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ɸʅʆʊɸʎɯʗ 
ʂʨʘʚʯʝʥʢʦ ʆ.ɺ.  ɹʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʩʘʜʠ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʨʝʩʫʨʩʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʧʨʦʮʝʩʽʚ ʥʘ ʦʙôʻʢʪʘʭ 

ʢʦʤʫʥʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. - ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 03.00.20 ï ʙʽʦʪʝʭʥʦʣʦʛʽʷ. ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè ʽʤʝʥʽ ɯɻʆʈʗ ʉɯʂʆʈʉʔʂʆɻʆè, ʂʠʾʚ, 2018. 

ɼʠʩʝʨʪʘʮʽʷ ʧʨʠʩʚʷʯʝʥʘ ʥʘʫʢʦʚʦʤʫ ʦʙˇʨʫʥʪʫʚʘʥʥʶ ʥʦʚʠʭ 

ʝʥʝʨʛʦʨʝʩʫʨʩʦʝʬʝʢʪʠʚʥʠʭ ʡ ʝʢʦʣʦʛʽʯʥʠʭ ʙʽʦʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʧʽʜʛʦʪʦʚʢʠ ʧʠʪʥʦʾ ʚʦʜʠ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʥʘ 

ʦʙôʻʢʪʘʭ ʢʦʤʫʥʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʈʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʪʘ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʢʦʤʫʥʘʣʴʥʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʚ ʋʢʨʘʾʥʽ, ʟʦʢʨʝʤʘ ʫ ʩʬʝʨʘʭ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʧʦʚʦʜʞʝʥʥʷ ʟ 

ʊʇɺ. ʇʦʢʘʟʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ, ʘ ʦʪʞʝ ʽ ʘʢʪʫʘʣʴʥʽʩʪʴ, ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʢʦʤʫʥʘʣʴʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʥʘʧʨʘʚʣʝʥʠʭ ʥʘ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʤʘʪʝʨʽʘʣʴʥʠʭ, 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʤʦʞʝ ʜʦʩʷʛʘʪʠʩʷ ʰʣʷʭʦʤ ʙʽʣʴʰ 

ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʭʦʜʽʚ ʽ ʤʝʪʦʜʽʚ ʙʽʦʪʝʭʥʦʣʦʛʽʾ. 

ʇʽʜʟʝʤʥʽ ʚʦʜʠ ʟ ʧʽʜʚʠʱʝʥʠʤ ʩʪʦʩʦʚʥʦ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʚʤʽʩʪʦʤ 

ʟʘʣʽʟʘ ʽ ʤʘʥʛʘʥʫ ʰʠʨʦʢʦ ʟʘʣʫʯʝʥʽ ʜʦ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʠʪʥʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤʘʡʞʝ ʧʦ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. ɼʣʷ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʪʘʢʠʭ 

ʚʦʜ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ, ʷʢʽ 

ʨʽʟʥʷʪʴʩʷ ʟʘ ʩʪʫʧʝʥʝʤ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ, ʝʢʦʥʦʤʽʯʥʦʩʪʽ, ʧʨʦʩʪʦʪʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʦʱʦ. ɿʘʟʚʠʯʘʡ ʮʽ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʜʙʘʯʘʶʪʴ ʦʢʠʩʥʝʥʥʷ ʩʧʦʣʫʢ 

ʟʘʣʽʟʘ ʽ ʤʘʥʛʘʥʫ ʟ ʧʦʜʘʣʴʰʠʤ ʚʽʜʜʽʣʝʥʥʷʤ ʫʪʚʦʨʝʥʦʛʦ ʦʩʘʜʫ ʥʘ ʬʽʣʴʪʨʘʭ. ʗʢ 

ʦʢʠʩʥʠʢʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʠʩʝʥʴ, ʦʟʦʥ, ʭʣʦʨʦʚʤʽʩʥʽ ʩʧʦʣʫʢʠ, ʘ 

ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ - ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ, ʮʝʦʣʽʪ, ʢʝʨʘʤʟʠʪ ʪʦʱʦ. 
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ʋ ʧʨʘʢʪʠʮʽ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ ʩʧʦʣʫʢ ʟʘʣʽʟʘ 

ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʘʢ ʟʚʘʥʠʡ ʤʝʪʦʜ çʩʧʨʦʱʝʥʦʾ ʘʝʨʘʮʽʾè, ʷʢʠʡ 

ʧʦʣʷʛʘʻ ʚ ʦʢʠʩʥʝʥʥʽ ʟʘʣʽʟʘ (ɯɯ) ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʧʝʨʝʜʥʴʦʾ ʘʝʨʘʮʽʾ 

ʚʦʜʠ ʟ ʥʘʩʪʫʧʥʠʤ ʬʽʣʴʪʨʫʚʘʥʥʷʤ ʥʘ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ.    

ʊʝʭʥʦʣʦʛʽʷ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʩʧʦʣʫʢ ʤʘʥʛʘʥʫ ʻ ʥʘʙʘʛʘʪʦ ʩʢʣʘʜʥʽʰʦʶ, 

ʦʩʢʽʣʴʢʠ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʘʣʽʟʘ ʜʣʷ ʡʦʛʦ ʦʢʠʩʥʝʥʥʷ ʜʦ ʥʝʨʦʟʯʠʥʥʦʾ ʬʦʨʤʠ 

ʜʽʦʢʩʠʜʫ ʧʦʪʨʽʙʥʽ ʙʽʣʴʰ ʧʦʪʫʞʥʽ, ʥʽʞ ʢʠʩʝʥʴ ʧʦʚʽʪʨʷ ʘʙʦ ʭʣʦʨ, ʦʢʠʩʥʠʢʠ. 

ʂʨʽʤ ʪʦʛʦ, ʤʘʥʛʘʥ ʫ ʚʠʛʣʷʜʽ ʜʽʦʢʩʠʜʫ ʧʝʨʝʙʫʚʘʻ ʫ ʧʨʦʤʽʞʥʽʡ ʚʘʣʝʥʪʥʦʩʪʽ, 

ʪʦʙʪʦ ʜʣʷ ʡʦʛʦ ʦʩʘʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʽ ʧʝʚʥʽ ʫʤʦʚʠ. ʅʘ ʩʪʘʥʮʽʷʭ ʚʦʜʦʦʯʠʱʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʜʝʤʘʥʛʘʥʘʮʽʾ, ʟʘʟʚʠʯʘʡ, ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʩʧʝʮʽʘʣʴʥʦ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʽʦʜʠʯʥʦʾ ʨʝʛʝʥʝʨʘʮʽʾ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʫʜʦʨʦʞʯʘʥʥʷ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ. ʍʦʯʘ ʽʩʥʫʶʪʴ ʜʝʷʢʽ 

ʨʦʙʦʪʠ ʩʪʦʩʦʚʥʦ ʤʦʞʣʠʚʦʩʪʽ ʦʢʠʩʥʝʥʥʷ ʤʘʥʛʘʥʫ ʧʽʜ ʜʽʻʶ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, 

ʘʣʝ ʥʘʡʯʘʩʪʽʰʝ ʚʦʥʠ ʤʘʶʪʴ ʜʦʩʣʽʜʥʠʮʴʢʫ ʤʝʪʫ ʽ ʫ ʧʨʘʢʪʠʮʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ʷʢ ʋʢʨʘʾʥʠ, ʪʘʢ ʽ ʽʥʰʠʭ ʢʨʘʾʥ ʩʚʽʪʫ ʧʦʜʽʙʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ.  

ʆʪʞʝ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʽʩʥʫʚʘʥʥʷ ʯʠʩʝʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ 

ʜʝʤʘʥʛʘʥʘʮʽʾ, ʧʨʦʮʝʩʠ, ʷʢʽ ʧʝʨʝʙʽʛʘʶʪʴ ʧʽʜ ʯʘʩ ʚʠʣʫʯʝʥʥʷ ʟʚʦʜʠ ʟʘʣʽʟʘ ʽ 

ʤʘʥʛʘʥʫ, ʜʦʩʽ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʤʠ. 

ʅʝʚʠʨʽʰʝʥʦʶ ʻ ʡ ʧʨʦʙʣʝʤʘ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʘʤʦʥʽʶ, ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ 

ʫ ʚʦʜʫ ʚʥʘʩʣʽʜʦʢ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʘ 

ʪʚʘʨʠʥʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʜʝʟʽʥʬʝʢʮʽʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʭʣʦʨʘʤʦʥʽʟʘʮʽʾ. ʅʘʡʧʨʠʡʥʷʪʥʽʰʦʶ ʩʝʨʝʜ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʚʘʞʘʻʪʴʩʷ 

ʙʽʦʣʦʛʽʯʥʘ ʥʽʪʨʠʬʽʢʘʮʽʷ, ʘʣʝ ʚʦʥʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʩʧʝʮʽʘʣʴʥʠʭ ʩʧʦʨʫʜʘʭ - 

ʙʽʦʨʝʘʢʪʦʨʘʭ, ʱʦ ʩʫʪʪʻʚʦ ʟʚʫʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ 

ʚʦʜʦʦʯʠʩʥʠʭ ʩʪʘʥʮʽʡ. ʂʨʽʤ ʪʦʛʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʟôʷʩʦʚʘʥʦ, ʱʦ 

ʭʦʯʘ ʧʨʦʮʝʩʠ ʫ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ ʜʝʘʤʦʥʽʟʘʮʽʾ, ʙʝʟʫʤʦʚʥʦ, ʩʭʦʞʽ ʟ ʧʨʦʮʝʩʘʤʠ 

ʥʽʪʨʠ- ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʦʯʠʱʝʥʥʽ ʩʪʽʯʥʠʭ ʚʦʜ, 

ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʤʝʪʦʜʘʤʠ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʚʠʚʯʝʥʘ ʥʝʜʦʩʪʘʪʥʴʦ.  



4 

 

ʂʣʶʯʦʚʘ ʧʨʦʙʣʝʤʘ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʦʚʦʜʞʝʥʥʷ ʟ ʊʇɺ ʚ ʋʢʨʘʾʥʽ 

ʧʦʣʷʛʘʻ ʚ ʽʩʥʫʚʘʥʥʽ ʯʠʩʝʣʴʥʠʭ ʧʦʣʽʛʦʥʽʚ (ʘ ʧʦʜʝʢʫʜʠ ï ʽ ʩʪʠʭʽʡʥʠʭ ʟʚʘʣʠʱ), 

ʜʦ ʷʢʠʭ ʚʽʜʭʦʜʠ ʧʦʪʨʘʧʣʷʶʪʴ ʙʝʟ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʦʨʪʫʚʘʥʥʷ, ʥʝ 

ʟʚʘʞʘʶʯʠ ʥʘ ʟʘʢʦʥʦʜʘʚʯʦ ʚʩʪʘʥʦʚʣʝʥʫ ʟʘʙʦʨʦʥʫ ʨʦʟʤʽʱʝʥʥʷ ʦʙôʻʢʪʽʚ ʟ 

ʥʝʩʦʨʪʦʚʘʥʠʤʠ ʚʽʜʭʦʜʘʤʠ. 

ʉʘʤʝ ʥʘ ʚʠʨʽʰʝʥʥʷ ʦʟʥʘʯʝʥʠʭ ʚʠʱʝ ʧʨʦʙʣʝʤ ʙʫʣʘ ʩʧʨʷʤʦʚʘʥʘ ʜʘʥʘ 

ʜʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʯʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʧʨʠ 

ʬʽʣʴʪʨʫʚʘʥʥʽ ʚʦʜʠ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʟʘʣʽʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʪʘ ʢʽʣʴʢʽʩʪʶ ʚʠʜʘʣʝʥʦʛʦ ʟʘʣʽʟʘ ʧʦʩʪʽʡʥʦ 

ʚʽʜʨʽʟʥʷʣʦʩʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ - 0,143 ʤʛ/ʤʛ, ʘʣʝ ʡ ʚʽʜ 

ʟʘʟʚʠʯʘʡ ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʜʣʷ ʪʝʭʥʦʣʦʛʽʾ ʟʥʝʟʘʣʽʟʥʝʥʥʷ - 0,6-0,7 ʤʛ/ʤʛ, ʱʦ 

ʚʢʘʟʫʚʘʣʦ ʥʘ ʥʘʷʚʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʦʛʦ ʬʘʢʪʦʨʫ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, 

ʨʦʣʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʚʢʘʟʘʥʦʤʫ ʧʨʦʮʝʩʽ ʙʫʣʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʽʜʪʚʝʨʜʞʝʥʘ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʪʷʛʦʤ ʬʽʣʴʪʨʫʚʘʥʥʷ ʚʝʣʠʯʠʥʠ 

ʟʘʛʘʣʴʥʦʛʦ ʤʽʢʨʦʙʥʦʛʦ ʯʠʩʣʘ, ʷʢʝ ʢʦʨʝʣʶʚʘʣʦ ʟ ʝʬʝʢʪʠʚʥʽʩʪʶ ʧʨʦʮʝʩʫ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ. ʇʽʜʪʚʝʨʜʞʝʥʥʷ ʟʨʦʙʣʝʥʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʙʫʣʦ ʦʜʝʨʞʘʥʦ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʢʠʩʥʠʢʽʚ, ʟʦʢʨʝʤʘ 

ʢʠʩʥʶ ʧʦʚʽʪʨʷ ʪʘ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ. ʇʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʚʦʜʠ ʟ ʛʽʧʦʭʣʦʨʠʪʦʤ 

ʥʘʪʨʽʶ  ʯʝʨʝʟ ʡʦʛʦ ʜʝʟʽʥʬʽʢʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʣʠ ʤʽʩʮʷ ʣʠʰʝ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʧʨʦʮʝʩʠ (ʘʚʪʦʢʘʪʘʣʽʪʠʯʥʝ ʦʢʠʩʣʝʥʥʷ ʽ ʟʘʪʨʠʤʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʘʜʛʝʟʽʾ) ʽ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʙʫʣʘ ʥʠʞʯʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʢʠʩʥʝʤ. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʠʩʥʶ ʧʘʨʘʣʝʣʴʥʦ ʧʝʨʝʙʽʛʘʣʠ ʷʢ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ, ʪʘʢ ʽ ʙʽʦʣʦʛʽʯʥʽ 

ʧʨʦʮʝʩʠ, ʽ ʾʭ ʩʫʤʘʨʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʷʚʠʣʘʩʴ ʙʽʣʴʰʦʶ. ʊʦʙʪʦ ʦʜʝʨʞʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʥʝ ʪʽʣʴʢʠ ʧʽʜʪʚʝʨʜʠʣʠ ʚʧʣʠʚʦʚʫ ʨʦʣʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʧʨʦʮʝʩʽ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ/ʜʝʤʘʥʛʘʥʘʮʽʾ, ʘʣʝ ʡ ʧʦʢʘʟʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ 

ʚʦʜʠ ʚʽʜ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ.  
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ɼʣʷ ʨʝʪʝʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʘʛʝʥʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ 

ʰʣʷʭʦʤ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʧʨʘʮʶʶʯʠʭ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʩʝʨʝʜ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʘʭ ʚʠʜʘʣʝʥʥʷ 

ʟ ʚʦʜʠ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ, ʦʩʥʦʚʥʠʤ ʻ ʤʽʢʨʦʮʝʥʦʟ ʽʟ 10 ʢʫʣʴʪʫʨ ʟʘʣʽʟʦ- 

ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ. ʆʮʽʥʢʘ ʤʦʨʬʦʣʦʛʽʾ ʦʜʝʨʞʘʥʠʭ ʢʫʣʴʪʫʨ, ʷʢʫ 

ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʩʭʝʤʦʶ, ʜʦʟʚʦʣʠʣʘ 

ʚʽʜʥʝʩʪʠ ʾʭ ʜʦ ʨʦʜʽʚ Siderocapsa, Leptothrix, Sphaerotillus, Galionella, 

Metallogenium, Hyphomicrobium.  

ʆʪʨʠʤʘʥʥʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʘʛʝʥʪʘ ʦʙʫʤʦʚʠʣʦ ʤʦʞʣʠʚʽʩʪʴ 

ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʾ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʟʥʝʟʘʣʽʟʥʝʥʥʷ/ʜʝʤʘʥʛʘʥʘʮʽʾ 

ʣhʷʭʦʤ ʚʥʝʩʝʥʥʷ ʫ ʬʽʣʴʪʨʫʶʯʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽʥʦʢʫʣʷʪʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɼʣʷ 

ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʧʨʦʮʝʩʫ, ʥʘʩʘʤʧʝʨʝʜ, ʙʫʣʦ ʚʠʚʯʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʧʣʠʚʫ 

ʨʽʟʥʠʭ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɿʘ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʝʨʝʚʘʞʥʫ ʨʦʣʴ 

ʫ ʧʨʦʮʝʩʘʭ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʚʽʜʽʛʨʘʚʘʣʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨʦʜʽʚ 

Leptothrix, Sphaerotillus, Metallogenium ʪʘ Siderocapsa.  

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʙʽʦʣʦʛʽʯʥʦʛʦ ʘʛʝʥʪʘ ʫ ʧʨʦʮʝʩʽ ʜʝʤʘʥʛʘʥʘʮʽʾ, 

ʚʠʜʘʣʝʥʽ ʨʘʥʽʰʝ ʢʫʣʴʪʫʨʠ ʨʨ. Leptotrix ʪʘ Sphaerotilus ʙʫʣʠ ʦʙʨʦʙʣʝʥʽ  

ʚʽʜʦʤʠʤʠ ʤʫʪʘʛʝʥʘʤʠ (ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷʤ ʽ HNO2), ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ 

ʤʫʪʘʥʪʥʽ ʢʫʣʴʪʫʨʠ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ ʚʢʘʟʘʥʠʭ ʨʦʜʽʚ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ 

ʩʝʨʝʜ ʥʠʭ ʚʠʷʚʠʣʠʩʴ ʢʫʣʴʪʫʨʠ ɔ ʨ. Leptotrix ʪʘ ɓ ʨ. Sphaerotillus, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʷʢʠʭ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʧʨʠʙʣʠʟʥʦ 1:1 ʩʧʨʠʷʣʦ ʚʠʩʦʢʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʜʘʣʝʥʥʷ ʤʘʥʛʘʥʫ (ʜʦ 98 %). 

ɼʣʷ ʤʦʞʣʠʚʦʩʪʽ  ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ  ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ 

ʦʯʠʱʝʥʥʷ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʨʷʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ, ʚ ʪʦʤʫ ʯʠʩʣʽ: 

ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʦʙʠ ʧʝʨʝʥʝʩʝʥʥʷ ʽʥʦʢʫʣʷʪʫ ʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ, 

ʧʽʜʽʙʨʘʥʠʡ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʚʢʘʟʘʥʠʭ ʮʽʣʝʡ ʬʽʣʴʪʨʫʶʯʠʡ ʤʘʪʝʨʽʘʣ ï 

ʧʨʠʨʦʜʥʠʡ ʮʝʦʣʽʪ (ʢʣʽʥʦʧʪʠʣʦʣʽʪ), ʚʽʜʧʨʘʮʴʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 
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ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, ʧʨʦʤʠʚʢʠ ʪʘ ʟʥʝʟʘʨʘʞʝʥʥʷ ʬʽʣʴʪʨʫʶʯʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ.  

ʈʦʟʨʦʙʣʝʥʦ ʜʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ/ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʘʙʦ ʩʝʣʝʢʪʦʚʘʥʠʭ ʢʫʣʴʪʫʨ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʾʭ ʘʧʘʨʘʪʫʨʥʝ ʦʬʦʨʤʣʝʥʥʷ; ʫʜʦʩʢʦʥʘʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʾ 

ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʟʘ 

ʟʘʣʽʟʦʤ ʪʘ ʤʘʥʛʘʥʦʤ: ʟ ʧʨʠʨʦʜʥʠʤʠ ʢʫʣʴʪʫʨʘʤʠ ʥʘ ʨʽʚʥʽ  94-99 % ʪʘ 71-87 % 

ʚʽʜʧʦʚʽʜʥʦ; ʟ ʤʫʪʘʥʪʥʠʤʠ ʢʫʣʴʪʫʨʘʤʠ ï 98-99 % ʪʘ 94-97 % ʚʽʜʧʦʚʽʜʥʦ. 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʜʝʘʤʦʥʽʟʘʮʽʾ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʧʨʠʨʦʜʥʠʡ ʨʝʞʠʤ ʬʦʨʤʫʚʘʥʥʷ ʫ ʬʽʣʴʪʨʫʶʯʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʤʽʢʨʦʬʣʦʨʠ ʟ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʩʠʪʴ ʧʦʚʽʣʴʥʦ ʽ ʧʦʪʨʝʙʫʻ 

ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ (16-17 ʜʽʙ), ʚʧʨʦʜʦʚʞ ʷʢʦʛʦ ʬʽʣʴʪʨʠ ʬʘʢʪʠʯʥʦ ʧʨʘʮʶʶʪʴ çʥʘ 

ʩʝʙʝè, ʯʝʨʝʟ ʥʝʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʣʝʞʥʦʾ  ʛʣʠʙʠʥʠ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ 

ʘʤʦʥʽʶ. ʂʨʽʤ ʪʦʛʦ, ʧʽʜ ʯʘʩ ʬʽʣʴʪʨʫʚʘʥʥʷ ʥʝ ʚʠʢʣʶʯʝʥʽ ʚʠʧʘʜʢʠ ʤʦʞʣʠʚʦʾ 

ʟʤʽʥʠ ʩʢʣʘʜʫ ʤʽʢʨʦʮʝʥʦʟʫ ʫ ʟʘʚʘʥʪʘʞʝʥʥʽ, ʱʦ ʧʦʪʨʝʙʫʻ ʟʫʧʠʥʢʠ ʬʽʣʴʪʨʘ, 

ʜʝʟʽʥʬʝʢʮʽʾ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʧʦʚʪʦʨʥʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɺʠʨʽʰʝʥʥʷ ʦʟʥʘʯʝʥʦʾ ʧʨʦʙʣʝʤʠ ʤʦʞʣʠʚʦ ʰʣʷʭʦʤ ʰʪʫʯʥʦʛʦ 

ʟʘʧʦʚʥʝʥʥʷ ʙʽʦʬʽʣʴʪʨʽʚ ʥʽʪʨʠʬʽʢʫʶʯʦʶ ʤʽʢʨʦʬʣʦʨʦʶ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʨʦʙʠʪʠ 

ʧʨʦʮʝʩ ʜʝʘʤʦʥʽʟʘʮʽʾ ʙʽʣʴʰ ʢʝʨʦʚʘʥʠʤ ʽ ʧʝʨʝʜʙʘʯʫʚʘʥʠʤ.  

ʏʝʨʝʟ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ, ʢʠʩʝʥʴ ʤʦʞʝ 

ʧʦʜʘʚʘʪʠʩʷ ʣʠʰʝ ʥʘ ʚʭʦʜʽ ʩʧʦʨʫʜʠ ʽ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʦʪʷʛʦʤ 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʟʛʦʨʠ ʜʦ ʥʠʟʫ ʬʽʣʴʪʨʘ. ɼʣʷ ʧʝʨʝʙʽʛʫ 

ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʥʝʦʙʭʽʜʥʽ ʤʽʢʨʦʘʝʨʦʬʽʣʴʥʽ ʫʤʦʚʠ. ʗʢʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʥʶ 

ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʘ (6 ʤʛ/ʜʤ
3
 ʽ ʙʽʣʴʰʝ), ʪʦ ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʘʝʨʦʬʽʣʴʥʠʭ ʽ 

ʘʥʘʝʨʦʙʥʠʭ ʟʦʥ ʫ ʬʽʣʴʪʨʽ ʜʫʞʝ ʤʘʣʘ, ʽ ʧʨʦʮʝʩʠ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʧʨʘʢʪʠʯʥʦ 

ʚʽʜʩʫʪʥʽ. ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʫ ʚʠʭʽʜʥʽʡ ʚʦʜʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʢʽʣʴʢʽʩʪʴ 

ʚʢʘʟʘʥʠʭ ʟʦʥ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʘʢʪʠʚʽʟʘʮʽʾ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ. ɸʣʝ 
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ʧʨʠ ʟʥʘʯʥʦʤʫ ʩʢʦʨʦʯʝʥʥʽ ʚʤʽʩʪʫ ʢʠʩʥʶ (ʥʠʞʯʝ 4 ʤʛ/ʜʤ
3
) ʧʦʯʠʥʘʻ ʨʽʟʢʦ 

ʟʥʠʞʫʚʘʪʠʩʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʽʪʨʠʬʽʢʘʮʽʾ, ʘ ʦʪʞʝ ʽ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʘʤʦʥʽʶ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ 

ʾʭ ʨʦʟʧʦʜʽʣʝʥʥʷʤ ʟʘ ʚʠʩʦʪʦʶ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʙʫʣʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʦʮʝʩ ʥʽʪʨʠʬʽʢʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʫ ʚʝʨʭʥʽʡ (ʥʘʩʠʯʝʥʽʡ ʢʠʩʥʝʤ) ʯʘʩʪʠʥʽ ʬʽʣʴʪʨʘ, ʘ ʙʽʦʣʦʛʽʯʥʠʤ 

ʘʛʝʥʪʦʤ ʜʣʷ ʥʴʦʛʦ ʻ ʤʽʢʨʦʮʝʥʦʟ, ʚ ʷʢʦʤʫ ʧʨʝʚʘʣʶʶʪʴ ʧʨʝʜʩʪʘʚʥʠʢʠ ʙʘʢʪʝʨʽʾ 

ʨʦʜʽʚ Nitrosamonas ʽ Nitrobacter. ʋ ʥʠʞʥʽʡ (ʟʙʽʜʥʝʥʽʡ ʢʠʩʥʝʤ) ʯʘʩʪʠʥʽ ʬʽʣʴʪʨʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, ʦʩʥʦʚʥʠʤ ʙʽʦʣʦʛʽʯʥʠʤ ʘʛʝʥʪʦʤ ʷʢʦʛʦ ʻ 

Thiobacillus denitrificans. 

ɺʠʚʯʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʤʽʢʨʦʮʝʥʦʟʫ ʟʘ ʚʠʩʦʪʦʶ 

ʬʽʣʴʪʨʘ ʟʘʩʚʽʜʯʠʣʦ ʧʦʩʪʫʧʦʚʝ ʟʤʝʥʰʝʥʥʷ ʫ ʰʘʨʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʥʽʪʨʠʬʽʢʘʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʧʦʷʚʫ ʽ ʧʦʚʽʣʴʥʝ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʜʝʥʽʪʨʠʬʽʢʘʪʦʨʽʚ 

ʫ ʥʘʧʨʷʤʢʫ ʟʚʝʨʭʫ ʜʦʥʠʟʫ. ʇʨʠʯʦʤʫ ʪʘʢʠʡ ʥʘʧʨʷʤ ʟʤʽʥ ʫ ʩʢʣʘʜʽ ʤʽʢʨʦʬʣʦʨʠ 

ʩʧʽʚʧʘʜʘʚ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʚʤʽʩʪʫ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ, ʱʦ ʚʢʘʟʫʚʘʣʦ ʥʘ ʡʦʛʦ 

ʚʠʟʥʘʯʘʣʴʥʫ  ʨʦʣʴ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʮʝʥʦʟʫ ʽ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʽʚ ʥʽʪʨʠ- 

ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʦʧʪʠʤʘʣʴʥʦʶ ʜʦʟʦʶ ʢʠʩʥʶ ʫ ʚʦʜʽ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʥʘ ʬʽʣʴʪʨʫʚʘʥʥʷ, ʜʣʷ 

ʦʜʥʦʯʘʩʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʥʽʪʨʠʬʽʢʘʮʽʾ ʪʘ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ  ʤʦʞʥʘ ʚʚʘʞʘʪʠ  

- 5,5 ʤʛ/ʜʤ
3
. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʮʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʦʪʨʠʤʘʥʥʷ 

ʨʷʜʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʠʣʦ ʨʦʟʨʦʙʠʪʠ ʩʪʘʪʠʩʪʠʯʥʫ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʜʣʷ ʦʧʠʩʫ ʟʘʣʝʞʥʦʩʪʽ ʦʧʪʠʤʘʣʴʥʦʾ ʜʦʟʠ 

ʢʠʩʥʶ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʟʦʥʘʤʠ ʥʽʪʨʠ- ʪʘ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, ʨʝʘʣʽʟʦʚʘʥʫ ʫ 

ʚʠʛʣʷʜʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ ʥʘ ʤʦʚʽ Swift 4.0. ʆʮʽʥʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ 

ʚʠʷʚʠʣʘ, ʱʦ ʨʽʚʝʥʴ ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʜʘʥʠʤʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 6 %, ʪʦʙʪʦ ʻ ʟʥʘʯʥʦ ʤʝʥʰʠʤ ʚʝʣʠʯʠʥʠ, ʜʦʧʫʩʪʠʤʦʾ ʜʣʷ 

ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ.  
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ʅʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʪʚʦʨʝʥʦʾ ʤʦʜʝʣʽ ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʨʦʙʦʪʠ ʙʽʦʬʽʣʴʪʨʽʚ 

ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʘʤʦʥʽʶ. ʇʨʠʥʮʠʧ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ 

ʧʦʧʝʨʝʜʥʽʡ ʧʽʜʛʦʪʦʚʮʽ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʦʢʫʣʷʪʫ ʥʽʪʨʠ- ʪʘ 

ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟ ʾʭ ʥʘʩʪʫʧʥʠʤ ʧʝʨʝʥʝʩʝʥʥʷʤ ʫ ʧʦʧʝʨʝʜʥʴʦ 

ʟʥʝʟʘʨʘʞʝʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ. ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ 

ʩʪʘʜʽʾ: 

- ʧʨʠʛʦʪʫʚʘʥʥʷ 3-ʭ ʽʥʦʢʫʣʷʪʽʚ ʨʨ. Thiobacillus, Nitrosamonas ʪʘ 

Nitrobacter ʫ ʨʦʟʨʘʭʦʚʘʥʽʡ ʟʘ ʧʨʦʛʨʘʤʦʶ ʢʽʣʴʢʦʩʪʽ.; 

- ʧʦʜʘʯʘ ʽʥʦʢʫʣʷʪʫ 1 ʫ ʥʠʞʥʶ ʯʘʩʪʠʥʫ ʬʽʣʴʪʨʘ, ʜʝ ʚʽʥ ʟʘʣʠʰʘʻʪʴʩʷ 

ʧʨʦʪʷʛʦʤ 80-90 ʭʚ.;  

- ʧʦʜʘʯʘ ʩʫʤʽʰʽ ʽʥʦʢʫʣʷʪʽʚ 2 ʪʘ 3, ʧʦʧʝʨʝʜʥʴʦ ʥʘʩʠʯʝʥʠʭ ʢʠʩʥʝʤ 

ʧʦʚʽʪʨʷ, ʫ ʬʽʣʴʪʨ, ʜʝ ʚʦʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 80-90 ʭʚ., ʧʨʠ ʮʴʦʤʫ 

ʽʥʦʢʫʣʷʪ 1 ʪʘʢʦʞ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʬʽʣʴʪʨʽ; 

- ʚʽʜʚʝʜʝʥʥʷ ʟ ʬʽʣʴʪʨʫ ʽʥʦʢʫʣʷʪʽʚ ʫ ʩʠʩʪʝʤʫ ʦʙʨʦʙʢʠ ʧʨʦʤʠʚʥʠʭ ʚʦʜ. 

ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʫʩʢʫ ʬʽʣʴʪʨʽʚ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʟ 16-18 ʜʦ 2 ʜʽʙ ʪʘ ʟʤʝʥʰʠʪʠ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʨʝʟʝʨʚʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʱʦ ʩʪʦʩʫʚʘʣʠʩʴ ʧʨʦʙʣʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʊʇɺ, 

ʥʘʩʘʤʧʝʨʝʜ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʾʭ ʤʦʨʬʦʣʦʛʽʯʥʠʤ ʩʢʣʘʜʦʤ ʪʘ 

ʫʪʚʦʨʝʥʠʤʠ ʚ ʥʠʭ ʤʽʢʨʦʮʝʥʦʟʘʤʠ, ɿ ʮʽʻʶ ʤʝʪʦʶ  ʫ ʥʝʩʦʨʪʦʚʘʥʦʤʫ ʪʘ 

ʩʦʨʪʦʚʘʥʦʤʫ ʥʘ ʬʨʘʢʮʽʾ ʟʨʘʟʢʘʭ ʯʝʨʝʟ 10 ʜʥʽʚ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ, 

ʩʪʚʦʨʝʥʠʭ ʙʣʠʟʴʢʠʤʠ ʜʦ ʨʝʘʣʴʥʠʭ ʥʘ ʧʦʣʽʛʦʥʽ, ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, 

ʚʠʟʥʘʯʝʥʦ ʾʭ ʨʦʜʦʚʫ ʥʘʣʝʞʥʽʩʪʴ ʪʘ ʢʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʢʣʘʜ ʤʽʢʨʦʮʝʥʦʟʽʚ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʪʽʣʽ ʧʦʣʽʛʦʥʽʚ, ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʙʣʠʟʴʢʽʡ ʢʦʨʝʣʷʮʽʡʥʽʡ 

ʟʘʣʝʞʥʦʩʪʽ ʟ ʤʦʨʬʦʣʦʛʽʯʥʠʤ ʩʢʣʘʜʦʤ ʊʇɺ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʧʦʣʽʛʦʥʽ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʢʦʞʥʦʾ ʦʢʨʝʤʦʾ ʬʨʘʢʮʽʾ ʊʇɺ ʩʢʣʘʜ ʤʽʢʨʦʮʝʥʦʟʽʚ  

ʚʠʷʚʣʷʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʥʝʟʤʽʥʥʠʤ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʦʣʽʛʦʥʫ. ʊʘʢʘ ʦʩʦʙʣʠʚʽʩʪʴ 
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ʟʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʩʢʣʘʜ ʦʨʛʘʥʦʛʝʥʥʠʭ ʨʝʯʦʚʠʥ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʜʦʩʪʫʧʥʦʩʪʽ 

ʜʣʷ ʢʦʞʥʦʾ ʬʨʘʢʮʽʾ ʊʇɺ ʪʘʢʦʞ ʟʘʟʚʠʯʘʡ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ.  

ɺʨʘʭʦʚʫʶʯʠ ʟʥʘʯʥʫ ʩʢʣʘʜʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʨʝʘʣʴʥʠʭ ʧʦʣʽʛʦʥʽʚ 

ʊʇɺ, ʙʫʣʦ ʩʪʚʦʨʝʥʦ  ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʽʤʽʪʘʮʽʾ ʚʽʨʦʛʽʜʥʠʭ 

ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʪʽʣʽ ʧʦʣʽʛʦʥʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʢʣʘʜʫ  ʫʪʚʦʨʶʚʘʥʠʭ 

ʧʨʠ ʮʴʦʤʫ ʤʽʢʨʦʮʝʥʦʟʽʚ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʩʢʘʟʘʥʦʛʦ, ʚʽʜʥʘʡʜʝʥʠʡ ʩʧʦʩʽʙ 

ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʥʫʪʨʽʻʥʪʽʚ ʚ ʢʦʞʥʽʡ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ ʧʦʣʽʛʦʥʫ ʽʟ  

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʤʦʜʝʣʽ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ -  

IAWQ ASM-2. 

ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ, ʦʩʥʦʚʥʽ ʘʣʛʦʨʠʪʤʠ, ʢʣʘʩʦʚʫ ʩʪʨʫʢʪʫʨʫ ʪʘ 

ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʤʦʜʝʣʶʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ 

ʤʽʢʨʦʮʝʥʦʟʽʚ ʧʦʣʽʛʦʥʽʚ ʊʇɺ. ʇʦʛʨʽʰʥʽʩʪʴ ʤʦʜʝʣʽ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 15 %, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. 

 ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʩʪʚʦʨʝʥʥʷ 

ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ, ʙʣʠʟʴʢʠʭ ʟʘ ʩʢʣʘʜʦʤ ʜʦ ʧʨʠʨʦʜʥʠʭ ʤʽʢʨʦʮʝʥʦʟʽʚ 

ʧʦʣʽʛʦʥʽʚ ʊʇɺ. ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʫ ʙʫʣʦ 

ʟʜʽʡʩʥʝʥʦ ʣʘʙʦʨʘʪʦʨʥʠʤ ʰʣʷʭʦʤ ʥʘ ʟʨʘʟʢʘʭ ʊʇɺ, ʧʦʢʘʟʘʣʘ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʝʧʘʨʘʪʫ ʟ ʚʠʟʥʘʯʝʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʩʢʣʘʜʦʤ, ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʙʽʦʤʘʩʠ ʚ ʰʘʨʽ ʊʇɺ, ʘ ʦʪʞʝ ʧʨʠʩʢʦʨʶʚʘʣʦ 

ʙʽʦʜʝʩʪʨʫʢʮʽʶ ʽ ʰʚʠʜʢʽʩʪʴ ʧʨʦʩʽʜʘʥʥʷ ʟʨʘʟʢʘ  - ʥʘ 26,4°0,2 %. ʆʪʨʠʤʘʥʽ 

ʧʦʟʠʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʠʣʠ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʙʽʦʜʝʩʪʨʫʢʮʽʾ ʨʝʯʦʚʠʥ ʚ 

ʪʽʣʽ ʧʦʣʽʛʦʥʽʚ ʊʇɺ ʧʽʜ ʯʘʩ ʾʭ ʨʝʢʫʣʴʪʠʚʘʮʽʾ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʜʽʡʩʥʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʦʣʦʛʽʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʢʦʤʫʥʘʣʴʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʰʣʷʭʦʤ 

ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʣʽʜʦʚʥʠʭ ʝʪʘʧʽʚ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ, ʜʝʤʘʥʛʘʥʘʮʽʾ, ʜʝʘʤʦʥʽʟʘʮʽʾ ʫ ʚʦʜʦʧʦʩʪʘʯʘʥʥʽ ʪʘ  ʙʽʦʜʝʩʪʨʫʢʮʽʾ 
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ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʥʘ ʧʦʣʽʛʦʥʘʭ ʊʇɺ. ʆʮʽʥʢʫ ʜʘʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʟʜʽʡʩʥʝʥʦ ʥʘ 

ʧʨʠʢʣʘʜʽ ʤʝʪʦʜʫ ʘʝʨʦʙʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʦʩʘʜʽʚ ʩʪʽʯʥʠʭ ʚʦʜ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʽʦʪʝʭʥʦʣʦʛʽʷ, ʟʥʝʟʘʣʽʟʥʝʥʥʷ, ʜʝʤʘʥʛʘʥʘʮʽʾ, 

ʜʝʘʤʦʥʽʟʘʮʽʷ, ʜʝʩʪʨʫʢʮʽʷ ʊʇɺ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʝʬʝʢʪʠʚʥʽʩʪʴ. 

 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ 

1. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʟʜʘʪʥʽ 

ʦʢʠʩʣʶʚʘʪʠ ʩʧʦʣʫʢʠ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʫ ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ /  ʆ.ɺ. 

ʂʨʘʚʯʝʥʢʦ. ʇʨʦʙʣʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʪʘ ʛʽʜʨʘʚʣʽʢʠ. 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʟʙʽʨʥʠʢ. ɺʠʧʫʩʢ 24. ï ʂʠʾʚ : ʂʅʋɹɸ, 2014. ï 296 ʩ. ï ʉ. 

140 ï 145. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢʠ, 

ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

2. ʈʦʣʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʧʨʠ ʚʠʜʘʣʝʥʥʽ ʽʟ ʚʦʜʠ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘʣʽʟʘ ʥʘ 

ʬʽʣʴʪʨʘʭ ʟ ʮʝʦʣʽʪʦʚʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ /  ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ. ɺʽʩʥʠʢ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ. ï 2015. ï ˉ 

1 (69) ï ʉ. 58 ï 65. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ).  

3. ɼʦʩʣʽʜʞʝʥʥʷ ʙʽʦʮʝʥʦʟʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʪʘ ʤʝʪʦʜʠʢʘ ʟʘʩʝʣʝʥʥʷ ʥʠʤʠ ʮʝʦʣʽʪʫ /  ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ. 

ʉʭʽʜʥʦ-ɭʚʨʦʧʝʡʩʴʢʠʡ  ʞʫʨʥʘʣ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ï 2015. ï ˉ 5/6 (77) ï 

ʉ. 39 ï 42. DOI: 10.15587/1729-4061.2015.51056. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ 

ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ 

ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

4. ʆʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʰʪʘʤʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʽʟ 

ʚʦʜʠ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ /  ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ. ʂʦʤʫʥʘʣʴʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ 

ʤʽʩʪ. ʉʝʨʽʷ: ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ ʪʘ ʘʨʭʽʪʝʢʪʫʨʘ. ï 2015. -  ˉ 123. ï ʉ. 85 ï 91. 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 
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5. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʽʥʦʢʫʣʷʮʽʾ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʨʝʜʫʢʫʶʯʠʭ ʦʨʛʘʥʽʟʤʽʚ ʟ 

ʦʮʽʥʢʦʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʚʠʜʘʣʝʥʥʷ ʮʠʭ ʟʘʙʨʫʜʥʠʢʽʚ /  ʆ.ɺ. 

ʂʨʘʚʯʝʥʢʦ. ɺʽʩʥʠʢ ʆʜʝʩʴʢʦʾ ʜʝʨʞʘʚʥʦʾ ʘʢʘʜʝʤʽʾ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ 

ʘʨʭʽʪʝʢʪʫʨʠ. ï 2015. -  ˉ 59. ï ʉ. 70 ï 76. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ 

ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ 

ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

6. ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ ʫ 

ʧʨʠʨʦʜʥʠʭ ʙʽʦʮʝʥʦʟʘʭ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ ʮʠʭ 

ʝʣʝʤʝʥʪʽʚ /  ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ. ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʦʜʥʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ʊʝʭʥʽʯʥʽ 

ʥʘʫʢʠ. ï 2015. ï ˉ 4 (72) ï ʉ. 310-320. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ 

ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

7. ɺʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʧʨʦʤʠʚʢʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ ʜʝʤʘʥʛʘʥʘʮʽʾ /  ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ. ɺʽʩʥʠʢ ɯʥʞʝʥʝʨʥʦʾ 

ʘʢʘʜʝʤʽʾ ʋʢʨʘʾʥʠ. ï 2015. ï ˉ 4 ï ʉ. 180 ï 186. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ 

ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ 

ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

8. Role of  Biological Processes during Manganese Removal from Underground 

Water /  ʆ. Kravchenko.  çEUREKA: Physical Sciences and Engineeringè. ï 

2016. ï  ̄1  ï ʉ. 61 ï 66. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘ͍ ʫʯʘʩʪʴ  ͍ʧʣʘʥʫʚʘʥʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

9. ʆʮʽʥʢʘ ʨʦʣʽ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʘʭ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ /  ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ, ʆ.ʉ. ʇʘʥʯʝʥʢʦ, ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ. 

ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. ʉʝʨʽʷ: ʍʽʤʽʷ, 

ʪʝʭʥʦʣʦʛʽʷ ʨʝʯʦʚʠʥ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ï 2016. -  ˉ 841. ï ʉ. 20 ï 25. 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

10. ɺʧʣʠʚ ʦʟʦʥʫ ʽ ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ ʥʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʙʽʦʣʦʛʽʯʥʦʾ ʪʘ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʦʾ ʩʢʣʘʜʦʚʠʭ ʧʨʦʮʝʩʫ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ /  ʆ.ɺ. 
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ʂʨʘʚʯʝʥʢʦ. ʅʘʫʢʦʚʽ ʚʽʩʪʽ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè ï 2016. -  ˉ 6 (110). ï ʉ. 7 ï 14 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

11. ʈʦʣʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʦʯʠʩʪʢʝ ʚʦʜʳ ʦʪ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ ʚ 

ʧʣʦʪʥʦʤ ʩʣʦʝ ʩʦʨʙʝʥʪʘ-ʢʘʪʘʣʠʟʘʪʦʨʘ [ʊʝʢʩʪ] / ɸ. ɺ. ʂʨʘʚʯʝʥʢʦ, 

ʅ. ʅ. ʏʝʨʥʦʚʘ, ɽ. ʉ. ʇʘʥʯʝʥʢʦ ʠ ʜʨ. ʍʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʚʦʜʳ. ð 2016. ð 

ʊ. 38, ˉ 5 (253). ð ʉ. 531-541. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ 

ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

12. ɿʘʩʪʦʩʫʚʘʥʥʷ ʦʢʠʩʥʠʢʽʚ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʙʽʦʣʦʛʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʨʦʮʝʩʽʚ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ /  ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ. ʅʘʫʢʦʚʽ ʚʽʩʪʽ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʥ̔ʩʪʠʪʫʪè ï 2016. -  ˉ 3. ï ʉ. 42 ï 47. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ 

ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

13. ɹʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʚʠʜʘʣʝʥʥʷ ʘʤʦʥʽʶ ʧʨʠ 

ʧʽʜʛʦʪʦʚʮʽ ʧʠʪʥʦʾ ʚʦʜʠ/  ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ, ʆ.ʉ. ʇʘʥʯʝʥʢʦ. ʅʘʫʢʦʚʽ ʚʽʩʪʽ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪè. ï 2017. -  ˉ 3 (110). ï ʉ. 34 ï 40. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ 

ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ 

ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

14. ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʴ ʧʨʠ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦ 

ʽʥʪʝʥʩʠʬʽʢʦʚʘʥʦʤʫ ʧʨʦʮʝʩʽ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ ʜʝʤʘʥʛʘʮʽʾ ʚʦʜʠ ʥʘ ʰʚʠʜʢʠʭ 

ʬʽʣʴʪʨʘʭ /  ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ, ʆ.ʉ. ʇʘʥʯʝʥʢʦ.  ʅʘʫʢʦʚʽ ʚʽʩʪʽ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè. ï 

2017. ï ˉ 6 ï ʉ. 14 ï 19. DOI: 10.20535/1810-0546.2017.6.111985 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

15. ɹʽʦʽʥʬʦʨʤʘʮʽʡʥʝ ʚʠʷʚʣʝʥʥʷ ʧʨʦʜʫʮʝʥʪʽʚ ʤʘʛʥʽʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʩʝʨʝʜ 

ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʠʭ ʙʘʢʪʝʨʽʡ /  ʉ.ɺ. ɻʦʨʦʙʝʮʴ, ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ, ʄ.ʆ. 

http://elibrary.nuft.edu.ua/library/DocDescription?doc_id=343120
http://elibrary.nuft.edu.ua/library/DocDescription?doc_id=343120
http://elibrary.nuft.edu.ua/library/DocDescription?doc_id=343120
http://elibrary.nuft.edu.ua/library/DocDescription?doc_id=343120
https://doi.org/10.20535/1810-0546.2017.6.111985
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ɹʫʣʘʻʚʩʴʢʘ, ʆ.ʉ. ʇʘʥʯʝʥʢʦ. Innovative Biosystems and Bioengineering, 

2018, vol. 2, no. 2, ʉ. 27ï35, doi: 10.20535/ibb.2018.2.2.124256. (ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

16. ɹʽʦʣʦʛʽʯʥʘ ʥʽʪʨʠʬʽʢʘʮʽʷ-ʜʝʥʽʪʨʠʬʽʢʘʮʽʷ ʫ ʧʨʦʮʝʩʽ ʧʽʜʛʦʪʦʚʢʠ ʧʠʪʥʦʾ 

ʚʦʜʠ: ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʽ ʦʩʥʦʚʥʽ ʙʽʦʣʦʛʽʯʥʽ ʘʛʝʥʪʠ /  ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ, ʆ.ʉ. 

ʇʘʥʯʝʥʢʦ, ɺ.ɺ. ʄʦʪʨʦʥʝʥʢʦ, ɭ. ʉʤʽʣʷʥʝʮʴ. Innovative Biosystems and 

Bioengineering. 2018. vol. 2, no. 1, ʉ. 64-70. DOI: 

10.20535/ibb.2018.2.1.130346 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ 

ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

17. ɺʧʣʠʚ ʘʝʨʘʮʽʾ ʥʘ ʩʢʣʘʜ ʙʽʦʮʝʥʦʟʫ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ 

ʥʽʪʨʦʛʝʥʚʤʽʩʥʠʭ ʩʧʦʣʫʢ ʥʘ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ ʧʽʜʛʦʪʦʚʢʠ ʧʠʪʥʦʾ ʚʦʜʠ /  

ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ, ɸ.ʖ. ɻʘʣʢʽʥ, ʆ.ʉ. ʇʘʥʯʝʥʢʦ. ʅʘʫʢʦʚʽ ʚʽʩʪʽ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪè. ï 2018. ï ˉ 3 ï ʉ. 15 ï 22. DOI: 10.20535/1810-

0546.2018.3.130461 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 
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The current state and main problems of communal services in Ukraine, in 

particular in the spheres of water supply and waste management, are considered. 

The necessity and, therefore, relevance, development of methods for intensifying 

technological processes in the municipal infrastructure of settlements, aimed at 

reducing the cost of material, energy and other resources, can be achieved through 

wider use of biotechnology approaches and methods. 

Groundwater with increased content of iron and manganese in relation to 

regulatory requirements is widely involved in drinking water supply systems 

almost in all the territory of Ukraine. For the conditioning of such waters, 

numerous methods of decontamination and demagnetization are proposed, which 

differ in the degree of technological reliability, economy, etc. Typically, these 

technologies involve the oxidation of iron and manganese compounds, followed by 

separation of the formed precipitate in the filters. Oxygen, ozone, chlorinated 

compounds are usually used as oxidants, and quartz sand, zeolite, claydite, etc are 

used for the loading of filters. 

In the practice of water treatment for the purification of water from iron 

compounds, the so-called method of "simplified aeration" is used, which consists 

in oxidizing iron (II) with oxygen by means of preliminary aeration of water, 

followed by filtration on fast filters. 

The technology of water removal from manganese compounds is much more 

complicated, because unlike iron for oxidation to insoluble forms of dioxide 

requires more powerful oxygen than air or chlorine, oxidants. In addition, 

manganese in the form of dioxides is in intermediate valence, that is, certain 

conditions are necessary for its deposition. In practice, water purification 

technology for demagnetization, as a rule, is implemented on specially modified 

materials that require periodic regeneration, which leads to a significant increase in 

the cost of the purification process. Although there are some work on the 

possibility of oxidation of manganese under the influence of microorganisms, but 

most often they have a research purpose and practically no such technologies are 
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practiced in the practice of water supply of both Ukraine and other countries of the 

world. 

Consequently, despite the existence of a number of technologies for 

decontamination and demaganization, the processes that occur during the removal 

of iron and manganese constructions are still not sufficiently studied. 

The problem of removing ammonium compounds which enter the water due 

to metabolic processes, agricultural and livestock activities, as well as disinfection 

with the use of chloramination is unsolved. Biological nitrification is considered 

the most acceptable among existing technologies, but it is implemented in special 

structures - bioreactors, which significantly reduces the possibility of its use in 

conditions of water treatment plants. In addition, according to the results of the 

research, it has been found that although processes in fast deamonization filters are 

certainly similar to the processes of nitrientrification, which occur during sewage 

purification, the possibility of their intensification by biotechnology methods is 

insufficiently studied. 

In the study of the existing filtration technologies for the removal of 

ammonium salts, it was found that although processes in fast deamonization filters 

are certainly similar to the processes of nitride-titration, which occur during the 

purification of sewage, the possibility of their intensification by biotechnology 

methods is not sufficiently studied. 

According to the results of the analysis of the current state of the problem of 

solid waste management in Ukraine, a key problem was found in the existence of 

numerous landfills (and sometimes also spontaneous landfills), to which waste 

falls without any sorting, despite the statutory ban on placing unsorted waste 

objects. 

In the study of the work of rapid filters on the water intake of the village of 

Khoroshiv, results were obtained that showed a violation of the iron / oxygen ratio, 

which is typical for normal conditions of annealing. In the experiments, this figure 

was in the range of 0.12 - 0.25, and according to existing ideas, deep removal of 
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iron compounds under such conditions was impossible. To confirm the above 

assumption, experiments were carried out on filtration of water with an iron 

concentration of 13,3 Ñ 0,8 mg / dm3 at a different filtration rate and in the 

presence of bacteria in the filter material. The results of additional experiments 

showed that the use of sodium hypochlorite due to its disinfecting properties took 

place only physico-chemical processes (autocatalytic oxidation and deactivation 

due to adhesion), and the purification efficiency was lower compared to oxygen. 

When using oxygen in parallel, both physical and chemical and biological 

processes ran over, and their overall efficiency was higher. That is, the results 

obtained not only confirmed the role of microorganisms in the process of non-

irritation / demaganization, but also showed the possibility of practical application 

of biotechnology methods to improve the efficiency of water purification from iron 

and manganese. 

For the thorough examination of the biological agent from the filtering 

material of the various non-freezing filters, 10 cultures of iron and manganese 

oxidizing microorganisms were isolated. The evaluation of the morphology of the 

cultures obtained, according to the scheme, allowed them to be classified as 

Siderocapsa, Leptothrix, Sphaerotillus, Galionella, Metallogenium, 

Hyphomicrobium. 

Obtaining a biological agent has led to the possibility of biotechnological 

intensification of the technology of disinfection / demaganization by introducing in 

the filtering loading of inoculum of microorganisms. For the practical realization 

of this process, first of all, the technological features of the process were studied 

and the effectiveness of different cultures of microorganisms was established. the 

data of experiments showed a predominant role in the processes of water 

disinfection of microorganisms of Leptothrix, Sphaerotillus, Metallogenium and 

Siderocapsa. 

Increasing the activity of a biological agent can be achieved by creating 

selective cultures that can contribute to a deeper removal of manganese from 
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water. To this end, previously deleted cultures have been removed. Leptotrix and 

Sphaerotilus have been treated with known mutagens, in particular UV irradiation 

and HNO2. For further studies, a mixture of Leptotrix ɔ and ɓ-Sphaerotillus 

cultures was selected, which contributed to the high efficiency of removal of 

manganese (up to 98%). 

To implement the proposed schemes a number of technological tasks were 

solved, including: to develop effective methods of transfer of inoculum to the 

loading of filters, to select the most suitable filtering loading for the specified 

purposes, to determine the optimum parameters and regimes of filtering and 

washing of the filtering layer. 

Based on the results of the research carried out for the implementation of 

biotechnology for disinfection and demagnetization on rapid filters, two 

technological schemes were developed using natural or selected microorganisms 

cultures. 

The study of the possibility of intensifying the deamonization of 

underground water technology was carried out by conducting a complex of pilot 

studies on the water of the artesian well in the city of Khmelnytsky. The 

experimental plant included the Culligan HiFlo-6 UX-40 factory pressure filter 

with an aerator (manufactured in Italy), loaded with a special filter material - 

BiofilterTM, on which the microorganisms are effectively fixed and retained. 

The results of the experiments allowed to reveal important dependencies. 

First of all, the decrease in ammonium concentration in the filtrate correlated with 

the indicator of the MI, which also depends on the number of microorganisms in 

the loading of the filter. 

Since the concentration of dissolved oxygen at the filter inlet has an opposite 

effect on the flow of processes (nitrification requires high oxygen content, while 

denitrification - microaerophilic conditions), it was appropriate to investigate their 

regularities at different values of this indicator. The results of experiments showed 

that when the oxygen supply was reduced from 8 to 5.5 mg / dm3, the 
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concentration of ammonium in the filtered water was in the range of 0.11-0.12 mg 

/ dm3, nitrites - 0.27-0.28 mg / dm3, and nitrates gradually decreased from 11.0 to 

2.4 mg / dm3, that is, at high concentrations of oxygen due to nitrification, a 

significant amount of nitrates was produced (this figure exceeded the yield), and as 

the oxygen content decreased due to denitrification, the decomposition of nitrates 

and their concentration declined 

To enable the practical implementation of biotechnological intensification of 

water deamination filters through the introduction of a filter of microorganisms 

cultures, it was necessary to solve the problem of establishing the optimal 

parameters of the process, in particular, to determine the amount of nitrate and 

denitrifying microorganisms in inoculum and the concentration of dissolved 

oxygen. 

For this purpose, a stochastic mathematical model was developed in which 

the time of water in the filter (depending on its design features and the rate of 

filtration) and the content of ammonium and nitrate input water were taken 

according to the main parameters. The model is implemented as a program in the 

language Swift 4.0. To assess the adequacy of the developed model for three 

points, an experiment was conducted to determine the optimal oxygen content at 

the boundary of distribution of zones of nitride-denitrification. The results of the 

comparison of the experimental data obtained with the forecast by model showed 

that the prediction error of the model does not exceed 6.0%, that is, it is much 

smaller than the allowable value for engineering calculations. 

Based on the results of the research and the developed model, a technology 

for intensifying the biofiltration process for ammonia removal was developed, 

which includes the following stages: 

Preparation of 3 inoculum pills Thiobacillus, Nitrosamonas and Nitrobacter 

in the programmed amount; 

the inoculum 1 is fed to the bottom of the filter, where the denitrification 

process is predominantly present and remains there for 80-90 minutes; 
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a mixture of inoculants 2 and 3 pre-oxygenated air is fed into the filter and 

stays there for 80-90 minutes, with the inoculum 1 also in the filter; 

spent inoculums are removed from the filter into the system of treatment of 

flushing waters. 

Upon completion of the specified operations, the filter is ready for use. 

During the operating mode, the optimal concentration of air oxygen is maintained 

at the filter inlet. 

The use of technology has allowed to shorten the start time of the filter for 

use from 18 to 2 days. 

The interconnection between the morphological composition of the solid 

waste and the biocenoses formed therein was investigated by sorting several 

samples that arrive at the polygons mm. Kiev and Khmelnitsky. In unsorted and 

sorted samples of fractions, after 10 days of stay in conditions created close to the 

real ones at the site (oxygen availability was modeled by keeping specimens in 

rectangular containers with a depth corresponding to the depth of the embankment 

at the site), biocenoses of microorganisms were identified, their genital affiliation 

was determined and quantitative composition. 

From the foregoing it is clear that in order to predict the optimal composition 

of biocenosis for unsorted wastes, it is necessary, first of all, to determine the 

morphological composition of the waste. But in practice the situation is 

complicated by the fact that during the stay in the body of the landfill there is a 

continuous change in the qualitative and quantitative composition of the waste, and 

therefore the optimal biocenoses are also changing. 

Given the considerable complexity of the study of the state of real solid 

waste landfills, it was considered appropriate to first create a mathematical model 

for the possibility of simulating the probable biological processes in the body of 

the landfill and predicting the composition of microorganisms biocenoses that are 

formed at the same time. An assessment of the adequacy of the developed model 

was carried out by comparing the predicted data obtained from the model with the 
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experimental data for the map of the polygon in Chernivtsi with an approximate 

time of stay of the SHW for 5 years. Comparison of the predicted composition of 

the biocenosis with the actual allocated showed that the difference between the 

predicted and actual data on the number of bacteria in the biocenose was 12.5%, 

and according to the morphological composition - did not exceed 15%, which 

confirmed the adequacy of the developed model. 

An assessment of the effectiveness of the proposed technology was carried 

out by laboratory on samples of MSW in Kyiv using a traditional Bac-based 

preparation. Subtilis and mixed drug, the composition of which was determined by 

simulation. 

According to the data obtained, the use of a mixture of cultures close to the 

optimal biocenose composition led to a more efficient accumulation of biomass in 

the layer of solid waste, and thus accelerated the biodestruction and rate of 

subsidence of the sample (by 26,4 Ñ 0,2%). The obtained positive results 

confirmed the promise of application of biotechnological methods for 

intensification of the process of biodegradation of substances in the body of solid 

waste landfills during their reclamation. 

As the results of the research, the methodology of using biotechnology for 

the intensification of technological processes in the municipal infrastructure of 

settlements has been developed. It allows, through the implementation of 

successive stages, to improve significantly the efficiency of the processes of non-

freezing, demagnetization, deamonization in water supply and biodegradation of 

organic compounds at landfills. An assessment of this methodology is made on the 

example of the method of aerobic stabilization of sewage sludge. 

Key words: biotechnology, iron removal, demaganization, deamonization, 

iron oxide, solid wastes biodegradation, mathematic modelling, effectiveness. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 
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ɼʉʘʥʇʽʅ ï ɼʝʨʞʘʚʥʽ ʩʘʥʽʪʘʨʥʽ ʧʨʘʚʠʣʘ ʽ ʥʦʨʤʠ 

ɺʆʆɿ ï ɺʩʝʩʚʽʪʥʷ ʦʨʛʘʥʽʟʘʮʽʷ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ  

ɻɸɼ  - ʛʝʪʝʨʦʪʨʦʬʥʘ/ʘʚʪʦʪʨʦʬʥʘ ʜʝʥʽʪʨʠʬʽʢʘʮʽʷ 

ɻɸʆ ï ʛʽʜʨʦʢʩʠʣʘʤʽʥ-ʦʢʩʠʜʘʟʘ 

ɻɼʂ ï ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ɼʈ ï ʜʦʙʫʪʦʢ ʨʦʟʯʠʥʥʦʩʪʽ 

ɿʄʏ ï ʟʘʛʘʣʴʥʝ ʤʽʢʨʦʙʥʝ ʯʠʩʣʦ 

ʄʆɸ ï ʤʦʥʦʦʢʩʠʛʝʥʘʟʘ ʘʤʽʘʢʫ 

ʇɸɺ ï ʧʦʨʦʰʢʦʧʦʜʽʙʥʝ ʘʢʪʠʚʥʝ ʚʫʛʽʣʣʷ  

ʈʏɺ ï ʨʝʟʝʨʚʫʘʨ ʯʠʩʪʦʾ ʚʦʜʠ 

ʊɽʎ - ʪʝʧʣʦʝʣʝʢʪʨʦʮʝʥʪʨʘʣʴ 

ʊʇɺ ï ʪʚʝʨʜʽ ʧʦʙʫʪʦʚʽ ʚʽʜʭʦʜʠ 

ʋʌ ï ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʝ ʦʧʨʦʤʽʥʝʥʥʷ 

GCD ï grand central dispatch  

GNU/GPL ï GNU General Public License 

IAWQ ASM ï International association of water qualityôs active sludge model 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʩʘʥʽʪʘʨʥʦ-ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʦʛʦ 

ʙʣʘʛʦʧʦʣʫʯʯʷ ʥʘʩʝʣʝʥʥʷ  ʥʘʣʝʞʠʪʴ ʜʦ ʦʜʥʦʛʦ ʟ ʢʣʶʯʦʚʠʭ ʟʘʚʜʘʥʴ ʜʝʨʞʘʚʠ ʽ 

ʧʦʪʨʝʙʫʻ, ʥʘʩʘʤʧʝʨʝʜ, ʥʘʜʽʡʥʦʛʦ ʨʽʚʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʪʘ ʧʦʚʦʜʞʝʥʥʷ ʟ 

ʧʦʙʫʪʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ.[1, 2]. 

ɻʘʨʤʦʥʽʟʘʮʽʷ ʥʦʨʤʘʪʠʚʥʦ-ʟʘʢʦʥʦʜʘʚʯʠʭ ʘʢʪʽʚ ʋʢʨʘʾʥʠ ʟ ʻʚʨʦʧʝʡʩʴʢʠʤʠ 

ʚʠʤʘʛʘʻ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʙʽʣʴʰ ʩʫʚʦʨʠʭ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ ʽ 

ʦʯʠʱʝʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʪʘ ʧʝʨʝʨʦʙʢʠ ʽ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ. ʆʪʞʝ ʦʩʦʙʣʠʚʦʛʦ 

ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʽ ʘʜʘʧʪʘʮʽʾ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ, 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʷʢʠʭ ʚ ʽʩʥʫʶʯʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʜʦʟʚʦʣʷʣʦ ʙʠ ʜʦʩʷʛʘʪʠ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ. ʎʝ ʤʦʞʣʠʚʦ ʣʠʰʝ ʰʣʷʭʦʤ ʨʦʟʨʦʙʣʝʥʥ ̫

ʥʦʚʠʭ ʪʘ ʘʜʘʧʪʘʮʽʾ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ  ̒ʤʘʣʦʚʠʪʨʘʪʥʽ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʪʘ 

ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ. 

ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʦʪʝʭʥʦʣʦʛʽʡ ʫ ʢʦʤʫʥʘʣʴʥʦʤʫ 

ʛʦʩʧʦʜʘʨʩʪʚʽ ʚʠʷʚʣʷʻʪʴʩʷ ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʠʤ: ʧʨʦʮʝʩʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʰʠʨʦʢʦ 

ʨʝʘʣʽʟʦʚʘʥʽ ʣʠʰʝ ʧʨʠ ʦʯʠʱʝʥʥʽ ʩʪʽʯʥʠʭ ʚʦʜ. ɺ ʽʥʰʠʭ ʧʨʦʮʝʩʘʭ, ʪʘʢʠʭ ʷʢ, 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ/ʜʝʤʘʥʛʘʥʘʮʽʷ ʘʙʦ ʜʝʩʪʨʫʢʮʽʷ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʚ ʰʘʨʽ 

ʧʦʣʽʛʦʥʫ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʨʦʣʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʜʦʙʨʝ ʚʽʜʦʤʘ, ʘʣʝ 

ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʠʡʦʤʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ. ʇʨʦʪʝ 

ʥʘʷʚʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ [3-5] ʟʘʩʚʽʜʯʫʻ, ʱʦ ʩʘʤʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʽʦʪʝʭʥʦʣʦʛʽʡ, ʦʩʦʙʣʠʚʦ, ʷʢʱʦ ʚʦʥʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʧʨʠʨʦʜʥʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʮʝʥʦʟʽʚ, ʻ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤ. ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʻ ʡ 

ʪʦʡ ʬʘʢʪ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ, ʦʢʨʽʤ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʘʪʝʨʽʘʣʦ- ʽ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ, ʧʨʘʢʪʠʯʥʦ ʚʠʢʣʶʯʘʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʪʦʤʫ ʱʦ ʚ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʷʢ ʙʽʦʣʦʛʽʯʥʽ ʘʛʝʥʪʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠʨʦʜʥʽ ʤʽʢʨʦʮʝʥʦʟʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 
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ʆʪʞʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʽʦʪʝʭʥʦʣʦʛʽʡ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʽ ʷʢ ʟʘʩʽʙ ʟʤʝʥʰʝʥʥʷ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ 

ʢʦʤʫʥʘʣʴʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ. 

ʇʽʜʟʝʤʥʽ ʚʦʜʠ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʟʘʣʽʟʘ ʽ ʤʘʥʛʘʥʫ (ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʽ ʽʥʦʜʽ ʜʦʩʷʛʘʻ 20-30 ʽ 5-6 ʤʛ/ʜʤ
3
 

ʚʽʜʧʦʚʽʜʥʦ) ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʤʘʡʞʝ ʧʦ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. ɿʛʽʜʥʦ ʟ ʯʠʥʥʠʤ 

ʩʘʥʽʪʘʨʥʠʤ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ [6]  ʾʭ ʚʤʽʩʪ ʫ ʧʠʪʥʽʡ ʚʦʜʽ ʥʝ ʧʦʚʠʥʝʥ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʦ 0,2 ʽ 0,05 ʤʛ/ʜʤ
3
. 

ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚʽʜʦʤʽ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʦʯʠʱʝʥʥʷ ʚʦʜʠ (ʷʢ ʭʽʤʽʯʥʽ, 

ʪʘʢ ʽ ʙʽʦʣʦʛʽʯʥʽ) ʚʽʜ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʽ ʤʘʥʛʘʥʫ [7-10], ʷʢʽ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʟʘ 

ʩʪʫʧʝʥʝʤ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ, ʝʢʦʥʦʤʽʯʥʦʩʪʽ, ʧʨʦʩʪʦʪʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ 

ʪ.ʜ. ɿʘʟʚʠʯʘʡ ʪʝʭʥʦʣʦʛʽʾ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʦʢʠʩʥʝʥʥʷ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʽ ʤʘʥʛʘʥʫ ʟ ʧʦʜʘʣʴʰʠʤ ʚʽʜʜʽʣʝʥʥʷʤ ʫʪʚʦʨʝʥʦʛʦ 

ʦʩʘʜʫ ʥʘ ʬʽʣʴʪʨʘʭ. ʗʢ ʦʢʠʩʥʠʢʠ  ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʠʩʝʥʴ, ʦʟʦʥ, 

ʭʣʦʨʦʚʤʽʩʥʽ ʩʧʦʣʫʢʠ, ʘ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ - ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ, ʮʝʦʣʽʪ, 

ʢʝʨʘʤʟʠʪ ʪʦʱʦ [11, 12]. ʇʨʦʪʝ ʧʨʦʮʝʩʠ, ʷʢʽ ʧʝʨʝʙʽʛʘʶʪʴ  ʧʽʜ ʯʘʩ ʚʠʣʫʯʝʥʥʷ 

ʟʘʣʽʟʘ ʽ ʤʘʥʛʘʥʫ, ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʤʠ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ ʥʘ 

ʢʦʤʫʥʘʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʬʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ. 

ʅʝʚʠʨʽʰʝʥʦʶ ʟʘʣʠʰʘʻʪʴʩʷ ʽ ʧʨʦʙʣʝʤʘ ʜʝʘʤʦʥʽʟʘʮʽʾ ʚʦʜʠ (ʩʧʦʣʫʢʠ 

ʘʤʦʥʽʶ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʚʦʜʫ ʚʥʘʩʣʽʜʦʢ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʘ ʪʚʘʨʠʥʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʜʝʟʽʥʬʝʢʮʽʾ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʭʣʦʨʘʤʦʥʽʟʘʮʽʾ). ʋ ʂʝʨʽʚʥʠʮʪʚʽ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʧʠʪʥʦʾ 

ʚʦʜʠ ɺʆʆɿ[13] ʚʢʘʟʘʥʦ, ʱʦ ʭʦʯʘ ʘʤʽʘʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʟʜʦʨʦʚ'ʷ 

ʣʶʜʠʥʠ ʽ ʡʦʛʦ ʩʘʥʽʪʘʨʥʘ ʥʦʨʤʘʪʠʚʥʘ ʚʝʣʠʯʠʥʘ ʥʝ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ, ʚʽʥ ʤʦʞʝ 

ʟʥʠʞʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʝʟʽʥʬʝʢʮʽʾ ʧʠʪʥʦʾ ʚʦʜʠ, ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʥʽʪʨʠʪʽʚ, ʥʝʧʨʠʻʤʥʠʭ ʟʘʧʘʭʽʚ, ʘ ʪʘʢʦʞ ʩʧʨʠʷʪʠ ʨʦʩʪʫ ʚʦʜʥʠʭ 

ʤʽʢʨʦʦʨʛʘʥʠʟʤʽʚ. ɿʛʽʜʥʦ ɼʉʘʥʇʽʅ 2.2.4-171-10 [6] ʘʤʦʥʽʡ ʚʽʜʥʝʩʝʥʠʡ ʜʦ 

ʩʘʥʽʪʘʨʥʦ-ʪʦʢʩʠʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʘ ʡʦʛʦ ʚʤʽʩʪ ʫ ʧʠʪʥʽʡ ʚʦʜʽ ʦʙʤʝʞʝʥʠʡ 
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ʥʘ ʨʽʚʥʽ 0,5 ʤʛ/ʜʤ
3
. ɿ ʫʩʽʭ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʚʠʜʘʣʝʥʥʷ ʘʤʦʥʽʡʥʦʛʦ ʘʟʦʪʫ [14, 

15] ʥʘʡʧʨʠʡʥʷʪʥʽʰʦʶ ʚʠʷʚʣʷʻʪʴʩʷ ʙʽʦʣʦʛʽʯʥʘ ʥʽʪʨʠʬʽʢʘʮʽʷ. ɸʣʝ ʮʷ 

ʪʝʭʥʦʣʦʛʽʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʩʧʝʮʽʘʣʴʥʠʭ ʩʧʦʨʫʜʘʭ ï ʙʽʦʨʝʘʢʪʦʨʘʭ, ʱʦ ʩʫʪʪʻʚʦ 

ʟʚʫʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʽʩʥʫʶʯʠʭ ʚʦʜʦʦʯʠʩʥʠʭ ʩʪʘʥʮʽʡ. 

ʋ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʢʨʘʾʥʠ ʪʚʝʨʜʽ ʧʦʙʫʪʦʚʽ 

ʚʽʜʭʦʜʠ (ʜʘʣʽ ï ʊʇɺ) ʩʢʣʘʜʫʶʪʴʩʷ ʥʘ ʧʦʣʽʛʦʥʘʭ, ʘ ʚ ʥʝʚʝʣʠʢʠʭ ʤʽʩʪʘʭ ʪʘ 

ʩʝʣʠʱʘʭ - ʥʘʚʽʪʴ ʥʘ ʩʪʠʭʽʡʥʠʭ ʟʚʘʣʠʱʘʭ (ʫ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʮʷ 

ʧʨʦʙʣʝʤʘ ʚʠʨʽʰʫʻʪʴʩʷ ʯʝʨʝʟ ʨʦʟʜʽʣʴʥʝ ʟʙʠʨʘʥʥʷ ʪʘ ʧʝʨʝʨʦʙʢʫ ʚʽʜʭʦʜʽʚ). ɿʘ 

ʦʮʽʥʢʘʤʠ ʝʢʩʧʝʨʪʽʚ ʚ ʢʨʘʾʥʽ ʱʦʨʦʢʫ 10 ʤʣʥ ʪʦʥ ʊʇɺ ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘ ʧʦʥʘʜ 

5500 ʧʦʣʽʛʦʥʘʭ ʜʦʜʘʪʢʦʚʦ. ɿʘ ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ ʚʽʜʭʦʜʠè ʟ 1 ʩʽʯʥʷ 2019 

ʨʦʢʫ ʨʦʟʤʽʱʝʥʥʷ ʊʇɺ ʥʘ ʧʦʣʽʛʦʥʘʭ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʦʨʪʫʚʘʥʥʷ ʙʫʜʝ 

ʟʘʙʦʨʦʥʝʥʦ, ʧʨʦʪʝ, ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʚʠʤʦʛʠ ʥʘ ʧʨʘʢʪʠʮʽ, 

ʧʨʦʙʣʝʤʘ ʚʽʜʥʦʚʣʝʥʥʷ ʽ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʚʞʝ ʽʩʥʫʶʯʠʭ ʧʦʣʽʛʦʥʽʚ 

ʟʘʣʠʰʘʪʠʤʝʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. 

ɺʘʞʣʠʚʘ ʨʦʣʴ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʽʜʟʝʤʥʠʭ 

ʰʘʨʘʭ ʧʦʣʽʛʦʥʫ, ʚʽʜʦʤʘ ʜʘʚʥʦ [16-19]. ʆʜʥʘʢ ʾʭ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ 

ʫʩʢʣʘʜʥʶ̒ ʪʴʩʷ ʪʠʤ, ʱʦ ʚʠʜʦʚʠʡ ʩʢʣʘʜ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʷʜʦʤ 

ʬʘʢʪʦʨʽʚ, ʽ ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʤʦʨʬʦʣʦʛʽʯʥʠʤ ʩʢʣʘʜʦʤ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʪʦʤʫ 

ʱʦ ʚʽʥ ʻ ʚʠʥʷʪʢʦʚʠʤ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʽʛʦʥʫ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ 

ʧʦʰʫʢ ʫʥʽʬʽʢʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʙʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʫ ʥʘʧʨʷʤʢʫ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʽʩʥʫʶʯʠʭ ʧʦʣʽʛʦʥʽʚ 

ʊʇɺ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʦʝʬʝʢʪʠʚʥʠʭ, 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʜʦʩʪʫʧʥʠʭ, ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ 

ʙʽʦʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʧʽʜʛʦʪʦʚʢʠ ʧʠʪʥʦʾ ʚʦʜʠ ʪʘ 

ʙʽʦʜʝʩʪʨʫʢʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʥʘ ʧʦʣʽʛʦʥʘʭ ʊʇɺ ʥʘʣʝʞʠʪʴ ʜʦ ʘʢʪʫʘʣʴʥʠʭ 

ʧʨʦʙʣʝʤ, ʥʘ ʨʦʟʚôʷʟʘʥʥʷ ʷʢʠʭ ʽ ʩʧʨʷʤʦʚʘʥʘ ʜʘʥʘ ʜʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ. 

ʆʪʨʠʤʘʥʽ ʧʨʦʪʷʛʦʤ ʾʾ ʚʠʢʦʥʘʥʥʷ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʪʴ ʦʮʽʥʠʪʠ 
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ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʦʩʣʽʜʞʝʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʾʭ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʊʝʤʘ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ɿʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʶ 

ʧʨʦʛʨʘʤʦʶ çʇʠʪʥʘ ʚʦʜʘ ʋʢʨʘʾʥʠè ʥʘ 2011-2020 ʨʦʢʠ ʪʘ ʨʝʛʽʦʥʘʣʴʥʠʤʠ 

ʧʨʦʛʨʘʤʘʤʠ çʇʠʪʥʘ ʚʦʜʘè, ʅʘʮʽʦʥʘʣʴʥʦʶ ʩʪʨʘʪʝʛʽʻʶ ʧʦʚʦʜʞʝʥʥʷ ʟ ʪʚʝʨʜʠʤʠ 

ʧʦʙʫʪʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ, ʨʝʛʽʦʥʘʣʴʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʨʦʟʚʠʪʢʫ ʞʠʪʣʦʚʦ-

ʢʦʤʫʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʚ ʪ.ʯ. ʩʠʩʪʝʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ, 

ʩʭʝʤʘʤʠ ʩʘʥʽʪʘʨʥʦʛʦ ʦʯʠʱʝʥʥʷ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʋʢʨʘʾʥʠ. 

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

ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʜʝʨʞʘʚʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʢʘʬʝʜʨʠ ʝʢʦʙʽʦʪʝʭʥʦʣʦʛʽʾ ʪʘ ʙʽʦʝʥʝʨʛʝʪʠʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʥʘ ʪʝʤʫ çɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʛʽʜʨʦʙʽʦʥʪʽʚ ʜʣʷ 

ʢʦʥʚʝʨʩʽʾ ʙʽʦʩʠʨʦʚʠʥʠ ʪʘ ʟʘʙʨʫʜʥʝʥʴ ʩʪʽʯʥʠʭ ʚʦʜè (2017-2018 ʨʨ., ʜʝʨʞ. 

ʨʝʻʩʪʨ. ˉ0117U002389) ʪʘ ʨʦʙʽʪ ʧʽʜʨʦʟʜʽʣʫ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ɼʝʨʞʘʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ çʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʪʘ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʤʽʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘè, ʟʦʢʨʝʤʘ 

ʜʝʨʞʘʚʥʦʛʦ ʟʥʘʯʝʥʥʷ: çɸʥʘʣʽʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʜʽʶʯʠʭ 

ʚʦʜʦʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʽʚ ʾʭ ʫʜʦʩʢʦʥʘʣʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʯʠʩʪʢʠ ʚʦʜʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ 

ʧʠʪʥʦʾ ʚʦʜʠè (2012 ʨ., ˉ 0111U007853); ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ: çʈʦʟʨʦʙʢʘ 

ʟʤʽʥ ʜʦ çʈʝʛʽʦʥʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ çʇʠʪʥʘ ʚʦʜʘ ʃʫʛʘʥʱʠʥʠè ʥʘ 2006-2020 

ʨʦʢʠè (2016-2017 ʨʨ., ʜʝʨʞ. ʨʝʻʩʪʨ. ˉ 0117U002665); ʤʽʩʮʝʚʦʛʦ ʟʥʘʯʝʥʥʷ: 

çʈʦʟʨʦʙʢʘ ʩʭʝʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʤ. 

ɾʠʪʦʤʠʨè (2012  ʨ., ʜʝʨʞ. ʨʝʻʩʪʨ. ˉ 0112U003839), çʇʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʘ ʚʠʟʥʘʯʠʪʠ ʱʽʣʴʥʽʩʪʴ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ (ʊʇɺ) ʤ. ʈʽʚʥʦʛʦè (2014 

ʨ., ʜʝʨʞ. ʨʝʻʩʪʨ. ˉ 0115U004390), çʇʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʤʝʪʦʜʫ ʟʥʝʟʘʨʘʞʝʥʥʷ ʧʠʪʥʦʾ ʚʦʜʠ ʚ ʩʠʩʪʝʤʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤ. ʍʘʨʢʽʚ, ʢʦʜ 

ʟʛʽʜʥʦ ɼʂ 016:2010-72.19.1è (2014-2015 ʨʨ., ʜʝʨʞ. ʨʝʻʩʪʨ. ˉ  0115U003066), 

çʈʦʟʨʦʙʢʘ ʥʦʨʤ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʟ ʚʠʚʝʟʝʥʥʷ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʟ 
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ʤ.ʍʤʝʣʴʥʠʮʴʢʠʡè (2015 ʨ., ʜʝʨʞ. ʨʝʻʩʪʨ. ˉ 0115U0068740), çʈʦʟʨʦʙʢʘ 

ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ ʧʽʜʛʦʪʦʚʢʠ ʧʠʪʥʦʾ ʚʦʜʠ ʚ ʤ. ʄʠʢʦʣʘʻʚʽè (2016 ʨ., 

ʜʝʨʞ. ʨʝʻʩʪʨ. ˉ 0116U006117), çʈʦʙʦʪʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʫ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡè 

(2017 ʨ., ʜʝʨʞ. ʨʝʻʩʪʨ. ˉ 0117U002662), çʈʦʟʨʦʙʢʘ ʩʭʝʤʠ ʩʘʥʽʪʘʨʥʦʾ ʦʯʠʩʪʢʠ 

ʤʽʩʪʘè (2016-2017 ʨʨ., ʜʝʨʞ. ʨʝʻʩʪʨ. ˉ 0117U002663), çʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ 

ʧʦʩʣʫʛʠ ʚ ʛʘʣʫʟʽ ʽʥʞʝʥʝʨʽʾ çʈʦʙʦʪʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡè (2017 ʨ., ʜʝʨʞ. 

ʨʝʻʩʪʨ. ˉ 0117U006201), çʇʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʽ 

ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʫ ʤ. ʗʣʪʘè (2013-20 14 ʨʨ., ʜʝʨʞ. 

ʨʝʻʩʪʨ. ˉ 0114U004837), çʇʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʠʪʠ ʱʽʣʴʥʽʩʪʴ 

ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ (ʊʇɺ) ʤ.ʃʫʮʴʢʘè (2014 ʨ., ʜʝʨʞ. ʨʝʻʩʪʨ. 

ˉ0114U004833). 

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʄʝʪʘ ʨʦʙʦʪʠ ï ʥʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʦʚʠʭ 

ʝʥʝʨʛʦʨʝʩʫʨʩʦʝʬʝʢʪʠʚʥʠʭ ʡ ʝʢʦʣʦʛʽʯʥʠʭ ʙʽʦʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʧʽʜʛʦʪʦʚʢʠ ʧʠʪʥʦʾ ʚʦʜʠ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʥʘ 

ʦʙôʻʢʪʘʭ ʢʦʤʫʥʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ:  

- ʚʩʪʘʥʦʚʠʪʠ ʚʧʣʠʚ ʙʽʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʽʚ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ ʧʨʠʨʦʜʥʠʭ ʚʦʜ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʯʝʨʝʟ ʟʝʨʥʠʩʪʝ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʽ 

ʩʢʣʘʜʫ ʚʠʭʽʜʥʦʾ ʚʦʜʠ; 

- ʚʠʟʥʘʯʠʪʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʧʨʠʩʫʪʥʽʭ ʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʧʨʘʮʶʶʯʠʭ 

ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʘʭ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ, ʚʩʪʘʥʦʚʠʪʠ ʾʭ ʨʦʜʦʚʫ ʧʨʠʥʘʣʝʞʥʽʩʪʴ. ʆʮʥ̔ʠʪʠ ʢʽʣʴʢʽʩʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʨʽʟʥʠʭ ʤʽʢʨʦʮʝʥʦʟʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʩʢʣʘʜʫ ʚʠʭʽʜʥʦʾ ʚʦʜʠ; 

- ʦʪʨʠʤʘʪʠ ʰʣʷʭʦʤ ʤʫʪʘʛʝʥʝʟʫ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʢʫʣʴʪʫʨʠ 

ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʚʠʜʘʣʝʥʥʶ ʤʘʥʛʘʥʫ, ʪʘ ʦʮʽʥʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʾʭ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ. ɺʽʜʥʘʡʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʢʦʤʙʽʥʘʮʽʾ ʩʝʣʝʢʪʦʚʘʥʠʭ ʢʫʣʴʪʫʨ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ 

ʚʦʜʠ; 

- ʦʙˇʨʫʥʪʫʚʘʪʠ ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʫ ʟʝʨʥʠʩʪʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʬʽʣʴʪʨʽʚ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʥʦʢʫʣʷʪʫ 

ʢʫʣʴʪʫʨ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ ʪʘ ʾʭ ʩʫʤʽʰʝʡ; ʨʦʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʪʘ 

ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ (ʚʢʣʶʯʘʶʯʠ ʚʠʙʽʨ ʬʽʣʴʪʨʫʶʯʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ) ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ 

ʰʣʷʭʦʤ ʚʥʝʩʝʥʥʷ ʟʤʽʰʘʥʠʭ ʢʫʣʴʪʫʨ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ; ʚʩʪʘʥʦʚʠʪʠ ʝʬʝʢʪʠʚʥʽ 

ʤʝʪʦʜʠ ʬʽʥʽʰʥʦʛʦ ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ; ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʘʧʘʨʘʪʫʨʥʫ ʨʝʘʣʽʟʘʮʽʶ 

ʧʨʦʮʝʩʫ; 

- ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʠʪʠ ʚʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ 

ʥʘ ʧʨʦʮʝʩʠ ʥʽʪʨʠ- ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʫ ʬʽʣʴʪʨʘʭ ʜʝʘʤʦʥʽʟʘʮʽʾ; ʦʪʨʠʤʘʪʠ ʢʫʣʴʪʫʨʠ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʫ ʜʝʘʤʦʥʽʟʘʮʽʾ ʫ ʰʚʠʜʢʠʭ 

ʬʽʣʴʪʨʘʭ, ʚʩʪʘʥʦʚʠʪʠ ʾʭ ʨʦʜʦʚʫ ʧʨʠʥʘʣʝʞʥʽʩʪʴ. ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʥʝ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟʘ ʚʠʩʦʪʦʶ ʬʽʣʴʪʨʫʶʯʦʛʦ ʰʘʨʫ;  

- ʨʦʟʨʦʙʠʪʠ ʩʪʦʭʘʩʪʠʯʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʬʽʣʴʪʨʫ ʥʘ ʨʦʟʧʦʜʽʣʝʥʥʷ ʚ ʥʴʦʤʫ ʥʽʪʨʠ- ʪʘ ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʜʝʘʤʦʥʽʟʘʮʽʾ, ʟʜʽʡʩʥʠʪʠ ʾʾ 

ʦʧʪʠʤʽʟʘʮʽʶ ʪʘ ʩʪʚʦʨʠʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʘʣʛʦʨʠʪʤ. ʈʝʘʣʽʟʫʚʘʪʠ 

ʘʣʛʦʨʠʪʤ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ;  

- ʜʦʩʣʽʜʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʨʦʙʦʪʠ ʬʽʣʴʪʨʽʚ ʜʝʘʤʦʥʽʟʘʮʽʾ 

ʰʣʷʭʦʤ ʚʥʝʩʝʥʥʷ ʢʫʣʴʪʫʨ ʯʠʩʪʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʾʭ ʩʫʤʽʰʝʡ. 

ɿʘʧʨʦʧʦʥʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ;  

- ʚʠʚʯʠʪʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦʟʚʠʪʢʫ ʨʽʟʥʠʭ ʛʨʫʧ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, 

ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʾʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʊʇɺ ʜʣʷ ʧʦʣʽʛʦʥʽʚ ʜʝʷʢʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʋʢʨʘʾʥʠ. 

ɿʘʧʨʦʧʦʥʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚ ʪʽʣʽ ʧʦʣʽʛʦʥʫ ʟʘʣʝʞʥʦ ʚʽʜ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʊʇɺ, 
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ʨʝʘʣʽʟʫʚʘʪʠ ʤʦʜʝʣʴ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ;  

- ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʙʽʦʜʝʩʪʨʫʢʮʽʾ ʊʇɺ ʰʣʷʭʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʝʧʘʨʘʪʽʚ, ʙʣʠʟʴʢʠʭ ʟʘ ʩʢʣʘʜʦʤ ʜʦ ʧʨʠʨʦʜʥʠʭ 

ʤʽʢʨʦʮʝʥʦʟʽʚ;   

- ʨʦʟʨʦʙʠʪʠ ʫʟʘʛʘʣʴʥʝʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʥʘ 

ʦʙôʻʢʪʘʭ ʢʦʤʫʥʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʟʥʝʟʘʣʽʟʥʝʥʥʷ, 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʪʘ ʜʝʘʤʦʥʽʟʘʮʽʾ ʚʦʜʠ ʫ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʧʠʪʥʦʾ 

ʚʦʜʠ ʪʘ ʙʽʦʜʝʩʪʨʫʢʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʬʨʘʢʮʽʡ ʊʇɺ ʧʨʠ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʧʦʣʽʛʦʥʽʚ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʥʘʫʢʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʪʘ ʨʘʮʽʦʥʘʣʴʥʽ 

ʧʘʨʘʤʝʪʨʠ ʙʽʦʪʝʭʥʦʣʦʛʽʡ ʚʠʜʘʣʝʥʥʷ ʟ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟʘʣʽʟʘ, ʤʘʥʛʘʥʫ ʽ ʘʤʦʥʽʶ 

ʥʘ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ, ʙʽʦʜʝʩʪʨʫʢʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʬʨʘʢʮʽʡ ʊʇɺ ʽ ʨʦʟʨʦʙʢʠ 

ʙʽʦʧʨʝʧʘʨʘʪʽʚ ʜʣʷ ʾʾ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʠ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʧʦʣʽʛʦʥʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ (ʚʠʜʽʣʝʥʥʷ, ʢʫʣʴʪʠʚʫʚʘʥʥʷ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ; ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʛʘʣʴʥʦʛʦ ʤʽʢʨʦʙʥʦʛʦ ʯʠʩʣʘ (ɿʄʏ), ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ (ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʝ 

ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʽʟʘ, ʤʘʥʛʘʥʫ, ʩʧʦʣʫʢ ʘʟʦʪʫ, ʪʠʪʨʦʤʝʪʨʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ, ʨʅ-ʤʝʪʨʽʷ), ʤʘʪʝʤʘʪʠʯʥʽ (ʩʪʘʪʠʩʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʘʣʛʦʨʠʪʤʽʟʘʮʽʷ, ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʢʦʜʫʚʘʥʥʷ), ʝʢʦʥʦʤʽʯʥʽ 

(ʝʢʦʥʦʤʽʯʥʘ ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ). 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʦʟʨʦʙʣʝʥʦ ʥʘʫʢʦʚʽ ʦʩʥʦʚʠ 

ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʦʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʥʘʛʘʣʴʥʠʭ 

ʧʨʦʙʣʝʤ ʚʦʜʦʦʯʠʩʥʠʭ ʩʪʘʥʮʽʡ ʪʘ ʧʦʣʽʛʦʥʽʚ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ. 

ɼʽʩʪʘʣʦ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʚʠʚʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʽʚ 

ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ ʩʧʦʣʫʢ ʟʘʣʽʟʘ, ʤʘʥʛʘʥʫ ʽ ʘʤʦʥʽʶ ʪʘ ʙʽʦʜʝʩʪʨʫʢʮʽʾ 

ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʊʇɺ. ʆʪʨʠʤʘʥʦ ʪʘʢʽ ʥʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

ʂʦʤʧʣʝʢʩʥʽ ʜʦʩʣʽʜʞʝʥʦ ʪʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʧʨʦʮʝʩʠ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ 

ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʚʦʜʠ ʥʘ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ ʟ ʮʝʦʣʽʪʦʚʠʤ 

ʟʘʚʘʥʪʘʞʝʥʥʷʤ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʥʝʟʘʣʽʟʥʝʥʥʽ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ 

ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʙʽʛʘʶʪʴ ʷʢ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ, ʪʘʢ ʽ ʙʽʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʧʨʠʯʦʤʫ 
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ʚʧʣʠʚ ʙʽʦʣʦʛʽʯʥʦʾ ʩʢʣʘʜʦʚʦ ʾʟʨʦʩʪʘʻ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʭʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʚʢʘʟʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɿ ʬʽʣʴʪʨʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʨʽʟʥʠʭ ʚʦʜʦʦʯʠʩʥʠʭ ʩʪʘʥʮʽʡ 

ʚʠʜʽʣʝʥʦ 10 ʢʫʣʴʪʫʨ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ, ʷʢʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɺʠʟʥʘʯʥʠʢʘ ɹʝʨʜʞʽ 

ʚʽʜʥʝʩʝʥʦ ʜʦ ʨʦʜʽʚ Siderocapsa, Leptothrix, Sphaerotillus, Galionella, 

Metallogenium, Hyphomicrobium.  

ɼʦʚʝʜʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʨʦʙʦʪʠ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʟ 

ʮʝʦʣʽʪʦʚʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʘʩʠʯʥʠʭ 

ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ, ʟʦʢʨʝʤʘ ʚʥʝʩʝʥʥʷʤ ʢʫʣʴʪʫʨ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ (ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʩʝʣʝʢʪʦʚʘʥʠʭ) ʪʘ ʧʽʜʪʨʠʤʘʥʥʽ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʜʣʷ ʾʭ ʨʦʩʪʫ.   

ʆʪʨʠʤʘʥʦ ʤʫʪʘʥʪʥʽ ʢʫʣʴʪʫʨʠ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ ʨʦʜʽʚ Leptothrix ʪʘ 

Sphaerotillus, ʱʦ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ ʟʜʘʪʥʽʩʪʴ ʦʢʠʩʥʶʚʘʪʠ ʩʧʦʣʫʢʠ ʤʘʥʛʘʥʫ ʫ 

ʧʽʜʟʝʤʥʽʡ ʚʦʜʽ. 

ɺʧʝʨʰʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʚʠʜʘʣʝʥʥʽ ʟ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʣʠʟʴʢʠʤ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷʤ ʨʅ, ʜʦʩʪʘʪʥʽʤ ʜʣʷ 

ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨʝʟʝʨʚʦʤ ʣʫʞʥʦʩʪʽ ʪʘ ʚʤʽʩʪʦʤ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, 

ʩʧʦʣʫʢ ʘʤʦʥʽʶ ʫ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ, ʢʨʽʤ ʧʨʦʮʝʩʽʚ ʥʽʪʨʠʬʽʢʘʮʽʾ, ʧʝʨʝʙʽʛʘʶʪʴ 

ʪʘʢʦʞ ʽ ʧʨʦʮʝʩʠ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, ʘ ʟ ʤʽʢʨʦʮʝʥʦʟʽʚ ʢʨʽʤ ʥʽʪʨʠʬʽʢʫʶʯʠʭ 

ʙʘʢʪʝʨʽʡ ʨʦʜʽʚ Nitrosomonas ʪʘ Nitrobacter ʪʘʢʦʞ ʧʨʠʩʫʪʥʽ ʽ ʜʝʥʽʪʨʠʬʽʢʘʪʦʨʠ 

ï Thiobacillus Denitrificans. ʈʦʟʨʦʙʣʝʥʦ ʩʪʦʭʘʩʪʠʯʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ  ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʥʘ ʚʭʦʜʽ ʫ ʬʽʣʴʪʨ, 

ʨʝʘʣʽʟʦʚʘʥʫ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ. 

ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ ʢʦʨʝʣʷʮʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʤʦʨʬʦʣʦʛʽʯʥʠʤ 

ʩʢʣʘʜʦʤ ʊʇɺ ʪʘ ʩʢʣʘʜʦʤ ʤʽʢʨʦʙʥʠʭ ʮʝʥʦʟʽʚ, ʚʠʟʥʘʯʝʥʦ ʩʢʣʘʜ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ-ʜʝʩʪʨʫʢʪʦʨʽʚ ʜʣʷ ʦʢʨʝʤʠʭ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʬʨʘʢʮʽʡ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʙʽʦʜʝʩʪʨʫʢʮʽʾ ʥʘ 

ʧʦʣʽʛʦʥʘʭ ʊʇɺ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʨʽʟʥʠʭ ʛʨʫʧ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʽʜʭʦʜʽʚ. ɸʜʝʢʚʘʪʥʽʩʪʴ 

ʤʦʜʝʣʽ ʧʽʜʪʚʝʨʜʞʝʥʦ ʰʣʷʭʦʤ ʚʠʜʽʣʝʥʥʷ ʽ ʘʥʘʣʽʟʫ ʤʽʢʨʦʮʝʥʦʟʽʚ ʨʽʟʥʠʭ 

ʧʦʣʽʛʦʥʽʚ ʢʨʘʾʥʠ.  
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ʈʦʟʨʦʙʣʝʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʦʮʽʥʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʨʠʡʦʤʽʚ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʤʽʩʴʢʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʝʢʦʙʽʦʪʝʭʥʦʣʦʛʽʾ ʫ ʧʨʦʮʝʩʠ 

ʧʽʜʛʦʪʦʚʢʠ ʧʠʪʥʦʾ ʚʦʜʠ ʪʘ ʧʝʨʝʨʦʙʢʠ ʊʇɺ. ɿʦʢʨʝʤʘ, ʦʜʝʨʞʘʥʦ ʥʘʩʪʫʧʥʽ 

ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʨʦʙʦʪʠ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ/ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʤʽʰʽ ʢʫʣʴʪʫʨ ʨʦʜʽʚ 

Leptothrix ʪʘ Sphaerotillus, ʘ ʜʣʷ ʚʠʧʘʜʢʫ ʚʠʩʦʢʦʛʦ ʚʤʽʩʪʫ ʤʘʥʛʘʥʫ ï ʪʘʢʦʞ 

ʩʫʤʽʰʽ ʾʭ ʩʝʣʝʢʪʦʚʘʥʠʭ ʢʫʣʴʪʫʨ ʟ ʧʽʜʚʠʱʝʥʦʶ ʙʽʦʜʝʩʪʨʫʢʪʠʚʥʦʶ ʟʜʘʪʥʽʩʪʶ 

ʱʦʜʦ ʮʴʦʛʦ ʟʘʙʨʫʜʥʶʚʘʯʘ.  

ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʟʥʝʟʘʣʽʟʥʝʥʥʷ 

/ʜʝʤʘʥʛʘʥʘʮʽʾ  ʚʦʜʠ ʪʘ ʨʝʞʠʤʠ ʬʽʣʴʪʨʫʚʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʩʧʦʩʽʙ ʧʝʨʝʥʝʩʝʥʥʷ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟ ʽʥʦʢʫʣʷʪʫ ʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ (ʧʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ 

ʤʦʜʝʣʴ ˉ 125641). ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʪʘ ʾʭ 

ʘʧʘʨʘʪʫʨʥʫ ʨʝʘʣʽʟʘʮʽʶ (ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʝʢʩʪʽ ʨʦʙʦʪʠ); ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʜʽʡʥʽ 

ʤʝʪʦʜʠ ʾʾ ʟʥʝʟʘʨʘʞʝʥʥʷ; ʚʥʝʩʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʫ ʢʦʥʩʪʨʫʢʮʽʶ 

ʬʽʣʴʪʨʽʚ. ɺʢʘʟʘʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʽ ʧʨʠʡʦʤʠ ʘʧʨʦʙʦʚʘʥʦ ʥʘ ɺʆʉ ʤʽʩʪ 

ʃʴʚʽʚ (ʘʢʪ ʘʧʨʦʙʘʮʽʾ ʚʽʜ 15.03.2018 ʨ.), ɹʦʨʠʩʧʽʣʴ (ʘʢʪ ʘʧʨʦʙʘʮʽʾ ʚʽʜ 

12.05.2017 ʨ.), ʍʘʨʢʽʚ (ʘʢʪ ʘʧʨʦʙʘʮʽʾ ʚʽʜ 14.04.2015 ʨ.). ʇʝʨʝʚʘʛʘʤʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʩʥʫʶʯʠʤʠ ʤʝʪʦʜʘʤʠ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʥʘ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʤʦʚʠʪʠʩʴ ʚʽʜ ʨʝʘʛʝʥʪʽʚ-

ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʪʘ ʩʠʣʴʥʠʭ ʦʢʠʩʥʶʚʘʯʽʚ, ʱʦ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʚʘʨʪʽʩʪʴ ʧʨʦʮʝʩʫ 

ʪʘ ʧʽʜʚʠʱʫʻ ʡʦʛʦ ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ.  

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʩʧʦʣʫʢ ʘʤʦʥʽʶ ʰʣʷʭʦʤ ʚʥʝʩʝʥʥʷ 

ʽʥʦʢʫʣʷʪʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʜʣʷ ʥʽʪʨʠ- ʪʘ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʚ ʨʽʟʥʽ ʯʘʩʪʠʥʠ 

ʬʽʣʴʪʨʘ, ʱʦ ʩʢʦʨʦʯʫʻ ʧʝʨʽʦʜ ʟʘʧʫʩʢʫ ʬʽʣʴʪʨʽʚ ʟ 14-15 ʜʦ 1-2 ʜʽʙ. ɽʢʦʥʦʤʽʯʥʘ 

ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʶ ʟʤʝʥʰʝʥʥʷ 
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ʢʽʣʴʢʦʩʪʽ ʦʯʠʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟʦʢʨʝʤʘ ʨʝʟʝʨʚʥʠʭ ʬʽʣʴʪʨʽʚ.  

ʉʪʚʦʨʝʥʦ ʩʪʦʭʘʩʪʠʯʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʽ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʦʣʦʛʽʶ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʥʘ ʚʭʦʜʽ ʫ ʬʽʣʴʪʨʠ 

ʜʝʘʤʦʥʽʟʘʮʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʚʦʜʠ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʫ ʪʝʭʥʦʣʦʛʽʶ 

ʘʧʨʦʙʦʚʘʥʦ ʫ ʚʦʜʦʢʘʥʘʣʽ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ (ʘʢʪ ʘʧʨʦʙʘʮʽʾ ʚʽʜ 30.09.2017 ʨ.). 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʙʽʦʪʝʭʥʦʣʦʛʽʶ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʙʽʦʜʝʩʪʨʫʢʮʽʾ ʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ ʚ ʪʽʣʽ ʽʩʥʫʶʯʠʭ ʧʦʣʽʛʦʥʽʚ ʊʇɺ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʜʝʩʪʨʫʢʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʬʨʘʢʮʽʡ ʥʘ 30 %. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʢʣʘʜʫ ʤʽʢʨʦʮʝʥʦʟʽʚ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʽʜʭʦʜʽʚ. ʊʝʭʥʦʣʦʛʽʶ ʘʧʨʦʙʦʚʘʥʦ ʥʘ 

ʧʦʣʽʛʦʥʽ ʊʇɺ ʤ. ʏʝʨʥʽʚʮʽ (ʘʢʪ ʘʧʨʦʙʘʮʽʾ ʚʽʜ 05.10.2017 ʨ.). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʽʜʝʾ ʪʘ ʧʦʣʦʞʝʥʥʷ 

ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʽ ʽ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʘʚʪʦʨʦʤ 

ʦʩʦʙʠʩʪʦ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʟʘ ʡʦʛʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʫʯʘʩʪʽ ʫ ʇʽʜʨʦʟʜʽʣʽ 

ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ɼʇ çʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʪʘ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʤʽʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘè. 

ɸʚʪʦʨʦʤ ʜʠʩʝʨʪʘʮʽʾ ʦʩʦʙʠʩʪʦ ʚʠʟʥʘʯʝʥʦ ʥʘʧʨʷʤʠ ʜʦʩʣʽʜʞʝʥʴ, 

ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʾʭ ʚʠʢʦʥʘʥʥʷ, ʟʜʽʡʩʥʝʥʦ ʧʦʰʫʢ ʪʘ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʜʘʥʠʭ, ʨʦʟʨʦʙʣʝʥʦ ʨʦʙʦʯʽ ʛʽʧʦʪʝʟʠ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʧʦʩʪʘʥʦʚʢʠ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ.  

ɺʥʝʩʦʢ ʜʠʩʝʨʪʘʥʪʘ ʚʢʣʶʯʘʻ: ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, 

ʨʦʟʨʦʙʢʫ ʘʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ ʧʽʣʦʪʥʠʭ ʩʪʝʥʜʽʚ,  ʦʙʨʦʙʢʫ, ʫʟʘʛʘʣʴʥʝʥʥʷ 

ʪʘ ʘʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʧʽʜʛʦʪʦʚʢʫ ʚʠʩʥʦʚʢʽʚ. ɸʚʪʦʨʦʤ 

ʦʩʦʙʠʩʪʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ, ʤʝʪʦʜʠ ʽ 

ʧʨʠʡʦʤʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. 

ʉʘʤʝ ʥʠʤ ʪʘʢʦʞ ʩʪʚʦʨʝʥʦ ʫʩʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʜʣʷ ʾʭ 

ʨʝʘʣʽʟʘʮʽʾ. 

ʆʢʨʝʤʽ ʨʦʟʜʽʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʥʫʚʘʣʠʩʴ ʟʘ ʫʯʘʩʪʶ 
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ʽʥʰʠʭ ʬʘʭʽʚʮʽʚ, ʱʦ ʟʥʘʡʰʣʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʚ ʧʫʙʣʽʢʘʮʽʷʭ. 

ɿʦʢʨʝʤʘ,  ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟ ʦʮʽʥʢʠ ʨʦʣʽ ʙʽʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʘʭ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ ʙʨʘʣʠ 

ʫʯʘʩʪʴ ʆ.ʉ. ʇʘʥʯʝʥʢʦ ʪʘ ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ (ʂʦʤʘʨʦʚʘ). ɼʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʷʚʣʝʥʥʷ 

ʨʦʣʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʰʘʨʽ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʦʥʘʥʽ ʨʘʟʦʤ ʟ 

ʅ.ʅ. ʏʝʨʥʦʚʦʶ ʪʘ ʆ.ʉ. ʇʘʥʯʝʥʢʦ, ʘ ʟ ʚʠʷʚʣʝʥʥʷ ʧʨʦʜʫʮʝʥʪʽʚ ʤʘʛʥʽʪʥʠʭ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʩʝʨʝʜ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʠʭ ʙʘʢʪʝʨʽʡ ï ʩʧʽʣʴʥʦ ʟ ʜ.ʪ.ʥ. 

ʉ.ɺ. ɻʦʨʦʙʝʮʴ, ʄ.ʆ. ɹʫʣʘʻʚʩʴʢʦʶ, ʆ.ʉ. ʇʘʥʯʝʥʢʦ. ʈʦʙʦʪʠ ʟ ʙʽʦʣʦʛʽʯʥʦʾ ʥʽʪʨʠ-

ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʫ ʧʨʦʮʝʩʽ ʧʽʜʛʦʪʦʚʢʠ ʧʠʪʥʦʾ ʚʦʜʠ ʟʜʽʡʩʥʝʥʽ ʩʫʤʽʩʥʦ ʟ ʜ.ʭ.ʥ. 

ɭ.ɺ. ʂʫʟʴʤʽʥʩʴʢʠʤ, ʆ.ʉ. ʇʘʥʯʝʥʢʦ, ɺ.ɺ. ʄʦʪʨʦʥʝʥʢʦ, ɭ ʗ. ʉʤʽʣʷʥʝʮʴ, ʘ ʟ 

ʚʧʣʠʚʫ ʘʝʨʘʮʽʾ ʥʘ ʩʢʣʘʜ ʤʽʢʨʦʮʝʥʦʟʫ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ 

ʥʽʪʨʦʛʝʥʚʤʽʩʥʠʭ ʩʧʦʣʫʢ ʥʘ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ ï ʨʘʟʦʤ ʟ ʜ.ʙ.ʥ. ʆ.ʖ. ɻʘʣʢʽʥʠʤ 

ʪʘ ʆ.ʉ. ʇʘʥʯʝʥʢʦ. ʄʝʪʦʜʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʟ ʚʠʜʽʣʝʥʥʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ ʨʦʟʨʦʙʣʝʥʽ ʨʘʟʦʤ ʟ ʜ.ʭ.ʥ. ɭ.ɺ. ʂʫʟʴʤʽʥʩʴʢʠʤ ʪʘ ʆ.ʉ. ʇʘʥʯʝʥʢʦ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟ ʙʽʦʜʝʩʪʨʫʢʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʢʣʘʜʫ 

ʊʇɺ ʧʨʦʚʝʜʝʥʽ ʩʫʤʽʩʥʦ ʟ ʢ.ʪ.ʥ. ɯ.ɺ. ʉʘʪʽʥʠʤ. 

ʄʝʪʦʜʦʣʦʛʽʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫ ʢʦʤʫʥʘʣʴʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʽʦʪʝʭʥʦʣʦʛʽʡ ʪʘʢʦʞ ʻ ʦʩʦʙʠʩʪʠʤ ʥʘʜʙʘʥʥʷʤ ʟʜʦʙʫʚʘʯʘ. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ʘʚʪʦʨʘ ʫ ʧʨʘʮʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʧʦʣʷʛʘʻ ʚ ʪʝʦʨʝʪʠʯʥʦʤʫ ʽ 

ʤʝʪʦʜʦʣʦʛʽʯʥʦʤʫ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʤʝʪʠ ʪʘ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʜʦʩʣʽʜʞʝʥʴ, 

ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʬʦʨʤʫʣʶʚʘʥʥʽ ʚʠʩʥʦʚʢʽʚ. ɯʜʝʾ ʩʧʽʚʘʚʪʦʨʽʚ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʚ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʦʪʨʠʤʘʥʽ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ, ʜʦʧʦʚʽʜʘʣʠʩʴ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ 

ʄʽʞʥʘʨʦʜʥʠʭ ʢʦʥʛʨʝʩʘʭ çɽʢʦʣʦʛʽʷ, ʊʝʭʥʦʣʦʛʽʷ, ɽʢʦʥʦʤʽʢʘ, ɺʦʜʦʧʦʩʪʘʯʘʥʥʷ, 

ɺʦʜʦʚʽʜʚʝʜʝʥʥʷè (ɽʊɽɺʂ-2015 ʪʘ ɽʊɽɺʂ-2017, ʤ. ʏʦʨʥʦʤʦʨʩʴʢ, 2015 ʪʘ 

2017 ʨʨ.), ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: 
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çʈʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʷʢʽʩʥʝ ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʥʷ - ʩʪʨʘʪʝʛʽʯʥʠʡ ʥʘʧʨʷʤʦʢ 

ʨʦʟʚʠʪʢʫ ʚʦʜʦʧʨʦʚʽʜʥʦ-ʢʘʥʘʣʽʟʘʮʽʡʥʦʛʦ  ʛʦʩʧʦʜʘʨʩʪʚʘ ʋʢʨʘʾʥʠè, 7-12 ʣʶʪʦʛʦ 

2017 ʨ., ʤ. ʗʨʝʤʯʘ, ɯʍ ʪʘ ʍ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʩʝʤʽʥʘʨʘʭ 

çʈʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʚʠʩʦʢʘ ʷʢʽʩʪʴ ʧʦʩʣʫʛ ï ʩʪʨʘʪʝʛʽʯʥʝ ʟʘʚʜʘʥʥʷ ʨʦʟʚʠʪʢʫ 

ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʋʢʨʘʾʥʠè, 4-9 ʣʶʪʦʛʦ 2014 ʨʦʢʫ ʪʘ 10-

15 ʣʶʪʦʛʦ 2015 ʨ., ʤ. ʗʨʝʤʯʘ, ʢʦʥʬʝʨʝʥʮʽʾ  çʋʢʨʘʾʥʘ ʽ ʃʠʪʚʘ. ɯʥʚʝʩʪʠʮʽʡʥʽ ʪʘ 

ʙʽʟʥʝʩ ʤʦʞʣʠʚʦʩʪʽè, 20 ʢʚʽʪʥʷ 2017 ʨ. ʤ. ʂʠʾʚ, ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʤʫ ʩʝʤʽʥʘʨʽ 

ʚ ʨʘʤʢʘʭ ʄʽʞʥʘʨʦʜʥʦʾ ʚʠʩʪʘʚʢʠ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʧʦʚʦʜʞʝʥʥʷ ʟ 

ʤʫʥʽʮʠʧʘʣʴʥʠʤʠ ʽ ʧʨʦʤʠʩʣʦʚʠʤʠ ʩʪʽʯʥʠʤʠ ʚʦʜʘʤʠ çWaste Water 

Management-2017è 25-26 ʢʚʽʪʥʷ 2017 ʨ. ʤ. ʂʠʾʚ, ɯɯɯ-ʤʫ ʄʽʞʥʘʨʦʜʥʦʤʫ 

ɽʢʦʣʦʛʽʯʥʦʤʫ ʬʦʨʫʤʽ  çɺʦʜʘ ʪʘ ɽʥʝʨʛʽʷè 5-6 ʞʦʚʪʥʷ 2017 ʨ. ʤ. ʃʴʚʽʚ, XIII 

ʄʽʞʥʘʨʦʜʥʦʤʫ ʢʦʥʛʨʝʩʽ çɯʥʩʪʠʪʫʮʽʡʥʽ ʪʘ ʪʝʭʥʽʯʥʽ ʘʩʧʝʢʪʠ ʨʝʬʦʨʤʫʚʘʥʥʷ 

ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘè 7-9 ʣʠʩʪʦʧʘʜʘ 2017 ʨ., ʤ. ʂʠʾʚ, 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʤʫ ʩʝʤʽʥʘʨʽ ʚ ʨʘʤʢʘʭ XV ʄʽʞʥʘʨʦʜʥʦʾ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ 

ʚʠʩʪʘʚʢʠ çAQUA UKRAINE-2017è, X ʄʽʞʥʘʨʦʜʥʽʡ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽʡ ʚʠʩʪʘʚʮʽ 

çɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. ɺʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ-2017è, ʫ ʨʘʜʽʦʧʝʨʝʜʘʯʘʭ  

ʊʈʂ çʂʠʾʚè - çʏʠʩʪʠʡ  ʂʠʾʚè, ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʩʠʩʪʝʤ ʪʝʧʣʦʛʘʟʦʧʦʩʪʘʯʘʥʥʷ ʽ ʚʝʥʪʠʣʷʮʽʾ, 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷè, 11-13 ʙʝʨʝʟʥʷ 2015 ʨ. çʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷè, ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ 

ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ɺʦʜʘ-2015è  9-11 ʚʝʨʝʩʥʷ ʤ. ʆʜʝʩʘ, XXV ʄʽʞʥʘʨʦʜʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ ʝʢʦʣʦʛʽʾ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙôʻʢʪʽʚ ʝʥʝʨʛʝʪʠʢʠè 23-25 

ʚʝʨʝʩʥʷ ʤ. ʆʜʝʩʘ, ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ç ʃʴʚʽʚʩʴʢʠʡ ʝʢʦʬʦʨʫʤ : ɺʦʜʘ ʪʘ 

ɽʥʝʨʛʽʷè 19 ʣʠʩʪʦʧʘʜʘ 2015 ʨ., Iʍ ʄʽʞʥʘʨʦʜʥʦʤʫ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʤʫ 

ʩʝʤʽʥʘʨʽ çʇʨʦʙʣʝʤʠ ʚʦʜʦʧʨʦʚʽʜʥʦ-ʢʘʥʘʣʽʟʘʮʽʡʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʰʣʷʭʠ ʾʭ 

ʚʠʨʽʰʝʥʥʷè 29 ʙʝʨʝʟʥʷ 2016 ʨ., ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʄʽʩʴʢʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ. ʏʘʩ ʜʽʷʪʠè ʤ.ʄʠʢʦʣʘʾʚ 8 ʯʝʨʚʥʷ, ʤ. ʍʝʨʩʦʥ 9 ʯʝʨʚʥʷ ʪʘ ʤ. 

ʃʴʚʽʚ 26 ʞʦʚʪʥʷ 2016ʨ., ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʨʘʜʽ çʉʪʘʥ ʚʦʜʦʧʨʦʚʽʜʥʦ-
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ʢʘʥʘʣʽʟʘʮʽʡʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. ɺʠʭʽʜ ʟ ʢʨʠʟʠè, IX ʪʘ ʍɯ ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɹʽʦʪʝʭʥʦʣʦʛʽʷ XXI ʩʪʦʣʽʪʪʷè (ʤ. ʂʠʾʚ, 2015 

ʪʘ 2017 ʨʨ.), ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʠʨʦʜʘ ʜʣʷ 

ʚʦʜʠè (ʤ. ʂʠʾʚ, 2018 ʨ.).  

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ 29 ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ, ʩʝʨʝʜ ʷʢʠʭ, 20 ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʩʪʘʪʝʡ 

(ʫ ʪ.ʯ. 1 ʩʪʘʪʪ ̫ʫ ʚʠʜʘʥʥ ̔ʽʥʦʟʝʤʥʦ ʾʢʨʘʾʥʠ, 10 ʩʪʘʪʝʡ ʫ ʚʽʪʯʠʟʥʷʥʠʭ ʞʫʨʥʘʣʘʭ, 

ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟʘʭ ʜʘʥʠʭ), 7 ʪʝʟ 

ʜʦʧʦʚʽʜʝʡ, 1 ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ, 1 ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʤʽʱʫʻ ʚʩʪʫʧ, 

ʩʽʤ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʠ, ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ, ʜʦʜʘʪʢʠ, ʘʥʦʪʘʮʽʶ. 

ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 363 ʩʪʦʨʽʥʢʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʪʝʢʩʪʫ, ʚ 

ʪ.ʯ. 93 ʨʠʩʫʥʢʠ; 69 ʪʘʙʣʠʮʴ; 2 ʜʦʜʘʪʢʠ; ʩʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

ʩʪʘʥʦʚʠʪʴ - 330 ʥʘʡʤʝʥʫʚʘʥʴ. 
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ʈʆɿɼɯʃ 1. ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ 

 

1.1. ʆʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚ ʋʢʨʘʾʥʽ 

ʇʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʫʧʫ ʥʘʩʝʣʝʥʥʷ ʜʦ ʧʠʪʥʦʾ ʚʦʜʠ ʛʘʨʘʥʪʦʚʘʥʦʾ 

ʷʢʦʩʪʽ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʜʥʽʻʾ ʟ ʛʣʦʙʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʩʚʽʪʫ ʫ XXI ʩʪʦʣʽʪʪʽ [20, 

21]. ʉʚʽʪʦʚʘ ʩʧʽʣʴʥʦʪʘ ʧʨʠʭʦʜʠʪʴ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʟʘʛʨʦʟʘ ʡʦʛʦ ʽʩʥʫʚʘʥʥʶ 

ʧʦʣʷʛʘʻ ʥʝ ʩʪʽʣʴʢʠ ʚ ʘʪʦʤʥʽʡ ʥʝʙʝʟʧʝʮʽ, ʩʢʽʣʴʢʠ ʚ ʢʘʪʘʩʪʨʦʬʽʯʥʽʡ ʝʢʦʣʦʛʽʯʥʽʡ 

ʩʠʪʫʘʮʽʾ [14]. ʇʨʠ ʮʴʦʤʫ ʥʘʡʙʽʣʴʰʫ ʥʝʙʝʟʧʝʢʫ ʩʪʘʥʦʚʠʪʴ ʜʝʬʽʮʠʪ ʧʠʪʥʦʾ 

ʚʦʜʠ, ʧʨʦʛʨʝʩʫʶʯʝ ʧʦʛʽʨʰʝʥʥʷ ʾʾ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ, ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʫ ʙʘʛʘʪʴʦʭ 

ʨʝʛʽʦʥʘʭ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʠʤ ʚʠʤʦʛʘʤ, ʟʘʛʨʦʟʣʠʚʽ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʥʘʩʝʣʝʥʥʷ 

ʥʘʩʣʽʜʢʠ ʩʧʦʞʠʚʘʥʥʷ ʥʝʜʦʙʨʦʷʢʽʩʥʦʾ ʧʠʪʥʦʾ ʚʦʜʠ [22, 23].  

ɿʘ ʜʘʥʠʤʠ ɺʩʝʩʚʽʪʥʴʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ [13], ʧʨʠʯʠʥʘ 80 

ʚʽʜʩʦʪʢʽʚ ʫʩʽʭ ʟʘʭʚʦʨʶʚʘʥʴ ʧʦʚôʷʟʘʥʘ ʟ ʷʢʽʩʪʶ ʧʠʪʥʦʾ ʚʦʜʠ [24]. ɺʥʘʩʣʽʜʦʢ 

ʩʧʦʞʠʚʘʥʥʷ ʥʝʜʦʙʨʦʷʢʽʩʥʦʾ ʧʠʪʥʦʾ ʚʦʜʠ ʢʦʞʝʥ ʨʽʢ ʙʣʠʟʴʢʦ 25 ʚʽʜʩʦʪʢʽʚ 

ʥʘʩʝʣʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʜʠʪʷʯʦʛʦ, ʧʽʜʜʘʶʪʴʩʷ ʨʠʟʠʢʫ ʟʘʭʚʦʨʶʚʘʥʴ [13]. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʚʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʦʪʨʘʧʣʷʶʪʴ ʥʝ ʪʽʣʴʢʠ ʰʢʽʜʣʠʚʽ 

ʽʥʛʨʝʜʽʻʥʪʠ ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʧʦʙʫʪʦʚʠʭ ʩʪʽʯʥʠʭ ʚʦʜ, ʘ ʡ ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʽʢ ʟ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ, ʧʨʦʤʤʘʡʜʘʥʯʠʢʽʚ, ʩʝʣʽʪʝʙʥʠʭ ʪʝʨʠʪʦʨʽʡ ʽ ʪ.ʧ. [5, 

13, 14]. ɸʥʪʨʦʧʦʛʝʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʣʘʥʜʰʘʬʪʽʚ (ʨʦʟʦʨʶʚʘʥʥʷ 

ʣʫʢʽʚ, ʚʠʨʫʙʫʚʘʥʥʷ ʣʽʩʫ, ʟʘʙʫʜʦʚʘ ʪʝʨʠʪʦʨʽʾ, ʦʩʦʙʣʠʚʦ ʚʦʜʦʦʭʦʨʦʥʥʠʭ ʟʦʥ 

ʪʦʱʦ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʥʦʩʫ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʟ ʧʦʚʝʨʭʥʽ 

ʚʦʜʦʟʙʦʨʫ ʽ ʧʦʩʠʣʝʥʥʶ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ, ʟʦʢʨʝʤʘ ʪʠʭ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʮʽʣʝʡ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ [22].  

ɺʦʜʘ, ʷʢ ʧʨʠʨʦʜʥʠʡ ʨʝʩʫʨʩ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʪʘ 

ʟʙʝʨʝʞʝʥʥʷ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ, ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʦʚʦʣʴʩʪʚʘ, ʨʦʟʚʠʪʢʫ 

ʝʢʦʥʦʤʽʢʠ ʽ ʚʩʴʦʛʦ ʪʦʛʦ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʦʨʤʘʣʴʥʽ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ 

ʩʫʩʧʽʣʴʩʪʚʘ [25, 26]. ʊʝʥʜʝʥʮʽʷ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʧʨʠʨʦʜʥʠʭ ʚʦʜ (ʷʢ 

ʧʦʚʝʨʭʥʝʚʠʭ, ʪʘʢ ʽ ʧʽʜʟʝʤʥʠʭ ʜʞʝʨʝʣ), ʷʢʽ ʟʘʣʫʯʝʥʽ ʜʦ ʩʠʩʪʝʤ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʫ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ, ʪʦʤʫ 

ʱʦ ʤʘʩʰʪʘʙʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʚʞʝ ʥʝ ʩʫʤʽʩʥʽ ʟʽ ʟʜʘʪʥʽʩʪʶ ʛʽʜʨʦʩʬʝʨʠ 
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ʜʦ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ.  ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʫʩʢʣʘʜʥʶʻ ʧʨʦʙʣʝʤʫ ʦʜʝʨʞʘʥʥʷ ʧʠʪʥʦʾ 

ʚʦʜʠ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʪʘ ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʻ ʩʘʥʽʪʘʨʥʦ-ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʠʡ ʩʪʘʥ [27].  

ɺ ʋʢʨʘʾʥʽ ʙʽʣʴʰʽʩʪʴ ʩʧʦʨʫʜ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ, ʷʢʽ ʟʘ ʨʘʜʷʥʩʴʢʽ ʯʘʩʠ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʥʘ ʥʘʡʛʽʨʰʠʡ ʧʝʨʽʦʜ - ʧʘʚʦʜʦʢ [28, 29], ʜʦ ʩʴʦʛʦʜʥʽ 

ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ. 

ʆʜʥʘʢ ʟʨʦʩʪʘʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʚʦʜʥʽ ʜʞʝʨʝʣʘ, ʨʦʟʰʠʨʝʥʥʷ 

ʧʝʨʝʣʽʢʫ ʥʘʷʚʥʠʭ ʟʘʙʨʫʜʥʝʥʴ, ʾʭ ʥʘʢʦʧʠʯʝʥʥʷ ʫ ʯʘʩʽ ʪʦʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʨʠʟʠʢʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʜʞʝʨʝʣ ʨʝʯʦʚʠʥʘʤʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʽ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʧʘʪʦʛʝʥʥʠʤʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ [30-32].  

ʂʨ̔ʤ ʪʦʛʦ, ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʷʢʽ ʚ 

ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ, ʚʢʣʶʯʘʶʯʠ ʽ ʋʢʨʘʾʥʫ, ʽ 

ʷʢʽ ʻ ʜʣʷ ʥʠʭ ʥʝʧʨʠʨʦʜʥʠʤʠ, ʩʧʨʠʷʶʪʴ ʟʙʘʛʘʯʝʥʥʶ ʚʦʜʠ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʤʠ 

ʟʘʙʨʫʜʥʝʥʥʷʤʠ ʪʘ ʧʨʦʜʫʢʪʘʤʠ ʾʭ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ. ʎʝ ʦʙʫʤʦʚʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʙʘʨ'ʻʨʥʦʾ ʨʦʣʽ ʚʦʜʦʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʪʘ ʧʦʰʫʢʫ 

ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʚʦʜ (ʧʦʚʝʨʭʥʝʚʠʭ ʽ 

ʧʽʜʟʝʤʥʠʭ), ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ [14, 

30, 33, 34]. 

ɹʝʟʩʧʽʨʥʽʩʪʴ ʚʧʣʠʚʫ ʚʦʜʥʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ ʜʦʚʝʜʝʥʘ  

ʙʽʣʴʰ ʥʽʞ ʩʪʦʣʽʪʥʴʦʶ ʧʨʘʢʪʠʢʦʶ ʨʦʟʚʠʪʢʫ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, 

ʪʦʤʫ ʚʟʘʻʤʦʟʚôʷʟʦʢ çʚʦʜʘ ï ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠè ʻ ʦʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ 

ʨʦʟʚʠʪʢʫ ʙʫʜʴ- ʢ̫ʦʾ ʢʨʘʾʥʠ. ɺʘʞʣʠʚʘ ʨʦʣʴ ʫ ʮʴʦʤʫ ʣʘʥʮʶʛʫ ʥʘʣʝʞʠʪʴ ʧʠʪʥʽʡ 

ʚʦʜʽ ʪʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʤʫ ʧʠʪʥʦʤʫ ʚʦʜʦʧʦʩʪʘʯʘʥʥʶ [22].  

ɺʽʜʩʪʘʚʘʥʥʷ ʋʢʨʘʾʥʠ ʚʽʜ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ ʩʚʽʪʫ ʟʘ ʩʝʨʝʜʥʴʦʶ 

ʪʨʠʚʘʣʽʩʪʶ  ʞʠʪʪʷ ʫ ʧʝʚʥʽʡ ʤʽʨʽ ʧʦʚôʷʟʘʥʽ ʽ ʟʽ ʩʧʦʞʠʚʘʥʥʷʤ ʥʝʜʦʙʨʦʷʢʽʩʥʦʾ 

ʧʠʪʥʦʾ ʚʦʜʠ, ʱʦ ʥʘʜʘʻ ʧʨʦʙʣʝʤʽ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ 

ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʽ ʚʠʤʘʛʘʻ ʾʾ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʨʽʰʝʥʥʷ [22].  

ʉʠʪʫʘʮʽʷ ʫ ʩʝʢʪʦʨʽ ʚʦʜʦʧʨʦʚʽʜʥʦ-ʢʘʥʘʣʽʟʘʮʽʡʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ  ʢʨʘʾʥʠ, 

ʽ ʦʩʦʙʣʠʚʦ, ʚ ʥʝʚʝʣʠʢʠʭ ʤʽʩʴʢʠʭ ʽ ʩʽʣʴʩʴʢʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ 

ʧʦʩʪʨʘʜʷʥʩʴʢʦʛʦ ʧʨʦʩʪʦʨʫ, ʩʢʣʘʣʘʩʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʧʨʦʪʷʛʦʤ ʤʠʥʫʣʠʭ 
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ʜʝʩʷʪʠ-ʧôʷʪʥʘʜʮʷʪʠ ʨʦʢʽʚ ʫ ʛʘʣʫʟʴ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʢʣʘʜʘʣʠʩʴ ʥʝʦʙʭʽʜʥʽ 

ʽʥʚʝʩʪʠʮʽʾ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʧʦʩʪʫʧʦʚʦʛʦ ʬʽʟʠʯʥʦʛʦ ʽ ʤʦʨʘʣʴʥʦʛʦ ʩʪʘʨʽʥʥʷ 

ʩʠʩʪʝʤ ʽ ʦʙʣʘʜʥʘʥʥʷ, ʟʙʽʣʴʰʝʥʥʷ ʘʚʘʨʽʡʥʦʩʪʽ ʥʘ ʦʙôʻʢʪʘʭ ʽ ʤʝʨʝʞʘʭ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʩʧʦʞʠʚʘʯʘʤ ʪʦʱʦ [13]. 

ɺ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʽ ʙʫʜʽʚʥʠʮʪʚʦ, ʷʢ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʪʘʢ ʽ ʚ ʮʽʣʦʤʫ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʥʦʩʠʣʠ ʧʝʨʝʚʘʞʥʦ 

ʪʦʯʢʦʚʠʡ, ʣʦʢʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʙʫʣʠ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʨʝʤʦʥʪ ʦʢʨʝʤʠʭ 

ʘʚʘʨʽʡʥʠʭ ʦʙôʻʢʪʽʚ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ ʧʨʦʜʦʚʞʫʚʘʣʘ 

ʟʥʠʞʫʚʘʪʠʩʴ. ʗʢ ʥʘʩʣʽʜʦʢ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʝʨʝʚʘʞʥʘ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʩʚʽʪʦʚʦʤʫ ʨʽʚʥʶ, ʘʣʝ ʡ ʚʟʘʛʘʣʽ 

ʥʘʙʣʠʞʫʻʪʴʩʷ ʟʘ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ ʜʦ ʘʚʘʨʽʡʥʦʛʦ, ʯʘʩʪʠʥʘ  ʚʦʜʦʧʨʦʚʦʜʽʚ ʥʝ 

ʤʘʶʪʴ ʥʝʦʙʭʽʜʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʜʣʷ ʟʥʝʟʘʨʘʞʝʥʥʷ ʽ ʦʯʠʱʝʥʥʷ 

ʚʦʜʠ [11, 13, 35]. 

ɿʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ï ʜʞʝʨʝʣ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʧʨʠ 

ʥʝʜʦʩʪʘʪʥʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʚʦʜʦʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʩʧʨʠʯʠʥʷʻ ʧʦʛʽʨʰʝʥʥʷ 

ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʩʧʦʞʠʚʘʯʘʤ, ʽ ʩʪʚʦʨʶʻ ʩʝʨʡʦʟʥʫ ʥʝʙʝʟʧʝʢʫ 

ʜʣʷ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ ʚ ʙʘʛʘʪʴʦʭ ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ, ʦʙʫʤʦʚʣʶʻ ʚʠʩʦʢʠʡ 

ʨʽʚʝʥʴ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʢʠʰʢʦʚʠʤʠ ʽʥʬʝʢʮʽʷʤʠ, ʛʝʧʘʪʠʪʦʤ, ʟʙʽʣʴʰʫʻ ʩʪʫʧʽʥʴ 

ʨʠʟʠʢʫ ʚʧʣʠʚʫ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʢʘʥʮʝʨʦʛʝʥʥʠʭ ʽ ʤʫʪʘʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ 

[36]. ʏʘʩʪʠʥʘ ʤʝʰʢʘʥʮʽʚ ʢʨʘʾʥʠ ʟʤʫʰʝʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʠʪʥʠʭ ʮʽʣʝʡ 

ʚʦʜʫ, ʱʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʷʜʦʤ ʧʦʢʘʟʥʠʢʽʚ ʛʽʛʽʻʥʽʯʥʠʤ ʚʠʤʦʛʘʤ; ʤʘʡʞʝ 

ʪʨʝʪʠʥʘ ʥʘʩʝʣʝʥʥʷ ʢʨʘʾʥʠ ʢʦʨʠʩʪʫʻʪʴʩʷ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʙʝʟ ʚʽʜʧʦʚʽʜʥʦʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ; ʥʘʩʝʣʝʥʥʷ ʨʷʜʫ ʨʝʛʽʦʥʽʚ 

ʩʪʨʘʞʜʘʻ ʯʝʨʝʟ ʜʝʬʽʮʠʪ ʧʠʪʥʦʾ ʚʦʜʠ ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʚôʷʟʘʥʠʭ ʽʟ ʮʠʤ ʥʘʣʝʞʥʠʭ 

ʩʘʥʽʪʘʨʥʦ-ʧʦʙʫʪʦʚʠʭ ʫʤʦʚ [25]. 

 

1.2. ʅʦʨʤʘʪʠʚʥʽ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ 

ʅʘ ʧʨʘʚʦʚʦʤʫ ʨʽʚʥʽ ʷʢʽʩʪʴ ʧʠʪʥʦʾ ʚʦʜʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ ʩʧʝʮʽʘʣʴʥʦʤʫ 
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ʥʦʨʤʘʪʠʚʥʦʤʫ ʜʦʢʫʤʝʥʪʽ ʯʝʨʝʟ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ  ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʛʦʣʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ ʢʦʥʪʨʦʣʶ ʟʘ ʾʭ ʜʦʪʨʠʤʘʥʥʷʤ. ʎʝʡ ʜʦʢʫʤʝʥʪ 

ʤʽʩʪʠʪʴ ʧʝʨʝʣʽʢ ʽ ʛʨʘʥʠʯʥʦʜʦʧʫʩʪʠʤʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʽʤʽʯʥʠʭ ʽ ʙʽʦʣʦʛʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʛʘʨʘʥʪʫʶʪʴ ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʫ ʽ ʨʘʜʽʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ ʧʠʪʥʦʾ 

ʚʦʜʠ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʽ ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ (ʝʩʪʝʪʠʯʥʽ) ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʪʝʭʥʽʯʥʦ ʜʦʩʷʞʥʠʤʠ ʚ ʩʫʯʘʩʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʫʤʦʚʘʭ.  

ʋ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʟ ʷʢʦʩʪʽ 

ʧʠʪʥʦʾ ʚʦʜʠ ʻ ʈʝʢʦʤʝʥʜʘʮʽʾ ɺʩʝʩʚʽʪʥʴʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ (ɺʆʆɿ), 

ʯʝʨʛʦʚʝ ʯʝʪʚʝʨʪʝ ʚʠʜʘʥʥʷ ʷʢʠʭ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʫ 2017 ʨʦʮʽ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʫ 

ʚʢʘʟʘʥʦʤʫ ʜʦʢʫʤʝʥʪʽ ʟʘʩʚʽʜʯʫʻʪʴʩʷ, ʱʦ ʢʦʥʢʨʝʪʥʽ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʧʠʪʥʦʾ 

ʚʦʜʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʫʪʦʯʥʝʥʽ, ʚʠʭʦʜʷʯʠ  ʟ ʤʽʩʮʝʚʠʭ ʫʤʦʚ (ʥʘʩʘʤʧʝʨʝʜ, ʜʞʝʨʝʣ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ), ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʬʽʥʘʥʩʦʚʦʾ ʩʠʪʫʘʮʽʾ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʦʛʦ 

ʤʝʪʦʜʠʯʥʦʛʦ, ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ, ʪʝʭʥʽʯʥʦʛʦ, ʘʥʘʣʽʪʠʯʥʦʛʦ ʪʘ ʽʥʰʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʜʝʨʞʘʚʠ ʯʠ ʨʝʛʽʦʥʫ [13]. 

ʗʢʽʩʪʴ ʧʠʪʥʦʾ ʚʦʜʠ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʜʝʨʞʘʚʥʠʤʠ ʯʠ ʥʘʮʽʦʥʘʣʴʥʠʤʠ 

ʥʦʨʤʘʪʠʚʥʠʤʠ ʘʢʪʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʠʤʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʝʨʞʘʚʠ (ʯʠ ʛʨʫʧʠ 

ʜʝʨʞʘʚ) [10, 37, 38]. ɺ ʫʩʴʦʤʫ ʩʚʽʪʽ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ ʧʦʩʪʽʡʥʦ 

ʢʦʨʝʛʫʶʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʦʚʽʪʥʽʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʚʧʣʠʚʫ 

ʧʠʪʥʦʾ ʚʦʜʠ ʥʘ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ, ʟʤʽʥʦʶ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ, ʘ 

ʦʪʞʝ ʽ ʷʢʽʩʪʶ ʧʨʠʨʦʜʥʠʭ ʜʞʝʨʝʣ, ʷʢʽ ʟʘʣʫʯʝʥʽ ʜʦ ʩʠʩʪʝʤ ʧʠʪʥʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ [23].  

ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚ ʋʢʨʘʾʥʽ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʽʚ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʦʯʠʩʥʽ 

ʩʧʦʨʫʜʠ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʚʞʝ ʥʝ ʻ ʘʜʝʢʚʘʪʥʠʤʠ ʥʘʷʚʥʽʡ ʷʢʦʩʪʽ ʚʦʜʠ ʽ ʥʝ 

ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʙʘʨôʻʨʥʫ ʨʦʣʴ ʜʦ ʚʩʽʭ ʧʨʠʩʫʪʥʽʭ ʫ ʥʽʡ ʟʘʙʨʫʜʥʶʚʘʯʽʚ [39-

41].   

ʅʘ ʰʣʷʭʫ ʽʥʪʝʛʨʘʮʽʾ ʜʦ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʋʢʨʘʾʥʘ ʧʦʚʠʥʥʘ 

ʨʦʟʚʠʚʘʪʠʩʷ ʩʘʤʝ ʟʘ ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʽ ʩʪʘʥʜʘʨʪʘʤʠ [42, 43], ʘ 

ʦʪʞʝ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʥʦʚʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʦʙʦʚôʷʟʢʦʚʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ, ʟʦʢʨʝʤʘ ɼʠʨʝʢʪʠʚʫ 98/83/ɭC çʇʨʦ ʷʢʽʩʪʴ 
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ʧʠʪʥʦʾ ʚʦʜʠ, ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ ʣʶʜʠʥʦʶè. ɿʘʧʨʦʚʘʜʞʫʶʯʠ 

ʟʘʟʥʘʯʝʥʫ ɼʠʨʝʢʪʠʚʫ ʢʨʘʾʥʠ-ʯʣʝʥʠ ɭʉ ʧʨʘʛʥʫʣʠ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʚ ʙʫʜʴ-ʷʢʽʡ 

ʢʨʘʾʥʽ ɭʉ ʣʶʜʠʥʘ ʤʦʞʝ ʧʠʪʠ ʚʦʜʫ çʟ ʢʨʘʥʫè ʟ ʘʙʩʦʣʶʪʥʦʶ ʫʧʝʚʥʝʥʽʩʪʶ ʚ 

ʪʦʤʫ, ʱʦ ʚʦʥʘ ʻ ʙʝʟʧʝʯʥʦʶ ʜʣʷ ʟʜʦʨʦʚôʷ. ʇʨʦʪʝ ʢʦʞʥʘ ʢʨʘʾʥʘ ʫ ʨʘʟʽ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʩʮʝʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʠʩʪʝʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ʤʦʞʝ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʚʦʜʠ, ʘ ʪʘʢʦʞ ʧʨʠʡʤʘʪʠ 

ʟʥʘʯʝʥʥʷ ʦʢʨʝʤʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʠʱʠʤʠ ʟʘ ʥʘʚʝʜʝʥʽ ʫ ɼʠʨʝʢʪʠʚʽ (ʚ ʦʩʪʘʥʥʴʦʤʫ 

ʚʠʧʘʜʢʫ, ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʽʥʬʦʨʤʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʽʥʩʪʘʥʮʽʾ 

ʱʦʜʦ ʪʘʢʠʭ ʜʽʡ) [37]. 

ʆʩʥʦʚʥʠʤ ʥʦʨʤʘʪʠʚʥʠʤ ʜʦʢʫʤʝʥʪʦʤ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʻ ʷʢʽʩʪʴ ʧʠʪʥʦʾ 

ʚʦʜʠ ʚ ʋʢʨʘʾʥʽ, ʻ ɼʝʨʞʘʚʥʽ ʩʘʥʽʪʘʨʥʽ ʧʨʘʚʠʣʘ ʽ ʥʦʨʤʠ - ɼʉʘʥʇʽʅ  2.2.4-171-10 

çɻʽʛʽʻʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʚʦʜʠ ʧʠʪʥʦʾ, ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ ʣʶʜʠʥʦʶè, 

ʷʢʽ ʚʚʝʜʝʥʽ ʫ ʜʽʶ ʇʦʩʪʘʥʦʚʦʶ ʛʦʣʦʚʥʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʩʘʥʽʪʘʨʥʦʛʦ ʣʽʢʘʨʷ 

ʋʢʨʘʾʥʠ ʚʽʜ 19.07.2010 ʟʘ ˉ26 (ʜʦʢʫʤʝʥʪ ʟʘʨʝʻʩʪʨʦʚʘʥʠʡ ʚ ʄʽʥʽʩʪʝʨʩʪʚʽ 

ʶʩʪʠʮʽʾ ʋʢʨʘʾʥʠ 1 ʣʠʧʥʷ 2010 ʨ. ʟʘ ˉ 452/17747). ʎʽʻʶ ʞ ʧʦʩʪʘʥʦʚʦʶ ʙʫʣʦ 

ʧʨʠʟʫʧʠʥʝʥʦ ʜʽʶ ɻʆʉʊ 2874-82 çɺʦʜʘ ʧʠʪʴʝʚʘʷ. ɻʠʛʠʝʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ 

ʠ ʢʦʥʪʨʦʣʴ ʟʘ ʢʘʯʝʩʪʚʦʤè [44]. 

ɼʉʘʥʇʽʅ  2.2.4-171-10 çɻʽʛʽʻʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʚʦʜʠ ʧʠʪʥʦʾ, ʧʨʠʟʥʘʯʝʥʦʾ 

ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ ʣʶʜʠʥʦʶè ʻ ʦʙʦʚ'ʷʟʢʦʚʠʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʨʛʘʥʘʤʠ 

ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ, ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ, ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, ʫʩʪʘʥʦʚʘʤʠ, 

ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ ʚʣʘʩʥʦʩʪʽ ʪʘ ʧʽʜʧʦʨʷʜʢʫʚʘʥʥʷ, ʜʽʷʣʴʥʽʩʪʴ 

ʷʢʠʭ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷʤ, ʙʫʜʽʚʥʠʮʪʚʦʤ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʩʠʩʪʝʤ 

ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʦʤ ʪʘ ʦʙʽʛʦʤ ʧʠʪʥʠʭ ʚʦʜ, ʥʘʛʣʷʜʦʤ ʽ 

ʢʦʥʪʨʦʣʝʤ ʫ ʩʬʝʨʽ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘʩʝʣʝʥʥʷ, ʪʘ ʛʨʦʤʘʜʷʥʘʤʠ. 

ʉʘʥʽʪʘʨʥʽ ʥʦʨʤʠ ʚʩʪʘʥʦʚʣʶʶʪʴ ʚʠʤʦʛʠ ʜʦ ʙʝʟʧʝʯʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʧʠʪʥʦʾ 

ʚʦʜʠ, ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ ʣʶʜʠʥʦʶ, ʘ ʪʘʢʦʞ ʧʨʘʚʠʣʘ ʚʠʨʦʙʥʠʯʦʛʦ 

ʢʦʥʪʨʦʣʶ ʪʘ ʜʝʨʞʘʚʥʦʛʦ ʩʘʥʽʪʘʨʥʦ-ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʦʛʦ ʥʘʛʣʷʜʫ ʫ ʩʬʝʨʽ 

ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘʩʝʣʝʥʥʷ. ɺʢʘʟʘʥʠʡ ʜʦʢʫʤʝʥʪ ʤʽʩʪʠʪʴ ʧʝʨʝʣʽʢ ʽ 

ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʠʭ ʽ ʙʽʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʟʫʤʦʚʣʶʶʪʴ 
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ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʫ ʽ ʨʘʜʽʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ ʧʠʪʥʦʾ ʚʦʜʠ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʽ 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ (ʝʩʪʝʪʠʯʥʽ) ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʪʝʭʥʽʯʥʦ ʜʦʩʷʞʥʠʤʠ ʚ 

ʩʫʯʘʩʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʫʤʦʚʘʭ.  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʫ çɻʆʉʊ 2874-82è 

ʫ ɼʉʘʥʇʽʅ  2.2.4-171-10   ʙʫʣʦ ʟʙʽʣʴʰʝʥʦ ʢʽʣʴʢʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ, ʚʠʟʥʘʯʝʥʥʷ 

ʷʢʠʭ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ, ʥʝʰʢʽʜʣʠʚʦʾ ʪʘ 

ʙʝʟʧʝʯʥʦʾ ʜʣʷ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ, ʪʘ ʟʤʝʥʰʝʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʨʽʚʥʽ ʜʝʷʢʠʭ ʟ 

ʥʠʭ [6, 22, 45]. ɿʦʢʨʝʤʘ, ʨʦʟʰʠʨʝʥʦ ʟʘʛʘʣʴʥʠʡ ʧʝʨʝʣʽʢ ʪʦʢʩʠʢʦʣʦʛʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʽ ʧʨʠʚʝʜʝʥʦ ʾʭ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟ ɼʠʨʝʢʪʠʚʦʶ ɭʉ. ʊʘʢʽ 

ʢʦʤʧʦʥʝʥʪʠ, ʷʢ ʨʪʫʪʴ, ʢʘʜʤʽʡ, ʮʽʘʥʽʜʠ, ʪʘʣʽʡ, ʰʝʩʪʠʚʘʣʝʥʪʥʽʡ ʭʨʦʤ, 1,1-

ʜʠʭʣʦʝʪʘʣʝʥ, 1,2-ʜʠʭʣʦʝʪʠʣʝʥ, ʙʝʥʟ/ʘ/ʧʠʨʝʥ ʥʝ ʧʦʚʠʥʥʽ ʟʥʘʭʦʜʠʪʠʩʷ ʫ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ ʛʨʘʥʠʯʥʦ  ʜʦʧʫʩʪʠʤʽ ʚʝʣʠʯʠʥʠ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʫ ʛʦʣʦʚʥʦʤʫ ʜʦʜʘʪʢʫ ɼʠʨʝʢʪʠʚʠ ɭʉ. ʊʝ ʞ ʩʘʤʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʭʽʤʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʦʜʠ, ʩʧʨʦʤʦʞʥʠʭ ʟʤʽʥʶʚʘʪʠ ʾʾ ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ (ʮʠʥʢ, ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ, ʥʘʬʪʦʧʨʦʜʫʢʪʠ, ʬʝʥʦʣʠ). 

ʑʦʜʦ ʽʥʰʠʭ ʭʽʤʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʥʝ ʥʘʚʝʜʝʥʠʭ ʫ ʚʢʘʟʘʥʠʭ ɼʉʘʥʇʽʅ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʫ ʚʦʜʽ ʜʞʝʨʝʣ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʧʨʦʤʠʩʣʦʚʦʛʦ, 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʪʘ ʧʦʙʫʪʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʴ, ʪʦ ʾʭ ʥʘʷʚʥʽʩʪʴ ʥʝ 

ʜʦʧʫʩʢʘʻʪʴʩʷ ʘʙʦ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʛʨʘʥʠʯʥʦ 

ʜʦʧʫʩʪʠʤʽ ʢʦʥʮʝʥʪʨʘʮʽʾ (ɻɼʂ).    

ɼʦ ʧʝʨʝʣʽʢʫ ʪʦʢʩʠʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʝʟʧʝʯʥʦʩʪʽ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʧʠʪʥʦʾ ʚʦʜʠ ʙʫʣʦ ʚʽʜʥʝʩʝʥʦ ʪʨʠʛʘʣʦʛʝʥʤʝʪʘʥʠ, ʘʣʝ ʪʝʨʤʽʥʠ ʜʣʷ ʦʙʦʚôʷʟʢʦʚʦʛʦ 

ʢʦʥʪʨʦʣʶ ʦʢʨʝʤʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʮʽʻʾ ʛʨʫʧʠ ʙʫʣʦ ʚʠʜʦʚʞʝʥʦ ʜʦ 2020 ʨʦʢʫ. 

ʉʫʪʪʻʚʦʛʦ ʜʦʧʦʚʥʝʥʥʷ ʟʘʟʥʘʣʠ ʝʧʽʜʝʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʙʝʟʧʝʢʠ ʧʠʪʥʦʾ ʚʦʜʠ, ʘ 

ʩʘʤʝ ʚʧʝʨʰʝ ʩʪʘʣʦ ʦʙʦʚôʷʟʢʦʚʠʤ ʚʠʟʥʘʯʝʥʥʷ ʫ ʚʦʜʽ ʧʘʨʘʟʠʪʦʣʦʛʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʜʘʥʠʤʠ ʧʨʦ ʟʨʦʩʪʘʥʥʷ ʫ ʢʨʘʾʥʘʭ ʩʚʽʪʫ 

ʝʧʽʜʝʤʽʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʦʜʥʦʛʦ ʯʠʥʥʠʢʘ ʚ ʽʥʬʝʢʮʽʡʥʽʡ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ 

ʥʘʩʝʣʝʥʥʷ ʧʘʨʘʟʠʪʦʟʘʤʠ, ʾʭ ʟʥʘʯʫʱʦʩʪʽ ʷʢ ʧʦʢʘʟʥʠʢʽʚ ʚʪʦʨʠʥʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ʫ ʚʦʜʦʧʨʦʚʽʜʥʽʡ ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʶ ʜʦʩʷʛʥʝʥʥʷ 
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ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʽʪʯʠʟʥʷʥʠʭ ʚʠʤʦʛ ʤʽʞʥʘʨʦʜʥʠʤ ʢʨʠʪʝʨʽʷʤ ʝʧʽʜʝʤʽʯʥʦʾ ʙʝʟʧʝʢʠ 

ʧʠʪʥʦʾ ʚʦʜʠ. ɺʧʝʨʰʝ ʪʘʢʦʞ ʚʚʝʜʝʥʦ ʚʠʟʥʘʯʝʥʥʷ ʧʘʪʦʛʝʥʥʠʭ ʙʘʢʪʝʨʽʡ, ʚʽʨʫʩʽʚ 

ʪʘ ʢʦʣʽʬʘʛʽʚ.  

ʋ ɼʉʘʥʇʽʅ 2.2.4-171-10 ʧʝʨʝʜʙʘʯʝʥʽ ʽ çʧʦʢʘʟʥʠʢʠ ʬʽʟʽʦʣʦʛʽʯʥʦʾ 

ʧʦʚʥʦʮʽʥʥʦʩʪʽ ʷʢʦʩʪʽ ʚʦʜʠè, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʘʜʝʢʚʘʪʥʽʩʪʴ ʤʽʥʝʨʘʣʴʥʦʛʦ 

ʩʢʣʘʜʫ ʚʦʜʠ ʙʽʦʣʦʛʽʯʥʠʤ ʧʦʪʨʝʙʘʤ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ. ʊʘʢʽ ʥʦʨʤʘʪʠʚʠ 

ʧʝʨʝʜʙʘʯʝʥʽ ʫ ʜʦʢʫʤʝʥʪʘʭ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ ʩʚʽʪʫ, ʘ ʾʭ ʚʠʙʽʨ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʽʜʦʤʽʡ ʫ ʜʘʥʠʡ ʯʘʩ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʚʤʽʩʪʫ ʫ 

ʚʦʜʽ ʜʝʷʢʠʭ ʙʽʦʛʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɺʨʘʭʦʚʫʶʯʠ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʜʦʟʚʦʣʝʥʠʭ ʄʆɿ ʋʢʨʘʾʥʠ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʨʘʢʪʠʮʽ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʨʽʟʥʠʭ 

ʨʝʘʛʝʥʪʽʚ (ʢʦʘʛʫʣʷʥʪʽʚ, ʬʣʦʢʫʣʷʥʪʽʚ, ʜʝʟʽʥʬʝʢʪʘʥʪʽʚ ʪʦʱʦ), ʫ ɼʉʘʥʇʽʅ ʜʣʷ ʾʭ 

ʟʘʣʠʰʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʽ ʛʽʛʽʻʥʽʯʥʽ ʥʦʨʤʘʪʠʚʠ [14, 46, 47]. 

ʋ ʚʢʘʟʘʥʠʭ ɼʉʘʥʇʽʅ ʦʢʨʝʤʦ ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʫ ʩʠʩʪʝʤʘʭ ʧʠʪʥʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʣʠʰʝ ʤʘʪʝʨʽʘʣʠ, 

ʭʽʤʽʯʥʽ ʨʝʯʦʚʠʥʠ ʪʘ ʩʧʦʣʫʢʠ (ʢʦʘʛʫʣʷʥʪʠ, ʬʣʦʢʫʣʷʥʪʠ, ʨʝʘʛʝʥʪʠ ʜʣʷ 

ʟʥʝʟʘʨʘʞʝʥʥʷ, ʢʦʥʩʝʨʚʘʥʪʠ, ʻʤʢʦʩʪʽ, ʪʘʨʘ, ʟʘʩʦʙʠ ʟʘʢʫʧʦʨʶʚʘʥʥʷ, ʤʠʡʥʽ ʪʘ 

ʜʝʟʽʥʬʽʢʫʶʯʽ ʟʘʩʦʙʠ, ʦʙʣʘʜʥʘʥʥʷ, ʫʩʪʘʪʢʫʚʘʥʥʷ, ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʪʦʱʦ), 

ʷʢʽ ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʟʚʽʣ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʨʛʘʥʫ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ ʽʟ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʘʥʽʪʘʨʥʦʛʦ ʪʘ ʝʧʽʜʝʤʽʯʥʦʛʦ ʙʣʘʛʦʧʦʣʫʯʯʷ ʥʘʩʝʣʝʥʥʷ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʮʽʡ ʩʬʝʨʽ [24]. 

ɺʘʞʣʠʚʝ ʤʽʩʮʝ ʧʨʠ ʟʘʧʨʦʚʘʜʞʝʥʥʽ ʙʫʜʴ-ʷʢʦʛʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʫ 

ʟʘʡʤʘʻ ʡʦʛʦ ʤʝʪʦʜʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʦʢʨʝʤʘ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʤʝʪʦʜʠ 

ʘʥʘʣʽʟʫ ʚʦʜʠ. ʗʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʨʷʜ ʭʽʤʽʯʥʠʭ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʦʜʠ ʙʫʣʠ ʟʘʧʨʦʚʘʜʞʝʥʽ ʫʧʝʨʰʝ, ʧʨʦʪʝ ʫ ʚʢʘʟʘʥʦʤʫ 

ʜʦʢʫʤʝʥʪʽ ʟ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʧʨʠʩʫʪʥʽ ʣʠʰʝ ʧʦʩʠʣʘʥʥʷ ʥʘ ʣʽʪʝʨʘʪʫʨʥʽ ʜʞʝʨʝʣʘ, 

ʘ ʩʘʤʝ ʤʝʪʦʜʠʯʥʽ ʚʢʘʟʽʚʢʠ, ʨʝʢʦʤʝʥʜʘʮʽʾ, ʫʥʽʬʽʢʦʚʘʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʪʦʱʦ. 

ɸʣʝ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʪʦʢʩʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʚʤʽʩʪ ʷʢʠʭ ʫ ʚʦʜʽ ʜʫʞʝ 

ʥʠʟʴʢʽʡ, ʥʝʦʙʭʽʜʥʽ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ (ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʽ, 
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ʤʘʩʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʽ, ʘʪʦʤʥʦ- ʘʙʦ ʧʣʘʟʤʝʥʥʦʬʦʪʦʤʝʪʨʠʯʥʽ ʪʘ ʽʥ.), ʷʢʽ 

ʧʦʪʨʝʙʫʶʪʴ ʥʝ ʪʽʣʴʢʠ ʩʢʣʘʜʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘʣʝ ʡ 

ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʧʝʨʩʦʥʘʣʫ. ʊʝ ʞ ʩʘʤʝ ʚʽʜʥʦʩʠʪʴʩʷ ʽ ʜʦ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ ʪʘ ʧʘʨʘʟʠʪʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʇʨʦʪʝ ʧʨʦʙʣʝʤʘ 

ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʜʦʩʽ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʮʽʣʦʤʫ ʥʝʚʠʟʥʘʯʝʥʦʶ ʽ 

ʜʫʞʝ ʟʘʧʣʫʪʘʥʦʶ. 

ɼʉʘʥʇʽʅ  2.2.4-171-10 çɻʽʛʽʻʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʚʦʜʠ ʧʠʪʥʦʾ, ʧʨʠʟʥʘʯʝʥʦʾ 

ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ ʣʶʜʠʥʦʶè ʚʩʪʘʥʦʚʣʶʻ ʚʠʤʦʛʠ ʟʘ 76 ʧʦʢʘʟʥʠʢʘʭ ʷʢʦʩʪʽ ʚʦʜʠ, 

ʚʚʝʜʝʥʥʷ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʝʪʘʧʥʦ: ʟ ʣʠʧʥʷ 2010 ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʥʪʨʦʣʴ ʟʘ 

53 ʧʦʢʘʟʥʠʢʘʤʠ, ʟ 01.01.2015 ʨ. - ʟʘ 64 ʧʦʢʘʟʥʠʢʘʤʠ, ʟ 01.01.2020 ʨ. - ʟʘ 76 

ʧʦʢʘʟʥʠʢʘʤʠ. 

ɿʘ ʜʦʜʝʨʞʘʥʥʷʤ ʚʠʤʦʛ ɼʉʘʥʇʽʅ 2.2.4-171-10 ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʝʨʞʘʚʥʠʡ 

ʩʘʥʽʪʘʨʥʦ-ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʠʡ ʥʘʛʣʷʜ ʫ ʧʦʨʷʜʢʫ ʟʘʧʦʙʽʞʥʦʛʦ ʪʘ ʧʦʪʦʯʥʦʛʦ 

ʥʘʛʣʷʜʫ, ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʧʣʘʥʦʚʽ ʚʠʙʽʨʢʦʚʽ ʧʝʨʝʚʽʨʢʠ ʜʦʪʨʠʤʘʥʥʷ 

ʩʘʥʽʪʘʨʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʥʘ ʦʙôʻʢʪʘʭ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘʩʝʣʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʧʦʟʘʧʣʘʥʦʚʦ ʟʘʣʝʞʥʦ ʚʽʜ ʩʘʥʽʪʘʨʥʦ-ʝʧʽʜʝʤʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʪʘ ʟʘ ʟʚʝʨʥʝʥʥʷʤʠ 

ʛʨʦʤʘʜʷʥ [6]. 

ʊʝʭʥʦʣʦʛʽʾ ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʰʠʨʦʢʦ ʦʧʠʩʘʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ. ʋ 

ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʢʣʘʩʠʯʥʽ (ʨʝʘʛʝʥʪʽ) ʧʨʦʮʝʩʠ, ʪʘʢ ʽ 

ʤʝʤʙʨʘʥʥʽ (ʙʝʟʨʝʘʛʝʥʪʥʽ) ʪʝʭʥʦʣʦʛʽʾ[30, 48-56] 

ɺ ʷʢʦʩʪʽ ʜʦʦʯʠʱʝʥʥʷ ʧʨʦʜʦʚʞʫʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʚʽʣʴʥʽ 

(ʙʽʦʣʦʛʽʯʥʽ) ʬʽʣʴʪʨʠ ʟ ʨʽʟʥʠʤʠ ʥʦʩʽʷʤʠ[57-59]. ʎʽʢʘʚʽʩʪʴ ʪʘʢʦʞ ʷʚʣʷʶʪʴ 

ʪʝʭʥʦʣʦʛʽʾ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʯʠʱʝʥʥʷ, ʟʦʢʨʝʤʘ ʚʽʜ ʮʠʘʥʦʙʘʢʪʝʨʽʡ[31, 60, 61]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʨʝʘʛʝʥʪʽʚ ʜʣʷ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʝ ʚ 

ʨʦʙʦʪʘʭ [62-69]. 

ɿʥʘʯʥʫ ʮʽʢʘʚʽʩʪʴ ʪʘʢʦʞ ʷʚʣʷʶʪʴ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ, 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʟʘʩʪʦʩʫʚʘʥʥʶ ʭʣʦʨʫ, ʷʢʽ ʥʝ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʊɻʄ. ɺ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʤʦʚʘ ʡʜʝ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʽʦʢʩʠʜʫ ʭʣʦʨʫ, ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ, ʘ 

ʪʘʢʦʞ ʾʭ ʢʦʤʙʽʥʘʮʽʡ, ʚ ʪ.ʯ. ʟ ʭʣʦʨʚʤʽʩʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ[40, 70-73]. 
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ʗʢʽʩʪʴ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʪʘ ʩʧʦʩʦʙʠ ʾʾ ʜʦʩʷʛʥʝʥʥʷ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʽ ʚ 

ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʽʜʽʣʽ. 

 

1.3. ʗʢʽʩʪʴ ʚʦʜʠ ʧʽʜʟʝʤʥʠʭ ʜʞʝʨʝʣ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ʇʽʜʟʝʤʥʽ ʚʦʜʠ ʜʦʩʠʪʴ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʠʩʪʝʤʘʭ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʪʦʤʫ ʱʦ, ʥʘʩʘʤʧʝʨʝʜ, ʻ ʙʽʣʴʰ 

ʟʘʭʠʱʝʥʠʤʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʧʦʚʝʨʭʥʝʚʠʤʠ. ʂʨʽʤ ʪʦʛʦ, ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʟʘʟʚʠʯʘʡ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʦʩʠʪʴ ʚʠʩʦʢʠʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʪʘ ʙʘʢʪʝʨʽʦʣʦʛʽʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ, ʤʘʶʪʴ ʧʦʩʪʽʡʥʠʡ ʛʽʜʨʦʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʷʢʠʡ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʛʦʜʥʠʭ ʽ ʩʝʟʦʥʥʠʭ ʢʦʣʠʚʘʥʴ [5, 8, 9, 74]. 

ɼʦ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʭ ʧʨʦʙʣʝʤ ʧʽʜʛʦʪʦʚʢʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʜʣʷ 

ʧʠʪʥʠʭ ʮʽʣʝʡ ʚʽʜʥʦʩʷʪʴʩʷ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʩʧʦʣʫʢ ʟʘʣʽʟʘ, ʤʘʥʛʘʥʫ, ʘʤʦʥʽʶ, 

ʤʽʥʝʨʘʣʴʥʠʭ ʩʦʣʝʡ, ʨʦʟʯʠʥʝʥʠʭ ʫ ʚʦʜʽ ʛʘʟʽʚ [47, 75-78].  

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʷʢʠʡ ʥʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʟʘʙʨʫʜʥʶʚʘʯʽʚ, ʧʦʚ'ʷʟʘʥʘ ʟ ʡʦʛʦ ʚʧʣʠʚʦʤ ʥʘ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ 

ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ ʚʢʘʟʘʥʠʭ ʚʠʱʝ ʽʥʛʨʝʜʽʻʥʪʽʚ [79]. 

ʈʦʟʯʠʥʝʥʠʡ ʫ ʚʦʜʽ ʩʽʨʢʦʚʦʜʝʥʴ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʨʅ Ò 5,0 ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʤʦʣʝʢʫʣʷʨʥʽʡ ʬʦʨʤʽ, ʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʨʅ ʯʘʩʪʢʦʚʦ ʧʝʨʝʭʦʜʠʪʴ ʫ ʬʦʨʤʫ 

ʛʽʜʨʦʩʫʣʴʬʽʜ-ʽʦʥʫ. ʅʘʡʯʘʩʪʽʰʝ ʦʩʥʦʚʥʘ ʤʘʩʘ ʩʽʨʢʦʚʦʜʥʶ ʚʠʚʦʜʠʪʴʩʷ  

ʜʝʩʦʨʙʮʽʻʶ ʧʽʜ ʯʘʩ ʘʝʨʘʮʽʾ ʚʦʜʠ. ʊʘʢʘ ʪʝʭʥʦʣʦʛʽʷ ʻ ʦʩʦʙʣʠʚʦ ʜʦʮʽʣʴʥʦʶ, ʷʢʱʦ 

ʦʜʥʦʯʘʩʥʦ ʟ ʩʽʨʢʦʚʦʜʥʝʤ ʥʝʦʙʭʽʜʥʦ ʚʠʜʘʣʠʪʠ ʽ ʽʥʰʽ ʛʘʟʠ, ʥʘʩʘʤʧʝʨʝʜ, 

ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ. ʗʢ ʜʝʩʦʨʙʝʨ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʛʨʘʜʠʨʥʽ, ʧʨʠ ʥʠʟʴʢʦʤʫ ʚʤʽʩʪʽ 

ʩʽʨʢʦʚʦʜʥʶ - ʙʨʠʟʢʘʣʴʥʽ ʫʩʪʘʥʦʚʢʠ, ʘ ʧʨʠ ʚʝʣʠʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ - ʧʽʥʥʘ 

ʜʝʛʘʟʘʮʽʷ [7, 80, 81] 

ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʟʘʣʫʯʝʥʠʭ ʜʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʠʪʥʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʦʩʥʦʚʥʦʛʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʫ - 

ɼʉʘʥʇʽʅ 2.2.4-171-10 çɻʽʛʽʻʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʚʦʜʠ ʧʠʪʥʦʾ, ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ 

ʩʧʦʞʠʚʘʥʥʷ ʣʶʜʠʥʦʶè - ʟʘ ʦʜʥʠʤ ʘʙʦ ʢʽʣʴʢʦʤʘ ʧʦʢʘʟʥʠʢʘʤ. ʅʘʩʘʤʧʝʨʝʜ, 

ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʧʨʘʢʪʠʯʥʦ ʥʘ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʟʙʘʛʘʯʝʥʽ ʩʧʦʣʫʢʘʤʠ 
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ʟʘʣʽʟʘ, ʧʨʠʯʦʤʫ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʤʽʥʶʻʪʴʩʷ ʫ ʜʫʞʝ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ - ʚʽʜ 

0,5 ʜʦ 20 ʤʛ/ʜʤ
3
 (ʽʥʦʜʽ ʽ ʙʽʣʴʰʝ). ɻʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʡ ʚʤʽʩʪ ʮʴʦʛʦ 

ʽʥʛʨʝʜʽʻʥʪʫ ʫ ʚʢʘʟʘʥʠʭ ʉʘʥʇʽʅ ʙʫʚ ʟʥʠʞʝʥʠʡ ʟ 0,3 ʜʦ 0,2 ʤʛ/ʜʤ
3
, ʱʦ ʩʫʪʪʻʚʦ 

ʧʦʛʽʨʰʠʣʦ ʽʩʥʫʶʯʫ ʩʠʪʫʘʮʽʶ. ʉʪʘʥʮʽʾ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʚʦʜʠ ʧʦʙʫʜʦʚʘʥʦ ʣʠʰʝ ʫ 

ʤʽʩʪʘʭ ʦʙʣʘʩʥʦʛʦ ʘʙʦ ʨʘʡʦʥʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʤʘʣʽ ʤʽʩʪʘ ʪʘ ʩʽʣʴʩʴʢʽ 

ʥʘʩʝʣʝʥʽ ʧʫʥʢʪʠ ʤʘʡʞʝ ʧʦʚʩʶʜʥʦ ʧʦʩʪʘʯʘʶʪʴʩʷ ʧʠʪʥʦʶ ʚʦʜʦʶ ʟ ʧʽʜʚʠʱʝʥʠʤ 

ʚʤʽʩʪʦʤ ʟʘʣʽʟʘ. ʇʨʠ ʮʴʦʤʫ ʥʘʷʚʥʽ ʩʪʘʥʮʽʾ ʘʙʦ ʬʽʣʴʪʨʠ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʚʦʜʠ 

ʟʘʟʚʠʯʘʡ ʧʨʘʮʶʶʪʴ ʥʝʝʬʝʢʪʠʚʥʦ, ʥʝ ʜʦʟʚʦʣʷʶʯʠ ʚʠʜʘʣʠʪʠ ʟʘʣʽʟʦ ʜʦ 

ʧʦʪʨʽʙʥʦʛʦ ʨʽʚʥʷ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʜʦʩʷʛʪʠ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʯʠʥʥʠʤ ʥʦʨʤʘʪʠʚʥʠʤ 

ʜʦʢʫʤʝʥʪʦʤ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʟʘʣʽʟʘ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ ʙʝʟ ʚʽʜʧʦʚʽʜʥʦʾ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ [8, 9, 75].  

ʆʜʥʦʯʘʩʥʦ ʽʟ ʟʘʣʽʟʦʤ ʫ ɼʉʘʥʇʽʅ ʙʫʣʦ ʟʤʝʥʰʝʥʦ ʽ ʢʦʥʮʝʥʪʨʘʮʽʶ ʩʧʦʣʫʢ 

ʤʘʥʛʘʥʫ (ʟ 0,1 ʜʦ 0,05 ʤʛ/ʜʤ
3
), ʷʢʽ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʻ çʩʫʧʨʦʚʦʜʞʫʶʯʠʤè 

ʢʦʤʧʦʥʝʥʪʦʤ ʟʘʣʽʟʘ [7, 74, 82, 83]. 

ɼʣʷ ʙʘʛʘʪʴʦʭ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʭʘʨʘʢʪʝʨʥʘ ʽ ʥʘʷʚʥʽʩʪʴ ʩʧʦʣʫʢ ʘʤʦʥʽʶ, ʷʢʽ 

ʧʦʪʨʘʧʣʷʶʪʴ ʜʦ ʥʝʾ ʯʝʨʝʟ ʥʝʧʨʘʚʠʣʴʥʝ ʫʣʘʰʪʫʚʘʥʥʷ ʘʙʦ ʧʦʚʥʫ ʚʽʜʩʫʪʥʽʩʪʴ 

ʟʦʥ ʩʘʥʽʪʘʨʥʦʾ ʦʭʦʨʦʥʠ ʜʞʝʨʝʣ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ (ʩʚʝʨʜʣʦʚʠʥʠ, 

ʥʘʧʨʠʢʣʘʜ, ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʙʣʠʟʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʦʜʴ, ʪʚʘʨʠʥʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʽ ʪ.ʧ.). ɺʤʽʩʪ ʘʤʦʥʽʶ ʫ ʧʠʪʥʽʡ ʚʦʜʽ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʨʽʚʥʽ - 0,5 

ʤʛ/ʜʤ
3
, ʙʫʜʴ-ʷʢʽ ʩʧʝʮʽʘʣʴʥʽ ʩʧʦʨʫʜʠ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʮʴʦʛʦ ʽʥʛʨʝʜʽʻʥʪʫ ʫ 

ʩʠʩʪʝʤʘʭ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ ʚʽʜʩʫʪʥʽ [84].  

ʊʝʭʥʦʣʦʛʽʾ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʬʝʥʦʣʽʚ ʦʧʠʩʘʥʽ ʚ ʨʦʙʦʪʘʭ [85]. 

ɿ ʽʥʰʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ, ʜʦʩʪʘʪʥʴʦ ʧʦʰʠʨʝʥʠʭ ʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ 

ʋʢʨʘʾʥʠ, ʥʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ ʧʽʜʚʠʱʝʥʫ, ʘ ʧʦʜʝʢʫʜʠ ʽ ʚʠʩʦʢʫ ʤʽʥʝʨʘʣʽʟʘʮʽʶ 

ʚʦʜʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʾʾ ʞʦʨʩʪʢʽʩʪʴ. ɼʣʷ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʪʘʢʠʭ ʚʦʜ ʥʘʡʙʽʣʴʰ 

ʜʦʮʽʣʴʥʠʤ ʚʚʘʞʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʨʘʪʥʦʦʩʤʦʪʠʯʥʠʭ, ʤʝʤʙʨʘʥʥʠʭ ʪʘ 

ʘʥʘʣʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʧʨʦʪʝ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʩʪʘʥʮʽʷʭ ʚʦʜʦʦʯʠʱʝʥʥʷ 

ʦʙʤʝʞʫʻʪʴʩʷ  ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʽʯʥʽ, ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʧʨʠʯʠʥʠ. 
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ʇʦʜʝʢʫʜʠ ʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʚʽʜʤʽʯʘʻʪʴʩʷ ʧʦʥʘʜʥʦʨʤʘʪʠʚʥʠʡ ʚʤʽʩʪ 

ʽʥʰʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʩʧʦʣʫʢʠ ʘʨʩʝʥʫ, ʥʘʬʪʦʧʨʦʜʫʢʪʠ, ʟʘʣʠʰʢʠ 

ʧʝʩʪʠʮʠʜʽʚ ʪʘ ʽʥ., ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ (ʥʘʧʨʠʢʣʘʜ, ʩʦʨʙʮʽʡʥʽ ʪʘ ʤʝʤʙʨʘʥʥʽ) [77, 78, 86-98].  

 

1.4. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ 

ʗʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʴ ʚʠʱʝ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʣʽʟʘ ʫ ʧʠʪʥʽʡ ʚʦʜʽ ʦʙʤʝʞʝʥʘ 

ʥʘ ʨʽʚʥʽ 0,2 ʤʛ/ʜʤ
3
. ɿʛʽʜʥʦ ɼʉʘʥʇʽʅ  2.2.4-171-10 ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʧʨʠ 

ʥʝʚʠʩʦʢʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʢʘʟʘʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʽ ʚʽʜʩʫʪʥʦʩʪʽ ʚʦʜʦʦʯʠʩʥʠʭ 

ʩʧʦʨʫʜ, ʟʘ ʫʟʛʦʜʞʝʥʥʷʤ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʘʥʽʪʘʨʥʠʤʠ ʦʨʛʘʥʘʤʠ, ʜʦʟʚʦʣʷʻʪʴʩʷ 

ʧʦʜʘʚʘʪʠ ʚʦʜʫ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʟʘʣʽʟʘ ʜʦ 1 ʤʛ/ʜʤ
3
, ʦʜʥʘʢ ʪʘʢʽ ʜʦʟʚʦʣʠ ʤʦʞʥʘ 

ʙʫʜʝ ʦʪʨʠʤʫʚʘʪʠ ʣʠʰʝ ʜʦ 2020 ʨʦʢʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʢʘʟʘʥʽ ʤʽʨʠ ʻ 

ʪʠʤʯʘʩʦʚʠʤʠ ʽ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʦʜʦʟʘʙʦʨʫ ʧʽʜʟʝʤʥʘ ʚʦʜʘ ʧʦʚʠʥʥʘ 

ʧʨʦʭʦʜʠʪʠ ʩʧʝʮʽʘʣʴʥʫ ʦʙʨʦʙʢʫ (ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʥʝʟʘʣʽʟʥʝʥʥʷ) ʜʣʷ 

ʜʦʚʝʜʝʥʥʷ ʾʾ ʷʢʦʩʪʽ ʜʦ ʚʠʤʦʛ ʯʠʥʥʦʛʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʫ.  

ʋ ʧʨʘʢʪʠʮʽ ʧʽʜʛʦʪʦʚʢʠ ʧʠʪʥʦʾ ʚʦʜʠ ʽʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʦʯʠʱʝʥʥʷ ʚʦʜʠ 

ʚʽʜ ʩʧʦʣʫʢ ʟʘʣʽʟʘ, ʷʢʽ ʨʽʟʥʷʪʴʩʷ ʟʘ ʩʪʫʧʝʥʝʤ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ, 

ʝʢʦʥʦʤʽʯʥʦʩʪʽ, ʧʨʦʩʪʦʪʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʦʱʦ. ɺʠʙʽʨ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʤʝʪʦʜʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʭʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪʫ, ʬʦʨʤʠ ʡʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʫ 

ʚʦʜʽ, ʘ ʪʘʢʦʞ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜʟʝʤʥʦʾ ʚʦʜʠ [5, 6, 11, 75, 82, 

99-105]. 

ʇʨʦʮʝʩ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʚʦʜʠ ʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʠʤʠ ʦʩʥʦʚʥʠʤʠ 

ʩʧʦʩʦʙʘʤʠ: ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʡ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʦʢʠʩʥʝʥʥʽ ʟʘʣʽʟʘ ʟ ʥʘʩʪʫʧʥʠʤ 

ʚʠʜʘʣʝʥʥʷʤ ʫʪʚʦʨʝʥʦʾ ʪʚʝʨʜʦʾ ʬʘʟʠ ʡʦʛʦ ʛʽʜʨʦʢʩʠʜʥʠʭ ʩʧʦʣʫʢ; ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʽʦʥʦʦʙʤʽʥʥʠʭ ʘʙʦ ʤʝʤʙʨʘʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʪʘʢ ʟʚʘʥʦʛʦ ʤʝʪʦʜʫ 

çɺʝʨʽʜʦʢʩè (ʦʯʠʱʝʥʥʷ ʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʚʦʜʦʥʦʩʥʦʤʫ ʧʣʘʩʪʽ) ʪʘ 

ʙʽʦʪʝʭʥʦʣʦʛʽʾ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʩʝʨʝʜ ʚʢʘʟʘʥʠʭ ʻ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʡ ʤʝʪʦʜ 

[82, 101].  
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ɼʣʷ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʟ ʚʦʜʠ ʡʦʛʦ, ʥʘʩʘʤʧʝʨʝʜ, ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʝʩʪʠ ʫ 

ʤʘʣʦʨʦʟʯʠʥʥʫ ʩʧʦʣʫʢʫ. ɺ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʋʢʨʘʾʥʠ, ʤʘʣʦ ʟʙʘʛʘʯʝʥʠʭ 

ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ (ʷʢʽ ʻ ʘʢʪʠʚʥʠʤʠ ʢʦʤʧʣʝʢʩʘʥʪʘʤʠ), ʟʘʣʽʟʦ ʟʘʟʚʠʯʘʡ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʬʦʨʤʽ Fe (ɯɯ). ɼʦ ʤʘʣʦʨʦʟʯʠʥʥʠʭ ʩʧʦʣʫʢ ʮʽʻʾ ʬʦʨʤʠ ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ: 

ʬʦʩʬʘʪ ʟʘʣʽʟʘ - FePO4, ʜʦʙʫʪʦʢ ʨʦʟʯʠʥʥʦʩʪʽ ɼʈ FePO4 = 3,5 Ö 10
-27

; 

ʢʘʨʙʦʥʘʪ ʟʘʣʽʟʘ - FeCO3, ɼʈ FeCO3 = 3,5 Ö 10
-11

; 

ʩʫʣʴʬʽʜ ʟʘʣʽʟʘ - FeS,  ɼʈ FeS = n Ö 10
-20

; 

ʛʽʜʨʦʢʩʠʜ ʟʘʣʽʟʘ - Fe(OH)2, ɼʈ Fe(OH)2 = 1 Ö 10
-15

 

ʆʜʥʘʢ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʚʢʘʟʘʥʠʭ ʩʧʦʣʫʢ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʝʥʦʛʦ ʟʘʣʽʟʘ, 

ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʨʽʚʥʦʚʘʟʽ ʟ ʪʚʝʨʜʦʶ ʬʘʟʦʶ, ʙʫʜʝ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʚʩʪʘʥʦʚʣʝʥʽ ʥʦʨʤʘʪʠʚʥʽ ʚʠʤʦʛʠ - 0,2 ʤʛ/ʜʤ
3
, ʪʦʙʪʦ ʚʠʜʘʣʠʪʠ ʟ ʚʦʜʠ ʟʘʣʽʟʦ ʜʦ 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʽʚʥʷ ʫ 2-ʚʘʣʝʥʪʥʽʡ ʬʦʨʤʽ ʥʝʤʦʞʣʠʚʦ [11, 74, 

83]. 

ɯʟ ʩʧʦʣʫʢ ʟʘʣʽʟʘ - Fe (ɯɯɯ) ʤʽʥʽʤʘʣʴʥʦʶ ʨʦʟʯʠʥʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʡʦʛʦ ʛʽʜʨʦʢʩʠʜ Fe(OH)3 (ɼʈ Fe(OH)3 = 6,3 Ö 10
-38
), ʷʢʠʡ ʧʨʠ çʩʪʘʨʽʥʥʽè ʩʪʘʻ ʱʝ 

ʤʝʥʰ ʨʦʟʯʠʥʥʦʶ ʩʧʦʣʫʢʦʶ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʫʤʘʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʨʦʟʯʠʥʥʠʭ ʬʦʨʤ ʟʘʣʽʟʘ ʫ ʚʦʜʽ ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʻ ʟʥʘʯʥʦ ʤʝʥʰʦʶ 

ʟʘ 0,2 ʤʛ/ʜʤ
3
, ʦʪʞʝ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʟʘʣʽʟʘ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʫ ʬʦʨʤʽ 

ʛʽʜʨʦʢʩʠʜʥʠʭ ʩʧʦʣʫʢ Fe (ɯɯɯ). ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʩ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʟ 

ʧʽʜʟʝʤʥʦʾ ʚʦʜʠ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ [11, 83]: 

ʦʢʠʩʥʝʥʥʷ: Fe
2+

 Ý  Fe
3+

 + ʝ 

ʛʽʜʨʦʣʽʟ: Fe
3+

 + 3 OH
-
 Ý Fe(OH)3 

ʧʝʨʝʭʽʜ ʫ ʪʚʝʨʜʫ ʬʘʟʫ ï ʦʩʘʜʞʝʥʥʷ Fe(OH)3® 

ɺʨʘʭʦʚʫʶʯʠ ʩʢʘʟʘʥʝ, ʪʝʭʥʦʣʦʛʽʷ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʚʦʜʠ ʟʘ ʚʠʱʝʥʘʚʝʜʝʥʠʤ 

ʤʝʪʦʜʦʤ ʚʢʣʶʯʘʻ ʢʽʣʴʢʘ ʩʪʘʜʽʡ, ʘ ʩʘʤʝ ʦʢʠʩʥʝʥʥʷ Fe (ɯɯ), ʛʽʜʨʦʣʽʟ Fe (ɯɯɯ) ʽ  

ʦʩʘʜʞʝʥʥʷ ʫʪʚʦʨʝʥʠʭ ʩʧʦʣʫʢ ʫ ʚʠʛʣʷʜʽ ʪʚʝʨʜʦʾ ʬʘʟʠ. ʆʩʪʘʥʥʽʡ ʝʪʘʧ ʤʦʞʝ 

ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʘʙʦ ʫ ʪʦʚʱʽ ʬʽʣʴʪʨʫʶʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʫ ʚʽʜʩʪʽʡʥʠʭ 

ʩʧʦʨʫʜʘʭ [7].  
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ɺʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʤʝʪʦʜʦʤ ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʘʙʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʤʝʤʙʨʘʥ ʧʦʣʷʛʘʻ ʫ ʬʽʣʴʪʨʫʚʘʥʥʽ ʟʘʣʽʟʦʚʤʽʩʥʦʾ ʚʦʜʠ ʢʨʽʟʴ ʰʘʨ ʢʘʪʽʦʥʽʪʫ ʘʙʦ 

ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʽʙʨʘʥʠʭ ʤʝʤʙʨʘʥ ʟ ʥʘʩʪʫʧʥʦʶ ʨʝʛʝʥʝʨʘʮʽʶ ʬʽʣʴʪʨʫʶʯʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚʽʜʧʦʚʽʜʥʠʤ ʨʦʟʯʠʥʦʤ (ʨʝʛʝʥʝʨʘʥʪʦʤ). ʎʽ ʤʝʪʦʜʠ ʻ ʜʦʩʠʪʴ 

ʩʧʝʮʠʬʽʯʥʠʤʠ, ʧʦʨʽʚʥʷʥʦ ʚʘʨʪʽʩʥʠʤʠ ʽ ʧʦʢʠ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʰʝ ʚ 

ʣʦʢʘʣʴʥʠʭ ʧʨʦʮʝʩʘʭ ʧʽʜʛʦʪʦʚʢʠ ʚʦʜʠ ʥʘ ʦʢʨʝʤʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ [62, 106-108]. 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ çɺʝʨʽʜʦʢʩè ʧʦʣʷʛʘʻ ʚ ʦʢʠʩʥʝʥʥʽ ʟʘʣʽʟʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʫ ʧʣʘʩʪʽ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʫ ʚʦʜʦʚʤʽʩʥʠʡ ʧʣʘʩʪ ʧʦʜʘʻʪʴʩʷ ʦʢʠʩʥʶʚʘʯ (ʢʠʩʝʥʴ, 

ʥʘʩʠʯʝʥʘ ʢʠʩʥʝʤ ʚʦʜʘ ʪʘ ʽʥ.), ʷʢʠʡ ʦʢʠʩʥʶʻ ʟʘʣʽʟʦ, ʘ ʫʪʚʦʨʝʥʽ ʥʝʨʦʟʯʠʥʥʽ 

ʩʧʦʣʫʢʠ ʟʘʪʨʠʤʫʶʪʴʩʷ ʫ ʧʣʘʩʪʽ. ʇʨʦʪʝ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʜʠʤʫ ʧʨʦʩʪʦʪʫ 

ʜʘʥʦʛʦ ʤʝʪʦʜʫ, ʥʘʩʧʨʘʚʜʽ ʚʽʥ ʻ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʠʤ ʽ ʥʝ ʟʥʘʡʰʦʚ ʰʠʨʦʢʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʨʘʢʪʠʮʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ [109, 110]. 

ɹʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʚʦʜʠ, ʙʝʟʫʤʦʚʥʦ, ʻ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʦʯʠʱʝʥʥʷ ʚʦʜʠ [111-113]. ɺʦʥʠ ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʝʮʽʘʣʴʥʠʭ ʦʩʦʙʣʠʚʠʭ ʘʙʦ ʩʧʝʮʠʬʽʯʥʠʭ  ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, 

ʥʘʡʙʽʣʴʰ ʜʦʩʣʽʜʞʝʥʠʤʠ, ʘ ʦʪʞʝ ʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʟ ʷʢʠʭ, ʻ 

ʟʘʣʽʟʦʙʘʢʪʝʨʽʾ. ʆʩʪʘʥʥʽ ʧʝʨʝʚʦʜʷʪʴ ʩʧʦʣʫʢʠ Fe(ɯɯ) ʫ Fe (ɯɯɯ), ʷʢʽ ʟʘʚʜʷʢʠ 

ʛʽʜʨʦʣʽʟʫ ʦʩʘʜʞʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʤʘʣʦʨʦʟʯʠʥʥʠʭ ʛʽʜʨʦʢʩʠʜʥʠʭ ʩʧʦʣʫʢ. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʽʥʪʝʥʩʠʚʥʠʡ ʨʽʩʪ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ ʚʽʜʤʽʯʘʻʪʴʩʷ ʫ ʚʦʜʽ ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʽʜ 10 ʜʦ 30 ʤʛ/ʜʤ
3
 ʟʘʣʽʟʘ, ʘʣʝ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʷʜʫ ʜʦʩʣʽʜʞʝʥʴ 

[114-116] ʚʦʥʠ ʤʦʞʫʪʴ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʪʠʩʷ ʽ ʧʨʠ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʡʦʛʦ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ. ʇʨʠ ʮʴʦʤʫ ʻʜʠʥʦʶ ʫʤʦʚʦʶ ʨʦʟʚʠʪʢʫ - ʻ ʧʽʜʪʨʠʤʘʥʥʷ 

ʢʠʩʣʦʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʜʦʩʪʘʪʥʴʦ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ 

ʜʦʩʪʫʧʽ ʢʠʩʥʶ ʟ ʧʦʚʽʪʨʷ, ʭʦʯʘ ʙ ʫ ʜʫʞʝ ʤʘʣʠʡ ʢʽʣʴʢʦʩʪʽ [117, 118].    

ʇʨʦʪʝ ʟʘ ʚʩʽ ʧʝʨʝʚʘʛʠ  ʫ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʻ ʜʫʞʝ ʩʫʪʪʻʚʠʡ 

ʥʝʜʦʣʽʢ ï ʮʝ ʚʽʜʥʦʩʥʘ ʥʠʟʴʢʘ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʪʨʠʤʘʥʥʷ 

ʩʧʝʮʠʬʽʯʥʠʭ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʊʦʤʫ, ʮʽ ʤʝʪʦʜʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʠʰʝ ʚ ʜʝʷʢʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ, ʫ ʚʽʪʯʠʟʥʷʥʽʡ ʧʨʘʢʪʠʮʽ 

ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʚʦʥʠ ʧʦʢʠ ʱʝ ʚʽʜʩʫʪʥʽ [10, 99, 119, 120]. 
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ʆʪʞʝ, ʥʘʡʙʽʣʴʰ ʪʝʭʥʦʣʦʛʽʯʥʠʤ, ʽ ʯʝʨʝʟ ʮʝ ʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ, ʻ ʤʝʪʦʜ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʢʠʩʥʝʥʥʷ ʚʦʜʠ ʟ ʥʘʩʪʫʧʥʠʤ ʚʽʜʜʽʣʝʥʥʷʤ ʫʪʚʦʨʝʥʦʛʦ ʦʩʘʜʫ 

ʰʣʷʭʦʤ ʬʽʣʴʪʨʫʚʘʥʥʷʤ. ʇʨʠ ʮʴʦʤʫ ʷʢ ʦʢʠʩʥʶʚʘʯ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʢʠʩʝʥʴ ʧʦʚʽʪʨʷ, ʷʢʠʡ ʚʚʦʜʠʪʴʩʷ ʫ ʚʦʜʫ ʤʝʪʦʜʦʤ ʩʧʨʦʱʝʥʦʾ ʘʝʨʘʮʽʾ. ʇʽʜ ʯʘʩ 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʩʧʦʯʘʪʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫʪʚʦʨʶʻʪʴʩʷ 

ʦʩʦʙʣʠʚʘ ʧʣʽʚʢʘ ʽʟ ʩʧʦʣʫʢ ʟʘʣʽʟʘ, ʷʢʘ ʚʠʩʪʫʧʘʻ ʫ ʨʦʣʽ ʢʘʪʘʣʽʟʘʪʦʨʘ, ʱʦ 

ʘʢʪʠʚʥʦ ʽʥʪʝʥʩʠʬʽʢʫʻ ʧʨʦʮʝʩʠ ʦʢʠʩʥʝʥʥʷ ʽ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʟʘʣʽʟʘ ʧʨʦʪʷʛʦʤ 

ʬʽʣʴʪʨʦʮʠʢʣʫ  [121-123].  

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʚʠʢʣʶʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʦʚʥʦʤʫ 

ʦʢʠʩʥʝʥʥʽ ʚʩʴʦʛʦ ʟʘʣʽʟʘ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ, ʘ ʦʪʞʝ ʥʝʤʘʻ ʧʦʪʨʝʙʠ ʫ 

ʩʧʝʮʽʘʣʴʥʠʭ ʘʝʨʘʮʽʡʥʠʭ ʩʧʦʨʫʜʘʭ (ʛʨʘʜʠʨʥʽ, ʙʨʠʟʢʘʣʴʥʽ ʙʘʩʝʡʥʠ ʪʦʱʦ) [11, 

20, 75, 100, 121]. 

ʄʝʪʦʜ ʩʧʨʦʱʝʥʦʾ ʘʝʨʘʮʽʾ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʫ ʜʚʦʭ ʚʘʨʽʘʥʪʘʭ: 

ʙʝʟʥʘʧʽʨʥʦʤʫ ʽ ʥʘʧʽʨʥʦʤʫ. ʋ ʙʝʟʥʘʧʽʨʥʽʡ ʩʭʝʤʽ ʥʘʩʠʯʝʥʥʷ ʚʦʜʠ ʢʠʩʥʝʤ 

ʧʦʚʽʪʨʷ  ʜʦʩʷʛʘʻʪʴʩʷ ʚʽʣʴʥʠʤ ʟʣʠʚʦʤ ʚʦʜʠ ʫ çʢʠʰʝʥʶè ʘʙʦ ʮʝʥʪʨʘʣʴʥʠʡ 

ʢʘʥʘʣ ʬʽʣʴʪʨʫ ʟ ʚʠʩʦʪʠ 0,5-1,0 ʤ. ʋ ʥʘʧʽʨʥʠʭ ʩʭʝʤʘʭ ʧʦʚʽʪʨʷ ʧʦʜʘʻʪʴʩʷ ʜʦ 

ʪʨʫʙʦʧʨʦʚʦʜʫ ʚʽʜ ʧʦʚʽʪʨʦʜʫʚʦʢ [11, 75, 82, 101]. 

ɯʥʦʜʽ, ʢʦʣʠ ʟʘʣʽʟʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʦʜʽ ʫ ʚʘʞʢʦ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʬʦʨʤʽ 

(ʥʘʧʨʠʢʣʘʜ, ʢʦʤʧʣʝʢʩʥʽ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ ʟʘʣʽʟʘ), ʤʝʪʦʜ ʩʧʨʦʱʝʥʦʾ ʘʝʨʘʮʽʾ ʻ 

ʥʝʜʦʩʪʘʪʥʽʤ ʽ ʥʝ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʚʝʜʝʥʥʷ ʟʘʣʽʟʘ ʫ ʡʦʛʦ 3-ʭ ʚʘʣʝʥʪʥʫ 

ʬʦʨʤʫ ʪʘ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʛʽʜʨʦʢʩʠʜʥʠʭ ʩʧʦʣʫʢ. ɺ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʽʣʴʰ ʧʦʪʫʞʥʽ ʦʢʠʩʥʶʚʘʯʽ (ʭʣʦʨ, ʦʟʦʥ ʪʘ ʽʥ.), ʘ ʪʘʢʦʞ 

ʣʫʞʥʽ ʘʛʝʥʪʠ (ʚʘʧʥʦ, ʩʦʜʘ) [11, 101].  

ʆʩʥʦʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʫ ʥʘʚʝʜʝʥʽʡ ʚʠʱʝ 

ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʧʘʜʘʻ ʥʘ ʬʽʣʴʪʨʫʚʘʣʴʥʽ ʩʧʦʨʫʜʠ, ʘ ʩʘʤʝ, ʥʘ ʬʽʣʴʪʨʫʶʯʝ 

ʟʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʠ ʚʠʙʦʨʽ ʦʩʪʘʥʥʴʦʛʦ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʡʦʛʦ ʚʘʨʪʽʩʪʴ, ʜʦʩʪʫʧʥʽʩʪʴ ʜʣʷ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʫʩʽʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ, 

ʪʦʢʩʠʢʦʣʦʛʽʯʥʠʤ ʪʘ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʠʤ ʚʠʤʦʛʘʤ ʜʦ ʬʽʣʴʪʨʫʶʯʠʭ 
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ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʦʤʫ ʚʦʜʦʧʦʩʪʘʯʘʥʥʽ 

[11, 101]. ɼʦ ʝʬʝʢʪʠʚʥʠʭ ʬʽʣʴʪʨʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʢʘʟʘʥʽ 

ʚʠʱʝ ʚʠʤʦʛʠ ʚʽʜʥʦʩʠʪʴʩʷ ʧʨʠʨʦʜʥʠʡ ʮʝʦʣʽʪ - ʢʣʽʥʦʧʪʠʣʦʣʽʪ [11]. 

ɿʘ ʥʘʷʚʥʦʩʪʽ ʫ ʧʽʜʟʝʤʥʽʡ ʚʦʜʽ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘʣʽʟʘ (15-20 

ʤʛ/ʜʤ
3
) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʭʝʤʘ ʜʚʦʩʪʫʧʝʥʝʚʦʛʦ ʬʽʣʴʪʨʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʥʘ 

ʧʦʯʘʪʢʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʫʣʘʰʪʦʚʫʻʪʴʩʷ ʚʝʥʪʠʣʷʪʦʨʥʘ ʛʨʘʜʠʨʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʦʜʥʦʯʘʩʥʦ ʚʠʨʽʰʫʚʘʪʠ ʜʚʘ ʟʘʚʜʘʥʥʷ: ʜʝʛʘʟʘʮʽʶ (ʚʠʜʘʣʝʥʥʷ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʽ ʩʽʨʢʦʚʦʜʥʶ) ʽ ʥʘʩʠʯʝʥʥʷ ʚʦʜʠ ʢʠʩʥʝʤ [124-126]. 

ʗʢʱʦ ʜʝʛʘʟʘʮʽʷ ʚʦʜʠ ʥʝ ʧʦʪʨʽʙʥʘ, ʘ ʥʝʦʙʭʽʜʥʠʡ ʩʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥʷ 

ʢʠʩʥʝʤ ʚʦʜʠ ʚ ʛʨʘʜʠʨʥʷʭ ʥʝ ʜʦʩʷʛʘʻʪʴʩʷ, ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʩʭʝʤʠ ʟ 

ʦʜʥʦ-ʘʙʦ ʜʚʦʩʪʫʧʝʥʝʚʦʶ ʫʩʪʘʥʦʚʢʦʶ ʥʘʧʽʨʥʠʭ ʬʽʣʴʪʨʽʚ ʽ ʟ ʥʘʧʽʨʥʠʤʠ 

ʟʤʽʰʫʚʘʯʘʤʠ, ʜʦ ʷʢʠʭ ʧʽʜʚʦʜʠʪʴʩʷ ʩʪʠʩʥʫʪʝ ʧʦʚʽʪʨʷ (ʧʨʠ ʥʘʜʣʠʰʢʦʚʠʭ 

ʪʠʩʢʘʭ ʨʦʟʯʠʥʥʽʩʪʴ ʢʠʩʥʶ ʟʨʦʩʪʘʻ) [125-127].  

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʟʠʪʠʚʥʠʭ  ʨʝʟʫʣʴʪʘʪʽʚ ʙʝʟʨʝʘʛʝʥʪʥʦʛʦ ʟʥʝʟʘʣʽʟʥʝʥʥʷ 

ʘʙʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ ʽʥʰʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʩʧʝʮʽʘʣʴʥʽ ʨʝʘʛʝʥʪʥʽ ʤʝʪʦʜʠ. ʇʨʠ ʜʫʞʝ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʟʘʣʽʟʘ ʤʦʞʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʚʦʩʪʫʧʝʥʝʚʘ ʩʭʝʤʘ ʟ ʦʩʚʽʪʣʝʥʥʷʤ ʚʦʜʠ ʫ ʚʽʜʩʪʽʡʥʠʢʘʭ (ʘʙʦ ʚ 

ʦʩʚʽʪʣʶʚʘʯʘʭ ʽʟ ʟʘʚʠʩʣʠʤ ʦʩʘʜʦʤ) ʽ ʬʽʣʴʪʨʫʚʘʥʥʷʤ. ʗʢʱʦ ʘʝʨʘʮʽʻʶ ʥʝ 

ʚʜʘʻʪʴʩʷ ʜʦʩʷʛʪʠ ʥʝʦʙʭʽʜʥʦʛʦ ʩʪʫʧʝʥʷ ʥʘʩʠʯʝʥʥʷ ʚʦʜʠ ʢʠʩʥʝʤ, 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʙʽʣʴʰ ʧʦʪʫʞʥʽ ʥʽʞ ʢʠʩʝʥʴ ʧʦʚʽʪʨʷ ʦʢʠʩʥʶʚʘʯʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʭʣʦʨ, ʦʟʦʥ, ʧʝʨʤʘʥʛʘʥʘʪ ʢʘʣʽʶ ʘʙʦ ʽʥʰʽ ʨʝʘʛʝʥʪʠ. ʇʨʠ ʥʘʜʣʠʰʢʫ ʫ ʚʠʭʽʜʥʽʡ 

ʚʦʜʽ ʘʛʨʝʩʠʚʥʦʾ ʚʫʛʣʝʢʠʩʣʦʪʠ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʾʾ ʧʦʧʝʨʝʜʥʶ ʜʝʩʦʨʙʮʽʶ, 

ʱʦ ʩʢʦʨʦʯʫʻ ʚʠʪʨʘʪʠ ʣʫʞʥʠʭ ʨʝʘʛʝʥʪʽʚ [100, 127-129]. 

ʋ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʤʘʥʛʘʥ ʟʘʟʚʠʯʘʡ ʧʨʠʩʫʪʥʽʡ ʫ ʚʠʛʣʷʜʽ Mn (ɯɯ)  ʽ ʫ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʻ ʩʫʧʫʪʥʽʤ ʢʦʤʧʦʥʝʥʪʦʤ ʟʘʣʽʟʘ [123, 130, 131]. ʊʝʭʥʦʣʦʛʽʷ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ ʧʨʠʥʮʠʧʦʚʦ ʩʭʦʞʘ ʟʽ ʟʥʝʟʘʣʽʟʥʝʥʥʷʤ, ʘʣʝ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʟʘʣʽʟʘ ʫ ʩʚʦʾʭ ʤʘʣʦʨʦʟʯʠʥʥʠʭ ʩʧʦʣʫʢʘʭ ʤʘʥʛʘʥ ʧʝʨʝʙʫʚʘʻ ʫ ʧʨʦʤʽʞʥʽʡ 

ʚʘʣʝʥʪʥʦʩʪʽ, ʱʦ ʧʦʪʨʝʙʫʻ ʧʽʜʪʨʠʤʘʥʥʷ ʚʝʣʠʯʠʥʘ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʽʘʣʫ ʩʠʩʪʝʤʠ 

ʥʘ ʨʽʚʥʽ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʦʢʠʩʥʝʥʥʷ ʤʘʥʛʘʥʫ ʣʠʰʝ ʜʦ Mn (ɯV)  [119, 
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132]. ʋʪʚʦʨʝʥʠʡ ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʦʩʘʜ ʚʘʞʢʦ ʨʦʟʯʠʥʥʠʭ ʩʧʦʣʫʢ ʤʦʞʝ 

ʚʠʜʘʣʷʪʠʩʷ ʟʘ ʦʜʥʦʩʪʫʧʝʥʝʚʦʶ ʘʙʦ ʜʚʦʩʪʫʧʝʥʝʚʦʶ ʩʭʝʤʘʤʠ, ʽʥʦʜʽ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʘʛʫʣʷʥʪʽʚ ʽ ʬʣʦʢʫʣʷʥʪʽʚ. ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʜʥʦʯʘʩʥʦʛʦ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ. 

ʇʨʠ ʥʝʚʝʣʠʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʤʘʥʛʘʥʫ ʪʘʢʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʦʯʠʱʝʥʥʷ 

ʚʢʣʶʯʘʻ ʽʥʪʝʥʩʠʚʥʫ ʘʝʨʘʮʽʶ ʚʦʜʠ ʟ ʜʝʩʦʨʙʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, 

ʧʽʜʣʫʞʝʥʥʷ ʜʦ ʨʅ 9-10 ʽ, ʧʽʩʣʷ ʥʝ ʤʝʥʰʝ 15-20 ʭʚʠʣʠʥʥʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ ʫ 

ʢʘʤʝʨʽ ʨʝʘʢʮʽʾ, ʦʩʚʽʪʣʝʥʥʷ ʟʘ ʦʜʥʦʩʪʫʧʝʥʝʚʦʶ ʩʭʝʤʦʶ. ʂʘʪʘʣʽʟʘʪʦʨʦʤ 

ʦʢʠʩʥʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʜʽʦʢʩʠʜ ʤʘʥʛʘʥʫ (MnO2), ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ 

ʧʨʦʮʝʩ ʧʨʠ ʧʦʤʽʨʥʠʭ ʟʥʘʯʝʥʥʷʭ ʨʅ (8,5-9,0). ʗʢ ʨʝʘʢʪʦʨ-ʦʢʠʩʥʶʚʘʯ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʬʽʣʴʪʨ, ʟʘʚʘʥʪʘʞʝʥʠʡ ʧʽʨʘʣʶʟʽʪʦʚʠʤ ʧʽʩʢʦʤ. ʇʣʽʚʢʘ ʦʢʩʠʜʽʚ, 

ʱʦ ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʢʘʪʘʣʽʟʘʪʦʨʘ, ʥʘʨʦʱʫʻʪʴʩʷ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʟʝʨʥʠʩʪʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ (ʢʚʘʨʮʦʚʦʛʦ ʧʽʩʢʫ, ʮʝʦʣʽʪʫ ʪʦʱʦ) ʬʽʣʴʪʨʽʚ ʨʦʟʯʠʥʦʤ 

ʧʝʨʤʘʥʛʘʥʘʪʫ ʢʘʣʽʶ ʟ ʦʜʝʨʞʘʥʥʷʤ ʪʘʢ ʟʚʘʥʦʛʦ çʯʦʨʥʦʛʦ ʧʽʩʢʫè, ʘʙʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʩʘʤʦʩʪʽʡʥʦ ʥʘ ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʘʢʘ 

ʧʣʽʚʢʘ ʻ ʘʢʪʠʚʥʦʶ ʜʦ ʩʧʦʣʫʢ Mn(ɯɯ), ʷʢʽ ʧʦʩʪʫʧʦʚʦ ʦʢʠʩʣʶʻʪʴʩʷ ʜʦ Mn 

(ɯV)[11, 37, 133].  

 ɼʝʤʘʥʛʘʥʘʮʽʷ ʚʦʜʠ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʜʦʩʪʘʪʥʴʦ ʰʚʠʜʢʦ ʽ ʧʨʠ 

ʥʝʚʠʩʦʢʠʭ ʟʥʘʯʝʥʥʷʭ ʨʅ, ʢʦʣʠ ʟʘʤʽʩʪʴ ʦʢʠʩʥʶʚʘʯʘ - ʢʠʩʥʶ ʧʦʚʽʪʨʷ, 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʷʢʦʛʦ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ ʻ ʥʝʜʦʩʪʘʪʥʴʦʶ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʭʣʦʨ ʘʙʦ ʦʟʦʥ. ɼʝʤʘʥʛʘʥʘʮʽʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʭʣʦʨʫ 

ʫʩʧʽʰʥʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʨʅ 7,5-8,5 ʽʟ ʯʘʩʦʤ ʢʦʥʪʘʢʪʫ - 20-25 ʭʚ [11]. 

ʋʪʚʦʨʶʚʘʥʠʡ MnO2, ʷʢʠʡ ʟʘʪʨʠʤʫʻʪʴʩʷ ʫ ʪʦʚʱʽ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ, 

ʜʘʣʽ ʚʠʩʪʫʧʘʻ ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʦʢʠʩʥʦʛʦ ʧʨʦʮʝʩʫ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʘʢʦʧʠʯʝʥʥʷ 

ʧʨʦʪʦʥʽʚ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʝʘʢʮʽʾ, ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʝʥʥʷ ʧʝʚʥʦʛʦ 

ʣʫʞʥʦʛʦ ʨʝʟʝʨʚʫ.  

ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ ʩʧʦʣʫʢ ʤʘʥʛʘʥʫ ʚʢʣʶʯʘʻ 

ʟʘʢʨʠʪʽ ʢʘʤʝʨʠ ʨʝʘʢʮʽʾ ʽ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʭʣʦʨʫ ʪʘ ʬʽʣʴʪʨ ʜʣʷ ʟʘʪʨʠʤʫʚʘʥʥʷ 

ʧʨʦʜʫʢʪʽʚ ʦʢʠʩʥʝʥʥʷ. ʆʩʢʽʣʴʢʠ ʭʣʦʨ ʚʚʦʜʠʪʴʩʷ ʫ ʥʘʜʣʠʰʢʫ ʚʽʜʥʦʩʥʦ 



57 

 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʽʩʣʷ ʢʘʤʝʨʠ ʨʝʘʢʮʽʾ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʘʪʠ 

ʩʪʘʜʽʶ ʜʝʭʣʦʨʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʨʦʟʯʠʥʦʤ ʪʽʦʩʫʣʴʬʘʪʫ ʥʘʪʨʽʶ [10, 120]. 

ʋ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʟ ʨʅ Ó7,0-7,5 ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʤʘʥʛʘʥʫ ʤʦʞʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʨʝʛʝʥʝʨʘʪʠʚʥʠʡ ʤʝʪʦʜ ʩʪʘʪʠʯʥʦʾ ʩʦʨʙʮʽʾ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʚʫʛʽʣʣʷ (ʇɸɺ) ʥʘ ʚʠʜʘʣʝʥʥʷ 1 ʛ ʤʘʥʛʘʥʫ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ 5 ʛ ʘʢʪʠʚʥʦʛʦ ʚʫʛʽʣʣʷ. ʗʢʱʦ ʚʤʽʩʪ ʤʘʥʛʘʥʫ ʫ 

ʚʠʭʽʜʥʽʡ ʚʦʜʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 2-5 ʤʛ/ʜʤ
3
, ʫʩʪʘʥʦʚʢʘ ʚʢʣʶʯʘʻ ʟʤʽʰʫʚʘʯ, ʢʘʤʝʨʫ 

ʨʝʘʢʮʽʾ, ʨʦʟʨʘʭʦʚʘʥʫ ʥʘ 15-20 ʭʚ ʢʦʥʪʘʢʪʫ ʚʦʜʠ ʟ ʚʫʛʽʣʣʷʤ, ʧʝʨʝʤʽʰʫʶʯʽ 

ʧʨʠʩʪʨʦʾ ʪʘ ʦʩʚʽʪʣʶʚʘʣʴʥʽ ʬʽʣʴʪʨʠ. ʇʨʠ ʟʥʘʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʤʘʥʛʘʥʫ, 

ʢʦʣʠ ʧʦʪʨʽʙʥʘ ʜʦʟʘ ʇɸɺ ʻ ʙʽʣʴʰʦʶ ʟʘ 10-15 ʤʛ/ʜʤ
3
, ʧʽʩʣʷ ʢʘʤʝʨʠ ʨʝʘʢʮʽʾ ʚʦʜʘ 

ʧʽʜʜʘʻʪʴʩʷ ʢʦʘʛʫʣʷʮʽʾ ʽ ʦʯʠʱʘʻʪʴʩʷ ʟʘ ʦʜʥʦʩʪʫʧʝʥʝʚʦʶ ʩʭʝʤʦʶ (ʚ ʢʦʥʪʘʢʪʥʠʭ 

ʦʩʚʽʪʣʶʚʘʯʘʭ) ʘʙʦ ʟʘ ʜʚʦʩʪʫʧʝʥʝʚʦʶ ʩʭʝʤʦʶ (ʫ ʚʽʜʩʪʽʡʥʠʢʘʭ ʘʙʦ 

ʦʩʚʽʪʣʶʚʘʯʘʭ ʟ ʟʘʚʠʩʣʠʤ ʦʩʘʜʦʤ ʽ ʬʽʣʴʪʨʘʭ) [83, 134, 135].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʽʰʦʶ ʽ ʜʦʩʪʫʧʥʽʰʦʶ ʫ ʧʨʘʢʪʠʮʽ 

ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʚʠʷʚʣʷʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ ʟʥʝʟʘʣʽʟʥʝʥʥʷ/ʜʝʤʘʥʛʘʥʘʮʽʾ, ʷʢʘ 

ʧʝʨʝʜʙʘʯʘʻ ʦʢʠʩʥʝʥʥʷ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʟ ʧʦʜʘʣʴʰʠʤ ʚʽʜʜʽʣʝʥʥʷʤ 

ʫʪʚʦʨʝʥʦʛʦ ʦʩʘʜʫ ʥʘ ʬʽʣʴʪʨʘʭ. ʗʢ ʦʢʠʩʥʠʢʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʢʠʩʝʥʴ, ʦʟʦʥ, ʭʣʦʨʦʚʤʽʩʥʽ ʪʘ ʽʥʰʽ ʩʧʦʣʫʢʠ, ʘ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ ï 

ʟʝʨʥʠʩʪʽ ʤʘʪʝʨʽʣʠ (ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ, ʮʝʦʣʽʪ, ʢʝʨʘʤʟʠʪ ʪʘ ʽʥ.[11]. ʇʨʦʪʝ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʰʠʨʦʢʫ ʧʦʰʠʨʝʥʽʩʪʴ ʪʘʢʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʧʨʦʮʝʩʠ, ʱʦ 

ʧʝʨʝʙʽʛʘʶʪʴ ʧʽʜ ʯʘʩ ʾʾ ʨʝʘʣʽʟʘʮʽʾ, ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʤʠ.  

 

1.5. ʈʦʣʴ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʟʥʝʟʘʣʽʟʥʝʥʥʽ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ 

ʚʦʜʠ 

ʄʦʞʣʠʚʽʩʪʴ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʟʫʤʦʚʣʝʥʘ 

ʥʘʷʚʥʽʩʪʶ ʫ ʚʦʜʽ ʦʩʦʙʣʠʚʠʭ ʚʠʜʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ. ɺʦʥʠ, ʧʦʜʽʙʥʦ ʢʠʩʥʶ ʫ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʘʭ, ʟʜʘʪʥʽ 

ʦʢʠʩʥʶʚʘʪʠ ʩʧʦʣʫʢʠ Fe (ɯɯ) ʜʦ Fe (ɯɯɯ), ʷʢʽ ʜʘʣʽ ʯʝʨʝʟ ʩʪʘʜʽʶ ʛʽʜʨʦʣʽʟʫ 

ʧʝʨʝʭʦʜʷʪʴ ʚ ʦʩʘʜ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʜʘʣʝʥʽ ʬʽʣʴʪʨʫʚʘʥʥʷʤ, ʦʩʘʜʞʝʥʥʷʤ ʘʙʦ 



58 

 

ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ [82, 111]. ʇʨʠ ʮʴʦʤʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʽʥʪʝʥʩʠʚʥʠʡ 

ʨʦʟʚʠʪʦʢ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ ʤʦʞʣʠʚʠʡ ʣʠʰʝ ʟʘ ʥʘʷʚʥʦʩʪʽ ʫ ʚʦʜʽ ʚʠʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘʣʽʟʘ (ʧʦʥʘʜ 10 ʤʛ/ʜʤ
3
), ʭʦʯʘ ʦʜʝʨʞʘʥʽ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ 

ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʚʽʜʯʠʣʠ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʘʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʮʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʽ ʧʨʠ ʤʝʥʰʦʤʫ ʚʤʽʩʪʽ ʟʘʣʽʟʘ. ʉʝʨʝʜ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ ʚʽʜʤʽʯʘʶʪʴʩʷ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʥʘʷʚʥʽʩʪʴ ʢʠʩʥʶ  [12, 101, 136-138].    

ʆʙʤʝʞʝʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʫ ʚʦʜʦʧʽʜʛʦʪʦʚʮʽ ʚ 

ʦʩʥʦʚʥʦʤʫ ʧʦʚôʷʟʘʥʝ ʟ ʥʝʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ ʧʨʦʮʝʩʫ, ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʩʪʚʦʨʝʥʥʷ ʽ ʧʽʜʪʨʠʤʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʘ 

ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʚʢʘʟʘʥʽ ʤʝʪʦʜʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʣʠʰʝ ʚ ʜʝʷʢʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ. ʋ ʌʨʘʥʮʽʾ, ʥʘʧʨʠʢʣʘʜ, 

ʙʽʦʣʦʛʽʯʥʠʡ ʤʝʪʦʜ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʟʘʣʽʟʘ ʚʧʨʦʚʘʜʞʝʥʠʡ ʥʘ 80 ʚʦʜʦʦʯʠʩʥʠʭ 

ʩʪʘʥʮʽʷʭ. ʂʦʤʧʘʥʽʻʶ çDegremontè ʨʦʟʨʦʙʣʝʥʽ ʩʧʝʮʽʘʣʴʥʽ ʙʽʦʬʽʣʴʪʨʫʚʘʣʴʥʽ 

ʫʩʪʘʥʦʚʢʠ (ʙʽʦʨʝʘʢʪʦʨʠ): çFerazurè - ʜʣʷ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ çMangazurè - ʜʣʷ 

ʜʝʤʘʥʛʘʥʘʮʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʫ ʟʚʠʯʘʡʥʦʤʫ ʘʙʦ ʥʘʧʽʨʥʦʤʫ ʨʝʞʠʤʘʭ ʚ 

ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ [139]. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ [83] ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʽʦʣʦʛʽʯʥʘ 

ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʷʢ ʩʧʦʣʫʢ ʟʘʣʽʟʘ, ʪʘʢ ʽ ʤʘʥʛʘʥʫ, ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ ʫʯʘʩʪʶ ʦʜʥʠʭ 

ʽ ʪʠʭ ʩʘʤʠʭ ʛʨʫʧ ʟʘʣʽʟʦ- ʽ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʇʨʠ 

ʙʽʦʣʦʛʽʯʥʦʤʫ ʩʧʦʩʦʙʽ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʟʘʣʽʟʘ ʥʘʡʘʢʪʠʚʥʽʰʠʤʠ ʚʚʘʞʘʶʪʴʩʷ 

ʪʨʠ ʛʨʫʧʠ ʬʝʨʨʦʙʘʢʪʝʨʽʡ: ʥʠʪʯʘʩʪʽ (Leptotrix ochracea, Crentoprix polyspora), 

ʩʪʝʙʣʦʚʽ (Jallionella ferruginea) ʪʘ ʽʩʪʠʥʥʽ (Eubacteriajes) ʙʘʢʪʝʨʽʾ [74, 140] . 

ʆʩʥʦʚʦʶ ʧʝʨʝʜʫʤʦʚʦʶ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶ ʙʽʦʣʦʛʽʯʥʦʛʦ ʘʛʝʥʪʫ ʟʘ 

ʩʢʣʘʜʦʤ, ʱʦ ʧʦʪʨʝʙʫʻ ʦʜʝʨʞʘʥʥʷ ʯʠʩʪʠʭ ʟʘ ʚʠʜʦʚʦʶ ʥʘʣʝʞʥʽʩʪʶ ʢʫʣʴʪʫʨ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʜʽʣʝʥʥʷ ʯʠʩʪʠʭ ʢʫʣʴʪʫʨ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ 
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ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʙʫʣʠ ʢʫʣʴʪʠʚʦʚʘʥʽ ʨʦʜʠ Galionella, Leptothrix, 

Metallogenium [103, 141]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʷʜʫ ʜʦʩʣʽʜʞʝʥʴ [142, 143] ʽʟ ʜʦʥʥʠʭ 

ʦʩʘʜʽʚ ʦʟʝʨʘ ɹʘʡʢʘʣ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʙʣʠʟʴʢʦ 115 ʯʠʩʪʠʭ ʢʫʣʴʪʫʨ ʽ ʟʨʦʙʣʝʥʦ 

ʩʧʨʦʙʫ ʾʭ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ. ɯʥʰʽ ʚʘʨʽʘʥʪʠ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 

ʨʦʙʦʪʘʭ [83, 111, 144, 145] 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʩʘʤʧʝʨʝʜ, ʟʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʨʦʟʰʠʨʝʥʥʷʤ ʟʥʘʥʴ ʱʦʜʦ ʚʠʜʽʚ, ʘ ʦʪʞʝ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ 

ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʘʭ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʚʦʜʠ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʜʦʟʚʦʣʠʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʜʣʷ ʾʭ ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ, ʨʦʙʣʷʯʠ, ʪʘʢʠʤ ʯʠʥʦʤ, 

ʧʨʦʮʝʩ ʦʯʠʱʝʥʥʷ ʙʽʣʴʰ ʢʝʨʦʚʘʥʠʤ [119, 134, 135, 146].  

ʄʝʪʦʜʠ ʢʫʣʴʪʠʚʫʚʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʮʠʭ ʛʨʫʧ ʦʧʠʩʘʥʽ ʫ [142, 147, 

148]. 

ʇʨʠʩʫʪʥʽ ʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʟʘʣʽʟʦ ʽ ʤʘʥʛʘʥ ʟʜʘʪʥʽ ʦʢʠʩʣʶʚʘʪʠʩʷ ʜʦ 

ʤʘʣʦʨʦʟʯʠʥʥʠʭ ʬʦʨʤ ʚ ʨʝʟʫʣʴʪʘʪʽ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʭʝʤʽʩʽʥʪʝʟʫʶʯʠʭ ʘʝʨʦʙʥʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʛʨʫʧ ʟʘʣʽʟʦ-ʤʘʥʛʘʥ-ʦʢʠʩʥʶʚʘʯʽʚ[117, 149, 

150]. ʋ ʧʨʦʮʝʩʽ ʘʝʨʦʙʥʦʛʦ ʜʠʭʘʥʥʷ ʘʢʮʝʧʪʦʨʦʤ ʝʣʝʢʪʨʦʥʽʚ ʚʠʩʪʫʧʘʻ ʢʠʩʝʥʴ, ʘ 

ʜʦʥʦʨʦʤ ï ʚ ʦʩʥʦʚʥʦʤʫ ʚʫʛʣʝʮʴ ʚʫʛʣʝʢʠʩʣʦʪʠ (ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ, ʙʽʢʘʨʙʦʥʘʪ-

ʽʦʥ). ʋʪʚʦʨʝʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʢʠʩʥʝʥʥʷ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʚʤʽʰʫʶʯʠ ʧʨʦʜʫʢʪʠ 

ʨʝʘʢʮʽʾ ʟʜʘʪʥʽ ʽʥʽʮʽʶʚʘʪʠ ʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʘʨʘʣʝʣʴʥʝ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʭʽʤʽʯʥʦʛʦ ʦʢʠʩʥʝʥʥʷ, ʚʠʩʪʫʧʘʶʯʠ ʡʦʛʦ ʢʘʪʘʣʽʟʘʪʦʨʦʤ  [3, 101, 135, 151]. 

ʄʝʪʦʜ ʙʽʦʣʦʛʽʯʥʦʛʦ ʟʥʝʟʘʣʽʟʥʝʥʥʷ/ʜʝʤʘʥʛʘʥʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ 

ʩʠʩʪʝʤʽ ʚʥʫʪʨʽʧʣʘʩʪʦʚʦʾ ʦʙʨʦʙʢʠ ʚʦʜʠ (ʤʝʪʦʜ ɺʝʨʽʜʦʢʩ) [152]. ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʥʘ ʤʘʡʜʘʥʯʠʢʫ ʚʦʜʦʟʘʙʦʨʫ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʮʝʥʪʨʘʣʴʥʘ ʚʦʜʦʟʘʙʽʨʥʘ 

ʩʚʝʨʜʣʦʚʠʥʘ, ʥʘʚʢʦʣʦ ʷʢʦʾ ʧʦ ʢʦʣʫ ʨʦʟʤʽʱʝʥʽ ʢʽʣʴʢʘ ʧʦʛʣʠʥʘʶʯʠʭ 

ʩʚʝʨʜʣʦʚʠʥ. ʏʘʩʪʠʥʘ ʧʽʜʟʝʤʥʦʾ ʚʦʜʠ, ʱʦ ʟʘʙʠʨʘʻʪʴʩʷ ʚʦʜʦʟʘʙʽʨʥʦʾ 

ʩʚʝʨʜʣʦʚʠʥʦʶ, ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʉʆ2 ʽ ʜʣʷ 

ʥʘʩʠʯʝʥʥʷ ʚʦʜʠ ʢʠʩʥʝʤ, ʟ ʥʘʩʪʫʧʥʠʤ ʥʘʛʥʽʪʘʥʥʷʤ ʫ ʚʦʜʦʥʦʩʥʠʡ ʰʘʨ. 

ʇʦʩʪʫʧʦʚʦ ʥʘʚʢʦʣʦ ʚʦʜʦʟʘʙʽʨʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʬʦʨʤʫʻʪʴʩʷ ʟʘʤʢʥʫʪʠʡ ʰʘʨ, 

ʥʘʩʠʯʝʥʠʡ ʟʘʣʽʟʦ- ʽ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʤʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ. ɺʦʜʘ, ʱʦ 
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ʥʘʜʭʦʜʠʪʴ ʜʦ ʚʦʜʦʟʘʙʽʨʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ, ʬʽʣʴʪʨʫʻʪʴʩʷ ʯʝʨʝʟ ʮʝʡ ʰʘʨ ʽ 

ʟʚʽʣʴʥʷʻʪʴʩʷ ʚʽʜ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʽ ʤʘʥʛʘʥʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ 

ʚʠʷʚʣʷʻʪʴʩʷ ʜʦʮʽʣʴʥʠʤ ʧʨʠ ʟʥʘʯʥʽʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʦʜʦʟʘʙʦʨʫ; ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʦʯʠʱʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʽʘʣʫ ʩʠʩʪʝʤʠ, ʦʧʪʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʷʢʦʾ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʫʢʫʧʥʦʩʪʽ ʤʽʩʮʝʚʠʭ ʫʤʦʚ. 

ɹʽʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʫ ʩʭʝʤʘʭ ʦʯʠʱʝʥʥʷ 

ʽ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʚʦʜʠ ʥʘ ʙʽʦʬʽʣʴʪʨʘʭ, ʚ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʷʢʠʭ ʚʥʝʩʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ. ɿʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ 

ʮʴʦʤʫ ʚʠʢʦʥʫʻ ʨʦʣʴ ʥʦʩʽʷ ʽʤʤʦʙʽʣʽʟʦʚʘʥʦʛʦ ʤʽʢʨʦʙʽʘʣʴʥʦʛʦ ʮʝʥʦʟʫ, ʘ ʫʤʦʚʠ 

ʬʽʣʴʪʨʘʮʽʾ ʩʧʨʠʷʶʪʴ ʡʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʟʘʣʽʟʦʤ ʽ ʤʘʥʛʘʥʦʤ [153]. ɯʥʦʜʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʽ ʜʚʦʩʪʫʧʝʥʝʚʽ ʫʩʪʘʥʦʚʢʠ: ʧʝʨʰʠʡ ʩʪʫʧʽʥʴ ʟʘʙʝʟʧʝʯʫʻ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ, ʜʨʫʛʠʡ - ʜʝʤʘʥʛʘʥʘʮʽʶ[12, 111, 119, 127, 132, 133, 153, 154].  

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʤʦʞʝ ʜʦʩʷʛʘʪʠʩʴ 

ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʚʝʣʠʢʠʭ ʜʦʟ ʦʢʩʠʜʘʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʦʟʦʥ ʘʙʦ 

ʧʝʨʤʘʥʛʘʥʘʪ  ʢʘʣʽʶ[119, 155-157]. 

 

1.6. ʊʝʭʥʦʣʦʛʽʾ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʘʤʦʥʽʶ ʪʘ ʽʥʰʠʭ ʩʧʦʣʫʢ 

ʥʽʪʨʦʛʝʥʫ  

ɯʦʥʠ ʘʤʦʥʽʶ ʻ ʧʨʦʜʫʢʪʦʤ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʙʽʣʢʽʚ 

ʪʚʘʨʠʥʥʦʛʦ ʽ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʋʪʚʦʨʝʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ ʘʤʦʥʽʡ ʟʥʦʚʫ 

ʚʢʣʶʯʘʻʪʴʩʷ ʫ ʧʨʦʮʝʩ ʩʠʥʪʝʟʫ ʙʽʣʢʽʚ, ʙʝʨʫʯʠ ʫʯʘʩʪʴ ʫ ʙʽʦʣʦʛʽʯʥʦʤʫ 

ʢʨʫʛʦʦʙʽʛʫ ʨʝʯʦʚʠʥ (ʮʠʢʣ ʥʽʪʨʦʛʝʥʫ). ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʘʤʦʥʽʡ ʽ ʡʦʛʦ ʩʧʦʣʫʢʠ ʚ 

ʥʝʚʝʣʠʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʟʘʟʚʠʯʘʡ ʧʨʠʩʫʪʥʽ ʫ ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ. ʉʧʦʣʫʢʠ 

ʘʤʦʥʽʶ ʤʽʩʪʷʪʴ ʘʪʦʤ ʥʽʪʨʦʛʝʥʫ ʫ ʤʽʥʽʤʘʣʴʥʦʤʫ ʩʪʫʧʝʥʽ ʦʢʠʩʥʝʥʥʷ ç-3è. 

ɼʦ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʥʘʜʭʦʜʞʝʥʥʷ ʘʤʦʥʽʶ ʫ ʚʦʜʥʽ ʦʙ'ʻʢʪʠ ʚʽʜʥʦʩʷʪʴʩʷ 

ʪʚʘʨʠʥʥʠʮʴʢʽ ʬʝʨʤʠ, ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʦʙʫʪʦʚʽ ʩʪʽʯʥʽ ʚʦʜʠ, ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʽʢ ʽʟ 

ʩʽʣʴʛʦʩʧʫʛʽʜʴ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʽʪʨʦʜʦʙʨʠʚʘ, ʩʪʽʯʥʽ ʚʦʜʠ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʩʪʽʢ ʟʽ ʩʤʽʪʪʻʟʚʘʣʠʱ ʽ ʪ.ʜ.  
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ʋ  ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʋʢʨʘʾʥʠ ʩʧʦʣʫʢʠ ʥʽʪʨʦʛʝʥʫ, ʟʦʢʨʝʤʘ ʘʤʦʥʽʡ, 

ʥʽʪʨʠʪʠ ʪʘ ʥʽʪʨʘʪʠ, ʟʫʩʪʨʽʯʘʶʪʴʩʷ  ʤʘʡʞʝ ʧʦʚʩʶʜʥʦ, ʘʣʝ ʾʭ ʚʤʽʩʪ ʧʦ ʨʝʛʽʦʥʘʭ 

ʟʥʘʯʥʦ ʨʽʟʥʠʪʴʩʷ. ʇʽʜʚʠʱʝʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʽʪʨʘʪʽʚ ʟʘʟʚʠʯʘʡ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʫ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ, ʆʜʝʩʴʢʽʡ, ʍʝʨʩʦʥʩʴʢʽʡ, ʏʝʨʢʘʩʴʢʽʡ ʦʙʣʘʩʪʷʭ, ʚ ʘʤʦʥʽʶ - 

ʫ ʍʤʝʣʴʥʠʮʴʢʽʡ ʦʙʣʘʩʪʽ [158].  

ɿʘ ʜʘʥʠʤʠ ʯʝʪʚʝʨʪʦʛʦ ʚʠʜʘʥʥʷ ʂʝʨʽʚʥʠʮʪʚʘ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ 

ɺʆʆɿ  [13], ʩʧʦʣʫʢʠ ʘʤʦʥʽʶ ʥʝ ʤʘʶʪʴ ʧʨʷʤʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ, 

ʧʨʦʪʝ ʚʩʪʘʥʦʚʣʝʥʠʡ ʾʭ ʤʦʞʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʠʪʥʦʾ 

ʚʦʜʠ (ʩʤʘʢ ʪʘ ʟʘʧʘʭ), ʥʘ ʧʨʦʮʝʩ ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ, ʥʘ ʧʦʷʚʫ ʥʽʪʨʠʪʽʚ ʫ 

ʩʠʩʪʝʤʘʭ ʨʦʟʧʦʜʽʣʝʥʥʷ ʚʦʜʠ.  

ʂʨʽʤ ʪʦʛʦ, ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʩʧʦʣʫʢ ʥʽʪʨʦʛʝʥʫ ʤʦʞʝ ʙʫʪʠ 

ʽʥʜʠʢʘʪʦʨʥʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʷʢʽʡ ʚʽʜʦʙʨʘʞʘʻ ʧʦʛʽʨʰʝʥʥʷ ʩʘʥʽʪʘʨʥʦʛʦ ʩʪʘʥʫ 

ʚʦʜʥʦʛʦ ʦʙ'ʻʢʪʘ ʪʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʽ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʧʦʙʫʪʦʚʠʤʠ ʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤʠ 

ʩʪʦʢʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʘʤʦʥʽʶ ʽ ʥʽʪʨʠʪʽʚ 

ʟʚʠʯʘʡʥʦ ʚʢʘʟʫʻ ʥʘ ʩʚʽʞʝ ʟʘʙʨʫʜʥʝʥʥʷ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ 

ʥʽʪʨʘʪʽʚ - ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʧʦʧʝʨʝʜʥʽʡ ʯʘʩ. ɺʩʽ ʬʦʨʤʠ ʘʟʦʪʫ, ʚʢʣʶʯʘʶʯʠ ʽ 

ʛʘʟʦʧʦʜʽʙʥʫ, ʩʧʨʦʤʦʞʥʽ ʜʦ ʚʟʘʻʤʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. 

ɺʨʘʭʦʚʫʶʯʠ ʩʢʘʟʘʥʝ, ʚʤʽʩʪ ʧʦʢʘʟʥʠʢʽʚ ʘʤʦʥʽʶ, ʥʽʪʨʘʪʽʚ ʪʘ ʥʽʪʨʠʪʽʚ  

ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʫ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʩʪʦʩʦʚʥʦ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ ʫ 

ʚʩʽʭ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ. 

ʋ ɼʠʨʝʢʪʠʚʽ ʈʘʜʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ 98/83/ɭʉ çʇʨʦ ʷʢʽʩʪʴ ʚʦʜʠ, 

ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ ʣʶʜʠʥʦʶè ʧʘʨʘʤʝʪʨʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʘʤʦʥʽʶ ʫ 

ʧʠʪʥʽʡ ʚʦʜʽ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʨʽʚʥʽ 0,5 ʤʛ/ʣ, ʜʣʷ ʥʽʪʨʘʪʽʚ - 50 ʤʛ/ʣ, ʜʣʷ ʥʽʪʨʠʪʽʚ - 

0,5 ʤʛ/ʣ. ɺ ʋʢʨʘʾʥʽ ʟʛʽʜʥʦ ʟ ʯʠʥʥʠʤʠ ɼʉʘʥʇʽʅ 2.2.4.171-10 ʚʤʽʩʪ ʘʤʦʥʽʶ 

ʦʙʤʝʞʝʥʠʡ ʥʘ ʨʽʚʥʽ - 0,5 (2,6) ʤʛ/ʜʤ
3
, ʥʽʪʨʘʪʽʚ -  50 ʤʛ/ʜʤ

3
, ʥʽʪʨʠʪʽʚ -  0,5 (0,1) 

ʤʛ/ʜʤ
3
 (ʟʘʟʥʘʯʝʥʽ ʫ ʜʫʞʢʘʭ ʥʦʨʤʘʪʠʚʠ ʤʦʞʫʪʴ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʴ ʟʘ ʧʝʚʥʠʭ 

ʫʤʦʚ ʪʘ ʫ ʨʘʟʽ ʥʘʷʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʦʟʚʦʣʫ ʦʨʛʘʥʽʚ ʩʘʥʝʧʽʜʥʘʛʣʷʜʫ).  
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ʅʘʡʯʘʩʪʽʰʝ ʜʣʷ ʦʯʠʱʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚʽʜ ʩʧʦʣʫʢ ʘʤʦʥʽʶ 

ʧʨʦʧʦʥʫʶʪʴʩʷ ʤʝʪʦʜʠ ʟʚʦʨʦʪʥʦʛʦ ʦʩʤʦʩʫ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʘʙʦ 

ʩʠʥʪʝʪʠʯʥʠʭ ʩʦʨʙʝʥʪʽʚ [159, 160], ʝʣʝʢʪʨʦʜʽʘʣʽʟʫ [161], ʢʘʪʘʣʽʪʠʯʥʽ [120, 162] 

ʪʘ ʽʥ. ʇʨʦʪʝ ʚʩʽ ʮʽ ʤʝʪʦʜʠ ʤʘʶʪʴ ʥʝʜʦʣʽʢʠ (ʩʢʣʘʜʥʽʩʪʴ ʫ ʤʘʩʰʪʘʙʫʚʘʥʥʽ, 

ʚʠʜʽʣʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʪʠʣʽʟʘʮʽʾ ʫʪʚʦʨʝʥʠʭ ʨʦʟʩʦʣʽʚ, 

ʧʦʪʨʝʙʘ ʫ ʨʝʛʝʥʝʨʘʮʽʾ ʩʦʨʙʝʥʪʫ,  ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʧʨʦʮʝʩʫ ʪʦʱʦ), ʱʦ ʟʥʘʯʥʦ 

ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʫ ʩʠʩʪʝʤʘʭ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ.  

ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʚʠʜʘʣʝʥʥʷ ʘʤʦʥʽʶ ʽʟ ʧʠʪʥʦʾ ʚʦʜʠ 

(ʘʥʘʣʦʛʽʯʥʦ ʦʯʠʱʝʥʥʶ ʩʪʽʯʥʠʭ ʚʦʜ) ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʙʽʣʴʰ ʧʨʦʛʨʝʩʠʚʥʠʤʠ 

ʜʣʷ ʜʦʩʣʽʜʥʠʢʽʚ ʫ ʮʽʡ ʛʘʣʫʟʽ  [127, 128, 163-167].  

ʇʨʠʥʮʠʧʦʚʦ ʧʨʦʮʝʩ ʙʽʦʣʦʛʽʯʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʟ ʧʠʪʥʦʾ ʚʦʜʠ  ʩʧʦʣʫʢ 

ʘʤʦʥʽʶ  ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʜʚʘ ʝʪʘʧʠ: ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʝ ʦʢʠʩʥʝʥʥʷ ʘʤʦʥʽʶ ʜʦ 

ʥʽʪʨʘʪʫ (ʥʽʪʨʠʬʽʢʘʮʽʶ) ʽ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʥʽʪʨʘʪʽʚ ʜʦ ʥʽʪʨʠʪʽʚ ʽ 

ʜʘʣʽ ʜʦ  ʘʟʦʪʫ (ʜʝʥʽʪʨʠʬʽʢʘʮʽʶ). ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ ʜʦ 

ʟʜʽʡʩʥʝʥʥʷ ʚʢʘʟʘʥʦʛʦ ʧʨʦʮʝʩʫ: ʘʚʪʦʪʨʦʬʥʘ ʽ ʛʝʪʝʨʦʪʨʦʬʥʘ ʥʽʪʨʠʬʽʢʘʮʽʷ-

ʜʝʥʽʪʨʠʬʽʢʘʮʽʷ ʪʘ ʢʦʤʙʽʥʦʚʘʥʽ ʙʽʦʣʦʛʦ-ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʤʝʪʦʜʠ [168, 169]. ɺʩʽ 

ʮʽ ʤʝʪʦʜʠ ʤʘʶʪʴ ʷʢ  ʧʝʨʝʚʘʛʠ, ʪʘʢ ʽ ʥʝʜʦʣʽʢʠ, ʽ ʜʣʷ ʩʚʦʻʾ ʨʝʘʣʽʟʘʮʽʾ ʫ ʧʨʦʮʝʩʘʭ 

ʚʦʜʦʦʯʠʱʝʥʥʷ ʧʦʪʨʝʙʫʶʪʴ ʨʽʟʥʠʭ ʫʤʦʚ[65, 170]. 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʧʨʦʮʝʩ ʙʽʦʣʦʛʽʯʥʦʾ ʥʽʪʨʠʬʽʢʘʮʽʾ-ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ 

ʧʠʪʥʦʾ ʚʦʜʠ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʷʢ ʛʝʪʝʨʦʪʨʦʬʥʠʤ, ʪʘʢ ʽ ʘʚʪʦʪʨʦʬʥʠʤ ʰʣʷʭʦʤ. 

ɻʝʪʝʨʦʪʨʦʬʥʘ ʥʽʪʨʠʬʽʢʘʮʽʷ-ʜʝʥʽʪʨʠʬʽʢʘʮʽʷ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ 

ʦʯʠʱʝʥʥʽ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ ʥʽʪʨʘʪʽʚ. ʋʤʦʚʦʶ ʾʾ ʨʝʘʣʽʟʘʮʽʾ ʻ ʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ 

ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʶ, ʷʢʘ ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʚʦʜʦʨʦʟʯʠʥʥʠʭ, 

ʟʦʢʨʝʤʘ, ʤʝʪʘʥʦʣʫ, ʝʪʘʥʦʣʫ, ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ ʛʣʶʢʦʟʠ. ʇʨʦʪʝ ʽʩʥʫʶʪʴ 

ʨʠʟʠʢʠ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʩʪʦʢʽʚ, ʧʦʚôʷʟʘʥʽ ʟ ʥʝʜʦʩʪʘʪʥʴʦʶ ʢʽʣʴʢʽʩʪʶ 

ʩʠʨʦʚʠʥʠ ʘʙʦ ʾʾ ʥʘʜʣʠʰʢʦʤ. ɼʝʷʢʽ ʨʽʜʢʽ ʜʞʝʨʝʣʘ ʚʫʛʣʝʮʶ, ʪʘʢʽ ʷʢ ʤʝʪʘʥʦʣ ʽ 

ʝʪʘʥʦʣ, ʩʪʘʥʦʚʣʷʪʴ ʥʝʙʝʟʧʝʢʫ ʧʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʥʘʩʣʽʜʦʢ ʾʭ ʪʦʢʩʠʯʥʦʩʪʽ. ʊʦʤʫ ʧʽʜ ʯʘʩ ʛʝʪʝʨʦʪʨʦʬʥʦʾ 
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ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʚʘʞʣʠʚʠʤ ʻ ʢʦʤʧʣʝʢʩʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʪʘ ʙʝʟʧʝʨʝʨʚʥʠʡ 

ʤʦʥʽʪʦʨʠʥʛ [171]. 

ʇʨʠ ʦʯʠʱʝʥʥʽ ʧʠʪʥʦʾ ʚʦʜʠ ʥʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʶ 

ʤʦʞʝ ʦʙʤʝʞʫʚʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʪʝʨʦʪʨʦʬʥʦʾ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ. ʅʘ ʜʘʥʠʡ ʯʘʩ 

ʧʨʦʚʦʜʷʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʘ ʥʘʡʙʽʣʴʰ 

ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʦʛʦ ʜʞʝʨʝʣʘ ʚʫʛʣʝʮʶ. ʊʘʢ, ʫ ʨʦʙʦʪʘʭ [164, 171-173] 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʮʫʢʨʽʚ, ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʪʘ 

ʩʠʥʪʝʪʠʯʥʠʭ ʧʦʣʽʤʝʨʽʚ. 

ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [171]  ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʙʽʣʦʛʦ ʮʫʢʨʫ ʷʢ ʜʦʥʦʨʘ ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʜʞʝʨʝʣʘ ʚʫʛʣʝʮʶ. ʇʨʠ ʮʴʦʤʫ 

ʚʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʫʢʨʫ ʻ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ, ʥʽʞ 

ʚʪʦʨʠʥʥʦʾ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʯʝʨʝʟ ʪʦʡ ʬʘʢʪ, ʱʦ ʦʩʪʘʥʥʷ ʧʦʪʨʝʙʫʻ 

ʜʦʜʘʪʢʦʚʦʾ ʦʙʨʦʙʢʠ, ʘ ʦʪʞʝ ʩʧʨʠʷʻ ʫʜʦʨʦʞʯʘʥʥʶ ʧʨʦʮʝʩʫ.  

ʇʨʦʮʝʩ, ʜʝ ʷʢ ʜʞʝʨʝʣʘ ʚʫʛʣʝʮʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʚʝʨʜʘ ʩʠʨʦʚʠʥʘ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʪʚʝʨʜʦʬʘʟʥʦʶ ʥʽʪʨʠʬʽʢʘʮʽʻʶ-ʜʝʥʽʪʨʠʬʽʢʘʮʽʻʶ. ɯʩʥʫʶʪʴ ʜʚʘ ʪʠʧʠ 

ʪʚʝʨʜʠʭ ʜʞʝʨʝʣ ʚʫʛʣʝʮʶ, ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʪʚʝʨʜʦʬʘʟʥʦʾ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ: 

ʥʘʪʫʨʘʣʴʥʽ ʨʦʩʣʠʥʦʧʦʜʽʙʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʩʠʥʪʝʪʠʯʥʽ ʙʽʦʜʝʩʪʨʫʢʪʠʚʥʽ ʧʦʣʽʤʝʨʠ 

[125, 164].  

ʅʘʪʫʨʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʪʘʢʽ ʷʢ ʩʪʨʫʞʢʘ, ʩʦʣʦʤʘ ʪʘ ʙʘʚʦʚʥʘ ʻ ʜʝʰʝʚʰʠʤʠ 

ʪʘ ʜʦʩʪʫʧʥʽʰʠʤʠ. ʇʨʦʪʝ ʚʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʚʠʚʽʣʴʥʝʥʥʷ 

ʨʦʟʯʠʥʝʥʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʶ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ [164] ʷʢ ʜʞʝʨʝʣʘ ʚʫʛʣʝʮʶ 

ʜʣʷ ʙʽʦʣʦʛʽʯʥʦʾ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʧʠʪʥʦʾ ʚʦʜʠ ʚʠʧʨʦʙʫʚʘʥʦ ʜʝʢʽʣʴʢʘ ʚʠʜʽʚ 

ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ, ʘ ʩʘʤʝ ʟʘʣʠʰʢʠ ʜʝʨʝʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʩʦʩʥʠ, ʪʦʧʦʣʽ), 

ʙʘʚʦʚʥʠ, ʩʪʝʙʣʘ ʦʯʝʨʝʪʫ, ʣʘʢʨʠʮʽ, ʢʦʨʠʮʽ ʪʘ ʽʥ.  

ɹʽʦʜʝʛʨʘʜʫʶʯʽ ʧʦʣʽʤʝʨʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʦʣʽʛʽʜʨʦʢʩʠʘʣʢʘʥʦʘʪʠ, 

ʧʦʣʽʛʽʜʨʦʢʩʠʙʫʪʠʨʘʪ, ʧʦʣʽʢʘʧʨʦʣʘʢʪʦʥ, ʧʦʣʽʙʫʪʠʣʝʥʩʫʢʮʠʥʘʪ ʪʘ ʧʦʣʽʤʽʣʦʚʘ 

ʢʠʩʣʦʪʘ ʚʚʘʞʘʶʪʴʩʷ ʢʨʘʱʠʤʠ ʜʞʝʨʝʣʘʤʠ ʚʫʛʣʝʮʶ ʜʣʷ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ 

ʚʥʘʩʣʽʜʦʢ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʚʠʚʽʣʴʥʝʥʥʷ ʨʦʟʯʠʥʝʥʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʶ, 

ʦʜʥʘʢ ʾʭ ʚʘʨʪʽʩʪʴ ʻ ʜʫʞʝ ʚʠʩʦʢʦʶ [172]. 
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ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʭ [119, 174, 175] ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ 

ʨ.Acinetobacter sp.,  ʷʢʽ ʟʜʘʪʥʽ ʜʦ ʘʚʪʦʪʨʦʬʥʦʾ ʪʘ ʛʝʪʝʨʦʪʨʦʬʥʦʾ ʥʽʪʨʠʬʽʢʘʮʽʾ 

ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ. 

ʋ ʨʦʙʦʪʽ [174] ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʟʨʘʟʦʢ Acinetobacter sp. SFA 10, 

ʽʟʦʣʴʦʚʘʥʠʡ ʟ ʨʽʯʢʦʚʦʾ ʚʦʜʠ. ɸʚʪʦʨʠ ʧʨʦʚʦʜʠʣʠ ʇʃʈ ʘʥʘʣʽʟ ʛʝʥʦʤʫ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʫ, ʘ ʧʦʚʥʦʪʫ ʥʽʪʨʠʬʽʢʘʮʽʾ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʾ ʟʨʘʟʢʽʚ ʚʦʜʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʦʧʪʠʤʫʤ ʜʽʾ Acinetobacter sp. SFA 10 

ʜʦʨʽʚʥʶʻ ï 5
0
ʉ, ʘ ʰʚʠʜʢʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʘʤʦʥʽʶ - ʩʪʘʥʦʚʠʪʴ 2,05 ʤʛ NH4

+
/ʛʦʜ, 

ʟʘ ʧʦʯʘʪʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʤʦʥʽʶ 5 ʤʛ/ʜʤ
3
. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦ 

45 ʤʛ/ʜʤ
3
, ʰʚʠʜʢʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʘʤʦʥʽʶ ʟʥʠʞʫʚʘʣʘʩʴ. 

ʅʽʪʨʠʬʽʢʘʮʽʷ Acinetobacter sp. SFA 10 ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʝʨʤʝʥʪʽʚ ʤʦʥʦʦʢʩʠʛʝʥʘʟʠ ʘʤʽʘʢʫ (ʄʆɸ)  ʪʘ ʛʽʜʨʦʢʩʠʣʘʤʽʥ-ʦʢʩʠʜʘʟʠ (ɻɸʆ). 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ Acinetobacter sp. ʦʢʠʩʣʶʻ ʘʤʦʥʽʡ 

ʜʦ NH2OH, ʷʢʠʡ ʧʦʪʽʤ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʥʽʪʨʘʪ. ɿʜʘʪʥʽʩʪʶ ʜʦ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ 

ʜʘʥʠʡ ʰʪʘʤ ʥʝ ʚʦʣʦʜʽʻ. 

ʋ ʨʦʙʦʪʽ [176] ʜʦʩʣʽʜʞʫʚʘʚʩʷ Acinetobacter sp. HITLi7, ʟʜʘʪʥʠʡ ʜʦ 

ʛʝʪʝʨʦʪʨʦʬʥʦʾ ʥʽʪʨʠʬʽʢʘʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ - 2
0
ʉ. ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʘʤʦʥʽʶ ʫ ʧʠʪʥʽʡ ʚʦʜʽ ʧʨʠ ʥʠʟʴʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʢʽʥʝʪʠʢʘ ʰʪʘʤʽʚ HITLi 7 ʚʠʚʯʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʽʥʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʄʦʥʦ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʧʦʨʽʜʥʝʥʽʩʪʴ HITLi7 ʜʦ ʘʤʦʥʽʶ ʙʫʣʘ 

ʚʠʱʦʶ ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʜʞʝʨʝʣʘ ʚʫʛʣʝʮʶ. ʄʘʢʩʠʤʘʣʴʥʘ 

ʰʚʠʜʢʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʘʤʦʥʽʶ ʩʪʘʥʦʚʠʣʘ 0,18 ʤʛ NH4
-
/ʜʤ

3
/ʛʦʜ ʧʨʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʉ/N ʚʽʜ 10[177].  

ɸʚʪʦʨʘʤʠ [174] ʟʘʟʥʘʯʘʣʦʩʴ, ʱʦ ʜʝʷʢʽ ʛʝʪʝʨʦʪʨʦʬʥʽ ʥʽʪʨʠʬʽʢʫʶʯʽ 

ʙʘʢʪʝʨʽʾ, ʪʘʢʽ ʷʢ Pseudomonas sp., Alcaligenes faecalis, Acinetobacter sp., 

Bacillus subtilis, Rhodococcus sp., Agrobacterium sp., Microbacteria sp. ʽ 

Klebsiella pneumoniae ʤʦʞʫʪʴ ʟʥʠʞʫʚʘʪʠ ʚʤʽʩʪ ʘʤʦʥʽʶ ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʚ N2 ʪʘ/ʘʙʦ N2O. Acinetobacter sp. Y16 ʪʘ Microbacterium sp. SFA13 ʟʜʘʪʥʽ 
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ʚʠʜʘʣʷʪʠ ʘʤʦʥʽʡ ʫ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ (<5 ʤʛ/ʣ) ʧʨʠ 2
0
ʉ ʽ 5

0
ʉ, ʘ 

Acinetobacter sp. HA2 ̔  Pseudomonas stutzeri YZN-001 - ʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 100 

ʤʛ/ʜʤ
3
 ʧʨʠ 10

0
ʉ[130]. 

ʂʨʽʤ ʪʦʛʦ, ʘʚʪʦʨʠ ʚʽʜʟʥʘʯʘʣʠ, ʱʦ ʜʝʷʢʽ ʛʝʪʝʨʦʪʨʦʬʥʽ ʥʽʪʨʠʬʽʢʘʪʦʨʠ, 

ʟʦʢʨʝʤʘ Pseudomonas stutzeri YZN-1001, ʟʜʘʪʥʽ ʚʠʢʦʥʫʚʘʪʠ ʦʜʥʦʯʘʩʥʫ 

ʛʝʪʝʨʦʪʨʦʬʥʫ ʥʽʪʨʠʬʽʢʘʮʽʶ ʪʘ ʘʝʨʦʙʥʫ ʜʝʥʽʪʨʠʬʽʢʘʮʽʶ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʘʤʦʥʽʡ ʷʢ ʻʜʠʥʝ ʜʞʝʨʝʣʦ ʘʟʦʪʫ ʧʨʠ 8
0
ʉ. ʎʝʡ ʰʪʘʤ ʤʦʞʝ ʧʝʨʝʪʚʦʨʶʚʘʪʠ 

ʘʤʦʥʽʡ ʥʘ N2 ʙʝʟ ʫʪʚʦʨʝʥʥʷ ʥʽʪʨʠʪʽʚ ʪʘ ʥʽʪʨʘʪʽʚ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʥʘʢʦʧʠʯʝʥʥʷ 

ʥʽʪʨʠʪʽʚ ʪʘ ʥʽʪʨʘʪʽʚ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʫ ʧʨʦʮʝʩʽ ʚʠʣʫʯʝʥʥʷ ʘʤʦʥʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ 

Rhodococcus sp.CPZ24, ʘ ʥʽʪʨʠʪ ʙʫʚ ʜʦʤʽʥʫʶʯʠʤ ʧʨʦʜʫʢʪʦʤ ʥʽʪʨʠʬʽʢʘʮʽʾ ʜʣʷ 

Bacillus methylotrophicus L7, Marinobacter sp. F6 ʽ Klebsiella pneumoniae CF-

S9. ʉʝʨʝʜ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ ʫ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʧʽʩʣʷ ʜʝʛʨʘʜʘʮʽʾ ʘʤʦʥʽʶ 

ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ N2, ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʠʡ ʘʟʦʪ, ʪʘ NO3
-
, NO2

-
 ʽ N2O  ʫ ʩʣʽʜʦʚʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ[125, 126]. 

ɼʦ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʦʮʝʩʫ ʘʚʪʦʪʨʦʬʥʦʾ 

ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʚʽʜʥʦʩʷʪʴʩʷ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʦʥʦʨʘ ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʰʣʷʭʽʚ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʧʨʦʮʝʩʫ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʙʽʦʬʽʣʴʪʨʽʚ [163, 168, 169, 172, 177-179].  

ʗʢ ʜʞʝʨʝʣʘ ʜʦʥʦʨʽʚ ʝʣʝʢʪʨʦʥʽʚ ʜʣʷ ʘʚʪʦʪʨʦʬʥʦʾ ʥʽʪʨʠʬʽʢʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʘʟʦʧʦʜʽʙʥʠʡ ʚʦʜʝʥʴ ʪʘ ʝʣʝʤʝʥʪʘʨʥʫ ʩʽʨʢʘ, ʷʢʽ ʚʚʘʞʘʶʪʴʩʷ 

ʙʝʟʧʝʯʥʠʤʠ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ ʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʠʭ ʢʨʦʢʽʚ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʥʘʜʣʠʰʢʫ ʩʫʙʩʪʨʘʪʫ ʘʙʦ ʡʦʛʦ ʧʦʭʽʜʥʠʭ [172]. 

ɸʚʪʦʪʨʦʬʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʥʘʧʨʠʢʣʘʜ, Micrococcus denitrificans, 

ʨʦʟʱʝʧʣʶʶʪʴ ʥʽʪʨʘʪ ʜʦ ʥʽʪʨʠʪʫ ʪʘ ʘʟʦʪʫ ʟʘ ʨʘʭʫʥʦʢ ʦʢʠʩʥʝʥʥʷ ʚʦʜʥʶ ʜʦ 

ʚʦʜʠ[165, 179, 180]. 

ʈʝʘʢʮʽʷ ʧʝʨʝʙʽʛʘʻ ʟʘ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ: 

OHNOHNO 2223 2222 +­+
--  

--
++­+ OHOHNHNO 2222 2222

 

-- ++­+ OHOHNHNO 24532 222
 



66 

 

ʏʝʨʝʟ ʪʦʡ ʬʘʢʪ, ʱʦ H2 ʻ ʧʨʦʩʪʦʶ ʨʝʯʦʚʠʥʦʶ, ʩʣʘʙʦ ʨʦʟʯʠʥʥʦʶ ʫ ʚʦʜʽ 

(1,6 ʤʛ/ʣ ʧʨʠ 20
0
ʉ), ʮʝʡ ʨʝʘʛʝʥʪ ʚʚʘʞʘʻʪʴʩʷ ʧʨʠʡʥʷʪʥʠʤ ʜʣʷ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʘʚʪʦʪʨʦʬʥʦʾ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, ʷʢ, ʩʚʦʛʦ ʨʦʜʫ, ʯʠʩʪʠʡ ʜʦʥʦʨ ʝʣʝʢʪʨʦʥʽʚ. 

ʇʨʦʪʝ ʜʦ ʥʝʜʦʣʽʢʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʦʜʥʶ ʧʦʪʨʽʙʥʦ ʚʽʜʥʝʩʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʩʦʙʣʠʚʠʭ ʟʘʭʦʜʽʚ ʙʝʟʧʝʢʠ ʧʨʠ ʡʦʛʦ ʛʝʥʝʨʘʮʽʾ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ 

ʪʘ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʧʨʦʮʝʩʫ, ʘ ʪʘʢʦʞ ʧʦʚʽʣʴʥʠʡ ʨʽʩʪ ʘʚʪʦʪʨʦʬʥʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ [163]. 

ʋ ʨʦʙʦʪʽ [181] ʜʦʩʣʽʜʞʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʘʚʪʦʪʨʦʬʥʦʾ 

ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʽʨʢʠ ʷʢ ʜʞʝʨʝʣʘ ʚʫʛʣʝʮʶ, ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʫ 

ʤʝʤʙʨʘʥʥʫ ʙʽʦʨʝʘʢʪʦʨʽ (ʄɹʈ). ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʽʨʢʠ ʚʠʢʣʶʯʘʻ ʨʷʜ ʧʨʦʙʣʝʤ ʫ 

ʨʦʙʦʪʽ ʙʽʦʨʝʢʪʦʨʫ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʶ. 

ʂʨʽʤ ʪʦʛʦ, ʩʽʨʢʘ ʻ ʜʝʰʝʚʰʠʤ ʽ ʜʦʩʪʫʧʥʽʰʠʤ ʜʞʝʨʝʣʦʤ ʝʣʝʢʪʨʦʥʽʚ, ʘ 

ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫʩʫʚʘʻʪʴʩʷ ʤʝʤʙʨʘʥʥʦʶ ʬʽʣʴʪʨʘʮʽʻʶ. 

ɼʘʥʠʡ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʝʘʢʮʽʻʶ:  

+-+-
+++­++++ NNSONOHCNHCOOHNOS 6425554420385055 2

2

42754223

0
 

ʆʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʧʨʦʮʝʩʫ ʻ ʫʪʚʦʨʝʥʥʷ ʩʫʣʴʬʘʪʫ ʪʘ ʢʠʩʣʦʪʠ, ʱʦ 

ʫʩʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʚʘʧʥʷʢʫ ʘʙʦ ʙʽʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ. 

ɸʚʪʦʨʘʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚʜʘʣʦʩʷ ʜʦʩʷʛʪʠ ʧʦʚʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʥʽʪʨʘʪʽʚ ʟ 

ʧʠʪʥʦʾ ʚʦʜʠ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʤʝʪʦʜʦʤ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʪʨʦʬʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟʘʨʘʟ ʘʢʪʠʚʥʦ ʚʠʚʯʘʻʪʴʩʷ 

ʯʝʨʝʟ ʜʦʩʣʽʜʞʝʥʥʷ ʥʽʪʨʠʬʽʢʘʮʽʾ-ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʟʘ ʫʯʘʩʪʽ ʙʽʦʮʝʥʦʟʫ 

ʘʨʭʝʙʘʢʪʝʨʽʡ [178], Acinetobacter sp. SZ28ʙ [177], Nitrospira spp. [175], 

Micrococcus denitrificans ʪʘ ʽʥ. ʋ ʨʦʙʦʪʽ [178] ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʢʦʥʩʦʨʮʽʫʤ 

ʥʽʪʨʠʬʽʢʫʶʯʠʭ ʘʨʭʝʙʘʢʪʝʨʽʡ ʫ ʟʨʘʟʢʘʭ ʦʯʠʱʝʥʦʾ ʥʘ ʙʽʦʬʽʣʴʪʨʘʭ ʧʠʪʥʦʾ ʚʦʜʠ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʧʨʦʚʦʜʠʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʃʈ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ  

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʢʦʥʩʦʨʮʽʫʤʽ ʧʝʨʝʚʘʞʘʶʪʴ ʤʝʪʘʥʦʛʝʥʥʽ ʦʨʛʘʥʽʟʤʠ, ʷʢʽ 

ʥʘʣʝʞʘʪʴ ʜʦ ʚʠʜʫ Euryarchaeota. ɼʦʤʽʥʫʶʯʠʤʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʚʠʷʚʠʣʠʩʴ 

Methanobacterium alcaliphilum ʽ Methanobacterium flexile. ɺ ʜʝʢʽʣʴʢʦʭ ʟʨʘʟʢʘʭ  

ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʢʣʦʥʠ Methanospirillum hungatei. 
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ʂʨʽʤ ʘʨʭʝʙʘʢʪʝʨʽʡ ʙʫʣʠ ʧʨʠʩʫʪʥʽ Nitrosomonas oligotropha, 

Nitrosopumilus maritimus ̔ Nitrospiramos coviensis, Candidatus Nitrospira 

defluvii. ʋ ʚʠʩʥʦʚʢʘʭ ʟʘʟʥʘʯʘʣʦʩʴ, ʱʦ ʬʘʢʪʦʨʠ ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢʽ ʷʢ ʨʅ, ʨʽʚʝʥʴ  

ʢʠʩʥʶ, ʩʫʤʘʨʥʠʡ ʚʤʽʩʪ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʘʟʦʪʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʘʢʪʠʚʥʦ ʚʧʣʠʚʘʣʠ 

ʥʘ ʟʘʛʘʣʴʥʠʡ ʩʢʣʘʜ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʪʘ ʘʨʭʝʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʢʦʥʩʦʨʮʽʫʤʫ[128].  

ʋ ʜʦʩʣʽʜʞʝʥʥʷ [177] ʙʫʣʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʟʜʘʪʥʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʨʦʜʫ Acinetobactersp. SZ28  ʜʦ ʟʜʽʡʩʥʝʥʥʷ ʘʚʪʦʪʨʦʬʥʦʾ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ. 

ʄʝʭʘʥʽʟʤ ʚʠʜʘʣʝʥʥʷ ʘʟʦʪʫ ʰʪʘʤʦʤ SZ28 ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʘʟʦʪʫ ʚ ʩʝʨʝʜʦʚʠʱʽ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʤʘʢʩʠʤʘʣʴʥʘ ʜʝʛʨʘʜʘʮʽʷ ʥʽʪʨʘʪʽʚ ʙʫʣʘ ʜʦʩʷʛʥʫʪʘ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Mn2
+
, ʷʢʠʡ ʙʫʚ ʜʦʥʦʨʦʤ ʝʣʝʢʪʦʨʽʚ, 143,56 ʤʛ/ʜʤ

3
, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ C/N - 6,82, ʚʠʭʽʜʥʦʤʫ ʨʅ - 5,17 ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜ 34,2
0
ʉ. 

ɺʤʽʩʪ ʥʽʪʨʘʪʽʚ ʫ ʚʦʜʽ ʧʨʠ ʦʙʨʦʙʮʽ ʾʭ Acinetobacter sp. SZ28  ʟʥʠʟʠʚʩʷ ʟ 1,63 

ʤʛ/ʣ ʜʦ ʩʣʽʜʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ. 

ʋ ʜʝʷʢʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʱʦʜʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʚʠʚʯʘʣʘʩʴ 

ʤʦʞʣʠʚʽʩʪʴ ʢʦʤʙʽʥʘʮʽʾ ʤʝʪʦʜʫ ʘʚʪʦʪʨʦʬʥʦʾ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ 

ʤʝʪʦʜʽʚ   [168, 182].  

ɸʚʪʦʨʘʤʠ [168] ʙʫʣʦ ʚʠʧʨʦʙʫʚʘʥʦ ʢʦʤʙʽʥʦʚʘʥʠʡ ʙʽʦʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʪʘ 

ʘʚʪʦʪʨʦʬʥʠʡ ʧʨʦʮʝʩ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʽʨʢʠ ʜʣʷ ʦʯʠʱʝʥʥʷ 

ʧʠʪʥʦʾ ʚʦʜʠ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʦ ʩʢʦʥʩʪʨʫʡʦʚʘʥʦ ʙʽʦʨʝʘʢʪʦʨ, ʫ ʚʝʨʭʥʽʡ 

ʯʘʩʪʠʥʽ ʷʢʦʛʦ ʚʽʜʙʫʚʘʣʠʩʴ ʙʽʦʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʘ ʫ ʥʠʞʥʽʡ ï ʙʽʦʣʦʛʽʯʥʘ 

ʜʝʥʽʪʨʠʬʽʢʘʮʽʷ. H
+
, ʱʦ ʚʠʜʽʣʷʚʩʷ ʚʥʘʩʣʽʜʦʢ ʨʦʟʢʣʘʜʘʥʥʷ ʩʽʨʢʠ ʫ ʚʝʨʭʥʽʡ 

ʯʘʩʪʠʥʽ ʨʝʘʢʪʦʨʘ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʙʽʦʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ 

ʚʦʜʥʶ ʥʘ ʢʘʪʦʜʽ. ʇʨʠ ʮʴʦʤʫ, ʦʩʢʽʣʴʢʠ H
+
, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʧʨʠ 

ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʩʽʨʢʠ, ʩʧʦʞʠʚʘʻʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʙʽʦʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ 

ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʚʦʜʥʶ, ʚʽʜʩʫʪʥʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʜʘʚʘʥʥʷ ʚʘʧʥʷʢʫ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʨʽʚʥʷ pH.   

ɸʚʪʦʨʘʤʠ ʪʘʢʦʞ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʩʢʣʘʜ ʙʽʦʧʣʽʚʢʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʜʝ 

ʦʩʥʦʚʥʠʤ ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʚʠʷʚʠʣʘʩʷ ʙʘʢʪʝʨʽʷ Thiobacillus denitrificans. 
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ɯʩʥʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʦʩʦʚʥʦ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʾ 

ʘʚʪʦʪʨʦʬʥʦ/ʛʝʪʝʨʝʪʨʦʬʥʦʾ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ. ʊʘʢ, ʫ ʨʦʙʦʪʽ [169] 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ  ʥʦʚʠʡ ʧʽʜʭʽʜ ʛʝʪʝʨʦʪʨʦʬʥʦʾ/ʘʚʪʦʪʨʦʬʥʦʾ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ 

(ɻɸɼ) ʟʘ ʩʠʤʙʽʦʪʠʯʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʛʝʪʝʨʦʪʨʦʬʥʠʭ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʪʘ 

ʘʚʪʦʪʨʦʬʥʠʭ ʧʨʦʮʝʩʽʚ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, ʧʽʜʪʨʠʤʫʚʘʥʠʭ ʙʘʚʦʚʥʦʶ ʷʢ 

ʛʝʪʝʨʦʪʨʦʬʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʪʘ ʥʫʣʴʚʘʣʝʥʪʥʠʤ ʟʘʣʽʟʦʤ. ʆʩʥʦʚʥʦʶ 

ʬʫʥʢʮʽʻʶ ʥʫʣʴʚʘʣʝʥʪʥʦʛʦ ʟʘʣʽʟʘ ʚ ʩʠʩʪʝʤʽ ʻ ʟʤʝʥʰʝʥʥʷ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ, 

ʩʧʨʠʷʥʥʷ ʛʝʪʝʨʦʪʨʦʬʥʽʡ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʴ: 

+-+­++ 2

22 242)0(2 FeOHOHOFe  

-+++­+ OHFeHOHFe 22)0( 2

22  

ʇʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʛʝʪʝʨʦʪʨʦʬʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʜʽʣʷʻʪʴʩʷ ʚʦʜʝʥʴ, ʱʦ 

ʧʽʜʪʨʠʤʫʻ ʘʚʪʦʪʨʦʬʥʫ ʜʝʥʽʪʨʠʬʽʢʘʮʽʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ: 

--
++­+ OHOHNNOH 2425 2232  

ɹʝʟʧʝʨʝʨʚʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʨʝʘʢʪʦʨʠ ɻɸɼ ʙʫʣʠ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤʠ, ʥʽʞ ʨʝʘʢʪʦʨ, ʜʝ ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʣʠʰʝ ʛʝʪʝʨʦʪʨʦʬʥʘ 

ʜʝʥʽʪʨʠʬʽʢʘʮʽʷ. ʂʦʝʬʽʮʽʻʥʪ ʚʠʜʘʣʝʥʥʷ ʥʽʪʨʘʪʽʚ ʫ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʨʝʘʢʪʦʨʽ ʙʫʚ 

ʥʘ 46% ʚʠʱʠʤ, ʥʽʞ ʫ ʛʝʪʝʨʦʪʨʦʬʥʦʤʫ ʨʝʘʢʪʦʨʽ. ʅʝʜʦʣʽʢʦʤ ʜʘʥʦʛʦ ʤʝʪʦʜʫ 

ʘʚʪʦʨʠ ʚʠʟʥʘʯʘʶʪʴ ʦʩʽʜʘʥʥʷ ʟʘʣʽʟʘ ʥʘ ʦʙʣʘʜʥʘʥʥʽ, ʫʪʚʦʨʝʥʥʷ ʪʘʢ ʟʚʘʥʦʾ 

çʟʝʣʝʥʦʾ ʽʨʞʽè. ʇʨʦʪʝ ʧʨʦʮʝʩ ʥʘʢʦʧʠʯʝʥʥʷ ʽʨʞʽ ʚʜʘʣʦʩʷ ʟʤʝʥʰʠʪʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʙʽʣʴʰ ʢʦʨʦʪʢʠʡ ʧʨʦʮʝʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʽʦʬʽʣʴʪʨʫ. ɸʚʪʦʨʠ 

ʟʘʟʥʘʯʘʶʪʴ, ʱʦ ʜʘʥʠʡ ʩʧʦʩʽʙ ʦʯʠʩʪʢʠ ʧʠʪʥʦʾ ʚʦʜʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ, ʪʦʤʫ ʱʦ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘʢʦʛʦ ʙʽʦʬʽʣʴʪʨʫ ʻ ʙʽʣʴʰʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʛʝʪʝʨʦʪʨʦʬʥʠʤ 

ʪʘ ʘʚʪʦʪʨʦʬʥʠʤ ʧʨʦʮʝʩʦʤ ʦʢʨʝʤʦ.  

ɸʚʪʦʨʘʤʠ [171, 183] ʚʠʚʯʘʚʩʷ ʧʨʦʮʝʩ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʧʠʪʥʦʾ ʚʦʜʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʙʽʦʪʠʯʥʠʭ ʙʘʢʪʝʨʽʡ. ɿʘʟʥʘʯʘʣʦʩʴ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ 

ʙʽʦʣʦʛʽʯʥʦʾ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʻ ʧʨʦʙʣʝʤʘ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ʙʽʦʣʦʛʽʯʥʠʤʠ 

ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʤʠ ʘʛʝʥʪʘʤʠ, ʘ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʢʣʘʜʥʦʱʽ ʽʤʤʦʙʽʣʽʟʘʮʽʾ 

ʙʘʢʪʝʨʽʡ ʥʘ ʥʦʩʽʷʭ. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ  ʢʫʣʴʪʫʨʠ ʙʽʦʣʦʛʽʯʥʠʭ 

ʘʛʝʥʪʽʚ Bacillussubtilis, Bacillus licheniformis, Lactobacillus acidophilus, L. 
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bifidus, L. bulgaricus ʽ Streptococcus thermophilus, ʽʤʤʦʙʽʣʽʟʦʚʘʥʠʭ ʥʘ 

ʟʘʚʘʥʪʘʞʝʥʽ ʬʽʣʴʪʨʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʘʚʪʦʨʘʤʠ ʜʦʚʝʜʝʥʦ, ʱʦ 

ʧʨʦʙʽʦʪʠʯʥʽ ʙʘʢʪʝʨʽʾ ʟʜʘʪʥʽ ʜʦ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʚʦʜʠ, ʟʦʢʨʝʤʘ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ 

ʚʦʜʠ, ʱʦ ʚʤʽʱʫʚʘʣʘ 300-500 ʤʛ/ʜʤ
3
 KNO3, ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʽʪʨʘʪʽʚ ʟʥʠʞʫʚʘʣʘʩʴ 

ʜʦ 2,5 ʤʛ/ʜʤ
3
.  

ʆʜʥʘʢ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʧʨʠ 

ʤʘʩʰʪʘʙʫʚʘʥʥʽ ʧʨʦʮʝʩʫ.  ɿôʷʩʫʚʘʣʦʩʷ, ʱʦ ʛʘʟ, ʫʪʚʦʨʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʤʽʩʮʷʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽʤʤʦʙʽʣʽʟʦʚʘʥʠʭ 

ʙʘʢʪʝʨʽʡ, ʪʦʙʪʦ ʚ ʪʽʣʽ ʬʽʣʴʪʨʘ, ʩʧʨʠʷʻ ʦʩʘʜʞʝʥʥʶ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʫʩʢʣʘʜʥʶʻ 

ʧʨʦʭʦʜʞʝʥʥʷ ʚʦʜʠ ʢʨʽʟʴ ʧʽʱʘʥʽ ʪʘ ʚʫʛʽʣʴʥʽ ʬʽʣʴʪʨʠ. ʎʝʡ ʥʝʜʦʣʽʢ ʥʝ ʚʜʘʣʦʩʷ 

ʚʠʧʨʘʚʠʪʠ ʟʤʽʥʦʶ ʢʦʥʩʪʨʫʢʮʽʾ ʬʽʣʴʪʨʘ ʘʙʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ. 

ʋ ʨʷʜʽ ʨʦʙʽʪ ʧʦʚʽʜʦʤʣʷʣʦʩʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʜʝʷʢʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ 

ʛʨʠʙʽʚ, ʥʘʧʨʠʢʣʘʜ Fusarium oxysporum, Cylindrocarpon ton-kinense, Fellomyces 

fuzhouensis, F. oxysporum, Penicillium sp. ʜʝʥʽʪʨʠʬʽʢʫʚʘʪʠ NO3
-
 ʜʦ 

ʛʘʟʦʧʦʜʽʙʥʦʛʦ N2O [89, 174] ʇʨʦʪʝ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝ ʤʘʻ ʚʘʛʦʤʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʠʙʽʚ ʷʢ ʙʽʦʣʦʛʽʯʥʦʛʦ ʘʛʝʥʪʫ ʜʣʷ ʦʯʠʱʝʥʥʷ 

ʧʠʪʥʦʾ ʚʦʜʠ.  

 

1.7. ʇʨʦʙʣʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʊʇɺ  

ʅʘʨʘʟʽ ʩʠʪʫʘʮʽʶ, ʷʢʘ ʩʢʣʘʣʘʩʷ ʚ ʋʢʨʘʾʥʽ ʫ ʩʬʝʨʽ ʧʦʚʦʜʞʝʥʥʷ ʟ ʪʚʝʨʜʠʤʠ 

ʧʦʙʫʪʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ (ʊʇɺ), ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʢʨʠʟʦʚʫ. ɺʦʥʘ ʟʫʤʦʚʣʝʥʘ 

ʨʷʜʦʤ ʧʨʦʙʣʝʤ, ʢʽʣʴʢʽʩʪʴ ʪʘ ʩʫʪʥʽʩʪʴ ʷʢʠʭ ʧʦʩʪʽʡʥʦ ʨʦʟʰʠʨʶʻʪʴʩʷ. ʉʝʨʝʜ ʥʠʭ 

ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ: ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʭʦʜʽʚ ʷʢ ʥʘ ʩʧʝʮʽʘʣʴʥʦ 

ʫʣʘʰʪʦʚʘʥʠʭ ʧʦʣʽʛʦʥʘʭ, ʪʘʢ ʽ ʥʘ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʟʚʘʣʠʱʘʭ; ʚʽʜʩʫʪʥʽʩʪʴ 

ʧʽʜʛʦʪʦʚʯʠʭ ʟʘʭʦʜʽʚ ʽʟ ʩʦʨʪʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʾʭ ʝʬʝʢʪʠʚʥʦʾ 

ʧʝʨʝʨʦʙʢʠ ʽ ʫʪʠʣʽʟʘʮʽʾ; ʧʨʦʛʨʝʩʫʶʯʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ 

ʪʦʢʩʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʊʇɺ; ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʟʘʢʦʥʦʜʘʚʯʦ-

ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ; ʟʨʦʩʪʘʥʥʷ ʩʦʮʽʘʣʴʥʦʾ ʥʘʧʨʫʛʠ ʯʝʨʝʟ ʥʝʚʜʦʚʦʣʝʥʽʩʪʴ 

ʥʘʩʝʣʝʥʥʷ ʩʪʘʥʦʤ ʧʦʣʽʛʦʥʽʚ ʽ ʟʚʘʣʠʱ ʪʦʱʦ [184-191]. 
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ɼʣʷ ʧʝʨʝʨʦʙʢʠ ʊʇɺ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʙʽʦʣʦʛʽʯʥʽ, ʭʽʤʽʯʥʽ, ʤʝʭʘʥʽʯʥʽ, 

ʪʝʨʤʽʯʥʽ ʪʘ ʽʥʰʽ ʤʝʪʦʜʠ, ʘ ʪʘʢʦʞ ʾʭ ʢʦʤʙʽʥʘʮʽʾ (ʙʽʦʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ, 

ʩʧʘʣʶʚʘʥʥʷ, ʙʽʦʣʦʛʽʯʥʘ ʬʝʨʤʝʥʪʘʮʽʷ, ʧʽʨʦʣʽʟ, ʢʦʤʧʦʩʪʫʚʘʥʥʷ, ʦʙʨʦʙʢʘ 

ʧʝʨʝʛʨʽʪʦʶ ʧʘʨʦʶ, ʘ ʪʘʢʦʞ ʧʣʘʟʤʦʚʠʡ ʧʝʨʝʧʣʘʚ). ʇʨʦʪʝ ʫʩʽ ʚʽʜʦʤʽ ʫ 

ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʤʝʪʦʜʠ ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʝʬʝʢʪʠʚʥʠʤʠ ʘʙʦ ʤʘʣʦʝʬʝʢʪʠʚʥʠʤʠ 

ʜʣʷ ʧʝʨʝʨʦʙʣʝʥʥʷ ʟʤʽʰʘʥʠʭ ʊɺʇ ʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʷʜʦʤ ʦʩʥʦʚʠʭ 

ʥʝʜʦʣʽʢʽʚ [17, 192-208]: 

- ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʧʨʦʮʝʩʫ; 

- ʟʥʘʯʥʠʡ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

- ʥʝʜʦʩʪʘʪʥʽʡ ʩʪʫʧʝʥʴ ʫʪʠʣʽʟʘʮʽʾ ʤʘʪʝʨʽʘʣʴʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʜʞʝʨʝʣ. 

ɺʘʞʣʠʚʽʩʪʴ ʧʨʦʙʣʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ 

ʧʨʠʡʥʷʪʪʷ ʩʧʝʮʽʘʣʴʥʠʭ ɼʠʨʝʢʪʠʚ ɭʉ, ʫ ʷʢʠʭ ʟʘʢʨʽʧʣʝʥʦ ʥʘʩʪʫʧʥʽ ʧʨʠʥʮʠʧʠ: 

[209-213]: 

- ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʭʦʨʦʥʝʥʴ ʚʽʜʭʦʜʽʚ ʥʘ ʟʚʘʣʠʱʘʭ, ʷʢʽ ʧʽʜʜʘʶʪʴʩʷ 

ʙʽʦʣʦʛʽʯʥʦʤʫ ʨʦʟʧʘʜʫ. 

- ʥʘʜʘʥʥʷ ʧʝʨʝʚʘʛʠ ʧʦʚʪʦʨʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʜʭʦʜʽʚ. 

- ʟʘʧʦʙʽʛʘʥʥʷ ʩʧʘʣʶʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʪʠ, ʘ ʪʘʢʦʞ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʝ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ  ʥʘ ʧʦʣʽʛʦʥʘʭ ʪʘ ʟʚʘʣʠʱʘʭ. 

ɺʨʘʭʦʚʫʶʯʽ ʻʚʨʦʧʝʡʩʴʢʠʡ ʢʫʨʩ ʋʢʨʘʾʥʠ ʜʝʨʞʘʚʥʘ ʧʦʣʽʪʠʢʘ ʫ ʩʬʝʨʽ 

ʧʦʚʦʜʞʝʥʥʷ ʟ ʊʇɺ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʣʘ ʩʫʯʘʩʥʠʤ ʪʝʥʜʝʥʮʽʷʤ ʽ ʙʫʪʠ 

ʘʜʘʧʪʦʚʘʥʦʶ ʜʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ɭʉ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʜʦʜʝʨʞʫʚʘʪʠʩʷ  

ʮʽʣʴʦʚʠʭ ʟʘʚʜʘʥʴ ɭʉ ʥʘ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʧʝʨʽʦʜ: 

- ʱʦʜʦ ʟʘʭʦʨʦʥʝʥʥʷ ʚʽʜʭʦʜʽʚ ʥʘ ʧʦʣʽʛʦʥʘʭ: ɼʠʨʝʢʪʠʚʠ 1999/31/ɭʉ, ʚ 

ʷʢʽʡ ʧʝʨʝʜʙʘʯʝʥʦ ʱʦ ʜʝʨʞʘʚʠ-ʯʣʝʥʠ ɭʉ ʟʤʝʥʰʘʪʴ ʦʙôʻʤʠ ʚʽʜʭʦʜʽʚ ʥʘ 

ʧʦʣʽʛʦʥʘʭ ʜʦ 2020 ʨʦʢʫ, ʘ ʪʘʢʦʞ ʙʽʦʣʦʛʽʯʥʝ ʨʦʟʢʣʘʜʘʥʥʷ ʜʦ 35% ʚʽʜ ʨʽʚʥʷ 

1995 ʨʦʢʫ; 

- ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʘʨʠ: ɼʠʨʝʢʪʠʚʘ 

2004/62/ɭʉ, ʚ ʷʢʽʡ ʧʝʨʝʜʙʘʯʝʥʦ ʟ 2012 ʨʦʢʫ ʧʝʨʝʨʦʙʣʷʪʠ ʤʽʥʽʤʫʤ 55 % ʮʠʭ 

ʚʽʜʭʦʜʽʚ; 

- ʱʦʜʦ  ʩʧʘʣʶʚʘʥʥʷ ʚʽʜʭʦʜʽʚ: ɼʠʨʝʢʪʠʚʘ 2000/76/ɭʉ, ʚ ʷʢʽʡ 

ʧʝʨʝʜʙʘʯʝʥʦ  ʩʦʨʪʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʪʘ ʫʪʠʣʽʟʘʮʽʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ; 
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- ʱʦʜʦ ʚʽʜʭʦʜʽʚ ʚʽʜ ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ: 

ɼʠʨʝʢʪʠʚʘ 2000/95/ɭʉ,  ʷʢʘ ʧʨʦʛʥʦʟʫʻ ʟ 2006 ʨʦʢʫ ʧʝʨʝʨʦʙʣʝʥʥʷ 50-75 % ʮʠʭ 

ʚʽʜʭʦʜʽʚ. 

- ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʙʘʪʘʨʝʡʦʢ 

(ɼʠʨʝʢʪʠʚʘ 91/157/ɭʉ), ʦʩʘʜʽʚ ʩʪʽʯʥʠʭ ʚʦʜ (ɼʠʨʝʢʪʠʚʘ 86/278/ɭʉ) [214]. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʚʽʜʦʤʦ ʧʦʥʘʜ 20 ʤʝʪʦʜʽʚ ʫʪʠʣʽʟʘʮʽʾ ʊʇɺ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ 

5..10, ʘ ʜʝʷʢʽ ʽ 50 ʨʽʟʥʦʚʠʜʽʚ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ [195, 196, 215-

228].  

ɿʘ ʩʚʦʻʶ ʢʽʥʮʝʚʦʶ ʤʝʪʦʶ ʤʝʪʦʜʠ ʧʝʨʝʨʦʙʢʠ ʊʇɺ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: 

ʫʪʠʣʽʟʘʮʽʡʥʽ, ʷʢʽ ʚʠʨʽʰʫʶʪʴ ʝʢʦʥʦʤʽʯʥʽ ʟʘʚʜʘʥʥʷ, ʘ ʩʘʤʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʪʦʨʠʥʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʪʘ ʣ̔ ʢʚʽʜʘʮʽʡʥʽ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʜʦʪʨʠʤʘʥʥʷ ʩʘʥʽʪʘʨʥʦ-ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʦʛʦ ʙʣʘʛʦʧʦʣʫʯʯʷ ʜʦʚʢʽʣʣʷ [17, 189, 

190, 229, 230]. 

ɿʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʠʥʮʠʧʦʤ ʤʝʪʦʜʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: ʙʽʦʣʦʛʽʯʥʽ, 

ʪʝʨʤʽʯʥʽ ʪʘ ʟʤʽʰʘʥʽ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʚʚʘʞʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ 

[17, 230, 231]: 

- ʩʢʣʘʜʫʚʘʥʥʷ ʥʘ ʧʦʣʽʛʦʥʘʭ (ʣʽʢʚʽʜʘʮʽʡʥʦ-ʙʽʦʤʝʭʘʥʽʯʥʠʡ); 

- ʩʧʘʣʶʚʘʥʥʷ (ʣʽʢʚʽʜʘʮʽʡʥʦ-ʪʝʨʤʽʯʥʠʡ); 

- ʢʦʤʧʦʩʪʫʚʘʥʥʷ (ʫʪʠʣʽʟʘʮʽʡʥʦ-ʙʽʦʣʦʛʽʯʥʠʡ). 

ɿʘʛʘʣʴʥʠʡ ʩʪʘʥ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ ʫ ʟʘʨʫʙʽʞʥʠʭ 

ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 1.1 (ʟʘ ʜʘʥʠʤʠ UNSD, 2017 ʨ.). 

ʊʘʙʣʠʮʷ 1.1. ɿʘʛʘʣʴʥʠʡ ʩʪʘʥ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ 

ʂʨʘʾʥʠ 

ɿʘʛʘʣʴʥʘ 

ʤʘʩʘ ʊʇɺ, 

ʪʠʩ. ʪ 

ʉʢʣʘʜʫʚʘʥʥʷ 

ʥʘ ʧʦʣʽʛʦʥʽ 

% 

ʊʝʨʤʽʯʥʘ 

ʦʙʨʦʙʢʘ 

% 

ʇʝʨʝʨʦʙʢʘ 

% 

ʂʦʤʧʦʩʪʫʚʘʥʥʷ 

% 

ɸʚʩʪʨʽʷ 4833 4,0 36,3 25,5 30,9 

ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ 31 131 27,8 26,5 27,3 16,4 

ɻʨʝʮʽʷ 5 585 80,7 0,0 15,6 3,7 

ɼʘʥʽʷ 4 279 1,3 54,4 26,9 17,4 

ɽʩʪʦʥʽʷ 470 6,5 47,2 26,5 4,6 

ɭʛʠʧʝʪ 21 000 90,5 0,0 9,5 0,0 

ɯʨʣʘʥʜʽʷ 2 693 38,2 15,9 30,8 5,8 

ɯʩʧʘʥʽʷ 20 217 55,1 12,3 15,5 17,0 

ɯʪʘʣʽʷ 29 655 31,5 19,3 26,1 16,4 

ʂʠʪʘʡ 170 809 61,5 21,0 - - 
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ʂʨʘʾʥʠ 

ɿʘʛʘʣʴʥʘ 

ʤʘʩʘ ʊʇɺ, 

ʪʠʩ. ʪ 

ʉʢʣʘʜʫʚʘʥʥʷ 

ʥʘ ʧʦʣʽʛʦʥʽ 

% 

ʊʝʨʤʽʯʥʘ 

ʦʙʨʦʙʢʘ 

% 

ʇʝʨʝʨʦʙʢʘ 

% 

ʂʦʤʧʦʩʪʫʚʘʥʥʷ 

% 

ʅʽʜʝʨʣʘʥʜʠ 8 890 1,4 47,7 23,7 27,1 

ʅʽʤʝʯʯʠʥʘ 50 064 0,3 33,7 46,6 17,2 

ʅʦʨʚʝʛʽʷ 2 175 2,8 52,8 26,1 16,1 

ʇʦʣʴʱʘ 10 330 52,6 15,1 21,1 11,2 

ʇʦʨʪʫʛʘʣʽʷ 4 710 49,0 20,7 16,2 14,1 

ʉʣʦʚʝʥʽʷ 892 23,3 0,2 29,0 6,9 

ʉʐɸ 227 604 53,8 11,7 26,0 8,5 

ʋʢʨʘʾʥʘ 10 897 94,2 2,70 3,1 0,00 

ʌʨʘʥʮʽʷ 33 703 25,8 35,0 22,1 17,2 

ʍʦʨʚʘʪʽʷ 1 637 80,0 0,2 14,4 2,1 

ʏʝʩʴʢʘ 

ʈʝʩʧʫʙʣʽʢʘ 
3 261 56,0 18,5 22,6 2,9 

ʐʚʝʮʽʷ 4 246 0,6 49,5 33,4 16,5 

ʗʧʦʥʽʷ 44 874 1,3 77,6 20,3 0,3 

 

ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚ ʋʢʨʘʾʥʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʣʠʰʝ ʩʢʣʘʜʫʚʘʥʥʷ ʊʇɺ ʥʘ 

ʧʦʣʽʛʦʥʘʭ ʪʘ ʟʚʘʣʠʱʘʭ, ʧʨʠ ʮʴʦʤʫ ʚʩʽ ʽʩʥʫʶʯʽ ʟʚʘʣʠʱʘ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʚʠʤʦʛʘʤ[232-234]. 

ʈʦʟʤʽʱʝʥʥʷ ʊʇɺ ʥʘ ʧʦʣʽʛʦʥʘʭ ʪʘ ʟʚʘʣʠʱʘʭ, ʦʢʨʽʤ ʚʠʚʝʜʝʥʥʷ ʟ 

ʢʦʨʠʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʯʥʠʭ ʪʝʨʠʪʦʨʽʡ ʜʣʷ ʾʭ ʫʣʘʰʪʫʚʘʥʥʷ, ʩʪʚʦʨʶʻ ʨʷʜ 

ʧʨʦʙʣʝʤ, ʟʦʢʨʝʤʘ ʥʝʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ ʜʽʶʯʠʭ ʟʚʘʣʠʱ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʨʠʟʠʢʽʚ ʚʠʥʠʢʥʝʥʥʷ ʧʦʞʝʞ, ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʣʝʞʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʾʭ ʩʪʘʥʦʤ, 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʪʘ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʡ ʨʽʟʥʦʛʦ ʨʦʜʫ ʩʤʽʪʪʷʤ, 

ʚʠʥʠʢʥʝʥʥʷ ʥʝʧʨʠʻʤʥʠʭ ʟʘʧʘʭʽʚ, ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ ʧʦʷʚʠ ʥʝʙʝʟʧʝʯʥʠʭ 

ʢʦʤʘʭ, ʛʨʠʟʫʥʽʚ, ʙʨʦʜʷʯʠʭ ʪʚʘʨʠʥ ʪʘ ʽʥ.   [226, 234-237].  

ɿʘʚʦʜʠ ʟ ʧʝʨʝʨʦʙʢʠ ʩʤʽʪʪʷ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʚ 

ʝʢʦʥʦʤʽʯʥʦ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ (ʅʽʤʝʯʯʠʥʘ, ɹʝʣʴʛʽʷ, ʗʧʦʥʽʷ, ʐʚʝʡʮʘʨʽʷ ʪʘ 

ʽʥ.). ʆʜʥʘʢ ʝʢʩʧʣʫʘʪʘʮʽʷ ʮʠʭ ʟʘʚʦʜʽʚ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʟʘʪʨʘʪ, ʘ 

ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ ʪʘ 

ʫʪʠʣʽʟʘʮʽʾ ʰʣʘʢʽʚ, ʫʪʚʦʨʶʚʘʥʠʭ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʊʇɺ, ʱʦ ʥʝ ʟʘʚʞʜʠ ʤʦʞʣʠʚʦ 

ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. ɼʦ ʥʝʛʘʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʢʘʟʘʥʠʭ ʟʘʚʦʜʽʚ 
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ʥʝʦʙʭʽʜʥʦ ʚʽʜʥʝʩʪʠ ʽ ʧʨʠʡʤʘʥʥʷ ʦʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʠʭ ʚʽʜʭʦʜʽʚ ʟ ʤʝʜʠʯʥʠʭ 

ʟʘʢʣʘʜʽʚ  [210, 212, 238, 239].  

ʊʝʨʤʽʯʥʠʡ ʤʝʪʦʜ  ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ, ʷʢ ʧʦʢʘʟʫʻ ʧʨʘʢʪʠʢʘ, ʧʨʠ 

ʥʝʜʦʪʨʠʤʫʚʘʥʥʽ ʘʙʦ ʧʦʨʫʰʝʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʤʦʞʝ ʩʪʘʪʠ ʜʞʝʨʝʣʦʤ 

ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ,. ʆʜʥʘʢ ʮʝʡ ʤʝʪʦʜ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʤʽʩʪ ʢʨʘʾʥʠ ʻ 

ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʠʤ. ʋʢʨʘʾʥʘ ʤʘʻ ʜʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʚʦʜʽʚ ʟ ʧʝʨʝʨʦʙʢʠ 

ʚʽʜʭʦʜʽʚ (ʧʦʩʪʘʯʘʣʴʥʠʢ ʬʽʨʤʠ çʏʂɼ-ɼʫʢʣʘè) ʚ ʂʠʻʚʽ, ʍʘʨʢʦʚʽ, ɼʥʽʧʨʽ, 

ʉʝʚʘʩʪʦʧʦʣʽ. ɿʘʧʨʦʝʢʪʦʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ ʦʜʥʦʛʦ ʢʦʪʣʘ ʩʪʘʥʦʚʠʪʴ ï 15 ʪ/ʛʦʜ. ɿʘ 

ʯʘʩ ʨʦʙʦʪʠ ʟʘʚʦʜʽʚ  ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʘ ʩʘʤʝ: ʧʦʪʫʞʥʽʩʪʴ ʟʘʚʦʜʽʚ 

ʩʢʣʘʜʘʣʘ ʣʠʰʝ 60é70 % ʚʽʜ ʟʘʧʨʦʝʢʪʦʚʘʥʦʾ, ʙʫʣʠ ʚʽʜʩʫʪʥʽʤʠ ʥʘʜʽʡʥʘ ʩʠʩʪʝʤʘ  

ʛʘʟʦʦʯʠʱʝʥʥʷ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚ ʘʪʤʦʩʬʝʨʫ ʧʦʪʨʘʧʣʷʣʘ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ 

ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ, ʪʘ ʩʧʝʮʽʘʣʴʥʽ ʤʝʪʦʜʠ ʧʝʨʝʨʦʙʢʠ ʟʦʣʠ. ʅʘʨʘʟʽ, ʚ ʋʢʨʘʾʥʽ 

ʧʨʘʮʶʻ ʣʠʰʝ ʦʜʠʥ ʟʘʚʦʜ ʟ ʪʝʨʤʽʯʥʦʾ ʫʪʠʣʽʟʘʮʽʾ ʊʇɺ ʚ ʤ. ʂʠʾʚ. ʅʘ ʟʘʚʦʜʘʭ ʟ 

ʧʝʨʝʨʦʙʢʠ ʩʤʽʪʪʷ ʫ ʉʐɸ, ʗʧʦʥʽʾ, ʂʘʥʘʜʠ ʪʘ ʢʨʘʾʥʘʭ ɿʘʭʽʜʥʦʾ ɭʚʨʦʧʠ  ʚʢʘʟʘʥʽ 

ʥʝʜʦʣʽʢʠ - ʚʽʜʩʫʪʥʽ. ʄʘʡʞʝ ʚʩʽ ʟʘʚʦʜʠ ʤʘʶʪʴ ʩʧʝʮʽʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ  ʜʣʷ 

ʫʪʠʣʽʟʘʮʽʾ ʪʝʧʣʘ. ɸʣʝ ʙʫʜʽʚʥʠʮʪʚʦ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʪʘʢʠʭ ʟʘʚʦʜʽʚ ʧʦʪʨʝʙʫʻ 

ʟʥʘʯʥʠʭ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ[196, 235, 240]. ʅʘʧʨʠʢʣʘʜ, ʦʨʽʻʥʪʦʚʥʘ ʚʘʨʪʽʩʪʴ 

ʪʝʨʤʽʯʥʦʾ ʫʪʠʣʽʟʘʮʽʾ 1ʪ ʊʇɺ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 55 ʜʦ 100 $ ʉʐɸ[241, 242]. 

ʆʧʪʠʤʘʣʴʥʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʟʘʚʦʜʽʚ ʟ ʪʝʨʤʽʯʥʦʾ ʫʪʠʣʽʟʘʮʽʾ 

ʊʇɺ ʪʘ ʦʪʨʠʤʘʥʥʷʤ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʚʘʞʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ[235]: 

- ʯʠʩʝʣʴʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ, ʷʢʝ ʧʨʦʞʠʚʘʻ ʚ ʨʘʜʽʫʩʽ 20 ʢʤ ʚʽʜ ʟʘʚʦʜʫ - ʥʝ 

ʤʝʥʰʝ 250 ʪʠʩ. ʯʦʣ.; 

- ʤʦʞʣʠʚʽʩʪʴ ʮʽʣʦʜʦʙʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʚʦʜʦʤ ʩʧʦʞʠʚʘʯʽʚ ʪʝʧʣʘ, ʷʢʝ 

ʤʘʻ ʧʦʜʘʚʘʪʠʩʷ ʫ ʢʦʤʧʣʝʢʩʽ ʟ ʊɽʎ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʙʦʾʚ ʫ ʩʠʩʪʝʤʽ; 

- ʥʘʷʚʥʽʩʪʴ ʥʘ ʚʽʜʩʪʘʥʽ ʜʦ 10 ʢʤ ʰʣʘʢʦʚʽʜʚʘʣʫ ʘʙʦ ʩʧʦʞʠʚʘʯʽʚ ʰʣʘʢʫ; 

- ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʘʚʦʜʫ ʫ ʧʨʦʤʠʩʣʦʚʽʡ ʟʦʥʽ ʥʘ ʚʽʜʩʪʘʥʽ 0,5 ʢʤ ʚʽʜ 

ʪʝʧʣʦʧʨʦʚʦʜʫ. 

ɺ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ (ʌʨʘʥʮʽʾ, ɯʪʘʣʽʾ, ʅʽʤʝʯʯʠʥʽ, ʅʽʜʝʨʣʘʥʜʘʭ ʪʘ ʽʥ.), ʘ 

ʪʘʢʦʞ ʫ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ ʢʦʣʠʰʥʴʦʛʦ ʉʈʉʈ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʟʽ, ʅʠʞʥʴʦʤʫ 
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ʅʦʚʛʦʨʦʜʽ, ʄʽʥʩʴʢʫ, ʊʘʰʢʝʥʪʽ, ʊʙʽʣʽʩʽ ʪʘ ʽʥ.) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘʚʦʜʠ ʜʣʷ 

ʧʝʨʝʨʦʙʢʠ ʩʤʽʪʪʷ ʟ ʪʝʭʥʦʣʦʛʽʶ ʘʝʨʦʙʥʦʛʦ ʙʽʦʪʝʨʤʽʯʥʦʛʦ ʢʦʤʧʦʩʪʫʚʘʥʥʷ. ʋ 

ʮʽʡ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʜʙʘʯʝʥʦ ʩʦʨʪʫʚʘʥʥʷ ʊʇɺ ʟ ʥʘʩʪʫʧʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ 

ʙʽʦʜʦʩʪʫʧʥʦʾ ʬʨʘʢʮʽʾ ʫ ʢʦʤʧʦʩʪ (ʜʦʙʨʠʚʦ), ʦʩʪʘʥʥʻ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʤʽʩʴʢʦʛʦ ʦʟʝʣʝʥʝʥʥʷ ʪʘ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʩʤʽʪʪʻʟʚʘʣʠʱ. ʊʘʢʽ ʟʘʚʦʜʠ 

ʫʢʦʤʧʣʝʢʪʦʚʘʥʽ ʩʧʝʮʽʘʣʴʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʊʇɺ ʥʘ ʬʨʘʢʮʽʾ 

ʩʢʣʘ, ʧʦʣʽʤʝʨʽʚ, ʘ ʪʘʢʦʞ ʯʦʨʥʦʛʦ ʪʘ ʢʦʣʴʦʨʦʚʦʛʦ ʤʝʪʘʣʽʚ[224, 243-249]. 

ɺ ɿʘʭʽʜʥʽʡ ɭʚʨʦʧʽ ʚʢʘʟʘʥʽ ʧʨʦʙʣʝʤʠ ʟ ʨʦʟʧʦʜʽʣʝʥʥʷʤ ʚʽʜʭʦʜʽʚ ʚʽʜʩʫʪʥʽ, 

ʘ ʦʪʞʝ ʦʜʝʨʞʘʥʽ ʜʦʙʨʠʚʘ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʮʽʣʝʡ. ɼʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʩʤʽʪʪʻʧʝʨʝʨʦʙʥʦʛʦ ʟʘʚʦʜʫ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ 

ʙʽʦʪʝʨʤʽʯʥʦʛʦ ʢʦʤʧʦʩʪʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʥʝʦʙʭʽʜʥʽ ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ[17, 215, 

250-255]: 

- ʥʘʷʚʥʽʩʪʴ ʛʘʨʘʥʪʦʚʘʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʜʦʙʨʠʚʘ (ʙʽʦʧʘʣʠʚʘ) ʚ ʨʘʜʽʫʩʽ 

20..50 ʢʤ; 

- ʯʠʩʝʣʴʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʤʽʩʪʘ ʧʦʥʘʜ 100 ʪʠʩ. ʯʦʣ.; 

- ʦʙʦʚôʷʟʢʦʚʝ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʜʽʣʴʥʦʛʦ ʟʙʠʨʘʥʥʷ ʚʽʜʭʦʜʽʚ. 

 

1.8. ʊʝʭʥʦʣʦʛʽʾ  ʪʘ ʦʙʣʘʜʥʘʥʥʷ  ʜʣʷ ʩʦʨʪʫʚʘʥʥʷ ʊʇɺ 

ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘʢ ʟʚʘʥʠʭ ʩʤʽʪʪʻʩʦʨʪʫʚʘʣʴʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ. ʉʝʨʝʜ ʥʠʭ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʽ: 

Pressona (ʐʚʝʮʽʷ), Imabe Iberica (ɯʩʧʘʥʽʷ), Sacria (ʌʨʘʥʮʽʷ), Lidermann 

(ʅʽʤʝʯʯʠʥʘ), ʉʪʘʥʢʦʩʥʘʙ (ʈʦʩʽʷ, ʄʦʩʢʚʘ), ɻʽʜʨʦʤʘʰ (ʈʦʩʽʷ, ʃʠʧʝʮʴʢ) ʪʘ ʽʥ. 

[256, 257]. 

ɿʘ ʨʝʘʣʽʟʦʚʘʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʮʽ ʢʦʤʧʣʝʢʩʠ ʚʠʷʚʣʷʶʪʴʩʷ 

ʦʜʥʦʪʠʧʥʠʤʠ ʽ ʧʨʘʮʶʶʪʴ ʟʘ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ: ʧʦʙʫʪʦʚʽ ʚʽʜʭʦʜʠ  

ʚʠʚʘʥʪʘʞʫʶʪʴʩʷ ʽʟ ʩʧʝʮʽʘʣʴʥʦʾ ʢʦʤʫʥʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʫ ʧʨʠʡʤʘʣʴʥʝ ʩʭʦʚʠʱʝ, 

ʟʚʽʜʢʠ ʢʦʥʚʝʻʨʦʤ ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʚ ʙʘʨʘʙʘʥʥʠʡ ʛʨʦʭʦʪ ʟ ʦʪʚʦʨʘʤʠ ʜʣʷ 

ʚʽʜʜʽʣʝʥʥʷ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ. ʆʩʥʦʚʥʠʡ ʧʦʪʽʢ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʠʚ ʧʦʜʘʻʪʴʩʷ ʥʘ 

ʩʦʨʪʫʚʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʝʨ, ʥʘ ʷʢʦʤʫ ʚʨʫʯʥʫ ʚʽʜʙʠʨʘʻʪʴʩʷ ʚʪʦʨʠʥʥʘ ʩʠʨʦʚʠʥʘ 

(ʢʘʨʪʦʥ, ʧʘʧʽʨ, ʧʦʣʽʤʝʨʠ, ʩʢʣʦ, ʪʝʢʩʪʠʣʴ, ʜʝʨʝʚʦ ʪʦʱʦ); ʜʘʣʽ ʚʠʣʫʯʘʶʪʴʩʷ 
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ʢʦʣʴʦʨʦʚʽ ʪʘ ʯʦʨʥʽ ʤʝʪʘʣʠ, ʘ ʟʘʣʠʰʦʢ ʧʦʜʘʻʪʴʩʷ ʫ ʧʨʝʩ ʥʝʧʝʨʝʨʚʥʦʾ, ʜʝ ʚʽʥ 

ʧʨʝʩʫʻʪʴʩʷ. 

ʈʦʟʛʣʷʥʫʪʽ ʚʠʱʝ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʝʨʝʨʦʙʢʠ 

ʊʇɺ, ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʥʘ ʩʪʘʜʽʾ ʨʦʟʜʽʣʴʥʦʛʦ ʟʙʠʨʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʩʫʭʠʭ ʟʤʽʰʘʥʠʭ ʊʇɺ, ʱʦ ʥʝ ʤʽʩʪʷʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʦʨʛʘʥʽʯʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʟʜʘʪʥʠʭ ʜʦ ʙʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ[213, 258, 259].. 

ɼʦʩʚʽʜ ʨʫʯʥʦʛʦ ʩʦʨʪʫʚʘʥʥʷ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʚ ʋʢʨʘʾʥʽ, ʷʢ ʽ ʚ ʽʥʰʠʭ 

ʢʨʘʾʥʘʭ ʧʦʩʪʨʘʜʷʥʩʴʢʦʛʦ ʧʨʦʩʪʦʨʫ, ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʡ, ʪʦʤʫ ʱʦ ʜʝʷʢʽ 

ʩʧʨʦʙʠ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʟʘʚʝʨʰʫʚʘʣʠʩʴ ʥʝʛʘʪʠʚʥʦ. ʊʘʢʽ ʊʇɺ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʨʫʯʥʦʤʫ ʩʦʨʪʫʚʘʥʥʶ, ʚʪʦʨʠʥʥʘ ʩʠʨʦʚʠʥʘ, 

ʤʘʢʫʣʘʪʫʨʘ ʚʠʷʚʣʷʶʪʴʩʷ ʟʘʙʨʫʜʥʝʥʠʤʠ, ʨʦʙʦʪʘ ʩʦʨʪʫʚʘʣʴʥʠʢʽʚ 

ʥʝʧʨʠʚʘʙʣʠʚʦʶ ʽ ʪ.ʧ.[257, 260, 261]. 

ʉʣʽʜ ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʪʶʢʫʚʘʥʥʷ ʥʝʩʦʨʪʦʚʘʥʦʛʦ ʟʘʣʠʰʢʫ ʽʟ 

ʟʚôʷʟʫʚʘʥʥʷʤ ʪʶʢʽʚ ʜʨʦʪʦʤ ʪʘʢʦʞ ʻ ʥʝʧʨʠʡʥʷʪʥʠʤ ʜʣʷ ʫʤʦʚ ʋʢʨʘʾʥʠ, 

ʟʦʢʨʝʤʘ, ʤ. ʂʠʻʚʘ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʟʥʘʯʥʦʛʦ ʚʤʽʩʪʫ ʫ 

ʚʽʜʭʦʜʘʭ ʦʨʛʘʥʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʟʜʘʪʥʠʭ ʜʦ ʙʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ, ʚ 

ʪʶʢʘʭ ʙʫʜʫʪʴ ʧʨʦʜʦʚʞʫʚʘʪʠʩʴ ʘʥʘʝʨʦʙʥʽ ʧʨʦʮʝʩʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʬʽʣʴʪʨʘʪʫ, ʚ 

ʪʽʡ ʞʝ ʢʽʣʴʢʦʩʪʽ, ʱʦ ʡ ʧʨʠ ʽʩʥʫʶʯʽʡ ʪʝʭʥʦʣʦʛʽʾ ʟʘʭʦʨʦʥʝʥʥʷ ʊʇɺ ʥʘ ʧʝʨʰʽʡ 

ʯʝʨʟʽ ʧʦʣʽʛʦʥʫ. ʂʨʽʤ ʪʦʛʦ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʣʽʥʽʾ ʟ 

ʥʝʩʦʨʪʦʚʘʥʦʛʦ ʟʘʣʠʰʢʫ 70 ʪʠʩ. ʪʦʥ ʥʘ ʨʽʢ ʟʘ ʮʝʡ ʧʝʨʽʦʜ ʙʫʜʝ ʚʠʪʨʘʯʝʥʦ ʪʘ 

ʚʠʚʝʟʝʥʦ ʥʘ ʧʦʣʽʛʦʥ ʙʽʣʷ 70 ʪʦʥ ʚ'ʷʟʘʣʴʥʦʛʦ ʜʨʦʪʫ ʟ ʷʢʽʩʥʦʾ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʾ 

ʩʪʘʣʽ, ʱʦ ʙʫʜʝ ʟʘʚʘʞʘʪʠ ʨʦʙʦʪʽ ʩʠʩʪʝʤʠ ʚʽʜʚʦʜʫ ʪʘ ʟʙʠʨʘʥʥʷ ʙʽʦʛʘʟʫ.  

ʄʝʪʦʜʠ ʦʙʨʦʙʢʠ ʬʽʣʴʪʨʘʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʨʷʜʽ ʜʞʝʨʝʣ, ʟʦʢʨʝʤʘ [262-

265]. 

 

1.9. ʉʫʯʘʩʥʽ ʩʧʦʩʦʙʠ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʧʦʣʽʛʦʥʽʚ ʊʇɺ 

ʇʦʣʽʛʦʥʠ ʊʇɺ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʦʪʫʞʥʠʭ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ. 

ʇʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʦʪʦʯʫʶʯʠʭ ʧʦʨʽʜ ʪʘ ˇʨʫʥʪʽʚ ʧʦʣʽʛʦʥ  ̒ʨʽʟʢʦʶ ʪʝʭʥʦʛʝʥʥʦʶ 

ʛʝʦʭʽʤʽʯʥʦʶ ʘʥʦʤʘʣʽʻʶ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʩʫʪʪʻʚʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʩʢʣʘʜʫ 
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ʚʽʜʭʦʜʽʚ, ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʢʦ-ʙʽʦʣʦʛʽʯʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʪʦʱʦ. ʂʨʽʤ 

ʪʦʛʦ, ʫ ʪʽʣʽ ʧʦʣʽʛʦʥʫ, ʟʘʟʚʠʯʘʡ, ʬʦʨʤʫʻʪʴʩʷ ʪʝʭʥʦʛʝʥʥʠʡ ʚʦʜʦʥʦʩʥʠʡ 

ʛʦʨʠʟʦʥʪ, ʷʢʠʡ ʚ ʦʩʥʦʚʥʦʤʫ ʧʦʧʦʚʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʽʥʬʽʣʴʪʨʘʮʽ ʾ

ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ. ʈʽʚʥʽ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʤʦʞʫʪʴ 

ʧʦʤʽʪʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ ʨʽʚʥʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʠʞʯʠʭ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ, 

ʱʦ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʧʝʨʝʪʽʢʘʥʥʷ ʟ ʪʝʭʥʦʛʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʚ ʥʠʞʯʝ 

ʨʦʟʪʘʰʦʚʘʥʽ ʚʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ ʘʙʦ ʥʘ ʧʦʚʝʨʭʥʶ ʟʝʤʣʽ. ʉʘʤʝ ʚʝʣʠʯʠʥʘ 

ʽʥʬʽʣʴʪʨʘʮʽʾ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʚ ʪʽʣʦ ʧʦʣʽʛʦʥʫ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʦʢʘʟʥʠʢʽʚ, 

ʷʢʽ ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʪʽʢʘʥʥ ̫ʙʽʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʪʦʚʱʽ ʚʽʜʭʦʜʽʚ ʪʘ ʦʙʩʷʛʠ ʫʪʚʦʨʶʚʘʥʠʭ ʬʽʣʴʪʨʘʪʫ ʪʘ ʙʽʦʛʘʟʫ. ɿ ʪʦʯʢʠ ʟʦʨʫ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʬʽʣʴʪʨʘʪ ï ʮʝ ʥʘʜʟʚʠʯʘʡʥʦ ʪʦʢʩʠʯʥʠʡ ʨʦʟʯʠʥ ʟ ʚʠʩʦʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ, ʩʧʦʣʫʢ ʘʤʦʥʽʶ, ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʪʘ 

ʽʥʰʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ. ɺʤʽʩʪ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʫ ʬʽʣʴʪʨʘʪʽ ʤʦʞʝ ʩʷʛʘʪʠ ʟʘ ʍʉʂ 

ʜʦ 6000 ʤʛ ʆ2/ʜʤ
3
, ʘ ʦʙʩʷʛʠ ʫʪʚʦʨʝʥʦʛʦ ʙʽʦʛʘʟʫ - ʚ ʩʝʨʝʜʥʴʦʤʫ  ʩʪʘʥʦʚʠʪʠ 

ʜʝʢʽʣʴʢʘ ʪʠʩʷʯ ʪʦʥ ʥʘ ʨʽʢ. 

ɿʘʢʨʠʪʪʷ (ʨʝʢʫʣʴʪʠʚʘʮʽʷ) ʧʦʣʽʛʦʥʫ - ʮʝ ʦʩʪʘʥʥʽʡ ʝʪʘʧ ʡʦʛʦ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʮʠʢʣʫ, ʥʘ ʷʢʦʤʫ ʧʨʠʧʠʥʷʻʪʴʩʷ ʚʠʚʝʟʝʥʥʷ ʽ ʩʢʣʘʜʫʚʘʥʥʷ ʥʘ 

ʧʦʣʽʛʦʥ ʊʇɺ ʪʘ ʧʨʦʚʦʜʷʪʴʩʷ ʟʘʭʦʜʠ ʟ ʫʣʘʰʪʫʚʘʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʟʘʭʠʩʥʦʛʦ 

ʝʢʨʘʥʫ. ʈʝʢʫʣʴʪʠʚʘʮʽʷ ʧʦʣʽʛʦʥʫ ʤʦʞʝ ʨʦʟʧʦʯʠʥʘʪʠʩʷ ʯʝʨʝʟ 15-20 ʨʦʢʽʚ ʚʽʜ 

ʧʦʯʘʪʢʫ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ [216, 231, 266-270].  

ʈʝʢʫʣʴʪʠʚʘʮʽ ̫ ʟʘʢʨʠʪʠʭ ʧʦʣʽʛʦʥʽʚ ʚʢʣʶʯʘʻ ʢʦʤʧʣʝʢʩ ʨʦʙʽʪ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʮʽʥʥʦʩʪʽ 

ʪʝʨʠʪʦʨʽʡ, ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʝʥʥʷ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ  

ʩʝʨʝʜʦʚʠʱʘ. ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʟ ʙʣʘʛʦʫʩʪʨʦʶ 

ʧʦʨʫʰʝʥʦʛʦ ʣʘʥʜʰʘʬʪʫ. ʇʨʦʪʝ ʜʦʩʷʛʪʠ ʧʦʚʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʪʘ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʮʽʥʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʟʘʢʨʠʪʦʛʦ ʧʦʣʽʛʦʥʫ ʧʨʘʢʪʠʯʥʦ 

ʥʝʤʦʞʣʠʚʦ, ʪʦʤʫ ʧʽʩʣʷ ʾʭ ʟʘʢʨʠʪʪʷ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ ʥʘʡʙʽʣʴʰ 

ʨʘʮʽʦʥʘʣʴʥʽ ʰʣʷʭʠ ʾʭ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʮʽʣʴʦʚʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʢʫʣʴʪʠʚʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ. ʅʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤʠ ʜʣʷ 
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ʟʘʢʨʠʪʠʭ ʧʦʣʽʛʦʥʽʚ ʚʚʘʞʘʶʪʴʩʷ ʨʝʢʨʝʘʮʽʡʥʝ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʝ ʽ 

ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʝ ʥʘʧʨʷʤʢʠ ʨʝʢʫʣʴʪʠʚʘʮʽʾ.  

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʦʪʦʯʫʶʯʝ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʟʘʢʨʠʪʦʛʦ 

ʧʦʣʽʛʦʥʫ ʊʇɺ ʥʝʦʙʭʽʜʥʦ ʦʙʦʚ'ʷʟʢʦʚʝ ʬʽʥʘʣʴʥʝ ʧʝʨʝʢʨʠʪʪʷ ʧʦʚʝʨʭʥʽ ʚʽʜʭʦʜʽʚ 

ʧʨʦʪʠʬʽʣʴʪʨʘʮʽʡʥʠʤ ʝʢʨʘʥʦʤ.  

ʇʦʯʘʪʢʦʚʦʶ ʩʪʘʜʽʻ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʣʽʛʦʥʫ ʻ ʨʦʟʨʦʙʢʘ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫ, ʚ ʷʢʦʤʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʝʭʥʽʯʥʽ, ʽʥʞʝʥʝʨʥʽ, ʝʢʦʣʦʛʽʯʥʽ 

ʪʘ ʽʥʰʽ ʨʽʰʝʥʥʷ ʪʘ ʦʙôʻʤʠ ʥʝʦʙʭʽʜʥʠʭ ʨʦʙʽʪ. ʇʨʠ ʮʴʦʤʫ ʧʦʚʠʥʥʽ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʽ ʚʠʤʦʛʠ [212]: 

- ʟʘʢʨʠʪʪʷ ʧʦʣʽʛʦʥʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʯʠʥʥʠʤʠ 

ʥʦʨʤʘʪʠʚʥʦ-ʟʘʢʦʥʦʜʘʚʯʠʤʠ ʘʢʪʘʤʠ ʪʘ ʚʠʤʦʛʘʤʠ; 

- ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʪʨʦʣʶ ʟʘ ʩʠʩʪʝʤʘʤʠ ʢʝʨʫʚʘʥʥʷ ʬʽʣʴʪʨʘʪʦʤ, ʙʽʦʛʘʟʦʤ ʽ 

ʧʦʚʝʨʭʥʝʚʠʤ ʜʨʝʥʘʞʝʤ; 

- ʨʦʟʨʦʙʢʘ ʧʣʘʥʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʢʫʣʴʪʠʚʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ. 

ɺ ʋʢʨʘʾʥʽ ʟʘʢʨʠʪʪʷ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʣʽʛʦʥʫ ʧʦʚʠʥʥʦ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ɼɹʅ ɺ.2.4-2-2005. ʋ ʜʘʥʦʤʫ ʜʦʢʫʤʝʥʪʽ ʚʠʟʥʘʯʝʥʦ, ʱʦ 

ʨʝʢʫʣʴʪʠʚʘʮʽʷ ʟʝʤʝʣʴ ʧʽʩʣʷ ʟʘʢʨʠʪʪʷ ʧʦʣʽʛʦʥʘ ʊʇɺ ʧʨʦʚʦʜʠʪʴʩʷ ʟʛʽʜʥʦ ʟ 

ʨʦʟʨʦʙʣʝʥʠʤ ʧʨʦʝʢʪʦʤ, ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʟʘʢʨʠʪʦʛʦ ʧʦʣʽʛʦʥʘ, ʷʢʘ 

ʧʝʨʝʜʙʘʯʘʻ ʟʤʽʮʥʝʥʥʷ ʟʚʘʣʠʱʥʦʛʦ ˇʨʫʥʪʫ ʽ ʜʦʩʷʛʥʝʥʥʷ ʥʠʤ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ. ʇʨʦʝʢʪʦʤ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʟʝʤʝʣʴ ʤʘʻ ʙʫʪʠ ʧʝʨʝʜʙʘʯʝʥʠʡ ʦʜʠʥ ʟ 

ʥʘʩʪʫʧʥʠʭ ʥʘʧʨʷʤʢʽʚ: ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʡ, ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʠʡ, 

ʙʫʜʽʚʝʣʴʥʠʡ, ʧʨʠ ʮʴʦʤʫ ʦʩʪʘʥʥʽʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʽʣʴʢʠ ʧʽʩʣʷ ʚʠʚʝʟʝʥʥʷ ʚʩʴʦʛʦ 

ʟʚʘʣʠʱʥʦʛʦ ʛʨʫʥʪʫ ʽ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʩʘʥʽʪʘʨʥʦ-ʝʧʽʜʝʤʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ.  

ɿʘʢʨʠʪʪʷ ʧʦʣʽʛʦʥʫ ʟʜʽʡʩʥʶʻ ʚʧʣʠʚ ʥʘ ʩʠʩʪʝʤʫ ʧʦʚʦʜʞʝʥʥʷ ʟ ʊʇɺ ʫ 

ʤʽʩʮʝʚʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʮʴʦʛʦ ʧʦʣʽʛʦʥʫ, ʷʢʠʡ, ʥʘʩʘʤʧʝʨʝʜ, ʧʦʣʷʛʘʻ ʫ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʙʫʜʽʚʥʠʮʪʚʘ ʥʦʚʦʛʦ ʧʦʣʽʛʦʥʫ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʪʨʝʙʫʻ 

ʨʦʟʨʦʙʢʠ ʜʝʪʘʣʴʥʦʛʦ ʧʣʘʥʫ ʟʘʭʦʜʽʚ ʽʟ ʟʘʢʨʠʪʪʷ ʧʦʣʽʛʦʥʫ ʜʦ ʧʦʚʥʦʛʦ 
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ʚʠʯʝʨʧʫʚʘʥʥʷ ʡʦʛʦ ʤʽʩʪʢʦʩʪʽ ʪʘ ʧʽʜʛʦʪʦʚʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ (ʥʦʚʦʛʦ) 

ʧʦʣʽʛʦʥʫ[271]. 

ʇʽʜ ʯʘʩ ʧʣʘʥʫʚʘʥʥʷ ʚʢʘʟʘʥʠʭ ʟʘʭʦʜʽʚ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʢʘʟʥʠʢʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʊʇɺ ʽ ʤʽʩʪʢʦʩʪʽ ʧʦʣʽʛʦʥʫ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʦʮʽʥʢʠ ʽ ʢʦʨʠʛʫʚʘʥʥʷ ʦʯʽʢʫʚʘʥʦʛʦ ʪʝʨʤʽʥʫ ʟʘʧʦʚʥʝʥʥʷ ʧʦʣʽʛʦʥʫ ʽ ʩʪʨʦʢʽʚ 

ʱʦʜʦ ʡʦʛʦ ʟʘʢʨʠʪʪʷ. 

ɿʘ ʫʤʦʚʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʟʘʢʨʠʪʪʷ ʧʦʣʽʛʦʥʫ ʫ ʧʦʚʥʽʡ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ 

ʯʠʥʥʠʤʠ ʥʦʨʤʘʪʠʚʘʤʠ ʽ ʜʦʪʨʠʤʘʥʥʷ ʫʩʽʭ ʚʠʤʦʛ, ʥʘʩʪʫʧʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʟʘʢʨʠʪʦʛʦ ʧʦʣʽʛʦʥʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʭʦʜʽʚ ʟ ʥʝʜʦʧʫʱʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʽ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʥʘ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʠʪʦʢʫ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʟ ʪʝʨʠʪʦʨʽʾ ʧʦʣʽʛʦʥʫ.  

ʇʣʘʥ ʟʘʭʦʜʽʚ ʽʟ ʟʘʢʨʠʪʪʷ ʧʦʣʽʛʦʥʫ ʧʦʚʠʥʝʥ ʧʝʨʝʜʙʘʯʘʪʠ[210, 212, 216, 

238, 272-274]: 

- ʧʨʠʧʠʥʝʥʥʷ ʚʠʚʦʟʫ ʪʘ ʧʨʠʡʤʘʥʥʷ ʚʽʜʭʦʜʽʚ ʥʘ ʧʦʣʽʛʦʥ; 

- ʩʧʦʨʫʜʞʝʥʥʷ ʚʝʨʭʥʴʦʛʦ ʟʘʭʠʩʥʦʛʦ ʝʢʨʘʥʫ; 

- ʧʦʧʝʨʝʜʞʝʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʟ ʪʝʨʠʪʦʨʽʾ 

ʧʦʣʽʛʦʥʫ ʯʝʨʝʟ ˇʨʫʥʪʦʚʽ ʽ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ, ʘ ʪʘʢʦʞ ʘʪʤʦʩʬʝʨʫ; 

- ʧʨʦʜʦʚʞʝʥʥʷ ʚʝʜʝʥʥʷ ʽʩʥʫʶʯʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ; 

- ʧʨʦʜʦʚʞʝʥʥʷ ʚʽʜʚʝʜʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ ʟ ʧʦʣʽʛʦʥʫ; 

- ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʦʜʥʦʾ ʝʨʦʟʽʾ ʪʘ ʚʠʚʽʪʨʶʚʘʥʥʷ; 

- ʧʦʧʝʨʝʜʞʝʥʥʷ ʥʘʢʦʧʠʯʝʥʥʷ ʚʦʜʠ ʽ ʽʥʬʽʣʴʪʨʘʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʣʽʛʦʥʫ; 

- ʧʨʦʜʦʚʞʝʥʥʷ ʟʙʠʨʘʥʥʷ, ʚʽʜʚʝʜʝʥʥʷ ʽ ʧʝʨʝʨʦʙʢʠ ʙʽʦʛʘʟʫ, ʱʦ 

ʚʠʜʘʣʷʻʪʴʩʷ; 

- ʧʽʜʪʨʠʤʢʘ ʮʽʣʽʩʥʦʩʪʽ ʟʘʭʠʩʥʦʛʦ ʝʢʨʘʥʫ; 

- ʦʙʤʝʞʝʥʥʷ ʜʦʩʪʫʧʫ ʥʘ ʪʝʨʠʪʦʨʽʶ ʧʦʣʽʛʦʥʫ ʩʪʦʨʦʥʥʽʭ ʦʩʽʙ ʪʘ ʪʚʘʨʠʥ 

ʙʝʟ ʥʘʛʣʷʜʫ. 

ʇʽʩʣʷ ʟʘʢʨʠʪʪʷ ʧʦʣʽʛʦʥʫ ʝʢʩʧʣʫʘʪʫʶʯʘ ʦʨʛʘʥʽʟʘʮʽʷ ʧʦʚʠʥʥʘ: 
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- ʧʽʜʪʨʠʤʫʚʘʪʠ ʮʽʣʽʩʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ, 

ʟʜʽʡʩʥʶʶʯʠ  ʚʯʘʩʥʦ ʨʝʤʦʥʪʥʽ, ʧʨʦʪʠʘʚʘʨʽʡʥʽ ʪʘ ʽʥʰʽ ʨʦʙʦʪʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʝʨʦʟʽʡ, ʚʠʚʽʪʨʶʚʘʥʥʷ ʽ ʪ. ʧ.; 

- ʧʨʦʜʦʚʞʫʚʘʪʠ ʚʝʜʝʥʥʷ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʥʪʨʦʣʴ 

ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʪʦʢʫ ʟʘ ʪʝʨʠʪʦʨʽʶ ʧʦʣʽʛʦʥʫ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ; 

- ʧʨʦʜʦʚʞʫʚʘʪʠ ʟʙʠʨʘʥʥʷ ʽ ʚʽʜʚʝʜʝʥʥʷ ʬʽʣʴʪʨʘʪʫ ʜʦ ʧʨʠʧʠʥʝʥʥʷ ʡʦʛʦ 

ʚʠʜʽʣʝʥʥʷ; 

- ʧʦʧʝʨʝʜʞʫʚʘʪʠ ʥʘʢʦʧʠʯʝʥʥʷ ʚʦʜʠ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʣʽʛʦʥʫ ʽ ʝʨʦʟʽʾ 

ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ; 

- ʦʭʦʨʦʥʷʪʠ ʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʩʽ ʧʫʥʢʪʠ ʥʘʛʣʷʜʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʦʣʽʛʦʥʫ. 

ɿʘʢʨʠʪʪʷ ʧʦʣʽʛʦʥʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʩʣʷ ʟʘʩʠʧʢʠ ʡʦʛʦ ʥʘ ʧʨʦʝʢʪʥʫ 

ʚʽʜʤʽʪʢʫ ʪʘ ʟʘʧʦʚʥʝʥʥʷ ʡʦʛʦ ʧʨʦʝʢʪʥʦʾ ʤʽʩʪʢʦʩʪʽ[271, 275].  

ɼʣʷ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʧʦʣʽʛʦʥʽʚ ʽ ʟʚʘʣʠʱ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʽ 

ʤʝʪʦʜʠ: 

- ʢʦʥʩʝʨʚʫʚʘʥʥʷ ʪʽʣʘ ʧʦʣʽʛʦʥʫ ʘʙʦ ʟʚʘʣʠʱʘ (ʧʘʩʠʚʥʘ ʨʝʢʫʣʴʪʠʚʘʮʽʷ); 

- ʢʦʥʩʝʨʚʫʚʘʥʥʷ ʪʽʣʘ ʧʦʣʽʛʦʥʫ ʘʙʦ ʟʚʘʣʠʱʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ 

ʘʢʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʚʘʣʠʱʥʠʡ ˇʨʫʥʪ (ʘʢʪʠʚʥʘ ʨʝʢʫʣʴʪʠʚʘʮʽʷ); 

- ʧʦʚʥʘ ʣʽʢʚʽʜʘʮʽʷ ʪʽʣʘ ʧʦʣʽʛʦʥʫ ʘʙʦ ʟʚʘʣʠʱʘ ʟ ʚʽʜʥʦʚʣʝʥʥʷʤ ʪʝʨʠʪʦʨʽʾ 

ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʮʽʣʴʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʇʘʩʠʚʥʘ ʨʝʢʫʣʴʪʠʚʘʮʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʧʽʩʣʷ ʟʘʢʨʠʪʪʷ ʧʦʣʽʛʦʥʫ ʯʠ 

ʟʚʘʣʠʱʘ ʫ ʜʚʘ ʝʪʘʧʠ: ʪʝʭʥʽʯʥʠʡ ʽ ʙʽʦʣʦʛʽʯʥʠʡ[276]. ʊʝʭʥʽʯʥʠʡ ʝʪʘʧ 

ʧʝʨʝʜʙʘʯʘʻ ʩʪʘʙʽʣʽʟʘʮʽʶ, ʚʠʧʦʣʦʞʫʚʘʥʥʷ ʽ ʪʝʨʘʩʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ, 

ʩʧʦʨʫʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʜʝʛʘʟʘʮʽʾ, ʩʪʚʦʨʝʥʥʷ ʨʝʢʫʣʴʪʠʚʘʮʽʡʥʦʛʦ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ ʧʝʨʝʜʘʯʫ ʜʽʣʷʥʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʝʪʘʧʫ ʨʝʢʫʣʴʪʠʚʘʮʽʾ.  

ʑʦʙ ʫʥʠʢʥʫʪʠ ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʙʽʦʛʘʟʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ 

ʩʝʨʝʜʦʚʠʱʝ, ʚʠʭʦʜʫ ʛʘʟʫ ʟ ʧʦʚʝʨʭʥʽ ʧʦʣʽʛʦʥʫ ʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʡʦʛʦ ʥʘ 

ʧʨʠʣʝʛʣʽʡ ʜʦ ʧʦʣʽʛʦʥʫ ʪʝʨʠʪʦʨʽʾ, ʜʣʷ ʡʦʛʦ ʟʙʦʨʫ (ʟʘ ʩʠʩʪʝʤʦʶ ʧʘʩʠʚʥʦʾ 

ʜʝʛʘʟʘʮʽʾ) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʛʘʟʦʚʠʡ ʜʨʝʥʘʞ. ɺ ʦʩʥʦʚʽ ʜʨʝʥʘʞʫ ʦʙʣʘʰʪʦʚʫʻʪʴʩʷ 

ʧʽʱʘʥʝ ʧʦʢʨʠʪʪʷ, ʟʚʝʨʭʫ ʚʢʣʘʜʘʶʪʴʩʷ ʧʝʨʬʦʨʦʚʘʥʽ ʜʨʝʥʘʞʥʽ ʪʨʫʙʠ ʜʽʘʤʝʪʨʦʤ 
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125-150 ʤʤ ʪʘ ʧʦʢʨʠʪʠʡ ʰʘʨ ʛʨʘʚʽʶ ʪʘ ʱʝʙʥʶ. ɿʚʝʨʭʫ ʜʨʝʥʘʞʥʠʡ ʰʘʨ 

ʧʝʨʝʢʨʠʚʘʻʪʴʩʷ ʩʣʘʙʦʧʨʦʥʠʢʥʠʤ ʧʦʢʨʠʪʪʷʤ ʪʦʚʱʠʥʦʶ 0,5 ʤ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʬʽʣʴʪʨʘʮʽʾ ʥʝ ʙʽʣʴʰʝ 10
-9 
ʤ/ʩ. 

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʟʙʠʨʘʥʥʷ ʙʽʦʛʘʟʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʦʤʙʽʥʘʮʽʷ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʨʝʥʘʞʫ, ʦʩʪʘʥʥʽ ʪʘʢʦʞ 

ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ ʨʘʜʽʘʣʴʥʦʾ ʜʝʛʘʟʘʮʽʾ[233, 277, 278]. ʊʝʭʥʦʣʦʛʽʾ 

ʽʥʪʝʩʠʬʽʢʘʮʽʾ ʚʠʜʽʣʝʥʥʷ ʙʽʦʛʘʟʫ ʦʧʠʩʘʥʽ, ʥʘʧʨʠʢʣʘʜ, ʚ ʨʦʙʦʪʘʭ [233, 279]. 

ɹʽʦʛʘʟ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʨʝʙ. ɿʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʮʴʦʛʦ ʪʘ ʥʘʷʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ, ʙʽʦʛʘʟ ʧʦʚʠʥʝʥ ʩʧʘʣʶʚʘʪʠʩʷ ʥʘ ʩʧʝʮʽʘʣʴʥʦʤʫ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʬʘʢʝʣʴʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ[277, 280]. 

ɼʣʷ ʚʽʜʚʦʜʫ ʧʦʚʝʨʭʥʝʚʦʾ (ʯʠʩʪʦʾ) ʚʦʜʠ, ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʬʽʣʴʪʨʘʪʫ, 

ʟʙʠʨʘʥʥʷ ʽ ʫʪʠʣʽʟʘʮʽʾ ʙʽʦʛʘʟʫ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʣʽʛʦʥʫ ʚʣʘʰʪʦʚʫʻʪʴʩʷ ʟʘʭʠʩʥʠʡ 

ʝʢʨʘʥ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [232, 234, 281, 282]: 

- ʨʝʢʫʣʴʪʠʚʘʮʽʡʥʠʡ ʰʘʨ, ʪʦʚʱʠʥʦʶ ʥʝ ʤʝʥʰʝ 1 ʤ, ʷʢʠʡ ʚʤʽʱʫʶ ʰʘʨ 

ʨʦʜʶʯʦʛʦ  ˇʨʫʥʪʫ ʪʦʚʱʠʥʦʶ 30-50 ʩʤ; 

- ʜʨʝʥʘʞʥʠʡ ʰʘʨ, ʪʦʚʱʠʥʦʶ ʥʝ ʤʝʥʰʝ 30 ʩʤ;  

- ʟʘʭʠʩʥʠʡ ʜʨʽʙʥʦ-ʧʽʱʘʥʠʡ ʰʘʨ, ʪʦʚʱʠʥʦʶ ʥʝ ʤʝʥʰʝ 20 ʩʤ; 

- ʰʘʨ ʩʠʥʪʝʪʠʯʥʦʾ ʛʽʜʨʦʽʟʦʣʷʮʽʾ, ʪʦʚʱʠʥʦʶ 3 ʤʤ, ʩʪʽʡʢʠʡ ʜʦ ʭʽʤʽʯʥʦʛʦ ʽ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʪʘ ʜʦ ʧʨʦʜʘʚʣʶʚʘʥʥʷ; 

- ʛʽʜʨʦʽʟʦʣʷʮʽʡʥʠʡ ʰʘʨ ʽʟ ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʠʡ ʤʘʻ ʥʝ ʤʝʥʰʝ 

ʥʽʞ ʜʚʘ ʰʘʨʠ ʫʱʽʣʴʥʝʥʦʾ  ʛʣʠʥʠ, ʪʦʚʱʠʥʦʶ 1 ʤ ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʬʽʣʴʪʨʘʮʽʾ 

ʛʽʜʨʦʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ ʥʝ ʙʽʣʴʰʝ ʥʽʞ 10
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 ʤ/ʩ. 

ɻʘʟʦʚʠʡ ʜʨʝʥʘʞ ʟ ʥʽʚʝʣʶʶʯʠʤ ʰʘʨʦʤ  ʧʦʚʠʥʝʥ ʩʢʣʘʜʘʪʠ ʥʝ ʤʝʥʰʝ 0,5 

ʤ. ɼʣʷ ʚʽʜʚʝʜʝʥʥʷ ʙʽʦʛʘʟʫ ʪʘ ʟʙʠʨʘʥʥʷ ʚʦʜʠ ʥʽʚʝʣʶʶʯʠʤ ʰʘʨʦʤ ʥʝʦʙʭʽʜʥʦ 

ʚʣʘʰʪʫʚʘʪʠ ʰʘʨ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʬʫʥʢʮʽʶ ʛʘʟʦʚʦʛʦ ʜʨʝʥʘʞʫ. ʄʽʥʽʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʘ ʪʦʚʱʠʥʘ ʛʘʟʦʚʦʛʦ ʜʨʝʥʘʞʫ, ʷʢʠʡ ʫʣʘʰʪʦʚʫʻʪʴʩʷ ʽʟ ʧʨʠʨʦʜʥʠʭ 

ʤʽʥʝʨʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʦʚʠʥʝʥ ʩʪʘʥʦʚʠʪʠ ʥʝ ʤʝʥʰʝ 30 ʩʤ. 
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ʇʽʩʣʷ ʫʣʘʰʪʫʚʘʥʥʷ ʨʝʢʫʣʴʪʠʚʘʮʽʡʥʦʛʦ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʧʦʢʨʠʪʪʷ, ʜʽʣʷʥʢʘ ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʝʪʘʧʫ 

ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʟʝʤʝʣʴ, ʟʘʡʥʷʪʠʭ ʧʽʜ ʧʦʣʽʛʦʥ ʊʇɺ. ʊʨʠʚʘʣʽʩʪʴ ʚʢʘʟʘʥʦʛʦ ʝʪʘʧʫ 

ʩʪʘʥʦʚʠʪʴ  ʯʦʪʠʨʠ ʨʦʢʠ ʽ ʚʢʣʶʯʘʻ ʧʨʦʚʝʜʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʨʦʙʽʪ: ʜʦʙʽʨ 

ʘʩʦʨʪʠʤʝʥʪʫ ʙʘʛʘʪʦʨʽʯʥʠʭ ʪʨʘʚ, ʧʽʜʛʦʪʦʚʢʘ ˇʨʫʥʪʫ, ʩʽʚʙʘ, ʜʦʛʣʷʜ ʟʘ ʧʦʩʽʚʘʤʠ 

ʪʦʱʦ[233].  

ʇʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʧʦʣʽʛʦʥʽʚ, ʟʦʢʨʝʤʘ ʟʘ 

ʨʘʭʫʥʦʢ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʜʝʛʨʘʜʘʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʚ ʾʭ ʪʽʣʽ, ʜʦ ʧʝʚʥʦʾ 

ʤʽʨʠ ʟʚʫʞʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʚʘʞʢʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʢʣʘʜʫ ʤʽʢʨʦʮʝʥʦʟʽʚ, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʪʽʣʽ ʧʦʣʽʛʦʥʽʚ ʽ ʙʝʨʫʪʴ ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʚ ʮʴʦʤʫ ʧʨʦʮʝʩʽ. ʍʦʯʘ 

ʚʽʜʦʤʽ ʯʠʩʝʣʴʥʽ ʨʦʙʦʪʠ ʟ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʢʣʘʜʫ ʤʽʢʨʦ- ʪʘ ʤʽʢʨʦʮʝʥʦʟʽʚ 

ʧʦʣʽʛʦʥʽʚ, ʧʨʘʢʪʠʯʥʘ ʦʮʽʥʢʘ ʾʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟ ʫʤʦʚʘʤʠ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʣʽʛʦʥʫ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ [283, 284].  

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʢʨʦʮʝʥʦʟʽʚ ʧʦʣʽʛʦʥʽʚ ʊʇɺ ʪʘʢʦʞ 

ʨʦʟʚʠʥʫʪʝ ʥʝʜʦʩʪʘʪʥʴʦ, ʭʦʯʘ ʨʷʜ ʘʚʪʦʨʽʚ ʚʢʘʟʫʶʪʴ ʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʮʴʦʛʦ ʧʦʜʽʙʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ,  ʟʦʢʨʝʤʘ, ʤʦʜʝʣʝʡ 

ʦʧʠʩʫ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ[285-287]. ʆʜʥʘʢ ʜʣʷ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʦʪʨʽʙʥʘ ʚʽʜʧʦʚʽʜʥʘ ʘʜʘʧʪʘʮʽʷ, ʷʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʰʣʷʭʦʤ ʫʪʦʯʥʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʽ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ. 

 

ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 1 

ʇʨʦʚʝʜʝʥʠʡ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ 

ʦʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ.  

ʈʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʪʘ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʢʦʤʫʥʘʣʴʥʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʚ ʋʢʨʘʾʥʽ, ʟʦʢʨʝʤʘ ʫ ʩʬʝʨʘʭ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʧʦʚʦʜʞʝʥʥʷ ʟ 

ʊʇɺ. ʇʦʢʘʟʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʢʦʤʫʥʘʣʴʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʥʘʧʨʘʚʣʝʥʠʭ ʥʘ 

ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʤʘʪʝʨʽʘʣʴʥʠʭ, ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʤʦʞʝ 

ʜʦʩʷʛʘʪʠʩʷ ʰʣʷʭʦʤ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʭʦʜʽʚ ʽ ʤʝʪʦʜʽʚ 
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ʙʽʦʪʝʭʥʦʣʦʛʽʾ. ɺʠʷʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩʠ ʟʥʝʟʘʣʽʟʥʝʥʥʷ, ʜʝʤʘʥʛʘʥʘʮʽʾ ʽ ʜʝʘʤʦʥʽʟʘʮʽʾ ʧʽʜʟʝʤʥʠʭ 

ʚʦʜ ʪʘ ʙʽʦʜʝʩʪʨʫʢʮʽʾ ʊʇɺ ʚ ʪʽʣʽ ʧʦʣʽʛʦʥʽʚ.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʫ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʥʘʡʯʘʩʪʽʰʝ ʜʣʷ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʚʦʜʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ (ʫ ʟʝʨʥʠʩʪʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʰʚʠʜʢʠʭ 

ʬʽʣʴʪʨʽʚ) ʪʘ ʙʽʦʣʦʛʽʯʥʽ (ʫ ʙʽʦʬʽʣʴʪʨʘʭ ʘʙʦ ʙʽʦʨʝʘʢʪʦʨʘʭ) ʤʝʪʦʜʠ. ʇʝʨʰʠʡ ʟ 

ʥʠʭ ʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʥʘ ʚʦʜʦʦʯʠʩʥʠʭ ʩʪʘʥʮʽʷʭ ʙʫʜʴ-ʷʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʻ 

ʧʨʦʩʪʽʰʠʤ ʽ ʜʦʩʪʫʧʥʽʰʠʤ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʨʫʛʠʡ - ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʥʘ ʥʝʚʝʣʠʢʠʭ ʦʙôʻʢʪʘʭ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʫ ʟʚôʷʟʢʫ ʟ ʜʝʷʢʠʤʠ 

ʩʢʣʘʜʥʦʱʘʤʠ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʘʣʽʟʘ ʧʨʦʮʝʩ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʩʧʦʣʫʢ ʤʘʥʛʘʥʫ ʻ 

ʥʘʙʘʛʘʪʦ ʩʢʣʘʜʥʽʰʠʤ. ɺʽʥ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʚʝʜʝʥʥʷ Mn (II) ʜʦ ʤʘʣʦʨʦʟʯʠʥʥʦʛʦ 

ʜʽʦʢʩʠʜʫ ʤʘʥʛʘʥʫ (IV), ʜʝ ʤʘʥʛʘʥ ʧʝʨʝʙʫʚʘʻ ʫ ʧʨʦʤʽʞʥʽʡ ʚʘʣʝʥʪʥʦʩʪʽ. ɼʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʪʨʽʙʥʽ ʥʝ ʪʽʣʴʢʠ ʙʽʣʴʰ ʧʦʪʫʞʥʽ ʥʽʞ ʢʠʩʝʥʴ 

ʧʦʚʽʪʨʷ ʘʙʦ ʭʣʦʨ ʦʢʠʩʥʠʢʠ, ʘʣʝ ʡ ʩʪʚʦʨʝʥʥʷ ʧʝʚʥʠʭ ʫʤʦʚ. ʋ ʧʨʘʢʪʠʮʽ 

ʚʦʜʦʦʯʠʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʜʝʤʘʥʛʘʥʘʮʽʾ, ʟʘʟʚʠʯʘʡ, ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʩʧʝʮʽʘʣʴʥʦ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʽʦʜʠʯʥʦʾ ʨʝʛʝʥʝʨʘʮʽʾ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʫʜʦʨʦʞʯʘʥʥʷ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ.  

ʅʘʷʚʥʽ ʨʦʙʦʪʠ ʩʪʦʩʦʚʥʦ ʤʦʞʣʠʚʦʩʪʽ ʦʢʠʩʥʝʥʥʷ ʤʘʥʛʘʥʫ ʧʽʜ ʜʽʻʶ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʘʡʯʘʩʪʽʰʝ ʤʘʶʪʴ ʜʦʩʣʽʜʥʠʮʴʢʫ ʤʝʪʫ ʽ ʥʘ ʢʦʤʫʥʘʣʴʥʠʭ 

ʚʦʜʦʦʯʠʩʥʠʭ ʩʪʘʥʮʽʷʭ ʷʢ ʚ ʋʢʨʘʾʥʽ, ʪʘʢ ʽ ʚ ʽʥʰʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʧʦʜʽʙʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ.  

ʇʽʜ ʯʘʩ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʽ ʽʩʥʫʶʯʠʭ ʬʽʣʴʪʨʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʘʤʦʥʽʶ ʟôʷʩʦʚʘʥʦ, ʱʦ ʭʦʯʘ ʧʨʦʮʝʩʠ ʫ ʰʚʠʜʢʠʭ 

ʬʽʣʴʪʨʘʭ ʜʝʘʤʦʥʽʟʘʮʽʾ, ʙʝʟʫʤʦʚʥʦ, ʩʭʦʞʽ ʟ ʧʨʦʮʝʩʘʤʠ ʥʽʪʨʠ- ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, 

ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʦʯʠʱʝʥʥʽ ʩʪʽʯʥʠʭ ʚʦʜ, ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʤʝʪʦʜʘʤʠ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʚʠʚʯʝʥʘ ʥʝʜʦʩʪʘʪʥʴʦ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ  ʧʦʚʦʜʞʝʥʥʷ ʟ ʊʇɺ 

ʚ ʋʢʨʘʾʥʽ ʚʠʷʚʣʝʥʦ, ʱʦ ʢʣʶʯʦʚʘ ʧʨʦʙʣʝʤ ʧʦʣʷʛʘʻ ʚ ʽʩʥʫʚʘʥʥʽ ʯʠʩʝʣʴʥʠʭ 
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ʧʦʣʽʛʦʥʽʚ (ʘ ʧʦʜʝʢʫʜʠ ï ʽ ʩʪʠʭʽʡʥʠʭ ʟʚʘʣʠʱ), ʜʦ ʷʢʠʭ ʚʽʜʭʦʜʠ ʧʦʪʨʘʧʣʷʶʪʴ 

ʙʝʟ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʦʨʪʫʚʘʥʥʷ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʟʘʢʦʥʦʜʘʚʯʦ 

ʚʩʪʘʥʦʚʣʝʥʫ ʟʘʙʦʨʦʥʫ ʨʦʟʤʽʱʝʥʥʷ ʦʙôʻʢʪʽʚ ʟ ʥʝʩʦʨʪʦʚʘʥʠʤʠ ʚʽʜʭʦʜʘʤʠ. 

ʆʩʢʽʣʴʢʠ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʚʽʜʭʦʜʽʚ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʨʛʘʥʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ, 

ʧʨʦʮʝʩʠ, ʱʦ ʧʝʨʝʙʽʛʘʶʪʴ ʫ ʪʽʣʽ ʧʦʣʽʛʦʥʫ, ʤʘʶʪʴ ʙʽʦʣʦʛʽʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʘ ʦʪʞʝ 

ʧʨʠʜʘʪʥʽ ʜʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʚʠʣʫʯʝʥʥʷ.  

ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʩʢʣʘʜʥʦʱʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʥʘ 

ʧʦʣʽʛʦʥʘʭ ʊʇɺ ʧʦʣʷʛʘʻ ʫ ʚʠʥʷʪʢʦʚʦʩʪʽ ʾʭ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʤʦʨʬʦʣʦʛʽʯʥʠʤ ʩʢʣʘʜʦʤ ʚʽʜʭʦʜʽʚ, ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʾʭ ʚʠʚʝʟʝʥʥʷ, ʥʘʷʚʥʽʩʪʶ 

ʩʦʨʪʫʚʘʥʥʷ, ʩʪʨʦʢʦʤ ʧʝʨʝʙʫʚʘʥʥʷ, ʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʪʦʱʦ.  
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ʈʆɿɼɯʃ 2. ʄɸʊɽʈɯɸʃʀ ɯ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʔ  

 

2.1 ɹʽʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ.  

2.1.1 ɺʠʜʽʣʝʥʥʷ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʗʢ ʜʞʝʨʝʣʘ ʦʪʨʠʤʘʥʥʷ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʧʨʠʨʦʜʥʽ ʤʽʢʨʦʮʝʥʦʟʠ, 

ʫʪʚʦʨʶʚʘʥʽ ʫ ʨʝʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ, ʟʦʢʨʝʤʘ, ʢʫʣʴʪʫʨʠ 

ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʽʟ ʟʘʚʘʥʪʘʞʝʥʥʷ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʤ. ʌʘʩʪʽʚ ʪʘ 

ʩʤʪ ʍʦʨʦʰʽʚ, ʢʫʣʴʪʫʨʠ ʥʽʪʨʠ- ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʭ ʙʘʢʪʝʨʽʡ - ʟ ʬʽʣʴʪʨʽʚ 

ʜʝʘʤʦʥʽʟʘʮʽʾ Culligan Biofilter UX, ʷʢʽ ʧʨʘʮʶʚʘʣʠ ʥʘ ʧʽʜʟʝʤʥʽʡ ʚʦʜʽ 

ʤ.ʍʤʝʣʴʥʠʮʴʢʠʡ, ʢʫʣʴʪʫʨʠ ʜʝʛʨʘʜʫʶʯʠʭ ʊʇɺ ʙʘʢʪʝʨʽʡ ï ʟʽ ʟʨʘʟʢʽʚ ʊʇɺ 

ʧʦʣʽʛʦʥʽʚ ʤʤ. ʂʠʾʚ ʪʘ ʏʝʨʥʽʚʮʽ.  

ɺʽʜʙʽʨ ʧʨʦʙ ʽʟ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʪʫ ʜʣʷ ʚʽʜʙʦʨʫ ʧʨʦʙ ARTôS MFG & Supply (American 

Falls, USA) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʫʨʘʚʘ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʦʙʠ ʬʽʣʴʪʨʫʶʯʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟ ʬʽʣʴʪʨʽʚ ʟʘʙʠʨʘʣʠʩʴ ʥʘ ʨʽʟʥʠʭ ʚʠʩʦʪʘʭ, ʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʫʩʝʨʝʜʥʶʚʘʣʠʩʴ ʘʙʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ 

ʦʢʨʝʤʦ (ʜʣʷ ʚʠʧʘʜʢʫ ʨʦʟʧʦʜʽʣʝʥʥʷ ʙʘʢʪʝʨʽʡ ʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʬʽʣʴʪʨʘ 

ʜʝʘʤʦʥʽʟʘʮʽʾ).  

ɺʠʜʽʣʝʥʥʷ ʯʠʩʪʠʭ ʢʫʣʴʪʫʨ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ ʤʝʪʦʜʦʤ 

ɼʨʠʛʘʣʴʩʢʦʛʦ. ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʩʝʨʝʜʦʚʠʱʘ ˉ1 ʽ ˉ2, ʜʦ 

ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʠʣʠ: (NH4)2SO4, NaNO3, K2HPO4, MgSO4Ā7H2O ï ʧʦ 0,5 ʛ 

ʢʦʞʥʦʛʦ ʟ ʨʝʘʛʝʥʪʽʚ, ʣʠʤʦʥʥʘ ʢʠʩʣʦʪʘ - 10 ʛ, ʩʘʭʘʨʦʟʘ - 2 ʛ, ʛʽʜʨʦʣʽʟʘʪ ʢʘʟʝʾʥʫ 

ʧʘʥʢʨʝʘʪʠʯʥʠʡ -1 ʛ, FeSO4Ā7H2O ï 5,9 ʛ (ʜʣʷ ʟʘʣʽʟʦʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ) ʘʙʦ 

MnSO4Ā5H2O ï 4,7 ʛ (ʜʣʷ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ), ʘʛʘʨ-ʘʛʘʨ ï 20 ʛ, ʜʠʩʪʠʣʴʦʚʘʥʘ 

ʚʦʜʘ ï 1 ʣ, pH=6,8 [154]. ʊʘʢʦʞ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʴ ʩʝʨʝʜʦʚʠʱʝ ʏʘʧʝʢʘ ʟʽ 

ʩʪʨʝʧʪʦʤʽʮʠʥʦʤ [111]. 

ɿ ʤʝʪʦʶ ʟʙʝʨʝʞʝʥʥʷ ʚʠʜʽʣʝʥʽ ʯʠʩʪʽ ʢʫʣʴʪʫʨʠ ʧʝʨʝʩʽʚʘʣʠʩʴ ʚ ʧʨʦʙʽʨʢʠ 

ʥʘ ʩʝʨʝʜʦʚʠʱʝ ʥʘʩʪʫʧʥʦʛʦ ʩʢʣʘʜʫ: MnSO4 ï 7 ʤʛ, (NH4)2SO4 ï 1,5 ʛ, KCl ï 
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0,05 ʛ, K2HPO4 ï 0,05 ʛ, Ca(NO3)2  ï 0,01 ʛ, ʛʣʶʢʦʟʘ ï 2 ʤʛ, ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ 

ï1 ʣ [12]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʜʦʚʦʾ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʚʠʜʽʣʝʥʠʭ ʦʨʛʘʥʽʟʤʽʚ 

ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʾʭ ʤʦʨʬʦʣʦʛʽʷ, ʧʨʦʚʦʜʠʣʦʩʴ ʟʘʙʘʨʚʣʝʥʥʷ ʟʘ ɻʨʘʤʦʤ, ʘ ʪʘʢʦʞ 

ʟʘʙʘʨʚʣʝʥʥʷ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʚ ʢʘʧʩʫʣʘʭ ʪʘ ʯʦʭʣʘʭ ʙʘʢʪʝʨʽʡ. 

ʄʦʨʬʦʣʦʛʽʷ ʢʣʽʪʠʥ ʚʠʚʯʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʩʢʦʧʫ Leica ATC 2000; 

ʚʠʜʦʚʘ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʚʠʜʽʣʝʥʠʭ ʯʠʩʪʠʭ ʢʫʣʴʪʫʨ ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʴ ʰʣʷʭʦʤ 

ʧʦʨʽʚʥʷʥʥʷ ʟ ʬʦʪʦʛʨʘʬʽʷʤʠ [153]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʚ ʢʣʽʪʠʥʥʠʭ ʩʪʨʫʢʪʫʨʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʮʠʪʦʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʟʘʙʘʨʚʣʝʥʥʷ: ʜʣʷ Fe
3+

 - 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʦʤ (ɯɯ) ʢʘʣʽʶ (ʞʦʚʪʘ ʢʨʦʚôʷʥʘ ʩʽʣʴ), ʜʣʷ Mn
4+

 - ʨʦʟʯʠʥʦʤ 

ʙʝʥʟʠʜʠʥʫ. ʅʘʷʚʥʽʩʪʴ ʦʢʩʠʜʽʚ ʤʝʪʘʣʽʚ, ʟʘʙʘʨʚʣʝʥʠʭ ʫ ʩʠʥʽʡ ʢʦʣʽʨ, ʚʠʷʚʣʷʣʘʩʴ 

ʧʽʜ ʩʚʽʪʣʦʚʠʤ ʤʽʢʨʦʩʢʦʧʦʤ,  ʘ ʪʘʢʦʞ ʥʘ ʢʦʣʦʥʽʷʭ, ʱʦ ʚʠʨʦʩʣʠ ʥʘ ʯʘʰʢʘʭ. 

ɺʠʜʽʣʝʥʥʷ ʢʫʣʴʪʫʨ ʥʽʪʨʠʬʽʢʫʶʯʠʭ ʙʘʢʪʝʨʽʡ ʧʨʦʚʦʜʠʣʦʩʴ ʫ ʜʚʘ ʝʪʘʧʠ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʢʫʣʴʪʫʨʠ ʥʘʢʦʧʠʯʝʥʥʷ ʧʨʦʙʠ ʚʦʜʠ, ʚʽʜʽʙʨʘʥʦʾ ʧʽʩʣʷ ʦʯʠʱʝʥʥʷ 

ʥʘ ʧʽʣʦʪʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʚʠʩʽʚʘʣʠʩʴ ʥʘ ʞʠʚʠʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʪʘʢʦʛʦ ʩʢʣʘʜʫ: 

(NH4)2SO4 - 1,0 ʛ; KH2PO4 - 1,0 ʛ; NaCl - 2,0 ʛ; MgSO4 - 0,5 ʛ; FeSO4 (ʩʣʽʜʠ); 

MgCO3 (ʥʘʜʣʠʰʦʢ); ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ - 1 ʜʤ
3
. ʈʦʟʚʠʪʦʢ ʥʽʪʨʠʬʽʢʫʶʯʠʭ 

ʙʘʢʪʝʨʽʡ ʚʠʷʚʣʷʚʩʷ ʟʘ ʟʤʝʥʰʝʥʥʷʤ ʚʤʽʩʪʫ ʘʤʦʥʽʶ, ʧʦʷʚʦʶ ʥʽʪʨʘʪʽʚ ʽ ʥʽʪʨʠʪʽʚ.  

ɺʠʜʽʣʝʥʥʷ ʢʫʣʴʪʫʨʠ ʥʽʪʨʠʬʽʢʘʪʦʨʽʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʝʨʝʩʽʚʘʥʥʷʤ 

ʢʫʣʴʪʫʨʠ ʥʘʢʦʧʠʯʝʥʥʷ ʥʘ ʩʝʨʝʜʦʚʠʱʝ ʪʦʛʦ ʩʘʤʦʛʦ ʩʢʣʘʜʫ, ʨʦʟʚʝʜʝʥʦʛʦ ʫ 10 

ʨʘʟʽʚ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʪʦʪʠ ʢʫʣʴʪʫʨʠ ʧʨʦʚʦʜʠʚʩʷ ʤʽʢʨʦʩʢʦʧʽʯʥʠʡ 

ʢʦʥʪʨʦʣʴ ʽ ʚʠʩʽʚʘʥʥʷ ʥʘ ʤôʷʩʦ-ʧʝʧʪʦʥʥʠʡ ʘʛʘʨ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʢʫʣʴʪʠʚʫʚʘʥʥʷ 

- 28-30Áʉ ʪʘ ʨʽʚʥʷ ʘʝʨʘʮʽʾ - 15 ʣ/ʛʦʜ (ʥʝ ʤʝʥʰʝ 2 ʛ/ʜʤ
3
 ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ).  

ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʢʫʣʴʪʫʨ ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʭ ʙʘʢʪʝʨʽʡ ʧʨʦʙʠ ʚʦʜʠ 

ʚʠʩʽʚʘʣʠʩʴ ʥʘ ʧʦʞʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ ʪʘʢʦʛʦ ʩʢʣʘʜʫ: NaNO3 - 5,0 ʛ; ʨʦʟʯʠʥʝʥʠʡ 

ʢʨʦʭʤʘʣʴ - 5 ʛ; ʧʝʧʪʦʥ - 1 ʛ; KI - 0,5 ʛ; KHCO3 - 0,5 ʛ; MgSO4 - 0,3 ʛ; NaCl - 

0,3ʛ; ʘʛʘʨ-ʘʛʘʨ - 20 ʛ; ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ - 1 ʜʤ
3
.  
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2.1.2 ʇʦʞʠʚʥʽ ʩʝʨʝʜʦʚʠʱʘ ʽ ʨʝʞʠʤʠ ʢʫʣʴʪʠʚʫʚʘʥʥʷ 

ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʧʦʞʠʚʥʽ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʫʤʦʚʠ ʢʫʣʴʪʠʚʫʚʘʥʥʷ (ʫ ʪʘʙʣ. 2.1 ʟʚʝʜʝʥʦ ʧʝʨʝʣʽʢ ʟʘʩʪʦʩʦʚʘʥʠʭ ʨʝʘʛʝʥʪʽʚ ʪʘ 

ʩʝʨʝʜʦʚʠʱʽ, ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʷʢʠʭ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ).  

ʊʘʙʣʠʮʷ 2.1. ʇʝʨʝʣʽʢ ʽ ʩʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʠʭ ʩʝʨʝʜʦʚʠʱ 

ʂʦʤʧʦʥʝʥʪʠ 

ʧʦʞʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʛ 

ʉ
ʝ
ʨ
ʝ
ʜ
ʦ
ʚ
ʠ
ʱ
ʘ
 
ˉ
1
 
ʽ
 
ˉ
2

 

ʉ
ʝ
ʨ
ʝ
ʜ
ʦ
ʚ
ʠ
ʱ
ʝ
 
ʏ
ʘ
ʧ
ʝ
ʢ
ʘ
 
ʟ
ʽ
 

ʩ
ʪ
ʨ
ʝ
ʧ
ʪ
ʦ
ʤ
ʽ
ʮ
ʠ
ʥ
ʦ
ʤ

 

ʉ
ʝ
ʨ
ʝ
ʜ
ʦ
ʚ
ʠ
ʱ
ʝ
 
ʜ
ʣ
ʷ
 

ʯ
ʠ
ʩ
ʪ
ʠ
ʭ
 
ʢ
ʫ
ʣ
ʴ
ʪ
ʫ
ʨ

 

ʉ
ʝ
ʨ
ʝ
ʜ
ʦ
ʚ
ʠ
ʱ
ʝ
 
ʜ
ʣ
ʷ
 

ʦ
ʪ
ʨ
ʠ
ʤ
ʘ
ʥ
ʥ
ʷ
 
ʢ
ʫ
ʣ
ʴ
ʪ
ʫ
ʨ
ʠ
 

ʥ
ʘ
ʢ
ʦ
ʧ
ʠ
ʯ
ʝ
ʥ
ʥ
ʷ

 

ʄ
'
ʷ
ʩ
ʦ

-ʧ
ʝ
ʧ
ʪ
ʦ
ʥ
ʥ
ʠ
ʡ
 
ʘ
ʛ
ʘ
ʨ

 

1 2 3 4 5 6 

(NH4)2SO4 0,5 - 1,5 1 - 

NaNO3 0,5 2 - - - 

K2HPO4 0,5 1 0,05 1 - 

MgSO4Ā7H2O 0,5 - - - - 

MgSO4 - 0,5 - 0,5 - 

MgCO3 - - - ʥʘʜʣʠʰʦʢ - 

C6H8O7 10 - - - - 

C12H22O11 2 - - - - 

ɻʽʜʨʦʣʽʟʘʪ ʢʘʟʝʾʥʫ 1 - - - - 

FeSO4Ā7H2O 5,9 - - - - 

MnSO4Ā5H2O 4,7 - - - - 

FeSO4 - ʩʣʽʜʠ - ʩʣʽʜʠ - 

ʘʛʘʨ-ʘʛʘʨ 20 20 - - 20 

MnSO4 - - 0,007 - - 

MnCO3 - - - - - 

KCl - 0,5 0,05 - - 

NaCl - - - 2 5 

Ca(NO3)2 - - 0,01 - - 

C6H12O6 - - 0,002 - - 

ʇʝʧʪʦʥ - - - - 10 

ʄôʷʩʥʠʡ  ʝʢʩʪʨʘʢʪ  - - - - 1 

ʨʅ 6,8 6,8-7,0 - - 6,8-7,0 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 2.1 

ʂʦʤʧʦʥʝʥʪʠ  

ʧʦʞʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʛ 

ʉ
ʝ
ʨ
ʝ
ʜ
ʦ
ʚ
ʠ
ʱ
ʝ
 
ʜ
ʣ
ʷ
 
ʚ
ʠ
ʜ
ʽ
ʣ
ʝ
ʥ
ʥ
ʷ
 

ʜ
ʝ
ʥ
ʽ
ʪ
ʨ
ʠ
ʬ
ʽ
ʢ
ʫ
ʶ
ʯ
ʠ
ʭ
 
ʙ
ʘ
ʢ
ʪ
ʝ
ʨ
ʽ
ʡ

 

ʉ
ʝ
ʨ
ʝ
ʜ
ʦ
ʚ
ʠ
ʱ
ʝ
 
ʜ
ʣ
ʷ
 
ʚ
ʠ
ʜ
ʽ
ʣ
ʝ
ʥ
ʥ
ʷ
 

ʟ
ʘ
ʣ
ʽ
ʟ
ʦ
ʙ
ʘ
ʢ
ʪ
ʝ
ʨ
ʽ
ʡ

 

ɼ
ʣ
ʷ
 
ʟ
ʙ
ʝ
ʨ
ʝ
ʞ
ʝ
ʥ
ʥ
ʷ
 
ʢ
ʫ
ʣ
ʴ
ʪ
ʫ
ʨ

 

 ʟ
ʘ
ʣ
ʽ
ʟ
ʦ
ʙ
ʘ
ʢ
ʪ
ʝ
ʨ
ʽ
ʡ

 

ʄ
ʘ
ʥ
ʛ
ʘ
ʥ
ʦ
ʚ
ʠ
ʡ
 
ʘ
ʛ
ʘ
ʨ

 

ɼ
ʣ
ʷ
 
ʽ
ʥ
ʪ
ʝ
ʥ
ʩ
ʠ
ʬ
ʽ
ʢ
ʘ
ʮ
ʽ
ʾ
 

ʙ
ʽ
ʦ
ʜ
ʝ
ʛ
ʨ
ʘ
ʜ
ʘ
ʮ
ʽ
ʾ
 
ʊ
ʇ
ɺ
 

 

ʙ
ʘ
ʢ
ʪ
ʝ
ʨ
ʽ
ʷ
ʤ
ʠ
 
ʨ
.
 

P
s
e
u

d
o

m
o

n
a

s 

ɼ
ʣ
ʷ
 
ʽ
ʥ
ʪ
ʝ
ʥ
ʩ
ʠ
ʬ
ʽ
ʢ
ʘ
ʮ
ʽ
ʾ
 

ʙ
ʽ
ʦ
ʜ
ʝ
ʩ
ʪ
ʨ
ʫ
ʢ
ʮ
ʽ
ʾ
 

ʊ
ʇ
ɺ
 

ʙ
ʘ
ʢ
ʪ
ʝ
ʨ
ʽ
ʷ
ʤ
ʠ
 
ʨ
.
 

B
a

c
ill

u
s 

ɼ
ʣ
ʷ
 

ʽ
ʥ
ʪ
ʝ
ʥ
ʩ
ʠ
ʬ
ʽ
ʢ
ʘ
ʮ
ʽ
ʾ
 

ʙ
ʽ
ʦ
ʜ
ʝ
ʩ
ʪ
ʨ
ʫ
ʢ
ʮ
ʽ
ʾ

 ʊ
ʇ
ɺ
 

ʙ
ʘ
ʢ
ʪ
ʝ
ʨ
ʽ
ʷ
ʤ
ʠ
 
ʨ
.
 

M
ic

ro
c
o

c
c
u

s 
(
ʪ
ʽ
ʦ
ʛ
ʣ
ʽ
ʢ
ʦ
ʣ
ʽ
ʻ
ʚ
ʝ
 
ʩ
ʝ
ʨ
ʝ
ʜ
ʦ
ʚ
ʠ
ʱ
ʝ
)

 

 7 8 9 10 11 12 13 

(NH4)2SO4 - 0,5 1,5 - - - - 

NaNO3 5 - - - - - - 

K2HPO4 - 0,05 0,05 - 1,5 0,2 - 

Na2HPO4 - - - - 3 - - 

MgSO4Ā7H2O - - - - - 0,3 - 

MgSO4 0,3 0,05 - - - - - 

CaCO3  - 0,1 - - - 3 - 

KHCO3 0,5 - - - - - - 

ɻʽʜʨʦʣʽʟʘʪ ʢʘʟʝʾʥʫ  - - - - - - 15 

ɸʛʘʨ-ʘʛʘʨ 20 10 - 12 - - 0,75 

MnSO4 - - 7 150 - - - 

MnCO3 - - - 2 - - - 

KCl - 0,05 0,05 - - - - 

KI  0,5 
 

- - - - - 

NaCl 0,3 
 

- - 5 0,3 2,5 

Ca(NO3)2 - 0,01 0,01 - - - - 

C6H12O6 - 150 2 - 2000 - 5500 

ʢʨʦʭʤʘʣʴ 5 - - - - - - 

ʧʝʧʪʦʥ 1 - - - 10 - - 

ʮʽʘʥʦʢʦʙʘʣʘʤʽʥ - 0,00001 - - - - - 

C12H17N4OS+  (ʪʽʘʤʽʥ) - 0,0004 - - - - - 

ʤôʷʩʥʠʡ  ʝʢʩʪʨʘʢʪ  - - - 1 - - - 

ʜʨʽʞʜʞʦʚʠʡ ʝʢʩʪʨʘʢʪ  - - - 0,075 5 - 5 

Na3C6H5O7 - - - 0,15 - - - 

NH4Cl  - - - - 1 - - 

ʤʝʣʷʩʘ - - - - - 15 - 

ʢʫʢʫʨʫʜʟʷʥʠʡ ʝʢʩʪʨʘʢʪ  - - - - - 2 - 

L-ʮʠʩʪʠʥ  - - - - - - 0,5 

ʪʽʦʛʣʽʢʦʣʷʪ ʥʘʪʨʽʶ  - - - - - - 0,5 

ʨʝʟʘʟʫʨʽʥ - - - - - - 0,001 

ʨʅ - - - - 7,2 6,8-7,2 7,1 

 

ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ: ʛʣʶʢʦʟʘ - 0,15 ʛ, (NH4)2SO4 - 0,5 ʛ, 
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Ca(NO3)2 ï 0,01 ʛ, K2HPO4 - 0,05 ʛ, MgSO4 - 0,05 ʛ, KCl - 0,05 ʛ, CaCO3 - 0,1 ʛ, 

ʮʽʘʥʦʢʦʙʘʣʘʤʽʥ - 0,00001 ʛ, ʪʽʘʤʽʥ ï 0,0004 ʛ, ʘʛʘʨ-ʘʛʘʨ ï 10 ʛ, ʜʠʩʪʠʣʴʦʚʘʥʘ 

ʚʦʜʘ - 1 ʜʤ
3
. 

ɼʣʷ ʟʙʝʨʝʞʝʥʥʷ ʢʫʣʴʪʫʨ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ: MnSO4 - 7 ʤʛ, (NH4)2SO4 - 1,5 ʛ, 

KCl - 0,05 ʛ, K2HPO4 - 0,05 ʛ, Ca(NO3)2 - 0,01 ʛ, ʛʣʶʢʦʟʘ - 2 ʤʛ, ʜʠʩʪʠʣʴʦʚʘʥʘ 

ʚʦʜʘ - 1 ʜʤ
3
. 

ɼʣʷ ʦʮʽʥʢʠ ʘʢʪʠʚʥʦʩʪʽ ʩʝʣʝʢʪʦʚʘʥʠʭ ʢʫʣʴʪʫʨ ʱʦʜʦ ʟʜʘʪʥʦʩʪʽ 

ʦʢʠʩʥʶʚʘʪʠ ʤʘʥʛʘʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʪʘʢ ʟʚʘʥʠʡ ʤʘʥʛʘʥʦʚʠʡ ʘʛʘʨ: ʤôʷʩʥʠʡ  

ʝʢʩʪʨʘʢʪ - 1,00 ʛ, ʜʨʽʞʜʞʦʚʠʡ ʝʢʩʪʨʘʢʪ - 0,075 ʛ, MnCO3 - 2,00 ʛ, MnSO4 ï 

0,15ʛ, Na3C6H5O7 - 0,15 ʛ, ʘʛʘʨ-ʘʛʘʨ - 12,00 ʛ, ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ - 1 ʜʤ
3
. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʢʫʣʴʪʫʨʠ ʥʽʪʨʠʬʽʢʘʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ 

ʩʝʨʝʜʦʚʠʱʝ ʥʘʩʪʫʧʥʦʛʦ ʩʢʣʘʜʫ: (NH4)2SO4 - 1,0 ʛ; KH2PO4 - 1,0 ʛ; NaCl - 2,0 ʛ; 

MgSO4 - 0,5 ʛ; FeSO4 (ʩʣʽʜʠ); MgCO3 (ʥʘʜʣʠʰʦʢ); ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ - 1 ʜʤ
3
.  

ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʢʫʣʴʪʫʨ ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʭ ʙʘʢʪʝʨʽʡ ʧʨʦʙʠ ʚʦʜʠ 

ʚʠʩʽʚʘʣʠʩʴ ʥʘ ʧʦʞʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ ʪʘʢʦʛʦ ʩʢʣʘʜʫ: NaNO3 - 5,0 ʛ; ʨʦʟʯʠʥʝʥʠʡ 

ʢʨʦʭʤʘʣʴ - 5 ʛ; ʧʝʧʪʦʥ - 1 ʛ; KI - 0,5 ʛ; KHCO3 - 0,5 ʛ; MgSO4 - 0,3 ʛ; NaCl - 

0,3ʛ; ʘʛʘʨ-ʘʛʘʨ - 20 ʛ; ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ - 1 ʜʤ
3
.  

ʇʨʠ ʥʘʨʦʱʫʚʘʥʥʽ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʧʨʝʧʘʨʘʪʫ ʜʣʷ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʙʽʦʜʝʩʪʨʫʢʮʽʾ ʊʇɺ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʩʝʨʝʜʦʚʠʱʘ.  

Pseudomonas: KH2PO4 ï 1,5 ʛ, Na2HPO4 ï 3,0 ʛ, NaCl ï 5,0 ʛ, NH4Cl ï 

1,0ʛ, ʧʝʧʪʦʥ ï 10,0 ʛ, ʛʣʶʢʦʟʘ ï 2,0 ʛ, ʜʨʽʞʜʞʦʚʠʡ ʝʢʩʪʨʘʢʪ - 5,0 ʛ, ʚʦʜʘ 

ʜʠʩʪʠʣʴʦʚʘʥʘ ï 1 ʜʤ
3
; ʨʅ 7,2. 

Bacillus: ʤʝʣʷʩʘ ï 15,0 ʛ, ʢʫʢʫʨʫʜʟʷʥʠʡ ʝʢʩʪʨʘʢʪ - 2,0 ʛ, ʂ2HPO4 ï 0,2 ʛ, 

MgSO4Ā7H2O ï 0,3 ʛ, NaCɯ - 0,3 ʛ, CaCO3 - 3,0 ʛ; ʨʅ ï 6,8- 7,2; ʜʠʩʪʠʣʴʦʚʘʥʘ 

ʚʦʜʘ - 1 ʜʤ
3
.  

Micrococcus: ʪʽʦʛʣʽʢʦʣʽʻʚʝ ʩʝʨʝʜʦʚʠʱʝ: ʛʽʜʨʦʣʽʟʘʪ ʢʘʟʝʾʥʫ - 15,00 ʛ, 

ʜʨʽʞʜʞʦʚʠʡ ʝʢʩʪʨʘʢʪ - 5,00 ʛ, ʛʣʶʢʦʟʘ - 5,50 ʛ/ʣ, NaCl - 2,50 ʛ/ʣ, L-ʮʠʩʪʠʥ - 

0,50 ʛ, ʪʽʦʛʣʽʢʦʣʷʪ ʥʘʪʨʽʶ - 0,50 ʛ, ʨʝʟʘʟʫʨʽʥ - 0,001 ʛ, ʘʛʘʨ-ʘʛʘʨ - 0,75 ʛ; ʚʦʜʘ 

ʜʠʩʪʠʣʴʦʚʘʥʘ ï 1 ʜʤ
3
; ʢʽʥʮʝʚʝ ʟʥʘʯʝʥʥʷ ʨʅ (ʧʨʠ 25Áʉ) 7,1 Ñ 0,2. 
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2.1.3 ɺʠʟʥʘʯʝʥʥʷ ʨʦʜʦʚʦʾ ʥʘʣʝʞʥʦʩʪʽ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ 

ʅʘ ʧʽʜʩʪʘʚʽ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʜʦʚʦʾ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʟʘʣʽʟʦ- 

ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʭʝʤʫ, ʜʦʢʣʘʜʥʠʡ ʦʧʠʩ ʷʢʦʾ 

ʥʘʚʝʜʝʥʦ ʫ ʩʪʘʪʪʽ [288], ʚʠʟʥʘʯʝʥʥʷ ʨʦʜʦʚʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘʣʽʟʦ- ʽ 

ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ ʥʘ ʦʩʥʦʚʽ ɺʠʟʥʘʯʥʠʢʘ ʙʘʢʪʝʨʽʡ ɹʝʨʜʞʽ (ʨʠʩ. 

2.1).   

2.1.4 ʂʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʩʢʣʘʜʫ ʤʽʢʨʦʮʝʥʦʟʽʚ 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʩʢʣʘʜʽ ʤʽʢʨʦʮʝʥʦʟʽʚ 

ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʧʽʜʨʘʭʫʥʦʢ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʢʘʤʝʨʽ ɻʦʨʷʻʚʘ ʟ ʧʦʧʝʨʝʜʥʽʤ 

ʟʘʬʘʨʙʦʚʫʚʘʥʥʷʤ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ. ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʮʝʥʪʥʦʛʦ 

ʩʢʣʘʜʫ ʢʦʞʥʦʛʦ ʚʠʜʫ ʟʘʣʽʟʦï ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ ʫ ʤʽʢʨʦʮʝʥʦʟʽ 

ʧʨʦʙʠ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʚʦʜʠʣʠʩʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʫ ʢʚʘʜʨʘʪʠ ʢʘʤʝʨʠ ɻʦʨʷʻʚʘ 

ʧʦʪʨʘʧʣʷʣʠ ʙʣʠʟʴʢʦ 100 ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ (1:100).  

ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ ʢʣʘʩʠʬʽʢʫʚʘʣʠʩʴ ʟʘ ʤʦʨʬʦʣʦʛʽʻʶ ʥʘ ʛʨʫʧʠ: 

- ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʽʟʦï ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ - 

ʨ.Siderocapsa, ʨ. Leptothrix, ʨ. Sphaerotillus, ʨ. Galionella, ʨ. Metallogenium, ʨ. 

Hyphomicrobium ʪʘ ʽʥʰʽ (ʪʘʢʽ, ʱʦ ʥʝ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʟʘʣʽʟʦï ʪʘ 

ʤʘʥʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ): 

- ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʙʘʢʪʝʨʽʡ ʫ ʩʢʣʘʜʽ ʤʽʢʨʦʮʝʥʦʟʫ ʬʽʣʴʪʨʽʚ ʜʝʘʤʦʥʽʟʘʮʽʾ ï 

ʥʽʪʨʠʬʽʢʫʶʯʽ (ʨ. Nitrosamonas ʪʘ ʨ. Nitrobacter), ʜʝʥʽʪʨʠʬʽʢʫʶʯʽ ( Thiobacillus 

Denitrificans) ʪʘ ʽʥʰʽ. 

ɼʣʷ ʤʽʢʨʦʮʝʥʦʟʫ ʧʦʣʽʛʦʥʽʚ ʊʇɺ ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʟʘ 

ʦʩʥʦʚʥʠʤʠ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʦʟʥʘʢʘʤʠ ʥʘ ʥʘʩʪʫʧʥʽ ʛʨʫʧʠ: Pseudomonas, 

Bacillus, Micrococcus, Sarcina, Escherichia, Aerobacter, Klebsiella ʪʘ ʽʥʰʽ. 

ʊʘʢʦʞ ʚʠʤʽʨʶʚʘʣʦʩʴ ʟʘʛʘʣʴʥʝ ʤʽʢʨʦʙʥʝ ʯʠʩʣʦ (ɿʄʏ) ʥʘ ʛʨʘʤ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʫ (ʘʙʦ ʛʨʘʤ ʊʇɺ ʜʣʷ ʚʠʧʘʜʢʫ ʧʦʣʽʛʦʥʽʚ) ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ 

ʤʝʪʦʜʠʢʦʶ.  
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ʈʠʩ. 2.1. ʉʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʨʦʜʦʚʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘʣʽʟʦ- ʽ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ 

ʙʘʢʪʝʨʽʡ, ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʦʩʥʦʚʽ ɺʠʟʥʘʯʥʠʢʘ ʙʘʢʪʝʨʽʡ ɹʝʨʜʞʽ [289] 

 

ʇʝʨʝʨʘʭʫʥʦʢ ʚʤʽʩʪʫ ʢʦʞʥʦʛʦ ʽʟ ʨʦʜʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʤʽʢʨʦʮʝʥʦʟʽ 

ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ὲ  
ὼϽ̝ ˙ˤ

ρππ
ȟ 

 

ʜʝ ὲ ï ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʬʽʣʴʪʨʽʚ, ʂʋʆ/ʛ; 

ὼ ï ʢʽʣʴʢʽʩʪʴ ʢʣʽʪʠʥ ʫ ʢʘʤʝʨʽ ɻʦʨʷʻʚʘ, ʢʣ. 

ʆʮʽʥʢʘ ʧʦʛʨʽʰʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʟʚʠʯʘʡʥʠʤʠ 

ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʚʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷ ʚʽʜʭʠʣʝʥʥʷ ʤʽʞ ʧʦʚʪʦʨʥʦʩʪʷʤʠ 

ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʫ ʢʘʤʝʨʽ ɻʦʨʷʻʚʘ ʪʘ ʧʦʛʨʽʰʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ɿʄʏ [290]. 

 

2.1.5 ʆʪʨʠʤʘʥʥʷ ʩʝʣʝʢʪʦʚʘʥʠʭ ʰʪʘʤʽʚ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ 

ʆʙôʻʢʪʦʤ ʩʝʣʝʢʮʽʾ ʙʫʣʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʨ. Leptotrix, ʨ. Sphaerotillus,  

ʚʠʟʥʘʯʝʥʽ ʷʢ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʱʦʜʦ ʚʠʣʫʯʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʟ ʚʦʜʠ ʥʘ 

ʮʝʦʣʽʪʦʚʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ [291].  

ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ ʨʦʟʤʥʦʞʫʚʘʣʠʩʴ ʰʣʷʭʦʤ ʚʠʩʽʚʫ ʥʘ ʪʚʝʨʜʝ ʧʦʞʠʚʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʥʘʩʪʫʧʥʦʛʦ ʩʢʣʘʜʫ: (NH4)2SO4, NaNO3, K2HPO4, MgSO4Ā7H2O ï 

ʧʦ 0,5 ʛ ʢʦʞʥʦʛʦ ʟ ʨʝʘʛʝʥʪʽʚ, ʣʠʤʦʥʥʘ ʢʠʩʣʦʪʘ ï 10 ʛ, ʩʘʭʘʨʦʟʘ ï 2 ʛ, 

ʛʽʜʨʦʣʽʟʘʪ ʢʘʟʝʾʥʫ ʧʘʥʢʨʝʘʪʠʯʥʠʡ ï 1 ʛ, FeSO4Ā7H2O ï 5,9 ʛ,  ʜʠʩʪʠʣʴʦʚʘʥʘ 

ʚʦʜʘ ï 1 ʣ, pH=6,8, ʘʛʘʨïʘʛʘʨ ï 20 ʛ. ʊʝʤʧʝʨʘʪʫʨʘ ʢʫʣʴʪʠʚʫʚʘʥʥʷ ï 24ï25Áʉ, 

ʯʘʩ ʢʫʣʴʪʠʚʫʚʘʥʥʷ ï 4ï5 ʜʽʙ [142]. 

ʆʙʨʦʙʢʘ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʧʨʦʚʦʜʠʣʘʩʴ ʋʌïʦʧʨʦʤʽʥʝʥʥʷʤ ʟ ʜʦʚʞʠʥʦʶ 

ʭʚʠʣʽ  260 ʥʤ ʪʘ ʯʘʩʦʤ ʦʙʨʦʙʢʠ 20, 20, 25, 30 ʭʚ, ʚʽʜʧʦʚʽʜʥʦ. ʗʢ ʭʽʤʽʯʥʠʡ 

ʤʫʪʘʛʝʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʨʦʟʯʠʥʠ HNO2 ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0,02 ʄ, 0,03 ʄ, 

0,04 ʄ, 0,05 ʄ ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ ʦʙʨʦʙʢʠ 20 ʭʚ. 

ʉʝʣʝʢʮʽʷ ʰʪʘʤʽʚ ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʚʽʜʙʠʪʢʽʚ ʰʣʷʭʦʤ ʨʦʟʩʽʚʫ ʥʘ 

ʧʦʚʥʦʮʽʥʥʝ ʧʦʞʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʩʢʣʘʜ ʷʢʦʛʦ ʥʘʚʝʜʝʥʦ ʚʠʱʝ, ʪʘ ʥʘ 

ʩʝʣʝʢʪʠʚʥʝ ʧʦʞʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ ʙʝʟ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ. ʆʪʨʠʤʘʥʽ ʰʪʘʤʠ ʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʧʝʨʝʩʽʚʘʣʠʩʴ ʥʘ ʩʝʨʝʜʦʚʠʱʝ ʩʢʣʘʜʫ: MnSO4 ï 7 ʤʛ, (NH4)2SO4 ï 

1,5 ʛ, KCl ï 0,05 ʛ, K2HPO4 ï 0,05 ʛ, Ca(NO3)2 ï 0,01 ʛ, ʛʣʶʢʦʟʘ ï 2 ʤʛ, 

ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ ï1 ʣ. 

ʇʽʩʣʷ ʟʘʩʝʣʝʥʥʷ ʮʝʦʣʽʪʦʚʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʽʣʦʪʥʠʭ ʬʽʣʴʪʨʽʚ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ ʦʪʨʠʤʘʥʠʤʠ ʰʪʘʤʘʤʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 
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ʯʝʨʝʟ ʥʠʭ ʬʽʣʴʪʨʫʚʘʣʠʩʴ ʤʦʜʝʣʴʥʽ ʨʦʟʯʠʥʠ, ʧʨʠʛʦʪʦʚʘʥʽ ʥʘ ʚʦʜʦʧʨʦʚʽʜʥʽʡ 

ʚʦʜʽ, ʟ ʜʦʜʘʚʘʥʥʷʤ ʟʘʣʽʟʘ ʽ ʤʘʥʛʘʥʫ ʜʦ ʦʪʨʠʤʘʥʥʷ ʟʘʜʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʮʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ. 

ʂʦʥʪʨʦʣʝʤ ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʟʘʩʝʣʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʩʣʫʞʠʣʠ ʮʝʦʣʽʪʦʚʽ ʬʽʣʴʪʨʠ, ʟʘʩʝʣʝʥʽ ʚʠʭʽʜʥʠʤʠ 

ʧʨʠʨʦʜʥʽʤʠ ʰʪʘʤʘʤʠ ʨ. Leptotrix ʪʘ ʨ. Sphaerotillus, ʧʽʜ ʯʘʩ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʚʧʨʦʜʦʚʞ 20 ʜʽʙ. ʏʝʨʝʟ ʮʽ ʬʽʣʴʪʨʠ ʧʨʦʧʫʩʢʘʣʠʩʴ ʤʦʜʝʣʴʥʽ 

ʨʦʟʯʠʥʠ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ [291]. 

 

2.2. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ, ʜʝʤʘʥʛʘʥʘʮʽʾ ʪʘ 

ʜʝʘʤʦʥʽʟʘʮʽʾ ʚʦʜʠ 

2.2.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʚʦʜʠ 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʟ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ, ʜʝʤʘʥʛʘʥʘʮʽʾ ʪʘ 

ʜʝʘʤʦʥʽʟʘʮʽʾ ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʥʘ ʨʝʘʣʴʥʠʭ ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ, ʘ ʪʘʢʦʞ ʥʘ  

ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʘʭ. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ 

ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʧʽʜʟʝʤʥʘ ʚʦʜʘ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʟʘʣʽʟʘ, ʚ ʩʝʨʝʜʥʴʦʤʫ  

ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʘʮʶʶʯʠʭ ʩʚʝʨʜʣʦʚʠʥ - 15-20 ʤʛ/ʜʤ
3
 (ʩʤʪ ʍʦʨʦʰʽʚ) ʪʘ 

ʥʝʚʠʩʦʢʠʤ ï 4-6 ʤʛ/ʜʤ
3
 (ʤ. ʌʘʩʪʽʚ ʽ ʜʦʩʣʽʜʥʘ ʩʚʝʨʜʣʦʚʠʥʘ ʉʝʥʦʤʘʥ-

ʂʝʣʦʚʝʡʩʴʢʦʛʦ ʚʦʜʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ɼʇ çʅɼʂʊɯ ʄɻè, ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ɼʥʽʧʨʦʚʩʴʢʦʾ ɺʆʉ ʤ.ʂʠʾʚ). ɺʢʘʟʘʥʽ ʧʽʜʟʝʤʥʽ ʚʦʜʠ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʪʠʧʦʚʠʤ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʜʞʝʨʝʣ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʢʨʘʾʥʠ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ, ʟʦʢʨʝʤʘ ʙʣʠʟʴʢʠʤ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷʤ ʨʅ 

6,8-7,5, ʟʘʛʘʣʴʥʦʶ ʣʫʞʥʽʩʪʶ 3,5-6,5 ʤʤʦʣʴ/ʜʤ
3
, ʧʝʨʤʘʥʛʘʥʘʪʥʦʶ 

ʦʢʠʩʥʶʚʘʥʽʩʪʶ 2,0-4,8 ʤʛ/ʜʤ
3
.  

ʂʨʽʤ ʪʦʛʦ, ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʤʦʜʝʣʴʥʽ ʨʦʟʯʠʥʠ, ʷʢʽ 

ʛʦʪʫʚʘʣʠʩʴ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʜʦ ʧʽʜʟʝʤʥʦʾ ʚʦʜʠ, ʨʦʟʨʘʭʦʚʘʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʨʦʟʯʠʥʽʚ FeCl2 ʪʘ MnCl2, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʚʠʭʽʜʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘʣʽʟʘ ʽ ʤʘʥʛʘʥʫ.  
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ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟ ʜʝʘʤʦʥʽʟʘʮʽʾ ʚʦʜʠ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʧʽʜʟʝʤʥʘ ʚʦʜʘ 

ʤ.ʍʤʝʣʴʥʠʮʴʢʽʡ, ʚ ʷʢʽʡ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʤʽʩʪ ʘʤʦʥʽʶ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʚ 3.18-3,20 ʤʛ/ʜʤ
3
,   ʥʽʪʨʘʪʽʚ - 7,7-7,9 ʤʛ/ʜʤ

3
, ʥʽʪʨʠʪʽʚ 

0,13- 0,17 ʤʛ/ʜʤ
3
; ɿʄʏ ʚʠʟʥʘʯʘʣʦʩʴ ʥʘ ʨʽʚʥʽ 50-70 ʂʋʆ/ʩʤ

3
. ʄʦʜʝʣʴʥʽ 

ʨʦʟʯʠʥʠ ʛʦʪʫʚʘʣʠʩʴ ʥʘ ʚʢʘʟʘʥʽʡ ʧʽʜʟʝʤʥʽʡ ʚʦʜʽ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ 

ʨʦʟʨʘʭʦʚʘʥʦʾ ʢʽʣʴʢʦʩʪʽ (NH4)2SO4. 

 

2.2.2 ɺʠʙʽʨ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʚ ʧʨʦʮʝʩ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ 

ʜʝʤʘʥʛʘʥʘʮʽʾ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʧʦʧʝʨʝʜʥʴʦʤʫ ʦʢʠʩʥʝʥʥʽ ʟʘʣʽ ʪʘ ʤʘʥʛʘʥʫ ʟ 

ʥʘʩʪʫʧʥʠʤ ʬʽʣʴʪʨʫʚʘʥʥʷʤ ʢʨʽʟʴ ʰʘʨ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 

ʦʩʥʦʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʚʠʜʘʣʝʥʥʷ ʚʢʘʟʘʥʠʭ ʩʧʦʣʫʢ ʧʨʠʧʘʜʘʻ ʥʘ 

ʬʽʣʴʪʨʫʚʘʣʴʥʽ ʩʧʦʨʫʜʠ, ʘ ʩʘʤʝ, ʥʘ ʰʘʨ ʟʝʨʥʠʩʪʦʛʦ ʬʽʣʴʪʨʫʶʯʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ. ʊʦʤʫ ʧʨʠ ʚʠʙʦʨʽ ʦʩʪʘʥʥʴʦʛʦ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʡʦʛʦ ʚʘʨʪʽʩʪʴ, ʜʦʩʪʫʧʥʽʩʪʴ ʜʣʷ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʫʩʽʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ, 

ʪʦʢʩʠʢʦʣʦʛʽʯʥʠʤ ʪʘ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʠʤ ʚʠʤʦʛʘʤ ʜʦ ʬʽʣʴʪʨʫʶʯʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʧʨʘʢʪʠʮʽ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ.      

ɺʨʘʭʦʚʫʶʯʠ ʩʢʘʟʘʥʝ, ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʦʩʥʦʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʬʽʣʴʪʨʫʶʯʠʭ ʟʘʚʘʥʪʘʞʝʥʴ, ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʥʘʡʙʽʣʴʰ ʟʘʩʪʦʩʦʚʘʥʽ 

ʥʘ ʚʦʜʦʦʯʠʩʥʠʭ ʩʪʘʥʮʽʷʭ ʤʘʪʝʨʽʘʣʠ, ʟʦʢʨʝʤʘ, ʧʨʠʨʦʜʥʠʡ ʮʝʦʣʽʪ 

(ʢʣʽʥʦʧʪʠʣʦʣʽʪ) ʉʦʢʽʨʥʠʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ (ɿʘʢʘʨʧʘʪʪʷ) ʬʨʘʢʮʽʾ 1-3 ʤʤ; 

ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ ʬʨʘʢʮʽʾ ï 0,8-1,5 ʤʤ, ʛʨʘʥʫʣʴʦʚʘʥʝ ʘʢʪʠʚʥʝ ʚʫʛʽʣʣʷ ʤʘʨʢʠ 

Gryphskand WG-12 ʬʨʘʢʮʽʾ 3-5 ʤʤ (ʚʠʨʦʙʥʠʮʪʚʘ ʇʦʣʴʱʽ) [292].  

ɺʠʙʽʨ ʮʝʦʣʽʪʫ ʙʫʚ ʟʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʚʽʥ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʨʠʨʦʜʥʠʭ 

ʤʽʢʨʦʧʦʨʠʩʪʠʭ ʢʘʨʢʘʩʥʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʥʝʛʘʪʠʚʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ 

ʥʘʩʣʽʜʢʽʚ ʧʨʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʽ. ɺʦʥʠ ʥʝ ʥʘʙʫʭʘʶʪʴ ʫ ʚʦʜʽ, ʜʦʩʪʘʪʥʴʦ ʣʝʛʢʦ 

ʧʽʜʜʘʶʪʴʩʷ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ ʟ ʥʘʩʪʫʧʥʠʤ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷʤ, ʤʘʶʪʴ 
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ʫʥʽʢʘʣʴʥʽ ʤʦʣʝʢʫʣʷʨʥʦ-ʩʠʪʦʚʽ, ʩʦʨʙʮʽʡʥʽ (ʢʘʪʽʦʙʤʽʥʥʽ) ʽ ʘʜʛʝʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʙʝʟʧʝʯʥʽ ʜʣʷ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʪʦʱʦ, ʘ ʦʪʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʨʦʮʝʩʘʭ ʧʽʜʛʦʪʦʚʢʠ ʧʠʪʥʦʾ ʚʦʜʠ.   

ɿʘ ʤʽʥʝʨʘʣʦʛʽʯʥʠʤ ʩʢʣʘʜʦʤ ʉʦʢʠʨʥʠʮʴʢʠʡ ʮʝʦʣʽʪ ʥʘʣʝʞʠʪʴ ʜʦ ʪʠʧʫ 

ʢʣʽʥʦʧʪʠʣʦʣʽʪʘ ʽ ʡʦʛʦ ʚʤʽʩʪ ʫ ʧʦʨʦʜʽ ʦʮʽʥʶʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 65-70 %, ʱʦ  

ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʙʘʛʘʯʝʥʥʷ). ɿʘ ʭʽʤʽʯʥʠʤ 

ʩʢʣʘʜʦʤ ʮʝʡ ʤʘʪʝʨʽʘʣ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʥʘʪʨʽʡ-ʢʘʣʽʡʥʠʭ ʮʝʦʣʽʪʽʚ ʟ ʪʠʧʦʚʦʶ 

ʬʦʨʤʫʣʦʶ:  (Na2
+
, K2

+
)OĿAl2O3Ŀ8SiO2Ŀ10H2O.  

ʂʚʘʨʮʦʚʠʡ ʧʽʩʦʢ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʽʥʝʨʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʷʚʣʷʻ ʣʠʰʝ 

ʘʜʛʝʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʨʦʪʝ ʚʽʥ ʽ ʜʦʩʽ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʠʤ ʟ  ʥʘʡʙʽʣʴʰ 

ʟʘʩʪʦʩʦʚʘʥʠʭ ʫ ʧʨʘʢʪʠʮʽ ʚʦʜʦʦʯʠʱʝʥʥʷ ʬʽʣʴʪʨʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʢʪʠʚʥʦʛʦ ʚʫʛʽʣʣʷ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʡʦʛʦ ʚʠʩʦʢʽ ʩʦʨʙʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘ ʚʦʜʦʧʨʦʚʽʜʥʠʭ ʩʪʘʥʮʽʷʭ ʦʙʤʝʞʝʥʝ ʚ ʦʩʥʦʚʥʦʤʫ ʯʝʨʝʟ 

ʥʝʟʘʜʦʚʽʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʠ ʧʨʦʤʠʚʮʽ ʬʽʣʴʪʨʫʶʯʦʛʦ ʰʘʨʫ (ʜʫʞʝ 

ʣʝʛʢʽʡ ʤʘʪʝʨʽʘʣ, ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʥʦʩʫ ʟ ʬʽʣʴʪʨʘ ʧʦʪʨʝʙʫʻ ʫʣʘʰʪʫʚʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ) ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʽʦʜʠʯʥʦʾ ʭʽʤʽʯʥʦʾ ʨʝʛʝʥʝʨʘʮʽʾ 

(ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ ʚ ʫʤʦʚʘʭ ʚʦʜʦʦʯʠʩʥʠʭ ʩʪʘʥʮʽʡ). 

ɺʨʘʭʦʚʫʶʯʠ ʨʽʟʥʦʧʣʘʥʦʚʽ ʚʣʘʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʦʣʽʪʫ, ʢʚʘʨʮʦʚʦʛʦ 

ʧʽʩʢʫ ʪʘ ʘʢʪʠʚʥʦʛʦ ʚʫʛʽʣʣʷ, ʘ ʪʘʢʦʞ ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʘʤʝ ʮʽ 

ʤʘʪʝʨʽʘʣʠ ʙʫʣʠ ʚʠʙʨʘʥʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ 

ʜʝʤʘʥʛʘʥʘʮʽʾ.     

ɼʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʙʦʨʫ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʥʘ 

ʫʩʪʘʥʦʚʮʽ, ʷʢʘ ʚʢʣʶʯʘʣʘ ʤʦʜʝʣʴʥʽ ʬʽʣʴʪʨʠ ʜʽʘʤʝʪʨʦʤ 64 ʤʤ, 150 ʤʤ ʪʘ 300 

ʤʤ. ɺʠʩʦʪʘ ʬʽʣʴʪʨʫʶʯʦʛʦ ʰʘʨʫ ʜʣʷ ʦʜʥʦʰʘʨʦʚʠʭ ʬʽʣʴʪʨʽʚ ʟʤʽʥʶʚʘʣʘʩʴ ʫ 

ʤʝʞʘʭ 1000-1500 ʤʤ. ɼʣʷ ʜʚʦʰʘʨʦʚʠʭ ʬʽʣʴʪʨʽʚ ʟʘʛʘʣʴʥʘ ʚʠʩʦʪʘ ʤʘʪʝʨʽʘʣʫ 

ʩʪʘʥʦʚʠʣʘ - 1100 ʤʤ: 500 ʤʤ ï ʥʠʞʥʽʡ ʰʘʨ, ʷʢʠʡ ʩʢʣʘʜʘʚʩʷ ʟ ʢʝʨʘʤʟʠʪʫ ʘʙʦ 

ʘʢʪʠʚʥʦʛʦ ʚʫʛʽʣʣʷ;  ʚʝʨʭʥʽʡ ʰʘʨ - 600 ʤʤ ï ʟ ʢʚʘʨʮʦʚʦʛʦ ʧʽʩʢʫ.  
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2.2.3. ɸʧʘʨʘʪʫʨʥʝ ʦʬʦʨʤʣʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʦʮʝʩʽʚ 

ɼʣʷ ʘʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʦʮʝʩʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʩʧʝʮʽʘʣʴʥʽ ʧʽʣʦʪʥʽ ʩʪʝʥʜʠ, ʷʢʽ ʜʦʟʚʦʣʷʣʠ ʤʦʜʝʣʶʚʘʪʠ 

ʥʝʦʙʭʽʜʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ (ʩʪʫʧʝʥʴ ʘʝʨʘʮʽʾ, ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʫʚʘʥʥʷ, 

ʨʝʞʠʤʠ ʧʨʦʤʠʚʢʠ ʽ ʪ.ʜ.).  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʧʽʣʦʪʥʽʡ ʫʩʪʘʥʦʚʮʽ (ʨʠʩ. 2.2), ʦʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʷʢʦʾ ʙʫʣʠ ʘʝʨʘʪʦʨʘ, 

ʢʦʥʪʘʢʪʥʘ ʻʤʥʽʩʪʴ ʪʘ ʬʽʣʴʪʨ. ɺ ʘʝʨʘʪʦʨʽ ʚʦʜʘ ʥʘʩʠʯʫʚʘʣʘʩʴ ʢʠʩʥʝʤ, ʜʘʣʽ 

ʧʦʩʪʫʧʘʣʘ ʚ ʢʦʥʪʘʢʪʥʫ ʻʤʥʽʩʪʴ, ʟ ʷʢʦʾ  ʥʘʜʭʦʜʠʣʘ ʥʘ ʬʽʣʴʪʨ.  

 

ʈʠʩ. 2.2. ʆʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ 

ʜʝʤʘʥʛʘʥʘʮʽʾ: 1  ʘʝʨʘʪʦʨ; 2 ï ʢʦʥʪʘʢʪʥʘ ʻʤʥʽʩʪʴ; 3 ï ʬʽʣʴʪʨ 

 

ɼʣʷ ʤʦʞʣʠʚʦʩʪʽ ʧʦʨʽʚʥʷʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʦʢʠʩʥʠʢʽʚ (ʥʘʧʨʠʢʣʘʜ, 

ʢʠʩʥʶ ʪʘ ʛʽʧʦʭʣʦʨʠʪʫ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʫʩʪʘʥʦʚʢʘ (ʨʠʩ. 2.3), ʜʦ ʩʢʣʘʜʫ 

ʷʢʦʾ ʚʭʦʜʠʣʠ ʢʦʥʪʘʢʪʥʘ ʻʤʥʽʩʪʴ, ʥʘʩʦʩ ʪʘ ʥʘʧʽʨʥʠʡ ʬʽʣʴʪʨ. ʇʨʠ ʮʴʦʤʫ ʫ 

ʢʦʥʪʘʢʪʥʫ ʻʤʥʽʩʪʴ ʙʫʣʘ ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʘʯʽ ʦʢʠʩʥʠʢʽʚ. ɺʦʜʘ ʟʽ 
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ʩʚʝʨʜʣʦʚʠʥʠ ʪʘ ʦʢʠʩʥʠʢ ʧʦʜʘʶʪʴʩʷ ʚ ʢʦʥʪʘʢʪʥʫ ʻʤʥʽʩʪʴ, ʜʝ ʚʦʥʘ 

ʧʝʨʝʤʽʰʫʶʪʴʩʷ ʽ ʢʦʥʪʘʢʪʫʻ ʟ ʦʢʠʩʥʠʢʦʤ, ʽ ʜʘʣʽ ʥʘʜʭʦʜʠʪʴ ʥʘ ʬʽʣʴʪʨ.  

ʋʧʨʘʚʣʽʥʥʷ ʦʙʩʷʛʘʤʠ  ʨʝʘʛʝʥʪʽʚ, ʷʢʽ ʧʦʜʘʚʘʣʠʩʴ ʥʘ ʫʩʪʘʥʦʚʢʫ, 

ʚʽʜʧʦʚʽʜʥʦ ʘʝʨʘʪʦʨʦʤ ʪʘ ʥʘʩʦʩʦʤ-ʜʦʟʘʪʦʨʦʤ, ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʘʚʪʦʤʘʪʠʯʥʦ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʫ, ʣʽʥʽʾ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʪʘ PLC-ʢʦʥʪʨʦʣʝʨʘ. 

 

 

ʈʠʩ. 2.3. ʆʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʦʜʘʯʽ ʜʦʜʘʪʢʦʚʠʭ ʦʢʠʩʥʠʢʽʚ: 1 ï ʢʦʥʪʘʢʪʥʘ 

ʻʤʥʽʩʪʴ; 2 ï ʥʘʩʦʩ; 3 ï ʥʘʧʽʨʥʠʡ ʬʽʣʴʪʨ 

  

ʏʘʩʪʠʥʘ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʥʫʚʘʣʘʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʧʽʚʧʨʦʤʠʩʣʦʚʦʾ 

ʫʩʪʘʥʦʚʢʠ, ʱʦ ʚʢʣʶʯʘʣʘ ʥʘʧʽʨʥʠʡ ʬʽʣʴʪʨ, ʢʦʨʧʫʩ ʷʢʦʛʦ ʙʫʚ ʟʨʦʙʣʝʥʠʡ ʟʽ 

ʩʢʣʦʚʦʣʦʢʥʘ, ʘ ʚʥʫʪʨʽʰʥʷ ʯʘʩʪʠʥʘ ʧʦʢʨʠʪʘ ʥʝʪʦʢʩʠʯʥʠʤ ʧʦʣʽʝʪʠʣʝʥʦʚʠʤ 

ʰʘʨʦʤ. ʈʦʙʦʪʘ ʬʽʣʴʪʨʫ ʙʫʣʘ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ, ʚʠʚʝʜʝʥʥʷ ʡʦʛʦ ʥʘ 

ʧʨʦʤʠʚʢʫ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʦʧʦʨʫ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ. 

ʋʩʪʘʥʦʚʢʘ ʧʝʨʝʜʙʘʯʘʣʘ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʬʽʣʴʪʨʘ ʫ ʜʚʦʭ ʨʝʞʠʤʘʭ: ʟ 

ʧʨʦʤʠʚʢʦʶ ʦʯʠʱʝʥʦʶ ʚʦʜʦʶ ʪʘ ʦʯʠʱʝʥʦʶ ʚʦʜʦʶ ʟ ʜʦʜʘʚʘʥʥʷʤ 
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ʜʝʟʽʥʬʝʢʪʘʥʪʫ, ʟʦʢʨʝʤʘ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʜʦʟʦʶ 2-3 ʤʛ/ʜʤ
3
. [293]. ʉʭʝʤ 

ʧʽʣʦʪʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʨʦʤʠʚʢʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.4. 

 

 

ʈʠʩ. 2.4. ʇʽʣʦʪʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʨʦʤʠʚʢʠ: 

 ɼ-1 - ʜʦʟʘʪʦʨ ʜʣʷ ʜʝʟʽʥʬʝʢʪʘʥʪʫ; ʈ-2 - ʻʤʥʽʩʪʴ ʟ ʚʦʜʦʶ; ʅ-3 - ʥʘʩʦʩ;  

ʇ-4 - ʧʦʚʽʪʨʦʜʫʚʢʘ; ʌ-5 - ʬʽʣʴʪʨ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ ʜʝʤʘʥʛʘʥʘʮʽʾ; ʈ-6 - 

ʨʝʟʝʨʚʫʘʨ ʯʠʩʪʦʾ ʚʦʜʠ; ɼ-7 - ʜʦʟʘʪʦʨ ʜʣʷ ʜʝʟʽʥʬʝʢʪʘʥʪʫ 

 

ʇʽʜ ʯʘʩ ʧʨʦʤʠʚʢʠ ʚʦʜʘ ʽʟ ʨʝʟʝʨʚʫʘʨʘ ʈ-2 ʥʘʜʭʦʜʠʪʴ ʫ ʥʠʞʥʶ ʯʘʩʪʠʥʫ 

ʬʽʣʴʪʨʫ ʌ-5, ʟ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʬʽʣʴʪʨʫ ʚʽʜʚʦʜʷʪʴʩʷ ʧʨʦʤʠʚʥʽ ʚʦʜʠ. 

ʇʦʚʽʪʨʷ ʜʣʷ ʚʦʜʦʧʦʚʽʪʨʷʥʦʾ ʧʨʦʤʠʚʢʠ ʧʦʜʘʻʪʴʩʷ ʯʝʨʝʟ ʧʦʚʽʪʨʦʜʫʚʢʫ ʇ-4. 

ʈʝʟʝʨʚʫʘʨ ʈ-2 ʟʘʧʦʚʥʶʻʪʴʩʷ ʯʠʩʪʦʶ ʚʦʜʦʶ ʽʟ ʨʝʟʝʨʚʫʘʨʘ ʯʠʩʪʦʾ ʚʦʜʠ ʈ-6. 

ɿʘʛʘʣʴʥʠʡ ʯʘʩ ʜʣʷ ʧʨʦʩʪʦʾ ʧʨʦʤʠʚʢʠ ʩʪʘʥʦʚʠʪʴ 10 ʭʚ., ʜʣʷ 

ʧʦʛʣʠʙʣʝʥʦʾ, ʷʢʘ ʚʢʣʶʯʘʻ ʧʨʦʤʠʚʢʫ, ʟʥʝʟʘʨʘʞʝʥʥʷ, ʚʽʜʤʠʚʢʫ ʪʘ 

ʨʝʛʝʥʝʨʘʮʽʶ, - 180 ʭʚ. [294]. 

ʗʢ ʜʝʟʽʥʬʽʢʫʶʯʽ ʨʝʘʛʝʥʪʠ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ: 

ʚʠʩʦʢʦʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ʨʦʟʯʠʥ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʤʘʨʢʠ ɸ (ʚʠʨʦʙʥʠʢ 
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ɺɸʊ çɼʥʽʧʨʦɸʟʦʪè); ʜʽʦʢʩʠʜ ʭʣʦʨʫ (ʚʠʨʦʙʣʝʥʠʡ ʥʘ ʧʽʣʦʪʥʽʡ ʫʩʪʘʥʦʚʮʽ 

Grunfos Oxyperm); ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʦʜʝʨʞʫʚʘʣʦʩʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʋʌ-ʣʘʤʧʠ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ). 

ɼʣ̫ ʤʦʞʣʠʚʦʩʪʽ ʧʦʨʽʚʥʷʥʥʷ ʤʝʪʦʜʽʚ ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ, ʷʢʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʜʽʶʯʠʭ ʚʦʜʦʦʯʠʩʥʠʭ ʩʪʘʥʮʽʷʭ, ʙʫʣʦ ʩʢʦʥʩʪʨʫʡʦʚʘʥʦ 

ʧʽʣʦʪʥʠʡ ʩʪʝʥʜ (ʨʠʩ. 2.5), ʷʢʠʡ ʚʢʣʶʯʘʚ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟʽ ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ ʷʢ ʦʢʨʝʤʠʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʪʘʢ ʽ ʾʭ 

ʢʦʤʙʽʥʘʮʽʷʤʠ. 

 

 

ʈʠʩ. 2.5. ʉʭʝʤʘ ʧʽʣʦʪʥʦʛʦ ʩʪʝʥʜʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʟʽ ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ 

 

ʇʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽʟ ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ ʜʽʦʢʩʠʜʦʤ ʭʣʦʨʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʫʩʪʘʥʦʚʢʘ Oxiperm Prʦ OCD-162 10-D/G, ʥʘʜʘʥʘ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʴ ʫʢʨʘʾʥʩʴʢʠʤ ʧʨʝʜʩʪʘʚʥʠʮʪʚʦʤ ʥʽʤʝʮʴʢʦʾ ʢʦʤʧʘʥʽʾ Grundfos. 

ɼʣʷ ʩʠʥʪʝʟʫ ʜʽʦʢʩʠʜʫ ʭʣʦʨʫ ʥʘ ʮʽʡ ʫʩʪʘʥʦʚʮʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʨʦʟʚʝʜʝʥʠʡ 

ʨʦʟʯʠʥ  HCl (ʢʦʥʮʝʥʪʨʘʮʽʷ 9 ʛ/ʜʤ
3
) ʪʘ NaClO2 (ʢʦʥʮʝʥʪʨʘʮʽʷ 7,5 ʛ/ʜʤ

3
). 
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ɺʤʽʩʪ ʚʠʭʽʜʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʘ ʩʘʤʝ ʜʽʦʢʩʠʜʫ ʭʣʦʨʫ ʫ ʚʦʜʽ ʦʜʝʨʞʘʥʦʛʦ 

ʩʪʘʥʦʚʠʪʴ - 2 ʛ/ʜʤ
3
. ʌʦʪʦ ʚʢʘʟʘʥʦʾ ʚʠʱʝ ʫʩʪʘʥʦʚʢʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.6. 

 

 

ʈʠʩ. 2.6. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʩʠʥʪʝʟʫ ʜʽʦʢʩʠʜʫ ʭʣʦʨʫ:  

ɸ - ʚʚʽʤʢʥʝʥʘ ʫʩʪʘʥʦʚʢʘ; ɹ - ʚʠʤʢʥʝʥʘ ʫʩʪʘʥʦʚʢʘ 

 

ɿʘ ʩʭʝʤʦʶ, ʥʘʚʝʜʝʥʦʶ ʥʘ ʨʠʩ. 2.7, ʧʨʠ ʟʥʝʟʘʨʘʞʝʥʥʽ ʚʦʜʠ ʩʠʥʪʝʟʦʚʘʥʠʡ 

ʜʽʦʢʩʠʜ ʭʣʦʨʫ ʘʚʪʦʤʘʪʠʯʥʦ ʜʦʟʫʻʪʴʩʷ ʫ ʧʦʪʨʽʙʥʽʡ ʢʽʣʴʢʦʩʪʽ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʠʪʨʘʪ ʚʦʜʠ) ʥʘʩʦʩʦʤ-ʜʦʟʘʪʦʨʦʤ 3 ʫ ʢʦʥʪʘʢʪʥʫ ʻʤʥʽʩʪʴ 4, ʜʝ ʩʘʤʝ ʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ. ɺʠʪʨʘʪʠ ʨʝʘʛʝʥʪʫ ʬʽʢʩʫʶʪʴʩʷ ʥʘ 

ʚʠʪʨʘʪʦʤʽʨʽ 1 ʪʘ ʨʝʛʫʣʶʶʪʴʩʷ ʢʨʘʥʦʤ 5. ʇʽʩʣʷ ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʘ ʥʘʜʭʦʜʠʪʴ 

ʫ ʧʨʦʙʦʚʽʜʙʽʨʥʠʢ 6, ʟ ʷʢʦʛʦ ʚʽʜʙʠʨʘʶʪʴʩʷ ʧʨʦʙʠ ʥʘ ʘʥʘʣʽʟ,  ʽ ʜʘʣʽ ʚʦʜʘ 

ʟʣʠʚʘʻʪʴʩʷ ʚ ʢʘʥʘʣʽʟʘʮʽʶ.  

ʅʘ ʨʠʩ. 2.8 ʥʘʚʝʜʝʥʦ ʬʦʪʦ ʯʘʩʪʠʥʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʫ ʟ 

ʧʽʜʢʣʶʯʝʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʜʽʦʢʩʠʜʫ ʭʣʦʨʫ ʪʘ ʜʣʷ ʦʙʨʦʙʢʠ ʚʦʜʠ ʋʌ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ. 

 

ɸ ɹ 
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ʈʠʩ. 2.7. ʉʭʝʤʘ ʜʣʷ ʦʙʨʦʙʢʠ ʚʦʜʠ ʜʽʦʢʩʠʜʦʤ ʭʣʦʨʫ 

 

 

ʈʠʩ. 2.8. ʏʘʩʪʠʥʘ ʧʽʣʦʪʥʦʛʦ ʩʪʝʥʜʫ: 

ɸ ï ʛʨʝʙʽʥʢʘ ʜʣʷ ʚʽʜʙʦʨʫ ʧʨʦʙ; ɹ ï ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʩʠʥʪʝʟʫ ʜʽʦʢʩʠʜʫ 

ʭʣʦʨʫ; ɺ ï ʫʩʪʘʥʦʚʢʘ ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ  çɺʦʜʦʛʨʘʡ ɺ-1è 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʜʝʘʤʦʥʽʟʘʮʽʾ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʽʣʦʪʥʽʡ 

ɸ 

ɹ 

ɺ 
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ʬʽʣʴʪʨʫʚʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ Culligan UX-20 ʟ ʬʽʣʴʪʨʫʶʯʠʤ  ʟʘʚʘʥʪʘʞʝʥʥʷʤ 

Culligan Biofilter ʽʪʘʣʽʡʩʴʢʦʾ ʬʽʨʤʠ Culligan, ʷʢʘ ʩʢʣʘʜʘʣʘʩʴ ʟ ʘʝʨʘʪʦʨʘ, 

ʟʘʢʨʠʪʦʾ ʢʦʥʪʘʢʪʥʦʾ ʻʤʥʦʩʪʽ ʪʘ ʬʽʣʴʪʨʫ (ʩʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʨʠʩ. 2.9).  

ɺ ʘʝʨʘʪʦʨʽ ʚʦʜʘ ʟʽ ʩʚʝʨʜʣʦʚʠʥʠ ʥʘʩʠʯʫʚʘʣʘʩʴ ʢʠʩʥʝʤ, ʧʦʪʽʤ ʧʦʩʪʫʧʘʣʘ ʚ 

ʟʘʢʨʠʪʫ ʢʦʥʪʘʢʪʥʫ ʻʤʥʽʩʪʴ, ʜʝ ʚʠʤʽʨʶʚʘʣʠʩʴ ʢʦʥʪʨʦʣʴʥʽ ʧʦʢʘʟʥʠʢʠ, ʽ ʜʘʣʽ ï 

ʥʘ ʬʽʣʴʪʨ. ʅʘ ʚʠʭʦʜʽ ʟ ʬʽʣʴʪʨʫ ʫ ʚʦʜʽ ʢʦʥʪʨʦʣʶʚʘʣʠʩʴ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ, ʘʤʦʥʽʶ, ʥʽʪʨʠʪʽʚ ʪʘ ʥʽʪʨʘʪʽʚ. ʋ ʥʠʞʥʽʡ ʪʘ ʚʝʨʭʥʽʡ 

ʯʘʩʪʠʥʘʭ ʬʽʣʴʪʨʫ ʚʠʤʽʨʶʚʘʣʠ ʟʘʛʘʣʴʥʝ ʤʽʢʨʦʙʥʝ ʯʠʩʣʦ [295].  

 

 
ʈʠʩ. 2.9. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʫʩʪʘʥʦʚʢʠ ʜʝʘʤʦʥʽʟʘʮʽʾ 

 

 

2.2.4 ɼʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ 

ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʚʦʜʠ ʚʠʟʥʘʯʘʣʠʩʴ ʟʘ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤʠ ʤʝʪʦʜʘʤʠ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʨʝʢʦʤʝʥʜʦʚʘʥʠʤʠ ʫ ɼʉʘʥʇʽʅ 2.2.4-171-10 

çɻʽʛʽʻʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʚʦʜʠ ʧʠʪʥʦʾ, ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ ʣʶʜʠʥʦʶè 

[6]. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʬʦʪʦʤʝʪʨʠʯʥʽ ʘʙʦ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ, ʘ ʩʘʤʝ: ʜʣʷ ʟʘʣʽʟʘ ï ʟ ʩʫʣʴʬʦʩʘʣʽʮʠʣʦʚʦʶ 

ʢʠʩʣʦʪʦʶ; ʜʣʷ ʤʘʥʛʘʥʫ - ʟ ʦʢʠʩʥʝʥʥʷʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ (NH4)2S2O8 ʜʦ ʽʦʥʫ 
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MnO4
-
; ʜʣʷ ʘʤʦʥʽʶ ï ʟ ʨʝʘʢʪʠʚʦʤ ʅʝʩʣʝʨʘ; ʜʣʷ ʥʽʪʨʘʪʽʚ ï ʟ 

ʬʝʥʦʣʜʠʩʫʣʴʬʦʥʦʚʦʶ ʢʠʩʣʦʪʦʶ; ʥʽʪʨʠʪʽʚ - ʟ ʩʫʣʴʬʘʥʽʣʦʚʦʶ ʢʠʩʣʦʪʦʶ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʝʥʦʛʦ ʫ ʚʦʜʽ ʢʠʩʥʶ ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ ʤʝʪʦʜʦʤ ɺʽʥʢʣʝʨʘ.  

ɺʠʟʥʘʯʝʥʥʷ ʟʘʣʽʟʘ ʚʽʜʙʫʚʘʣʦʩʴ ʟʘ çɻʆʉʊ 4011-72. ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ 

ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʱʝʛʦ ʞʝʣʝʟʘè [296] ʟ ʩʫʣʴʬʦʩʘʣʽʮʠʣʦʚʦʶ 

ʢʠʩʣʦʪʦʶ (ɻʆʉʊ ʯʠʥʥʠʡ ʜʦ 01.01.2019 ʨ.). ʄʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʟʘʻʤʦʜʽʾ 

ʽʦʥʽʚ ʟʘʣʽʟʘ ʫ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʩʫʣʴʬʦʩʘʣʽʮʠʣʦʚʦʶ ʢʠʩʣʦʪʦʶ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʟʘʙʘʨʚʣʝʥʦʾ ʫ ʞʦʚʪʠʡ ʢʦʣʽʨ ʢʦʤʧʣʝʢʩʥʦʾ ʩʧʦʣʫʢʠ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʘʙʘʨʚʣʝʥʥʷ, ʷʢʝ ʧʨʦʧʦʨʮʽʡʥʝ ʤʘʩʦʚʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ, ʚʠʤʽʨʶʻʪʴʩʷ ʧʨʠ 

ʜʦʚʞʠʥʽ ʭʚʠʣʽ 400-430 ʥʤ.  

ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʩʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʛʘʣʴʥʦʛʦ ʟʘʣʽʟʘ ʙʝʟ 

ʨʦʟʚʝʜʝʥʥʷ ʧʨʦʙʠ ʩʪʘʥʦʚʠʪʴ ï 0,10-2,00 ʤʛ/ʜʤ
3
. ʋ ʮʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʩʫʤʘʨʥʘ 

ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʟ ʈ=0,95 ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ 0,01-0,03 ʤʛ/ʜʤ
3
.  

ʄʘʩʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʣʽʟʘ (ʍ) ʚ ʘʥʘʣʽʟʦʚʘʥʽʡ ʧʨʦʙʽ ʫ ʤʛ/ʜʤ
3
 ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʚʝʜʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʧʦʧʝʨʝʜʥʴʦ ʧʦʙʫʜʦʚʘʥʠʤ 

ʢʘʣʽʙʨʫʚʘʣʴʥʠʤ ʛʨʘʬʽʢʦʤ ʪʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ʍ=
˞ υπ

ὠ
 

ʜʝ: ʉ - ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʣʽʟʘ, ʟʥʘʡʜʝʥʘ ʟʘ ʢʘʣʽʙʨʫʚʘʣʴʥʠʤ ʛʨʘʬʽʢʦʤ, ʤʛ/ʜʤ
3
; 

V - ʦʙôʻʤ ʚʦʜʠ, ʚʟʷʪʠʡ ʜʣʷ ʘʥʘʣʽʟʫ, ʩʤ
3
; 

50 ï ʦʙôʻʤ, ʜʦ ʷʢʦʛʦ ʨʦʟʚʝʜʝʥʘ ʧʨʦʙʘ, ʩʤ
3
. 

ɿʘ ʦʩʪʘʪʦʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʽʟʫ ʧʨʠʡʤʘʻʪʴʩʷ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʜʦʧʫʩʪʠʤʘ ʨʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʷʢʠʤʠ ʥʝ 

ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 25 % ʧʨʠ ʤʘʩʦʚʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ ʥʘ ʨʽʚʥʽ ʛʨʘʥʠʯʥʦ 

ʜʦʧʫʩʪʠʤʦʾ, ʨʝʟʫʣʴʪʘʪ ʦʢʨʫʛʣʷʻʪʴʩʷ ʜʦ ʜʚʦʭ ʟʥʘʯʫʱʠʭ ʮʠʬʨ.  

ɺʠʟʥʘʯʝʥʥʷ ʤʘʥʛʘʥʫ ʚʽʜʙʫʚʘʣʦʩʴ ʟʘ çɻʆʉʊ 4974-72. ʄʝʪʦʜʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʘʨʛʘʥʮʘè [297] (ɻʆʉʊ ʯʠʥʥʠʡ ʜʦ 01.01.2019 ʨ.). 

ʄʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʦʢʠʩʥʝʥʥʽ ʩʧʦʣʫʢ ʤʘʥʛʘʥʫ ʜʦ ʽʦʥʘ MnO4
-
 ʫ ʢʠʩʣʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʧʝʨʩʫʣʴʬʘʪʦʤ ʘʤʦʥʽʶ ʘʙʦ ʢʘʣʽʶ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʩʨʽʙʣʘ ʷʢ 

ʢʘʪʘʣʽʟʘʪʦʨʘ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʞʝʚʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʨʦʟʯʠʥʫ ʚʠʤʽʨʶʻʪʴʩʷ 
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ʬʦʪʦʤʝʪʨʦʤ. ʏʫʪʣʠʚʽʩʪʴ ʤʝʪʦʜʫ ʧʨʠ ʦʙôʻʤʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʨʦʙʠ ʚʦʜʠ 500 ʩʤ
3
 

ʩʪʘʥʦʚʠʪʴ 0,010 ʤʛ/ʜʤ
3
. 

ʄʘʩʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʘʥʛʘʥʫ (ʍ) ʚ ʘʥʘʣʽʟʦʚʘʥʽʡ ʧʨʦʙʽ ʫ ʤʛ/ʜʤ
3
 ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʚʝʜʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʧʦʧʝʨʝʜʥʴʦ ʧʦʙʫʜʦʚʘʥʠʤ 

ʢʘʣʽʙʨʫʚʘʣʴʥʠʤ ʛʨʘʬʽʢʦʤ ʪʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ʍ=
́ ρπππ

ὠ
 

ʜʝ: ʘ - ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʘʥʛʘʥʫ, ʟʥʘʡʜʝʥʘ ʟʘ ʢʘʣʽʙʨʫʚʘʣʴʥʠʤ ʛʨʘʬʽʢʦʤ, ʤʛ; 

V - ʦʙôʻʤ ʚʦʜʠ, ʚʟʷʪʠʡ ʜʣʷ ʘʥʘʣʽʟʫ, ʩʤ
3
. 

ɿʘ ʦʩʪʘʪʦʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʽʟʫ ʧʨʠʡʤʘʻʪʴʩʷ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʜʦʧʫʩʪʠʤʘ ʨʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʷʢʠʤʠ ʥʝ 

ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 25 % ʧʨʠ ʤʘʩʦʚʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʘʥʛʘʥʫ ʥʘ ʨʽʚʥʽ 

ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʾ, ʨʝʟʫʣʴʪʘʪ ʦʢʨʫʛʣʷʻʪʴʩʷ ʜʦ ʜʚʦʭ ʟʥʘʯʫʱʠʭ ʮʠʬʨ. 

ɺʠʟʥʘʯʝʥʥʷ ʘʤʦʥʽʶ, ʥʽʪʨʠʪʽʚ ʪʘ ʥʽʪʨʘʪʽʚ ʚʽʜʙʫʚʘʣʦʩʴ ʟʘ çɻʆʉʊ 4192-82. 

ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚè [298] (ɻʆʉʊ 

ʯʠʥʥʠʡ ʜʦ 01.01.2019 ʨ.), ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʪʦʤʝʪʨʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʤʽʥʝʨʘʣʴʥʠʭ ʘʟʦʪʦʚʤʽʩʥʠʭ 

ʨʝʯʦʚʠʥ: ʘʤʽʘʢʫ ʽ ʽʦʥʽʚ ʘʤʦʥʽʶ (ʩʫʤʘʨʥʦ), ʥʽʪʨʠʪʽʚ ʪʘ ʥʽʪʨʘʪʽʚ. 

ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʤʽʘʢʫ ʽ ʽʦʥʽʚ ʘʤʦʥʽʶ 

(ʩʫʤʘʨʥʦ) ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʾʭ ʟʜʘʪʥʦʩʪʽ ʫʪʚʦʨʶʚʘʪʠ ʟʘʙʘʨʚʣʝʥʽ ʫ ʞʦʚʪʦ-

ʢʦʨʠʯʥʝʚʠʡ ʢʦʣʽʨ ʩʧʦʣʫʢʠ ʟ ʨʝʘʢʪʠʚʦʤ ʅʝʩʩʣʝʨʘ (ʣʫʞʥʠʡ ʚʦʜʥʠʡ ʨʦʟʯʠʥ 

ʜʝʛʽʜʨʘʪʫ ʪʝʪʨʘʡʜʦʤʝʨʢʫʨʘʪʘ (ɯɯ) ʢʘʣʽʶ K2[HgI4]Å2H2O). ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʘʙʘʨʚʣʝʥʥʷ ʫʪʚʦʨʝʥʦʛʦ ʨʦʟʯʠʥʫ, ʷʢʘ ʧʨʦʧʦʨʮʽʡʥʘ ʤʘʩʦʚʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʘʤʽʘʢʫ ʪʘ ʽʦʥʽʚ ʘʤʦʥʽʶ, ʚʠʤʽʨʶʻʪʴʩʷ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 400-425 ʥʤ.  

ʅʠʞʥʷ ʤʝʞʘ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʦʚʠʪʴ - 0,05 ʤʛ/ʜʤ
3
. ʇʨʠ ʚʤʽʩʪʽ ʫ ʚʦʜʽ 

ʘʤʽʘʢʫ ʽ ʽʦʥʽʚ ʘʤʦʥʽʶ ʧʦʥʘʜ 3 ʤʛ/ʜʤ
3
 ʧʨʦʙʫ ʧʦʪʨʽʙʥʦ ʨʦʟʙʘʚʣʷʪʠ. ɺʽʜʥʦʩʥʘ 

ʧʦʤʠʣʢʘ ʚʠʟʥʘʯʝʥʥʷ ʜʦʨʽʚʥʶʻ Ñ 5%. ʄʦʞʣʠʚʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ 

ʟʘʣʠʰʢʦʚʦʛʦ ʘʢʪʠʚʥʦʛʦ ʭʣʦʨʫ ʫʩʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʪʽʦʩʫʣʴʬʘʪʫ ʥʘʪʨʽʶ; ʞʦʨʩʪʢʦʩʪʽ - ʜʦʜʘʚʘʥʥʷʤ ʨʦʟʯʠʥʫ 
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ʚʠʥʥʦʢʠʩʣʦʛʦ ʢʘʣʽʶ-ʥʘʪʨʽʶ; ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘʣʽʟʘ, ʟʘʙʘʨʚʣʝʥʦʩʪʽ ʽ 

ʢʘʣʘʤʫʪʥʦʩʪʽ ï ʜʦʜʘʚʘʥʥʷʤ  ʩʫʩʧʝʥʟʽʾ ʛʽʜʨʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ. 

ʉʫʤʘʨʥʘ ʤʘʩʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʤʽʘʢʫ ʽ ʽʦʥʽʚ ʘʤʦʥʽʶ (X) ʚ ʤʛ/ʜʤ
3
 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʧʦʧʝʨʝʜʥʴʦ ʧʦʙʫʜʦʚʘʥʠʤ ʢʘʣʽʙʨʫʚʘʣʴʥʠʤ ʛʨʘʬʽʢʦʤ ʪʘ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  

8  
˞ υπ

ὠ
ȟ 

 

ʜʝ ʉ - ʤʘʩʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ, ʚʠʟʥʘʯʝʥʘ ʟʘ ʢʘʣʽʙʨʫʚʘʣʴʥʠʤ ʛʨʘʬʽʢʦʤ ʘʙʦ 

ʦʙʯʠʩʣʝʥʘ ʟʘ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, ʤʛ/ʜʤ
3
; 

V ï ʦʙôʻʤ ʧʨʦʙʠ, ʚʽʜʽʙʨʘʥʠʡ ʜʣʷ ʘʥʘʣʽʟʫ, ʩʤ
3
;  

50 ï ʦʙôʻʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ, ʩʤ
3
. 

ɿʘ ʦʩʪʘʪʦʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʽʟʫ ʧʨʠʡʤʘʶʪʴ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʚʠʟʥʘʯʝʥʴ, ʜʦʧʫʩʪʠʤʽ ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ ʷʢʠʤʠ 

ʥʝ ʧʦʚʠʥʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ 10%. 

ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʽʪʨʠʪʽʚ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʾʭ 

ʟʜʘʪʥʦʩʪʽ ʜʽʘʟʦʪʫʚʘʪʠ ʩʫʣʴʬʘʥʠʣʦʚʫ ʢʠʩʣʦʪʫ ʪʘ ʫʪʚʦʨʶʚʘʪʠ ʯʝʨʚʦʥʦ-

ʬʽʦʣʝʪʦʚʠʡ ʢʨʘʩʠʪʝʣʴ ʜʽʘʟʦʩʧʦʣʫʢʠ ʟ 1-ʅʘʬʪʠʣʘʤʽʥʦʤ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʘʙʘʨʚʣʝʥʥʷ ʫʪʚʦʨʝʥʦʛʦ ʨʦʟʯʠʥʫ, ʷʢʘ ʧʨʦʧʦʨʮʽʡʥʘ ʤʘʩʦʚʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʽʪʨʠʪʽʚ, ʚʠʤʽʨʶʻʪʴʩʷ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 520 ʥʤ. ʅʠʞʥʷ ʤʝʞʘ ʚʠʟʥʘʯʝʥʥʷ 

ʩʪʘʥʦʚʠʪʴ - 0,003 ʤʛ/ʜʤ
3
.  

ʇʨʠ ʚʤʽʩʪʽ ʫ ʚʦʜʽ ʥʽʪʨʠʪʽʚ ʧʦʥʘʜ 0,3 ʤʛ/ʜʤ
3
 ʧʨʦʙʫ ʧʦʪʨʽʙʥʦ 

ʨʦʟʙʘʚʣʷʪʠ. ɺʽʜʥʦʩʥʘ ʧʦʤʠʣʢʘ ʚʠʟʥʘʯʝʥʥʷ ʜʦʨʽʚʥʶʻ Ñ 5%. ʄʦʞʣʠʚʠʡ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʟʘʙʘʨʚʣʝʥʦʩʪʽ ʽ ʢʘʣʘʤʫʪʥʦʩʪʽ ʫʩʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʜʦʜʘʚʘʥʥʷ  ʩʫʩʧʝʥʟʽʾ ʛʽʜʨʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ. 

ʄʘʩʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʽʪʨʠʪʽʚ (X1) ʚ ʤʛ/ʜʤ
3
 ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʢʘʣʽʙʨʫʚʘʣʴʥʠʤ ʛʨʘʬʽʢʦʤ ʪʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 s  
˞ υπ

ὠ
ȟ 

ʜʝ ʉ - ʤʘʩʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ, ʚʠʟʥʘʯʝʥʘ ʟʘ ʢʘʣʽʙʨʫʚʘʣʴʥʠʤ ʛʨʘʬʽʢʦʤ ʘʙʦ 

ʦʙʯʠʩʣʝʥʘ ʟʘ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, ʤʛ/ʜʤ
3
;  
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V ï ʦʙôʻʤ ʧʨʦʙʠ, ʚʽʜʽʙʨʘʥʠʡ ʜʣʷ ʘʥʘʣʽʟʫ, ʩʤ
3
;  

50 ï ʦʙôʻʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ, ʩʤ
3
.  

ɿʘ ʦʩʪʘʪʦʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʽʟʫ ʧʨʠʡʤʘʶʪʴ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʚʠʟʥʘʯʝʥʴ, ʜʦʧʫʩʪʠʤʽ ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ ʷʢʠʤʠ 

ʥʝ ʧʦʚʠʥʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ 10%. 

ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʽʪʨʘʪʽʚ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʾʭ 

ʨʝʘʢʮʽʾ ʟ ʩʘʣʽʮʠʣʦʚʦʢʠʩʣʠʤ ʥʘʪʨʽʻʤ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʥʽʪʨʦʩʘʣʽʮʠʣʦʚʦʾ ʢʠʩʣʦʪʠ, ʟʘʙʘʨʚʣʝʥʦʾ ʫ ʞʦʚʪʠʡ ʢʦʣʽʨ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʙʘʨʚʣʝʥʥʷ ʫʪʚʦʨʝʥʦʛʦ ʨʦʟʯʠʥʫ, ʷʢʘ ʧʨʦʧʦʨʮʽʡʥʘ ʤʘʩʦʚʽʡ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʽʪʨʠʪʽʚ, ʚʠʤʽʨʶʻʪʴʩʷ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 480 ʥʤ. ʏʫʪʣʠʚʽʩʪʴ 

ʤʝʪʦʜʫ ʩʪʘʥʦʚʠʪʴ - 0,1 ʤʛ/ʜʤ
3
 ʥʽʪʨʘʪʥʦʛʦ ʘʟʦʪʫ. 

ɺʠʟʥʘʯʝʥʥʶ ʟʘʚʘʞʘʶʪʴ: ʟʘʙʘʨʚʣʝʥʽʩʪʴ ʚʦʜʠ, ʚʧʣʠʚ ʷʢʦʾ ʫʩʫʚʘʶʪʴ 

ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʩʫʩʧʝʥʟʽʾ ʛʽʜʨʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ; ʭʣʦʨʠʜʠ (ʚ 

ʢʦʥʮʝʥʪʨʘʮʽʾ, ʱʦ ʧʝʨʝʚʠʱʫʻ 200 ʤʛ/ʜʤ
3
), ʷʢʽ ʚʠʜʘʣʷʶʪʴ ʜʦʜʘʚʘʥʥʷʤ 

ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʫ ʩʨʽʙʣʘ ʜʦ 100 ʩʤ
3
 ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʚʦʜʠ ʫ ʢʽʣʴʢʦʩʪʽ, 

ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʚʤʽʩʪʫ ʭʣʦʨʠʜʽʚ (ʦʩʘʜ ʭʣʦʨʠʜʫ ʩʨʽʙʣʘ ʬʽʣʴʪʨʫʶʪʴ ʘʙʦ 

ʚʽʜʦʢʨʝʤʣʶʶʪʴ ʮʝʥʪ-ʨʠʬʫʛʫʚʘʥʥʷʤ); ʥʽʪʨʠʪʠ (ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 1-2 ʤʛ/ʜʤ
3
) ʽ 

ʟʘʣʽʟʦ (ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʽʣʴʰʝ 0,5 ʤʛ/ʜʤ
3
, ʚʧʣʠʚ ʷʢʦʛʦ ʤʦʞʝ ʙʫʪʠ ʫʩʫʥʝʥʠʡ 

ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ 8-10 ʢʨʘʧʝʣʴ ʨʦʟʯʠʥʫ ʪʘʨʪʨʘʪʫ ʢʘʣʽʶ-ʥʘʪʨʽʶ ʧʝʨʝʜ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ ʚʦʜʠ ʧʨʠ ʘʥʘʣʽʟʽ). 

ʄʘʩʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʽʪʨʠʪʽʚ (X2) ʚ ʤʛ/ʜʤ
3
 ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʧʦʧʝʨʝʜʥʴʦ ʧʦʙʫʜʦʚʘʥʠʤ ʢʘʣʽʙʨʫʚʘʣʴʥʠʤ ʛʨʘʬʽʢʦʤ ʪʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

ʍ2 =  ʉ 

ʜʝ ʉ - ʤʘʩʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ, ʚʠʟʥʘʯʝʥʘ ʟʘ ʢʘʣʽʙʨʫʚʘʣʴʥʠʤ ʛʨʘʬʽʢʦʤ, ʤʛ/ʜʤ
3
. 

ɿʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ (ɸ) ʫ ʚʽʜʩʦʪʢʘʭ ʜʣʷ ʫʩʽʭ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ 

ʤʝʪʦʜʽʚ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ɸ=
ς˝ ˝

˝ ˝
̖ρππ 

ʜʝ ʈ1 - ʙʽʣʴʰʠʡ ʨʝʟʫʣʴʪʘʪ ʟ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. 
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2.3 ɼʦʩʣʽʜʞʝʥʥʷ ʊʇɺ 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʊʇɺ ʧʨʦʚʦʜʠʣʠʩʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʯʠʥʥʠʭ çʄʝʪʦʜʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟ ʚʠʟʥʘʯʝʥʥʷ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚè, ʟʘʪʚʝʨʜʞʝʥʠʭ ʥʘʢʘʟʦʤ ʄʽʥʽʩʪʝʨʩʪʚʘ ʟ ʧʠʪʘʥʴ 

ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʚʽʜ 16.02.2010 ʨ. ˉ 39 [299].  

ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʛʦʩʧʦʜʘʨʩʴʢʠʡ ʜʽʣʷʥʮʽ ʧʦʣʽʛʦʥʫ ʊʇɺ 

ʤ.ʍʤʝʣʴʥʠʮʴʢʠʡ (ʧʨʦʪʷʛʦʤ 4 ʩʝʟʦʥʽʚ) ʪʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʦʣʽʛʦʥʫ ʊʇɺ ʤ.ʂʨʠʚʠʡ 

ʈʽʛ ʚ ʨʘʡʦʥʽ ʰ. çɺʘʣʷʚʢʦ-ʇʽʚʜʝʥʥʘè (ʪʽʣʴʢʠ ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ). ʇʨʠ ʮʴʦʤʫ 

ʪʨʠʚʘʣʽʩʪʴ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʜʠʥ ʩʝʟʦʥ ʩʢʣʘʜʘʣʘ ʥʝ ʤʝʥʰʝ 4-6 ʜʥʽʚ ʜʦ 

ʜʦʩʷʛʥʝʥʥʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʾ ʚʠʙʽʨʢʠ ʜʘʥʠʭ. 

ʇʨʦʪʷʛʦʤ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʧʦʣʽʛʦʥʽ ʊʇɺ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʝ ʚʽʜʙʫʚʘʣʦʩʴ 

ʟʤʽʰʫʚʘʥʥʷ ʪʚʝʨʜʠʭ, ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ, ʨʝʤʦʥʪʥʠʭ, ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʨʽʜʢʠʭ 

ʚʽʜʭʦʜʽʚ. ʇʨʠ ʧʣʘʥʫʚʘʥʥʽ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʽʾ ʢʦʦʨʜʠʥʫʚʘʣʠʩʴ ʟ 

ʧʝʨʝʚʽʟʥʠʢʘʤʠ ʊʇɺ, ʤʘʨʰʨʫʪʠ ʩʤʽʪʪʻʚʦʟʽʚ ʦʙʠʨʘʣʠʩʴ ʚʠʧʘʜʢʦʚʦ ʽ ʩʭʝʤʠ ʾʭ 

ʨʫʭʫ ʧʨʠ ʮʴʦʤʫ ʥʝ ʟʤʽʥʶʚʘʣʠʩʴ.  

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʘʣʠʩʴ: ʤʘʩʘ ʧʦʨʦʞʥʴʦʛʦ ʪʘ ʤʘʩʘ 

ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʩʤʽʪʪʻʚʦʟʘ. ɼʣʷ ʮʴʦʛʦ ʧʝʨʝʜ ʚʽʜʙʦʨʦʤ ʧʨʦʙʠ ʩʤʽʪʪʻʚʦʟ ʽʟ ʊʇɺ 

ʟʚʘʞʫʚʘʚʩʷ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʚʘʛʘʭ ʂʇʇ ʧʦʣʽʛʦʥʫ. ɼʘʣʽ ʩʤʽʪʪʻʚʦʟ 

ʚʠʚʘʥʪʘʞʫʚʘʚʩʷ ʥʘ ʤʘʡʜʘʥʯʠʢʫ ʟ ʪʚʝʨʜʠʤ ʧʦʢʨʠʪʪʷʤ. ɯʟ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ 

ʚʠʚʘʥʪʘʞʝʥʠʭ ʊʇɺ ʚʽʜʙʠʨʘʣʘʩʴ ʧʨʦʙʘ ʚʽʜʭʦʜʽʚ ʟ ʦʨʽʻʥʪʦʚʥʦʶ ʚʘʛʦʶ - 150-

170 ʢʛ, ʘ ʟʘʣʠʰʦʢ ʊʇɺ ʙʫʣʴʜʦʟʝʨʦʤ ʟʩʫʚʘʚʩʷ ʟ ʤʘʡʜʘʥʯʠʢʘ ʜʦ ʪʽʣʘ ʧʦʣʽʛʦʥʫ, 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʾ ʚʠʙʽʨʢʠ ʚʽʜʙʠʨʘʣʦʩʴ ʥʝ ʤʝʥʰʝ 10 ʧʨʦʙ ʥʘ 

ʤʽʩʷʮʴ.  

ʆʧʨʘʮʶʚʘʥʥʷ  ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʴ ʫ ʥʘʩʪʫʧʥʦʤʫ 

ʧʦʨʷʜʢʫ: 

- ʚʠʟʥʘʯʘʣʘʩʴ ʤʘʩʘ ʢʦʞʥʦʛʦ ʚʽʜʩʦʨʪʦʚʘʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʊʇɺ ʰʣʷʭʦʤ 

ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʜʘʥʠʭ ʟʚʘʞʫʚʘʥʥʷ; 

- ʚʠʟʥʘʯʘʣʘʩʴ ʟʘʛʘʣʴʥʘ ʤʘʩʘ ʧʨʦʙʠ, ʱʦ ʙʫʣʘ ʨʦʟʩʦʨʪʦʚʘʥʘ, ʰʣʷʭʦʤ 

ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʫʩʽʭ ʜʘʥʠʭ, ʦʜʝʨʞʘʥʠʭ ʚ ʭʦʜʽ ʟʚʘʞʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʊʇɺ 
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ʪʘ ʾʭ ʟʘʣʠʰʢʫ; 

- ʧʨʠʡʥʷʚʰʠ ʟʘ 100 % (ʟʘ ʤʘʩʦʶ) ʤʘʩʫ ʊʇɺ, ʱʦ ʙʫʣʘ ʨʦʟʩʦʨʪʦʚʘʥʘ,  

ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʚʤʽʩʪ (ʫ ʚʽʜʩʦʪʢʘʭ) ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʊʇɺ ʫ ʜʘʥʦʤʫ 

ʩʤʽʪʪʻʚʦʟʽ; 

- ʟʘ ʟʘʛʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟ ʫʩʽʭ ʩʤʽʪʪʻʚʦʟʽʚ ʰʣʷʭʦʤ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ ʚʠʟʥʘʯʘʣʘʩʴ ʧʦʭʠʙʢʘ ʩʝʨʽʾ ʚʠʤʽʨʶʚʘʥʴ ʽ ʧʨʦʚʦʜʠʣʦʩʴ  ʧʦʜʘʣʴʰʝ 

ʢʦʨʠʛʫʚʘʥʥʷ ʜʘʥʠʭ; 

- ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʩʝʨʝʜʥʽʡ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʊʇɺ, ʱʦ ʥʘʜʭʦʜʠʣʠ ʥʘ 

ʛʦʩʧʦʜʘʨʩʴʢʫ ʜʽʣʷʥʢʫ ʧʦʣʽʛʦʥʫ ʊʇɺ ʫ ʩʤʽʪʪʻʚʦʟʘʭ.  

ɼʣʷ ʦʮʽʥʢʠ ʰʚʠʜʢʦʩʪʽ ʙʽʦʜʝʩʪʨʫʢʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʧʽʜ ʜʽʻʶ 

ʨʽʟʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʥʘʩʪʫʧʥʠʡ ʤʝʪʦʜ. ɺʽʜʙʠʨʘʣʠʩʴ ʟʨʘʟʢʠ ʊʇɺ, 

ʬʨʘʢʮʽʾ ʧʦʜʨʽʙʥʶʚʘʣʠʩʴ ʜʦ ʚʝʣʠʯʠʥʠ 3-5 ʤʤ ʽ ʧʝʨʝʤʽʰʫʚʘʣʠʩʴ, ʟ ʥʠʭ  

ʬʦʨʤʫʚʘʣʠʩʷ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʙʠ. ʂʦʞʥʘ ʟ ʧʨʦʙ ʦʙʨʦʙʣʷʣʘʩʴ ʥʝʦʙʭʽʜʥʠʤ 

ʨʝʘʛʝʥʪʦʤ (ʟʘ ʢʦʥʪʨʦʣʴ ʧʨʠʡʤʘʚʩʷ ʥʝʦʙʨʦʙʣʝʥʠʡ ʟʨʘʟʦʢ), ʧʽʩʣʷ ʯʦʛʦ 

ʟʘʣʠʰʘʣʘʩʴ ʫ ʧʨʷʤʦʢʫʪʥʠʭ ʻʤʥʦʩʪʷʭ ʨʦʟʤʽʨʦʤ 30ʭ30 ʩʤ ʚ ʧʣʘʥʽ ʛʣʠʙʠʥʦʶ 50 

ʩʤ. ɭʤʥʦʩʪʽ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʟ ʬʘʥʝʨʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚ ʢʦʞʥʽʡ ʙʫʣʘ 

ʤʦʞʣʠʚʽʩʪʴ ʟʥʷʪʪʷ ʙʦʢʦʚʦʾ ʧʣʘʥʢʠ ʜʣʷ ʦʮʽʥʢʠ ʚʠʩʦʪʠ ʩʤʽʪʪʷ. 

ɭʤʥʦʩʪʽ ʟʘʣʠʰʘʣʠʩʴ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ ʙʝʟ ʧʦʢʨʠʪʪʷ (ʜʣʷ ʽʤʽʪʘʮʽʾ 

ʨʝʘʣʴʥʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ). ʆʜʠʥ ʨʘʟ ʥʘ ʜʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʢʠ 

ʬʽʢʩʫʚʘʣʘʩʴ ʚʠʩʦʪʘ ʢʦʞʥʦʾ ʧʨʦʙʠ. ɿʘ ʛʣʠʙʠʥʦʶ ʧʨʦʩʽʜʘʥʥʷ ʨʦʙʠʣʠʩʴ 

ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʘʢʪʠʚʥʦʩʪʽ ʙʽʦʜʝʛʨʘʜʘʮʽʾ ʦʨʛʘʥʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʊʇɺ. 

 

2.4 ʄʝʪʦʜʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʪʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʨʦʚʦʜʠʣʠʩʴ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ çMicrosoft Excel for Macè ʪʘ çApple 

Numbersè. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʽ ʬʫʥʢʮʽʾ ʫʩʝʨʝʜʥʝʥʥʷ, 

ʚʠʟʥʘʯʝʥʥʷ ʟʚʠʯʘʡʥʦʛʦ ʪʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ. ʂʦʨʝʣʷʮʽʡʥʠʡ 

ʘʥʘʣʽʟ ʟʜʽʡʩʥʶʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʫʥʢʮʽʡ ʧʘʢʝʪʫ çMicrosoft Excel for 

Macè.  
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ʆʮʽʥʢʫ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʟʜʽʡʩʥʶʚʘʣʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ çMicrosoft Excel for Macè ʪʘ çApple Numbersè. ɼʣʷ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʤʝʪʦʜʠʢ (ʟʦʢʨʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʦʜʠ) 

ʜʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʧʨʠʡʤʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʧʠʩʫ ʤʝʪʦʜʠʢ ʟʛʽʜʥʦ [300, 301]. 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʠʭ ʚʝʣʠʯʠʥ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʦʟʨʘʭʫʥʢʠ ʟʘ 

ʬʦʨʤʫʣʘʤʠ ʟʛʽʜʥʦ [302] ʜʣʷ ʈ<0,95, ʷʢʱʦ ʽʥʰʝ ʥʝ ʙʫʣʦ ʚʢʘʟʘʥʦ ʚ ʨʦʙʦʪʽ. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʦʬʦʨʤʣʝʥʥʷ ʛʨʘʬʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ  

ʥʘʩʪʫʧʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ:  

- ʚ ʯʘʩʪʠʥʽ ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʬʽʢʽʚ - çMicrosoft Excel for Macè, çApple 

Numbersè; 

- ʚ ʯʘʩʪʠʥʽ ʧʽʜʛʦʪʦʚʢʠ ʧʨʠʥʮʠʧʦʚʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ - çMicrosoft 

Visioè, çOmnigraffleè; 

- ʚ ʯʘʩʪʠʥʽ ʬʦʨʤʫʚʘʥʥʷ ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʛʝʦʛʨʘʬʽʯʥʠʭ ʩʭʝʤ 

- çQGISè; 

- ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʨʝʩʣʝʥʴ ʪʘ 3D-ʤʦʜʝʣʝʡ ʢʦʥʩʪʨʫʢʮʽʡ çAutoDesk 

Autocadè.  

ʈʦʟʨʦʙʢʫ, ʪʝʩʪʫʚʘʥʥʷ ʽ ʢʦʤʧʽʣʷʮʽʶ ʧʨʦʛʨʘʤ ʟʜʽʡʩʥʶʚʘʣʠ ʫ ʩʝʨʝʜʦʚʠʱʽ 

çApple XCodeè. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʽ ʙʽʙʣʽʦʪʝʢʠ (frameworks) Apple: 

Swift, Foundation, AppKit, UIKit, CloudKit. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʙʽʙʣʽʦʪʝʢʫ ʩʪʦʨʦʥʥʽʭ ʨʦʟʨʦʙʥʠʢʽʚ ñiawq.asm2ò [303]. ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠ 

ʙʽʙʣʽʦʪʝʢʫ ñuimath.approximò. ɺʢʘʟʘʥʽ ʙʽʙʣʽʦʪʝʢʠ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʟʘ 

ʤʦʜʝʣʣʶ GNU/GPL.  

ɺʨʘʭʦʚʫʶʯʠ ʟʥʘʯʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʪʘ ʧʦʩʪʽʡʥʝ ʦʥʦʚʣʝʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʘʥʦ ʨʷʜ ʨʽʟʥʠʭ ʡʦʛʦ ʚʝʨʩʽʡ (ʪʘʙʣ. 

2.2). 
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ʊʘʙʣʠʮʷ 2.2. ɺʝʨʩʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʨʠʩʘʥʽ ʚ ʨʦʙʦʪʽ 

ʅʘʟʚʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ 
ɺʠʨʦʙʥʠʢ ɺʠʢʦʨʠʩʪʘʥʽ ʚʝʨʩʽʾ 

Word for Mac Microsoft 15.16-15.32 (MS Office 2016 for Mac) 

Excel for Mac Microsoft 15.16-15.32 (MS Office 2016 for Mac) 

Visio for Mac Microsoft 15.22-15.32  

Pages Apple 5.1-7.2 

Numbers Apple 4.3-5.2 

XCode * Apple  9.0-11.1 

OmniGraffle OmniGroup 7.6.1-7.9.2 

QGIS QGIScorp 2.16-3.2.2 

Autocad Autodesk 2017.1-2018.1 

* ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʪʘʢʦʞ ʤʘʪʝʨʽʘʣʠ ʧʣʘʪʥʦʾ ʧʽʜʧʠʩʢʠ Apple developer 

 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʛʨʘʤ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʦʤʧôʶʪʝʨʠ Apple IMac mid 2011 (intel core I7, 16 Gb) ʪʘ 

IMac late 2012 (intel core I7, 16 Gb). 
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ʈʆɿɼɯʃ 3. ɹɯʆʊɽʍʅʆʃʆɻɯʏʅɸ ɯʅʊɽʅʉʀʌɯʂɸʎɯʗ 

ʇʈʆʎɽʉɯɺ ɿʅɽɿɸʃɯɿʅɽʅʅʗ ɯ ɼɽʄɸʅɻɸʅɸʎɯɰ ɺʆɼʀ 

 

3.1. ɺʠʟʥʘʯʝʥʥʷ ʨʦʣʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʧʨʦʮʝʩʘʭ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ 

ɼʣʷ ʦʯʠʱʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚʽʜ ʟʘʣʽʟʘ ʽʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ, ʧʨʦʪʝ ʫ 

ʧʨʘʢʪʠʮʽ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʧʨʦʱʝʥʦʾ ʘʝʨʘʮʽʾ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʦʢʠʩʥʝʥʥʽ ʩʧʦʣʫʢ ʟʘʣʽʟʘ 

ʨʦʟʯʠʥʝʥʠʤ ʫ ʚʦʜʽ ʢʠʩʥʝʤ ʟ ʧʦʜʘʣʴʰʠʤ ʚʽʜʜʽʣʝʥʥʷʤ ʫʪʚʦʨʝʥʦʛʦ ʦʩʘʜʫ ʥʘ 

ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ.  

ʇʨʦʮʝʩ ʦʢʠʩʥʝʥʥʷ Fe (ɯɯ) ʢʠʩʥʝʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʨʝʘʢʮʽʻʶ: 

4Fe
2+ 

+ O2 + 8HCO3
- 
+ 2H2OŸ4Fe(OH)3

 
Ź+ 8CO2ŷ 

ʉʪʝʭʽʦʤʝʪʨʠʯʥʘ ʢʽʣʴʢʽʩʪʴ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ, ʧʦʪʨʽʙʥʦʛʦ ʜʣʷ 

ʦʢʠʩʥʝʥʥʷ 1 ʤʛ Fe
2+
, ʩʪʘʥʦʚʠʪʴ ï 0,14 ʤʛ. ɸʣʝ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʷʢ 

ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʫ ʨʦʙʦʪʘʭ ʙʘʛʘʪʴʦʭ ʥʘʫʢʦʚʮʽʚ [8, 9, 28] ʪʘ ʚʩʝʩʚʽʪʥʴʦ ʚʠʟʥʘʥʠʭ 

ʬʘʭʽʚʮʽʚ ʚ ʦʙʣʘʩʪʽ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ, ʦʧʪʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʚʢʘʟʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʥʘʡʯʘʩʪʽʰʝ ʚʘʨʽʶʻ ʫ ʜʽʘʧʘʟʦʥʽ 0,6-0,9 ʤʛ. ʎʝʡ ʬʘʢʪ ʟʘʟʚʠʯʘʡ ʧʦʚ'ʷʟʫʶʪʴ ʟ ʪʠʤ, 

ʱʦ ʚʢʘʟʘʥʠʡ ʧʨʦʮʝʩ ʻ ʘʚʪʦʢʘʪʘʣʽʪʠʯʥʠʤ, ʪʦʤʫ ʱʦ ʫʪʚʦʨʝʥʠʡ ʛʽʜʨʦʢʩʠʜ ʟʘʣʽʟʘ 

ʚʠʩʪʫʧʘʻ ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʘʢʪʠʚʽʟʘʮʽʾ ʦʢʠʩʥʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ.  

ʎʠʤ ʧʦʷʩʥʶʻʪʴʩʷ  ̔ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʩʣʷ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʘ, ʢʦʣʠ ʫ ʡʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʽ ʚʽʜʩʫʪʥʷ ʥʝʦʙʭʽʜʥʘ ʢʽʣʴʢʽʩʪʴ ʛʽʜʨʦʢʩʠʜʥʠʭ ʩʧʦʣʫʢ ʟʘʣʽʟʘ (ɯɯɯ), 

ʧʝʚʥʦʛʦ ʯʘʩʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʧʣʽʚʢʠ. ʉʘʤʝ ʦʩʪʘʥʥʽʡ ʧʨʦʮʝʩ 

ʧʦʪʨʝʙʫʻ ʟʙʽʣʴʰʝʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

ʚʤʽʩʪʫ ʢʠʩʥʶ ʜʦ ʚʤʽʩʪʫ ʟʘʣʽʟʘ ʤʝʥʰʝ 0,3 ʧʣʽʚʢʘ ʚʟʘʛʘʣʽ ʥʝ ʬʦʨʤʫʻʪʴʩʷ [9]. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʙʦʪʠ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʥʘ ʚʦʜʦʟʘʙʦʨʽ ʩʤʪ ʍʦʨʦʰʽʚ 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ (ʪʘʙʣ. 3.1), ʷʢʽ ʩʚʽʜʯʠʣʠ ʧʨʦ ʧʦʨʫʰʝʥʥʷ ʟʛʘʜʘʥʦʛʦ 

ʚʠʱʝ ʟʘʣʽʟʦ/ʢʠʩʥʝʚʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ.  
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ʊʘʙʣʠʮʷ 3.1. ʉʝʨʝʜʥʽ ʟʘ 6 ʬʽʣʴʪʨʦʮʠʢʣʽʚ ʧʘʨʘʤʝʪʨʠ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʚʦʜʠ 

ʩʚʝʨʜʣʦʚʠʥʠ ʩʤʪ ʍʦʨʦʰʽʚ ʧʨʠ ʚʠʭʽʜʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ ï 24,2 ʤʛ/ʜʤ
3
; 

ʪʝʤʧʝʨʘʪʫʨʽ ʚʦʜʠ - 13,2°1,6 ̄ ʉ  

ʂʦʥʮʝʥʪʨʘʮʽʷ
1)
, ʤʛ/ʜʤ

3
 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʟʘʣʽʟʦ/ʢʠʩʝʥʴ 
ʨʦʟʯʠʥʝʥʦʛʦ  

ʢʠʩʥʶ 

ʟʘʣʽʟʘ  

ʫ ʬʽʣʴʪʨʘʪʽ  

ʚʠʜʘʣʝʥʦʛʦ 

ʟʘʣʽʟʘ 

2,0°0,1 7,6°0,2
 

16,6°0,2 0,12°0,03 

2,0°0,1 8,5°0,2 15,6°0,1 0,13°0,02 

2,0°0,1 10,7°0,3 13,5°0,2 0,15°0,03 

4,0°0,1 4,7°0,1 19,5°0,2 0,21°0,03 

4,0°0,1 6°0,2 18,3°0,3 0,22°0,02 

4,0°0,1 8,4°0,2 15,8°0,2 0,25°0,02 

1)
ɼʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʚʠʟʥʘʯʝʥʦ ʜʣʷ ʨ<0,05 

 

ʈʦʟʨʘʭʫʥʦʢ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ O2 ʜʦ ʢʽʣʴʢʦʩʪʽ ʦʢʠʩʥʝʥʦʛʦ ʟʘʣʽʟʘ ʟʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʚʠʷʚʠʚ ʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. ɺ ʫʤʦʚʘʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʦʢʠʩʥʝʥʥʷ ʚʢʘʟʘʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʟʘʣʽʟʘ (ɯɯ) ʧʦʪʨʝʙʫʚʘʣʦʩʴ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʦʢʠʩʥʠʢʘ, ʱʦ ʚʢʘʟʫʚʘʣʦ ʥʘ ʪʦʡ ʬʘʢʪ, 

ʱʦ ʥʝ ʣʠʰʝ ʢʠʩʝʥʴ ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʦʢʠʩʥʝʥʥʽ ʩʧʦʣʫʢ ʟʘʣʽʟʘ. ɼʦʢʣʘʜʥʽʰʝ ʮʷ 

ʽʥʬʦʨʤʘʮʽʷ ʥʘʚʝʜʝʥʘ ʫ ʩʪʘʪʪʽ [304]. 

ʅʘ ʨʠʩ. 3.1, ʷʢʠʡ  ʜʦʙʨʝ ʽʣʶʩʪʨʫʻ ʚʧʣʠʚ ʘʝʨʘʮʽʾ ʥʘ ʧʨʦʮʝʩ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ, ʧʦʢʘʟʘʥʦ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ ʧʽʣʦʪʥʦʾ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʨʽʟʥʦʤʫ ʚʤʽʩʪʽ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ, ʟʦʢʨʝʤʘ 

2,0-2,5 ʤʛ/ʜʤ
3
 ʽ 4,0-4,5 ʤʛ/ʜʤ

3
 ʽ ʚhʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ - ʙʣʠʟʴʢʦ 5 ʤ/ʛʦʜ. 

ɿʛʽʜʥʦ ʦʜʝʨʞʘʥʠʭ ʜʘʥʠʭ ʧʨʠ ʚʢʘʟʘʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʩʝʨʝʜʥʽʡ ʟʘ 

ʬʽʣʴʪʨʦʮʠʢʣ ʚʤʽʩʪ ʟʘʣʽʟʘ ʫ ʬʽʣʴʪʨʘʪʽ ʩʢʣʘʜʘʚ - 10,7 ʪʘ 8,4 ʤʛ/ʜʤ
3
 ʚʽʜʧʦʚʽʜʥʦ.  

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʫ ʚʦʜʽ ʪʘʢʦʞ ʚʠʟʥʘʯʘʚʩʷ ʚʤʽʩʪ ʽʥʰʠʭ ʨʝʯʦʚʠʥ, 

ʟʦʢʨʝʤʘ ʩʫʣʴʬʘʪʽʚ, ʥʽʪʨʘʪʽʚ ʪʘ ʘʤʦʥʽʶ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ, ʥʘʚʝʜʝʥʠʭ ʫ 

ʪʘʙʣ. 3.2, ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʽʪʨʘʪʽʚ ʪʘ ʘʤʦʥʽʶ ʧʨʦʪʷʛʦʤ ʬʽʣʴʪʨʫʚʘʥʥʷ ʟʨʦʩʪʘʣʘ, ʘ 

ʩʫʣʴʬʘʪʽʚ, ʥʘʚʧʘʢʠ, ʟʥʠʞʫʚʘʣʘʩʴ.  
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ʈʠʩ. 3.1. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʚʤʽʩʪʫ ʟʘʣʽʟʘ ʚ ʬʽʣʴʪʨʘʪʽ:  

1- ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ; 2 - ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʠ ʚʤʽʩʪʽ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ 

2,0-2,5 ʤʛ/ʜʤ
3
; 3 - ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʠ ʚʤʽʩʪʽ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ 4,0-4,5 ʤʛ/ʜʤ

3
 

 

ʊʘʙʣʠʮʷ 3.2. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʚʤʽʩʪʫ ʩʫʣʴʬʘʪʽʚ, ʥʽʪʨʘʪʽʚ ʪʘ ʘʤʦʥʽʶ 

ʧʨʦʪʷʛʦʤ ʬʽʣʴʪʨʫʚʘʥʥʷ 

 ̄ ʇʦʢʘʟʥʠʢ 
ʂʦʥʮʝʥʪʨʘʮʽʷ ʫ ʚʦʜʽ, ʤʛ/ʜʤ

3
 

ʥʘ ʚʭʦʜʽ ʥʘ ʚʠʭʦʜʽ 

1 ʉʫʣʴʬʘʪʠ 120 108 

2 ʅʽʪʨʘʪʠ 9,7 10,2 

3 ɸʤʦʥʽʡ 1,20  0,60 

 

ʆʩʢʽʣʴʢʠ ʩʫʣʴʬʘʪʠ ʟʘʟʚʠʯʘʡ ʥʝ ʟʘʪʨʠʤʫʶʪʴʩʷ ʫ ʬʽʣʴʪʨʫʶʯʦʤʫ 

ʟʘʚʘʥʪʘʞʝʥʥʽ, ʟʤʝʥʰʝʥʥʷ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʦʞʥʦ ʙʫʣʦ ʧʦʷʩʥʠʪʠ ʥʘʷʚʥʽʩʪʶ ʫ 

ʚʦʜʽ ʩʫʣʴʬʘʪ-ʨʝʜʫʢʫʶʯʠʭ ʙʘʢʪʝʨʽʡ. ʎʽ ʙʘʢʪʝʨʽʾ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʟʜʘʪʥʽ 

ʩʧʨʠʷʪʠ ʦʢʠʩʣʝʥʥʶ ʟʘʣʽʟʘ ʧʦʨʷʜ ʟ ʨʦʟʯʠʥʝʥʠʤ ʢʠʩʥʝʤ.  

ɿʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʘʤʦʥʽʶ, ʷʢʠʡ ʻ ʜʞʝʨʝʣʦʤ ʘʟʦʪʫ, ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʙʘʢʪʝʨʽʡ. 
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ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʚʠʩʫʥʫʪʦʾ ʚʠʱʝ ʛʽʧʦʪʝʟʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ 

ʰʚʠʜʢʦʩʪʷʤʠ ʬʽʣʴʪʨʫʚʘʥʥʷ 7 ʪʘ 5 ʤ/ʛʦʜ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʥʘ  

ʨʠʩ. 3.2.  

 

 

ʈʠʩ. 3.2. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʚʤʽʩʪʫ ʟʘʣʽʟʘ ʫ ʬʽʣʴʪʨʘʪʽ  ʚʧʨʦʜʦʚʞ ʬʽʣʴʪʨʦʮʠʢʣʫ  

ʟ ʰʚʠʜʢʦʩʪʷʤʠ ʬʽʣʴʪʨʫʚʘʥʥʷ: 1 - 7 ʤ/ʛʦʜ; 2 - 5 ʤ/ʛʦʜ 

 

ɿʘ hʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ 7 ʤ/ʛʦʜ ʢʨʠʚʘ 1, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʣʽʟʘ ʚ ʬʽʣʴʪʨʘʪʽ, ʤʘʣʘ ʤʘʢʩʠʤʫʤ ʧʨʠ ʟʥʘʯʝʥʥʽ 13 ʤʛ/ʜʤ
3
, ʘ 

ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʟʘʣʽʟʘ ʚ ʦʯʠʱʝʥʽʡ ʚʦʜʽ ʟʘ ʬʽʣʴʪʨʦʮʠʢʣ ʩʢʣʘʜʘʚ - 9,4 ʤʛ/ʜʤ
3
. ɿʽ 

ʟʤʝʥʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ ʜʦ 5 ʤ/ʛʦʜ (ʢʨʠʚʘ 2) ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʣʽʟʘ ʚ ʬʽʣʴʪʨʘʪʽ ʜʦʨʽʚʥʶʚʘʣʦ - 7,2 ʤʛ/ʜʤ
3
, ʘ ʩʝʨʝʜʥʻ 

ï ʟʥʘʭʦʜʠʣʦʩʴ ʥʘ ʨʽʚʥʽ - 5,7 ʤʛ/ʜʤ
3
. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʫ ʧʦʯʘʪʢʦʚʽ ʯʘʩʠ 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ 

ʚʦʜʠ ʚʽʜ ʩʧʦʣʫʢ ʟʘʣʽʟʘ, ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʦʯʢʠ ʝʢʩʪʨʝʤʫʤʫ ʚʽʜʙʫʚʘʣʦʩʴ ʜʝʷʢʝ 

ʡʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʽ ʧʨʠ ʧʦʜʘʣʴʰʽʡ ʨʦʙʦʪʽ ʫʩʪʘʥʦʚʢʠ ʷʢʽʩʪʴ ʬʽʣʴʪʨʘʪʫ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʚʘʣʘʩʴ.  
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ʋ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ ʩʪʦʩʦʚʥʦ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ 

ʪʨʘʜʠʮʽʡʥʦ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʥʠʟʴʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʧʦʯʘʪʢʦʚʽʡ 

ʩʪʘʜʽʾ ʬʽʣʴʪʨʫʚʘʥʥʷ (ʧʨʠʙʣʠʟʥʦ ʚʽʜ 2 ʜʦ 12 ʛʦʜ) ʟʫʤʦʚʣʝʥʘ ʚʽʜʩʫʪʥʽʩʪʶ ʥʘ 

ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʦʩʦʙʣʠʚʦʾ ʢʘʪʘʣʽʪʠʯʥʦʾ ʧʣʽʚʢʠ ʽʟ 

ʛʽʜʨʦʢʩʠʜʥʠʭ ʩʧʦʣʫʢ ʟʘʣʽʟʘ, ʷʢʘ ʩʧʨʠʷʻ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʦʢʠʩʥʝʥʥʷ ʽ 

ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʟʘʣʽʟʘ ʧʽʜ ʯʘʩ ʬʽʣʴʪʨʫʚʘʥʥʷ. ʇʦ ʤʽʨʽ ʥʘʢʦʧʠʯʝʥʥʷ ʩʧʦʣʫʢ 

ʟʘʣʽʟʘ ʫ ʬʽʣʴʪʨʫʶʯʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʢʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ 

ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʟʥʝʟʘʣʽʟʥʝʥʥʷ [7]. 

ɺ ʪʦʡ ʞʝ ʯʘʩ ʦʪʨʠʤʘʥʽ ʥʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽ, ʟʦʢʨʝʤʘ, 

ʜʘʥʽ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʣʴʬʘʪʽʚ ʪʘ ʘʤʦʥʽʶ, ʜʦʟʚʦʣʷʶʪʴ ʽʥʘʢʰʝ 

ʧʦʷʩʥʠʪʠ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʬʽʣʴʪʨʫʚʘʥʥʷ ʚʦʜʠ. 

ʅʠʟʴʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʧʽʩʣʷ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʧʦʚôʷʟʘʥʘ ʥʝ ʟ ʧʦʩʪʫʧʦʚʠʤ ʥʘʢʦʧʠʯʝʥʥʷʤ ʛʽʜʨʦʢʩʠʜʫ ʟʘʣʽʟʘ, ʘ ʟ ʯʘʩʦʤ, 

ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʣʦʥʽʡ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ 

ʛʨʘʶʪʴ ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʟʥʝʟʘʣʽʟʥʝʥʥʽ.  

ɼʦʚʝʩʪʠ ʘʙʦ ʩʧʨʦʩʪʫʚʘʪʠ ʛʽʧʦʪʝʟʫ ʱʦʜʦ ʨʦʣʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʧʨʦʮʝʩʽ 

ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʟ ʚʦʜʠ ʤʦʞʥʘ ʰʣʷʭʦʤ ʧʝʨʝʚʽʨʢʠ ʟʤʽʥʠ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʘ ʩʘʤʝ ʟʘʛʘʣʴʥʦʛʦ ʤʽʢʨʦʙʥʦʛʦ ʯʠʩʣʘ (ɿʄʏ), ʫ ʧʨʦʮʝʩʽ 

ʬʽʣʴʪʨʫʚʘʥʥʷ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʟʨʦʙʣʝʥʦʛʦ ʚʠʱʝ 

ʧʨʠʧʫʱʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʬʽʣʴʪʨʫʚʘʥʥʷ ʚʦʜʠ ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʟʘʣʽʟʘ 13,3°0,8 ʤʛ/ʜʤ
3
 ʧʨʠ ʨʽʟʥʽʡ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ ʪʘ ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʫ ʬʽʣʴʪʨʫʶʯʦʤʫ ʤʘʪʝʨʽʘʣʽ ʙʘʢʪʝʨʽʡ.  

ɿʛʽʜʥʦ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 3.3,  ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʦʯʠʱʝʥʥʷ ʢʦʨʝʣʶʚʘʣʘ ʥʝ ʟʽ ʰʚʠʜʢʽʩʪʶ ʬʽʣʴʪʨʫʚʘʥʥʷ, ʘ ʟ ʢʽʣʴʢʽʩʪʶ ʙʘʢʪʝʨʽʡ, 

ʧʨʠʩʫʪʥʽʭ ʚ 1 ʩʤ
3
 ʟʘʚʘʥʪʘʞʝʥʥʷ. ɿʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʙʽʦʤʘʩʠ ʫ ʬʽʣʴʪʨʫʶʯʦʤʫ ʰʘʨʽ, ʷʢʝ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʝ ʥʘ 60 ʛʦʜʠʥʽ 

ʬʽʣʴʪʨʦʮʠʢʣʫ, ʟʫʤʦʚʣʝʥʦ, ʚʽʨʦʛʽʜʥʦ, ʪʘʢ ʟʚʘʥʠʤ çʩʪʘʨʽʥʥʷʤè ʢʫʣʴʪʫʨʠ (ʮʝʡ 

ʧʨʦʮʝʩ ʨʦʟʛʣʷʥʫʪʠʡ ʥʠʞʯʝ). 
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ʊʘʙʣʠʮʷ 3.3. ʂʽʣʴʢʽʩʪʴ ʙʘʢʪʝʨʽʡ (ʟʘ ɿʄʏ) ʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʟʘ ʨʽʟʥʦʾ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ 

ʊʨʠʚʘʣʽʩʪʴ 

ʬʽʣʴʪʨʦʮʠʢʣʫ, 

ʛʦʜ 

ʐʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʫʚʘʥʥʷ,  

 7 ʤ/ʛʦʜ 

ʐʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʫʚʘʥʥʷ, 

5 ʤ/ʛʦʜ 

ɿʄʏ, 

ʂʋʆ/ʩʤ
3 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ, 

% 

ɿʄʏ, 

ʂʋʆ/ʩʤ
3
 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ, 

% 

12 320°70 25°2 1100°150 66°2 

24 2000°100 54°2 4500°150 76°2 

48 4500°150 75°2 5000°150 79°2 

60 4300°150 73°2 4600°150 78°2 

1)
ɼʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʚʠʟʥʘʯʝʥʦ ʜʣʷ ʨ<0,05 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫʩʽ ʦʜʝʨʞʘʥʽ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʚʽʜʯʠʣʠ ʽʩʥʫʚʘʥʥʷ ʧʝʚʥʦʛʦ ʚʧʣʠʚʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʘ ʧʨʦʮʝʩ 

ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʧʽʜ ʯʘʩ ʾʾ ʬʽʣʴʪʨʫʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ 

ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʜʦʚʝʜʝʥʦ ʧʦʨʫʰʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʻ  ʁʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʪʘ ʢʽʣʴʢʽʩʪʶ ʚʠʜʘʣʝʥʦʛʦ ʟʘʣʽʟʘ. ʇʨʠ 

ʬʽʣʴʪʨʫʚʘʥʥʽ ʚʦʜʠ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʧʦʩʪʽʡʥʝ ʚʽʜʭʠʣʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʚʽʜ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ - 0,143 ʤʛ/ʤʛ, ʘʣʝ ʡ ʚʽʜ ʟʘʟʚʠʯʘʡ ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ 

ʜʣʷ ʪʝʭʥʦʣʦʛʽʾ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ - 0,6-0,7 ʤʛ/ʤʛ.  

ʂʨʽʤ ʪʦʛʦ, ʨʦʣʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʧʨʦʮʝʩʽ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʩʧʦʣʫʢ 

ʟʘʣʽʟʘ ʙʫʣʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʘ hʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʪʷʛʦʤ 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ɿʄʏ. ɿʛʽʜʥʦ ʦʜʝʨʞʘʥʠʭ ʜʘʥʠʭ, ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʫʪʥʽʭ ʫ 

ʬ̔ ʣʴʪʨʫʶʯʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʙʘʢʪʝʨʽʡ ʢʦʨʝʣʶʚʘʣʘ ʟ ʝʬʝʢʪʠʚʥʽʩʪʶ ʧʨʦʮʝʩʫ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʩʫʧʫʪʥʽʤ ʢʦʤʧʦʥʝʥʪʦʤ ʟʘʣʽʟʘ 

ʤʘʡʞʝ ʟʘʚʞʜʠ ʚʠʷʚʣʷʻʪʴʩʷ ʤʘʥʛʘʥ, ʫ ʥʘʩʪʫʧʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʦʮʝʩʠ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ ʨʦʟʛʣʷʜʘʣʠʩʷ ʦʜʥʦʯʘʩʥʦ.  

ʇʦʜʘʣʴʰʫ ʦʮʽʥʢʫ ʨʦʣʽ ʙʽʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠ ʟʥʝʟʘʣʽʟʥʝʥʥʽ ʽ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʦʢʠʩʥʠʢʽʚ, ʟʦʢʨʝʤʘ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʪʘ ʢʠʩʥʶ 
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ʧʦʚʽʪʨʷ. ʇʽʜʟʝʤʥʘ ʚʦʜʘ ʫ ʚʢʘʟʘʥʽʡ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʴ 

ʪʘʢʠʤʠ ʩʝʨʝʜʥʽʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: ʟʘʣʽʟʦ - 6,6°0,2 ʤʛ/ʜʤ
3
; ʤʘʥʛʘʥ - 0,32°0,1 

ʤʛ/ʜʤ
3
, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ -  15°2 ʉ̄ (ʜʝʷʢʽ ʽʥʰʽ ʧʦʢʘʟʥʠʢʠ ʚʢʘʟʘʥʦʾ ʚʦʜʠ 

ʧʨʠʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.4). 

ʊʘʙʣʠʮʷ 3.4. ʋʟʘʛʘʣʴʥʝʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʧʽʜʟʝʤʥʦʾ ʚʦʜʠ, ʟʘʩʪʦʩʦʚʘʥʦʾ 

ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ  

 ̄ ʇʦʢʘʟʥʠʢʠ ʇʨʦʙʘ 1 ʇʨʦʙʘ 2 

1 ɿʘʧʘʭ, ʙʘʣʠ 1 1 

2 ɿʘʙʘʨʚʣʝʥʽʩʪʴ, ʛʨʘʜʫʩʠ 9 10 

3 ʂʘʣʘʤʫʪʥʽʩʪʴ, ʤʛ/ʜʤ
3
 1,5 1,7 

4 ɺʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ, ʦʜ. ʨʅ 7,1 7,3 

5 ɿʘʣʽʟʦ ʟʘʛʘʣʴʥʝ, ʤʛ/ʜʤ
3
 6,8 6,5 

6 ʄʘʥʛʘʥ, ʤʛ/ʜʤ
3
 0,33 0,31 

7 ɾʦʨʩʪʢʽʩʪʴ, ʤʤʦʣʴ/ʜʤ
3
 8,0 7,3 

8 ɿʘʛʘʣʴʥʘ ʣʫʞʥʽʩʪʴ, ʤʤʦʣʴ/ʜʤ
3
 5,3 5,5 

9 ɸʤʽʘʢ, ʤʛ/ʜʤ
3
 0,15 0,21 

10 ʅʽʪʨʠʪʠ, ʤʛ/ʜʤ
3
 <0,003 0,018 

12 ʅʽʪʨʘʪʠ, ʤʛ/ʜʤ
3
 11,9 9,7 

13 ʍʣʦʨʠʜʠ, ʤʛ/ʜʤ
3
 25 23 

14 ʉʫʣʴʬʘʪʠ 135 133 

 

ʍʦʯʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʟʥʝʟʘʣʽʟʥʝʥʥʷ/ʜʝʤʘʥʛʘʥʘʮʽʾ ʚ ʮʽʣʦʤʫ 

ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʦʤ ʡʦʛʦ ʜʚʦʭ ʩʪʘʜʽʡ, ʘ ʩʘʤʝ ʦʢʠʩʥʝʥʥʷ ʽ ʟʘʪʨʠʤʘʥʥʷ 

ʥʝʨʦʟʯʠʥʥʠʭ ʛʽʜʨʦʦʢʠʩʥʠʭ ʩʧʦʣʫʢ ʟʘʣʽʟʘ (ɯɯɯ) ʪʘ ʦʢʩʠʜʫ ʤʘʥʛʘʥʫ (IV), 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʜʨʫʛʦʾ ʩʪʘʜʽʾ, ʙʝʟʫʤʦʚʥʦ, ʧʨʷʤʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʝʨʰʦʾ. 

ʆʪʞʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʽ ʟʘ ʝʬʝʢʪʠʚʥʽʩʪʶ 

ʦʢʠʩʥʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʜʦ ʾʭ ʪʨʠ- ʪʘ ʯʦʪʠʨʴʦʭʚʘʣʝʥʪʥʠʭ ʬʦʨʤ 

ʚʽʜʧʦʚʽʜʥʦ.  

ʆʜʝʨʞʘʥʽ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʨʝʟʫʣʴʪʘʪʠ ʟʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.5-3.6.  
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ʊʘʙʣʠʮʷ 3.5. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ ʫ ʬʽʣʴʪʨʘʪʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ 

ɼʦʟʘ 

ʛʽʧʦʭʣʦʨʠʪʫ 

ʥʘʪʨʽʶ, 

ʤʛ/ʜʤ
3
 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʟʘʣʽʟʘ, ʤʛ/ʜʤ
3
 

ɽʬʝʢʪʠʚʥʽʩʪʴ, 

% 

1)
Cl2 \ Fe,  

ʤʛ/ʤʛ ʥʘ ʚʭʦʜʽ ʥʘ ʚʠʭʦʜʽ ʟʘʪʨʠʤʘʥʦ  

0,2 6,6 0,9 5,7 86,4 0,04 

0,5 6,5 1,6 4,9 75,4 0,10 

1 6,7 2,9 3,8 56,7 0,26 

1,5 6,6 4,6 2 30,3 0,75 

2 6,5 3,8 2,7 41,5 0,74 

3 6,5 3,1 3,4 52,3 0,88 

4 6,7 1,5 5,2 77,6 0,77 

5 6,6 0,95 5,65 85,6 0,88 

6 6,8 0,4 6,4 94,1 0,93 

8 6,7 0,2 6,5 97 1,23 

10 6,7 0,2 6,5 97 1,54 

1)
ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʢʪʠʚʥʦʛʦ ʭʣʦʨʫ ʜʦ ʢʽʣʴʢʦʩʪʽ ʚʠʜʘʣʝʥʦʛʦ ʟʘʣʽʟʘ  

 

ʊʘʙʣʠʮʷ 3.6. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʘʥʛʘʥʫ ʫ ʬʽʣʴʪʨʘʪʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ 

ɼʦʟʘ 

ʛʽʧʦʭʣʦʨʠʪʫ 

ʥʘʪʨʽʶ, 

ʤʛ/ʜʤ
3
 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʤʘʥʛʘʥʫ, ʤʛ/ʜʤ
3
 

ɽʬʝʢʪʠʚʥʽʩʪʴ, 

% 

1)
Cl2 \ Mn,  

ʤʛ/ʤʛ ʥʘ ʚʭʦʜʽ ʥʘ ʚʠʭʦʜʽ ʟʘʪʨʠʤʘʥʦ  

0,2 0,33 0,15 0,18 54,5 1,11 

0,5 0,32 0,24 0,08 25 6,25 

1 0,33 0,28 0,05 15,2 20 

1,5 0,33 0,29 0,04 12,1 37,5 

2 0,31 0,26 0,05 16,1 40 

3 0,32 0,25 0,07 21,9 42,86 

4 0,31 0,22 0,09 29 44,44 

5 0,32 0,21 0,11 34,4 45,45 

6 0,33 0,22 0,11 33,3 54,55 

8 0,31 0,22 0,09 29 88,89 

10 0,32 0,21 0,11 34,4 90,91 

1)
ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʢʪʠʚʥʦʛʦ ʭʣʦʨʫ ʜʦ ʢʽʣʴʢʦʩʪʽ ʚʠʜʘʣʝʥʦʛʦ ʤʘʥʛʘʥʫ  
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ʆʪʨʠʤʘʥʽ ʧʨʦʪʷʛʦʤ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʘʥʽ ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʪʘʢʦʞ ʥʘ ʨʠʩ. 

3.3, ʜʝ ʚʽʜʦʙʨʘʞʝʥʦ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʪʘ 

ʤʘʥʛʘʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʦʢʠʩʥʠʢʘ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ. 

 

 

ʈʠʩ. 3.3. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʦʢʠʩʥʠʢʘ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ: 1 - ʟʘʣʽʟʦ; 2 - ʤʘʥʛʘʥ 

 

ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘ ʧʦʯʘʪʢʫ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ 

ʧʨʠ ʥʝʚʠʩʦʢʠʭ ʜʦʟʘʭ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʟʘʣʽʟʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ  

ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʜʦ 2 ʤʛ/ʜʤ
3
 ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʩʧʘʜʘʻ, ʘ ʜʘʣʽ, 

ʧʦʯʠʥʘʶʯʠ ʟ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʢʘʟʘʥʦʛʦ ʨʝʘʛʝʥʪʫ 3 ʤʛ/ʜʤ
3
, ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʜʦʩʷʛʘʶʯʠ ʤʘʢʩʠʤʫʤ ʧʨʠ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ - 8 

ʤʛ/ʜʤ
3
.  

ɺʽʜʦʤʦ, ʱʦ ʪʝʦʨʝʪʠʯʥʘ ʚʠʪʨʘʪʘ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʥʘ ʦʢʠʩʣʝʥʥʷ 1 ʤʛ 

ʟʘʣʽʟʘ (II) ʩʢʣʘʜʘʻ - 0,64 ʤʛ/ʤʛ. ʎʷ  ʫʤʦʚʘ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʜʦʟʠ ʛʽʧʦʭʣʦʨʠʪʫ 

ʥʘʪʨʽʶ, ʷʢʘ ʩʢʣʘʜʘʻ ʙʽʣʴʰʝ 1,5 ʤʛ/ʜʤ
3
. ʇʨʦʪʝ ʽ ʧʨʠ ʥʠʞʯʠʭ ʜʦʟʘʭ ʨʝʘʛʝʥʪʫ ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ 
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ɼʦʟʘ  ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ, ʤʛ/ʜʤ3 

1 

2 
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ʟʘʣʽʟʘ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʦ ʩʫʪʪʻʚʠʤ ʚʥʝʩʢʦʤ ʙʽʦʣʦʛʽʯʥʦʛʦ ʬʘʢʪʦʨʫ ʫ 

ʧʨʦʮʝʩ ʟʥʝʟʘʣʽʟʥʝʥʥʷ.  

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʛʽʧʦʭʣʦʨʠʪ ʥʘʪʨʽʶ ʻ ʥʝ ʪʽʣʴʢʠ ʦʢʠʩʥʠʢʦʤ, ʘʣʝ ʡ 

ʩʠʣʴʥʠʤ ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ, ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʜʦʟʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʠʛʥʽʯʝʥʥʷ ʽ 

ʟʘʛʠʙʝʣʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʘ ʦʪʞʝ ʽ ʜʦ ʨʽʟʢʦʛʦ ʧʘʜʽʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ. 

ʉʘʤʝ ʪʦʤʫ, ʧʨʠ ʜʦʟʘʭ 0,5-1,5 ʤʛ/ʜʤ
3
 ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʤʽʥʽʤʫʤ ʝʬʝʢʪʠʚʥʦʩʪʽ.  

ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʚʤʽʩʪʫ ʨʝʘʛʝʥʪʫ ʟʙʽʣʴʰʫʻʪʴʩʷ  ̔ʝʬʝʢʪʠʚʥʽʩʪʴ ʭʽʤʽʯʥʦʛʦ 

ʦʢʠʩʥʝʥʥʷ ʟʘʣʽʟʘ ʛʽʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʽʶ, ʘ ʪʦʤʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʻ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʽʧʦʭʣʦʨʠʪʫ 

ʥʘʪʨʽʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʚʽʜ ʙʽʦʣʦʛʽʯʥʦʛʦ ʜʦ ʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʜʘʣʝʥʥʷ 

ʟ ʚʦʜʠ ʟʘʣʽʟʘ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʟ ʚʦʜʠ ʤʘʥʛʘʥʫ ʧʨʦʪʷʛʦʤ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʙʫʣʘ ʟʥʘʯʥʦ ʤʝʥʦh ,ʁ ʘʣʝ ʟʘʛʘʣʴʥʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʨʽʟʢʦʛʦ ʟʥʠʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʜʦʟʠ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʟ 0,2 ʜʦ 0,5 ʤʛ/ʜʤ
3
 ʽ 

ʧʦʜʘʣʴʰʝ ʧʦʩʪʫʧʦʚʝ ʟʨʦʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʚ ʮʽʣʦʤʫ ʟʙʝʨʽʛʘʣʘʩʷ 

ʘʥʘʣʦʛʽʯʥʦ  ʁʧʨʦʮʝʩʫ ʟʥʝʟʘʣʽʟʥʝʥʥʷ.  

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʤʦʞʥʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʘʢʠʡ ʩʘʤʠʡ ʤʝʭʘʥʽʟʤ ʧʝʨʝʙʽʛʫ 

ʧʨʦʮʝʩʫ ʜʝʤʘʥʛʘʥʘʮʽʾ, ʘ ʩʘʤʝ ʟʥʘʯʥʫ ʨʦʣʴ ʙʽʦʣʦʛʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʦʯʠʱʝʥʥʷ 

ʧʨʠ ʥʠʟʴʢʠʭ ʜʦʟʘʭ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ, ʘ ʧʨʠ ʾʭ ʧʦʩʪʫʧʦʚʦʤʫ ʟʙʽʣʴʰʝʥʥʽ - 

ʟʨʦʩʪʘʥʥʷ ʨʦʣʽ ʭʽʤʽʯʥʦʛʦ ʦʢʠʩʥʝʥʥʷ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʭʽʤʽʯʥʦʛʦ  

ʙʫʣʘ ʥʠʞʯʦʶ, ʪʦʙʪʦ ʙʽʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʜʘʣʝʥʥʷ ʤʘʥʛʘʥʫ, ʚʽʨʦʛʽʜʥʦ, ʻ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ (ʨʠʩ. 3.3, ʢʨʠʚʘ 2). 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʦʛʽʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʦʢʠʩʥʠʢʘ 

ʢʠʩʥʶ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.7-3.8. 

ʊʘʙʣʠʮʷ 3.7. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ ʫ ʬʽʣʴʪʨʘʪʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʠʩʥʶ 

ɼʦʟʘ 

ʢʠʩʥʶ, 

ʤʛ/ʜʤ
3
 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʟʘʣʽʟʘ, ʤʛ/ʜʤ
3
 ɽʬʝʢʪʠʚʥʽʩʪʴ, 

% 

1)
ʆ2 \ Fe,  

ʤʛ/ʤʛ ʥʘ ʚʭʦʜʽ ʥʘ ʚʠʭʦʜʽ ʟʘʪʨʠʤʘʥʦ  

0,2 6,5 3 3,5 53,8 0,06 

0,5 6,5 2,8 3,7 56,9 0,14 
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ɼʦʟʘ 

ʢʠʩʥʶ, 

ʤʛ/ʜʤ
3
 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʟʘʣʽʟʘ, ʤʛ/ʜʤ
3
 ɽʬʝʢʪʠʚʥʽʩʪʴ, 

% 

1)
ʆ2 \ Fe,  

ʤʛ/ʤʛ ʥʘ ʚʭʦʜʽ ʥʘ ʚʠʭʦʜʽ ʟʘʪʨʠʤʘʥʦ  

1 6,7 2,3 4,4 65,7 0,23 

1,5 6,5 1,7 4,8 73,8 0,31 

2 6,5 1,3 5,2 80 0,38 

3 6,5 0,5 6 92,3 0,5 

4 6,7 0,4 6,3 94 0,63 

5 6,7 0,2 6,5 97 0,77 

6 6,8 0,2 6,6 97,1 0,91 

1)
ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʠʩʥʶ ʜʦ ʢʽʣʴʢʦʩʪʽ ʚʠʜʘʣʝʥʦʛʦ ʟʘʣʽʟʘ 

 

ʊʘʙʣʠʮʷ 3.8. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʘʥʛʘʥʫ ʫ ʬʽʣʴʪʨʘʪʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʠʩʥʶ 

ɼʦʟʘ 

ʢʠʩʥʶ, 

ʤʛ/ʜʤ
3
 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʤʘʥʛʘʥʫ, ʤʛ/ʜʤ
3
 ɽʬʝʢʪʠʚʥʽʩʪʴ, 

% 

1)
ʆ2 \ Mn,  

ʤʛ/ʤʛ ʥʘ ʚʭʦʜʽ ʥʘ ʚʠʭʦʜʽ ʟʘʪʨʠʤʘʥʦ  

0,2 0,33 0,25 0,08 24,2 2,5 

0,5 0,32 0,24 0,08 25 6,25 

1 0,33 0,22 0,11 33,3 9,09 

1,5 0,33 0,14 0,19 57,6 7,89 

2 0,31 0,12 0,19 61,3 10,53 

3 0,32 0,11 0,21 65,6 14,29 

4 0,31 0,08 0,23 74,2 17,39 

5 0,32 0,08 0,24 75 20,83 

6 0,33 0,07 0,26 78,8 23,08 

1)
ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʠʩʥʶ ʜʦ ʢʽʣʴʢʦʩʪʽ ʚʠʜʘʣʝʥʦʛʦ ʤʘʥʛʘʥʫ 

 

ʆʪʨʠʤʘʥʽ ʧʨʦʪʷʛʦʤ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʘʥʽ ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʪʘʢʦʞ ʥʘ ʨʠʩ. 

3.4, ʜʝ ʚʽʜʦʙʨʘʞʝʥʦ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʪʘ 

ʤʘʥʛʘʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʦʢʠʩʥʠʢʘ ʢʠʩʥʶ. 

ɿʘʣʝʞʥʦʩʪʽ, ʥʘʚʝʜʝʥʽ ʥʘ ʚʢʘʟʘʥʦʤʫ ʨʠʩʫʥʢʫ, ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʘʥʘʣʦʛʽʯʥʠʭ, ʦʜʝʨʞʘʥʠʭ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ. ɿʦʢʨʝʤʘ ʧʽʜ 

ʯʘʩ ʬʽʣʴʪʨʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʣʘ ʜʦ ʨʽʚʥʷ 

97 % ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʜʦ 5 ʤʛ/ʜʤ
3
. ɸʣʝ 

ʥʘʡʙʽʣʴʰʫ ʮʽʢʘʚʽʩʪʴ ʚʠʢʣʠʢʘʣʠ ʧʦʢʘʟʥʠʢʠ, ʦʪʨʠʤʘʥʽ ʧʨʠ ʥʠʟʴʢʠʭ ʜʦʟʘʭ 
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ʢʠʩʥʶ, ʘ ʩʘʤʝ 0,2-2ʤʛ/ʜʤ
3
. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʠʩʥʶ ʜʦ ʢʽʣʴʢʦʩʪʽ 

ʚʠʣʫʯʝʥʦʛʦ ʟʘʣʽʟʘ ʙʫʣʦ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʪʽʣʴʢʠ ʙʫʣʦ ʩʫʪʪʻʚʦ ʤʝʥʰʠʤ 

ʧʨʠʡʥʷʪʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ (0,6-0,7 ʤʛ/ʤʛ), ʘʣʝ ʡ ʜʣʷ ʧʝʨʰʠʭ ʜʚʦʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ - ʚʟʘʛʘʣʽ ʤʝʥʰʝ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ (0,143 ʤʛ/ʤʛ).  

 

 

ʈʠʩ. 3.4. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʦʢʠʩʥʠʢʘ ʢʠʩʥʶ: 1 - ʟʘʣʽʟʦ; 2 ï ʤʘʥʛʘʥ 

 

ʇʦʜʽʙʥʝ ʧʦʨʫʰʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʝ ʽʩʥʫʶʯʦʶ 

ʪʝʦʨʽʻʶ. ʅʘʚʽʪʴ ʢʘʪʘʣʽʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟʘʪʨʠʤʘʥʠʭ ʫ ʬʽʣʴʪʨʫʶʯʦʤʫ 

ʟʘʚʘʥʪʘʞʝʥʥʽ ʛʽʜʨʦʢʩʠʜʠʭ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʥʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʧʦʨʫʰʝʥʥʷ  

ʤʦʣʷʨʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. ʆʪʞʝ, ʧʨʠ ʤʘʣʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʢʠʩʥʶ 

ʦʢʠʩʥʠʢʘʤʠ ʚʠʩʪʫʧʘʣʠ ʽʥʰʽ ʨʝʯʦʚʠʥʠ, ʱʦ, ʷʢ ʚʞʝ ʚʽʜʟʥʘʯʘʣʦʩʴ ʨʘʥʽʰʝ, 

ʤʦʞʣʠʚʦ ʣʠʰʝ ʫ ʙʽʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ.  

ʈʽʟʥʠʡ ʚʠʛʣʷʜ ʢʨʠʚʠʭ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʠʩʥʶ ʪʘ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ (ʨʠʩ. 3.5)  ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, 

ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʢʠʩʝʥʴ ʥʝ ʧʨʦʷʚʣʷʻ ʜʝʟʽʥʬʽʢʫʶʯʦʾ ʜʽʾ, ʘ 

ʪʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʧʝʨʝʭʽʜ ʚʽʜ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʢʠʩʥʝʥʥʷ ʜʦ 
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ɼʦʟʘ ʢʠʩʥʶ, ʤʛ/ʜʤ3 

1 

2 
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ʭʽʤʽʯʥʦʛʦ, ʘ ʧʦʩʪʫʧʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʦʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʟʨʦʩʪʘʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʠʩʥʠʢʘ. 

 

 

ʈʠʩ. 3.5. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʦʢʠʩʥʠʢʘ: 

1 - ʢʠʩʥʶ; 2 - ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ 

 

ɸʥʘʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʽ ʧʨʠ ʚʠʜʘʣʝʥʥʽ ʤʘʥʛʘʥʫ (ʨʠʩ.3.6), ʟ 

ʷʢʦʛʦ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʢʠʩʥʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʚʢʘʟʘʥʦʛʦ 

ʽʥʛʨʝʜʽʻʥʪʫ ʙʫʣʘ ʩʫʪʪʻʚʦ ʚʠʱʦʶ. ʆʪʞʝ, ʙʽʦʣʦʛʽʯʥʝ ʚʠʜʘʣʝʥʥʷ ʤʘʥʛʘʥʫ ʻ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʧʨʦʮʝʩʦʤ, ʥʽʞ ʭʽʤʽʯʥʝ. 

ʆʪʞʝ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ  ʛʽʧʦʭʣʦʨʠʪ 

ʥʘʪʨʽʶ, ʷʢ ʙʽʣʴʰ ʩʠʣʴʥʠʡ ʦʢʠʩʥʠʢ, ʩʧʨʠʷʚ ʽʥʪʝʥʩʠʚʥʦʤʫ ʟʥʠʞʝʥʥʶ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ, ʘʣʝ ʤʘʣʦ ʚʧʣʠʚʘʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ 

ʤʘʥʛʘʥʫ. ʅʘʚʧʘʢʠ, ʧʨʠ ʥʘʩʠʯʝʥʥʽ ʚʦʜʠ ʨʦʟʯʠʥʝʥʠʤ ʢʠʩʥʝʤ, ʦʩʦʙʣʠʚʦ ʧʨʠ 

ʡʦʛʦ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʝʬʝʢʪʠʚʥʝ ʚʠʜʘʣʝʥʥʷ ʤʘʥʛʘʥʫ 

(ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ 6 ʤʛ/ʜʤ
3
 ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʚʠʱʫʚʘʣʘ 68 %). ɿʘ 

ʫʤʦʚʠ ʧʝʨʝʙʽʛʫ ʣʠʰʝ ʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʠʣʴʥʽʰʦʛʦ 

ʦʢʠʩʥʠʢʘ ʧʨʦʮʝʩʠ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ ʙʫʣʠ ʙ ʝʬʝʢʪʠʚʥʽʰʠʤʠ.  
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ʈʠʩ. 3.6. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʤʘʥʛʘʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ 

ʦʢʠʩʥʠʢʘ: 1 - ʢʠʩʥʶ; 2 - ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ 

 

ʆʪʞʝ ʟʛʽʜʥʦ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʛʽʧʦʭʣʦʨʠʪʫ 

ʥʘʪʨʽʶ ʯʝʨʝʟ ʡʦʛʦ ʜʝʟʽʥʬʽʢʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʣʠ ʤʽʩʮʝ ʣʠʰʝ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʧʨʦʮʝʩʠ, ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʙʫʣʘ ʥʠʞʯʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʢʠʩʥʝʤ. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʠʩʥʶ ʧʘʨʘʣʝʣʴʥʦ ʧʝʨʝʙʽʛʘʣʠ ʷʢ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ, ʪʘʢ ʽ ʙʽʦʣʦʛʽʯʥʽ 

ʧʨʦʮʝʩʠ, ʽ ʾʭ ʩʫʤʘʨʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʷʚʠʣʘʩʴ ʙʽʣʴʰʦʶ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʝ ʪʽʣʴʢʠ ʧʽʜʪʚʝʨʜʠʣʠ ʚʧʣʠʚʦʚʫ 

ʨʦʣʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʧʨʦʮʝʩʘʭ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ, ʘʣʝ ʡ ʧʦʢʘʟʘʣʠ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ.  

ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʱʝʚʠʢʣʘʜʝʥʝ, ʧʦʪʨʽʙʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʧʨʠ 

ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʢʠʩʥʶ ʧʦʨʫʰʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʦʧʪʠʤʘʣʴʥʝ, ʘʣʝ ʡ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʠʩʥʶ ʜʦ ʢʽʣʴʢʦʩʪʽ ʚʠʜʘʣʝʥʦʛʦ 

ʟʘʣʽʟʘ.  
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ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʦʢʠʩʥʠʢʽʚ ʜʦʤʽʥʫʶʪʴ 

ʙʽʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʘ ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ - ʟʨʦʩʪʘʻ ʨʦʣʴ ʭʽʤʽʯʥʠʭ. ʇʨʠʯʦʤʫ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʦʢʠʩʥʠʢʽʚ ʭʣʦʨʦʚʤʽʩʥʠʭ ʩʧʦʣʫʢ (ʷʢʽ ʪʘʢʦʞ ʻ 

ʜʝʟʽʥʬʝʢʪʘʥʪʘʤʠ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʤʽʥʠ ʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʽʥʰʠʤ (ʙʽʦʣʦʛʽʯʥʦʛʦ 

- ʭʽʤʽʯʥʠʤ), ʚ ʪʦʡ ʯʘʩ ʷʢ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʢʠʩʥʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʦʭ ʧʨʦʮʝʩʽʚ 

ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʡʦʛʦ ʚʤʽʩʪʫ. 

 

3.2.  ɺʧʣʠʚ ʫʤʦʚ ʧʝʨʽʦʜʠʯʥʦʾ ʧʨʦʤʠʚʢʠ ʥʘ ʧʝʨʝʙʽʛ ʙʽʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ 

ʇʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʚʦʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʣʴʤʘʪʘʮʽʷ (ʟʙʽʣʴʰʝʥʥʷ ʦʧʦʨʫ) 

ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʟʫʤʦʚʣʝʥʘ ʥʘʢʦʧʠʯʝʥʥʷʤ ʚ ʥʴʦʤʫ ʟʘʪʨʠʤʘʥʠʭ 

ʟʘʙʨʫʜʥʝʥʴ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʽʦʜʠʯʥʦʾ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʽʚ. 

ɿʛʽʜʥʦ ʟ ʯʠʥʥʠʤ çɼɹʅ ɺ.2.5-74:2013. ɺʦʜʦʧʦʩʪʘʯʘʥʥʷ. ɿʦʚʥʽʰʥʽ ʤʝʨʝʞʽ ʪʘ 

ʩʧʦʨʫʜʠ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷè ʜʣʷ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʽʚ ʧʦʚʠʥʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʦʯʠʱʝʥʘ ʜʝʟʽʥʬʽʢʦʚʘʥʘ  ʚʦʜʘ, ʷʢʘ ʚʤʽʱʫʻ ʟʘʣʠʰʢʦʚʠʡ 

ʭʣʦʨ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʩʘʤʝ ʭʣʦʨ (ʘʙʦ ʽʥʰʠʡ ʜʝʟʽʥʬʝʢʪʘʥʪ) ʧʨʠʛʥʽʯʫʻ ʨʦʟʚʠʪʦʢ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʬʽʣʴʪʨʫʶʯʦʤʫ ʰʘʨʽ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʨʝʘʣʽʟʘʮʽʾ 

ʥʦʨʤʘʣʴʥʦʛʦ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʘ.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʘʩʪʦʩʦʚʘʥʠʭ ʧʨʠ ʧʨʦʤʠʚʮʽ ʬʽʣʴʪʨʫʶʯʦʛʦ 

ʰʘʨʫ ʟʥʝʟʘʨʘʞʫʶʯʠʭ ʨʝʘʛʝʥʪʽʚ (ʟʦʢʨʝʤʘ, ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ) ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʩʪʫʧʥʦʾ ʩʪʘʜʽʾ ʦʯʠʱʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 6 ʧʦʩʣʽʜʦʚʥʠʭ  

ʬʽʣʴʪʨʦʮʠʢʣʽʚ, ʧʨʦʪʷʛʦʤ ʷʢʠʭ ʧʨʦʤʠʚʢʘ ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʚʦʜʦʶ ʟ 

ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ (ʨʦʟʯʠʥ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ) ʪʘ ʙʝʟ ʥʴʦʛʦ. ʆʜʝʨʞʘʥʽ ʧʨʠ 

ʮʴʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.9. 

ʊʘʙʣʠʮʷ 3.9. ʈʝʟʫʣʴʪʘʪʠ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʧʨʠ ʧʨʦʤʠʚʮʽ ʬʽʣʴʪʨʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʟʽʥʬʝʢʪʘʥʪʫ ʪʘ ʙʝʟ ʥʴʦʛʦ 

ʊʨʠʚʘʣʽʩʪʴ 

ʬʽʣʴʪʨʦʮʠʢʣʫ, 

ʛʦʜ 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʥʘ 

ʚʭʦʜʽ, ʤʛ/ʜʤ
3
 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʥʘ ʚʠʭʦʜʽ, ʤʛ/ʜʤ
3
 

ʇʨʦʤʠʚʥʘ ʚʦʜʘ ʟ 

ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ 

ʇʨʦʤʠʚʥʘ ʚʦʜʘ ʙʝʟ 

ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ 

ʟʘʣʽʟʦ ʤʘʥʛʘʥ ʟʘʣʽʟʦ ʤʘʥʛʘʥ ʟʘʣʽʟʦ ʤʘʥʛʘʥ 

2 6,4 0,32 2,2 0,31 2,2 0,31 
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ʊʨʠʚʘʣʽʩʪʴ 

ʬʽʣʴʪʨʦʮʠʢʣʫ, 

ʛʦʜ 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʥʘ 

ʚʭʦʜʽ, ʤʛ/ʜʤ
3
 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʥʘ ʚʠʭʦʜʽ, ʤʛ/ʜʤ
3
 

ʇʨʦʤʠʚʥʘ ʚʦʜʘ ʟ 

ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ 

ʇʨʦʤʠʚʥʘ ʚʦʜʘ ʙʝʟ 

ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ 

ʟʘʣʽʟʦ ʤʘʥʛʘʥ ʟʘʣʽʟʦ ʤʘʥʛʘʥ ʟʘʣʽʟʦ ʤʘʥʛʘʥ 

4 6,5 0,32 1,3 0,29 1,3 0,29 

6 6,4 0,32 0,8 0,28 0,8 0,28 

8 6,4 0,32 0,45 0,27 0,45 0,27 

12 6,3 0,32 0,4 0,23 0,4 0,23 

16 6,5 0,32 0,4 0,21 0,4 0,21 

24 6,5 0,32 0,9 0,22 0,9 0,22 

25 6,5 0,32 0,6 0,29 2,1 0,16 

28 6,5 0,32 0,4 0,26 1,4 0,14 

32 6,5 0,32 0,3 0,24 0,7 0,12 

36 6,4 0,32 0,2 0,2 0,4 0,11 

40 6,4 0,33 0,2 0,19 0,3 0,11 

44 6,3 0,33 0,3 0,2 0,4 0,1 

48 6,5 0,33 0,2 0,18 0,4 0,11 

52 6,4 0,33 1 0,2 1,1 0,14 

53 6,5 0,33 0,6 0,31 2 0,11 

56 6,5 0,33 0,3 0,27 1,2 0,09 

60 6,5 0,33 0,3 0,24 0,5 0,08 

64 6,5 0,33 0,3 0,22 0,3 0,08 

68 6,5 0,33 0,3 0,19 0,4 0,06 

72 6,4 0,33 0,3 0,18 0,3 0,07 

76 6,5 0,33 0,4 0,16 0,4 0,06 

80 6,4 0,33 0,9 0,17 0,8 0,09 

81 6,4 0,32 0,5 0,3 2,2 0,06 

84 6,5 0,32 0,2 0,26 1,3 0,05 

88 6,4 0,32 0,2 0,24 0,8 0,04 

92 6,4 0,32 0,2 0,19 0,6 0,04 

96 6,4 0,32 0,2 0,19 0,6 0,04 

100 6,4 0,32 0,2 0,19 0,6 0,04 

104 6,4 0,32 0,2 0,19 0,6 0,04 

105 6,5 0,33 0,6 0,31 2 0,11 

108 6,5 0,33 0,3 0,27 1,2 0,09 

112 6,5 0,33 0,3 0,24 0,5 0,08 

116 6,5 0,33 0,3 0,22 0,3 0,08 

120 6,5 0,33 0,3 0,19 0,4 0,06 

124 6,4 0,33 0,3 0,18 0,3 0,07 

128 6,5 0,33 0,4 0,16 0,4 0,06 

132 6,4 0,33 0,9 0,17 0,8 0,09 
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ʊʨʠʚʘʣʽʩʪʴ 

ʬʽʣʴʪʨʦʮʠʢʣʫ, 

ʛʦʜ 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʥʘ 

ʚʭʦʜʽ, ʤʛ/ʜʤ
3
 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʥʘ ʚʠʭʦʜʽ, ʤʛ/ʜʤ
3
 

ʇʨʦʤʠʚʥʘ ʚʦʜʘ ʟ 

ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ 

ʇʨʦʤʠʚʥʘ ʚʦʜʘ ʙʝʟ 

ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ 

ʟʘʣʽʟʦ ʤʘʥʛʘʥ ʟʘʣʽʟʦ ʤʘʥʛʘʥ ʟʘʣʽʟʦ ʤʘʥʛʘʥ 

133 6,5 0,32 0,6 0,29 2,1 0,16 

136 6,5 0,32 0,4 0,26 1,4 0,14 

140 6,5 0,32 0,3 0,24 0,7 0,12 

144 6,4 0,32 0,2 0,2 0,4 0,11 

148 6,4 0,33 0,2 0,19 0,3 0,11 

152 6,3 0,33 0,3 0,2 0,4 0,1 

156 6,5 0,33 0,2 0,18 0,4 0,11 

160 6,4 0,33 1 0,2 1,1 0,14 

 

ɿʜʽʡʩʥʝʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʨʦʟʨʘʭʫʥʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʟʚʝʜʝʥʦ ʫ ʪʘʙʣ. 3.10. 

 

ʊʘʙʣʠʮʷ 3.10 ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ ʜʝʤʘʥʛʘʥʘʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠ ʧʨʦʤʠʚʮʽ ʟ ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ ʪʘ ʙʝʟ ʥʴʦʛʦ 

ʊʨʠʚʘʣʽʩʪʴ 

ʬʽʣʴʪʨʦʮʠʢʣʫ, 

ʛʦʜ 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ, % 

ʇʨʦʤʠʚʥʘ ʚʦʜʘ  

ʟ ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ 

ʇʨʦʤʠʚʥʘ ʚʦʜʘ ʙʝʟ 

ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ 

ʟʘʣʽʟʦ ʤʘʥʛʘʥ ʟʘʣʽʟʦ ʤʘʥʛʘʥ 

2 66 3 66 3 

4 80 9 78 9 

6 88 13 86 13 

8 93 16 92 19 

12 94 28 94 28 

16 95 34 96 34 

24 96 36 96 37 

ʧʨʦʤʠʚʢʘ 

25 91 9 68 23 

28 94 19 78 46 

32 95 30 89 54 

36 95 38 94 61 

40 96 42 95 65 

44 96 44 94 70 

48 96 45 95 71 

52 96 47 95 71 

ʧʨʦʤʠʚʢʘ 
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ʊʨʠʚʘʣʽʩʪʴ 

ʬʽʣʴʪʨʦʮʠʢʣʫ, 

ʛʦʜ 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ, % 

ʇʨʦʤʠʚʥʘ ʚʦʜʘ  

ʟ ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ 

ʇʨʦʤʠʚʥʘ ʚʦʜʘ ʙʝʟ 

ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ 

ʟʘʣʽʟʦ ʤʘʥʛʘʥ ʟʘʣʽʟʦ ʤʘʥʛʘʥ 

53 91 6 69 57 

56 94 18 82 73 

60 95 27 92 77 

64 95 33 95 80 

68 96 42 94 82 

72 96 49 95 81 

76 97 51 95 80 

80 97 51 95 81 

ʧʨʦʤʠʚʢʘ 

81 91 6 66 73 

84 94 13 80 84 

88 95 25 88 88 

92 95 34 91 89 

96 95 36 94 85 

100 95 40 94 81 

104 96 41 94 80 

ʧʨʦʤʠʚʢʘ 

105 91 9 69 45 

108 94 19 82 51 

112 95 30 92 54 

116 95 38 95 60 

120 96 42 94 61 

124 96 44 95 60 

128 96 45 96 55 

132 96 47 96 52 

ʧʨʦʤʠʚʢʘ 

133 91 9 68 38 

136 94 19 78 45 

140 95 30 89 46 

144 95 38 94 43 

148 96 42 95 42 

152 96 44 94 41 

156 96 45 95 40 

160 96 47 95 40 
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ʅʘ ʨʠʩ. 3.7-3.8 ʥʘʚʝʜʝʥʘ ʛʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʜʝʨʞʘʥʠʭ 

ʧʨʦʪʷʛʦʤ ʟʘʟʥʘʯʝʥʦʛʦ ʚʠʱʝ ʪʨʠʚʘʣʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʇʦ ʟʘʚʝʨʰʝʥʥʶ 

ʢʦʞʥʦʛʦ ʬʽʣʴʪʨʦʮʠʢʣʫ ʬʽʣʴʪʨ ʚʠʚʦʜʠʚʩʷ ʥʘ ʧʨʦʤʠʚʢʫ, ʧʽʜ ʯʘʩ ʷʢʦʾ 

ʚʠʢʦʨʠʩʪʘʣʘʩʴ ʷʢ ʚʦʜʘ ʟ ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ (ʛʽʧʦʭʣʦʨʠʪ ʥʘʪʨʽʶ), ʪʘʢ ʽ ʙʝʟ ʥʴʦʛʦ. 

ʆʮʽʥʢʘ ʧʨʦʮʝʩʽʚ ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ 

ʪʘ ʤʘʥʛʘʥʫ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ ʟ 

ʛʽʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʽʶ (ʨʠʩ. 3.7) ʥʘ ʧʦʯʘʪʢʫ ʢʦʞʥʦʛʦ ʥʘʩʪʫʧʥʦʛʦ ʬʽʣʴʪʨʦʮʠʢʣʫ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ  ̔

ʜʝʤʘʥʛʘʥʘʮʽʾ.  

 

ʈʠʩ. 3.7. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʟʘʣʽʟʘ  ʪʘ ʤʘʥʛʘʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ ʟ ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ; I, II , III , IV, V, VI  ï ʬʽʣʴʪʨʦʮʠʢʣʠ 

 

ɿʥʠʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ʚʢʘʟʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʟʫʤʦʚʣʝʥʝ ʚʠʤʠʚʘʥʥʷʤ ʽʟ 

ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜ ʯʘʩ ʧʨʦʤʠʚʢʠ  ʟʘʪʨʠʤʘʥʠʭ ʚ ʥʴʦʤʫ ʩʧʦʣʫʢ  

ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ, ʷʢʽ ʜʽʷʣʠ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʠ ʧʦʛʣʠʙʣʝʥʥʷ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ. ɿ 

ʪʦʯʢʠ ʟʦʨʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʽʩʣʷ ʢʦʞʥʦʾ ʧʨʦʤʠʚʢʠ 
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ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦʪʨʽʙʝʥ ʧʝʚʥʠʡ ʯʘʩ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʫ ʥʴʦʤʫ 

ʚʢʘʟʘʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʙʫʜʝ ʩʧʨʠʷʪʠʤʝ ʚʽʜʥʦʚʣʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ. 

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʫ ʧʨʦʤʠʚʥʽʡ ʚʦʜʽ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ (ʨʠʩ. 3.8), 

ʟʘʢʨʽʧʣʝʥʽ ʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʚʠʤʠʚʘʶʪʴʩʷ ʣʠʰʝ ʯʘʩʪʢʦʚʦ ʽ ʥʘ 

ʧʦʯʘʪʢʫ ʥʦʚʦʛʦ ʬʽʣʴʪʨʦʮʠʢʣʫ ʾʭ ʢʽʣʴʢʽʩʪʴ ʚʠʷʚʣʷʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ 

ʧʽʜʪʨʠʤʘʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ. ʇʦ ʤʽʨʽ ʥʘʢʦʧʠʯʝʥʥʷ ʫ 

ʟʘʚʘʥʪʘʞʝʥʥʽ ʛʽʜʨʦʢʩʠʜʥʠʭ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʧʘʨʘʣʝʣʴʥʦ ʟ 

ʙʽʦʣʦʛʽʯʥʠʤ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʡ ʧʨʦʮʝʩ, ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʚʦʜʠ. 

 

ʈʠʩ. 3.8. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʟʘʣʽʟʘ  ʪʘ ʤʘʥʛʘʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ ʙʝʟ ʜʝʟʽʥʬʝʢʪʘʥʪʘ; I, II , III , IV, V, VI  ï ʬʽʣʴʪʨʦʮʠʢʣʠ 

 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʣʷ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʦʜʠ ʟ 

ʛʽʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʽʶ ʪʘ ʙʝʟ ʥʴʦʛʦ ʧʦʤʽʪʥʘ ʨʽʟʥʠʮʷ ʚ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʣʠʰʝ ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ 6 ʛʦʜʠʥ ʬʽʣʴʪʨʦʮʠʢʣʫ ʽ 

ʜʘʣʽ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʩʪʘʥʦʚʠʣʘ ʚ ʩʝʨʝʜʥʴʦʤʫ 96 %. ʇʨʠ ʜʝʤʘʥʛʘʥʘʮʽʾ ʨʦʣʴ 
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ʙʽʦʣʦʛʽʯʥʦʛʦ ʬʘʢʪʦʨʫ ʙʫʣʘ ʥʘʙʘʛʘʪʦ ʟʥʘʯʫʱʦʶ. ʊʘʢ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʫ 

ʧʨʦʤʠʚʥʽʡ ʚʦʜʽ ʜʝʟʽʥʬʝʢʪʘʥʪʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʤʘʥʛʘʥʫ ʜʦʩʷʛʘʣʘ 88-

89 %, ʫ ʪʦʡ ʞʝ ʯʘʩ ʧʨʠ ʧʨʦʤʠʚʮʽ ʚʦʜʦʶ ʟ ʛʽʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʽʶ ʚʢʘʟʘʥʘ 

ʚʝʣʠʯʠʥʘ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 49 %.  

ɺʨʘʭʦʚʫʶʯʠ ʩʢʘʟʘʥʝ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʚʝʣʠʯʠʥʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ, ʧʽʜ ʯʘʩ ʷʢʠʭ ʧʨʦʤʠʚʢʘ ʟʜʽʡʩʥʶʚʘʣʘʩʴ 

ʙʝʟ ʜʝʟʽʥʬʝʢʪʘʥʪʫ ʪʘ ʚ ʡʦʛʦ ʧʨʠʩʫʪʥʦʩʪʽ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʙʽʦʣʦʛʽʯʥʫ ʩʢʣʘʜʦʚʫ 

ʚʢʘʟʘʥʠʭ ʧʨʦʮʝʩʽʚ.   

ʊʘʙʣʠʮʷ 3.11. ɿʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʟʘ ʨʘʭʫʥʦʢ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʬʘʢʪʦʨʫ  

ʊʨʠʚʘʣʽʩʪʴ 

ʬʽʣʴʪʨʦʮʠʢʣʫ, 

ʛʦʜ 

ɿʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʬʘʢʪʦʨʫ, % 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʜʝʤʘʥʛʘʥʘʮʽʷ 

2 - - 

4 2 - 

6 2 - 

8 1 3 

12 - - 

16 - - 

24 - 1 

ʧʨʦʤʠʚʢʘ 

25 23 14 

28 16 27 

32 6 24 

36 1 23 

40 1 23 

44 2 26 

48 1 26 

52 1 24 

ʧʨʦʤʠʚʢʘ 

53 22 51 

56 12 55 

60 3 50 

64 - 47 

68 2 40 

72 1 32 

76 2 29 
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ʊʨʠʚʘʣʽʩʪʴ 

ʬʽʣʴʪʨʦʮʠʢʣʫ, 

ʛʦʜ 

ɿʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʬʘʢʪʦʨʫ, % 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʜʝʤʘʥʛʘʥʘʮʽʷ 

80 2 30 

ʧʨʦʤʠʚʢʘ 

81 25 67 

84 14 71 

88 7 63 

92 4 55 

96 1 49 

100 1 41 

104 2 39 

ʧʨʦʤʠʚʢʘ 

105 12 36 

108 3 32 

112 - 24 

116 2 22 

120 1 19 

124 - 16 

128 - 10 

132 23 5 

ʧʨʦʤʠʚʢʘ 

133 16 29 

136 6 26 

140 1 16 

144 1 5 

148 2 - 

152 1 - 

156 1 - 

160 16 - 

 

ɼʣʷ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ 

ʩʝʨʝʜʥʽ ʟʘ ʬʽʣʴʪʨʦʮʠʢʣ ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʧʨʦʤʠʚʢʠ (ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʚ ʧʨʦʤʠʚʥʽʡ ʚʦʜʽ 

ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʪʘ ʙʝʟ ʥʴʦʛʦ) ʪʘ ʚʝʣʠʯʠʥʫ ʟʙʽʣʴʰʝʥʥʷ (ʧʨʠʨʦʩʪʫ) ʮʴʦʛʦ 

ʧʦʢʘʟʥʠʢʘ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.12-3.13.  
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ʊʘʙʣʠʮʷ 3.12. ʉʝʨʝʜʥʽ ʟʘ ʬʽʣʴʪʨʦʮʠʢʣ ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʚʦʜʠ  

 ̄

ʬʽʣʴʪʨʦʮʠʢʣʫ 

ʉʝʨʝʜʥʷ ʟʘ ʬʽʣʴʪʨʦʮʠʢʣ 

 ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ, % 
ʇʨʠʨʽʩʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ 

ʨʘʭʫʥʦʢ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʬʘʢʪʦʨʫ, % 
ʧʨʦʤʠʚʢʘ ʟ 

ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ 

ʧʨʦʤʠʚʢʘ ʙʝʟ 

ʜʝʟʽʥʬʝʢʪʘʥʪʫ 

I 87,4 86,9 0,5 

II  94,9 88,5 6,4 

III  95,7 92,5 3,2 

IV 94,4 86,7 7,7 

V 94,9 89,9 5 

VI  94,9 88,5 6,4 

 

ʊʘʙʣʠʮʷ 3.13. ʉʝʨʝʜʥʽ ʟʘ ʬʽʣʴʪʨʦʮʠʢʣ ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ  

 ̄

ʬʽʣʴʪʨʦʮʠʢʣʫ 

ʉʝʨʝʜʥʷ ʟʘ ʬʽʣʴʪʨʦʮʠʢʣ 

 ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʤʘʥʛʘʥʫ, % 
ʇʨʠʨʽʩʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ 

ʨʘʭʫʥʦʢ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʬʘʢʪʦʨʫ, % 
ʧʨʦʤʠʚʢʘ ʟ 

ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ 

ʧʨʦʤʠʚʢʘ ʙʝʟ 

ʜʝʟʽʥʬʝʢʪʘʥʪʫ 

I 20,4 19,9 0,5 

II  57,6 34,3 23,3 

III  79,1 38,7 40,4 

IV 82,8 27,8 55 

V 54,8 34,3 20,5 

VI  41,9 34,3 7,6 

 

ʇʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʧʽʩʣʷ IV ʬʽʣʴʪʨʦʮʠʢʣʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ ʙʝʟ ʜʝʟʽʥʬʝʢʮʽʾ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʧʦʯʘʣʘ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʚʘʪʠʩʷ, ʘ ʚʝʣʠʯʠʥʘ ɿʄʏ ʚʦʜʠ, ʥʘʚʧʘʢʠ, 

ʟʙʽʣʴʰʫʚʘʪʠʩʷ, ʱʦ, ʚʽʨʦʛʽʜʥʦ, ʟʫʤʦʚʣʝʥʦ çʩʪʘʨʽʥʥʷʤè ʢʫʣʴʪʫʨʠ, ʦʩʢʽʣʴʢʠ 

ʟʘʢʨʽʧʣʝʥʘ ʤʽʢʨʦʬʣʦʨʘ ʚ ʧʝʚʥʽʡ ʤʽʨʽ ʧʝʨʝʙʫʚʘʻ ʫ ʟʘʤʢʥʫʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʂʨʽʤ ʪʦʛʦ, ʫ ʰʘʨʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʘʢʪʠʚʥʝ 

ʩʣʠʟʦʫʪʚʦʨʝʥʥʷ, ʱʦ ʧʦʛʽʨʰʫʚʘʣʦ ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʦʜʠ. ʊʦʙʪʦ 

ʩʪʘʣʦ ʦʯʝʚʠʜʥʠʤ, ʱʦ ʬʽʣʴʪʨʫʶʯʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʦʪʨʝʙʫʻ ʧʝʨʽʦʜʠʯʥʦʾ 

ʜʝʟʽʥʬʝʢʮʽʾ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʷʢ ʡʦʛʦ ʥʘʣʝʞʥʦʛʦ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʦʛʦ ʩʪʘʥʫ, 
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ʪʘʢ ʽ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʩʪʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ʧʨʦʮʝʩʘʭ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ (ʨʠʩ. 3.9). 

 

  

I ï ʬʽʣʴʪʨʦʮʠʢʣ Iɯ ï ʬʽʣʴʪʨʦʮʠʢʣ 

 

  

Vï ʬʽʣʴʪʨʦʮʠʢʣ VI ï ʬʽʣʴʪʨʦʮʠʢʣ 

ʈʠʩ. 3.9. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʟʘʣʽʟʘ  ʪʘ ʤʘʥʛʘʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ ʟ ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ ʪʘ ʙʝʟ ʥʴʦʛʦ ʫ ʨʽʟʥʽ ʬʽʣʴʪʨʦʮʠʢʣʠ 

 

ɺʨʘʭʦʚʫʶʯʠ ʩʢʘʟʘʥʝ ʚʠʱʝ, ʜʣʷ ʥʽʚʝʣʶʚʘʥʥʷ ʚʢʘʟʘʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ 

ʬʘʢʪʦʨʫ  ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʽʦʜʠʯʥʫ ʜʝʟʽʥʬʝʢʮʽʶ ʬʽʣʴʪʨʘ 1 

ʨʘʟ ʥʘ 4-5 ʧʨʦʤʠʚʦʢ. 
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ʆʪʞʝ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʾ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʦʤʠʚʢʘ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʦʜʦʶ ʟ 

ʛʽʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʽʶ, ʧʨʠʛʥʽʯʫʻ ʨʦʟʚʠʪʦʢ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʽ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʽ ʤʘʥʛʘʥʫ ʫ ʧʝʨʰʽ ʛʦʜʠʥʠ ʬʽʣʴʪʨʦʮʠʢʣʘ; 

ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʫ ʧʨʦʤʠʚʥʽʡ ʚʦʜʽ ʜʝʟʽʥʬʝʢʪʘʥʪʫ ʮʝʡ ʥʝʛʘʪʠʚʥʠʡ ʬʘʢʪʦʨ ʙʫʚ 

ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʡ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʝʨʞʘʥʽ ʧʨʦʪʷʛʦʤ ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʘʥʽ, 

ʟʘʩʚʽʜʯʠʣʠ ʧʨʦ ʩʫʪʪʻʚʫ ʨʦʣʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʧʨʦʮʝʩʘʭ ʟʥʝʟʘʣʽʟʥʝʥʥʷ, ʽ 

ʦʩʦʙʣʠʚʦ ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʫ ʬʽʣʴʪʨʫʶʯʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ, 

ʘ ʪʘʢʦʞ ʚʠʷʚʠʣʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʽʦʣʦʛʽʯʥʫ 

ʩʢʣʘʜʦʚʫ ʮʠʭ ʧʨʦʮʝʩʽʚ.  

ɿ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʠʩʝʥʴ 

ʧʦʚʽʪʨʷ  ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʛʽʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʽʶ ʻ ʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʟʘ ʜʘʥʠʭ ʫʤʦʚ 

ʦʢʠʩʥʶʚʘʯʝʤ ʜʣʷ ʧʨʠʩʫʪʥʽʭ ʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ. ʂʨʽʤ 

ʪʦʛʦ, ʜʦʚʝʜʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʽʚ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ/ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ, ʥʝʦʙʨʦʙʣʝʥʦʾ ʜʝʟʽʥʬʝʢʪʘʥʪʘʤʠ.  

 

3.3. ɺʠʜʽʣʝʥʥʷ ʢʫʣʴʪʫʨ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ  

ʆʩʢʽʣʴʢʠ ʧʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʟʥʘʯʥʫ ʨʦʣʴ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʧʨʦʮʝʩʘʭ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ 

ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ, ʘ ʦʪʞʝ ʽ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʠʡʦʤʘʤʠ 

ʙʽʦʪʝʭʥʦʣʦʛʽʾ, ʥʘʩʘʤʧʝʨʝʜ, ʙʫʣʦ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʙʽʦʣʦʛʽʯʥʠʡ ʘʛʝʥʪ 

ʚʢʘʟʘʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʚʠʜʽʣʠʪʠ ʚʽʜʧʦʚʽʜʥ ̔ʢʫʣʴʪʫʨʠ. 

ɿ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʚʽʜʦʤʦ, ʱʦ ʚʢʘʟʘʥʽ ʦʨʛʘʥʽʟʤʠ ʧʦʚʠʥʥʽ ʚʽʜʥʦʩʠʪʠʩʴ 

ʜʦ ʤʘʥʛʘʥ- ʽ ʟʘʣʽʟʦʦʢʠʩʥʁ ʯʁʠʭ ʙʘʢʪʝʨʽʡ. ɸʣʝ ʯʝʨʝʟ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʮʠʭ ʛʨʫʧ, ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʚʠʷʚʠʣʦʩʴ ʧʠʪʘʥʥʷʤ ʱʦʜʦ ʾʭ 

ʽʜʝʥʪʠʬʽʢʘʮʽ.ʾ 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʷʢ ʜʞʝʨʝʣʘ ʦʪʨʠʤʘʥʥʷ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʧʨʠʨʦʜʥʽ 
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ʤ̔ʢʨʦʮʝʥʦʟʠ, ʫʪʚʦʨʶʚʘʥʽ ʚ ʨʝʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ, ʟʦʢʨʝʤʘ, 

ʢʫʣʴʪʫʨʠ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʽʟ ʟʘʚʘʥʪʘʞʝʥʥʷ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ 

ʤ.ʌʘʩʪʽʚ ʪʘ ʩʤʪ ʍʦʨʦʰʽʚ. 

ɼʣʷ ʧʽʜʙʦʨʫ ʧʦʞʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʧʽʜʭʽʜ, ʱʦ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʜʘʪʥʦʩʪʽ ʙʘʢʪʝʨʽʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʨʛʘʥʽʯʥʽ ʢʠʩʣʦʪʠ ʪʘ 

ʮʫʢʨʠ ʷʢ ʜʞʝʨʝʣʘ ʚʫʛʣʝʮʶ.  

ʉʧʨʦʙʘ ʦʜʝʨʞʘʪʠ ʢʫʣʴʪʫʨʠ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʝʨʝʜʦʚʠʱʘ ʏʘʧʝʢʘ ʟʽ ʩʪʨʝʧʪʦʤʽʮʠʥʦʤ ʚʠʷʚʠʣʘʩʴ ʥʝʛʘʪʠʚʥʦʶ - 

ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʣʠʰʝ ʩʣʘʙʢʠʡ ʨʽʩʪ ʢʦʣʦʥʽʡ. ʅʘʢʦʧʠʯʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ, ʷʢʝ 

ʚʜʘʣʦʩʴ ʚʠʷʚʠʪʠ ʟʘʙʘʨʚʣʝʥʥʷʤ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʦʤ 

(ɯɯ) ʢʘʣʽʶ ʪʘ ʙʝʥʟʠʜʠʥʦʤ ʚʽʜʧʦʚʽʜʥʦ, ʙʫʣʦ ʥʝʜʦʩʪʘʪʥʽʤ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ 

ʟ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʘʢʪʝʨʽʡ. 

ʈʦʟʚʠʪʦʢ ʙʘʢʪʝʨʽʡ ʥʘ ʯʘʰʢʘʭ ʇʝʪʨʽ ʟ ʩʝʣʝʢʪʠʚʥʠʤʠ ʩʝʨʝʜʦʚʠʱʘʤʠ ˉ1 ʽ 

ˉ2 ʩʪʘʚʘʚ ʧʦʤʽʪʥʠʤ ʥʘ 4-5 ʜʦʙʫ ʢʫʣʴʪʠʚʫʚʘʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 25Áʉ. ʅʘ 

ʧʦʚʝʨʭʥʽ ʩʝʨʝʜʦʚʠʱʘ ˉ 1 ʜʣʷ ʟʘʣʽʟʦʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ 

ʭʘʨʘʢʪʝʨʥʽ ʢʦʣʦʥʽʾ ʞʦʚʪʦ-ʦʨʘʥʞʝʚʦʛʦ ʢʦʣʴʦʨʫ, ʩʝʨʝʜʦʚʠʱʝ ʧʦ ʤʽʨʽ ʨʦʟʚʠʪʢʫ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟʤʽʥʶʚʘʣʦ ʢʦʣʽʨ ʚʽʜ ʩʚʽʪʣʦ-ʟʝʣʝʥʦʛʦ ʜʦ ʨ̔ʞʘʚʦʛʦ.  

ʅʘ ʩʝʨʝʜʦʚʠʱʽ ˉ 2 ʜʣʷ ʤʘʥʛʘʥʦʢʠʩʣʶʶʯʠʭ ʦʨʛʘʥʽʟʤʽʚ ʟôʷʚʣʷʣʠʩʴ ʙʫʨʽ 

ʢʦʣʦʥʽʾ, ʢʦʣʽʨ ʩʝʨʝʜʦʚʠʱʘ ʟʤʽʥʶʚʘʚʩʷ ʚʽʜ ʙʝʞʝʚʦʛʦ ʜʦ ʢʦʨʠʯʥʝʚʦʛʦ. ʈʦʟʤʽʨ ʪʘ 

ʩʪʨʫʢʪʫʨʘ ʢʦʣʦʥʽʡ ʥʘ ʦʙʦʭ ʩʝʨʝʜʦʚʠʱʘʭ ʙʫʣʠ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ. ʂʦʣʦʥʽʾ ʜʣʷ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʦʢʨʝʤʦ ʟ ʢʦʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʨʦʙʦʪʠ ʧʦʪʨʽʙʥʦ ʙʫʣʦ ʟʜʽʡʩʥʠʪʠ ʽʜʝʥʪʠʬʽʢʘʮʽʶ 

ʚʠʜʽʣʝʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʆʩʪʘʥʥʽ ʟʘʙʘʨʚʣʶʚʘʣʠʩ ɹʟʘ ɻʨʘʤʦʤ. ɺʽʜʧʦʚʽʜʥʦ 

ʜʦ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʟʘʣʽʟʦʙʘʢʪʝʨʽʾ ʻ ʛʨʘʤʥʝʛʘʪʠʚʥʠʤʠ, ʘ ʢʦʣʦʥʽʾ ʥʘ ʟʨʘʟʢʘʭ 

ʪʘʢʦʞ ʥʝ ʟʘʙʘʨʚʣʶʚʘʣʠʩʴ ʟʘ ɻʨʘʤʦʤ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ ʦʟʥʘʢʠ, ʘ ʪʘʢʦʞ ʟʘ 

ʤʦʨʬʦʣʦʛʽʻʶ ʢʣʽʪʠʥ, ʙʫʣʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʥʩʪʫʧʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ: 

ʨ.Siderocapsa, ʜʣʷ ʷʢʦʛʦ ʭʘʨʘʢʪʝʨʥʘ ʩʬʝʨʠʯʥʘ ʬʦʨʤʘ ʢʣʽʪʠʥ; ʨ. Leptothrix ï 

ʧʨʷʤʽ ʧʘʣʠʯʢʠ, ʦʪʦʯʝʥʽ ʯʦʭʣʦʤ ʪʘ ʨ. Sphaerotillus ï ʧʘʣʠʯʢʠ. ʊʽ ʢʣʽʪʠʥʠ, ʱʦ 
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ʥʝ ʟʘʙʘʨʚʣʶʚʘʣʠʩʴ ʟʘ ɻʨʘʤʦʤ ʽ ʤʘʣʠ ʬʦʨʤʫ ʩʪʝʙʣʠʥ, ʙʫʣʦ ʚʽʜʥʝʩʝʥʦ ʜʦ 

ʨ.Galionella (ʬʦʨʤʘ ʩʪʝʙʣʠʥ ï ʢʣʶʯʦʚʘ ʦʟʥʘʢʘ ʜʣʷ ʮʴʦʛʦ ʨʦʜʫ). 

ɼʣʷ ʨʦʟʨʽʟʥʝʥʥʷ ʨʦʜʽʚ Leptothrix ʪʘ Sphaerotillus ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʽʟ ʟʘʬʘʨʙʦʚʫʚʘʥʥʷ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ. ɺʽʜʦʤʦ, ʱʦ ʙʘʢʪʝʨʽʾ 

ʨ.Leptothrix ʥʘʢʦʧʠʯʫʶʪʴ ʦʢʩʠʜʠ ʟʘʣʽʟʘ ʚ ʯʦʭʣʘʭ ʽ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʦʤ(ɯɯ) ʢʘʣʽʶ ʟʘʙʘʨʚʣʶʶʪʴʩʷ ʫ ʩʠʥʽʡ ʢʦʣʽʨ; ʙʘʢʪʝʨʽʾ 

ʨ.Sphaerotillus ʤʘʁʪʴ ʪʦʥʢʠʡ ʯʦʭʦʣ ʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʥʘʢʦʧʠʯʫʶʪʴ ʦʢʩʠʜʽʚ 

ʟʘʣʽʟʘ, ʘ ʦʪʞʝ ʽ ʥʝ ʟʘʙʘʨʚʣʶʶʪʴʩʷ. ɼʘʥʠʡ ʧʨʠʥʮʠʧ ʜʘʻ ʟʤʦʛʫ ʨʦʟʨʽʟʥʠʪʠ 

ʚʢʘʟʘʥʽ ʨʦʜʠ ʙʘʢʪʝʨʽʡ. 

ɼʣʷ ʢʦʣʦʥʽʡ ʤʘʥʛʘʥʦʢʠʩʥʁ ʶʯʠʭ ʙʘʢʪʝʨʽʡ, ʚʠʨʦʱʝʥʠʭ ʥʘ ʩʝʣʝʢʪʠʚʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ˉ 2, ʧʨʠʥʮʠʧ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʦʜʽʚ ʪʘʢʠʡ ʩʘʤʠʡ. ʐʣʷʭʦʤ 

ʟʘʙʘʨʚʣʝʥʥʷ ʦʢʩʠʜʽʚ ʤʘʥʛʘʥʫ ʙʝʥʟʠʜʠʥʦʤ ʚʜʘʣʦʩʴ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʨ.Metallogenium. ʎʝʡ ʨʽʜ ʪʘʢʦʞ ʤʘʻ ʭʘʨʘʢʪʝʨʥʫ ʤʦʨʬʦʣʦʛʽʯʥʫ ʦʟʥʘʢʫ ï 

ʢʦʣʦʥʽʾ ʫ ʬʦʨʤʽ çʧʘʚʫʯʢʘè, ʱʦ ʜʘʻ ʟʤʦʛʫ ʜʦʩʪʘʪʥʴʦ ʣʝʛʢʦ ʚʠʷʚʣʷʪʠ ʾʭ ʩʝʨʝʜ 

ʽʥʰʠʭ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʽʜ ʩʚʽʪʣʦʚʠʤ ʤʽʢʨʦʩʢʦʧʦʤ ʢʦʣʦʥʽʡ ʟ ʦʙʦʭ ʩʝʨʝʜʦʚʠʱ 

ʜʦʟʚʦʣʠʣʠ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʙʘʢʪʝʨʽʾ ʨ. Hyphomicrobium, ʭʘʨʘʢʪʝʨʥʦʶ ʦʟʥʘʢʦʶ 

ʷʢʠʭ ʻ ʫʪʚʦʨʝʥʥʷ ʧʨʦʩʪʝʢʽʚ. 

ɺʩʴʦʛʦ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ 

ʚʠʜʽʣʝʥʦ 10 ʯʠʩʪʠʭ ʢʫʣʴʪʫʨ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

ʋʩʽ ʰʪʘʤʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʧʝʨʝʩʽʚʘʣʠʩʴ ʥʘ ʨʽʜʢʝ ʧʦʞʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʘ ʜʣʷ 

ʧʽʜʪʨʠʤʘʥʥʷ ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ - ʧʦʞʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʝʨʽʦʜʠʯʥʦ 

ʦʥʦʚʣʶʚʘʣʦʩʴ. 

ʈʦʟʨʦʙʣʝʥʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʭʝʤʘ 

ʚʠʟʥʘʯʝʥʥʷ ʨʦʜʦʚʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘʣʽʟʦ- ʽ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ ʥʘ 

ʦʩʥʦʚʽ ɺʠʟʥʘʯʥʠʢʘ ʙʘʢʪʝʨʽʡ ɹʝʨʜʞʽ  ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.10. ɼʦʢʣʘʜʥʠʡ ʦʧʠʩ 

ʩʭʝʤʠ ʥʘʚʝʜʝʥʦ ʫ ʩʪʘʪʪʽ [305]. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʱʦ ʦʢʠʩʣʶʶʪʴ ʟʘʣʽʟʦ ʪʘ ʤʘʥʛʘʥ.  
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ʈʠʩ.3.10. ʉʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʨʦʜʦʚʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘʣʽʟʦ- ʽ 

ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ ʥʘ ʦʩʥʦʚʽ ɺʠʟʥʘʯʥʠʢʘ ʙʘʢʪʝʨʽʡ ɹʝʨʜʞʽ [289].  

 

ʆʮʽʥʢʘ ʤʦʨʬʦʣʦʛʽʾ ʦʜʝʨʞʘʥʠʭ ʢʫʣʴʪʫʨ, ʟʜʽʡʩʥʝʥʘ ʟʘ ʮʽʻʶ ʩʭʝʤʦʶ, 

ʜʦʟʚʦʣʠʣʘ ʚʽʜʥʝʩʪʠ ʚʠʜʽʣʝʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʜʦ ʨʦʜʽʚ Siderocapsa, Leptothrix, 

Sphaerotillus, Galionella, Metallogenium, Hyphomicrobium (ʚʠʜʦʚʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷ, ʷʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʴ ʨʘʥʽʰʝ, ʚ ʨʘʤʢʘʭ ʜʘʥʦʾ ʨʦʙʦʪʠ ʥʝ 

ʧʝʨʝʜʙʘʯʘʣʘʩʴ).  
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ʆʪʨʠʤʘʥʥʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʘʛʝʥʪʘ ʦʙʫʤʦʚʠʣʦ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʠʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʾ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʰʣʷʭʦʤ ʚʥʝʩʝʥʥʷ ʫ ʬʽʣʴʪʨʫʶʯʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽʥʦʢʫʣʷʪʫ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʜʝʪʘʣʴʥʦ ʚʠʚʯʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ 

ʚʠʜʽʣʝʥʠʭ ʢʫʣʴʪʫʨ ʪʘ ʚʠʟʥʘʯʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʫʤʦʚʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ. 

ɺʨʘʭʦʚʫʶʯʠ ʩʢʘʟʘʥʝ, ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘʟʥʘʯʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, 

ʥʘʩʘʤʧʝʨʝʜ, ʙʫʣʦ ʚʠʚʯʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ.  

 

3.4. ɺʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʨʦʜʽʚ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ ʥʘ ʧʨʦʮʝʩ 

ʚʠʜʘʣʝʥʥ ̫ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʦʢʨʝʤʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʚ ʷʢʠʭ ʪʨʠ ʤʦʜʝʣʴʥʽ ʨʦʟʯʠʥʠ ʽʟ ʟʘʜʘʥʦʶ  

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ  ʬʽʣʴʪʨʫʚʘʣʠʩʴ ʯʝʨʝʟ ʟʘʚʘʥʪʘʞʝʥʥʷ, 

ʧʦʧʝʨʝʜʥʻ ʦʙʨʦʙʣʝʥʝ ʽʥʦʢʫʣʷʪʘʤʠ ʟ ʨʽʟʥʠʭ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʙʘʢʪʝʨʽʾ ʨ. Leptothrix ʩʧʨʠʷʣʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʤʫ 

ʚʠʜʘʣʝʥʥʶ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʧʨʠ ʾʭ ʥʝʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʙʘʢʪʝʨʽʾ ʨ.Sphaerotillus, ʙʫʣʠ ʝʬʝʢʪʠʚʥʽʰʠʤʠ ʧʨʠ ʚʠʩʦʢʦʤʫ ʚʤʽʩʪʽ ʮʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ. ʆʜʥʦʯʘʩʥʦ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʝʷʢʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, 

ʥʘʧʨʠʢʣʘʜ, Hyphomicrobium ʧʨʠ ʚʠʩʽʚʘʥʥʽ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʾ ʢʫʣʴʪʫʨʠ ʟ 

ʧʽʜʪʨʠʤʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  ɸʈʅɸ ʄ381 ʥʘ ʬʽʣʴʪʨʫʚʘʣʴʥʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ 

ʚʟʘʛʘʣʽ ʥʝ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʧʦʤʽʪʥʦʛʦ ʨʦʟʚʠʪʢʫ.  

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʚʢʘʟʘʥʽ ʢʫʣʴʪʫʨʠ ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʟ ʤʽʢʨʦʮʝʥʦʟʽʚ 

ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʤʦʞʣʠʚʦ ʧʝʨʝʜʙʘʯʠʪʠ ʥʘʷʚʥʽʩʪʴ ʩʠʤʙʽʦʪʠʯʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʦʨʛʘʥʽʟʤʘʤʠ ʨʽʟʥʠʭ ʚʠʜʽʚ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʙʽʣʴʰ ʰʠʨʦʢʽ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʙʽʦʣʦʛʽʯʥʦʛʦ ʘʛʝʥʪʘ ʥʝ ʦʢʨʝʤʠʭ ʢʫʣʴʪʫʨ, ʘ ʾʭ 

ʩʫʤʽʰʝʡ. ʊʦʤʫ, ʫ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʫʣʦ ʚʠʚʯʝʥʦ ʢʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ 

ʤʽʢʨʦʮʝʥʦʟʽʚ, ʚʠʜʽʣʝʥʠʭ ʟ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʘʮʶʶʯʠʭ ʬʽʣʴʪʨʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ. 
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ɿ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʥʝʟʘʣʽʟʘʶʯʠʭ ʬʽʣʴʪʨʽʚ, 

ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ ʩʤʪ ʍʦʨʦʰʽʚ (ʚʤʽʩʪ ʟʘʣʽʟʘ ʫ ʨʽʟʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ ʚʦʜʦʟʘʙʦʨʫ 

ʩʪʘʥʦʚʠʚ - 17-25 ʤʛ/ʜʤ
3
) ʪʘ ʤ. ʌʘʩʪʽʚ (ʚʤʽʩʪ ʟʘʣʽʟʘ ʜʦ 4 ʤʛ/ʜʤ

3
). ʇʽʜ ʯʘʩ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʚʠʤʽʨʶʚʘʥʥʷ ɿʄʏ ʪʘ ʧʨʦʚʦʜʠʚʩʷ ʧʽʜʨʘʭʫʥʦʢ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʚʠʜʽʣʝʥʠʭ ʽʟ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʤʝʨʠ 

ɻʦʨʷʻʚʘ. ʆʜʝʨʞʘʥʽ ʧʨʠ ʮʴʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 3.14-3.15. 

ʊʘʙʣʠʮʷ 3.14. ʂʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨʽʟʥʠʭ ʛʨʫʧ ʫ 

ʟʘʚʘʥʪʘʞʝʥʥʽ ʬʽʣʴʪʨʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʩʤʪ ʍʦʨʦʰʽʚ 
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ʛ

 ɺʽʜʩʦʪʦʢ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ,  

%
1) 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʢʽʣʴʢʽʩʪʴ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʂʋʆ/ʛ 
2) 
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1
4) 

4850 11 3 5 8 1 - 72 530 150 240 390 50 0 3490 

2 12200 17 6 3 3 3 2 66 2070 730 370 370 370 240 8050 

3 12050 16 6 3 3 3 2 67 1930 720 360 360 360 240 8070 
1)ʉʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ, ʜʦʚʽʨʯʘ ʤʝʞʘ ʜʣʷ ʨ<0,05 ʩʢʣʘʜʘʻ °1% 
2)ʉʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ, ʚʠʟʥʘʯʝʥʽ ʟʛʽʜʥʦ ʨʦʟʜ. 2, ʜʦʚʽʨʯʘ ʤʝʞʘ ʜʣʷ ʨ<0,05 ʩʢʣʘʜʘʻ 

°10 
3)ɯʥʰʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʥʝ ʜʘʚʘʣʠ ʧʦʤʽʪʥʦʛʦ ʨʦʩʪʫ ʥʘ ʩʝʨʝʜʦʚʠʱʽ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ  
4)ʇʨʦʙʠ ʚʽʜʙʠʨʘʣʠʩʴ ʚ ʨʽʟʥʽ ʧʝʨʽʦʜʠ ʣʽʪʥʴʦʛʦ ʪʘ ʦʩʽʥʥʴʦʛʦ ʩʝʟʦʥʽʚ  

 

ʊʘʙʣʠʮʷ 3.15. ʂʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨʽʟʥʠʭ ʛʨʫʧ ʫ 

ʟʘʚʘʥʪʘʞʝʥʥʽ ʬʽʣʴʪʨʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʤ. ʌʘʩʪʽʚ 
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ʛ

 ɺʽʜʩʦʪʦʢ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, %
1) ʈʦʟʨʘʭʫʥʢʦʚʘ ʢʽʣʴʢʽʩʪʴ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʂʋʆ/ʛ 
2) 
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4 11000 24 3 7 10 - - 56 2640 330 770 1100 - - 6160 

5 10500 22 4 10 11 - 1 52 2310 420 1050 1160 - - 5460 

6 10500 23 4 10 10 - - 53 2415 420 1050 1050 - - 5570 
1)ʉʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ, ʜʦʚʽʨʯʘ ʤʝʞʘ ʜʣʷ ʨ<0,05 ʩʢʣʘʜʘʻ °1% 
2)ʉʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ, ʚʠʟʥʘʯʝʥʽ ʟʛʽʜʥʦ ʨʦʟʜ. 2, ʜʦʚʽʨʯʘ ʤʝʞʘ ʜʣʷ ʨ<0,05 ʩʢʣʘʜʘʻ 

°10 
3)ɯʥʰʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʥʝ ʜʘʚʘʣʠ ʧʦʤʽʪʥʦʛʦ ʨʦʩʪʫ ʥʘ ʩʝʨʝʜʦʚʠʱʽ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ  
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ɺʠʜʦʚʠʡ ʩʢʣʘʜ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, 

ʚʠʜʽʣʝʥʠʭ ʽʟ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ ʩʤʪ ʍʦʨʦʰʽʚ ʥʘ 10, 20 ʪʘ 25 ʜʦʙʫ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩ. 3.11 (ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʚʝʜʝʥʦ ʫ 

ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʙʘʢʪʝʨʽʡ). 

 

  

ʘ) ʙ) 

 

 

ʚ) 

ʈʠʩ. 3.11. ɺʠʜʦʚʠʡ ʩʢʣʘʜ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʚʠʜʽʣʝʥʠʭ ʽʟ ʟʘʚʘʥʪʘʞʝʥʥ ̫

ʬʽʣʴʪʨʽʚ ʩʤʪ ʍʦʨʦʰʽʚ: ʘ) 10 ʜʦʙʘ; ʙ) 20 ʜʦʙʘ; ʚ) 25 ʜʦʙʘ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.11, ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʫ ʤʽʢʨʦʮʝʥʦʟʽ  

ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʚʘʞʘʣʠ ʙʘʢʪʝʨʽʾ ʨ. Leptothrix, ʟʘʬʽʢʩʦʚʘʥʘ ʥʘ 
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10, 20 ʪʘ 25 ʜʦʙʫ ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʚʽʜʧʦʚʽʜʥʦ ʩʢʣʘʜʘʣʘ 11, 17 ʽ 16 % ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ; ʯʘʩʪʢʘ ʙʘʢʪʝʨʽʡ ʨ. Siderocapsa ʩʪʘʥʦʚʠʣʘ ï 

8, 3 ʽ 3 %, ʘ ʨ.Sphaerotillus ï 3, 6 ʽ 6 %, ʚʽʜʧʦʚʽʜʥʦ. ɯʥʰʽ ʨʦʜʠ ʟʘʣʽʟʦ- ʪʘ 

ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʦʨʛʘʥʽʟʤʽʚ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʤʝʥʰʽʡ ʢʽʣʴʢʦʩʪʽ ï ʚʽʜ 2 

ʜʦ 5 %. 

ʅʘ ʨʠʩ. 3.12 ʥʘʚʝʜʝʥʦ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʤʽʢʨʦʮʝʥʦʟʫ ʟʘ 

ʚʝʣʠʯʠʥʦʶ ɿʄʏ.   

 

 

ʈʠʩ. 3.12. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟʘ ʚʝʣʠʯʠʥʦʶ ɿʄʏ  

(ʩʤʪ ʍʦʨʦʰʽʚ)  

 

ʇʦʜʽʙʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʟʘʣʽʟʦ- ʪʘ 

ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʨʦʟʨʘʭʫʥʢʠ ʙʫʣʠ ʪʘʢʦʞ 

ʧʨʦʚʝʜʝʥʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʤ. ʌʘʩʪʽʚ. 

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.13 ʪʘ 3.14. 
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ʊʨʠʚʘʣʽʩʪʴ: 10 ʜʦʙʘ 20 ʜʦʙʘ 25 ʜʦʙʘ 
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ʘ) ʙ) 

 

 
ʚ) 

ʈʠʩ. 3.13. ɺʠʜʦʚʠʡ ʩʢʣʘʜ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʚʠʜʽʣʝʥʠʭ ʽʟ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʬʽʣʴʪʨʽʚ ʤ. ʌʘʩʪʽʚ: ʘ) ʪʨʘʚʝʥʴ; ʙ) ʯʝʨʚʝʥʴ; ʚ) ʩʝʨʧʝʥʴ 2014 ʨ. 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.14, ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʫ ʩʢʣʘʜʽ 

ʤʽʢʨʦʮʝʥʦʟʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ ʟʽ ʩʪʘʥʮʽʾ ʟʥʝʟʘʣʽʟʥʝʥʥʷ  ʤ. ʌʘʩʪʽʚ, ʷʢ ʽ ʫ 

ʟʘʚʘʥʪʘʞʝʥʥʽ ʬʽʣʴʪʨʽʚ ʩʤʪ ʍʦʨʦʰʽʚ, ʧʝʨʝʚʘʞʘʣʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʨ. Leptothrix 

ï ʾʭ ʢʽʣʴʢʽʩʪʴ ʥʘ 10, 20 ʪʘ 25 ʜʦʙʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʚʘʣʘ - 24, 

22 ʪʘ 23 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʜʣʷ ʨ.  Siderocapsa ʮʽ 

ʧʦʢʘʟʥʠʢʠ ʩʪʘʥʦʚʠʣʠ - 10, 11 ʽ 10 % ʚʽʜʧʦʚʽʜʥʦ. ɹʘʢʪʝʨʽʾ ʨʦʜʫ Galionella ʙʫʣʠ 

ʚʽʜʩʫʪʥʽʤʠ. 
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ʈʠʩ. 3.14. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟʘ ʚʝʣʠʯʠʥʦʶ ɿʄʏ 

(ʤ. ʌʘʩʪʽʚ) 

 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʝʨʰʦʛʦ ʟ ʜʦʩʣʽʜʞʝʥʠʭ  ʤʽʢʨʦʮʝʥʦʟʽʚ ʫ ʜʘʥʦʤʫ ʟʨʘʟʢʫ 

ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʠʩʦʢʘ ʯʘʩʪʢʘ ʧʨʠʧʘʜʘʣʘ ʥʘ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ 

ʨ.Metallogenium - 7, 10 ʽ 10 % ʚʽʜʧʦʚʽʜʥʦ. ʈʦʟʚʠʪʦʢ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʮʠʡ 

ʙʘʢʪʝʨʽʡ ʫ ʩʢʣʘʜʽ ʤʽʢʨʦʮʝʥʦʟʫ ʟʫʤʦʚʣʝʥʠʡ, ʚʽʨʦʛʽʜʥʦ,  ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʤ 

ʚʠʜʘʣʝʥʥʷʤ ʽʟ ʚʦʜʠ ʩʧʦʣʫʢ ʤʘʥʛʘʥʫ, ʪʦʤʫ ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʚʦʜʠ 

ʚʽʜ ʮʴʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʥʘ ʬʽʣʴʪʨʘʭ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʫ ʤ.ʌʘʩʪʽʚ ʙʫʣʘ ʚʠʱʦʶ ʽ 

ʢʦʣʠʚʘʣʘʩʴ ʫ ʤʝʞʘʭ 91-92 % (ʨʠʩ. 3.15), ʚ ʪʦʡ ʯʘʩ ʷʢ ʥʘ ʬʽʣʴʪʨʘʭ ʫ ʩʤʪ 

ʍʦʨʦʰʽʚ ʜʘʥʠʡ ʧʦʢʘʟʥʠʢ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 84 % (ʨʠʩ. 3.16). 

ɺʘʨʪʦ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʨ. Galionella ʫ 

ʩʢʣʘʜʽ ʤʽʢʨʦʮʝʥʦʟʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ ʤ. ʌʘʩʪʽʚ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʪʦʡ 

ʬʘʢʪ, ʱʦ ʜʣʷ ʾʭ ʨʦʟʚʠʪʢʫ ʥʝʦʙʭʽʜʥʘ ʧʨʠʩʫʪʥʽʩʪʴ ʫ ʚʦʜʽ ʽʥʰʠʭ (ʙʽʣʴʰʠʭ ʘʙʦ, 

ʥʘʚʧʘʢʠ, ʤʝʥʰʠʭ) ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘʣʽʟʘ ʘʙʦ ʤʘʥʛʘʥʫ. ʆʜʥʘʢ ʫ ʧʦʧʝʨʝʜʥʽʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʝʜʩʪʘʚʥʠʢʠ ʨ. Galionella ʚʠʟʥʘʯʘʣʠʩʴ ʫ ʩʢʣʘʜʽ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʮʠʭ ʬʽʣʴʪʨʽʚ. 
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ʈʠʩ. 3.15. ɼʠʥʘʤʽʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ 

ʤʽʢʨʦʮʝʥʦʟʦʤ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ (ʩʤʪ ʍʦʨʦʰʽʚ) 

 

 

ʈʠʩ. 3.16. ɼʠʥʘʤʽʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ 

ʤʽʢʨʦʮʝʥʦʟʦʤ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ (ʤ. ʌʘʩʪʽʚ). 
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ɺʽʜʩʫʪʥʽʩʪʴ  ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʨ. Galionella ʫ ʩʢʣʘʜʽ ʤʽʢʨʦʮʝʥʦʟʫ,  ʘ ʪʘʢʦʞ 

ʥʝʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨ. Hyphomicrobium (1 %), ʷʢ ʽ ʫ 

ʤʽʢʨʦʮʝʥʦʟʽ  ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ ʩʤʪ ʍʦʨʦʰʽʚ (2 %), ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ 

ʚʧʣʠʚ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʨ.  Metallogenium  ʥʘ ʨʦʟʚʠʪʦʢ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ. ʄʦʞʣʠʚʦ, 

ʙʘʢʪʝʨʽʾ ʨ.Metallogenium ʟʜʘʪʥʽ ʢʦʥʢʫʨʫʚʘʪʠ ʟ ʽʥʰʠʤʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʟʘ 

ʧʦʛʣʠʥʘʥʥʷ ʤʘʥʛʘʥʫ, ʥʝ ʜʘʶʯʠ ʨʦʟʚʠʚʘʪʠʩ ̫ ʽʥʰʠʤ ʚʠʜʘʤ ʙʘʢʪʝʨʽʡ, ʪʠʤ 

ʩʘʤʠʤ ʚʠʪʽʩʥʷʶʯʠ ʾʭ ʟ ʤʽʢʨʦʮʝʥʦʟʫ.    

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʜʠʥʘʤʽʢʠ ʚʠʣʫʯʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʤʽʢʨʦʮʝʥʦʟʦʤ ʽʟ 

ʬʽʣʴʪʨʘ ʩʤʪ ʍʦʨʦʰʽʚ ʡʦʛʦ ʚʠʜʦʚʠʡ ʩʢʣʘʜ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟʤʽʥʶʚʘʚʩʷ 

(ʯʘʩʪʢʘ ʨ.Galionella ʪʘ ʨ. Hyphomicrobium ʟʤʝʥʰʫʚʘʣʘʩʴ) ʽ ʥʘ ʧʦʯʘʪʢʦʚʠʭ 

ʩʪʘʜʽʷʭ ʙʫʚ ʟʜʘʪʥʠʤ ʚʠʣʫʯʘʪʠ ʤʘʥʛʘʥ. ʇʨʦʪʝ ʥʘ 25-ʫ ʜʦʙʫ ʩʢʣʘʜ 

ʚʠʱʝʚʢʘʟʘʥʦʛʦ ʤʽʢʨʦʮʝʥʦʟʫ ʩʪʘʙʽʣʽʟʫʚʘʚʩʷ  ̔ʩʪʘʚ ʩʭʦʞʠʤ ʥʘ ʤʽʢʨʦʮʝʥʦʟ ʽʟ 

ʬʽʣʴʪʨʽʚ ʤ. ʌʘʩʪʽʚ, ʜʝ ʙʫʣʠ ʧʨʠʩʫʪʥʽ ʧʨʘʢʪʠʯʥʦ ʫʩʽ (ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʽ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʚʠʪʽʩʥʠʣʠ ʪʽ, ʱʦ ʟʜʘʪʥʽ ʦʢʠʩʣʶʚʘʪʠ ʟʘʣʽʟʦ) ʟʘʣʽʟʦ- ʪʘ 

ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ.  

ɺʠʭʦʜʷʯʠ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʟʜʽʡʩʥʝʥʠʭ ʥʘ ʬʽʣʴʪʨʘʭ ʫ ʩʤʪ 

ʍʦʨʦʰʽʚ ʪʘ ʤ.ʌʘʩʪʽʚ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʚʽʨʦʛʽʜʥʽʩʪʴ ʩʠʥʝʨʛʽʟʤʫ ʚ ʦʙʦʭ 

ʤʽʢʨʦʮʝʥʦʟʘʭ. ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʘʥʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ, ʷʢʽ ʚʤʽʱʫʚʘʣʠ ʣʠʰʝ 

ʤʘʥʛʘʥ (ʙʝʟ ʟʘʣʽʟʘ) ʪʘ ʣʠʰʝ ʟʘʣʽʟʦ (ʙʝʟ ʤʘʥʛʘʥʫ). ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʘʥʛʘʥʫ - 2 ʤʛ/ʜʤ
3
 ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʣʽʟʘ 

ʨʦʟʚʠʪʦʢ ʙʘʢʪʝʨʽʡ ʥʝ ʩʧʦʩʪʝʨʽʛʘʚʩʷ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʧʨʠ ʟʘʤʽʥʽ ʤʦʜʝʣʴʥʦʛʦ 

ʨʦʟʯʠʥʫ ʥʘ ʪʦʡ, ʱʦ ʚʤʽʱʫʚʘʚ ʟʘʣʽʟʦ - 10 ʤʛ/ʜʤ
3
 ʙʝʟ ʤʘʥʛʘʥʫ ʚʽʜʤʽʯʘʚʩʷ 

ʧʦʤʽʪʥʠʡ ʨʦʟʚʠʪʦʢ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ. ʈʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʥʘʷʚʥʽʩʪʴ ʩʠʥʝʨʛʽʟʤʫ ʫ ʤʽʢʨʦʮʝʥʦʟʽ ʟʘʣʽʟʦ- ʪʘ 

ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ, ʘ ʪʘʢʦʞ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʣʷ ʨʦʟʚʠʪʢʫ 

ʚʢʘʟʘʥʠʭ ʙʘʢʪʝʨʽʡ ʦʙʦʚôʷʟʢʦʚʦʾ ʧʨʠʩʫʪʥʦʩʪʽ ʩʧʦʣʫʢ ʟʘʣʽʟʘ. 

ʇʦʜʘʣʴʰʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʦʜʝʣʴʥʠʭ 

ʨʦʟʯʠʥʽʚ, ʷʢʽ ʚʤʽʱʫʚʘʣʠ ʜʦʩʣʽʜʞʫʚʘʥʽ ʢʦʤʧʦʥʝʥʪʠ ʫ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʪʘ 
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ʟ ʨʽʟʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ. ʉʢʣʘʜ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʪʘ 

ʦʪʨʠʤʘʥʽ ʟʘ ʚʢʘʟʘʥʠʭ ʫʤʦʚ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥ ̔ʫ ʪʘʙʣ. 3.16 

ʪʘ ʥʘ ʨʠʩ. 3.17. ɹʽʣʴʰ ʜʦʢʣʘʜʥʦ ʮʝ ʧʠʪʘʥʥʷ ʚʠʩʚʽʪʣʝʥʦ ʚ ʨʦʙʦʪʘʭ [306, 307]. 

ʊʘʙʣʠʮʷ 3.16. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʟ ʤʦʜʝʣʴʥʠʭ 

ʨʦʟʯʠʥʽʚ ʟʘ ʫʯʘʩʪʽ ʨʽʟʥʠʭ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʈʽʜ 
ɿʄʏ, ʂʋʆ/ʛ 

ʟʘʚʘʥʪʘʞʝʥʥʷ 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ, % 

Fe
2+

 Mn
2+

 

ʈʦʟʯʠʥ ˉ1  - 2 ʤʛ/ʜʤ
3
 Fe(II) + 0,2 ʤʛ/ʜʤ

3
 Mn(II)  

Leptothrix 330°60
1) 

92°1 86°1 

Sphaerotillus 300°40 91°2 86°1 

Metallogenium 260°50 91°1 82°2 

ʈʦʟʯʠʥ ˉ2 - 5 ʤʛ/ʜʤ
3
 Fe(II) + 0,2 ʤʛ/ʜʤ

3
 

Leptothrix 1200°100 95°1 91°1 

Sphaerotillus 1100°200 95°1 88°1 

Metallogenium 1000°100 95°1 85°1 

ʈʦʟʯʠʥ ˉ3 - 12 ʤʛ/ʜʤ
3
 Fe(II) + 0,5 ʤʛ/ʜʤ

3
 Mn(II)  

Leptothrix 1600°100 97°2 81°1 

Sphaerotillus 1800°200 98°2 89°1 

Metallogenium 1200°100 98°1 74°2 

*ɼʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʚʠʟʥʘʯʝʥʦ ʜʣʷ ʨ<0,05 
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ʙ) 

 

 
ʚ) 

ʈʠʩ 3.17. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʟʘ ʫʯʘʩʪʽ ʨʽʟʥʠʭ ʢʫʣʴʪʫʨ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ: ʘ) - ˉ1; ʙ) - ˉ2; ʚ) - ˉ3 

 

ɺʠʭʦʜʷʯʠ ʟ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʦʯʝʚʠʜʥʦ, ʱʦ ʧʨʠ 

ʧʽʜʚʠʱʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʟʘʣʽʟʘ ʢʨʘʱʠʡ ʨʽʩʪ ʩʝʨʝʜ ʤʽʢʨʦʦʨʛʘʥʠʟʤʽʚ 

ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʜʣʷ ʨ. Leptotrix (ɿʄʏ ʜʣʷ ʨʦʟʯʠʥʫ ˉ2 - 1200 ʂʋʆ/ʛ; ˉ 3 ï 1600 

ʂʋʆ/ʛ) ʪʘ ʨ. Sphaerotillus (ɿʄʏ ʜʣʷ ʨʦʟʯʠʥʫ ˉ2 - 1100 ʂʋʆ/ʛ; ˉ 3 ï 1800 

ʂʋʆ/ʛ). ʂʨʽʤ ʪʦʛʦ, ʧʨʝʜʩʪʘʚʥʠʢʠ ʨʦʜʫ Leptotrix ʝʬʝʢʪʠʚʥʽʰʝ ʚʠʜʘʣʷʣʠ 

ʤʘʥʛʘʥ, ʥʽʞ ʧʨʝʜʩʪʘʚʥʠʢʠ ʨʦʜʽʚ Sphaerotillus ʪʘ Metallogenium, ʧʨʦʪʝ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʙʫʣʘ ʥʠʞʯʦʶ. ʅʘʚʧʘʢʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʨ. 

Sphaerotillus ʩʧʨʠʷʣʠ ʝʬʝʢʪʠʚʥʦʤʫ  ʚʠʜʘʣʝʥʥʶ ʷʢ ʟʘʣʽʟʘ, ʪʘʢ ʽ ʤʘʥʛʘʥʫ ʧʨʠ ʾʭ 
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ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ: 97,6 % ʪʘ 88,8 %  ʚʽʜʧʦʚʽʜʥʦ, ʚʝʣʠʯʠʥʘ ɿʄʏ ʧʨʠ 

ʮʦɹʤʫ ʩʢʣʘʜʘʣʘ - 1800 ʂʋʆ/ʛ. ʆʪʞʝ, ʙʘʢʪʝʨʽʾ ʨ.Sphaerotillus ʚʠʷʚʠʣʠ 

ʥʘʡʙʽʣʴʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʝʨʝʜ ʪʨʴʦʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ  ʨʦʜʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ˉ 1 ʭʽʤʽʯʥʝ ʦʢʠʩʥʝʥʥʷ 

ʧʝʨʝʚʘʞʘʣʦ ʥʘʜ ʙʽʦʣʦʛʽʯʥʠʤ: ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʥʝʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ɿʄʏ (ʜʦ 300 

ʂʋʆ/ʛ) ʪʘ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ. 

ʈʝʟʫʣʴʪʘʪʠ, ʱʦ ʽʣʶʩʪʨʫʶʪʴ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ ʪʘ 

ʤʘʥʛʘʥʫ ʫ ʬʽʣʴʪʨʘʪʽ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ˉ 1 (ʚʤʽʩʪ ʟʘʣʽʟʘ 

ʪʘ ʤʘʥʛʘʥʫ - 2 ʪʘ 0,2 ʤʛ/ʜʤ
3
 ʚʽʜʧʦʚʽʜʥʦ) ʯʝʨʝʟ ʮʝʦʣʽʪʦʚʝ ʟʘʚʘʥʪʘʞʝʥʥʷ, 

ʟʘʩʝʣʝʥʝ ʢʫʣʴʪʫʨʘʤʠ Leptothrix, Sphaerotillus ʘʙʦ Metallogenium ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 3.18-3.20. ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ (ʪʘʢʠʡ ʧʨʦʮʝʩ 

ʚʽʜʪʚʦʨʝʥʦ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ˉ1), ʚʠʜʘʣʝʥʥʷ ʚʢʘʟʘʥʠʭ 

ʽʥʛʨʝʜʽʻʥʪʽʚ ʙʽʦʣʦʛʽʯʥʠʤ ʰʣʷʭʦʤ ʬʘʢʪʠʯʥʦ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ.  

 

 

ʈʠʩ. 3.18. ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ (1) ʪʘ ʤʘʥʛʘʥʫ (2) ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ 

ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ˉ 1 ʟʘ ʫʯʘʩʪʶ ʨ. Leptothrix 
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ʈʠʩ. 3.19. ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ (1) ʪʘ ʤʘʥʛʘʥʫ (2) ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ 

ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ˉ 1 ʟʘ ʫʯʘʩʪʶ ʨ. Sphaerotillus 

 

 

ʈʠʩ. 3.20. ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ (1) ʪʘ ʤʘʥʛʘʥʫ (2) ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ 

ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ˉ 1 ʟʘ ʫʯʘʩʪʶ ʨ. Metallogenium 

 

ɿʤʽʥʘ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʧʨʦʜʦʚʞ ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ ʬʽʣʴʪʨʫʚʘʥʥʷ (8-48 ʛʦʜ) 

ʙʫʣʘ ʥʝʟʥʘʯʥʦʶ, ʧʨʠ ʮʴʦʤʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʥʘ ʟʘʩʝʣʝʥʦʤʫ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʟʘʚʘʥʪʘʞʝʥʥʽ ʟʥʘʭʦʜʠʣʘʩʴ ʫ ʤʝʞʘʭ 90-92 %, ʘ ʤʘʥʛʘʥʫ ï 
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80-90 %. ʊʦʤʫ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʨʠ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʜʦʤʽʥʫʶʪʴ ʥʘʜ ʙʽʦʣʦʛʽʯʥʠʤʠ. 

ʋ ʜʨʫʛʽʡ ʩʝʨʽʡ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʣʽʟʘ ʫ ʤʦʜʝʣʴʥʦʤʫ 

ʨʦʟʯʠʥʽ ʙʫʣʘ ʟʙʽʣʴʰʝʥʘ ʟ 2 ʜʦ 5 ʤʛ/ʜʤ
3
, ʘ ʤʘʥʛʘʥʫ ʟʘʣʠʰʠʣʘʩʴ ʥʘ ʪʦʤʫ ʞ ʨʽʚʥʽ 

ï 0,5 ʤʛ/ʜʤ
3
. ɿʘʣʝʞʥʦʩʪʽ, ʱʦ ʽʣʶʩʪʨʫʶʪʴ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ 

ʪʘ ʤʘʥʛʘʥʫ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ˉ 2 ʯʝʨʝʟ ʮʝʦʣʽʪʦʚʝ 

ʟʘʚʘʥʪʘʞʝʥʥʷ, ʟʘʩʝʣʝʥʝ ʢʫʣʴʪʫʨʘʤʠ Leptothrix, Sphaerotillus ʘʙʦ 

Metallogenium, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.21-3.23. ʅʘ ʢʨʠʚʠʭ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʽʥʛʨʘʜʽʻʥʪʽʚ ʫ ʧʝʨʰʽ 8 ʛʦʜʠʥ ʬʽʣʴʪʨʫʚʘʥʥʷ  ʜʣʷ ʚʩʽʭ ʪʨʴʦʭ 

ʨʦʜʽʚ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʚʠʨʘʞʝʥʘ ʣʘʛ-ʬʘʟʘ ʾʭ ʨʦʟʚʠʪʢʫ, ʱʦ ʩʚʽʜʯʠʣʦ ʧʨʦ ʧʦʯʘʪʦʢ 

ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʪʘ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʾʭ ʜʦ ʫʤʦʚ 

ʩʝʨʝʜʦʚʠʱʘ. 

 

 

ʈʠʩ. 3.21. ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ (1) ʪʘ ʤʘʥʛʘʥʫ (2) ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ 

ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ˉ 2 ʟʘ ʫʯʘʩʪʶ ʨ. Leptothrix:  

 

ʇʦʨʽʚʥʷʥʦ ʽʟ ʤʦʜʝʣʴʥʠʤ ʨʦʟʯʠʥʦʤ ˉ 1 ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʽʟ ʤʦʜʝʣʴʥʦʛʦ 

ʨʦʟʯʠʥʫ ˉ 2, ʜʝ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʙʫʣʘ ʙʽʣʴʰʦʶ, ʚʽʜʙʫʚʘʣʦʩʴ ʝʬʝʢʪʠʚʥʽʰʝ ʽ 

ʩʷʛʘʣʦ ʚʝʣʠʯʠʥʠ - ʜʦ 96 %. ʎʝ ʚʢʘʟʫʻ ʥʘ ʪʦʡ ʬʘʢʪ, ʱʦ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʟʜʘʪʥʽ 
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ʨʦʟʚʠʚʘʪʠʩʴ ʪʘ ʝʬʝʢʪʠʚʥʦ ʚʠʣʫʯʘʪʠ ʟʘʣʽʟʦ ʧʨʠ ʡʦʛʦ ʧʝʚʥʽʡ ʚʠʭʽʜʥʽʡ 

ʢʦʥʮʝʥʪʨʘʮʽʾ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʣʘʛ-ʬʘʟʠ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʨʦʟʯʠʥʫ ˉ1 ʪʘ ʾʾ ʥʘʷʚʥʦʩʪʽ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʨʦʟʯʠʥʫ ˉ2. 

 

 

ʈʠʩ. 3.22. ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ (1) ʪʘ ʤʘʥʛʘʥʫ (2) ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ 

ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ˉ 2 ʟʘ ʫʯʘʩʪʶ  ʨ. Sphaerotillus:  

 

 

ʈʠʩ. 3.23. ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ (1) ʪʘ ʤʘʥʛʘʥʫ (2) ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ 

ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ˉ 2 ʟʘ ʫʯʘʩʪʶ  ʨ. Metallogenium 
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ɿʘʣʝʞʥʦʩʪʽ, ʱʦ ʽʣʶʩʪʨʫʶʪʴ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ ʪʘ 

ʤʘʥʛʘʥʫ ʫ ʬʽʣʴʪʨʘʪʽ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ˉ 3 ʟ ʙʽʣʴʰʠʤ 

ʚʤʽʩʪʦʤ ʦʙʦʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʚʤʽʩʪ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ï 12,0 ʪʘ 0,5 ʤʛ/ʜʤ
3
 

ʚʽʜʧʦʚʽʜʥʦ) ʯʝʨʝʟ ʮʝʦʣʽʪʦʚʝ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʟʘʩʝʣʝʥʝ ʢʫʣʴʪʫʨʘʤʠ Leptothrix, 

Sphaerotillus ʘʙʦ Metallogenium, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.24-3.26. ɺʠʭʦʜʷʯʠ ʟ 

ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ, 

ʟʦʢʨʝʤʘ 12 ʪʘ 0,5 ʤʛ/ʜʤ
3
, ʟʥʘʯʥʫ ʨʦʣʴ ʚ ʾʭ ʚʠʜʘʣʝʥʥʽ ʚʽʜʽʛʨʘʶʪʴ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ: ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ ʬʽʣʴʪʨʫʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʚʠʩʦʢʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʮʠʭ ʩʧʦʣʫʢ (ʟʘʣʽʟʘ - ʜʦ 98 %, ʤʘʥʛʘʥʫ - ʜʦ 96 % ). ʎʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʨʝʚʘʣʶʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘʜ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʧʨʠ 

ʬʽʣʴʪʨʫʚʘʥʥʽ ʚʦʜʠ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʩʦʣʝʡ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ. 

 

 

ʈʠʩ. 3.24. ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ (1) ʪʘ ʤʘʥʛʘʥʫ (2) ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ 

ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ˉ 3 ʟʘ ʫʯʘʩʪʶ   ʨ. Leptothrix 
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ʈʠʩ. 3.25. ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ (1) ʪʘ ʤʘʥʛʘʥʫ (2) ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ 

ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ˉ 3 ʟʘ ʫʯʘʩʪʶ   ʨ. Sphaerotillus 

 

 
ʈʠʩ. 3.26. ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ (1) ʪʘ ʤʘʥʛʘʥʫ (2) ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ 

ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ˉ 3 ʟʘ ʫʯʘʩʪʶ    ʨ. Metallogenium 
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ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʾʭ ʥʠʟʴʢʠʭ 
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ʟʘ ʨʘʭʫʥʦʢ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɹʽʣʴʰʝ ʜʝʪʘʣʴʥʦ ʽʥʬʦʨʤʘʮʽʶ 

ʚʠʩʚʽʪʣʝʥʦ ʚ ʨʦʙʦʪʘʭ [308, 309]. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʫ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʘʭ ʢʦʥʮʝʥʪʨʘʮʽ ʾʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ 

ʚʽʜʤʽʯʘʣʦʩʴ ʜʦʤʽʥʫʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘʜ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ, ʧʨʦ ʱʦ 

ʩʚʽʜʯʠʪʴ ʥʘʷʚʥʽʩʪʴ ʣʘʛ-ʬʘʟʠ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʬʽʣʴʪʨʫʚʘʥʥʷ ʤʦʜʝʣʴʥʠʭ 

ʨʦʟʯʠʥʽʚ ˉ 2 ʪʘ ˉ 3. ʇʨʠʯʦʤʫ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ ʩʧʨʠʷʣʦ ʪʘʢʦʞ 

ʽ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʜʘʣʝʥʥʷ ʤʘʥʛʘʥʫ, ʱʦ ʤʦʞʣʠʚʦ  ʚʢʘʟʫʻ ʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʣʽʟʘ ʷʢ ʦʙʦʚôʷʟʢʦʚʦʛʦ ʩʫʙʩʪʨʘʪʫ ʜʣʷ ʙʘʢʪʝʨʽʡ, ʷʢʽ 

ʽʥʪʝʥʩʠʬʽʢʫʶʪʴ ʧʨʦʮʝʩ ʜʝʤʘʥʛʘʥʘʮʽʾ. 

ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʰʪʘʤʽʚ ʨʦʜʽʚ Leptothrix, Sphaerotillus, 

Metallogenium ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʟʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʫʤʦʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ 

ʨ.Leptothrix ʙʫʣʠ ʝʬʝʢʪʠʚʥʽʰʠʤʠ ʧʨʠ ʥʝʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʟʘʣʽʟʘ ʪʘ 

ʤʘʥʛʘʥʫ, ʘ ʨ. Sphaerotillus ï ʧʨʠ ʚʠʩʦʢʠʭ.  

 

3.5. ʆʪʨʠʤʘʥʥʷ ʩʝʣʝʢʪʦʚʘʥʠʭ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʇʽʜʚʠʱʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʙʽʦʣʦʛʽʯʥʦʛʦ ʘʛʝʥʪʫ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ 

ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʩʝʣʝʢʪʦʚʘʥʠʭ ʢʫʣʴʪʫʨ, ʟʜʘʪʥʠʭ ʩʧʨʠʷʪʠ ʙʽʣʴʰ ʛʣʠʙʦʢʦʤʫ 

ʚʠʜʘʣʝʥʥʶ ʟ ʚʦʜʠ ʤʘʥʛʘʥʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʚʠʜʘʣʝʥʽ ʨʘʥʽʰʝ ʢʫʣʴʪʫʨʠ ʨʦʜʽʚ 

Leptotrix ʪʘ Sphaerotilus ʦʙʨʦʙʣʷʣʠʩʴ ʚʽʜʦʤʠʤʠ ʤʫʪʘʛʝʥʘʤʠ, ʟʦʢʨʝʤʘ ʋʌ-

ʦʧʨʦʤʽʥʝʥʥʷʤ ʽ HNO2, ʢʫʣʴʪʫʨʠ ʟʙʝʨʽʛʘʣʠʩʴ ʥʘ ʩʧʝʮʽʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

(ʜʨʽʞʜʞʦʚʠʡ ʙʫʣʴʡʦʥ ʜʣʷ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ ɸʈʅɸ ʄ381).  

 ʋʤʦʚʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ  Leptotrix ʪʘ Sphaerotilus 

ʋʌïʦʧʨʦʤʽʥʝʥʥʷʤ ʪʘ HNO2 ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.17-3.19. 

ʊʘʙʣʠʮʷ 3.17. ʋʤʦʚʠ ʤʫʪʘʛʝʥʝʟʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨ.  

ˉ  ʄʫʪʘʛʝʥʥʠʡ ʘʛʝʥʪ 
ɼʦʚʞʠʥʘ ʭʚʠʣʽ/ 

ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʊʨʠʚʘʣʽʩʪʴ 

ʦʙʨʦʙʢʠ, ʭʚ 

1 ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ, ʥʤ 260 20 

2 ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ, ʥʤ 260 20 

3 ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ, ʥʤ 260 25 

4 ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ, ʥʤ 260 30 

5 HNO2, ʄ 0,02 20 
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ˉ  ʄʫʪʘʛʝʥʥʠʡ ʘʛʝʥʪ 
ɼʦʚʞʠʥʘ ʭʚʠʣʽ/ 

ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʊʨʠʚʘʣʽʩʪʴ 

ʦʙʨʦʙʢʠ, ʭʚ 

6 HNO2, ʄ 0,03 20 

7 HNO2, ʄ 0,04 20 

8 HNO2, ʄ 0,05 20 

9 ʂʦʥʪʨʦʣʴ ï ï 

 

ʊʘʙʣʠʮʷ 3.18 ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨ. Leptotrix 

ˉ  
ʂʽʣʴʢʽʩʪʴ ʢʦʣʦʥʽʡ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʃʝʪʘʣʴʥʽʩʪʴ,  

% 

ɺʠʞʠʚʘʥʥʷ, 

% 

1 186 95,6 4,4 

2 35 99,2 0,8 

3 ʚʽʜʩʫʪ. 100,0  

4 ʚʽʜʩʫʪ. 100,0  

5 2080 50,5 49,5 

6 480 88,6 11,4 

7 236 94,4 5,6 

8 ʚʽʜʩʫʪ. 100,0  

9 4200 ï - 

 

ʊʘʙʣʠʮʷ 3.19. ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨ. Sphaerotillus 

ˉ  
ʂʽʣʴʢʽʩʪʴ ʢʦʣʦʥʽʡ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʃʝʪʘʣʴʥʽʩʪʴ,  

% 

ɺʠʞʠʚʘʥʥʷ, 

% 

1 890 50,6 49,4 

2 ʚʽʜʩʫʪ. 100,0  

3 ʚʽʜʩʫʪ. 100,0  

4 ʚʽʜʩʫʪ. 100,0  

5 872 51,6 48,4 

6 220 87,8 12,2 

7 79 95,6 4,4 

8 ʚʽʜʩʫʪ. 100,0  

9 1800 ï - 

 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʟ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʨ. Leptotrix  ʽʟ ʦʙʨʦʙʣʝʥʠʭ ʦʙʦʤʘ 

ʤʫʪʘʛʝʥʘʤʠ ʰʪʘʤʽʚ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ ʢʦʣʦʥʽʾ ʟ ʪʠʭ ʯʘʰʦʢ, ʜʝ ʣʝʪʘʣʴʥʽʩʪʴ 

ʩʪʘʥʦʚʠʣʘ 99 % ʜʣʷ ʋʌïʦʧʨʦʤʽʥʝʥʥʷ ʪʘ ʚʽʜ 88 % - ʜʣʷ HNO2. ɺʽʜʽʙʨʘʥʽ 

ʢʦʣʦʥʽʾ ʰʪʘʤʽʚ ʚʽʜʨʽʟʥʷʣʠʩʴ ʚʽʜ ʢʦʥʪʨʦʣʴʥʦʛʦ, ʧʦ-ʧʝʨʰʝ, ʟʘ ʟʘʙʘʨʚʣʝʥʥʷʤ - 
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ʫʩʽ ʩʝʣʝʢʪʦʚʘʥʽ ʢʫʣʴʪʫʨʠ ʙʫʣʠ ʪʝʤʥʽʰʠʤʠ ʟʘ ʚʠʭʽʜʥʽ, ʧʦ-ʜʨʫʛʝ, ʟʘ ʨʦʟʤʽʨʦʤ ï 

ʢʦʣʦʥʽʾ ʙʫʣʠ ʥʘ 1-2 ʤʤ ʙʽʣʴʰʠʤʠ.  

ʆʪʞʝ, ʽʟ ʦʪʨʠʤʘʥʠʭ ʢʦʣʦʥʽʡ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ 3 ʩʝʣʝʢʪʦʚʘʥʽ ʢʫʣʴʪʫʨʠ 

ʨ.Leptotrix; ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʮʽ ʰʪʘʤʠ ʧʝʨʝʩʽʚʘʣʠʩʴ ʥʘ ʪʚʝʨʜʝ ʧʦʞʠʚʥʝ 

ʩʝʨʝʜʦʚʠʱʝ. 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʟ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʨ. Sphaerotilus ʧʨʠ ʜʽʾ ʋʌ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝ ʚʜʘʣʦʩʴ ʦʪʨʠʤʘʪʠ ʩʝʣʝʢʪʦʚʘʥʽ ʢʫʣʴʪʫʨʠ. ɯʟ ʦʙʨʦʙʣʝʥʠʭ 

HNO2 ʰʪʘʤʽʚ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ ʢʦʣʦʥʽʾ ʟ ʪʠʭ ʯʘʰʦʢ, ʜʝ ʣʝʪʘʣʴʥʽʩʪʴ ʩʪʘʥʦʚʠʣʘ 

ʚʽʜ 87 %. ʗʢ ʽ ʜʣʷ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʨ. Leptotrix, ʢʦʣʦʥʽʾ ʩʝʣʝʢʪʦʚʘʥʠʭ ʢʫʣʴʪʫʨ 

ʚʽʜʨʽʟʥʷʣʠʩʴ ʟʘʙʘʨʚʣʝʥʥʷʤ ʪʘ ʨʦʟʤʽʨʦʤ ʢʦʣʦʥʽʡ. ʊʘʢʽ ʰʪʘʤʠ ʧʝʨʝʩʽʚʘʣʠʩ ɹʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʥʘ ʪʚʝʨʜʝ ʧʦʞʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʘ 3 ʩʝʣʝʢʪʦʚʘʥʽ ʢʫʣʴʪʫʨʠ ʨʦʜʫ 

Sphaerotillus ʙʫʣʠ ʚʽʜʽʙʨʘʥʽ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʱʦʜʦ ʚʠʜʘʣʝʥʥʷ 

ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ. 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʩʝʣʝʢʪʦʚʘʥʽ ʢʫʣʴʪʫʨʠ ʙʫʣʦ 

ʟʘʩʝʣʝʥʦ ʫ ʮʝʦʣʽʪʦʚʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʬʽʣʴʪʨʽʚ, ʯʝʨʝʟ ʷʢʽ 

ʬʽʣʴʪʨʫʚʘʣʠʩʴ ʤʦʜʝʣʴʥʽ ʨʦʟʯʠʥʠ ʟ ʨʽʟʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ. 

ʆʜʝʨʞʘʥʽ ʧʨʠ ʮʴʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʧʨʠʚʝʜʝʥʦ ʫ ʪʘʙʣ. 3.20. 

 

ʊʘʙʣʠʮʷ 3.20. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʧʨʠ 

ʬʽʣʴʪʨʫʚʘʥʥʽ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ 

ʉʢʣʘʜ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʥʘ ʚʠʭʦʜʽ, 

ʤʛ/ʜʤ
3
 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʜʘʣʝʥʥʷ, % 

Fe
2+

 Mn
2+ 

Fe
2+

 Mn
2+ 

ʈʦʟʯʠʥ ˉ1- 5 ʤʛ/ʜʤ
3
 Fe(II) + 0,5 ʤʛ/ʜʤ

3
 Mn(II) 

ʉʫʤʽʰ ʚʽʜʽʙʨʘʥʠʭ ʰʪʘʤʽʚ  

ʨ. Leptothrix ʪʘ ʨ. Sphaerotillus
 0,18 0,1 97,6 94 

ʪhʘʤ Ŭ ʨ. Leptothrix
 

1,3 0,42 74 16 

ʪhʘʤ ɓ ʨ. Leptothrix
 

0,32 0,4 93,6 20 

ʪhʘʤ ɔ ʨ. Leptothrix
 

0,19 0,4 96,2 20 

ʪhʘʤ Ŭ ʨ. Sphaerotillus
 

3,4 0,29 32 42 

ʪhʘʤ ɓ ʨ. Sphaerotillus
 

2,2 0,19 56 62 

ʪhʘʤ ɔ ʨ. Leptothrix ʪʘ  

ʰʪʘʤ ɓ ʨ. Sphaerotillus
 0,07 0,01 98,6 98 

ɺʠʭʽʜʥʘ ʧʦʧʫʣʷʮʽʷ
 

0,18 0,1 96,4 80 
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ʉʢʣʘʜ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʥʘ ʚʠʭʦʜʽ, 

ʤʛ/ʜʤ
3
 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʜʘʣʝʥʥʷ, % 

Fe
2+

 Mn
2+ 

Fe
2+

 Mn
2+ 

ʈʦʟʯʠʥ ˉ 2 - 10 ʤʛ/ʜʤ
3
 Fe(II) + 2 ʤʛ/ʜʤ

3
 Mn(II) 

ʉʫʤʽʰ ʚʽʜʽʙʨʘʥʠʭ ʰʪʘʤʽʚ  

ʨ. Leptothrix ʪʘ ʨ. Sphaerotillus
 0,49 0,24 97,6 92,5 

ʪhʘʤ Ŭ ʨ. Leptothrix
 

4,4 1,4 56 30 

ʪhʘʤ ɓ ʨ. Leptothrix
 

0,64 1,4 93,6 30 

ʪhʘʤ ɔ ʨ. Leptothrix
 

0,28 1,1 97,2 45 

ʪhʘʤ Ŭ ʨ. Sphaerotillus
 

7,2 0,95 28 52,5 

ʪhʘʤ ɓ ʨ. Sphaerotillus
 

5,1 0,69 49 65,5 

ʪhʘʤ ɔ ʨ. Leptothrix ʪʘ  

ʰʪʘʤ ɓ ʨ. Sphaerotillus
 0,16 0,03 98,4 98,5 

ɺʠʭʽʜʥʘ ʧʦʧʫʣʷʮʽʷ
 

0,49 0,24 95,1 88 

 

ʇʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ˉ1, ʚ ʷʢʦʤʫ ʚʤʽʩʪ Fe(II) ʪʘ 

Mn(II) ʩʪʘʥʦʚʠʚ ʚʽʜʧʦʚʽʜʥʦ 5 ʪʘ 0,5 ʤʛ/ʜʤ
3
, ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʣʝʢʪʦʚʘʥʠʭ 

ʢʫʣʴʪʫʨ ʨʦʜʽʚ Leptotrix ʪʘ Sphaerotillus, ʷʢ ʮʝ ʚʠʜʥʦ ʟ ʨʠʩ. 3.27,  ʩʧʨʠʷʣʠ 

ʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʦʤʫ ʚʠʜʘʣʝʥʥʶ ʟʘʣʽʟʘ ʽʟ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ 

(ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʷʛʥʫʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʘʥʦʚʠʣʘ - 96 %). ʇʨʦʪʝ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʣʫʯʝʥʥʷ ʤʘʥʛʘʥʫ ʙʫʣʘ ʛʽʨʰʦʶ, ʥʽʞ ʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚʠʭʽʜʥʦʾ ʧʦʧʫʣʷʮʽʾ 

(ʣʠʰʝ - ʜʦ 62 %). ʇʨʠʯʠʥʘ ʮʴʦʛʦ ʤʦʞʝ ʧʦʣʷʛʘʪʠ ʫ ʪʦʤʫ, ʱʦ ʢʦʥʪʨʦʣʴʥʘ 

ʚʠʭʽʜʥʘ ʧʦʧʫʣʷʮʽʷ ʙʫʣʘ ʤʽʢʨʦʮʝʥʦʟʦʤ, ʘ ʩʝʣʝʢʪʦʚʘʥʽ ʢʫʣʴʪʫʨʠ ʦʪʨʠʤʫʚʘʣʠʩʴ 

ʽʟ ʯʠʩʪʠʭ ʢʫʣʴʪʫʨ. 

ʇʦʜʽʙʥʘ ʩʠʪʫʘʮʽʷ, ʪʦʙʪʦ ʝʬʝʢʪʠʚʥʝ ʚʠʜʘʣʝʥʥʷʤ ʟʘʣʽʟʘ ʽ ʤʘʣʦʝʬʝʢʪʠʚʥʝ 

ʚʠʜʘʣʝʥʥʷ ʤʘʥʛʘʥʫ, ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʽ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ 

 ̄2 ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʟʘʣʽʟʘ (10 ʤʛ/ʜʤ
3
) ʽ ʤʘʥʛʘʥʫ (2 ʤʛ/ʜʤ

3
). 

ʄʘʢʩʠʤʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʟʘʣʽʟʘ ʩʪʘʥʦʚʠʣʘ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʩʷʛʘʣʘ -  97 %, ʘ ʤʘʥʛʘʥʫ - 65 % (ʨʠʩ. 3.28). 

ʅʘ ʧʨʦʪʠʚʘʛʫ ʦʢʨʝʤʠʤ ʰʪʘʤʘʤ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟʤʽʰʘʥʽ ʧʦʧʫʣʷʮʽʾ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʜʘʣʝʥʥʷ ʦʙʦʭ ʝʣʝʤʝʥʪʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʭʽʜʥʠʤ ʤʽʢʨʦʮʝʥʦʟʦʤ.  

 

 



158 

 

 

ʈʠʩ. 3.27. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ 

ʩʝʣʝʢʪʦʚʘʥʠʤʠ ʢʫʣʴʪʫʨʘʤʠ ʟ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ˉ 1  

 

 

ʈʠʩ. 3.28. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʩʝʣʝʢʪʦʚʘʥʠʤʠ 

ʢʫʣʴʪʫʨʘʤʠ ʟ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ˉ 2. 

 

ʇʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.27-3.28 ʜʘʥʽ ʟʘʩʚʽʜʯʠʣʠ, ʱʦ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ 

ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʟ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ - 5 ʤʛ/ʜʤ
3
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Fe(II) + 0,5 ʤʛ/ʜʤ
3
 Mn(II) ʪʘ 10 ʤʛ/ʜʤ

3
 Fe(II) + 2 ʤʛ/ʜʤ

3
 Mn(II) - ʩʫʤʽʰ 

ʩʝʣʝʢʪʦʚʘʥʠʭ ʰʪʘʤʽʚ ʜʦʟʚʦʣʷʣʘ ʚʠʜʘʣʷʪʠ ʟʘʣʽʟʦ ʟ ʝʬʝʢʪʠʚʥʽʩʪʶ ʜʦ 97,6 %, ʘ 

ʤʘʥʛʘʥʫ - ʜʦ 94 % ʧʦʨʽʚʥʷʥʦ ʟ ʝʬʝʢʪʠʚʥʽʩʪʶ ʜʣʷ ʚʠʭʽʜʥʦʾ ʧʦʧʫʣʷʮʽʾ, ʷʢʘ 

ʩʪʘʥʦʚʠʣʘ ʜʦ 96,4 % - ʜʣʷ ʟʘʣʽʟʘ ʪʘ ʜʦ 88 % - ʜʣʷ ʤʘʥʛʘʥʫ. 

ʐʪʘʤʠ ʯʠʩʪʠʭ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʧʨʦʪʷʛʦʤ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʧʦʢʘʟʘʣʠ ʥʝʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʽʟ ʚʠʭʽʜʥʦʶ ʧʦʧʫʣʷʮʽʻʶ, ʧʦʢʘʟʥʠʢ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʜʘʣʝʥʥʷ ʤʘʥʛʘʥʫ ʩʢʣʘʜʘʚ 62 % ʧʨʦʪʠ 80 % ʚʽʜʧʦʚʽʜʥʦ.  

ʄʘʢʩʠʤʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʙʫʣʘ 

ʟʘʬʽʢʩʦʚʘʥʘ ʫ ʟʤʽʰʘʥʽʡ ʢʫʣʴʪʫʨ ̔ ʰʪʘʤʫ ɔ ʨ. Leptotrix ʪʘ ʰʪʘʤʫ ɓ ʨ. 

Sphaerotillus (ʜʦ 98,6 % ʜʣʷ ʦʙʦʭ ʝʣʝʤʝʥʪʽʚ).  

ɹʽʣʴʰ ʜʦʢʣʘʜʥʦ ʽʥʬʦʨʤʘʮʽʶ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʦʙʦʪʘʭ [290, 291] 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʫʤʦʚʠ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʥʘʡʙʽʣʴ ʝʬʝʢʪʠʚʥʠʭ ʩʝʣʝʢʪʦʚʘʥʠʭ ʢʫʣʴʪʫʨ ʟʘʣʽʟʦ- ʪʘ 

ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ, ʘ ʩʘʤʝ ʦʙʨʦʙʢʘ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷʤ ʟ ʜʦʚʞʠʥʦʶ 

ʭʚʠʣʽ 260 ʥʤ ʧʨʦʪʷʛʦʤ 20 ʭʚ ʪʘ ʦʙʨʦʙʢʘ ʨʦʟʯʠʥʦʤ HNO2 ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0,03-

0,04 ʄ ʧʨʦʪʷʛʦʤ 20 ʭʚ. ʉʝʣʝʢʪʦʚʘʥʫ ʢʫʣʴʪʫʨʫ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʪʘ ʟʙʝʨʝʞʝʥʦ 

ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʟʘʩʝʣʝʥʥʷ 

ʥʠʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʮʝʦʣʽʪʦʚʠʭ ʬʽʣʴʪʨʽʚ ʜʣʷ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ ʜʝʤʘʥʛʘʥʘʮʽʾ 

ʚʦʜʠ, ʘ ʪʘʢʦʞ ʧʝʨʝʚʽʨʢʠ ʩʠʥʝʨʛʝʪʠʯʥʠʭ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʩʝʣʝʢʪʦʚʘʥʠʤʠ 

ʢʫʣʴʪʫʨʘʤʠ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʩʝʣʝʢʪʦʚʘʥʽ ʢʫʣʴʪʫʨʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚ ʥʝʘʩʝʧʪʠʯʥʠʭ 

ʫʤʦʚʘʭ ʧʦʩʪʫʧʦʚʦ ʝʣʽʤʽʥʫʶʪʴʩʷ ʟ ʤʽʢʨʦʮʝʥʦʟʽʚ, ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʜʚʘ 

ʧʨʠʥʮʠʧʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʠ, ʘ ʩʘʤʝ: 

- ʧʝʨʽʦʜʠʯʥʝ ʚʚʝʜʝʥʥʷ ʫ ʬʽʣʴʪʨʫʶʯʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʫʤʽʰʽ ʧʨʠʨʦʜʥʠʭ 

ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ (1 ʨʘʟ ʥʘ 3-4 ʧʨʦʤʠʚʢʠ); 

- ʧʝʨʽʦʜʠʯʥʝ ʚʚʝʜʝʥʥʷ ʫ ʬʽʣʴʪʨʫʶʯʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʫʤʽʰʽ ʩʝʣʝʢʪʦʚʘʥʠʭ 

ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ (1 ʨʘʟ ʥʘ 3-4 ʧʨʦʤʠʚʢʠ), ʘ ʪʘʢʦʞ ʾʭ ʙʝʟʧʝʨʝʨʚʥʝ 

ʜʦʜʘʪʢʦʚʝ ʚʚʝʜʝʥʥʷʤ ʜʣʷ ʥʽʚʝʣʶʚʘʥʥʷ ʝʬʝʢʪʫ ʝʣʽʤʽʥʘʮʽʾ.  
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ʇʝʨʰʠʡ ʤʝʪʦʜ ʻ ʜʝʰʝʚʰʠʤ ʽ ʜʦʩʪʫʧʥʽʰʠʤ, ʦʩʢʽʣʴʢʠ ʧʦʪʨʝʙʫʻ 

ʢʫʣʴʪʠʚʫʚʘʥʥʷ ʽ ʧʝʨʝʥʝʩʝʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʣʠʰʝ ʦʜʠʥ ʨʘʟ ʥʘ ʜʝʢʽʣʴʢʘ 

ʬʽʣʴʪʨʦʮʠʢʣʽʚ; ʜʨʫʛʠʡ - ʙʽʣʴʰ ʩʢʣʘʜʥʠʡ ʫ ʨʝʘʣʽʟʘʮʽʾ, ʪʦʤʫ ʱʦ ʚʥʘʩʣʽʜʦʢ 

ʧʦʩʪʽʡʥʦʾ ʝʣʽʤʽʥʘʮʽʾ ʩʝʣʝʢʪʦʚʘʥʠʭ ʢʫʣʴʪʫʨ ʥʝʦʙʭʽʜʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʾʭ 

ʢʽʣʴʢʽʩʪʴ ʰʣʷʭʦʤ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʚʝʜʝʥʥʷ ʽʥʦʢʫʣʷʪʫ.  

 

3.6. ɺʠʙʽʨ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ɼʣʷ ʤʦʞʣʠʚʦʩʪʽ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ, 

ʥʘʩʘʤʧʝʨʝʜ, ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʨʷʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʜʘʯ, ʚ ʪʦʤʫ ʯʠʩʣʽ: 

ʨʦʟʨʦʙʠʪʠ ʝʬʝʢʪʠʚʥʽ ʧʨʠʡʦʤʠ ʧʝʨʝʥʝʩʝʥʥʷ ʽʥʦʢʫʣʷʪʫ ʫ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʬʽʣʴʪʨʽʚ, ʧʽʜʽʙʨʘʪʠ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʚʢʘʟʘʥʠʭ ʮʽʣʝʡ ʬʽʣʴʪʨʫʶʯʠʡ 

ʤʘʪʝʨʽʘʣ, ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʽ ʨʝʞʠʤʠ ʬʽʣʴʪʨʫʚʘʥʥʷ ʪʘ 

ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʰʘʨʫ. 

ʅʘʡʯʘʩʪʽʰʝ ʫ ʧʨʘʢʪʠʮʽ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʬʽʣʴʪʨʽʚ ʟʘʩʪʦʩʫʶʪʴʩʷ ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ, ʷʢ ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ, ʧʨʠʨʦʜʥʠʡ ʮʝʦʣʽʪ, 

ʘʢʪʠʚʥʝ ʚʫʛʽʣʣʷ, ʢʝʨʘʤʟʠʪ. ʊʦʤʫ, ʩʘʤʝ ʚʦʥʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʱʦʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʟʘʢʨʽʧʣʝʥʥʷ ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ 

ʚʧʣʠʚʫ ʦʩʪʘʥʥʽʭ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʽ ʤʘʥʛʘʥʫ.  

ɺʢʘʟʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʽʣʦʪʥʦʤʫ ʩʪʝʥʜʽ ʫ ʬʽʣʴʪʨʘʭ, 

ʟʘʚʘʥʪʘʞʝʥʠʭ ʬʽʣʴʪʨʫʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʦʙʣʝʥʠʤʠ 

ʧʽʜʛʦʪʦʚʣʝʥʠʤ ʽʥʦʢʫʣʷʪʦʤ ʢʫʣʴʪʫʨʠ ʨʨ. Leptotrix ʪʘ Sphaerotilus. ʇʘʨʘʣʝʣʴʥʦ 

ʧʨʘʮʶʚʘʚ çʢʦʥʪʨʦʣʴʥʠʡè ʬʽʣʴʪʨ, ʟʘʚʘʥʪʘʞʝʥʠʡ ʮʝʦʣʽʪʦʤ ʙʝʟ ʚʥʝʩʝʥʥʷ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ.  

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʬʽʣʴʪʨʫʶʯʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ 

ʚʠʟʥʘʯʘʣʘʩʴ ʧʦ ʟʘʚʝʨʰʝʥʥʶ IV ʬʽʣʴʪʨʦʮʠʢʣʘ ʧʽʜ ʯʘʩ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʘ ʙʝʟ 

ʚʚʝʜʝʥʥʷ ʜʝʟʽʥʬʽʢʫʶʯʠʭ ʨʝʘʛʝʥʪʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʽʜʙʫʚʘʣʠʩʴ ʟʘ ʢʽʤʥʘʪʥʦ ʾ

ʪʝʤʧʝʨʘʪʫʨʠ, ʢʦʥʮʝʥʪʨʘʮʽʷ Fe(II) ʪʘ Mn(II) ʫ ʤʦʜʝʣʴʥʦʤʫ ʨʦʟʯʠʥʽ ʩʪʘʥʦʚʠʣʘ 

10 ʪʘ 2 ʤʛ/ʜʤ
3
 ʚʽʜʧʦʚʽʜʥʦ; ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʠʟʥʘʯʘʣʘʩʴ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʟʘ 4 ʬʽʣʴʪʨʦʮʠʢʣʠ. ʌʽʣʴʪʨʫʶʯʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʙʫʣʦ ʷʢ 
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ʦʜʥʦʰʘʨʦʚʠʤ, ʪʘʢ ʽ ʜʚʦ- ʘʙʦ ʪʨʠʰʘʨʦʚʠʤ;  ʟʘʛʘʣʴʥʘ ʚʠʩʦʪʘ ʬʽʣʴʪʨʫʶʯʦʛʦ 

ʰʘʨʫ ʩʪʘʥʦʚʠʣʘ ʙʽʣʷ 1,1 ʤ. 

ʋ ʧʝʨʰʠʡ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʥʘ 

ʨʠʩ. 3.29-3.30, ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʧʨʠʨʦʜʥʠʡ ʮʝʦʣʽʪ ï ʢʣʽʥʦʧʪʠʣʦʣʽʪ, 

ʧʦʧʝʨʝʜʥʴʦ   ʟʘʩʝʣʝʥʠʡ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʤʠ ʙʘʢʪʝʨʽʷʤʠ.  

 

 

ʈʠʩ. 3.29. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʥʘ ʮʝʦʣʽʪʦʚʦʤʫ 

ʟʘʚʘʥʪʘʞʝʥʥʽ ʧʨʦʪʷʛʦʤ  I-IV  ʬʽʣʴʪʨʦʮʠʢʣʽʚ 

 

 

ʈʠʩ. 3.30. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʤʘʥʛʘʥʫ ʥʘ ʮʝʦʣʽʪʦʚʦʤʫ 

ʟʘʚʘʥʪʘʞʝʥʥʽ ʧʨʦʪʷʛʦʤ  I-IV  ʬʽʣʴʪʨʦʮʠʢʣʽʚ 
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ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 3.29-3.30 ʟʘʣʝʞʥʦʩʪʝʡ, ʜʣʷ ʟʘʣʽʟʘ 

ʧʦʯʘʪʢʦʚʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʚʽʜʨʘʟʫ ʩʷʛʘʣʘ ʨʽʚʥʷ ʫ  70 % ʽ ʜʘʣʽ ʧʦʩʪʫʧʦʚʦ 

ʟʙʽʣʴʰʫʚʘʣʘʩʴ ï ʜʦ 98 %. ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʜʝʤʘʥʛʘʥʘʮʽʾ, ʥʘʚʧʘʢʠ, 

ʜʦʩʠʪʴ ʧʦʚʽʣʴʥʦ ʟʙʽʣʴʰʫʚʘʣʘʩʴ, ʷʢ ʧʨʦʪʷʛʦʤ ʩʘʤʦʛʦ ʬʽʣʴʪʨʦʮʠʢʣʫ, ʪʘʢ ʽ ʟʘ 

ʧʦʩʣʽʜʦʚʥʠʤʠ ʬʽʣʴʪʨʦʮʠʢʣʘʤʠ ʽ ʥʘʙʫʚʘʣʘ ʩʚʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʣʠʰʝ ʫ IV ʬʽʣʴʪʨʦʮʠʢʣʽ .    

ʋ ʜʨʫʛʽʡ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʛʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ. 3.31-3.32, ʷʢ ʬʽʣʴʪʨʫʶʯʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʪʘʢʽ 

ʤʘʪʝʨʽʘʣʠ, ʷʢ ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ, ʢʝʨʘʤʟʠʪ ʪʘ ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ/ʢʝʨʘʤʟʠʪ, 

ʟʘʩʝʣʝʥ ̔ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʤʠ ʙʘʢʪʝʨʽʷʤʠ. ʗʢ ʚʠʜʥʦ ʟ ʚʢʘʟʘʥʠʭ 

ʨʠʩʫʥʢʽʚ, ʫʩʽ ʢʨʠʚʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʶʪʴ ʽʜʝʥʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʦʜʥʦʪʠʧʥʠʡ ʭʘʨʘʢʪʝʨ ʭʾ ʜʽʾ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʟʘʣʽʟʘ ʥʘʡʢʨʘʱ ̔ʨʝʟʫʣʴʪʘʪʠ 

ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʜʣʷ ʜʚʦʰʘʨʦʚʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ï ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ/ʢʝʨʘʤʟʠʪ 

(ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʽʣʷ 45%), ʘ ʜʣʷ ʤʘʥʛʘʥʫ ï ʢʝʨʘʤʟʠʪ (ʥʘʡʙʽʣʴʰʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ 

IV ʬʽʣʴʪʨʦʮʠʢʣʽ ï ʙʽʣʷ 14 %). 

     

 

ʈʠʩ. 3.31 ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʥʘ ʨʽʟʥʦʤʫ 

ʟʘʚʘʥʪʘʞʝʥʥʽ ʧʨʦʪʷʛʦʤ I-IV ï ʬʽʣʴʪʨʦʮʠʢʣʽʚ 
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ʈʠʩ. 3.32. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʤʘʥʛʘʥʫ ʥʘ ʨʽʟʥʦʤʫ 

ʟʘʚʘʥʪʘʞʝʥʥʽ ʧʨʦʪʷʛʦʤ I-IV ï ʬʽʣʴʪʨʦʮʠʢʣʽʚ 

 

ʑʦʜʦ ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʮʝʩʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ ʜʝʤʘʥʛʘʥʘʮʽʾ, ʪʦ ʷʢ ʽ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʝʦʣʽʪʫ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʚʽʜʨʘʟʫ ʙʫʣʘ ʚʠʱʦʶ ʫ 

ʚʩʽʭ ʬʽʣʴʪʨʦʮʠʢʣʘʭ, ʘ ʜʣʷ ʤʘʥʛʘʥʫ - ʟʨʦʩʪʘʣʘ ʧʦʩʪʫʧʦʚʦ, ʷʢ ʫ ʤʝʞʘʭ ʩʘʤʦʛʦ 

ʬʽʣʴʪʨʦʮʠʢʣʫ, ʪʘ ʽ ʟʘ ʧʦʩʣʽʜʦʚʥʠʤʠ ʬʽʣʴʪʨʦʮʠʢʣʘʤʠ.  

ʋ ʪʨʝʪʽʡ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.33-

3.34, ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʘʢʪʠʚʥʝ ʚʫʛʽʣʣʷ, ʘʢʪʠʚʥʝ ʚʫʛʽʣʣʷ/ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ ʪʘ 

ʘʢʪʠʚʥʝ ʚʫʛʽʣʣʷ/ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ/ʢʝʨʘʤʟʠʪ, ʧʦʧʝʨʝʜʥʴʦ ʟʘʩʝʣʝʥ ̔ ʟʘʣʽʟʦ- ʪʘ 

ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʤʠ ʙʘʢʪʝʨʽʷʤʠ. 

ʍʘʨʘʢʪʝʨ ʢʨʠʚʠʭ ʪʘ ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʚʠʜʘʣʝʥʥʷ ʟ 

ʚʦʜʠ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʚ ʮʽʣʦʤʫ ʙʫʣʠ ʘʥʘʣʦʛʽʯʥʠʤʠ ʦʜʝʨʞʘʥʠʤ ʫ ʜʨʫʛʦʤʫ 

ʝʢʩʧʝʨʠʤʝʥʪʽ. ʅʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ, ʷʢ ʜʣʷ ʧʨʦʮʝʩʫ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ, ʪʘʢ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ, ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʨʠʰʘʨʦʚʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ï ʘʢʪʠʚʥʝ ʚʫʛʽʣʣʷ/ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ/ʢʝʨʘʤʟʠʪ: ʤʘʢʩʠʤʘʣʴʥʘ 

ʚʝʣʠʯʠʥʘ ʚʢʘʟʘʥʠʭ ʧʨʦʮʝʩʽʚ ʩʪʘʥʦʚʠʣʘ ʙʽʣʷ 90 ʪʘ 79 % ʚʽʜʧʦʚʽʜʥʦ.  
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ʈʠʩ. 3.33. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʘʢʪʠʚʥʠʤ ʚʫʛʽʣʣʷʤ ʪʘ 

ʽʥʰʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʧʨʦʪʷʛʦʤ I- IV ʬʽʣʴʪʨʦʮʠʢʣʽʚ 

 

 

ʈʠʩ. 3.34. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʤʘʥʛʘʥʫ ʘʢʪʠʚʥʠʤ ʚʫʛʽʣʣʷʤ 

ʪʘ ʽʥʰʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʧʨʦʪʷʛʦʤ I- IV ʬʽʣʴʪʨʦʮʠʢʣʽʚ 

 

ʋ ʜʘʥʦʤʫ ʢʦʥʪʝʢʩʪʽ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʫ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʚʘʨʮʦʚʦʛʦ 
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ʧʽʩʢʫ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ - 40 %, ʘ ʜʣʷ ʤʘʥʛʘʥʫ ï 5 %. ʆʜʥʘʢ ʫ ʨʦʙʦʪʘʭ ̔ʥʰʠʭ 

ʘʚʪʦʨʽʚ (ʜʠʚ. ʧʽʜʨʦʟʜ. 1.5) ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʬʽʣʴʪʨʽʚ ʽʟ ʧʽʱʘʥʠʤ 

ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʦʾ ʜʝʤʘʥʛʘʥʘʮʽʾ 

ï ʤʘʢʩʠʤʘʣʴʥʦ 98,6 %. ʊʘʢʘ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʽʟ ʦʪʨʠʤʘʥʠʤʠ 

ʧʽʜ ʯʘʩ ʚʢʘʟʘʥʠʭ ʚʠʱʝ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʘʥʠʤʠ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʘ 

ʧʨʠʩʫʪʥʽʩʪʶ ʽʥʰʠʭ ʩʧʝʮʠʬʽʯʥʠʭ ʙʘʢʪʝʨʽʡ ʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʬʽʣʴʪʨʘ. 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʘʤʝ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʪʘ 

ʤʘʥʛʘʥʫ ʧʨʦʪʷʛʦʤ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʘʚʩʷ ʪʘʢʦʞ ʧʦʢʘʟʥʠʢ ʚʝʣʠʯʠʥʠ 

ɿʄʏ  ʚ ʦʜʠʥʠʮʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʫ.  ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʦ  ʫ 

ʪʘʙʣ. 3.21 ʪʘ ʥʘ ʨʠʩ. 3.35. 

ʊʘʙʣʠʮʷ 3.21. ɺʝʣʠʯʠʥʘ ɿʄʏ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʪʘ 

ʤʘʥʛʘʥʫ ʥʘ ʨʽʟʥʠʭ ʬʽʣʴʪʨʫʶʯʠʭ ʤʘʪʝʨʽʘʣʘʭ 

ˉ  
ʌʽʣʴʪʨʫʶʯʠʡ 

ʤʘʪʝʨʽʘʣ 

ɿʄʏ, ʂʋʆ/ʩʤ
3
 

ʟʘʚʘʥʪʘʞʝʥʥʷ 
ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ, % 

 Fe(II) Mn(II)  

1 ɸʢʪʠʚʥʝ ʚʫʛʽʣʣʷ 4500°150 66°2 42°1 

2 ʎʝʦʣʽʪ 2000°150 96°2 78°1 

3 ʇʽʩʦʢ 900°50 36°2 3°0,5 

4 ʂʝʨʘʤʟʽʪ 20°10 26°2 8°1 

 

5 

ɼʚʦʰʘʨʦʚʝ ʟʘʚʘʥʪʘʞʝʥʥʷ:  

64°2 49°1 ʘʢʪʠʚʥʝ ʚʫʛʽʣʣʷ 2500°100 

ʧʽʩʦʢ 800°50 

 

6 

ɼʚʦʰʘʨʦʚʝ ʟʘʚʘʥʪʘʞʝʥʥʷ:  

44°2 12°1 ʧʽʩʦʢ 1300°200 

ʢʝʨʘʤʟʽʪ 110°20 

 

7 

ʊʨʠʰʘʨʦʚʝ ʟʘʚʘʥʪʘʞʝʥʥʷ:  

72°2 62°1 
ʘʢʪʠʚʥʝ ʚʫʛʽʣʣʷ  6000°150 

ʧʽʩʦʢ 1100°50 

ʢʝʨʘʤʟʽʪ 100°20 

 ʂʦʥʪʨʦʣʴ 1050°50 - - 

 

ɿʛʽʜʥʦ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʘʢʪʠʚʥʝ ʚʫʛʽʣʣʷ ʧʦʢʘʟʘʣʦ ʚʠʩʦʢʫ 

ʟʜʘʪʥʽʩʪʴ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʙʽʦʤʘʩʠ ʙʘʢʪʝʨʽʡ ʫ ʧʨʦʮʝʩʽ ʬʽʣʴʪʨʫʚʘʥʥʷ, ʘʣʝ 

ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʧʨʠ ʮʴʦʤʫ ʙʫʣʦ ʥʝʚʠʩʦʢʠʤ.  
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ʈʠʩ.3.35. ɺʝʣʠʯʠʥʘ ɿʄʏ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ 

ʥʘ ʨʽʟʥʠʭ ʬʽʣʴʪʨʫʶʯʠʭ ʤʘʪʝʨʽʘʣʘʭ. 

 

ʂʨʽʤ ʪʦʛʦ, ʩʦʨʙʮʽʷ ʘʢʪʠʚʥʠʤ ʚʫʛʽʣʣʷʤ ʭʣʦʨʫ ʧʽʜ ʯʘʩ ʟʥʝʟʘʨʘʞʝʥʥʷ 

ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʟʚʦʜʠʣʘ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ 

ʥʘʨʦʱʫʚʘʥʥʷ ʙʽʦʤʘʩʠ ʫ ʥʘʩʪʫʧʥʠʭ ʮʠʢʣʘʭ ʬʽʣʴʪʨʫʚʘʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʝʦʣʽʪʦʚʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʭʦʯʘ ʽ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʦʩʴ 

ʤʝʥʰʠʤ ʧʠʪʦʤʠʤ ʥʘʢʦʧʠʯʝʥʥʷʤ ʙʽʦʤʘʩʠ, ʘʣʝ ʯʝʨʝʟ ʟʜʘʪʥʽʩʪʴ ʮʝʦʣʽʪʫ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʜʘʣʷʪʠ ʯʘʩʪʠʥʫ ʽʦʥʽʚ ʟʘʣʽʟʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ ʰʣʷʭʦʤ, 

ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʚʠʩʦʢʦ ʾ ʩʫʤʘʨʥʦ ʾ ʝʬʝʢʪʠʚʥʽʩʪ ̔ ʧʨʦʮʝʩʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ 

ʜʝʤʘʥʛʘʥʘʮʽʾ, ʥʽʞ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʘʢʪʠʚʥʦʛʦ ʚʫʛʽʣʣʷ.  

ʇʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʚʦʜʠ ʯʝʨʝʟ ʽʥʰʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʤʘʪʝʨʽʘʣʠ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʷʢ ʤʝʥʰʝ ʥʘʢʦʧʠʯʝʥʥʷ ʙʽʦʤʘʩʠ, ʪʘʢ ʽ ʥʠʞʯʘ ʩʫʤʘʨʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ.  

ʎʽʢʘʚʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʴ ʽʟ ʢʽʣʴʢʦʭ ʰʘʨʽʚ 

ʬʽʣʴʪʨʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ ʪʨʠʰʘʨʦʚʦʛʦ - ʧʽʱʘʥʦ-ʮʝʦʣʽʪʦ-ʚʫʛʽʣʴʥʦʛʦ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʙʘʯʘʪʠ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʪʘ 
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ʚʠʩʦʪʠ ʰʘʨʽʚ, ʫʤʦʚ ʧʨʦʤʠʚʢʠ ʪʦʱʦ), ʱʦ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʟʨʦʙʠʪʠ ʫ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

ɺʨʘʭʦʚʫʶʯʠ ʧʦʟʠʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʜʝʨʞʘʥʽ ʧʽʜ ʯʘʩ ʚʠʚʯʝʥʥʷ 

ʬʽʣʴʪʨʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʫ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʩʘʤʝ 

ʮʝʦʣʽʪ (ʢʣʽʥʦʧʪʠʣʦʣʽʪ ʉʦʢʠʨʥʠʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ) ʬʨʘʢʮʽ ʾ1-3 ʤʤ. 

 

3.7. ɺʽʜʧʨʘʮʶʚʘʥʥʷ ʩʧʦʩʦʙʫ ʧʝʨʝʥʦʩʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ 

ʇʦʜʘʣʴʰʦʶ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʙʫʣʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʩʪʘʜʽʾ ʽʥʦʢʫʣʷʮʽʾ, 

ʨʝʘʣʽʟʘʮʽʷ ʷʢʦʾ ʤʦʛʣʘ ʚʽʜʙʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʠʤʠ ʦʩʥʦʚʥʠʤʠ ʰʣʷʭʘʤʠ: 

- ʥʘʧʨʘʮʶʚʘʥʥʷ ʤʽʢʨʦʙʥʦʾ ʙʽʦʤʘʩʠ ʫ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʦʙʨʦʙʣʝʥʥʷ 

ʥʝʶ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʘ; 

- ʢʫʣʴʪʠʚʫʚʘʥʥʷ ʙʘʢʪʝʨʽʡ ʥʘ ʪʚʝʨʜʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʧʨʠʛʦʪʫʚʘʥʥʷ 

ʩʫʩʧʝʥʟʽʾ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʦʙʨʦʙʢʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʘ ʨʽʜʢʠʤ 

ʽʥʦʢʫʣʷʪʦʤ.  

ʇʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʽʥʦʢʫʣʷʪʫ ʥʘ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʮʝʦʣʽʪ ʦʙʨʦʙʣʷʚʩʷ 

ʮʠʤ ʨʦʟʯʠʥʦʤ. ɼʣʷ ʟʘʩʝʣʝʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʣʦʥʽʷʤʠ, ʱʦ ʚʠʨʦʩʣʠ ʥʘ 

ʪʚʝʨʜʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʤʝʭʘʥʽʯʥʠʡ ʧʝʨʝʥʦʩ, ʷʢʠʡ ʚʽʜʙʫʚʘʚʩʷ 

ʰʣʷʭʦʤ ʟʤʽʰʫʚʘʥʥʷ ʧʦʩʽʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʚʝʨʭʥʽʤ ʰʘʨʦʤ ʮʝʦʣʽʪʫ. ʂʨʽʤ ʪʦʛʦ, 

ʮʝʦʣʽʪ ʦʙʨʦʙʣʷʚʩʷ ʧʨʠʛʦʪʦʚʣʝʥʦʶ ʩʫʩʧʝʥʟʽ ̫ ʤ̔ ʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʚʠʨʦʩʣʠʭ ʥʘ 

ʪʚʝʨʜʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʆʙʨʦʙʢʘ ʧʦʩʽʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʦʪʨʠʤʘʥʠʤ ʪʨʴʦʤʘ 

ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʚʽʜʙʫʚʘʣʘʩʴ ʫ ʥʝʧʨʦʪʦʯʥʦʤʫ ʨʝʞʠʤʽ. 

ʇʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʙʘʢʪʝʨʽʡ ʫ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʩʧʦʩʪʝʨʽʛʘʚʩʷ 

ʥʝʟʥʘʯʥʠʡ ʨʽʩʪ ʨ. Sphaerotillus - ʢʦʣʦʥʽʾ ʙʫʣʠ ʥʝʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʫ. ʅʘ 

ʬʽʣʴʪʨʫʶʯʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʟʘʢʨʽʧʣʝʥʥʷ ʮʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʽʜʙʫʣʦʩʴ, ʝʬʝʢʪʠʚʥʽʩʪʴ  ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʣʘ 

ʦʜʥʘʢʦʚʦʶ ʪʘ ʥʝʚʠʩʦʢʫʶ. 

ʅʘ ʪʚʝʨʜʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʨʠ ʢʫʣʴʪʫʨʠ - ʨ. Siderocapsa, ʨ. Galionella, 

ʨ.Hyphomicrobium - ʧʨʘʢʪʠʯʥʦ ʥʝ ʜʘʚʘʣʠ ʨʦʩʪʫ: ʢʦʣʦʥʽʾ ʙʫʣʠ ʤʽʣʢʠʤʠ. ʆʜʥʘʢ 
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ʮʽ ʩʘʤʽ ʢʫʣʴʪʫʨʠ ʜʘʚʘʣʠ ʨʽʩʪ ʥʘ ʩʝʨʝʜʦʚʠʱʽ ʙʝʟ ʟʘʣʽʟʘ, ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ 

ʟʜʘʪʥʽʩʪʴ ʮʠʭ ʙʘʢʪʝʨʽʡ ʚʠʜʘʣʷʪʠ ʟʘʣʽʟʦ ʚ ʘʩʦʮʽʘʮʽʾ ʟ ʽʥʰʠʤʠ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ. 

ɯʥʰʽ ʰʪʘʤʠ, ʟʦʢʨʝʤʘ, ʨ. Leptothrix, ʨ. Sphaerotillus, ʨ. Metallogenium, 

ʨ.Siderocapsa, ʨ. Galionella, ʨ. Hyphomicrobium, ʥʘ ʪʚʝʨʜʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʧʦʢʘʟʫʚʘʣʠ  ʧʦʤʽʪʥʠʡ ʨʽʩʪ. ʉʝʨʝʜ ʭʘʨʘʢʪʝʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʪʨʽʙʥʦ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʢʦʣʦʥʽʾ ʨʦʜʽʚ Leptothrix, Sphaerotillus  ̔ Metallogenium ʙʫʣʠ 

ʙʽʣʴʰʠʤʠ ʟʘ ʽʥʰʽ ʽ ʾʭ ʨʽʩʪ ʧʨʦʷʚʣʷʚʩʷ ʰʚʠʜʰʝ (ʥʘ 5-6 ʜʦʙʫ ʢʫʣʴʪʠʚʫʚʘʥʥʷ). 

ʊʦʤʫ ʩʘʤʝ ʮʽ ʢʫʣʴʪʫʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩ ɹʫ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ.  

ʇʨʠ ʤʝʭʘʥʽʯʥʦʤʫ ʧʝʨʝʥʦʩʽ ʥʘ ʮʝʦʣʽʪ ʟʘʢʨʽʧʣʝʥʥʷ ʙʘʢʪʝʨʽʡ ʥʝ ʚʽʜʙʫʣʦʩʴ. 

ʇʨʠ ʦʙʨʦʙʮʽ ʯʝʨʝʟ ʩʫʩʧʝʥʟʽʶ ʚʜʘʣʦʩʴ ʧʝʨʝʥʝʩʪʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʱʦ ʙʫʣʠ 

ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʝʥʽ ʷʢ ʥʘʡʘʢʪʠʚʥʽʰʽ. ɼʣʷ ʥʠʭ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʜʠʬʝʨʝʥʮʽʘʮʽʶ ʟʘ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʦʟʥʘʢʘʤʠ ʪʘ ʟʘʙʘʨʚʣʝʥʥʷʤ 

ʛʝʩʢʘʮʽʘʥʦʬʝʨʨʘʪʦʤ (II) ʢʘʣʽʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [289]. ɼʦʢʣʘʜʥʽʰʝ ʨʝʟʫʣʴʪʘʪʠ 

ʮʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʦʧʠʩʘʥʽ ʚ ʨʦʙʦʪʽ[310]. 

ʅʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʤʝʪʦʜ ʨʦʟʩʽʚʫ ʢʫʣʴʪʫʨʠ ʥʘ ʪʚʝʨʜʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʟ ʥʘʩʪʫʧʥʠʤ ʧʝʨʝʥʝʩʝʥʥʷʤ ʯʝʨʝʟ ʨʽʜʢʝ ʩʝʨʝʜʦʚʠʱʝ. 

 

3.8. ɺʽʜʧʨʘʮʶʚʘʥʥʷ ʤʝʪʦʜʫ ʧʨʦʤʠʚʢʠ 

ʅʝʚʽʜôʻʤʥʠʤ ʝʪʘʧʦʤ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʫʚʘʥʥʷ ʻ ʧʨʦʤʠʚʢʘ 

ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʡʦʛʦ ʦʯʠʱʝʥʥʷ ʚʽʜ ʥʘʢʦʧʠʯʝʥʠʭ 

ʟʘʙʨʫʜʥʝʥʴ. ʎʠʢʣ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʮʴʦʛʦ ʧʨʦʮʝʩʫ 

ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʥʘ ʧʽʣʦʪʥʦʤʫ ʬʽʣʴʪʨʽ, ʟʘʚʘʥʪʘʞʝʥʦʤʫ ʟʝʨʥʠʩʪʠʤ ʮʝʦʣʽʪʦʤ. 

ʇʨʠ ʮʴʦʤʫ ʦʩʦʙʣʠʚʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʧʦʪʨʽʙʥʦ ʙʫʣʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ 

ʧʨʦʤʠʚʢʠ, ʙʫʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ ʫ ʬʽʣʴʪʨʫʶʯʦʤʫ ʰʘʨʽ ʞʠʪʪʻʟʜʘʪʥʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʘʭ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ. 

ʊʦʤʫ, ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ  ʜʦʩʣʽʜʞʫʚʘʣʦʩʴ ʜʚʘ ʨʝʞʠʤʠ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʫ:  

- ʧʨʦʩʪʠʡ, ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʝʟʘʨʘʞʫʶʯʠʭ ʨʝʘʛʝʥʪʽʚ;  
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- ʧʦʛʣʠʙʣʝʥʠʡ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʥʘʣʝʞʥʠʡ ʩʘʥʽʪʘʨʥʦ-

ʛʽʛʽʻʥʽʯʥʠʡ ʩʪʘʥ ʟʘʚʘʥʪʘʞʝʥʥʷ ʰʣʷʭʦʤ ʡʦʛʦ ʟʥʝʟʘʨʘʞʝʥʥʷ, ʘ, ʟ ʜʨʫʛʦʛʦ ʙʦʢʫ,   

ʥʝ ʧʝʨʝʰʢʦʜʞʘʪʠʤʝ ʽʩʥʫʚʘʥʥʶ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʝʘʣʴʥʽʡ ʧʽʜʟʝʤʥʽʡ ʚʦʜʽ ʽʟ ʚʤʽʩʪʦʤ ʩʧʦʣʫʢ 

ʟʘʣʽʟʘ ʙʽʣʷ 15-20 ʤʛ/ʜʤ
3
, ʘ ʤʘʥʛʘʥʫ - 1,9-2,2 ʤʛ/ʜʤ

3
. ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʟ 

ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʽʚ ʧʦʛʣʠʙʣʝʥʦʾ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʰʘʨʫ, ʷʢ 

ʜʝʟʽʥʬʽʢʫʶʯʠʡ ʨʝʘʛʝʥʪ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʪʦʚʘʨʥʠʡ ʧʨʦʜʫʢʪ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ 

ʤʘʨʢʠ ɸ ʟ ʚʠʭʽʜʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ - 112 ʛ/ʜʤ
3
.  

ɼʣʷ ʚʠʟʥʘʯʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʫʶʯʠʡ 

ʤʘʪʝʨʽʘʣ ʧʦ ʟʘʚʝʨʰʝʥʥʶ ʬʽʣʴʪʨʦʮʠʢʣʫ, ʪʨʠʚʘʣʽʩʪʴ ʷʢʦʛʦ ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʴ ʫ 

24 ʛʦʜʠʥʠ, ʧʨʦʤʠʚʘʚʩʷ ʨʦʟʨʘʭʦʚʘʥʦʶ ʢʽʣʴʢʽʩʪʶ ʚʦʜʠ. ʂʦʥʪʨʦʣʴ ʟʘ ʷʢʽʩʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟʘ ʚʤʽʩʪʦʤ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ 

(ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʤʠʚʘʥʥʷ ʬʽʣʴʪʨʫʶʯʦʛʦ ʰʘʨʫ) ʪʘ ʚʝʣʠʯʠʥʦʶ ɿʄʏ 

(ʧʦʢʘʟʥʠʢ ʚʠʤʠʚʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʽʟ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ). 

ʆʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʞʠʤʫ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʚʠʟʥʘʯʘʣʠʩʴ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 

3.22 ʪʘ ʥʘ ʨʠʩ.3.36. 

ʊʘʙʣʠʮʷ 3.22. ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʚʦʜʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʧʨʦʤʠʚʢʠ 

 ̄
ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʤʠʚʢʠ,  

ʣ/ʩĿʤ
2
 

ɺʤʽʩʪ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ,  

ʛ/ʜʤ
3 

ɺʝʣʠʯʠʥʘ ɿʄʏ, 

ʂʋʆ/ʩʤ
3 

1 10 1,5 50 

2 15 2,8 70 

3 20 2,9 1500 

4 30 3 2500 
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ʘ) ʙ) 

ʈʠʩ. 3.36. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ (ʘ) ʪʘ ɿʄʏ (ʙ) 

 ʧʨʠ ʨʽʟʥʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʤʠʚʢʠ 

 

ʇʨʠ ʥʘʡʤʝʥʰʽʡ ʟ ʜʦʩʣʽʜʞʝʥʠʭ ̔ʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʤʠʚʢʠ, ʘ ʩʘʤʝ 10 

ʣ/ʩĿʤ
2
, ʚʤʽʩʪ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ ʫ ʧʨʦʤʠʚʥʽʡ ʚʦʜʽ ʩʪʘʥʦʚʠʚ - 1,5 ʛ/ʜʤ

3
, ʘ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ ʜʦ 15 ʣ/ʩĿʤ
2
 ʟʨʦʩʪʘʚ - ʜʦ 2,8 ʛ/ʜʤ

3
. ɺʝʣʠʯʠʥʘ 

ɿʄʏ ʧʨʠ ʮʴʦʤʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʚʘʣʘ 50 ʪʘ 70 ʂʋʆ/ʩʤ
3
, ʪʦʙʪʦ ʚʠʤʠʚʘʥʥʷ 

ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʙʫʚʘʣʦʩʴ. 

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʤʠʚʢʠ ʜʦ 20 ʪʘ 30 ʣ/ʩĿʤ
2
 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ ʫ ʧʨʦʤʠʚʥʽʡ ʚʦʜʽ ʱʝ ʪʨʦʭʠ ʟʙʽʣʴʰʫʚʘʣʘʩʷ ʽ 

ʜʦʩʷʛʘʣʘ ʟʥʘʯʝʥʴ - 2,9 ʪʘ 3,0 ʛ/ʜʤ
3
 ʚʽʜʧʦʚʽʜʥʦ. ʇʨʦʪʝ, ʚʝʣʠʯʠʥʘ ɿʄʏ ʫ 

ʧʨʦʤʠʚʥʽʡ ʚʦʜʽ ʨʽʟʢʦ ʟʨʦʩʪʘʣʘ - ʜʦ 1500 ʪʘ 2500 ʂʋʆ/ʩʤ
3
 ʚʽʜʧʦʚʽʜʥʦ, ʱʦ 

ʚʢʘʟʫʚʘʣʦ ʥʘ ʧʦʯʘʪʦʢ ʚʠʤʠʚʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʽʟ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʫ. 

ʆʪʞʝ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʫ, ʧʨʠ 

ʷʢʽʡ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʤʽʪʥʝ ʚʠʥʝʩʝʥʥʷ ʽʟ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ - 15 ʣ/ʩĿʤ
2
. 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʘʩʫ 

ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʤʽʩʪʫ 
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ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ ʫ ʧʨʦʤʠʚʥʽʡ ʚʦʜʽ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ  ʧʨʦʤʠʚʢʠ. ʆʜʝʨʞʘʥʽ ʧʨʠ 

ʮʴʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.37. 

 

 

ʈʠʩ. 3.37. ɿʘʣʝʞʥʽʩʪʴ ʚʤʽʩʪʫ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ ʫ ʧʨʦʤʠʚʥʽʡ ʚʦʜʽ 

ʚʽʜ ʯʘʩʫ ʧʨʦʤʠʚʢʠ 

 

ɿ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʨʠʩ. 3.37 ʛʨʘʬʽʢʘ ʚʠʜʥʦ, ʱʦ  ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ 

ʧʨʦʤʠʚʢʠ (0,25-1,5 ʭʚ) ʚʤʽʩʪ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ ʫ ʧʨʦʤʠʚʥʽʡ ʚʦʜʽ ʟʥʘʭʦʜʠʚʩʷ ʫ 

ʤʝʞʘʭ 0,43-1,25 ʛ/ʜʤ
3
, ʜʘʣʽ, ʚ ʯʘʩʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ 1,5-4,5 ʭʚ, ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʾʭ 

ʧʦʩʪʫʧʦʚʝ ʟʤʝʥʰʝʥʥʷ - ʜʦ 0,12 ʛ/ʜʤ
3
, ʘ ʧʽʩʣʷ 4,5 ʭʚ ʧʨʦʤʠʚʢʠ - ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ ʨʽʟʢʦ ʟʥʠʞʫʚʘʣʘʩʴ ʤʘʡʞʝ ʜʦ ʥʫʣʴʦʚʠʭ ʟʥʘʯʝʥʴ.  

ɺʠʭʦʜʷʯʠ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʜʦʩʪʘʪʥʽʤ ʯʘʩʦʤ ʜʣʷ ʧʨʦʤʠʚʢʠ 

ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 10 ʭʚʠʣʠʥ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʽʚ ʱʦʜʦ ʦʧʪʠʤʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʽʚ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʽʣʴʢʘ ʬʽʣʴʪʨʦʮʠʢʣʽʚ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʨʝʞʠʤʦʤ ʧʨʦʤʠʚʢʠ, ʘ ʩʘʤʝ - ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʧʦʜʘʯʽ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ - 15 ʣ/ʩĿʤ
2
, ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʤʠʚʢʠ - 10 ʭʚ. ʆʜʝʨʞʘʥʽ ʧʽʜ 

ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩ. 3.38.  
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ʈʠʩ. 3.38. ɺʧʣʠʚ ʨʝʞʠʤʫ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʘ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʚʦʜʠ ( I ʪʘ ɯɯ - ʬʽʣʴʪʨʦʮʠʢʣʠ) 

 

ɯʟ ʛʨʘʬʽʢʘ ʥʘ ʨʠʩ. 3.38 ʚʠʜʥʦ, ʱʦ ʫ ʧʝʨʰʦʤʫ ʬʽʣʴʪʨʦʮʠʢʣʽ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʣʘ ʧʨʦʪʷʛʦʤ  ʧʝʨʰʠʭ 10 ʛʦʜʠʥ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʣʦ ʯʘʩʫ ʟʘʨʦʩʪʘʥʥʷ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʪʘ ʾʭ 

ʧʨʠʩʪʦʩʫʚʘʥʥ ʁ ʜʦ ʫʤʦʚ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʘ, ʜʘʣʽ - ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʣʠʰʘʣʘʩʴ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ, ʩʷʛʘʶʯʠ ʧʦʥʘʜ 73 %.  

ʇʽʩʣʷ ʧʨʦʤʠʚʢʠ ʫ ɯɯ ʬʽʣʴʪʨʦʮʠʢʣʽ ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʱʦʜʦ ʚʠʣʫʯʝʥʥʷ ʟʘʣʽʟʘ ʙʫʚ ʥʘʙʘʛʘʪʦ ʤʝʥʰʠʤ (ʬʘʢʪʠʯʥʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜʥʦʚʣʶʚʘʣʘʩʴ ʧʨʦʪʷʛʦʤ ʧʝʨʰʦʾ ʛʦʜʠʥʠ), ʱʦ ʩʚʽʜʯʘʣʦ ʧʨʦ 

ʧʨʠʩʫʪʥʽʩʪʴ ʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʊʦʙʪʦ ʟʘʩʪʦʩʦʚʘʥʠʡ ʨʝʞʠʤ 

ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʰʘʨʫ ʚʠʷʚʠʚʩʷ çʣʦʷʣʴʥʠʤè ʜʦ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʽ 

ʚʦʥʠ ʟʘʣʠʰʠʣʠʩʴ ʫ ʟʘʚʘʥʪʘʞʝʥʥʽ.  

ɸʥʘʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʤʘʣʘ ʤʽʩʮʝ ʽ ʧʽʩʣʷ ʜʨʫʛʦʾ ʧʨʦʤʠʚʢʠ ʫ ɯɯɯ 

ʬʽʣʴʪʨʦʮʠʢʣʽ, ʘʣʝ ʩʝʨʝʜʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʚ ʥʴʦʤʫ ʙʫʣʘ ʜʝʱʦ 

ʤʝʥʰʦʶ, ʥʽʞ ʫ ʜʚʦʭ ʧʝʨʰʠʭ, ʱʦ ʚʢʘʟʫʚʘʣʦ ʥʘ ʧʦʩʪʫʧʦʚʫ ʝʣʽʤʽʥʘʮʽʶ ʘʢʪʠʚʥʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʘ ʦʪʞʝ ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʟʘʤʽʥʠ 

ʤʽʢʨʦʬʣʦʨʠ ʟʘʚʘʥʪʘʞʝʥʥʷ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ ʜʦʮʽʣʴʥʽʩʪʴ  

ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʦʛʦ ʨʝʞʠʤʫ ʧʨʦʤʠʚʢʠ, ʟʦʢʨʝʤʘ, 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʜʘʯʽ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ - 15 ʣ/ʩĀʤ
2
 ʟ ʪʨʠʚʘʣʽʩʪ ʁ- 10 ʭʚ. 

ʋ ʧʨʘʢʪʠʮʽ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʦʢʨʽʤ ʧʦʚʽʪʨʷʥʦʾ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʽ 

ʚʦʜʦʧʦʚʽʪʨʷʥʘ ʧʨʦʤʠʚʢʘ ʬʽʣʴʪʨʽʚ. ʐʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʦʛʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʚʦʜʦʧʦʚʽʪʨʷʥʦʾ ʧʨʦʤʠʚʢʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ  ʥʘʩʪʫʧʥʠʡ 

ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ: 

- ʧʨʦʜʫʚʢʘ ʪʽʣʴʢʠ ʧʦʚʽʪʨʷʤ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 15 ʣ/ʩĀʤ
2
 ʧʨʦʪʷʛʦʤ 1-2 ʭʚ; 

- ʩʫʤʽʩʥʘ ʧʨʦʤʠʚʢʘ ʚʦʜʦʶ ʪʘ ʧʦʚʽʪʨʷʤ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ - 

15 ʪʘ ʚʦʜʠ ï 8 ʣ/ʩĀʤ
2
 ʧʨʦʪʷʛʦʤ 15 ʭʚ; 

- ʬʽʥʽʰʥʘ ʧʨʦʤʠʚʢʘ ʪʽʣʴʢʠ ʚʦʜʦʶ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 15 ʣ/ʩĀʤ
2
 ʧʨʦʪʷʛʦʤ 1-

3 ʭʚ. 

ʗʢ ʚʢʘʟʫʚʘʣʦʩʴ ʨʘʥʽʰʝ, ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʧʝʨʝʚʘʞʥʦ ʫ 

ʬʘʟʽ ʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʨʦʩʪʫ ʥʝʦʙʭʽʜʥʘ ʧʝʨʽʦʜʠʯʥʘ ʦʙʨʦʙʢʘ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʜʝʟʽʥʬʽʢʫʶʯʠʤ ʨʝʘʛʝʥʪʦʤ ʟ ʧʦʜʘʣʴʰʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ ʥʘ ʥʴʦʤʫ ʤʽʢʨʦʬʣʦʨʠ. 

ɿ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʟʥʝʟʘʨʘʞʝʥʥʷ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʽ, ʥʘʩʘʤʧʝʨʝʜ, ʥʝʦʙʭʽʜʥʠʡ ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ  ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ ʟ 

ʜʝʟʽʥʬʽʢʫʶʯʠʤ ʘʛʝʥʪʦʤ (ʫ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʛʽʧʦʭʣʦʨʠʪ 

ʥʘʪʨʽʶ ʜʦʟʦʶ 40 ʤʛ/ʜʤ
3
.  

ʅʘ ʨʠʩ. 3.39 ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʯʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʷʢ ʫ ʟʚʠʯʘʡʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʪʘʢ ʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʦʛʘʨʽʬʤʽʯʥʦʾ 

ʰʢʘʣʠ. ɿ ʨʠʩʫʥʢʫ ʚʠʜʥʦ, ʱʦ ʧʽʩʣʷ 30-ʭʚʠʣʠʥʥʦʾ ʝʢʩʧʦʟʠʮʽʾ ʚʝʣʠʯʠʥʘ ɿʄʏ (ʫ 

ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ 1 ʛ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ) ʟʥʘʯʥʦ ʟʥʠʞʫʚʘʣʘʩʴ - ʜʦ 12 

ʂʋʆ/ʛ, ʘ ʯʝʨʝʟ 45 ʭʚ - ʜʦ 1 ʂʋʆ/ʛ. ʊʨʠʚʘʣʽʩʪʴ ʢʦʥʪʘʢʪʫ ʧʨʦʪʷʛʦʤ 60 ʭʚ 

ʧʨʠʟʚʦʜʠʣʘ ʧʨʘʢʪʠʯʥʦ ʜʦ ʧʦʚʥʦʾ ʜʝʟʽʥʬʝʢʮʽʾ ʟʘʚʘʥʪʘʞʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʜʦʟʽ ʭʣʦʨʫ 40 ʤʛ/ʜʤ
3
 ʯʘʩ ʜʦʩʪʘʪʥʽʤ ʯʘʩʦʤ ʢʦʥʪʘʢʪʫ 

ʜʝʟʽʥʬʽʢʫʶʯʦʛʦ ʨʝʘʛʝʥʪʫ ʟ ʬʽʣʴʪʨʫʶʯʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʤʦʞʥʘ ʚʚʘʞʘʪʠ - 

45 ʭʚʠʣʠʥ. 
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ʘ) 

 

 
ʙ) 

 

ʈʠʩ 3.39. ɿʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ɿʄʏ ʚʽʜ ʯʘʩʫ ʢʦʥʪʘʢʪʫ ʜʝʟʽʥʬʝʢʪʘʥʪʘ  

ʟ ʬʽʣʴʪʨʫʶʯʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ: 

 ʘ) ï ʟʚʠʯʘʡʥʘ ʰʢʘʣʘ; ʙ) - ʣʦʛʘʨʠʬʤʽʯʥʘ ʰʢʘʣʘ 

 

ɼʣʷ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʚʠʪʢʫ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʪʦʚʱʽ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʦʩʪʘʥʥʽʡ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʨʝʪʝʣʴʥʦ ʚʽʜʤʠʪʠʡ ʚʽʜ ʟʘʣʠʰʢʫ ʟʥʝʟʘʨʘʞʫʶʯʦʛʦ ʨʝʘʛʝʥʪʫ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ 

4800 

1050 

12 1 0 

0

1000

2000

3000

4000

5000

0 15 30 45 60

ɺ
ʝ
ʣ
ʠ
ʯ
ʠ
ʥ
ʘ

 ɿ
ʄ
ʏ
,
 
ʂ
ʋ
ʆ
/
ʛ
 

 

ʊʨʠʚʘʣʽʩʪʴΣ ͻ͍Φ 

4800 

1050 

12 1 0 

-2000

-1000

0

1000

2000

3000

4000

5000

0 15 30 45 60

ɿʄʏ, ʂʋʆ/ʛ ʃʦʛʘʨʠʬʤʠʯʝʩʢʘʷ (ɿʄʏ, ʂʋʆ/ʛ) 

ɺ
ʝ
ʣ
ʠ
ʯ
ʠ
ʥ
ʘ

 ɿ
ʄ
ʏ
,
 
ʂ
ʋ
ʆ
/
ʛ
 

 

ʊʨʠʚʘʣʽʩʪʴ, ʭʚ. 
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ʚʤʽʩʪ ʟʘʣʠʰʢʦʚʦʛʦ ʭʣʦʨʫ ʧʽʩʣʷ ʧʨʦʤʠʚʢʠ ʤʘʻ  ʩʪʘʥʦʚʠʪʠ ʤʝʥʰʝ 0,1 ʤʛ/ʜʤ
3
. 

ʊʦʤʫ, ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʪʨʠʚʘʣʽʩʪʴ ʚʽʜʤʠʚʘʥʥʷ 

ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʽʩʣʷ ʡʦʛʦ ʜʝʟʽʥʬʝʢʮʽʾ ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʜʘʯʽ 

ʚʦʜʠ - 15 ʣ/ʩĀʤ
2
.  

ɿʛʽʜʥʦ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 3.23, ʚʽʜʤʠʚʢʘ 

ʧʨʦʪʷʛʦʤ 20 ʭʚ. ʻ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʠʰʢʦʚʦʛʦ ʭʣʦʨʫ 

ʜʦ 0,1 ʤʛ/ʜʤ
3
.  

ʊʘʙʣʠʮʷ 3.23 ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʚʤʽʩʪʫ ʟʘʣʠʰʢʦʚʦʛʦ ʭʣʦʨʫ ʫ ʧʨʦʤʠʚʥʽʡ 

ʚʦʜʽ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʤʠʚʢʠ   

 ̄
ʊʨʠʚʘʣʽʩʪʴ ʧʨʦʤʠʚʢʠ, 

 ʭʚ 

ɺʤʽʩʪ ʟʘʣʠʰʢʦʚʦʛʦ ʭʣʦʨʫ,  

ʤʛ/ʜʤ
3
 

1 5 5,2 

2 10 3,1 

3 15 0,4 

4 20 < 0,1 

5 25 < 0,1 

 

ʇʦ ʟʘʚʝʨʰʝʥʥʶ ʩʪʘʜʽʾ ʜʝʟʽʥʬʝʢʮʽʾ ʽ ʥʘʩʪʫʧʥʦʶ ʚʽʜʤʠʚʢʠ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʬʽʣʴʪʨʫ ʚʽʜ ʟʘʣʠʰʢʽʚ ʜʝʟʽʥʬʝʢʪʘʥʪʫ ʟʘ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʚʠʱʝ ʧʘʨʘʤʝʪʨʘʤʠ, ʫ 

ʬʽʣʴʪʨʫʶʯʦʤʫ ʤʘʪʝʨʽʘʣʽ ʩʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʟʘʣʽʟʦ- ʪʘ 

ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʅʝʦʙʭʽʜʥʠʡ ʯʘʩ ʽʥʦʢʫʣʷʮʽʾ ʙʫʚ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʫ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [2] ʽ ʜʦʨʽʚʥʶʻ - 90 ʭʚ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ 

ʤʦʞʣʠʚʦʩʪʽ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ/ʜʝʤʘʥʛʘʥʘʮʽʾ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʙʫʣʦ  ʨʦʟʨʦʙʣʝʥʦ ʩʭʝʤʫ 

ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ.  

ɼʣʷ ʚʢʘʟʘʥʠʭ ʮʽʣʝʡ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩ ̫ ʜʚʘ ʚʠʜʠ ʧʨʦʤʠʚʦʢ: 

ʧʨʦʩʪʠʡ (ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʟʽʥʬʽʢʫʶʯʠʭ ʨʝʘʛʝʥʪʽʚ) ʪʘ ʧʦʛʣʠʙʣʝʥʠʡ 

(ʚʢʣʶʯʘʻ ʦʙʨʦʙʢʫ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ). ʇʨʦʩʪʠʡ ʪʠʧ 

ʧʨʦʤʠʚʢʠ ʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʫ ʜʚʦʭ ʨʝʞʠʤʘʭ, ʘ ʩʘʤʝ ʚʦʜʦʧʦʚʽʪʨʷʥʘ 

ʧʨʦʤʠʚʢʘ, ʷʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʪʨʠ ʩʪʘʜʽʾ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʦʜʠ ʽ ʧʦʚʽʪʨʷ, ʪʘ 

ʚʦʜʷʥʘ ʧʨʦʤʠʚʢʘ ʚ ʦʜʥʫ ʩʪʘʜʽʶ ʣʠʰʝ ʚʦʜʦʶ.  



176 

 

ʇʦʛʣʠʙʣʝʥʠʡ ʪʠʧ ʧʨʦʤʠʚʢʠ, ʦʢʨʽʤ ʩʪʘʜʽʾ ʟʚʠʯʘʡʥʦʾ ʧʨʦʤʠʚʢʠ, ʚʢʣʶʯʘʻ 

ʜʦʜʘʪʢʦʚʽ ʩʪʘʜʽʾ ʟʥʝʟʘʨʘʞʝʥʥʷ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʡʦʛʦ ʚʽʜʤʠʚʢʠ ʚʽʜ 

ʟʘʣʠʰʢʽʚ ʜʝʟʽʥʬʝʢʪʘʥʪʫ ʪʘ ʨʝʛʝʥʝʨʘʮʽʾ (ʟʘʩʝʣʝʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ). ʊʘʢʫ 

ʧʦʛʣʠʙʣʝʥʫ ʧʨʦʤʠʚʢʫ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠʩʷ 1 ʨʘʟ ʥʘ 4-5 ʬʽʣʴʪʨʦʮʠʢʣʽʚ ʘʙʦ 

ʫ ʚʠʧʘʜʢʫ ʧʦʛʽʨʰʝʥʥʷ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʦʜʠ. 

ʊʝʭʥʦʣʦʛʽʯʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʟʚʠʯʘʡʥʦʾ ʧʨʦʤʠʚʢʠ ʪʘ ʝʪʘʧʫ ʧʦʛʣʠʙʣʝʥʦʾ 

ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ ʜʝʤʘʥʛʘʥʘʮʽʾ 

ʚʦʜʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.40. 

 

 

 

 

ʘ) ʙ) 

ʈʠʩ. 3.40. ʊʝʭʥʦʣʦʛʽʯʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʧʨʦʩʪʦʾ ʧʨʦʤʠʚʢʠ (ʘ) ʪʘ ʝʪʘʧʫ 

ʧʦʛʣʠʙʣʝʥʦʾ ʧʨʦʤʠʚʢʠ (ʙ) ʬʽʣʴʪʨʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ 
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ʄʦʞʣʠʚʝ ʘʧʘʨʘʪʫʨʥʝ ʦʬʦʨʤʣʝʥʥʷ ʦʧʠʩʘʥʦʛʦ ʚʠʱʝ ʧʨʦʮʝʩʫ ʧʨʦʤʠʚʢʠ 

ʬʽʣʴʪʨʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.41. ɿʘ ʥʘʚʝʜʝʥʦʶ ʩʭʝʤʦʶ ʚʦʜʘ ʽʟ ʨʝʟʝʨʚʫʘʨʘ 

ʈ-2 ʥʘʜʭʦʜʠʪʴ ʫ ʥʠʞʥʶ ʯʘʩʪʠʥʫ ʬʽʣʴʪʨʘ ʌ-5. ɿ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʬʽʣʴʪʨʘ 

ʚʽʜʚʦʜʷʪʴʩʷ ʧʨʦʤʠʚʥʽ ʚʦʜʠ. ʇʦʚʽʪʨʷ ʜʣʷ ʚʦʜʦʧʦʚʽʪʨʷʥʦʾ ʧʨʦʤʠʚʢʠ ʧʦʜʘʻʪʴʩʷ 

ʯʝʨʝʟ ʧʦʚʽʪʨʦʜʫʚʢʫ ʇ-4. ʈʝʟʝʨʚʫʘʨ ʈ-2 ʟʘʧʦʚʥʶʻʪʴʩʷ ʯʠʩʪʦʶ ʚʦʜʦʶ ʽʟ 

ʨʝʟʝʨʚʫʘʨʘ ʯʠʩʪʦʾ ʚʦʜʠ ʈ-6. 

 

 

ʈʠʩ. 3.41. ɸʧʘʨʘʪʫʨʥʘ ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʧʨʦʤʠʚʢʠ: 
ɼ-1 ï ʜʦʟʘʪʦʨ ʜʣʷ ʜʝʟʽʥʬʝʢʪʘʥʪʫ; ʈ-2 ï ʻʤʥʽʩʪʴ ʟ ʚʦʜʦʶ; ʅ-3 ï ʥʘʩʦʩ;  

ʇ-4 ï ʧʦʚʽʪʨʦʜʫʚʢʘ; ʌ-5 ï ʬʽʣʴʪʨ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ ʜʝʤʘʥʛʘʥʘʮʽʾ;  

ʈ-6 ï ʨʝʟʝʨʚʫʘʨ ʯʠʩʪʦʾ ʚʦʜʠ; ɼ-7ï ʜʦʟʘʪʦʨ ʜʣʷ ʜʝʟʽʥʬʝʢʪʘʥʪʫ.  

 

ʊʘʢʠʤ  ʯʠʥʦʤ, ʚ ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʛʦ ʝʪʘʧʫ ʨʦʙʽʪ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ 

ʨʝʞʠʤʠ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʬʘʢʪʦʨʫ ʧʨʦʮʝʩʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ/ʜʝʤʘʥʛʘʥʘʮʽʾ. ʗʢ 

ʟʘʩʚʽʜʯʘʣʠ ʨʝʟʫʣʴʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʜʣʷ ʚʢʘʟʘʥʠʭ ʮʽʣʝʡ ʥʝʦʙʭʽʜʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʚʘ ʚʠʜʠ ʧʨʦʤʠʚʦʢ: ʧʨʦʩʪʠʡ (ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʟʽʥʬʽʢʫʶʯʠʭ 
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ʨʝʘʛʝʥʪʽʚ) ʪʘ ʧʦʛʣʠʙʣʝʥʠʡ (ʚʢʣʶʯʘʻ ʦʙʨʦʙʢʫ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ). 

ʇʨʦʩʪʠʡ ʪʠʧ ʧʨʦʤʠʚʢʠ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʫ ʜʚʦʭ ʨʝʞʠʤʘʭ, ʘ ʩʘʤʝ 

ʚʦʜʦʧʦʚʽʪʨʷʥʘ ʧʨʦʤʠʚʢʘ, ʷʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʪʨʠ ʩʪʘʜʽʾ, ʪʘ 1-ʩʪʘʜʽʡʥʘ 

ʧʨʦʤʠʚʢʘ ʣʠʰʝ ʚʦʜʦʶ. ɿʛʽʜʥʦ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʧʨʦʤʠʚʢʠ 

ʬʽʣʴʪʨʫ ʩʢʣʘʜʘʻ: ʜʣʷ ʧʨʦʩʪʦʾ - 10 ʭʚ., ʜʣʷ ʧʦʛʣʠʙʣʝʥʦʾ - 180 ʭʚ. 

ʇʦʛʣʠʙʣʝʥʠʡ ʪʠʧ ʧʨʦʤʠʚʢʠ, ʦʢʨʽʤ ʩʪʘʜʽʾ ʟʚʠʯʘʡʥʦʾ ʧʨʦʤʠʚʢʠ, ʚʢʣʶʯʘʻ 

ʜʦʜʘʪʢʦʚʽ ʩʪʘʜʽʾ ʟʥʝʟʘʨʘʞʝʥʥʷ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʡʦʛʦ ʚʽʜʤʠʚʢʠ ʚʽʜ 

ʟʘʣʠʰʢʽʚ ʜʝʟʽʥʬʝʢʪʘʥʪʫ ʪʘ ʨʝʛʝʥʝʨʘʮʽʾ (ʟʘʩʝʣʝʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ). ʅʘ 

ʩʪʘʜʽʾ ʧʨʦʤʠʚʢʠ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʦʜʠʥ ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚʠʱʝ 

ʨʝʞʠʤʽʚ.  

ʇʦʪʨʽʙʥʘ ʜʣʷ ʟʥʝʟʘʨʘʞʝʥʥʷʤ ʜʦʟʘ ʭʣʦʨʫ ʩʪʘʥʦʚʠʪʴ - 40 ʤʛ/ʜʤ
3
, ʯʘʩ 

ʝʢʩʧʦʟʠʮʽʾ - 45 ʭʚ., ʪʨʠʚʘʣʽʩʪʴ ʚʽʜʤʠʚʢʠ ʟʘʣʠʰʢʽʚ ʜʝʟʽʥʬʝʢʪʘʥʪʫ - 20 ʭʚ., 

ʨʝʛʝʥʝʨʘʮʽʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ - 90 ʭʚ. ʇʦʛʣʠʙʣʝʥʘ ʧʨʦʤʠʚʢʘ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ 1 ʨʘʟ ʥʘ 4-5 ʬʽʣʴʪʨʦʮʠʢʣʽʚ ʘʙʦ ʫ ʚʠʧʘʜʢʫ ʧʦʛʽʨʰʝʥʥʷ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʦʜʠ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʩʭʝʤʫ ʧʽʣʦʪʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʦʛʣʠʙʣʝʥʦʾ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʫʶʯʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ. 

 

3.9. ɺʽʜʧʨʘʮʶʚʘʥʥʷ ʤʝʪʦʜʫ ʚʪʦʨʠʥʥʦʛʦ ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ 

ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, ʚʨʘʭʦʚʫʶʯʠ ʚʘʞʣʠʚʽʩʪʴ ʧʨʦʮʝʩʫ ʬʽʥʽʰʥʦʛʦ 

ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ ʧʝʨʝʜ ʧʦʜʘʯʝʶ ʩʧʦʞʠʚʘʯʘʤ, ʙʫʣʦ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʷʢʠʭ ʟʥʝʟʘʨʘʞʫʶʯʠʭ ʨʝʘʛʝʥʪʽʚ ʪʘ ʾʭ ʢʦʤʙʽʥʘʮʽʡ. 

ʅʘ ʦʩʥʦʚʽ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʫ ʪʘʙʣ. 3.24 ʥʘʚʝʜʝʥʦ ʫʟʘʛʘʣʴʥʝʥʫ  ʦʮʽʥʢʫ  

ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʫ ʧʨʘʢʪʠʮʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʜʝʟʽʥʬʽʢʫʶʯʠʭ ʨʝʘʛʝʥʪʽʚ ʪʘ 

ʤʝʪʦʜʽʚ ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ. 
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ʊʘʙʣʠʮʷ 3.24. ʋʟʘʛʘʣʴʥʝʥʽ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ  
ʇʦʢʘʟʥʠʢʠ/ 

1)
ʢʨʠʪʝʨʽʾ 

ʍʣʦʨ 
ɼʽʦʢʩʠʜ 

ʭʣʦʨʫ 
ʋʌ ʆʟʦʥ 

ʄʽʢʨʦ-

ʬʽʣʴʪʨʘʮʽʷ 

ʋʣʴʪʨʘ-

ʬʽʣʴʪʨʘʮʽʷ 

ɹʝʟʧʝʢʘ 1 1 3 2 3 3 

ɹʘʢʪʝʨʠʮʠʜʥʽʩʪʴ 2 2 2 2 3 3 

ɺʽʨʫʣʽʮʠʜʥʽʩʪʴ 1 1 2 2 2 2 

ʇʨʦʪʦʟʦʦʮʠʜʥʽʩʪʴ ï ï 3 2 3 3 

ɺʪʦʨʠʥʥʠʡ ʨʽʩʪ 1 1 1 3 ï ï 

ʇʨʦʣʦʥʛʫʶʯʠ ʝʬʝʢʪ 1 2 ï ï ï ï 

ɿʘʣʠʰʢʦʚʘ 

ʪʦʢʩʠʯʥʽʩʪʴ 
3 ï ï 1 ï ï 

ʋʪʚʦʨʝʥʥʷ ʧʦʙʽʯʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʜʝʟʽʥʬʝʢʮʽʾ 
3 1 ï 1 ï ï 

ʇʦʪʦʯʥʽ ʚʠʪʨʘʪʠ 1 1 1 2 3 3 

ʂʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ 2 2 2 3 3 3 

1)
ʆʮʽʥʢʘ ʧʦʢʘʟʥʠʢʘ ʟʘ ʢʨʠʪʝʨʽʷʤʠ: 1- ʥʠʟʴʢʘ, 2 ï ʩʝʨʝʜʥʷ, 3 ï ʚʠʩʦʢʘ; - ʦʮʽʥʢʘ ʟʘ 

ʜʘʥʠʤ ʢʨʠʪʝʨʽʻʤ ʚʽʜʩʫʪʥʷ 

 

ʋʩʽ ʨʝʘʛʝʥʪʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʧʨʦʮʝʩʘʭ ʦʯʠʱʝʥʥʷ ʧʠʪʥʦʾ ʚʦʜʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʷʢ ʨʽʟʥʦʶ ʙʘʢʪʝʨʠʮʠʜʥʦʶ ʜʽʻʶ, ʪʘʢ ʽ ʨʽʟʥʝʤ ʩʪʫʧʝʥʝʤ 

ʪʦʢʩʠʯʥʦʩʪ. ʋ ʪʘʙʣ. 3.25 ʧʨʠʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʛʝʥʪʽʚ, ʷʢʽ 

ʜʦʟʚʦʣʝʥʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʨʘʢʪʠʮʽ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʾʭ ʚʽʜʦʤʽ 

ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ 

ʊʘʙʣʠʮʷ 3.25. ʇʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʤʝʪʦʜʽʚ ʟʥʝʟʘʨʘʞʝʥʥʷ 

ʈʝʘʛʝʥʪ  ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

ɻʘʟʦʧʦʜʽʙʥʠʡ 

ʭʣʦʨ  

(ʭʣʦʨʥʘ ʚʦʜʘ) 

Á ʩʠʣʴʥʠʡ ʦʢʠʩʥʠʢ, ʩʧʨʠʷʻ 

ʧʦʜʘʣʴʰʦʤʫ ʦʯʠʱʝʥʥʶ 

ʚʦʜʠ; 

Á ʥʘʷʚʥʽʩʪʴ ʧʨʦʣʦʥʛʫʶʯʦʾ ʜʽʾ; 

Á ʧʦʙʽʯʥʽ ʧʨʦʜʫʢʪʠ ʨʝʪʝʣʴʥʦ 

ʜʦʩʣʽʜʞʝʥʽ; 

Á ʤʘʣʦ ʟʘʪʨʘʪʥʠʡ ʤʝʪʦʜ  

Ê ʩʠʣʴʥʦʜʽʶʯʘ ʦʪʨʫʡʥʘ 
ʨʝʯʦʚʠʥʘ; 

Ê ʩʫʚʦʨʽ ʚʠʤʦʛʠ ʜʦ ʪʝʭʥʽʢʠ 

ʙʝʟʧʝʢʠ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ; 

Ê ʫʪʚʦʨʝʥʥʷ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ 
- ʪʦʢʩʠʯʥʠʭ   ʭʣʦʨʦʨʛʘʥʽʯʥʠʭ 

ʨʝʯʦʚʠʥ  

ɻʽʧʦʭʣʦʨʠʪ 

ʥʘʪʨʽʶ 

(ʪʦʚʘʨʥʠʡ 

ʧʨʦʜʫʢʪ) 

Á ʩʠʣʴʥʠʡ ʦʢʠʩʥʠʢ; 

Á ʥʘʷʚʥʽʩʪʴ ʧʨʦʣʦʥʛʫʶʯʦʾ ʜʽʾ; 

Á ʧʨʘʢʪʠʯʥʦ ʥʝʣʝʪʢʘ 

ʨʝʯʦʚʠʥʘ, ʤʝʥʰ ʩʫʚʦʨʽ 

ʚʠʤʦʛʠ ʜʦ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ, 

ʥʽʞ ʜʦ ʭʣʦʨʥʦʾ ʚʦʜʠ 

Ê ʨʦʟʯʠʥ ʥʝʩʪʽʡʢʠʡ - ʚʪʨʘʪʠ 30 

% ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʚʧʨʦʜʦʚʞ ʤʽʩʷʮʷ; 

Ê ʤʦʞʝ ʩʧʨʠʯʠʥʷʪʠ ʦʩʘʜʞʝʥʥʶ 
ʢʘʣʴʮʽʶ ʚ ʩʠʩʪʝʤʽ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ 

ɻʽʧʦʭʣʦʨʠʪ 

ʥʘʪʨʽʶ 

(ʝʣʝʢʪʨʦʣʽʟʥʠʡ) 

Á ʩʠʣʴʥʠʡ ʦʢʠʩʥʠʢ; 

Á ʥʘʷʚʥʽʩʪʴ ʧʨʦʣʦʥʛʫʶʯʦʾ ʜʽʾ; 

Á ʧʨʘʢʪʠʯʥʦ ʥʝʣʝʪʢʘ 

Ê ʨʦʟʯʠʥ ʥʝʩʪʽʡʢʠʡ - ʚʪʨʘʪʠ 30 

% ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʚʧʨʦʜʦʚʞ ʤʽʩʷʮʷ; 
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ʈʝʘʛʝʥʪ  ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

ʨʝʯʦʚʠʥʘ, ʤʝʥʰ ʩʫʚʦʨʽ 

ʚʠʤʦʛʠ ʜʦ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ, 

ʥʽʞ ʜʦ ʭʣʦʨʥʦʾ ʚʦʜʠ;  

Á ʥʝ ʧʦʪʨʽʙʥʦ ʩʪʚʦʨʶʚʘʪʠ 

ʟʘʧʘʩ ʨʝʘʛʝʥʪʫ 

Ê ʤʦʞʝ ʩʧʨʠʯʠʥʷʪʠ ʦʩʘʜʞʝʥʥʶ 
ʢʘʣʴʮʽʶ ʚ ʩʠʩʪʝʤʽ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ; 

Ê ʟʘʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ 
ʧʨʠʛʦʪʫʚʘʥʥʷ; 

Ê ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʤʽʥʠ 
ʝʣʝʢʪʨʦʜʽʚ 

ɼʽʦʢʩʠʜ ʭʣʦʨʫ 

 

Á ʚʠʩʦʢʘ ʚʽʨʫʣʽʮʠʜʥʘ ʜʽʷ; 

Á ʥʘʷʚʥʽʩʪʴ ʧʨʦʣʦʥʛʫʶʯʦʾ ʜʽʾ; 

Á ʝʬʝʢʪʠʚʥʠʡ ʫ ʥʠʟʴʢʠʭ 

ʜʦʟʘʭ; 

Á ʤôʷʢʠʡ ʦʢʠʩʥʠʢ, ʥʝ ʫʪʚʦʨʶʻ 

ʭʣʦʨʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ 

Ê ʚʠʩʦʢʦ ʟʘʪʨʘʪʥʠʡ ʤʝʪʦʜ  

 

ʆʟʦʥ 

 

Á ʚʠʩʦʢʘ ʚʽʨʫʣʽʮʠʜʥʘ ʜʽʷ 

 

Ê ʩʠʣʴʥʦʜʽʶʯʘ ʦʪʨʫʡʥʘ 
ʨʝʯʦʚʠʥʘ; 

Ê ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʦʣʦʥʛʫʶʯʦʾ ʜʽʾ; 

Ê ʩʠʣʴʥʠʡ  ʦʢʠʩʥʠʢ, ʧʦʙʽʯʥʽ 
ʧʨʦʜʫʢʪʠ - ʦʟʦʥʽʜʠ;  

Ê ʚʠʩʦʢʦ ʟʘʪʨʘʪʥʠʡ ʤʝʪʦʜ 

ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ Á ʚʠʩʦʢʘ ʚʽʨʫʣʽʮʠʜʥʘ ʜʽʷ Ê ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʦʣʦʥʛʫʶʯʦʾ ʜʽʾ. 

Ê ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʥʝʟʘʨʘʞʝʥʥʷ 
ʟʘʣʝʞʠʪʴ  ʚʽʜ ʧʨʦʟʦʨʦʩʪʽ, 

ʢʘʣʘʤʫʪʥʦʩʪʽ, ʞʦʨʩʪʢʦʩʪʽ 

ʚʦʜʠ; 

Ê ʚʠʩʦʢʦ ʟʘʪʨʘʪʥʠʡ ʤʝʪʦʜ 

 

ɺʨʘʭʦʚʫʶʯʠ ʥʘʚʝʜʝʥʫ ʚʠʱʝ ʽʥʬʦʨʤʘʮʽʶ, ʘ ʪʘʢʦʞ ʜʦʮʽʣʴʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʪʝʭʥʦʣʦʛʽʷʭ ʚʦʜʦʦʯʠʱʝʥʥʷ ʨʽʟʥʠʭ ʨʝʘʛʝʥʪʽʚ ʽ ʤʝʪʦʜʽʚ 

ʟʥʝʟʘʨʘʞʝʥʥʷ, ʫ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩ ɹ ʛʘʟʦʧʦʜʽʙʥʠʡ 

ʭʣʦʨ, ʛʽʧʦʭʣʦʨʠʪ ʥʘʪʨʽʶ (ʪʦʚʘʨʥʠʡ ʧʨʦʜʫʢʪ), ʜʽʦʢʩʠʜ ʭʣʦʨʫ (ʦʜʝʨʞʘʥʠʡ ʥʘ 

ʫʩʪʘʥʦʚʮʽ çOxipermè), ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ, ʘ ʪʘʢʦʞ ʾʭ ʢʦʤʙʽʥʘʮʽʾ.  

ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʢʘʟʘʥʠʭ ʨʝʘʛʝʥʪʽʚ ʪʘ ʤʝʪʦʜʽʚ ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ 

ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʦʧʪʠʤʘʣʴʥʠʭ ʜʦʟ ʪʘ ʜʦʩʷʛʥʫʪʦʾ ʧʨʠ 

ʮʴʦʤʫ ʚʝʣʠʯʠʥʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʥʝʟʘʨʘʞʝʥʥʷ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʤʦʜʝʣʴʥʠʭ 

ʨʦʟʯʠʥʽʚ (ʚʤʽʩʪ ʟʘʣʽʟʘ - 3,0-4,5 ʤʛ/ʜʤ
3
, ʤʘʥʛʘʥʫ 0,3-0,4 ʤʛ/ʜʤ

3
), ʦʙʨʦʙʣʝʥʠʭ 

ʨʽʟʥʠʤʠ ʜʝʟʽʥʬʝʢʪʘʥʪʘʤʠ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʘʥʇʽʅ 2.2.4-171-10 çɻʽʛʽʻʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʚʦʜʠ ʧʠʪʥʦʾ, 

ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ ʣʶʜʠʥʦʶè ʚʝʣʠʯʠʥʘ ɿʄʏ ʫ ʧʠʪʥʽʡ ʚʦʜʽ ʥʝ 
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ʧʦʚʠʥʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ ʚʝʣʠʯʠʥʠ - 100 ʂʋʆ/ʩʤ
3
. ʆʜʝʨʞʘʥʽ ʜʘʥʽ ʟʚʝʜʝʥʽ ʫ 

ʪʘʙʣ. 3.26 ʪʘ ʧʨʦʽʣʶʩʪʨʦʚʘʥʽ ʥʘ ʨʠʩ. 3.42.  

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʥʘ ʚʦʜʦʦʯʠʩʥʠʭ ʩʪʘʥʮʽʷʭ 

ʋʢʨʘʾʥʠ ʜʝʟʽʥʬʽʢʫʶʯʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʻ ʛʘʟʦʧʦʜʽʙʥʠʡ ʭʣʦʨ ʪʘ ʛʽʧʦʭʣʦʨʠʪ 

ʥʘʪʨʽʶ, ʩʘʤʝ ʮʽ ʨʝʘʛʝʥʪʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ. 

ʊʘʙʣʠʮʷ 3.26. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ ʛʘʟʦʧʦʜʽʙʥʠʤ ʭʣʦʨʦʤ ʪʘ 

ʛʽʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʽʶ 

 ̄
1)
ɼʦʟʘ ʨʝʘʛʝʥʪʫ, 

ʤʛ/ʜʤ
3
 

ɿʄʏ,  

ʂʋʆ/ʩʤ
3
 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʟʥʝʟʘʨʘʞʝʥʥʷ, % 

1 ɺʠʭʽʜʥʘ ʚʦʜʘ 12400 - 

 ɻʘʟʦʧʦʜʽʙʥʠʡ ʭʣʦʨ 

2 0,25 3100 75,0 

3 0,5 1500 87,9 

4 0,75 430 96,5 

5 1,0 250 97,9 

6 1,25 190 98,5 

7 1,5 160 98,7 

8 2,0 110 99,1 

 ɻʽʧʦʭʣʦʨʠʪ ʥʘʪʨʽʶ 

9 0,1 3200 74,2 

10 0,25 2600 79 

11 0,4 1800 85,5 

12 0,6 1020 91,8 

13 0,8 400 96,8 

14 1,0 230 98 

15 1,1 120 99 

1)
ɼʦʟʠ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʪʘ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʭʣʦʨʫ ʚʠʟʥʘʯʝʥʽ  

ʟʘ ʘʢʪʠʚʥʠʤ ʭʣʦʨʦʤ. 

 

ʋʟʘʛʘʣʴʥʝʥʽ ʜʘʥʽ ʱʦʜʦ ʦʧʪʠʤʘʣʴʥʠʭ ʜʦʟ ʨʝʘʛʝʥʪʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʝʬʝʢʪʠʚʥʝ ʪʘ ʥʘʜʽʡʥʝ ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ, ʦʪʨʠʤʘʥʽ ʧʨʦʪʷʛʦʤ ʜʦʩʣʽʜʞʝʥʴ  ʟ 

ʨʽʟʥʠʤʠ ʜʝʟʽʥʬʽʢʫʶʯʠʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʟʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.27. ʇʨʠ ʮʴʦʤʫ, ʷʢ 

ʟʘʟʥʘʯʘʣʦʩʴ ʨʘʥʽʰʝ, ʦʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʙʫʣʘ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ 

ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ ʟʘ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, 
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ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʟ ʷʢʠʭ ʫ ʧʨʘʢʪʠʮʽ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʻ ʟʘʛʘʣʴʥʝ ʤʽʢʨʦʙʥʝ 

ʯʠʩʣʦ (ɿʄʏ). 

 

 
 

ʘ) ʙ) 

ʈʠʩ. 3.42. ɿʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ɿʄʏ
 
 

ʚʽʜ ʜʦʟʠ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʭʣʦʨʫ (ʘ) ʪʘ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ (ʙ) 

 

ʊʘʙʣʠʮʷ 3.27. ɼʦʟʠ ʟʥʝʟʘʨʘʞʫʶʯʠʭ ʨʝʘʛʝʥʪʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʦʨʤʘʪʠʚʥʽ ʚʠʤʦʛʠ ʜʦ ʧʠʪʥʦʾ ʚʦʜʠ ʟʘ ɿʄʏ   

ˉ  ʈʝʘʛʝʥʪʠ ɼʦʟʘ
1)
, ʤʛ/ʜʤ

3 

1 ɻʘʟʦʧʦʜʽʙʥʠʡ ʭʣʦʨ 1,25°0,08 

2 ɻʽʧʦʭʣʦʨʠʪ ʥʘʪʨʽʶ 1,10°0,09 

3 ɼʽʦʢʩʠʜ ʭʣʦʨʫ 0,30°0,02 

4 ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ 112°2 ʤɼʞ /ʩʤ
2
 

5 ɻʽʧʦʭʣʦʨʠʪ ʥʘʪʨʽʶ + ʜʽʦʢʩʠʜ ʭʣʦʨʫ 0,50°0,05 + 0,10°0,02 

6 ɻʽʧʦʭʣʦʨʠʪ ʥʘʪʨʽʶ + ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ 0,49°0,05 +44° 2ʤɼʞ/ʩʤ
2 

 

ɺ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʪʘʢʦʞ ʧʦʪʨʽʙʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʦʙôʻʢʪʫ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʦʧʪʠʤʘʣʴʥʫ ʜʦʟʫ ʟʥʝʟʘʨʘʞʫʶʯʠʭ 

ʨʝʘʛʝʥʪʽʚ ʧʦʪʨʽʙʥʦ ʫʪʦʯʥʶʚʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʥʘ ʤʽʩʮʽ. ɼʦʨʝʯʥʦ ʪʘʢʦʞ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ ʢʽʥʮʝʚʽʡ ʩʪʘʜʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʯʝʨʝʟ 

0

400

800

1200

1600

2000

2400

2800

3200

0 0,25 0,5 0,75 1 1,25 1,5 2

ɿ
ʄ
ʏ
,
 
ʂ
ʋ
ʆ

/
ʩ
ʤ

3
 

ɼʦʟʘ, ʤʛ/ʜʤ3 ɼʉʘʥʇʽʅ 
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ɼʦʟʘ, ʤʛ/ʜʤ3 ɼʉʘʥʇʽʅ 
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ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʦʣʦʥʛʦʚʘʥʦʛʦ ʙʘʢʪʝʨʠʮʠʜʥʦʛʦ ʝʬʝʢʪʫ  ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ 

ʣʠʰʝ ʫ ʢʦʤʙʽʥʘʮʽʾ ʟ ʽʥʰʠʤ ʟʥʝʟʘʨʘʞʫʶʯʠʤ ʨʝʘʛʝʥʪʦʤ, ʟʜʘʪʥʠʤ ʟʘʙʝʟʧʝʯʠʪʠ 

ʙʘʢʪʝʨʽʦʩʪʘʪʠʯʥʠʡ ʝʬʝʢʪ ʫ ʩʠʩʪʝʤʘʭ ʪʨʘʥʩʧʦʨʪʫ ʧʠʪʥʦʾ ʚʦʜʠ. 

ɿʛʽʜʥʦ ʧʨʦʚʝʜʝʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʟʥʝʟʘʣʽʟʥʝʥʥʷ/ʜʝʤʘʥʛʘʥʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʣʫʯʝʥʽ ʨʝʘʛʝʥʪʠ, ʷʢʽ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʤʷ ʥʘ ʩʪʘʥʮʽʷʭ ʚʦʜʦʦʯʠʱʝʥʥʷ ʜʣʷ ʟʥʝʨʘʞʝʥʥʷ ʚʦʜʠ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʚʨʘʭʦʚʫʶʯʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ 

(ʧʨʠʚʽʟʥʦʛʦ) ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʜʣʷ ʟʥʝʟʘʨʘʞʝʥʥʷ ʬʽʣʴʪʨʫʶʯʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʡʙʽʣʴʰ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʚʠʷʚʣʷʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʪʘ ʡʦʛʦ ʢʦʤʙʽʥʘʮʽʡ ʟ ʋʌ ʘʙʦ ʜʽʦʢʩʠʜʦʤ ʭʣʦʨʫ. 

    

3.10. ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ ʰʣʷʭʦʤ ʚʥʝʩʝʥʥʷ ʢʫʣʴʪʫʨ ʧʨʠʨʦʜʥʠʭ 

ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ 

ʅʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ ʜʝʤʘʥʛʘʥʘʮʽʾ ʥʘ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʜʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʟʝʟʘʣʽʟʥʝʥʥʷ/ʜʝʤʘʥʛʘʥʘʮʽʾ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʘʙʦ ʩʝʣʝʢʪʦʚʘʥʠʭ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

ʋ ʧʝʨʰʽʡ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʩʭʝʤʽ, ʩʪʨʫʢʪʫʨʥʽ ʢʦʤʧʦʥʝʪʠ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʘ ʨʠʩ. 3.43-3.46), ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʨʨ. Leptothrix ʪʘ Sphaerotillus ʧʽʩʣʷ 

ʢʫʣʴʪʠʚʫʚʘʥʥʷ ʥʘ ʪʚʝʨʜʦʤʫ ʧʦʞʠʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʤʠʚʘʶʪʴʩʷ ʚʠʭʽʜʥʦʶ 

ʚʦʜʦʶ. ɺ ʦʪʨʠʤʘʥʦʤʫ ʟʤʠʚʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ ʯʠʩʝʣʴʥʽʩʪʴ ʪʘ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ 

ʥʝʦʙʭʽʜʥʽ ʦʙôʻʤʠ ʩʫʩʧʝʥʟʽʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ (ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʣʘʙʦʨʘʪʦʨʥʠʤ ʰʣʷʭʦʤ ʜʣʷ 

ʨʝʘʣʴʥʦʾ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʚʦʜʠ).  

ʉʫʤʽʰ ʩʫʩʧʝʥʟʽʡ ʚʚʦʜʠʪʴʩʷ ʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʘ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʚ 

ʥʴʦʤʫ ʧʨʦʪʷʛʦʤ 90 ʭʚʠʣʠʥ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʬʽʣʴʪʨʘ ʧʨʦʮʝʩ ʤʦʞʝ ʙʫʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʘʙʦ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʚʨʫʯʥʫ).  
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ʈʠʩ. 3.43. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ 

ʚʦʜʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ  

 

ɼʘʣʽ ʚʽʜʧʨʘʮʴʦʚʘʥʠʡ ʽʥʦʢʫʣʷʪ ʩʢʠʜʘʻʪʴʩʷ ʚ ʨʝʟʝʨʚʫʘʨ ʧʨʦʤʠʚʥʠʭ ʚʦʜ, 

ʟʥʝʟʘʨʘʞʫʻʪʴʩʷ ʽ ʧʝʨʝʢʘʯʫʻʪʴʩʷ ʫ ʩʠʩʪʝʤʫ ʦʙʨʦʙʢʠ ʧʨʦʤʠʚʥʠʭ ʚʦʜ. 

ʇʜ̔ʛʦʪʦʚʣʝʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ ʬʽʣʴʪʨ ʛʦʪʦʚʠʡ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ.  
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ʈʠʩ.3.44. ʌʨʘʛʤʝʥʪ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʧʨʦʮʝʩʫ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ 

ʚʦʜʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ.  

ʆʩʥʦʚʥʽ ʩʪʘʜʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 
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ʈʠʩ. 3.45. ʌʨʘʛʤʝʥʪ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʧʨʦʮʝʩʫ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

ɼʦʧʦʤʽʞʥʽ ʨʦʙʦʪʠ 
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ʈʠʩ. 3.46. ʌʨʘʛʤʝʥʪ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʧʨʦʮʝʩʫ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʦʙʨʦʙʢʠ ʧʨʦʤʠʚʥʠʭ ʚʦʜ 

 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʬʽʣʴʪʨʫʚʘʥʥʷ ʚʠʭʽʜʥʘ ʚʦʜʘ ʥʘʩʠʯʫʻʪʴʩʷ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ 

ʰʣʷʭʦʤ ʩʧʨʦʱʝʥʦʾ ʘʝʨʘʮʽʾ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʝʨʘʪʦʨʘ. ʇʨʠ ʩʧʨʦʱʝʥʽʡ ʘʝʨʘʮʽʾ  

ʚʚʝʜʝʥʥʷ ʧʦʚʽʪʨʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʡʦʛʦ ʨʦʟʧʠʣʝʥʥʷʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʚʝʨʭʥʽʡ 

ʯʘʩʪʠʥʽ ʬʽʣʴʪʨʘ, ʧʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʝʨʘʮʽʾ ʜʦʩʷʛʘʻʪʴʩʷ 

ʧʨʘʚʠʣʴʥʠʤ ʧʽʜʙʦʨʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʬʽʣʴʪʨʘ. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʘʝʨʘʪʦʨʘ ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ ʤʦʞʝ ʨʝʛʫʣʶʚʘʪʠʩʷ. ɺʤʽʩʪ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ 

ʧʽʩʣʷ ʘʝʨʘʮʽʾ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʣʘʙʦʨʘʪʦʨʥʦ ʘʙʦ ʘʚʪʦʤʘʪʠʯʥʠʤ ʜʘʪʯʠʢʦʤ.   

ʅʘʩʠʯʝʥʘ ʢʠʩʥʝʤ ʚʦʜʘ ʧʦʜʘʻʪʴʩʷ ʫ ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ ʙʝʟʥʘʧʽʨʥʠʭ 

ʬʽʣʴʪʨʽʚ ʽ ʬʽʣʴʪʨʫʻʪʴʩʷ ʟʚʝʨʭʫ ʜʦ ʥʠʟʫ ʯʝʨʝʟ ʮʝʦʣʽʪʦʚʝ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʫ ʪʦʚʱʽ 

ʷʢʦʛʦ ʧʘʨʘʣʝʣʴʥʦ ʧʝʨʝʙʽʛʘʻ ʨʷʜ ʧʨʦʮʝʩʽʚ: ʟʘ ʨʘʭʫʥʦʢ ʢʠʩʥʶ ʧʦʚʽʪʨʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ  ʭʽʤʽʯʥʝ ʦʢʠʩʥʝʥʥʷ Fe (ɯɯ) ʜʦ Fe (ɯɯɯ), ʛʽʜʨʦʣʽʟ ʦʩʪʘʥʥʴʦʛʦ ʟ 
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ʫʪʚʦʨʝʥʥʷʤ ʥʝʨʦʟʯʠʥʥʠʭ ʩʧʦʣʫʢ, ʷʢʽ ʟʘʪʨʠʤʫʶʪʴʩʷ ʫ ʰʘʨʽ ʬʽʣʴʪʨʫʶʯʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟʘ ʨʘʭʫʥʦʢ ʘʜʛʝʟʽʾ. ʇʦʩʪʫʧʦʚʦ ʥʘ ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ ʮʝʦʣʽʪʫ 

ʫʪʚʦʨʶʻʪʴʩʷ ʦʩʦʙʣʠʚʘ ʧʣʽʚʢʘ ʟ ʥʝʨʦʟʯʠʥʥʠʭ ʛʽʜʨʦʢʩʠʜʥʠʭ ʩʧʦʣʫʢ ʟʘʣʽʟʘ, ʷʢʘ 

ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʚʦʜʠ (ʜʽʻ ʷʢ ʻ ʢʘʪʘʣʽʟʘʪʦʨ). ʋ 

ʪʦʡ ʞʝ ʯʘʩ, ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ʮʝʦʣʽʪʘ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʟʘʣʽʟʦ ʪʘ ʤʘʥʛʘʥ ʷʢ ʩʫʙʩʪʨʘʪ ʜʣʷ ʞʠʚʣʝʥʥʷ, ʩʧʨʠʷʶʯʠ ʧʨʠ ʮʴʦʤʫ ʾʭ 

ʦʢʠʩʥʝʥʥʶ. ʆʯʠʱʝʥʘ ʚʦʜʘ ʟ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʬʽʣʴʪʨʘ ʧʦʜʘʻʪʴʩʷ ʚ ʨʝʟʝʨʚʫʘʨ 

ʯʠʩʪʦʾ ʚʦʜʠ, ʜʝ ʦʙʨʦʙʣʷʻʪʴʩʷ ʨʦʟʯʠʥʦʤ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʜʣʷ ʜʝʟʽʥʬʝʢʮʽʾ.  

ʋ ʨʦʟʛʣʷʥʫʪʽʡ ʚʠʱʝ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʩʭʝʤʽ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʫʚʘʥʥʷ ʤʘʻ 

ʩʪʘʥʦʚʠʪʠ - 5-7 ʤ/ʛʦʜ, ʱʦ ʙʫʜʝ ʟʘʧʦʙʽʛʘʪʠ ʚʽʜʨʠʚʫ ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʮʝʦʣʽʪʽ  

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʾʭ çʚʠʤʠʚʘʥʥʶè ʽʟ ʬʽʣʴʪʨʘ.  

ʇʦ ʤʽʨʽ ʥʘʢʦʧʠʯʝʥʥʷ ʫ ʬʽʣʴʪʨʫʶʯʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʚʠʜʘʣʝʥʠʭ 

ʟʘʙʨʫʜʥʝʥʴ ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʡʦʛʦ ʦʧʽʨ ʽ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʨʦʤʠʚʢʠ. ʆʩʪʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʚʦʜʷʥʠʤ ʘʙʦ ʚʦʜʦʧʦʚʽʪʨʷʥʠʤ 

ʩʧʦʩʦʙʦʤ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʚʠʭʽʜʥʘ ʚʦʜʘ ʽʟ ʩʧʝʮʽʘʣʴʥʦʾ ʻʤʥʦʩʪʽ ʧʦʜʘʻʪʴʩʷ 

ʥʘʩʦʩʦʤ ʫ ʥʠʞʥʶ ʯʘʩʪʠʥʫ ʬʽʣʴʪʨʘ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 15 ʣ/ʩĿʤ
2
. ʊʘʢʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʷʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʨʘʥʽʰʝ, ʜʦʩʪʘʪʥʷ ʜʣʷ ʨʦʟʧʫʰʫʚʘʥʥʷ 

ʟʘʚʘʥʪʘʞʝʥʥʷ, ʘʣʝ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʨʠʚʫ ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʧʦʚʝʨʭʥʽ ʮʝʦʣʽʪʫ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ.  

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʰʢʦʜʞʝʥʥʷ ʟʘʢʨʽʧʣʝʥʠʭ ʚ ʟʘʚʘʥʪʘʞʝʥʥʽ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʬʽʣʴʪʨʽ ʫʣʘʰʪʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʘ ʜʨʝʥʘʞʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ ʚʦʜʠ ʟʘ ʧʣʦʱʝʶ ʬʽʣʴʪʨʘ. ʇʨʦʤʠʚʥʘ ʚʦʜʘ 

ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʣʦʪʢʽʚ ʟʙʠʨʘʻʪʴʩʷ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʬʽʣʴʪʨʘ ʽ ʩʘʤʦʧʣʠʚʦʤ 

ʚʽʜʚʦʜʠʪʴʩʷ ʫ ʧʨʠʡʤʘʣʴʥʠʡ ʨʝʟʝʨʚʫʘʨ ʜʣʷ ʦʙʨʦʙʢʠ ʧʨʦʤʠʚʥʠʭ ʚʦʜ. 

ʇʨʠ ʚʦʜʦʧʦʚʽʪʨʷʥʦʤʫ ʩʧʦʩʦʙʽ ʧʨʦʤʠʚʢʠ ʧʦʚʽʪʨʷ, ʘ ʧʦʪʽʤ ʽ ʚʦʜʘ, ʪʘʢʦʞ 

ʧʦʜʘʶʪʴʩʷ ʫ ʥʠʞʥʶ ʯʘʩʪʠʥʫ ʬʽʣʴʪʨʘ ʯʝʨʝʟ ʜʨʝʥʘʞʥʫ ʩʠʩʪʝʤʫ ʽʟ ʩʽʪʯʘʩʪʠʭ 

ʧʣʘʩʪʠʢʦʚʠʭ ʪʨʫʙ ʟ ʥʝʚʝʣʠʢʠʤ ʜʽʘʤʝʪʨʦʤ ʦʪʚʦʨʽʚ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ, ʟ ʦʜʥʦʛʦ 

ʙʦʢʫ, ʟʘʙʝʟʧʝʯʫʻ ʙʘʨʙʦʪʫʚʘʥʥʷ ʧʦʚʽʪʨʷ, ʘ ʟ ʽʥʰʦʛʦ, ʩʪʚʦʨʶʻ ʥʝʦʙʭʽʜʥʠʡ ʦʧʽʨ 

ʜʣʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʡʦʛʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ ʪʨʫʙʠ. ɺʽʜʧʨʘʮʴʦʚʘʥʝ 
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ʧʦʚʽʪʨʷ ʚʽʜʚʦʜʠʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʫ, ʘ ʧʨʦʤʠʚʥʽ ʚʦʜʠ ʟʙʠʨʘʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ 

ʨʝʟʝʨʚʫʘʨʽ. 

ʉʠʩʪʝʤʘ ʦʙʨʦʙʢʠ ʧʨʦʤʠʚʥʠʭ ʚʦʜ ʚʢʣʶʯʘʻ ʛʨʫʧʫ ʚʽʜʩʪʽʡʥʠʢʽʚ, ʷʢʽ 

ʧʨʘʮʶʶʪʴ ʫ ʧʝʨʽʦʜʠʯʥʦʤʫ ʨʝʞʠʤʽ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘ ʚʦʜʦʦʯʠʩʥʽʡ ʩʪʘʥʮʽʾ 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʮʠʭ ʮʽʣʝʡ ʧʣʦʱ ʧʨʦʮʝʩ ʚʽʜʩʪʦʶʚʘʥʥʷ ʧʨʦʤʠʚʥʠʭ ʚʦʜ ʤʦʞʝ 

ʙʫʪʠ ʽʥʪʝʥʩʠʬʽʢʦʚʘʥʠʡ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʘʛʫʣʷʥʪʽʚ (ʬʣʦʢʫʣʷʥʪʽʚ). ʇʦ 

ʟʘʚʝʨʰʝʥʥʶ ʮʠʢʣʫ ʚʽʜʩʪʦʶʚʘʥʥʷ (ʦʨʽʻʥʪʦʚʥʦ 4-6 ʛʦʜʠʥ), ʦʩʚʽʪʣʝʥʘ 

ʥʘʜʦʩʘʜʦʚʘ ʨʽʜʠʥʘ ʟ ʚʽʜʩʪʽʡʥʠʢʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘ ʧʦʯʘʪʢʦʚʫ ʩʪʘʜʽʶ ʦʯʠʱʝʥʥʷ, 

ʘ ʫʪʚʦʨʝʥʠʡ ʦʩʘʜ ʧʝʨʽʦʜʠʯʥʦ ʩʢʠʜʘʻʪʴʩʷ ʥʘ ʧʽʩʢʦʚʽ ʤʘʡʜʘʥʯʠʢʠ ʜʣʷ 

ʧʨʦʩʫʰʫʚʘʥʥʷ. 

ʇʦ ʤʽʨʽ çʩʪʘʨʽʥʥʷè ʤʽʢʨʦʮʝʥʦʟʫ (4-5 ʬʽʣʴʪʨʦʮʠʢʣʽʚ) ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʩʪʫʧʦʚʝ ʟʤʝʥʰʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ. ʊʦʤʫ, ʧʽʩʣʷ ʢʦʞʥʦʾ ʯʝʪʚʝʨʪʦʾ ʧʨʦʤʠʚʢʠ 

ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʟʥʝʟʘʨʘʞʝʥʥʷ ʬʽʣʴʪʨʫʶʯʦʛʦ ʰʘʨʫ ʟ ʥʘʩʪʫʧʥʠʤ 

ʚʽʜʥʦʚʣʝʥʥʷʤ ʥʘ ʥʴʦʤʫ ʤʽʢʨʦʬʣʦʨʠ. ɼʣʷ ʮʴʦʛʦ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʤʠʚʢʠ ʫ 

ʬʽʣʴʪʨ ʧʦʜʘʻʪʴʩʷ ʚʠʭʽʜʥʘ ʚʦʜʘ ʪʘ ʨʦʟʯʠʥ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ, ʦʙôʻʤʠ ʷʢʠʭ 

ʨʦʟʨʘʭʦʚʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʟʫ ʜʝʟʽʥʬʝʢʪʘʥʪʫ ʙʽʣʷ 40 

ʤʛ/ʜʤ
3
. ʇʦ ʟʘʚʝʨʰʝʥʥʶ 30 ʭʚʠʣʠʥʥʦʾ ʝʢʩʧʦʟʠʮʽʾ ʚʽʜʧʨʘʮʴʦʚʘʥʠʡ ʨʦʟʯʠʥ 

ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʩʢʠʜʘʻʪʴʩʷ ʚ ʩʠʩʪʝʤʫ ʦʙʨʦʙʢʠ ʧʨʦʤʠʚʥʠʭ ʚʦʜ, ʬʽʣʴʪʨ 

ʧʨʦʤʠʚʘʻʪʴʩʷ ʚʦʜʦʶ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ - 15 ʣ/ʩĿʤ
2
 ʧʨʦʪʷʛʦʤ 20 ʭʚʠʣʠʥ, ʘ 

ʧʨʦʤʠʚʥʽ ʚʦʜʠ ʪʘʢʦʞ ʥʘʭʦʜʷʪʴ ʥʘ ʧʦʜʘʣʴʰʫ ʦʙʨʦʙʢʫ. ɼʘʣʽ ʬʽʣʴʪʨ ʟʥʦʚʫ 

ʦʙʨʦʙʣʷʻʪʴʩʷ ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʛʦʪʦʚʣʝʥʠʤ ʽʥʦʢʫʣʷʪʦʤ ʢʫʣʴʪʫʨ Leptothrix ʪʘ 

Sphaerotillus ʧʨʦʪʷʛʦʤ 90 ʭʚʠʣʠʥ ʽ ʧʨʦʮʝʩ ʬʽʣʴʪʨʫʚʘʥʥʷ ʧʦʚʪʦʨʶʻʪʴʩʷ. 

 

3.11. ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ ʰʣʷʭʦʤ ʚʥʝʩʝʥʥʷ ʢʫʣʴʪʫʨ ʩʝʣʝʢʪʦʚʘʥʠʭ 

ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ 

ɼʨʫʛʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ (ʨʠʩ. 3.47-3.49) ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʝʨʰʦʶ 

ʪʠʤ, ʱʦ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʝʣʝʢʪʦʚʘʥʨʠʭ ʢʫʣʴʪʫʨ 
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ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʰʘʨ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʽ ʩʧʝʮʽʘʣʴʥʦʾ ʚʠʪʨʘʪʥʦʾ 

ʻʤʥʦʩʪʽ ʥʘʩʦʩʦʤ-ʜʦʟʘʪʦʨʦʤ ʙʝʟʧʝʨʝʨʚʥʦ ʧʦʜʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ ʽʥʦʢʫʣʷʪ.  

 

 

ʈʠʩ. 3.47. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʣʝʢʪʦʚʘʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ  
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ʈʠʩ. 3.48. ʌʨʘʛʤʝʥʪ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʧʨʦʮʝʩʫ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʣʝʢʪʦʚʘʥʠʭ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

ʆʩʥʦʚʥʽ ʩʪʘʜʽʾ 
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ʈʠʩ. 3.49. ʌʨʘʛʤʝʥʪ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʧʨʦʮʝʩʫ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʣʝʢʪʦʚʘʥʠʭ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

ɼʦʧʦʤʽʞʥʽ ʩʪʘʜʽʾ 
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3.12. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʾ ʧʦʜʘʯʽ ʽʥʦʢʫʣʷʪʫ 

ʈʝʘʣʽʟʘʮʽʷ ʩʭʝʤʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʝʣʝʢʪʦʚʘʥʨʠʭ ʢʫʣʴʪʫʨ ʧʦʪʨʝʙʫʻ 

ʩʧʝʮʽʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʬʽʣʴʪʨʘ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʾ, 

ʨʽʚʥʦʤʽʨʥʦʾ ʧʦʜʘʯʽ ʚ ʥʴʦʛʦ ʽʥʦʢʫʣʷʪʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʫ ʢʦʥʩʪʨʫʢʮʽʶ ʰʚʠʜʢʠʭ 

ʬʽʣʴʪʨʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʚʦʜʠ ʌʆɺ, ʷʢʽ ʨʦʟʨʦʙʣʝʥʽ ʚ ʥʘʰʦʤʫ ʽʥʩʪʠʪʫʪʽ (ɼʇ 

çʅɼʂʊɯ ʄɻè), ʙʫʣʠ ʚʥʝʩʝʥʽ ʥʝʦʙʭʽʜʥʽ ʟʤʽʥʠ (ʨʠʩ. 3.50, 3.51).  

 

 
 

ʘ) ʙ) 

 

ʈʠʩ. 3.50. ʂʨʝʩʣʝʥʥʷ ʰʚʠʜʢʦʛʦ ʬʽʣʴʪʨʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʾ 

ʧʦʜʘʯʽ ʽʥʦʢʫʣʷʪʫ: ʘ) - ʪʨʫʙʦʧʨʦʚʜ̔ ʙʝʟʧʝʨʝʨʚʥʦʾ ʧʦʜʘʯʽ ʽʥʦʢʫʣʷʪʫ;  

ʙ) - ʨʦʟʧʦʜʽʣʴʥʘ ʩʠʩʪʝʤʘ ʧʦʜʘʯʽ ʽʥʦʢʫʣʷʪʫ 

 

ɼʣʷ ʙʝʟʧʝʨʝʨʚʥʦʾ ʧʦʜʘʯʽ ʽʥʦʢʫʣʷʪʫ ʥʝʦʙʭʽʜʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʾ 

ʜʦʜʘʪʢʦʚʦʾ ʩʠʩʪʝʤʠ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʚʝʜʝʥʥʷ ʽʥʦʢʫʣʷʪʫ  ʫ ʚʝʩʴ 

ʰʘʨ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʧʦʜʘʯʽ ʽʥʦʢʫʣʷʪʫ ʷʚʣʷʻ 

ʩʦʙʦʶ 4 ʨʦʟʪʘʰʦʚʘʥʽ ʦʜʥʘ ʥʘʜ ʦʜʥʦʶ ʧʨʦʤʝʥʝʚʽ ʛʨʫʧʠ, ʢʦʞʥʘ ʟ ʷʢʠʭ 

ʫʣʘʰʪʦʚʘʥʘ ʟ ʧʣʘʩʪʠʢʦʚʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʦʪʚʦʨʘʤʠ ʜʣʷ 
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ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʦʢʫʣʷʪʫ ʧʦ 

ʚʩʴʦʤʫ ʦʙôʻʤʫ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ.  

ɼʽʘʤʝʪʨ ʦʪʚʦʨʽʚ ʥʘ ʜʦʟʫʶʯʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʤʝʥʰʠʡ ʟʘ ʨʦʟʤʽʨʠ 

ʬʨʘʢʮʽʡ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚʠʢʣʶʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʟʘʙʠʚʘʥʥʷ.  

 

 
 

ʘ) ʙ) 

 
ʩ) 

ʈʠʩ. 3.51. ʂʦʥʩʪʨʫʢʮʽʷ ʰʚʠʜʢʦʛʦ ʬʽʣʴʪʨʫ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ, 

ʧʨʠʜʘʪʥʦʛʦ ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʽʚʥʦʤʽʨʥʦʾ ʧʦʜʘʯʽ ʽʥʦʢʫʣʷʪʫ: 

 ʘ) ʚʠʜ ʟʟʘʜʫ; ʙ) ʚʠʜ ʟ ʙʦʢʫ; ʚ) ʚʠʜ ʩʧʝʨʝʜʫ 
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ʅʘ ʥʘʩʦʩʽ-ʜʦʟʘʪʦʨʽ ʜʣʷ ʧʦʜʘʯʽ ʽʥʦʢʫʣʷʪʫ ʫʩʪʘʥʦʚʣʶʻʪʴʩʷ ʪʠʩʢ, 

ʜʦʩʪʘʪʥʽʡ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʚʦʨʦʪʥʦʤʫ ʪʦʢʫ ʚʦʜʠ ʟ ʬʽʣʴʪʨʘ ʫ ʚʠʪʨʘʪʥʫ 

ʻʤʥʽʩʪʴ. ʅʘ ʚʠʧʘʜʦʢ ʚʽʜʢʣʶʯʝʥʥʷ ʥʘʩʦʩʘ-ʜʦʟʘʪʦʨʘ ʧʝʨʝʜʙʘʯʝʥʠʡ ʚʽʜʧʦʚʽʜʥʠʡ 

ʢʣʘʧʘʥ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʚʠʛʦʪʦʚʣʝʥʦ ʢʨʝʩʣʝʥʥʷ ʜʣʷ ʬʽʣʴʪʨʘ ʜʽʘʤʝʪʨʦʤ 

2 ʤ, ʘʣʝ ʜʘʥʘ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʘ ʜʦʢʫʤʝʥʪʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʷʢ ʙʘʟʦʚʘ 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʬʽʣʴʪʨʽʚ ʽʥʰʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ.  

 

3.13. ʇʨʠʢʣʘʜʠ ʘʧʘʨʘʪʫʨʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ 

ʄʦʞʣʠʚʽ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʘʧʘʨʘʪʫʨʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʦʜʦʦʯʠʩʥʦʾ 

ʩʪʘʥʮʽʾ, ʜʝ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʾʾ ʚʧʨʦʚʘʜʞʝʥʥʷ. 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʥʘʡʙʽʣʴʰ ʪʠʧʦʚʽ ʚʘʨʽʘʥʪʠ ʨʝʘʣʽʟʘʮʽʾ ʜʣʷ 

ʩʪʘʥʮʽʾ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 1000, 10000 ʪʘ 50000 ʤ
3
/ʜʦʙʫ - ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʠʨʦʜʥʠʭ ʢʫʣʴʪʫʨ ʪʘ ʩʭʝʤʘ ʥʘ 10000 ʤ
3
/ʜʦʙʫ - ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʝʣʝʢʪʦʚʘʥʠʭ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʠʟʤʽʚ (ʨʠʩ. 3.52-3.54). 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧ. 10.12.4 ɼɹʅ ɺ2.5-74:2013 çɺʦʜʦʧʦʩʪʘʯʘʥʥʷ. ɿʦʚʥʽʰʥʽ 

ʤʝʨʝʞʽ ʪʘ ʩʧʦʨʫʜʠè, ʟʘʛʘʣʴʥʫ ʧʣʦʱʫ ʬʽʣʴʪʨʽʚ Fʬ ʤ
2
 ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʚʠʟʥʘʯʘʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ, 

ʧʠʪʦʤʠʭ ʚʠʪʨʘʪ ʚʦʜʠ ʥʘ ʧʨʦʤʠʚʢʫ  ʽ ʯʘʩʫ ʧʨʦʩʪʦʶ ʧʨʠ ʾʾ ʧʨʦʚʝʜʝʥʥʽ ʟʘ 

ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

 

 

 

 

 

ʜʝ:Q ï ʢʦʨʠʩʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʪʘʥʮʽʾ, ʤ
3
/ʜʦʙʫ;  

Tʩʪ ï ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʩʪʘʥʮʽʾ ʧʨʦʪʷʛʦʤ ʜʦʙʠ, ʛʦʜ;  

vʥ ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʫʚʘʥʥʷ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ, 

ʤ/ʛʦʜ, ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ʪʘʙʣʠʮʝʶ 21 ɼɹʅ ɺ2.5-74:2013;  

ʬ
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nʧʨ ï ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʠʚʘʥʴ ʦʜʥʦʛʦ ʬʽʣʴʪʨʘ ʟʘ ʜʦʙʫ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ;  

qʧʨ ï ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʦʜʥʝ ʧʨʦʤʠʚʘʥʥʷ ʦʜʥʦʛʦ ʬʽʣʴʪʨʘ, ʤ
3
/ʤ

2
, ʷʢʫ 

ʩʣʽʜ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧ. 10.12.15 ɼɹʅ ɺ2.5-74:2013;  

tʧʨ ï ʯʘʩ ʧʨʦʩʪʦʶ ʬʽʣʴʪʨʘ ʚ ʟʚôʷʟʢʫ ʟ ʧʨʦʤʠʚʘʥʥʷʤ, ʧʨʠʡʤʘʻʪʴʩʷ ʜʣʷ 

ʬʽʣʴʪʨʽʚ, ʷʢʽ ʧʨʦʤʠʚʘʶʪʴʩʷ ʚʦʜʦʶ, ï 0,33 ʛʦʜ, ʚʦʜʦʶ ʪʘ ʧʦʚʽʪʨʷʤ ï 0,5 ʛʦʜ. 

ɿʘ ʫʤʦʚʠ ʮʽʣʦʜʦʙʦʚʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʪʘʥʮʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʟ 2 

ʚʦʜʷʥʠʤʠ ʧʨʦʤʠʚʢʘʤʠ ʬʽʣʴʪʨʘ ʥʘ ʜʦʙʫ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 15 ʣ/ʤ
2
ʩ ʪʘ 

ʰʚʠʜʢʽʩʪʶ ʬʽʣʴʪʨʫʚʘʥʥʷ ʚ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ - 7 ʤ/ʛʦʜ, ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ ʢʦʨʠʩʥʫ ʧʣʦʱʫ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʩʪʘʥʮʽʾ 1000 ʤ
3
/ʜʦʙʫ, 10 000 ʤ

3
/ʜʦʙʫ ʪʘ 50 000 ʤ

3
/ʜʦʙʫ. ʈʦʟʨʘʭʫʥʦʢ ʥʘʚʝʜʝʥʦ ʫ 

ʪʘʙʣ. 3.28. 

ʊʘʙʣʠʮʷ 3.28. ʈʦʟʨʘʭʫʥʦʢ ʧʣʦʱʽ ʬʽʣʴʪʨʽʚ 

ʇʦʢʘʟʥʠʢ 
ʆʜ. 

ʚʠʤʽʨʶʚʘʥʴ 
ɿʥʘʯʝʥʥʷ 

ʂʦʨʠʩʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤ
3
/ʜʦʙʫ 1000 10000 50000 

ʈʦʙʦʪʘ ʩʪʘʥʮʽʾ ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʛʦʜ. 24 24 24 

ʐʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʫʚʘʥʥʷ ʫ 

ʟʚʠʯʘʡʥʦʤʫ ʨʝʞʠʤʽ 
ʤ/ʛʦʜ 7 7 7 

ʂʽʣʴʢʽʩʪʴ ʧʨʦʤʠʚʦʢ  ʦʜ./ʜʦʙʫ 2 2 2 

ɺʠʪʨʘʪʠ ʥʘ 1 ʧʨʦʤʠʚʢʫ ʤ
3
/ʤ

2
 18 18 18 

ʏʘʩ ʧʨʦʩʪʦʶ ʬʽʣʴʪʨʘ ʛʦʜ 0,33 0,33 0,33 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ  ʤ
2
 7,85 78,51 392,53 

 

ʂʽʣʴʢʽʩʪʴ ʬʽʣʴʪʨʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧ. 10.12.5 ʚʢʘʟʘʥʠʭ ɼɹʅ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʽʣʴʢʽʩʪʴ ʬʽʣʴʪʨʽʚ ʜʣʷ ʩʪʘʥʮʽʾ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 1000 ʤ
3
/ʜʦʙʫ 

ʩʪʘʥʦʚʠʪʴ - 4 ʦʜ., ʜʣʷ ʩʪʘʥʮʽʾ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 10 000 ʤ
3
/ʜʦʙʫ - 5 ʦʜ., ʜʣʷ 

ʩʪʘʥʮʽʾ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 50 000 ʤ
3
/ʜʦʙʫ - 10 ʦʜ. 
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ʈʠʩ. 3.52. ɸʧʘʨʘʪʫʨʥʘ ʩʭʝʤʘ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ 

ʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 1000 ʤ
3
/ʜʦʙʫ. 
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ʈʠʩ. 3.53. ɸʧʘʨʘʪʫʨʥʘ ʩʭʝʤʘ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ 

ʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 10000 ʤ
3
/ʜʦʙʫ 



 

 

 

 

ʈʠʩ. 3.54 ɸʧʘʨʘʪʫʨʥʘ ʩʭʝʤʘ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ ʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 50000 ʤ
3
/ʜʦʙʫ 



ʇʝʨʝʚʽʨʠʪʠ ʧʨʘʚʠʣʴʥʽʩʪʴ ʧʽʜʙʦʨʫ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʥʘ ʟʘ ʬʦʨʤʫʣʦʶ 3.1. 

ὺ̕
ὺ̎ὔ̕

ὔ̕ ὔ
 (3.1) 

 

ʜʝ ὺ̕ ï ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʫʚʘʥʥʷ ʧʨʠ ʬʦʨʩʦʚʘʥʦʤʫ ʨʝʞʠʤʽ, ʤ/ʛʦʜ, ʷʢʘ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʥʝ ʙʽʣʴʰʝ ʟʘʟʥʘʯʝʥʦ ʚ ʪʘʙʣ. 21 ɼɹʅ ɺ2.5-74:2013; 

ὔ̕  ï ʢʽʣʴʢʽʩʪʴ ʬʽʣʴʪʨʽʚ, ʦʜ.; 

ὔ ï ʢʽʣʴʢʽʩʪʴ ʬʽʣʴʪʨʽʚ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʨʝʤʦʥʪʽ (ʥʘ 

ʧʨʦʤʠʚʮʽ), ʦʜ. 

ɼʣʷ ʩʪʘʥʮʽʡ ʚʦʜʦʦʯʠʱʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʾ  ʧʨʦʜʫʢʪʠʚʥʽʩʪ ̔ʚʢʘʟʘʥʝ  

ʟʥʘʯʝʥʥʷ ʙʫʜʝ ʩʪʘʥʦʚʠʪʠ: 

- ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 1000 ʤ
3
/ʜʦʙʫ: 

ὺ̕
χϽτ

τ ρ
ωȟσσ ̍ ̄̏̅ϳ ȟ 

ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ  10000 ʤ
3
/ʜʦʙʫ: 

ὺ̕
χϽυ

υ ρ
ψȟχυ ̍ ̄̏̅ϳ ȟ 

ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 50000 ʤ
3
/ʜʦʙʫ: 

ὺ̕
χϽρπ

ρπρ
χȟχψ ̍ ̄̏̅ϳ ȟ 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʪʘʙʣ. 21 ɼɹʅ ɺ2.5-74:2013 (ʜʣʷ ʬʨʘʢʮʽʾ ʢʚʘʨʮʦʚʦʛʦ 

ʧʽʩʢʫ 0,7-1,6 ʤʤ). 

ʇʨʠʡʤʘʶʯʠ, ʱʦ ʥʘ ʩʪʘʥʮʽʾ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 1000 ʤ
3
/ʜʦʙʫ ʚʩʪʘʥʦʚʣʝʥʦ 

ʬʽʣʴʪʨʠ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ, ʜʽʘʤʝʪʨ ʦʜʥʦʛʦ ʬʽʣʴʪʨʘ ʟʘ ʬʦʨʤʫʣʦʶ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 3.2: 

Ὠ
τϽὛ

“

τϽρȟωφ

σȟρτ
ρȟφ ̍ 

 

(3.2) 

ʜʝ Ὓ ï ʢʦʨʠʩʥʘ ʧʣʦʱʘ ʦʜʥʦʛʦ ʬʽʣʴʪʨʘ, ʤ
2
. 
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ʅʘ ʩʪʘʥʮʽʾ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 10 000 ʤ
3
/ʜʦʙʫ ʚʩʪʘʥʦʚʣʝʥʦ ʬʽʣʴʪʨʠ 

ʢʚʘʜʨʘʪʥʦʾ ʬʦʨʤʠ ʨʦʟʤʽʨʘʤʠ 4ʭ4 ʤ; ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 50 000 ʤ
3
/ʜʦʙʫ - 

ʚʩʪʘʥʦʚʣʝʥʦ ʬʽʣʴʪʨʠ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ ʨʦʟʤʽʨʘʤʠ 6ʭ6,5 ʤ. 

ʋ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʦʜʷʥʘ ʧʨʦʤʠʚʢʘ ʬʽʣʴʪʨʽʚ, 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ 15 ʣ/ʩ ʤ
2
 ʪʘ ʪʨʠʚʘʣʽʩʪʶ 20 ʭʚ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʚʠʪʨʘʪʠ ʚʦʜʠ ʥʘ 1 

ʧʨʦʤʠʚʢʫ 1 ʬʽʣʴʪʨʘ ʩʢʣʘʜʘʪʠʤʫʪʴ: ʜʣʷ ʩʪʘʥʮʽʾ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 1000 ʤ
3
/ʜʦʙʫ ï 

35,33 ʤ
3
; ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 10000 ʤ

3
/ʜʦʙʫ ï 282,62 ʤ

3
; ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 50000 

ʤ
3
/ʜʦʙʫ ï 706,55 ʤ

3
. ʆʙʩʷʛʠ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ ʟʘ ʜʦʙʫ ʚʽʜʧʦʚʽʜʥʦ 

ʩʪʘʥʦʚʠʪʠʤʫʪʴ: 282,62,  2826,2 ʪʘ 14131 ʤ
3
/ʜʦʙʫ. 

ʇʦʪʫʞʥʽʩʪʴ ʧʨʦʤʠʚʥʦʛʦ ʥʘʩʦʩʫ ʥʘ ʩʪʘʥʮʽʷʭ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʚʠʭʦʜʷʯʠ ʟ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʽʚ ʪʘ ʾʭ ʢʦʨʠʩʥʦʾ 

ʧʣʦʱʽ ʟʘ ʬʦʨʤʫʣʦʶ 3.3: 

ὗ σȟφϽὍϽὪ (3.3) 

ʜʝ Ὅ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʤʠʚʢʠ, ʣ/(ʩ*ʤ2
); 

Ὢ ï ʢʦʨʠʩʥʘ ʧʣʦʱʘ ʦʜʥʦʛʦ ʬʽʣʴʪʨʫ, ʤ
2
. 

σȟφ ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʚʦʜʫ ʣ/ʩ ʫ ʤ3
/ʛʦʜ. 

 

ɿʛʽʜʥʦ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʫʞʥʽʩʪʴ ʧʨʦʤʠʚʥʦʛʦ ʥʘʩʦʩʫ ʩʢʣʘʜʘʪʠʤʝ: ʜʣʷ 

ʩʪʘʥʮʽʾ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 1000 ʤ
3
/ʜʦʙʫ ï 106 ʤ

3
/ʛʦʜ; ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 10000 

ʤ
3
/ʜʦʙʫ ï 848 ʤ

3
/ʛʦʜ; ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 50000 ʤ

3
/ʜʦʙʫ ï 2120 ʤ

3
/ʛʦʜ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʟʥʝʟʘʨʘʞʝʥʥʷ ʧʠʪʥʦʾ ʚʦʜʠ ʥʘ 

ʚʦʜʦʦʯʠʩʥʽʡ ʩʪʘʥʮʽʾ, ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʧʨʠʤʽʱʝʥʥʷ ʜʣʷ ʩʢʣʘʜʫʚʘʥʥʷ 

ʧʨʠʚʦʟʥʦʛʦ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ. ʆʙôʻʤʠ ʨʝʘʛʝʥʪʫ, ʷʢʠʡ ʦʜʥʦʯʘʩʥʦ 

ʧʝʨʝʙʫʚʘʪʠʤʝ ʥʘ ʩʢʣʘʜʽ, ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʟʘʧʘʩʫ ʥʘ 15 ʜʽʙ. ʂʨʽʤ ʪʦʛʦ, 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʦʙʩʷʛʠ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʤʽʢʨʦʬʣʦʨʠ ʫ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ (ʧʨʦʤʠʚʢʘ ʬʽʣʴʪʨʽʚ ʧʽʩʣʷ 

ʢʦʞʥʦʛʦ 4 ʬʽʣʴʪʨʦʮʠʢʣʫ ʟ ʜʦʟʦʶ ʨʝʘʛʝʥʪʫ 40 ʤʛ/ʜʤ
3
). 

ʈʦʟʨʘʭʫʥʦʢ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʘʛʝʥʪʫ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

3.4: 
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ὠ ήϽςτϽρυ ή̃ϽὔϽρυὲϳ  (3.4) 

ʜʝ ή  - ʚʠʪʨʘʪʘ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʜʣʷ ʟʥʝʟʘʨʘʞʝʥʥʷ ʧʠʪʥʦʾ ʚʦʜʠ, ʢʛ/ʛʦʜ; 

ή̃ ï ʚʠʪʨʘʪʘ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʤʽʢʨʦʬʣʦʨʠ ʚ 1 ʬʽʣʴʪʨʽ, 

ʢʛ; 

ὔ ï ʢʽʣʴʢʽʩʪʴ ʬʽʣʴʪʨʽʚ ʥʘ ʩʪʘʥʮʽʾ, ʦʜ.; 

ὲ ï ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʠʚʦʢ ʬʽʣʴʪʨʘ ʟʘ 1 ʜʦʙʫ, ʦʜ.; 

ςτ ï ʢʽʣʴʢʽʩʪʴ ʨʦʙʦʯʠʭ ʛʦʜʠʥ ʬʽʣʴʪʨʘ ʟʘ ʜʦʙʫ, ʛʦʜ; 

ρυ ï ʢʽʣʴʢʽʩʪʴ ʜʽʙ ʥʘ ʷʢʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘʧʘʩ ʨʝʘʛʝʥʪʫ, ʜʽʙ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʛʽʜʥʦ ʨʦʟʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʠʡ ʟʘʧʘʩ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʩʪʘʥʮʽʾ ʧʨʦʪʷʛʦʤ 15 ʜʽʙ ʩʪʘʥʦʚʠʪʠʤʝ: ʜʣʷ ʩʪʘʥʮʽʾ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 1000 ʤ
3
/ʜʦʙʫ ï 26 ʢʛ; ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 10000 ʤ

3
/ʜʦʙʫ ï 260 

ʢʛ;  ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 50000 ʤ
3
/ʜʦʙʫ ï 1300 ʢʛ. 

ʅʘ ʩʘʡʪʘʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʧʨʠʚʽʟʥʦʛʦ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʤʦʞʥʘ ʦʙʨʘʪʠ 

ʪʘʨʫ ʚ ʷʢʽʡ ʙʫʜʝ ʟʘʚʦʟʠʪʠʩʴ ʨʝʘʛʝʥʪ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʻ ʧʘʢʫʚʘʥʥʷ ʧʨʠʚʽʟʥʦʛʦ 

ʛʽʧʦʭʣʦʨʠʪʫ ʟʘʟʚʠʯʘʡ ʚʽʜʚʘʥʪʘʞʫʻʪʴʩʷ ʧʦ 26 ʪʘ ʧʦ 1300 ʢʛ, ʜʣʷ ʩʪʘʥʮʽʾ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 1000 ʤ
3
/ʜʦʙʫ ʥʝʦʙʭʽʜʥʘ 1 ʻʤʥʽʩʪʴ ʥʘ ʩʢʣʘʜʽ ʥʘ 26 ʢʛ; 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 10000 ʤ
3
/ʜʦʙʫ ï 10 ʻʤʥʦʩʪʝʡ ʥʘ 26 ʢʛ; ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 50000 

ʤ
3
/ʜʦʙʫ - 1 ʻʤʥʽʩʪʴ ʥʘ 1300 ʢʛ. 

 

3.14. ɸʧʨʦʙʘʮʽʷ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ɸʧʨʦʙʘʮʽʷ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʙʫʣʘ ʟʜʽʡʩʥʝʥʘ  ʥʘ ʨʝʘʣʴʥʠʭ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʪʘ ʥʘ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʘʭ. ʆʪʨʠʤʘʥʽ ʧʨʠ ʮʴʦʤʫ ʨʝʟʫʣʴʪʘʪʠ 

ʟʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.29-3.30.  

ʊʘʙʣʠʮʷ 3.29. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʰʚʠʜʢʠʭ 

ʬʽʣʴʪʨʽʚ ʟ ʚʥʝʩʝʥʥʷʤ ʢʫʣʴʪʫʨ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ 

ʇʨʦʙʘ ʚʦʜʠ ʊʠʧ ʢʫʣʴʪʫʨʠ 
ʂʦʥʮʝʥʪʨʘʮʽʷ ʟʘʣʽʟʘ, ʤʛ/ʜʤ

3
 ɽʬʝʢʪʠʚʥʽʩʪʴ, 

% ʥʘ ʚʭʦʜʽ ʥʘ ʚʠʭʦʜʽ 

ʇʽʜʟʝʤʥʘ ʚʦʜʘ 

(ʌʘʩʪʽʚ) 
ʇʨʠʨʦʜʥʽ 9,1°0,2 0,47°0,03 94°2 
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ʇʨʦʙʘ ʚʦʜʠ ʊʠʧ ʢʫʣʴʪʫʨʠ 
ʂʦʥʮʝʥʪʨʘʮʽʷ ʟʘʣʽʟʘ, ʤʛ/ʜʤ

3
 ɽʬʝʢʪʠʚʥʽʩʪʴ, 

% ʥʘ ʚʭʦʜʽ ʥʘ ʚʠʭʦʜʽ 

ʇʽʜʟʝʤʥʘ ʚʦʜʘ 

(ʍʦʨʦʰʽʚ) 

ʇʨʠʨʦʜʥʽ 22,8°0,2 0,33°0,02 99°2 

ʉʝʣʝʢʪʦʚʘʥʽ 22,8°0,1 0,19°0,01 99°2 

ʇʽʜʟʝʤʥʘ ʚʦʜʘ 

(ʃʴʚʽʚ) 
ʇʨʠʨʦʜʥʽ 4,2°0,1 0,10°0,01 98°2 

ʄʦʜʝʣʴʥʠʡ ʨʦʟʯʠʥ 
ʇʨʠʨʦʜʥʽ 15°0,1 0,70°0,08 95°2 

ʉʝʣʝʢʪʦʚʘʥʽ 15°0,1 0,20°0,01 99°2 

ʄʦʜʝʣʴʥʠʡ ʨʦʟʯʠʥ 
ʇʨʠʨʦʜʥʽ 25°0,1 1,40°0,18 94°2 

ʉʝʣʝʢʪʦʚʘʥʽ 25°0,1 0,42°0,03 98°2 

 

ʊʘʙʣʠʮʷ 3.30. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʤʘʥʛʘʥʫ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʟ ʚʥʝʩʝʥʥʷʤ ʢʫʣʴʪʫʨ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ 

ʇʨʦʙʘ 

ʚʦʜʠ 
ʊʠʧ ʢʫʣʴʪʫʨʠ 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʤʘʥʛʘʥʫ, 

ʤʛ/ʜʤ
3
 

ɽʬʝʢʪʠʚʥʽʩʪʴ, 

% 
ʥʘ ʚʭʦʜʽ ʥʘ ʚʠʭʦʜʽ 

ʇʽʜʟʝʤʥʘ ʚʦʜʘ 

(ʌʘʩʪʽʚ) 
ʇʨʠʨʦʜʥʽ ʚʽʜʩ. ʚʽʜʩ. - 

ʇʽʜʟʝʤʥʘ ʚʦʜʘ 

(ʍʦʨʦʰʽʚ) 

ʇʨʠʨʦʜʥʽ 0,84°0,02 0,11°0,01 98°2 

ʉʝʣʝʢʪʦʚʘʥʽ 0,85°0,02 0,04°0,01 95°2 

ʇʽʜʟʝʤʥʘ ʚʦʜʘ 

(ʃʴʚʽʚ) 
ʇʨʠʨʦʜʥʽ ʚʽʜʩ. ʚʽʜʩ.  

ʄʦʜʝʣʴʥʠʡ ʨʦʟʯʠʥ 
ʇʨʠʨʦʜʥʽ 1,50°0,05 0,25°0,02 83°2 

ʉʝʣʝʢʪʦʚʘʥʽ 1,50°0,05 0,04°0,01 97°2 

ʄʦʜʝʣʴʥʠʡ ʨʦʟʯʠʥ 
ʇʨʠʨʦʜʥʽ 2,00°0,10 0,58°0,02 71°2 

ʉʝʣʝʢʪʦʚʘʥʽ 2,00°0,10 0,11°0,01 94°2 

 

ʗʢ ʟʘʩʚʽʜʯʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʷʢʦʩʪʽ 

ʚʠʭʽʜʥʦʾ ʚʦʜʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʟʘʣʽʟʘ ʧʨʠʨʦʜʥʠʤʠ ʢʫʣʴʪʫʨʘʤʠ 

ʤʽʢʨʦʦʨʛʘʥʠʟʤʽʚ  ʩʪʘʥʦʚʠʣʘ -  94-99 %, ʤʘʥʛʘʥʫ ï 71-87 %. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʩʝʣʝʢʪʦʚʘʥʠʭ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʠʟʤʽʚ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʥʠʞʝʥʥʷ ʟʘʣʽʟʘ ʚ 

ʦʯʠʱʝʥʽʡ ʚʦʜʽ ʜʦʩʷʛʘʣʘ - 98-99 %, ʤʘʥʛʘʥʫ - 94-97 %.  

ʊʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʚʽʜʢʨʠʚʘʶʪʴ ʰʠʨʦʢʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʝʪʦʜʫ ʚ ʧʨʦʮʝʩʘʭ ʧʽʜʛʦʪʦʚʢʠ ʧʠʪʥʦʾ ʚʦʜʠ 

ʥʘ ʚʦʜʦʧʨʦʚʽʜʥʠʭ ʩʪʘʥʮʽʷʭ ʋʢʨʘʾʥʠ, ʦʩʢʽʣʴʢʠ, ʥʘʩʘʤʧʝʨʝʜ,  ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʜʘʣʷʪʠ ʩʧʦʣʫʢʠ ʤʘʥʛʘʥʫ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʚʘʨʪʽʩʥʠʭ ʨʝʘʛʝʥʪʽʚ. 
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3.15. ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʪʝʭʥʦʣʦʛʽʾ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʦʢʠʩʥʠʢʽʚ 

ʇʦʜʘʣʴʰʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʣʠʚʘ, 

ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʦʢʠʩʥʠʢʽʚ. ʊʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ 

ʟʜʽʡʩʥʝʥʽ ʰʣʷʭʦʤ ʬʽʣʴʪʨʫʚʘʥʥʷ ʯʝʨʝʟ ʮʝʦʣʽʪ, ʷʢʠʡ ʧʦʧʝʨʝʜʥʴʦ ʟʘʩʝʣʷʚʩ̫ 

ʯʠʩʪʦʶ ʢʫʣʴʪʫʨʦʶ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨ. Leptothrix, ʘ ʪʘʢʦʞ ʟʤʽʰʘʥʠʤʠ 

ʢʫʣʴʪʫʨʘʤʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨ. Leptothrix ʪʘ ʨ. Sphaerotillus, ʚʠʜʽʣʝʥʠʭ 

ʨʘʥʽʰʝ. ɯʥʦʢʫʣʶʮʽʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʚʽʜʙʫʚʘʣʘʩʴ ʟʤʠʪʪʷʤ ʟ ʪʚʝʨʜʦʛʦ ʧʦʞʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʢʦʣʦʥʽʡ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

ʄʦʜʝʣʴʥʽ ʨʦʟʯʠʥʠ ʙʫʣʠ ʧʨʠʛʦʪʦʚʘʥʽ ʥʘ ʧʽʜʟʝʤʥʽʡ ʚʦʜʽ ʟʽ ʰʪʫʯʥʠʤ 

ʜʦʚʝʜʝʥʥʷʤ ʚʤʽʩʪʫ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʜʦ ʥʘʩʪʫʧʥʠʭ ʟʥʘʯʝʥʴ: ʨʦʟʯʠʥ ˉ 1 ï 

10 ʤʛ/ʜʤ
3
 Fe(II); ʨʦʟʯʠʥ ˉ 2 ï 2 ʤʛ/ʜʤ

3
 Mn(II); ʨʦʟʯʠʥ ˉ3 ï 5 ʤʛ/ʜʤ

3
 Fe(II) + 

2 ʤʛ/ʜʤ
3
 Mn(II).  

ʋ ʧʝʨʰʽʡ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʤʦʜʝʣʴʥʽ ʨʦʟʯʠʥʠ ʦʙʨʦʙʣʷʣʠʩ ɹʦʟʦʥʦʤ, ʫ 

ʜʨʫʛʽʡ  - ʨʦʟʯʠʥʦʤ ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʙʦʭ ʨʝʘʛʝʥʪʽʚ ʩʪʘʥʦʚʠʣʘ -      

1 ʤʛ/ʜʤ
3
. ɺʢʘʟʘʥʽ ʤʦʜʝʣʴʥʽ ʨʦʟʯʠʥʠ ʬʽʣʴʪʨʫʚʘʣʠʩʴ ʯʝʨʝʟ ʟʘʚʘʥʪʘʞʝʥʥʷ, 

ʟʘʩʝʣʝʥʽ ʯʠʩʪʦʶ ʪʘ ʟʤʽʰʘʥʦʶ ʢʫʣʴʪʫʨʘʤʠ ʚ ʨʝʞʠʤʘʭ, ʙʣʠʟʴʢʠʭ ʜʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ. 

ʂʦʥʪʨʦʣʝʤ ʜʣʷ ʦʮʽʥʢʠ ʚʦʠʚʫ ʦʢʠʩʥʠʢʽʚ ʙʫʣʠ ʧʦʢʘʟʥʠʢʠ ʚʤʽʩʪʫ ʟʘʣʽʟʘ ʪʘ 

ʤʘʥʛʘʥʫ, ʚʠʟʥʘʯʝʥʽ ʧʽʩʣʷ ʬʽʣʴʪʨʫʚʘʥʥʷ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ,  ʥʝ ʦʙʨʦʙʣʝʥʠʭ 

ʦʢʠʩʥʠʢʘʤʠ; ʨʝʞʠʤʠ ʬʽʣʴʪʨʫʚʘʥʥʷ ʫ ʢʦʥʪʨʦʣʴʥʠʭ ʪʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʨʦʟʯʠʥʘʭ ʙʫʣʠ ʪʦʪʦʞʥʠʤʠ.  ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.31.  

ɿʘ ʦʜʝʨʞʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʧʽʜ ʯʘʩ ʬʽʣʴʪʨʫʚʘʥʥʷ ʤʦʜʝʣʴʥʠʭ 

ʨʦʟʯʠʥʽʚ ʟ ʜʦʜʘʚʘʥʥʷʤ ʦʢʠʩʥʠʢʽʚ (ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ ʪʘ ʦʟʦʥʫ) ʯʝʨʝʟ 

ʥʝʟʘʩʝʣʝʥʠʡ ʪʘ ʟʘʩʝʣʝʥʠʡ ʨʽʟʥʠʤʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʮʝʦʣʽʪ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʦ 

ʯʝʨʝʟ ʜʽʘʛʨʘʤʠ ʥʘ ʨʠʩ. 3.55-3.57. 
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ʊʘʙʣʠʮʷ 3.31. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ 

ʦʢʠʩʥʠʢʽʚ 

ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʦʢʠʩʥʠʢʘ 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʥʘ ʚʭʦʜʽ, 

ʤʛ/ʜʤ
3
 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʥʘ ʚʠʭʦʜʽ, 

ʤʛ/ʜʤ
3
 

Fe (II) Mn(II)  Fe (II) Mn(II)  

 ʥʝʦʙʨʦʙʣʝʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʦʢʠʩʥʠʢʘ 

10 - 0,66 - 

- 2 - 0,97 

5 2 0,2 0,96 

ʇʝʨʝʢʠʩ ʚʦʜʥʶ,  

1 ʤʛ/ʜʤ
3
 

10
 

-
 

0,67 - 

-
 

2
 

- 0,94 

5 2 0,14 0,96 

ʆʟʦʥ,  

1 ʤʛ/ʜʤ
3
 

10
 

-
 

0,65 - 

-
 

2
 

- 0,74 

5 2 0,14 0,88 

 ʟʘʚʘʥʪʘʞʝʥʥʷ, ʦʙʨʦʙʣʝʥʝ ʨ. Leptothrix 

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʦʢʠʩʥʠʢʘ 

10
 

-
 

1,5 - 

- 2 - 0,87 

5 2 0,11 0,58 

ʇʝʨʝʢʠʩ ʚʦʜʥʶ,  

1 ʤʛ/ʜʤ
3
 

10
 

-
 

0,51 - 

-
 

2
 

- 0,16 

5 2 0,10 0,19 

ʆʟʦʥ,  

1 ʤʛ/ʜʤ
3
 

10
 

-
 

0,51 - 

-
 

2
 

- 0,19 

5 2 0,09 0,19 

 
ʟʘʚʘʥʪʘʞʝʥʥʷ, ʦʙʨʦʙʣʝʥʝ ʟʤʽʰʘʥʦʶ ʧʦʧʫʣʷʮʽʻ  ʁ

 ʨ. Leptothrix ʪʘ ʨ. Sphaerotillus 

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʦʢʠʩʥʠʢʘ 

10
 

-
 

0,34 - 

-
 

2
 

- 0,40 

5 2 0,12 0,12 

ʇʝʨʝʢʠʩ ʚʦʜʥʶ,  

1 ʤʛ/ʜʤ
3
 

10
 

-
 

0,3 - 

-
 

2
 

- 0,21 

5 2 5 0,12 

ʆʟʦʥ,  

1 ʤʛ/ʜʤ
3
 

10
 

-
 

0,31 - 

-
 

2
 

- 0,23 

5 2 5 0,12 
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ʈʠʩ. 3.55. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ 

ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʯʝʨʝʟ ʥʝʟʘʩʘʣʝʥʠʡ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ  ʮʝʦʣʽʪ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.55, ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ  ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ  ʯʝʨʝʟ 

ʮʝʦʣʽʪ, ʥʝʟʘʩʝʣʝʥʠʡ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ, ʜʦʜʘʚʘʥʥʷ ʚʠʱʝʚʢʘʟʘʥʠʭ ʦʢʠʩʥʠʢʽʚ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʣʦ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ: ʜʣʷ 

ʟʘʣʽʟʘ ʮʝʡ ʧʦʢʘʟʥʠʢ ʜʦʨʽʚʥʶʚʘʚ ʙʽʣʷ  93-97 %, ʤʘʥʛʘʥʫ - 51-56 %. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʦʧʝʨʝʜʥʴʦ ʟʘʩʝʣʝʥʦʛʦ 

ʯʠʩʪʦʶ ʢʫʣʴʪʫʨʦʶ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨ. Leptothrix ʟ ʜʦʜʘʚʘʥʥʷʤ ʧʝʨʝʢʠʩʫ 

ʚʦʜʥʶ ʪʘ ʦʟʦʥʫ (ʨʠʩ. 3.56), ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʙʫʣʘ 

ʚʠʱʦʶ, ʥʽʞ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʝʟʘʩʝʣʝʥʦʛʦ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʮʝʦʣʽʪʫ (ʟʘ 

ʪʘʢʠʭ ʩʘʤʠʭ ʨʝʞʠʤʘʭ ʬʽʣʴʪʨʫʚʘʥʥʷ). ɼʣʷ ʟʘʣʽʟʘ ʮʝʡ ʧʦʢʘʟʥʠʢ ʩʷʛʘʚ ʤʘʡʞʝ 

95 % - ʜʣʷ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʣʠʰʝ ʽʟ ʟʘʣʽʟʦʤ ʪʘ ʧʦʥʘʜ  98 % - ʜʣʷ 

ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʽʟ ʟʘʣʽʟʦʤ ʪʘ ʤʘʨʛʘʥʮʝʤ.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ  ʤʘʥʛʘʥʫ ʙʝʟ ʦʙʨʦʙʢʠ ʦʢʠʩʥʠʢʘʤʠ ʫ 

ʤʦʜʝʣʴʥʦʤʫ ʨʦʟʯʠʥʽ, ʱʦ ʥʝ ʤʽʩʪʠʚ ʟʘʣʽʟʘ, ʟʘʣʠʰʘʣʘʩʴ ʥʠʟʴʢʦʶ ï 56,5 %. ʇʨʠ 

ʩʫʤʽʩʥʽʡ ʧʨʠʩʫʪʥʦʩʪʽ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ  ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʦʩʪʘʥʥʴʦʛʦ  

ʪʘʢʦʞ ʙʫʣʘ ʥʝʚʠʩʦʢʦʶ ï 71,1 %.  
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ʈʠʩ. 3.56. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ 

ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʯʝʨʝʟ ʮʝʦʣʽʪ, ʟʘʩʝʣʝʥʠʡ ʯʠʩʪʦʶ ʢʫʣʴʪʫʨʦʶ ʨ. Leptothrix 

 

ʇʨʦʪʝ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʦʢʠʩʥʠʢʽʚ ʚʢʘʟʘʥʠʡ ʧʦʢʘʟʥʠʢ ʟʨʦʩʪʘʚ ʜʦ 94,9 % ʪʘ 

90,6 % (ʜʣʷ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʣʠʰʝ ʟ ʤʘʨʛʘʥʮʝʤ) ʪʘ ʜʦ 90,3 ʽ 90,7 % (ʜʣʷ 

ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʽʟ ʟʘʣʽʟʦʤ ʪʘ ʤʘʨʛʘʥʮʝʤ) ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ  ʧʝʨʝʢʠʩʫ 

ʚʦʜʥʶ ʪʘ ʦʟʦʥʫ, ʚʽʜʧʦʚʽʜʥʦ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ  ʟʤʽʰʘʥʦʾ ʢʫʣʴʪʫʨʠ (ʨʠʩ. 3.57) ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʷʢ ʟ  ʦʢʠʩʥʠʢʦʤ, ʪʘʢ ʽ ʙʝʟ ʥʴʦʛʦ ʙʫʣʘ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʶ ʽ 

ʢʦʣʠʚʘʣʘʩʴ ʫ ʤʝʞʘʭ ʙʽʣʷ 94-98 %. ʇʨʠ ʮʴʦʤʫ ʪʘʢʦʞ ʙʫʣʦ ʧʦʤʽʯʝʥʦ ʟʨʦʩʪʘʥʥʷ  

ʝʬʝʢʪʠʚʥʦʩʪʽ  ʚʠʜʘʣʝʥʥʷ ʤʘʥʛʘʥʫ ʽʟ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ, ʱʦ ʤʽʩʪʠʚ ʪʽʣʴʢʠ 

ʤʘʥʛʘʥ ï ʜʦ 89,6 % ʪʘ 88,7 % ʧʨʠ ʦʙʨʦʙʮʽ ʧʝʨʝʢʠʩʦʤ ʚʦʜʥʶ ʪʘ ʦʟʦʥʦʤ, 

ʚʽʜʧʦʚʽʜʥʦ.  

ʆʩʦʙʣʠʚʦ ʪʨʝʙʘ ʚʽʜʟʥʘʯʠʪʠ  ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʧʨʠ ʚʠʜʘʣʝʥʥʽ ʟʘʣʽʟʘ ʟ 

ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʙʝʟ ʜʦʜʘʚʘʥʥʷ ʦʢʠʩʥʠʢʽʚ (ʨʠʩ. 3.58). ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʜʘʣʝʥʥʷ ʮʴʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʟʤʽʰʘʥʦʶ ʢʫʣʴʪʫʨʦʶ ʟʘʣʠʰʘʣʘʩʴ ʜʦʩʪʘʪʥʴʦ 

ʚʠʩʦʢʦʶ ʽ ʩʪʘʥʦʚʠʣʘ ï 96,6- 97,6 % ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ. 
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ʈʠʩ. 3.57. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ 

ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʯʝʨʝʟ ʮʝʦʣʽʪ, ʟʘʩʝʣʝʥʠʡ  ʟʤʽʰʘʥʦʶ ʢʫʣʴʪʫʨʦʶ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨ. Leptothrix ʪʘ ʨ. Sphaerotillus. 

 

ʊʘʢʽ ʜʘʥʽ ʤʦʞʫʪʴ ʩʚʽʜʯʠʪʠ ʧʨʦ ʪʝ, ʱʦ ʡʤʦʚʽʨʥʦ ʥʘʷʚʥʽʩʪʴ ʟʘʣʽʟʘ 

ʩʪʠʤʫʣʶʻ ʨʽʩʪ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨ. Sphaerotillus, ʘ ʪʘʢʦʞ ʧʨʦ ʫʪʚʦʨʝʥʥʷ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʨ. Leptothrix ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ (ʘʙʦ ʽʥʰʦʛʦ ʜʞʝʨʝʣʘ 

ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʥʶ). ɺʠʜʽʣʝʥʠʡ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ  ʧʝʨʝʢʠʩ ʚʦʜʥʶ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʽʥʪʝʥʩʠʬʽʢʫʻ ʧʨʦʮʝʩ ʚʠʜʘʣʝʥʥʷ  ʽʟ ʚʦʜʠ  ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ. 

ɺʽʜʧʦʚʽʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʢʣʘʜʥʽʰʝ ʦʧʠʩʘʥʽ ʫ ʩʪʘʪʪʷʭ [311-314]. 

ʆʪʞʝ ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʦʢʠʩʥʠʢʽʚ, ʟʦʢʨʝʤʘ, ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ ʪʘ ʦʟʦʥʫ ʫ 

ʥʝʚʝʣʠʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʩʧʨʠʷʻ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʯʠʩʪʠʤʠ ʪʘ ʟʤʽʰʘʥʠʤʠ ʢʫʣʴʪʫʨʘʤʠ ʟʘʣʽʟʦ- ʪʘ 

ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ. 

96,6 

79,9 

97,6 94 97 

89,6 
94,2 96,6 

88,7 

94,2 

0

10

20

30

40

50

60

70

80

90

100

Fe 

ʨʦʟʯʠʥ - 10 ʤʛ/ʜʤ3 Fe(II) 

Mn 

ʨʦʟʯʠʥ - 2 ʤʛ/ʜʤ3 Mn(II)  

Fe 

ʨʦʟʯʠʥ - 5 ʤʛ/ʜʤ3 

Fe(II)+2 ʤʛ/ʜʤ3 Mn(II)  

Mn 

ʨʦʟʯʠʥ - 5 ʤʛ/ʜʤ3 

Fe(II)+2 ʤʛ/ʜʤ3 Mn(II)  

ɽ
ʬ
ʝ
ʢ
ʪ
ʠ
ʚ
ʥ
ʽ
ʩ
ʪ
ʴ
,
 
%

 

ɹʝʟ ʦʙʨʦʙʢʠ ʦʢʠʩʥʠʢʦʤ ʇʝʨʝʢʠʩ ʚʦʜʥʶ ʆʟʦʥ 



209 

 

 
 

ʈʠʩ. 3.58. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʤʦʜʝʣʴʥʠʭ 

ʨʦʟʯʠʥʽʚ ʯʝʨʝʟ ʮʝʦʣʽʪ ʙʝʟ ʦʙʨʦʙʢʠ ʦʢʠʩʥʠʢʘʤʠ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʥʝʚʝʣʠʢʠʭ ʜʦʟ ʦʢʠʩʥʠʢʽʚ, ʟʦʢʨʝʤʘ 1 ʤʛ/ʜʤ
3
,  

ʩʧʨʠʷʶʪʴ  ʨʦʩʪʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʟʥʠʞʝʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ 

ʧʽʜ ʯʘʩ ʬʽʣʴʪʨʫʚʘʥʥʷ. ɺʽʨʦʛʽʜʥʦ, ʦʢʠʩʥʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ 

ʙʘʢʪʝʨʽʡ ʨ.Leptothrix. ɺʢʘʟʘʥʽ ʧʨʦʮʝʩʠ (ʭʽʤʽʯʥʝ ʦʢʠʩʥʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ, 

ʨʽʩʪ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʷʢ ʩʫʙʩʪʨʘʪʫ 

ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ) ʜʽʶʪʴ ʦʜʥʦʯʘʩʥʦ ʪʘ ʩʪʚʦʨʶʶʪʴ ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʝʬʝʢʪ, 

ʧʽʜʚʠʱʫʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ. 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʦʤʽʯʝʥʦ, ʱʦ ʥʝʦʙʨʦʙʣʝʥʠʡ ʦʢʠʩʥʠʢʘʤʠ 

ʤʦʜʝʣʴʥʠʡ ʨʦʟʯʠʥ ʽʟ ʤʘʥʛʘʥʦʤ ʙʝʟ ʟʘʣʽʟʘ ʥʝʜʦʩʪʘʪʥʴʦ ʦʯʠʱʫʚʘʚʩʷ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ: ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʤʘʥʛʘʥʫ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 79 %. 

ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʦʢʠʩʥʠʢʘ ʧʨʦʮʝʩ ʧʨʠʰʚʠʜʰʫʚʘʚʩʷ  ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ 

ʤʘʥʛʘʥʫ ʟʙʽʣʴʰʫʚʘʣʘʩʴ ʜʦ  ʧʨʠʙʣʠʟʥʦ ʜʦ 95 %. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʯʠʩʪʦʾ  ʢʫʣʴʪʫʨʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨ. Leptothrix ʙʝʟ 

ʦʙʨʦʙʢʠ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʦʢʠʩʥʠʢʦʤ ʚʠʜʘʣʝʥʥʷ  ʤʘʥʛʘʥʫ ʚʽʜʙʫʚʘʣʦʩʴ 
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ɿʘʚʘʥʪʘʞʝʥʥʷ ʙʝʟ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ɿʘʚʘʥʪʘʞʝʥʥʷ ʟ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʨ.Leptothrix. 

ɿʘʚʘʥʪʘʞʝʥʥʷ ʟ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʨ.Leptothrix ʪʘ ʨ.Sphaerotillus  
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ʧʦʚʽʣʴʥʦ -  ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʘʥʦʚʠʣʘ 56,6 %. ʎʝʡ ʧʦʢʘʟʥʠʢ ʟʨʦʩʪʘʚ ʜʦ 96,6 % 

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʟʤʽʰʘʥʦʾ ʢʫʣʴʪʫʨʠ. ɺʽʨʦʛʽʜʥʦ, ʚʠʜʘʣʝʥʥʷ ʤʘʥʛʘʥʫ 

ʩʪʠʤʫʣʶʻʪʴʩʷ ʟʘ ʥʘʷʚʥʦʩʪʽ ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʟʤʽʰʘʥʦʾ ʢʫʣʴʪʫʨʠ. ʇʨʠʩʫʪʥʽʩʪʴ  ʟʘʣʽʟʘ ʩʪʠʤʫʣʶʻ ʨʽʩʪ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨ. Sphaerotillus ʪʘ ʫʪʚʦʨʝʥʥʷ ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ ʘʙʦ ʽʥʰʦʛʦ 

ʜʞʝʨʝʣʘ ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʥʶ. 

ʆʪʞʝ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʜʽʡʩʥʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʢʠʩʥʠʢʽʚ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ. ʋ ʪʝʭʥʦʣʦʛʽʷʭ ʚʦʜʦʦʯʠʱʝʥʥʷ 

ʜʘʥʠʡ ʧʨʦʮʝʩ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʰʣʷʭʦʤ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʟʦʥʫʚʘʥʥʷ ʚʦʜʠ 

ʧʝʨʝʜ ʬʽʣʴʪʨʦʤ, ʟʘʚʘʥʪʘʞʝʥʥʷ ʷʢʦʛʦ ʟʘʩʝʣʝʥʦ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʤʠ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ. 

 

3.16. ʄʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʛʥʽʪʦʩʦʨʙʮʽʾ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʾ ʟʥʝʟʘʣʽʟʥʝʥʥʷ 

ɺ ʨʷʜʽ ʩʫʤʽʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʢʘʬʝʜʨʦʶ ʙʽʦʽʥʬʦʨʤʘʪʠʢʠ ʬʘʢʫʣʴʪʝʪʫ 

ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʥʘʢʦʧʠʯʫʶʪʴʩʷ 

ʤʘʛʥʽʪʦʩʦʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʙʽʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʇɿ 

çBLASTè) ʟʘʩʚʽʜʯʠʣʠ ʤʦʞʣʠʚʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʨʦʜʽʚ Leptotrix, Sphaerotillus, Gallionella, Hyphomicrobium, 

ʱʦ ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʤʽʩʪʴ ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ ʤʝʪʦʜʫ ʤʘʛʥʽʪʥʦʾ ʩʝʧʘʨʘʮʽʾ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ.  

ɺʠʨʽʚʥʶʚʘʥʥʷ ʙʽʣʢʽʚ ʄʊɹ MamA, MamB, MamM, MamE, MamO ʪʘ 

Mamʂ, ʟʘ ʥʘʷʚʥʦʩʪʽ ʷʢʠʭ ʧʨʦʛʥʦʟʫʻʪʴʩʷ  ʙʽʦʤʽʥʝʨʘʣʽʟʘʮʽʷ ɹʄʅ, ʪʘ ʙʽʣʢʽʚ 

ʟʘʣʽʟʦ-  ̔ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ, ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.32-3.35.  
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ʊʘʙʣʠʮʷ 3.32. ɺʠʨʽʚʥʶʚʘʥʥʷ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʙʽʣʢʽʚ 

ʄʊɹ Magnetospirillum gryphiswaldense MSR-1 ʪʘ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʙʽʣʢʽʚ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ ʨ. Gallionella  

 

 

 

ɹʽʣʢʠ 

Magnetospirillum 

gryphiswaldense 

MSR-1 

 

 

ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʦʨʛʘʥʽʟʤ 

Gallionella 

ferruginea subsp. 

capsiferriformans 

Gallionella 

ramosa 

Gallionella 

acididurans 

ShG14-8 

Gallionella 

capsiferriformans 

ES-2 

ʇʦʚʥʦʪʘ ʛʝʥʥʦʤʫ, % 

100 25 25 100 

ɻʨʫʧʘ 

4 4 4 4 

ʈʽʜ Gallionella 

MamA 

ɽ-ʯʠʩʣʦ 2e-09 6e-07 3e-13 5e-12 

ɯdent (%) 25 23 25 24 

Length 138 195 186 210 

MamB 

ɽ-ʯʠʩʣʦ 4e-37 6e-05 1e-34 1e-37 

ɯdent (%) 27 27 27 27 

Length 286 115 279 286 

MamM 

ɽ-ʯʠʩʣʦ 9e-25 7e-06 8e-22 5e-26 

ɯdent (%) 28 30 28 28 

Length 262 102 260 262 

MamO 

ɽ-ʯʠʩʣʦ 3e-09 3e-12 5e-07 8e-10 

ɯdent (%) 26 29 28 26 

Length 171 178 148 171 

MamE 

ɽ-ʯʠʩʣʦ 5e-38 4e-39 4e-34 2e-38 

ɯdent (%) 43 46 45 43 

Length 185 184 171 185 

MamK 

ɽ-ʯʠʩʣʦ 6e-04 3e-04 2e-04 2e-04 

ɯdent (%) 24 25 23 24 

Length 303 334 301 303 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʽʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʟʜʽʡʩʥʝʥʦʛʦ ʩʝʨʝʜ 30 ʚʠʜʽʚ 

ʜʦʩʣʽʜʞʝʥʠʭ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ 5 ʨʦʜʽʚ, ʧʦʪʝʥʮʽʡʥʠʤʠ 

ʧʨʦʜʫʮʝʥʪʘʤʠ ɹʄʅ ʚʠʷʚʠʣʠʩʷ 28 ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɼʣʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

Sphaerotilus natans subsp. natans DSM 6575 ʪʘ Leptothrix ochracea L12 ʧʦʢʠ 

ʱʦ ʥʝʤʦʞʣʠʚʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʙʽʦʤʽʥʝʨʘʣʽʟʘʮʽʶ ɹʄʅ, ʦʩʢʽʣʴʢʠ ʾʭ ʛʝʥʦʤʠ 

ʩʝʢʚʝʥʦʚʘʥʦ ʥʝ ʧʦʚʥʽʩʪʶ [315]. 
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ʊʘʙʣʠʮʷ 3.33. ɺʠʨʽʚʥʶʚʘʥʥʷ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʙʽʣʢʽʚ 

ʄʊɹ Magnetospirillum gryphiswaldense MSR-1 ʪʘ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʙʽʣʢʽʚ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ ʨ. Siderocapsa 

ʪʘ ʨ. Sphaerotilus 

 

 

 

ɹʽʣʢʠ 

Magnetospirillum 

gryphiswaldense 

MSR-1 

 

 

ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʦʨʛʘʥʽʟʤ 

Siderocapsa 

amnicola 

JOSHI_001 

Sphaerotilus 

fluitans 

Sphaerotilus 

dichotomus 

Sphaerotilu

s natans 

Sphaerotilu

s natans 

subsp. 

natans 

DSM 6575 

ʇʦʚʥʦʪʘ ʛʝʥʥʦʤʫ, % 

75 50 50 50 25 

ɻʨʫʧʘ 

4 4 4 4 - 

 
ʈʽʜ 

Siderocapsa 
ʈʽʜ Sphaerotilus 

MamA 

ɽ-ʯʠʩʣʦ 4e-08 0.008 0.008 0.008 0.007 

ɯdent 

(%) 
30 23 23 23 23 

Length 120 98 98 98 98 

MamB 

ɽ-ʯʠʩʣʦ 1e-14 4e-34 4e-34 4e-34 2.0 

ɯdent(%) 26 30 30 30 36 

Length 184 265 265 265 42 

MamM 

ɽ-ʯʠʩʣʦ 2e-16 3e-28 3e-28 3e-28 0.32 

ɯdent 

(%) 
26 31 31 31 32 

Length 264 268 268 268 93 

MamO 

ɽ-ʯʠʩʣʦ 3e-09 7e-10 7e-10 7e-10 7e-10 

ɯdent 

(%) 
31 27 27 27 27 

Length 165 164 164 164 164 

MamE 

ɽ-ʯʠʩʣʦ 7e-36 9e-34 9e-34 9e-34 5e-34 

ɯdent 

(%) 
45 44 44 44 44 

Length 164 177 177 177 177 

MamK 

ɽ-ʯʠʩʣʦ 2e-04 0.001 0.001 0.001 2.2 

ɯdent 

(%) 
24 23 23 23 33 

Length 300 295 295 295 86 

 

ɹʘʢʪʝʨʽʾ Leptothrix ochracea, ʷʢʽ ʟʜʘʪʥʽ ʩʠʥʪʝʟʫʚʘʪʠ ʟʦʚʥʽʰʥʴʦ-ʢʣʽʪʠʥʥʽ 

ʘʤʦʨʬʥʽ ɹʄʅ, ʚʽʜʥʝʩʝʥʦ ʜʦ 1-ʦʾ ʛʨʫʧʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʽʟ ʪʠʤ, ʱʦ 

ʧʨʝʜʩʪʘʚʥʠʢʠ ʨʦʜʫ Leptothrix ʥʘʢʦʧʠʯʫʶʪʴ ʦʢʩʠʜʠ ʟʘʣʽʟʘ ʚ ʯʦʭʣʘʭ.  
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ʊʘʙʣʠʮʷ 3.34 ɺʠʨʽʚʥʶʚʘʥʥʷ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʙʽʣʢʽʚ 

ʄʊɹ Magnetospirillum gryphiswaldense MSR-1 ʪʘ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʙʽʣʢʽʚ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ ʨ. 

Hyphomicrobium 

 

ɹʽʣʢʠ 

Magnetospirillum 

gryphiswaldense 

MSR-1 
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5
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ʇʦʚʥʦʪʘ ʛʝʥʥʦʤʫ, % 

100 25 50 100 25 50 50 50 

ɻʨʫʧʘ 

2 4 4 2 4 2 2 4 

 ʈʽʜ Hyphomicrobium 

MamA 

ɽ-ʯʠʩʣʦ 
8e-

07 
4e-08 5e-06 4e-06 2e-06 7e-06 5e-08 2e-07 

ɯdent (%) 27 28 24 22 24 34 27 27 

Length 153 169 136 160 151 95 161 77 

MamB 

ɽ-ʯʠʩʣʦ 
6e-

16 
2e-14 3e-14 0.025 2e-22 1e-17 3e-07 3e-08 

ɯdent (%) 24 22 26 30 28 27 25 25 

Length 257 269 185 73 270 183 72 208 

   

MamM 

ɽ-ʯʠʩʣʦ 
3e-

18 
7e-18 2e-17 4e-05 7e-19 3e-17 2e-12 1e-04 

ɯdent (%) 25 25 26 34 27 27 25 22 

Length 278 281 265 59 274 262 265 91 

MamO 

ɽ-ʯʠʩʣʦ 
2e-

12 
1e-13 3e-08 2.5 3e-10 1e-08 2e-08 1e-09 

ɯdent (%) 30 33 29 29 30 29 28 27 

Length 166 167 164 126 173 156 161 176 

MamE 

ɽ-ʯʠʩʣʦ 
3e-

39 
2e-39 1e-37 1.2 2e-39 2e-39 2e-39 5e-41 

ɯdent (%) 45 46 48 45 45 44 43 43 

Length 190 188 168 29 188 191 195 195 

MamK 

ɽ-ʯʠʩʣʦ 5.7 0.047 0.018 2.2 2e-06 24 8.7 2e-04 

ɯdent (%) 33 27 22 31 27 30 29 25 

Length 73 201 294 49 304 93 91 339 

 ʈʽʜ Hyphomicrobium 

MamA ɽ-ʯʠʩʣʦ 3e-06 4e-06 5e-08 2e-06 8e-07 8e-07 5e-08 



214 

 

 

ɹʽʣʢʠ 

Magnetospirillum 

gryphiswaldense 

MSR-1 
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3
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6
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5
3 

ʇʦʚʥʦʪʘ ʛʝʥʥʦʤʫ, % 

100 25 50 100 25 50 50 50 

ɻʨʫʧʘ 

2 4 4 2 4 2 2 4 

ɯdent (%) 25 29 23 24 27 27 29 

Length 153 109 166 151 153 153 134 

MamB 

ɽ-ʯʠʩʣʦ 2e-15 7e-14 7e-16 0.035 6e-16 1e-11 5e-16 

ɯdent (%) 23 25 24 26 24 22 29 

Length 269 189 258 91 257 277 185 

MamM 

ɽ-ʯʠʩʣʦ 6e-19 1e-16 6e-18 3e-05 3e-18 5e-14 1e-16 

ɯdent (%) 25 25 24 28 25 23 26 

Length 284 283 267 173 278 269 287 

MamO 

ɽ-ʯʠʩʣʦ 2e-07 1e-10 3e-12 8e-09 2e-12 0.41 3e-07 

ɯdent (%) 28 30 31 29 30 31 30 

Length 164 164 143 164 166 121 165 

MamE 

ɽ-ʯʠʩʣʦ 9e-39 3e-38 4e-38 2e-30 3e-39 3e-39 7e-31 

ɯdent (%) 44 46 45 45 45 45 39 

Length 190 188 188 181 190 190 198 

MamK 

ɽ-ʯʠʩʣʦ 35 0.004 0.001 16 5.7 5.6 7.2 

ɯdent (%) 37 25 26 39 33 33 28 

Length 41 212 309 54 73 73 39 

 

ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ ʽʥʰʦʾ ʛʨʫʧʠ ʽʟ 10 ʚʠʜʽʚ (Hyphomicrobium denitrificans, 

Hyphomicrobium sp. MC1, Hyphomicrobium zavarzinii, Hyphomicrobium sp. 12-

62-95, Hyphomicrobium sp. GJ21, Hyphomicrobium sp. SCN 65-11, 

Hyphomicrobium denitrificans ATCC 51888, Hyphomicrobium denitrificans 

1NES1, Hyphomicrobium nitrativorans NL23, Leptothrix cholodnii SP-6) ʤʘʶʪʴ 

ʟʜʘʪʥʽʩʪʴ ʩʠʥʪʝʟʫʚʘʪʠ ʟʦʚʥʽʰʥʴʦ-ʢʣʽʪʠʥʥʽ ʢʨʠʩʪʘʣʽʯʥʽ ɹʄʅ ʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

2-ʦʾ ʛʨʫʧʠ.  
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ʊʘʙʣʠʮʷ 3.35. ɺʠʨʽʚʥʶʚʘʥʥʷ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʙʽʣʢʽʚ 

ʄʊɹ Magnetospirillum gryphiswaldense MSR-1 ʪʘ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʙʽʣʢʽʚ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ ʨ. Leptothrix 

 

 

 

ɹʽʣʢʠ 

Magnetospirillum 

gryphiswaldense 
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ʇʦʚʥʦʪʘ ʛʝʥʥʦʤʫ, % 

25 100 100 25 100 50 

ɻʨʫʧʘ 

4 4 4 1 2 - 

ʈʽʜ Leptothrix 

MamA 

ɽ-ʯʠʩʣʦ 2e-09 7e-09 8e-09 0.43 8e-09 0.86 

ɯdent (%) 31 27 23 35 23 29 

Length 137 136 192 40 192 41 

MamB 

ɽ-ʯʠʩʣʦ 2e-17 1e-24 2e-40 9e-17 2e-40 0.29 

ɯdent (%) 29 25 32 26 32 24 

Length 184 280 259 184 259 46 

MamM 

ɽ-ʯʠʩʣʦ 1e-22 5e-27 2e-30 1e-18 2e-30 1.2 

ɯdent (%) 30 24 30 26 30 28 

Length 247 281 286 216 286 54 

MamO 

ɽ-ʯʠʩʣʦ 1e-06 3e-14 2e-08 0.76 2e-07 1.6 

ɯdent (%) 28 29 28 25 28 33 

Length 177 166 184 56 167 33 

MamE 

ɽ-ʯʠʩʣʦ 4e-31 1e-34 1e-34 1.0 9e-35 2.8 

ɯdent (%) 45 41 44 33 44 33 

Length 167 166 178 39 178 64 

MamK 

ɽ-ʯʠʩʣʦ 5e-12 5e-10 0.003 3.4 12 9.1 

ɯdent (%) 27 25 23 24 33 36 

Length 304 300 300 97 48 33 

 

ʊʘʢʠʤ ʯʠʥʦʤ, 17 ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ 

(Gallionella ferruginea subsp. capsiferriformans, Gallionella ramosa, Gallionella 

acididurans ShG14-8, Siderocapsa amnicola JOSHI_001, Sphaerotilus fluitans, 

Sphaerotilus dichotomus, Sphaerotilus natans, Hyphomicrobium 

facile/Hyphomicrobium facilis, Hyphomicrobium sp. S1/Hyphomicrobium 
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sulfonivorans, Hyphomicrobium sp. CS1BSMeth3, Hyphomicrobium sp. 32-62-53, 

Hyphomicrobium sp. NDB2Meth4, Hyphomicrobium sp. 99, Leptothrix 

valderiana, Leptothrix buccalis, Leptothrix cholodnii /Leptothrix sp. OUMS1)  

ʚʽʜʥʝʩʝʥʦ ʜʦ 4-ʦʾ ʛʨʫʧʠ [315].  

ʈʷʜʦʤ ʜʦʩʣʽʜʥʠʢʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʙʽʦʤʽʥʝʨʘʣʽʟʘʮʽʾ ʢʨʠʩʪʘʣʽʯʥʠʭ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʚʤʽʩʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ, 

ʥʘʧʨʠʢʣʘʜ, ʫ Gallionella ferruginea [316-318], Leptothrix discophora [89, 152, 

319], Sphaerotilus natans [145, 320], ʘ ʪʘʢʦʞ ʫ ʜʝʷʢʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʨʦʜy 

Siderocapsa [319], ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ  

ʙʽʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʇʨʦʚʝʜʝʥʽ ʙʽʦʽʥʬʦʨʤʘʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ  ʚʢʘʟʫʶʪʴ ʥʘ ʥʘʷʚʥʽʩʪʴ 

ʧʨʠʨʦʜʥʠʭ ʚʠʜʽʚ ʨʽʟʥʠʭ ʨʦʜʽʚ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ, ʱʦ 

ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ɹʄʅ.  

27 ʽʟ 28 ʜʦʩʣʽʜʞʝʥʠʭ ʚʠʜʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ,  ʩʠʥʪʝʟʫʶʪʴ ʢʨʠʩʪʘʣʽʯʥʽ 

(ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʽ ʪʘ ʟʦʚʥʽʰʥʴʦʢʣʽʪʠʥʥʽ) ɹʄʅ ʽ ʪʽʣʴʢʠ ʦʜʠʥ ʚʠʜ ʟʜʘʪʝʥ 

ʫʪʚʦʨʶʚʘʪʠ ʘʤʦʨʬʥʫ ʟʦʚʥʽʰʥʴʦʢʣʽʪʠʥʥʫ ʤʘʛʥʽʪʦʩʦʤʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʙʽʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚʢʘʟʫʶʪʴ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ 

ʧʦʜʘʣʴʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʟʘʻʤʦʜʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʨʦʜʽʚ Leptotrix, Sphaerotillus, Gallionella, Hyphomicrobium, 

ʘ ʪʘʢʦʞ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʪʝʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʟʘʣʽʟʦ- ʪʘ 

ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ ʟ ʥʘʢʦʧʠʯʝʥʠʤʠ ʤʘʛʥʽʪʦʩʦʤʘʤʠ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʣʫʯʝʥʥʷ ʪʘʢʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟ ʚʦʜʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʜʦʟʚʦʣʷʪʴ ʨʦʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʝʞʠʤʠ ʤʘʛʥʽʪʥʦʾ 

ʩʝʧʘʨʘʮʽʾ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʪʦʨʠʥʥʦʾ ʢʦʥʪʘʤʽʥʘʮʽʾ ʧʠʪʥʦʾ ʚʦʜʠ ʪʘ ʫʪʚʦʨʝʥʥʷ 

ʚʽʜʢʣʘʜʝʥʴ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʪʨʫʙ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʛʥʽʪʦʩʦʤʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʢʘʟʘʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ 

ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʚ ʦʙʣʘʩʪʽ ʨʝʥʦʚʘʮʽʡʥʠʭ ʨʦʙʽʪ ʚʩʝʨʝʜʠʥʽ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʦʯʠʱʝʥʥʷ ʾʭ ʧʦʚʝʨʭʥʽ, ʱʦ ʩʧʨʠʷʪʠʤʝ 

ʟʘʧʦʙʽʛʘʥʥ ʁʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ ʧʽʜ ʯʘʩ ʾʾ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ [315].  
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ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 3 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʫ ʮʴʦʤʫ ʨʦʟʜʽʣʽ, 

ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ.  

ɼʦʚʝʜʝʥʦ ʟʥʘʯʥʫ ʨʦʣʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚ ʧʨʦʮʝʩʽ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ ʥʘ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ ʟ ʮʝʦʣʽʪʦʚʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʚʧʣʠʚ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʨʦʩʪʘʻ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʫ ʚʦʜʽ 

ʚʤʽʩʪʫ ʟʘʣʽʟʘ, ʱʦ ʦʩʦʙʣʠʚʦ ʧʦʤʽʪʥʦ ʧʨʠ ʚʠʩʦʢʠʭ (ʧʦʥʘʜ 20 ʤʛ/ʜʤ
3
) 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʦʩʪʘʥʥʴʦʛʦ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʚʢʘʟʘʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʙʫʜʝ 

ʩʧʨʠʷʪʠ ʧʦʜʦʣʘʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʱʦʜʦ ʽʩʥʫʚʘʥʥʷ ʙʘʢʪʝʨʽʡ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʚʽʜʤʦʚʘ ʚʽʜ ʧʝʨʚʠʥʥʦʛʦ ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʽʚ ʚʠʭʽʜʥʦʾ ʚʦʜʠ ʟʘʤʽʩʪʴ ʟʥʝʟʘʨʘʞʝʥʦʾ 

ʚʦʜʠ ʟ ʈʏɺ. ɿʛʽʜʥʦ ʦʪʨʠʤʘʥʠʭ ʧʨʦʪʷʛʦʤ ʜʦʩʣʽʜʞʝʥʴ ʨʝʟʫʣʴʪʘʪʽʚ ʩʘʤʝ ʟʘ ʪʘʢʠʭ 

ʫʤʦʚ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ. ʊʘʢ, ʷʢʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʤʘʥʛʘʥʫ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥ ̔ʜʣʷ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʘ ʚʦʜʠ ʟ ʈʏɺ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ - 46 %, ʪʦ 

ʧʨʠ ʟʘʤʽʥʽ ʾʾ ʥʘ ʚʠʭʽʜʥʫ (ʥʝʦʙʨʦʙʣʝʥʫ ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ) ʚʦʜʫ ʜʦʩʷʛʘʣʘ - 82 %. 

ɯʟ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʘʮʶʶʯʠʭ ʬʽʣʴʪʨʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʙʫʣʦ ʚʠʜʽʣʝʥʦ 10 

ʢʫʣʴʪʫʨ ʟʘʣʽʟʦʙʘʢʪʝʨʽʡ ʪʘ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʦ ʾʭ 

ʨʦʜʦʚʫ ʧʨʠʥʘʣʝʞʥʽʩʪʴ.  

ʐʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʤʽʢʨʦʮʝʥʦʟʽ ʪʘ 

ʘʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʢʫʣʴʪʫʨ ʱʦʜʦ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʤʘʥʛʘʥʫ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʜʦʩʪʘʪʥʽʤ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʫʣʴʪʫʨ ʨʦʜʽʚ Leptothrix ʪʘ Sphaerotilus. 

ʐʣʷʭʦʤ ʦʙʨʦʙʢʠ ʤʫʪʘʛʝʥʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʚʽʜʙʦʨʫ 

ʢʫʣʴʪʫʨʠ ʟ ʥʘʡʙʽʣʴʰ ʚʠʨʘʞʝʥʦʶ ʟʜʘʪʥʽʩʪʶ ʚʠʜʘʣʷʪʠ ʤʘʥʛʘʥ ʦʪʨʠʤʘʥʦ 

ʩʝʣʝʢʪʦʚʘʥʽ ʢʫʣʴʪʫʨʠ ʨʦʜʽʚ Leptothrix ʪʘ Sphaerotilus. ʇʨʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʤʘʥʛʘʥʫ ʟ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʩʷʛʘʣʘ 92°2%. 
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ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʦʩʦʙʠʩʪʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʬʽʣʴʪʨʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʧʨʦʮʝʩʘʭ ʦʯʠʱʝʥʥʷ ʧʠʪʥʦʾ ʚʦʜʠ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʟʜʘʪʥʦʩʪʽ ʜʦ ʧʦʛʣʠʥʘʥʥʷ ʪʘ 

ʫʪʨʠʤʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɺʠʟʥʘʯʝʥʦ,  ʱʦ ʘʢʪʠʚʥʝ ʚʫʛʽʣʣʷ, ʷʢʝ ʚʽʜʥʦʩʠʪʴʩʷ 

ʜʦ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʩʦʨʙʝʥʪʽʚ, ʩʧʨʠʷʣʦ ʤʽʮʥʦʤʫ ʟʘʢʨʽʧʣʝʥʥ ʁ

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʘ ʩʚʦʾʡ ʧʦʚʝʨʭʥʽ (ʜʦ 4500 ʂʋʆ/ʛ), ʘʣʝ ʥʝ ʟʘʙʝʟʧʝʯʫʚʘʣʦ 

ʨʝʟʫʣʴʪʧʪʠʚʥʦʛʦ ʧʝʨʝʙʽʛʫ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʥʝʟʘʣʽʟʥʝʥʥʷ. ɯʥʰʽ 

ʜʦʩʣʽʜʞʝʥʽ ʤʘʪʝʨʽʘʣʠ, ʪʘʢʽ ʷʢ ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ ʪʘ ʢʝʨʘʤʟʠʪ, ʙʫʣʠ 

ʝʬʝʢʪʠʚʥʠʤʠ ʫ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʤʫ ʧʨʦʮʝʩ,̔ ʘʣʝ ʥʝ ʜʦʟʚʦʣʷʣʠ ʟʘʢʨʽʧʠʪʠʩ ̫ʥʘ 

ʥʠʭ ʜʦʩʪʘʪʥʽʡ ʢʽʣʴʢʦʩʪʽ ʙʘʢʪʝʨʽʡ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘʡʢʨʘʱʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʽʪʫ (ʢʣʽʥʦʧʪʠʣʦʣʽʪʫ 

ʉʦʢʽʨʥʠʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ) ʬʨʘʢʮʽʾ 1-3 ʤʤ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʙʦʘʪʠ ʩʘʤʝ ʮʝʡ 

ʬʽʣʴʪʨʫʶʯʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

ɺʽʜʧʨʘʮʴʦʚʘʥʦ ʨʝʞʠʤ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʽʚ, ʧʨʠ ʷʢʦʤʫ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʝ ʚʽʜʤʠʚʘʥʥʷ ʬʽʣʴʪʨʫʶʯʦʛʦ ʰʘʨʫ ʚʽʜ ʥʘʢʦʧʠʯʝʥʠʭ ʚ 

ʥʴʦʤʫ ʟʘʙʨʫʜʥʝʥʴ, ʘ ʟ ʜʨʫʛʦʛʦ, ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʨʠʚ ʪʘ ʚʠʥʝʩʝʥʥʷ ʽʟ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʚʦʜʷʥʦʾ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʽʚ, ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʽʥʪʝʥʩʠʚʥʽʩʪ ɹʧʦʜʘʯʽ ʚʦʜʠ - 15 ʣ/ʩĿʤ
2
, ʪʨʠʚʘʣʽʩʪʴ 

ʧʨʦʤʠʚʢʠ - 10 ʭʚ; ʜʣʷ ʚʦʜʦʧʦʚʽʪʨʷʥʦʾ ʧʨʦʤʠʚʢʠ, ʷʢʘ ʚʢʣʶʯʘʻ ʪʨʠ ʝʪʘʧʠ:  

ʧʨʦʜʫʚʢʘ ʧʦʚʽʪʨʷʤ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 15 ʣ/ʩĀʤ
2
 ʧʨʦʪʷʛʦʤ 1-2 ʭʚ.; ʩʫʤʽʩʥʘ 

ʧʨʦʤʠʚʢʘ ʚʦʜʦʶ ʪʘ ʧʦʚʽʪʨʷʤ ʧʨʦʪʷʛʦʤ 15 ʭʚ ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ 

- 15 ʣ/ʩĀʤ
2
 ʪʘ ʚʦʜʠ ï 8 ʣ/ʩĀʤ

2
; ʜʦʤʠʚʢʘ ʪʽʣʴʢʠ ʚʦʜʦʶ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 15 ʣ/ʩĀʤ

2
 

ʧʨʦʪʷʛʦʤ 1-3 ʭʚ. 

ɺʚʩʪʘʥʦʚʣʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʽʦʜʠʯʥʦʛʦ ʟʥʝʟʘʨʘʞʝʥʥʷ ʬʽʣʴʪʨʫʶʯʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʚʽʜʧʦʚʽʜʥʫ ʩʭʝʤʫ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʽʟ 

ʩʪʚʦʨʝʥʥʷʤ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʜʣʷ ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʰʣʷʭʦʤ ʚʥʝʩʝʥʥʷ ʽʥʦʢʫʣʷʪʽʚ ʧʨʠʨʦʜʥʠʭ ʪʘ ʩʝʣʝʢʪʦʚʘʥʠʭ 
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ʢʫʣʴʪʫʨ ʨʨ. Leptothrix ʪʘ Sphaerotilus; ʚʠʟʥʘʯʝʥʦ ʚʽʜʧʦʚʽʜʥʽ ʧʘʨʘʤʝʪʨʠ 

ʧʨʦʮʝʩʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʘʨʽʘʥʪʠ ʘʧʘʨʘʪʫʨʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʜʣʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʩʧʦʨʫʜ 1000, 10000 ʪʘ 50000 ʤ
3
/ʜʦʙʫ. 

ɿʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʬʽʣʴʪʨʽʚ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʙʝʟʧʝʨʝʨʚʥʦʾ 

ʧʦʜʘʯʽ ʽʥʦʢʫʣʷʪʫ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʩʝʣʝʢʪʦʚʘʥʠʭ ʢʫʣʴʪʫʨ. 

ʇʨʦʚʝʜʝʥʦ ʘʧʨʦʙʘʮʽʶ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʨʽʟʥʠʭ ʧʨʠʨʦʜʥʠʭ 

ʚʦʜʘʭ ʪʘ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʘʭ. ʇʦʢʘʟʘʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʽ 

ʤʘʥʛʘʥʫ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ: ʟ ʧʨʠʨʦʜʥʠʤʠ ʢʫʣʴʪʫʨʘʤʠ - 94-99 % ʪʘ 71-87 % 

ʚʽʜʧʦʚʽʜʥʦ; ʟ ʩʝʣʝʢʪʦʚʘʥʠʤʠ ʢʫʣʴʪʫʨʘʤʠ - 98-99 % ʪʘ 94-97 % ʚʽʜʧʦʚʽʜʥʦ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʾ ʟʥʝʟʘʣʽʟʥʝʥʥʷ/ʜʝʤʘʥʛʘʥʘʮʽʾ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʜʝʷʢʽ ʦʢʠʩʥʠʢʠ 

(ʥʘʧʨʠʢʣʘʜ, ʦʟʦʥ ʪʘ ʧʝʨʦʢʩʠʜ ʚʦʜʥʶ), ʷʢʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʦʜʘʶʪʴʩʷ ʫ ʚ 

ʥʝʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ (ʜʦʟʠ ʨʝʘʛʝʥʪʫ - ʜʦ 1 ʤʛ/ʜʤ
3
). ʎʝ ʜʦʟʚʦʣʷʻ 

ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʚʢʘʟʘʥʽ ʧʨʦʮʝʩʠ ʦʯʠʱʝʥʥʷ, ʘʣʝ ʧʦʜʘʣʴʰʘ ʘʧʘʨʘʪʫʨʥʘ 

ʨʝʘʣʽʟʘʮʽʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʟʘʣʠʰʠʣʘʩʴ ʧʦʟʘ ʤʝʞʘʤʠ ʜʘʥʦ ʨʦʙʦʪʠ ʽ ʤʦʞʝ ʩʪʘʪʠ 

ʧʨʝʜʤʝʪʦʤ ʥʘʩʪʫʧʥʠʭ ʨʦʟʨʦʙʦʢ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʢʠʭ ʧʫʙʣʽʢʘʮʽʷʭ: 

1.  ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʟʜʘʪʥʽ 

ʦʢʠʩʣʶʚʘʪʠ ʩʧʦʣʫʢʠ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ ʫ ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ /  ʆ.ɺ. 

ʂʨʘʚʯʝʥʢʦ. ʇʨʦʙʣʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʪʘ ʛʽʜʨʘʚʣʽʢʠ. 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʟʙʽʨʥʠʢ. ɺʠʧʫʩʢ 24. ï ʂʠʾʚ : ʂʅʋɹɸ, 2014. ï 296 ʩ. ï ʉ. 

140 ï 145. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢʠ, 

ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

2. ʈʦʣʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʧʨʠ ʚʠʜʘʣʝʥʥʽ ʽʟ ʚʦʜʠ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘʣʽʟʘ ʥʘ 

ʬʽʣʴʪʨʘʭ ʟ ʮʝʦʣʽʪʦʚʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ /  ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ. ɺʽʩʥʠʢ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ. ï 2015. ï 
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ˉ1 (69) ï ʉ. 58 ï 65. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ).  

3. ɼʦʩʣʽʜʞʝʥʥʷ ʙʽʦʮʝʥʦʟʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʪʘ ʤʝʪʦʜʠʢʘ ʟʘʩʝʣʝʥʥʷ ʥʠʤʠ ʮʝʦʣʽʪʫ /  ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ. 

ʉʭʽʜʥʦ-ɭʚʨʦʧʝʡʩʴʢʠʡ  ʞʫʨʥʘʣ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ï 2015. ï ˉ 5/6 (77) ï 

ʉ. 39 ï 42. DOI: 10.15587/1729-4061.2015.51056. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ 

ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ 

ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

4. ʆʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʰʪʘʤʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʽʟ 

ʚʦʜʠ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʪʘ ʤʘʥʛʘʥʫ /  ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ. ʂʦʤʫʥʘʣʴʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ 

ʤʽʩʪ. ʉʝʨʽʷ: ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ ʪʘ ʘʨʭʽʪʝʢʪʫʨʘ. ï 2015. -  ˉ 123. ï ʉ. 85 ï 91. 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

5. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʽʥʦʢʫʣʷʮʽʾ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʨʝʜʫʢʫʶʯʠʭ ʦʨʛʘʥʽʟʤʽʚ ʟ 

ʦʮʽʥʢʦʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʚʠʜʘʣʝʥʥʷ ʮʠʭ ʟʘʙʨʫʜʥʠʢʽʚ /  ʆ.ɺ. 

ʂʨʘʚʯʝʥʢʦ. ɺʽʩʥʠʢ ʆʜʝʩʴʢʦʾ ʜʝʨʞʘʚʥʦʾ ʘʢʘʜʝʤʽʾ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ 

ʘʨʭʽʪʝʢʪʫʨʠ. ï 2015. -  ˉ 59. ï ʉ. 70 ï 76. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ 

ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ 

ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

6. ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ ʫ 

ʧʨʠʨʦʜʥʠʭ ʙʽʦʮʝʥʦʟʘʭ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ ʮʠʭ 

ʝʣʝʤʝʥʪʽʚ /  ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ. ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʦʜʥʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ʊʝʭʥʽʯʥʽ 

ʥʘʫʢʠ. ï 2015. ï ˉ 4 (72) ï ʉ. 310-320. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ 

ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

7. ɺʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʧʨʦʤʠʚʢʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ ʜʝʤʘʥʛʘʥʘʮʽʾ /  ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ. ɺʽʩʥʠʢ ɯʥʞʝʥʝʨʥʦʾ 

ʘʢʘʜʝʤʽʾ ʋʢʨʘʾʥʠ. ï 2015. ï ˉ 4 ï ʉ. 180 ï 186. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ 



221 

 

ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ 

ʩʪʘʪʪʽ). 

8. Role of  Biological Processes during Manganese Removal from Underground 

Water /  ʆ. Kravchenko.  çEUREKA: Physical Sciences and Engineeringè. ï 

2016. ï ˉ 1  ï ʉ. 61 ï 66. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

9. ʆʮʽʥʢʘ ʨʦʣʽ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʘʭ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ 

ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ /  ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ, ʆ.ʉ. ʇʘʥʯʝʥʢʦ, ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ. 

ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. ʉʝʨʽʷ: ʍʽʤʽʷ, 

ʪʝʭʥʦʣʦʛʽʷ ʨʝʯʦʚʠʥ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ï 2016. -  ˉ 841. ï ʉ. 20 ï 25. 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

10. ɺʧʣʠʚ ʦʟʦʥʫ ʽ ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ ʥʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʙʽʦʣʦʛʽʯʥʦʾ ʪʘ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʦʾ ʩʢʣʘʜʦʚʠʭ ʧʨʦʮʝʩʫ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ /  ʆ.ɺ. 

ʂʨʘʚʯʝʥʢʦ. ʅʘʫʢʦʚʽ ʚʽʩʪʽ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè ï 2016. -  ˉ 6 (110). ï ʉ. 7 ï 14 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

11. ʈʦʣʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʦʯʠʩʪʢʝ ʚʦʜʳ ʦʪ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ ʚ 

ʧʣʦʪʥʦʤ ʩʣʦʝ ʩʦʨʙʝʥʪʘ-ʢʘʪʘʣʠʟʘʪʦʨʘ [ʊʝʢʩʪ] / ɸ. ɺ. ʂʨʘʚʯʝʥʢʦ, 

ʅ. ʅ. ʏʝʨʥʦʚʘ, ɽ. ʉ. ʇʘʥʯʝʥʢʦ ʠ ʜʨ. ʍʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʚʦʜʳ. ð 2016. ð 

ʊ. 38, ˉ 5 (253). ð ʉ. 531-541. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ 

ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

12. ɿʘʩʪʦʩʫʚʘʥʥʷ ʦʢʠʩʥʠʢʽʚ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʙʽʦʣʦʛʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʨʦʮʝʩʽʚ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʽ ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ /  ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ. ʅʘʫʢʦʚʽ ʚʽʩʪʽ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪè ï 2016. -  ˉ 3. ï ʉ. 42 ï 47. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ 

ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

http://elibrary.nuft.edu.ua/library/DocDescription?doc_id=343120
http://elibrary.nuft.edu.ua/library/DocDescription?doc_id=343120
http://elibrary.nuft.edu.ua/library/DocDescription?doc_id=343120
http://elibrary.nuft.edu.ua/library/DocDescription?doc_id=343120


222 

 

13. ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʴ ʧʨʠ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦ 

ʽʥʪʝʥʩʠʬʽʢʦʚʘʥʦʤʫ ʧʨʦʮʝʩʽ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ ʜʝʤʘʥʛʘʮʽʾ ʚʦʜʠ ʥʘ ʰʚʠʜʢʠʭ 

ʬʽʣʴʪʨʘʭ /  ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ, ʆ.ʉ. ʇʘʥʯʝʥʢʦ.  ʅʘʫʢʦʚʽ ʚʽʩʪʽ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè. ï 

2017. ï ˉ 6 ï ʉ. 14 ï 19. DOI: 10.20535/1810-0546.2017.6.111985 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

14. ɹʽʦʽʥʬʦʨʤʘʮʽʡʥʝ ʚʠʷʚʣʝʥʥʷ ʧʨʦʜʫʮʝʥʪʽʚ ʤʘʛʥʽʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʩʝʨʝʜ 

ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʠʭ ʙʘʢʪʝʨʽʡ /  ʉ.ɺ. ɻʦʨʦʙʝʮʴ, ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ, ʄ.ʆ. 

ɹʫʣʘʻʚʩʴʢʘ, ʆ.ʉ. ʇʘʥʯʝʥʢʦ. Innovative Biosystems and Bioengineering, 2018, 

vol. 2, no. 2, ʉ. 27ï35, doi: 10.20535/ibb.2018.2.2.124256. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ 

ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

15. ʄʝʪʦʜʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʦʯʠʱʝʥʥʷ ʧʠʪʥʦʾ ʚʦʜʠ: ʤʝʪʦʜʠʢʠ 

ʚʠʜʽʣʝʥʥʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘʣʽʟʦ- ʪʘ ʤʘʥʛʘʥʦʢʠʩʥʶʶʯʠʭ ʙʘʢʪʝʨʽʡ /  ʆ.ɺ. 

ʂʨʘʚʯʝʥʢʦ, ɭ.ɺ. ʂʫʟʴʤʽʥʩʴʢʠʡ, ʆ.ʉ. ʇʘʥʯʝʥʢʦ. çʉʪʘʥʜʘʨʪʠʟʘʮʽʷ, 

ʩʝʨʪʠʬʽʢʘʮʽʷ, ʷʢʽʩʪʴè - 2018. ˉ 2. ï ʉ. 89-93. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ 

ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ 

ʩʪʘʪʪʽ). 

16. Isolation of pure cultures iron- and manganese-oxidizing bacteria from rapid 

filters /  O. Kravchenko, O. Panchenko. Biotechnologia Acta. ï 2018. ï ʊ. 11, ˉ 

2 ï ʉ. 78-82. DOI: 10.15407/biotech11.03.078. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ 

ʫʯʘʩʪʴ ʚ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ 

ʩʪʘʪʪʽ). 

17. ʂʨʘʚʯʝʥʢʦ ʆ.ɺ., ʇʘʥʯʝʥʢʦ ʆ.ʉ. ʄʇʂ (2006.01) ʉ02F 1/64. ʉʧʦʩʽʙ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʪʘ ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ: ʧʘʪ. 125641 ʋʢʨʘʾʥʘ, ˉ u 2018 02369; 

ʟʘʷʚʣ. 12.03.2018; ʦʧʫʙʣ. 10.05.2018, ɹʶʣ. ˉ9 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ 

ʫʯʘʩʪʴ ʚ ʧʘʪʝʥʪʥʦʤʫ ʧʦʰʫʢʫ, ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʦʬʦʨʤʣʝʥʥʽ ʧʘʪʝʥʪʫ). 

https://doi.org/10.20535/1810-0546.2017.6.111985


223 

 

18. ʂʨʘʚʯʝʥʢʦ ʆ.ɺ., ɻʫʮʦʣ ʆ.ɺ., ʂʣʝʯʘʢ ɯ.ʈ., ʇʘʥʯʝʥʢʦ ʆ.ʉ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. 

çɹʽʦʪʝʭʥʦʣʦʛʽʷ XXI ʩʪʦʣʽʪʪʷè: ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ IX ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ / ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʂʠʾʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè. ï ʂʠʾʚ, 2015. ï ʉ. 149. 

19. ʂʨʘʚʯʝʥʢʦ ʆ.ɺ.,  ʇʘʥʯʝʥʢʦ ʆ.ɺ.ɺʧʣʠʚ ʦʢʠʩʥʠʢʽʚ ʥʘ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʧʽʜʟʝʤʥʦʾ ʚʦʜʠ ʽʟ ʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ ʩʧʦʣʫʢ ʟʘʣʽʟʘ / ʂʨʘʚʯʝʥʢʦ,  

ʆ. ʉ. // ɿʙʽʨʥʠʢ ʜʦʧʦʚʽʜʝʡ ʄʽʞʥʘʨʦʜʥʦʛʦ ʢʦʥʛʨʝʩʫ çɽʊɽɺʂ-2015è, ʤ. 

ɯʣʣʽʯʽʚʩʴʢ, 8-12 ʯʝʨʚ. 2015. - ʉ. 38-44. 

20. ʂʨʘʚʯʝʥʢʦ ʆ.ɺ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʧʨʠʩʫʪʥʽʭ 

ʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʬʽʣʴʪʨʫ ʜʣʷ ʜʝʤʘʥʛʘʥʘʮʽʾ ʚʦʜʠ / ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ,  ʆ. ʉ. 

ʇʘʥʯʝʥʢʦ, ʆ. ɺ. ɻʫʮʦʣ // ɿʙʽʨʥʠʢ ʜʦʧʦʚʽʜʝʡ ʄʽʞʥʘʨʦʜʥʦʛʦ ʢʦʥʛʨʝʩʫ 

çɽʊɽɺʂ-2015è, ʤ. ɯʣʣʽʯʽʚʩʴʢ, 8-12 ʯʝʨʚ. 2015. - ʉ. 76-79.. 

21. ʂʨʘʚʯʝʥʢʦ ɸ.ɺ. ʆʮʝʥʢʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʠ ʦʙʝʟʞʝʣʝʟʠʚʘʥʠʠ ʠ ʜʝʤʘʥʛʘʥʘʮʠʠ ʚʦʜʳ ʥʘ ʬʠʣʴʪʨʘʭ ʩ ʮʝʦʣʠʪʦʚʦʡ 

ʟʘʛʨʫʟʢʦʡ / ɸ. ɺ. ʂʨʘʚʯʝʥʢʦ, ɽ.ʉ. ʇʘʥʯʝʥʢʦ // ɿʙʽʨʥʠʢ ʜʦʧʦʚʽʜʝʡ 

ʄʽʞʥʘʨʦʜʥʦʛʦ ʢʦʥʛʨʝʩʫ çɽʊɽɺʂ-2017è, ʤ. ʏʦʨʥʦʤʦʨʩʴʢ, 12-16 ʯʝʨʚ. 2017. 

- ʉ. 76-81.  

22. ɻʫʮʦʣ ʆ.ɺ. ʆʟʦʥʫʚʘʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ ʬʽʣʴʪʨʫʚʘʥʥʷʤ ʥʘ ʮʝʦʣʽʪʦʚʠʭ ʬʽʣʴʪʨʭ 

ʷʢ ʩʧʦʩʽʙ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʽ ʤʘʨʛʘʥʮʶ ʟ ʧʽʜʟʝʤʥʠʭ ʚʦʜ / ʆ. ɺ. ɻʫʮʦʣ, ʆ.ɺ. 

ʂʨʘʚʯʝʥʢʦ, ʆ.ʉ. ʇʘʥʯʝʥʢʦ //  çɹʽʦʪʝʭʥʦʣʦʛʽʷ XXI ʩʪʦʣʽʪʪʷè: ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ 

XI ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ / ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè. ï ʂʠʾʚ, 21 

ʢʚʽʪʥʷ 2017. ï ʩ 112.  

23. ʍʦʨʫʞʠʡ ɺ. ʇ. ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ: çɽʢʩʧʣʫʘʪʘʮʽʷ ʩʠʩʪʝʤ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ / ɺ. ʇ. ʍʦʨʫʞʠʡ, ʆ. ɺ. ʂʨʘʚʯʝʥʢʦ. ï 

ʂʠʾʚ: ʂʅʋɹɸ, 2018. ï 203 ʩ. ï (ʂʅʋɹɸ). 

  



224 

 

ʈʆɿɼɯʃ 4. ɹɯʆʃʆɻɯʏʅɸ ɯʅʊɽʅʉʀʌɯʂɸʎɯʗ ʇʈʆʎɽʉʋ 

ɼɽɸʄʆʅɯɿɸʎɯɰ ʇɯɼɿɽʄʅʀʍ ɺʆɼ 

 

4.1. ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʬʽʣʴʪʨʽʚ ʜʝʘʤʦʥʽʟʘʮʽʾ ʫ ʟʚʠʯʘʡʥʦʤʫ ʨʝʞʠʤʽ 

ɺʠʜʘʣʝʥʥʷ ʟ ʧʨʠʨʦʜʥʠʭ ʚʦʜ ʩʧʦʣʫʢ ʘʟʦʪʫ ʽ, ʟʦʢʨʝʤʘ ʘʤʦʥʽʶ, ʷʚʣʷʻ 

ʩʦʙʦʶ ʚʘʞʣʠʚʫ ʟʘʜʘʯʫ ʫ ʧʨʦʮʝʩʘʭ ʧʽʜʛʦʪʦʚʢʠ ʧʠʪʥʦʾ ʚʦʜʠ ʚ ʋʢʨʘʾʥʽ, ʪʦʤʫ ʱʦ 

ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʧʠʪʥʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʤʽʩʪʠʪʴ ʧʽʜʚʠʱʝʥʫ ʢʽʣʴʢʽʩʪʴ ʘʤʦʥʽʡʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ[321].  

ʊʝʭʥʦʣʦʛʽʷ ʜʝʘʤʦʥʽʟʘʮʽʾ ʨʝʘʣʽʟʫʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʧʝʮʽʘʣʴʥʠʭ ʰʚʠʜʢʠʭ ʙʽʦʬʽʣʴʪʨʽʚ, ʚ ʷʢʠʭ ʥʘ ʩʧʝʮʽʘʣʴʥʦʤʫ ʥʦʩʽʾ 

ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʤʽʢʨʦʬʣʦʨʘ, ʫʪʚʦʨʶʚʘʥʘ ʟ ʧʨʠʨʦʜʥʦʾ ʚʦʜʠ ʧʨʦʪʷʛʦʤ 

ʬʽʣʴʪʨʫʚʘʥʥʷ. ʂʣʶʯʦʚʦʶ ʧʨʦʙʣʝʤʦʶ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʢʘʟʘʥʠʭ ʬʽʣʴʪʨʽʚ 

ʚʚʘʞʘʻʪʴʩʷ ʾʭ ʟʥʘʯʥʠʡ ʯʘʩ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʨʝʞʠʤʫ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʪʦʙʪʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʘʤʦʥʽʶ. 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʜʝʘʤʦʥʽʟʘʮʽʾ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩ ʧʽʣʦʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʚʦʜʽ 

ʘʨʪʝʟʽʘʥʩʴʢʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ. ɼʦʩʣʽʜʥʘ ʫʩʪʘʥʦʚʢʘ ʚʢʣʶʯʘʣʘ 

ʥʘʧʽʨʥʠʡ ʬʽʣʴʪʨ ʟʘʚʦʜʩʴʢʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ çCulligan HiFlo-6 UX-40è ʟ 

ʘʝʨʘʪʦʨʦʤ (ʚʠʨʦʙʥʠʮʪʚʘ ɯʪʘʣʽʾ), ʟʘʚʘʥʪʘʞʝʥʠʡ ʩʧʝʮʽʘʣʴʥʠʤ ʬʽʣʴʪʨʫʶʯʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ï Biofilter
ʪʤ
, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʽ ʧʦʜʘʣʴʰʦʛʦ 

ʫʪʨʠʤʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ.  

ɿʘ ʢʝʨʽʚʥʠʮʪʚʦʤ ʟ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ [322] ʚʢʘʟʘʥʦʛʦ ʬʽʣʴʪʨʘ ʜʣʷ 

ʥʘʨʦʱʝʥʥʷ ʧʦʪʨʽʙʥʦʾ ʙʽʦʤʘʩʠ ʥʘ ʥʴʦʛʦ ʧʨʦʪʷʛʦʤ 2-3 ʪʠʞʥʽʚ ʥʝʦʙʭʽʜʥʦ 

ʧʦʜʘʚʘʪʠ ʚʠʭʽʜʥʫ ʚʦʜʫ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʪʘ 

ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʥʪʨʦʣʴ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʘʤʦʥʽʶ ʫ ʬʽʣʴʪʨʘʪʽ (ʧʽʩʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ  ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʨʽʚʥʷ ʦʩʪʘʥʥʴʦʛʦ, ʬʽʣʴʪʨ ʤʦʞʝ 

ʧʝʨʝʚʦʜʠʪʠʩʷ ʚ ʨʦʙʦʯʠʡ ʨʝʞʠʤ ʝʢʩʧʣʫʘʪʘʮʽʾ). ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ 

ʫʩʪʘʥʦʚʢʠ, ʚʢʣʶʯʘʶʯʠ ʘʝʨʘʪʦʨ, ʙʫʣʠ ʥʘʜʘʥʽ ʽʪʘʣʽʡʩʴʢʠʤʠ ʪʝʭʥʦʣʦʛʘʤʠ. 
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ʗʢ ʚʞʝ ʚʽʜʟʥʘʯʘʣʦʩʴ ʚʠʱʝ, ʫ ʚʢʘʟʘʥʠʭ ʙʽʦʬʽʣʴʪʨʘʭ ʬʦʨʤʫʚʘʥʥʷ 

ʢʫʣʴʪʫʨʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʾʭ ʚʥʝʩʝʥʥʷ ʧʨʠ 

ʬʽʣʴʪʨʫʚʘʥʥʽ  ʟ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʟ ʚʠʭʽʜʥʦʶ ʚʦʜʦʶ ʪʘ/ʘʙʦ ʧʦʚʽʪʨʷʤ) ʚ 

ʥʝʘʩʝʧʪʠʯʥʠʭ ʫʤʦʚʘʭ. ʇʝʨʽʦʜ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ 

ʨʦʟʚʠʪʦʢ ʤʽʢʨʦʦʨʛʘʥʠʟʤʽʚ, ʻ ʧʽʜʛʦʪʦʚʯʠʤ ʽ ʥʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʦʨʠʩʥʦʾ ʨʦʙʦʪʠ 

ʫʩʪʘʥʦʚʢʠ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʩʠʣʝʥʘ ʘʝʨʘʮʽʷ ʚʠʭʽʜʥʦʾ ʚʦʜʠ, ʘ ʫ 

ʬʽʣʴʪʨʘʪʽ - ʟʘ ʚʤʽʩʪʦʤ ʘʤʦʥʽʶ. ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʦʩʪʘʥʥʴʦʛʦ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʛʦʪʦʚʥʽʩʪʴ ʬʽʣʴʪʨʘ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʽʥ 

ʧʝʨʝʚʦʜʠʪʴʩʷ ʫ ʨʦʙʦʯʠʡ ʨʝʞʠʤ ʽ ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ ʥʘ ʘʝʨʘʮʽʶ ʚʦʜʠ 

ʟʤʝʥʰʫʻʪʴʩʷ.  

ʇʨʦʪʷʛʦʤ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʚʢʣʶʯʘʣʠ ʪʨʠ ʮʠʢʣʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʥʘ ʚʭʦʜʽ 

ʪʘ ʚʠʭʦʜʽ ʬʽʣʴʪʨʘ ʚʠʟʥʘʯʘʚʩʷ ʚʤʽʩʪ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ, ʘ ʫ ʬʽʣʴʪʨʘʪʽ -  

ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʤʦʥʽʶ, ʥʽʪʨʠʪʽʚ, ʥʽʪʨʘʪʽʚ ʪʘ ʚʝʣʠʯʠʥʘ ɿʄʏ.  

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʧʽʜʟʝʤʥʦʾ ʚʦʜʠ ʙʫʣʠ 

ʥʘʩʪʫʧʥʠʤʠ: ʪʝʤʧʝʨʘʪʫʨʘ - 9°1 ʉ̄, ʚʤʽʩʪ - ʘʤʦʥʽʶ 3,19°0,01, ʥʽʪʨʘʪʽʚ - 7,8°0,1 

ʪʘ ʥʽʪʨʠʪʽʚ 0,15°0,02 ʤʛ/ʜʤ
3
, ɿʄʏ ʬʽʢʩʫʚʘʣʦʩʴ ʥʘ ʨʽʚʥʽ - 60 °10 ʂʋʆ/ʩʤ

3
. 

ɿʘ ʦʜʝʨʞʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʙʫʣʘ ʨʦʟʨʘʭʦʚʘʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʘʤʦʥʽʶ ʧʽʜ ʯʘʩ ʬʽʣʴʪʨʫʚʘʥʥʷ. ɺʢʘʟʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 4.1 ʪʘ ʥʘ ʨʠʩ. 4.1.  

ʊʘʙʣʠʮʷ 4.1. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʦʜʠ ʫ ʧʝʨʽʦʜ 

ʧʽʜʛʦʪʦʚʢʠ ʬʽʣʴʪʨʘ (ʟʛʽʜʥʦ ʢʝʨʽʚʥʠʮʪʚʘ ʟ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ) 

ɼʦʙʘ 

ʂʦʥʮʝʥʪʨʘʮʽʷ
1

)
ʥʘ ʚʭʦʜʽ, 

ʤʛ/ʜʤ
3
 

ʂʦʥʮʝʥʪʨʘʮʽʷ
1)
 

 ʥʘ ʚʠʭʦʜʽ, ʤʛ/ʜʤ
3
 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʜʘʣʝʥʥʷ 

ʘʤʦʥʽʶ, % 
ʂʠʩʝʥʴ ɸʤʦʥʽʡ ʂʠʩʝʥʴ ʅʽʪʨʠʪʠ ʅʽʪʨʘʪʠ 

ɿʄʏ, 

ʂʋʆ/ʩʤ
3
 

1 8,4 2,40 5,8 0,26 10,3 65 25 

2 8,4 2,20 5,2 0,29 10,5 185 31 

3 8,4 2,14 4,6 0,3 10,5 335 33 

4 8,4 2,01 3,9 0,32 11,0 305 37 

5 8,4 1,99 3,6 0,32 10,9 455 38 

6 8,4 1,74 3,1 0,28 11,7 505 45 

7 8,4 1,62 2,7 0,16 12,0 560 49 
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ɼʦʙʘ 

ʂʦʥʮʝʥʪʨʘʮʽʷ
1

)
ʥʘ ʚʭʦʜʽ, 

ʤʛ/ʜʤ
3
 

ʂʦʥʮʝʥʪʨʘʮʽʷ
1)
 

 ʥʘ ʚʠʭʦʜʽ, ʤʛ/ʜʤ
3
 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʜʘʣʝʥʥʷ 

ʘʤʦʥʽʶ, % 
ʂʠʩʝʥʴ ɸʤʦʥʽʡ ʂʠʩʝʥʴ ʅʽʪʨʠʪʠ ʅʽʪʨʘʪʠ 

ɿʄʏ, 

ʂʋʆ/ʩʤ
3
 

8 8,3 1,27 2,2 0,25 13,4 700 60 

9 8,3 1,09 2,1 0,27 14,2 780 66 

10 8,3 1,01 1,8 0,24 14,3 720 68 

11 8,3 0,97 1,4 0,22 14,6 850 70 

12 8,3 0,75 1,4 0,27 15,0 920 76 

13 8,3 0,44 1,3 0,26 15,4 900 86 

14 8,3 0,39 1,1 0,24 15,9 940 88 

15 8,3 0,41 0,9 0,22 15,7 960 87 

16 8,3 0,35 0,7 0,25 15,8 955 89 

17 8,3 0,28 0,7 0,25 16,0 970 91 

18 8,3 0,26 0,6 0,26 16,4 960 92 

19 5 0,25 0,2 0,18 9,9 900 92 

20 5 0,27 0,2 0,14 6,6 920 91 

21 5 0,28 0,2 0,19 3,5 940 91 
1)
 ʅʘʚʝʜʝʥʦ ʩʝʨʝʜʥʽ ʘʨʠʬʤʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʟʘ 3 ʧʦʚʪʦʨʥʦʩʪʷʤʠ. 

ɼʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʜʣʷ ʨ<0,05 ʩʢʣʘʜʘʚ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ:  

ʘʤʦʥʽʶ ʪʘ ʥʽʪʨʠʪʽʚ °0,01 ʤʛ/ʜʤ
3
, ʥʽʪʨʘʪʽʚ ʪʘ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ - °0,1 ʤʛ/ʜʤ

3
, 

ɿʄʏ - °10 ʂʋʆ/ʩʤ
3
, ʝʬʝʢʪʠʚʥʦʩʪʽ - °2%. 
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ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʦʟʚʦʣʠʣʠ ʚʠʷʚʠʪʠ ʚʘʞʣʠʚʽ 

ʟʘʣʝʞʥʦʩʪʽ ʽ, ʥʘʩʘʤʧʝʨʝʜ, ʱʦ ʟʥʠʞʝʥʥʷ ʫ ʬʽʣʴʪʨʘʪʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʤʦʥʽʶ 

ʢʦʨʝʣʶʚʘʣʦ ʟ ʧʦʢʘʟʥʠʢʦʤ ɿʄʏ, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʧʨʠʩʫʪʥʽʭ ʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʬʽʣʴʪʨʘ.  

ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʜʝʘʤʦʥʽʟʘʮʽʾ 

ʦʜʥʦʯʘʩʥʦ ʫ ʬʽʣʴʪʨʦʚʘʥʽʡ ʚʦʜʽ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʟʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ  ʥʽʪʨʘʪʽʚ. 

ʍʦʯʘ ʮʝʡ ʧʦʢʘʟʥʠʢ ʽ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ɼʉʘʥʇʽʅ 2.2.4.171-10 

ʥʦʨʤʘʪʠʚʫ (Ó 50 ʤʛ/ʜʤ
3
), ʚʢʘʟʘʥʠʡ ʬʘʢʪ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ 

ʨʦʟʨʦʙʣʝʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʝʘʤʦʥʽʟʘʮʽʾ.  

ɿʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʝʛʣʘʤʝʥʪʦʤ ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʢʠ ʪʨʠʚʘʣʽʩʪʴ 

ʧʽʜʛʦʪʦʚʯʦʛʦ ʧʝʨʽʦʜʫ ʬʽʣʴʪʨʘ ʩʪʘʥʦʚʠʣʘ - 18 ʜʽʙ, ʪʦʤʫ ʥʘ 19-ʡ ʜʦʙʽ ʙʫʣʦ 

ʟʤʝʥʰʝʥʦ ʧʦʜʘʯʫ ʢʠʩʥʶ, ʱʦ ʚʽʜʨʘʟʫ ʧʨʠʟʚʝʣʦ ʜʦ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʽʪʨʘʪʽʚ, ʷʢʘ ʧʨʦʜʦʚʞʫʚʘʣʘ ʟʤʝʥʰʫʚʘʪʠʩʷ ʽ ʧʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʠʭ 2 ʜʽʙ.  

ʋ ʧʽʜʛʦʪʦʚʯʠʡ ʧʝʨʽʦʜ ʨʦʙʦʪʠ ʬʽʣʴʪʨʘ ʩʪʫʧʝʥʴ ʘʝʨʘʮʽʾ ʚʦʜʠ ʩʠʣʴʥʦ 

ʧʽʜʚʠʱʫʻʪʴʩʷ, ʱʦ ʩʧʨʠʷʻ ʘʢʪʠʚʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʥʽʪʨʠʬʽʢʘʮʽʾ, ʘ ʦʪʞʝ ʽ 

ʫʪʚʦʨʝʥʥʶ ʥʽʪʨʘʪʽʚ (ʟ 1 ʤʛ ʘʤʦʥʽʶ ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠʩʷ ʙʽʣʷ 3,6 ʤʛ ʥʽʪʨʘʪʽʚ). 

ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʚʠʭʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʫ ʬʽʣʴʪʨʽ ʧʘʨʘʣʝʣʴʥʦ ʟ 

ʥʽʪʨʠʬʽʢʘʮʽʻʶ ʧʦʯʠʥʘʶʪʴ ʚʽʜʙʫʚʘʪʠʩʴ ʧʨʦʮʝʩʠ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, ʽ ʚʤʽʩʪ 

ʥʽʪʨʘʪʽʚ - ʟʥʠʞʫʻʪʴʩʷ.  

ʇʦʨʽʚʥʶʶʯʠ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʰʠʨʦʢʦ ʚʠʩʚʽʪʣʝʥʠʤʠ ʫ ʣʽʪʝʨʘʪʫʨʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ ʧʨʦʮʝʩʽʚ ʥʽʪʨʠ- ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʚ ʪʝʭʥʦʣʦʛʽʾ ʦʯʠʱʝʥʥʷ 

ʩʪʽʯʥʠʭ ʚʦʜ, ʦʯʝʚʠʜʥʦ, ʱʦ ʧʨʦʮʝʩʠ ʫ ʜʦʩʣʽʜʥʦʤʫ ʙʽʦʬʽʣʴʪʨʽ ʚ ʮʽʣʦʤʫ 

ʧʝʨʝʙʽʛʘʣʠ ʘʥʘʣʦʛʽʯʥʦ.  

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʧʽʩʣʷ 58 ʜʦʙʠ ʨʦʙʦʪʠ 

ʬʽʣʴʪʨʘ ʟ ʥʝʚʩʪʘʥʦʚʣʝʥʠʭ ʧʨʠʯʠʥ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʧʘʜʽʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʯʠʱʝʥʥʷ, ʷʢʝ ʩʫʧʨʦʚʦʜʞʫʚʘʣʦʩʴ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ 

ʰʘʨʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʬʽʣʴʪʨʘʪʽ. ɺʦʜʘ ʪʘʢʦʞ ʥʘʙʫʣʘ ʥʝʧʨʠʻʤʥʦʛʦ ʟʘʧʘʭʫ. 

ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʨʠʟʫʧʠʥʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʟʜʽʡʩʥʝʥʥʷ ʟʥʝʟʘʨʘʞʝʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽ ʧʦʚʪʦʨʥʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ ʙʽʦʤʘʩʠ. 
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ɺ ʧʦʜʘʣʴʰʦʤʫ ʬʽʣʴʪʨ ʧʨʘʮʶʚʘʚ ʩʪʘʙʽʣʴʥʦ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʧʨʦʪʷʛʦʤ 3 ʤʽʩʷʮʽʚ. 

ʇʨʦʚʝʜʝʥʠʡ ʢʦʤʧʣʝʢʩ ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʚʽʜʯʠʚ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʽʦʬʽʣʴʪʨʽʚ, ʪʘʢʠʭ ʷʢ çCulligan HiFlo-6 UXè, ʜʣʷ ʜʝʘʤʦʥʽʟʘʮʽʾ ʧʽʜʟʝʤʥʠʭ ʚʦʜ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʚʠʜʘʣʝʥʥʷ ʘʤʦʥʽʶ ʚ ʪʝʭʥʦʣʦʛʽʾ 

ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʧʨʠʨʦʜʥʠʡ ʨʝʞʠʤ ʬʦʨʤʫʚʘʥʥʷ 

ʤʽʢʨʦʬʣʦʨʠ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʩʠʪʴ ʧʦʚʽʣʴʥʦ ʽ 

ʧʦʪʨʝʙʫʻ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ï 16-17 ʜʽʙ, ʚʧʨʦʜʦʚʞ ʷʢʦʛʦ ʬʽʣʴʪʨʠ ʬʘʢʪʠʯʥʦ 

ʧʨʘʮʶʶʪʴ çʥʘ ʩʝʙʝè, ʯʝʨʝʟ ʥʝʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʣʝʞʥʦʾ  ʛʣʠʙʠʥʠ 

ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ ʘʤʦʥʽʶ.  

ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʽ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʽʜ ʯʘʩ ʬʽʣʴʪʨʫʚʘʥʥʷ 

ʥʝ ʚʠʢʣʶʯʝʥʽ ʚʠʧʘʜʢʠ ʤʦʞʣʠʚʦʾ ʟʤʽʥʠ ʩʢʣʘʜʫ ʤʽʢʨʦʮʝʥʦʟʫ ʫ ʟʘʚʘʥʪʘʞʝʥʥʽ, 

ʱʦ ʧʦʪʨʝʙʫʻ ʟʫʧʠʥʢʠ ʬʽʣʴʪʨʘ, ʜʝʟʽʥʬʝʢʮʽʾ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ 

ʧʦʚʪʦʨʥʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʪʨʠʚʘʣʽʩʪʴ ʢʦʨʠʩʥʦʾ 

ʨʦʙʦʪʠ ʬʽʣʴʪʨʘ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʧʝʨʝʜʙʘʯʝʥʦʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʡʚʠʭ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪ ʪʘ ʟʘʛʨʦʟʠ ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʢʠ ʯʝʨʝʟ ʧʦʛʽʨʰʝʥʥʷ 

ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʤʦʞʣʠʚʦʛʦ ʟʨʠʚʫ ʬʽʣʴʪʨʦʮʽʢʣʘ 

ʜʝʘʤʦʥʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʘʪʠ ʥʘʷʚʥʽʩʪʴ ʨʝʟʝʨʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ 

ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ  - ʜʦ 25 % ʚʽʜ ʨʦʙʦʯʦʛʦ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝ ʩʢʘʟʘʥʝ, ʜʦʮʽʣʴʥʦ ʨʦʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʶ ʰʪʫʯʥʦʛʦ 

ʟʘʧʦʚʥʝʥʥʷ ʙʽʦʬʽʣʴʪʨʽʚ ʥʽʪʨʠʬʽʢʫʶʯʦʶ ʤʽʢʨʦʬʣʦʨʦʶ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʨʦʙʠʪʠ 

ʧʨʦʮʝʩ ʜʝʘʤʦʥʽʟʘʮʽʾ ʙʽʣʴʰ ʢʝʨʦʚʘʥʠʤ ʽ ʧʝʨʝʜʙʘʯʫʚʘʥʠʤ.  

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʫ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʜʽʣʠʪʠ 

ʦʩʥʦʚʥʠʡ ʙʽʦʣʦʛʽʯʥʠʡ ʘʛʝʥʪ, ʷʢʠʡ ʩʧʨʠʷʪʠʤʝ ʚʠʜʘʣʝʥʥʶ ʟ ʚʦʜʠ ʘʤʦʥʽʶ ʧʨʠ 

ʬʽʣʴʪʨʫʚʘʥʥʽ ʥʘ ʰʚʠʜʢʠʭ ʙʽʦʬʽʣʴʪʨʘʭ. 
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4.2. ɺʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʤʽʢʨʦʮʝʥʦʟʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʘʛʝʥʪʫ ʚ ʫʤʦʚʘʭ ʨʦʙʦʯʦʛʦ ʨʝʞʠʤʫ 

ʫʩʪʘʥʦʚʢʠ (ʥʘ 24 ʜʦʙʫ ʝʢʩʧʝʨʠʤʝʥʪʫ) ʫ ʬʽʣʴʪʨʘʪʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʩʢʣʘʜ 

ʤʽʢʨʦʮʝʥʦʟʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ.  

ʉʝʨʝʜ ʽʥʰʠʭ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʨʨ.Nitrosamonas ʽ 

Nitrobacter,  ʷʢʽ ʟʘ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ, ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʽ ʚ ʘʢʪʠʚʥʦʤʫ ʤʫʣʽ 

ʥʽʪʨʠʬʽʢʘʪʦʨʽʚ ʩʪʽʯʥʠʭ ʚʦʜ, ʘ ʪʘʢʦʞ ʨ. Thiobacillus denitrificans, ʷʢʽ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʜʝʥʽʪʨʠʬʽʢʘʪʦʨʽʚ. ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ ʮʠʭ ʨʦʜʽʚ ʙʫʣʦ ʚʠʜʽʣʝʥʦ 

ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʽ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʧʝʨʝʣʽʢ ʩʝʨʝʜʦʚʠʱ ʪʘ ʫʤʦʚ 

ʟʙʝʨʽʛʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʘʚʝʜʝʥʠʡ ʫ ʨʦʟʜ. 2). 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʧʠʪʥʦʾ ʚʦʜʠ 

ʧʨʦʮʝʩʠ ʥʽʪʨʠ- ʪʘ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʧʦʚʠʥʥʽ ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʚ ʦʜʥʽʡ ʩʧʦʨʫʜʽ - 

ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ. ɺʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʫʚʘʥʥʷ (ʧʦʪʽʢ 

ʙʣʠʟʴʢʠʡ ʜʦ ʣʘʤʽʥʘʨʥʦʛʦ ʨʝʞʠʤʫ) ʪʘ ʥʘʷʚʥʽʩʪʴ ʙʽʦʤʘʩʠ, ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʧʦ ʟʘʚʘʥʪʘʞʝʥʥʶ ʬʽʣʴʪʨʘ, ʤʦʞʥʘ ʧʨʦʛʥʦʟʫʚʘʪʠ, ʱʦ ʚʤʽʩʪ ʢʠʩʥʶ 

ʙʫʜʝ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʚʘʪʠʩʴ ʟʛʦʨʠ ʜʦʥʠʟʫ ʩʧʦʨʫʜʠ. ʗʢʱʦ ʥʘ ʚʠʭʦʜʽ ʟ 

ʬʽʣʴʪʨʘ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʙʫʜʝ ʥʘʙʣʠʞʫʚʘʪʠʩʷ ʜʦ ʥʫʣʷ, ʪʦ ʮʽʣʢʦʤ ʚʽʨʦʛʽʜʥʠʤ 

ʻ ʫʪʚʦʨʝʥʥʷ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʩʧʦʨʫʜʠ ʤʽʢʨʦʘʝʨʦʬʽʣʴʥʠʭ ʪʘ ʘʥʘʝʨʦʙʥʠʭ ʟʦʥ. 

ʆʩʦʙʣʠʚʽʩʪʴ ʧʝʨʝʙʽʛʫ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ ʧʦʣʷʛʘʻ 

ʚ ʪʦʤʫ, ʱʦ ʢʠʩʝʥʴ, ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ ʣʠʰʝ ʥʘ ʚʭʦʜ̔ ʬʽʣʴʪʨʘ, ʧʨʦʭʦʜʷʯʠ ʯʝʨʝʟ 

ʬʽʣʴʪʨʫʶʯʝ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʩʧʦʞʠʚʘʻʪʴʩʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ 

ʥʽʪʨʠʬʽʢʫʶʯʠʤʠ, ʷʢʽ ʦʢʠʩʥʶʶʪʴ ʘʤʦʥʽʡ ʜʦ ʥʽʪʨʘʪʽʚ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʥʶ ʟʤʝʥʰʫʻʪʴʩʷ ʟʛʦʨʠ ʜʦ ʥʠʟʫ ʬʽʣʴʪʨʘ. 

ɼʣʷ ʧʝʨʝʙʽʛʫ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʥʝʦʙʭʽʜʥʽ ʤʽʢʨʦʘʝʨʦʬʽʣʴʥʽ ʫʤʦʚʠ. ʗʢʱʦ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʥʶ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʘ (ʚ ʜʘʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ 6 ʤʛ/ʜʤ
3
 ʽ 

ʙʽʣʴʰʝ), ʪʦ ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʘʝʨʦʬʽʣʴʥʠʭ ʽ ʘʥʘʝʨʦʙʥʠʭ ʟʦʥ ʫ ʬʽʣʴʪʨʽ ʜʫʞʝ ʤʘʣʘ, 

ʽ ʧʨʦʮʝʩʠ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ. ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʫ ʚʠʭʽʜʥʽʡ ʚʦʜʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʢʽʣʴʢʽʩʪʴ ʚʢʘʟʘʥʠʭ ʟʦʥ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʘʢʪʠʚʽʟʘʮʽʾ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ. ɸʣʝ ʧʨʠ ʟʥʘʯʥʦʤʫ ʩʢʦʨʦʯʝʥʥʽ ʚʤʽʩʪʫ ʢʠʩʥʶ (ʚ 
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ʝʢʩʧʝʨʠʤʝʥʪʽ ï ʥʠʞʯʝ 4 ʤʛ/ʜʤ
3
) ʧʦʯʠʥʘʻ ʨʽʟʢʦ ʟʥʠʞʫʚʘʪʠʩʴ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʥʽʪʨʠʬʽʢʘʮʽʾ, ʘ ʦʪʞʝ ʽ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʘʤʦʥʽʶ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʙʘʢʪʝʨʽʡ ʟʘ ʚʠʩʦʪʦʶ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʧʽʜʪʚʝʨʜʠʣʦ ʦʧʠʩʘʥʽ ʚʠʱʝ ʟʘʣʝʞʥʦʩʪʽ. ɿʦʢʨʝʤʘ, ʷʢʱʦ ʧʨʠ ʜʦʟʽ ʨʦʟʯʠʥʝʥʦʛʦ 

ʢʠʩʥʶ ʥʘ ʚʭʦʜʽ 5,5 ʤʛ/ʜʤ
3
 ʜʝʥʽʪʨʠʬʽʢʫʶʯʽ ʙʘʢʪʝʨʽʾ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʚ ʥʠʞʥʽʡ 

ʪʨʝʪʠʥʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʫ, ʪʦ ʧʨʠ ʜʦʟʽ 6,5 ʤʛ/ʜʤ
3
 ï ʾʭ ʚʜʘʣʦʩʴ ʚʠʜʽʣʠʪʠ 

ʣʠʞʝ ʟ ʥʠʞʥʽʭ ʧʨʠʙʣʠʟʥʦ 10 %  ʟʘʚʘʥʪʘʞʝʥʥʷ.  

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ, ʪʦ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʬʽʣʴʪʨʘ 

ʧʝʨʝʚʘʞʘʣʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʨʨ. Nitrosamonas ʽ Nitrobacter (ʙʽʣʷ  70  ʪʘ 30 % 

ʚʽʜʧʦʚʽʜʥʦ), ʧʨʠʯʦʤʫ ʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʽ ʟʤʽʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ 

ʟʘʣʠʰʘʣʦʩʴ ʧʨʘʢʪʠʯʥʦ ʧʦʩʪʽʡʥʠʤ. ʋ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʬʽʣʴʪʨʘ ʚ ʦʩʥʦʚʥʦʤʫ 

ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʧʨʝʜʩʪʘʚʥʠʢʠ ʨ. Thiobacillus. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʧʨʦʮʝʩ ʥʽʪʨʠʬʽʢʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʫ ʚʝʨʭʥʽʡ, 

ʥʘʩʠʯʝʥʽʡ ʢʠʩʥʝʤ, ʯʘʩʪʠʥʽ ʬʽʣʴʪʨʘ. ɹ̔ ʦʣʦʛʽʯʥʠʤ ʘʛʝʥʪʦʤ ʜʣʷ ʥʴʦʛʦ ʻ 

ʤʽʢʨʦʮʝʥʦʟ, ʚ ʷʢʦʤʫ ʧʨʝʚʘʣʶʶʪʴ ʧʨʝʜʩʪʘʚʥʠʢʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨʦʜʽʚ 

Nitrosamonas ʽ Nitrobacter, ʘ ʫ ʥʠʞʥʽʡ, ʟʙʽʜʥʝʥʽʡ ʢʠʩʥʝʤ, ʯʘʩʪʠʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʦʮʝʩ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, ʦʩʥʦʚʥʠʤ ʙʽʦʣʦʛʽʯʥʠʤ ʘʛʝʥʪʦʤ ʷʢʦʛʦ ʻ Thiobacillus 

denitrificans. 

ʇʨʦʚʝʜʝʥʠʡ ʢʦʤʧʣʝʢʩ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʠʚ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ. 

ʆʩʥʦʚʥʘ ʤʽʢʨʦʬʣʦʨʘ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʰʘʨʽ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ, 

ʷʚʣʷʻ ʩʦʙʦʶ ʙʘʢʪʝʨʽʾ-ʥʽʪʨʠʬʽʢʘʪʦʨʠ ʨʨ. Nitrosamonas ʽ Nitrobacter. ɹʽʣʴʰ 

ʛʣʠʙʦʢʘ ʢʣʘʩʠʬʽʢʘʮʽʷ (ʜʦ ʚʠʜʫ) ʜʣʷ ʥʽʪʨʠʬʽʢʫʶʯʠʭ ʙʘʢʪʝʨʽʡ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʬʽʣʴʪʨʫ ʬʽʢʩʫʚʘʣʦʩʴ ʜʦ 30 % ʧʨʝʜʩʪʘʚʥʠʢʽʚ 

ʚʠʜʫ Thiobacillus denitrificans, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ.  

ɺʠʚʯʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʤʽʢʨʦʮʝʥʦʟʫ ʟʘ ʚʠʩʦʪʦʶ 

ʬʽʣʴʪʨʘ ʟʘʩʚʽʜʯʠʣʦ ʧʦʩʪʫʧʦʚʝ ʟʤʝʥʰʝʥʥʷ ʫ ʰʘʨʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʥʽʪʨʠʬʽʢʘʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʧʦʷʚʫ ʽ ʧʦʩʪʫʧʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ 
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ʜʝʥʽʪʨʠʬʽʢʘʪʦʨʽʚ ʫ ʥʘʧʨʷʤʢʫ ʟʚʝʨʭʫ ʜʦʥʠʟʫ. ɺʟʷʚʰʠ ʜʦ ʫʚʘʛʠ ʪʦʡ ʬʘʢʪ, ʱʦ 

ʚʢʘʟʘʥʠʡ ʥʘʧʨʷʤ ʟʤʽʥ ʫ ʩʣʘʜʽ ʤʽʢʨʦʬʣʦʨʠ ʩʧʽʚʧʘʜʘʻ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʚʤʽʩʪʫ 

ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ, ʦʯʝʚʠʜʥʦ, ʱʦ ʩʘʤʝ ʮʝʡ ʧʦʢʘʟʥʠʢ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʮʝʥʦʟʫ ʽ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʽʚ ʥʽʪʨʠ- ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʨʝʛʫʣʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʜʘʯʽ ʢʠʩʥʶ ʫ ʚʦʜʫ ʚ ʥʘʷʚʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʧʝʨʝʜʙʘʯʝʥʘ ʣʠʰʝ ʥʘ ʚʭʦʜʽ ʩʧʦʨʫʜ, ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʚʯʠʪʠ 

ʚʧʣʠʚ ʚʠʭʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʥʘ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ 

ʬʽʣʴʪʨʫʚʘʥʥʷ, ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʚʦʜʠ. 

 

4.3. ɺʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʥʘ ʧʨʦʮʝʩʠ ʥʽʪʨʠ- 

ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʚʦʜʠ 

ʆʩʢʽʣʴʢʠ ʚʝʣʠʯʠʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʥʘ ʚʭʦʜʽ ʬʽʣʴʪʨʘ  

ʧʨʦʪʠʣʝʞʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʝʨʝʙʽʛ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʦʮʝʩʽʚ (ʥʽʪʨʠʬʽʢʘʮʽʷ 

ʧʦʪʨʝʙʫʻ ʧʽʜʚʠʱʝʥʦʛʦ ʚʤʽʩʪʫ ʢʠʩʥʶ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʝʥʽʪʨʠʬʽʢʘʮʽʷ ï 

ʤʽʢʨʦʘʝʨʦʬʽʣʴʥʠʭ ʫʤʦʚ), ʙʫʣʦ ʜʦʨʝʯʥʠʤ ʜʦʩʣʽʜʠʪʠ ʾʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʠ 

ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ.  

ʇʽʜʚʠʱʝʥʥʷ ʘʝʨʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ  ʧʨʦʮʝʩʫ ʘʝʨʦʙʥʦʾ 

ʥʽʪʨʠʬʽʢʘʮʽʾ. ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʚʠʨʦʙʥʠʢʦʤ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ 

Biofilter
ʪʤ

 (ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʦʩʣʽʜʥʦʛʦ ʬʽʣʴʪʨʫ) ʙʫʣʦ ʚʢʘʟʘʥʦ ʥʘ ʥʘʷʚʥʽʩʪʴ ʫ 

ʥʴʦʤʫ ʘʝʨʦʙʥʠʭ ʥʽʪʨʠʬʽʢʘʪʦʨʽʚ ʨʦʜʽʚ Nitrosamonas ʽ Nitrobacter, ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ ʥʝʦʙʭʽʜʥʠʡ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʘʝʨʘʮʽʾ ʚʦʜʠ. 

ɿʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʙʫʜʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʨʠʛʥʽʯʝʥʥʷ 

ʧʨʦʮʝʩʫ ʥʽʪʨʠʬʽʢʘʮʽʾ ʪʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʬʽʣʴʪʨʘ, ʘ ʦʪʞʝ ʽ ʤʦʞʣʠʚʽʩʪʴ  ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ 

ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ. 

ʗʢ ʚʞʝ ʚʽʜʟʥʘʯʘʣʦʩʴ ʚʠʱʝ, ʧʨʦʮʝʩʠ ʥʽʪʨʠʬʽʢʘʮʽʾ ʪʘ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʘʝʨʘʮʽʾ. ʊʦʤʫ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʣʫʯʝʥʥʷ 
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ʩʧʦʣʫʢ ʘʤʦʥʽʶ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʪʘʢʠʡ ʨʝʞʠʤ ʧʦʜʘʯʽ ʢʠʩʥʶ, ʷʢʠʡ ʙʠ 

ʩʪʠʤʫʣʶʚʘʚ ʧʨʦʮʝʩ ʥʽʪʨʠʬʽʢʘʮʽʾ ʪʘ ʥʝ ʧʨʠʛʥʽʯʫʚʘʚ ʧʨʦʮʝʩ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ. 

ɺʨʘʭʦʚʫʶʯʠ ʩʢʘʟʘʥʝ, ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʣʝʞʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʝʘʤʦʥʽʟʘʮʽʾ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ, 

ʧʨʦʪʷʛʦʤ ʷʢʠʭ ʧʦʜʘʯʘ ʢʠʩʥʶ ʚʽʜ ʘʝʨʘʪʦʨʘ ʨʝʛʫʣʶʚʘʣʘʩʴ ʫ ʤʝʞʘʭ ʚʽʜ 8,0Ñ0,3  

ʜʦ 1,0Ñ0,3 ʤʛ/ʜʤ
3
, ʧʨʠ ʮʴʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʥʘ ʚʭʦʜʽ ʫ 

ʬʽʣʴʪʨ ʟʤʽʥʶʚʘʣʘʩʴ ʚʽʜ 7,4Ñ0,37 ʜʦ 0,8Ñ0,04 ʤʛ/ʜʤ
3
. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 4.2. 

ʊʘʙʣʠʮʷ 4.2. ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʝʘʤʦʥʽʟʘʮʽʾ ʧʨʠ ʨʽʟʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ  

ɺʭʽʜ ʬʽʣʴʪʨʘ ɺʠʭʽʜ ʬʽʣʴʪʨʘ 

ʈʦʟʯʠʥʝʥʠʡ 

ʢʠʩʝʥʴ, 

ʤʛ/ʜʤ
3
 

ɸʤʦʥʽʡ,  

ʤʛ/ʜʤ
3
 

ɿʄʏ, 

ʂʋʆ/ʩʤ
3
 

ʈʦʟʯʠʥʝʥʠʡ 

ʢʠʩʝʥʴ, 

ʤʛ/ʜʤ
3
 

ɸʤʦʥʽʡ, 

ʤʛ/ʜʤ
3
 

ʅʽʪʨʠʪʠ, 

ʤʛ/ʜʤ
3
 

ʅʽʪʨʘʪʠ, 

ʤʛ/ʜʤ
3
 

ɿʄʏ, 

ʂʋʆ/ʩʤ
3
 

8,0 3,19 68000 3,1 0,11 0,28 11,0 2000 

7,5 3,18 62000 2,6 0,11 0,27 10,4 2450 

7,0 3,18 56000 2,1 0,11 0,28 9,0 2800 

6,5 3,18 54000 1,7 0,12 0,29 6,5 3000 

6,0 3,19 57000 1,2 0,12 0,29 4,3 3500 

5,5 3,18 52000 0,3 0,12 0,29 2,4 4000 

5,0 3,18 38000 0,3 0,18 0,31 2,7 4200 

4,5 3,18 16000 0,4 0,26 0,35 3,4 4200 

4,0 3,19 7000 0,2 0,41 0,53 3,8 3600 

3,5 3,19 6500 0,1 0,76 0,72 5,1 3200 

3,0 3,18 6200 0,1 1,24 0,95 5,8 4000 

2,5 3,19 5000 <0,1 2,2 1,76 6,4 5500 

2,0 3,18 4800 <0,1 2,65 2,20 7,1 6500 

1,5 3,18 2000 <0,1 3,05 3,23 8,2 7000 

1,0 3,18 1800 <0,1 3,10 3,50 9,4 3500 
1)
 ʅʘʚʝʜʝʥʦ ʩʝʨʝʜʥʽ ʘʨʠʬʤʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʟʘ 3 ʧʦʚʪʦʨʥʦʩʪʷʤʠ. 

ɼʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʜʣʷ ʨ<0,05: ʜʣʷ ʘʤʦʥʽʶ ʪʘ ʥʽʪʨʠʪʽʚ °0,01 ʤʛ/ʜʤ
3
, ʥʽʪʨʘʪʽʚ ʪʘ 

ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ - °0,1 ʤʛ/ʜʤ
3
, ɿʄʏ - °10 ʂʋʆ/ʩʤ

3
, ʝʬʝʢʪʠʚʥʦʩʪʽ - °2%. 

 

ʅʘ ʨʠʩ. 4.2 ʟʦʙʨʘʞʝʥʘ ʛʨʘʬʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʤʽʩʪʫ ʘʤʦʥʽʶ ʥʘ ʚʠʭʦʜʽ 

ʬʽʣʴʪʨʘ, ʪʦʙʪʦ ʚ ʦʯʠʱʝʥʽʡ ʚʦʜʽ, ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ, ʷʢʽʡ 

ʧʦʜʘʚʘʚʩʷ ʫ ʚʦʜʫ ʧʝʨʝʜ ʾʾ ʬʽʣʴʪʨʫʚʘʥʥʷʤ.  
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ʈʠʩ. 4.2. ɿʘʣʝʞʥʽʩʪʴ ʚʤʽʩʪʫ ʘʤʦʥʽʶ ʥʘ ʚʠʭʦʜʽ ʬʽʣʴʪʨʘ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʥʘ ʚʭʦʜʽ ʬʽʣʴʪʨʘ 

 

ɿ ʨʠʩ. 4.2 ʚʠʜʥʦ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʤʦʥʽʶ ʚ ʦʯʠʱʝʥʽʡ ʚʦʜʽ ʥʘ ʚʠʭʦʜʽ ʟ 

ʬʽʣʴʪʨʘ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ, ʱʦ 

ʧʦʜʘʻʪʴʩʷ ʽʟ ʘʝʨʘʪʦʨʘ ʥʘ ʚʭʦʜʽ ʬʽʣʴʪʨʘ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʘ ʜʝʘʤʦʥʽʟʘʮʽʷ 

ʬʽʢʩʫʚʘʣʘʩʴ ʚʞʝ ʧʨʠ  ʚʤʽʩʪʽ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ - 7 ʤʛ/ʜʤ
3
, ʧʨʠ ʮʴʦʤʫ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʤʦʥʽʶ ʫ ʚʦʜʽ ʟʥʠʞʫʚʘʣʘʩʴ - ʜʦ  0,11 ʤʛ/ʜʤ
3
. 

ʅʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.3 ʛʨʘʬʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʤʽʩʪʫ ʥʽʪʨʠʪʽʚ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʧʦʢʘʟʘʣʘ, ʱʦ ʥʘʡʥʠʞʯʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ  

ʥʘ ʚʠʭʦʜʽ ʬʽʣʴʪʨʘ ʩʪʘʥʦʚʠʣʘ - 0,27 ʤʛ/ʜʤ
3
 ʧʨʠ ʨʽʚʥʽ ʘʝʨʘʮʽʾ 7,5 ʤʛ/ʜʤ

3
.  

ʊʦʙʪʦ ʦʯʝʚʠʜʥʦ, ʱʦ ʧʨʦʮʝʩ ʥʽʪʨʠʬʽʢʘʮʽʾ ʽʥʪʝʥʩʠʬʽʢʫʻʪʴʩʷ ʧʨʠ 

ʟʙʘʛʘʯʝʥʥʽ ʚʦʜʠ ʢʠʩʥʝʤ. ɸʝʨʦʙʥʽ ʙʘʢʪʝʨʽʾ, ʱʦ ʙʝʨʫʪʴ ʚ ʥʴʦʤʫ ʫʯʘʩʪʴ, 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʬʽʣʴʪʨʫ ʽ ʩʘʤʝ ʪʘʤ ʧʝʨʝʪʚʦʨʶʶʪʴ ʘʤʦʥʽʡ ʫ 

ʥʽʪʨʘʪʠ, ʷʢʽ ʧʝʨʝʭʦʜʷʪʴ ʫ ʥʠʞʥʶ ʯʘʩʪʠʥʫ ʬʽʣʴʪʨʘ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʜʝʥʽʪʨʠʬʽʢʘʮʽʷ. 
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ʈʠʩ. 4.3. ɿʘʣʝʞʥʽʩʪʴ ʚʤʽʩʪʫ ʥʽʪʨʠʪʽʚ ʚ ʦʯʠʱʝʥʽʡ ʚʦʜʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʠʩʥʶ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʬʽʣʴʪʨ 

 

ɿ ʨʠʩ. 4.4, ʜʝ ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʤʽʩʪʫ ʥʽʪʨʘʪʽʚ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʦʟʯʠʥʝʥʦʛʦ ʫ ʚʦʜʽ ʢʠʩʥʶ, ʚʠʜʥʦ, ʱʦ ʜʦ ʨʽʚʥʷ ʥʘʩʠʯʝʥʦʩʪʽ ʚʦʜʠ ʢʠʩʥʝʤ - 5,5 

ʤʛ/ʜʤ
3
, ʚʤʽʩʪ ʥʽʪʨʘʪʽʚ ʥʘ ʚʠʭʦʜʽ ʽʟ ʬʽʣʴʪʨʘ ʟʤʝʥʰʫʚʘʚʩʷ, ʘʣʝ ʚʞʝ ʧʨʠ 

ʧʝʨʝʚʠʱʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʧʦʥʘʜ ʚʢʘʟʘʥʦʾ ʚʝʣʠʯʠʥʠ, ʚʤʽʩʪ ʥʽʪʨʘʪʽʚ - 

ʟʨʦʩʪʘʚ. 

ʅʘʡʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʥʽʪʨʘʪʽʚ ʫ ʬʽʣʴʪʨʘʪʽ, ʷʢʘ ʩʪʘʥʦʚʠʣʘ 2,4 ʤʛ/ʜʤ
3
, 

ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʧʨʠ ʜʦʟʽ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ - 5,5 ʤʛ/ʜʤ
3
. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʧʦʜʘʯʽ ʮʴʦʛʦ ʨʝʘʛʝʥʪʫ ʧʦʥʘʜ ʚʢʘʟʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʨʦʟʧʦʯʠʥʘʣʦʩʴ ʨʽʟʢʝ 

ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʽʪʨʘʪʽʚ, ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʥʘʜʣʠʰʢʦʚʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʥʶ ʧʨʠʛʥʽʯʫʻ ʧʨʦʮʝʩ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʪʘ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʭ ʙʘʢʪʝʨʽʡ. ʅʘʚʧʘʢʠ, ʥʝʜʦʩʪʘʪʥʷ ʧʦʜʘʯʘ 

ʢʠʩʥʶ ʽʥʛʽʙʫʻ ʧʨʦʮʝʩ ʥʽʪʨʠʬʽʢʘʮʽʾ, ʘ ʦʪʞʝ ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʩʫʙʩʪʨʘʪʫ 

NO3
-
 ʽ ʧʨʦʮʝʩ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʧʨʦʭʦʜʠʪʴ ʟ ʤʝʥʰʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ.  
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ʈʠʩ. 4.4. ɿʘʣʝʞʥʽʩʪʴ ʚʤʽʩʪʫ ʥʽʪʨʘʪʽʚ ʚ ʦʯʠʱʝʥʽʡ ʚʦʜʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʠʩʥʶ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʬʽʣʴʪʨ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʤʽʢʨʦʮʝʥʦʟʫ, ʟʦʢʨʝʤʘ ʥʘʷʚʥʦʩʪʽ ʥʽʪʨʠʬʽʢʫʶʯʠʭ 

ʪʘ ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʭ ʙʘʢʪʝʨʽʡ, ʟʤʠʚʠ ʽʟ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʘ ʙʫʣʦ ʚʠʩʽʷʥʦ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽ ʞʠʚʠʣʴʥʽ ʩʝʨʝʜʦʚʠʱʘ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʽʟ ʙʘʢʪʝʨʽʡ-ʥʽʪʨʠʬʽʢʘʪʦʨʽʚ ʙʫʣʠ ʚʠʜʽʣʝʥʽ 

ʙʘʢʪʝʨʽʾ ʨʦʜʽʚ Nitrosomonas ʽ Nitrobacter, ʥʘʷʚʥʽʩʪʴ ʷʢʠʭ ʩʚʽʜʯʠʣʘ ʧʨʦ ʧʝʨʝʙʽʛ 

ʙʽʦʣʦʛʽʯʥʦʾ ʥʽʪʨʠʬʽʢʘʮʽʾ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʤʦʥʽʶ ʚ ʥʽʪʨʘʪʠ.  ʉʘʤʝ ʙʘʢʪʝʨʽʾ 

ʨʦʜʽʚ Nitrosomonas ʽ Nitrobacter ʙʫʣʠ ʚʢʘʟʘʥʽ ʚʠʨʦʙʥʠʢʦʤ ʷʢ ʙʽʦʣʦʛʽʯʥʽ 

ʘʛʝʥʪʠ ʫ ʬʽʣʴʪʨʫʶʯʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ Biofilter
ʪʤ

. 

ʂʨʽʤ ʚʢʘʟʘʥʠʭ ʙʘʢʪʝʨʽʡ, ʙʫʣʦ ʪʘʢʦʞ ʚʠʜʽʣʝʥʦ ʢʽʣʴʢʘ ʨʦʜʽʚ 

ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʭ ʙʘʢʪʝʨʽʡ. ɸʣʝ ʚʦʥʠ ʚʠʟʥʘʯʘʣʠʩʴ ʫ ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʪʘ 

ʣʦʢʘʣʽʟʫʚʘʣʠʩʴ ʧʝʨʝʚʘʞʥʦ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʫ.  

ɿʛʽʜʥʦ ʟ [140, 289] ʙʘʢʪʝʨʽʾ ʙʫʣʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʷʢ Thiobacillus 

denitrificans. ʅʘʷʚʥʽʩʪʴ ʪʘʢʠʭ ʙʘʢʪʝʨʽʡ, ʘ ʪʘʢʦʞ ʟʘʬʽʢʩʦʚʘʥʝ ʟʥʠʞʝʥʥʷ 
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ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʽʪʨʘʪʽʚ ʧʽʜ ʯʘʩ ʬʽʣʴʪʨʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʢʘʟʘʣʦ 

ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʥʘ ʬʽʣʴʪʨʘʭ.  

ɺʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʤʽʢʨʦʙʥʦʛʦ ʯʠʩʣʘ ʧʨʦʚʦʜʠʣʦʩʴ ʫ ʚʝʨʭʥʽʡ ʪʘ 

ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʬʽʣʴʪʨʫ. ɼʣʷ ʮʴʦʛʦ ʘʥʘʣʽʟʫʚʘʣʠ ʟʨʘʟʢʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟ 

ʚʽʜʧʦʚʽʜʥʠʭ ʯʘʩʪʠʥ ʫʩʪʘʥʦʚʢʠ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʤʽʢʨʦʙʥʦʛʦ ʯʠʩʣʘ ʫ ʚʝʨʭʥʽʡ 

ʯʘʩʪʠʥʽ ʬʽʣʴʪʨʘ (ʨʠʩ. 4.5) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʦʜʘʥʦʛʦ ʟ ʘʝʨʘʪʦʨʫ 

ʢʠʩʥʶ, ʥʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ (ɿʄʏ - 68000 ʂʋʆ/ʩʤ
3
), 

ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʨʽʚʥʽ ʘʝʨʘʮʽʾ, ʱʦ ʩʪʘʥʦʚʠʚ - 8 ʤʛ/ʜʤ
3
. 

 

 

ʈʠʩ. 4.5. ɿʘʛʘʣʴʥʝ ʤʽʢʨʦʙʥʝ ʯʠʩʣʦ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʬʽʣʴʪʨʘ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʚʥʷ ʘʝʨʘʮʽʾ 

 

ɿ ʨʠʩ. 4.5 ʪʘʢʦʞ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʘʝʨʘʮʽʾ ʚʠʱʝ 7 ʤʛ/ʜʤ
3 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʘʤʦʥʽʶ ʥʝ ʟʨʦʩʪʘʣʘ, ʘ ʟʘʣʠʰʘʣʘʩʴ ʥʘ ʪʦʤʫ ʞ ʨʽʚʥʽ, 

ʱʦ ʙʫʚ ʜʦʩʷʛʥʫʪʠʡ ʧʨʠ 7 ʤʛ/ʜʤ
3
 ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ.  

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘ ʨʽʚʥʽʚ ʘʝʨʘʮʽʾ ʚʽʜ 1 ʜʦ 4 ʤʛ/ʜʤ
3
 ʢʽʣʴʢʽʩʥʠʡ ʨʽʩʪ  

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʙʫʚ ʜʫʞʝ ʩʣʘʙʢʠʤ, ʱʦ ʟʚʦʨʦʪʥʦ ʢʦʨʝʣʶʻ ʟ ʚʤʽʩʪʦʤ ʘʤʦʥʽʶ ʫ 

0

10000

20000

30000

40000

50000

60000

70000

0 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5 5,5 6 6,5 7 7,5 8 8,5 9

ɿ
ʄ
ʏ
 
(
ʚ
ʝ
ʨ
ʭ
ʥ
ʷ
 
ʯ
ʘ
ʩ
ʪ
ʠ
ʥ
ʘ
 
ʬ
ʽ
ʣ
ʴ
ʪ
ʨ
ʫ
)
,
 
 
ʂ
ʋ
ʆ
/
ʩ

v
į 

 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʥʶ ʥʘ ʚʭʦʜʽ ʬʽʣʴʪʨʘ, ʤʛ/ʜʤį 



237 

 

ʚʦʜʽ ʥʘ ʚʠʭʦʜʽ ʽʟ ʬʽʣʴʪʨʫ. ʊʦʯʢʘ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʚʤʽʩʪ ʢʠʩʥʶ 6,5 ʤʛ/ʜʤ
3
 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʧʦʭʠʙʢʠ, ʪʦʤʫ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʝ ʥʝʩʝ.  

ɿ ʨʠʩ. 4.6, ʜʝ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʬʽʣʴʪʨʫ ʚʽʜ ʨʽʚʥʷ ʘʝʨʘʮʽʾ, ʦʯʝʚʠʜʥʦ, ʱʦ ʤʽʞ ʮʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʽʩʥʫʻ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ.  

 

 

ʈʠʩ. 4.6. ɿʘʛʘʣʴʥʝ ʤʽʢʨʦʙʥʝ ʯʠʩʣʦ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʬʽʣʴʪʨʘ  

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʚʥʷ ʘʝʨʘʮʽʾ 

 

ʅʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʬʽʣʴʪʨʫʶʯʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ  

ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ - 1,5 ʤʛ/ʜʤ
3
. ɸʣʝ ʧʨʠ 

ʮʴʦʤʫ, ʟʚʘʞʘʶʯʠ ʥʘ ʜʘʥʽ ʨʠʩ. 4.3 ʪʘ ʨʠʩ. 4.4, ʧʨʦʮʝʩʠ ʥʽʪʨʠʬʽʢʘʮʽʾ ʪʘ 

ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʧʝʨʝʙʽʛʘʣʠ ʜʫʞʝ ʧʦʚʽʣʴʥʦ.  

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʫʧʝʥʷ ʘʝʨʘʮʽʾ ʚʝʣʠʯʠʥʘ ɿʄʏ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʬʽʣʴʪʨʘ 

ʟʤʝʥʰʫʚʘʣʘʩʴ, ʧʨʦʪʝ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʽʪʨʠʬʽʢʘʮʽʾ ʧʽʜʚʠʱʫʚʘʣʘʩʴ ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ - 5,5 ʤʛ/ʜʤ
3
. ɿʘ ʜʘʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʚʩʷ 

ʤʽʥʽʤʘʣʴʥʠʡ ʚʤʽʩʪ ʥʽʪʨʘʪʽʚ (ʨʠʩ. 4.4) ʪʘ ʟʘʛʘʣʴʥʝ ʤʽʢʨʦʙʥʝ ʯʠʩʣʦ 4000 

ʂʋʆ/ʩʤ
3
. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʘʝʨʘʮʽʾ ʚʤʽʩʪ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʾʭ 

ʟʜʘʪʥʽʩʪʴ ʜʦ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʨʽʟʢʦ ʟʥʠʞʫʚʘʣʠʩʴ.  
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʠʩʥʶ, ʟʘ ʷʢʠʭ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘʡʝʬʝʢʪʠʚʥʽʰʝ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʘʤʦʥʽʶ 

ʥʽʪʨʠʪʽʚ ʪʘ ʥʽʪʨʘʪʽʚ. ʅʘʡʤʝʥʰʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʤʦʥʽʶ ʫ ʬʽʣʴʪʨʘʪʽ - 0,11 ʤʛ/ʜʤ
3
  

ʬʽʢʩʫʚʘʣʘʩʴ ʧʨʠ ʚʤʽʩʪʽ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ - 7 ʤʛ/ʜʤ
3
; ʜʣʷ ʥʽʪʨʠʪʽʚ ʮʽ 

ʧʦʢʘʟʥʠʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʚʘʣʠ 0,27 ʤʛ/ʜʤ
3
 ʪʘ 7,5 ʤʛ/ʜʤ

3
; ʜʣʷ ʥʽʪʨʘʪʽʚ - 

2,4 ʤʛ/ʜʤ
3
 ʪʘ 5,5 ʤʛ/ʜʤ

3
 ʚʽʜʧʦʚʽʜʥʦ. ɼʦʢʣʘʜʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʢʣʘʜʝʥʽ ʫ [323-325]. 

 ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʽ, ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 4.2, ʦʯʝʚʠʜʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʤ 

ʨʽʚʥʝʤ ʘʝʨʘʮʽʾ ʜʣʷ ʦʜʥʦʯʘʩʥʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʥʽʪʨʠʬʽʢʘʮʽʾ ʪʘ 

ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʤʦʞʥʘ ʚʚʘʞʘʪʠ - 5,5 ʤʛ/ʜʤ
3
. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʥʽʪʨʘʪʽʚ ʫ ʬʽʣʴʪʨʘʪʽ ʙʫʣʘ ʥʘʡʥʠʞʯʦʶ, ʘ ʚʤʽʩʪ ʘʤʦʥʽʶ ʪʘ ʥʽʪʨʠʪʽʚ ʟʥʘʭʦʜʠʚʩʷ  

ʫ ʤʝʞʘʭ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ.  

ʂʦʥʮʝʥʪʨʘʮʽʷ ʥʽʪʨʠʪʽʚ, ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʭ ʜʣʷ ʟʜʦʨʦʚôʷ ʩʝʨʝʜ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʦʣʫʢ, ʙʫʣʘ ʥʘʡʥʠʞʯʦʶ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ 

ʢʠʩʥʶ - 7,5 ʤʛ/ʜʤ
3
, ʘʣʝ ʟʘ ʮʴʦʛʦ ʨʽʚʥʷ ʘʝʨʘʮʽʾ ʨʽʟʢʦ ʟʨʦʩʪʘʚ ʚʤʽʩʪ ʥʽʪʨʘʪʽʚ, ʷʢʽ 

ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ ʘʙʦ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʤʦʞʫʪʴ ʧʝʨʝʪʚʦʨʶʚʘʪʠʩʴ 

ʥʘ ʥʽʪʨʠʪʠ, ʧʽʜʚʠʱʫʶʯʠ ʚʤʽʩʪ ʦʩʪʘʥʥʽʭ. ʊʦʤʫ ʟʘ ʦʧʪʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʘʝʨʘʮʽʾ 

ʙʫʣʦ ʧʨʠʡʥʷʪʦ - 5,5 ʤʛ/ʜʤ
3
 ʨʦʟʯʠʥʝʥʦʛʦ ʫ ʚʦʜʽ ʢʠʩʥʷ.  

ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʝʷʢʠʭ ʘʚʪʦʨʽʚ [166], ʱʦ ʚʠʚʯʘʣʠ ʧʨʦʮʝʩ ʥʽʪʨʠʬʽʢʘʮʽʾ 

ʧʠʪʥʦʾ ʚʦʜʠ ʛʝʪʝʨʦʪʨʦʬʥʠʤʠ ʥʽʪʨʠʬʽʢʘʪʦʨʘʤʠ Acinetobacter Y7 ʪʘ Y16 ʥʘ 

ʬʽʣʴʪʨʘʭ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ: ʦʧʪʠʤʘʣʴʥʠʡ 

ʚʤʽʩʪ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ - 7,41 Ñ 0,22 ʤʛ/ʣ ʧʨʠ 8Áʉ ʽ 9,59 Ñ 0,25 ʤʛ/ʣ - ʧʨʠ 

2Áʉ; ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʘʤʦʥʽʶ ʩʪʘʥʦʚʠʣʘ - 0,4 Ñ 0,05 ʪʘ 0,25 Ñ 0,05 ʤʛ/ʣ 

NH4
+
-N ʧʨʠ 8 ʪʘ 2Áʉ ʚʽʜʧʦʚʽʜʥʦ.  

ʆʪʞʝ ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʚʧʣʠʚʫ 

ʢʠʩʥʶ ʥʘ ʧʨʦʮʝʩʠ ʥʽʪʨʦ- ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʢʦʨʝʣʶʶʪʴ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʰʠʭ 

ʜʦʩʣʽʜʥʠʢʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ ʧʽʜ ʯʘʩ ʟʜʽʡʩʥʝʥʥʷ ʥʘʚʝʜʝʥʦʛʦ ʮʠʢʣʫ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ. 
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ɺʠʷʚʣʝʥʦ, ʱʦ ʚ ʫʤʦʚʘʭ ʬʽʣʴʪʨʫʚʘʥʥʷ ʥʘ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ 

ʥʽʪʨʠʬʽʢʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʬʽʣʴʪʨʘ (ʚʝʣʠʯʠʥʠ 

ɿʄʏ - 52000 ʂʋʆ/ʩʤ
3
), ʘ ʜʝʥʽʪʨʠʬʽʢʘʮʽʷ ï ʫ ʥʠʞʥʽʡ (ʚʝʣʠʯʠʥʘ ɿʄʏ - 4000 

ʂʋʆ/ʩʤ
3
). 

ɺʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʥʘ ʧʝʨʝʙʽʛ 

ʧʨʦʮʝʩʽʚ ʥʽʪʨʠʬʽʢʘʮʽʾ, ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ 

ʩʧʦʣʫʢ ʘʤʦʥʽʶ, ʥʽʪʨʠʪʽʚ ʪʘ ʥʽʪʨʘʪʽʚ. ɿôʷʩʦʚʘʥʦ, ʱʦ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʚʤʽʩʪʫ  

ʢʠʩʥʶ ʜʦ 7 ʤʛ/ʜʤ
3 
ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʘʤʦʥʽʶ ʥʝ ʟʨʦʩʪʘʻ, ʘ ʚʝʣʠʯʠʥʘ 

ɿʄʏ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʬʽʣʴʪʨ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 2000 ʂʋʆ/ʩʤ
3
.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʦʶ ʜʦʟʦʶ ʢʠʩʥʶ ʫ ʚʦʜʽ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʥʘ 

ʬʽʣʴʪʨʫʚʘʥʥʷ, ʜʣʷ ʦʜʥʦʯʘʩʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʥʽʪʨʠʬʽʢʘʮʽʾ ʪʘ 

ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ  ʤʦʞʥʘ ʚʚʘʞʘʪʠ  - 5,5 ʤʛ/ʜʤ
3
. 

 

4.4. ʈʦʟʨʦʙʢʘ ʩʪʘʪʠʩʪʠʯʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ɼʣʷ ʤʦʞʣʠʚʦʩʪʽ ʧʨʘʢʪʠʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʨʦʙʦʪʠ ʬʽʣʴʪʨʽʚ ʜʝʘʤʦʥʽʟʘʮʽʾ ʚʦʜʠ ʰʣʷʭʦʤ ʚʥʝʩʝʥʥʷ ʫ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʘ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ 

ʟʘʜʘʯʫ ʟ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ, ʟʦʢʨʝʤʘ, ʚʠʟʥʘʯʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʽʥʦʢʫʣʷʪʫ ʥʽʪʨʠ- ʽ ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ.  

ɿ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʪʘʪʠʩʪʠʯʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʚ ʷʢʽʡ 

ʟʘ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠʡʥʷʪʦ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʚʦʜʠ ʫ ʬʽʣʴʪʨʽ (ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʡʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ) ʪʘ ʚʤʽʩʪ ʫ 

ʚʭʽʜʥʽʡ ʚʦʜʽ ʘʤʦʥʽʶ ʪʘ ʥʽʪʨʘʪʽʚ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʰʠʡ ʬʘʢʪʦʨ ʬʽʟʠʯʥʦ ʥʝ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʽʥʰʠʤʠ, ʘ ʜʚʘ ʽʥʰʠʭ - ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ, ʦʩʢʽʣʴʢʠ ʚ ʧʨʦʮʝʩʽ 

ʥʽʪʨʠʬʽʢʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʤʦʥʽʶ ʫ ʥʽʪʨʘʪʠ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʩʢʘʟʘʥʦʛʦ ʤʦʜʝʣʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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ya = a0 + a1x1 + a11x1
2
 + a2x2 + a22x2

2
 + a3x3 + a33x3

2
 + a23x2x3 

yb = b0 + b1x1 + b11x1
2
 + b2x2 + b22x2

2
 + b3x3 + b33x3

2
 + b23x2x3 

ʜʝ ya ï ʦʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʥʘ ʚʭʦʜʽ ʫ ʬʽʣʴʪʨ, ʤʛ/ʜʤ
3
; 

yb ï ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʫ ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʦʥ ʥʽʪʨʠ- ʪʘ 

ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ (ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʩʦʪ); 

x1 -  ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʚʦʜʠ ʫ ʬʽʣʴʪʨʽ, ʭʚ; 

x2 ï ʚʤʽʩʪ ʘʤʦʥʽʶ ʥʘ ʚʭʦʜʽ ʫ ʬʽʣʴʪʨ, ʤʛ/ʜʤ
3
; 

x3 ï ʚʤʽʩʪ ʥʽʪʨʘʪʽʚ ʥʘ ʚʭʦʜʽ ʫ ʬʽʣʴʪʨ, ʤʛ/ʜʤ
3
; 

a̔ j, bij ï ʩʪʘʪʠʩʪʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ. 

ʆʩʪʘʥʥʷ ʩʢʣʘʜʦʚʘ ʢʦʞʥʦʛʦ ʨʽʚʥʷʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ 

ʚʤʽʩʪʫ ʘʤʦʥʽʶ ʪʘ ʥʽʪʨʘʪʽʚ ʫ ʚʠʭʽʜʥʽʡ ʚʦʜʽ.  

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʨʽʚʥʷʥʥʷ 

ʥʦʨʤʦʚʘʥʦ ʧʦ 1 ʟʘ ʬʦʨʤʫʣʦʶ: 

xô = (x-xmin) / (xmax - xmin),  

ʜʝ ʭô ï ʥʦʨʤʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ 

ʭ ï ʥʝʥʦʨʤʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ 

ʭmin, xmax - ʛʨʘʥʠʮʽ ʜʦʩʪʦʚʽʨʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʧʘʨʘʤʝʪʨʽʚ, ʜʣʷ ʷʢʠʭ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ (ʪʘʙʣ. 4.3). 

 

ʊʘʙʣʠʮʷ 4.3. ɼʦʩʪʦʚʽʨʥʠʡ ʜʽʘʧʘʟʦʥ ʚʝʣʠʯʠʥ ʤʦʜʝʣʽ 

ɺʝʣʠʯʠʥʘ ʇʦʟʥʘʯʝʥʥʷ ʄʽʥʽʤʫʤ ʄʘʢʩʠʤʫʤ 

ʏʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʬʽʣʴʪʨʽ, ʭʚ x1 4 12 

ɺʤʽʩʪ ʘʤʦʥʽʶ, ʤʛ/ʜʤ
3
 x2 0 3 

ɺʤʽʩʪ ʘʤʦʥʽʶ, ʤʛ/ʜʤ
3
 x3 0 40 

 

ʂʦʝʬʽʮʽʻʥʪʠ ai,j ʽ bi,j ʤʦʜʝʣʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ  ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ 

ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ, 

ʧʨʠʛʦʪʦʚʣʝʥʦʛʦ ʥʘ ʧʽʜʟʝʤʥʽʡ ʚʦʜʽ (ʙʝʟ ʘʤʦʥʽʶ ʽ ʥʽʪʨʘʪʽʚ) ʪʘ ʨʦʟʨʘʭʦʚʘʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʥʝʦʙʭʽʜʥʠʭ ʨʝʘʛʝʥʪʽʚ. (ʪʘʙʣ. 4.4). 
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ʊʘʙʣʠʮʷ 4.4. ɺʠʟʥʘʯʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʤʦʜʝʣʽ 

ɿʥʘʯʝʥʥʷ ʽ, j (ʽʥʜʝʢʩʠ) aij  bij  

0 0,0145 0,6837 

1 0,3231 -0,2675 

11 0,1135 -0,1821 

2 0,1487 0,4536 

22 0,1785 0,3895 

3 -0,3240 -0,1185 

33 -0,3875 -0,1011 

23 -0,1121 0,2205 

 

 

4.5. ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʤʦʜʝʣʽ ʪʘ ʦʮʽʥʢʘ ʾʾ ʘʜʝʢʚʘʪʥʦʩʪʽ 

ɼʣʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʥʝʦʙʭʽʜʥʦ 

ʟʜʽʡʩʥʶʚʘʪʠ ʥʦʨʤʫʚʘʥʥʷ ʚʝʣʠʯʠʥ. ʂʨʽʤ ʪʦʛʦ, ʨʷʜ ʧʘʨʘʤʝʪʨʽʚ, ʥʘʧʨʠʢʣʘʜ, ʯʘʩ 

ʧʝʨʝʙʫʚʘʥʥʷ, ʪʘʢʦʞ ʦʪʨʠʤʫʶʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʤʦʜʝʣʣʶ ʾʾ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ 

ʤʦʚʦʶ Apple Swift 4.0.  

ʆʪʞʝ, ʦʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʧʨʦʛʨʘʤʠ, ʷʢʽ ʟʘʢʣʘʜʝʥʦ ʚ ʦʩʥʦʚʫ 

ʬʦʨʤʫʚʘʥʥʷ ʧʨʠʥʮʠʧʦʚʦʛʦ ʘʣʛʦʨʠʪʤʫ ʙʫʣʠ: 

- ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʽ ʬʦʨʤʠ; 

- ʧʝʨʝʚʽʨʢʘ ʜʘʥʠʭ ʱʦʜʦ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʽʘʧʘʟʦʥʘʤ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʚʠʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

- ʥʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ; 

- ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʜʝʣʽ ʟ ʬʘʡʣʘ; 

- ʨʦʟʨʘʭʫʥʦʢ ʥʦʨʤʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ; 

- ʜʝʥʦʨʤʫʚʘʥʥʷ (ʧʝʨʝʚʝʜʝʥʥʷ ʚ ʘʙʩʦʣʶʪʥʽ ʚʝʣʠʯʠʥʠ) ʨʦʟʨʘʭʦʚʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ;  

- ʚʠʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ. 

ɺʚʝʜʝʥʥʷ-ʚʠʚʝʜʝʥʥʷ ʜʘʥʠʭ ʜʣʷ ʧʣʘʪʬʦʨʤʠ Mac OS ʨʝʘʣʽʟʦʚʘʥʝ ʫ 

ʚʠʛʣʷʜʽ ʦʜʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʚʽʢʥʘ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʬʦʨʤʦʶ. ʌʦʨʤʘ ʚʢʣʶʯʘʻ 
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ʧʽʜʧʠʩʠ ʪʘ ʪʝʢʩʪʦʚʽ ʧʦʣʷ ʷʢ ʜʣʷ ʚʭʽʜʥʠʭ, ʪʘʢ ʽ ʜʣʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. ʌʦʨʤʘ 

ʧʦʙʫʜʦʚʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ XCode Interface builder. 

ʆʙʨʦʙʢʘ ʜʘʥʠʭ ʬʦʨʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʤʦʜʝʣʽ Model-

View-Controller (mvc), ʱʦ ʧʦʣʷʛʘʻ ʚ ʨʦʟʤʽʱʝʥʽ ʚʩʴʦʛʦ ʢʦʜʫ ʦʙʨʦʙʢʠ ʚ ʢʣʘʩʽ 

ViweController, ʷʢʠʡ ʻ ʥʘʱʘʜʢʦʤ ʢʣʘʩʫ NSViewController. ʋ ʯʘʩʪʠʥʽ ʤʦʜʝʣʽ 

ʧʨʦʮʝʩʽʚ ʧʨʦʛʨʘʤʘ ʚʢʣʶʯʘʻ ʢʣʘʩ çParametrè ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ʧʘʨʘʤʝʪʨʫ ʽ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ: 

- ʥʘʟʚʠ ʧʘʨʘʤʝʪʨʫ; 

- ʡʦʛʦ ʧʦʟʥʘʯʝʥʥʷ ʚ ʤʦʜʝʣʽ; 

- ʜʽʘʧʘʟʦʥ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ;  

- ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʚ ʜʘʥʦʤʫ ʨʦʟʨʘʭʫʥʢʫ 

ʂʣʘʩ ʪʘʢʦʞ ʚʤʽʱʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʜʦʧʫʩʪʠʤʠʭ 

ʟʥʘʯʝʥʴ (ʚʣʘʩʪʠʚʽʩʪʴ isValid) ʽ ʥʦʨʤʫʚʘʥʥʷ (ʚʣʘʩʪʠʚʽʩʪʴ normalValue). ʃʽʩʪʠʥʛ 

ʧʨʦʛʨʘʤʠ ʦʧʠʩʫ ʢʣʘʩʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.7.  

ʂʣʘʩ ʦʙôʷʚʣʝʥʦ ʪʘʢʠʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʪʦʢʦʣʫ Codable ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʚ ʬʘʡʣ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʚʩʽ ʜʘʥʽ 

ʢʣʘʩʫ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʨʦʩʪʽ ʪʠʧʠ ʚʽʜʩʫʪʥʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʫʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ  

ʝʣʝʤʝʥʪʽʚ ʮʴʦʛʦ ʧʨʦʪʦʢʦʣʫ.  

ʂʨʽʤ ʦʧʠʩʘʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʚ ʢʣʘʩ ʪʘʢʦʞ ʜʦʜʘʥʽ ʩʪʘʪʠʯʥʽ 

ʚʣʘʩʪʠʚʽʩʪʴ allParametrs ʪʘ ʬʫʥʢʮʽʷ register (é), ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʟʙʝʨʝʞʝʥʥʷ ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʾʭ ʧʦʰʫʢʫ ʟʘ ʩʠʤʚʦʣʴʥʠʤ ʧʦʟʥʘʯʝʥʥʷʤ.  

ʉʪʘʪʠʩʪʠʯʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʫ ʧʨʦʛʨʘʤʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʷʜʦʤ 

ʩʪʨʫʢʪʫʨ ʜʘʥʠʭ ʪʠʧʫ çʌʦʨʤʫʣʘè. ʂʦʞʥʘ ʩʪʨʫʢʪʫʨʘ ʚʢʣʶʯʘʻ ʨʦʟʨʘʭʫʥʢʦʚʠʡ 

ʧʘʨʘʤʝʪʨ, ʘ ʪʘʢʦʞ ʤʘʩʠʚ ʜʦʜʘʥʢʽʚ, ʫ ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ ʚʢʘʟʘʥʦ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʤʦʜʝʣʽ  (aij  ʘʙʦ bij), ʪʘ ʤʘʩʠʚ ʧʦʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʜʘʥʦʛʦ 

ʜʦʜʘʥʢʫ (ʥʘʧʨʠʢʣʘʜ ñx1ò, ñx1, x2ò ʘʙʦ ñx2,x2ò ʜʣʷ ʚʠʧʘʜʢʫ ʭ2
2
). ʉʪʨʫʢʪʫʨʘ 

ʧʦʩʣʽʜʦʚʥʦ ʨʦʟʨʘʭʦʚʫʻ ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʟ ʜʦʜʘʥʢʽʚ ʪʘ ʨʦʟʤʽʱʫʻ ʾʭ ʩʫʤʫ ʫ 

ʚʽʜʧʦʚʽʜʥʝ ʧʦʣʝ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʧʘʨʘʤʝʪʨʫ. 
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import Foundation 
class Parametr: Codable{ 
    var name: String 
    var varName: String 
    var minValue: Double 
    var maxValue: Double 
    var value: Double 
    var isValid: Bool{ 
        return value <= maxValue && value >= minValue 
    } 
    var normalValue: Double{ 
        get{ 
        return (value - minValue) / (maxValue - minValue) 
        }set{ 
            value = newValue * (maxValue - minValue) + minValue 
        } 
    } 
    init (name: String, varName: String, minValue: Double, maxValue: 
Double, value: Double = 0){ 
        self.name = name 
        self.varName = varName 
        self.minValue = minValue 
        self.maxValue = maxValue 
        self.value = value 
         
        Parametr.register(self) 
    } 
    static var allParametrs = [String: Parametr]() 
    static func register(_ parametr: Parametr){ 
        allParametrs[parametr.varName] = parametr 
    } 
}     

ʈʠʩ. 4.7. ʃʽʩʪʠʥʛ ʢʣʘʩʫ ʧʘʨʘʤʝʪʨʫ. 

 

ʃʽʩʪʠʥʛ ʩʪʨʫʢʪʫʨ ʬʦʨʤʫʣ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.8.  

 ɼʣʷ ʦʮʽʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʪʨʴʦʭ ʪʦʯʦʢ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪ ʟ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʢʠʩʥʶ ʥʘ ʛʨʘʥʠʮʽ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʦʥ ʥʽʪʨʠ-ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ. 
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import Foundation 
struct Formula: Codable { 
    var rezParametr: Parametr 
    var elements: [Element] 
     
    func countRezParametr(){ 
        var sum: Double = 0 
        for elem in elements{ 
            var rez: Double = 1 
            for varName in elem.varNames{ 
                rez = rez * (Parametr.allParametrs[varName]?.normalValue ?? 0) 
            } 
            sum += rez 
        } 
        rezParametr.normalValue = sum 
    } 
} 
struct Element: Codable { 
    var coeff: Double 
    var varNames: [String] 
} 

ʈʠʩ. 4.8. ʃʽʩʪʠʥʛ ʩʪʨʫʢʪʫʨ ʬʦʨʤʫʣ 

 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ 

ʧʨʦʛʥʦʟʦʤ ʟʘ ʤʦʜʝʣʣʶ, ʷʢʽ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 4.5, ʟʘʩʚʽʜʯʠʣʠ, ʱʦ ʧʦʛʨʽʰʥʽʩʪʴ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʜʝʣʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 6,0 %, ʪʦʙʪʦ ʻ ʟʥʘʯʥʦ ʤʝʥʰʦʶ ʚʝʣʠʯʠʥʠ, 

ʜʦʧʫʩʪʠʤʦʾ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʨʦʛʨʘʤʠ - 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.9.  

ʊʘʙʣʠʮʷ 4.5. ʆʮʽʥʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ 

 ʾ

ʇʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ 
ʆʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ 

ʢʠʩʥʶ, ʤʛ/ʜʤ
3 

ɻʨʘʥʠʮʷ ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʦʥ  

ʥʽʪʨʠ- ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ,  

ʯʘʩʪʢʘ  ʚʠʩʦʪʠ 
ʏʘʩ 

ʧʝʨʝʙʫ-

ʚʘʥʥʷ, 

ʭʚ 

ɸʤʦʥʽʡ,  

ʤʛ/ʜʤ
3
 

ʅʽʪʨʘʪʠ,  

ʤʛ/ʜʤ
3 ʌʘʢʪ ʇʨʦʛʥʦʟ 

ʇʦʛʨʽʰʥʽʩʪʴ, 

% 
ʌʘʢʪ ʇʨʦʛʥʦʟ 

ʇʦʛʨʽʰʥʽʩʪʴ, 

% 

1 8 1,5 0 5,80°0,04 5,72 1,0 0,78 0,733 6,0 

2 8 0,8 30 3,12°0,06 3,17 2,3 0,56 0,557 0,5 

3 12 2,0 30 8,70°0,04 8,81 2,4 0,88 0,905 2,8 
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ʈʠʩ. 4.9. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʨʦʛʨʘʤʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ  

ʚ ʩʝʨʝʜʦʚʠʱʽ Mac OS 10.13.5 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʢʨʽʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʜʦʟʠ ʢʠʩʥʶ (ʱʦ, 

ʙʝʟʫʤʦʚʥʦ, ʚʘʞʣʠʚʦ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʬʽʣʴʪʨʽʚ), ʤʦʜʝʣʴ ʪʘʢʦʞ 

ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʠʩʦʪʫ ʛʨʘʥʠʮʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʦʥ ʥʽʪʨʠ- 

ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ. ʆʪʞʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʻ ʧʝʨʝʡʪʠ ʜʦ 

ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʾ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʨʦʙʦʪʠ ʬʽʣʴʪʨʽʚ ʜʝʘʤʦʥʽʟʘʮʽʾ ʰʣʷʭʦʤ 

ʚʥʝʩʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʧʝʨʝʜʥʴʦ ʧʨʠʛʦʪʦʚʘʥʠʭ ʽʥʦʢʫʣʷʪʽʚ ʥʽʪʨʠ- 

ʪʘ ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʭ ʙʘʢʪʝʨʽʡ. 
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4.6. ʊʝʭʥʦʣʦʛʽʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʬʽʣʴʪʨʽʚ ʜʝʘʤʦʥʽʟʘʮʽʾ ʰʣʷʭʦʤ 

ʚʚʝʜʝʥʥʷ ʽʥʦʢʫʣʷʪʽʚ 

ʉʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʾ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʨʦʙʦʪʠ ʬʽʣʴʪʨʽʚ ʜʝʘʤʦʥʽʟʘʮʽʾ 

ʚʦʜʠ ʰʣʷʭʦʤ ʚʥʝʩʝʥʥʷ ʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʫ ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʇʨʠʥʮʠʧ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʧʦʧʝʨʝʜʥʽʡ ʧʽʜʛʦʪʦʚʮʽ 

ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʦʢʫʣʷʪʫ ʥʽʪʨʠ- ʪʘ ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟ 

ʾʭ ʥʘʩʪʫʧʥʠʤ ʧʝʨʝʥʝʩʝʥʥʷʤ ʫ ʟʥʝʟʘʨʘʞʝʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʽʚ.  

ʆʩʢʽʣʴʢʠ ʚʠʩʦʪʘ ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʦʥ ʥʽʪʨʠ- ʪʘ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʥʝʚʽʜʦʤʘ ʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʷʜʫ ʬʘʢʪʦʨʽʚ (ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʚʦʜʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʬʽʣʴʪʨʘ ʪʘ ʽʥ.), ʾʾ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʰʣʷʭʦʤ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ, ʦʧʠʩ ʷʢʦʾ ʥʘʚʝʜʝʥʠʡ 

ʚʠʱʝ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʨʘʭʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʫʩʽʭ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ  

ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʨʦʙʦʪʠ ʙʽʦʬʽʣʴʪʨʽʚ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʘʤʦʥʽʶ, ʷʢʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.10. 

ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʛʦʣʦʚʥʽ ʩʪʘʜʽʾ: 

- ʧʨʠʛʦʪʫʚʘʥʥʷ 3-ʭ ʽʥʦʢʫʣʷʪʽʚ ʨʨ. Thiobacillus, Nitrosamonas ʪʘ 

Nitrobacter ʫ ʨʦʟʨʘʭʦʚʘʥʽʡ ʟʘ ʢʦʤʧôʶʪʝʨʥʦʶ ʧʨʦʛʨʘʤʦʶ ʢʽʣʴʢʦʩʪʽ. ɺʤʽʩʪ 

ʢʣʽʪʠʥ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ - 1,0-1,5Å10
6
 ʂʋʆ/ʩʤ

3
, ʢʦʥʪʨʦʣʴ ʟʘ ʾʭ ʢʽʣʴʢʽʩʪʶ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʦʧʪʠʯʥʦʶ ʛʫʩʪʠʥʦʶ; 

- ʽʥʦʢʫʣʷʪ 1 ʧʦʜʘʻʪʴʩʷ ʫ ʥʠʞʥʶ ʯʘʩʪʠʥʫ ʬʽʣʴʪʨʘ, ʜʝ ʧʝʨʝʚʘʞʥʦ 

ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʧʨʦʮʝʩ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʥʴʦʤʫ ʧʨʦʪʷʛʦʤ 80-

90 ʭʚ. (ʮʴʦʛʦ ʯʘʩʫ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ);  

- ʩʫʤʽʰ ʽʥʦʢʫʣʷʪʽʚ 2 ʪʘ 3, ʧʦʧʝʨʝʜʥʴʦ ʥʘʩʠʯʝʥʠʭ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ 

(ʰʣʷʭʦʤ ʙʘʨʙʦʪʫʚʘʥʥʷ), ʧʦʜʘʻʪʴʩʷ ʫ ʬʽʣʴʪʨ  ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʥʴʦʤʫ ʧʨʦʪʷʛʦʤ 

80-90 ʭʚ., ʧʨʠ ʮʴʦʤʫ ʽʥʦʢʫʣʷʪ 1 ʪʘʢʦʞ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʬʽʣʴʪʨʽ; 

- ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʽʥʦʢʫʣʷʪʠ ʚʽʜʚʦʜʷʪʴʩʷ ʟ ʬʽʣʴʪʨʘ ʚ ʩʠʩʪʝʤʫ ʦʙʨʦʙʢʠ 

ʧʨʦʤʠʚʥʠʭ ʚʦʜ. 
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ʋʤʦʚʠ ʢʫʣʴʪʠʚʫʚʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʙʫʣʠ ʦʙʨʘʥʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ, ʟʛʽʜʥʦ ʷʢʠʭ: ʚʤʽʩʪ ʢʣʽʪʠʥ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ - 1,0-

1,5Å106 ʂʋʆ/ʩʤ3, ʢʦʥʪʨʦʣʴ ʟʘ ʾʭ ʢʽʣʴʢʽʩʪʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʦʧʪʠʯʥʦʶ 

ʛʫʩʪʠʥʦʶ; ʫ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʽʥʦʢʫʣʷʪ ʩʪʘʥʜʘʨʪʠʟʫʻʪʴʩʷ.  

ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ ʧʦʜʘʯʘ ʽʥʦʢʫʣʷʪʫ 

ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʩʦʩʦʤ ʚ ʥʠʞʥʶ ʯʘʩʪʠʥʫ 

ʬʽʣʴʪʨʘ (ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʽʥʦʢʫʣʷʪ ʟʘʣʠʚʘʻʪʴʩʷ ʫ ʢʽʣʴʢʦʩʪʽ ʚʠʟʥʘʯʝʥʽʡ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʧʨʦʛʨʘʤʦʶ ʟʥʘʯʝʥʥʷ). 

 

 

ʘ) 
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ʙ)  

ʈʠʩ. 4.10. ʌʨʘʛʤʝʥʪ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʨʦʙʦʪʠ  

ʙʽʦʬʽʣʴʪʨʽʚ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʘʤʦʥʽʶ: 

 ʘ - ʦʩʥʦʚʥʽ ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ, ʙ - ʜʦʧʦʤʽʞʥʽ ʩʪʘʜʽʾ ʚʠʨʦʙʥʠʮʪʚʘ 

 

ɯʥʰʘ ʯʘʩʪʠʥʘ ʬʽʣʴʪʨʘ ʪʘʢʠʤ ʞʝ ʯʠʥʦʤ ʟʘʧʦʚʥʶʻʪʴʩʷ ʽʥʦʢʫʣʷʪʘʤʠ 

ʥʽʪʨʠʬʽʢʘʪʦʨʽʚ. ɺʨʘʭʦʚʫʶʯʠ ʥʝʘʩʝʧʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʚʩʝʨʝʜʠʥʽ ʬʽʣʴʪʨʘ, ʘ 
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ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʧʝʚʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʽʚ ʽʥʦʢʫʣʷʪʽʚ ʜʣʷ ʧʦʜʘʯʽ 

ʦʩʪʘʥʥʽʭ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʪʦʡ ʩʘʤʠʡ ʥʘʩʦʩ. 

ʅʝʦʙʭʽʜʥʠʡ ʯʘʩ ʢʦʥʪʘʢʪʫ ʽʥʦʢʫʣʷʪʫ ʟ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʬʽʣʴʪʨʽʚ ʩʢʣʘʜʘʻ 

2-3 ʛʦʜʠʥʠ. ʇʽʩʣʷ ʮʴʦʛʦ ʽʥʦʢʫʣʷʪ ʩʢʠʜʘʻʪʴʩʷ, ʘ ʫ ʬʽʣʴʪʨ ʧʦʜʘʻʪʴʩʷ ʚʦʜʘ ʜʣʷ 

ʦʯʠʱʝʥʥʷ. ʂʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʘʝʨʘʪʦʨʦʤ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ 

ʨʽʚʥʽ, ʨʦʟʨʘʭʦʚʘʥʦʤʫ ʟʘ ʤʦʜʝʣʣʶ.  

ʇʦ ʟʘʚʝʨʰʝʥʥʶ ʚʢʘʟʘʥʠʭ ʦʧʝʨʘʮʽʡ ʬʽʣʴʪʨ ʤʦʞʝ ʙʫʪʠ ʚʚʝʜʝʥʠʡ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʶ. ʇʨʦʪʷʛʦʤ ʨʦʙʦʯʦʛʦ ʨʝʞʠʤʫ ʥʘ ʚʭʦʜʽ ʬʽʣʴʪʨʫ ʧʽʜʪʨʠʤʫʻʪʴʩʷ 

ʦʧʪʠʤʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʢʠʩʥʶ ʧʦʚʽʪʨʷ. ʅʝʦʙʭʽʜʥʠʡ ʯʘʩ ʜʣʷ ʘʜʘʧʪʘʮʽʾ 

ʤʽʢʨʦʬʣʦʨʠ ʜʦ ʫʤʦʚ ʚʦʜʠ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʥʘ ʬʽʣʴʪʨ, ʩʢʣʘʜʘʻ, ʷʢ ʧʨʘʚʠʣʦ, 1-2 

ʜʦʙʠ, ʧʽʩʣʷ ʯʦʛʦ ʬʽʣʴʪʨ ʚʠʭʦʜʠʪʴ ʥʘ ʟʘʜʘʥʽ ʧʘʨʘʤʝʪʨʠ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɸʧʨʦʙʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʫ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʥʘ ʤʦʜʝʣʴʥʽʡ 

ʫʩʪʘʥʦʚʮʽ çCulligan HiFlo-6 UX-40è ʧʨʠ ʧʽʜʪʨʠʤʘʥʥʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ 

ʘʝʨʘʮʽʾ,  ʧʽʜʪʚʝʨʜʠʣʘ ʤʦʞʣʠʚʽʩʪʴ ʩʫʪʪʻʚʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʧʽʜʛʦʪʦʚʯʦʛʦ ʧʝʨʽʦʜʫ 

ʾʾ ʨʦʙʦʪʠ (18 ʜʽʙ). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 4.6 ʪʘ ʥʘ 

ʨʠʩ. 4.11, ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʥʦʢʫʣʷʪʽʚ ʚʞʝ ʥʘ ʪʨʝʪʶ ʜʦʙʫ ʩʧʦʩʪʝʨʽʛʘʚʩʷ 

ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʘʤʦʥʽʶ. 

ʊʘʙʣʠʮʷ 4.6. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʘʤʦʥʽʶ ʥʘ ʤʦʜʝʣʴʥʽʡ 

ʫʩʪʘʥʦʚʮʽ ʙʝʟ ʪʘ ʟ ʦʙʨʦʙʢʦʶ ʽʥʦʢʫʣʷʪʘʤʠ 

 ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʘʤʦʥʽʶ, % 

ɼʦʙʘ ʙʝʟ ʦʙʨʦʙʢʠ  ʽʥʦʢʫʣʷʪʘʤʠ ʟ ʦʙʨʦʙʢʦʶ  ʽʥʦʢʫʣʷʪʘʤʠ 

1 48,6 24,6 

2 73,4 30,9 

3 90,5 32,8 

4 91,3 37,1 

5 90,9 37,7 

6 91,4 45,3 

7 92,2 48,9 

8 91,8 60,1 

9 91,6 65,9 

10 92 68,3 

11 91,2 69,6 

12 91,3 76,3 
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 ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʘʤʦʥʽʶ, % 

13 91,4 86,2 

14 91,8 87,9 

15 90,5 87,1 

16 90,6 89,1 

17 90,9 91,3 

18 91,1 92 

19 91,2 92,1 

20 91,1 91,4 

21 90,2 91,2 

 

 

 

ʈʠʩ. 4.11. ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʝʘʤʦʥʽʟʘʮʽʾ ʚʦʜʠ ʥʘ ʤʦʜʝʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ  

ʙʝʟ ʪʘ ʟ ʦʙʨʦʙʢʦʶ ʽʥʦʢʫʣʷʪʘʤʠ 

 

ʈʦʟʨʦʙʣʝʥʘ ʥʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʘ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʧʨʦʮʝʩʫ ʜʝʘʤʦʥʽʟʘʮʽʾ ʚʦʜʠ ʟʘʙʝʟʧʝʯʫʻ ʝʢʦʥʦʤʽʶ ʤʘʪʝʨʽʘʣʴʥʠʭ, 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʩʥʫʶʯʠʤʠ ʤʝʪʦʜʘʤʠ ʟʘʚʜʷʢʠ  

ʤʦʞʣʠʚʦʩʪʽ ʩʫʪʪʻʚʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʥʝʧʨʦʜʫʢʪʠʚʥʠʭ ʚʠʪʨʘʪ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʦʙʣʘʜʥʘʥʥʷ. ʏʝʨʝʟ ʧʦʪʨʝʙʫ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʛʦʪʦʚʯʦʛʦ ʧʝʨʽʦʜʫ 

ʨʦʙʦʪʠ ʬʽʣʴʪʨʽʚ ʜʝʘʤʦʥʽʟʘʮʽʾ ʥʘ ʚʦʜʦʦʯʠʩʥʠʭ ʩʪʘʥʮʽʷʭ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʘʪʠ 
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ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʉʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʚʚʝʜʝʥʥʷ ʫ 

ʨʦʙʦʯʠʡ ʨʝʞʠʤ ʬʽʣʴʪʨʽʚ, ʥʘʧʨʠʢʣʘʜ, ʜʦ 2 ʜʽʙ, ʜʦʟʚʦʣʠʪʴ, ʟ ʫʨʘʭʫʚʘʥʥʷ ʚʠʤʦʛ 

ɼɹʅ 2.5-74:2013 çɺʦʜʦʧʦʩʪʘʯʘʥʥʷ. ɿʦʚʥʽʰʥʽ ʤʝʨʝʞʽ ʽ ʩʧʦʨʫʜʠè, ʧʨʠ 

ʢʽʣʴʢʦʩʪʽ ʨʦʙʦʯʠʭ ʬʽʣʴʪʨʽʚ 8 ʦʜ. ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʨʝʟʝʨʚʥʠʭ - ʟ 4 ʜʦ 2 ʦʜ., 

ʜʦʩʷʛʘʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʢʘʧʽʪʘʣʴʥʠʭ ʟʘʪʨʘʪ.  

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʠ ʢʦʤʧʣʝʢʩʥʠʭ ʨʦʙʽʪ ʟ ʜʦʩʣʽʜʞʝʥʥʷ  

ʧʨʦʮʝʩʫ ʜʝʘʤʦʥʽʟʘʮʽʾ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ 

ʚʠʩʥʦʚʢʠ. 

ɯʩʥʫʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʘʤʦʥʽʶ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʙʽʦʣʦʛʽʯʥʠʤ ʘʛʝʥʪʦʤ ʷʢʦʛʦ ʻ ʥʽʪʨʠ- ʪʘ 

ʜʝʥʽʪʨʠʬʽʢʫʶʯʽ ʙʘʢʪʝʨʽʾ, ʷʢʽ ʧʨʠʨʦʜʥʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʥʝʘʩʝʧʪʠʯʥʠʭ ʫʤʦʚʘʭ. 

ʍʦʯʘ, ʷʢ ʧʨʘʚʠʣʦ, ʚ ʣʽʪʝʨʘʪʫʨʽ ʚʽʜʤʽʯʘʻʪʴʩʷ ʨʦʣʴ ʫ ʮʴʦʤʫ ʧʨʦʮʝʩʽ 

ʥʽʪʨʠʬʽʢʘʪʦʨʽʚ, ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʬʽʣʴʪʨʽʚ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ (ʜʦ 30 % ʜʝʥʽʪʨʠʬʽʢʘʪʦʨʽʚ ʽ, ʟʦʢʨʝʤʘ, Thiobacillus 

Denitrificans). ɰʭ ʨʦʣʴ ʫ ʧʨʦʮʝʩʽ ʧʦʣʷʛʘʻ ʥʝ ʪʽʣʴʢʠ ʚ ʟʤʝʥʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ 

ʥʽʪʨʘʪʽʚ ʚ ʦʯʠʱʝʥʽʡ ʚʦʜʽ, ʘʣʝ ʡ ʫ ʟʩʫʚ ̔ʨʽʚʥʦʚʘʛʠ ʧʨʦʮʝʩʫ ʥʽʪʨʠʬʽʢʘʮʽʾ, ʱʦ 

ʩʧʨʠʷʻ ʙʽʣʴʰ ʛʣʠʙʦʢʦʤʫ ʚʠʜʘʣʝʥʥʶ ʘʤʦʥʽʶ. 

ʅʝʜʦʣʽʢʦʤ ʽʩʥʫʶʯʠʭ ʬʽʣʴʪʨʽʚ ʜʝʘʤʦʥʽʟʘʮʽʾ ʻ ʟʥʘʯʥʠʡ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʤʽʢʨʦʬʣʦʨʠ, ʷʢʠʡ ʧʨʦʪʷʛʦʤ ʜʦʩʣʽʜʞʝʥʴ ʩʢʣʘʜʘʚ 16-18 ʜʽʙ. ʋ ʮʝʡ 

ʧʝʨʽʦʜ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʬʽʣʴʪʨʘ ʙʫʣʘ ʥʝʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʜʦ ʘʤʦʥʽʶ ʫ ʧʠʪʥʽʡ ʚʦʜʽ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʧʨʦʪʷʛʦʤ 

ʜʦʩʣʽʜʞʝʥʴ (ʧʨʠʙʣʠʟʥʦ ʯʝʨʝʟ 2 ʤʽʩʷʮʽ) ʚʠʥʠʢʣʘ ʩʠʪʫʘʮʽʷ, ʷʢʘ ʧʨʠʟʚʝʣʘ ʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʟʘʧʫʩʢʫ ʬʽʣʴʪʨʘ ʽ ʥʝʧʣʘʥʦʚʦʾ çʟʘʨʷʜʢʠè ʟʘʚʘʥʪʘʞʝʥʥʷ 

(ʥʘʢʦʧʠʯʝʥʥʷ ʤʽʢʨʦʬʣʦʨʠ), ʘ ʦʪʞʝ ʽ ʢ ʟʘʡʚʠʤ ʚʠʪʨʘʪʘʤ, ʜʣʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ 

ʚʦʜʦʦʯʠʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʦʪʨʽʙʥʠʡ ʨʝʟʝʨʚ ʬʽʣʴʪʨʽʚ. 

ʇʦʜʘʣʘʥʥʷ ʦʟʥʘʯʝʥʦʾ ʧʨʦʙʣʝʤʠ ʤʦʞʝ ʜʦʩʷʛʘʪʠʩʷ ʰʣʷʭʦʤ ʩʢʦʨʦʯʝʥʥʷ 

ʧʽʜʛʦʪʦʚʯʦʛʦ ʧʝʨʽʦʜʫ ʧʫʩʢʫ ʬʽʣʴʪʨʽʚ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʟʘ ʨʘʭʫʥʦʢ ʚʥʝʩʝʥʥʷ 
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ʧʦʧʝʨʝʜʥʴʦ ʽʥʦʢʫʣʴʦʚʘʥʦʾ ʤʽʢʨʦʬʣʦʨʠ ʥʽʪʨʠ- ʪʘ ʜʝʥʽʪʨʠʬʽʢʘʪʦʨʽʚ. ɸʣʝ 

ʦʧʪʠʤʘʣʴʥʝ (ʙʣʠʟʴʢʝ ʜʦ ʧʨʠʨʦʜʥʦʛʦ) ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʮʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʷʜʫ ʬʘʢʪʦʨʽʚ ʽ ʟʦʢʨʝʤʘ ʧʘʨʘʤʝʪʨʽʚ ʬʽʣʴʪʨʫ, 

ʷʢʦʩʪʽ ʚʦʜʠ ʪʘ ʫʤʦʚ ʘʝʨʘʮʽʾ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʦʮʝʩʽʚ ʥʽʪʨʠ- ʪʘ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, ʟʘʩʪʦʩʦʚʘʥʠʭ ʫ 

ʪʝʭʥʦʣʦʛʽʾ ʦʯʠʱʝʥʥʷ ʩʪʯ̔ʥʠʭ ʚʦʜ, ʜʝ ʮʽ ʧʨʦʮʝʩʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʨʽʟʥʠʭ 

ʩʧʦʨʫʜʘʭ, ʫ ʚʠʧʘʜʢʫ ʬʽʣʴʪʨʽʚ ʜʝʘʤʦʥʽʟʘʮʽʾ ʤʦʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʘʝʨʘʮʽʻʶ 

ʚʦʜʠ ʽʩʥʫʻ ʣʠʰʝ ʥʘ ʚʭʦʜʽ ʬʽʣʴʪʨʘ, ʜʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ 

ʧʦʩʪʫʧʦʚʦ ʟʥʠʞʫʻʪʴʩʷ ʫ ʟʘʚʘʥʪʘʞʝʥʥ ̔ʟʛʦʨʠ ʜʦʥʠʟʫ.  

 ʂʽʣʴʢʽʩʪʴ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʥʘ ʚʭʦʜʽ ʬʽʣʴʪʨʘ ʧʨʦʪʠʣʝʞʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʽʚ ʚ ʥʴʦʤʫ. ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʢʠʩʥʶ ʩʧʨʠʷʻ ʝʬʝʢʪʠʚʥʽʡ 

ʥʽʪʨʠʬʽʢʘʮʽʾ, ʘʣʝ ʤʽʢʨʦʘʝʨʦʬʽʣʴʥʽ ʪʘ ʘʥʘʝʨʦʙʥʽ ʟʦʥʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, ʧʨʠ ʮʴʦʤʫ ʥʝ ʫʪʚʦʨʶʶʪʴʩʷ. ɿʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʠʩʥʶ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʝʬʝʢʪʠʚʥʦʾ ʥʽʪʨʠʬʽʢʘʮʽʾ, ʘ ʦʪʞʝ ʫʪʚʦʨʝʥʥʷ ʥʝʜʦʩʪʘʪʥʴʦʾ 

ʢʽʣʴʢʦʩʪʽ ʥʽʪʨʘʪʽʚ, ʷʢʽ ʻ ʩʫʙʩʪʨʘʪʦʤ ʚ ʧʨʦʮʝʩʽ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʮʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʦʪʨʠʤʘʥʥʷ 

ʨʷʜʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʠʣʦ ʨʦʟʨʦʙʠʪʠ ʩʪʘʪʠʩʪʠʯʥʫ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʜʣʷ ʦʧʠʩʫ ʟʘʣʝʞʥʦʩʪʽ ʦʧʪʠʤʘʣʴʥʦʾ ʜʦʟʠ 

ʢʠʩʥʶ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʟʦʥʘʤʠ ʥʽʪʨʠ- ʪʘ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ. ʆʮʽʥʢʘ 

ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ ʚʠʷʚʠʣʘ, ʱʦ ʨʽʚʝʥʴ ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 6 %. 

ʅʘ ʧʽʜʩʪʘʚʽ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʨʦʙʦʪʠ ʬʽʣʴʪʨʽʚ ʜʝʘʤʦʥʽʟʘʮʽʾ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʧʦʧʝʨʝʜʥʽʡ 

ʧʽʜʛʦʪʦʚʮʽ ʽʥʦʢʫʣʷʪʽʚ ʥʽʪʨʠ- ʪʘ ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʚʥʝʩʝʥʥʽ 

ʾʭ ʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʘ ʫ ʨʦʟʨʘʭʦʚʘʥʦʤʫ ʟʘ ʤʦʜʝʣʣʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ. 

ʄʝʪʦʜ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʫʩʢʫ ʬʽʣʴʪʨʽʚ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʟ 16-18 ʜʦ 2 ʜʽʙ, 

ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʜʘʻ ʟʤʦʛʫ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʨʝʟʝʨʚʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. 
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ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʥʘʚʝʜʝʥʦ ʚ 
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ʘʟʦʪʚʤʽʩʥʠʭ ʨʝʯʦʚʠʥ ʟ ʧʠʪʥʦʾ ʚʦʜʠ / ʆ.ɺ. ʂʨʘʚʯʝʥʢʦ,  ʆ.ʉ. ʇʘʥʯʝʥʢʦ, ɭ.ʗ. 

ʉʤʽʣʷʥʝʮʴ // ʄʘʪʝʨʽʘʣʠ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

çʇʨʠʨʦʜʘ ʜʣʷ ʚʦʜʠè, ʤ. ʂʠʾʚ, 22 ʙʝʨʝʟʥʷ 2018. - ʉ. 146-147.  
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ʈʆɿɼɯʃ 5. ɯʅʊɽʅʉʀʌɯʂɸʎɯʗ ʇʈʆʎɽʉʋ 

ɼɽʉʊʈʋʂʎɯɰ ʆʈɻɸʅɯʏʅʀʍ ʉʇʆʃʋʂ  

ʅɸ ʇʆʃɯɻʆʅɸʍ ʊʇɺ  

 

5.1. ɺʠʟʥʘʯʝʥʥʷ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʊʇɺ  

ɺʘʞʣʠʚʘ ʨʦʣʴ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʝʨʝʙʽʛʘʶʪʴ ʥʘ ʧʦʣʽʛʦʥʘʭ ʊʇɺ, 

ʚʽʜʦʤʘ ʜʘʚʥʦ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʦʣʽʛʦʥʠ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʙʽʦʣʦʛʽʯʥʠʡ 

ʨʝʘʢʪʦʨ, ʷʢʠʡ ʧʨʘʮʶʻ ʟʘ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ.  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʧʦʚʦʜʞʝʥʥʷ ʟ ʊʇɺ ʥʘ ʧʦʣʽʛʦʥʘʭ, ʥʘʩʘʤʧʝʨʝʜ, 

ʥʝʦʙʭʽʜʥʘ ʨʦʟʨʦʙʢʘ ʩʧʝʮʽʘʣʴʥʠʭ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʜʝʩʪʨʫʢʮʽʾ 

ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʾʭ ʩʢʣʘʜʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ 

ʝʢʦʣʦʛʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʮʠʭ ʦʙôʻʢʪʽʚ ʢʦʤʫʥʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ 

ʜʦʚʢʽʣʣʷ.  

ʇʨʦʪʝ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʛʣʠʙʦʢʝ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʽʢʨʦʮʝʥʦʟʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʪʽʣʽ ʧʦʣʽʛʦʥʽʚ ʚʽʜʩʫʪʥʻ. 

ʈʦʟʨʦʙʢʘ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫʧʦʚʽʣʴʥʶʻʪʴʩʷ ʯʝʨʝʟ ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ 

ʧʦʚʝʜʽʥʢʠ ʚʽʜʭʦʜʽʚ, ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ ʥʘʰʘʨʫʚʘʥʥʷ ʥʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʟʥʘʯʥʫ ʨʽʟʥʠʮʶ ʫ ʚʠʜʦʚʦʤʫ ʪʘ ʢʽʣʴʢʽʩʥʦʤʫ ʩʢʣʘʜʽ ʤʽʢʨʦʮʝʥʦʟʽʚ ʪʘ 

ʽʥʰʽ ʬʘʢʪʦʨʠ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʦʩʦʙʠʩʪʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʣʽʛʦʥʽʚ. ɼʦ ʦʩʪʘʥʥʽʭ, 

ʥʘʩʘʤʧʝʨʝʜ, ʚʽʜʥʦʩʷʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʜʞʝʨʝʣ ʚʫʛʣʝʮʶ, ʘʟʦʪʫ ʪʘ ʢʠʩʥʶ, 

ʚʦʣʦʛʽʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʽʥʰʽ ʧʦʢʘʟʥʠʢʠ, ʷʢʽ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʊʇɺ, ʩʪʨʦʢʫ ʾʭ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ ʧʦʣʽʛʦʥʽ, ʢʣʽʤʘʪʠʯʥʠʭ 

ʽ ʧʦʛʦʜʥʠʭ ʫʤʦʚ. ɺʦʥʠ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʽ ʟʤʽʥʶʚʘʪʠʩʷ ʫ ʯʘʩʽ 

ʥʘʚʽʪʴ ʥʘ ʨʽʟʥʠʭ ʢʘʨʪʘʭ ʦʜʥʦʛʦ ʧʦʣʽʛʦʥʫ[275].  

ɼʦʩʣʽʜʞʝʥʥʷ, ʟʜʽʡʩʥʝʥʽ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ, ʩʪʦʩʫʚʘʣʠʩʴ ʚʠʚʯʝʥʥʷ 

ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʊʇɺ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʧʦʣʽʛʦʥʘʭ ʤʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ 

ʪʘ ʂʨʠʚʠʡ ʈʽʛ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʠʤʽʨʶʚʘʥʥʷ  ʧʨʦʚʦʜʠʣʠʩʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʦʣʦʞʝʥʴ çʄʝʪʦʜʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟ ʚʠʟʥʘʯʝʥʥʷ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ 
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ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚè, ʟʘʪʚʝʨʜʞʝʥʠʭ ʥʘʢʘʟʦʤ ʄʽʥʽʩʪʝʨʩʪʚʘ ʟ ʧʠʪʘʥʴ 

ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʋʢʨʘʾʥʠ ʚʽʜ 16.02.10 ʨ. ˉ 39.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʩʢʣʘʜʫ ʚʽʜʭʦʜʽʚ ʧʦ ʦʢʨʝʤʠʭ ʩʝʟʦʥʘʭ 

ʨʦʢʫ, ʥʘʪʫʨʥʽ ʧʦʣʴʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʫ ʟʠʤʦʚʠʡ, ʚʝʩʥʷʥʠʡ,  

ʣʽʪʥʽʡ ʪʘ ʦʩʽʥʥʽʡ ʧʝʨʽʦʜʠ ʨʦʢʫ.  

ʋ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ ʟʠʤʦʚʠʡ ʝʪʘʧ ʜʦʩʣʽʜʞʝʥʴ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʫ ʣʶʪʦʤʫ 

2017 ʨʦʢʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʣʷʥʢʠ ʤʽʩʴʢʦʛʦ ʧʦʣʽʛʦʥʫ ʊʇɺ. ɺʩʴʦʛʦ 

ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ 36 ʧʨʦʙ ʊʇɺ ʚʘʛʦʶ ʥʝ ʤʝʥʰʝ 50 ʢʛ ʢʦʞʥʘ, ʧʝʨʚʠʥʥʽ ʜʘʥʽ 

ʨʝ̒ʩʪʨʫʚʘʣʠʩʴ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʪʦʢʦʣʘʭ. ʆʜʝʨʞʘʥʽ ʧʨʠ ʮʴʦʤʫ ʫʟʘʛʘʣʴʥʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʥʘʪʫʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʊʇɺ  ʥʘʚʝʜʝʥʽ ʫ 

ʪʘʙʣ. 5.1 ʪʘ ʥʘ ʨʠʩ. 5.1. 

ʊʘʙʣʠʮʷ 5.1. ʋʟʘʛʘʣʴʥʝʥʠʡ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʊʇɺ (ʟʘ ʤʘʩʦʶ) ʫ 

ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʧʦʣʽʛʦʥʽ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ 

 ̄

ʅʘʟʚʘ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ  

ʢʦʤʧʦʥʝʥʪʫ ʊʇɺ 

ɺʤʽʩʪ 

ʢʦʤʧʦʥʝʥʪʫ, 

% 

ɺʤʽʩʪ  

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ, % 

1 ʂʘʨʪʦʥ ʪʘ ʧʘʧʽʨ  

ʂʘʨʪʦʥ 2,77 

11,95 ʇʘʧʽʨ 4,14 

ʂʦʤʧʦʟʠʪʥʠʡ ʧʘʧʽʨ 5,03 

2 ʉʢʣʦ ʪʘ ʢʝʨʘʤʽʢʘ  

ʉʢʣʷʥʽ ʧʣʷʰʢʠ ʙʽʣʽ ʪʘ ʧʨʦʟʦʨʽ 6,71 

10,81 

ʉʢʣʷʥʽ ʧʣʷʰʢʠ ʢʦʣʴʦʨʦʚʽ 3,66 

ɺʽʢʦʥʥʝ ʩʢʣʦ 0,05 

ʂʝʨʘʤʽʢʘ 0,21 

ɯʥʰʽ ʚʠʜʠ ʩʢʣʘ 0,18 

3 ʄʝʪʘʣʠ  
ʏʦʨʥʽ ʤʝʪʘʣʠ 0,21 

0,93 
ʂʦʣʴʦʨʦʚʽ ʤʝʪʘʣʠ 0,72 

4 ʇʣʘʩʪʤʘʩʠ  

PET-ʧʣʷʰʢʠ 3,38 

9,15 

HDPE-ʢʦʥʪʝʡʥʝʨʠ 0,59 

ɯʥʰʽ ʧʣʘʩʪʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ 3,97 

ʈʈ-ʧʣʘʩʪʠʢ 0,71 

ʂʦʤʧʦʟʠʪʥʠʡ ʧʣʘʩʪʠʢ 0,51 

5 

ɺʽʜʭʦʜʠ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ  

ʅʝʚʝʣʠʢʘ ʧʦʙʫʪʦʚʘ ʪʝʭʥʽʢʘ 0,06 

0,08 
ʂʦʤʧôʶʪʝʨʥʘ ʪʝʭʥʽʢʘ 0,02 
ʊʝʣʝʚʽʟʦʨʠ ʪʘ ʽʥʰʽ ʧʨʠʣʘʜʠ ʟ  

ʝʣ.-ʧʨʦʤʝʥʝʚʦʶ ʪʨʫʙʢʦʶ 
ʚʽʜʩ. 

6 
ʆʨʛʘʥʽʯʥʽ 

ʚʽʜʭʦʜʠ  

ʈʦʩʣʠʥʥʘ ʾʞʘ 27,41 
33,37 

ʅʝʨʦʩʣʠʥʥʘ ʾʞʘ 5,96 

ʆʧʘʣʝ ʣʠʩʪʷ ʪʘ ʪʨʘʚʘ ʚʽʜʩ. 
3,13 

ɻʽʣʢʠ ʪʘ ʨʦʩʣʠʥʥʘ ʜʝʨʝʚʠʥʘ 3,13 
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 ̄

ʅʘʟʚʘ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ  

ʢʦʤʧʦʥʝʥʪʫ ʊʇɺ 

ɺʤʽʩʪ 

ʢʦʤʧʦʥʝʥʪʫ, 

% 

ɺʤʽʩʪ  

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ, % 

ʊʝʢʩʪʠʣʴ 9,39 9,39 

7 
*ɹʫʜʽʚʝʣʴʥʽ ʪʘ 

ʨʝʤʦʥʪʥʽ ʚʽʜʭʦʜʠ  

ɹʝʪʦʥ 2,32 

15,99 

ɸʩʬʘʣʴʪ ʚʽʜʩ. 

ʇʠʣʦʤʘʪʝʨʽʘʣʠ 2,21 

ɻʽʧʩʦʢʘʨʪʦʥ 3,99 

ˆʨʫʥʪʠ ʚʽʜʩ. 

ɿʤʽʰʘʥʽ ʚʽʜʭʦʜʠ ʙʫʜʽʚʥʠʮʪʚʘ 7,47 

8 
ʅʝʙʝʟʧʝʯʥʽ 

ʚʽʜʭʦʜʠ  

ʌʘʨʙʘ 0,28 

1,24 

ɺʽʜʭʦʜʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

ʪʘ ʾʭ ʦʙʣʘʜʥʘʥʥʷ 
0,28 

ɺʽʜʧʨʘʮʴʦʚʘʥʽ ʤʘʩʣʘ 0,67 

ɸʢʫʤʫʣʷʪʦʨʠ ʚʽʜʩ. 
ɿʤʽʰʘʥʽ ʰʢʽʜʣʠʚʽ ʧʦʙʫʪʦʚʽ 

ʟʘʩʦʙʠ 
ʚʽʜʩ. 

9 
ɺʝʣʠʢʦʛʘʙʘʨʠʪʥʽ 

ʚʽʜʭʦʜʠ  
ɺʝʣʠʢʦʛʘʙʘʨʠʪʥʽ ʚʽʜʭʦʜʠ ʚʽʜʩ.  

10  ɯʥʰʽ  ʅʝʩʦʨʪʦʚʘʥʠʡ ʟʘʣʠʰʦʢ 3,96 3,96 

ʇʨʠʤʽʪʢʠ: *- ʚʽʜʭʦʜʠ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ  

    

 

ʈʠʩ. 5.1. ʋʟʘʛʘʣʴʥʝʥʠʡ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʊʇɺ ʫ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ   

(ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ) 
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ʈʝʟʫʣʴʪʘʪʠ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʚʽʜʯʠʣʠ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʚʽʜʩʦʪʦʢ ʫ 

ʟʘʛʘʣʴʥʽʡ ʤʘʩʽ ʟʤʽʰʘʥʠʭ ʊʇɺ, ʧʨʠʧʘʜʘʚ ʥʘ ʦʨʛʘʥʽʯʥʽ ʚʽʜʭʦʜʠ ï ʚ ʩʝʨʝʜʥʴʦʤʫ 

45,89 %, ʩʝʨʝʜ ʷʢʠʭ ʚʦʣʦʛʽ ʙʽʦʜʦʩʪʫʧʥʽ ʭʘʨʯʦʚʽ ʚʽʜʭʦʜʠ, ʟʦʢʨʝʤʘ, ʨʦʩʣʠʥʥʘ ʪʘ 

ʥʝʨʦʩʣʠʥʥʘ ʾʞʘ, ʩʪʘʥʦʚʠʣʠ - 33,37 %. ʅʝʩʦʨʪʦʚʘʥʠʡ ʪʘ ʥʝʢʣʘʩʠʬʽʢʦʚʘʥʠʡ 

ʟʘʣʠʰʦʢ ʊʇɺ ʧʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʩʢʣʘʜʘʚ - 3,96 %, ʘ ʟʘʛʘʣʴʥʠʡ 

ʚʤʽʩʪ ʛʦʨʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ - 69,2 %.  

ʏʘʩʪʢʘ ʢʘʨʪʦʥʫ ʪʘ ʧʘʧʝʨʫ, ʘ ʪʘʢʦʞ ʢʦʤʧʦʟʠʪʥʦʛʦ ʧʘʧʝʨʫ ʫ ʟʘʛʘʣʴʥʽʡ 

ʤʘʩʽ ʟʤʽʰʘʥʠʭ ʊʇɺ ʜʦʨʽʚʥʶʚʘʣʘ - 11,9 %, ʧʨʠ ʮʴʦʤʫ ʧʦʥʘʜ 80 % ʢʘʨʪʦʥʫ ʪʘ 

ʧʘʧʝʨʫ ʙʫʣʠ ʟʘʙʨʫʜʥʝʥʽ ʙʽʦʜʦʩʪʫʧʥʠʤʠ ʭʘʨʯʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ ʪʘ ʥʘʩʠʯʝʥʽ 

ʚʦʣʦʛʦʶ (ʩʥʽʛʦʤ ʪʘ ʚʦʣʦʛʦʶ ʚʽʜ ʭʘʨʯʦʚʠʭ ʚʽʜʭʦʜʽʚ). ɿʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʩʢʣʘ ʚ 

ʟʤʽʰʘʥʠʭ ʊʇɺ  ʩʪʘʥʦʚʠʚ - 10,59 %, ʩʢʣʷʥʠʭ ʧʣʷʰʦʢ - 10,37 %,  ʧʣʘʩʪʤʘʩ - 

9,15 %.  

ɿʘ ʧʝʨʽʦʜ ʧʨʦʚʝʜʝʥʥʷ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʧʨʦʙʘʭ ʟʤʽʰʘʥʠʭ ʊʇɺ ʙʫʣʠ 

ʚʽʜʩʫʪʥʽ ʪʝʣʝʚʽʟʦʨʠ ʪʘ ʽʥʰʽ ʧʨʠʣʘʜʠ, ʱʦ ʤʽʩʪʷʪʴ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʫ 

ʪʨʫʙʢʫ, ʦʧʘʣʝ ʣʠʩʪʷ ʽ ʪʨʘʚʠ, ʘʩʬʘʣʴʪ ʽ ˇʨʫʥʪʠ, ʘʢʫʤʫʣʷʪʦʨʠ ʽ ʟʤʽʰʘʥʽ ʰʢʽʜʣʠʚʽ 

ʧʦʙʫʪʦʚʽ ʟʘʩʦʙʠ. ɹʫʜʽʚʝʣʴʥʽ, ʨʝʤʦʥʪʥʽ, ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʽ ʚʽʜʭʦʜʠ, ʛʽʣʢʠ, 

ʨʦʩʣʠʥʥʘ ʜʝʨʝʚʠʥʘ, ʦʧʘʣʝ ʣʠʩʪʷ, ʪʨʘʚʘ ʪʘ ʧʨʦʤʠʩʣʦʚʽ ʚʽʜʭʦʜʠ, ʷʢʽ ʜʦʟʚʦʣʝʥʽ 

ʜʦ ʚʠʚʝʟʝʥʥʷ ʥʘ ʧʦʣʽʛʦʥʠ ʊʇɺ, ʟʙʠʨʘʶʪʴʩʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʶʪʴʩʷ ʦʢʨʝʤʦ ʚʽʜ 

ʟʤʽʰʘʥʠʭ ʊʇɺ.   

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʤʽʰʘʥʠʭ ʊʇɺ, ʚʠʚʝʟʝʥʠʭ ʥʘ ʧʦʣʽʛʦʥ ʊʇɺ 

ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ ʧʨʦʪʷʛʦʤ ʜʦʩʣʽʜʞʝʥʴ ʚ ʣʶʪʦʤʫ 2017 ʨ., ʩʢʣʘʜʘʣʘ - 5863,64 

ʪ. ɿʘ ʮʝʡ ʧʝʨʽʦʜ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʥʘʩʪʫʧʥʠʡ ʚʤʽʩʪ 

ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: ʚʪʦʨʠʥʥʘ ʩʠʨʦʚʠʥʘ - 1871,1 ʪ, ʦʨʛʘʥʽʯʥʽ ʚʽʜʭʦʜʠ - 

2691,4 ʪ, ʥʝʙʝʟʧʝʯʥʽ ʚʽʜʭʦʜʠ ʪʘ ʚʽʜʭʦʜʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʽ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ  - 77,4 ʪ, ʥʝʩʦʨʪʦʚʘʥʠʡ ʟʘʣʠʰʦʢ - 231,6 ʪ. ʄʘʩʦʚʠʡ ʙʘʣʘʥʩ 

ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʛʨʫʧʘʤʠ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ ʚ ʣʶʪʦʤʫ 

2017 ʨʦʢʫ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 5.2.  
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ʊʘʙʣʠʮʷ 5.2. ʄʘʩʦʚʠʡ ʙʘʣʘʥʩ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʛʨʫʧʘʤʠ 

ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ (ʤ. ʍʤʝʣʴʥʠʮʴʢʽʡ, ʣʶʪʠʡ 2017 ʨ.)  

 ̄ ʅʘʟʚʘ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʛʨʫʧʠ 
ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʛʨʫʧʘʤʠ 

% ʪ 

1 ʂʘʨʪʦʥ ʪʘ ʧʘʧʽʨ  11,95 700,71 

2 ʉʢʣʦ ʪʘ ʢʝʨʘʤʽʢʘ  10,81 633,86 

3 ʄʝʪʘʣʠ  0,93 54,53 

4 ʇʣʘʩʪʤʘʩʠ  9,15 536,52 

5 
ɺʽʜʭʦʜʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 
0,08 4,69 

6 ʆʨʛʘʥʽʯʥʽ ʚʽʜʭʦʜʠ  45,89 2691,41 

7 
*ɹʫʜʽʚʝʣʴʥʽ ʪʘ ʨʝʤʦʥʪʥʽ 

ʚʽʜʭʦʜʠ  
15,99 937,6 

8 ʅʝʙʝʟʧʝʯʥʽ ʚʽʜʭʦʜʠ  1,24 72,71 

9  ɯʥʰʽ  3,96 231,61 

 ʈʘʟʦʤ  5863,64 

ʇʨʠʤʽʪʢʠ: *- ʚʽʜʭʦʜʠ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ 

 

ʅʘʪʫʨʥʽ ʧʦʣʴʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʫ 

ʪʨʘʚʥʽ 2017 ʨʦʢʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʪʽʻʾ ʩʘʤʦʾ, ʱʦ ʽ ʫ ʧʦʧʝʨʝʜʥʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ, 

ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʣʷʥʢʠ ʧʦʣʽʛʦʥʫ ʊʇɺ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ. ɺʩʴʦʛʦ ʙʫʣʦ 

ʚʽʜʽʙʨʘʥʦ 36 ʧʨʦʙ ʊʇɺ ʚʘʛʦʶ ʥʝ ʤʝʥʰʝ 50 ʢʛ ʢʦʞʥʘ.  

ɿʛʽʜʥʦ ʟʜʽʡʩʥʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʊʇɺ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 5.3 ʪʘ ʥʘ ʨʠʩ. 5.2, ʥʘʡʙʽʣʴʰʠʡ 

ʚʤʽʩʪ ʟʘ ʤʘʩʦʶ ʟʤʽʰʘʥʠʭ ʊʇɺ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʝʨʽʦʜ ʥʘʣʝʞʘʚ ʦʨʛʘʥʽʯʥʠʤ 

ʚʽʜʭʦʜʘʤ ʽ ʩʢʣʘʜʘʚ ʚ ʩʝʨʝʜʥʴʦʤʫ - 45,26 %, ʩʝʨʝʜ ʷʢʠʭ ʚʦʣʦʛʽ ʙʽʦʜʦʩʪʫʧʥʽ 

ʭʘʨʯʦʚʽ ʨʝʯʦʚʠʥʠ (ʨʦʩʣʠʥʥʘ ʪʘ ʥʝʨʦʩʣʠʥʥʘ ʾʞʘ) ʩʪʘʥʦʚʠʣʠ - 33,49 %. 

ʅʝʩʦʨʪʦʚʘʥʠʡ ʪʘ ʥʝʢʣʘʩʠʬʽʢʦʚʘʥʠʡ ʟʘʣʠʰʦʢ ʊʇɺ ʜʦʨʽʚʥʶʚʘʚ - 4,14 %, 

ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʛʦʨʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ - 69,26 %.  

ɺʤʽʩʪ ʢʘʨʪʦʥʫ ʪʘ ʧʘʧʝʨʫ, ʘ ʪʘʢʦʞ ʢʦʤʧʦʟʠʪʥʦʛʦ ʧʘʧʝʨʫ ʫ ʟʘʛʘʣʴʥʽʡ ʤʘʩʽ 

ʟʤʽʰʘʥʠʭ ʊʇɺ ʩʢʣʘʜʘʚ - 11,91 %, ʧʨʠ ʮʴʦʤʫ ʧʨʠʙʣʠʟʥʦ 50 % ʢʘʨʪʦʥʫ ʪʘ 

ʧʘʧʝʨʫ ʙʫʣʠ ʟʘʙʨʫʜʥʝʥʽ ʙʽʦʜʦʩʪʫʧʥʠʤʠ ʭʘʨʯʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ ʪʘ ʥʘʩʠʯʝʥʽ 

ʚʦʣʦʛʦʶ. ɿʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʩʢʣʘ ʚ ʟʤʽʰʘʥʠʭ ʊʇɺ  ʩʪʘʥʦʚʠʚ - 14,51 %, ʩʢʣʷʥʠʭ 

ʧʣʷʰʦʢ - 12,96 %,  ʧʣʘʩʪʤʘʩ - 11,0 %.  
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ʊʘʙʣʠʮʷ 5.3. ʋʟʘʛʘʣʴʥʝʥʠʡ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʊʇɺ (ʟʘ ʤʘʩʦʶ) ʫ 

ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʧʦʣʽʛʦʥʽ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ 

 ̄

ʅʘʟʚʘ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʫ 

ʊʇɺ 

ɺʤʽʩʪ 

ʢʦʤʧʦʥʝʥʪʫ, 

% 

ɺʤʽʩʪ  

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ, % 

1 ʂʘʨʪʦʥ ʪʘ ʧʘʧʽʨ  

ʂʘʨʪʦʥ 3,30 

11,91 ʇʘʧʽʨ 3,48 

ʂʦʤʧʦʟʠʪʥʠʡ ʧʘʧʽʨ 5,13 

2 
ʉʢʣʦ ʪʘ 

ʢʝʨʘʤʽʢʘ  

ʉʢʣʷʥʽ ʧʣʷʰʢʠ ʙʽʣʽ ʪʘ ʧʨʦʟʦʨʽ 7,65 

14,90 

ʉʢʣʷʥʽ ʧʣʷʰʢʠ ʢʦʣʴʦʨʦʚʽ 5,31 

ɺʽʢʦʥʥʝ ʩʢʣʦ 0,98 

ʂʝʨʘʤʽʢʘ 0,39 

ɯʥʰʽ ʚʠʜʠ ʩʢʣʘ 0,57 

3 ʄʝʪʘʣʠ  
ʏʦʨʥʽ ʤʝʪʘʣʠ 0,37 

1,82 
ʂʦʣʴʦʨʦʚʽ ʤʝʪʘʣʠ 1,44 

4 ʇʣʘʩʪʤʘʩʠ  

PET-ʧʣʷʰʢʠ 6,78 

11,00 

HDPE-ʢʦʥʪʝʡʥʝʨʠ 1,34 

ɯʥʰʽ ʧʣʘʩʪʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ 1,97 

ʈʈ-ʧʣʘʩʪʠʢ 0,80 

ʂʦʤʧʦʟʠʪʥʠʡ ʧʣʘʩʪʠʢ 0,11 

5 

ɺʽʜʭʦʜʠ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ  

ʅʝʚʝʣʠʢʘ ʧʦʙʫʪʦʚʘ ʪʝʭʥʽʢʘ 0,59 

0,73 
ʂʦʤʧôʶʪʝʨʥʘ ʪʝʭʥʽʢʘ 0,14 
ʊʝʣʝʚʽʟʦʨʠ ʪʘ ʽʥʰʽ ʧʨʠʣʘʜʠ ʟ 

ʝʣʝʢʪʨ.-ʧʨʦʤʝʥʝʚʦʶ ʪʨʫʙʢʦʶ 
ʚʽʜʩ. 

6 
ʆʨʛʘʥʽʯʥʽ 

ʚʽʜʭʦʜʠ  

ʈʦʩʣʠʥʥʘ ʾʞʘ 26,60 
33,49 

ʅʝʨʦʩʣʠʥʥʘ ʾʞʘ 6,89 

ʆʧʘʣʝ ʣʠʩʪʷ ʪʘ ʪʨʘʚʘ 4,10 
6,58 

ɻʽʣʢʠ ʪʘ ʨʦʩʣʠʥʥʘ ʜʝʨʝʚʠʥʘ 2,48 

ʊʝʢʩʪʠʣʴ 5,19 5,19 

7 

*ɹʫʜʽʚʝʣʴʥʽ ʪʘ 

ʨʝʤʦʥʪʥʽ 

ʚʽʜʭʦʜʠ  

ɹʝʪʦʥ 0,13 

7,08 

ɸʩʬʘʣʴʪ ʚʽʜʩ. 

ʇʠʣʦʤʘʪʝʨʽʘʣʠ 0,51 

ɻʽʧʩʦʢʘʨʪʦʥ 0,95 

ˆʨʫʥʪʠ 0,96 

ɿʤʽʰʘʥʽ ʚʽʜʭʦʜʠ ʙʫʜʽʚʥʠʮʪʚʘ 4,54 

8 
ʅʝʙʝʟʧʝʯʥʽ 

ʚʽʜʭʦʜʠ  

ʌʘʨʙʘ 0,35 

2,07 

ɺʽʜʭʦʜʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

ʪʘ ʾʭ ʦʙʣʘʜʥʘʥʥʷ 
1,44 

ɺʽʜʧʨʘʮʴʦʚʘʥʽ ʤʘʩʣʘ ʚʽʜʩ. 

ɸʢʫʤʫʣʷʪʦʨʠ 0,29 
ɿʤʽʰʘʥʽ ʰʢʽʜʣʠʚʽ ʧʦʙʫʪʦʚʽ 

ʟʘʩʦʙʠ 
ʚʽʜʩ. 

9 
ɺʝʣʠʢʦʛʘʙʘʨʠʪʥ

ʽ ʚʽʜʭʦʜʠ  
ɺʝʣʠʢʦʛʘʙʘʨʠʪʥʽ ʚʽʜʭʦʜʠ 1,09 1,09 

10  ɯʥʰʽ  ʅʝʩʦʨʪʦʚʘʥʠʡ ʟʘʣʠʰʦʢ 4,14 4,14 

ʇʨʠʤʽʪʢʠ: *- ʚʽʜʭʦʜʠ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ 
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ʈʠʩ. 5.2. ʋʟʘʛʘʣʴʥʝʥʠʡ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʊʇɺ ʫ ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ 

ʜʦʩʣʽʜʞʝʥʴ (ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ) 

 

ʇʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʩʪʘʥʜʘʨʪʥʘ ʧʦʭʠʙʢʘ ʩʝʨʽʾ ʚʠʤʽʨʶʚʘʥʴ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʩʢʣʘʜʘʣʘ - 1,15, ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ ï ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 5 %. 

ʋ ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʴ, ʷʢ ʽ ʫ ʟʠʤʦʚʠʡ, ʚ ʧʨʦʙʘʭ ʟʤʽʰʘʥʠʭ ʊʇɺ 

ʙʫʣʠ ʚʽʜʩʫʪʥʽ ʪʝʣʝʚʽʟʦʨʠ ʪʘ ʘʥʘʣʦʛʽʯʥʽ ʧʨʠʣʘʜʠ, ʦʧʘʣʝ ʣʠʩʪʷ ʽ ʪʨʘʚʠ, ʘʩʬʘʣʴʪ ʽ 

ˇʨʫʥʪʠ, ʘʢʫʤʫʣʷʪʦʨʠ ʽ ʟʤʽʰʘʥʽ ʰʢʽʜʣʠʚʽ ʧʦʙʫʪʦʚʽ ʟʘʩʦʙʠ.  

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʤʽʰʘʥʠʭ ʊʇɺ, ʷʢʫ ʙʫʣʦ ʚʠʚʝʟʝʥʦ ʥʘ ʧʦʣʽʛʦʥ ʊʇɺ  

ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʝʨʽʦʜʫ ʫ ʪʨʘʚʥʽ 2017 ʨ. ʩʪʘʥʦʚʠʚ - 

7345,0 ʪ. ɿʘ ʮʝʡ ʧʝʨʽʦʜ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʥʘʩʪʫʧʥʫ 

ʢʽʣʴʢʽʩʪʴ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: ʚʪʦʨʠʥʥʘ ʩʠʨʦʚʠʥʘ - 1682,8 ʪ, ʦʨʛʘʥʽʯʥʽ 

ʚʽʜʭʦʜʠ - 3324,3 ʪ, ʥʝʙʝʟʧʝʯʥʽ ʚʽʜʭʦʜʠ ʪʘ ʚʽʜʭʦʜʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʽ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ  - 152,0 ʪ, ʥʝʩʦʨʪʦʚʘʥʠʡ ʟʘʣʠʰʦʢ - 304,1 ʪ. ʄʘʩʦʚʠʡ 

ʙʘʣʘʥʩ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʛʨʫʧʘʤʠ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ ʚ 

ʪʨʘʚʥʽ 2017 ʨʦʢʫ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 5.4.  
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ʊʘʙʣʠʮʷ 5.4. ʄʘʩʦʚʠʡ ʙʘʣʘʥʩ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʛʨʫʧʘʤʠ 

ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ (ʤ. ʍʤʝʣʴʥʠʮʴʢʽʡ, ʪʨʘʚʝʥʴ 2017 ʨ.) 

 ̄ ʅʘʟʚʘ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʛʨʫʧʠ 
ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʛʨʫʧʘʤʠ 

% ʪ 

1 ʂʘʨʪʦʥ ʪʘ ʧʘʧʽʨ  11,91 874,8 

2 ʉʢʣʦ ʪʘ ʢʝʨʘʤʽʢʘ  14,90 1094,4 

3 ʄʝʪʘʣʠ  1,82 133,7 

4 ʇʣʘʩʪʤʘʩʠ  11,00 808,0 

5 
ɺʽʜʭʦʜʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 
0,73 53,6 

6 ʆʨʛʘʥʽʯʥʽ ʚʽʜʭʦʜʠ  45,26 3324,3 

7 
*ɹʫʜʽʚʝʣʴʥʽ ʪʘ ʨʝʤʦʥʪʥʽ 

ʚʽʜʭʦʜʠ  
7,08 520,0 

8 ʅʝʙʝʟʧʝʯʥʽ ʚʽʜʭʦʜʠ  2,07 152,0 

9 ɺʝʣʠʢʦʛʘʙʘʨʠʪʥʽ ʚʽʜʭʦʜʠ 1,09 80,1 

10  ɯʥʰʽ  4,14 304,1 

 ʈʘʟʦʤ  7345,00 

ʇʨʠʤʽʪʢʠ: *- ʚʽʜʭʦʜʠ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ 

 

ʅʘʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʘʥʘʣʦʛʽʯʥʦ 

ʧʦʧʝʨʝʜʥʽʤ ʫ ʣʠʧʥʽ 2017 ʨʦʢʫ ʥʘ ʪʽʡ ʞʝ ʜʽʣʷʥʮʽ ʧʦʣʽʛʦʥʫ ʊʇɺ 

ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ. ɺʩʴʦʛʦ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ 30 ʧʨʦʙ ʊʇɺ ʚʘʛʦʶ ʥʝ ʤʝʥʰʝ, ʥʽʞ 

50 ʢʛ ʢʦʞʥʘ. ʆʜʝʨʞʘʥʽ ʧʨʠ ʮʴʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʟʚʝʜʝʥʦ ʫ ʪʘʙʣ. 5.5 ʪʘ ʥʘ ʨʠʩ. 

5.3. 

ʊʘʙʣʠʮʷ 5.5. ʋʟʘʛʘʣʴʥʝʥʠʡ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʊʇɺ (ʟʘ ʤʘʩʦʶ) ʫ 

ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʧʦʣʽʛʦʥʽ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ 

 ̄

ʅʘʟʚʘ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʫ ʊʇɺ 

ɺʤʽʩʪ 

ʢʦʤʧʦʥʝʥʪʫ, 

% 

ɺʤʽʩʪ  

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ, % 

1 ʂʘʨʪʦʥ ʪʘ ʧʘʧʽʨ  

ʂʘʨʪʦʥ 1,91 

6,79 ʇʘʧʽʨ 1,38 

ʂʦʤʧʦʟʠʪʥʠʡ ʧʘʧʽʨ 3,50 

2 ʉʢʣʦ ʪʘ ʢʝʨʘʤʽʢʘ  

ʉʢʣʷʥʽ ʧʣʷʰʢʠ ʙʽʣʽ ʪʘ ʧʨʦʟʦʨʽ 7,90 

17,87 

ʉʢʣʷʥʽ ʧʣʷʰʢʠ ʢʦʣʴʦʨʦʚʽ 7,51 

ɺʽʢʦʥʥʝ ʩʢʣʦ ʚʽʜʩ. 

ʂʝʨʘʤʽʢʘ 1,45 

ɯʥʰʽ ʚʠʜʠ ʩʢʣʘ 1,02 

3 ʄʝʪʘʣʠ  ʏʦʨʥʽ ʤʝʪʘʣʠ 0,13 1,04 
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 ̄

ʅʘʟʚʘ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʫ ʊʇɺ 

ɺʤʽʩʪ 

ʢʦʤʧʦʥʝʥʪʫ, 

% 

ɺʤʽʩʪ  

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ, % 

ʂʦʣʴʦʨʦʚʽ ʤʝʪʘʣʠ 0,90 

4 ʇʣʘʩʪʤʘʩʠ  

PET-ʧʣʷʰʢʠ 5,28 

11,04 

HDPE-ʢʦʥʪʝʡʥʝʨʠ 1,25 

ɯʥʰʽ ʧʣʘʩʪʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ 3,53 

ʈʈ-ʧʣʘʩʪʠʢ 0,37 

ʂʦʤʧʦʟʠʪʥʠʡ ʧʣʘʩʪʠʢ 0,60 

5 

ɺʽʜʭʦʜʠ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ  

ʅʝʚʝʣʠʢʘ ʧʦʙʫʪʦʚʘ ʪʝʭʥʽʢʘ 0,35 

0,46 ʂʦʤʧôʶʪʝʨʥʘ ʪʝʭʥʽʢʘ ʚʽʜʩ. 

ʊʝʣʝʚʽʟʦʨʠ ʪʘ ʽʥʰʽ ʧʨʠʣʘʜʠ ʟ 

ʝʣʝʢʪʨ.-ʧʨʦʤʝʥʝʚʦʶ ʪʨʫʙʢʦʶ 
0,12 

6 
ʆʨʛʘʥʽʯʥʽ 

ʚʽʜʭʦʜʠ  

ʈʦʩʣʠʥʥʘ ʾʞʘ 15,19 
16,58 

ʅʝʨʦʩʣʠʥʥʘ ʾʞʘ 1,39 

ʆʧʘʣʝ ʣʠʩʪʷ ʪʘ ʪʨʘʚʘ 8,63 
12,94 

ɻʽʣʢʠ ʪʘ ʨʦʩʣʠʥʥʘ ʜʝʨʝʚʠʥʘ 4,31 

ʊʝʢʩʪʠʣʴ 14,46 14,46 

7 
*ɹʫʜʽʚʝʣʴʥʽ ʪʘ 

ʨʝʤʦʥʪʥʽ ʚʽʜʭʦʜʠ  

ɹʝʪʦʥ 0,15 

12,92 

ɸʩʬʘʣʴʪ ʚʽʜʩ. 

ʇʠʣʦʤʘʪʝʨʽʘʣʠ 0,80 

ɻʽʧʩʦʢʘʨʪʦʥ 3,05 

ˆʨʫʥʪʠ ʚʽʜʩ. 

ɿʤʽʰʘʥʽ ʚʽʜʭʦʜʠ ʙʫʜʽʚʥʠʮʪʚʘ 8,92 

8 
ʅʝʙʝʟʧʝʯʥʽ 

ʚʽʜʭʦʜʠ  

ʌʘʨʙʘ 0,12 

1,52 

ɺʽʜʭʦʜʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

ʪʘ ʾʭ ʦʙʣʘʜʥʘʥʥʷ 
0,64 

ɺʽʜʧʨʘʮʴʦʚʘʥʽ ʤʘʩʣʘ 0,24 

ɸʢʫʤʫʣʷʪʦʨʠ ʚʽʜʩ. 

ɿʤʽʰʘʥʽ ʰʢʽʜʣʠʚʽ ʧʦʙʫʪʦʚʽ 

ʟʘʩʦʙʠ 
0,51 

9 
ɺʝʣʠʢʦʛʘʙʘʨʠʪʥʽ 

ʚʽʜʭʦʜʠ  
ɺʝʣʠʢʦʛʘʙʘʨʠʪʥʽ ʚʽʜʭʦʜʠ ʚʽʜʩ. 0,00 

10  ɯʥʰʽ  ʅʝʩʦʨʪʦʚʘʥʠʡ ʟʘʣʠʰʦʢ 4,38 4,38 

ʇʨʠʤʽʪʢʠ: *- ʚʽʜʭʦʜʠ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ  

 

ɿʛʽʜʥʦ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʟʘʛʘʣʴʥʽʡ ʤʘʩʽ ʟʤʽʰʘʥʠʭ ʊʇɺ ʧʨʦʪʷʛʦʤ 

ʣʽʪʥʴʦʛʦ ʮʠʢʣʫ ʜʦʩʣʽʜʞʝʥʴ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʙʫʚ 

ʥʘʩʪʫʧʥʠʤ: ʦʨʛʘʥʽʯʥʽ ʚʽʜʭʦʜʠ ï 43,98 %, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʦʣʦʛʽ ʙʽʦʜʦʩʪʫʧʥʽ 

ʭʘʨʯʦʚʽ ʚʽʜʭʦʜʠ (ʨʦʩʣʠʥʥʘ ʪʘ ʥʝʨʦʩʣʠʥʥʘ ʾʞʘ) - 16,58 %; ʥʝʩʦʨʪʦʚʘʥʠʡ ʪʘ 

ʥʝʢʣʘʩʠʬʽʢʦʚʘʥʠʡ ʟʘʣʠʰʦʢ ʊʇɺ ʧʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ - 4,38 %, 

ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʛʦʨʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ - 61,81 %.  
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ʈʠʩ. 5.3. ʋʟʘʛʘʣʴʥʝʥʠʡ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʊʇɺ ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʴ   

(ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ) 

 

ɺʤʽʩʪ ʢʘʨʪʦʥʫ ʪʘ ʧʘʧʝʨʫ, ʘ ʪʘʢʦʞ ʢʦʤʧʦʟʠʪʥʦʛʦ ʧʘʧʝʨʫ ʚ ʟʘʛʘʣʴʥʽʡ ʤʘʩʽ 

ʟʤʽʰʘʥʠʭ ʊʇɺ ʩʢʣʘʜʘʚ - 6,79 %, ʧʨʠ ʮʴʦʤʫ ʙʽʣʷ 30 % ʢʘʨʪʦʥʫ ʪʘ ʧʘʧʝʨʫ ʙʫʣʠ 

ʟʘʙʨʫʜʥʝʥʽ ʙʽʦʜʦʩʪʽʧʥʠʤʠ ʭʘʨʯʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ ʪʘ ʥʘʩʠʯʝʥʽ ʚʦʣʦʛʦʶ. 

ɿʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʩʢʣʘ ʚ ʟʤʽʰʘʥʠʭ ʊʇɺ  ʜʦʨʽʚʥʶʚʘʚ - 16,43 %, ʩʢʣʷʥʠʭ ʧʣʷʰʦʢ 

- 15,41 %,  ʧʣʘʩʪʤʘʩ - 11,04 %.  

ʉʪʘʥʜʘʨʪʥʘ ʧʦʭʠʙʢʘ ʩʝʨʽʾ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʧʨʦʪʷʟʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʩʢʣʘʜʘʣʘ - 2,92, ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ ï ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 5 %. 

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʤʽʰʘʥʠʭ ʊʇɺ, ʚʠʚʝʟʝʥʘ ʥʘ ʧʦʣʽʛʦʥ ʊʇɺ  

ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ ʧʨʦʪʷʛʦʤ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʫ ʣʠʧʥʽ 2017 ʨ., ʩʪʘʥʦʚʠʣʘ - 

1501,53ʪ. ɺ ʮʝʡ ʧʝʨʽʦʜ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ ʚʪʦʨʠʥʥʘ ʩʠʨʦʚʠʥʘ ʩʢʣʘʜʘʣʘ - 

551,66  ʪ, ʦʨʛʘʥʽʯʥʽ ʚʽʜʭʦʜʠ - 660,67 ʪ, ʥʝʙʝʟʧʝʯʥʽ ʚʽʜʭʦʜʠ ʪʘ ʚʽʜʭʦʜʠ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ  - 6,91 ʪ, ʥʝʩʦʨʪʦʚʘʥʠʡ ʟʘʣʠʰʦʢ - 

65,77 ʪ. ʄʘʩʦʚʠʡ ʙʘʣʘʥʩ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʛʨʫʧʘʤʠ ʫ ʩʢʣʘʜʽ 

ʟʤʽʰʘʥʠʭ ʊʇɺ ʫ ʣʠʧʥʽ 2017 ʨʦʢʫ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 5.6.  
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ʊʘʙʣʠʮʷ 5.6. ʄʘʩʦʚʠʡ ʙʘʣʘʥʩ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʛʨʫʧʘʤʠ 

ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ (ʤ. ʍʤʝʣʴʥʠʮʴʢʽʡ, ʣʠʧʝʥʴ 2017 ʨ.) 

 ̄ ʅʘʟʚʘ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʛʨʫʧʠ 
ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʛʨʫʧʘʤʠ 

% ʪ 

1 ʂʘʨʪʦʥ ʪʘ ʧʘʧʽʨ  6,79 101,95 

2 ʉʢʣʦ ʪʘ ʢʝʨʘʤʽʢʘ  17,87 268,32 

3 ʄʝʪʘʣʠ  1,04 15,62 

4 ʇʣʘʩʪʤʘʩʠ  11,04 165,77 

5 
ɺʽʜʭʦʜʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 
0,46 6,91 

6 ʆʨʛʘʥʽʯʥʽ ʚʽʜʭʦʜʠ  43,98 660,37 

7 
*ɹʫʜʽʚʝʣʴʥʽ ʪʘ ʨʝʤʦʥʪʥʽ 

ʚʽʜʭʦʜʠ  
12,92 194,00 

8 ʅʝʙʝʟʧʝʯʥʽ ʚʽʜʭʦʜʠ  1,52 22,82 

9 ɺʝʣʠʢʦʛʘʙʘʨʠʪʥʽ ʚʽʜʭʦʜʠ 0,00 0,00 

10  ɯʥʰʽ  4,38 65,77 

 ʈʘʟʦʤ  1501,53 

ʇʨʠʤʽʪʢʠ: *- ʚʽʜʭʦʜʠ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ 

 

ʅʘʪʫʨʥʽ ʧʦʣʴʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʩʽʥʥʽʡ ʧʝʨʽʦʜ ʪʘʢ ʩʘʤʦ ʙʫʣʠ ʟʜʽʡʩʥʝʥʽ 

ʥʘ ʪʝʨʠʪʦʨʽʾ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʣʷʥʢʠ ʧʦʣʽʛʦʥʫ ʊʇɺ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ ʫ ʚʝʨʝʩʥʽ 

2017 ʨʦʢʫ. ɺʩʴʦʛʦ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ 28 ʧʨʦʙ ʊʇɺ ʚʘʛʦʶ ʥʝ ʤʝʥʰʝ, ʥʽʞ 50 ʢʛ 

ʢʦʞʥʘ.   

ʆʜʝʨʞʘʥʽ ʧʨʠ ʮʴʦʤʫ ʫʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʪʫʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʊʇɺ  ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 5.7 ʪʘ ʥʘ ʨʠʩ. 5.4.   

 ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ ʫ ʟʘʛʘʣʴʥʽʡ ʤʘʩʽ ʟʤʽʰʘʥʠʭ ʊʇɺ ʚ  ʦʩʽʥʥʽʡ 

ʧʝʨʽʦʜ ʥʘʡʙʽʣʴʰʠʡ ʚʤʽʩʪ ʩʪʘʥʦʚʠʣʠ ʦʨʛʘʥʽʯʥʽ ʚʽʜʭʦʜʠ, ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʷʢʠʭ 

ʜʦʨʽʚʥʶʚʘʚ ï 45,05 %, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʦʣʦʛʽ ʙʽʦʜʦʩʪʫʧʥʽ ʭʘʨʯʦʚʽ ʚʽʜʭʦʜʠ 

(ʨʦʩʣʠʥʥʘ ʪʘ ʥʝʨʦʩʣʠʥʥʘ ʾʞʘ) - 24,64 %; ʥʝʩʦʨʪʦʚʘʥʠʡ ʪʘ ʥʝʢʣʘʩʠʬʽʢʦʚʘʥʠʡ 

ʟʘʣʠʰʦʢ ʊʇɺ ʧʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ - 11,88 %, ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ 

ʛʦʨʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ - 63,15 %.  
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ʊʘʙʣʠʮʷ 5.7. ʋʟʘʛʘʣʴʥʝʥʠʡ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʊʇɺ (ʟʘ ʤʘʩʦʶ) ʚ 

ʦʩʽʥʥʽʡ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʧʦʣʽʛʦʥʽ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ 

 ̄

ʅʘʟʚʘ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʫ ʊʇɺ 

ɺʤʽʩʪ 

ʢʦʤʧʦʥʝʥʪʫ, 

% 

ɺʤʽʩʪ  

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ, % 

1 ʂʘʨʪʦʥ ʪʘ ʧʘʧʽʨ  

ʂʘʨʪʦʥ 2,13 

7,92 ʇʘʧʽʨ 1,00 

ʂʦʤʧʦʟʠʪʥʠʡ ʧʘʧʽʨ 4,78 

2 ʉʢʣʦ ʪʘ ʢʝʨʘʤʽʢʘ  

ʉʢʣʷʥʽ ʧʣʷʰʢʠ ʙʽʣʽ ʪʘ ʧʨʦʟʦʨʽ 6,82 

13,34 

ʉʢʣʷʥʽ ʧʣʷʰʢʠ ʢʦʣʴʦʨʦʚʽ 5,30 

ɺʽʢʦʥʥʝ ʩʢʣʦ ʚʽʜʩ. 

ʂʝʨʘʤʽʢʘ 0,67 

ɯʥʰʽ ʚʠʜʠ ʩʢʣʘ 0,55 

3 ʄʝʪʘʣʠ  
ʏʦʨʥʽ ʤʝʪʘʣʠ 0,64 

1,19 
ʂʦʣʴʦʨʦʚʽ ʤʝʪʘʣʠ 0,55 

4 ʇʣʘʩʪʤʘʩʠ  

PET-ʧʣʷʰʢʠ 4,23 

10,20 

HDPE-ʢʦʥʪʝʡʥʝʨʠ 1,80 

ɯʥʰʽ ʧʣʘʩʪʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ 2,34 

ʈʈ-ʧʣʘʩʪʠʢ 1,16 

ʂʦʤʧʦʟʠʪʥʠʡ ʧʣʘʩʪʠʢ 0,67 

5 

ɺʽʜʭʦʜʠ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ  

ʅʝʚʝʣʠʢʘ ʧʦʙʫʪʦʚʘ ʪʝʭʥʽʢʘ ʚʽʜʩ. 

 
ʂʦʤʧôʶʪʝʨʥʘ ʪʝʭʥʽʢʘ ʚʽʜʩ. 

ʊʝʣʝʚʽʟʦʨʠ ʪʘ ʽʥʰʽ ʧʨʠʣʘʜʠ ʟ 

ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʶ 

ʨʫʙʢʦʶ 

ʚʽʜʩ. 

6 
ʆʨʛʘʥʽʯʥʽ 

ʚʽʜʭʦʜʠ  

ʈʦʩʣʠʥʥʘ ʾʞʘ 20,83 
24,64 

ʅʝʨʦʩʣʠʥʥʘ ʾʞʘ 3,81 

ʆʧʘʣʝ ʣʠʩʪʷ ʪʘ ʪʨʘʚʘ 2,62 
8,68 

ɻʽʣʢʠ ʪʘ ʨʦʩʣʠʥʥʘ ʜʝʨʝʚʠʥʘ 6,06 

ʊʝʢʩʪʠʣʴ 11,72 11,72 

7 
*ɹʫʜʽʚʝʣʴʥʽ ʪʘ 

ʨʝʤʦʥʪʥʽ ʚʽʜʭʦʜʠ  

ɹʝʪʦʥ ʚʽʜʩ. 

9,87 

ɸʩʬʘʣʴʪ 0,00 

ʇʠʣʦʤʘʪʝʨʽʘʣʠ 0,49 

ɻʽʧʩʦʢʘʨʪʦʥ 2,80 

ˆʨʫʥʪʠ 0,37 

ɿʤʽʰʘʥʽ ʚʽʜʭʦʜʠ ʙʫʜʽʚʥʠʮʪʚʘ 6,21 

8 
ʅʝʙʝʟʧʝʯʥʽ 

ʚʽʜʭʦʜʠ  

ʌʘʨʙʘ ʚʽʜʩ. 

0,58 

ɺʽʜʭʦʜʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

ʪʘ ʾʭ ʦʙʣʘʜʥʘʥʥʷ 
ʚʽʜʩ. 

ɺʽʜʧʨʘʮʴʦʚʘʥʽ ʤʘʩʣʘ 0,27 

ɸʢʫʤʫʣʷʪʦʨʠ ʚʽʜʩ. 

ɿʤʽʰʘʥʽ ʰʢʽʜʣʠʚʽ ʧʦʙʫʪʦʚʽ 

ʟʘʩʦʙʠ 
0,30 

9 
ɺʝʣʠʢʦʛʘʙʘʨʠʪʥʽ 

ʚʽʜʭʦʜʠ* 
ɺʝʣʠʢʦʛʘʙʘʨʠʪʥʽ ʚʽʜʭʦʜʠ ʚʽʜʩ. 0,00 
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 ̄

ʅʘʟʚʘ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʫ ʊʇɺ 

ɺʤʽʩʪ 

ʢʦʤʧʦʥʝʥʪʫ, 

% 

ɺʤʽʩʪ  

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ, % 

10  ɯʥʰʽ  ʅʝʩʦʨʪʦʚʘʥʠʡ ʟʘʣʠʰʦʢ 11,86 11,86 

ʇʨʠʤʽʪʢʠ: *- ʚʽʜʭʦʜʠ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ  

 

 
ʈʠʩ. 5.4. ʋʟʘʛʘʣʴʥʝʥʠʡ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʊʇɺ ʚ ʦʩʽʥʥʽʡ ʧʝʨʽʦʜ 

ʜʦʩʣʽʜʞʝʥʴ  (ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ) 

 

ɺʤʽʩʪ ʢʘʨʪʦʥʫ ʪʘ ʧʘʧʝʨʫ, ʘ ʪʘʢʦʞ ʢʦʤʧʦʟʠʪʥʦʛʦ ʧʘʧʝʨʫ ʚ ʟʘʛʘʣʴʥʽʡ ʤʘʩʽ 

ʟʤʽʰʘʥʠʭ ʊʇɺ ʜʦʨʽʚʥʶʚʘʚ - 7,92 %, ʧʨʠ ʮʴʦʤʫ ʤʘʡʞʝ 50 % ʢʘʨʪʦʥʫ ʪʘ 

ʧʘʧʝʨʫ ʙʫʣʠ ʟʘʙʨʫʜʥʝʥʽ ʙʽʦʜʦʩʪʽʧʥʠʤʠ ʭʘʨʯʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ ʪʘ ʥʘʩʠʯʝʥʽ 

ʚʦʣʦʛʦʶ. ɿʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʩʢʣʘ ʚ ʟʤʽʰʘʥʠʭ ʊʇɺ  ʜʦʨʽʚʥʶʚʘʚ - 12,12 %, 

ʩʢʣʷʥʠʭ ʧʣʷʰʦʢ - 12,12 %,  ʧʣʘʩʪʤʘʩ - 10,20 %.  

ʉʪʘʥʜʘʨʪʥʘ ʧʦʭʠʙʢʘ ʩʝʨʽʾ ʚʠʤʽʨʶʚʘʥʴ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʢʣʘʜʘʣʘ - 1,41, 

ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ ï ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 5 %. 

ɺ ʧʨʦʙʘʭ ʟʤʽʰʘʥʠʭ ʊʇɺ ʟʘ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ ʤʽʩʪʠʣʦʩʴ: ʘʩʬʘʣʴʪʫ, 

ʙʝʪʦʥʫ, ʚʽʢʦʥʥʦʛʦ ʩʢʣʘ, ʚʽʜʭʦʜʽʚ ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʬʘʨʙ, ʚʽʜʭʦʜʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʾʭ ʦʙʣʘʜʥʘʥʥʷ, ʘʢʫʤʫʣʷʪʦʨʽʚ. 
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ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʤʽʰʘʥʠʭ ʊʇɺ, ʷʢʫ ʙʫʣʦ ʚʠʚʝʟʝʥʦ ʥʘ ʧʦʣʽʛʦʥ ʊʇɺ  

ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ ʟ 4 ʧʦ 8 ʚʝʨʝʩʥʷ 2017 ʨ. ʩʪʘʥʦʚʠʣʘ - 1434,72 ʪ. ɺ ʮʝʡ ʧʝʨʽʦʜ 

ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ ʚʤʽʩʪ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʩʪʘʥʦʚʠʚ - 468,43  ʪ, 

ʦʨʛʘʥʽʯʥʽ ʚʽʜʭʦʜʠ - 646,20 ʪ, ʥʝʙʝʟʧʝʯʥʽ ʚʽʜʭʦʜʠ ʪʘ ʚʽʜʭʦʜʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʽ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ  - 8,32 ʪ, ʥʝʩʦʨʪʦʚʘʥʠʡ ʟʘʣʠʰʦʢ - 170,44 ʪ. ʄʘʩʦʚʠʡ 

ʙʘʣʘʥʩ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʛʨʫʧʘʤʠ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ 

ʧʨʦʪʷʛʦʤ ʚʢʘʟʘʥʦʛʦ ʧʝʨʽʦʜʫ ʫ ʚʝʨʝʩʥʽ 2017 ʨʦʢʫ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 5.8.  

ʊʘʙʣʠʮʷ 5.8. ʄʘʩʦʚʠʡ ʙʘʣʘʥʩ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʛʨʫʧʘʤʠ 

ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ (ʤ. ʍʤʝʣʴʥʠʮʴʢʽʡ, ʚʝʨʝʩʝʥʴ 2017 ʨ.) 

 ̄ ʅʘʟʚʘ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʛʨʫʧʠ 
ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʛʨʫʧʘʤʠ 

% ʪ 

1 ʂʘʨʪʦʥ ʪʘ ʧʘʧʽʨ  7,92 113,63 

2 ʉʢʣʦ ʪʘ ʢʝʨʘʤʽʢʘ  13,34 191,39 

3 ʄʝʪʘʣʠ  1,19 17,07 

4 ʇʣʘʩʪʤʘʩʠ  10,20 146,34 

5 
ɺʽʜʭʦʜʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 
ʚʽʜʩ. ʚʽʜʩ. 

6 ʆʨʛʘʥʽʯʥʽ ʚʽʜʭʦʜʠ  45,04 646,20 

7 
*ɹʫʜʽʚʝʣʴʥʽ ʪʘ ʨʝʤʦʥʪʥʽ 

ʚʽʜʭʦʜʠ  
9,87 141,61 

8 ʅʝʙʝʟʧʝʯʥʽ ʚʽʜʭʦʜʠ  0,58 8,32 

9 ɺʝʣʠʢʦʛʘʙʘʨʠʪʥʽ ʚʽʜʭʦʜʠ 0,00 ʚʽʜʩ. 

10  ɯʥʰʽ  11,86 170,44 

 ʈʘʟʦʤ  1434,72 

ʇʨʠʤʽʪʢʠ: *- ʚʽʜʭʦʜʠ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʪʨʠʤʘʥʠʭ ʥʘ ʧʨʦʪʷʟʽ ʨʽʟʥʠʭ ʩʝʟʦʥʽʚ ʨʦʢʫ ʥʘʪʫʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʩʝʨʝʜʥʴʦʨʽʯʥʠʡ ʚʤʽʩʪ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ  

ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʊʇɺ. ɿ ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 5.9 ʪʘ ʥʘ ʨʠʩ. 5.5. ʜʘʥʠʭ 

ʚʠʜʥʦ, ʱʦ ʦʨʛʘʥʽʯʥʽ ʚʽʜʭʦʜʠ (ʨʦʩʣʠʥʥʘ ʽ ʥʝʨʦʩʣʠʥʥʘ ʾʞʘ, ʦʧʘʣʝ ʣʠʩʪʷ ʽ ʪʨʘʚʘ,   

ʛʽʣʢʠ ʽ ʨʦʩʣʠʥʥʘ ʜʝʨʝʚʠʥʘ, ʪʝʢʩʪʠʣʴ) ʩʪʘʥʦʚʠʣʠ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ ʨʽʢ - 45,05 

%, ʪʦʙʪʦ ʙʣʠʟʴʢʦ ʧʦʣʦʚʠʥʠ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʚʽʜʭʦʜʽʚ. ʄʘʩʦʚʠʡ 

ʩʝʨʝʜʥʴʦʨʽʯʥʠʡ ʚʤʽʩʪ ʢʘʨʪʦʥʫ ʪʘ ʧʘʧʝʨʫ ʜʦʨʽʚʥʶʚʘʚ ï 9,64 %, ʩʢʣʘ ʪʘ 

ʢʝʨʘʤʽʢʠ ï 14,24 %, ʤʝʪʘʣʽʚ -  1,24 %, ʧʣʘʩʪʤʘʩʠ -10,35 %, ʝʣʝʢʪʨʦʥʥʦ-
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ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ï 0,32 %, ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï 11,47 %, 

ʥʝʙʝʟʧʝʯʥʠʭ ʪʘ ʽʥʰʠʭ ʚʽʜʭʦʜʽʚ ï 1,16 ʪʘ 6,09 % ʚʽʜʧʦʚʽʜʥʦ. ʂʦʣʠʚʘʥʥʷ ʚʤʽʩʪʫ 

ʢʘʨʪʦʥʫ, ʧʘʧʝʨʫ, ʩʢʣʘ, ʢʝʨʘʤʽʢʠ ʪʘ ʤʝʪʘʣʽʚ ʧʨʦʪʷʛʦʤ ʦʢʨʝʤʠʭ ʩʝʟʦʥʽʚ ʨʦʢʫ 

ʙʫʣʠ ʥʝʟʥʘʯʥʠʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʝʣʠʢʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ. 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʪʝʢʩʪʠʣʶ ʙʫʚ ʟʘʬʽʢʩʦʚʘʥʠʡ ʫ ʣʽʪʥʽʡ ʪʘ ʦʩʽʥʥʽʡ ʧʝʨʽʦʜʠ. 

ʇʨʠ ʮʴʦʤʫ, ʷʢ ʚʞʝ ʚʢʘʟʫʚʘʣʦʩʴ ʨʘʥʽʰʝ, ʫ ʧʨʦʙʘʭ ʙʫʚ ʚʽʜʩʫʪʥʽʡ ʘʩʬʘʣʴʪ ʪʘ 

ʡʦʛʦ ʬʨʘʛʤʝʥʪʠ. 

ʊʘʙʣʠʮʷ 5.9. ʋʟʘʛʘʣʴʥʝʥʽ ʜʘʥʽ ʱʦʜʦ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʊʇɺ (ʟʘ 

ʤʘʩʦʶ) ʫ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʧʦʣʽʛʦʥʽ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ 

 ̄

ʅʘʟʚʘ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʫ 

ʊʇɺ 

ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʫ ʫ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʴ, 

% 

ɿʠʤʦʚʠʡ  
ɺʝʩʥʷʥʠ

ʡ  
ʃʽʪʥʽʡ  ʆʩʽʥʥʽʡ  

ʉʝʨʝʜʥʴʦ

ʨʽʯʥʠʡ 

1 
ʂʘʨʪʦʥ ʪʘ 

ʧʘʧʽʨ  

ʂʘʨʪʦʥ 2,77 3,30 1,91 2,13 2,53 

ʇʘʧʽʨ 4,14 3,48 1,38 1,00 2,50 

ʂʦʤʧʦʟʠʪʥʠʡ ʧʘʧʽʨ 5,03 5,13 3,50 4,78 4,61 

2 
ʉʢʣʦ ʪʘ 

ʢʝʨʘʤʽʢʘ  

ʉʢʣʷʥʽ ʧʣʷʰʢʠ ʙʽʣʽ ʪʘ 

ʧʨʦʟʦʨʽ 
6,71 7,65 7,90 6,82 7,27 

ʉʢʣʷʥʽ ʧʣʷʰʢʠ ʢʦʣʴʦʨʦʚʽ 3,66 5,31 7,51 5,30 5,45 

ɺʽʢʦʥʥʝ ʩʢʣʦ 0,05 0,98 ʚʽʜʩ. ʚʽʜʩ. 0,26 

ʂʝʨʘʤʽʢʘ 0,21 0,39 1,45 0,67 0,68 

ɯʥʰʽ ʚʠʜʠ ʩʢʣʘ 0,18 0,57 1,02 0,55 0,58 

3 ʄʝʪʘʣʠ  
ʏʦʨʥʽ ʤʝʪʘʣʠ 0,21 0,37 0,13 0,64 0,34 

ʂʦʣʴʦʨʦʚʽ ʤʝʪʘʣʠ 0,72 1,44 0,90 0,55 0,90 

4 ʇʣʘʩʪʤʘʩʠ  

PET-ʧʣʷʰʢʠ 3,38 6,78 5,28 4,23 4,92 

HDPE-ʢʦʥʪʝʡʥʝʨʠ 0,59 1,34 1,25 1,80 1,25 

ɯʥʰʽ ʧʣʘʩʪʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ 3,97 1,97 3,53 2,34 2,95 

ʈʈ-ʧʣʘʩʪʠʢ 0,71 0,80 0,37 1,16 0,76 

ʂʦʤʧʦʟʠʪʥʠʡ ʧʣʘʩʪʠʢ 0,51 0,11 0,60 0,67 0,47 

5 

ɺʽʜʭʦʜʠ 

ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʪʘ ʝʣʝʢʪʨ. 

ʦʙʣʘʜʥʘʥʥʷ  

ʅʝʚʝʣʠʢʘ ʧʦʙʫʪʦʚʘ ʪʝʭʥʽʢʘ 0,06 0,59 0,35 ʚʽʜʩ. 0,25 

ʂʦʤʧôʶʪʝʨʥʘ ʪʝʭʥʽʢʘ 0,02 0,14 0,00 ʚʽʜʩ. 0,04 

ʊʝʣʝʚʽʟʦʨʠ ʪʘ ʽʥʰʽ ʧʨʠʣʘʜʠ 

ʟ ʝʣʝʢʪ.-ʧʨʦʤʝʥ. ʪʨʫʙʢʦʶ 
ʚʽʜʩ. ʚʽʜʩ. 0,12 ʚʽʜʩ. 0,03 

6 
ʆʨʛʘʥʽʯʥʽ 

ʚʽʜʭʦʜʠ  

ʈʦʩʣʠʥʥʘ ʾʞʘ 27,41 26,60 15,19 20,83 22,51 

ʅʝʨʦʩʣʠʥʥʘ ʾʞʘ 5,96 6,89 1,39 3,81 4,51 

ʆʧʘʣʝ ʣʠʩʪʷ ʪʘ ʪʨʘʚʘ 0,00 4,10 8,63 2,62 3,84 

ɻʽʣʢʠ ʪʘ ʨʦʩʣʠʥʥʘ 

ʜʝʨʝʚʠʥʘ 
3,13 2,48 4,31 6,06 4,00 

ʊʝʢʩʪʠʣʴ 9,39 5,19 14,46 11,72 10,19 
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 ̄

ʅʘʟʚʘ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʫ 

ʊʇɺ 

ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʫ ʫ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʴ, 

% 

ɿʠʤʦʚʠʡ  
ɺʝʩʥʷʥʠ

ʡ  
ʃʽʪʥʽʡ  ʆʩʽʥʥʽʡ  

ʉʝʨʝʜʥʴʦ

ʨʽʯʥʠʡ 

7 

*ɹʫʜʽʚʝʣʴʥʽ ʪʘ 

ʨʝʤʦʥʪʥʽ 

ʚʽʜʭʦʜʠ  

ɹʝʪʦʥ 2,32 0,13 0,15 0,00 0,65 

ɸʩʬʘʣʴʪ ʚʽʜʩ. ʚʽʜʩ. ʚʽʜʩ. ʚʽʜʩ. ʚʽʜʩ. 

ʇʠʣʦʤʘʪʝʨʽʘʣʠ 2,21 0,51 0,80 0,49 1,00 

ɻʽʧʩʦʢʘʨʪʦʥ 3,99 0,95 3,05 2,80 2,70 

ˆʨʫʥʪʠ ʚʽʜʩ. 0,96 ʚʽʜʩ. 0,37 0,33 

ɿʤʽʰʘʥʽ ʚʽʜʭʦʜʠ 

ʙʫʜʽʚʥʠʮʪʚʘ 
7,47 4,54 8,92 6,21 6,79 

8 
ʅʝʙʝʟʧʝʯʥʽ 

ʚʽʜʭʦʜʠ  

ʌʘʨʙʘ 0,28 0,35 0,12 ʚʽʜʩ. 0,19 

ɺʽʜʭʦʜʠ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʪʘ ʾʭ ʦʙʣʘʜʥʘʥʥʷ 
0,28 1,44 0,64 ʚʽʜʩ. 0,59 

ɺʽʜʧʨʘʮʴʦʚʘʥʽ ʤʘʩʣʘ 0,67 0,00 0,24 0,27 0,30 

ɸʢʫʤʫʣʷʪʦʨʠ ʚʽʜʩ. 0,29 ʚʽʜʩ. ʚʽʜʩ. 0,07 

ɿʤʽʰʘʥʽ ʰʢʽʜʣʠʚʽ ʧʦʙʫʪʦʚʽ 

ʟʘʩʦʙʠ 
ʚʽʜʩ. ʚʽʜʩ. 0,51 0,30 0,20 

9 
ɺʝʣʠʢʦʛʘʙʘʨʠʪ

ʥʽ ʚʽʜʭʦʜʠ* 
ɺʝʣʠʢʦʛʘʙʘʨʠʪʥʽ ʚʽʜʭʦʜʠ ʚʽʜʩ. 1,09 ʚʽʜʩ. ʚʽʜʩ. 0,27 

10  ɯʥʰʽ  ʅʝʩʦʨʪʦʚʘʥʠʡ ʟʘʣʠʰʦʢ 3,96 4,14 4,38 11,86 6,09 

ʇʨʠʤʽʪʢʠ: *- ʚʽʜʭʦʜʠ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ  

 

 
ʈʠʩ. 5.5. ʉʝʨʝʜʥʴʦʨʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʊʇɺ 

ʫ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʴ  (ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ) 
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ʑʦʜʦ ʦʨʛʘʥʽʯʥʦʾ ʬʨʘʢʮʽʾ, ʪʦ ʟʘ ʦʢʨʝʤʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʚʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʴ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ (ʨʠʩ. 5.6).  

 
ʈʠʩ. 5.6. ʉʝʨʝʜʥʴʦʨʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʦʨʛʘʥʽʯʥʦʾ ʬʨʘʢʮʽʾ  

ʫ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʴ  (ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ) 

ɺʤʽʩʪ ʙʽʦʜʦʩʪʫʧʥʠʭ ʨʝʯʦʚʠʥ, ʟʦʢʨʝʤʘ ʨʦʩʣʠʥʥʦʾ ʪʘ ʥʝʨʦʩʣʠʥʥʦʾ ʾʞʽ, ʙʫʚ 

ʥʘʡʙʽʣʴʰʠʤ ʫ ʟʠʤʦʚʠʡ (33,37 %)  ʪʘ ʚʝʩʥʷʥʠʡ (33,49 %)  ʧʝʨʽʦʜʠ, ʫ ʣʽʪʥʽʡ 

ʩʪʘʥʦʚʠʚ - 16,58 %, ʚ ʦʩʽʥʥʽʡ - 24,64 %. ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʽʥʰʠʭ ʬʨʘʢʮʽʡ, 

ʱʦ ʚʢʣʶʯʘʣʠ ʦʧʘʣʝ ʣʠʩʪʷ, ʪʨʘʚʫ, ʛʽʣʢʠ, ʜʝʨʝʚʠʥʫ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʪʘ 

ʪʝʢʩʪʠʣʴ ʩʧʦʩʪʝʨʽʛʘʚʩʷ  ʧʨʦʪʷʛʦʤ ʣʽʪʘ (27,4 %) ʪʘ ʦʩʝʥʽ (20,4 %), ʟʠʤʦʶ ʚʽʜ 

ʜʦʨʽʚʥʶʚʘʚ - 12,52 %, ʚʝʩʥʦʶ - 11,77 % (ʨʠʩ. 5.6). 

ʋʟʘʛʘʣʴʥʝʥʠʡ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ, ʙʫʜʽʚʝʣʴʥʠʭ ʪʘ ʨʝʤʦʥʪʥʠʭ ʚʽʜʭʦʜʽʚ, 

ʚʠʟʥʘʯʝʥʠʡ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʧʦʣʽʛʦʥʽ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ, 

ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 5.10. 

ʊʘʙʣʠʮʷ 5.10. ʉʝʨʝʜʥʴʦʨʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʊʇɺ 

(ʟʘ ʤʘʩʦʶ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ, ʙʫʜʽʚʝʣʴʥʠʭ ʪʘ ʨʝʤʦʥʪʥʠʭ 

ʚʽʜʭʦʜʽʚ ʫ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʧʦʣʽʛʦʥʽ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ 
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 ̄

ʅʘʟʚʘ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ  

ʢʦʤʧʦʥʝʥʪʫ ʊʇɺ 

ɺʤʽʩʪ 

ʢʦʤʧʦʥʝʥʪʫ, 

 % 

ɺʤʽʩʪ 

ʢʦʤʧʦʥʝʥʪʫ,  

ʪ 

1 ʂʘʨʪʦʥ ʪʘ ʧʘʧʽʨ  

ʂʘʨʪʦʥ 2,45 1094,35 

ʇʘʧʽʨ 2,42 1082,45 

ʂʦʤʧʦʟʠʪʥʠʡ ʧʘʧʽʨ 4,47 1996,03 

2 ʉʢʣʦ ʪʘ ʢʝʨʘʤʽʢʘ  

ʉʢʣʷʥʽ ʧʣʷʰʢʠ ʙʽʣʽ ʪʘ ʧʨʦʟʦʨʽ 7,05 3147,75 

ʉʢʣʷʥʽ ʧʣʷʰʢʠ ʢʦʣʴʦʨʦʚʽ 5,28 2357,57 

ɺʽʢʦʥʥʝ ʩʢʣʦ 0,25 111,49 

ʂʝʨʘʤʽʢʘ 0,66 294,43 

ɯʥʰʽ ʚʠʜʠ ʩʢʣʘ 0,56 251,13 

3 ʄʝʪʘʣʠ  
ʏʦʨʥʽ ʤʝʪʘʣʠ 0,33 146,13 

ʂʦʣʴʦʨʦʚʽ ʤʝʪʘʣʠ 0,87 390,76 

4 ʇʣʘʩʪʤʘʩʠ  

PET-ʧʣʷʰʢʠ 4,77 2129,17 

HDPE-ʢʦʥʪʝʡʥʝʨʠ 1,21 539,06 

ɯʥʰʽ ʧʣʘʩʪʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ 2,86 1278,37 

ʈʈ-ʧʣʘʩʪʠʢ 0,74 329,06 

ʂʦʤʧʦʟʠʪʥʠʡ ʧʣʘʩʪʠʢ 0,46 204,58 

5 

ɺʽʜʭʦʜʠ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ  

ʅʝʚʝʣʠʢʘ ʧʦʙʫʪʦʚʘ ʪʝʭʥʽʢʘ 0,24 108,24 

ʂʦʤʧôʶʪʝʨʥʘ ʪʝʭʥʽʢʘ 0,04 17,32 
ʊʝʣʝʚʽʟʦʨʠ ʪʘ ʽʥʰʽ ʧʨʠʣʘʜʠ, ʟ 

ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʶ 

ʪʨʫʙʢʦʶ 
0,03 12,99 

6 ʆʨʛʘʥʽʯʥʽ ʚʽʜʭʦʜʠ  

ʈʦʩʣʠʥʥʘ ʾʞʘ 21,82 9745,26 

ʅʝʨʦʩʣʠʥʥʘ ʾʞʘ 4,37 1953,82 

ʆʧʘʣʝ ʣʠʩʪʷ ʪʘ ʪʨʘʚʘ 3,72 1661,55 

ɻʽʣʢʠ ʪʘ ʨʦʩʣʠʥʥʘ ʜʝʨʝʚʠʥʘ 3,87 1729,75 

ʊʝʢʩʪʠʣʴ 9,88 4412,05 

7 

ɹʫʜʽʚʝʣʴʥʽ ʪʘ 

ʨʝʤʦʥʪʥʽ  

ʚʽʜʭʦʜʠ  

ɹʝʪʦʥ 0,63 281,44 

ɸʩʬʘʣʴʪ 0,00 0,00 

ʇʠʣʦʤʘʪʝʨʽʘʣʠ 0,97 434,06 

ɻʽʧʩʦʢʘʨʪʦʥ 2,62 1167,96 

ˆʨʫʥʪʠ 0,32 143,97 

ɿʤʽʰʘʥʽ ʚʽʜʭʦʜʠ ʙʫʜʽʚʥʠʮʪʚʘ 6,58 2937,76 

8 ʅʝʙʝʟʧʝʯʥʽ ʚʽʜʭʦʜʠ  

ʌʘʨʙʘ 0,18 81,18 
ɺʽʜʭʦʜʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ 

ʾʭ ʦʙʣʘʜʥʘʥʥʷ 
0,57 255,46 

ɺʽʜʧʨʘʮʴʦʚʘʥʽ ʤʘʩʣʘ 0,29 127,73 

ɸʢʫʤʫʣʷʪʦʨʠ 0,07 31,39 
ɿʤʽʰʘʥʽ ʰʢʽʜʣʠʚʽ ʧʦʙʫʪʦʚʽ 

ʟʘʩʦʙʠ 
0,20 87,68 

9 
ɺʝʣʠʢʦʛʘʙʘʨʠʪʥʽ 

ʚʽʜʭʦʜʠ* 
ɺʝʣʠʢʦʛʘʙʘʨʠʪʥʽ ʚʽʜʭʦʜʠ 0,26 117,99 

10 ʈʝʟʠʥʘ ʪʘ ʰʢʽʨʘ  1,75 779,36 

11 

ɺʝʣʠʢʦʛʘʙʘʨʠʪʥʽ ʚʽʜʭʦʜʠ (ʟʘʚʝʟʝʥʽ ʦʢʨʝʤʠʤ 

ʪʨʘʥʩʧʦʨʪʦʤ) 
2,24 

1000,03 

12 ɹʫʜʽʚʝʣʴʥʽ ʪʘ ʨʝʤʦʥʪʥʽ ʚʽʜʭʦʜʠ (ʟʘʚʝʟʝʥʽ ʦʢʨʝʤʠʤ 0,81 362,16 
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 ̄

ʅʘʟʚʘ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ  

ʢʦʤʧʦʥʝʥʪʫ ʊʇɺ 

ɺʤʽʩʪ 

ʢʦʤʧʦʥʝʥʪʫ, 

 % 

ɺʤʽʩʪ 

ʢʦʤʧʦʥʝʥʪʫ,  

ʪ 

ʪʨʘʥʩʧʦʨʪʦʤ) 

13 ʅʝʩʦʨʪʦʚʘʥʠʡ ʟʘʣʠʰʦʢ 4,16 1856,40 

14 ʈʘʟʦʤ   44660,04 

ʆʢʨʽʤ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʽʜʭʦʜʽʚ ʫ 

ʤ.ʍʤʝʣʴʥʠʮʴʢʠʡ, ʘʥʘʣʦʛʽʯʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʫ ʩʝʨʧʥʽ-ʤʽʩʷʮʽ 

2017 ʨʦʢʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʣʷʥʢʠ ʧʦʣʽʛʦʥʫ ʊʇɺ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʚ 

ʨʘʡʦʥʽ ʰ. çɺʘʣʷʚʢʦ-ʇʽʚʜʝʥʥʘè ʪʘ ʫ ʪʘ ʤʽʩʮʷʭ ʫʪʚʦʨʝʥʥʷ ʊʇɺ ʚ ʦʢʨʝʤʠʭ 

ʞʠʪʣʦʚʠʭ ʨʘʡʦʥʘʭ ʤʽʩʪʘ ʂʨʠʚʠʡ ʈʽʛ.  

ɺʩʴʦʛʦ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ 23 ʧʨʦʙʠ ʊʇɺ ʚʘʛʦʶ ʥʝ ʤʝʥʰʝ, ʥʽʞ 50 ʢʛ ʢʦʞʥʘ. 

ʆʜʝʨʞʘʥʽ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʫʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ 

ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʊʇɺ, ʷʢʽ ʫʪʚʦʨʶʚʘʣʠʩʴ ʥʘ ʧʦʣʽʛʦʥʽ ʫ ʧʝʨʽʦʜ ʣʽʪʥʽʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʽ ʫ ʚ ʪʘʙʣ. 5.11-5.12 ʪʘ ʥʘ ʨʠʩ. 5.7.   

ʊʘʙʣʠʮʷ 5.11. ʋʟʘʛʘʣʴʥʝʥʠʡ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʊʇɺ (ʟʘ ʤʘʩʦʶ) ʫ 

ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʥʘ ʧʦʣʽʛʦʥʽ ʤ. ʂʨʠʚʠʡ ʈʽʛ 

 ̄

ʅʘʟʚʘ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʫ  

ʊʇɺ 

ɺʤʽʩʪ 

ʢʦʤʧʦʥʝʥʪʫ, 

% 

ɺʤʽʩʪ  

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ, % 

1 ʂʘʨʪʦʥ ʪʘ ʧʘʧʽʨ  

ʂʘʨʪʦʥ 2,88 

9,36 ʇʘʧʽʨ 2,95 

ʂʦʤʧʦʟʠʪʥʠʡ ʧʘʧʽʨ 3,53 

2 ʉʢʣʦ ʪʘ ʢʝʨʘʤʽʢʘ  

ʉʢʣʷʥʽ ʧʣʷʰʢʠ ʙʽʣʽ ʪʘ ʧʨʦʟʦʨʽ 3,97 

9,59 

ʉʢʣʷʥʽ ʧʣʷʰʢʠ ʢʦʣʴʦʨʦʚʽ 5,28 

ɺʽʢʦʥʥʝ ʩʢʣʦ 0,00 

ʂʝʨʘʤʽʢʘ 0,11 

ɯʥʰʽ ʚʠʜʠ ʩʢʣʘ 0,24 

3 ʄʝʪʘʣʠ  
ʏʦʨʥʽ ʤʝʪʘʣʠ, ʢʦʣʴʦʨʦʚʽ 

ʤʝʪʘʣʠ 
0,71 0,71 

4 ʇʣʘʩʪʤʘʩʠ  

PET-ʧʣʷʰʢʠ 5,04 

12,55 

HDPE-ʢʦʥʪʝʡʥʝʨʠ 2,11 

ɯʥʰʽ ʧʣʘʩʪʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ 2,53 

ʈʈ-ʧʣʘʩʪʠʢ 2,02 

ʂʦʤʧʦʟʠʪʥʠʡ ʧʣʘʩʪʠʢ 0,84 

5 

ɺʽʜʭʦʜʠ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ  

ʅʝʚʝʣʠʢʘ ʧʦʙʫʪʦʚʘ ʪʝʭʥʽʢʘ, 

ʢʦʤʧôʶʪʝʨʥʘ ʪʝʭʥʽʢʘ, 

ʪʝʣʝʚʽʟʦʨʠ ʪʘ ʽʥʰʽ ʧʨʠʣʘʜʠ, ʱʦ 

ʤʽʩʪʷʪʴ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʫ 

ʪʨʫʙʢʫ 

0,33 0,33 

6 ʍʘʨʯʦʚʽ ʚʽʜʭʦʜʠ ʈʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, 25,52 25,52 
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 ̄

ʅʘʟʚʘ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʫ  

ʊʇɺ 

ɺʤʽʩʪ 

ʢʦʤʧʦʥʝʥʪʫ, 

% 

ɺʤʽʩʪ  

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ, % 

ʥʝʨʦʩʣʠʥʥʘ ʧʦʭʦʜʞʝʥʥʷ 

7 ɺʽʜʭʦʜʠ 

ʩʘʜʽʚʥʠʮʪʚʘ ʪʘ 

ʟʝʣʝʥʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ 

ʆʧʘʣʝ ʣʠʩʪʷ ʪʘ ʪʨʘʚʘ, ʛʽʣʢʠ ʪʘ 

ʨʦʩʣʠʥʥʘ ʜʝʨʝʚʠʥʘ 
9,52 9,52 

8 ʊʝʢʩʪʠʣʴ ʊʝʢʩʪʠʣʴ 11,20 11,20 
9 ɻʫʤʘ, ʰʢʽʨʘ ɻʫʤʘ, ʰʢʽʨʘ 1,38 1,38 
10 *ɹʫʜʽʚʝʣʴʥʽ ʪʘ 

ʨʝʤʦʥʪʥʽ ʚʽʜʭʦʜʠ 

ɹʝʪʦʥ, ʘʩʬʘʣʴʪ, ʧʠʣʦʤʘʪʝʨʽʘʣʠ, 

ʛʽʧʩʦʢʘʨʪʦʥ, ˇʨʫʥʪʠ,  ʟʤʽʰʘʥʽ 

ʚʽʜʭʦʜʠ ʙʫʜʽʚʥʠʮʪʚʘ 
11,02 11,02 

11 ʅʝʙʝʟʧʝʯʥʽ ʚʽʜʭʦʜʠ  ʌʘʨʙʘ, ʚʽʜʭʦʜʠ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʪʘ ʾʭ ʦʙʣʘʜʥʘʥʥʷ, 

ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʤʘʩʣʘ, ʟʤʽʰʘʥʽ 

ʰʢʽʜʣʠʚʽ ʧʦʙʫʪʦʚʽ ʟʘʩʦʙʠ, 

ʘʢʫʤʫʣʷʪʦʨʠ ʪʘ ʙʘʪʘʨʝʡʢʠ 

1,38 1,38 

12 ɺʝʣʠʢʦʛʘʙʘʨʠʪʥʽ 

ʚʽʜʭʦʜʠ  

ɺʝʣʠʢʦʛʘʙʘʨʠʪʥʽ ʚʽʜʭʦʜʠ  
2,00 2,00 

13  ɯʥʰʽ  ʅʝʩʦʨʪʦʚʘʥʠʡ ʟʘʣʠʰʦʢ 5,44 5,44 

ʇʨʠʤʽʪʢʠ: *- ʚʽʜʭʦʜʠ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ  

 

ʊʘʙʣʠʮʷ 5.12. ʄʘʩʦʚʠʡ ʙʘʣʘʥʩ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ 

ʛʨʫʧʘʤʠ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ (ʧʦʣʽʛʦʥ, ʤ. ʂʨʠʚʠʡ ʈʽʛ) 

 ̄ ʅʘʟʚʘ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʛʨʫʧʠ 
ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʛʨʫʧʘʤʠ 

% ʪ 

1 ʂʘʨʪʦʥ ʪʘ ʧʘʧʽʨ  9,36 51,40 

2 ʉʢʣʦ ʪʘ ʢʝʨʘʤʽʢʘ  9,60 52,70 

3 ʄʝʪʘʣʠ  0,71 3,90 

4 ʇʣʘʩʪʤʘʩʠ  12,55 68,91 

5 
ɺʽʜʭʦʜʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 
0,33 1,79 

6 ʍʘʨʯʦʚʽ ʚʽʜʭʦʜʠ 25,52 140,20 

7 ɺʽʜʭʦʜʠ ʩʘʜʽʚʥʠʮʪʚʘ ʪʘ 

ʟʝʣʝʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 
9,52 52,30 

8 ʊʝʢʩʪʠʣʴ 11,20 61,50 

9 ɻʫʤʘ, ʰʢʽʨʘ 1,38 7,60 

10 *ɹʫʜʽʚʝʣʴʥʽ ʪʘ ʨʝʤʦʥʪʥʽ 

ʚʽʜʭʦʜʠ 
11,02 60,52 

11 ʅʝʙʝʟʧʝʯʥʽ ʚʽʜʭʦʜʠ  1,38 7,60 

12 ɺʝʣʠʢʦʛʘʙʘʨʠʪʥʽ ʚʽʜʭʦʜʠ  2,00 10,98 
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 ̄ ʅʘʟʚʘ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʛʨʫʧʠ 
ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʛʨʫʧʘʤʠ 

% ʪ 

13 ɯʥʰʽ 5,44 29,90 

 ʈʘʟʦʤ  549,30 

ʇʨʠʤʽʪʢʠ: *- ʚʽʜʭʦʜʠ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ 

 

 
ʈʠʩ. 5.7. ʋʟʘʛʘʣʴʥʝʥʠʡ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʊʇɺ ʫ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʴ   

(ʧʦʣʽʛʦʥ, ʤ. ʂʨʠʚʠʡ ʈʽʛ) 

 

ɿʛʽʜʥʦ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʟʘʛʘʣʴʥʽʡ ʤʘʩʽ ʟʤʽʰʘʥʠʭ ʊʇɺ ʥʘ 

ʧʦʣʽʛʦʥʽ ʧʨʦʪʷʛʦʤ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʙʫʚ ʥʘʩʪʫʧʥʠʤ: ʦʨʛʘʥʽʯʥʽ ʚʽʜʭʦʜʠ ï 46,24 %, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʦʣʦʛʽ ʙʽʦʜʦʩʪʫʧʥʽ 

ʭʘʨʯʦʚʽ ʚʽʜʭʦʜʠ (ʨʦʩʣʠʥʥʘ ʪʘ ʥʝʨʦʩʣʠʥʥʘ ʾʞʘ) - 25,52 %; ʥʝʩʦʨʪʦʚʘʥʠʡ ʪʘ 

ʥʝʢʣʘʩʠʬʽʢʦʚʘʥʠʡ ʟʘʣʠʰʦʢ ʊʇɺ ʧʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ - 5,44 %.  

ɺʤʽʩʪ ʢʘʨʪʦʥʫ ʪʘ ʧʘʧʝʨʫ, ʘ ʪʘʢʦʞ ʢʦʤʧʦʟʠʪʥʦʛʦ ʧʘʧʝʨʫ ʚ ʟʘʛʘʣʴʥʽʡ 

ʤʘʩʽ ʟʤʽʰʘʥʠʭ ʊʇɺ ʩʢʣʘʜʘʚ - 9,36 %, ʧʨʠ ʮʴʦʤʫ ʙʽʣʷ 40 % ʢʘʨʪʦʥʫ ʪʘ 

ʧʘʧʝʨʫ ʙʫʣʠ ʟʘʙʨʫʜʥʝʥʽ ʙʽʦʜʦʩʪʽʧʥʠʤʠ ʭʘʨʯʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ ʪʘ ʥʘʩʠʯʝʥʽ 

ʚʦʣʦʛʦʶ. ɿʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʩʢʣʘ ʚ ʟʤʽʰʘʥʠʭ ʊʇɺ  ʜʦʨʽʚʥʶʚʘʚ - 9,59 %, 

ʩʢʣʷʥʠʭ ʧʣʷʰʦʢ - 5,28 %,  ʧʣʘʩʪʤʘʩ - 12,55 %. ʋ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʦʙʘʭ 
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ʟʤʽʰʘʥʠʭ ʊʇɺ ʥʝ ʤʽʩʪʠʣʦʩʴ ʘʩʬʘʣʴʪʫ, ˇʨʫʥʪʽʚ, ʚʽʢʦʥʥʦʛʦ ʩʢʣʘ, 

ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʘʢʫʤʫʣʷʪʦʨʽʚ.   

ʉʪʘʥʜʘʨʪʥʘ ʧʦʭʠʙʢʘ ʩʝʨʽʾ ʚʠʤʽʨʶʚʘʥʴ ʚ ʩʝʨʝʜʥʴʦʤʫ ʜʦʨʽʚʥʶʚʘʣʘ - 

2,86, ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ ʥʝ ʧʝʨʝʚʽʰʫʚʘʣʘ - 5%. 

ʋʟʘʛʘʣʴʥʝʥʽ ʜʘʥʽ ʥʘʪʫʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʊʇɺ, 

ʫʪʚʦʨʶʚʘʥʠʭ ʫ ʞʠʪʣʦʚʠʭ ʨʘʡʦʥʘʭ ʤ. ʂʨʠʚʠʡ ʈʽʛ, ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 5.13-5.14 ʪʘ 

ʥʘ ʨʠʩ. 5.8. 

ʊʘʙʣʠʮʷ 5.13. ʋʟʘʛʘʣʴʥʝʥʠʡ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʊʇɺ (ʟʘ ʤʘʩʦʶ) ʫ 

ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʫ ʞʠʪʣʦʚʠʭ ʨʘʡʦʥʘʭ ʤ. ʂʨʠʚʠʡ ʈʽʛ  

 ̄

ʅʘʟʚʘ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʫ  

ʊʇɺ 

ɺʤʽʩʪ 

ʢʦʤʧʦʥʝʥʪʫ, 

% 

ɺʤʽʩʪ  

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ, % 

1 ʂʘʨʪʦʥ ʪʘ ʧʘʧʽʨ  

ʂʘʨʪʦʥ 1,13 

4,28 ʇʘʧʽʨ 2,47 

ʂʦʤʧʦʟʠʪʥʠʡ ʧʘʧʽʨ 0,68 

2 ʉʢʣʦ ʪʘ ʢʝʨʘʤʽʢʘ  

ʉʢʣʷʥʽ ʧʣʷʰʢʠ ʙʽʣʽ ʪʘ ʧʨʦʟʦʨʽ 2,75 

11,43 

ʉʢʣʷʥʽ ʧʣʷʰʢʠ ʢʦʣʴʦʨʦʚʽ 2,34 

ɺʽʢʦʥʥʝ ʩʢʣʦ 4,51 

ʂʝʨʘʤʽʢʘ 1,36 

ɯʥʰʽ ʚʠʜʠ ʩʢʣʘ 0,47 

3 ʄʝʪʘʣʠ  
ʏʦʨʥʽ ʤʝʪʘʣʠ 0,75 

0,93 
ʂʦʣʴʦʨʦʚʽ ʤʝʪʘʣʠ 0,18 

4 ʇʣʘʩʪʤʘʩʠ  

PET-ʧʣʷʰʢʠ 2,50 

6,54 

HDPE-ʢʦʥʪʝʡʥʝʨʠ 2,39 

ɯʥʰʽ ʧʣʘʩʪʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ 0,85 

ʈʈ-ʧʣʘʩʪʠʢ 0,80 

ʂʦʤʧʦʟʠʪʥʠʡ ʧʣʘʩʪʠʢ 0 

5 

ɺʽʜʭʦʜʠ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ  

ʅʝʚʝʣʠʢʘ ʧʦʙʫʪʦʚʘ ʪʝʭʥʽʢʘ, 

ʢʦʤʧôʶʪʝʨʥʘ ʪʝʭʥʽʢʘ, 

ʪʝʣʝʚʽʟʦʨʠ ʪʘ ʽʥʰʽ ʧʨʠʣʘʜʠ, ʱʦ 

ʤʽʩʪʷʪʴ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʫ 

ʪʨʫʙʢʫ 

0,55 0,55 

6 ʍʘʨʯʦʚʽ ʚʽʜʭʦʜʠ 
ʈʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, 

ʥʝʨʦʩʣʠʥʥʘ ʧʦʭʦʜʞʝʥʥʷ 
41,46 41,46 

7 ɺʽʜʭʦʜʠ 

ʩʘʜʽʚʥʠʮʪʚʘ ʪʘ 

ʟʝʣʝʥʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ 

ʆʧʘʣʝ ʣʠʩʪʷ ʪʘ ʪʨʘʚʘ, ʛʽʣʢʠ ʪʘ 

ʨʦʩʣʠʥʥʘ ʜʝʨʝʚʠʥʘ 
10,57 10,57 

8 ʊʝʢʩʪʠʣʴ ʊʝʢʩʪʠʣʴ 0,77 0,77 

9 ɻʫʤʘ ɻʫʤʘ 2,88 2,88 

10 ʐʢʽʨʘ ʐʢʽʨʘ 0,48 0,48 

11 ɹʫʜʽʚʝʣʴʥʽ ʪʘ ɹʝʪʦʥ, ʘʩʬʘʣʴʪ, ʧʠʣʦʤʘʪʝʨʽʘʣʠ, 9,57 9,57 
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 ̄

ʅʘʟʚʘ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʫ  

ʊʇɺ 

ɺʤʽʩʪ 

ʢʦʤʧʦʥʝʥʪʫ, 

% 

ɺʤʽʩʪ  

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʛʨʫʧʠ, % 

ʨʝʤʦʥʪʥʽ ʚʽʜʭʦʜʠ* ʛʽʧʩʦʢʘʨʪʦʥ, ˇʨʫʥʪʠ,  ʟʤʽʰʘʥʽ 

ʚʽʜʭʦʜʠ ʙʫʜʽʚʥʠʮʪʚʘ 

12 ʅʝʙʝʟʧʝʯʥʽ ʚʽʜʭʦʜʠ  ʌʘʨʙʘ, ʚʽʜʭʦʜʠ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʪʘ ʾʭ ʦʙʣʘʜʥʘʥʥʷ, 

ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʤʘʩʣʘ, ʟʤʽʰʘʥʽ 

ʰʢʽʜʣʠʚʽ ʧʦʙʫʪʦʚʽ ʟʘʩʦʙʠ, 

ʘʢʫʤʫʣʷʪʦʨʠ ʪʘ ʙʘʪʘʨʝʡʢʠ 

0,23 0,23 

13 ɺʝʣʠʢʦʛʘʙʘʨʠʪʥʽ 

ʚʽʜʭʦʜʠ  

ɺʝʣʠʢʦʛʘʙʘʨʠʪʥʽ ʚʽʜʭʦʜʠ  
2,78 2,78 

14  ɯʥʰʽ  ʅʝʩʦʨʪʦʚʘʥʠʡ ʟʘʣʠʰʦʢ 7,53 7,53 

ʇʨʠʤʽʪʢʠ: *- ʚʽʜʭʦʜʠ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ  

 

ʊʘʙʣʠʮʷ 5.14. ʄʘʩʦʚʠʡ ʙʘʣʘʥʩ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ 

ʛʨʫʧʘʤʠ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ (ʞʠʪʣʦʚʠʡ ʤʘʩʠʚ, ʤ. ʂʨʠʚʠʡ ʈʽʛ) 

 ̄ ʅʘʟʚʘ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʛʨʫʧʠ 
ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʛʨʫʧʘʤʠ 

% ʪ 

1 ʂʘʨʪʦʥ ʪʘ ʧʘʧʽʨ  4,28 77,00 

2 ʉʢʣʦ ʪʘ ʢʝʨʘʤʽʢʘ  11,43 205,50 

3 ʄʝʪʘʣʠ  0,93 16,70 

4 ʇʣʘʩʪʤʘʩʠ  6,54 117,50 

5 
ɺʽʜʭʦʜʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 
0,55 9,80 

6 ʍʘʨʯʦʚʽ ʚʽʜʭʦʜʠ 41,46 745,00 

7 
ɺʽʜʭʦʜʠ ʩʘʜʽʚʥʠʮʪʚʘ ʪʘ 

ʟʝʣʝʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 
10,57 190,00 

8 ʊʝʢʩʪʠʣʴ 0,77 13,80 

9 ɻʫʤʘ 2,88 51,80 

10 ʐʢʽʨʘ 0,48 8,70 

11 
ɹʫʜʽʚʝʣʴʥʽ ʪʘ ʨʝʤʦʥʪʥʽ 

ʚʽʜʭʦʜʠ* 
9,57 172,00 

12 ʅʝʙʝʟʧʝʯʥʽ ʚʽʜʭʦʜʠ  0,23 4,20 

13 ɺʝʣʠʢʦʛʘʙʘʨʠʪʥʽ ʚʽʜʭʦʜʠ  2,78 50,00 

14 ɯʥʰʽ 7,53 135,4 

 ʈʘʟʦʤ  1797,40 

ʇʨʠʤʽʪʢʠ: *- ʚʽʜʭʦʜʠ ʫ ʩʢʣʘʜʽ ʟʤʽʰʘʥʠʭ ʊʇɺ 
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ʈʠʩ. 5.8. ʋʟʘʛʘʣʴʥʝʥʠʡ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʊʇɺ ʫ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʴ   

(ʞʠʪʣʦʚʠʡ ʤʘʩʠʚ, ʤ. ʂʨʠʚʠʡ ʈʽʛ) 

 

ɿʛʽʜʥʦ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʟʘʛʘʣʴʥʽʡ ʤʘʩʽ ʟʤʽʰʘʥʠʭ ʊʇɺ ʫ 

ʞʠʪʣʦʚʠʭ ʤʘʩʠʚʘʭ ʧʨʦʪʷʛʦʤ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʩʢʣʘʜʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʙʫʚ ʥʘʩʪʫʧʥʠʤ: ʦʨʛʘʥʽʯʥʽ ʚʽʜʭʦʜʠ ï 52,58 %, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʦʣʦʛʽ 

ʙʽʦʜʦʩʪʫʧʥʽ ʭʘʨʯʦʚʽ ʚʽʜʭʦʜʠ (ʨʦʩʣʠʥʥʘ ʪʘ ʥʝʨʦʩʣʠʥʥʘ ʾʞʘ) - 41,46 %; 

ʥʝʩʦʨʪʦʚʘʥʠʡ ʪʘ ʥʝʢʣʘʩʠʬʽʢʦʚʘʥʠʡ ʟʘʣʠʰʦʢ ʊʇɺ ʧʽʩʣʷ ʚʠʣʫʯʝʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ - 7,53 %.  

ɺʤʽʩʪ ʢʘʨʪʦʥʫ ʪʘ ʧʘʧʝʨʫ, ʘ ʪʘʢʦʞ ʢʦʤʧʦʟʠʪʥʦʛʦ ʧʘʧʝʨʫ ʚ ʟʘʛʘʣʴʥʽʡ ʤʘʩʽ 

ʟʤʽʰʘʥʠʭ ʊʇɺ ʩʢʣʘʜʘʚ - 4,28 %, ʧʨʠ ʮʴʦʤʫ ʙʽʣʷ 30 % ʢʘʨʪʦʥʫ ʪʘ ʧʘʧʝʨʫ ʙʫʣʠ 

ʟʘʙʨʫʜʥʝʥʽ ʙʽʦʜʦʩʪʽʧʥʠʤʠ ʭʘʨʯʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ ʪʘ ʥʘʩʠʯʝʥʽ ʚʦʣʦʛʦʶ. 

ɿʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʩʢʣʘ ʚ ʟʤʽʰʘʥʠʭ ʊʇɺ  ʜʦʨʽʚʥʶʚʘʚ - 11,43 %, ʩʢʣʷʥʠʭ ʧʣʷʰʦʢ 

- 2,34 %,  ʧʣʘʩʪʤʘʩ - 6,54 %. ɺ ʧʨʦʙʘʭ ʟʤʽʰʘʥʠʭ ʊʇɺ ʟʘ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʝ ʤʽʩʪʠʣʦʩʴ: ʘʩʬʘʣʴʪʫ, ˇʨʫʥʪʽʚ, ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ, ʘʢʫʤʫʣʷʪʦʨʽʚ.   

ʉʪʘʥʜʘʨʪʥʘ ʧʦʭʠʙʢʘ ʩʝʨʽʾ ʚʠʤʽʨʶʚʘʥʴ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʢʣʘʜʘʣʘ - 2,81, 

ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ - ʥʝ ʙʽʣʴʰʝ 5%. 

ʇʦʨʽʚʥʶʶʯʠ ʫʟʘʛʘʣʴʥʝʥʽ ʜʘʥʽ ʚʠʟʥʘʯʝʥʥʷ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʊʇɺ, 
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ʫʪʚʦʨʶʚʘʥʠʭ ʥʘ ʧʦʣʽʛʦʥʽ ʪʘ ʫ ʞʠʪʣʦʚʠʭ ʨʘʡʦʥʘʭ ʤ. ʂʨʠʚʠʡ ʈʽʛ ʧʨʦʪʷʛʦʤ 

ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʝ. ʅʘʡʙʽʣʴʰʘ ʯʘʩʪʢʘ ʫ 

ʟʘʛʘʣʴʥʽʡ ʤʘʩʽ ʟʤʽʰʘʥʠʭ ʊʇɺ ʧʨʠʧʘʜʘʣʘ ʥʘ ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʚʘʣʠ 46,24 ʪʘ 52, 58 %, ʚ ʪʦʤʫ ʯʠʩʣʽ ʙʽʦʜʦʩʪʫʧʥʽ ʭʘʨʯʦʚʽ 

ʚʽʜʭʦʜʠ - 25,52 ʪʘ 41,46 %. ʅʝʩʦʨʪʦʚʘʥʠʡ ʪʘ ʥʝʢʣʘʩʠʬʽʢʦʚʘʥʠʡ ʟʘʣʠʰʦʢ ʊʇɺ 

ʧʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʨʽʚʥʶʚʘʚ - 5,44 ʪʘ 7,53 %; ʩʢʣʦ ʪʘ ʢʝʨʘʤʽʢʘ - 

9,60 ʪʘ 11,43 % ʚʽʜʧʦʚʽʜʥʦ; ʤʝʪʘʣʠ ï ʙʽʣʷ 1 %; ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʛʦʨʶʯʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ - ʙʣʠʟʴʢʦ 38,58 %.  

ʅʘʧʨʘʮʴʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʣʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʩʢʣʘʜʦʤ ʤʽʢʨʦʮʝʥʦʟʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ 

ʫ ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʧʦʣʽʛʦʥʽʚ ʚʽʜʭʦʜʘʭ, ʟ ʾʭ ʤʦʨʬʦʣʦʛʽʯʥʠʤ ʩʢʣʘʜʦʤ. 

 

5.2. ɺʠʚʯʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʬʨʘʢʮʽʡʥʠʤ ʩʢʣʘʜʦʤ ʊʇɺ ʪʘ 

ʽʩʥʫʶʯʠʤʠ ʚ ʥʠʭ ʤʽʢʨʦʮʝʥʦʟʘʤʠ 

ɼʣʷ ʦʮʽʥʢʠ ʥʘʷʚʥʦʩʪʽ ʘʙʦ ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʬʨʘʢʮʽʡʥʠʤ 

ʩʢʣʘʜʦʤ ʊʇɺ ʪʘ ʽʩʥʫʶʯʠʤʠ ʫ ʥʠʭ ʤʽʢʨʦʮʝʥʦʟʘʤʠ, ʙʫʣʦ ʥʘʩʘʤʧʝʨʝʜ, ʟʨʦʙʣʝʥʦ 

ʘʥʘʣʽʟ ʚʤʽʩʪʫ ʜʝʷʢʠʭ ʬʨʘʢʮʽʡ ʊʇɺ ʤʽʩʪ ʍʤʝʣʴʥʠʮʴʢʠʡ ʪʘ ʂʨʠʚʠʡ ʈʽʛ, 

ʚʠʟʥʘʯʝʥʠʭ ʧʨʦʪʷʛʦʤ ʥʘʪʫʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʟʚʝʜʝʥʦ ʫ ʪʘʙʣ. 

5.15.  

ʊʘʙʣʠʮʷ 5.15. ʋʟʘʛʘʣʴʥʝʥʠʡ ʚʤʽʩʪ (ʟʘ ʤʘʩʦʶ) ʜʝʷʢʠʭ ʤʦʨʬʦʣʦʛʽʯʥʠʭ 

ʛʨʫʧ ʫ ʩʢʣʘʜʽ ʊʇɺ ʤʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ ʪʘ ʂʨʠʚʠʡ ʈʽʛ  

 ̄ ʄʦʨʬʦʣʦʛʽʯʥʘ ʛʨʫʧʠ 

ɺʤʽʩʪ  ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʛʨʫʧʠ, % 

ʤ. ʍʤʝʣʴʥʠʮʴʢʽʡ ʤ. ʂʨʠʚʠʡ ʈʽʛ 

ʣʽʪʥʽʡ ʧʝʨʽʦʜ 
ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʥʘ ʨʽʢ 
ʧʦʣʽʛʦʥ 

1 ʂʘʨʪʦʥ ʪʘ ʧʘʧʽʨ 6,79 9,64 9,36 

2 ʉʢʣʦ ʪʘ ʢʝʨʘʤʽʢʘ 17,88 14,24 9,59 

3 ʍʘʨʯʦʚʽ ʚʽʜʭʦʜʠ  16,58 27,02 25,52 

4 
ʆʧʘʣʝ ʣʠʩʪʷ ʪʘ ʪʨʘʚʘ, ʛʽʣʢʠ 

ʪʘ ʨʦʩʣʠʥʥʘ ʜʝʨʝʚʠʥʘ 
12,94 7,84 9,52 

5 ʊʝʢʩʪʠʣʴ 14,46 10,19 11,20 
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ɿ ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 5.15 ʜʘʥʠʭ ʚʠʜʥʦ, ʩʢʣʘʜ  ʊʇɺ ʟʘ ʦʢʨʝʤʠʤʠ 

ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʛʨʫʧʘʤʠ ʜʣʷ ʧʦʣʽʛʦʥʽʚ ʦʙʦʭ ʤʽʩʪ, ʦʩʦʙʣʠʚʦ ʫ ʨʦʟʨʽʟʽ 

ʙʽʦʜʦʩʪʫʧʥʠʭ ʬʨʘʢʮʽʡ, ʩʫʪʪʻʚʦ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ. ʊʘʢ, ʚʤʽʩʪ ʭʘʨʯʦʚʠʭ ʚʽʜʭʦʜʽʚ 

ʨʦʩʣʠʥʥʦʛʦ ʪʘ ʥʝʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʥʘ ʧʦʣʽʛʦʥʽ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ ʧʽʜ 

ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʩʪʘʥʦʚʠʚ ï 16,58 %, ʡʦʛʦ ʩʝʨʝʜʥʴʦʨʽʯʥʝ 

ʟʥʘʯʝʥʥʷ ï 27,02 %, ʘ ʫ ʤʽʩʪʽ ʂʨʠʚʠʡ ʈʽʛ ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ï 25,52 %. ɺʤʽʩʪ 

ʦʧʘʣʦʛʦ ʣʠʩʪʷ, ʪʨʘʚʠ, ʛʽʣʦʢ ʪʘ ʨʦʩʣʠʥʥʦʾ ʜʝʨʝʚʠʥʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʚʘʚ ï 

12,94 %, 7,84 % ʪʘ 9,52 %, ʘ ʪʝʢʩʪʠʣʶ ï 14,46 %, 10,19 % ʪʘ 11,20 %. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʘʥʘʣʽʟʫ ʚʽʜʩʦʪʢʦʚʠʡ 

ʚʤʽʩʪ ʦʨʛʘʥʽʯʥʦʾ ʬʨʘʢʮʽʾ ʊʇɺ ʜʣʷ ʤʽʩʪ ʍʤʝʣʴʥʠʮʴʢʠʡ ʪʘ ʂʨʠʚʠʡ ʈʽʛ, 

ʧʨʘʢʪʠʯʥʦ ʪʦʪʦʞʥʽʡ, ʪʦʙʪʦ ʩʢʣʘʜ ʤʽʢʨʦʮʝʥʦʟʽʚ ʦʢʨʝʤʠʭ ʬʨʘʢʮʽʡ ʊʇɺ ʜʣʷ 

ʧʦʣʽʛʦʥʽʚ ʦʙʦʭ ʤʽʩʪ  ʧʦʚʠʥʝʥ ʙʫʪʠ ʩʭʦʞʠʤ.  

ɼʘʣʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʪʘ ʚʠʜʦʚʦʛʦ 

ʩʢʣʘʜʫ ʤʽʢʨʦʮʝʥʦʟʽʚ ʫ ʟʨʘʟʢʘʭ ʊʇɺ, ʚʽʜʽʙʨʘʥʠʭ ʟ ʧʦʣʽʛʦʥʽʚ ʤʤ. 

ʍʤʝʣʴʥʠʮʴʢʠʡ ʪʘ ʂʨʠʚʠʡ ʈʽʛ. ʆʜʝʨʞʘʥʽ ʧʨʠ ʮʴʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʦ ʫ 

ʪʘʙʣ. 5.16 ʪʘ ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩ. 5.9. 

ʊʘʙʣʠʮʷ 5.16. ʉʢʣʘʜ ʤʽʢʨʦʮʝʥʦʟʚ̔, ʚʠʜʽʣʝʥʠʭ ʟ ʪʽʣʘ ʧʦʣʽʛʦʥʽʚ ʊʇɺ ʤʽʩʪ 

ʍʤʝʣʴʥʠʮʴʢʠʡ ʪʘ ʂʨʠʚʠʡ ʈʽʛ 

 ̄
ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ 

ʂʽʣʴʢʽʩʪʴ, % 
ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ ʤ. ʂʨʠʚʠʡ ʈʽʛ 

1 Pseudomonas  22°2 34°2 
2 Bacillus  38°2 32°1 
3 Micrococcus, Sarcina 27°2 26°2 
4 Escherichia 4°1  

5 Aerobacter 3°1  

 

ʗʢ ʽ ʦʯʽʢʫʚʘʣʦʩʴ, ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʧʽʜʪʚʝʨʜʠʣʠ ʟʨʦʙʣʝʥʝ 

ʧʦʧʝʨʝʜʥʻ ʧʨʠʧʫʱʝʥʥʷ. ʊʘʢ, ʩʝʨʝʜ ʤʽʢʨʦʮʝʥʦʟʫ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʡʙʽʣʴʰʫ 

ʯʘʩʪʢʫ ʩʢʣʘʜʘʣʠ ʙʘʢʪʝʨʽʾ ʨʦʜʽʚ Pseudomonas, Bacillus, Micrococcus, Sarcina ï 

87Ñ2 %, ʩʝʨʝʜ ʷʢʠʭ ʜʦʤʽʥʫʚʘʣʠ ʙʘʢʪʝʨʽʾ ʨ. Bacillus - 38Ñ2 %. ɺʤʽʩʪ ʙʘʢʪʝʨʽʡ 

ʨʦʜʽʚ Escherichia ʪʘ Aerobacter ʩʪʘʥʦʚʠʚ ʚʽʜʧʦʚʽʜʥʦ 4Ñ1 % ʪʘ 3Ñ1 %. 
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ʈʠʩ. 5.9. ɺʽʜʩʦʪʢʦʚʠʡ ʚʤʽʩʪ ʤʽʢʨʦʮʝʥʦʟʽʚ ʦʢʨʝʤʠʭ ʬʨʘʢʮʽʾ ʊʇɺ, ʚʠʜʽʣʝʥʠʭ ʟ 

ʪʽʣʘ ʧʦʣʽʛʦʥʽʚ  ʤʽʩʪ ʍʤʝʣʴʥʠʮʴʢʠʡ (ʘ) ʪʘ ʂʨʠʚʠʡ ʈʽʛ (ʙ) 

 

ʋ ʧʨʦʙʘʭ ʊʇɺ ʟ ʧʦʣʽʛʦʥʫ ʤ. ʂʨʠʚʠʡ ʈʽʛ ʯʘʩʪʢʘ ʙʘʢʪʝʨʽʡ ʨʦʜʽʚ 

Pseudomonas, Bacillus, Micrococcus, Sarcina ʩʪʘʥʦʚʠʣʘ - 92Ñ2%, ʧʨʠʯʦʤʫ 

ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʩʢʣʘʜʘʣʠ ʙʘʢʪʝʨʽʡ ʨ. Pseudomonas- 34°2 %, ʷʢʽ ʻ ʘʝʨʦʙʘʤʠ. 

ɹʘʢʪʝʨʽ ʾʨʦʜʽʚ Escherichia ʪʘ Aerobacter ʫ ʩʢʣʘʜʽ ʤʽʢʨʦʮʝʥʦʟʫ ʜʘʥʦʛʦ ʧʦʣʽʛʦʥʫ 

ʊʇɺ ʙʫʣʠ ʚʽʜʩʫʪʥʽʤʠ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʦʯʝʚʠʜʥʦ, ʱʦ ʽʩʥʫʻ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʩʢʣʘʜʦʤ ʦʨʛʘʥʽʯʥʦʾ ʬʨʘʢʮʽʾ ʊʇɺ ʪʘ ʩʢʣʘʜʦʤ ʤʽʢʨʦʮʝʥʦʟʫ ʧʦʣʽʛʦʥʽʚ. ʇʨʠ 

ʚʠʩʦʢʽʡ ʯʘʩʪʮʽ ʙʽʦʜʦʩʪʫʧʥʦʾ ʬʨʘʢʮʽʾ ʫ ʩʢʣʘʜʽ ʤʽʢʨʦʮʝʥʦʟʫ ʧʝʨʝʚʘʞʘʶʪʴ 

ʙʘʢʪʝʨʽʾ ʨʦʜʽʚ Bacillus, Micrococcus, Sarcina; ʢʨʽʤ ʪʦʛʦ, ʧʨʠʩʫʪʥʽ ʘʝʨʦʙʥʽ 

ʙʘʢʪʝʨʽʾ ʨ.Pseudomonas, ʭʦʯʘ ʾʭ ʚʤʽʩʪ ʻ ʟʥʘʯʥʦ ʤʝʥʰʠʤ.   

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʪʦʩʦʚʥʦ ʩʢʣʘʜʫ ʤʽʢʨʦʮʝʥʦʟʽʚ ʜʽʶʯʠʭ ʧʦʣʽʛʦʥʽʚ ʊʇɺ ʫ 

ʤʤ.ʍʤʝʣʴʥʠʮʴʢʽʡ ʪʘ ʂʨʠʚʠʡ ʈʽʛ ʢʦʨʝʣʶʶʪʴ ʽʟ ʜʘʥʠʤʠ ʽʥʰʠʭ ʘʚʪʦʨʽʚ, ʷʢʽ 

ʚʽʜʤʽʯʘʶʪʴ ʫ ʩʢʣʘʜʽ ʧʦʜʽʙʥʠʭ ʤʽʢʨʦʮʝʥʦʟʽʚ ʥʘʷʚʥʽʩʪʴ ʙʘʢʪʝʨʽʡ ʨʦʜʽʚ Sarcina, 

Mycobacterium, Micrococcus, Bacillus, Flaavobacterium, Achromobacter, 

Pseudomonas[325] . 

 

22 

38 

27 

4 3 

ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ 

Pseudomonas Bacillus

Micrococcus, Sarcina Escherichia

Aerobacter

34 

32 

26 

ʤ. ʂʨʠʚʠʡ ʈʽʛ 

Pseudomonas Bacillus Micrococcus, Sarcina
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5.3. ɺʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʤʽʢʨʦʮʝʥʦʟʽʚ ʜʣʷ ʦʢʨʝʤʠʭ ʬʨʘʢʮʽʡ ʊʇɺ 

ɺʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʤʦʨʬʦʣʦʛʽʯʥʠʤ ʩʢʣʘʜʦʤ ʊʇɺ ʪʘ ʫʪʚʦʨʝʥʠʤʠ ʚ ʥʠʭ 

ʤʽʢʨʦʮʝʥʦʟʘʤʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʰʣʷʭʦʤ ʩʦʨʪʫʚʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʧʨʦʙ, ʷʢʽ 

ʥʘʜʭʦʜʷʪʴ ʥʘ ʧʦʣʽʛʦʥʠ ʤʤ. ʂʠʻʚʘ ʪʘ ʍʤʝʣʴʥʠʮʴʢʦʛʦ. ʋ ʥʝʩʦʨʪʦʚʘʥʦʤʫ ʪʘ 

ʩʦʨʪʦʚʘʥʦʤʫ ʥʘ ʬʨʘʢʮʽʾ ʟʨʘʟʢʘʭ ʯʝʨʝʟ 10 ʜʥʽʚ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ, 

ʩʪʚʦʨʝʥʠʭ ʙʣʠʟʴʢʠʤʠ ʜʦ ʨʝʘʣʴʥʠʭ ʥʘ ʧʦʣʽʛʦʥʽ (ʜʦʩʪʫʧʥʽʩʪʴ ʢʠʩʥʶ 

ʤʦʜʝʣʶʚʘʣʘʩʴ ʰʣʷʭʦʤ ʫʪʨʠʤʘʥʥʷ ʟʨʘʟʢʽʚ ʫ ʧʨʷʤʦʢʫʪʥʠʭ ʢʦʥʪʝʡʥʝʨʘʭ ʟ 

ʛʣʠʙʠʥʦʶ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʣʘ ʛʣʠʙʠʥʽ ʥʘʩʠʧʫ ʥʘ ʧʦʣʽʛʦʥʽ), ʙʫʣʦ ʚʠʜʽʣʝʥʦ 

ʤʽʢʨʦʮʝʥʦʟʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʚʠʟʥʘʯʝʥʦ ʾʭ ʨʦʜʦʚʫ ʥʘʣʝʞʥʽʩʪʴ ʪʘ ʢʽʣʴʢʽʩʥʠʡ 

ʩʢʣʘʜ. ʆʜʝʨʞʘʥʽ ʧʨʠ ʮʴʦʤʫ ʜʘʥʽ ʥʘʚʝʜʝʥʦ ʫ  ʪʘʙʣ. 5.17. 

ʊʘʙʣʠʮʷ 5.17. ʉʢʣʘʜ ʤʽʢʨʦʮʝʥʦʟʽʚ ʟ ʨʽʟʥʠʭ ʬʨʘʢʮʽʡ ʊʇɺ ʧʦʣʽʛʦʥʽʚ ʤʽʩʪ 

ʂʨʠʚʠʡ ʈʽʛ ʪʘ ʍʤʝʣʴʥʠʮʴʢʠʡ 

ʌʨʘʢʮʽʷ ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ 
ʂʽʣʴʢʽʩʪʴ, % 

ʤ. ʂʠʾʚ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ 

ʂʘʨʪʦʥ ʪʘ ʧʘʧʽʨ 

Pseudomonas 54°4 62°2 

Micrococcus, Sarcina 31°1 21°2 

Bacillus 6°2 10°1 

ɯʥʰʽ 9°2 7°2 

ʊʢʘʥʠʥʠ 

Pseudomonas 58°2 62°2 

Bacillus 17°1 16°2 

ɯʥʰʽ 25°2 22°2 

ɹʽʦʜʦʩʪʫʧʥʘ 

ʬʨʘʢʮʽʷ 

 

Bacillus 42°1 46°2 

Micrococcus, Sarcina 35°2 25°2 

Pseudomonas 10°2 8°1 

Escherichia  3°1 

Aerobacter  2°1 

ɯʥʰʽ 13°2 16°2 

ʅʝʩʦʨʪʦʚʘʥʽ 

ʚʽʜʭʦʜʠ 

Pseudomonas 34°2 22°2 

Bacillus 32°1 38°2 

Micrococcus, Sarcina 26°2 27°2 

Escherichia  4°1 

Aerobacter  3°1 

Klebsiella  2°1 

ɯʥʰʽ 8°2 4°2 
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʤʽʢʨʦʮʝʥʦʟʠ ʜʝʷʢʠʭ ʩʦʨʪʦʚʘʥʠʭ ʬʨʘʢʮʽʡ 

ʙʫʣʠ ʩʭʦʞʠʤʠ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʥʝʩʦʨʪʦʚʘʥʠʭ ʚʽʜʭʦʜʽʚ ʨʽʟʥʠʭ ʤʽʩʪ ʧʦʢʘʟʥʠʢʠ 

ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʣʠʩʴ, ʱʦ, ʩʢʦʨʽʰ ʟʘ ʚʩʝ, ʟʫʤʦʚʣʝʥʦ ʾʭ ʨʽʟʥʠʤ ʤʦʨʬʦʣʦʛʽʯʥʠʤ 

ʩʢʣʘʜʦʤ. 

ʇʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʝ ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩ. 5.10, 

ʚʠʷʚʠʣʦ ʦʯʝʚʠʜʥʽ ʢʦʨʝʣʷʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʬʨʘʢʮʽʡʥʠʤ ʩʢʣʘʜʦʤ ʊʇɺ ʪʘ 

ʩʢʣʘʜʦʤ ʤʽʢʨʦʮʝʥʦʟʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ.  

 

 

 

 

 
 

ʘ) ʙ) 

ʈʠʩ. 5.10. ʆʩʥʦʚʥʽ ʤʦʨʬʦʣʦʛʽʯʥʽ ʩʢʣʘʜʦʚʽ ʚʽʜʭʦʜʽʚ ʤʽʩʪ:  

ʂʠʾʚ (ʘ), ʍʤʝʣʴʥʠʮʴʢʠʡ (ʙ) 

 

ʊʘʢ, ʫ ʚʽʜʭʦʜʘʭ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ ʚʤʽʩʪ ʙʽʦʜʦʩʪʫʧʥʦʾ ʬʨʘʢʮʽʾ, ʪʦʙʪʦ 

ʣʝʛʢʦʦʢʠʩʥʶʚʘʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʙʫʚ  ʤʘʡʞʝ ʫ 1,5 ʨʘʟʠ ʙʽʣʴʰʠʡ. ʉʝʨʝʜ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʤʽʢʨʦʮʝʥʦʟʫ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ  ʫ ʜʝʩʪʨʫʢʮʽʾ  ʨʝʯʦʚʠʥ 

ʩʦʨʪʦʚʘʥʦʾ ʬʨʘʢʮʽʶ, ʧʝʨʝʚʘʞʘʣʠ ʙʘʢʪʝʨʽʾ ʨ. Bacillus. ʊʦʤʫ, ʽ ʚ ʤʽʢʨʦʮʝʥʦʟʽ ʟ 

ʥʝʩʦʨʪʦʚʘʥʦʛʦ ʟʨʘʟʢʫ ʚʽʜʭʦʜʽʚ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ ʜʦʤʽʥʫʚʘʣʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ 

ʩʘʤʝ ʮʴʦʛʦ ʨʦʜʫ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʫ ʙʽʜʥʽʰʠʭ ʥʘ ʣʝʛʢʦʦʢʠʩʥʶʚʘʥʫ ʬʨʘʢʮʽʶ 

ʚʽʜʭʦʜʘʭ ʤ.ʂʠʻʚʘ ʧʝʨʝʚʘʞʘʣʠ ʙʘʢʪʝʨʽʾ ʨ. Pseudomonas. 

11,4% 

4,6% 

32,4% 

10,1% 

41,5% 

ʇʘʧʽʨ 

ʊʢʘʥʠʥʠ 

ɹʽʦʜʦʩʪʫʧʥʘ ʬʨʘʢʮʽʷ 

ʅʝʩʦʨʪʦʚʘʥʠʡ ʟʘʣʠʰʦʢ 

11,9% 

9,4% 

45,9% 

4,0% 

28,9% 

ʇʘʧʽʨ 

ʊʢʘʥʠʥʠ 

ɹʽʦʜʦʩʪʫʧʥʘ ʬʨʘʢʮʽʷ 

ʅʝʩʦʨʪʦʚʘʥʠʡ ʟʘʣʠʰʦʢ 
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ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʩʢʘʟʘʥʦʛʦ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʤʽʢʨʦʮʝʥʦʟʫ ʜʣʷ ʥʝʩʦʨʪʦʚʘʥʠʭ ʚʽʜʭʦʜʽʚ, ʥʝʦʙʭʽʜʥʦ, ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʚʠʟʥʘʯʠʪʠ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʚʽʜʭʦʜʽʚ. ɸʣʝ ʥʘ ʧʨʘʢʪʠʮʽ 

ʩʠʪʫʘʮʽʷ ʫʩʢʣʘʜʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠ  ʧʝʨʝʙʫʚʘʥʥʽ ʚ ʪʽʣʽ ʧʦʣʽʛʦʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʙʝʟʧʝʨʝʨʚʥʘ ʟʤʽʥʘ ʷʢʽʩʥʦʛʦ ʽ ʢʽʣʴʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʚʽʜʭʦʜʽʚ, ʘ ʦʪʞʝ ʟʤʽʥʶʶʪʴʩʷ ʽ 

ʦʧʪʠʤʘʣʴʥʽ ʤʽʢʨʦʮʝʥʦʟʠ.  

 

5.4. ɺʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʯʘʩʫ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʮʝʥʦʟʽʚ ʚ ʪʽʣʽ 

ʧʦʣʽʛʦʥʽʚ 

ɼʦ ʦʜʥʦʛʦ ʟ ʚʘʞʣʠʚʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʤʽʢʨʦʮʝʥʦʟʽʚ, ʚʽʜʥʦʩʠʪʴʩʷ ʧʝʨʽʦʜ ʧʝʨʝʙʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʥʘ ʧʦʣʽʛʦʥʽ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʫ ʧʨʦʮʝʩʽ ʩʚʦʻʾ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, 

ʫʪʚʦʨʶʚʘʥʽ ʚ ʪʽʣʽ ʧʦʣʽʛʦʥʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʩʤʽʪʪʷ ʜʣʷ 

ʞʠʚʣʝʥʥʷ, ʪʘʢʠʤ ʯʠʥʦʤ ʟʤʽʥʶʶʯʠ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʽʜʭʦʜʽʚ. ʗʢ ʧʨʘʚʠʣʦ, ʚ 

ʧʦʣʽʛʦʥʘʭ ʟ ʪʨʠʚʘʣʠʤ ʯʘʩʦʤ ʧʝʨʝʙʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ, ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ 

ʣʝʛʢʦʜʦʩʪʫʧʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʘʩʪʢʘ 

ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 5.18-5.19, ʧʦʚʥʽʩʪʶ 

ʧʦʛʦʜʞʫʶʪʴʩʷ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʫʷʚʣʝʥʥʷʤʠ ʧʨʦ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʯʘʩʫ ʥʘ 

ʧʝʨʝʙʽʛ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʮʝʥʦʟʽʚ ʫ ʪʽʣʽ ʧʦʣʽʛʦʥʽʚ 

ʊʇɺ.  

ʊʘʙʣʠʮʷ 5.18. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʤʽʢʨʦʮʝʥʦʟʫ (ʟʘ ʤʘʩʦʶ) ʧʨʠ ʨʽʟʥʽʡ 

ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʙʫʚʘʥʥʷ ʊʇɺ ʥʘ ʧʦʣʽʛʦʥʽ ʤ.ʍʤʝʣʴʥʠʮʴʢʠʡ 

 ̄

ʧʨʦʙ 

ɺʤʽʩʪ ʤʽʢʨʦʮʝʥʦʟʫ ʚ ʧʨʦʙʽ (ʟʘ ʤʘʩʦʶ)  ʧʦ ʦʩʥʦʚʥʠʭ ʨʦʜʘʭ, % 

ʉʪʨʦʢ ʧʝʨʝʙʫʚʘʥʥʷ ʊʇɺ ʙʽʣʷ 1 ʨʦʢʫ 

ʂʘʨʪʘ 1 

ʉʪʨʦʢ ʧʝʨʝʙʫʚʘʥʥʷ ʊʇɺ ʙʽʣʷ 5 ʨʦʢʽʚ 

ʂʘʨʪʘ 2 

Bacillus 
Micrococcus, 

Sarcina 
Pseudomonas Bacillus 

Micrococcus, 

Sarcina 
Pseudomonas 

1 35 27 20 12 18
 

64
 

2 36 28 20 13 19 65 

3 37 27 20 12 18 66 

4 36 28 21 11 17 65 
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 ̄

ʧʨʦʙ 

ɺʤʽʩʪ ʤʽʢʨʦʮʝʥʦʟʫ ʚ ʧʨʦʙʽ (ʟʘ ʤʘʩʦʶ)  ʧʦ ʦʩʥʦʚʥʠʭ ʨʦʜʘʭ, % 

ʉʪʨʦʢ ʧʝʨʝʙʫʚʘʥʥʷ ʊʇɺ ʙʽʣʷ 1 ʨʦʢʫ 

ʂʘʨʪʘ 1 

ʉʪʨʦʢ ʧʝʨʝʙʫʚʘʥʥʷ ʊʇɺ ʙʽʣʷ 5 ʨʦʢʽʚ 

ʂʘʨʪʘ 2 

Bacillus 
Micrococcus, 

Sarcina 
Pseudomonas Bacillus 

Micrococcus, 

Sarcina 
Pseudomonas 

5 35 29 20 12 18 64 

6 36 28 20 11 19 65 

7 37 28 21 12 18 66 

8 36 29 22 13 19 65 

9 35 28 22 13 18 64 

10 36 29 21 12 17 64 

11 37 30 22 11 18 65 

12 36 29 22 12 19 64 

 

ʊʘʙʣʠʮʷ 5.19. ʋʟʘʛʘʣʴʥʝʥʠʡ ʩʢʣʘʜ ʤʽʢʨʦʮʝʥʦʟʽʚ ʧʨʠ ʨʽʟʥʽʡ ʪʨʠʚʘʣʦʩʪʽ 

ʧʝʨʝʙʫʚʘʥʥʷ ʊʇɺ ʥʘ ʧʦʣʽʛʦʥʽ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ (ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʘ ʛʣʠʙʠʥʦʶ) 

ʇʦʢʘʟʥʠʢ ʂʘʨʪʘ 1 ʂʘʨʪʘ 2 

ʉʪʨʦʢ ʧʝʨʝʙʫʚʘʥʥʷ ʊʇɺ (ʧʨʠʙʣʠʟʥʦ) 1 ʨʽʢ 5 ʨʦʢʽʚ 

ʂʽʣʴʢʽʩʪʴ ʙʘʢʪʝʨʽʡ ʫ ʩʢʣʘʜʽ ʤʽʢʨʦʮʝʥʦʟʫ, ʂʋʆ/ʩʤ
3
 2,1*10

7 
4,6*10

6 

ʉʢʣʘʜ ʤʽʢʨʦʮʝʥʦʟʫ ʧʦ ʦʩʥʦʚʥʠʭ ʨʦʜʘʭ, % 

Bacillus 36°1 12°1 

Pseudomonas 20°1 64°2 

Micrococcus, Sarcina 28°2 18°1 

ɯʥʰʽ 16°1 6°1 

 

ʇʨʠ ʙʽʣʴʰʽʡ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʙʫʚʘʥʥʷ ʊʇɺ ʥʘ ʧʦʣʽʛʦʥʽ ʟʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʙʫʣʘ ʤʝʥʰʦʶ, ʥʽʞ ʫ çʤʦʣʦʜʠʭè ʚʽʜʭʦʜʘʭ. ʊʘʢ, ʫ 

ʚʽʜʭʦʜʘʭ, ʷʢʽ ʟʥʘʭʦʜʠʣʠʩʴ ʥʘ ʧʦʣʽʛʦʥʽ ʨʽʟʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʟʦʢʨʝʤʘ 1 ʪʘ 5 

ʨʦʢʽʚ, ʫ ʩʢʣʘʜʽ ʤʽʢʨʦʮʝʥʦʟʽʚ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʪʘʢʽ ʟʤʽʥʠ: ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʙʘʢʪʝʨʽʡ ʟʥʠʟʠʣʘʩʴ ʟ 2,1*10
7
 ʜʦ 4,6*10

6
 ʂʋʆ/ʩʤ

3
, ʧʨʠ ʮʴʦʤʫ ʚʤʽʩʪ Bacillus 

ʟʥʠʟʠʚʩʷ ʟ 36 ʜʦ 12 %,  Micrococcus ̔ Sarcina ï ʟ 28 ʜʦ 18 %, ʽʥʰʽ ï ʟ 16 ʜʦ 6%, 

ʘ Pseudomonas, ʥʘʚʧʘʢʠ, ʟʙʽʣʴʰʠʚʩʷ ï ʟ 20 ʜʦ 64 %.  

ʇʨʠ ʮʴʦʤʫ ʫ ʩʢʣʘʜʽ ʤʢ̔ʨʦʮʝʥʦʟʫ ʩʤʽʪʪʷ ʟ ʯʘʩʦʤ ʧʝʨʝʙʫʚʘʥʥʷ 1 ʨʽʢ 

ʧʝʨʝʚʘʞʘʣʠ ʧʨʝʜʩʪʘʚʥʠʢʠ ʨʦʜʽʚ Bacillus, Micrococcus ʪʘ Sarcina. ʎʝ ʙʘʢʪʝʨʽʾ, 

ʟʜʘʪʥʽ ʜʫʞʝ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʪʠʩ ̫ ʧʨʠ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʙʽʦʜʦʩʪʫʧʥʦʛʦ 



285 

 

ʩʫʙʩʪʨʘʪʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚ ʤʽʢʨʦʘʝʨʦʬʽʣʴʥʠʭ, ʘ ʜʝʷʢʽ ʚʠʜʠ ï ʽ ʚ ʘʥʘʝʨʦʙʥʠʭ 

ʫʤʦʚʘʭ. ʂʽʣʴʢʽʩʪʴ Pseudomonas ʟʘ ʪʘʢʠʭ ʫʤʦʚ ʙʫʣʘ ʧʦʨʽʚʥʷʥʦ ʤʝʥʰʦʶ. 

ʅʘʚʧʘʢʠ, ʫ ʨʘʟʽ ʩʪʨʦʢʫ ʧʝʨʝʙʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʙʽʣʷ 5 ʨʦʢʽʚ ʫ ʩʢʣʘʜʽ 

ʤʽʢʨʦʮʝʥʦʟʫ ʧʨʝʚʘʣʶʚʘʣʠ ʙʘʢʪʝʨʽʾ ʨ. Pseudomonas, ʷʢʽ ʻ ʘʝʨʦʙʘʤʠ, ʘʣʝ ʟʜʘʪʥʽ 

ʨʦʟʱʝʧʣʶʚʘʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ, ʥʽʞ ʙʘʢʪʝʨʽʾ ʨʨ. Bacillus, 

Micrococcus ʪʘ Sarcina. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʠʱʝ ʜʘʥʽ ʟʘʩʚʽʜʯʘʣʠ, ʱʦ ʧʦ ʤʽʨʽ 

ʧʝʨʝʙʫʚʘʥʥʷ ʊʇɺ ʥʘ ʧʦʣʽʛʦʥʽ ʚ ʥʠʭ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʽ, ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʩʢʦʨʦʯʝʥʥʷ ʣʝʛʢʦʜʦʩʪʫʧʥʦʾ ʦʨʛʘʥʽʯʥʦʾ ʬʨʘʢʮʽʾ. ɿʽ ʟʤʝʥʰʝʥʥʷʤ 

ʮʽʻʾ ʬʨʘʢʮʽʾ ʫ ʩʢʣʘʜʽ ʤʽʢʨʦʮʝʥʦʟʫ ʧʦʯʠʥʘʶʪʴ ʜʦʤʽʥʫʚʘʪʠ ʤʝʥʰ ʘʢʪʠʚʥʽ 

ʙʘʢʪʝʨʽʾ, ʥʘʧʨʠʢʣʘʜ, ʨ. Pseudomonas, ʷʢʽ ʟʜʘʪʥʽ ʩʧʦʞʠʚʘʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʽ 

ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ.  

 

5.5. ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ 

ɺʨʘʭʦʚʫʶʯʠ ʟʥʘʯʥʫ ʩʢʣʘʜʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʊʇɺ ʥʘ ʨʝʘʣʴʥʠʭ 

ʧʦʣʽʛʦʥʘʭ ʾʭ ʟʘʭʦʨʦʥʝʥʥʷ, ʙʫʣʦ ʚʠʟʥʘʥʦ ʟʘ ʜʦʮʽʣʴʥʝ ʩʧʦʯʘʪʢʫ ʩʪʚʦʨʠʪʠ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʽʤʽʪʘʮʽʾ ʚʽʨʦʛʽʜʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʫ ʪʽʣʽ ʧʦʣʽʛʦʥʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʢʣʘʜʫ ʫʪʚʦʨʶʚʘʥʠʭ ʧʨʠ ʮʴʦʤʫ 

ʤʽʢʨʦʮʝʥʦʟʽʚ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʴ ʟʤʽʰʘʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʚ ʦʩʥʦʚʥʽ ʷʢʦʛʦ ʣʝʞʘʪʴ ʬʽʟʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʘʣʝ ʧʝʚʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʦ ʥʘ ʧʽʜʩʪʘʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʦʧʠʩʫ ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʮʝʥʦʟʽʚ ʚ ʪʽʣʽ ʧʦʣʽʛʦʥʽʚ 

ʊʇɺ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ, ʘʣʝ ʜʦʩʪʫʧʥʘ ʯʠʩʣʝʥʥʘ ʢʽʣʴʢʽʩʪʴ ʤʦʜʝʣʝʡ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʦʧʠʩʫʚʘʪʠ ʬʦʨʤʫʚʘʥʥʷ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ ʚ 

ʩʧʦʨʫʜʘʭ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʽ ʟʦʢʨʝʤʘ ʤʦʜʝʣʴ IAWQ ASM-2 [303]. 

ɺʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʤʦʜʝʣʝʡ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʩʢʣʘʜʦʤ ʥʫʪʨʽʻʥʪʽʚ ʚ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʩʢʣʘʜʦʤ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ. 

ɼʣʷ ʚʠʧʘʜʢʫ ʧʦʣʽʛʦʥʫ ʊʇɺ ʮʷ ʟʘʣʝʞʥʽʩʪʴ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʴ, ʷʢʱʦ 
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ʽʩʥʫʚʘʪʠʤʝ ʯʽʪʢʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʬʨʘʢʮʽʡʥʠʤ ʩʢʣʘʜʦʤ ʚʽʜʭʦʜʽʚ ʪʘ 

ʩʢʣʘʜʦʤ ʤʽʢʨʦʮʝʥʦʟʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʪʽʣʽ ʧʦʣʽʛʦʥʽʚ. 

ʅʘʷʚʥʽʩʪʴ ʚʢʘʟʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʷʢ ʮʝ ʚʞʝ ʚʢʘʟʫʚʘʣʦʩʴ ʚʠʱʝ, ʘ ʪʘʢʦʞ 

ʩʭʦʞʽʩʪʴ ʦʩʥʦʚʥʠʭ ʛʨʫʧ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʤʦʜʝʣʝʡ ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʮʝʥʦʟʽʚ ʚ ʪʽʣʽ ʧʦʣʽʛʦʥʽʚ, ʘʥʘʣʦʛʽʯʥʦ ʨʦʟʚʠʪʢʫ 

ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʩʪʽʯʥʠʭ ʚʦʜ, ʟʦʢʨʝʤʘ ʤʦʜʠʬʽʢʦʚʘʥʦʾ 

ʤʦʜʝʣʽ IAWQ ASM-2.  

ɼʘʥʘ ʤʦʜʝʣʴ ʜʦʩʪʫʧʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʦʨʦʥʥʽʤʠ ʨʦʟʨʦʙʥʠʢʘʤʠ ʫ 

ʚʠʛʣʷʜʽ ʙʽʙʣʽʦʪʝʢʠ. ʗʢ ʚʠʭʽʜʥʽ ʜʘʥʽ ʚ ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʤʦʜʝʣʴ ʧʦʪʨʝʙʫʻ 

ʽʥʬʦʨʤʘʮʽʾ ʩʪʦʩʦʚʥʦ: 

- ʩʢʣʘʜʫ ʧʦʞʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʩʢʣʘʜʫ ʊʇɺ) ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʣʝʛʢʦʜʦʩʪʫʧʥʦʛʦ, ʩʝʨʝʜʥʴʦʜʦʩʪʫʧʥʦʛʦ ʪʘ ʚʘʞʢʦʜʦʩʪʫʧʥʦʛʦ 

ʚʫʛʣʝʮʶ, ʘʟʦʪʫ; 

- ʚʤʽʩʪʫ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʚ ʘʝʨʦʪʝʥʢʫ (ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ï ʥʘʷʚʥʽʩʪʴ 

ʜʦʩʪʫʧʫ ʜʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʢʠʩʥʶ); 

- ʧʝʨʝʣʽʢ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʷʚʥʠʤʠ ʚ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʾʭ 

ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʣʷ ʚʠʧʘʜʢʫ ʚʽʜʢʨʠʪʠʭ ʫʤʦʚ ʧʦʣʽʛʦʥʫ ʊʇɺ 

ʪʝʦʨʝʪʠʯʥʦ ʫ ʩʢʣʘʜʽ ʤʽʢʨʦʮʝʥʦʟʫ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʷʚʥʽ ʙʫʜʴ-ʷʢʽ ʚʠʜʠ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʘʣʝ ʫ ʜʘʥʽʡ ʤʦʜʝʣʽ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʦʙʤʝʞʝʥʥʷ ʣʠʰʝ ʪʠʤʠ 

ʾʭ ʛʨʫʧʘʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʧʦʣʽʛʦʥʽʚ.   

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʩʢʣʘʜʫ ʩʝʨʝʜʦʚʠʱʘ, ʪʦ ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʠʡ, 

ʚʠʭʦʜʷʯʠ ʟ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʊʇɺ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʬʨʘʢʮʽʡ 

ʊʇɺ ʥʝ ʻ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʶ ʽ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʜʦʮʽʣʴʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʟ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 

ʤʦʜʝʣʽ. 

ɼʣʷ ʮʴʦʛʦ ʩʪʚʦʨʶʻʪʴʩʷ ʜʦʚʽʜʥʠʢ ʤʘʪʝʨʽʘʣʽʚ (ʬʨʘʢʮʽʡ ʊʇɺ). ʂʦʨʠʩʪʫʚʘʯ 

ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʜʘʚʘʪʠ ʘʙʦ ʚʠʜʘʣʷʪʠ ʤʘʪʝʨʽʘʣʠ ʟ ʜʦʚʽʜʥʠʢʘ. ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ 
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ʢʦʞʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʚʝʜʝʥʽ ʜʘʥʽ ʧʨʦ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ ʫ ʚʠʛʣʷʜʽ 

ʥʫʪʨʽʻʥʪʫ, ʟʦʢʨʝʤʘ: 

- ʚʤʽʩʪ ʙʽʦʜʦʩʪʫʧʥʠʭ ʩʢʣʘʜʦʚʠʭ: 

Á ʣʝʛʢʦʜʦʩʪʫʧʥʦʛʦ ʚʫʛʣʝʮʶ 

Á ʩʝʨʝʜʥʴʦʜʦʩʪʫʧʥʦʛʦ ʚʫʛʣʝʮʶ 

Á ʚʘʞʢʦʜʦʩʪʫʧʥʦʛʦ ʚʫʛʣʝʮ  ʁ

Á ʘʟʦʪʫ; 

- ʟʦʣʴʥʽʩʪʴ. 

ʇʝʨʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʢʣʘʜʫ 

ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʤʦʜʝʣʽ IAWQ ASM-2, ʟʦʣʴʥʽʩʪʴ ï ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝʜʦʩʪʫʧʥʽ 

ʜʣʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʢʣʘʜʫ ʩʢʣʘʜʦʚʽ. ʗʢʱʦ ʩʢʣʘʜ ʥʫʪʨʽʻʥʪʽʚ ʜʣʷ ʢʦʞʥʦʾ 

ʬʨʘʢʮʽʾ ʊʇɺ ʚʽʜʦʤʠʡ, ʪʦ ʤʦʞʥʘ ʧʨʦʛʨʘʤʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʽ ʚʽʜʧʦʚʽʜʥʠʡ ʜʣʷ ʥʠʭ 

ʩʢʣʘʜ ʥʫʪʨʽʻʥʪʽʚ (ʰʣʷʭʦʤ ʫʩʝʨʝʜʥʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʢʦʞʥʦʾ 

ʩʢʣʘʜʦʚʦʾ).  

ɹʽʣʴʰ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʊʇɺ, ʪʦʤʫ ʱʦ ʚʦʜʘ, 

ʷʢʘ ʧʦʪʨʘʧʣʷʻ ʥʘ ʧʦʣʽʛʦʥ ʨʘʟʦʤ ʟ ʊʇɺ, ʻ ʣʠʰʝ ʯʘʩʪʠʥʦʶ ʚ ʾʭ ʟʘʛʘʣʴʥʦʤʫ 

ʩʢʣʘʜʽ. ɹʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ ʧʦʩʪʫʧʘʻ ʚ ʪʽʣʦ ʧʦʣʽʛʦʥʫ ʟ ʘʪʤʦʩʬʝʨʥʠʤʠ 

ʦʧʘʜʘʤʠ. ʆʪʞʝ, ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʥʝʦʙʭʽʜʥʘ ʥʘʩʪʫʧʥʘ ʽʥʬʦʨʤʘʮʽʷ: 

- ʜʘʥʽ ʱʦʜʦ ʧʦʯʘʪʢʦʚʦʾ ʚʦʣʦʛʦʩʪʽ ʢʦʞʥʦʾ ʬʨʘʢʮʽʾ; 

- ʜʘʥʽ ʱʦʜʦ ʛʽʛʨʦʩʢʦʧʽʯʥʦʩʪʽ ʬʨʘʢʮʽʾ, ʪʦʙʪʦ ʟʜʘʪʥʦʩʪʽ ʥʘʢʦʧʠʯʫʚʘʪʠ 

ʚʦʜʫ; 

- ʜʘʥʽ ʱʦʜʦ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʽ, ʟʦʢʨʝʤʘ, ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ. 

ʇʨʠ ʮʴʦʤʫ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʧʦʯʘʪʢʦʚʦʾ ʚʦʣʦʛʦʩʪʽ ʪʘ ʛʽʛʨʦʩʢʦʧʽʯʥʦʩʪʽ - 

ʻ ʚʣʘʩʪʠʚʽʩʪʶ ʢʦʞʥʦʾ ʬʨʘʢʮʽʾ, ʘ ʱʦʜʦ ʧʦʛʦʜʥʠʭ ʫʤʦʚ - ʚʣʘʩʪʠʚʽʩʪʶ ʢʦʞʥʦʛʦ 

ʧʨʦʤʽʞʢʫ ʯʘʩʫ.  

ɼʣʷ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ IAWQ ASM-2, ʷʢ ʚʠʭʽʜʥʽ ʫʤʦʚʠ, 

ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʘʝʨʦʬʽʣʴʥʦʩʪʽ, ʪʦʙʪʦ ʢʽʣʴʢʦʩʪʽ 

ʨʦʟʯʠʥʝʥʦʛʦ ʫ ʩʪʽʯʥʠʭ ʚʦʜʘʭ ʢʠʩʥʶ. ʋ ʊʇɺ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʪʽʯʥʠʭ ʚʦʜ ʧʨʦʮʝʩ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʟʤʽʥʠ ʬʘʟ, ʽ ʟʦʢʨʝʤʘ, ʫ ʨʽʜʢʽʡ ʬʘʟʽ ʥʘ ʧʦʚʝʨʭʥʽ 
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ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʢʦʥʪʘʢʪʫ ʟ ʧʦʚʽʪʨʷʤ, ʢʠʩʝʥʴ ʧʦʪʨʘʧʣʷʻ ʫ 

ʩʝʨʝʜʦʚʠʱʝ ʰʣʷʭʦʤ ʜʠʬʫʟʽʾ, ʘ ʦʪʞʝ ʡʦʛʦ ʚʤʽʩʪ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʧʠʪʦʤʦʾ 

ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʟ ʧʦʚʽʪʨʷʤ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʨʽʜʢʠʡ ʰʘʨ ʥʘʙʘʛʘʪʦ ʤʝʥʰʠʡ 

ʟʘ ʰʘʨ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ, ʡʦʛʦ ʨʦʟʤʽʨʘʤʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʽ ʪʦʜʽ 

ʚʠʟʥʘʯʘʣʴʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʩʪʘʥʝ 

ʨʦʟʤʽʨ ʬʘʢʪʠʯʥʦʾ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʊʇɺ, ʷʢʘ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʘʩʠʧʥʦʶ ʛʫʩʪʠʥʦʶ. ɺʨʘʭʦʚʫʶʯʠ ʩʢʘʟʘʥʝ, ʦʩʪʘʥʥʽʤ ʽʟ ʥʝʦʙʭʽʜʥʠʭ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ  ʙʫʜʝ ʧʦʢʘʟʥʠʢ ʥʘʩʠʧʥʦʾ ʛʫʩʪʠʥʠ ʊʇɺ. ʆʩʪʘʥʥʽʡ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ, 

ʚʠʭʦʜʷʯʠ ʟ ʜʘʥʠʭ ʧʨʦ ʥʘʩʠʧʥʫ ʛʫʩʪʠʥʫ ʢʦʞʥʦʾ ʬʨʘʢʮʽʾ ʪʘ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʚʽʜʭʦʜʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢ ʦʩʥʦʚʥʽ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ 

ʬʦʨʤʫʶʪʴʩʷ ʜʚʘ ʜʦʚʽʜʥʠʢʠ: ʜʦʚʽʜʥʠʢ ʪʘ ʜʦʚʽʜʥʠʢ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʆʩʢʽʣʴʢʠ 

ʧʝʨʝʣʽʢ ʬʨʘʢʮʽʡ ʊʇɺ ʥʝ ʻ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤ, ʘ ʧʝʨʝʣʽʢ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʤʽʢʨʦʮʝʥʦʟʫ ʥʝ ʻ ʚʠʯʝʨʧʥʠʤ, ʢʦʨʠʩʪʫʚʘʯ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʠʛʫʚʘʪʠ ʚʢʘʟʘʥʽ 

ʜʦʚʽʜʥʠʢʠ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʟʘʜʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: 

- ʥʘʩʠʧʥʘ ʛʫʩʪʠʥʘ; 

- ʛʽʛʨʦʩʢʦʧʽʯʥʽʩʪʴ (ʚʣʘʩʪʠʚʽʩʪʴ ʫʪʨʠʤʫʚʘʪʠ ʚʦʜʫ, ʟʙʽʣʴʰʫʶʯʠ ʚʦʣʦʛʽʩʪʴ 

ʩʫʤʽʰʽ ʊʇɺ); 

- ʚʤʽʩʪ ʙʽʦʜʦʩʪʫʧʥʠʭ ʩʢʣʘʜʦʚʠʭ: ʣʝʛʢʦʜʦʩʪʫʧʥʦʛʦ, ʩʝʨʝʜʥʴʦʜʦʩʪʫʧʥʦʛʦ 

ʪʘ ʚʘʞʢʦʜʦʩʪʫʧʥʦʛʦ ʚʫʛʣʝʮʶ, ʪʘ ʘʟʦʪʫ; 

- ʟʦʣʴʥʽʩʪʴ. 

ʄʦʜʝʣʴ IAWQ ASM-2 ʚʨʘʭʦʚʫʻ ʣʠʰʝ ʥʘʷʚʥʽʩʪʴ ʪʘ ʚʤʽʩʪ ʚʫʛʣʝʮʶ ʽ 

ʘʟʦʪʫ. ɺ ʧʦʜʘʣʴʰʽʡ ʨʦʙʦʪʽ ʤʦʞʣʠʚʝ ʨʦʟʰʠʨʝʥʥʷ ʤʦʜʝʣʽ ʜʣʷ ʫʨʘʭʫʚʘʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʬʦʩʬʦʨʫ ʘʙʦ ʩʽʨʢʠ, ʘ ʪʘʢʦʞ ʫʪʚʦʨʝʥʥʷ ʙʽʦʛʘʟʫ. 

ʋ ʜʦʚʽʜʥʠʢʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚʢʘʟʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʧʦʚʥʽʩʪʶ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʭʽʜʥʠʤ ʧʘʨʘʤʝʪʨʘʤ ʤʦʜʝʣʽ IAWQ ASM-2, ʘ ʩʘʤʝ: 

- ʘʝʨʦʙʥʽʩʪʴ; 

- ʢʦʝʬʽʮʽʻʥʪʠ ʰʚʠʜʢʦʩʪʽ ʜʝʩʪʨʫʢʮʽʾ ʟʘ ʢʦʞʥʦʶ ʩʢʣʘʜʦʚʦʶ ʦʨʛʘʥʦʛʝʥʽʚ 

(ʚʫʛʣʝʮʶ ʨʽʟʥʦʾ ʜʦʩʪʫʧʥʦʩʪʽ, ʘʟʦʪʫ); 
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- ʢʦʝʬʽʮʽʻʥʪ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʧʨʠ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚʘʭ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʽʜʤʽʥʥʽʩʪʴ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ ʧʨʠ ʫ 

ʧʨʦʮʝʩ ̔ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʪʘ ʫʤʦʚ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʮʝʥʦʟʽʚ ʚ ʰʘʨʽ ʊʇɺ, 

ʟʥʘʯʝʥʥʷ ʚʢʘʟʘʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʫʜʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʥʘʚʝʜʝʥʠʭ ʫ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ. ʊʦʤʫ, ʮʽ ʢʦʝʬʽʮʽʻʥʪʠ ʙʫʣʠ ʫʪʦʯʥʝʥʽ ʥʘ ʧʽʜʩʪʘʚʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʚ ʤʝʞʘʭ ʧʦʣʽʛʦʥʫ ʯʝʨʝʟ ʦʩʦʙʣʠʚʦʩʪʽ ʫʤʦʚ ʨʦʟʤʽʱʝʥʥʷ  

ʊʇɺ ʾʭ ʩʢʣʘʜ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʠʤ, ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʫ 

ʤʦʜʝʣʽ ʢʦʤʽʨʢʦʚʫ ʩʠʩʪʝʤʫ.  ʇʽʜ ʢʦʤʽʨʢʦʶ ʨʦʟʫʤʽʻʪʴʩʷ ʯʘʩʪʠʥʘ ʧʦʣʽʛʦʥʫ ʘʙʦ 

ʚʩʝ ʪʽʣʦ ʧʦʣʽʛʦʥʫ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ), ʚ ʷʢʽʡ ʧʘʨʘʤʝʪʨʠ 

ʚʽʜʭʦʜʽʚ ʚʚʘʞʘʶʪʴʩʷ ʦʜʥʘʢʦʚʠʤʠ. ɼʣʷ ʢʦʞʥʦʾ ʢʦʤʽʨʢʠ ʟʘʜʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ 

ʜʘʥʽ: 

- ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ (ʚʠʩʦʪʘ, ʜʦʚʞʠʥʘ, ʰʠʨʠʥʘ);  

- ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʊʇɺ (ʧʝʨʝʣʽʢ ʬʨʘʢʮʽʡ ʪʘ ʾʭ ʯʘʩʪʢʘ ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʦʙʩʷʟʽ); 

- ʚʦʣʦʛʽʩʪʴ. 

ɺʨʘʭʦʚʫʶʯʠ ʟʥʘʯʥʫ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʙʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʥʘ ʧʦʣʽʛʦʥʽ, ʟʤʽʥʠ, 

ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʥʠʭ ʟʘ ʨʘʭʫʥʦʢ ʜʝʛʨʘʜʘʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʫ ʥʠʭ ʤʽʢʨʦʮʝʥʦʟʽʚ. ʆʪʞʝ, ʜʦʮʽʣʴʥʦ 

ʨʦʟʨʦʙʠʪʠ ʜʝʪʝʨʤʽʥʦʚʘʥʫ ʚ ʯʘʩʽ ʤʦʜʝʣʴ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʜʽʣʝʥʥʷ ʯʘʩʫ ʥʘ 

ʨʷʜ ʧʨʦʤʽʞʢʽʚ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʚʢʘʟʫʶʪʴʩʷ: 

- ʪʨʠʚʘʣʽʩʪʴ; 

- ʧʦʛʦʜʥʽ ʫʤʦʚʠ, ʚ ʪ.ʯ. ʪʝʤʧʝʨʘʪʫʨʘ, ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ, 

ʥʘʷʚʥʽʩʪʴ ʦʧʘʜʽʚ. 

ʂʽʣʴʢʽʩʪʴ ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ ʥʝʦʙʤʝʞʝʥʘ, ʘʣʝ ʾʭ ʟʙʽʣʴʰʝʥʥʷ ʧʨʠʟʚʦʜʠʪʠʤʝ 

ʜʦ ʟʨʦʩʪʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʯʘʩʫ ʤʦʜʝʣʽ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʢʣʘʜʝʥʝ, ʧʨʠʥʮʠʧʦʚʠʡ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ 

ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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} ʜʣʷ ʢʦʞʥʦʾ ʢʦʤʽʨʢʠ, ʚʠʭʦʜʷʯʠ ʟ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʊʇɺ, 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʩʝʨʝʜʥʽ ʧʘʨʘʤʝʪʨʠ ʊʇɺ;  

} ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʧʝʨʰʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʦʣʦʛʽʩʪʴ ʧʨʦʙʠ ʪʘ ʢʽʣʴʢʽʩʪʴ ʜʦʩʪʫʧʥʦʛʦ ʢʠʩʥʶ, 

ʪʝʤʧʝʨʘʪʫʨʘ; 

} ʩʬʦʨʤʦʚʘʥʽ ʜʘʥʽ ʚʥʦʩʷʪʴʩʷ ʫ ʤʦʜʝʣʴ IAWQ ASM-2 ʷʢ ʚʠʭʽʜʥʽ 

ʧʘʨʘʤʝʪʨʠ. ʂʨʽʤ ʪʦʛʦ, ʧʝʨʝʜʘʶʪʴʩʷ ʜʘʥʽ ʜʦʚʽʜʥʠʢʘ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ; 

} ʤʦʜʝʣʣʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ ʤʽʢʨʦʮʝʥʦʟʫ, ʚʠʭʦʜʷʯʠ 

ʟ ʫʤʦʚʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʠʨʦʩʪʫ ʙʽʦʤʘʩʠ ʚ ʥʘʷʚʥʠʭ ʫʤʦʚʘʭ, ʪʘ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚ ʢʦʤʽʨʮʽ; 

} ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʤʘʩʘ ʜʝʛʨʘʜʦʚʘʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ 

ʩʫʤʽʰʽ ʧʨʦʪʷʛʦʤ ʧʨʦʤʽʞʢʫ ʯʘʩʫ;  

} ʬʦʨʤʫʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʫ ʢʦʤʽʨʢʠ ʚ 

ʢʽʥʮʽ ʧʨʦʤʽʞʢʫ ʯʘʩʫ; 

} ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʚʠʚʦʜʠʪʴʩʷ ʥʘ ʜʠʩʧʣʝʡ. 

ʇʨʦʮʝʩ ʽʪʝʨʘʮʽʡʥʦ ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ. 

ʇʨʠʥʮʠʧʦʚʠʡ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 5.11. 

 

5.6. ʈʦʟʨʦʙʢʘ ʦʙôʻʢʪʥʦʾ ʤʦʜʝʣʽ ʧʨʦʛʨʘʤʠ ʪʘ ʦʮʽʥʢʘ ʾʾ ʘʜʝʢʚʘʪʥʦʩʪʽ  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʦʛʦ ʥʘ ʨʠʩ. 5.11 ʧʨʠʥʮʠʧʦʚʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʧʨʦʛʨʘʤʠ ʾʾ ʦʙôʻʢʪʥʘ ʤʦʜʝʣʴ ʧʦʚʠʥʥʘ ʚʢʣʶʯʘʪʠ, ʧʨʠʥʘʡʤʥʽ, ʪʘʢʽ ʦʩʥʦʚʥʽ 

ʢʣʘʩʠ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. 

- ʤʘʪʝʨʽʘʣ (ʬʨʘʢʮʽʷ ʊʇɺ); 

- ʛʨʫʧʘ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ; 

- ʢʦʤʽʨʢʘ; 

- ʧʨʦʤʽʞʦʢ ʯʘʩʫ. 

ɼʦʜʘʪʢʦʚʦ ʥʝʦʙʭʽʜʥʽ ʩʪʨʫʢʪʫʨʠ ʪʘ ʢʣʘʩʠ: 
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- ʧʘʨʘʤʝʪʨ ï ʘʙʩʪʨʘʢʮʽʷ ʧʘʨʘʤʝʪʨʫ ʤʘʪʝʨʽʘʣʫ ʘʙʦ ʛʨʫʧʠ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʘ ʚʢʣʶʯʘʻ ʥʘʟʚʫ ʪʘ ʦʜʠʥʠʮʽ ʚʠʤʽʨʫ; 

- ʤʦʜʝʣʴ ï ʘʙʩʪʨʘʢʮʽʷ ʟʘʛʘʣʴʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʚʢʣʶʯʘʻ ʢʦʥʢʨʝʪʥʽ ʜʘʥʽ 

ʜʦʚʽʜʥʠʢʽʚ ʪʘ ʚʠʭʽʜʥʠʭ ʫʤʦʚ ʤʦʜʝʣʶʚʘʥʥʷ. 

 

ʈʠʩ. 5.11. ʇʨʠʥʮʠʧʦʚʠʡ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ 

 

ʂʨʽʤ ʪʦʛʦ, ʨʷʜ ʜʦʧʦʤʽʞʥʠʭ ʢʣʘʩʽʚ ʧʦʪʨʽʙʥʽ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʧʨʦʛʨʘʤʠ ʟ 

ʬʨʝʡʤʚʦʨʢʦʤ IAWQ ASM, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʤʽʢʨʦʮʝʥʦʟʫ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ ʢʦʥʪʨʦʣʝʨ ʜʣʷ 

ʥʦʨʤʘʣʽʟʘʮʽʾ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ ʟʚʦʨʦʪʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ.  

1 

Åʜʣʷ ʢʦʞʥʦʾ ʢʦʤʽʨʢʠ, ʚʠʭʦʜʷʯʠ ʟ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʊʇɺ, 
ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʩʝʨʝʜʥʽ ʧʘʨʘʤʝʪʨʠ ʊʇɺ 

2 

Åʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʧʝʨʰʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ 
ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʦʣʦʛʽʩʪʴ ʧʨʦʙʠ ʪʘ ʢʽʣʴʢʽʩʪʴ ʜʦʩʪʫʧʥʦʛʦ ʢʠʩʥʶ, 
ʪʝʤʧʝʨʘʪʫʨʘ 

3 

Åʙʘʟʫʶʯʠʩʴ ʥʘ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʠʡ 
ʩʢʣʘʜ ʙʽʦʮʝʥʦʟʫ, ʚʠʭʦʜʷʯʠ ʟ ʫʤʦʚʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʠʨʦʩʪʫ 
ʙʽʦʤʘʩʠ ʚ ʥʘʷʚʥʠʭ ʫʤʦʚʘʭ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ 
ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚ ʢʦʤʽʨʮʽ 

4 

Åʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʤʘʩʘ ʜʝʛʨʘʜʦʚʘʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ 
ʩʫʤʽʰʽ ʧʨʦʪʷʛʦʤ ʧʨʦʤʽʞʢʫ ʯʘʩʫ, ʬʦʨʤʫʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 
ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʽʘʣʫ ʢʦʤʽʨʢʠ ʚ ʢʽʥʮʽ ʧʨʦʤʽʞʢʫ ʯʘʩʫ 

5 
Å̔ ʥʬʦʨʤʘʮʽʷ ʧʨʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʚʠʚʦʜʠʪʴʩʷ ʥʘ ʜʠʩʧʣʝʡ 

6 
Åʧʨʦʮʝʩ ʽʪʝʨʘʮʽʡʥʦ ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ 
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ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ 

ʤʦʚʦʶ Apple Swift 4.0, ʘ ʾʾ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʚ ʩʝʨʝʜʦʚʠʱʽ Mac OS 10.13.5 

ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 5.12.  

 

 

ʈʠʩ. 5.12. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʨʦʛʨʘʤʠ ʚ ʩʝʨʝʜʦʚʠʱʽ Mac OS 10.13.5. 

 

ɺʨʘʭʦʚʫʶʯʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʧʨʦʛʨʘʤʽ, 

ʦʢʨʝʤʽ ʯʘʩʪʠʥʠ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʜʝʣʽ ʧʨʦʚʦʜʷʪʴʩʷ ʚ ʨʽʟʥʠʭ ʧʦʪʦʢʘʭ ʜʘʥʠʭ, ʜʣʷ 

ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʫʥʢʮʽʾ ʜʠʩʧʝʪʯʝʨʘ ʙʘʛʘʪʦʟʘʜʘʯʥʦʩʪʽ Swift (Grand 

central dispatch) ʚʽʜʧʦʚʽʜʥʦ ʜʦ [326, 327]. 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʛʨʘʤʠ ʥʝʦʙʭʽʜʥʦ ʧʨʘʚʠʣʴʥʦ 

ʚʠʟʥʘʯʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʦʟʤʽʨʠ ʢʦʤʽʨʦʢ ʪʘ ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʪʘ ʜʦʩʪʫʧʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʨʠʚʘʣʦʛʦ (ʧʦʥʘʜ 5 ʨʦʢʽʚ) ʧʝʨʝʙʫʚʘʥʥʷ ʊʇɺ ʥʘ ʧʦʣʽʛʦʥʽ ʢʦʤʽʨʢʘ ʤʦʞʝ 

ʚʽʜʧʦʚʽʜʘʪʠ ʮʽʣʽʡ ʢʘʨʪʽ ʧʦʣʽʛʦʥʫ, ʘ ʢʨʦʢ - ʩʢʣʘʜʘʪʠ 1 ʨʽʢ.  

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʽʾ ʙʽʦʧʨʝʧʘʨʘʪʫ, ʷʢʠʡ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʚ ʪʽʣʽ ʧʦʣʽʛʦʥʫ, ʜʦʮʽʣʴʥʦ ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨ ʢʦʤʽʨʢʠ ʜʦ 

ʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʩʘʥʪʠʤʝʪʨʽʚ, ʘ ʢʨʦʢ ʯʘʩʫ - ʜʦ 1 ʜʦʙʠ. 

ʆʮʽʥʢʫ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʰʣʷʭʦʤ 

ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʘ ʤʦʜʝʣʣʶ ʧʨʦʛʥʦʟʥʠʭ ʜʘʥʠʭ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 




































































































































