ 

ʾʾ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʨʽʟʥʽ ʚʠʜʠ, ʭʦʯʘ ʚʩʽ ʚʦʥʠ ʙʫʣʠ ʧʨʠʩʫʪʥʽ ʫ ʬʽʪʦʧʣʘʥʢʪʦʥʽ 

ʱʦʨʽʯʥʦ, ʘʣʝ ʥʘ ʧʨʘʚʘʭ ʜʦʤʽʥʫʚʘʥʥʷ ʚʠʩʪʫʧʘʣʠ ʧʦ ʯʝʨʟʽ. ʊʘʢ, ʫ ʪʨʘʚʥʽ 2007 

ʨʦʢʫ ʦʩʥʦʚʥʠʡ ʚʢʣʘʜ ʫ ʯʠʩʝʣʴʥʽʩʪʴ ʚʥʦʩʠʣʠ Cylindrotheca closterium ʪʘ 

ʆocystis lacustris; ʫ 2008 ʨʦʮʽ ï ʆ. lacustris ʪʘ Ankyra ocellata; ʫ 2012 ʨʦʮʽ ï 

Chaetoceros muelleri. ɿʙʽʣʴʰʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ ʙʽʦʤʘʩʠ ʫ ʣʠʩʪʦʧʘʜʽ 

ʧʦʚôʷʟʘʥʦ ʟ ʨʦʟʚʠʪʢʦʤ ʜʨʽʙʥʦʢʣʽʪʠʥʥʠʭ Cylindrotheca closterium ʪʘ Chaetoceros 

muelleri ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʫ ʯʠʩʝʣʴʥʦʩʪʽ ʩʝʨʝʜʥʽʭ ʟʘ ʨʦʟʤʽʨʦʤ ʚʠʜʽʚ 

ʨʦʜʫ Navicula. 

ʇʨʠ ʘʥʘʣʽʟʽ ʚʢʣʘʜʫ ʚʽʜʜʽʣʽʚ ʚʦʜʦʨʦʩʪʝʡ ʫ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʪʷʛʦʤ 

ʨʦʢʫ ʙʫʣʦ ʚʠʷʚʣʝʥʦ (ʨʠʩ. 4.2 ɹ), ʱʦ ʟʘ ʯʠʩʝʣʴʥʽʩʪʶ ʧʦʩʪʽʡʥʦ ʜʦʤʽʥʫʶʪʴ 

ʜʽʘʪʦʤʦʚʽ ʚʦʜʦʨʦʩʪʽ; ʟʝʣʝʥʽ ʭʦʯʘ ʡ ʟʥʘʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʽ, ʧʨʦʪʝ ʩʢʣʘʜʘʶʪʴ ʣʠʰʝ 

16-33% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʙʽʦʤʘʩʠ. 
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ʈʠʩ. 4.4. ɼʽʘʛʨʘʤʘ ʟʤʽʥʠ ʯʠʩʝʣʴʥʦʩʪʽ (ʤʣʥ. ʢʣ/ʜʤ3) ʪʘ ʙʽʦʤʘʩʠ (ʤʛ/ʜʤ3) ʧʦ 

ʤʽʩʷʮʷʭ ʚ ʦʟʝʨʽ ɺʝʡʩʦʚʝ 

 

ɿʘ ʙʽʦʤʘʩʦʶ (ʨʠʩ. 4.3 ɹ) ʩʧʦʩʪʝʨʽʛʘʣʠ ʜʝʱʦ ʽʥʰʽ ʪʝʥʜʝʥʮʽʾ: ʥʝʟʚʘʞʘʶʯʠ 

ʥʘ ʟʥʘʯʥʠʡ ʚʢʣʘʜ ʜʽʘʪʦʤʦʚʠʭ, ʜʦʤʽʥʫʚʘʣʠ ʚʦʥʠ ʪʽʣʴʢʠ ʥʘʚʝʩʥʽ ʪʘ ʚʟʠʤʢʫ 

ʩʢʣʘʜʘʶʯʠ 55,1 ʪʘ 58,4% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʙʽʦʤʘʩʠ ʚʽʜʧʦʚʽʜʥʦ. ɺʟʠʤʢʫ ʪʘʢʦʞ 

ʟʥʘʯʥʫ ʙʽʦʤʘʩʫ ʤʘʶʪʴ ʟʝʣʝʥʽ ʚʦʜʦʨʦʩʪʽ, ʘ ʥʘʚʝʩʥʽ ï ʩʠʥʴʦʟʝʣʝʥʽ. ɺʣʽʪʢʫ 

ʥʘʡʙʽʣʴʰʫ ʙʽʦʤʘʩʫ ʤʘʣʠ ʧʨʝʜʩʪʘʚʥʠʢʠ ʚʽʜʜʽʣʫ Cyanoprokaryota (ʟʦʢʨʝʤʘ 

Lyngbya maior), ʘ ʚʦʩʝʥʠ ï Dinophyta (Gymnodinium uberrimum). ʇʦʨʽʚʥʷʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽʟ ʪʝʥʜʝʥʮʽʷʤʠ, ʱʦ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʨʘʥʽʰʝ (ʨʦʟʜʽʣ 3.2) 

ʜʣʷ ʟʤʽʥʠ ʚʠʜʦʚʦʛʦ ʙʘʛʘʪʩʪʚʘ ʨʽʟʥʠʭ ʚʽʜʜʽʣʽʚ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʭ 

ʚʽʜʤʽʥʥʦʩʪʽ, ʱʦ ʪʘʢʦʞ ʚʽʨʦʛʽʜʥʦ ʧʦʚôʷʟʘʥʽ ʟ ʨʽʟʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʚʠʜʽʚ. 

ʅʘʡʙʽʣʴʰʘ ʯʠʩʝʣʴʥʽʩʪʴ ʚ ʦʟʝʨʽ ɻʘʨʷʯʝ ʟʘʨʝʻʩʪʨʦʚʘʥʘ ʫ ʚʝʨʝʩʥʽ 

(59,754 ʤʣʥ. ʢʣ/ʜʤ3) (ʨʠʩ. 4.5), ʥʘʡʤʝʥʰʘ ï ʫ ʛʨʫʜʥʽ (0,039 ʪʠʩ. ʢʣ/ʜʤ3). 

ʂʦʣʠʚʘʥʥʷ ʙʽʦʤʘʩʠ ʤʝʥʰ ʟʥʘʯʥʽ; ʜʝʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʥʘ ʟʘʛʘʣʴʥʦʤʫ ʬʦʥʽ ʩʚʦʾʤ 

ʧʽʜʚʠʱʝʥʥʷʤ ʙʽʦʤʘʩʘ ʫ ʪʨʘʚʥʽ (4,4 ʤʛ/ʜʤ3). ʇʽʜʚʠʱʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʚ ʧʝʨʽʦʜ 

ʩʝʨʧʝʥʴ-ʞʦʚʪʝʥʴ ʧʦʚ'ʷʟʘʥʦ ʟ ʤʘʩʦʚʠʤ ʨʦʟʚʠʪʢʦʤ ʜʦʩʠʪʴ ʜʨʽʙʥʦʢʣʽʪʠʥʥʠʭ ʚʠʜʽʚ 

ʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ Pseudoschroederia robusta ʫ 2007-2008 ʨʦʢʘʭ ʽ Ankyra 

ocellata ʫ 2012 ʨʦʮʽ. Pseudoschroederia robusta ʨʦʟʚʠʚʘʣʘʩʷ ʥʘʩʪʽʣʴʢʠ ʘʢʪʠʚʥʦ, 

ʱʦ ʫ ʚʝʨʝʩʥʽ 2007 ʨʦʢʫ ʚʦʥʘ ʩʪʘʥʦʚʠʣʘ 98,9% ʫʩʽʻʾ ʯʠʩʝʣʴʥʦʩʪʽ ʬʽʪʦʧʣʘʥʢʪʦʥʫ 

ʽ 90,8% ʫʩʽʻʾ ʙʽʦʤʘʩʠ. ʇʽʜʚʠʱʝʥʥʷ ʙʽʦʤʘʩʠ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʚ ʪʨʘʚʥʽ ʙʫʣʦ 
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ʥʘʩʣʽʜʢʦʤ ʨʦʟʚʠʪʢʫ ʢʨʫʧʥʦʢʣʽʪʠʥʥʦʾ ʜʽʘʪʦʤʦʚʦʾ ʚʦʜʦʨʦʩʪʽ Achnanthes brevipes 

var. brevipes, ʷʢʘ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʬʦʨʤʫʚʘʣʘ ʙʽʣʴʰ-ʤʝʥʰ ʜʦʚʛʽ ʣʘʥʮʶʞʢʠ, 

ʱʦ ʩʢʣʘʜʘʣʠʩʷ ʟ ʦʢʨʝʤʠʭ ʢʣʽʪʠʥ ʪʘ ʩʠʥʴʦʟʝʣʝʥʦʾ ʥʠʪʯʘʪʦʾ ʚʦʜʦʨʦʩʪʽ Lyngbya 

aestuarii f. aestuarii. 

 

ʈʠʩ. 4.5. ɼʽʘʛʨʘʤʘ ʟʤʽʥʠ ʯʠʩʝʣʴʥʦʩʪʽ (ʤʣʥ. ʢʣ/ʜʤ3) ʪʘ ʙʽʦʤʘʩʠ (ʤʛ/ʜʤ3) ʧʦ 

ʤʽʩʷʮʷʭ ʚ ʦʟʝʨʽ ɻʘʨʷʯʝ 

 

ʉʝʟʦʥʥʽ ʟʤʽʥʠ ʚʢʣʘʜʫ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʨʽʟʥʠʭ ʚʽʜʜʽʣʽʚ ʫ ʢʽʣʴʢʽʩʥʽ 

ʧʦʢʘʟʥʠʢʠ ʙʫʣʠ ʥʘʩʪʫʧʥʠʤʠ (ʨʠʩ. 4.2 ɺ, ʨʠʩ. 4.3 ɺ): ʥʘʚʝʩʥʽ ʥʘʡʙʽʣʴʰʫ 

ʯʠʩʝʣʴʥʽʩʪʴ ʤʘʣʠ ʜʽʘʪʦʤʦʚʽ, ʘ ʚ ʽʥʰʽ ʩʝʟʦʥʠ ï ʟʝʣʝʥʽ ʚʦʜʦʨʦʩʪʽ (ʟʦʢʨʝʤʘ 

ʟʘʟʥʘʯʝʥʽ ʚʠʱʝ Pseudoschroederia robusta ʪʘ Ankyra ocellata). ʅʘʚʝʩʥʽ ʟʘ 

ʙʽʦʤʘʩʦʶ ʦʢʨʽʤ ʧʝʨʝʚʘʞʘʶʯʠʭ ʜʽʘʪʦʤʦʚʠʭ ʟʥʘʯʥʠʡ ʚʢʣʘʜ ʨʦʙʠʣʠ ʩʠʥʴʦʟʝʣʝʥʽ 

(ʟʘʟʥʘʯʝʥʘ ʚʠʱʝ Lyngbya aestuarii f. aestuarii). ɺʣʽʪʢʫ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʚʥʝ 

ʜʦʤʽʥʫʚʘʥʥʷ ʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ, ʫ ʙʽʦʤʘʩʫ ʥʘʡʙʽʣʴʰʠʡ ʚʢʣʘʜ ʜʘʚʘʣʠ 

ʜʽʘʪʦʤʦʚʽ (ʟʦʢʨʝʤʘ Achnanthes brevipes var. brevipes), ʘ ʚʟʠʤʢʫ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʘ 

ʯʠʩʝʣʴʥʽʩʪʴ ʢʨʫʧʥʦʢʣʽʪʠʥʥʦʛʦ Gymnodinium paradoxum A.J. Schill. ʟ 

ʜʽʥʦʬʽʪʦʚʠʭ ʚʦʜʦʨʦʩʪʝʡ (7,8% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʯʠʩʝʣʴʥʦʩʪʽ) ʧʨʠʟʚʦʜʠʣʘ ʜʦ ʡʦʛʦ 

ʜʦʤʽʥʫʚʘʥʥʷ ʟʘ ʙʽʦʤʘʩʦʶ (50,4% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʙʽʦʤʘʩʠ). ʇʦʨʽʚʥʷʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʪʝʥʜʝʥʮʽʾ ʚʧʣʠʚʫ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʨʽʟʥʠʭ ʚʽʜʜʽʣʽʚ ʥʘ ʢʽʣʴʢʽʩʥʽ 

ʧʦʢʘʟʥʠʢʠ ʟʽ ʟʤʽʥʘʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʾʭ ʚʠʜʦʚʦʛʦ ʙʘʛʘʪʩʪʚʘ ʧʨʦʪʷʛʦʤ ʨʦʢʫ, ʱʦ 
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ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʫ ʨʦʟʜʽʣʽ 3.2, ʚʠʷʚʠʣʦ ʧʦʜʽʙʥʽʩʪʴ ʜʠʥʘʤʽʢʠ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

ʚʠʜʽʚ ʨʽʟʥʠʭ ʚʽʜʜʽʣʽʚ ʟʘ ʚʠʜʦʚʠʤ ʙʘʛʘʪʩʪʚʦʤ ʪʘ ʙʽʦʤʘʩʦʶ, ʧʨʦʪʝ ʥʝ ʯʠʩʝʣʴʥʽʩʪʶ 

ʚʠʜʽʚ ʬʽʪʦʧʣʘʥʢʪʦʥʫ. 

ɺ ʦʟʝʨʽ ʉʣʽʧʥʝ ʜʠʥʘʤʽʢʘ ʯʠʩʝʣʴʥʦʩʪʽ ʤʘʣʘ ʜʚʦʧʽʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ʟ 

ʤʘʢʩʠʤʫʤʘʤʠ ʫ ʪʨʘʚʥʽ (7,7 ʤʣʥ. ʢʣ/ʜʤ3) ʪʘ ʩʝʨʧʥʽ (13,98 ʤʣʥ. ʢʣ/ʜʤ3) (ʨʠʩ. 4.6). 

ʅʘʡʤʝʥʰʘ ʯʠʩʝʣʴʥʽʩʪʴ ʙʫʣʘ ʟʘʨʝʻʩʪʨʦʚʘʥʘ ʚʟʠʤʢʫ ʚ ʩʽʯʥʽ (0,004 ʤʣʥ. ʢʣ/ʜʤ3). 

ɹʽʦʤʘʩʘ ʤʘʣʘ ʪʨʠ ʧʽʢʠ: ʫ ʣʶʪʦʤʫ (2,746 ʤʛ/ʜʤ3), ʯʝʨʚʥʽ (10,772 ʤʛ/ʜʤ3) ʪʘ 

ʩʝʨʧʥʽ (15,961 ʤʛ/ʜʤ3). ʅʘʡʤʝʥʰʘ ʙʽʦʤʘʩʘ ʙʫʣʘ ʟʘʨʝʻʩʪʨʦʚʘʥʘ ʫ ʣʠʩʪʦʧʘʜʽ 

(0,025 ʤʛ/ʜʤ3). 

ʇʽʜʚʠʱʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʚ ʦʟʝʨʽ ʉʣʽʧʥʝ ʚ ʩʝʨʧʥʽ ʱʦʨʽʯʥʦ 

ʙʫʣʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʤʘʩʦʚʠʤ ʨʦʟʚʠʪʢʦʤ ʩʠʥʴʦʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ ʨʦʜʫ Jaaginema 

ʟʽ ʟʥʘʯʥʦʶ ʫʯʘʩʪʶ ʜʽʘʪʦʤʦʚʦʾ ʚʦʜʦʨʦʩʪʽ Nitzschia paleacea ʽ ʟʝʣʝʥʠʭ 

ʚʦʜʦʨʦʩʪʝʡ ʨʦʜʫ Monoraphidium. ɼʨʽʙʥʽ ʨʦʟʤʽʨʠ ʢʣʽʪʠʥ ʦʩʪʘʥʥʽʭ ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʾʭ ʥʝʚʝʣʠʢʠʡ ʚʥʝʩʦʢ ʫ ʙʽʦʤʘʩʫ, ʢʦʤʧʝʥʩʫʚʘʚʩʷ ʟʥʘʯʥʦʶ ʧʨʝʜʩʪʘʚʣʝʥʽʩʪʴ 

ʥʘʩʪʫʧʥʠʭ ʢʨʫʧʥʦʢʣʽʪʠʥʥʠʭ ʚʠʜʽʚ: Euglena oxyuris Schmarda f. oxyuris, E. clara, 

Gymnodinium uberrimum. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʜʦʩʷʛʘʣʦʩʷ ʫʟʛʦʜʞʝʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʯʠʩʝʣʴʥʦʩʪʽ ʪʘ ʙʽʦʤʘʩʠ ʫ ʟʘʟʥʘʯʝʥʠʡ ʧʝʨʽʦʜ. 

 

ʈʠʩ. 4.6. ɼʽʘʛʨʘʤʘ ʟʤʽʥʠ ʯʠʩʝʣʴʥʦʩʪʽ (ʤʣʥ. ʢʣ/ʜʤ3) ʪʘ ʙʽʦʤʘʩʠ (ʤʛ/ʜʤ3) ʧʦ 

ʤʽʩʷʮʷʭ ʚ ʦʟʝʨʽ ʉʣʽʧʥʝ 
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ʇʽʜʚʠʱʝʥʥʷ ʙʽʦʤʘʩʠ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʚ ʦʟʝʨʽ ʉʣʽʧʥʝ ʥʘ ʬʦʥʽ ʟʥʠʞʝʥʥʷ 

ʯʠʩʝʣʴʥʦʩʪʽ ʫ ʯʝʨʚʥʽ ʚ ʫʩʽ ʨʦʢʠ ʙʫʣʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʨʦʟʚʠʪʢʦʤ ʢʨʫʧʥʠʭ ʚʠʜʽʚ 

ʚʦʜʦʨʦʩʪʝʡ, ʧʨʦʪʝ ʚ 2007-2008 ʨʦʢʘʭ ʮʝ ʙʫʣʠ ʜʠʥʦʬʽʪʦʚʽ Gymnodinium 

uberrimum ʽ Peridiniopsis oculatum, ʘ ʫ 2012 ʨʦʮʽ ʭʘʨʘʢʪʝʨ ʜʦʤʽʥʫʚʘʥʥʷ ʨʽʟʢʦ 

ʟʤʽʥʠʚʩʷ ʽ ʥʘ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʩʪʘʣʠ ʚʧʣʠʚʘʪʠ ʩʠʥʴʦʟʝʣʝʥʽ: Snowella 

lacustris, Aphanothece bachmannii Kom§rk.-Legn. et Cronberg, Microcystis 

pulverea (Wood) Koval. ʉʪʨʽʤʢʝ ʧʽʜʚʠʱʝʥʥʷ ʙʽʦʤʘʩʠ ʫ ʣʶʪʦʤʫ, ʥʝʧʦʛʦʜʞʝʥʝ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʯʠʩʝʣʴʥʦʩʪʽ, ʙʫʣʦ ʧʦʚôʷʟʘʥʦ ʟ ʨʦʟʚʠʪʢʦʤ ʢʨʫʧʥʦʢʣʽʪʠʥʥʦʛʦ 

Peridiniopsis oculatum. 

ɸʥʘʣʽʟ ʩʝʟʦʥʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʢʣʘʜʫ ʚʦʜʦʨʦʩʪʝʡ ʨʽʟʥʠʭ ʚʽʜʜʽʣʽʚ ʫ 

ʟʘʛʘʣʴʥʫ ʯʠʩʝʣʴʥʽʩʪʴ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʚʠʷʚʠʚ ʥʘʩʪʫʧʥʽ ʪʝʥʜʝʥʮʽʾ: ʥʘʚʝʩʥʽ 

ʧʝʨʝʚʘʞʘʣʠ ʩʠʥʴʦʟʝʣʝʥʽ ʪʘ ʜʽʘʪʦʤʦʚʽ ʚʦʜʦʨʦʩʪʽ, ʚʣʽʪʢʫ ï ʩʠʥʴʦʟʝʣʝʥʽ, ʚʦʩʝʥʠ 

ʙʽʣʴʰ ʤʘʩʦʚʦ ʨʦʟʚʠʚʘʣʠʩʷ ʜʽʘʪʦʤʦʚʽ ʪʘ ʟʝʣʝʥʽ ʚʦʜʦʨʦʩʪʽ, ʘ ʚʟʠʤʢʫ ʥʘʡʙʽʣʴʰ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʽʥʦʬʽʪʦʚʽ ʪʘ ʟʝʣʝʥʽ. ɼʣʷ ʙʽʦʤʘʩʠ ʪʘʢʦʾ ʪʝʥʜʝʥʮʽʾ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʠ, 

ʦʩʢʽʣʴʢʠ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʛʨʘʻ ʚʝʣʠʢʠʡ ʨʦʟʤʽʨ ʢʣʽʪʠʥ ʚʠʜʽʚ ʚʽʜʜʽʣʽʚ Dinopyta 

ʪʘ Euglenopyta, ʱʦ ʟʥʘʯʥʦ ʪʽʩʥʷʪʴ ʜʦʩʠʪʴ ʜʨʽʙʥʦʢʣʽʪʠʥʥʽ ʟʝʣʝʥʽ (ʟʦʢʨʝʤʘ 

Monoraphidium contortum) ʪʘ ʩʠʥʴʦʟʝʣʝʥʽ (ʥʘʧʨʠʢʣʘʜ, Merismopedia punctata) 

ʚʦʜʦʨʦʩʪʽ ʪʘ ʟʘʡʤʘʶʪʴ ʣʽʜʠʨʫʶʯʽ ʧʦʟʠʮʽʾ. ʇʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʚʢʣʘʜʫ ʚʠʜʽʚ ʨʽʟʥʠʭ ʚʽʜʜʽʣʽʚ ʫ ʚʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ ʧʨʦʪʷʛʦʤ 

ʨʦʢʫ (ʨʦʟʜʽʣ 3.2) ʚʠʷʚʠʣʦ ʜʝʷʢʽ ʨʦʟʙʽʞʥʦʩʪʽ, ʱʦ ʙʫʣʠ ʧʦʚôʷʟʘʥʽ ʟ ʨʽʟʥʦʶ 

ʘʢʪʠʚʥʽʩʪʶ ʚʠʜʽʚ, ʷʢʘ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʘ ʥʠʞʯʝ. 

ɸʢʪʠʚʥʽʩʪʴ ʚʠʜʫ ʟʘ ɹ.ɸ. ʖʨʮʝʚʠʤ [114] ï ʮʝ ʤʽʨʘ ʫʩʧʽʰʥʦʩʪʽ ʚʠʜʫ ʚ 

ʜʘʥʠʭ ʣʘʥʜʰʘʬʪʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ. ɼʣʷ ʝʢʦʣʦʛʽʯʥʦʾ ʦʮʽʥʢʠ ʩʪʘʥʫ ʦʟʝʨ 

ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʜʽʣ ʥʘ 4 ʩʪʫʧʝʥʽ ʘʢʪʠʚʥʦʩʪʽ ʚʠʜʽʚ: ʦʩʦʙʣʠʚʦ ʘʢʪʠʚʥʽ, 

ʚʠʩʦʢʦ ʘʢʪʠʚʥʽ, ʤʘʣʦ ʘʢʪʠʚʥʽ ʪʘ ʥʝʘʢʪʠʚʥʽ. ʅʘʡʙʽʣʴʰʦʾ ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʶʪʴ 

ʦʩʦʙʣʠʚʦ ʘʢʪʠʚʥʽ ʚʠʜʠ, ʱʦ ʚʽʜʜʟʝʨʢʘʣʶʶʪʴ ʦʧʪʠʤʫʤ ʩʝʨʝʜʦʚʠʱʘ ʽʩʥʫʚʘʥʥʷ.  

ʅʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʦʩʦʙʣʠʚʦ ʘʢʪʠʚʥʠʭ ʚʠʜʽʚ ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʚ ʦʟʝʨʽ 

ɻʘʨʷʯʝ ï ʚʦʥʠ ʩʢʣʘʜʘʣʠ 4,96% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ (ʪʘʙʣ. 4.1). ɺʠʩʦʢʦ 

ʘʢʪʠʚʥʽ ʚʠʜʠ ʩʢʣʘʜʘʣʠ 0,83% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ, ʤʘʣʦ ʘʢʪʠʚʥʽ ï 

9,09%, ʨʝʰʪʘ 85,12% ʚʠʜʽʚ ʙʫʣʠ ʥʝʘʢʪʠʚʥʠʤʠ. 
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ʊʘʙʣʠʮʷ 4.1 

ʂʽʣʴʢʽʩʪʴ ʚʠʜʽʚ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʘʢʪʠʚʥʦʩʪʽ ʚ ʦʟʝʨʘʭ ʈʃʇ çʉʣʦʚôʷʥʩʴʢʠʡ 

ʢʫʨʦʨʪè 

ʆʟʝʨʘ ʆʩʦʙʣʠʚʦ 

ʘʢʪʠʚʥʽ 

ɺʠʩʦʢʦ 

ʘʢʪʠʚʥ ̔

ʄʘʣʦ 

ʘʢʪʠʚʥ ̔

ʅʝʘʢʪʠʚʥ ̔ ɿʘʛʘʣʴʥʝ 

ʯʠʩʣʦ 

ʚʠʜ̔ʚ 

ɻʘʨʷʯʝ 6 1 11 103 121 

ɺʝʡʩʦʚʝ 5 2 11 158 176 

ʉʣ̔ʧʥʝ 4 2 12 208 226 

ʈ̔ʧʥʝ 2 6 12 159 179 

ʃʝʚʘʜʥʝ 2 0 4 53 59 

ʏʝʨʚʦʥʝ 0 0 6 34 40 

ʆʟʝʨʦ 0 0 7 24 31 

 

ɺ ʦʟʝʨʽ ɺʝʡʩʦʚʝ ʟʘʨʝʻʩʪʨʦʚʘʥʦ 5 ʦʩʦʙʣʠʚʦ ʘʢʪʠʚʥʠʭ ʚʠʜʽʚ (2,84% ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ). ɺʠʩʦʢʦ ʘʢʪʠʚʥʠʤʠ ʙʫʣʠ 1,14% ʚʠʜʽʚ ʬʣʦʨʠ, ʤʘʣʦ 

ʘʢʪʠʚʥʠʤʠ ï 6,25%, ʥʝʘʢʪʠʚʥʠʤʠ ï 89,77%. 

ʃʠʰʝ 1,77% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ ʦʟʝʨʘ ʉʣʽʧʥʝ ʩʢʣʘʜʘʣʠ 

4 ʦʩʦʙʣʠʚʦ ʘʢʪʠʚʥʠʭ ʚʠʜʠ ʪʘ 0,88% ï 2 ʚʠʩʦʢʦ ʘʢʪʠʚʥʠʭ ʚʠʜʠ. ʅʘ ʜʦʣʶ ʤʘʣʦ 

ʘʢʪʠʚʥʠʭ ʧʨʠʧʘʜʘʣʦ 5,31% ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ, ʘ ʥʘ ʥʝʘʢʪʠʚʥʠʭ ï 

92,04%. 

ʋ ʈʽʧʥʦʤʫ ʪʘ ʃʝʚʘʜʥʦʤʫ ʙʫʣʦ ʧʦ 2 ʦʩʦʙʣʠʚʦ ʘʢʪʠʚʥʠʭ ʚʠʜʠ, ʧʨʦʪʝ ʜʣʷ 

ʦʟʝʨʘ ʈʽʧʥʝ ʚʦʥʠ ʩʢʣʘʜʘʣʠ ʣʠʰʝ 1,12% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ, ʘ ʜʣʷ 

ʦʟʝʨʘ ʃʝʚʘʜʥʝ ï 3,39%. ɯʥʰʽ ʛʨʫʧʠ ʘʢʪʠʚʥʦʩʪʽ ʚʠʜʽʚ ʚ ʦʟʝʨʽ ʈʽʧʥʝ ʤʘʣʠ ʥʘʩʪʫʧʥʽ 

ʚʽʜʩʦʪʢʠ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ: ʚʠʩʦʢʦ ʘʢʪʠʚʥʽ ï 3,35, ʤʘʣʦ ʘʢʪʠʚʥʽ ï 

6,7, ʥʝʘʢʪʠʚʥʽ ï 88,83%, ʘ ʚ ʦʟʝʨʽ ʃʝʚʘʜʥʝ: ʚʠʩʦʢʦ ʘʢʪʠʚʥʽ ï ʥʝ ʟʘʨʝʻʩʪʨʦʚʘʥʽ, 

ʤʘʣʦ ʘʢʪʠʚʥʽ ï 6,78, ʥʝʘʢʪʠʚʥʽ ï 89,83%. 

ɺ ʦʟʝʨʘʭ ʏʝʨʚʦʥʝ ʪʘ ʆʟʝʨʦ ʥʝ ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʦʩʦʙʣʠʚʦ ʪʘ ʚʠʩʦʢʦ ʘʢʪʠʚʥʽ 

ʚʠʜʠ. ʄʘʣʦ ʘʢʪʠʚʥʠʤʠ ʙʫʣʠ 6 ʚʠʜʽʚ ʦʟʝʨʘ ʏʝʨʚʦʥʝ (15% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ 

ʚʠʜʽʚ) ʪʘ 7 ʚʠʜʽʚ ʆʟʝʨʘ (22,58% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʚʠʜʽʚ). ɯʥʰʽ ʚʠʜʠ ʙʫʣʠ 

ʥʝʘʢʪʠʚʥʠʤʠ. 

ɽʢʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʚʠʷʚʠʚ (ʜʦʜʘʪʦʢ ʂ), ʱʦ ʦʩʦʙʣʠʚʦ ʘʢʪʠʚʥʽ ʚʠʜʠ ʦʟʝʨʘ 

ʈʽʧʥʝ Oocystis lacustris ʪʘ Peridiniopsis oculatum ʨʦʟʚʠʚʘʣʠʩʷ ʫ ʧʣʘʥʢʪʦʥʽ ʪʘ 
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ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʽ, ʚʽʜʜʘʚʘʣʠ ʧʝʨʝʚʘʛʫ ʤʘʣʦ- ʘʙʦ ʩʝʨʝʜʥʴʦʥʘʩʠʯʝʥʠʤ ʢʠʩʥʝʤ 

ʩʣʘʙʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʤ ʚʦʜʘʤ ʽʟ ʩʝʨʝʜʥʽʤ ʨʽʚʥʝʤ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. 

ʆʩʦʙʣʠʚʦ ʘʢʪʠʚʥʽ ʚʠʜʠ ʦʟʝʨʘ ɺʝʡʩʦʚʝ (Ankyra ocellata, Chaetoceros 

muelleri, Cylindrotheca closterium, Cymbella tumidula Grunow in A.W.F. Schmidt 

et al. ʪʘ Lyngbya maior) ʬʦʪʦʩʠʥʪʝʟʫʚʘʣʠ ʧʝʨʝʚʘʞʥʦ ʫ ʙʝʥʪʦʩʽ, ʨʽʜʰʝ ʙʫʣʠ 

ʧʣʘʥʢʪʦʥʥʠʤʠ ʘʙʦ ʝʧʽʬʽʪʘʤʠ, ʚʽʜʜʘʚʘʣʠ ʧʝʨʝʚʘʛʫ ʧʦʤʽʨʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 

ʨʝʞʠʤʦʚʽ, ʜʦʩʠʪʴ ʥʘʩʠʯʝʥʠʤ ʢʠʩʥʝʤ ʩʣʘʙʢʦʩʦʣʦʥʫʚʘʪʠʤ ʚʦʜʘʤ, ʷʢʽ ʜʝʱʦ 

ʟʘʙʨʫʜʥʝʥʽ ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. 

ɺ ʦʟʝʨʽ ɻʘʨʷʯʝ Ankyra judayi (G.M. Sm.) Fott var. judayi, A. ocellata, 

Cymbella tumidula, Dunaliella salina, Gymnodinium uberrimum ʪʘ 

Pseudoschroederia robusta ʨʦʟʚʠʚʘʣʠʩʷ ʦʩʦʙʣʠʚʦ ʘʢʪʠʚʥʦ ʚ ʷʢʦʩʪʽ ʝʧʽʬʽʪʽʚ ʘʙʦ 

ʧʣʘʥʢʪʦʥʥʠʭ ʪʘ ʙʝʥʪʦʩʥʠʭ ʬʦʨʤ. ɺʦʥʠ ʬʦʪʦʩʠʥʪʝʟʫʚʘʣʠ ʫ ʩʦʣʦʥʦʚʘʪʠʭ 

ʩʣʘʙʢʦʣʫʞʥʠʭ ʚʦʜʘʭ ʟ ʨ̔ ʟʥʠʤ ʚʤʝʩʪʦʤ ʢʠʩʥ ,ʁ ʷʢʽ ʩʝʨʝʜʥʴʦʟʘʙʨʫʜʥʝʥʽ 

ʦʨʛʘʥʯ̔ʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. 

Chaetoceros muelleri, Hyaloraphidium contortum var. tenuissimum, 

Monoraphidium minutum, Peridiniopsis oculatum ʙʫʣʠ ʦʩʦʙʣʠʚʦ ʘʢʪʠʚʥ ̔ ʫ 

ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩ ̔ʦʟʝʨʘ ʉʣʧ̔ʥʝ ʪʘ ʚʽʜʜʘʚʘʣʠ ʧʝʨʝʚʘʛʫ ʩʣʘʙʢʦʤ̔ʥʝʨʘʣʟ̔ʦʚʘʥʠʤ 

ʚʦʜʘʤ ʟ ʜʦʩʪʘʪʥ̔ ʤ ʨʽʚʥʝʤ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ, ʧʦʤʽʨʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ 

ʨʝʞʠʤʦʤ ʪʘ ʩʝʨʝʜʥʤ̔ ʨ̔ʚʥʝʤ ʦʨʛʘʥʯ̔ʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. 

ɺ ʃʝʚʘʜʥʦʤʫ ʦʩʦʙʣʠʚʦ ʘʢʪʠʚʥ ̔Chaetoceros muelleri ʠ Cyclotella stelligera 

ʨʦʟʚʠʚʘʣʠʩʷ ʫ ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩ ̔ ʩʣʘʙʢʦʤ̔ʥʝʨʘʣʟ̔ʦʚʘʥʠʭ ʩʣʘʙʢʦʣʫʞʥʠʭ ʚʦʜ 

ʧʦʤʽʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʟ ʜʝʱʦ ʟʥʠʞʝʥʠʤ ʨ̔ʚʥʝʤ ʨʦʟʯʠʥʝʥʦʛʦ 

ʢʠʩʥ ,ʁ ʤʘʣʦʟʘʙʨʫʜʥʝʥʠʭ ʦʨʛʘʥʯ̔ʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. ɺ ʏʝʨʚʦʥʦʤʫ ʪʘ ʆʟʝʨ ̔

ʦʩʦʙʣʠʚʦ ʘʢʪʠʚʥ ̔ʚʠʜʠ ʥʝ ʙʫʣʠ ʟʘʨʝʻʩʪʨʦʚʘʥʽ (ʪʘʙʣ. 4.1). 

ʆʩʦʙʣʠʚʦ ʘʢʪʠʚʥʽ ʚʠʜʠ ʤʘʣʠ ʥʘʡʙʽʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʧʨʠ ʥʘʡʤʝʥʰʽʡ 

ʩʦʣʦʥʦʩʪʽ, ʪʦʞ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʣʦʥʠʭ ʦʟʝʨʘʭ ʘʢʪʠʚʥʽ ʚʠʜʠ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʥʠʟʴʢʫ ʤʽʥʝʨʘʣʽʟʘʮʽʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʢʪʠʚʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤ ʦʟʝʨ ʙʫʣʘ 

ʥʘʡʙʽʣʴʰʦʶ ʫ ʧʝʨʽʦʜʠ ʦʧʨʽʩʥʝʥʥʷ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʠʥʘʤʽʢʦʶ ʢʽʣʴʢʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ. 
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ɸʥʘʣʽʟ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ ʤʽʞ ʯʠʩʣʦʤ ʚʠʜʽʚ ʪʘ ʢʽʣʴʢʽʩʪʶ ʦʩʦʙʣʠʚʦ 

ʘʢʪʠʚʥʠʭ ʚʠʜʽʚ ʚʠʷʚʠʚ ʧʨʷʤʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʮʠʤʠ ʟʤʽʥʥʠʤʠ (0,67*). ʈʘʥʽʰʝ 

ʙʫʣʦ ʨʦʟʛʣ̫ ʥʫʪʦ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʯʠʩʣʦʤ ʚʠʜʽʚ ʪʘ ʢʦʥʜʫʢʪʠʚʥʽʩʪʶ ʚʦʜ 

(ʨʦʟʜʽʣ 3.1). ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʩʦʣʦʥʽʩʪʴ ʧʨʠʛʥʽʯʫʻ ʚʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ. ʅʘ 

ʨʠʩʫʥʢʫ 4.7 ʚʠʜʥʦ, ʱʦ ʦʩʦʙʣʠʚʦ ʘʢʪʠʚʥʠʭ ʚʠʜʽʚ ʙʽʣʴʰʝ ʪʘʤ, ʜʝ ʙʽʣʴʰʝ ʯʠʩʣʦ 

ʚʠʜʽʚ, ʘ ʩʘʤʝ ʚ ʙʽʣʴʰ ʛʣʠʙʦʢʠʭ ʦʟʝʨʘʭ ʧʽʚʥʽʯʥʦʾ ʛʨʫʧʠ. 

 

ʈʠʩ. 4.7. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʚʠʜʽʚ, ʢʽʣʴʢʦʩʪʽ ʦʩʦʙʣʠʚʦ 

ʘʢʪʠʚʥʠʭ ʚʠʜʽʚ ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚʦʜ ʚ ʉʣʦʚôʷʥʩʴʢʠʭ ʦʟʝʨʘʭ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʫʟʘʛʘʣʴʥʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʢʽʣʴʢʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ ʉʣʦʚôʷʥʩʴʢʠʭ ʦʟʝʨ: 

ʋ ʩʝʨʝʜʥʴʦʤʫ ʧʦ ʦʟʝʨʘʭ ʯʠʩʝʣʴʥʽʩʪʴ ʩʢʣʘʜʘʣʘ 3,569 ʤʣʥ. ʢʣ/ʜʤ3, ʙʽʦʤʘʩʘ 

ï 1,794 ʤʛ/ʜʤ3. ʅʘʡʙʽʣʴʰʘ ʯʠʩʝʣʴʥʽʩʪʴ ʙʫʣʘ ʟʘʨʝʻʩʪʨʦʚʘʥʘ ʜʣʷ ʦʟʝʨʘ ɻʘʨʷʯʝ 

(11,797 ʤʣʥ. ʢʣ/ʜʤ3), ʥʘʡʤʝʥʰʘ ï ʜʣʷ ʦʟʝʨʘ ʈʽʧʥʝ (0,411 ʤʣʥ. ʢʣ/ʜʤ3). 

ʅʘʡʙʽʣʴʰʘ ʩʝʨʝʜʥʷ ʙʽʦʤʘʩʘ ʚʽʜʟʥʘʯʝʥʘ ʜʣʷ ʦʟʝʨʘ ʉʣʽʧʥʝ (3,859 ʤʛ/ʜʤ3). ɼʣʷ 

ʽʥʰʠʭ ʦʟʝʨ ʩʝʨʝʜʥʴʦʩʝʟʦʥʥʘ ʙʽʦʤʘʩʘ ʙʫʣʘ ʫ 1,7-4,2 ʨʘʟʠ ʤʝʥʰʝ. 

ɼʠʥʘʤʽʢʘ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚ ʦʟʝʨʽ ʈʽʧʥʝ ʤʘʣʘ ʜʚʦʧʽʢʦʚʠʡ ʭʘʨʘʢʪʝʨ 

ʟ ʤʘʢʩʠʤʫʤʘʤʠ ʥʘʧʨʠʢʽʥʮʽ ʟʠʤʠ ï ʥʘ ʧʦʯʘʪʢʫ ʚʝʩʥʠ ʪʘ ʚʣʽʪʢʫ ï ʥʘ ʧʦʯʘʪʢʫ 

ʦʩʝʥʽ. ʅʘʡʙʽʣʴʰʦʛʦ ʧʦʢʘʟʥʠʢʘ ʯʠʩʝʣʴʥʽʩʪʴ ʜʦʩʷʛʘʣʘ ʫ ʙʝʨʝʟʥʽ 

(0,608 ʤʣʥ. ʢʣ/ʜʤ3), ʥʘʡʤʝʥʰʦʛʦ ï ʫ ʩʽʯʥʽ (0,011 ʤʣʥ. ʢʣ/ʜʤ3). ʅʘʡʙʽʣʴʰʘ 
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ʙʽʦʤʘʩʘ ʙʫʣʘ ʟʘʨʝʻʩʪʨʦʚʘʥʘ ʫ ʚʝʨʝʩʥʽ (6,246 ʤʛ/ʜʤ3), ʥʘʡʤʝʥʰʘ ï ʫ ʩʽʯʥʽ 

(0,004 ʤʛ/ʜʤ3). ɺʟʠʤʢʫ ʪʘ ʥʘʚʝʩʥʽ ʥʘʡʙʽʣʴʰʠʡ ʚʢʣʘʜ ʫ ʦʙʠʜʚʘ ʢʽʣʴʢʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʘ ʨʦʙʠʣʠ ʧʨʝʜʩʪʘʚʥʠʢʠ ʚʽʜʜʽʣʫ Dinophyta. ɺʣʽʪʢʫ ʥʘʡʙʽʣʴʰ 

ʯʠʩʝʣʴʥʠʤʠ ʙʫʣʠ ʟʝʣʝʥʽ ʚʦʜʦʨʦʩʪʽ, ʘ ʥʘʡʙʽʣʴʰʫ ʙʽʦʤʘʩʫ ʤʘʣʠ ʜʽʘʪʦʤʦʚʽ; 

ʚʦʩʝʥʠ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʟʚʦʨʦʪʥʘ ʪʝʥʜʝʥʮʽʷ. 

ɺ ʦʟʝʨʽ ɺʝʡʩʦʚʝ ʜʠʥʘʤʽʢʘ ʯʠʩʝʣʴʥʦʩʪʽ ʪʘ ʙʽʦʤʘʩʠ ʪʘʢʦʞ ʤʘʣʘ ʜʚʦʧʽʢʦʚʠʡ 

ʭʘʨʘʢʪʝʨ ʟ ʤʘʢʩʠʤʫʤʘʤʠ ʥʘʧʨʠʢʽʥʮʽ ʚʝʩʥʠ ï ʚʣʽʪʢʫ ʪʘ ʚʦʩʝʥʠ. ʅʘʡʙʽʣʴʰʘ 

ʯʠʩʝʣʴʥʽʩʪʴ ʙʫʣʘ ʚ ʪʨʘʚʥʽ (9,918 ʤʣʥ. ʢʣ/ʜʤ3), ʥʘʡʤʝʥʰʘ ï ʫ ʙʝʨʝʟʥʽ 

(0,154 ʤʣʥ. ʢʣ/ʜʤ3). ʅʘʡʙʽʣʴʰʘ ʙʽʦʤʘʩʘ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʚ ʢʚʽʪʥʽ (1,503 ʤʛ/ʜʤ3), 

ʘ ʥʘʡʤʝʥʰʘ ï ʫ ʙʝʨʝʟʥʽ (0,096 ʤʛ/ʜʤ3). ɿʘ ʯʠʩʝʣʴʥʽʩʪʶ ʧʦʩʪʽʡʥʦ ʜʦʤʽʥʫʚʘʣʠ 

ʜʽʘʪʦʤʦʚʽ ʚʦʜʦʨʦʩʪʽ. ɿʘ ʙʽʦʤʘʩʦʶ ʜʽʘʪʦʤʦʚʽ ʜʦʤʽʥʫʚʘʣʠ ʪʽʣʴʢʠ ʥʘʚʝʩʥʽ ʪʘ 

ʚʟʠʤʢʫ. ɺʣʽʪʢʫ ʥʘʡʙʽʣʴʰʫ ʙʽʦʤʘʩʫ ʤʘʣʠ ʧʨʝʜʩʪʘʚʥʠʢʠ ʚʽʜʜʽʣʫ 

Cyanoprokaryota, ʘ ʚʦʩʝʥʠ ï Dinophyta. 

ɼʣʷ ʦʟʝʨʘ ɻʘʨʷʯʝ ʢʦʣʠʚʘʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʣʠ ʧʝʨʝʚʘʞʥʦ 

ʦʜʠʥ ʧʽʢ: ʜʣʷ ʯʠʩʝʣʴʥʦʩʪʽ ʫ ʚʝʨʝʩʥʽ (59,754 ʤʣʥ ʢʣ/ʜʤ3), ʜʣʷ ʙʽʦʤʘʩʠ ï ʫ ʪʨʘʚʥʽ 

(4,400 ʤʛ/ʜʤ3). ʅʘʡʤʝʥʰʽ ʧʦʢʘʟʥʠʢʠ ʙʫʣʠ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʫ ʛʨʫʜʥʽ ï ʯʠʩʝʣʴʥʽʩʪʴ 

ʩʢʣʘʜʘʣʘ 0,039 ʤʣʥ. ʢʣ/ʜʤ3, ʘ ʙʽʦʤʘʩʘ ï 0,050 ʤʛ/ʜʤ3. ʅʘʚʝʩʥʽ ʥʘʡʙʽʣʴʰʫ 

ʯʠʩʝʣʴʥʽʩʪʴ ʤʘʣʠ ʜʽʘʪʦʤʦʚʽ, ʘ ʚ ʽʥʰʽ ʩʝʟʦʥʠ ï ʟʝʣʝʥʽ ʚʦʜʦʨʦʩʪʽ. ʅʘʚʝʩʥʽ ʪʘ 

ʚʣʽʪʢʫ ʟʘ ʙʽʦʤʘʩʦʶ ʧʝʨʝʚʘʞʘʣʠ ʜʽʘʪʦʤʦʚʽ, ʚʦʩʝʥʠ ï ʟʝʣʝʥʽ, ʘ ʚʟʠʤʢʫ ʜʽʥʦʬʽʪʦʚʽ 

ʚʦʜʦʨʦʩʪʽ. 

ɺ ʦʟʝʨʽ ʉʣʽʧʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʧʝʨʝʚʘʞʥʦ ʜʚʘ ʧʽʢʠ ʨʦʟʚʠʪʢʫ ʚʦʜʦʨʦʩʪʝʡ: 

ʫ ʪʨʘʚʥʽ-ʯʝʨʚʥʽ ʪʘ ʩʝʨʧʥʽ. ʅʘʡʙʽʣʴʰʘ ʯʠʩʝʣʴʥʽʩʪʴ ʪʘ ʙʽʦʤʘʩʘ ʧʨʦʪʷʛʦʤ ʨʦʢʫ 

ʙʫʣʠ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʫ ʩʝʨʧʥʽ (13,98 ʤʣʥ. ʢʣ/ʜʤ3 ʪʘ 15,961 ʤʛ/ʜʤ3 ʚʽʜʧʦʚʽʜʥʦ), 

ʥʘʡʤʝʥʰʘ ʯʠʩʝʣʴʥʽʩʪʴ ï ʫ ʩʽʯʥʽ (0,004 ʤʣʥ. ʢʣ/ʜʤ3), ʙʽʦʤʘʩʘ ï ʫ ʣʠʩʪʦʧʘʜʽ 

(0,025 ʤʛ/ʜʤ3). ʅʘʚʝʩʥʽ ʟʘ ʯʠʩʝʣʴʥʽʩʪʶ ʧʝʨʝʚʘʞʘʣʠ ʩʠʥʴʦʟʝʣʝʥʽ ʪʘ ʜʽʘʪʦʤʦʚʽ 

ʚʦʜʦʨʦʩʪʽ, ʚʣʽʪʢʫ ï ʩʠʥʴʦʟʝʣʝʥʽ, ʚʦʩʝʥʠ ʙʽʣʴʰ ʤʘʩʦʚʦ ʨʦʟʚʠʚʘʣʠʩʷ ʜʽʘʪʦʤʦʚʽ ʪʘ 

ʟʝʣʝʥʽ ʚʦʜʦʨʦʩʪʽ, ʘ ʚʟʠʤʢʫ ʥʘʡʙʽʣʴʰ ʧʨʝʜʩʪʘʚʣʝʥʽ ʙʫʣʠ ʜʽʥʦʬʽʪʦʚʽ ʪʘ ʟʝʣʝʥʽ. 

ɼʣʷ ʙʽʦʤʘʩʠ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʘʥʘʣʦʛʽʯʥʽ ʪʝʥʜʝʥʮʽʾ ʦʩʢʽʣʴʢʠ ʣʽʜʠʨʫʶʯʽ ʧʦʟʠʮʽʾ 

ʟʘʡʤʘʣʠ ʚʠʜʠ ʚʽʜʜʽʣʽʚ Dinopyta ʪʘ Euglenopyta. 
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ɸʥʘʣʽʟ ʘʢʪʠʚʥʦʩʪʽ ʚʠʜʽʚ ʟʘ ɹ.ɸ. ʖʨʮʝʚʠʤ ʚʠʷʚʠʚ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʦʩʦʙʣʠʚʦ 

ʘʢʪʠʚʥʠʭ ʚʠʜʽʚ ʚ ʦʟʝʨʘʭ ʩʪʘʥʦʚʠʣʘ ʚʽʜ 0% ʜʦ 4,96%, ʘ ʥʝʘʢʪʠʚʥʠʭ ï ʚʽʜ 77,42% 

ʜʦ 92,04%. ʆʩʦʙʣʠʚʦ ʘʢʪʠʚʥʠʤʠ ʙʫʣʠ ʧʝʨʝʚʘʞʥʦ ʧʣʘʥʢʪʦʥ-ʙʝʥʪʦʩʥʽ 

ʘʚʪʦʪʨʦʬʠ ï ʤʝʰʢʘʥʮʽ ʚʦʜ ʧʦʤʽʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ, 

ʩʝʨʝʜʥʴʦʥʘʩʠʯʝʥʠʭ ʢʠʩʥʝʤ, ʟ ʜʝʱʦ ʧʽʜʚʠʱʝʥʦʶ ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ ʪʘ ʩʝʨʝʜʥʽʤ 

ʟʘʙʨʫʜʥʝʥʥʷʤ ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. ɹʫʣʘ ʚʠʷʚʣʝʥʘ ʧʨʷʤʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʯʠʩʣʦʤ ʚʠʜʽʚ ʪʘ ʢʽʣʴʢʽʩʪʶ ʦʩʦʙʣʠʚʦ ʘʢʪʠʚʥʠʭ ʚʠʜʽʚ (ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

ʇʽʨʩʦʥʘ 0,67*), ʪʘʢʠʤ ʯʠʥʦʤ ʦʩʦʙʣʠʚʦ ʘʢʪʠʚʥʠʭ ʚʠʜʽʚ ʙʽʣʴʰʝ ʚ ʦʟʝʨʘʭ 

ʧʽʚʥʽʯʥʦʾ ʛʨʫʧʠ, ʥʽʞ ʚ ʦʟʝʨʘʭ ʧʽʚʜʝʥʥʦʾ ʛʨʫʧʠ. 

 

4.2. ʆʩʦʙʣʠʚʦʩʪʽ ʨʦʟʤʽʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʦʨʦʩʪʝʡ 

ʉʣʦʚôʷʥʩʴʢʠʭ ʦʟʝʨ 

 

ɼʣʷ ʚʠʷʚʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʤʽʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʦʨʦʩʪʝʡ ʩʦʣʦʥʠʭ 

ʦʟʝʨ ʉʣʦʚôʷʥʩʴʢʦʛʦ ʢʫʨʦʨʪʫ ʙʫʣʦ ʦʙʨʘʥʦ 62 ʚʠʜʠ ʚʦʜʦʨʦʩʪʝʡ, ʱʦ ʥʘʡʯʘʩʪʽʰʝ 

ʟʫʩʪʨʽʯʘʣʠʩʷ ʫ ʧʣʘʥʢʪʦʥʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʟʝʨ ʪʘ ʤʘʣʠ ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʙʽʣʴʰʝ 

ʥʽʞ 2 ʤʢʤ. ɼʣʷ ʥʠʭ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʦʙôʻʤʠ ʢʣʽʪʠʥ ʝʢʟʝʤʧʣʷʨʽʚ, ʱʦ 

ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʷʢ ʚ ʢʦʞʥʦʤʫ ʽʟ ʦʟʝʨ, ʪʘʢ ʽ ʜʣʷ ʈʃʇ ʚ ʩʝʨʝʜʥʴʦʤʫ (ʜʦʜʘʪʦʢ ʃ). 

ɺ ʦʟʝʨʽ ʈʽʧʥʝ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʦʙôʻʤʠ ʢʣʽʪʠʥ ʜʣʷ 47 ʚʠʜʽʚ, ʚ ʦʟʝʨʽ ɺʝʡʩʦʚʦʝ ï 

55 ʚʠʜʽʚ, ʚ ʦʟʝʨʽ ɻʘʨʷʯʝ ï 52 ʚʠʜʽʚ, ʚ ʦʟʝʨʽ ʉʣʽʧʥʝ ï 50 ʚʠʜʽʚ, ʚ ʦʟʝʨʽ ʃʝʚʘʜʥʝ ï 

20 ʚʠʜʽʚ, ʚ ʦʟʝʨʽ ʏʝʨʚʦʥʝ ï 19 ʚʠʜʽʚ, ʚ ʆʟʝʨʽ ï 17 ʚʠʜʽʚ.  

ʇʦʨʽʚʥʷʥʥʷ ʦʙôʻʤʽʚ ʚʦʜʦʨʦʩʪʝʡ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʉʣʦʚôʷʥʩʴʢʠʭ ʦʟʝʨ ʟ 

ʩʝʨʝʜʥʽʤʠ ʦʙôʻʤʘʤʠ, ʚʠʟʥʘʯʝʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʨʦʟʤʽʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ 

ʚʠʟʥʘʯʥʠʢʽʚ ʚʦʜʦʨʦʩʪʝʡ [156-159], ʚʠʷʚʠʣʦ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʝʢʟʝʤʧʣʷʨʽʚ ʚʠʜʽʚ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʟʝʨ ʤʘʣʠ ʜʨʽʙʥʽʰʽ ʨʦʟʤʽʨʠ. ʇʨʦʪʝ ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʚʠʜʽʚ ʙʫʣʠ 

ʚʽʜʟʥʘʯʝʥʽ ʥʘʚʧʘʢʠ ʢʨʫʧʥʽʰʽ ʥʽʞ ʩʝʨʝʜʥʴʦʚʠʜʦʚʽ ʝʢʟʝʤʧʣʷʨʠ (ʜʦʜʘʪʦʢ ʃ): 

Navicula rotaeana (Rabenhorst) Grunow, Lange-Bertalot & Ector, Adlafia 

bryophila (J.B.Petersen) Gerd Moser, Lange-Bertalot & D.Metzeltin, Ankyra 

ocellata, Caloneis molaris, ɸmphora holsatica, Hyaloraphidium contortum var. 

tenuissimum, Luticola mutica (K¿tzing) D.G.Mann. 
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ʆʙôʻʤʠ ʢʣʽʪʠʥ ʚʦʜʦʨʦʩʪʝʡ ʥʘʡʙʽʣʴʰ ʧʨʽʩʥʠʭ ʦʟʝʨ ʈʃʇ çʉʣʦʚôʷʥʩʴʢʠʡ 

ʢʫʨʦʨʪè ʤʦʞʥʘ ʙʫʣʦ ʧʦʨʽʚʥʷʪʠ ʟ ʦʙôʻʤʘʤʠ ʢʣʽʪʠʥ ʜʘʥʠʭ ʚʠʜʽʚ ʚʦʜʦʨʦʩʪʝʡ ʫ 

ʧʨʽʩʥʠʭ ʦʟʝʨʘʭ ɯʟʨʘʾʣʶ [152], ʌʣʦʨʠʜʠ [109], ɹʨʘʟʠʣʽʾ [129, 130], ɹʦʣʛʘʨʽʾ [131] 

ʪʘ ʚ ʩʦʣʦʥʠʭ ʦʟʝʨʘʭ ʙʘʩʝʡʥʫ ɼʫʥʘʶ [135]. ʆʜʥʘʢ, ʜʣʷ ʙʽʣʴʰ ʩʦʣʦʥʠʭ ʦʟʝʨ ʈʃʇ 

ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʙʽʣʴʰ ʰʠʨʦʢʘ ʨʦʟʤʽʨʥʘ ʘʤʧʣʽʪʫʜʘ: ʦʙôʻʤʠ ʢʣʽʪʠʥ ʝʢʟʝʤʧʣʷʨʽʚ 

ʚʠʜʽʚ, ʱʦ ʽʩʥʫʚʘʣʠ ʫ ʜʘʥʠʭ ʚʦʜʦʡʤʘʭ, ʤʦʛʣʠ ʙʫʪʠ ʷʢ ʢʨʫʧʥʽʰʠʤʠ, ʪʘʢ ʽ 

ʜʨʽʙʥʽʰʠʤʠ ʟʘ ʝʢʟʝʤʧʣʷʨʠ, ʱʦ ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʚ ʦʟʝʨʘʭ ʈʃʇ ʟ ʙʽʣʴʰ ʥʠʟʴʢʦʶ 

ʩʦʣʦʥʽʩʪʶ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʙʫʣʦ ʚʠʩʫʥʫʪʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʝʚʥʽ ʚʠʜʠ ʫ 

ʚʽʜʥʦʰʝʥʥʽ ʦʙôʻʤʽʚ ʢʣʽʪʠʥ ʤʦʞʫʪʴ ʙʫʪʠ ʯʫʪʣʠʚʠʤʠ ʜʦ ʬʘʢʪʦʨʫ ʩʦʣʦʥʦʩʪʽ 

ʧʨʠʨʦʜʥʦʾ ʚʦʜʠ. 

ʅʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʦʙôʻʤʽʚ ʢʣʽʪʠʥ ʚʦʜʦʨʦʩʪʝʡ ʦʜʥʦʛʦ ʚʠʜʫ ʚ ʨʽʟʥʠʭ ʦʟʝʨʘʭ 

ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʘ ʟ ʙʘʛʘʪʴʤʘ ʧʨʠʯʠʥʘʤʠ, ʱʦ ʚʢʘʟʫʻʪʴʩʷ ʫ ʣʽʪʝʨʘʪʫʨʽ [118, 

143, 163]: ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʥʽʪʨʘʪʫ ʘʙʦ ʘʤʽʘʢʫ ʚ ʢʣʽʪʠʥʫ, ʢʦʝʬʽʮʽʻʥʪ 

ʧʦʛʣʠʥʘʥʥʷ ʚʦʜʠ, ʛʣʠʙʠʥʘ ʰʘʨʫ ʟʤʽʰʫʚʘʥʥʷ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ, ʰʚʠʜʢʽʩʪʴ 

ʦʩʘʜʞʝʥʥʷ ʬʽʪʦʧʣʘʥʢʪʦʥʫ, ʰʚʠʜʢʽʩʪʴ ʧʽʜʡʦʤʫ ʛʣʠʙʠʥʥʠʭ ʚʦʜ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʩʚʽʪʣʦʢʦʤʧʝʥʩʘʮʽʾ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʚʽʜʥʦʩʥʘ ʚʝʣʠʯʠʥʘ ʚʠʾʜʘʥʥʷ 

ʬʽʪʦʧʣʘʥʢʪʦʥʦʤ, ʪʨʦʬʽʯʥʠʡ ʨʽʚʝʥʴ, ʰʚʠʜʢʽʩʪʴ ʨʦʟʤʥʦʞʝʥʥʷ, ʧʦʣʦʚʠʡ ʧʨʦʮʝʩ 

ʜʣʷ ʜʽʘʪʦʤʦʚʠʭ ʚʦʜʦʨʦʩʪʝʡ. ɹʽʣʴʰʽʩʪʴ ʟ ʮʠʭ ʬʘʢʪʦʨʽʚ ʥʝ ʤʘʣʠ ʚʽʜʥʦʰʝʥʥʷ ʜʦ 

ʉʣʦʚôʷʥʩʴʢʠʭ ʦʟʝʨ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʽʣʢʦʚʦʜʥʽ, ʜʦʙʨʝ ʧʨʦʛʨʽʚʘʶʪʴʩʷ ʪʘ ʧʨʦʟʦʨʽ 

ʜʦ ʜʥʘ. ʊʘʢ, ʛʣʠʙʠʥʘ ʰʘʨʫ ʟʤʽʰʫʚʘʥʥʷ ʥʝ ʤʘʣʘ ʚʧʣʠʚʫ ʥʘ ʚʦʜʦʨʦʩʪʽ ʦʟʝʨ, 

ʦʩʢʽʣʴʢʠ ʦʟʝʨʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʟʥʘʯʥʠʤʠ ʛʣʠʙʠʥʘʤʠ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ 

ʥʝ ʤʘʣʘ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʦʩʢʽʣʴʢʠ ʦʟʝʨʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʷ 

ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʦʶ ʧʨʦʟʦʨʽʩʪʶ ʪʘ ʚʽʜʙʽʨ ʧʨʦʙ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʜʥʘʢʦʚʽʡ 

ʛʣʠʙʠʥʽ. ʊʨʦʬʽʯʥʠʡ ʨʽʚʝʥʴ ʦʟʝʨ ʤʘʣʦ ʚʽʜʨʽʟʥʷʚʩʷ ʽ ʚʩʽ ʚʦʥʠ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ 

ʨʦʢʫ ʙʫʣʠ ʝʚʪʨʦʬʥʠʤʠ, ʪʦʤʫ ʮʝʡ ʬʘʢʪʦʨ ʪʘʢʦʞ ʥʝ ʤʽʛ ʤʘʪʠ ʟʥʘʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʦʙôʻʤʠ ʢʣʽʪʠʥ ʚʦʜʦʨʦʩʪʝʡ. ʐʚʠʜʢʽʩʪʴ ʨʦʟʤʥʦʞʝʥʥʷ ʚʦʜʦʨʦʩʪʝʡ ʪʘ ʧʦʣʦʚʠʡ 

ʧʨʦʮʝʩ ʜʽʘʪʦʤʦʚʠʭ ʤʘʣʠ ʦʜʥʘʢʦʚʽ ʪʝʥʜʝʥʮʽʾ ʜʣʷ ʝʢʟʝʤʧʣʷʨʽʚ ʦʜʥʦʛʦ ʚʠʜʫ, ʱʦ 

ʽʩʥʫʚʘʣʠ ʚ ʨʽʟʥʠʭ ʦʟʝʨʘʭ, ʪʘʢʠʤ ʯʠʥʦʤ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʮʠʭ ʬʘʢʪʦʨʽʚ ʦʜʥʘʢʦʚʘ 

ʫ ʚʩʽʭ ʦʟʝʨʘʭ. ʌʘʢʪʦʨ ʚʽʜʥʦʩʥʦʛʦ ʨʦʟʤʽʨʫ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʚʠʾʜʘʥʥʷ 

ʟʦʦʧʣʘʥʢʪʦʥʦʤ ʤʦʞʣʠʚʦ ʤʘʚ ʚʧʣʠʚ ʣʠʰʝ ʚ ʦʟʝʨʽ ʈʽʧʥʝ, ʦʩʢʽʣʴʢʠ ʚ ʽʥʰʠʭ 
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ʦʟʝʨʘʭ ʟʦʦʧʣʘʥʢʪʦʥ ʙʫʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʝʙʘʛʘʪʦ. ɺʧʣʠʚ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʟʘʟʥʘʯʝʥʽ ʚʠʱʝ, ʤʠ ʥʝ ʤʘʣʠ ʟʤʦʛʠ ʦʮʽʥʠʪʠ. 

ʇʨʦʪʷʛʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʝʢʟʝʤʧʣʷʨʠ 

ʚʦʜʦʨʦʩʪʝʡ, ʱʦ ʽʩʥʫʶʪʴ ʫ ʨʽʟʥʠʭ ʦʟʝʨʘʭ ʈʃʇ, ʜʦʩʠʪʴ ʯʘʩʪʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ 

ʦʙôʻʤʘʤʠ ʢʣʽʪʠʥ (ʜʦʜʘʪʦʢ ʃ) [165]. ʅʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʤʠ ʟʘ ʮʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʚʠʷʚʠʣʠʩʷ ʥʘʩʪʫʧʥʽ ʚʠʜʠ: Entomoneis paludosa (W. Sm.) Reimer in Patrick et 

Reimer var. paludosa, Ankyra ocellata, Chaetoceros muelleri, Navicula rotaeana ʪʘ 

Monoraphidium minutum. 

ʅʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʦʙôʻʤʽʚ ʢʣʽʪʠʥ ʚʦʜʦʨʦʩʪʝʡ ʦʜʥʦʛʦ ʚʠʜʫ ʚ ʨʽʟʥʠʭ ʦʟʝʨʘʭ 

ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʘ ʟ ʨʽʟʥʠʤʠ ʧʨʠʯʠʥʘʤʠ, ʱʦ ʟʘʟʥʘʯʝʥʽ ʚʠʱʝ. ɹʫʣʦ ʚʠʩʫʥʫʪʦ 

ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʨʠʥʘʡʤʥʽ ʜʣʷ ʜʝʷʢʠʭ ʚʠʜʽʚ ʟʤʽʥʘ ʨʦʟʤʽʨʽʚ ʤʦʛʣʘ ʙʫʪʠ 

ʧʦʚôʷʟʘʥʘ ʟ ʚʽʜʤʽʥʥʽʩʪʶ ʫ ʩʪʫʧʝʥʽ ʤʽʥʝʨʘʣʽʟʘʮʽʾ. ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʘʥʦʛʦ 

ʧʨʠʧʫʱʝʥʥʷ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ ʤʽʞ ʩʝʨʝʜʥʽʤ 

ʦʙôʻʤʦʤ ʚʠʜʫ ʚ ʦʟʝʨʽ ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ ʘʙʦ ʚʤʽʩʪʦʤ ʭʣʦʨʠʜʽʚ. ʇʨʦʪʷʛʦʤ 

ʘʥʘʣʽʟʫ ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʟʚʦʨʦʪʥʘ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ ʚʦʜ ʪʘ 

ʦʙôʻʤʘʤʠ ʢʣʽʪʠʥ ʧôʷʪʠ ʚʠʜʽʚ ʚʦʜʦʨʦʩʪʝʡ (ʧʦʟʥʘʯʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʟʥʘʯʠʤʦʩʪʽ, 

ʨ-ʟʥʘʯʝʥʥʷ: <0,05 = *; <0,01 = **; <0,001 = ***): Cocconeis pediculus Ehrenb. 

(-0,95*), Cymbella pusilla (-0,88*), Entomoneis paludosa var. subsalina (-0,95**), 

Navicula veneta (-0,91**), Nitzschia reversa (-0,93*). ɸʥʘʣʽʟ ʢʦʨʝʣʷʮʽʾ ʤʽʞ 

ʚʤʽʩʪʦʤ ʭʣʦʨʠʜʽʚ ʪʘ ʦʙôʻʤʦʤ ʢʣʽʪʠʥ ʚʠʷʚʠʚ ʩʪʘʪʠʩʪʠʯʥʦ ʜʦʩʪʦʚʽʨʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʚʠʜʽʚ: Amphora holsatica (0,92**), Entomoneis paludosa 

var. subsalina (-0,87*), Navicula veneta (-0,79*). ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʟʘʛʘʣʴʥʠʡ 

ʦʙôʻʤ ʢʣʽʪʠʥ Entomoneis paludosa var. subsalina ʪʘ Navicula veneta ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʶʪʴ ʧʝʨʝʚʘʞʥʦ ʭʣʦʨʠʜʠ, ʟ ʷʢʠʤʠ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʧʦʚôʷʟʘʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʟʝʨ. ʆʙôʻʤʠ ʢʣʽʪʠʥ Amphora holsatica ʧʦʟʠʪʠʚʥʦ ʢʦʨʝʣʶʶʪ ɹ

ʽʟ ʚʤʽʩʪʦʤ ʭʣʦʨʠʜʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʫʤʘʨʥʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ. Cocconeis pediculus, 

Cymbella pusilla ʪʘ Nitzschia reversa ʚʨ̔ʦʛʽʜʥʦ ʟʤʝʥʰʫʶʪʴ ʦʙôʻʤ ʢʣʽʪʠʥ ʫ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʩʦʣʝʡ ʘʙʦ ʧʽʜ ʚʧʣʠʚʦʤ ʧʝʚʥʠʭ ʢʘʪʽʦʥʽʚ ʯʠ 

ʘʥʽʦʥʽʚ (ʟʘ ʚʠʥʷʪʢʦʤ ʭʣʦʨʠʜʽʚ).  
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ɹʫʣʦ ʚʠʜʽʣʝʥʦ 8 ʚʠʜʽʚ ʜʽʘʪʦʤʦʚʠʭ ʚʦʜʦʨʦʩʪʝʡ, ʱʦ ʟʫʩʪʨʽʯʘʣʠʩʷ 

ʧʨʘʢʪʠʯʥʦ ʚ ʫʩʽʭ ʦʟʝʨʘʭ ʚ ʨʽʟʥʽ ʧʦʨʠ ʨʦʢʫ ʟ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʩʝʟʦʥʥʦʾ 

ʜʠʥʘʤʽʢʠ ʾʭ ʨʦʟʤʽʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʠʩ. 4.8, 4.9).  

ʊʘʢʦʞ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʦʙôʻʤʽʚ ʢʣʽʪʠʥ ʚʦʜʦʨʦʩʪʝʡ 

ʉʣʦʚôʷʥʩʴʢʠʭ ʦʟʝʨ ʽʟ ʩʝʨʝʜʥʽʤʠ ʦʙôʻʤʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʜʽʚ, ʱʦ ʙʫʣʠ 

ʨʦʟʨʘʭʦʚʘʥʽ ʧʦ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʘʤʠ ʟʘ ʜʘʥʠʤʠ ʚʠʟʥʘʯʥʠʢʽʚ [156-159]. 

 

ʈʠʩ. 4.8. ʉʝʟʦʥʥʘ ʜʠʥʘʤʽʢʘ ʦʙôʻʤʽʚ ʢʣʽʪʠʥ ʚʦʜʦʨʦʩʪʝʡ, ʱʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ 

ʫ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʟʝʨʘʭ ʪʘ ʤʘʶʪʴ ʦʙôʻʤʠ, ʤʝʥʰʽ ʟʘ ʩʝʨʝʜʥʽ ʟʘ 

ʚʠʟʥʘʯʥʠʢʦʤ: ɸ ï Cymbella tumidula, ɹ ï Craticula halophila, ɺ ï Tabularia 

fasciculata, ɻ ï Achnanthes brevipes 

 

ɸ ɹ 

ɺ ɻ 
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ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʥʘ ʨʠʩ. 4.8, 4.9, ʦʙôʻʤʠ ʢʣʽʪʠʥ ʚʠʜʽʚ Cymbella tumidula, 

Craticula halophila, Tabularia fasciculata ʪʘ Achnanthes brevipes var. brevipes 

ʙʫʣʠ ʥʠʞʯʝ ʟʘ ʩʝʨʝʜʥʽ ʨʦʟʤʽʨʠ ʦʙôʻʤʽʚ ʟ ʚʠʟʥʘʯʥʠʢʽʚ, ʘ ʦʙôʻʤʠ Navicula veneta, 

Navicula subtilissima, Adlafia minuscula ʪʘ Navicula protracta ʟ ʨʽʟʥʠʭ ʦʟʝʨ ʽ ʚ 

ʨʽʟʥʽ ʩʝʟʦʥʠ ʙʽʣʴʰ ʤʝʥʰ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʠʣʠʩʷ ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʥʽʭ ʦʙôʻʤʽʚ 

ʚʠʟʥʘʯʥʠʢʽʚ. 

 

ʈʠʩ. 4.9. ʉʝʟʦʥʥʘ ʜʠʥʘʤʽʢʘ ʦʙôʻʤʽʚ ʢʣʽʪʠʥ ʚʦʜʦʨʦʩʪʝʡ, ʱʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ 

ʫ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʟʝʨʘʭ ʪʘ ʤʘʶʪʴ ʦʙôʻʤʠ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʝʨʝʜʥʽʤʠ ʟʘ 

ʚʠʟʥʘʯʥʠʢʦʤ: ɸ ï Navicula veneta, ɹ ï Navicula subtilissima, ɺ ï Adlafia 

minuscula, ɻ ï Navicula protracta 
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ʇʨʘʢʪʠʯʥʦ ʜʣʷ ʫʩʽʭ ʮʠʭ 8 ʚʠʜʽʚ ʫ ʚʩʽʭ ʦʟʝʨʘʭ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʪʝʥʜʝʥʮʽʷ 

ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʢʣʽʪʠʥ ʚʣʽʪʢʫ, ʢʦʣʠ ʡʰʣʦ ʘʢʪʠʚʥʝ ʥʘʨʦʱʫʚʘʥʥʷ ʙʽʦʤʘʩʠ, 

ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʩʝʟʦʥʘʤʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʜʘʥʽ ʣʽʪʝʨʘʪʫʨʠ ʜʣʷ ʽʥʰʠʭ 

ʚʦʜʦʡʤ [119, 121, 136 ,138]. ɺʠʢʣʶʯʝʥʥʷ ʩʢʣʘʜʘʣʠ Tabularia fasciculata ʪʘ 

Navicula subtilissima, ʱʦ ʤʘʣʠ ʧʨʦʪʠʣʝʞʥʽ ʪʝʥʜʝʥʮʽʾ ʟʙʽʣʴʰʝʥʥʷ ʚʣʽʪʢʫ ʦʙôʻʤʫ 

ʢʣʽʪʠʥ. ɼʣʷ Tabularia fasciculata ʮʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʚ ʦʟʝʨʘʭ ɺʝʡʩʦʚʝ, ɻʘʨʷʯʝ ʪʘ 

ʉʣʽʧʥʝ, ʘ ʜʣʷ Navicula subtilissima ï ʪʽʣʴʢʠ ʚ ʦʟʝʨʽ ɻʘʨʷʯʝ. ʆʢʨʝʤʦ ʩʣʽʜ 

ʚʽʜʟʥʘʯʠʪʠ Cymbella tumidula, ʜʣʷ ʷʢʦʾ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʧʦʩʪʫʧʦʚʝ ʟʤʝʥʰʝʥʥʷ 

ʦʙôʻʤʽʚ ʢʣʽʪʠʥ ʜʦ ʢʽʥʮʷ ʨʦʢʫ ʚ ʦʟʝʨʘʭ ʈʽʧʥʝ ʪʘ ʉʣʽʧʥʝ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʧʣʠʚʫ ʩʦʣʦʥʦʩʪ ̔ʥʘ ʦʙô̒ ʤ ʢʣʽʪʠʥʠ ʙʫʣʦ 

ʚʠ̫ ʚʣʝʥʦ ʟʚʦʨʦʪʥʫ ʢʦʨʝʣʷʮʽ ʁʤʝʞ ʝʣʝʢʪʨʦʧʨʦʚʜ̔ʥ̔ʩʪʶ ʚʦʜ ʪʘ ʦʙô̒ ʤʘʤʠ ʢʣʪ̔ʠʥ 

ʧôʷʪʠ ʚʠʜʚ̔ ʚʦʜʦʨʦʩʪʝʡ: Cocconeis pediculus (-0,95*), Cymbella pusilla (-0,88*), 

Entomoneis paludosa var. subsalina (-0,95**), Navicula veneta 

(-0,91**), Nitzschia reversa (-0,93*). ɸʥʘʣ̔ʟ ʢʦʨʝʣʷʮʽʾ ʤ̔ ʞ ʚʤʽʩʪʦʤ ʭʣʦʨʠʜʚ̔ ʫ 

ʚʦʜ̔ ʪʘ ʦʙôʻʤʦʤ ʢʣʪ̔ʠʥ ʚʠ̫ ʚʠʚ ʩʪʘʪʠʩʪʠʯʥʦ ʜʦʩʪʦʚʨ̔ʥ̔ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ Amphora 

holsatica (0,92**), Entomoneis paludosa var. subsalina (-0,87*), ʪʘ Navicula veneta 

(-0,79*). ʊʘʢʠʤ ʯʠʥʦʤ ʭʣʦʨʠʜʠ ʤʘʶʪʴ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʟʘʛʘʣʴʥʠʡ ʦʙô̒ ʤ 

ʢʣ̔ʪʠʥ Entomoneis paludosa var. subsalina ʪʘ Navicula veneta. ʆʙô̒ʤʠ ʢʣ̔ʪʠʥ 

Amphora holsatica ʧʦʟʠʪʠʚʥʦ ʢʦʨʝʣʶʶʪʴ ʟ ʚʤʽʩʪʦʤ ʭʣʦʨʠʜʚ̔ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʩʫʤʘʨʥʦ ʾ ʤ̔ʥʝʨʘʣʟ̔ʘʮ̔ʾ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʝʟʦʥʥʦʾ ʜʠʥʘʤʽʢʠ ʨʦʟʤʽʨʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʦʨʦʩʪʝʡ ʉʣʦʚôʷʥʩʴʢʠʭ ʩʦʣʦʥʠʭ ʦʟʝʨ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʠʭ ʚʠʜʽʚ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʪʝʥʜʝʥʮʽʷ ʟʤʝʥʰʝʥʥ̫  ʦʙô̒ʤʫ ʢʣ̔ʪʠʥʠ ʚ 

ʣʪ̔ʥʠʡ ʧʝʨʦ̔ʜ, ʢʦʣʠ ʡʰʣʦ ʘʢʪʠʚʥʝ ʥʘʨʦɦ ʫʚʘʥʥ̫ ʙ̔ʦʤʘʩʠ. ɺʠʢʣʶʯʝʥʥʷ 

ʩʢʣʘʜʘʣʠ Tabularia fasciculata ʪʘ Navicula subtilissima, ̫ ʢʽ ʥʘʚʧʘʢʠ ʟʙʽʣʴʰʫʚʘʣʠ 

ʦʙô̒ ʤ ʢʣʽʪʠʥ ʚʣ̔ʪʢʫ. 
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ʈʆɿɼɯʃ 5. ɿɺôʗɿʆʂ ɼɽʗʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʌɯʊʆʇʃɸʅʂʊʆʅʋ 

ʊɸ ʍɯʄɯʏʅʆɻʆ ʉʂʃɸɼʋ ɺʆɼʀ ʉʆʃʆʅʀʍ ʆɿɽʈ 

 

ɼʣʷ ʘʥʘʣʽʟʫ ʟʚôʷʟʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʛʨʫʧʦʚʘʥʴ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʪʘ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜʠ ʙʫʣʦ ʦʙʨʘʥʦ ʥʘʡʙʽʣʴʰ ʤʘʩʦʚʽ ʚʠʜʠ, ʱʦ ʨʦʟʚʠʚʘʣʠʩʷ ʚ 

ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚʘʭ (ʜʦʜʘʪʦʢ ʄ). ʄʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʩʝʨʝʜ ʯʦʪʠʨʴʦʭ 

ʪʘʢʩʦʥʦʤʽʯʥʠʭ ʚʽʜʜʽʣʽʚ ʙʽʣʴʰʝ ʟʘ ʽʥʰʠʭ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʽʘʪʦʤʦʚʽ 

ʚʦʜʦʨʦʩʪʽ. ʅʘʡʙʽʣʴʰ ʯʠʩʝʣʴʥʠʤʠ ʚʠʜʘʤʠ ʙʫʣʠ ʜʽʘʪʦʤʦʚʽ ʚʦʜʦʨʦʩʪʽ 

Chaetoceros muelleri (6-13 ʪʠʩ. ʢʣ/ʜʤ3) ʚ ʦʟʝʨʘʭ ʉʣʽʧʥʝ ʪʘ ʃʝʚʘʜʥʝ, Cyclotella 

stelligera (ʙʣʠʟʴʢʦ 8 ʪʠʩ. ʢʣ/ʜʤ3) ʚ ʦʟʝʨʽ ʃʝʚʘʜʥʝ, ʜʽʥʦʬʽʪʦʚʠʡ Peridiniopsis 

oculatum (ʙʣʠʟʴʢʦ 4 ʪʠʩ. ʢʣ/ʜʤ3) ʚ ʦʟʝʨʽ ʈʽʧʥʝ, ʽ ʟʝʣʝʥʽ ʚʦʜʦʨʦʩʪʽ Ankyra ocellata 

(ʙʣʠʟʴʢʦ 1-2 ʪʠʩ. ʢʣ/ʜʤ3) ʚ ʦʟʝʨʘʭ ɺʝʡʩʦʚʝ ʪʘ ɻʘʨʷʯʝ. ʎʝ ʜʫʞʝ ʚʠʪʨʠʚʘʣʽ ʚʠʜʠ 

ʟ ʰʠʨʦʢʦʶ ʝʢʦʣʦʛʽʯʥʦʶ ʘʤʧʣʽʪʫʜʦʶ, ʟʘ ʚʠʥʷʪʢʦʤ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʛʦ 

Chaetoceros muelleri, ʱʦ ʚʽʜʜʘʻ ʧʝʨʝʚʘʛʫ ʩʦʣʦʥʠʤ ʚʦʜʘʤ, ʱʦ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

ʟʘʚʜʷʢʠ ʙʽʦʽʥʜʠʢʘʮʽʡʥʦʤʫ ʘʥʘʣʽʟʫ (ʨʦʟʜʽʣ 3.2, ʜʦʜʘʪʦʢ ʅ). ʊʘʢʠʤ ʯʠʥʦʤ, 

ʥʝʤʦʞʣʠʚʦ ʙʫʣʦ ʚʠʷʚʠʪʠ ʢʨʠʪʠʯʥʽ ʟʤʽʥʥʽ ʜʣʷ ʫʛʨʫʧʦʚʘʥʴ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʥʘ 

ʦʩʥʦʚʽ ʮʠʭ ʚʠʩʦʢʦ ʪʦʣʝʨʘʥʪʥʠʭ, ʥʘʡʙʽʣʴʰ ʤʘʩʦʚʠʭ ʚʠʜʽʚ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ. 

ɻʽʜʨʦʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʚʦʜʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʟʝʨ ʚʠʷʚʠʚ, ʱʦ ʚʦʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʷ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʙʣʠʟʴʢʠʤ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʘʙʦ 

ʩʣʘʙʢʦʢʠʩʣʠʤ ʯʠ ʩʣʘʙʢʦʣʫʞʥʠʤ (6,3-8,0) (ʜʦʜʘʪʦʢ ʇ). ɰʭ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ 

ʢʦʣʠʚʘʣʘʩʷ ʫ ʟʥʘʯʥʠʭ ʤʝʞʘʭ (1,31-11,26 ʤʣʉʤ/ʩʤ). ɾʦʨʩʪʢʽʩʪʴ ʟʥʘʯʥʦ 

ʚʽʜʨʽʟʥʷʣʘʩʷ ʜʣʷ ʨʽʟʥʠʭ ʦʟʝʨ (ʚʽʜ 8,0 ʤʛ-ʝʢʚ/ʜʤ3 ʜʦ 126,0 ʤʛ-ʝʢʚ/ʜʤ3) ʪʘ ʾʾ ʨʽʚʝʥʴ 

ʪʘʢʦʞ ʢʦʣʠʚʘʚʩʷ ʫ ʢʦʞʥʦʤʫ ʦʟʝʨʽ. ʃʫʞʥʽʩʪʴ ʚʽʣʴʥʘ ʙʫʣʘ ʥʘ ʜʦʩʠʪʴ ʥʠʟʴʢʦʤʫ 

ʨʽʚʥʽ (0-0,5 ʤʛ-ʝʚʢ/ʜʤ3), ʘ ʣʫʞʥʽʩʪʴ ʟʘʛʘʣʴʥʘ ʜʝʱʦ ʚʽʜʨʽʟʥʷʣʘʩʷ ʜʣʷ ʦʟʝʨ ʽ 

ʩʢʣʘʜʘʣʘ ʚʽʜ 1,5 ʤʛ-ʝʚʢ/ʜʤ3(ʤʽʥʽʤʘʣʥɹʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʟʝʨʘ ʈʽʧʥʝ) ʜʦ 9,3 ʤʛ-

ʝʚʢ/ʜʤ3 (ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʟʝʨʘ ʃʝʚʘʜʥʝ). ʉʫʭʠʡ ʟʘʣʠʰʦʢ ʙʫʚ 

ʤʽʥʽʤʘʣʴʥʠʤ ʜʣʷ ʦʟʝʨʘ ʉʣʽʧʥʝ ï 5,6 ʛ/ʜʤ3, ʘ ʤʘʢʩʠʤʘʣʴʥʠʤ ï ʜʣʷ ʆʟʝʨʘ ï 

83,1 ʛ/ʜʤ3. ɺʤʽʩʪ ʛʽʜʨʦʢʘʨʙʦʥʘʪʽʚ ʜʣʷ ʨʽʟʥʠʭ ʦʟʝʨ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʚʩʷ (85,4-

561,2 ʤʛ/ʜʤ3), ʘ ʚʤʽʩʪ ʭʣʦʨʠʜʽʚ ʽʩʪʦʪʥʦ ʟʤʽʥʶʚʘʚʩʷ ʜʣʷ ʨʽʟʥʠʭ ʦʟʝʨ ʚ ʟʘʣʝʞʥʦʩʪʽ 
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ʚʽʜ ʜʘʪʠ ʚʽʜʙʦʨʫ ʧʨʦʙʠ (1274-37500 ʤʛ/ʜʤ3). ɺʤʽʩʪ ʢʘʣʴʮʽʶ ʢʦʣʠʚʘʚʩʷ ʫ ʤʝʞʘʭ 

80-2060 ʤʛ/ʜʤ3, ʢʘʣʽʶ ï 2,2-318,0 ʤʛ/ʜʤ3, ʤʘʛʥʽʶ ï 20-286 ʤʛ/ʜʤ3, ʥʘʪʨʽʶ ï 0,1-

42,6 ʤʛ/ʜʤ3, ʩʽʨʢʠ ï 91-2650 ʤʛ/ʜʤ3. ɺʤʽʩʪ ʙʦʨʫ, ʙʘʨʽʶ, ʟʘʣʽʟʘ, ʣʽʪʽʶ, ʤʘʨʛʘʥʮʶ, 

ʢʨʝʤʥʽʶ, ʩʪʨʦʥʮʽʶ ʪʘ ʮʠʥʢʫ ʙʫʚ ʜʦʩʠʪʴ ʥʠʟʴʢʠʤ ʪʘ ʢʦʣʠʚʘʚʩʷ ʫ ʥʝʟʥʘʯʥʠʭ 

ʤʝʞʘʭ. ʊʘʢʽ ʝʣʝʤʝʥʪʠ ʷʢ Ag, Al , As, Be, Bi, Cd, Co, Cr, Cu, Hg, Mo, Ni, P, Pb, 

Sb, Se, Sn, Ti, Tl, V, W, Zr ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʫ ʩʢʣʘʜʽ ʚʦʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʟʝʨ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʘʚʪʦʨʩʴʢʽ ʜʘʥʽ ʧʦ ʭʽʤʽʾ ʚʦʜʠ 

(ʜʦʜʘʪʦʢ ʇ) ʙʫʣʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚ ʷʢʦʩʪʽ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ, ʘ ʩʢʣʘʜ 

ʫʛʨʫʧʦʚʘʥʴ ï ʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ (ʜʦʜʘʪʦʢ ʄ, ʈ) ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʚʠʚʯʝʥʠʭ ʦʟʝʨ. 

ʇʦʝʪʘʧʥʠʡ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʜʣʷ ʦʟʝʨʘ ʈʽʧʥʝ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʚ 6 ʢʨʦʢʽʚ 

(ʝʪʘʧʽʚ). ʅʘ ʧʝʨʰʦʤʫ, ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʦʤʫ ʢʨʦʮʽ (ʪʘʙ. 5.1) ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ 

ʚ ʜʘʥʦʤʫ ʦʟʝʨʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʚʦʜʠ ʙʫʣʘ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʚ ʥʘ ʯʠʩʝʣʴʥʽʩʪʴ ʬʽʪʦʧʣʘʥʢʪʦʥʫ.  

ʊʘʙʣʠʮʷ 5.1 

ʇʦʢʨʦʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʦʟʝʨʘ ʈʽʧʥʝ 

ɿʘʣʝʞʥʽ ʟʤʽʥʥʽ ʂʨʦʢ 1 ʂʨʦʢ 2 ʂʨʦʢ 3 ʂʨʦʢ 4 ʂʨʦʢ 5 ʂʨʦʢ 6 

1 2 3 4 5 6 7 

ʏʠʩʣʦ ʚʠʜʽʚ 

(Sp) 

Bacil 

0,99***  

Bacil Alk  

0,96***  

Bacil Alk 

0,93***  

Bacil Alk  

0,94***  

Bacil 

Alk  Cya 

Li Hard  

0,95***  

Bacil 

Alk  Cya 

Li Hard  

Cond 

0,95***  

ʏʠʩʝʣʴʥʽʩʪʴ 

(Abun) 

Cond 

0,99** 

Cond 

Hard 

0,68** 

Cond 

Hard 

0,52** 

Cond 

Biom 

0,43** 

Cond 

Biom 

0,44** 

Cond 

0,48** 

ɹʽʦʤʘʩʘ 

(Biom) 

Abun 

0,99***  

Abun Fe 

0,99***  

Abun Fe 

Cya 

0,99***  

Abun Fe 

Cya Alk -f 

0,99***  

Abun 

Fe Cya 

Alk -f K  

0,99***  

Abun Fe 

Cya Alk -f 

K  

0,99***  

ʉʝʨʝʜʥʽʡ ʦʙôʻʤ 

ʢʣʽʪʠʥ 

(Mean CV) 

Li  

0,88** 

Li  

0,88** 

Li Ba 

0,84** 

Li Ba 

0,50* 

Li Ba 

0,80* 

Ba Li Sap 

Sp B 

0,73* 

Bacillariophyta 

(Bacil) 

Sp 

0,99***  

Sp Alk 

0,99***  

Sp Alk 

0,99***  

Sp Alk 

0,99***  
ˈ ˈ 

Chlorophyta 

(Chlo) 

HCO3 

0,99***  

HCO3 

0,99***  

HCO3 

0,99** 

Biom 

0,37** 

Biom 

0,59** 

Biom Cya 

Alk S Si 

0,64** 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 5.1 

1 2 3 4 5 6 7 

Cyanoprokaryota 

(Cya) 

Sp 

0,83* 

Sp Mn 

0,94** 

Sp Mn 

0,99** 

Sp Mn 

0,94* 

Sp Mn 

0,81* 

Sp Sap Mn 

Li Chlo Ca 

0,94***  

ɯʥʜʝʢʩ ʐʝʥʥʦʥʘ 

(Shan) 

Bacil 

0,81***  

Bacil Mg 

0,69** 

Bacil Mg 

pH 

0,77** 

Bacil Mg 

pH Mean 

CV 

0,57***  

Bacil 

Mg pH 

Mean 

CV B 

0,64***  

Bacil Mg 

pH Mean 

CV B Si 

0,64***  

ʆʨʛʘʥʽʯʥʝ 

ʟʘʙʨʫʜʥʝʥʥʷ 

(Sap) 

Fe 

0,90** 

Fe Shan 

0,77***  

Fe Shan 

0,73***  

Fe Shan 

0,74** 

Shan 

Fe Na 

0,70** 

Fe 

0,63* 

ʇʨʠʤʽʪʢʠ: ʉʪʘʪʠʩʪʠʯʥʘ ʟʥʘʯʠʤʽʩʪʴ, ʨ-ʟʥʘʯʝʥʥʷ: <0,05 = *; <0,01 = **; <0,001 = ***. 

ɿʤʽʥʥʽ, ʱʦ ʚʠʜʽʣʝʥʽ ʞʠʨʥʠʤ ʰʨʠʬʪʦʤ, ʢʦʨʝʣʶʶʪʴ ʥʝʛʘʪʠʚʥʦ. ʅʝʟʘʣʝʞʥʽ ʟʤʽʥʥʽ: 

Hard ï ʞʦʨʩʪʢʽʩʪʴ, Alk-f ï ʣʫʞʥʽʩʪʴ ʚʽʣʴʥʘ, Alk ï ʣʫʞʥʽʩʪʴ ʟʘʛʘʣʴʥʘ, HCO3 ï 

ʢʘʨʙʦʥʘʪʠ, Fe ï ʟʘʣʽʟʦ, Ba ï ʙʘʨʽʡ, Li ï ʣʽʪʽʡ, Mn ï ʤʘʨʛʘʥʝʮʴ, B ï ʙʦʨ, S ï ʩʽʨʢʘ, Si ï 

ʢʨʝʤʥʽʡ, K ï ʢʘʣʽʡ, Mg ï ʤʘʛʥʽʡ, Ca ï ʢʘʣʴʮʽʡ, Na ï ʥʘʪʨʽʡ, Cond ï 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, pH 

 

ɺʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ ʚ ʮʽʣʦʤʫ, ʘ ʪʘʢʦʞ ʯʠʩʣʦ ʜʽʘʪʦʤʦʚʠʭ ʽ ʮʽʘʥʦʙʘʢʪʝʨʽʡ ʚ 

ʦʟʝʨʽ ʈʽʧʥʝ ʙʫʣʠ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ. ɹʽʦʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʫʛʨʫʧʦʚʘʥʴ (ʽʥʜʝʢʩ 

ʐʝʥʥʦʥʘ) ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʣʘ ʥʘ ʯʠʩʣʦ ʜʽʘʪʦʤʦʚʠʭ ʚʠʜʽʚ. ʉʝʨʝʜʥʽʡ ʦʙôʻʤ 

ʢʣʽʪʠʥ ʢʦʨʝʣʶʚʘʚ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʣʽʪʽʶ. ʇʨʠʤʽʪʥʦ, ʱʦ ʬʘʢʪʦʨʘʤʠ, ʷʢʽ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʣʠ ʥʘ ʚʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ ʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ ʙʫʣʠ 

ʙʽʢʘʨʙʦʥʘʪʠ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʦʨʛʘʥʽʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ (ʽʥʜʝʢʩ ʩʘʧʨʦʙʥʦʩʪʽ S) 

ʧʽʜʜʘʚʘʣʦʩʷ ʚʧʣʠʚʫ ʟʘʣʽʟʘ. 

ɸʥʘʣʦʛʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʫ ʧôʷʪʴ ʢʨʦʢʽʚ (ʪʘʙʣ. 5.2) 

ʩʚʽʜʯʘʪʴ (ʥʘ ʢʨʦʮʽ 1), ʱʦ ʥʝ ʙʫʣʦ ʞʦʜʥʠʭ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʙ ʟʥʘʯʥʦ ʚʧʣʠʚʘʣʠ ʥʘ 

ʬʽʪʦʧʣʘʥʢʪʦʥʥʽ ʟʤʽʥʥʽ ʚ ʦʟʝʨʽ ɺʝʡʩʦʚʝ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝʡ ʬʘʢʪ, 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʨʽʟʥʠʭ ʚʽʜʜʽʣʽʚ ʧʦʢʘʟʘʣʘ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʫʛʨʫʧʦʚʘʥʴ. ʃʠʰʝ 

ʤʘʨʛʘʥʝʮʴ ʜʝʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʚ ʥʘ ʨʦʟʚʠʪʦʢ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʚʽʜʜʽʣʫ 

Cyanoprokaryota ʪʘ ʢʦʥʜʫʢʪʠʚʥʽʩʪʴ ʚʦʜʠ ʥʝʛʘʪʠʚʥʦ ʚʽʜʦʙʨʘʞʫʚʘʣʘʩʷ ʥʘ 

ʨʦʟʚʠʪʢʫ ʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ. 

 

 

 



109 

ʊʘʙʣʠʮʷ 5.2 

ʇʦʢʨʦʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʦʟʝʨʘ ɺʝʡʩʦʚʝ 

ɿʘʣʝʞʥʽ ʟʤʽʥʥʽ ʂʨʦʢ 1 ʂʨʦʢ 2 ʂʨʦʢ 3 ʂʨʦʢ 4 ʂʨʦʢ 5 

ʏʠʩʣʦ ʚʠʜʽʚ 

(Sp) 
ˈ 

Bacil Cya 

0,91***  
ˈ ˈ ˈ 

ʏʠʩʝʣʴʥʽʩʪʴ 

(Abun) 
ˈ ˈ ˈ ˈ 

Biom 

0,99* 

ɹʽʦʤʘʩʘ 

(Biom) 
ˈ ˈ ˈ ˈ ˈ 

ʉʝʨʝʜʥʽʡ ʦʙôʻʤ ʢʣʽʪʠʥ 

(Mean CV) 
ˈ ˈ ˈ ˈ ˈ 

Bacillariophyta 

(Bacil) 
ˈ 

Sp 

0,99***  
ˈ ˈ ˈ 

Chlorophyta 

(Chlo) 
ˈ ˈ 

Cond Mean 

CV HCO3 

0,98* 

ˈ ˈ 

Cyanoprokaryota 

(Cya) 
ˈ 

Sp Mn 

0,94** 

Alk -f 

0,89* 
ˈ ˈ 

ɯʥʜʝʢʩ ʐʝʥʥʦʥʘ 

(Shan) 
ˈ ˈ ˈ ˈ ˈ 

ʆʨʛʘʥʽʯʥʝ 

ʟʘʙʨʫʜʥʝʥʥʷ (Sap) 
ˈ ˈ ˈ ˈ ˈ 

ʇʨʠʤʽʪʢʠ: ʉʪʘʪʠʩʪʠʯʥʘ ʟʥʘʯʠʤʽʩʪʴ, ʨ-ʟʥʘʯʝʥʥʷ: <0,05 = *; <0,01 = **; <0,001 = ***. 

ɿʤʽʥʥʽ, ʱʦ ʚʠʜʽʣʝʥʽ ʞʠʨʥʠʤ ʰʨʠʬʪʦʤ, ʢʦʨʝʣʶʶʪʴ ʥʝʛʘʪʠʚʥʦ. ʅʝʟʘʣʝʞʥʽ ʟʤʽʥʥʽ: Alk-

f ï ʣʫʞʥʽʩʪʴ ʚʽʣʴʥʘ, HCO3 ï ʢʘʨʙʦʥʘʪʠ, Mn ï ʤʘʨʛʘʥʝʮʴ, Cond ï ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ 

 

ɹʘʛʘʪʦʚʠʤʽʨʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʨʝʛʨʝʩʽʾ ʜʣʷ ʦʟʝʨʘ ɻʘʨʷʯʝ 

(ʪʘʙʣ. 5.3) ʧʦʢʘʟʘʣʠ (ʫ ʢʦʨʮʽ 1), ʱʦ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʚ ʥʘ 

ʯʠʩʝʣʴʥʽʩʪʴ ʬʽʪʦʧʣʘʥʢʪʦʥʫ, ʙʫʣʘ ʣʫʞʥʽʩʪʴ; ʨʦʟʤʽʨ ʢʣʽʪʠʥ ʨʝʛʫʣʶʚʘʚʩʷ 

ʦʨʛʘʥʽʯʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ, ʷʢʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʙʫʣʦ ʚʠʢʣʠʢʘʥʦ ʥʘʷʚʥʽʩʪʶ 

ʩʪʨʦʥʮʽʶ ʫ ʚʦʜʽ. 

ʊʘʙʣʠʮʷ 5.3 

ʇʦʢʨʦʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʦʟʝʨʘ ɻʘʨʷʯʝ 

ɿʘʣʝʞʥʽ ʟʤʽʥʥʽ ʂʨʦʢ 1 ʂʨʦʢ 2 ʂʨʦʢ 3 

1 2 3 4 

ʏʠʩʣʦ ʚʠʜʽʚ 

(Sp) 

Cya 

0,81* 
ˈ ˈ 

ʏʠʩʝʣʴʥʽʩʪʴ 

(Abun) 

Alk  

0,82* 
ˈ ˈ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 5.3 

1 2 3 4 

ɹʽʦʤʘʩʘ 

(Biom) 
- ˈ ˈ 

ʉʝʨʝʜʥʽʡ ʦʙôʻʤ ʢʣʽʪʠʥ 

(Mean CV) 

Sap 

0,83* 
ˈ ˈ 

Bacillariophyta 

(Bacil) 

Sp 

0,77* 
ˈ ˈ 

Chlorophyta 

(Chlo) 
- ˈ ˈ 

Cyanoprokaryota 

(Cya) 

Sp 

0,81* 
ˈ ˈ 

ɯʥʜʝʢʩ ʐʝʥʥʦʥʘ 

(Shan) 
ˈ 

Chlo 

0,85* 

Sr 

0,93* 

ʆʨʛʘʥʽʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ (Sap) 
Sr 

0,89** 
ˈ ˈ 

Dinophyta 

(Din) 
ˈ 

K 

0,81* 
ˈ 

Euglenophyta 

(Eug) 

Ca 

0,88** 
ˈ ˈ 

ʇʨʠʤʽʪʢʠ: ʉʪʘʪʠʩʪʠʯʥʘ ʟʥʘʯʠʤʽʩʪʴ, ʨ-ʟʥʘʯʝʥʥʷ: <0,05 = *; <0,01 = **; <0,001 = ***. 

ɿʤʽʥʥʽ, ʱʦ ʚʠʜʽʣʝʥʽ ʞʠʨʥʠʤ ʰʨʠʬʪʦʤ, ʢʦʨʝʣʶʶʪʴ ʥʝʛʘʪʠʚʥʦ. ʅʝʟʘʣʝʞʥʽ ʟʤʽʥʥʽ: Alk 

ï ʣʫʞʥʽʩʪʴ ʟʘʛʘʣʴʥʘ, Sr ï ʩʪʨʦʥʮʽʡ, K ï ʢʘʣʽʡ, Ca ï ʢʘʣʴʮʽʡ 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʦʟʝʨʘ ʉʣʽʧʥʝ (ʪʘʙʣ. 5.4) ʩʚʽʜʯʘʪʴ (ʥʘ 

ʢʨʦʮʽ 1), ʱʦ ʟ ʜʦʩʣʽʜʞʝʥʠʭ ʬʘʢʪʦʨʽʚ ʪʽʣʴʢʠ ʥʘʷʚʥʽʩʪʴ ʩʪʨʦʥʮʽ ʁʩʪʠʤʫʣʶʚʘʣʘ 

ʟʙʽʣʴʱʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ɯʥʰʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʟʥʘʯʥʦ 

ʚʧʣʠʚʘʣʠ ʥʘ ʬʽʪʦʧʣʘʥʢʪʦʥʥʽ ʟʤʽʥʥʽ, ʨʽʟʥʦʤʘʥʽʪʥʽ ʜʣʷ ʨʽʟʥʠʭ ʚʽʜʜʽʣʽʚ, ʧʨʦʪʝ ʥʘ 

ʧʝʨʰʠʡ ʧʣʘʥ ʚʠʭʦʜʠʣʦ ʟʥʘʯʝʥʥʷ ʚʠʜʦʚʦʛʦ ʙʘʛʘʪʩʪʚʘ ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ, ʷʢʝ ʙʫʣʦ 

ʧʦʚôʷʟʘʥʝ ʟ ʯʠʩʣʦʤ ʚʠʜʽʚ ʫ ʨʽʟʥʠʭ ʚʽʜʜʽʣʘʭ ʪʘ ʚʽʜʦʙʨʘʞʘʣʦ ʚʘʞʣʠʚʽʩʪʴ ʟʤʽʥʠ 

ʩʪʨʫʢʪʫʨʠ ʫʛʨʫʧʦʚʘʥʴ. ʊʽʣʴʢʠ ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʚʦʜʠ ʪʘ ʥʘʪʨʽʡ ʤʦʛʣʠ ʥʝʟʥʘʯʥʦ 

ʟʥʠʞʫʚʘʪʠ ʪʘʢʠʡ ʟʘʣʝʞʥʠʡ ʧʦʢʘʟʥʠʢ, ʷʢ ʩʝʨʝʜʥʽʡ ʦʙôʻʤ ʢʣʽʪʠʥ. 

ʊʘʙʣʠʮʷ 5.4 

ʇʦʢʨʦʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʦʟʝʨʘ ʉʣʽʧʥʝ 

ɿʘʣʝʞʥʽ ʟʤʽʥʥʽ ʂʨʦʢ 1 ʂʨʦʢ 2 ʂʨʦʢ 3 ʂʨʦʢ 4 ʂʨʦʢ 5 ʂʨʦʢ 6 

1 2 3 4 5 6 7 

ʏʠʩʣʦ ʚʠʜʽʚ 

(Sp) 

Chlo 

0,94***  

Chlo 

Abun 

0,73***  

Chlo 

Abun 

pH 

0,75***  

Chlo 

Abun pH 

Eugl 

0,69***  

Chlo Abun 

pH Eugl 

Cond 

0,67***  

Chlo Abun 

pH Eugl 

Cond Na 

0,67***  
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 5.4 

1 2 3 4 5 6 7 

ʏʠʩʝʣʴʥʽʩʪʴ 

(Abun) 

Sp 

0,78* 

Sp 

0,90* 

Sp Chlo 

pH 

0,72** 

Sp Chlo 

pH 

0,59** 

Sp Chlo 

pH Eug 

0,56***  

Sp Chlo 

pH Eug 

Cond Na 

0,57***  

ɹʽʦʤʘʩʘ 

(Biom) 

Abun 

0,74** 

Abun 

0,63** 

Abun Na 

Shan 

0,69***  

Abun 

Na Shan 

Na 

0,77***  

Abun 

Na Shan 

Chlo Ba 

0,68***  

Abun Na 

Shan Ba 

Chlo 

Mean CV 

Ba 

0,68***  

ʉʝʨʝʜʥʽʡ ʦʙôʻʤ 

ʢʣʽʪʠʥ 

(Mean CV) 

Na 

0,86** 

Na Chlo 

0,60***  

Na Chlo 

0,66***  

Na 

Chlo Sr 

Shan 

0,85***  

Na 

Chlo Sr 

Shan 

0,81***  

Na Chlo 

Sr Shan 

Biom Li  

0,84***  

Bacillariophyta 

(Bacil) 

Sp 

0,79* 

Sp Cya 

0,98***  

Sp Cya 

Chlo 

0,98***  

Sp Cya 

Chlo B 

0,98***  

Sp Cya 

Alk -f 

Chlo B 

0,98***  

Sp Cya 

Chlo B 

Alk -f K 

0,98***  

Chlorophyta 

(Chlo) 

Sp 

0,94***  

Sp 

0,84***  

Sp 

0,86** 

Sp Sr 

0,62** 

Sp Sr 

0,85** 
ˈ 

Cyanoprokaryota 

(Cya) 

Sp 

0,93***  

Sp Bacil 

0,94***  

Sp Bacil 

Chlo 

0,97***  

Sp Bacil 

Chlo B 

0,73***  

Sp Bacil 

Chlo B 

Si 

0,69***  

Sp Bacil 

Chlo B 

Biom 

0,69***  

ɯʥʜʝʢʩ ʐʝʥʥʦʥʘ 

(Shan) 

Eug 

0,89* 

Eug 

0,92** 

Eug 

0,93* 

Eug 

0,98* 

Eug 

0,89* 

Eug Alk-f 

Biom Din 

Bacil  

0,91* 

ʆʨʛʘʥʽʯʥʝ 

ʟʘʙʨʫʜʥʝʥʥʷ 

(Sap) 

Sr 

0,71** 

Sr Alk -f 

0,59** 

Alk -f Sr 

pH 

0,65** 

Alk -f Sr 

pH Cya 

0,77** 

Alk -f Sr 

pH 

0,75** 

Alk -f Sr 

pH Eug 

0,76** 

Dinophyta 

(Din) 
ˈ 

Li  

0,91* 

Li  Shan 

Ba 

0,96* 

Li  Shan 

Ba 

0,90* 

Shan Li  

Chlo Ba 

Bacil 

0,68** 

Shan Chlo 

Li  Ba 

Bacil 

0,65* 

Euglenophyta 

(Eug) 

Shan 

0,89***  

Shan 

Cya 

0,66***  

Cya Shan 

Chlo 

0,68***  

Cya 

Chlo 

Shan 

0,70***  

Cya 

Chlo 

Shan 

0,75** 

Cya K Sp 

Ba Shan 

Chlo 

0,77** 

ʇʨʠʤʽʪʢʠ: ʉʪʘʪʠʩʪʠʯʥʘ ʟʥʘʯʠʤʽʩʪʴ, ʨ-ʟʥʘʯʝʥʥʷ: <0,05 = *; <0,01 = **; <0,001 = ***. 

ɿʤʽʥʥʽ, ʱʦ ʚʠʜʽʣʝʥʽ ʞʠʨʥʠʤ ʰʨʠʬʪʦʤ, ʢʦʨʝʣʶʶʪʴ ʥʝʛʘʪʠʚʥʦ. ʅʝʟʘʣʝʞʥʽ ʟʤʽʥʥʽ: Alk-

f ï ʣʫʞʥʽʩʪʴ ʚʽʣʴʥʘ, Ba ï ʙʘʨʽʡ, Li ï ʣʽʪʽʡ, B ï ʙʦʨ, Si ï ʢʨʝʤʥʽʡ, Sr ï ʩʪʨʦʥʮʽʡ, K ï 

ʢʘʣʽʡ, Na ï ʥʘʪʨʽʡ, Cond ï ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, pH 
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ʈʝʟʫʣʴʪʘʪʠ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʦʟʝʨ ʃʝʚʘʜʥʝ, ʏʝʨʚʦʥʝ ʪʘ ʆʟʝʨʦ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʦ ʦʜʥʦʤʫ ʧʝʨʰʦʤʫ ʢʨʦʢʫ ʜʣʷ ʢʦʞʥʦʛʦ (ʪʘʙʣ. 5.5). ɺ ʦʟʝʨʽ 

ʃʝʚʘʜʥʝ ʢʘʣʴʮʽʡ ʩʪʠʤʫʣʶʚʘʚ ʯʠʩʝʣʴʥʽʩʪʴ ʢʣʽʪʠʥ, ʪʦʜʽ ʷʢ ʤʘʨʛʘʥʝʮʴ 

ʧʨʠʛʥʽʯʫʚʘʚ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʚʠʜʽʚ Cyanoprokaryota. ʂʽʣʴʢʽʩʪʴ ʚʠʜʽʚ ʜʽʘʪʦʤʝʡ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʣʘ ʥʘ ʩʝʨʝʜʥʽʡ ʦʙôʻʤ ʢʣʽʪʠʥ ʽ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʐʝʥʥʦʥʘ. 

ʎʽʢʘʚʦ, ʱʦ ʥʘ ʙʽʦʤʘʩʫ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʣʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʩʫʣʴʬʽʜʽʚ ʽ ʚ ʦʟʝʨʽ ʃʝʚʘʜʥʝ, ʽ ʚ ʦʟʝʨʽ ʏʝʨʚʦʥʝ. ɺ ʦʩʪʘʥʥʴʦʤʫ ʦʟʝʨʽ ʢʘʣʽʡ ʙʫʚ 

ʥʝʛʘʪʠʚʥʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʨʦʟʤʽʨʽʚ ʢʣʽʪʠʥ ʪʘ ʣʫʞʥʽʩʪʴ ʩʪʠʤʫʣʶʚʘʣʘ ʦʨʛʘʥʽʯʥʝ 

ʟʘʙʨʫʜʥʝʥʥʷ. ɺ ʆʟʝʨʽ (ʪʘʙʣ. 5.5) ʢʦʥʜʫʢʪʠʚʥʽʩʪʴ ʚʦʜʠ ʩʪʠʤʫʣʶʚʘʣʘ ʦʨʛʘʥʽʯʥʝ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʣʽʪʽʡ, ʢʨʝʤʥʽʡ ʪʘ ʦʨʛʘʥʽʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʙʫʣʠ 

ʥʝʛʘʪʠʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʯʠʩʣʘ ʜʽʘʪʦʤʦʚʠʭ ʚʠʜʽʚ ʽ ʟʘʛʘʣʴʥʦʾ ʯʠʩʝʣʴʥʦʩʪʽ 

ʢʣʽʪʠʥ. 

ʊʘʙʣʠʮʷ 5.5 

ʈʝʟʫʣʴʪʘʪʠ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ (ʢʨʦʢ 1) ʜʣʷ ʦʟʝʨ ʃʝʚʘʜʥʝ, ʏʝʨʚʦʥʝ ʪʘ 

ʆʟʝʨʦ 

ɿʘʣʝʞʥʽ ʟʤʽʥʥʽ ʃʝʚʘʜʥʝ ʏʝʨʚʦʥʝ ʆʟʝʨʦ 

ʏʠʩʣʦ ʚʠʜʽʚ 

(Sp) 
ˈ ˈ ˈ 

ʏʠʩʝʣʴʥʽʩʪʴ 

(Abun) 

Ca 

0,99**  

Ca B 

0,99**  

Li  

0,99**  

ɹʽʦʤʘʩʘ 

(Biom) 

S 

0,99**  

S 

0,99**  

Sap 

0,99**  

ʉʝʨʝʜʥʽʡ ʦʙôʻʤ ʢʣʽʪʠʥ 

(Mean CV) 

Bacil 

0,95**  

K 

0,99**  
ˈ 

Bacillariophyta 

(Bacil) 

Shan 

0,99***  
ˈ 

Si 

0,99**  

Chlorophyta 

(Chlo) 
ˈ ˈ ˈ 

Cyanoprokaryota 

(Cya) 

Mg 

0,99**  

Mg 

0,99**  
ˈ 

ɯʥʜʝʢʩ ʐʝʥʥʦʥʘ 

(Shan) 

Bacil 

0,95**  

Na 

0,99**  
ˈ 

ʆʨʛʘʥʽʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ 

(Sap) 
ˈ 

Alk  

0,99**  

Cond 

0,99***  

ʇʨʠʤʽʪʢʠ: ʉʪʘʪʠʩʪʠʯʥʘ ʟʥʘʯʠʤʽʩʪʴ, ʨ-ʟʥʘʯʝʥʥʷ: <0,05 = *; <0,01 = **; <0,001 = ***. 

ɿʤʽʥʥʽ, ʱʦ ʚʠʜʽʣʝʥʽ ʞʠʨʥʠʤ ʰʨʠʬʪʦʤ, ʢʦʨʝʣʶʶʪʴ ʥʝʛʘʪʠʚʥʦ. ʅʝʟʘʣʝʞʥʽ ʟʤʽʥʥʽ: Alk 

ï ʣʫʞʥʽʩʪʴ ʟʘʛʘʣʴʥʘ, Li ï ʣʽʪʽʡ, B ï ʙʦʨ, S ï ʩʽʨʢʘ, Si ï ʢʨʝʤʥʽʡ, K ï ʢʘʣʽʡ, Mg ï ʤʘʛʥʽʡ, 

Ca ï ʢʘʣʴʮʽʡ, Na ï ʥʘʪʨʽʡ, Cond ï ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ 
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ʅʘʡʙʽʣʴʰ ʟʘʣʝʞʥʽ ʬʘʢʪʦʨʠ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʟʘ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʇʽʨʩʦʥʘ, 

ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʜʣʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟʤʽʥʥʠʭ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʦʟʝʨ (ʧʦʟʥʘʯʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʟʥʘʯʠʤʦʩʪʽ, ʨ-ʟʥʘʯʝʥʥʷ: <0,05 = *; <0,01 = **; 

<0,001 = ***)  (ʜʦʜʘʪʦʢ ʉ). ʆʪʞʝ ʚ ʦʟʝʨʽ ʈʽʧʥʝ ʙʽʦʤʘʩʘ ʚʦʜʦʨʦʩʪʝʡ ʧʦʟʠʪʠʚʥʦ 

ʢʦʨʝʣʶʚʘʣʘ ʟ ʩʝʨʝʜʥʽʤ ʦʙôʻʤʦʤ ʢʣʽʪʠʥ (0,68***), ʘ ʽʥʜʝʢʩ ʐʝʥʥʦʥʘ ʟ ʚʠʜʦʚʠʤ 

ʙʘʛʘʪʩʪʚʦʤ (0,42*). ʅʝʛʘʪʠʚʥʘ ʢʦʨʝʣʷʮʽʷ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʤʽʞ ʯʠʩʝʣʴʥʽʩʪʶ ʪʘ 

ʽʥʜʝʢʩʦʤ ʐʝʥʥʦʥʘ (-0,51**), ʘ ʪʘʢʦʞ ʤʽʞ ʽʥʜʝʢʩʦʤ ʩʘʧʨʦʙʥʦʩʪʽ ʽ ʢʽʣʴʢʽʩʪʶ 

ʚʠʜʽʚ (-0,47*). ʇʦʟʠʪʠʚʥʦ ʚ ʦʟʝʨʽ ɺʝʡʩʦʚʝ ʢʦʨʝʣʶʚʘʣʠ ʯʠʩʝʣʴʥʽʩʪʴ ʟ ʙʽʦʤʘʩʦʶ 

(0,63***) ʪʘ ʚʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ ʟ ʽʥʜʝʢʩʦʤ ʐʝʥʥʦʥʘ (0,51**). ʅʘʚʧʘʢʠ, ʽʥʜʝʢʩ 

ʐʝʥʥʦʥʘ ʽ ʯʠʩʝʣʴʥʽʩʪʴ ʢʣʽʪʠʥ ʤʘʣʠ ʥʝʛʘʪʠʚʥʫ ʢʦʨʝʣʷʮʽʶ ʚ ʦʟʝʨʽ ɻʘʨʷʯʝ 

(-0,41*), ʘ ʪʘʢʦʞ ʽʥʜʝʢʩ ʩʘʧʨʦʙʥʦʩʪʽ S ʽ ʩʝʨʝʜʥʽʡ ʦʙôʻʤ ʢʣʽʪʠʥ (-0,59**). ɺʠʜʦʚʝ 

ʙʘʛʘʪʩʪʚʦ ʽ ʽʥʜʝʢʩ ʐʝʥʥʦʥʘ ʢʦʨʝʣʶʚʘʣʠ ʧʦʟʠʪʠʚʥʦ (0,51**), ʘ ʪʘʢʦʞ ʽʥʜʝʢʩ 

ʐʝʥʥʦʥʘ ʽ ʩʝʨʝʜʥʽʡ ʦʙ'ʻʤ ʢʣʽʪʠʥ (0,43*). ɺ ʦʟʝʨʽ ʉʣʽʧʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

ʧʦʟʠʪʠʚʥʫ ʢʦʨʝʣʷʮʽʶ ʤʽʞ ʯʠʩʝʣʴʥʽʩʪʶ ʪʘ ʙʽʦʤʘʩʦʶ (0,72***), ʤʽʞ ʽʥʜʝʢʩʦʤ 

ʐʝʥʥʦʥʘ ʪʘ ʙʽʦʤʘʩʦʶ (0,45*). ɺʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ ʤʘʣʦ ʧʦʟʠʪʠʚʥʫ ʢʦʨʝʣʷʮʽʶ ʟ 

ʯʠʩʝʣʴʥʽʩʪʶ (0,44*), ʟ ʙʽʦʤʘʩʦʶ (0,44*), ʟ ʽʥʜʝʢʩʦʤ ʐʝʥʥʦʥʘ (0,59*), ʘ 

ʥʝʛʘʪʠʚʥʫ ï ʽʟ ʩʝʨʝʜʥʽʤ ʦʙ'ʻʤʦʤ ʢʣʽʪʠʥ (-0,41*). ɺ ʦʟʝʨʽ ʃʝʚʘʜʥʝ ʧʦʟʠʪʠʚʥʦ 

ʢʦʨʝʣʶʚʘʣʠ ʯʠʩʝʣʴʥʽʩʪʴ ʽ ʙʽʦʤʘʩʘ (0,99**), ʫ ʪʦʡ ʯʘʩ ʷʢ ʩʝʨʝʜʥʽʡ ʦʙ'ʻʤ ʢʣʽʪʠʥ 

ʤʘʚ ʥʝʛʘʪʠʚʥʫ ʢʦʨʝʣʷʮʽʶ ʟ ʯʠʩʝʣʴʥʽʩʪʶ (-0,96*) ʽ ʙʽʦʤʘʩʦʶ (-0,98*), ʘʣʝ 

ʧʦʟʠʪʠʚʥʦ ʢʦʨʝʣʶʚʘʚ ʟ ʽʥʜʝʢʩʦʤ ʐʝʥʥʦʥʘ (0,96*). ʊʽʣʴʢʠ ʜʚʽ ʟʤʽʥʥʽ ʟʥʘʯʥʦ 

ʧʦʟʠʪʠʚʥʦ ʢʦʨʝʣʶʚʘʣʠ ʚ ʦʟʝʨʽ ʏʝʨʚʦʥʝ: ʯʠʩʝʣʴʥʽʩʪʴ ʽ ʙʽʦʤʘʩʘ ʟ 0,99*. ɹʽʦʤʘʩʘ 

ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʚ ʆʟʝʨʽ ʧʦʟʠʪʠʚʥʦ ʢʦʨʝʣʶʚʘʣʘ ʟ ʩʝʨʝʜʥʽʤ ʦʙ'ʻʤʦʤ ʢʣʽʪʠʥ 

(0,98*) ʽ ʽʥʜʝʢʩʦʤ ʐʝʥʥʦʥʘ (0,99*), ʷʢʽ ʪʘʢʦʞ ʧʦʟʠʪʠʚʥʦ ʢʦʨʝʣʶʚʘʣʠ ʤʽʞ 

ʩʦʙʦʶ (0,97*). 

ɹʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʚʽʜʥʦʩʠʥʠ ʚʠʜʽʚ ʪʘ ʜʦʚʢʽʣʣʷ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʚʠʚʯʝʥʠʭ 

ʦʟʝʨ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ CANOCO ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʟ ʪʘʙʣʠʮʴ ʄ ʪʘ ʇ 

(ʜʦʜʘʪʢʠ ʄ, ʇ). ʅʘ ʛʨʘʬʽʢʫ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ (ɹɸɺ) 

ʦʟʝʨʘ ʈʽʧʥʝ (ʨʠʩ. 5.1) ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʫʩʽ ʧʘʨʘʤʝʪʨʠ ʨʦʟʜʽʣʠʣʠʩʷ ʥʘ ʜʚʽ ʛʨʫʧʠ 

ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʫʛʨʫʧʦʚʘʥʴ ʬʽʪʦʧʣʘʥʢʪʦʥʫ: 1 ï ʨʅ ʪʘ 2 ï ʫʩʽ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ 

ʚʢʣʶʯʥʦ ʟ ʢʦʥʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʤʝʪʘʣʘʤʠ. ʃʠʰʝ ʦʜʠʥ ʚʠʜ ʤʦʞʝ ʙʫʪʠ ʚʠʜʽʣʝʥʠʡ 
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ʷʢ ʽʥʜʠʢʘʪʦʨʥʠʡ ï Nitzschia paleacea, ʷʢʠʡ ʚʽʜʜʘʚʘʚ ʧʝʨʝʚʘʛʫ ʧʽʜʚʠʱʝʥʽʡ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʽʪʽ ʁʪʘ ʟʥʠʞʝʥʦʤʫ ʨʅ. ʇʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨʝʰʪʠ ʧʦʢʘʟʥʠʢʽʚ ʥʝ 

ʚʠʷʚʣʝʥʦ ʧʝʚʥʦʾ ʨʝʘʢʮʽʾ ʫʛʨʫʧʦʚʘʥʴ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʦʯʦʢ 

ʚʠʜʽʚ ʧʦʙʣʠʟʫ ʮʝʥʪʨʘ ʛʨʘʬʽʢʫ. 

 

ʈʠʩ. 5.1. ɻʨʘʬʽʢ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ (ɹɸɺ) ʚʽʜʥʦʩʠʥ 

ʚʠʜʠ-ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʦʟʝʨʘ ʈʽʧʥʝ. 

ʉʢʦʨʦʯʝʥʥʷ: ʚʠʜʠ LYNMA R ï Lyngbya maior, ACHBRE ï Achnanthes brevipes, 

AMPCOM ï Amphora commutata, CRAHAL ï Craticula halophila, CYLCLO ï 

Cylindrotheca closterium, CYMTUM ï Cymbella tumidula, NAVCAP ï Navicula 

capitatoradiata, NAVLAN ï Navicula lanceolata, NITPAL ï Nitzschia paleacea, 

TABFAS ï Tabularia fasciculata, ANKOCE ï Ankyra ocellata, MONMIN ï 

Monoraphidium minutum, OOCLAC ï Oocystis lacustris, PEROCU ï Peridiniopsis 

oculatum; ʬʘʢʪʦʨʠ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: Hard ï ʞʦʨʩʪʢʽʩʪʴ, Alk ï ʣʫʞʥʽʩʪʴ 

ʟʘʛʘʣʴʥʘ, HCO3 ï ʛʽʜʨʦʢʘʨʙʦʥʘʪʠ, Fe ï ʟʘʣʽʟʦ, Ba ï ʙʘʨʽʡ, Li ï ʣʽʪʽʡ, Mn ï ʤʘʨʛʘʥʝʮʴ, 

B ï ʙʦʨ, S ï ʩʽʨʢʘ, Si ï ʢʨʝʤʥʽʡ, Sr ï ʩʪʨʦʥʮʽʡ, K ï ʢʘʣʽʡ, Mg ï ʤʘʛʥʽʡ, Ca ï ʢʘʣʴʮʽʡ, 

Na ï ʥʘʪʨʽʡ, Cond ï ʢʦʥʜʫʢʪʠʚʥʽʩʪʴ 

 

ɻʨʘʬʽʢ ɹɸɺ ʦʟʝʨʘ ɺʝʡʩʦʚʝ ʧʦʢʘʟʘʚ (ʨʠʩ. 5.2), ʱʦ ʧʘʨʘʤʝʪʨʠ ʦʟʝʨʘ ʥʝ 

ʬʦʨʤʫʚʘʣʠ ʛʨʫʧ, ʷʢʽ ʙ ʯʽʪʢʦ ʚʽʜʨʽʟʥʷʣʠʩʷ. ʆʜʥʘʢ ʽʩʥʫʚʘʣʠ ʫʛʨʫʧʦʚʘʥʥʷ ʟʘʣʽʟʘ, 

ʤʘʨʛʘʥʮʶ, ʢʘʨʙʦʥʘʪʽʚ ʽ ʣʫʞʥʦʩʪʽ (1), ʪʘ ʥʘʪʨʽʶ, ʞʦʨʩʪʢʦʩʪʽ ʡ ʩʪʨʦʥʮʽʶ (2). 

ʊʽʣʴʢʠ ʦʜʠʥ ʚʠʜ ʟ Dunaliella salina ʤʦʞʥʘ ʙʫʣʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʷʢ ʚʠʟʥʘʯʝʥʦ 
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ʨʝʘʛʫʶʯʠʡ ʥʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʦʜʠ. ʉʪʠʤʫʣʶʚʘʚʩʷ ʨʦʟʚʠʪʦʢ Dunaliella 

ʧʘʨʘʤʝʪʨʘʤʠ ʛʨʫʧʠ (1) ʽ ʭʣʦʨʠʜʘʤʠ, ʷʢʽ ʥʝ ʚʢʣʶʯʝʥʽ ʚ ʮʝʡ ʘʥʘʣʽʟ, ʘʣʝ ʤʘʶʪʴ 

ʚʠʩʦʢʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚ ʪʦʡ ʯʘʩ, ʢʦʣʠ ʯʠʩʝʣʴʥʽʩʪʴ ʢʣʽʪʠʥ Dunaliella ʙʫʣʘ 

ʥʘʡʚʠʱʦʶ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʮʽʣʢʦʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʢʦʣʦʛʽʾ ʜʘʥʦʛʦ ʚʠʜʫ. 

 

ʈʠʩ. 5.2. ɻʨʘʬʽʢ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ (ɹɸɺ) ʚʽʜʥʦʩʠʥ 

ʚʠʜʠ-ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʦʟʝʨʘ ɺʝʡʩʦʚʝ. 

ʉʢʦʨʦʯʝʥʥʷ: ʚʠʜʠ: LYNMA M ï Lyngbya maior, OSCSUB ï Oscillatoria subtilissima, 

PHOBOR ï Phormidium boryanum, AMPHOL ï Amphora holsatica, CRAHAL ï 

Craticula halophila, CYLCLO ï Cylindrotheca closterium, CYMTUM ï Cymbella 

tumidula, ENTPAS ï Entomoneis paludosa var. subsalina, NAVSUB ï Navicula 

subtilissima, NAVVEN ï Navicula veneta, NITAMP ï Nitzschia amphibia, ANKOCE ï 

Ankyra ocellata, DUNSAL ï Dunaliella salina, WOLPAS ï Woloszynskia pascheri; 

ʬʘʢʪʦʨʠ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: Hard ï ʞʦʨʩʪʢʽʩʪʴ, Alk ï ʣʫʞʥʽʩʪʴ ʟʘʛʘʣʴʥʘ, HCO3 

ï ʛʽʜʨʦʢʘʨʙʦʥʘʪʠ, Fe ï ʟʘʣʽʟʦ, Zn ï ʮʠʥʢ, Ba ï ʙʘʨʽʡ, Li ï ʣʽʪʽʡ, Mn ï ʤʘʨʛʘʥʝʮʴ, B ï 

ʙʦʨ, S ï ʩʽʨʢʘ, Si ï ʢʨʝʤʥʽʡ, Sr ï ʩʪʨʦʥʮʽʡ, K ï ʢʘʣʽʡ, Mg ï ʤʘʛʥʽʡ, Ca ï ʢʘʣʴʮʽʡ, Na ï 

ʥʘʪʨʽʡ, Cond ï ʢʦʥʜʫʢʪʠʚʥʽʩʪʴ 

 

ʅʘ ʛʨʘʬʽʢʫ ɹɸɺ ʦʟʝʨʘ ɻʘʨʷʯʝ (ʨʠʩ. 5.3) ʚʠʜʥʦ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʥʝ ʤʘʣʠ 

ʧʝʚʥʦʛʦ ʛʨʫʧʫʚʘʥʥʷ, ʦʜʥʘʢ ʧʦʤʽʪʥʦ, ʱʦ ʣʫʞʥʽʩʪʴ, ʢʘʨʙʦʥʘʪʠ ʪʘ ʞʦʨʩʪʢʽʩʪʴ 

ʤʘʣʠ ʧʨʦʪʠʣʝʞʥʠʡ ʚʧʣʠʚ ʥʘ ʩʢʣʘʜ ʪʘ ʯʠʩʝʣʴʥʽʩʪʴ ʚʦʜʦʨʦʩʪʝʡ ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ 

ʦʟʝʨʘ, ʥʽʞ ʢʦʥʜʫʢʪʠʚʥʽʩʪʴ, ʤʝʪʘʣʠ ʪʘ ʩʫʣʴʬʽʜʠ.  
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ʈʠʩ. 5.3. ɻʨʘʬ̔ʢ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ (ɹɸɺ) ʚʽʜʥʦʩʠʥ 

ʚʠʜʠ-ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʦʟʝʨʘ ɻʘʨʷʯʝ. 

ʉʢʦʨʦʯʝʥʥʷ: ʚʠʜʠ LYNMA M ï Lyngbya maior, ACHBRE ï Achnanthes brevipes, 

AMPHOL ï Amphora holsatica, CHAMUE ï Chaetoceros muelleri, CYCMEN ï 

Cyclotella meneghiniana, CYMTUM ï Cymbella tumidula, ENCMIC ï Encyonopsis 

microcephala, NAVCAP ï Navicula capitatoradiata, NAVVEN ï Navicula veneta, 

NITAMP ï Nitzschia amphibia, TABFAS ï Tabularia fasciculata, ANKOCE ï Ankyra 

ocellata, DUNSAL ï Dunaliella salina, GYMUBE ï Gymnodinium uberrimum; ʬʘʢʪʦʨʠ 

ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: Hard ï ʞʦʨʩʪʢʽʩʪʴ, Alk ï ʣʫʞʥʽʩʪʴ ʟʘʛʘʣʴʥʘ, HCO3 ï 

ʛʽʜʨʦʢʘʨʙʦʥʘʪʠ, Ba ï ʙʘʨʽʡ, Li ï ʣʽʪʽʡ, Mn ï ʤʘʨʛʘʥʝʮʴ, B ï ʙʦʨ, S ï ʩʽʨʢʘ, Si ï ʢʨʝʤʥʽʡ, 

Sr ï ʩʪʨʦʥʮʽʡ, K ï ʢʘʣʽʡ, Mg ï ʤʘʛʥʽʡ, Ca ï ʢʘʣʴʮʽʡ, Na ï ʥʘʪʨʽʡ, Cond ï 

ʢʦʥʜʫʢʪʠʚʥʽʩʪʴ 

 

ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ Dunaliella salina (ʚʝʨʭʥʻ ʢʦʣʦ) ʷʢ ʽʥʜʠʢʘʪʦʨʥʠʡ ʚʠʜ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʽʜʚʠʱʝʥʦʛʦ ʚʤʽʩʪʫ ʢʘʣʽʶ ʪʘ ʧʦʚôʷʟʘʥʠʭ ʟ ʥʠʤ ʭʣʦʨʠʜʽʚ 

(1 ʛʨʫʧʘ ʧʘʨʘʤʝʪʨʽʚ). ɼʨʫʛʘ ʛʨʫʧʘ ʚʠʜʽʚ-ʽʥʜʠʢʘʪʦʨʽʚ ʚʢʣʶʯʘʣʘ (ʥʠʞʥʻ ʢʦʣʦ) 

Chaetoceros muelleri, Cyclotella meneghiniana ʪʘ Gymnodinium uberrimum. ɰʭ 

ʨʦʟʚʠʪʦʢ ʪʨʦʭʠ ʩʪʠʤʫʣʶʚʘʚʩʷ ʨʅ ʪʘ ʢʨʝʤʥʽʻʤ, ʘʣʝ ʚʦʥʠ ʻ ʙʽʦʩʝʥʩʦʨʘʤʠ 

ʚʽʜʥʦʩʥʦ ɺʘ ʪʘ ɺ, ʦʩʢʽʣʴʢʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʩʪʘʥʥʽʭ ʧʨʠʛʥʽʯʫʚʘʣʠ ʾʭ ʨʦʟʚʠʪʦʢ. ʋ 

ʚʽʜʥʦʰʝʥʥʽ ʢʦʥʜʫʢʪʠʚʥʦʩʪʽ ʡ ʧʦʚôʷʟʘʥʠʤʠ ʟ ʥʝʶ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʩʦʣʝʡ, ʮʽ 
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ʚʠʜʠ ʟʘʣʠʰʘʣʠʩʷ ʽʥʜʠʬʝʨʝʥʪʥʠʤʠ, ʚʠʩʫʚʘʶʯʠ ʨʅ ʷʢ ʛʦʣʦʚʥʠʡ ʨʝʛʫʣʶʶʯʠʡ 

ʬʘʢʪʦʨ.  

ɻʨʘʬʽʢ ɹɸɺ ʦʟʝʨʘ ʉʣʽʧʥʝ (ʨʠʩ. 5.4) ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʦʟʝʨʘ 

ʧʦʜʽʣʠʣʠʩʴ ʥʘ ʜʚʽ ʥʝʨʽʚʥʽ ʛʨʫʧʠ: 1 ï ʨʅ ʪʘ 2 ï ʫʩʽ ʽʥʰʽ ʚʢʣʶʯʥʦ ʟ 

ʢʦʥʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʩʦʣʦʥʽʩʪʶ. ʊʽʣʴʢʠ ʦʜʠʥ ʚʠʜ Peridiniopsis oculatum. ʚʠʷʚʠʚ 

ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʚʦʜʠ. ɺʽʥ ʤʦʞʝ ʚʚʘʞʘʪʠʩʷ ʙʽʦʩʝʥʩʦʨʦʤ ʚʽʜʥʦʩʥʦ 

ʝʣʝʢʪʨʦʧʨʦʚʜ̔ʥʦʩʪʽ, ʥʘʪʨʽʶ, ʤʘʛʥʽʶ ʪʘ ʩʫʣʴʬʽʜʽʚ, ʧʽʜʚʠʱʝʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʷʢʠʭ 

ʧʨʠʛʥʽʯʫʚʘʣʠ ʡʦʛʦ ʨʦʟʚʠʪʦʢ. ʆʜʥʘʢ ʚʠʜ ʚʽʜʜʘʚʘʚ ʧʝʨʝʚʘʛʫ ʧʽʜʚʠʱʝʥʦʤʫ ʨʅ, ʥʘ 

ʷʢʠʡ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʽʥʜʠʢʘʪʦʨʦʤ. ɯʥʰʽ ʚʠʜʠ ʛʨʫʧʫʶʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ʮʝʥʪʨʫ 

ʛʨʘʬʽʢʫ, ʪʦʤʫ ʻ ʽʥʜʠʬʝʨʝʥʪʥʠʤʠ. 

 

ʈʠʩ. 5.4. ɻʨʘʬʽʢ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ (ɹɸɺ) ʚʽʜʥʦʩʠʥ 

ʚʠʜʠ-ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʦʟʝʨʘ ʉʣʽʧʥʝ. 

ʉʢʦʨʦʯʝʥʥʷ: ʚʠʜʠ ANABEM ï Anabaena bergii f. minor, MERPUN ï Merismopedia 

punctata, OSCSUB ï Oscillatoria subtilissima, OSCKIS ï Oscillatoria kisselevii, 

WORCOM ï Woronichinia compacta, CHAMUE ï Chaetoceros muelleri, CRAHAL ï 

Craticula halophila, CYCMEN ï Cyclotella meneghiniana, NITPAL ï Nitzschia 

paleacea, MONMIN ï Monoraphidium minutum, MONCON ï Monoraphidium 

contortum, MONKOM ï Monoraphidium komarkovae, TETMIN ï Tetraedron minimum, 

PEROCU ï Peridiniopsis oculatum; ʬʘʢʪʦʨʠ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: Hard ï 

ʞʦʨʩʪʢʽʩʪʴ, Alk ï ʣʫʞʥʽʩʪʴ ʟʘʛʘʣʴʥʘ, HCO3 ï ʛʽʜʨʦʢʘʨʙʦʥʘʪʠ, Ba ï ʙʘʨʽʡ, Li ï ʣʽʪʽʡ, 

Mn ï ʤʘʨʛʘʥʝʮʴ, B ï ʙʦʨ, S ï ʩʽʨʢʘ, Si ï ʢʨʝʤʥʽʡ, Sr ï ʩʪʨʦʥʮʽʡ, K ï ʢʘʣʽʡ, Mg ï ʤʘʛʥʽʡ, 

Ca ï ʢʘʣʴʮʽʡ, Na ï ʥʘʪʨʽʡ, Cond ï ʢʦʥʜʫʢʪʠʚʥʽʩʪʴ 
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ʅʘ ʛʨʘʬʽʢʫ ɹɸɺ (ʨʠʩ. 5.5) ʦʟʝʨʘ ʃʝʚʘʜʥʝ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʧʘʨʘʤʝʪʨʠ 

ʥʝ ʤʘʣʠ ʧʝʚʥʦʛʦ ʛʨʫʧʫʚʘʥʥʷ, ʦʜʥʘʢ ʧʦʤʽʪʥʦ, ʱʦ ʣʫʞʥʽʩʪʴ, ʢʘʨʙʦʥʘʪʠ ʪʘ ʨʅ 

ʤʘʣʠ ʧʨʦʪʠʣʝʞʥʠʡ ʚʧʣʠʚ ʥʘ ʩʢʣʘʜ ʪʘ ʯʠʩʝʣʴʥʽʩʪʴ ʚʦʜʦʨʦʩʪʝʡ ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ 

ʦʟʝʨʘ, ʥʽʞ ʢʦʥʜʫʢʪʠʚʥʽʩʪʴ, ʞʦʨʩʪʢʽʩʪʴ, ʤʝʪʘʣʠ ʪʘ ʩʫʣʴʬʽʜʠ. ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ 

Dunaliella salina (Dunal) Teodor., Diatoma elongatum (Lyngb.) C. Agardh ʪʘ 

Hyaloraphidium contortum Pascher et Korschikov ex Korschikov var. tenuissimum 

(ʚʝʨʭʥʻ ʢʦʣʦ) ʷʢ ʽʥʜʠʢʘʪʦʨʥʽ ʥʘ ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʢʘʣʴʮʽʶ, ʙʦʨʫ ʪʘ ʟʘʛʘʣʴʥʠʡ 

ʚʤʽʩʪ ʩʦʣʝʡ, ʷʢʠʡ ʚʠʛʣʷʜʘʻ ʷʢ ʛʦʣʦʚʥʠʡ ʨʝʛʫʣʶʶʯʠʡ ʬʘʢʪʦʨ. 

 

ʈʠʩ. 5.5. ɻʨʘʬʽʢ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ (ɹɸɺ) ʚʽʜʥʦʩʠʥ 

ʚʠʜʠ-ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʦʟʝʨʘ ʃʝʚʘʜʥʝ. 

ʉʢʦʨʦʯʝʥʥʷ: ʚʠʜʠ CHAMUE ï Chaetoceros muelleri, CRAHAL ï Craticula halophila, 

CYCMEN ï Cyclotella meneghiniana, CYCSTE ï Cyclotella stelligera, CYLCLO ï 

Cylindrotheca closterium, CYMTUM ï Cymbella tumidula, DIAELO ï Diatoma 

elongatum, NAVGRE ï Navicula gregaria, NAVVEN ï Navicula veneta, NITAMP ï 

Nitzschia amphibia, DUNSAL ï Dunaliella salina, HYACON ï Hyaloraphidium 

contortum var. tenuissimum, MONMIN ï Monoraphidium minutum, WOLPAS ï 

Woloszynskia pascheri; ʬʘʢʪʦʨʠ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: Hard ï ʞʦʨʩʪʢʽʩʪʴ, Alk ï 

ʣʫʞʥʽʩʪʴ ʟʘʛʘʣʴʥʘ, HCO3 ï ʛʽʜʨʦʢʘʨʙʦʥʘʪʠ, B ï ʙʦʨ, S ï ʩʽʨʢʘ, Si ï ʢʨʝʤʥʽʡ, Sr ï 

ʩʪʨʦʥʮʽʡ, K ï ʢʘʣʽʡ, Mg ï ʤʘʛʥʽʡ, Ca ï ʢʘʣʴʮʽʡ, Na ï ʥʘʪʨʽʡ, Cond ï ʢʦʥʜʫʢʪʠʚʥʽʩʪʴ 
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ɻʨʘʬʽʢ ɹɸɺ ʦʟʝʨʘ ʏʝʨʚʦʥʝ (ʨʠʩ. 5.6) ʧʦʢʘʟʘʚ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʦʟʝʨʘ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʯʦʪʠʨʠ ʛʨʫʧʠ: (1) ʢʘʨʙʦʥʘʪʠ ʪʘ ʣʫʞʥʽʩʪʴ, (2) ʨʅ, (3) ʙʦʨ ʽ ʢʨʝʤʥʽʡ 

ʪʘ (4) ʚʩʽ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʪʘ ʩʦʣʦʥʽʩʪʴ. ʄʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʜʚʘ ʚʠʜʠ Adlafia minuscula ʪʘ Chaetoceros muelleri (ʚʝʨʭʥʻ ʢʦʣʦ), ʷʢʽ 

ʧʦʢʘʟʘʣʠ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʚʠʩʦʢʦʾ ʩʦʣʦʥʦʩʪʽ ʽ ʣʫʞʥʦʩʪʽ, ʚʚʘʞʘʶʯʠ ʟʘ ʢʨʘʱʝ ʮʽ 

ʫʤʦʚʠ, ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʙʫʣʠ ʙʽʦʩʝʥʩʦʨʘʤʠ ʥʠʟʴʢʦʛʦ ʨʅ ʚʦʜʠ. ɼʨʫʛʘ ʛʨʫʧʘ (ʥʠʞʥʻ 

ʢʦʣʦ) ʤʦʞʝ ʩʣʫʞʠʪʠ ʷʢ ʽʥʜʠʢʘʪʦʨʠ ʧʽʜʚʠʱʝʥʦʛʦ ʚʤʽʩʪʫ ʢʨʝʤʥʽʶ ʚ ʫʤʦʚʘʭ 

ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʘʨʙʦʥʘʪʽʚ ʽ ʨʅ ʙʣʠʟʴʢʦʛʦ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ. ʎʝ ʚʠʜʠ 

ʜʽʘʪʦʤʦʚʠʭ Cyclotella stelligera ʪʘ Navicula gregaria. ɯʥʰʽ ʚʠʜʠ ʟʛʨʫʧʦʚʘʥʽ ʚ 

ʮʝʥʪʨʽ ʛʨʘʬʽʢʫ ʪʦʞ ʚʦʥʠ ʽʥʜʠʬʝʨʝʥʪʥʽ. 

 

ʈʠʩ. 5.6. ɻʨʘʬʽʢ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ (ɹɸɺ) ʚʽʜʥʦʩʠʥ 

ʚʠʜʠ-ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʦʟʝʨʘ ʏʝʨʚʦʥʝ. 

ʉʢʦʨʦʯʝʥʥʷ: ʚʠʜʠ ADLMIN ï Adlafia minuscula, AMPCOM ï Amphora commutata, 

AMPHOL ï Amphora holsatica, CATGAI ï Catacombas gaillonii, CHAMUE ï 

Chaetoceros muelleri, CRAHAL ï Craticula halophila, CTEPUL ï Ctenophora pulchella, 

CYCSTE ï Cyclotella stelligera, CYMTUM ï Cymbella tumidula, ENTPAS ï 

Entomoneis paludosa var. subsalina, NAVGRE ï Navicula gregaria, NAVPRO ï 

Navicula protracta, NAVSUB ï Navicula subtilissima, TABFAS ï Tabularia fasciculata; 

ʬʘʢʪʦʨʠ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: Hard ï ʞʦʨʩʪʢʽʩʪʴ, Alk ï ʣʫʞʥʽʩʪʴ ʟʘʛʘʣʴʥʘ, HCO3 

ï ʛʽʜʨʦʢʘʨʙʦʥʘʪʠ, B ï ʙʦʨ, S ï ʩʽʨʢʘ, Si ï ʢʨʝʤʥʽʡ, Sr ï ʩʪʨʦʥʮʽʡ, K ï ʢʘʣʽʡ, Mg ï 

ʤʘʛʥʽʡ, Ca ï ʢʘʣʴʮʽʡ, Na ï ʥʘʪʨʽʡ, Cond ï ʢʦʥʜʫʢʪʠʚʥʽʩʪʴ 
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ʇʘʨʘʤʝʪʨʠ ʆʟʝʨʘ ʧʦʜʽʣʠʣʠʩʷ ʥʘ ʯʦʪʠʨʠ ʛʨʫʧʠ: 1 ï ʢʘʨʙʦʥʘʪʠ ʪʘ 

ʣʫʞʥʽʩʪʴ, 2 ï ʨʅ, 3 ï ʮʠʥʢ ʪʘ ʢʨʝʤʥʽʡ, 4 ï ʨʝʰʪʘ, ʚʢʣʶʯʥʦ ʟ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ 

ʪʘ ʩʦʣʦʥʽʩʪʶ. ʇʨʦ ʮʝ ʩʚʽʜʯʠʪʴ ʨʠʩ. 5.7. ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʚʠʜʠ Chaetoceros 

muelleri Lemmerm. ʪʘ Gomphonema angustatum (Kutz.) Rabenh. (ʚʝʨʭʥʻ ʢʦʣʦ), 

ʷʢʽ ʚʽʜʜʘʚʘʣʠ ʧʝʨʝʚʘʛʫ ʚʠʩʦʢʽʡ ʩʦʣʦʥʦʩʪʽ ʪʘ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʤʫ ʨʅ ʚʦʜʠ. ʈʝʰʪʘ 

ʚʠʜʽʚ ʛʨʫʧʫʚʘʣʘʩʷ ʙʣʠʞʯʝ ʜʦ ʮʝʥʪʨʫ ʛʨʘʬʽʢʘ ʪʘ ʙʫʣʠ ʽʥʜʠʬʝʨʝʥʪʥʠʤʠ. 

 

ʈʠʩ. 5.7. ɻʨʘʬʽʢ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ (ɹɸɺ) ʛʨʘʬʽʢ 

ʚʽʜʥʦʩʠʥ ʚʠʜʠ-ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʆʟʝʨʘ. 

ʉʢʦʨʦʯʝʥʥʷ: ʚʠʜʠ ACHBRE ï Achnanthes brevipes, CHAMUE ï Chaetoceros muelleri, 

CRAHAL ï Craticula halophila, CYLCLO ï Cylindrotheca closterium, CYMTUM ï 

Cymbella tumidula, ENTPAP ï Entomoneis paludosa var. paludosa, ENTPAS ï 

Entomoneis paludosa var. subsalina, GOMANG ï Gomphonema angustatum, HANAMC 

ï Hantzschia amphioxys var. capitata, NAVGRE ï Navicula gregaria, NAVPRO ï 

Navicula protracta, NAVVEN ï Navicula veneta, NITAMP ï Nitzschia amphibia, 

DUNSAL ï Dunaliella salina; ʬʘʢʪʦʨʠ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: Hard ï ʞʦʨʩʪʢʽʩʪʴ, 

Alk ï ʣʫʞʥʽʩʪʴ ʟʘʛʘʣʴʥʘ, HCO3 ï ʛʽʜʨʦʢʘʨʙʦʥʘʪʠ, Zn ï ʮʠʥʢ, Li ï ʣʽʪʽʡ, Mn ï 

ʤʘʨʛʘʥʝʮʴ, B ï ʙʦʨ, S ï ʩʽʨʢʘ, Si ï ʢʨʝʤʥʽʡ, Sr ï ʩʪʨʦʥʮʽʡ, K ï ʢʘʣʽʡ, Mg ï ʤʘʛʥʽʡ, Ca 

ï ʢʘʣʴʮʽʡ, Na ï ʥʘʪʨʽʡ, Cond ï ʢʦʥʜʫʢʪʠʚʥʽʩʪʴ 

 

ɹʫʣʦ ʚʠʷʚʣʝʥʦ ʧʘʨʘʤʝʪʨʠ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʥʘʡʙ̔ʣɹ  hʩʠʣʴʥʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʨʦʟʚʠʪʦʢ ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ, ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʟʝʨ. ʇ̔ʩʣ̫ 
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ʮʴʦʛʦ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʧʠʪʘʥʥʷ ï ʧʦʻʜʥʘʥʥʷ ʷʢʠʭ ʧʘʨʘʤʝʪʨʚ̔ ʜʣʷ ʦʟʝʨʘ 

ʧʨʠʟʚʦʜʠʪ ɹʜʦ ʟʤʽʥ ʫ ʚʠʜʦʚʦʤʫ ʩʢʣʘʜʽ ʪʘ ʯʠʩʝʣʴʥʦʩʪʽ. ɼʣʷ ʚʽʜʧʦʚʽʜʽ ʥʘ ʥʴʦʛʦ 

ʙʫʣʦ ʦʙʨʘʥʦ ʤʝʪʦʜ ʟʚʘʞʝʥʠʭ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʱʦ ʤʦʞʝ ʛʝʥʝʨʫʚʘʪʠ ʫ 

ʧʨʦʛʨʘʤʽ Statistica ʧʦʚʝʨʭʥʽ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʤʽʥʫ ʦʜʥʦʛʦ ʟ ʧʘʨʘʤʝʪʨʚ̔ 

ʢʦʤʧʣʝʢʩʫ ʚʠʜʽʚ (ʟʘʣʝʞʥʦʛʦ) ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʦʙʨʘʥʠʭ (ʥʝʟʘʣʝʞʥʠʭ) 

ʧʦʢʘʟʥʠʢʽʚ ʩʝʨʝʜʦʚʠʱʘ. ʇʘʨʘʤʝʪʨʠ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʙʫʣʠ ʦʙʨʘʥʽ 

ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʾʭ ʟʥʘʯʠʤʦʩʪʽ ʜʣʷ ʥʘʰʦʛʦ ʘʥʘʣʟ̔ʫ (ʜʦʜʘʪʦʢ ʇ, ʈ). ʅʘ ʚʩ̔ʷʭ 

ʧʦʚʝʨʭʦʥʴ, ʱʦ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ, ʙʫʣʦ ʚʽʜʦʙʨʘʞʝʥʦ ̔ ʥʪʝʨʚʘʣʠ ʟʥʘʯʝʥʴ ʢʦʞʥʦʛʦ 

ʟ ʧʘʨʘʤʝʪʨʚ̔ ɦʦ ʚʣʘʩʪʠʚʽ ʢʦʥʢʨʝʪʥʦʤʫ ʘʥʘʣʟ̔ʫʻʤʦʤʫ ʦʟʝʨʫ. ʆʜʥʘʢ, ʤʝʪʦʜ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʚ̔ ʙʫʜʫʻ ʧʦʚʝʨʭʥʽ, ʱʦ ʚʠʭʦʜʷʪ ɹ ʟʘ ʨʘʤʢʠ ʘʤʧʣʪ̔ʫʜʠ 

ʦʙʨʘʥʠʭ ʧʘʨʘʤʝʪʨʚ̔. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʤʦʞʥʘ ʙʘʯʠʪʠ ʥʝ ʪʣ̔ʴʢʠ ʟʤʽʥʠ ʟʘʣʝʞʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ ʚ ʤʝʞʘʭ ʽʩʥʫʶʯʠʭ ʟʥʘʯʝʥ ɹʥʝʟʘʣʝʞʥʠʭ ʧʘʨʘʤʝʪʨʚ̔, ʘʣʝ ʡ ʪʝʥʜʝʥʮʽʾ 

ʡʦʛʦ ʟʤʽʥ, ʪʦʙʪʦ ʤʝʪʦʜ ʤʘʻ ʧʨʦʛʥʦʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ 

ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ, ʦʩʢʽʣʴʢʠ ʝʢʦʩʠʩʪʝʤʠ ʦʟʝʨ ʥʝ ʪʽʣʴʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʥʘ ʚʽʜ 

ʦʜʥʦʾ, ʘʣʝ ʡ ʪʘʢʦʞ ʟʤʽʥʶʶʪʴʩʷ ʚ ʨʘʤʢʘʭ ʢʣʽʤʘʪʠʯʥʠʭ ʬʣʫʢʪʫʘʮʽʡ ʪʘ ʧʽʜ 

ʘʥʪʨʦʧʦʛʝʥʠʤ ʚʧʣʠʚʦʤ ʧʽʜ ʯʘʩ ʩʧʨʦʙ ʨʝʛʫʣʷʮʽʾ ʛʜ̔ʨʦʣʦʛʯ̔ʥʦʛʦ ʨʝʞʠʤʫ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪ ̔ʩʠʩʪʝʤʠ ʟ ʤʝʪʦʶ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʢʫʨʦʨʪʫ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʛʣʠʙʦʢʦʚʦʜʥʦʛʦ ʥʝʧʝʨʝʩʠʭʘʶʯʦʛʦ ʦʟʝʨʘ ʪʘ ʩʠʩʪʝʤʠ 

ʤʽʣʢʦʚʦʜʥʠʭ ʯʘʩʪʢʦʚʦ ʧʝʨʝʩʠʭʘʶʯʠʭ ʦʟʝʨ ʚ ̫ʢʦʩʪʽ ʟʘʣʝʞʥʠʭ ʧʘʨʘʤʝʪʨʚ̔, ʟʤʽʥʠ 

ʷʢʠʭ ʘʥʘʣʽʟʫʶʪʴʩʷ ʪʘ ʧʨʦʛʥʦʟʫʶʪʴʩʷ, ʙʫʣʠ ʦʙʨʘʥʽ ʥʘʩʪʫʧʥʽ: 1) ʯʠʩʝʣʴʥʽʩʪʴ 

ʢʣʽʪʠʥ ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ, 2) ʚʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ, 3) 

ʨʦʟʨʘʭʦʚʘʥʽ ʥʘʤʠ ʽʥʜʝʢʩʠ ʩʘʧʨʦʙʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʘʥʘʣʽʟʫʻʤʦʛʦ ʦʟʝʨʘ ʟʘ ʚʝʩʴ 

ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʴ. ɺ ʷʢʦʩʪʽ ʧʘʨʘʤʝʪʨʚ̔, ʫ ʟʚ'ʷʟʢʫ ʟ ʷʢʠʤʠ ʘʥʘʣʽʟʫʚʘʣʠʩʷ 

ʚʠʱʝʟʘʟʥʘʯʝʥʽ, ʙʫʣʠ ʚʟʷʪ ̔ ʥʘʩʪʫʧʥʽ: 1) ʙʽʦʤʘʩʘ ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ, 2) 

ʩʝʨʝʜʥʡ̔ (ʧʠʪʦʤʠʡ) ʦʙ' ʤ̒ ʢʣʽʪʠʥ ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ, 3) ʢʦʥʜʫʢʪʠʚʥʩ̔ʪʴ 

ʚʦʜʠ, 4) ʨʅ ʚʦʜʠ, 5) ʥ̔ʜʝʢʩ ʩʘʧʨʦʙʥʦʩʪ,̔ 6) ʚʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ. ʇʘʨʘʤʝʪʨʠ 

ʦʙʠʨʘʣʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʜʘʥʠʤʠ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʧʘʜʢʫ ʘʥʘʣʟ̔ʫ. 

ʊʘʢ, ʜʣʷ ʦʟʝʨʘ ʈʽʧʥʝ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʧʦʚʝʨʭʥʽ ʜʣʷ ʘʥʘʣʽʟʫ ʟʚ'ʷʟʢʫ 

ʯʠʩʝʣʴʥʦʩʪʽ ʢʣʽʪʠʥ ʬ̔ʪʦʧʣʘʥʢʪʦʥʫ ʟ ʙʽʦʤʘʩʦʶ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʪʘ ʩʝʨʝʜʥʤ̔ 

ʦʙ' ʤ̒ʦʤ ʢʣʽʪʠʥ ʚʦʜʦʨʦʩʪʝʡ. ʅʘ ʨʠʩʫʥʢʫ 5.8 ɸ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʟʽ 
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ʟʙʽʣʴʰʝʥʥʷʤ ʙʽʦʤʘʩʠ ʟʙʽʣʴʰʫʚʘʣʘʩʷ ʽ ʯʠʩʝʣʴʥʽʩʪʴ. ʆʜʥʘʢ, ʯʠʩʣʦ ʚʠʜʽʚ ʚ 

ʫʛʨʫʧʦʚʘʥʥʷʭ ʟ ʚʠʩʦʢʦʶ ʙʽʦʤʘʩʦʶ ʪʘ ʯʠʩʝʣʴʥʽʩʪʶ ʟʤʝʥʰʫʚʘʣʦʩʷ. ʊʘʢʦʞ ʩʣʽʜ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʪʘ ʙʽʦʤʘʩʠ ʙʫʣʦ ʧʦʚôʷʟʘʥʦ ʟʽ 

ʟʤʝʥʰʝʥʥʷʤ ʩʝʨʝʜʥʴʦʛʦ ʦʙôʻʤʫ ʢʣʽʪʠʥ ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ (ʨʠʩ. 5.8 ɹ). ɿʘʚʜʷʢʠ 

ʧʨʦʛʥʦʩʪʠʯʥʦʩʪ̔ ʤʝʪʦʜʫ ʥʘ ʨʠʩʫʥʢʘʭ 5.8 ɸ ʪʘ ɹ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʨ̔ʩʪ 

ʯʠʩʝʣʴʥʦʩʪʽ ʢʣʽʪʠʥ ʬ̔ʪʦʧʣʘʥʢʪʦʥʫ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʙ̔ʣɹ ʰ ʥʽʞ 8 ʤʣʥ ʢʣ/ʜʤ3 

ʦʜʥʦʯʘʩʥʦ ʟ ʨʦʩʪʦʤ ʙʽʦʤʘʩʠ, ʘ ʪʘʢʦʞ ʟʘ ʫʤʦʚʠ ʫʯʘʩʪ ̔ ʚ ʫʛʨʫʧʦʚʘʥʥʽ 

ʜʨʽʙʥʦʢʣ̔ʪʠʥʥʠʭ ʚʠʜ̔ʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʤʦʥ̔ʪʦʨʠʥʛʫ ʤʦʞʝ ʙʫʪʠ ʚʠʜʦʚʠʡ ʩʢʣʘʜ ʬ̔ʪʦʧʣʘʥʢʪʦʥʫ ʢʦʣʠ ʚʽʥ ʟʙʘʛʘʯʫʻʪʴʩʷ 

ʚʠʜʘʤʠ ʟ ʤʘʣʠʤ ʦʙ' ʤ̒ʦʤ ʢʣʪ̔ʠʥ. ʊʘʢʦʞ ʙʫʣʦ ʚʠʷʚʣʝʥʦ (ʨʠʩ. 5.8 ɺ), ʱʦ ʚ ʦʟʝʨʽ 

ʈʽʧʥʝ ʯʠʩʣʦ ʚʠʜʽʚ ʙʫʣʦ ʙʽʣʴʰʝ ʫ ʚʦʜʘʭ ʟ ʥʠʟʴʢʦʶ ʢʦʥʜʫʢʪʠʚʥʽʩʪʶ, ʧʨʦʪʝ ʪʨʦʭʠ 

ʧʽʜʚʠʱʝʥʠʤ ʦʨʛʘʥʽʯʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ, ʪʦʙʪʦ ʟ ʜʝʱʦ ʧʽʜʚʠʱʝʥʠʤ ʽʥʜʝʢʩʦʤ 

ʩʘʧʨʦʙʥʦʩʪʽ (ʨʠʩ. 5.8 ɻ). ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʯʠʩʣʦ ʚʠʜʽʚ ʟʙʽʣʴʰʫʚʘʣʦʩʷ ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ ʽʥʜʝʢʩʫ ʩʘʧʨʦʙʥʦʩʪʽ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʩʝʨʝʜʥʴʦʛʦ ʦʙôʻʤʫ 

ʢʣʽʪʠʥ ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ. ʊʦʙʪʦ ʙʘʛʘʪʦʚʠʜʦʚʽ ʫʛʨʫʧʦʚʘʥʥʷ ʨʦʟʚʠʚʘʣʠʩʷ ʚ ʤʝʥʰ 

ʟʘʙʨʫʜʥʝʥʠʭ ʦʨʛʘʥʽʢʦʶ ʚʦʜʘʭ ʪʘ ʤʘʣʠ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʙʽʣʴʰ ʢʨʫʧʥʦʢʣʽʪʠʥʥʽ 

ʚʠʜʠ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʽʥʜʝʢʩ ʩʘʧʨʦʙʥʦʩʪʽ ʚ ʷʢʦʩʪʽ ʧʦʢʘʟʥʠʢʘ, ʱʦ ʧʨʦʛʥʦʟʫʻʪʴʩʷ 

(ʨʠʩ. 5.8 ɺ ʪʘ ɻ), ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʦʨʛʘʥʽʯʥʝ, ʫ ʪʦʤʫ ʯʠʩʣʽ, ʘʥʪʨʦʧʦʛʝʥʥʝ, 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʦʜʦʡʤʫ, ʤʦʞʝ ʟʙʽʣʴʰʫʚʘʪʠ ʩʚʦʾ ʟʥʘʯʝʥʥʷ, ʪʦʙʪʦ ʧʦʢʘʟʫʚʘʪʠ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʧʨʠ ʟʥʠʞʝʥʥʽ ʩʦʣʦʥʦʩʪʽ ʪʘ ʚ ʫʤʦʚʘʭ ʬʽʪʦʧʣʘʥʢʪʦʥʫ, ʱʦ ʙʘʛʘʪʠʡ 

ʥʘ ʢʨʫʧʥʦʢʣʽʪʠʥʥ̔ ʚʠʜʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʫʤʦʚʠ, ʢʦʣʠ ʚʧʣʠʚ 

ʦʨʛʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʤʘʪʠ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʚʦʜʦʨʦʩʪʽ 

ʧʣʘʥʢʪʦʥʫ ʚ ʦʟʝʨʽ ʈʽʧʥʝ: ʦʧʨʽʩʥʝʥʥʷ ʪʘ ʥʘʜʭʦʜʞʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ. ɼʣʷ 

ʪʦʛʦ, ʱʦʙ ʚʠʷʚʠʪʠ ʽʥʪʝʨʚʘʣʠ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʝʨʝʜʦʚʠʱʘ ï ʨʅ, 

ʢʦʥʜʫʢʪʠʚʥʦʩʪʽ ï ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʢʦʥʪʫʨʥʠʡ ʧʣʦʪ (ʨʠʩ 5.8 ɼ), ʜʝ ʤʦʞʥʘ 

ʙʘʯʠʪʠ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʨʅ ʯʠʩʣʦ ʚʠʜʽʚ ʟʤʝʥʰʫʚʘʣʦʩʷ. 

ɹʽʣʴʰʝ ʪʦʛʦ, ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʨʦʟʧʦʜʽʣ ʫʛʨʫʧʦʚʘʥʴ ʬ̔ʪʦʧʣʘʥʢʪʦʥʫ ʟʘ ʚʠʜʦʚʠʤ 

ʙʘʛʘʪʩʪʚʦʤ ʥʘ ʜʚʘ ʢʦʤʧʣʝʢʩʠ: ʧʝʨhʠʡ ï ʟʘ ʨʅ 7,1-7,8 ʪʘ ʢʦʥʜʫʢʪʠʚʥʦʩʪ ̔5,1-

9,8 ʤʣʉʤ/ʩʤ, ʪʘ ʜʨʫʛʠʡ ï ʟʘ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʨʅ 7,8-9,0 ʪʘ ʢʦʥʜʫʢʪʠʚʥʦʩʪ ̔9,8-

10,3 ʤʣʉʤ/ʩʤ.  
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ʈʠʩ. 5.8. ɻʨʘʬʽʢʠ ʚʽʜʥʦʩʠʥ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ: ɸ ï ʤʽʞ ʢʽʣʴʢʽʩʥʠʤʠ 

ʟʤʽʥʥʠʤʠ ʽ ʚʠʜʦʚʠʤ ʙʘʛʘʪʩʪʚʦʤ, ɹ ï ʤʽʞ ʢʽʣʴʢʽʩʥʠʤʠ ʟʤʽʥʥʠʤʠ ʪʘ ʩʝʨʝʜʥʽʤ 

ʦʙôʻʤʦʤ ʢʣʽʪʠʥ, ɺ ï ʤʽʞ ʽʥʜʝʢʩʦʤ ʩʘʧʨʦʙʥʦʩʪʽ, ʚʠʜʦʚʠʤ ʙʘʛʘʪʩʪʚʦʤ ʪʘ 

ʢʦʥʜʫʢʪʠʚʥʽʩʪʶ, ɻ ï ʤʽʞ ʚʠʜʦʚʠʤ ʙʘʛʘʪʩʪʚʦʤ, ʽʥʜʝʢʩʦʤ ʩʘʧʨʦʙʥʦʩʪʽ ʪʘ 

ʩʝʨʝʜʥʽʤ ʦʙôʻʤʦʤ ʢʣʽʪʠʥ, ɼ ï ʤʽʞ ʢʦʥʜʫʢʪʠʚʥʽʩʪʶ ʚʦʜʠ ʪʘ pH ʜʣʷ ʦʟʝʨʘ ʈʽʧʥʝ 
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ʇʦʙʫʜʦʚʠ ʤʝʪʦʜʦʤ ʟʚʘʞʝʥʠʭ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʜʣʷ ʚʦʜʦʨʦʩʪʝʡ 

ʧʣʘʥʢʪʦʥʫ ʦʟʝʨʘ ɺʝʡʩʦʚʝ (ʨʠʩ. 5.9) ʚʠ̫ ʚʣʷʶʪʴ ʟʚô̫ ʟʦʢ ʯʠʩʝʣɹ ʥʦʩʪʽ ʢʣ̔ʪʠʥ 

ʬ̔ʪʦʧʣʘʥʢʪʦʥʫ, ʙʽʦʤʘʩʠ ʚʦʜʦʨʦʩʪʝʡ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʦʙô̒ʤʫ ʢʣʽʪʠʥ, ʧʨʠʯʦʤʫ 

ʟʘʣʝʞʥʦʩʪʽ ʚʠʷʚʣʷʶʪʴʩʷ ʧʦʜʽʙʥʠʤʠ ʜʦ ʟʘʣʝʞʥʦʩʪʝʡ ʚ ʦʟʝʨʽ ʈʽʧʥʝ. ʆʜʥʘʢ, 

ʤʦʞʥʘ ʟʧʨʦʛʥʦʟʫʚʘʪʠ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʝ ʧ̔ ʜʚʠʱʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ, ʜʦ ʟʥʘʯʝʥʴ 

ʙʣʠʟʴʢʦ 6 ʤʣʥ. ʢʣ/ʜʤ3, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʟʘʛʘʣʴʥʦʾ ʙ̔ʦʤʘʩʠ ʬ̔ʪʦʧʣʘʥʢʪʦʥʫ, ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʦʙô̒ʤʫ ʢʣ̔ʪʠʥ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʫ ʬʽʪʦʧʣʘʥʢʪʦʥʽ. 

ʅʘ ʨʠʩʫʥʢʫ 5.9 ɸ ʚʠʜʥʦ, ʱʦ ʚ ʦʟʝʨʽ ɺʝʡʩʦʚʝ ʯʠʩʝʣʴʥʽʩʪʴ ʽ ʙʽʦʤʘʩʘ 

ʟʙʽʣʴʰʫʚʘʣʠʩʷ ʩʠʥʭʨʦʥʥʦ ʪʽʣʴʢʠ ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ ʟ ʥʠʟʴʢʠʤ ʚʠʜʦʚʠʤ 

ʙʘʛʘʪʩʪʚʦʤ. ʏʠʩʣʦ ʚʠʜʽʚ ʟʙʽʣʴʰʫʚʘʣʦʩʷ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʯʠʩʝʣʴʥʦʩʪʽ ʢʣʽʪʠʥ ʽ 

ʤʘʡʞʝ ʟ ʪʽʻʶ ʞ ʙʽʦʤʘʩʦʶ ʬʽʪʦʧʣʘʥʢʪʦʥʫ. ʆʯʝʚʠʜʥʦ (ʨʠʩ. 5.9 ɹ), ʱʦ ʪʫʪ 

ʨʦʟʚʠʚʘʣʠʩʷ ʜʚʘ ʪʠʧʠ ʫʛʨʫʧʦʚʘʥʴ ï ʦʜʥʘ ʟ ʜʨʽʙʥʠʤʠ ʢʣʽʪʠʥʘʤʠ, ʘʣʝ ʚʠʩʦʢʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʙʽʦʤʘʩʠ ʪʘ ʯʠʩʝʣʴʥʦʩʪʽ, ʘ ʜʨʫʛʘ ï ʟ ʙʽʣʴʰ ʚʝʣʠʢʠʤʠ ʢʣʽʪʠʥʘʤʠ, 

ʧʨʦʪʝ ʙʽʣʴʰ ʥʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʯʠʩʝʣʴʥʦʩʪʽ ʪʘ ʙʽʦʤʘʩʠ. 

ɺʧʣʠʚ ʦʨʛʘʥʯ̔ʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʚʦʜʦʨʦʩʪʽ ʧʣʘʥʢʪʦʥʫ ʦʟʝʨʘ ɺʝʡʩʦʚʝ, 

ʚʠʨʘʞʝʥʠʡ ʽʥʜʝʢʩʘʤʠ ʩʘʧʨʦʙʥʦʩʪʽ, ʤʘʚ ʧʨʠʙʣʠʟʥʦ ʪ̔  ʩʘʤʽ ʪʝʥʜʝʥʮʽʾ, ʱʦ ʡ ʜʣʷ 

ʦʟʝʨʘ ʈ̔ʧʥʝ, ʢʦʣʠ ʥʘʡʙʽʣʴʰ ʟʘʙʨʫʜʥʝʥʽ ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʚʦʜʠ 

ʧʨʦʚʦʢʫʚʘʣʠ ʟʙʽʣʴʰʝʥʥʷ ʚʠʜʦʚʦʛʦ ʙʘʛʘʪʩʪʚʘ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ 

ʩʝʨʝʜʥʴʦʛʦ ʦʙôʤ̒ʫ ʢʣ̔ʪʠʥ ʬ̔ʪʦʧʣʘʥʢʪʦʥʫ (ʨʠʩ. 5.9 ɺ). ʊʦʙʪʦ, ʦʨʛʘʥʯ̔ʥʝ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʬʽʪʦʧʣʘʥʢʪʦʥ ʦʟʝʨʘ ɺʝʡʩʦʚʝ. ʆʜʥʘʢ 

ʧʦʚôʷʟʘʪʠ ʯʠʩʝʣɹ ʥʽʩʪʴ ʢʣ̔ʪʠʥ ʬ̔ʪʦʧʣʘʥʢʪʦʥʫ ʟ ʥʘʜʭʦʜʞʝʥʥʷʤ ʦʨʛʘʥʯ̔ʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʠ̫ ʚʠʪʠ ʧʨʠʯʠʥʫ ʘʙʦ ʜʞʝʨʝʣʦ ʦʨʛʘʥʯ̔ʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, 

ʚʠʷʚʠʣʦʩʷ ʜʦʚʦʣ ̔ʩʢʣʘʜʥʦ (ʨʠʩ. 5.9 ɻ). ʇʽʩʣʷ ʧʦʻʜʥʘʥʥʷ ʧʨʦʪʷʛʦʤ ʘʥʘʣʽʟʫ 

ʚʢʘʟʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟ ʢʦʥʜʫʢʪʠʚʥʩ̔ʪʶ, ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʦʚʝʨʭʥ ʁʩʢʣʘʜʥʦʾ 

ʬʦʨʤʠ. ʋ ʪʦʡ ʯʘʩ ʷʢ ʥʝʟʘʣʝʞʥʽ ʧʘʨʘʤʝʪʨʠ (ʽʥʜʝʢʩ ʩʘʧʨʦʙʥʦʩʪʽ ʪʘ 

ʢʦʥʜʫʢʪʠʚʥʩ̔ʪʴ) ʟʤʽʥʶʶʪʴʩʷ ʫ ʥʝʟʥʘʯʥʠʭ ʤʝʞʘʭ, ʧʨʦʛʥʦʩʪʠʯʥʩ̔ʪʴ ʟʤʽʥʠ 

ʯʠʩʝʣɹ ʥʦʩʪʽ ʢʣ̔ʪʠʥ ʚʦʜʦʨʦʩʪʝʡ ʚʽʜʦʙʨʘʞʫʻʪʴʩʷ ʫ ʜʝʢʽʣʴʢʦʭ ʚʠʧʠʥʘʥʥʷʭ. ʅʘ 

ʥʠʭ ʥʝʦʙʭʜ̔ʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʽ ʰʘʨʠ ʧʦʚʝʨʭʥʽ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚʠʱʝ ʟʘ 

ʰʘʨ, ʧʦʬʘʨʙʦʚʘʥʠʡ ʫ ʞʦʚʪʠʡ ʢʦʣʽʨ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ 

ʯʠʩʝʣʴʥʦʩʪʽ ʢʣʽʪʠʥ.  
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ʈʠʩ. 5.9. ɻʨʘʬʽʢʠ ʚʽʜʥʦʩʠʥ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ: ɸ ï ʤʽʞ ʢʽʣʴʢʽʩʥʠʤʠ 

ʟʤʽʥʥʠʤʠ ʽ ʚʠʜʦʚʠʤ ʙʘʛʘʪʩʪʚʦʤ, ɹ ï ʤʽʞ ʢʽʣʴʢʽʩʥʠʤʠ ʟʤʽʥʥʠʤʠ ʪʘ ʩʝʨʝʜʥʽʤ 

ʦʙôʻʤʦʤ ʢʣʽʪʠʥ, ɺ ï ʤʽʞ ʚʠʜʦʚʠʤ ʙʘʛʘʪʩʪʚʦʤ, ʽʥʜʝʢʩʦʤ ʩʘʧʨʦʙʥʦʩʪʽ ʪʘ 

ʩʝʨʝʜʥʽʤ ʦʙôʻʤʦʤ ʢʣʽʪʠʥ, ɻ ï ʤʽʞ ʯʠʩʝʣʴʥʽʩʪʶ, ʽʥʜʝʢʩʦʤ ʩʘʧʨʦʙʥʦʩʪʽ ʪʘ 

ʢʦʥʜʫʢʪʠʚʥʽʩʪʶ, ɼ ï ʤʽʞ ʢʦʥʜʫʢʪʠʚʥʽʩʪʶ ʚʦʜʠ ʪʘ pH ʜʣʷ ʦʟʝʨʘ ɺʝʡʩʦʚʝ 
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ɻʦʣʦʚʥʝ ʚʠʧʠʥʘʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʯʠʩʝʣʴʥʽʩʪʴ ʢʣʽʪʠʥ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʙʫʜʝ 

ʥʝʟʥʘʯʥʦ ʚʠʱʝ ʟʘ ʪʝ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ (ʙʣʠʟʴʢʦ 4 ʤʣʥ. ʢʣ/ʜʤ3) ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʦʨʛʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʦʪʝ ʩʝʨʝʜʥʽʭ ʨʽʚʥʷʭ ʢʦʥʜʫʢʪʠʚʥʦʩʪʽ, 

ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʧʦʚôʷʟʘʥʦ ʁ ʟ ʥʝʶ ʩʦʣʦʥʽʩʪʶ ʚʦʜʠ. ʊʦʙʪʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʽʣʴʢʦʩʪʽ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥ,̫ ʤʦʞʫʪʴ ʬʦʨʤʫʚʘʪʠʩʷ ʪʨʠ ʪʠʧʠ ʫʛʨʫʧʦʚʘʥʴ: 

ʧʝʨʝh ʫ ʚʦʜʘʭ ʟ ʥʠʟʴʢʦʶ ʩʦʣʦʥʽʩʪʶ ʪʘ ʥʠʟʴʢʦ ʟʙʘʛʘʯʝʥʠʭ ʦʨʛʘʥʽʯʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ, ʜʨʫʛʝ ʫ ʚʦʜʘʭ ʟ ʚʠʩʦʢʦʶ ʢʦʥʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʥʠʟʴʢʦ ʟʙʘʛʘʯʝʥʠʭ 

ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʽ ʥʘʡʙʽʣʴʰ ʧʨʝʜʩʪʘʚʣʝʥʝ ʪʨʝʪ ̒ ï ʫ ʚʦʜʘʭ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʢʦʥʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʥʘʩʠʯʝʥʽʩʪʶ ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʪʘʢʦʞ 

ʤʦʞʣʠʚʝ ʧʨʠ ʜʝʷʢʠʭ ʽʥʰʠʭ ʧʦʻʜʥʘʥʥʷʭ ʚʢʘʟʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʆʩʦʙʣʠʚʦ ʮʝ 

ʧʨʠʤʽʪʥʦ ʥʘ ʢʦʥʪʫʨʥʦʤʫ ʧʣʦʪʽ, ʱʦ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʪʠʭ ʩʘʤʠʭ ʜʘʥʠʭ (ʨʠʩ. 5.9 ɼ), 

ʜʝ ʯʽʪʢʦ ʚʠʢʨʝʩʣʝʥʽ 6 ʦʢʨʝʤʠʭ ʪʠʧʽʚ ʫʛʨʫʧʦʚʘʥʴ ʫ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʦʟʝʨʽ ɺʝʡʩʦʚʝ. ʊʘʢʠʤ ʯʠʥʦʤ, ʝʢʦʩʠʩʪʝʤʘ ʦʟʝʨʘ ɺʝʡʩʦʚʝ ʚʠʛʣʷʜʘʻ ʙʽʣʴʰ 

ʩʢʣʘʜʥʦʶ, ʤʝʥʰ ʧʨʦʛʥʦʟʫʻʤʦʶ, ʧʨʦʪʝ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʡ ʙʽʣʴʰ ʩʪʽʡʢʦʶ ʜʦ ʟʤʽʥ 

ʧʘʨʘʤʝʪʨʽʚ. ɼʘʥʠʡ ʚʠʩʥʦʚʦʢ ʩʪʘʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʝʢʦʣʦʛʘʤ 

ʧʨʠ ʚʠʙʦʨʽ ʟʘʩʦʙʽʚ ʚʧʣʠʚʫ ʧʨʠ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʝʢʦʩʠʩʪʝʤʠ 

ʜʘʥʦʛʦ ʦʟʝʨʘ. 

ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʦʤ ʟʚʘʞʝʥʠʭ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, 

ʚʠʢʦʥʘʥʠʡ ʜʣʷ ʦʟʝʨʘ ɻʘʨʷʯʝ, ʤʦʞʥʘ ʙʘʯʠʪʠ ʥʘ ʨʠʩʫʥʢʘʭ 5.10. ɺʠʜʥʦ, ʦɦ 

ʜʠʥʘʤʢ̔ʘ ʪʘʢʦʛʦ ʚʘʞʣʠʚʦʛʦ ʧʦʢʘʟʥʠʢʘ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʝʢʦʩʠʩʪʝʤʠ, ʢ̫ 

ʯʠʩʝʣɹ ʥʽʩʪʴ ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ, ʤʘʻ ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚʽʜ ʪʘʢʠʭ ʫ ʦʟʝʨʘʭ 

ʈ̔ʧʥʝ ʪʘ ɺʝʡʩʦʚʝ, ʦɦ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʚʠʱʝ. ʇʨʦʛʥʦʩʪʠʯʥʽʩʪʴ (ʟʥʘʯʝʥʥ̫  ʚʠ ʝɦ 

ʞʦʚʪʦʛʦ ʰʘʨʫ) ʚʠʷʚʣʷʻ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ (ʨʠʩ. 5.10 ɸ) ʥʝ ʪʣ̔ʴʢʠ ʟʘ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥ ɹ ʙ̔ʦʤʘʩʠ, ʢʦʣʠ ʚʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ ʪʘʢʦʞ ʜʦʩʷʛʘʻ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ, ʘʣʝ ʡ ʪʘʢʦʞ ʧʨʠ ʩʪʘʙʣ̔ʴʥʦ ʥʝʚʠʩʦʢʠʭ ʟʥʘʯʝʥʥʷʭ 

ʙʦ̔ʤʘʩʠ, ʙʣʠʟʴʢʦ 430 ʤʢʛ/ʜʤ3, ʪʘ ʧʨʠ ʚʩʡ̔ ʚʠ̫ ʚʣʝʥʽʡ ʘʤʧʣʪ̔ʫʜ̔ ʚʠʜʦʚʦʛʦ 

ʙʘʛʘʪʩʪʚʘ.  

ʎʝ ʥʝʪʠʧʦʚʝ ʷʚʠʱʝ ʙʫʣʦ ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʥʫʪʠ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʧʨʠʯʠʥ ʟʤʽʥ ʫ ʝʢʦʩʠʩʪʝʤ ̔ʦʟ. ɻʘʨʷʯʝ. ʅʘ ʨʠʩʫʥʢʫ 5.10 ɹ ʚʠʜʥʦ, ʦɦ ʟ 
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ʮʠʤ ʷʚʠʱʝʤ ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʦʚô̫ʟʘʥʘ ʚʝʣʠʯʠʥʘ ʩʝʨʝʜʥʴʦʛʦ ʦʙô̒ʤʫ ʢʣ̔ʪʠʥ, 

ʪʦʙʪʦ, ʧʦʙʫʜʦʚʘʥʘ ʧʦʚʝʨʭʥʷ ʚʠʷʚʣʷʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʥʘ ʧʘʨʘʣʝʣʴʥʽʡ ʦʩʥʦʚ.̔ ʋ 

ʪʦʡ ʯʘʩ ʷʢ ʟʚ'ʷʟʦʢ ʙʽʦʤʘʩʠ ʬ̔ʪʦʧʣʘʥʢʪʦʥʫ ʟ ʢʦʥʜʫʢʪʠʚʥʩ̔ʪʶ ʪʘ ʥ̔ʜʝʢʩʘʤʠ 

ʩʘʧʨʦʙʥʦʩʪ ̔(ʨʠʩ. 5.10 ɺ) ʚʠ̫ ʚʣʷ ̒ʜʚʘ ʨʽʟʥʠʭ ʪʠʧʠ ʫʤʦʚ, ʫ ʷʢʠʭ ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʚʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ ʚʦʜʦʨʦʩʪʝʡ: 1) ʥʠʟʢɹʝ ʦʨʛʘʥʯ̔ʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʫʤʦʚʘʭ 

ʚʠʩʦʢʦ ʾ ʤ̔ʥʝʨʘʣʟ̔ʘʮ̔ʾ ʚʦʜʠ, ʪʘ 2) ʚʠʩʦʢʘ ʤʥ̔ʝʨʘʣʟ̔ʘʮ̫̔ ʚʦʜʠ ʚ ʫʤʦʚʘʭ 

ʧʽʜʚʠʱʝʥʥʷ ʦʨʛʘʥʯ̔ʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ʏʠʩʣʦ ʚʠʜʽʚ ʙʫʣʦ ʤʽʥʽʤʘʣʴʥʠʤ ʫ ʚʦʜʘʭ 

ʟ ʥʠʟʴʢʦʶ ʢʦʥʜʫʢʪʠʚʥ̔ ʩʪʶ, ʩʣʘʙʢʦ ʥʘʩʠʯʝʥʠʭ ʦʨʛʘʥʽʢʦʶ. ɺ ʜʘʥʽʡ ʧʦʙʫʜʦʚʽ 

ʤʦʞʥʘ ʙʘʯʠʪʠ ʪʽʣʴʢʠ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ, ʧʨʦʪʝ ʧʨʦʛʥʦʩʪʠʯʥʽʩʪʴ ʚʽʜʩʫʪʥʷ. 

ʊʦʙʪʦ, ʫ ʚʠʤʽʨʷʥʠʭ ʥʘʤʠ ʫʤʦʚʘʭ ʦʟʝʨʘ ɻʘʨʷʯʝ, ʩʠʩʪʝʤʘ ʟʘʣʠʰʘʻʪʴʩʷ 

ʩʪʘʙʣ̔ʴʥʦ,ʁ ʦʜʥʘʢ, ʩʭʠʣʴʥʦʶ ʜʦ ʭʨʦʥʽʯʥʦʾ ʧʝʨ̔ʦʜʠʯʥʦʾ ʟʤʽʥʠ ʦʩʥʦʚʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ. 

ʉʪʘʙʽʣʴʥʠʤ ʚʠʷʚʠʣʦʩʷ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷ ʩʝʨʝʜʥʴʦʢʣʽʪʠʥʥʦʛʦ ʦʙô̒ ʤʫ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʥʘʜʭʦʜʞʝʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʩʪʘʙʽʣʴʥʦʛʦ 

ʚʠʜʦʚʦʛʦ ʙʘʛʘʪʩʪʚʘ (ʨʠʩ. 5.10 ɻ). ʏʠʩʣʦ ʚʠʜʽʚ ʙʫʣʦ ʤʽʥʽʤʘʣʴʥʠʤ ʫ ʚʦʜʘʭ ʟ 

ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʫʛʨʫʧʦʚʘʥʥʷ ʪʫʪ ʩʢʣʘʜʘʣʠʩʷ ʟ 

ʜʨʽʙʥʦʢʣʽʪʠʥʥʠʭ ʚʠʜʽʚ. ʅʘ ʧʨʦʪʠʚʘʛʫ ʯʠʩʣʦ ʚʠʜʽʚ ʟʨʦʩʪʘʣʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʦʨʛʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʦʜʥʦʯʘʩʥʦ ʟʙʘʛʘʯʫʶʯʠʩʴ ʢʨʫʧʥʦʢʣʽʪʠʥʥʠʤʠ 

ʚʠʜʘʤʠ. 

ɺʧʣʠʚ ʪʘʢʠʭ ʙʘʟʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʦʜʠ ʦʟ. ɻʘʨʷʯʝ, ʷʢ ʨʅ ʪʘ 

ʢʦʥʜʫʢʪʠʚʥʽʩʪʴ ʥʘ ʚʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ ʬʽʪʦʧʣʘʥʢʪʦʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚʽʜʦʙʨʘʞʝʥʦ 

ʥʘ ʢʦʥʪʫʨʥʦʤʫ ʧʣʦʪʽ (ʨʠʩ. 5.10 ɼ). ʅʘ ʥʴʦʤʫ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʚ ʦʟʝʨʽ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʜʚʘ ʨʽʟʥʠʭ ʪʠʧʠ ʫʛʨʫʧʦʚʘʥʴ: 1) ʧʨʠ ʢʦʥʜʫʢʪʠʚʥʦʩʪʽ ʥʠʞʯʝ 

11 ʤʣʉʤ/ʩʤ ʪʘ ʨʅ ʥʠʞʯʝ 7,8, ʪʘ 2) ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʥʷʭ 

ʢʦʥʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʨʅ.  

ɺ ʮʽʣʦʤʫ ʚʠʥʠʢʘʻ ʢʘʨʪʠʥʘ ʩʪʘʙʽʣʴʥʠʭ ʮʠʢʣʽʯʥʠʭ ʟʤʽʥ ʚ ʝʢʦʩʠʩʪʝʤʽ ʦʟʝʨʘ, 

ʱʦ ʚʽʜʦʙʨʘʞʫʶʪʴʩʷ ʫ ʧʝʨʽʦʜʠʯʥʦʤʫ ʨʦʟʚʠʪʢʫ ʜʚʦʭ ʨʽʟʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚʠʜʽʚ 

ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ. ɰʭ ʽʩʥʫʚʘʥʥʷ ʙʽʣʴʰ ʧʦʚô̫ ʟʘʥʦ ʟʽ ʟʤʽʥʦʶ ʩʦʣʦʥʦʩʪʽ ʪʘ ʨʅ 

ʩʝʨʝʜʦʚʠʱʘ ʥʽʞ ʟ ʦʨʛʘʥʽʯʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ. ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʜʘʥʽ 

ʚʧʣʠʚʠ ʥʝʩʫʪʴ ʧʝʨʽʦʜʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʢʣʽʤʘʪʠʯʥʠʭ ʬʣʫʢʪʫʘʮʽʡ. 
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ʈʠʩ. 5.10. ɻʨʘʬʽʢʠ ʚʽʜʥʦʩʠʥ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ: ɸ ï ʤʽʞ ʢʽʣʴʢʽʩʥʠʤʠ 

ʟʤʽʥʥʠʤʠ ʽ ʚʠʜʦʚʠʤ ʙʘʛʘʪʩʪʚʦʤ, ɹ ï ʤʽʞ ʢʽʣʴʢʽʩʥʠʤʠ ʟʤʽʥʥʠʤʠ ʪʘ ʩʝʨʝʜʥʽʤ 

ʦʙôʻʤʦʤ ʢʣʽʪʠʥ, ɺ ï ʤʽʞ ʢʦʥʜʫʢʪʠʚʥʽʩʪʶ, ʚʠʜʦʚʠʤ ʙʘʛʘʪʩʪʚʦʤ ʪʘ ʽʥʜʝʢʩʦʤ 

ʩʘʧʨʦʙʥʦʩʪʽ, ɻ ï ʤʽʞ ʚʠʜʦʚʠʤ ʙʘʛʘʪʩʪʚʦʤ, ʽʥʜʝʢʩʦʤ ʩʘʧʨʦʙʥʦʩʪʽ ʪʘ ʩʝʨʝʜʥʽʤ 

ʦʙôʻʤʦʤ ʢʣʽʪʠʥ, ɼ ï ʤʽʞ ʢʦʥʜʫʢʪʠʚʥʽʩʪʶ ʚʦʜʠ ʪʘ pH ʜʣʷ ʦʟʝʨʘ ɻʘʨʷʯʝ 

ɸ ɹ 

ɺ ɻ 

ɼ 
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ɯʥʰʠʡ ʧʨʠʢʣʘʜ ʜʠʥʘʤʽʢʠ ʙʽʦʪʠʯʥʠʭ ʪʘ ʘʙʽʦʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʝʢʦʩʠʩʪʝʤʠ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʜʣʷ ʦʟʝʨʘ ʉʣʽʧʥʝ (ʨʠʩ. 5.11). ʈʠʩʫʥʦʢ 5.11 ɸ ʧʦʢʘʟʫʻ 

ʚʽʜʩʫʪʥʽʩʪʴ ʟʚô̫ ʟʢʫ ʧʨʠʨʦʩʪʫ ʯʠʩʝʣʴʥʦʩʪʽ ʟ ʨʦʩʪʦʤ ʙʽʦʤʘʩʠ, ʦʜʥʘʢ ʧʨʠʨʽʩʪ 

ʚʠʜʦʚʦʛʦ ʙʘʛʘʪʩʪʚʘ ʙʫʚ ʯʽʪʢʦ ʫʟʛʦʜʞʝʥʠʡ ʟ ʨʦʩʪʦʤ ʯʠʩʣʘ ʢʣʽʪʠʥ ʚʦʜʦʨʦʩʪʝʡ. 

ʇʨʦʛʥʦʩʪʠʯʥʽʩʪʴ ʚʠʷʚʣʷʻ ʨʽʩʪ ʯʠʩʝʣʴʥʦʩʪʽ ʢʣʽʪʠʥ ʧʨʠʙʣʠʟʥʦ ʜʦ 12 ʤʣʥ. ʢʣ/ʜʤ3, 

ʢʦʣʠ ʚʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ ʙʫʜʝ ʟʨʦʩʪʘʪʠ, ʪʦʙʪʦ ʚʠʷʚʣʷʻʪʴʩʷ ʟʥʘʯʠʤʽʩʪʴ ʚʠʜʦʚʦʛʦ 

ʩʢʣʘʜʫ ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ ʦʟʝʨʘ ʉʣʽʧʥʝ. 

ʏʠʩʝʣʴʥʽʩʪʴ ʢʣʽʪʠʥ ʫ ʘʤʧʣʽʪʫʜʽ ʧʦʢʘʟʥʠʢʽʚ ʚʦʜʠ ʦʟ. ʉʣʽʧʥʝ ʧʦʢʘʟʫʻ 

ʽʩʥʫʚʘʥʥʷ ʜʚʦʭ ʢʦʤʧʣʝʢʩʽʚ ʚʠʜʽʚ (ʨʠʩ. 5.11 ɹ): 1) ʜʨʽʙʥʦʢʣʽʪʠʥʥʽ ʚʠʜʠ, ʱʦ 

ʩʪʚʦʨʶʶʪʴ ʚʝʣʠʢʫ ʙʽʦʤʘʩʫ, ʪʘ 2) ʢʨʫʧʥʦʢʣʽʪʠʥʥʽ ʚʠʜʠ, ʯʠʩʝʣʴʥʽʩʪʴ ʢʣʽʪʠʥ ʷʢʠʭ 

ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʚʠʩʦʢʦʶ, ʧʨʦʪʝ ʣʠʰʝ ʧʝʨʽʦʜʠʯʥʦ, ʟʘ ʚʠʩʦʢʦʾ ʟʘʛʘʣʴʥʦʾ 

ʙʽʦʤʘʩʠ ʬʽʪʦʧʣʘʥʢʪʦʥʫ. ʇʨʦʛʥʦʩʪʠʯʥʽʩʪʴ ʧʦʚʝʨʭʥʽ (ʚʠʱʝ ʰʘʨʫ ʩʚʽʪʣʦ-

ʟʝʣʝʥʦʛʦ ʢʦʣʴʦʨʫ) ʥʘ ʨʠʩʫʥʢʫ ʧʦʢʘʟʫʻ ʚʘʞʣʠʚʽʩʪʴ ʢʨʫʧʥʦʢʣʽʪʠʥʥʠʭ ʚʠʜʽʚ ʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʝʢʦʩʠʩʪʝʤʠ ʦʟʝʨʘ ʉʣʽʧʥʝ. 

ɿʚô̫ ʟʦʢ ʩʧʽʣʴʥʦʛʦ ʚʧʣʠʚʫ ʨʽʚʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ 

ʢʦʥʜʫʢʪʠʚʥʦʩʪʽ ʚʦʜʠ ʥʘ ʯʠʩʝʣʴʥʽʩʪʴ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʦʟ. ʉʣʽʧʥʝ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 5.11. ɺ. ʄʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʦʜʥʦʯʘʩʥʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʽʥʜʝʢʩʫ ʩʘʧʨʦʙʥʦʩʪʽ, ʧʨʠʯʦʤʫ ʦʩʦʙʣʠʚʦ ʚʠʩʦʢʝ 

ʦʨʛʘʥʽʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʟʥʠʞʫʻ ʚʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʦʜʠ. ɼʘʥʠʡ 

ʚʠʩʥʦʚʦʢ ʜʦʟʚʦʣʷʻ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʩʝʟʦʥʥʝ ʦʧʨʽʩʥʝʥʥʷ ʚʦʜ ʦʟʝʨʘ ʟ ʪʘʥʝʥʥʷʤ 

ʩʥʽʛʫ ʥʝʩʝ ʪʘʢʦʞ ʤʘʩʫ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʧʨʠʯʦʤʫ ʚ ʜʘʥʠʭ ʫʤʦʚʘʭ 

ʬʽʪʦʧʣʘʥʢʪʦʥ ʟʙʽʜʥʶʻʪʴʩʷ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʧʣʘʥʽ, ʥʘ ʨʠʩʫʥʢʫ 5.11 ɻ ʚʠʜʥʦ, ʱʦ ʦʨʛʘʥʽʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ 

ʚʧʣʠʚʘʻ ʥʘ ʩʪʽʣʴʢʠ ʥʘ ʚʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ, ʩʢʽʣʴʢʠ ʥʘ 

ʚʠʜʦʚʠʡ ʩʢʣʘʜ ï ʚʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ ʢʨʫʧʥʦʢʣʽʪʠʥʥʠʭ ʚʠʜʽʚ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʟʥʠʞʝʥʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ 

ʝʢʦʩʠʩʪʝʤʫ ʦʟ. ʉʣʽʧʥʝ ʙʽʣʴʰ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʦʢʫ ʦʨʛʘʥʽʯʥʠʭ 

ʟʘʙʨʫʜʥʝʥʴ ʟ ʙʘʩʝʡʥʫ ʚʦʜʦʟʙʦʨʫ. 
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ʈʠʩ. 5.11. ɻʨʘʬʽʢʠ ʚʽʜʥʦʩʠʥ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ: ɸ ï ʤʽʞ ʢʽʣʴʢʽʩʥʠʤʠ 

ʟʤʽʥʥʠʤʠ ʽ ʚʠʜʦʚʠʤ ʙʘʛʘʪʩʪʚʦʤ, ɹ ï ʤʽʞ ʢʽʣʴʢʽʩʥʠʤʠ ʟʤʽʥʥʠʤʠ ʪʘ ʩʝʨʝʜʥʽʤ 

ʦʙôʻʤʦʤ ʢʣʽʪʠʥ, ɺ ï ʤʽʞ ʢʦʥʜʫʢʪʠʚʥʽʩʪʶ, ʚʠʜʦʚʠʤ ʙʘʛʘʪʩʪʚʦʤ ʪʘ ʽʥʜʝʢʩʦʤ 

ʩʘʧʨʦʙʥʦʩʪʽ, ɻ ï ʤʽʞ ʚʠʜʦʚʠʤ ʙʘʛʘʪʩʪʚʦʤ, ʽʥʜʝʢʩʦʤ ʩʘʧʨʦʙʥʦʩʪʽ ʪʘ ʩʝʨʝʜʥʽʤ 

ʦʙôʻʤʦʤ ʢʣʽʪʠʥ, ɼ ï ʤʽʞ ʢʦʥʜʫʢʪʠʚʥʽʩʪʶ ʚʦʜʠ ʪʘ pH ʜʣʷ ʦʟʝʨʘ ʉʣʽʧʥʝ 
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ʈʠʩʫʥʦʢ 5.11 ɼ ʧʽʜʪʚʝʨʜʞʫʻ ʽʩʥʫʚʘʥʥʷ ʫ ʉʣʽʧʥʦʤʫ ʷʢ ʤʽʥʽʤʫʤ ʪʨʴʦʭ 

ʢʦʤʧʣʝʢʩʽʚ ʚʦʜʦʨʦʩʪʝʡ ʧʣʘʥʢʪʦʥʫ, ʧʦʚô̫ ʟʘʥʠʭ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʦʩʥʦʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʦʜʠ. ʇʝʨʰʠʡ ʟ ʥʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʠʟʴʢʦʶ ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ ʪʘ 

ʥʠʟʴʢʠʤ ʨʅ ʚʦʜʠ, ʜʨʫʛʠʡ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʪʘ 

ʚʠʩʦʢʦʛʦ ʨʅ, ʘ ʪʨʝʪʽʡ ï ʟʘ ʥʠʟʴʢʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʪʘ ʚʠʩʦʢʦʛʦ ʨʅ ʚʦʜʠ. ɹʫʣʦ 

ʚʠʷʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʠʩʦʢʠʭ ʨʅ ʪʘ ʢʦʥʜʫʢʪʠʚʥʦʩʪʽ ʬʦʨʤʫʶʪʴʩʷ ʤʘʣʦʚʠʜʦʚʽ 

ʢʦʤʧʣʝʢʩʠ ʚʦʜʦʨʦʩʪʝʡ, ʦʜʥʘʢ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ ʟʨʦʩʪʘʻ ʟʽ 

ʟʤʝʥʰʝʥʥʷʤ ʚʤʽʩʪʫ ʩʦʣʝʡ ʪʘ ʨʅ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʷʚʣʷʻʪʴʩʷ ʩʢʣʘʜʥʽʩʪʴ 

ʝʢʦʩʠʩʪʝʤʠ ʦʟ. ʉʣʽʧʥʝ, ʱʦ ʧʦʚô̫ ʟʘʥʘ ʥʝ ʪʽʣʴʢʠ ʟ ʥʘʜʭʦʜʞʝʥʥʷʤ ʦʨʛʘʥʽʯʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʙʘʩʝʡʥʫ ʚʦʜʦʟʙʦʨʫ, ʘʣʝ ʡ ʽʟ ʚʧʣʠʚʦʤ ʢʣʽʤʘʪʠʯʥʠʭ ʬʣʫʢʪʫʘʮʽʡ. 

ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʦʤ ʟʚʘʞʝʥʠʭ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʜʣʷ 

ʪʨʴʦʭ ʤʽʣʢʦʚʦʜʥʠʭ ʯʘʩʪʢʦʚʦ ʧʝʨʝʩʠʭʘʶʯʠʭ ʦʟʝʨ ʃʝʚʘʜʥʝ, ʏʝʨʚʦʥʝ ʪʘ ʆʟʝʨʦ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 5.12. ʅʘ ʨʠʩʫʥʢʘʭ 5.12 ɸ ʪʘ ɹ ʚʠʜʥʦ, ʱʦ ʯʠʩʝʣʴʥʽʩʪʴ 

ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʙʫʣʘ ʙʽʣʴʰ ʟʘ ʚʩʝ ʧʦʚô̫ ʟʘʥʘ ʟ ʧʨʠʨʦʩʪʦʤ ʟʘʛʘʣʴʥʦʾ ʙʽʦʤʘʩʠ, 

ʦʜʥʘʢ ʫ ʪʦʡ ʞʝ ʯʘʩ ʪʘʢʦʞ ʽ ʟ ʧʝʨʝʙʫʜʦʚʦʶ ʢʦʤʧʣʝʢʩʽʚ ʬʽʪʦʧʣʘʥʢʪʦʥʫ: 1) 

ʜʨʽʙʥʦʢʣʽʪʠʥʥʠʭ ʚʠʜʽʚ ʟ ʚʠʩʦʢʦʶ ʙʽʦʤʘʩʦʶ, ʪʘ 2) ʢʨʫʧʥʦʢʣʽʪʠʥʥʠʭ ʚʠʜʽʚ, ʱʦ 

ʩʪʚʦʨʶʶʪʴ ʙʽʦʤʘʩʫ ʟʥʘʯʥʦ ʥʠʞʯʠʭ ʟʥʘʯʝʥʴ. ɺʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ ʥʝ ʟʘʣʝʞʘʣʦ ʚʽʜ 

ʢʽʣʴʢʽʩʥʠʭ ʟʤʽʥʥʠʭ. ɹʽʦʤʘʩʘ ʟʙʽʣʴʰʫʚʘʣʘʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʝʣʴʥʦʩʪʽ, ʘʣʝ 

ʯʠʩʣʦ ʚʠʜʽʚ ʢʦʣʠʚʘʣʦʩʷ ʫ ʥʝʚʝʣʠʢʠʭ ʤʝʞʘʭ. ʇʨʦʛʥʦʩʪʠʯʥʽʩʪʴ ʨʠʩʫʥʢʫ 5.12 ɸ 

ʚʠʷʚʣʷʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʨʦʩʪʫ ʯʠʩʝʣʴʥʦʩʪʽ ʧʨʠ ʧʨʠʨʦʩʪʽ ʙʽʦʤʘʩʠ ʬʽʪʦʧʣʘʥʢʪʦʥʫ, 

ʧʨʠʯʦʤʫ ʥʘʡʙʽʣʴʰ ʷʩʢʨʘʚʦ ʮʝ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʦ ʫ ʢʦʤʧʣʝʢʩʘʭ ʟʽ ʟʙʽʜʥʝʥʠʤ 

ʚʠʜʦʚʠʤ ʩʢʣʘʜʦʤ. 

ʊʝʥʜʝʥʮʽʷ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʦʙô̒ ʤʫ ʢʣʽʪʠʥ ʚʦʜʦʨʦʩʪʝʡ 

(ʨʠʩ. 5.12 ɺ) ʚʠʷʚʣʷʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʽʟ ʥʘʜʭʦʜʞʝʥʥʷʤ ʦʨʛʘʥʽʯʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʟ ʽʥʰʦʛʦ ï ʟʽ ʟʥʠʞʝʥʥʷʤ ʯʠʩʣʘ ʚʠʜʽʚ ʫ ʢʦʤʧʣʝʢʩʽ ʚʦʜʦʨʦʩʪʝʡ 

ʧʣʘʥʢʪʦʥʫ. ʊʦʙʪʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙô̒ ʤʫ ʢʣʽʪʠʥ ʙʫʣʦ ʧʦʚô̫ ʟʘʥʦ ʟ ʥʘʜʭʦʜʞʝʥʥʷʤ 

ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʧʨʦʪʝ ʚʦʥʦ ʽʩʥʫʻ ʪʽʣʴʢʠ ʫ ʤʘʣʦʚʠʜʦʚʠʭ ʢʦʤʧʣʝʢʩʘʭ. ɿ̔  

ʟʨʦʩʪʘʥʥʷʤ ʦʨʛʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʣʽʪʠʥʠ ʩʪʘʚʘʣʠ ʙʽʣʴʰ ʢʨʫʧʥʠʤʠ, ʘ 

ʯʠʩʣʦ ʚʠʜʽʚ ʤʝʥʰʝ, ʭʦʯʘ ʚʠʜʥʦ, ʱʦ ʮʷ ʟʘʣʝʞʥʽʩʪʴ ʥʝʧʨʷʤʘ, ʘ ʦʪʞʝ ʚʦʥʘ ʙʫʣʘ 

ʧʦʚôʷʟʘʥʘ ʟʽ ʟʤʽʥʦʶ ʡ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. 
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ʈʠʩ. 5.12. ɻʨʘʬʽʢʠ ʚʽʜʥʦʩʠʥ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ: ɸ ï ʤʽʞ ʢʽʣʴʢʽʩʥʠʤʠ 

ʟʤʽʥʥʠʤʠ ʽ ʚʠʜʦʚʠʤ ʙʘʛʘʪʩʪʚʦʤ, ɹ ï ʤʽʞ ʢʽʣʴʢʽʩʥʠʤʠ ʟʤʽʥʥʠʤʠ ʪʘ ʩʝʨʝʜʥʽʤ 

ʦʙôʻʤʦʤ ʢʣʽʪʠʥ, ɺ ï ʤʽʞ ʩʝʨʝʜʥʽʤ ʦʙôʻʤʦʤ ʢʣʽʪʠʥ, ʽʥʜʝʢʩʦʤ ʩʘʧʨʦʙʥʦʩʪʽ ʪʘ 

ʚʠʜʦʚʠʤ ʙʘʛʘʪʩʪʚʦʤ, ɻ ï ʤʽʞ ʢʦʥʜʫʢʪʠʚʥʽʩʪʶ, ʚʠʜʦʚʠʤ ʙʘʛʘʪʩʪʚʦʤ ʪʘ ʽʥʜʝʢʩʦʤ 

ʩʘʧʨʦʙʥʦʩʪʽ, ɼ ï ʤʽʞ ʢʦʥʜʫʢʪʠʚʥʽʩʪʶ ʚʦʜʠ ʪʘ pH ʜʣʷ ʦʟʝʨ ʃʝʚʘʜʥʝ, ʏʝʨʚʦʥʝ ʪʘ 
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ʋ ʪʦʡ ʞʝ ʯʘʩ ʢʦʤʧʣʝʢʩʠ ʢʨʫʧʥʦʢʣʽʪʠʥʥʠʭ ʚʠʜʽʚ, ʷʢ ʧʦʢʘʟʥʠʢʽʚ 

ʙʣʘʛʦʥʘʜʽʡʥʦʛʦ ʩʪʘʥʫ ʝʢʦʩʠʩʪʝʤʠ ʦʟʝʨʘ, ʙʫʣʠ ʧʦʚô̫ ʟʘʥʽ ʟʽ ʟʥʠʞʝʥʥʷʤ ʟʘʛʘʣʴʥʦʾ 

ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʦʜʠ (ʨʠʩ. 5.12 ɻ). ɿʘʣʝʞʥʽʩʪʴ ʥʝ ʧʨʦʩʪʘ, ʧʨʦʪʝ ʚʦʥʘ ʜʦʙʨʝ 

ʚʠʷʚʣʷʻʪʴʩʷ ʫ ʧʨʦʛʥʦʩʪʠʯʥʦʩʪʽ ʧʦʪʝʥʮʽʾ ʩʪʠʤʫʣʶʚʘʥʥʷ ʨʦʩʪʫ ʚʠʜʦʚʦʛʦ 

ʙʘʛʘʪʩʪʚʘ ʥʘʜʭʦʜʞʝʥʥʷʤ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. 

ɸʥʘʣʽʟ ʨʦʟʧʦʜʽʣʫ ʚʠʜʦʚʦʛʦ ʙʘʛʘʪʩʪʚʘ ʫ ʛʨʘʜʽʻʥʪʽ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʚʦʜʠ ï ʨʅ ʪʘ ʢʦʥʜʫʢʪʠʚʥʦʩʪʽ ï ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʽʩʥʫʚʘʥʥʷ ʷʢ ʤʽʥʽʤʫʤ ʜʚʦʭ 

ʨʽʟʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. ʇʝʨʰʠʡ, ʥʘʡʙʽʣʴʰ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʧʨʠʫʨʦʯʝʥʠʡ ʜʦ 

ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜ ʟ ʨʅ ʚʽʜ ʥʝʡʪʨʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʜʦ 

ʩʣʘʙʢʦʣʫʞʥʠʭ (7,5). ɺʦʜʦʨʦʩʪʽ ʜʨʫʛʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʚʠʩʦʢʦ 

ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʤ ʚʦʜʘʤ ʟ ʨʅ ʚʠʱʝ 7,6. ʅʘʡʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʚ ʙʫʣʘ ʚ 

ʫʛʨʫʧʦʚʘʥʥʷʭ ʟ ʚʠʩʦʢʦʶ ʢʦʥʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʨʅ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʚʠʷʚʠʚ, 

ʱʦ ʢʣʽʤʘʪʠʯʥʽ ʬʣʫʢʪʫʘʮʽʾ ʜʣʷ ʝʢʦʩʠʩʪʝʤ ʤʽʣʢʦʚʦʜʥʠʭ ʦʟʝʨ ʙʽʣʴʰ ʟʥʘʯʠʤʽ, ʥʽʞ 

ʦʨʛʘʥʽʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ. ɼʘʥʠʡ ʚʠʩʥʦʚʦʢ ʤʦʞʝ ʤʘʪʠ ʚʘʞʣʠʚʠʡ ʚʧʣʠʚ ʥʘ 

ʩʠʩʪʝʤʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʨʝʛʫʣʶʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤ ʜʘʥʠʭ 

ʦʟʝʨ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʟʚô̫ ʟʢʫ ʧʦʢʘʟʥʠʢʽʚ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʟ ʭʽʤʽʯʥʠʤ 

ʩʢʣʘʜʦʤ ʚʦʜʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʟʝʨ ʜʘʚ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ: 

ɿʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʚʦʜʠ ʟʤʽʥʥʽ ʚ ʦʟʝʨʘʭ ʢʦʣʠʚʘʣʠʩʷ ʚʽʜ ʧʨʽʩʥʠʭ ʩʣʘʙʢʦ 

ʢʠʩʣʠʭ ʜʦ ʩʦʣʦʥʫʚʘʪʠʭ ʣʫʞʥʠʭ (ʜʦʜʘʪʦʢ ʇ). ɿʘ ʦʨʛʘʥʽʯʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʦ 

ʽʥʜʝʢʩʫ ʩʘʧʨʦʙʥʦʩʪʽ S (ʜʦʜʘʪʦʢ ʈ) ʦʟʝʨʘ ʤʦʞʫʪʴ ʙʫʪʠ ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʷʢ ʥʠʟʴʢʦ 

ʘʙʦ ʩʝʨʝʜʥʴʦ ʟʘʙʨʫʜʥʝʥʽ, ʢʣʘʩʫ ʷʢʦʩʪʽ ʚʦʜʠ II-III ʫ ʚʩʽʭ ʦʟʝʨʘʭ, ʦʢʨʽʤ ʦʟʝʨ 

ɺʝʡʩʦʚʝ (2,74) ʪʘ ʉʣʽʧʥʝ (2,86), ʚʦʜʠ ʷʢʠʭ ʧʝʨʽʦʜʠʯʥʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ IV ʢʣʘʩʫ 

ʷʢʦʩʪʽ. [8]. ɺʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ ʙʫʣʦ ʚʠʱʝ ʚ ʧʽʚʥʽʯʥʽʡ ʛʨʫʧʽ ʦʟʝʨ, ʥʽʞ ʚ ʜʨʽʙʥʠʭ 

ʧʽʚʜʝʥʥʠʭ ʦʟʝʨʘʭ ʚʽʜʥʦʩʥʦ ʜʽʘʪʦʤʦʚʠʭ ʚʦʜʦʨʦʩʪʝʡ. ʅʘ ʟʝʣʝʥʽ ʪʘ ʩʠʥʴʦʟʝʣʝʥʽ 

ʚʠʜʠ ʚʦʜʦʨʦʩʪʝʡ ʙʫʣʦ ʙʘʛʘʪʝ ʦʟʝʨʦ ʉʣʽʧʥʝ. ɯʥʜʝʢʩ ʐʝʥʥʦʥʘ ʢʦʣʠʚʘʣʘʩʷ ʚ ʫʩʽʭ 

ʦʟʝʨʥʠʭ ʫʛʨʫʧʦʚʘʥʥʷʭ, ʘʣʝ ʚ ʛʨʫʧʽ ʤʽʣʢʦʚʦʜʥʠʭ ʦʟʝʨ ʚʽʥ ʙʫʚ ʥʠʞʯʝ. ʉʝʨʝʜʥʽʡ 

ʦʙôʻʤ ʢʣʽʪʠʥ ʢʦʣʠʚʘʚʩʷ ʪʘʢʦʞ, ʘʣʝ ʥʘʡʙʽʣʴʰʽ ʢʦʣʠʚʘʥʥʷ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʚ ʦʟʝʨʘʭ 

ʈʽʧʥʝ ʪʘ ʉʣʽʧʥʝ ʟ ʛʨʫʧʠ ʧʽʚʥʽʯʥʠʭ ʦʟʝʨ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʠ ʙʘʯʠʤʦ, ʱʦ 
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ʚʽʜʧʦʚʽʜʴ ʫʛʨʫʧʦʚʘʥʥʷ ʥʘ ʟʤʽʥʥʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʥʦʩʪʽ ʚʧʣʠʚʫ ʚ ʢʦʞʥʦʤʫ 

ʦʟʝʨʽ. 

ɹʘʛʘʪʦʤʽʨʥʠʡ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ (ʪʘʙʣ. 5.1-5.5) ʧʦʢʘʟʘʚ, ʱʦ ʬʘʢʪʦʨʘʤʠ, 

ʷʢʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʯʠʩʝʣʴʥʽʩʪʴ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʚ ʦʟʝʨʘʭ ʧʽʚʥʽʯʥʦʾ 

ʛʨʫʧʠ, ʙʫʣʠ ʢʦʥʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʣʫʞʥʽʩʪʴ; ʩʝʨʝʜʥʽʡ ʦʙ'ʻʤ ʢʣʽʪʠʥ ʟʘʟʥʘʚʘʚ ʚʧʣʠʚʫ 

ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʚʤʽʩʪʫ ʥʘʪʨʽʶ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʢʘʨʙʦʥʘʪʽʚ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʣʘ ʥʘ ʚʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ ʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ, ʘ ʦʨʛʘʥʽʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ 

ʙʫʣʦ ʥʠʞʯʝ ʫ ʪʦʡ ʯʘʩ, ʢʦʣʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʣʽʟʘ ʙʫʣʘ ʚʠʩʦʢʦʶ. ʇʨʠʤʽʪʥʦ, ʱʦ ʫ 

ʧʽʚʥʽʯʥʽʡ ʛʨʫʧʽ ʦʟʝʨ ʟ ʦʨʛʘʥʽʯʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʢʦʨʝʣʶʚʘʚ ʩʪʨʦʥʮʽʡ. ʋ 

ʧ̔ ʚʜʝʥʥʽʡ ʛʨʫʧʽ ʦʟʝʨ ʥʝʛʘʪʠʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʧʣʠʚʘʣʠ ʥʘ ʙʽʦʣʦʛʽʯʥʽ 

ʟʤʽʥʥʽ ʙʫʣʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʘʨʛʘʥʮʶ, ʢʘʣʽʶ, ʙʦʨʫ, ʢʨʝʤʥʽʶ, ʽ ʨʦʟʯʠʥʝʥʦʾ 

ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ (ʧʦʟʥʘʯʘʻʪʴʩʷ ʽʥʜʝʢʩʦʤ ʩʘʧʨʦʙʥʦʩʪʽ S); ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʧʦʟʠʪʠʚʥʽ ʬʘʢʪʦʨʠ ï ʢʘʣʴʮʽʡ ʽ ʩʫʣʴʬʽʜʠ, ʥʽʢʦʣʠ ʥʝ ʙʫʣʠ ʚʠʩʦʢʠʤʠ ʚ ʮʽʡ ʛʨʫʧʽ 

ʦʟʝʨ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʚʦʜʷʪʴ, ʱʦ ʭʽʤʽʯʥʽ ʟʤʽʥʥʽ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫʛʨʫʧʦʚʘʥʴ ʽ ʚʠʜʦʚʦʤʫ ʩʢʣʘʜʽ ʚ ʤʽʣʢʦʚʦʜʥʠʭ ʦʟʝʨʘʭ, ʚ ʪʦʡ ʯʘʩ 

ʷʢ ʫʛʨʫʧʦʚʘʥʥʷ ʛʣʠʙʦʢʠʭ ʦʟʝʨ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʩʦʣʦʥʦʩʪʽ, ʣʫʞʥʦʩʪʽ, 

ʢʘʨʙʦʥʘʪʽʚ ʽ ʦʨʛʘʥʽʯʥʠʭ ʟʘʙʨʫʜʥʝʥʴ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʇʽʨʩʦʥʘ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʥʘʡʙʽʣʴʰ ʟʘʣʝʞʥʠʤʠ ʟʤʽʥʥʠʤʠ ʫ ʚʠʚʯʝʥʠʭ ʦʟʝʨʘʭ ʙʫʣʠ ʚʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ 

ʬʽʪʦʧʣʘʥʢʪʦʥʫ, ʯʠʩʝʣʴʥʽʩʪʴ ʽ ʙʽʦʤʘʩʘ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʢʦʨʝʣʶʶʪʴ. ʋ ʩʚʦʶ ʯʝʨʛʫ, 

ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʚ ʥʘ ʫʛʨʫʧʦʚʘʥʥʷ ʚʦʜʦʨʦʩʪʝʡ, ʙʫʣʦ ʦʨʛʘʥʽʯʥʝ 

ʟʘʙʨʫʜʥʝʥʥʷ. ʉʝʨʝʜʥʽʡ ʦʙôʻʤ ʢʣʽʪʠʥ ʥʝʛʘʪʠʚʥʦ ʢʦʨʝʣʶʚʘʚ ʟ ʯʠʩʝʣʴʥʽʩʪʶ ʽ 

ʽʥʜʝʢʩʦʤ ʐʝʥʥʦʥʘ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʟʘʣʝʞʥʽʩʪʴ ʩʢʣʘʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ 

ʫʛʨʫʧʦʚʘʥʴ ʚʽʜ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʦʜʦʨʦʩʪʝʡ. ɺʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʚʦʜʦʨʦʩʪʝʡ ʫ ʜʦʩʣʽʜʞʝʥʠʭ ʦʟʝʨʘʭ ʧʨʦʚʦʢʫʻ ʟʨʦʩʪʘʥʥʷ ʤʘʣʠʭ ʦʜʥʦʢʣʽʪʠʥʥʠʭ 

ʚʠʜʽʚ ʽ, ʦʪʞʝ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʝʥʪʨʦʧʽʷ ʝʢʦʩʠʩʪʝʤʠ ʦʟʝʨ [145]. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ CANOCO, ʚ ʦʟʝʨʽ ʈʽʧʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʣʠʰʝ 

ʦʜʠʥ ʽʥʜʠʢʘʪʦʨʥʠʡ ʚʠʜ Nitzschia paleacea, ̫ʢʠʡ ʚʽʜʜʘʚʘʚ ʧʝʨʝʚʘʛʫ ʧʽʜʚʠʱʝʥʽʡ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʽʪʽ ʁʪʘ ʚʦʜʽ ʟʽ ʟʥʠʞʝʥʠʤ ʨʅ (ʨʠʩ. 5.1). ɺ ʦʟʝʨʘʭ ɺʝʡʩʦʚʝ ʪʘ 

ɻʘʨʷʯʝ ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʚʠʜ-ʽʥʜʠʢʘʪʦʨ Dunaliella salina, ʷʢʠʡ ʧʦʟʠʪʠʚʥʦ 
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ʢʦʨʝʣʶʚʘʚ ʟ ʩʦʣʦʥʽʩʪʶ (ʨʠʩ. 5.2, 5.3). ɺ ʦʟʝʨʽ ɻʘʨʷʯʝ ʪʘʢʦʞ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

ʛʨʫʧʫ ʽʥʜʠʢʘʪʦʨʽʚ (Chaetoceros muelleri, Cyclotella meneghiniana ʪʘ 

Gymnodinium uberrimum), ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʩʪʠʤʫʣʶʚʘʣʘʩʷ ʢʨʝʤʥʽʻʤ, ʘʣʝ 

ʥʝʛʘʪʠʚʥʦ ʢʦʨʝʣʶʚʘʣʘ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʙʘʨʽʶ ʪʘ ʙʦʨʫ (ʨʠʩ. 5.3). Peridiniopsis 

oculatum ʚ ʦʟʝʨʽ ʉʣʽʧʥʝ (ʨʠʩ. 5.4) ʚʠʩʪʫʧʘʚ ʚ ʷʢʦʩʪʽ ʙʽʦ̔ʥʜʠʢʘʪʦʨʘ ʚʦʜʠ ʟ 

ʧʽʜʚʠʱʝʥʠʤ ʨʅ, ʘ ʪʘʢʦʞ ʥʝʛʘʪʠʚʥʦ ʨʝʘʛʫʚʘʚ ʥʘ ʢʦʥʜʫʢʪʠʚʥʽʩʪʴ, ʥʘʪʨʽʡ, ʤʘʛʥʽʡ 

ʽ ʩʫʣʴʬʽʜʠ. ɯʥʜʠʢʘʪʦʨʘʤʠ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʩʦʣʝʡ ʚ ʦʟʝʨʽ ʃʝʚʘʜʥʝ (ʨʠʩ. 5.5) 

ʙʫʣʠ Dunaliella salina, Diatoma elongatum ʪʘ Hyaloraphidium contortum 

var. tenuissimum. ɹɸɺ ʦʟʝʨʘ ʏʝʨʚʦʥʝ (ʨʠʩ. 5.6) ʧʦʢʘʟʘʚ ʯʦʪʠʨʠ ʛʨʫʧʠ 

ʧʘʨʘʤʝʪʨʽʚ, ʧʨʠ ʷʢʠʭ Adlafia minuscula ʪʘ Chaetoceros muelleri ʚʠʩʪʫʧʘʣʠ 

ʙʽʦʽʥʜʠʢʘʪʦʨʘʤʠ ʚʠʩʦʢʦʾ ʩʦʣʦʥʦʩʪʽ ʪʘ ʣʫʞʥʦʩʪʽ. ʋ ʪʦʤʫ ʞ ʫʛʨʫʧʦʚʘʥʥʽ, 

Cyclotella stelligera ʪʘ Navicula gregaria ʙʫʣʠ ʦʮʽʥʝʥʽ ʷʢ ʧʦʢʘʟʥʠʢʠ ʢʨʝʤʥʝʟʝʤʫ 

ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʢʘʨʙʦʥʘʪʽʚ. ɺ ʆʟʝʨʽ ʚʠʷʚʣʝʥʦ (ʨʠʩ. 5.7), ʱʦ Chaetoceros muelleri 

ʪʘ Gomphonema angustatum ʚʠʩʪʫʧʘʣʠ ʽʥʜʠʢʘʪʦʨʘʤʠ ʚʠʩʦʢʦʾ ʩʦʣʦʥʦʩʪʽ ʪʘ 

ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʛʦ ʨʅ. 

ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʚʽʜʥʦʩʠʥʠ, ʨʦʟʨʘʭʦʚʘʥʽ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʦʟʝʨ, 

ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʧʽʚʥʽʯʥʽʡ ʛʨʫʧʽ ʦʟʝʨ ʯʠʩʝʣʴʥʽʩʪʴ ʽ ʙʽʦʤʘʩʘ ʟʙʽʣʴʰʫʚʘʣʠʩʷ 

ʩʠʥʭʨʦʥʥʦ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʠʜʦʚʦʛʦ ʙʘʛʘʪʩʪʚʘ. ɺ ʦʟʝʨʘʭ ʜʘʥʦʾ ʛʨʫʧʠ 

ʦʨʛʘʥʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʨʘʣʦ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʜʚʦʭ ʪʠʧʽʚ 

ʫʛʨʫʧʦʚʘʥʴ: ʦʜʥʘ ï ʜʨʽʙʥʦʢʣʽʪʠʥʥʠʭ ʚʦʜʦʨʦʩʪʝʡ ʫ ʚʦʜʘʭ, ʱʦ ʙʘʛʘʪʽ 

ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʽ ʜʨʫʛʘ ï ʟ ʙʽʣʴʰ ʢʨʫʧʥʠʤʠ ʢʣʽʪʠʥʘʤʠ ʫ ʚʦʜʘʭ, ʱʦ 

ʩʣʘʙʢʦ ʥʘʩʠʯʝʥʽ ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. ʇʨʦʪʝ, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚ ʦʟʝʨʽ 

ɻʘʨʷʯʝ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʧʨʦʪʠʣʝʞʥʘ ʪʝʥʜʝʥʮʽʷ: ʫʛʨʫʧʦʚʘʥʥʷ ʟʙʘʛʘʯʫʚʘʣʠʩʷ 

ʢʨʫʧʥʦʢʣʽʪʠʥʥʠʤʠ ʚʠʜʘʤʠ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʦʨʛʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʂʦʥʜʫʢʪʠʚʥʽʩʪʴ ʚʦʜʠ ʪʘ ʨʅ, ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʤʦʞʫʪʴ 

ʙʫʪʠ ʦʮʽʥʝʥʽ ʷʢ ʨʝʛʫʣʷʪʦʨʠ ʚʠʜʦʚʦʛʦ ʙʘʛʘʪʩʪʚʘ, ʘ ʪʘʢʦʞ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʫ ʮʽʡ 

ʛʨʫʧʽ ʦʟʝʨ. ʅʘ ʧʨʦʪʠʚʘʛʫ ʮʴʦʤʫ, ʙʽʦʣʦʛʽʯʥʽ ʟʤʽʥʥʽ ʧʽʚʜʝʥʥʠʭ ʤʽʣʢʦʚʦʜʥʠʭ ʦʟʝʨ 

ʥʝ ʟʘʣʝʞʘʣʠ ʚʽʜ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ, ʘʣʝ ʪʫʪ ʪʘʢʦʞ ʬʦʨʤʫʚʘʣʠʩʷ ʘʥʘʣʦʛʽʯʥʽ 

ʢʨʫʧʥʦ- ʪʘ ʜʨʽʙʥʦʢʣʽʪʠʥʥʽ ʫʛʨʫʧʦʚʘʥʥʷ. ʋ ʮʽʡ ʛʨʫʧʽ ʪʘʢʦʞ ʚʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ ʽ 

ʚʠʜʦʚʠʡ ʩʢʣʘʜ ʚ ʫʛʨʫʧʦʚʘʥʥʷʭ ʨʝʛʫʣʶʚʘʣʠʩʷ ʢʦʥʜʫʢʪʠʚʥʽʩʪʶ ʚʦʜʠ ʪʘ ʨʅ, ʜʝ 
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ʫʛʨʫʧʦʚʘʥʥʷ ʟ ʥʠʟʴʢʠʤ ʚʠʜʦʚʠʤ ʙʘʛʘʪʩʪʚʦʤ ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʫ ʚʦʜʘʭ ʟ ʧʦʤʽʨʥʦʶ 

ʢʦʥʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʥʠʟʴʢʠʤ ʦʨʛʘʥʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʘ ʫʛʨʫʧʦʚʘʥʥʷ ʟ 

ʚʠʩʦʢʠʤ ʚʠʜʦʚʠʤ ʙʘʛʘʪʩʪʚʦʤ ʨʦʟʚʠʚʘʣʠʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʦʨʛʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʠʩʥʦʚʢʠ, 

ʟʨʦʙʣʝʥʽ ʧʨʠ ʙʽʦʽʥʜʠʢʘʮʽʡʥʦʤʫ ʘʥʘʣʽʟʽ ʜʦʩʣʽʜʞʝʥʠʭ ʦʟʝʨʥʠʭ ʫʛʨʫʧʦʚʘʥʴ 

(ʨʦʟʜʽʣ 3.2) ʧʨʦ ʪʝ, ʱʦ ʚʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ ʧʽʜʜʘʚʘʣʦʩʷ ʚʧʣʠʚʫ ʩʦʣʦʥʦʩʪʽ, ʷʢ ʽ ʚ 

ʽʥʰʠʭ ʦʟʝʨʘʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʧʦʩʫʰʣʠʚʠʭ ʫʤʦʚʘʭ [123-126], ʚ ʷʢʠʭ ʩʦʣʦʥʽʩʪʴ 

ʚʦʜʠ ʟʽʛʨʘʣʘ ʽʩʪʦʨʠʯʥʫ ʨʦʣʴ ʫ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ 

ʚʦʜʦʨʦʩʪʝʡ. ʇʨʦʪʝ ʜʘʥʠʡ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʦʨʛʘʥʽʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘʢʦʞ ʚʠʩʪʫʧʘʻ ʚʘʞʣʠʚʠʤ ʨʝʛʫʣʷʪʦʨʥʠʤ ʬʘʢʪʦʨʦʤ.  
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ɺʀʉʅʆɺʂʀ 

 

1. ɺʩʪʘʥʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʪʘ ʢʽʣʴʢʽʩʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʉʣʦʚôʷʥʩʴʢʠʭ ʦʟʝʨ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʶ ʩʦʣʦʥʦʩʪʽ, ʧʨʦʚʝʜʝʥʦ 

ʙʽʦʽʥʜʠʢʘʮʽʶ ʾʭ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʟʘ ʽʥʜʠʢʘʪʦʨʥʠʤʠ ʚʠʜʘʤʠ ʚʦʜʦʨʦʩʪʝʡ 

ʪʘ ʚʠʷʚʣʝʥʦ ʩʧʝʮʠʬʽʢʫ ʚʧʣʠʚʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜʠ ʥʘ ʨʦʟʚʠʪʦʢ 

ʘʣʴʛʦʫʛʨʫʧʦʚʘʥʴ ʩʦʣʦʥʠʭ ʚʦʜʦʡʤ. 

2. ʋ ʧʣʘʥʢʪʦʥʽ ʜʦʩʣʽʜʞʝʥʠʭ ʦʟʝʨ ʚʠʷʚʣʝʥʦ 336 ʚʠʜʽʚ ʚʦʜʦʨʦʩʪʝʡ (350 ʚ. ʚ. ʪ.) 

ʟ ʜʝʚôʷʪʠ ʚʽʜʜʽʣʽʚ (Cyanoprokaryota, Euglenophyta, Chrysophyta, Dinophyta, 

Xanthophyta, Cryptophyta, Bacillariophyta, Chlorophyta, Charophyta), 

15 ʢʣʘʩʽʚ, 38 ʧʦʨʷʜʢʽʚ, 72 ʨʦʜʠʥ ʽ 141 ʨʦʜʫ. ɺ ʩʢʣʘʜʽ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʫʩʽʭ 

ʦʟʝʨ ʧʝʨʝʚʘʞʘʣʠ ʜʽʘʪʦʤʦʚʽ, ʘ ʫ ʥʘʡʙʽʣʴʰ ʧʨʽʩʥʦʤʫ ʦʟʝʨʽ ʉʣʽʧʥʝ, ʦʢʨʽʤ ʥʠʭ, 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʚʘʣʠ ʪʘʢʦʞ ʟʝʣʝʥʽ ʪʘ ʩʠʥʴʦʟʝʣʝʥʽ ʚʦʜʦʨʦʩʪʽ. 

3. ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʬʣʦʨʠʩʪʠʯʥʦʾ ʩʧʽʣʴʥʦʩʪʽ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ 

ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʜʦʩʣʽʜʞʝʥʠʭ ʚʦʜʦʡʤ ʚʠʜʽʣʝʥʦ ʜʚʽ ʛʨʫʧʠ ʦʟʝʨ: ʧʽʚʥʽʯʥʫ 

(ʥʝʧʝʨʝʩʠʭʘʶʯʽ ʦʟʝʨʘ ʈʽʧʥʝ, ɺʝʡʩʦʚʝ, ɻʘʨʷʯʝ, ʉʣʽʧʥʝ) ʪʘ ʧʽʚʜʝʥʥʫ 

(ʯʘʩʪʢʦʚʦ ʧʝʨʝʩʠʭʘʶʯʽ ʦʟʝʨʘ ʃʝʚʘʜʥʝ, ʏʝʨʚʦʥʝ ʪʘ ʆʟʝʨʦ). ʅʘʡʚʘʞʣʠʚʽʰʠʤ 

ʬʘʢʪʦʨʦʤ ʬʦʨʤʫʚʘʥʥʷ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʧʣʘʥʢʪʦʥʥʠʭ ʚʦʜʦʨʦʩʪʝʡ 

ʜʦʩʣʽʜʞʝʥʠʭ ʦʟʝʨ ʻ ʢʦʣʠʚʘʥʥʷ ʚʤʽʩʪʫ ʩʦʣʝʡ ʫ ʚʦʜʽ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʚʥʘʩʣʽʜʦʢ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ.  

4. ʏʘʩʪʢʦʚʦ ʧʝʨʝʩʠʭʘʶʯʽ ʦʟʝʨʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰʦʶ ʯʘʩʪʢʦʶ 

ʩʦʣʝʣʶʙʥʠʭ ʚʠʜʽʚ ʚʦʜʦʨʦʩʪʝʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʧʝʨʝʩʠʭʘʶʯʠʤʠ. ʋ 

ʩʝʟʦʥʥʦʤʫ ʘʩʧʝʢʪʽ ʚ ʙʽʣʴʰ ʩʦʣʦʥʠʭ ʦʟʝʨʘʭ ʈʽʧʥʝ, ɺʝʡʩʦʚʝ ʪʘ ɻʘʨʷʯʝ ʚ ʣʽʪʥʽʡ 

ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʨʦʩʪʘʥʥʷ ʚʽʜʥʦʩʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʦʣʝʣʶʙʥʠʭ ʚʠʜʽʚ 

ʚʦʜʦʨʦʩʪʝʡ, ʱʦ ʙʫʣʦ ʧʦʚôʷʟʘʥʦ ʟ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ. ɼʣʷ ʦʟʝʨʘ ʉʣʽʧʥʝ 

ʪʝʥʜʝʥʮʽʷ ʙʫʣʘ ʧʨʦʪʠʣʝʞʥʦʶ, ʱʦ ʡʤʦʚʽʨʥʦ ʧʦʚôʷʟʘʥʦ ʟ ʥʘʷʚʥʽʩʪʶ 

ʢʦʤʧʝʥʩʫʶʯʠʭ ʘʣʶʚʽʘʣʴʥʠʭ ʚʦʜ. 

5. ɹʽʦʽʥʜʠʢʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʫ ʚʦʜʥʽʡ ʪʦʚʱʽ ʥʝʧʝʨʝʩʠʭʘʶʯʠʭ ʦʟʝʨ 

ʧʝʨʝʚʘʞʘʣʠ ʙʝʥʪʦʩʥʽ ʪʘ ʧʣʘʥʢʪʦʥʥʦ-ʙʝʥʪʦʩʥʽ ʚʠʜʠ, ʘ ʯʘʩʪʢʦʚʦ 

ʧʝʨʝʩʠʭʘʶʯʠʭ ʦʟʝʨ ï ʣʠʰʝ ʙʝʥʪʦʩʥʽ. ɼʦʩʣʽʜʞʝʥʽ ʦʟʝʨʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʷ 
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ʜʦʩʪʘʪʥʽʤ ʨʽʚʥʝʤ ʥʘʩʠʯʝʥʥʷ ʚʦʜʠ ʢʠʩʥʝʤ, ʾʭ ʚʦʜʠ ʙʫʣʠ ʩʣʘʙʢʦʣʫʞʥʠʤʠ 

ʧʨʦʪʷʛʦʤ ʨʦʢʫ, ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʷ ʧʦʤʽʨʥʠʤ ʨʽʚʥʝʤ ʦʨʛʘʥʽʯʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʤʘʣʠ ʧʝʨʝʚʘʞʥʦ ʝʚʪʨʦʬʥʠʡ ʩʪʘʪʫʩ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ 

ʜʦ 2ï3 ʢʣʘʩʫ ʷʢʦʩʪʽ ʚʦʜʠ (ʮʽʣʢʦʤ ʟʘʜʦʚʽʣʴʥʘ), ʘ ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʚʧʣʠʚ ʥʘ 

ʉʣʦʚôʷʥʩʴʢʽ ʦʟʝʨʘ ʥʘʨʘʟʽ ʥʝ ʻ ʢʨʠʪʠʯʥʠʤ. 

6. ʅʘʡʙʽʣʴʰʦʶ ʩʝʨʝʜʥʴʦʶ ʯʠʩʝʣʴʥʽʩʪʶ (11,797 ʤʣʥ. ʢʣ/ʜʤ3) 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʬʽʪʦʧʣʘʥʢʪʦʥ ʦʟʝʨʘ ɻʘʨʷʯʝ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 

ʤʽʥʝʨʘʣʽʟʘʮʽʾ (60,1 ʛ/ʜʤ3), ʘ ʥʘʡʙʽʣʴʰʦʶ ʩʝʨʝʜʥʴʦʶ ʙʽʦʤʘʩʦʶ 

(3,859 ʤʛ/ʜʤ3) ï ʬʽʪʦʧʣʘʥʢʪʦʥ ʦʟʝʨʘ ʉʣʽʧʥʝ ʟ ʥʠʟʴʢʦʶ ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ 

(5,6 ʛ/ʜʤ3). ɺʠʷʚʣʝʥʦ ʥʠʟʢʫ ʚʠʜʽʚ, ʱʦ ʽʥʪʝʥʩʠʚʥʦ ʨʦʟʚʠʚʘʣʠʩʷ ʚ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʩʦʣʦʥʦʩʪʽ. ɼʣʷ ʥʘʡʙʽʣʴʰ ʧʨʽʩʥʦʛʦ ʦʟʝʨʘ ʉʣʽʧʥʝ ʮʝ ʙʫʣʠ 

Hyaloraphidium contortum var. tenuissimum ʪʘ Monoraphidium minutum, ʘ ʜʣʷ 

ʥʘʡʙʽʣʴʰ ʩʦʣʦʥʦʛʦ ʦʟʝʨʘ ɺʝʡʩʦʚʝ ï Cylindrotheca closterium ʪʘ Lyngbya 

major. 

7. ʉʝʟʦʥʥʘ ʜʠʥʘʤʽʢʘ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʟʚʠʪʢʫ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʚ ʦʟʝʨʘʭ 

ʤʘʣʘ ʧʝʨʝʚʘʞʥʦ ʜʚʦʧʽʢʦʚʠʡ ʭʘʨʘʢʪʝʨ. ɺ ʦʟʝʨʽ ʈʽʧʥʝ ʪʘʢʽ ʧʽʢʠ ʚʽʜʟʥʘʯʝʥʦ 

ʥʘʚʝʩʥʽ (ʦʙʫʤʦʚʣʝʥʠʡ ʨʦʟʚʠʪʢʦʤ ʧʨʝʜʩʪʘʚʥʠʢʽʚ Dinophyta) ʪʘ ʥʘʧʨʠʢʽʥʮʽ 

ʣʽʪʘïʚʦʩʝʥʠ (Chlorophyta); ʚ ʦʟʝʨʽ ɺʝʡʩʦʚʝ ï ʥʘʚʝʩʥʽ ʪʘ ʚʦʩʝʥʠ 

(Bacillariophyta); ʚ ʦʟʝʨʽ ʉʣʽʧʥʝ ï ʚʣʽʪʢʫ (Cyanoprokaryota) ʪʘ ʚʦʩʝʥʠ 

(Bacillariophyta); ʚ ʦʟʝʨʽ ɻʘʨʷʯʝ ʟʘ ʯʠʩʝʣʴʥʽʩʪʶ ʚʦʩʝʥʠ ʜʦʤʽʥʫʚʘʣʠ 

Chlorophyta, ʘ ʥʘʚʝʩʥʽ ʟʘ ʙʽʦʤʘʩʦʶ ʧʝʨʝʚʘʞʘʣʠ ʧʨʝʜʩʪʘʚʥʠʢʠ 

Bacillariophyta ʪʘ Cyanoprokaryota. 

8. ɼʠʥʘʤʽʢʘ ʨʦʟʤʽʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʽʘʪʦʤʦʚʠʭ ʚʦʜʦʨʦʩʪʝʡ ʤʘʣʘ ʪʝʥʜʝʥʮʽʶ 

ʜʦ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʢʣʽʪʠʥ ʚ ʣʽʪʥʠʡ ʧʝʨʽʦʜ ʧʽʩʣʷ ʘʢʪʠʚʥʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʙʽʦʤʘʩʠ Bacillariophyta ʥʘʚʝʩʥʽ. 

9. ɺʠʷʚʣʝʥʦ ʙʽʦʽʥʜʠʢʘʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʩʪʫʧʥʠʭ ʚʦʜʦʨʦʩʪʝʡ ʉʣʦʚôʷʥʩʴʢʠʭ 

ʦʟʝʨ: Nitzschia paleacea (Li ); Dunaliella salina, Diatoma elongatum, 

Hyaloraphidium contortum var. tenuissimum (ʩʦʣʦʥʽʩʪʴ); Cyclotella 

meneghiniana, Gymnodinium uberrimum (Si, Ba, B); Chaetoceros muelleri 

(ʩʦʣʦʥʽʩʪʴ, ʣʫʞʥʽʩʪʴ, Si, Ba, B); Peridiniopsis oculatum (ʩʦʣʦʥʽʩʪʴ, Na, Mg, 



139 

S); Adlafia minuscula (ʩʦʣʦʥʽʩʪʴ, ʣʫʞʥʽʩʪʴ); Cyclotella stelligera, Navicula 

gregaria (Si, HCO3
-) ʪʘ Gomphonema angustatum (ʩʦʣʦʥʽʩʪʴ). 

10. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚʦʜʦʡʤ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʶ ʩʦʣʦʥʦʩʪʽ, ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʟʤʽʥ 

ʷʢʦʩʪʽ ʚʦʜʠ ʚʥʘʩʣʽʜʦʢ ʨʽʟʢʠʭ ʟʤʽʥ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʙʽʦʽʥʜʠʢʘʮʽʾ ʟʘ 

ʚʦʜʦʨʦʩʪʷʤʠ-ʽʥʜʠʢʘʪʦʨʘʤʠ. 

  



140 

ʉʇʀʉʆʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃ 

 

1. ɸʣʝʢʠʥ ʆ. ɸ. ʆʩʥʦʚʳ ʛʠʜʨʦʭʠʤʠʠ / ʆ. ɸ. ɸʣʝʢʠʥ. ï ʃ.: ɻʠʜʨʦʤʝʪʠʟʜʘʪ. ï 

1953. ï 295ʩ. 

2. ɸʥʠʩʠʤʦʚʘ ʅ. ɺ. ʂ ʙʠʦʣʦʛʠʠ ʉʣʘʚʷʥʩʢʠʭ ʩʦʣʷʥʳʭ ʚʦʜʦʝʤʦʚ (ʧʦ 

ʥʘʙʣʶʜʝʥʠʷʤ 1926-1927 ʛʛ.) / ʅ. ɺ. ɸʥʠʩʠʤʦʚʘ. // ʀʟʚ. ʠʥ-ʪʘ ʬʠʟ.-ʭʠʤ. 

ʘʥʘʣʠʟʘ. ï 1930. ï 4, ˉ 2. ï ʉ. 404ï405. 

3. ɸʭʤʝʪʦʚʘ ʅ. ʀ. ɼʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ɺʦʩʪʦʯʥʦʛʦ ɹʘʣʭʘʰʘ : ʘʚʪʦʨʝʬ. 

ʜʠʩ. ʥʘ ʧʦʣʫʯʝʥʠʝ ʥʘʫʯ. ʩʪʝʧʝʥʠ ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ : ʩʧʝʮ. 03.00.16 

çʕʢʦʣʦʛʠʷ (ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ)è / ʅ. ʀ. ɸʭʤʝʪʦʚʘ ï ʃʝʥʠʥʛʨʘʜ, 1986. ï 

52 ʩ.  

4. ɹiʣʦʫʩ ʆ. ʇ. ɹiʦiʥʜʠʢʘʮiʡʥʠʡ ʘʥʘʣiʟ ʚʝʨʭʥʴʦʾ ʜiʣʷʥʢʠ ʨiʯʢʠ ʇiʚʜʝʥʥʠʡ ɹʫʛ 

ʧʦ ʬiʪʦʧʣʘʥʢʪʦʥʫ / ʆ. ʇ. ɹʽʣʦʫʩ, ʉ. ʉ. ɹʘʨʠʥʦʚʘ, ʇ. ɼ. ʂʣʦʯʝʥʢʦ // 

ɻʽʜʨʦʣʦʛʽʷ, ʛʽʜʨʦʭʽʤʽʷ ʽ ʛʽʜʨʦʝʢʦʣʦʛʽʷ. ï 2014. ï 1 (32). ï ʉ. 76ï88.  

5. ɹʘʨʠʥʦʚʘ ʉ. ʉ. ʆ ʬʠʪʦʧʣʘʥʢʪʦʥʝ ɸʨʪʝʤʦʚʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ / 

ʉ. ʉ. ɹʘʨʠʥʦʚʘ // ʕʢʦʣʦʛʠʷ ʠ ʩʠʩʪʝʤʘʪʠʢʘ ʧʨʝʩʥʦʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ 

ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ : (ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ) / ɸʢʘʜ. ʥʘʫʢ ʉʉʉʈ, ɼʘʣʴʥʝʚʦʩʪ. ʥʘʫʯ. 

ʮʝʥʪʨ, ɹʠʦʣ.-ʧʦʯʚ. ʠʥ-ʪ; [ʨʝʜʢʦʣ.: ʀ. ʄ. ʃʝʚʘʥʠʜʦʚʘ (ʦʪʚ. ʨʝʜ.) ʠ ʜʨ.] ï 1983. 

ï ʉ. 11-19. 

6. ɹʘʨʠʥʦʚʘ ʉ. ʉ. ʂ ʘʣʴʛʦʬʣʦʨʝ ɸʨʪʝʤʦʚʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ (ʇʨʠʤʦʨʩʢʠʡ 

ʢʨʘʡ) / ʉ. ʉ. ɹʘʨʠʥʦʚʘ // ʌʣʦʨʘ ʠ ʩʠʩʪʝʤʘʪʠʢʘ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ɼʘʣʴʥʝʛʦ 

ɺʦʩʪʦʢʘ : (ʩʙʦʨʥʠʢ ʥʘʫʯʥʭr ʪʨʫʜʦʚ). ï 1986. ï ʉ. 3-21. 

7. ɹʘʨʠʥʦʚʘ ʉ. ʉ. ɸʥʘʣʠʟ ʘʣʴʛʦʬʣʦʨʳ ɸʨʪʝʤʦʚʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

(ʇʨʠʤʦʨʩʢʠʡ ʢʨʘʡ) / ʉ. ʉ. ɹʘʨʠʥʦʚʘ // ʂʨʠʧʪʦʛʘʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ : (ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ). ï 1990. ï ʉ. 29-44. 

8. ɹʘʨʠʥʦʚʘ ʉ. ʉ. ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʚʦʜʦʨʦʩʣʝʡ-ʠʥʜʠʢʘʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ / ʉ. ʉ. ɹʘʨʠʥʦʚʘ, ʃ. ɸ. ʄʝʜʚʝʜʝʚʘ, ʆ. ɺ. ɸʥʠʩʠʤʦʚʘ. ï ʊʝʣʴ-ɸʚʠʚ, 

2006. ï 498 ʩ. 



141 

9. ɹʝʨʝʭʦʚʩʢʠʭ ɺ. ʌ. ʉʦʚʨʝʤʝʥʥʦʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʟ. ʉʝʣʠʛʝʨ / 

ɺ. ʌ. ɹʝʨʝʭʦʚʩʢʠʭ, ɿ. ɺ. ɺʦʣʢʦʚʘ, ʅ. ʉ. ɿʦʣʦʪʘʨʝʚʘ // ɺʦʜʥʳʝ ʨʝʩʫʨʩʳ. ï 

ʄ., 1997. ï ʊʦʤ 24, ʚʳʧ. 3. ï ʉ. 344ï351. 

10. ɺʘʣʝʝʚʘ ʕ. ʀ. ɸʣʴʛʦʬʣʦʨʘ ʚʦʜʦʝʤʦʚ ʙʘʩʩʝʡʥʘ ʊʫʨʠʥʩʢʦ-ʇʳʰʤʠʥʩʢʦʛʦ 

ʤʝʞʜʫʨʝʯʴʷ ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ / ʕ. ʀ. ɺʘʣʝʝʚʘ // ɺʝʩʪʥʠʢ ʵʢʦʣʦʛʠʠ, 

ʣʝʩʦʚʝʜʝʥʠʷ ʠ ʣʘʥʜʰʘʬʪʦʚʝʜʝʥʠʷ. 2011. ï ˉ 11. ï ʉ. 3ï18. 

11. ɺʘʩʩʝʨ ʉ. ʇ. ɺʦʜʦʨʦʩʣʠ. ʉʧʨʘʚʦʯʥʠʢ / ʉ. ʇ. ɺʘʩʩʝʨ, ʅ. ɺ. ʂʦʥʜʨʘʪʴʝʚʘ, 

ʅ. ʇ. ʄʘʩʶʢ ʠ ʜʨ. ï ʂ.: ʅʘʫʢ. ʜʫʤʢʘ, 1989. ï 608 ʩ. 

12. ɺʝʪʨʦʚʘ ɿ. ʀ. ʌʣʦʨʘ ʚʦʜʦʨʦʩʣʝʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʚʦʜʦʸʤʦʚ ʋʢʨʘʠʥʳ. 

ʕʚʛʣʝʥʦʬʠʪʦʚʳʝ ʚʦʜʦʨʦʩʣʠ / ɿ. ʀ. ɺʝʪʨʦʚʘ. ï ʂ.: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1993. ï 

260 ʩ. 

13. ɺʦʜʘ ʧʠʪʴʝʚʘʷ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʡ ʞʝʩʪʢʦʩʪʠ : ɻʆʉʊ 4151-72 ï 

ɻʆʉʊ 4151-72. ï [ɼʝʡʩʪʚʫʶʱʠʡ ʦʪ 1974-01-01]. ï ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ 

ʩʪʘʥʜʘʨʪʦʚ, 1972. ï 6 ʩ. ï (ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ ʉʦʶʟʘ ʉʉʈ). 

14. ɺʦʜʘ ʧʠʪʴʝʚʘʷ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʠʜʦʚ : ɻʆʉʊ 4245-

72 ï ɻʆʉʊ 4245-72. ï [ɼʝʡʩʪʚʫʶʱʠʡ ʦʪ 1974-01-01]. ï ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ 

ʩʪʘʥʜʘʨʪʦʚ, 1972. ï 7 ʩ. ï (ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ ʉʦʶʟʘ ʉʉʈ). 

15. ɺʦʜʘ ʧʠʪʴʝʚʘʷ. ʄʝʪʦʜ ʦʪʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ : ɻʆʉʊ 

18164-72 ï ɻʆʉʊ 18164-72. ï [ɼʝʡʩʪʚʫʶʱʠʡ ʦʪ 1974-01-01]. ï ʄ.: 

ʀʟʜʘʪʝʣʴʩʪʚʦ ʩʪʘʥʜʘʨʪʦʚ, 1972. ï 4 ʩ. ï (ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ ʉʦʶʟʘ 

ʉʉʈ). 

16. ɺʦʜʥʦ-ʩʦʣʝʚʦʡ ʙʘʣʘʥʩ ʉʣʘʚʷʥʩʢʠʭ ʦʟʝʨ (ɻʠʜʨʦʣʦʛʦ-ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ 

ʨʘʙʦʪʳ 1972 ʛʦʜʘ) / ɸ. ʊʠʤʯʝʥʢʦ, ʆ. ʈʠʚʤʘʥ, ɺ. ʌʦʤʠʯʝʚʘ ʠ ʜʨ. ï ʄʦʩʢʚʘ, 

1973, ʊ. 1. ï 256 ʩ. 

17. ɺʦʜʳ ʤʠʥʝʨʘʣʴʥʳʝ ʧʠʪʴʝʚʳʝ ʣʝʯʝʙʥʳʝ, ʣʝʯʝʙʥʦ-ʩʪʦʣʦʚʳʝ ʠ ʧʨʠʨʦʜʥʝr 

ʩʪʦʣʦʚʳʝ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥʦʚ : ɻʆʉʊ 23268.3-78 ï 

ɻʆʉʊ 23268.3-78. ï [ɼʝʡʩʪʚʫʶʱʠʡ ʦʪ 1980-01-01]. ï ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ 

ʩʪʘʥʜʘʨʪʦʚ, 1978. ï 5 ʩ. ï (ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ ʉʦʶʟʘ ʉʉʈ). 



142 

18. ɺʳʩʦʮʢʠʡ ɸ. ʀ. Mastigophora ʠ Rhizopoda, ʥʘʡʜʝʥʥʳʝ ʚ ɺʝʡʩʦʚʦʤ ʠ 

ʈʝʧʥʦʤ ʦʟʸʨʘʭ / ɸ. ʀ. ɺʳʩʦʮʢʠʡ // ʊʨ. oʙ-ʚʘ ʠʩʧʳʪ. ʧʨʠʨʦʜʳ ʧʨʠ ʍʘʨʴʢ. ʫʥ-

ʪʝ. ï 1888. ï 21. ï ʉ. 119ï140. 

19. ɻʣʦʙʘʥ ɹ. ʋʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜ. ʏʘʩʪʴ 1. 

ʄʝʪʦʜʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʦʜ. ʊʦʤ 1 ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ. / ɹ. ɻʣʦʙʘʥ. ï 

ʄʦʩʢʚʘ: ʊʠʧʦʛʨʘʬʠʷ ʧʨʠ ʋʧʨʘʚʣʝʥʠʠ ʜʝʣʘʤʠ ʩʝʢʨʝʪʘʨʠʘʪʘ ʉʕɺ. ï 1987. ï 

1244 ʩ. 

20. ɻʦʣʣʝʨʙʘʭ ʄ. ʄ. ʉʠʥʝʟʝʣʸʥʳʝ ʚʦʜʦʨʦʩʣʠ / ʄ. ʄ. ɻʦʣʣʝʨʙʘʭ, 

ɽ. ʂ. ʂʦʩʠʥʩʢʘʷ, ɺ. ʀ. ʇʦʣʷʥʩʢʠʡ. ï ʄ.: ʉʦʚʝʪ. ʥʘʫʢʘ, 1953. ï 650 ʩ. [ʆʧʨʝʜ. 

ʧʨʝʩʥʦʚʦʜ. ʚʦʜʦʨ. ʉʉʉʈ. ɺʳʧ. 2]. 

21. ɻʦʨʙʫʣʠʥ ʆ. ʉ. ɺʦʜʦʨʦʩʣʠ ʪʝʭʥʦʛʝʥʥʳʭ ʩʦʣʝʥʳʭ ʦʟʝʨ ɼʦʥʙʘʩʩʘ / 

ʆ. ʉ. ɻʦʨʙʫʣʠʥ, ʊ. ɺ. ɼʦʛʘʜʠʥʘ, ɽ. ʃ. ʂʦʩʠʢ // ɺʽʩʥʠʢ ʍʘʨʢʽʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʉʝʨʽʷ ʙʽʦʣʦʛʽʷ. ï ˉ 5 (3). ï 2003. ï 

ʉ. 80ï93. 

22. ɻʦʨʙʫʣʠʥ ʆ. ʉ. ʕʢʦʣʦʛʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉryptophyta 

ʬʣʦʨʳ ʋʢʨʘʠʥʳ / ʆ. ʉ. ɻʦʨʙʫʣʠʥ // ɺʽʩʥʠʢ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺ.ʅ.ʂʘʨʘʟʽʥʘ. ʉʝʨʽʷ: ʙʽʦʣʦʛʽʷ. ï ˉ 13(947). ï 2011. ï 

ʉ. 47ï56. 

23. ɻʦʨʣʝʥʢʦ ɺ. ʄ. ʄʠʢʨʦʙʠʦʣʦʛʠʷ / ɺ. ʄ. ɻʦʨʣʝʥʢʦ, ɽ. ʅ. ʏʝʙʦʪʘʨʝʚ, 

ɺ. ʅ. ʂʘʯʘʣʢʠʥ. ï ʄ.: ʅʘʫʢʘ, 1973. ï 2. ï ʉ. 57ï68. 

24. ɼʘʚʳʜʦʚ ɺ. ɼ. ɻʦʣʫʙʦʝ ʦʞʝʨʝʣʴʝ ɼʦʥʙʘʩʩʘ: ʥʘʫʯ.-ʧʦʧʫʣ. ʦʯʝʨʢ. / 

ɺ. ɼ. ɼʘʚʳʜʦʚ ï ɼʦʥʝʮʢ: ɼʦʥʙʘʩʩ, 1980. ï 100 ʩ. 

25. ɼʝʜʦʚʘ ɸ. ɿ. ɿʘʧʦʚʝʜʥʘʷ ʧʨʠʨʦʜʘ ɼʦʥʙʘʩʩʘ: ʇʫʪʝʚʦʜʠʪʝʣʴ /ɸ. ɿ. ɼʝʜʦʚʘ ï 

ɼʦʥʝʮʢ: ɼʦʥʙʘʩʩ, 1983. ï ʉ. 78ï80. 

26. ɼʝʜʫʩʝʥʢʦ-ʑʝʛʦʣʝʚʘ ʅ. ʊ. ʆʧʨʝʜʝʣʠʪʝʣʴ ʧʨʝʩʥʦʚʦʜʥʳʭ ʚʦʜʦʨʦʩʣʝʡ 

ʉʉʉʈ. ɺʳʧ. 8. ɿʝʣʸʥʳʝ ʚʦʜʦʨʦʩʣʠ. ʂʣʘʩʩ ɺʦʣʴʚʦʢʩʦʚʳʝ. / ʅ. ʊ. ɼʝʜʫʩʝʥʢʦ-

ʑʝʛʦʣʝʚʘ, ɸ. ʄ. ʄʘʪʚʠʝʥʢʦ, ʃ. ɸ. ʐʢʦʨʙʘʪʦʚ ï ʄ.-ʃ.: ʀʟʜ-ʚʦ ɸʢʘʜ. ʅʘʫʢ 

ʉʉʉʈ, 1959. ï 232 ʩ. 



143 

27. ɼʦʛʘʜʠʥʘ ʊ. ɺ. ʅʦʚʳʝ ʠ ʨʝʜʢʠʝ ʜʣʷ ʬʣʦʨʳ ʉʉʉʈ ʚʠʜʳ ʨʦʜʘ Characiopsis 

(Xanthophyta) / ʊ. ɺ. ɼʦʛʘʜʠʥʘ // ɹʦʪʘʥ. ʞʫʨʥ. ï 1983. ï ʊ.68, ˉ9. ï ʉ. 1261ï

1263. 

28. ɽʣʝʥʢʠʥ ɸ. ɸ. ʉʠʥʝʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ʉʉʉʈ. ʄʦʥʦʛʨʘʬʠʷ ʧʨʝʩʥʦʚʦʜʥʳʭ 

ʠ ʥʘʟʝʤʥʳʭ Cyanophyceae, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʉʉʉʈ. ʉʧʝʮʠʘʣʴʥʘʷ 

(ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ) ʯʘʩʪʴ. ɺʳʧ. II. III. Hormogoneae (Geitl.) Elenk. 

(ʦʢʦʥʯʘʥʠʝ) / ɸ. ɸ. ɽʣʝʥʢʠʥ. ï ʄ.-ʃ.: ɹʦʪʘʥ. ʠʥ-ʪ ʠʤ. ɺ. ʃ. ʂʦʤʘʨʦʚʘ, 1949. 

ï 1908 ʩ. 

29. ɿʘʧʦʚʝʜʥʘʷ ʧʨʠʨʦʜʘ ɼʦʥʝʪʯʠʥʳ (ʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʚ ʧʦʤʦʱʴ 

ʣʝʢʪʦʨʫ) ï ɼʦʥʝʮʢ, 1979. ï 24 ʩ. 

30. ʀʩʠʜʦʨʦʚ ɺ. ɸ. ɺʚʝʜʝʥʠʝ ʚ ʭʠʤʠʯʝʩʢʫʶ ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʶ / 

ɺ. ɸ. ʀʩʠʜʦʨʦʚ. ï ʉʇʙ: ʍʠʤʠʟʜʘʪ, 1999. ï 144 ʩ. 

31. ʀʩʤʘʠʣʭʦʜʞʘʝʚ ɹ. ʐ. ɺʣʠʷʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʦʩʪ, 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ Chlorella 

Beyer., Scenedesmus Meyen, Ankistrodesmus corda, Chlamydomonas Ehr. ʚ 

ʢʫʣʴʪʫʨʝ : ʘʚʪʦʨʝʬ. ʜʠʩ. ʥʘ ʧʦʣʫʯʝʥʠʝ ʥʘʫʯ. ʩʪʝʧʝʥʠ ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ : ʩʧʝʮ. 

03.00.05 çɹʦʪʘʥʠʢʘè / ɹ. ʐ. ʀʩʤʘʠʣʭʦʜʞʘʝʚ. ï ʊʘʰʢʝʥʪ, 1984. ï 21 ʩ. 

32. ʂʘʯʝʩʪʚʦ ʚʦʜʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ : ISO 7888:1985. ï ISO 

7888:1985. ï [ɼʝʡʩʪʚʫʶʱʠʡ ʦʪ 1985-05-01]. ï ɻʝʨʤʘʥʠʷ: ʅʝʤʝʮʢʠʡ 

ʠʥʩʪʠʪʫʪ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʕ.ɺ., 1985. ï 6 ʩ. ï (ʄʝʞʜʫʥʘʨʦʜʥʳʡ 

ʩʪʘʥʜʘʨʪ). 

33. ʂʠʩʝʣʝʚ ʀ. ɸ. ʇʘʥʮʠʨʥʳʝ ʞʛʫʪʠʢʦʥʦʩʮʳ ʚ ʤʦʨʷʭ ʠ ʧʨʝʩʥʳʭ ʚʦʜʦʸʤʘʭ 

ʋʉʉʈ / ʀ. ɸ. ʂʠʩʝʣʝʚ. ï ʄ.-ʃ.: ʅʘʫʢʘ ʇʨʝʩʩ, 1950. ï 280 ʩ. 

34. ʂʠʩʝʣʝʚ ʀ. ɸ. ʇʠʨʦʬʠʪʦʚʳʝ ʚʦʜʦʨʦʩʣʠ / ʀ. ɸ. ʂʠʩʝʣʝʚ. ï ʄ.-ʃ.: ʅʘʫʢʘ 

ʇʨʝʩʩ, 1954. ï 212 ʩ. 

35. ʂʣʠʤʶʢ ɺ. ʅ. ɸʣʴʛʦʬʣʦʨʘ ʉʣʘʚʷʥʩʢʠʭ ʩʦʣʝʥʳʭ ʦʟʝʨ / ɺ. ʅ. ʂʣʠʤʶʢ, 

ʅ. ʄ. ʃʷʣʶʢ / ɺʽʩʥʠʢ ʩʪʫʜʝʥʪʩʴʢʦʛʦ ʥʘʫʢʦʚʦʛʦ ʪʦʚʘʨʠʩʪʚʘ ɼʦʥʝʮʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ï ɼʦʥʝʮʴʢ: ɼʦʥʅʋ, 2008. ï ʉ. 98ï103. 

36. ʂʣʠʤʶʢ ɺ. ʄ. ɸʣʴʛʦʬʣʦʨʘ ʉʣʦʚ'ʷʥʩʴʢʠʭ ʩʦʣʦʥʠʭ ʦʟʝʨ (ɼʦʥʝʮʴʢʘ ʦʙʣʘʩʪʴ) 

/ ɺ. ʄ. ʂʣʠʤʶʢ, ʅ. ʄ. ʃʷʣʶʢ / ʄʘʪʝʨ. IV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ 



144 

ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ ʽ ʘʩʧʽʨʘʥʪʽʚ çʄʦʣʦʜʴ ʽ ʧʦʩʪʫʧ ʙʽʦʣʦʛʽʾè (7-10 ʢʚʽʪʥʷ 

2008 ʨʦʢʫ, ʤ. ʃʴʚʽʚ). ï ʃʴʚʽʚ: ʃʅʋ ʽʤ. ɯ. ʌʨʘʥʢʘ, 2008. ï ʉ. 97ï98. 

37. ʂʣʠʤʶʢ ɺ. ʅ. ɹʠʦʠʥʜʠʢʘʮʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʉʣʘʚʷʥʩʢʠʭ ʦʟʸʨ / ɺ. ʅ. ʂʣʠʤʶʢ, 

ʅ. ʄ. ʃʷʣʶʢ / ɿʙʽʨʢʘ ʜʦʧʦʚʽʜʝʡ VII ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ çʆʭʦʨʦʥʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚè (15-17 ʢʚʽʪʥʷ 2008 ʨʦʢʫ). 

ï ɼʦʥʝʮʢ: ɼʦʥʅʊʋ, ɼʦʥʅʋ, 2008. ï ʉ. 245ï246. 

38. ʂʣʠʤʶʢ ɺ. ʅ. ʄʦʥʠʪʦʨʠʥʛ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʩʦʣʸʥʳʭ ʦʟʸʨ ʛ. ʉʣʘʚʷʥʩʢʘ / 

ɺ. ʅ. ʂʣʠʤʶʢ, ʅ. ʄ. ʃʷʣʶʢ / ʄʘʪʝʨʠʘʣʳ ɺʩʝʫʢʨʘʠʥʩʢʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʄʦʥʠʪʦʨʠʥʛ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʩʨʝʜè (24-26 ʘʧʨʝʣʷ 

2008 ʛ.). ï ʉʠʤʬʝʨʦʧʦʣʴ: ɼʀɸʁʇʀ, 2008. ï ʉ. 67ï70. 

39. ʂʣʠʤʶʢ ɺ. ʅ. ʌʠʪʦʧʣʘʥʢʪʦʥ ʩʦʣʸʥʳʭ ʦʟʸʨ ʛ. ʉʣʘʚʷʥʩʢʘ / ɺ. ʅ. ʂʣʠʤʶʢ, 

ʅ. ʄ. ʃʷʣʶʢ / ʄʘʪʝʨʠʘʣʳ XV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʃʦʤʦʥʦʩʦʚè (ʄʦʩʢʚʘ). ï ʄ.: ʉʇ çʄʳʩʣʴè, 

2008. ï ʉ. 82ï83. 

40. ʂʣʠʤʶʢ ɺ. ʅ. ɸʣʴʛʦʬʣʦʨʘ ʩʦʣʸʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʟʝʨ ʛ. ʉʣʘʚʷʥʩʢʘ / 

ɺ. ʅ. ʂʣʠʤʶʢ, ʅ. ʄ. ʃʷʣʶʢ / ʄʘʪʝʨʠʘʣʳ ɯɯ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʦʣʦʜʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ï ʙʦʪʘʥʠʯʝʩʢʦʡ 

ʥʘʫʢʝ 2009è (24, 25 ʩʝʥʪʷʙʨʷ 2009 ʛ). ï ɻʦʤʝʣʴ (ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ): ɻɻʋ 

ʠʤ. ʌ. ʉʢʦʨʠʥʳ, 2009. ï ʉ. 14ï18. 

41. ʂʣʠʤʶʢ ɺ. ʅ. ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʦʙʱʝʩʪʚ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʦʟʸʨ 

ʉʣʘʚʷʥʩʢʦʛʦ ʢʫʨʦʨʪʘ / ɺ. ʅ. ʂʣʠʤʶʢ, ʅ. ʄ. ʃʷʣʶʢ / ʄʘʪʝʨʠʘʣʳ 

ɯ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʙʠʦʣʦʛʠʠè (23-

26 ʬʝʚʨʘʣʷ 2009 ʛ., ɼʦʥʝʮʢ). ï ɼʦʥʝʮʢ: Ăɺʝʙʝʨò (ɼʦʥʝʮʢʘʷ ʬʠʣʠʷ), 2009. ï 

ʉ. 53ï54. 

42. ʂʣʠʤʶʢ ɺ. ʄ. ɼʦʩʣʽʜʞʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʬʽʪʦʧʣʘʥʢʪʦʥʫ 

ʉʣʦʚ'ʷʥʩʴʢʠʭ ʦʟʝʨ / ɺ. ʄ. ʂʣʠʤʶʢ, ʅ. ʄ. ʃʷʣʶʢ / ɿʙʽʨʥʠʢ ʪʝʟ 

V ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ çʄʦʣʦʜʴ ʽ 



145 

ʧʦʩʪʫʧ ʙʽʦʣʦʛʽʾè (12-15 ʪʨʘʚʥʷ 2009 ʨʦʢʫ, ʤ. ʃʴʚʽʚ): ʚ 2-ʭ ʪʦʤʘʭ. ï ʊ.1. ï 

ʃʴʚʽʚ: ʃʅʋ ʽʤ. ɯ. ʌʨʘʥʢʘ, 2009. ï ʉ. 15ï16. 

43. ʂʣʠʤʶʢ ɺ. ʅ. ʆʮʝʥʢʘ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʉʣʘʚʷʥʩʢʠʭ ʦʟʸʨ ʧʦ 

ʠʥʜʠʢʘʪʦʨʥʳʤ ʚʠʜʘʤ ʚʦʜʦʨʦʩʣʝʡ / ɺ. ʅ. ʂʣʠʤʶʢ, ʅ. ʄ. ʃʷʣʶʢ / ɿʙʽʨʢʘ 

ʜʦʧʦʚʽʜʝʡ VIIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ 

çʆʭʦʨʦʥʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚè (14-16 ʢʚʽʪʥʷ 2009 ʨʦʢʫ). ï ɼʦʥʝʮʴʢ: ɼʦʥʅʊʋ, 

ɼʦʥʅʋ, 2009. ï ʉ. 195ï196. 

44. ʂʣʠʤʶʢ ɺ. ʅ. ʆʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʉʣʘʚʷʥʩʢʠʭ ʦʟʝʨ ʧʦ 

ʠʥʜʠʢʘʪʦʨʥʳʤ ʚʠʜʘʤ ʚʦʜʦʨʦʩʣʝʡ / ɺ. ʅ. ʂʣʠʤʶʢ, ʅ. ʄ. ʃʷʣʶʢ / ʊʝʟʠ 

VI ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʤʘʛʽʩʪʨʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ 

Ăʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʝʢʦʣʦʛʽʾ ʪʘ ʛʝʦʪʝʭʥʦʣʦʛʽʡò (18-20 ʙʝʨʝʟʥʷ 2009 ʨʦʢʫ). ï 

ɾʠʪʦʤʠʨ: ɾɼʊʋ, 2009. ï ʉ. 106ï107. 

45. ʂʣʠʤʶʢ ɺ. ʅ. ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʉʣʘʚʷʥʩʢʠʭ ʦʟʸʨ / ɺ. ʅ. ʂʣʠʤʶʢ, ʅ. ʄ. ʃʷʣʶʢ / ʊʝʟʠʩʳ 

VI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

ʧʦ ʧʨʦʙʣʝʤʘʤ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ĂPontus Euxinus ï 2009ò (21-24 ʩʝʥʪʷʙʨʷ 

2009 ʛ.) ï ʉʝʚʘʩʪʦʧʦʣʴ: ʕʂʆʉʀ-ɻʠʜʨʦʬʠʟʠʢʘ, 2009. ï ʉ. 51ï52. 

46. ʂʣʠʤʶʢ ɺ. ʅ. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʦʨʦʩʣʝʡ ʬʠʪʦʧʣʘʥʢʪʦʥʘ 

ʩʦʣʸʥʳʭ ʦʟʸʨ / ɺ. ʅ. ʂʣʠʤʶʢ, ʅ. ʄ. ʃʷʣʶʢ / ʄʘʪʝʨʽʘʣʠ IV ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ 

ʩʪʫʜʝʥʪʩʴʢʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ Ăʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢò 

(ʅʽʞʠʥ, 22ï23 ʢʚʽʪʥʷ 2009 ʨʦʢʫ). ï ʅʽʞʠʥ: ʅɼʋ ʽʤ. ʄ. ɻʦʛʦʣʷ, 2009. ï ʉ. 93. 

47. ʂʣʠʤʶʢ ɺ. ʄ. ɹʽʦʽʥʜʠʢʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ ʉʣʦʚ'ʷʥʩʴʢʠʭ ʩʦʣʦʥʠʭ ʦʟʝʨ / 

ɺ. ʄ. ʂʣʠʤʶʢ, ʅ. ʄ. ʃʷʣʶʢ / ʄʘʪʝʨʽʘʣʠ XII ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʤʘʛʽʩʪʨʘʥʪʽʚ ʽ ʘʩʧʽʨʘʥʪʽʚ çɽʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ 

ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠè, ʄʘʪʝʨʽʘʣʠ ɯɯɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

ʩʪʫʜʝʥʪʽʚ, ʤʘʛʽʩʪʨʘʥʪʽʚ ʽ ʘʩʧʽʨʘʥʪʽʚ çʈʝʛʽʦʥʘʣʴʥʽ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠè. ï 

ʆʜʝʩʘ: ʆɼɽʂʋ, 2010. ï ʉ. 37ï38. 

48. ʂʣʠʤʶʢ ɺ. ʅ. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʙʠʦʠʥʜʠʢʘʮʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʩʦʣʝʥʳʭ ʦʟʝʨ / 

ɺ. ʅ. ʂʣʠʤʶʢ, ʅ. ʄ. ʃʷʣʶʢ / ɿʙʽʨʢʘ ʜʦʧʦʚʽʜʝʡ ʍʍ ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦʾ 



146 

ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ çʆʭʦʨʦʥʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʪʘ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚè (13-15 ʢʚʽʪʥʷ 2010 ʨ.). ï 

ɼʦʥʝʮʴʢ: ɼʦʥʅʊʋ, ɼʦʥʅʋ, 2010. ï ʉ. 198ï199. 

49. ʂʣʠʤʶʢ ɺ. ʅ. ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʜʣʷ ʠʥʜʠʢʘʮʠʠ ʟʘʛʨʷʟʥʝʥʠʷ ʩʦʣʝʥʳʭ ʦʟʝʨ / ɺ. ʅ. 

ʂʣʠʤʶʢ, ʅ. ʄ. ʃʷʣʶʢ / ɿʙʽʨʢʘ ʜʦʧʦʚʽʜʝʡ ʍʍII ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ çʆʭʦʨʦʥʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʪʘ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚè (17-19 ʢʚʽʪʥʷ 2012 ʨ.). ï 

ɼʦʥʝʮʴʢ: ɼʦʥʅʊʋ, ɼʦʥʅʋ, 2012. ï ʉ. 16ï17. 

50. ʂʣʠʤʶʢ ɺ. ʅ. ʇʦʢʘʟʘʪʝʣʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʩʦʣʝʥʳʭ ʦʟʝʨ ʉʣʘʚʷʥʩʢʦʛʦ 

ʢʫʨʦʨʪʘ / ɺ. ʅ. ʂʣʠʤʶʢ, ʅ. ʄ. ʃʷʣʶʢ / ɿʙʽʨʢʘ ʜʦʧʦʚʽʜʝʡ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʬʦʨʫʤʫ çɽʢʦʣʦʛʽʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʨʝʛʽʦʥʫè, ʊ.2. (23-24 ʪʨʘʚʥʷ 

2012 ʨ.). ï ɼʦʥʝʮʴʢ, 2012. ï ʉ. 188ï190.  

51. ʂʣʠʤʶʢ ɺ. ʅ. ʈʘʟʤʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʉʣʘʚʷʥʩʢʠʭ 

ʩʦʣʝʥʳʭ ʦʟʝʨ. / ɺ. ʅ. ʂʣʠʤʶʢ // ʇʨʦʙʣʝʤʠ ʝʢʦʣʦʛʽʾ ʪʘ ʦʭʦʨʦʥʠ ʧʨʠʨʦʜʠ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʨʝʛʽʦʥʫ. ï 2012. ï ˉ 1 (12). ï ʉ. 88ï96. 

52. ʂʣʠʤʶʢ ɺ. ʅ. ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʚʦʜʦʨʦʩʣʝʡ ʧʣʘʥʢʪʦʥʘ ʦʟʝʨ ʩ ʨʘʟʣʠʯʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (ʛ. ʉʣʘʚʷʥʩʢ) / ɺ. ʅ. ʂʣʠʤʶʢ, ʅ. ʄ. ʃʷʣʶʢ / ʄʘʪʝʨʽʘʣʠ 

X ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʤʘʛʽʩʪʨʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ 

ñʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʝʢʦʣʦʛʽʾ  ʪʘ ʛʝʦʪʝʭʥʦʣʦʛʽʡò (10-12 ʘʧʨʝʣʷ 2013 ʛ.). ï 

ɾʠʪʦʤʠʨ: ɾɼʊʋ, 2013. ï ʉ. 41. 

53. ʂʣʠʤʶʢ ɺ. ʅ. ʆʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʝʥʳʭ ʦʟʝʨ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʩʣʝʡ-ʠʥʜʠʢʘʪʦʨʦʚ. / ɺ. ʅ. ʂʣʠʤʶʢ / ʄʘʪʝʨʠʘʣʳ 

XXIII ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ 

çʆʭʦʨʦʥʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚè (16-18 ʘʧʨʝʣʷ 2013 ʛ.). ï ɼʦʥʝʮʢ: ɼʦʥʅʊʋ, ɼʦʥʅʋ, 

2013. ï ʉ. 10ï11.  

54. ʂʣʠʤʶʢ ɺ. ʅ. ʇʦʢʘʟʘʪʝʣʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʦʟʝʨ ʉʣʘʚʷʥʩʢʦʛʦ ʢʫʨʦʨʪʘ 

(ʋʢʨʘʠʥʘ) [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ɺ. ʅ. ʂʣʠʤʶʢ / ʄʘʪʝʨʠʘʣʳ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 



147 

çʃʦʤʦʥʦʩʦʚ-2013è. ï ʄʦʩʢʚʘ. ï 2013. ï ʉ. 102ï103. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ 

ʞʫʨʥ. : 

http://lomonosov-

msu.ru/archive/Lomonosov_2013/2065/SectionBiology_2013.pdf 

55. ʂʣʠʤʶʢ ɺ. ʅ. ʉʫʢʮʝʩʩʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʦʟʝʨ 

ʈʃʇ çʉʣʘʚʷʥʩʢʠʡ ʢʫʨʦʨʪè / ɺ. ʅ. ʂʣʠʤʶʢ / ʄʘʪʝʨʽʘʣʠ ʤʽʞʥʘʨʦʜʥʦʾ 

ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ñɺʽʜ ʟʘʧʦʚʽʜʘʥʥʷ ʟʘ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷò (20-22 ʤʘʨʪʘ 2013 ʛ.). ï ɼʦʥʝʮʴʢ: ɼʦʥʅʋ, 2013. ï 

ʉ. 131ï132. 

56. ʂʣʠʤʶʢ ɺ. ʅ. ʌʠʪʦʧʣʘʥʢʪʦʥ ʩʦʣʝʥʳʭ ʦʟʝʨ ʉʣʘʚʷʥʩʢʦʛʦ ʢʫʨʦʨʪʘ / 

ɺ. ʅ. ʂʣʠʤʶʢ / ʄʘʪʝʨʽʘʣʠ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ɼʦʥʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʟʘ ʧʽʜʩʫʤʢʘʤʠ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʟʘ ʧʝʨʽʦʜ 2011-

2012 ʨʨ. (15-25 ʤʘʨʪʘ 2013 ʛ.). ï ɼʦʥʝʮʢ: ɼʦʥʅʋ, 2013. ï ʉ. 220ï221. 

57. ʂʣʠʤʶʢ ɺ. ʄ. ɹʽʦʽʥʜʠʢʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʩʦʣʦʥʠʭ ʦʟʝʨ ʈʃʇ çʉʣʦʚôʷʥʩʴʢʠʡ 

ʢʫʨʦʨʪè ʟʘ ʬʽʪʦʧʣʘʥʢʪʦʥʦʤ / ɺ. ʄ. ʂʣʠʤʶʢ, ʉ. ʉ. ɹʘʨʠʥʦʚʘ, ʅ. ʄ. ʃʷʣʶʢ 

// ɻʽʜʨʦʣʦʛʽʷ, ʛʽʜʨʦʭʽʤʽʷ ʪʘ ʛʽʜʨʦʝʢʦʣʦʛʽʷ. ï 2014. ï ʊ. 2(33). ï ʉ. 70ï80. 

58. ʂʣʠʤʶʢ ɺ. ʅ. ɺʩʪʨʝʯʘʝʤʦʩʪʴ ʛʘʣʦʬʠʣʴʥʳʭ ʚʠʜʦʚ ʚʦʜʦʨʦʩʣʝʡ ʚ ʫʩʣʦʚʠʷʭ 

ʨʘʟʣʠʯʥʦʡ ʩʦʣʝʥʦʩʪʠ ʚʦʜ ʦʟʝʨ / ɺ. ʅ. ʂʣʠʤʶʢ / ʄʘʪʝʨʽʘʣʠ 

XXIV  ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ 

çʆʭʦʨʦʥʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚè (14-17 ʘʧʨʝʣʷ 2014 ʛ.). ï ɼʦʥʝʮʢ, ɼɺʅɿ çɼʦʥʅʊʋè, 

2014. ï ʉ. 16ï18. 

59. ʂʣʠʤʶʢ ɺ. ʅ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʚʦʜʦʨʦʩʣʝʡ ʧʣʘʥʢʪʦʥʘ ʦʟʝʨ 

ʈʃʇ çʉʣʘʚʷʥʩʢʠʡ ʢʫʨʦʨʪè / ɺ. ʅ. ʂʣʠʤʶʢ, ʅ. ʄ. ʃʷʣʶʢ // ʀʟʚʝʩʪʠʷ 

ʉʘʤʘʨʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ. ï 2014. ï 16, ˉ 1. ï ʉ.214ï217. 

60. ʂʣʠʤʶʢ ɺ. ʄ. ʂʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʉʣʦʚôʷʥʩʴʢʠʭ ʩʦʣʦʥʠʭ 

ʦʟʝʨ / ɺ. ʄ. ʂʣʠʤʶʢ, ʅ. ʄ. ʃʷʣʶʢ // ɻʽʜʨʦʙʽʦʣʦʛʽʯʥʠʡ ʞʫʨʥʘʣ. ï 2014. ï 

50 (6) ï ʉ. 33-39. 

61. ʂʣʦʯʝʥʢʦ ʇ. ɼ., ʎʘʨʝʥʢʦ ʇ. ʄ., ʀʚʘʥʦʚʘ ʀ. ʖ. ʆʩʦʙʝʥʥʦʩʪʠ ʚʠʜʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚʦʜʦʝʤʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʘ 



148 

çɻʦʣʦʩʝʝʚʩʢʠʡè (ʂʠʝʚ) / ʇ. ɼ. ʂʣʦʯʝʥʢʦ, ʇ. ʄ. ʎʘʨʝʥʢʦ, ʀ. ʖ. ʀʚʘʥʦʚʘ // 

ɻʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. ï 2010. ï 46 (1). ï ʉ. 37-46. 

62. ʂʦʥʜʨʘʪʴʻʚʘ ʅ. ɺ. ʉʠʥʴʦ-ʟʝʣʝʥʽ ʚʦʜʦʨʦʩʪʽ ï ʉyanophyta. ʂʣʘʩ ʛʦʨʤʦʛʦʥʽʻʚʽ 

ï Hormogoniopheceae / ʅ. ɺ. ʂʦʥʜʨʘʪʴʻʚʘ. ï ʂ. : ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1968. ï 

524 ʩ. 

63. ʂʦʥʩʪʘʥʪʠʥʦʚ ɸ. ʉ. ʆʙʱʘʷ ʛʠʜʨʦʙʠʦʣʦʛʠʷ. / ɸ. ʉ. ʂʦʥʩʪʘʥʪʠʥʦʚ ï ʄ.: 

ɺʳʩʰ. ʰʢ., 1986. ï 472 ʩ. 

64. ʂʨʘʭʤʘʣʴʥʳʡ ɸ. ʌ. ɸʥʥʦʪʠʨʦʚʘʥʥʳʡ ʩʧʠʩʦʢ ʜʠʥʦʬʠʪʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ 

ʚʦʜʦʝʤʦʚ ʋʢʨʘʠʥʳ / ɸ. ʌ. ʂʨʘʭʤʘʣʴʥʳʡ. ï ʂʠʝʚ, 1994. ï 48 ʩ. ï ɼʝʧ. ʚ 

ɺʀʅʀʊʀ 03.06.94, ˉ 1091. 

65. ʂʨʘʭʤʘʣʴʥʳʡ ɸ. ʌ. Dinophyta. ʈʘʟʥʦʦʙʨʘʟʠʝ ʚʦʜʦʨʦʩʣʝʡ ʋʢʨʘʠʥʳ / 

ɸ. ʌ. ʂʨʘʭʤʘʣʴʥʳʡ, ɿ. ɸ. ʇʘʥʠʥʘ // ɸʣʴʛʦʣʦʛʠʷ. ī 2000. ï 10 (4). ī C. 68ï

83. 

66. ʂʨʠʰʪʦʬʦʚʠʯ ɸ. ʅ. ɼʠʘʪʦʤʦʚʳʡ ʘʥʘʣʠʟ. ʂʥʠʛʘ 3. ʆʧʨʝʜʝʣʠʪʝʣʴ 

ʠʩʢʦʧʘʝʤʳʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ. ʇʦʨʷʜʦʢ Pennales. / 

ʇʦʜ ʦʙʱ. ʨʝʜ. ɸ. ʅ. ʂʨʠʰʪʦʬʦʚʠʯʘ. ï ʄ.: ɻʦʩ. ʠʟʜ-ʚʦ ʛʝʦʣʦʛ. ʣʠʪ-ʨʳ, 1950. 

ï 402 ʩ. 

67. ʂʫʨʝʡʰʝʚʠʯ ɸ. ɺ., ʄʦʨʦʟʦʚʘ ɸ. ɸ., ʐʫʣʷʨʝʥʢʦ ɸ. ɺ., ʇʘʭʦʤʦʚʘ ʄ. ʅ. 

ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʳ ʢʘʢ ʬʘʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʟʚʠʪʠʝ ʬʠʪʦʧʣʘʥʢʪʦʥʘ 

ʠ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʝʤ ʬʦʪʦʩʠʥʪʝʟʠʨʫʝʤʳʭ ʧʠʛʤʝʥʪʦʚ / ɸ. ɺ. ʂʫʨʝʡʰʝʚʠʯ, 

ɸ. ɸ. ʄʦʨʦʟʦʚʘ, ɸ. ɺ. ʐʫʣʷʨʝʥʢʦ, ʄ. ʅ. ʇʘʭʦʤʦʚʘ // ɻʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ 

ʞʫʨʥʘʣ. ï 2002. ï 38 (5). ï ʉ. 32-46. 

68. ʂʫʨʫʣʝʥʢʦ ʉ. ʉ. ɼʦʥʙʘʩ ʟʘʧʦʚʽʜʥʠʡ. ʅʘʫʢʦʚʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʜʦʚʽʜʥʠʢ-

ʘʪʣʘʩ / ʉ. ʉ ʂʫʨʫʣʝʥʢʦ, ʉ. ɺ. ʊʨʝʪʴʷʢʦʚ. ï ɼʦʥʝʮʴʢ: ɼʦʥʝʮʴʢʘ ʬʽʣʽʷ 

ʜʝʨʞʘʚʥʦʾ ʫʩʪʘʥʦʚʠ çɼʝʨʞʘʚʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʄʽʥʧʨʠʨʦʜʠ 

ʋʢʨʘʾʥʠè, 2008. ï 168 ʩ.  

69. ʃʝʚʘʢʦʚʩʢʠʡ ʀ. ʌ. ʆ ʩʣʘʚʷʥʩʢʠʭ ʩʦʣʷʥʳʭ ʦʟʝʨʘʭ / ʀ. ʌ. ʃʝʚʘʢʦʚʩʢʠʡ // 

ʊʨ. ʦʙ-ʚʘ ʠʩʧʳʪʘʪʝʣʝʡ ʧʨʠʨʦʜʳ ʧʨʠ ʍʘʨʴʢ. ʫʥ-ʪʝ. ï 1870. ï 10. ï ʉ. 1ï10. 



149 

70. ʃʝʱʝʥʢʦ ɻ. ʈʝʛʠʦʥʘʣʴʥʳʡ ʣʘʥʜʰʘʬʪʥʳʡ ʧʘʨʢ çʉʣʘʚʷʥʩʢʠʡ ʢʫʨʦʨʪè / 

ɻ. ʃʝʱʝʥʢʦ // ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʛʘʟʝʪʘ çʅʘʰ ʢʨʘʡè. ï 2007. ï ˉ 19 (261). ï 

ʉ. 3. 

71. ʃʷʣʶʢ ʅ. ʄ. ʌʠʪʦʧʣʘʥʢʪʦʥ ʩʣʘʚʷʥʩʢʠʭ ʩʦʣʝʥʳʭ ʦʟʝʨ (ʋʢʨʘʠʥʘ) / 

ʅ. ʄ. ʃʷʣʶʢ, ɺ. ʅ. ʂʣʠʤʶʢ // ɸʣʴʛʦʣʦʛʠʷ. ï 2011. ï 21, ˉ 3. ï ʉ. 321ï328. 

72. ʄʘʢʝʝʚʘ ɽ. ɻ. ɺʦʜʦʨʦʩʣʠ ʦʟʝʨ ʩʪʝʧʥʦʡ ʯʘʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʟʘʧʦʚʝʜʥʠʢʘ çʍʘʢʘʩʩʢʠʡè : ʘʚʪʦʨʝʬ. ʜʠʩ. ʥʘ ʧʦʣʫʯʝʥʠʝ ʥʘʫʯ. ʩʪʝʧʝʥʠ ʢʘʥʜ. 

ʙʠʦʣ. ʥʘʫʢ : 03.02.01 çɹʦʪʘʥʠʢʘè / ɽ. ɻ. ʄʘʢʝʝʚʘ. ï ʅʦʚʦʩʠʙʠʨʩʢ, 2012. ï 

19 ʩ. 

73. ʄʘʢʨʫʰʠʥ ɸ. ɺ. ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʚʦʜ / ɸ. ɺ. ʄʘʢʨʫʰʠʥ. ï 

ʃ.: ʄʳʩʣʴ, 1974. ï 53 ʩ. 

74. ʄʘʪʚʠʝʥʢʦ ɸ. ʄ. ɿʦʣʦʪʠʩʪʳʝ ʚʦʜʦʨʦʩʣʠ. / ɸ. ʄ. ʄʘʪʚʠʝʥʢʦ ï ʄ.: ʉʦʚʝʪ. 

ʥʘʫʢʘ, 1954. ï 190 ʩ.  

75. ʄʘʪʚʽʻʥʢʦ ʆ. ʄ. ʇʽʨʦʬʽʪʦʚʽ ʚʦʜʦʨʦʩʪʽ ï Pyrrophyta. / ʆ. ʄ. ʄʘʪʚʽʻʥʢʦ, 

ʈ. ʄ. ʃʠʪʚʠʥʝʥʢʦ ï ʂ.: ʅʘʫʢ. ʜʫʤʢʘ, 1977. ï 388 ʩ. 

76. ʄʘʪʚʽʻʥʢʦ ʆ. ʄ. ɾʦʚʪʦʟʝʣʝʥʽ ʚʦʜʦʨʦʩʪʽ. / ʆ. ʄ. ʄʘʪʚʽʻʥʢʦ, ʊ. ɺ. ɼʦʛʘʜʽʥʘ. 

ï ʂ.: ʅʘʫʢ. ʜʫʤʢʘ, 1978. ï 512 ʩ. 

77. ʄʘʪʚʠʝʥʢʦ ɸ. ʄ. ɾʝʣʪʦʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ʯʝʨʥʦʟʝʤʦʚ ʍʘʨʴʢʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ / ɸ. ʄ. ʄʘʪʚʠʝʥʢʦ, ʊ. ɺ. ɼʦʛʘʜʠʥʘ // ɺʝʩʪʥʠʢ ʍʘʨʴʢ. ʫʥ-ʪʘ. ï ̄ 269: 

ʇʨʦʙʣ. ʬʣʦʨʠʩʪʠʢʠ ʠ ʛʝʦʙʦʪʘʥʠʢʠ, ʬʠʟʠʦʣ. ʠ ʠʤʤʫʥʠʪʝʪʘ ʨʘʩʪ. ï ʍʘʨʴʢʦʚ: 

ʀʟʜ-ʚʦ ʍʘʨʴʢ. ʛʦʩ. ʫʥ-ʪʘ, 1985. ï ʉ. 3ï4. 

78. ʄʠʭʝʝʚʘ ʊ. ʄ. ʉʪʝʧʝʥʴ ʢʦʣʦʥʠʘʣʴʥʦʩʪʠ ʠ ʨʘʟʤʝʨʥʦ-ʚʝʩʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʪʦʧʣʘʥʢʪʦʥʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ɹʝʣʘʨʫʩʠ 

/ ʊ. ʄ. ʄʠʭʝʝʚʘ // ɻʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʞʫʨʥʘʣ, 1998. ï 34 (2). ï ʉ. 9ï19. 

79. ʄʦʰʢʦʚʘ ʅ. ʆ. ʋʣʦʪʨʠʢʩʦʚʽ ʡ ʂʣʘʜʦʬʦʨʦʚʽ ʚʦʜʦʨʦʩʪʽ / ʅ. ʆ. ʄʦʰʢʦʚʘ. ï 

ʂ.: ʅʘʫʢ. ʜʫʤʢʘ, 1979. ï 500 ʩ. 

80. ʅʘʫʤʝʥʢʦ ʖ. ɺ. ɺʦʜʦʨʦʩʣʠ ʩʦʣʦʥʦʚʘʪʦʛʦ ʦʟʝʨʘ ʃʠʩʪʚʝʥʢʠ (ʫʯʘʩʪʦʢ 

çʇʦʜʟʘʧʣʦʪʳè, ʟʘʧʦʚʝʜʥʠʢ çʍʘʢʘʩʩʢʠʡè / ʖ. ɺ. ʅʘʫʤʝʥʢʦ, ɽ. ɻ. ʄʘʢʝʝʚʘ 

// ʈʘʩʪʠʪʝʣʴʥʳʡ ʤʠʨ ɸʟʠʘʪʩʢʦʡ ʈʦʩʩʠʠ. ï 2011. ï 2 (8). ï ʉ. 28ï33. 



150 

81. ʅʝʚʨʦʚʘ ɽ. ʃ. ɼʦʥʥʳʝ ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ʩʦʣʸʥʳʭ ʦʟʝʨ ʂʨʳʤʘ / 

ɽ. ʃ. ʅʝʚʨʦʚʘ, ʅ. ɺ. ʐʘʜʨʠʥ // ʄʦʨʩʴʢʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʞʫʨʥʘʣ. ï 2005. ï 

ˉ4. ï ʊ. IV. ïʉ. 61ï71. 

82. ʇʝʪʣʴʦʚʘʥʠʡ ʆ. ɸ. Chlorophyta ʩʦʣʦʥʠʭ ʦʟʝʨ ɼʦʥʝʮʴʢʦ-ʇʨʠʘʟʦʚʩʴʢʦʛʦ 

ʩʪʝʧʫ / ʆ. ɸ. ʇʝʪʣʴʦʚʘʥʠʡ // ʋʢʨʘʾʥʩʴʢʠʡ ʙʦʪʘʥʽʯʥʠʡ ʞʫʨʥʘʣ. ï 2001. ï 

58 (5). ï 583ï593. 

83. ʇʝʪʣʴʦʚʘʥʠʡ ʆ. ɸ. Chlorophyta ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʚʦʜʦʡʤ ɼʦʥʝʮʴʢʦ-

ʇʨʠʘʟʦʚʩʴʢʦʛʦ ʉʪʝʧʫ (ʋʢʨʘʾʥʘ): ʜʠʩ. é ʢʘʥʜʠʜʘʪʘ ʙʽʦʣ. ʥʘʫʢ : 03.00.05 / 

ʇʝʪʣʴʦʚʘʥʠʡ ʆʣʝʛ ɸʥʘʪʦʣʽʡʦʚʠʯ. ï ʂ., 2005. ï 323 ʩ. 

84. ʇʝʪʣʝʚʘʥʥʳʡ ʆ. ɸ. ʍʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ Chlorophyta ʚʦʜʦʝʤʦʚ 

ɼʦʥʝʮʢʦ-ʇʨʠʘʟʦʚʩʢʦʡ ʉʪʝʧʠ (ʋʢʨʘʠʥʘ) / ʆ. ɸ. ʇʝʪʣʝʚʘʥʥʳʡ // ɸʣʴʛʦʣʦʛʠʷ. 

ï 2006. ï 16, ˉ 1. ï ʉ. 105-129. 

85. ʇʦʧʢʦʚ ɸ. ʀ. ʈʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʦʚ ʧʦʜʪʦʧʣʝʥʠʷ ʠ ʢʘʨʩʪʦʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 

ʪʝʨʨʠʪʦʨʠʠ ʛ. ʉʣʘʚʷʥʩʢ ɼʦʥʝʮʢʦʡ ʦʙʣʘʩʪʠ / ɸ. ʀ. ʇʦʧʢʦʚ, ʖ. ʀ. ʄʦʨʝʥʢʦ, 

ʃ. ɻ. ʇʦʧʢʦʚʩʢʘʷ. ï ɸʨʪʸʤʦʚʩʢ: ʌʦʥʜʳ ɻʈɻʇ çɼʦʥʝʮʢʛʝʦʣʦʛʠʷè, 2005. 

86. ʇʨʦʰʢʠʥʘ-ʃʘʚʨʝʥʢʦ ɸ. ʀ. ɺʦʜʦʨʦʩʣʠ ʩʦʣʝʥʦʛʦ ɺʝʡʩʦʚʘ ʦʟʝʨʘ ʚ ʉʣʘʚʷʥʩʢʝ 

/ ɸ. ʀ. ʇʨʦʰʢʠʥʘ-ʃʘʚʨʝʥʢʦ // ʀʟʚ. ʠʥ-ʪʘ ʬʠʟ.-ʭʠʤ. ʘʥʘʣʠʟʘ. ï 1930. ï 4, ˉ 2. 

ï ʉ. 401ï404. 

87. ʇʨʦʰʢʠʥʘ-ʃʘʚʨʝʥʢʦ ɸ. ʀ. ʌʠʪʦʧʣʘʥʢʪʦʥ ʩʪʝʧʥʳʭ ʨʝʢ ʣʝʚʦʙʝʨʝʞʥʦʡ 

ʋʢʨʘʠʥʳ / ɸ. ʀ. ʇʨʦʰʢʠʥʘ-ʃʘʚʨʝʥʢʦ // ɾʫʨʥ. ʈʫʩʩʢ. ɹʦʪ. ʦʙ-ʚʘ. ï 1930. ï 

14 (3). ï ʉ. 209ï232. 

88. ʇʨʦʰʢʠʥʘ-ʃʘʚʨʝʥʢʦ ɸ. ʀ. ʅʦʚʳʝ ʚʠʜʳ Euglenaceae ʠʟ ʩʦʣʝʥʳʭ ʚʦʜʦʝʤʦʚ 

ʋʉʉʈ / ɸ. ʀ. ʇʨʦʰʢʠʥʘ-ʃʘʚʨʝʥʢʦ // ɹʦʪ. ʤʘʪ. ʦʪʜ. ʩʧʦʨ. ʨʘʩʪ. ʙʦʪʘʥ. ʀʥ-ʪʘ. 

ɸʅ ʉʉʉʈ. ï 1937. ï 4 (8-9). ï ʉ. 14ï22. 

89. ʇʨʦʰʢʠʥʘ-ʃʘʚʨʝʥʢʦ ɸ. ʀ. ʅʦʚʳʝ ʚʠʜʳ ʨʦʜʘ Characiochloris Pasch. / 

ɸ. ʀ. ʇʨʦʰʢʠʥʘ-ʃʘʚʨʝʥʢʦ // ɹʦʪ. ʤʘʪ. ʦʪʜ. ʩʧʦʨ. ʨʘʩʪ. ʙʦʪʘʥ. ʠʥ-ʪʘ 

ɸʅ ʉʉʉʈ. ï 1941. ï 5 (4-6). ï ʉ. 49ï60. 

90. ʇʨʦʰʢʠʥʘ-ʃʘʚʨʝʥʢʦ ɸ. ʀ. ʅʦʚʳʡ ʚʠʜ ʨʦʜʘ Pedinomonas salina Proschk.-

Lavr. et Aniss. ʩʦʣʝʥʳʭ ʦʟʝʨ ʋʉʉʈ / ɸ. ʀ. ʇʨʦʰʢʠʥʘ-ʃʘʚʨʝʥʢʦ // ɹʦʪ. ʤʘʪ. 

ʦʪʜ. ʩʧʦʨ. ʨʘʩʪ. ʙʦʪʘʥ. ʠʥ-ʪʘ ɸʅ ʉʉʉʈ. ï 1941. ï 5 (4-6). ï ʉ. 68ï75. 



151 

91. ʇʨʦʰʢʠʥʘ-ʃʘʚʨʝʥʢʦ ɸ. ʀ. ʅʦʚʳʝ ʚʠʜʳ ʠ ʨʦʜʳ ʚʦʜʦʨʦʩʣʝʡ ʠʟ ʩʦʣʝʥʳʭ 

ʚʦʜʦʝʤʦʚ ʋʉʉʈ / ɸ. ʀ. ʇʨʦʰʢʠʥʘ-ʃʘʚʨʝʥʢʦ // ɹʦʪ. ʤʘʪ. ʦʪʜ. ʩʧʦʨ. ʨʘʩʪ. 

ʙʦʪʘʥ. ʠʥ-ʪʘ ɸʅ ʉʉʉʈ. ï 1945. ï 5 (10-12). ï ʉ. 142ï154. 

92. ʇʨʦʰʢʠʥʘ-ʃʘʚʨʝʥʢʦ ɸ. ʀ. ɼʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ʧʣʘʥʢʪʦʥʘ ʏʸʨʥʦʛʦ 

ʤʦʨʷ / ɸ. ʀ. ʇʨʦʰʢʠʥʘ-ʃʘʚʨʝʥʢʦ. ï ʄ.-ʃ.: ʀʟʜ-ʚʦ ɸʅ ʉʉʉʈ, 1955. ï 224 ʩ. 

93. ʈʘʟʥʦʦʙʨʘʟʠʝ ʚʦʜʦʨʦʩʣʝʡ ʋʢʨʘʠʥʳ / ʇʦʜ ʨʝʜ. ʉ. ʇ. ɺʘʩʩʝʨʘ, ʇ. ʄ. ʎʘʨʝʥʢʦ 

// ɸʣʴʛʦʣʦʛʠʷ. ï 2000. ï 10, ˉ 4. ï 309 ʩ. 

94. ʈʫʙʝʥʯʠʢ ʃ. ʀ. ʂ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʙʠʦʘʥʠʟʦʪʨʦʧʥʳʭ ʩʦʣʸʥʳʭ ʚʦʜʦʸʤʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʉʣʘʚʷʥʩʢʠʭ ʦʟʸʨ. ʏʘʩʪʴ 1 / ʃ. ʀ. ʈʫʙʝʥʯʠʢ, ɼ. ɻ. ɻʝʡʭʝʨʤʘʥ 

// ʄʠʢʨʦʙʠʦʣʦʛʠʷ. ï ʄ.-ʃ., 1939. ï VIII. ï ɺʳʧ. 5. ï ʉ. 213ï234.  

95. ʈʫʙʝʥʯʠʢ ʃ. ʀ. ʂ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʙʠʦʘʥʠʟʦʪʨʦʧʥʳʭ ʩʦʣʸʥʳʭ ʚʦʜʦʸʤʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʉʣʘʚʷʥʩʢʠʭ ʦʟʸʨ. ʏʘʩʪʴ 2 / ʃ. ʀ. ʈʫʙʝʥʯʠʢ, ɼ. ɻ. ɻʝʡʭʝʨʤʘʥ 

// ʄʠʢʨʦʙʠʦʣʦʛʠʷ. ï ʄ.-ʃ., 1940. ï IX. ï ɺʳʧ. 1. ï ʉ. 289ï295. 

96. ʈʫʙʝʥʯʠʢ ʃ. ʀ. ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠ ʤʠʢʨʦʙʠʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʦʣʸʥʳʭ 

ʚʦʜʦʸʤʘʭ ʋʉʉʈ / ʃ. ʀ. ʈʫʙʝʥʯʠʢ. ï ʂʠʝʚ, 1948. ï 156 ʩ. 

97. ʉʚʠʨʠʜ ɸ. ɸ. ɼʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ʦʟʝʨ ɹʝʨʝʟʠʥʩʢʦʛʦ ʙʠʦʩʬʝʨʥʦʛʦ 

ʟʘʧʦʚʽʜʥʠʢʘ : ʘʚʪʦʨʝʬ. ʜʠʩ. ʥʘ ʧʦʣʫʯʝʥʠʝ ʥʘʫʯ. ʩʪʝʧʝʥʠ ʢʘʥʜ.. ʙʠʦʣ. ʥʘʫʢ : 

ʩʧʝʮ. 03.00.05 çɹʦʪʘʥʠʢʘè / ɸ. ɸ. ʉʚʠʨʠʜ. ï ʄʠʥʩʢ, 2000. ï 23 ʩ. 

98. ʉʠʤʦʥʝʥʢʦ ɺ. ɼ. ʆʯʝʨʢʠ ʦ ʧʨʠʨʦʜʝ ɼʦʥʙʘʩʩʘ. / ɺ. ɼ. ʉʠʤʦʥʝʥʢʦ ï ɼʦʥʝʮʢ: 

ɼʦʥʙʘʩʩ, 1977. ï ʉ. 75. 

99. ʉʠʥʝʣʴʥʠʢʦʚ ʈ. ɻ. ʇʘʤʷʪʥʠʢʠ ʧʨʠʨʦʜʳ ɼʦʥʝʪʯʠʥʳ: ʇʫʪʝʚʦʜʠʪʝʣʴ / 

ʈ. ɻ. ʉʠʥʝʣʴʥʠʢʦʚ, ʉ. ʇ. ʇʦʧʦʚ, ɼ. ʉ. ʀʚʘʰʠʥ, ʅ. ʊ. ʗʥʢʦ. ï ɼʦʥʝʮʢ: 

ɼʦʥʙʘʩʩ, 1979. ï ʉ. 46ï49. 

100. ʉʦʣʦʤʦʥʦʚʘ ɽ. ʉ. ɺʘʨʠʘʙʝʣʴʥʦʩʪʴ ʨʘʟʤʝʨʦʚ ʫ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ 

ʯʝʨʥʦʤʦʨʩʢʠʭ ʜʠʘʪʦʤʝʡ / ɽ. ʉ. ʉʦʣʦʤʦʥʦʚʘ // ʕʢʦʣʦʛʠʷ ʤʦʨʷ. ï 2009. ï 

ɺʳʧ. 78. ï ʉ. 81ï86. 

101. ʉʪʝʧʘʥʦʚ ʇ. ʊ. ʌʘʫʥʘ ɺʝʡʩʦʚʦʛʦ ʦʟʝʨʘ / ʇ.ʊ. ʉʪʝʧʘʥʦʚ // ʊʨ. ʦʙ-ʚʘ 

ʠʩʧʳʪʘʪʝʣʝʡ ʧʨʠʨʦʜʳ ʧʨʠ ʍʘʨʴʢ. ʫʥ-ʪʝ. ï 1885. ï 19. ï ʉ. 87ï93. 

102. ʉʪʝʧʘʥʦʚ ʇ. ʊ. ʄʘʪʝʨʠʘʣʳ ʢ ʠʟʫʯʝʥʠʶ ʬʘʫʥʳ ʉʣʘʚʷʥʩʢʠʭ ʩʦʣʝʥʳʭ ʦʟʸʨ 

/ ʇ. ʊ. ʉʪʝʧʘʥʦʚ // Bull. Soc. natur. Moscou. ï 1889. ï 62 (2). ï C. 184ï199. 



152 

103. ʊʦʧʘʯʝʚʩʴʢʠʡ ʆ. ɺ. ɺʠʟʥʘʯʥʠʢ ʧʨʽʩʥʦʚʦʜʥʠʭ ʚʦʜʦʨʦʩʪʝʡ ʋʢʨʘʾʥʩʴʢʦʾ 

ʈʉʈ. ɼʽʘʪʦʤʦʚʽ ʚʦʜʦʨʦʩʪʽ ï Bacillariophyta (Diatomeae) / 

ʆ. ɺ. ʊʦʧʘʯʝʚʩʴʢʠʡ, ʆ. ʇ. ʆʢʩʽʶʢ. ï ʂ.: ɺʠʜ-ʚʦ ɸʢʘʜʝʤʽʾ ʥʘʫʢ ʋʈʉʈ, 1960. 

ï 412 ʩ. 

104. ʊʦʧʘʯʝʚʩʢʠʡ ɸ. ɺ. ʇʨʝʩʥʦʚʦʜʥʳʝ ʚʦʜʦʨʦʩʣʠ ʋʢʨʘʠʥʩʢʦʡ ʉʉʈ. / 

ɸ. ɺ. ʊʦʧʘʯʝʚʩʢʠʡ, ʅ. ʇ. ʄʘʩʶʢ. ï ʂ.: ɺʠʱʘ ʰʢ., 1984. ï 336 ʩ. 

105. ʌʘʟʣʫʪʜʠʥʦʚʘ ɸ. ʀ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʯʚʝʥʥʦʡ 

ʚʦʜʦʨʦʩʣʠ Hantzschia amphyoxis (Ehr.) Grun. (Bacillariophyta) ʚ ʫʩʣʦʚʠʷʭ 

ʟʘʩʦʣʝʥʠʷ / ɸ. ʀ. ʌʘʟʣʫʪʜʠʥʦʚʘ // ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ 

ʘʣʴʛʦʣʦʛʠʠ. ʊʝʟ. ʜʦʢʣ. ɯɯ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʂ., 1999. ï ʉ. 145. 

106. ʍʘʨʠʪʦʥʦʚ ɺ. ɻ. ʆʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʘʪʦʤʦʚʳʭ 

ʚʦʜʦʨʦʩʪʝʡ ʥʘ ʩʝʚʝʨʝ ʄʘʛʘʜʘʥʩʢʦʡ ʦʙʣʘʩʪʠ / ɺ. ɻ. ʍʘʨʠʪʦʥʦʚ // 

ɹʦʪʘʥʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. ï 1981. ï ʊ. 66. ï ˉ 5. ï ʉ. 731ï734. 

107. ʍʦʣʦʧʦʚ ɸ. ʇ. ɻʨʷʟʝʣʝʯʝʥʠʝ / ɸ. ʇ. ʍʦʣʦʧʦʚ, ɺ. ɸ. ʐʘʰʝʣʴ, 

ʖ. ʄ. ʇʝʨʦʚ, ɺ. ʇ. ʅʘʩʪʝʥʢʦ. ï ʂʨʘʩʥʦʜʘʨ: ɻʘʟʝʪʥʦʝ ʠʟʜʘʪʝʣʴʩʪʚʦ 

çʇʝʨʠʦʜʠʢʘ ʂʫʙʘʥʠè. ï 2002. ï 284 ʩ. 

108. ʎʘʨʝʥʢʦ ʇ. ʄ. ʂʨʘʪʢʠʡ ʦʧʨʝʜʝʣʠʪʝʣʴ ʭʣʦʨʦʢʦʢʢʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ 

ʋʢʨʘʠʥʩʢʦʡ ʉʉʈ / ʇ. ʄ. ʎʘʨʝʥʢʦ. ï ʂ.: ʅʘʫʢ. ʜʫʤʢʘ, 1990. ï 208 ʩ. 

109. ʎʘʨʝʥʢʦ ʇ. ʄ. ɼʦʧʦʣʥʝʥʠʝ ʢ ʨʘʟʥʦʦʙʨʘʟʠʶ ʚʦʜʦʨʦʩʣʝʡ ʋʢʨʘʠʥʳ / 

ʇ. ʄ. ʎʘʨʝʥʢʦ, ʆ. ɸ. ʇʝʪʣʝʚʘʥʥʳʡ. ï ʂ.: ʀʥ-ʪ ʙʦʪʘʥʠʢʠ 

ʠʤ. ʅ. ɻ. ʍʦʣʦʜʥʦʛʦ ʅɸʅʋ, 2001. ï 130 ʩ. 

110. ʑʝʨʙʘʢ ɺ. ʀ., ʈʦʜʢʠʥ ɺ. ʀ. ʌʠʪʦʧʣʘʥʢʪʦʥ ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʦʟʝʨʘ / ɺ. ʀ. ʑʝʨʙʘʢ, ɺ. ʀ. ʈʦʜʢʠʥ // ɻʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. ï 1993. 

ï 29 (3). ï ʉ. 21-30. 

111. ʑʫʨ ʃ. ɸ. ʉʪʨʫʢʪʫʨʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʢʪʝʨʠʦ- ʠ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʚʦʜʦʝʤʦʚ ʨʘʟʥʦʛʦ ʪʠʧʘ : ʘʚʪʦʨʝʬ. ʜʠʩ. ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʥʘʫʯ. ʩʪʝʧʝʥʠ ʜʦʢʪ. ʙʠʦʣ. ʥʘʫʢ : ʩʧʝʮ. 03.00.16 çʕʢʦʣʦʛʠʷè / 

ʃ. ɸ. ʑʫʨ. ï ʂʨʘʩʥʦʷʨʩʢ, 2006. ï 30 ʩ. 



153 

112. ʕʡʭʚʘʣʴʜ ʕ. ʀ. ʆ ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜʘʭ ʈʦʩʩʠʠ ʚ ʝʩʪʝʩʪʚʝʥʥʦ-

ʠʩʪʦʨʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ / ʕ. ʀ. ʕʡʭʚʘʣʴʜ // ɺʦʝʥʥʦ-ʤʝʜ. ʞʫʨʥʘʣ. ï 1860. 

ï XXVII.  

113. ʕʣʴʷʰʝʚ ʂ. ʆ ʧʨʦʩʪʦʤ ʩʧʦʩʦʙʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚʳʩʦʢʦʧʨʝʣʦʤʣʷʝʤʦʡ 

ʩʨʝʜʳ ʜʣʷ ʜʠʘʪʦʤʦʚʦʛʦ ʘʥʘʣʠʟʘ / ʂ. ʕʣʴʷʰʝʚ // ʊʨ. ʅʀʀ ʛʝʦʣ. ɸʨʢʪʠʢʠ. ï 

1957. ï ˉ 4. ï ʉ. 74ï75. 

114. ʖʨʮʝʚ ɹ. ɸ. ʌʣʦʨʘ ʉʫʥʪʘʨ-ʍʘʷʪʘ / ɹ. ɸ. ʖʨʮʝʚ. ï ʃʝʥʠʥʛʨʘʜ: ʅʘʫʢʘ, 

1986. ï 235 ʩ. 

115. ʗʢʽʩʪʴ ʚʦʜʠ. ɺʠʟʥʘʯʘʥʥʷ ʨʅ (ISO 10523:1994, MOD) : ɼʉʊʋ 4077-2001. 

ï [ʏʠʥʥʠʡ ʚʽʜ 2003-01-01]. ï ʂ. : ɼʝʨʞʘʚʥʠʡ ʢʦʤʽʪʝʪ ʋʢʨʘʾʥʠ ʟ ʧʠʪʘʥʴ 

ʪʝʭʥʽʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʩʧʦʞʠʚʯʦʾ ʧʦʣʽʪʠʢʠ, 2001. ï 16 ʩ. ï 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ). 

116. ʗʢʽʩʪʴ ʚʦʜʠ. ɺʠʟʥʘʯʘʥʥʷ 33 ʝʣʝʤʝʥʪʽʚ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʝʤʽʩʽʡʥʦʾ 

ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʟ ʽʥʜʫʢʪʠʚʥʦ ʟʚ'ʷʟʘʥʦʶ ʧʣʘʟʤʦʶ : ɼʉʊʋ ISO 11885:2005 ï 

ɼʉʊʋ ISO 11885:2005. ï [ʏʠʥʥʠʡ ʚʽʜ 2008-01-01]. ï ʂ.: 

ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ, 2005. ï 19 ʩ. ï (ʅʘʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥʜʘʨʪ 

ʋʢʨʘʾʥʠ). 

117. ʗʢʽʩʪʴ ʚʦʜʠ. ɺʠʟʥʘʯʝʥʥʷ ʣʫʞʥʦʩʪʽ. ʏʘʩʪʠʥʘ 1. ɺʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʪʘ 

ʯʘʩʪʢʦʚʦʾ ʣʫʞʥʦʩʪʽ (ISO 9963-1:1994, IDT) : ɼʉʊʋ ISO 9963-1:2007. ï 

[ʏʠʥʥʠʡ ʚʽʜ 2009-01-01]. ï ʂ. : ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ, 2007. ï 9 ʩ. 

ï (ʅʘʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ). 

118. Acevedo-Trejos E. Biogeographical patterns of phytoplankton community 

size structure in the oceans / E. Acevedo-Trejos, G. Brandt, A. Merico, 

S. L. Smith // Global Ecology and Biogeography. ï 2013. ï ˉ 22. ï P. 1060ï

1070. 

119. Agust² S. Algal cell size and the maximum density and biomass of 

phytoplankton / S. Agust², C. M. Duarte, J. Kalff // Limnology and 

Oceanography. ï 1987. ï ˉ 32 (4). ï P. 983ï986.  

120. Algae of Ukraine: diversity, nomenclature, taxonomy, ecology and 

geography. Vol. 1. Cyanoprokaryota, Euglenophyta, Chrysophyta, Xanthophyta, 



154 

Raphidophyta, Phaeophyta, Dinophyta, Cryptophyta, Glaucocystophyta and 

Rhodophyta / Eds.: P. M. Tsarenko, S. P. Vasser & Eviatar Nevo. ï Ruggell: 

A.R.G. Gantner Verlag, 2006. ï 713 p. 

121. Algae of Ukraine: diversity, nomenclature, taxonomy, ecology and 

geography. Vol. 2. Bacillariophyta / Eds.: P. M. Tsarenko, S. P. Vasser & Eviatar 

Nevo. ï Ruggell: A.R.G. Gantner Verlag, 2009. ï 413 p. 

122. Banse K. Cell volumes, maximal growth rates of unicellular algae and ciliates, 

and the role of ciliates in the marina pelagial / K. Banse // Limnology and 

Oceanography. ï 1982. ï 27 (6). ï P. 1059ï1071. 

123. Barinova S. S. Algal species diversity of arid region lakes in Kazakhstan and 

Israel / S. S. Barinova, T. M. Bragina, E. Nevo // Community Ecology. ï 2009. 

ï 10(1). ï P. 7ï16. 

124. Barinova S. Algal indication of pollution in the Lower Jordan River, Israel / 

S. Barinova, M. Tavassi, H. Glassman, E. Nevo // Applied Ecology and 

Environmental Research. ï 2010. ï 8(1). ï P. 19ï38. 

125. Barinova S. S. Comparative analysis of algal communities of northern and 

southern Israel as bearing on ecological consequences of climate change / 

S. S. Barinova, G. Yehuda, E. Nevo // Journal of Arid Environments. ï 2010. ï 

74. ï P. 765ï776. 

126. Barinova S. S. Ecological assessment of wetland ecosystems of northern 

Kazakhstan on the basis of hydrochemistry and algal biodiversity / 

S. S. Barinova, E. Nevo, T. M. Bragina // Acta Bot. Croat. ï 2011. ï 70(2). ï 

P. 215ï244. 

127. Barinova S. Algal diversity of the Akko Park wetlands in the Bahai Gardens 

(Haifa, Israel) / S. Barinova, E. Nevo // Transylv. Rev. Syst. Ecol. Res. "The 

Wetlands Diversity". ï 2012. ï 14. ï P. 55ï79. 

128. Barinova S. Ecology of phytoplankton in the Regional Landscape Park 

"Slavyansky Resort", Ukraine / S. Barinova, V. Klymiuk, N. Lyalyuk // Applied 

Ecology and Environmental Research. ï 2015. ï 13(2). ï P. 449-464. 



155 

129. Barros C. F. A. Seasonal mechanisms driving phytoplankton size structure in 

a tropical deep lake (Dom Helv®cio Lake. South-East Brazil) / C. F. A. Barros, 

M. B. G. Souza, F. A. R. Barbosa // Acta Limnologica Brasiliensia. ï 2006. ï 

18 (1). ï P. 55ï66. 

130. Becker V. Water dynamics phytoplankton biomass and size structure of a 

shallow freshwater subtropical lake (Itapeva lake. south of Brazil) / V. Becker, 

D. Motta Marques // Acta Limnologica Brasiliensia. ï 2004. ï 16 (2). ï P. 163ï

174. 

131. Belkinova D. Phytoplankton based assessment of ecological status of 

Bulgarian lakes and comparison of metrics within the water framework directive 

/ D. Belkinova, J. Padis§k, G. Gecheva, S. Cheshmedjiev // Applied ecology and 

environmental research. ï 2014. ï 12 (1). ï P. 83ï103. 

132. Betetti C. J. The determination of food sources for invertebrates in four ponds 

in NW Spain using stable isotope analysis / C. J. Betetti, A. P®rez-Bilbao, 

J. Garrido // Limnetica. ï 2014. ï 33 (1). ï P. 89ï106. 

133. Bilous O. Phytoplankton communities in ecological assessment of the 

Southern Bug River upper reaches (Ukraine) / O. Bilous, S. Barinova, 

P. Klochenko. // Ecohydrology and Hydrobiology. ï 2012. ï 12(3). ï P. 211ï

230. 

134. Bilous O. Climatic influence on the phytoplankton communities of the upper 

reaches of the Southern Bug River (Ukraine) / O. Bilous, S. Barinova, 

P. Klochenko // Transylvanian Review of Systematical and Ecological Research. 

The Wetland Diversity. ï 2013. ï 15 (2). ï P. 61ï86. 

135. Boros E. Salinity and ionic composition of the shallow astatic soda pans in the 

Carpathian Basin / E. Boros, Zs. Horv§th, G. Wolfram, L. Vºrºs // International 

Journal of Limnology. ï 2014. ï 50. ï P. 59ï69. 

136. Carrick H. J. Have we overlooked the importance of small phytoplankton in 

productive waters? / H. J. Carrick, C. L. Schelske // Limnology and 

Oceanography. ï 1997. ï 42 (7). ï P. 1613ï1621. 



156 

137. Dokulil M. T. Algae as ecological bio-indicators // Bioindicators and 

biomonitors / M. T. Dokulil. ï Kidlington, Elsevier Science Ltd., 2003. ï P. 285ï

327. 

138. Duarte C. M. Patterns in phytoplankton community structure in Florida lakes 

/ C. M. Duarte, S. Agusti // Limnology and Oceanography. ï 1992. ï 37 (l). ï 

P. 155ï161. 

139. Feniova I. Yu. Cladoceran community structure in three meso-eutrophic 

Polish lakes with varying thermal regimes / I. Yu. Feniova, V. I. Razlutskij, 

A. L. Palash, J. Tunowsky, E. A. Susova, A. R. Dzialowski // Limnetica. ï 2014. 

ï 33 (1). ï P. 13ï30. 

140. Finkel Z. V. Light absorption and size scaling of light-limited metabolism in 

marine diatoms / Z. V. Finkel // Limnology and Oceanography. ï 2001. ï 46 (1). 

ï P. 86ï94. 

141. Fleming R. A. Scaling-up an autoregressive time-series model (of spruce 

budworm population dynamics) changes its qualitative behaviour / 

R. A. Fleming, H.J. Barclay, J.N. Candau // Ecological Modelling. ï 2002. ï 

149 (1ï2). ï P. 127ï142. 

142. Fott B. Algekunde / B. Fott. ï Jena: Fischer, 1971. ï 581 s. 

143. Gaedke U. Biomass size spectra and plankton diversity in a shallow eutrophic 

lake / U. Gaedke, A. Seifried, R. Adrian // International Review of 

Hydrobiology. ï 2004. ï 89 (1). ï P. 1ï20. 

144. Geider R. J. Size dependence of growth and photosynthesis in diatoms: a 

synthesis / R. J. Geider, T. Platt, J. A. Raven // Marine Ecology ï Progress Series. 

ï 1986. ï 30. ï P. 93ï104. 

145. Good I. J. The population frequencies of species and the estimation of 

population parameters / I. J. Good // Biometrika. ï 1953. ï 40. ï P. 237ï264. 

146. Hammer U. T. Saline Lake Ecosystems of the World. V. 59. / Hammer U. T. 

ï Dordrecht, Netherlands: Springer Science & Business Media. ï 1986. ï 616 p. 

147. Heywood V. Modern approaches to floristics and their impact on the region 

of SW Asia / V. Heywood // Turk. J. Bot. ï 2004. ï 28. ï P. 7ï16. 



157 

148. Hillebrand H. Biovolume calculation for pelagic and benthic microalgae / 

H. Hillebrand, C.-D. D¿rselen, D. Kirschtel, U. Pollingher, T. Zohary // Journal 

of Phycology. ï 1999. ï 35. ï P. 403ï424. 

149. Hillebrand H. Body size determines the strength of the latitudinal diversity 

gradient / H. Hillebrand, A. I. Azovsky // Ecography. ï 2001. ï 24 (3). ï P. 251ï

256. 

150. Hustedt F. Systematische und kʦlʦgisʩhʝ Untersuchungen ¿bʝʛ die 

Diatomeenflora von Java, Bali und Sumatra / F. Hustedt // Archiv f¿r 

Hydrobiologie, Suppl. 1938-1939. ï Vol. 15. ï S. 131ï177. 

151. Hustedt F. Die Diʘtʦmʝʝnflʦrʘ des FluÇsystems der Wasser im Gebiet der 

Hansestadt ɺrʝmʝn / F.Hustedt // ɸbhʘndlungʝn Naturwissenschaftlicher, 

Verein. ï 1957. ï Vol. 34. ï S. 181ï440. 

152. Kamenir Y. Phytoplankton size structure stability in a meso-eutrophic 

subtropical lake / Y. Kamenir, Z. Dubinsky, T. Zohary // Hydrobiologia. ï 2004. 

ï 520. ï P. 89ï104. 

153. Klymiuk V. Diversity and Ecology of Algal Communities from the Regional 

Landscape Park "Slavyansky Resort", Ukraine [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / 

V. Klymiuk, S. Barinova, N. Lyalyuk // Research and Reviews: Journal of 

Botanical Science. ï 2014. ï 3(2) ï P. 9ï26. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʞʫʨʥ. :  

http://www.rroij.com/jbs/index.php/jbs/article/view/51/pdf 

154. Klymiuk V. Phytoplankton communities in ecological assessment of 

lacustrine ecosystems in the wetland "Slavyansky Resort", Ukraine. / 

V. Klymiuk, S. Barinova // Journal of Wetlands Biodiversity. ï 2015. ï 5. ï 

P. 17-27. 

155. Kom§rek J. Cyanoprokaryota. 2. Teil: Oscillatoriales. / J. Kom§rek, 

K. Anagnostidis // S¿sswasserflora von Mitteleuropa. ï Jena, etc.: Elsevier, 

2005. ï Bd. 19/2. ï 759 s. 

156. Krammer K. Bacillariophyceae 1. Naviculaceae. S¿ɓwasserflora von 

Mitteleuropa, 2/1. / K. Krammer, H. Lange-Bertalot. ï 1997a. ï Jena, Stuttgart, 

L¿beck, Ulm: G. Fischer Verlag. ï 876 p. 



158 

157. Krammer K. Bacillariophyceae 2. Bacillariaceae, Epithemiaceae, 

Surirellaceae. S¿ɓwasserflora von Mitteleuropa, 2/2. / K. Krammer, H. Lange-

Bertalot. ï 1997b. ï Jena, Stuttgart, L¿beck, Ulm.: G. Fischer Verlag. ï 611 p. 

158. Krammer K. Bacillariophyceae 3. Centrales, Fragilariaceae, Eunotiaceae. 

S¿sswasserflora von Mitteleuropa, 2/3. / R. Krammer, H. Lange-Bertalot. ï 

1991a. ï Stuttgart, Jena: G. Fischer Verlag. ï 576 p. 

159. Krammer K. Bacillariophyceae 4. Achnanthaceae, Kritische Ergªnzungen zu 

Navicula (Lineolatae) und Gomphonema Gesamtliteraturverzeichnis Teil 1-4. 

S¿ɓwasserflora von Mitteleuropa, 2/4. / K. Krammer, H. Lange-Bertalot. ï 

1991b. ï Stuttgart, Jena: G. Fischer. ï 437 p. 

160. Krupa E. The effect of climatic factors on long-term dynamics of 

phytoplankton, zooplankton and macrozoobenthos of the Balkhash Lake 

(Kazakhstan, Central Asia) / E. Krupa, G. Slyvinskiy, S. Barinova // Advanced 

Studies in Biology. ï 2014. ï 6(3). ï P. 115ï136.  

161. Novakovsky A. B. Abilities and base principles of program module 

ñGRAPHSò / A. B. Novakovsky // Komi Scientific Center, Uralôsky Branch 

Russian Academy of Science, Syktyvkar. ï 2004. ï 27. ï P. 1ï28. 

162. Pantle E. Die biologische Uberwachung der Gewasser und die Darstellung der 

Ergebnisse / E. Pantle, H. Buck // Gas Wasserfach. ï 1955. ï 96. ï P. 604. 

163. Parsons T. R. Environmental control of phytoplankton cell size / 

T. R. Parsons, M. Takahmhi // Limnology and oceanography. ï 1973. ï 18 (4). 

ï P. 511ï515. 

164. Podani J. Multivariate Data Analysis in Ecology and Systematics a 

methodological guide to the SYN-TAX 5.0 package / J. Podani. ï The Hague: 

SPB Publishing. ï 1994. ï 316 p. 

165. Rose D. T. What constitutes Gomphonema parvulum? Long-term culture 

studies show that some varieties of G. parvulum belong with other Gomphonema 

species. / D. T. Rose, E. J. Cox // Plant Ecology and Evolution. ï 2014. ï 147. ï 

P. 366ï373. 



159 

166. Sl§deļek V. Diatoms as indicators of organic pollution / V. Sl§deļek // Acta 

Hydroch. Hydrob. ï 1986. ï 14. ï P. 555ï566.  

167. Sl§deļek V. System of water quality from the biological point of view / 

V.Sl§deļek // Ergeb. Limnol. ï 1973. ï 7. ï P. 1ï128. 

168. Ter Braak C. J. F. CANOCO Reference Manual and CanoDraw for Windows 

User's Guide: Software for Canonical Community Ordination (version 4.5). / 

C. J. F. Ter Braak, P. Ġmilauer. ï Ithaca: Microcomputer Power Press. ï 2002. 

ï 500 p. 

169. Thompson J. N. Insect Diversity and the Trophic Structure of Communities // 

Ecological Entomology / J. N. Thompson. ï New York, Wiley-Interscience, 

1984. ï P. 537ï552. 

170. T·thm®r®sz B. Comparison of different methods for diversity ordering / 

B. T·thm®r®sz // Journal of Vegetation Science. ï 1995. ï 6. ï P. 283ï290. 

171. Van Dʘm ʅ. ɸ coded checklist and ecological indicator values of freshwater 

diatoms from the Netherlands / ʅ. Vʘn Dʘm, ɸ. ʄʝrtʝns, J. Sinkeldam // 

Netherlands Journal Aquatic Ecology. ï 1994. ï Vol. 28. ʈ. 117ï133.  

172. Watanabe ʊ. Biological indicator for the assessment of organic water 

pollution / ʊ. Watanabe // Japan Journal of Water Pollution Research. ï 1986. ï 

Vol. 19. ï ʈ. 7ï11. 

173. Watanabe ʊ. Numerical estimation to organic pollution of flowing water by 

using the epilithic diatom assemblage ï Diatom Assemblage Index (DAIpo) / 

ʊ. Watanabae, ʂ. Asai, ɸ. Houki // Science Total Envirʦnmʝnt. ï 1986. ï 

Vol. 55. ï ʈ. 209ï218. 

 

 

 



ɼʦʜʘʪʦʢ ɸ 

 

ʈʠʩ. ɸ. ʂʘʨʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʟʝʨ ʈʝʛʽʦʥʘʣʴʥʦʛʦ ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʘʨʢʫ çʉʣʦʚôʷʥʩʴʢʠʡ ʢʫʨʦʨʪè 



161 

ɼʦʜʘʪʦʢ ɹ 

 

ʈʠʩ. ɹ.1. ʆʟʝʨʦ ʈʽʧʥʝ, ʧʣʠʪʠ 

 

ʈʠʩ. ɹ.2. ʆʟʝʨʦ ʈʽʧʥʝ, ʚʠʜ ʥʘ ʩʘʥʘʪʦʨʽʾ ʢʫʨʦʨʪʫ 



162 

 

ʈʠʩ. ɹ.3. ʆʟʝʨʦ ʈʽʧʥʝ. ɻʨʷʟʝʚʠʜʦʙʫʚʥʘ ʪʝʭʥʽʢʘ 

 

ʈʠʩ. ɹ.4. ʆʟʝʨʦ ʏʝʨʚʦʥʝ 



163 

 

ʈʠʩ. ɹ.5. ʆʟʝʨʦ ɺʝʡʩʦʚʝ, ʚʠʜ ʥʘ ʧʣʷʞ ʧʦ ʽʥʰʫ ʩʪʦʨʦʥʫ ʦʟʝʨʘ 

 

ʈʠʩ. ɹ.6. ʆʟʝʨʦ ɺʝʡʩʦʚʝ, ʚʠʜ ʥʘ ʮʝʨʢʚʫ 

 


