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ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʟʫʯʠʪʴ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʩʚʦʡʩʪʚʘ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʩʦʩʪʘʚ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʧʦʯʚʦʧʦʜʦʙʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʦʙʣʘʩʪʠ 

ʘʢʪʠʚʥʳʭ ʬʣʶʠʜʥʳʭ ʨʘʟʛʨʫʟʦʢ. 

ʄʝʩʪʦ ʠ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʫʨʦʯʠʱʝ ʂʦʢʫʡ ʥʘ ɹʘʨʛʫʟʠʥʩʢʦ-ʏʠʚʳʨʢʫʡʩʢʦʤ 

ʧʝʨʝʰʝʡʢʝ ʧʦʣʫʦʩʪʨʦʚʘ ʉʚʷʪʦʡ ʅʦʩ (ʦʟ. ɹʘʡʢʘʣ). ʀʟʫʯʘʣʠ ʩʫʙʘʵʨʘʣʴʥʳʝ ʠ ʩʫʙʘʢʚʘʣʴʥʳʝ ʧʦʯʚʦʧʦʜʦʙʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʂʫʣʠʥʳʭ ʙʦʣʦʪ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ ʟʦʥʝ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʘʟʛʨʫʟʦʢ.  

ʄʝʪʦʜʳ. ʄʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʰʣʠʬʘʭ ʤʠʢʨʦʤʦʥʦʣʠʪʦʚ ʥʝʥʘʨʫʰʝʥʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʧʦʜ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ ʇʦʣʘʤ ʈ-312, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ï ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ LEO-1430 (Carl Zeiss, ɻʝʨʤʘʥʠʷ) ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ INCA Energy-350. 

ʉʪʝʧʝʥʴ ʠ ʭʠʤʠʟʤ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʘʢʪʠʚʥʦʩʪʠ ʠʦʥʦʚ ʠ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʤ 

ʩʦʣʷʤ. ɻʦʪʦʚʳʝ ʤʠʢʨʦʧʨʝʧʘʨʘʪʳ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʩʚʝʪʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

LevenhukMed 25T, ʦʩʥʘʱʝʥʥʦʛʦ ʤʘʩʣʷʥʦ-ʠʤʤʝʨʩʠʦʥʥʳʤ ʘʧʦʭʨʦʤʘʪʠʯʝʩʢʠʤ ʦʙʲʝʢʪʠʚʦʤ Zeiss ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ 100Ĭ ʠ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʦʡ 1.32. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʄʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʢʘʟʘʣʘ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʨʦʜʥʳʡ ʩʝʨʳʡ 

ʮʚʝʪ ʠʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʧʦʨʠʩʪʳʭ ʧʦʯʚʦʧʦʜʦʙʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʣʘʙʦʨʘʟʣʦʞʠʚʰʠʭʩʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʢʝʣʝʪʳ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʨʘʟʥʳʭ 

ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤ, ʥʘʣʠʯʠʝ ʞʝʣʝʟʠʩʪʳʭ ʧʷʪʝʥ. ɺ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʩʫʙʘʢʚʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʧʨʝʦʙʣʘʜʘʶʪ ʢʚʘʨʮ, ʢʚʘʨʮʩʦʜʝʨʞʘʱʠʝ ʦʢʩʠʜʳ ʠ ʩʫʣʴʬʠʜʳ ʞʝʣʝʟʘ (ʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ), ʘ ʚ ʩʫʙʘʵʨʘʣʴʥʳʭ 

ï ʢʚʘʨʮ ʠ ʢʚʘʨʮʩʦʜʝʨʞʘʱʠʝ ʦʢʩʠʜʳ (~ 70%), ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʝ ʢʘʣʴʮʠʪʦʤ. ɼʣʷ ʧʦʯʚʦʧʦʜʦʙʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ, ʩʣʘʙʦʢʠʩʣʘʷ 

ʠ ʥʝʡʪʨʘʣʴʥʘʷ ʨʝʘʢʮʠʷ ʩʨʝʜʳ, ʩʣʘʙʘʷ ʠ ʩʨʝʜʥʷʷ ʩʪʝʧʝʥʴ ʟʘʩʦʣʝʥʠʷ ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʦʛʦ ʠ 

ʭʣʦʨʠʜʥʦ-ʤʘʛʥʠʝʚʦ-ʥʘʪʨʠʝʚʦʛʦ ʪʠʧʦʚ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʜʠʘʪʦʤʝʡ ʧʨʝʜʩʪʘʚʣʝʥʦ 35 ʚʠʜʘʤʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʢ ʧʝʥʥʘʪʥʳʤ, ʧʨʝʦʙʣʘʜʘʶʪ ʨʦʜʳ Gomphonema ʠ Nitzschia. ʇʦ ʢʦʤʧʣʝʢʩʫ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʚʠʯʥʦʝ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʂʫʣʠʥʳʭ ʙʦʣʦʪʘʭ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʢʨʝʤʥʠʩʪʦʛʦ ʩʦʩʪʘʚʘ.  

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʣʘʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʬʣʶʠʜʥʳʭ 

ʨʘʟʛʨʫʟʦʢ (ɹʘʡʢʘʣʴʩʢʘʷ ʨʠʬʪʦʚʘʷ ʟʦʥʘ, ʂʫʣʠʥʳʝ ʙʦʣʦʪʘ) ʬʦʨʤʠʨʫʶʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʝ çʤʠʥʝʨʘʣʴʥʳʝè 

ʙʦʣʦʪʘ ʩ ʩʫʙʘʵʨʘʣʴʥʳʤʠ ʠ ʩʫʙʘʢʚʘʣʴʥʳʤʠ ʧʦʯʚʦʧʦʜʦʙʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʧʦʢʘʟʘʣʠ ʦʪʩʫʪʩʪʚʠʝ ʚ ʜʘʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʪʨʘʚʝʨʪʠʥʦʚʳʭ ʠ ʛʝʡʟʝʨʠʪʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʪʦʨʬʦʦʙʨʘʟʦʚʘʥʠʷ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʙʦʣʦʪʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʇʨʦʮʝʩʩʳ ʧʝʨʚʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʟʛʨʫʟʢʠ ʛʝʦʬʣʶʠʜʦʚ ʥʘ ʂʫʣʠʥʳʭ ʙʦʣʦʪʘʭ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʜʠʘʪʦʤʦʚʳʭ ʠʣʘʭ. ɼʣʷ ʠʭ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʭʘʨʘʢʪʝʨʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʠʛʦʣʴʯʘʪʳʭ, ʪʨʫʙʯʘʪʳʭ ʠ ʣʠʥʟʦʚʠʜʥʳʭ 

ʢʨʠʩʪʘʣʣʠʢʦʚ ʢʚʘʨʮʘ. ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʫʙʘʢʚʘʣʴʥʳʭ ʧʦʯʚʦʧʦʜʦʙʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʷʭ ʩ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʩʠʜʦʚ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ FeO, SO3 ʠ ʩʫʣʴʬʠʜʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ (ʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ). ɺ ʩʫʙʘʵʨʘʣʴʥʳʭ 

ʧʦʯʚʦʧʦʜʦʙʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʩ ʦʢʠʩʣʠʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʢʘʨʙʦʥʘʪʠʟʘʮʠʷ ʢʚʘʨʮʘ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʚʘʨʮʩʦʜʝʨʞʘʱʠʭ ʦʢʩʠʜʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʠ ʬʪʦʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʧʨʠʟʥʘʢʠ çʟʘʨʦʞʜʝʥʠʷè ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʣʶʦʨʠʪʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʥʘʯʘʣʴʥʦʛʦ ʵʪʘʧʘ ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʨʠʬʪʦʛʝʥʝʟʘ. ʅʝʦʙʭʦʜʠʤʦ ʜʘʣʴʥʝʡʰʝʝ ʧʨʦʚʝʜʝʥʠʝ ʜʝʪʘʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʧʦʯʚʦʧʦʜʦʙʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ 

çʤʠʥʝʨʘʣʴʥʳʭè ʙʦʣʦʪ, ʦʙʦʩʥʦʚʘʥʠʷ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  
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