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ɺʚʝʜʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʣʦʞʥʝʡʰʝʛʦ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ɿʝʤʣʝ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʦʩʦʙʘʷ 

ʦʙʦʣʦʯʢʘ ï ʙʠʦʩʬʝʨʘ, ʢʦʪʦʨʫʶ ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ ɺʝʨʥʘʜʩʢʠʡ ʦʧʨʝʜʝʣʠʣ ʢʘʢ çʦʙʣʘʩʪʴ 

ʞʠʟʥʠ, ʚʢʣʶʯʘʶʱʫʶ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʠ ʩʨʝʜʫ ʠʭ ʦʙʠʪʘʥʠʷ; ʦʩʦʙʫʶ ʦʙʦʣʦʯʢʫ ɿʝʤʣʠ, ʚ 

ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʧʨʦʷʚʣʷʝʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʞʠʚʦʛʦ ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳè. 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʙʠʦʩʬʝʨʳ ʦʙʫʩʣʦʚʣʝʥʳ ʪʨʝʤʷ ʛʨʫʧʧʘʤʠ ʬʘʢʪʦʨʦʚ, ʪʝʩʥʦ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ: ʨʘʟʚʠʪʠʝʤ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʢʘʢ ʢʦʩʤʠʯʝʩʢʦʛʦ ʪʝʣʘ ʠ 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʝʝ ʥʝʜʨʘʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʠ ʨʘʟʚʠʪʠʝʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ. ɾʠʚʦʝ ʚʝʱʝʩʪʚʦ ʦʢʘʟʳʚʘʝʪ ʥʝʧʨʝʨʳʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʝʞʠʚʫʶ ʧʨʠʨʦʜʫ, ʩʦʟʜʘʚʘʷ ʮʝʣʦʩʪʥʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. 

ʆʩʥʦʚʫ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʙʠʦʩʬʝʨʝ, ʩʦʩʪʘʚʣʷʶʪ 

ʭʠʤʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʭʠʤʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ɺ ʫʩʣʦʚʠʷʭ ʢʨʘʡʥʝ ʥʘʧʨʷʞʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ʩʚʷʟʠ ʩ ʙʳʩʪʨʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦʷʚʠʣʘʩʴ ʥʘʩʫʱʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʛʣʫʙʦʢʦʤ ʠʟʫʯʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʢʦʧʣʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ ʚ 

ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʮʠʨʢʫʣʠʨʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʭ 

ʢʩʝʥʦʙʠʦʪʠʢʦʚ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʀʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʵʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʭʣʦʨ- ʠ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʝ ʧʝʩʪʠʮʠʜʳ, ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʜʠʦʢʩʠʥʳ, ʜʠʙʝʥʟʦʬʫʨʘʥʳ ʠ 

ʙʠʬʝʥʠʣʳ, ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʥʠʪʨʦʟʘʤʠʥʳ ʠ ʜʨ., ʘ ʠʟ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ï 

ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠ ʨʘʜʠʦʥʫʢʣʠʜʳ. ɺ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʤ ʢʨʫʛʦʚʦʨʦʪʝ ʤʥʦʛʠʭ ʪʦʢʩʠʯʥʳʭ ʜʣʷ 

ʯʝʣʦʚʝʢʘ ʚʝʱʝʩʪʚ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʧʨʠʨʦʜʥʳʤʠ, ʘ ʧʦʨʦʡ ʠ ʧʨʝʚʦʩʭʦʜʷʪ 

ʠʭ.  

ʋʩʠʣʠʚʘʶʱʝʝʩʷ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚʳʟʚʘʣʦ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʮʠʢʣʦʚ ʙʦʣʴʰʠʥʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ï ʠʟʤʝʥʠʣʠʩʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʪʝʤʧʳ ʤʠʛʨʘʮʠʠ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʝʨʝʤʝʩʪʠʣʠʩʴ ʟʦʥʳ ʠʭ ʚʳʥʦʩʘ ʠ 

ʥʘʢʦʧʣʝʥʠʷ. ʊʘʢ, ʜʣʷ ʤʝʪʘʣʣʦʚ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ ʚ ʧʨʠʥʮʠʧʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʤʝʭʘʥʠʟʤʦʚ 

ʩʘʤʦʦʯʠʱʝʥʠʷ ï ʦʥʠ ʣʠʰʴ ʧʝʨʝʤʝʱʘʶʪʩʷ ʠʟ ʦʜʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʚ ʜʨʫʛʦʡ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʘʪʝʛʦʨʠʷʤʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʦʩʪʘʚʣʷʷ ʥʝʛʘʪʠʚʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʤʥʦʛʠʝ ʵʣʝʤʝʥʪʳ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʣʠʙʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ, ʣʠʙʦ ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ. ʅʘʧʨʠʤʝʨ, ʧʦʥʷʪʠʷ çʤʠʢʨʦʵʣʝʤʝʥʪʳè ʠ çʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳè 

ʯʘʩʪʦ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʵʣʝʤʝʥʪʘʤ, ʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ. ʊʝʨʤʠʥ 

çʤʠʢʨʦʵʣʝʤʝʥʪʳè ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ ʠ ʧʨʠʤʝʥʷʝʪʩʷ 

ʧʨʠ ʬʦʥʦʚʳʭ ʫʨʦʚʥʷʭ ʩʦʜʝʨʞʘʥʠʷ. ʊʝʨʤʠʥ çʪʷʞʝʣʳʡ ʤʝʪʘʣʣè ʧʨʠʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦʙ ʦʧʘʩʥʳʭ ʫʨʦʚʥʷʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʦʚ, ʪʦ ʝʩʪʴ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ. 

ʉʝʨʴʝʟʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʘʣʘ ʜʦʙʳʯʘ, ʧʝʨʝʨʘʙʦʪʢʘ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʥʝʬʪʠ ʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʆʧʘʩʥʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʥʝʬʪʴʶ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʘ ʢʘʥʮʝʨʦʛʝʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʇɸʋ), ʚʭʦʜʷʱʠʭ ʚ ʝʝ ʩʦʩʪʘʚ. ʈʘʟʣʠʚʳ ʥʝʬʪʠ ʫʥʠʯʪʦʞʘʶʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʞʠʚʦʝ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚʳʩʦʭʰʠʝ ʣʝʩʘ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʤʝʩʪʘʤ 

ʩʢʦʧʣʝʥʠʷ ʥʝʬʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʡʥʳʭ ʧʦʪʝʨʴ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʚʦʜʦʝʤʦʚ ʥʘ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʷʭ. ʊʘʢ, ʧʨʠ ʨʘʟʣʠʚʘʭ ʥʝʬʪʴ 

ʧʨʦʥʠʢʘʝʪ ʚ ʛʣʫʙʦʢʠʝ ʩʣʦʠ ʧʦʯʚʳ ʚʧʣʦʪʴ ʜʦ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ 

ʫʭʫʜʰʝʥʠʶ ʩʚʦʡʩʪʚ ʧʦʯʚ, ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʡ ʜʝʛʨʘʜʘʮʠʠ. ʇʨʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʟʝʤʣʠ ʧʦʣʥʦʩʪʴʶ ʪʝʨʷʶʪ ʩʚʦʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʥʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘ ʵʢʦʩʠʩʪʝʤʳ ʠʟʫʯʝʥʳ ʩʣʘʙʦ, ʦʩʦʙʝʥʥʦ 

ʚʦʧʨʦʩʳ ʦʪʜʘʣʝʥʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. 

ɺ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʪʝʭʥʦʛʝʥʥʳʭ ʪʦʢʩʠʢʘʥʪʦʚ 

ʧʦʜʚʝʨʞʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʝʙʘʥʠʷʤ, ʧʦʵʪʦʤʫ ʧʨʠʦʨʠʪʝʪʳ ʨʝʘʙʠʣʠʪʘʮʠʠ ʩʠʩʪʝʤʳ 
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ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪʴ ʩ ʫʯʝʪʦʤ ʢʦʥʢʨʝʪʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, 

ʩʢʣʘʜʳʚʘʶʱʝʡʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ, ʜʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ, ʚʦʜ, ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʞʠʚʦʪʥʦʛʦ ʤʠʨʘ ʠ ʟʜʦʨʦʚʴʷ 

ʯʝʣʦʚʝʢʘ. 

ʊʦʣʴʢʦ ʯʝʪʢʦʝ ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʚʝʜʫʪ ʩʝʙʷ ʠ ʢʘʢʠʝ ʠʩʧʳʪʳʚʘʶʪ ʧʨʝʚʨʘʱʝʥʠʷ ʪʝ ʠʣʠ 

ʠʥʳʝ ʚʝʱʝʩʪʚʘ, ʧʦʧʘʜʘʶʱʠʝ ʚ ʙʠʦʩʬʝʨʫ, ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʚʘʪʴ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʧʦʩʣʝʜʩʪʚʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʨʦʜʥʳʝ ʩʨʝʜʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ 

ʚʳʭʦʜʠʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʝʣʦʚʝʢʦʤ 

ʠ ʩʨʝʜʦʡ ʦʙʠʪʘʥʠʷ, ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʦʩʥʦʚʫ ʦʪʜʝʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʩʪʳʢʝ 

ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥ (ʭʠʤʠʠ, ʛʝʦʭʠʤʠʠ, ʙʠʦʣʦʛʠʠ, ʵʢʦʣʦʛʠʠ ʠ ʜʨ.). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʥʘʫʢʘ ʦ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʦ ʧʦʩʣʝʜʩʪʚʠʷʭ ʪʘʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ï ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʭʠʤʠʷ. ʕʪʦ ʥʘʫʯʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʨʦʮʝʩʩʳ ʤʠʛʨʘʮʠʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʠʨʦʜʥʦʛʦ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʙʠʦʩʬʝʨʳ ï 

ʘʪʤʦʩʬʝʨʝ, ʣʠʪʦʩʬʝʨʝ, ʧʝʜʦʩʬʝʨʝ ʠ ʛʠʜʨʦʩʬʝʨʝ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʡ ʦʮʝʥʢʠ 

ʠʟʤʝʥʝʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ. 
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çʄʠʨ ʠʟʤʝʥʠʣʩʷ. ʗ ʯʫʚʩʪʚʫʶ ʵʪʦ ʚ ʚʦʜʝ, 

ʯʫʚʩʪʚʫʶ ʵʪʦ ʚ ʟʝʤʣʝ, ʦʱʫʱʘʶ ʚ ʚʦʟʜʫʭʝé 

ʄʥʦʛʦʝ ʠʟ ʪʦʛʦ, ʯʪʦ ʙʳʣʦ ï ʫʰʣʦ.  

ʀ ʥʝ ʦʩʪʘʣʦʩʴ ʪʝʭ, ʢʪʦ ʧʦʤʥʠʪ ʦʙ ʵʪʦʤè. 

ɼʞʦʥ ʈʦʥʘʣʴʜ ʈʫʵʣ ʊʦʣʢʠʥ (çɺʣʘʩʪʝʣʠʥ ʂʦʣʝʮè) 

 

ʈʘʟʜʝʣ I. ʍʠʤʠʷ ʩʬʝʨ ʟʝʤʣʠ 

ɻʣʘʚʘ 1. ɸʪʤʦʩʬʝʨʘ 

1.1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʘʪʤʦʩʬʝʨʳ 

ɸʪʤʦʩʬʝʨʦʡ ɿʝʤʣʠ (ʦʪ ʛʨʝʯ. atmos - ʧʘʨ ʠ sphaira - ʰʘʨ) ʥʘʟʳʚʘʝʪʩʷ ʛʘʟʦʚʘʷ ʦʙʦʣʦʯʢʘ, 

ʦʢʨʫʞʘʶʱʘʷ ɿʝʤʣʶ. ʄʘʩʩʘ ʘʪʤʦʩʬʝʨʳ ʩʦʩʪʘʚʣʷʝʪ (5,1-5,3)Ŀ1015 ʪ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 

ʦʜʥʫ ʤʠʣʣʠʦʥʥʫʶ ʯʘʩʪʴ ʤʘʩʩʳ ɿʝʤʣʠ.  ʇʣʦʪʥʦʩʪʴ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʫʨʦʚʥʝ ʤʦʨʷ ʚ 

ʩʨʝʜʥʝʤ ʨʘʚʥʘ 1,275 ʛ/ʜʤ3, ʩʨʝʜʥʝʝ ʜʘʚʣʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ (ʥʘ ʫʨʦʚʥʝ ʤʦʨʷ) 

ʩʦʩʪʘʚʣʷʝʪ  760 ʤʤ ʨʪ. ʩʪ. ʉ ʚʳʩʦʪʦʡ ʜʘʚʣʝʥʠʝ ʫʙʳʚʘʝʪ ʧʦ ʟʘʢʦʥʫ, ʙʣʠʟʢʦʤʫ ʢ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ, ʪʘʢ ʯʪʦ ʥʘ ʚʳʩʦʪʘʭ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ ʧʣʦʪʥʦʩʪʴ 

ʘʪʤʦʩʬʝʨʳ ʫʞʝ ʦʯʝʥʴ ʤʘʣʘ.  

ɸʪʤʦʩʬʝʨʘ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʪʣʠʯʘʶʱʠʭ ʝʝ ʦʪ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʙʠʦʩʬʝʨʳ, ʘ ʠʤʝʥʥʦ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ, ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʩʚʦʝʦʙʨʘʟʠʝʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɸʪʤʦʩʬʝʨʘ ɿʝʤʣʠ ʩʦʩʪʦʠʪ ʧʨʠʤʝʨʥʦ ʥʘ 78% ʠʟ ʘʟʦʪʘ, ʥʘ 21% ʠʟ ʢʠʩʣʦʨʦʜʘ ʠ ʥʘ 0,9% ʠʟ 

ʘʨʛʦʥʘ. ʅʘ ʜʦʣʶ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʭʦʜʠʪʩʷ ʤʝʥʝʝ 0,1%, ʥʦ ʠʭ ʨʦʣʴ ʚ ʦʙʱʝʡ 

ʜʠʥʘʤʠʢʝ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ ʦʯʝʥʴ ʚʝʣʠʢʘ (ʪʘʙʣ. 1.1). ʇʨʠ ʵʪʦʤ ʦʙʲʝʤʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʟʦʪʘ, ʢʠʩʣʦʨʦʜʘ, ʘʨʛʦʥʘ, ʥʝʦʥʘ, ʛʝʣʠʷ, ʢʨʠʧʪʦʥʘ, ʢʩʝʥʦʥʘ ʠ ʚʦʜʦʨʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳ 

ʜʦ ʚʳʩʦʪʳ 100 ʢʤ. ʉʦʜʝʨʞʘʥʠʝ ʜʨʫʛʠʭ ʛʘʟʦʚ ʠ ʘʵʨʦʟʦʣʝʡ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʟʦʥʘ, 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʩʦʪʳ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ.  
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ʉʦʩʪʘʚ ʘʪʤʦʩʬʝʨʳ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ.  ʇʨʠ ʵʪʦʤ ʘʟʦʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʠ ʧʦʵʪʦʤʫ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʝ; ʢʦʣʠʯʝʩʪʚʦ 

ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ, ʘʢʪʠʚʥʦ ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʙʠʦʩʬʝʨʳ, ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʬʦʪʦʩʠʥʪʝʟʘ. 

ɺ ʘʪʤʦʩʬʝʨʝ ʚʳʜʝʣʷʶʪ ʧʷʪʴ ʦʙʦʣʦʯʝʢ: ʪʨʦʧʦʩʬʝʨʫ, ʩʪʨʘʪʦʩʬʝʨʫ, ʤʝʟʦʩʬʝʨʫ, ʪʝʨʤʦʩʬʝʨʫ 

ʠ ʵʢʟʦʩʬʝʨʫ. 

ʊʘʙʣʠʮʘ 1.1 

ʉʦʩʪʘʚ ʥʝʟʘʛʨʷʟʥʝʥʥʦʛʦ ʚʦʟʜʫʭʘ [2]  

ɻʘʟ ʂʦʥʮʝʥʪʨʘʮʠʷ, %;  ppm (10-6) 

ɸʟʦʪ (N2) 78,084 % 

ʂʠʩʣʦʨʦʜ (O2) 20,946 % 

ɸʨʛʦʥ (Ar) 0,934 % 

ɺʦʜʘ (H2O) 0,5 - 4 % 

ʆʢʩʠʜ ʫʛʣʝʨʦʜʘ (IV)  CO2 360 ppm 

ʆʢʩʠʜ ʫʛʣʝʨʦʜʘ (II)  CO ʉʣʝʜʳ 

ɺʦʜʦʨʦʜ (H2) 0,5 ppm 

ʅʝʦʥ (Ne) 18,18 ppm 

ɻʝʣʠʡ (He) 5,24 ppm 

ʂʩʝʥʦʥ (Xe) 0,087 ppm 

ʂʨʠʧʪʦʥ (Kr) 1,14 ppm 

ʄʝʪʘʥ (CH4) 1,7 ppm 

ʆʟʦʥ (ʆ3) ʣʝʪʦʤ < 0,07 ppm 

ʆʟʦʥ (ʆ3) ʟʠʤʦʡ < 0,02 ppm 

ʆʢʩʠʜ ʘʟʦʪʘ (I)  N2O 0,5 ppm 

ʆʢʩʠʜ ʘʟʦʪʘ (II) NO ʉʣʝʜʳ 

ʆʢʩʠʜ ʘʟʦʪʘ (IV) NO2 < 0,02 ppm 

ɸʤʤʠʘʢ (NH3) ʉʣʝʜʳ 

ʆʢʩʠʜ ʩʝʨʳ (IV) SO2 < 1 ppm 

ʉʝʨʦʚʦʜʦʨʦʜ  (H2S) ʉʣʝʜʳ 

 

ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚʦʟʜʫʭ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʨʘʟʨʷʞʝʥʥʳʤ, 

ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ. 

ʉʘʤʳʡ ʙʣʠʞʥʠʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʩʣʦʡ ʥʘʟʳʚʘʶʪ ʪʨʦʧʦʩʬʝʨʦʡ. ʄʦʱʥʦʩʪʴ 

ʪʨʦʧʦʩʬʝʨʳ ʩʦʩʪʘʚʣʷʝʪ 8-10 ʢʤ ʚ ʧʦʣʷʨʥʳʭ ʦʙʣʘʩʪʷʭ ʠ 16-18 ʢʤ ʫ ʵʢʚʘʪʦʨʘ; ʥʘ ʥʝʝ ʧʨʠʭʦʜʠʪʩʷ 

80% ʤʘʩʩʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ [1]. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʪʨʦʧʦʩʬʝʨʝ ʦʧʫʩʢʘʝʪʩʷ ʩ ʚʳʩʦʪʦʡ ï 

ʧʨʠʤʝʨʥʦ ʥʘ 60 ʥʘ ʢʘʞʜʳʡ ʢʠʣʦʤʝʪʨ.  ɺʝʨʭʥʠʡ ʝʝ ʩʣʦʡ, ʚ ʢʦʪʦʨʦʤ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 

ʚʳʩʦʪʦʡ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʥʘʟʳʚʘʶʪ ʪʨʦʧʦʧʘʫʟʦʡ (ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪʨʦʧʦʧʘʫʟʝ ʧʨʠʤʝʨʥʦ 

220 ʂ). ɺ ʪʨʦʧʦʩʬʝʨʝ ʩʠʣʴʥʦ ʨʘʟʚʠʪʳ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʠ ʢʦʥʚʝʢʮʠʷ, ʩʦʩʨʝʜʦʪʦʯʝʥʘ 

ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʯʘʩʪʴ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʚʦʟʥʠʢʘʶʪ ʦʙʣʘʢʘ, ʬʦʨʤʠʨʫʶʪʩʷ ʠ ʘʪʤʦʩʬʝʨʥʳʝ 

ʬʨʦʥʪʳ, ʨʘʟʚʠʚʘʶʪʩʷ ʮʠʢʣʦʥʳ ʠ ʘʥʪʠʮʠʢʣʦʥʳ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʧʦʛʦʜʫ ʠ ʢʣʠʤʘʪ. ʇʨʦʠʩʭʦʜʷʱʠʝ ʚ ʪʨʦʧʦʩʬʝʨʝ ʧʨʦʮʝʩʩʳ ʦʙʫʩʣʦʚʣʝʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʢʦʥʚʝʢʮʠʝʡ. 

ʉʪʨʘʪʦʩʬʝʨʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘʜ ʪʨʦʧʦʩʬʝʨʦʡ ʜʦ ʚʳʩʦʪʳ 50 ʢʤ ʠ ʜʝʣʠʪʩʷ ʥʘ ʜʚʝ ʟʦʥʳ: 

ʥʠʞʥʶʶ (ʜʦ 25 ʢʤ) ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʪʨʦʧʦʧʘʫʟʳ, ʠ ʚʝʨʭʥʶʶ (ʜʦ 50 ʢʤ), 

ʥʘʟʳʚʘʝʤʫʶ ʦʙʣʘʩʪʴʶ ʠʥʚʝʨʩʠʠ [9]. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʠʥʘʝʪ ʚʦʟʨʘʩʪʘʪʴ ʠ, 

ʜʦʩʪʠʛʥʫʚ ʥʘ ʚʳʩʦʪʝ 40 ʢʤ ʟʥʘʯʝʥʠʷ ʦʢʦʣʦ 273 ʂ, ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʜʦ ʚʳʩʦʪʳ 55 ʢʤ. ʕʪʘ 

ʦʙʣʘʩʪʴ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʟʳʚʘʝʪʩʷ ʩʪʨʘʪʦʧʘʫʟʦʡ ʠ ʷʚʣʷʝʪʩʷ ʛʨʘʥʠʮʝʡ ʤʝʞʜʫ 

ʩʪʨʘʪʦʩʬʝʨʦʡ ʠ ʤʝʟʦʩʬʝʨʦʡ. ʅʘ ʩʪʨʘʪʦʩʬʝʨʫ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 19% ʤʘʩʩʳ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ; ʝʛʦ ʧʣʦʪʥʦʩʪʴ ʚ ʩʪʨʘʪʦʩʬʝʨʝ ʚ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʫʨʦʚʥʝ ʤʦʨʷ. 

ʀʤʝʥʥʦ ʚ ʩʪʨʘʪʦʩʬʝʨʝ ʥʘ ʚʳʩʦʪʘʭ 20-45 ʢʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʣʦʡ ʦʟʦʥʦʩʬʝʨʳ (çʦʟʦʥʦʚʳʡ 
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ʩʣʦʡè), ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʞʠʟʥʠ ʚ ʙʠʦʩʬʝʨʝ. ʆʟʦʥ (ʆ3) ʦʙʨʘʟʫʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʚʳʩʦʪʝ 30 ʢʤ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʟʦʥʘ ʠ ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʪʨʘʪʦʩʬʝʨʝ, 

ʪʘʢ ʢʘʢ ʧʦʛʣʦʱʘʝʪ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ʣʫʯʠ ʉʦʣʥʮʘ.  

ʅʘʜ ʩʪʨʘʪʦʩʬʝʨʦʡ ʥʘʯʠʥʘʝʪʩʷ  ʤʝʟʦʩʬʝʨʘ, ʜʦʩʪʠʛʘʶʱʘʷ ʚʳʩʦʪʳ 80 ʢʤ. ɺ ʤʝʟʦʩʬʝʨʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʘ ʝʝ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ (ʤʝʟʦʧʘʫʟʘ) ʜʦʩʪʠʛʘʝʪ ʦʢʦʣʦ 

180 ʂ. ɺ ʤʝʟʦʩʬʝʨʝ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʩʝʨʝʙʨʠʩʪʳʝ ʦʙʣʘʢʘ (ʨʠʩ.1.1). 

 

 
ʈʠʩʫʥʦʢ 1.1. ʉʝʨʝʙʨʠʩʪʳʝ ʦʙʣʘʢʘ ʚ ʤʝʟʦʩʬʝʨʝ (https://pixabay.com/ru/photos/) 

 

ɺʳʰʝ ʤʝʟʦʧʘʫʟʳ ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʦʚʴ ʥʘʯʠʥʘʝʪ ʚʦʟʨʘʩʪʘʪʴ. ʕʪʘ ʦʙʣʘʩʪʴ ʘʪʤʦʩʬʝʨʳ ʚʳʰʝ 

80-85 ʢʤ ʠ ʤʦʱʥʦʩʪʴʶ  [ʧʦ ʜʘʥʥʳʤ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ï 1, 2, 8, 9] ʦʢʦʣʦ 700-900 ʢʤ ʥʘʟʳʚʘʝʪʩʷ 

ʪʝʨʤʦʩʬʝʨʦʡ (ʠʣʠ ʠʦʥʦʩʬʝʨʦʡ). ɺ ʝʝ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 1000 ʠ ʜʘʞʝ 

2000 ʂ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʷʚʣʷʝʪʩʷ ʧʦʛʣʦʱʝʥʠʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ  ʉʦʣʥʮʘ ʥʘ ʚʳʩʦʪʘʭ 150-300 ʢʤ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʠʦʥʠʟʘʮʠʝʡ ʘʪʤʦʩʬʝʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ.  ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʝʨʤʦʩʬʝʨʳ ʨʦʩʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥ ʵʥʝʨʛʠʝʡ, ʚʳʜʝʣʷʶʱʝʡʩʷ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ 

(ʨʝʢʦʤʙʠʥʘʮʠʠ) ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʤʦʣʝʢʫʣʳ (ʧʨʠ ʵʪʦʤ ʚ ʵʥʝʨʛʠʶ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ 

ʯʘʩʪʠʮ ʧʨʝʚʨʘʱʘʝʪʩʷ ʵʥʝʨʛʠʷ ʩʦʣʥʝʯʥʦʛʦ ʋʌ - ʠʟʣʫʯʝʥʠʷ, ʧʦʛʣʦʱʸʥʥʘʷ ʨʘʥʝʝ ʧʨʠ 

ʜʠʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣ O2). ʅʘ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʧʦʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʠʩʪʦʯʥʠʢ 

ʪʝʧʣʦʪʳ ʚ ʪʝʨʤʦʩʬʝʨʝ ï ʪʝʧʣʦ, ʚʳʜʝʣʷʝʤʦʝ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʪʦʢʘʤʠ ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʕʪʦʪ ʠʩʪʦʯʥʠʢ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ, ʥʦ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʨʘʟʦʛʨʝʚ ʚʝʨʭʥʝʡ 

ʘʪʤʦʩʬʝʨʳ ʚ ʧʨʠʧʦʣʷʨʥʳʭ ʰʠʨʦʪʘʭ, ʦʩʦʙʝʥʥʦ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ.  

ɺ ʪʝʨʤʦʩʬʝʨʝ ʤʦʞʥʦ ʚʠʜʝʪʴ ʧʦʣʷʨʥʳʝ ʩʠʷʥʠʷ (ʨʠʩ.1.2). 

ʅʘʜ ʪʝʨʤʦʩʬʝʨʦʡ ʨʘʩʧʦʣʦʞʝʥʘ ʩʘʤʘʷ ʚʥʝʰʥʷʷ ʯʘʩʪʴ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʩ ʥʠʟʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ - ʵʢʟʦʩʬʝʨʘ. ʕʪʦ ʦʙʣʘʩʪʴ ʜʠʩʩʠʧʘʮʠʠ ʘʪʤʦʩʬʝʨʥʳʭ ʛʘʟʦʚ. 

ɼʠʩʩʠʧʘʮʠʷ - ʵʪʦ ʧʨʦʮʝʩʩ ʧʨʝʦʜʦʣʝʥʠʷ ʘʪʦʤʘʤʠ ʠ ʠʦʥʘʤʠ ʧʦʣʷ ʧʨʠʪʷʞʝʥʠʷ ɿʝʤʣʠ, ʪʦ ʝʩʪʴ 

ʧʨʦʮʝʩʩ ʨʘʩʩʝʠʚʘʥʠʷ ʚʝʱʝʩʪʚ ʚ ʢʦʩʤʦʩʝ. ʕʢʟʦʩʬʝʨʘ ɿʝʤʣʠ ʩʦʩʪʦʠʪ ʠʟ ʠʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʛʘʟʘ 

(ʧʣʘʟʤʳ); ʫ ʝʸ ʦʩʥʦʚʘʥʠʷ ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʨʷʞʝʥʥʳʭ ʠ ʥʝʡʪʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʙʣʠʟʢʦ 

ʢ 1, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʵʢʟʦʩʬʝʨʳ ʛʘʟ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʠʦʥʠʟʠʨʦʚʘʥ. ʅʠʞʥʷʷ ʠ ʩʨʝʜʥʷʷ ʯʘʩʪʠ 
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ʵʢʟʦʩʬʝʨʳ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʪ ʠʟ ʘʪʦʤʦʚ ʆ ʠ N, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʞʝ ʚʳʩʦʪʳ ʙʳʩʪʨʦ ʨʘʩʪʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʸʛʢʠʭ ʛʘʟʦʚ, ʦʩʦʙʝʥʥʦ ʠʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʚʦʜʦʨʦʜʘ.  

ʇʨʦʪʷʞʸʥʥʫʶ ʵʢʟʦʩʬʝʨʫ ʧʣʘʥʝʪʳ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʢʦʨʦʥʦʡ; ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʘʪʦʤʦʚ 

ʚʦʜʦʨʦʜʘ, çʫʣʝʪʫʯʠʚʘʶʱʠʭʩʷè ʠʟ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ. ʂʦʨʦʥʘ ɿʝʤʣʠ (ʛʝʦʢʦʨʦʥʘ) 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʧʣʦʪʴ ʜʦ ʚʳʩʦʪ ʧʦʨʷʜʢʘ 100 ʪʳʩ. ʢʤ. 

 

 
ʈʠʩʫʥʦʢ 1.2. ʇʦʣʷʨʥʦʝ ʩʠʷʥʠʝ ʚ ʪʝʨʤʦʩʬʝʨʝ (https://pixabay.com/ru/) 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʛʨʘʥʠʮʳ ʦʙʦʣʦʯʝʢ ʘʪʤʦʩʬʝʨʳ ʥʝ ʷʚʣʷʶʪʩʷ 

ʩʪʨʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʠ ʤʝʥʷʶʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʧʨʝʜʝʣʘʭ, ʦʜʥʘʢʦ ʧʨʦʬʠʣʠ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʵʪʠʭ ʩʣʦʷʭ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ.  

1.2. ʆʩʥʦʚʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʘʪʤʦʩʬʝʨʝ 

ʌʦʪʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ - ʵʪʦ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʚʝʪʘ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʨʘʜʠʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ɿʝʤʣʶ, ʷʚʣʷʝʪʩʷ ʉʦʣʥʮʝ. ʃʫʯʠʩʪʘʷ 

ʵʥʝʨʛʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʧʦʪʦʢʘ ʩʚʝʪʦʚʳʭ ʢʚʘʥʪʦʚ ʠʣʠ ʬʦʪʦʥʦʚ, ʠʩʧʫʩʢʘʝʤʳʭ ʠʩʪʦʯʥʠʢʦʤ 

ʨʘʜʠʘʮʠʠ (ʉʦʣʥʮʘ) ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ. ʇʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʬʦʪʦʥʘ ʩ 

ʘʪʦʤʦʤ ʠʣʠ ʤʦʣʝʢʫʣʦʡ ʝʛʦ ʵʥʝʨʛʠʷ ʧʝʨʝʜʘʝʪʩʷ ʚʩʪʨʝʯʝʥʥʦʡ ʯʘʩʪʠʮʝ, ʢʦʪʦʨʘʷ ʠʜʝʪ ʥʘ 

ʫʚʝʣʠʯʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝʢʫʣ, ʧʦʛʣʦʱʘʶʱʝʛʦ ʠ ʦʩʣʘʙʣʷʶʱʝʛʦ 

ʨʘʜʠʘʮʠʶ. ʇʦʛʣʦʱʝʥʠʝ ʬʦʪʦʥʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ å 100 - 1500 ʥʤ, ʯʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʠʷ 

0,8 - 12,4 ʵɺ (80-1200 ʢɼʞ/ʤʦʣʴ), ʚʳʟʳʚʘʝʪ ʢʚʘʥʪʦʚʳʡ ʧʝʨʝʭʦʜ ʤʦʣʝʢʫʣʳ ʚʝʱʝʩʪʚʘ ʠʟ 

ʦʩʥʦʚʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʜʥʦ ʠʟ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɺʦʟʙʫʞʜʝʥʥʳʝ 

ʤʦʣʝʢʫʣʳ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʚʩʪʫʧʘʶʪ ʚ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, 

ʧʝʨʚʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʢʦʪʦʨʳʭ (ʠʦʥʳ, ʨʘʜʠʢʘʣʳ, ʠʟʦʤʝʨʳ) ʯʘʱʝ ʚʩʝʛʦ ʥʝʩʪʘʙʠʣʴʥʳ. ɺʨʝʤ 

ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʝʚʳʰʘʝʪ 10-8 - 10-9 ʩ.   

ɼʨʫʛʠʤ ʠʩʪʦʯʥʠʢʦʤ ʧʨʦʪʝʢʘʥʠʷ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʷʚʣʷʝʪʩʷ ʢʦʩʤʠʯʝʩʢʦʝ 

ʠʟʣʫʯʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʧʦʪʦʢʘʤʠ ʛʘʤʤʘ- ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʦʨʧʫʩʢʫʣʷʨʥʦʡ 
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ʨʘʜʠʘʮʠʠ ʩ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ, ʩ ʚʳʩʦʢʦʡ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʧʨʦʥʠʟʳʚʘʶʱʠʤʠ ʚʩʶ 

ʪʦʣʱʫ ʘʪʤʦʩʬʝʨʳ. ʀʦʥʠʟʠʨʫʷ ʘʪʦʤʳ ʠ ʤʦʣʝʢʫʣʳ ʘʪʤʦʩʬʝʨʥʳʭ ʛʘʟʦʚ, ʦʥʠ ʚʳʟʳʚʘʶʪ 

ʚʪʦʨʠʯʥʦʝ ʢʦʩʤʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʚʩʝ ʚʠʜʳ ʨʘʜʠʘʮʠʠ [9]. 

ʂ ʦʩʥʦʚʥʳʤ ʪʠʧʘʤ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʝʘʢʮʠʠ: 

ʌʦʪʦʠʦʥʠʟʘʮʠʷ - ʠʦʥʠʟʘʮʠʷ ʤʦʣʝʢʫʣ ʠ ʘʪʦʤʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʪʨʳʚʘ ʵʣʝʢʪʨʦʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʥʝʨʛʠʠ ʬʦʪʦʥʦʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʚ. ʆʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʵʥʝʨʛʠʷʭ ʬʦʪʦʥʦʚ, ʨʘʚʥʳʭ ʠʣʠ 

ʧʨʝʚʳʰʘʶʱʠʭ ʵʥʝʨʛʠʶ ʠʦʥʠʟʘʮʠʠ.  ʌʦʪʦʠʦʥʠʟʘʮʠʷ ʞʝʩʪʢʠʤʠ ʬʦʪʦʥʘʤʠ (ʛʘʤʤʘ- ʠ 

ʨʝʥʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ) ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʪʨʳʚʦʤ ʦʪ ʘʪʦʤʦʚ ʵʣʝʢʪʨʦʥʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʛʣʫʙʦʢʠʝ 

(ʚʥʫʪʨʝʥʥʠʝ) ʦʙʦʣʦʯʢʠ; ʧʨʠ ʬʦʪʦʠʦʥʠʟʘʮʠʠ ʦʧʪʠʯʝʩʢʠʤʠ ʬʦʪʦʥʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʦʪʱʝʧʣʝʥʠʝ 

ʦʪ ʘʪʦʤʘ ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʦʥʦʚ.  

ʇʨʠʤʝʨʳ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʨʝʘʢʮʠʡ ʬʦʪʦʠʦʥʠʟʘʮʠʠ: 

N2  Ÿ N2
+ + e- 

O2 Ÿ O2
+ + e- 

O Ÿ O+ + e- 

NO Ÿ NO+ + e-. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʥʦʛʜʘ ʠʤʝʶʪ ʤʝʩʪʦ ʧʨʦʮʝʩʩʳ ʬʦʪʦʥʝʡʪʨʘʣʠʟʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʦʪʨʳʚ ʠʟʙʳʪʦʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʠʦʥʦʚ. 

ʌʦʪʦʜʠʩʩʦʮʠʘʮʠʷ - ʨʘʩʧʘʜ ʤʦʣʝʢʫʣʳ ʧʦ ʢʘʢʦʡ-ʣʠʙʦ ʩʚʷʟʠ ʥʘ ʨʘʜʠʢʘʣʳ, ʘʪʦʤʳ ʠʣʠ 

ʠʦʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʥʝʨʛʠʠ ʬʦʪʦʥʦʚ.   

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʨʝʘʢʮʠʠ: 

Á ʨʘʩʧʘʜ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʥʘ ʨʘʜʠʢʘʣʳ ʚʦʜʦʨʦʜʘ ʠ ʛʠʜʨʦʢʩʠʣʘ:  

ʅ2ʆ  Ÿ ʅ
* + ʆʅ*; 

Á ʨʘʩʧʘʜ ʤʦʣʝʢʫʣʳ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʥʘ ʦʢʩʠʜ ʘʟʦʪʘ ʠ ʘʪʦʤʘʨʥʳʡ ʢʠʩʣʦʨʦʜ: 

NO2  Ÿ NO + O. 

ʈʝʘʢʮʠʠ ʠʦʥʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʚʢʣʶʯʘʶʪ ʜʠʩʩʦʮʠʘʪʠʚʥʫʶ ʨʝʢʦʤʙʠʥʘʮʠʶ, ʧʝʨʝʥʦʩ 

ʟʘʨʷʜʘ, ʨʝʘʢʮʠʠ ʦʙʤʝʥʘ [4]. 

ɼʠʩʩʦʮʠʘʪʠʚʥʘʷ ʨʝʢʦʤʙʠʥʘʮʠʷ - ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʦʥʘ ʩ ʵʣʝʢʪʨʦʥʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʥʝʡʪʨʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ, ʢʦʪʦʨʘʷ ʚ ʨʘʟʨʷʞʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʘʪʤʦʩʬʝʨʳ ʙʳʩʪʨʦ 

ʜʠʩʩʦʮʠʠʨʫʝʪ.  ʅʘʧʨʠʤʝʨ: 

N2
+ + e- Ÿ N2

 Ÿ N + N; 

O2
+ + e- Ÿ O2

 Ÿ O + O; 

NO+ + e- Ÿ NO Ÿ N + O. 

ʇʝʨʝʥʦʩ ʟʘʨʷʜʘ - ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʦʥʘ ʩ ʥʝʡʪʨʘʣʴʥʦʡ ʯʘʩʪʠʮʝʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ 

ʬʦʪʦʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʘ: 

N2
+ + ʆ2 Ÿ N2 + ʆ2

+; 

ʆ+ + ʆ2 Ÿ ʆ + ʆ2
+. 

ʈʝʘʢʮʠʠ ʦʙʤʝʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʟʨʳʚʦʤ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ: 

N2
+ + ʆ Ÿ Nʆ+ + N; 

O+ + N2 Ÿ Nʆ
+ + N. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʥʠʷ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʫʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʯʝʥʴ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ, ʥʦ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʆʥʠ ʚʦʟʥʠʢʘʶʪ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʥʫʪʨʠ ʠʩʭʦʜʥʳʭ ʤʦʣʝʢʫʣ 

ʤʝʞʘʪʦʤʥʳʝ ʩʚʷʟʠ ʫʞʝ ʨʘʟʦʨʚʘʣʠʩʴ, ʘ ʥʦʚʳʝ ʩʚʷʟʠ ʝʱʝ ʥʝ ʦʙʨʘʟʦʚʘʣʠʩʴ. ʇʦʩʣʝ ʩʚʦʝʛʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ ʩʨʘʟʫ ʞʝ ʩʦʝʜʠʥʷʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠʣʠ ʚʩʪʫʧʘʶʪ ʚ 

ʜʘʣʴʥʝʡʰʠʝ ʧʨʝʚʨʘʱʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʚʦʙʦʜʥʳʝ 

ʨʘʜʠʢʘʣʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪ ʭʘʨʘʢʪʝʨ ʤʥʦʞʝʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ, ʨʘʜʠʘʮʠʦʥʥʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.  
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1.3. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʟʘʛʨʷʟʥʝʥʠ ̫ʘʪʤʦʩʬʝʨʳ 

ʍʠʤʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʠʟʤʝʥʝʥʠʝ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʠ/ʠʣʠ ʧʦʩʪʫʧʣʝʥʠʝ ʚ 

ʘʪʤʦʩʬʝʨʫ ʥʦʚʳʭ, ʥʝʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʥʝʛʦ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʂʘʞʜʳʡ ʛʦʜ 7-8 ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ ʚʦ ʚʩʝʤ ʤʠʨʝ ʫʤʠʨʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʛʨʷʟʥʝʥʠʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʷʭ [11].  

ɺ ʂʠʪʘʝ ʝʞʝʛʦʜʥʦ ʧʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʧʦʛʠʙʘʝʪ ʦʢʦʣʦ 0,5 ʤʣʥ ʯʝʣʦʚʝʢ. ɺ ɽʚʨʦʧʝ, ʛʜʝ 

ʙʦʣʝʝ 95% ʛʦʨʦʜʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚʩʝ ʝʱʝ ʧʦʜʚʝʨʞʝʥʳ ʚʦʟʜʝʡʩʪʚʠʶ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʥʘ 

ʫʨʦʚʥʝ ʚʳʰʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (ɺʆɿ), ʵʪʦʪ ʬʘʢʪʦʨ 

ʩʥʠʞʘʝʪ ʩʨʝʜʥʶʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʥʘ 9 ʤʝʩʷʮʝʚ ʠ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʙʦʣʝʝ 0,4 ʤʣʥ 

ʩʣʫʯʘʝʚ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ ʩʤʝʨʪʠ [6]. 

ɺʩʝ ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: 

ü ʇʨʠʨʦʜʥʳʝ - ʝʩʪʝʩʪʚʝʥʥʳʝ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ ʤʠʥʝʨʘʣʴʥʦʛʦ, ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʠʣʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʦʚ, ʣʝʩʥʳʝ 

ʠ ʩʪʝʧʥʳʝ ʧʦʞʘʨʳ, ʧʳʣʴ, ʚʳʜʝʣʝʥʠʷ ʞʠʚʦʪʥʳʭ ʠ ʜʨ.); 

ü ɸʥʪʨʦʧʦʛʝʥʥʳʝ -  ʚʝʱʝʩʪʚʘ, ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʘʪʤʦʩʬʝʨʫ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. 

ʀʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʪʝʧʣʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ 

ʪʝʧʣʦʮʝʥʪʨʘʣʠ, ʩʞʠʛʘʶʱʠʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʪʦʧʣʠʚʦ; ʘʚʪʦʪʨʘʥʩʧʦʨʪ; ʯʝʨʥʘʷ ʠ ʮʚʝʪʥʘʷ 

ʤʝʪʘʣʣʫʨʛʠʷ; ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ; ʭʠʤʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ; ʜʦʙʳʯʘ ʠ ʧʝʨʝʨʘʙʦʪʢʘ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ; ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʞʠʣʠʱʥʦ-

ʢʦʤʤʫʥʘʣʴʥʦʝ ʭʦʟʷʡʩʪʚʦ. ʀʥʪʝʥʩʠʚʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʙʦʪʦʡ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʯʝʨʥʦʡ ʠ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ 

ʢʦʤʙʠʥʘʪʦʚ, ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʘʢ, ʧʨʠ ʨʘʙʦʪʝ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ ʘʪʤʦʩʬʝʨʫ ʧʦʩʪʫʧʘʶʪ 

ʫʛʣʝʢʠʩʣʳʡ ʠ ʩʝʨʥʠʩʪʳʡ ʛʘʟʳ. ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʟʘʚʦʜʳ ʚʳʙʨʘʩʳʚʘʶʪ ʚ ʘʪʤʦʩʬʝʨʫ 

ʩʝʨʦʚʦʜʦʨʦʜ, ʦʢʩʠʜʳ ʘʟʦʪʘ, ʬʪʦʨ, ʭʣʦʨ, ʘʤʤʠʘʢ, ʩʦʝʜʠʥʝʥʠʷ ʬʪʦʨʘ, ʤʳʰʴʷʢʘ, ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʠ ʜʨ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʘʩʥʳʭ ʛʘʟʦʚ ʧʦʩʪʫʧʘʶʪ ʚ ʘʪʤʦʩʬʝʨʫ ʚʩʣʝʜʩʪʚʠʝ 

ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ ʜʣʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʦʪʦʧʣʝʥʠʷ ʧʦʤʝʱʝʥʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʪ.ʜ.  (ʪʘʙʣ. 1.2). ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʟʘʛʨʷʟʥʝʥʠʝ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʛʦʨʦʜʘʭ ʚʥʦʩʷʪ ʘʚʪʦʪʨʘʥʩʧʦʨʪ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʩʞʠʛʘʥʠʝ ʫʛʣʷ ʠ 

ʜʨʫʛʠʭ ʚʠʜʦʚ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʠ ʢʦʪʝʣʴʥʳʭ. 

ʊʘʙʣʠʮʘ 1.2 

ʀʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ 

ʇʨʠʤʝʩʠ 
ʀʩʪʦʯʥʠʢʠ 

ɽʩʪʝʩʪʚʝʥʥʳʝ ɸʥʪʨʦʧʦʛʝʥʥʳʝ 

ʇʳʣʴ 
ɺʫʣʢʘʥʠʯʝʩʢʠʝ ʠʟʚʝʨʞʝʥʠʷ, 

ʧʳʣʝʚʳʝ ʙʫʨʠ, ʣʝʩʥʳʝ ʧʦʞʘʨʳ 

ʉʞʠʛʘʥʠʝ ʪʦʧʣʠʚʘ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʙʳʪʦʚʳʭ 

ʫʩʣʦʚʠʷʭ 

ʆʢʩʠʜʳ ʘʟʦʪʘ ʃʝʩʥʳʝ ʧʦʞʘʨʳ 
ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʘʚʪʦʪʨʘʥʩʧʦʨʪ, 

ʪʝʧʣʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 

ʆʢʩʠʜʳ ʫʛʣʝʨʦʜʘ 
ʃʝʩʥʳʝ ʧʦʞʘʨʳ, ʧʨʠʨʦʜʥʳʡ 

ʤʝʪʘʥ 

ɸʚʪʦʪʨʘʥʩʧʦʨʪ, ʠʩʧʘʨʝʥʠʝ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

ɼʠʦʢʩʠʜ ʩʝʨʳ 

ɺʫʣʢʘʥʠʯʝʩʢʠʝ ʠʟʚʝʨʞʝʥʠʷ, 

ʦʢʠʩʣʝʥʠʝ ʩʝʨʳ ʠ ʩʫʣʴʬʘʪʦʚ, 

ʨʘʩʩʝʷʥʥʳʭ ʚ ʤʦʨʝ 

ʉʞʠʛʘʥʠʝ ʪʦʧʣʠʚʘ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʙʳʪʦʚʳʭ 

ʫʩʪʘʥʦʚʢʘʭ 

ʃʝʪʫʯʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ 

ʃʝʩʥʳʝ ʧʦʞʘʨʳ, ʧʨʠʨʦʜʥʳʡ 

ʤʝʪʘʥ 

ɸʚʪʦʪʨʘʥʩʧʦʨʪ, ʠʩʧʘʨʝʥʠʝ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

ʇʦʣʠʮʠʢʣʠʯʝʩʢʠʝ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ 

- 
ɸʚʪʦʪʨʘʥʩʧʦʨʪ, ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʟʘʚʦʜʳ 

https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BC%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%B0_%D0%97%D0%B5%D0%BC%D0%BB%D0%B8
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ʍʠʤʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʣʝʪʫʯʠʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʠ ʘʵʨʦʟʦʣʷʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ ʠʟ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʦʟʜʫʭ 

ʚʝʱʝʩʪʚ ʷʚʣʷʶʪʩʷ ʦʟʦʥ, ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ, ʜʠʦʢʩʠʜ ʩʝʨʳ, 

ʜʠʦʢʩʠʜ ʘʟʦʪʘ, ʦʢʠʩʴ ʫʛʣʝʨʦʜʘ, ʘʤʤʠʘʢ, ʤʝʪʘʥ, ʩʘʞʘ, ʜʠʦʢʩʠʥʳ, ʙʝʥʟʘʧʠʨʝʥ ʠ ʩʦʝʜʠʥʝʥʠʷ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ʅʘʣʠʯʠʝ ʜʚʫʦʢʠʩʠ ʩʝʨʳ ʠ ʦʢʠʩʣʦʚ ʘʟʦʪʘ ʚ ʘʪʤʦʩʬʝʨʝ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʠʩʣʦʪʥʳʭ ʜʦʞʜʝʡ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʩʝʨʴʝʟʥʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ, ʩʦʩʪʦʷʥʠʝ ʜʠʢʦʡ ʧʨʠʨʦʜʳ ʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʊʦʣʴʢʦ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʨʠʟʝʤʥʦʛʦ ʚʦʟʜʫʭʘ ʪʚʝʨʜʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʦʟʦʥʦʤ ʝʞʝʛʦʜʥʦ ʫʤʠʨʘʶʪ 1,7 ʤʣʥ ʯʝʣʦʚʝʢ, ʘ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʥʳʥʝʰʥʠʭ  ʪʝʥʜʝʥʮʠʡ ʵʪʘ ʮʠʬʨʘ ʤʦʞʝʪ ʚʳʨʘʩʪʠ ʜʦ 4,4 ʤʣʥ ʢ 2050 ʛ. [12]. 

ʇʦ ʠʤʝʶʱʠʤʩʷ ʦʮʝʥʢʘʤ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʣʦʞʠʚʰʠʭʩʷ ʪʝʥʜʝʥʮʠʡ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʘʪʤʦʩʬʝʨʝ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʢ 2050 ʛ. ʙʫʜʝʪ ʨʘʩʪʠ. ʃʠʰʴ ʜʣʷ ʥʝʙʦʣʴʰʦʡ ʜʦʣʠ 

ʛʦʨʦʜʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚ ʩʝʨʝʜʠʥʝ ʚʝʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤ ɺʆɿ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʟʦʥʘ ʙʫʜʝʪ ʨʘʩʪʠ ʚʦ ʚʩʝʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ. 

ʆʢʩʠʜʳ ʘʟʦʪʘ  (NO, NO2).  ʆʢʩʠʜʳ ʘʟʦʪʘ ʦʙʨʘʟʫʶʪʩʷ ʚʦ ʚʩʝʭ ʧʨʦʮʝʩʩʘʭ ʛʦʨʝʥʠʷ, ʧʨʠ 

ʵʪʦʤ ʯʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʤ ʠʥʪʝʥʩʠʚʥʝʝ ʠʜʝʪ ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ. ɼʨʫʛʠʤ ʠʩʪʦʯʥʠʢʦʤ 

ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʨʦʠʟʚʦʜʷʱʠʝ ʘʟʦʪʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʘʟʦʪʥʫʶ 

ʢʠʩʣʦʪʫ, ʘʥʠʣʠʥʦʚʳʝ ʢʨʘʩʠʪʝʣʠ ʠ ʪ.ʜ. ʇʦ ʤʘʩʰʪʘʙʘʤ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʚ ʘʪʤʦʩʬʝʨʫ 

ʪʨʘʥʩʧʦʨʪ ʟʘʥʠʤʘʝʪ ʧʝʨʚʦʝ ʤʝʩʪʦ (55 %), ʟʘʪʝʤ ʩʣʝʜʫʶʪ ʧʨʝʜʧʨʠʷʪʠʷ ʪʦʧʣʠʚʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ï 28 %, ʢʨʫʧʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ï 14 %; ʦʩʪʘʚʰʠʝʩʷ 

3% ʧʨʠʭʦʜʷʪʩʷ ʥʘ  ʤʝʣʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʙʳʪʦʚʦʡ ʩʝʢʪʦʨ.  

ʆʢʩʠʜʳ ʫʛʣʝʨʦʜʘ (ʉʆ, ʉʆ2).  ʆʢʩʠʜ ʫʛʣʝʨʦʜʘ ʉʆ (çʫʛʘʨʥʳʡ ʛʘʟè) ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ (ʫʛʣʷ, ʛʘʟʘ, ʥʝʬʪʠ) ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʢʠʩʣʦʨʦʜʘ 

ʠ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʠ ʚʜʳʭʘʥʠʠ ʫʛʘʨʥʳʡ ʛʘʟ ʟʘ ʩʯʸʪ ʠʤʝʶʱʝʡʩʷ ʚ ʝʛʦ ʤʦʣʝʢʫʣʝ 

ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʦʙʨʘʟʫʝʪ ʧʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʛʝʤʦʛʣʦʙʠʥʦʤ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ ʠ 

ʪʝʤ ʩʘʤʳʤ ʙʣʦʢʠʨʫʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʢʨʦʚʴ. ʆʢʩʠʜ ʫʛʣʝʨʦʜʘ ʉʆ2 (ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ) 

ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʨʦʜʘ.  

ɸʤʤʠʘʢ (Nʅ3) ʧʦʧʘʜʘʝʪ ʚ ʚʦʟʜʫʭ ʚ ʩʦʩʪʘʚʝ ʚʳʙʨʦʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʤʤʠʘʢʘ, ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ, ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚ. 

ɼʠʦʢʩʠʜ ʩʝʨʳ (SO2) ʦʙʨʘʟʫʝʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʮʝʩʩʝ ʩʛʦʨʘʥʠʷ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ 

ʠʩʢʦʧʘʝʤʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ, ʚ ʦʩʥʦʚʥʦʤ ʫʛʣʷ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʩʝʨʥʠʩʪʳʭ ʨʫʜ. ɼʠʦʢʩʠʜ 

ʩʝʨʳ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʠʩʣʦʪʥʳʭ ʜʦʞʜʝʡ.  ɼʣʠʪʝʣʴʥʦʝ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʯʝʣʦʚʝʢʘ ʧʨʠʚʦʜʠʪ ʢ ʟʘʙʦʣʝʚʘʥʠʷʤ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ ʠ ʩʝʨʴʝʟʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʨʘʙʦʪʳ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ. 

ʉʝʨʦʚʦʜʦʨʦʜ (H2S) ʠ ʩʝʨʦʫʛʣʝʨʦʜ (ʉS2). ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚʳʙʨʦʩʘ ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʚʦʣʦʢʥʘ, ʩʘʭʘʨʘ, ʢʦʢʩʦʭʠʤʠʯʝʩʢʠʝ, 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ, ʘ ʪʘʢʞʝ ʥʝʬʪʝʧʨʦʤʳʩʣʳ. ɺ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʜʨʫʛʠʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʝʜʣʝʥʥʦʤʫ ʦʢʠʩʣʝʥʠʶ ʜʦ ʩʝʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ (SO3). 

ʉʦʝʜʠʥʝʥʠʷ ʬʪʦʨʘ.  ʌʪʦʨʩʦʜʝʨʞʘʱʠʝ ʚʝʱʝʩʪʚʘ ʧʦʩʪʫʧʘʶʪ ʚ ʘʪʤʦʩʬʝʨʫ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʠʜʝ ʬʪʦʨʠʜʘ ʥʘʪʨʠʷ ʠ ʢʘʣʴʮʠʷ. ʀʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ - ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʘʣʶʤʠʥʠʷ, ʵʤʘʣʝʡ, ʩʪʝʢʣʘ, ʢʝʨʘʤʠʢʠ, ʩʪʘʣʠ, ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ. 

ʉʦʝʜʠʥʝʥʠʷ ʭʣʦʨ. ɺ ʘʪʤʦʩʬʝʨʝ ʚʩʪʨʝʯʘʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʚʠʜʝ ʩʤʝʩʠ ʤʦʣʝʢʫʣ ʭʣʦʨʘ 

ʠ ʧʘʨʦʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ.  ʇʦʩʪʫʧʘʶʪ ʚ ʘʪʤʦʩʬʝʨʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʦʠʟʚʦʜʷʱʠʭ ʩʦʣʷʥʫʶ ʢʠʩʣʦʪʫ, ʭʣʦʨʦʩʦʜʝʨʞʘʱʠʝ ʧʝʩʪʠʮʠʜʳ, ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʢʨʘʩʠʪʝʣʠ, ʭʣʦʨʥʫʶ ʠʟʚʝʩʪʴ, ʩʦʜʫ ʠ ʪ.ʜ.  

ʆʟʦʥ (ʆ3)  ʦʪʥʦʩʷʪ ʢ ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳʤ ʠʟ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʦʟʜʫʭ ʧʨʠʤʝʩʝʡ. ʕʪʦʪ ʛʘʟ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ, ʯʝʤ ʢʠʩʣʦʨʦʜ. ɺ ʥʠʞʥʝʤ ʘʪʤʦʩʬʝʨʥʦʤ ʩʣʦʝ ʦʟʦʥ 

ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʠ ʣʝʪʫʯʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʋʛʣʝʚʦʜʦʨʦʜʳ - ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ. ʂ ʥʠʤ ʦʪʥʦʩʷʪ ʪʳʩʷʯʠ 

ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʘʪʤʦʩʬʝʨʫ ʚʝʱʝʩʪʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ 

https://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4%D1%8B_%D0%B0%D0%B7%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D0%B8%D1%81%D1%8C_%D1%83%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%BE%D0%BA%D1%81%D0%B8%D0%B4_%D1%81%D0%B5%D1%80%D1%8B
https://ru.wikipedia.org/wiki/%D0%9E%D0%B7%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D0%B2%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4%D1%8B
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ʧʨʝʜʧʨʠʷʪʠʡ ʵʥʝʨʛʝʪʠʢʠ, ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʠ ʜʦʙʳʯʝ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ 

ʧʝʨʝʨʘʙʦʪʢʝ ʥʝʬʪʠ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʚʳʙʨʦʩʘʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʠ ʪ.ʜ.  

 

ʌʦʪʦʭʠʤʠʯʝʩʢʠʡ ʩʤʦʛ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʣʠʯʘʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʚʠʜʘ ʩʤʦʛʘ: 

ü ʩʤʦʛ, ʩʚʷʟʘʥʥʳʡ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʘʪʤʦʩʬʝʨʳ ʜʳʤʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʜʠʦʢʩʠʜ ʩʝʨʳ 
("ʣʦʥʜʦʥʩʢʠʡ ʩʤʦʛ"). ɿʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ ʛʦʨʦʜʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʜʘʚʥʠʭ ʚʨʝʤʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʛʦʨʘʥʠʷ ʫʛʣʷ. ʇʨʠ ʧʦʣʥʦʤ ʩʞʠʛʘʥʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʦʙʨʘʟʫʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʘʣʦʪʦʢʩʠʯʥʳʡ 

ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠ ʚʦʜʘ. ʉʠʪʫʘʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʦʧʘʩʥʦʡ, ʝʩʣʠ ʩʞʠʛʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʥʝʜʦʩʪʘʪʢʝ ʢʠʩʣʦʨʦʜʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʦʚ ʧʦʣʫʯʘʶʪʩʷ ʉʆ (ʫʛʘʨʥʳʡ ʛʘʟ) ʠ 

ʩʘʞʘ. ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʪʘʢʞʝ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ, ʥʘʧʨʠʤʝʨ, ʙʝʥʟʧʠʨʝʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʝʪ ʘʵʨʦʟʦʣʴ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʤʝʩʠ 

ʜʳʤʘ, ʪʫʤʘʥʘ ʠ ʧʳʣʠ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʶʪ ʩʤʦʛʦʤ. ɺʧʝʨʚʳʝ ʝʛʦ ʥʘʙʣʶʜʘʣʠ ʚ ʃʦʥʜʦʥʝ ʝʱʝ 

ʚ ʩʨʝʜʥʠʝ ʚʝʢʘ ʠ ʧʦʵʪʦʤʫ ʥʘʟʳʚʘʶʪ ʧʝʨʚʠʯʥʳʤ ʠʣʠ çʣʦʥʜʦʥʩʢʠʤè.  

ü ʬʦʪʦʭʠʤʠʯʝʩʢʠʡ ʩʤʦʛ, ʚʳʟʚʘʥʥʳʡ ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʦʟʜʫʭʘ ʘʚʪʦʤʦʙʠʣʴʥʳʤʠ 

ʚʳʭʣʦʧʥʳʤʠ ʛʘʟʘʤʠ (ʛʘʟʦʚʳʤʠ ʦʪʭʦʜʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ), ʩʦʜʝʨʞʘʱʠʤʠ ʦʢʩʠʜʳ ʘʟʦʪʘ. ʕʪʦʪ 

ʩʤʦʛ ʙʳʣ ʚʧʝʨʚʳʝ ʟʘʬʠʢʩʠʨʦʚʘʥ ʥʘʜ ʃʦʩ-ɸʥʜʞʝʣʝʩʦʤ (ʉʐɸ) ʚ 50-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʠ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ çʣʦʩ-ʘʥʜʞʝʣʝʩʩʢʠʡ ʩʤʦʛè. ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʩʤʦʛʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʪʝʢʘʥʠʝ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ.  

ɺ ʩʤʦʛʝ ʣʦʥʜʦʥʩʢʦʛʦ ʪʠʧʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʢʘʢʠʭ-ʣʠʙʦ ʥʦʚʳʭ ʚʝʱʝʩʪʚ, ʘ ʝʛʦ 

ʪʦʢʩʠʯʥʦʩʪʴ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʠʩʭʦʜʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ɺʦʟʥʠʢʘʝʪ ʦʥ ʚ ʚʠʜʝ 

ʩʧʣʦʰʥʦʛʦ ʪʫʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʞʠʛʘʥʠʷ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʪʦʧʣʠʚʘ.  

ɺ ʩʤʦʛʝ ʣʦʩ-ʘʥʜʞʝʣʝʩʩʢʦʛʦ ʪʠʧʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʚ ʩʤʝʩʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ, ʦʙʨʘʟʫʶʪʩʷ ʥʦʚʳʝ ʚʝʱʝʩʪʚʘ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʠʝ ʧʦ ʩʚʦʝʡ ʪʦʢʩʠʯʥʦʩʪʠ ʠʩʭʦʜʥʳʝ ʘʪʤʦʩʬʝʨʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʬʦʪʦʭʠʤʠʯʝʩʢʠʡ ʪʫʤʘʥ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ ʚʳʙʨʦʩʘʭ ʚ ʘʪʤʦʩʬʝʨʫ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ "ʣʦʥʜʦʥʩʢʠʤ" ʩʤʦʛʦʤ, ʠ ʜʣʷ ʥʝʛʦ ʭʘʨʘʢʪʝʨʥʘ ʞʝʣʪʦ-ʟʝʣʝʥʘʷ ʠʣʠ ʩʠʟʘʷ ʩʫʭʘʷ 

ʜʳʤʢʘ, ʘ ʥʝ ʩʧʣʦʰʥʦʡ ʪʫʤʘʥ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʩʤʦʛʘ  ʷʚʣʷʶʪʩʷ ʚʳʭʣʦʧʥʳʝ ʛʘʟʳ ʘʚʪʦʤʦʙʠʣʝʡ 

(ʪʘʙʣ. 1.3). ʊʘʢ, ʧʨʠ ʨʝʘʢʮʠʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʩ ʥʝ ʧʦʣʥʦʩʪʴʶ ʩʛʦʨʝʚʰʠʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʠʟ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʚʳʭʣʦʧʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ  ʧʦʣʫʯʘʝʪʩʷ ʦʟʦʥ ʠ 

ʧʝʨʦʢʩʠʘʮʝʪʠʣʥʠʪʨʘʪ (ʇɸʅ), ʢʨʘʡʥʝ ʪʦʢʩʠʯʥʳʝ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʚʝʱʝʩʪʚʘ: 

NOx + ʫʛʣʝʚʦʜʦʨʦʜʳ 
ʩʚʝʪ
ự ʧʝʨʦʢʩʠʘʮʝʪʠʣʥʠʪʨʘʪ (ʇɸʅ) + ʆ3. 

ʊʘʙʣʠʮʘ 1.3 

ʉʦʩʪʘʚ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ ʜʚʠʛʘʪʝʣʝʡ [9]  

ɺʝʱʝʩʪʚʦ 
ʉʦʜʝʨʞʘʥʠʝ, ʦʙʲʝʤ. % 

ɹʝʥʟʠʥʦʚʳʡ ɼʠʟʝʣʴ 

O2 0,05-0,8 2-18 

CO2 5-12,5 1-12 

H2O 3-13 0,5-10 

N2 74-77 76-78 

NOx 0,05-0,5 0,1-1 

CO 0,1-10 0,01-0,5 

CxHy 0,2-2 0,01-0,5 

ɸʣʴʜʝʛʠʜʳ < 0,2 < 0,05 

ʉʘʞʘ, ʤʛ/ʤ3 < 100 < 20 000 

SO2, ʤʛ/ʤ
3 < 0,003 < 0,015 

ɹʝʥʟʧʠʨʝʥ, ʤʢʛ/ʤ3 25 10 
 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʫʨʘʚʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʩʤʦʛʘ. 



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
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ɺ ʷʩʥʳʝ ʜʥʠ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʚʳʟʳʚʘʝʪ ʨʘʩʱʝʧʣʝʥʠʝ ʤʦʣʝʢʫʣ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʥʦʦʢʩʠʜʘ ʘʟʦʪʘ ʠ ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (ʬʦʪʦʣʠʟ): 

NO2   
̒̃̆̓
ự  NO + O. 

ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʘʢʪʠʚʥʳʡ ʘʪʦʤʘʨʥʳʡ ʢʠʩʣʦʨʦʜ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʢʠʩʣʦʨʦʜʦʤ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʦʟʦʥ, ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʫʪʩʪʚʠʝ ʠʥʝʨʪʥʳʭ ʯʘʩʪʠʮ ʄ: 

ʆ + ʆ2 + ʄ ­ ʆ3 + ʄ. 

ɺ ʙʣʠʟʢʠʭ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʩʣʦʷʭ ʚʦʟʜʫʭʘ ʦʟʦʥ ʙʳʩʪʨʦ ʨʝʘʛʠʨʫʝʪ ʩ NO, ʦʢʠʩʣʷʷ ʝʛʦ 

ʜʦ NO2, ʠ ʧʨʠ ʵʪʦʤ ʧʨʝʚʨʘʱʘʷʩʴ ʚʥʦʚʴ ʩ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ: 

ʆ3 + NO ­ O2 + NO2. 

ɼʘʣʝʝ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʚʥʦʚʴ ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ NO ʠ ʆ. ʊʘʢ ʨʝʘʢʮʠʠ ʠʜʫʪ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʦʙʨʘʪʠʤʳ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʥʝ 

ʜʦʩʪʠʛʘʶʪ ʦʧʘʩʥʦʛʦ ʫʨʦʚʥʷ ʠ ʥʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʦʟʦʥʘ.  

ʆʜʥʘʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ NO ʨʝʘʛʠʨʫʝʪ ʩ ʥʠʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʯʝʥʴ ʪʦʢʩʠʯʥʦʛʦ  ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʦʢʩʠʘʮʝʪʠʣʥʠʪʨʘʪʘ 

(ʇɸʅ), ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢ ʥʘʢʦʧʣʝʥʠʶ ʦʟʦʥʘ. ʆʟʦʥ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ NO 

ʩʚʷʟʳʚʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʠ ʪʝʤ ʩʘʤʳʤ ʥʝ ʤʦʞʝʪ ʚʩʪʫʧʘʪʴ ʚ 

ʨʝʘʢʮʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʟʦʥʦʤ.  

ʆʟʦʥ ʩ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʣʴʜʝʛʠʜʦʚ, 

ʩʦʝʜʠʥʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ 

ʬʦʪʦʭʠʤʠʯʝʩʢʦʤ ʩʤʦʛʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʞʝ ʠ ʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘ (ʉʆ) - ʧʨʦʜʫʢʪ ʥʝʧʦʣʥʦʛʦ 

ʩʛʦʨʘʥʠʷ ʙʝʥʟʠʥʘ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʤʘʪʝʨʠʘʣʘ, ʚ ʬʦʪʦʭʠʤʠʯʝʩʢʦʤ ʩʤʦʛʝ, ʧʦʤʠʤʦ 

ʠʩʭʦʜʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʚʪʦʨʠʯʥʳʝ ʟʘʛʨʷʟʥʠʪʝʣʠ: ʦʟʦʥ, ʇɸʅ, 

ʘʣʴʜʝʛʠʜʳ ʠ ʜʨ. ʇʨʠ ʵʪʦʤ ʦʩʦʙʫʶ ʨʦʣʴ ʚ  ʦʙʨʘʟʦʚʘʥʠʠ ʩʤʦʛʘ ʣʦʩ-ʘʥʜʞʝʣʝʩʩʢʦʛʦ ʪʠʧʘ ʠʛʨʘʶʪ 

ʦʢʩʠʜʳ ʘʟʦʪʘ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʥʘʯʘʣʦ ʮʝʧʠ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʢʦʤʧʦʥʝʥʪʳ ʩʤʦʛʘ. 

 

ʂʠʩʣʦʪʥʳʝ ʜʦʞʜʠ 

 

ʇʨʠ ʩʞʠʛʘʥʠʠ ʛʦʨʶʯʠʭ ʠʩʢʦʧʘʝʤʳʭ (ʫʛʣʷ, ʛʘʟʘ, ʥʝʬʪʠ) ʚ ʩʦʩʪʘʚʝ ʚʳʜʝʣʷʶʱʠʭʩʷ ʛʘʟʦʚ 

ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʢʩʠʜʳ ʩʝʨʳ ʠ ʘʟʦʪʘ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʠʜʦʤ ʠ ʩʦʩʪʘʚʦʤ 

ʪʦʧʣʠʚʘ. ɼʠʦʢʩʠʜ ʩʝʨʳ ʠ ʦʢʩʠʜʳ ʘʟʦʪʘ ʦʪʥʦʩʷʪʩʷ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʢʠʩʣʦʪʦʦʙʨʘʟʦʚʘʪʝʣʷʤ, ʪʦ 

ʝʩʪʴ ʦʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʘʪʤʦʩʬʝʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʠ ʚʦʜʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʠʩʣʦʪ. 

ʇʨʝʜʧʨʠʷʪʠʷ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʚʝʩʦʤʳʤʠ 

ʧʦʩʪʘʚʱʠʢʘʤʠ ʢʠʩʣʳʭ ʦʢʠʩʣʦʚ ʚ ʘʪʤʦʩʬʝʨʫ - ʥʘ ʥʠʭ ʧʨʠʭʦʜʠʪʩʷ 55% ʚʩʝʭ ʚʳʙʨʦʩʦʚ ʜʠʦʢʩʠʜʘ 

ʩʝʨʳ ʠ 37% ʚʩʝʭ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ ʘʟʦʪʘ. ɺʢʣʘʜ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 44% ʠ 13% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʥʘ ʪʨʘʥʩʧʦʨʪ ʧʨʠʭʦʜʠʪʩʷ 1% ʠ 50%. ʇʨʠʨʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ 

ʵʪʠʭ ʛʘʟʦʚ - ʵʪʦ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʚʫʣʢʘʥʳ ʠ ʣʝʩʥʳʝ ʧʦʞʘʨʳ. 

ʂ ʢʠʩʣʦʪʥʳʤ ʚʳʙʨʦʩʘʤ ʚ ʘʪʤʦʩʬʝʨʫ, ʧʦʤʠʤʦ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ, ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʩʦʣʷʥʫʶ ʢʠʩʣʦʪʫ  (HCl). ɺʳʙʨʦʩʳ  HCl ʥʦʩʷʪ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʀʩʪʦʯʥʠʢʦʤ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʚ ʘʪʤʦʩʬʝʨʝ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʤʘʣʝʡ, ʬʘʨʬʦʨʘ, ʩʞʠʛʘʥʠʝ ʦʪʭʦʜʦʚ ʠ 

ʜʨ. ɺ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʭ ʨʝʛʠʦʥʘʭ ʦʢʦʣʦ 60% ʢʠʩʣʦʪʥʦʩʪʠ ʜʦʞʜʷ ʠ ʩʥʝʛʘ ʦʧʨʝʜʝʣʷʝʪ 

ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ. ɺʢʣʘʜ ʚ ʢʠʩʣʦʪʥʦʩʪʴ ʦʩʘʜʢʦʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 30%, ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʳ - 5%, ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ - 2%, ʘ ʦʩʪʘʚʰʠʝʩʷ  3% ʢʠʩʣʦʪʥʦʩʪʠ ʜʘʶʪ ʜʨʫʛʠʝ ʧʨʠʤʝʩʠ. 

ɼʘʞʝ ʥʝʟʘʛʨʷʟʥʝʥʥʘʷ ʜʦʞʜʝʚʘʷ ʚʦʜʘ ʠʤʝʝʪ ʩʣʘʙʦʢʠʩʣʫʶ ʨʝʘʢʮʠʶ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʚ 

ʚʦʟʜʫʭʝ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ. ɼʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʨʘʩʪʚʦʨʷʷʩʴ ʚ ʢʘʧʣʷʭ ʚʦʜʳ, ʦʙʨʘʟʫʝʪ ʩʣʘʙʫʶ 

ʫʛʦʣʴʥʫʶ ʢʠʩʣʦʪʫ ʅ2ʉʆ3. ʇʦʵʪʦʤʫ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʩ ʚʣʘʛʦʡ ʘʪʤʦʩʬʝʨʳ 

ʦʧʨʝʜʝʣʷʶʪ ʟʥʘʯʝʥʠʝ ʨʅ ʜʦʞʜʝʚʦʡ ʚʦʜʳ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ 5,6  ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ʚ 

ʯʠʩʪʦʤ ʚʦʟʜʫʭʝ 350 ppm (350 ʯʘʩʪʝʡ ʥʘ ʤʠʣʣʠʦʥ) ʠ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʯʠʩʪʦʡ 

ʚʦʜʳ. ɺ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ ʧʦʢʘʟʘʪʝʣʴ ʢʠʩʣʦʪʥʦʩʪʠ ʜʦʞʜʝʚʦʡ ʚʦʜʳ ʚ ʦʜʥʦʡ ʤʝʩʪʥʦʩʪʠ ʤʦʞʝʪ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʧʦʢʘʟʘʪʝʣʷ ʢʠʩʣʦʪʥʦʩʪʠ ʜʦʞʜʝʚʦʡ ʚʦʜʳ ʚ ʜʨʫʛʦʡ ʤʝʩʪʥʦʩʪʠ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʛʘʟʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʘʪʤʦʩʬʝʨʝ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʩʪʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʦʢʩʠʜ 

ʩʝʨʳ ʠ ʦʢʩʠʜʳ ʘʟʦʪʘ. 

https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%BE%D0%BA%D1%81%D0%B8%D0%B4_%D1%83%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4%D0%B0
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ɽʩʣʠ ʟʥʘʯʝʥʠʷ ʨʅ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʥʠʞʝ 5, ʪʦ ʦʩʘʜʢʠ ʩʯʠʪʘʶʪʩʷ ʢʠʩʣʳʤʠ. ɺ 

ʩʨʝʜʥʝʤ ʢʠʩʣʦʪʥʦʩʪʴ ʦʩʘʜʢʦʚ, ʚʳʧʘʜʘʶʱʠʭ ʚ ʦʩʥʦʚʥʦʤ ʚ ʚʠʜʝ ʜʦʞʜʝʡ ʚ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʝ ʠ 

ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ ʥʘ ʧʣʦʱʘʜʠ ʧʦʯʪʠ ʦʢʦʣʦ 10 ʤʣʥ. ʢʚ. ʢʤ, ʩʦʩʪʘʚʣʷʝʪ 4,5-5, ʘ ʪʫʤʘʥʳ ʟʜʝʩʴ 

ʥʝʨʝʜʢʦ ʠʤʝʶʪ ʨʅ, ʨʘʚʥʳʡ 3-2,5. ʊʘʢ, ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʘʡʦʥʘʭ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʨʅ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 4,1, ʘ ʥʘ ʧʝʨʠʬʝʨʠʠ ʢʦʥʪʠʥʝʥʪʘ ʥʘʜ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ 

ʨʘʡʦʥʘʤʠ ʇʦʨʪʫʛʘʣʠʠ ʠʣʠ ʀʨʣʘʥʜʠʠ - 4,9. ʆʜʥʘʢʦ ʚ ɽʚʨʦʧʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʣʫʯʘʠ ʚʳʧʘʜʝʥʠʷ 

ʩʠʣʴʥʦʢʠʩʣʳʭ ʦʩʘʜʢʦʚ ʩ ʨʅ 2,4-3,5 [7]. ʉʧʝʮʠʬʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʢʠʩʣʦʪʥʳʭ ʜʦʞʜʝʡ ï ʠʭ 

ʪʨʘʥʩʛʨʘʥʠʯʥʳʡ ʭʘʨʘʢʪʝʨ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʝʨʝʥʦʩʦʤ ʢʠʩʣʦʪʦʦʙʨʘʟʫʶʱʠʭ ʚʳʙʨʦʩʦʚ 

ʚʦʟʜʫʰʥʳʤʠ ʪʝʯʝʥʠʷʤʠ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. ʉʝʡʯʘʩ ʵʪʘ ʧʨʦʙʣʝʤʘ ʩʫʱʝʩʪʚʫʝʪ ʚʦ ʚʩʝʤ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦʤ ʤʠʨʝ, ʠ ʧʨʠʦʙʨʝʣʘ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʚʷʟʠ ʩ ʚʦʟʨʦʩʰʠʤʠ ʪʝʭʥʦʛʝʥʥʳʤʠ 

ʚʳʙʨʦʩʘʤʠ ʦʢʩʠʜʦʚ ʩʝʨʳ ʠ ʘʟʦʪʘ. ɿʘ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʨʘʟʤʘʭ ʵʪʦʛʦ ʙʝʜʩʪʚʠʷ ʩʪʘʣ 

ʥʘʩʪʦʣʴʢʦ ʰʠʨʦʢ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʩʪʦʣʴ ʚʝʣʠʢʠ, ʯʪʦ ʚ 1982 ʛ. ʚ ʉʪʦʢʛʦʣʴʤʝ 

ʩʦʩʪʦʷʣʘʩʴ ʩʧʝʮʠʘʣʴʥʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʠʩʣʦʪʥʳʤ ʜʦʞʜʷʤ, ʚ ʢʦʪʦʨʦʡ 

ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 20 ʩʪʨʘʥ ʠ ʨʷʜʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʦʩʪʨʦʪʘ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʦʭʨʘʥʷʝʪʩʷ, ʦʥʘ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʨʘʚʠʪʝʣʴʩʪʚ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ.  

ʂʠʩʣʦʪʥʳʝ ʜʦʞʜʠ ʥʘʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʫʨʦʥ ʦʙʲʝʢʪʘʤ ʙʠʦʩʬʝʨʳ, ʧʨʠʯʝʤ ʵʪʦ 

ʢʘʩʘʝʪʩʷ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʞʠʚʦʪʥʦʛʦ ʤʠʨʘ, 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʊʘʢ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʯʚ ʫʩʢʦʨʷʝʪʩʷ ʚʳʤʳʚʘʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ, ʛʠʙʥʫʪ ʧʦʣʝʟʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʟʦʪʬʠʢʩʠʨʫʶʱʠʝ: ʩʨʝʜʥʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʣʫʙʝʥʴʢʦʚ ʥʘ ʢʦʨʥʷʭ ʙʦʙʦʚʳʭ ʨʘʩʪʝʥʠʡ ʧʨʠ ʩʥʠʞʝʥʠʠ ʨʅ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ 

6 ʜʦ 3,2 ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʯʪʠ ʚʪʨʦʝ. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʧʦʥʠʞʝʥʠʷ ʨʅ ʧʦʯʚ 

ʦʪʤʝʯʘʝʪʩʷ ʚʙʣʠʟʠ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʦʚ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʩʳʭʘʥʠʠ ʠ ʛʠʙʝʣʠ 

ʜʝʨʝʚʴʝʚ ʠ ʪʨʘʚʷʥʦʛʦ ʧʦʢʨʦʚʘ. ɼʝʡʩʪʚʠʝ ʢʠʩʣʦʪʥʳʭ ʜʦʞʜʝʡ ʷʨʯʝ ʚʩʝʛʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʫʛʥʝʪʝʥʠʠ ʠ ʫʤʝʥʴʰʝʥʠʠ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʫ ʥʠʟʰʠʭ ʨʘʩʪʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʳʩʰʠʤʠ. 

ɼʣʷ ʧʨʝʩʥʳʭ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʭʘʨʘʢʪʝʨʥʳ ʟʥʘʯʝʥʠʷ ʨʅ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 6,5 ʜʦ 8, ʪʘʢ ʢʘʢ 

ʦʥʠ ʚʩʝʛʜʘ ʩʦʜʝʨʞʘʪ ʢʘʪʠʦʥʳ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ. ʕʪʦʪ ʩʦʩʪʘʚ ʚʦʜʳ 

ʧʨʝʩʥʦʚʦʜʥʳʭ ʚʦʜʦʝʤʦʚ ʙʣʘʛʦʧʨʠʷʪʝʥ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʚʩʝʭ ʦʙʠʪʘʪʝʣʝʡ ʨʝʢ ʠ ʦʟʝʨ - ʦʪ 

ʙʘʢʪʝʨʠʡ ʠ ʚʦʜʦʨʦʩʣʝʡ ʜʦ ʨʳʙ. ʇʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʚʳʧʘʜʝʥʠʠ ʢʠʩʣʳʭ ʦʩʘʜʢʦʚ ʚʦʜʘ ʧʝʨʚʦʝ 

ʚʨʝʤʷ ʩʦʭʨʘʥʷʝʪ ʥʝʡʪʨʘʣʴʥʦ-ʩʣʘʙʦʱʝʣʦʯʥʫʶ ʨʝʘʢʮʠʶ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʙʫʬʝʨʥʳʤ ʩʚʦʡʩʪʚʘʤ. ʆʜʥʘʢʦ ʧʦʩʪʝʧʝʥʥʦ ʧʨʝʩʥʦʚʦʜʥʳʝ ʚʦʜʦʝʤʳ ʥʘʯʠʥʘʶʪ ʧʦʜʢʠʩʣʷʪʴʩʷ, ʯʪʦ 

ʠʟʤʝʥʷʝʪ ʫʩʣʦʚʠʷ ʦʙʠʪʘʥʠʷ ʚʩʝʭ ʛʠʜʨʦʙʠʦʥʪʦʚ.  

ɺʳʜʝʣʷʶʪ ʪʨʠ ʩʪʘʜʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʢʠʩʣʦʪʥʳʭ ʜʦʞʜʝʡ ʥʘ ʚʦʜʦʸʤʳ: 

ü ʇʝʨʚʘʷ ʩʪʘʜʠʷ  - ʥʘʯʘʣʴʥʘʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʠʩʣʦʪʥʦʩʪʠ ʚʦʜʳ ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ 

ʥʘʯʠʥʘʶʪ ʧʦʛʠʙʘʪʴ, ʣʠʰʘʷ ʜʨʫʛʠʭ ʞʠʚʦʪʥʳʭ ʚʦʜʦʸʤʘ ʧʠʱʠ, ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʝ, ʥʘʯʠʥʘʶʪ ʙʫʨʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʚʦʜʦʨʦʩʣʠ (ʙʫʨʦ-ʟʝʣʝʥʳʝ). ʕʪʦ ʧʝʨʚʘʷ ʩʪʘʜʠʷ 

ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ (ʟʘʙʦʣʘʯʠʚʘʥʠʷ) ʚʦʜʦʝʤʘ. ʊʘʢ, ʜʘʞʝ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʧʦʥʠʞʝʥʠʠ ʟʥʘʯʝʥʠʷ  ʨʅ 

- ʜʦ 6, ʥʘʯʠʥʘʶʪ ʧʦʛʠʙʘʪʴ ʧʨʝʩʥʦʚʦʜʥʳʝ ʢʨʝʚʝʪʢʠ;  

ü ɺʪʦʨʘʷ ʩʪʘʜʠʷ  - ʢʠʩʣʦʪʥʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ ʜʦ ʨʅ 5,5 - ʙʳʩʪʨʦ ʩʦʢʨʘʱʘʝʪʩʷ 

ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʇʦʛʠʙʘʶʪ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʜʦʥʥʳʭ 

ʙʘʢʪʝʨʠʡ, ʨʘʟʣʘʛʘʶʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʠ ʣʠʩʪʴʷ, ʠ ʦʨʛʘʥʠʯʝʩʢʠʡ ʤʫʩʦʨ ʥʘʯʠʥʘʝʪ 

ʩʢʘʧʣʠʚʘʪʴʩʷ ʥʘ ʜʥʝ. ɿʘʪʝʤ ʛʠʙʥʝʪ ʧʣʘʥʢʪʦʥ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ ʧʠʱʝʚʦʡ ʮʝʧʠ 

ʚʦʜʦʝʤʘ ʠ ʧʠʪʘʝʪʩʷ ʚʝʱʝʩʪʚʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʙʘʢʪʝʨʠʷʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ;  

ü ʊʨʝʪʴʷ ʩʪʘʜʠʷ  -  ʢʠʩʣʦʪʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ ʨʅ 4,5 - ʧʨʦʠʩʭʦʜʠʪ ʤʘʩʩʦʚʘʷ ʛʠʙʝʣʴ ʨʳʙʳ 

ʠ ʪʝʨʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʭ ʢ ʨʘʟʤʥʦʞʝʥʠʶ. ʇʦʛʠʙʘʝʪ ʙʦʣʴʰʠʥʩʪʚʦ ʣʷʛʫʰʝʢ ʠ ʥʘʩʝʢʦʤʳʭ.  

ʆʜʥʘʢʦ ʧʨʠ ʧʦʜʢʠʩʣʝʥʠʠ ʚʦʜʳ ʙʫʨʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʢʠʩʣʦʪʦʣʶʙʠʚʳʝ ʤʭʠ, ʛʨʠʙʳ ʠ 

ʥʠʪʯʘʪʳʝ ʚʦʜʦʨʦʩʣʠ, ʢʦʪʦʨʳʝ ʟʘʛʣʫʰʘʶʪ ʚʩʶ ʦʩʪʘʣʴʥʫʶ ʚʦʜʥʫʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ.  

ʇʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʩʪʘʜʠʠ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʦʜʦʝʤʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʝʪʴʝʡ, ʦʙʨʘʪʠʤʳ 

ʧʨʠ ʧʨʝʢʨʘʱʝʥʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʢʠʩʣʦʪʥʳʭ ʜʦʞʜʝʡ ʥʘ ʚʦʜʦʝʤ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ, ʯʪʦ ʧʦʚʳʰʝʥʥʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, 

ʧʦʧʘʜʘʶʱʠʭ ʚ ʚʦʜʦʝʤʳ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʫʰʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʧʦʜʚʠʞʥʦʩʪʠ 

https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B5%D0%B2%D0%B5%D1%82%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%BA%D1%82%D0%B5%D1%80%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%BD%D0%BA%D1%82%D0%BE%D0%BD
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ʙʦʣʴʰʠʥʩʪʚʘ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʠʭ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ 

ʧʦʯʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʠʩʢ ʧʦʩʪʫʧʣʝʥʠʷ ʜʘʥʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 

ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, ʚ ʠʩʪʦʯʥʠʢʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʘʩʝʣʝʥʠʷ. 

  

 ʈʘʟʨʫʰʝʥʠʝ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʩʪʨʘʪʦʩʬʝʨʝ ʥʘ ʚʳʩʦʪʝ ʦʢʦʣʦ 20-45 ʢʤ ʨʘʩʧʦʣʦʞʝʥ ʦʟʦʥʦʚʳʡ ʟʘʱʠʪʥʳʡ 

ʩʣʦʡ ɿʝʤʣʠ. ʆʟʦʥʦʚʘʷ ʦʙʦʣʦʯʢʘ ʧʨʝʜʦʭʨʘʥʷʝʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʦʪ ʞʝʩʪʢʦʛʦ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ. ʉʪʨʘʪʦʩʬʝʨʥʳʡ ʦʟʦʥ ʨʝʛʫʣʠʨʫʝʪ ʧʦʪʦʢ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʢʚʘʥʪʦʚ, ʟʘʜʝʨʞʠʚʘʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʫʶ ʯʘʩʪʴ ʨʘʜʠʘʮʠʠ ʉʦʣʥʮʘ ʩ ʜʣʠʥʘʤʠ 

ʚʦʣʥ ʤʝʥʝʝ 285 ʥʤ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʘʙʣʷʷ ʠʟʣʫʯʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ 285-315 ʥʤ. ʂʨʦʤʝ ʵʪʦʛʦ, 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʦʟʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʥʘʛʨʝʚʘʥʠʶ ʩʪʨʘʪʦʩʬʝʨʳ, ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʠʥʚʝʨʩʠʦʥʥʦʛʦ ʩʣʦʷ ʠ ʪʝʤ ʩʘʤʳʤ ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʳʭʦʣʘʞʠʚʘʥʠʶ ʥʠʞʥʠʭ ʩʣʦʝʚ ʘʪʤʦʩʬʝʨʳ ʠʟ-

ʟʘ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʪʳ [9]. ʆʟʦʥ ʦʪʥʦʩʠʪʩʷ ʢ ʤʘʣʳʤ ʛʘʟʦʚʳʤ ʢʦʤʧʦʥʝʥʪʘʤ 

ʘʪʤʦʩʬʝʨʳ ʠ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʞʝʥ ʚʣʠʷʥʠʶ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʆʟʦʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʦʯʝʥʴ ʤʘʣʦ, ʝʛʦ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʦʢʦʣʦ 4 10-7%. ɽʩʣʠ 

ʩʦʙʨʘʪʴ ʚʝʩʴ ʦʟʦʥ ʘʪʤʦʩʬʝʨʳ ʚ ʦʜʠʥ ʩʣʦʡ, ʪʦ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʧʨʠ ʜʘʚʣʝʥʠʠ 1 ʘʪʤ. 

ʠ ʪʝʤʧʝʨʘʪʫʨʝ 2730ʉ) ʦʥ ʙʫʜʝʪ ʠʤʝʪʴ ʪʦʣʱʠʥʫ ʚʩʝʛʦ ʣʠʰʴ ʦʢʦʣʦ 0,3 ʩʤ.  ʆʜʥʘʢʦ ʦʟʦʥ 

ʨʘʩʧʨʝʜʝʣʝʥ ʚ ʘʪʤʦʩʬʝʨʝ ʜʦ ʚʳʩʦʪʳ ʧʨʠʤʝʨʥʦ 100 ʢʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʙʘʨʦʤʝʪʨʠʯʝʩʢʠʤ 

ʟʘʢʦʥʦʤ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʜʘʚʣʝʥʠʝ ʧʘʜʘʝʪ ʩ ʚʳʩʦʪʦʡ ʧʦ ʵʢʩʧʦʥʝʥʪʝ. ɸ ʪʘʢ ʢʘʢ ʤʦʣʝʢʫʣʳ 

ʦʟʦʥʘ ʦʙʨʘʟʫʶʪʩʷ ʚ ʩʘʤʦʡ ʘʪʤʦʩʬʝʨʝ, ʠʭ ʚʳʩʦʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʘʢʦʝ ʞʝ ʢʘʢ ʫ ʚʦʟʜʫʭʘ - 

ʚʚʝʨʭʫ ʤʘʣʦ, ʚʥʠʟʫ ʤʥʦʛʦ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʤʦʣʝʢʫʣ ʦʟʦʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʧʦ ʫʧʨʦʱʝʥʥʦʡ ʩʭʝʤʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʡ:              

ʆ2 + hv Ÿ 2O,  ʛʜʝ hv - ʵʥʝʨʛʠʷ ʬʦʪʦʥʘ; 

O + O2 Ÿ O3 ʠʣʠ 

NO2 + hv Ÿ NO + O, ʛʜʝ hv - ʵʥʝʨʛʠʷ ʬʦʪʦʥʘ; 

O + O2 Ÿ O3. 

ʍʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʚ ʦʟʦʥʝ ʤʝʥʝʝ ʧʨʦʯʥʳ, ʯʝʤ ʚ ʢʠʩʣʦʨʦʜʝ, ʠ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳ: 

ʆ3 + hv Ÿ O2 + ʆ. ʇʦʵʪʦʤʫ ʦʥ ʣʝʛʢʦ ʨʘʟʨʫʰʘʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʥʦʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʦʯʝʥʴ ʘʢʪʠʚʥʦ ʚʩʪʫʧʘʝʪ ʚ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʨʝʘʢʮʠʠ. 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʦʟʦʥʘ ʚ ʘʪʤʦʩʬʝʨʝ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʦʷʚʣʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʢʠʩʣʦʨʦʜʘ ʢʘʢ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ, ʪʘʢ ʠ ʚ ʘʪʦʤʘʨʥʦʡ 

ʬʦʨʤʝ, ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚʳʜʘʶʱʠʤʩʷ ʘʥʛʣʠʡʩʢʠʤ ʛʝʦʬʠʟʠʢʦʤ ʉ. ʏʝʧʤʝʥʦʤ ʚ 1930 ʛ.  ʉʫʪʴ 

ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʚʳʩʦʪʘʭ 20-45 ʢʤ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ ʨʘʩʧʘʜʘʝʪʩʷ 

ʥʘ ʘʪʦʤʳ ʧʦ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʘ (ʬʦʪʦʜʠʩʩʦʮʠʠʨʫʝʪ). ʆʙʨʘʟʫʶʱʠʝʩʷ ʘʪʦʤʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʤʦʣʝʢʫʣʘʤʠ ʢʠʩʣʦʨʦʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʟʦʥʘ. ɹʳʩʪʨʝʝ ʚʩʝʛʦ ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʠʜʝʪ ʥʘ ʚʳʩʦʪʘʭ 35-45 ʢʤ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʟʦʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʞʝ - ʥʘ ʚʳʩʦʪʘʭ 

20-25 ʢʤ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʚʝʨʭʫ ʚʝʣʠʢʘ ʠ ʩʢʦʨʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʦʟʦʥʘ, ʚʥʠʟʫ ʦʥʘ 

ʤʝʥʴʰʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʢʦʧʣʝʥʠʝ ʠʣʠ ʫʙʳʣʴ ʢʦʣʠʯʝʩʪʚʘ ʦʟʦʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʤʦʣʝʢʫʣ ʦʟʦʥʘ. 

ʇʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ ʩʪʨʘʪʦʩʬʝʨʘ ʩʪʘʥʝʪ ʦʭʣʘʞʜʘʪʴʩʷ, ʘ ʧʨʠʟʝʤʥʳʝ ʩʣʦʠ 

ʚʦʟʜʫʭʘ ʠ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ - ʥʘʛʨʝʚʘʪʴʩʷ. ɻʣʘʩʥʘʷ ʫʛʨʦʟʘ ʧʨʠ ʵʪʦʤ - ʫʩʠʣʝʥʠʝ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʝ ʛʠʧʦʪʝʟʳ ʧʦʷʚʣʝʥʠʷ "ʦʟʦʥʦʚʳʭ ʜʳʨ": ʧʝʨʚʘʷ 

ʛʠʧʦʪʝʟʘ ʦʙʲʷʩʥʷʝʪ ʨʘʟʨʫʰʝʥʠʝ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ  ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚʪʦʨʘʷ - 

ʪʝʭʥʦʛʝʥʥʳʤʠ ʧʨʠʯʠʥʘʤʠ. 

ɺ 1974 ʛʦʜʫ ʘʤʝʨʠʢʘʥʩʢʠʝ ʫʯʝʥʳʝ ʐ. ʈʦʫʣʘʥʜ ʠ ʄ. ʄʦʣʠʥʘ  ʩʦʦʙʱʠʣʠ ʦ ʩʚʦʝʤ 

ʦʪʢʨʳʪʠʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʭʣʦʨʬʪʦʨʫʛʣʝʨʦʜʳ (ʍʌʋ) ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʨʫʰʝʥʠʶ ʤʦʣʝʢʫʣ 

ʦʟʦʥʘ ʚ ʘʪʤʦʩʬʝʨʝ. ɺ 1995 ʛʦʜʫ  ʩʦʚʤʝʩʪʥʦ ʩ ʇ. ʂʨʫʪʮʝʥʦʤ (ɻʝʨʤʘʥʠʷ) ʦʥʠ ʙʳʣʠ ʫʜʦʩʪʦʝʥʳ 

ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ʟʘ ʮʠʢʣ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʨʘʩʧʘʜʫ ʦʟʦʥʘ ʚ 

ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ. ʆʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʛʘʣʦʠʜʠʨʦʚʘʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʨʘʟʣʘʛʘʶʪʩʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʘʪʦʤʘʨʥʦʛʦ ʭʣʦʨʘ ʠ ʙʨʦʤʘ, 
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ʨʘʟʨʫʰʘʶʱʠʭ ʦʟʦʥʦʚʳʡ ʩʣʦʡ. ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʦʟʦʥʦʨʘʟʨʫʰʘʶʱʠʭ ʚʝʱʝʩʪʚ, ʠʣʠ ʆʈɺ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʦʪʥʦʩʷʪʩʷ ʭʣʦʨʬʪʦʨʫʛʣʝʨʦʜʳ (ʍʌʋ, ʩʦʛʣʘʩʥʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï CFC).  

ʍʣʦʨʬʪʦʨʫʛʣʝʨʦʜʳ ʥʝ ʛʦʨʶʯʠ, ʤʘʣʦʪʦʢʩʠʯʥʳ ʠ ʣʝʪʫʯʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʠʭ ʢʘʢ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʜʣʷ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʭʨʘʥʝʥʠʝ ʵʪʠʭ ʚʝʱʝʩʪʚ ʥʝ ʩʦʟʜʘʝʪ ʦʩʦʙʳʭ ʧʨʦʙʣʝʤ, ʧʦʵʪʦʤʫ ʦʥʠ ʧʦʣʫʯʠʣʠ ʦʯʝʥʴ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʉʥʘʯʘʣʘ ʍʌʋ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʢʘʯʝʩʪʚʝ ʭʣʘʜʘʛʝʥʪʦʚ ʜʣʷ 

ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʠ ʢʦʥʜʠʮʠʦʥʝʨʦʚ. ɿʘʪʝʤ ʠʭ ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʴ ʢʘʢ ʨʘʩʧʳʣʠʪʝʣʠ ʘʵʨʦʟʦʣʝʡ 

(ʧʨʦʧʝʣʣʝʥʪʳ). ʋʞʝ ʚ ʩʝʨʝʜʠʥʝ 40-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʪʘʢʠʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʥʳʝ 

ʍʌʋ, ʢʘʢ ʙʨʦʤʭʣʦʨʜʠʬʪʦʨʤʝʪʘʥ (ʛʘʣʦʥ-1211) ʠ ʙʨʦʤʪʨʠʬʪʦʨʤʝʪʘʥ (ʛʘʣʦʥ-1301) ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ. ɻʘʣʦʥ-1301 ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʞʘʨʥʳʤʠ 

ʩʣʫʞʙʘʤʠ ʤʥʦʛʠʭ ʩʪʨʘʥ ʠ ʧʦ ʩʝʡ ʜʝʥʴ. 

ɹʦʣʝʝ ʜʚʫʭ ʪʳʩʷʯ ʣʝʪ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʟʦʥʘ ʚ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ ʠʟʤʝʥʷʣʦʩʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʛʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʳ, 

ʩʜʝʣʘʥʥʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʫʟʳʨʴʢʦʚ ʚʦʟʜʫʭʘ ʠʟ ʘʥʪʘʨʢʪʠʯʝʩʢʠʭ ʣʝʜʦʚʳʭ ʢʝʨʥʦʚ [3]. 

ʀʩʩʣʝʜʫʷ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʟʦʥʘ ʚ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʫʯʝʥʳʝ ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ ʥʘ ʩʥʠʞʝʥʠʝ 

ʚ ʥʘʯʘʣʝ 80-ʭ ʛʛ. ʍʍ-ʛʦ ʚʝʢʘ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʦʟʦʥʘ (ʆʉʆ). ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʢʘʞʜʦʡ ʚʝʩʥʦʡ ʚ ʪʝʯʝʥʠʝ 1985ï1991 ʛʛ. ʆʉʆ ʥʘʜ ɸʥʪʘʨʢʪʠʜʦʡ ʙʳʣʦ ʚ ʩʨʝʜʥʝʤ ʥʘ 30ï40% 

ʥʠʞʝ, ʯʝʤ ʟʘ ʧʝʨʠʦʜ 1967ï1971 ʛʛ., ʘ ʚ 1993 ʛ. ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʥʠʟʠʣʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 60%. ɺ 

1987 ʠ ʚ 1994 ʛʛ. ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʨʝʢʦʨʜʥʦ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʟʦʥʘ: ʧʦʯʪʠ ʚ 4 ʨʘʟʘ 

ʤʝʥʴʰʝ ʥʦʨʤʳ. ɺ ʷʥʚʘʨʝ ʆʉʆ ʥʘʜ ʩʢʘʥʜʠʥʘʚʩʢʠʤʠ ʩʪʨʘʥʘʤʠ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʤʠ ʨʘʡʦʥʘʤʠ 

ʈʦʩʩʠʠ ʙʳʚʘʝʪ ʦʙʳʯʥʦ ʥʘ 20ï25% ʥʠʞʝ, ʯʝʤ ʥʘʜ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʴʶ ʠ ʂʘʤʯʘʪʢʦʡ. ɺ 

ʷʥʚʘʨʝ 1995 ʛ. ʩʥʠʞʝʥʠʝ ʆʉʆ ʥʘ 15ï20% ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʘʜ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ 

ʨʘʚʥʠʥʦʡ ʠ ʉʨʝʜʥʝ-ʉʠʙʠʨʩʢʠʤ ʧʣʦʩʢʦʛʦʨʴʝʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʜ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʤʠ ʨʘʡʦʥʘʤʠ 

ʈʦʩʩʠʠ ʆʉʆ ʙʳʣʦ ʥʠʞʝ ʥʦʨʤʳ ʥʘ 10ï15%. ʉ ʢʦʥʮʘ ʤʘʨʪʘ ʜʦ ʩʝʨʝʜʠʥʳ ʤʘʷ 1997 ʛ. ʦʪʤʝʯʘʣʦʩʴ 

ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʦʝ ï ʥʘ 30% ʤʝʥʴʰʝ ʦʙʳʯʥʦʛʦ ï ʩʦʜʝʨʞʘʥʠʝ ʦʟʦʥʘ ʥʘʜ ɸʨʢʪʠʢʦʡ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʴʶ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ. ɼʠʘʤʝʪʨ ʵʪʦʡ çʦʟʦʥʦʚʦʡ ʜʳʨʳè ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 3000 

ʢʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 70-80-ʭ ʛʛ. ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ ʥʘʜ ʪʝʨʨʠʪʦʨʠʝʡ ʈʦʩʩʠʠ 

ʧʨʦʠʩʭʦʜʠʣʦ ʣʠʰʴ ʵʧʠʟʦʜʠʯʝʩʢʠ. ʅʦ ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ 90-ʭ ʛʛ. çʦʟʦʥʦʚʳʝ ʜʳʨʳè ʚ ʟʠʤʥʝʝ 

ʚʨʝʤʷ ʩʪʘʣʠ ʥʘʙʣʶʜʘʪʴʩʷ ʥʘʜ ʦʙʰʠʨʥʳʤʠ ʨʘʡʦʥʘʤʠ ʈʦʩʩʠʠ ʫʞʝ ʨʝʛʫʣʷʨʥʦ. 

ɺʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ ʥʘʜ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʝʨʨʠʪʦʨʠʝʡ, ʥʘʧʨʠʤʝʨ, ʥʘʜ ʐʚʝʡʮʘʨʠʝʡ ʠʣʠ 

ʦʟʝʨʦʤ ʀʩʩʳʢ-ʂʫʣʴ, ʦʙʥʘʨʫʞʠʚʘʶʪ ʦʯʝʨʝʜʥʳʝ çʦʟʦʥʦʚʳʝ ʜʳʨʳè ʩ ʨʘʟʥʦʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʞʠʟʥʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʫʩʠʣʠʷ ʫʯʝʥʳʭ,  ʤʥʦʛʦʝ ʝʱʝ ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʳʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʷʚʣʝʥʠʷ ʵʪʠʭ ʜʳʨ ʚ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ. ʆʜʥʘ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ï ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʟʘʧʫʩʢʝ 

ʢʦʩʤʠʯʝʩʢʠʭ ʨʘʢʝʪ ʠ ʜʨʫʛʠʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚʦʟʥʠʢʘʶʪ çʦʟʦʥʦʚʳʝ ʜʳʨʳè ʜʠʘʤʝʪʨʦʤ 

ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʢʠʣʦʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʩʪʨʘʪʦʩʬʝʨʝ ʥʝʩʢʦʣʴʢʦ ʥʝʜʝʣʴ ʠ 

ʤʦʛʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʜʨʫʛʠʝ ʤʝʩʪʘ.  

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʧʳʪʢʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʫʙʳʣʠ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʦʟʦʥʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʰʪʘʙʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ  ʭʣʦʨʬʪʦʨʫʛʣʝʨʦʜʦʚ (ʍʌʋ). ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʨʝʘʣʴʥʦʡ ʢʘʨʪʠʥʳ ʥʝʦʙʭʦʜʠʤ ʫʯʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʦʢʦʣʦ 

50 ʨʝʘʛʝʥʪʦʚ ʥʘ ʬʦʥʝ ʩʣʦʞʥʳʭ ʠ ʩʣʘʙʦ ʠʟʫʯʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʠʥʘʤʠʢʠ ʩʪʨʘʪʦʩʬʝʨʳ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʟʦʰʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ (ʚ 5-10 ʨʘʟ) ʥʝʩʦʚʧʘʜʝʥʠʝ ʠʪʦʛʦʚ ʨʘʩʯʝʪʦʚ ʨʘʟʣʠʯʥʳʭ 

ʛʨʫʧʧ ʫʯʝʥʳʭ-ʪʝʦʨʝʪʠʢʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʘʙʣʶʜʘʣʦʩʴ ʫʛʣʫʙʣʝʥʠʝ ʟʥʘʥʠʡ ʭʠʤʠʠ 

ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʦʟʦʥʘ, ʚ ʩʠʣʫ ʯʝʛʦ ʧʨʦʛʥʦʟʳ ʩʪʘʥʦʚʠʣʠʩʴ ʚʩʝ ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʳʤʠ ʠ ʤʝʥʝʝ 

ʜʨʘʤʘʪʠʯʥʳʤʠ. 

ɺ 1987 ʛ. ʚ ʄʦʥʨʝʘʣʝ ʙʳʣ ʚʳʨʘʙʦʪʘʥ ʠ ʧʦʜʧʠʩʘʥ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 43 ʩʪʨʘʥ ʇʨʦʪʦʢʦʣ 

ʦʙ ʦʟʦʥʦʨʘʟʨʫʰʘʶʱʠʭ ʚʝʱʝʩʪʚʘʭ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʝʝ 

ʩʦʢʨʘʱʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʜʣʷ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ ʩʦʝʜʠʥʝʥʠʡ.  ɺ 1990 ʛ. ʚ 

ʃʦʥʜʦʥʝ ʙʳʣ ʧʦʜʧʠʩʘʥ ʇʨʦʪʦʢʦʣ, ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʣʥʦʝ ʧʨʝʢʨʘʱʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʍʌʋ ʩ 2000 ʛ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʤʝʥʴʰʝʥʠʝ ʪʦʣʱʠʥʳ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ ɿʝʤʣʠ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʨʘʟʚʠʪʠʝʤ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʦʟʦʥʦʨʘʟʨʫʰʘʶʱʠʭ ʚʝʱʝʩʪʚ, ʪʘʢ ʠ ʩ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ. ʇʨʠ ʵʪʦʤ ʩʪʝʧʝʥʴ ʚʠʥʳ ʯʝʣʦʚʝʢʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

"ʦʟʦʥʦʚʳʭ ʜʳʨ" ʧʦʢʘ ʜʦ ʢʦʥʮʘ ʥʝ ʷʩʥʘ, ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʚʣʠʷʥʠʝ, ʧʨʠ ʚʩʝʡ ʝʛʦ 

ʨʘʟʨʫʰʠʪʝʣʴʥʦʩʪʠ ʚ ʣʦʢʘʣʴʥʦʤ ʧʣʘʥʝ, ʚ ʧʣʘʥʝʪʘʨʥʦʤ ʤʘʩʰʪʘʙʝ ʥʠʯʪʦʞʥʦ. 

 

ʇʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ 

 

ʇʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ - ɻ ʬʬʝʢʪ ʨʘʟʦʛʨʝʚʘ ʧʨʠʟʝʤʥʦʛʦ ʩʣʦʷ ʚʦʟʜʫʭʘ, ʚʳʟʚʘʥʥʳʡ ʪʝʤ, ʯʪʦ 

ʘʪʤʦʩʬʝʨʘ ʧʦʛʣʦʱʘʝʪ ʜʣʠʥʥʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʩʦʚʤʝʩʪʥʳʡ 

ʵʬʬʝʢʪ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ  ʜʣʷ  ʯʘʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ 

ʙʦʣʴʰʠʥʩʪʚʘ ʦʪʨʘʞʘʝʤʦʛʦ ɿʝʤʣʝʡ ʠʟʣʫʯʝʥʠʷ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ).  ɻʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ ʫʩʠʣʝʥʠʷ ʵʪʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʣʫʞʠʪ 

ʦʙʦʛʘʱʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʛʘʟʘʤʠ, ʧʦʛʣʦʱʘʶʱʠʤʠ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ. ʏʝʤ ʚʳʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʵʪʠʭ ʛʘʟʦʚ, ʪʝʤ ʟʘʤʝʪʥʝʝ ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ. 

ʇʘʨʥʠʢʦʚʳʝ ʛʘʟʳ - ʵʪʦ ʛʘʟʳ, ʩʦʟʜʘʶʱʠʝ ʚ ʘʪʤʦʩʬʝʨʝ ʵʢʨʘʥ, ʟʘʜʝʨʞʠʚʘʶʱʠʡ 

ʠʥʬʨʘʢʨʘʩʥʳʝ ʣʫʯʠ, ʢʦʪʦʨʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠ ʥʘʛʨʝʚʘʶʪ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʠ ʥʠʞʥʠʡ ʩʣʦʡ 

ʘʪʤʦʩʬʝʨʳ. ʂ ʧʘʨʥʠʢʦʚʳʤ ʛʘʟʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʦʜʷʥʦʡ ʧʘʨ, ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʤʝʪʘʥ, 

ʭʣʦʨʬʪʦʨʫʛʣʝʨʦʜʳ, ʤʦʥʦʦʢʩʠʜ ʘʟʦʪʘ ʠ ʜʨ.  ʕʪʠ ʛʘʟʳ ʧʨʦʟʨʘʯʥʳ ʜʣʷ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ, ʥʦ ʥʝ 

ʧʨʦʧʫʩʢʘʶʪ ʠ ʧʦʛʣʦʱʘʶʪ ʪʝʧʣʦʚʦʝ ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɻʣʘʚʥʫʶ 

ʨʦʣʴ ʚ ʧʦʛʣʦʱʝʥʠʠ ʀʂ-ʣʫʯʝʡ ʠʛʨʘʝʪ ʚʦʜʷʥʦʡ ʧʘʨ. ɺ ʩʨʝʜʥʝʤ ʩʦʜʝʨʞʘʥʠʝ ʧʘʨʦʚ ʚʦʜʳ 

ʧʨʠʤʝʨʥʦ ʚ 70 ʨʘʟ ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʷ ʉʆ2. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʜʘ ʦʙʣʘʜʘʝʪ ʦʯʝʥʴ ʚʳʩʦʢʦʡ 

ʪʝʧʣʦʝʤʢʦʩʪʴʶ. ɺʢʣʘʜ ʧʘʨʦʚ ʚʦʜʳ, ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʘ, ʧʦ ʥʝʢʦʪʦʨʳʤ 

ʦʮʝʥʢʘʤ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 90-95% [5].  

ʇʘʨʥʠʢʦʚʦʝ "ʦʜʝʷʣʦ" ʠʟ ʛʘʟʦʚ ʩʦʟʜʘʝʪ ʥʘ ɿʝʤʣʝ ʫʩʣʦʚʠʷ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʞʠʟʥʠ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʫʧʘʣʘ ʙʳ ʜʦ ʤʠʥʫʩ 190ʉ, ʠ ɿʝʤʣʷ ʙʳʣʘ ʙʳ ʧʦʢʨʳʪʘ ʩʣʦʝʤ ʣʴʜʘ. ʇʦʩʪʫʧʣʝʥʠʝ ʚ 

ʘʪʤʦʩʬʝʨʫ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʤʝʪʘʥʘ ʠ ʤʦʥʦʦʢʩʠʜʘ ʘʟʦʪʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʫʩʠʣʠʚʘʝʪ ʧʨʠʨʦʜʥʳʡ ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ. ɺʳʙʨʦʩʳ ʉʆ2 ʩʦʟʜʘʶʪ ʦʢʦʣʦ 60-64% 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ, ʉʅ4 - ʦʢʦʣʦ 20%, N2O - ʚ ʩʨʝʜʥʝʤ 6-7%, ʜʨʫʛʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʫʛʣʝʨʦʜʘ - ʝʱʝ 10-14% [9].  

ɸʙʩʦʣʶʪʥʳʝ  ʢʦʣʠʯʝʩʪʚʘ  ʤʝʪʘʥʘ,  ʭʣʦʨʬʪʦʨʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ, 

ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʘʪʤʦʩʬʝʨʫ, ʥʝʚʝʣʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ. ʆʜʥʘʢʦ ʠʭ ʚʢʣʘʜʳ ʚ  

ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʤʳ. ʀʟ  ʨʘʩʯʝʪʘ çʤʦʣʝʢʫʣʘ ʥʘ  ʤʦʣʝʢʫʣʫè ʤʝʪʘʥ ʧʨʠʤʝʨʥʦ 

ʚ 20 ʨʘʟ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʦʛʣʦʱʘʝʪ ʵʥʝʨʛʠʶ, ʯʝʤ  ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʘ  ʥʝʢʦʪʦʨʳʝ 

ʭʣʦʨʬʪʦʨʫʛʣʝʨʦʜʳ ʙʦʣʝʝ ʯʝʤ ʚ 12 ʪʳʩ. ʨʘʟ [10]. 

ɸʥʪʨʦʧʦʛʝʥʥʳʡ ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ ʥʘ 57% ʦʙʫʩʣʦʚʣʝʥ ʜʦʙʳʯʝʡ ʠ ʧʦʪʨʝʙʣʝʥʠʝʤ 

ʵʥʝʨʛʠʠ, ʥʘ 9% - ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʣʝʩʦʚ, ʥʘ 14% - ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʠ ʥʘ 

20% - ʦʩʪʘʣʴʥʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʥʝ ʩʚʷʟʘʥʥʳʤ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʮʠʢʣʦʤ [2].  

ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ ʘʪʤʦʩʬʝʨʳ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʤʝʥʘ ʩ ʚʦʜʘʤʠ ʤʦʨʝʡ 

ʠ ʦʢʝʘʥʦʚ, ʧʦʯʚʝʥʥʳʤ ʧʦʢʨʦʚʦʤ ʠ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ. ʇʨʠ ʧʦʜʩʯʝʪʝ ʙʘʣʘʥʩʘ ʫʛʣʝʢʠʩʣʦʪʳ 

ʫʯʠʪʳʚʘʶʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʛʣʦʱʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʢʝʘʥʘ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʝʥʠʡ 

ʘʩʩʠʤʠʣʠʨʦʚʘʪʴ ʉʆ2, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʛʣʝʢʠʩʣʦʪʫ, ʚʳʜʝʣʷʶʱʫʶʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ ʪʦʧʣʠʚʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʨʦʩʘʤ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʦʪʠʚʦʩʪʦʷʪ ʧʨʦʮʝʩʩʳ ʝʛʦ ʬʠʢʩʘʮʠʠ 

ʚʦʜʘʤʠ ʤʦʨʝʡ ʠ ʦʢʝʘʥʦʚ, ʘ ʪʘʢʞʝ  ʬʦʪʦʩʠʥʪʝʟ ʨʘʩʪʝʥʠʡ. ɺ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʚʝʩʴ ʉʆ2, ʚʳʜʝʣʝʥʥʳʡ ʚ ʘʪʤʦʩʬʝʨʫ ʚ ʧʨʦʮʝʩʩʝ ʜʳʭʘʥʠʷ ʠ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʟʤʦʚ 

(ʦʢʦʣʦ 100 ʤʣʨʜ. ʪ ʚ ʛʦʜ), ʥʦ ʠ ʦʢʦʣʦ 2/3 ʢʦʣʠʯʝʩʪʚʘ ʉʆ2, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʚʳʙʨʦʩʘʭ. ʇʨʠ ʵʪʦʤ ʧʦʩʪʫʧʠʚʰʠʡ ʚ ʘʪʤʦʩʬʝʨʫ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʦʩʪʘʝʪʩʷ ʚ ʥʝʡ ʚ ʩʨʝʜʥʝʤ 2-4 

ʛʦʜʘ [9]. 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʤʝʪʘʥ ʧʦ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʫʩʠʣʠʚʘʪʴ ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ 

ʚ 20 ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʪ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ. ʄʦʣʝʢʫʣʘ ʤʝʪʘʥʘ ʭʠʤʠʯʝʩʢʠ ʜʦʚʦʣʴʥʦ ʫʩʪʦʡʯʠʚʘ, ʠ ʝʝ 

ʥʝʣʝʛʢʦ ʚʳʚʝʩʪʠ ʠʟ ʘʪʤʦʩʬʝʨʳ. ɺ ʦʩʥʦʚʝ ʚʳʚʦʜʘ ʤʝʪʘʥʘ ʠʟ ʪʨʦʧʦʩʬʝʨʳ ʣʝʞʠʪ ʤʝʭʘʥʠʟʤ 
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ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʤʝʪʘʥʘ (90%). ʀʪʦʛʦʤ ʠʩʯʝʟʥʦʚʝʥʠʷ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʤʝʪʘʥʘ ʚ 

ʘʪʤʦʩʬʝʨʝ ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ 3,5 ʤʦʣʝʢʫʣ ʦʟʦʥʘ, 1,75 ʤʦʣʝʢʫʣʳ ʚʦʜʳ, 0,5 ʨʘʜʠʢʘʣʘ ʆʅ* ʠ 1 

ʤʦʣʝʢʫʣʘ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ɼʨʫʛʠʝ ʤʝʭʘʥʠʟʤʳ ʚʳʚʦʜʘ ʤʝʪʘʥʘ ʠʟ ʘʪʤʦʩʬʝʨʳ ʥʝ ʚʝʣʠʢʠ, ʠʭ 

ʚʢʣʘʜ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 10%. 

ʆʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʫ - ʙʠʦʛʝʥʥʳʝ.  ʆʜʥʘʢʦ ʯʝʣʦʚʝʢ ʚ 

ʧʨʦʮʝʩʩʝ ʩʚʦʝʡ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʚʳʰʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ. 

ʈʘʟʣʦʞʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʘʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 

ʫʚʝʣʠʯʝʥʠʝ ʧʦʛʦʣʦʚʴʷ ʩʢʦʪʘ ʠ ʧʣʦʱʘʜʝʡ ʚʳʨʘʱʠʚʘʥʠʷ ʨʠʩʘ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʤʠʢʨʦʙʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ. ɽʛʦ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʘʪʤʦʩʬʝʨʝ ʟʘ ʧʨʦʰʝʜʰʠʝ ʜʚʘ ʩʪʦʣʝʪʠʷ ʫʜʚʦʠʣʦʩʴ ʠ ʦʮʝʥʠʚʘʣʦʩʴ ʢ ʥʘʯʘʣʫ XXI  

ʚʝʢʘ ʚ 4000 - 5000 ʤʣʥ ʪ. 
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ɻʣʘʚʘ 2. ʃʠʪʦʩʬʝʨʘ 

2.1. ʉʪʨʦʝʥʠʝ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʠʪʦʩʬʝʨʳ 

ʃʠʪʦʩʬʝʨʘ - ʚʥʝʰʥʷʷ ʪʚʝʨʜʘʷ ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚʩʶ ʟʝʤʥʫʶ ʢʦʨʫ ʩ 

ʯʘʩʪʴʶ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ, ʜʦ ʘʩʪʝʥʦʩʬʝʨʳ. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʣʠʪʦʩʬʝʨʳ ʥʝʯʝʪʢʘʷ ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʟʢʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʚʷʟʢʦʩʪʠ ʧʦʨʦʜ, ʠʟʤʝʥʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʨʦʜ. ʄʦʱʥʦʩʪʴ ʣʠʪʦʩʬʝʨʳ ʚ ʨʘʟʥʳʭ 

ʦʙʣʘʩʪʷʭ ɿʝʤʣʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 20 ʜʦ 150-200 ʢʠʣʦʤʝʪʨʦʚ ʠ ʙʦʣʝʝ. ɺ ʮʝʣʦʤ ʧʦʜ ʢʦʥʪʠʥʝʥʪʘʤʠ 

ʦʥʘ ʪʦʣʱʝ, ʯʝʤ ʧʦʜ ʦʢʝʘʥʘʤʠ.  

ʇʦʜ ʣʠʪʦʩʬʝʨʦʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʘʩʪʝʥʦʩʬʝʨʘ, ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʥʝʰʥʶʶ ʯʘʩʪʴ ʤʘʥʪʠʠ. 

ɸʩʪʝʥʦʩʬʝʨʘ ʚʝʜʸʪ ʩʝʙʷ ʢʘʢ ʧʝʨʝʛʨʝʪʘʷ ʠ ʯʨʝʟʚʳʯʘʡʥʦ ʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʷ ʦʙ ʠʟʤʝʥʝʥʠʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʦʨʦʜ.  

ɺ ʩʪʨʦʝʥʠʠ ʣʠʪʦʩʬʝʨʳ ʚʳʜʝʣʷʶʪ ʧʦʜʚʠʞʥʳʝ ʦʙʣʘʩʪʠ (ʩʢʣʘʜʯʘʪʳʝ ʧʦʷʩʘ) ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ. ɹʣʦʢʠ ʣʠʪʦʩʬʝʨʳ - ʣʠʪʦʩʬʝʨʥʳʝ ʧʣʠʪʳ - ʜʚʠʛʘʶʪʩʷ ʧʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʘʩʪʠʯʥʦʡ ʘʩʪʝʥʦʩʬʝʨʝ. ʃʠʪʦʩʬʝʨʥʳʝ ʧʣʠʪʳ ʦʪʜʝʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʛʣʫʙʦʢʠʤʠ ʨʘʟʣʦʤʘʤʠ. ɺʳʜʝʣʷʶʪ ʩʝʤʴ ʦʯʝʥʴ ʢʨʫʧʥʳʭ ʠ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʤʝʣʢʠʭ ʣʠʪʦʩʬʝʨʥʳʭ 

ʧʣʠʪ, ʢʦʪʦʨʳʝ ʧʦʩʪʦʷʥʥʦ, ʥʦ ʤʝʜʣʝʥʥʦ ʧʝʨʝʤʝʱʘʶʪʩʷ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʦʢʦʣʦ 5 

ʩʘʥʪʠʤʝʪʨʦʚ ʚ ʛʦʜ. ʅʝʢʦʪʦʨʳʝ ʧʣʠʪʳ ʧʦʣʥʦʩʪʴʶ ʦʢʝʘʥʠʯʝʩʢʠʝ, ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʤʝʶʪ ʨʘʟʥʳʝ 

ʪʠʧʳ ʟʝʤʥʦʡ ʢʦʨʳ. 

ʃʠʪʦʩʬʝʨʥʳʝ ʧʣʠʪʳ ʜʚʠʞʫʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: ʠʣʠ 

ʦʪʦʜʚʠʛʘʶʪʩʷ, ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʩʙʣʠʞʘʶʪʩʷ ʠ ʩʪʘʣʢʠʚʘʶʪʩʷ. ɺ ʩʦʩʪʘʚʝ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʠ ʠʭ ʚʝʨʭʥʷʷ ʯʘʩʪʴ - ʟʝʤʥʘʷ ʢʦʨʘ. ɹʣʘʛʦʜʘʨʷ ʜʚʠʞʝʥʠʶ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ 
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ʤʝʥʷʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʤʘʪʝʨʠʢʦʚ ʠ ʦʢʝʘʥʦʚ. ʄʘʪʝʨʠʢʠ ʪʦ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʦ ʦʪʦʜʚʠʛʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʪʳʩʷʯʠ ʢʠʣʦʤʝʪʨʦʚ. 

ɿʝʤʥʘʷ ʢʦʨʘ - ʵʪʦ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʪʚʸʨʜʦʡ ɿʝʤʣʠ, ʦʪʜʝʣʝʥʥʘʷ ʦʪ ʤʘʥʪʠʠ ʛʨʘʥʠʮʝʡ ʩ 

ʨʝʟʢʠʤ ʧʦʚʳʰʝʥʠʝʤ ʩʢʦʨʦʩʪʝʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ - ʛʨʘʥʠʮʝʡ ʄʦʭʦʨʦʚʠʯʠʯʘ (ʠʣʠ ʚ 

ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ ʛʨʘʥʠʮʝʡ ʄʦʭʦ). ʅʘ ʤʘʪʝʨʠʢʘʭ ʛʨʘʥʠʮʘ ʄʦʭʦ ʦʙʳʯʥʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 

ʛʣʫʙʠʥʘʭ ʦʪ 30 ʜʦ 80 ʢʤ, ʘ ʥʘ ʜʥʝ ʦʢʝʘʥʦʚ - ʦʪ 5 ʜʦ 15 ʢʤ. ʅʘʠʙʦʣʴʰʘʷ ʤʦʱʥʦʩʪʴ ʢʦʨʳ (ʜʦ 75-

80 ʢʤ) ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʫʯʘʩʪʢʦʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʛʦʨʥʳʭ ʭʨʝʙʪʦʚ.  

ʄʘʩʩʘ ʟʝʤʥʦʡ ʢʦʨʳ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 2,8Ŀ1019 ʪʦʥʥ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ 0,5 % ʦʙʱʝʡ 

ʤʘʩʩʳ ɿʝʤʣʠ.  

ɺʳʜʝʣʷʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʟʝʤʥʦʡ ʢʦʨʳ: 

- ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ (ʤʘʪʝʨʠʢʦʚʘʷ) ʢʦʨʘ; 

- ʦʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ. 

ɿʝʤʥʘʷ ʢʦʨʘ ʧʦʜ ʦʢʝʘʥʘʤʠ ʠ ʢʦʥʪʠʥʝʥʪʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ.  ʂʦʥʪʠʥʝʥʪʘʣʴʥʘʷ 

ʢʦʨʘ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʤʘʩʩʳ ʢʦʨʳ ʚ ʮʝʣʦʤ. ʆʥʘ ʩʦʜʝʨʞʠʪ ʤʝʥʴʰʝ ʞʝʣʝʟʘ, ʢʘʣʴʮʠʷ 

ʠ ʤʘʛʥʠʷ, ʥʝʞʝʣʠ ʦʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ, ʥʦ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʢʨʝʤʥʠʷ, ʘʣʶʤʠʥʠʷ, ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ, 

ʪʦ ʝʩʪʴ ʙʦʣʝʝ ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɿʝʤʥʘʷ ʢʦʨʘ ʧʦʜ ʢʦʥʪʠʥʝʥʪʘʤʠ ʩʦʩʪʦʠʪ ʠʟ ʦʩʘʜʦʯʥʦʛʦ, 

ʛʨʘʥʠʪʥʦʛʦ ʠ ʙʘʟʘʣʴʪʦʚʦʛʦ ʩʣʦʝʚ. ɿʝʤʥʘʷ ʢʦʨʘ ʧʦʜ ʦʢʝʘʥʘʤʠ ʩʠʣʴʥʦ ʦʙʝʜʥʝʥʘ ʣʝʛʢʦʧʣʘʚʢʠʤʠ 

ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʘ ʛʨʘʥʠʪʥʳʡ ʩʣʦʡ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ. 

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʟʝʤʥʦʡ ʢʦʨʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʝʨʳʚʠʩʪʳʡ ʩʣʦʡ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʩʘʜʦʯʥʳʭ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ (ʚʝʨʭʥʠʡ ʩʣʦʡ). ʅʠʞʝ ʨʘʩʧʦʣʦʞʝʥ 

ʛʨʘʥʠʪʥʳʡ ʩʣʦʡ (ʩʨʝʜʥʠʡ ʩʣʦʡ), ʩʦʩʪʦʷʱʠʡ ʠʟ ʛʥʝʡʩʦʚ ʠ ʛʨʘʥʠʪʦʚ, ʧʦʜ ʢʦʪʦʨʳʤ ʥʘʭʦʜʠʪʩʷ 

ʙʘʟʘʣʴʪʦʚʳʡ ʩʣʦʡ (ʥʠʞʥʠʡ ʩʣʦʡ), ʩʣʦʞʝʥʥʳʡ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ, 

ʙʘʟʘʣʴʪʘʤʠ ʠ ʛʘʙʙʨʦ. ɿʝʤʥʘʷ ʢʦʨʘ ʧʦʜ ʦʢʝʘʥʘʤʠ ʪʘʢʞʝ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʣʦʸʚ. 

ɺʝʨʭʥʠʡ ʩʣʦʡ (ʦʩʘʜʦʯʥʳʡ), ʤʦʱʥʦʩʪʴʶ ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 0,5 ʢʤ,  ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ 

ʪʦʥʢʠʭ ʤʝʪʘʣʣʦʥʦʩʥʳʭ ʦʩʘʜʢʦʚ ʩ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ (ʚʝʨʭʥʠʡ 

ʩʣʦʡ). ʉʨʝʜʥʷʷ ʯʘʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʦʷ ʯʘʩʪʦ ʩʣʦʞʝʥʘ ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʩʘʜʢʘʤʠ, ʠ ʣʠʰʴ 

ʠʥʦʛʜʘ ʚ ʨʘʟʨʝʟʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ [1]. ʅʠʞʝ ʨʘʩʧʦʣʦʞʝʥ ʚʪʦʨʦʡ ʩʣʦʡ 

(ʩʨʝʜʥʠʡ ʩʣʦʡ), ʩʦʩʪʦʷʱʠʡ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʠʟ ʩʝʨʧʝʥʪʠʥʠʪʘ, ʙʘʟʘʣʴʪʘ ʠ ʠʤʝʶʱʠʡ ʤʦʱʥʦʩʪʴ 

1-2,5 ʢʤ. ʇʦʜ ʥʠʤ ʥʘʭʦʜʠʪʩʷ ʥʠʞʥʠʡ ʩʣʦʡ, ʩʣʦʞʝʥʥʳʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʘʙʙʨʦ; ʤʦʱʥʦʩʪʴ 

ʜʘʥʥʦʛʦ ʩʣʦʷ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 2-5 ʢʤ. 

ʄʘʥʪʠʷ ʩʦʩʪʘʚʣʷʝʪ 67,8 % ʤʘʩʩʳ ɿʝʤʣʠ ʠ ʦʢʦʣʦ 89 % ʝʸ ʦʙʲʸʤʘ (ʙʝʟ ʫʯʸʪʘ ʘʪʤʦʩʬʝʨʳ). 

ʆʥʘ ʧʨʦʩʪʠʨʘʝʪʩʷ ʦʪ ʛʨʘʥʠʮʳ ʩ ʟʝʤʥʦʡ ʢʦʨʦʡ (ʥʘ ʛʣʫʙʠʥʝ 5-80 ʢʠʣʦʤʝʪʨʦʚ) ʜʦ ʛʨʘʥʠʮʳ ʩ 

ʷʜʨʦʤ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 2900 ʢʤ. ʄʘʥʪʠʷ ʟʘʥʠʤʘʝʪ ʦʛʨʦʤʥʳʡ ʜʠʘʧʘʟʦʥ ʛʣʫʙʠʥ, ʠ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʚ ʚʝʱʝʩʪʚʝ ʧʨʦʠʩʭʦʜʷʪ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʤʠʥʝʨʘʣʳ 

ʧʨʠʦʙʨʝʪʘʶʪ ʚʩʸ ʙʦʣʝʝ ʧʣʦʪʥʫʶ ʩʪʨʫʢʪʫʨʫ.  

ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʚ ʩʦʩʪʘʚʝ ʤʘʥʪʠʠ ʧʨʝʦʙʣʘʜʘʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʘʷ ʛʨʫʧʧʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: Si, Mg, Fe, Al ʠ ʆ (ʪʘʙʣ. 2.1).  

ʊʘʙʣʠʮʘ 2.1 

ʉʨʝʜʥʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʥʪʠʠ [1] 

ʉʦʝʜʠʥʝʥʠʝ % ʧʦ ʤʘʩʩʝ ʉʦʝʜʠʥʝʥʠʝ % ʧʦ ʤʘʩʩʝ 

SiO2 43-46 Na2O 0,3-0,6 

MgO 37-42 Cr2O3 0,4-0,5 

FeO 6-8,2 NiO 0,2-0,3 

Al2O3 3,7-5,1 MnO 0,13-0,14 

CuO 2,5-3,0 K2O 0,10-0,13 

Fe2O3 0,4-1,5 CaO ʦʢʦʣʦ 0,01 

TiO2 0,3-0,7   

 

ʄʘʥʪʠʷ ɿʝʤʣʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʝ ʦʙʦʣʦʯʢʠ: ʚʝʨʭʥʶʶ ʤʘʥʪʠʶ ʠ ʥʠʞʥʶʶ ʤʘʥʪʠʶ.  

ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʧʨʦʭʦʜʠʪ ʥʘ ʛʣʫʙʠʥʝ 670 ʢʤ. ɺʝʨʭʥʷʷ ʤʘʥʪʠʷ ʠʤʝʝʪ 

ʭʦʨʦʰʦ ʬʠʢʩʠʨʫʶʱʠʡʩʷ ʚʥʫʪʨʝʥʥʠʡ ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʘʟʜʝʣ, ʧʨʦʭʦʜʷʱʠʡ ʥʘ ʛʣʫʙʠʥʝ 410 ʢʤ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʵʪʦʡ ʛʨʘʥʠʮʳ ʩʚʝʨʭʫ ʚʥʠʟ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʢʦʨʦʩʪʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ, ʢʘʢ ʠ ʥʘ 

https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BD%D1%82%D0%B8%D1%8F_%D0%97%D0%B5%D0%BC%D0%BB%D0%B8
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%BD%D0%B8%D1%86%D0%B0_%D0%9C%D0%BE%D1%85%D0%BE%D1%80%D0%BE%D0%B2%D0%B8%D1%87%D0%B8%D1%87%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D1%81%D0%B0%D0%B4%D0%BE%D1%87%D0%BD%D1%8B%D0%B5_%D0%B3%D0%BE%D1%80%D0%BD%D1%8B%D0%B5_%D0%BF%D0%BE%D1%80%D0%BE%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%BD%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%B7%D0%B0%D0%BB%D1%8C%D1%82
https://ru.wikipedia.org/wiki/%D0%93%D0%BD%D0%B5%D0%B9%D1%81
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%BD%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BC%D0%BE%D1%80%D1%84%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%B3%D0%BE%D1%80%D0%BD%D1%8B%D0%B5_%D0%BF%D0%BE%D1%80%D0%BE%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%B7%D0%B0%D0%BB%D1%8C%D1%82
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%80%D0%BF%D0%B5%D0%BD%D1%82%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%B7%D0%B0%D0%BB%D1%8C%D1%82
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%B1%D0%B1%D1%80%D0%BE
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ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ, ʧʨʦʠʩʭʦʜʷʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʥʘʫʯʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʩʦʩʪʘʚ ʟʝʤʥʦʡ ʤʘʥʪʠʠ ʩʯʠʪʘʝʪʩʷ ʧʦʭʦʞʠʤ 

ʥʘ ʩʦʩʪʘʚ ʢʘʤʝʥʥʳʭ ʤʝʪʝʦʨʠʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʭʦʥʜʨʠʪʦʚ. ʆʢʦʣʦ 40% ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʣʠʚʠʥ, 30% ʥʘ ʧʠʨʦʢʩʝʥʳ, 10-12% - ʥʘ ʞʝʣʝʟʦ-ʥʠʢʝʣʝʚʳʡ ʩʧʣʘʚ, ʘ ʦʩʪʘʚʰʘʷʩʷ 

ʯʘʩʪʴ - ʥʘ ʧʣʘʛʠʦʢʣʘʟʳ ʠ ʪʨʦʠʣʠʪ.  

ɻʨʘʥʠʮʘ ʥʠʞʥʝʡ ʤʘʥʪʠʠ ʩ ʷʜʨʦʤ ʧʨʦʭʦʜʠʪ ʥʘ ʛʣʫʙʠʥʝ 2900 ʢʤ, ʪʦ ʝʩʪʴ ʥʠʞʥʷʷ ʤʘʥʪʠʷ 

ʟʘʢʣʶʯʝʥʘ ʤʝʞʜʫ ʛʣʫʙʠʥʘʤʠ 670 ʠ 2900 ʢʤ.  ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʚ ʝʝ ʩʦʩʪʘʚʝ 

ʧʨʝʦʙʣʘʜʘʶʪ ʦʢʩʠʜʳ: ʧʝʨʠʢʣʘʟ, ʩʪʠʰʦʚʠʪ, ʢʦʨʫʥʜ, ʚʶʩʪʠʪ, ʰʧʠʥʝʣʠ, ʍʦʪʷ ʚʦʟʤʦʞʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʛʨʘʥʘʪʦʚ. 

ɸʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʥʪʠʠ ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʚʝʨʭʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ. ʀʟ-ʟʘ ʜʘʚʣʝʥʠʷ ʚʝʱʝʩʪʚʦ ʧʦʯʪʠ ʚʩʝʡ ʤʘʥʪʠʠ ʥʘʭʦʜʠʪʩʷ ʚ ʪʚʸʨʜʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ ʘʩʪʝʥʦʩʬʝʨʘ, ʛʜʝ 

ʜʝʡʩʪʚʠʝ ʜʘʚʣʝʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʩʣʘʙʝʝ, ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʙʣʠʟʢʦʡ ʢ ʪʦʯʢʝ ʧʣʘʚʣʝʥʠʷ ʚʝʱʝʩʪʚʘ. 

ʀʟ-ʟʘ ʵʪʦʛʦ ʵʬʬʝʢʪʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʝʱʝʩʪʚʦ ʟʜʝʩʴ ʥʘʭʦʜʠʪʩʷ ʣʠʙʦ ʚ ʘʤʦʨʬʥʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʣʠʙʦ ʚ ʧʦʣʫʨʘʩʧʣʘʚʣʝʥʥʦʤ.  

ʗʜʨʦ - ʮʝʥʪʨʘʣʴʥʘʷ, ʥʘʠʙʦʣʝʝ ʛʣʫʙʦʢʘʷ ʯʘʩʪʴ ɿʝʤʣʠ, ʩʬʝʨʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʧʦʜ ʤʘʥʪʠʝʡ 

ʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʞʝʣʝʟʦ-ʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ ʩ ʧʨʠʤʝʩʴʶ ʜʨʫʛʠʭ 

ʩʠʜʝʨʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɻʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʷʜʨʘ - 2900 ʢʤ; ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ʩʬʝʨʳ  ʦʢʦʣʦ 

3470 ʢʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʮʝʥʪʨʝ ʷʜʨʘ ɿʝʤʣʠ ʜʦʩʪʠʛʘʝʪ 6000 Áʉ, ʜʘʚʣʝʥʠʝ  - ʜʦ 360 ɻʇʘ (3,5 ʤʣʥ 

ʘʪʤʦʩʬʝʨ).  

ʗʜʨʦ ʨʘʟʜʝʣʷʶʪ ʥʘ ʜʚʝ ʦʙʦʣʦʯʢʠ: ʪʚʸʨʜʦʝ ʚʥʫʪʨʝʥʥʝʝ ʷʜʨʦ ʨʘʜʠʫʩʦʤ ʦʢʦʣʦ 1225 ʢʤ ʠ 

ʞʠʜʢʦʝ ʚʥʝʰʥʝʝ ʷʜʨʦ ʨʘʜʠʫʩʦʤ ʦʢʦʣʦ 2250 ʢʤ. ɺ ʪʘʙʣ. 2.2 ʠ 2.3 ʧʨʠʚʝʜʝʥʳ ʦʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʦʣʦʯʝʢ ɿʝʤʣʠ. 

 ʊʘʙʣʠʮʘ 2.2 

ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʧʣʘʥʝʪʳ ɿʝʤʣʷ [7]  

ɻʣʫʙʠʥʘ, ʢʤ ʅʘʟʚʘʥʠʝ ʦʙʦʣʦʯʢʠ, ʷʜʨʘ 

0 - 60 ʃʠʪʦʩʬʝʨʘ (ʤʝʩʪʘʤʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 5 ʜʦ 200 ʢʤ) 

0 - 30 ɿʝʤʥʘʷ ʢʦʨʘ (ʤʝʩʪʘʤʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 5 ʜʦ 70-80 ʢʤ) 

30 - 670 ʄʘʥʪʠʷ ʚʝʨʭʥʷʷ  

670 - 2900 ʄʘʥʪʠʷ ʥʠʞʥʷʷ 

2900 - 5146 ɺʥʝʰʥʝʝ ʷʜʨʦ 

5146 - 6371 ɺʥʫʪʨʝʥʥʝʝ ʷʜʨʦ 

 

ʊʘʙʣʠʮʘ 2.3 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʦʣʦʯʝʢ ʠ ʷʜʨʘ ɿʝʤʣʠ [1] 

ʅʘʟʚʘʥʠʝ 

ʦʙʦʣʦʯʢʠ, ʷʜʨʘ 
ʆʙʲʝʤ, ʭ1027ʩʤ3 

ʉʨʝʜʥʷʷ 

ʧʣʦʪʥʦʩʪʴ, 

ʛ/ʩʤ3 

ʄʘʩʩʘ, ʭ1027ʛ ʄʘʩʩʘ, % 

ɸʪʤʦʩʬʝʨʘ     

 (ʚʢʣʶʯʘʷ 

ʩʪʨʘʪʦʩʬʝʨʫ) 

å0,008 
1,2 10-3 - 

2 10-6 0,000005 0,00009 

ɻʠʜʨʦʩʬʝʨʘ          

 (ʚ ʩʨʝʜʥʝʤ) 
0,00137 1,03 0,00141 0,024 

ʃʠʪʦʩʬʝʨʘ 0,015 2,8 0,043 0,7 

ʄʘʥʪʠʷ 0,892 4,5 4,054 67,8 

ʗʜʨʦ 0,175 10,7 1,876 31,5 

ɿʝʤʣʷ ʚ ʮʝʣʦʤ 1,083 5,527 5,974 100 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʚʩʝʛʦ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ɿʝʤʣʷ ʜʦʩʪʘʪʦʯʥʦ 

ʨʝʟʢʦ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ - ʙʦʛʘʪʫʶ ʞʝʣʝʟʦʤ (ʷʜʨʦ) ʠ ʩʠʣʠʢʘʪʥʫʶ (ʤʘʥʪʠʷ ʠ ʷʜʨʦ). ʄʘʩʩʘ 

ʷʜʨʘ ʠ ʤʘʥʪʠʠ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 99% ʦʙʱʝʡ ʤʘʩʩʳ ɿʝʤʣʠ; ʧʨʠ ʵʪʦʤ ʥʘ ʣʠʪʦʩʬʝʨʫ ʧʨʠʭʦʜʠʪʩʷ 

https://ru.wikipedia.org/wiki/%D0%90%D0%B3%D1%80%D0%B5%D0%B3%D0%B0%D1%82%D0%BD%D0%BE%D0%B5_%D1%81%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BB%D1%8B
https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D0%BE%D1%80%D1%84%D0%BD%D1%8B%D0%B5_%D1%82%D0%B5%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BD%D1%82%D0%B8%D1%8F_%D0%97%D0%B5%D0%BC%D0%BB%D0%B8
https://ru.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D0%B5%D0%B7%D0%BE
https://ru.wikipedia.org/wiki/%D0%9D%D0%B8%D0%BA%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BE%D1%85%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%BA%D0%BB%D0%B0%D1%81%D1%81%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D0%B8_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%BE%D0%B2#.D0.A1.D0.B8.D0.B4.D0.B5.D1.80.D0.BE.D1.84.D0.B8.D0.BB.D1.8C.D0.BD.D1.8B.D0.B5
https://ru.wikipedia.org/wiki/%D0%92%D0%BD%D1%83%D1%82%D1%80%D0%B5%D0%BD%D0%BD%D0%B5%D0%B5_%D1%8F%D0%B4%D1%80%D0%BE
https://ru.wikipedia.org/wiki/%D0%92%D0%BD%D0%B5%D1%88%D0%BD%D0%B5%D0%B5_%D1%8F%D0%B4%D1%80%D0%BE
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D1%82%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BC%D0%BD%D0%B0%D1%8F_%D0%BA%D0%BE%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BD%D1%82%D0%B8%D1%8F_%D0%97%D0%B5%D0%BC%D0%BB%D0%B8
https://ru.wikipedia.org/wiki/%D0%AF%D0%B4%D1%80%D0%BE_%D0%97%D0%B5%D0%BC%D0%BB%D0%B8
https://ru.wikipedia.org/wiki/%D0%AF%D0%B4%D1%80%D0%BE_%D0%97%D0%B5%D0%BC%D0%BB%D0%B8
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0,7%, ʘ ʥʘ ʟʝʤʥʫʶ ʢʦʨʫ - ʤʝʥʝʝ 0,5%. ʇʦ ʦʙʲʝʤʫ ʠ ʤʘʩʩʝ ʧʦʨʦʜ ʣʠʜʠʨʫʝʪ ʤʘʥʪʠʷ, ʧʨʝʚʦʩʭʦʜʷ 

ʷʜʨʦ ʠ ʣʠʪʦʩʬʝʨʫ. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʤʘʥʪʠʷ ʙʣʠʞʝ ʢ ʣʠʪʦʩʬʝʨʝ. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦ ʜʘʥʥʳʤ ɻ. ɺʘʰʠʥʛʪʦʥʘ ʠ 

ɸ.ɽ. ʌʝʨʩʤʘʥʘ (ʪʘʙʣ. 2.4), ʧʦʢʘʟʳʚʘʝʪ ʩʭʦʜʩʪʚʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ. 

ʉʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʩʝʨʳ, ʢʦʙʘʣʴʪʘ ʠ ʤʘʨʛʘʥʮʘ.  

 ʊʘʙʣʠʮʘ 2.4 

ʆʙʱʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ɿʝʤʣʠ, % ʧʦ ʤʘʩʩʝ [6] 

ʕʣʝʤʝʥʪ ʇʦ ɻ. 

ɺʘʰʠʥʛʪʦʥʫ 

ʇʦ ɸ. 

ʌʝʨʩʤʘʥʫ 

ʕʣʝʤʝʥʪ ʇʦ ɻ. 

ɺʘʰʠʥʛʪʦʥʫ 

ʇʦ ɸ. 

ʌʝʨʩʤʘʥʫ 

Fe 39,76 39,90 Na 0,39 0,52 

O 27,71 28,55 Cr 0,20 0,26 

Si 14,53 14,47 Co 0,23 0,06 

Mg 8,69 11,03 P 0,11 0,12 

Ni 3,16 2,96 K 0,14 0,15 

S 0,64 1,44 Ti 0,02 - 

Ca 2,52 1,38 Mn 0,07 0,18 

Al  1,79 1,22    

 

2.2. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʣʠʪʦʩʬʝʨʝ 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʩʪʨʦʝʥʠʝ ʟʝʤʥʦʡ ʢʦʨʳ ʠʤʝʝʪ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ - 

ʛʦʨʥʳʝ ʩʠʩʪʝʤʳ ʯʝʨʝʜʫʶʪʩʷ ʩ ʨʘʚʥʠʥʘʤʠ ʥʘ ʤʘʪʝʨʠʢʘʭ. ʄʘʪʝʨʠʢʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʠʧʦʜʥʷʪʳʝ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʫʯʘʩʪʢʠ ʟʝʤʥʦʡ ʢʦʨʳ. ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʪʨʦʝʥʠʝʤ ʠ ʩʦʩʪʘʚʦʤ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʠ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʝʝ ʯʘʩʪʝʡ. ʆʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ ʙʦʛʘʪʘ ʙʘʟʘʣʴʪʘʤʠ, ʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ - ʛʨʘʥʠʪʘʤʠ. 

ɻʨʘʥʠʪʥʳʝ ʧʦʨʦʜʳ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ ʠ ʤʝʥʴʰʝ ʞʝʣʝʟʘ, ʯʝʤ ʙʘʟʘʣʴʪʦʚʳʝ.  

ɿʝʤʥʘʷ ʢʦʨʘ ʩʣʦʞʝʥʘ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ. ɻʦʨʥʘʷ ʧʦʨʦʜʘ - ʣʶʙʘʷ ʤʘʩʩʘ ʠʣʠ ʘʛʨʝʛʘʪ 

ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʷʚʣʷʶʱʠʭʩʷ 

ʧʨʦʜʫʢʪʘʤʠ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺʝʱʝʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʪʚʝʨʜʳʤ, ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʤ ʠʣʠ 

ʤʷʛʢʠʤ, ʨʳʭʣʳʤ. ɻʦʨʥʳʝ ʧʦʨʦʜʳ - ʧʣʦʪʥʳʝ ʠʣʠ ʨʳʭʣʳʝ ʘʛʨʝʛʘʪʳ, ʩʣʘʛʘʶʱʠʝ ʟʝʤʥʫʶ ʢʦʨʫ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʜʥʦʨʦʜʥʳʭ ʠʣʠ ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʣʠʙʦ ʤʠʥʝʨʘʣʦʚ ʠ ʦʙʣʦʤʢʦʚ ʜʨʫʛʠʭ 

ʛʦʨʥʳʭ ʧʦʨʦʜ. ʉʦʩʪʘʚ, ʩʪʨʦʝʥʠʝ ʠ ʫʩʣʦʚʠʷ ʟʘʣʝʛʘʥʠʷ ʧʦʨʦʜ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʠʯʠʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʠʨʫʶʱʠʭ ʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚʥʫʪʨʠ ʟʝʤʥʦʡ 

ʢʦʨʳ ʠʣʠ ʥʘ ʝʸ ʧʦʚʝʨʭʥʦʩʪʠ. ʉ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʦʨʥʳʝ ʧʦʨʦʜʳ - ʝʩʪʝʩʪʚʝʥʥʳʝ 

ʘʛʨʝʛʘʪʳ ʤʠʥʝʨʘʣʦʚ, ʩʦʩʪʦʷʱʠʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʛʣʘʚʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ).  

ʄʠʥʝʨʘʣ - ʦʜʥʦʨʦʜʥʦʝ ʧʨʠʨʦʜʥʦʝ ʪʚʸʨʜʦʝ ʪʝʣʦ, ʥʘʭʦʜʷʱʝʝʩʷ ʠʣʠ ʙʳʚʰʝʝ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ [3].  

ɻʦʨʥʳʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʫ ʦʩʥʦʚʫ, ʥʘ ʢʦʪʦʨʦʡ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦʯʚʳ, 

ʨʘʩʪʠʪʝʣʴʥʳʝ ʠ ʞʠʚʦʪʥʳʝ ʦʨʛʘʥʠʟʤʳ. ʆʥʠ ʞʝ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʚʝʨʭʥʠʝ ʯʘʩʪʠ ʣʘʥʜʰʘʬʪʦʚ. 

 ʇʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʛʦʨʥʳʭ ʧʦʨʦʜ:  

ü ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ï ʵʪʦ ʧʦʨʦʜʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʝʜʣʝʥʥʦʛʦ ʦʩʪʳʚʘʥʠʷ ʠ ʟʘʪʚʝʨʜʝʥʠʷ ʤʘʛʤʳ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʠʣʠ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʧʦ ʩʚʦʝʤʫ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʜʝʣʷʪʩʷ ʥʘ ʵʬʬʫʟʠʚʥʳʝ ʠ 

ʠʥʪʨʫʟʠʚʥʳʝ. ʕʬʬʫʟʠʚʥʳʝ (ʚʫʣʢʘʥʠʯʝʩʢʠʝ) ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʠʟʣʠʚʘʥʠʠ ʤʘʛʤʳ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ. ʀʥʪʨʫʟʠʚʥʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʥʘʧʨʦʪʠʚ, ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʠʟʣʠʚʘʥʠʠ 

ʤʘʛʤʳ ʚ ʪʦʣʱʝ ʟʝʤʥʦʡ ʢʦʨʳ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʟʝʤʥʦʡ ʢʦʨʳ ʩʦʩʪʦʠʪ ʠʟ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. 

ʏʘʱʝ ʚʩʝʛʦ ʦʥʠ ʧʦʢʨʳʪʳ ʜʨʫʛʠʤʠ ʧʦʨʦʜʘʤʠ ʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʭʦʜʷʪ ʨʝʜʢʦ. 

https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D0%B0%D0%B3%D1%80%D0%B5%D0%B3%D0%B0%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BC%D0%BD%D0%B0%D1%8F_%D0%BA%D0%BE%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BE%D1%85%D0%B8%D0%BC%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%82%D1%80%D0%BE%D0%B3%D0%B5%D0%BD%D0%B5%D0%B7%D0%B8%D1%81
https://ru.wikipedia.org/wiki/%D0%A5%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BB%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D1%82%D1%80%D1%83%D0%BA%D1%82%D1%83%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D1%83%D0%BB%D0%BA%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BC%D0%B0
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ʉʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʧʨʠʤʝʨʳ ʛʦʨʥʳʭ ʧʦʨʦʜ:  ʙʘʟʘʣʴʪ, ʛʨʘʥʠʪ, ʜʠʘʙʘʟ, ʘʥʜʝʟʠʪʳ, ʜʠʦʨʠʪ, 

ʛʘʙʙʨʦ, ʩʠʝʥʠʪ, ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʪʫʬ, ʦʙʩʠʜʠʘʥ, ʧʝʤʟʘ ʠ ʜʨ.;  

ü ʆʩʘʜʦʯʥʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ - ʵʪʦ ʧʦʨʦʜʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʫʰʝʥʠʷ 

ʜʨʫʛʠʭ ʧʦʨʦʜ ʠʣʠ ʠʟ ʦʩʪʘʪʢʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʦʚ. ʇʨʠʤʝʨʳ ʦʩʘʜʦʯʥʳʭ ʛʦʨʥʳʭ 

ʧʦʨʦʜ: ʛʨʘʚʠʡ, ʧʝʩʦʢ, ʛʘʣʴʢʘ, ʛʣʠʥʘ, ʠʟʚʝʩʪʥʷʢ, ʩʦʣʴ, ʪʦʨʬ, ʛʦʨʶʯʠʡ ʩʣʘʥʝʮ, ʢʘʤʝʥʥʳʡ ʠ ʙʫʨʳʡ 

ʫʛʦʣʴ, ʧʝʩʯʘʥʠʢ, ʬʦʩʬʦʨʠʪ ʠ ʜʨ.;  

ü ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ï ʵʪʦ ʧʦʨʦʜʳ, ʦʧʫʩʪʠʚʰʠʝʩʷ ʚ ʥʝʜʨʘ ɿʝʤʣʠ ʠ 

ʠʟʤʝʥʠʚʰʠʝ ʩʚʦʠ ʩʚʦʡʩʪʚʘ, ʩʪʨʦʝʥʠʝ ʠ ʚʠʜ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʷ. 

ʇʨʠʤʝʨʳ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ: ʢʚʘʨʮʠʪ, ʤʨʘʤʦʨ, ʛʥʝʡʩ, ʠ ʜʨ. 

ʆʙʱʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʝʤʥʦʡ ʢʦʨʳ ʦʧʨʝʜʝʣʷʶʪ ʥʝʤʥʦʛʠʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ. 

ɺʩʝʛʦ ʣʠʰʴ ʚʦʩʝʤʴ ʵʣʝʤʝʥʪʦʚ - O, Si, Al, Fe, Ca, Na, Mg ʠ ʂ - ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʚ 

ʚʝʩʦʚʦʤ ʢʦʣʠʯʝʩʪʚʝ ʙʦʣʝʝ 1% (ʪʘʙʣ. 2.5). ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʟʝʤʥʦʡ 

ʢʦʨʳ, ʷʚʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜ, ʩʦʩʪʘʚʣʷʶʱʠʡ ʧʨʠʤʝʨʥʦ 47% ʝʝ ʤʘʩʩʳ ʠ ʦʢʦʣʦ 90% ʝʝ ʦʙʲʝʤʘ.  

ʊʘʙʣʠʮʘ 2.5 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, % ʧʦ ʤʘʩʩʝ [2] 

ɺʩʝʣʝʥʥʘʷ ɿʝʤʣʷ 
ɿʝʤʥʘʷ 

ʢʦʨʘ 
ʆʢʝʘʥ ɸʪʤʦʩʬʝʨʘ ɹʠʦʩʬʝʨʘ 

H - 77 Fe - 35 O - 46,6 O - 85,8 N - 78,08 O - 53 

He - 21 O - 29 Si - 29,5 H - 11 O - 20,95 C - 39 

O - 0,8 Si - 14 Al - 8,2 Cl - 1,94 Ar - 0,93 H - 6,6 

C - 0,3 Mg- 14 Fe - 5,0 Na- 1,05 C - 9,3 10-3 N - 0,5 

Ne - 0,2 S - 2,9 Ca - 3,6 Mg -0,13 Ne - 1,3 10-3 Ca - 0,4 

Fe - 0,1 Ni - 2,4 Na - 2,8 S - 0,09 Kr -0,45 10-3 K - 0,2 

Si - 0,07 Ca - 2,1 K - 2,6 Ca - 0,041 He - 72 10-6 Si - 0,1 

N - 0,06 Al - 1,8 Mg - 2,1 K - 0,039 Xe - 40 10-6 P - 0,1 

Mg - 0,06 Na - 0,3 Ti - 0,57 Br - 0,007 H - 23 10-6 Mg - 0,1 

S - 0,04 P - 0,2 H - 0,22 C - 0,003 S - 70 10-9 S - 0,07 

 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʥʝʨʘʚʥʦʤʝʨʥʘ ʠ ʧʦʚʪʦʨʷʝʪ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʨʝ ʢʦʩʤʠʯʝʩʢʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ. ʇʨʝʦʙʣʘʜʘʶʪ ʣʝʛʢʠʝ ʵʣʝʤʝʥʪʳ ʯʝʪʳʨʝʭ 

ʧʦʨʷʜʢʦʚʳʭ ʥʦʤʝʨʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʝʨʚʳʝ ʯʝʪʳʨʝ ʧʝʨʠʦʜʘ ʪʘʙʣʠʮʳ ɼ.ʅ. ʄʝʥʜʝʣʝʝʚʘ. 

ʇʨʝʦʙʣʘʜʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʩʨʝʜʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʟʝʤʥʦʡ ʢʦʨʳ ʦʧʨʝʜʝʣʷʝʪ ʚʝʜʫʱʝʝ 

ʟʥʘʯʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʠʥʝʨʘʣʦʚ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʦʥ ʚʭʦʜʠʪ. 

ʇʝʨʚʠʯʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦ ʠʭ ʭʠʤʠʯʝʩʢʦʤʫ ʩʨʦʜʩʪʚʫ ʢ 

ʞʝʣʝʟʫ, ʪʘʢ ʢʘʢ ʞʝʣʝʟʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 35% ʤʘʩʩʳ ɿʝʤʣʠ. ɺ.ʄ. ɻʦʣʴʜʰʤʠʜʪ ʨʘʟʜʝʣʠʣ 

ʵʣʝʤʝʥʪʳ ʥʘ 4 ʛʨʫʧʧʳ: 

- ʉʠʜʝʨʦʬʠʣʳ - ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʞʝʣʝʟʦʤ; 

- ʃʠʪʦʬʠʣʳ - ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʞʝʣʝʟʦʤ ʠ ʩʢʣʦʥʥʳ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʠʩʣʦʚ; 

- ʍʘʣʴʢʦʬʠʣʳ - ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʞʝʣʝʟʦʤ ʠ ʦʙʨʘʟʫʶʪ ʩʫʣʴʬʠʜʳ; 

- ɸʪʤʦʬʠʣʳ - ʫʣʝʪʫʯʠʚʰʠʝʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʵʣʝʤʝʥʪʳ. 

ʉʠʜʝʨʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʭʦʜʝ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʦʙʨʘʟʦʚʘʣʠ ʟʝʤʥʦʝ ʷʜʨʦ. ʈʝʜʦʢʩ-

ʧʦʪʝʥʮʠʘʣ ʠʭ ʨʘʚʝʥ ʠʣʠ ʚʳʰʝ, ʯʝʤ ʫ ʞʝʣʝʟʘ. Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Mo, W, Re, Au, 

Ge, Sn ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ. 

ʃʠʪʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (54 ʵʣʝʤʝʥʪʘ) ʦʙʨʘʟʦʚʘʣʠ ʟʝʤʥʫʶ ʢʦʨʫ ʠ ʚʝʨʭʥʶʶ ʤʘʥʪʠʶ. Li, 

Na, K, Rb, Cs, Be, Mg, Ca, Sr, Ba, B, Al, Sc, Y, ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, Si, Ti, Zr, Hf, Th, P, 

V, Nb, Ta, Cr, U, F, Cl, Br, I, Mn ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʩʠʣʠʢʘʪʥʳʭ, ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, 

ʦʙʨʘʟʫʶʪ ʩʫʣʴʬʘʪʥʳʝ, ʢʘʨʙʦʥʘʪʥʳʝ, ʬʦʩʬʘʪʥʳʝ, ʙʦʨʘʪʥʳʝ ʠ ʛʘʣʦʛʝʥʠʜʥʳʝ ʤʠʥʝʨʘʣʳ. 

ʍʘʣʴʢʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (19 ʵʣʝʤʝʥʪʦʚ) ʦʙʣʘʜʘʶʪ ʩʨʦʜʩʪʚʦʤ ʢ ʩʝʨʝ, ʩʝʣʝʥʫ, ʪʝʣʣʫʨʫ 

ʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʥʠʞʥʝʡ ʤʘʥʪʠʠ. Cu, Ag, Zn, Cd, Hg, Ga, Tl, As, Sb, Bi, S, Se, Te ʦʙʨʘʟʫʶʪ 

ʤʥʦʛʦʯʠʩʣʝʥʥʫʶ ʛʨʫʧʧʫ ʩʫʣʴʬʠʜʥʳʭ ʠ ʪʝʣʣʫʨʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʄʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʪʘʢʞʝ ʚ 

ʩʘʤʦʨʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʀʥʝʨʪʥʳʝ ʛʘʟʳ (He, Ne, Ar, Kr, Xe, Rn) ʦʪʥʦʩʷʪʩʷ ʢ ʘʪʤʦʬʠʣʴʥʦʡ ʛʨʫʧʧʝ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʜʝʣʷʶʪ ʝʱʝ ʦʜʥʫ ʛʨʫʧʧʫ ʵʣʝʤʝʥʪʦʚ - ʙʠʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ʀʭ 

ʥʘʟʳʚʘʶʪ "ʵʣʝʤʝʥʪʘʤʠ ʞʠʟʥʠ" ʠ ʨʘʟʜʝʣʷʶʪ ʥʘ ʤʘʢʨʦʙʠʦʛʝʥʥʳʝ (H, C, N, O, Cl, Br, S, P, Na, K, 

Mg, Ca)  ʠ ʤʠʢʨʦʙʠʦʛʝʥʥʳʝ (V, Mn, Fe, Co, Cu, Zn, B, Si, Mo, F). 

ʇʝʨʚʦʡ ʦʙʲʝʢʪʠʚʥʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʟʝʤʥʦʡ ʢʦʨʳ 

ʩʪʘʣʦ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʢʘʟʳʚʘʶʱʝʝ, ʢʘʢʦʡ ʧʨʦʮʝʥʪ ʦʪ ʤʘʩʩʳ 

ʟʝʤʥʦʡ ʢʦʨʳ ʩʦʩʪʘʚʣʷʝʪ ʤʘʩʩʘ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʕʪʠ ʚʝʣʠʯʠʥʳ ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚ 

1869 ʛ. ʌ.ʋ. ʂʣʘʨʢʦʤ ʜʣʷ ʜʝʩʷʪʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: 

ʢʠʩʣʦʨʦʜʘ, ʢʨʝʤʥʠʷ, ʘʣʶʤʠʥʠʷ, ʞʝʣʝʟʘ, ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ, ʢʘʣʠʷ, ʥʘʪʨʠʷ, ʪʠʪʘʥʘ ʠ ʬʦʩʬʦʨʘ. 

ʇʦʟʞʝ, ʚ 1908 ʛ. ʦʥ ʦʧʫʙʣʠʢʦʚʘʣ ʙʦʣʝʝ ʜʘʥʥʳʝ ʧʦ ʩʨʝʜʥʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʜʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ 

ʧʝʨʝʯʥʷ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʤʘʩʩʫ ʟʝʤʥʦʡ ʢʦʨʳ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʛʠʜʨʦʩʬʝʨʘ ʠ ʘʪʤʦʩʬʝʨʘ. 

ʊʘʢ ʢʘʢ ʧʦʩʣʝʜʥʠʝ ʚ ʩʫʤʤʝ ʩʦʩʪʘʚʣʷʶʪ ʦʯʝʥʴ ʤʘʣʫʶ ʯʘʩʪʴ ʤʘʩʩʳ ʪʚʝʨʜʦʡ ʢʦʨʳ (ʩʤ. ʪʘʙʣ. 2.3), 

ʪʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʠ ʦʪʨʘʞʘʶʪ ʩʦʩʪʘʚ ʠʤʝʥʥʦ 

ʟʝʤʥʦʡ ʢʦʨʳ. ɸʢʘʜʝʤʠʢ ɸ.ɽ. ʌʝʨʩʤʘʥ, ʫʯʠʪʳʚʘʷ ʙʦʣʴʰʠʝ ʟʘʩʣʫʛʠ ʌ.ʋ. ʂʣʘʨʢʘ ʧʦ 

ʫʩʪʘʥʦʚʣʝʥʠʶ ʧʝʨʚʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʝʤʥʦʡ ʢʦʨʳ, 

ʧʨʝʜʣʦʞʠʣ ʥʘʟʳʚʘʪʴ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʢʘʢ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʚ ʮʝʣʦʤ, 

ʪʘʢ ʠ ʚ ʝʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʢʨʫʧʥʳʭ ʯʘʩʪʷʭ, ʢʣʘʨʢʦʤ.  

ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ï ʵʪʦ ʦʛʨʦʤʥʳʡ  ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ 

ʠʭ ʢʣʘʨʢʦʚ. ʇʦʯʪʠ ʧʦʣʦʚʠʥʘ ʪʚʸʨʜʦʡ ʟʝʤʥʦʡ ʢʦʨʳ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ï ʆ, ʥʘ ʚʪʦʨʦʤ 

ʤʝʩʪʝ ʩʪʦʠʪ Si, ʥʘ ʪʨʝʪʴʝʤ ï Al. ɺ ʩʫʤʤʝ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 80 ʜʦ 85% (ʧʦ ʜʘʥʥʳʤ ʨʘʟʥʳʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ) ʤʘʩʩʳ ʟʝʤʥʦʡ ʢʦʨʳ. ɽʩʣʠ ʢ ʵʪʦʤʫ ʯʠʩʣʫ ʜʦʙʘʚʠʪʴ Fe, ʉʘ, Na, ʂ, Mg, Ti, ʪʦ 

ʧʦʣʫʯʠʤ 98 - 99,5 %, ʪʦ ʝʩʪʴ ʧʦʯʪʠ ʚʩʶ ʟʝʤʥʫʶ ʢʦʨʫ (ʪʘʙʣ. 2.6). ʕʪʠ ʜʝʚʷʪʴ ʵʣʝʤʝʥʪʦʚ 

ʥʘʟʳʚʘʶʪ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ. ʆʩʪʘʣʴʥʳʝ 80 ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʶʪ ʤʝʥʝʝ 1%.  ʐʠʨʦʢʦ 

ʫʧʦʪʨʝʙʣʷʶʪʩʷ ʪʘʢʞʝ ʪʝʨʤʠʥʳ ʤʠʢʨʦʵʣʝʤʝʥʪʳ ï ʵʣʝʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ 

ʚ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʤʝʥʝʝ 0,01 %) ʠ ʤʘʢʨʦʵʣʝʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʦʪ 0,01 % ʜʦ ʜʝʩʷʪʢʦʚ %). ʊʘʢ, Al ï ʤʠʢʨʦʵʣʝʤʝʥʪ ʚ ʦʨʛʘʥʠʟʤʘʭ ʠ 

ʤʘʢʨʦʵʣʝʤʝʥʪ ʚ ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜʘʭ.  

ʊʘʙʣʠʮʘ 2.6 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʧʦ ʦʮʝʥʢʘʤ  

ʨʘʟʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [1] 

ʕʣʝʤʝʥʪ 

ʇʦʨʷʜʢʦʚʳʡ 

ʥʦʤʝʨ 

ʵʣʝʤʝʥʪʘ 

 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʧʦ ʤʘʩʩʝ, % 

ʌ. ʂʣʘʨʢ ʠ  

ɻ. ɺʘʰʠʥʛʪʦʥ 
ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚ 

 
ʉ.ʈ. ʊʝʡʣʦʨ 

 

Ag 47 n 10-6 7 10-6 7 10-6 

Al  13 7,51 8,05 8,23 

Ar 18 - - - 

As 33 n 10-4 1,7 10-4 1,8 10-4 

Au 79 n 10-7 4,3 10-7 4 10-7 

B 5 0,001 0,0012 0,001 

Ba 56 0,047 0,065 0,0425 

Be 4 0,001 0,00038 0,00028 

Bi 83 n 10-6 9 10-7 1,7 10-5 

Br 35 n 10-4 2,1 10-4 2,5 10-4 

C 6 0,087 0,023 0,02 

Ca 20 3,29 3,96 4,15 

Cd 48 n 10-5 1,3 10-6 2 10-5 

Ce 58 - 7 10-3 6 10-3 

Cl 17 0,19 0,017 0,013 

Co 27 0,01 0,0018 0,0025 

Cr 24 0,033 0,0083 0,01 

Cs 55 n 10-7 3,7 10-4 3 10-4 

Cu 29 0,01 0,0047 0,0055 

Dy 66 - 5 10-4 3 10-4 

Er 68 - 3,3 10-4 2,8 10-4 



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
ȳ.Ȧ. Ƚɋɖɓɡɛ 
Ʉ.Ȯ. ȧɆɋɈɆ 
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Eu 63 - 1,3 10-4 1,2 10-4 

F 9 0,027 0,066 0,0625 

Fe 26 4,70 4,65 4,63 

Ga 31 - 0,0019 0,0015 

Gd 64 - 8 10-4 5,3 10-4 

Ge 32 - 1,4 10-4 1,5 10-4 

H 1 0,88 - - 

He 2 - - - 

Hf 72 3 10-3 1 10-4 3 10-4 

Hg 80 n 10-5 8,3 10-6 8 10-6 

Ho 67 - 1,7 10-4 1,2 10-4 

In 49 - 2,5 10-5 1 10-5 

I 53 n 10-5 4 10-5 5 10-5 

K 19 2,4 2,5 2,09 

Kr 36 - - - 

La 57 - 2,9 10-3 3 10-3 

Li  3 0,004 0,0032 0,002 

Lu 71 - 8 10-5 5 10-5 

Mg 12 1,94 1,87 2,33 

Mn 25 0,08 0,1 0,095 

Mo 42 n 10-4 1,1 10-4 1,5 10-4 

N 7 0,03 0,0019 0,002 

Na 11 2,64 2,5 2,36 

Nb 41 - 0,002 0,002 

Nd 60 - 3,7 10-3 2,8 10-3 

Ne 10 - - - 

Ni 28 0,018 0,0058 0,0075 

O 8 49,52 47 46,4 

P 15 0,12 0,093 0,105 

Pb 82 2 10-3 1,6 10-3 1,25 10-3 

Pr 59 - 9 10-4 8,2 10-4 

Rb 37 n 10-3 0,015 0,009 

Re 75 - 7 10-8 - 

S 16 0,048 0,047 0,026 

Sb 51 n 10-5 5 10-5 2 10-5 

Sc 21 n 10-5 0,001 0,0022 

Se 34 n 10-6 5 10-6 5 10-6 

Si 14 25,75 29 28,15 

Sm 62 - 8 10-4 6 10-4 

Sn 50 n 10-4 2,5 10-4 2 10-4 

Sr 38 0,017 0,034 0,0375 

Ta 73 - 2,5 10-4 2 10-4 

Tb 65 - 4,3 10-4 9 10-5 

Th 90 2 10-3 1,3 10-3 9,6 10-4 

Ti 22 0,58 0,45 0,57 

Tl 81 n 10-8 1 10-4 4,3 10-5 

Tu 69 - 2,7 10-5 4,8 10-5 

U 92 8 10-3 2,5 10-4 2,7 10-4 

V 23 0,016 0,009 0,0135 

W 74 5 10-3 1,3 10-4 1,5 10-4 

Xe 54 - - - 

Y 39 - 0,002 0,0033 

Yb 70 - 3,3 10-5 3 10-5 

Zn 30 0,004 0,0083 0,007 

Zr 40 0,023 0,017 0,0165 



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
ȳ.Ȧ. Ƚɋɖɓɡɛ 
Ʉ.Ȯ. ȧɆɋɈɆ 
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ʄʘʩʩʦʚʳʝ ʢʣʘʨʢʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʦʪ 

ʝʝ ʦʙʱʝʡ ʤʘʩʩʳ, ʧʦʣʫʯʠʣʠ ʦʯʝʥʴ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʆʜʥʘʢʦ, ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩʘʭ 

ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʠʜʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ, ʘ ʠʭ ʯʠʩʣʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʩʩʦʚʳʤ ʢʣʘʨʢʘʤ. ɺ 

ʵʪʠʭ ʩʣʫʯʘʷʭ ʫʜʦʙʥʝʝ ʧʦʣʴʟʦʚʘʪʴʩʷ ʘʪʦʤʥʳʤʠ ʢʣʘʨʢʘʤʠ, ʧʦʢʘʟʳʚʘʶʱʠʤʠ, ʢʘʢʦʡ ʧʨʦʮʝʥʪ 

ʩʦʩʪʘʚʣʷʶʪ ʘʪʦʤʳ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪ ʠʭ ʦʙʱʝʛʦ ʯʠʩʣʘ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. ʕʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʙʳʣʠ 

ʚʚʝʜʝʥʳ ɸ.ɽ. ʌʝʨʩʤʘʥʦʤ ʠ ʇ.ʅ. ʏʠʨʚʠʥʩʢʠʤ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʣʠʪʦʩʬʝʨʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʦʙʲʝʤʥʳʝ ʢʣʘʨʢʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ, ʢʘʢʦʡ ʧʨʦʮʝʥʪ ʚ ʦʙʲʝʤʥʦʤ ʚʳʨʘʞʝʥʠʠ ʟʘʥʠʤʘʝʪ ʜʘʥʥʳʡ 

ʵʣʝʤʝʥʪ ʚ ʦʙʲʝʤʝ ʚʩʝʡ ʣʠʪʦʩʬʝʨʳ. ʊʘʢ, ʤʘʩʩʦʚʳʡ ʢʣʘʨʢ ʚʝʜʫʱʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 

ʟʝʤʥʦʡ ʢʦʨʳ ï ʢʠʩʣʦʨʦʜʘ ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 46ï49,5 %, ʘʪʦʤʥʳʡ ï 53,4 %, ʘ 

ʦʙʲʸʤʥʳʡ ï 92 %. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʟʝʤʥʫʶ ʢʦʨʫ ʢʠʩʣʦʨʦʜʥʦʡ ʩʬʝʨʦʡ. 

2.3. ʇʨʦʮʝʩʩʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ 

ɺʳʚʝʪʨʠʚʘʥʠʝ - ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʫʰʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʩʣʘʛʘʶʱʠʭ ʠʭ ʤʠʥʝʨʘʣʦʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. ʈʘʟʣʠʯʘʶʪ ʪʨʠ 

ʪʠʧʘ ʚʳʚʝʪʨʠʚʘʥʠʷ: ʬʠʟʠʯʝʩʢʦʝ, ʭʠʤʠʯʝʩʢʦʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʝ. 

ʌʠʟʠʯʝʩʢʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ - ʵʪʦ ʧʨʦʮʝʩʩʳ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʟʜʨʦʙʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʫʶʱʠʭ ʠʭ ʤʠʥʝʨʘʣʦʚ.  

ʍʠʤʠʯʝʩʢʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ - ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʦ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʡ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʨʦʜʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʢʠʩʣʦʨʦʜʘ, ʚʦʜʳ ʠ 

ʫʛʣʝʢʠʩʣʦʪʳ ʠ ʧʨʠʚʦʜʷʱʠʡ ʢ ʠʟʤʝʥʝʥʠʶ ʨʘʟʤʝʨʦʚ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ 

ʚʳʚʝʪʨʠʚʘʶʱʠʭʩʷ ʧʦʨʦʜ. ɺʩʝ ʤʠʥʝʨʘʣʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʭʠʤʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ. ʇʨʦʮʝʩʩʳ ʬʠʟʠʯʝʩʢʦʛʦ 

ʚʳʚʝʪʨʠʚʘʥʠʷ, ʚʳʟʳʚʘʷ ʠʟʤʝʣʴʯʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ, ʫʚʝʣʠʯʠʚʘʶʪ ʧʣʦʱʘʜʴ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʠʭ ʩ ʚʦʜʦʡ ʠ ʚʦʟʜʫʭʦʤ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʢʦʨʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ,  ʪʘʢ ʢʘʢ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʣʦʱʘʜʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ.  

ɺ ʧʨʦʮʝʩʩʝ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʨʝʘʢʮʠʠ: 

ü ʈʘʩʪʚʦʨʝʥʠʝ  ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʜʳ, ʩʪʝʢʘʶʱʝʡ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʭʦʜʘ 

ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʠʣʠ ʧʨʦʩʘʯʠʚʘʶʱʝʡʩʷ ʯʝʨʝʟ ʝʸ ʪʨʝʱʠʥʳ ʠ ʧʦʨʳ. ʇʨʠ ʵʪʦʤ ʦʥʘ ʠʟʙʠʨʘʪʝʣʴʥʦ 

ʚʳʥʦʩʠʪ (ʚʳʱʝʣʘʯʠʚʘʝʪ) ʠʟ ʧʦʨʦʜʳ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʚʝʱʝʩʪʚʘ. ʉʠʣʴʥʝʝ ʚʩʝʛʦ ʨʘʩʪʚʦʨʷʶʪʩʷ 

ʭʣʦʨʠʜʳ (ʛʘʣʠʪ, ʩʠʣʴʚʠʥ), ʜʘʣʝʝ ʩʫʣʴʬʘʪʳ (ʛʠʧʩ), ʢʘʨʙʦʥʘʪʳ (ʠʟʚʝʩʪʥʷʢʠ, ʜʦʣʦʤʠʪʳ). ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʯʘʩʪʠʮ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʩʧʘʣʦʩʴ ʚʝʱʝʩʪʚʦ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʨʘʟʣʠʯʘʶʪ 

2 ʪʠʧʘ ʨʘʩʪʚʦʨʦʚ: ʠʩʪʠʥʥʳʝ ʠ ʢʦʣʣʦʠʜʥʳʝ. ɺ ʧʝʨʚʦʤ ʪʠʧʝ ʨʘʩʪʚʦʨʘ ʚʝʱʝʩʪʚʦ ʨʘʩʧʘʜʘʝʪʩʷ ʜʦ 

ʤʦʣʝʢʫʣ ʠ ʠʦʥʦʚ. ɺ ʪʘʢʦʤ ʨʘʩʪʚʦʨʝ ʤʦʣʝʢʫʣʳ ʠʣʠ ʠʦʥʳ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʦʙʣʘʜʘʶʪ 

ʪʘʢʦʡ ʞʝ ʧʦʜʚʠʞʥʦʩʪʴʶ, ʯʪʦ ʠ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ - ʚʦʜʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚʘ ʚʦ ʚʩʝʡ ʤʘʩʩʝ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʜʠʬʬʫʟʠʶ). ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʨʘʩʪʚʦʨʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʦʤ ʥʘʩʳʱʝʥʠʠ ʨʘʩʪʚʦʨʸʥʥʦʝ ʚʝʱʝʩʪʚʦ ʚʳʧʘʜʘʝʪ ʠʟ 

ʥʠʭ ʚ ʦʩʘʜʦʢ ʚ ʪʚʸʨʜʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʦ ʝʩʪʴ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʤʠʥʝʨʘʣ. ɺʦ 

ʚʪʦʨʦʤ ʪʠʧʝ ʨʘʩʪʚʦʨʘ ʚʝʱʝʩʪʚʦ ʨʘʩʧʘʜʘʝʪʩʷ ʣʠʰʴ ʜʦ ʯʘʩʪʠʮ, ʧʨʝʚʳʰʘʶʱʠʭ ʨʘʟʤʝʨʳ ʤʦʣʝʢʫʣ. 

ʕʪʠ ʯʘʩʪʠʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʯʝʪʘʥʠʝ ʤʥʦʛʠʭ ʤʦʣʝʢʫʣ ʠʣʠ ʤʝʣʢʠʝ ʦʙʣʦʤʢʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʸʪʦʢ ʤʠʥʝʨʘʣʦʚ ʨʘʟʤʝʨʦʤ 1 - 100 ʥʤ. ʂʦʣʣʦʠʜʳ ʤʦʛʫʪ ʙʳʪʴ ʞʠʜʢʠʝ, 

ʚʷʟʢʠʝ ʠ ʩʪʫʜʥʝʦʙʨʘʟʥʳʝ. ʂʦʣʣʦʠʜʳ ʩʧʦʩʦʙʥʳ ʩʚʸʨʪʳʚʘʪʴʩʷ (ʢʦʘʛʫʣʠʨʦʚʘʪʴ) ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʵʣʝʢʪʨʦʣʠʪʦʚ.  ʇʦʜ ʚʣʠʷʥʠʝʤ ʵʣʝʢʪʨʦʣʠʪʦʚ ʯʘʩʪʠʮʳ ʢʦʣʣʦʠʜʘ ʩʣʠʧʘʶʪʩʷ ʚ ʭʣʦʧʴʷ ʠ ʢʦʤʦʯʢʠ, 

ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪ ʦʩʘʞʜʘʪʴʩʷ, ʦʙʨʘʟʫʷ ʛʝʣʴ. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʩʣʦʞʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʧʦʜʯʠʥʷʝʪʩʷ ʠʥʳʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ, 

ʥʝʞʝʣʠ ʦʙʳʯʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ. ʀʤʝʥʥʦ ʚ ʬʦʨʤʝ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚʳʥʦʩʠʪʩʷ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʷ ʪʝʤ ʩʘʤʳʤ ʨʘʟʣʦʞʝʥʠʶ 

ʤʠʥʝʨʘʣʦʚ.  
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ü ʆʢʠʩʣʝʥʠʝ ï ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʘʪʦʤʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʤʠʥʝʨʘʣ, ʢ 

ʢʠʩʣʦʨʦʜʫ. ʈʝʘʢʮʠʷ ʠʜʸʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ʏʘʩʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʠʜʸʪ 

ʩʪʫʧʝʥʯʘʪʦ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʤʠʥʝʨʘʣʦʚ.  

ʏʘʱʝ ʚʩʝʛʦ ʦʢʠʩʣʷʶʪʩʷ ʩʦʣʠ ʤʝʪʘʣʣʦʚ, ʦʩʦʙʝʥʥʦ ʞʝʣʝʟʘ. ʅʘʧʨʠʤʝʨ, ʧʠʨʠʪ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʢʠʩʣʦʨʦʜʦʤ ʠ ʚʦʜʦʡ ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ:  

FeS2Ÿ FeSO4Ÿ Fe2(SO4)3Ÿ Fe(ʆʅ)3. 

ü ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʙʠʦʩʬʝʨʳ - ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʠʡ ʧʨʦʮʝʩʩ, 

ʪʘʢ ʢʘʢ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʚʦʙʦʜʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʊʘʢʠʝ ʫʩʣʦʚʠʷ ʠʥʦʛʜʘ ʚʦʟʥʠʢʘʶʪ ʚ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʥʘʣʠʯʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ:  

2Fe2O3³3ʅ2ʆ (ʣʠʤʦʥʠʪ) + ʉ Ÿ 4Fʝʆ + ʉʆ2 + 3ʅ2ʆ; 

FeO + CO2 Ÿ FeCO3. 

ü ɻʠʜʨʦʣʠʟ  - ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʱʝʩʪʚʘ ʩ ʚʦʜʦʡ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʣʦʞʝʥʠʝ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʚʦʜʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʦ ʦʜʠʥ 

ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʥʝʥʠʡ ʤʠʥʝʨʘʣʦʚ ʚ ʙʠʦʩʬʝʨʝ ï ʨʝʘʢʮʠʷ ʤʝʞʜʫ 

ʠʦʥʘʤʠ ʚʦʜʳ (ʅ+ ʠ ʆʅï) ʠ ʠʦʥʘʤʠ ʤʠʥʝʨʘʣʦʚ. ʅʘʧʨʠʤʝʨ, ʛʠʜʨʦʣʠʟ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʦʣʠʥʠʪʘ: 

2KAlSi3ʆ8 + 3H2O Ÿ 2KOH + H2Al2Si2O8³H2O + 4SiO2. 

ü ɻʠʜʨʘʪʘʮʠʷ - ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʳ ʢ ʤʦʣʝʢʫʣʘʤ ʠʣʠ ʠʦʥʘʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʛʠʜʨʦʣʠʟʘ ʛʠʜʨʘʪʘʮʠʷ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʠʣʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ 

ʠʦʥʦʚ. ʕʪʦ ʧʨʦʮʝʩʩ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚʦʜʳ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʝʜʠʥʝʥʠʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʭʦʞʜʝʥʠʷ 

ʝʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʠʣʠ ʘʜʩʦʨʙʮʠʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʯʘʩʪʠʮ. ɻʠʜʨʘʪʘʮʠʷ ʯʘʩʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ ʦʢʠʩʣʝʥʠʷ, ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʠ ʪ.ʜ. ʇʨʠ ʛʠʜʨʘʪʘʮʠʠ 

ʦʢʠʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ, ʥʘʧʨʠʤʝʨ, ʛʝʤʘʪʠʪʘ, ʦʙʨʘʟʫʝʪʩʷ ʣʠʤʦʥʠʪ: 

2Fe2O3+3H2OŸ2Fe2O3³ʅ2ʆ. 

ü ɼʝʛʠʜʨʘʪʘʮʠʷ - ʧʨʦʮʝʩʩ, ʦʙʨʘʪʥʳʡ ʛʠʜʨʘʪʘʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʡ ʦʙʳʯʥʦ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʜʦʩʪʘʪʢʘ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʚʦʜʳ. 

ü ʂʘʨʙʦʥʘʪʠʟʘʮʠʷ ï ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʥʦʚ ʉʆ3
2- ʠ ʅʉʆ3

- ʩ ʤʠʥʝʨʘʣʘʤʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ. ʂʘʨʙʦʥʘʪʠʟʘʮʠʶ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʭ ʩʠʣʠʢʘʪʦʚ ʤʦʞʥʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʥʘ ʧʨʠʤʝʨʝ ʘʥʦʨʪʠʪʘ - ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʶʪʩʷ ʢʘʦʣʠʥʠʪ ʠ ʢʘʣʴʮʠʪ:  

CaAl2Si2O8 + 2H2O + CO2 Ÿ H2Al2Si2O8³ʅ2ʆ + ʉʘʉʆ3. 

ü ɼʠʘʣʠʟ - ʧʨʦʮʝʩʩ ʨʘʟʜʝʣʝʥʠʷ ʨʘʩʪʚʦʨʘ ʥʘ ʢʦʣʣʦʠʜʥʳʡ ʠ ʠʩʪʠʥʥʳʡ. ɺ ʧʨʠʨʦʜʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩʚʦʝʦʙʨʘʟʥʳʤʠ ʤʝʤʙʨʘʥʘʤʠ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʩʣʫʞʘʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʘʤʠʭ ʛʣʠʥʠʩʪʳʭ 

ʯʘʩʪʠʮ. ʇʨʠ ʵʪʦʤ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʠʟ ʢʦʣʣʦʠʜʦʚ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʤʦʛʫʪ ʦʪʜʝʣʷʪʴʩʷ ʚ ʚʠʜʝ 

ʠʩʪʠʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʇʨʦʮʝʩʩʳ ʜʠʘʣʠʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʤʝʣʢʦʚʦʜʥʳʭ ʧʨʝʩʥʳʭ ʚʦʜʦʸʤʘʭ ʩ 

ʙʦʣʴʰʠʤʠ ʦʙʲʸʤʘʤʠ ʛʣʠʥʠʩʪʦʛʦ ʛʝʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝʭ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʫʰʘʶʪʩʷ ʨʘʥʝʝ 

ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʤʠʥʝʨʘʣʳ ʠ ʦʙʨʘʟʫʶʪʩʷ ʥʦʚʳʝ, ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʚ ʫʩʣʦʚʠʷʭ ʙʠʦʩʬʝʨʳ. ʇʨʠ 

ʵʪʦʤ ʯʘʩʪʴ ʩʦʩʪʘʚʣʷʚʰʠʭ ʠʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʭʦʜʠʪ ʚ ʜʨʫʛʠʝ ʬʦʨʤʳ: ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ, 

ʢʦʣʣʦʠʜʥʫʶ, ʙʠʦʛʝʥʥʫʶ, ʛʘʟʦʚʫʶ [5]. 

ʄʠʥʝʨʘʣʳ, ʧʦʜʚʝʨʛʘʶʱʠʝʩʷ ʭʠʤʠʯʝʩʢʦʤʫ ʚʳʚʝʪʨʠʚʘʥʠʶ, ʥʘʟʳʚʘʶʪʩʷ ʧʝʨʚʠʯʥʳʤʠ. ʂ 

ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʢʘʢ ʧʨʦʩʪʳʝ ʩʦʣʠ, ʪʘʢ ʠ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʤʠʥʝʨʘʣʦʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. 

ɺʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ ð ʧʨʦʜʫʢʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʆʥʠ 

ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʧʨʦʩʪʳʤʠ, ʪʘʢ ʠ ʩʣʦʞʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʂ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʚʪʦʨʠʯʥʳʤ ʤʠʥʝʨʘʣʘʤ ʦʪʥʦʩʷʪʩʷ:  

- ʤʠʥʝʨʘʣʳ ʧʨʦʩʪʳʭ ʩʦʣʝʡ: ʢʘʣʴʮʠʪ, ʤʘʛʥʝʟʠʪ, ʛʘʣʠʪ, ʛʠʧʩ, ʩʦʜʘ ʠ ʜʨ.;  

- ʤʠʥʝʨʘʣʳ ʦʢʠʩʣʦʚ ʠ ʛʠʜʨʦʦʢʠʩʣʦʚ - ʘʤʦʨʬʥʳʡ ʢʨʝʤʥʝʟʝʤ, ʛʠʜʨʦʦʢʠʩʣʳ: ʘʣʶʤʠʥʠʷ, 

ʞʝʣʝʟʘ, ʛʠʜʨʦʦʢʠʩʠ ʤʘʨʛʘʥʮʘ;  

- ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ - ʢʘʦʣʠʥ, ʛʘʣʣʫʘʟʠʪ, ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ, ʛʠʜʨʦʩʣʶʜʳ (ʠʣʣʠʪ) ʠ 

ʜʨ. 

ʇʨʠ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʚʳʚʝʪʨʠʚʘʥʠʠ ʦʨʛʘʥʠʟʤʳ ʠʟʚʣʝʢʘʶʪ ʠʟ ʧʦʨʦʜʳ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʩʚʦʝʛʦ ʪʝʣʘ ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʘʢʢʫʤʫʣʠʨʫʶʪ ʠʭ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʛʦʨʠʟʦʥʪʝ 

ʧʦʨʦʜʳ, ʩʦʟʜʘʚʘʷ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʯʚʳ. ʂʦʨʥʠ ʨʘʩʪʝʥʠʡ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ 

https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%BB%D0%B8%D0%B7
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ʚʳʜʝʣʷʶʪ ʚʦ ʚʥʝʰʥʶʶ ʩʨʝʜʫ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠ ʨʘʟʣʠʯʥʳʝ ʢʠʩʣʦʪʳ (ʱʘʚʝʣʝʚʫʶ, ʷʙʣʦʯʥʫʶ, 

ʷʥʪʘʨʥʫʶ ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʨʘʟʨʫʰʘʶʪ ʤʠʥʝʨʘʣʳ ʠ ʫʩʠʣʠʚʘʶʪ ʧʨʦʮʝʩʩ ʚʳʚʝʪʨʠʚʘʥʠʷ. ɹʦʣʴʰʘʷ 

ʨʦʣʴ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʚʳʚʝʪʨʠʚʘʥʠʠ ʤʦʥʦʣʠʪʥʳʭ ʧʦʨʦʜ ʧʨʠʥʘʜʣʝʞʠʪ ʣʠʰʘʡʥʠʢʘʤ, ʢʦʪʦʨʳʝ 

ʨʘʟʨʫʰʘʶʪ ʧʦʨʦʜʳ ʢʘʢ ʭʠʤʠʯʝʩʢʠ, ʪʘʢ ʠ ʤʝʭʘʥʠʯʝʩʢʠ, ʧʨʦʥʠʢʘʷ ʛʠʬʘʤʠ ʚʥʫʪʨʴ ʤʠʥʝʨʘʣʦʚ ʠ 

ʪʨʝʱʠʥ ʛʦʨʥʳʭ ʧʦʨʦʜ. ɾʠʚʦʪʥʳʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʨʘʩʪʝʥʠʷ, ʚʣʠʷʶʪ ʥʘ 

ʛʦʨʥʳʝ ʧʦʨʦʜʳ. ʆʜʥʘʢʦ ʠ ʦʥʠ ʨʘʟʨʫʰʘʶʪ ʠʭ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʟʨʳʭʣʝʥʠʷ ʠ ʚʳʜʝʣʝʥʠʷ 

ʧʨʦʜʫʢʪʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. 

2.4. ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʝʨʭʥʠʭ 

ʩʣʦʷʭ ʣʠʪʦʩʬʝʨʳ 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʢʦʩʥʦʡ (ʥʝʞʠʚʦʡ) ʧʨʠʨʦʜʥʦʡ ʬʦʨʤʦʡ ʥʘʭʦʞʜʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʣʠʪʦʩʬʝʨʝ ʷʚʣʷʶʪʩʷ ʤʠʥʝʨʘʣʳ. ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʤʠʥʝʨʘʣʦʚ (ʙʦʣʝʝ 

1500 ʪʳʩ.) ʦʙʨʘʟʦʚʘʥʦ ʧʨʠ ʫʯʘʩʪʠʠ ʢʠʩʣʦʨʦʜʘ, ʙʦʣʝʝ 1000 ʤʠʥʝʨʘʣʦʚ ʩʦʜʝʨʞʠʪ ʚʦʜʦʨʦʜ ʠ 

ʙʦʣʝʝ 500 - ʢʨʝʤʥʠʡ. ɽʱʝ 16 ʵʣʝʤʝʥʪʦʚ (Ca, Mg, S, Fe, Al, Na, Cu, Pb ʠ ʜʨ.) ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ 

ʙʦʣʝʝ ʯʝʤ 100 ʤʠʥʝʨʘʣʦʚ (ʢʘʞʜʳʡ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʦʣʝʝ 10 ʵʣʝʤʝʥʪʦʚ (Rh, Os, Ru ʠ ʜʨ.) 

ʦʙʨʘʟʫʶʪ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʩʦʙʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝ ʪʦʣʴʢʦ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʊʘʢ, ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʩʦʩʪʘʚʣʷʝʪ 

1,6 10 3%, ʘ ʢʦʣʠʯʝʩʪʚʦ ʩʦʙʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʨʘʚʥʦ 199; ʜʣʷ ʛʘʣʣʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ ʨʘʚʥʳ 1,9 10-3% ʠ 2 [3].  

ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʠʥʝʨʘʣʳ, ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʞʠʚʳʤʠ 

ʦʨʛʘʥʠʟʤʘʤʠ. ʇʨʠ ʵʪʦʤ ʵʣʝʤʝʥʪʳ ʩʪʘʥʦʚʷʪʩʷ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʦʨʛʘʥʠʟʤʦʚ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ, ʪʘʢ 

ʠ ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ ʤʠʥʝʨʘʣʦʚ.  ʂʨʦʤʝ ʵʪʦʛʦ, ʤʠʥʝʨʘʣʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʝʣʦʚʝʢʦʤ - ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʪ ʥʠ ʦʜʥʦʡ ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʥʝ ʧʨʠʤʝʥʷʣʠʩʴ ʙʳ 

ʤʠʥʝʨʘʣʳ ʢʘʢ ʚ ʧʨʠʨʦʜʥʦʤ ʚʠʜʝ, ʪʘʢ ʠ ʧʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ. ɹʝʟ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ ʥʝʚʦʟʤʦʞʥʦ ʨʘʟʚʠʪʠʝ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʧʦʪʨʝʙʥʦʩʪʴ ʯʝʣʦʚʝʯʝʩʪʚʘ ʚ ʤʠʥʝʨʘʣʘʭ 

ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʝʪ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʘʩʰʪʘʙʦʚ ʜʦʙʳʯʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ɸ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʠʛʨʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʩʘʤʠʭ ʤʠʥʝʨʘʣʦʚ, ʪʘʢ ʠ ʩʣʘʛʘʶʱʠʭ ʠʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢʘʷ 

ʪʝʭʥʦʛʝʥʥʘʷ ʤʠʛʨʘʮʠʷ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʢ ʧʦʷʚʣʝʥʠʶ ʥʝ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʘʩʩʦʮʠʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʪʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. ʉʢʣʘʜʳʚʘʶʱʘʷʩʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʦʪʣʠʯʥʦʡ ʦʪ ʧʨʠʨʦʜʥʦʡ, ʠ 

ʧʣʦʱʘʜʠ ʝʸ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʘʷ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʩʳʨʴʝ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʙʦʛʘʪʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʩʪʨʦ 

ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ, ʥʘʯʠʥʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʭʦʪʷ ʠ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʥʦ ʩ ʙʦʣʴʰʠʤʠ ʠʭ ʩʫʤʤʘʨʥʳʤʠ ʟʘʧʘʩʘʤʠ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʤʝʱʘʪʴ ʚʩʸ ʙʦʣʴʰʠʝ ʤʘʩʩʳ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ, ʧʫʩʪʦʡ ʧʦʨʦʜʳ, 

ʪʘʢʞʝ ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʠʥʝʨʘʣʦʚ. ɺ ʠʪʦʛʝ, ʥʘ ʚʩʝ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ ʤʝʥʷʶʪʩʷ ʤʠʥʝʨʘʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʢ ʢʦʪʦʨʳʤ ʟʘ ʤʥʦʛʠʝ ʛʦʜʳ ʘʜʘʧʪʠʨʦʚʘʣʠʩʴ ʚʩʝ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʵʪʠʭ 

ʨʘʡʦʥʦʚ. ʇʦʩʢʦʣʴʢʫ ʩʘʤʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʦʯʝʥʴ ʙʳʩʪʨʦ, ʪʦ ʯʘʩʪʦ ʤʥʦʛʠʝ ʞʠʚʦʪʥʳʝ ʠ 

ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʤʳ ʧʦʛʠʙʘʶʪ, ʥʝ ʫʩʧʝʚʘʷ ʧʨʠʩʧʦʩʦʙʠʪʴʩʷ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʝʜʢʠʭ ʠ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʦʙʳʚʘʝʪʩʷ ʠʟ 

ʠʟʦʤʦʨʬʥʳʭ ʩʤʝʩʝʡ. ʀʟʦʤʦʨʬʥʳʝ ʩʤʝʩʠ ʚ ʤʠʥʝʨʘʣʘʭ ï ʟʘʢʦʥʦʤʝʨʥʳʝ ʟʘʤʝʱʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʜʨʫʛ ʜʨʫʛʦʤ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʸʪʢʘʭ - ʰʠʨʦʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ 

ʟʝʤʥʦʡ ʢʦʨʳ. ɺʦʟʤʦʞʥʦʩʪʠ ʠʟʦʤʦʨʬʥʳʭ ʧʨʠʤʝʩʝʡ ʢʘʢ ʠʩʪʦʯʥʠʢʘ ʤʥʦʛʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ (ʯʘʩʪʦ ʜʘʞʝ ʜʦʙʳʚʘʝʤʳʭ ʧʦʧʫʪʥʦ) ʯʨʝʟʚʳʯʘʡʥʦ ʚʝʣʠʢʠ. ʆʜʥʘʢʦ ʦʪʨʘʙʦʪʢʘ ʨʫʜ ʩ 

ʨʘʟʚʠʪʳʤ ʠʟʦʤʦʨʬʠʟʤʦʤ ʯʘʩʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʧʝʮʠʬʠʯʝʩʢʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʪʝʨʨʠʪʦʨʠʡ, 

ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʨʫʜʥʠʢʘʤ, ʦʙʦʛʘʪʠʪʝʣʴʥʳʤ ʬʘʙʨʠʢʘʤ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤ ʢʦʤʙʠʥʘʪʘʤ. ʇʨʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʠʢʘʭ ʠʟʚʣʝʯʝʥʠʷ çʧʦʧʫʪʥʳʭ ʵʣʝʤʝʥʪʦʚè ʟʥʘʯʠʪʝʣʴʥʘʷ 
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ʯʘʩʪʴ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʫʭʦʜʠʪ ʚ ʦʪʚʘʣʳ, ʫʣʝʪʫʯʠʚʘʝʪʩʷ ʩ ʜʳʤʦʤ ʠʟ ʪʨʫʙ, ʩʙʨʘʩʳʚʘʝʪʩʷ ʩ 

ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʩʪʦʢʘʤʠ. ɹʫʜʫʯʠ ʦʩʚʦʙʦʞʜʸʥʥʳʤʠ ʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʸʪʦʢ, 

ʠʟʦʤʦʨʬʥʳʝ ʧʨʠʤʝʩʠ ʥʘʯʠʥʘʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʤʠʛʨʘʮʠʶ ʚ ʙʠʦʩʬʝʨʝ. ʇʦʵʪʦʤʫ ʚ ʨʘʡʦʥʘʭ 

ʨʫʜʥʠʢʦʚ, ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʢʦʤʙʠʥʘʪʦʚ ʧʦʯʚʳ, ʚʦʜʳ, ʨʘʩʪʝʥʠʷ 

ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʝ ʠʟʚʣʝʢʘʝʤʳʭ ʠʟ ʨʫʜ. ʗʚʣʝʥʠʝ 

ʠʟʦʤʦʨʬʠʟʤʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʜʦʙʨʝʥʠʡ, ʪʘʢ ʢʘʢ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠʟʛʦʪʦʚʣʷʝʪʩʷ ʠʟ ʧʨʠʨʦʜʥʳʭ ʬʦʩʬʘʪʦʚ ʠ ʘʧʘʪʠʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʚ ʚʠʜʝ 

ʠʟʦʤʦʨʬʥʳʭ ʧʨʠʤʝʩʝʡ ʩʦʜʝʨʞʠʪʩʷ ʨʷʜ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʅʝʩʦʚʝʨʰʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʚʦʜʷʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʫʜʦʙʨʝʥʠʷʭ, ʩ ʢʦʪʦʨʳʤʠ ʦʥʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʦʩʪʫʧʘʶʪ ʚ ʧʦʯʚʳ, ʚʦʜʳ, ʨʘʩʪʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʦʨʛʘʥʠʟʤ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ [5].   

ɿʥʘʯʠʪʝʣʴʥʳʝ ʥʘʨʫʰʝʥʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ ʛʦʨʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʧʨʠ 

ʵʪʦʤ ʥʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʦʪʢʨʳʪʦʤ ʩʧʦʩʦʙʝ ʨʘʟʨʘʙʦʪʢʝ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ. ʈʘʙʦʪʘ ʧʨʝʜʧʨʠʷʪʠʡ ʛʦʨʥʦ-ʜʦʙʳʚʘʶʱʝʡ ʠ ʛʦʨʥʦ-ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʦʪʨʘʩʣʝʡ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʯʘʩʪʦ ʧʨʠʚʦʜʷʪ ʢ ʫʥʠʯʪʦʞʝʥʠʶ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʝʭʥʦʛʝʥʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ, ʢ ʜʝʬʦʨʤʘʮʠʠ ʫʯʘʩʪʢʦʚ ʟʝʤʥʦʡ ʢʦʨʳ (ʦʩʦʙʝʥʥʦ 

ʧʨʠ ʧʦʜʟʝʤʥʦʤ ʩʧʦʩʦʙʝ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ) (ʨʠʩ. 2.1). ʃʦʢʘʣʴʥʳʝ ʧʨʦʛʠʙʳ ʟʝʤʥʦʡ 

ʢʦʨʳ ʚ ʨʘʡʦʥʘʭ ʜʦʙʳʯʠ ʫʛʣʷ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʇʦʣʴʰʝ, ʉʐɸ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, ʗʧʦʥʠʠ, 

ʈʦʩʩʠʠ, ʋʢʨʘʠʥʝ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ. 

 

 

ʈʠʩʫʥʦʢ 2.1. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʚʦʟʜʝʡʩʪʚʠʷ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ [4] 

ɼʦʙʳʚʘʷ ʚ ʦʛʨʦʤʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠ ʧʦʜʥʠʤʘʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʥʦʞʝʩʪʚʦ ʤʠʥʝʨʘʣʦʚ, 

ʯʝʣʦʚʝʢ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʟʝʤʥʦʡ ʢʦʨʳ ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʠ ʪʝʤʧʦʚ 

ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʥʝ ʪʦʣʴʢʦ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ, ʥʦ ʠ ʟʝʤʥʘʷ ʢʦʨʘ ʚʩʝ ʙʦʣʴʰʝ 

ʩʪʘʥʦʚʠʪʩʷ ʦʙʲʝʢʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚʦʟʜʝʡʩʪʚʠʷ. 
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ɻʣʘʚʘ 3. ɻʠʜʨʦʩʬʝʨʘ 

3.1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʛʠʜʨʦʩʬʝʨʝ ɿʝʤʣʠ 

ɻʠʜʨʦʩʬʝʨʘ (ʚʦʜʥʘʷ ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ) - ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʚʦʜ ɿʝʤʣʠ, ʚʢʣʶʯʘʷ ʚʦʜʳ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʞʠʜʢʦʤ, ʪʚʝʨʜʦʤ ʠ ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʷʭ.  

ɻʣʘʚʥʳʡ ʠʩʪʦʯʥʠʢ ʚʩʝʡ ʚʦʜʳ ʥʘ ɿʝʤʣʝ - ʜʝʛʘʟʘʮʠʷ ʚʝʱʝʩʪʚʘ ʤʘʥʪʠʠ ɿʝʤʣʠ. (ʄʘʥʪʠʷ 

ɿʝʤʣʠ - ʵʪʦ ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʷʜʨʦʤ ʠ ʟʝʤʥʦʡ ʢʦʨʦʡ).  

ɻʠʜʨʦʩʬʝʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʄʠʨʦʚʦʡ ʦʢʝʘʥ (ʦʢʝʘʥʳ ʠ ʤʦʨʷ), ʦʟʝʨʘ, ʨʝʢʠ, ʚʣʘʛʫ 

ʘʪʤʦʩʬʝʨʳ, ʚʦʜʫ, ʩʦʜʝʨʞʘʱʫʶʩʷ ʚ ʛʨʫʥʪʘʭ ʠ ʟʝʤʥʦʡ ʢʦʨʝ, ʚʦʜʫ, ʟʘʢʣʶʯʝʥʥʫʶ ʚ ʣʝʜʥʠʢʘʭ. 

ʄʠʨʦʚʦʡ ʦʢʝʘʥ - ʥʝʧʨʝʨʳʚʥʘʷ ʚʦʜʥʘʷ ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ, ʦʢʨʫʞʘʶʱʘʷ ʚʩʝ ʤʘʪʝʨʠʢʠ ʠ 

ʦʩʪʨʦʚʘ ʠ ʦʙʣʘʜʘʶʱʘʷ ʦʙʱʥʦʩʪʴʶ ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ.  

ɺʦʜʳ ɿʝʤʣʠ ʩ ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʥʠʭ ʪʚʝʨʜʳʤʠ, ʞʠʜʢʠʤʠ ʠ ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ 

ʥʘʟʳʚʘʶʪ ʧʨʠʨʦʜʥʳʤʠ ʚʦʜʘʤʠ.  

ɺʦʜʫ, ʥʘʭʦʜʷʱʫʶʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʰʠ ʚ ʚʠʜʝ ʨʘʟʣʠʯʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʥʘʟʳʚʘʶʪ ʚʦʜʦʡ ʧʨʠʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ.  

ɺʦʜʫ, ʩʦʜʝʨʞʘʱʫʶʩʷ ʚ ʪʦʣʱʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʞʠʜʢʦʤ, 

ʪʚʝʨʜʦʤ ʠ ʧʘʨʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʷʭ, ʥʘʟʳʚʘʶʪ ʚʦʜʦʡ ʧʨʠʨʦʜʥʦʡ ʧʦʜʟʝʤʥʦʡ. ʆʥʘ ʦʙʨʘʟʫʝʪʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʦʦʙʨʘʟʥʳʭ ʚʦʜ ʧʦʯʚʳ ʠ ʛʨʫʥʪʘ ʠ ʠʥʬʠʣʴʪʨʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʜ. 

ʂ ʚʦʜʥʳʤ ʦʙʲʝʢʪʘʤ ʦʪʥʦʩʷʪ ʚʦʜʦʝʤʳ, ʚʦʜʦʪʦʢʠ, ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʧʨʫʜʳ, ʙʦʣʦʪʘ, 

ʣʝʜʥʠʢʠ ʠ ʜʨ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʢ ʚʦʜʥʳʤ ʦʙʲʝʢʪʘʤ ʧʨʠʯʠʩʣʷʶʪ ʪʘʢʞʝ ʤʦʨʷ ʠ ʦʢʝʘʥʳ. ʇʨʠ ʵʪʦʤ 

ʣʶʙʫʶ ʚʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʥʘʟʳʚʘʶʪ ʘʢʚʘʪʦʨʠʝʡ.   

ʆʙʱʠʡ ʦʙʲʝʤ ʛʠʜʨʦʩʬʝʨʳ ɿʝʤʣʠ ʧʦ ʜʘʥʥʳʤ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʩʦʩʪʘʚʣʷʝʪ: ʦʢʦʣʦ 1,4 - 1,5 

ʤʣʨʜ ʢʤ3 [2, 11, 12, 15].  ʅʘʠʙʦʣʴʰʠʡ ʦʙʲʝʤ ʛʠʜʨʦʩʬʝʨʳ (94 - 96,5%) ʩʦʩʪʘʚʣʷʶʪ ʤʦʨʷ ʠ 

ʦʢʝʘʥʳ; 2 - 4% - ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ; 1,7 - 2% - ʣʝʜʥʠʢʠ; 0,02% ʟʘʥʠʤʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ 

ʩʫʰʠ - ʦʟʝʨʘ, ʨʝʢʠ, ʙʦʣʦʪʘ (ʨʠʩ. 3.1). ʆʢʝʘʥʳ ʧʦʢʨʳʚʘʶʪ ʦʢʦʣʦ 71 % ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

(361 ʤʣʥ ʢʤ2).  

ʃʶʙʦʡ ʚʦʜʥʳʡ ʦʙʲʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʩʣʝʜʫʶʱʠʭ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ:  

1. ʌʦʨʤʘ ʠ ʨʘʟʤʝʨ ʦʙʲʝʢʪʘ: ʜʣʠʥʘ, ʰʠʨʠʥʘ, ʛʣʫʙʠʥʘ, ʧʣʦʱʘʜʴ ʟʝʨʢʘʣʘ (ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʜʳ) ʠ ʪ. ʜ.; 

https://pixabay.com/ru/
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ʈʠʩʫʥʦʢ 3.1. ʄʠʨʦʚʳʝ ʟʘʧʘʩʳ ʚʦʜʳ 

 

2. ɺʦʜʥrʡ ʨʝʞʠʤ: ʫʨʦʚʝʥʴ ʚʦʜʳ, ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ, ʨʘʩʭʦʜ, ʫʢʣʦʥ ʠ ʪ. ʜ.  

3. ʊʝʧʣʦʚʦʡ ʨʝʞʠʤ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, ʩʥʝʛʘ, ʪʝʧʣʦʸʤʢʦʩʪʴ ʠ ʪ. ʜ.  

4. ʃʝʜʦʚʳʡ ʨʝʞʠʤ: ʩʨʦʢʠ ʟʘʤʝʨʟʘʥʠʷ, ʣʝʜʦʩʪʘʚʘ, ʚʩʢʨʳʪʠʷ, ʦʯʠʱʝʥʠʷ ʦʪʦ ʣʴʜʘ, 
ʪʦʣʱʠʥʘ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʪ. ʜ.  

5. ʈʝʞʠʤ ʥʘʥʦʩʦʚ: ʢʦʣʠʯʝʩʪʚʦ ʥʘʥʦʩʦʚ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʥʘʥʦʩʦʚ ʧʦ ʬʨʘʢʮʠʷʤ ʠ 

ʪ. ʜ.  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʞʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ (ʩʦʣʝʩʦʜʝʨʞʘʥʠʝ) ʠ ʩʦʣʸʥʦʩʪʴ; ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʠʦʥʦʚ, ʛʘʟʦʚ ʠ ʪ. ʜ.; 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ ʚ ʚʦʜʥʦʤ ʦʙʲʝʢʪʝ, ʚʷʟʢʦʩʪʴ ʠ ʪ. ʜ.; 

ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʩʦʩʪʘʚ ʠ ʯʠʩʣʝʥʥʦʩʪʴ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʠʭ ʙʠʦʤʘʩʩʘ ʠ 

ʪ. ʜ.  

ʉʦʚʦʢʫʧʥʦʩʪʴ ʟʘʢʦʥʦʤʝʨʥʦ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʚʦ ʚʨʝʤʝʥʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ ʬʦʨʤʠʨʫʝʪ ʝʛʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʟʤʝʥʝʥʠʡ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʨʝʞʠʤ.  

ɿʥʘʯʝʥʠʝ ʢʨʫʛʦʚʦʨʦʪʘ ʚʦʜʳ ʥʘ ɿʝʤʣʝ ʥʝʚʦʟʤʦʞʥʦ ʧʝʨʝʦʮʝʥʠʪʴ,  ʪʘʢ ʢʘʢ ʦʥ ʥʝ ʪʦʣʴʢʦ 

ʦʙʲʝʜʠʥʷʝʪ ʯʘʩʪʠ ʛʠʜʨʦʩʬʝʨʳ, ʥʦ ʠ ʩʚʷʟʳʚʘʝʪ ʤʝʞʜʫ ʩʦʙʦʡ ʚʩʝ ʦʙʦʣʦʯʢʠ ɿʝʤʣʠ: ʘʪʤʦʩʬʝʨʫ, 

ʛʠʜʨʦʩʬʝʨʫ, ʣʠʪʦʩʬʝʨʫ ʠ ʙʠʦʩʬʝʨʫ. ʉ ʜʚʠʞʝʥʠʝʤ ʚʦʜʳ ʩʚʷʟʘʥʳ ʵʨʦʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʧʝʨʝʥʦʩ ʨʘʩʪʚʦʨʝʥʥʳʭ ʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ;  ʢʨʦʤʝ ʵʪʦʛʦ, ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ, 

ʥʘʩʝʣʷʶʱʠʝ ʙʠʦʩʬʝʨʫ, ʥʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʙʝʟ ʚʦʜʳ.  ɺʦʜʘ ʚʦ ʚʨʝʤʷ ʢʨʫʛʦʚʦʨʦʪʘ ʤʦʞʝʪ 

ʙʳʪʴ ʚ ʪʨʝʭ ʩʦʩʪʦʷʥʠʷʭ: ʞʠʜʢʦʤ, ʪʚʝʨʜʦʤ, ʛʘʟʦʦʙʨʘʟʥʦʤ. ʆʥʘ ʧʝʨʝʥʦʩʠʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʝʱʝʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ. ʂʨʫʛʦʚʦʨʦʪ ʚʦʜʳ ʠʣʠ ʚʣʘʛʦʦʙʦʨʦʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚ ʛʣʦʙʘʣʴʥʦʤ, ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʤʝʩʪʥʦʤ ʤʘʩʰʪʘʙʝ.  

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚʦʜʘ ʥʘʛʨʝʚʘʝʪʩʷ, ʠʩʧʘʨʷʝʪʩʷ ʠ, ʧʦʜʥʠʤʘʷʩʴ ʚʚʝʨʭ, 

ʚʩʪʫʧʘʝʪ ʚ ʝʜʠʥʳʡ ʧʨʦʮʝʩʩ ʢʨʫʛʦʚʦʨʦʪʘ ʪʝʧʣʘ ʠ ʚʣʘʛʠ ʥʘ ɿʝʤʣʝ. ɺ ʪʝʯʝʥʠʝ ʛʦʜʘ ʚʦ 

ʚʣʘʛʦʦʙʦʨʦʪʝ ʫʯʘʩʪʚʫʝʪ 0,036-0,037% ʚʩʝʡ ʛʠʜʨʦʩʬʝʨʳ; ʧʦʣʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʛʠʜʨʦʩʬʝʨʳ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʤʝʨʥʦ ʟʘ 1800 ʣʝʪ. ɽʞʝʛʦʜʥʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠʩʧʘʨʷʝʪʩʷ 524,5 ʪʳʩ. ʢʤ3 

ʚʣʘʛʠ, ʙʦʣʝʝ 86% ʵʪʦʛʦ ʦʙʲʝʤʘ ʠʩʧʘʨʷʝʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ [2]. ɹʦʣʴʰʘʷ ʯʘʩʪʴ 

ʠʩʧʘʨʠʚʰʝʡʩʷ ʚʣʘʛʠ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʥʘʜ ʦʢʝʘʥʦʤ ʠ ʚ ʚʠʜʝ ʦʩʘʜʢʦʚ ʚʦʟʚʨʘʱʘʝʪʩʷ ʦʙʨʘʪʥʦ, 

ʦʙʨʘʟʫʷ ʤʘʣʳʡ ʢʨʫʛʦʚʦʨʦʪ ʚʦʜʳ (ʚʣʘʛʦʦʙʦʨʦʪ). ɼʨʫʛʘʷ ʯʘʩʪʴ ʠʩʧʘʨʠʚʰʝʡʩʷ ʚʣʘʛʠ 

ʚʦʟʜʫʰʥʳʤʠ ʪʝʯʝʥʠʷʤʠ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʤʘʪʝʨʠʢʠ, ʛʜʝ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʠ ʚ ʚʠʜʝ ʦʩʘʜʢʦʚ 

ʚʳʧʘʜʘʝʪ ʥʘ ʟʝʤʣʶ. ʇʨʦʣʠʚʰʠʝʩʷ ʥʘ ʟʝʤʣʶ ʦʩʘʜʢʠ ʯʘʩʪʠʯʥʦ ʠʩʧʘʨʷʶʪʩʷ, ʘ ʯʘʩʪʠʯʥʦ 
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ʧʨʦʩʘʯʠʚʘʶʪʩʷ ʚ ʛʨʫʥʪ ʠʣʠ ʩʦʙʠʨʘʶʪʩʷ ʨʝʢʘʤʠ. ʈʝʯʥʳʝ ʚʦʜʳ, ʩʪʝʢʘʷ ʚ ʄʠʨʦʚʦʡ ʦʢʝʘʥ, 

ʟʘʚʝʨʰʘʶʪ ʙʦʣʴʰʦʡ ʢʨʫʛʦʚʦʨʦʪ ʚʦʜʳ (ʚʣʘʛʦʦʙʦʨʦʪ).  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʦʩʦʙʫʶ ʨʦʣʴ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʚʦʜʳ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

(ʪʨʘʥʩʧʠʨʘʮʠʠ, ʬʦʪʦʩʠʥʪʝʟʘ), ʘ ʪʘʢʞʝ ʧʦʪʨʝʙʣʝʥʠʷ ʚʦʜʳ ʞʠʚʦʪʥʳʤʠ ʠ ʯʝʣʦʚʝʢʦʤ. 

ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʚʦʜʳ ʚ ʧʨʠʨʦʜʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʠʛʨʘʝʪ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ. ʈʘʟʚʠʪʠʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʫʥʠʯʪʦʞʝʥʠʝ ʣʝʩʦʚ, ʨʘʩʧʘʰʢʘ ʦʛʨʦʤʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ, ʦʩʫʰʝʥʠʝ ʠ ʦʨʦʰʝʥʠʝ ʟʝʤʝʣʴ, ʩʦʟʜʘʥʠʝ ʛʠʛʘʥʪʩʢʠʭ ʚʦʜʦʭʨʘʥʠʣʠʱ ʠ ʧʣʦʪʠʥ, 

ʨʘʩʭʦʜʦʚʘʥʠʝ ʚʦʜʳ ʥʘ ʨʘʟʣʠʯʥʳʝ ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʥʫʞʜʳ - ʚʩʝ ʵʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʠʟʤʝʥʠʣʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘ ɿʝʤʣʝ. ʀ ʭʦʪʷ ʭʦʟʷʡʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʤʘʣʦ 

ʧʦʚʣʠʷʣʘ ʥʘ ʦʙʱʠʡ ʦʙʲʝʤ ʛʠʜʨʦʩʬʝʨʳ, ʦʥʘ ʟʘʤʝʪʥʦ ʚʣʠʷʝʪ ʥʘ ʦʪʜʝʣʴʥʳʝ ʝʝ ʯʘʩʪʠ. ʉʪʦʢ ʦʜʥʠʭ 

ʨʝʢ ʫʤʝʥʴʰʠʣʩʷ, ʜʨʫʛʠʭ ð ʫʚʝʣʠʯʠʣʩʷ, ʠʟʤʝʥʠʣʦʩʴ ʚʥʫʪʨʠʛʦʜʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʦʢʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʟʲʷʪʠʷ ʚʦʜʳ ʠʟ ʚʦʜ ʩʫʰʠ ʚʦ ʤʥʦʛʠʭ ʨʘʡʦʥʘʭ ʤʠʨʘ ʚʦʟʨʦʩʣʦ ʠʩʧʘʨʝʥʠʝ. ʏʘʩʪʴ ʚʦʜʳ, 

ʢʦʪʦʨʫʶ ʧʦʪʨʝʙʣʷʝʪ ʯʝʣʦʚʝʢ ʠ ʢʦʪʦʨʘʷ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʧʨʦʠʟʚʦʜʠʤʦʡ ʠʤ ʧʨʦʜʫʢʮʠʠ, ʥʘʜʦʣʛʦ 

ʚʳʧʘʜʘʝʪ ʠʟ ʚʩʝʦʙʱʝʛʦ ʢʨʫʛʦʚʦʨʦʪʘ. ɹʦʣʴʰʠʝ ʦʙʲʝʤʳ ʚʦʜʳ ʧʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʝʣʦʚʝʢʦʤ 

ʩʙʨʘʩʳʚʘʝʪʩʷ ʚ ʚʦʜʦʝʤʳ ʚ ʚʠʜʝ ʩʪʦʯʥʳʭ ʚʦʜ. ʆʥʠ ʟʘʛʨʷʟʥʝʥʳ ʠ ʧʨʠʚʦʜʷʪ ʚ ʥʝʛʦʜʥʦʩʪʴ ʚʦ ʤʥʦʛʦ 

ʨʘʟ ʙʦʣʴʰʠʡ ʦʙʲʝʤ ʯʠʩʪʦʡ ʚʦʜʳ. ʀʤʝʥʥʦ ʫʛʨʦʟʘ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʝʡʯʘʩ ʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ, ʩʨʘʚʥʠʤʫʶ ʩ ʫʛʨʦʟʦʡ ʬʠʟʠʯʝʩʢʦʡ ʥʝʭʚʘʪʢʠ ʚʦʜʳ.  

ʂʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʥʘ ɿʝʤʣʝ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ. ʇʦʣʘʛʘʶʪ, ʯʪʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟ ʥʝʜʨ ɿʝʤʣʠ ʧʦʩʪʫʧʘʝʪ ʦʢʦʣʦ 0,5 ï 1 ʢʤ3 ʚʦʜʳ ʚ ʛʦʜ; ʩ ʤʝʪʝʦʨʠʪʘʤʠ ʠ 

ʢʦʩʤʠʯʝʩʢʦʡ ʧʳʣʴʶ ʧʦʧʘʜʘʝʪ ʚ ʚʠʜʝ ʣʴʜʘ ʦʢʦʣʦ 0,5 ʢʤ3 ʚ ʛʦʜ ʠ ʧʨʠʤʝʨʥʦ ʩʪʦʣʴʢʦ ʞʝ 

ʨʘʩʩʝʠʚʘʝʪʩʷ ʚ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʠʦʜʠʯʝʩʢʦʝ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʳ ʚ ʧʨʝʜʝʣʘʭ ʛʠʜʨʦʩʬʝʨʳ.  

ʆʮʝʥʠʪʴ ʦʙʲʝʤ ʧʝʨʝʥʦʩʠʤʦʡ ʚʦʜʳ, ʠʩʩʣʝʜʦʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ 

ʠʩʧʘʨʷʝʤʦʡ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʚʣʘʛʠ ʩ ʝʝ ʢʦʣʠʯʝʩʪʚʦʤ, ʚʦʟʚʨʘʱʘʶʱʠʤʩʷ 

ʦʙʨʘʪʥʦ ʚ ʄʠʨʦʚʦʡ ʦʢʝʘʥ, ʧʦʟʚʦʣʷʝʪ ʚʦʜʥʳʡ ʙʘʣʘʥʩ ɿʝʤʣʠ.  

ɺʦʜʥʳʡ ʙʘʣʘʥʩ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʳ, 

ʧʦʩʪʫʧʠʚʰʝʡ ʚ ʄʠʨʦʚʦʡ ʦʢʝʘʥ, ʤʦʨʝ, ʦʟʝʨʦ, ʨʝʢʫ ʠʣʠ ʣʶʙʦʡ ʜʨʫʛʦʡ ʚʦʜʥʳʡ ʦʙʲʝʢʪ, ʠ 

ʫʙʳʚʰʝʡ ʠʟ ʥʝʛʦ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʠʣʠ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʚʥʫʪʨʠ ʵʪʦʛʦ 

ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. ɺ ʄʠʨʦʚʦʡ ʦʢʝʘʥ ʚʦʜʘ ʧʦʩʪʫʧʘʝʪ ʚ ʚʠʜʝ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ 

ʤʘʪʝʨʠʢʦʚʦʛʦ ʩʪʦʢʘ - ʵʪʦ ʧʨʠʭʦʜʥʘʷ ʯʘʩʪʴ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ. ʈʘʩʭʦʜʫʝʪʩʷ ʚʣʘʛʘ ʥʘ ʠʩʧʘʨʝʥʠʝ, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʨʘʩʭʦʜʥʫʶ ʯʘʩʪʴ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ. ɼʣʷ ʩʫʰʠ ʩʦʩʪʘʚ ʧʨʠʭʦʜʥʦʡ ʠ ʨʘʩʭʦʜʥʦʡ 

ʯʘʩʪʝʡ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʠʥʦʡ: ʚ ʧʨʠʭʦʜʥʦʡ ʯʘʩʪʠ ʦʩʪʘʶʪʩʷ ʣʠʰʴ ʦʩʘʜʢʠ, ʘ ʩʪʦʢ, ʫʥʦʩʷʱʠʡ ʚʦʜʫ 

ʩ ʩʫʰʠ, ʧʝʨʝʭʦʜʠʪ ʚ ʨʘʩʭʦʜʥʫʶ ʯʘʩʪʴ, ʧʨʠʩʦʝʜʠʥʷʷʩʴ ʢ ʠʩʧʘʨʝʥʠʶ.  

ɼʣʷ ʣʶʙʦʛʦ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʠʩʘʥʦ ʫʨʘʚʥʝʥʠʝ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ, ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʠʤʝʶʱʝʝ ʚʠʜ:   

x + y1 + w1 ï y2 ïw2 ï z = Ñæu, 

ʛʜʝ ʭ ï ʧʦʩʪʫʧʣʝʥʠʝ ʚʦʜʳ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ, y1 ʠ y2 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʪʦʢ 

ʠ ʦʪʪʦʢ ʚʦʜʳ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʘʤʠ, w1 ʠ w2ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʪʦʢ ʠ ʦʪʪʦʢ ʚʦʜʳ ʩ 

ʧʦʜʟʝʤʥʳʤʠ ʚʦʜʘʤʠ, z ï ʫʙʳʣʴ ʚʦʜʳ ʚʩʣʝʜʩʪʚʠʝ ʠʩʧʘʨʝʥʠʷ, Ñæu ï ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ 

ʚ ʧʨʝʜʝʣʘʭ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ. 

ɹʘʣʘʥʩ ʚʳʨʘʞʘʝʪʩʷ ʚ ʝʜʠʥʠʮʘʭ ʤʘʩʩʳ, ʦʙʲʸʤʘ ʠʣʠ ʚʳʩʦʪʳ ʩʣʦʷ ʚʦʜʳ [4]. 

3.2. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʚʦʜ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʨʦʜʥʳʭ ʚʦʜ 

ʇʨʠʨʦʜʥʳʝ ʚʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʨʘʩʪʚʦʨʳ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ. ʇʦʜ 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʚʝʩʴ ʥʘʙʦʨ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ, 

ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʉʨʝʜʥʠʡ ʩʦʩʪʘʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʙʣʠʟʦʢ ʢ ʩʦʩʪʘʚʫ ʦʢʝʘʥʠʯʝʩʢʦʡ ʚʦʜʳ. ɺ ʦʢʝʘʥʠʯʝʩʢʦʡ 

ʚʦʜʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʧʦʯʪʠ ʚʩʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʥʦ 99,78 % ʤʘʩʩʳ ʧʨʠʭʦʜʠʪʩʷ ʚʩʝʛʦ ʥʘ 

8 ʵʣʝʤʝʥʪʦʚ (ʪʘʙʣ. 3.1).   



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
ȳ.Ȧ. Ƚɋɖɓɡɛ 
Ʉ.Ȯ. ȧɆɋɈɆ 

 

 

http://izd -mn.com/ 37 

 

ʊʘʙʣʠʮʘ 3.1 

ʉʨʝʜʥʠʡ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ ʛʠʜʨʦʩʬʝʨʳ [6] 

ʕʣʝʤʝʥʪ ʆ ʅ Cl Na Mg S Ca K 

% (ʤʘʩ.)  85,7 10,8 1,93 1,03 0,18 0,09 0,04 0,39 

 

ɻʠʜʨʦʩʬʝʨʘ ʧʦʩʪʦʷʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʪʤʦʩʬʝʨʦʡ, ʣʠʪʦʩʬʝʨʦʡ ʠ ʙʠʦʩʬʝʨʦʡ. ʇʦ 

ʭʘʨʘʢʪʝʨʫ ʩʚʦʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʳ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʧʨʠʨʦʜʥʳʭ ʚʦʜ, ʜʝʣʷʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: 

- ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ (ʨʝʣʴʝʬ, ʢʣʠʤʘʪ, ʚʳʚʝʪʨʠʚʘʥʠʝ, ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ); 

- ʛʝʦʣʦʛʠʯʝʩʢʠʝ (ʩʦʩʪʘʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ 
ʫʩʣʦʚʠʷ); 

- ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ (ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ, ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʳʝ ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʩʤʝʰʝʥʠʝ ʚʦʜ ʠ ʢʘʪʠʦʥʥʳʡ ʦʙʤʝʥ); 

- ʙʠʦʣʦʛʠʯʝʩʢʠʝ (ʜʝʷʪʝʣʴʥʦʩʪʴ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ); 

- ʘʥʪʨʦʧʦʛʝʥʥʳʝ (ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ). 

ɺʩʣʝʜʩʪʚʠʝ ʧʦʣʷʨʥʦʩʪʠ ʤʦʣʝʢʫʣ ʚʦʜʘ ʦʙʣʘʜʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʩʱʝʧʣʷʪʴ ʚʝʱʝʩʪʚʘ ʥʘ ʠʦʥʳ ʠ ʨʘʩʪʚʦʨʷʪʴ ʠʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʦʡ ʚʦʜʳ. ɼʘʞʝ ʧʨʠ ʚʳʧʘʨʠʚʘʥʠʠ ʦʜʥʦʛʦ ʣʠʪʨʘ 

ʜʦʞʜʝʚʦʡ ʚʦʜʳ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʜʦ 30 ʤʛ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ. ɺʦʜʘ ʥʘ ɿʝʤʣʝ ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʦʩʪʦʷʥʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ, ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʢʦʪʦʨʦʛʦ ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʤʝʥʝʥʠʷ 

ʠ ʠʩʧʳʪʳʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʬʦʨʤʠʨʫʶʱʠʝ ʝʸ ʩʦʩʪʘʚ [4]:  

Á ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʪʤʦʩʬʝʨʦʡ. ʇʨʠ ʢʦʥʪʘʢʪʝ ʩ ʘʪʤʦʩʬʝʨʦʡ (ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʯʝʨʝʟ ʪʦʣʱʫ ʚʦʟʜʫʭʘ) ʚʦʜʘ ʧʦʛʣʦʱʘʝʪ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʥʝʡ 

ʛʘʟʳ ʠ ʚʟʚʝʰʝʥʥʳʝ ʯʘʩʪʠʮʳ (ʧʳʣʴ);  

Á ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʫʰʠ. ɺʦʜʘ, ʚʳʧʘʚʰʘʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʫʰʠ, 

ʯʘʩʪʠʯʥʦ ʧʨʦʥʠʢʘʝʪ ʚ ʧʦʯʚʳ ʠ ʛʨʫʥʪʳ, ʯʘʩʪʠʯʥʦ ʜʚʠʞʝʪʩʷ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʧʦʩʣʝʜʥʝʤ 

ʩʣʫʯʘʝ ʦʥʘ ʬʦʨʤʠʨʫʝʪ ʧʣʦʩʢʦʩʪʥʦʡ ʙʝʟʨʫʩʣʦʚʳʡ ʩʪʦʢ ʠ ʚʨʝʤʝʥʥʳʝ ʧʦʪʦʢʠ, ʢʦʪʦʨʳʝ 

ʫʩʪʨʝʤʣʷʶʪʩʷ ʚ ʧʦʩʪʦʷʥʥʳʝ ʚʦʜʦʪʦʢʠ ʠ ʚʦʜʦʸʤʳ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʦʪʦʢʠ ʚʦʜʳ, 

ʨʘʟʨʫʰʘʷ ʛʨʫʥʪʳ ʠ ʛʦʨʥʳʝ ʧʦʨʦʜʳ,  ʧʝʨʝʥʦʩʷʪ ʪʚʸʨʜʳʝ ʯʘʩʪʠʮʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʜʘ 

ʟʘʛʨʷʟʥʷʝʪʩʷ ʚʟʚʝʰʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʢʘʢ ʧʨʠʨʦʜʥʦʛʦ, ʪʘʢ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ;   

Á ʇʨʦʭʦʞʜʝʥʠʝ ʚʦʜʳ ʯʝʨʝʟ ʧʦʯʚʳ, ʛʨʫʥʪʳ ʠ ʛʦʨʥʳʝ ʧʦʨʦʜʳ (ʠʥʬʠʣʴʪʨʘʮʠʷ). ʇʨʠ 

ʢʦʥʪʘʢʪʝ ʚʦʜʳ ʩ ʧʦʯʚʘʤʠ, ʛʨʫʥʪʘʤʠ ʠ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ  ʧʨʦʠʩʭʦʜʠʪ ʮʝʣʳʡ ʨʷʜ ʧʨʦʮʝʩʩʦʚ:  

- ʄʝʭʘʥʠʯʝʩʢʦʝ ʫʜʝʨʞʠʚʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʠ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ; 

- ʌʠʟʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ, ʪʦ ʝʩʪʴ ʧʝʨʝʭʦʜ ʨʘʩʪʚʦʨʸʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʠʜʝ ʤʦʣʝʢʫʣ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʨʛʘʥʠʯʝʩʢʠʭ, ʠʟ ʚʦʜʳ ʚ ʧʦʯʚʳ ʠ ʛʨʫʥʪʳ;  

- ʌʠʟʠʯʝʩʢʘʷ ʜʝʩʦʨʙʮʠʷ,  ʪʦ ʝʩʪʴ ʧʝʨʝʭʦʜ ʚʝʱʝʩʪʚ ʠʟ ʧʦʯʚ ʠ ʛʨʫʥʪʦʚ ʚ ʚʦʜʫ; 

- ʍʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʯʚ ʠ ʛʨʫʥʪʦʚ ʩ ʚʦʜʦʡ ʠ ʝʸ ʧʨʠʤʝʩʷʤʠ, ʚʢʣʶʯʘʶʱʝʝ 
ʧʨʦʮʝʩʩʳ ʨʘʩʪʚʦʨʝʥʠʷ, ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʛʠʜʨʦʣʠʟ, ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ. ʅʘʧʨʠʤʝʨ:  

NaCl (H2O) = Na+ + Cl- (H2O); 

Ca2+ + SO42- + 2 H2O= CaSO4³2H2O (ʛʠʧʩ); 

FeS2 (ʧʠʨʠʪ) + O2 + H2O = FeSO4 + Fe2(SO4)3 + H2SO4; 

KAlSi3O8(ʧʦʣʝʚʦʡ ʰʧʘʪ) + H2O = KAl2(OH)2AlSi3O10³nH2O (ʛʠʜʨʦʩʣʶʜʘ); 

ʆʙʤʝʥ ʠʦʥʦʚ ʤʝʞʜʫ ʚʦʜʦʡ ʠ ʧʦʯʚʘʤʠ ʠ ʛʨʫʥʪʘʤʠ: 

ʅʘʧʨʠʤʝʨ: ʇʇʂ2Ca + NH4
+(H2O) = 2ʇʇʂNH4 + Ca2+(H2O), 

ʛʜʝ ʇʇʂ ï ʧʦʯʚʝʥʥʳʡ ʧʦʛʣʦʱʘʶʱʠʡ ʢʦʤʧʣʝʢʩ; 

Á ʆʙʨʘʟʦʚʘʥʠʝ ʣʴʜʘ. ʇʨʠ ʟʘʤʝʨʟʘʥʠʠ ʚʦʜʳ ʪʚʸʨʜʘʷ ʬʘʟʘ (ʣʝʜ) ʦʙʝʜʥʷʝʪʩʷ ʧʨʠʤʝʩʷʤʠ, 

ʘ ʦʩʪʘʚʰʘʷʩʷ ʞʠʜʢʘʷ ʬʘʟʘ ʠʤʠ ʦʙʦʛʘʱʘʝʪʩʷ. ʇʨʠ ʪʘʷʥʠʠ ʣʴʜʘ ʧʦʣʫʯʘʝʪʩʷ ʚʦʜʘ ʙʦʣʝʝ ʯʠʩʪʘʷ, 

ʯʝʤ ʠʩʭʦʜʥʘʷ; 

Á ʀʩʧʘʨʝʥʠʝ. ʇʨʠ ʠʩʧʘʨʝʥʠʠ ʚʦʜʳ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ ʧʝʨʝʭʦʜʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʅ2O ʠ 

ʣʝʛʢʦʣʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ; ʚ ʦʩʪʘʚʰʝʡʩʷ ʚʦʜʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ ʠ 
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ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚ ʟʦʥʘʭ ʩ ʟʘʩʫʰʣʠʚʳʤ ʢʣʠʤʘʪʦʤ ʠ ʚʳʩʦʢʦʡ ʠʩʧʘʨʷʝʤʦʩʪʴʶ 

ʩʦʣʸʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʚ ʩʨʝʜʥʝʤ ʚʳʰʝ, ʯʝʤ ʚ ʟʦʥʘʭ ʩ ʤʝʥʴʰʝʡ ʠʩʧʘʨʷʝʤʦʩʪʴʶ ʠ ʙʦʣʴʰʝʡ 

ʚʣʘʞʥʦʩʪʴʶ; 

Á ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ɺ ʚʦʜʝ ʧʨʦʪʝʢʘʶʪ ʨʘʟʣʠʯʥʳʝ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ: 

ʬʦʪʦʩʠʥʪʝʟ, ʘʵʨʦʙʥʦʝ ʠ ʘʥʘʵʨʦʙʥʦʝ ʦʢʠʩʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʥʠʪʨʠʬʠʢʘʮʠʷ, 

ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʷ ʠ ʜʨʫʛʠʝ. 

ʈʘʩʪʚʦʨʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʚʦʜʝ ʚ ʚʠʜʝ ʤʦʣʝʢʫʣ (ʛʘʟʳ), ʠʦʥʦʚ 

(ʨʘʟʣʠʯʥʳʝ ʩʦʣʠ), ʦʨʛʘʥʠʯʝʩʢʠʭ ʥʠʟʢʦ- ʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʚʝʱʝʩʪʚʘ), ʚ ʢʦʣʣʦʠʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. 99,3% ʩʦʣʝʚʦʡ ʤʘʩʩʳ ʦʢʝʘʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʠʦʥʦʚ. 

ʇʦʤʠʤʦ ʨʘʩʪʚʦʨʝʥʥʳʭ, ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʯʘʩʪʠʮʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʛʝʪʝʨʦʛʝʥʥʫʶ 

ʩʠʩʪʝʤʫ ʪʠʧʘ çʩʫʩʧʝʥʟʠʷè. ʂ ʯʠʩʣʫ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʦʪʥʦʩʷʪʩʷ ʧʝʩʦʢ, ʛʣʠʥʠʩʪʳʝ ʯʘʩʪʠʮʳ, ʠʣ. ʇʦ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ 

ʙʳʚʘʶʪ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ (ʧʝʩʦʢ, ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ) ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ (ʞʠʚʳʝ ʠ ʤʸʨʪʚʳʝ 

ʛʠʜʨʦʙʠʦʥʪʳ ʠ ʜʨ.). ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʧʦʧʘʜʘʶʪ ʚ ʚʦʜʫ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ ʵʨʦʟʠʠ ʠ ʚʳʚʝʪʨʠʚʘʥʠʷ. ʆʨʛʘʥʠʯʝʩʢʠʝ ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ï ʵʪʦ ʚ 

ʦʩʥʦʚʥʦʤ ʛʠʜʨʦʙʠʦʥʪʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʣʘʥʢʪʦʥ, ʠ ʧʨʦʜʫʢʪʳ ʠʭ ʦʪʤʠʨʘʥʠʷ. ʇʨʠʩʫʪʩʪʚʠʝ 

ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ ʚʣʠʷʝʪ ʥʘ ʪʘʢʠʝ ʝʸ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʤʫʪʥʦʩʪʴ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ: ʦʪ 50 ʤʛ/ʣ ʜʦ 1 ʛ/ʣ. 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ  

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʨʦʜʥʳʭ ʚʦʜ 

ʂʦʤʧʦʥʝʥʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʷʶʪ ʥʘ ʩʣʝʜʫʶʱʠʝ 

ʛʨʫʧʧʳ [2, 12, 18]: 

Á ɻʣʘʚʥʳʝ ʠʦʥʳ. ʕʪʘ ʛʨʫʧʧʘ ʚʝʱʝʩʪʚ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ; 

Á ʈʘʩʪʚʦʨʝʥʥʳʝ ʛʘʟʳ (ʢʠʩʣʦʨʦʜ, ʘʟʦʪ, ʜʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ, ʩʝʨʦʚʦʜʦʨʦʜ ʠ ʜʨ.); 

Á ɹʠʦʛʝʥʥʳʝ ʚʝʱʝʩʪʚʘ - ʩʦʝʜʠʥʝʥʠʷ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ, ʢʨʝʤʥʠʷ, ʞʝʣʝʟʘ; 

Á ʄʠʢʨʦʵʣʝʤʝʥʪʳ (ʛʨʫʧʧʘ ʨʘʩʩʝʷʥʠʷ); 

Á ʈʘʩʪʚʦʨʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ; 

Á ʊʦʢʩʠʯʥʳʝ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʨʠʤʝʩʝʡ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʚʳʨʘʞʘʶʪ ʚ 

ʨʘʟʣʠʯʥʳʭ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ: ʧʨʦʤʠʣʣʝ 0/00 (ʪʳʩʷʯʥʘʷ ʜʦʣʷ), ʛ/ʣ, ʤʛ/ʣ, ʤʢʛ/ʣ, ʤʦʣʴ/ʣ, 

ʤʛ ʵʢʚ/ʣ, ʤʛ/ʜʤ3 ʠ ʜʨ. 

ɻʣʘʚʥʳʝ ʠʦʥʳ 

ʂ ʯʠʩʣʫ ʛʣʘʚʥʳʭ (ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʘʠʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ) ʠʦʥʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ 

ʦʪʥʦʩʷʪʩʷ: ʘʥʠʦʥʳ (ʠʦʥʳ Cl-, SO4
2-, HCO3

-
, CO3

2-) ʠ ʢʘʪʠʦʥʳ (ʠʦʥʳ Na+, K+, Ca2+, Mg2+), 

ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʠʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. ɻʣʘʚʥʳʝ ʠʦʥʳ ʥʘʟʳʚʘʶʪ 

ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʘʤʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʛʣʘʚʥʳʭ ʠʦʥʦʚ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʛ/ʣ ʚ 

ʧʨʝʩʥʳʭ ʚʦʜʘʭ ʜʦ ʩʦʪʝʥ ʛ/ʣ ʚ ʨʘʩʩʦʣʘʭ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʩʪʫʧʣʝʥʠʷ ʠʦʥʘ ʭʣʦʨʘ ʚ ʧʨʠʨʦʜʥʳʝ ʚʦʜʳ 

ʷʚʣʷʶʪʩʷ: ʭʣʦʨʩʦʜʝʨʞʘʱʠʝ ʤʠʥʝʨʘʣʳ  (ʛʘʣʠʪ NaCl, ʩʠʣʴʚʠʥ KCl ʠ ʜʨ.) ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʠ 

ʧʦʯʚʘʭ; ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ; ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʚʳʙʨʦʩʳ. 

ʀʦʥʳ ʭʣʦʨʘ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʤʠʛʨʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʆʥʠ ʥʝ ʦʙʨʘʟʫʶʪ 

ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʝ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʢʦʣʣʦʠʜʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʥʝ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʙʠʦʛʝʥʥʳʤ ʧʫʪʝʤ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʭʣʦʨʠʜʦʚ ʥʘʪʨʠʷ, ʢʘʣʠʷ, ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ 

ʦʯʝʥʴ ʚʳʩʦʢʘʷ.  ɺ ʚʦʜʘʭ ʩ ʧʦʚʳʰʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʠʦʥʳ ʭʣʦʨʘ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ 

ʩʦʜʝʨʞʘʥʠʶ ʟʘʥʠʤʘʶʪ ʧʝʨʚʦʝ ʠʣʠ ʚʪʦʨʦʝ ʤʝʩʪʦ, ʘ ʚ ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜʘʭ ʠ 

ʨʘʩʩʦʣʘʭ ʠʦʥʳ ʭʣʦʨʘ ʧʨʝʦʙʣʘʜʘʶʪ. 



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
ȳ.Ȧ. Ƚɋɖɓɡɛ 
Ʉ.Ȯ. ȧɆɋɈɆ 
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ʇʨʠʨʦʜʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʩʫʣʴʬʘʪ-ʠʦʥʦʚ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ, ʚ 

ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʛʠʧʩ ʠ ʘʥʛʠʜʨʠʪ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʫʣʴʬʘʪʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʩʦʣʦʥʯʘʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʤʠʨʘʙʠʣʠʪ (Na2SO4 10H2O). ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ ʚʦʜ 

ʩʫʣʴʬʘʪ-ʠʦʥʘʤʠ ʠʤʝʶʪ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ 

ʩʫʣʴʬʠʜʦʚ.  

ʉʫʣʴʬʘʪʥʳʝ ʠʦʥʳ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʤʠʛʨʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʥʦ ʫʩʪʫʧʘʶʪ ʚ ʵʪʦʤ 

ʦʪʥʦʰʝʥʠʠ ʭʣʦʨʠʜʥʳʤ. ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʠʦʥʦʚ SO4
2- ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝʤ 

ʚ ʚʦʜʝ ʠʦʥʦʚ ʢʘʣʴʮʠʷ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʩ ʩʫʣʴʬʘʪ-ʠʦʥʘʤʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʡ 

ʩʫʣʴʬʘʪ ʢʘʣʴʮʠʷ ʉʘSO4. 

ɺ ʘʥʘʵʨʦʙʥʦʡ ʩʨʝʜʝ ʩʫʣʴʬʘʪʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ ʜʦ ʩʝʨʦʚʦʜʦʨʦʜʘ. ʇʨʠ ʵʪʦʤ ʚʦʜʳ ʦʙʦʛʘʱʘʶʪʩʷ H2S ʠ CO2, ʘ 

ʩʦʜʝʨʞʘʥʠʝ SO4
2- ʚ ʥʠʭ ʧʦʥʠʞʘʝʪʩʷ, ʠ ʧʦʷʚʣʷʝʪʩʷ ʩʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʥʘʢʦʧʣʝʥʠʝ ʚ ʥʠʭ ʩʫʣʴʬʘʪ-ʠʦʥʦʚ ʟʘʤʝʜʣʷʝʪʩʷ.  

ɿʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʩʫʣʴʬʘʪʥʳʭ ʠʦʥʦʚ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʫʤʝʨʝʥʥʦ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜʘʭ ʨʝʢ ʠ ʦʟʝʨ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʥʝʛʣʫʙʦʢʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʩʦʜʝʨʞʘʪ ʩʫʣʴʬʘʪʳ, ʘ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʢʠʩʣʦʨʦʜʘ ʯʘʩʪʦ ʟʘʣʝʛʘʶʪ ʙʝʩʩʫʣʴʬʘʪʥʳʝ ʚʦʜʳ.  

ʇʨʠʨʦʜʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʛʠʜʨʦʢʘʨʙʘʥʘʪ- ʠ ʢʘʨʙʦʥʘʪ-ʠʦʥʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ 

ʷʚʣʷʶʪʩʷ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ - ʠʟʚʝʩʪʥʷʢʠ, ʜʦʣʦʤʠʪʳ, ʤʝʨʛʝʣʠ ʠ ʜʨ., ʢʘʨʙʦʥʘʪʥʳʡ ʮʝʤʝʥʪ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ. 

ʕʪʠ ʠʦʥʳ ʦʙʨʘʟʫʶʪ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ: 

ʅ2ʉʆ3 ᵮ   ʅ
+ + ʅʉʆ3

- ᵮ 2ʅ+ + ʉʆ3
2- 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʦʥʦʚ ʅʉʆ3
- ʠ ʉʆ3

2-, ʘ ʪʘʢʞʝ ʉʆ2 ʚ ʨʘʩʪʚʦʨʝ ʦʙʫʩʣʦʚʣʝʥʦ ʟʥʘʯʝʥʠʝʤ 

ʨʅ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʭ ʠʦʥʦʚ ʧʨʠ ʨʅ < 5 ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʘ ʥʫʣʶ; ʚ ʢʠʩʣʳʭ 

ʨʘʩʪʚʦʨʘʭ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ (ʉʆ2). ɻʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥʳ 

ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʱʝʣʦʯʥʳʭ ʚʦʜʘʭ ʚ ʠʥʪʝʨʚʘʣʝ ʨʅ ʦʪ 6 ʜʦ 10.  ʂʘʨʙʦʥʘʪʥʳʝ ʠʦʥʳ 

ʧʦʷʚʣʷʶʪʩʷ ʚ ʚʦʜʘʭ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʨʅ > 8, ʘ ʚ ʩʠʣʴʥʦ ʱʝʣʦʯʥʳʭ ʚʦʜʘʭ ʧʨʠ ʨʅ > 10 ʩʪʘʥʦʚʷʪʩʷ 

ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ.  

ɻʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʠʦʥʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʚʦʜʘʭ, ʢʨʦʤʝ ʢʠʩʣʳʭ. ʊʘʢ 

ʢʘʢ ʥʝʟʘʛʨʷʟʥʝʥʥʳʝ ʧʨʠʨʦʜʥʳʝ ʚʦʜʳ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ ʨʅ ʚ ʧʨʝʜʝʣʘʭ 6,5-7,0, ʪʦ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-

ʠʦʥ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʬʦʨʤʦʡ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ ʚ ʨʘʩʪʚʦʨʝ. ʀʦʥʳ ʅʉʆ3
- ʜʦʤʠʥʠʨʫʶʪ ʥʘʜ 

ʜʨʫʛʠʤʠ ʘʥʠʦʥʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘʜ ʠʦʥʘʤʠ Cl- ʠ SO4
2-, ʚ ʚʦʜʘʭ ʥʠʟʢʦʡ ʠ ʫʤʝʨʝʥʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʅʘʢʦʧʣʝʥʠʝ ʚ ʚʦʜʘʭ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥʦʚ ʦʛʨʘʥʠʯʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝʤ ʢʘʣʴʮʠʷ, 

ʦʙʨʘʟʫʶʱʝʛʦ ʩ ʅʉʆ3
- ʩʣʘʙʦʨʘʩʪʚʦʨʠʤʫʶ ʩʦʣʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʚʦʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʢʘʣʴʮʠʷ, ʩʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʭ ʠʦʥʦʚ ʥʝʚʝʣʠʢʦ.  

ɺ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ  ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʚ ʅʉʆ3
-. ʀʩʪʦʯʥʠʢʦʤ ʉʆ2 ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʷʚʣʷʝʪʩʷ ʚʦʟʜʫʭ, 

ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʈʘʩʪʚʦʨʝʥʠʝ ʢʘʨʙʦʥʘʪʦʚ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʤʦʞʥʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ:  

ʉʘʉʆ3  + ʉʆ2 + ʅ2ʆ  ᵮ  ʉʘ
2+ + 2ʅʉʆ3

-; 

ʄgʉʆ3  + ʉʆ2 + ʅ2ʆ  ᵮ  Mg2+ + 2ʅʉʆ3
-. 

ɼʘʥʥʳʝ ʨʝʘʢʮʠʠ ʤʦʛʫʪ ʠʜʪʠ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʝʤ ʙʦʣʴʰʝ ʉʆ2 ʚ ʚʦʜʝ, ʪʝʤ ʠʥʪʝʥʩʠʚʥʝʝ ʨʘʩʪʚʦʨʷʶʪʩʷ ʢʘʨʙʦʥʘʪʳ ʠ ʪʝʤ ʚʳʰʝ 

ʩʪʘʥʦʚʠʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʅʉʆ3
-. 

ʂʘʨʙʦʥʘʪ-ʠʦʥʳ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʘʨʙʦʥʘʪʦʚ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ  

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʠ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʦ 

ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʛʨʘʤʤʦʚ ʥʘ ʣʠʪʨ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʦʜʦʚʳʭ ʱʝʣʦʯʥʳʭ ʚʦʜ, ʚ 

ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʭ ʠʦʥʦʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ 

ʛʨʘʤʤʦʚ ʠ ʜʘʞʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʛʨʘʤʤʦʚ ʥʘ ʣʠʪʨ. ɺ ʩʦʜʦʚʳʭ ʱʝʣʦʯʥʳʭ ʚʦʜʘʭ 

ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʢʘʪʠʦʥʦʚ ʷʚʣʷʝʪʩʷ ʥʘʪʨʠʡ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʦʯʝʥʴ ʥʠʟʢʦ. 

 ʀʦʥʳ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʩʭʦʜʩʪʚʦʤ ʧʦ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʤ ʠ 

ʩʦʜʝʨʞʘʥʠʶ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. ʆʥʠ ʦʙʘ ʦʙʨʘʟʫʶʪ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʛʣʘʚʥʳʤʠ 
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ʘʥʠʦʥʘʤʠ (Cl-, SO4
2-, ʅʉʆ3

-, ʉʆ3
2-). ʅʦ ʧʨʠ ʵʪʦʤ ʤʠʛʨʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʦʥʦʚ ʥʘʪʨʠʷ ʠ 

ʢʘʣʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ. ʀʦʥʳ ʥʘʪʨʠʷ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ 

ʩʨʝʜʠ ʢʘʪʠʦʥʦʚ ʟʘʥʠʤʘʶʪ ʧʝʨʚʦʝ ʤʝʩʪʦ. ʉʦʣʠ ʥʘʪʨʠʷ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, 

ʧʦʵʪʦʤʫ ʤʠʛʨʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ Na+ ʦʯʝʥʴ ʚʳʩʦʢʘ. ʆʥ ʤʦʞʝʪ ʚʳʚʦʜʠʪʴʩʷ ʠʟ ʨʘʩʪʚʦʨʘ 

ʪʦʣʴʢʦ ʚʩʪʫʧʘʷ ʚ ʨʝʘʢʮʠʠ ʦʙʤʝʥʘ ʩ ʧʦʛʣʦʱʘʶʱʠʤ ʢʦʤʧʣʝʢʩʦʤ ʧʦʨʦʜ. ʇʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ 

ʩʪʝʧʝʥʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʥʘʪʨʠʷ ʨʘʩʪʝʪ. ɺ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ 

ʩ ʚʳʩʦʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (ʥʝʩʢʦʣʴʢʦ ʛʨʘʤʤʦʚ ʥʘ ʣʠʪʨ) ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ Na+ ʩʪʘʥʦʚʠʪʩʷ 

ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʢʘʪʠʦʥʦʤ. ʊʘʢ, ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ ʠʦʥʳ ʥʘʪʨʠʷ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 84% ʤʘʩʩʳ 

ʚʩʝʭ ʢʘʪʠʦʥʦʚ [18]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʦʥʦʚ ʥʘʪʨʠʷ, ʠʦʥʳ ʢʘʣʠʷ ʩʦʜʝʨʞʘʪʩʷ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʚ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʂ+ 

ʩʦʩʪʘʚʣʷʝʪ ʪʦʣʴʢʦ ʦʪ 4 ʜʦ 10% ʦʪ ʩʦʜʝʨʞʘʥʠʷ Na+. ʉʣʘʙʘʷ ʤʠʛʨʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʦʥʦʚ 

ʢʘʣʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʝʛʦ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʦʪʨʝʙʥʦʩʪʴʶ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ.  

ʀʦʥʳ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʧʦ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ ʩʦʜʝʨʞʘʥʠʶ ʚ ʟʝʤʥʦʡ ʢʦʨʝ 

ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ. ʆʜʥʘʢʦ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʘʣʴʮʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʤʘʛʥʠʷ. 

ʀʩʪʦʯʥʠʢʘʤʠ ʉʘ2+ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʷʚʣʷʶʪʩʷ: ʠʟʚʝʩʪʥʷʢʠ, ʜʦʣʦʤʠʪʳ, ʠʟʚʝʩʪʢʦʚʠʩʪʳʡ 

ʮʝʤʝʥʪ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʛʠʧʩ, ʢʘʣʴʮʠʡʩʦʜʝʨʞʘʱʠʝ ʩʠʣʠʢʘʪʳ. ʂʨʦʤʝ ʵʪʦʛʦ ʧʦʩʣʝ ʦʪʤʠʨʘʥʠʷ 

ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʢʘʣʴʮʠʡ ʧʦʩʪʫʧʘʝʪ ʚ ʧʦʯʚʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʯʚʝʥʥʳʝ ʨʘʩʪʚʦʨʳ 

ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʦʥʦʚ ʢʘʣʴʮʠʷ. ʇʨʠʨʦʜʥʳʝ ʚʦʜʳ, ʬʠʣʴʪʨʫʷʩʴ ʯʝʨʝʟ ʧʦʯʚʳ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʦʛʘʱʘʶʪʩʷ ʠʦʥʘʤʠ ʢʘʣʴʮʠʷ.  

ʀʦʥʳ ʢʘʣʴʮʠʷ ʷʚʣʷʶʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʚ ʢʘʪʠʦʥʥʦʤ ʩʦʩʪʘʚʝ 

ʩʣʘʙʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ. ʉ ʨʦʩʪʦʤ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ 

ʢʘʣʴʮʠʷ ʙʳʩʪʨʦ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʘʙʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʢʘʣʴʮʠʷ - ʉʘSO4 ʠ ʉʘʉʆ3. 

ʀʦʥʳ ʤʘʛʥʠʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ, ʥʦ ʦʯʝʥʴ ʨʝʜʢʦ ʚ 

ʥʠʭ ʜʦʤʠʥʠʨʫʶʪ.  

ʈʘʩʪʚʦʨʝʥʥʳʝ ʛʘʟʳ 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʛʘʟʘʤʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʷʚʣʷʶʪʩʷ 

ʢʠʩʣʦʨʦʜ ʠ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ - ʩʝʨʦʚʦʜʦʨʦʜ ʠ ʤʝʪʘʥ. ʇʨʠ ʵʪʦʤ ʚʦ ʚʩʝʭ 

ʚʦʜʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʘʟʦʪ. ɺʩʝ ʵʪʠ ʛʘʟʳ ʫʯʘʩʪʚʫʶʪ ʚ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ. ɻʘʟʳ ʧʦʩʪʫʧʘʶʪ ʚ ʧʨʠʨʦʜʥʳʝ ʚʦʜʳ ʪʨʝʤʷ 

ʧʫʪʷʤʠ: 

- ʨʘʩʪʚʦʨʷʶʪʩʷ ʠʟ ʘʪʤʦʩʬʝʨʳ; 

- ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ 

ʚ ʚʦʜʝ ʠ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ; 

- ʧʨʠʥʦʩʷʪʩʷ ʩʪʦʢʦʤ. 

ʀʟ ʘʪʤʦʩʬʝʨʳ ʨʘʩʪʚʦʨʷʶʪʩʷ ʢʠʩʣʦʨʦʜ, ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʘʟʦʪ ʠ ʜʨ., ʧʦʵʪʦʤʫ ʠʭ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʦʜʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʳ ʠ ʦʪ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʘʤʠʭ ʛʘʟʦʚ ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʛʘʟʘ - ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʦʛʦ ʛʘʟʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʨʘʩʪʚʦʨʠʪʴʩʷ ʚ 

1 ʣ ʚʦʜʳ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʧʨʠʚʝʜʝʥʥʦʡ ʢ 

ʥʦʨʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ (ʢ ʪʝʤʧʝʨʘʪʫʨʝ 00 ʉ ʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʜʘʚʣʝʥʠʶ 760 ʤʤ ʨʪ.ʩʪ.). 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʛʘʟʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʜʘʚʣʝʥʠʶ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʦʣʦʜʥʳʝ ʚʦʜʳ 

ʙʦʣʝʝ ʥʘʩʳʱʝʥʳ ʛʘʟʘʤʠ, ʯʝʤ ʪʝʧʣʳʝ, ʘ ʚ ʧʨʝʩʥʳʭ ʚʦʜʘʭ (ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ) 

ʩʦʜʝʨʞʠʪʩʷ ʛʘʟʦʚ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʦʣʝʥʳʭ. 

ʇʦ ʚʝʣʠʯʠʥʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʛʘʟʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: 

Á ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʝ - ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ (ʉʆ2) ʠ ʩʝʨʦʚʦʜʦʨʦʜ (ʅ2S), ʪʘʢ ʢʘʢ ʤʦʣʝʢʫʣʳ 

ʵʪʠʭ ʛʘʟʦʚ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʚʦʜʦʡ, ʦʙʨʘʟʫʷ ʨʘʟʣʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ; 

Á ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʝ - ʢʠʩʣʦʨʦʜ (ʆ2), ʘʟʦʪ (N2),  ʘʨʛʦʥ (Ar) ʠ ʜʨ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʚʦʜʫ ʧʦʩʪʫʧʘʶʪ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, 

ʩʝʨʦʚʦʜʦʨʦʜ, ʘʟʦʪ, ʚʦʜʦʨʦʜ, ʤʝʪʘʥ ʠ ʜʨ.  

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʶʪ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʦʜʝ ʢʠʩʣʦʨʦʜʘ ʠ 

ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ. 

ʍʠʤʠʯʝʩʢʠʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʢʠʩʣʠʪʝʣʴʥʳʝ, ʧʨʦʮʝʩʩʳ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʦʜʘʭ ʢʠʩʣʦʨʦʜʘ. 

ʉʦʜʝʨʞʘʥʠʝ  ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʢʦʣʝʙʣʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʦʪ 0 ʜʦ 14 ʤʛ/ʣ. 

ʅʘʠʙʦʣʝʝ ʙʦʛʘʪʳ ʢʠʩʣʦʨʦʜʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ. ɽʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʦʷʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 20-30, ʘ ʠʥʦʛʜʘ ʠ 40-50 ʤʛ/ʣ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʘʢʪʠʚʥʦ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʠʭ ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʩʠʥʪʝʟʘ. ʂʠʩʣʦʨʦʜ, ʷʚʣʷʷʩʴ ʤʦʱʥʳʤ 

ʦʢʠʩʣʠʪʝʣʝʤ, ʠʛʨʘʝʪ ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʧʦʜʜʝʨʞʘʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʧʨʠʨʦʜʥʳʭ ʚʦʜ. ʇʨʠʩʫʪʩʪʚʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʘʭ ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʥʠʭ ʩʘʤʦʡ ʞʠʟʥʠ.  

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ (ʧʦʤʠʤʦ ʧʦʩʪʫʧʣʝʥʠʷ ʠʟ 

ʘʪʤʦʩʬʝʨʳ) ʩʣʫʞʘʪ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʜʳʭʘʥʠʝ ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. 

ɼʠʘʧʘʟʦʥ ʩʦʜʝʨʞʘʥʠʷ ʉʆ2 ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʚʝʩʴʤʘ ʰʠʨʦʢ - ʦʪ ʜʦʣʝʡ ʤʠʣʣʠʛʨʘʤʤʘ ʜʦ 3-4 

ʪʳʩ. ʤʛ/ʣ. ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ 

(ʦʩʦʙʝʥʥʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ), ʤʘʢʩʠʤʘʣʴʥʳʝ - ʜʣʷ ʧʦʜʟʝʤʥʳʭ. ʊʘʢ ʞʝ, ʢʘʢ ʠ ʢʠʩʣʦʨʦʜ, 

ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʟʥʠ. ʇʨʠ ʵʪʦʤ ʉʆ2 ʘʢʪʠʚʥʦ 

ʫʯʘʩʪʚʫʝʪ ʚ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʭʦʜʷʱʠʭ  ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ. ʋʚʝʣʠʯʠʚʘʷ 

ʨʘʩʪʚʦʨʷʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʨʦʜʥʦʡ ʚʦʜʳ, ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʥʝʡ ʛʠʜʨʦʢʘʨʙʘʥʘʪʥʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʠʦʥʦʚ.  

ʀʩʪʦʯʥʠʢʦʤ ʧʦʷʚʣʝʥʠʷ ʤʝʪʘʥʘ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʩʣʫʞʘʪ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 

ɺ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʤʝʪʘʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

(ʜʝʩʷʪʢʠ ʤʠʣʣʠʛʨʘʤʤʦʚ ʥʘ 1 ʣ) ʦʪʤʝʯʘʶʪʩʷ ʚ ʙʦʣʦʪʘʭ, ʘ ʪʘʢʞʝ ʚ ʛʣʫʙʦʢʠʭ ʚʦʜʦʥʦʩʥʳʭ 

ʛʦʨʠʟʦʥʪʘʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʡʦʥʘʭ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʀʩʪʦʯʥʠʢ ʩʝʨʦʚʦʜʦʨʦʜʘ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ - ʨʘʟʣʦʞʝʥʠʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʙʝʣʢʦʚʳʭ 

ʚʝʱʝʩʪʚ. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʝʨʦʚʦʜʦʨʦʜʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʨʠʜʦʥʥʳʭ ʩʣʦʝʚ 

ʚʦʜʦʝʤʦʚ. ʊʘʢ, ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ ʛʣʫʙʦʢʠʭ ʦʟʝʨ ʠ ʤʦʨʝʡ ʯʘʩʪʦ ʦʙʨʘʟʫʝʪʩʷ ʩʝʨʦʚʦʜʦʨʦʜʥʘʷ ʟʦʥʘ. 

ʇʨʠʤʝʨʦʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʚʧʘʜʠʥʳ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ. ʉʝʨʦʚʦʜʦʨʦʜ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ 

ʚʦʜʘʭ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ (1500-2000 ʤ) ʢʦʣʠʯʝʩʪʚʦ ʩʝʨʦʚʦʜʦʨʦʜʘ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʝʥʠʡ 7-7,5 ʤʣ/ʣ. 

ʈʘʩʪʚʦʨʝʥʥʳʡ ʘʟʦʪ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ. ɽʛʦ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʦʜʘʭ ʩʦʩʪʘʚʣʷʝʪ 10-16 ʤʛ/ʣ.  

ɹʠʦʛʝʥʥʳʝ ʚʝʱʝʩʪʚʘ 

ɹʠʦʛʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ - ʵʪʦ ʛʨʫʧʧʘ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʚʦʜʝ 

ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ, ʢʨʝʤʥʠʷ ʠ ʞʝʣʝʟʘ. ʅʘʣʠʯʠʝ ʚ ʚʦʜʝ 

ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʫʩʣʦʚʠʝʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʥʦʨʤʘʣʴʥʦʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ. ʀʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʧʨʠʨʦʜʥʳʝ ʚʦʜʳ:  ʨʘʟʣʦʞʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ, ʚʳʚʝʪʨʠʚʘʥʠʝ 

ʧʦʨʦʜ, ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ. ʆʩʥʦʚʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʢʦʣʠʯʝʩʪʚʘ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʬʦʪʦʩʠʥʪʝʟ. 

ɸʟʦʪ ʠ ʬʦʩʬʦʨ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʚʩʝʭ ʪʢʘʥʝʡ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʭ 

ʚʝʜʫʱʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʞʠʟʥʠ ʚ ʚʦʜʦʝʤʘʭ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ 

ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʠʨʦʜʥʳʭ 

ʚʦʜʘʭ. ɸʟʦʪ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʦʜʘʭ ʚ ʚʠʜʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  ɺ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʥ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʙʝʣʢʦʚ ʪʢʘʥʝʡ ʦʨʛʘʥʠʟʤʦʚ ʠ 

ʧʨʦʜʫʢʪʦʚ ʠʭ ʨʘʩʧʘʜʘ. ʂʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʝʚʨʘʱʝʥʠʷ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ ʚ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʷʚʣʷʝʪʩʷ ʘʤʤʠʘʢ. ʆʜʥʘʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʘʢʪʝʨʠʡ ʚ ʧʨʦʮʝʩʩʝ ʥʠʪʨʠʬʠʢʘʮʠʠ ʘʤʤʠʘʢ ʦʢʠʩʣʷʝʪʩʷ ʚ ʥʠʪʨʠʪʳ ʠ ʥʠʪʨʘʪʳ:  
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NH4
+ + 2O2 Ÿ NO2

- + 2H2O + 2e; 

2NO2
- + O2 Ÿ NO3

-. 

ʇʨʠ ʥʝʜʦʩʪʘʪʢʝ ʢʠʩʣʦʨʦʜʘ ʧʨʦʪʝʢʘʝʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʧʨʦʮʝʩʩ - ʜʝʥʠʪʨʠʬʠʢʘʮʠʷ, 

ʧʨʠʚʦʜʷʱʠʡ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʩʚʷʟʘʥʥʦʛʦ ʘʟʦʪʘ ʚ ʚʦʜʝ: 

4NO3
- + 5C + 2H2O Ÿ 2N2 + CO2 + 4HCO3

-.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʯʠʩʣʫ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠʦʥʦʚ ʘʟʦʪʘ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʦʪʥʦʩʷʪʩʷ ʠʦʥʳ 

NH4
+, NO2

- ʠ NO3
-.  

ʌʦʩʬʦʨ, ʪʘʢʞʝ ʢʘʢ ʠ ʘʟʦʪ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʚ ʚʠʜʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʚʠʜʝ ʚʟʚʝʩʝʡ ʨʘʟʣʠʯʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʌʦʨʤʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʬʦʩʬʦʨʘ ʦʙʫʩʣʦʚʣʝʥʳ ʟʥʘʯʝʥʠʷʤʠ ʨʅ. ʇʨʠ 

ʟʥʘʯʝʥʠʷʭ ʨʅ Ó 7 ʧʨʝʦʙʣʘʜʘʝʪ ʬʦʨʤʘ ʅʈʆ4
2- (ʦʢʦʣʦ 90%) ʩ ʧʨʠʤʝʩʴʶ ʅ2ʈʆ4

- (ʦʢʦʣʦ 10%). ʇʨʠ 

ʨʅ < 7 ʚ ʚʦʜʘʭ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʬʦʨʤʦʡ ʷʚʣʷʝʪʩʷ  ʅ2ʈʆ4
-.  

ʂʨʝʤʥʠʡ ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ, ʦʜʥʘʢʦ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʥʝʚʝʣʠʢʦ. ɺ ʨʝʯʥʳʭ ʚʦʜʘʭ ʢʦʣʠʯʝʩʪʚʦ ʢʨʝʤʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1-

20, ʚ ʤʦʨʩʢʠʭ 0,5-3 ʤʛSi /ʣ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʝʤʥʠʷ ʚʥʦʩʠʪʩʷ ʚ ʚʦʜʦʝʤʳ ʤʘʪʝʨʠʢʦʚʳʤ 

ʩʪʦʢʦʤ ʠ ʚʝʪʨʦʤ. 

ɺ ʨʘʩʪʚʦʨʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʨʝʤʥʠʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʦʜʘʭ ʚ ʚʠʜʝ ʢʨʝʤʥʠʝʚʦʡ (H4SiO4) 

ʠ ʤʝʪʘʢʨʝʤʥʠʝʚʦʡ (H2SiO3) ʢʠʩʣʦʪ, ʚ ʚʠʜʝ ʢʦʣʣʦʠʜʦʚ ʠ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʠʩʧʝʨʩʥʦʛʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ SiO2 ʚ ʩʦʩʪʘʚʝ ʢʚʘʨʮʘ, ʩʠʣʠʢʘʪʦʚ ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ. 

ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʨʝʤʥʠʷ ʦʪʤʝʯʝʥʦ ʚ ʫʛʣʝʢʠʩʣʦʪʥʳʭ 

ʠʩʪʦʯʥʠʢʘʭ (50-90 ʤʛ/ʣ), ʘ ʪʘʢʞʝ ʚ ʚʦʜʘʭ ʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩ ʚʫʣʢʘʥʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ (120-300 ʤʛ/ʣ).  

ɾʝʣʝʟʦ ʧʨʠʩʫʪʩʪʚʫʝʪ  ʚʦ ʚʩʝʭ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ ʩʦʪʳʭ ʜʦʣʝʡ ʤʛ/ʣ ʚ 

ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʛ/ʣ ʚ ʙʦʣʦʪʘʭ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ.  ɺ ʛʨʫʧʧʝ 

ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʞʝʣʝʟʦ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ, ʪʘʢ ʢʘʢ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʛʝʤʦʛʣʦʙʠʥʘ 

ʢʨʦʚʠ.   

ɺ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʞʝʣʝʟʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʬʦʨʤʝ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʦʢʠʩʥʦʛʦ ʞʝʣʝʟʘ 

(Fe3+) ʠ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʟʘʢʠʩʥʦʛʦ ʞʝʣʝʟʘ (Fe2+), ʣʝʛʢʦ ʦʢʠʩʣʷʶʱʝʛʦʩʷ ʚ ʦʢʠʩʥʦʝ. ʇʨʠ ʨʅ = 8 

ʚ ʚʦʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ Fe(ʆʅ)3. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʅ ʠʟʤʝʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 

ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʬʦʨʤʘʤʠ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ, ʧʦʚʳʰʘʝʪʩʷ ʜʦʣʷ ʜʨʫʛʠʭ ʬʦʨʤ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ ʞʝʣʝʟʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʜʠʩʩʦʮʠʠʨʦʚʘʥʥʦʡ Fe(ʆʅ)3. ʋʚʝʣʠʯʠʚʘʝʪʩʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʞʝʣʝʟʘ. ʇʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʚʫʭʚʘʣʝʥʪʥʦʝ 

ʞʝʣʝʟʦ.  

ʄʠʢʨʦʵʣʝʤʝʥʪʳ 

ɺ ʛʠʜʨʦʭʠʤʠʠ ʢ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤ (ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʘʤ) ʦʪʥʦʩʷʪ ʵʣʝʤʝʥʪʳ, ʩʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʚ ʚʦʜʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 10 ʤʛ/ʣ.  ʂ ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʷʪ ʙʨʦʤ, ʡʦʜ, ʬʪʦʨ, ʙʘʨʠʡ, 

ʤʦʣʠʙʜʝʥ, ʢʦʙʘʣʴʪ, ʩʪʨʦʥʮʠʡ, ʤʝʜʴ, ʮʠʥʢ, ʩʚʠʥʝʮ, ʥʠʢʝʣʴ ʠ ʜʨ. ʌʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʝ ʤʥʦʛʦʦʙʨʘʟʥʳ: ʨʘʩʪʚʦʨʳ, ʢʦʣʣʦʠʜʳ, ʚʟʚʝʩʠ.  

ʈʘʩʪʚʦʨʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ 

ɺʩʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʨʦʜʫʢʪʳ ʨʘʩʧʘʜʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʦʙʦʛʘʱʝʥʠʷ 

ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʷʚʣʷʶʪʩʷ: 

- ʧʨʦʜʫʢʪʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʦʩʪʘʥʢʠ ʛʠʜʨʦʙʠʦʥʪʦʚ; 

- ʛʫʤʫʩʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʜʨʫʛʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʨʘʩʧʘʜʘ ʠʟ ʠʣʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ ʥʘ ʜʥʝ ʚʦʜʦʝʤʦʚ; 

- ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ; 

- ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʡ ʩʪʦʢ.  



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
ȳ.Ȧ. Ƚɋɖɓɡɛ 
Ʉ.Ȯ. ȧɆɋɈɆ 
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3.3. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʦʩʥʦʚʘʥ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʚʦʨʝʥʥʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ - ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʩʦʣʝʥʦʩʪʠ).  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʨʦʙʫ ʚʦʜʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʬʠʣʴʪʨʦʚʳʚʘʶʪ, 

ʟʘʪʝʤ ʚʳʧʘʨʠʚʘʶʪ ʠ ʚʳʩʫʰʠʚʘʶʪ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1050ʉ. ʇʦʣʫʯʝʥʥʘʷ 

ʤʘʩʩʘ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʣʠʯʠʥʫ ʤʠʥʝʨʘʣʠʟʘʮʠʠ.  

ʇʦ ʚʝʣʠʯʠʥʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʳʜʝʣʷʶʪ ʚʦʜʳ (0/00) [1]: 

- ʧʨʝʩʥʳʝ - ʤʝʥʝʝ 1; 

- ʩʦʣʦʥʦʚʘʪʳʝ - 1 - 25; 

- ʩʦʣʝʥʳʝ - 25 - 50; 

- ʨʘʩʩʦʣʳ - ʙʦʣʝʝ 50. 

ɺ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʇ.ʈ. ʊʘʫʙʝ ʠ ɸ.ɻ. ɹʘʨʘʥʦʚʦʡ [17] ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʚʳʜʝʣʝʥʦ ʚʦʩʝʤʴ ʚʠʜʦʚ ʠʣʠ ʢʣʘʩʩʦʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜ (ʪʘʙʣ. 3.2). 

ʊʘʙʣʠʮʘ 3.2. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʧʦ ʟʥʘʯʝʥʠʶ ʤʠʥʝʨʘʣʠʟʘʮʠʠ  

ʄʠʥʝʨʘʣʠʟʘʮʠʷ, ʛ/ʣ ʅʘʠʤʝʥʦʚʘʥʠʝ ʚʦʜ 

ʄʝʥʝʝ 0,2 ʋʣʴʪʨʘʧʨʝʩʥʳʝ 

0,2-1 ʇʨʝʩʥʳʝ 

0,5-1 ʉ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 

1-3 ʉʦʣʦʥʦʚʘʪʳʝ 

3-10 ʉʦʣʝʥʳʝ 

10-35 ʉ ʧʦʚʳʰʝʥʥʦʡ ʩʦʣʝʥʦʩʪʴʶ 

35-50 ʇʝʨʝʭʦʜʥʳʝ ʢ ʨʘʩʩʦʣʘʤ 

50-400 ʈʘʩʩʦʣʳ 

  

ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʆ.ɸ. ɸʣʝʢʠʥʳʤ [1], ʚʦʜʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʪʨʠ ʢʣʘʩʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʘʥʠʦʥʘ: ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ, ʩʫʣʴʬʘʪʥʳʝ, 

ʭʣʦʨʠʜʥʳʝ (ʢ ʧʦʩʣʝʜʥʠʤ ʦʪʥʦʩʷʪʩʷ ʚʦʜʳ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ). ʂʘʞʜʳʡ ʢʣʘʩʩ ʜʝʣʠʪʩʷ ʥʘ ʛʨʫʧʧʳ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʢʘʪʠʦʥʘ: ʢʘʣʴʮʠʝʚʳʝ, ʤʘʛʥʠʝʚʳʝ ʠ ʥʘʪʨʠʝʚʳʝ. 

ʅʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʦʜ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʘ [14]. ɺ ʵʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʢʣʘʩʩʳ ʚʦʜ ʚʳʜʝʣʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʯʝʪʘʥʠʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʠ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʡ. ʇʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʚ ʣʘʥʜʰʘʬʪʘʭ 

ʚʳʜʝʣʷʶʪʩʷ ʚʦʜʳ ʩ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʦʡ. ʆʢʠʩʣʠʪʝʣʴʥʘʷ 

ʦʙʩʪʘʥʦʚʢʘ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʚʦʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ. ʊʘʢʠʝ ʚʦʜʳ ʥʘʟʳʚʘʶʪʩʷ 

ʢʠʩʣʦʨʦʜʥʳʤʠ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʩʦʜʝʨʞʘʪ ʭʠʤʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʦʢʠʩʣʝʥʥʦʡ ʬʦʨʤʝ. ɺʦʜʳ ʩ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʦʡ 

ʥʝ ʩʦʜʝʨʞʘʪ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ɺ ʪʘʢʠʭ ʚʦʜʘʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʥʘʭʦʜʷʪʩʷ ʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʝ. ʆʢʠʩʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʘʥʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ ʟʘ ʩʯʝʪ ʢʠʩʣʦʨʦʜʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʨʝʘʢʮʠʡ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʘʤʤʠʘʢʘ, ʤʝʪʘʥʘ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ ʚʦʜʳ ʩ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʦʡ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʩʝʨʦʚʦʜʦʨʦʜʥʳʝ (ʩʦʜʝʨʞʘʱʠʝ ʅ2S, HS- ʠ ʤʝʩʪʘʤʠ S2-) ʠ ʛʣʝʝʚʳʝ (ʥʝ ʩʦʜʝʨʞʘʱʠʝ 

cʝʨʦʚʦʜʦʨʦʜʘ, ʛʠʜʨʦʩʫʣʴʬʠʜ- ʠ ʩʫʣʴʬʠʜ-ʠʦʥʦʚ). ɼʣʷ ʩʝʨʦʚʦʜʦʨʦʜʥʳʭ ʚʦʜ ʭʘʨʘʢʪʝʨʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʩʫʣʴʬʠʜʦʚ ʞʝʣʝʟʘ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ. 

ʇʦ ʱʝʣʦʯʥʦ-ʢʠʩʣʦʪʥʳʤ ʫʩʣʦʚʠʷʤ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʘ ʚʳʜʝʣʷʶʪʩʷ ʚʦʜʳ 

çʩʠʣʴʥʦʢʠʩʣʳʝè (ʨʅ < 3 ï 4); çʢʠʩʣʳʝ ʠ ʩʣʘʙʦʢʠʩʣʳʝè (ʨʅ ʦʪ 3 ï 4 ʜʦ 6,5); çʥʝʡʪʨʘʣʴʥʳʝ ʠ 

ʩʣʘʙʦʱʝʣʦʯʥʳʝè (ʨʅ ʦʪ 6,5 ʜʦ 8,5) ʠ çʩʠʣʴʥʦʱʝʣʦʯʥʳʝè (ʨʅ > 8,5).  ʉʠʣʴʥʦʢʠʩʣʳʝ ʚʦʜʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ, ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʧʠʨʠʪʘ FeS2 ʠ ʜʨʫʛʠʭ 

ʜʠʩʫʣʴʬʠʜʦʚ, ʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʩʦʣʷʥʦʢʠʩʣʳʝ ʚʦʜʳ. ʉʠʣʴʥʦʢʠʩʣʳʝ 
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ʚʦʜʳ ʧʦʣʫʯʠʣʠ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ. ʂʠʩʣʦʪʥʦʩʪʴ 

ʩʣʘʙʦʢʠʩʣʳʭ ʚʦʜ ʯʘʱʝ ʚʩʝʛʦ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʣʦʞʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʧʨʠʚʦʜʷʱʠʤ ʢ 

ʧʦʩʪʫʧʣʝʥʠʶ ʚ ʚʦʜʫ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʬʫʣʴʚʦʢʠʩʣʦʪ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ. ʊʘʢʠʝ 

ʚʦʜʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʛʫʤʠʜʥʳʭ ʣʘʥʜʰʘʬʪʘʭ (ʦʙʣʘʩʪʷʭ ʩ 

ʠʟʙʳʪʦʯʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ). ʅʝʡʪʨʘʣʴʥʳʤʠ ʠ ʩʣʘʙʦʱʝʣʦʯʥʳʤʠ ʦʙʳʯʥʦ ʷʚʣʷʶʪʩʷ ʚʦʜʳ 

ʘʨʠʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ (ʦʙʣʘʩʪʝʡ ʩ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ), ʚʦʜʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʢʦʥʪʘʢʪʝ 

ʩ ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ ʠʟʚʝʨʞʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʵʪʠʭ ʚʦʜʘʭ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʧʦʣʥʦʩʪʴʶ ʥʝʡʪʨʘʣʠʟʫʝʪʩʷ ʢʘʣʴʮʠʪʦʤ (CaCO3)  ʠ ʜʨʫʛʠʤʠ 

ʤʠʥʝʨʘʣʘʤʠ ʢʘʣʴʮʠʷ, ʘ ʪʘʢʞʝ ʤʠʥʝʨʘʣʘʤʠ ʤʘʛʥʠʷ, ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ, ʢʦʪʦʨʳʤʠ ʙʦʛʘʪʳ ʧʦʯʚʳ ʠ 

ʧʦʨʦʜʳ. ʂ ʥʝʡʪʨʘʣʴʥʳʤ ʠ ʩʣʘʙʦʱʝʣʦʯʥʳʤ ʦʪʥʦʩʷʪʩʷ ʪʘʢʞʝ ʚʦʜʳ ʤʦʨʝʡ ʠ ʦʢʝʘʥʦʚ. 

ʉʠʣʴʥʦʱʝʣʦʯʥʳʝ ʚʦʜʳ ʦʙʳʯʥʦ ʦʙʷʟʘʥʳ ʩʚʦʝʡ ʨʝʘʢʮʠʝʡ ʧʨʠʩʫʪʩʪʚʠʶ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ, 

ʨʝʞʝ ï ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ. 

ɺ ʢʘʞʜʦʤ ʠʟ ʪʨʝʭ ʢʣʘʩʩʦʚ ʚʦʜ, ʚʳʜʝʣʝʥʥʳʤ ʧʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ 

ʫʩʣʦʚʠʷʤ, ʱʝʣʦʯʥʦ-ʢʠʩʣʦʪʥʳʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳ. ʇʦʵʪʦʤʫ ʩ ʫʯʝʪʦʤ ʵʪʠʭ ʜʚʫʭ 

ʦʩʥʦʚʘʥʠʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʳʜʝʣʷʶʪʩʷ ʚʩʝʛʦ 12 ʢʣʘʩʩʦʚ ʚʦʜ (ʪʘʙʣ. 3.3). ʇʨʠ ʵʪʦʤ ʚ ʦʜʥʦʤ ʠ 

ʪʦʤ ʞʝ ʣʘʥʜʰʘʬʪʝ ʨʘʟʥʳʝ ʚʦʜʳ ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʢʣʘʩʩʘʤ: ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ï ʢ 

ʦʜʥʦʤʫ, ʧʦʯʚʝʥʥʳʝ ï ʢ ʜʨʫʛʦʤʫ, ʨʝʯʥʳʝ ï ʢ ʪʨʝʪʴʝʤʫ ʠ ʪ.ʜ.  

ʊʘʙʣʠʮʘ 3.3 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʢʣʘʩʩʳ ʧʨʠʨʦʜʥʳʭ ʚʦʜ (ʧʦ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʫ) 

ʂʣʘʩʩ ʚʦʜʳ 

ʧʦ ʱʝʣʦʯʥʦ-ʢʠʩʣʦʪʥʳʤ 

ʫʩʣʦʚʠʷʤ 

ʂʣʘʩʩ ʚʦʜʳ ʧʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ 

ʫʩʣʦʚʠʷʤ 

ʂʠʩʣʦʨʦʜʥʳʝ 

ʚʦʜʳ 

ɻʣʝʝʚʳʝ ʚʦʜʳ ʉʝʨʦʚʦʜʦʨʦʜʥʳʝ 

ʚʦʜʳ 

ʉʠʣʴʥʦʢʠʩʣʳʝ ʚʦʜʳ 1 5 9 

ʂʠʩʣʳʝ ʠ ʩʣʘʙʦʢʠʩʣʳʝ ʚʦʜʳ 2 6 10 

ʅʝʡʪʨʘʣʴʥʳʝ ʠ ʩʣʘʙʦʱʝʣʦʯʥʳʝ 3 7 11 

ʉʠʣʴʥʦʱʝʣʦʯʥʳʝ (ʩʦʜʦʚʳʝ) 4 8 12 

 

ɺʥʫʪʨʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʢʣʘʩʩʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʦʜ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʘʣʝʝ ʧʦ ʨʷʜʫ 

ʧʨʠʟʥʘʢʦʚ: 

Á ʇʦ ʚʝʣʠʯʠʥʝ ʦʙʱʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʳʜʝʣʷʶʪʩʷ ʩʝʤʝʡʩʪʚʘ ʚʦʜ ʦʪ ʫʣʴʪʨʘʧʨʝʩʥʳʭ ʜʦ 
ʨʘʩʩʦʣʦʚ;  

Á ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʨʘʩʪʚʦʨʠʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʈʆɺ) ʚʳʜʝʣʷʶʪʩʷ, ʚ ʩʚʦʶ 
ʦʯʝʨʝʜʴ, ʯʝʪʳʨʝ ʨʦʜʘ ʚʦʜ: ʚʦʜʳ, ʙʦʛʘʪʳʝ ʈʆɺ ʛʫʤʫʩʦʚʦʛʦ ʨʷʜʘ (ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʛʫʤʠʜʥʳʭ 

ʣʘʥʜʰʘʬʪʘʭ); ʚʦʜʳ, ʙʦʛʘʪʳʝ ʈʆɺ ʥʝʬʪʷʥʦʛʦ ʨʷʜʘ (ʚ ʣʘʥʜʰʘʬʪʘʭ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʠ), ʠ ʚʦʜʳ, 

ʙʝʜʥʳʝ ʈʆɺ (ʚʦʜʳ ʘʨʠʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʥʝʢʦʪʦʨʳʭ ʛʦʨʥʳʭ ʨʝʢ ʠ ʚʳʩʦʢʦʛʦʨʥʳʭ ʦʟʝʨ); ʚʦʜʳ, 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʈʆɺ;  

Á ʇʦ ʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʚʠʜʘ ʚʦʜ: ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ, ʩʫʣʴʬʘʪʥʳʝ ʠ 

ʭʣʦʨʠʜʥʳʝ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʠʧʳ (ʧʦ ʧʨʝʦʙʣʘʜʘʶʱʝʤʫ ʢʘʪʠʦʥʫ) ʠ 

ʛʨʫʧʧʳ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʦʥʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʚ ʵʢʚʠʚʘʣʝʥʪʘʭ). ʀʦʥʥʳʡ ʩʦʩʪʘʚ 

ʦʧʨʝʜʝʣʷʝʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜ ï ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, 

ʦʨʦʰʝʥʠʷ, ʣʝʯʝʥʠʷ ʙʦʣʝʟʥʝʡ ʠ ʪ.ʜ. [6]. 

3.4. ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ 

ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʬʠʟʠʯʝʩʢʠʝ, 

ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʝ. 

ʂ ʬʠʟʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʦʪʥʦʩʷʪ ʟʘʧʘʭ, ʚʢʫʩ ʠ ʧʨʠʚʢʫʩ, ʮʚʝʪʥʦʩʪʴ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ 

ʚʦʜʳ.  

ʂ ʦʩʥʦʚʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ ʧʨʠʨʦʜʥʦʡ ʚʦʜʳ ʦʪʥʦʩʷʪ ʢʠʩʣʦʪʥʦʩʪʴ, 

ʱʝʣʦʯʥʦʩʪʴ, ʞʝʩʪʢʦʩʪʴ, ʦʢʠʩʣʷʝʤʦʩʪʴ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ (ʨʝʜʦʢʩ-) 

ʧʦʪʝʥʮʠʘʣ. 
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ʂʠʩʣʦʪʥʦʩʪʴ ʚʦʜʳ 

ʉʪʝʧʝʥʴ ʢʠʩʣʦʪʥʦʩʪʠ ʚʦʜʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ. 

ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʣʦʛʘʨʠʬʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ ʧʨʠʥʷʪʦ ʦʙʦʟʥʘʯʘʪʴ ʨʅ. ɼʣʷ 

ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʦʡ ʚʦʜʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 220ʉ  ʨʅ = 7 - ʥʝʡʪʨʘʣʴʥʘʷ ʨʝʘʢʮʠʷ, ʨʅ < 7 - ʢʠʩʣʘʷ, 

ʧʨʠ ʨʅ > 7 - ʱʝʣʦʯʥʘʷ.  ʇʦ ʩʪʝʧʝʥʠ ʢʠʩʣʦʪʥʦʩʪʠ ʚʦʜʳ ʜʝʣʷʪ ʥʘ 7 ʛʨʫʧʧ (ʪʘʙʣ. 3.4).  

ʊʘʙʣʠʮʘ 3.4 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʧʦ ʩʪʝʧʝʥʠ ʢʠʩʣʦʪʥʦʩʪʠ [13] 

ʊʠʧ ʚʦʜ ɿʥʘʯʝʥʠʝ ʨʅ 

ʉʠʣʴʥʦʢʠʩʣʳʝ < 3 

ʂʠʩʣʳʝ 3 - 5 

ʉʣʘʙʦʢʠʩʣʳʝ 5 - 6,5 

ʅʝʡʪʨʘʣʴʥʳʝ 6,5 - 7,5 

ʉʣʘʙʦʱʝʣʦʯʥʳʝ 7,5 - 8,5 

ʑʝʣʦʯʥʳʝ 8,5 - 9,5 

ʉʠʣʴʥʦʱʝʣʦʯʥʳʝ > 9,5 

 

ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʭʘʨʘʢʪʝʨʥʳ ʦʧʨʝʜʝʣʸʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʟʥʘʯʝʥʠʡ 

ʨʅ.  ɼʣʷ ʙʦʣʦʪʥʳʭ ʚʦʜ ʭʘʨʘʢʪʝʨʥʦ ʟʥʘʯʝʥʠʝ ʨʅ 4,5 ï 6, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ. 

ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ  ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ ʩʦʩʪʘʚʫ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʝʡ; ʚʝʣʠʯʠʥʘ 

ʨʅ ʚ ʥʠʭ ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ -  ʦʪ 5,5 ʜʦ 7,3. ɺʦʜʳ ʨʝʢ ʠ ʧʨʝʩʥʦʚʦʜʥʳʭ ʦʟʸʨ ʠʤʝʶʪ 

ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʙʣʠʟʢʠʡ ʢ ʥʝʡʪʨʘʣʴʥʦʤʫ - ʨʅ = 6,5 ï 8,5. ʅʝʩʢʦʣʴʢʦ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʨʅ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʤʦʨʩʢʠʭ ʚʦʜ - 7,7 ï 8,5, ʘ ʜʣʷ ʚʦʜ ʩʦʣʸʥʳʭ ʦʟʸʨ ʟʥʘʯʝʥʠʷ ʨʅ ʜʦʭʦʜʷʪ ʜʦ 8,5 

ï 9. 

ʑʝʣʦʯʥʦʩʪʴ ʚʦʜʳ 

ʑʝʣʦʯʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʚʦʜ - ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʠʦʥʳ ʚʦʜʦʨʦʜʘ. 

ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʧʨʦʮʝʩʩʳ ʩʚʷʟʳʚʘʥʠʷ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ, ʚ 

ʙʦʣɹh ʠʥʩʪʚʝ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʷʚʣʷʶʪʩʷ ʠʦʥʳ ʅʉʆ3
-, ʉʆ3

2- ʠ ʆʅ-.  ɼʨʫʛʠʝ ʠʦʥʳ, ʠʩʪʦʯʥʠʢʘʤʠ 

ʢʦʪʦʨʳʭ ʩʣʫʞʘʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʬʦʩʬʘʪʳ, ʙʦʨʘʪʳ ʠ ʜʨ., ʚʥʦʩʷʪ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 

ʚʢʣʘʜ ʚ ʧʨʦʮʝʩʩʳ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʠ ʥʘʯʠʥʘʶʪ ʠʛʨʘʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ 

ʪʦʣʴʢʦ ʧʦʩʣʝ ʩʚʷʟʳʚʘʥʠʷ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥʦʚ. 

ʈʘʟʣʠʯʘʶʪ ʱʝʣʦʯʥʦʩʪʴ ʢʘʨʙʦʥʘʪʥʫʶ ʠ ʦʙʱʫʶ. ʂʘʨʙʦʥʘʪʥʘʷ ʱʝʣʦʯʥʦʩʪʴ - ʯʘʩʪʴ 

ʦʙʱʝʡ ʱʝʣʦʯʥʦʩʪʠ, ʩʦʟʜʘʚʘʝʤʘʷ ʢʘʨʙʦʥʘʪʥʳʤʠ ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʤʠ ʠʦʥʘʤʠ. ʆʙʱʘʷ 

ʱʝʣʦʯʥʦʩʪʴ - ʩʫʤʤʘ ʘʥʠʦʥʦʚ ʚʩʝʭ ʩʣʘʙʳʭ ʢʠʩʣʦʪ: ʫʛʦʣʴʥʦʡ, ʙʦʨʥʦʡ, ʬʦʩʬʦʨʥʦʡ ʠ ʜʨ.  

ɺ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʨʝʩʥʳʭ ʚʦʜʘʭ ʫʛʦʣʴʥʘʷ ʢʠʩʣʦʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʦʙʣʘʜʘʝʪ, ʧʦʵʪʦʤʫ 

ʦʙʱʫʶ ʱʝʣʦʯʥʦʩʪʴ ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʶʪ ʨʘʚʥʦʡ ʢʘʨʙʦʥʘʪʥʦʡ ʱʝʣʦʯʥʦʩʪʠ. ɺʳʨʘʞʘʝʪʩʷ ʚ ʤʛ-

ʵʢʚ/ʣ ʠʣʠ ʚ ʤʤʦʣʴ/ʣ. 

ʑʝʣʦʯʥʦʩʪʴ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʦʜʝʨʞʘʥʠʶ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʝʣʠʯʠʥʝ ʨʅ.  ɺ ʦʢʝʘʥʝ ʱʝʣʦʯʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 2,0 - 2,5 ʤʛ-ʵʢʚ/ʣ; ʚ ʚʦʜʦʝʤʘʭ 

ʩʫʰʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ.  ʅʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʘ ʱʝʣʦʯʥʦʩʪʴ 

ʚʦ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʤʦʨʷʭ, ʛʜʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʥʠʝ ʤʘʪʝʨʠʢʦʚʦʛʦ ʩʪʦʢʘ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʝʦʙʣʘʜʘʶʪ ʢʘʨʙʦʥʘʪʥʳʝ ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʠʦʥʳ.  

ɾʝʩʪʢʦʩʪʴ ʚʦʜʳ 

ɾʝʩʪʢʦʩʪʴ ʚʦʜʳ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʥʝʡ ʨʘʩʪʚʦʨʝʥʥʳʭ ʩʦʣʝʡ ʢʘʣʴʮʠʷ ʠ 

ʤʘʛʥʠʷ. ʇʦʜ ʦʙʱʝʡ ʞʸʩʪʢʦʩʪʴʶ ʧʦʥʠʤʘʶʪ ʩʫʤʤʘʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ Ca2+ ʠ Mg2+, 

ʚʳʨʘʞʸʥʥʫʶ ʚ ʤʛ-ʵʢʚ/ʣ (ʠʣʠ ʛʨʘʜʫʩʘʭ ʞʝʩʪʢʦʩʪʠ). ʈʘʟʣʠʯʘʶʪ ʚʨʝʤʝʥʥʫʶ ʞʸʩʪʢʦʩʪʴ, 

ʦʙʨʘʟʦʚʘʥʥʫʶ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘʤʠ (ʠ ʢʘʨʙʦʥʘʪʘʤʠ ʧʨʠ  ʨʅ >8,3), ʠ ʧʦʩʪʦʷʥʥʫʶ ʞʸʩʪʢʦʩʪʴ, 

ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʚʦʜʝ ʢʘʣʴʮʠʝʚʳʭ ʠ ʤʘʛʥʠʝʚʳʭ ʩʦʣʝʡ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ. ʕʪʦ ʜʦʣʷ 

ʦʙʱʝʡ ʞʝʩʪʢʦʩʪʠ, ʦʩʪʘʶʱʘʷʩʷ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ (ʥʝ ʤʝʥʝʝ 1 ʯʘʩʘ) ʢʠʧʷʯʝʥʠʷ ʚʦʜʳ.  

ʂʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʧʦ ʚʝʣʠʯʠʥʝ ʞʝʩʪʢʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 3.5 ʠ 3.6. 

http://dic.academic.ru/dic.nsf/ruwiki/141005
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ʊʘʙʣʠʮʘ 3.5 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʧʦ ʚʝʣʠʯʠʥʝ ʞʝʩʪʢʦʩʪʠ  

(ʧʦ ʆ.ɸ. ɸʣʝʢʠʥʫ [1]) 

ɾʝʩʪʢʦʩʪʴ, ʤʛ-ʵʢʚ/ʣ ɻʨʫʧʧʘ ʚʦʜʳ 

< 1,5 ʆʯʝʥʴ ʤʷʛʢʘʷ 

1,5 - 3 ʄʷʛʢʘʷ 

3 - 6 ʋʤʝʨʝʥʥʦ ʞʝʩʪʢʘʷ 

6 - 9 ɾʝʩʪʢʘʷ 

> 9 ʆʯʝʥʴ ʞʝʩʪʢʘʷ 

 

ʊʘʙʣʠʮʘ 3.6 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʧʦ ʚʝʣʠʯʠʥʝ ʞʝʩʪʢʦʩʪʠ  

(ʧʦ ɸ.ɸ. ɿʝʥʠʥʫ, ʅ.ɺ. ɹʝʣʦʫʩʦʚʦʡ [8]) 

ɾʝʩʪʢʦʩʪʴ, ʤʛ-ʵʢʚ/ʣ ɻʨʫʧʧʘ ʚʦʜʳ 

< 4 ʄʷʛʢʘʷ 

4 - 8 ʉʨʝʜʥʝʡ ʞʝʩʪʢʦʩʪʠ 

8 - 12 ɾʝʩʪʢʘʷ 

> 12 ʆʯʝʥʴ ʞʝʩʪʢʘʷ 

 

ʅʘʠʤʝʥʴʰʘʷ ʞʝʩʪʢʦʩʪʴ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʜʦʞʜʝʚʳʭ ʚʦʜ. ɾʝʩʪʢʦʩʪʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʨʝʢ, 

ʦʟʝʨ, ʧʨʫʜʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʛʨʫʥʪʘʭ ʩ ʣʝʛʢʦ ʚʳʱʝʣʘʯʠʚʘʝʤʳʤʠ ʩʦʣʷʤʠ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ, 

ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 6-7 ʤʛ ʵʢʚ/ʣ. ɾʝʩʪʢʦʩʪʴ ʤʦʨʩʢʠʭ ʚʦʜ ʠʟʤʝʨʷʝʪʩʷ ʜʝʩʷʪʢʘʤʠ ʤʛ ʵʢʚ/ʣ. 

ʆʢʠʩʣʷʝʤʦʩʪʴ ʚʦʜʳ 

ʆʢʠʩʣʷʝʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʦʜʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ 

(ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ), ʨʝʘʛʠʨʫʶʱʠʭ ʩ ʩʠʣʴʥʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ. ʆʢʠʩʣʷʝʤʦʩʪʴ 

ʚʳʨʘʞʘʶʪ ʚ ʤʠʣʣʠʛʨʘʤʤʘʭ ʢʠʩʣʦʨʦʜʘ, ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʨʘʩʭʦʜʫ ʦʢʠʩʣʠʪʝʣʷ ʥʘ 1 ʣʠʪʨ ʧʨʦʙʳ. 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʚ ʚʦʜʦʝʤʝ ʠ ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʥʝʛʦ ʠʟʚʥʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʚʝʩʴʤʘ 

ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʜʝʡʩʪʚʠʶ ʨʘʟʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ. ʉʦʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʚʦʜʝ ʣʝʛʢʦ- ʠ 

ʪʨʫʜʥʦʦʢʠʩʣʷʝʤʳʭ ʚʝʱʝʩʪʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʚʣʠʷʝʪ ʥʘ ʦʢʠʩʣʷʝʤʦʩʪʴ ʚʦʜʳ ʚ ʫʩʣʦʚʠʷʭ ʪʦʛʦ 

ʠʣʠ ʠʥʦʛʦ ʤʝʪʦʜʘ ʝʝ ʦʧʨʝʜʝʣʝʥʠʷ. ʇʝʨʤʘʥʛʘʥʘʪʥʳʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʢʠʩʣʝʥʠʠ ʚʝʱʝʩʪʚ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʚʦʜʝ, ʨʘʩʪʚʦʨʦʤ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʚ ʩʝʨʥʦʢʠʩʣʦʡ ʩʨʝʜʝ ʧʨʠ ʢʠʧʷʯʝʥʠʠ, 

ʧʨʠʤʝʥʠʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʢʠʩʣʷʝʤʦʩʪʠ ʧʠʪʴʝʚʳʭ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʤʘʣʦʟʘʛʨʷʟʥʝʥʥʳʭ 

ʩʪʦʯʥʳʭ ʚʦʜ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʢʠʩʣʷʝʤʦʩʪʠ ʩʠʣʴʥʦʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜ, ʩʦʜʝʨʞʘʱʠʭ 

ʪʨʫʜʥʦʦʢʠʩʣʷʝʤʳʝ ʚʝʱʝʩʪʚʘ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʭʨʦʤʘʪʥʳʡ ʤʝʪʦʜ. 

ʆʧʨʝʜʝʣʝʥʥʫʶ ʵʪʠʤ ʤʝʪʦʜʦʤ ʦʢʠʩʣʷʝʤʦʩʪʴ ʥʘʟʳʚʘʶʪ ʭʠʤʠʯʝʩʢʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ 

(ʍʇʂ).  

ʇʦʢʘʟʘʪʝʣʴ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ (ɹʇʂ) ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ  

ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʚ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʨʷʜʫ ʩ ɹʇʂʧʦʣʥ. 

ʦʧʨʝʜʝʣʷʝʪʩʷ ɹʇʂ5 - ʙʠʦʭʠʤʠʯʝʩʢʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʢʠʩʣʦʨʦʜʝ ʟʘ 5 ʩʫʪʦʢ. 

ʍʇʂ ʠ ɹʇʂ ï ʦʜʥʠ ʠʟ ʚʘʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʸʥʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʠ 

ʩʪʦʯʥʳʭ ʚʦʜ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ɺʝʣʠʯʠʥʳ ʦʢʠʩʣʷʝʤʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ 

ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʜʦʣʝʡ ʤʠʣʣʠʛʨʘʤʤʦʚ ʜʦ ʜʝʩʷʪʢʦʚ ʤʠʣʣʠʛʨʘʤʤʦʚ ʚ ʣʠʪʨʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʱʝʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʜʦʝʤʦʚ, ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʦʪ ʚʣʠʷʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʦʩʪʫʧʘʶʱʠʭ ʠʟ ʙʦʣʦʪ, ʪʦʨʬʷʥʠʢʦʚ ʠ 

ʪ.ʧ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʦʢʠʩʣʷʝʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʟʝʤʥʳʤʠ 

(ʜʝʩʷʪʳʝ ʠ ʩʦʪʳʝ ʜʦʣʠ ʤʠʣʣʠʛʨʘʤʤʘ ʥʘ 1 ʜʤ3), ʠʩʢʣʶʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʦʜʳ ʥʝʬʪʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ, ʧʠʪʘʶʱʠʝʩʷ ʟʘ ʩʯʝʪ ʙʦʣʦʪ. ɻʦʨʥʳʝ ʨʝʢʠ ʠ ʦʟʝʨʘ 
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ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʢʠʩʣʷʝʤʦʩʪʴʶ 2-3 ʤʛ ʆ/ʜʤ3, ʨʝʢʠ ʨʘʚʥʠʥʥʳʝ ð 5-12 ʤʛ ʆ/ʜʤ3, ʨʝʢʠ ʩ 

ʙʦʣʦʪʥʳʤ ʧʠʪʘʥʠʝʤ ð ʜʝʩʷʪʢʠ ʤʠʣʣʠʛʨʘʤʤʦʚ ʥʘ 1 ʜʤ3 [13].   

ʆʢʠʩʣʷʝʤʦʩʪʴ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʧʨʦʷʚʣʷʝʪ ʜʦʚʦʣʴʥʦ ʦʪʯʝʪʣʠʚʫʶ 

ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʟʦʥʘʣʴʥʦʩʪʴ (ʪʘʙʣ. 3.7) [16]. 

ʊʘʙʣʠʮʘ 3.7 

ʆʢʠʩʣʷʝʤʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ  

ʆʢʠʩʣʷʝʤʦʩʪʴ ʤʛʆ/ʣ ɿʦʥʘ 

ʆʯʝʥʴ ʤʘʣʘʷ 0 - 2 ɺʳʩʦʢʦʛʦʨʴʝ 

ʄʘʣʘʷ 2 - 5 ɻʦʨʥʳʝ ʨʘʡʦʥʳ 

ʉʨʝʜʥʷʷ 5 - 10 
ɿʦʥʳ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ, ʩʪʝʧʠ, ʧʦʣʫʧʫʩʪʳʥʠ ʠ 

ʧʫʩʪʳʥʠ, ʘ ʪʘʢʞʝ ʪʫʥʜʨʘ 

ʇʦʚʳʰʝʥʥʘʷ 15 - 20 ʉʝʚʝʨʥʘʷ ʠ ʶʞʥʘʷ ʪʘʡʛʘ 

 

ʆʢʠʩʣʷʝʤʦʩʪʴ ʧʦʜʚʝʨʞʝʥʘ ʟʘʢʦʥʦʤʝʨʥʳʤ ʩʝʟʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ  ʚ 

ʦʩʥʦʚʥʦʤ ʦʪ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪ ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʢʘʟʳʚʘʝʪʩʷ ʯʝʨʝʟ ʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʦʪʨʝʙʣʝʥʠʷ, 

ʢʦʪʦʨʘʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2-3 ʨʘʟʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 10oC. ɺʣʠʷʥʠʝ ʥʘʯʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʥʘ ʧʨʦʮʝʩʩ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠʤʝʝʪ ʩʚʦʡ ʢʠʩʣʦʨʦʜʥʳʡ ʦʧʪʠʤʫʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʚ 

ʮʝʣʦʤ ʠ ʜʣʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʠ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʉʫʪʦʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʝʣʠʯʠʥ 

ɹʇʂ5 ʪʘʢʞʝ ʟʘʚʠʩʷʪ ʦʪ ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚ 

ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʠʟʤʝʥʷʪʴʩʷ ʥʘ 2,5 ʤʛ/ʜʤ3 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ ʝʛʦ ʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ. ɺʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʳ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ ɹʇʂ5 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʦʝʤʦʚ (ʪʘʙʣ. 3.8). 

ʊʘʙʣʠʮʘ 3.8 

ɺʝʣʠʯʠʥʳ ɹʇʂ5 ʚ ʚʦʜʦʝʤʘʭ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ [10] 

ʉʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ 

(ʢʣʘʩʩʳ ʚʦʜʦʝʤʦʚ) 
ɹʇʂ5 

ʆʯʝʥʴ ʯʠʩʪʳʝ 0,5 ï 1,0 

ʏʠʩʪʳʝ 1,1 ï 1,9 

ʋʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʝ 2,0 ï 2,9 

ɿʘʛʨʷʟʥʝʥʥʳʝ 3,0 ï 3,9 

ɻʨʷʟʥʳʝ 4,0 ï 10,0 

ʆʯʝʥʴ ʛʨʷʟʥʳʝ > 10,0 

 

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ (ʨʝʜʦʢʩ-) ʧʦʪʝʥʮʠʘʣ  

ʂ ʦʩʥʦʚʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʣʶʙʦʛʦ ʦʨʛʘʥʠʟʤʘ, 

ʦʪʥʦʩʷʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ, ʪʦ ʝʩʪʴ ʨʝʘʢʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʜʘʯʝʡ 

ʠʣʠ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ. ɺʦ ʚʨʝʤʷ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ 

ʠʟʤʝʥʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʦʢʠʩʣʷʝʤʦʛʦ ʠʣʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ: ʦʜʥʦ 

ʚʝʱʝʩʪʚʦ, ʦʪʜʘʚʘʷ ʩʚʦʠ ʵʣʝʢʪʨʦʥʳ ʠ ʟʘʨʷʞʘʷʩʴ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʦʢʠʩʣʷʝʪʩʷ, ʜʨʫʛʦʝ, ʧʨʠʦʙʨʝʪʘʷ 

ʵʣʝʢʪʨʦʥʳ ʠ ʟʘʨʷʞʘʷʩʴ ʦʪʨʠʮʘʪʝʣʴʥʦ, - ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʈʘʟʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ, ʥʠʤʠ ʠ ʝʩʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ (ʆɺʇ) ʠʣʠ 

ʈɽɼʆʂʉ-ʧʦʪʝʥʮʠʘʣ ʦʪ ʘʥʛʣ. redox - REDuction/OXidation.  

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚʦʜʳ - ʵʪʦ ʧʦʢʘʟʘʪʝʣʴ ʝʝ ʦʢʠʩʣʠʪʝʣʴʥʳʭ 

(ʢʠʩʣʦʪʥʳʭ) ʣʠʙʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ (ʱʝʣʦʯʥʳʭ) ʢʘʯʝʩʪʚ. ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ 

ʘʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ, ʪʦ ʝʩʪʴ ʨʝʘʢʮʠʷʭ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʠʣʠ ʧʝʨʝʜʘʯʝʡ ʵʣʝʢʪʨʦʥʦʚ. ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʆɺʇ - ʚʦʜʘ 

ʟʘʭʚʘʪʳʚʘʝʪ ʠ ʧʨʠʩʦʝʜʠʥʷʝʪ ʵʣʝʢʪʨʦʥʳ ʪʝʭ ʚʝʱʝʩʪʚ, ʩ ʢʦʪʦʨʳʤʠ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ 

(ʦʢʠʩʣʷʝʪ), ʘ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ - ʦʪʜʘʝʪ ʵʣʝʢʪʨʦʥʳ (ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ).  
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ʅʘʠʙʦʣʴʰʝʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʢʠʩʣʦʨʦʜ, ʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ - 

ʚʦʜʦʨʦʜ, ʥʦ ʵʪʦ ʜʘʣʝʢʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʝ ʦʢʠʩʣʠʪʝʣʠ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ. ʆʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥ ʩ ʨʅ. 

ʆɺʇ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ Eh ʠ ʚʳʨʘʞʘʝʪʩʷ ʚ ʤʠʣʣʠʚʦʣʴʪʘʭ (ʤɺ).  

ɿʥʘʯʝʥʠʝ ʆɺʇ ʤʦʞʝʪ ʠʤʝʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦʝ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ɺ 

ʧʨʠʨʦʜʥʦʡ ʚʦʜʝ ʆɺʇ ʢʦʣʝʙʣʝʪʩʷ ʦʪ - 400 ʤɺ ʜʦ + 700 ʤɺ. ʂʦʛʜʘ ʟʥʘʯʝʥʠʝ ʆɺʇ ʧʦʣʦʞʠʪʝʣʴʥʦ, 

ʪʦ ʩʚʦʡʩʪʚʘ ʚʦʜʳ ʦʢʠʩʣʠʪʝʣʴʥʳʝ. ʊʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʢʠʩʣʦʨʦʜʦʤ ʥʝʧʨʝʤʝʥʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ-

ʦʢʠʩʣʠʪʝʣʝʤ ʪʘʢʠʭ ʚʦʜ ʷʚʣʷʝʪʩʷ ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʅ2ʆ2.  

ʂʦʛʜʘ ʟʥʘʯʝʥʠʝ ʆɺʇ ʦʪʨʠʮʘʪʝʣʴʥʦ, ʪʦ ʩʚʦʡʩʪʚʘ ʚʦʜʳ - ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ. ʕʪʦ 

ʪʠʧʠʯʥʦ ʜʣʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ.  ɿʘʤʝʥʘ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʘ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʥʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ ʩʠʥʝ-ʟʝʣʝʥʳʭ 

ʚʦʜʦʨʦʩʣʝʡ ʠ ʛʠʙʝʣʠ ʨʳʙʥʦʡ ʤʦʣʦʜʠ.  ʇʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʜʦʝʤʘ ʢ 

ʩʘʤʦʦʯʠʱʝʥʠʶ, ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʠ ʩʦʟʜʘʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʤʥʦʞʝʥʠʷ ʧʘʪʦʛʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ. ʀʟʤʝʥʝʥʠʶ ʭʘʨʘʢʪʝʨʘ ʩʨʝʜʳ ʚ ʚʦʜʦʝʤʝ ʦʪ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʢ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʩʪʦʯʥʳʭ ʚʦʜ, ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ (ʩʧʠʨʪʘʤʠ, ʬʝʥʦʣʘʤʠ, 

ʘʣʴʜʝʛʠʜʘʤʠ, ʠʦʥʘʤʠ HS-, S2-, NH4
+ ʠ ʜʨ.) [18].  

3.5. ʍʠʤʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʚʦʜ 

ɺ ʛʣʦʙʘʣʴʥʦʤ ʢʨʫʛʦʚʦʨʦʪʝ ʚʦʜʳ ʚʳʜʝʣʷʶʪ ʜʚʘ ʟʚʝʥʘ: ʦʢʝʘʥʠʯʝʩʢʦʝ ʠ ʤʘʪʝʨʠʢʦʚʦʝ. ʆʥʠ 

ʜʝʡʩʪʚʫʶʪ ʧʦ ʧʨʠʥʮʠʧʫ ʢʨʫʛʦʚʦʨʦʪʘ ʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʝʨʝʥʦʩʦʤ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʠ ʧʦʜʟʝʤʥʳʤ ʩʪʦʢʦʤ ʩ ʩʫʰʠ ʚ ʦʢʝʘʥ. ʂ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʚʦʜʘʤ ʦʪʥʦʩʷʪ: 

Á ʨʝʯʥʳʝ ʚʦʜʳ; 

Á ʦʟʝʨʥʳʝ ʚʦʜʳ; 

Á ʚʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ; 

Á ʚʦʜʳ ʙʦʣʦʪ; 

Á ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ; 

Á ʚʦʜʳ ʣʝʜʥʠʢʦʚ. 

ʂʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʚʦʜʳ ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝʭʚʘʪʘ ʯʘʩʪʠ ʦʢʝʘʥʠʯʝʩʢʦʛʦ 

ʢʨʫʛʦʚʦʨʦʪʘ. ɼʘʣʝʢʦ ʥʝ ʚʩʷ ʚʦʜʘ, ʧʨʠʥʝʩʝʥʥʘʷ ʩ ʦʢʝʘʥʘ ʥʘ ʩʫʰʫ, ʚʳʧʘʜʘʝʪ ʚ ʚʠʜʝ ʦʩʘʜʢʦʚ - ʦʪ 

20 ʜʦ 75% ʝʝ ʧʨʦʭʦʜʠʪ ʥʘʜ ʤʘʪʝʨʠʢʘʤʠ ʪʨʘʥʟʠʪʦʤ ʠ ʩʥʦʚʘ ʫʥʦʩʠʪʩʷ ʚ ʦʢʝʘʥʳ [15]. ʏʝʤ ʢʨʫʧʥʝʝ 

ʤʘʪʝʨʠʢ ʠ ʚʳʰʝ ʥʘ ʥʝʤ ʛʦʨʳ, ʪʝʤ ʙʦʣʴʰʝ ʦʥ ʧʝʨʝʭʚʘʪʳʚʘʝʪ ʦʢʝʘʥʠʯʝʩʢʦʡ ʚʣʘʛʠ. ʇʦʵʪʦʤʫ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʝʨʝʭʚʘʪ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ɽʚʨʘʟʠʠ, ʘ ʤʠʥʠʤʘʣʴʥʳʡ - ʚ ɸʚʩʪʨʘʣʠʠ.  

ʈʝʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʜʦʪʦʢʠ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʭ ʨʘʟʤʝʨʦʚ, ʧʠʪʘʶʱʠʝʩʷ 

ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʠ ʧʦʜʟʝʤʥʳʤʠ ʚʦʜʘʤʠ. ʂ ʥʠʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʥʦʩʷʪ ʧʦʩʪʦʷʥʥʳʝ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʝ ʚʦʜʦʪʦʢʠ ʩ ʧʣʦʱʘʜʴʶ ʙʘʩʩʝʡʥʘ ʥʝ ʤʝʥʝʝ 50 ʢʤ2; ʚʦʜʦʪʦʢʠ ʤʝʥʴʰʝʛʦ 

ʨʘʟʤʝʨʘ ʥʘʟʳʚʘʶʪ ʨʫʯʴʷʤʠ. 

ʈʝʯʥʘʷ ʩʝʪʴ - ʵʪʦ ʨʝʟʫʣʴʪʘʪ ʩʣʦʞʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ ʵʨʦʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʦʚ, ʵʚʩʪʘʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʦʢʝʘʥʘ ʠ ʤʦʨʝʡ ʠ ʪ.ʜ. ʇʨʠ 

ʵʪʦʤ ʚ ʨʝʢʘʭ ʚʦʜʘ ʚʦʟʦʙʥʦʚʣʷʝʪʩʷ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʚ ʣʶʙʳʭ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʘʭ 

ʛʠʜʨʦʩʬʝʨʳ. 

ʈʝʢʠ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ ʨʘʟʤʝʨʘʤ, ʛʣʫʙʠʥʘʤ ʠ ʩʢʦʨʦʩʪʷʤ ʪʝʯʝʥʠʷ. ɼʚʘʜʮʘʪʴ 

ʢʨʫʧʥʝʡʰʠʭ ʨʝʢ ɿʝʤʣʠ ʥʝʩʫʪ ʦʢʦʣʦ 40% ʦʙʱʝʛʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʪʦʢʘ, ʠʟ ʢʦʪʦʨʳʭ ʥʘ ʦʜʥʫ 

ɸʤʘʟʦʥʢʫ ʧʨʠʭʦʜʠʪʩʷ 15%. ɺ ʪʘʙʣ. 3.9 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʩʷʪʠ ʩʘʤʳʭ 

ʢʨʫʧʥʳʭ ʨʝʢ ʤʠʨʘ [19].   

 ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʝʢ, ʦʟʝʨ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʨʝʤʷ ʬʘʢʪʦʨʘʤʠ:  
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ʊʘʙʣʠʮʘ 3.9 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʫʧʥʝʡʰʠʭ ʨʝʢ ʤʠʨʘ 

ʅʘʟʚʘʥʠʝ ʂʦʥʪʠʥʝʥʪ 
ɼʣʠʥʘ, 

ʢʤ 

ʇʣʦʱʘʜʴ 

ʙʘʩʩʝʡʥʘ, 

ʤʣʥ ʢʤ2 

ʈʘʩʭʦʜ ʚʦʜʳ 

ʚ ʫʩʪʴʝ,  

ʪʳʩ. ʤ3/ʩ 

ɸʤʘʟʦʥʢʘ  (ʩ 

ʄʘʨʘʥʴʦʥʦʤ) 

ʖʞʥʘʷ ɸʤʝʨʠʢʘ 
6437 6,915 200 

ʄʠʩʩʠʩʠʧʠ (ʩ  ʄʠʩʩʫʨʠ) ʉʝʚʝʨʥʘʷ ɸʤʝʨʠʢʘ 5971 3,268 18 

ʅʠʣ ɸʬʨʠʢʘ 6670 2,870 3   

ʗʥʟʮʳ ɸʟʠʷ 5800 1,808 34  

ʆʙʴ (ʩ ʀʨʪʳʰʦʤ) ɸʟʠʷ 5410 2,990 12,8 

ʍʫʘʥʭʵ ɸʟʠʷ 4845 0,771 1,5 

ʄʝʢʦʥʛ ɸʟʠʷ 4500 0,810 14,8  

ɸʤʫʨ ɸʟʠʷ 4440 1,855 10,9 

ʃʝʥʘ ɸʟʠʷ 4400 2,490 16,9  

ʂʦʥʛʦ ɸʬʨʠʢʘ 4370 3,820 41  

 

- ʭʠʤʠʝʡ ʵʣʝʤʝʥʪʦʚ; 

- ʨʝʞʠʤʘʤʠ ʚʳʚʝʪʨʠʚʘʥʠʷ; 

- ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ɺ ʪʘʙʣ. 3.10 ʧʦʢʘʟʘʥʦ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʟʝʤʥʦʡ ʢʦʨʝ ʠ ʚ ʨʝʯʥʳʭ ʚʦʜʘʭ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʠʦʥʥʳʡ ʩʦʩʪʘʚ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʝʩʥʦʡ ʨʝʯʥʦʡ ʚʦʜʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚ 

ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʝ. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ, ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʚ ʨʝʯʥʳʭ ʚʦʜʘʭ, 

ʢʘʪʠʦʥʦʚ (ʉʘ2+, Mg2+, Na+  ʠ ʂ+) ʚ ʨʘʩʪʚʦʨʝ ʥʠʞʝ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ.  

 

ʊʘʙʣʠʮʘ 3.10 

ʉʨʝʜʥʠʡ ʩʦʩʪʘʚ ʦʩʥʦʚʥʳʭ ʢʘʪʠʦʥʦʚ ʚ ʧʦʨʦʜʘʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʠ ʨʝʯʥʳʭ ʚʦʜ [19] 

ʂʘʪʠʦʥʳ 
ʉʦʜʝʨʞʘʥʠʝ, ʤʛ/ʢʛ 

ʂʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʦʨʘ ʈʝʯʥʳʝ ʚʦʜʳ 

Al3+ 80 0,05 

Fe3+ 35 0,04 

ʉʘ2+ 30 13 

Mg2+  13 3,4 

Na+  29 5,2 

ʂ+ 28 1,3 

 

ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʢ ʚʦʜʘ ʠʤʝʝʪ ʥʝʚʳʩʦʢʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ; ʦʥʘ ʧʨʝʩʥʘʷ 

ʠʣʠ, ʠʟʨʝʜʢʘ, ʩʦʣʦʥʦʚʘʪʘʷ. ʉʦʜʝʨʞʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ ʤʦʞʝʪ ʙʳʪʴ ʚʝʩʴʤʘ 

ʨʘʟʣʠʯʥʦ: ʦʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʪʫʧʣʝʥʠʷ ʚʟʚʝʩʠ ʠ ʦʪ ʝʸ ʦʩʘʞʜʝʥʠʷ. ʇʝʨʚʳʡ ʧʨʦʮʝʩʩ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚ ʦʩʥʦʚʥʦʤ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʨʝʢ, ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ, 

ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʦʙʣʘʩʪʠ ʚʦʜʦʩʙʦʨʘ; ʚʪʦʨʦʡ ï ʨʝʞʠʤʦʤ 

ʜʚʠʞʝʥʠʷ ʚʦʜʳ. ʇʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʤʫʪʥʦʩʪʴ ʪʝʤ ʚʳʰʝ, ʯʝʤ ʚʳʰʝ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ 

ʠ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʜʳ.  

ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʨʝʯʥʳʭ ʚʦʜʘʭ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʥʘ 

ʜʣʷ ʨʝʢ, ʙʝʨʫʱʠʭ ʩʚʦʸ ʥʘʯʘʣʦ ʚ ʟʘʙʦʣʦʯʝʥʥʳʭ ʤʝʩʪʥʦʩʪʷʭ. ɺ ʨʝʢʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʪʚʸʨʜʳʭ, 

ʩʣʘʙʦ ʧʦʜʚʝʨʞʝʥʥʳʭ ʵʨʦʟʠʠ ʛʨʫʥʪʘʭ ʠ ʥʝ ʠʩʧʳʪʳʚʘʶʱʠʭ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʦʥʦ 

ʦʙʳʯʥʦ ʥʝʚʝʣʠʢʦ (ʦʢʦʣʦ 20 ʤʛ/ʜʤ3) [4].  

ʈʝʢʠ ʷʚʣʷʶʪʩʷ ʩʨʝʜʦʡ ʦʙʠʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʙʠʦʥʪʦʚ: ʚʦʜʦʨʦʩʣʝʡ, ʙʘʢʪʝʨʠʡ, 

ʧʨʝʩʤʳʢʘʶʱʠʭʩʷ, ʨʳʙ, ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʀʭ ʢʦʣʠʯʝʩʪʚʦ, ʩʦʩʪʘʚ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʟʘʚʠʩʷʪ ʦʪ 

ʩʦʩʪʘʚʘ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʥʦʩʷʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʝ.  
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ʆʟʝʨʘ - ʝʩʪʝʩʪʚʝʥʥʳʝ ʚʦʜʦʝʤ r ʩʫʰʠ, ʥʝ ʠʤʝʶʱʠʝ ʧʨʷʤʦʡ ʩʚʷʟʠ ʩ ʦʢʝʘʥʦʤ. ɼʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʟʝʨʘ ʥʝʦʙʭʦʜʠʤʳ ʜʚʘ ʥʝʧʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷ - ʥʘʣʠʯʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʦʪʣʦʚʠʥʳ, 

ʪʦ ʝʩʪʴ ʟʘʤʢʥʫʪʦʛʦ ʧʦʥʠʞʝʥʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʵʪʦʡ ʢʦʪʣʦʚʠʥʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʙʲʝʤʘ ʚʦʜʳ. 

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʫʧʥʳʭ ʦʟʝʨ ʩ ʧʣʦʱʘʜʴʶ ʙʦʣʝʝ 100 ʢʤ2 ʥʘʭʦʜʠʪʩʷ ʚ ɸʬʨʠʢʝ, 

ɸʟʠʠ ʠ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ. ʉʘʤʦʝ ʙʦʣʴʰʦʝ ʧʦ ʧʣʦʱʘʜʠ ʦʟʝʨʦ ʥʘ ɿʝʤʣʝ - ʵʪʦ ʩʦʣʦʥʦʚʘʪʦʝ 

ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ. ʀʟ ʧʨʝʩʥʳʭ ʦʟʝʨ ʩʘʤʦʝ ʙʦʣʴʰʦʝ - ɺʝʨʭʥʝʝ (ʉʝʚʝʨʥʘʷ ɸʤʝʨʠʢʘ). 

ʅʘʠʙʦʣʴʰʠʡ ʦʙʲʝʤ ʚʦʜʳ ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ ʂʘʩʧʠʡʩʢʦʤ ʤʦʨʝ, ʘ ʩʨʝʜʠ ʧʨʝʩʥʳʭ ʦʟʝʨ - ʚ ɹʘʡʢʘʣʝ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ɹʘʡʢʘʣ - ʩʘʤʦʝ ʛʣʫʙʦʢʦʝ ʦʟʝʨʦ ʚ ʤʠʨʝ. 

ʆʟʝʨʘ ʤʦʛʫʪ ʠʤʝʪʴ ʚʦʜʫ ʨʘʟʣʠʯʥʫʶ ʩʪʝʧʝʥʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʅʘʠʤʝʥʴʰʫʶ 

ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʠʤʝʶʪ ʚʦʜʳ ʟʦʥ ʠʟʙʳʪʦʯʥʦʛʦ ʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ (ʃʘʜʦʞʩʢʦʝ, 

ɹʘʡʢʘʣ), ʥʘʠʙʦʣʴʰʫʶ ï ʦʟʸʨʘ ʟʘʩʫʰʣʠʚʳʭ ʟʦʥ (ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ, ʄʸʨʪʚʦʝ ʤʦʨʝ). ʂʦʛʜʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʚ ʦʟʸʨʘʭ ʠʣʠ ʚ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʷʭ ʦʟʸʨ ʜʦʩʪʠʛʘʝʪ ʩʦʩʪʦʷʥʠʷ ʥʘʩʳʱʝʥʠʷ, 

ʥʘʯʠʥʘʝʪʩʷ ʦʩʘʞʜʝʥʠʝ ʩʦʣʝʡ: ʤʠʨʘʙʠʣʠʪʘ Na2SO4Ö10H2O (ʂʘʨʘ-ɹʦʛʘʟ-ɻʦʣ), NaCl (ɹʘʩʢʫʥʯʘʢ) 

ʠ ʜʨ.   

ʊʘʢ ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʚ ʦʟʸʨʘʭ ʦʙʳʯʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ 

ʨʝʢʘʭ, ʪʦ ʚ ʥʠʭ ʘʢʪʠʚʥʦ ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʘʭ ʦʙʳʯʥʦ ʥʝʚʝʣʠʢʘ.   

ʇʦʤʠʤʦ ʨʘʩʪʚʦʨʝʥʥʳʭ ʩʦʣʝʡ, ʚʦʜʘ ʦʟʝʨ ʩʦʜʝʨʞʠʪ ʙʠʦʛʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ 

ʩʦʝʜʠʥʝʥʠʷ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ, ʢʨʝʤʥʠʷ; ʨʘʩʪʚʦʨʝʥʥʳʝ ʛʘʟʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʠʩʣʦʨʦʜʦʤ, 

ʘʟʦʪʦʤ, ʜʠʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. 

ʈʘʩʪʚʦʨʸʥʥʳʡ ʢʠʩʣʦʨʦʜ ʚ ʦʟʸʨʘʭ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ, ʧʦʷʚʣʷʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʘʙʩʦʨʙʮʠʠ ʠʟ ʚʦʟʜʫʭʘ. ʉʦʜʝʨʞʘʥʠʝ ʆ2 ʟʘʤʝʪʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ; ʚ ʨʝʢʘʭ ʘʥʘʣʦʛʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʨʘʞʝʥʘ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʨʝʟʢʦ ʠʟ-

ʟʘ ʙʦʣʴʰʝʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʦʜʳ.   

ɹʦʣʦʪʘ - ʵʪʦ ʠʟʙʳʪʦʯʥʦ ʫʚʣʘʞʥʝʥʥʳʝ ʩ ʟʘʩʪʦʡʥʳʤ ʚʦʜʥʳʤ ʨʝʞʠʤʦʤ ʫʯʘʩʪʢʠ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʠʜʝ 

ʥʝʨʘʟʣʦʞʠʚʰʠʭʩʷ ʦʩʪʘʪʢʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ɹʦʣʦʪʘ ʦʙʨʘʟʫʶʪʩʷ ʜʚʫʤʷ ʧʫʪʷʤʠ: 

ʟʘʙʦʣʘʯʠʚʘʥʠʝʤ ʩʫʰʠ (ʦʩʥʦʚʥʦʡ ʚʠʜ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʦʪ) ʠ ʟʘʙʦʣʘʯʠʚʘʝʤ (ʟʘʨʘʩʪʘʥʠʝʤ) 

ʚʦʜʦʝʤʦʚ.  

ʆʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʧʨʠʜʘʶʪ ʚʦʜʝ ʞʝʣʪʦʚʘʪʳʡ ʮʚʝʪ ʠ ʭʘʨʘʢʪʝʨʥʳʡ çʙʦʣʦʪʥʳʡè 

ʟʘʧʘʭ. ɺʦʜʘ ʙʦʣʦʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʨʅ ʦʪ 4,5 ʜʦ 6, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ. ʉʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ ʙʦʣʦʪ ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʚ ʚʦʜʝ ʨʝʢ ʠ ʦʟʸʨ ʪʦʡ ʞʝ ʤʝʩʪʥʦʩʪʠ. ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʙʦʣʦʪʘʭ 

ʧʨʦʪʝʢʘʶʪ ʢʘʢ ʚ ʘʵʨʦʙʥʳʭ, ʪʘʢ ʠ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʘʥʘʵʨʦʙʥʳʭ ʟʦʥʘʭ ʧʨʦʪʝʢʘʶʪ 

ʧʨʦʮʝʩʩʳ ʢʠʩʣʦʪʥʦʛʦ ʠ ʤʝʪʘʥʦʚʦʛʦ ʙʨʦʞʝʥʠʷ, ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ ʠ ʪ. ʜ., ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʙʦʣʦʪʥʦʛʦ ʛʘʟʘè, ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ 

ʤʝʪʘʥ. ʇʫʟʳʨʴʢʠ ʙʦʣʦʪʥʦʛʦ ʛʘʟʘ ʤʦʛʫʪ ʧʨʦʭʦʜʠʪʴ ʩʢʚʦʟʴ ʪʦʣʱʫ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʩʛʦʨʘʪʴ 

ʚ ʚʦʟʜʫʭʝ.  

ɺʩʝ ʙʦʣʦʪʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʟʘʙʦʣʦʯʝʥʥʳʝ ʟʝʤʣʠ (ʥʝ ʠʤʝʶʱʠʝ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʦʛʦ 

ʩʣʦʷ ʪʦʨʬʘ) ʠ ʩʦʙʩʪʚʝʥʥʦ ʪʦʨʬʷʥʳʝ ʙʦʣʦʪʘ.  ʂ ʟʘʙʦʣʦʯʝʥʥʳʤ ʟʝʤʣʷʤ ʦʪʥʦʩʷʪʩʷ ʪʨʘʚʷʥʳʝ 

ʙʦʣʦʪʘ ʘʨʢʪʠʯʝʩʢʦʡ ʪʫʥʜʨʳ, ʪʨʦʩʪʥʠʢʦʚʳʝ ʠ ʦʩʦʢʦʚʳʝ ʙʦʣʦʪʘ ʣʝʩʦʩʪʝʧʠ, ʟʘʩʦʣʝʥʥʳʝ ʙʦʣʦʪʘ 

ʧʦʣʫʧʫʩʪʳʥʠ ʠ ʧʫʩʪʳʥʠ ʠ ʜʨ. ʊʦʨʬʷʥʳʝ ʙʦʣʦʪʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ 

ʚʦʜʥʦ-ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʥʠʟʠʥʥʳʝ, ʧʝʨʝʭʦʜʥʳʝ ʠ ʚʝʨʭʦʚʳʝ. ʅʠʟʠʥʥʳʝ 

ʙʦʣʦʪʘ (ʵʚʪʨʦʬʥʳʝ) - ʪʠʧ ʙʦʣʦʪ ʩ ʙʦʛʘʪʳʤ ʚʦʜʥʦ-ʤʠʥʝʨʘʣʴʥʳʤ ʧʠʪʘʥʠʝʤ, ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʸʪ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʈʘʩʧʦʣʦʞʝʥʳ ʚ ʧʦʡʤʘʭ ʨʝʢ, ʧʦ ʙʝʨʝʛʘʤ ʦʟʸʨ, ʚ ʤʝʩʪʘʭ ʚʳʭʦʜʘ ʢʣʶʯʝʡ, ʚ ʥʠʟʢʠʭ 

ʤʝʩʪʘʭ. ɺ ʨʘʡʦʥʘʭ ʩ ʫʤʝʨʝʥʥʳʤ ʢʣʠʤʘʪʦʤ ð ʵʪʦ ʯʘʩʪʦ ʣʝʩʥʳʝ ʠʣʠ ʪʨʘʚʷʥʳʝ ʙʦʣʦʪʘ. 

ʇʝʨʝʭʦʜʥʳʝ (ʤʝʟʦʪʨʦʬʥʳʝ) ʙʦʣʦʪʘ ʧʦ ʭʘʨʘʢʪʝʨʫ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʫʤʝʨʝʥʥʦʤʫ ʤʠʥʝʨʘʣʴʥʦʤʫ 

ʧʠʪʘʥʠʶ ʥʘʭʦʜʷʪʩʷ ʤʝʞʜʫ ʥʠʟʠʥʥʳʤʠ ʠ ʚʝʨʭʦʚʳʤʠ ʙʦʣʦʪʘʤʠ. ɺʝʨʭʦʚʳʝ (ʦʣʠʛʦʪʨʦʬʥʳʝ) 

ʙʦʣʦʪʘ ʨʘʩʧʦʣʦʞʝʥʳ ʦʙʳʯʥʦ ʥʘ ʧʣʦʩʢʠʭ ʚʦʜʦʨʘʟʜʝʣʘʭ, ʧʠʪʘʶʪʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ, ʛʜʝ ʦʯʝʥʴ ʤʘʣʦ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ; ʚʦʜʘ ʚ ʥʠʭ ʨʝʟʢʦ ʢʠʩʣʘʷ. 

https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B9%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%A3%D0%BC%D0%B5%D1%80%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82
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ɹʦʣʦʪʘ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʝʯʥʳʭ ʚʦʜ. ʊʘʢ, 

ʨʝʢʠ, ʙʝʨʫʱʠʝ ʥʘʯʘʣʦ ʠʟ ʚʝʨʭʦʚʳʭ ʙʦʣʦʪ, ʧʠʪʘʶʱʠʭʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʪʤʦʩʬʝʨʥʳʤʠ 

ʦʩʘʜʢʘʤʠ, ʩʦʜʝʨʞʘʪ ʤʘʣʦ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʦʛʘʱʝʥʳ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʚʝʱʝʩʪʚʘʤʠ. 

ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ - ʚʦʜʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʪʦʣʱʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʟʝʤʥʦʡ 

ʢʦʨʳ ʚ ʞʠʜʢʦʤ, ʪʚʸʨʜʦʤ ʠ ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

ʇʦʯʚʝʥʥʳʝ ʚʦʜʳ ʟʘʧʦʣʥʷʶʪ ʯʘʩʪʴ ʧʨʦʤʝʞʫʪʢʦʚ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʧʦʯʚʳ; ʦʥʠ ʤʦʛʫʪ 

ʙʳʪʴ ʩʚʦʙʦʜʥʳʤʠ, ʧʝʨʝʤʝʱʘʶʱʠʤʠʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʠʣʠ ʩʚʷʟʘʥʥʳʤʠ, 

ʫʜʝʨʞʠʚʘʝʤʳʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʠʣʘʤʠ. 

ɻʨʫʥʪʦ͕ʚʳʝ ʚʦʜʳ ʦʙʨʘʟʫʶʪ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʥʘ ʧʝʨʚʦʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʜʦʫʧʦʨʥʦʤ ʩʣʦʝ. ɺ ʩʚʷʟʠ ʩ ʥʝʛʣʫʙʦʢʠʤ ʟʘʣʝʛʘʥʠʝʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʝʪʩʷ ʧʦ ʩʝʟʦʥʘʤ ʛʦʜʘ: ʦʥ ʪʦ ʧʦʚʳʰʘʝʪʩʷ ʧʦʩʣʝ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʦʚ ʠʣʠ 

ʪʘʷʥʠʷ ʩʥʝʛʘ, ʪʦ ʧʦʥʠʞʘʝʪʩʷ ʚ ʟʘʩʫʰʣʠʚʦʝ ʚʨʝʤʷ.  

ʄʝʞʧʣʘʩʪʦʚʳʝ ʚʦʜʳ - ʥʠʞʝʣʝʞʘʱʠʝ ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ, ʟʘʢʣʶʯʸʥʥʳʝ ʤʝʞʜʫ 

ʜʚʫʤʷ ʚʦʜʦʫʧʦʨʥʳʤʠ ʩʣʦʷʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʨʫʥʪʦʚʳʭ, ʫʨʦʚʝʥʴ ʤʝʞʧʣʘʩʪʦʚʳʭ ʚʦʜ ʙʦʣʝʝ 

ʧʦʩʪʦʷʥʝʥ ʠ ʤʝʥʴʰʝ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. ʅʘʧʦʨʥʳʝ ʤʝʞʧʣʘʩʪʦʚʳʝ ʚʦʜʳ ʧʦʣʥʦʩʪʴʶ 

ʟʘʧʦʣʥʷʶʪ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʠ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ.  

ɸʨʪʝʟʠʘʥʩʢʠʝ ʚʦʜʳ - ʥʘʧʦʨʥʳʝ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʟʘʢʣʶʯʸʥʥʳʝ ʚ ʚʦʜʦʥʦʩʥʳʭ ʧʣʘʩʪʘʭ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʤʝʞʜʫ ʚʦʜʦʫʧʦʨʥʳʤʠ ʩʣʦʷʤʠ. ʆʙʳʯʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ (ʚʧʘʜʠʥ, ʤʫʣʴʜ, ʬʣʝʢʩʫʨ ʠ ʜʨ.), ʦʙʨʘʟʫʷ ʘʨʪʝʟʠʘʥʩʢʠʝ ʙʘʩʩʝʡʥʳ.  

ɼʣʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʭʘʨʘʢʪʝʨʥʦ ʰʠʨʦʯʘʡʰʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠʭ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʨʫʥʪʘʤʠ ʠ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ ʧʨʠ ʧʨʷʤʦʤ ʠʣʠ ʢʦʩʚʝʥʥʦʤ ʫʯʘʩʪʠʠ  

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʉʚʷʟʴ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩ ʘʪʤʦʩʬʝʨʦʡ ʟʘʪʨʫʜʥʝʥʘ, ʠ ʪʝʤ ʙʦʣʝʝ, ʯʝʤ 

ʥʠʞʝ ʟʘʣʝʛʘʶʪ ʵʪʠ ʚʦʜʳ. ʅʘ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʚ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ, ʚʣʠʷʶʪ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʥʝʜʨʘʭ ɿʝʤʣʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʇʨʠ 

ʜʚʠʞʝʥʠʠ ʚʦʜ ʯʝʨʝʟ ʛʨʫʥʪʳ ʠ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʤʝʭʘʥʠʯʝʩʢʦʝ ʫʜʝʨʞʠʚʘʥʠʝ 

ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ, ʧʦʵʪʦʤʫ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʫʪʥʦʩʪʴʶ. ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʥʝʚʝʣʠʢʦ, ʧʨʠʯʸʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʦʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ 

ʉʆ2 ʠʥʦʛʜʘ ʥʘʩʪʦʣʴʢʦ ʟʥʘʯʠʪʝʣʴʥʦ, ʯʪʦ ʧʨʠ ʚʳʭʦʜʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʥ ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʧʫʟʳʨʴʢʦʚ. ɿʦʥʳ ʨʘʟʚʠʪʠʷ ʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʢʠʩʣʦʪʦʡ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʯʘʩʪʦ ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʦʙʣʘʩʪʷʤ ʘʢʪʠʚʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʘʥʘʵʨʦʙʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʩʪʫʧʣʝʥʠʷ ʠʟ ʛʣʫʙʠʥ ʧʣʘʥʝʪʳ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʧʦʷʚʣʷʝʪʩʷ ʩʝʨʦʚʦʜʦʨʦʜ ʠ 

ʤʝʪʘʥ; ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʛʘʟʦʚ, ʦʩʦʙʝʥʥʦ ʉʅ4, ʯʘʩʪʦ ʦʙʫʩʣʦʚʣʝʥʳ ʚʣʠʷʥʠʝʤ 

ʥʝʬʪʝʥʦʩʥʳʭ ʧʣʘʩʪʦʚ ʠʣʠ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ [4].  

ʂʘʯʝʩʪʚʦ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠʤʝʝʪ ʦʯʝʥʴ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʴʝʚʦʡ ʚʦʜʳ. ɹʦʣʴʰʠʝ ʦʙʲʝʤʳ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʘ ʤʠʥʝʨʘʣʴʥʳʝ ʚʦʜʳ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪ ʚ ʣʝʯʝʙʥʳʭ ʮʝʣʷʭ. 

ʃʝʜʥʠʢʠ - ʝʩʪʝʩʪʚʝʥʥʳʝ ʤʘʩʩʳ ʣʴʜʘ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʣʝʪʥʝʛʦ 

ʥʘʢʦʧʣʝʥʠʷ, ʫʧʣʦʪʥʝʥʠʷ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʥʝʛʘ. ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʩʦʚʨʝʤʝʥʥʳʭ ʣʝʜʥʠʢʦʚ 

ʦʢʦʣʦ 16,3 ʤʣʥ ʢʤ2. ʆʥʠ ʟʘʥʠʤʘʶʪ ʦʢʦʣʦ 11% ʧʣʦʱʘʜʠ ʩʫʰʠ, ʘ ʠʭ ʦʙʱʠʡ ʦʙʲʝʤ ʜʦʩʪʠʛʘʝʪ 30 

ʤʣʥ ʢʤ3 [15].  ɺ ʣʝʜʥʠʢʘʭ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʦʢʦʣʦ 70% ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ ʧʨʝʩʥʦʡ ʚʦʜʳ. 

ʆʢʝʘʥʠʯʝʩʢʠʝ ʚʦʜʳ. ʄʠʨʦʚʦʡ ʦʢʝʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʥʦʚʥʫ  ʁʯʘʩʪʴ ʛʠʜʨʦʩʬʝʨʳ, 

ʥʝʧʨʝʨʳʚʥʫʶ, ʥʦ ʥʝ ʩʧʣʦʰʥʫʶ ʚʦʜʥʫʶ ʦʙʦʣʦʯʢʫ ɿʝʤʣʠ. ʆʥ ʯʨʝʟʚʳʯʘʡʥʦ ʧʣʦʪʥʦ ʩʚʷʟʘʥ ʩ 

ʩʫʰʝʡ - ʤʝʞʜʫ ʥʠʤʠ ʧʦʩʪʦʷʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ ʚʝʱʝʩʪʚʦʤ ʠ ʵʥʝʨʛʠʝʡ. ʂʦʥʪʠʥʝʥʪʳ ʠ 

ʙʦʣʴʰʠʝ ʘʨʭʠʧʝʣʘʛʠ ʨʘʟʜʝʣʷʶʪ ʤʠʨʦʚʦʡ ʦʢʝʘʥ ʥʘ ʯʘʩʪʠ (ʦʢʝʘʥʳ). ɹʦʣʴʰʠʝ ʨʝʛʠʦʥʳ ʦʢʝʘʥʦʚ 

ʠʟʚʝʩʪʥʳ ʢʘʢ ʤʦʨʷ, ʟʘʣʠʚʳ, ʧʨʦʣʠʚʳ ʠ ʪ. ʧ. ʉʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʪʦʣʱʠ ʚʦʜʳ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ - 

3 700 ʤʝʪʨʦʚ. ʉʘʤʘʷ ʛʣʫʙʦʢʘʷ ʪʦʯʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʄʘʨʠʘʥʩʢʦʤ ʞʝʣʦʙʝ - 11 022 ʤʝʪʨʘ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʩʪʘʚʘ ʧʨʝʩʥʳʭ ʚʦʜ 

ʩʫʰʠ. ʕʪʠ ʨʘʟʣʠʯʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

https://ru.wikipedia.org/wiki/%D0%93%D0%BE%D1%80%D0%BD%D0%B0%D1%8F_%D0%BF%D0%BE%D1%80%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BC%D0%BD%D0%B0%D1%8F_%D0%BA%D0%BE%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BC%D0%BD%D0%B0%D1%8F_%D0%BA%D0%BE%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D1%83%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%B2%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B4%D0%B7%D0%B5%D0%BC%D0%BD%D1%8B%D0%B5_%D0%B2%D0%BE%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%93%D0%BE%D1%80%D0%BD%D0%B0%D1%8F_%D0%BF%D0%BE%D1%80%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D1%83%D0%BB%D1%8C%D0%B4%D0%B0_%28%D0%B3%D0%B5%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F%29
https://ru.wikipedia.org/wiki/%D0%A4%D0%BB%D0%B5%D0%BA%D1%81%D1%83%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BC%D0%BB%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%82%D0%B8%D0%BD%D0%B5%D0%BD%D1%82
https://ru.wikipedia.org/wiki/%D0%90%D1%80%D1%85%D0%B8%D0%BF%D0%B5%D0%BB%D0%B0%D0%B3
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D1%80%D0%B5
https://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%BB%D0%B8%D0%B2
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BB%D0%B8%D0%B2
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Á ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ: ʚ 1 ʢʛ ʦʢʝʘʥʠʯʝʩʢʦʡ ʚʦʜʳ ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʨʝʜʥʝʤ 35 ʛ 

ʩʦʣʝʡ, ʘ ʚ 1  ʢʛ ʨʝʯʥʦʡ ʚʦʜʳ - 0,17 ʛ. ʇʨʠ ʵʪʦʤ ʚʢʫʩ ʦʢʝʘʥʠʯʝʩʢʦʡ ʚʦʜʳ ʛʦʨʴʢʦ-ʩʦʣʝʥʳʡ; 

Á ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ - ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʦʥʦʚ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ:  

ʚʦʜʳ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ:        

Cl-  > SO4
2-  >  HCO3

2- + CO3
2-; 

Na+ + K+ > Mg2+ > Ca2+; 

ʚ ʧʨʝʩʥʳʭ ʚʦʜʘʭ ʩʫʰʠ: 

HCO3
2- + CO3

2- > SO4
2- > Cl- ; 

Ca2+ > Mg2+ > Na+ + K+; 

Á ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʛʣʘʚʥʳʭ ʠʦʥʦʚ: ʚ ʚʦʜʘʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʜʝʡʩʪʚʫʝʪ ʟʘʢʦʥ 

ʧʦʩʪʦʷʥʩʪʚʘ ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʩʪʦʷʥʩʪʚʝ ʧʨʦʮʝʥʪʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʣʘʚʥʳʭ ʠʦʥʦʚ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʘʙʩʦʣʶʪʥʳʭ ʩʦʜʝʨʞʘʥʠʡ. 

ʕʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʘʟʳʚʘʝʪʩʷ "ʧʦʩʪʦʷʥʩʪʚʦ ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ ʤʦʨʩʢʠʭ ʚʦʜ" (ʠʥʦʛʜʘ ʝʝ 

ʥʘʟʳʚʘʶʪ "ʧʨʘʚʠʣʦʤ ɼʠʪʪʤʘʨʘ"). 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʦʣʝʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ ʚʦʜ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʦʜʥʦʡ ʩʦʣʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʦʛʦ ʨʦʜʘ ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʜʦʚ, ʯʪʦ ʩʚʷʟʘʥʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʠʭ ʚ ʦʢʝʘʥʠʯʝʩʢʦʡ 

ʚʦʜʝ, ʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩ ʣʝʛʢʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʩʦʜʝʨʞʘʥʠʷ. 

ɺ ʪʘʙʣ. 3.11 ʠ 3.12 ʧʨʠʚʝʜʝʥʦ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʡ ʠ ʠʦʥʦʚ ʚ ʤʦʨʩʢʠʭ 

ʚʦʜʘʭ.  

ʊʘʙʣʠʮʘ 3.11 

ʉʨʝʜʥʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʦʨʩʢʦʡ ʚʦʜʳ [19] 

ʉʦʣʴ 
ʉʦʜʝʨʞʘʥʠʝ ʩʦʣʠ 

ʛ/ʢʛ ʚʦʜʳ % 

NaCl 27,2 77,8 

MgCl2 3,8 10,9 

MgSO4 1,7 4,7 

CaSO4 1,2 3,6 

K2SO4 0,9 2,5 

CaCO3 0,1 0,3 

ʀʪʦʛʦ: 34,9 99,8 

 

ʊʘʙʣʠʮʘ 3.12 

ʂʘʪʠʦʥʥʦ-ʘʥʠʦʥʥʳʡ ʩʦʩʪʘʚ ʤʦʨʩʢʦʡ ʚʦʜʳ [1] 

ʉʦʜʝʨʞʘʥʠʝ ʘʥʠʦʥʦʚ  ʉʦʜʝʨʞʘʥʠʝ ʢʘʪʠʦʥʦʚ 

ɸʥʠʦʥʳ 0/00 ʂʘʪʠʦʥʳ 0/00 

Cl- 19,35 Na+ 10,76 

SO4
2+ 2,7 Mg2+ 1,3 

HCO3
- 0,14 Ca2+ 0,41 

Br- 0,07 K+ 0,39 

H3BO3
- 0,003 Sr2+ 0,01 

ʉʫʤʤʘ 22,29 ʉʫʤʤʘ 12,87 

ʆʙʱʘʷ ʩʫʤʤʘ 35,16 

 

ʉʪʝʧʝʥʴ ʩʦʣʝʥʦʩʪʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʚʦʜ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʣʠʯʠʝʤ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ 

ʦʩʘʜʢʦʚ ʠ ʠʩʧʘʨʷʝʤʦʩʪʴʶ. ʅʘʙʣʶʜʘʝʪʩʷ ʦʙʱʝʝ ʫʤʝʥʴʰʝʥʠʝ ʩʦʣʝʥʦʩʪʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ 

ʚʳʩʦʢʠʤ ʰʠʨʦʪʘʤ, ʩʚʷʟʘʥʥʦʝ ʢʘʢ ʩ ʠʟʤʝʥʝʥʠʝʤ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ, ʪʘʢ ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʤʘʪʝʨʠʢʦʚʦʛʦ ʩʪʦʢʘ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʣʝʥʦʩʪʠ ʚ ʪʨʦʧʠʯʝʩʢʠʭ ʰʠʨʦʪʘʭ ʦʪʤʝʯʘʶʪʩʷ 

ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʦʩʘʜʢʦʚ ʠ ʧʦʚʳʰʝʥʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʧʨʠ ʩʠʣʴʥʳʭ ʧʘʩʩʘʪʥʳʭ ʚʝʪʨʘʭ. 

ʅʘʧʨʦʪʠʚ, ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʩʦʣʝʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚʦʜʳ. 
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ʇʨʠ ʩʨʝʜʥʝʡ ʩʦʣʝʥʦʩʪʠ ʚʦʜ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ  ʦʢʦʣʦ 350/00 ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʦʣʝʥʦʩʪʴ ʚʦ 

ʚʩʝʡ ʪʦʣʱʝ ʚʦʜ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ (35,40/00), ʤʠʥʠʤʘʣʴʥʘʷ - ʜʣʷ ʚʦʜ 

ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ (320/00). ɺʦʜʳ ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʘ ʙʦʣʝʝ ʩʦʣʝʥʳʝ, ʯʝʤ ʊʠʭʦʛʦ, 

ʭʦʪʷ ʧʦʚʝʨʭʥʦʩʪʴ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʦʣʝʥʦʩʪʴ. 

ɺʦʜʳ ʚʥʫʪʨʝʥʥʠʭ ʤʦʨʝʡ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʣʘʜʘʶʪ 

ʤʝʥʴʰʝʡ ʩʦʣʝʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʜʘʤʠ ʦʢʝʘʥʦʚ. ʅʘʧʨʠʤʝʨ, ʩʦʣʝʥʦʩʪʴ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ 

ʩʦʩʪʘʚʣʷʝʪ 10-120/00, ʏʝʨʥʦʛʦ - 16-180/00, ɸʟʦʚʩʢʦʛʦ - 10-120/00, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʧʨʝʩʥʝʥʠʝʤ 

ʚʦʜ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʝʯʥʳʤ ʩʪʦʢʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʚʳʰʝʥʠʷ ʚ ʩʦʣʝʚʦʤ ʙʘʣʘʥʩʝ ʧʨʝʩʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʥʠʞʝʥʘ ʩʦʣʝʥʦʩʪʴ ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʘʨʢʪʠʯʝʩʢʠʭ ʤʦʨʝʡ. ʆʜʥʘʢʦ 

ʝʩʣʠ ʦʧʨʝʩʥʝʥʠʝ ʥʝʚʝʣʠʢʦ, ʘ ʠʩʧʘʨʝʥʠʝ ʜʦʩʪʠʛʘʝʪ ʙʦʣʴʰʠʭ ʚʝʣʠʯʠʥ, ʪʦ ʩʦʣʝʥʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ 

ʤʦʨʝʡ ʤʦʞʝʪ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ: ʉʨʝʜʠʟʝʤʥʦʝ ʤʦʨʝ - 390/00, ʂʨʘʩʥʦʝ ʤʦʨʝ - 420/00 - ʨʠʩ. 

3.2. 

 

 
ʈʠʩʫʥʦʢ 3.2. ʉʦʣʝʥʦʩʪʴ ʚʦʜ ʚʥʫʪʨʝʥʥʠʭ ʤʦʨʝʡ 

 

 ʉʘʤʦʡ ʚʳʩʦʢʦʡ ʩʦʣʝʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʂʨʘʩʥʦʝ ʤʦʨʝ, ʪʘʢ ʢʘʢ ʚ ʥʝʛʦ ʥʝ ʚʧʘʜʘʝʪ ʥʠ ʦʜʥʘ 

ʨʝʢʘ, ʜʣʷ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ ʭʘʨʘʢʪʝʨʥʳ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʙʦʣʴʰʠʝ 

ʧʦʪʝʨʠ ʚʦʜʳ ʥʘ ʠʩʧʘʨʝʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʚʧʘʜʠʥʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʢʨʘʩʥʦʛʦ ʤʦʨʷ (ʥʘ ʛʣʫʙʠʥʘʭ 2020-2050 ʤ) ʩʫʱʝʩʪʚʫʶʪ ʚʳʭʦʜʳ ʛʦʨʷʯʠʭ ʨʘʩʩʦʣʦʚ ʩ ʩʦʣʝʥʦʩʪʴʶ 

143-2650/00 [3]. ɺʳʩʦʢʘʷ ʩʦʣʝʥʦʩʪʴ ʦʪʤʝʯʘʝʪʩʷ ʚ ʉʨʝʜʠʟʝʤʥʦʤ ʤʦʨʝ. ɼʣʷ ʏʝʨʥʦʛʦ ʤʦʨʷ 

ʩʚʦʡʩʪʚʝʥʥʦ ʟʘʤʝʪʥʦʝ ʨʘʩʩʣʦʝʥʠʝ ʧʦ ʩʦʣʝʥʦʩʪʠ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʤʦʨʩʢʠʭ ʚʦʜ ʠʤʝʶʪ 

ʤʝʥʴʰʫʶ ʩʦʣʝʥʦʩʪʴ. ɽʛʦ ʛʣʫʙʠʥʳ ʙʦʣʝʝ 150-200 ʤ ʟʘʧʦʣʥʝʥʳ ʚʦʜʦʡ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʦʣʝʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʤʝʰʠʚʘʝʪʩʷ ʩ 

ʚʳʰʝʣʝʞʘʱʠʤʠ, ʨʘʩʧʨʝʩʥʷʝʤʳʤʠ ʤʘʪʝʨʠʢʦʚʳʤ ʩʪʦʢʦʤ, ʩʣʦʷʤʠ.  ɸʥʘʣʦʛʠʯʥʘʷ  

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ, ʧʨʠʜʦʥʥʳʝ ʩʣʦʠ ʢʦʪʦʨʦʛʦ ʟʘʧʦʣʥʷʶʪʩʷ 

ʩʦʣʝʥʦʡ ʚʦʜʦʡ ʩʝʚʝʨʦʤʦʨʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

3.6. ʍʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʚʦʜʦʝʤʦʚ 

ʕʚʪʨʦʬʠʨʦʚʘʥʠʝ (ʠʣʠ ʵʚʪʨʦʬʠʢʘʮʠʷ) ʚʦʜʦʝʤʦʚ (ʜʨ.-ʛʨʝʯ.  Ů ŰɟɞűɑŬ ð ʭʦʨʦʰʝʝ 

ʧʠʪʘʥʠʝ)  - ʧʦʚʳʰʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʘʢʦʧʣʝʥʠʷ ʚ ʚʦʜʝ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʳʭ 

(ʧʨʠʨʦʜʥʳʭ) ʬʘʢʪʦʨʦʚè (ɻʆʉʊ 17.1.01ï77). ʕʚʪʨʦʬʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʢʘʢ 

https://ru.wikipedia.org/wiki/%D0%94%D1%80%D0%B5%D0%B2%D0%BD%D0%B5%D0%B3%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
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ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ ʚʦʜʦʸʤʘ, ʪʘʢ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʆʩʥʦʚʥʳʝ ʭʠʤʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ  - ʬʦʩʬʦʨ ʠ ʘʟʦʪ. 

ɺ 1915 ʛ. ɸʚʛʫʩʪ ʌʨʠʜʨʠʭ ʊʠʥʝʤʘʥʥ ʧʦ ʪʨʦʬʥʦʩʪʠ (ʧʠʪʘʥʠʶ) ʨʘʟʜʝʣʠʣ ʚʩʝ ʚʦʜʦʝʤʳ ʥʘ 

ʵʚʪʨʦʬʥʳʝ (çʭʦʨʦʰʦ ʧʠʪʘʶʱʠʝʩʷè, çʪʫʯʥʳʝè) ʠ ʦʣʠʛʦʪʨʦʬʥʳʝ (çʥʝʜʦʩʪʘʪʦʯʥʦ ʧʠʪʘʶʱʠʝʩʷè, 

çʪʦʱʠʝè). ɼʘʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʢʘʟʘʣʘʩʴ ʥʘʩʪʦʣʴʢʦ ʫʜʘʯʥʦʡ, ʯʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʠ ʜʦʧʦʣʥʝʥʥʦʤ ʚʠʜʝ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

ʆʣʠʛʦʪʨʦʬʥʳʝ ʚʦʜʦʝʤʳ ʠʤʝʶʪ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ ʩʢʦʨʦʩʪʠ ʧʨʦʜʫʢʮʠʦʥʥʦ-

ʜʝʩʪʨʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ.  ɺʦʜʳ ʦʣʠʛʦʪʨʦʬʥʳʭ ʚʦʜʦʝʤʦʚ ʙʝʜʥʳ ʤʠʥʝʨʘʣʴʥʳʤ ʘʟʦʪʦʤ ʠ 

ʬʦʩʬʦʨʦʤ ʠ ʙʦʛʘʪʳ ʢʠʩʣʦʨʦʜʦʤ. ʉʦʜʝʨʞʘʥʠʝ ʉʆ2 ʚ ʥʠʭ ʥʝʚʝʣʠʢʦ.  ʊʘʢʠʝ ʚʦʜʦʝʤʳ ʠʤʝʶʪ 

ʚr ʩʦʢʫʶ ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʦʜʳ ʙʣʘʛʦʜʘʨʷ ʥʠʟʢʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʧʣʘʥʢʪʦʥʥʳʭ ʚʦʜʦʨʦʩʣʝʡ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʠʦʛʝʥʦʚ. ʀʟ-ʟʘ ʥʝʙʦʣʴʰʦʡ ʙʠʦʤʘʩʩʳ ʧʝʨʚʠʯʥʳʭ 

ʧʨʦʜʫʮʝʥʪʦʚ ʙʠʦʤʘʩʩʳ ʥʘ ʚʳʩʰʠʭ ʪʨʦʬʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ ʪʘʢʞʝ ʥʝʚʳʩʦʢʠ. ɼʥʦ ʪʘʢʠʭ ʚʦʜʦʝʤʦʚ 

ʧʝʩʯʘʥʦʝ ʠʣʠ ʢʘʤʝʥʠʩʪʦʝ. ʂ ʪʘʢʦʤʫ ʪʠʧʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʥʦʩʷʪ ʛʣʫʙʦʢʠʝ ʦʟʝʨʘ ʩ ʧʝʩʯʘʥʳʤʠ 

ʙʝʨʝʛʘʤʠ.  

ɺ ɻʚʪʨʦʬʥʳʭ ʚʦʜʦʝʤʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʮʚʝʪʝʥʠʝ ʚʦʜʦʨʦʩʣʝʡ ʠ ʥʘʢʦʧʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ, ʪʘʢ ʢʘʢ ʩʢʦʨʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʧʨʝʚʳʰʘʶʪ ʩʢʦʨʦʩʪʠ ʜʝʩʪʨʫʢʮʠʠ. ɺʦʜʳ ʵʚʪʨʦʬʥʳʭ 

ʚʦʜʦʝʤʦʚ ʙʦʛʘʪʳ ʘʟʦʪʦʤ ʠ ʬʦʩʬʦʨʦʤ. ʀʥʜʠʢʘʪʦʨʦʤ ʵʚʪʨʦʬʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ 

ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʦʜʳ, ʚʳʟʚʘʥʥʘʷ ʤʘʩʩʦʚʳʤ ʨʘʟʚʠʪʠʝʤ ʧʣʘʥʢʪʦʥʥʳʭ ʚʦʜʦʨʦʩʣʝʡ. ɾʝʣʪʦ-ʟʝʣʝʥʳʡ 

ʮʚʝʪ ʪʠʧʠʯʝʥ ʜʣʷ ʵʚʪʨʦʬʥʳʭ ʚʦʜ, ʪʘʢ ʞʝ ʢʘʢ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʠʦʛʝʥʦʚ ʠ ʚʘʨʴʠʨʫʶʱʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ. ɺ ʚʦʜʦʝʤʘʭ ʪʘʢʦʛʦ ʪʠʧʘ ʚʦʜʘ ʚ ʵʚʬʦʪʠʯʝʩʢʦʤ ʩʣʦʝ ʧʝʨʝʥʘʩʳʱʝʥʘ 

ʢʠʩʣʦʨʦʜʦʤ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʙʣʘʛʦʜʘʨʷ ʬʦʪʦʩʠʥʪʝʟʫ, ʘ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʫʨʦʚʝʥʴ 

ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʧʘʜʘʝʪ ʠʟ-ʟʘ ʜʳʭʘʥʠʷ.  

ɺʳʜʝʣʷʶʪ ʪʘʢʞʝ ʜʠʩʪʨʦʬʥʳʝ ʚʦʜʦʝʤ,r ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʝʚʳʰʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʜʝʩʪʨʫʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʥʘʜ ʩʢʦʨʦʩʪʴʶ ʬʦʪʦʩʠʥʪʝʟʘ.  

ʂ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʘʤ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʵʚʪʨʦʬʠʨʦʚʘʥʠʝ ʚʦʜʦʝʤʘ, ʦʪʥʦʩʷʪʩʷ: 

-  ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʦʟʝʨʘ;  

-  ʨʘʟʤʝʨʳ ʠ ʧʣʦʜʦʨʦʜʠʝ ʝʛʦ ʙʘʩʩʝʡʥʘ. 

ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʘ ʠʟʤʝʥʝʥʠʷʤʠ 

ʨʷʜʘ ʤʝʩʪʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʦʩʦʙʝʥʥʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʦʩʘʜʢʦʚ.  

ɺ ʧʨʦʮʝʩʩʝ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʚʦʜʥʘʷ ʵʢʦʩʠʩʪʝʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ 

ʩʪʘʜʠʡ. ʉʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ ʘʟʦʪʘ ʠ/ʠʣʠ ʬʦʩʬʦʨʘ ʚ ʚʦʜʝ. ʕʪʘ 

ʩʪʘʜʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʘ, ʪʘʢ ʢʘʢ ʧʦʩʪʫʧʘʶʱʠʡ ʣʠʤʠʪʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ 

ʥʝʤʝʜʣʝʥʥʦ ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʢʨʫʛʦʦʙʦʨʦʪ ʠ ʥʘʩʪʫʧʘʝʪ ʩʪʘʜʠʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚʦʜʦʨʦʩʣʝʡ. 

ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʙʠʦʤʘʩʩʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʚʦʟʨʘʩʪʘʝʪ ʤʫʪʥʦʩʪʴ ʚʦʜʳ ʠ ʧʦʚʳʰʘʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʚʦʜʳ. ɿʘʪʝʤ ʥʘʩʪʫʧʘʝʪ ʩʪʘʜʠʷ ʦʪʤʠʨʘʥʠʷ 

ʚʦʜʦʨʦʩʣʝʡ, ʧʨʦʠʩʭʦʜʠʪ ʘʵʨʦʙʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʜʝʪʨʠʪʘ (ʤʝʨʪʚʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʚʨʝʤʝʥʥʦ ʠʩʢʣʶʯʝʥʥʦʛʦ ʠʟ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ), ʦʙʨʘʟʦʚʘʥʠʝ 

ʭʝʤʦʢʣʠʥʘ (ʛʦʨʠʟʦʥʪʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʤʠʥʝʨʘʣʠʟʘʮʠʠ). 

ʀʥʪʝʥʩʠʚʥʦ ʦʪʣʘʛʘʶʪʩʷ ʜʦʥʥʳʝ ʠʣʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ɺ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʥʘʩʪʫʧʘʝʪ ʧʦʣʥʦʝ ʠʩʯʝʟʥʦʚʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʛʣʫʙʠʥʥʳʭ ʩʣʦʷʭ, ʠ 

ʥʘʯʠʥʘʝʪʩʷ ʘʥʘʵʨʦʙʥʦʝ ʙʨʦʞʝʥʠʝ. ɼʣʷ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʝʨʦʚʦʜʦʨʦʜʘ, ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʘʤʤʠʘʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʚʪʨʦʬʠʨʦʚʘʥʠʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʘʨʫʰʝʥʠʝ ʙʘʣʘʥʩʘ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ, ʚʝʜʫʱʝʝ ʢ ʠʟʤʝʥʝʥʠʶ ʝʝ ʪʨʦʬʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ. 

ʇʦʣʫʯʝʥʳ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʪʦʛʦ, ʯʪʦ ʦʟʝʨʦ ʤʦʞʝʪ ʩʪʘʥʦʚʠʪʴʩʷ ʵʚʪʨʦʬʥʳʤ ʠ ʚʦʟʚʨʘʱʘʪʴʩʷ ʢ 

ʦʣʠʛʦʪʨʦʬʠʠ. ʕʪʦʪ ʮʠʢʣ ʤʦʞʝʪ ʧʦʚʪʦʨʷʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟ.  

ʇʨʦʮʝʩʩ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ, ʚʳʟʳʚʘʷ ʥʘʨʫʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʷʟʝʡ 

ʵʢʦʩʠʩʪʝʤʳ, ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʫʪʨʘʪʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚʦʜʦʝʤʘ. ʇʨʠ 

ʵʚʪʨʦʬʠʨʦʚʘʥʠʠ ʚ ʟʘʩʪʦʡʥʳʭ ʟʦʥʘʭ ʚʦʜʦʝʤʦʚ ʫʭʫʜʰʘʝʪʩʷ ʩʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʘʷ 

ʩʠʪʫʘʮʠʷ: ʥʘʙʣʶʜʘʶʪʩʷ ʚʩʧʳʰʢʠ ʟʘʙʦʣʝʚʘʥʠʡ ʛʠʜʨʦʙʠʦʥʪʦʚ, ʚʦʜʦʧʣʘʚʘʶʱʠʭ ʧʪʠʮ, 

ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ.  

https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D1%82%D1%80%D0%BE%D0%BF%D0%BE%D0%B3%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%84%D0%B0%D0%BA%D1%82%D0%BE%D1%80%D1%8B
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%81%D1%84%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%90%D0%B7%D0%BE%D1%82
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʦʧʘʩʥʦʩʪʴ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʜʘʞʝ ʤʦʨʝʡ. ʇʦ ʠʤʝʶʱʠʤʩʷ 

ʜʘʥʥʳʤ, ʉʝʚʝʨʥʦʝ ʤʦʨʝ ʧʦʣʫʯʘʝʪ ʘʟʦʪʘ ʚ 4 ʨʘʟʘ ʙʦʣʴʰʝ ʬʦʥʦʚʦʛʦ ʫʨʦʚʥʷ, ʬʦʩʬʘʪʦʚ - ʚ 7 ʨʘʟ.  

ʇʨʠ ʵʪʦʤ 37% ʘʟʦʪʘ ʠ 68% ʬʦʩʬʘʪʦʚ ʦʪ ʜʘʥʥʦʛʦ ʧʨʠʨʦʩʪʘ ï ʠʟ ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ, ʘ 60% 

ʘʟʦʪʘ ʠ 25% ʬʦʩʬʘʪʦʚ - ʠʟ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʤʳʚʦʚ [9]. 

3.7. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʚʦʜ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʣʠʷʥʠʝ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʥʘ ʛʣʦʙʘʣʴʥʳʡ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ ʩʪʘʣʦ ʦʯʝʚʠʜʥʳʤ, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʝʛʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʟʚʝʥʝ. ʊʘʢ, ʥʘʩʝʣʝʥʠʝ ɿʝʤʣʠ, ʚʳʨʦʩʰʝʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʦ 7,78 

ʤʣʨʜ ʯʝʣʦʚʝʢ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʦ ʧʦʪʨʝʙʣʝʥʠʝ ʚʦʜʳ ʥʘ ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʥʫʞʜʳ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʪʦʡ ʚʦʜʳ ʠʩʧʘʨʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʘʷ 

ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʠ ʚʠʜʳ ʨʘʩʭʦʜʘ ʚʦʜʳ ʥʘʟʳʚʘʶʪ 

ʙʝʟʚʦʟʚʨʘʪʥʳʤ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝʤ. ʆʩʪʘʣʴʥʘʷ ʚʦʜʘ, ʠʟʲʷʪʘʷ ʠʟ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʚʦʟʚʨʘʱʘʝʪʩʷ 

ʚ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʚ ʚʠʜʝ ʩʪʦʯʥʳʭ ʚʦʜ.  

ɺʦʜʘ - ʩʘʤʳʡ ʚʘʞʥʳʡ ʠʟ ʚʦʚʣʝʢʘʝʤʳʭ ʚ ʯʝʣʦʚʝʯʝʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʧʦ ʦʙʲʝʤʫ ʝʞʝʛʦʜʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʥʘ ʥʘʤʥʦʛʦ ʧʨʝʚʦʩʭʦʜʠʪ ʚʩʝ ʜʨʫʛʠʝ ʚʤʝʩʪʝ ʚʟʷʪʳʝ 

ʜʦʙʚrʘʝʤʳʝ ʨʝʩʫʨʩʳ. ɺ ʧʨʦʮʝʩʩʝ ʧʦʪʨʝʙʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʯʝʣʦʚʝʯʝʩʪʚʦ ʝʞʝʛʦʜʥʦ ʧʝʨʝʤʝʱʘʝʪ 

ʧʦʨʷʜʢʘ 300 ʤʣʨʜ ʪ ʛʨʫʥʪʘ ʠ ʧʦʨʦʜ, ʪʦʛʜʘ ʢʘʢ ʠʟ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʢʦʥʮʝ 

ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʢʘʞʜʳʡ ʛʦʜ ʦʪʙʠʨʘʣʦʩʴ ʙʦʣʝʝ 4000 ʢʤ3(4Ŀ1012ʪ) ʚʦʜʳ, ʯʪʦ ʧʦ ʤʘʩʩʝ ʥʘ ʧʦʨʷʜʦʢ 

ʙʦʣʴʰʝ ʦʩʪʘʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʠ ʩ ʪʝʭ ʧʦʨ ʵʪʘ ʚʝʣʠʯʠʥʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʦʟʨʦʩʣʘ [7].  

ʇʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʪʨʝʙʣʝʥʠʝʤ ʚʦʜʳ, ʝʝ ʜʝʬʠʮʠʪʦʤ ʠ ʢʘʯʝʩʪʚʦʤ, ʥʘʩʪʦʣʴʢʦ 

ʦʙʦʩʪʨʠʣʠʩʴ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ, ʯʪʦ ʩʪʘʣʠ ʦʮʝʥʠʚʘʪʴʩʷ ʢʘʢ ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʟʥʘʯʠʤʳʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚ ʦʙʱʝʛʦ ʢʨʠʟʠʩʘ ʮʠʚʠʣʠʟʘʮʠʠ. ʅʝʭʚʘʪʢʘ ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʞʠʟʥʠ ʚʦʜʳ ʩʧʦʩʦʙʥʘ 

ʩʜʝʨʞʠʚʘʪʴ ʨʘʟʚʠʪʠʝ ʤʥʦʛʠʭ ʩʪʨʘʥ, ʩʪʘʥʦʚʷʩʴ ʠʩʪʦʯʥʠʢʦʤ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ 

ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ. ɼʝʬʠʮʠʪ ʚʦʜʳ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ, ʥʘʨʷʜʫ ʩ ʙʝʜʥʦʩʪʴʶ ʩʪʘʥʦʚʠʪʩʷ 

ʧʨʠʯʠʥʦʡ ʘʥʪʠʩʘʥʠʪʘʨʠʠ ʠ ʨʦʩʪʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘʩʝʣʝʥʠʷ. ɼʝʛʨʘʜʘʮʠʷ ʤʥʦʛʠʭ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ - ʵʪʦ, ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʷʨʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ ʦʙʱʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʝʙʣʘʛʦʧʦʣʫʯʠʷ 

ʥʘ ʧʣʘʥʝʪʝ.  

ɿʘʛʨʷʟʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʣʦʭʦʛʦ 

ʢʘʯʝʩʪʚʘ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʠ ʝʞʝʛʦʜʥʦʡ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ ʛʠʙʝʣʠ ʧʦʯʪʠ 2 ʤʣʥ ʯʝʣʦʚʝʢ. ʆʢʦʣʦ 

1,4 ʤʣʥ ʜʝʪʝʡ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 5 ʣʝʪ ʝʞʝʛʦʜʥʦ ʫʤʠʨʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʩʫʪʩʪʚʠʷ ʜʦʩʪʫʧʘ ʢ ʯʠʩʪʦʡ 

ʚʦʜʝ ʠ ʥʘʜʣʝʞʘʱʝʡ ʩʘʥʠʪʘʨʠʠ. ʇʦ ʦʮʝʥʢʝ ʖʅɽʇ ʠ ɺʆɿ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʳ, 

ʘʥʪʠʩʘʥʠʪʘʨʠʠ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʛʠʛʠʝʥʳ ʝʞʝʛʦʜʥʦ ʧʦʛʠʙʘʝʪ 3,5 ʤʣʥ ʯʝʣʦʚʝʢ ʚ ʤʠʨʝ. 

ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʥʳʭ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚʥʦʩʷʪ ʧʨʝʜʧʨʠʷʪʠʷ ʯʝʨʥʦʡ 

ʠ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʭʠʤʠʯʝʩʢʦʡ ʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ, ʥʝʬʪʷʥʦʡ, ʛʘʟʦʚʦʡ, ʫʛʦʣʴʥʦʡ, 

ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ, ʤʷʩʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʝʜʧʨʠʷʪʠʷ ʩʝʣʴʩʢʦʛʦ ʠ ʢʦʤʤʫʥʘʣʴʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ. ɿʘʛʨʷʟʥʝʥʠʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʧʨʷʤʦʛʦ ʠʣʠ  ʢʦʩʚʝʥʥʦʛʦ ʧʦʧʘʜʘʥʠʷ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (ʧʝʩʪʠʮʠʜʦʚ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘʟʦʪʘ, ʬʦʩʬʦʨʘ, ʚʟʚʝʰʝʥʥʳʭ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʥʝʬʪʠ, ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ, ʦʧʘʩʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʤʠʢʨʦʙʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʜʨ.) ʚ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ ʠ ʫʜʘʣʝʥʠʷ 

ʚʨʝʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.   

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʝʜʝʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢ ʝʝ ʟʘʛʨʷʟʥʝʥʠʶ, ʪʘʢ ʢʘʢ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ ʚʢʣʶʯʘʝʪ ʪʨʘʥʟʠʪ ʚʦʜʳ ʯʝʨʝʟ ʪʝʭʥʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʥʝʝ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ. 

ʅʘʨʷʜʫ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʠʟ ʪʦʯʝʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʠ 

ʨʘʩʩʝʷʥʥʦʝ ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʟʘ ʩʯʝʪ ʚʳʧʘʜʝʥʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠʟ 

ʘʪʤʦʩʬʝʨʳ ʠ ʧʦʩʪʫʧʣʝʥʠʷ ʠʭ ʩ ʪʘʣʳʤʠ ʚʦʜʘʤʠ. 

ʀʤʝʥʥʦ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ 

ʩʣʫʞʠʪ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʥʝʭʚʘʪʢʠ ʚʦʜʳ. ʇʦʪʨʝʙʣʝʥʠʝ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʚʦʜʳ ʠʟ ʨʝʢ ʠ 

ʧʦʜʟʝʤʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ, ʘ ʪʘʢʞʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ 
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ʚ ʧʨʝʜʝʣʘʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʠʭ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤ ʥʘ ʚʦʜʦʩʙʦʨʘʭ ʠ  ʚ ʟʦʥʘʭ ʧʠʪʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ.  

ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʠ ʨʝʞʠʤʘ ʨʝʯʥʦʛʦ ʩʪʦʢʘ, ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ 

ʧʨʠʯʠʥʘʤʠ ʥʘʨʫʰʝʥʠʷ ʮʠʢʣʘ ʞʠʟʥʠ ʛʠʜʨʦʙʠʦʥʪʦʚ, ʩʦʢʨʘʱʝʥʠʶ ʠʭ ʧʦʧʫʣʷʮʠʡ ʠ 

ʠʩʯʝʟʥʦʚʝʥʠʶ ʚʠʜʦʚ. ʊʘʢ, ʝʱʝ ʙʦʣʝʝ 20 ʣʝʪ ʥʘʟʘʜ, ʚ 1999 ʛ. ɺʩʝʤʠʨʥʘʷ ʢʦʤʠʩʩʠʷ ʧʦ ʚʦʜʝ (World 

Commission on Water) ʦʪʤʝʯʘʣʘ, ʯʪʦ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʢʨʫʧʥʳʭ ʨʝʢ ʤʠʨʘ "ʩʝʨʴʝʟʥʦ ʠʩʪʦʱʝʥʳ ʠ 

ʟʘʛʨʷʟʥʝʥʳ, ʜʝʛʨʘʜʠʨʫʶʪ ʠ ʦʪʨʘʚʣʷʶʪ ʦʢʨʫʞʘʶʱʠʝ ʠʭ ʵʢʦʩʠʩʪʝʤʳ, ʫʛʨʦʞʘʷ ʟʜʦʨʦʚʴʶ ʠ 

ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʶ ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʥʠʭ ʥʘʩʝʣʝʥʠʷ" [5].  

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʆʩʥʦʚʥʦʡ ʦʙʲʝʤ ʧʦʪʨʝʙʣʷʝʤʦʡ ʚ ʤʠʨʝ ʚʦʜʳ (70%) ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ, ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʦʨʦʰʝʥʠʷ; 20% - ʨʘʩʭʦʜʫʝʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʧʨʦʤʳʰʣʝʥʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ; 10% - ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ [20]. ʀʥʜʫʩʪʨʠʘʣʴʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʚʦʜʳ ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤ 

ʯʠʩʣʝ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ɽʚʨʦʧʳ, ʚ ʈʦʩʩʠʠ, ʂʘʥʘʜʝ ʠ ɸʚʩʪʨʘʣʠʠ, ʪʦ ʝʩʪʴ ʚ ʨʘʟʚʠʪʳʭ 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʩʪʨʘʥʘʭ. ʊʘʢ, ʚ ʉʐɸ ʨʘʩʭʦʜʳ ʚʦʜʳ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳ. ɺ ʦʩʪʘʣʴʥʳʭ ʩʪʨʘʥʘʭ ʚ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʠ ʜʦʤʠʥʠʨʫʝʪ ʩʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʤʳʰʣʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʠʩʫʪʩʪʚʠʝ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʣʶʪʘʥʪʦʚ ʚ ʧʨʠʨʦʜʥʳʭ 

ʚʦʜʘʭ. ʉʫʱʝʩʪʚʝʥʥʳʡ ʧʨʠʪʦʢ ʟʘʛʨʷʟʥʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʠʜʝʪ ʪʘʢʞʝ ʟʘ ʩʯʝʪ 

ʩʚʘʣʦʢ ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʚʥʦʩʠʪ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʕʪʦ ʠ ʩʪʦʢʠ ʩ ʩʝʣʴʭʦʟʫʛʦʜʠʡ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʫʜʦʙʨʝʥʠʷ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ, ʠ ʩʪʦʢʠ ʩʦ ʩʢʦʪʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤ, 

ʟʘʛʨʷʟʥʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʙʠʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʤʠʢʨʦʙʘʤʠ. ʉʪʦʢʠ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜ ʩ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʩʦʟʜʘʶʪ ʩʝʨʴʝʟʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʙʣʝʤʳ, ʪʘʢ ʢʘʢ ʯʘʩʪʦ ʩʦʜʝʨʞʘʪ ʦʧʘʩʥʳʝ ʚʝʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʧʝʩʪʠʮʠʜʳ ʠ ʠʭ ʤʝʪʘʙʦʣʠʪʳ, 

ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʢ ʚʝʩʴʤʘ ʦʧʘʩʥʳʤ ʩʪʦʡʢʠʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʟʘʛʨʷʟʥʠʪʝʣʷʤ (ʉʆɿ). 

ʇʨʠ ʵʪʦʤ ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʩʦʩʪʘʚʝ ʩʪʦʢʦʚ ʙʠʦʛʝʥʳ (ʘʟʦʪ ʠ ʬʦʩʬʦʨ) ʧʨʠʚʦʜʷʪ ʢ ʵʚʪʨʦʬʠʨʦʚʘʥʠʶ 

ʚʦʜʦʝʤʦʚ. 

ɹʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʚʦʜʦʝʤʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʟʣʠʚʳ ʥʝʬʪʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʨʘʩʪʷʥʫʪʦʤʫ ʚʦ ʚʨʝʤʝʥʠ ʥʝʛʘʪʠʚʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ 

ʵʢʦʩʠʩʪʝʤʳ ʚ ʨʘʡʦʥʘʭ ʜʦʙʳʯʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʧʝʨʝʚʘʣʢʠ ʠ ʭʨʘʥʝʥʠʷ ʥʝʬʪʷʥʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 
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ɻʣʘʚʘ 4. ʇʝʜʦʩʬʝʨʘ 

ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʙʠʦʩʬʝʨʳ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ 

ʧʦʯʚʝʥʥʘʷ ʦʙʦʣʦʯʢʘ ʦʧʨʝʜʝʣʷʝʪ ʤʥʦʛʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʙʠʦʩʬʝʨʝ ʚ ʮʝʣʦʤ. ʆʩʦʙʳʝ 

ʩʚʦʡʩʪʚʘ ʠ ʬʫʥʢʮʠʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʧʣʦʜʦʨʦʜʠʠ ʧʦʯʚ, ʚ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʪʴ ʦʨʛʘʥʠʯʝʩʢʫʶ ʙʠʦʤʘʩʩʫ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʯʝʪʳ, ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʞʠʚʦʛʦ 

ʚʝʱʝʩʪʚʘ ʧʨʦʜʫʮʠʨʫʝʪʩʷ ʠʤʝʥʥʦ ʥʘ ʩʫʰʝ. ʇʦʯʚʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʘʟʝʤʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʠʶ ʚ 9 ʨʘʟ ʠʥʪʝʥʩʠʚʥʝʝ, ʯʝʤ ʞʠʚʦʝ 

ʚʝʱʝʩʪʚʦ ʦʢʝʘʥʘ. ʏʝʨʝʟ ʧʦʯʚʫ ʧʨʦʭʦʜʷʪ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʦʢʠ ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʙʠʦʩʬʝʨʝ: ʫʛʣʝʨʦʜʘ, ʢʠʩʣʦʨʦʜʘ, ʘʟʦʪʘ, ʢʘʣʠʷ, ʤʘʛʥʠʷ, ʬʦʩʬʦʨʘ, ʩʝʨʳ ʠ ʜʨ.  ɺʘʞʥʝʡʰʝʝ 

ʟʥʘʯʝʥʠʝ ʧʦʯʚ ʩʦʩʪʦʠʪ ʠ ʚ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʵʥʝʨʛʠʠ. ʊʘʢ, ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝʥʥʦʤ ʛʫʤʫʩʝ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʘ 

ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʶʪ ʝʛʦ ʟʘʧʘʩʳ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʦʡ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ ʧʦʯʚ ʵʥʝʨʛʠʠ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ ʵʥʝʨʛʠʠ ʙʠʦʤʘʩʩʳ ʩʫʰʠ ʠ ʚʧʦʣʥʝ 

ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʵʥʝʨʛʠʝʡ ʛʦʨʶʯʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ [5]. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʩʣʫʞʠʪ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʛʣʦʪʠʪʝʣʝʤ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʩʧʦʩʦʙʥʳʤ ʧʨʝʜʦʪʚʨʘʱʘʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʚ ʩʦʧʨʝʜʝʣʴʥʳʝ ʩʨʝʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʯʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝʟʘʤʝʥʠʤʫʶ ʯʘʩʪʴ ʤʝʭʘʥʠʟʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʠʦʩʬʝʨʳ, ʨʘʟʨʫʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʪ 

ʢ ʥʝʦʙʨʘʪʠʤʳʤ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʚ ʙʠʦʩʬʝʨʝ ʚ ʮʝʣʦʤ.  

ʇʦʤʠʤʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʦʡ ʨʦʣʠ ʚ ʩʦʭʨʘʥʝʥʠʠ ʙʠʦʩʬʝʨʳ ʚ ʮʝʣʦʤ, ʧʦʯʚʳ ʠʤʝʶʪ 

ʪʘʢʞʝ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʨʝʰʝʥʠʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʪʚʘ. 

ʉʦʩʪʦʷʥʠʝ ʧʦʯʚ ʦʢʘʟʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʫʨʦʚʝʥʴ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʩʫʜʘʨʩʪʚʘ, ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ. ɹʝʟ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤ ʦʭʨʘʥʳ ʧʦʯʚ ʥʝʚʦʟʤʦʞʥʦ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʙʠʦʩʬʝʨʳ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʙʣʘʛʦʧʦʣʫʯʠʝ ʥʳʥʝʰʥʝʛʦ ʠ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ ʣʶʜʝʡ. 
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ʇʦʯʚʘ ï ʜʥʝʚʥʳʝ (ʚʝʨʭʥʠʝ) ʠʣʠ ʙʣʠʟʢʠʝ ʢ ʥʠʤ ʛʦʨʠʟʦʥʪʳ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʝʥʳ ʚʟʘʠʤʥʳʤ ʚʣʠʷʥʠʝʤ ʚʦʜʳ, ʚʦʟʜʫʭʘ ʠ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʦʨʛʘʥʠʟʤʦʚ ï ʞʠʚʳʭ ʠ ʤʝʨʪʚʳʭ (ɺ.ɺ. ɼʦʢʫʯʘʝʚ, 1886).  

ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʨʦʮʝʩʩ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ: 

- ʇʦʯʚʦʦʙʨʘʟʫʶʱʠʝ (ʤʘʪʝʨʠʥʩʢʠʝ) ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʦʧʨʝʜʝʣʷʶʪ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʤʦʱʥʦʩʪʴ, ʩʪʨʦʝʥʠʝ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠ ʛʦʨʠʟʦʥʪʘʣʠ, ʪʝʧʣʦʚʳʝ ʠ 

ʚʦʜʥʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ; 

-  ʂʣʠʤʘʪ ͫ ʦʟʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʦʜʥʳʡ, ʚʦʟʜʫʰʥʳʡ ʠ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤʳ; 

- ʈʝʣʴʝʬ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪ ʚʣʘʛʫ ʠ ʪʝʧʣʦ, ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʚʠʪʠʝ ʧʦʯʚʝʥʥʦ-ʵʨʦʟʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ; 

- ɾʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʦʙʝʩʧʝʯʠʚʘʪʁ ʧʦʯʚʳ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, ʚʣʠʷʶʪ ʥʘ ʚʦʜʥʳʡ 

ʠ ʚʦʟʜʫʰʥʳʡ ʨʝʞʠʤʳ; 

- ɺʨʝʤʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʠ ʵʚʦʣʶʮʠʶ ʧʦʯʚ; 

ʂʨʦʤʝ ʪʦʛʦ, ʢ ʬʘʢʪʦʨʘʤ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʦʜʟʝʤʥʳʝ ʠ ʤʦʨʩʢʠʝ ʚʦʜʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʦʜʥʳʡ ʠ ʚʦʟʜʫʰʥʳʡ ʨʝʞʠʤʳ, ʥʘ 

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʱʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʦʢʘʟʳʚʘʝʪ 

ʭʦʟʷʡʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ.  

4.1. ʈʦʣʴ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʠ 

ɺʩʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʦʯʚʝʥʥʦʡ ʪʦʣʱʝ, ʜʝʣʷʪʩʷ ʥʘ 4 ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: 

ʤʠʢʨʦʧʨʦʮʝʩʩʳ (ʧʨʷʤʳʝ ʠ ʦʙʨʘʪʥʳʝ ʧʨʦʮʝʩʩʳ), ʤʘʢʨʦʧʨʦʮʝʩʩʳ (ʵʣʝʤʝʥʪʘʨʥʳʝ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ), ʯʘʩʪʥʳʝ ʠ ʦʙʱʠʝ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ. 

ʂ ʤʠʢʨʦʧʨʦʮʝʩʩʘʤ ʦʪʥʦʩʷʪʩʷ: 

Á ʇʦʛʣʦʱʝʥʠʝ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʠʟ ʧʦʯʚʳ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʩʠʥʪʝʟ 
ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ; ʚʳʜʝʣʝʥʠʝ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʚ ʧʦʯʚʫ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ; 

Á ʈʘʟʣʦʞʝʥʠʝ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ; ʩʠʥʪʝʟ ʥʦʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 
ʚʝʱʝʩʪʚ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʧʦʯʚʝ; 

Á ʈʘʟʨʫʰʝʥʠʝ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ; ʩʠʥʪʝʟ ʥʦʚʳʭ ʤʠʥʝʨʘʣʦʚ; 

Á ʇʦʜʢʠʩʣʝʥʠʝ ʧʦʯʚ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʠʩʣʦʪʘʤʠ; ʥʝʡʪʨʘʣʠʟʘʮʠʷ ʧʦʯʚʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʦʩʥʦʚʘʥʠʷʤʠ; 

Á ʆʢʠʩʣʠʪʝʣʴʥʳʝ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ; 

Á ʂʦʘʛʫʣʷʮʠʷ ʠ ʧʝʧʪʠʟʘʮʠʷ ʧʦʯʚʝʥʥʳʭ ʢʦʣʣʦʠʜʦʚ; 

Á ɻʠʜʨʘʪʘʮʠʷ ʠ ʜʝʛʠʜʨʘʪʘʮʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

Á ʋʚʣʘʞʥʝʥʠʝ ʠ ʠʩʩʫʰʝʥʠʝ ʧʦʯʚʳ; 

Á ɺʦʩʭʦʜʷʱʠʝ ʠ ʥʠʩʭʦʜʷʱʠʝ ʪʦʢʠ ʚʣʘʛʠ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ; 

Á ʅʘʛʨʝʚʘʥʠʝ ʠ ʦʭʣʘʞʜʝʥʠʝ ʧʦʯʚʳ; 

Á ɸʙʩʦʨʙʮʠʷ ʛʘʟʦʚ ʧʦʯʚʦʡ ʠ ʚʳʜʝʣʝʥʠʝ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʜʨ. 

ʉʦʯʝʪʘʥʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʦ ʧʨʦʪʝʢʘʶʱʠʭ ʤʠʢʨʦʧʨʦʮʝʩʩʦʚ ʚ ʧʦʯʚʝ ʥʘʟʳʚʘʶʪʩʷ 

ʤʘʢʨʦʧʨʦʮʝʩʩʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʪʨʠ ʛʨʫʧʧʳ:  

Á ʕʣʝʤʝʥʪʘʨʥʳʝ ʧʨʦʮʝʩʩʳ, ʚ ʢʦʪʦʨʳʭ ʚʝʜʫʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʨʘʟʣʦʞʝʥʠʝ ʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʥʘʢʦʧʣʝʥʠʝ ʪʦʨʬʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʛʫʤʫʩʘ ʠ ʪ.ʜ.); 

Á ʕʣʝʤʝʥʪʘʨʥʳʝ ʧʨʦʮʝʩʩʳ, ʚ ʢʦʪʦʨʳʭ ʚʝʜʫʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʨʘʟʣʦʞʝʥʠʝ ʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʢʨʝʮʠʡ, ʦʙʨʘʟʦʚʘʥʠʝ ʠ 

ʥʘʢʦʧʣʝʥʠʝ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʪ.ʜ.); 

Á ʄʠʛʨʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ (ʵʣʶʚʠʘʣʴʥʦ-ʠʣʣʶʚʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚʘ ʧʦ 

ʧʨʦʬʠʣʶ ʧʦʯʚʳ ʠ ʪ.ʜ.). 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʯʚʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʥʘʟʳʚʘʝʪʩʷ ʯʘʩʪʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʇʨʠʤʝʨʦʤ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʦʧʦʜʟʦʣʠʚʘʥʠʷ, ʦʩʦʣʦʜʝʥʠʷ, ʦʛʣʝʝʥʠʷ ʠ ʜʨ. 
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ʉʦʚʦʢʫʧʥʦʩʪʴ ʯʘʩʪʥʳʭ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʫʝʪ ʦʙʱʠʡ ʧʨʦʮʝʩʩ, 

ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ. 

 

ʆʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ 

 

ɻʫʤʠʬʠʢʘʮʠʷ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʨʠʨʦʜʳ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʛʫʤʫʩʦʚʳʝ ʚʝʱʝʩʪʚʘ. 

ɼʝʨʥʦʚʳʡ ʧʨʦʮʝʩʩ ï ʦʙʨʘʟʦʚʘʥʠʝ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʩʦʩʪʦʷʱʝʛʦ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, 

ʥʘʧʦʣʦʚʠʥʫ ʧʦ ʦʙʲʝʤʫ ʠʟ ʢʦʨʥʝʚʳʭ ʩʠʩʪʝʤ ʨʘʩʪʝʥʠʡ. 

ʆʧʦʜʟʦʣʠʚʘʥʠʝ ï ʨʘʟʨʫʰʝʥʠʝ (ʢʠʩʣʦʪʥʳʡ ʛʠʜʨʦʣʠʟ) ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʝʨʚʠʯʥʳʭ 

ʠ ʚʪʦʨʠʯʥʳʭ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʚʳʥʦʩ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʚ ʥʠʞʝʣʝʞʘʱʠʝ ʛʦʨʠʟʦʥʪʳ. 

ʃʝʩʩʠʚʘʞ ï ʚʳʥʦʩ ʠʟ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʚ ʥʠʞʥʠʝ ʠʣʠʩʪʳʭ ʯʘʩʪʠʮ ʙʝʟ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ. 

ʆʛʣʠʥʝʥʠʝ ï ʧʨʦʮʝʩʩ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ in situ ʚʪʦʨʠʯʥʳʭ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ. 

ʆʛʣʝʝʥʠʝ ï ʧʨʦʮʝʩʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʦʢʠʩʣʦʚ ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʚʨʝʤʝʥʥʦʤ ʠʣʠ 

ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʫʚʣʘʞʥʝʥʠʠ. 

ɹʦʣʦʪʥʳʡ ʧʨʦʮʝʩʩ  ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʙʦʣʦʪʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʩʪʦʷʥʥʦʛʦ ʠʟʙʳʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ. ʀʜʝʪ ʧʨʦʮʝʩʩ ʪʦʨʬʦʦʙʨʘʟʦʚʘʥʠʷ ï ʥʘʢʦʧʣʝʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʧʦʣʫʨʘʟʣʦʞʠʚʰʠʭʩʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʤʝʜʣʝʥʥʦʡ ʠʭ 

ʛʫʤʠʬʠʢʘʮʠʠ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ. 

ɿʘʩʦʣʝʥʠʝ ï ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʚ ʧʦʯʚʝʥʥʦʡ ʪʦʣʱʝ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʠʟ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʨʠ ʚʳʧʦʪʥʦʤ ʚʦʜʥʦʤ ʨʝʞʠʤʝ. 

ʆʩʦʣʦʜʝʥʠʝ ï ʨʘʟʨʫʰʝʥʠʝ (ʱʝʣʦʯʥʦʡ ʛʠʜʨʦʣʠʟ) ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʝʨʚʠʯʥʳʭ ʠ 

ʚʪʦʨʠʯʥʳʭ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʚʳʥʦʩ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʚ ʥʠʞʝʣʝʞʘʱʠʝ ʛʦʨʠʟʦʥʪʳ. 

ʆʩʦʣʦʥʮʝʚʘʥʠʝ ï ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʛʣʦʱʘʶʱʝʤ ʢʦʤʧʣʝʢʩʝ (ʇʇʂ) 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʤʝʥʥʦʛʦ ʥʘʪʨʠʷ ʠ ʤʘʛʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʧʝʧʪʠʟʘʮʠʝʡ 

ʧʦʯʚʝʥʥʳʭ ʢʦʣʣʦʠʜʦʚ ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ ʠʭ ʠʟ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ. ɺ ʩʦʩʪʦʷʥʠʠ ʛʝʣʷ 

ʢʦʣʣʦʠʜʳ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʡ ʛʣʫʙʠʥʝ, ʩʦʟʜʘʚʘʷ ʧʣʦʪʥʳʡ ʩʦʣʦʥʮʦʚʳʡ ʛʦʨʠʟʦʥʪ. 

ʃʘʪʝʨʠʪʠʟʘʮʠʷ ï ʨʘʟʨʫʰʝʥʠʝ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʘʣʶʤʦ- ʠ 

ʬʝʨʨʦʩʠʣʠʢʘʪʦʚ) ʚ ʫʩʣʦʚʠʷʭ ʞʘʨʢʦʛʦ ʠ ʚʣʘʞʥʦʛʦ ʢʣʠʤʘʪʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʥʘʢʦʧʣʝʥʠʝʤ 

ʦʢʠʩʣʦʚ ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ. 

4.2. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚ ʧʦʯʚʳ 

ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʧʦʯʚʳ 

ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʪʨʝʭ ʧʨʦʮʝʩʩʦʚ: 

Á ʇʦʛʣʦʱʝʥʠʝ ʨʘʩʪʝʥʠʷʤʠ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ ʠʟ ʧʦʯʚ; 

Á ʇʦʩʪʨʦʝʥʠʝ ʠʟ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ; 

Á ɻʠʙʝʣʴ ʨʘʩʪʝʥʠʡ ʠ ʚʦʟʚʨʘʪ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʫ. 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʛʫʤʫʩ. ʆʩʥʦʚʥʘʷ ʨʦʣʴ ʚ ʨʘʟʣʦʞʝʥʠʠ, 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʚ ʧʦʯʚʝ ʧʨʠʥʘʜʣʝʞʠʪ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʙʘʢʪʝʨʠʠ. ʇʨʠ ʵʪʦʤ 

ʧʦʯʚʝʥʥʘʷ ʤʠʢʨʦʬʣʦʨʘ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʤʠʥʝʨʘʣʦʚ, ʬʠʢʩʘʮʠʠ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʟʦʪʘ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʝʘʢʮʠʠ ʥʠʪʨʠʬʠʢʘʮʠʠ, ʩʫʣʴʬʦʬʠʢʘʮʠʠ (ʭʝʤʦʪʨʦʬʳ). 

ɻʝʪʝʨʦʪʨʦʬʥʳʝ ʘʥʘʵʨʦʙʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʥʠʪʨʘʪʳ ʜʦ ʘʤʤʠʘʢʘ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ, 

ʩʫʣʴʬʘʪʳ ʜʦ ʩʝʨʦʚʦʜʦʨʦʜʘ. ɾʝʣʝʟʦʙʘʢʪʝʨʠʠ ʧʝʨʝʚʦʜʷʪ ʟʘʢʠʩʥʳʝ ʬʦʨʤʳ ʞʝʣʝʟʘ ʚ ʦʢʠʩʥʳʝ. 

ʇʨʠ ʘʥʘʵʨʦʙʥʦʤ ʨʘʟʣʦʞʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʜʫʢʪʘʤʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ 

ʣʝʪʫʯʠʝ ʩʦʝʜʠʥʝʥʠʷ: ʚʦʜʦʨʦʜ, ʤʝʪʘʥ, ʘʤʤʠʘʢ, ʤʦʣʝʢʫʣʷʨʥʳʡ ʘʟʦʪ, ʩʝʨʦʚʦʜʦʨʦʜ ʠ 

ʬʦʩʬʦʨʠʩʪʳʡ ʚʦʜʦʨʦʜ. 
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ʉʦʚʦʢʫʧʥʦʩʪʴ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ ʧʦʯʚʳ, ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʛʫʤʠʬʠʢʘʮʠʠ. 

ɻʫʤʫʩ - ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʯʚʝ, ʥʦ ʥʝ 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠʣʠ ʦʙʨʘʟʦʚʘʥʠʡ, ʩʦʭʨʘʥʷʶʱʠʭ ʘʥʘʪʦʤʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ. 

ʏʘʩʪʴ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʤʠʥʝʨʘʣʠʟʫʝʪʩʷ ʜʦ NH3, CO2 ʠ ʅ2ʆ. ʇʝʨʚʳʡ ʵʪʘʧ 

ʛʫʤʠʬʠʢʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚ ʦʩʥʦʚʥʦʤ ʧʣʝʩʥʝʚʳʝ ʛʨʠʙʳ ʠ ʥʝʩʧʦʨʦʥʦʩʥʳʝ ʙʘʢʪʝʨʠʠ, ʚʪʦʨʦʡ 

ʵʪʘʧ ï ʩʧʦʨʦʚʳʝ ʙʘʢʪʝʨʠʠ, ʪʨʝʪʠʡ ʵʪʘʧ ï ʮʝʣʣʶʣʦʟʥʳʝ ʤʠʢʩʦʙʘʢʪʝʨʠʠ, ʯʝʪʚʝʨʪʳʡ ʵʪʘʧ ï 

ʘʢʪʠʥʦʤʠʮʝʪʳ.  

ʇʣʝʩʥʝʚʳʝ ʛʨʠʙʳ ʠ ʩʘʧʨʦʬʠʪʥʳʝ ʙʘʢʪʝʨʠʠ ʠʩʧʦʣʴʟʫʶʪ ʫʛʣʝʚʦʜʳ, ʘʤʠʥʦʢʠʩʣʦʪʳ, 

ʧʨʦʩʪʳʝ ʙʝʣʢʠ ʠ ʜʦʩʪʫʧʥʫʶ ʯʘʩʪʴ ʮʝʣʣʶʣʦʟʳ. ʄʠʢʩʦʙʘʢʪʝʨʠʠ ʩʧʦʩʦʙʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʫʛʣʝʚʦʜʳ, ʥʦ ʘʟʦʪ ʦʥʠ ʫʩʚʘʠʚʘʶʪ ʪʦʣʴʢʦ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʝ. ɸʢʪʠʥʦʤʠʮʝʪʳ 

ʨʘʟʣʘʛʘʶʪ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʯʚʳ, ʚʧʣʦʪʴ ʜʦ ʣʠʛʥʠʥʘ. 

ʅʘ ʨʠʩ. 4.1 ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʩʪʘʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ. 

 

 

 
 

ʈʠʩʫʥʦʢ 4.1. ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʧʦʯʚʳ 

 

 

ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʨʘʩʧʘʜʘ ʠ ʛʫʤʠʬʠʢʘʮʠʠ ï ʩʦʝʜʠʥʝʥʠʷ, ʫʪʨʘʪʠʚʰʠʝ 

ʧʨʠʟʥʘʢʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʠ, ʥʦ ʝʱʝ ʥʝ ʠʤʝʶʱʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʛʫʤʫʩʦʚʳʭ 

ʚʝʱʝʩʪʚ. 

ʅʝʩʧʝʮʠʬʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ï ʛʨʫʧʧʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ 

ʧʦʯʚʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʦʞʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʘ ʪʘʢʞʝ ʩ ʢʦʨʥʝʚʳʤʠ 

ʚʳʜʝʣʝʥʠʷʤʠ ʠ ʪ.ʧ. ʏʘʩʪʠʯʥʦ ʦʥʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʟʘ ʩʯʝʪ ʨʘʟʣʦʞʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ. ʕʪʘ ʛʨʫʧʧʘ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʢʘʢ ʣʠʛʥʠʥ, 

ʮʝʣʣʶʣʦʟʘ, ʧʨʦʪʝʠʥʳ, ʘʤʠʥʦʢʠʩʣʦʪʳ, ʤʦʥʦʩʘʭʘʨʠʜʳ, ʚʦʩʢʘ, ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʠ ʪ.ʜ., ʪʦ ʝʩʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʞʠʚʦʪʥʳʝ ʠ ʨʘʩʪʠʪʝʣʴʥʳʝ ʪʢʘʥʠ ʠʣʠ 

ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʧʨʠʞʠʟʥʝʥʥʳʭ ʚʳʜʝʣʝʥʠʡ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʅʝʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʦʯʚʘʭ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʣʠ ʩʚʷʟʘʥʳ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʯʚʳ. 
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ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʛʫʤʫʩʦʚʳʝ ʚʝʱʝʩʪʚʘ - ʵʪʦ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʪʝʤʥʦʦʢʨʘʰʝʥʥʳʝ, 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢʠʩʣʦʪʥʦʡ ʧʨʠʨʦʜʳ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʛʫʤʫʩʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ,  ʧʨʦʛʫʤʠʥʦʚʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʥʝʛʠʜʨʦʣʠʟʫʝʤʳʤ ʦʩʪʘʪʢʦʤ 

(ʛʫʤʠʥʦʤ).  

ʇʨʦʛʫʤʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ï ʚʝʱʝʩʪʚʘ, ʥʝ ʠʤʝʶʱʠʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʧʨʠʨʦʜʳ 

ʛʫʤʫʩʦʚʳʭ ʢʠʩʣʦʪ. ɺ ʤʝʪʦʜʘʭ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʛʫʤʫʩʘ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʨʦʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ, ʥʦ ʠʭ ʧʨʠʩʫʪʩʪʚʠʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʨʠ ʜʝʪʘʣʴʥʦʤ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʦʯʚʳ ʧʨʝʧʘʨʘʪ ʅʝʛʠʜʨʦʣʠʟʫʝʤʳʡ ʦʩʪʘʪʦʢ (ʛʫʤʠʥ) - ʵʪʦ 

ʯʘʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʫʶ ʥʝ ʫʜʘʝʪʩʷ ʠʟʚʣʝʯʴ ʠʟ ʧʦʯʚʳ ʨʘʩʪʚʦʨʘʤʠ ʢʠʩʣʦʪ, 

ʱʝʣʦʯʝʡ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ. ʇʝʨʝʚʝʩʪʠ ʝʛʦ ʚ ʨʘʩʪʚʦʨ ʫʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ 

ʨʘʟʨʫʰʝʥʠʷ ʩʠʣʠʢʘʪʥʦʡ ʯʘʩʪʠ ʧʦʯʚʳ (ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ HF) ʠʣʠ ʧʦʩʣʝ ʦʢʠʩʣʝʥʠʷ, 

ʚʳʟʳʚʘʶʱʝʛʦ ʦʯʝʥʴ ʩʠʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʚʭʦʜʷʱʠʭ ʚ ʝʛʦ ʩʦʩʪʘʚ ʚʝʱʝʩʪʚ.   

ʅʝʛʠʜʨʦʣʠʟʫʝʤʳʡ ʦʩʪʘʪʦʢ  ʚʢʣʶʯʘʝʪ ʪʘʢʠʝ ʛʨʫʧʧʳ ʚʝʱʝʩʪʚ ʢʘʢ ʛʫʤʫʩʦʚʳʝ ʢʠʩʣʦʪʳ, 

ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʴʶ, ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʛʫʤʫʩʦʚʳʝ ʚʝʱʝʩʪʚʘ, 

ʫʪʨʘʪʠʚʰʠʝ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʱʝʣʦʯʘʭ, ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʝ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʯʘʩʪʠʯʥʦ ʦʩʪʘʪʢʠ, ʥʝ ʫʪʨʘʪʠʚʰʠʝ ʘʥʘʪʦʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ 

(ʦʙʣʦʤʢʠ ʭʠʪʠʥʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘʩʝʢʦʤʳʭ). 

ɻʫʤʫʩʦʚʳʝ ʢʠʩʣʦʪʳ - ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʦʢʩʠʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ 

ʩ ʠʥʪʝʥʩʠʚʥʦʡ ʪʝʤʥʦ-ʙʫʨʦʡ ʠʣʠ ʢʨʘʩʥʦʚʘʪʦ-ʙʫʨʦʡ ʦʢʨʘʩʢʦʡ. ʀʭ ʯʝʪʢʦ ʚʳʜʝʣʷʶʪʩʷ ʩʨʝʜʠ 

ʜʨʫʛʠʭ ʛʨʫʧʧ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʩʚʦʡʩʪʚʘʤ ʠ ʩʦʩʪʘʚʫ.  ɻʫʤʫʩʦʚʳʝ ʢʠʩʣʦʪʳ ʵʢʩʪʨʘʛʠʨʫʶʪ ʠʟ ʧʦʯʚʳ 

ʨʘʩʪʚʦʨʘʤʠ ʱʝʣʦʯʝʡ (0,1-0,5 ʥ. NaOH), ʘ ʟʘʪʝʤ ʧʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʨʘʟʜʝʣʷʶʪ ʥʘ ʛʫʤʠʥʦʚʳʝ 

ʢʠʩʣʦʪʳ, ʛʠʤʘʪʦʤʝʣʘʥʦʚʳʝ ʢʠʩʣʦʪʳ ʠ ʬʫʣʴʚʦʢʠʩʣʦʪʳ.  

ɻʫʤʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʦʪʜʝʣʷʶʪ ʦʪ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʱʝʣʦʯʥʦʡ ʚʳʪʷʞʢʠ ʧʫʪʝʤ 

ʧʦʜʢʠʩʣʝʥʠʷ ʜʦ ʨʅ 1-2. ɺ ʢʠʩʣʦʡ ʩʨʝʜʝ ʛʫʤʠʥʦʚʳʝ ʠ ʛʠʤʘʪʦʤʝʣʘʥʦʚʳʝ ʢʠʩʣʦʪʳ ʚʳʧʘʜʘʶʪ ʚ 

ʦʩʘʜʦʢ, ʚ ʨʘʩʪʚʦʨʝ ʦʩʪʘʶʪʩʷ ʬʫʣʴʚʦʢʠʩʣʦʪʳ. ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʦʩʘʜʢʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʛʠʤʘʪʦʤʝʣʘʥʦʚʳʝ ʢʠʩʣʦʪʳ - ʦʥʠ ʨʘʩʪʚʦʨʷʶʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʩʘʜʢʘ ʵʪʘʥʦʣʦʤ, ʦʙʨʘʟʫʷ 

ʚʠʰʥʝʚʦ-ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ. 

ɻʫʤʠʥʦʚʳʝ ʢʠʩʣʦʪʳ (ɻʂ) ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ. ʋ ʥʠʭ ʙʦʣʝʝ 

ʨʘʟʚʠʪʦ ʷʜʨʦ ʤʦʣʝʢʫʣʳ, ʚ ʩʦʩʪʘʚ  ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ ʙʝʥʟʦʣ, ʧʠʨʨʦʣ, ʧʠʨʠʜʠʥ ʠ ʪ.ʜ. ɺ ʩʦʩʪʘʚ 

ʧʝʨʠʬʝʨʠʠ  ʚʭʦʜʷʪ ʢʘʨʙʦʢʩʠʣʴʥʳʝ, ʬʝʥʦʣʴʥʳʝ, ʩʧʠʨʪʦʚʳʝ, ʤʝʪʘʢʩʠʣʴʥʳʝ ʠ ʢʘʨʙʦʥʠʣʴʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ. 

ʌʫʣʴʚʦʢʠʩʣʦʪʳ (ʌʂ) ï ʢʠʩʣʦʪʦʨʘʩʪʚʦʨʠʤʘʷ ʯʘʩʪʴ ʛʫʤʫʩʦʚʳʭ ʢʠʩʣʦʪ. ʆʪʣʠʯʘʶʪʩʷ ʦʪ 

ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʠ ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ, ʙʦʣʝʝ 

ʨʘʟʚʠʪʦʡ ʧʝʨʠʬʝʨʠʡʥʦʡ ʯʘʩʪʴʶ. ʌʂ  ʙʦʣʝʝ ʘʢʪʠʚʥʳ, ʙʦʣʝʝ ʧʦʜʚʠʞʥʳ, ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ 

ʝʤʢʦʩʪʴʶ ʧʦʛʣʦʱʝʥʠʷ, ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɻʂ. 

ɻʠʤʘʪʦʤʝʣʘʥʦʚʳʝ ʢʠʩʣʦʪʳ (ɻʄʂ) ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦ 

ʩʚʦʡʩʪʚʘʤ ʤʝʞʜʫ ʛʫʤʠʥʦʚʳʤʠ ʠ ʬʫʣʴʚʦʢʠʩʣʦʪʘʤʠ. ɼʦʣʛʦʝ ʚʨʝʤʷ ʠʭ ʚʢʣʶʯʘʣʠ ʚ ʛʨʫʧʧʫ 

ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʜʣʷ ʠʭ ʚʳʜʝʣʝʥʠʷ 

ʚ ʦʩʦʙʫʶ ʛʨʫʧʧʫ [7].  

ʉʦʜʝʨʞʘʥʠʝ, ʟʘʧʘʩʳ ʠ ʩʦʩʪʘʚ ʛʫʤʫʩʘ ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʪ 

ʫʨʦʚʥʷ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʘʛʨʦʥʦʤʠʯʝʩʢʠ ʮʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ. ʕʪʠ ʞʝ 

ʧʦʢʘʟʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʯʚ. ɺ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʯʚ ʠ ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ ʛʫʤʫʩ ʚʳʧʦʣʥʷʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʬʫʥʢʮʠʠ. 

ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʧʦʯʚʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʛʨʦʥʦʤʠʯʝʩʢʠ ʮʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ 

ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʚʦʜʥʦ-ʚʦʟʜʫʰʥʳʡ ʨʝʞʠʤ, ʫʣʫʯʰʘʝʪ ʧʨʦʛʨʝʚʘʝʤʦʩʪʴ ʧʦʯʚ. ʉ ʛʫʤʫʩʦʤ ʩʚʷʟʘʥʳ 

ʚʘʞʥʝʡʰʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ: ʝʤʢʦʩʪʴ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʢʠʩʣʦʪʥʦʩʪʴ, 

ʙʫʬʝʨʥʦʩʪʴ, ʨʘʟʚʠʪʠʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪ. ʜ.  ʇʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʛʫʤʫʩʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʧʦʯʚʘ ʤʘʢʩʠʤʘʣʴʥʦ ʫʩʪʦʡʯʠʚʘ ʢ ʜʝʡʩʪʚʠʶ ʨʘʟʨʫʰʘʶʱʠʭ ʬʘʢʪʦʨʦʚ - ʵʨʦʟʠʠ, 

ʜʝʬʣʷʮʠʠ, ʟʘʛʨʷʟʥʝʥʠʶ ʠ ʜʨ. ɺ ʪʘʙʣ. 4.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʘʭ ʧʦʯʚ [4].  
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                                                                       ʊʘʙʣʠʮʘ 4.1 

ʉʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʦʯʚ 

ʇʦʯʚʳ (ʚʝʨʭʥʠʡ ʩʣʦʡ) ɻʫʤʫʩ, % 
ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ 

ɻʫʤʠʥʦʚʳʝ 

ʢʠʩʣʦʪʳ 
ʌʫʣʴʚʦʢʠʩʣʦʪʳ 

ʇʦʜʟʦʣʠʩʪʳʝ,  
ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ  

1,5 - 4 12-30 25-30 

ʉʝʨʳʝ ʣʝʩʥʳʝ 4 - 6 25-30 25-27 

ʏʝʨʥʦʟʝʤʳ 
(ʤʦʱʥʳʝ ʠ ʦʙʳʢʥʦʚʝʥʥʳʝ) 

7 - 10 35-40 15-20 

ʂʘhʪʘʥʦʚʳʝ 1,5 - 4 25-35 20-25 

ʉʝʨʦʟʝʤʳ ʩʚʝʪʣʳʝ 0,8 - 1 17-23 25-33 

ʂʨʘʩʥʦʟʝʤʳ 4 - 6 15-20 22-28 

 

ʇʦʯʚʝʥʥʳʝ ʢʦʣʣʦʠʜʳ 

ʇʦʯʚʝʥʥʳʝ ʢʦʣʣʦʠʜʳ ʩʦʩʪʘʚʣʷʶʪ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ < 0,0001 ʤʤ. ʇʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ 

ʚʩʝ ʧʦʯʚʝʥʥʳʝ ʢʦʣʣʦʠʜʳ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

Á ʤʠʥʝʨʘʣʴʥʳʝ ʢʦʣʣʦʠʜʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʫʰʝʥʠʷ ʤʠʥʝʨʘʣʦʚ; 

Á ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʣʣʦʠʜʳ; 

Á ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʝ ʢʦʣʣʦʠʜʳ. 

ʂʦʣʣʦʠʜʳ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʠ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʠʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʤʦʣʝʢʫʣ. ʏʝʤ ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ ʠ ʯʝʤ ʪʷʞʝʣʝʝ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚ, ʪʝʤ ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʣʣʦʠʜʦʚ. 

ʂʦʣʣʦʠʜʥʘʷ ʤʠʮʝʣʣʘ ʩʦʩʪʦʠʪ ʠʟ: 

Á ʷʜʨʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʥʝʛʠʜʨʘʪʠʨʦʚʘʥʥʳʤʠ ʠ ʥʝʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ 
ʘʤʦʨʬʥʦʛʦ ʠʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ; 

Á ʩʣʦʷ ʧʦʪʝʥʮʠʘʣʦʦʧʨʝʜʝʣʷʶʱʠʭ ʠʦʥʦʚ; 

Á ʥʝʧʦʜʚʠʞʥʦʛʦ ʩʣʦʷ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʠʦʥʦʚ; 

Á ʜʠʬʬʫʟʥʦʛʦ ʩʣʦʷ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʠʦʥʦʚ. 

ʗʜʨʦ ʚʤʝʩʪʝ ʩʦ ʩʣʦʝʤ ʧʦʪʝʥʮʠʘʣʦʦʧʨʝʜʝʣʷʶʱʠʭ ʠʦʥʦʚ ʦʙʨʘʟʫʶʪ ʛʨʘʥʫʣʫ; ʛʨʘʥʫʣʘ 

ʚʤʝʩʪʝ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʠʦʥʦʚ ʦʙʨʘʟʫʶʪ ʯʘʩʪʠʮʫ; ʯʘʩʪʠʮʘ ʚʤʝʩʪʝ ʩ 

ʜʠʬʬʫʟʥʳʤ ʩʣʦʝʤ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʠʦʥʦʚ ʦʙʨʘʟʫʝʪ ʤʠʮʝʣʣʫ (ʨʠʩ. 4.2). 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʨʷʜʘ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʢʦʣʣʦʠʜʦʚ: 

Á ɸʮʠʪʦʠʜʳ ï ʢʦʣʣʦʠʜʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ ʧʦʪʝʥʮʠʘʣʦʦʧʨʝʜʝʣʷʱʝʛʦ ʩʣʦʷ  

(ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ, ʛʫʤʫʩʦʚʳʝ ʢʠʩʣʦʪʳ, ʢʨʝʤʥʝʚʘʷ ʢʠʩʣʦʪʘ ʠ ʜʨ.); 

Á ɹʘʟʦʠʜʳ ï ʢʦʣʣʦʠʜʳ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ ʧʦʪʝʥʮʠʘʣʦʦʧʨʝʜʝʣʷʱʝʛʦ ʩʣʦʷ 

(ʛʠʜʨʦʢʩʠʜʳ ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ ʠ ʜʨ.); 

Á ɸʤʬʦʣʠʪʦʠʜʳ ï ʤʝʥʷʶʪ ʟʘʨʷʜ ʧʦʪʝʥʮʠʘʣʦʦʧʨʝʜʝʣʷʱʝʛʦ ʩʣʦʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʡ (ʛʠʜʨʦʢʩʠʜʳ ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ ʠ ʜʨ.). ɺ ʢʠʩʣʦʡ ʩʨʝʜʝ ʦʥʠ ʚʝʜʫʪ 

ʩʝʙʷ ʢʘʢ ʙʘʟʦʠʜʳ, ʘ ʚ ʱʝʣʦʯʥʦʡ ï ʢʘʢ ʘʮʠʪʦʠʜʳ. 

ʇʦ ʩʪʝʧʝʥʠ ʩʨʦʜʩʪʚʘ ʢ ʚʦʜʝ ʢʦʣʣʦʠʜʳ ʨʘʟʜʝʣʷʶʪ ʥʘ ʛʠʜʨʦʬʠʣʴʥʳʝ, ʫʜʝʨʞʠʚʘʶʱʠʝ 

ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ (ʤʠʥʝʨʘʣʳ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʦʡ ʛʨʫʧʧʳ, ʛʫʤʫʩʦʚʳʝ ʢʠʩʣʦʪʳ, 

ʛʠʜʨʦʢʩʠʜ ʢʨʝʤʥʠʷ ʠ ʜʨ.), ʠ ʛʠʜʨʦʬʦʙʥʳʝ, ʩʚʷʟʳʚʘʶʱʠʝ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ 

(ʛʠʜʨʦʢʩʠʜʳ ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ, ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʢʘʦʣʠʥʠʪʘ ʠ ʜʨ.). 

ʂʦʣʣʦʠʜʳ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʟʦʣʷ, ʪʦ ʝʩʪʴ ʚʟʚʝʩʝʡ, ʠʣʠ ʚ ʚʠʜʝ 

ʩʪʫʜʥʝʦʙʨʘʟʥʦʛʦ ʦʩʘʜʢʘ ï ʛʝʣʷ. ʇʝʨʝʭʦʜ ʢʦʣʣʦʠʜʘ ʠʟ ʩʦʩʪʦʷʥʠʷ ʟʦʣʷ ʚ ʩʦʩʪʦʷʥʠʝ ʛʝʣʷ 

ʥʘʟʳʚʘʝʪʩʷ ʢʦʘʛʫʣʷʮʠʝʡ (ʩʚʝʨʪʳʚʘʥʠʝʤ), ʘ ʦʙʨʘʪʥʳʡ ʧʝʨʝʭʦʜ ï ʧʝʧʪʠʟʘʮʠʝʡ.  

ʂʦʘʛʫʣʷʮʠʷ ʧʦʯʚʝʥʥʳʭ ʢʦʣʣʦʠʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 

ʟʘʨʷʞʝʥʥʳʭ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ, ʜʝʛʠʜʨʘʪʘʮʠʠ, ʜʦʙʘʚʣʝʥʠʠ ʵʣʝʢʪʨʦʣʠʪʦʚ. ʇʨʠ ʚʳʩʳʭʘʥʠʠ ʠ 

ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʢʦʣʣʦʠʜʦʚ ʚ ʧʦʯʚʘʭ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʢʦʘʛʫʣʷʮʠʷ. ʆʩʥʦʚʥʳʤ ʢʦʘʛʫʣʠʨʫʶʱʠʤ 



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
ȳ.Ȧ. Ƚɋɖɓɡɛ 
Ʉ.Ȯ. ȧɆɋɈɆ 

 

 

http://izd -mn.com/ 64 

 

ʘʛʝʥʪʦʤ ʚ ʧʦʯʚʘʭ ʯʘʩʪʦ ʩʣʫʞʘʪ ʠʦʥʳ ʢʘʣʴʮʠʷ. ʂʦʘʛʫʣʷʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʪʠʤʦʡ ʠ 

ʥʝʦʙʨʘʪʠʤʦʡ.  

ʇʝʧʪʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʘʙʫʭʘʥʠʠ ʠ ʨʘʩʪʚʦʨʝʥʠʠ ʦʩʘʜʢʘ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʱʝʣʦʯʥʦʩʪʠ ʩʨʝʜʳ, ʧʨʠ ʟʘʤʝʥʝ ʜʚʫʭ- ʠ ʪʨʝʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ ʥʘ ʦʜʥʦʚʘʣʝʥʪʥʳʝ ʢʘʪʠʦʥʳ 

ʢʘʣʠʷ, ʥʘʪʨʠʷ ʠ ʘʤʤʦʥʠʷ. 

 
ʈʠʩʫʥʦʢ 4.2. ʉʪʨʦʝʥʠʝ ʢʦʣʣʦʠʜʥʦʡ ʤʠʮʝʣʣʳ 

 

ʇʦ ʩʪʝʧʝʥʠ ʩʨʦʜʩʪʚʘ ʢ ʚʦʜʝ ʢʦʣʣʦʠʜʳ ʨʘʟʜʝʣʷʶʪ ʥʘ ʛʠʜʨʦʬʠʣʴʥʳʝ, ʫʜʝʨʞʠʚʘʶʱʠʝ 

ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ (ʤʠʥʝʨʘʣʳ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʦʡ ʛʨʫʧʧʳ, ʛʫʤʫʩʦʚʳʝ ʢʠʩʣʦʪʳ, 

ʛʠʜʨʦʢʩʠʜ ʢʨʝʤʥʠʷ ʠ ʜʨ.), ʠ ʛʠʜʨʦʬʦʙʥʳʝ, ʩʚʷʟʳʚʘʶʱʠʝ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ 

(ʛʠʜʨʦʢʩʠʜʳ ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ, ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʢʘʦʣʠʥʠʪʘ ʠ ʜʨ.). 

ʂʦʣʣʦʠʜʳ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʟʦʣʷ, ʪʦ ʝʩʪʴ ʚʟʚʝʩʝʡ, ʠʣʠ ʚ ʚʠʜʝ 

ʩʪʫʜʥʝʦʙʨʘʟʥʦʛʦ ʦʩʘʜʢʘ ï ʛʝʣʷ. ʇʝʨʝʭʦʜ ʢʦʣʣʦʠʜʘ ʠʟ ʩʦʩʪʦʷʥʠʷ ʟʦʣʷ ʚ ʩʦʩʪʦʷʥʠʝ ʛʝʣʷ 

ʥʘʟʳʚʘʝʪʩʷ ʢʦʘʛʫʣʷʮʠʝʡ (ʩʚʝʨʪʳʚʘʥʠʝʤ), ʘ ʦʙʨʘʪʥʳʡ ʧʝʨʝʭʦʜ ï ʧʝʧʪʠʟʘʮʠʝʡ.  

ʂʦʘʛʫʣʷʮʠʷ ʧʦʯʚʝʥʥʳʭ ʢʦʣʣʦʠʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 

ʟʘʨʷʞʝʥʥʳʭ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ, ʜʝʛʠʜʨʘʪʘʮʠʠ, ʜʦʙʘʚʣʝʥʠʠ ʵʣʝʢʪʨʦʣʠʪʦʚ. ʇʨʠ ʚʳʩʳʭʘʥʠʠ ʠ 

ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʢʦʣʣʦʠʜʦʚ ʚ ʧʦʯʚʘʭ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʢʦʘʛʫʣʷʮʠʷ. ʆʩʥʦʚʥʳʤ ʢʦʘʛʫʣʠʨʫʶʱʠʤ 

ʘʛʝʥʪʦʤ ʚ ʧʦʯʚʘʭ ʯʘʩʪʦ ʩʣʫʞʘʪ ʠʦʥʳ ʢʘʣʴʮʠʷ. ʂʦʘʛʫʣʷʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʪʠʤʦʡ ʠ 

ʥʝʦʙʨʘʪʠʤʦʡ.  

ʇʝʧʪʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʘʙʫʭʘʥʠʠ ʠ ʨʘʩʪʚʦʨʝʥʠʠ ʦʩʘʜʢʘ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʱʝʣʦʯʥʦʩʪʠ ʩʨʝʜʳ, ʧʨʠ ʟʘʤʝʥʝ ʜʚʫʭ- ʠ ʪʨʝʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ ʥʘ ʦʜʥʦʚʘʣʝʥʪʥʳʝ ʢʘʪʠʦʥʳ 

ʢʘʣʠʷ, ʥʘʪʨʠʷ ʠ ʘʤʤʦʥʠʷ. 

 

ʇʦʛʣʦʪʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʯʚ 

ʉʚʦʡʩʪʚʦ ʧʦʯʚʳ ʟʘʜʝʨʞʠʚʘʪʴ, ʧʦʛʣʦʱʘʪʴ ʪʚʝʨʜʳʝ, ʞʠʜʢʠʝ ʠ ʛʘʟʦʦʙʨʘʟʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʩ ʪʚʝʨʜʦʡ ʬʘʟʦʡ ʧʦʯʚʳ, ʥʘʟʳʚʘʝʪʩʷ ʝʝ 

ʧʦʛʣʦʪʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ.   



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
ȳ.Ȧ. Ƚɋɖɓɡɛ 
Ʉ.Ȯ. ȧɆɋɈɆ 
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ʉʦʟʜʘʪʝʣʴ ʫʯʝʥʠʷ ʦ ʧʦʛʣʦʪʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʯʚʳ ʘʢʘʜʝʤʠʢ ʂ.ʂ. ɻʝʜʨʦʡʮ 

ʚʳʜʝʣʠʣ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʧʦʛʣʦʪʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ: 

ü ʄʝʭʘʥʠʯʝʩʢʘʷ ʧʦʛʣʦʪʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ - ʩʚʦʡʩʪʚʦ ʧʦʯʚʳ ʟʘʜʝʨʞʠʚʘʪʴ ʚ 

ʩʚʦʠʭ ʧʦʨʘʭ ʯʘʩʪʠʮʳ ʠʟ ʬʠʣʴʪʨʫʶʱʠʭʩʷ ʯʝʨʝʟ ʧʦʯʚʫ ʩʫʩʧʝʥʟʠʡ. ʄʝʭʘʥʠʯʝʩʢʦʝ ʧʦʛʣʦʱʝʥʠʝ 

ʟʘʚʠʩʠʪ ʦʪ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʣʦʞʝʥʠʷ ʧʦʯʚʳ. ɻʣʠʥʠʩʪʳʝ ʠ ʩʫʛʣʠʥʠʩʪʳʝ ʧʦʯʚʳ 

ʧʦʛʣʦʱʘʶʪ ʚʟʚʝʰʝʥʥʳʝ ʯʘʩʪʠʮʳ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʧʝʩʯʘʥʳʝ. 

ü ʌʠʟʠʯʝʩʢʘʷ ʧʦʛʣʦʪʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ (ʬʠʟʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ)  - 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʳʭ ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʩʠʣʦʡ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ. ʏʝʤ ʩʠʣʴʥʝʝ ʩʪʝʧʝʥʴ ʨʘʟʜʨʦʙʣʝʥʥʦʩʪʠ 

ʯʘʩʪʠʮ ʠ ʯʝʤ ʙʦʣʴʰʝ ʠʭ ʦʙʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʪʝʤ ʚʳʰʝ ʬʠʟʠʯʝʩʢʘʷ ʧʦʛʣʦʪʠʪʝʣʴʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ. ʊʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ ʧʦʯʚ ʤʦʛʫʪ ʧʨʠʪʷʛʠʚʘʪʴ ʢʘʢ ʤʦʣʝʢʫʣʳ ʞʠʜʢʠʭ 

ʚʝʱʝʩʪʚ, ʪʘʢ ʠ ʤʦʣʝʢʫʣʳ ʛʘʟʦʚ (ʥʘʧʨʠʤʝʨ, ʤʦʣʝʢʫʣʳ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠʟ ʚʦʟʜʫʭʘ). ɺ ʯʘʩʪʥʦʩʪʠ, 

ʥʘʣʠʯʠʝ ʧʣʝʥʦʯʥʦʡ ʚʣʘʛʠ ʚʦʢʨʫʛ ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʩʠʣʘʤʠ. 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʩʦʨʙʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʥʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʘ ʣʠʰʴ 

ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. 

ü ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʠʣʠ ʦʙʤʝʥʥʘʷ ʧʦʛʣʦʪʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ (ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ) - ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʯʚʳ ʦʙʤʝʥʠʚʘʪʴ ʥʝʢʦʪʦʨʫʶ ʯʘʩʪʴ ʢʘʪʠʦʥʦʚ 

ʜʠʬʬʫʟʥʦʛʦ ʩʣʦʷ ʢʦʣʣʦʠʜʥʦʡ ʤʠʮʝʣʣʳ ʥʘ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʠʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʚ ʧʦʯʚʝʥʥʦʤ ʨʘʩʪʚʦʨʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʬʠʟʠʯʝʩʢʦʡ ʘʜʩʦʨʙʮʠʠ, ʧʨʠ ʵʪʦʤ ʧʦʛʣʦʱʘʶʪʩʷ  ʥʝ ʮʝʣʳʝ 

ʤʦʣʝʢʫʣʳ, ʘ ʦʪʜʝʣʴʥʳʝ ʠʦʥʳ (ʢʘʪʠʦʥʳ ʠʣʠ ʘʥʠʦʥʳ). ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʧʦʛʣʦʪʠʪʝʣʴʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʝʥʥʳʭ  ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʦʦʧʨʝʜʝʣʷʶʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ. ʊʘʢ 

ʢʘʢ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʯʚʝʥʥʳʭ ʢʦʣʣʦʠʜʦʚ ʟʘʨʷʞʝʥʘ ʦʪʨʠʮʘʪʝʣʴʥʦ, ʪʦ ʠʟ ʨʘʩʪʚʦʨʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʛʣʦʱʘʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʠʦʥʳ, ʪʦ ʝʩʪʴ ʢʘʪʠʦʥʳ. ʄʝʞʜʫ 

ʧʦʯʚʝʥʥʦʡ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʡ ʤʘʩʩʦʡ (ʧʦʯʚʝʥʥʳʤ ʧʦʛʣʦʱʘʶʱʠʤ ʢʦʤʧʣʝʢʩʦʤ) ʠ ʧʦʯʚʝʥʥʳʤ 

ʨʘʩʪʚʦʨʦʤ ʩʫʱʝʩʪʚʫʝʪ ʧʦʜʚʠʞʥʦʝ ʨʘʚʥʦʚʝʩʠʝ. ʆʙʤʝʥ ʢʘʪʠʦʥʦʚ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ 

ʢʘʪʠʦʥʳ ʇʇʂ ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʵʢʚʠʚʘʣʝʥʪʥʦ. ʊʘʢ, ʦʜʠʥ ʜʚʫʭʚʘʣʝʥʪʥʳʡ ʢʘʪʠʦʥ ʉʘ2+ 

ʦʙʤʝʥʠʚʘʝʪʩʷ ʥʘ ʜʚʘ ʦʜʥʦʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʘ ʅ+ (ʂ+, Nʅ4
+ ʠ ʜʨ.).    

ʇʦʯʚʝʥʥʳʡ ʧʦʛʣʦʱʘʶʱʠʡ ʢʦʤʧʣʝʢʩ (ʇʇʂ) - ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʠʥʝʨʘʣʴʥʳʭ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʣʣʦʠʜʦʚ ʧʦʯʚʳ ʚʤʝʩʪʝ ʩ ʧʦʛʣʦʱʝʥʥʳʤʠ ʠʤʠ ʠʦʥʘʤʠ. ʇʇʂ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʯʘʩʪʝʡ: ʢʦʣʣʦʠʜʦʚ-ʘʜʩʦʨʙʝʥʪʦʚ ʠ ʘʜʩʦʨʙʠʨʫʝʤʳʭ ʚʝʱʝʩʪʚ - ʨʘʟʣʠʯʥʳʭ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ. 

 ɺ ʩʦʩʪʘʚ ʢʦʣʣʦʠʜʦʚ-ʘʜʩʦʨʙʝʥʪʦʚ ʚʭʦʜʷʪ ʤʠʥʝʨʘʣʴʥʳʝ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʦ-

ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ: 

ʄʠʥʝʨʘʣʴʥʳʝ ʧʦʯʚʝʥʥʳʝ ʢʦʣʣʦʠʜʳ: 

Á ɻʨʫʧʧʘ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ (ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ, ʙʝʡʜʝʣʣʠʪ, ʢʘʦʣʠʥʠʪ, ʛʘʣʣʫʘʟʠʪ, 

ʘʣʣʦʬʘʥʳ ʠ ʜʨ.) -  ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʢʦʣʣʦʠʜʳ; 

Á ɻʠʜʨʘʪʳ ʦʢʠʩʠ ʢʨʝʤʥʠʷ ʠ ʤʘʨʛʘʥʮʘ (SiO2 Ö nH2O ʠ Mn2O3 Ö nH2O) - ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʝ ʢʦʣʣʦʠʜʳ; 

Á ɻʠʜʨʦʢʩʠʜʳ ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ (Fe(OH)3 Ö nH2O ʠ  Al(OH)3 Ö nH2O) - ʘʤʬʦʣʠʪʦʠʜʳ. 

ɺ ʢʠʩʣʦʡ ʩʨʝʜʝ ʦʥʠ ʟʘʨʷʞʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʚ ʱʝʣʦʯʥʦʡ - ʦʪʨʠʮʘʪʝʣʴʥʦ. 

 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʧʦʯʚʝʥʥʳʝ ʢʦʣʣʦʠʜʳ: 

Á ʂʦʣʣʦʠʜʳ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʛʫʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ - ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʝ ʢʦʣʣʦʠʜʳ; 

Á ʊʝʣʘ ʥʝʢʦʪʦʨʳʭ ʤʝʣʢʠʭ ʙʘʢʪʝʨʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʩʚʦʡʩʪʚʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʦʙʤʝʥʘ. ʋ ʙʝʣʢʦʚʳʭ ʪʝʣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʘʢʮʠʠ ʩʨʝʜʳ ʟʘʨʷʜ ʤʦʞʝʪ ʙʳʪʴ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤ. 

ʉ ʇʇʂ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʝʤʢʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʧʦʯʚʳ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʤʝʥʥʳʭ 

ʢʘʪʠʦʥʦʚ, ʚʳʨʘʞʝʥʥʦʝ ʚ ʤʛ-ʵʢʚ/100ʛ ʧʦʯʚʳ, ʥʘʟʳʚʘʝʪʩʷ ʝʤʢʦʩʪʴʶ ʧʦʛʣʦʱʝʥʠʷ. ʇʝʩʯʘʥʳʝ 

ʧʦʯʚʳ ʠʤʝʶʪ ʦʯʝʥʴ ʤʘʣʫʶ ʝʤʢʦʩʪʴ ʦʙʤʝʥʘ -  1-5 ʤʛ-ʵʢʚ/100ʛ; ʩʫʧʝʩʯʘʥʳʝ - 7-8 ʤʛ-ʵʢʚ/100ʛ; 

ʩʫʛʣʠʥʠʩʪʳʝ - ʜʦ 15-18 ʤʛ-ʵʢʚ/100ʛ; ʛʣʠʥʠʩʪʳʝ - 25-30 ʤʛ-ʵʢʚ/100ʛ ʠ ʚʳʰʝ. ɽʤʢʦʩʪʴ ʦʙʤʝʥʘ ʚ 
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ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʰʝ, ʯʝʤ ʚ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʝ. ʊʘʢ, ʚ ʚʝʨʭʥʝʤ 

ʛʦʨʠʟʦʥʪʝ ʯʝʨʥʦʟʝʤʘ ʦʥʘ ʜʦʩʪʠʛʘʝʪ 50-60 ʤʛ-ʵʢʚ/100ʛ. 

 ʈʘʟʥʳʝ ʪʠʧʳ ʧʦʯʚ ʦʪʣʠʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʦʡ ʝʤʢʦʩʪʠ  ʧʦʛʣʦʱʝʥʠʷ, ʥʦ ʠ 

ʩʦʩʪʘʚʦʤ ʧʦʛʣʦʱʝʥʥʳʭ ʢʘʪʠʦʥʦʚ. 

 ʇʦʯʚʳ, ʧʦʛʣʦʱʝʥʥʳʝ ʢʘʪʠʦʥʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ  

(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ  ʢʘʪʠʦʥʘʤʠ ʱʝʣʦʯʥʳʭ ʠ ɦʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ), ʥʘʟʳʚʘʶʪʩʷ  

ʥʘʩʳʱʝʥʥʳʤʠ.  ʂ ʥʠʤ  ʦʪʥʦʩʷʪʩʷ ʯʝʨʥʦʟʝʤʳ, ʢʘʰʪʘʥʦʚʳʝ ʧʦʯʚʳ, ʩʝʨʦʟʝʤʳ ʠ ʨʷʜ  ʜʨʫʛʠʭ 

ʧʦʯʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʨʠʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. ʇʦʯʚʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʦʩʪʘʚʝ ʇʇʂ ʠʦʥʳ 

ʚʦʜʦʨʦʜʘ ʠ ʘʣʶʤʠʥʠʷ, ʥʘʟʳʚʘʶʪʩʷ ʥʝʥʘʩʳʱʝʥʥʳʤʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʧʦʜʟʦʣʠʩʪʳʝ ʧʦʯʚʳ, 

ʢʨʘʩʥʦʟʝʤʳ ʠ ʜʨʫʛʠʝ ʧʦʯʚʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʫʤʠʜʥʳʭ  ʣʘʥʜʰʘʬʪʦʚ. 

ü ʍʠʤʠʯʝʩʢʘʷ ʧʦʛʣʦʪʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ - ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʧʦʯʚʝʥʥʦʤ ʨʘʩʪʚʦʨʝ 

ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʠʣʠ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʳʧʘʜʘʶʪ ʚ ʦʩʘʜʦʢ ʠ 

ʧʨʠʤʝʰʠʚʘʶʪʩʷ ʢ ʪʚʝʨʜʦʡ ʬʘʟʝ ʧʦʯʚʳ. ʅʘʧʨʠʤʝʨ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʛʠʧʩʘ ʚ 

ʧʦʯʚʝ ʧʨʦʪʝʢʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʉaCl2 + Na2SO4 = 2NaCl + CaSO4. 

ü ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʧʦʛʣʦʪʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʧʦʯʚʝ 

ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʩʚʦʝʛʦ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʨʘʩʪʝʥʠʷ, ʞʠʚʦʪʥʳʝ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʥʘʢʘʧʣʠʚʘʶʪ ʨʷʜ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʭ ʥʦʨʤʘʣʴʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʦʩʣʝ ʦʪʤʠʨʘʥʠʷ 

ʥʘʢʦʧʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʦʩʪʘʶʪʩʷ ʚ ʧʦʯʚʝ, ʪʝʤ ʩʘʤʳʤ ʦʙʦʛʘʱʘʷ ʝʝ. 

 

ʇʦʯʚʝʥʥʳʡ ʨʘʩʪʚʦʨ. ʂʠʩʣʦʪʥʦʩʪʴ, ʱʝʣʦʯʥʦʩʪʴ ʠ ʙʫʬʝʨʥʦʩʪʴ ʧʦʯʚʳ 

ʇʦʯʚʝʥʥʳʡ ʨʘʩʪʚʦʨ ï ʵʪʦ ʞʠʜʢʘʷ ʬʘʟʘ ʧʦʯʚʳ ʚʤʝʩʪʝ ʩ ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʚ ʥʝʡ 

ʚʝʱʝʩʪʚʘʤʠ. ɺ ʧʦʯʚʘʭ ʩ ʧʨʦʤʳʚʥʳʤ ʪʠʧʦʤ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʚ ʧʦʯʚʝʥʥʦʤ ʨʘʩʪʚʦʨʝ 

ʧʨʝʦʙʣʘʜʘʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ ʠ ʠʭ ʩʦʣʠ; ʚ ʶʞʥʳʭ ʩʪʝʧʥʳʭ ʠ ʧʦʣʫʧʫʩʪʳʥʥʳʭ ʧʦʯʚʘʭ ï 

ʤʠʥʝʨʘʣʴʥʳʝ ʢʠʩʣʦʪʳ ʠ ʠʭ ʩʦʣʠ; ʚ ʯʝʨʥʦʟʝʤʘʭ  ʜʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʝ.  

ʂʠʩʣʦʪʥʦʩʪʴ ʧʦʯʚʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʧʦʯʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ, ʢʠʩʣʳʭ ʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʢʠʩʣʳʭ ʩʦʣʝʡ, ʘ ʪʘʢʞʝ ʧʦʛʣʦʱʝʥʥʳʭ 

(ʦʙʤʝʥʥʳʭ) ʠʦʥʦʚ ʅ+ ʠ Al3+ .  

ʈʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʧʦʯʚʝʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ: ʘʢʪʫʘʣʴʥʫʶ (ʘʢʪʠʚʥʫʶ) ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʦʙʤʝʥʥʫʶ ʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ. 

ɸʢʪʫʘʣʴʥʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʩʦʜʝʨʞʘʥʠʝʤ ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ 

ʧʦʯʚʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʜʝʡʩʪʚʫʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʦʨʥʝʚʫʶ ʩʠʩʪʝʤʫ ʠ ʧʦʯʚʝʥʥʳʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʪʦʡ ʬʦʨʤʳ ʢʠʩʣʦʪʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʦʜʦʨʦʜʥʳʭ 

ʠʦʥʦʚ ʚʳʨʘʞʘʶ ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ, ʦʙʦʟʥʘʯʘʷ ʩʠʤʚʦʣʦʤ ʨʅ. ʕʪʦʪ ʩʠʤʚʦʣ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʣʦʛʘʨʠʬʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ ʨʘʩʪʚʦʨʝ ʠ ʧʦʣʫʯʝʥ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʏʠʩʪʘʷ ʚʦʜʘ ʜʠʩʩʦʮʠʠʨʫʝʪ ʥʘ ʠʦʥʳ ʅ+ ʠ ʆʅ- :  ʅ2ʆ ­ ʅ+ + ʆʅ-. 

ʇʦ ʟʘʢʦʥʫ ʜʝʡʩʪʚʫʶʱʠʭ ʤʘʩʩ ʢʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ (ʂ) ʯʠʩʪʦʡ ʚʦʜʳ ʨʘʚʥʘ:    

ʂ =  
(  Ö /(Ȥ

(ς/   
 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 22ʦ ʉ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ, ʠʤʝʶʱʘʷ ʥʝʡʪʨʘʣʴʥʫʶ ʨʝʘʢʮʠʶ, 

ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʠʦʥʳ ʚ ʢʦʣʠʯʝʩʪʚʝ 1/10 000 000 ʛʨʘʤʤ-ʤʦʣʝʢʫʣʳ, ʪʦ ʝʩʪʴ 10-7 ʤʦʣʴ ʥʘ 1 ʣ ʚʦʜʳ. 

ʂʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ ʧʨʠ ʵʪʦʤ ʨʘʚʥʘ  1Ö10-14. ʀʟ ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʳ ʦʙʨʘʟʫʝʪʩʷ ʨʘʚʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ ʅ+ ʠ ʆʅ-, ʩʣʝʜʦʚʘʪʝʣʴʥʦ [H+] = [OH-] = 1Ö10-7 ʛ-ʠʦʥ/ʣ. 

      ɸʙʩʦʣʶʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʦʯʝʥʴ ʤʘʣʳ, ʠ ʠʤʠ ʥʝʫʜʦʙʥʦ 

ʧʦʣʴʟʦʚʘʪʴʩʷ, ʧʦʵʪʦʤʫ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʨʝʘʢʮʠʠ ʧʦʯʚʳ ʚʚʝʜʝʥ ʧʦʢʘʟʘʪʝʣʴ ʨʅ - ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʜʝʩʷʪʠʯʥʳʡ ʣʦʛʘʨʠʬʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ, ʚʳʨʘʞʝʥʥʦʡ ʚ ʛʨʘʤʤʘʭ ʥʘ  1 ʣ ʨʘʩʪʚʦʨʘ 

(ʨʅ = -lg [H+]). ʊʘʢ, ʝʩʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʘ ʅ+ ʚ 1 ʣ ʨʘʚʥʘ 0,001 ʛ, ʪʦ ʨʅ = 3, ʝʩʣʠ 0,0001, ʪʦ 

ʨʅ = 4 ʠ ʪ.ʜ.  ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʨʅ ʧʦʯʚʳ ʦʪʥʦʩʷʪ ʢ ʢʠʩʣʳʤ (ʨʅ < 7), ʥʝʡʪʨʘʣʴʥʳʤ 

(ʨʅ = 7) ʠ ʱʝʣʦʯʥʳʤ (ʨʅ > 7). 



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
ȳ.Ȧ. Ƚɋɖɓɡɛ 
Ʉ.Ȯ. ȧɆɋɈɆ 

 

 

http://izd -mn.com/ 67 

 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʠ ʘʣʶʤʠʥʠʷ ʚ 

ʧʦʯʚʝʥʥʦʤ ʧʦʛʣʦʱʘʶʱʝʤ ʢʦʤʧʣʝʢʩʝ, ʦʙʣʘʜʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʤʝʥʠʚʘʪʴʩʷ ʥʘ ʜʨʫʛʠʝ 

ʠʦʥʳ. ɺ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʚʭʦʜʷʪ ʦʙʤʝʥʥʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʠ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ. 

ʆʙʤʝʥʥʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʦʯʚʝʥʥʦ-ʧʦʛʣʦʱʘʶʱʝʛʦ 

ʢʦʤʧʣʝʢʩʘ (ʇʇʂ) ʩ ʥʝʡʪʨʘʣʴʥʳʤʠ ʩʦʣʷʤʠ: 

[ʇʇʂ-] H+ + KCl  ­  [ʇʇʂ-] K+ + HCl; 

[ʇʇʂ-] Al3+ + 3KCl  ­   [ʇʇʂ-] 3K+ + AlCl3. 

ʇʦʣʫʯʝʥʥʘʷ ʩʦʣʴ AlCl3  ʣʝʛʢʦ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʚ ʧʦʯʚʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʅCl: 

AlCl3 + 3ʅ2ʆ ­ Al(OH)3 + 3HCl. 

ʋʯʠʪʳʚʘʷ ʤʝʪʦʜʦʤ ʪʠʪʨʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʢʠʩʣʦʪʳ, 

ʦʧʨʝʜʝʣʷʝʤ ʦʙʤʝʥʥʫʶ ʢʠʩʣʦʪʥʦʩʪʴ ʧʦʯʚʳ.   

ɻʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ, ʙʦʣʝʝ ʧʨʦʯʥʦ 

ʩʚʷʟʘʥʥʳʭ ʩ ʇʇʂ ʠ ʚʳʪʝʩʥʷʝʤʳʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʦʯʚʳ ʩ ʨʘʩʪʚʦʨʘʤʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ 

ʱʝʣʦʯʥʳʭ ʩʦʣʝʡ ʠʣʠ ʱʝʣʦʯʝʡ. ʈʝʘʢʮʠʷ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʚ ʜʚʝ ʩʪʘʜʠʠ: 

ʉʅ3ʉʆʆNa + H2O ­ ʉʅ3ʉʆʆH + NaOH; 

[ʇʇʂ-] H+ + NaOH ­ [ʇʇʂ-]Na+ + H2O; 

ʠʣʠ  [ʇʇʂ-] H+ + ʉʅ3ʉʆʆNa ­ [ʇʇʂ-]Na+ + ʉʅ3ʉʆʆʅ. 

ʂʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʦʧʨʝʜʝʣʷʶʪ ʪʠʪʨʦʚʘʥʠʝʤ ʱʝʣʦʯʴʶ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʚ ʨʘʩʪʚʦʨ ʧʝʨʝʭʦʜʠʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ 

ʚʦʜʦʨʦʜʘ, ʯʝʤ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʝʡʪʨʘʣʴʥʳʭ ʩʦʣʝʡ (ʂCl). ɻʠʜʨʦʣʠʪʠʯʝʩʢʠ ʱʝʣʦʯʥʘʷ ʩʦʣʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʢʘʢ ʩ ʇʇʂ, ʪʘʢ ʠ ʩ ʧʦʯʚʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ, ʧʦʵʪʦʤʫ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ 

ʢʠʩʣʦʪʥʦʩʪʴ ʙʦʣʴʰʝ ʦʙʤʝʥʥʦʡ ʠ ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʘʢʪʫʘʣʴʥʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ. 

ʕʪʘ ʚʝʣʠʯʠʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʨʘʩʯʝʪʘ ʜʦʟʳ ʠʟʚʝʩʪʠ ʥʘ ʢʠʩʣʳʭ ʧʦʯʚʘʭ: 

ʇʨʦʮʝʩʩ ʠʟʚʝʩʪʢʦʚʘʥʠʷ ʢʠʩʣʳʭ ʧʦʯʚ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʝʡ: 

                                              ʅ+ 

[ʇʇʂ-]   + ʉʘʉʆ3  = [ʇʇʂ
-] ʉʘ2+ + ʅ2ʆ + ʉʆ2. 

                                              ʅ+ 

ʑʝʣʦʯʥʦʩʪʴ ʧʦʯʚʳ ï ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʯʚʳ ʧʦʜʱʝʣʘʯʠʚʘʪʴ ʧʦʯʚʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ ʧʦʯʚʳ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʱʝʣʦʯʥʳʭ ʩʦʣʝʡ (ʘʢʪʫʘʣʴʥʘʷ 

ʱʝʣʦʯʥʦʩʪʴ), ʘ ʪʘʢʞʝ ʦʙʤʝʥʥʦʛʦ ʥʘʪʨʠʷ (ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʱʝʣʦʯʥʦʩʪʴ). ʑʝʣʦʯʥʦʩʪʴ ʧʦʯʚ 

ʧʨʠʥʷʪʦ ʦʮʝʥʠʚʘʪʴ ʪʦʣʴʢʦ ʧʦ ʟʥʘʯʝʥʠʷʤ ʘʢʪʫʘʣʴʥʦʡ ʱʝʣʦʯʥʦʩʪʠ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʱʝʣʦʯʥʦʩʪʠ 

ʧʦʯʚ ʠʩʧʦʣʴʟʫʶʪ ʛʠʧʩ. 

ɹʫʬʝʨʥʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʯʚʳ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʠʟʤʝʥʝʥʠʶ ʨʝʘʢʮʠʠ ʧʦʯʚʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ. ʈʘʟʣʠʯʘʶʪ ʙʫʬʝʨʥʦʩʪʴ ʧʨʦʪʠʚ ʧʦʜʢʠʩʣʝʥʠʷ ʠ ʙʫʬʝʨʥʦʩʪʴ ʧʨʦʪʠʚ ʧʦʜʱʝʣʘʯʠʚʘʥʠʷ. 

ʇʦʯʚʳ, ʥʝ ʥʘʩʳʱʝʥʥʳʝ ʦʩʥʦʚʘʥʠʷʤʠ, ʠʤʝʶʱʠʝ ʚ ʩʦʩʪʘʚʝ ʇʇʂ ʦʙʤʝʥʥʳʝ ʢʘʪʠʦʥʳ ʚʦʜʦʨʦʜʘ ʠ 

ʘʣʶʤʠʥʠʷ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʙʫʬʝʨʥʦʩʪʴʶ ʧʨʦʪʠʚ ʧʦʜʱʝʣʘʯʠʚʘʥʠʷ ʠ ʥʠʟʢʦʡ - ʧʨʦʪʠʚ 

ʧʦʜʢʠʩʣʝʥʠʷ. ʀ ʥʘʦʙʦʨʦʪ, ʧʦʯʚʳ, ʥʘʩʳʱʝʥʥʳʝ ʦʩʥʦʚʘʥʠʷʤʠ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʙʫʬʝʨʥʦʩʪʴʶ 

ʧʨʦʪʠʚ ʧʦʜʢʠʩʣʝʥʠʷ ʠ ʥʠʟʢʦʡ ï ʧʨʦʪʠʚ ʧʦʜʱʝʣʘʯʠʚʘʥʠʷ. ɹʫʬʝʨʥʦʩʪʴ ʧʦʯʚʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʫʪʷʞʝʣʝʥʠʝʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ. ɹʫʬʝʨʥʦʩʪʴ 

ʧʦʯʚ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʪʝʭʥʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ.  

4.3. ʋʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʧʦʯʚʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʙʠʦʢʦʩʥʫʶ ʩʠʩʪʝʤʫ. ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚ ʧʦʯʚʘʭ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʯʚʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʣʘʨʢʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʦʙʳʯʥʦ 

ʫʯʠʪʳʚʘʶʪʩʷ ʚʩʝ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʩʫʤʤʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ. 

ʉʨʘʚʥʝʥʠʝ ʢʣʘʨʢʦʚ ʧʦʯʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʩʣʝʜʫʶʱʫʶ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʢʣʘʨʢʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʣʘʨʢʦʚ ʵʪʠʭ ʞʝ ʵʣʝʤʝʥʪʦʚ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ. ʇʨʠ ʵʪʦʤ ʜʘʥʥʘʷ 
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ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʪʤʝʯʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʤʘʩʰʪʘʙʝ ʚʩʝʡ ʧʣʘʥʝʪʳ, ʥʦ ʠ ʚ ʧʦʯʚʘʭ ʦʪʜʝʣʴʥʳʭ 

ʨʝʛʠʦʥʦʚ. ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʠʦʢʦʩʥʦʩʪʴʶ ʧʦʯʚ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʦʨʛʘʥʠʟʤʦʚ 

ʧʨʠʩʧʦʩʘʙʣʠʚʘʝʪʩʷ ʥʝ ʢ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠʣʠ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ, ʘ ʢ ʩʨʝʜʥʠʤ ʠʭ ʟʥʘʯʝʥʠʷʤ [1].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʯʚ ʨʘʚʥʠʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ ʚ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʟʘʜʝʡʩʪʚʦʚʘʥʘ ʯʝʣʦʚʝʢʦʤ ʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʩʦʜʝʨʞʘʥʠʝ ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʪʘʣʦ ʟʘʚʠʩʝʪʴ ʦʪ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. ɺʩʝ ʵʪʦ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʫʩʪʘʥʦʚʠʪʴ ʩʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʦʯʚ ʜʦ ʠʭ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ɹʦʣʴʰʫʶ ʨʘʙʦʪʫ ʧʦ ʠʟʫʯʝʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʧʨʦʚʝʣ ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚ [3]. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʠʤ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4.2. 

ʊʘʙʣʠʮʘ 4.2 

ʂʣʘʨʢʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ, % ʤʘʩʩʳ 

ʕʣʝʤʝʥʪ ʇʦʯʚʳ ʕʣʝʤʝʥʪ ʇʦʯʚʳ 

Ag n Ö 10-5 Li 3 Ö 10-3 

Al  7,13 Mg 6,3 Ö 10-1 

As 5 Ö 10-4 Mn 8,5 Ö 10-2 

B 1 Ö 10-3 Mo 2 Ö 10-4 

Ba 5 Ö 10-2 N 1 Ö 10-1 

Be 6 Ö 10-4 Na 6,3 Ö 10-1 

Br 5 Ö 10-4 Ni 4 Ö 10-3 

Ca 1,37 P 8 Ö 10-2 

Cd 5 Ö 10-5 Pb 1 Ö 10-3 

Ce 5 Ö 10-3 Rb 1 Ö 10-2 

Cl 1 Ö 10-2 S 8,5 Ö 10-2 

Co 8 Ö 10-4 Sc 7 Ö 10-4 

Cr 2 Ö 10-2 Se 1 Ö 10-6 

Cs 5 Ö 10-4 Si 33 

Cu 2 Ö 10-3 Sn 1 Ö 10-3 

F 2 Ö 10-2 Sr 3 Ö 10-2 

Fe 3,8 Th 6 Ö 10-4 

Ga 3 Ö 10-3 Ti 4,6 Ö 10-1 

Ge n Ö 10-4 U 5 Ö 10-4 

Hf 6 Ö 10-4 V 1 Ö 10-2 

Hg 1 Ö 10-6 Y 5 Ö 10-3 

J 5 Ö 10-4 Zn 5 Ö 10-3 

K 1,36 Zr 3 Ö 10-2 

La 4 Ö 10-3   

 

4.4. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ 

ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʧʨʷʤʦʝ ʠʣʠ ʢʦʩʚʝʥʥʦʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʬʫʥʢʮʠʡ, ʩʦʩʪʘʚʘ, ʩʚʦʡʩʪʚ ʠ ʨʝʞʠʤʦʚ ʧʦʯʚʳ, ʢ ʩʥʠʞʝʥʠʶ ʝʝ ʧʨʠʨʦʜʥʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʟʥʘʯʠʤʦʩʪʠ, ʪʦ ʝʩʪʴ ʢ ʜʝʛʨʘʜʘʮʠʠ [2, 6]. 

ɼʣʷ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʭ ʪʝʨʨʠʪʦʨʠʡ ʥʘʰʝʡ ʩʪʨʘʥʳ ʥʘʠʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʥ r ʪʘʢʠʝ ʥʝʛʘʪʠʚʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʘʢ ʨʘʟʨʫʰʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ (ʧʦʨʯʘ), 

ʟʘʛʨʷʟʥʝʥʠʝ ʠ ʟʘʭʣʘʤʣʝʥʠʝ ʟʝʤʝʣʴ.  
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ʍʠʤʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʟʝʤʝʣʴ, ʧʨʦʠʩʭʦʜʷʱʝʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ  ʫʚʝʣʠʯʝʥʠʝʤ (ʧʦʷʚʣʝʥʠʝʤ) ʢʦʣʠʯʝʩʪʚ ʭʠʤʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʘʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʟʥʘʯʝʥʠʷ (ʬʦʥʦʚʳʝ ʠʣʠ ʥʘ ʥʘʯʘʣʦ 

ʩʨʘʚʥʠʚʘʝʤʦʛʦ ʧʝʨʠʦʜʘ).  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 17.4.3.06-86 (ʆʭʨʘʥʘ ʧʨʠʨʦʜʳ. ʇʦʯʚʳ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʯʚ ʧʦ ʚʣʠʷʥʠʶ ʥʘ ʥʠʭ ʭʠʤʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ) ʩʨʝʜʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʧʦʯʚʫ ʚʝʱʝʩʪʚ ʨʘʟʣʠʯʘʶʪ: 

Á ʧʝʜʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʠʟʤʝʥʷʶʱʠʝ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʳʝ ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚ ʧʦʯʚʘʭ ʠ ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘ 

ʦʙʱʫʶ ʧʦʯʚʝʥʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʤʘʢʨʦʵʣʝʤʝʥʪʳ ʠ ʠʭ 

ʩʦʝʜʠʥʝʥʠʷ), ʫʭʫʜʰʘ ̫ʢʘʯʝʩʪʚʦ ʧʦʯʚʳ ʠ ʝʸ ʧʣʦʜʦʨʦʜʠʝ; 

Á ʙʠʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ ʞʠʚʳʝ 

ʦʨʛʘʥʠʟʤʳ: ʤʠʢʨʦʬʣʦʨʫ, ʨʘʩʪʝʥʠʷ ʠ ʞʠʚʦʪʥʳʭ; 

Á ʚʝʱʝʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʯʚʝ ʚ ʪʘʢʠʭ ʬʦʨʤʘʭ, ʢʦʪʦʨʳʝ ʚʝʜʫʪ ʢ ʠʭ 
ʤʠʛʨʘʮʠʠ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ, ʛʨʫʥʪʦʚʳʝ ʠ ʧʦʜʟʝʤʥʳʝ 

ʚʦʜr. 

ʇʦ ʩʪʝʧʝʥʠ ʚʦʟʤʦʞʥʦʛʦ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʫ, ʨʘʩʪʝʥʠʷ, ʞʠʚʦʪʥʳʭ ʠ 

ʯʝʣʦʚʝʢʘ ʚʩʝ ʟʘʛʨʷʟʥʷʶʱʠʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʪʨʠ ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ (ɻʆʉʊ 17.4.1.02-83. ʆʭʨʘʥʘ ʧʨʠʨʦʜʳ. ʇʦʯʚʳ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʝʥʠʷ) (ʪʘʙʣ. 4.3): 

- 1 ʢʣʘʩʩ - ʚʝʱʝʩʪʚʘ ʚʳʩʦʢʦʦʧʘʩʥʳʝ; 

- 2 ʢʣʘʩʩ - ʚʝʱʝʩʪʚʘ ʫʤʝʨʝʥʥʦ ʦʧʘʩʥʳʝ; 

- 3 ʢʣʘʩʩ - ʚʝʱʝʩʪʚʘ ʤʘʣʦʦʧʘʩʥʳʝ. 

ʊʘʙʣʠʮʘ 4.3 

ʂʣʘʩʩʳ ʦʧʘʩʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

ʂʣʘʩʩ 

ʦʧʘʩʥʦʩʪʠ 

ʍʠʤʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ 

1 

ʤʳʰʴʷʢ, ʢʘʜʤʠʡ, ʨʪʫʪʴ, ʩʝʣʝʥ, ʩʚʠʥʝʮ, ʮʠʥʢ, ʬʪʦʨ, ʙʝʥʟ(ʘ)ʧʠʨʝʥ; 

ʧʝʩʪʠʮʠʜʳ: ʘʪʨʘʟʠʥ, ʛʝʢʩʘʭʣʦʨʙʫʪʘʜʠʝʥ, ʛʨʘʥʦʟʘʥ, ɻʍʎɻ, ʛʝʧʪʘʭʣʦʨ, 

ɼʅʆʂ, ɼɼʊ, ʢʘʨʙʘʪʠʦʥ,   ʤʝʪʘʬʦʩ, ʇʍʂ, ʇʍʇ,  ʩʝʚʠʥ, ʪʦʨʜʦʥ, ʪʠʦʜʘʥ, 

ʊʄʊɼ 

2 

ʙʦʨ, ʢʦʙʘʣʴʪ, ʥʠʢʝʣʴ, ʤʦʣʠʙʜʝʥ, ʤʝʜʴ, ʩʫʨʴʤʘ, ʭʨʦʤ; 

ʧʝʩʪʠʮʠʜʳ: ʘʛʝʣʦʥ (ʘʪʨʘʟʠʥ+ʧʨʦʤʝʪʨʠʥ), 2,4-ɼ, ʜʘʣʘʧʦʥ,  ʢʘʨʙʦʬʦʩ, 

ʢʫʧʨʦʟʘʥ, ʢʝʣʴʪʘʥ, ʥʠʪʨʘʬʝʥ, ʧʨʦʧʘʥʠʜ, ʩʠʤʘʟʠʥ, ʪʨʝʬʣʘʥ, ʭʣʦʨʦʬʦʩ, ʷʣʘʥ, 

ʨʦʛʦʨ 

3 

ʙʘʨʠʡ, ʚʘʥʘʜʠʡ, ʚʦʣʴʬʨʘʤ, ʤʘʨʛʘʥʝʮ, ʩʪʨʦʥʮʠʡ, ʘʮʝʪʦʬʝʥʦʥ; 

ʧʝʩʪʠʮʠʜʳ: ʙʘʥʚʝʣ ɼ, ʜʘʢʪʘʣ, ʜʠʣʦʨ, ʤʠʣʴʙʝʢʩ, ʧʦʣʠʜʠʤ, ʧʦʣʠʢʘʨʙʘʮʠʥ, 

ʧʨʦʤʝʪʨʠʥ, ʪʨʠʭʣʦʨʘʮʝʪʘʪ ʥʘʪʨʠʷ, ʪʝʜʠʦʥ, ʮʠʥʝʙ, ʵʨʘʜʠʢʘʥ 

 

ʇʦʧʘʜʘʷ ʚ ʧʦʯʚʫ, ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ ʩʧʦʩʦʙʥʳ ʤʠʛʨʠʨʦʚʘʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʠ (ʠʣʠ) 

ʚʝʨʪʠʢʘʣʴʥʦ ʧʦ ʧʦʯʚʝʥʥʦʤʫ ʧʨʦʬʠʣʶ, ʧʝʨʝʭʦʜʷ ʚ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ï ʚ 

ʘʪʤʦʩʬʝʨʫ, ʧʨʠʨʦʜʥʳʝ ʚʦʜʳ, ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ (ʪʨʘʥʩʣʦʢʘʮʠʷ). ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʦʥʠ ʤʦʛʫʪ ʣʠʙʦ ʨʘʟʣʘʛʘʪʴʩʷ, ʣʠʙʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʝʱʝ ʙʦʣʝʝ 

ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ, ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʝʪʦʢʩʠʯʥʳʝ ʧʨʦʜʫʢʪʳ (ʜʝʪʦʢʩʠʢʘʮʠʷ). 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ 

ʩʪʝʧʝʥʴ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʨʦʮʝʩʩʘʤ ʨʘʟʣʦʞʝʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʥʘʟʳʚʘʝʪʩʷ 

ʧʝʨʩʠʩʪʝʥʪʥʦʩʪʴʶ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʫʛʣʝʚʦʜʦʨʦʜʳ ʥʝʬʪʠ, ʧʝʩʪʠʮʠʜʳ, 

ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʠ ʜʨ.  
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ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʢ ʛʣʘʚʝ 4 
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ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ ʢ ʨʘʟʜʝʣʫ I 

1. ʏʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʪʤʦʩʬʝʨʘ? ʉʪʨʦʝʥʠʝ ʘʪʤʦʩʬʝʨʳ. 

2. ɼʘʡʪʝ ʢʨʘʪʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʳ. 

3. ɺ ʢʘʢʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʥʘʭʦʜʠʪʩʷ ʦʟʦʥʦʚʳʡ ʩʣʦʡ? 

4. ʀʟʣʦʞʠʪʝ ʩʫʪʴ ʧʨʦʙʣʝʤʳ ʠʩʪʦʱʝʥʠʷ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ ɿʝʤʣʠ. 

5. ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʘʪʤʦʩʬʝʨʝ. 

6. ʂʘʢʦʚʳ ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ? 

7. ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʘʪʤʦʩʬʝʨʳ. 

8. ʏʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʦʪʦʭʠʤʠʯʝʩʢʠʡ ʩʤʦʛ?  

9. ʀʟʣʦʞʠʪʝ ʧʨʠʯʠʥʳ ʦʙʨʘʟʦʚʘʥʠʷ ʢʠʩʣʦʪʥʳʭ ʜʦʞʜʝʡ.  

10. ɺ ʯʝʤ ʤʦʛʫʪ ʚʳʨʘʞʘʪʴʩʷ ʧʦʩʣʝʜʩʪʚʠʷ ʚʳʧʘʜʝʥʠʷ ʢʠʩʣʦʪʥʳʭ ʜʦʞʜʝʡ? 

11. ʈʘʩʢʨʦʡʪʝ ʩʫʪʴ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ? 

12. ʂʘʢʦʚʳ ʚʦʟʤʦʞʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʫʩʠʣʝʥʠʷ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ? 

13. ʂʘʢʠʝ ʛʘʟʳ ʦʪʥʦʩʷʪ ʢ ʧʘʨʥʠʢʦʚʳʤ? 

14. ʏʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʪʦʩʬʝʨʘ?  

15. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʟʝʤʥʦʡ ʢʦʨʳ. ɽʩʪʴ ʣʠ ʨʘʟʣʠʯʠʷ ʚ ʧʦʥʷʪʠʷʭ çʣʠʪʦʩʬʝʨʘè ʠ çʟʝʤʥʘʷ 
ʢʦʨʘè? 

16. ɼʘʡʪʝ ʢʨʘʪʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʟʝʤʥʦʡ ʢʦʨʳ: ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʠ 
ʦʢʝʘʥʠʯʝʩʢʦʡ. 

17. ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʣʠʪʦʩʬʝʨʝ. 

18. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʣʘʨʢʘ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ. 

19. ɺ ʯʝʤ ʩʫʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ? 

20. ʆʧʨʝʜʝʣʠʪʝ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 
ʣʠʪʦʩʬʝʨʝ ʚ ʧʨʦʮʝʩʩʝ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. 

21. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʛʠʜʨʦʩʬʝʨʳ. 

22. ʏʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʄʠʨʦʚʦʡ ʦʢʝʘʥ? 

23. ɼʘʡʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʘʣʦʛʦ ʠ ʙʦʣʴʰʦʛʦ ʢʨʫʛʦʚʦʨʦʪʦʚ ʚʦʜʳ ʥʘ ɿʝʤʣʝ. 

24. ʇʝʨʝʯʠʩʣʠʪʝ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʨʦʜʥʳʭ 
ʚʦʜ. 

25. ʂʘʢʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʳ ʟʥʘʝʪʝ? 

26. ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʨʦʜʥʳʭ ʚʦʜ. 

27. ɼʘʡʪʝ ʢʨʘʪʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʛʣʘʚʥʳʭ (ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʘʠʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ) 
ʠʦʥʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ. 

28. ʂʘʢʠʝ ʛʘʟʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ?  

29. ʂʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚʳ ʟʥʘʝʪʝ? 

30.  ʏʝʤ ʦʙʫʩʣʦʚʣʝʥʳ ʢʠʩʣʦʪʥʦʩʪʴ ʠ ʱʝʣʦʯʥʦʩʪʴ ʚʦʜʳ?  

31.  ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʢʠʩʣʷʝʤʦʩʪʠ ʚʦʜʳ. 

32.  ʏʪʦ ʪʘʢʦʝ ʍʇʂ ʠ ɹʇʂ? 

33.  ʂʘʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ? 

34.  ɺ ʯʝʤ ʩʦʩʪʦʷʪ ʦʩʥʦʚʥʳʝ ʨʘʟʣʠʯʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʚʦʜ? 

35.  ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ (ʵʚʪʨʦʬʠʢʘʮʠʠ) ʚʦʜʦʝʤʦʚ.  

36.  ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʩʪʘʜʠʠ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. 

37. ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʚʦʜ. 

38. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʯʚʳ. 

39. ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʘʡʪʝ ʠʤ ʢʨʘʪʢʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

40. ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʜʘʡʪʝ ʠʤ ʢʨʘʪʢʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 
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41. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʛʫʤʠʬʠʢʘʮʠʠ. 

42. ʏʪʦ ʪʘʢʦʝ ʦʧʦʜʟʦʣʠʚʘʥʠʝ, ʜʝʨʥʦʚʳʡ ʧʨʦʮʝʩʩ ʠ ʣʝʩʩʠʚʘʞ? 

43. ɺ ʯʝʤ ʩʫʪʴ ʧʨʦʮʝʩʩʦʚ ʦʛʣʠʥʝʥʠʷ ʠ ʦʛʣʝʝʥʠʷ, ʘ ʪʘʢʞʝ ʙʦʣʦʪʥʦʛʦ ʧʨʦʮʝʩʩʘ? 

44. ʏʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩʳ ʟʘʩʦʣʝʥʠʷ, ʦʩʦʣʦʜʝʥʠʷ ʠ ʦʩʦʣʦʥʮʝʚʘʥʠʷ? 

45. ɺ ʯʝʤ ʩʫʪʴ ʧʨʦʮʝʩʩʘ ʣʘʪʝʨʠʪʠʟʘʮʠʠ? 

46. ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ. 

47. ʏʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʧʦʯʚʳ? 

48. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʬʫʣʴʚʦʢʠʩʣʦʪ. 

49. ʇʨʝʜʩʪʘʚʴʪʝ ʩʭʝʤʘʪʠʯʥʦ ʩʪʨʦʝʥʠʝ ʢʦʣʣʦʠʜʥʦʡ ʤʠʮʝʣʣʳ. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʩʦʩʪʘʚ 

ʧʦʯʚʝʥʥʳʭ ʢʦʣʣʦʠʜʦʚ.  

50. ʏʝʤ ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʛʣʦʪʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʯʚ? ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʪʠʧʳ 
ʧʦʛʣʦʪʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

51. ʏʪʦ ʪʘʢʦʝ ʢʠʩʣʦʪʥʦʩʪʴ, ʱʝʣʦʯʥʦʩʪʴ ʠ ʙʫʬʝʨʥʦʩʪʴ ʧʦʯʚʳ? ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʷ. 

52. ʂʘʢʠʝ ʚʠʜʳ ʢʠʩʣʦʪʥʦʩʪʠ ʠ ʱʝʣʦʯʥʦʩʪʠ ʧʦʯʚʳ ʚʳ ʟʥʘʝʪʝ? 

53. ʆʙʦʟʥʘʯʴʪʝ  ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ. 
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çʏʨʝʟʚʳʯʘʡʥʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʩʝʛʦ ʞʠʚʦʛʦ ʪʦ,  

ʯʪʦ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʨʘʟ ʧʦʧʘʚʰʠʝ ʚ ʝʛʦ ʮʠʢʣʳ,  

ʧʦʯʪʠ ʠʟ ʥʠʭ ʥʝ ʚʳʭʦʜʷʪ, ʚ ʥʠʭ ʦʩʪʘʶʪʩʷ ʚʝʯʥʦè. 

ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ 

 

çɾʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʩʦʟʜʘʶʪ ʚ ʙʠʦʩʬʝʨʝ ʢʨʫʛʦʚʦʨʦʪʳ 

ʚʘʞʥʝʡʰʠʭ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʧʝʨʝʤʝʥʥʦ 

ʧʝʨʝʭʦʜʷʪ ʠʟ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʥʝʦʨʛʘʥʠʯʝʩʢʫʶ ʤʘʪʝʨʠʶ. 

ʕʪʠ ʮʠʢʣʳ ʜʝʣʷʪ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʢʨʫʛʦʚʦʨʦʪʳ  

ʛʘʟʦʚ ʠ ʦʩʘʜʦʯʥʳʝ ʢʨʫʛʦʚʦʨʦʪʳ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʛʣʘʚʥʳʡ  

ʧʦʩʪʘʚʱʠʢ ʵʣʝʤʝʥʪʦʚ ï ʘʪʤʦʩʬʝʨʘ (ʫʛʣʝʨʦʜ, ʢʠʩʣʦʨʦʜ, ʘʟʦʪ),  

ʚʦ ʚʪʦʨʦʤ ï ʛʦʨʥʳʝ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ (ʬʦʩʬʦʨ, ʩʝʨʘ ʠ ʜʨ.)è. 

ɺ.ɺ. ɼʦʢʫʯʘʝʚ 

 

ʈʘʟʜʝʣ II . ʍʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʙʠʦʩʬʝʨʝ 

ɻʣʘʚʘ 5. ʄʠʛʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ 

5.1. ʇʦʥʷʪʠʝ ʦ ʙʠʦʩʬʝʨʝ 

ɹʠʦʩʬʝʨʘ (ʛʨʝʯ. bios ï ʞʠʟʥʴ, sphaira ï ʰʘʨ, ʩʬʝʨʘ) - ʩʚʦʝʦʙʨʘʟʥʘʷ ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ, 

ʩʦʜʝʨʞʘʱʘʷ ʚʩʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʪʫ ʯʘʩʪʴ ʚʝʱʝʩʪʚʘ ʧʣʘʥʝʪʳ, ʢʦʪʦʨʘʷ 

ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʦʙʤʝʥʝ ʩ ʵʪʠʤʠ ʦʨʛʘʥʠʟʤʘʤʠ. ɾʠʚʘʷ ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ (ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʚʩʝʭ ʝʝ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ), ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʢʦʣʦ 3Ö10-9 ʝʝ ʤʘʩʩʳ, çʪʝʩʥʝʡʰʠʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʘ 

ʩʦ ʩʪʨʦʝʥʠʝʤ ʟʝʤʥʦʡ ʢʦʨʳ, ʚʭʦʜʠʪ ʚ ʝʝ ʤʝʭʘʥʠʟʤ ʠ ʚ ʵʪʦʤ ʤʝʭʘʥʠʟʤʝ ʠʩʧʦʣʥʷʝʪ ʚʝʣʠʯʘʡʰʝʡ 

ʚʘʞʥʦʩʪʠ ʬʫʥʢʮʠʠ, ʙʝʟ ʢʦʪʦʨʳʭ ʦʥ ʥʝ ʤʦʛ ʙʳ ʩʫʱʝʩʪʚʦʚʘʪʴè (ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ).  

ɹʠʦʩʬʝʨʘ  ʧʨʦʥʠʢʘʝʪ ʚʦ ʚʩʶ ʛʠʜʨʦʩʬʝʨʫ, ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʣʠʪʦʩʬʝʨʳ ʠ ʥʠʞʥʶʶ ʯʘʩʪʴ 

ʘʪʤʦʩʬʝʨʳ.  

https://pixabay.com/ru/
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D1%82%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BC%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%B0
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ʌʨʘʥʮʫʟʩʢʠʡ ʫʯʸʥʳʡ-ʝʩʪʝʩʪʚʦʠʩʧʳʪʘʪʝʣʴ ɾʘʥ ɹʘʪʠʩʪ ʃʘʤʘʨʢ ʚ ʥʘʯʘʣʝ XIX ʚʝʢʘ 

ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʠʣ ʢʦʥʮʝʧʮʠʶ ʙʠʦʩʬʝʨʳ, ʝʱʸ ʥʝ ʚʚʝʜʷ ʜʘʞʝ ʩʘʤʦʛʦ ʪʝʨʤʠʥʘ. ʊʝʨʤʠʥ 

çʙʠʦʩʬʝʨʘè ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʚʩʪʨʠʡʩʢʠʤ ʛʝʦʣʦʛʦʤ ʠ ʧʘʣʝʦʥʪʦʣʦʛʦʤ ʕʜʫʘʨʜʦʤ ɿʶʩʩʦʤ ʚ 1875 

ʛʦʜʫ.  

ʎʝʣʦʩʪʥʦʝ ʫʯʝʥʠʝ ʦ ʙʠʦʩʬʝʨʝ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʨʘʟʚʠʪʦ ʘʢʘʜʝʤʠʢʦʤ ɺʣʘʜʠʤʠʨʦʤ 

ʀʚʘʥʦʚʠʯʝʤ ɺʝʨʥʘʜʩʢʠʤ (çɹʠʦʩʬʝʨʘè, 1926), ʢʦʪʦʨʳʡ ʨʘʩʩʤʘʪʨʠʚʘʣ ʩʦʚʦʢʫʧʥʦʩʪʴ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ɿʝʤʣʠ - "ʞʠʚʦʝ ʚʝʱʝʩʪʚʦ" - ʢʘʢ ʝʜʠʥʳʡ ʚʩʝʦʙʱʠʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʚʦʚʣʝʢʘʝʪ ʚ 

ʢʨʫʛʦʚʦʨʦʪ ʢʦʩʥʫʶ ʤʘʪʝʨʠʶ ʧʣʘʥʝʪʳ, ʘʢʢʫʤʫʣʠʨʫʝʪ ʵʥʝʨʛʠʶ ʂʦʩʤʦʩʘ ʠ ʧʨʝʦʙʨʘʟʫʝʪ ʝʝ ʚ 

ʵʥʝʨʛʠʶ ʟʝʤʥʳʭ ʧʨʦʮʝʩʩʦʚ [2]. ʈʘʩʩʤʘʪʨʠʚʘʷ ʙʠʦʩʬʝʨʫ ʢʘʢ ʦʙʦʣʦʯʢʫ ɿʝʤʣʠ, ʥʘʩʝʣʝʥʥʫʶ 

ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʠ ʧʨʦʜʫʢʪʘʤʠ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʥ ʧʦʜʯʝʨʢʠʚʘʣ, ʯʪʦ ʩʦʩʪʘʚ 

ʙʠʦʩʬʝʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʠʭ 

ʩʦʚʦʢʫʧʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʥʘʩʪʦʷʱʝʤ ʠ ʧʨʦʰʣʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ 

ʚʧʝʨʚʳʝ ʦʪʚʸʣ ʞʠʚʳʤ ʦʨʛʘʥʠʟʤʘʤ ʨʦʣʴ ʛʣʘʚʥʝʡʰʝʡ ʧʨʝʦʙʨʘʟʫʶʱʝʡ ʩʠʣʳ ʧʣʘʥʝʪʳ ɿʝʤʣʷ.  

ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ, ʙʠʦʩʬʝʨʘ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʨʘʟʥʦʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʛʣʘʚʥʳʡ ʠ ʦʩʥʦʚʥʦʡ - ʵʪʦ ʞʠʚʦʝ ʚʝʱʝʩʪʚʦ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ 

ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʥʘʩʝʣʷʶʱʠʭ ɿʝʤʣʶ. ɺ ʧʨʦʮʝʩʩʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʥʝʞʠʚʳʤ (ʘʙʠʦʛʝʥʥʳʤ) - ʢʦʩʥʳʤ ʚʝʱʝʩʪʚʦʤ. ʊʘʢʦʝ ʚʝʱʝʩʪʚʦ ʦʙʨʘʟʫʝʪʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʥʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʷ, ʥʘʧʨʠʤʝʨ, 

ʠʟʚʝʨʞʝʥʥʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ. ʉʣʝʜʫʶʱʠʡ ʢʦʤʧʦʥʝʥʪ - ʙʠʦʛʝʥʥʦʝ ʚʝʱʝʩʪʚʦ, ʩʦʟʜʘʚʘʝʤʦʝ ʠ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʝ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ (ʛʘʟʳ ʘʪʤʦʩʬʝʨʳ, ʢʘʤʝʥʥʳʡ ʫʛʦʣʴ, ʥʝʬʪʴ, ʪʦʨʬ, 

ʠʟʚʝʩʪʥʷʢ, ʤʝʣ, ʣʝʩʥʘʷ ʧʦʜʩʪʠʣʢʘ, ʧʦʯʚʝʥʥʳʡ ʛʫʤʫʩ ʠ ʪ.ʜ.). ɽʰʝ ʦʜʥʦ ʩʦʩʪʘʚʣʷʶʱʝʝ ʙʠʦʩʬʝʨʳ 

- ʙʠʦʢʦʩʥʦʝ ʚʝʱʝʩʪʚʦ - ʨʝʟʫʣʴʪʘʪ ʩʦʚʤʝʩʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ (ʚʦʜʘ, ʧʦʯʚʘ, 

ʢʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ, ʛʣʠʥʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ) ʠ ʢʦʩʥʳʭ (ʘʙʠʦʛʝʥʥʳʭ) 

ʧʨʦʮʝʩʩʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʠʦʩʬʝʨʘ ɿʝʤʣʠ ï ʵʪʦ ʦʪʢʨʳʪʘʷ ʩʣʦʞʥʘʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ 

ʩʘʤʦʨʝʛʫʣʠʨʫʶʱʘʷʩʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʢʦʩʤʦʩʦʤ ʩʠʩʪʝʤʘ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʤʠʥʝʨʘʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʙʨʘʟʫʶʱʘʷ ʚʥʝʰʥʶʶ ʦʙʦʣʦʯʢʫ ʧʣʘʥʝʪʳ (ɺ.ɸ. ʂʦʚʜʘ, 1985) [4] . 

ʎʝʣʦʩʪʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʠʦʩʬʝʨʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʤʝʥ ʚʝʱʝʩʪʚʦʤ ʠ ʵʥʝʨʛʠʝʡ 

ʤʝʞʜʫ ʝʝ ʢʦʤʧʦʥʝʥʪʘʤʠ (ʞʠʚʳʤ, ʙʠʦʢʦʩʥʳʤ, ʙʠʦʛʝʥʥʳʤ ʠ ʢʦʩʥʳʤ ʚʝʱʝʩʪʚʦʤ) ʠ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʦʡ. 

ʅʦʦʩʬʝʨʘ (ʦʪ ʛʨʝʯ. noos ð ʨʘʟʫʤ) - ʵʪʦ ʙʠʦʩʬʝʨʘ, ʨʘʟʫʤʥʦ ʫʧʨʘʚʣʷʝʤʘʷ ʯʝʣʦʚʝʢʦʤ. 

ʅʦʦʩʬʝʨʘ ʷʚʣʷʝʪʩʷ ʚʳʩʰʝʡ ʩʪʘʜʠʝʡ ʨʘʟʚʠʪʠʷ ʙʠʦʩʬʝʨʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʠ 

ʩʪʘʥʦʚʣʝʥʠʝʤ ʚ ʥʝʡ ʮʠʚʠʣʠʟʦʚʘʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʩ ʧʝʨʠʦʜʦʤ, ʢʦʛʜʘ ʨʘʟʫʤʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʯʝʣʦʚʝʢʘ ʩʪʘʥʦʚʠʪʩʷ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ ʨʘʟʚʠʪʠʷ ʥʘ ɿʝʤʣʝ. 

ʇʦʥʷʪʠʝ çʥʦʦʩʬʝʨʘè ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʧʨʦʬʝʩʩʦʨʦʤ ʤʘʪʝʤʘʪʠʢʠ ʉʦʨʙʦʥʥʳ ʕʜʫʘʨʜʦʤ 

ʃʝʨʫʘ (1870ð1954), ʢʦʪʦʨʳʡ ʪʨʘʢʪʦʚʘʣ ʝʸ ʢʘʢ çʤʳʩʣʷʱʫʶè ʦʙʦʣʦʯʢʫ, ʬʦʨʤʠʨʫʶʱʫʶʩʷ 

ʯʝʣʦʚʝʯʝʩʢʠʤ ʩʦʟʥʘʥʠʝʤ. ʕ. ʃʝʨʫʘ ʧʦʜʯʸʨʢʠʚʘʣ, ʯʪʦ ʧʨʠʰʸʣ ʢ ʵʪʦʡ ʠʜʝʝ ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʚʦʠʤ 

ʜʨʫʛʦʤ - ʢʨʫʧʥʝʡʰʠʤ ʛʝʦʣʦʛʦʤ ʠ ʧʘʣʝʦʥʪʦʣʦʛʦʤ-ʵʚʦʣʶʮʠʦʥʠʩʪʦʤ, ʠ ʢʘʪʦʣʠʯʝʩʢʠʤ 

ʬʠʣʦʩʦʬʦʤ ʇʴʝʨʦʤ ʊʝʡʷʨʦʤ ʜʝ ʐʘʨʜʝʥʦʤ. ʇʨʠ ʵʪʦʤ ʃʝʨʫʘ ʠ ʐʘʨʜʝʥ ʦʩʥʦʚʳʚʘʣʠʩʴ ʥʘ 

ʣʝʢʮʠʷʭ ʧʦ ʛʝʦʭʠʤʠʠ, ʢʦʪʦʨʳʝ ʚ 1922/1923 ʛʦʜʘʭ ʯʠʪʘʣ ʚ ʉʦʨʙʦʥʥʝ ɺ. ʀ. ɺʝʨʥʘʜʩʢʠʡ (1863 - 

1945). 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʠʭ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʪʝʢʘʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ.  

ɻʨʘʥʠʮʳ ʙʠʦʩʬʝʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʨʘʥʠʮʘʤʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ 

(ʨʠʩ. 5.1). ɺʝʩʴ ʄʠʨʦʚʦʡ ʦʢʝʘʥ ʟʘʩʝʣʝʥ ʦʨʛʘʥʠʟʤʘʤʠ: ʦʥʠ ʞʠʚʫʪ ʠ ʚ ʄʘʨʠʘʥʩʢʦʡ ʚʧʘʜʠʥʝ, ʠ 

ʧʦʜʦ ʣʴʜʘʤʠ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ ʠ ɸʥʪʘʨʢʪʠʜʳ. ɺ ʘʪʤʦʩʬʝʨʝ ʞʠʟʥʴ ʚʳʷʚʣʝʥʘ ʥʝ ʪʦʣʴʢʦ ʚ 

ʧʨʝʜʝʣʘʭ ʘʪʤʦʩʬʝʨʳ, ʥʦ ʠ ʚ ʩʪʨʘʪʦʩʬʝʨʝ (ʞʠʟʥʝʩʧʦʩʦʙʥʳʝ ʦʨʛʘʥʠʟʤʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʘʞʝ 

ʥʘ ʚʳʩʦʪʝ ʦʢʦʣʦ 80 ʢʤ) [1]. ʇʨʠ ʵʪʦʤ ʘʢʪʠʚʥʘʷ ʞʠʟʥʴ ʙʦʣʴʰʠʥʩʪʚʘ ʦʨʛʘʥʠʟʤʦʚ ʧʨʦʭʦʜʠʪ ʜʦ 

ʚʳʩʦʪ ʦʢʦʣʦ 13 ʢʤ. ɺ ʧʨʝʜʝʣʘʭ ʢʦʥʪʠʥʝʥʪʦʚ ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʙʠʦʩʬʝʨʳ ʧʨʦʭʦʜʠʪ ʧʦ 

ʤʝʥʷʶʱʠʤʩʷ ʛʣʫʙʠʥʘʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʚ ʦʩʥʦʚʥʦʤ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɺ ʨʷʜʝ 

ʨʘʡʦʥʦʚ ʘʢʪʠʚʥʳʝ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʦʨʤʳ ʤʠʢʨʦʬʣʦʨʳ ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʛʣʫʙʠʥʘʭ ʦʢʦʣʦ 3 ʢʤ. 

https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D0%BC%D0%B0%D1%80%D0%BA,_%D0%96%D0%B0%D0%BD_%D0%91%D0%B0%D1%82%D0%B8%D1%81%D1%82
https://ru.wikipedia.org/wiki/%D0%97%D1%8E%D1%81%D1%81,_%D0%AD%D0%B4%D1%83%D0%B0%D1%80%D0%B4
https://ru.wikipedia.org/wiki/1875_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/1875_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BC%D0%BB%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%84%D0%B5%D1%81%D1%81%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D1%80%D0%B1%D0%BE%D0%BD%D0%BD%D0%B0
https://ru.wikipedia.org/w/index.php?title=%D0%9B%D0%B5%D1%80%D1%83%D0%B0,_%D0%AD%D0%B4%D1%83%D0%B0%D1%80%D0%B4&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%9B%D0%B5%D1%80%D1%83%D0%B0,_%D0%AD%D0%B4%D1%83%D0%B0%D1%80%D0%B4&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%B9%D1%8F%D1%80_%D0%B4%D0%B5_%D0%A8%D0%B0%D1%80%D0%B4%D0%B5%D0%BD,_%D0%9F%D1%8C%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BE%D1%85%D0%B8%D0%BC%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/1922
https://ru.wikipedia.org/wiki/1923_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D1%80%D0%B1%D0%BE%D0%BD%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%80%D0%BD%D0%B0%D0%B4%D1%81%D0%BA%D0%B8%D0%B9,_%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BC%D0%B8%D1%80_%D0%98%D0%B2%D0%B0%D0%BD%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/1863
https://ru.wikipedia.org/wiki/1945
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ʈʠʩʫʥʦʢ 5.1. ɻʨʘʥʠʮʳ ʙʠʦʩʬʝʨʳ 

 

5.2. ʄʠʛʨʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʙʠʦʩʬʝʨʝ 

ʄʠʛʨʘʮʠʷ - ʵʪʦ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ 

ʚʨʝʤʝʥʠ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʣʠ ʨʘʩʩʝʷʥʠʶ.  

ʇʝʨʝʤʝʱʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʧʦʯʪʠ ʟʘʤʢʥʫʪʦʛʦ 

ʮʠʢʣʘ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ ʵʣʝʤʝʥʪʦʚ ʥʝ ʪʦʣʴʢʦ ʧʦʩʪʦʷʥʥʦ ʧʦʩʪʫʧʘʝʪ ʠʟ ʤʘʥʪʠʠ ʠ ʢʦʩʤʦʩʘ ʚ 

ʙʠʦʩʬʝʨʫ, ʥʦ ʠ ʤʠʛʨʠʨʫʝʪ ʠʟ ʥʝʸ ʚ ʛʣʫʙʠʥʥʳʝ ʟʦʥʳ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʚ ʢʦʩʤʦʩ. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʧʝʨʝʤʝʱʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʤʘʩʩʳ ʚʝʱʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʘ ʵʥʝʨʛʠʷ, ʬʦʨʤʳ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʙʳʪʴ 

ʜʦʚʦʣʴʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳ. ʀʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʨʘʩʭʦʜʫʝʤʦʡ ʥʘ ɿʝʤʣʝ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ:  

ü ʕʥʝʨʛʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʘʩʩʣʦʝʥʠʠ ɿʝʤʣʠ ʥʘ ʦʙʦʣʦʯʢʠ, ʢʦʛʜʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʸʛʢʠʝ ʘʪʦʤʳ ʩʣʘʛʘʶʪ ʚʝʨʭʥʠʝ ʦʙʦʣʦʯʢʠ, ʘ ʪʷʞʸʣʳʝ ï ̫ ʜʨʦ. ʉ ʜʘʥʥʳʤ ʚʠʜʦʤ 

ʵʥʝʨʛʠʠ ʩʚʷʟʘʥʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚʝʱʝʩʪʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʘʥʝʪʳ; 

ü ʂʦʩʤʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʷ ʢʦʩʤʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʧʦʩʪʫʧʘʶʱʘʷ ʥʘ 

ɿʝʤʣʶ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʢ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ, ʢʦʪʦʨʘʷ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪ 

ʪʝʧʣʦʚʳʝ ʨʝʞʠʤʳ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʠ ʘʪʤʦʩʬʝʨʳ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʩʩ ʚʦʜʳ 

ʠ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ. ʉ ʵʥʝʨʛʠʝʡ ʉʦʣʥʮʘ ʩʚʷʟʘʥ ʠ ʧʨʦʮʝʩʩ ʬʦʪʦʩʠʥʪʝʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʛʘʟʘʤʠ ʘʪʤʦʩʬʝʨʳ ʚʦʟʥʠʢʘʶʪ ʥʝʡʪʨʦʥʳ, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷʭ. ʊʘʢ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʘʟʦʪ ʘʪʤʦʩʬʝʨʳ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʫʛʣʝʨʦʜ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʠʟʦʪʦʧ ʚʦʜʦʨʦʜʘ ʪʨʠʪʠʡ (3ʅ ʠʣʠ ʊ). ɺ ʧʨʦʮʝʩʩʝ 

ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, ʚʳʟʚʘʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ, ʦʙʨʘʟʫʶʪʩʷ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʠʟʦʪʦʧʳ 
10Be,22Na, 26Al, 36ʉ1 

ü ʕʥʝʨʛʠʷ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ, ʩ ʢʦʪʦʨʦʡ ʤʥʦʛʠʝ ʫʯʸʥʳʝ ʩʚʷʟʳʚʘʶʪ 

ʙʦʣʴʰʠʥʩʪʚʦ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʡʯʘʩ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʫʤʤʘʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
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ʚʳʜʝʣʝʥʥʦʡ ʠʤʠ ʵʥʝʨʛʠʠ ʟʘ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʠʩʪʦʨʠʶ ɿʝʤʣʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʘʩʧʣʘʚʣʝʥʠʷ 

ʤʘʩʩʳ ʛʦʨʥʳʭ ʧʦʨʦʜ; 

ü ʊʝʧʣʦʪʘ ʛʣʫʙʠʥ ʟʝʤʥʦʛʦ ʰʘʨʘ. ʕʥʝʨʛʠʶ ʦʩʪʘʪʦʯʥʦʡ ʪʝʧʣʦʪʳ ʛʣʫʙʠʥ ʟʝʤʥʦʛʦ ʰʘʨʘ 

ʦʜʥʠ ʫʯʸʥʳʝ ʩʚʷʟʳʚʘʶʪ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʜʨʫʛʠʝ ï ʩ ʦʩʪʘʪʦʯʥʦʡ ʪʝʧʣʦʪʦʡ 

ʟʚʝʟʜʳ. ɺʝʨʭʥʠʝ ʦʙʦʣʦʯʢʠ ɿʝʤʣʠ ʧʦʣʫʯʘʶʪ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʠʟ ʛʣʫʙʠʥ ʧʣʘʥʝʪʳ, ʠ ʩ ʥʝʡ 

ʩʚʷʟʘʥʳ ʦʯʝʥʴ ʤʥʦʛʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ; 

ü ʀʥʦʛʜʘ ʦʪʜʝʣʴʥʦ ʚʳʜʝʣʷʶʪ ʵʥʝʨʛʠʶ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʦ  ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ ʙʳʣʦ 

ʙʳ ʛʦʚʦʨʠʪʴ ʦ ʧʨʦʷʚʣʝʥʠʠ ʨʘʥʝʝ ʥʘʢʦʧʣʝʥʥʦʡ ʞʠʚʳʤ ʚʝʱʝʩʪʚʦʤ ʵʥʝʨʛʠʠ.  

 

ɺʠʜʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

 

ʇʦʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ ʨʘʟʣʠʯʥʦ. ʆʜʥʠ ʵʣʝʤʝʥʪʳ (ʘʢʪʠʚʥʳʝ 

ʤʠʛʨʘʥʪʳ), ʪʘʢʠʝ ʢʘʢ H, N, C, ʆ, Na, Mg, Al, Si, P, S, Cl, K, Mn, Fe, ʠ ʜʨ., ʣʝʛʢʦ ʦʙʨʘʟʫʶʪ 

ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʚʩʪʫʧʘʶʪ ʚ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. ɼʨʫʛʠʝ ʞʝ ʵʣʝʤʝʥʪʳ (Zr, Hf, Nb, Pt, 

Os, Ir ʠ ʜʨ.)  ʧʦʯʪʠ ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʘʢʮʠʷʭ. ʕʪʠ ʥʝʘʢʪʠʚʥʳʝ ʤʠʛʨʘʥʪʳ ʧʝʨʝʜʚʠʛʘʶʪʩʷ ʚ 

ʙʠʦʩʬʝʨʝ ʧʘʩʩʠʚʥʦ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʯʘʩʪʠʮ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ ʩ 

ʚʦʜʦʡ, ʣʝʜʥʠʢʘʤʠ, ʚʦʟʜʫʰʥʳʤʠ ʤʘʩʩʘʤʠ. ʂ ʥʝʘʢʪʠʚʥʳʤ ʤʠʛʨʘʥʪʘʤ ʦʪʥʦʩʷʪʩʷ ʪʘʢʞʝ ʠʥʝʨʪʥʳʝ 

ʛʘʟʳ - Ge, Ne, Kr, Xe, ʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʧʦʩʦʙʥʳ ʢ ʭʠʤʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʠʛʨʘʶʱʠʝ ʤʘʣʫʶ ʨʦʣʴ ʚ ʙʠʦʩʬʝʨʝ ʠ ʵʢʦʩʠʩʪʝʤʘʭ.  

ʇʦ ʩʧʦʩʦʙʫ ʤʠʛʨʘʮʠʠ ʘʢʪʠʚʥʳʝ ʤʠʛʨʘʥʪʳ ʜʝʣʷʪʩʷ ʥʘ ʚʦʟʜʫʰʥʳʝ ʠ ʚʦʜʥʳʝ: 

Á ɺʦʟʜʫʰʥʳʝ ʤʠʛʨʘʥʪʳ (H, N, C, ʆ) ʦʙʨʘʟʫʶʪ ʛʘʟʦʦʙʨʘʟʥʳʝ ʩʦʝʜʠʥʝʥʠʷ; ʠʭ ʤʠʛʨʘʮʠʷ 

ʠ ʥʘʢʦʧʣʝʥʠʝ ʦʧʨʝʜʝʣʷʶʪ ʚʘʞʥʝʡʰʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʨʝʜʳ. ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʳ 

ʠʛʨʘʶʪ ʚʝʜʫʱʫʶ ʨʦʣʴ ʚ ʙʠʦʩʬʝʨʝ, ʪʘʢ ʢʘʢ ʦʙʨʘʟʫʶʪ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ; 

Á ʂ ʚʦʜʥʳʤ ʤʠʛʨʘʥʪʘʤ ʦʪʥʦʩʷʪ ʵʣʝʤʝʥʪʳ, ʤʠʛʨʠʨʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʧʦʯʚʝʥʥʳʭ, ʛʨʫʥʪʦʚʳʭ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʚ ʚʠʜʝ ʠʦʥʦʚ, ʥʝʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʠ 

ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ. ʕʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʣʝʤʝʥʪʦʚ: Na, Mg, Al, Si, P, S, Cl, K, Mn, Fe, Co, Ni, 

V ʠ ʜʨ. ɺʦʜʥʳʝ ʤʠʛʨʘʥʪʳ ʫʩʪʫʧʘʶʪ ʧʦ ʟʥʘʯʝʥʠʶ ʚʦʟʜʫʰʥʳʤ [3].  

ʄʠʛʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʩʬʝʨʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʭʘʥʠʯʝʩʢʦʡ, 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ, ʙʠʦʛʝʥʥʦʡ ʠ ʪʝʭʥʦʛʝʥʥʦʡ ʚʠʜʘʤʠ ʤʠʛʨʘʮʠʡ [6].  

ü ʄʝʭʘʥʠʯʝʩʢʘʷ  ʤʠʛʨʘʮʠʷ ï ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʬʦʨʤ ʠʭ ʥʘʭʦʞʜʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʝʨʝʤʝʱʘʶʪʩʷ ʦʙʣʦʤʢʠ ʤʠʥʝʨʘʣʦʚ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʠ ʘʪʤʦʩʬʝʨʝ, ʚʦʜʳ ʨʝʢ, ʛʘʟʳ ʘʪʤʦʩʬʝʨʳ ʠ ʪ.ʜ. ɼʘʥʥʳʡ ʚʠʜ ʤʠʛʨʘʮʠʠ ʥʝ 

ʟʘʚʠʩʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ; ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʨʘʟʤʝʨʳ ʠ 

ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʤʠʛʨʘʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ çʨʘʙʦʪʦʡè ʨʝʢ, ʪʝʯʝʥʠʡ, ʚʝʪʨʘ, 

ʣʝʜʥʠʢʦʚ, ʚʫʣʢʘʥʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʠʛʨʘʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʜʝʣʶʚʠʡ, ʧʨʦʣʶʚʠʡ, 

ʘʣʣʶʚʠʡ, ʤʦʨʝʥʘ, ʣʝʩʩʳ ʠ ʜʨʫʛʠʝ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ. ʕʪʘ ʤʠʛʨʘʮʠʷ ʩʫʱʝʩʪʚʝʥʥʘ ʜʣʷ 

ʵʣʝʤʝʥʪʦʚ ï ʧʘʩʩʠʚʥʳʭ ʤʠʛʨʘʥʪʦʚ, ʠ ʤʘʣʘ ʜʣʷ ʵʣʝʤʝʥʪʦʚ - ʘʢʪʠʚʥʳʭ ʤʠʛʨʘʥʪʦʚ.  

ʄʝʭʘʥʠʯʝʩʢʘʷ ʤʠʛʨʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʦʜʥʦʡ ʠ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ. ɺ ʘʪʤʦʩʬʝʨʝ ʝʩʪʴ 

ʨʘʩʧʳʣʝʥʥʳʝ ʯʘʩʪʠʮʳ ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ ʚʝʱʝʩʪʚ, ʵʪʠ ʚʟʚʝʩʠ ʥʘʟʳʚʘʶʪ ʘʵʨʦʟʦʣʷʤʠ. 

ɸʵʨʦʟʦʣʴʥʳʝ ʯʘʩʪʠʮʳ ʧʦʩʪʫʧʘʶʪ ʠʟ ʩʫʰʠ ʠ ʤʦʨʷ ʠ ʧʦʧʘʜʘʶʪ ʦʙʨʘʪʥʦ ʚ ʩʦʩʪʘʚʝ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ ʠ ʚ ʬʦʨʤʝ ʩʫʭʠʭ ʦʩʘʞʜʝʥʠʡ. ʅʘʜ ʦʢʝʘʥʦʤ ʚ ʩʦʩʪʘʚʝ ʘʵʨʦʟʦʣʝʡ ʧʨʝʦʙʣʘʜʘʶʪ 

ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ ʩʦʣʠ, ʥʘ ʩʫʰʝ ʚ ʦʙʤʝʥ ʩ ʘʪʤʦʩʬʝʨʦʡ ʚʩʪʫʧʘʝʪ ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ 

ʣʠʪʦʩʬʝʨʳ. ʏʘʩʪʠʮʳ ʧʦʯʚʳ, ʧʦʨʦʜ, ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʝʧʣʘ ʤʠʛʨʠʨʫʶʪ ʥʘ ʜʝʩʷʪʢʠ ʪʳʩʷʯ 

ʢʠʣʦʤʝʪʨʦʚ. ɺʝʪʨʦʤ ʧʦʜʥʠʤʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʤʝʣʢʠʝ ʦʙʣʦʤʢʠ ʧʦʨʦʜ, ʥʦ ʠ ʨʳʭʣʳʝ ʧʨʦʜʫʢʪʳ 

ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ; ʚ ʛʫʤʫʩʝ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʘʭ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʘʢʢʫʤʫʣʠʨʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʤʠʛʨʘʮʠʶ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʦʢʘʟʳʚʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʩʫʰʠ.  

ü ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʤʠʛʨʘʮʠʷ ï ʤʠʛʨʘʮʠʷ ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʝʝ ʭʠʤʠʯʝʩʢʠʝ 

ʨʝʘʢʮʠʠ ʜʣʷ ʪʘʢʠʭ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʠ ʛʘʟʦʚʳʝ 

ʩʤʝʩʠ. ʂ ʜʘʥʥʦʤʫ ʚʠʜʫ ʤʠʛʨʘʮʠʠ ʦʪʥʦʩʷʪ ʪʘʢʞʝ ʜʠʬʬʫʟʠʶ, ʧʨʦʮʝʩʩʳ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ, 

ʷʚʣʝʥʠʝ ʠʟʦʤʦʨʬʠʟʤʘ, ʧʨʦʮʝʩʩʳ ʩʦʨʙʮʠʠ.  



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
ȳ.Ȧ. Ƚɋɖɓɡɛ 
Ʉ.Ȯ. ȧɆɋɈɆ 
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ʊʘʢ ʢʘʢ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʤʠʛʨʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʣʠ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ, ʠʣʠ ʚ 

ʘʪʤʦʩʬʝʨʝ, ʪʦ ʝʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʝʣʷʪ ʥʘ ʚʦʜʥʫʶ ʠ ʚʦʟʜʫʰʥʫʶ ʤʠʛʨʘʮʠʠ.  

Á ɺʦʜʥʘʷ ʤʠʛʨʘʮʠʷ. ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʤʠʛʨʠʨʫʶʪ ʚ ʠʦʥʥʳʭ, ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ 

ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʜ, ʦʩʦʙʝʥʥʦ ʦʪ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʳʭ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ 

(ʂ), ʨʘʚʥʳʤ ʦʪʥʦʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʦʩʪʘʪʢʝ ʚʦʜʳ ʢ ʝʛʦ ʩʦʜʝʨʞʘʥʠʶ 

ʚ ʧʦʨʦʜʝ, ʧʦ ʢʦʪʦʨʦʡ ʠʣʠ ʚ ʢʦʪʦʨʦʡ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚʦʜʳ: 

ʂ = mĀ100 / aĀn,   

ʛʜʝ  m ï ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʦʜʘʭ, ʛ/ʣ; n ï ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʨʦʜʘʭ, %; a ï ʤʠʥʝʨʘʣʠʟʘʮʠʷ 

ʚʦʜʳ, ʛ/ʣ.  

ʏʝʤ ʚʳʰʝ ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ, ʪʝʤ ʩʠʣʴʥʝʝ ʵʣʝʤʝʥʪʳ ʚʳʱʝʣʘʯʠʚʘʶʪʩʷ ʠʟ 

ʧʦʨʦʜ, ʪʝʤ ʠʥʪʝʥʩʠʚʥʝʝ ʠʭ ʚʦʜʥʘʷ ʤʠʛʨʘʮʠʷ. ʇʦ ʚʝʣʠʯʠʥʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ 

ɸ.ʀ. ʇʝʨʝʣʴʤʘʥ (1989) ʨʘʟʜʝʣʠʣ ʵʣʝʤʝʥʪʳ ʥʘ 4 ʛʨʫʧʧʳ [7]: 

1.  ʆʯʝʥʴ ʧʦʜʚʠʞʥʳʝ ʤʠʛʨʘʥʪʳ (K = nĀ10 - nĀ100).  

2.  ʃʝʛʢʦʧʦʜʚʠʞʥʳʝ (ʂ = n - nĀ10).  

3.  ʇʦʜʚʠʞʥʳʝ (ʂ = 0,1n - n).  

4. ʉʣʘʙʦʧʦʜʚʠʞʥʳʝ ʠ ʠʥʝʨʪʥʳʝ (ʂ = 0,01 ʠ ʤʝʥʝʝ).  

Á ʄʠʛʨʘʮʠʷ ʛʘʟʦʚ. ʇʝʨʚʦʠʩʪʦʯʥʠʢʦʤ ʛʘʟʦʚ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʷʚʣʷʣʩʷ ʧʨʦʮʝʩʩ 

ʜʝʛʘʟʘʮʠʠ ʤʘʥʪʠʠ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʩʬʝʨʝ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʩʠʩʪʝʤʝ ʧʦʚʝʨʭʥʦʩʪʴ ʩʫʰʠ ï ʘʪʤʦʩʬʝʨʘ ï ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʝʘʥʘ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʜʣʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ, ʘ ʩʫʱʝʩʪʚʫʶʱʘʷ ʜʠʥʘʤʠʢʘ ʮʠʢʣʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʛʘʟʦʧʘʨʦʚʦʡ ʬʦʨʤʝ ʦʙʫʩʣʦʚʣʝʥʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ [3].  

Á ʄʠʛʨʘʮʠʷ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ. ʉ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʧʨʦʠʩʭʦʜʠʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʝʨʝʥʦʩ ʚʝʱʝʩʪʚ. ɺ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʘʭ ʧʨʝʦʙʣʘʜʘʶʪ ʪʝ ʞʝ ʠʦʥʳ, ʯʪʦ ʠ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ. ʆʥʠ ʧʦʩʪʫʧʘʶʪ ʟʘ ʩʯʝʪ ʨʘʩʪʚʦʨʝʥʠʷ ʛʘʟʦʚ ʚʦʟʜʫʭʘ, ʧʝʨʝʥʦʩʘ ʚʝʪʨʦʤ 

ʩʦʣʝʡ ʩ ʤʦʨʷ, ʨʘʩʪʚʦʨʝʥʠʷ ʩʦʣʝʡ ʠ ʧʳʣʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʚʳʙʨʦʩʦʚ. 

ü ɹʠʦʛʝʥʥʘʷ ʤʠʛʨʘʮʠʷ ï ʤʠʛʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴʶ ʦʨʛʘʥʠʟʤʦʚ. ʇʨʦʮʝʩʩʳ ʩʠʥʪʝʟʘ ʠ ʨʘʟʣʦʞʝʥʠʷ, ʧʦʩʪʦʷʥʥʘʷ ʩʤʝʥʘ 

ʦʪʤʝʨʰʠʭ ʦʨʛʘʥʠʟʤʦʚ ʥʦʚʳʤʠ, ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʭʦʜ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʙʠʦʩʬʝʨʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ, çʣʶʙʦʝ ʧʝʨʝʤʝʱʝʥʠʝ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʣʠʙʦ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʣʠʙʦ ʚ ʩʨʝʜʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʪʦʨʦʡ ʦʙʫʩʣʦʚʣʝʥʳ ʵʪʠʤ ʞʠʚʳʤ ʚʝʱʝʩʪʚʦʤè.  

ü ʊʝʭʥʦʛʝʥʥʘʷ ʤʠʛʨʘʮʠʷ - ʤʠʛʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʳʟʚʘʥʥʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ. ɽʝ ʨʦʣʴ ʚ ʧʦʚʝʜʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʨʘʩʪʘʝʪ. 

ɺʘʞʥʦʩʪʴ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʪʝʭʥʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʙʳʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ɺ. ʀ. ɺʝʨʥʘʜʩʢʠʤ ʠ ɸ. ɽ. ʌʝʨʩʤʘʥʦʤ ʚ ʥʘʯʘʣʝ ʍʍ ʩʪʦʣʝʪʠʷ. ʆʜʥʘʢʦ ʦʛʨʦʤʥʦʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʚʳʷʚʠʣʦʩʴ ʪʦʣʴʢʦ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XX ʚʝʢʘ, ʢʦʛʜʘ 

ʨʝʟʢʦ ʚʦʟʨʦʩʣʦ ʚʣʠʷʥʠʝ ʪʝʭʥʦʛʝʥʝʟʘ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ. ʆʩʫʱʝʩʪʚʣʷʷ ʪʝʭʥʦʛʝʥʥʫʶ 

ʤʠʛʨʘʮʠʶ, ʯʝʣʦʚʝʯʝʩʪʚʦ ʝʱʸ ʧʣʦʭʦ ʟʥʘʝʪ ʝʸ ʟʘʢʦʥʳ, ʥʦʚʳʝ ʷʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʥʘ 

ʥʘʰʝʡ ʧʣʘʥʝʪʝ. ʏʘʩʪʴ ʧʣʘʥʝʪʳ, ʦʭʚʘʯʝʥʥʘʷ ʪʝʭʥʦʛʝʥʝʟʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʦʙʫʶ 

ʩʠʩʪʝʤʫ ï ʪʝʭʥʦʩʬʝʨʫ.  

ʊʝʭʥʦʛʝʥʝʟ ï ʵʪʦ ʧʨʦʮʝʩʩ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʝʭʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. 

ʊʝʭʥʦʩʬʝʨʘ - ʯʘʩʪʴ ʙʠʦʩʬʝʨʳ, ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʯʝʣʦʚʝʢʦʤ ʚ 

ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʦʙʲʝʢʪʳ (ʨʝʩʫʨʩʳ, ʟʜʘʥʠʷ, ʜʦʨʦʛʠ, ʤʝʭʘʥʠʟʤʳ, ʩʦʦʨʫʞʝʥʠʷ ʠ ʜʨ.), 

ʩʪʘʥʦʚʷʱʠʝʩʷ ʯʘʩʪʴʶ ʥʦʦʩʬʝʨʳ ʩ ʮʝʣʴʶ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ [9]. 
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ɺ ʪʝʭʥʦʩʬʝʨʝ ʧʨʦʠʩʭʦʜʠʪ ʛʨʘʥʜʠʦʟʥʘʷ ʤʠʛʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɽʞʝʛʦʜʥʦ 

ʧʝʨʝʤʝʱʘʶʪʩʷ ʤʠʣʣʠʘʨʜʳ ʪʦʥʥ ʫʛʣʷ, ʥʝʬʪʠ, ʛʘʟʘ, ʨʫʜ ʠ ʜʨ. ɺ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʠʭ ʦʪʨʝʟʢʦʚ 

ʚʨʝʤʝʥʠ ʨʘʩʩʝʠʚʘʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʥʘʢʦʧʣʝʥʥʳʝ ʧʨʠʨʦʜʦʡ ʟʘ 

ʤʠʣʣʠʦʥʳ ʣʝʪ. ʉ ʧʨʦʜʫʢʮʠʝʡ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʳ ʤʠʛʨʠʨʫʶʪ ʥʘ 

ʦʛʨʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ.  

ɺʳʜʝʣʷʶʪ ʜʚʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʘ ʪʝʭʥʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ:  

Á ʊʝʭʥʦʛʝʥʥʘʷ ʤʠʛʨʘʮʠʷ, ʫʥʘʩʣʝʜʦʚʘʥʥʘʷ ʦʪ ʙʠʦʩʬʝʨʳ, ʥʦ ʠʟʤʝʥʸʥʥʘʷ ʚ ʪʝʭʥʦʩʬʝʨʝ.  

Á ʊʝʭʥʦʛʝʥʥʘʷ ʤʠʛʨʘʮʠʷ, ʯʫʞʜʘʷ ʙʠʦʩʬʝʨʝ. ɺ ʪʝʭʥʦʩʬʝʨʝ ʧʨʦʪʝʢʘʝʪ  ʤʥʦʞʝʩʪʚʦ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʝʟʢʦʤ ʧʨʦʪʠʚʦʨʝʯʠʠ ʩ ʧʨʠʨʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ɺ 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʠʟʚʦʜʷʪʩʷ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʨʘʥʝʝ ʥʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʚ 

ʙʠʦʩʬʝʨʝ (ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʧʦʣʠʤʝʨʳ, ʧʣʘʩʪʤʘʩʩʳ, ʷʜʦʭʠʤʠʢʘʪʳ ʠ ʪ. ʜ.). ʅʦʚʳʤ ʷʚʣʷʝʪʩʷ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʝʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ. ʅʘʢʦʥʝʮ, ʥʝʩʚʦʡʩʪʚʝʥʥʳ 

ʙʠʦʩʬʝʨʝ ʵʢʩʧʦʨʪ-ʠʤʧʦʨʪ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʤʠʛʨʘʮʠʠ, ʧʦʜʯʠʥʷʶʱʠʝʩʷ ʩʦʮʠʘʣʴʥʳʤ ʟʘʢʦʥʘʤ. ɼʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʩʪʘʨʳʭ ʧʦʥʷʪʠʡ ʠ ʤʝʪʦʜʦʚ, ʥʝʦʙʭʦʜʠʤʳ 

ʥʦʚʳʡ ʧʦʥʷʪʠʡʥʳʡ ʘʧʧʘʨʘʪ ʠ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ [5]. 

ʊʠʧʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʙʠʦʩʬʝʨʝ, ʦʙʨʘʟʫʶʪ ʨʘʟʣʠʯʥʳʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʫʩʪʦʡʯʠʚʳʝ ʩʠʩʪʝʤʳ, ʧʦʣʫʯʠʚʰʠʝ ʥʘʟʚʘʥʠʝ çʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷè. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤ 

ʥʘʭʦʞʜʝʥʠʷ (ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʶʱʠʭ ʜʦʩʪʫʧʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʦʨʛʘʥʠʟʤʘʤ) ʚʳʜʝʣʷʶʪ 

ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʤʠʛʨʘʮʠʠ [1]:  

ü ʇʝʨʚʳʡ ʪʠʧ ʤʠʛʨʘʮʠʠ ï ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʙʝʟ ʠʭ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʧʝʨʝʭʦʜ ʵʣʝʤʝʥʪʘ ʠʟ ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʳ ʚ ʚʦʜʥʳʝ 

ʨʘʩʪʚʦʨʳ, ʠʟ ʧʦʯʚʳ (ʧʦʨʦʜʳ) ʚ ʨʘʩʪʝʥʠʷ ʠ ʪ.ʜ. ɼʣʷ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʶʪ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʭʦʜʘ ʵʣʝʤʝʥʪʦʚ ʠʟ ʦʜʥʦʡ ʬʦʨʤʳ ʚ ʜʨʫʛʫʶ. ɺʧʝʨʚʳʝ ʪʘʢʦʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʙʳʣ ʧʨʠʚʝʜʸʥ ɹ.ɹ. ʇʦʣʳʥʦʚʳʤ ʜʣʷ ʙʠʦʛʝʥʥʦʡ ʬʦʨʤʳ ï ʢʦʵʬʬʠʮʠʝʥʪ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ, ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʟʦʣʝ ʨʘʩʪʝʥʠʷ ʢ ʩʦʜʝʨʞʘʥʠʶ ʜʘʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʧʦʯʚʘʭ (ʧʦʨʦʜʘʭ), ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʟʨʘʩʪʘʝʪ ʨʘʩʪʝʥʠʝ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʮʝʩʩ 

(ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʝ ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʤʝʱʝʥʠʷ) ʯʘʩʪʦ ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ 

ʧʨʠʨʦʜʥʦʡ ʠ ʪʝʭʥʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʷʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ ʠʜʸʪ ʚʳʙʦʨʦʯʥʦʝ çʧʝʨʝʢʘʯʠʚʘʥʠʝè ʵʣʝʤʝʥʪʦʚ 

ʠʟ ʧʦʯʚ. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʪʤʠʨʘʥʠʠ ʨʘʩʪʝʥʠʡ ʤʠʥʝʨʘʣʴʥʘʷ ʯʘʩʪʴ ʦʧʘʜʘ ʚ ʧʦʜʩʪʠʣʢʝ ʣʝʩʦʚ 

ʙʫʜʝʪ ʠʤʝʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʯʝʤ ʥʠʞʝʣʝʞʘʱʠʝ ʧʦʯʚʝʥʥʳʝ 

ʛʦʨʠʟʦʥʪʳ;  

ü ɺʪʦʨʦʡ ʪʠʧ ʤʠʛʨʘʮʠʠ ï ʧʝʨʝʤʝʱʝʥʠʝ ʵʣʝʤʝʥʪʘ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʝʛʦ 

ʥʘʭʦʞʜʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʝʨʝʤʝʱʝʥʠʝ ʘʵʨʦʟʦʣʝʡ ʚ ʘʪʤʦʩʬʝʨʝ, ʦʙʣʦʤʢʦʚ ʤʠʥʝʨʘʣʦʚ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʠʣʠ ʵʣʝʤʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʩʪʚʦʨʝ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ;  

ü ʊʨʝʪʠʡ ʪʠʧ ʤʠʛʨʘʮʠʠ ʦʙʲʝʜʠʥʷʝʪ ʜʚʘ ʧʨʝʜʳʜʫʱʠʭ ʠ ʩʦʩʪʦʠʪ ʚ ʧʝʨʝʤʝʱʝʥʠʠ 

ʵʣʝʤʝʥʪʦʚ ʩ ʠʟʤʝʥʝʥʠʝʤ ʬʦʨʤ ʠʭ ʥʘʭʦʞʜʝʥʠʷ: ʧʝʨʝʤʝʱʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ, 

ʨʘʩʪʚʦʨʷʶʱʠʭ ʤʠʥʝʨʘʣʳ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ; ʧʝʨʝʭʦʜ ʠʟ ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʳ ʚ ʙʠʦʛʝʥʥʫʶ 

ʧʨʠ ʤʦʱʥʦʤ ʯʝʭʣʝ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʪ. ʜ. ʕʪʦʪ ʪʠʧ ʤʠʛʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʚ 

ʙʠʦʩʬʝʨʝ.  

ʌʘʢʪʦʨʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ 

ʧʨʠʯʠʥʳ ʤʠʛʨʘʮʠʠ, ʯʪʦʙʳ ʦʙʲʷʩʥʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʚʳʰʝʥʥʳʭ ʠʣʠ ʧʦʥʠʞʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʡ 

ʵʣʝʤʝʥʪʦʚ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ, ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ, ʧʦʯʚʘʭ, ʚʦʜʘʭ, ʨʘʩʪʝʥʠʷʭ ʠ ʞʠʚʦʪʥʳʭ. ɺʩʝ 

ʧʨʠʯʠʥʳ ʤʠʛʨʘʮʠʠ ɸ.ɽ. ʌʝʨʩʤʘʥ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʣ ʥʘ ʜʚʝ ʛʨʫʧʧʳ:  
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ü ɺʥʫʪʨʝʥʥʠʝ ʬʘʢʪʦʨʳ ʤʠʛʨʘʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʘʪʦʤʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʆʪ ʥʠʭ ʟʘʚʠʩʠʪ ʩʧʦʩʦʙʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʜʘʚʘʪʴ ʣʝʪʫʯʠʝ, ʨʘʩʪʚʦʨʠʤʳʝ ʠʣʠ ʠʥʝʨʪʥʳʝ ʬʦʨʤʳ. ʂ 

ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

Á ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʦʥʦʚ: 

Á ʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ï ʦʪʥʦʰʝʥʠʝ ʟʘʨʷʜʘ ʠʦʥʘ ʢ ʝʛʦ ʨʘʜʠʫʩʫ,  

Á ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʦʥʦʚ (ʦʪʨʘʞʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʠʥʝʨʘʣʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ ʠ ʨʘʩʧʣʘʚʦʚ ʠ ʦʙʫʩʣʦʚʣʝʥ, ʚ ʦʩʥʦʚʥʦʤ, ʵʥʝʨʛʠʝʡ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 
ʨʝʰʝʪʦʢ); 

Á ʩʚʦʡʩʪʚʘ ʩʚʷʟʠ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ ʩʪʨʦʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 

(ʦʧʨʝʜʝʣʷʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʨʘʟʨʫʰʝʥʠʶ); 

Á ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ (ʵʪʦ ʫʞʝ ʩ ʫʯʸʪʦʤ ʫʩʣʦʚʠʡ ʩʨʝʜʳ ï ʥʘʧʨʠʤʝʨ, ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʠʩʣʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʛʠʧʝʨʛʝʥʥʳʭ ʦʙʩʪʘʥʦʚʦʢ); 

Á ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʘʪʦʤʦʚ (ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʩʝʜʠʤʝʥʪʘʮʠʠ, 
ʚʳʚʝʪʨʠʚʘʥʠʠ); 

Á ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ. 

ü ɺʥʝʰʥʠʝ ʬʘʢʪʦʨʳ ʤʠʛʨʘʮʠʠ (ʦʙʫʩʣʦʚʣʝʥʳ ʩʨʝʜʦʡ, ʦʢʨʫʞʘʶʱʝʡ ʤʠʛʨʠʨʫʶʱʠʝ 

ʵʣʝʤʝʥʪʳ) - ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʚʝʜʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ (ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ, ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʳʭ) ʦʙʩʪʘʥʦʚʢʘʭ: 

Á ʪʝʤʧʝʨʘʪʫʨʘ (ʚ ʮʝʣʦʤ ʧʦʚʳʰʝʥʠʝ ʫʩʢʦʨʷʝʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʫʶ ʤʠʛʨʘʮʠʶ, ʘ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʤʠʛʨʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʙʠʦʛʝʥʥʦʡ, ʥʫʞʥʳ ʦʧʨʝʜʝʣʸʥʥʳʝ ʜʠʘʧʘʟʦʥʳ 

ʪʝʤʧʝʨʘʪʫʨ); 

Á ʜʘʚʣʝʥʠʝ (ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʨʘʚʥʦʚʝʩʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 
ʩʠʩʪʝʤʳ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʸʤʘ); 

Á ʩʪʝʧʝʥʴ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ (ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʩʚʦʡʩʪʚ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʨʘʩʪʚʦʨʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ʠ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ); 

Á ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʢʠʩʣʦʪʥʦʩʪʴ-ʱʸʣʦʯʥʦʩʪʴ ʩʨʝʜʳ 

(pH); 

Á ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ; 

Á ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʠʣʳ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ (ʦʧʨʝʜʝʣʷʶʪ ʤʘʩʰʪʘʙʳ ʩʝʣʝʢʪʠʚʥʦʡ 
ʩʦʨʙʮʠʠ); 

Á ʢʦʤʧʣʝʢʩʳ ʪʠʧʦʤʦʨʬʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʠʦʥʦʚ ʚ ʧʦʯʚʘʭ ʠ ʚʦʜʘʭ (ʢ  ʪʠʧʦʤʦʨʬʥʳʤ, 

ʧʦ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʫ, ʦʪʥʦʩʷʪʩʷ çʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ 

ʤʠʛʨʠʨʫʶʱʠʝ ʠ ʥʘʢʘʧʣʠʚʘʶʱʠʝʩʷ ʚ ʣʘʥʜʰʘʬʪʝè); 

Á ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ (ʨʝʣʴʝʬ); 

Á ʨʘʜʠʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʳ; 

Á ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʤʦʚ ʠ ʪʝʭʥʦʛʝʥʝʟ ï ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʝ ʧʦ ʤʝʭʘʥʠʟʤʫ 

ʚʣʠʷʥʠʷ. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ 

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʘ (1961), ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ï ʵʪʦ çʪʝ ʫʯʘʩʪʢʠ 

ʟʝʤʥʦʡ ʢʦʨʳ, ʥʘ ʢʦʪʦʨʳʭ ʥʘ ʢʦʨʦʪʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʭ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝè.  

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ: 

ü ʇʨʠʨʦʜʥʳʝ ʙʘʨʴʝʨʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʫʯʘʩʪʢʘʭ ʠʟʤʝʥʝʥʠʷ ʬʘʢʪʦʨʦʚ ʤʠʛʨʘʮʠʠ ʠ 

ʩʤʝʥʳ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʚʳʟʚʘʥʥʳʭ ʧʨʠʨʦʜʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʢʨʝʪʥʦʛʦ 

ʫʯʘʩʪʢʘ ʙʠʦʩʬʝʨʳ; 

ü ʊʝʭʥʦʛʝʥʥʳʝ ʙʘʨʴʝʨʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʫʯʘʩʪʢʘʭ ʠʟʤʝʥʝʥʠʷ ʬʘʢʪʦʨʦʚ ʤʠʛʨʘʮʠʠ ʠ 

ʩʤʝʥʳ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʷʚʣʷʶʱʠʭʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʆʙʘ ʪʠʧʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʯʝʪʳʨʝ ʢʣʘʩʩʘ: 

Á ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʝʪʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ. ʉʨʝʜʠ 
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ʥʠʭ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ: ʩʝʨʦʚʦʜʦʨʦʜʥʳʡ, ʛʣʝʝʚʳʡ, ʢʠʩʣʦʨʦʜʥʳʡ, ʢʠʩʣʳʡ, ʱʝʣʦʯʥʦʡ, 

ʠʩʧʘʨʠʪʝʣʴʥʳʡ, ʩʦʨʙʮʠʦʥʥʳʡ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ; 

Á ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʢʦʧʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ. ʆʥʠ ʩʚʷʟʘʥʳ ʚ ʦʩʥʦʚʥʦʤ ʩ ʧʝʨʚʳʤ ʪʠʧʦʤ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʠ 

ʦʪʥʦʩʷʪʩʷ ʢ  ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʙʘʨʴʝʨʦʚ ʚ ʙʠʦʩʬʝʨʝ; 

Á ʄʝʭʘʥʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʳ ʩʦ ʚʪʦʨʳʤ ʪʠʧʦʤ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʘ 

ʚ ʧʨʝʜʝʣʘʭ ʙʠʦʩʬʝʨʳ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʤʠʛʨʘʮʠʝʡ ʵʣʝʤʝʥʪʦʚ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʠʣʠ 

ʢʦʣʣʦʠʜʥʦʡ ʬʦʨʤʝ, ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʯʘʩʪʢʠ ʨʝʟʢʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʠʛʨʘʮʠʠ; 

Á ʉʦʮʠʘʣʴʥʳʝ ʙʘʨʴʝʨʳ ʩʦʟʜʘʥʳ ʠʩʢʫʩʩʪʚʝʥʥʦ ʥʘ ʫʯʘʩʪʢʘʭ, ʛʜʝ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ 

ʥʝ ʚʦʟʥʠʢʘʶʪ. ʕʪʦ ʟʦʥʳ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʠ ʟʘʭʦʨʦʥʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ. 

ʉʦʮʠʘʣʴʥʳʝ ʙʘʨʴʝʨʳ ʩʚʷʟʘʥʳ ʩ ʪʝʭʥʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʝʡ ʵʣʝʤʝʥʪʦʚ. 

ʅʘʢʦʧʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʩʦʝʜʠʥʝʥʠʡ) ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ ʯʘʩʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʘʥʦʤʘʣʴʥʳʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ. ʇʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ 

ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʥʘ ʙʘʨʴʝʨʝ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ, ʦʙʨʘʟʫʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʵʪʠ ʧʨʦʮʝʩʩʳ ʙʳʣʠ ʪʦʣʴʢʦ ʧʨʠʨʦʜʥʳʤʠ. ʉʝʡʯʘʩ 

ʪʝʭʥʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʜʦʩʪʠʛʣʠ ʪʘʢʠʭ ʤʘʩʰʪʘʙʦʚ, ʯʪʦ ʠ ʥʘ ʧʨʠʨʦʜʥʳʭ, ʠ ʥʘ ʪʝʭʥʦʛʝʥʥʳʭ 

ʙʘʨʴʝʨʘʭ ʚʦʟʤʦʞʥʦ ʥʘʢʦʧʣʝʥʠʝ ʦʧʨʝʜʝʣʸʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ [1]. 

ɸ.ʀ. ʇʝʨʝʣʴʤʘʥ ʚʳʚʝʣ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʙʘʨʴʝʨʘʭ: 

h = 
m1 -  m2

 a1  - a2
,  

ʛʜʝ h ï ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ, ʢʦʥʮʝʥʪʨʠʨʫʶʱʝʛʦʩʷ ʥʘ ʙʘʨʴʝʨʝ; k ï 

ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ  ʠʥʝʨʪʥʦʡ ʤʘʩʩʳ ʥʘ ʙʘʨʴʝʨʝ;  m1 - ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʤʠʛʨʘʮʠʦʥʥʦʤ ʧʦʪʦʢʝ ʜʦ ʙʘʨʴʝʨʘ; m2 - ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʤʠʛʨʘʮʠʦʥʥʦʤ ʧʦʪʦʢʝ ʧʦʩʣʝ ʙʘʨʴʝʨʘ;  a1 ï ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ ʚʝʱʝʩʪʚ ʚ ʧʦʪʦʢʝ ʜʦ ʙʘʨʴʝʨʘ; a2 - 

ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ ʚʝʱʝʩʪʚ ʚ ʧʦʪʦʢʝ ʧʦʩʣʝ ʙʘʨʴʝʨʘ. 

ʀʟ  ʬʦʨʤʫʣʳ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʙʘʨʴʝʨʝ ʥʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʝʛʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʤʠʛʨʘʮʠʦʥʥʦʤ ʧʦʪʦʢʝ. ʊʘʢ, ʝʩʣʠ ʢʘʢʦʡ-ʣʠʙʦ ʫʯʘʩʪʦʢ 

ʷʚʣʷʝʪʩʷ ʙʘʨʴʝʨʦʤ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʛʦ (ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ) ʵʣʝʤʝʥʪʘ (ʵʣʝʤʝʥʪʦʚ), ʘ ʫ ʙʦʣʴʰʠʥʩʪʚʘ 

ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʠʛʨʘʮʠʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʪʦ ʜʘʞʝ ʧʨʠ 

ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʤʠʛʨʠʨʫʶʱʝʤ ʧʦʪʦʢʝ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʥʘ ʙʘʨʴʝʨʝ ʤʦʞʝʪ ʩʦ ʚʨʝʤʝʥʝʤ ʙʳʪʴ ʦʯʝʥʴ ʚʳʩʦʢʦʡ. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʝ ʪʦʣʴʢʦ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʦʙʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʘ ʙʘʨʴʝʨʝ, ʥʦ ʠ ʚʝʣʠʯʠʥʦʡ ʩʘʤʠʭ ʙʘʨʴʝʨʦʚ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʦʛʦ ʢʨʠʪʝʨʠʷ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥ ʚʳʜʝʣʠʣ ʤʘʢʨʦ-, ʤʝʟʦ- ʠ ʤʠʢʨʦʙʘʨʴʝʨʳ.  

Á ʄʘʢʨʦʙʘʨʴʝʨʳ ï ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʰʠʨʠʥʦʡ ʜʦ ʧʝʨʚʳʭ ʢʠʣʦʤʝʪʨʦʚ ʠ ʜʣʠʥʦʡ 

ʪʳʩʷʯʠ ʢʠʣʦʤʝʪʨʦʚ (ʩʦʚʨʝʤʝʥʥʳʝ ʠ ʜʨʝʚʥʠʝ ʟʦʥʳ ʩʤʝʰʠʚʘʥʠʷ ʧʨʝʩʥʳʭ ʨʝʯʥʳʭ ʚʦʜ ʩ 

ʩʦʣʸʥʳʤʠ ʤʦʨʩʢʠʤʠ); 

Á ʄʝʟʦʙʘʨʴʝʨʳ - ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʜʦʭʦʜʠʪ ʜʦ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ ʧʨʠ ʰʠʨʠʥʝ ʜʦ ʩʦʪʝʥ 

ʤʝʪʨʦʚ (ʢʨʘʝʚʳʝ ʟʦʥʳ ʙʦʣʦʪ, ʛʜʝ ʦʪʣʘʛʘʶʪʩʷ ʤʥʦʛʠʝ ʵʣʝʤʝʥʪʳ, ʩʥʦʩʠʤʳʝ ʩ ʚʦʜʦʨʘʟʜʝʣʦʚ);  

Á ʄʠʢʨʦʙʘʨʴʝʨʳ ï ʨʘʟʤʝʨʳ ʢʦʣʝʙʣʶʪʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚ ʜʦ ʧʝʨʚʳʭ ʤʝʪʨʦʚ 

(ʚʦʟʥʠʢʘʶʪ ʥʘ ʦʪʜʝʣʴʥʦ ʨʘʟʣʘʛʘʶʱʠʭʩʷ ʥʘ ʜʥʝ ʚʦʜʦʸʤʘ ʨʘʢʦʚʠʥʘʭ ʠʣʠ ʨʳʙʘʭ; ʚ ʨʦʜʥʠʢʘʭ, ʥʘ 

ʤʝʩʪʝ ʚʳʭʦʜʘ ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʛʣʝʝʚʳʭ ʚʦʜ, ʠʟ ʢʦʪʦʨʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʚʦʙʦʜʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʦʪʣʘʛʘʝʪʩʷ ʦʢʠʩʣʠʚʰʝʝʩʷ ʪʨʸʭʚʘʣʝʥʪʥʦʝ ʞʝʣʝʟʦ ʠ ʪ.ʜ.  

ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʙʘʨʴʝʨʫ ʧʦʩʪʫʧʘʶʪ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ 

(ʩʦʝʜʠʥʝʥʠʷ) ʠʟ ʨʘʟʥʳʭ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ,  ʚʦʟʥʠʢʘʶʪ ʤʥʦʛʦʩʪʦʨʦʥʥʠʝ ʙʘʨʴʝʨʳ. ʏʘʩʪʦ 

ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʦʜʥʦ ʤʝʩʪʦ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʙʘʨʴʝʨ 

ʦʙʨʘʟʫʝʪʩʷ ʠʤʝʥʥʦ ʟʘ ʩʯʸʪ ʩʣʠʷʥʠʷ ʵʪʠʭ ʧʦʪʦʢʦʚ. ʊʦʛʜʘ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ 

ʤʥʦʛʦʩʪʦʨʦʥʥʠʭ, ʥʦ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʙʘʨʴʝʨʦʚ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʥʘʣʦʞʝʥʠʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ 

ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ).  

ɹʘʨʴʝʨʳ ʨʘʟʜʝʣʷʶʪ ʪʘʢʞʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʩʪʫʧʘʶʱʠʭ ʢ 

ʥʠʤ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. ɽʩʣʠ ʦʥʠ ʧʨʦʜʚʠʛʘʶʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 
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ʥʘʧʨʠʤʝʨ, ʧʦ ʛʨʘʥʠʮʝ ʧʦʯʚ ʠ ʧʦʜʩʪʠʣʘʶʱʠʭ ʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʪʦ ʬʦʨʤʠʨʫʶʪʩʷ ʣʘʪʝʨʘʣʴʥʳʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ. ʇʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʩʣʘʙʦʥʘʢʣʦʥʥʦʤ ʧʨʦʜʚʠʞʝʥʠʠ ʤʠʛʨʘʮʠʦʥʥʦʛʦ 

ʧʦʪʦʢʘ (ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʩʚʝʨʭʫ ʚʥʠʟ ʠʣʠ ʩʥʠʟʫ ʚʚʝʨʭ) ʬʦʨʤʠʨʫʶʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʝ 

(ʨʘʜʠʘʣʴʥʳʝ) ʙʘʨʴʝʨʳ.  

5.3. ɺʠʜʳ ʟʘʛʨʷʟʥʝʥʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜ  r

ɺ ʣʶʙʦʡ ʵʢʦʩʠʩʪʝʤʝ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʯʝʣʦʚʝʢ, ʠ ʦʢʨʫʞʘʶʱʘʷ ʠʭ 

ʚʥʝʰʥʷʷ ʩʨʝʜʘ ʥʘʭʦʜʷʪʩʷ ʚ ʪʝʩʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ. ʉʚʷʟʴ ʵʪʘ ʩʦʟʜʘʝʪʩʷ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʤʠ ʧʦʪʦʢʘʤʠ ʚʝʱʝʩʪʚʘ ʠ ʵʥʝʨʛʠʠ, ʧʦʜʜʝʨʞʘʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʢʦʪʦʨʳʭ ï ʦʩʥʦʚʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʅʘʨʫʰʝʥʠʝ ʞʝ ʧʦʪʦʢʦʚ ʚʝʱʝʩʪʚ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʧʦʩʪʦʷʥʥʦ ʫʩʠʣʠʚʘʶʱʝʡʩʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʚʝʜʝʪ ʢ 

ʧʦʩʪʝʧʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠ ʙʠʦʩʬʝʨʳ ʚ ʮʝʣʦʤ. 

ɿʘʛʨʷʟʥʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʚʠʜʦʚ ʜʝʛʨʘʜʘʮʠʠ ʙʠʦʩʬʝʨʳ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʦʧʨʝʜʝʣʝʥʠʡ, ʯʪʦ ʪʘʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ: 

çɿʘʛʨʷʟʥʝʥʠʝ ï ʚʩʝ ʪʦ, ʯʪʦ ʥʝ ʚ ʪʦʤ ʤʝʩʪʝ, ʥʝ ʚ ʪʦ ʚʨʝʤʷ ʠ ʥʝ ʚ ʪʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʢʘʢʦʝ 

ʝʩʪʝʩʪʚʝʥʥʦ ʜʣʷ ʧʨʠʨʦʜʳ, ʯʪʦ ʚʳʚʦʜʠʪ ʝʝ ʩʠʩʪʝʤʳ ʠʟ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʝʤʦʡ ʥʦʨʤʳ ʠ (ʠʣʠ) ʞʝʣʘʪʝʣʴʥʦʛʦ ʜʣʷ ʯʝʣʦʚʝʢʘè (ʅ.ʌ. ʈʝʡʤʝʨʩ, 1994 ʛ.). 

ɿʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ - ʵʪʦ ʧʨʠʚʥʝʩʝʥʠʝ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠʣʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚ ʥʝʡ ʥʦʚʳʭ, ʦʙʳʯʥʦ ʥʝ ʭʘʨʘʢʪʝʨʥʳʭ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠʣʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ, ʠʣʠ ʧʨʝʚʳʰʝʥʠʝ ʠʭ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʛʦ ʫʨʦʚʥʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʥʝʛʘʪʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ (ʕʢʦʣʦʛʠʯʝʩʢʘʷ 

ʵʥʮʠʢʣʦʧʝʜʠʷ, 2010 ʛ.). 

ɿʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ï ʵʪʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʢʦʪʦʨʦʝ ʮʝʣʠʢʦʤ ʠʣʠ ʯʘʩʪʠʯʥʦ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʤʝʥʷʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʭʦʜʷʱʝʡ ʵʥʝʨʛʠʠ, ʫʨʦʚʥʠ ʨʘʜʠʘʮʠʠ, ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʚʳʭ ʩʫʱʝʩʪʚ (ʌ. ʈʘʤʘʜ, 

1981).  

ɿʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʧʨʠʨʦʜʥʦʝ, ʚʳʟʚʘʥʥʦʝ ʢʘʢʠʤʠ-ʪʦ 

ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʧʨʠʯʠʥʘʤʠ: ʠʟʚʝʨʞʝʥʠʝ ʚʫʣʢʘʥʦʚ, ʨʘʟʣʦʤʳ ʟʝʤʥʦʡ ʢʦʨʳ, ʩʪʠʭʠʡʥʳʝ ʧʦʞʘʨʳ, 

ʧʳʣʴʥʳʝ ʙʫʨʠ ʠ ʪ. ʜ., ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʩʚʷʟʠ ʩ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 

ʯʝʣʦʚʝʢʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʟʘʛʨʷʟʥʝʥʠʡ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ:  

Á ʧʦ ʦʙʲʝʢʪʘʤ: ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜ (ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ), ʘʪʤʦʩʬʝʨʳ, ʧʦʯʚʝʥʥʦʛʦ 
ʧʦʢʨʦʚʘ ʠ ʪ. ʧ.; 

Á ʧʦ ʤʘʩʰʪʘʙʘʤ: ʣʦʢʘʣʴʥʦʝ, ʨʝʛʠʦʥʘʣʴʥʦʝ, ʛʣʦʙʘʣʴʥʦʝ;  

Á ʧʦ ʭʘʨʘʢʪʝʨʫ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʲʝʢʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʦ ʧʨʠʨʦʜʝ 

ʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: ʤʝʭʘʥʠʯʝʩʢʦʝ, ʬʠʟʠʯʝʩʢʦʝ, ʭʠʤʠʯʝʩʢʦʝ, ʙʠʦʣʦʛʠʯʝʩʢʦʝ.  

ü ʄʝʭʘʥʠʯʝʩʢʦʝ ï ʟʘʛʨʷʟʥʝʥʠʝ ʤʘʪʝʨʠʘʣʘʤʠ, ʦʢʘʟʳʚʘʶʱʠʤʠ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʙʝʟ ʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ (ʥʘʧʨʠʤʝʨ, ʩʚʘʣʢʠ ʤʫʩʦʨʘ, ʧʦʩʪʫʧʣʝʥʠʝ ʧʳʣʠ ʚ 

ʘʪʤʦʩʬʝʨʫ ʠ ʜʨ.); 

ü ʌʠʟʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ - ʵʪʦ ʪʝʧʣʦʚʦʝ, ʩʚʝʪʦʚʦʝ, ʰʫʤʦʚʦʝ, ʚʠʙʨʘʮʠʦʥʥʦʝ, 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠ ʨʘʜʠʦʘʢʪʠʚʥʦʝ ʟʘʛʨʷʟʥʝʥʠʷ. ʊʝʧʣʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ï ʠʟʤʝʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ ʚ ʩʚʷʟʠ ʩ ʚʳʙʨʦʩʘʤʠ ʥʘʛʨʝʪʳʭ ʠʣʠ ʦʭʣʘʞʜʝʥʥʳʭ ʛʘʟʦʚ, ʚʦʟʜʫʭʘ, ʚʦʜʳ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʉʚʝʪʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ï ʥʘʨʫʰʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʩʨʝʜʳ. 

ʐʫʤʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ï ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʰʫʤʘ ʩʚʝʨʭ ʧʨʠʨʦʜʥʦʛʦ 

ʫʨʦʚʥʷ. ɺʠʙʨʘʮʠʦʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʨʘʟʥʳʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ, 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ï ʠʟʤʝʥʝʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʀʩʪʦʯʥʠʢʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʨʘʜʠʦ ʠ ʪʝʣʝʮʝʥʪʨʳ, ʨʘʜʠʦʣʦʢʘʪʦʨʳ. ʈʘʜʠʦʘʢʪʠʚʥʦʝ 
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ʟʘʛʨʷʟʥʝʥʠʝ ï ʧʨʝʚʳʰʝʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʫʨʦʚʥʷ ʩʨʝʜʳ. ʀʩʪʦʯʥʠʢʘʤʠ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʶʪʩʷ ʷʜʝʨʥʳʝ ʚʟʨʳʚʳ, ʟʘʭʦʨʦʥʝʥʠʝ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ, ʘʚʘʨʠʠ ʥʘ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʷʭ ʠ ʜʨ.; 

ü ʍʠʤʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ï ʠʟʤʝʥʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʙʨʦʩʦʚ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʪʨʘʥʩʧʦʨʪʦʤ, 

ʩʝʣʴʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ,  ʧʝʩʪʠʮʠʜʦʚ, 

ʜʠʦʢʩʠʥʦʚ ʠ ʜʨ.); 

ü ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʘʢʪʝʨʠʘʣʴʥʦʝ ʠ ʦʨʛʘʥʠʯʝʩʢʦʝ. 

ɹʘʢʪʝʨʠʘʣʴʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ï ʧʨʠʚʥʝʩʝʥʠʝ ʚ ʩʨʝʜʫ ʙʦʣʝʟʥʝʪʚʦʨʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ.  ʆʨʛʘʥʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ï 

ʟʘʛʨʷʟʥʝʥʠʝ ʵʢʦʩʠʩʪʝʤ ʚʝʱʝʩʪʚʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʢ ʙʨʦʞʝʥʠʶ, ʛʥʠʝʥʠʶ: ʦʪʭʦʜʘʤʠ ʧʠʱʝʚʳʭ, 

ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʥʝ ʦʯʠʱʝʥʥʳʤʠ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʤʠ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ. ʂ 

ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʝʨʝʩʝʣʝʥʠʝ ʞʠʚʦʪʥʳʭ ʚ ʥʦʚʳʝ ʵʢʦʩʠʩʪʝʤʳ, ʛʜʝ 

ʦʪʩʫʪʩʪʚʫʶʪ ʠʭ ʝʩʪʝʩʪʚʝʥʥʳʝ ʚʨʘʛʠ. ʊʘʢʦʝ ʧʝʨʝʩʝʣʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʟʨʳʚʦʦʙʨʘʟʥʦʤʫ 

ʨʦʩʪʫ ʯʠʩʣʝʥʥʦʩʪʠ ʧʝʨʝʩʝʣʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʠʤʝʪʴ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʝ ʧʦʩʣʝʜʩʪʚʠʷ. 

5.4. ʂʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʢʦʣʦ 80 ʪʳʩ. ʚʠʜʦʚ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʢʘʞʜʳʡ ʛʦʜ ʥʘ ʨʳʥʦʢ ʧʦʩʪʫʧʘʝʪ ʙʦʣʝʝ ʪʳʩʷʯʠ ʥʦʚʳʭ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʘʷ ʠʭ ʯʘʩʪʴ ʧʦʩʣʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʩʢʦʥʪʨʦʣʴʥʦ ʧʦʧʘʜʘʝʪ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʧʦʩʪʝʧʝʥʥʦ ʠʟʤʝʥʷʷ ʩʦʩʪʘʚ 

ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʩʬʝʨʳ.  

ɿʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʟʥʘʢʘʤ: 

- ʭʠʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʚʝʱʝʩʪʚʘ (ʦʨʛʘʥʠʯʝʩʢʠʝ, ʤʠʥʝʨʘʣʴʥʳʝ ʠʣʠ ʦʨʛʘʥʦ-

ʤʠʥʝʨʘʣʴʥʳʝ; ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ); 

- ʬʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ; 

- ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ; 

- ʭʘʨʘʢʪʝʨ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʙʠʦʩʬʝʨʳ; 

- ʪʦʢʩʠʯʥʦʩʪʴ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ; 

- ʪʝʭʥʦʬʠʣʴʥʦʩʪʴ ʠ ʜʨ. 

 

ʊʝʭʥʦʬʠʣʴʥʦʩʪʴ - ʧʦʢʘʟʘʪʝʣʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʯʝʣʦʚʝʢʦʤ ʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ (ʜʘʥʥʳʡ ʪʝʨʤʠʥ ʧʨʝʜʣʦʞʝʥ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʦʤ). ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʭʥʦʬʠʣʴʥʦʩʪʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʡ ʝʞʝʛʦʜʥʦʡ ʤʠʨʦʚʦʡ ʜʦʙʳʯʠ 

ʵʣʝʤʝʥʪʘ (ʚ ʪʦʥʥʘʭ) ʢ ʢʣʘʨʢʫ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʣʠʪʦʩʬʝʨʝ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʭʥʦʬʠʣʴʥʦʩʪʠ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ. ʏʝʤ ʠʥʪʝʥʩʠʚʥʝʝ 

ʵʣʝʤʝʥʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʝʣʦʚʝʢʦʤ ʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʝʤ ʚʳʰʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ (ʪʘʙʣ. 5.1). ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʪʝʭʥʦʬʠʣʴʥʦʩʪʠ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʫʛʣʝʨʦʜʘ, 

ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʫ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʪʦʧʣʠʚʘ. ʊʘʢ, ʤʘʩʰʪʘʙʳ ʝʞʝʛʦʜʥʦʡ ʜʦʙʳʯʠ ʫʛʣʷ ʠ ʥʝʬʪʠ ʩʦʩʪʘʚʣʷʶʪ ʤʠʣʣʠʘʨʜʳ ʪʦʥʥ.  ɺʳʩʦʢʦ 

ʧʦʪʨʝʙʣʝʥʠʝ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʣʷʭ, ʪʘʢ ʠ ʩ 

ʧʠʱʝʡ. 

ʆʩʦʙʫʶ ʛʨʫʧʧʫ ʚʝʱʝʩʪʚ ʚ ʙʠʦʩʬʝʨʝ ʩʦʩʪʘʚʣʷʶʪ ʢʩʝʥʦʙʠʦʪʠʢʠ ï ʚʝʱʝʩʪʚʘ, ʥʝ 

ʩʚʦʡʩʪʚʝʥʥʳʝ ʧʨʠʨʦʜʝ. ʉʨʝʜʠ ʥʠʭ ʝʩʪʴ ʚʝʱʝʩʪʚʘ, ʙʣʠʟʢʠʝ ʢ ʧʨʠʨʦʜʥʳʤ, ʘ ʪʘʢʞʝ ʚʝʱʝʩʪʚʘ, ʥʝ 

ʠʤʝʶʱʠʝ ʘʥʘʣʦʛʦʚ ʚ ʧʨʠʨʦʜʝ.  

ʇʨʠ ʵʪʦʤ ʜʝʡʩʪʚʠʝ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʠ ʵʢʦʩʠʩʪʝʤʳ ʨʘʟʣʠʯʥʳ. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʪʦʢʩʠʯʥʳ ʠ ʦʢʘʟʳʚʘʶʪ ʧʨʷʤʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʤʝʪʘʙʦʣʠʟʤ ʦʨʛʘʥʠʟʤʘ, ʦʪʨʘʚʣʷʷ 

ʝʛʦ. ʀʭ ʥʘʟʳʚʘʶʪ ʪʦʢʩʠʢʘʥʪʘʤʠ ʠʣʠ ʷʜʦʚʠʪʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ɹʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʥʝʧʨʷʤʦʝ 

ʜʝʡʩʪʚʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ ʦʨʛʘʥʠʟʤʳ ï ʯʝʨʝʟ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʳ 

ʦʙʠʪʘʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʦʙʣʘʜʘʝʪ ʠʟʙʠʨʘʪʝʣʴʥʦʡ 

ʪʦʢʩʠʯʥʦʩʪʴʶ, ʪʦ ʝʩʪʴ ʦʥʠ ʪʦʢʩʠʯʥʳ ʪʦʣʴʢʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʦʨʛʘʥʠʟʤʦʚ. ʊʘʢ, ʚ 

ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʠʷ ʵʢʦʩʠʩʪʝʤ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʫʛʥʝʪʝʥʠʝ ʠ ʫʜʘʣʝʥʠʝ ʦʜʥʠʭ ʚʠʜʦʚ 
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(ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ), ʯʪʦ ʩʦʟʜʘʝʪ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʜʨʫʛʠʭ ʟʘ ʩʯʝʪ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʤʝʩʪ ʦʙʠʪʘʥʠʷ ʠ ʠʩʪʦʯʥʠʢʦʚ ʧʠʱʠ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ 

ʠʩʯʝʟʥʦʚʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʚ ʠʣʠ ʭʠʱʥʠʢʦʚ.  ʊʦ ʝʩʪʴ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʧʨʦʠʩʭʦʜʷʪ ʥʝʢʦʪʦʨʳʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʜʚʠʛʠ. ʆʜʥʘʢʦ ʧʨʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʘʷ ʠʣʠ 

ʧʦʣʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʵʢʦʩʠʩʪʝʤ. 

ʊʘʙʣʠʮʘ 5.1 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʝʭʥʦʬʠʣʴʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ [8]  

ʕʣʝʤʝʥʪ 
ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʭʥʦʬʠʣʴʥʦʩʪʠ 
ʕʣʝʤʝʥʪ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʭʥʦʬʠʣʴʥʦʩʪʠ 

ʉ (ʫʛʦʣʴ, ʥʝʬʪʴ) 1011 I, W, U, Ni, F, Ba, Mn, 

Fe, P 
108 

Bi, Hg, Sb, Pb, Cu, 

Cl 
1010 Pt, Na, K, B, Co, Zr 107 

Ca, Se, Ag, As, Mo, 

Sn, Cr, Zn, S 
109 Ai, Mg, Ge, Be, Li, V,  

Sr 
106 

 

ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʩʝʥʦʙʠʦʪʠʢʘ ʢ ʨʘʟʣʦʞʝʥʠʶ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʠʩʧʦʣʴʟʫʶʪ ʪʝʨʤʠʥ ʧʝʨʩʠʩʪʝʥʪʥʦʩʪʴ (ʣʘʪ. persistere ð ʫʧʦʨʩʪʚʦʚʘʪʴ). ʇʦ ʩʫʪʠ ʵʪʦ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʢʩʝʥʦʙʠʦʪʠʢʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ ʠʣʠ ʝʝ ʦʪʜʝʣʴʥʳʭ ʦʙʲʝʢʪʘʭ. ʅʘʨʷʜʫ ʩ ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʝʤ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʝʱʝʩʪʚʘ. ʆʩʥʦʚʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʝʨʩʠʩʪʝʥʪʥʦʩʪʠ - ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʚʝʱʝʩʪʚʘ. 

ʇʝʨʩʠʩʪʝʥʪʥʦʩʪʴ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʚʝʱʝʩʪʚʘ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʪʴʩʷ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʫʩʣʦʚʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʂ ʥʘʠʙʦʣʝʝ ʧʝʨʩʠʩʪʝʥʪʥʳʤ ʚʝʱʝʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ ʩʪʦʡʢʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ (ʉʆɿ).  

ɺʦʟʜʝʡʩʪʚʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʤʦʞʝʪ ʠʤʝʪʴ ʤʫʪʘʛʝʥʥʳʡ, 

ʢʘʥʮʝʨʦʛʝʥʥʳʡ ʠ ʪʝʨʘʪʦʛʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɻʝʥʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʚʳʟʳʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʷ (ʤʫʪʘʮʠʠ) ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʠʭ ʜʝʡʩʪʚʠʶ ʦʨʛʘʥʠʟʤʦʚ, ʥʘʟʳʚʘʶʪ ʤʫʪʘʛʝʥʘʤʠ.  

ʂʘʥʮʝʨʦʛʝʥʳ ï ʚʝʱʝʩʪʚʘ, ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʨʦʩʪ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ 

(ʨʘʢʦʚʳʭ ʦʧʫʭʦʣʝʡ) ʫ ʧʦʜʚʝʨʞʝʥʥʳʭ ʠʭ ʚʦʟʜʝʡʩʪʚʠʶ ʦʨʛʘʥʠʟʤʦʚ.  

ʊʝʨʘʪʦʛʝʥʳ ï ʚʝʱʝʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʥʘʨʫʰʘʪʴ ʥʦʨʤʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʵʤʙʨʠʦʥʦʚ 

ʤʥʦʛʦʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʚʳʟʳʚʘʷ ʧʦʷʚʣʝʥʠʝ ʠʟʤʝʥʝʥʥʳʭ ʜʝʬʝʢʪʥʳʭ ʦʩʦʙʝʡ. 

ʇʦ ʩʪʝʧʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʯʝʣʦʚʝʢʘ ʚʩʝ ʚʝʱʝʩʪʚʘ ʙʠʦʩʬʝʨʳ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚ 4 

ʛʨʫʧʧʳ: 

Á  ʙʝʟʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ; 

Á  ʚʝʱʝʩʪʚʘ, ʜʝʡʩʪʚʫʶʱʠʝ ʦʧʦʩʨʝʜʦʚʘʥʥʦ, ʜʝʣʘʷ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ ʤʝʥʝʝ ʢʦʤʬʦʨʪʥʦʡ; 

Á  ʚʝʱʝʩʪʚʘ, ʧʨʷʤʦ ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʯʝʣʦʚʝʢʘ, ʦʪʨʘʚʣʷʷ ʝʛʦ; 

Á  ʚʝʱʝʩʪʚʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʜʝʡʩʪʚʠʷ, ʪʘʢ ʢʘʢ ʦʪʩʫʪʩʪʚʫʶʪ ʜʦʩʪʦʚʝʨʥʳʝ 

ʩʚʝʜʝʥʠʷ ʦʙ ʠʭ ʜʝʡʩʪʚʠʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʢ ʛʣʘʚʝ 5 
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ɻʣʘʚʘ 6. ʎʠʢʣʳ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ 

ʄʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʠʦʩʬʝʨʳ ʧʦʩʪʦʷʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ ʚʝʱʝʩʪʚʦʤ ʠ ʵʥʝʨʛʠʝʡ. 

ʀʟʥʘʯʘʣʴʥʦ ʧʨʦʮʝʩʩʳ ʦʙʤʝʥʘ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʤʝʣʠ ʮʠʢʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʩʫʪʦʯʥʳʤʠ, ʩʝʟʦʥʥʳʤʠ, ʛʦʜʦʚʳʤʠ ʠ ʙʦʣʴʰʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʮʠʢʣʘʤʠ 

ʢʦʣʝʙʘʥʠʡ ʧʦʩʪʫʧʘʶʱʝʡ ʦʪ ʉʦʣʥʮʘ ʵʥʝʨʛʠʠ. ʎʠʢʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʤʝʥʷʣʠʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ɿʝʤʣʠ, ʯʪʦ ʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʘʪʤʦʩʬʝʨʳ, ʛʠʜʨʦʩʬʝʨʳ, ʟʝʤʥʦʡ ʢʦʨʳ. ɾʠʚʦʝ ʚʝʱʝʩʪʚʦ ʚʩʪʨʘʠʚʘʣʦʩʴ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ 

ʩʠʩʪʝʤʫ ʮʠʢʣʦʚ ʠ ʧʨʦʜʫʮʠʨʦʚʘʣʦ ʨʘʟʣʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʢʦʧʣʝʥʠʝ 

ʢʦʪʦʨʳʭ ʩʠʣʴʥʦ ʠʟʤʝʥʷʣʦ ʮʠʢʣʠʯʝʩʢʠʝ ʤʠʛʨʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ. 

ɺʳʜʝʣʷʶʪ ʙʦʣʴʰʦʡ ʠʣʠ ʛʝʦʣʦʛʠʯʝʩʢʠʡ (ʘʙʠʦʪʠʯʝʩʢʠʡ) ʢʨʫʛʦʚʦʨʦʪ ʚʝʱʝʩʪʚ 

(ʨʠʩ. 6.1), ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʦʜʥʦʛʦ 

ʤʝʩʪʘ ʚ ʜʨʫʛʦʝ ʚ ʤʘʩʰʪʘʙʘʭ ʧʣʘʥʝʪʳ. ʆʢʦʣʦ ʧʦʣʦʚʠʥʳ ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ɿʝʤʣʶ ʣʫʯʠʩʪʦʡ 

ʵʥʝʨʛʠʠ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʚʦʟʜʫʭʘ, ʚʳʚʝʪʨʠʚʘʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʠʩʧʘʨʝʥʠʝ ʚʦʜʳ, 

ʨʘʩʪʚʦʨʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʠ ʪ. ʜ. ɼʚʠʞʝʥʠʝ ʚʦʜʳ ʠ ʚʝʪʨʘ ʧʨʠʚʦʜʠʪ ʢ ʵʨʦʟʠʠ, ʪʨʘʥʩʧʦʨʪʫ, 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʦʩʘʞʜʝʥʠʶ ʠ ʥʘʢʦʧʣʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʦʩʘʜʢʦʚ ʥʘ ʩʫʰʝ 

ʠ ʚ ʦʢʝʘʥʝ.  

ɺ ʦʩʥʦʚʝ ʤʘʣʦʛʦ ʠʣʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ (ʙʠʦʪʠʯʝʩʢʦʛʦ) ʢʨʫʛʦʚʦʨʦʪʘ ʚʝʱʝʩʪʚ ʚ ʧʨʠʨʦʜʝ 

ʣʝʞʘʪ ʧʨʦʮʝʩʩʳ ʩʠʥʪʝʟʘ ʠ ʨʘʟʨʫʰʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʦʛʦ, 

ʤʘʣʳʡ ʢʨʫʛʦʚʦʨʦʪ ʚʝʱʝʩʪʚ ʧʨʦʠʩʭʦʜʠʪ ʣʠʰʴ ʚ ʧʨʝʜʝʣʘʭ ʙʠʦʩʬʝʨʳ.  ʇʨʠ ʵʪʦʤ ʚʩʝ ʦʨʛʘʥʠʟʤʳ 

ʵʢʦʩʠʩʪʝʤʳ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʘʙʠʦʪʠʯʝʩʢʠʤ ʦʢʨʫʞʝʥʠʝʤ ʧʦʪʦʢʘʤʠ ʚʝʱʝʩʪʚʘ ʠ ʵʥʝʨʛʠʠ. 

ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʥʝʨʛʠʠ.  ʊʘʢ, ʥʘ 

ʩʦʟʜʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʚʩʝʛʦ ʦʢʦʣʦ 1 % ʧʘʜʘʶʱʝʡ ʥʘ ɿʝʤʣʶ 

ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ ʵʪʘ ʵʥʝʨʛʠʷ, ʚʦʚʣʝʯʝʥʥʘʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ, ʩʦʚʝʨʰʘʝʪ 

ʦʛʨʦʤʥʫʶ ʨʘʙʦʪʫ ʧʦ ʩʦʟʜʘʥʠʶ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ. 
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ʈʠʩʫʥʦʢ 6.1. ʂʨʫʛʦʚʦʨʦʪʳ ʚʝʱʝʩʪʚ 

 

ɹʦʣʴʰʦʡ ʠ ʤʘʣʳʡ ʢʨʫʛʦʚʦʨʦʪʳ ʚʝʱʝʩʪʚ ʩʣʘʛʘʶʪʩʷ ʠʟ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ 

ʵʣʝʤʝʥʪʦʚ ï ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʧʨʝʚʨʘʱʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʠʠ ʞʠʚʦʛʦ 

ʚʝʱʝʩʪʚʘ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʞʠʟʥʴ ʠ ʩʦʩʪʘʚʣʷʶʪ ʦʜʥʫ ʠʟ ʛʣʘʚʥʳʭ ʝʝ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

ɺ ʢʘʞʜʦʤ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʤ ʮʠʢʣʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʬʦʥʜʘ ʚʝʱʝʩʪʚ: 

ü ʈʝʟʝʨʚʥʳʡ ï ʙʦʣʴʰʘʷ ʤʘʩʩʘ ʤʝʜʣʝʥʥʦ ʜʚʠʞʫʱʠʭʩʷ ʚʝʱʝʩʪʚ, ʚ ʦʩʥʦʚʥʦʤ ʚ ʩʦʩʪʘʚʝ 

ʘʙʠʦʪʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ; 

ü ʆʙʤʝʥʥʳʡ (ʧʦʜʚʠʞʥʳʡ) ʬʦʥʜ ʦʙʫʩʣʦʚʣʝʥ ʙʳʩʪʨʳʤ ʦʙʤʝʥʦʤ ʤʝʞʜʫ ʦʨʛʘʥʠʟʤʘʤʠ 

ʠ ʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʦʢʨʫʞʝʥʠʝʤ. ʆʥ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʨʝʟʝʨʚʥʳʡ, ʥʦ ʙʦʣʝʝ 

ʘʢʪʠʚʥʳʡ.  

ʍʦʜʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ 

ʩʚʦʝʦʙʨʘʟʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʦʙʩʪʘʥʦʚʦʢ ï ʦʜʥʘ 

ʠʟ ʚʘʞʥʝʡʰʠʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʠʦʩʬʝʨʳ. ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ʧʦʯʚʘʭ 

ʣʘʥʜʰʘʬʪʦʚ ʩʫʰʠ ʯʘʩʪʦ ʩ ʛʣʫʙʠʥʦʡ ʩʤʝʥʷʝʪʩʷ ʛʣʝʝʚʦʡ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʟʢʦ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ. ɺ ʘʢʚʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʘʭ (ʧʨʫʜʘʭ, ʟʘʣʠʚʘʭ, ʦʟʸʨʘʭ, 

ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ) ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ, ʚʳʜʝʣʷʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʩʠʥʪʝʟʘ ʆ2, ʥʘʩʳʱʘʶʪ ʚʝʨʭʥʠʝ 

ʛʦʨʠʟʦʥʪʳ ʚʦʜʳ ʩʚʦʙʦʜʥʳʤ (ʨʘʩʪʚʦʨʝʥʥʳʤ) ʢʠʩʣʦʨʦʜʦʤ ʠ ʬʦʨʤʠʨʫʶʪ ʚ ʥʠʭ ʦʢʠʩʣʠʪʝʣʴʥʫʶ 

ʦʙʩʪʘʥʦʚʢʫ. ɺ ʥʠʞʥʠʭ ʯʘʩʪʷʭ ʵʪʠʭ ʣʘʥʜʰʘʬʪʦʚ ʨʘʟʣʘʛʘʶʱʝʝʩʷ ʥʘ ʜʥʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ 

ʧʦʪʨʝʙʣʷʝʪ ʢʠʩʣʦʨʦʜ, ʯʘʩʪʦ ʩʦʟʜʘʚʘʷ ʚ ʠʣʘʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʛʣʝʝʚʫʶ ʠʣʠ ʩʝʨʦʚʦʜʦʨʦʜʥʫʶ 

ʦʙʩʪʘʥʦʚʢʫ. ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ ʩʦʟʜʘʣʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʨʝʟʢʦ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʤʝʥʷʶʱʝʡʩʷ ʩ ʛʣʫʙʠʥʦʡ ʥʘ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ.  
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6.1. ʂʨʫʛʦʚʦʨʦʪ ʫʛʣʝʨʦʜʘ 

ʋʛʣʝʨʦʜ ʢʘʢ ʭʠʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʞʠʟʥʠ. ʆʥ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʩʦʝʜʠʥʷʝʪʩʷ ʩʦ ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʦʙʨʘʟʫʷ ʧʨʦʩʪʳʝ ʠ ʩʣʦʞʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʤʦʣʝʢʫʣʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʞʠʚʳʭ ʢʣʝʪʦʢ. ɺ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʫʛʣʝʨʦʜ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 

ʦʢʦʣʦ 18% ʩʫʭʦʡ ʙʠʦʤʘʩʩʳ. ʀʩʪʦʯʥʠʢ ʧʝʨʚʠʯʥʦʛʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʙʠʦʩʬʝʨʝ ï ʜʝʛʘʟʘʮʠʷ 

ʤʘʥʪʠʠ ɿʝʤʣʠ. 

ɻʣʘʚʥʳʡ ʨʝʟʝʨʚʥʳʡ ʬʦʥʜ ʫʛʣʝʨʦʜʘ ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ. ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ 

ʘʪʤʦʩʬʝʨʳ ʠ ʛʠʜʨʦʩʬʝʨʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʤʝʥʥʳʡ ʬʦʥʜ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʫʛʣʝʨʦʜʘ, ʦʪʢʫʜʘ 

ʝʛʦ ʯʝʨʧʘʶʪ ʥʘʟʝʤʥʳʝ ʨʘʩʪʝʥʠʷ ʠ ʚʦʜʦʨʦʩʣʠ. ʌʦʪʦʩʠʥʪʝʟ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʚʩʝʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʢʨʫʛʦʚʦʨʦʪʦʚ ʥʘ ɿʝʤʣʝ. ɺʳʩʚʦʙʦʞʜʝʥʠʝ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʭʦʜʝ 

ʜʳʭʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʘʤʠʭ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʚʩʝʭ ʛʝʪʝʨʦʪʨʦʬʦʚ 

(ʙʘʢʪʝʨʠʡ, ʛʨʠʙʦʚ, ʞʠʚʦʪʥʳʭ), ʚʢʣʶʯʘʶʱʠʭʩʷ ʚ ʮʝʧʠ ʧʠʪʘʥʠʷ ʟʘ ʩʯʝʪ ʞʠʚʦʛʦ ʠʣʠ ʤʝʨʪʚʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʆʩʦʙʝʥʥʦ ʘʢʪʠʚʥʦ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʚʨʘʪ ʚ ʘʪʤʦʩʬʝʨʫ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠʟ ʧʦʯʚʳ, ʛʜʝ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʛʨʫʧʧ ʦʨʛʘʥʠʟʤʦʚ, ʨʘʟʣʘʛʘʶʱʠʭ ʦʩʪʘʪʢʠ 

ʦʪʤʝʨʰʠʭ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʳʭʘʥʠʝ ʢʦʨʥʝʚʳʭ ʩʠʩʪʝʤ ʨʘʩʪʝʥʠʡ. ʕʪʦʪ 

ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ çʧʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝè ʠ ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ 

ʚ ʧʦʧʦʣʥʝʥʠʝ ʦʙʤʝʥʥʦʛʦ ʬʦʥʜʘ ʉʆ2 ʚ ʚʦʟʜʫʭʝ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʯʚʘʭ ʦʙʨʘʟʫʝʪʩʷ ʛʫʤʫʩ - ʙʦʛʘʪʳʡ ʫʛʣʝʨʦʜʦʤ ʩʣʦʞʥʳʡ ʠ 

ʫʩʪʦʡʯʠʚʳʡ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʦʤʧʣʝʢʩ. ɻʫʤʫʩ ʧʦʯʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ 

ʫʛʣʝʨʦʜʘ ʥʘ ʩʫʰʝ. 

ɺ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʜʝʷʪʝʣʴʥʦʩʪʴ ʜʝʩʪʨʫʢʪʦʨʦʚ ʪʦʨʤʦʟʷʪ ʬʘʢʪʦʨʳ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

(ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʘʥʘʵʨʦʙʥʦʛʦ ʨʝʞʠʤʘ ʚ ʧʦʯʚʘʭ ʠ ʥʘ ʜʥʝ ʚʦʜʦʝʤʦʚ), 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʥʘʢʦʧʣʝʥʥʦʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʥʝ ʨʘʟʣʘʛʘʝʪʩʷ, ʧʨʝʚʨʘʱʘʷʩʴ ʩʦ 

ʚʨʝʤʝʥʝʤ ʚ ʪʘʢʠʝ ʧʦʨʦʜʳ, ʢʘʢ ʢʘʤʝʥʥʳʡ ʠʣʠ ʙʫʨʳʡ ʫʛʦʣʴ, ʪʦʨʬ, ʩʘʧʨʦʧʝʣʠ, ʛʦʨʶʯʠʝ ʩʣʘʥʮʳ 

ʠ ʜʨʫʛʠʝ, ʙʦʛʘʪʳʝ ʥʘʢʦʧʣʝʥʥʦʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʝʡ. ʆʥʠ ʧʦʧʦʣʥʷʶʪ ʩʦʙʦʡ ʨʝʟʝʨʚʥʳʡ ʬʦʥʜ 

ʫʛʣʝʨʦʜʘ, ʥʘʜʦʣʛʦ ʚʳʢʣʶʯʘʷʩʴ ʠʟ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ. ʋʛʣʝʨʦʜ ʚʨʝʤʝʥʥʦ 

ʜʝʧʦʥʠʨʫʝʪʩʷ ʪʘʢʞʝ ʚ ʞʠʚʦʡ ʙʠʦʤʘʩʩʝ, ʚ ʤʝʨʪʚʦʤ ʦʧʘʜʝ, ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ 

ʚʝʱʝʩʪʚʝ ʦʢʝʘʥʘ ʠ ʪ.ʜ. ʆʜʥʘʢʦ ʦʩʥʦʚʥʳʤ ʨʝʟʝʨʚʥʳʤ ʬʦʥʜʦʤ ʫʛʣʝʨʦʜʘ ʷʚʣʷʶʪʩʷ ʥʝ ʞʠʚʳʝ 

ʦʨʛʘʥʠʟʤʳ ʠ ʥʝ ʛʦʨʶʯʠʝ ʠʩʢʦʧʘʝʤʳʝ, ʘ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ - ʠʟʚʝʩʪʥʷʢʠ ʠ ʜʦʣʦʤʠʪʳ. ʀʭ 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ. ʋʛʣʝʨʦʜ ʵʪʠʭ ʢʘʨʙʦʥʘʪʦʚ 

ʥʘʜʦʣʛʦ ʟʘʭʦʨʦʥʝʥ ʚ ʥʝʜʨʘʭ ɿʝʤʣʠ ʠ ʧʦʩʪʫʧʘʝʪ ʚ ʢʨʫʛʦʚʦʨʦʪ ʣʠʰʴ ʚ ʭʦʜʝ ʵʨʦʟʠʠ ʧʨʠ 

ʦʙʥʘʞʝʥʠʠ ʧʦʨʦʜ ʚ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʮʠʢʣʘʭ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʚʠʞʝʥʠʝ ʤʘʩʩ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʧʨʝʜʝʣʘʭ ʙʠʦʩʬʝʨʳ. 

ʉʫʱʝʩʪʚʫʝʪ ʩʣʝʜʫʶʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʫʛʣʝʨʦʜʘ - ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʵʣʝʤʝʥʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʘʪʤʦʩʬʝʨʝ, ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ - ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʩʫʰʠ, ʝʱʝ ʙʦʣʴʰʝ - ʚ 

ʥʝʞʠʚʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ ʧʝʜʦʩʬʝʨʳ; ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʘʷ ʯʘʩʪʴ ʫʛʣʝʨʦʜʘ ʩʦʜʝʨʞʠʪʩʷ 

ʚ ʩʦʩʪʘʚʝ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ ʦʢʝʘʥʘ ï ʚ 10-12 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ, ʘʪʤʦʩʬʝʨʝ ʠ 

ʧʝʜʦʩʬʝʨʝ ʚʤʝʩʪʝ ʚʟʷʪʳʭ. ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ, ʢʦʥʝʯʥʦ, ʷʚʣʷʶʪʩʷ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʤʠ ʠ 

ʦʪʨʘʞʘʶʪ ʩʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʥʘʰʠʭ ʟʥʘʥʠʡ [3].  

ɺ ʘʪʤʦʩʬʝʨʝ ʫʛʣʝʨʦʜ ʥʘʭʦʜʠʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʠʜʝ ʉʆ2, ʉʆ ʠ ʨʘʩʪʚʦʨʝʥʥʦʤ ʚ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʘʭ HCO3
-, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ - ʚ ʚʠʜʝ ʤʝʪʘʥʘ ʉʅ4.  ʅʘ ʩʫʰʝ ʵʣʝʤʝʥʪ 

ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʦʩʪʘʚʝ ʞʠʚʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ, ʘ ʪʘʢʞʝ 

ʚ ʚʠʜʝ ʢʘʨʙʦʥʘʪʦʚ ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ. ɺ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʧʨʠʩʫʪʩʪʚʫʝʪ çʦʨʛʘʥʠʯʝʩʢʠʡè 

ʫʛʣʝʨʦʜ ï ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ, ʠ çʢʘʨʙʦʥʘʪʥʳʡè ʫʛʣʝʨʦʜ ï ʉʆ2, ʅ2ʉʆ3, HCO3
-, CO3

2-. ɺ 

ʛʝʦʩʬʝʨʝ ʫʛʣʝʨʦʜ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʘʚʝ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ (ʦʨʛʘʥʠʯʝʩʢʠʡ ʉ), ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ (ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʉ), ʚ ʚʠʜʝ ʢʘʨʙʦʥʘʪʦʚ, ʢʘʨʙʠʜʦʚ, 

ʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʉʆ2 ʚ ʩʦʩʪʘʚʝ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ɺ ʢʨʫʛʦʚʦʨʦʪʝ ʫʛʣʝʨʦʜʘ ʚʝʜʫʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ. ɹʨʦʞʝʥʠʝ ʠ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʜʳʭʘʥʠʝ ʥʘʟʝʤʥʳʭ ʠ ʚʦʜʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ 
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ʦʨʛʘʥʠʟʤʦʚ ʜʘʶʪ ʦʢʦʣʦ 56% ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʘʪʤʦʩʬʝʨʫ ʉʆ2, ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʯʚʝʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ - ʦʢʦʣʦ 38%, ʘ ʜʳʭʘʥʠʝ ʞʠʚʦʪʥʳʭ ʠ ʣʶʜʝʡ - ʚʩʝʛʦ 1,6%. ʇʨʦʤʳʰʣʝʥʥʳʝ 

ʚʳʙʨʦʩʳ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʫ ʩʦʩʪʘʚʣʷʶʪ ~ 5Ā10
9 ʪ ʚ ʛʦʜ, ʠʟ ʥʠʭ 50% ʦʩʪʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʝ, ʘ 

ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʧʦʧʘʜʘʝʪ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ ʚ ʙʠʦʩʬʝʨʫ ʠ ʧʦʛʣʦʱʘʝʪʩʷ ʛʠʜʨʦʩʬʝʨʦʡ [1]. 

ʆʢʦʣʦ 30% ʉO2 ʘʪʤʦʩʬʝʨʳ ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʛʠʜʨʦʩʬʝʨʦʡ, ʧʨʠʯʝʤ ʚ ʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʭʦʣʦʜʥʳʭ ʯʘʩʪʷʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ɻʠʜʨʦʩʬʝʨʘ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʥʘʩʦʩ, 

ʧʝʨʝʢʘʯʠʚʘʶʱʠʡ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠʟ ʭʦʣʦʜʥʳʭ ʨʝʛʠʦʥʦʚ ʚ ʪʝʧʣʳʝ, ʛʜʝ ʦʥ ʯʘʩʪʠʯʥʦ ʚʥʦʚʴ 

ʚʳʜʝʣʷʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ. ʇʨʠʤʝʨʥʦ 1011 ʪ ʉʆ2 ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʢʨʫʛʦʚʦʨʦʪʝ ʤʝʞʜʫ 

ʘʪʤʦʩʬʝʨʦʡ ʠ ʦʢʝʘʥʦʤ.  

ɻʣʦʙʘʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʤʘʩʩ ʫʛʣʝʨʦʜʘ ʚ ʙʠʦʩʬʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʢʨʫʧʥʳʤʠ ʮʠʢʣʘʤʠ 

ʤʘʩʩʦʦʙʤʝʥʘ: 

ü ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʘʩʩʠʤʠʣʷʮʠʝʡ ʉʆ2 ʠ ʅ2ʆ ʧʫʪʝʤ ʬʦʪʦʩʠʥʪʝʟʘ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʉʆ2. ʕʪʦʪ ʧʦʪʦʢ ʥʝ 

ʟʘʤʢʥʫʪ, ʪʘʢ ʢʘʢ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ ʧʦʩʪʦʷʥʥʦ ʚʳʚʦʜʠʪʩʷ ʠʟ ʮʠʢʣʘ ʚ ʩʦʩʪʘʚʝ 

çʤʝʨʪʚʦʛʦè ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʛʫʤʫʩ ʧʦʯʚ, ʦʨʛʘʥʠʯʝʩʢʠʡ ʠʣ, ʪʦʨʬ ʠ ʜʨ.). ʊʦʣʴʢʦ ʚ 

ʛʫʤʫʩʝ ʧʦʯʚʳ ʟʘ ʚʨʝʤʷ ʥʝ ʙʦʣʝʝ 1000 ʣʝʪ ʥʘʢʦʧʣʝʥʦ ʫʛʣʝʨʦʜʘ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʝʛʦ 

ʩʦʜʝʨʞʠʪʩʷ ʚ ʘʪʤʦʩʬʝʨʝ. ʀʟ ʩʦʦʪʥʦʰʝʥʠʷ ʙʠʦʤʘʩʩʳ ʠ ʧʨʦʜʫʢʮʠʠ ʥʘ ʩʫʰʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʣʥʘʷ 

ʟʘʤʝʥʘ ʤʘʩʩʳ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʧʝʨʠʦʜ ʦʢʦʣʦ 15 ʣʝʪ. ɺ ʦʢʝʘʥʝ ʦʙʦʨʦʪ ʤʘʩʩʳ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ 1-2 ʩʫʪʦʢ, ʘ ʦʙʥʦʚʣʝʥʠʝ ʚʩʝʡ ʙʠʦʤʘʩʩʳ ʦʢʝʘʥʘ ï ʧʨʠʤʝʨʥʦ ʟʘ 

ʤʝʩʷʮ.  ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʛʦʜʘ ʞʠʚʦʝ ʚʝʱʝʩʪʚʦ ʙʠʦʩʬʝʨʳ ʧʦʛʣʦʱʘʝʪ ʦʢʦʣʦ 1,2Ā1011 ʪ ʫʛʣʝʨʦʜʘ, 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʚʥʦʚʴ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʦʢʝʘʥ ʠ ʘʪʤʦʩʬʝʨʫ [3]; 

ü ɺʪʦʨʦʡ ʮʠʢʣ ʦʙʫʩʣʦʚʣʝʥ ʧʨʦʮʝʩʩʦʤ ʧʦʛʣʦʱʝʥʠʷ ʠ ʚʳʜʝʣʝʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 
ʧʨʠʨʦʜʥʳʤʠ ʚʦʜʘʤʠ ʧʨʠ ʭʠʤʠʯʝʩʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʉʆ2 ʠ ʅ2ʆ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʥʘʪ-

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʡ ʩʠʩʪʝʤʳ. ʄʝʞʜʫ ʛʘʟʘʤʠ ʪʨʦʧʦʩʬʝʨʳ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʣʦʝʤ ʦʢʝʘʥʘ 

ʩʫʱʝʩʪʚʫʝʪ ʧʦʜʚʠʞʥʦʝ ʨʘʚʥʦʚʝʩʠʝ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʛʘʟʦʚ ʚ ʚʦʜʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʜʘʚʣʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʚʦʨʝʥʥʳʭ ʩʦʣʝʡ. ɺ ʧʨʝʩʥʦʡ ʚʦʜʝ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚʳʰʝ, ʥʦ ʜʦʣʷ 

ʧʨʝʩʥʳʭ ʚʦʜ ʚ ʙʠʦʩʬʝʨʝ ʤʘʣʘ. ʇʨʠ ʵʪʦʤ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʘʢʪʠʚʥʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʭʦʣʦʜʥʳʭ 

ʚʦʜʘʭ ʧʨʠʧʦʣʷʨʥʳʭ ʨʘʡʦʥʦʚ. 

ʆʙʘ ʮʠʢʣʘ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ. ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ 

ʜʚʫʭ ʛʣʘʚʥʳʭ ʮʠʢʣʦʚ ʤʘʩʩʦʦʙʤʝʥʘ ʷʚʣʷʝʪʩʷ ʠʭ ʥʝʟʘʤʢʥʫʪʦʩʪʴ, ʠ ʚʳʚʝʜʝʥʠʝ ʠʟ ʮʠʢʣʦʚ 

ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʘ ʚ ʬʦʨʤʝ ʥʝʞʠʚʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʢʘʨʙʦʥʘʪʦʚ 

ʤʝʪʘʣʣʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʫʛʣʝʨʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ 

ʧʨʦʪʝʢʘʥʠʶ ʜʚʫʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ï ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʢʣʝʪʦʯʥʦʛʦ ʜʳʭʘʥʠʷ. ɺ 

ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ  ʠʟ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʚʦʜʳ ʦʙʨʘʟʫʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ (ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʫʛʣʝʚʦʜʳ), ʘ ʣʫʯʠʩʪʘʷ ʵʥʝʨʛʠʷ ʉʦʣʥʮʘ ʧʝʨʝʭʦʜʠʪ ʚ ʵʥʝʨʛʠʶ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʂʣʝʪʦʯʥʦʝ ʜʳʭʘʥʠʝ ï ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʬʦʪʦʩʠʥʪʝʟʫ ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ 

ʨʘʩʱʝʧʣʷʶʪʩʷ ʫʛʣʝʚʦʜʳ, ʠ ʠʟʚʣʝʢʘʝʪʩʷ ʠʟ ʥʠʭ ʵʥʝʨʛʠʷ, ʢʦʪʦʨʘʷ ʜʘʣʝʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʥʫʞʜʳ ʢʣʝʪʢʠ. 

ɺ ʛʣʦʙʘʣʴʥʦʤ ʢʨʫʛʦʚʦʨʦʪʝ ʫʛʣʝʨʦʜʘ ʧʨʦʠʩʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ: 

Á ʈʘʩʪʚʦʨʝʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʘʭ; 

Á ʇʝʨʝʥʦʩ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ ʩ ʚʦʜʥʳʤ ʩʪʦʢʦʤ ʩ ʩʫʰʠ ʚ ʄʠʨʦʚʦʡ ʦʢʝʘʥ ʚ 
ʚʠʜʝ HCO3

- ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ; 

Á ʉʚʷʟʳʚʘʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʚʠʜʝ ʢʘʨʙʦʥʘʪʦʚ.  

ɼʚʠʞʝʥʠʝ ʤʘʩʩ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʩʭʝʤʘʪʠʯʥʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: - 

ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʘʢʪʠʚʥʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʭʦʣʦʜʥʦʡ ʚʦʜʝ ʧʨʠʧʦʣʷʨʥʳʭ ʨʘʡʦʥʦʚ ʦʢʝʘʥʘ; ʭʦʣʦʜʥʘʷ 

ʚʦʜʘ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʧʣʦʪʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʤʘʩʩʳ ʚʦʜʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʉʆ2 

ʦʧʫʩʢʘʶʪʩʷ ʥʘ ʛʣʫʙʠʥʫ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʠ ʚ ʚʠʜʝ ʤʦʱʥʳʭ ʭʦʣʦʜʥʳʭ ʪʝʯʝʥʠʡ ʧʝʨʝʤʝʱʘʶʪʩʷ 

ʢ ʵʢʚʘʪʦʨʫ, ʦʥʠ ʧʦʩʪʝʧʝʥʥʦ ʥʘʛʨʝʚʘʶʪʩʷ, ʫʤʝʥʴʰʘʶʪ ʧʣʦʪʥʦʩʪʴ, ʧʦʜʥʠʤʘʶʪʩʷ ʥʘʚʝʨʭ ʠ 

ʦʩʚʦʙʦʞʜʘʶʪʩʷ ʦʪ ʠʟʙʳʪʢʘ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. 

ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʘʢʮʠʷʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʛʠʜʨʦʩʬʝʨʝ:  

ʉʆ2+ʅ2ʆ ª ʅ2ʉʆ3 ª ʅ+ + ʅʉʆ3
-. 



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
ȳ.Ȧ. Ƚɋɖɓɡɛ 
Ʉ.Ȯ. ȧɆɋɈɆ 

 

 

http://izd -mn.com/ 89 

 

ɺ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʨʅ ʦʢʝʘʥʦʚ ʥʝ ʚʳʭʦʜʠʪ ʠʟ ʧʨʝʜʝʣʦʚ 7,0-8,5. ɼʣʷ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʟʥʘʯʝʥʠʡ ʨʅ ʙʦʣʝʝ 80% ʫʛʣʝʨʦʜʘ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʚʠʜʝ ʅʉʆ3
- - ʠʦʥʦʚ. ɺ ʪʘʢʦʡ ʬʦʨʤʝ 

ʫʛʣʝʨʦʜ ʣʝʛʢʦ ʫʩʚʘʠʚʘʝʪʩʷ ʦʨʛʘʥʠʟʤʘʤʠ, ʞʠʚʫʱʠʤʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ.  

ɼʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʘʪʤʦʩʬʝʨʳ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʨʦʮʝʩʩ ʚʳʚʝʪʨʠʚʘʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ, 

ʧʨʝʚʨʘʱʘʷ ʧʦʩʣʝʜʥʠʝ ʩʥʘʯʘʣʘ ʚ ʢʘʨʙʦʥʘʪʳ, ʘ ʟʘʪʝʤ ʚ ʛʠʜʨʦʢʘʨʙʦʥʘʪʳ, ʢʦʪʦʨʳʝ ʚʳʤʳʚʘʶʪʩʷ 

ʚʦʜʦʡ ʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʦʢʝʘʥʝ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʉʆ2, ʩʚʷʟʳʚʘʝʤʦʝ ʝʞʝʛʦʜʥʦ ʧʨʠ 

ʚʳʚʝʪʨʠʚʘʥʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʜʦʩʪʠʛʘʝʪ 2 ʤʣʨʜ. ʪ ʫʛʣʝʨʦʜʘ [4].  

ɺ ʟʝʤʥʦʡ ʢʦʨʝ ʦʩʥʦʚʥʘʷ ʬʦʨʤʘ ʥʘʭʦʞʜʝʥʠʷ ʫʛʣʝʨʦʜʘ (ʉʢ) ï ʢʘʨʙʦʥʘʪʳ. ʇʨʠ ʵʪʦʤ 

ʩʦʜʝʨʞʘʥʠʝ ʉʢ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʫʛʣʝʨʦʜʘ ʚ ʩʦʩʪʘʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʉʦʨʛ). ɻʣʘʚʥʳʤ ʨʝʟʝʨʚʫʘʨʦʤ ʫʛʣʝʨʦʜʘ ʩʣʫʞʠʪ ʦʩʘʜʦʯʥʘʷ ʦʙʦʣʦʯʢʘ ʟʝʤʥʦʡ ʢʦʨʳ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʫʛʣʝʨʦʜʘ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʚ ʛʨʘʥʠʪʥʦʤ ʠ 

ʙʘʟʘʣʴʪʦʚʦʤ ʩʣʦʷʭ ʣʠʪʦʩʬʝʨʳ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʉʦʨʛ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʩʩʝʷʥʥʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʚʝʱʝʩʪʚʦʤ. ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʩʢʦʧʣʝʥʠʷ ʉʦʨʛ ʚ ʚʠʜʝ ʟʘʣʝʞʝʡ ʥʝʬʪʠ, ʢʘʤʝʥʥʳʭ ʫʛʣʝʡ 

ʠʤʝʶʪ ʧʦʜʯʠʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ - ʚ ʩʫʤʤʝ ʠʭ ʤʘʩʩʘ ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ ʥʠʞʝ ʤʘʩʩʳ ʫʛʣʝʨʦʜʘ 

ʨʘʩʩʝʷʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʦʩʘʜʦʯʥʦʡ ʦʙʦʣʦʯʢʠ. ʂʘʨʙʦʥʘʪʥʳʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʠʦʛʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ; ʢʘʨʙʦʥʘʪʳ 

ʥʝʙʠʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʜʦʚʦʣʴʥʦ ʨʝʜʢʦ.  ʉʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʥʠʤʠ 

ʷʚʣʷʝʪʩʷ ʉʆ2 ï ʤʘʪʝʨʠʘʣ ʜʣʷ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʙʠʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ (ʠʟʚʝʩʪʢʦʚʳʝ 

ʩʢʝʣʝʪʳ ʦʨʛʘʥʠʟʤʦʚ). ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʣʦ ʟʘʢʦʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʉʆ2 ʤʝʞʜʫ ʬʦʪʦʩʠʥʪʝʟʦʤ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ. ʇʨʠ ʵʪʦʤ 

ʙʦʣʝʝ 80 % ʫʛʣʝʨʦʜʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʠ ʜʝʛʘʟʘʮʠʠ ʤʘʥʪʠʠ, ʩʚʷʟʳʚʘʣʦʩʴ ʚ 

ʢʘʨʙʦʥʘʪʘʭ. ʇʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʦʚ ʠ ʬʦʪʦʩʠʥʪʝʟ ʧʨʠʚʦʜʷʪ ʢ ʫʜʘʣʝʥʠʶ ʠʟ 

ʘʪʤʦʩʬʝʨʳ ʉʆ2, ʥʝʧʨʝʨʳʚʥʦ ʧʦʩʪʫʧʘʶʱʝʛʦ ʠʟ ʤʘʥʪʠʠ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʵʪʠ ʧʨʦʮʝʩʩʳ ʷʚʣʷʶʪʩʷ 

ʯʘʩʪʴʶ ʛʣʦʙʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʝ, ʯʪʦ 

ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʚʷʟʠ ʩ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ - ʧʘʨʥʠʢʦʚʳʤ ʵʬʬʝʢʪʦʤ. 

6.2. ʂʨʫʛʦʚʦʨʦʪ ʢʠʩʣʦʨʦʜʘ 

ʂʨʫʛʦʚʦʨʦʪ ʢʠʩʣʦʨʦʜʘ ʪʝʩʥʝʡʰʠʤ ʦʙʨʘʟʦʤ ʩʦʧʨʷʞʝʥ ʩ ʫʛʣʝʨʦʜʥʳʤ ʮʠʢʣʦʤ. ʂʠʩʣʦʨʦʜ - 

ʚʘʞʥʝʡʰʠʡ ʢʦʤʧʦʥʝʥʪ ʞʠʟʥʝʥʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɽʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʞʠʚʦʤ 

ʚʝʱʝʩʪʚʝ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 70%. 

ɹʦʣʴʰʘʷ ʤʘʩʩʘ ʢʠʩʣʦʨʦʜʘ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʠʣʠʢʘʪʥʦʤ ʚʝʱʝʩʪʚʝ 

ʟʝʤʥʦʡ ʢʦʨʳ. ʅʦ ʜʣʷ ʦʨʛʘʥʠʟʤʦʚ ʙʠʦʩʬʝʨʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʝʥ ʩʚʦʙʦʜʥʳʡ ʢʠʩʣʦʨʦʜ, 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʳʡ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ ʛʠʜʨʦʩʬʝʨʝ. 

ʆʩʥʦʚʥʦʡ ʢʨʫʛʦʚʦʨʦʪ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʠʨʦʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʮʝʩʩʘ ʬʦʪʦʩʠʥʪʝʟʘ ʢʠʩʣʦʨʦʜʘ, ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ï ʜʳʭʘʥʠʷ, ʛʦʨʝʥʠʷ ʠ ʜʨʫʛʠʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʵʪʦʤ ʣʠʰʴ 25 % 

ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚʳʜʝʣʷʝʪʩʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʩʫʰʠ, ʘ ʦʩʪʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ï 

ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ʇʦʜʩʯʠʪʘʥʦ, ʯʪʦ ʚʝʩʴ ʢʠʩʣʦʨʦʜ 

ʘʪʤʦʩʬʝʨʳ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ  ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ, ʚʢʣʶʯʘʷ ʯʝʣʦʚʝʢʘ, ʧʨʠʤʝʨʥʦ ʟʘ 10 ʣʝʪ [1, 5].  

ʀʤʝʥʥʦ ʬʦʪʦʩʠʥʪʝʟʫ ɿʝʤʣʷ ʦʙʷʟʘʥʘ ʩʚʦʝʡ ʫʥʠʢʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʦʡ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʉ ʢʨʫʛʦʚʦʨʦʪʦʤ ʢʠʩʣʦʨʦʜʘ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʦʟʦʥʘ ʚ ʚʳʩʦʢʠʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ.  

ɸʙʠʦʪʠʯʝʩʢʠʤ ʧʫʪʝʤ ʢʠʩʣʦʨʦʜ ʦʙʨʘʟʫʝʪʩʷ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ ʟʘ ʩʯʝʪ 

ʬʦʪʦʜʠʩʩʦʮʠʘʮʠʠ ʧʘʨʦʚ ʚʦʜʳ, ʥʦ ʵʪʦʪ ʠʩʪʦʯʥʠʢ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ ʪʳʩʷʯʥʳʝ ʜʦʣʠ ʧʨʦʮʝʥʪʘ ʦʪ 

ʢʦʣʠʯʝʩʪʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ.  

ʄʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʛʠʜʨʦʩʬʝʨʝ ʩʫʱʝʩʪʚʫʝʪ ʧʦʜʚʠʞʥʦʝ 

ʨʘʚʥʦʚʝʩʠʝ. ʇʨʠ ʵʪʦʤ ʦʙʤʝʥʥʳʡ ʬʦʥʜ ʢʠʩʣʦʨʦʜʘ  ʚ ʘʪʤʦʩʬʝʨʝ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 5% ʦʪ 

ʦʙʱʝʡ ʧʨʦʜʫʢʮʠʠ ʬʦʪʦʩʠʥʪʝʟʘ.  

ɺʳʜʝʣʠʚʰʠʡʩʷ ʢʠʩʣʦʨʦʜ ʠʥʪʝʥʩʠʚʥʦ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʨʦʮʝʩʩʳ ʜʳʭʘʥʠʷ ʚʩʝʭ ʘʵʨʦʙʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʠ ʥʘ ʦʢʠʩʣʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʠ ʧʨʦʮʝʩʩʳ 

ʧʨʦʠʩʭʦʜʷʪ ʚ ʘʪʤʦʩʬʝʨʝ, ʧʦʯʚʝ, ʚʦʜʝ, ʠʣʘʭ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʷʚʣʝʥʦ, 
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ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʠʩʣʦʨʦʜʘ, ʩʚʷʟʘʥʥʦʛʦ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ, ʠʤʝʝʪ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʈʝʟʝʨʚʥʳʡ ʬʦʥʜ ʢʠʩʣʦʨʦʜʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʚʠʜʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ, ʫʛʣʷʭ, ʪʦʨʬʘʭ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʧʦʜʜʝʨʞʘʥʠʷ ʦʙʤʝʥʥʦʛʦ ʬʦʥʜʘ ʢʠʩʣʦʨʦʜʘ 

ʚ ʘʪʤʦʩʬʝʨʝ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʤʠʛʨʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ ʢʠʩʣʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʙʠʦʩʬʝʨʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʪʝʭʥʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʠʩʣʦʨʦʜʘ ʘʪʤʦʩʬʝʨʳ ʩʚʷʟʳʚʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʘ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʬʦʨʤ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺʳʨʫʙʢʘ ʣʝʩʦʚ, ʦʢʠʩʣʝʥʠʝ 

ʧʦʯʚʝʥʥʦʡ ʦʨʛʘʥʠʢʠ, ʦʧʫʩʪʳʥʠʚʘʥʠʝ ʟʝʤʝʣʴ ʥʘ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʫʤʝʥʴʰʘʶʪ 

ʧʨʦʜʫʮʠʨʦʚʘʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ɺ ʨʷʜʝ ʨʝʛʠʦʥʦʚ ʧʨʠ ʩʞʠʛʘʥʠʠ ʛʦʨʶʯʠʭ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʨʘʩʭʦʜʫʝʪʩʷ ʙʦʣʴʰʝ ʢʠʩʣʦʨʦʜʘ, ʯʝʤ ʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʬʦʪʦʩʠʥʪʝʟʘ. 

6.3. ʂʨʫʛʦʚʦʨʦʪ ʘʟʦʪʘ 

ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʘʟʦʪʘ ʥʝ ʤʝʥʝʝ ʩʣʦʞʝʥ, ʯʝʤ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ, ʠ 

ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʦʙʣʘʩʪʠ ʙʠʦʩʬʝʨʳ.  ɸʟʦʪ ʦʪʥʦʩʠʪʩʷ ʢ ʵʣʝʤʝʥʪʘʤ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʤ ʞʠʟʥʴ ʥʘ 

ʧʣʘʥʝʪʝ. ʆʥ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʚʘʞʥʝʡʰʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ - ɼʅʂ, ʙʝʣʢʦʚ, ʣʠʧʦʧʨʦʪʝʠʜʦʚ, 

ɸʊʌ, ʭʣʦʨʦʬʠʣʣʘ ʠ ʜʨ. ɺ ʨʘʩʪʠʪʝʣʴʥʳʭ ʪʢʘʥʷʭ ʝʛʦ ʩʦʦʪʥʦʰʝʥʠʝ ʩ ʫʛʣʝʨʦʜʦʤ ʩʦʩʪʘʚʣʷʝʪ ʚ 

ʩʨʝʜʥʝʤ 1 : 30, ʘ ʚ ʤʦʨʩʢʠʭ ʚʦʜʦʨʦʩʣʷʭ 1 : 6.  

ʈʝʟʝʨʚʥʳʡ ʬʦʥʜ ʘʟʦʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʘʪʤʦʩʬʝʨʝ. ɺʳʜʝʣʝʥʠʝ ʘʟʦʪʘ ʠʟ ʣʠʪʦʩʬʝʨʳ ʰʣʦ ʟʘ 

ʩʯʝʪ ʜʝʛʘʟʘʮʠʠ ʤʘʥʪʠʠ, ʧʦʟʜʥʝʝ ī ʧʨʠ ʠʟʚʝʨʞʝʥʠʠ ʚʫʣʢʘʥʦʚ, ʚʳʥʦʩʝ ʛʠʜʨʦʪʝʨʤ ʠ ʛʘʟʦʚʳʭ 

ʩʪʨʫʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʩʪʫʧʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʠʟ ʥʝʜʨ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1Ā106 ʪ/ʛʦʜ. 

ʄʦʣʝʢʫʣʷʨʥʳʡ ʘʟʦʪ - ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʘʷ ʬʦʨʤʘ ʥʘʭʦʞʜʝʥʠʷ ʵʣʝʤʝʥʪʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʘʟʦʪ 

ʘʢʢʫʤʫʣʠʨʦʚʘʥ ʚ ʘʪʤʦʩʬʝʨʝ, ʘ ʥʝ ʚ ʚʦʜʘʭ ʠʣʠ ʦʩʘʜʦʯʥʦʡ ʦʙʦʣʦʯʢʝ ʧʣʘʥʝʪʳ.  ʊʘʢ ʢʘʢ ʘʟʦʪ ʥʝ 

ʦʙʨʘʟʫʝʪ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʘʟʦʪʘ ʚ ʦʩʘʜʦʯʥʦʡ 

ʦʙʦʣʦʯʢʝ ʧʣʘʥʝʪʳ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʘʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʗʚʣʷʷʩʴ ʩʘʤʳʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʛʘʟʦʤ ʚ ʘʪʤʦʩʬʝʨʝ, ʘʟʦʪ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʝ ʤʦʞʝʪ ʥʘʧʨʷʤʫʶ ʚʦʚʣʝʢʘʪʴʩʷ 

ʟʝʣʝʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ ʮʠʢʣ. ʄʦʣʝʢʫʣʷʨʥʳʡ ʘʟʦʪ ʘʪʤʦʩʬʝʨʳ ʥʝʜʦʩʪʫʧʝʥ 

ʨʘʩʪʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʩʚʘʠʚʘʪʴ ʵʪʦʪ ʵʣʝʤʝʥʪ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʠʦʥʦʚ ʘʤʤʦʥʠʷ, ʥʠʪʨʘʪʦʚ ʠʣʠ 

ʠʟ ʧʦʯʚʝʥʥʳʭ ʠʣʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʇʦʵʪʦʤʫ ʥʝʜʦʩʪʘʪʦʢ ʘʟʦʪʘ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ, 

ʣʠʤʠʪʠʨʫʶʱʠʤ ʧʝʨʚʠʯʥʫʶ ʧʨʦʜʫʢʮʠʶ - ʨʘʙʦʪʫ ʦʨʛʘʥʠʟʤʦʚ, ʩʚʷʟʘʥʥʫʶ ʩ ʩʦʟʜʘʥʠʝʤ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠʟ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ. ɺ ʘʪʤʦʩʬʝʨʝ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪʘ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʢʠʩʴ ʠ ʜʚʫʦʢʠʩʴ ʘʟʦʪʘ, ʢʦʪʦʨʳʝ, ʩʚʷʟʳʚʘʷʩʴ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ, ʧʝʨʝʭʦʜʷʪ ʚ 

ʠʦʥʥʫʶ ʬʦʨʤʫ ʥʠʪʨʠʪʦʚ ʠ ʥʠʪʨʘʪʦʚ. ʇʨʠ ʵʪʦʤ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ. 

ʊʘʢʠʤ ʧʫʪʝʤ ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ ʮʠʢʣ ʧʨʠʤʝʨʥʦ 20% ʚʩʝʛʦ ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʥʝʤ 

ʘʟʦʪʘ. ɺʝʩʴ ʦʩʪʘʣʴʥʦʡ ʘʟʦʪ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʝʥ ʨʘʩʪʝʥʠʷʤ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʪʘʣʴʥʦʡ ʙʠʦʪʝ 

ʪʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʘʢʪʝʨʠʡ, ʩʧʦʩʦʙʥʳʭ ʫʩʚʘʠʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʳʡ ʘʟʦʪ, 

ʧʨʝʚʨʘʱʘʷ ʝʛʦ ʚ ʠʦʥʳ ʘʤʤʦʥʠʷ. ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʝ ʩʚʷʟʳʚʘʥʠʝ ʘʟʦʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʪʦʷʥʥʦ. ʆʙʨʘʟʦʚʘʥʠʝ ʞʝ ʠʟ ʠʦʥʦʚ ʘʤʤʦʥʠʷ ʥʠʪʨʠʪ- ʠ ʥʠʪʨʘʪ-ʘʥʠʦʥʦʚ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ, ʘ ʚʦʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠʟ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

(ʘʤʤʦʥʠʷ, ʥʠʪʨʠʪʦʚ, ʥʠʪʨʘʪʦʚ) ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʥʫʢʣʝʦʪʠʜʦʚ, ʙʝʣʢʦʚ ʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ 

ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʨʘʩʪʝʥʠʷʤʠ. 

ʆʨʛʘʥʠʟʤʳ, ʠʩʧʦʣʴʟʦʚʘʚ ʘʟʦʪ, ʚʦʟʚʨʘʱʘʶʪ ʝʛʦ ʚ ʘʪʤʦʩʬʝʨʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʠʢʣ ʟʘʤʳʢʘʝʪʩʷ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʝʚʨʘʱʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 

ʘʟʦʪʘ ʧʨʠ ʫʯʘʩʪʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ: 

ü ɸʟʦʪʬʠʢʩʘʮʠʷ ï ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʬʠʢʩʘʮʠʷ ʘʟʦʪʘ ï ʧʨʦʮʝʩʩ ʩʚʷʟʳʚʘʥʠʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʟʦʪʘ ʥʝʢʦʪʦʨʳʤʠ ʩʚʦʙʦʜʥʦʞʠʚʫʱʠʤʠ (ʥʘʧʨʠʤʝʨ, ʨʦʜʘ Azotobacter) ʠ 

ʩʠʤʙʠʦʪʠʯʝʩʢʠʤʠ ʙʘʢʪʝʨʠʷʤʠ-ʘʟʦʪʬʠʢʩʘʪʦʨʘʤʠ (ʥʘʧʨʠʤʝʨ, ʢʣʫʙʝʥʴʢʦʚʳʤʠ ʙʘʢʪʝʨʠʷʤʠ 

ʙʦʙʦʚʳʭ ʨʘʩʪʝʥʠʡ ʨʦʜʘ Rhizobium).  ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ 

ʩʠʥʝ-ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʤʥʦʛʠʝ ʚʦʜʥʳʝ ʠ ʧʦʯʚʝʥʥʳʝ ʙʘʢʪʝʨʠʠ, ʧʨʠʤʠʪʠʚʥʳʝ ʛʨʠʙʳ 

(ʘʢʪʠʥʦʤʠʮʝʪʳ) ʚ ʢʣʫʙʝʥʴʢʘʭ ʦʣʴʭʠ ʠ ʜʨʫʛʠʭ ʜʝʨʝʚʴʝʚ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʵʪʠʤ ʩʚʦʡʩʪʚʦʤ (ʚʩʝʛʦ 

ʦʢʦʣʦ 160 ʚʠʜʦʚ); 
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ü ɸʤʤʦʥʠʬʠʢʘʮʠʷ ï ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʧʨʦʪʝʢʘʶʱʠʡ ʩ 

ʫʯʘʩʪʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʤʤʦʥʠʬʠʮʠʨʫʶʱʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʚʝʜʫʱʠʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʘʤʤʠʘʢʘ. ʇʨʠ ʵʪʦʤ ʨʘʩʧʘʜ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ  (ʙʝʣʢʦʚ) ʠʜʝʪ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ: 

I. ʈʘʩʱʝʧʣʝʥʠʝ ʙʝʣʢʦʚ ʜʦ ʘʤʠʥʦʢʠʩʣʦʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʚʳʨʘʙʘʪʳʚʘʶʱʠʤʠ 

ʬʝʨʤʝʥʪ ʧʨʦʪʝʘʟʫ:   

ʙʝʣʢʠ Ÿ ʧʝʧʪʦʥʳ Ÿ ʧʦʣʠʧʝʧʪʠʜʳ Ÿ ʘʤʠʥʦʢʠʩʣʦʪʳ. 

II. ʈʘʟʣʦʞʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʙʘʢʪʝʨʠʷʤʠ, ʘʢʪʠʥʦʤʠʮʝʪʘʤʠ ʠ ʛʨʠʙʘʤʠ ʢʘʢ ʚ ʘʵʨʦʙʥʳʭ, 

ʪʘʢ ʠ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ:  

RCHNH2COOH + O2 Ÿ RCOOH + NH3 + CO2; 

RCHNH2COOH + H2O Ÿ RCʅOHCOOH + NH3. 

ɸʤʤʦʥʠʬʠʢʘʮʠʷ ï ʧʝʨʚʘʷ ʩʪʘʜʠʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʦʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ.  

ü ʅʠʪʨʠʬʠʢʘʮʠʷ ï ʦʢʠʩʣʝʥʠʝ ʘʤʤʠʘʢʘ ʜʦ ʥʠʪʨʘʪʦʚ ʠ ʥʠʪʨʠʪʦʚ ʧʨʠ ʫʯʘʩʪʠʠ 

ʥʠʪʨʠʬʠʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʚ ʜʚʘ ʵʪʘʧʘ: 

I. ʇʨʠ ʫʯʘʩʪʠʠ ʙʘʢʪʝʨʠʡ ʨʦʜʘ  Nitrosomonas:   

(ʘʤʤʠʘʢ Ÿ ʛʠʜʨʦʢʩʠʣʘʤʠʥ Ÿ ʛʠʧʦʥʠʪʨʠʪʳ Ÿ ʥʠʪʨʠʪʳ). 

NH3 Ÿ NH2ʆʅ Ÿ ʅ2N2ʆ2 Ÿ ʅNʆ2. 

ʉʫʤʤʘʨʥʦ: 2NH3 + 3O2 Ÿ 2HNO2 + 2H2O + Q. 

II. ʇʨʠ ʫʯʘʩʪʠʠ ʙʘʢʪʝʨʠʡ  ʨʦʜʘ Nitrobacter: 

2HNO2 + ʆ2 Ÿ 2HNO3+Q. 

ʈʝʘʢʮʠʠ ʥʠʪʨʠʬʠʢʘʮʠʠ ʠʜʫʪ ʩ ʚʳʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʫʶ ʙʘʢʪʝʨʠʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʩʚʦʝʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʦʥʠ ʷʚʣʷʶʪʩʷ ʭʝʤʦʘʚʪʦʪʨʦʬʘʤʠ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʨʠ 

ʥʠʪʨʠʬʠʢʘʮʠʠ ʥʠʪʨʠʪʳ ʠ ʥʠʪʨʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʢʠʩʣʦʨʦʜʘ ʚ 

ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʠʪʨʠʬʠʢʘʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʧʦʯʚʘʭ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 

ʚʝʣʠʯʠʥʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʢʦʣʦ 0,4ï0,5 ɺ. 

ü ɼʝʥʠʪʨʠʬʠʢʘʮʠʷ ï ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʜʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʘʟʦʪʘ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʧʦʯʚʝʥʥʳʤʠ ʘʥʘʵʨʦʙʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ-ʜʝʥʠʪʨʦʬʠʢʘʪʦʨʘʤʠ 

(ʥʘʧʨʠʤʝʨ, ʨʦʜʦʚ Pseudomonas ʠ Micrococus): 

NO3 Ÿ NO2 Ÿ NO Ÿ N2O ŸN2. 

ɼʝʥʠʪʨʠʬʠʢʘʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʙʘʢʪʝʨʠʡ. 

ʈʝʘʢʮʠʷ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ, ʟʘʤʳʢʘʶʱʘʷ ʮʠʢʣ ʘʟʦʪʘ, ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʳʡ ʘʟʦʪ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʉʪʫʧʝʥʯʘʪʳʡ ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʙʝʣʢʦʚ ʜʦ ʥʠʪʨʘʪʦʚ ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʜʣʷ 

ʦʨʛʘʥʠʟʤʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʵʪʦ ʨʘʟʣʦʞʝʥʠʝ. ɸ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ʪʨʝʙʫʝʪ ʜʨʫʛʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʪʘʢʠʭ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʠʣʠ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʠʢʩʘʮʠʷ ʘʟʦʪʘ ʪʨʝʙʫʝʪ ʦʩʦʙʦ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ, ʪʘʢ ʢʘʢ ʤʥʦʛʦ ʝʝ ʠʜʝʪ ʥʘ 

ʨʘʟʨʳʚ ʪʨʦʡʥʦʡ ʩʚʷʟʠ ʚ ʤʦʣʝʢʫʣʝ N2, ʯʪʦʙʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ ʠʟ ʚʦʜʳ ʧʨʦʠʟʦʰʣʦ 

ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʜʚʝ ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ.  

ɺ ʧʨʦʮʝʩʩʘʭ ʧʨʝʚʨʘʱʝʥʠʷ: 

 

ʚʳʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ 

ɹʝʣʢʠ ï ʘʤʠʥʦʢʠʩʣʦʪʳ ï ʘʤʤʠʘʢ ï ʥʠʪʨʠʪ ï ʥʠʪʨʘʪ  

                                                                                                 ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ 

 

ʩʧʨʘʚʘ ʥʘʣʝʚʦ ʪʨʝʙʫʶʪʩʷ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ, ʩʣʝʚʘ ʥʘʧʨʘʚʦ, ʥʘʦʙʦʨʦʪ, ʵʥʝʨʛʠʷ ʚʳʜʝʣʷʝʪʩʷ [6]. 

ɸʟʦʪʬʠʢʩʘʮʠʷ ʠ ʜʝʥʠʪʨʠʬʠʢʘʮʠʷ ʚ ʧʨʠʨʦʜʝ ʧʨʠʤʝʨʥʦ ʫʨʘʚʥʦʚʝʰʝʥʳ. ʎʠʢʣ ʘʟʦʪʘ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʚʠʩʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʘʢʪʝʨʠʡ, ʪʦʛʜʘ ʢʘʢ ʨʘʩʪʝʥʠʷ 

ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʥʝʛʦ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʵʪʦʛʦ ʮʠʢʣʘ ʠ ʥʘʤʥʦʛʦ ʫʚʝʣʠʯʠʚʘʷ 

ʤʘʩʰʪʘʙʳ ʮʠʨʢʫʣʷʮʠʠ ʘʟʦʪʘ ʚ ʙʠʦʩʬʝʨʝ ʟʘ ʩʯʝʪ ʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ. 
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ʈʦʣʴ ʙʘʢʪʝʨʠʡ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʘʟʦʪʘ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢʘ, ʯʪʦ ʝʩʣʠ ʫʥʠʯʪʦʞʠʪʴ ʪʦʣʴʢʦ 20 

ʠʭ ʚʠʜʦʚ, ʞʠʟʥʴ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ ʧʨʝʢʨʘʪʠʪʩʷ. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʘʟʦʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʆʢʝʘʥʝ, 

ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʚʦʜʝ ʫʞʝ ʠʤʝʶʪʩʷ ʨʘʩʪʚʦʨʝʥʥʳʝ 

ʠʦʥʳ NH4
+ , NO3

- , NO2
- , ʩʧʦʩʦʙʥʳʝ ʫʩʚʘʠʚʘʪʴʩʷ ʦʨʛʘʥʠʟʤʘʤʠ, ʧʦʵʪʦʤʫ ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʬʠʢʩʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ. 

ɺ ʮʝʣʦʤ ʨʘʟʚʠʪʠʝ ʮʠʢʣʘ ʘʟʦʪʘ ʚʦ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘ 

ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʘʟʦʪ ʧʦʩʪʫʧʘʣ ʠʟ ʥʝʜʨ, ʦʢʠʩʣʷʣʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʪʨʦʧʦʩʬʝʨʝ, ʚ ʚʠʜʝ ʥʠʪʨʘʪʦʚ ʠ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʚʳʤʳʚʘʣʩʷ ʦʩʘʜʢʘʤʠ. ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ 

ʞʠʟʥʠ ʮʠʢʣ ʫʩʣʦʞʥʷʣʩʷ, ʚʢʣʶʯʘʷ ʟʚʝʥʴʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʦʚ: ʘʟʦʪʬʠʢʩʘʮʠʷ ī 

ʘʤʤʦʥʠʬʠʢʘʮʠʷ ī ʥʠʪʨʠʬʠʢʘʮʠʷ ï ʜʝʥʠʪʨʠʬʠʢʘʮʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʣʘ ʧʨʝʜʧʦʩʳʣʢʘ 

ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʥʘʟʝʤʥʳʭ ʨʘʩʪʝʥʠʡ ʩ ʧʦʯʚʝʥʥʳʤ ʧʠʪʘʥʠʝʤ. ɺʦʟʥʠʢʘʝʪ ʙʠʦʣʦʛʠʯʝʩʢʠʡ 

ʢʨʫʛʦʚʦʨʦʪ ʘʟʦʪʘ ʥʘ ʩʫʰʝ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʢʘʢ ʦʩʥʦʚʥʦʡ ʨʝʛʫʣʷʪʦʨ 

ʛʣʦʙʘʣʴʥʦʛʦ ʮʠʢʣʘ ʘʟʦʪʘ. ʅʘ ʦʩʥʦʚʝ ʬʦʪʦʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʦʙʨʘʟʫʝʪʩʷ 

ʢʨʫʛʦʚʦʨʦʪ ʘʟʦʪʘ ʩ ʫʯʘʩʪʠʝʤ ʞʠʚʦʪʥʳʭ.  

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʥʘ ʢʨʫʛʦʚʦʨʦʪ ʘʟʦʪʘ ʫʩʠʣʠʚʘʝʪʩʷ, ʩʧʦʩʦʙʩʪʚʫʷ 

ʧʨʝʚʳʰʝʥʠʶ ʧʝʨʝʚʦʜʘ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʚʷʟʘʥʥʳʝ ʬʦʨʤʳ ʥʘʜ ʧʨʦʮʝʩʩʘʤʠ ʚʦʟʚʨʘʪʘ ʚ 

ʤʦʣʝʢʫʣʷʨʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

6.4. ʂʨʫʛʦʚʦʨʦʪ ʚʦʜʦʨʦʜʘ 

ʅʘ ɿʝʤʣʝ ʚʦʜʦʨʦʜ ʥʘʭʦʜʠʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʛʠʜʨʦʩʬʝʨʝ ʚ ʩʦʩʪʘʚʝ ʚʦʜʳ. 

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʣʠʪʦʩʬʝʨʝ ʠ ʘʪʤʦʩʬʝʨʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʦ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʥ 

ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʆʛʨʦʤʥʳʝ ʤʘʩʩʳ ʚʦʜʦʨʦʜʘ, ʥʘʨʷʜʫ ʩ ʢʠʩʣʦʨʦʜʦʤ, 

ʫʯʘʩʪʚʫʶʪ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʚʦʜʳ ï ʦʜʥʦʤ ʠʟ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʧʣʘʥʝʪʝ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʚʦʜʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ (ʥʘʨʷʜʫ ʩ ʛʝʣʠʝʤ) ʫʭʦʜʠʪʴ ʠʟ ʧʦʣʷ 

ʪʷʛʦʪʝʥʠʷ ɿʝʤʣʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʤʘʣʦʡ ʘʪʦʤʥʦʡ ʤʘʩʩʝ. ʕʪʠ ʧʦʪʝʨʠ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ 

ʚʳʜʝʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ ʠʟ ʤʘʥʪʠʠ. ʄʦʣʝʢʫʣʷʨʥʳʡ ʚʦʜʦʨʦʜ ʧʦʩʪʫʧʘʝʪ ʚ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʝʛʦ ʚʳʜʝʣʷʶʪ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʙʘʢʪʝʨʠʠ. ʇʦʩʣʝ 

ʧʦʷʚʣʝʥʠʷ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʚʦʜʦʨʦʜ ʩʪʘʣ ʩʚʷʟʳʚʘʪʴʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ 

ʚʝʱʝʩʪʚʝ. ʇʨʠ ʵʪʦʤ ʞʠʚʦʝ ʚʝʱʝʩʪʚʦ ʥʝ ʪʦʣʴʢʦ ʟʘʢʨʝʧʣʷʶʪ ʚʦʜʦʨʦʜ ʚ ʙʠʦʩʬʝʨʝ, ʩʚʷʟʳʚʘʷ ʝʛʦ 

ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ, ʥʦ ʠ ʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ ʬʠʢʩʘʮʠʶ ʤʠʥʝʨʘʣʴʥʳʤ 

ʚʝʱʝʩʪʚʦʤ. 

6.5. ʂʨʫʛʦʚʦʨʦʪ ʬʦʩʬʦʨʘ 

ʌʦʩʬʦʨ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʩʠʥʪʝʟʘ ʤʥʦʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʚʢʣʶʯʘʷ ɸʊʌ, ɼʅʂ, 

ʈʅʂ ʠ ʜʨ., ʥʦ ʧʨʠ ʵʪʦʤ ʫʩʚʘʠʚʘʝʪʩʷ ʨʘʩʪʝʥʠʷʤʠ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʠʦʥʦʚ ʦʨʪʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ 

(ʈʆ4
3-). 

ʌʦʩʬʦʨ ʦʪʥʦʩʠʪʩʷ ʢ ʵʣʝʤʝʥʪʘʤ, ʣʠʤʠʪʠʨʫʶʱʠʤ ʧʝʨʚʠʯʥʫʶ ʧʨʦʜʫʢʮʠʶ ʠ ʥʘ ʩʫʰʝ, ʠ 

ʦʩʦʙʝʥʥʦ ʚ ʦʢʝʘʥʝ, ʧʦʩʢʦʣʴʢʫ ʦʙʤʝʥʥʳʡ ʬʦʥʜ ʬʦʩʬʦʨʘ ʚ ʧʦʯʚʘʭ ʠ ʚʦʜʘʭ ʥʝʚʝʣʠʢ. ʀʤʝʥʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʦʩʬʦʨʘ ʯʘʱʝ ʚʩʝʛʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʦʩʪ ʤʘʩʩʳ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʈʝʟʝʨʚʥʳʡ ʬʦʥʜ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʣʠʪʦʩʬʝʨʝ. ʌʦʩʬʦʨ ʦʙʨʘʟʫʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʤʠʥʝʨʘʣʳ (ʥʘʧʨʠʤʝʨ, ʬʦʩʬʦʨʠʪʳ), ʦʜʥʘʢʦ ʦʥʠ ʥʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʚ 

ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʂʨʫʛʦʚʦʨʦʪ ʵʣʝʤʝʥʪʘ ʚ ʤʘʩʰʪʘʙʘʭ ʙʠʦʩʬʝʨʳ ʥʝʟʘʤʢʥʫʪ.  

ɺ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʬʦʩʬʦʨ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʦʩʪʘʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʚʟʚʝʰʝʥʥʳʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. ʃʠʰʴ ʥʝʙʦʣʴʰʘʷ ʝʛʦ ʯʘʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʩʪʚʦʨʝ ʚ ʚʠʜʝ 

ʦʨʪʦʬʦʩʬʘʪ-ʠʦʥʘ ʈʆ4
3ï ʠ ʛʠʜʨʦʦʨʪʦʬʦʩʬʘʪ-ʠʦʥʘ ʅʈʆ4

2ï. 

ɺ ʦʢʝʘʥʝ çʦʨʛʘʥʠʯʝʩʢʠʡè ʬʦʩʬʦʨ ʤʥʦʛʦʢʨʘʪʥʦ ʧʝʨʝʭʦʜʠʪ ʦʪ ʦʜʥʦʛʦ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ 

ʢ ʜʨʫʛʦʤʫ ʠ ʤʝʜʣʝʥʥʦ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚ ʚʠʜʝ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ 

ʬʦʩʬʘʪʦʚ. ʕʪʠ ʧʦʪʝʨʠ ʬʦʩʬʦʨʘ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʠʟ ʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ï 
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ʚʳʚʝʪʨʠʚʘʶʱʠʭʩʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩʫʰʠ, ʢʫʜʘ ʦʥʠ ʧʦʧʘʜʘʶʪ ʩʦ ʜʥʘ ʦʢʝʘʥʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʣʠʪʝʣʴʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʅʘ ʩʫʰʝ ʨʘʩʪʝʥʠʷ ʯʝʨʧʘʶʪ ʠʟ ʧʦʯʚʳ ʬʦʩʬʘʪʳ, ʦʩʚʦʙʦʞʜʝʥʥʳʝ ʨʝʜʫʮʝʥʪʘʤʠ ʠʟ 

ʨʘʟʣʘʛʘʶʱʠʭʩʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ. ʆʜʥʘʢʦ ʚ ʱʝʣʦʯʥʦʡ ʠʣʠ ʢʠʩʣʦʡ ʧʦʯʚʝ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʬʦʩʬʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʝʟʢʦ ʧʘʜʘʝʪ. ʆʩʥʦʚʥʦʡ ʨʝʟʝʨʚʥʳʡ ʬʦʥʜ ʬʦʩʬʘʪʦʚ ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ, ʩʦʟʜʘʥʥʳʭ ʥʘ ʜʥʝ ʦʢʝʘʥʘ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʰʣʦʤ. ɺ ʭʦʜʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʧʦʨʦʜ ʯʘʩʪʴ ʵʪʠʭ ʟʘʧʘʩʦʚ ʧʝʨʝʭʦʜʠʪ ʚ ʧʦʯʚʫ ʠ ʚ ʚʠʜʝ ʚʟʚʝʩʝʡ ʠ ʨʘʩʪʚʦʨʦʚ ʚʳʤʳʚʘʝʪʩʷ ʚ 

ʚʦʜʦʝʤʳ. ɺ ʛʠʜʨʦʩʬʝʨʝ ʬʦʩʬʘʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʠʪʦʧʣʘʥʢʪʦʥʦʤ, ʧʝʨʝʭʦʜʷ ʧʦ ʮʝʧʷʤ ʧʠʪʘʥʠʷ 

ʚ ʜʨʫʛʠʝ ʛʠʜʨʦʙʠʦʥʪʳ. ʆʜʥʘʢʦ ʚ ʦʢʝʘʥʝ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʬʦʩʬʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʢʘʧʣʠʚʘʝʪʩʷ 

ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʩʪʘʪʢʘʤʠ ʥʘ ʜʥʝ, ʘ ʟʘʪʝʤ ʚ ʩʦʩʪʘʚʝ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʧʝʨʝʭʦʜʷʪ ʚ ʙʦʣʴʰʦʡ 

ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ. ʅʘ ʛʣʫʙʠʥʝ ʨʘʩʪʚʦʨʝʥʥʳʝ ʬʦʩʬʘʪʳ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʢʘʣʴʮʠʝʤ, 

ʦʙʨʘʟʫʷ ʬʦʩʬʦʨʠʪʳ ʠ ʘʧʘʪʠʪʳ. ɺ ʙʠʦʩʬʝʨʝ ʧʦʪʦʢ ʬʦʩʬʦʨʘ ʠʟ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩʫʰʠ ʚ ʛʣʫʙʠʥʳ 

ʦʢʝʘʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʤʝʥʥʳʡ ʬʦʥʜ ʝʛʦ ʚ ʛʠʜʨʦʩʬʝʨʝ ʦʯʝʥʴ 

ʦʛʨʘʥʠʯʝʥ [7]. 

ɼʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʥʘʨʫʰʘʝʪ ʧʨʠʨʦʜʥʳʡ ʢʨʫʛʦʚʦʨʦʪ ʬʦʩʬʦʨʘ. ʉʦʝʜʠʥʝʥʠʷ 

ʬʦʩʬʦʨʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʜʦʙʨʝʥʠʡ ʠ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʜʦʝʤʦʚ ʩʦʝʜʠʥʝʥʠʷʤʠ ʬʦʩʬʦʨʘ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʬʦʩʬʦʨ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ 

ʵʣʝʤʝʥʪʦʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʨʦʩʪ ʤʘʩʩʳ ʞʠʚʳʭ ʩʫʱʝʩʪʚ, ʦʩʦʙʝʥʥʦ ʚʦʜʦʨʦʩʣʝʡ ʠ ʜʨʫʛʠʭ 

ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ. 

6.6. ʂʨʫʛʦʚʦʨʦʪ ʩʝʨʳ 

ʈʝʟʝʨʚʥʳʡ ʬʦʥʜ ʩʝʨʳ, ʢʘʢ ʠ ʬʦʩʬʦʨʘ, ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ. ʎʠʢʣ 

ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ, ʥʦ ʦʯʝʥʴ ʠʥʪʝʨʝʩʝʥ ʪʝʤ, ʯʪʦ ʚ ʥʝʤ ʩʫʱʝʩʪʚʝʥʥʫʶ (ʝʜʚʘ ʣʠ 

ʥʝ ʙʦʣʴʰʫʶ, ʯʝʤ ʚ ʮʠʢʣʝ ʘʟʦʪʘ) ʨʦʣʴ ʠʛʨʘʶʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ [2]. ʉʝʨʘ ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʘʪʤʦʩʬʝʨʝ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʚʠʜʝ ʩʝʨʦʚʦʜʦʨʦʜʘ ʠ ʜʠʦʢʩʠʜʘ ʩʝʨʳ. 

ɼʦʚʦʣʴʥʦ ʤʥʦʛʦ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ (ʚ ʚʠʜʝ ʩʫʣʴʬʘʪ-ʠʦʥʦʚ) ʥʘʭʦʜʠʪʩʷ ʚ ʛʠʜʨʦʩʬʝʨʝ. ɺ ʣʠʪʦʩʬʝʨʝ 

ʩʝʨʘ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʧʨʦʩʪʦʛʦ ʚʝʱʝʩʪʚʘ (ʩʘʤʦʨʦʜʥʘʷ ʩʝʨʘ) ʠ ʚ ʩʦʩʪʘʚʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ï ʩʫʣʴʬʠʜʦʚ ʠ ʩʫʣʴʬʘʪʦʚ ʤʝʪʘʣʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ ʝʩʪʴ ʚ ʫʛʣʷʭ, 

ʩʣʘʥʮʘʭ, ʥʝʬʪʠ, ʧʨʠʨʦʜʥʦʤ ʛʘʟʝ. ʉʝʨʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʤʥʦʛʠʭ ʙʝʣʢʦʚ, ʧʦʵʪʦʤʫ ʦʥʘ ʚʩʝʛʜʘ 

ʩʦʜʝʨʞʠʪʩʷ ʚ ʦʨʛʘʥʠʟʤʘʭ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ. ʆʥʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʷʜʘ 

ʘʤʠʥʦʢʠʩʣʦʪ, ʦʪʚʝʯʘʝʪ ʟʘ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʙʝʣʢʦʚ. 

ʆʩʥʦʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʩʝʨʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʢʝʘʥʝ, ʢʫʜʘ ʠʦʥʳ ʩʫʣʴʬʘʪʦʚ ʥʝʧʨʝʨʳʚʥʦ 

ʧʦʩʪʫʧʘʶʪ ʩ ʩʫʰʠ ʩ ʨʝʯʥʳʤ ʩʪʦʢʦʤ. ʇʨʠ ʚʳʜʝʣʝʥʠʠ ʠʟ ʚʦʜ ʩʝʨʦʚʦʜʦʨʦʜʘ ʩʝʨʘ ʯʘʩʪʠʯʥʦ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ, ʛʜʝ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʜʠʦʢʩʠʜʘ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʜʦʞʜʝʚʦʡ ʚʦʜʝ ʚ 

ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ [7]. 

ɺʳʜʝʣʷʷʩʴ ʠʟ ʛʣʫʙʠʥ ɿʝʤʣʠ, ʛʘʟʦʦʙʨʘʟʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʜʠʦʢʩʠʜ ʩʝʨʳ ʠ ʩʝʨʦʚʦʜʦʨʦʜ) ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ. ɿʜʝʩʴ ʦʥʠ ʦʙʨʘʟʫʶʪ 

ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʝ ʩʫʣʴʬʠʜʳ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʠʨʠʪ ï ʜʠʩʫʣʴʬʠʜ ʞʝʣʝʟʘ FeS2) ʠ ʩʫʣʴʬʘʪʳ (ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩʫʣʴʬʘʪ ʢʘʣʴʮʠʷ CaSO4). ʆʙʨʘʟʫʝʪʩʷ ʪʘʢʞʝ ʩʘʤʦʨʦʜʥʘʷ ʩʝʨʘ: 

2H2S + SO2 ­ 3S + 2H2O 

ɻʘʟʦʦʙʨʘʟʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ ʧʦʧʘʜʘʶʪ ʚ ʧʦʯʚʫ, ʘʪʤʦʩʬʝʨʫ ʠ ʄʠʨʦʚʦʡ ʦʢʝʘʥ, ʛʜʝ ʠʭ 

ʧʦʛʣʦʱʘʶʪ ʩʝʨʥʳʝ ʙʘʢʪʝʨʠʠ. ʇʦʛʣʦʱʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ ʙʘʢʪʝʨʠʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʠ ʚ ʧʦʯʚʝ. 

ʂʨʫʛʦʚʦʨʦʪ ʩʝʨʳ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚ ʙʠʦʩʬʝʨʝ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʘʢʪʝʨʠʡ. ɺ 

ʦʪʜʝʣʴʥʳʭ ʟʚʝʥʴʷʭ ʵʪʦʛʦ ʮʠʢʣʘ ʫʯʘʩʪʚʫʶʪ ʘʵʨʦʙʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʦʢʠʩʣʷʶʱʠʝ ʩʝʨʫ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʜʦ ʩʫʣʴʬʘʪʦʚ, ʘ ʪʘʢʞʝ ʘʥʘʵʨʦʙʥʳʝ ʨʝʜʫʢʪʦʨʳ ʩʫʣʴʬʘʪʘ, 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʩʫʣʴʬʘʪʳ ʜʦ ʩʝʨʦʚʦʜʦʨʦʜʘ. ʂʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ, ʛʨʫʧʧʳ ʩʝʨʦʙʘʢʪʝʨʠʡ 

ʦʢʠʩʣʷʶʪ ʩʝʨʦʚʦʜʦʨʦʜ ʜʦ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʳ ʠ ʜʘʣʝʝ ʜʦ ʩʫʣʴʬʘʪʦʚ. ʈʘʩʪʝʥʠʷ ʫʩʚʘʠʚʘʶʪ ʠʟ 

ʧʦʯʚʳ ʠ ʚʦʜʳ ʪʦʣʴʢʦ ʠʦʥʳ SO4
2-. 

  ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʫʯʘʩʪʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʧʨʝʚʨʘʱʝʥʠʷʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʝʨʳ [2, 6]: 
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ü ʉʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʝ ʙʘʢʪʝʨʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʩʝʨʫ ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʘ 

ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʠʤ ʵʥʝʨʛʠʠ ʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʦʙʨʘʟʫʶʪ 

ʩʝʨʦʚʦʜʦʨʦʜ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ: 

H2SO4 + 2CH2O ­ 2CO2 + 2H2O + H2S; 

H2SO4 + 4H2 ­ 4H2O + H2S. 

ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʙʘʢʪʝʨʠʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʙʣʠʛʘʪʥʳʡ ʘʥʘʵʨʦʙ Desulfovibrio; 

ü ʆʢʠʩʣʝʥʠʝ ʩʝʨʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ ʩʝʨʦʚʦʜʦʨʦʜʘ ʜʦ ʩʝʨʳ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ: 

H2S + ʆ2 ­ S + H2O; 

S + 1,5O2 + H2O ­ H2SO4. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʙʘʢʪʝʨʠʠ ʨʦʜʦʚ Beggiatoa ʠ Thiothrix, ʢʦʪʦʨʳʝ 

ʥʘʢʘʧʣʠʚʘʶʪ ʩʝʨʫ ʚʥʫʪʨʠ ʩʚʦʠʭ ʢʣʝʪʦʢ. 

ɹʘʢʪʝʨʠʠ ʞʝ ʨʦʜʘ Thiobacillus  ʦʢʠʩʣʷʶʪ ʩʫʣʴʬʠʪʳ ʜʦ ʩʝʨʳ ʠ ʩʫʣʴʬʘʪʦʚ, ʦʪʢʣʘʜʳʚʘʷ 

ʩʝʨʫ ʩʥʘʨʫʞʠ ʢʣʝʪʦʢ: 

2Na2S2O3 + ʆ2 ­ 2S + Na2SO4. 

ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʠ ʧʦʜʦʙʥʳʤ ʙʘʢʪʝʨʠʷʤ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʦʚʨʝʤʝʥʥʳʝ ʟʘʧʘʩʳ 

ʩʘʤʦʨʦʜʥʦʡ ʩʝʨʳ; 

ü ʆʢʠʩʣʝʥʠʝ ʩʝʨʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ ʩʝʨʳ ʠ ʩʫʣʴʬʠʪʦʚ ʜʦ ʩʫʣʴʬʘʪʦʚ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʢʠʩʣʦʨʦʜʘ, ʠʩʧʦʣʴʟʫʷ ʥʠʪʨʘʪʳ:  

5S2O3
2- + 8NO3

- + 2HCO3
- ­ 10SO4

2- + 2CO2 + H2O + 4N2; 

5S + 6NO3
- + 2CO3

2- ­ 5SO4
2- + 2CO2 + 3N2; 

ü ʍʝʤʦʩʠʥʪʝʟ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʙʘʢʪʝʨʠʷʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʳ: 

Á ɿʝʣʝʥʳʝ ʩʝʨʥʳʝ ʙʘʢʪʝʨʠʠ: 

CO2 + 2H2S ­ CH2O + H2O + 2S; 

2CO2 + 2 H2O + H2S ­ 2CH2O + H2SO4; 

Á ʇʫʨʧʫʨʥʳʝ ʙʘʢʪʝʨʠʠ: 

2CO2 + Na2S2O3 + 3H2O  ­ 2CH2O + Na2SO4 + H2SO4. 

 

ɸʥʪʨʦʧʦʛʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʣʘ ʢʨʫʛʦʚʦʨʦʪ ʩʝʨʳ ʤʝʞʜʫ 

ʘʪʤʦʩʬʝʨʦʡ, ʦʢʝʘʥʘʤʠ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʫʰʠ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʩʠʣʴʥʝʝ, ʯʝʤ ʚʦʟʜʝʡʩʪʚʠʝ 

ʯʝʣʦʚʝʢʘ ʥʘ ʮʠʢʣ ʫʛʣʝʨʦʜʘ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʛʣʦʙʘʣʴʥʦʛʦ ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ, ʪʝʭʥʦʛʝʥʥʳʝ ʚʳʙʨʦʩʳ 

ʩʝʨʳ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʤʘʣʦ ʚʣʠʷʶʪ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʝʤʣʠ. ʆʜʥʘʢʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʙʳʪʦʚʳʭ ʦʪʭʦʜʘʭ ʩʦʟʜʘʶʪ 

ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʞʠʟʥʠ ʥʘ ʦʙʰʠʨʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. ʄʘʩʩʠʨʦʚʘʥʥʳʡ ʚʳʙʨʦʩ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʚ 

ʘʪʤʦʩʬʝʨʫ ʧʦʨʦʞʜʘʝʪ ʢʠʩʣʦʪʥʳʝ ʜʦʞʜʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʧʘʜʘʪʴ ʜʘʣʝʢʦ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʨʘʡʦʥʦʚ. ɿʘʛʨʷʟʥʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʨʘʩʪʚʦʨʠʤʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩʝʨʳ 

ʥʝʩʝʪ ʫʛʨʦʟʫ ʞʠʚʳʤ ʦʨʛʘʥʠʟʤʘʤ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʦʝʤʦʚ ʠ ʧʨʠʙʨʝʞʥʳʭ ʦʙʣʘʩʪʝʡ ʤʦʨʝʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʢ ʛʣʘʚʝ 6 

1. ɺʦʨʦʥʦʚʘ ɻ.ɸ., ʖʨʤʘʟʦʚʘ ʊ.ɸ. ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚ ʙʠʦʩʬʝʨʝ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ï 

ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2010. ï 94 ʩ.; 

2. ɻʫʩʘʢʦʚʘ ʅ.ɺ. ʍʠʤʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʉʝʨ. çɺʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝè. ï ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ: 

ʀʟʜ-ʚʦ çʌʝʥʠʢʩè, 2004. ï 192 ʩ.; 

3. ɽʨʝʤʯʝʥʢʦ ʆ.ɿ. ʋʯʝʥʠʝ ʦ ʙʠʦʩʬʝʨʝ. ʆʨʛʘʥʠʟʦʚʘʥʥʦʩʪʴ ʙʠʦʩʬʝʨʳ ʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ 
ʮʠʢʣʳ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ï ʇʝʨʤʴ: ʀʟʜ-ʚʦ ʇʝʨʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

2010. ï 104 ʩ.; 

4. ʂʦʨʦʚʠʥ ʅ.ɺ. ʆʙʱʘʷ ʭʠʤʠʷ : ʫʯʝʙ. ʜʣʷ ʩʪʫʜ. ʫʯʨʝʞʜʝʥʠʡ ʚʳʩʰ. ʧʨʦʬ. ʦʙʨʘʟʦʚʘʥʠʷ / 

ʅ.ɺ.ʂʦʨʦʚʠʥ. - 14-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. - ʄ.: ʀʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çɸʢʘʜʝʤʠʷè, 2013. - 496 ʩ.; 

5. ʌʝʜʦʨʦʚʘ ɸ.ʀ., ʅʠʢʦʣʴʩʢʘʷ ɸ.ʅ. ʇʨʘʢʪʠʢʫʤ ʧʦ ʵʢʦʣʦʛʠʠ ʠ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ï 

ʄ.: ʄʠʨ, 2001, 288 ʩ.; 
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ɻʣʘʚʘ 7. ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ 

7.1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʫʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ 

ʊʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʦʯʝʥʴ 

ʩʣʦʞʥʦ. ʂʣʘʨʢʠ ʵʣʝʤʝʥʪʦʚ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʧʦʩʪʦʷʥʥʦ ʫʪʦʯʥʷʶʪʩʷ. ʇʨʠ ʵʪʦʤ ʟʘ ʦʩʥʦʚʫ 

ʙʝʨʝʪʩʷ ʬʠʪʦʤʘʩʩʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʥʘʜ ʟʦʦʤʘʩʩʦʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚ ʬʠʪʦʤʘʩʩʝ 

ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʷʚʣʷʝʪʩʷ ʜʨʝʚʝʩʠʥʘ.  

ʏʝʪʳʨʝ ʵʣʝʤʝʥʪʘ, ʦʪʥʝʩʝʥʥʳʝ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʘ  [14, 15] ʢ ʘʢʪʠʚʥʳʤ 

ʚʦʟʜʫʰʥʳʤ ʤʠʛʨʘʥʪʘʤ (O, H, N, C), ʩʦʩʪʘʚʣʷʶʪ 98,8% ʤʘʩʩʳ ʚʩʝʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ (ʪʘʙʣ. 

7.1). ʅʘ ʜʦʣʶ ʚʩʝʭ ʤʠʢʨʦ- ʠ ʫʣʴʪʨʘʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʧʨʠʭʦʜʠʪʩʷ ʤʝʥʴʰʝ 0,1%. ʆʜʥʘʢʦ ʨʦʣʴ 

ʤʥʦʛʠʭ ʠʟ ʥʠʭ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʦʨʛʘʥʠʟʤʦʚ ʦʯʝʥʴ ʚʝʣʠʢʘ. 

ʊʘʙʣʠʮʘ 7.1 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ [2, 8, 14]  

ʕʣʝʤʝʥʪ ʉʦʜʝʨʞʘʥʠʝ, 

% 

ʕʣʝʤʝʥʪ ʉʦʜʝʨʞʘʥʠʝ, 

% 

O 70 Ni 8Ö10-5 

C 18 Cr 7Ö10-5 

H 10,5 V 6Ö10-5 

N 3Ö10-1 Li 6Ö10-5 

Ca 5Ö10-1 Co 4Ö10-5 

K 3Ö10-1 La 3Ö10-5 

Na 2Ö10-1 Y 3Ö10-5 

Si 2Ö10-1 Mo 2Ö10-5 

https://pixabay.com/ru/
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Mg 4Ö10-2 J 1,2Ö10-5 

P 7Ö10-2 Sn 1Ö10-5 

S 5Ö10-2 As 6Ö10-6 

Cl 2Ö10-2 Cs 6Ö10-6 

Fe 1Ö10-2 Be 4Ö10-6 

Mn 9,6Ö10-3 Ga 2Ö10-6 

Al  5Ö10-3 Se 2Ö10-6 

Zn 2Ö10-3 W 1Ö10-6 

Sr 1,6Ö10-3 Ag 1,2Ö10-6 

Ti 1,3Ö10-3 U 8Ö10-7 

B 1Ö10-3 Hf 5Ö10-7 

Ba 9Ö10-4 Sb 2Ö10-7 

Cu 3,2Ö10-4 Cd 2Ö10-7 

Zr 3Ö10-4 Hg 1Ö10-7 

Rb 2Ö10-4 Au 1Ö10-8 

Br 1,6Ö10-4 Ra nÖ10-12 

F 1,4Ö10-4   

Pb 1Ö10-4   

ʆʙʥʘʨʫʞʝʥʳ ʚ ʦʨʛʘʥʠʟʤʘʭ, ʥʦ ʥʝʪ ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʦ ʩʨʝʜʥʝʤ ʩʦʜʝʨʞʘʥʠʠ He, 

Ne, Ar, Sc, Kr, Nb, Rh, Pd, In, Te, Xe, Ta, Bi, Th 

ʇʦʢʘ ʥʝ ʦʙʥʘʨʫʞʝʥʳ ʩ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʚ ʦʨʛʘʥʠʟʤʘʭ Ru, Re, Os, Ir, Po, Ac, Tc, At, Fr 

(ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʵʣʝʤʝʥʪʘ ʥʝ ʦʙʥʘʨʫʞʝʥʳ ʚ ʟʝʤʥʦʡ ʢʦʨʝ) 

 

ʉʧʦʩʦʙʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴʩʷ ʚ ʩʦʩʪʘʚʝ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ 

ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʙʠʦʬʠʣʴʥʦʩʪʴʶ [14]. ʉʪʝʧʝʥʴ ʙʠʦʬʠʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʧʦʢʘʟʳʚʘʶʱʠʤ ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʟʦʣʝ ʨʘʩʪʝʥʠʡ ʠʣʠ ʞʠʚʦʪʥʳʭ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʧʦʯʚʝ (ʨʝʞʝ ʚ ʧʦʨʦʜʝ). 

ɹʠʦʬʠʣʴʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʥʘʢʘʧʣʠʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʵʣʝʤʝʥʪʳ. ɺʳʩʦʢʦʡ ʙʠʦʬʠʣʴʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʫʛʣʝʨʦʜ, ʘʟʦʪ, ʚʦʜʦʨʦʜ, ʢʠʩʣʦʨʦʜ, ʩʝʨʘ, ʬʦʩʬʦʨ 

ʠ ʜʨ. ʈʷʜʳ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʘʚʣʝʥʥʳʝ 

ɸ.ʇ. ʇʝʨʝʣʴʤʘʥʦʤ [15], ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 7.2.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʪʝʣʝ ʞʠʚʦʪʥʳʭ ʠ 

ʯʝʣʦʚʝʢʘ ʚʳʜʝʣʷʶʪ: 

Á ʄʘʢʨʦʵʣʝʤʝʥʪʳ ï ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʆʥʠ ʪʨʝʙʫʶʪʩʷ ʦʨʛʘʥʠʟʤʘʤ 

ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦ ʠ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʭ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 

60 ʜʦ 0,001% ʤʘʩʩʳ ʪʝʣʘ. ʕʪʦ O, H, C, N, P, Ca, K, S ʠ ʪ.ʜ. 

Á ʄʠʢʨʦʵʣʝʤʝʥʪʳ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʦʥʳ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʬʝʨʤʝʥʪʦʚ, ʛʦʨʤʦʥʦʚ ʠ ʜʨʫʛʠʭ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʥʠ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʦ ʪʨʝʙʫʶʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. 

ʉʦʜʝʨʞʘʥʠʝ ʠʭ ʤʝʥʷʝʪʩʷ ʦʪ 0,001 ʜʦ 0,00001% ʤʘʩʩʳ ʪʝʣʘ. ʕʪʦ Mn, B, Co, Cu, Mo, Zn, I, Br, Al 

ʠ ʜʨ. 

Á ʋʣʴʪʨʘʤʠʢʨʦʵʣʝʤʝʥʪʳ ï ʵʣʝʤʝʥʪʳ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ 

ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,00001% ʤʘʩʩʳ ʪʝʣʘ. ʕʪʦ U, Ra, Au, Hg, Be, Cs, Se ʠ ʜʨʫʛʠʝ ʨʘʩʩʝʷʥʥʳʝ 

ʠ ʨʝʜʢʠʝ ʵʣʝʤʝʥʪʳ. ʀʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ ʚ ʦʨʛʘʥʠʟʤʝ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ ʧʦʣʥʦʩʪʴʶ 

ʝʱʝ ʥʝ ʚʳʷʚʣʝʥʘ [16]. 

ʉʦʦʪʥʦʰʝʥʠʝ ʢʣʘʨʢʦʚ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʣʝ ʨʘʩʪʝʥʠʡ ʠ ʣʠʪʦʩʬʝʨʝ (ʧʦʯʚʝ) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʛʣʦʙʘʣʴʥʦʩʪʠ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʩʪʝʥʠʡ (ʪʘʙʣ. 7.3).  

ɽʩʣʠ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ʚ ʟʦʣʝ ʨʘʩʪʝʥʠʡ ʢ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 

ʣʠʪʦʩʬʝʨʝ ʤʝʥʝʝ 0,7, ʪʦ ʵʣʝʤʝʥʪ ʥʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʨʘʩʪʝʥʠʠ. ɽʩʣʠ ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʢʦʣʝʙʣʝʪʩʷ 
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ʚ ʧʨʝʜʝʣʘʭ 0,7-1,3, ʪʦ ʨʘʩʪʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʪʘʪʫʩʘ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʧʦʯʚʝ ʠ ʣʠʪʦʩʬʝʨʝ. ʆʪʥʦʰʝʥʠʝ ʚʳʰʝ 1,3 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʢ 

ʵʪʦʤʫ ʵʣʝʤʝʥʪʫ ʠ ʝʛʦ ʥʘʢʦʧʣʝʥʠʠ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʘʭ. 

 

ʊʘʙʣʠʮʘ 7.2 

ʈʷʜʳ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ  

 

ʕʣʝʤʝʥʪʳ 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ 

100n 10n n 0,n 
0,0n-

0,00n 

ɹʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʥʘʢʦʧʣʝʥʠʷ 

ʕʥʝʨʛʠʯʥʦʛʦ P, S, Cl, Br, I 
 

ʉʠʣʴʥʦʛʦ 

 Ca, Na, 

K, Mg, 

Sr, Zn, 

B, Se 

 

ɹʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʟʘʭʚʘʪʘ 

ʉʨʝʜʥʝʛʦ 

 
Mn, F, Ba, 

Ni, Ge, Cu, 

Ga, Co, Pb, 

Sn, As, Mo, 

Hg, Ag, Ra, 

Au 

 

ʉʣʘʙʦʛʦ ʠ ʦʯʝʥʴ 

ʩʣʘʙʦʛʦ 

 Si, Al, Fe, Ti, Zr, 

Rb, V, Cr, Li, Y, 

Nb, Th, Sc, Be, 

Ta, U, W, Sb, Cd 

 

 

ʊʘʙʣʠʮʘ 7.3 

ʐʢʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʪʝʥʠʷʤʠ 

ʉʦʦʪʥʦʰʝʥʠʝ 
ʂʦʵʬʬʠʮʠʝʥʪ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 

0,09 0,09-0,6 0,7-1,3 1,3-15 15-100 >100 

ʈʘʩʪʝʥʠʷ / 

ʣʠʪʦʩʬʝʨʘ 

F, Hg, 

Cd 

Li, Be, Al, Si, 

Cl, Ti, V, Fe, 

Co, Ni, As, Rb, 

Pb, U 

Na, K, Ca, 

Sr, Ba 

Mg, Cr, 

Mn, Cu, Zn, 

Ag, Sn 

B, P, S, 

Br, Mo, 

Cs 

I 

ʈʘʩʪʝʥʠʷ / 

ʧʦʯʚʘ 

F, As, 

Cd 

Li, Be, Al, Si, 

Ti, V, Fe, Sn, 

Hg, U 

Cl, Cr, Ni, 

Sr, Ba, Pl 

Na, Mg, K, 

Ca, Mn, Co, 

Cu, Zn, Rb, 

Mo, Ag, I 

B, P, S, 

Br, Cs 
I 

 

7.2. ʌʫʥʢʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟ 90 ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʧʨʠʨʦʜʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 81 

ʦʙʥʘʨʫʞʝʥ ʚ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ. ʇʨʠ ʵʪʦʤ ʤʥʦʛʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʧʨʠʟʥʘʥʳ 

ʵʩʩʝʥʮʠʘʣʴʥʳʤʠ, ʪʦ ʝʩʪʴ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʤʠ. ʕʪʦ ʞʝʣʝʟʦ, ʡʦʜ, ʤʝʜʴ, ʮʠʥʢ, ʤʘʨʛʘʥʝʮ, 

ʢʦʙʘʣʴʪ, ʤʦʣʠʙʜʝʥ, ʩʝʣʝʥ, ʭʨʦʤ, ʥʠʢʝʣʴ, ʦʣʦʚʦ, ʢʨʝʤʥʠʡ, ʬʪʦʨ, ʚʘʥʘʜʠʡ ʠ ʣʠʪʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʨʦʷʚʣʷʝʪ ʩʠʣʴʥʫʶ ʪʦʢʩʠʯʥʦʩʪʴ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ 
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ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ. ʅʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʞʠʟʥʝʥʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʘʢʠʭ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʢʘʢ Pb ʠ Cd. ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚʳʷʚʣʝʥʦ ʩʪʠʤʫʣʠʨʫʶʱʝʝ 

ʜʝʡʩʪʚʠʝ ʩʚʠʥʮʘ ʠ ʢʘʜʤʠʷ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ 

ʤʠʨʘ. ʇʨʠ ʵʪʦʤ ʤʝʭʘʥʠʟʤʳ ʪʘʢʦʛʦ ʨʦʜʘ ʜʝʡʩʪʚʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʢʘ ʥʝ ʠʟʫʯʝʥʳ.  

ʇʨʠʟʥʘʚʘʷ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʭ ʨʦʣʴ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʰʠʨʝ (ʪʘʙʣ. 7.4). 

ʊʘʙʣʠʮʘ 7.4 

ʅʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʠ ʤʝʪʘʣʣʦʚ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ (ʮʠʪ. ʧʦ [7] ) 
ʕʣʝʤʝʥʪ ʌʫʥʢʮʠʠ 

ɺʘʥʘʜʠʡ ʌʠʢʩʘʮʠʷ ʘʟʦʪʘ; ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʢʘʪʘʣʠʟ ʚ ʧʨʝʚʨʘʱʝʥʠʷʭ ʵʬʠʨʦʚ; 

ʤʝʪʘʙʦʣʠʟʤ ʞʝʣʝʟʘ 

ʍʨʦʤ ɺ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʘʭ ʢʦʬʘʢʪʦʨ ʠʥʩʫʣʠʥʘ (ʛʣʶʢʦʟʥʳʡ ʬʘʢʪʦʨ ʪʦʣʝʨʘʥʪʥʦʩʪʠ) 

ʄʘʨʛʘʥʝʮ ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ; ʬʦʪʦʩʠʩʪʝʤʘ-2 ʚ ʬʦʪʦʩʠʥʪʝʟʝ; ʤʝʪʘʙʦʣʠʟʤ ʞʠʨʦʚ 
ʚ ʜʠʘʪʦʤʝʷʭ; ʤʫʢʦʧʦʣʠʩʘʭʘʨʠʜʳ, ʠʭ ʩʠʥʪʝʟ ʚ ʭʨʷʱʘʭ 

ɾʝʣʝʟʦ ʆʙʨʘʪʠʤʳʝ ʨʝʘʢʮʠʠ Fe(II )/Fe(III), ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʜʣʷ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʦʚ; ʤʝʪʘʙʦʣʠʟʤ ʆ2 ʚ 

ʢʦʥʮʝʚʳʭ ʦʢʩʠʜʘʟʘʭ, ʧʝʨʦʢʩʠʜʘʟʘʭ; ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʠʥʪʝʟʘ ʧʦʨʬʠʨʠʥʘ, ʚ ʛʝʤʦʛʣʦʙʠʥʝ, 

ʤʠʦʛʣʦʙʠʥʝ 

ʂʦʙʘʣʴʪ ɺ ʩʦʩʪʘʚʝ ʚʠʪʘʤʠʥʘ ɺ12; ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ, ʬʠʢʩʘʮʠʠ ʘʟʦʪʘ ʚ ʩʠʥʝ-ʟʝʣʝʥʳʭ 

ʚʦʜʦʨʦʩʣʷʭ 

ʅʠʢʝʣʴ ʉʦʜʝʨʞʠʪʩʷ ʚ ʫʨʝʘʟʝ; ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʩʪʨʫʢʪʫʨʫ ʈʅʂ ʠ ɼʅʂ ʠ ʩʪʨʫʢʪʫʨʫ ʨʠʙʦʩʦʤ 

ʄʝʜʴ ʉʦʜʝʨʞʠʪʩʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʭʣʦʨʦʧʣʘʩʪʦʚ (ʧʣʘʩʪʦʮʠʘʥʠʥ); ʚ 

ʘʩʢʦʨʙʘʪ- ʠ ʧʦʣʠʬʝʥʦʣʦʢʩʠʜʘʟʝ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

ʧʝʨʝʥʦʩʯʠʢ ʆ2 ʚ ʨʝʘʢʮʠʷʭ ʩʰʠʚʘʥʠʷ ʢʦʣʣʘʛʝʥʘ ʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʧʠʛʤʝʥʪʦʚ 

ʎʠʥʢ ɺʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 70 ʮʠʥʢʩʦʜʝʨʞʘʱʠʭ ʬʝʨʤʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʢʘʨʙʦʘʥʛʠʜʨʘʟʫ, ʜʝʛʠʜʨʦʛʝʥʘʟʳ, 

ʱʝʣʦʯʥʫʶ ʬʦʩʬʘʪʘʟʫ; ʫʯʘʩʪʚʫʝʪ ʚ ʫʩʚʦʝʥʠʠ ʩʠʣʠʢʘʪʦʚ, ʤʝʪʘʙʦʣʠʟʤʝ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ 

ʢʣʝʪʦʯʥʦʤ ʜʝʣʝʥʠʠ 

ʄʦʣʠʙʜʝʥ ɺ ʩʦʩʪʘʚʝ ʥʠʪʨʘʪʨʝʜʫʢʪʘʟʳ, ʘʣʴʜʝʛʠʜʦʢʩʠʜʘʟʳ; ʘʥʪʘʛʦʥʠʩʪ ʤʝʜʠ 

 

 

ɺ ʪʘʙʣ. 7.5 ʧʨʠʚʝʜʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʷʜʘ ʤʝʪʘʣʣʦʬʝʨʤʝʥʪʦʚ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ 

ʪʘʢʠʝ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʪʘʣʣʳ ʢʘʢ Zn, Fe, Cu, Mn, Mo ʠ ʉʦ. 

ʉʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ (çʥʦʨʤʘʣʴʥʦʝè) ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʨʝʜʝ, ʠʭ 

ʥʝʜʦʩʪʘʪʦʢ ʠʣʠ ʠʟʙʳʪʦʢ ʧʨʠ ʠʟʫʯʝʥʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ ʥʝ 

ʩʪʦʣʴʢʦ ʚ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʩʤʳʩʣʝ, ʩʢʦʣʴʢʦ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ï ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʨʛʘʥʠʟʤʘʤ, ʠʭ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʢ ʨʘʟʣʠʯʥʳʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʠʭ ʩʦʦʪʥʦʰʝʥʠʷʤ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʪʚʝʪʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ ʥʘ ʧʦʚʳʰʝʥʠʝ ʠʣʠ 

ʧʦʥʠʞʝʥʠʝ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʨʝʜʝ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʠʭʦʜʠʪʩʷ ʫʯʠʪʳʚʘʪʴ ʥʝʜʦʩʪʘʪʦʢ ʠʣʠ 

ʠʟʙʳʪʦʢ ʪʝʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʥʘʙʣʶʜʘʝʤʳʤʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʚ ʩʨʝʜʝ 

ʤʦʣʠʙʜʝʥʘ ʚ ʦʨʛʘʥʠʟʤʝ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʞʠʚʦʪʥʳʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʠʥʪʝʟ ʬʝʨʤʝʥʪʘ 

ʢʩʘʥʪʠʥʦʢʩʠʜʘʟʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ  ʢ ʫʩʠʣʝʥʠʶ ʨʝʘʢʮʠʡ ʧʨʝʚʨʘʱʝʥʠʷ ʢʩʘʥʪʠʥʘ ʠ ʛʠʧʦʢʩʘʥʪʠʥʘ ʚ 

ʤʦʯʝʚʫʶ ʢʠʩʣʦʪʫ, ʢʦʪʦʨʘʷ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʠ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚʳʜʝʣʷʝʪʩʷ ʩ 

ʤʦʯʦʡ. ʕʪʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ, ʚʳʟʳʚʘʝʤʳʝ ʤʦʣʠʙʜʝʥʦʤ, ʤʦʛʫʪ ʤʝʥʷʪʴ 

ʩʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʝʜʠ ʦʩʣʘʙʣʷʝʪʩʷ ʩʠʥʪʝʟ ʬʝʨʤʝʥʪʘ ʢʩʘʥʪʠʥʦʢʩʠʜʘʟʳ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʯʝʚʦʡ ʢʠʩʣʦʪʳ, ʥʦ 

ʫʩʠʣʠʚʘʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʨʝʜʳ ʥʘ ʦʨʛʘʥʠʟʤ ʜʦʣʞʝʥ 

ʫʯʠʪʳʚʘʪʴʩʷ ʢʦʤʧʣʝʢʩ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʥʝ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ 

ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʨʛʘʥʠʟʤʳ ʢʦʥʮʝʥʪʨʠʨʫʶʪ ʦʜʥʠ ʵʣʝʤʝʥʪʳ, ʠʟʙʝʛʘʶʪ ʥʘʢʦʧʣʝʥʠʷ ʜʨʫʛʠʭ, 

ʩʦʟʜʘʚʘʷ ʧʨʠ ʵʪʦʤ ʩʚʦʶ ʚʥʫʪʨʝʥʥʶʶ ʩʨʝʜʫ, ʧʨʠʩʧʦʩʦʙʣʝʥʥʫʶ ʢ ʩʣʘʞʝʥʥʦʤʫ ʪʝʯʝʥʠʶ ʦʙʤʝʥʘ 

ʚʝʱʝʩʪʚ, ʦʪʣʠʯʘʶʱʫʶʩʷ ʦʪ ʚʥʝʰʥʝʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʨʝʜʳ. ʈʘʟʣʠʯʠʷ ʚ ʥʘʢʦʧʣʝʥʠʠ ʨʷʜʘ 

ʤʝʪʘʣʣʦʚ ʨʘʟʥʳʤʠ ʚʠʜʘʤʠ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 7.6 ʠ 7.7.  
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ʊʘʙʣʠʮʘ 7.5 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʬʝʨʤʝʥʪʦʚ - ʙʠʦʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ [12]  
ʄʝʪʘʣʣʦʬʝʨʤʝʥʪ ɸʪʦʤ ʃʠʛʘʥʜʥʦʝ 

ʦʢʨʫʞʝʥʠʝ 

ʆʙʲʝʢʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 

ɼʝʡʩʪʚʠʝ ʬʝʨʤʝʥʪʘ 

 

 

ʂʘʨʙʦʘʥʛʠʜʨʘʟʘ 

 

Zn (II ) 

 

ɸʤʠʥʦʢʠʩʣʦʪ

ʥʳʝ ʦʩʪʘʪʢʠ 

 

ʕʨʠʪʨʦʮʠʪʳ 

 

ʂʘʪʘʣʠʟʠʨʫʝʪ ʦʙʨʘʪʠʤʫʶ ʛʠʜʨʘʪʘʮʠʶ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ: 

ʉʆ2 + ʅ2ʆ ª ʅ2ʉʆ3 ª ʅ+ +  ʅʉʆ3
- 

ʂʘʨʙʦʩʢʠʧʝʧʪʠ 

ʜʘʟʘ 

Zn (II) ɸʤʠʥʦʢʠʩʣʦʪ

ʥʳʝ ʦʩʪʘʪʢʠ 

ʇʦʜʞʝʣʫʜʦʯʥʘʷ 

ʞʝʣʝʟʘ, ʧʝʯʝʥʴ, 
ʢʠʰʝʯʥʠʢ 

ʂʘʪʘʣʠʟʠʨʫʝʪ ʧʝʨʝʚʘʨʠʚʘʥʠʝ ʙʝʣʢʦʚ, 

ʫʯʘʩʪʚʫʝʪ ʚ ʛʠʜʨʦʣʠʟʝ ʧʝʧʪʠʜʥʦʡ 
ʩʚʷʟʠ: 

R1-CO-NH-R2 + H2O ª R1-COOH + 
R2NH2 

ʂʘʪʘʣʘʟʘ Fe (III) ɸʤʠʥʦʢʠʩʣʦʪ

ʥʳʝ ʦʩʪʘʪʢʠ, 

ʛʠʩʪʠʜʠʥ, 

ʪʠʨʦʟʠʥ 

ʂʨʦʚʴ ʂʘʪʘʣʠʟʠʨʫʝʪ ʨʝʘʢʮʠʶ ʨʘʟʣʦʞʝʥʠʷ 

ʚʦʜʦʨʦʜʧʝʨʦʢʩʠʜʘ: 

          2ʅ2ʆ2 = 2 ʅ2ʆ + ʆ2 

ʇʝʨʦʢʩʠʜʘʟʘ Fe (III) ɹʝʣʢʠ ʊʢʘʥʴ, ʢʨʦʚʴ ʆʢʠʩʣʝʥʠʝ ʩʫʙʩʪʨʘʪʦʚ (RH2) 

ʚʦʜʦʨʦʜʧʝʨʦʢʩʠʜʦʤ: RH2 + ʅ2ʆ2 = R + 

2H2O 

ʆʢʩʠʨʝʜʫʢʪʘʟʘ Cu (II) ɸʤʠʥʦʢʠʩʣʦʪ

ʥʳʝ ʦʩʪʘʪʢʠ 

ʉʝʨʜʮʝ, 

ʧʝʯʝʥʴ, ʧʦʯʢʠ 

ʂʘʪʘʣʠʟʠʨʫʝʪ ʦʢʠʩʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ: 

          2ʅ2R + ʆ2 = 2R + 2ʅ2ʆ 

ʇʠʨʫʚʘʪʢʘʨʙʦʢʩʠʣʘʟʘ Mn (II) ɹʝʣʢʠ 

ʪʢʘʥʝʡ 

ʇʝʯʝʥʴ, 

ʱʠʪʦʚʠʜʥʘʷ 

ʞʝʣʝʟʘ 

ʋʩʠʣʠʚʘʝʪ ʜʝʡʩʪʚʠʝ ʛʦʨʤʦʥʦʚ. 

ʂʘʪʘʣʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩ 

ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ 

ʢʠʩʣʦʪʦʡ 

ɸʣʴʜʝʛʠʜʦʢʩʠʜʘʟʘ Mo 

(VI)  

ɹʝʣʢʠ 

ʪʢʘʥʝʡ 

 

ʇʝʯʝʥʴ 

ʋʯʘʩʪʚʫʝʪ ʚ ʦʢʠʩʣʝʥʠʠ ʘʣʴʜʝʛʠʜʦʚ 

ʈʠʙʦʥʫʢʣʝʦʪʠʜʨʝʜʫʢʪ

ʘʟʘ 

Co (II) ɹʝʣʢʠ 

ʪʢʘʥʝʡ 

 

ʇʝʯʝʥʴ 

ʋʯʘʩʪʚʫʝʪ ʚ ʙʠʦʩʠʥʪʝʟʝ 

ʨʠʙʦʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ 

 

ʊʘʙʣʠʮʘ 7.6 

ʋʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʝʩʥʦʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʘʭ,  

ʫʩʣʦʚʥʦ ʧʨʠʥʠʤʘʝʤʳʝ ʟʘ ʬʦʥʦʚʳʝ [11]  

ʕʣʝʤʝʥʪ  ʉʦʜʝʨʞʘʥʠʝ, ʤʛ/ʢʛ 

ʩʫʭ. ʚʝʱ. 

ʕʣʝʤʝʥʪ ʉʦʜʝʨʞʘʥʠʝ,  

ʤʛ/ʢʛ ʩʫʭ. ʚʝʱ. 

 

H (ʚʦʜʦʨʦʜ) 

 

560 000-620 000 

 

Ru (ʨʫʪʝʥʠʡ) 

 

0,003-0,005 

Li (ʣʠʪʠʡ) 0,04-0,51 Rh (ʨʦʜʠʡ) - 

Be (ʙʝʨʠʣʣʠʡ) 0,0005-0,002 Pd (ʧʘʣʣʘʜʠʡ) - 

B (ʙʦʨ) 0,20-30 Ag (ʩʝʨʝʙʨʦ) 0,5-10 

C (ʫʛʣʝʨʦʜ) 310 000-600 000 Cd (ʢʘʜʤʠʡ) 0,1-0,5 

N (ʘʟʦʪ) 5 000-40 000 In (ʠʥʜʠʡ) - 

O (ʢʠʩʣʦʨʦʜ) 240 000-430 000 Sn (ʦʣʦʚʦ) 0,2-0,3 

F (ʬʪʦʨ) 1,0-30 Sb (ʩʫʨʴʤʘ) 0,5-0,7 

Na (ʥʘʪʨʠʡ) 600-1 000 I (ʡʦʜ) 0,18-3,0 

Mg (ʤʘʛʥʠʡ) 350-570 Xe (ʢʩʝʥʦʥ) - 

Al (ʘʣʶʤʠʥʠʡ) 5,3-110 Cs (ʮʝʟʠʡ) 0,05-1,0 

Si (ʢʨʝʤʥʠʡ) 90,2-310 Ba (ʙʘʨʠʡ) 0,40-10 

P (ʬʦʩʬʦʨ) 5 000-12 000 La (ʣʘʥʪʘʥ) 1,0-1,5 

S (ʩʝʨʘ) 1 000-3 000 Ce (ʮʝʨʠʡ) 1,2-2,3 

Cl (ʭʣʦʨ) 570-1200 Pr (ʧʨʘʟʝʦʜʠʤ) - 

Ar (ʘʨʛʦʥ) - Nd (ʥʝʦʜʠʤ) - 
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K (ʢʘʣʠʡ) 2 000-30 000 Pm (ʧʨʦʤʝʪʨʠʡ) - 

Ca (ʢʘʣʴʮʠʡ) 1100-300 000 Sm (ʩʘʤʘʨʠʡ) 0,4-0,7 

Sc (ʩʢʘʥʜʠʡ) 0,02-0,4 Eu (ʝʚʨʦʧʠʡ_ 0,02-0,7 

Ti (ʪʠʪʘʥ) 15-35 Er (ʵʨʙʠʡ) - 

V (ʚʘʥʘʜʠʡ) 0,5-4,0 Tm (ʪʫʣʠʡ) - 

Cr (ʭʨʦʤ) 2,3-5,4 Yb (ʠʪʪʝʨʙʠʡ) 0,2-0,4 

Mn (ʤʘʨʛʘʥʝʮ) 10,4-120 Lu (ʣʶʪʝʮʠʡ) 0,013-0,035 

Fe (ʞʝʣʝʟʦ) 600-3500 Hf (ʛʘʬʥʠʡ) 0,02-0,03 

Co (ʢʦʙʘʣʴʪ) 0,04-0,4 Ta (ʪʘʥʪʘʣ) - 

Ni (ʥʠʢʝʣʴ) 1,5-24 W (ʚʦʣʴʬʨʘʤ) 0,002-0,01 

Cu (ʤʝʜʴ) 2,5-60 Re (ʨʝʥʠʡ) 0,001-0,02 

Zn (ʮʠʥʢ) 80-230 Os (ʦʩʤʠʡ) - 

Ga (ʛʘʣʣʠʡ) 0,05-0,3 Ir (ʠʨʠʜʠʡ) 0,00005 

Ge (ʛʝʨʤʘʥʠʡ) - Pt (ʧʣʘʪʠʥʘ) - 

As (ʤʳʰʴʷʢ) 0,03-0,8 Au (ʟʦʣʦʪʦ) 0,0005-0,006 

Se (ʩʝʣʝʥ) 0,1-2,0 Hg (ʨʪʫʪʴ) 0,04-0,3 

Br (ʙʨʦʤ) 1,5-30 Tl (ʪʘʣʣʠʡ) 0,4-10 

Rb (ʨʫʙʠʜʠʡ) 0,7-15 Pb (ʩʚʠʥʝʮ) 0,3-1,8 

Sr (ʩʪʨʦʥʮʠʡ) 5-10 Bi (ʚʠʩʤʫʪ) 0,007-0,5 

Y (ʠʪʪʨʠʡ) - Po (ʧʦʣʦʥʠʡ) - 

Zr (ʮʠʨʢʦʥʠʡ) 0,8-1,0 Ra (ʨʘʜʠʡ) 0,0000005 

Nb (ʥʠʦʙʠʡ) 0,004-0,008 Th (ʪʦʨʠʡ) 0,3-0,7 

Mo (ʤʦʣʠʙʜʝʥ) 0,18-2,1 U (ʫʨʘʥ) 0,02-0,3 

Tc (ʪʝʭʥʝʮʠʡ) -   

 

ʊʘʙʣʠʮʘ 7.7 

ɸʢʢʫʤʫʣʷʮʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚʳʩʰʝʡ ʚʦʜʥʦʡ  

 ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʤʘʣʦʡ ʨʝʢʠ ʈʷʟʘʥʩʢʦʡ ʦʙʣʘʩʪʠ [9]  

ʈʘʩʪʝʥʠʷ ʄʝʜʴ ʎʠʥʢ ʉʚʠʥʝʮ ʂʘʜʤʠʡ 

 ʤʛ/ʢʛ ʂɹʇ ʤʛ/ʢʛ ʂɹʇ ʤʛ/ʢʛ ʂɹʇ ʤʛ/ʢʛ ʂɹʇ 

 

ʈʷʩʢʘ 

 

3,17 

 

1981 

 

22,2 

 

992 

 

1,82 

 

142 

 

0,45 

 

643 

ʊʨʦʩʪʥʠʢ 5,65 3513 68,1 3040 6,60 516 1,01 1143 

ʕʣʦʜʝʷ  

ʢʘʥʘʜʩʢʘʷ 

 

3,05 

 

1906 

 

50,2 

 

2241 

 

2,09 

 

163 

 

0,40 

 

571 

 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʦʨʛʘʥʠʟʤʦʚ ʥʘ ʥʝʜʦʩʪʘʪʦʢ ʠʣʠ ʠʟʙʳʪʦʢ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʣʝʜʫʝʪ ʚʳʷʚʠʪʴ ʦʨʛʘʥʳ ï ʠʥʜʠʢʘʪʦʨʳ, ʪʦ 

ʝʩʪʴ, ʢʨʠʪʠʯʝʩʢʠʝ ʦʨʛʘʥʳ, ʨʝʘʢʮʠʠ ʢʦʪʦʨʳʭ ʧʨʷʤʦ ʩʚʷʟʘʥʳ ʩ ʜʘʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ.  

ʉʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʪʢʘʥʷʭ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ nÖ10-4 - nÖ10-

3%. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʦʙʥʘʨʫʞʝʥ ʨʷʜ ʤʝʜʴʩʦʜʝʨʞʘʱʠʭ 

ʧʨʦʪʝʠʥʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʚʷʟʘʥʥʳʡ ʩ ʢʠʩʣʦʨʦʜʦʤ ʛʝʤʦʮʠʘʥʠʥ, ʮʠʪʦʭʨʦʤʥʘʷ ʦʢʩʠʜʘʟʘ, 

ʪʠʨʦʩʠʥʘʟʘ ʠ ʣʘʢʢʘʟʘ. ʎʝʨʫʣʦʧʣʘʟʤʠʥ (ʙʝʣʦʢ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ) ʩʦʜʝʨʞʠʪ ʩʚʳʰʝ 95% ʚʩʝʡ 

ʤʝʜʠ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʂʦʣʠʯʝʩʪʚʦ ʮʝʨʫʣʦʧʣʘʟʤʠʥʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʦʪʨʘʞʘʝʪ ʥʘʨʫʰʝʥʠʷ ʤʝʪʘʙʦʣʠʟʤʘ 

ʤʝʜʠ. ʄʝʜʴ, ʢʘʢ ʠ ʞʝʣʝʟʦ, ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʠʨʦʜʥʦʡ ʩʝʣʝʢʮʠʠ ʘʵʨʦʙʥʳʭ ʢʣʝʪʦʢ ʠ ʚ ʵʚʦʣʶʮʠʠ 

ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʦʚ ʠ ʤʝʪʘʣʣʦʬʝʨʤʝʥʪʦʚ. ʇʦʩʣʝʜʥʝʝ ʚʳʨʘʞʘʝʪʩʷ ʚ ʨʘʟʚʠʪʠʠ Cu-Zn-ʬʝʨʤʝʥʪʦʚ 

(ʩʚʝʨʭʢʠʩʣʘʷ ʜʠʩʤʫʪʘʟʘ), ʬʝʨʤʝʥʪʦʚ ʛʝʤ, Fe-Cu-ʬʝʨʤʝʥʪʦʚ ʠ ʙʦʛʘʪʳʭ ʢʠʩʣʦʨʦʜʦʤ ʙʝʣʢʦʚ. ɺʦ 

ʚʩʝʭ ʥʘʟʚʘʥʥʳʭ ʧʨʦʪʝʠʥʘʭ ʤʝʜʴ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʣʠʛʘʥʜʘʤʠ ʘʟʦʪʘ, ʢʠʩʣʦʨʦʜʘ ʠ (ʠʣʠ) ʩʝʨʳ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʜʦʤʠʥʠʨʫʶʱʘʷ ʨʦʣʴ ʤʝʜʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʝ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʩʝʨʥʳʝ ʨʘʜʠʢʘʣʳ.  



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
ȳ.Ȧ. Ƚɋɖɓɡɛ 
Ʉ.Ȯ. ȧɆɋɈɆ 
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ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʜʦʢʘʟʘʥʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʤʝʜʠ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ, ʜʳʭʘʥʠʝ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʫʛʣʝʚʦʜʦʚ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʬʠʢʩʘʮʠʶ ʘʟʦʪʘ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʦʩʫʜʦʚ ʢʩʠʣʝʤʳ ʜʣʷ ʚʦʜʳ. Cu 

ʢʦʥʪʨʦʣʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ɼʅʂ ʠ ʈʅʂ, ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʟʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʟʘʙʦʣʝʚʘʥʠʷʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʤʝʜʠ ʨʷʜʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʊʘʢ, ʛʨʠʙʳ 

ʨʦʜʘ Aspergillus niger ʠʩʧʦʣʴʟʫʶʪ ʜʘʥʥʳʡ ʵʣʝʤʝʥʪ ʜʣʷ ʩʚʦʝʛʦ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ. ʉʫʱʝʩʪʚʫʶʪ 

ʜʘʞʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʚ ʧʦʯʚʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Aspergillus 

niger (ʧʦ ʄʫʣʴʜʝʨʫ). ʆʜʥʘʢʦ ʧʦʪʨʝʙʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʤʝʜʠ ʥʝ ʚʩʝʛʜʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʠʭ ʨʦʩʪʫ ʠ ʨʘʟʚʠʪʠʶ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ Cu, ʥʝ ʚʣʠʷʷ ʥʘ ʨʦʩʪ ʠ ʨʘʟʤʥʦʞʝʥʠʝ ʤʠʢʨʦʙʥʳʭ ʢʣʝʪʦʢ, 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʤʠʢʨʦʙʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʥʘ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʅʘʧʨʠʤʝʨ, ʨʦʩʪ ʙʘʢʪʝʨʠʡ Azotobacter 

chroococcum ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʤʝʜʠ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʦʜʥʘʢʦ ʧʠʛʤʝʥʪʘʮʠʷ ʤʠʢʨʦʙʦʚ ʨʝʟʢʦ 

ʠʟʤʝʥʷʝʪʩʷ: ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʝ ʧʦʣʫʯʠʚʰʠʝ ʤʝʜʠ ʢʣʝʪʢʠ 

ʵʪʠʭ ʙʘʢʪʝʨʠʡ ʧʦʯʪʠ ʙʝʩʮʚʝʪʥʳ. 

ʉʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʪʢʘʥʷʭ ʩʦʩʪʘʚʣʷʝʪ   nĿ10-4 - nĿ10-2%. 

ʎʠʥʢ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 

ʦʢʦʣʦ 70 ʤʝʪʘʣʣʦʬʝʨʤʝʥʪʦʚ ʮʠʥʢʘ, ʪʘʢʠʭ ʢʘʢ ʜʝʛʠʜʨʦʛʝʥʘʟʳ, ʧʨʦʪʝʠʥʘʟʳ, ʧʝʧʪʠʜʘʟʳ ʠ 

ʬʦʩʬʦʛʠʜʨʦʣʘʟʳ. ɼʘʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʙʠʦʩʠʥʪʝʟʝ ʥʫʢʣʝʠʥʦʚʳʭ 

ʢʠʩʣʦʪ, ʈʅʂ- ʠ ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ. ʇʨʦʮʝʩʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʢʘʥʝʡ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 

ʞʠʚʦʪʥʳʭ, ʛʦʨʤʦʥʘʣʴʥʳʡ ʤʝʪʘʙʦʣʠʟʤ, ʠʤʤʫʥʥʘʷ ʨʝʘʢʮʠʷ, ʩʪʘʙʠʣʠʟʘʮʠʷ ʨʠʙʦʩʦʤ ʠ ʤʝʤʙʨʘʥ 

ʢʣʝʪʦʢ - ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʯʘʩʪʠʝʤ ʮʠʥʢʘ. 

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʮʠʥʢʘ ʚ ʨʘʩʪʝʥʠʷʭ ʩʚʷʟʘʥʳ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ ʫʛʣʝʚʦʜʦʚ, ʧʨʦʪʝʠʥʦʚ 

ʠ ʬʦʩʬʦʨʘ. ʎʠʥʢ ʧʦʚʳʰʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʜʜʝʨʞʘʥʠʶ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʦʩʪʦʚʳʭ ʚʝʱʝʩʪʚ - ʘʫʢʩʠʥʦʚ ʚ ʘʢʪʠʚʥʦʡ ʬʦʨʤʝ. 

ɼʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ Zn ʥʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʝʤʙʨʘʥ, ʘ ʪʘʢʞʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ 

ʥʘ ʢʣʝʪʦʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʩʠʩʪʝʤʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʜʤʠʷ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʘʭ ʩʦʩʪʘʚʣʷʝʪ         

nÖ10-6%.  

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʚʦʡʩʪʚ ʢʘʜʤʠʷ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʠʣʴʥʦʝ ʩʨʦʜʩʪʚʦ ʢ 

ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʤ ʛʨʫʧʧʘʤ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ ʢʦʤʧʣʝʢʩʳ Cd ʩ 

ʤʝʪʘʣʣʦʪʠʦʥʝʠʥʧʦʜʦʙʥʳʤʠ ʧʨʦʪʝʠʥʘʤʠ. ʇʦʵʪʦʤʫ ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʘʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʧʨʦʪʝʠʥʦʚʦʡ ʬʨʘʢʮʠʠ ʨʘʩʪʝʥʠʡ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʫ ʢʘʜʤʠʷ ʦʙʥʘʨʫʞʝʥʦ ʪʘʢʞʝ ʩʨʦʜʩʪʚʦ ʢ ʬʦʩʬʘʪʥʳʤ ʛʨʫʧʧʘʤ.  

ʕʥʟʠʤʳ, ʥʦʨʤʘʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʟʘʚʠʩʝʣʦ ʙʳ ʦʪ Cd, ʩʝʡʯʘʩ ʥʝʠʟʚʝʩʪʥʳ. ɽʩʪʴ 

ʜʘʥʥʳʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʪʦʤ, ʯʪʦ ʢʘʜʤʠʡ ʚʳʟʳʚʘʝʪ ʩʠʥʪʝʟ ʮʠʩʪʝʠʥʘ ʠ ʤʝʪʠʦʥʠʥʘ ʚ ʩʦʝ 

[22]. ɼʣʷ Cd ʭʘʨʘʢʪʝʨʥʦ ʥʘʢʦʧʣʝʥʠʝ ʚ ʧʝʯʝʥʠ ʠ ʧʦʯʢʘʭ ʠʟ-ʟʘ ʩʠʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʮʠʩʪʝʠʥʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʦʪʠʦʥʝʠʥʘ. 

ʇʦʩʢʦʣʴʢʫ ʤʝʪʘʙʦʣʠʟʤ ʢʘʜʤʠʷ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ ʮʠʥʢʘ, ʤʝʪʘʣʣʦʪʠʦʥʝʠʥ 

ʩʚʷʟʳʚʘʝʪ ʠ ʧʝʨʝʥʦʩʠʪ ʠ ʢʘʜʤʠʡ ʠ ʮʠʥʢ. ʂʘʜʤʠʡ ʩʧʦʩʦʙʝʥ ʟʘʤʝʱʘʪʴ ʮʠʥʢ ʚʦ ʤʥʦʛʠʭ ʞʠʟʥʝʥʥʦ 

ʚʘʞʥʳʭ ʵʥʟʠʤʘʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ, ʧʨʠʚʦʜʷ ʢ ʠʭ ʨʘʟʨʳʚʫ ʠʣʠ ʪʦʨʤʦʞʝʥʠʶ. 

ʂʘʜʤʠʡ ʩʯʠʪʘʝʪʩʷ ʪʦʢʩʠʯʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʠ ʦʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʝʛʦ ʪʦʢʩʠʯʥʦʩʪʠ ʩʚʷʟʘʥʘ 

ʩ ʥʘʨʫʰʝʥʠʝʤ ʵʥʟʠʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺʠʜʠʤʳʝ ʩʠʤʧʪʦʤʳ, ʚʳʟʚʘʥʥʳʝ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʜʤʠʷ ʚ ʨʘʩʪʝʥʠʷʭ, - ʵʪʦ ʟʘʜʝʨʞʢʘ ʨʦʩʪʘ, ʧʦʚʨʝʞʜʝʥʠʝ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ, 

ʭʣʦʨʦʟ ʣʠʩʪʴʝʚ. ʌʠʪʦʪʦʢʩʠʯʥʦʩʪʴ Cd ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʨʤʦʟʷʱʝʤ ʜʝʡʩʪʚʠʠ ʥʘ ʬʦʪʦʩʠʥʪʝʟ, 

ʥʘʨʫʰʝʥʠʠ ʪʨʘʥʩʧʠʨʘʮʠʠ ʠ ʬʠʢʩʘʮʠʠ ʉʆ2, ʠʟʤʝʥʝʥʠʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ. 

ʀʟʚʝʩʪʥʦ ʪʘʢʞʝ, ʯʪʦ ʢʘʜʤʠʡ ʧʦʚʳʰʘʝʪ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʢ ʛʨʠʙʢʦʚʳʤ 

ʟʘʙʦʣʝʚʘʥʠʷʤ. 

ʀʟʙʳʪʦʢ ʢʘʜʤʠʷ ʥʘʨʫʰʘʝʪ ʤʝʪʘʙʦʣʠʟʤ ʤʝʪʘʣʣʦʚ, ʥʘʨʫʰʘʝʪ ʜʝʡʩʪʚʠʝ ʮʠʥʢ-ʩʦʜʝʨʞʘʱʠʭ 

ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʬʝʨʤʝʥʪʦʚ, ʯʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʮʠʥʢʘ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ 

ʚ ʦʨʛʘʥʠʟʤʝ [18]. 
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ʌʦʥʦʚʳʝ ʫʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʨʪʫʪʠ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʘʭ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 2 ʜʦ 

100 ʤʢʛ/ʢʛ ʩʫʭʦʡ ʤʘʩʩʳ. 

ʆʪʣʠʯʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʨʪʫʪʠ ʷʚʣʷʶʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʢʪʠʚʥʦ ʩʚʷʟʳʚʘʪʴʩʷ ʩ 

ʪʠʦʣʦʚʳʤʠ ʛʨʫʧʧʘʤʠ ʠ ʰʠʨʦʢʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʠʦʧʝʨʝʥʦʩʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʪʫʪʠ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʶʪ ʪʦʢʩʠʯʥʦʩʪʴ ʝʝ ʩʦʝʜʠʥʝʥʠʡ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʢʘʟʘʥʦ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʨʪʫʪʠ ʥʘ ʨʘʟʣʠʯʥʳʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʦʪʦʩʠʥʪʝʟ, ʦʙʨʘʟʦʚʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ, ʛʘʟʦʚʳʡ ʦʙʤʝʥ, ʜʳʭʘʥʠʝ. 

ʉʠʤʧʪʦʤʳ ʦʪʨʘʚʣʝʥʠʷ ʨʪʫʪʴʶ ʫ ʨʘʩʪʝʥʠʡ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʟʘʜʝʨʞʢʝ ʨʦʩʪʘ ʚʩʭʦʜʦʚ ʠ ʨʘʟʚʠʪʠʷ 

ʢʦʨʥʝʡ, ʪʦʨʤʦʞʝʥʠʝ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ - ʩʥʠʞʝʥʠʝ ʙʠʦʤʘʩʩʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʠʣʴʥʫʶ 

ʩʚʷʟʴ ʨʪʫʪʠ ʩ ʘʪʦʤʘʤʠ ʩʝʨʳ ʚ ʘʤʠʥʦʢʠʩʣʦʪʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʤʥʦʛʠʭ ʙʝʣʢʦʚ ʠ ʵʥʟʠʤʦʚ, ʦʥʘ 

ʩʧʦʩʦʙʥʘ ʣʝʛʢʦ ʧʝʨʝʥʦʩʠʪʴʩʷ ʚ ʨʘʩʪʝʥʠʷʭ. ʉʨʦʜʩʪʚʦ Hg ʢ ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʤ ʛʨʫʧʧʘʤ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʥʘʨʫʰʝʥʠʷ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʩʪʝʥʠʷʭ.  

ʌʦʥʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʣʦʚʘ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʘʭ ʩʦʩʪʘʚʣʷʝʪ 0,2-7,9 ʤʛ/ʢʛ, ʦʜʥʘʢʦ 

ʠʟʤʝʨʷʝʤʳʝ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʙʥʘʨʫʞʝʥʳ ʥʝ ʚʦ ʚʩʝʭ ʚʠʜʘʭ ʨʘʩʪʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʝʪ ʜʦʩʪʦʚʝʨʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʞʠʟʥʝʥʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʣʦʚʘ ʜʣʷ ʨʘʩʪʝʥʠʡ. 

ʈʘʩʪʝʥʠʷ ʥʘʢʘʧʣʠʚʘʶʪ ʩʚʠʥʝʮ ʚ ʢʦʣʠʯʝʩʪʚʘʭ nÖ10-5 - nÖ10-4%. ʍʦʪʷ ʚ ʧʨʠʨʦʜʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩʚʠʥʝʮ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ ʚʩʝʭ ʚʠʜʘʭ ʨʘʩʪʝʥʠʡ, ʝʛʦ ʨʦʣʴ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʚʳʷʚʠʪʴ ʥʝ 

ʫʜʘʝʪʩʷ. ʆʜʥʘʢʦ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʩʪʠʤʫʣʠʨʫʶʱʝʤ ʜʝʡʩʪʚʠʠ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ 

ʥʝʢʦʪʦʨʳʭ ʩʦʣʝʡ ʩʚʠʥʮʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʚʠʥʮʘ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʨʝʜʳ ʥʝ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʪʦʢʩʠʯʥʳʝ ʜʣʷ ʞʠʟʥʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʦʧʠʩʘʥʦ ʪʦʢʩʠʯʥʦʝ ʜʝʡʩʪʚʠʝ ʩʚʠʥʮʘ ʥʘ ʬʦʪʦʩʠʥʪʝʟ, ʜʳʭʘʥʠʝ, ʤʠʪʦʟ ʠ ʚʦʜʥʳʡ 

ʦʙʤʝʥ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʪʨʦʛʦ ʩʧʝʮʠʬʠʯʥʳʭ ʩʠʤʧʪʦʤʦʚ ʩʚʠʥʮʦʚʦʛʦ ʪʦʢʩʠʢʦʟʘ ʫ ʨʘʩʪʝʥʠʡ ʥʝ 

ʦʪʤʝʯʝʥʦ. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʪʠʪʘʥʘ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʩʦʩʪʘʚʣʷʝʪ 1,3Ö10-3%. ʋʨʦʚʥʠ 

ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʘʭ ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,15-80 ʤʛ/ʢʛ ʩʫʭʦʡ 

ʤʘʩʩʳ. ʀʤʝʶʱʠʝʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʳʝ ʧʦ ʠʟʫʯʝʥʠʶ ʨʦʣʠ ʪʠʪʘʥʘ ʚ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʦʷʚʣʝʥʠʠ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʧʨʠ 

ʬʠʢʩʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʩʠʤʙʠʦʪʠʯʝʩʢʠʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʧʨʠ ʬʦʪʦʦʢʠʩʣʝʥʠʠ 

ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʫ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩʘʭ ʬʦʪʦʩʠʥʪʝʟʘ. ʆʜʥʘʢʦ 

ʙʠʦʭʠʤʠʯʝʩʢʘʷ ʨʦʣʴ ʪʠʪʘʥʘ ʠʟʫʯʝʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʝʪʢʠʭ ʧʦʜʪʚʝʨʞʜʝʥʠʡ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʞʠʚʳʤ ʦʨʛʘʥʠʟʤʘʤ ʥʝ ʧʦʣʫʯʝʥʦ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʥʳʝ ʨʘʩʪʝʥʠʷ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʥʘʢʦʧʣʝʥʠʶ ʪʠʪʘʥʘ. ʊʘʢ, ʧʦʚʳʰʝʥʥʳʝ ʫʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ.  

ʉʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʩʦʩʪʘʚʣʷʝʪ 4Ö10-5%. ʂʦʙʘʣʴʪ ʠʟʚʝʩʪʝʥ ʢʘʢ 

ʥʝʦʙʭʦʜʠʤʳʡ ʢʦʤʧʦʥʝʥʪ ʚʠʪʘʤʠʥʘ ɺ12, ʭʝʣʘʪʠʨʦʚʘʥʥʳʡ ʚ ʢʦʤʧʣʝʢʩʥʳʡ ʢʦʨʨʠʥʦʚʳʡ 

ʤʘʢʨʦʮʠʢʣ ʯʝʪʳʨʴʤʷ ʩʚʷʟʘʥʥʳʤʠ ʧʠʨʨʦʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʙʘʣʴʪʘ ʜʣʷ ʩʠʥʝ-ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʬʠʢʩʘʮʠʠ ʠʤʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ. ʀʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʟʘʤʝʪʥʦʤ 

ʚʣʠʷʥʠʠ ʢʦʙʘʣʴʪʘ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʙʦʙʦʚʳʭ ʨʘʩʪʝʥʠʡ ʠ ʦʣʴʭʠ ʬʠʢʩʠʨʦʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʳʡ ʘʟʦʪ 

ʠʟ ʚʦʟʜʫʭʘ.  

ʉʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʩʦʩʪʘʚʣʷʝʪ 8Ö10-5%. ɺ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ʥʠʢʝʣʴ ʚʩʪʨʝʯʘʝʪʩʷ ʧʦʯʪʠ ʚʩʝʛʜʘ ʚ ʚʠʜʝ Ni (II). ʅʠʟʢʠʝ ʫʨʦʚʥʠ ʥʠʢʝʣʷ ʷʚʣʷʶʪʩʷ 

ʩʪʠʤʫʣʠʨʫʶʱʠʤʠ ʜʣʷ ʞʠʚʦʪʥʳʭ. ʆʥ ʩʣʫʞʠʪ ʢʘʢ ʢʦʬʘʢʪʦʨ ʜʣʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʬʝʨʤʝʥʪʘ 

ʫʨʝʘʟʳ. ʉʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤʠ ʤʝʪʘʣʣʘʤʠ ʘʢʪʠʚʠʨʫʝʪ ʥʝʢʦʪʦʨʳʝ ʬʝʨʤʝʥʪʳ ʚ ʦʨʛʘʥʠʟʤʝ 

ʞʠʚʦʪʥʳʭ.  

7.3. ʆʙʱʠʝ ʘʩʧʝʢʪʳ ʪʦʢʩʠʯʥʦʩʪʠ ʤʝʪʘʣʣʦʚ 

ɺ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʭʠʤʠʠ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʚ ʙʠʦʩʬʝʨʝ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʜʚʦʡʩʪʚʝʥʥʘʷ ʨʦʣʴ, ʢʦʪʦʨʫʶ ʦʥʠ ʠʛʨʘʶʪ ʚ ʬʠʟʠʦʣʦʛʠʠ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ʞʠʟʥʠ; ʩ ʜʨʫʛʦʡ, 



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
ȳ.Ȧ. Ƚɋɖɓɡɛ 
Ʉ.Ȯ. ȧɆɋɈɆ 

 

 

http://izd -mn.com/ 104 

 

ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʪʦʢʩʠʯʥʦʩʪʴ, ʪʦ ʝʩʪʴ, ʦʢʘʟʳʚʘʶʪ 

ʚʨʝʜʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʠ ʘʢʪʠʚʥʦʩʪʴ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ɻʨʘʥʠʮʘ ʤʝʞʜʫ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʠ ʪʦʢʩʠʯʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʵʣʝʤʝʥʪʦʚ ʚʝʩʴ ʨʘʩʧʣʳʚʯʘʪʘ, ʯʪʦ ʦʩʣʦʞʥʷʝʪ 

ʧʨʦʚʝʜʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʡ ʦʮʝʥʢʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʂʦʣʠʯʝʩʪʚʦ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʥʝʢʦʪʦʨʳʝ ʤʝʪʘʣʣʳ ʩʪʘʥʦʚʷʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʧʘʩʥʳʤʠ, ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʠʤʠ ʵʢʦʩʠʩʪʝʤ, ʥʦ ʪʘʢʞʝ ʦʪ ʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʘʞʜʦʛʦ ʤʝʪʘʣʣʘ ʠ 

ʦʪ ʜʝʪʘʣʝʡ ʝʛʦ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ. 

ɺ ʪʘʙʣ. 7.8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʷʜʳ ʤʦʣʷʨʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʜʣʷ ʨʘʟʥʳʭ ʚʠʜʦʚ 

ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. 

ʊʘʙʣʠʮʘ 7.8 

ʇʨʝʜʩʪʘʚʠʪʝʣʴʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʦʣʷʨʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʤʝʪʘʣʣʦʚ [21] 

ʆʨʛʘʥʠʟʤʳ ʈʷʜʳ ʪʦʢʩʠʯʥʦʩʪʠ 

 

ɺʦʜʦʨʦʩʣʠ 

 

Hg>Cu>Cd>Fe>Cr>Zn>Co>Mn 

ɻʨʠʙʢʠ Ag>Hg>Cu>Cd>Cr>Ni>Pb>Co>Zn>Fe 

ʎʚʝʪʫʱʠʝ ʨʘʩʪʝʥʠʷ Hg>Pb>Cu>Cd>Cr>Ni>Zn 

ʂʦʣʴʯʘʪʳʝ ʯʝʨʚʠ Hg>Cu>Zn>Pb>Cd 

ʈʳʙʳ Ag>Hg>Cu>Pb>Cd>Al>Zn>Ni>Cr>Co>Mn>>Sr 

ʄʣʝʢʦʧʠʪʘʶʱʠʝ Ag,Hg,Cd>Cu,Pb,Co,Sn,Be>>Mn,Zn,Ni,Fe,Cr>>Sr> Cs,Li,Al 

 

ɼʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʦʨʛʘʥʠʟʤʘ ʧʦʨʷʜʦʢ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʨʷʜʘʭ ʪʘʙʣʠʮʳ ʩʣʝʚʘ 

ʥʘʧʨʘʚʦ ʦʪʨʘʞʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʤʦʣʷʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʘʣʣʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ 

ʵʬʬʝʢʪʘ ʪʦʢʩʠʯʥʦʩʪʠ. ʄʠʥʠʤʘʣʴʥʘʷ ʤʦʣʷʨʥʘʷ ʚʝʣʠʯʠʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʪʘʣʣʫ ʩ ʥʘʠʙʦʣʴʰʝʡ 

ʪʦʢʩʠʯʥʦʩʪʴʶ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʤʫʪʘʛʝʥʥʦʤ ʜʝʡʩʪʚʠʠ ʨʷʜʘ ʤʝʪʘʣʣʦʚ (ʪʘʙʣ. 7.9).        

 ɼʣʷ  ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʣʠʯʘʪʴ ʯʝʪʳʨʝ ʫʨʦʚʥʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ: 

Á ʜʝʬʠʮʠʪ ʵʣʝʤʝʥʪʘ, ʢʦʛʜʘ ʦʨʛʘʥʠʟʤ ʩʪʨʘʜʘʝʪ ʦʪ ʝʛʦ ʥʝʜʦʩʪʘʪʢʘ;  

Á ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʝ ʭʦʨʦʰʝʤʫ ʩʦʩʪʦʷʥʠʶ ʦʨʛʘʥʠʟʤʘ; 

Á ʪʝʨʧʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʢʦʛʜʘ ʜʝʧʨʝʩʩʠʷ ʦʨʛʘʥʠʟʤʘ ʣʠʰʴ ʥʘʯʠʥʘʝʪ ʧʨʦʷʚʣʷʪʴʩʷ; 

Á ʛʫʙʠʪʝʣʴʥʳʝ ʜʣʷ ʜʘʥʥʦʛʦ ʦʨʛʘʥʠʟʤʘ.  

ʊʘʙʣʠʮʘ 7.9 

ʕʣʝʤʝʥʪʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ɼʅʂ ʠ ʚʳʟʳʚʘʶʱʠʝ ʤʫʪʘʮʠʠ [20]  
ʄʝʪʘʣʣʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ 

ʩʦʩʪʘʚʝ ɼʅʂ 

ʄʝʪʘʣʣʳ, ʚʳʟʳʚʘʶʱʠʝ ʤʫʪʘʮʠʠ ʫ: 

 ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʨʘʩʪʝʥʠʡ ʥʘʩʝʢʦʤʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 

 

Al  

 

As 

 

As 

 

As 

 

As 

Cd Cd Ba Ba Be 

Co Co Cd Cd Cd 

Cr Cr Cu Cu Co 

Cu Cs Fe Fe Cr 

Hg Fe Hg Hg Hg 

Mn Ge Pt Pt Mn 

Ni Hg (?) Sr (?) Sr Ni 

Pt Ir Co Pb Pb 

Zn Mn Cr Co Pt 

 Os Mn Cr Se 

 Pb (?) Ni Mn Li (?) 

 Pt Se Ni Sb 

 Rh Au (?) Zn Te 
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 Se Be Li (?) Zn 

 Te Rb   

 W Tl   

 Zn Pa   

  Pb   

  Zn   

 

ʅʘ ʨʠʩ. 7.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʦʥʦʚ ʤʝʪʘʣʣʘ [19]. ʉʧʣʦʰʥʘʷ ʢʨʠʚʘʷ ʥʘ ʜʠʘʛʨʘʤʤʝ ʦʧʠʩʳʚʘʝʪ ʥʝʤʝʜʣʝʥʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʦʪʚʝʪ, ʦʧʪʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʠ ʧʝʨʝʭʦʜ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʢ ʥʝʛʘʪʠʚʥʦʤʫ ʧʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʵʣʝʤʝʥʪʘ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ. ʇʨʠ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʝʦʙʭʦʜʠʤʳʡ ʤʝʪʘʣʣ ʧʝʨʝʭʦʜʠʪ ʚ ʨʘʟʨʷʜ ʪʦʢʩʠʯʥʳʭ. 

ʇʫʥʢʪʠʨʥʘʷ ʢʨʠʚʘʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʦʪʚʝʪ ʥʘ ʪʦʢʩʠʯʥʳʡ ʜʣʷ ʦʨʛʘʥʠʟʤʘ 

ʤʝʪʘʣʣ, ʥʝ ʦʙʣʘʜʘʶʱʠʡ ʵʬʬʝʢʪʦʤ ʥʝʦʙʭʦʜʠʤʦʛʦ ʠʣʠ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ʕʪʘ ʢʨʠʚʘʷ 

ʠʜʝʪ ʩ ʥʝʢʦʪʦʨʳʤ ʟʘʧʘʟʜʳʚʘʥʠʝʤ, ʢʦʪʦʨʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʧʦʩʦʙʥʦʩʪʠ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ 

çʥʝ ʨʝʘʛʠʨʦʚʘʪʴè ʥʘ ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʦʢʩʠʯʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʧʦʨʦʛʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ). 

ʀʟ ʜʠʘʛʨʘʤʤʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʳʝ ʵʣʝʤʝʥʪʳ ʩʪʘʥʦʚʷʪʩʷ ʪʦʢʩʠʯʥʳʤʠ ʚ 

ʠʟʙʳʪʦʯʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʆʨʛʘʥʠʟʤ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʥʘʟʳʚʘʝʤʦʛʦ ʛʦʤʝʦʩʪʘʟʦʤ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʩʝʭ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʤʝʪʘʣʣʦʚ 

ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʩʪʨʦʛʠʤ ʢʦʥʪʨʦʣʝʤ ʛʦʤʝʦʩʪʘʟʘ. 

ɺ.ɺ. ʂʦʚʘʣʴʩʢʠʡ (1960 ʛ.), ʠʩʭʦʜʷ ʠʟ ʟʥʘʯʠʤʦʩʪʠ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʨʘʟʜʝʣʠʣ 

ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

Á ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʝ (ʥʝʟʘʤʝʥʠʤʳʝ) ʵʣʝʤʝʥʪʳ, ʧʦʩʪʦʷʥʥʦ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ 

ʦʨʛʘʥʠʟʤʝ  (ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʬʝʨʤʝʥʪʦʚ, ʛʦʨʤʦʥʦʚ ʠ   ʚʠʪʘʤʠʥʦʚ): H, O, Ca, N, K, P, Na, S, Mg, 

Cl, C, I, Mn, Cu, Co, Fe, Mo, V.  ʀʭ ʜʝʬʠʮʠʪ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʥʦʨʤʘʣʴʥʦʡ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ; 

Á ʧʨʠʤʝʩʥʳʝ ʵʣʝʤʝʥʪʳ, ʧʦʩʪʦʷʥʥʦ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʦʨʛʘʥʠʟʤʝ: Ga, Sb, Sr, Br, F, B, 
Be, Li, Si, Sn, Cs, Al, Ba, Ge, As, Rb, Pb, Ra, Bi, Cd, Cr, Ni, Ti, Ag, Th, Hg, U, Se. 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ ʠʭ ʤʘʣʦ ʚʳʷʩʥʝʥʘ ʠʣʠ ʥʝʠʟʚʝʩʪʥʘ; 

Á ʧʨʠʤʝʩʥʳʝ ʵʣʝʤʝʥʪʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʦʨʛʘʥʠʟʤʝ: Sc, Tl, In, La, Pr, Sm, W, Re, Tb ʠ 
ʜʨ. ɼʘʥʥʳʝ ʦ ʢʦʣʠʯʝʩʪʚʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ ʥʝ ʚʳʷʩʥʝʥʳ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʚʝʜʝʥʠʷ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ ʤʝʪʘʣʣʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʷʪʴ ʪʠʧʦʚ 

[19]: 

- ʥʝʦʙʭʦʜʠʤʳʝ ʵʣʝʤʝʥʪʳ, ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʢʦʪʦʨʳʭ ʚ ʦʨʛʘʥʠʟʤʝ ʚʦʟʥʠʢʘʶʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʨʫʰʝʥʠʷ; 

- ʩʪʠʤʫʣʷʪʦʨʳ (ʚ ʢʘʯʝʩʪʚʝ ʩʪʠʤʫʣʷʪʦʨʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʥʝʦʙʭʦʜʠʤʳʝ, ʪʘʢ ʠ ʥʝ 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʤʝʪʘʣʣʳ); 

- ʠʥʝʨʪʥʳʝ ʵʣʝʤʝʥʪʳ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʷʚʣʷʶʱʠʝʩʷ ʙʝʟʚʨʝʜʥʳʤʠ, 

ʥʝ ʦʢʘʟʳʚʘʶʱʠʤʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʠʟʤ (ʥʘʧʨʠʤʝʨ, ʠʥʝʨʪʥʳʝ ʤʝʪʘʣʣʳ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʠʤʧʣʘʥʪʘʥʪʦʚ); 

- ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʘʛʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʤʝʜʠʮʠʥʝ; 

- ʪʦʢʩʠʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʨʠʚʦʜʷʱʠʝ ʢ ʥʝʦʙʨʘʪʠʤʳʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʥʘʨʫʰʝʥʠʷʤ, ʛʠʙʝʣʠ ʦʨʛʘʥʠʟʤʘ. 
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ʈʠʩʫʥʦʢ 7.1. ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʦʪʚʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʝʪʘʣʣʘ  (ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʚʫʭ ʢʨʠʚʳʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʢʘʣʳ ʢʦʥʮʝʥʪʨʘʮʠʡ ʫʩʣʦʚʥʦ) 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʤʝʪʘʣʣ ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʧʦ 

ʦʜʥʦʤʫ ʠʟ ʫʢʘʟʘʥʥʳʭ ʪʠʧʦʚ.  

ɺ ʦʪʚʝʪ ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʦʨʛʘʥʠʟʤ ʠʟʙʳʪʦʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʞʠʚʦʡ 

ʦʨʛʘʥʠʟʤ ʩʧʦʩʦʙʝʥ ʦʛʨʘʥʠʯʠʚʘʪʴ ʠʣʠ ʜʘʞʝ ʫʩʪʨʘʥʷʪʴ ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʵʪʦʤ ʪʦʢʩʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʜʝʪʦʢʩʠʢʘʮʠʠ. ʉʧʝʮʠʬʠʯʝʩʢʠʝ 

ʤʝʭʘʥʠʟʤʳ ʜʝʪʦʢʩʠʢʘʮʠʠ ʚ ʦʪʥʦʰʝʥʠʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʫʯʝʥʳ 

ʥʝʜʦʩʪʘʪʦʯʥʦ. ʄʥʦʛʠʝ ʤʝʪʘʣʣʳ ʚ ʦʨʛʘʥʠʟʤʝ ʤʦʛʫʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʤʝʥʝʝ ʚʨʝʜʥʳʝ ʬʦʨʤʳ 

ʩʣʝʜʫʶʱʠʤʠ ʧʫʪʷʤʠ: 

- ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ; 

- ʪʨʘʥʩʧʦʨʪ ʤʝʪʘʣʣʘ ʩ ʢʨʦʚʴʶ ʚ ʜʨʫʛʠʝ ʪʢʘʥʠ, ʛʜʝ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʠʤʤʦʙʠʣʠʟʦʚʘʥ (ʢʘʢ, 
ʥʘʧʨʠʤʝʨ, Pb2+ ʚ ʢʦʩʪʷʭ); 

- ʧʨʝʚʨʘʱʝʥʠʝ ʧʝʯʝʥʴʶ ʠ ʧʦʯʢʘʤʠ ʚ ʤʝʥʝʝ ʪʦʢʩʠʯʥʫʶ ʬʦʨʤʫ. 

ʊʘʢ, ʚ ʦʪʚʝʪ ʥʘ ʜʝʡʩʪʚʠʝ ʪʦʢʩʠʯʥʳʭ ʠʦʥʦʚ ʩʚʠʥʮʘ, ʨʪʫʪʠ, ʢʘʜʤʠʷ ʠ ʜʨ. ʧʝʯʝʥʴ ʠ ʧʦʯʢʠ 

ʯʝʣʦʚʝʢʘ ʫʚʝʣʠʯʠʚʘʶʪ ʩʠʥʪʝʟ ʤʝʪʘʣʣʦʪʠʦʥʠʥʦʚ - ʙʝʣʢʦʚ ʥʝʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ, ʚ 

ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʧʨʠʤʝʨʥʦ 1/3 (ʠʟ 61) ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʷʚʣʷʝʪʩʷ ʮʠʩʪʝʠʥʦʤ. ɺʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʠ ʦʧʨʝʜʝʣʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʭ SH-ʛʨʫʧʧ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʯʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ. 

ʄʝʭʘʥʠʟʤʳ ʪʦʢʩʠʯʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʚ ʮʝʣʦʤ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ, ʦʜʥʘʢʦ ʚʝʩʴʤʘ ʩʣʦʞʥʦ 

ʥʘʡʪʠ ʠʭ ʜʣʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʜʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʘʣʣʘ. ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʤʝʭʘʥʠʟʤʦʚ - 

ʢʦʥʢʫʨʝʥʮʠʷ ʤʝʞʜʫ ʥʝʦʙʭʦʜʠʤʳʤʠ ʠ ʪʦʢʩʠʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʟʘ ʦʙʣʘʜʘʥʠʝ ʤʝʩʪʘʤʠ 

ʩʚʷʟʳʚʘʥʠʷ ʚ ʙʝʣʢʘʭ, ʪʘʢ ʢʘʢ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʠ ʘʢʪʠʚʠʨʫʶʪ ʤʥʦʛʠʝ ʙʝʣʢʠ, ʚʭʦʜʷ 

ʚ ʩʦʩʪʘʚ ʤʥʦʛʠʭ ʬʝʨʤʝʥʪʥʳʭ ʩʠʩʪʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʠʝ ʙʝʣʢʦʚʳʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʠʤʝʶʪ 

ʩʚʦʙʦʜʥʳʝ ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʩʧʦʩʦʙʥʳʝ ʚʩʪʫʧʘʪʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʠʦʥʘʤʠ 

ʪʦʢʩʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʘʜʤʠʡ, ʩʚʠʥʝʮ ʠ ʨʪʫʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʪʦʢʩʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʦʯʥʦ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʧʨʠ 

ʵʪʦʤ ʥʘʥʦʩʷʪ ʚʨʝʜ ʞʠʚʦʤʫ ʦʨʛʘʥʠʟʤʫ. ʇʨʦʷʚʣʝʥʠʝ ʪʦʢʩʠʯʥʦʩʪʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʚ ʨʘʟʥʳʭ 
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ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ ʥʝ ʚʩʝʛʜʘ ʩʚʷʟʘʥʦ ʩ ʫʨʦʚʥʝʤ ʠʭ ʥʘʢʦʧʣʝʥʠʷ - ʥʝʪ ʛʘʨʘʥʪʠʠ ʚ ʪʦʤ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʠʡ ʫʨʦʥ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʪʦʤ ʤʝʩʪʝ ʦʨʛʘʥʠʟʤʘ, ʛʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʘʥʥʦʛʦ ʤʝʪʘʣʣʘ 

ʚʳʰʝ. ʊʘʢ, ʠʦʥʳ ʩʚʠʥʮʘ (II), ʙʫʜʫʯʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 90% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚ ʦʨʛʘʥʠʟʤʝ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʚ ʢʦʩʪʷʭ, ʧʨʦʷʚʣʷʶʪ ʪʦʢʩʠʯʥʦʩʪʴ ʟʘ ʩʯʝʪ 10%, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ ʠʥʳʭ 

ʪʢʘʥʷʭ ʦʨʛʘʥʠʟʤʘ. ʀʤʤʦʙʠʣʠʟʘʮʠʶ ʠʦʥʦʚ ʩʚʠʥʮʘ ʚ ʢʦʩʪʷʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʮʝʩʩ 

ʜʝʪʦʢʩʠʢʘʮʠʠ. 

ʊʦʢʩʠʯʥʦʩʪʴ ʠʦʥʘ ʤʝʪʘʣʣʘ ʦʙʳʯʥʦ ʥʝ ʩʚʷʟʘʥʘ ʩ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʜʣʷ ʦʨʛʘʥʠʟʤʘ. 

ʆʜʥʘʢʦ ʜʣʷ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʤʝʝʪʩʷ ʦʜʥʘ ʦʙʱʘʷ ʯʝʨʪʘ: ʢʘʢ ʧʨʘʚʠʣʦ, ʩʫʱʝʩʪʚʫʝʪ 

ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʨʘʚʥʦ ʢʘʢ ʠ ʤʝʞʜʫ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʠ 

ʥʝʤʝʪʘʣʣʦʚ, ʚ ʦʙʱʝʤ ʚʢʣʘʜʝ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʜʝʡʩʪʚʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʪʦʢʩʠʯʥʦʩʪʴ ʢʘʜʤʠʷ 

ʧʨʦʷʚʣʷʝʪʩʷ ʷʨʯʝ ʚ ʩʠʩʪʝʤʝ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ʧʦ ʮʠʥʢʫ, ʘ ʪʦʢʩʠʯʥʦʩʪʴ ʩʚʠʥʮʘ ʫʩʫʛʫʙʣʷʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ʧʦ ʢʘʣʴʮʠʶ. ʉʭʦʜʥʳʤ ʦʙʨʘʟʦʤ, ʘʜʩʦʨʙʮʠʶ ʞʝʣʝʟʘ ʠʟ ʦʚʦʱʥʦʡ ʧʠʱʠ 

ʧʦʜʘʚʣʷʶʪ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʥʝʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʝ ʣʠʛʘʥʜʳ, ʘ ʠʟʙʳʪʦʢ ʠʦʥʦʚ ʮʠʥʢʘ 

ʤʦʞʝʪ ʠʥʛʠʙʠʨʦʚʘʪʴ ʘʜʩʦʨʙʮʠʶ ʤʝʜʠ ʠ ʪ.ʜ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʪʦʢʩʠʯʥʦʩʪʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʯʘʩʪʦ ʦʩʣʦʞʥʷʝʪʩʷ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʫʪʝʡ ʠʭ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʞʠʚʦʡ ʦʨʛʘʥʠʟʤ. ʄʝʪʘʣʣʳ ʤʦʛʫʪ 

ʧʦʧʘʜʘʪʴ ʩ ʧʠʱʝʡ, ʚʦʜʦʡ, ʚʧʠʪʳʚʘʪʴʩʷ ʯʝʨʝʟ ʢʦʞʫ, ʧʨʦʥʠʢʘʪʴ ʧʫʪʝʤ ʠʥʛʘʣʷʮʠʠ ʠ ʜʨ. 

ʇʦʛʣʦʱʝʥʠʝ ʩ ʧʳʣʴʶ - ʚʦʪ ʛʣʘʚʥʳʡ ʧʫʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʨʠ ʧʨʦʤʳʰʣʝʥʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʜʳʭʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʦ ʤʝʪʘʣʣʦʚ ʦʩʝʜʘʝʪ ʚ ʣʝʛʢʠʭ ʠ ʪʦʣʴʢʦ ʧʦʪʦʤ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʜʨʫʛʠʝ ʦʨʛʘʥʳ. ʅʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʫʪʴ ʧʦʩʪʫʧʣʝʥʠʷ 

ʪʦʢʩʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʦʨʛʘʥʠʟʤ - ʧʨʠʝʤ ʩ ʧʠʱʝʡ ʠ ʚʦʜʦʡ.  

ʇʨʠ ʦʮʝʥʢʝ ʪʦʢʩʠʯʥʦʩʪʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʦʯʚʝʥʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʦʙʥʘʨʫʞʝʥʦ ʚʳʩʦʢʦʝ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʇʨʠ 

ʵʪʦʤ ʥʝ ʚʳʷʚʣʝʥʦ ʚʠʜʦʚ ʩ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʪʘʢ ʢʘʢ ʢʘʞʜʳʡ ʚʠʜ ʦʪʣʠʯʘʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʪʦʣʴʢʦ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʤʝʪʘʣʣʫ ʠʣʠ ʝʛʦ ʬʦʨʤʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ  ʈ.ʆ. ɹʫʪʦʚʩʢʦʛʦ (2001 ʛ.) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʨʝʜʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʘʟʣʠʯʥʳʭ 

ʛʨʫʧʧ ʧʦʯʚʝʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʧʨʠʜʦʨʦʞʥʳʭ ʵʢʦʩʠʩʪʝʤ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢ ʥʘʢʦʧʣʝʥʠʶ ʤʝʜʠ ʩʥʠʞʘʣʘʩʴ ʚ ʨʷʜʫ: ʤʦʢʨʠʮʳ > ʧʘʫʢʠ > ʜʦʞʜʝʚʳʝ ʯʝʨʚʠ=ʥʘʩʝʢʦʤʳʝ; ʢ 

ʘʢʢʫʤʫʣʷʮʠʠ ʮʠʥʢʘ ï ʚ ʨʷʜʫ: ʤʦʢʨʠʮʳ > ʧʘʫʢʠ > ʞʫʞʝʣʠʮʳ. ɺ ʪʘʙʣ. 7.10 ʧʨʠʚʝʜʝʥʳ ʜʚʝ 

ʛʨʫʧʧʳ ʧʦʯʚʝʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʥʘʢʦʧʣʝʥʠʶ 

ʢʘʜʤʠʷ. 

ʊʘʙʣʠʮʘ 7.10 

ʅʘʢʦʧʠʪʝʣʠ ʠ ʨʘʩʩʝʠʚʘʪʝʣʠ ʢʘʜʤʠʷ ʚ ʢʦʤʧʣʝʢʩʝ ʧʦʯʚʝʥʥʳʭ 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ (ʮʠʪ. ʧʦ [1]) 

ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʜʤʠʷ ʅʠʟʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʜʤʠʷ 

 

ʀʟʦʧʦʜʳ 

 

ʆʨʠʙʘʪʠʜʳ ʩʝʤʝʡʩʪʚʘ Notaspididae 

ʉʝʥʦʢʦʩʮʳ ɻʫʙʦʥʦʛʠʝ ʩʝʤʝʡʩʪʚʘ Lithobiidae 

ʇʘʫʢʠ ʣʠʥʠʬʠʠʜʳ ʕʥʪʦʤʦʙʨʠʠʜʥʳʝ ʩʝʤʝʡʩʪʚʘ Collembola 

ʃʦʞʥʦʩʢʦʨʧʠʦʥʳ ɾʫʞʝʣʠʮʳ (?) 

ɻʘʤʘʟʦʚʳʝ ʢʣʝʱʠ ʉʪʘʬʠʣʠʥʠʜʳ 

ʆʨʠʙʘʪʠʜʳ ʩʝʤʝʡʩʪʚʘ Camisiidae ʉʚʝʨʯʢʠ 

ɻʫʙʦʥʦʛʠʝ ʩʝʤʝʡʩʪʚʘ Geophylidae ʂʫʟʥʝʯʠʢʦʚʳʝ 

ɼʚʫʧʘʨʥʦʛʠʝ  

ʆʥʠʭʠʫʨʠʜʥʳʝ ʩʝʤʝʡʩʪʚʘ Collembola  

 

7.4. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʙʠʦʩʬʝʨʳ ʠ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʝ 

ʯʝʣʦʚʝʢʘ. ɼʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣ. 7.11, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʨʦʚʥʷʤ ʠʭ ʥʦʨʤʘʣʴʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ. ʆʨʛʘʥʳ ʯʝʣʦʚʝʢʘ ʧʦ-ʨʘʟʥʦʤʫ ʢʦʥʮʝʥʪʨʠʨʫʶʪ ʚ ʩʝʙʝ ʨʘʟʣʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ 
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ʵʣʝʤʝʥʪʳ, ʪʦ ʝʩʪʴ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʤʝʞʜʫ ʨʘʟʥʳʤʠ 

ʦʨʛʘʥʘʤʠ ʠ ʪʢʘʥʷʤʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʩʦʜʝʨʞʘʥʠʝ ʚ ʦʨʛʘʥʠʟʤʝ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 10-3 - 10-5%) ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʧʝʯʝʥʠ, ʢʦʩʪʥʦʡ ʠ ʤʳʰʝʯʥʦʡ ʪʢʘʥʷʭ. ʕʪʠ ʪʢʘʥʠ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʜʝʧʦ ʜʣʷ ʤʥʦʛʠʭ ʤʝʪʘʣʣʦʚ. 

ʕʣʝʤʝʥʪʳ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʩʨʦʜʩʪʚʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʢʦʪʦʨʳʤ 

ʦʨʛʘʥʘʤ ʠ ʩʦʜʝʨʞʘʪʴʩʷ ʚ ʥʠʭ ʚ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʮʠʥʢ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ 

ʚ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʝ, ʡʦʜ - ʚ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʝ, ʚʘʥʘʜʠʡ ʥʘʨʷʜʫ ʩ ʘʣʶʤʠʥʠʝʤ ʠ 

ʤʳʰʴʷʢʦʤ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʚʦʣʦʩʘʭ ʠ ʥʦʛʪʷʭ, ʢʘʜʤʠʡ, ʨʪʫʪʴ, ʤʦʣʠʙʜʝʥ - ʚ ʧʦʯʢʘʭ, ʦʣʦʚʦ - ʚ 

ʪʢʘʥʷʭ ʢʠʰʝʯʥʠʢʘ, ʩʪʨʦʥʮʠʡ - ʚ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʝ, ʢʦʩʪʥʦʡ ʪʢʘʥʠ, ʤʘʨʛʘʥʝʮ - ʚ ʛʠʧʦʬʠʟʝ 

ʠ ʪ. ʜ. ɺ ʦʨʛʘʥʠʟʤʝ ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʢʘʢ ʚ ʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʘʢ ʠ ʚ ʚʠʜʝ 

ʩʚʦʙʦʜʥʳʭ ʠʦʥʥʳʭ ʬʦʨʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʣʶʤʠʥʠʡ, ʤʝʜʴ ʠ ʪʠʪʘʥ ʚ ʪʢʘʥʷʭ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 

ʥʘʭʦʜʷʪʩʷ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʙʝʣʢʘʤʠ, ʪʦʛʜʘ ʢʘʢ ʤʘʨʛʘʥʝʮ - ʚ ʠʦʥʥʦʤ ʚʠʜʝ. 

 

ʊʘʙʣʠʮʘ 7.11 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ (ʤʘʩʩʦʡ 70 ʢʛ) 
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ɿʦʣʴʥʘʷ ʯʘʩʪʴ ʦʨʛʘʥʠʟʤʘ, % 
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ʥ
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ʟ
ʤ
ʝ

 

 

ʩʝʨʜʮʝ ʧʝʯʝʥʴ ʤʦʟʛ 

 

Ag 

 

(0,009-0,28)Ö10-4 

 

(0,01-0,44)Ö10-4 

 

(8-30) Ö10-6 

 

(15- 

100) Ö10-6 

 

(8- 

15) Ö10-6 

 

 

0,003 

 

 

- 

Al  (0,7-2,8)Ö10-4 (4-27)Ö10-4 - - - 0,39 61 ʤʛ 

 

As 

 

(0,009-0,65)Ö10-4 

 

(0,08-1,6)Ö10-4 

 

<1Ö10-2 

 

<1Ö10-2 

 

<1Ö10-2 

0,0017-

0,09 

 

18 ʤʛ 

 

Au 

 

- 

 

0,016Ö10-4 

 

3Ö10-4 

 

3Ö10-4 

 

3Ö10-4 

(0,1- 

4,2)Ö10-4 

 

- 

B (0,33-1) Ö10-4 (1,1-3,3) Ö10-4 - - - 0,13 - 

Ba 0,09Ö10-4 (3-70) Ö10-4 <30Ö10-3 <30Ö10-3 <30Ö10-3 0,068 22 ʤʛ 

Be 0,75Ö10-7 0,3Ö10-6 <5Ö10-4 <5Ö10-4 <5Ö10-4 1Ö10-5 0,036 

ʤʛ 

Bi 0,32Ö10-5 <0,2Ö10-4 <2Ö10-4 <2Ö10-4 <2Ö10-4 0,016 - 

Br 7,7Ö10-4 6,7Ö10-4 - - - 4,7 260 ʤʛ 

C 67 36 - - - - 16 ʢʛ 

Ca 0,07-0,14 17 - - - 60,5 1 ʢʛ 

Cd (0,14-3,2) Ö10-4 1,8Ö10-4 <1Ö10-3 <2Ö10-3 <1Ö10-3 0,0052 50 ʤʛ 

Ce - 2,7Ö10-4 <2Ö10-2 <2Ö10-2 <2Ö10-2 0,002 - 

Cl 0,20-0,52 0,09 - - - 2890 95 ʛ 

 

Co 

(0,028 

-0,65) Ö10-4 

(0,01-0,04) Ö10-4  

1Ö10-4 

 

1Ö10-4 

 

1Ö10-4 

0,0002-

0,04 

 

14 ʤʛ 

 

Cr 
(2,4-8,4) Ö10-2 (0,1-33) Ö10-4 (1,5- 

5) Ö10-4 

(1- 

3) Ö10-3 

(1,5- 

3) Ö10-3 

0,006-0,11  

- 

 
Cs 

(0,07-1,6) Ö10-4 (0,013- 

0,05) Ö10-4 

 
- 

 
- 

 
- 

 
0,0038 

 
- 

 

Cu 

 

1Ö10-3 

 

(1-26) Ö10-4 

(6- 

10) Ö10-3 

(6- 

15) Ö10-3 

(8- 

15) Ö10-3 

 

1,01 

 

72 ʤʛ 

F 0,05Ö10-4 0,2-1,2 - - - 0,5 2,6 ʛ 

Fe 1,8Ö10-2 (0,03-3,8)Ö10-2 - - - 447 4,2 ʛ 

Ga 0,14Ö10-6 - 1Ö10-4 1Ö10-4 1Ö10-4 <0,08 - 

Ge 0,14Ö10-4 - <2Ö10-4 <2Ö10-4 <2Ö10-4 0,44 - 

H 9,3 5,2 - - - - 7 ʢʛ 

 

Hg 
(0,02-0,7)Ö10-4  

0,45Ö10-4 

 

- 

 

- 

 

- 

 

0,0078 

 

- 
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I 
(0,05-0,5) Ö10-4 0,27Ö10-4  

- 

 

- 

 

- 

0,057 12-20 

ʤʛ 

In 0,015Ö10-4 - <2Ö10-4 <2Ö10-4 <2Ö10-4 - - 

Ir 2Ö10-9 - - - - - - 

K 1,6 0,21 - - - 1620 140 ʛ 

La 0,4Ö10-7 <0,08Ö10-4 <1Ö10-2 <1Ö10-2 <1Ö10-2 - - 

Li  0,023Ö10-4 - <3Ö10-3 <3Ö10-3 <3Ö10-3 0,004 0,67 ʤʛ 

Mg 9Ö10-2 (7-18) Ö10-2 - - - 37,8 19 ʛ 

 

Mn 
(0,2-2,3) Ö10-4 (0,2-100) Ö10-4 (3- 

10) Ö10-3 

(10- 

30) Ö10-3 

(5- 

20) Ö10-3 

0,0016 

-0,075 

12 ʤʛ 

 

Mo 

 

0,018Ö10-4 

 

<0,7Ö10-4 

(1,5- 

2) Ö10-4 

(8- 

60) Ö10-4 

2Ö10-4 0,001 - 

N 7,2 4,3 - - - - 1,8 ʢʛ 

Na 0,26-0,78 1 - - - 1970 100 ʛ 

Nb 0,14Ö10-4 0,07Ö10-4 <6Ö10-4 <6Ö10-4 <6Ö10-4 0,005  - 

 

Ni 

 

(1-2)Ö10-4 

 

0,7Ö10-4 

(1,5 

-4) Ö10-3 

(1 

-3) Ö10-3 

(1 

-5) Ö10-3 

 

0,01-0,05 

 

1 ʤʛ 

O 16 28,5 - - - - 43 ʢʛ 

P 0,3-0,85 6,7-7,1 >1 >1 >1 345 780 ʛ 

 

Pb 
(0,23-3,3) Ö10-4 (3,6-30) Ö10-4 (6 

-20) Ö10-4 

(10 

-20) Ö10-4 

(10 

-15) Ö10-4 

 

0,21 

120 ʤʛ 
ʚ 

ʩʢʝʣʝʪʝ 

Rb (20-70) Ö10-4 (0,1-5) Ö10-4 - - - 2,49 680 ʤʛ 

Ra 0,23Ö10-13 4Ö10-13 - - - 6,6Ö10-9 31Ö10-9 

ʤʛ 

S 0,5-1,1 0,05-0,24 -  - - 1800 140 ʛ 

 

Sb 
(0,42-19,1) Ö10-6 (0,01-0,6)Ö10-4 <3Ö10-3 <3Ö10-3 <3Ö10-3 0,0033 - 

Sc - 1Ö10-7 <3Ö10-4 <3Ö10-4 <3Ö10-4 0,008 - 

 

Se 
(0,42-1,9) Ö10-4 (1-9) Ö10-4 - - - 0,171 14 ʤʛ 

Si (1-2) Ö10-2 17Ö10-4 -  - - 3,9 - 

 

Sn 
(0,33-2,4) Ö10-4 1,4Ö10-4 (1-5)Ö10-4 (1-3)Ö10-4  <3Ö10-4 0,38 14 ʤʛ 

 
Sr 

(0,12-0,35) Ö10-4 (0,36-1,4) Ö10-2 <3Ö10-2 <3Ö10-2 <3Ö10-2 0,031 320 ʤʛ 

Ta - 0,03Ö10-4 <1Ö10-2 <1Ö10-2 <1Ö10-2 - - 

Te 1,7Ö10-6 - - - - 0,0055 - 

Th - (0,2-1,2) Ö10-6 - - - 0,00016 - 

Ti (0,9-2,2) Ö10-4 - (3-6)Ö10-2 (2-6)Ö10-2 (5-6)Ö10-2 0,054 - 

Tl 7Ö10-6 2Ö10-7 <2Ö10-4 <2Ö10-4 <2Ö10-4 0,00048 - 

U 9Ö10-8 (0,016-70)Ö10-7 <1Ö10-1 <1Ö10-1 <1Ö10-1 5Ö10-4 0,09 ʤʛ 

V 2Ö10-6 0,35Ö10-6 (1-2)Ö10-3 (0,6 

-1,5)Ö10-3 
(1-2)Ö10-3 <0,0002 0,11 ʤʛ 

W - 0,25Ö10-7 -  - - 0,001 - 

Y 0,02Ö10-4 0,07Ö10-4 <3Ö10-4 <3Ö10-4 <3Ö10-4 0,0047 - 

 

Zn 

 

2,4Ö10-2 

 

(0,75-1,7)Ö10-2 

(1,5 

-6)Ö10-2 

(1,5 

-30)Ö10-2 

(0,6 

-3)Ö10-2 

 

7 

 

2,3 ʛ 

Zr 0,08Ö10-4 0,1Ö10-4 <1Ö10-3 <1Ö10-3 <1Ö10-3 0,011 1 ʤʛ 

 
ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ  ʟʘʚʠʩʠʪ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪ ʠʭ ʧʦʩʪʫʧʣʝʥʠʷ ʩ ʧʠʱʝʡ. ɸʣʠʤʝʥʪʘʨʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ  ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ 

ʩʠʣʴʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ, ʘ ʪʘʢʞʝ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʨʝʛʠʦʥʘ, ʪʘʢ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ 

ʤʘʢʨʦ- ʠ ʦʩʦʙʝʥʥʦ ʤʠʢʨʦ- ʠ ʫʣʴʪʨʘʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʜʫʢʪʘʭ ʧʠʪʘʥʠʷ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʟʥʠʪʴʩʷ [4-5, 23].  

ʆʩʪʘʥʦʚʠʤʩʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʟʜʦʨʦʚʴʝ 

ʯʝʣʦʚʝʢʘ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʷʜʘ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. 
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 ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʜʤʠʷ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʦʨʛʘʥʠʟʤ 

ʯʝʣʦʚʝʢʘ, ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʭ ʜʝʡʩʪʚʠʷ ʠ ʠʟʚʝʩʪʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʘʟʚʠʪʠʷ ʠʥʪʦʢʩʠʢʘʮʠʠ ʙʣʠʟʢʠ. 

ɼʦʩʪʠʞʝʥʠʝ ʙʣʠʟʢʦʛʦ ʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʨʘʟʣʠʯʥʳʭ  ʩʦʝʜʠʥʝʥʠʡ ʢʘʜʤʠʷ 

ʩʚʷʟʳʚʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ ʉd2+. ʉʫʱʝʩʪʚʫʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʮʠʥʢʦʤ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʭʘʨʘʢʪʝʨ ʤʥʦʛʠʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʦʨʛʘʥʠʟʤʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ Cd, ʘ ʪʘʢʞʝ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʮʠʥʢʘ ʧʨʠ ʢʘʜʤʠʝʚʦʡ 

ʠʥʪʦʢʩʠʢʘʮʠʠ.  ɺ ʗʧʦʥʠʠ ʫʧʦʪʨʝʙʣʝʥʠʝ ʨʠʩʘ ʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Cd ʚ 

ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʧʨʠʚʝʣʦ ʢ ʪʷʞʝʣʳʤ ʢʦʩʪʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ   

(ʙʦʣʝʟʥʴ çʠʪʘʡ-ʠʪʘʡè). ʅʘʠʙʦʣʝʝ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʳʤ ʢ ʧʦʨʘʞʝʥʠʶ ʢʘʜʤʠʝʤ ʦʨʛʘʥʦʤ 

ʷʚʣʷʶʪʩʷ ʧʦʯʢʠ. ʏʝʣʦʚʝʢ ʚ ʪʝʯʝʥʠʝ ʞʠʟʥʠ ʥʘʢʘʧʣʠʚʘʝʪ ʢʘʜʤʠʡ ʚ ʧʦʯʢʘʭ - ʩ 0 ʧʨʠ ʨʦʞʜʝʥʠʠ ʜʦ 

20 ʤʛ/ʢʛ ʚ ʧʦʞʠʣʦʤ ʚʦʟʨʘʩʪʝ (ʜʣʷ ʥʝʢʫʨʷʱʠʭ) ʠ ʜʦ 40 ʤʛ/ʢʛ ʜʣʷ ʚʟʨʦʩʣʦʛʦ ʢʫʨʷʱʝʛʦ ʯʝʣʦʚʝʢʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʳ ʤʫʪʘʛʝʥʥʳʝ, ʪʝʨʘʪʦʛʝʥʥʳʝ ʠ ʢʘʥʮʝʨʦʛʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ. ʉʨʝʜʥʠʝ ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ ʢʘʜʤʠʷ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʦʨʛʘʥʠʟʤ ʩ ʧʠʱʝʡ ʢʦʣʝʙʣʶʪʩʷ 

ʦʪ 6 ʜʦ 94 ʤʢʛ ʚ ʜʝʥʴ. ɺʩʝʤʠʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (ɺʆɿ) ʩʯʠʪʘʝʪ ʧʨʝʜʝʣʴʥʦ-

ʜʦʧʫʩʪʠʤʳʤ ʧʦʩʪʫʧʣʝʥʠʝ ʢʘʜʤʠʷ 1 ʤʢʛ ʥʘ 1 ʢʛ ʤʘʩʩʳ ʪʝʣʘ ʚ ʜʝʥʴ.  

ʈʪʫʪʴ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʠ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʢʣʠʥʠʯʝʩʢʠʭ 

ʧʨʦʷʚʣʝʥʠʡ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʚʠʜʝ 

ʢʦʪʦʨʳʭ ʦʥʘ ʧʦʧʘʜʘʝʪ ʚ ʦʨʛʘʥʠʟʤ, ʘ ʪʘʢʞʝ ʧʫʪʠ ʧʦʩʪʫʧʣʝʥʠʷ. ɺ ʦʩʥʦʚʝ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ 

ʨʪʫʪʠ ʣʝʞʠʪ ʙʣʦʢʘʜʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʨʫʧʧ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ (ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʭ, 

ʘʤʠʥʥʳʭ, ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʠ ʜʨ.) ʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʙʨʘʪʠʤʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ.   

ʇʦ ʩʪʝʧʝʥʠ ʪʦʢʩʠʯʥʦʩʪʠ  ʨʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʳ ʩʦʝʜʠʥʝʥʠʡ Hg:  

Á ʤʝʪʘʣʣʠʯʝʩʢʫʶ (ʵʣʝʤʝʥʪʘʨʥʫʶ) ʨʪʫʪʴ; 

Á ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʡ ʨʪʫʪʠ; 

Á ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʨʪʫʪʠ. 

ʄʝʪʘʣʣʠʯʝʩʢʘʷ ʨʪʫʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠʟ-ʟʘ ʚʦʟʥʠʢʘʶʱʠʭ ʨʪʫʪʥʳʭ 

ʧʘʨʦʚ. ʆʩʪʨʳʝ ʦʪʨʘʚʣʝʥʠʷ ʧʘʨʘʤʠ Hg ʚʳʨʘʞʘʶʪʩʷ ʦʙʱʝʡ ʩʣʘʙʦʩʪʴʶ, ʛʦʣʦʚʥʦʡ ʙʦʣʴʶ, ʙʦʣʷʤʠ 

ʧʨʠ ʛʣʦʪʘʥʠʠ, ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʚʢʫʩʦʤ ʚʦ ʨʪʫ, ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʢʘʪʘʨʘʣʴʥʳʤʠ 

ʷʚʣʝʥʠʷʤʠ ʩʦ ʩʪʦʨʦʥʳ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ (ʨʠʥʠʪ, ʬʘʨʠʥʛʠʪ, ʨʝʞʝ ʙʨʦʥʭʠʪ). ɿʘʪʝʤ 

ʨʘʟʚʠʚʘʝʪʩʷ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʡ ʩʠʥʜʨʦʤ, ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʙʦʣʝʟʥʝʥʥʦʩʪʴ ʜʝʩʝʥ, ʨʝʟʢʦ 

ʚʳʨʘʞʝʥʥʳʝ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʩʪʠ ʨʪʘ,  ʞʝʣʫʜʦʯʥʳʝ ʨʘʩʩʪʨʦʡʩʪʚʘ, ʧʨʠʟʥʘʢʠ 

ʧʦʨʘʞʝʥʠʷ ʧʦʯʝʢ, ʨʝʞʝ ʚʦʩʧʘʣʝʥʠʝ ʣʝʛʢʠʭ. ʆʪʤʝʯʘʶʪ ʚʳʩʦʢʫʶ ʥʝʡʨʦʪʦʢʩʠʯʥʦʩʪʴ ʧʘʨʦʚ 

ʨʪʫʪʠ, ʦʩʦʙʝʥʥʦ ʩʪʨʘʜʘʶʪ ʚʳʩʰʠʝ ʦʪʜʝʣʳ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (ɺʨʝʜʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, 

1990).   

ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʨʪʫʪʠ ʤʘʣʦ ʣʝʪʫʯʠ, ʧʦʵʪʦʤʫ ʦʧʘʩʥʦʩʪʴ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʚʥʫʪʨʴ ʦʨʛʘʥʠʟʤʘ ʩ ʧʠʱʝʡ ʠ ʚʦʜʦʡ, ʘ ʪʘʢʞʝ ʯʝʨʝʟ ʢʦʞʫ. 

ʇʨʠ  ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʯʝʣʦʚʝʢʘ  ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʠʭ ʩʘʥʠʪʘʨʥʫʶ ʥʦʨʤʫ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʘʨʦʚ ʨʪʫʪʠ ʠʣʠ ʝʝ ʩʦʣʝʡ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ, ʘ ʠʥʦʛʜʘ ʠ ʣʝʪ 

ʚʦʟʥʠʢʘʝʪ ʭʨʦʥʠʯʝʩʢʦʝ ʦʪʨʘʚʣʝʥʠʝ - ʤʝʨʢʫʨʠʦʟ. ʇʨʠ ʭʨʦʥʠʯʝʩʢʠʭ ʦʪʨʘʚʣʝʥʠʷʭ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʧʦʨʘʞʘʝʪʩʷ ʮʝʥʪʨʘʣʴʥʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ, ʩʣʝʜʩʪʚʠʝʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʘʷ 

ʫʪʦʤʣʷʝʤʦʩʪʴ, ʧʦʚʳʰʝʥʥʘʷ ʚʦʟʙʫʜʠʤʦʩʪʴ, ʨʘʟʜʨʘʞʠʪʝʣʴʥʦʩʪʴ, ʛʦʣʦʚʥʳʝ ʙʦʣʠ, ʦʩʣʘʙʣʝʥʠʠ 

ʧʘʤʷʪʠ. ʇʦʩʪʝʧʝʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʫʩʠʣʠʚʘʶʱʝʝʩʷ ʧʨʠ ʚʦʣʥʝʥʠʠ ʜʨʦʞʘʥʠʝ (ʨʪʫʪʥʳʡ ʪʨʝʤʦʨ) 

ʧʘʣʴʮʝʚ ʨʫʢ, ʟʘʪʝʤ ʚʝʢ, ʛʫʙ, ʚ ʪʷʞʝʣʳʭ ʩʣʫʯʘʷʭ - ʥʦʛ ʠ ʚʩʝʛʦ ʪʝʣʘ.  ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʢʠ ʨʪʫʪʥʳʭ ʦʪʨʘʚʣʝʥʠʡ ʠʤʝʝʪ ʩʥʠʞʝʥʠʝ ʢʦʞʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʚʢʫʩʦʚʳʭ 

ʦʱʫʱʝʥʠʡ ʠ ʦʩʪʨʦʪʳ ʦʙʦʥʷʥʠʷ.  

ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳ ʨʪʫʪʴʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʠʭ  ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʩʪʘʥʦʚʠʪʩʷ ʟʘʤʝʪʥʳʤ ʣʠʰʴ ʩʧʫʩʪʷ ʥʝʩʢʦʣʴʢʦ ʥʝʜʝʣʴ. ʇʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨʥʳ 

ʵʤʦʮʠʦʥʘʣʴʥʳʝ ʠ ʧʩʠʭʠʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ. ʇʦʷʚʣʷʶʪʩʷ ʚʦʟʙʫʜʠʤʦʩʪʴ, ʨʘʟʜʨʘʞʝʥʠʝ, 

ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ, ʙʦʷʟʣʠʚʦʩʪʴ, ʯʫʚʩʪʚʦ ʫʩʪʘʣʦʩʪʠ, ʧʦʚʨʝʞʜʝʥʠʷ ʨʘʩʩʫʜʢʘ, 

ʥʦʩʦʚʳʝ ʢʨʦʚʦʪʝʯʝʥʠʷ, ʧʦʨʘʞʝʥʠʷ ʛʣʘʟ. ʋ ʚʟʨʦʩʣʳʭ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʦʢʦʣʦ 350 ʤʛ ʨʪʫʪʠ ʤʦʞʝʪ 

ʥʘʩʪʫʧʠʪʴ ʩʤʝʨʪʴ. ʄʝʪʠʣʨʪʫʪʴ ʦʪʥʦʩʠʪʩʷ ʢ ʩʦʝʜʠʥʝʥʠʷʤ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤ ʪʝʨʘʪʦʛʝʥʥʳʤ 

ʜʝʡʩʪʚʠʝʤ.  ɿʘʙʦʣʝʚʘʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʦʪʨʘʚʣʝʥʠʝʤ ʤʝʪʠʣʨʪʫʪʴʶ, ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʄʠʥʘʤʘʪʘ, 
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ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʤʘʩʩʦʚʳʤʠ ʧʦʨʘʞʝʥʠʷʤʠ ʣʶʜʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʧʦʪʨʝʙʣʝʥʠʷ ʚ ʧʠʱʫ ʨʳʙʳ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʪʫʪʠ ʚ 1953 - 1969 ʛʛ. ʛʦʜʘʭ ʚ ʙʫʭʪʝ  ʄʠʥʘʤʘʪʘ (ʗʧʦʥʠʷ).  ʇʨʠʤʝʨʦʤ 

ʤʘʩʩʦʚʳʭ ʦʪʨʘʚʣʝʥʠʡ ʨʪʫʪʴʶ ʩʣʫʞʠʪ ʪʘʢʞʝ ʢʘʪʘʩʪʨʦʬʘ, ʧʨʦʠʟʦʰʝʜʰʘʷ ʚ ʀʨʘʢʝ ʚ 1971-1972 

ʛʛ. ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʧʠʱʫ ʩʝʤʝʥʥʦʛʦ ʟʝʨʥʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʨʪʫʪʴʩʦʜʝʨʞʘʱʠʤʠ 

ʬʫʥʛʠʮʠʜʘʤʠ. ʇʨʠ ʵʪʦʤ  ʯʠʩʣʦ ʟʘʙʦʣʝʚʰʠʭ ʩʦʩʪʘʚʠʣʦ  ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ 6530 ʯʝʣʦʚʝʢ, 

ʢʦʣʠʯʝʩʪʚʦ ʩʤʝʨʪʝʣʴʥʳʭ ʩʣʫʯʘʝʚ - 460. 

ɿʥʘʯʝʥʠʝ ʇɼʂ, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ɺʆɿ ʜʣʷ ʨʪʫʪʠ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʦʨʛʘʥʠʟʤ ʩ ʧʠʱʝʡ 

ʨʘʚʥʦ 5 ʤʢʛ ʥʘ 1 ʢʛ ʤʘʩʩʳ ʪʝʣʘ ʟʘ ʥʝʜʝʣʶ. ʀʟ ʥʠʭ ʤʘʢʩʠʤʫʤ 3,3 ʤʢʛ ʚ ʬʦʨʤʝ ʤʝʪʠʣʨʪʫʪʠ. 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʫʧʣʝʥʠʷ ʩʚʠʥʮʘ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʩʣʫʞʘʪ ʧʨʦʜʫʢʪʳ 

ʧʠʪʘʥʠʷ (ʦʪ 40 ʜʦ 87% ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʚʦʟʨʘʩʪʥʳʤ ʢʘʪʝʛʦʨʠʷʤ); ʧʨʠ ʵʪʦʤ 

ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʩ ʧʦʯʚʦʡ ʠ ʧʳʣʴʶ, ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ ʠ ʚʜʳʭʘʝʤʳʤ ʚʦʟʜʫʭʦʤ 

(ʪʘʙʣ. 7.12).  

                                                                                      ʊʘʙʣʠʮʘ 7.12 

ʇʫʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʩʚʠʥʮʘ ʚ ʦʨʛʘʥʠʟʤ ʜʝʪʝʡ ʜʦʰʢʦʣʴʥʦʛʦ 

ʚʦʟʨʘʩʪʘ ʚ ʛʦʨʦʜʘʭ ʈʦʩʩʠʠ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʛʦʨʦʜʦʚ 

ʆʙʱʝʝ 

ʧʦʩʪʫʧʣʝʥʠʝ, 

ʤʢʛ/ʩʫʪ. 

 

ʇʫʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʩʚʠʥʮʘ ʚ ʦʨʛʘʥʠʟʤ, % 

  ʩ ʚʦʟʜʫʭʦʤ ʩ ʧʠʪʴʝʚʦʡ 

ʚʦʜʦʡ 

ʩ ʧʦʯʚʦʡ 

ʠ ʧʳʣʴʶ 

ʩ ʧʨʦʜʫʢʪʘʤʠ 

ʧʠʪʘʥʠʷ 

ɻʦʨʦʜʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʠʤ ʠ ʩʨʝʜʥʠʤ 

ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ 

 

23-33 

 

0,3 

 

1,5 

 

11,3 

 

86,9 

ɻʦʨʦʜʘ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ 

 

24-67 

 

0,7 

 

2,8 

 

10,7 

 

85,8 

 

ɺ ʩʨʝʜʥʝʤ ʟʘ ʩʫʪʢʠ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʧʦʛʣʦʱʘʝʪ 26-42 ʤʢʛ ʩʚʠʥʮʘ. ʇʨʠ ʵʪʦʤ ʦʢʦʣʦ 

90% ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʘ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʪʝʣʝ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʩʪʷʭ, ʫ ʜʝʪʝʡ - 60-70%. 

ʆʩʥʦʚʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ 

ʫʨʦʚʝʥʴ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʢʨʦʚʠ. ʇʦ ʤʥʝʥʠʶ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʪʦʢʩʠʢʦʣʦʛʠʠ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʢʦʥʮʝʥʪʨʘʮʠʷ Pb ʚ ʢʨʦʚʠ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ  15 ʤʢʛ/100 ʤʣ,  ʫ ʙʝʨʝʤʝʥʥʳʭ ʠ ʜʝʪʝʡ - 

7 ʤʢʛ/100 ʤʣ. ʋʞʝ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ  50-60 ʤʢʛ/100 ʤʣ ʚ ʧʦʚʝʜʝʥʠʠ ʯʝʣʦʚʝʢʘ ʧʨʦʷʚʣʷʶʪʩʷ 

ʧʨʠʟʥʘʢʠ ʜʝʧʨʝʩʩʠʠ, ʘʛʨʝʩʩʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʭʫʜʰʝʥʠʝ ʦʙʱʝʛʦ ʩʘʤʦʯʫʚʩʪʚʠʷ [13]. 

ʉʚʠʥʝʮ ʚʳʟʳʚʘʝʪ ʭʨʦʥʠʯʝʩʢʠʝ ʦʪʨʘʚʣʝʥʠʷ ʩ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʢʣʠʥʠʯʝʩʢʠʤʠ 

ʧʨʦʷʚʣʝʥʠʷʤʠ: ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʨʘʞʘʪʴ ʮʝʥʪʨʘʣʴʥʫʶ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʫʶ ʥʝʨʚʥʫʶ 

ʩʠʩʪʝʤʫ, ʢʦʩʪʥʳʡ ʤʦʟʛ ʠ ʢʨʦʚʴ, ʩʦʩʫʜʳ, ʩʠʥʪʝʟ ʙʝʣʢʘ, ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʢʣʝʪʢʠ ʠ 

ʦʢʘʟʳʚʘʪʴ ʵʤʙʨʠʦʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ [3]. ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʫʪʚʝʨʞʜʝʥʥʦʡ 

ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʚʳʜʝʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʬʦʨʤ ʩʚʠʥʮʦʚʦʛʦ ʦʪʨʘʚʣʝʥʠʷ 

(ʩʘʪʫʨʥʠʟʤʘ): 

- ʥʦʩʠʪʝʣʴʩʪʚʦ (ʥʘʣʠʯʠʝ ʩʚʠʥʮʘ ʚ ʦʨʛʘʥʠʟʤʝ ʙʝʟ ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ); 

- ʣʝʛʢʦʝ ʦʪʨʘʚʣʝʥʠʝ (ʠʟʤʝʥʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʢʨʦʚʠ - ʨʝʪʠʢʫʣʦʮʠʪʦʟ, ʙʘʟʦʬʠʣʴʥʘʷ 

ʟʝʨʥʠʩʪʦʩʪʴ ʵʨʠʪʨʦʮʠʪʦʚ;  ʧʦʨʬʠʨʠʥʫʨʠʷ, ʘʩʪʝʥʦʚʝʛʝʪʘʪʠʚʥʳʡ ʩʠʥʜʨʦʤ); 

- ʦʪʨʘʚʣʝʥʠʝ ʩʨʝʜʥʝʡ ʪʷʞʝʩʪʠ (ʤʘʣʦʢʨʦʚʠʝ, ʪʦʢʩʠʯʝʩʢʠʡ ʛʝʧʘʪʠʪ, ʩʚʠʥʮʦʚʘʷ ʢʦʣʠʢʘ, 

ʚʳʨʘʞʝʥʥʳʡ ʘʩʪʝʥʦʚʝʛʝʪʘʪʠʚʥʳʡ ʩʠʥʜʨʦʤ); 

- ʪʷʞʝʣʦʝ ʦʪʨʘʚʣʝʥʠʝ (ʥʘʨʘʩʪʘʶʱʝʝ ʤʘʣʦʢʨʦʚʠʝ, ʢʦʣʠʢʘ, ʵʥʮʝʬʘʣʦʧʘʪʠʷ, ʧʘʨʘʣʠʯʠ). 

ɺ ʮʝʣʦʤ ʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Pb ʥʘ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʠʤʝʝʪ ʩʭʦʜʥʳʡ 

ʭʘʨʘʢʪʝʨ; ʨʘʟʥʠʮʘ ʚ ʪʦʢʩʠʯʥʦʩʪʠ ʩʚʷʟʘʥʘ ʚ ʦʩʥʦʚʥʦʤ ʩ ʥʝʦʜʠʥʘʢʦʚʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ 

ʞʠʜʢʦʩʪʷʭ ʦʨʛʘʥʠʟʤʘ. ʊʘʢ, J. Tartler (1941 ʛ.) ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʧʳʪʦʚ ʥʘ ʤʦʨʩʢʠʭ ʩʚʠʥʢʘʭ 

ʨʘʩʧʦʣʦʞʠʣ ʩʦʝʜʠʥʝʥʠʷ ʩʚʠʥʮʘ ʧʦ ʫʙʳʚʘʶʱʝʡ ʪʦʢʩʠʯʥʦʩʪʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:     

             ʥʠʪʨʘʪ  >  ʭʣʦʨʠʜ  >  ʦʢʩʠʜ  >   ʢʘʨʙʦʥʘʪ  >  ʦʨʪʦʬʦʩʬʘʪ. 

ʅʝʛʘʪʠʚʥʦʝ ʜʝʡʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʚʠʥʮʘ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʥʝʤ ʪʦʢʩʠʯʝʩʢʦʛʦ 

ʘʥʠʦʥʘ  (ʥʘʧʨʠʤʝʨ, ʙʦʣʴʰʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʦʨʪʦʘʨʩʝʥʘʪʳ ʠ ʭʨʦʤʘʪʳ ʩʚʠʥʮʘ). 



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
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ʇʘʪʦʣʦʛʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʟʙʳʪʢʝ ʮʠʥʢʘ ʚ ʞʠʟʥʝʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʨʝʜʘʭ, ʩʚʷʟʘʥʳ 

ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʩ ʚʪʦʨʠʯʥʳʤ ʜʝʬʠʮʠʪʦʤ ʢʘʣʴʮʠʷ ʠ ʜʨʫʛʠʭ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʀʟʙʳʪʦʯʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʮʠʥʢʘ ʚ ʦʨʛʘʥʠʟʤ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʘʜʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ ʚ ʢʨʦʚʠ ʠ ʢʦʩʪʷʭ, ʘ ʪʘʢʞʝ  ʥʘʨʫʰʝʥʠʝʤ ʫʩʚʦʝʥʠʷ ʬʦʩʬʦʨʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʦʩʪʝʦʧʦʨʦʟʘ. ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʠʥʢʘ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʤʫʪʘʛʝʥʥʫʶ ʠ ʦʥʢʦʛʝʥʥʫʶ ʦʧʘʩʥʦʩʪʴ. ɺʜʳʭʘʥʠʝ ʧʘʨʦʚ ʦʢʩʠʜʘ ʮʠʥʢʘ ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʙʦʣʠ ʚ ʩʫʩʪʘʚʘʭ ʠ ʤʳʰʮʘʭ, ʦʟʥʦʙ, ʢʘʰʝʣʴ ʠ ʜʨ. (ʮʠʥʢʦʚʘʷ ʣʠʭʦʨʘʜʢʘ). 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Zn ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ 1,4-2,3 ʛ. ɼʥʝʚʥʘʷ ʥʦʨʤʘ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʷ 

ʚ ʦʨʛʘʥʠʟʤ - 10-15 ʤʛ.  

 ʄʝʜʴ ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʵʣʝʤʝʥʪʦʚ. 

ʆʜʥʘʢʦ ʧʨʠ ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ ʩʦʜʝʨʞʘʥʠʷ ʦʥʘ  ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʪʦʢʩʠʯʝʩʢʦʛʦ 

ʜʝʡʩʪʚʠʷ ʩ ʤʥʦʛʦʦʙʨʘʟʥʳʤʠ ʢʣʠʥʠʯʝʩʢʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ.  ʈʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʤʝʭʘʥʠʟʤʝ 

ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʤʝʜʠ ʠʛʨʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʝʝ ʠʦʥʦʚ ʙʣʦʢʠʨʦʚʘʪʴ SH-ʛʨʫʧʧʳ ʙʝʣʢʦʚ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ. ʆʩʪʨʘʷ ʠʥʪʦʢʩʠʢʘʮʠʷ ʠʦʥʘʤʠ Cu2+  ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʨʘʞʝʥʥʳʤ 

ʛʝʤʦʣʠʟʦʤ ʵʨʠʪʨʦʮʠʪʦʚ [17].  

ʉʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʩʦʩʪʘʚʣʷʝʪ 7Ö10-5%. ʍʨʦʤ ʦʪʥʦʩʷʪ ʢ ʯʠʩʣʫ 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ 

ʩʦʜʝʨʞʠʪʩʷ ʦʢʦʣʦ 6 ʤʛ ʭʨʦʤʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʤʝʞʜʫ ʤʥʦʛʠʤʠ ʪʢʘʥʷʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʫʯʘʩʪʠʝ ʭʨʦʤʘ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʛʣʶʢʦʟʳ ʠ ʭʦʣʝʩʪʝʨʠʥʘ ʂʘʢ 

ʧʦʢʘʟʳʚʘʶʪ ʦʧʳʪʳ ʥʘ ʞʠʚʦʪʥʳʭ, ʥʝʜʦʩʪʘʪʦʢ ʭʨʦʤʘ ʧʨʠʚʦʜʠʪ ʢ ʜʠʘʙʝʪʫ, ʘʨʪʝʨʠʦʩʢʣʝʨʦʟʫ, 

ʥʘʨʫʰʝʥʠʷʤ ʨʦʩʪʘ. Cr6+ ʦʙʣʘʜʘʝʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʯʝʤ 

Cr3+. 

ɺ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʩʦʜʝʨʞʠʪʩʷ ʦʢʦʣʦ 10 ʤʛ ʥʠʢʝʣʷ, ʘ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʣʘʟʤʝ 

ʢʨʦʚʠ ʟʘʢʣʶʯʝʥ ʚ ʜʦʚʦʣʴʥʦ ʫʟʢʠʭ ʧʨʝʜʝʣʘʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʛʦʤʝʦʩʪʘʟʝ ʠ, ʚʦʟʤʦʞʥʦ, ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʠʢʝʣʷ. ʇʦʢʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʠʢʝʣʷ ʜʣʷ ʯʝʣʦʚʝʢʘ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʜʦʢʘʟʘʥʘ.  

ʍʨʦʥʠʯʝʩʢʘʷ ʠʥʪʦʢʩʠʢʘʮʠʷ ʥʠʢʝʣʝʤ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʩʝʨʜʝʯʥʦʡ ʠ ʜʨʫʛʠʭ 

ʪʢʘʥʝʡ. ʇʨʠʯʠʥʳ ʥʠʢʝʣʝʚʦʡ ʪʦʢʩʠʯʥʦʩʪʴ ʩʚʷʟʘʥʳ, ʚʝʨʦʷʪʥʦ, ʩ ʙʣʦʢʠʨʦʚʢʦʡ ʬʝʨʤʝʥʪʦʚ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʥʫʢʣʝʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ. 

ʇʨʠ ʠʟʙʳʪʢʝ  ʩʪʨʦʥʮʠʷ  ʚ ʦʨʛʘʥʠʟʤʝ ʧʦʨʘʞʘʶʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʢʦʩʪʥʘʷ ʪʢʘʥʴ, ʧʝʯʝʥʴ 

ʠ ʢʨʦʚʴ. ʉʪʨʦʥʮʠʡ ʧʦ ʩʚʦʠʤ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʙʣʠʟʦʢ ʢ ʢʘʣʴʮʠʶ ʠ ʩʧʦʩʦʙʝʥ ʟʘʤʝʱʘʪʴ 

ʝʛʦ ʚ ʢʦʩʪʥʦʡ ʪʢʘʥʠ. ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʩʪʨʦʥʮʠʷ - 

ʫʨʦʚʩʢʘʷ ʙʦʣʝʟʥʴ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ ʧʦʚʳʰʝʥʥʦʡ ʣʦʤʢʦʩʪʠ ʠ ʫʨʦʜʩʪʚʝ ʢʦʩʪʝʡ. ʇʨʝʜʧʦʣʘʛʘʶʪ, 

ʯʪʦ ʨʘʭʠʪʦʛʝʥʥʦʝ ʜʝʡʩʪʚʠʝ Sr ʩʚʷʟʘʥʦ ʩ ʙʣʦʢʠʨʦʚʘʥʠʝʤ ʙʠʦʩʠʥʪʝʟʘ ʦʜʥʦʛʦ ʠʟ ʚʘʞʥʳʭ 

ʤʝʪʘʙʦʣʠʪʦʚ ʚʠʪʘʤʠʥʘ D ʠ ʠʟʙʳʪʦʯʥʳʤ ʦʪʣʦʞʝʥʠʝʤ ʬʦʩʬʦʨʘ ʚ ʢʦʩʪʷʭ. ʀʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ 

ʜʝʡʩʪʚʠʠ ʩʪʨʦʥʮʠʷ ʢʘʢ ʥʝʨʚʥʦʛʦ ʠ ʤʳʰʝʯʥʦʛʦ ʷʜʘ [3].  

ʅʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʠʟʦʪʦʧʳ 

ʩʪʨʦʥʮʠʷ - Sr-89 ʠ ʦʩʦʙʝʥʥʦ Sr-90 (ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʨʘʜʠʦʥʫʢʣʠʜʳ), ʨʝʟʫʣʴʪʘʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʙʣʫʯʝʥʠʝ ʢʨʦʚʝʪʚʦʨʥʳʭ ʦʨʛʘʥʦʚ (ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ), ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʣʝʡʢʝʤʠʠ ʠ ʨʘʢʫ ʢʦʩʪʝʡ. 

ɺ ʪʘʙʣ. 7.13 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʚʝʪʥʳʝ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ ʥʘ  

ʥʝʜʦʩʪʘʪʦʢ ʠ ʠʟʙʳʪʦʢ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʊʘʙʣʠʮʘ 7.13 

ʉʠʤʧʪʦʤʳ ʜʝʡʩʪʚʠʷ ʥʝʜʦʩʪʘʪʢʘ ʠ ʠʟʙʳʪʢʘ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʨʛʘʥʠʟʤ 

 ʪʝʧʣʦʢʨʦʚʥʳʭ [10]  

ʕʣʝʤʝʥʪ ʅʝʜʦʩʪʘʪʦʢ ʀʟʙʳʪʦʢ 
 
ʃʠʪʠʡ 

 
ɸʛʨʝʩʩʠʚʥʦʩʪʴ, ʩʥʠʞʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʦʪʦʥʠʥʘ 

 

ʌʪʦʨ ʂʘʨʠʝʩ ʟʫʙʦʚ ʌʣʶʦʨʦʟ, ʙʦʣʝʟʥʠ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ, ʙʦʣʝʟʥʠ 

ʧʝʯʝʥʠ, ʦʩʪʝʦʭʦʥʜʨʦʟ 

ʄʘʛʥʠʡ ɸʨʠʪʤʠʷ ʩʝʨʜʝʯʥʳʭ 

ʩʦʢʨʘʱʝʥʠʡ, ʩʦʩʪʦʷʥʠʝ 

ɿʘʙʦʣʝʚʘʥʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʠ 

ʦʨʛʘʥʦʚ ʧʠʱʝʚʘʨʝʥʠʷ, ʩʢʣʝʨʦʟ, ʛʠʧʝʨʪʦʥʠʷ, ʞʝʣʯʥʦ- 

ʠ ʤʦʯʝʢʘʤʝʥʥʘʷ ʙʦʣʝʟʥʴ 
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ʙʝʩʧʦʢʦʡʩʪʚʘ, ʯʫʚʩʪʚʦ ʩʪʨʘʭʘ, 

ʙʝʩʩʦʥʠʮʘ, ʛʦʣʦʚʥʳʝ ʙʦʣʠ 

ɸʣʶʤʠʥʠʡ  ʅʝʡʨʦʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ, ʙʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ 

(ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ) 

ʍʨʦʤ ʉʘʭʘʨʥʳʡ ʜʠʘʙʝʪ ʉʫʭʦʩʪʴ ʠ ʙʦʣʴ ʨʦʪʦʚʦʡ ʧʦʣʦʩʪʠ, ʟʘʪʨʫʜʥʝʥʠʝ 

ʜʳʭʘʥʠʷ, ʩʣʘʙʦʩʪʴ 

ʄʘʨʛʘʥʝʮ ʉʘʭʘʨʥʳʡ ʜʠʘʙʝʪ, ʟʘʜʝʨʞʢʘ 

ʨʦʩʪʘ, ʟʘʤʝʜʣʝʥʠʝ ʦʢʦʩʪʝʥʝʥʠʷ 

ʩʢʝʣʝʪʘ, ʟʘʪʨʫʜʥʝʥʠʝ 

ʨʝʧʨʦʜʫʢʮʠʠ 

ɸʪʝʨʦʩʢʣʝʨʦʟ, çʤʘʨʛʘʥʮʝʚʘʷ ʧʥʝʚʤʦʥʠʷè, 

ʥʘʨʫʰʝʥʠʷ ʚ ʧʦʣʦʚʦʡ ʩʬʝʨʝ, ʧʦʨʘʞʝʥʠʝ ʎʅʉ, 

ʮʠʨʨʦʟ ʧʝʯʝʥʠ, ʨʘʢ ʧʠʱʝʚʦʜʘ ʠ ʞʝʣʫʜʢʘ, 

ʛʦʥʘʜʦʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ 

ɾʝʣʝʟʦ ɸʥʝʤʠʷ ɸʪʝʨʦʩʢʣʝʨʦʟ, ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʙʦʣʝʟʥʠ 

ʢʨʦʚʠ ʠ ʧʝʯʝʥʠ 

ʂʦʙʘʣʴʪ ɸʛʨʝʩʩʠʚʥʦʩʪʴ, 

ʛʠʧʝʨʪʦʥʠʯʝʩʢʠʡ ʢʨʠʟ, 

ʥʘʨʫʰʝʥʠʝ ʦʙʤʝʥʘ ʚʠʪʘʤʠʥʘ 

ɺ12, ʘʢʦʙʘʣʴʪʦʟ (ʩʫʭʦʪʢʠ) 

 

ʅʠʢʝʣʴ ɸʪʝʨʦʩʢʣʝʨʦʟ ʋʭʫʜʰʝʥʠʝ ʟʨʝʥʠʷ 

ʄʝʜʴ ʅʘʨʫʰʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʩʪʝʡ, 

ʘʪʝʨʦʩʢʣʝʨʦʟ 

ɻʠʧʝʨʪʦʥʠʯʝʩʢʠʡ ʢʨʠʟ, ʘʛʨʝʩʩʠʚʥʦʩʪʴ, ʦʩʪʨʳʡ 

ʧʘʥʢʨʝʘʪʠʪ, ʙʨʦʥʭʠʘʣʴʥʘʷ ʘʩʪʤʘ, ʚʦʩʧʘʣʝʥʠʝ 

ʷʠʯʥʠʢʦʚ, ʷʟʚʘ 12-ʧʝʨʩʪʥʦʡ ʢʠʰʢʠ 

ʎʠʥʢ ʕʥʜʝʤʠʯʝʩʢʠʡ ʟʦʙ, 

ʘʛʨʝʩʩʠʚʥʦʩʪʴ, ʟʘʤʝʜʣʝʥʠʝ 
ʨʦʩʪʘ, ʚʳʧʘʜʝʥʠʝ ʚʦʣʦʩ, ʘʥʝʤʠʷ, 

ʧʦʚʨʝʞʜʝʥʠʝ ʢʦʞʠ, ʜʝʬʝʢʪ 

ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʦʨʛʘʥʦʚ 

ʀʰʝʤʠʯʝʩʢʘʷ ʙʦʣʝʟʥʴ, ʧʦʨʘʞʝʥʠʝ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʢʘʥʮʝʨʦʛʝʥʥʦʝ ʜʝʡʩʪʚʠʝ 

ʄʳʰʴʷʢ  ʅʘʨʫʰʝʥʠʝ ʪʢʘʥʝʚʦʛʦ ʜʳʭʘʥʠʷ, ʥʝʢʨʦʪʠʯʝʩʢʦʝ 

ʧʦʨʘʞʝʥʠʝ ʪʢʘʥʝʡ, ʨʘʢʦʚʦʝ ʧʦʨʘʞʝʥʠʝ ʢʦʞʠ, 

ʧʦʨʘʞʝʥʠʝ ʨʝʩʧʠʨʘʪʦʨʥʦʡ ʠ ʣʠʤʬʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤ, 

ʧʦʨʘʞʝʥʠʝ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ 

ʉʝʣʝʥ ɹʦʣʝʟʥʴ ʂʝʰʘʥʘ ʫ ʯʝʣʦʚʝʢʘ; 

ʙʝʣʦʤʳʰʝʯʥʘʷ ʜʠʩʪʨʦʬʠʷ ʫ 

ʞʠʚʦʪʥʳʭ; ʧʦʨʘʞʝʥʠʝ 

ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʠ 

ʢʠʰʝʯʥʠʢʘ, ʵʢʩʩʫʜʘʪʠʚʥʳʡ 

ʜʠʘʪʝʟ, ʩʥʠʞʝʥʠʝ ʠʤʤʫʥʠʪʝʪʘ ʠ 

ʫʤʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ, 
ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ 

 

ʉʪʨʦʥʮʠʡ  ʋʨʦʚʩʢʘʷ ʙʦʣʝʟʥʴ, ʩʪʨʦʥʮʠʝʚʳʡ ʨʘʭʠʪ 

ʄʦʣʠʙʜʝʥ  ʄʦʣʠʙʜʝʥʦʚʳʡ ʪʦʢʩʠʢʦʟ, ʧʦʜʘʛʨʘ, ʧʦʚʳʰʝʥʠʝ 

ʫʨʦʚʥʷ ʙʠʣʠʨʫʙʠʥʘ ʚ ʢʨʦʚʠ 

ʂʘʜʤʠʡ  ɸʛʨʝʩʩʠʚʥʦʩʪʴ, ʵʤʙʨʠʦʪʨʦʧʥʦʝ ʜʝʡʩʪʚʠʝ, 

ʤʫʪʘʛʝʥʥʦʝ ʠ ʢʘʥʮʝʨʦʛʝʥʥʦʝ ʜʝʡʩʪʚʠʝ, ʛʘʩʪʨʠʪ, 

ʘʥʝʤʠʷ, ʟʘʙʦʣʝʚʘʥʠʝ ʧʦʯʝʢ ʠ ʧʦʣʦʚʳʭ ʞʝʣʝʟ, 

ʨʘʟʨʫʰʝʥʠʝ ʵʨʠʪʨʦʮʠʪʦʚ, ʧʦʚʨʝʞʜʝʥʠʝ ʢʦʩʪʥʦʡ 

ʪʢʘʥʠ 

ʉʫʨʴʤʘ  ʇʥʝʚʤʦʥʠʷ, ʬʠʙʨʦʟ, ʧʦʨʘʞʝʥʠʝ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ, ʨʘʢ 

ʣʝʛʢʠʭ, ʤʫʪʘʛʝʥʥʦʝ ʜʝʡʩʪʚʠʝ 

ʁʦʜ ʕʥʜʝʤʠʯʝʩʢʠʡ ʟʦʙ, ʫʤʩʪʚʝʥʥʘʷ 

ʦʪʩʪʘʣʦʩʪʴ, ʢʨʝʪʠʥʠʟʤ 

 

ɹʘʨʠʡ  ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʘ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʫʶ ʩʠʩʪʝʤʫ 

ʈʪʫʪʴ  ʇʦʨʘʞʝʥʠʝ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʵʤʙʨʠʦʪʦʢʩʠʯʝʩʢʦʝ ʠ 

ʪʝʨʘʪʦʛʝʥʥʦʝ ʜʝʡʩʪʚʠʝ, ʫʭʫʜʰʝʥʠʝ ʟʨʝʥʠʷ, 

ʥʘʨʫʰʝʥʠʝ ʨʝʯʠ, ʧʘʨʘʣʠʯ ʤʳʰʮ ʥʦʛ, ʦʩʣʘʙʣʝʥʠʝ 

ʧʘʤʷʪʠ, ʩʠʣʴʥʦʝ ʩʣʶʥʦʚʳʜʝʣʝʥʠʝ, ʩʣʘʙʦʩʪʴ 

ʉʚʠʥʝʮ  ɸʛʨʝʩʩʠʚʥʦʩʪʴ, ʩʥʠʞʝʥʠʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

ʠʤʤʫʥʥʦʛʦ ʩʪʘʪʫʩʘ, ʧʦʨʘʞʝʥʠʝ ʎʅʉ, ʧʦʨʘʞʝʥʠʝ 

ʧʝʯʝʥʠ, ʧʦʯʝʢ, ʧʦʣʦʚʳʭ ʞʝʣʝʟ, ʘʙʦʨʪʳ, 

ʭʨʦʤʦʩʦʤʥʳʝ ʘʙʝʨʨʘʮʠʠ, ʘʚʠʪʘʤʠʥʦʟʳ ʉ ʠ ɺ, 
ʧʦʨʘʞʝʥʠʝ ʦʨʛʘʥʦʚ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ 
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ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ ʢ ʨʘʟʜʝʣʫ II  

1. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʙʠʦʩʬʝʨʳ. 

2. ʂʘʢʦʚ ʚʢʣʘʜ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʚ ʨʘʟʚʠʪʠʝ ʫʯʝʥʠʷ ʦ ʙʠʦʩʬʝʨʝ? 

3. ʏʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʦʦʩʬʝʨʘ? ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ. 

4. ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʙʠʦʩʬʝʨʝ. 

5. ɼʘʡʪʝ ʢʨʘʪʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ. 

6. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʪʴ ʪʝʭʥʦʛʝʥʥʦʡ  ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ? 

7. ɼʘʡʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʙʠʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ. 

8. ʂʘʢʠʝ ʚʳ ʟʥʘʝʪʝ ʬʘʢʪʦʨʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ? 

9. ʇʝʨʝʯʠʩʣʠʪʝ ʵʣʝʤʝʥʪʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʚʦʟʜʫʰʥʳʤ ʠ ʚʦʜʥʳʤ ʤʠʛʨʘʥʪʘʤ. 

10. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʭʥʦʛʝʥʝʟʘ ʠ ʪʝʭʥʦʩʬʝʨʳ. 

11. ʏʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ? 

12. ʂʘʢʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʦʪʥʦʩʷʪ ʢ ʩʦʮʠʘʣʴʥʳʤ?  

13. ʇʨʠʚʝʜʠʪʝ ʦʩʥʦʚʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ. 

14. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʬʦʨʤʠʨʫʶʪʩʷ ʣʘʪʝʨʘʣʴʥʳʝ ʠ ʨʘʜʠʘʣʴʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ? 

15. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʶ çʟʘʛʨʷʟʥʝʥʠʝè. 

16. ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʟʘʛʨʷʟʥʝʥʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

17. ʂʘʢʠʝ ʙʳʚʘʶʪ ʚʠʜʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ? 

18. ʂʘʢʠʝ ʚʝʱʝʩʪʚʘ ʥʘʟʳʚʘʶʪ ʢʩʝʥʦʙʠʦʪʠʢʘʤʠ? 

19. ʂʘʢʠʝ ʚʝʱʝʩʪʚʘ ʦʪʥʦʩʷʪ ʢ ʢʘʥʮʝʨʦʛʝʥʘʤ, ʪʝʨʘʪʦʛʝʥʘʤ ʠ ʤʫʪʘʛʝʥʘʤ? 

20. ʏʪʦ ʪʘʢʦʝ ʧʝʨʩʠʩʪʝʥʪʥʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʙʠʦʩʬʝʨʝ? 

21. ɼʘʡʪʝ ʢʨʘʪʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʨʫʛʦʚʦʨʦʪʘ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʙʠʦʩʬʝʨʝ. 

22. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʮʠʢʣʳ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʙʠʦʩʬʝʨʝ. 

23. ʆʧʠʰʠʪʝ ʢʨʫʛʦʚʦʨʦʪʳ ʬʦʩʬʦʨʘ ʠ ʩʝʨʳ ʚ ʙʠʦʩʬʝʨʝ. 

24. ʏʪʦ ʪʘʢʦʝ ʙʠʦʬʠʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ? ʏʝʤ ʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ? 

25. ʂʘʢʠʝ ʵʣʝʤʝʥʪʳ ʦʪʥʦʩʷʪ ʢ ʙʠʦʬʠʣʴʥʳʤ? ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʵʣʝʤʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʚʳʩʦʢʦʡ ʠ ʥʠʟʢʦʡ ʙʠʦʬʠʣʴʥʦʩʪʴʶ. 

26. ʇʨʠʚʝʜʠʪʝ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʚʝʣʠʯʠʥʝ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʘʭ. 

27. ʇʝʨʝʯʠʩʣʠʪʝ ʪʠʧʳ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʧʦʚʝʜʝʥʠʷ ʚ ʞʠʚʳʭ 

ʩʠʩʪʝʤʘʭ.   

28. ʂʘʢʠʝ ʤʝʭʘʥʠʟʤʳ ʪʦʢʩʠʯʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʚʳ ʟʥʘʝʪʝ? ʇʝʨʝʯʠʩʣʠʪʝ 
ʠ ʜʘʡʪʝ ʢʨʘʪʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

29. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʠʟʙʳʪʦʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʜʠ ʠ ʮʠʥʢʘ ʥʘ 

ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ? 

30. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʠʟʙʳʪʦʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʘʜʤʠʷ ʠ ʩʚʠʥʮʘ ʥʘ 

ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ? 

31. ʈʘʩʢʨʦʡʪʝ ʤʝʭʘʥʠʟʤʳ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʪʨʦʥʮʠʷ ʥʘ 
ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ. 

  



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
ȳ.Ȧ. Ƚɋɖɓɡɛ 
Ʉ.Ȯ. ȧɆɋɈɆ 

 

 

http://izd -mn.com/ 116 

 

 
https://pixabay.com/ru/ 

 

çʏʝʣʦʚʝʢ ʞʠʚʝʪ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ.  

ɿʘʛʨʷʟʥʝʥʠʝ ʜʝʣʘʝʪ ʝʛʦ ʙʦʣʴʥʳʤ, ʫʛʨʦʞʘʝʪ ʞʠʟʥʠ,  

ʛʨʦʟʠʪ ʛʠʙʝʣʴʶ ʯʝʣʦʚʝʯʝʩʪʚʫè. 

ɼ.ʉ. ʃʠʭʘʯʝʚ 

 

ʈʘʟʜʝʣ III . ʍʠʤʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʙʠʦʩʬʝʨʳ 

ɻʣʘʚʘ 8. ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ 

ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʥʘʭʦʜʷʩʴ ʚ ʙʠʦʩʬʝʨʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʘʩʩʝʷʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʣʦʢʘʣʴʥʳʝ ʘʢʢʫʤʫʣʷʮʠʠ, ʛʜʝ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʩʦʪʥʠ ʠ ʪʳʩʷʯʠ ʨʘʟ 

ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʝʧʣʘʥʝʪʘʨʥʳʝ ʫʨʦʚʥʠ. ʄʝʪʘʣʣʳ, ʧʨʠʩʫʪʩʪʚʫʷ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʚ 

ʥʠʯʪʦʞʥʦ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʚʳʧʦʣʥʷʶʪ ʚʝʩʴʤʘ ʚʘʞʥʳʝ ʬʫʥʢʮʠʠ, ʚʭʦʜʷ ʚ ʩʦʩʪʘʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʣʣʦʚ ʚ ʦʨʛʘʥʠʟʤʘʭ 

ʚʳʨʘʙʦʪʘʣʦʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʭʦʜʘ ʵʚʦʣʶʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʠʨʘ. ɿʥʘʯʠʪʝʣʴʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʵʪʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚʳʟʳʚʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ, ʯʘʩʪʦ ʛʫʙʠʪʝʣʴʥʳʝ, ʧʦʩʣʝʜʩʪʚʠʷ 

ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʅʘʢʦʥʝʮ, ʷʚʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʥʝʧʨʝʤʝʥʥʳʤ ʫʩʣʦʚʠʝʤ ʧʦʜʜʝʨʞʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʚʠʣʠʟʘʮʠʠ, ʤʝʪʘʣʣʳ 

ʦʙʨʘʟʫʶʪ ʛʨʫʧʧʫ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʙʠʦʩʬʝʨʳ. ʇʦʵʪʦʤʫ ʚʳʷʩʥʝʥʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʦʜʝʨʞʘʥʠʝ ʠ ʤʠʛʨʘʮʠʶ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʙʠʦʩʬʝʨʝ, 

ʟʘʥʠʤʘʝʪ ʦʜʥʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʤʝʩʪ ʚ ʢʦʤʧʣʝʢʩʝ ʟʘʜʘʯ ʧʦ ʦʭʨʘʥʝ ʧʨʠʨʦʜʳ. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʦʪʚʦʜʠʪʩʷ ʠʟʫʯʝʥʠʶ ʠʭ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ 

ʙʠʦʛʝʦʮʝʥʦʟʦʚ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ çʥʫʣʝʚʦʡ ʪʦʯʢʠ ʦʪʩʯʝʪʘè ʧʨʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʨʦʛʨʘʤʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʚʢʣʘʜʘ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʪʫʧʣʝʥʠʷ ʊʄ ʚ ʦʙʱʠʡ ʢʨʫʛʦʚʦʨʦʪ ʤʝʪʘʣʣʦʚ. 

https://pixabay.com/ru/
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ɺ ʪʘʙʣ. 8.1 ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʧʘʩʦʚ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʚ ʙʠʦʩʬʝʨʝ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ.  

ʊʘʙʣʠʮʘ 8.1 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʙʠʦʩʬʝʨʝ, 1Ö109 ʪ [11]  

ʄʝʪʘʣʣ 
ɺ çʛʨʘʥʠʪʥʦʤè 

ʩʣʦʝ ʣʠʪʦʩʬʝʨʳ 

ɺ ʦʩʘʜʦʯʥʦʡ 

ʪʦʣʱʝ 

ɺ ʄʠʨʦʚʦʤ 

ʦʢʝʘʥʝ 

ɺ ʞʠʚʦʤ 

ʚʝʱʝʩʪʚʝ 

ɺ ʦʨʛʘʥʠʯʝʩʢʦʤ  

ʚʝʱʝʩʪʚʝ 

ʧʝʜʦʩʬʝʨʳ 

Fe 295 200 000 79 920 000 5,66 0,625 0,700 

Mn 5 740 000 1 608 000 1,51 0,600 0,672 

V 623 200 312 000 2,61 0,0038 0,0042 

Cr 278 800 240 000 0,28 0,0044 0,0050 

Zn 418 200 192 000 7,05 0,125 0,140 

Cu 180 400 136 800 1,27 0,025 0,028 

Pb 131 200 40 000 0,05 0,006 0,007 

Ni 213 320 228 000 0,69 0,005 0,006 

Co 59 860 48 000 0,04 0,002 0,003 

Mo 10 660 4 800 13,70 0,0015 0,0017 

Cd 1 312 720 - 0,000 013 0,000 014 

Ag 374 240 0,14 0,000 075 0,000 084 

Hg 265 960 0,21 0,000 031 0,000 034 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʦʜʭʦʜʦʚ ʢ ʦʪʥʝʩʝʥʠʶ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʢ ʪʷʞʝʣʳʤ ʤʝʪʘʣʣʘʤ. ʊʝʨʤʠʥ çʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳè ʦʙʳʯʥʦ ʦʪʦʞʜʝʩʪʚʣʷʝʪʩʷ ʩ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦʙ ʠʭ ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ. 

ɺ ʦʜʥʠʭ ʦʧʨʝʜʝʣʝʥʠʷʭ ʢ ʪʷʞʝʣʳʤ ʤʝʪʘʣʣʘʤ ʦʪʥʦʩʷʪ ʤʝʪʘʣʣʳ ʩ ʘʪʦʤʥʦʡ ʤʘʩʩʦʡ ʙʦʣʝʝ 

40 ʘʪʦʤʥʳʭ ʝʜʠʥʠʮ, ʚ ʜʨʫʛʠʭ ï ʙʦʣʝʝ 50. ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ 

ʩʯʠʪʘʶʪ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʤʝʪʘʣʣʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ. ʇʦʤʠʤʦ 

ʚʳʩʦʢʦʡ ʘʪʦʤʥʦʡ ʤʘʩʩʳ, ʧʨʠʟʥʘʢʦʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʶʪ ʦʪʥʦʩʠʪʴ ʤʝʪʘʣʣʳ ʢ ʪʷʞʝʣʳʤ, 

ʷʚʣʷʝʪʩʷ ʠʭ ʧʣʦʪʥʦʩʪʴ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʘʢʞʝ ʨʘʟʥʷʪʩʷ ï ʧʦ ʦʜʥʠʤ ʜʘʥʥʳʤ 

ʵʪʦ ʤʝʪʘʣʣʳ ʩ ʧʣʦʪʥʦʩʪʴʶ ʙʦʣʝʝ 4,5 ʛ/ʩʤ3 ʠʣʠ 5 ʛ/ʩʤ3, ʧʦ ʜʨʫʛʠʤ ï ʙʦʣʝʝ 8 ʛ/ʩʤ3 [21, 30, 31, 37 

ʠ ʜʨ.]. 

ʊʝʨʤʠʥ çʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳè ʷʚʣʷʝʪʩʷ ʩʦʙʠʨʘʪʝʣʴʥʳʤ ʠ ʥʝ ʠʤʝʝʪ ʥʘʫʯʥʦʡ ʪʦʯʥʦʩʪʠ. ʇʨʠ 

ʵʪʦʤ ʦʥ ʙʣʠʟʦʢ ʢ ʧʦʥʷʪʠʶ çʤʠʢʨʦʵʣʝʤʝʥʪʳè. ʅʝ ʚʩʝ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʪʦʢʩʠʯʥʳ, ʪʘʢ ʢʘʢ ʚ ʵʪʫ 

ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʵʣʝʤʝʥʪʳ (ʤʝʜʴ, ʮʠʥʢ, ʢʦʙʘʣʴʪ, ʤʘʨʛʘʥʝʮ ʠ ʜʨ.), ʥʘʟʳʚʘʝʤʳʝ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ 

ʠ ʠʤʝʶʱʠʝ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. çʄʠʢʨʦʵʣʝʤʝʥʪʳè ʠ çʪʷʞʝʣʳʝ 

ʤʝʪʘʣʣʳè ï ʵʪʦ ʧʦʥʷʪʠʷ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʵʣʝʤʝʥʪʘʤ, ʥʦ ʦʩʥʦʚʘʥʳ ʥʘ 

ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʊʘʢ, ʪʝʨʤʠʥ çʪʷʞʝʣʳʝ 

ʤʝʪʘʣʣʳè ʢʦʨʨʝʢʪʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦʙ ʦʧʘʩʥʳʭ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʝʨʤʠʥ çʤʠʢʨʦʵʣʝʤʝʥʪʳè ï ʢʦʛʜʘ ʦʥʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʨʠʨʦʜʥʳʭ 

ʩʨʝʜʘʭ ʠ ʦʨʛʘʥʠʟʤʘʭ ʚ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʜʝʡʩʪʚʫʝʪ ɻʆʉʊ 17.4.1.02-83, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʦʪʦʨʳʤ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʝʪʘʣʣʳ, ʧʦ ʩʪʝʧʝʥʠ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʦʜʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʢʣʘʩʩʘ: 

1) ʚʳʩʦʢʦ ʦʧʘʩʥʳʝ ʚʝʱʝʩʪʚʘ ï As, Cd, Hg, Pb, Se, Zn, F; 

2) ʫʤʝʨʝʥʥʦ ʦʧʘʩʥʳʝ ʚʝʱʝʩʪʚʘ ï ɺ, Co, Ni, Mo, Cu, Sb, Cr; 

3) ʤʘʣʦʦʧʘʩʥʳʝ ʚʝʱʝʩʪʚʘ ï Bʘ, V, W, Mn, Sr. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʜʘʥʥʳʤ ʢʣʘʩʩʘʤ 

ʦʧʘʩʥʦʩʪʠ.  
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8.1. ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʷʜʘ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 

ʎʠʥʢ ï Zn (Zincum) 

ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʎʠʥʢ ï ʵʣʝʤʝʥʪ 12-ʡ ʛʨʫʧʧʳ 4-ʛʦ ʧʝʨʠʦʜʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʧʦ ʫʩʪʘʨʝʚʰʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï ʧʝʨʚʳʡ ʵʣʝʤʝʥʪ ʚ ʪʨʠʘʜʝ 

(Zn, Cd, Hg) ʧʦʙʦʯʥʦʡ ʧʦʜʛʨʫʧʧʳ II  ʛʨʫʧʧʳ) ʩ ʘʪʦʤʥʦʡ ʤʘʩʩʦʡ 65,37. ɽʛʦ ʘʪʦʤʳ ʠʤʝʶʪ 

ʣɻʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ 3d104s2. ʉʝʨʝʙʨʠʩʪʦ-ʙʝʣʳʡ ʤʝʪʘʣʣ ʩ 

ʧʣʦʪʥʦʩʪʴʶ 7,13 ʛ/ʩʤ3, ʠʤʝʝʪ ʭʦʨʦʰʫʶ ʵʣʝʢʪʨʦ- ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. ʕʣʝʤʝʥʪ ʥʝ ʦʙʣʘʜʘʝʪ 

ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʴʶ, ʤʷʛʯʝ ʠ ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʜʴʶ (419,5 Áʉ). ʆʜʥʘʢʦ ʮʠʥʢ ʠʤʝʝʪ ʩʭʦʜʩʪʚʦ ʩ ʤʝʜʴʶ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩʳ, ʦʩʦʙʝʥʥʦ ʩ ʘʤʤʠʘʢʦʤ, ʘʤʠʥʘʤʠ, ʠʦʥʘʤʠ ʛʘʣʦʠʜʦʚ ʠ ʮʠʘʥʠʜʘʤʠ. ʇʦ 

ʭʘʨʘʢʪʝʨʫ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʣʠʛʘʥʜʘʤʠ ʮʠʥʢ ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʞʝʩʪʢʠʤʠ ʠ ʤʷʛʢʠʤʠ ʘʢʮʝʧʪʦʨʘʤʠ ï ʦʥ ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩʳ ʢʘʢ ʩ ʞʝʩʪʢʠʤʠ 

(ʢʠʩʣʦʨʦʜʥʳʝ ʜʦʥʦʨʳ) ʦʩʥʦʚʘʥʠʷʤʠ, ʪʘʢ ʠ ʩ ʤʷʛʢʠʤʠ (ʩʝʨʥʳʝ ʜʦʥʦʨʳ). ʕʪʦ ʥʘʭʦʜʠʪ 

ʚʳʨʘʞʝʥʠʝ ʚ ʪʦʤ, ʯʪʦ ʮʠʥʢ ʚ ʧʨʠʨʦʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʩʫʣʴʬʠʜʥʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʨʫʜ. ɺ 

ʩʦʝʜʠʥʝʥʠʷʭ ʮʠʥʢ ʧʨʦʷʚʣʷʝʪ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +2. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ. ʄʠʨʦʚʳʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʟʘʧʘʩʳ ʮʠʥʢʘ ʥʘ ɿʝʤʣʝ ʩʦʩʪʘʚʣʷʶʪ 

ʧʨʠʤʝʨʥʦ 1900 ʤʣʥ ʪ, ʨʝʟʝʨʚʳ (ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʠ ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʜʦʙʳʯʠ) ï ʧʨʠʤʝʨʥʦ 

250 ʤʣʥ ʪ. ʂʨʫʧʥʝʡʰʠʝ ʟʘʧʘʩʳ ʮʠʥʢʘ ʥʘʭʦʜʷʪʩʷ ʚ ɸʚʩʪʨʘʣʠʠ (22,4% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ) ʠ 

ʂʠʪʘʝ (17,2%). ʇʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ ʮʠʥʢʘ ʚ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʶʪ 62 ʤʣʥ ʪ, ʠʣʠ ʯʫʪʴ ʙʦʣʝʝ 3% 

ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʮʠʥʢ ʜʦʙʳʚʘʶʪ ʠ ʧʨʦʠʟʚʦʜʷʪ ʙʦʣʝʝ ʯʝʤ ʚ 30 ʩʪʨʘʥʘʭ. ɺ ʝʞʝʛʦʜʥʦʤ 

ʤʠʨʦʚʦʤ ʧʦʪʨʝʙʣʝʥʠʠ ʤʝʪʘʣʣʦʚ ʮʠʥʢ ʟʘʥʠʤʘʝʪ ʯʝʪʚʝʨʪʦʝ ʤʝʩʪʦ ʧʦʩʣʝ ʩʪʘʣʠ, ʘʣʶʤʠʥʠʷ ʠ ʤʝʜʠ. 

ɽʛʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʧʣʘʚʦʚ ï ʣʘʪʫʥʠ (ʩʧʣʘʚ ʩ ʤʝʜʴʶ) ʠ ʥʝʡʟʠʣʴʙʝʨʘ (ʩ ʤʝʜʴʶ ʠ 

ʥʠʢʝʣʝʤ) ï ʧʨʠʤʝʥʷʶʪ ʢʘʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʠʟ ʥʝʛʦ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʵʣʝʢʪʨʦʜʳ ʜʣʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ. ʎʠʥʢʦʤ ʧʦʢʨʳʚʘʶʪ 

ʩʪʘʣʴʥʳʝ ʠ ʯʫʛʫʥʥʳʝ ʠʟʜʝʣʠʷ ʜʣʷ ʟʘʱʠʪʳ ʠʭ ʦʪ ʢʦʨʨʦʟʠʠ. ʆʢʩʠʜ ʮʠʥʢʘ ʧʨʠʤʝʥʷʶʪ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʨʘʩʦʢ (ʮʠʥʢʦʚʳʭ ʙʝʣʠʣ) ʠ ʢʘʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʤʘʪʝʨʠʘʣ. ʍʣʦʨʠʜ ʮʠʥʢʘ 

ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʢʦʤʧʦʥʝʥʪ ʬʣʶʩʦʚ ʧʨʠ ʧʘʡʢʝ ʤʝʪʘʣʣʦʚ, ʠʤ ʧʨʦʧʠʪʳʚʘʶʪ ʜʨʝʚʝʩʠʥʫ ʜʣʷ 

ʧʨʝʜʦʭʨʘʥʝʥʠʷ ʦʪ ʛʥʠʝʥʠʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ. ʂʣʘʨʢ ʮʠʥʢʘ ʚ ʣʠʪʦʩʬʝʨʝ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,004 ʜʦ 

0,008%. ʎʠʥʢ ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʵʣʝʤʝʥʪ, ʦʜʥʘʢʦ ʦʥ ʠʤʝʝʪ ʜʣʠʪʝʣʴʥʫʶ 

ʠʩʪʦʨʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʨʘʟʦʚʳʚʘʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ 

ʣʝʛʢʦʩʪʴʶ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʨʫʜ. ɺ ʧʨʠʨʦʜʝ ʮʠʥʢ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʪʘʢʠʭ ʤʠʥʝʨʘʣʦʚ, ʢʘʢ 

ʮʠʥʢʦʚʘʷ ʦʙʤʘʥʢʘ (ʩʬʘʣʝʨʠʪ ZnS), ʚʶʨʪʮʠʪ (ZnS), ʮʠʥʢʠʪ (ZnO), ʩʤʠʪʩʦʥʠʪ ʠʣʠ ʮʠʥʢʦʚʳʡ 

ʰʧʘʪ (ZnCO3), ʢʘʣʘʤʠʥ (Zn2SiO4ÖH2OÖZnCO3), ʛʘʥʠʪ (ZnAl2O4). ʅʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ 

ʵʣʝʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʠʟʦʤʦʨʬʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʩʣʶʜʘʭ, ʘʤʬʠʙʦʣʘʭ, ʨʦʛʦʚʳʭ ʦʙʤʘʥʢʘʭ 

ʠ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʘʭ. ʅʘʠʙʦʣʴʰʝʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʢʘʨʙʦʥʘʪʥʳʝ ʠ ʩʫʣʴʬʠʜʥʳʝ 

ʨʫʜʳ ʮʠʥʢʘ. ʆʩʥʦʚʥʘʷ ʨʫʜʘ, ZnS, ʚʩʪʨʝʯʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʚʠʥʮʦʚʳʤʠ ʨʫʜʘʤʠ.  

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: ʚ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ï 50-120 ʤʛ/ʢʛ, ʚ ʦʩʥʦʚʥʳʭ ï 104-220 ʤʛ/ʢʛ, ʚ ʩʨʝʜʥʠʭ ʠ ʢʠʩʣʳʭ ï 30-140 ʤʛ/ʢʛ, 

ʚ ʦʩʘʜʦʯʥʳʭ ï 57-125 ʤʛ/ʢʛ  [32]. 

ʉʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʮʠʥʢʘ ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʨʝʩʥʦʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,5 ʜʦ 15 ʤʢʛ/ʣ. ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʦʪʤʝʯʘʶʪʩʷ ʚ ʚʦʜʥʳʭ 

ʩʠʩʪʝʤʘʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ɺ ʧʨʠʙʨʝʞʥʳʭ ʫʯʘʩʪʢʘʭ ʤʦʨʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʮʠʥʢʘ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,4 ʜʦ 5 ʤʢʛ/ʣ. ʇʨʠ ʵʪʦʤ ʧʦʚʳʰʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʦʙʳʯʥʦ ʦʪʤʝʯʘʶʪʩʷ ʥʘ 

ʛʣʫʙʠʥʘʭ ʙʦʣʝʝ 1 ʢʤ ʚʩʣʝʜʩʪʚʠʝ ʦʩʘʞʜʝʥʠʷ ʨʘʟʣʘʛʘʶʱʝʛʦʩʷ ʧʣʘʥʢʪʦʥʘ. ʉʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ ʚ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʘʭ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ ʚ ʩʨʝʜʥʝʤ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1-370 ʤʢʛ/ʣ, 

ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ï 0,1-610 ʤʢʛ/ʣ, ʚ ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ ï 5-49 ʤʢʛ/ʣ, ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ 

ʧʨʝʩʥʦʚʦʜʥʳʭ ʚʦʜʦʝʤʦʚ ï 7-1600 ʤʛ/ʢʛ [30, 49, 51]. ʇʨʠ ʵʪʦʤ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʮʠʥʢʘ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ: ʜʣʷ 

ʤʦʨʩʢʠʭ ʚʦʜ ï 50 ʤʢʛ/ʜʤ3, ʜʣʷ ʧʨʝʩʥʳʭ ʚʦʜ ï 10 ʤʢʛ/ʜʤ3 [22].  

https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B8%D0%BE%D0%B4%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D1%85%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D1%85_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B8%D0%BE%D0%B4%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D1%85%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D1%85_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%BE%D0%B2
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ʇʦ ʜʘʥʥʳʤ ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ, ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ ʚ ʧʦʯʚʘʭ ʩʦʩʪʘʚʣʷʝʪ 5Ö10-3%, 

ʧʨʠ ʵʪʦʤ ʢʦʣʝʙʘʥʠʷ ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʳ ï ʪʘʙʣ. 8.2 ʠ 8.3.  

ʊʘʙʣʠʮʘ 8.2 

ɺʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʯʚ 

ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ, ʤʛ/ʢʛ [32, 38]  

ʇʦʯʚʳ 
ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ Zn 

ʇʨʝʜʝʣʳ 

ʢʦʣʝʙʘʥʠʡ 

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʧʦʯʚʳ 35,0 - 

ʉʝʨʳʝ ʣʝʩʥʳʝ ʧʦʯʚʳ 60,5 - 

ʏʝʨʥʦʟʝʤʳ ʤʦʱʥʳʝ 79,4 - 

ʊʝʤʥʦ-ʢʘʰʪʘʥʦʚʳʝ ʧʦʯʚʳ 96,9 - 

ʂʨʘʩʥʦʟʝʤʳ ʥʘ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ 
66 57 ï 74 

ʂʨʘʩʥʦʟʝʤʳ ʥʘ ʟʝʙʨʦʚʠʜʥʦʡ ʛʣʠʥʝ 68 62 ï 72 

ɾʝʣʪʦʟʝʤʳ ʥʘ ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʘʭ 47 41 ï 54 

ɾʝʣʪʦʟʝʤʳ ʥʘ ʵʣʶʚʠʠ ʛʘʣʝʯʥʠʢʦʚ ʠ ʢʘʨʙʦʥʘʪʥʳʭ 

ʧʦʨʦʜ 
52 30 ï 74 

ɾʝʣʪʦʟʝʤʥʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʧʦʯʚʳ 54 41 ï 67 

ɼʝʨʥʦʚʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʯʚʳ 100 89 ï 111 

 

ʊʘʙʣʠʮʘ 8.3 

ʉʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ ʚ ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʧʦʯʚ ʈʦʩʩʠʠ, ʤʛ/ʢʛ [7, 30]  

ɼʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʳʝ 

ʉʝʨʳʝ 

ʣʝʩʥʳʝ 
ʏʝʨʥʦʟʝʤʳ ʂʘʰʪʘʥʦʚʳʝ ʊʦʨʬʷʥʳʝ 
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ʅʘʠʙʦʣʴʰʠʝ ʩʨʝʜʥʠʝ ʫʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʮʠʥʢʘ ʚ ʧʦʯʚʘʭ ʫʩʪʘʥʦʚʣʝʥʳ ʜʣʷ ʨʷʜʘ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ, ʩʦʣʦʥʯʘʢʦʚ ʠ ʢʘʰʪʘʥʦʚʳʭ ʧʦʯʚ, ʥʘʠʤʝʥʴʰʠʝ ï ʜʣʷ ʩʚʝʪʣʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʧʦʯʚ. ʉʫʛʣʠʥʠʩʪʳʝ ʧʦʯʚʳ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʛʘʯʝ ʮʠʥʢʦʤ, ʯʝʤ ʧʝʩʯʘʥʳʝ ʠ ʩʫʧʝʩʯʘʥʳʝ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʮʠʥʢʘ ʧʦ ʧʨʦʬʠʣʶ ʧʦʯʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʩʪʘʪʦʯʥʦ ʨʘʚʥʦʤʝʨʥʦʝ. 

ʈʘʟʣʠʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ, ʢʘʨʙʦʥʘʪʦʚ ʠ ʪ ʜ.  

ʂ ʬʘʢʪʦʨʘʤ, ʫʚʝʣʠʯʠʚʘʶʱʠʤ ʩʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ ʚ ʧʦʯʚʝ, ʦʪʥʦʩʷʪʩʷ: ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʦʚ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʠ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʪʷʞʝʣʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ, ʙʦʛʘʪʩʪʚʦ ʢʦʣʣʦʠʜʘʤʠ, ʥʘʣʠʯʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʮʠʥʢʘ ʧʦ ʧʦʯʚʝʥʥʦʤʫ ʧʨʦʬʠʣʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʧʦʯʚʳ. ʇʨʦʬʠʣʴ 

ʯʝʨʥʦʟʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʤʝʥʪʘ ʧʦ 

ʛʦʨʠʟʦʥʪʘʤ. ɺ ʧʦʜʟʦʣʠʩʪʳʭ ʠ ʩʝʨʳʭ ʣʝʩʥʳʭ ʧʦʯʚʘʭ ʦʪʤʝʯʝʥ ʚʳʥʦʩ Zn ʠʟ ʵʣʶʚʠʘʣʴʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʠ ʥʘʢʦʧʣʝʥʠʝ ʝʛʦ ʚ ʠʣʣʶʚʠʘʣʴʥʦʡ ʪʦʣʱʝ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʠʦʛʝʥʥʦʤ ʭʘʨʘʢʪʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʮʠʥʢʘ ʚ ʧʦʯʚʘʭ, ʦʜʥʘʢʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʪʘʢʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʥʝʦʜʠʥʘʢʦʚʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚ. ɺ ʭʦʨʦʰʦ ʛʫʤʫʩʠʨʦʚʘʥʥʦʡ, ʥʝ 

ʟʘʪʨʦʥʫʪʦʡ ʵʣʶʚʠʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʦʯʚʝ, ʮʠʥʢ ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʚ 

ʩʣʘʙʦ ʛʫʤʫʩʠʨʦʚʘʥʥʦʡ ʠ ʧʦʜʚʝʨʛʘʶʱʝʡʩʷ ʦʧʦʜʟʦʣʠʚʘʥʠʶ, ʣʝʩʩʠʚʠʨʦʚʘʥʠʶ, ʦʩʦʣʦʜʝʥʠʶ ʠ 

ʜʨʫʛʠʤ ʧʨʦʮʝʩʩʘʤ.  

ʕʣʶʚʠʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʚʳʟʳʚʘʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ, ʩʦʜʝʨʞʘʱʠʭ 

ʮʠʥʢ, ʚʥʠʟ ʧʦ ʧʨʦʬʠʣʶ, ʩʧʦʩʦʙʩʪʚʫʷ ʦʙʦʛʘʱʝʥʠʶ ʠʣʣʶʚʠʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʏʝʤ ʷʨʯʝ 

ʚʳʨʘʞʝʥ ʧʦʜʟʦʣʠʩʪʳʡ ʧʨʦʮʝʩʩ, ʪʝʤ ʙʦʣʴʰʝ ʨʘʟʥʠʮʘ ʚ ʩʦʜʝʨʞʘʥʠʠ ʮʠʥʢʘ ʤʝʞʜʫ ʛʦʨʠʟʦʥʪʘʤʠ 

ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ. ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʱʝʥʠʝ ʵʣʝʤʝʥʪʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʦʩʦʣʦʜʝʣʳʭ ʠ ʩʦʣʦʥʮʝʚʘʪʳʭ ʧʦʯʚ. ɺ ʧʦʯʚʘʭ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʦʛʦ ʠ ʛʠʜʨʦʤʦʨʬʥʦʛʦ ʨʷʜʦʚ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʞʥʷʶʪʩʷ ʧʨʦʮʝʩʩʘʤʠ ʛʠʜʨʦʛʝʥʥʦʡ ʘʢʢʫʤʫʣʷʮʠʠ ʮʠʥʢʘ ʠʟ 
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ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ɺ ʧʦʜʟʦʣʠʩʪʦ-ʛʣʝʝʚʳʭ ʧʦʯʚʘʭ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Zn 

ʧʨʠʫʨʦʯʝʥʦ ʢ ʛʣʝʝʚʳʤ ʛʦʨʠʟʦʥʪʘʤ, ʚ ʩʦʣʦʥʯʘʢʘʭ ï ʢ ʩʦʣʝʚʳʤ.  

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʘ ʘʜʩʦʨʙʮʠʠ ʮʠʥʢʘ: ʦʜʠʥ ï ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ï ʩʚʷʟʘʥ  

ʢʘʪʠʦʥʥʳʤ ʦʙʤʝʥʦʤ, ʘ ʜʨʫʛʦʡ ï ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ï ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʭʝʤʦʩʦʨʙʮʠʷ ʠ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥ ʢʦʣʠʯʝʩʪʚʦʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ.  

ʎʠʥʢ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʚ ʧʦʯʚʘʭ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩ ʛʠʜʨʦʦʢʩʠʜʘʤʠ Fe ʠ Al ʠ ʩ 

ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. ʅʘʠʙʦʣʴʰʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʘʜʩʦʨʙʮʠʠ Zn ʦʙʥʘʨʫʞʝʥʘ ʫ ʦʢʩʠʜʦʚ Fe, 

ʛʘʣʣʫʘʟʠʪʘ, ʘʣʣʦʬʘʥʘ ʠ ʠʤʦʛʦʣʠʪʘ, ʘ ʥʘʠʤʝʥʴʰʘʷ ï ʫ ʤʦʥʤʦʨʠʣʣʦʥʠʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʮʠʥʢ 

ʤʦʞʝʪ ʚʭʦʜʠʪʴ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʥʝʢʦʪʦʨʳʭ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ (ʥʘʧʨʠʤʝʨ, 

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ).  

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴ Zn ʚ ʧʦʯʚʘʭ, 

ʷʚʣʷʶʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʛʠʜʨʦʦʢʩʠʜʦʚ Fe ʠ Al ʠ ʚʝʣʠʯʠʥʘ ʨʅ, ʪʦʛʜʘ ʢʘʢ 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʦʩʘʞʜʝʥʠʝ Zn ʚ ʚʠʜʝ ʛʠʜʨʦʦʢʩʠʜʦʚ, ʢʘʨʙʦʥʘʪʦʚ ʠ 

ʩʫʣʴʬʠʜʦʚ ʠʤʝʶʪ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ. 

ʎʠʥʢ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʝʥ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʜʦʩʪʫʧʝʥ ʚ ʢʠʩʣʳʭ ʣʝʛʢʠʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʧʦʯʚʘʭ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʮʠʥʢʘ ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩʦ ʩʪʝʧʝʥʴʶ 

ʥʘʩʳʱʝʥʥʦʩʪʠ ʢʘʣʴʮʠʝʤ ʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʩʬʦʨʘ. ʕʪʠ ʩʦʦʪʥʦʰʝʥʠʷ ʤʦʛʫʪ ʦʪʨʘʞʘʪʴ ʢʘʢ 

ʚʣʠʷʥʠʝ ʘʜʩʦʨʙʮʠʠ ʠ ʦʩʘʞʜʝʥʠʷ, ʪʘʢ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʨʅ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ 

ʜʦʩʪʫʧʥʦʩʪʴ Zn ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʩʪʚʦʨʠʤʳʭ Zn-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʘʥʠʦʥʥʳʭ ʬʦʨʤ Zn. 

ʂʘʜʤʠʡ ï Cd (Cadmium) 

ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʂʘʜʤʠʡ ï ʵʣʝʤʝʥʪ 12-ʡ ʛʨʫʧʧʳ 5-ʛʦ ʧʝʨʠʦʜʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʵʣʝʤʝʥʪʦʚ (ʧʦ ʫʩʪʘʨʝʚʰʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï ʚʪʦʨʦʡ ʵʣʝʤʝʥʪ ʚ ʪʨʠʘʜʝ (Zn, Cd, Hg) 

ʧʦʙʦʯʥʦʡ ʧʦʜʛʨʫʧʧʳ II  ʛʨʫʧʧʳ) ʩ ʘʪʦʤʥʦʡ ʤʘʩʩʦʡ 112,4. ɽʛʦ ʘʪʦʤʳ ʠʤʝʶʪ ʵʣʝʢʪʨʦʥʥʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ 4d105s2. ʂʘʜʤʠʡ ï ʩʝʨʝʙʨʠʩʪʦ-ʙʝʣʳʡ, ʩʦ ʩʣʘʙʳʤ 

ʛʦʣʫʙʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ, ʢʦʚʢʠʡ ʤʝʪʘʣʣ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 321 Áʉ; ʧʣʦʪʥʦʩʪʴ 

ï 8,65 ʛ/ʩʤ3. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʦʙʦʯʥʦʡ ʧʦʜʛʨʫʧʧʳ ï ʮʠʥʢʦʤ ʠ ʨʪʫʪʴʶ ï 

ʠʤʝʝʪ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʚʦʡʩʪʚʘ. ɼʣʷ ʥʝʛʦ ʭʘʨʘʢʪʝʨʥʳ ʫʤʝʨʝʥʥʘʷ ʢʦʚʘʣʝʥʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʚ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʷʭ ʠ ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʢ SH-ʛʨʫʧʧʘʤ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʞʠʨʘʭ, ʘʢʢʫʤʫʣʷʮʠʠ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʠ ʪʦʢʩʠʯʥʦʩʪʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʡ.  

ʇʦ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʢʘʜʤʠʡ ï ʘʥʘʣʦʛ ʮʠʥʢʘ ʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʪʫʪʠ ʢʘʢ ʧʦ 

ʩʚʦʡʩʪʚʘʤ ʩʚʦʙʦʜʥʦʡ, ʵʣʝʤʝʥʪʘʨʥʦʡ ʬʦʨʤʳ, ʪʘʢ ʠ ʧʦ ʩʚʦʡʩʪʚʘʤ ʩʚʦʠʭ ʩʦʝʜʠʥʝʥʠʡ. Cd(OH)2 

ʙʦʣʝʝ ʦʩʥʦʚʥʦʡ, ʯʝʤ Zn(OH)2, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Hg(OH)2 ï ʢʨʘʡʥʝ ʩʣʘʙʦʝ ʦʩʥʦʚʘʥʠʝ. ɻʘʣʦʛʝʥʠʜʳ 

ʮʠʥʢʘ ʠ ʢʘʜʤʠʷ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʦʥʥʫʶ ʧʨʠʨʦʜʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ HgCl2 ï ʢʦʚʘʣʝʥʪʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ, ʧʦʯʪʠ ʥʝ ʜʠʩʩʦʮʠʠʨʫʶʱʝʝ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ʂʦʤʧʣʝʢʩʳ Hg2+ ʚ ʮʝʣʦʤ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʫʩʪʦʡʯʠʚʝʝ ʢʦʤʧʣʝʢʩʦʚ Zn2+ ʠ Cd2+.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ. ʄʠʨʦʚʳʝ ʟʘʧʘʩʳ ʢʘʜʤʠʷ ʦʮʝʥʠʚʘʶʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʦʡ ʉʐɸ ʚ 

ʨʘʟʤʝʨʝ 560 ʪʳʩ. ʪ. ʉʘʤʳʝ ʙʦʣʴʰʠʝ ʟʘʧʘʩʳ ʠʤʝʶʪʩʷ ʚ ʂʠʪʘʝ, ɸʚʩʪʨʘʣʠʠ, ʇʝʨʫ, ʄʝʢʩʠʢʝ ʠ 

ʈʦʩʩʠʠ. ɺʤʝʩʪʝ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 300 ʪʳʩ. ʪ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʜʤʠʡ ʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʠʤʝʥʷʶʪ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʟʜʝʣʠʷʭ ʠ ʧʨʦʮʝʩʩʘʭ: 

ï ʛʘʣʴʚʘʥʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ; 

ï ʢʨʘʩʠʪʝʣʠ; 

ï ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʧʣʘʩʪʤʘʩʩ; 

ï ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʘʢʢʫʤʫʣʷʪʦʨʳ; 

ï ʢʘʜʤʠʝʚʳʝ ʧʦʢʨʳʪʠʷ ʢʠʥʝʩʢʦʧʦʚ, ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʣʘʤʧ, ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʵʢʨʘʥʦʚ ʠ 

ʪ.ʧ.; 

ï ʢʘʜʤʠʝʚʳʝ ʩʧʣʘʚʳ ʚ ʢʘʜʤʠʝʚʦ-ʩʝʨʝʙʨʷʥʳʭ ʧʨʠʧʦʷʭ ʠ ʜʨ. 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ. ʉʦʜʝʨʞʘʥʠʝ ʢʘʜʤʠʷ ʚ ʣʠʪʦʩʬʝʨʝ ʢʦʣʝʙʣʝʪʩʷ ʦʢʦʣʦ 

nÖ10-6 ï nÖ10-5%. ʋʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ Cd2+. ʂʘʜʤʠʡ ʦʪʥʦʩʠʪʩʷ ʢ 
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ʨʝʜʢʠʤ, ʨʘʩʩʝʷʥʥʳʤ ʵʣʝʤʝʥʪʘʤ: ʦʥ ʩʦʜʝʨʞʠʪʩʷ ʚ ʚʠʜʝ ʠʟʦʤʦʨʬʥʦʡ ʧʨʠʤʝʩʠ ʚʦ ʤʥʦʛʠʭ 

ʤʠʥʝʨʘʣʘʭ ʠ ʚʩʝʛʜʘ ʚ ʤʠʥʝʨʘʣʘʭ ʮʠʥʢʘ. ʀʟʚʝʩʪʥʦ ʚʩʝʛʦ ʰʝʩʪʴ ʢʘʜʤʠʝʚʳʭ ʤʠʥʝʨʘʣʦʚ. ɺʝʩʴʤʘ 

ʨʝʜʢʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʢʘʜʤʠʷ ʷʚʣʷʶʪʩʷ ʛʨʠʥʦʢʠʪ CdS (77,8 % Cd), ʭʦʫʣʠʠʪ (ʪʦ ʞʝ), ʦʪʘʚʠʪ 

CdCO3, ʤʦʥʪʝʧʦʥʠʪ CdO (87,5 % Cd), ʢʘʜʤʦʩʝʣʠʪ CdSe (47 % Cd), ʢʩʘʥʪʦʭʨʦʠʪ CdS(H2O)ʭ 

(77,2 % Cd). ɻʝʦʭʠʤʠʷ ʢʘʜʤʠʷ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʛʝʦʭʠʤʠʝʡ ʮʠʥʢʘ, ʥʦ ʢʘʜʤʠʡ ʠʤʝʝʪ ʙʦʣʴʰʝʝ 

ʩʨʦʜʩʪʚʦ ʢ ʩʝʨʝ, ʯʝʤ ʮʠʥʢ, ʠ ʦʙʥʘʨʫʞʠʚʘʝʪ ʙʦʣʴʰʫʶ, ʯʝʤ ʮʠʥʢ, ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ. 

ʂʘʜʤʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʤʝʩʪʝ ʩ ʮʠʥʢʦʤ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʢʘʜʤʠʷ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,3 ʤʛ/ʢʛ. 

ɼʘʥʥʳʡ ʵʣʝʤʝʥʪ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʘʭ ʠ ʩʣʘʥʮʘʭ.  

ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʢʘʜʤʠʷ ʨʘʩʩʝʷʥʘ ʚ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʤʠʥʝʨʘʣʦʚ (ʙʦʣʝʝ 50), 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʫʣʴʬʠʜʘʭ ʮʠʥʢʘ, ʩʚʠʥʮʘ, ʤʝʜʠ, ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ ʠ ʨʪʫʪʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪʤʝʯʝʥʘ ʚ ʤʠʥʝʨʘʣʘʭ ʮʠʥʢʘ, ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʩʬʘʣʝʨʠʪʝ       (ʜʦ 5 %). 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʞʝ ʩʣʫʯʘʝʚ ʩʦʜʝʨʞʘʥʠʝ ʢʘʜʤʠʷ ʚ ʩʬʘʣʝʨʠʪʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,4-0,6 %. ɺ 

ʜʨʫʛʠʭ ʩʫʣʴʬʠʜʘʭ, ʥʘʧʨʠʤʝʨ ʚ ʩʪʘʥʠʥʝ, ʩʦʜʝʨʞʘʥʠʝ ʢʘʜʤʠʷ ï 0,003-0,2 %, ʚ ʛʘʣʝʥʠʪʝ ï 0,005-

0,02 %, ʚ ʭʘʣʴʢʦʧʠʨʠʪʝ ï 0,006-0,12 %; ʠʟ ʵʪʠʭ ʩʫʣʴʬʠʜʦʚ ʢʘʜʤʠʡ ʦʙʳʯʥʦ ʥʝ ʠʟʚʣʝʢʘʝʪʩʷ. 

ʂʘʜʤʠʡ ʥʝ ʦʙʨʘʟʫʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʨʫʜ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦ ʩʦʜʝʨʞʘʥʠʝ ʢʘʜʤʠʷ ʚ ʨʫʜʘʭ 

ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʭ ʠ ʯʘʩʪʠʯʥʦ ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʋʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʘʜʤʠʷ ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʨʝʩʥʳʭ ʚʦʜʘʭ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʦʪ 0,01 ʜʦ 0,5 ʤʢʛ/ʣ, ʦʜʥʘʢʦ ʥʘ ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ 17 ʤʢʛ/ʣ. ʉʦʜʝʨʞʘʥʠʝ ʢʘʜʤʠʷ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʘʭ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ ʚ 

ʩʨʝʜʥʝʤ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,02-18 ʤʢʛ/ʣ, ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ï 0,11-10 ʤʢʛ/ʣ, ʚ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ ï 0,05-10 ʤʢʛ/ʣ, ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʨʝʩʥʦʚʦʜʥʳʭ ʚʦʜʦʝʤʦʚ ï 0,03-12,5 

ʤʛ/ʢʛ [30, 49 ʠ ʜʨ.]. ʇʨʠ ʵʪʦʤ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʮʠʥʢʘ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ 

ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ: ʜʣʷ ʤʦʨʩʢʠʭ ʚʦʜ ï 10 ʤʢʛ/ʜʤ3, ʜʣʷ ʧʨʝʩʥʳʭ ʚʦʜ ï 

5 ʤʢʛ/ʜʤ3 [22].  

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʜʤʠʷ ʚ ʧʦʯʚʘʭ ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʣʠʪʦʩʬʝʨʝ 

ʠ ʩʦʩʪʘʚʣʷʝʪ nÖ10-5%. ʋʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʦʯʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8.4 ʠ 8.5. 

ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʦʜʝʨʞʘʥʠʝ ʢʘʜʤʠʷ ʚ ʧʦʯʚʘʭ, ʷʚʣʷʝʪʩʷ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜ. ɺ ʧʦʯʚʘʭ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ ʛʫʤʠʜʥʦʛʦ 

ʢʣʠʤʘʪʘ, ʤʠʛʨʘʮʠʷ Cd ʚʥʠʟ ʧʦ ʧʨʦʬʠʣʶ ʙʦʣʝʝ ʚʝʨʦʷʪʥʘ, ʯʝʤ ʝʛʦ ʥʘʢʦʧʣʝʥʠʝ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʛʦʨʠʟʦʥʪʝ ʧʦʯʚ. ʆʙʦʛʘʱʝʥʠʝ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʦʚ ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʯʘʩʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʘʥʪʨʦʧʦʛʝʥʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʜʫʱʠʤ 

ʧʨʦʮʝʩʩʦʤ ʚ ʩʚʷʟʳʚʘʥʠʠ Cd ʧʦʯʚʘʤʠ ʷʚʣʷʝʪʩʷ ʢʦʥʢʫʨʠʨʫʶʱʘʷ ʘʜʩʦʨʙʮʠʷ ʥʘ ʛʣʠʥʘʭ. ʀʤʝʥʥʦ 

ʘʜʩʦʨʙʮʠʷ, ʘ ʥʝ ʦʩʘʞʜʝʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʘʜʤʠʷ ʚ ʧʦʯʚʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʧʨʝʚʳʰʝʥʘ ʥʝʢʦʪʦʨʘʷ ʧʨʝʜʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʨʅ. ʇʨʠ ʨʅ > 7,5 ʢʘʜʤʠʡ ʚ 

ʧʦʯʚʝ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʣʝʛʢʦʧʦʜʚʠʞʥʳʤ, ʝʛʦ ʧʦʜʚʠʞʥʦʩʪʴ ʥʘʯʠʥʘʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ CdCO3 ʠ, ʚʦʟʤʦʞʥʦ, Cd3(PO4)2. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʢʘʜʤʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʨʅ, ʦʜʥʘʢʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʪʘʢʞʝ ʧʨʠʨʦʜʘ ʩʦʨʙʠʨʫʶʱʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ. ʇʨʠ ʵʪʦʤ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʧʨʠ ʘʜʩʦʨʙʮʠʠ Cd ʙʦʣʴʰʝ ʫ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʯʝʤ ʫ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʧʦʯʚʝ ʛʣʠʥ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʢʩʠʜʳ Fe, ʘʣʣʦʬʘʥ ʠ ʠʤʦʛʦʣʠʪ ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʴʰʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʝʣʝʢʪʠʚʥʦʡ ʘʜʩʦʨʙʮʠʠ  

Cd. 

ɺ ʢʠʩʣʳʭ ʧʦʯʚʘʭ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʠ ʧʦʣʫʪʦʨʥʳʝ ʦʢʩʠʜʳ ʤʦʛʫʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʘʜʤʠʷ, ʘ ʚ ʱʝʣʦʯʥʳʭ ʧʦʯʚʘʭ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʨʘʚʥʦʚʝʩʠʡ ʩ ʫʯʘʩʪʠʝʤ Cd ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ ʪʘʢʞʝ ʦʩʘʞʜʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʢʘʜʤʠʷ.  

ʂʘʜʤʠʡ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʝʥ ʚ ʢʠʩʣʳʭ ʧʦʯʚʘʭ ʚ ʠʥʪʝʨʚʘʣʝ ʨʅ 4,5-5,5, ʪʦʛʜʘ ʢʘʢ ʚ 

ʱʝʣʦʯʥʳʭ ʧʦʯʚʘʭ ʦʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʝʥ. ʇʦʯʚʳ ʠʤʝʶʪ ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʢ ʢʘʜʤʠʶ 

ʧʨʠ ʨʅ 6. ɺ ʠʥʪʝʨʚʘʣʝ ʨʅ 4-7,7 ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʧʦʯʚ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠʤʝʨʥʦ ʚʪʨʦʝ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʨʅ ʥʘ ʝʜʠʥʠʮʫ.  
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ʊʘʙʣʠʮʘ 8.4 

ʉʦʜʝʨʞʘʥʠʝ ʢʘʜʤʠʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʯʚ  

ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ, ʤʛ/ʢʛ [16]  

ʇʦʯʚʳ ʉʪʨʘʥʘ 
ʇʨʝʜʝʣʳ 

ʢʦʣʝʙʘʥʠʡ 
ʉʨʝʜʥʝʝ 

ʇʦʜʟʦʣʳ ʠ ʧʝʩʯʘʥʳʝ ʧʦʯʚʳ 
ʇʦʣʴʰʘ 

ʂʘʥʘʜʘ 

0,01-0,24 

0,10-1,80 

0,07 

0,43 

ʇʦʜʟʦʣʠʩʪʳʝ ʠ 

ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʧʦʯʚʳ 
ʉʅɻ 0,30-2,40 0,56 

ʃʝʩʩʦʚʳʝ ʠ ʧʳʣʝʚʘʪʳʝ ʧʦʯʚʳ ʇʦʣʴʰʘ 0,18-0,25 0,20 

ʉʫʛʣʠʥʠʩʪʳʝ ʠ ʛʣʠʥʠʩʪʳʝ ʧʦʯʚʳ 
ʇʦʣʴʰʘ 

ʂʘʥʘʜʘ 

0,08-0,58 

0,12-1,61 

0,26 

0,64 

ʇʦʯʚʳ ʥʘ ʣʝʜʥʠʢʦʚʳʭ 

ʦʪʣʦʞʝʥʠʷʭ 

ɼʘʥʠʷ 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 

ï 

0,49-0,61 

0,25 

ï 

ʌʣʶʚʠʩʦʣʠ 

ɸʚʩʪʨʠʷ 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 

ɹʦʣʛʘʨʠʷ 

0,21-0,52 

0,41-2,00 

ï 

0,37 

1,10 

0,42 

ɻʣʝʡʩʦʣʠ ʇʦʣʴʰʘ 0,14-0,96 0,50 

ʈʝʥʜʟʠʥʳ ʇʦʣʴʰʘ 0,38-0,84 0,62 

ɹʫʨʳʝ ʧʦʯʚʳ ɸʚʩʪʨʠʷ 0,22-0,49 0,33 

ʉʝʨʳʝ ʣʝʩʥʳʝ ʧʦʯʚʳ ʉʅɻ ï 0,65 

ʏʝʨʥʦʟʝʤʳ 

ʇʦʣʴʰʘ 

ɹʦʣʛʘʨʠʷ 

ʉʅɻ 

0,18-0,58 

0,55-0,71 

0,65-1,65 

0,38 

0,61 

0,90 

 

ʊʘʙʣʠʮʘ 8.5 

ʉʦʜʝʨʞʘʥʠʝ ʢʘʜʤʠʷ ʚ ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʧʦʯʚ ʈʦʩʩʠʠ, ʤʛ/ʢʛ [7, 30]  

ɼʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʳʝ 
ʉʝʨʳʝ ʣʝʩʥʳʝ ʏʝʨʥʦʟʝʤʳ ʂʘʰʪʘʥʦʚʳʝ ʊʦʨʬʷʥʳʝ 

0,01-2,5 0,1-0,7 0,4-1,7 0,07-0,4 0,17-0,2 

 

ʈʪʫʪʴ ï Hg (Hydrargyrum) 

ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʈʪʫʪʴ ï ʵʣʝʤʝʥʪ 12-ʡ ʛʨʫʧʧʳ 6-ʛʦ ʧʝʨʠʦʜʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 
ʩʠʩʪʝʤʳ ʵʣʝʤʝʥʪʦʚ (ʧʦ ʫʩʪʘʨʝʚʰʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï ʪʨʝʪʠʡ ʵʣʝʤʝʥʪ ʚ ʪʨʠʘʜʝ (Zn, Cd, Hg) 
ʧʦʙʦʯʥʦʡ ʧʦʜʛʨʫʧʧʳ II  ʛʨʫʧʧʳ) ʩ ʘʪʦʤʥʦʡ ʤʘʩʩʦʡ 200,59. ɽʝ ʘʪʦʤʳ ʠʤʝʶʪ ʵʣʝʢʪʨʦʥʥʫʶ 
ʢʦʥʬʠʛʫʨʘʮʠʶ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ 5d106s2. ʈʪʫʪʴ ï ʩʘʤʳʡ ʣʝʛʢʦʧʣʘʚʢʠʡ ʤʝʪʘʣʣ (ʪʝʤʧʝʨʘʪʫʨʘ 
ʧʣʘʚʣʝʥʠʷ ʨʘʚʥʘ -38,9 Áʉ), ʠʤʝʝʪ ʩʝʨʝʙʨʠʩʪʦ-ʙʝʣʫʶ ʦʢʨʘʩʢʫ, ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ï ʞʠʜʢʦʩʪʴ. 
ʇʣʦʪʥʦʩʪʴ ʨʪʫʪʠ ʨʘʚʥʘ 13,55 ʛ/ʩʤ3 

ɺ ʭʠʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʨʪʫʪʴ ʤʘʣʦʘʢʪʠʚʥʘ. ʆʥʘ ʥʝ ʨʝʘʛʠʨʫʝʪ ʩ ʭʣʦʨʦʚʦʜʦʨʦʜʥʦʡ ʠ 
ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʘʤʠ ʠ ʱʝʣʦʯʘʤʠ, ʦʢʠʩʣʷʝʪʩʷ ʘʟʦʪʥʦʡ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 
ʩʝʨʥʦʡ ʢʠʩʣʦʪʘʤʠ, ʥʝ ʦʙʨʘʟʫʝʪ ʛʠʜʨʦʦʢʩʠʜʦʚ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʥʝʤʝʪʘʣʣʘʤʠ 
(ʢʠʩʣʦʨʦʜʦʤ, ʩʝʨʦʡ, ʛʘʣʦʛʝʥʘʤʠ). ʈʪʫʪʴ ʩʧʦʩʦʙʥʘ ʨʘʩʪʚʦʨʷʪʴ ʤʥʦʛʠʝ ʤʝʪʘʣʣʳ (ʮʠʥʢ, ʦʣʦʚʦ, 
ʤʝʜʴ, ʟʦʣʦʪʦ, ʥʘʪʨʠʡ), ʦʙʨʘʟʫʷ ʞʠʜʢʠʝ ʠ ʪʚʝʨʜʳʝ ʩʧʣʘʚʳ ï ʘʤʘʣʴʛʘʤʳ. 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʦʥʦʚ ʨʪʫʪʠ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 
ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʯʠʩʣʘʤʠ ʦʪ 2 ʜʦ 8. ʉʚʷʟʴ ʨʪʫʪʴ ï ʣʠʛʘʥʜ ʚʦ 
ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ ʷʚʣʷʝʪʩʷ ʢʦʚʘʣʝʥʪʥʦʡ. ʅʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʢʦʤʧʣʝʢʩʳ ʩ ʣʠʛʘʥʜʘʤʠ, 
ʩʦʜʝʨʞʘʱʠʤʠ ʘʪʦʤʳ ʛʘʣʦʛʝʥʦʚ, ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ, ʬʦʩʬʦʨʘ, ʩʝʨʳ. 

ɺ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʨʪʫʪʴ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ Hg0, Hg1+, Hg2+.  
ʇʦ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʩʦʝʜʠʥʝʥʠʷ ʨʪʫʪʠ ʜʝʣʷʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ:  
ï ʵʣʝʤʝʥʪʘʨʥʘʷ ʨʪʫʪʴ; 
ï ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ; 
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ï ʘʣʢʠʣʨʪʫʪʥʳʝ (ʤʝʪʠʣ- ʠ ʵʪʠʣ-) ʩʦʝʜʠʥʝʥʠʷ ʩ ʢʦʨʦʪʢʦʡ ʮʝʧʴʶ ʠ ʜʨʫʛʠʝ 
ʨʪʫʪʴʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ. ʄʠʨʦʚʳʝ ʟʘʧʘʩʳ ʨʪʫʪʠ ʦʮʝʥʠʚʘʶʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 5,9Ö105 ʪ, ʤʠʨʦʚʦʝ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 8,4Ö103 ʪ/ʛʦʜ. 

ʉʦʯʝʪʘʥʠʝ ʪʘʢʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʢʘʢ ʪʝʢʫʯʝʩʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʝ, ʦʜʥʦʨʦʜʥʦʝ ʦʙʲʝʤʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʚʳʩʦʢʦʝ 
ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʠ ʥʝʩʤʘʯʠʚʘʝʤʦʩʪʴ ʩʪʝʢʣʷʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʜʝʣʘʶʪ ʨʪʫʪʴ 
ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʝʱʝʩʪʚʦʤ, ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʘʭ ï 
ʪʝʨʤʦʤʝʪʨʘʭ, ʙʘʨʦʤʝʪʨʘʭ, ʤʘʥʦʤʝʪʨʘʭ. ʅʠʟʢʘʷ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʠ ʚʳʩʦʢʘʷ 
ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʠʤʝʥʝʥʠʶ ʨʪʫʪʠ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʠʢʘ ʠ 
ʭʦʣʦʜʠʣʴʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʇʘʨʘʤʠ ʨʪʫʪʠ ʟʘʧʦʣʥʷʶʪ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʣʘʤʧʳ. ʆʢʩʠʜ ʨʪʫʪʠ 
(II ) HgO ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʘʩʦʢ, ʢʦʪʦʨʳʤʠ ʦʢʨʘʰʠʚʘʶʪ ʜʥʠʱʘ ʤʦʨʩʢʠʭ ʩʫʜʦʚ 
(ʧʨʠ ʵʪʦʤ ʦʥʠ ʥʝ ʦʙʨʘʩʪʘʶʪ ʚʦʜʦʨʦʩʣʷʤʠ). ʈʪʫʪʴ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʦʩʪʘʚʝ ʧʝʩʪʠʮʠʜʦʚ ʠ 
ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ. ɸʤʘʣʴʛʘʤʳ ʩʦ ʤʥʦʛʠʤʠ ʤʝʪʘʣʣʘʤʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ 
ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʤʝʜʠʮʠʥʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ. ʀʟ ʨʪʫʪʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʢʘʪʦʜʳ ʜʣʷ 
ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ 
ʨʪʫʪʠ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʠ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 
ʭʣʦʨʥʦʡ ʠ ʢʘʫʩʪʠʯʝʩʢʦʡ ʩʦʜʳ. 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʨʪʫʪʠ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʩʦʩʪʘʚʣʷʝʪ nÖ10-

6 ï nÖ10-5%. ʆʩʥʦʚʥʘʷ ʬʦʨʤʘ ʥʘʭʦʞʜʝʥʠʷ ʨʪʫʪʠ ʚ ʧʨʠʨʦʜʝ ï ʨʘʩʩʝʷʥʥʘʷ, ʠ ʪʦʣʴʢʦ ʦʢʦʣʦ 0,02 % 
ʝʸ ʟʘʢʣʶʯʝʥʦ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʀʟʨʝʜʢʘ ʨʪʫʪʴ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʘʤʦʨʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, 
ʚʢʨʘʧʣʝʥʥʘʷ ʚ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʥʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʠʨʦʜʝ ʚ ʚʠʜʝ ʷʨʢʦ-
ʢʨʘʩʥʦʛʦ ʩʫʣʴʬʠʜʘ HgS ʠʣʠ ʢʠʥʦʚʘʨʠ (ʵʪʦʪ ʤʠʥʝʨʘʣ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʨʘʩʥʦʡ 
ʢʨʘʩʢʠ). ɺ ʧʨʠʨʦʜʝ ʠʟʚʝʩʪʥʦ ʦʢʦʣʦ 20 ʤʠʥʝʨʘʣʦʚ ʨʪʫʪʠ, ʥʦ ʛʣʘʚʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 
ʠʤʝʝʪ ʢʠʥʦʚʘʨʴ HgS (86,2 % Hg). ʅʘʠʙʦʣʝʝ ʙʦʛʘʪʳʝ ʨʪʫʪʴʶ ʨʫʜʳ ʩʦʜʝʨʞʘʪ ʜʦ 2,5 % ʨʪʫʪʠ. 
ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʠʟʚʝʨʞʝʥʥʳʭ ʧʦʨʦʜ ʙʣʠʟʢʦ ʤʝʞʜʫ ʩʦʙʦʡ (ʦʢʦʣʦ 100 
ʤʛ/ʪ). ʀʟ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʪʫʪʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʛʣʠʥʠʩʪʳʭ 
ʩʣʘʥʮʘʭ (ʜʦ 200 ʤʛ/ʪ). ʈʪʫʪʴ ʩʦʜʝʨʞʠʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʆʩʦʙʝʥʥʦ 
ʚʳʩʦʢʠʝ ʝʸ ʩʦʜʝʨʞʘʥʠʷ (ʜʦ ʪʳʩʷʯʥʳʭ ʠ ʩʦʪʳʭ ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ) ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʙʣʸʢʣʳʭ 
ʨʫʜʘʭ (ʚ ʰʚʘʪʮʠʪʝ ʜʦ 17 % Hg), ʘʥʪʠʤʦʥʠʪʘʭ (ʩʫʨʴʤʷʥʳʡ ʙʣʝʩʢ Sb2S3), ʩʬʘʣʝʨʠʪʘʭ (ZnS) ʠ 
ʨʝʘʣʴʛʘʨʘʭ (AsS). ʀʟʚʝʩʪʥʳ ʢʨʘʡʥʝ ʨʝʜʢʠʝ ʩʝʣʝʥʠʜʳ ʨʪʫʪʠ ï ʪʠʤʘʥʠʪ (HgSe) ʠ ʦʥʦʬʨʠʪ 
(ʩʤʝʩʴ ʪʠʤʘʥʠʪʘ ʠ ʩʬʘʣʝʨʠʪʘ). ɹʣʠʟʦʩʪʴ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʜʚʫʭʚʘʣʝʥʪʥʦʡ ʨʪʫʪʠ ʠ ʢʘʣʴʮʠʷ, 
ʦʜʥʦʚʘʣʝʥʪʥʦʡ ʨʪʫʪʠ ʠ ʙʘʨʠʷ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʠʟʦʤʦʨʬʠʟʤ ʚʦ ʬʣʶʦʨʠʪʘʭ ʠ ʙʘʨʠʪʘʭ.  

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʝʥʥʦʡ ʨʪʫʪʠ ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʨʝʩʥʳʭ ʚʦʜʘʭ ʢʦʣʝʙʣʝʪʩʷ ʚ 
ʧʨʝʜʝʣʘʭ 0,02-0,1 ʤʢʛ/ʣ, ʘ ʚ ʤʦʨʩʢʠʭ ʚʦʜʘʭ ï ʦʪ < 0,01 ʜʦ 0,03 ʤʢʛ/ʣ. ʉʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʚ 
ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʘʭ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʚ ʧʨʝʜʝʣʘʭ 0,01-1,8 
ʤʢʛ/ʣ, ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ï 0,1-6,0 ʤʢʛ/ʣ, ʚ ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ ï 0,01-0,9 ʤʢʛ/ʣ, ʚ ʜʦʥʥʳʭ 
ʦʪʣʦʞʝʥʠʷʭ ʧʨʝʩʥʦʚʦʜʥʳʭ ʚʦʜʦʝʤʦʚ ï 0,01-6,0 ʤʛ/ʢʛ [30, 47]. ʉʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʨʪʫʪʠ ʚ 
ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʷʚʣʷʝʪʩʷ ʩʚʷʟʘʥʥʦʡ ʠ ʤʠʛʨʠʨʫʝʪ ʩʦ ʚʟʚʝʰʝʥʥʳʤ ʪʚʝʨʜʳʤ ʚʝʱʝʩʪʚʦʤ. ʆʙ 
ʫʨʦʚʥʷʭ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʠʣʨʪʫʪʠ ʚ ʧʨʝʩʥʳʭ ʚʦʜʦʝʤʘʭ ʜʘʥʥʳʭ ʥʝʤʥʦʛʦ. ʍʦʪʷ  
ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ ʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʥʝʝ 0,2-1 ʥʛ/ʣ, ʚ ʙʠʦʪʝ ʦʪʤʝʯʘʶʪʩʷ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʪʫʪʠ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ 
ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ: ʜʣʷ ʤʦʨʩʢʠʭ ʚʦʜ ï 0,1 ʤʢʛ/ʜʤ3, ʜʣʷ ʧʨʝʩʥʳʭ ʚʦʜ ï 
0,01 ʤʢʛ/ʜʤ3 [22]. 

 ʉʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʚ ʧʦʯʚʘʭ ʬʦʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï ʦʪ 
nÖ10-7 ï nÖ10-4%. ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʧʦʯʚʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʰʝ, ʯʝʤ ʚ 
ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ. ʇʨʠ ʵʪʦʤ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʤʝʥʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ. ɺ ʪʘʙʣ. 8.6 ʠ 8.7 ʧʨʠʚʝʜʝʥʳ ʫʨʦʚʥʠ 
ʩʦʜʝʨʞʘʥʠʷ ʨʪʫʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʦʯʚ. 

ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʡʤʝʥʥʳʭ ʧʦʯʚ ʥʝʟʘʩʦʣʝʥʥʦʛʦ ʨʷʜʘ 
(ʙʦʣʦʪʥʳʭ, ʣʫʛʦʚʳʭ, ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʭ), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʪʘʢ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ ʧʦʯʚ ʢ ʩʫʧʝʨʘʢʚʘʣʴʥʳʤ 
ʣʘʥʜʰʘʬʪʘʤ.   

https://ru.wikipedia.org/w/index.php?title=%D0%A2%D0%B8%D0%BC%D0%B0%D0%BD%D0%B8%D1%82&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%9E%D0%BD%D0%BE%D1%84%D1%80%D0%B8%D1%82&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A1%D1%84%D0%B0%D0%BB%D0%B5%D1%80%D0%B8%D1%82
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 ʊʘʙʣʠʮʘ 8.6 

ʉʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʯʚ  

ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ, ʤʛ/ʢʛ [32, 42, 44 ʠ ʜʨ.] 

ʉʪʨʘʥʘ, ʧʦʯʚʘ 
ʇʨʝʜʝʣʳ 

ʢʦʣʝʙʘʥʠʡ 
ʉʨʝʜʥʝʝ 

ʇʦʯʚʳ ɽʚʨʦʧʳ: 
ʐʚʝʮʠʷ 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ (ʩʘʜʦʚʳʝ) 

ʅʠʜʝʨʣʘʥʜʳ 

ʌʨʘʥʮʠʷ (ʢʦʨʠʯʥʝʚʳʝ) 

ɸʚʩʪʨʠʷ 

 

0,004-0,992 

0,01-0,06 

0,01-0,09 

ï 

0,005-0,34 

 

0,06 

ï 

ï 

0,04 

0,095 

ʇʦʯʚʳ ʈʦʩʩʠʠ: 

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ (ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ.) 

ʉʝʨʳʝ ʣʝʩʥʳʝ (ʊʫʣʴʩʢʘʷ ʦʙʣ.) 

ʏʝʨʥʦʟʝʤʳ ʪʠʧʠʯʥʳʝ (ʂʫʨʩʢʘʷ ʦʙʣ.) 

ʏʝʨʥʦʟʝʤʳ ʚʳʱʝʣʦʯʝʥʥʳʝ (ʉʝʚʝʨʥʘʷ ʆʩʝʪʠʷ) 

ɹʫʨʳʝ ʛʦʨʥʦ-ʣʝʩʥʳʝ (ʉʝʚʝʨʥʘʷ ʆʩʝʪʠʷ) 

 

0,04-0,75 

0,10-0,80 

0,10-0,40 

0,08-0,30 

0,15-0,47 

 

ï 

ï 

ï 

ï 

ï 

ʇʦʯʚʳ ʗʧʦʥʠʠ 0,086-0,333 0,214 

ʇʦʯʚʳ ɸʬʨʠʢʠ ï 0,023 

ʇʦʯʚʳ ʉʐɸ: 

ʇʝʩʯʘʥʳʝ ʧʦʯʚʳ 

ʃʝʛʢʠʝ ʩʫʛʣʠʥʠʩʪʳʝ ʧʦʯʚʳ 

ɻʣʠʥʠʩʪʳʝ ʠ ʩʫʛʣʠʥʠʩʪʳʝ ʧʦʯʚʳ 

ʇʦʯʚʳ ʥʘ ʛʨʘʥʠʪʘʭ ʠ ʛʥʝʡʩʘʭ 

ʇʦʯʚʳ ʥʘ ʠʟʚʝʩʪʥʷʢʘʭ ʠ ʠʟʚʝʩʪʢʦʚʳʭ ʧʦʨʦʜʘʭ 

ʉʚʝʪʣʳʝ ʧʦʯʚʳ ʧʫʩʪʳʥʴ 

ʇʳʣʝʚʘʪʳʝ ʧʦʯʚʳ ʧʨʝʨʠʡ 

ʏʝʨʥʦʟʝʤʳ ʠ ʪʝʤʥʳʝ ʧʦʯʚʳ ʧʨʝʨʠʡ 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʣʝʛʢʠʝ ʧʦʯʚʳ 

 

< 0,01-0,54 

0,01-0,60 

0,01-0,90 

0,01-0,14 

0,01-0,50 

0,02-0,32 

0,02-0,06 

0,02-0,53 

0,01-4,60 

 

0,08 

0,07 

0,13 

0,06 

0,08 

0,06 

0,04 

0,10 

0,28 
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ʉʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʚ ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʧʦʯʚ ʈʦʩʩʠʠ, ʤʛ/ʢʛ [30]  

ɼʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʳʝ 
ʉʝʨʳʝ ʣʝʩʥʳʝ ʏʝʨʥʦʟʝʤʳ ʂʘʰʪʘʥʦʚʳʝ ʊʦʨʬʷʥʳʝ 

0,01-0,75 0,03-0,80 0,03-0,40 0,01-0,47 0,01-0,03 

 

ɺ ʥʝʡʪʨʘʣʴʥʦʡ ʠ ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʤʠʛʨʘʮʠʷ ʨʪʫʪʠ ʦʛʨʘʥʠʯʝʥʘ, ʧʦʵʪʦʤʫ ʝʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʧʦʯʚʝʥʥʦʤʫ ʧʨʦʬʠʣʶ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʢʦʥʪʨʘʩʪʥʦʩʪʴʶ. ɺ ʢʠʩʣʦʡ 

ʩʨʝʜʝ ʧʨʠ ʧʨʦʤʳʚʥʦʤ ʪʠʧʝ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʩʦʝʜʠʥʝʥʠʷ ʨʪʫʪʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʧʦʜʚʠʞʥʦʩʪʴʶ ʠ ʤʦʛʫʪ ʘʢʪʠʚʥʦ ʤʠʛʨʠʨʦʚʘʪʴ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ, ʘʢʢʫʤʫʣʠʨʫʷʩʴ ʥʘ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ. ɺ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ ʦʙʦʛʘʱʝʥʠʝ 

ʨʪʫʪʴʶ ʚʝʨʭʥʠʭ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʦʚ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʧʦʯʚʳ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʩʚʷʟʘʥʦ ʩ ʝʝ ʬʠʢʩʘʮʠʝʡ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. ɼʦʢʘʟʘʥʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʠʣʠʩʪʦʡ 

ʬʨʘʢʮʠʠ ʧʦʯʚ ʠ ʦʢʠʩʣʦʚ ʞʝʣʝʟʘ ʢ ʩʦʨʙʮʠʠ ʨʪʫʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʵʣʝʤʝʥʪʘ ʚ 

ʠʣʣʶʚʠʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ.  

ʉʚʠʥʝʮ ï Pb (Plumbum) 

ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʉʚʠʥʝʮ ï ʵʣʝʤʝʥʪ 14-ʡ ʛʨʫʧʧʳ 6-ʛʦ ʧʝʨʠʦʜʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʵʣʝʤʝʥʪʦʚ (ʧʦ ʫʩʪʘʨʝʚʰʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʳ IV ʛʨʫʧʧʳ) ʩ ʘʪʦʤʥʦʡ 

ʤʘʩʩʦʡ 207,19. ɽʛʦ ʘʪʦʤʳ ʠʤʝʶʪ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ 6s26p2. 

ʉʚʠʥʝʮ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʷʛʢʠʡ ʧʣʘʩʪʠʯʥʳʡ ʩʠʥʝʚʘʪʦ-ʩʝʨʳʡ ʤʝʪʘʣʣ (ʪʝʤʧʝʨʘʪʫʨʘ 
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ʧʣʘʚʣʝʥʠʷ 237,4 Áʉ) ʩ ʧʣʦʪʥʦʩʪʴʶ 11,35 ʛ/ʩʤ3. ʇʦ ʭʘʨʘʢʪʝʨʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʩʚʠʥʝʮ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʘʢʮʝʧʪʦʨ ʤʝʞʜʫ ʞʝʩʪʢʠʤʠ ʠ 

ʤʷʛʢʠʤʠ ʢʠʩʣʦʪʘʤʠ. ɾʝʩʪʢʠʡ ʘʢʮʝʧʪʦʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤʠ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴʶ ʠ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴʶ, ʙʦʣʴʰʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ ʟʘʨʷʜʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʦʥʥʳʭ ʩʚʷʟʝʡ. ʄʷʛʢʦʤʫ ʘʢʮʝʧʪʦʨʫ ʧʨʠʩʫʱʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʚʦʡʩʪʚʘ, ʠ ʦʥ ʦʙʨʘʟʫʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ. ʇʦ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʩʚʠʥʝʮ ʙʦʣʝʝ ʩʭʦʜʝʥ ʩ 

ʜʚʫʭʚʘʣʝʥʪʥʳʤʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʯʝʤ ʩ ʵʣʝʤʝʥʪʘʤʠ ʩʚʦʝʡ ʧʦʜʛʨʫʧʧʳ. 

ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʩʣʘʙʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʚʠʥʮʘ: ʛʠʜʨʦʦʢʩʠʜʳ, ʩʫʣʴʬʘʪʳ, 

ʬʦʩʬʘʪʳ.  

ʉʚʠʥʝʮ ʧʨʦʷʚʣʷʝʪ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +2 ʠ +4, ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʩʦʝʜʠʥʝʥʠʷ ʩʦ 

ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ +2. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ. ʉʦʚʦʢʫʧʥʳʝ ʤʠʨʦʚʳʝ ʟʘʧʘʩʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʜʦʙʳʯʠ, ʦʮʝʥʠʚʘʶʪʩʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʟʤʝʨʝ 89 ʤʣʥ ʪ. ʈʘʟʚʝʜʘʥʥʳʝ ʟʘʧʘʩʳ ʩʚʠʥʮʘ ʝʩʪʴ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. 

ʇʦ ʜʘʥʥʳʤ ɻʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʉʐɸ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʠʤʠ ʟʘʧʘʩʘʤʠ ʤʝʪʘʣʣʘ 

ʦʙʣʘʜʘʝʪ ɸʚʩʪʨʘʣʠʷ ï 36 ʤʣʥ. ʪ, ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʦ ʟʘʧʘʩʘʤ ʂʠʪʘʡ ï 14 ʤʣʥ ʪ. ɺ ʈʦʩʩʠʠ ʟʘʧʘʩʳ 

ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩʚʠʥʮʘ ʩʦʩʪʘʚʣʷʶʪ 9,2 ʤʣʥ ʪ.  

ʉʦ ʚʨʝʤʝʥ ʩʨʝʜʥʝʚʝʢʦʚʴʷ ʩʚʠʥʝʮ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʜʦʧʨʦʚʦʜʥʳʭ ʪʨʫʙ, 

ʙʦʝʧʨʠʧʘʩʦʚ, ʤʦʥʝʪ, ʧʨʠʧʦʷ, ʢʫʭʦʥʥʦʡ ʧʦʩʫʜʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ, ʪʠʧʦʛʨʘʬʩʢʦʛʦ ʰʨʠʬʪʘ 

(ʩʧʣʘʚ ʩ ʦʣʦʚʦʤ, ʩʫʨʴʤʦʡ, ʤʳʰʴʷʢʦʤ), ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʢʨʘʩʠʪʝʣʝʡ. ʅʘ ʝʛʦ ʦʩʥʦʚʝ 

ʧʨʦʠʟʚʦʜʷʪ ʩʧʣʘʚʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʢʘʢ ʤʘʪʝʨʠʘʣ ʜʣʷ ʧʦʜʰʠʧʥʠʢʦʚ (ʩʧʣʘʚ ʩ ʩʫʨʴʤʦʡ ʠ ʤʝʜʴʶ). 

ʀʟ ʩʚʠʥʮʘ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʦʙʦʣʦʯʢʫ ʜʣʷ ʢʘʙʝʣʝʡ ʠ ʧʨʦʚʦʜʦʚ. ʉʚʠʥʮʦʚʳʝ ʠʟʜʝʣʠʷ ʩʣʫʞʘʪ 

ʟʘʱʠʪʦʡ ʦʪ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʉʦʝʜʠʥʝʥʠʷ ʩʚʠʥʮʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʢʨʘʩʦʢ (ʩʫʨʠʢ Pb3O4); ʩʫʨʠʢ ʠ ʜʠʦʢʩʠʜ ʩʚʠʥʮʘ PbO2 ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʟʘʧʨʘʚʢʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ; 

ʦʢʩʠʜ ʩʚʠʥʮʘ (II) PbO ʢʘʢ ʩʧʝʮʠʘʣʴʥʘʷ ʜʦʙʘʚʢʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʭʨʫʩʪʘʣʷ, ʦʧʪʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ 

ʠ ʵʤʘʣʝʡ. ɼʦʣʛʦʝ ʚʨʝʤʷ ʪʝʪʨʘʵʪʠʣʩʚʠʥʝʮ (IV) Pb(C2H5)4 ʧʨʠʤʝʥʷʣʠ ʚ ʢʘʯʝʩʪʚʝ 

ʘʥʪʠʜʝʪʦʥʘʮʠʦʥʥʦʡ ʧʨʠʩʘʜʢʠ ʢ ʙʝʥʟʠʥʫ. 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʩʚʠʥʮʘ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 

1,25Ö10-3 % ʜʦ 2,0Ö10-3%. ʉʘʤʦʨʦʜʥʳʡ ʩʚʠʥʝʮ ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ, ʙʦʣʴʰʘʷ ʝʛʦ ʯʘʩʪʴ ʥʘʭʦʜʠʪʩʷ 

ʚ ʨʘʩʩʝʷʥʥʦʤ ʚʠʜʝ. ɼʘʥʥʳʡ ʣɻʝʤʝʥʪ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʙʦʣʝʝ ʯʝʤ 200 ʤʠʥʝʨʘʣʦʚ, ʚʘʞʥʝʡʰʠʝ ʠʟ 

ʥʠʭ: ʛʘʣʝʥʠʪ PbS, ʮʝʨʫʩʩʠʪ PbCO3, ʘʥʛʣʝʟʠʪ PbSO4; ʠʟ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ï ʪʠʣʣʠʪ PbSnS2 ʠ 

ʙʝʪʝʭʪʠʥʠʪ Pb2(Cu,Fe)21S15, ʘ ʪʘʢʞʝ ʩʫʣʴʬʦʩʦʣʠ ʩʚʠʥʮʘ ï ʜʞʝʤʩʦʥʠʪ FePb4Sn6S14, 

ʙʫʣʘʥʞʝʨʠʪ Pb5Sb4S11. ɺʩʝʛʜʘ ʩʦʜʝʨʞʠʪʩʷ ʚ ʨʫʜʘʭ ʫʨʘʥʘ ʠ ʪʦʨʠʷ, ʠʤʝʷ ʯʘʩʪʦ ʨʘʜʠʦʛʝʥʥʫʶ 

ʧʨʠʨʦʜʫ. ɺ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʯʘʩʪʦ ʦʙʨʘʟʫʶʪʩʷ ʢʨʫʧʥʳʝ ʟʘʣʝʞʠ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʭ ʠʣʠ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ. ɻʘʣʝʥʠʪ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʠ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ: 

ʢʦʣʯʝʜʘʥʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʭ, ʫʨʘʥʦʚʳʭ, ʟʦʣʦʪʦʨʫʜʥʳʭ ʠ ʜʨ. 

ʉʫʣʴʬʦʩʦʣʠ ʦʙʳʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩ ʩʫʨʴʤʦʡ, ʤʳʰʴʷʢʦʤ, ʘ ʪʘʢʞʝ ʚ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʄʠʥʝʨʘʣʳ 

ʩʚʠʥʮʘ ʩʫʣʴʬʠʜʥʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʛʝʥʝʟʠʩ, ʤʠʥʝʨʘʣʳ ʦʢʠʩʥʦʛʦ ʪʠʧʘ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʢʦʨʘʭ ʚʳʚʝʪʨʠʚʘʥʠʷ (ʟʦʥʘʭ ʦʢʠʩʣʝʥʠʷ) ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  

 ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʩʚʠʥʮʘ ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜʘʭ ʩʫʰʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʧʨʝʚʳʰʘʝʪ 3 ʤʢʛ/ʣ. ʋʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʘʭ ʦʙʳʯʥʦ ʠʟʤʝʥʷʶʪʩʷ 

ʦʪ 0,03 ʜʦ 50 ʤʢʛ/ʣ, ʦʜʥʘʢʦ ʚ ʛʫʩʪʦʥʘʩʝʣʝʥʥʳʭ ʨʘʡʦʥʘʭ ʦʥʠ ʤʦʛʫʪ ʧʨʝʚʳʰʘʪʴ 1000 ʤʢʛ/ʣ, 

ʧʨʠʚʦʜʷ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʧʦʯʚ. ʉʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ ʚ ʩʨʝʜʥʝʤ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,7-36 ʤʢʛ/ʣ, 

ʚ ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ ï 0,1-11 ʤʢʛ/ʣ, ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʨʝʩʥʦʚʦʜʥʳʭ ʚʦʜʦʝʤʦʚ ï 0,9-100 

ʤʛ/ʢʛ [30, 51 ʠ ʜʨ.]. ʇʨʠ ʵʪʦʤ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʘ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ 

ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ: ʜʣʷ ʤʦʨʩʢʠʭ ʚʦʜ ï 10 ʤʢʛ/ʜʤ3, ʜʣʷ ʧʨʝʩʥʳʭ ʚʦʜ ï 

6 ʤʢʛ/ʜʤ3 [22]. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ ʚ ʧʦʯʚʘʭ ï nÖ10-3% (ʧʦ ʜʘʥʥʳʤ ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ). ʋʨʦʚʝʥʴ 

ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ʚ ʧʦʯʚʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʫʩʣʦʚʣʝʥ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʤʝʥʪʘ ʚ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ. ʄʠʛʨʘʮʠʷ ʠ ʢʦʥʝʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ 
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https://ru.wikipedia.org/w/index.php?title=%D0%A2%D0%B8%D0%BB%D0%BB%D0%B8%D1%82&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%91%D0%B5%D1%82%D0%B5%D1%85%D1%82%D0%B8%D0%BD%D0%B8%D1%82&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%B5%D0%BC%D1%81%D0%BE%D0%BD%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%91%D1%83%D0%BB%D0%B0%D0%BD%D0%B6%D0%B5%D1%80%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%A3%D1%80%D0%B0%D0%BD_%28%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%29
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D1%80%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D0%BD%D0%BA
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B8%D0%BC%D0%B5%D1%82%D0%B0%D0%BB%D0%BB%D1%8B
https://ru.wikipedia.org/wiki/%D0%97%D0%BE%D0%BB%D0%BE%D1%82%D0%BE
https://ru.wikipedia.org/wiki/%D0%A1%D1%83%D1%80%D1%8C%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D1%8B%D1%88%D1%8C%D1%8F%D0%BA
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%80%D0%B0_%D0%B2%D1%8B%D0%B2%D0%B5%D1%82%D1%80%D0%B8%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
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ʧʨʦʠʩʭʦʜʷʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʘʢʪʦʨʦʚ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʙʫʩʣʦʚʣʝʥʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʵʣʝʤʝʥʪʘ. ɺ ʪʘʙʣ. 8.8 ʠ 8.9 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʩʚʠʥʮʘ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʦʯʚ. 
 

ʊʘʙʣʠʮʘ 8.8 

ʉʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʯʚ 

ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ, ʤʛ/ʢʛ [16, 37]   

ʇʦʯʚʳ ʉʪʨʘʥʘ 
ʇʨʝʜʝʣʳ 

ʢʦʣʝʙʘʥʠʡ 
ʉʨʝʜʥʝʝ 

ʇʦʜʟʦʣʳ ʠ ʧʝʩʯʘʥʳʝ ʧʦʯʚʳ 
ʇʦʣʴʰʘ 

ʂʘʥʘʜʘ 

8,5 ï 23,5 

2,3 ï 47,5 

16 

10,4 

ʇʦʜʟʦʣʠʩʪʳʝ ʠ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ 

ʧʦʯʚʳ 
ʉʅɻ 10,3 ï 28,3 14,6 

ʃʝʩʩʦʚʳʝ ʠ ʧʳʣʝʚʘʪʳʝ ʧʦʯʚʳ ʇʦʣʴʰʘ 14 ï 32 26 

ʉʫʛʣʠʥʠʩʪʳʝ ʠ ʛʣʠʥʠʩʪʳʝ ʧʦʯʚʳ 
ʇʦʣʴʰʘ 

ʂʘʥʘʜʘ 

12,5 ï 52 

1,5 ï 50,1 

25 

16,6 

ʇʦʯʚʳ ʥʘ ʣʝʜʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ɼʘʥʠʷ 11,3 ï 17,3 14,7 

ʌʣʶʚʠʩʦʣʠ 

ɸʚʩʪʨʠʷ 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 

ʇʦʣʴʰʘ 

16 ï 22 

24 ï 96 

12,5 ï 48,5 

19 

63 

39 

ɻʣʝʡʩʦʣʠ ʇʦʣʴʰʘ 19,5 ï 48,5 30 

ʈʝʥʜʟʠʥʳ ʇʦʣʴʰʘ 17 ï 46 28,5 

ɹʫʨʳʝ ʧʦʯʚʳ ɸʚʩʪʨʠʷ 13 ï 31 21 

ʃʝʩʥʳʝ ʧʦʯʚʳ ʉʅɻ 10 ï 56 37 

ʏʝʨʥʦʟʝʤʳ 
ʇʦʣʴʰʘ 

ʉʅɻ 

19 ï 29 

- 

25 

21 

 

ʊʘʙʣʠʮʘ 8.9 

ʉʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ ʚ ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʧʦʯʚ ʈʦʩʩʠʠ, ʤʛ/ʢʛ [7, 30]  

ɼʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʳʝ 

ʉʝʨʳʝ 

ʣʝʩʥʳʝ 
ʏʝʨʥʦʟʝʤʳ ʂʘʰʪʘʥʦʚʳʝ ʊʦʨʬʷʥʳʝ 

3-17 10-25 13-30 10-27 3-24 

 

ʉʚʠʥʝʮ ʭʦʨʦʰʦ ʩʦʨʙʠʨʫʝʪʩʷ ʧʦʯʚʝʥʥʦ-ʧʦʛʣʦʱʘʶʱʠʤ ʢʦʤʧʣʝʢʩʦʤ ʧʦʯʚʳ ʠ ʩ ʪʨʫʜʦʤ 

ʚʳʪʝʩʥʷʝʪʩʷ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʉʦʨʙʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʫʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ ʧʦʯʚʘʤʠ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʙʫʩʣʦʚʣʝʥʳ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʠʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʛʣʠʥʠʩʪʳʭ 

ʤʠʥʝʨʘʣʦʚ, ʦʜʥʘʢʦ ʚʝʜʫʱʘʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʦʨʛʘʥʠʯʝʩʢʦʤʫ ʚʝʱʝʩʪʚʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʠʥʮʘ ʧʦ ʧʨʦʬʠʣʶ ʧʦʯʚʳ ʘʥʘʣʦʛʠʯʝʥ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʫʨʦʯʝʥʦ ʢ ʚʝʨʭʥʠʤ ʛʫʤʫʩʦʚʳʤ 

ʛʦʨʠʟʦʥʪʘʤ ʧʦʯʚ. ɺ ʢʠʩʣʳʭ ʧʦʜʟʦʣʠʩʪʳʭ ʠ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚʘʭ ʧʨʦʠʩʭʦʜʠʪ ʚʳʥʦʩ 

ʩʚʠʥʮʘ ʚʥʠʟ ʧʦ ʧʨʦʬʠʣʶ ʠ ʘʢʢʫʤʫʣʷʮʠʷ ʚ ʠʣʣʶʚʠʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʳʭ 

ʧʦʯʚʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʘ ʤʘʢʩʠʤʫʤʘ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ï ʛʫʤʫʩʦʚʳʡ ʠ ʠʣʣʶʚʠʘʣʴʥʳʡ 

ʛʦʨʠʟʦʥʪʳ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʚʠʥʮʘ ʚ ʩʝʨʳʭ ʣʝʩʥʳʭ ʧʦʯʚʘʭ 

ʦʪʤʝʯʘʝʪʩʷ ʚ ʚʝʨʭʥʝʤ 20-ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʩʣʦʝ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40% ʝʛʦ ʚʘʣʦʚʳʭ ʟʘʧʘʩʦʚ. 

ɺ ʜʝʨʥʦʚʦ-ʛʣʝʝʚʳʭ ʧʦʯʚʘʭ ʦʩʥʦʚʥʳʤ ʙʘʨʴʝʨʦʤ ʥʘ ʧʫʪʠ ʧʝʨʝʜʚʠʞʝʥʠʷ ʩʚʠʥʮʘ ʚ ʫʩʣʦʚʠʷʭ 

ʢʠʩʣʦʡ ʨʝʘʢʮʠʠ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʛʣʝʝʚʳʡ ʛʦʨʠʟʦʥʪ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʝʤ 

ʠʣʘ. ʉʚʠʥʝʮ ʚ ʵʪʦʤ ʛʦʨʠʟʦʥʪʝ ʠʤʝʝʪ ʤʘʣʫʶ ʧʦʜʚʠʞʥʦʩʪʴ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʩʠʣʴʥʦʤ ʦʛʣʝʝʥʠʠ 

ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʣʴʬʠʜʦʚ. 

ʈʘʩʪʝʥʠʷ ʥʘʢʘʧʣʠʚʘʶʪ ʩʚʠʥʝʮ ʚ ʢʦʣʠʯʝʩʪʚʘʭ nÖ10-5 ï nÖ10-4%. ʍʦʪʷ ʚ ʧʨʠʨʦʜʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩʚʠʥʝʮ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ ʚʩʝʭ ʚʠʜʘʭ ʨʘʩʪʝʥʠʡ, ʝʛʦ ʨʦʣʴ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʚʳʷʚʠʪʴ ʥʝ 

ʫʜʘʝʪʩʷ. ʆʜʥʘʢʦ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʩʪʠʤʫʣʠʨʫʶʱʝʤ ʜʝʡʩʪʚʠʠ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ 

ʥʝʢʦʪʦʨʳʭ ʩʦʣʝʡ ʩʚʠʥʮʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʚʠʥʮʘ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 
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ʩʨʝʜʳ ʥʝ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʪʦʢʩʠʯʥʳʝ ʜʣʷ ʞʠʟʥʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʦʧʠʩʘʥʦ ʪʦʢʩʠʯʥʦʝ ʜʝʡʩʪʚʠʝ ʩʚʠʥʮʘ ʥʘ ʬʦʪʦʩʠʥʪʝʟ, ʜʳʭʘʥʠʝ, ʤʠʪʦʟ ʠ ʚʦʜʥʳʡ 

ʦʙʤʝʥ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʪʨʦʛʦ ʩʧʝʮʠʬʠʯʥʳʭ ʩʠʤʧʪʦʤʦʚ ʩʚʠʥʮʦʚʦʛʦ ʪʦʢʩʠʢʦʟʘ ʫ ʨʘʩʪʝʥʠʡ ʥʝ 

ʦʪʤʝʯʝʥʦ. 

ɺ ʩʨʝʜʥʝʤ ʟʘ ʩʫʪʢʠ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʧʦʛʣʦʱʘʝʪ 26-42 ʤʢʛ ʩʚʠʥʮʘ. ʇʨʠ ʵʪʦʤ ʦʪ 60 ʜʦ 

90% ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʩʪʷʭ. ʆʩʥʦʚʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ 

ʢʨʦʚʠ. ʊʘʢ, ʫʞʝ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 50-60 ʤʢʛ/100 ʤʣ ʚ ʧʦʚʝʜʝʥʠʠ ʯʝʣʦʚʝʢʘ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠʟʥʘʢʠ 

ʜʝʧʨʝʩʩʠʠ, ʘʛʨʝʩʩʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʭʫʜʰʝʥʠʝ ʦʙʱʝʛʦ ʩʘʤʦʯʫʚʩʪʚʠʷ (ʮʠʪ. ʧʦ [37, 38]).  

ʉʚʠʥʝʮ ʚʳʟʳʚʘʝʪ ʭʨʦʥʠʯʝʩʢʠʝ ʦʪʨʘʚʣʝʥʠʷ ʩ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʢʣʠʥʠʯʝʩʢʠʤʠ 

ʧʨʦʷʚʣʝʥʠʷʤʠ: ʧʦʨʘʞʘʝʪ ʮʝʥʪʨʘʣʴʥʫʶ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʫʶ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʩʪʥʳʡ ʤʦʟʛ ʠ 

ʢʨʦʚʴ, ʧʦʯʢʠ, ʩʦʩʫʜʳ, ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʢʣʝʪʢʠ, ʥʘʨʫʰʘʝʪ ʩʠʥʪʝʟ ʙʝʣʢʘ, ʦʢʘʟʳʚʘʝʪ 

ʵʤʙʨʠʦʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ (ʮʠʪ. ʧʦ [37]). ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʫʪʚʝʨʞʜʝʥʥʦʡ 

ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʚʳʜʝʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʬʦʨʤ ʩʚʠʥʮʦʚʦʛʦ ʦʪʨʘʚʣʝʥʠʷ 

(ʩʘʪʫʨʥʠʟʤʘ) ï ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʪʷʞʝʩʪʠ ʦʪʨʘʚʣʝʥʠʷ ʨʘʟʚʠʚʘʶʪʩʷ ʤʘʣʦʢʨʦʚʠʝ, ʪʦʢʩʠʯʝʩʢʠʡ 

ʛʝʧʘʪʠʪ, ʩʚʠʥʮʦʚʘʷ ʢʦʣʠʢʘ, ʵʥʮʝʬʘʣʦʧʘʪʠʷ, ʧʘʨʘʣʠʯ.  

ʄʝʜʴ ï Cu (Cuprum) 

ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʄʝʜʴ ï ʵʣʝʤʝʥʪ 11-ʡ ʛʨʫʧʧʳ 4-ʛʦ ʧʝʨʠʦʜʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʵʣʝʤʝʥʪʦʚ (ʧʦ ʫʩʪʘʨʝʚʰʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï ʧʦʙʦʯʥʦʡ ʧʦʜʛʨʫʧʧʳ I ʛʨʫʧʧʳ) ʩ ʘʪʦʤʥʦʡ 

ʤʘʩʩʦʡ 63,54. ɽʝ ʘʪʦʤʳ ʠʤʝʶʪ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ 3d104s1. ʄʝʜʴ ï 

ʤʷʛʢʠʡ ʧʣʘʩʪʠʯʥʳʡ ʤʝʪʘʣʣ ʨʦʟʦʚʦ-ʢʨʘʩʥʦʡ ʦʢʨʘʩʢʠ ʩ ʧʣʦʪʥʦʩʪʴʶ 8,96 ʛ/ʩʤ3, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʵʣʝʢʪʨʦ- ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1084,5 Áʉ. ʇʦ ʭʘʨʘʢʪʝʨʫ 

ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ ʤʝʜʴ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʘʢʮʝʧʪʦʨ ʤʝʞʜʫ ʞʝʩʪʢʠʤʠ ʠ ʤʷʛʢʠʤʠ ʢʠʩʣʦʪʘʤʠ. ʄʝʜʴ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʛʨʫʧʧʝ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʰʠʨʦʢʦʡ ʚʘʨʠʘʮʠʝʡ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʩʧʝʢʪʨʘʣʴʥʳʝ, 

ʤʘʛʥʠʪʥʳʝ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ ʠ ʦʢʠʩʣʝʥʠʶ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʦʙʫʩʣʦʚʣʝʥʳ 

ʥʝʟʘʚʝʨʰʝʥʥʦʩʪʴʶ d-ʦʨʙʠ-ʪʘʣʠ ʘʪʦʤʘ ʤʝʜʠ. ʄʝʜʴ ʧʨʦʷʚʣʷʝʪ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +1 ʠ +2, ʥʦ 

ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ +2. ʄʝʜʴ (I) ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʦʡ 

ʤʷʛʢʦʡ ʢʠʩʣʦʪʦʡ. 

ʀʟ ʩʦʣʝʡ ʤʝʜʠ (II) ʥʘʠʙʦʣʴʰʝʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ CuSO4Ö5H2O ï ʤʝʜʥʳʡ 

ʢʫʧʦʨʦʩ. ʉʨʝʜʠ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ (I) ʚ ʧʨʠʨʦʜʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ Cu2O ʠ CuS, ʦʜʥʘʢʦ 

ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʦʥʠ ʤʘʣʦʫʩʪʦʡʯʠʚʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ. ʄʠʨʦʚʳʝ ʟʘʧʘʩʳ ʤʝʜʠ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 6,8Ö108 ʪ, ʝʞʝʛʦʜʥʦʝ ʤʠʨʦʚʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʝʚʳʰʘʝʪ 7Ö106 ʪ. 

ʆʥʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ, ʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʚʦʜʦʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ. 

ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʨʦʠʟʚʦʜʠʤʦʡ ʯʠʩʪʦʡ ʤʝʜʠ (ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʘ 99,98 ï 99,999%) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʚʦʜʦʚ. ɺ ʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʠʜʝʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʧʣʘʚʦʚ:  

ï ʤʝʜʥʦ-ʮʠʥʢʦʚʦʛʦ ʩʧʣʘʚʘ (ʣʘʪʫʥʠ); 

ï ʩʧʣʘʚʘ ʤʝʜʠ ʩ ʦʣʦʚʦʤ, ʤʝʜʠ ʩ ʘʣʶʤʠʥʠʝʤ, ʤʝʜʠ ʩ ʙʝʨʠʣʣʠʝʤ (ʙʨʦʥʟʳ, ʘʣʶʤʠʥʠʝʚʦʡ 

ʙʨʦʥʟʳ, ʙʝʨʠʣʣʠʝʚʦʡ ʙʨʦʥʟʳ);  

ï ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ (ʤʝʣʴʭʠʦʨʘ, ʢʦʥʩʪʘʥʪʠʥʘ); 

ï ʩʧʣʘʚʘ ʤʝʜʠ ʩ ʥʠʢʝʣʝʤ ʠ ʮʠʥʢʦʤ (ʥʝʡʟʠʣʴʙʝʨʘ); 

ï ʩʧʣʘʚʘ ʤʝʜʠ ʩ ʥʠʢʝʣʝʤ ʠ ʤʘʨʛʘʥʮʝʤ (ʤʘʥʛʘʥʠʥʘ). 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʤʝʜʠ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʚʝʣʠʢʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,005-0,05%, ʦʜʥʘʢʦ ʦʥʘ ʯʘʱʝ, ʯʝʤ ʜʨʫʛʠʝ ʤʝʪʘʣʣʳ, ʚʩʪʨʝʯʘʝʪʩʷ 

ʚ ʩʘʤʦʨʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʨʠ ʵʪʦʤ ʩʘʤʦʨʦʜʢʠ ʤʝʜʠ ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʳ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʦʢʦʣʦ 170 ʤʝʜʴʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ. ʄʝʜʥʳʝ ʨʫʜʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʦʢʩʠʜʥʳʝ (ʢʫʧʨʠʪ Cu2O) 
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ʠ ʩʫʣʴʬʠʜʥʳʝ (ʭʘʣʴʢʦʧʠʨʠʪ ʠʣʠ ʤʝʜʥʳʡ ʢʦʣʯʝʜʘʥ CuFeS2, ʭʘʣʴʢʦʟʠʥ ʠʣʠ ʤʝʜʥʳʡ ʙʣʝʩʢ Cu2S, 

ʢʦʚʝʣʣʠʥ CuS). ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʤʝʜʥʳʝ ʨʫʜʳ (ʤʘʣʘʭʠʪ 

CuCO3ÖCu(OH)2). ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ, ʧʦʩʢʦʣʴʢʫ ʠʟ ʥʠʭ 

ʚʳʧʣʘʚʣʷʝʪʩʷ 80% ʚʩʝʡ ʜʦʙʳʚʘʝʤʦʡ ʤʝʜʠ. 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ ʦʪʣʠʯʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʠʟʚʝʨʞʝʥʥʳʝ ʧʦʨʦʜʳ, 

ʤʝʥʝʝ ʙʦʛʘʪʳ ʢʠʩʣʳʝ ʤʘʩʩʠʚʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʜʳ, ʤʘʣʦ ʤʝʜʠ ʚ ʠʟʚʝʩʪʥʷʢʘʭ, ʜʦʣʦʤʠʪʘʭ, 

ʚʘʣʫʥʥʳʭ ʩʫʛʣʠʥʢʘʭ ʠ ʧʝʩʢʘʭ. 

ɼʚʝ ʪʨʝʪʠ ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ ʤʝʜʠ ʩʚʷʟʘʥʳ ʩ ʤʘʛʥʠʪʥʳʤʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʨʘʡʦʥʘʭ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʢʦʣʴʮʘ ʠ ʛʦʨʥʳʭ ʧʦʷʩʘʭ 

ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʂʨʫʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʝʜʠ ʠʟʚʝʩʪʥʳ ʪʘʢʞʝ 

ʚ ɸʚʩʪʨʘʣʠʠ ʠ ʈʦʩʩʠʠ.  

ʉʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ ʤʝʜʠ ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʨʝʩʥʳʭ ʚʦʜʘʭ ʦʙʳʯʥʦ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,5 ʜʦ 1,0 ʤʢʛ/ʣ, ʚʦʟʨʘʩʪʘʷ ʚ ʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʘʭ. ɿʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʩʦʜʝʨʞʘʥʠʷ (500-2000 ʤʢʛ/ʣ) ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʛʦʨʥʦʨʫʜʥʳʭ ʨʘʡʦʥʦʚ. ɼʣʷ ʤʦʨʩʢʠʭ ʘʢʚʘʪʦʨʠʡ 

ʦʪʤʝʯʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʫʙʳʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ʦʪ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʦʚ ʚ ʩʪʦʨʦʥʫ 

ʦʪʢʨʳʪʦʛʦ ʤʦʨʷ. ʂʦʣʠʯʝʩʪʚʦ ʤʝʜʠ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʘʭ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʚ ʧʨʝʜʝʣʘʭ 0,1-3,6 ʤʢʛ/ʣ, ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ï 0,1-150 ʤʢʛ/ʣ, ʚ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ ï 0,1-24 ʤʢʛ/ʣ, ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʨʝʩʥʦʚʦʜʥʳʭ ʚʦʜʦʝʤʦʚ ï  

0,4-270 ʤʛ/ʢʛ [30, 50 ʠ ʜʨ.]. ʇʨʠ ʵʪʦʤ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʘ ʚ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʘʭ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ: ʜʣʷ ʤʦʨʩʢʠʭ ʚʦʜ ï 5 ʤʢʛ/ʜʤ3, ʜʣʷ 

ʧʨʝʩʥʳʭ ʚʦʜ ï 1 ʤʢʛ/ʜʤ3 [22]. 

ɺ ʧʦʯʚʘʭ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʠ ʩʦʩʪʘʚʣʷʝʪ 

2Ö10-3%. ɼʣʷ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʴʰʠʝ ʢʦʣʝʙʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʦʯʚʘʭ (ʪʘʙʣ. 

8.10, 8.11). 

ʊʘʙʣʠʮʘ 8.10 

ɺʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ  

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʯʚ, ʤʛ/ʢʛ [17]  

ʇʦʯʚʳ 
ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ 

ʇʨʝʜʝʣʳ 

ʢʦʣʝʙʘʥʠʡ 

ʇʦʯʚʳ ʪʫʥʜʨʳ 9 2 ï 23 

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʧʦʯʚʳ 15 0,1 ï 47,9 

ʉʝʨʳʝ ʣʝʩʥʳʝ ʧʦʯʚʳ 15 5 ï 38 

ʏʝʨʥʦʟʝʤʳ 30 7 ï 18 

ʂʘʰʪʘʥʦʚʳʝ ʧʦʯʚʳ 10 0,6 ï 20 

ʉʝʨʦʟʝʤʳ 11 5 ï 20 

ɿʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ 27 4 ï 42 

ʂʨʘʩʥʦʟʝʤʳ ʠ ʞʝʣʪʦʟʝʤʳ 76 27 ï 140 

ɹʦʣʦʪʥʳʝ ʧʦʯʚʳ 11 2 ï 37 

ʊʦʨʬʷʥʠʢʠ ʚʝʨʭʦʚʳʝ 3 1 ï 5 

ɼʝʨʥʦʚʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʯʚʳ ʇʨʠʙʘʣʪʠʢʠ 5 1,2 ï 18,5 

 

ʊʘʙʣʠʮʘ 8.11 

ʉʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʧʦʯʚ ʈʦʩʩʠʠ, ʤʛ/ʢʛ [7, 30]  

ɼʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʳʝ 

ʉʝʨʳʝ 

ʣʝʩʥʳʝ 
ʏʝʨʥʦʟʝʤʳ ʂʘʰʪʘʥʦʚʳʝ ʊʦʨʬʷʥʳʝ 

4-16 1-48 5-40 13-40 1-5 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ ʧʦ ʧʦʯʚʝʥʥʦʤʫ ʧʨʦʬʠʣʶ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʠʧʦʤ ʧʦʯʚʳ. ʂ ʬʘʢʪʦʨʘʤ, ʫʚʝʣʠʯʠʚʘʶʱʠʤ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʧʦʯʚʝ, ʦʪʥʦʩʷʪʩʷ: ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʦʚ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʠ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʪʷʞʝʣʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ, ʙʦʛʘʪʩʪʚʦ ʢʦʣʣʦʠʜʘʤʠ, ʥʘʣʠʯʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʩʥʦʚʥʦʡ ʟʘʧʘʩ 
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ʤʝʜʠ ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ ʧʦʯʚ, ʥʘ ʝʝ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ ʜʦ 60-80% ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʘ ʚ ʧʦʯʚʝ.  

ʅʘʢʦʧʣʝʥʠʝ ʤʝʜʠ ʧʦʯʚʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʨʦʮʝʩʩʘʤʠ: 

ï ʘʜʩʦʨʙʮʠʝʡ; 

ï ʦʢʢʣʶʟʠʝʡ ʠ ʩʦʦʩʘʞʜʝʥʠʝʤ; 

ï ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʭʝʣʘʪʦʚ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝʤ; 

ï ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʬʠʢʩʘʮʠʝʡ. 

ɺ ʧʦʯʚʘʭ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʩʦʨʙʮʠʷ ʤʝʜʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʉʧʦʩʦʙʥʦʩʪʴ ʤʠʥʝʨʘʣʦʚ ʘʜʩʦʨʙʠʨʦʚʘʪʴ 

ʠʦʥʳ Cu ʠʟ ʨʘʩʪʚʦʨʘ ʦʙʫʩʣʦʚʣʝʥʘ ʚʝʣʠʯʠʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʨʷʜʘ ʘʜʩʦʨʙʝʥʪʘ, ʢʦʪʦʨʳʡ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʢʠʩʣʦʪʥʦʩʪʴʶ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʜʩʦʨʙʮʠʷ ʠʦʥʥʳʭ ʬʦʨʤ Cu 

ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʨʅ. ʅʘʠʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʤʝʜʠ ʩʚʷʟʘʥʳ ʩ ʦʢʩʠʜʘʤʠ Fe 

ʠ Mn (ʛʝʤʘʪʠʪʦʤ, ʛʝʪʠʪʦʤ ʠ ʜʨ.), ʘʤʦʨʬʥʳʤʠ ʛʠʜʨʦʦʢʩʠʜʘʤʠ Fe ʠ Al ʠ ʛʣʠʥʠʩʪʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ (ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʤ, ʚʝʨʤʠʢʫʣʠʪʦʤ ʠ ʜʨ.). ʅʝʩʧʝʮʠʬʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ ʚʢʣʶʯʘʝʪ 

ʦʢʢʣʶʟʠʶ, ʩʦʦʩʘʞʜʝʥʠʝ ʠ ʟʘʤʝʱʝʥʠʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ. ʅʝʢʦʪʦʨʳʝ ʧʦʯʚʝʥʥʳʝ 

ʤʠʥʝʨʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʛʠʜʨʦʦʢʩʠʜʳ Fe ʠ Al, ʢʘʨʙʦʥʘʪʳ, ʬʦʩʬʘʪʳ, ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ 

ʩʠʣʠʢʘʪʳ, ʩʧʦʩʦʙʥʳ ʩʚʷʟʳʚʘʪʴ Cu ʚ ʥʝʧʦʜʚʠʞʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʭʝʤʦʩʦʨʙʮʠʷ), ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʫʶ ʬʦʨʤʫ ʵʣʝʤʝʥʪʘ ʚ ʧʦʯʚʝ.  

ʆʩʥʦʚʥʳʤʠ ʨʝʘʢʮʠʷʤʠ, ʫʧʨʘʚʣʷʶʱʠʤʠ ʧʦʚʝʜʝʥʠʝʤ Cu ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʦʯʚ, ʷʚʣʷʶʪʩʷ 

ʭʝʣʘʪʦ- ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ. ʄʥʦʞʝʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʨʘʟʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʧʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʳ ʩ Cu, ʧʦʵʪʦʤʫ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʯʚ ʩʚʷʟʳʚʘʪʴ ʤʝʜʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ.  

ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʘʷ ʬʠʢʩʘʮʠʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʚʷʟʳʚʘʥʠʠ ʤʝʜʠ ʚ ʥʝʢʦʪʦʨʳʭ 

ʪʠʧʘʭ ʧʦʯʚ. ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʘ, ʩʚʷʟʘʥʥʦʝ ʚ ʙʠʦʤʘʩʩʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚʘʨʴʠʨʫʝʪ 

ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠ ʦʙʫʩʣʦʚʣʝʥʦ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʜʠ, ʩʚʦʡʩʪʚʘ 

ʧʦʯʚʳ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

ʄʝʜʴ ï ʦʜʠʥ ʠʟ ʥʘʠʤʝʥʝʝ ʧʦʜʚʠʞʥʳʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ɺ ʢʠʩʣʦʡ ʩʨʝʜʝ ʦʥ ʙʦʣʝʝ 

ʧʦʜʚʠʞʝʥ, ʩʫʤʤʘʨʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʘʪʠʦʥʥʳʭ ʠ ʘʥʠʦʥʥʳʭ ʬʦʨʤ Cu ʧʦʥʠʞʘʝʪʩʷ ʧʨʠ ʨʅ 

ʦʢʦʣʦ 7. ʇʦ ʠʤʝʶʱʠʤʩʷ ʦʮʝʥʢʘʤ, ʧʨʠ ʨʅ < 7 ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʤʝʜʠ ï ʵʪʦ 

ʧʨʦʜʫʢʪʳ ʛʠʜʨʦʣʠʟʘ CuOH+ ʠ Cu2(OH)2
2+, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʨʅ > 8 ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʳʤʠ ʘʥʠʦʥʥʳʝ 

ʦʢʩʠʢʦʤʧʣʝʢʩʳ Cu. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʤʝʜʠ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʘ CuCO3
0 ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʅ, ʠ ʵʪʦ 

ʩʦʝʜʠʥʝʥʠʝ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʨʘʩʪʚʦʨʝʥʥʦʡ ʬʦʨʤʦʡ Cu ʚ 

ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʱʝʣʦʯʥʳʭ ʧʦʯʚʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ. ɼʦʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʠʪʨʘʪʦʤ, ʭʣʦʨʠʜʦʤ ʠ 

ʩʫʣʴʬʘʪʦʤ ʚ ʧʦʯʚʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ʆʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʘʷ ʬʦʨʤʘ ʤʝʜʠ ʚ 

ʧʦʯʚʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ï ʵʪʦ ʝʝ ʨʘʩʪʚʦʨʠʤʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʭʝʣʘʪʳ, ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʨʅ. 

ʉʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʪʢʘʥʷʭ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ nÖ10-4 ï  

nÖ10-3%. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʦʙʥʘʨʫʞʝʥ ʨʷʜ ʤʝʜʴʩʦʜʝʨʞʘʱʠʭ 

ʧʨʦʪʝʠʥʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʚʷʟʘʥʥʳʡ ʩ ʢʠʩʣʦʨʦʜʦʤ ʛʝʤʦʮʠʘʥʠʥ, ʮʠʪʦʭʨʦʤʥʘʷ ʦʢʩʠʜʘʟʘ, 

ʪʠʨʦʩʠʥʘʟʘ ʠ ʣʘʢʢʘʟʘ. ʎʝʨʫʣʦʧʣʘʟʤʠʥ (ʙʝʣʦʢ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ) ʩʦʜʝʨʞʠʪ ʩʚʳʰʝ 95% ʚʩʝʡ 

ʤʝʜʠ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʂʦʣʠʯʝʩʪʚʦ ʮʝʨʫʣʦʧʣʘʟʤʠʥʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʦʪʨʘʞʘʝʪ ʥʘʨʫʰʝʥʠʷ ʤʝʪʘʙʦʣʠʟʤʘ 

ʤʝʜʠ. ʄʝʜʴ, ʢʘʢ ʠ ʞʝʣʝʟʦ, ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʠʨʦʜʥʦʡ ʩʝʣʝʢʮʠʠ ʘʵʨʦʙʥʳʭ ʢʣʝʪʦʢ ʠ ʚ ʵʚʦʣʶʮʠʠ 

ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʦʚ ʠ ʤʝʪʘʣʣʦʬʝʨʤʝʥʪʦʚ. ʇʦʩʣʝʜʥʝʝ ʚʳʨʘʞʘʝʪʩʷ ʚ ʨʘʟʚʠʪʠʠ Cu-Zn-ʬʝʨʤʝʥʪʦʚ 

(ʩʚʝʨʭʢʠʩʣʘʷ ʜʠʩʤʫʪʘʟʘ), ʬʝʨʤʝʥʪʦʚ ʛʝʤ, Fe-Cu-ʬʝʨʤʝʥʪʦʚ ʠ ʙʦʛʘʪʳʭ ʢʠʩʣʦʨʦʜʦʤ ʙʝʣʢʦʚ. ɺʦ 

ʚʩʝʭ ʥʘʟʚʘʥʥʳʭ ʧʨʦʪʝʠʥʘʭ ʤʝʜʴ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʣʠʛʘʥʜʘʤʠ ʘʟʦʪʘ, ʢʠʩʣʦʨʦʜʘ ʠ (ʠʣʠ) ʩʝʨʳ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʜʦʤʠʥʠʨʫʶʱʘʷ ʨʦʣʴ ʤʝʜʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʝ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʩʝʨʥʳʝ ʨʘʜʠʢʘʣʳ.  

ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʜʦʢʘʟʘʥʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʤʝʜʠ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ, ʜʳʭʘʥʠʝ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʫʛʣʝʚʦʜʦʚ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʬʠʢʩʘʮʠʶ ʘʟʦʪʘ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʦʩʫʜʦʚ ʢʩʠʣʝʤʳ ʜʣʷ ʚʦʜʳ. Cu 
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ʢʦʥʪʨʦʣʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ɼʅʂ ʠ ʈʅʂ, ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʟʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʟʘʙʦʣʝʚʘʥʠʷʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʤʝʜʠ ʨʷʜʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʊʘʢ, ʛʨʠʙʳ 

ʨʦʜʘ Aspergillus niger ʠʩʧʦʣʴʟʫʶʪ ʜʘʥʥʳʡ ʵʣʝʤʝʥʪ ʜʣʷ ʩʚʦʝʛʦ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ. ʉʫʱʝʩʪʚʫʶʪ 

ʜʘʞʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʚ ʧʦʯʚʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Aspergillus 

niger (ʧʦ ʄʫʣʴʜʝʨʫ). ʆʜʥʘʢʦ ʧʦʪʨʝʙʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʤʝʜʠ ʥʝ ʚʩʝʛʜʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʠʭ ʨʦʩʪʫ ʠ ʨʘʟʚʠʪʠʶ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ Cu, ʥʝ ʚʣʠʷʷ ʥʘ ʨʦʩʪ ʠ ʨʘʟʤʥʦʞʝʥʠʝ ʤʠʢʨʦʙʥʳʭ ʢʣʝʪʦʢ, 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʤʠʢʨʦʙʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʅʘʧʨʠʤʝʨ, ʨʦʩʪ ʙʘʢʪʝʨʠʡ Azotobacter 

chroococcum ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʤʝʜʠ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʦʜʥʘʢʦ ʧʠʛʤʝʥʪʘʮʠʷ ʤʠʢʨʦʙʦʚ ʨʝʟʢʦ 

ʠʟʤʝʥʷʝʪʩʷ: ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʝ ʧʦʣʫʯʠʚʰʠʝ ʤʝʜʠ ʢʣʝʪʢʠ 

ʵʪʠʭ ʙʘʢʪʝʨʠʡ ʧʦʯʪʠ ʙʝʩʮʚʝʪʥʳ. 

ʍʨʦʥʠʯʝʩʢʠʡ ʠʟʙʳʪʦʢ ʤʝʜʠ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʚʝʜʝʪ ʢ ʦʩʪʘʥʦʚʢʝ ʨʦʩʪʘ, ʛʝʤʦʣʠʟʫ ʠ 

ʥʠʟʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʛʝʤʦʛʣʦʙʠʥʘ, ʘ ʪʘʢʞʝ ʢ ʥʘʨʫʰʝʥʠʶ ʪʢʘʥʝʡ ʚ ʧʝʯʝʥʠ, ʧʦʯʢʘʭ, ʤʦʟʛʝ (ʮʠʪ. 

ʧʦ [37]). 

ʍʨʦʤ ï Cr (Chromium) 

ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʍʨʦʤ ï ʵʣʝʤʝʥʪ 6-ʡ ʛʨʫʧʧʳ 4-ʛʦ ʧʝʨʠʦʜʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʵʣʝʤʝʥʪʦʚ (ʧʦ ʫʩʪʘʨʝʚʰʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï ʧʦʙʦʯʥʦʡ ʧʦʜʛʨʫʧʧʳ VI ʛʨʫʧʧʳ) ʩ 

ʘʪʦʤʥʦʡ ʤʘʩʩʦʡ 51,997. ɽʛʦ ʘʪʦʤʳ ʠʤʝʶʪ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ 

3d54s1. ʍʨʦʤ ï ʪʚʝʨʜʳʡ ʙʣʝʩʪʷʱʠʡ ʩʝʨʦʚʘʪʦ-ʙʝʣʳʡ ʤʝʪʘʣʣ (ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 1890 Áʉ) ʩ 

ʧʣʦʪʥʦʩʪʴʶ 7,19 ʛ/ʩʤ3. ɺ ʩʦʝʜʠʥʝʥʠʷʭ ʭʨʦʤ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴ ʨʘʟʣʠʯʥʳʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ï 

ʦʪ +1 ʜʦ +6; ʠʟ ʥʠʭ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʩʦʝʜʠʥʝʥʠʷ ʭʨʦʤʘ ʩʦ ʩʪʝʧʝʥʷʤʠ ʦʢʠʩʣʝʥʠʷ +2, +3, +6. 

ʂʘʢ ʠ ʫ ʘʣʶʤʠʥʠʷ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʭʨʦʤʘ ʦʙʨʘʟʫʝʪʩʷ ʦʢʩʠʜʥʘʷ ʧʣʝʥʢʘ Cr2O3. ʇʦʵʪʦʤʫ 

ʭʨʦʤ ʚ ʨʘʟʙʘʚʣʝʥʥʳʭ ʩʝʨʥʦʡ ʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʘʭ ʥʘʯʠʥʘʝʪ ʨʘʩʪʚʦʨʷʪʴʩʷ ʧʦʩʪʝʧʝʥʥʦ ʧʦ ʤʝʨʝ 

ʨʘʩʪʚʦʨʝʥʠʷ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ. ɺ ʘʟʦʪʥʦʡ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʘʭ ʭʨʦʤ ʥʝ 

ʨʘʩʪʚʦʨʷʝʪʩʷ, ʪʘʢ ʢʘʢ ʝʛʦ ʦʢʩʠʜʥʘʷ ʧʣʝʥʢʘ ʫʧʨʦʯʥʷʝʪʩʷ, ʪʦ ʝʩʪʴ ʭʨʦʤ ʧʝʨʝʭʦʜʠʪ ʚ ʧʘʩʩʠʚʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. ʇʦ ʵʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʭʨʦʤʦʤ ʨʘʟʙʘʚʣʝʥʥʳʝ ʩʝʨʥʘʷ ʠ ʩʦʣʷʥʘʷ 

ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʨʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ. ʇʘʩʩʠʚʘʮʠʷ ʭʨʦʤʘ ʫʩʪʨʘʥʷʝʪʩʷ ʦʯʠʩʪʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ. 

ʇʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʭʨʦʤ ʛʦʨʠʪ ʚ ʢʠʩʣʦʨʦʜʝ, ʦʙʨʘʟʫʷ ʦʢʩʠʜ Cr2O3. ʈʘʩʢʘʣʝʥʥʳʡ 

ʭʨʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʪʘʢʞʝ ʩ ʧʘʨʘʤʠ ʚʦʜʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Cr2O3. ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʭʨʦʤ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʨʝʘʛʠʨʫʝʪ ʩ ʛʘʣʦʛʝʥʘʤʠ, ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʘʤʠ, ʩʝʨʦʡ, ʘʟʦʪʦʤ, ʬʦʩʬʦʨʦʤ, 

ʫʛʣʝʨʦʜʦʤ, ʢʨʝʤʥʠʝʤ ʠ ʙʦʨʦʤ. 

ʍʨʦʤ ʦʙʨʘʟʫʝʪ ʪʨʠ ʦʢʩʠʜʘ: ʦʢʩʠʜ ʭʨʦʤʘ (II), ʠʣʠ ʟʘʢʠʩʴ, CrO, ʠʤʝʶʱʠʡ ʦʩʥʦʚʥʦʡ 

ʭʘʨʘʢʪʝʨ, ʦʢʩʠʜ ʭʨʦʤʘ (III), ʠʣʠ ʦʢʠʩʴ, Cr2O3, ʧʨʦʷʚʣʷʶʱʠʡ ʘʤʬʦʪʝʨʥʳʝ ʩʚʦʡʩʪʚʘ, ʠ ʦʢʩʠʜ 

ʭʨʦʤʘ (VI), ʠʣʠ ʭʨʦʤʦʚʳʡ ʘʥʛʠʜʨʠʜ, CrO3 ï ʢʠʩʣʦʪʥʳʡ ʦʢʩʠʜ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʪʠʤ ʪʨʝʤ 

ʦʢʩʠʜʘʤ ʠʟʚʝʩʪʥʳ ʠ ʪʨʠ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ ʭʨʦʤʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ. ʄʠʨʦʚʳʝ ʟʘʧʘʩʳ ʭʨʦʤʘ ʦʮʝʥʠʚʘʶʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 1Ö109 ʪ; ʝʞʝʛʦʜʥʦʝ 

ʤʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʭʨʦʤʘ ʩʦʩʪʘʚʣʷʝʪ 2Ö104 ʪ. ʉʘʤʳʝ ʙʦʣʴʰʠʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʨʦʤʘ ʥʘʭʦʜʷʪʩʷ ʚ ʖɸʈ (1-ʝ ʤʝʩʪʦ ʚ ʤʠʨʝ), ʂʘʟʘʭʩʪʘʥʝ, ʈʦʩʩʠʠ, ɿʠʤʙʘʙʚʝ, 

ʄʘʜʘʛʘʩʢʘʨʝ. ʊʘʢʞʝ ʝʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʫʨʮʠʠ, ʀʥʜʠʠ, ɸʨʤʝʥʠʠ, ɹʨʘʟʠʣʠʠ, 

ʥʘ ʌʠʣʠʧʧʠʥʘʭ. ɻʣʘʚʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʨʦʤʦʚʳʭ ʨʫʜ ʚ ʈʌ ʠʟʚʝʩʪʥʳ ʥʘ ʋʨʘʣʝ. ʈʘʟʚʝʜʘʥʥʳʝ 

ʟʘʧʘʩʳ ʚ ʂʘʟʘʭʩʪʘʥʝ ʩʦʩʪʘʚʣʷʶʪ ʩʚʳʰʝ 350 ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ (2-ʝ ʤʝʩʪʦ ʚ ʤʠʨʝ). 

ʄʝʪʘʣʣʫʨʛʠʷ, ʦʛʥʝʫʧʦʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʭʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ï ʛʣʘʚʥʳʝ 

ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʨʦʤʘ, ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʜʦʣʠ ʚ ʦʙʱʝʤ ʧʦʪʨʝʙʣʝʥʠʠ ʭʨʦʤʘ ʩʦʩʪʘʚʣʷʶʪ 

ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʩʨʝʜʥʝʤ 60, 20 ʠ 20% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʤʘʨʢʠ ʭʨʦʤʠʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʝʨʨʦʩʧʣʘʚʦʚ. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʠʟ ʥʠʭ ï ʚʳʩʦʢʦ- ʠ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʡ ʬʝʨʨʦʭʨʦʤʳ ʠ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʡ 

ʬʝʨʨʦʭʨʦʤ. ʇʨʠʩʫʪʩʪʚʠʝ ʭʨʦʤʘ ʚ ʞʝʣʝʟʥʦʤ ʣʠʪʴʝ ʜʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʦʨʨʦʟʠʠ ʠ ʦʢʠʩʣʝʥʠʶ, 

ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʫʜʘʨʥʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʌʝʨʨʦʭʨʦʤʦʚʳʝ 
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ʩʧʣʘʚʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʝʨʞʘʚʝʶʱʝʡ ʠ ʞʘʨʦʧʨʦʯʥʦʡ ʩʪʘʣʠ, ʢʦʪʦʨʘʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, ʪʫʨʙʠʥʘʭ ʠ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʝʯʘʭ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʚ ʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʷʭ, 

ʩʪʘʥʢʘʭ ʠ ʪ.ʜ.  

ʍʨʦʤʠʪʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʚʳʜʝʣʢʠ ʦʛʥʝʫʧʦʨʥʳʭ ʢʠʨʧʠʯʝʡ, ʦʛʥʝʫʧʦʨʥʦʛʦ 

ʮʝʤʝʥʪʘ, ʩʤʝʩʝʡ ʜʣʷ ʥʘʙʠʚʢʠ ʧʦʜʦʚ ʧʝʯʝʡ ʠ ʠʭ ʨʝʤʦʥʪʘ. ʆʛʥʝʫʧʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʭʨʦʤʠʪ, 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʯʝʨʥʦʡ ʠ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʘ ʪʘʢʞʝ ʚ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʢʘʤʝʨʘʭ ʚ ʩʪʝʢʦʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚ ʨʝʛʝʥʝʨʘʮʠʦʥʥʳʭ ʘʛʨʝʛʘʪʘʭ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʪʨʘʙʦʪʘʥʥʳʭ ʱʝʣʦʢʦʚ. 

ʂʨʦʤʝ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʭʨʦʤʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ: 

ï ʧʠʛʤʝʥʪʦʚ, ʢʨʘʩʦʢ ʠ ʟʘʢʨʝʧʠʪʝʣʝʡ ʚ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ; 

ï ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʢʦʞʝʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ; 

ï ʜʣʷ ʭʨʦʤʠʨʦʚʘʥʠʷ, ʘʥʦʜʠʨʦʚʘʥʠʷ ʠ ʪʨʘʚʣʝʥʠʷ; 

ï ʦʢʠʩʣʠʪʝʣʝʡ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʥʦʛʠʭ ʧʨʦʜʫʢʪʦʚ, ʥʘʧʨʠʤʝʨ 

ʩʘʭʘʨʠʥʘ, ʧʨʠ ʦʪʙʝʣʢʝ ʠ ʦʯʠʩʪʢʝ ʤʘʩʝʣ, ʞʠʨʦʚ ʠ ʭʠʤʠʢʘʪʦʚ; 

ï ʩʨʝʜʩʪʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʣʘʛʦʫʩʪʦʡʯʠʚʦʩʪʠ ʢʣʝʝʚ, ʯʝʨʥʠʣ ʠ ʪ.ʜ. 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʭʨʦʤʘ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʩʦʩʪʘʚʣʷʝʪ 0,01-

0,03%. ʆʥ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʣʠʪʦʬʠʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠ ʧʦʯʪʠ ʚʝʩʴ ʟʘʢʣʶʯʝʥ ʚ ʤʠʥʝʨʘʣʘʭ 

ʪʠʧʘ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ. ʍʨʦʤ ʚʤʝʩʪʝ ʩ ʞʝʣʝʟʦʤ, ʪʠʪʘʥʦʤ, ʥʠʢʝʣʝʤ, ʚʘʥʘʜʠʝʤ ʠ ʤʘʨʛʘʥʮʝʤ 

ʩʦʩʪʘʚʣʷʶʪ ʦʜʥʦ ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʩʝʤʝʡʩʪʚʦ. 
ɺʩʪʨʝʯʘʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʤʠʥʝʨʘʣʘ ʭʨʦʤʘ: ʤʘʛʥʦʭʨʦʤʠʪ (Mg, Fe)Cr2O4, 

ʭʨʦʤʧʠʢʦʪʠʪ (Mg, Fe)(Cr, Al)2O4 ʠ ʘʣʶʤʦʭʨʦʤʠʪ (Fe, Mg)(Cr, Al)2O4. ʇʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʦʥʠ 
ʥʝʨʘʟʣʠʯʠʤʳ, ʠ ʠʭ ʥʝʪʦʯʥʦ ʥʘʟʳʚʘʶʪ çʭʨʦʤʠʪʳè. ʉʦʙʩʪʚʝʥʥʦ ʭʨʦʤʠʪ (ʭʨʦʤʠʩʪʳʡ  
ʞʝʣʝʟʥʷʢ) FeCr2O4 ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʝʜʦʢ. ʇʦʤʠʤʦ ʨʘʟʣʠʯʥʳʭ ʭʨʦʤʠʪʦʚ ʭʨʦʤ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 
ʨʷʜʘ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ ï ʭʨʦʤʦʚʦʡ ʩʣʶʜʳ (ʬʫʢʩʠʪʘ), ʭʨʦʤʦʚʦʛʦ ʭʣʦʨʠʪʘ, ʭʨʦʤʚʝʟʫʚʠʘʥʘ, 
ʭʨʦʤʜʠʦʧʩʠʜʘ, ʭʨʦʤʪʫʨʤʘʣʠʥʘ, ʭʨʦʤʦʚʦʛʦ ʛʨʘʥʘʪʘ (ʫʚʘʨʦʚʠʪʘ) ʠ ʜʨ., ʢʦʪʦʨʳʝ ʥʝʨʝʜʢʦ 
ʩʦʧʨʦʚʦʞʜʘʶʪ ʨʫʜʳ, ʥʦ ʩʘʤʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʝ ʠʤʝʶʪ. ɺ ʵʢʟʦʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 
ʭʨʦʤ, ʢʘʢ ʠ ʞʝʣʝʟʦ, ʤʠʛʨʠʨʫʝʪ ʚ ʚʠʜʝ ʚʟʚʝʩʝʡ ʠ ʤʦʞʝʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʛʣʠʥʘʭ.  

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʭʨʦʤʘ ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʦʟʝʨʘʭ ʠ ʨʝʢʘʭ ʦʙʳʯʥʦ 
ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1-2 ʤʢʛ/ʣ, ʘ ʚ ʦʢʝʘʥʝ ï 0,05-0,5 ʤʢʛ/ʣ. ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ (ʜʦ 50 
ʤʢʛ/ʣ) ʦʪʤʝʯʘʶʪʩʷ ʚ ʨʝʢʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʯʝʨʝʟ ʠʥʜʫʩʪʨʠʘʣʴʥʳʝ ʨʘʡʦʥʳ. 

ʉʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʘʭ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ ʠʟʤʝʥʷʝʪʩʷ ʚ 
ʩʨʝʜʥʝʤ ʚ ʧʨʝʜʝʣʘʭ 0,1-5,5 ʤʢʛ/ʣ, ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ï 0,2-40 ʤʢʛ/ʣ, ʚ ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ ï 
0,5-10 ʤʢʛ/ʣ, ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʨʝʩʥʦʚʦʜʥʳʭ ʚʦʜʦʝʤʦʚ ï 2-280 ʤʛ/ʢʛ [30, 50 ʠ ʜʨ.]. ʇʨʠ 
ʵʪʦʤ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʘ ʚ ʧʨʝʩʥʳʭ ʚʦʜʘʭ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 
ʥʘʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ: ʜʣʷ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʭʨʦʤʘ ï 70 ʤʢʛ/ʜʤ3, ʜʣʷ ʰʝʩʪʠʚʘʣʝʥʪʥʦʛʦ ʭʨʦʤʘ ï 
20 ʤʢʛ/ʜʤ3 [22]. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʚ ʧʦʯʚʘʭ ʩʦʩʪʘʚʣʷʝʪ 0,02%. ʋʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʭʨʦʤʘ ʚ 
ʧʦʯʚʘʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʤʘʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜʘʭ. ʀʤʝʥʥʦ 
ʧʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʘ ʦʙʥʘʨʫʞʝʥʳ ʚ ʧʦʯʚʘʭ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ 
ʦʩʥʦʚʥʳʭ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ. ɺ ʪʘʙʣ. 8.12 ʠ 8.13 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ 
ʭʨʦʤʘ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʦʯʚ. 

ʇʦʚʝʜʝʥʠʝ ʭʨʦʤʘ ʚ ʧʦʯʚʘʭ ʦʙʫʩʣʦʚʣʝʥʦ ʤʥʦʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʘʞʥʝʡʰʠʤʠ ʠʟ ʢʦʪʦʨʳʭ 
ʷʚʣʷʶʪʩʷ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʨʝʞʠʤʳ ʧʦʯʚ. ɹʦʣʴʰʘʷ 
ʯʘʩʪʴ ʭʨʦʤʘ ʚ ʧʦʯʚʘʭ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ Cr3+, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚ ʠʣʠ ʦʙʨʘʟʫʝʪ 
ʨʘʟʣʠʯʥʳʝ Cr3+- ʠ Fe3+-ʦʢʩʠʜʳ. ɺʩʣʝʜʩʪʚʠʝ ʠʥʝʨʪʥʦʩʪʠ Cr3+ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ 
ʧʦʯʚʘʭ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʳ. Cr6+, ʥʘʧʨʦʪʠʚ, ʢʨʘʡʥʝ ʥʝʩʪʘʙʠʣʝʥ ʠ ʣʝʛʢʦ ʧʦʜʚʠʞʝʥ ʢʘʢ ʚ 
ʢʠʩʣʳʭ, ʪʘʢ ʠ ʚ ʱʝʣʦʯʥʳʭ ʧʦʯʚʘʭ.  

ɿʥʘʯʝʥʠʷ ʨʅ ʦʧʨʝʜʝʣʷʶʪ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʭʨʦʤʘ ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ: 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʅ ʘʜʩʦʨʙʮʠʷ Cr6+ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ Cr3+ ï ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʘ ʧʦʚʝʜʝʥʠʝ ʭʨʦʤʘ ʚ 

ʧʦʯʚʘʭ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ.  

ʇʝʨʝʭʦʜ ʨʘʩʪʚʦʨʠʤʦʛʦ ʰʝʩʪʠʚʘʣʝʥʪʥʦʛʦ ʭʨʦʤʘ (ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ ʨʘʩʪʝʥʠʡ) ʚ 

ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʪʨʝʭʚʘʣʝʥʪʥʳʡ ʭʨʦʤ ʚ ʥʦʨʤʘʣʴʥʳʭ ʧʦʯʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʫʯʝʥʠʷ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ  

https://ru.wikipedia.org/w/index.php?title=%D0%9C%D0%B0%D0%B3%D0%BD%D0%BE%D1%85%D1%80%D0%BE%D0%BC%D0%B8%D1%82&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%A5%D1%80%D0%BE%D0%BC%D0%BF%D0%B8%D0%BA%D0%BE%D1%82%D0%B8%D1%82&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%90%D0%BB%D1%8E%D0%BC%D0%BE%D1%85%D1%80%D0%BE%D0%BC%D0%B8%D1%82&action=edit&redlink=1
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ʉʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʯʚ  

ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ, ʤʛ/ʢʛ (ʮʠʪ. ʧʦ [37]) 

ʉʪʨʘʥʘ, ʧʦʯʚʘ 
ʇʨʝʜʝʣʳ 

ʢʦʣʝʙʘʥʠʡ 
ʉʨʝʜʥʝʝ 

ʇʦʯʚʳ ɽʚʨʦʧʳ: 
ɸʚʩʪʨʠʷ 

ɹʦʣʛʘʨʠʷ 

ɼʘʥʠʷ 

 

1,4-31 

71-1085 

ï 

 

ï 

221 

15 

ʇʦʯʚʳ ʉʅɻ: 

ʇʦʜʟʦʣʳ ʠ ʧʝʩʯʘʥʳʝ ʧʦʯʚʳ 

ʃʝʩʩʦʚʳʝ ʠ ʧʳʣʝʚʘʪʳʝ ʧʦʯʚʳ 

ʉʫʛʣʠʥʠʩʪʳʝ ʠ ʛʣʠʥʠʩʪʳʝ ʧʦʯʚʳ 

ʏʝʨʥʦʟʝʤʳ 

ʃʝʩʥʳʝ ʧʦʯʚʳ 

 

18-25 

ï 

ï 

71-195 

ï 

 

21 

84 

51 

121 

54 

ʇʦʯʚʳ ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ: 

ʇʦʜʟʦʣʳ ʠ ʧʝʩʯʘʥʳʝ ʧʦʯʚʳ 

ʃʝʩʩʦʚʳʝ ʠ ʧʳʣʝʚʘʪʳʝ ʧʦʯʚʳ 

ʉʫʛʣʠʥʠʩʪʳʝ ʠ ʛʣʠʥʠʩʪʳʝ ʧʦʯʚʳ 

 

47-530 

31-160 

70-1100 

 

ï 

ï 

ï 
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ʉʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʚ ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʧʦʯʚ ʈʦʩʩʠʠ, ʤʛ/ʢʛ [7, 30]  

ɼʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʳʝ 
ʉʝʨʳʝ ʣʝʩʥʳʝ ʏʝʨʥʦʟʝʤʳ ʂʘʰʪʘʥʦʚʳʝ ʊʦʨʬʷʥʳʝ 

10-181 12-250 20-287 71-330 3-90 

 

ʪʨʘʥʩʣʦʢʘʮʠʠ ʝʛʦ ʚ ʨʘʩʪʝʥʠʷ. ʆʜʥʘʢʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʧʦʯʚʘʭ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʠ ʧʨʦʮʝʩʩʳ 

ʦʢʠʩʣʝʥʠʷ Cr3+ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʤʘʨʛʘʥʮʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʩʦʩʪʘʚʣʷʝʪ 7Ö10-5%. ʍʨʦʤ ʦʪʥʦʩʷʪ ʢ ʯʠʩʣʫ 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ 

ʩʦʜʝʨʞʠʪʩʷ ʦʢʦʣʦ 6 ʤʛ ʭʨʦʤʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʤʝʞʜʫ ʤʥʦʛʠʤʠ ʪʢʘʥʷʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʫʯʘʩʪʠʝ ʭʨʦʤʘ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʛʣʶʢʦʟʳ ʠ ʭʦʣʝʩʪʝʨʠʥʘ. ʂʘʢ 

ʧʦʢʘʟʳʚʘʶʪ ʦʧʳʪʳ ʥʘ ʞʠʚʦʪʥʳʭ, ʥʝʜʦʩʪʘʪʦʢ ʭʨʦʤʘ ʧʨʠʚʦʜʠʪ ʢ ʜʠʘʙʝʪʫ, ʘʨʪʝʨʠʦʩʢʣʝʨʦʟʫ, 

ʥʘʨʫʰʝʥʠʷʤ ʨʦʩʪʘ. Cr6+ ʦʙʣʘʜʘʝʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʯʝʤ 

Cr3+. 

ʄʦʣʠʙʜʝʥ ï Mo (Molybdaenum) 

ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʄʦʣʠʙʜʝʥ ï ʵʣʝʤʝʥʪ 6-ʡ ʛʨʫʧʧʳ 5-ʛʦ ʧʝʨʠʦʜʘ (ʧʦ ʫʩʪʘʨʝʚʰʝʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï ʧʦʙʦʯʥʦʡ ʧʦʜʛʨʫʧʧʳ VI ʛʨʫʧʧʳ) ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ʘʪʦʤʥʦʡ ʤʘʩʩʦʡ 95,94. ɽʛʦ ʘʪʦʤʳ ʠʤʝʶʪ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʚʥʝʰʥʝʡ 

ʦʙʦʣʦʯʢʠ 4d55s1. 

ʅʘʟʚʘʥʠʝ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʜʨʝʚʥʝ-ʛʨʝʯʝʩʢʦʛʦ ɛɧɚɡɓŭɞɠ, ʦʟʥʘʯʘʶʱʝʛʦ 

çʩʚʠʥʝʮè. ʆʥʦ ʜʘʥʦ ʠʟ-ʟʘ ʚʥʝʰʥʝʛʦ ʩʭʦʜʩʪʚʘ ʤʠʥʝʨʘʣʘ ʤʦʣʠʙʜʝʥʠʪʘ (MoS2) ʩʦ ʩʚʠʥʮʦʚʳʤ 

ʙʣʝʩʢʦʤ (PbS). 

ʄʦʣʠʙʜʝʥ ï ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ (ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 2623 Áʉ) 

ʩ ʧʣʦʪʥʦʩʪʴʶ 10,2 ʛ/ʩʤ3. ʍʠʤʠʯʝʩʢʠ ʩʪʦʝʢ; ʥʘ ʚʦʟʜʫʭʝ ʥʘʯʠʥʘʝʪ ʦʢʠʩʣʷʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʳʰʝ 400 ÁC. ʇʨʠ ʵʪʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 600 ÁC ʙʳʩʪʨʦ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʪʨʠʦʢʩʠʜʘ ʄʦʆ3. 

ʉʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʦʪ +2 (II) ʜʦ +6 (VI).  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ. ʇʦ ʜʘʥʥʳʤ ɻʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʉʐɸ, ʦʙʱʠʝ ʤʠʨʦʚʳʝ ʟʘʧʘʩʳ 

ʤʦʣʠʙʜʝʥʘ ʩʦʩʪʘʚʣʷʶʪ 11,05 ʤʣʥ ʪ. ʉʘʤʳʝ ʢʨʫʧʥʳʝ ʟʘʧʘʩʳ ʤʝʪʘʣʣʘ ʠʤʝʶʪʩʷ ʚ ʂʠʪʘʝ ï 4,3 ʤʣʥ 

ʪ, ʚ ʉʐɸ ï 2,7 ʤʣʥ ʪ ʠ ʏʠʣʠ ï 2,3 ʤʣʥ ʪ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʚ ʇʝʨʫ, 

https://ru.wikipedia.org/wiki/%D0%A5%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B8%D0%BE%D0%B4%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D1%85%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D1%85_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B8%D0%BE%D0%B4%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D1%85%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D1%85_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B8%D0%B1%D0%B4%D0%B5%D0%BD%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%BB%D0%B5%D0%BD%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%BB%D0%B5%D0%BD%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D1%85%D0%BE%D0%B4%D0%BD%D1%8B%D0%B5_%D0%BC%D0%B5%D1%82%D0%B0%D0%BB%D0%BB%D1%8B
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BB%D0%BB
https://ru.wikipedia.org/wiki/%D0%A6%D0%B2%D0%B5%D1%82
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ʈʦʩʩʠʠ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 20% 

ʤʦʣʠʙʜʝʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʘ ʜʦʣʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ, 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʠ ʜʨʫʛʠʭ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʘʣʝʡ ʚ ʧʦʪʨʝʙʣʝʥʠʠ ʤʦʣʠʙʜʝʥʘ ʚʤʝʩʪʝ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 57%. ʆʩʪʘʚʰʠʝʩʷ 23% ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, 

ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʤʦʣʠʙʜʝʥʘ ʠ ʢʘʢ ʯʠʩʪʳʡ ʤʝʪʘʣʣ. ɺʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳ ʞʘʨʦʧʨʦʯʥʳʝ 

(ʜʣʷ ʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ) ʠ ʢʠʩʣʦʪʦʫʧʦʨʥʳʝ (ʘʧʧʘʨʘʪʳ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ) 

ʩʧʣʘʚʳ; ʪʘʢ, ʩʧʣʘʚ Fe-Ni-ʄʦ ʩʪʦʝʢ ʢʦ ʚʩʝʤ ʢʠʩʣʦʪʘʤ (ʢʨʦʤʝ HF) ʜʦ 100 ÁC. ɺʘʞʥʳʡ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʠʪʝʡ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʣʘʤʧ ʠ ʢʘʪʦʜʦʚ ʜʣʷ 

ʵʣʝʢʪʨʦʚʘʢʫʫʤʥʳʭ ʧʨʠʙʦʨʦʚ. ʆʢʩʠʜʳ ʄʦʆ2, ʄʦʆ3 ï ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʏʠʩʪʳʡ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʤʦʣʠʙʜʝʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʝʨʢʘʣ ʜʣʷ 

ʤʦʱʥʳʭ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʣʘʟʝʨʦʚ. MoS2 ʧʨʠʤʝʥʷʶʪ ʚ ʢʘʯʝʩʪʚʝ ʪʚʝʨʜʦʡ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʤʘʟʢʠ. 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʤʦʣʠʙʜʝʥʘ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 1Ŀ10-4 ï 3Ŀ10-4 %. ɺ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ ʤʦʣʠʙʜʝʥ ʚ ʧʨʠʨʦʜʝ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ. ʀʟʚʝʩʪʥʦ ʦʢʦʣʦ 

20 ʤʠʥʝʨʘʣʦʚ ʤʦʣʠʙʜʝʥʘ. ɺʘʞʥʝʡʰʠʝ ʠʟ ʥʠʭ: ʤʦʣʠʙʜʝʥʠʪ ʄʦS2, ʧʦʚʝʣʠʪ  

ʉʘʄʦʆ4, ʤʦʣʠʙʜʠʪ Fe(MoO 4)3ÖnH2O ʠ ʚʫʣʴʬʝʥʠʪ PbMoO4. ɺ ʧʦʨʦʜʘʭ ʤʦʣʠʙʜʝʥ ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʣʝʜʫʶʱʠʭ ʬʦʨʤʘʭ: ʤʦʣʠʙʜʘʪʥʦʡ ʠ ʩʫʣʴʬʠʜʥʦʡ ʚ ʚʠʜʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠ 

ʩʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʚʳʜʝʣʝʥʠʡ, ʠʟʦʤʦʨʬʥʦʡ ʠ ʨʘʩʩʝʷʥʥʦʡ (ʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ 

ʤʠʥʝʨʘʣʘʭ). ʄʦʣʠʙʜʝʥ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʩʨʦʜʩʪʚʦʤ ʩ ʩʝʨʦʡ, ʯʝʤ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʠ ʚ ʨʫʜʥʳʭ 

ʪʝʣʘʭ ʦʙʨʘʟʫʝʪʩʷ ʩʫʣʴʬʠʜ ʯʝʪʳʨʸʭʚʘʣʝʥʪʥʦʛʦ ʤʦʣʠʙʜʝʥʘ ï ʤʦʣʠʙʜʝʥʠʪ. ʅʘʠʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳ ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʦʣʠʙʜʝʥʠʪʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʩʨʝʜʘ ʠ ʧʦʚʳʰʝʥʥʘʷ 

ʢʠʩʣʦʪʥʦʩʪʴ. ɺ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʠʩʣʦʨʦʜʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʄʦ6+. ɺ ʧʝʨʚʠʯʥʳʭ ʨʫʜʘʭ ʤʦʣʠʙʜʝʥʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʚʦʣʴʬʨʘʤʠʪʦʤ 

ʠ ʚʠʩʤʫʪʠʥʦʤ, ʩ ʤʠʥʝʨʘʣʘʤʠ ʤʝʜʠ (ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʝ ʨʫʜʳ), ʘ ʪʘʢʞʝ ʩ ʛʘʣʝʥʠʪʦʤ, 

ʩʬʘʣʝʨʠʪʦʤ ʠ ʫʨʘʥʦʚʦʡ ʩʤʦʣʢʦʡ (ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ). 

ɺ ʟʝʤʥʦʡ ʢʦʨʝ ʤʦʣʠʙʜʝʥ ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦ. ʄʝʥʴʰʝ ʚʩʝʛʦ ʩʦʜʝʨʞʘʪ 

ʤʦʣʠʙʜʝʥʘ ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ ʠ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ (0,4-0,5 ʛ/ʪ). ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ 

ʤʦʣʠʙʜʝʥʘ ʚ ʧʦʨʦʜʘʭ ʧʦʚʳʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ SiO2. ʍʦʪʷ ʤʦʣʠʙʜʝʥʠʪ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʳʤ ʩʫʣʴʬʠʜʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʠʩʣʳʤ ʠ ʱʝʣʦʯʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʷʤ, ʚ 

ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚʦʜʳ ʠ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʦʥ ʩʧʦʩʦʙʝʥ 

ʦʢʠʩʣʷʪʴʩʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʤʦʣʠʙʜʝʥ ʤʦʞʝʪ ʠʥʪʝʥʩʠʚʥʦ ʤʠʛʨʠʨʦʚʘʪʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʕʪʠʤ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʠʙʜʝʥʘ ʚ 

ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ï ʫʛʣʠʩʪʳʭ ʠ ʢʨʝʤʥʠʩʪʦ-ʫʛʣʠʩʪʳʭ ʩʣʘʥʮʘʭ ʠ ʫʛʣʷʭ. 

ʂʣʘʨʢʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʦʢʝʘʥʠʯʝʩʢʦʡ ʠ ʤʦʨʩʢʦʡ ʚʦʜʝ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 

1,2Ö10-7 ï 1Ö10-6 %, ʚ ʨʝʯʥʳʭ ʚʦʜʘʭ ï 0,1Ö10-7 ï 1,1Ö10-6 % [1]. ʄʦʣʠʙʜʝʥ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ 

ʥʘʭʦʜʠʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʬʦʨʤʝ ʄʦʆ4
2-. ʇʨʠ ʵʪʦʤ ʚʝʩʴʤʘ ʚʝʨʦʷʪʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʝʛʦ ʚ 

ʚʠʜʝ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺʦʟʤʦʞʥʦʩʪʴ ʥʝʢʦʪʦʨʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʚ ʢʦʣʣʦʠʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʤʦʣʠʙʜʝʥʠʪʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʨʳʭʣʳʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʚʝʱʝʩʪʚʘ. ʉʦʝʜʠʥʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʧʦʧʘʜʘʶʪ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠʭ ʠʟ ʵʢʟʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʦʣʠʙʜʝʥ. ʇʨʠ 

ʟʘʛʨʷʟʥʝʥʠʠ ʵʣʝʤʝʥʪ ʧʦʧʘʜʘʝʪ ʚ ʚʦʜʦʝʤʳ ʚ ʦʩʥʦʚʥʦʤ ʩʦ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ 

ʬʘʙʨʠʢ, ʧʨʝʜʧʨʠʷʪʠʡ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʘ ʚ 

ʧʨʝʩʥʳʭ ʚʦʜʘʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1 ʤʢʛ/ʜʤ3 [22]. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʧʦʯʚʘʭ ʩʦʩʪʘʚʣʷʝʪ 2Ö10-4% (ʧʦ ʜʘʥʥʳʤ ɸ.ʇ. 

ɺʠʥʦʛʨʘʜʦʚʘ). ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʧʦʯʚʳ 

(ʪʘʙʣ. 8.14). ɺ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʝ ʧʦʨʦʜʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʫʧʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʧʦʯʚʘʭ ʪʷʞʝʣʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʤʦʣʠʙʜʝʥʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʝʩʯʘʥʳʭ ʠ ʩʫʧʝʩʯʘʥʳʭ. ʊʝʥʜʝʥʮʠʷ ʥʘʢʦʧʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ 

ʚ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʯʚ ʚʳʨʘʞʝʥʘ ʥʝʯʝʪʢʦ, ʭʦʪʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʝʛʦ 

ʥʘʢʦʧʣʝʥʠʷ ʚ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ ʤʦʛʫʪ 

ʜʦʩʪʠʛʘʪʴ 5-6. ʉ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʧʦʯʚ ʩʚʷʟʘʥʦ ʦʪ 1,5% ʵʣʝʤʝʥʪʘ ʚ ʢʨʘʩʥʦʟʝʤʘʭ ʜʦ 3-

4% ï ʚ ʯʝʨʥʦʟʝʤʘʭ. 

https://ru.wikipedia.org/wiki/%D0%A1%D1%83%D0%BB%D1%8C%D1%84%D0%B8%D0%B4_%D0%BC%D0%BE%D0%BB%D0%B8%D0%B1%D0%B4%D0%B5%D0%BD%D0%B0%28IV%29
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ʊʘʙʣʠʮʘ 8.14 

ʉʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʘʭ [32]  

ʇʦʯʚʳ ʄʛ/ʢʛ 

ʊʦʨʬʷʥʠʢʠ (ʇʨʠʙʘʣʪʠʢʘ) 0,13-7,5 

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ (ʇʨʠʙʘʣʪʠʢʘ) 0,25-1,1 

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ, ʩʝʨʳʝ ʣʝʩʥʳʝ (ʉʨʝʜʥʷʷ ʉʠʙʠʨʴ) 1,8-1,9 

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ (ʶʛ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ) 0,4-3,52 

ʇʦʜʟʦʣʠʩʪʳʝ (ʶʛ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ) 1,0-4,0 

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ, ʩʝʨʳʝ ʣʝʩʥʳʝ (ʋʢʨʘʠʥʘ) 0,4-8,0 

ʉʝʨʳʝ ʣʝʩʥʳʝ (ɽʚʨʦʧʝʡʩʢʘʷ ʯʘʩʪʴ ʈʦʩʩʠʠ) 1,99 

ʉʝʨʳʝ ʣʝʩʥʳʝ (ʶʛ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ) 0,6-1,8 

ʏʝʨʥʦʟʝʤʳ (ʋʢʨʘʠʥʘ) 2,4-5,6 

ʏʝʨʥʦʟʝʤʳ (ʄʦʣʜʘʚʠʷ) 1,1-6,0 

ʏʝʨʥʦʟʝʤʳ (ɽʚʨʦʧʝʡʩʢʘʷ ʯʘʩʪʴ ʈʦʩʩʠʠ) 2,3 

ʏʝʨʥʦʟʝʤʳ, ʢʘʰʪʘʥʦʚʳʝ (ʂʘʟʘʭʩʪʘʥ) 0,4-2,0 

ʏʝʨʥʦʟʝʤʳ (ʶʛ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ) 0,6-1,8 

ʏʝʨʥʦʟʝʤʳ, ʢʘʰʪʘʥʦʚʳʝ (ʉʨʝʜʥʷʷ ʉʠʙʠʨʴ) 4,6-5,1 

ʂʘʰʪʘʥʦʚʳʝ (ʶʛ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ) 0,2-2,31 

ʉʝʨʦʟʝʤʳ (ʶʛ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ) 0,7-2,0 

ʂʨʘʩʥʦʟʝʤʳ (ɿʘʧʘʜʥʘʷ ɻʨʫʟʠʷ) 0,9-4,0 

ɾʝʣʪʦʟʝʤʳ (ɿʘʧʘʜʥʘʷ ɻʨʫʟʠʷ) 0,7 

ɹʫʨʳʝ ʛʦʨʥʦ-ʣʝʩʥʳʝ (ɿʘʧʘʜʥʘʷ ɻʨʫʟʠʷ) 0,9 

ɹʫʨʳʝ ʛʦʨʥʦ-ʣʝʩʥʳʝ ʥʘ ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʘʭ (ɿʘʧʘʜʥʘʷ ɻʨʫʟʠʷ) 19,3 

ɹʫʨʳʝ ʣʝʩʥʳʝ (ɽʚʨʦʧʝʡʩʢʘʷ ʯʘʩʪʴ ʈʦʩʩʠʠ) 2,68 

ʉʦʣʦʥʮʳ (ʉʨʝʜʥʷʷ ʉʠʙʠʨʴ) 5,8 

ʉʦʣʦʥʮʳ, ʩʦʣʦʥʯʘʢʠ (ʶʛ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ) 0,33-11,6 

ʃʫʛʦʚʳʝ, ʙʦʣʦʪʥʳʝ (ʶʛ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ)  0,7-7,9 

ɻʦʨʥʦ-ʣʫʛʦʚʳʝ (ɿʘʧʘʜʥʘʷ ɻʨʫʟʠʷ) 0,5 

ɼʝʨʥʦʚʦ-ʛʣʝʝʚʳʝ, ʠʣʦʚʘʪʦ-ʛʣʝʝʚʳʝ (ɿʘʧʘʜʥʘʷ ɻʨʫʟʠʷ) 1,1 

ʇʦʯʚʳ ʙʘʩʩʝʡʥʘ ʦʟʝʨʘ ɹʘʡʢʘʣ ʜʦ 18 

 

ʃʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʣʠʙʜʝʥʘ ʦʙʫʩʣʦʚʣʝʥʦ ʫʯʘʩʪʠʝʤ 

ʵʣʝʤʝʥʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ. ʇʦ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʫ, ʤʦʣʠʙʜʝʥ 

ʦʪʥʦʩʠʪʩʷ ʢ ʚʦʜʥʳʤ ʤʠʛʨʘʥʪʘʤ, ʧʦʜʚʠʞʥʳʤ ʠ ʩʣʘʙʦ ʧʦʜʚʠʞʥʳʤ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʝ 

ʠ ʠʥʝʨʪʥʳʤ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ, ʦʩʘʞʜʘʶʱʠʤʩʷ ʥʘ ʩʝʨʦʚʦʜʦʨʦʜʥʦʤ ʠ ʛʣʝʝʚʦʤ ʙʘʨʴʝʨʘʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʣʠʙʜʝʥ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʠ ʥʘ ʩʦʨʙʮʠʦʥʥʳʭ ʙʘʨʴʝʨʘʭ. ʏʘʩʪʦ ʪʘʢʦʛʦ ʨʦʜʘ ʙʘʨʴʝʨʦʤ 

ʩʣʫʞʘʪ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʢʦʣʣʦʠʜʳ ï ʛʠʜʨʦʢʩʠʜʳ ʞʝʣʝʟʘ, ʘʣʶʤʠʥʠʷ ʠ ʜʨ. ʈʦʣʴ ʵʪʠʭ 

ʙʘʨʴʝʨʦʚ ʦʩʦʙʝʥʥʦ ʚʝʣʠʢʘ ʜʣʷ ʣʘʥʜʰʘʬʪʦʚ ʩ ʚʣʘʞʥʳʤ ʢʣʠʤʘʪʦʤ ʠ ʩʣʘʙʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 

ʚʦʜ. ɺ ʘʨʠʜʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʧʨʠ ʥʘʣʠʯʠʠ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ 

(ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ) ʤʦʣʠʙʜʝʥ ʤʦʞʝʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʚ ʩʦʣʝʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ, ʭʦʪʷ ʜʣʷ 

ʧʦʯʚ ʘʨʠʜʥʳʭ ʨʘʡʦʥʦʚ ʩ ʱʝʣʦʯʥʦʡ ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ ʭʘʨʘʢʪʝʨʥʦ ʫʚʝʣʠʯʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ 

ʵʣʝʤʝʥʪʘ ʠ ʝʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʝ. ɼʣʷ ʧʦʯʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʠ 

ʩʦʧʨʷʞʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʩʚʦʡʩʪʚʝʥʥʦ ʥʘʢʦʧʣʝʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʠ 

ʩʫʧʝʨʘʢʚʘʣʴʥʳʭ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʣʘʥʜʰʘʬʪʘʭ. 

ʉʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʩʦʩʪʘʚʣʷʝʪ 2Ö10-5%. ʆʥ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʯʠʩʣʫ 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʄʦʣʠʙʜʝʥ ʚʭʦʜʠʪ ʚ 

ʩʦʩʪʘʚ ʤʥʦʛʠʭ ʬʝʨʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʘʣʴʜʝʛʠʜʦʢʩʠʜʘʟʘ, ʢʩʘʥʪʠʥʦʢʩʠʜʘʟʘ, ʩʫʣʴʬʠʪʦʢʩʠʜʘʟʘ ʠ 

ʜʨ.), ʚʳʧʦʣʥʷʶʱʠʭ ʚʘʞʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ. ʄʦʣʠʙʜʝʥ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʝʡʩʪʚʠʷ ʘʥʪʠʦʢʠʩʣʠʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʠʪʘʤʠʥʘ ʉ. ʗʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʠʩʪʝʤʳ 

ʪʢʘʥʝʚʦʛʦ ʜʳʭʘʥʠʷ. ʅʝʜʦʩʪʘʪʦʢ ʤʦʣʠʙʜʝʥʘ ʚ ʦʨʛʘʥʠʟʤʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʪʢʘʥʷʭ ʢʩʘʥʪʠʥʦʢʩʠʜʘʟʳ ï ʬʝʨʤʝʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʝʨʝʨʘʙʦʪʢʫ ʘʟʦʪʠʩʪʳʭ 
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ʩʦʝʜʠʥʝʥʠʡ ʚ ʥʘʰʝʤ ʦʨʛʘʥʠʟʤʝ. ʇʨʠ ʥʝʜʦʩʪʘʪʢʝ ʄʦ ʥʘʨʫʰʘʶʪʩʷ ʘʥʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʩʣʘʙʣʝʥʠʝ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ. ʄʦʣʠʙʜʝʥ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ 

ʥʠʪʨʦʛʝʥʘʟʳ ï ʬʝʨʤʝʥʪʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʟʦʪʘ (ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ 

ʙʘʢʪʝʨʠʡ ʠ ʘʨʭʝʡ). 

ɺ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʤʦʣʠʙʜʝʥ ʧʦʧʘʜʘʝʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʯʝʨʝʟ ʧʠʱʝʚʘʨʠʪʝʣʴʥʫʶ 

ʩʠʩʪʝʤʫ. ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʢʨʦʚʴ ʄʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʧʝʯʝʥʴ, ʛʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʠʥʪʝʟʘ 

ʬʝʨʤʝʥʪʦʚ. ɺʳʚʦʜʠʪʩʷ ʤʦʣʠʙʜʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʯʢʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ 

ʦʨʛʘʥʠʟʤʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʠʙʜʝʥʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʝʯʝʥʠ, ʛʜʝ ʦʥ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʥʫʞʜʳ ʦʨʛʘʥʠʟʤʘ, ʠ ʜʣʷ ʧʦʯʝʢ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʚʳʚʦʜʠʪʩʷ ʝʛʦ ʠʟʙʳʪʦʢ.  

ʂʦʙʘʣʴʪ ï Co (Cobaltum) 

ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʂʦʙʘʣʴʪ ï ʵʣʝʤʝʥʪ 9-ʡ ʛʨʫʧʧʳ 4-ʛʦ ʧʝʨʠʦʜʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʵʣʝʤʝʥʪʦʚ (ʧʦ ʫʩʪʘʨʝʚʰʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï ʧʝʨʚʦʡ ʪʨʠʘʜʳ d-ʵʣʝʤʝʥʪʦʚ ʧʦʙʦʯʥʦʡ 

ʧʦʜʛʨʫʧʧʳ VIII  ʛʨʫʧʧʳ) ʩ ʘʪʦʤʥʦʡ ʤʘʩʩʦʡ 58,93. ɽʛʦ ʘʪʦʤʳ ʠʤʝʶʪ ʵʣʝʢʪʨʦʥʥʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ 3d74s2. ʂʦʙʘʣʴʪ ï ʪʷʛʫʯʠʡ, ʧʦʭʦʞʠʡ ʥʘ ʞʝʣʝʟʦ ʙʣʝʩʪʷʱʠʡ 

ʤʝʪʘʣʣ (ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 1494 Áʉ) ʩ ʧʣʦʪʥʦʩʪʴʶ 8,84 ʛ/ʩʤ3. ʂʘʢ ʠ ʞʝʣʝʟʦ, ʢʦʙʘʣʴʪ 

ʦʙʣʘʜʘʝʪ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʨʘʟʙʘʚʣʝʥʥʳʭ ʢʠʩʣʦʪʘʭ ʨʘʩʪʚʦʨʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʪʨʫʜʥʝʝ, ʯʝʤ ʞʝʣʝʟʦ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʢʦʙʘʣʴʪʘ ʩʦ ʩʪʝʧʝʥʷʤʠ ʦʢʠʩʣʝʥʠʷ +2 ʠ +3. 

ʂʦʙʘʣʴʪ ʦʙʨʘʟʫʝʪ ʜʚʘ ʦʢʩʠʜʘ: ʦʢʩʠʜ ʢʦʙʘʣʴʪʘ (II), ʠʣʠ ʟʘʢʠʩʴ, CoO ʠ ʦʢʩʠʜ ʢʦʙʘʣʴʪʘ 

(III), ʠʣʠ ʦʢʠʩʴ, Co2O3, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʠʜʨʦʦʢʩʠʜʳ Co(OH)2 ʠ Co(OH)3. ʕʪʠʤ 

ʩʦʝʜʠʥʝʥʠʷʤ ʦʪʚʝʯʘʶʪ ʜʚʘ ʨʷʜʘ ʩʦʣʝʡ, ʥʦ ʩʦʣʠ ʢʦʙʘʣʴʪʘ (III) ʥʝʩʪʦʡʢʠ ʠ ʣʝʛʢʦ ʧʝʨʝʭʦʜʷʪ ʚ 

ʩʦʣʠ ʢʦʙʘʣʴʪʘ (II). ʀʟʚʝʩʪʝʥ ʪʘʢʞʝ ʩʤʝʰʘʥʥʳʡ ʦʢʩʠʜ Co3O4 (ʠʣʠ CoOÖCo2O3). 

ɼʣʷ ʢʦʙʘʣʴʪʘ (III) ʭʘʨʘʢʪʝʨʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ. ʂʦʤʧʣʝʢʩʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʢʦʙʘʣʴʪʘ (II) ʭʦʪʷ ʠ ʠʟʚʝʩʪʥʳ, ʥʦ ʦʯʝʥʴ ʥʝʫʩʪʦʡʯʠʚʳ. ɺ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʷʭ 

ʢʦʙʘʣʴʪ ʤʦʞʝʪ ʚʭʦʜʠʪʴ ʢʘʢ ʚ ʩʦʩʪʘʚ ʢʘʪʠʦʥʘ, ʪʘʢ ʠ ʚ ʩʦʩʪʘʚ ʘʥʠʦʥʘ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ. ʄʠʨʦʚʳʝ ʟʘʧʘʩʳ ʢʦʙʘʣʴʪʘ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɻʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ 

ʉʐɸ, ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 7,5 ʤʣʥ ʪ. ɺʝʜʫʱʝʝ ʤʝʩʪʦ ʧʦ ʟʘʧʘʩʘʤ ʢʦʙʘʣʴʪʘ ʟʘʥʠʤʘʝʪ 

ɸʬʨʠʢʘ, ʜʘʣʝʝ ʩʣʝʜʫʶʪ ɸʤʝʨʠʢʘ, ɸʟʠʷ, ɸʚʩʪʨʘʣʠʷ ʠ ʆʢʝʘʥʠʷ, ɽʚʨʦʧʘ.  

ʂʦʙʘʣʴʪ ʠʩʧʦʣʴʟʫʶʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʩʧʣʘʚʘʭ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʞʘʨʦʧʨʦʯʥʳʭ ʠ ʞʘʨʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʠ ʨʝʞʫʱʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ. ɾʘʨʦʧʨʦʯʥʳʡ ʠ ʞʘʨʦʩʪʦʡʢʠʡ ʩʧʣʘʚ ʚʠʪʘʣʣʠʫʤ ʩʦʜʝʨʞʠʪ 65% ʢʦʙʘʣʴʪʘ, 28% 

ʭʨʦʤʘ, 3% ʚʦʣʴʬʨʘʤʘ ʠ 4% ʤʦʣʠʙʜʝʥʘ. ʕʪʦʪ ʩʧʣʘʚ ʩʦʭʨʘʥʷʝʪ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʥʝ 

ʧʦʜʜʘʝʪʩʷ ʢʦʨʨʦʟʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 800-850 Áʉ. ʊʚʝʨʜʳʝ ʩʧʣʘʚʳ ʩʪʝʣʣʠʪʳ, ʩʦʜʝʨʞʘʱʠʝ 

40-60% ʢʦʙʘʣʴʪʘ, 20-35% ʭʨʦʤʘ, 5-20% ʚʦʣʴʬʨʘʤʘ ʠ 1-2% ʫʛʣʝʨʦʜʘ, ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʂʦʙʘʣʴʪ ʚʭʦʜʠʪ ʪʘʢʞʝ ʚ ʩʦʩʪʘʚ ʢʝʨʘʤʠʢʦ-ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ï ʢʝʨʤʝʪʦʚ. 

ʉʦʝʜʠʥʝʥʠʷ ʢʦʙʘʣʴʪʘ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʠʥʝʡ ʢʨʘʩʢʠ. 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʢʦʙʘʣʴʪʘ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʩʦʩʪʘʚʣʷʝʪ 

0,002-0,01%. ɺ ʧʨʠʨʦʜʝ ʦʥ ʚʩʪʨʝʯʘʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʩʦʩʪʘʚʝ ʤʠʥʝʨʘʣʦʚ: ʣʠʥʥʝʠʪ Co3S4, 

ʢʘʨʦʣʠʪ CuCo2S4, ʣʠʥʥʝʠʪ Co3S4, ʢʦʙʘʣʴʪʠʥ CoAsS, ʩʬʝʨʦʢʦʙʘʣʴʪʠʪ CoCO3, ʩʤʘʣʴʪʠʥ 

CoAs2, ʩʢʫʪʪʝʨʫʜʠʪ (Co, Ni)As3 ʠ ʜʨ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʦʢʦʣʦ 30 

ʢʦʙʘʣʴʪʦʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ. ʂʦʙʘʣʴʪʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʧʫʪʩʪʚʫʶʪ ʞʝʣʝʟʦ, ʥʠʢʝʣʴ, ʭʨʦʤ, 

ʤʘʨʛʘʥʝʮ ʠ ʤʝʜʴ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʦʙʘʣʴʪʘ ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʠ ʤʦʨʩʢʠʭ 

ʚʦʜʘʭ ʩʦʩʪʘʚʣʷʝʪ 0,05-0,1 ʤʢʛ/ʣ, ʚ ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ ï 4-60 ʤʢʛ/ʣ. ʉʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ ʚ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʘʭ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʚ ʧʨʝʜʝʣʘʭ 0,1-5,0 

ʤʢʛ/ʣ, ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ï 0,1-6,0 ʤʢʛ/ʣ, ʚ ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ ï 4-60 ʤʢʛ/ʣ, ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʧʨʝʩʥʦʚʦʜʥʳʭ ʚʦʜʦʝʤʦʚ ï 1-27 ʤʛ/ʢʛ [30, 46, 48, 50 ʠ ʜʨ.]. ʇʨʠ ʵʪʦʤ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʘ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ: ʜʣʷ ʤʦʨʩʢʠʭ ʚʦʜ ï 5 ʤʢʛ/ʜʤ3, ʜʣʷ ʧʨʝʩʥʳʭ ʚʦʜ ï 10 ʤʢʛ/ʜʤ3 [22]. 

https://ru.wikipedia.org/wiki/%D0%9D%D0%B8%D1%82%D1%80%D0%BE%D0%B3%D0%B5%D0%BD%D0%B0%D0%B7%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D1%80%D0%BC%D0%B5%D0%BD%D1%82
https://ru.wikipedia.org/wiki/%D0%90%D0%B7%D0%BE%D1%82
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%BA%D1%82%D0%B5%D1%80%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%90%D1%80%D1%85%D0%B5%D0%B8
https://ru.wikipedia.org/w/index.php?title=%D0%9A%D0%B0%D1%80%D0%BE%D0%BB%D0%B8%D1%82&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%9B%D0%B8%D0%BD%D0%BD%D0%B5%D0%B8%D1%82&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%B1%D0%B0%D0%BB%D1%8C%D1%82%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%A1%D0%BC%D0%B0%D0%BB%D1%8C%D1%82%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D1%83%D1%82%D1%82%D0%B5%D1%80%D1%83%D0%B4%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D0%B5%D0%B7%D0%BE
https://ru.wikipedia.org/wiki/%D0%9D%D0%B8%D0%BA%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%A5%D1%80%D0%BE%D0%BC
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%80%D0%B3%D0%B0%D0%BD%D0%B5%D1%86
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%B4%D1%8C
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ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ ʚ ʧʦʯʚʘʭ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 8Ö10-4%. ʋʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ 

ʢʦʙʘʣʴʪʘ ʚ ʧʦʯʚʘʭ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ. ʇʦʯʚʳ, 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʥʘ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʘʭ ʠ ʥʘ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʥʘʩʣʝʜʫʶʪ ʦʪ ʥʠʭ 

ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʙʘʣʴʪʘ; ʜʣʷ ʧʦʯʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʥʘ ʢʠʩʣʳʭ ʧʦʨʦʜʘʭ, ʪʘʢ ʞʝ ʢʘʢ 

ʠ ʜʣʷ ʩʘʤʠʭ ʧʦʨʦʜ, ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʝʝ ʥʠʟʢʠʝ ʫʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ. ɺ ʪʘʙʣ. 

8.15 ʠ 8.16 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʢʦʙʘʣʴʪʘ ʚ ʧʦʯʚʘʭ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ ʢʦʙʘʣʴʪʘ ʚ ʧʦʯʚʘʭ ʦʙʫʩʣʦʚʣʝʥʳ ʝʛʦ 

ʪʝʩʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʴʶ ʩ ʞʝʣʝʟʦʤ ʠ ʤʘʨʛʘʥʮʝʤ. ɺ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʙʘʣʴʪ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʜʚʫʭ ʩʦʩʪʦʷʥʠʷʭ ʦʢʠʩʣʝʥʠʷ: ʉʦ2+ ʠ ʉʦ3+, ʢʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʪʘʢʞʝ ʘʥʠʦʥʘ ʉʦ(ʆʅ)3
-. ɺ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʢʠʩʣʦʡ ʩʨʝʜʝ ʢʦʙʘʣʴʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʜʚʠʞʝʥ, ʥʦ ʠʟ-

ʟʘ ʘʢʪʠʚʥʦʡ ʩʦʨʙʮʠʠ ʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ, ʘ ʪʘʢʞʝ ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʵʣʝʤʝʥʪ 

ʤʘʣʦ ʤʠʛʨʠʨʫʝʪ ʚ ʨʘʩʪʚʦʨʝʥʥʦʡ ʬʘʟʝ. ɺʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʢ ʘʜʩʦʨʙʮʠʠ ʢʦʙʘʣʴʪʘ ʭʘʨʘʢʪʝʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ ʠ ʞʝʣʝʟʘ ʧʦ 

ʧʦʯʚʝʥʥʦʤʫ ʧʨʦʬʠʣʶ ʙʣʠʟʢʠ. ʆʜʥʘʢʦ ʚ ʨʷʜʝ ʧʦʯʚ, ʙʦʛʘʪʳʭ ʤʠʥʝʨʘʣʘʤʠ ʤʘʨʛʘʥʮʘ, ʚʝʜʫʱʫʶ 

ʨʦʣʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʦʙʘʣʴʪʘ ʠʛʨʘʶʪ ʦʢʩʠʜʳ ʤʘʨʛʘʥʮʘ. ʇʨʠ ʵʪʦʤ ʩʦʨʙʮʠʷ ʢʦʙʘʣʴʪʘ ʦʢʩʠʜʘʤʠ 

ʤʘʨʛʘʥʮʘ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʨʅ. 

ʊʘʙʣʠʮʘ 8.15 

ʉʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʯʚ, ʤʛ/ʢʛ (ʮʠʪ. ʧʦ [37])   

ʉʪʨʘʥʘ, ʧʦʯʚʘ 
ʇʨʝʜʝʣʳ 

ʢʦʣʝʙʘʥʠʡ 
ʉʨʝʜʥʝʝ 

ʇʦʯʚʳ ɽʚʨʦʧʳ: 

ɹʦʣʛʘʨʠʷ 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 

ʌʈɻ 

 

3,8-65,0 

ï 

ï 

 

21,5 

17,7 

14,5 

ʇʦʯʚʳ ʉʅɻ: 

ʉʫʛʣʠʥʠʩʪʳʝ ʠ ʛʣʠʥʠʩʪʳʝ ʧʦʯʚʳ 

ʂʘʰʪʘʥʦʚʳʝ ʠ ʙʫʨʳʝ ʧʦʯʚʳ 

ʏʝʨʥʦʟʝʤʳ 

 

ï 

2,3-3,8 

0,5-50,0 

 

2,1 

2,9 

12,0 

ʇʦʯʚʳ ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ: 

ʇʦʜʟʦʣʳ ʠ ʧʝʩʯʘʥʳʝ ʧʦʯʚʳ 

ʃʝʩʩʦʚʳʝ ʠ ʧʳʣʝʚʘʪʳʝ ʧʦʯʚʳ 

ʉʫʛʣʠʥʠʩʪʳʝ ʠ ʛʣʠʥʠʩʪʳʝ ʧʦʯʚʳ 

 

21-65 

17-24 

19-58 

 

ï 

ï 

ï 

ʇʦʯʚʳ ʉʐɸ: 

ʇʦʜʟʦʣʳ ʠ ʧʝʩʯʘʥʳʝ ʧʦʯʚʳ 

ʃʝʛʢʠʝ ʩʫʛʣʠʥʠʩʪʳʝ ʧʦʯʚʳ 

ɻʣʠʥʠʩʪʳʝ ʠ ʩʫʛʣʠʥʠʩʪʳʝ ʧʦʯʚʳ 

ɸʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ 

ʇʦʯʚʳ ʥʘ ʛʨʘʥʠʪʘʭ ʠ ʛʥʝʡʩʘʭ 

ʇʦʯʚʳ ʥʘ ʠʟʚʝʩʪʥʷʢʘʭ ʠ ʠʟʚʝʩʪʢʦʚʳʭ ʧʦʨʦʜʘʭ 

ʉʚʝʪʣʳʝ ʧʦʯʚʳ ʧʫʩʪʳʥʴ 

ʇʳʣʝʚʘʪʳʝ ʧʦʯʚʳ ʧʨʝʨʠʡ 

ʏʝʨʥʦʟʝʤʳ ʠ ʪʝʤʥʳʝ ʧʦʯʚʳ ʧʨʝʨʠʡ 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʣʝʛʢʠʝ ʧʦʯʚʳ 

 

0,4-20,0 

3-30 

3-30 

3-20 

3-15 

3-20 

3-20 

3-15 

3-15 

3-10 

 

3,5 

7,5 

8,0 

9,0 

6,0 

9,5 

10,0 

7,5 

7,5 

6,0 

 

ʊʘʙʣʠʮʘ 8.16 

ʉʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ ʚ ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʧʦʯʚ ʈʦʩʩʠʠ, ʤʛ/ʢʛ [7, 30]   

ɼʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʳʝ 
ʉʝʨʳʝ ʣʝʩʥʳʝ ʏʝʨʥʦʟʝʤʳ ʂʘʰʪʘʥʦʚʳʝ ʊʦʨʬʷʥʳʝ 

3-13 2-12 9-13 5-15 1-10 

 

ɹʦʣʴʰʫʶ ʨʦʣʴ ʚ ʧʦʚʝʜʝʥʠʠ ʢʦʙʘʣʴʪʘ ʚ ʧʦʯʚʘʭ ʠʛʨʘʶʪ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʠ 

ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ, ʪʘʢ ʢʘʢ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦʜʚʠʞʥʦʩʪʴ 



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
ȳ.Ȧ. Ƚɋɖɓɡɛ 
Ʉ.Ȯ. ȧɆɋɈɆ 
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ʢʦʙʘʣʴʪʘ: ʛʣʠʥʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʙʘʣʴʪʫ, 

ʦʩʦʙʝʥʥʦ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʳʝ ʠ ʠʣʣʠʪʦʚʳʝ; ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʦʙʨʘʟʫʝʪ ʩ ʢʦʙʘʣʴʪʦʤ 

ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʦʜʚʠʞʥʦʩʪʠ. 

ʉʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʩʦʩʪʘʚʣʷʝʪ 4Ö10-5%. ʂʦʙʘʣʴʪ ʠʟʚʝʩʪʝʥ ʢʘʢ 

ʥʝʦʙʭʦʜʠʤʳʡ ʢʦʤʧʦʥʝʥʪ ʚʠʪʘʤʠʥʘ ɺ12, ʭʝʣʘʪʠʨʦʚʘʥʥʳʡ ʚ ʢʦʤʧʣʝʢʩʥʳʡ ʢʦʨʨʠʥʦʚʳʡ 

ʤʘʢʨʦʮʠʢʣ ʯʝʪʳʨʴʤʷ ʩʚʷʟʘʥʥʳʤʠ ʧʠʨʨʦʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ. ʉʫʪʦʯʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʚ 

ʚʠʪʘʤʠʥʝ ɺ12 ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 3 ʤʢʛ, ʘ ʝʛʦ ʥʝʜʦʩʪʘʪʦʢ ʧʨʠʚʦʜʠʪ ʢ ʘʥʝʤʠʠ ʠ ʦʩʪʘʥʦʚʢʝ ʨʦʩʪʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʙʘʣʴʪʘ ʜʣʷ ʩʠʥʝʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʬʠʢʩʘʮʠʠ ʠʤʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ. ʀʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʟʘʤʝʪʥʦʤ 

ʚʣʠʷʥʠʠ ʢʦʙʘʣʴʪʘ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʙʦʙʦʚʳʭ ʨʘʩʪʝʥʠʡ ʠ ʦʣʴʭʠ ʬʠʢʩʠʨʦʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʳʡ ʘʟʦʪ 

ʠʟ ʚʦʟʜʫʭʘ.  

ʀʟʙʳʪʦʢ ʢʦʙʘʣʴʪʘ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʧʨʦʷʚʣʷʝʪ ʢʘʨʜʠʦʪʦʢʩʠʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʫʤʝʥʴʰʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʡʦʜ.  

ʅʠʢʝʣʴ ï Ni (Niccolum) 

ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʅʠʢʝʣʴ ï ʵʣʝʤʝʥʪ 10-ʡ ʛʨʫʧʧʳ 4-ʛʦ ʧʝʨʠʦʜʘ ʛʨʫʧʧʳ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʵʣʝʤʝʥʪʦʚ (ʧʦ ʫʩʪʘʨʝʚʰʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï ʧʝʨʚʦʡ ʪʨʠʘʜʳ d-

ʵʣʝʤʝʥʪʦʚ ʧʦʙʦʯʥʦʡ ʧʦʜʛʨʫʧʧʳ VIII ) ʩ ʘʪʦʤʥʦʡ ʤʘʩʩʦʡ 58,71. ɽʛʦ ʘʪʦʤʳ ʠʤʝʶʪ ʵʣʝʢʪʨʦʥʥʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ 3d84s2. ʉʝʨʝʙʨʠʩʪʳʡ-ʙʝʣʳʡ ʤʝʪʘʣʣ, ʪʚʝʨʜʳʡ, ʪʷʛʫʯʠʡ, 

ʭʦʨʦʰʦ ʧʦʣʠʨʫʝʪʩʷ, ʧʨʠʪʷʛʠʚʘʝʪʩʷ ʤʘʛʥʠʪʦʤ (ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 1455 Áʉ). ʇʣʦʪʥʦʩʪʴ ʝʛʦ 

ʨʘʚʥʘ 8,91 ʛ/ʩʤ3. ʆʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ ʪʝʨʤʦ- ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ. ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ 

ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ï ʫʩʪʦʡʯʠʚ ʚ ʘʪʤʦʩʬʝʨʝ, ʚ ʚʦʜʝ, ʚ ʱʝʣʦʯʘʭ ʠ ʨʷʜʝ ʢʠʩʣʦʪ. ʇʨʠ ʵʪʦʤ 

ʘʢʪʠʚʥʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ. ʍʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ ʥʠʢʝʣʷ ʩʚʷʟʘʥʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʥʳʭ ʧʣʝʥʦʢ, ʦʙʣʘʜʘʶʱʠʭ ʩʠʣʴʥʳʤ ʟʘʱʠʪʥʳʤ ʜʝʡʩʪʚʠʝʤ, 

ʪʦ ʝʩʪʴ ʩ ʧʘʩʩʠʚʠʨʦʚʘʥʠʝʤ. 

ʇʦ ʭʘʨʘʢʪʝʨʫ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ ʥʠʢʝʣʴ 

ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʵʣʝʤʝʥʪ ʤʝʞʜʫ ʘʢʮʝʧʪʦʨʘʤʠ ʞʝʩʪʢʠʭ ʠ ʤʷʛʢʠʭ ʢʠʩʣʦʪ. 

ʉ ʵʪʠʤ ʩʚʷʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʠʢʝʣʝʤ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: ʦʢʩʠʜʦʚ, 

ʢʘʨʙʦʥʘʪʦʚ, ʩʠʣʠʢʘʪʦʚ ʩ ʞʝʣʝʟʦʤ ʠ ʤʘʛʥʠʝʤ, ʘ ʪʘʢʞʝ ʩʫʣʴʬʠʜʦʚ, ʘʨʩʝʥʠʜʦʚ ʠ ʪʝʣʣʫʨʠʜʦʚ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʥʠʢʝʣʷ +2 ʠ +3. 

ʉʦʝʜʠʥʝʥʠʷ ʥʠʢʝʣʷ ʩʭʦʜʥʳ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ ʢʦʙʘʣʴʪʘ. ʇʦʜʦʙʥʦ ʢʦʙʘʣʴʪʫ, ʥʠʢʝʣʴ 

ʦʙʨʘʟʫʝʪ ʦʢʩʠʜ ʥʠʢʝʣʷ (II), ʠʣʠ ʟʘʢʠʩʴ, NiO ʠ ʦʢʩʠʜ ʥʠʢʝʣʷ (III), ʠʣʠ ʦʢʠʩʴ, Ni2O3 ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʦʩʥʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʠʟʚʝʩʪʝʥ ʪʦʣʴʢʦ ʦʜʠʥ ʨʷʜ ʩʦʣʝʡ ʥʠʢʝʣʷ, ʚ ʢʦʪʦʨʳʭ ʦʥ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +2. ʅʠʢʝʣʴ (II) ʦʙʨʘʟʫʝʪ ʤʥʦʛʦ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ. ʄʠʨʦʚʳʝ ʟʘʧʘʩʳ ʥʠʢʝʣʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʦʮʝʥʠʚʘʶʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 

7,5Ö107 ʪ, ʝʞʝʛʦʜʥʦʝ ʤʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʠʢʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 1,9Ö104 ʪ. 

ʊʘʢʠʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʠʢʝʣʷ, ʢʘʢ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʚʳʩʦʢʘʷ ʪʚʝʨʜʦʩʪʴ ʠ 

ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʭʦʨʦʰʘʷ ʪʝʧʣʦ- ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʦʙʝʩʧʝʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʘʣʣʘ. 

ʅʠʢʝʣʴ ʚ ʚʠʜʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ ʤʦʞʝʪ ʨʘʩʪʚʦʨʠʪʴ ʚʦʜʦʨʦʜʘ ʚ 17 ʨʘʟ ʙʦʣʴʰʝ 

ʩʚʦʝʛʦ ʦʙʲʝʤʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʧʨʠ ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ. 

ɹʦʣʝʝ 75% ʥʠʢʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʧʣʘʚʦʚ. ʀʟʚʝʩʪʥʦ ʙʦʣʝʝ 3000 

ʨʘʟʣʠʯʥʳʭ ʩʧʣʘʚʦʚ, ʩʨʝʜʠ ʥʠʭ ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ ʠ ʩʧʣʘʚʳ ʩʪʘʣʠ, ʢʦʚʢʦʝ ʠ ʣʠʪʝʡʥʦʝ ʞʝʣʝʟʦ, 

ʢʫʧʨʦʥʠʢʝʣʴ ʠ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʥʠʢʝʣʴ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʧʦʣʫʯʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʤʝʪʘʣʣʘ. 

ʏʠʩʪʳʡ ʥʠʢʝʣʴ ʧʨʠʤʝʥʷʶʪ ʚ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʘʤʧʝʨʦʚ ʠ 

ʦʪʜʝʣʦʯʥʳʭ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʠʣʝʡ, ʙʳʪʦʚʳʭ ʧʨʠʙʦʨʦʚ ʠ ʚʦʜʦʧʨʦʚʦʜʥʳʭ ʘʨʤʘʪʫʨ. ʅʠʢʝʣʴ ʠʜʝʪ 

ʪʘʢʞʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʠʢʝʣʝʚʦ-ʢʘʜʤʠʝʚʳʭ ʙʘʪʘʨʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ, 

ʮʠʥʢʦʚʦ-ʥʠʢʝʣʝʚʳʭ ʢʠʩʣʦʪʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʱʝʚʳʭ ʞʠʨʦʚ. 



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
ȳ.Ȧ. Ƚɋɖɓɡɛ 
Ʉ.Ȯ. ȧɆɋɈɆ 

 

 

http://izd -mn.com/ 138 

 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ. ʅʠʢʝʣʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ɿʝʤʣʠ, ʩʦʩʪʘʚʣʷʷ ʦʢʦʣʦ 2% ʝʝ ʚʝʩʘ, ʦʜʥʘʢʦ ʝʛʦ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ 

ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 0,006-0,018%. ɺ ʟʝʤʥʦʡ ʢʦʨʝ ʚʩʪʨʝʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʚʷʟʘʥʥʦʤ ʚʠʜʝ. ʇʦʜʦʙʥʦ 

ʢʦʙʘʣʴʪʫ, ʥʠʢʝʣʴ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʧʨʠʨʦʜʝ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʩʦʝʜʠʥʝʥʠʠ ʩ ʤʳʰʴʷʢʦʤ ʠʣʠ 

ʩʝʨʦʡ. ɽʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜʘʭ ʧʨʠʤʝʨʥʦ ʚ 200 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚ ʢʠʩʣʳʭ. ɺ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜʘʭ ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʠʢʝʣʷ ʩʚʷʟʘʥʦ  

ʩ ʦʣʠʚʠʥʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 0,13-0,41 % Ni. ʅʠʢʝʣʴ ʧʨʦʷʚʣʷʝʪ ʩʠʜʝʨʦʬʠʣʴʥʳʝ ʠ 

ʭʘʣʴʢʦʬʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. ʆʥ ʩʧʦʩʦʙʝʥ ʠʟʦʤʦʨʬʥʦ ʟʘʤʝʱʘʪʴ ʞʝʣʝʟʦ ʠ ʤʘʛʥʠʡ. ʅʝʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʩʫʣʴʬʠʜʦʚ. ʇʨʠ ʧʦʚʳʰʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʚ ʤʘʛʤʝ 

ʩʝʨʳ ʚʦʟʥʠʢʘʶʪ ʩʫʣʴʬʠʜʳ ʥʠʢʝʣʷ ʚʤʝʩʪʝ ʩ ʤʝʜʴʶ, ʢʦʙʘʣʴʪʦʤ, ʞʝʣʝʟʦʤ ʠ ʧʣʘʪʠʥʦʠʜʘʤʠ. ɺ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʙʘʣʴʪʦʤ, ʤʳʰʴʷʢʦʤ ʠ ʩʝʨʦʡ ʠ ʠʥʦʛʜʘ ʩ ʚʠʩʤʫʪʦʤ, 

ʫʨʘʥʦʤ ʠ ʩʝʨʝʙʨʦʤ ʥʠʢʝʣʴ ʦʙʨʘʟʫʝʪ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ  

ʚ ʚʠʜʝ ʘʨʩʝʥʠʜʦʚ ʠ ʩʫʣʴʬʠʜʦʚ ʥʠʢʝʣʷ. ʅʠʢʝʣʴ ʦʙʳʯʥʦ ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʫʣʴʬʠʜʥʳʭ ʠ 

ʤʳʰʴʷʢʩʦʜʝʨʞʘʱʠʭ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʭ ʨʫʜʘʭ. ʆʥ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʦʩʪʘʚʝ ʩʣʝʜʫʶʱʠʭ 

ʤʠʥʝʨʘʣʦʚ: ʥʠʢʝʣʠʥ (ʢʨʘʩʥʳʡ ʥʠʢʝʣʝʚʳʡ ʢʦʣʯʝʜʘʥ, ʢʫʧʬʝʨʥʠʢʝʣʴ) NiAs, ʭʣʦʘʥʪʠʪ (ʙʝʣʳʡ 

ʥʠʢʝʣʝʚʳʡ ʢʦʣʯʝʜʘʥ) (Ni, Co, Fe)As2, ʤʘʛʥʠʪʥʳʡ ʢʦʣʯʝʜʘʥ (Fe, Ni, Cu)S, ʛʘʨʥʠʝʨʠʪ (Mg, 

Ni)6(Si4O11)(OH)6ÖH2O ʠ ʜʨʫʛʠʝ ʩʠʣʠʢʘʪʳ, ʤʳʰʴʷʢʦʚʦ-ʥʠʢʝʣʝʚʳʡ ʙʣʝʩʢ (ʛʝʨʩʜʦʨʬʠʪ) NiAsS, 

ʧʝʥʪʣʘʥʜʠʪ (Fe,Ni)9S8 ʠ ʜʨ. 

ʉʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʥʠʢʝʣʷ ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜʘʭ ʩʫʰʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

1-3 ʤʢʛ/ʣ, ʚ ʤʦʨʩʢʠʭ ʚʦʜʘʭ ï ʦʢʦʣʦ 1,8 ʤʢʛ/ʣ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʢʝʣʷ ʤʦʞʝʪ ʧʦʚʳʰʘʪʴʩʷ ʜʦ 10-50 ʤʢʛ/ʣ. ʉʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʚ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʘʭ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʚ ʧʨʝʜʝʣʘʭ  

0,11-33 ʤʢʛ/ʣ, ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ï 0,3-46 ʤʢʛ/ʣ, ʚ ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ ï 2-89 ʤʢʛ/ʣ, ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʧʨʝʩʥʦʚʦʜʥʳʭ ʚʦʜʦʝʤʦʚ ï 1-140 ʤʛ/ʢʛ [30, 46, 50 ʠ ʜʨ.]. ʇʨʠ ʵʪʦʤ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʘ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 10 ʤʢʛ/ʜʤ3 ʢʘʢ ʜʣʷ ʤʦʨʩʢʠʭ, ʪʘʢ ʠ ʜʣʷ ʧʨʝʩʥʳʭ ʚʦʜ [22]. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʚ ʧʦʯʚʘʭ ʩʦʩʪʘʚʣʷʝʪ 4Ö10-3%. ʋʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʥʠʢʝʣʷ ʚ 

ʧʦʯʚʘʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ ʠ ʛʝʥʝʟʠʩʦʤ ʧʦʯʚ. ɺ ʪʘʙʣ. 

8.17 ʠ 8.18 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʥʠʢʝʣʷ ʚ ʧʦʯʚʘʭ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ. 

ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʯʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʥʘ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜʘʭ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʨʦʜ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʚ ʩʘʤʠʭ 

ʧʦʨʦʜʘʭ ʠ ʚ ʧʦʯʚʘʭ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʥʘ ʜʘʥʥʳʭ ʧʦʨʦʜʘʭ, ʫʤʝʥʴʰʘʝʪʩʷ. ɼʣʷ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ 

ʭʘʨʘʢʪʝʨʥʘ ʩʣʝʜʫʶʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚ ʩʦʜʝʨʞʘʥʠʠ ʥʠʢʝʣʷ ï ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʦʪʤʝʯʝʥʳ ʚ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʝ ï ʚ ʧʝʩʯʘʥʠʢʘʭ. ɺ ʮʝʣʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʠʢʝʣʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʩʭʦʜʩʪʚʦ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʙʘʣʴʪʘ ʠ ʞʝʣʝʟʘ.  

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʠʢʝʣʷ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ 

ʬʘʢʪʦʨʦʚ, ʚʘʞʥʝʡʰʠʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʛʣʠʥʠʩʪʳʭ 

ʤʠʥʝʨʘʣʦʚ, ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ, ʘ ʪʘʢʞʝ ʢʠʩʣʦʪʥʦʩʪʴ.  

ʉʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʩʦʩʪʘʚʣʷʝʪ 8Ö10-5%. ɺ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ʥʠʢʝʣʴ ʚʩʪʨʝʯʘʝʪʩʷ ʧʦʯʪʠ ʚʩʝʛʜʘ ʚ ʚʠʜʝ Ni (II). ɺ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʩʦʜʝʨʞʠʪʩʷ ʦʢʦʣʦ 10 ʤʛ 

ʥʠʢʝʣʷ, ʘ ʫʨʦʚʝʥʴ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʟʘʢʣʶʯʝʥ ʚ ʜʦʚʦʣʴʥʦ ʫʟʢʠʭ ʧʨʝʜʝʣʘʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʛʦʤʝʦʩʪʘʟʝ ʠ, ʚʦʟʤʦʞʥʦ, ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʠʢʝʣʷ. 

ʅʠʟʢʠʝ ʫʨʦʚʥʠ ʥʠʢʝʣʷ ʷʚʣʷʶʪʩʷ ʩʪʠʤʫʣʠʨʫʶʱʠʤʠ ʜʣʷ ʞʠʚʦʪʥʳʭ. ʆʥ ʩʣʫʞʠʪ ʢʘʢ 

ʢʦʬʘʢʪʦʨ ʜʣʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʬʝʨʤʝʥʪʘ ʫʨʝʘʟʳ. ʉʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤʠ ʤʝʪʘʣʣʘʤʠ ʘʢʪʠʚʠʨʫʝʪ 

ʥʝʢʦʪʦʨʳʝ ʬʝʨʤʝʥʪʳ ʚ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʳʭ, ʥʦ ʧʦʢʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʠʢʝʣʷ ʜʣʷ ʯʝʣʦʚʝʢʘ 

ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʜʦʢʘʟʘʥʘ.  

ʍʨʦʥʠʯʝʩʢʘʷ ʠʥʪʦʢʩʠʢʘʮʠʷ ʥʠʢʝʣʝʤ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʩʝʨʜʝʯʥʦʡ ʠ ʜʨʫʛʠʭ 

ʪʢʘʥʝʡ. ʇʨʠʯʠʥʳ ʥʠʢʝʣʝʚʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʩʚʷʟʘʥʳ, ʚʝʨʦʷʪʥʦ, ʩ ʙʣʦʢʠʨʦʚʢʦʡ ʬʝʨʤʝʥʪʦʚ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʥʫʢʣʝʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ.  
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ʊʘʙʣʠʮʘ 8.17 

ʉʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʯʚ, ʤʛ/ʢʛ (ʮʠʪ. ʧʦ [37]) 

ʉʪʨʘʥʘ, ʧʦʯʚʘ 
ʇʨʝʜʝʣʳ 

ʢʦʣʝʙʘʥʠʡ 
ʉʨʝʜʥʝʝ 

ʇʦʯʚʳ ɽʚʨʦʧʳ 

ɸʚʩʪʨʠʷ 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 

ɼʘʥʠʷ 

ʌʈɻ 

 

6-38 

ï 

ï 

ï 

 

21 

23 

8 

19 

ʇʦʯʚʳ ʉʅɻ 

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʧʦʯʚʳ 

ʉʝʨʳʝ ʣʝʩʥʳʝ ʧʦʯʚʳ 

ʏʝʨʥʦʟʝʤʳ 

ʂʘʰʪʘʥʦʚʳʝ ʧʦʯʚʳ 

ʂʨʘʩʥʦʟʝʤʳ 

ʊʦʨʬʷʥʳʝ 

 

6-25 

11-30 

20-70 

20-45 

25-65 

2-65 

 

 

ï  

ï  

ï  

ï  

ï  

ʇʦʯʚʳ ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ 

ʇʦʜʟʦʣʳ ʠ ʧʝʩʯʘʥʳʝ ʧʦʯʚʳ 

ʃʝʩʩʦʚʳʝ ʠ ʧʳʣʝʚʘʪʳʝ ʧʦʯʚʳ 

ʉʫʛʣʠʥʠʩʪʳʝ ʠ ʛʣʠʥʠʩʪʳʝ ʧʦʯʚʳ 

 

6-370 

3,6-44 

9-110 

 

ï  

ï  

ï  

ʇʦʯʚʳ ʂʘʥʘʜʳ ï 20 

 

ʊʘʙʣʠʮʘ 8.18 

ʉʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʚ ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʧʦʯʚ ʈʦʩʩʠʠ, ʤʛ/ʢʛ [7, 30]  

ɼʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʳʝ 

ʉʝʨʳʝ 

ʣʝʩʥʳʝ 
ʏʝʨʥʦʟʝʤʳ ʂʘʰʪʘʥʦʚʳʝ ʊʦʨʬʷʥʳʝ 

6-25 11-30 20-72 20-45 2-65 

 

 
ɺʘʥʘʜʠʡ ï V (Vanadium) 

ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺʘʥʘʜʠʡ ï ʵʣʝʤʝʥʪ 5-ʡ ʛʨʫʧʧʳ 4-ʛʦ ʧʝʨʠʦʜʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʵʣʝʤʝʥʪʦʚ (ʧʦ ʫʩʪʘʨʝʚʰʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï ʧʦʙʦʯʥʦʡ ʧʦʜʛʨʫʧʧʳ V ʛʨʫʧʧʳ) ʩ 

ʘʪʦʤʥʦʡ ʤʘʩʩʦʡ 50,942. ɽʛʦ ʘʪʦʤʳ ʠʤʝʶʪ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ 

3d34s2. ʇʣʘʩʪʠʯʥʳʡ ʤʝʪʘʣʣ ʩʝʨʝʙʨʠʩʪʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ (ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 1920 ÁC) ʩ 

ʧʣʦʪʥʦʩʪʴʶ 6,11 ʛ/ʩʤį. ʇʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʧʦʭʦʞ ʥʘ ʩʪʘʣʴ. ʍʠʤʠʯʝʩʢʠ ʚʘʥʘʜʠʡ ʜʦʚʦʣʴʥʦ 

ʠʥʝʨʪʝʥ. ʆʥ ʩʪʦʝʢ ʢ ʜʝʡʩʪʚʠʶ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʣʷʥʦʡ, ʘʟʦʪʥʦʡ ʠ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪ, ʱʝʣʦʯʝʡ. ʉʦʝʜʠʥʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ +2 ʠ +3 ï ʩʠʣʴʥʳʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ, ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +5 ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ ʦʢʠʩʣʠʪʝʣʝʡ. 

ʉ ʢʠʩʣʦʨʦʜʦʤ ʚʘʥʘʜʠʡ ʦʙʨʘʟʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʢʩʠʜʦʚ: VO, V2O3, VO2,V2O5. ʆʨʘʥʞʝʚʳʡ 

V2O5 ï ʢʠʩʣʦʪʥʳʡ ʦʢʩʠʜ, ʩʠʥʠʡ VO2 ï ʘʤʬʦʪʝʨʥʳʡ, ʦʩʪʘʣʴʥʳʝ ʦʢʩʠʜʳ ʚʘʥʘʜʠʷ ï ʦʩʥʦʚʥʳʝ. 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʚʳʰʝ 300 Áʉ ʚʘʥʘʜʠʡ ʧʦʛʣʦʱʘʝʪ ʢʠʩʣʦʨʦʜ ʠ ʩʪʘʥʦʚʠʪʩʷ 

ʭʨʫʧʢʠʤ. ʇʨʠ 600-700 Áʉ ʦʥ ʠʥʪʝʥʩʠʚʥʦ ʦʢʠʩʣʷʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʠʜʘ V2O5, ʘ ʪʘʢʞʝ ʠ 

ʥʠʟʰʠʭ ʦʢʠʩʣʦʚ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʘʥʘʜʠʷ ʚʳʰʝ 700 Áʉ ʚ ʪʦʢʝ ʘʟʦʪʘ ʦʙʨʘʟʫʝʪʩʷ ʥʠʪʨʠʜ VN 

(ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ 2050 Áʉ), ʫʩʪʦʡʯʠʚʳʡ ʚ ʚʦʜʝ ʠ ʢʠʩʣʦʪʘʭ. ʉ ʫʛʣʝʨʦʜʦʤ ʚʘʥʘʜʠʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʜʘʚʘʷ ʪʫʛʦʧʣʘʚʢʠʡ ʢʘʨʙʠʜ VC (ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ 2800 Áʉ), ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ. ʇʨʠʤʝʩʠ ʢʠʩʣʦʨʦʜʘ, ʚʦʜʦʨʦʜʘ ʠ ʘʟʦʪʘ 

ʨʝʟʢʦ ʩʥʠʞʘʶʪ ʧʣʘʩʪʠʯʥʦʩʪʴ ʚʘʥʘʜʠʷ ʠ ʧʦʚʳʰʘʶʪ ʝʛʦ ʪʚʸʨʜʦʩʪʴ ʠ ʭʨʫʧʢʦʩʪʴ. 

ʉ ʛʘʣʦʛʝʥʘʤʠ ʚʘʥʘʜʠʡ ʦʙʨʘʟʫʝʪ ʜʦʚʦʣʴʥʦ ʣʝʪʫʯʠʝ ʛʘʣʦʛʝʥʠʜʳ ʩʦʩʪʘʚʦʚ VX2 (X = F, Cl, 

Br, I), VX3, VX4 (X = F, Cl, Br), VF5 ʠ ʥʝʩʢʦʣʴʢʦ ʦʢʩʦʛʘʣʦʛʝʥʠʜʦʚ (VOCl, VOCl2, VOF3 ʠ ʜʨ.). 

ʀʟʚʝʩʪʥʳ ʪʫʛʦʧʣʘʚʢʠʡ ʢʘʨʙʠʜ ʚʘʥʘʜʠʷ VC (ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 2800 ÁC), ʥʠʪʨʠʜ 

ʚʘʥʘʜʠʷ VN, ʩʫʣʴʬʠʜ ʚʘʥʘʜʠʷ V2S5, ʩʠʣʠʮʠʜ ʚʘʥʘʜʠʷ V3Si ʠ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚʘʥʘʜʠʷ. 

https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BB%D0%BB
https://ru.wikipedia.org/wiki/%D0%A6%D0%B2%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4%D1%8B_%D0%B2%D0%B0%D0%BD%D0%B0%D0%B4%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%90%D0%B7%D0%BE%D1%82
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D1%81%D1%82%D0%B8%D1%87%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%28%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0%29
https://ru.wikipedia.org/wiki/%D0%A2%D0%B2%D1%91%D1%80%D0%B4%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A5%D1%80%D1%83%D0%BF%D0%BA%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A4%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%91%D1%80%D0%BE%D0%BC
https://ru.wikipedia.org/wiki/%D0%98%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A4%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%91%D1%80%D0%BE%D0%BC
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ. ʄʠʨʦʚʳʝ ʟʘʧʘʩʳ ʚʘʥʘʜʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʦʮʝʥʠʚʘʶʪʩʷ ʧʨʠʤʝʨʥʦ 

ʚ 14Ö106ʪ. ʀʟʚʝʩʪʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʇʝʨʫ, ʉʐɸ, ʖɸʈ, ʌʠʥʣʷʥʜʠʠ, ɸʚʩʪʨʘʣʠʠ, ɸʨʤʝʥʠʠ, 

ʈʦʩʩʠʠ.  

ʆʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʧʦʣʫʯʝʥʠʷ ʚʘʥʘʜʠʷ ï ʞʝʣʝʟʥʳʝ ʨʫʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʚʘʥʘʜʠʡ ʢʘʢ 

ʧʨʠʤʝʩʴ. ʏʝʨʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ ï ʦʩʥʦʚʥʦʡ ʧʦʪʨʝʙʠʪʝʣʴ ʵʣʝʤʝʥʪʘ (ʜʦ 95% ʚʩʝʛʦ ʧʨʦʠʟʚʦʜʠʤʦʛʦ 

ʤʝʪʘʣʣʘ). ɺʘʥʘʜʠʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ, ʝʝ ʟʘʤʝʥʠʪʝʣʝʡ, ʤʘʣʦʣʝʛʠʨʦʚʘʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠ ʥʝʢʦʪʦʨʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ. ʇʨʠ ʚʚʝʜʝʥʠʠ 0,15-0,25% ʚʘʥʘʜʠʷ 

ʨʝʟʢʦ ʧʦʚʳʰʘʶʪʩʷ ʧʨʦʯʥʦʩʪʴ, ʚʷʟʢʦʩʪʴ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʩʪʘʣʦʩʪʠ ʠ ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴ 

ʩʪʘʣʠ. ʇʨʠʤʝʥʷʶʪ ʚʘʥʘʜʠʡ ʠ ʜʣʷ ʣʝʛʠʨʦʚʘʥʠʷ ʯʫʛʫʥʘ.  

ʏʠʩʪʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʚʘʥʘʜʠʡ ʠʩʧʦʣʴʟʫʶʪ ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ (ʦʙʦʣʦʯʢʠ ʜʣʷ 

ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʪʨʫʙʳ) ʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ. ɽʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʤʝʥʷʶʪ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ ʠ ʤʝʜʠʮʠʥʝ, ʚ ʪʝʢʩʪʠʣʴʥʦʡ, ʣʘʢʦʢʨʘʩʦʯʥʦʡ, ʨʝʟʠʥʦʚʦʡ, ʢʝʨʘʤʠʯʝʩʢʦʡ, ʩʪʝʢʦʣʴʥʦʡ, 

ʬʦʪʦ- ʠ ʢʠʥʦʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺʘʥʘʜʠʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʠʪʘʥʦʚʳʭ 

ʩʧʣʘʚʦʚ; ʥʝʢʦʪʦʨʳʝ ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ ʩʦʜʝʨʞʘʪ ʜʦ 13% ʚʘʥʘʜʠʷ. ɺ ʘʚʠʘʮʠʦʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʨʘʢʝʪʦʩʪʨʦʝʥʠʠ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ 

ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʠʷ, ʭʨʦʤʘ ʠ ʪʘʥʪʘʣʘ, ʩʦʜʝʨʞʘʱʠʝ ʧʨʠʩʘʜʢʠ ʚʘʥʘʜʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʦʩʪʘʚʫ ʞʘʨʦʧʨʦʯʥʳʝ ʠ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʝ ʩʧʣʘʚʳ 

ʥʘ ʦʩʥʦʚʝ ʚʘʥʘʜʠʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ Ti, W, Zr ʠ Al, ʘ ʪʘʢʞʝ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʝ ʩʧʣʘʚʳ ʠ 

ʩʦʝʜʠʥʝʥʠʷ ʚʘʥʘʜʠʷ ʩ Ga, Si ʠ Ti.  

ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʚʘʥʘʜʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʩʦʩʪʘʚʣʷʝʪ 

0,9Ŀ10-2 ï 1,6Ŀ10-2%. ʕʪʦ ʜʦʚʦʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ, ʥʦ ʨʘʩʩʝʷʥʥʳʡ ʚ ʧʦʨʦʜʘʭ ʠ ʤʠʥʝʨʘʣʘʭ 

ʵʣʝʤʝʥʪ. ɺ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ ʚ ʧʨʠʨʦʜʝ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʚʘʥʘʜʠʷ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʦʪʤʝʯʘʶʪʩʷ ʚ ʛʘʙʙʨʦ ʠ ʙʘʟʘʣʴʪʘʭ. ɺ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪʤʝʯʘʝʪʩʷ ʚ ʙʠʦʣʠʪʘʭ (ʘʩʬʘʣʴʪʠʪʘʭ, ʫʛʣʷʭ, 

ʙʠʪʫʤʠʥʦʟʥʳʭ ʬʦʩʬʘʪʘʭ), ʙʠʪʫʤʠʥʦʟʥʳʭ ʩʣʘʥʮʘʭ, ʙʦʢʩʠʪʘʭ, ʘ ʪʘʢʞʝ ʚ ʦʦʣʠʪʦʚʳʭ ʠ 

ʢʨʝʤʥʠʩʪʳʭ ʞʝʣʝʟʥʳʭ ʨʫʜʘʭ. ɺʘʞʥʝʡʰʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʚʘʥʘʜʠʷ ʷʚʣʷʶʪʩʷ ʧʘʪʨʦʥʠʪ V(S2)2, 

ʚʘʥʘʜʠʥʠʪ Pb5(VO4)3Cl ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ. ɽʛʦ ʥʦʩʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʤʠʥʝʨʘʣʳ ʪʠʪʘʥʘ (ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ, ʩʬʝʥ, ʨʫʪʠʣ, ʠʣʴʤʝʥʠʪ), ʩʣʶʜʳ, ʧʠʨʦʢʩʝʥʳ ʠ ʛʨʘʥʘʪʳ, 

ʦʙʣʘʜʘʶʱʠʝ ʧʦʚʳʰʝʥʥʦʡ ʠʟʦʤʦʨʬʥʦʡ ʸʤʢʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʘʥʘʜʠʶ.  

ʉʦʜʝʨʞʘʥʠʝ ʚʘʥʘʜʠʷ ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜʘʭ ʩʦʩʪʘʚʣʷʝʪ 3Ö10-8 ï 2,5Ö10-7% [1]. ɺ ʚʦʜʝ 

ʦʙʨʘʟʫʝʪ ʫʩʪʦʡʯʠʚʳʝ ʘʥʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ (V4O12)
4- ʠ (V10O26)

6-. ɺ ʤʠʛʨʘʮʠʠ ʚʘʥʘʜʠʷ 

ʩʫʱʝʩʪʚʝʥʥʘ ʨʦʣʴ ʨʘʩʪʚʦʨʝʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʝʛʦ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʧʨʠʨʦʜʥʳʝ ʚʦʜʳ ʷʚʣʷʶʪʩʷ 

ʩʪʦʯʥʳʝ ʚʦʜʳ ʧʨʝʜʧʨʠʷʪʠʡ ʯʝʨʥʦʡ ʠ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ. 

ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʘ ʚ ʧʨʝʩʥʳʭ ʚʦʜʘʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1 ʤʢʛ/ʜʤ3 [22]. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʘʥʘʜʠʷ ʚ ʧʦʯʚʘʭ ʩʦʩʪʘʚʣʷʝʪ 8,8Ö10-3% (ʧʦ ʜʘʥʥʳʤ ɸ.ʇ. 

ɺʠʥʦʛʨʘʜʦʚʘ). ʋʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʚʘʥʘʜʠʷ ʚ ʧʦʯʚʘʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝʤ ʚ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ: ʧʦʯʚʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʥʘ ʧʦʢʨʦʚʥʳʭ ʩʫʛʣʠʥʢʘʭ, ʙʦʣʝʝ ʙʦʛʘʪʳ 

ʚʘʥʘʜʠʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʯʚʘʤʠ, ʦʙʨʘʟʦʚʘʚʰʠʤʠʩʷ ʥʘ ʤʦʨʝʥʝ, ʘ ʧʦʯʚʳ, ʨʘʟʚʠʚʰʠʝʩʷ ʥʘ 

ʧʝʩʢʘʭ, ʥʘʠʙʦʣʝʝ ʙʝʜʥʳ ʵʪʠʤ ʵʣʝʤʝʥʪʦʤ. ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʘʥʘʜʠʷ (150ï460 

ʤʛ/ʢʛ) ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʦʯʚ, ʨʘʟʚʠʪʳʭ ʥʘ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʘʭ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʘʥʘʜʠʷ ʧʦ 

ʧʨʦʬʠʣʶ ʧʦʯʚ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʥʘʢʦʧʣʝʥʠʶ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩʚʷʟʴ ʚʘʥʘʜʠʷ ʩ ʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ 

ʠ ʪʠʪʘʥʘ.  

ʂʦʤʧʣʝʢʩʳ ʚʘʥʘʜʠʷ ʚ ʦʩʥʦʚʥʦʤ ʘʥʠʦʥʥʳʝ, ʥʦ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʦʥʠ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʳʝ 

ʠ ʢʘʪʠʦʥʥʳʝ. ʈʘʟʣʠʯʠʝ ʚ ʟʘʨʷʜʝ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ ʚʘʨʠʘʮʠʶ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʝʪʘʣʣʘ. ɺ ʢʠʩʣʳʭ ʧʦʯʚʘʭ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚ ʢʘʪʠʦʥ ʚʘʥʘʜʠʣʘ Vʆ2
+, ʢʦʪʦʨʳʡ ʧʨʦʯʥʦ 

ʟʘʢʨʝʧʣʷʝʪʩʷ ʛʫʤʫʩʦʤ. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʝ ʚʘʥʘʜʠʷ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʫʩʪʦʡʯʠʚʳʭ ʛʫʤʫʩʦʚʳʭ 

ʢʠʩʣʦʪ, ʯʝʤ ʬʫʣʴʚʦʢʠʩʣʦʪ. ɺ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ ʩʠʪʫʘʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʦʧʘʩʥʦʡ, ʪʘʢ ʢʘʢ ʚ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʜʦʤʠʥʠʨʫʝʪ ʘʥʠʦʥ ʤʝʪʘʚʘʥʘʜʘʪʘ Vʆ3
ï, ʦʙʣʘʜʘʶʱʠʡ ʙʦʣʴʰʝʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʠ, 

https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%B3%D0%BE%D1%80%D0%BD%D1%8B%D0%B5_%D0%BF%D0%BE%D1%80%D0%BE%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%B1%D0%B1%D1%80%D0%BE
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%B7%D0%B0%D0%BB%D1%8C%D1%82
https://ru.wikipedia.org/wiki/%D0%9E%D1%81%D0%B0%D0%B4%D0%BE%D1%87%D0%BD%D1%8B%D0%B5_%D0%B3%D0%BE%D1%80%D0%BD%D1%8B%D0%B5_%D0%BF%D0%BE%D1%80%D0%BE%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D0%BA%D1%81%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%9E%D0%BE%D0%BB%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D0%B5%D0%B7%D0%BD%D0%B0%D1%8F_%D1%80%D1%83%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%82%D1%80%D0%BE%D0%BD%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%92%D0%B0%D0%BD%D0%B0%D0%B4%D0%B8%D0%BD%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%A2%D0%B8%D1%82%D0%B0%D0%BD%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%A0%D1%83%D1%82%D0%B8%D0%BB
https://ru.wikipedia.org/wiki/%D0%98%D0%BB%D1%8C%D0%BC%D0%B5%D0%BD%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%8E%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%9F%D0%B8%D1%80%D0%BE%D0%BA%D1%81%D0%B5%D0%BD%D1%8B
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%BD%D0%B0%D1%82_%28%D0%BC%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB%29
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ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ [14]. ʇʨʠ ʧʦʜʱʝʣʘʯʠʚʘʥʠʠ 

ʧʦʯʚ ʦʧʘʩʥʦʩʪʴ ʚʘʥʘʜʠʷ ʚʦʟʨʘʩʪʘʝʪ [5]. 

ɺ ʪʘʙʣ. 8.19 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʚʘʥʘʜʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʘʭ. 

ʊʦʨʬʷʥʠʩʪʳʝ ʧʦʯʚʳ ʦʪʣʠʯʘʶʪʩʷ ʩʘʤʳʤ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʘʥʘʜʠʷ. ʉʫʛʣʠʥʠʩʪʳʝ ʠ 

ʬʝʨʨʘʣʠʪʥʳʝ ʧʦʯʚʳ ʩʦʜʝʨʞʘʪ ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʘʥʘʜʠʷ, ʧʨʠ ʵʪʦʤ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ  

ʚ ʧʦʯʚʘʭ ʧʨʝʚʦʩʭʦʜʠʪ ʩʦʜʝʨʞʘʥʠʝ ʚ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʝ. ɺʝʨʭʥʠʝ ʛʦʨʠʟʦʥʪʳ ʧʦʜʟʦʣʠʩʪʳʭ 

ʧʦʯʚ ʥʝʩʢʦʣʴʢʦ ʦʙʝʜʥʝʥʳ ʚʘʥʘʜʠʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ 8.19 

ʉʦʜʝʨʞʘʥʠʝ ʚʘʥʘʜʠʷ ʚ ʧʦʯʚʘʭ [16]  

ʇʦʯʚʳ ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ, ʤʛ/ʢʛ ʇʨʝʜʝʣʳ ʢʦʣʝʙʘʥʠʡ, ʤʛ/ʢʛ 
ʇʦʜʟʦʣʳ, ʧʝʩʯʘʥʳʝ ʧʦʯʚʳ ï 10-62 
ʃʝʩʩʦʚʳʝ ʠ ʧʳʣʝʚʘʪʳʝ 57 ï 
ʉʫʛʣʠʥʠʩʪʳʝ ʠ ʛʣʠʥʠʩʪʳʝ 
ʧʦʯʚʳ 

ï 34-210 

ʌʣʶʚʠʩʦʣʠ 18 ï 
ɻʣʝʡʩʦʣʠ 118 ï 
ʈʝʜʟʠʥʳ ï 38-85 
ʂʘʰʪʘʥʦʚʳʝ ʠ ʙʫʨʳʝ 
ʧʦʯʚʳ 

ï 25-55 

ʉʦʣʦʥʯʘʢʠ ʠ ʩʦʣʦʥʮʳ 88 78-99 
ʏʝʨʥʦʟʝʤʳ ï 37-125 
ʃʫʛʦʚʳʝ ʧʦʯʚʳ 190 85-380 
ɻʠʩʪʦʩʦʣʠ ʠ ʜʨ. 
ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʣʠ 

5 ï 

ʃʝʩʥʳʝ ʧʦʯʚʳ 145 ï 
ʊʦʨʬʷʥʠʩʪʳʝ ʧʦʯʚʳ ï 5-22 

 

ʉʦʜʝʨʞʘʥʠʝ ʚʘʥʘʜʠʷ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 6Ö10-5%.  

ʉʦʝʜʠʥʝʥʠʷ ʚʘʥʘʜʠʷ ʪʦʢʩʠʯʥʳ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʝʡ 

ʪʦʢʩʠʯʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʩʦʝʜʠʥʝʥʠʷ ʧʷʪʠʚʘʣʝʥʪʥʦʛʦ ʚʘʥʘʜʠʷ. ʊʘʢ, ʦʢʩʠʜ ʚʘʥʘʜʠʷ (V) 

ʯʨʝʟʚʳʯʘʡʥʦ ʷʜʦʚʠʪ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚʥʫʪʨʴ ʦʨʛʘʥʠʟʤʘ ʯʝʨʝʟ ʧʠʱʝʚʘʨʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ; ʧʨʠ 

ʚʜʳʭʘʥʠʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʨʘʞʘʝʪʩʷ ʜʳʭʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʘʥʘʜʠʡ ʩʧʦʩʦʙʝʥ ʪʦʨʤʦʟʠʪʴ ʩʠʥʪʝʟ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʧʦʜʘʚʣʷʪʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʭʦʣʝʩʪʝʨʠʥʘ, ʠʥʛʠʙʠʨʦʚʘʪʴ ʨʷʜ ʬʝʨʤʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʪʦʨʤʦʟʠʪʴ ʧʨʦʮʝʩʩʳ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ 

ʠ ʩʠʥʪʝʟʘ ɸʊʌ ʠ ʪ.ʜ. ʇʨʠ ʦʩʪʨʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʪʦʢʩʠʯʝʩʢʠʭ ʜʦʟ ʚʘʥʘʜʠʷ ʚʦʟʥʠʢʘʶʪ ʩʠʩʪʝʤʥʳʝ 

ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʣʝʡʢʦʧʝʥʠʷ ʠ ʘʥʝʤʠʷ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʥʘʨʫʰʝʥʠʷʤʠ 

ʦʩʥʦʚʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʨʛʘʥʠʟʤʘ.  
ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚʳʷʚʣʝʥʦ ʫ ʥʝʢʦʪʦʨʳʭ ʤʦʨʩʢʠʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ 

(ʛʦʣʦʪʫʨʠʡ ʠ ʘʩʮʠʜʠʡ), ʫ ʢʦʪʦʨʳʭ ʚʘʥʘʜʠʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʣʘʟʤʳ ʠ 
ʬʦʨʤʝʥʥʳʭ ʵʣʝʤʝʥʪʘʭ ʢʨʦʚʠ ʠ ʮʝʣʦʤʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ. ʌʫʥʢʮʠʷ ʵʣʝʤʝʥʪʘ ʚ ʦʨʛʘʥʠʟʤʘʭ 
ʛʦʣʦʪʫʨʠʡ ʠ ʘʩʮʠʜʠʡ ʜʦ ʢʦʥʮʘ ʥʝ ʷʩʥʘ; ʨʘʟʥʳʝ ʫʯʝʥʳʝ ʩʯʠʪʘʶʪ ʝʛʦ ʦʪʚʝʯʘʶʱʠʤ ʣʠʙʦ ʟʘ 
ʧʝʨʝʥʦʩ ʢʠʩʣʦʨʦʜʘ ʚ ʦʨʛʘʥʠʟʤʝ ʵʪʠʭ ʞʠʚʦʪʥʳʭ, ʣʠʙʦ ʟʘ ʧʝʨʝʥʦʩ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ.  

ɺ ʮʝʣʦʤ ʨʦʣʴ ʚʘʥʘʜʠʷ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʚ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʫʯʝʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʦʜʥʘʢʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʥ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʝʪ ʚ 
ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʥʘ ʫʨʦʚʥʝ ʢʣʝʪʦʢ, ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʜʳʭʘʥʠʷ ʠ 
ʢʨʦʚʝʪʚʦʨʝʥʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʠ ʨʦʩʪʘ ʟʫʙʦʚ, ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 
ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʬʫʥʢʮʠʡ ʠ ʜʨ. ʇʦʵʪʦʤʫ ʜʘʥʥʳʡ ʵʣʝʤʝʥʪ ʩʯʠʪʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʦʧʘʜʘʷ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʚʘʥʘʜʠʡ ʜʝʧʦʥʠʨʫʝʪʩʷ ʚ 
ʦʩʥʦʚʥʦʤ ʚ ʢʦʩʪʷʭ, ʘ ʪʘʢʞʝ ʚ ʤʳʰʝʯʥʦʡ ʠ ʞʠʨʦʚʦʡ ʪʢʘʥʷʭ; ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ 
ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʝ ʠ ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʝ, ʚ ʣʝʛʢʠʭ, ʚ ʩʝʣʝʟʝʥʢʝ ʠ ʧʦʯʢʘʭ.  

 

ɺʦʣʴʬʨʘʤ ï W (Wolframium) 

ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺʦʣʴʬʨʘʤ ï ʵʣʝʤʝʥʪ 6-ʡ ʛʨʫʧʧʳ 6-ʛʦ ʧʝʨʠʦʜʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 
ʩʠʩʪʝʤʳ ʵʣʝʤʝʥʪʦʚ (ʧʦ ʫʩʪʘʨʝʚʰʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï ʧʦʙʦʯʥʦʡ ʧʦʜʛʨʫʧʧʳ VI ʛʨʫʧʧʳ) ʩ 
ʘʪʦʤʥʦʡ ʤʘʩʩʦʡ 183,85. ɽʛʦ ʘʪʦʤʳ ʠʤʝʶʪ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ 
4f145d46s2. ɺʦʣʴʬʨʘʤ ʦʙʣʘʜʘʝʪ ʙʣʠʟʢʠʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢ 

https://ru.wikipedia.org/wiki/%D0%96%D0%B8%D1%80%D0%BD%D1%8B%D0%B5_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%A5%D0%BE%D0%BB%D0%B5%D1%81%D1%82%D0%B5%D1%80%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D0%B3%D0%B8%D0%B1%D0%B8%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%90%D0%B4%D0%B5%D0%BD%D0%BE%D0%B7%D0%B8%D0%BD%D1%82%D1%80%D0%B8%D1%84%D0%BE%D1%81%D1%84%D0%B0%D1%82
https://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D0%B9%D0%BA%D0%BE%D0%BF%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B5%D0%BC%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%93%D0%BE%D0%BB%D0%BE%D1%82%D1%83%D1%80%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%90%D1%81%D1%86%D0%B8%D0%B4%D0%B8%D0%B8
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ʤʦʣʠʙʜʝʥʫ. ɹʣʝʩʪʷʱʠʡ ʩʝʨʝʙʨʠʩʪʦ-ʩʝʨʳʡ ʤʝʪʘʣʣ (ʧʦʭʦʞ ʥʘ ʧʣʘʪʠʥʫ), ʠʤʝʶʱʠʡ ʩʘʤʳʝ 
ʚʳʩʦʢʠʝ ʜʦʢʘʟʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠ ʢʠʧʝʥʠʷ (ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 3422 ÁC) ʩ 
ʧʣʦʪʥʦʩʪʴʶ 19,25 ʛ/ʩʤį. ɹʦʣʝʝ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʠʤʝʝʪ ʪʦʣʴʢʦ 
ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ï ʫʛʣʝʨʦʜ. ɺ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʣʴʬʨʘʤ ʭʠʤʠʯʝʩʢʠ ʩʪʦʝʢ. ʇʨʠ 
ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʝʘʛʠʨʫʝʪ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʫʛʣʝʨʦʜʦʤ ʠ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʉ 
ʬʪʦʨʦʤ ʨʝʘʛʠʨʫʝʪ ʧʨʠ 20 ÁC, ʩ ʜʨʫʛʠʤʠ ʛʘʣʦʛʝʥʘʤʠ ï ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʂʠʩʣʦʪʳ, ʟʘ 
ʠʩʢʣʶʯʝʥʠʝʤ ʧʣʘʚʠʢʦʚʦʡ ʠ ʘʟʦʪʥʦʡ, ʥʘ ʚʦʣʴʬʨʘʤ ʥʝ ʜʝʡʩʪʚʫʶʪ. ɺ ʩʦʝʜʠʥʝʥʠʷʭ ʧʨʦʷʚʣʷʝʪ 
ʚʘʣʝʥʪʥʦʩʪʴ ʦʪ 2 ʜʦ 6. ʅʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʩʦʝʜʠʥʝʥʠʷ 6-ʚʘʣʝʥʪʥʦʛʦ ɺʦʣʴʬʨʘʤʘ.  

ʀʟ ʩʦʝʜʠʥʝʥʠʡ ʚʦʣʴʬʨʘʤʘ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ: ʪʨʠʦʢʩʠʜ ʚʦʣʴʬʨʘʤʘ ʠʣʠ 
ʚʦʣʴʬʨʘʤʦʚʳʡ ʘʥʛʠʜʨʠʜ, ʚʦʣʴʬʨʘʤʘʪʳ, ʧʝʨʝʢʠʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ Me2WOX, 
ʘ ʪʘʢʞʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʛʘʣʦʛʝʥʘʤʠ, ʩʝʨʦʡ ʠ ʫʛʣʝʨʦʜʦʤ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ. ʄʠʨʦʚʳʝ ʟʘʧʘʩʳ ʚʦʣʴʬʨʘʤʘ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʦʮʝʥʠʚʘʶʪʩʷ ʚ 3,2Ö106 

ʪ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʟʘʧʘʩʘʤʠ ʦʙʣʘʜʘʶʪ ʂʘʟʘʭʩʪʘʥ, ʂʠʪʘʡ, ʂʘʥʘʜʘ ʠ ʉʐɸ. ʀʟʚʝʩʪʥʳ ʪʘʢʞʝ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ɹʦʣʠʚʠʠ, ʇʦʨʪʫʛʘʣʠʠ, ʈʦʩʩʠʠ ʠ ʖʞʥʦʡ ʂʦʨʝʝ, ɸʨʤʝʥʠʠ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ. 

ʆʩʥʦʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦʣʴʬʨʘʤʘ ï ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʪʫʛʦʧʣʘʚʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 
ʤʝʪʘʣʣʫʨʛʠʠ. ʇʨʠʤʝʥʷʶʪ ʚʦʣʴʬʨʘʤ ʜʣʷ ʣʝʛʠʨʦʚʘʥʠʷ ʩʪʘʣʝʡ (ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʘʷ ʩʪʘʣʴ, 
ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʢʣʘʩʩʫ çʙʳʩʪʨʦʨʝʞʫʱʘʷè, ʩ ʤʘʨʢʠʨʦʚʢʦʡ, ʥʘʯʠʥʘʶʱʝʡʩʷ ʥʘ ʙʫʢʚʫ ʈ, 
ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʩʦʜʝʨʞʠʪ ʚʦʣʴʬʨʘʤ), ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʥʠʪʝʡ 
ʥʘʢʘʣʠʚʘʥʠʷ ʵʣʝʢʪʨʦʣʘʤʧ, ʥʘʛʨʝʚʘʪʝʣʝʡ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʯʘʭ, ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ ʩʚʘʨʢʠ, 
ʢʘʪʦʜʦʚ ʛʝʥʝʨʘʪʦʨʥʳʭ ʣʘʤʧ, ʚʳʧʨʷʤʠʪʝʣʝʡ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʨ.  

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʣʴʬʨʘʤ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʪʷʞʸʣʳʭ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʪʠʚʦʚʝʩʦʚ, ʙʨʦʥʝʙʦʡʥʳʭ ʩʝʨʜʝʯʥʠʢʦʚ ʧʦʜʢʘʣʠʙʝʨʥʳʭ ʠ ʩʪʨʝʣʦʚʠʜʥʳʭ 
ʦʧʝʨʝʥʥʳʭ ʩʥʘʨʷʜʦʚ ʘʨʪʠʣʣʝʨʠʡʩʢʠʭ ʦʨʫʜʠʡ, ʩʝʨʜʝʯʥʠʢʦʚ ʙʨʦʥʝʙʦʡʥʳʭ ʧʫʣʴ ʠ 
ʩʚʝʨʭʩʢʦʨʦʩʪʥʳʭ ʨʦʪʦʨʦʚ ʛʠʨʦʩʢʦʧʦʚ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʣʸʪʘ ʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʨʘʢʝʪ.  

ɺʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʣʴʬʨʘʤʘ ʜʝʣʘʝʪ ʝʛʦ ʫʜʦʙʥʳʤ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 
ʠʟʣʫʯʝʥʠʷ. ʉʫʣʴʬʠʜ ʚʦʣʴʬʨʘʤʘ WS2 ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ (ʜʦ 500 ÁC) 
ʩʤʘʟʢʘ. ʅʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʦʣʴʬʨʘʤʘ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨʳ ʠ ʧʠʛʤʝʥʪʳ. 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ. ʂʣʘʨʢ ʚʦʣʴʬʨʘʤʘ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʩʦʩʪʘʚʣʷʝʪ 0,0013%. 
ɺʦʣʴʬʨʘʤ ʤʘʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʧʨʠʨʦʜʝ. ɺʩʪʨʝʯʘʝʪʩʷ ʚ ʧʨʠʨʦʜʝ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʚʠʜʝ 
ʦʢʠʩʣʝʥʥʳʭ ʩʣʦʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʪʨʝʭʦʢʠʩʴʶ ʚʦʣʴʬʨʘʤʘ WO3 ʩ ʦʢʩʠʜʘʤʠ 
ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ ʠʣʠ ʢʘʣʴʮʠʷ, ʘ ʠʥʦʛʜʘ ʩʚʠʥʮʘ, ʤʝʜʠ,  
ʪʦʨʠʷ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʙʨʘʟʫʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ï ʚʦʣʴʬʨʘʤʠʪ 
(ʚʦʣʴʬʨʘʤʘʪ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ nFeWO4 Ŀ mMnWO4 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʬʝʨʙʝʨʠʪ ʠ ʛʶʙʥʝʨʠʪ) 
ʠ h ʝʝʣʠʪ (ʚʦʣʴʬʨʘʤʘʪ ʢʘʣʴʮʠʷ CaWO4), ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪʩʷ ʢʘʢ ʧʨʠʤʝʩʴ  
ʚ ʤʠʥʝʨʘʣʘʭ ʦʣʦʚʘ, ʤʦʣʠʙʜʝʥʘ, ʪʠʪʘʥʘ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʴʬʨʘʤʘ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ 
ʩʦʩʪʘʚʣʷʝʪ, ʛ/ʪ: ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ï 0,1, ʦʩʥʦʚʥʳʭ ï 0,7, ʩʨʝʜʥʠʭ ï 1,2, ʢʠʩʣʳʭ ï 1,9.  

ʂʣʘʨʢʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʴʬʨʘʤʘ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʩʦʩʪʘʚʣʷʝʪ 1Ö10-8% [1]. 
ʉʦʜʝʨʞʠʪʩʷ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ, ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ, 
ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ, ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ, ʪʝʢʩʪʠʣʴʥʳʭ, ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʴʬʨʘʤʘ ʚ ʧʦʯʚʘʭ ʩʦʩʪʘʚʣʷʝʪ 1,3Ö10-4% (ʧʦ ʜʘʥʥʳʤ ɸ.ʇ. 
ɺʠʥʦʛʨʘʜʦʚʘ). ʇʦ ʛʝʦʭʠʤʠʯʝʩʢʦʤʫ ʧʦʚʝʜʝʥʠʶ ʚʦʣʴʬʨʘʤ ʦʯʝʥʴ ʙʣʠʟʦʢ ʢ ʤʦʣʠʙʜʝʥʫ, ʘ ʚ 
ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʱʝʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚʦʣʴʬʨʘʤʦʤ.  

ɼʘʥʥʳʭ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʦʣʴʬʨʘʤʘ ʚ ʧʦʯʚʘʭ ʥʝʤʥʦʛʦ. ʊʘʢ, ʚ ʧʦʯʚʘʭ ʐʦʪʣʘʥʜʠʠ, 
ʨʘʟʚʠʪʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜʘʭ, ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʴʬʨʘʤʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,68 ʜʦ 
2,7 ʤʛ/ʢʛ. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʦʯʚ ʥʘ ʢʚʘʨʮʝʚʦ-ʩʣʶʜʠʩʪʳʭ 
ʩʣʘʥʮʘʭ, ʘ ʤʠʥʠʤʘʣʴʥʳʝ ï ʜʣʷ ʧʦʯʚ ʥʘ ʩʝʨʧʝʥʪʠʥʠʪʘʭ. ɺ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ ʉʐɸ 
ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʴʬʨʘʤʘ ʩʦʩʪʘʚʣʷʝʪ 1,2-2,5 ʤʛ/ʢʛ [43]. ɺ ʧʦʯʚʘʭ ʇʨʠʫʨʘʣʴʷ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 
ʵʣʝʤʝʥʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,20 ʜʦ 1,7 ʤʛ/ʢʛ, ʦʜʥʘʢʦ ʚ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ ʥʝʢʦʪʦʨʳʭ 
ʧʦʯʚ ʚʦʣʴʬʨʘʤ ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʠ ʜʦ 20 ʤʛ/ʢʛ [40]. 

ʉʦʜʝʨʞʘʥʠʝ ʚʦʣʴʬʨʘʤʘ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 1Ö10-6%.  
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʦʣʴʬʨʘʤʘ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʥʝ ʜʦʢʘʟʘʥʘ. 

ʀʤʝʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʵʣʝʤʝʥʪ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ 
ʬʝʨʤʝʥʪʦʚ ʨʷʜʘ ʙʘʢʪʝʨʠʡ. ʉʫʱʝʩʪʚʫʶʪ ʦʙʣʠʛʘʪʥʦ-ʟʘʚʠʩʠʤʳʝ ʦʪ ʚʦʣʴʬʨʘʤʘ ʬʦʨʤʳ 
ʘʨʭʝʙʘʢʪʝʨʠʡ-ʛʠʧʝʨʪʝʨʤʦʬʠʣʦʚ, ʦʙʠʪʘʶʱʠʝ ʚʦʢʨʫʛ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 
ʠʩʪʦʯʥʠʢʦʚ.  
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https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D0%B5%D0%BB%D0%BE%D0%B2%D0%B8%D0%B4%D0%BD%D1%8B%D0%B5_%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%81%D0%BD%D0%B0%D1%80%D1%8F%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D0%B5%D0%BB%D0%BE%D0%B2%D0%B8%D0%B4%D0%BD%D1%8B%D0%B5_%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%81%D0%BD%D0%B0%D1%80%D1%8F%D0%B4%D1%8B
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https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B8%D1%80%D0%BE%D0%B4%D0%BD%D1%8B%D0%B5_%D0%BC%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D0%BF%D0%B8%D0%B3%D0%BC%D0%B5%D0%BD%D1%82%D1%8B
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ɺ ʮʝʣʦʤ ʩʦʝʜʠʥʝʥʠʷ ʚʦʣʴʬʨʘʤʘ ʥʝ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʤʠ. ʉʪʝʧʝʥʴ ʥʝʛʘʪʠʚʥʦʛʦ 
ʜʝʡʩʪʚʠʷ ʚʦʣʴʬʨʘʤʘ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʙʫʩʣʦʚʣʝʥʘ ʬʦʨʤʦʡ ʝʛʦ 
ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢ, ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʚʦʣʴʬʨʘʤ, ʢʘʨʙʠʜ ʚʦʣʴʬʨʘʤʘ ʠ ʦʩʦʙʝʥʥʦ ʘʥʛʠʜʨʠʪ 
ʚʦʣʴʬʨʘʤʦʚʦʡ ʢʠʩʣʦʪʳ (WO3) ʚʳʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʷ ʚ ʣʝʛʢʠʭ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʦʙʱʠʝ 
ʧʨʠʟʥʘʢʠ ʦʪʨʘʚʣʝʥʠʷ ï ʥʝʜʦʤʦʛʘʥʠʝ, ʣʠʭʦʨʘʜʢʘ, ʩʣʘʙʦʩʪʴ. ɻʦʨʘʟʜʦ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʧʦʨʘʞʝʥʠʝ 
ʚʝʨʭʥʠʭ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʚʜʳʭʘʥʠʠ ʧʳʣʠ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʚʦʣʴʬʨʘʤʘ: 
ʨʘʟʚʠʪʠʝ ʙʨʦʥʭʠʪʦʚ, ʧʥʝʚʤʦʩʢʣʝʨʦʟʘ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʢʨʦʚʠ. ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ 
ʚʥʫʪʨʴ ʦʨʛʘʥʠʟʤʘ ʩ ʚʦʜʦʡ ʠʣʠ ʧʠʱʝʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʚʦʣʴʬʨʘʤ ʚ ʢʠʰʝʯʥʠʢʝ ʥʝ ʚʩʘʩʳʚʘʝʪʩʷ ʠ 
ʧʦʩʪʝʧʝʥʥʦ ʚʳʚʦʜʠʪʩʷ ʠʟ ʦʨʛʘʥʠʟʤʘ. ʈʘʩʪʚʦʨʠʤʳʝ ʞʝ ʩʦʝʜʠʥʝʥʠʷ ʚʦʣʴʬʨʘʤʘ ʤʦʛʫʪ 
ʦʪʢʣʘʜʳʚʘʪʴʩʷ ʚ ʢʠʰʝʯʥʠʢʝ, ʚ ʢʦʩʪʷʭ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʚ ʩʝʣʝʟʝʥʢʝ ʠ ʢʦʞʥʳʭ ʧʦʢʨʦʚʘʭ, 
ʩʣʝʜʳ ʚʦʣʴʬʨʘʤʘ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʧʦʯʢʘʭ. 

 ʄʘʨʛʘʥʝʮ ï Mn (Manganum) 

ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʄʘʨʛʘʥʝʮ ï ʵʣʝʤʝʥʪ 7-ʡ ʛʨʫʧʧʳ 4-ʛʦ ʧʝʨʠʦʜʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 
ʩʠʩʪʝʤʳ ʵʣʝʤʝʥʪʦʚ (ʧʦ ʫʩʪʘʨʝʚʰʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï ʧʦʙʦʯʥʦʡ ʧʦʜʛʨʫʧʧʳ VII  ʛʨʫʧʧʳ) ʩ 
ʘʪʦʤʥʦʡ ʤʘʩʩʦʡ 54,938. ɽʛʦ ʘʪʦʤʳ ʠʤʝʶʪ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ 
4d54s2. ʄʝʪʘʣʣ ʩʝʨʝʙʨʠʩʪʦ-ʙʝʣʦʛʦ ʮʚʝʪʘ (ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1244 Áʉ) ʩ 
ʧʣʦʪʥʦʩʪʴʶ 7,44 ʛ/ʩʤ3. ʅʘʨʷʜʫ ʩ ʞʝʣʝʟʦʤ ʠ ʝʛʦ ʩʧʣʘʚʘʤʠ ʦʪʥʦʩʠʪʩʷ ʢ ʯʸʨʥʳʤ ʤʝʪʘʣʣʘʤ. ɺ 
ʩʦʝʜʠʥʝʥʠʷʭ ʚʘʣʝʥʪʥʦʩʪʴ ʤʘʨʛʘʥʮʘ ʦʙʳʯʥʦ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 2 ʜʦ 7 (+2, +3, +4, +6, +7). ɺ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ, ʢʦʪʦʨʫʶ ʧʨʦʷʚʣʷʝʪ ʤʘʨʛʘʥʝʮ, ʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 
ʢʘʢ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ, ʪʘʢ ʠ ʦʢʠʩʣʠʪʝʣʷʤʠ. ʇʨʠ ʵʪʦʤ ʥʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʘ 
ʧʨʦʷʚʣʷʶʪ ʘʤʬʦʪʝʨʥʳʝ ʩʚʦʡʩʪʚʘ. ʊʘʢ, ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ, ʚ 
ʢʦʪʦʨʳʭ ʤʘʨʛʘʥʝʮ ʠʤʝʝʪ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +2, ʘʤʬʦʪʝʨʥʳʝ ï +4. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ 
ʦʢʠʩʣʝʥʠʷ ʚʦʟʨʘʩʪʘʶʪ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʠ ʢʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʤʘʨʛʘʥʮʘ. ɺʳʩʰʘʷ 
ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʝʜʠʥʝʥʠʷʤ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʩʠʣʴʥʝʡʰʠʭ ʦʢʠʩʣʠʪʝʣʝʡ, 
ʥʘʧʨʠʤʝʨ KMnO4 ʠ Mn2O7.  

ɺ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ ʥʘ ʚʦʟʜʫʭʝ ʤʘʨʛʘʥʝʮ ʦʯʝʥʴ ʩʣʘʙʦ ʨʝʘʛʠʨʫʝʪ ʩ ʚʦʜʦʡ, ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ 
ʨʘʟʙʘʚʣʝʥʥʳʭ ʢʠʩʣʦʪʘʭ. ʆʜʥʘʢʦ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʘʢʪʠʚʥʦʩʪʴ ʤʝʪʘʣʣʘ ʨʝʟʢʦ 
ʚʦʟʨʘʩʪʘʝʪ. ʊʘʢ, ʦʥ ʩʧʦʩʦʙʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʘʟʦʪʦʤ, ʫʛʣʝʨʦʜʦʤ, ʛʘʣʦʛʝʥʘʤʠ, ʢʨʝʤʥʠʝʤ, 
ʬʦʩʬʦʨʦʤ, ʩʝʨʦʡ ʠ ʜʨʫʛʠʤʠ ʥʝʤʝʪʘʣʣʘʤʠ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʙʝʟ ʜʦʩʪʫʧʘ ʚʦʟʜʫʭʘ ʤʝʪʘʣʣ ʣʝʛʢʦ 
ʧʝʨʝʭʦʜʠʪ ʚ ʧʘʨʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ. ʄʠʨʦʚʳʝ ʟʘʧʘʩʳ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʳ ʦʮʝʥʠʚʘʶʪʩʷ 
ʚ 6,3 Ö108 ʪ. ɹʦʣʝʝ 90% ʠʟ ʥʠʭ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʘʜʦʯʥʳʤʠ ʛʦʨʥʳʤʠ 
ʧʦʨʦʜʘʤʠ, ʦʩʪʘʣʴʥʳʝ ʟʘʧʘʩʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ 
ʠʩʪʦʯʥʠʢʘʤ. 95% ʟʘʧʘʩʦʚ ʧʨʠʥʘʜʣʝʞʠʪ 11 ʩʪʨʘʥʘʤ ʖɸʈ, ʋʢʨʘʠʥʝ, ɻʘʙʦʥʫ, ʂʘʟʘʭʩʪʘʥʫ, 
ɸʚʩʪʨʘʣʠʠ, ɻʨʫʟʠʠ, ɹʨʘʟʠʣʠʠ, ʈʦʩʩʠʠ, ʂʠʪʘʶ, ʀʥʜʠʠ ʠ ɹʦʣʛʘʨʠʠ. ɼʘʥʥʳʝ ɻʝʦʣʦʛʠʯʝʩʢʦʡ 
ʩʣʫʞʙʳ ʉʐɸ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʘʤʳʤʠ ʙʦʣʴʰʠʤʠ ʟʘʧʘʩʘʤʠ ʤʘʨʛʘʥʮʘ ʦʙʣʘʜʘʝʪ ʖɸʈ (150 ʤʣʥ 
ʪ), ʘ ʚʪʦʨʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʋʢʨʘʠʥʘ ï 140 ʤʣʥ ʪ. ɿʘʧʘʩʳ ʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʳ ʚ ʖʞʥʦʡ ɸʬʨʠʢʝ ï 
ʵʪʦ, ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ, ʚʳʩʦʢʠʝ ʤʘʨʛʘʥʮʝʚʳʝ ʩʦʨʪʘ (ʙʦʣʝʝ ʯʝʤ 44% Mn),  
ʘ ʚ ʨʫʜʝ ʋʢʨʘʠʥʳ ʩʦʨʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʠʞʝ (ʤʝʥʴʰʝ ʯʝʤ 30% Mn).  

ʆʩʥʦʚʥʦʡ ʧʦʪʨʝʙʠʪʝʣʴ ʤʘʨʛʘʥʮʘ ï ʯʝʨʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ, ʨʘʩʭʦʜʫʶʱʘʷ ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 
8-9 ʢʛ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ 1 ʪ ʚʳʧʣʘʚʣʷʝʤʦʡ ʩʪʘʣʠ. ʄʘʨʛʘʥʝʮ ʚʭʦʜʠʪ ʚʦ ʚʩʝ ʚʠʜʳ ʯʫʛʫʥʘ ʠ 
ʩʪʘʣʠ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ, ʙʣʘʛʦʜʘʨʷ ʤʘʨʛʘʥʮʫ, ʠʤʝʶʪ ʫʥʠʢʘʣʴʥʳʝ 
ʩʚʦʡʩʪʚʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʪʘʣʴ ɻʘʜʬʠʣʴʜʘ ʥʘʩʪʦʣʴʢʦ ʧʨʦʯʥʘʷ ʠ ʠʟʥʦʩʦʩʪʦʡʢʘʷ, ʯʪʦ ʝʝ 
ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʚʳʧʣʘʚʢʠ ʜʝʪʘʣʝʡ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʢʘʤʥʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ, ʜʨʦʙʠʣʦʢ, 
ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮ, ʙʨʦʥʝʚʳʭ ʜʝʪʘʣʝʡ. ʄʘʨʛʘʥʝʮ ʵʣʝʤʝʥʪ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʙʨʦʥʟʳ, ʣʘʪʫʥʠ, 
ʦʙʨʘʟʫʝʪ ʩʦʙʩʪʚʝʥʥʳʡ ʩʧʣʘʚ ʩ ʤʝʜʴʶ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʫʨʙʠʥ ʩʘʤʦʣʝʪʦʚ, 
ʣʦʧʘʩʪʝʡ ʠ ʧʨʦʯʠʭ ʜʝʪʘʣʝʡ. ʉʧʣʘʚ 83 % Cu, 13 % Mn ʠ 4 % Ni (ʤʘʥʛʘʥʠʥ) ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ 
ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʤʘʣʦ ʠʟʤʝʥʷʶʱʠʤʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʵʪʦʤʫ ʝʛʦ 
ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʝʦʩʪʘʪʦʚ ʠ ʧʨ. 

ɼʠʦʢʩʠʜ ʤʘʨʛʘʥʮʘ ï ʦʙʷʟʘʪʝʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʛʘʣʴʚʘʥʠʢʠ, ʝʛʦ ʠʩʧʦʣʴʟʫʶʪ 
ʧʨʠ ʩʦʟʜʘʥʠʠ ʜʝʧʦʣʷʨʠʟʘʪʦʨʦʚ. ʄʘʨʛʘʥʝʮ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʝʢʣʘ ʠ ʚ 
ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ; ʚ ʢʨʘʩʠʣʴʥʦʡ ʠ ʧʦʣʠʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ; ʚ 
ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠ ʪ.ʜ. ʄʥʦʛʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʘʨʛʘʥʮʘ ʥʫʞʥʳ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 
ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʥʪʝʟʦʚ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ. ʉʦʝʜʠʥʝʥʠʷ ʤʘʨʛʘʥʮʘ ʪʘʢʞʝ ʰʠʨʦʢʦ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʚ ʪʦʥʢʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ (MnO2 ʠ KMnO4 ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʝʡ), 

https://ru.wikipedia.org/wiki/%D0%A6%D0%B2%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D0%B5%D0%B7%D0%BE
https://ru.wikipedia.org/wiki/%D0%A7%D1%91%D1%80%D0%BD%D1%8B%D0%B5_%D0%BC%D0%B5%D1%82%D0%B0%D0%BB%D0%BB%D1%8B
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ʪʘʢ ʠ ʧʨʦʤʳʰʣʝʥʥʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ (ʢʦʤʧʦʥʝʥʪʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ).  

ʇʝʨʤʘʥʛʘʥʘʪ ʢʘʣʠʷ (ʠʣʠ ʤʘʨʛʘʥʮʦʚʢʘ) ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʝʜʠʮʠʥʝ ʚ ʢʘʯʝʩʪʚʝ ʩʠʣʴʥʦʛʦ 
ʦʙʝʟʟʘʨʘʞʠʚʘʶʱʝʛʦ ʩʨʝʜʩʪʚʘ.  

ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ. ʂʣʘʨʢ ʤʘʨʛʘʥʮʘ ʚ ʣʠʪʦʩʬʝʨʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,1%. 
ʀʟʚʝʩʪʥʳ ʩʣʝʜʫʶʱʠʝ ʤʠʥʝʨʘʣʳ ʤʘʨʛʘʥʮʘ: ʧʠʨʦʣʶʟʠʪ MnO2ĿxH2O, ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ 
ʤʠʥʝʨʘʣ (ʩʦʜʝʨʞʠʪ 63,2 % ʤʘʨʛʘʥʮʘ); ʤʘʥʛʘʥʠʪ (ʙʫʨʘʷ ʤʘʨʛʘʥʮʝʚʘʷ ʨʫʜʘ) MnO(OH) (62,5 % 
ʤʘʨʛʘʥʮʘ); ʙʨʘʫʥʠʪ 3Mn2O3ĿMnSiO3 (69,5 % ʤʘʨʛʘʥʮʘ); ʛʘʫʩʤʘʥʠʪ (MnIIMn2

III )O4; ʨʦʜʦʭʨʦʟʠʪ 
(ʤʘʨʛʘʥʮʝʚʳʡ ʰʧʘʪ, ʤʘʣʠʥʦʚʳʡ ʰʧʘʪ) MnCO3 (47,8 % ʤʘʨʛʘʥʮʘ); ʧʩʠʣʦʤʝʣʘʥ 
mMnOÖMnO2ÖnH2O (45-60 % ʤʘʨʛʘʥʮʘ); ʧʫʨʧʫʨʠʪ Mn3+[PO4], (36,65 % ʤʘʨʛʘʥʮʘ).  

ʉʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʢʠʩʣʳʭ (600 ʛ/ʪ) ʢ ʦʩʥʦʚʥʳʤ ʧʦʨʦʜʘʤ (2,2 ʢʛ/ʪ). 
ʉʦʧʫʪʩʪʚʫʝʪ ʞʝʣʝʟʫ ʚʦ ʤʥʦʛʠʭ ʝʛʦ ʨʫʜʘʭ, ʦʜʥʘʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʘʨʛʘʥʮʘ. ʄʘʨʛʘʥʝʮ, ʨʘʩʩʝʷʥʥʳʡ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ, ʚʳʤʳʚʘʝʪʩʷ ʚʦʜʦʡ ʠ 
ʫʥʦʩʠʪʩʷ ʚ ʄʠʨʦʚʦʡ ʦʢʝʘʥ. ʇʨʠ ʵʪʦʤ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ ʥʝʚʝʣʠʢʦ (10ī7 ï 10ī6%), 
ʘ ʚ ʛʣʫʙʦʢʠʭ ʤʝʩʪʘʭ ʦʢʝʘʥʘ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 0,3 % ʚʩʣʝʜʩʪʚʠʝ ʦʢʠʩʣʝʥʠʷ 
ʨʘʩʪʚʦʨʸʥʥʳʤ ʚ ʚʦʜʝ ʢʠʩʣʦʨʦʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʚ ʚʦʜʝ ʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ, 
ʢʦʪʦʨʳʡ ʚ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ (MnO2ĿxH2O) ʠ ʦʧʫʩʢʘʝʪʩʷ ʚ ʥʠʞʥʠʝ ʩʣʦʠ ʦʢʝʘʥʘ, 
ʬʦʨʤʠʨʫʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʝ ʢʦʥʢʨʝʮʠʠ ʥʘ ʜʥʝ, ʚ ʢʦʪʦʨʳʭ ʢʦʣʠʯʝʩʪʚʦ 
ʤʘʨʛʘʥʮʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 45 % (ʪʘʢʞʝ ʚ ʥʠʭ ʠʤʝʶʪʩʷ ʧʨʠʤʝʩʠ ʤʝʜʠ, ʥʠʢʝʣʷ, ʢʦʙʘʣʴʪʘ). ʊʘʢʠʝ 
ʢʦʥʢʨʝʮʠʠ ʤʦʛʫʪ ʩʪʘʪʴ ʚ ʙʫʜʫʱʝʤ ʠʩʪʦʯʥʠʢʦʤ ʤʘʨʛʘʥʮʘ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʂʣʘʨʢʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʚ ʤʦʨʩʢʠʭ ʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʚʦʜʘʭ ʩʦʩʪʘʚʣʷʝʪ 2Ö10-8 ï 
5,5Ö10-7%, ʚ ʨʝʯʥʳʭ ʚʦʜʘʭ ï 2,8Ö10-6 ï 7,7Ö10-4% [1]. ɺ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʤʘʨʛʘʥʝʮ ʧʦʩʪʫʧʘʝʪ 
ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʠ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ 
ʤʘʨʛʘʥʝʮ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʘ ʧʦʩʪʫʧʘʶʪ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʚʦʜʥʳʭ 
ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʦʩʦʙʝʥʥʦ ʩʠʥʝʟʝʣʝʥʳʭ, ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʠ 
ʚʳʩʰʠʭ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ. ʉʦʝʜʠʥʝʥʠʷ ʤʘʨʛʘʥʮʘ ʚʳʥʦʩʷʪʩʷ ʚ ʚʦʜʦʝʤʳ ʩʦ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ 
ʤʘʨʛʘʥʮʝʚʳʭ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ, ʧʨʝʜʧʨʠʷʪʠʡ ʭʠʤʠʯʝʩʢʦʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩ ʰʘʭʪʥʳʤʠ ʚʦʜʘʤʠ. ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 
ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʤʘʨʛʘʥʮʘ (Mn2+) ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 
ʩʦʩʪʘʚʣʷʝʪ 10 ʤʢʛ/ʜʤ3 ʜʣʷ ʧʨʝʩʥʳʭ ʚʦʜ ʠ 50 ʤʢʛ/ʜʤ3 ʜʣʷ ʤʦʨʩʢʠʭ  
ʚʦʜ [22]. 

ʆʩʥʦʚʥʳʝ ʬʦʨʤʳ ʤʠʛʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʤʘʨʛʘʥʮʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ: ʚʟʚʝʩʠ, 
ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʩʪʘʚʦʤ ʧʦʨʦʜ, ʜʨʝʥʠʨʫʝʤʳʭ ʚʦʜʘʤʠ; 
ʢʦʣʣʦʠʜʥʳʝ ʛʠʜʨʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ ʠ ʩʦʨʙʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʘʨʛʘʥʮʘ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 
ʚ ʤʠʛʨʘʮʠʠ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʨʘʩʪʚʦʨʝʥʥʦʡ ʠ ʢʦʣʣʦʠʜʥʦʡ ʬʦʨʤʘʭ ʠʤʝʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ 
ʚʝʱʝʩʪʚʘ ʠ ʧʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʤʘʨʛʘʥʮʘ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 
ʣʠʛʘʥʜʘʤʠ. Mn(II) ʦʙʨʘʟʫʝʪ ʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʙʠʢʘʨʙʦʥʘʪʘʤʠ ʠ ʩʫʣʴʬʘʪʘʤʠ. 
ʂʦʤʧʣʝʢʩʳ ʤʘʨʛʘʥʮʘ ʩ ʠʦʥʦʤ ʭʣʦʨʘ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ. ʂʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ Mn(II) ʩ 
ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ (ʘʤʠʥʘʤʠ, ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʠʩʣʦʪʘʤʠ, ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʠ 
ʛʫʤʫʩʦʚʳʤʠ ʚʝʱʝʩʪʚʘʤʠ) ʦʙʳʯʥʦ ʤʝʥʝʝ ʧʨʦʯʥʳ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʜʨʫʛʠʤʠ 
ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. Mn(III) ʚ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ 
ʨʘʩʪʚʦʨʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʡ, Mn(VII) ʚ 
ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ.  

ʂ ʬʘʢʪʦʨʘʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʘʨʛʘʥʮʘ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ, 
ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʠ ʧʦʜʟʝʤʥʳʤ ʩʪʦʢʦʤ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 
ʧʦʪʨʝʙʣʝʥʠʷ ʝʛʦ ʧʨʠ ʬʦʪʦʩʠʥʪʝʟʝ, ʨʘʟʣʦʞʝʥʠʝ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʚʳʩʰʝʡ 
ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʳ ʦʩʘʞʜʝʥʠʷ ʝʛʦ ʥʘ ʜʥʦ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʩʚʷʟʠ ʩ 
ʵʪʠʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʘʨʛʘʥʮʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʧʦʜʚʝʨʞʝʥʘ ʩʝʟʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ.  

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʚ ʧʦʯʚʘʭ ʩʦʩʪʘʚʣʷʝʪ 8,5Ö10-2% (ʧʦ ʜʘʥʥʳʤ ɸ.ʇ. 
ɺʠʥʦʛʨʘʜʦʚʘ), ʦʥ ʦʪʥʦʩʠʪʩʷ ʢ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚ ʣʠʪʦʩʬʝʨʝ ʠ ʧʦʯʚʘʭ ʵʣʝʤʝʥʪʘʤ. 
ʄʘʨʛʘʥʝʮ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʧʦʯʚʘʭ ʚ ʚʠʜʝ ʦʢʩʠʜʦʚ ʠ ʛʠʜʨʦʢʩʠʜʦʚ, ʦʩʘʞʜʝʥʥʳʭ ʢʘʢ ʥʘ ʧʦʯʚʝʥʥʳʭ 
ʯʘʩʪʠʮʘʭ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʢʦʥʢʨʝʮʠʡ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ ʠ ʦʪʜʝʣʴʥʳʭ ʧʨʠʤʘʟʦʢ.  

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʘʨʛʘʥʮʘ ʦʪʤʝʯʘʶʪʩʷ ʚ ʧʦʯʚʘʭ, ʨʘʟʚʠʪʳʭ ʥʘ ʦʩʥʦʚʥʳʭ 
ʧʦʨʦʜʘʭ, ʚ ʧʦʯʚʘʭ, ʙʦʛʘʪʳʭ ʞʝʣʝʟʦʤ ʠ/ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, ʘ ʪʘʢʞʝ ʚ ʧʦʯʚʘʭ ʘʨʠʜʥʳʭ 
ʠ ʩʝʤʠʘʨʠʜʥʳʭ ʨʘʡʦʥʦʚ. ʄʘʨʛʘʥʝʮ ʤʦʞʝʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ, 
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ʦʩʦʙʝʥʥʦ ʚ ʦʙʦʛʘʱʝʥʥʳʭ ʦʢʩʠʜʘʤʠ ʠ ʛʠʜʨʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ, ʦʜʥʘʢʦ ʦʙʳʯʥʦ ʜʘʥʥʳʡ ʵʣʝʤʝʥʪ 
ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʧʦʯʚ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʬʠʢʩʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ.  

ʂʦʣʝʙʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʘʨʛʘʥʮʘ ʚ ʧʦʯʚʘʭ ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʧʨʦʠʩʭʦʜʷʪ ʚ 
ʧʨʝʜʝʣʘʭ 10-9000 ʤʛ/ʢʛ (ʪʘʙʣ. 8.20). ɿʥʘʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʤʘʨʛʘʥʮʘ ʜʣʷ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ ʚʝʩʴʤʘ 
ʚʝʣʠʢʦ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʥʝ ʪʦʣʴʢʦ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʥʦ ʠ 
ʢʦʥʪʨʦʣʠʨʫʝʪ ʧʦʚʝʜʝʥʠʝ ʨʷʜʘ ʜʨʫʛʠʭ ʧʠʪʘʪʝʣʴʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʨʛʘʥʝʮ 
ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʨʘʚʥʦʚʝʩʠʝ 
ʩʠʩʪʝʤʳ Eh ï pH. ʉʦʝʜʠʥʝʥʠʷ Mn ʩʧʦʩʦʙʥʳ ʙʳʩʪʨʦ ʦʢʠʩʣʷʪʴʩʷ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʚ 
ʠʟʤʝʥʯʠʚʳʭ ʫʩʣʦʚʠʷʭ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ. ʆʢʠʩʣʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʟʘʤʝʪʥʦ ʩʥʠʞʘʪʴ 
ʜʦʩʪʫʧʥʦʩʪʴ ʤʘʨʛʘʥʮʘ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʪʦʛʜʘ ʢʘʢ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 
ʫʩʣʦʚʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʜʦʩʪʫʧʥʦʩʪʠ ʜʣʷ ʨʘʩʪʝʥʠʡ, ʠʥʦʛʜʘ ʜʘʞʝ ʜʦ ʪʦʢʩʠʯʥʳʭ 
ʟʥʘʯʝʥʠʡ. ɺ ʭʦʨʦʰʦ ʜʨʝʥʠʨʫʝʤʳʭ ʧʦʯʚʘʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʤʘʨʛʘʥʮʘ ʚʩʝʛʜʘ ʚʦʟʨʘʩʪʘʝʪ ʩ 
ʫʚʝʣʠʯʝʥʠʝʤ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʯʚ. ʆʜʥʘʢʦ ʩʧʦʩʦʙʥʦʩʪʴ Mn ʦʙʨʘʟʦʚʳʚʘʪʴ ʘʥʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 
ʠ ʢʦʤʧʣʝʢʩʳ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 
ʠ ʚ ʱʝʣʦʯʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʨʅ. 

ʊʘʙʣʠʮʘ 8.20 

ʉʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʯʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ,  

ʤʛ/ʢʛ ʩʫʭʦʡ ʤʘʩʩʳ [16]  

ʇʦʯʚʳ ʉʪʨʘʥʘ 
ʇʨʝʜʝʣʳ 

ʢʦʣʝʙʘʥʠʡ 
ʉʨʝʜʥʝʝ 

ʇʦʜʟʦʣʳ ʠ ʧʝʩʯʘʥʳʝ 

ʧʦʯʚʳ 

ɸʚʩʪʨʘʣʠʷ 

ɸʚʩʪʨʠʷ 

ɹʦʣʛʘʨʠʷ 

ʅʦʨʚʝʛʠʷ 

ɻʝʨʤʘʥʠʷ 

ʅʦʚʘʷ ɿʝʣʘʥʜʠʷ 

ʇʦʣʴʰʘ 

ʈʦʩʩʠʷ 

900-1000 

9-59 

451-883 

ï 

25-200 

1200-1900 

15-1535 

135-310 

ï 

ï 

ï 

165 

ï 

ï 

 

217 

ʃʝʩʩʦʚʳʝ ʠ ʧʳʣʝʚʘʪʳʝ 

ʧʦʯʚʳ 

ɻʝʨʤʘʥʠʷ 

ʅʦʚʘʷ ɿʝʣʘʥʜʠʷ 

ʇʦʣʴʰʘ 

ʈʦʩʩʠʷ 

775-1550 

1600-1800 

110-1060 

ï 

ï 

ï 

470 

370 

ʉʫʛʣʠʥʠʩʪʳʝ ʠ ʛʣʠʥʠʩʪʳʝ 

ʧʦʯʚʳ 

ɸʚʩʪʨʠʷ 

ɻʝʨʤʘʥʠʷ 

ʄʘʣʠ 

ʅʦʚʘʷ ɿʝʣʘʥʜʠʷ 

ʇʦʣʴʰʘ 

ʈʦʩʩʠʷ 

107-133 

500-1500 

75-600 

670-9200 

45-1065 

270-1300 

ï 

ï 

ï 

ï 

420 

475 

ʇʦʯʚʳ ʥʘ ʣʝʜʥʠʢʦʚʦʡ 

ʤʦʨʝʥʝ 

ʌʣʶʚʠʩʦʣʠ 

ɼʘʥʠʷ 

ɸʚʩʪʨʠʷ 

ʀʥʜʠʷ 

ʄʘʣʠ 

ʇʦʣʴʰʘ 

ʈʦʩʩʠʷ 

- 

152-1030 

350-780 

165-250 

150-1965 

ï 

268 

554 

ï 

ï 

1085 

240 

ɻʣʝʡʩʦʣʠ 

ɸʚʩʪʨʘʣʠʷ 

ɸʚʩʪʨʠʷ 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 

ʄʘʜʘʛʘʩʢʘʨ 

ʅʦʨʚʝʛʠʷ 

ʇʦʣʴʰʘ 

ʈʦʩʩʠʷ 

1200-1900 

ï 

ï 

900-2650 

ï 

85-890 

ï 

ï 

765 

530 

ï 

80 

495 

190 
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ʈʝʥʜʟʠʥʳ 

ɸʚʩʪʨʠʷ 

ʇʦʣʴʰʘ 

ɻʝʨʤʘʥʠʷ 

ï 

50-7750 

ï 

1315 

440 

425 

ʂʘʰʪʘʥʦʚʳʝ ʠ ʙʫʨʳʝ 

ʧʦʯʚʳ 

ɸʚʩʪʨʘʣʠʷ 

ɸʚʩʪʨʠʷ 

ɹʦʣʛʘʨʠʷ 

ʀʥʜʠʷ 

ʈʦʩʩʠʷ 

850-3150 

253-1675 

2190-3907 

924-2615 

390-580 

ï 

511 

ï 

ï 

460 

ʌʝʨʨʘʣʴʩʦʣʠ 

ɸʚʩʪʨʘʣʠʷ 

ʀʥʜʠʷ 

ʄʘʜʘʛʘʩʢʘʨ 

ʀʩʧʘʥʠʷ 

1350-4250 

925-2065 

850-3400 

10-315 

ï 

ï 

ï- 

ï 

ʉʦʣʦʥʯʘʢʠ ʠ ʩʦʣʦʥʮʳ 
ʄʘʜʘʛʘʩʢʘʨ 

ʈʦʩʩʠʷ 

ï 

265-1100 

850 

645 

ʏʝʨʥʦʟʝʤʳ 
ʇʦʣʴʰʘ 

ʈʦʩʩʠʷ 

380-700 

340-1100 

560 

745 

ʃʫʛʦʚʳʝ ʧʦʯʚʳ ʈʦʩʩʠʷ 690-1250 950 

ɻʠʩʪʦʩʦʣʠ ʠ ʜʨʫʛʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʣʠ 

ʂʘʥʘʜʘ 

ɼʘʥʠʷ 

ʇʦʣʴʰʘ 

ʈʦʩʩʠʷ 

240-540 

43-200 

20-2200 

510-1465 

338 

100 

150 

1005 

ʃʝʩʥʳʝ ʧʦʯʚʳ 

ʂʠʪʘʡ 

ɺʝʥʛʨʠʷ 

ʈʦʩʩʠʷ 

ï 

120-600 

ï 

840 

ï 

710 

ʈʘʟʥʳʝ ʪʠʧʳ ʧʦʯʚ 

ɸʚʩʪʨʠʷ 

ʂʘʥʘʜʘ 

ɼʘʥʠʷ 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 

ɻʝʨʤʘʥʠʷ 

ʄʘʜʘʛʘʩʢʘʨ 

ʈʫʤʳʥʠʷ 

190-600 

80-850 

ï 

70-8423 

520-1800 

680-3500 

194-1870 

388 

325 

279 

1055 

ï 

ï 

755 

 

ʉʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 9,6Ö10-3%. ʆʥ  

ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʯʠʩʣʫ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʵʣʝʤʝʥʪʦʚ. ɺ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʫʯʘʩʪʚʫʝʪ ʜʚʫʭʚʘʣʝʥʪʥʳʡ ʠ ʪʨʝʭʚʘʣʝʥʪʥʳʡ ʤʘʨʛʘʥʝʮ, Mn(II) ʠ 

Mn(III). ʌʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ ʤʘʨʛʘʥʮʘ ʦʛʨʦʤʥʘ. ʆʥ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʚʩʘʩʳʚʘʥʠʷ 

ʤʥʦʛʠʭ ʧʦʣʝʟʥʳʭ ʚʝʱʝʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʠʪʘʤʠʥʦʚ ɺ1, ɺ4, ʉ, ɽ. ɺʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʤʥʦʛʠʭ 

ʬʝʨʤʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʝʪʘʙʦʣʠʟʤ ʫʛʣʝʚʦʜʦʚ, ʙʝʣʢʦʚ ʠ ʣʠʧʠʜʦʚ. ɺ ʭʦʜʝ 

ʫʪʠʣʠʟʘʮʠʠ ʙʝʣʢʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʨʛʘʥʮʘ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʨʘʩʱʝʧʣʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʦʥʝʯʥʳʭ ʘʟʦʪʠʩʪʳʭ ʧʨʦʜʫʢʪʦʚ, ʤʦʯʝʚʠʥʳ ʠ ʢʨʝʘʪʠʥʠʥʘ. Mʘʨʛʘʥʝʮ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʩʱʝʧʣʝʥʠʶ ʣʠʧʠʜʦʚ, ʧʨʝʧʷʪʩʪʚʫʷ ʪʝʤ ʩʘʤʳʤ ʦʪʣʦʞʝʥʠʶ ʞʠʨʦʚʳʭ ʤʘʩʩ ʚ ʧʦʜʢʦʞʥʦʤ ʩʣʦʝ; 

ʩʥʠʞʝʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʟʢʦʧʣʦʪʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʝʛʦ ʦʪʣʦʞʝʥʠʶ ʥʘ ʩʪʝʥʢʘʭ ʩʦʩʫʜʦʚ ʚ 

ʚʠʜʝ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ; ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʞʠʨʦʚʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ ʧʝʯʝʥʠ 

(ʞʠʨʦʚʦʤʫ ʛʝʧʘʪʦʟʫ). ʂʨʦʤʝ ʪʦʛʦ, Mn ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʝʧʦʥʠʨʦʚʘʥʠʝ ʛʣʠʢʦʛʝʥʘ ʚ ʧʝʯʝʥʠ ʠ ʚ 

ʩʢʝʣʝʪʥʳʭ ʤʳʰʮʘʭ. ʆʢʘʟʳʚʘʝʪ ʠʥʩʫʣʠʥʦʧʦʜʦʙʥʦʝ ʜʝʡʩʪʚʠʝ, ʩʧʦʩʦʙʩʪʚʫʷ ʪʨʘʥʩʧʦʨʪʫ ʛʣʶʢʦʟʳ 

ʚʥʫʪʨʴ ʢʣʝʪʢʠ ʠ ʝʝ ʧʦʩʣʝʜʫʶʱʝʤʫ ʨʘʩʱʝʧʣʝʥʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɸʊʌ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʦʥ 

ʩʦʩʨʝʜʦʪʦʯʝʥ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ. ʄʘʨʛʘʥʝʮ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʥʝʨʚʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʭʨʷʱʝʡ ʠ ʫʢʨʝʧʣʝʥʠʝ ʢʦʩʪʝʡ. ɺʤʝʩʪʝ ʩ ʤʝʜʴʶ ʦʥ ʫʯʘʩʪʚʫʝʪ 

ʚ ʢʨʦʚʝʪʚʦʨʝʥʠʠ, ʩʪʠʤʫʣʠʨʫʝʪ ʩʚʝʨʪʳʚʘʥʠʝ ʢʨʦʚʠ. ʄʘʨʛʘʥʝʮ ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʨʘʙʦʪʢʫ 

ʛʦʨʤʦʥʦʚ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʦʡ.  

ʀʟʙʳʪʦʯʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʤʘʨʛʘʥʮʘ ʚ ʦʨʛʘʥʠʟʤʝ ʩʢʘʟʳʚʘʝʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʠ 
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ʛʝʧʘʪʦʙʠʣʠʘʨʥʦʡ ʩʠʩʪʝʤ. ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʘ ʩʧʦʩʦʙʥʳ ʚʳʟʚʘʪʴ ʘʣʣʝʨʛʠʯʝʩʢʠʡ 

ʠ ʤʫʪʘʛʝʥʥʳʡ ʵʬʬʝʢʪʳ. 

ʇʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʧʦʩʪʫʧʣʝʥʠʠ ʤʘʨʛʘʥʝʮ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʠʤʝʥʝʝ ʷʜʦʚʠʪʳʤ 

ʤʠʢʨʦʵʣʝʤʝʥʪʘʤ. ʆʪʨʘʚʣʝʥʠʝ ʣʶʜʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʩʣʫʯʘʷʭ ʭʨʦʥʠʯʝʩʢʦʡ 

ʠʥʛʘʣʷʮʠʠ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʤʘʨʛʘʥʮʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʆʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʪʷʞʸʣʳʭ 

ʥʘʨʫʰʝʥʠʡ ʧʩʠʭʠʢʠ. ʏʪʦʙʳ ʨʘʟʚʠʣʘʩʴ ʢʣʠʥʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʭʨʦʥʠʯʝʩʢʦʛʦ ʦʪʨʘʚʣʝʥʠʷ 

ʤʘʨʛʘʥʮʝʤ, ʦʙʳʯʥʦ ʪʨʝʙʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʣʝʪ.  

8.2. ɿʘʛʨʷʟʥʝʥʠʝ ʵʢʦʩʠʩʪʝʤ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ 

ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʝʩʴʤʘ ʪʨʫʜʥʦ ʧʨʦʚʝʩʪʠ ʯʝʪʢʫʶ 

ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʧʨʠʨʦʜʥʳʤʠ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʠʟʤʝʥʝʥʠʷ ʵʢʦʩʠʩʪʝʤ. 

ɽʩʪʝʩʪʚʝʥʥʳʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʙʠʦʩʬʝʨʝ ʥʘʭʦʜʷʪʩʷ ʚ ʩʣʦʞʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʠ 

ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ. ʊʘʢ, ʥʘ ʭʦʜ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʢʣʠʤʘʪ, ʩʦʩʪʦʷʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʚʦʜ, 

ʚʦʟʜʫʭʘ, ʫʨʦʚʝʥʴ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʠ ʪ.ʜ. ɺ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʨʦʮʝʩʩʦʚ 

ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʵʢʦʩʠʩʪʝʤ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʥʘʭʦʞʜʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʨʦʜʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʫʨʦʚʥʝʡ ʩʦʜʝʨʞʘʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʩʦʝʜʠʥʝʥʠʡ.  

ʆʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʤʦʞʥʦ 

ʦʙʝ̡ʜʠʥʠʪʴ ʚ ʜʚʝ ʛʨʫʧʧʳ: 

1) ʝʩʪʝʩʪʚʝʥʥʳʝ (ʧʨʠʨʦʜʥʳʝ) ï ʠʟʚʝʨʞʝʥʠʝ ʚʫʣʢʘʥʦʚ, ʧʳʣʴʥʳʝ ʙʫʨʠ, ʣʝʩʥʳʝ ʠ 

ʩʪʝʧʥʳʝ ʧʦʞʘʨʳ, ʤʦʨʩʢʠʝ ʩʦʣʠ, ʧʦʜʥʷʪʳʝ ʚʝʪʨʦʤ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʠ ʜʨ.; 

2) ʠʩʢʫʩʩʪʚʝʥʥʳʝ (ʘʥʪʨʦʧʦʛʝʥʥʳʝ) ï ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʠ ʭʠʤʠʯʝʩʢʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʝ ʭʦʟʷʡʩʪʚʦ, 

ʪʨʘʥʩʧʦʨʪ ʠ ʜʨ.  

ʇʨʠʨʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʥʦʩʷʪ ʣʠʙʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʨʘʚʥʦʤʝʨʥʳʡ, ʣʠʙʦ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʩʪʠʭʠʡʥʳʡ ʭʘʨʘʢʪʝʨ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʘʣʦ ʚʣʠʷʶʪ ʥʘ ʦʙʱʠʡ ʫʨʦʚʝʥʴ 

ʟʘʛʨʷʟʥʝʥʠʷ. ɻʣʘʚʥʳʤʠ ʠ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʨʦʜʳ ʪʷʞʝʣʳʤʠ 

ʤʝʪʘʣʣʘʤʠ ʷʚʣʷʶʪʩʷ ʘʥʪʨʦʧʦʛʝʥʥʳʝ.  

ʀʤʝʶʱʠʝʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʪʘʭ ʨʘʩʯʝʪʳ ʦʮʝʥʦʢ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ 

ʤʝʪʘʣʣʦʚ ʚ ʙʠʦʩʬʝʨʫ ʠʟ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʶʪ ï ʪʘʙʣ. 

8.21, 8.22 [3].  

ʇʦ ʜʘʥʥʳʤ ʅ.ʅ. ʈʦʝʚʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ [26], ʪʝʭʥʦʛʝʥʥʘʷ ʜʦʣʷ ʤʝʜʠ ʠ ʮʠʥʢʘ ʚ ʘʪʤʦʩʬʝʨʝ 

ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 75%, ʩʚʠʥʮʘ ï 50-80%, ʢʘʜʤʠʷ ʠ ʨʪʫʪʠ ï 50%, ʥʠʢʝʣʷ ï 30%, ʢʦʙʘʣʴʪʘ ï 

10%.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʬʦʥʦʚʳʭ ʫʨʦʚʥʷʭ ʩʦʜʝʨʞʘʥʠʷ ʊʄ 

ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʢʦʥʢʨʝʪʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʦʮʝʥʢʠ ʦʩʥʦʚʥʳʭ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʪʫʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʈʦʩʛʠʜʨʦʤʝʪʦʤ ʦʨʛʘʥʠʟʦʚʘʥʘ ʩʝʪʴ ʩʪʘʥʮʠʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʦʥʦʚʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ (ʉʂʌʄ). ɼʘʥʥʳʝ ʩʪʘʥʮʠʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʦʩʥʦʚʥʳʤ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʤ ʟʦʥʘʤ 

ʝʚʨʦʧʝʡʩʢʦʡ ʠ ʘʟʠʘʪʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʢ ʛʦʨʥʳʤ ʦʙʣʘʩʪʷʤ ʚʳʩʦʪʥʦʡ ʧʦʷʩʥʦʩʪʠ. 

ʈʘʟʤʝʱʝʥʠʝ ʉʂʌʄ ʚ ʧʨʝʜʝʣʘʭ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ï ʚ ʙʠʦʩʬʝʨʥʳʭ 

ʟʘʧʦʚʝʜʥʠʢʘʭ ʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʢʘʭ ï ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʫʜʘʣʝʥʥʦʩʪʴ ʦʪ ʣʦʢʘʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʦʮʝʥʠʪʴ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʬʦʥʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʅʘ ʧʦʩʪʦʷʥʥʳʭ ʦʧʦʨʥʳʭ ʧʣʦʱʘʜʢʘʭ ʩʝʪʠ ʉʂʌʄ 1 ʨʘʟ ʚ 3-5 

ʣʝʪ ʧʦ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʙʦʦʪʙʦʨ ʧʦʯʚ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʛʣʦʙʘʣʴʥʦʛʦ 

ʨʘʩʩʝʠʚʘʥʠʷ ʚ ʙʠʦʩʬʝʨʝ ï ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʧʦʣʣʶʪʘʥʪʦʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ.  

ɺ ʧʝʨʠʦʜ 2007-2016 ʛʛ. ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʚʘʣʦʚʳʭ ʬʦʨʤ ʩʦʝʜʠʥʝʥʠʡ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ï ʩʚʠʥʮʘ, ʤʝʜʠ ʠ ʢʘʜʤʠʷ ï ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ ʨʘʡʦʥʦʚ 

ʨʘʟʤʝʱʝʥʠʷ ʉʂʌʄ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʤ ʥʦʨʤʘʪʠʚʘʤ ʠ ʥʝ 
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ʧʨʝʚʳʰʘʣ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝʤʠʨʦʚʳʭ ʢʣʘʨʢʦʚ ʧʦʯʚ (ʪʘʙʣ. 8.23). ʅʝ ʚʳʷʚʣʝʥʦ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʦʣʠʵʣʝʤʝʥʪʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʣʠʰʴ ʚ ʛʦʨʥʳʭ ʧʦʯʚʘʭ ʂʘʚʢʘʟʩʢʦʛʦ 

ʠ ɸʣʪʘʡʩʢʦʛʦ ʙʠʦʩʬʝʨʥʳʭ ʟʘʧʦʚʝʜʥʠʢʦʚ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ 

ʧʨʝʚʳʰʝʥʠʷ ʢʣʘʨʢʦʚʳʭ ʟʥʘʯʝʥʠʡ ʩʚʠʥʮʘ ʠ ʤʝʜʠ (ʚ ʩʨʝʜʥʝʤ ʚ 1,1-1,7 ʨʘʟ), ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʛʦʨʥʳʭ ʦʙʣʘʩʪʝʡ, 

ʦʙʦʛʘʱʝʥʥʳʭ ʭʘʣʴʢʦʬʠʣʴʥʳʤʠ ʠ ʩʠʜʝʨʦʬʠʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ʊʘʙʣʠʮʘ 8.21 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʘʪʤʦʩʬʝʨʫ, 103 ʪ/ʛʦʜ 

ʄʝʪʘʣʣ 

ʇʨʠʨʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ 
ɸʥʪʨʦʧʦʛʝʥʥʳʝ 

ʠʩʪʦʯʥʠʢʠ 

ʚʳʥʦʩ ʠʟ 

ʦʢʝʘʥʘ 

ʠʟʚʝʨʞʝʥʠʝ 

ʚʫʣʢʘʥʦʚ 

ʚʳʚʝʪʨʠʚʘʥʠʝ 

ʣʠʪʦʩʬʝʨʳ 

ʩʞʠʛʘʥʠʝ 

ʪʦʧʣʠʚʘ 
ʜʨʫʛʠʝ 

ʂʦʙʘʣʴʪ 0,2 0,1 7 0,9 2 

ʄʝʜʴ 5 6 10 2 50 

ɾʝʣʝʟʦ 50 300 10000 2000 4000 

ʄʘʨʛʘʥʝʮ 7 9 200 8 400 

ʉʚʠʥʝʮ 8 0,4 3 4 400 

ʀʪʪʨʠʡ 10 0,7 30 20 2 

ʎʠʥʢ 8 10 80 80 200 

ʈʪʫʪʴ 4 0,004 0,24 ï 0,11 

ʂʘʜʤʠʡ ï 0,17 0,4 ï 0,055 

 

ʊʘʙʣʠʮʘ 8.22 

ʇʦʩʪʫʧʣʝʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʘʪʤʦʩʬʝʨʫ, % ʦʪ ʩʫʤʤʳ 

ʀʩʪʦʯʥʠʢ 
ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ 

Cd Zn Pb Hg 

ɺʝʪʨʦʚʘʷ ʵʨʦʟʠʷ 1,4 3,7 1,6 0,2 

ʀʟʚʝʨʞʝʥʠʝ ʚʫʣʢʘʥʦʚ 1,7 1,6 1,2 0,2 

ʃʝʩʥʳʝ ʧʦʞʘʨʳ 3,7 20,7 0,7 0,2 

ʀʩʧʘʨʝʥʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚ ʠ ʨʘʩʪʝʥʠʡ 2,0 3,0 0,4 72,5 

ʇʦʩʪʫʧʣʝʥʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ 17,8 26,0 3,5 8,5 

ɺʩʝʛʦ ʩ ʧʨʠʨʦʜʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 26,3 29,0 4,5 81,0 

ɺʩʝʛʦ ʩ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 73,7 71,0 95,5 19,0 

 

ʊʘʙʣʠʮʘ 8.23 

ʉʨʝʜʥʠʝ ʚʝʣʠʯʠʥʳ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʦʨʠʪʝʪʥʳʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ʩʪʘʥʮʠʡ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʦʥʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ (ʧʦ ʜʘʥʥʳʤ ʈʦʩʛʠʜʨʦʤʝʪʘ), ʤʛ/ʢʛ [9, 10]  

ʉʪʘʥʮʠʠ  ʇʦʯʚʳ Pb Cd ʉu 

ʅʇ çʉʤʦʣʝʥʩʢʦʝ 
ʇʦʦʟʝʨʴʝè 

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ 
ʩʫʧʝʩʯʘʥʳʝ 

8,2 0,24 11,3 

ʇʨʠʦʢʩʢʦ-

ʊʝʨʨʘʩʥʳʡ ɹɿ 

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ 

ʩʫʛʣʠʥʠʩʪʳʝ 
4,0 0,25 12,7 

ɺʦʨʦʥʝʞʩʢʠʡ ɹɿ 
ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ 

ʧʝʩʯʘʥʳʝ 
7,8 0,15 4,6 

ɸʩʪʨʘʭʘʥʩʢʠʡ ɹɿ 
ɸʣʣʶʚʠʘʣʴʥʳʝ ʣʫʛʦʚʳʝ ʠ 

ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ 
4,6 0,24 11,6 

ʂʘʚʢʘʟʩʢʠʡ ɹɿ ɻʦʨʥʳʝ ʙʫʨʳʝ ʣʝʩʥʳʝ 16,6 0,17 16,0 

ɺʦʣʞʩʢʦ-ʂʘʤʩʢʠʡ 
ɹɿ 

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ 
ʩʫʛʣʠʥʠʩʪʳʝ 

7,5 0,21 13,3 

ɸʣʪʘʡʩʢʠʡ ɹɿ ɻʦʨʥʦ-ʣʫʛʦʚʳʝ 9,0 0,25 23,7 

ɹʘʡʢʘʣʴʩʢʠʡ ɹɿ ɻʦʨʥʳʝ ʤʝʨʟʣʦʪʥʦ-ʪʘʝʞʥʳʝ 6,4 0,27 6,7 

ʂʣʘʨʢ ʚ ʧʦʯʚʝ  10 0,5 20 

ʆɼʂʚʘʣ.
  32/65/130 0,5/1/2 33/66/132 

 



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
ȳ.Ȧ. Ƚɋɖɓɡɛ 
Ʉ.Ȯ. ȧɆɋɈɆ 

 

 

http://izd -mn.com/ 149 

 

ʀʩʪʦʯʥʠʢʠ ʵʤʠʩʩʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʧʫʪʠ ʠʭ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳ. ʆʩʥʦʚʥʳʤʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʩʪʫʧʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ 

ʙʠʦʩʬʝʨʫ ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʜʦʙʳʯʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʯʝʨʥʳʭ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʪʝʧʣʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ ʪʝʧʣʦʮʝʥʪʨʘʣʠ, ʪʨʘʥʩʧʦʨʪ, ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʘʷ ʠ ʭʠʤʠʯʝʩʢʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ. 

ʊʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʝʞʝʛʦʜʥʦ 

ʧʦʩʪʫʧʘʝʪ (ʪʳʩ. ʪ): ʤʝʜʠ ï ʥʝ ʤʝʥʝʝ 154,7, ʮʠʥʢʘ ï 121,5, ʩʚʠʥʮʘ 89, ʥʠʢʝʣʷ ï 12, ʢʦʙʘʣʴʪʘ ï 

0,765, ʤʦʣʠʙʜʝʥʘ ï 1,5, ʨʪʫʪʠ ï 0,031; ʚʩʣʝʜʩʪʚʠʝ ʩʞʠʛʘʥʠʷ ʫʛʣʷ ʠ ʥʝʬʪʠ (ʪʳʩ. ʪ): ʩʚʠʥʮʘ ï 3,6, 

ʨʪʫʪʠ ï 1,6, ʤʝʜʠ ï 2,1, ʮʠʥʢʘ ï 7, ʥʠʢʝʣʷ 3,7.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʘʣʴʚʘʥʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʰʣʘʤʦʚʳʭ ʦʪʭʦʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ (ʛʘʣʴʚʘʥʦʰʣʘʤʳ, ʩʦʩʪʦʷʱʠʝ ʚ ʦʩʥʦʚʥʦʤ ʠʟ 

ʦʩʘʜʢʦʚ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʛʘʣʴʚʘʥʦʩʪʦʢʦʚ), ʪʘʢ ʢʘʢ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠ ʜʦʩʪʫʧʥʳʤʠ 

ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʶʪʩʷ ʨʝʘʛʝʥʪʥʳʝ ʤʝʪʦʜʳ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ, ʦʪʨʘʙʦʪʘʥʥʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ, ʨʘʩʪʚʦʨʦʚ. ɻʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʨʝʘʛʝʥʪʥʳʭ ʤʝʪʦʜʦʚ ʚ ʪʦʤ, ʯʪʦ ʦʙʨʘʟʫʶʪʩʷ 

ʘʤʦʨʬʥʳʝ ʠ ʦʙʚʦʜʥʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʠ ʩʣʦʞʥʦʩʪʴʶ ʩʦʩʪʘʚʘ, ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʝʜʠʥʝʥʠʡ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ Cr, Zn, Ni, Cu, Mn, Co, Pb (ʮʠʪ. ʧʦ [39]). ɺ ʦʩʘʜʢʘʭ 

ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʙʦʣʴʰʦʛʦ ʛʦʨʦʜʘ ʩʦʜʝʨʞʠʪʩʷ Cr ï 1,5%, 

Zn ï 0,9%, Ni ï 0,3%, Cu ï 1,0% ʠ ʪ.ʜ. ɺ ʪʘʙʣ. 8.24 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʫʨʦʚʥʷʤ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʦʪʭʦʜʘʭ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʮʠʪ. ʧʦ 

[21]). 

ɺ ʪʘʙʣ. 8.25 ʧʨʠʚʝʜʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʚʳʙʨʦʩʘʭ ʨʷʜʘ ʧʨʝʜʧʨʠʷʪʠʡ 
ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ [28]. 

ʊʘʙʣʠʮʘ 8.24 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ  

ʚ ʦʪʭʦʜʘʭ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʕʣʝʤʝʥʪ 
ʆʩʘʜʢʠ ʥʘ 

ʬʠʣʴʪʨʘʭ 

ɸʙʨʘʟʠʚʥʘʷ 

ʧʳʣʴ 
ʕʣʝʤʝʥʪ 

ʆʩʘʜʢʠ ʥʘ 

ʬʠʣʴʪʨʘʭ 

ɸʙʨʘʟʠʚʥʘʷ 

ʧʳʣʴ 

Cr 265 318 Cd 85700 2 

Cu 340 31 Sn 3200 4 

Zn 217 5 Pb 374 2 

V 90 669 Bi 3300 2 

Ag 1000 29 W 2 3322 

 

ʊʘʙʣʠʮʘ 8.25 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ  

ʚ ʧʳʣʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ  

ɺʠʜʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʈʷʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

nÖ1000 nÖ100 nÖ10 nÖ1 

ʕʥʝʨʛʝʪʠʢʘ 

ʉʞʠʛʘʥʠʝ ʫʛʣʷ  

ʥʘ ʊʕʉ 
ï ï B, Pb, Mo, Ge 

Be, Li, V, Ni, Cu, Zn, 

Ag, W 

ʉʞʠʛʘʥʠʝ ʤʘʟʫʪʘ ʥʘ 

ʊʕʉ 
ï V, Ni 

Cr, Zn, 

Mo, W, Pb 
Cu, Sn, Ag 

ʇʝʨʝʨʘʙʦʪʢʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ 

ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʘʣʶʤʠʥʠʷ 
ï Cd, Zn, Sb, Pb 

W, Sn, Cr, Bi, 

Mo 

Mn, Ag, 

B, Co 

ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ 
Sb, Ag Bi, Pb, Cd, Sn 

Ni, As, Co, 

Cu, Zn, W 
ï 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ ʠ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʘ 

ʃʠʪʴʝ ʯʫʛʫʥʘ ï ï Zn, W Mo, Sn, Pb, Cu, Cr 
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ʃʠʪʴʝ ʩʪʘʣʠ ï ï Sn, Sb, Ni, W Mn, Zn, B, Pb, Mo 

ʂʫʟʥʝʯʥʦ-ʧʨʝʩʩʦ- 

ʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 
ï Zn W, Mn Mo, Ni, Sn, Co, Pb 

ʄʝʭʘʥʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ 

ʯʝʨʥʳʭ ʤʝʪʘʣʣʦʚ 

ï W, Mo, Cu Cr, Ni, Co, Zn Mn, V, Pb, Sn 

ʄʝʭʘʥʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ 

ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ 

Cu, Zn, 

Pb 
Cr, Ni W, Sn Co, Mo, V 

ʍʠʤʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʀʟʛʦʪʦʚʣʝʥʠʝ 

ʤʘʩʣʷʥʳʭ ʢʨʘʩʦʢ 
Hg, Cd 

Ag, Zn, Sn, 

Cu, Bi, W 
Sb, Mo Co, Sn, Ni 

ʂʦʢʩʦʭʠʤʠʯʝʩʢʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ 
Hg ï Sb, W, Pb Mo, Sn 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ 

ʆʙʞʠʛ ʮʝʤʝʥʪʥʦʡ 

ʰʠʭʪʳ 
ï Ag Sb, Zn, Bi, W Sn, Cu, Mo, Ba, Tl 

ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʢʝʨʘʤʟʠʪʘ 
ï Pb W, Ag, Bi, Mo 

Co, Zn, Cu, Li, Ni, Cr, 

V 

ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʦʛʥʝʫʧʦʨʥʦʛʦ 

ʢʠʨʧʠʯʘ 

ï Sb, Pb Bi 
V, Cu, Cr, Sn, B, Ga, 

Zn, Nb 

 

ɺ ʧʳʣʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʚʳʰʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʪʦʩʬʝʨʦʡ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ (ʜʦ 1012). ʆʪʭʦʜʳ ʧʨʝʜʧʨʠʷʪʠʡ 

ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʟʘʚʦʜʦʚ ʣʘʢʦʢʨʘʩʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʦʛʘʱʝʥʳ ʨʪʫʪʴʶ. ɺ ʧʳʣʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʟʘʚʦʜʦʚ ʧʦʚʳʰʝʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ W, Cd ʠ Pb.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʪʭʦʜʘʭ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʬʦʨʤʠʨʫʶʪʩʷ 

ʪʝʭʥʦʛʝʥʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: 

V ʮʚʝʪʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ ï Pb, Zn, Cu, Hg, Mn; 

V ʯʝʨʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ ï Ni, Mn, Pb, Zn, Cu; 

V ʵʥʝʨʛʝʪʠʢʘ ï B, Sb, As, Se; 

V ʥʝʬʪʷʥʘʷ ʦʪʨʘʩʣʴ ï Ni, Mn, Pb, Zn, Cu. 

ɿʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʝʪʘʣʣʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʚʷʟʘʥʦ ʩ ʨʘʙʦʪʦʡ ʫʛʦʣʴʥʳʭ ʠ ʤʘʟʫʪʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʇʨʠ ʵʪʦʤ 

ʩʦʩʪʘʚ ʦʪʭʦʜʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʊʄ, ʯʝʤ 

ʦʪʭʦʜʳ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʪʘʙʣ. 8.26).  

ʊʘʙʣʠʮʘ 8.26 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʣʝ ʫʛʣʝʡ 

ʕʣʝʤʝʥʪ ʂʢ ʕʣʝʤʝʥʪ ʂʢ ʕʣʝʤʝʥʪ ʂʢ 
B 16 As 6 Sb 10 

Zn 2 Mo 6 W 3 

Ge 4 Sn 3 Pb 2 

 

ʅʝʢʦʪʦʨʳʝ ʚʠʜʳ ʫʛʣʝʡ, ʜʦʙʳʚʘʝʤʳʭ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʉʠʙʠʨʠ, ʩʦʜʝʨʞʘʪ ʩʣʝʜʫʶʱʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: Sb ï ʜʦ 590 ʛ/ʪ, As ï ʜʦ 2000 ʛ/ʪ, ɺʝ ï ʜʦ 300 ʛ/ʪ ʠ ʜʨ. ɺ ʫʛʣʝ 

ʂʫʟʥʝʮʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʜʝʨʞʘʥʠʝ As ʦʢʦʣʦ 300 ʛ/ʪ, Cr ï 100 ʛ/ʪ. 

ɺ ʦʜʥʦʡ ʪʦʥʥʝ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʟʦʣʳ ʚ ʩʨʝʜʥʝʤ ʩʦʜʝʨʞʠʪʩʷ 200 ʛ ʩʚʠʥʮʘ, 400 ʛ ʫʨʘʥʘ, 

ʧʦ 500 ʛ ʛʝʨʤʘʥʠʷ ʠ ʤʳʰʴʷʢʘ, 700 ʛ ʥʠʢʝʣʷ ʠ ʜʨ. ɿʦʣʘ ʪʦʨʬʘ ʦʙʦʛʘʱʝʥʘ ʫʨʘʥʦʤ, ʤʳʰʴʷʢʦʤ, 

ʢʦʙʘʣʴʪʦʤ, ʤʝʜʴʶ, ʥʠʢʝʣʝʤ, ʮʠʥʢʦʤ, ʩʚʠʥʮʦʤ. ʇʨʠ ʝʞʝʛʦʜʥʦʤ ʩʞʠʛʘʥʠʠ  
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2,4 ʤʣʨʜ ʪ ʢʘʤʝʥʥʦʛʦ ʠ 0,9 ʤʣʨʜ. ʪ ʙʫʨʦʛʦ ʫʛʣʷ ʩ ʟʦʣʦʡ ʚ ʚʠʜʝ ʦʪʭʦʜʦʚ ʚ ʙʠʦʩʬʝʨʫ ʧʦʩʪʫʧʘʝʪ 

280 ʪʳʩ. ʪ ʤʳʰʴʷʢʘ ʠ 220 ʪʳʩ. ʪ ʫʨʘʥʘ ʧʨʠ ʫʨʦʚʥʝ ʠʭ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 40 ʠ 30 ʪʳʩ. ʪ ʚ 

ʛʦʜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʟʦʣʝ ʫʛʣʷ ʠ ʥʝʬʪʠ ʦʙʥʘʨʫʞʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʤʝʪʘʣʣʳ. ʉʨʝʜʠ 

ʤʝʪʘʣʣʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʥʝʬʪʠ (V, Ni, Cr, Cu, Pb, Zn, Hg, Mo ʠ ʪ.ʜ.), çʛʣʘʚʥʳʤʠè ʷʚʣʷʶʪʩʷ 

ʚʘʥʘʜʠʡ (10-3%) ʠ ʥʠʢʝʣʴ (10-4%). ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʚʘʥʘʜʠʷ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʪʷʞʝʣʳʭ ʦʩʪʘʪʢʘʭ 

ʥʝʬʪʠ: ʥʘʯʠʥʘʷ ʩ 200Áʉ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ  

ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʚʦ ʬʨʘʢʮʠʷʭ ʧʨʠ ʪʦʯʢʘʭ ʢʠʧʝʥʠʷ 350, 

470, 500 Áʉ (ʤʘʟʫʪʳ). ɺ ʪʚʝʨʜʳʭ ʥʝʬʪʷʥʳʭ ʦʩʪʘʪʢʘʭ ʢʦʣʠʯʝʩʪʚʦ ʚʘʥʘʜʠʷ ʜʦʩʪʠʛʘʝʪ ʜʝʩʷʪʳʭ 

ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘ ʊʕʎ ʧʨʠ ʩʞʠʛʘʥʠʠ ʚʳʩʦʢʦʩʝʨʥʠʩʪʦʛʦ ʤʘʟʫʪʘ ʚʳʜʝʣʷʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʫʥʦʩʠʤʳʭ ʜʳʤʦʚʳʤʠ 

ʛʘʟʘʤʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʵʤʠʩʩʠʠ ʤʝʪʘʣʣʦʚ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦ 

ʨʘʟʚʠʪʳʭ ʨʘʡʦʥʘʭ ʧʨʝʚʳʰʘʶʪ ʬʦʥʦʚʳʝ ʚ ʜʝʩʷʪʢʠ ʨʘʟ, ʘ ʦʢʦʣʦ ʤʦʱʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ 

ʤʦʛʫʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚ ʩʦʪʥʠ ʠ ʪʳʩʷʯʠ ʨʘʟ ï ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʚʳʙʨʦʩʦʚ ʦʩʘʞʜʘʝʪʩʷ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʪʝʭʥʦʛʝʥʥʳʝ ʘʥʦʤʘʣʠʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʠʩʪʝʤʫ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʣʝʮ, ʚ ʢʦʪʦʨʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʘ ʫʙʳʚʘʝʪ ʦʪ 

ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ. ɺ ʨʝʘʣʴʥʦʡ ʧʨʠʨʦʜʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʟʦʥ ʟʘʛʨʷʟʥʝʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʠʭ; ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʟʦʥ ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʨʦʟʳ ʚʝʪʨʦʚ. ɺʦʢʨʫʛ ʢʨʫʧʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʯʝʨʥʦʡ ʠ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʦʙʨʘʟʫʶʪʩʷ ʪʝʭʥʦʛʝʥʥʳʝ ʘʥʦʤʘʣʠʠ ʤʝʪʘʣʣʦʚ. ɼʣʷ 

ʪʘʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʟʦʥʳ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 5 ʢʤ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠ ʟʦʥʳ ʧʦʚʳʰʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 20-50 

ʢʤ. ɼʘʣʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʫʙʳʚʘʝʪ ʜʦ ʚʝʣʠʯʠʥ ʤʝʩʪʥʦʛʦ ʬʦʥʘ. ɺʦʢʨʫʛ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʤʝʥʴʰʝʡ ʤʦʱʥʦʩʪʠ ʟʦʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʩʪʠʨʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 

ʜʦ 1-2 ʢʤ.  

ɺʦʢʨʫʛ ʢʨʫʧʥʳʭ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʟʦʥʳ ʟʘʛʨʷʟʥʝʥʠʷ 10-20 ʢʤ ʚ 

ʜʠʘʤʝʪʨʝ c ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ 1-2 ʢʤ. 

ʊʘʙʣ. 8.27 ʠ 8.28 ʠʣʣʶʩʪʨʠʨʫʶʪ ʫʨʦʚʥʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʠ ʧʦʯʚʘʭ ʪʝʨʨʠʪʦʨʠʡ ʩ ʨʘʟʣʠʯʥʦʡ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ [11, 15, 28]. 

ʊʘʙʣʠʮʘ 8.27 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ  

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʪʝʨʨʠʪʦʨʠʡ, ʤʢʛ/ʤ3 

ʕʣʝʤʝʥʪ 
ʖʞʥʳʡ  

ʧʦʣʶʩ, 10-3 

ʇʨʠʛʦʨʦʜʥʘʷ 

ʪʝʨʨʠʪʦʨʠʷ 

ʇʨʦʤʳʰʣʝʥʥʳʡ 

ʛʦʨʦʜ 

ʆʢʦʣʦ 

ʤʦʱʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ 
Al  0,082 0,9 18 ï 
Ti 0,010 0,1 1,4 ï 
V 0,013 0,07 0,17 12 
Cr 0,004 0,009 0,12 ï 
Mn 0,001 0,06 0,6 100 
Fe 0,062 1,5 24 1000 
Co 0,00005 0,001 0,04 8 
Ni ï 0,06 0,12 7 
Cu 0,003 0,07 1,1 6 
Zn 0,003 0,3 1,7 10 
As 0,003 0,005 0,1 60 
Se 0,084 0,001 0,019 10 
Br 0,260 0,05 1,3 ï 
Ag 0,00004 0,001 0,002 ï 
Cd 0,0015 0,006 0,13 1 
Sb 0,00008 0,01 0,4 ï 
Hg ï 0,001 0,005 3 
Pb ï 0,3 3,0 9 
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ʊʘʙʣʠʮʘ 8.28 
ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ  

ʚ ʧʦʯʚʘʭ ʟʦʥʳ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʇʨʦʠʟʚʦʜʩʪʚʦ 
ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʥʘ 
ʙʦʣʝʝ 10 10-3 3-1,5 

ʏʝʨʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ (ʟʘʚʦʜ ʧʦ 
ʧʨʦʠʟʚʦʜʩʪʚʫ ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʩʪʘʣʝʡ) 

Co ï 80, Mo ï 65,  
Ni ï 38, Cd ï 32,  
Zn ï 25, W ï 25 

Cr ï 9,  
Cu ï 7, 
Pb ï 5 

ï 

ʎʚʝʪʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ 
(ʢʦʤʧʣʝʢʩʥʳʡ ʟʘʚʦʜ ʧʦ 
ʚʳʧʫʩʢʫ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ) 

Zn ï 3000,  
W ï 350, Sn ï 115,  

Cu ï 105, Cd ï 75, Pb 
ï 85, Mo ï 35 

Cr ï 5,  
Sr ï 3 

ï 

ʇʨʠʙʦʨʦʩʪʨʦʝʥʠʝ 
(ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʝ 
ʧʨʦʠʟʚʦʜʩʪʚʦ) 

Cd ï 400, W ï 15, Zn ï 
12, Sn ï 10 

Pb ï 5,  
Ag ï 3, 
Cu ï 3 

Mo ï 2, Ni -2, Cr 
ï 2 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ ʠ 
ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʘ 

(ʪʷʞʝʣʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ) 

W ï 47, Zn ï 11, 
Pb ï 10 

Hg ï 9, Cu ï 6,  
Sn ï 6, Ni ï 5, 

Cr ï 4 
ï 

ʍʠʤʠʯʝʩʢʘʷ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

(ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʣʘʩʪʤʘʩʩ) 
Hg ï 45 

Ag ï 6, Cu ï 4, 
Zn ï 4 

Pb ï 2, Ni ï 2 
Co ï 2, Cr ï 2 

ʇʨʦʠʟʚʦʜʩʪʚʦ 
ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ (ʮʝʤʝʥʪʥʳʡ 

ʟʘʚʦʜ) 

 
ï 

Hg ï 3, Sr ï 3, 
Zn ï 3 

Mo ï 2,  
Co ï 2, Ni ï 2, 

Cu ï 2 
 
ʃʦʢʘʣʴʥʳʝ ʪʝʭʥʦʛʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʦʙʨʘʟʫʶʪʩʷ ʪʘʢʞʝ ʚʦʢʨʫʛ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʩʳʨʴʝ, ʩʦʜʝʨʞʘʱʝʝ ʤʝʪʘʣʣʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʝʡ 
(ʥʘʧʨʠʤʝʨ, ʩʫʧʝʨʬʦʩʬʘʪʥʳʝ ʟʘʚʦʜʳ). ʂ ʯʠʩʣʫ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʪʫʧʣʝʥʠʷ 
ʤʝʪʘʣʣʦʚ ʚ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʦʪʥʦʩʷʪʩʷ ʠ ʛʦʨʦʜʩʢʠʝ ʪʝʨʨʠʪʦʨʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʤʝʨʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʨʘʩʪʫʪ ʤʘʩʰʪʘʙʳ 
ʟʘʛʨʷʟʥʝʥʠʷ ʙʠʦʩʬʝʨʳ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʇʨʠ ʵʪʦʤ ʥʝʛʘʪʠʚʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʚ ʪʦʡ ʠʣʠ 
ʠʥʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʞʝʥʳ ʚʩʝ ʝʝ ʢʦʤʧʦʥʝʥʪʳ. ɺ ʩʠʣʫ ʥʘʣʠʯʠʷ ʪʝʩʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʠ 
ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʨʠʨʦʜʥʳʤʠ ʩʨʝʜʘʤʠ ʧʨʠ ʦʮʝʥʢʝ ʟʘʛʨʷʟʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 
ʫʯʠʪʳʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʠ ʥʘʢʦʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚʦ ʚʩʝʭ ʩʨʝʜʘʭ ï 
ʧʦʯʚʘʭ, ʚʦʜʘʭ ʠ ʚʦʟʜʫʭʝ. ɺʝʜʴ ʯʘʩʪʦ ʘʪʤʦʩʬʝʨʘ ʩʣʫʞʠʪ ʚʪʦʨʠʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ 
ʧʦʯʚ ʠ ʚʦʜ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛʫʪ ʩʪʘʪʴ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ. ɺ ʵʪʦʡ 
ʩʚʷʟʠ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʧʝʨʝʥʦʩʠʤʳʭ  
ʚ ʩʠʩʪʝʤʝ çʧʦʯʚʘ ï ʚʦʟʜʫʭè, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ 
ʦʢʝʘʥïʚʦʟʜʫʭ. ɸʥʪʨʦʧʦʛʝʥʥʳʡ ʚʢʣʘʜ ʚ ʤʠʛʨʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʝʥ ʜʣʷ Cd, Pb, 
Zn, Ni, Cu ʠ Mn. 

8.3. ʄʠʛʨʘʮʠ ̫ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʩʨʝʜʘʭ 

ʀʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ, 

ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʜʝʨʞʘʥʠʝʤ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʟʥʘʥʠʷ ʬʘʢʪʦʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʜʚʠʞʥʦʩʪʴ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʚʝʜʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʚʦ 

ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʤʠʛʨʘʮʠʦʥʥʳʭ ʬʦʨʤ ʠ ʚʢʣʘʜʘ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʚ ʦʙʱʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʮʝʥʢʠ ʪʦʢʩʠʯʥʦʩʪʠ 

ʊʄ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʴʢʦ ʠʭ ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ. ʅʝʦʙʭʦʜʠʤʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ 

ʬʦʨʤʳ ʤʝʪʘʣʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʬʠʟʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ: ʦʢʠʩʣʝʥʥʳʝ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ, ʤʝʪʠʣʠʨʦʚʘʥʥʳʝ, ʭʝʣʘʪʠʨʦʚʘʥʥʳʝ ʠ ʜʨ. ʅʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʣʘʙʠʣʴʥʳʝ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʙʠʦʭʠʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʠʥʪʝʥʩʠʚʥʦ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ. ɺ ʪʘʙʣ. 8.29 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʠʛʨʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʘʣʠʯʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʠʭ ʦʩʘʞʜʝʥʠʶ ʠ 

ʥʘʢʦʧʣʝʥʠʶ.  
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ʊʘʙʣʠʮʘ 8.29 

ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ [26]  

ʉʚʦʡʩʪʚʘ Cd Co Cu Hg Ni Pb Zn 

ɹʠʦʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ  ɺ  ɺ  ɺ  ɺ  ɺ  ɺ  ɺ 

ʊʦʢʩʠʯʥʦʩʪʴ  ɺ  ʋ  ʋ  ɺ  ʋ  ɺ  ʋ 

ʂʘʥʮʝʨʦʛʝʥʥʦʩʪʴ  -  ɺ  -  -  ɺ  ï   - 

ʆʙʦʛʘʱʝʥʠʝ ʘʵʨʦʟʦʣʝʡ  ɺ  ʅ  ɺ  ɺ  ʅ  ɺ  ɺ 

ʄʠʥʝʨʘʣʴʥʘʷ ʬʦʨʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ɺ ɺ ʅ ɺ ʅ ɺ ʅ 

ʆʨʛʘʥʠʯʝʩʢʘʷ ʬʦʨʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ɺ ɺ ɺ ɺ ɺ ɺ ɺ 

ʇʦʜʚʠʞʥʦʩʪʴ ɺ ʅ ʋ ɺ ʅ ɺ ʋ 

ʊʝʥʜʝʥʮʠʷ ʢ ʙʠʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʶ ɺ ɺ ʋ ɺ ɺ ɺ ʋ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ɺ ʋ ɺ ɺ ʋ ɺ ɺ 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ 
ʋ ʅ ɺ ʋ ʅ ʅ ɺ 

ʉʢʣʦʥʥʦʩʪʴ ʢ ʛʠʜʨʦʣʠʟʫ  ʋ  ʅ   ɺ  ʋ  ʋ  ʋ  ɺ 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ  ɺ  ʅ  ɺ  ɺ  ʅ  ɺ  ɺ 

ɺʨʝʤʷ ʞʠʟʥʠ  ʅ  ɺ  ɺ  ʅ  ɺ  ʅ  ɺ 

 ʇʨʠʤʝʯʘʥʠʝ: ɺ ï ʚʳʩʦʢʘʷ, ʋ ï ʫʤʝʨʝʥʥʘʷ, ʅ ï ʥʠʟʢʘʷ. 

 

ɺ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʬʦʨʤʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʠʜʝ ʧʳʣʠ ʠ ʘʵʨʦʟʦʣʝʡ, ʘ ʪʘʢʞʝ ʚ ʛʘʟʦʦʙʨʘʟʥʦʡ ʬʦʨʤʝ (ʨʪʫʪʴ). 

ʇʨʠ ʵʪʦʤ ʘʵʨʦʟʦʣʠ Pb, Cd, Cu ʠ Zn ʩʦʩʪʦʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʯʘʩʪʠʮ ʜʠʘʤʝʪʨʦʤ 0,5-1 ʤʢʤ, 

ʘ ʘʵʨʦʟʦʣʠ Ni ʠ Co ï ʠʟ ʢʨʫʧʥʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ï ʙʦʣʝʝ 1 ʤʢʤ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʧʨʠ ʩʞʠʛʘʥʠʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʈʪʫʪʴ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʩʫʱʝʩʪʚʫʝʪ ʚ 

ʦʩʥʦʚʥʦʤ ʚ ʵʣʝʤʝʥʪʥʦʡ ʬʦʨʤʝ ï 90-97%. ʇʨʠ ʵʪʦʤ ʚʢʣʘʜ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʫʨʦʚʥʠ 

ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 30-50% [20].  

ʀʩʪʦʯʥʠʢʘʤʠ ʤʝʪʘʣʣʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʝʩʥʳʭ ʚʦʜʘʭ ʩʣʫʞʘʪ ʣʠʪʦʩʬʝʨʘ, ʘʪʤʦʩʬʝʨʘ 

ʠ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʪʠʧʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʦʯʚ ʠ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʬʦʨʤʠʨʫʝʪ ʩʫʱʝʩʪʚʫʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʝʩʥʦʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʉʫʱʝʩʪʚʝʥʥʳʤ (ʘ ʜʣʷ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ ï 

ʚʝʜʫʱʠʤ) ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʛʠʜʨʦʩʬʝʨʝ, 

ʷʚʣʷʝʪʩʷ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ. ɺ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʪʨʝʭ 

ʬʦʨʤʘʭ: ʚʟʚʝʰʝʥʥʦʡ, ʢʦʣʣʦʠʜʥʦʡ ʠ ʨʘʩʪʚʦʨʝʥʥʦʡ, ʧʦʩʣʝʜʥʷʷ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʚʦʙʦʜʥʳʤʠ ʠʦʥʘʤʠ ʠ ʨʘʩʪʚʦʨʠʤʳʤʠ ʢʦʤʧʣʝʢʩʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ (ʨʠʩ. 8.1).  

ʆʩʥʦʚʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʧʦʩʪʫʧʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠʟ ʘʪʤʦʩʬʝʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚʳ 

ʷʚʣʷʶʪʩʷ ʦʩʘʞʜʝʥʠʝ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʠ ʩʫʭʠʝ ʚʳʧʘʜʝʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʦʙʣʘʜʘʶʪ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʬʦʨʤʳ ʊʄ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʚ ʘʪʤʦʩʬʝʨʝ ʦʢʩʠʜʦʚ ʩʝʨʳ ʠ ʘʟʦʪʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʶ 

ʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʜʘʥʥʳʭ ʤʝʪʘʣʣʦʚ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩʫʣʴʬʘʪʦʚ ʠ ʥʠʪʨʘʪʦʚ). ʈʪʫʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʘʭ ʵʣʝʤʝʥʪʥʦʡ ʬʦʨʤʦʡ, ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʪʫʪʠ ʚ ʦʩʘʜʢʘʭ ʩʦʜʝʨʞʠʪʩʷ ʚ ʚʠʜʝ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

ɺʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ ʦʙʫʩʣʦʚʣʝʥʦ 

ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʚ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʝ. ɺʝʜʫʱʫʶ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʫʨʦʚʥʝʡ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʛʨʘʶʪ ʛʝʥʝʟʠʩ, ʧʝʪʨʦʭʠʤʠʷ ʠ 

ʬʘʮʠʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʤʘʪʝʨʠʥʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʝ 

ʩʚʟ̫ʘʥʦ ʩ ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ, ʢʦʣʠʯʝʩʪʚʦʤ ʚ ʧʦʯʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʢʨʫʛʦʚʦʨʦʪʦʤ ʵʣʝʤʝʥʪʦʚ, ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʩ ʧʨʦʮʝʩʩʘʤʠ ʤʠʛʨʘʮʠʠ ʚ ʧʦʯʚʝʥʥʦ-

ʛʨʫʥʪʦʚʦʤ ʩʣʦʝ ʠ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. 

 



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
ȳ.Ȧ. Ƚɋɖɓɡɛ 
Ʉ.Ȯ. ȧɆɋɈɆ 

 

 

http://izd -mn.com/ 154 

 

 
ʈʠʩʫʥʦʢ 8.1. ʌʦʨʤʳ ʤʠʛʨʘʮʠʠ ʤʝʪʘʣʣʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ [19]  

 

ʄʠʛʨʘʮʠʷ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ 

ʇʨʠ ʘʥʘʣʠʟʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʳʤ ʬʘʢʪ 

ʚʳʩʦʢʦʡ ʧʨʠʨʦʜʥʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʘʞʝ ʚ ʧʨʝʜʝʣʘʭ 

ʦʜʥʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʪʠʧʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʛʠʦʥʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʯʚ. ʏʘʩʪʦ ʜʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʣʣʦʚ ʚ 

ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʪʠʧʝ ʧʦʯʚ ʨʘʟʣʠʯʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʝʨʝʢʨʳʚʘʝʪ ʠʭ ʨʘʟʙʨʦʩ ʚ ʩʦʚʝʨʰʝʥʥʦ 

ʨʘʟʥʳʭ ʧʦ ʛʝʥʝʟʠʩʫ ʠ ʩʚʦʡʩʪʚʘʤ ʧʦʯʚʘʭ, ʯʪʦ ʜʝʣʘʝʪ ʚʳʷʚʣʝʥʠʝ ʯʝʪʢʠʭ ʨʘʟʣʠʯʠʡ ʚ ʩʦʜʝʨʞʘʥʠʠ 

ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʧʦʯʚʝʥʥʳʤ ʪʠʧʘʤ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘʜʘʯʘ 

ʦʩʣʦʞʥʷʝʪʩʷ ʛʣʦʙʘʣʴʥʳʤʠ ʤʘʩʰʪʘʙʘʤʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʟʘʪʨʫʜʥʷʶʱʝʛʦ 

ʠʟʫʯʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ. 
ʅʘʧʨʘʚʣʝʥʠʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʝʣʳʤ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, ʚʘʞʥʝʡʰʠʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ-ʥʳʝ ʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ, ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 
ʚʝʱʝʩʪʚʘ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʘ ʪʘʢʞʝ ʚʦʜʥʦ-ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʬʦʥ 
ʨʝʛʠʦʥʘ. ʇʝʨʝʜʚʠʞʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩ ʞʠʜʢʦʩʪʴʶ ʠ 
ʩʫʩʧʝʥʟʠʝʡ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʨʥʝʡ ʨʘʩʪʝʥʠʡ ʠʣʠ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɸʜʩʦʨʙʮʠʷ 
ʤʝʪʘʣʣʦʚ ʢʦʨʥʷʤʠ ʨʘʩʪʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʝʜʥʝʥʠʶ ʥʠʞʥʝʡ ʯʘʩʪʠ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦʯʚʳ 
ʜʘʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʦʙʦʛʘʱʝʥʠʶ ʚʝʨʭʥʝʡ ʝʛʦ ʯʘʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʣʦʞʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ 
ʦʩʪʘʪʢʦʚ.  

ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʝʪʘʣʣʦʚ ʧʦ ʧʨʦʬʠʣʶ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠ ʘʢʪʠʚʥʦʩʪʴ ʧʦʯʚʝʥʥʳʭ 
ʦʨʛʘʥʠʟʤʦʚ. ʇʨʠ ʵʪʦʤ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ 
ʤʠʛʨʘʮʠʷ ʚ ʞʠʜʢʦʡ ʬʘʟʝ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʤʝʪʘʣʣʦʚ ʧʦʧʘʜʘʝʪ ʚ ʧʦʯʚʫ ʚ ʬʦʨʤʝ 
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ʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʚ ʚʠʜʝ ʩʫʩʧʝʥʟʠʡ, ʠ ʬʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 
ʤʝʪʘʣʣʘʤʠ ʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʯʚʳ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʛʨʘʥʠʮʝ ʞʠʜʢʦʡ ʠ ʪʚʝʨʜʦʡ ʬʘʟ. ʇʦ ʩʪʝʧʝʥʠ 
ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʧʦʯʚ ʚʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʝ ʬʦʨʤʳ: ʧʨʝʜʢʦʣʣʦʠʜʥʫʶ 
ʥʝʨʘʩʪʚʦʨʠʤʫʶ (ʚʟʚʝʩʴ ʣʠʟʠʤʝʪʨʠʯʝʩʢʠʭ ʚʦʜ), ʢʦʣʣʦʠʜʥʫʶ ʠ ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦʨʠʤʫʶ. 
ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʚʝʱʝʩʪʚʝ ʤʦʛʫʪ ʙʳʪʴ ʚ ʩʦʩʪʘʚʝ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ (ʘʢʮʝʩʩʦʨʥʳʝ ʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ), ʚ ʬʦʨʤʝ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 
(ʛʠʜʨʦʢʩʠʜʦʚ), ʚ ʩʦʩʪʘʚʝ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ɻʂ ʠ ʌʂ-ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʚ ʬʦʨʤʝ ʩʣʦʞʥʳʭ 
ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʨʙʮʠʠ ʛʣʠʥʠʩʪʳʤʠ 
ʤʠʥʝʨʘʣʘʤʠ ʠ ʛʠʜʨʦʢʩʠʜʘʤʠ ʛʫʤʫʩʦʚʳʭ ʠ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʦʟʤʦʞʥʳʤʠ 
ʩʦʝʜʠʥʝʥʠʷʤʠ ʢʦʣʣʦʠʜʥʦʡ ʛʨʫʧʧʳ ʊʄ ʤʦʛʫʪ ʙʳʪʴ ʤʠʥʝʨʘʣʴʥʳʝ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʦ-
ʤʠʥʝʨʘʣʴʥʳʝ ʬʦʨʤʳ. ɺ ʩʦʩʪʘʚʝ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʳ ʤʦʛʫʪ 
ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ  
ʚ ʬʦʨʤʝ ʢʦʤʧʣʝʢʩʥʳʭ ʭʝʣʘʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʩʣʦʞʥʳʭ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 
ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʨʙʮʠʠ ʤʝʪʘʣʣʦʚ ʢʦʣʣʦʠʜʥʳʤ 
ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʥʳʭ ʛʠʜʨʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ, ʘʣʶʤʠʥʠʷ ʠ 
ʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʥʘ ʥʠʭ ʤʦʣʝʢʫʣʘʤʠ ɻʂ ʠ ʌʂ. ɺʦʟʤʦʞʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠʩʪʠʥʥʦʛʦ 
ʨʘʩʪʚʦʨʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʩʪʳʝ ʠ ʢʦʤʧʣʝʢʩʥʳʝ ʠʦʥʳ ʠ ʤʦʣʝʢʫʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʨʛʘʥʦ-
ʤʠʥʝʨʘʣʴʥʳʝ ʭʝʣʘʪʠʨʫʶʱʠʝ. ʋʯʠʪʳʚʘʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʬʫʣʴʚʘʪʥʳʡ ʩʦʩʪʘʚ ʧʦʯʚʝʥʥʳʭ ʚʦʜ 
ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʌʂ-ʩʦʝʜʠʥʝʥʠʡ ʢ ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʠ ʭʠʤʠʯʝʩʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ, ʥʘʠʙʦʣʝʝ 
ʚʝʨʦʷʪʥʦ, ʯʪʦ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʌʂ-ʢʦʤʧʣʝʢʩʘʤʠ.  

ʂ ʤʝʭʘʥʠʟʤʘʤ ʟʘʢʨʝʧʣʝʥʠʷ ʊʄ ʧʦʯʚʦʡ ʦʪʥʦʩʷʪʩʷ: ʦʙʤʝʥʥʘʷ ʘʜʩʦʨʙʮʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʣʠʥ ʠ ʛʫʤʫʩʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʛʫʤʫʩʦʤ, ʘʜʩʦʨʙʮʠʷ ʠ ʦʢʢʣʶʟʠʷ 

ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʤʠ ʦʢʠʩʣʘʤʠ ʘʣʶʤʠʥʠʷ, ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ ʠ ʜʨ., ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ. ʅʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʘʤʠʭ ʤʝʪʘʣʣʦʚ, ʪʘʢ ʠ 

ʩʦʩʪʘʚʦʤ ʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚ, ʘ ʪʘʢʞʝ ʬʘʢʪʦʨʘʤʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʦʯʚʘʭ, ʛʜʝ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘʤʥʦʛʦ ʚʳʰʝ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʘʜʩʦʨʙʮʠʠ 

ʤʝʪʘʣʣʦʚ, ʧʨʦʮʝʩʩʳ ʦʩʘʞʜʝʥʠʷ ʠ ʨʘʩʪʚʦʨʝʥʠʷ ʥʘʯʠʥʘʶʪ ʠʛʨʘʪʴ ʚʝʜʫʱʫʶ ʨʦʣʴ.  

ʂ ʦʩʥʦʚʥʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʧʦʜʚʠʞʥʦʩʪʴ ʤʝʪʘʣʣʦʚ, 

ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʚʳ:  

¶ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʫʩʣʦʚʠʷ; 

¶ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ; 

¶ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ; 

¶ ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 
ɺʣʠʷʥʠʝ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʩʪʝʧʝʥʴ ʧʦʜʚʠʞʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʝ 

ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʫʯʘʩʪʠʝʤ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ 
ʩʦʝʜʠʥʝʥʠʡ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʟʥʘʢʘ ʠ ʚʝʣʠʯʠʥʳ ʟʘʨʷʜʘ ʠʭ ʯʘʩʪʠʮ ʚ ʨʘʩʪʚʦʨʝ. ʆʪ ʪʦʛʦ,  
ʚ ʢʘʢʦʡ ʬʦʨʤʝ ï ʚ ʬʦʨʤʝ ʢʘʪʠʦʥʘ, ʘʥʠʦʥʘ ʠʣʠ ʥʝʡʪʨʘʣʴʥʦʡ ʯʘʩʪʠʮʳ ï ʥʘʭʦʜʠʪʩʷ ʵʣʝʤʝʥʪ ʚ 
ʨʘʩʪʚʦʨʝ, ʟʘʚʠʩʠʪ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ, ʫʜʝʨʞʠʚʘʝʤʦʝ ʧʦʯʚʦʡ, ʘ ʪʘʢʞʝ ʧʨʦʯʥʦʩʪʴ ʜʘʥʥʦʡ ʩʚʷʟʠ. 
ɿʥʘʯʝʥʠʝ ʨʅ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 
ʚʝʣʠʯʠʥʫ ʩʦʨʙʮʠʠ ʠʦʥʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 
ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʦ ʠʦʥʳ ʙʦʣʴʰʠʥʩʪʚʘ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʟʘʢʨʝʧʣʷʶʪʩʷ ʚ ʧʦʯʚʝ ʧʨʠ 
ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʅ, ʪʘʢ ʢʘʢ ʠʦʥʳ ʚʦʜʦʨʦʜʘ ʧʨʠ ʚʳʩʦʢʦʡ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʨʝʜʝ ʩʦʟʜʘʶʪ ʢʦʥʢʫʨʝʥʮʠʶ ʜʣʷ ʤʝʪʘʣʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʦʨʙʮʠʠ, ʚ 
ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʨʘʩʪʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ.  

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʅ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʙʦʣʴʰʠʥʩʪʚʘ 
ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ Pb, ʉd, Cu, Zn, Ni, Mn, Fe, Co, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʠʭ ʤʦʙʠʣʴʥʦʩʪʴ ʚ 
ʩʠʩʪʝʤʝ ʪʚʝʨʜʘʷ ʬʘʟʘ ï ʨʘʩʪʚʦʨ. ɼʨʫʛʠʝ ʵʣʝʤʝʥʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʄʦ, ʤʦʙʠʣʠʟʫʝʪʩʷ ʚ ʱʝʣʦʯʥʳʭ 
ʧʦʯʚʘʭ; ʚ ʢʠʩʣʳʭ ʫʩʣʦʚʠʷʭ ʦʥʠ ʧʝʨʝʭʦʜʷʪ ʚ ʩʣʘʙʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ.             

ɺʣʠʷʥʠʝ ʨʅ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʊʄ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʤʦʞʥʦ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʥʘ ʧʨʠʤʝʨʝ ʨʷʜʦʚ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʩ ʬʫʣʴʚʦʢʠʩʣʦʪʘʤʠ 

[23]: 

ʧʨʠ ʨʅ = 3    Cu>Ni>Co>Pb>Ca>Zn>Mn>Mg; 

ʧʨʠ pH = 4    Ni>Co>Pb>Cu>Zn>Mn>Ca>Mg. 
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ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʣʠʷʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʪʦ ʨʷʜʦʤ ʨʘʙʦʪ 

ʫʩʪʘʥʦʚʣʝʥʘ ʦʙʱʘʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʊʄ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ï ʜʦʣʷ ʠʭ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʧʦʪʝʥʮʠʘʣʝ [42, 45]. 

 ɺʝʣʠʢʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʚʝʜʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ʦʪ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʧʦʣʫʪʦʨʥʳʭ ʦʢʠʩʣʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʫʜʝʨʞʠʚʘʪʴ ʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʭʝʤʦʩʦʨʙʮʠʠ, ʦʩʘʞʜʝʥʠʷ ʠ ʦʢʢʣʶʟʠʠ.  

ɺ ʮʝʣʦʤ ʦʙʤʝʥʥʘʷ ʝʤʢʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ, ʚʝʨʤʠʢʫʣʠʪ > ʠʣʣʠʪ, ʭʣʦʨʠʪ > ʢʘʦʣʠʥʠʪ > ʛʘʣʣʫʘʟʠʪ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʛʣʠʥ ʩʚʷʟʳʚʘʪʴ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʢʦʨʨʝʣʠʨʫʝʪ ʠ ʠʭ ʝʤʢʦʩʪʴʶ ʦʙʤʝ- 

ʥʘ ï ʯʝʤ ʙʦʣʴʰʝ ʝʤʢʦʩʪʴ, ʪʝʤ ʙʦʣʴʰʝ ʠ ʢʦʣʠʯʝʩʪʚʦ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʢʘʪʠʦʥʦʚ. ʇʦ ʚʝʣʠʯʠʥʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʩʳʱʝʥʠʷ Cu, Zn, Mn, Pb ʠ Hg ʤʠʥʝʨʘʣʳ ʦʙʨʘʟʫʶʪ ʫʙʳʚʘʶʱʠʡ ʨʷʜ: 

ʛʠʜʨʦʦʢʩʠʜ ʘʣʶʤʠʥʠʷ > ʙʝʥʪʦʥʠʪ > ʛʠʜʨʦʤʫʩʢʦʚʠʪ > ʢʘʦʣʠʥʠʪ. ʆʜʥʘʢʦ ʧʨʦʯʥʦʩʪʴ ʬʠʢʩʘʮʠʠ 

ʧʨʠ ʵʪʦʤ ʨʘʟʣʠʯʥʘ. ʊʘʢ, ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ ʧʦʛʣʦʱʘʝʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʣʣʦʚ, ʯʝʤ 

ʢʘʦʣʠʥʠʪ, ʥʦ ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʠ ʤʝʥʴʰʝ.  

 ʅʘʢʦʧʣʝʥʥʳʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʙʦʣʴʰʦʡ ʨʦʣʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʚ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʊʄ. ʊʘʢ, ʨʘʙʦʪʳ ɺ.ʉ. 

ɸʨʞʘʥʦʚʦʡ ʠ ʇ.ɺ. ɽʣʧʘʪʴʝʚʩʢʦʛʦ [2] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʯʘʩʪʴ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 

(63-90%) ʦʪ ʠʩʭʦʜʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚ ʣʠʟʠʤʝʪʨʠʯʝʩʢʠʭ ʚʦʜʘʭ ʩʚʷʟʘʥʘ ʩ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ. ʇʨʠ ʵʪʦʤ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʩ ʊʄ ʦʙʣʘʜʘʶʪ 

ʢʘʢ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ, ʪʘʢ ʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʬʨʘʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʇʦʩʣʝʜʥʠʝ ï ʦʩʥʦʚʥʦʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʡ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʮʠʥʢʘ, ʢʘʜʤʠʷ ʠ ʤʘʨʛʘʥʮʘ, ʪʦʛʜʘ 

ʢʘʢ ʩʚʠʥʝʮ ʠ ʤʝʜʴ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʩʚʷʟʳʚʘʶʪʩʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʬʨʘʢʮʠʷʤʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ.  

ʅʘʯʘʣʴʥʳʤ ʵʪʘʧʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʩʪʦʢʘ ʷʚʣʷʶʪʩʷ ʨʘʩʪʚʦʨʳ 

ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʠʩʪʠʥʥʦ ʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ ʜʣʷ 

ʚʩʝʭ ʢʣʘʩʩʦʚ ʣʘʥʜʰʘʬʪʦʚ ï ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ. ʀʥʬʠʣʴʪʨʘʮʠʷ ʯʝʨʝʟ ʥʠʞʝʣʝʞʘʱʠʝ 

ʛʦʨʠʟʦʥʪʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʚʝʜʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʤʝʪʘʣʣʦʚ 

ʠʟ ʨʘʩʪʚʦʨʘ ʠ ʫʩʣʦʞʥʝʥʠʝʤ ʬʦʨʤ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʝʥ ʵʪʦʪ ʧʨʦʮʝʩʩ ʜʣʷ 

ʤʝʪʘʣʣʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʬʨʘʢʮʠʷʤʠ ʨʘʩʪʚʦʨʠʤʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ï ʜʣʷ Pb ʠ Cu, ʤʠʛʨʠʨʫʶʱʠʭ ʚ ʦʩʥʦʚʥʦʤ ʚ ʩʦʩʪʘʚʝ ʢʦʣʣʦʠʜʥʦʡ ʠ 

ʚʟʚʝʰʝʥʥʦʡ ʬʦʨʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ Zn, Cd ʠ Mn, ʚ ʦʩʥʦʚʥʦʤ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʬʨʘʢʮʠʷʤʠ, ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʠʟʢʫʶ ʜʦʣʶ ʩʣʦʞʥʳʭ ʬʦʨʤ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ 

ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʫʶ ʤʠʛʨʘʮʠʶ ʚ ʩʦʩʪʘʚʝ ʠʩʪʠʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʚʦʜʥʘʷ ʤʠʛʨʘʮʠʷ ʊʄ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠʭ ʤʠʛʨʘʮʠʦʥʥʳʭ ʬʦʨʤ ʪʝʩʥʦ 

ʩʚʷʟʘʥʳ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, ʪʦ ʝʩʪʝʩʪʚʝʥʥʦ ʙʳʣʦ ʙʳ ʦʞʠʜʘʪʴ, ʯʪʦ ʠ ʟʘʢʨʝʧʣʝʥʠʝ 

ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʪʘʢʞʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʜʦʣʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ 

ʧʨʦʮʝʩʩʘʤʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʧʨʦʮʝʩʩʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ 

ʧʦʜʚʠʞʥʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʝʨʝʭʦʜ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠʟ 

ʨʘʩʪʚʦʨʘ, ʪʦ ʝʩʪʴ ʠʭ ʟʘʢʨʝʧʣʝʥʠʝ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ ʢʦʘʛʫʣʷʮʠʠ ʯʘʩʪʠʮ ʠʟ ʩʫʩʧʝʥʟʠʠ, 

ʦʩʘʞʜʝʥʠʷ, ʘʜʩʦʨʙʮʠʠ ʠ ʜʠʬʬʫʟʠʠ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ (ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʨʝʰʝʪʢʫ). ʀʟʫʯʝʥʠʶ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ 

ʧʦʣʫʯʝʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʟʘʢʨʝʧʣʝʥʠʷ ʊʄ ʚ ʧʦʯʚʘʭ, ʦʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʚʳʚʦʜʳ ʯʘʩʪʦ ʚʝʩʴʤʘ ʨʘʟʥʦʨʝʯʠʚʳ. ɺ ʧʦʯʚʘʭ ʠ ʛʦʨʠʟʦʥʪʘʭ, ʙʦʛʘʪʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, ʬʠʢʩʘʮʠʷ ʩʚʠʥʮʘ, ʢʘʜʤʠʷ ʠ ʮʠʥʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ  

ʚ ʦʩʥʦʚʥʦʤ ʩʦʝʜʠʥʝʥʠʷʤʠ ʛʫʤʫʩʘ, ʚ ʧʦʯʚʘʭ ʤʘʣʦʛʫʤʫʩʥʳʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ï 

ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʠ ʧʦʣʫʪʦʨʥʳʤʠ ʦʢʠʩʣʘʤʠ. ʆʜʥʘʢʦ ʩʧʝʮʠʬʠʢʘ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʦʯʚ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ ʜʘʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ.  

ʋʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʚʦʜʥʦʤ ʵʢʩʪʨʘʢʪʝ, ʥʘʭʦʜʷʱʝʤʩʷ ʚ 

ʨʘʚʥʦʚʝʩʠʠ ʩ ʪʚʝʨʜʦʡ ʬʘʟʦʡ ʧʦʯʚʳ, ʤʦʞʝʪ ʜʘʪʴ ʦʪʚʝʪ: ʥʘʭʦʜʷʪʩʷ ʣʠ ʤʝʪʘʣʣʳ ʚ ʧʦʯʚʝ ʚ ʚʠʜʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʪʚʝʨʜʦʬʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʦʢʩʠʜʳ, ʛʠʜʨʦʢʩʠʜʳ, ʢʘʨʙʦʥʘʪʳ, ʬʦʩʬʘʪʳ ʠ ʜʨ.) 

ʣʠʙʦ ʦʥʠ ʥʝ ʦʙʨʘʟʫʶʪ ʦʪʜʝʣʴʥʳʭ ʪʚʝʨʜʳʭ ʬʘʟ ʦʩʘʜʢʦʚ, ʘ ʘʜʩʦʨʙʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʤʠ 

ʧʦʯʚʝʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ (ʤʠʥʝʨʘʣʘʤʠ, ʛʫʤʫʩʦʤ, ʦʢʩʠʜʘʤʠ ʠ ʛʠʜʨʦʢʩʠʜʘʤʠ Fe, Mn ʠ Al). ɺ 
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ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʨʘʚʥʦʚʝʩʠʝʤ ʨʝʘʢʮʠʠ ʦʩʘʞʜʝʥʠʷ-

ʨʘʩʪʚʦʨʝʥʠʷ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʵʪʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ. ʂʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʡ ʨʝʘʢʮʠʡ ʦʩʘʞʜʝʥʠʷ-ʨʘʩʪʚʦʨʝʥʠʷ ʦʧʨʝʜʝʣʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʣʠ ʨʘʩʩʯʠʪʘʥʳ ʠʟ ʚʝʣʠʯʠʥ ʩʚʦʙʦʜʥʳʭ ʵʥʝʨʛʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʤʥʦʛʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʊʄ ʠ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪ ʠʤʝʥʥʦ ʵʪʦʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ, ʭʦʪʷ ʠ 

ʥʝʩʢʦʣʴʢʦ ʚʘʨʴʠʨʫʶʪ ʜʣʷ ʜʘʥʥʦʛʦ ʦʩʘʜʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʝʛʦ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥ-

ʥʦʩʪʠ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʦʯʚ ʨʘʩʪʚʦʨʳ ʥʝʜʦʩʳʱʝʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʧʦʵʪʦʤʫ ʚʝʜʫʱʠʤʠ ʚ ʟʘʢʨʝʧʣʝʥʠʠ ʤʝʪʘʣʣʦʚ ʙʫʜʫʪ 

ʧʨʦʮʝʩʩʳ ʘʜʩʦʨʙʮʠʠ. ʇʨʠ ʵʪʦʤ ʩʚʠʥʮʫ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ ʩʚʦʡʩʪʚʝʥʥʘ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ, ʯʝʤ ʢʘʜʤʠʶ ʠ ʮʠʥʢʫ, ï ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʩʚʠʥʮʘ ʚʳʰʝ ʧʨʠʤʝʨʥʦ ʚ 1000 ʨʘʟ. 

ʊʦʣʴʢʦ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ ʧʦʯʚʘʭ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʦʥʠ ʙʫʜʫʪ ʦʩʘʞʜʘʪʴʩʷ 

ʚ ʚʠʜʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʪʚʝʨʜʦʬʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʘʥʥʳʝ ʚʳʚʦʜʳ ʩʦʛʣʘʩʫʶʪʩʷ ʠ ʩ 

ʧʨʦʚʝʜʝʥʥʳʤʠ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʨʦʮʝʩʩʦʚ ʧʦʛʣʦʱʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʜʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʦʡ ʧʦʯʚʦʡ ʠ ʯʝʨʥʦʟʝʤʦʤ [38]. ɺ ʢʠʩʣʦʡ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʧʦʯʚʝ ʦʙʥʘʨʫʞʝʥʦ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʮʠʥʢʘ, ʩʚʠʥʮʘ, ʤʝʜʠ, ʥʠʢʝʣʷ ʠ ʮʠʥʢʘ, ʜʣʷ 

ʯʝʨʥʦʟʝʤʘ ʭʘʨʘʢʪʝʨʥʘ ʛʦʨʘʟʜʦ ʤʝʥʴʰʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʧʦʯʚʝ ʮʠʥʢʘ, ʩʚʠʥʮʘ ʠ ʢʘʜʤʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʤʦʙʠʣʴʥʦʩʪʠ ʮʠʥʢʘ ʠ 

ʢʘʜʤʠʷ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʲʷʩʥʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʢʫʨʝʥʮʠʠ ʊʄ ʟʘ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʚ 

ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʭ ʩ ʧʦʯʚʘʤʠ. ʇʦʜʚʠʞʥʦʩʪʴ ʩʚʠʥʮʘ ʧʨʠ ʵʪʦʤ ʥʝ ʠʟʤʝʥʷʝʪʩʷ.  

ʇʨʠ ʦʮʝʥʢʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʤʠʛʨʘʮʠʶ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʚ ʧʦʯʚʘʭ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʬʦʨʤ ʨʝʣʴʝʬʘ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ ʠ ʩʝʟʦʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʟʘʧʘʩʦʚ ʚʣʘʛʠ. ʆʜʥʘʢʦ ʧʦʤʠʤʦ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʠ ʪʦ 

ʦʛʨʦʤʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʢʦʪʦʨʦʝ ʦʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʨʦʜʥʳʝ ʩʨʝʜʳ ʭʦʟʷʡʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʯʝʣʦʚʝʢʘ.  

ʈʝʟʫʣʴʪʘʪʦʤ ʩʦʚʦʢʫʧʥʦʛʦ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʤʠʛʨʘʮʠʠ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʠʷ ʚ ʭʘʨʘʢʪʝʨʝ ʧʨʦʬʠʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ.  

ʇʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʊʄ ʧʦ ʧʨʦʬʠʣʶ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʦʙʫʩʣʦʚʣʝʥʳ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʝ ʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʝʥʝʟʠʩʦʤ, ʧʝʪʨʦʭʠʤʠʝʡ ʠ ʬʘʮʠʘʣʴʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʤʘʪʝʨʠʥʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ʠ 

ʧʨʦʮʝʩʩʘʤʠ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʠʥʮʘ ʠ ʢʘʜʤʠʷ ʧʦ ʧʨʦʬʠʣʶ ʜʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʦʡ ʧʦʯʚʳ (ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ.), ʯʝʨʥʦʟʝʤʘ ʪʠʧʠʯʥʦʛʦ (ʂʫʨʩʢʘʷ ʦʙʣ.) ʠ ʢʨʘʩʥʦʟʝʤʘ 

(ɿʘʧʘʜʥʘʷ ɻʨʫʟʠʷ ï ɸʜʞʘʨʠʷ) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 8.2 ʠ 8.3 [36]; ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ ʧʦ ʧʨʦʬʠʣʶ ʩʦʣʦʥʮʦʚ, ʣʫʛʦʚʳʭ ʠ ʩʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʳʭ ʧʦʯʚ (ɸʩʪʨʘʭʘʥʩʢʘʷ 

ʦʙʣ.) ï ʥʘ ʨʠʩ. 8.4 [4].  

ɼʣʷ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʧʦʯʚʳ, ʢʘʢ ʜʣʷ ʩʚʠʥʮʘ, ʪʘʢ ʠ ʜʣʷ ʢʘʜʤʠʷ, ʭʘʨʘʢʪʝʨʝʥ ʚʳʥʦʩ 

ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʧʦʜʟʦʣʠʩʪʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ ʥʘʢʦʧʣʝʥʠʝ ʚ ʥʠʞʝʣʝʞʘʱʝʤ ʠʣʣʶʚʠʘʣʴʥʦʤ 

ʛʦʨʠʟʦʥʪʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʟʫʝʪʩʷ ʜʚʘ ʤʘʢʩʠʤʫʤʘ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʜʘʥʥʦʤ ʪʠʧʝ ʧʦʯʚʳ. 

ʏʝʨʥʦʟʝʤʫ ʧʨʠʩʫʱ ʦʜʠʥ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʤʘʢʩʠʤʫʤ ï ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ, 

ʭʦʪʷ ʠ ʥʠʞʥʷʷ ʯʘʩʪʴ ʧʨʦʬʠʣʷ ʩʦʜʝʨʞʠʪ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʣʣʦʚ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʠʥʮʘ ʠ ʢʘʜʤʠʷ ʚ ʢʨʘʩʥʦʟʝʤʝ ʨʘʟʣʠʯʥʳ ʚ ʩʠʣʫ ʦʙʦʛʘʱʝʥʥʦʩʪʠ ʢʨʘʩʥʦʮʚʝʪʥʦʡ 

ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʢʘʜʤʠʝʤ ï ʦʥʘ ʩʦʜʝʨʞʠʪ ʦʢʦʣʦ 1,0 ʤʛ/ʢʛ Cd. ʇʦʵʪʦʤʫ ʜʣʷ ʩʚʠʥʮʘ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʦʜʠʥ ʤʘʢʩʠʤʫʤ ï ʚ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ,  

ʘ ʜʣʷ ʢʘʜʤʠʷ ï ʜʚʘ: ʛʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ ʠ ʥʠʞʥʷʷ ʯʘʩʪʴ ʧʨʦʬʠʣʷ. 

ɺ ʢʦʨʢʦʚʳʭ ʩʦʣʦʥʮʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʠʥ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʤʘʢʩʠʤʫʤ ʩʦʜʝʨʞʘʥʠʷ Pb ʚ 

ʛʫʤʫʩʦʚʦ-ʵʣʶʚʠʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ; ʚ ʣʫʛʦʚʦʡ ʩʠʣʴʥʦʩʦʣʦʥʮʝʚʘʪʦʡ ʧʦʯʚʝ ʤʘʢʩʠʤʫʤ ʦʪʤʝʯʘʝʪʩʷ 

ʚ ʛʦʨʠʟʦʥʪʘʭ BNa ʠ ABNa; ʚ ʩʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʦʡ ʧʦʯʚʝ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʥʘʢʦʧʣʝʥʠʠ ʩʚʠʥʮʘ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʚʳʥʦʩ ʚ ʥʠʞʝʣʝʞʘʱʠʝ ʠʣʣʶʚʠʘʣʴʥʳʝ 

ʛʦʨʠʟʦʥʪʳ. 
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ʈʠʩʫʥʦʢ 8.2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʠʥʮʘ ʧʦ ʧʨʦʬʠʣʶ ʨʘʟʥʳʭ ʪʠʧʦʚ ʧʦʯʚ 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 8.3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʜʤʠʷ ʧʦ ʧʨʦʬʠʣʶ ʨʘʟʥʳʭ ʪʠʧʦʚ ʧʦʯʚ 
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ʈʠʩʫʥʦʢ 8.4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʠʥʮʘ ʧʦ ʧʨʦʬʠʣʶ ʨʘʟʥʳʭ ʪʠʧʦʚ ʧʦʯʚ  

ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ 

 

ʌʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ 

ʇʦʩʪʫʧʘʷ ʚ ʧʦʯʚʫ ʩ ʧʳʣʴʶ ʘʚʪʦʜʦʨʦʛ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʦʩʘʜʢʘʤʠ ʩʪʦʯʥʳʭ 

ʚʦʜ, ʫʜʦʙʨʝʥʠʷʤʠ, ʩʦʝʜʠʥʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʦʜʚʝʨʛʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʉʢʦʨʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʨʘʩʪʚʦʨʝʥʠʷ ʙʫʜʫʪ 

ʟʘʚʠʩʝʪʴ ʢʘʢ ʦʪ ʩʚʦʡʩʪʚ ʩʘʤʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʠ ʦʪ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʦʯʚʝ. ɺ ʠʪʦʛʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ 

ʨʘʚʥʦʚʝʩʠʶ ʩ ʧʨʠʨʦʜʥʳʤʠ ʧʦʯʚʝʥʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʫʪʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 

ʤʦʞʥʦ ʥʘʤʝʪʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʩʚʝʜʝʥʠʷ ʦ ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʠʟʫʯʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʩ 

ʨʘʟʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʯʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʯʚʳ ï ʩʣʦʞʥʳʝ ʛʝʪʝʨʦʛʝʥʥʳʝ ʠ ʧʦʣʠʜʠʩʧʝʨʩʥʳʝ 

ʧʨʠʨʦʜʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʤʥʦʞʝʩʪʚʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʧʦʯʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺʳʜʝʣʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʥʠʭ 

ʩʧʦʩʦʙʥʦ ʥʘʨʫʰʠʪʴ ʧʨʠʨʦʜʥʦʝ ʨʘʚʥʦʚʝʩʠʝ, ʦʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 

ʧʨʠʙʣʠʞʝʥʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʨʝʘʣʴʥʳʭ ʧʦʯʚʘʭ. 

ɺ ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʘ ʧʨʦʷʚʣʷʝʪ ʩʚʦʠ ʙʫʬʝʨʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ, ʧʝʨʝʚʦʜʷ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʝ ʬʦʨʤʳ, ʘ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʝ ï 

ʚ ʙʦʣʝʝ ʤʦʙʠʣʴʥʳʝ, ʪʦ ʝʩʪʴ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʢʦʥʚʝʨʛʝʥʮʠʷ ʧʦʩʪʫʧʠʚʰʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʵʣʝʤʝʥʪʦʚ, ʠʭ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʩʦʝʜʠʥʝʥʠʷ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʩʘʤʦʡ ʧʦʯʚʝ ʢʦʥʢʨʝʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʩʚʦʡʩʪʚ. ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʙʫʬʝʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʯʚʳ ʥʝ ʙʝʩʧʨʝʜʝʣʴʥʘ, ʠ ʩ ʨʦʩʪʦʤ 

ʵʢʟʦʛʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʠ ʪʝʭ ʬʦʨʤ, ʚ 

ʢʦʪʦʨʳʭ ʦʥʠ ʧʦʩʪʫʧʘʶʪ ʚ ʧʦʯʚʫ. 

ʇʦʩʪʫʧʘʶʱʠʝ ʚ ʧʦʯʚʫ ʚ ʩʦʩʪʘʚʝ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʚʳʩʦʢʦʨʘʩʪʚʦʨʠʤʳ. ʉʪʝʧʝʥʴ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʧʨʠ 

ʵʪʦʤ ʦʙʫʩʣʦʚʣʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢʦʤʧʣʝʢʩʦʚ ʢ ʟʘʤʝʱʝʥʠʶ ʦʩʥʦʚʥʳʤʠ ʢʦʥʢʫʨʠʨʫʶʱʠʤʠ 

ʠʦʥʘʤʠ ʉʘ2+ ʠ ʅ+ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʣʠʛʘʥʜʘ ʢ ʨʘʟʣʦʞʝʥʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. ʈʘʟʨʫʰʝʥʠʝ 

ʢʦʤʧʣʝʢʩʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʤʝʪʥʦʤʫ ʩʥʠʞʝʥʠʶ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʝʪʘʣʣʦʚ ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ 

ʛʠʜʨʦʣʠʟʘ, ʦʩʘʞʜʝʥʠʷ ʠ ʦʙʤʝʥʥʳʭ ʨʝʘʢʮʠʡ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʛʣʦʱʘʶʱʝʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʏʘʩʪʴ ʠʦʥʦʚ, ʚʳʜʝʣʠʚʰʠʭʩʷ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 
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ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʦʙʨʘʟʦʚʳʚʘʝʪ ʜʨʫʛʠʝ ʢʦʤʧʣʝʢʩʳ ʨʘʟʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʉʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʚʠʜʝ ʦʢʠʩʣʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ ʪʦʧʣʠʚʘ ʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʨʫʜ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʦʧʘʜʘʷ ʩ ʛʘʟʦʚʳʤʠ ʚʳʙʨʦʩʘʤʠ ʚ 

ʧʦʯʚʫ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳ. ʆʜʥʘʢʦ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ ʚ 

ʯʘʩʪʠʮʘʭ ʧʳʣʠ, ʠʭ ʤʘʣʳʡ ʨʘʟʤʝʨ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʘʤʠ ʙʦʣʴʰʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʧʦʯʚʝʥʥʦʤ 

ʨʘʩʪʚʦʨʝ.  

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʠ ʟʥʘʯʝʥʠʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʬʦʨʤ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʭ ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʚʦʜʥʦʡ ʚʳʪʷʞʢʝ. ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʊʄ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳʤʠ ʜʣʷ ʨʘʩʪʝʥʠʡ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʵʪʘ ʛʨʫʧʧʘ ʩʦʝʜʠʥʝʥʠʡ 

ʧʦʛʣʦʱʘʝʪʩʷ ʨʘʩʪʝʥʠʷʤʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʘ ʦʙʱʘʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʯʚ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚ ʩʦʜʝʨʞʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʩʦʝʜʠʥʝʥʠʡ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʠʤʝʥʥʦ: 

ʚʳʩʦʢʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʧʦʯʚ, ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ 

ʬʨʘʢʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʊʄ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʦʙʤʝʥʥʳʭ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ). ʊʘʢ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʅ.ɸ. ʏʝʨʥʳʭ [35], 

ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ (ʧʝʨʝʭʦʜʷʱʠʭ ʚ ʘʮʝʪʘʪʥʦ-ʘʤʤʦʥʠʡʥʳʡ 

ʙʫʬʝʨʥʳʡ ʨʘʩʪʚʦʨ ʩ ʨʅ = 4,8) ʚ ʢʠʩʣʦʡ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʝ ʩʦʩʪʘʚʠʣʦ: 

ʜʣʷ ʩʚʠʥʮʘ ï 42-67%, ʜʣʷ ʢʘʜʤʠʷ ï 90-96%, ʜʣʷ ʮʠʥʢʘ ï 57-71%, ʜʣʷ ʤʝʜʠ ï 40-62% ʦʪ ʦʙʱʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ. ɺ ʯʝʨʥʦʟʝʤʝ ʪʠʧʠʯʥʦʤ, ʪʘʢʞʝ ʧʦʜʚʝʨʞʝʥʥʦʤ ʟʘʛʨʷʟʥʝʥʠʶ, ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ï 20-42%, 44-48%, 46-65% ʠ 

20-37 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʥʥʳʝ ʧʨʝʢʨʘʩʥʦ 

ʠʣʣʶʩʪʨʠʨʫʶʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʤʦʙʠʣʴʥʦʩʪʴ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʝ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʘ 

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʘʤʠʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʜʚʠʞʥʦʩʪʴ ʢʘʜʤʠʷ ʠ ʮʠʥʢʘ 

ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʩʚʠʥʮʘ ʠ ʤʝʜʠ. 

ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʵʢʟʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʝ ʚʝʩʴʤʘ ʘʢʪʠʚʥʦ ʧʨʦʠʩʭʦʜʠʪ 

ʚʦ ʚʨʝʤʝʥʠ. ʊʘʢ, ʯʝʨʝʟ 8 ʤʝʩ. ʧʦʩʣʝ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʫʶ ʧʦʯʚʫ ZnO 

ʥʘʙʣʶʜʘʣʦʩʴ ʨʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʵʣʝʤʝʥʪʘ (ʦʪ 78,3 ʜʦ 877 

ʤʛ/ʢʛ ʚ ʚʦʜʥʦʡ ʚʳʪʷʞʢʝ ʧʨʠ ʦʙʱʝʤ ʩʦʜʝʨʞʘʥʠʠ 2000 ʤʛ/ʢʛ), ʯʝʨʝʟ ʜʚʘ ʛʦʜʘ ʩ ʤʦʤʝʥʪʘ 

ʧʦʩʪʫʧʣʝʥʠʷ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 150 ʤʛ/ʢʛ, ʯʝʨʝʟ ʜʝʩʷʪʴ ʣʝʪ ï 114 ʤʛ/ʢʛ [34]. ʊʦ ʝʩʪʴ ʩʦ ʚʨʝʤʝʥʝʤ 

ʧʨʦʠʟʦʰʣʦ ʟʘʢʨʝʧʣʝʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʮʠʥʢʘ. ɺ ʦʙʱʝʤ ʚʠʜʝ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʦʢʩʠʜʦʚ ʊʄ ʚ ʧʦʯʚʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʘʨʥʳʡ ʧʨʦʮʝʩʩ ʩʣʝʜʫʶʱʠʭ ʠʟʤʝʥʝʥʠʡ: 

ʨʘʩʪʚʦʨʝʥʠʷ ʦʢʩʠʜʦʚ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʧʦʯʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʘʜʩʦʨʙʮʠʠ 

ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʚʝʨʜʦʡ ʬʘʟʳ ʧʦʯʚ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʪʠʧʘ 

ʘʜʩʦʨʙʮʠʠ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʪʚʝʨʜʦʬʘʟʥʳʭ ʦʩʘʜʢʦʚ ʧʨʠ 

ʧʦʩʪʫʧʣʝʥʠʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʣʣʦʚ.  

ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʤʝʪʘʣʣʦʚ (Zn, Pb, Cu, Cd) ʚ ʬʦʨʤʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ (ʥʠʪʨʘʪʦʚ, 

ʩʫʣʴʬʘʪʦʚ ʠ ʜʨ.) ʯʝʨʝʟ ʛʦʜ ʥʘʙʣʶʜʘʣʦʩʴ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠʭ ʧʦʜʚʠʞʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʯʝʨʝʟ ʜʚʘ ʛʦʜʘ ï ʥʝʢʦʪʦʨʦʝ ʧʦʚʳʰʝʥʠʝ; ʜʘʣʴʥʝʡʰʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʨʠʚʝʣʘ ʢ 

ʫʩʪʘʥʦʚʣʝʥʠʶ ʧʦʜʚʠʞʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʬʦʨʤʘʤʠ ʩʦʝʜʠʥʝʥʠʡ ʊʄ ʚ ʧʦʯʚʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʬʦʨʤʘ 

ʧʦʩʪʫʧʣʝʥʠʷ ʵʣʝʤʝʥʪʘ ʚ ʧʦʯʚʫ ʚʣʠʷʝʪ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʝʛʦ ʩʦʝʜʠʥʝʥʠʡ ʪʦʣʴʢʦ ʥʘ ʥʘʯʘʣʴʥʳʭ 

ʵʪʘʧʘʭ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʧʦʯʚʳ ʠ ʩʚʦʡʩʪʚʘʤʠ ʩʘʤʠʭ 

ʵʣʝʤʝʥʪʦʚ. 

8.4. ʅʘʢʦʧʣʝʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʝʥʠʷʭ 

ʇʦ ʟʘʧʘʩʘʤ, ʝʞʝʛʦʜʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʨʘʟʥʦʦʙʨʘʟʠʶ ʬʦʨʤ, ʩʨʝʜʦʦʙʨʘʟʫʶʱʝʡ ʠ 
ʢʣʠʤʘʪʦʦʙʨʘʟʫʶʱʝʡ ʨʦʣʠ, ʭʦʟʷʡʩʪʚʝʥʥʦʡ, ʥʘʫʯʥʦʡ ʠ ʵʩʪʝʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʦʙʲʝʢʪʘʤ 
ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʠʨʘ ʥʝʪ ʨʘʚʥʳʭ ʩʨʝʜʠ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 
ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʨʝʛʠʦʥʘ ʩʣʫʞʠʪ ʚʘʞʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʢʘʯʝʩʪʚʘ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʉ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 
ʞʠʚʦʪʥʦʛʦ ʤʠʨʘ. ʇʦ ʜʘʥʥʳʤ ɺ.ɸ. ʂʦʚʜʳ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʟʝʤʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʡ ʙʠʦʤʘʩʩʳ 
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ʩʫʰʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ, ʪ/ʛʘ: ʪʨʦʧʠʯʝʩʢʠʝ ʠ ʩʫʙʪʨʦʧʠʯʝʩʢʠʝ ʧʫʩʪʳʥʠ ï 2,5; 
ʩʫʙʙʦʨʝʘʣʴʥʳʝ ʠ ʧʦʣʷʨʥʳʝ ʧʫʩʪʳʥʠ, ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ ï 2,5-5; ʪʫʥʜʨʘ ï 12,5-25; ʣʝʩʦʪʫʥʜʨʘ ï 
ʜʦ 50; ʩʪʝʧʠ, ʩʘʚʘʥʥʳ, ʧʘʤʧʳ, ʤʘʥʛʨʦʚʳʝ ʟʘʨʦʩʣʠ ï 12,5-150; ʪʘʡʛʘ ï ʜʦ 400; ʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ 
ʩʨʝʜʥʝʡ ʧʦʣʦʩʳ ï 400-500; ʪʨʦʧʠʯʝʩʢʠʝ ʣʝʩʘ ï 500-1700. 

ɺ ʈʦʩʩʠʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʝʝ ʪʝʨʨʠʪʦʨʠʠ (1,6 ʤʣʨʜ ʛʘ, ʠʣʠ 94% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʩʫʰʠ) 
ʧʦʢʨʳʪʘ ʜʨʝʚʝʩʥʦʡ ʠ ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. ʈʘʩʪʠʪʝʣʴʥʳʡ ʤʠʨ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 
ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. ʇʨʠ ʵʪʦʤ ʣʝʩʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 
ʦʩʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤ ʪʠʧʦʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʩʪʨʘʥʳ: ʣʝʩʘ ʈʦʩʩʠʠ 
ʩʦʩʪʘʚʣʷʶʪ 22% ʣʝʩʦʚ ʤʠʨʘ. ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʟʝʤʝʣʴ ʣʝʩʥʦʛʦ ʬʦʥʜʘ ʩʦʩʪʘʚʣʷʝʪ 1172,3 ʤʣʥ ʛʘ, 
ʠʣʠ 69% ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. 

ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʥʘʢʦʧʣʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ ʷʚʣʷʝʪʩʷ 
ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʮʝʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 
ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ; ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʠ ʠʥʜʠʢʘʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʨʘʟʥʳʭ 
ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʘʪʴ ʧʨʦʛʥʦʟ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦ ʜʘʥʥʳʤ 
ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʪʝʥʠʡ. 

ɼʘʥʥʳʝ ʧʦ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 
ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢʘʢ ʚ ʦʙʣʘʩʪʠ ʠʟʫʯʝʥʠʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʚʝʱʝʩʪʚʘ, 
ʪʘʢ ʠ ʜʣʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʫʨʦʚʥʝʡ 
ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʧʦʚʳʰʘʝʪʩʷ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚ ʩʚʷʟʠ ʩ 
ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɺ ʫʩʣʦʚʠʷʭ ʢʨʘʡʥʝ ʥʘʧʨʷʞʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʩʣʦʞʠʚʰʝʡʩʷ ʚʦ ʤʥʦʛʠʭ 
ʨʝʛʠʦʥʘʭ ʤʠʨʘ, ʧʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝʨʘʟʨʳʚʥʦ 
ʩʚʷʟʘʥʦ ʩ ʢʦʥʪʨʦʣʝʤ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ɼʣʷ ʚʝʜʝʥʠʷ 
ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʙʣʘʜʘʪʴ ʜʦʩʪʦʚʝʨʥʦʡ 
ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʪʦʢʩʠʯʝʩʢʦʤ ʜʝʡʩʪʚʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʠʭ ʧʦʩʪʫʧʣʝʥʠʷ 
ʠ ʥʘʢʦʧʣʝʥʠʷ ʚ ʨʘʩʪʝʥʠʷʭ. ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʵʪʦʡ ʩʚʷʟʠ ʟʘʜʘʯ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ 
ʩʣʦʞʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʩʚʷʟʘʥʦ ʩ ʠʟʫʯʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʘʢʪʦʨʦʚ, 
ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 
ʤʠʛʨʘʮʠʠ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʵʪʦʤ ʠʤʝʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʤʝʭʘʥʠʟʤʦʚ 
ʧʦʩʪʫʧʣʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʝʥʠʷ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ, ʥʘ 
ʢʘʯʝʩʪʚʦ ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ  
ʚ ʧʦʯʚʘʭ ʨʘʟʥʳʭ ʪʠʧʦʚ ʠ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʪʠʧʘ, ʥʦ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʤʝʭʘʥʠʯʝʩʢʦʤʫ 
ʩʦʩʪʘʚʫ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ ʫʨʦʚʥʶ ʧʣʦʜʦʨʦʜʠʷ. 

ʋʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʨʘʩʪʝʥʠʡ 

ʐʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʢʦʣʝʙʘʥʠʡ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʦʙʫʩʣʦʚʣʝʥ ʜʝʡʩʪʚʠʝʤ 
ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʘʣʠʯʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ, ʩʪʝʧʝʥʴ ʪʝʭʥʦʛʝʥʥʦʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷ, ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʩʚʦʡʩʪʚʘ ʧʦʯʚ, ʩʧʦʩʦʙʥʦʩʪʠ ʛʝʥʦʪʠʧʘ ʥʘʢʘʧʣʠʚʘʪʴ ʪʦʪ ʠʣʠ 
ʠʥʦʡ ʵʣʝʤʝʥʪ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʝʩʪʝʩʪʚʝʥʥʳʝ ʫʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʝʥʠʷʭ 
ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʨʘʡʦʥʦʚ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʜʦʚʦʣʴʥʦ ʧʦʩʪʦʷʥʥʳ ʠ ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ 
ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʪʘʙʣ. 8.30).  

ʊʘʙʣʠʮʘ 8.30 
ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʣʣʦʚ ʚ ʣʠʩʪʴʷʭ ʨʘʩʪʝʥʠʡ, ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ  

(ʦʙʦʙʱʝʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʤʥʦʛʠʭ ʚʠʜʦʚ) (ʮʠʪ. ʧʦ [38] )  

ʕʣʝʤʝʥʪ 
ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʕʣʝʤʝʥʪ 
ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʅʦʨʤʘʣʴʥʘʷ ʊʦʢʩʠʯʥʘʷ ʅʦʨʤʘʣʴʥʘʷ ʊʦʢʩʠʯʥʘʷ 
Ag 0,5 5-10 Mo 0,2-1 10-50 
Cd 0,05-0,2 5-30 Ni 0,1-5 10-100 
Co 0,02-1 15-50 Pb 0,5-10 30-300 
Cr 0,1-0,5 5-30 Sb 7-50 150 
Cu 5-30 20-100 V 0,2-1,5 5-10 
Mn 20-300 300-500 Zn 27-150 100-400 

 

 

ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ 
ʫʩʪʘʥʦʚʣʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʠ ʪʦʢʩʠʯʥʳʭ ʫʨʦʚʥʝʡ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ï ʚʝʩʴʤʘ 
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ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ. ʇʦʥʷʪʠʝ çʬʦʥʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝè ʜʦʚʦʣʴʥʦ ʫʩʣʦʚʥʦ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ 
ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʦʩʪʘʪʦʯʥʦ ʜʠʥʘʤʠʯʥʳ. ʉʦʛʣʘʩʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʣʠʪʝʨʘʪʫʨʥʳʤ 
ʜʘʥʥʳʤ, ʬʦʥʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʤʦʛʫʪ ʩʠʣʴʥʦ 
ʨʘʟʣʠʯʘʪʴʩʷ, ʠʥʦʛʜʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ (ʪʘʙʣ. 8.31 ʠ 8.32). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ ʦʮʝʥʢʝ 
ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʨʘʪʴʩʷ ʥʘ ʤʝʩʪʥʳʝ ʬʦʥʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ 
ʫʯʝʪʦʤ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʣʘʥʜʰʘʬʪʘ.  

ʊʘʙʣʠʮʘ 8.31 
ʉʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʜʠʢʦʨʘʩʪʫʱʠʭ  

ʨʘʩʪʝʥʠʡ ʉʝʤʠʧʘʣʘʪʠʥʩʢʦʛʦ ʇʨʠʠʨʪʳʰʴʷ, ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ [24]  

ɺʠʜ ʨʘʩʪʝʥʠʷ Mn Cu Zn Co Mo 

Asteraceae Dumort. ï ʉʝʤʝʡʩʪʚʦ ʘʩʪʨʦʚʳʝ 

Achillea millefolium L. 

(ʊʳʩʷʯʝʣʠʩʪʥʠʢ 

ʦʙʳʢʥʦʚʝʥʥʳʡ) 

12,6-117,6 4,3-17,0 20,3-52,4 0,08-0,56 0,31-1,25 

Artemisia arenaria DC. 

(ʇʦʣʳʥʴ ʧʝʩʯʘʥʘʷ) 
13,6-51,2 3,0-8,8 10,0-31,7 0,09-0,49 0,10-0,48 

Aster eremophilus Bge. 

(ɸʩʪʨʘ ʧʫʩʪʳʥʥʦʩʪʝʧʥʘʷ) 
28,7-98,7 3,8-14,8 24,5-70,2 0,13-0,50 0,27-1,18 

Centaurea sibirica L. 

(ɺʘʩʠʣʝʢ ʩʠʙʠʨʩʢʠʡ) 
17,4-45,6 2,1-8,7 12,5-29,8 0,10-0,43 0,10-0,75 

Betulaceae S.F. Gray. ï ʉʝʤʝʡʩʪʚʦ ʙʝʨʝʟʦʚʳʝ 

Betula pendula Roth 

(ɹʝʨʝʟʘ ʧʦʚʠʩʣʘʷ) 
20,7-325,6 1,1-8,7 12,8-110,0 0,03-0,62 0,18-0,98 

Caprifoliaceae Juss. ï ʉʝʤʝʡʩʪʚʦ ʞʠʤʦʣʦʩʪʥʳʝ 

Lonicera tatarica L. 

(ɾʠʤʦʣʦʩʪʴ ʪʘʪʘʨʩʢʘʷ) 
31,7-63,5 2,0-8,5 15,0-131,3 0,09-0,24 0,55-0,97 

Caryophyllaceae Juss. ï ʉʝʤʝʡʩʪʚʦ ʛʚʦʟʜʠʯʥʳʝ 

Dianthus superbus L. 

(ɻʚʦʟʜʠʢʘ ʧʳʰʥʘʷ) 
17,9-160,0 1,7-9,4 17,9-118,7 0,04-0,38 0,10-0,84 

Chenopodiaceae Vent. ï ʉʝʤʝʡʩʪʚʦ ʤʘʨʝʚʳʝ 

Atriplex alba L. 

(ʃʝʙʝʜʘ ʙʝʣʘʷ) 
20,0-86,9 0,2-10,4 20,0-85,0 0,24-0,70 0,45-0,59 

Fabaceae Lindl. ï ʉʝʤʝʡʩʪʚʦ ʙʦʙʦʚʳʝ 

Trifolium lupinaster L. 

(ʂʣʝʚʝʨ ʣʫʧʠʥʦʚʳʡ) 
20,7-87,9 3,7-14,9 15,4-56,9 0,09-0,82 0,76-3,15 

Pinaceae Lindl. ï ʉʝʤʝʡʩʪʚʦ ʩʦʩʥʦʚʳʝ 

Pinus sylvestris L. 

(ʉʦʩʥʘ ʦʙʳʢʥʦʚʝʥʥʘʷ) 
60,9-625,0 0,6-9,4 12,7-63,8 0,02-0,63 0,27-1,35 

Polygonaceae Juss. ï ʉʝʤʝʡʩʪʚʦ ʛʨʝʯʠʰʥʳʝ 

Polygonum aviculare L. 

(ɻʦʨʝʮ ʧʪʠʯʠʡ) 
60,0-82,0 1,4-11,0 20,0-168,0 0,17-0,74 0,19-0,40 

Rosaceae Luss. ï ʉʝʤʝʡʩʪʚʦ ʨʦʟʦʮʚʝʪʥʳʝ 

Padus racemosa (Lam.) Gilib. 

(ʏʝʨʝʤʫʭʘ ʦʙʳʢʥʦʚʝʥʥʘʷ) 
27,6-115,6 1,9-13,9 8,7-89,7 0,08-0,62 0,20-0,75 

Rosa spinosissima L. 

(ʐʠʧʦʚʥʠʢ ʢʦʣʶʯʝʡʰʠʡ) 
41,1-138,7 2,0-7,2 17,6-56,7 0,07-0,51 0,25-0,96 

Salicaceae Mirb. ï ʉʝʤʝʡʩʪʚʦ ʠʚʦʚʳʝ 

Populus alba L. (ʊʦʧʦʣʴ 

ʩʝʨʝʙʨʠʩʪʳʡ ʠʣʠ ʙʝʣʳʡ) 
27,6-186,2 0,8-6,5 28,7-157,5 0,06-0,52 0,10-0,73 
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ʉʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʜʠʢʦʨʘʩʪʫʱʠʭ ʨʘʩʪʝʥʠʷʭ 

ʈʝʩʧʫʙʣʠʢʠ ʂʦʪ-ʜ¡ʀʚʫʘʨ, ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ [29]  
ɺʠʜ ʨʘʩʪʝʥʠʷ Mn Mo Cu Zn 

ʉʝʤʝʡʩʪʚʦ ʤʦʣʦʯʘʡʥʳʝ (Euphorbiales): 
ʂʦʜʠʝʫʤ (Codiaeum variegatum) 
ʇʫʘʥʩʝʪʠʷ (Euphorbia pulcherrima) 
ʄʘʥʠʦʢ (Manihot esculenta) 

 
206,4°3,5 
147,8°4,0 
156,0°2,1 

 
0,34°0,08 
0,25°0,02 
0,47°0,06 

 
4,7°0,2 
3,5°0,5 
4,9°0,3 

 
43,6°1,0 
45,9°1,1 
34,9°0,8 

ʉʝʤʝʡʩʪʚʦ ʟʣʘʢʠ (Poaceae): 
ɹʘʤʙʫʢ (Bambusa vulgaris) 

 
124,7°5,6 

 
0,50°0,11 

 
7,1°0,7 

 
40,6°1,8 

ʉʝʤʝʡʩʪʚʦ ʙʦʤʙʘʢʩʦʚʳʭ (Bombacaceae): 
ɸʬʨʠʢʘʥʩʢʠʡ ʙʘʦʙʘʙ (Adansonia digitata) 

 
86,2°3,0 

 
0,73°0,04 

 
6,0°0,4 

 
28,0°0,7 

ʉʝʤʝʡʩʪʚʦ ʩʪʝʨʢʫʣʠʝʚʳʝ (Sterculiaceae): 
ʂʦʣʘ ʙʣʝʩʪʷʱʘʷ (Cola nitida) 

 
110,8°6,1 

 
0,70°0,10 

 
5,9°0,6 

 
42,1°0,8 

ɺʠʜ ʨʘʩʪʝʥʠʷ Co Cd Pb 
ʉʝʤʝʡʩʪʚʦ ʤʦʣʦʯʘʡʥʳʝ (Euphorbiales): 
ʂʦʜʠʝʫʤ (Codiaeum variegatum) 
ʇʫʘʥʩʝʪʠʷ (Euphorbia pulcherrima) 
ʄʘʥʠʦʢ (Manihot esculenta) 

 
0,76°0,11 
0,45°0,05 
0,32°0,10 

 
0,055°0,005 
0,061°0,003 
0,044°0,004 

 
0,52°0,07 
0,40°0,04 
0,85°0,10 

ʉʝʤʝʡʩʪʚʦ ʟʣʘʢʠ (Poaceae): 
ɹʘʤʙʫʢ (Bambusa vulgaris) 

 
0,40°0,04 

 
0,067°0,004 

 
1,10°0,03 

ʉʝʤʝʡʩʪʚʦ ʙʦʤʙʘʢʩʦʚʳʭ (Bombacaceae): 
ɸʬʨʠʢʘʥʩʢʠʡ ʙʘʦʙʘʙ (Adansonia digitata) 

 
0,54°0,10 

 
0,046°0,002 

 
0,82°0,05 

ʉʝʤʝʡʩʪʚʦ ʩʪʝʨʢʫʣʠʝʚʳʝ (Sterculiaceae): 
ʂʦʣʘ ʙʣʝʩʪʷʱʘʷ (Cola nitida) 

 
0,69°0,09 

 
0,053°0,002 

 
0,42°0,10 

 

ʅʝʩʦʙʣʶʜʝʥʠʝ ʧʨʠʥʮʠʧʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʠ ʝʛʦ ʙʣʠʞʘʡʰʝʛʦ 

ʬʦʥʦʚʦʛʦ ʣʘʥʜʰʘʬʪʘ-ʘʥʘʣʦʛʘ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʰʠʙʢʘʤ ʚ ʦʮʝʥʢʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʢʦʩʠʩʪʝʤʫ. ɿʘʛʨʷʟʥʝʥʠʝ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʤʝʪʘʣʣʘʤʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʝʜʥʝʥʠʶ ʬʣʦʨʳ ʚʩʣʝʜʩʪʚʠʝ ʚʳʧʘʜʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʚʠʜʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʶʪʩʷ ʩʦʦʙʱʝʩʪʚʘ ʩ ʨʝʟʢʦ ʦʛʨʘʥʠʯʝʥʥʳʤ ʯʠʩʣʦʤ ʚʠʜʦʚ ʠʣʠ ʜʘʞʝ 

ʤʦʥʦʮʝʥʦʟʳ. ɼʣʷ ʪʘʢʠʭ ʩʦʦʙʱʝʩʪʚ ʭʘʨʘʢʪʝʨʥʳ ʦʙʳʯʥʳʝ ʚʠʜʳ ʤʝʩʪʥʦʡ ʬʣʦʨʳ, ʢʦʪʦʨʳʝ 

ʧʝʨʝʥʦʩʷʪ ʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʦʚ ʠʣʠ ʙʣʘʛʦʜʘʨʷ ʠʩʭʦʜʥʦ ʚʳʩʦʢʦʡ 

ʤʝʪʘʣʣʦʫʩʪʦʡʯʠʚʦʩʪʠ ʚʠʜʘ ʚ ʮʝʣʦʤ, ʠʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʢ ʤʝʪʘʣʣʘʤ 

ʧʦʧʫʣʷʮʠʡ. 

ʄʝʪʘʣʣʦʫʩʪʦʡʯʠʚʳʝ ʧʦʧʫʣʷʮʠʠ ʨʷʜʘ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʧʦʯʚʘʤ ʩ 

ʝʩʪʝʩʪʚʝʥʥʳʤ, ʧʨʠʨʦʜʥʳʤ ʦʙʦʛʘʱʝʥʠʝʤ ʤʝʪʘʣʣʘʤʠ, ʠʟʚʝʩʪʥʳ ʜʣʷ ʨʘʡʦʥʦʚ ʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʳ ʚʠʜʳ, ʦʙʨʘʟʫʶʱʠʝ ʤʝʪʘʣʣʦʫʩʪʦʡʯʠʚʳʝ ʧʦʧʫʣʷʮʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʘʪʤʦʩʬʝʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʪʘʙʣ. 8.33). ʆʧʠʩʘʥʳ ʫʩʪʦʡʯʠʚʳʝ ʢ 

ʩʚʠʥʮʫ ʧʦʧʫʣʷʮʠʠ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʚ ʛʦʨʦʜʘʭ ʠʣʠ ʚʜʦʣʴ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. ɺʙʣʠʟʠ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚʳʷʚʣʝʥʳ ʧʦʧʫʣʷʮʠʠ ʚʠʜʦʚ ʟʣʘʢʦʚ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʤʝʜʠ, 

ʮʠʥʢʫ, ʩʚʠʥʮʫ ʠ ʢʘʜʤʠʶ.  

ʋʩʪʦʡʯʠʚʦʩʪʴ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʠʤʝʥʥʦ ʢ ʪʦʤʫ ʤʝʪʘʣʣʫ, ʢʦʪʦʨʳʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʨʝʜʝ ʚ 

ʠʟʙʳʪʢʝ, ʪʦ ʝʩʪʴ ʦʥʘ ʩʧʝʮʠʬʠʯʥʘ. ʄʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʦʧʫʣʷʮʠʠ, ʫʩʪʦʡʯʠʚʳʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʢ ʜʚʫʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤ ʤʝʪʘʣʣʘʤ ï ʤʥʦʞʝʩʪʚʝʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ. ɼʣʷ 

ʤʝʪʘʣʣʦʫʩʪʦʡʯʠʚʳʭ ʧʦʧʫʣʷʮʠʡ ʭʘʨʘʢʪʝʨʥʳ ʢʘʨʣʠʢʦʚʳʝ ʬʦʨʤʳ, ʧʦʥʠʞʝʥʥʘʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʦʩʣʘʙʣʝʥʠʝ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ ʠ ʨʦʩʪʘ ʧʨʦʨʦʩʪʢʦʚ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʤʝʪʘʣʣʦʚ ʚ ʩʨʝʜʝ. ʉʚʦʡʩʪʚʦ ʤʝʪʘʣʣʦʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘʩʣʝʜʫʝʪʩʷ, ʧʝʨʝʜʘʚʘʷʩʴ ʚ 

ʩʝʤʝʥʥʦʤ ʧʦʪʦʤʩʪʚʝ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʚʠʜʘ ʬʦʨʤʠʨʦʚʘʪʴ ʤʝʪʘʣʣʦʫʩʪʦʡʯʠʚʳʝ ʧʦʧʫʣʷʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ, ʪʦ ʝʩʪʴ ʥʘʣʠʯʠʝʤ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʩʪʦʡʯʠʚʳʭ ʢ 

ʤʝʪʘʣʣʘʤ ʠʥʜʠʚʠʜʫʫʤʦʚ ʚ ʠʩʭʦʜʥʦʡ ʧʦʧʫʣʷʮʠʠ. ɺ ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʠʷ ʩʨʝʜʳ ʤʝʪʘʣʣʘʤʠ 

ʜʝʡʩʪʚʫʝʪ ʦʪʙʦʨ ʧʦ ʧʨʠʟʥʘʢʫ ʤʝʪʘʣʣʦʫʩʪʦʡʯʠʚʦʩʪʠ: ʥʝʫʩʪʦʡʯʠʚʳʝ ʠʥʜʠʚʠʜʫʫʤʳ ʙʳʩʪʨʦ 

ʚʳʧʘʜʘʶʪ, ʫʩʪʦʡʯʠʚʳʝ ʦʪʙʠʨʘʶʪʩʷ.  
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ʄʝʪʘʣʣʦʫʩʪʦʡʯʠʚʳʝ ʧʦʧʫʣʷʮʠʠ ʨʘʩʪʝʥʠʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ 

 ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʩʨʝʜʳ [25]  

ɺʠʜ ʄʝʪʘʣʣ ʀʩʪʦʯʥʠʢ ʟʘʛʨʷʟʥʝʥʠʷ 

Marchantia polymorpha Pb ɸʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ 

Senecio vulgaris Pb ʊʦ ʞʝ 

Plantago lanceolata Pb ʊʦ ʞʝ 

Festuca rubra Pb ʊʦ ʞʝ 

Agrostis stolonifera Cu 
ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ  

ʧʨʝʜʧʨʠʷʪʠʷ 

A. tenuis Zn, Cd ʊʦ ʞʝ 

Festuca ovina Zn, Cd, Pb ʊʦ ʞʝ 

Holcus lanatus Cd ʊʦ ʞʝ 

Deschampsia caespitosa Cu, Ni, Al, Zn, Pb, Co ʊʦ ʞʝ 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʠʜʦʤ ʤʝʪʘʣʣʦʫʩʪʦʡʯʠʚʳʭ ʧʦʧʫʣʷʮʠʡ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʚʳʞʠʪʴ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʥʘʭʦʜʷʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ï ʫʩʪʦʡʯʠʚʳʝ ʧʦʧʫʣʷʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʨʝʢʫʣʴʪʠʚʘʮʠʠ 

ʛʦʨʥʦʨʫʜʥʳʭ ʦʪʚʘʣʦʚ ʠ ʜʨʫʛʠʭ ʛʨʫʥʪʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʤʝʪʘʣʣʘʤʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʪʝʥʠʡ ʢ ʤʝʪʘʣʣʘʤ ʥʝ ʩʚʷʟʘʥʘ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʠʭ 

ʧʦʩʪʫʧʣʝʥʠʷ. ɹʦʣʝʝ ʪʦʛʦ, ʤʝʪʘʣʣʦʫʩʪʦʡʯʠʚʳʝ ʚʠʜʳ ʠ ʧʦʧʫʣʷʮʠʠ ʯʘʱʝ ʧʦʛʣʦʱʘʶʪ ʜʘʞʝ 

ʙʦʣʴʰʝ ʤʝʪʘʣʣʦʚ, ʯʝʤ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʠʣʠ ʦʙʳʯʥʳʝ. ʄʝʭʘʥʠʟʤʳ ʫʩʪʦʡʯʠʚʦʩʪʠ  

ʨʘʩʪʝʥʠʡ ʢ ʤʝʪʘʣʣʘʤ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʨʦʜʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʠ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʩʨʝʜʳ ʠʤʝʶʪ 

ʤʥʦʛʦ ʦʙʱʝʛʦ. ʆʥʠ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʚ ʢʦʨʥʷʭ, ʪʘʢ ʠ ʚ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʨʘʩʪʝʥʠʡ. ɺʦʟʤʦʞʥʦ 

ʪʘʢʞʝ, ʯʪʦ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʧʨʠʦʙʨʝʪʘʶʪ ʟʥʘʯʝʥʠʝ ʤʝʭʘʥʠʟʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʣʠʩʪʴʷʤʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʘʨʴʝʨʥʳʝ ʬʫʥʢʮʠʠ ʢʫʪʠʢʫʣʳ ʠ ʵʧʠʜʝʨʤʠʩʘ, 

ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʤʝʪʘʣʣʦʚ ʚ ʥʝʘʢʪʠʚʥʳʭ ʬʦʨʤʘʭ ʠʣʠ ʚʳʚʝʜʝʥʠʝ ʠʭ ʠʟ ʣʠʩʪʘ.  

ʄʝʪʘʣʣʦʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʪʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʤʝʪʘʣʣʘ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʠʜʘ ʠ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʊʘʢ, ʚ ʫʩʣʦʚʠʷʭ ʘʪʤʦʩʬʝʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʝʡʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ: 

ü ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʤʝʪʘʣʣʘ ʚʥʫʪʨʠ ʨʘʩʪʝʥʠʷ: ʩʚʷʟʳʚʘʥʠʝ ʚ ʥʝʨʘʩʪʚʦʨʠʤʳʝ 

ʢʦʤʧʣʝʢʩʳ; ʧʝʨʝʚʝʜʝʥʠʝ (ʩʢʣʘʜʠʨʦʚʘʥʠʝ) ʚ ʚʘʢʫʦʣʠ ʠ (ʠʣʠ) ʢʣʝʪʦʯʥʳʝ ʩʪʝʥʢʠ; 

ü ʚʳʚʝʜʝʥʠʝ ʤʝʪʘʣʣʘ ʚʦ ʚʥʝʰʥʶʶ ʩʨʝʜʫ: ʩʙʨʘʩʳʚʘʥʠʝ ʣʠʩʪʴʝʚ; ʚʳʤʳʚʘʥʠʝ 

ʦʩʘʜʢʘʤʠ; ʚʳʜʝʣʝʥʠʝ ʚ ʚʦʟʜʫʭ; 

ü ʘʜʘʧʪʘʮʠʷ ʢ ʤʝʪʘʣʣʫ: ʧʝʨʝʩʪʨʦʡʢʠ ʚ ʤʝʪʘʙʦʣʠʟʤʝ; ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʤʝʪʘʣʣʝ. 

ʊʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʤʝʪʘʣʣʦʚ ʥʘ ʨʘʩʪʝʥʠʝ ʚ ʧʨʠʨʦʜʝ ʥʝʨʝʜʢʦ ʩ ʪʨʫʜʦʤ ʧʦʜʜʘʝʪʩʷ 

ʦʙʲʷʩʥʝʥʠʶ, ʙʫʜʫʯʠ ʨʝʟʫʣʴʪʘʪʦʤ ʩʣʦʞʥʳʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʤʝʪʘʣʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʠʟʙʳʪʢʝ ʚ ʨʘʩʪʝʥʠʠ, ʩ ʜʨʫʛʠʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ɼʘʥʥʳʝ ʧʨʦʮʝʩʩʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʝʱʝ ʙʦʣʝʝ ʫʩʣʦʞʥʷʶʪʩʷ ʬʘʢʪʦʨʘʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʘʢʠʤʠ ʢʘʢ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʳ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ ʠ ʜʨ., ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʚʠʜʦʠʟʤʝʥʷʪʴ, ʦʩʣʘʙʣʷʪʴ ʠʣʠ ʫʩʠʣʠʚʘʪʴ ʨʝʘʢʮʠʶ ʨʘʩʪʝʥʠʷ ʥʘ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʤʝʪʘʣʣʦʚ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʉ.ɺ. ɻʘʣʴʯʝʥʢʦ [6] ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʠʷ ʚ ʘʢʢʫʤʫʣʷʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʜʝʢʦʨʘʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʟʝʣʝʥʝʥʠʷ ʛʦʨʦʜʦʚ, ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʩʚʠʥʮʫ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʙʝʛʦʥʠʷ ʢʣʫʙʥʝʥʦʩʥʘʷ ʩʧʦʩʦʙʥʘ ʥʘʢʘʧʣʠʚʘʪʴ ʩʚʠʥʝʮ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʘʤʘʨʘʥʪ çʃʠʩʠʡ ʭʚʦʩʪè ʠ ʙʘʨʭʘʪʮʳ çʂʘʨʤʝʥè.  

ɹʦʣʴʰʠʥʩʪʚʦ ʜʠʢʦʨʘʩʪʫʱʠʭ ʛʠʧʝʨʘʢʢʫʤʫʣʷʪʦʨʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʦʪʥʦʩʠʪʩʷ ʢ 

ʩʝʤʝʡʩʪʚʫ ʢʨʝʩʪʦʮʚʝʪʥʳʭ ï ʙʣʠʟʢʠʭ ʨʦʜʩʪʚʝʥʥʠʢʦʚ ʢʘʧʫʩʪʳ ʠ ʛʦʨʯʠʮʳ. ʆʜʠʥ ʠʟ ʚʠʜʦʚ 

ʛʦʨʯʠʮʳ, ʥʘʟʳʚʘʝʤʦʡ ʠʥʜʠʡʩʢʦʡ, ʠʣʠ ʩʘʨʝʧʪʩʢʦʡ, ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʤ ʥʘʢʦʧʠʪʝʣʝʤ 

ʩʚʠʥʮʘ, ʤʝʜʠ ʠ ʥʠʢʝʣʷ. ʉʚʠʥʝʮ ʩʧʦʩʦʙʥʳ ʥʘʢʘʧʣʠʚʘʪʴ ʪʘʢʞʝ ʢʫʢʫʨʫʟʘ ʠ ʠʟʚʝʩʪʥʳʡ ʩʦʨʥʷʢ 

ʘʤʙʨʦʟʠʷ. ʀʟ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʦʛʣʦʱʝʥʥʳʭ ʤʝʪʘʣʣʦʚ (ʢʘʜʤʠʷ, ʮʠʥʢʘ, ʭʨʦʤʘ 

ʠ ʥʠʢʝʣʷ) ʚʳʜʝʣʷʶʪʩʷ ʟʝʣʝʥʥʳʝ ʢʫʣʴʪʫʨʳ (ʧʝʪʨʫʰʢʘ, ʩʘʣʘʪ, ʫʢʨʦʧ), ʠʟ ʪʨʘʚ ï ʨʘʡʛʨʘʩ 

ʤʥʦʛʦʫʢʦʩʥʳʡ. ʕʪʠ ʞʝ ʢʫʣʴʪʫʨʳ ʦʪʣʠʯʘʶʪʩʷ ʠ ʧʦʚʳʰʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ 
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ʟʘʛʨʷʟʥʝʥʠʶ ʧʦʯʚ, ʪʦ ʝʩʪʴ ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʧʨʠʟʥʘʢʠ ʫʛʥʝʪʝʥʠʷ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʝ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʤʝʶʱʠʝʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʧʦ ʦʮʝʥʢʝ 

ʬʠʪʦʘʢʢʫʤʫʣʷʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚʝʩʴʤʘ ʧʨʦʪʠʚʦʨʝʯʠʚʳ. ʇʨʠ ʵʪʦʤ 

ʘʚʪʦʨʳ ʧʨʠʚʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʨʷʜʳ ʨʘʩʪʝʥʠʡ ʧʦ ʩʪʝʧʝʥʠ ʥʘʢʦʧʣʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʘʣʣʘ. 

ʕʪʦʪ ʬʘʢʪ ʚʧʦʣʥʝ ʦʙʲʷʩʥʠʤ, ʝʩʣʠ ʫʯʝʩʪʴ ʪʦ ʤʥʦʛʦʦʙʨʘʟʠʝ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʦʝ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʧʨʦʮʝʩʩʳ ʘʢʢʫʤʫʣʷʮʠʠ ʵʣʝʤʝʥʪʦʚ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ. 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʘʭ 

ʇʦʛʣʦʱʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʪʝʥʠʷʤʠ ï ʧʨʦʮʝʩʩ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʨʝʛʫʣʠʨʫʝʤʳʡ ʦʨʛʘʥʠʟʤʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʩʪʨʦʝʥʠʷ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʢʣʝʪʦʯʥʳʭ ʦʙʦʣʦʯʝʢ ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ. ʇʘʩʩʠʚʥʘʷ ʜʠʬʬʫʟʠʷ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 2-3% ʦʪ ʚʩʝʡ 

ʤʘʩʩʳ ʫʩʚʦʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

ʆʜʥʘʢʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʘʩʪʝʥʠʝʤ ʧʦʛʣʦʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʤʝʝʪ ʤʝʩʪʦ ʪʦʣʴʢʦ ʧʨʠ 

ʧʠʪʘʥʠʠ ʠʟ ʫʨʘʚʥʦʚʝʰʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʇʨʠ 

ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʮʝʩʩʳ ʨʝʛʫʣʷʮʠʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʜʘʚʣʷʶʪʩʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʦʨʛʘʥʠʟʤʝ.  

ʅʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʶʪ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʘʩʪʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʙʫʬʝʨʥʳʤ ʩʚʦʡʩʪʚʘʤ ʧʦʯʚʳ, 

ʧʨʠʚʦʜʷʱʠʤ ʢ ʠʥʘʢʪʠʚʘʮʠʠ ʪʦʢʩʠʢʘʥʪʦʚ. ʆʜʥʘʢʦ ʟʘʱʠʪʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʯʚʳ ʥʝ 

ʙʝʟʛʨʘʥʠʯʥʳ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʠʥʘʢʪʠʚʘʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʦʣʥʦʡ, ʠ ʧʦʪʦʢ 

ʚʨʝʜʥʳʭ ʠʦʥʦʚ ʥʘʯʠʥʘʝʪ ʘʪʘʢʦʚʘʪʴ ʢʦʨʥʠ. ʏʘʩʪʴ ʠʦʥʦʚ ʨʘʩʪʝʥʠʝ ʩʧʦʩʦʙʥʦ ʧʝʨʝʚʝʩʪʠ ʚ ʤʝʥʝʝ 

ʘʢʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʝʱʝ ʜʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʭ ʚ ʢʦʨʥʠ: ʭʝʣʘʪʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʨʥʝʚʳʭ 

ʚʳʜʝʣʝʥʠʡ ʠ ʘʜʩʦʨʙʠʨʦʚʘʪʴ ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʥʝʡ. ʀ ʚʩʝ ʞʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʦʢʩʠʢʘʥʪʦʚ ʧʦʧʘʜʘʝʪ ʚ ʢʦʨʝʥʴ, ʛʜʝ ʯʘʩʪʠʯʥʦ ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʩʪʝʥʢʘʭ. ɼʣʷ ʫʯʘʩʪʠʷ ʚ 

ʤʝʪʘʙʦʣʠʟʤʝ ʢʦʨʥʝʡ ʠʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ ʧʣʘʟʤʘʣʝʤʤʫ. ʇʨʝʦʜʦʣʝʥʠʝ ʢʣʝʪʦʯʥʳʭ 

ʤʝʤʙʨʘʥ ʪʨʝʙʫʝʪʩʷ ʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʠʦʥʘʤʠ ʢʩʠʣʝʤʳ: ʦʙʦʡʪʠ ʧʦʷʩʢʠ ʂʘʩʧʘʨʠ ʦʥʠ ʤʦʛʫʪ 

ʪʦʣʴʢʦ ʧʫʪʝʤ ʧʝʨʝʭʦʜʘ ʠʟ ʘʧʦʧʣʘʩʪʘ ʚ ʩʠʤʧʣʘʩʪ. ɸʧʦʧʣʘʩʪʠʯʝʩʢʠʡ ʧʫʪʴ ʧʨʦʭʦʜʠʪ ʧʦ 

ʩʚʦʙʦʜʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ ʢʣʝʪʦʯʥʳʭ ʦʙʦʣʦʯʝʢ ʠ ʤʝʞʢʣʝʪʥʠʢʦʚ ʧʦ ʧʨʠʥʮʠʧʫ ʜʠʬʬʫʟʠʠ ʠ 

ʧʦʪʦʢʘ ʚʦʜʳ ʩ ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʚ ʥʝʡ ʚʝʱʝʩʪʚʘʤʠ. ʕʪʠʤ ʧʫʪʝʤ ʚ ʨʘʩʪʝʥʠʷ ʤʦʛʫʪ ʧʦʩʪʫʧʘʪʴ 

ʥʝʥʫʞʥʳʝ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʵʣʝʤʝʥʪʳ. ʉʠʤʧʣʘʩʪʠʯʝʩʢʠʡ ʧʫʪʴ ʧʦ ʥʝʧʨʝʨʳʚʥʦʤʫ 

ʩʠʤʧʣʘʩʪʫ ʤʝʞʜʫ ʢʣʝʪʢʘʤʠ ʧʦ ʧʣʘʟʤʦʜʝʩʤʘʤ ʥʦʩʠʪ ʠʟʙʠʨʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ 

ʥʘ ʤʝʤʙʨʘʥʘʭ ʤʝʭʘʥʠʟʤ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠʦʥʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ 

ʢʣʝʪʢʫ ʙʘʣʣʘʩʪʥʳʭ ʠ ʠʟʙʳʪʦʯʥʳʭ ʠʦʥʦʚ. ɽʩʣʠ ʚ ʢʣʝʪʢʘʭ ʢʦʨʥʷ ʦʢʘʞʝʪʩʷ ʠʦʥʦʚ ʚʩʝ ʞʝ ʙʦʣʴʰʝ 

ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ, ʪʦ ʥʘʯʠʥʘʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʝʱʝ ʦʜʠʥ ʤʝʭʘʥʠʟʤ ʟʘʱʠʪʳ, ʧʝʨʝʚʦʜʷʱʠʡ 

ʠʟʣʠʰʝʢ ʚ ʚʘʢʫʦʣʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʦʨʥʷʭ ʯʘʩʪʴ ʠʦʥʦʚ ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʣʠ ʚ 

ʚʘʢʫʦʣʷʭ, ʜʨʫʛʘʷ ʯʘʩʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʘʭ ʤʝʪʘʙʦʣʠʟʤʘ, ʪʨʝʪʴʷ ï ʩ ʢʩʠʣʝʤʥʳʤ ʩʦʢʦʤ 

ʧʦʜʥʠʤʘʝʪʩʷ ʚ ʥʘʜʟʝʤʥʳʝ ʦʨʛʘʥʳ. ʇʨʠ ʧʝʨʝʜʚʠʞʝʥʠʠ ʧʦ ʢʩʠʣʝʤʝ ʤʝʪʘʣʣʳ ʤʦʛʫʪ ʩʦʨʙʮʠʦʥʥʦ 

ʧʦʛʣʦʱʘʪʴʩʷ ʝʝ ʩʪʝʥʢʘʤʠ, ʘ ʪʘʢʞʝ ʟʘʢʦʤʧʣʝʢʩʦʚʳʚʘʪʴʩʷ ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ ʚ ʢʣʝʪʦʯʥʦʤ ʩʦʢʝ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʥʦ ʙʦʣʴʰʝʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʭʦʜʠʪ ʧʦ ʢʩʠʣʝʤʝ ʪʨʘʥʟʠʪʦʤ ʚ 

ʣʠʩʪʴʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʘʧʦʧʣʘʩʪ. ɼʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʢʣʝʪʢʠ ʣʠʩʪʘ ʪʷʞʝʣʳʤ ʤʝʪʘʣʣʘʤ 

ʥʝʦʙʭʦʜʠʤʦ ʚʥʦʚʴ ʧʨʝʦʜʦʣʝʪʴ ʢʣʝʪʦʯʥʫʶ ʤʝʤʙʨʘʥʫ, ʪʦ ʝʩʪʴ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʢʦʨʥʷʤʠ ʟʜʝʩʴ 

ʜʝʡʩʪʚʫʝʪ ʤʝʭʘʥʠʟʤ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. 

ʅʘʣʠʯʠʝ ʜʚʫʭ ʧʫʪʝʡ ʧʝʨʝʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʝʥʠʠ ï ʘʧʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʠ 
ʩʠʤʧʣʘʩʪʠʯʝʩʢʦʛʦ ï ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʥʳʝ ʫʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʦʨʛʘʥʘʭ 
ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʠʟʤʘ: ʢʦʨʥʷʭ, ʩʪʝʙʣʷʭ, ʣʠʩʪʴʷʭ, ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʦʨʛʘʥʘʭ (ʪʘʙʣ. 8.34-8.39; 
ʨʠʩ. 8.5, 8.6). ɺ ʚʝʛʝʪʘʪʠʚʥʳʝ ʯʘʩʪʠ ʨʘʩʪʝʥʠʡ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʧʦʩʪʫʧʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʘʧʦʧʣʘʩʪʠʯʝʩʢʠʤ ʧʫʪʝʤ, ʘ ʚ ʨʝʧʨʦʜʫʢʪʠʚʥʳʝ ï ʩʠʤʧʣʘʩʪʠʯʝʩʢʠʤ. ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʬʠʣʴʪʨ 
ʩʠʤʧʣʘʩʪʘ ʟʘʱʠʱʘʝʪ ʨʘʩʪʝʥʠʷ ʦʪ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʤʝʪʘʣʣʦʚ.   



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
ȳ.Ȧ. Ƚɋɖɓɡɛ 
Ʉ.Ȯ. ȧɆɋɈɆ 

 

 

http://izd -mn.com/ 166 

 

 

ʊʘʙʣʠʮʘ 8.34 

ʉʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʢʦʢʦʩʦʚʦʡ ʧʘʣʴʤʝ (Cocos nucifera) [29]  

ʄʝʪʘʣʣ 

ʃʠʩʪʴʷ ʄʷʢʦʪʴ ʧʣʦʜʘ ʄʦʣʦʢʦ 

ʤʛ/ʢʛ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ 
ʂɹʇ 

ʤʛ/ʢʛ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ 
ʂɹʇ 

ʤʛ/ʢʛ ʩʳʨʦʛʦ 

ʧʨʦʜʫʢʪʘ 

Mn 103,2°1,2 0,12 74,1°1,1 0,09 0,07°0,005 

Mo 0,94°0,04 0,47 0,62°0,03 0,31 0,05°0,004 

Cu 21,9°0,2 1,10 14,3°0,5 0,72 0,54°0,012 

Zn 88,1°1,2 1,47 100,2°1,0 1,67 2,48°0,020 

Co 0,97°0,06 0,12 0,28°0,03 0,04 0,03°0,002 

Cd 0,74°0,012 1,48 0,25°0,004 0,50 0,006°0,001 

Pb 1,80°0,04 0,18 0,49°0,05 0,05 0,08°0,007 

ʇʨʠʤʝʯʘʥʠʝ: ʂʇɹ ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʝʥʠʠ ʢ ʤʠʨʦʚʦʤʫ 

ʢʣʘʨʢʫ ʚ ʧʦʯʚʝ 

 

 

ʊʘʙʣʠʮʘ 8.35 

ʉʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʤʘʥʛʦ (Mangifera indica), ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ [29]  

ʄʝʪʘʣʣ 
ʃʠʩʪʴʷ ʄʷʢʦʪʴ ʧʣʦʜʘ 

ʤʛ/ʢʛ ʂɹʇ ʤʛ/ʢʛ ʂɹʇ 

Mn 143,7°1,2 0,17 86,5°1,3 0,10 

Mo 1,32°0,04 0,66 0,52°0,03 0,26 

Cu 19,5°0,2 0,98 23,9°0,4 1,20 

Zn 32,3°0,4 0,54 51,5°1,0 0,86 

Co 0,86°0,04 0,11 0,19°0,02 0,02 

Cd 0,38°0,012 0,76 0,12°0,005 0,24 

Pb 2,9°0,03 0,29 0,36°0,04 0,04 

ʇʨʠʤʝʯʘʥʠʝ: ʂʇɹ ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʝʥʠʠ ʢ ʤʠʨʦʚʦʤʫ 

ʢʣʘʨʢʫ ʚ ʧʦʯʚʝ 

 

 

ʊʘʙʣʠʮʘ 8.36 

ʉʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʙʘʥʘʥʝ (Musa paradisiaca),  ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ [29]  

ʄʝʪʘʣʣ 
ʃʠʩʪʴʷ 

ʇʣʦʜ 

ʄʷʢʦʪʴ ʉʪʚʦʨʢʠ 

ʤʛ/ʢʛ ʂɹʇ ʤʛ/ʢʛ ʂɹʇ ʤʛ/ʢʛ ʂɹʇ 

Mn 139,4°0,8 0,16 81,0°1,3 0,10 105,7°1,0 0,12 

Mo 0,60°0,05 0,30 0,56°0,07 0,28 0,40°0,05 0,20 

Cu 25,5°0,6 1,28 24,9°0,4 1,25 11,8°0,3 0,59 

Zn 57,6°0,3 0,96 40,2°0,4 0,67 26,9°0,5 0,45 

Co 0,79°0,06 0,10 0,41°0,05 0,05 0,27°0,04 0,03 

Cd 0,85°0,014 1,70 0,04°0,006 0,08 0,36°0,010 0,72 

Pb 1,80°0,05 0,18 0,53°0,08 0,05 1,15°0,12 0,12 

ʇʨʠʤʝʯʘʥʠʝ: ʂʇɹ ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʝʥʠʠ ʢ ʤʠʨʦʚʦʤʫ 

ʢʣʘʨʢʫ ʚ ʧʦʯʚʝ.  
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ʊʘʙʣʠʮʘ 8.37 

ʉʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʳʰʴʷʢʘ ʚ ʩʪʝʙʣʷʭ ʠ ʢʦʨʥʷʭ  

ʪʨʦʩʪʥʠʢʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʠ ʚʦʜʷʥʦʛʦ ʛʠʘʮʠʥʪʘ 

(ʨʝʢʘ ʐʝʨʝʧʦʢ, ɺʴʝʪʥʘʤ), ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ [41]  

ʕʣʝʤʝʥʪ 

ʉʦʜʝʨʞʘʥʠʝ, ʤʛ/ʢʛ ʩʫʭʦʡ ʤʘʩʩʳ 

ʊʨʦʩʪʥʠʢ ʦʙʳʢʥʦʚʝʥʥʳʡ 

(Phragmites australis) 

ɺʦʜʷʥʦʡ ʛʠʘʮʠʥʪ 

(Eichhornia crassipes) 

Cʪʝʙʣʠ ʂʦʨʥʠ ʉʪʝʙʣʠ ʂʦʨʥʠ 
Fe 179,8 Ñ 54,6 339,1 Ñ 98,7 283,7 Ñ 72,7 321,1 Ñ 69,6 
Cu 8,03 Ñ 4,64 20,95 Ñ 17,80 14,02 Ñ 10,24 30,15 Ñ 16,86 
Zn 28,32 Ñ 14,34 57,43 Ñ 42,44 40,71 Ñ 32,06 65,28 Ñ 37,56 
As 5,52 Ñ 1,75 9,23 Ñ 2,97 5,22 Ñ 1,79 9,48 Ñ 3,57 
Cd 0,144 Ñ 0,095 0,422 Ñ 0,215 0,143 Ñ 0,146 0,494 Ñ 0,372 
Pb 8,38 Ñ 4,63 19,81 Ñ 13,72 8,61 Ñ 3,76 16,49 Ñ 10,42 

 

ʊʘʙʣʠʮʘ 8.38 

ʈʷʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Zn ʠ Cd  

ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʖʞʥʦʡ ʄʝʱʝʨʳ  

ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʘʥʩʣʦʢʘʮʠʠ (TF) ʜʘʥʥʳʭ ʤʝʪʘʣʣʦʚ  

ʠʟ ʢʦʨʥʝʡ ʚ ʥʘʜʟʝʤʥʳʝ ʦʨʛʘʥʳ [13]   

ɺʠʜ ʊʄ TF ʈʷʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

Pinus  

sylvestris 

Zn 1,146 ʊ.ʂ.-ʂ. > ʍʚʦʷ > ʊ.ʂ. > ʊ.ɺ. > ʂ.> ʊ.ʂ.-ɼʨ. > ɼʨ. 

Cd 0,431 ʊ.ʂ.-ʂ. > ʊ.ʂ. > ʊ.ɺ. > ʂ. > ʍʚʦʷ > ɼʨ. > ʊ.ʂ.-ɼʨ. 

Picea abies 
Zn 0,361 ʂ. > ʊ.ʂ.-ʂ. = ʊ.ʂ. > ʊ.ɺ. > ʍʚʦʷ > ʊ.ʂ.-ɼʨ. > ɼʨ. 

Cd 0,182 ʊ.ʂ. > ʊ.ʂ.-ʂ. > ʂ. > ʊ.ɺ. > ɼʨ. > ʊ.ʂ.-ɼʨ. > ʍʚʦʷ 

Betula 

pendula 

Zn 2,338 ʃʠʩʪʴʷ > ʂ. > ʊ.ʂ.-ʂ. > ʊ.ɺ. > ʊ.ʂ. > ʊ.ʂ.-ɼʨ. > ɼʨ. 

Cd 0,576 ʊ.ʂ. > ʊ.ʂ.-ʂ. > ʃʠʩʪʴʷ > ʊ.ɺ. > ʊ.ʂ.-ɼʨ. > ʂ. > ɼʨ. 

Populus 

tremula 

Zn 1,727 ʂ. > ʃʠʩʪʴʷ > ʊ.ɺ. > ʊ.ʂ.-ʂ. > ʊ.ʂ. > ʊ.ʂ.-ɼʨ. >ɼʨ. 

Cd 1,173 ʂ. > ʃʠʩʪʴʷ > ʊ.ɺ. = ʊ.ʂ.-ʂ. > ʊ.ʂ. > ʊ.ʂ.-ɼʨ. > ɼʨ. 

Quercus 

robur 

Zn 0,341 ʊ.ʂ. > ʊ.ʂ.-ʂ. > ʃʠʩʪʴʷ > ʊ.ɺ. > ʂ. > ʊ.ʂ.-ɼʨ. > ɼʨ. 

Cd 0,486 ʊ.ʂ. > ʊ.ʂ.-ʂ. > ʂ. > ʊ.ɺ. > ʃʠʩʪʴʷ > ʊ.ʂ.-ɼʨ. > ɼʨ. 

Alnus 

glutinosa 

Zn 1,575 ʂ. > ʊ.ɺ. > ʃʠʩʪʴʷ > ʂʦʨʥʠ > ɼʨ. 

Cd 0,312 ʂʦʨʥʠ > ʂ. > ʊ.ɺ. > ɼʨ. > ʃʠʩʪʴʷ 

ʇʨʠʤʝʯʘʥʠʝ: ʉʦʢʨʘʱʝʥʠʷ: ʊ.ʂ. ï ʪʦʥʢʠʝ ʢʦʨʥʠ (< 3 ʤʤ ʚ ʜʠʘʤʝʪʨʝ); ʊ.ʂ.-ɼʨ. ï ʜʨʝʚʝʩʠʥʘ 

ʪʦʣʩʪʳʭ ʢʦʨʥʝʡ; ʊ.ʂ.-ʂ. ï ʢʦʨʘ ʪʦʣʩʪʳʭ ʢʦʨʥʝʡ; ʊ.ɺ. ï ʪʦʥʢʠʝ ʚʝʪʚʠ; ʂ. ï ʢʦʨʘ ʩʪʚʦʣʘ; ɼʨ. ï 

ʜʨʝʚʝʩʠʥʘ ʩʪʚʦʣʘ. 

 

ʊʘʙʣʠʮʘ 8.39 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʠʥʮʘ ʚ ʦʨʛʘʥʘʭ ʨʘʩʪʝʥʠʡ, ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ [33]  

ɺʠʜ ʨʘʩʪʝʥʠʷ ʆʨʛʘʥ Pb 
ɺʠʜ  

ʨʘʩʪʝʥʠʷ 
ʆʨʛʘʥ Pb 

ʗʯʤʝʥʴ 

(ʟʝʨʥʦʚʢʘ) 

ʆʙʦʣʦʯʢʘ 

ʕʥʜʦʩʧʝʨʤ 

ɿʘʨʦʜʳʰ 

1,35 

0,50 

8,90 

ʉʘʣʘʪ 

ʏʝʨʝʰʦʢ 

ʃʠʩʪ 

ʂʦʨʝʥʴ 

19,7 

28,4 

37,4 

ʇʰʝʥʠʮʘ 

(ʟʝʨʥʦʚʢʘ) 

ʆʙʦʣʦʯʢʘ 

ʕʥʜʦʩʧʝʨʤ 

ɿʘʨʦʜʳʰ 

0,74 

1,22 

7,69 

ʑʘʚʝʣʴ 
ʏʝʨʝʰʦʢ 

ʃʠʩʪ 

37,5 

28,0 

ʆʚʝʩ 

(ʟʝʨʥʦʚʢʘ) 

ʆʙʦʣʦʯʢʘ 

ʕʥʜʦʩʧʝʨʤ 

ɿʘʨʦʜʳʰ 

3,85 

8,33 

63,33 

ʕʩʪʨʘʛʦʥ 
ʏʝʨʝʰʦʢ 

ʃʠʩʪ 

18,4 

7,0 
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ɻʨʝʯʠʭʘ 

(ʧʣʦʜ) 

ʆʙʦʣʦʯʢʘ 

ʕʥʜʦʩʧʝʨʤ 

ɿʘʨʦʜʳʰ 

0,94 

1,28 

5,56 

ʃʫʢ 
ʃʫʢʦʚʠʮʘ 

ʃʠʩʪ 

13,8 

5,0 

ʇʦʜʩʦʣʥʝʯʥʠʢ 

(ʩʝʤʷ) 

ʆʙʦʣʦʯʢʘ 

ʕʥʜʦʩʧʝʨʤ 

ɿʘʨʦʜʳʰ 

0,06 

0,06 

0,09 

ʋʢʨʦʧ 

ʉʪʝʙʝʣʴ 

ʃʠʩʪ 

 

41,7 

24,8 

ʂʠʥʟʘ 
ʏʝʨʝʰʦʢ 

ʃʠʩʪ 

3,5 

1,7 
ʏʝʩʥʦʢ 

ʃʫʢʦʚʠʮʘ 

ʃʠʩʪ 

10,0 

30,0 

ʇʝʪʨʫʰʢʘ 

ʏʝʨʝʰʦʢ 

ʃʠʩʪ 

ʂʦʨʝʥʴ 

2,5 

1,0 

0,5 

ʍʨʝʥ 

ʃʠʩʪ 

ʏʝʨʝʰʦʢ 

ʂʦʨʥʝʧʣʦʜ 

0,25 

0,75 

0,25 

ʉʝʣʴʜʝʨʝʡ 

ʃʠʩʪ 

ʏʝʨʝʰʦʢ 

ʂʦʨʥʝʧʣʦʜ 

2,0 

4,0 

3,5 

 

  

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 8.5. ʂʦʵʬʬʠʮʠʝʥʪʳ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʤʝʪʘʣʣʦʚ  

ʘʧʝʣʴʩʠʥʦʤ (Citrus sinensis) ʠ ʣʠʤʦʥʦʤ (ʉitrus limon) [29]  
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ʈʠʩʫʥʦʢ 8.6. ʂʦʵʬʬʠʮʠʝʥʪʳ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʤʝʪʘʣʣʦʚ  

ʨʘʩʪʝʥʠʷʤʠ ʘʥʘʥʘʩʘ (Ananas sativus) [29]  

ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʪʝʢʩʪʝ: 

ʂʩʠʣʝʤʘ (ʜʨʝʚʝʩʠʥʘ) ï ʦʩʥʦʚʥʘʷ ʚʦʜʦʧʨʦʚʦʜʷʱʘʷ ʪʢʘʥʴ ʥʘʟʝʤʥʳʭ ʩʦʩʫʜʠʩʪʳʭ 

ʨʘʩʪʝʥʠʡ; ʦʜʠʥ ʠʟ ʜʚʫʭ ʧʦʜʪʠʧʦʚ ʧʨʦʚʦʜʷʱʝʡ ʪʢʘʥʠ ʨʘʩʪʝʥʠʡ ʥʘʨʷʜʫ ʩ ʬʣʦʵʤʦʡ (ʣʫʙʦʤ). 

ʇʣʘʟʤʘʣʝʤʤʘ ï ʢʣʝ͕ʪʦʯʥʘ̫ ʤʝʤʙʨʘ͕ʥʘ (ʪʘʢʞʝ ʮʠʪʦʣʝʤʤʘ) ï ʵʣʘʩʪʠʯʝʩʢʘʷ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʙʝʣʢʦʚ ʠ ʣʠʧʠʜʦʚ. ʆʪʜʝʣʷʝʪ ʩʦʜʝʨʞʠʤʦʝ ʣʶʙʦʡ 

ʢʣʝʪʢʠ ʦʪ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ʇʦʷʩʢʠ ʂʘʩʧʘʨʠ ï ʦʧʨʦʙʢʦʚʝʚʰʠʝ ʠ ʦʜʨʝʚʝʩʥʝʚʰʠʝ ʫʯʘʩʪʢʠ ʨʘʜʠʘʣʴʥʳʭ ʠ 

ʪʨʘʥʩʚʝʨʩʘʣʴʥʳʭ ʩʪʝʥʦʢ ʵʥʜʦʜʝʨʤʳ (ʠʥʦʛʜʘ ʠ ʵʢʟʦʜʝʨʤʳ) ʚ ʚʠʜʝ ʧʦʷʩʘ.  

ɸʧʦʧʣʘʩʪ ï ʚʥʝʢʣʝʪʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʫ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ, ʩʦʩʪʘʚʣʝʥʥʘʷ ʢʣʝʪʦʯʥʳʤʠ 

ʩʪʝʥʢʘʤʠ ʠ ʤʝʞʢʣʝʪʥʠʢʘʤʠ. ʇʦ ʘʧʦʧʣʘʩʪʫ ʟʘ ʩʯʸʪ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ ʤʝʞʜʫ 

ʵʣʝʤʝʥʪʘʤʠ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʨʘʥʩʧʦʨʪ ʧʦʯʚʝʥʥʦʡ ʠ ʦʩʘʜʦʯʥʦʡ ʚʣʘʛʠ ʠ 

ʚʩʝʭ ʨʘʩʪʚʦʨʸʥʥʳʭ ʚ ʥʝʡ ʚʝʱʝʩʪʚ (ʥʘʧʨʠʤʝʨ, ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ). ɸʧʦʧʣʘʩʪʠʯʝʩʢʠʡ 

ʪʨʘʥʩʧʦʨʪ ʙʣʦʢʠʨʫʝʪʩʷ ʚ ʛʠʜʨʦʬʦʙʥʳʭ ʯʘʩʪʷʭ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ: ʧʦʷʩʢʘʭ ʂʘʩʧʘʨʠ, 

ʚʦʟʜʫʭʦʥʦʩʥʳʭ ʧʦʣʦʩʪʷʭ ʠ ʢʫʪʠʢʫʣʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʠʤʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʠ 

ʘʧʦʧʣʘʩʪʠʯʝʩʢʦʤ ʪʨʘʥʩʧʦʨʪʝ ʵʥʝʨʛʠʷ ʨʘʩʪʝʥʠʷ ʥʘʧʨʷʤʫʶ ʥʝ ʨʘʩʭʦʜʫʝʪʩʷ.  

ʉʠʤʧʣʘʩʪ ï ʤʥʦʛʦʷʜʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʧʨʠ ʩʣʠʷʥʠʠ ʦʜʥʦʪʠʧʥʳʭ ʢʣʝʪʦʢ. 

ʉʪʨʦʝʥʠʝ ʪʢʘʥʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʛʨʘʥʠʮ ʤʝʞʜʫ ʢʣʝʪʢʘʤʠ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʷʜʝʨ ʚ ʩʧʣʦʰʥʦʡ ʤʘʩʩʝ ʮʠʪʦʧʣʘʟʤʳ. ʉʠʤʧʣʘʩʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʫʪʝʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʨʘʥʩʧʦʨʪ ʚʝʱʝʩʪʚ ʚ ʨʘʩʪʝʥʠʠ.  

ʇʣʘʟʤʦʜʝʩʤʳ ï ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʝ ʤʦʩʪʠʢʠ, ʩʦʝʜʠʥʷʶʱʠʝ ʩʦʩʝʜʥʠʝ ʢʣʝʪʢʠ 

ʨʘʩʪʝʥʠʡ. ʇʣʘʟʤʦʜʝʩʤʳ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʢʘʥʘʣʴʮʳ ʧʦʨʦʚʳʭ ʧʦʣʝʡ ʧʝʨʚʠʯʥʦʡ ʢʣʝʪʦʯʥʦʡ 

ʩʪʝʥʢʠ. 

 

ʇʦʤʠʤʦ ʦʪʤʝʯʝʥʥʳʭ ʚʳʰʝ ʤʝʭʘʥʠʟʤʦʚ ʟʘʱʠʪʳ ʦʪ ʠʟʙʳʪʢʘ ʊʄ, ʫ ʨʘʩʪʝʥʠʡ ʠʤʝʝʪ ʤʝʩʪʦ 

ʫʩʠʣʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʠʷ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ 

ʙʠʦʤʘʩʩʳ ʥʘʜʟʝʤʥʳʭ ʦʨʛʘʥʦʚ. 

ʂʨʦʤʝ ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ ʢʦʨʥʠ ʨʘʩʪʝʥʠʡ ʤʦʛʫʪ ʤʦʙʠʣʠʟʦʚʳʚʘʪʴ ʠ ʧʦʪʨʝʙʣʷʪʴ 

ʦʙʤʝʥʥʳʝ, ʧʨʦʯʥʦ ʠ ʜʘʞʝ ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʧʦʯʚʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʜʝʣʷʝʤʳʭ ʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, ʠʦʥʦʚ 

ʚʦʜʦʨʦʜʘ. ʆʩʚʦʙʦʞʜʝʥʥʳʝ ʠʦʥʳ ʧʝʨʝʚʦʜʷʪʩʷ, ʚʝʨʦʷʪʥʦ, ʚ ʭʝʣʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʠʦʥʳ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ), ʘ ʤʝʪʘʣʣʦʭʝʣʘʪʳ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʧʦʛʣʦʱʘʶʪʩʷ ʨʘʩʪʝʥʠʷʤʠ. 

ʅʘʧʨʠʤʝʨ, ʠʟʚʝʩʪʥʦ [12], ʯʪʦ ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʚ ʨʘʩʪʝʥʠʷʭ ʞʝʣʝʟʘ ʠʭ ʢʦʨʥʠ ʚʳʜʝʣʷʶʪ ʚ ʧʦʯʚʫ 
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ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʬʠʪʦʩʠʜʝʨʦʬʦʨʳ, ʢʦʪʦʨʳʝ ʧʝʨʝʚʦʜʷʪ ʚ ʨʘʩʪʚʦʨʠʤʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦʜʝʨʞʘʱʠʝʩʷ 

ʚ ʧʦʯʚʝ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʤʠʥʝʨʘʣʳ. ʇʨʠ ʵʪʦʤ ʬʠʪʦʩʠʜʝʨʦʬʦʨʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʪʘʢʞʝ 

ʤʦʙʠʣʠʟʘʮʠʠ ʚ ʧʦʯʚʘʭ ʠ ʥʘʢʦʧʣʝʥʠʶ ʚ ʨʘʩʪʝʥʠʷʭ ʤʝʜʠ, ʮʠʥʢʘ, ʤʘʨʛʘʥʮʘ. ʃʫʯʰʝ ʚʩʝʛʦ ʠʟʫʯʝʥʳ 

ʬʠʪʦʩʠʜʝʨʦʬʦʨʳ ʷʯʤʝʥʷ ʠ ʢʫʢʫʨʫʟʳ ï ʤʫʛʝʠʥʦʚʘʷ ʠ ʜʝʟʦʢʩʠʤʫʛʝʠʥʦʚʘʷ ʢʠʩʣʦʪʳ, ʘ ʪʘʢʞʝ 

ʚʳʜʝʣʷʝʤʘʷ ʦʚʩʦʤ ʘʚʝʥʠʢʦʚʘʷ ʢʠʩʣʦʪʘ. ʈʦʣʴ ʬʠʪʦʩʠʜʝʨʦʬʦʨʦʚ, ʚʦʟʤʦʞʥʦ, ʠʛʨʘʶʪ ʠ 

ʥʝʢʦʪʦʨʳʝ ʙʝʣʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʚʷʟʳʚʘʪʴ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠ ʜʝʣʘʪʴ ʠʭ ʙʦʣʝʝ 

ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʨʘʩʪʝʥʠʡ. ɼʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʨʘʩʪʝʥʠʡ ʊʄ, ʩʚʷʟʘʥʥʳʭ ʩ ʯʘʩʪʠʮʘʤʠ ʧʦʯʚʳ, 

ʧʦʚʳʰʘʶʪ ʠ ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʤʝʤʙʨʘʥʘʭ ʢʦʨʥʝʚʳʝ ʬʝʨʤʝʥʪʳ ʨʝʜʫʢʪʘʟʳ. ʊʘʢ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʫ ʛʦʨʦʭʘ, ʠʩʧʳʪʳʚʘʶʱʝʛʦ ʥʝʜʦʩʪʘʪʦʢ ʞʝʣʝʟʘ ʠ ʤʝʜʠ, ʧʦʚʳʰʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʠʦʥʳ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. ʂʦʨʥʠ ʥʝʢʦʪʦʨʳʭ ʨʘʩʪʝʥʠʡ (ʥʘʧʨʠʤʝʨ, ʬʘʩʦʣʠ ʠ ʜʨʫʛʠʭ 

ʜʚʫʜʦʣʴʥʳʭ) ʤʦʛʫʪ ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʞʝʣʝʟʘ ʧʦʚʳʰʘʪʴ ʢʠʩʣʦʪʥʦʩʪʴ ʧʦʯʚʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʝʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʭʦʜʷʪ ʚ ʨʘʩʪʚʦʨʠʤʦʝ ʩʦʩʪʦʷʥʠʝ. ɺ ʧʦʚʳʰʝʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ 

ʤʝʪʘʣʣʦʚ ʥʝʤʘʣʫʶ ʨʦʣʴ ʤʦʞʝʪ ʠʛʨʘʪʴ ʠ ʢʦʨʥʝʚʘʷ ʤʠʢʨʦʬʣʦʨʘ. 

ɸʢʪʠʚʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠʦʥʦʚ ʚ ʢʦʨʝʥʴ ʨʘʩʪʝʥʠʷ ʨʝʛʫʣʠʨʫʝʪʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ, ʚ ʩʦʟʜʘʥʠʠ ʢʦʪʦʨʦʛʦ ʨʝʰʘʶʱʘʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʦʪʦʥʥʦʤʫ ʛʨʘʜʠʝʥʪʫ 

(ʨʘʟʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʧʦ ʦʜʥʫ ʠ ʜʨʫʛʫʶ ʩʪʦʨʦʥʳ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ) ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʤʘʢʨʦʵʨʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ. ʄʝʭʘʥʠʟʤ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 

ʵʪʦʤ ʩʣʝʜʫʶʱʠʡ (ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ çʧʝʨʝʥʦʩʯʠʢʦʚè): ʠʦʥʳ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʟʘʨʷʞʝʥʥʳʤ 

ʥɻʝʨʛʠʝʡ ʫʯʘʩʪʢʘʤ ʥʘ ʥʘʨʫʞʥʦʡ ʩʪʦʨʦʥʝ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ, ʩʚʷʟʳʚʘʶʪʩʷ ʩʦ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ (ʧʝʨʤʝʘʟʘʤʠ), ʩʧʦʩʦʙʥʳʤʠ ʢ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʯʝʨʝʟ ʤʝʤʙʨʘʥʳ, 

ʚ ʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ, ʧʨʦʡʜʷ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ, ʜʠʩʩʦʮʠʠʨʫʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʦʥʘ ʤʝʪʘʣʣʘ ʠ 

ʩʚʦʙʦʜʥʦʛʦ ʧʝʨʝʥʦʩʯʠʢʘ. ʀʦʥ ʚʩʪʫʧʘʝʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʝʟʦʧʣʘʟʤʳ, ʘ 

ʧʝʨʝʥʦʩʯʠʢ ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʘ ʤʝʤʙʨʘʥʫ [18, 27]. 

ʇʦʤʠʤʦ ʧʦʩʪʫʧʣʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʝʥʠʝ ʯʝʨʝʟ ʢʦʨʥʠ ʠʟ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ 

ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʦʜʠʥ ʧʫʪʴ ï ʧʦʛʣʦʱʝʥʠʝ ʤʝʪʘʣʣʦʚ ʯʝʨʝʟ ʣʠʩʪʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟ 

ʛʘʟʦʧʳʣʝʚʳʭ ʚʳʙʨʦʩʦʚ ʠ ʘʵʨʦʟʦʣʝʡ. ʉʦʜʝʨʞʘʱʠʝ ʤʝʪʘʣʣʳ ʯʘʩʪʠʮʳ, ʧʦʧʘʜʘʷ ʠʟ ʚʦʟʜʫʭʘ ʥʘ 

ʣʠʩʪʴʷ ʠ ʜʨʫʛʠʝ ʦʨʛʘʥʳ ʨʘʩʪʝʥʠʡ, ʯʘʩʪʠʯʥʦ ʫʜʝʨʞʠʚʘʶʪʩʷ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʘʩʪʠʯʥʦ 

ʫʜʘʣʷʶʪʩʷ ʩ ʦʩʘʜʢʘʤʠ ʠ ʚʝʪʨʦʤ. ʆʧʨʝʜʝʣʝʥʥʘʷ ʜʦʣʷ ʫʜʝʨʞʠʚʘʝʤʳʭ ʯʘʩʪʠʮ ʧʨʠʥʠʢʘʝʪ ʚʥʫʪʨʴ 

ʪʢʘʥʝʡ.  

ʇʨʦʮʝʩʩʳ ʦʪʣʦʞʝʥʠʷ ʠ ʫʜʝʨʞʘʥʠʷ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʥʘ ʣʠʩʪʴʷʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʷʜʦʤ 

ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ:  

1) ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʩʪʝʥʠʡ, ʢʘʢ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, ʪʘʢ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ (ʦʧʫʰʝʥʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʚʦʩʢʦʚʦʛʦ ʩʣʦʷ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʩʤʘʯʠʚʘʝʤʦʩʪʴ, 

ʢʣʝʡʢʦʩʪʴ ʠ ʜʨ.); 

2) ʬʘʢʪʦʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʠʭ ʢʠʩʣʦʪʥʦʩʪʴ, 

ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʠ ʜʨ.); 

3) ʩʚʦʡʩʪʚʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʯʘʩʪʠʮ ʠ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ, ʢʘʢ ʬʠʟʠʯʝʩʢʠʝ, ʪʘʢ ʠ 

ʭʠʤʠʯʝʩʢʠʝ (ʠʭ ʨʘʟʤʝʨʳ, ʬʦʨʤʘ, ʭʠʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʜʨ.).  
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ɻʣʘʚʘ 9. ʅʝʬʪʴ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ 

ʅʝʬʪʴ ï ʦʜʥʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʞʠʜʢʦʩʪʴ, ʦʙʣʘʜʘʶʱʘʷ ʛʦʨʶʯʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʇʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʧʨʠʫʨʦʯʝʥʘ ʢ ʦʩʘʜʦʯʥʳʤ ʧʦʨʦʜʘʤ. ʇʦ 

ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʥʝʬʪʴ ʙʣʠʟʢʘ ʢ ʧʨʠʨʦʜʥʳʤ ʛʘʟʘʤ; ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 

ʚʤʝʩʪʝ ʩ ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʜʦ 5-6 ʢʤ. ʆʜʥʘʢʦ ʥʘ 

ʛʣʫʙʠʥʘʭ ʩʚʳʰʝ 4,5-5 ʢʤ ʧʨʝʦʙʣʘʜʘʶʪ ʛʘʟʦʚʳʝ ʠ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʝ ʟʘʣʝʞʠ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʣʸʛʢʠʭ ʬʨʘʢʮʠʡ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʞʝ ʯʠʩʣʦ ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 

ʛʣʫʙʠʥʝ 1-3 ʢʤ.  

ʅʝʬʪʝʧʨʦʜʫʢʪʳ ï ʵʪʦ ʪʦʚʘʨʥʳʝ ʩʳʨʳʝ ʥʝʬʪʠ, ʧʨʦʰʝʜʰʠʝ ʧʝʨʚʠʯʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʥʘ 

ʧʨʦʤʳʩʣʝ, ʠ ʧʨʦʜʫʢʪʳ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ: ʘʚʠʘʮʠʦʥʥʳʝ ʠ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʙʝʥʟʠʥʳ, ʨʝʘʢʪʠʚʥʳʝ, ʪʨʘʢʪʦʨʥʳʝ ʠ 

ʦʩʚʝʪʠʪʝʣʴʥʳʝ ʢʝʨʦʩʠʥʳ, ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʤʘʟʫʪʳ, ʨʘʩʪʚʦʨʠʪʝʣʠ, ʩʤʘʟʦʯʥʳʝ ʤʘʩʣʘ, 

ʛʫʜʨʦʥʳ, ʥʝʬʪʷʥʳʝ ʙʠʪʫʤʳ ʠ ʜʨʫʛʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʳ (ʧʘʨʘʬʠʥ, ʥʝʬʪʷʥʦʡ ʢʦʢʩ, ʧʨʠʩʘʜʢʠ, 

ʥʝʬʪʷʥʳʝ ʢʠʩʣʦʪʳ ʠ ʜʨ.).  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 26098-84 çʅʝʬʪʝʧʨʦʜʫʢʪʳ. ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷè (ʩ 

ʀʟʤʝʥʝʥʠʝʤ ˉ 1, ʷʥʚʘʨʴ 2001 ʛ.) ʥʝʬʪʝʧʨʦʜʫʢʪ ï ʛʦʪʦʚʳʡ ʧʨʦʜʫʢʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ 

ʧʝʨʝʨʘʙʦʪʢʝ ʥʝʬʪʠ, ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ, ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʳʨʴʷ [6]. 

ʅʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʭʦʜʝ ʜʦʙʳʯʠ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ (ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ ʠ 

ʜʝʛʨʘʜʘʮʠʷ ʟʝʤʝʣʴ, ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʘʨʫʰʝʥʠʝ ʣʘʥʜʰʘʬʪʦʚ, ʧʦʪʝʨʷ 

ʤʝʩʪʦʦʙʠʪʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʚʠʜʦʚ ʠ ʜʨ.). ɺ ʫʩʣʦʚʠʷʭ ʢʨʘʡʥʝ ʥʘʧʨʷʞʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʠ, ʩʢʣʘʜʳʚʘʶʱʝʡʩʷ ʚʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ, ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ 

ʥʝʬʪʴʶ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʴʝʟʥʫʶ ʧʨʦʙʣʝʤʫ, ʪʨʝʙʫʶʱʫʶ ʩʝʨʴʝʟʥʦʛʦ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠ ʚʳʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘ ʝʝ ʨʝʰʝʥʠʷ ʩ ʫʯʝʪʦʤ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɽʩʪʝʩʪʚʝʥʥʦʝ ʩʘʤʦʦʯʠʱʝʥʠʝ 
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ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʩʬʝʨʳ ʦʪ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ. 

9.1. ʉʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʩʳʨʦʡ ʥʝʬʪʠ 

ʅʝʬʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʨʦʜʥʫʶ ʤʘʩʣʷʥʠʩʪʫʶ ʛʦʨʶʯʫʶ ʞʠʜʢʦʩʪʴ ʩʦ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʟʘʧʘʭʦʤ, ʩʦʩʪʦʷʱʫʶ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʩʣʦʞʥʦʡ ʩʤʝʩʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʨʘʟʣʠʯʥʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ, ʪʘʢ 

ʞʝ ʢʘʢ ʠ ʝʸ ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʠʟʤʝʥʷʶʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʸ ʩʦʩʪʘʚʘ. ʇʨʠ ʵʪʦʤ ʢʦʥʩʠʩʪʝʥʮʠʷ ʥʝʬʪʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï ʦʪ 

ʣʝʛʢʦʡ, ʥʘʩʳʱʝʥʥʦʡ ʛʘʟʘʤʠ, ʜʦ ʪʷʞʝʣʦʡ ʠ ʛʫʩʪʦʡ, ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʤʦʣ. ʋʜʝʣʴʥʳʡ ʚʝʩ 

ʥʝʬʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʘʨʴʠʨʫʝʪ ʦʪ 0,80 ʜʦ 0,95 ʛ/ʩʤ3. ʅʝʬʪʴ ʨʘʟʣʠʯʘʝʪʩʷ ʧʦ ʮʚʝʪʫ (ʦʪ ʩʚʝʪʣʦʛʦ, 

ʧʦʯʪʠ ʧʨʦʟʨʘʯʥʦʛʦ, ʜʦ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ, ʧʦʯʪʠ ʯʝʨʥʦʛʦ). ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʝʬʪʴ 

ʙʫʨʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʠ ʯʝʨʥʦʛʦ ʮʚʝʪʦʚ, ʠʟʨʝʜʢʘ ʚʩʪʨʝʯʘʝʪʩʷ ʥʝʬʪʴ ʞʸʣʪʦ-ʟʝʣʸʥʦʛʦ ʠ ʟʝʣʝʥʦʛʦ 

ʮʚʝʪʘ, ʘ ʪʘʢʞʝ ʙʝʩʮʚʝʪʥʘʷ. ʎʚʝʪ ʠ ʟʘʧʘʭ ʥʝʬʪʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʳ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʘʟʦʪ-, ʩʝʨʦ- ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ 

ʩʤʘʟʦʯʥʦʤ ʤʘʩʣʝ ʠ ʥʝʬʪʷʥʦʤ ʦʩʪʘʪʢʝ. ɹʦʣʴʰʠʥʩʪʚʦ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʝʬʪʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʣʠʰʝʥʦ ʟʘʧʘʭʘ ʠ ʮʚʝʪʘ.  

 ʉʳʨʘʷ ʥʝʬʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʤʝʩʴ ʫʛʣʝʚʦʜʦʨʦʜʦʚ: ʘʣʠʬʘʪʠʯʝʩʢʠʭ 

(ʤʝʪʘʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʣʠ ʧʘʨʘʬʠʥʦʚ), ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʩʳʱʝʥʥʳʭ (ʥʘʬʪʝʥʦʚʳʭ), 

ʮʠʢʣʠʯʝʩʢʠʭ ʥʝʥʘʩʳʱʝʥʥʳʭ (ʘʨʦʤʘʪʠʯʝʩʢʠʭ) ʠ ʩʤʝʰʘʥʥʳʭ, ʛʠʙʨʠʜʥʳʭ (ʤʝʪʘʥʦ-

ʥʘʬʪʝʥʦʚʳʭ ʠ ʥʘʬʪʝʥʦʚʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʭ), ʩʦʜʝʨʞʘʱʫʶ ʪʘʢʞʝ ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ, ʘʟʦʪʘ, ʢʠʩʣʦʨʦʜʘ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʩʦʩʪʘʚʝ ʥʝʬʪʠ ʦʙʥʘʨʫʞʝʥʦ ʩʚʳʰʝ 

1000 ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʨʝʜʥʝʤ 82-87% ʫʛʣʝʨʦʜʘ, 11-

14,5% ʚʦʜʦʨʦʜʘ, 0,01-6 (ʜʦ 8)% ʩʝʨʳ, 0,001-1,8% ʘʟʦʪʘ, 0,005-0,35 (ʜʦ 1,2)% ʢʠʩʣʦʨʦʜʘ ʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʧʨʠʤʝʩʴ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʘʭ ʨʘʩʪʚʦʨʝʥʳ 

ʩʤʦʣʠʩʪʦ-ʘʩʬʘʣʴʪʝʥʦʚʳʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʜʦ 88% ʫʛʣʝʨʦʜʘ. 

ɺʩʝʛʦ ʚ ʥʝʬʪʠ ʦʙʥʘʨʫʞʝʥʦ ʙʦʣʝʝ 50 ʵʣʝʤʝʥʪʦʚ. ʊʘʢ, ʥʘʨʷʜʫ ʩ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ, ʚ ʥʝʬʪʠ ʧʨʠʩʫʪʩʪʚʫʶʪ V(10ī5 ï 10ī2 %), Ni (10ī4 ï 10ī3 %), Cl (ʦʪ ʩʣʝʜʦʚ ʜʦ 

2ᴋ10ī2 %) ʠ ʜʨ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʠʤʝʩʝʡ ʚ ʩʳʨʴʝ 

ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʧʦʵʪʦʤʫ çʩʨʝʜʥʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʥʝʬʪʠè ï ʧʦʥʷʪʠʝ ʜʦʩʪʘʪʦʯʥʦ ʫʩʣʦʚʥʦʝ. 

ʋʛʣʝʚʦʜʦʨʦʜʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʥʝʬʪʠ:  

Á ʄʝʪʘʥʦʚʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ. ɸʣʢʘ͕ʥ  r(ʥʘʩʳʱʝʥʥʳʝ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, 

ʧʘʨʘʬʠʥʳ) ï ʘʮʠʢʣʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʣʠʥʝʡʥʦʛʦ ʠʣʠ ʨʘʟʚʝʪʚʣʸʥʥʦʛʦ ʩʪʨʦʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʝ ʪʦʣʴʢʦ ʧʨʦʩʪʳʝ ʩʚʷʟʠ ʠ ʦʙʨʘʟʫʶʱʠʝ ʛʦʤʦʣʦʛʠʯʝʩʢʠʡ ʨʷʜ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ 

CnH2n+2. ɸʣʢʘʥʳ ʷʚʣʷʶʪʩʷ ʥʘʩʳʱʝʥʥʳʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʠ ʩʦʜʝʨʞʘʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ 

ʯʠʩʣʦ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ. ʇʨʠʤʝʨʳ: ʤʝʪʘʥ (ʉʅ4), ʵʪʘʥ (ʉ2ʅ6), ʧʨʦʧʘʥ (ʉ3ʅ8), ʙʫʪʘʥ (ʉ4ʅ10), 

ʧʝʥʪʘʥ (ʉ5ʅ12) ʠ ʜʨ.  

ʇʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʉʅ4 ï ʉ4ʅ10 ï ʛʘʟʳ, ʉ5ʅ12 ï ʉ15ʅ32 ï ʞʠʜʢʦʩʪʠ, ʉ16ʅ34 ï 

ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ. ɻʘʟʦʦʙʨʘʟʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʠ ʪʚʝʨʜʳʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ (ʧʘʨʘʬʠʥʳ) ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʅʝʬʪʴ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʤʝʪʘʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʪʘʥʦʚʦʤʫ ʪʠʧʫ. 

ɺʳʜʝʣʷʶʪ ʚʳʩʦʢʦʧʘʨʘʬʠʥʠʩʪʳʝ (> 6% ʧʘʨʘʬʠʥʘ), ʧʘʨʘʬʠʥʠʩʪʳʝ (1,5-6% ʧʘʨʘʬʠʥʘ) ʠ 

ʤʘʣʦʧʘʨʘʬʠʥʠʩʪʳʝ (< 1,5% ʧʘʨʘʬʠʥʘ) ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʥʝʬʪʠ. 

Á ʅʘʬʪʝʥʦʚʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ. ʎʠʢʣʦʘʣʢʘʥʳ ï ʘʣʠʮʠʢʣʠʯʝʩʢʠʝ ʥʘʩʳʱʝʥʥʳʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ, ʧʦ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʙʣʠʟʢʠ ʢ ʧʨʝʜʝʣʴʥʳʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤ. ʆʩʥʦʚʥʳʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ï ʮʠʢʣʦʧʨʦʧʘʥ, ʮʠʢʣʦʙʫʪʘʥ, ʮʠʢʣʦʧʝʥʪʘʥ, ʮʠʢʣʦʛʝʢʩʘʥ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ. 

ʅʘʬʪʝʥʦʚʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦ ʚʩʝʭ ʪʠʧʘʭ ʥʝʬʪʠ, ʥʦ ʧʨʝʦʙʣʘʜʘʶʪ ʢʨʘʡʥʝ 

ʨʝʜʢʦ.  

 

https://ru.wikipedia.org/wiki/%D0%92%D0%B0%D0%BD%D0%B0%D0%B4%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%9D%D0%B8%D0%BA%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80
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Á ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ï ʮʠʢʣʠʯʝʩʢʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʘʨʦʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. ʆʩʥʦʚʥʳʤʠ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʥʘʩʳʱʝʥʥʦʩʪʴ, 

ʩʢʣʦʥʥʦʩʪʴ ʢ ʨʝʘʢʮʠʷʤ ʟʘʤʝʱʝʥʠʷ, ʘ ʥʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ.  

 
 

 

ʈʘʟʣʠʯʘʶʪ ʙʝʥʟʦʠʜʥʳʝ (ʘʨʝʥʳ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʘʨʝʥʦʚ; ʩʦʜʝʨʞʘʪ 

ʙʝʥʟʦʣʴʥʳʝ ʷʜʨʘ) ʠ ʥʝʙʝʥʟʦʠʜʥʳʝ (ʚʩʝ ʦʩʪʘʣʴʥʳʝ) ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʉʨʝʜʠ 

ʥʝʙʝʥʟʦʠʜʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʘʟʫʣʝʥ (ʉ10ʅ8), ʘʥʥʫʣʝʥʳ (ʦʙʱʘʷ 

ʬʦʨʤʫʣʘ (ʉʅ)2m), ʛʝʪʘʨʝʥʳ (ʧʠʨʠʜʠʥ ï ʉ5ʅ5N, ʧʠʨʨʦʣ ï C4H4NH, ʬʫʨʘʥ ï C4H4O, ʪʠʦʬʝʥ ï 

C4H4S). ʀʟʚʝʩʪʥʳ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʙʦʨʘʟʦʣ (B3H6N3) ï 

çʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʙʝʥʟʦʣè. 

Á ɸʩʬʘʣʴʪʝʥʳ ï ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʥʝʬʪʠ. ʊʚʸʨʜʳʝ ʭʨʫʧʢʠʝ 

ʚʝʱʝʩʪʚʘ ʯʸʨʥʦʛʦ ʠʣʠ ʙʫʨʦʛʦ ʮʚʝʪʘ; ʨʘʟʤʷʛʯʘʶʪʩʷ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ 200-300 Áʉ ʩ 

ʧʝʨʝʭʦʜʦʤ ʚ ʧʣʘʩʪʠʯʥʦʝ ʩʦʩʪʦʷʥʠʝ; ʧʣʦʪʥʦʩʪʴ ʦʢʦʣʦ 1,1 ʛ/ʩʤ3. 

 

 
Á ʉʤʦʣʳ ʥʝʬʪʷʥʳʝ ï ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʛʝʪʝʨʦʘʪʦʤʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (1ð20% ʧʦ 

ʤʘʩʩʝ) ʥʝʬʪʠ, ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʥʠʟʢʦʢʠʧʷʱʠʭ ʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʘʭ. 
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ʉʤʦʣʳ ï ʚʷʟʢʠʝ ʚʝʱʝʩʪʚʘ, ʘ ʘʩʬʘʣʴʪʝʥʳ ï ʪʚʝʨʜʳʝ. ʀ ʪʝ ʠ ʜʨʫʛʠʝ ʚʝʱʝʩʪʚʘ ʨʘʩʪʚʦʨʝʥʳ 

ʚ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʘʭ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʤʦʣ ʠ ʘʩʬʘʣʴʪʝʥʦʚ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʠ ʚʷʟʢʦʩʪʠ ʥʝʬʪʠ. 

ʅʝʬʪʴ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʦʜʝʨʞʠʪ ʦʜʥʠ ʠ ʪʝ ʞʝ ʭʠʤʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʥʦ 

ʤʦʞʝʪ ʨʘʟʣʠʯʘʪʴʩʷ ʠʭ ʩʦʦʪʥʦʰʝʥʠʝʤ. ʅʘʧʨʠʤʝʨ, ʚ ʙʘʢʠʥʩʢʦʡ ʥʝʬʪʠ ʧʨʝʦʙʣʘʜʘʶʪ ʘʣʢʘʥʳ ʠ 

ʥʘʬʪʝʥʳ, ʘ ʚ ʥʝʬʪʠ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ ʩʦʜʝʨʞʠʪʩʷ ʟʘʤʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʩʝʨʳ ʥʝʬʪʠ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

- ʤʘʣʦʩʝʨʥʠʩʪʳʝ (< 0,5% S); 

- ʩʝʨʥʠʩʪʳʝ (0,5-2% S); 

- ʚʳʩʦʢʦʩʝʨʥʠʩʪʳʝ (> 2% S). 

9.2. ʀʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʨʠʨʦʜʥʳʝ ʩʨʝʜʳ 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʟʘʧʘʩʘʤʠ ʥʝʬʪʠ ï 29,8 ʤʣʨʜ ʪ. ʇʦ 

ʜʘʥʥʳʤ ʈʦʩʥʝʜʨ, ʟʘ ʧʝʨʠʦʜ 2013-2018 ʛʛ. ʧʨʠʨʦʩʪ ʨʝʩʫʨʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʚ ʈʌ 

ʩʦʩʪʘʚʠʣ ʚ ʩʨʝʜʥʝʤ 6,1 ʤʣʨʜ ʪ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʛʦʜ (1 ʪ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʨʘʚʥʘ 1 000 ʤ3 

ʛʘʟʘ ʠʣʠ  1 ʪ ʥʝʬʪʠ). ɺ 2018 ʛ. ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʯʝʪ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʟʘʧʘʩʳ 55 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʳʣʦ 

ʦʪʢʨʳʪʦ ʚ ʇʨʠʚʦʣʞʩʢʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ (39 ʤʝʣʢʠʭ ʠ ʦʯʝʥʴ ʤʝʣʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ). 

 ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʦʪʢʨʳʪʳʝ ʚ 2018 ʛ.: 

- ʥʝʬʪʷʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʝʧʪʫʥ ʠ ʊʨʠʪʦʥ ʚ ʘʢʚʘʪʦʨʠʠ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ; 

- ʥʝʬʪʷʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʀʨʪʳʰʩʢʦʝ ʚ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ; 

- ʫʥʠʢʘʣʴʥʦʝ ʉʝʚʝʨʦ-ʆʙʩʢʦʝ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʚ ʘʢʚʘʪʦʨʠʠ ʂʘʨʩʢʦʛʦ 

ʤʦʨʷ [2]. 

ʂ ʦʩʥʦʚʥʳʤ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʝʬʪʴʶ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʬʪʝʧʨʦʤʳʩʣʳ, ʥʝʬʪʝʧʨʦʚʦʜʳ, ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʥʝʬʪʝʭʨʘʥʠʣʠʱʘ, ʥʘʟʝʤʥʳʡ ʠ ʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʧʝʨʝʚʦʟʷʱʠʡ ʥʝʬʪʝʧʨʦʜʫʢʪʳ 

(ʪʘʙʣ. 9.1). 

ɿʘʛʨʷʟʥʝʥʠʝ ʵʢʦʩʠʩʪʝʤ ʚ ʧʨʦʮʝʩʩʝ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʡ ʚ ʭʦʜʝ ʜʦʙʳʯʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ. ɺ ʨʘʡʦʥʘʭ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚ 

ʦʩʥʦʚʥʳʝ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ ï ʵʪʦ ʩʳʨʘʷ ʥʝʬʪʴ ʠ ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʥʝʬʪʷʥʳʝ ʠ 

ʩʪʦʯʥʳʝ ʚʦʜʳ, ʧʨʦʜʫʢʪʳ ʩʞʠʛʘʥʠʷ ʧʦʧʫʪʥʳʭ ʛʘʟʦʚ. ʅʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠ 

ʥʝʬʪʝʭʨʘʥʠʣʠʱʘ ʟʘʛʨʷʟʥʷʶʪ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʯʝʨʝʟ ʚʳʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʫ 

ʠ ʩʙʨʦʩʳ ʩʪʦʯʥʳʭ ʚʦʜ. ʀʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʣʦʢʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʟʘʛʨʷʟʥʝʥʠʷ.  
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ʊʘʙʣʠʮʘ 9.1 

ɻʣʘʚʥʳʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʥʝʬʪʴʶ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ (ʮʠʪ. ʧʦ [7]) 

ʇʨʝʜʧʨʠʷʪʠʷ  

ʠ ʩʦʦʨʫʞʝʥʠʷ 

ʀʩʪʦʯʥʠʢ 

ʟʘʛʨʷʟʥʝʥʠʷ 

ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ 

ʟʘʛʨʷʟʥʝʥʠʷ 

ɿʘʛʨʷʟʥʷʶʱʠʝ 

ʚʝʱʝʩʪʚʘ 
 

ʅʝʬʪʝʧʨʦʤʳʩʣʳ 
ʉʢʚʘʞʠʥʳ 

ʉʪʨʘʚʣʠʚʘʥʠʝ ʚʦ ʚʨʝʤʷ 

ʨʝʤʦʥʪʘ, ʥʘʨʫʰʝʥʠʝ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʘʨʤʘʪʫʨʳ, 

ʘʚʘʨʠʡʥʳʝ ʚʳʙʨʦʩʳ 

ʉʳʨʘʷ ʥʝʬʪʴ, ʪʦʚʘʨʥʘʷ 

ʥʝʬʪʴ (ʦʙʝʩʩʦʣʝʥʥʘʷ 

ʥʝʬʪʴ), 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʚʦʜʳ 

ʊʨʫʙʦʧʨʦʚʦʜʳ 
ʂʦʨʨʦʟʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʧʦʚʨʝʞʜʝʥʠʷ ʪʨʫʙ 

NaCl, CaSO4 ʠ ʜʨ. 

ʉʙʦʨʥʳʝ ʧʫʥʢʪʳ, 

ʥʝʬʪʝʭʨʘʥʠʣʠʱʘ 

ʀʩʧʘʨʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ 
ʘʪʤʦʩʬʝʨʫ, ʫʪʝʯʢʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʝʥʠʷ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʝʤʢʦʩʪʝʡ 

ʂʦʥʜʝʥʩʘʪʳ 

ʇʫʥʢʪʳ ʧʝʨʚʠʯʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ 

ʊʦ ʞʝ, ʯʪʦ ʥʘ ʩʙʦʨʥʳʭ ʧʫʥʢʪʘʭ 

ʠ ʪʨʫʙʦʧʨʦʚʦʜʘʭ; ʩʙʨʦʩ 

ʩʪʦʯʥʳʭ ʚʦʜ 

ʂʦʥʜʝʥʩʘʪʳ, ʩʘʞʘ; 

ʫʛʣʝʚʦʜʦʨʦʜʳ, 

ʦʙʣʘʜʘʶʱʠʝ 

ʢʘʥʮʝʨʦʛʝʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ 

 

ʌʘʢʝʣʳ 

ʅʝʧʦʣʥʦʝ ʩʛʦʨʘʥʠʝ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʢʦʥʜʝʥʩʘʮʠʷ 

ʩʪʨʘʚʣʝʥʥʳʭ ʚ ʚʦʟʜʫʭʝ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʂʦʥʜʝʥʩʘʪʳ, ʩʘʞʘ; 

ʫʛʣʝʚʦʜʦʨʦʜʳ, 

ʦʙʣʘʜʘʶʱʠʝ 

ʢʘʥʮʝʨʦʛʝʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ; ʩʝʨʥʠʩʪʳʝ 
ʩʦʝʜʠʥʝʥʠʷ 

ʅʝʬʪʝʧʨʦʚʦʜʳ ʅʝʬʪʝʧʨʦʚʦʜʳ 
ʄʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ 

ʪʨʫʙ, ʢʦʨʨʦʟʠʷ 

ʊʦʚʘʨʥʘʷ ʥʝʬʪʴ, ʞʠʜʢʠʝ 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ 

ʅʝʬʪʝʧʝʨʝʨʘʙʘ 

ʪʳʚʘʶʱʠʝ 

ʧʨʝʜʧʨʠʷʪʠʷ, 

ʥʝʬʪʝʭʨʘʥʠʣʠʱʘ 

ʆʯʠʩʪʥʳʝ 

ʩʦʦʨʫʞʝʥʠʷ, 

ʢʘʥʘʣʠʟʘʮʠʷ 

ɸʚʘʨʠʠ, ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʷ 

ʩʦʝʜʠʥʝʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 

ʠʩʧʘʨʝʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ 

ʘʪʤʦʩʬʝʨʫ 

ʉʪʦʯʥʳʝ ʚʦʜʳ  

ʩ ʥʝʬʪʴʶ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ 

ʈʝʟʝʨʚʫʘʨʳ ʜʣʷ 

ʭʨʘʥʝʥʠʷ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

ɺʳʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʠ 

ʠʟʙʳʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ ʧʘʨʦʚ, 

ʥʘʨʫʰʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ 

ʨʝʟʝʨʚʫʘʨʦʚ 

ʃʝʛʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, 

ʤʘʟʫʪʳ, ʜʠʟʝʣʴʥʳʝ ʠ 

ʜʨʫʛʠʝ ʪʦʧʣʠʚʘ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʫʩʪʘʥʦʚʢʠ 

ɺʳʙʨʦʩʳ ʯʝʨʝʟ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ ʢʣʘʧʘʥʳ 

ʋʛʣʝʚʦʜʦʨʦʜʳ, 

ʩʝʨʦʚʦʜʦʨʦʜ 

ʌʘʢʝʣʴʥʳʝ 

ʩʠʩʪʝʤʳ 

ʅʝʧʦʣʥʦʝ ʩʛʦʨʘʥʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʝʨʦʚʦʜʦʨʦʜʘ, 

ʦʪʩʫʪʩʪʚʠʝ ʧʣʘʤʝʥʠ ʥʘ ʬʘʢʝʣʝ 

ʋʛʣʝʚʦʜʦʨʦʜʳ, 

ʩʝʨʦʚʦʜʦʨʦʜ, ʦʢʩʠʜʳ 

ʩʝʨʳ, ʫʛʣʝʨʦʜʘ, ʬʝʥʦʣʳ, 
ʙʝʥʟʦʣ, ʙʝʥʟ(ʘ)ʧʠʨʝʥ 

 

ʅʝʬʪʝʧʨʦʚʦʜʳ, ʧʦ ʢʦʪʦʨʳʤ ʧʝʨʝʢʘʯʠʚʘʶʪ ʩʳʨʫʶ ʠ ʪʦʚʘʨʥʫʶ ʥʝʬʪʴ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ 

ʞʠʜʢʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʠʤʝʥʝʝ ʫʧʨʘʚʣʷʝʤʳʡ ʠʩʪʦʯʥʠʢ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʇʦ ʜʘʥʥʳʤ ʄʠʥʵʥʝʨʛʦ ʈʦʩʩʠʠ, ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʦʩʥʦʚʥʘʷ ʜʦʣʷ (ʙʦʣʝʝ 90%) ʘʚʘʨʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʠʚʘʤʠ ʥʝʬʪʠ ʦʪ ʧʦʨʳʚʦʚ ʥʝʬʪʝʧʨʦʚʦʜʦʚ, 

ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʘ ʪʨʫʙ. ɺ 2018 ʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʤʠ 

ʦʨʛʘʥʘʤʠ ʈʦʩʧʨʠʨʦʜʥʘʜʟʦʨʘ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 3 053 ʬʘʢʪʘ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʠ ʝʝ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʯʪʦ ʥʘ 376 ʝʜ. ʤʝʥʴʰʝ, ʯʝʤ ʚ 2017 ʛ. (3 429 ʝʜ.). ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʢʪʦʚ 

ʨʘʟʣʠʚʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚ ʋʨʘʣʴʩʢʦʤ ʬʝʜʝʨʘʣʴʥʦʤ 

ʦʢʨʫʛʝ (81,5 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʬʪʝʨʘʟʣʠʚʦʚ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ); ʥʘʠʙʦʣʴʰʘʷ 

ʧʣʦʱʘʜʴ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪʤʝʯʝʥʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ (63,4 %); 

ʥʘʠʙʦʣʴʰʠʡ ʦʙʲʝʤ ʚʳʣʠʚʰʠʭʩʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ï ʚ ʖʞʥʦʤ (44,2 %) ʠ ʎʝʥʪʨʘʣʴʥʦʤ (38,3 %) 

ʬʝʜʝʨʘʣʴʥʳʭ ʦʢʨʫʛʘʭ (ʪʘʙʣ. 9.2).  

ɺ ʧʨʦʮʝʩʩʝ ʠʟʳʩʢʘʥʠʷ ʪʨʘʩʩ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʙʠʦʩʬʝʨʳ, ʘ ʠʤʝʥʥʦ ʥʘ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ, ʧʦʜʟʝʤʥʳʝ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ, ʧʨʠʟʝʤʥʳʡ ʩʣʦʡ ʘʪʤʦʩʬʝʨʳ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʞʠʚʦʪʥʳʡ ʤʠʨ. ʇʨʠ ʵʪʦʤ 



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
ȳ.Ȧ. Ƚɋɖɓɡɛ 
Ʉ.Ȯ. ȧɆɋɈɆ 
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ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʜʝʡʩʪʚʠʡ ʚʳʩʪʫʧʘʶʪ ʧʝʨʝʢʘʯʠʚʘʝʤʳʝ ʧʨʦʜʫʢʪʳ (ʥʝʬʪʴ, ʛʘʟ, 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ), ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʪʨʘʥʩʧʦʨʪ ʠ ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʘʷ 

ʪʝʭʥʠʢʘ, ʪʝʧʣʦ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ, ʪʨʫʙʦʧʨʦʚʦʜʳ. 

ʊʘʙʣʠʮʘ 9.2  

ʉʚʝʜʝʥʠʷ ʦ ʟʘʛʨʷʟʥʝʥʠʷʭ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ  

ʧʦ ʌʝʜʝʨʘʣʴʥʳʤ ʦʢʨʫʛʘʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 2017- 2018 ʛʛ.  

(ʧʦ ʜʘʥʥʳʤ ʈʦʩʧʨʠʨʦʜʥʘʜʟʦʨʘ)[2]  

ʌʝʜʝʨʘʣʴʥʳʝ ʦʢʨʫʛʘ 

ʂʦʣʠʯʝʩʪʚʦ 
ʟʘʛʨʷʟʥʝʥʠʡ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ
, ʰʪ. 

ʇʣʦʱʘʜʴ 
ʟʘʛʨʷʟʥʝʥʠʷ 

ʆʙʲʝʤ ʧʦʩʪʫʧʠʚʰʠʭ 
ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 
ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʤ3 

2017 ʛ. 2018 ʛ. 2017 ʛ. 2018 ʛ. 2017 ʛ. 2018 ʛ. 
ʎʝʥʪʨʘʣʴʥʳʡ  36 22 1,03 9,43 13,28 4 296,57 

ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʡ  28 50 3,21 1,08 606,94 105,95 

ʖʞʥʳʡ  79 364 14,96 135,98 8 774,91 4 962,51 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ  7 8 1,87 0,37 17,65 - 

ʇʨʠʚʦʣʞʩʢʠʡ  36 30 2,53 9,12 5,61 900,2 

ʋʨʘʣʴʩʢʠʡ  2 999 2 489 22,49 45,98 32,91 232,13 

ʉʠʙʠʨʩʢʠʡ  223 66 6 

135,02 

1,80 274,31 6,05 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ  21 24 2,46 10,80 553,25 711,4 

ɺʩʝʛʦ ʧʦ ʈʌ 3 429 3 053 6 

183,57 

214,56 10 278,86 11 214,81 

 

ʆʩʥʦʚʥʳʤʠ ʟʘʛʨʷʟʥʷʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʚ ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ, ʷʚʣʷʶʪʩʷ ʫʛʣʝʚʦʜʦʨʦʜʳ (48%) ʠ ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ (44%). ʂʨʦʤʝ ʪʦʛʦ, ʥʝʬʪʴ 

ʩʦʜʝʨʞʠʪ ʦʢʦʣʦ 30 ʤʝʪʘʣʣʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʧʦʨʷʜʢʘ ʜʦʣʝʡ %) 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʚʘʥʘʜʠʷ ʠ ʥʠʢʝʣʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʥʦʛʠʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʝʬʪʷʥʦʝ 

ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʠ 

ʚʳʟʳʚʘʝʪ ʝʝ ʙʳʩʪʨʫʶ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ. ʍʨʦʥʠʯʝʩʢʠʝ ʨʘʟʣʠʚʳ ʥʝʬʪʠ, ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

ʩʦʣʝʥʳʭ ʧʣʘʩʪʦʚʳʭ ʚʦʜ, ʚʳʥʦʩʠʤʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ʚʤʝʩʪʝ ʩ ʥʝʬʪʴʶ ʠ 

ʛʘʟʦʤ, ʧʨʠʚʦʜʷʪ ʢ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʟʝʤʝʣʴ ʠ ʜʝʛʨʘʜʘʮʠʠ ʣʘʥʜʰʘʬʪʦʚ. 

ɺʦʟʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʷʤʳʤʠ, ʜʣʠʪʝʣʴʥʳʤʠ ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤʠ (ʠʤʧʫʣʴʩʥʳʤʠ), 

ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʚʠʜʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʠʣʠ ʥʘʨʫʰʝʥʠʷ, ʟʘʛʨʷʟʥʝʥʠʷ, ʪʝʧʣʦʚʦʛʦ 

ʚʣʠʷʥʠʷ ʠ ʪ.ʜ. ʇʦʩʣʝʜʩʪʚʠʷ ʵʪʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʦʙʨʘʪʠʤʳ ʠ ʥʝʦʙʨʘʪʠʤʳ (ʥʝʨʝʛʫʣʠʨʫʝʤʳ), ʥʦʩʷʪ 

ʧʝʨʚʠʯʥʳʡ ʠʣʠ ʚʪʦʨʠʯʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʇʦ ʭʘʨʘʢʪʝʨʫ ʧʦʩʣʝʜʩʪʚʠʡ ʬʘʢʪʦʨʳ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʤʦʞʥʦ ʫʩʣʦʚʥʦ 

ʦʙʲʝʜʠʥʠʪʴ ʚ ʜʚʝ ʛʨʫʧʧʳ: 

1) ʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʘʶʱʠʝ ʙʠʦʛʝʦʮʝʥʦʟʳ 

(ʨʘʟʣʠʚʳ ʥʝʬʪʠ); 

2) ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʘʶʱʠʝ 

ʙʠʦʛʝʦʮʝʥʦʟʳ (ʚʟʨʳʚʳ ʛʘʟʘ, ʨʘʙʦʪʳ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ). 

ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ ʜʣʷ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʚʳ ʥʝʬʪʠ. ʀʭ 

ʦʧʘʩʥʦʩʪʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʧʨʠʨʦʜʥʘʷ ʩʨʝʜʘ ʝʱʝ ʥʝ ʚʳʨʘʙʦʪʘʣʘ 

ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʪʠʚʦʩʪʦʷʥʠʷ ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʞʠʚʦʪʥʦʛʦ ʤʠʨʘ. ʈʘʟʣʠʚʳ ʥʝʬʪʠ ʫʥʠʯʪʦʞʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʞʠʚʦʝ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚʳʩʦʭʰʠʝ ʣʝʩʘ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʤʝʩʪʘʤ ʩʢʦʧʣʝʥʠʷ ʥʝʬʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘ ʵʢʦʩʠʩʪʝʤʳ 

ʠʟʫʯʝʥʳ ʩʣʘʙʦ, ʦʩʦʙʝʥʥʦ ʚʦʧʨʦʩʳ ʦʪʜʘʣʝʥʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. 

 ʊʘʢ ʢʘʢ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ: ʧʦʯʚʘ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʞʠʚʦʪʥʳʝ, ʚʦʜʘ, 

ʧʨʠʟʝʤʥʘʷ ʘʪʤʦʩʬʝʨʘ ï ʦʙʨʘʟʫʶʪ ʝʜʠʥʫʶ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ, ʪʦ ʚ ʦʩʥʦʚʫ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʦʢʩʠʢʘʥʪʘ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʣʦʞʝʥʦ ʚʩʝʩʪʦʨʦʥʥʝʝ ʠʟʫʯʝʥʠʝ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢʦ ʚʩʝʤ ʟʚʝʥʴʷʤ ʵʢʦʩʠʩʪʝʤ. 
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9.3. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʊʦʢʩʠʯʥʦʩʪʴ ʥʝʬʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʣʝʪʫʯʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ï ʪʦʣʫʦʣʘ, ʢʩʠʣʦʣʘ, ʙʝʥʟʦʣʘ, ʥʘʬʪʘʣʠʥʘ ʠ ʜʨ. ʆʥʠ ʣʝʛʢʦ ʨʘʟʨʫʰʘʶʪʩʷ ʠ 

ʫʜʘʣʷʶʪʩʷ ʠʟ ʧʦʯʚʳ. ʇʦʵʪʦʤʫ ʧʝʨʠʦʜ ʦʩʪʨʦʛʦ ʪʦʢʩʠʯʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ. 

ʅʘʧʨʦʪʠʚ, ʧʘʨʘʬʠʥʳ ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʦʛʦ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʝʥʥʫʶ ʙʠʦʪʫ ʠʣʠ 

ʧʣʘʥʢʪʦʥ ʠ ʙʝʥʪʦʩ ʤʦʨʝʡ ʠ ʦʢʝʘʥʦʚ, ʥʦ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʚʝʨʜʝʚʘʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ, ʠʟʤʝʥʷʶʪ ʝʝ ʩʪʨʫʢʪʫʨʫ. ɺʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʧʘʩʥʦʩʪʠ ʩʝʨʦʚʦʜʦʨʦʜʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ.  

ʃʝʛʢʘʷ ʬʨʘʢʮʠʷ ʥʝʬʪʠ (tʢʠʧ. < 200 Áʉ), ʢʫʜʘ ʚʭʦʜʷʪ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ ʧʦ ʩʪʨʦʝʥʠʶ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʤʝʪʘʥʦʚʳʝ (ʘʣʢʘʥʳ), ʥʘʬʪʝʥʦʚʳʝ (ʮʠʢʣʦʧʘʨʘʬʠʥʳ) ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ, ï ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʘʷ ʯʘʩʪʴ ʥʝʬʪʠ. ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ ʩʦʩʪʘʚʣʷʶʪ 

ʤʝʪʘʥʦʚʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʩ ʯʠʩʣʦʤ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʦʪ 5 ʜʦ 11 (ʧʝʥʪʘʥ, ʛʝʢʩʘʥ, ʛʝʧʪʘʥ, 

ʦʢʪʘʥ, ʥʦʥʘʥ, ʜʝʢʘʥ, ʫʥʜʝʢʘʥ). ʅʦʨʤʘʣʴʥʳʝ (ʥʝʨʘʟʚʝʪʚʣʝʥʥʳʝ) ʘʣʢʘʥʳ ʩʦʩʪʘʚʣʷʶʪ ʚ ʵʪʦʡ 

ʬʨʘʢʮʠʠ 50-70%. 

ʄʝʪʘʥʦʚʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ, ʥʘʭʦʜʷʩʴ ʚ ʧʦʯʚʘʭ, ʚʦʜʥʦʡ ʠ ʚʦʟʜʫʰʥʦʡ 

ʩʨʝʜʘʭ, ʦʢʘʟʳʚʘʶʪ ʥʘʨʢʦʪʠʯʝʩʢʦʝ ʠ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ. ʆʩʦʙʝʥʥʦ 

ʙʳʩʪʨʦ ʜʝʡʩʪʚʫʶʪ ʥʦʨʤʘʣʴʥʳʝ ʘʣʢʘʥʳ ʩ ʢʦʨʦʪʢʦʡ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʴʶ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʚ ʣʝʛʢʠʭ ʬʨʘʢʮʠʷʭ ʥʝʬʪʠ. ʕʪʠ ʫʛʣʝʚʦʜʦʨʦʜʳ ʣʫʯʰʝ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʣʝʛʢʦ 

ʧʨʦʥʠʢʘʶʪ ʚ ʢʣʝʪʢʠ ʦʨʛʘʥʠʟʤʦʚ ʯʝʨʝʟ ʤʝʤʙʨʘʥʳ, ʜʝʟʦʨʛʘʥʠʟʫʶʪ ʮʠʪʦʧʣʘʟʤʝʥʥʳʝ ʤʝʤʙʨʘʥʳ 

ʦʨʛʘʥʠʟʤʘ. ʅʦʨʤʘʣʴʥʳʝ ʘʣʢʘʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʮʝʧʦʯʢʝ ʤʝʥʝʝ 9 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, 

ʙʦʣʴʰʠʥʩʪʚʦʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʝ ʘʩʩʠʤʠʣʠʨʫʶʪʩʷ, ʭʦʪʷ ʤʦʛʫʪ ʙʳʪʴ ʦʢʠʩʣʝʥʳ. ʀʭ 

ʪʦʢʩʠʯʥʦʩʪʴ ʦʩʣʘʙʣʷʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʪʦʢʩʠʯʥʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʳʡ ʫʤʝʥʴʰʘʝʪ 

ʦʙʱʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʘʣʢʘʥʦʚ. 

ʃʝʛʢʘʷ ʬʨʘʢʮʠʷ, ʤʠʛʨʠʨʫʷ ʧʦ ʧʦʯʚʝʥʥʦʤʫ ʧʨʦʬʠʣʶ ʠ ʚʦʜʦʥʦʩʥʳʤ ʛʦʨʠʟʦʥʪʘʤ, 

ʨʘʩʰʠʨʷʝʪ, ʠʥʦʛʜʘ ʟʥʘʯʠʪʝʣʴʥʦ, ʦʨʝʦʣ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʘ 

ʬʨʘʢʮʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʜʚʝʨʛʘʝʪʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʨʘʟʣʦʞʝʥʠʷ, 

ʚʭʦʜʷʱʠʝ ʚ ʝʝ ʩʦʩʪʘʚ ʫʛʣʝʚʦʜʦʨʦʜʳ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. 

ʋʛʣʝʚʦʜʦʨʦʜʳ ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʜʣʷ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ, ʥʦ ʠʭ ʚʳʩʦʢʘʷ ʠʩʧʘʨʷʝʤʦʩʪʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ ʩʘʤʦʦʯʠʱʝʥʠʶ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ ʥʝʬʪʠ ʨʘʟʣʘʛʘʝʪʩʷ ʠ ʫʣʝʪʫʯʠʚʘʝʪʩʷ ʝʱʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʠʣʠ ʩʤʳʚʘʝʪʩʷ ʚʦʜʥʳʤʠ ʧʦʪʦʢʘʤʠ. ʇʫʪʝʤ ʠʩʧʘʨʝʥʠʷ ʠʟ ʧʦʯʚʳ ʫʜʘʣʷʝʪʩʷ 

ʦʪ 20 ʜʦ 40% ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ. 

ʄʝʪʘʥʦʚʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʚʦ ʬʨʘʢʮʠʠ, ʢʠʧʷʱʝʡ ʚʳʰʝ 200 Áʉ (ʧʨʠʩʪʘʥ ʉ19ʅ40, ʬʠʪʘʥ 

ʉ20ʅ42 ʠ ʜʨ.), ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ. ʀʭ ʪʦʢʩʠʯʥʦʩʪʴ ʚʳʨʘʞʝʥʘ ʛʦʨʘʟʜʦ ʩʣʘʙʝʝ, ʯʝʤ 

ʫ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ. 

ʉʦʜʝʨʞʘʥʠʝ ʪʚʝʨʜʳʭ ʤʝʪʘʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʧʘʨʘʬʠʥʘ) ʚ ʥʝʬʪʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 

ʦʯʝʥʴ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚ ʜʦ 15-20% ʠ ʙʦʣʝʝ. ʕʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʯʝʥʴ ʚʘʞʥʘ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʥʝʬʪʷʥʳʭ ʨʘʟʣʠʚʦʚ ʥʘ ʧʦʯʚʘʭ. ʊʚʝʨʜʳʡ ʧʘʨʘʬʠʥ ʥʝ ʪʦʢʩʠʯʝʥ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʥʦ 

ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘʩʪʳʚʘʥʠʷ (+18 Áʉ ʠ ʚʳʰʝ) ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʥʝʬʪʠ (+40 

Áʉ) ʚ ʫʩʣʦʚʠʷʭ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʥ ʧʝʨʝʭʦʜʠʪ ʚ ʪʚʝʨʜʦʝ ʩʦʩʪʦʷʥʠʝ, ʣʠʰʘʷ ʥʝʬʪʴ 

ʧʦʜʚʠʞʥʦʩʪʠ. 

ʊʚʝʨʜʳʡ ʧʘʨʘʬʠʥ ʪʨʫʜʥʦ ʨʘʟʨʫʰʘʝʪʩʷ, ʩ ʪʨʫʜʦʤ ʦʢʠʩʣʷʝʪʩʷ ʥʘ ʚʦʟʜʫʭʝ. ʆʥ ʥʘʜʦʣʛʦ 

ʤʦʞʝʪ çʟʘʧʝʯʘʪʘʪʴè ʚʩʝ ʧʦʨʳ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʣʠʰʠʚ ʧʦʯʚʫ ʩʚʦʙʦʜʥʦʛʦ ʚʣʘʛʦ- ʠ 

ʛʘʟʦʦʙʤʝʥʘ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʙʠʦʮʝʥʦʟʘ.  

ʂ ʮʠʢʣʠʯʝʩʢʠʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤ ʚ ʩʦʩʪʘʚʝ ʥʝʬʪʠ ʦʪʥʦʩʷʪʩʷ ʥʘʬʪʝʥʦʚʳʝ (ʮʠʢʣʦʘʣʢʘʥʳ) ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ (ʘʨʝʥʳ). ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʬʪʝʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʥʝʬʪʠ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʩʨʝʜʥʝʤ ʦʪ 35 ʜʦ 60%. ʎʠʢʣʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʩ ʥʘʩʳʱʝʥʥʳʤʠ ʩʚʷʟʷʤʠ ʦʢʠʩʣʷʶʪʩʷ ʦʯʝʥʴ 

ʪʨʫʜʥʦ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʤʘʣʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. 

ɹʠʦʜʝʛʨʘʜʘʮʠʷ ʧʦʣʷʨʥʳʭ ʘʣʢʘʥʦʚ ʠʜʝʪ ʣʝʛʯʝ, ʦʢʠʩʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʦ 

ʤʝʩʪʫ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʙʦʢʦʚʦʡ ʮʝʧʠ ʠʣʠ ʤʝʩʪʫ ʩʦʝʜʠʥʝʥʠʷ ʮʠʢʣʦʚ. 
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ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ï ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʥʝʬʪʠ. ʇʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 1% ʚ ʚʦʜʝ ʦʥʠ ʚʳʟʳʚʘʶʪ ʛʠʙʝʣʴ ʚʩʝʭ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʥʝʬʪʠ ʚʦʟʨʘʩʪʘʝʪ ʝʝ ʛʝʨʙʠʮʠʜʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. 

ʉʦʜʝʨʞʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʥʝʬʪʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʦʪ 5 ʜʦ 35%.  

ɹʝʥʟʦʣ ʠ ʝʛʦ ʛʦʤʦʣʦʛʠ ʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ ʙʳʩʪʨʦʝ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ, 

ʯʝʤ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʇɸʋ). ʇʦʩʣʝʜʥʠʝ ʜʝʡʩʪʚʫʶʪ ʤʝʜʣʝʥʥʝʝ, 

ʥʦ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʷʚʣʷʷʩʴ ʭʨʦʥʠʯʝʩʢʠʤʠ ʪʦʢʩʠʢʘʥʪʘʤʠ. 

ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʪʨʫʜʥʦ ʧʦʜʜʘʶʪʩʷ ʨʘʟʨʫʰʝʥʠʶ, ʦʙʳʯʥʦ ʤʝʜʣʝʥʥʦ 

ʦʢʠʩʣʷʷʩʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. 

ʉʤʦʣʳ ʠ ʘʩʬʘʣʴʪʝʥʳ ʦʪʥʦʩʷʪʩʷ ʢ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʥʝʬʪʠ, 

ʦʧʨʝʜʝʣʷʷ ʚʦ ʤʥʦʛʦʤ ʝʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʉʪʨʫʢʪʫʨʥʳʡ ʢʘʨʢʘʩ 

ʩʤʦʣ ʠ ʘʩʬʘʣʴʪʝʥʦʚ ʩʦʩʪʘʚʣʷʶʪ ʚʳʩʦʢʦʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʝʩʷʪʢʦʚ ʢʦʣʝʮ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʛʝʪʝʨʦʘʪʦʤʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʩʝʨʫ, ʢʠʩʣʦʨʦʜ, ʘʟʦʪ. ʉʤʦʣʳ ï ʚʷʟʢʠʝ ʤʘʟʝʧʦʜʦʙʥʳʝ ʚʝʱʝʩʪʚʘ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 500-1200, ʘʩʬʘʣʴʪʝʥʳ ï ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ, 

ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʚ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʘʭ ʩ ʤʘʩʩʦʡ 1200-3000. ɺ ʥʠʭ ʩʦʜʝʨʞʠʪʩʷ 

ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʥʝʬʪʠ.  

ɺʨʝʜʥʦʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʩʤʦʣ ʠ ʘʩʬʘʣʴʪʝʥʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʚ 

ʭʠʤʠʯʝʩʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ, ʩʢʦʣʴʢʦ ʚ ʠʟʤʝʥʝʥʠʠ ʚʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ. ɽʩʣʠ ʥʝʬʪʴ 

ʧʨʦʩʘʯʠʚʘʝʪʩʷ ʩʚʝʨʭʫ, ʝʝ ʩʤʦʣʠʩʪʦ-ʘʩʬʘʣʴʪʝʥʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʦʨʙʠʨʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ 

ʚʝʨʭʥʝʤ, ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ, ʠʥʦʛʜʘ ʧʨʦʯʥʦ ʮʝʤʝʥʪʠʨʫʷ ʝʛʦ. ʇʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʨʦʚʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʯʚʳ. ʉʤʦʣʠʩʪʦ-ʘʩʬʘʣʴʪʝʥʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʛʠʜʨʦʬʦʙʥʳ. ʆʙʚʦʣʘʢʠʚʘʷ ʢʦʨʥʠ 

ʨʘʩʪʝʥʠʡ, ʦʥʠ ʩʥʠʞʘʶʪ ʧʦʩʪʫʧʣʝʥʠʝ ʢ ʥʠʤ ʚʣʘʛʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʨʘʩʪʝʥʠʷ ʟʘʩʳʭʘʶʪ. 

9.4. ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ 

ɺʩʝ ʢʘʪʝʛʦʨʠʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ: ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʧʦʜʟʝʤʥʳʝ, ʚʦʜʳ 

ʤʦʨʝʡ ʠ ʦʢʝʘʥʦʚ, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʞʝʥʳ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʥʝʬʪʴʶ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ. ɽʞʝʛʦʜʥʦ ʚ ʄʠʨʦʚʦʡ ʦʢʝʘʥ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʩʫʰʠ ʧʨʠʚʥʦʩʠʪʩʷ ʦʢʦʣʦ 

15-17 ʤʣʥ ʪ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʇʦ ʤʥʝʥʠʶ ʨʷʜʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʝʬʪʴʶ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʟʘʛʨʷʟʥʝʥʦ ʦʢʦʣʦ 20% ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ.  

ʊʘʢ, ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜ ʉʝʚʝʨʥʦʛʦ ʇʨʠʢʘʩʧʠʷ (ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ) ʥʝʬʪʷʥʳʤʠ 

ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʚ 2018 ʛ. ʩʦʩʪʘʚʠʣ ʚ ʩʨʝʜʥʝʤ 1,3 ʇɼʂ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 2,0 ʇɼʂ), ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʧʦʢʘʟʘʪʝʣʝʡ 2017 ʛ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʜʳ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘʢ çʟʘʛʨʷʟʥʝʥʥʳʝè, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ ʨʘʩʪʫʱʝʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʥʝʬʪʷʥʳʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ. ɼʘʞʝ ʙʝʟ ʫʯʝʪʘ ʟʘʛʨʷʟʥʝʥʠʷ ʤʝʪʘʣʣʘʤʠ,  ʩʦʩʪʦʷʥʠʝ 

ʚʦʜ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜ rʫʭʫʜʰʠʣʦʩʴ - ʢʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚʦʜ ʠʟʤʝʥʠʣʩʷ ʦʪ 

çʯʠʩʪʳʭè ʚ 2013 ʛ. ʜʦ çʟʘʛʨʷʟʥʝʥʥʳʭè ʚ 2017 ʛ.  

ʅʝʬʪʷʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚʦʜ 

ʊʘʛʘʥʨʦʛʩʢʦʛʦ ʟʘʣʠʚʘ (ɸʟʦʚʩʢʦʝ ʤʦʨʝ). ɺ 2018 ʛ. ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʟʤʝʥʷʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

ʚʝʣʠʯʠʥʳ ʤʝʥʝʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ ʜʦ 8,4 ʇɼʂ. ɺ ʊʝʤʨʶʢʩʢʦʤ ʟʘʣʠʚʝ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʬʪʷʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩʦʩʪʘʚʠʣʘ 0,18 ʤʛ/ʜʤ3 (3,6 ʇɼʂ), (ʚ 2017 ʛ. ï 0,23 

ʤʛ/ʜʤ3, ʠʣʠ 4,6 ʇɼʂ); ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʩʪʘʚʠʣʘ 0,08 ʤʛ/ʜʤ3 (1,6 ʇɼʂ), ʯʪʦ ʚʳʰʝ, 

ʯʝʤ ʚ 2017 ʛ. (1,0 ʇɼʂ).  

ʅʝʬʪʷʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʚʭʦʜʷʪ ʚ ʯʠʩʣʦ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚʦʜ 

ʂʝʨʯʝʥʩʢʦʛʦ ʧʨʦʣʠʚʘ (ʏʝʨʥʦʝ ʤʦʨʝ). ɺ 2018 ʛ. ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʣʦʩʴ ï 

ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʩʪʘʚʠʣʘ 0,15 ʤʛ/ʜʤ3 (3,0 ʇɼʂ), ʧʨʝʚʳʩʠʚ ʧʨʝʜʳʜʫʱʠʡ ʫʨʦʚʝʥʴ ʚ 3,5 

ʨʘʟʘ; ʤʘʢʩʠʤʘʣʴʥʘʷ ï 0,78 ʤʛ/ʜʤ3 (15,6 ʇɼʂ), ʧʨʝʚʳʰʝʥʠʝ ʚ 4,9 ʨʘʟʘ. ɺʦʜʳ ʨʘʡʦʥʘ ʤʝʞʜʫ 

ʵʩʪʫʘʨʠʷʤʠ ʨʝʢ ʄʟʳʤʪʘ ʠ ʉʦʯʠ ʚ 2018 ʛ. ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʢʘʢ çʯʠʩʪʳʝè. ɿʥʘʯʝʥʠʷ 

ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʩʝʭ ʥʦʨʤʠʨʫʝʤʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʙʳʣʠ ʥʠʞʝ 

ʥʦʨʤʘʪʠʚʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʣʷ ʤʦʨʩʢʠʭ ʚʦʜ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʬʪʷʥʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʝʚʳʰʘʣʘ ʇɼʂ ʚ 2,6 ʨʘʟʘ.  
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ʅʘ ʨʠʩ. 9.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʩʨʝʜʥʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʬʪʷʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

(ʤʛ/ʜʤ3) ʚ ʧʨʠʙʨʝʞʥʳʭ ʚʦʜʘʭ ʂʘʚʢʘʟʘ ʚ 1996-2018 ʛʛ. 

 

 
ʈʠʩʫʥʦʢ 9.1. ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʝʬʪʠ ʚ ʚʦʜʘʭ  

ʂʘʚʢʘʟʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʏʝʨʥʦʛʦ ʤʦʨʷ [2]  

 

ɺ 2018 ʛ. ʚ ʚʦʜʘʭ ʂʦʣʴʩʢʦʛʦ ʟʘʣʠʚʘ (ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ) ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʪʷʥʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟʤʝʥʷʣʦʩʴ ʦʪ 0,022 ʤʛ/ʜʤ3 ʜʦ 0,146 ʤʛ/ʜʤ3 ʧʨʠ ʩʨʝʜʥʝʛʦʜʦʚʦʤ ʟʥʘʯʝʥʠʠ 0,095 

ʤʛ/ʜʤ3 (1,9 ʇɼʂ); ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 2,9 ʇɼʂ.  

ʉʨʝʜʥʝʛʦʜʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʪʷʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʚʦʜʘʭ ɸʚʘʯʠʥʩʢʦʡ ʛʫʙʳ ʚ 2018 

ʛ. ʩʦʩʪʘʚʠʣʦ 0,049 ʤʛ/ʜʤ3 (1,0 ʇɼʂ), ʤʘʢʩʠʤʘʣʴʥʦʝ, ʢʘʢ ʠ ʚ 2017 ʛ., - 0,200 ʤʛ/ʜʤ3 (4 ʇɼʂ). 

ʅʘʠʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʘʡʦʥʘʭ ʩʙʨʦʩʘ ʩʪʦʯʥʳʭ ʚʦʜ 

ʩʫʜʦʨʝʤʦʥʪʥʳʭ ʟʘʚʦʜʦʚ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʚ ʤʝʩʪʘʭ ʩʪʦʷʥʢʠ ʩʫʜʦʚ; 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʟʘʛʨʷʟʥʝʥʠʡ ʥʘ ʚʩʶ ʘʢʚʘʪʦʨʠʶ ʛʫʙʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʠʣʠʚʦ-ʦʪʣʠʚʥʳʝ, 

ʩʛʦʥʥʦ-ʥʘʛʦʥʥʳʝ ʷʚʣʝʥʠʷ ʠ ʪʝʯʝʥʠʷ. 

ɺ 2010-2018 ʛʛ. ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʬʪʷʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʤʦʨʩʢʠʭ ʚʦʜʘʭ 

ʟʘʣʠʚʘ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ (ʗʧʦʥʩʢʦʝ ʤʦʨʝ) ʚʘʨʴʠʨʦʚʘʣʘ ʚ ʧʨʝʜʝʣʘʭ 0,8-4,4 ʇɼʂ. ʅʘʠʙʦʣʴʰʝʝ 

ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʝ ʟʥʘʯʝʥʠʝ ʩʦʭʨʘʥʠʣʦʩʴ ʚ ʙʫʭʪʝ ɿʦʣʦʪʦʡ ʈʦʛ ʠ ʚ ʧʨʦʣʠʚʝ ɹʦʩʬʦʨ ɺʦʩʪʦʯʥʳʡ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ 2018 ʛ. ʩʦʩʪʘʚʠʣʘ 0,51 ʤʛ/ʜʤ3 (10 ʇɼʂ) ʚ ʟʘʣʠʚʝ ʅʘʭʦʜʢʘ ʠ 0,41 

ʤʛ/ʜʤ3 (8 ʇɼʂ) ʚ ʧʨʦʣʠʚʝ ɹʦʩʬʦʨ ɺʦʩʪʦʯʥʳʡ ʚ ʙʫʭʪʝ ʋʣʠʩʩ [2]. 

ʅʝʬʪʷʥʳʝ ʧʣʝʥʢʠ ʧʨʝʧʷʪʩʪʚʫʶʪ ʥʦʨʤʘʣʴʥʦʤʫ ʛʘʟʦ- ʠ ʪʝʧʣʦʦʙʤʝʥʫ ʤʝʞʜʫ ʘʪʤʦʩʬʝʨʦʡ 

ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʘʤʠ, ʩʣʝʜʩʪʚʠʝʤ ʯʝʛʦ ʷʚʠʣʦʩʴ ʩʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʥʘ 20-30% ʟʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʠʟʢʫʶ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ, ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʬʪʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʨʝʟʢʦ ʫʭʫʜʰʠʪʴ 

ʢʘʯʝʩʪʚʦ ʚʦʜʳ. ʅʝʬʪʷʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʦʙʨʘʟʫʶʪ ʩ ʚʦʜʦʡ ʵʤʫʣʴʩʠʠ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ 

ʨʘʟʨʫʰʠʪʴ. ʏʘʱʝ ʚʩʝʛʦ ʥʝʬʪʷʥʳʝ ʧʣʝʥʢʠ ʧʣʘʚʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, ʦʙʚʦʣʘʢʠʚʘʷ 

ʚʟʚʝʰʝʥʥʳʝ ʯʘʩʪʠʮʳ ʠ ʦʩʝʜʘʷ ʩ ʥʠʤʠ ʥʘ ʜʥʦ ʚʦʜʦʝʤʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ,  

ʚ ʨʘʡʦʥʘʭ ʜʦʙʳʯʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʟʘʛʨʷʟʥʝʥʳ ʤʠʥʝʨʘʣʴʥʳʤʠ ʩʦʣʷʤʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ. ɺʤʝʩʪʝ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʠ ʩʦʩʪʘʚ 

ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʥʘ 1-2 ʧʦʨʷʜʢʘ. ʇʨʠ ʵʪʦʤ ʟʘʛʨʷʟʥʝʥʠʝ ʤʦʞʝʪ 

ʟʘʪʨʘʛʠʚʘʪʴ ʧʣʘʩʪʳ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʠʪʴʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [7]. 

ʇʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʥʦʨʤʘʤ ʇɼʂ ʥʝʬʪʠ ʚ ʚʦʜʦʝʤʘʭ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʝ 

ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 0,05 ʤʛ/ʣ, ʘ ʚ ʚʦʜʦʝʤʘʭ ʩʘʥʠʪʘʨʥʦ-ʙʳʪʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ï 0,1-0,3 ʤʛ/ʣ. 

ʇʨʠ ʵʪʦʤ ʜʘʞʝ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ, ʥʝʬʪʴ ʦʙʣʘʜʘʝʪ 

ʚʳʨʘʞʝʥʥʳʤ ʤʫʪʘʛʝʥʥʳʤ ʠ ʠʥʛʠʙʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʷʤʠ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʛʨʫʧʧʘ 

ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʳʨʦʡ ʥʝʬʪʠ, ʷʚʣʷʶʪʩʷ ʢʘʥʮʝʨʦʛʝʥʘʤʠ, 

ʛʫʙʠʪʝʣʴʥʦ ʚʦʟʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʛʠʜʨʦʙʠʦʥʪ.r ʊʘʢ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʬʪʠ ʥʘ ʫʨʦʚʥʝ ʇɼʂ (0,05 



ȰɖɆɘɐɎɏ ɐəɖɗ ɣɐɔɑɔɉɎɝɋɗɐɔɏ ɛɎɒɎɎ 
ȳ.Ȧ. Ƚɋɖɓɡɛ 
Ʉ.Ȯ. ȧɆɋɈɆ 

 

 

http://izd -mn.com/ 183 

 

ʤʛ/ʣ) ʚʳʟʳʚʘʝʪ ʥʘʨʫʰʝʥʠʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʦʩʥʦʚʥʳʭ ʣʠʧʠʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʪʝʣʝ ʩʝʛʦʣʝʪʦʢ 

ʨʫʩʩʢʦʛʦ ʦʩʝʪʨʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʘʪʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ [5]. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʨʳʙ ʠ 

ʜʨʫʛʠʭ ʦʙʠʪʘʪʝʣʝʡ ʚʦʜʦʝʤʦʚ ʥʝʬʪʴ ʦʢʘʟʳʚʘʝʪ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʝ 

ʜʚʠʞʝʥʠʶ, ʧʠʪʘʥʠʶ ʠ ʜʳʭʘʥʠʶ. ʇʦʪʨʝʙʣʝʥʠʝ ʥʝʬʪʠ ʩ ʢʦʨʤʦʤ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʥʠʞʝʥʠʠ 

ʯʠʩʣʝʥʥʦʩʪʠ ʧʨʦʤʳʩʣʦʚʳʭ ʚʠʜʦʚ ʨʳʙ; ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚʦ ʚʥʫʪʨʝʥʥʠʭ 

ʦʨʛʘʥʘʭ ʠ ʠʢʨʝ ʨʳʙ, ʫʭʫʜʰʘʶʪʩʷ ʧʠʱʝʚʳʝ ʢʘʯʝʩʪʚʘ ʨʳʙʦʧʨʦʜʫʢʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʪʜʝʣʴʥʳʝ ʧʨʠʪʦʢʠ ʨʝʢʠ ʆʙʠ ʧʦʣʥʦʩʪʴʶ ʫʪʨʘʪʠʣʠ ʩʚʦʝ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʚʷʟʠ ʩ 

ʪʦʪʘʣʴʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ ʠʭ ʙʘʩʩʝʡʥʦʚ. 

ʆʙʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘ ʩʦʩʪʦʷʥʠʝ ʛʠʜʨʦʙʠʦʥʪʦʚ ʧʨʠʥʷʪʦ ʧʦʜʨʘʟʜʝʣʷʪʴ 

ʥʘ ʧʷʪʴ ʢʘʪʝʛʦʨʠʡ: 

1) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʦʪʨʘʚʣʝʥʠʝ ʦʨʛʘʥʠʟʤʦʚ ʩ ʣʝʪʘʣʴʥʳʤ ʠʩʭʦʜʦʤ; 

2) ʩʝʨʴʝʟʥʳʝ ʥʘʨʫʰʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʠʜʨʦʙʠʦʥʪʦʚ; 

3) ʧʨʷʤʦʝ ʦʙʚʦʣʘʢʠʚʘʥʠʝ ʤʦʨʩʢʠʭ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ; 

4) ʙʦʣʝʟʥʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʛʠʜʨʦʙʠʦʥʪʦʚ, ʚʳʟʚʘʥʥʳʝ ʚʥʝʜʨʝʥʠʝʤ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ; 

5) ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ. 

ʆʧʘʩʥʦʩʪʴ ʦʪʨʘʚʣʝʥʠʷ ʥʝʬʪʴʶ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʊʦʢʩʠʯʥʦʩʪʴ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʣʝʝ 1 ʤʛ/ʤ3. ɼʘʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʪʠ (200-400 ʤʛ/ʤ3) ʧʨʠʜʘʝʪ ʚʦʜʝ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʟʘʧʘʭ [9]. 

ʄʘʩʩʦʚʘʷ ʛʠʙʝʣʴ ʤʦʨʩʢʠʭ ʦʨʛʘʥʠʟʤʦʚ ʦʪʤʝʯʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʘʭ. 

ʇʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʤʦʨʩʢʦʡ ʚʦʜʳ ʚʜʘʣʠ ʦʪ ʙʝʨʝʛʦʚ, ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ, ʪʦʢʩʠʯʥʳʝ ʥʝʬʪʷʥʳʝ 

ʬʨʘʢʮʠʠ ʫʩʧʝʚʘʶʪ ʯʘʩʪʠʯʥʦ ʠʩʧʘʨʠʪʴʩʷ, ʯʘʩʪʠʯʥʦ ʨʘʟʙʘʚʠʪʴʩʷ ʚʦʜʦʡ ʜʦ ʤʝʥʝʝ ʦʧʘʩʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ. ʆʜʥʘʢʦ ʠ ʚ ʥʝʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʥʝʬʪʠ 

ʦʢʘʟʳʚʘʶʪ ʛʫʙʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʦʨʩʢʠʝ ʙʠʦʮʝʥʦʟʳ: ʩʤʝʨʪʴ ʚʟʨʦʩʣʳʭ ʤʦʨʩʢʠʭ 

ʦʨʛʘʥʠʟʤʦʚ ʤʦʞʝʪ ʥʘʩʪʫʧʠʪʴ ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʫʞʝ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 10-4-10-2%. 

ʉʤʝʨʪʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʜʣʷ ʠʢʨʠʥʦʢ ʠ ʤʘʣʴʢʦʚ ʝʱʝ ʥʠʞʝ ï 

ʪʘʙʣ. 9.3 (ʮʠʪ. ʧʦ [8]). 

ʊʘʙʣʠʮʘ 9.3 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʦʨʩʢʠʭ ʦʨʛʘʥʠʟʤʦʚ  

ʢ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤ ʥʝʬʪʠ 

ʄʦʨʩʢʠʝ ʦʨʛʘʥʠʟʤʳ 
ʂʦʥʮʝʥʪʨʘʮʠʷ, ʚʳʟʳʚʘʶʱʘʷ 

ʦʪʨʘʚʣʝʥʠʝ, ʭ10-4 (%)  

ʈʘʩʪʝʥʠʷ 10-1000 

ʈʳʙʘ (ʚʟʨʦʩʣʳʝ ʦʩʦʙʠ) 5-50 

ʃʠʯʠʥʢʠ (ʚʩʝ ʚʠʜʳ) 0,1-1,0 

ʆʙʠʪʘʪʝʣʠ ʤʦʨʩʢʦʛʦ ʜʥʘ (ʢʨʝʚʝʪʢʠ) 1-10 

ɹʨʶʭʦʥʦʛʠʝ (ʫʣʠʪʢʠ) 10-100 

ɼʚʫʩʪʚʦʨʯʘʪʳʝ ʤʦʣʣʶʩʢʠ (ʫʩʪʨʠʮʳ) 5-50 

ʄʦʨʩʢʠʝ ʨʘʢʦʦʙʨʘʟʥʳʝ 1-10 

ɼʨʫʛʠʝ ʤʦʨʩʢʠʝ ʙʝʩʧʦʟʚʦʥʦʯʥʳʝ 1-10 

 

9.5. ɼʝʛʨʘʜʘʮʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ 

ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ï ʚʘʞʥʝʡʰʠʡ ʢʦʤʧʦʥʝʥʪ ʙʠʦʩʬʝʨʳ ɿʝʤʣʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʠʤʝʥʥʦ ʧʦʯʚʝʥʥʘʷ ʦʙʦʣʦʯʢʘ ʦʧʨʝʜʝʣʷʝʪ ʤʥʦʛʠʝ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʙʠʦʩʬʝʨʝ ʚ ʮʝʣʦʤ, ʠʩʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʛʣʦʪʠʪʝʣʷ, 

ʨʘʟʨʫʰʠʪʝʣʷ ʠ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ. ɽʩʣʠ ʵʪʦ ʟʚʝʥʦ ʙʫʜʝʪ ʨʘʟʨʫʰʝʥʦ ʠʣʠ 

ʫʥʠʯʪʦʞʝʥʦ ʥʘ ʙʦʣʴʰʠʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ, ʪʦ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʙʠʦʩʬʝʨʳ 

ʥʝʦʙʨʘʪʠʤʦ ʥʘʨʫʰʠʪʩʷ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ ʠʟʫʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʥʪʨʦʣʷ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʝʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺʦʟʜʝʡʩʪʚʠʝ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚ ʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʥʘ 
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ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʤʝʭʘʥʠʯʝʩʢʦʤ ʥʘʨʫʰʝʥʠʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ 

ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʭʠʤʠʯʝʩʢʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʧʦʯʚ ʧʨʠ ʘʚʘʨʠʷʭ.  

 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʚʦʟʜʝʡʩʪʚʠʷ  

ʥʘ ʮʝʣʦʩʪʥʦʩʪʴ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʧʨʦʢʣʘʜʢʘ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʯʘʩʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʥʝ ʪʦʣʴʢʦ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʥʦ ʠ ʣʘʥʜʰʘʬʪʘ ʚ ʮʝʣʦʤ. ʄʘʩʰʪʘʙʳ 

ʥʘʨʫʰʝʥʠʡ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʚʳʟʚʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʟʘʚʠʩʷʪ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʦʪ ʨʘʟʤʝʨʘ ʚʚʦʜʠʤʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʘ ʩ ʜʨʫʛʦʡ ï ʦʪ ʨʘʥʠʤʦʩʪʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʚ 

ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ.  

ʉʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʝ ʠ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʧʦʯʚʝʥʥʦʡ ʪʦʣʱʠ, ʧʦʛʨʝʙʝʥʠʝʤ ʛʫʤʫʩʦʚʳʭ, ʥʘʠʙʦʣʝʝ ʧʣʦʜʦʨʦʜʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ, ʟʘʛʨʷʟʥʝʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʯʚʳ ʥʝʧʦʯʚʝʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʪʦʢʩʠʯʝʩʢʠʤʠ 

ʚʝʱʝʩʪʚʘʤʠ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʧʦʯʚ, ʥʦ ʠ ʚʝʩʴ 

ʢʦʤʧʣʝʢʩ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʅʘʨʫʰʘʶʪʩʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ, 

ʚʦʟʜʫʰʥʳʡ ʠ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʙʘʣʘʥʩ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ, ʪʦ ʝʩʪʴ ʫʨʦʚʝʥʴ 

ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ. ɺʩʝ ʵʪʠ ʧʨʦʮʝʩʩʳ ʚʳʟʳʚʘʶʪ ʩʥʠʞʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ, ʫʭʫʜʰʘʶʪ ʩʦʩʪʦʷʥʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʬʠʪʦʮʝʥʦʟʦʚ. ʊʘʢ ʢʘʢ ʧʦʯʚʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʥʘʤʠʯʥʫʶ ʮʝʣʦʩʪʥʫʶ ʩʠʩʪʝʤʫ, ʪʦ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʝʝ ʩʦʩʪʦʷʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʦʦʙʱʝʩʪʚʘʭ ʧʦʯʚʝʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ.  

ɺ ʮʝʣʦʤ ʧʝʜʦʪʫʨʙʘʮʠʷ ʠ ʩʥʷʪʠʝ ʧʣʦʜʦʨʦʜʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚʳ ʧʨʠʚʦʜʷʪ ʢ ʜʚʫʤ 

ʦʩʥʦʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ: 

ï ʚʦ-ʧʝʨʚʳʭ, ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʦ ʧʦʯʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ (ʬʠʟʠʯʝʩʢʠʝ, 

ʭʠʤʠʯʝʩʢʠʝ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ); 

ï ʚʦ-ʚʪʦʨʳʭ, ʨʘʟʚʠʚʘʶʪʩʷ ʥʝʩʚʦʡʩʪʚʝʥʥʳʝ ʥʝʥʘʨʫʰʝʥʥʦʤʫ ʧʦʯʚʝʥʥʦʤʫ ʧʦʢʨʦʚʫ 

ʛʠʧʝʨʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ (ʚʦʜʥʘʷ ʠ ʚʝʪʨʦʚʘʷ ʵʨʦʟʠʷ, ʟʘʙʦʣʘʯʠʚʘʥʠʝ, ʜʝʛʨʘʜʘʮʠʷ ʙʦʣʦʪ ʠ ʜʨ.) ʣʠʙʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦʟʨʘʩʪʘʝʪ [13]. 

ʍʘʨʘʢʪʝʨʥʳʤ ʧʨʠʤʝʨʦʤ ʦʙʲʝʢʪʦʚ, ʛʜʝ ʤʝʭʘʥʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʥʘʨʫʰʝʥʠʷ ʧʦʯʚʝʥʥʦ-

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠʥʠʮʠʠʨʦʚʘʣ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʛʠʧʝʨʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʜʦʙʳʯʝ ʠ ʪʨʘʥʩʧʦʨʪʫ ʛʘʟʘ ʥʘ ʗʤʘʣʝ. ʈʘʟʨʫʰʝʥʠʝ ʭʨʫʧʢʠʭ ʪʫʥʜʨʦʚʳʭ 

ʵʢʦʩʠʩʪʝʤ ʚʳʟʚʘʣʦ ʵʩʢʘʣʘʮʠʶ ʚʦʜʥʦ-ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɹʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʯʚ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʟʘʛʨʷʟʥʝʥʠʝ ʩʳʨʦʡ ʥʝʬʪʴʶ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ, ʢʦʪʦʨʦʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ, ʚ ʪʦʨʤʦʞʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʥʠʞʝʥʠʠ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʙʦʣʴʰʠʥʩʪʚʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʨʝʟʢʦʤ ʫʚʝʣʠʯʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʫʛʣʝʨʦʜʦʤ ʠ ʘʟʦʪʦʤ ʠ ʪ.ʜ. ʅʝʬʪʷʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʤʫ ʪʝʧʣʦ- ʠ 

ʛʘʟʦʦʙʤʝʥʫ ʧʦʯʚ, ʯʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʇʨʠ 

ʚʳʩʦʢʠʭ ʜʦʟʘʭ ʥʝʬʪʠ ʧʦʯʚʝʥʥʘʷ ʤʘʩʩʘ ʩʪʘʥʦʚʠʪʩʷ ʛʠʜʨʦʬʦʙʥʦʡ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʠ 

ʩʪʨʫʢʪʫʨʥʳʝ ʘʛʨʝʛʘʪʳ ʧʦʢʨʳʚʘʶʪʩʷ ʥʝʬʪʷʥʦʡ ʧʣʝʥʢʦʡ, ʢʦʪʦʨʘʷ ʠʟʦʣʠʨʫʝʪ ʧʠʪʘʪʝʣʴʥʳʝ 

ʚʝʱʝʩʪʚʘ ʦʪ ʢʦʨʥʝʚʳʭ ʩʠʩʪʝʤ ʨʘʩʪʝʥʠʡ. ʇʦʯʚʝʥʥʳʝ ʯʘʩʪʠʮʳ ʩʣʠʧʘʶʪʩʷ, ʘ ʧʨʠ ʩʪʘʨʝʥʠʠ ʠ 

ʯʘʩʪʠʯʥʦʤ ʦʢʠʩʣʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʬʪʠ ʧʦʩʣʝʜʥʷʷ ʟʘʛʫʩʪʝʚʘʝʪ ʠ ʧʦʯʚʝʥʥʳʡ ʩʣʦʡ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʘʩʬʘʣʴʪʦʧʦʜʦʙʥʫʶ ʤʘʩʩʫ, ʢʦʪʦʨʘʷ ʩʦʚʝʨʰʝʥʥʦ ʥʝʧʨʠʛʦʜʥʘ ʜʣʷ ʧʨʦʠʟʨʘʩʪʘʥʠʷ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠʣʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʋʩʠʣʠʚʘʝʪʩʷ 

ʢʫʪʘʥʦʦʙʨʘʟʦʚʘʥʠʝ, ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʧʦʯʚʳ, ʫʭʫʜʰʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ, ʨʝʘʢʮʠʷ 

ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʜʚʠʛʘʝʪʩʷ ʚ ʱʝʣʦʯʥʫʶ ʩʪʦʨʦʥʫ, ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2-10 ʨʘʟ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ï ʚ 10-100 ʨʘʟ. ʀ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʠ ʵʢʦʩʠʩʪʝʤʥʳʭ ʩʝʨʚʠʩʦʚ ʧʦʯʚʳ. ʆʙʱʘʷ 

ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʨʠ ʵʪʦʤ ʧʨʝʪʝʨʧʝʚʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ.  
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ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʦʯʚʘʭ 

ʇʨʠ ʥʝʬʪʷʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʪʝʩʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʪʨʠ ʛʨʫʧʧʳ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ:  

ï ʫʥʠʢʘʣʴʥʘʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʩʪʴ ʩʦʩʪʘʚʘ ʥʝʬʪʠ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʩʪʦʷʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ; 

ï ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʣʶʙʦʡ ʵʢʦʩʠʩʪʝʤʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʟʚʠʪʠʷ; 

ï ʤʥʦʛʦʦʙʨʘʟʠʝ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʠʪʩʷ ʵʢʦʩʠʩʪʝʤʘ: ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, ʚʣʘʞʥʦʩʪʴ, ʩʦʩʪʦʷʥʠʝ ʘʪʤʦʩʬʝʨʳ, ʛʠʜʨʦʩʬʝʨʳ 

ʠ ʪ.ʜ. 

ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʡ ʦʮʝʥʢʠ ʧʨʦʮʝʩʩʦʚ ʥʘʢʦʧʣʝʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʝʬʪʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʦʯʚʝ, ʠʟʫʯʝʥʠʷ ʠʭ ʪʦʢʩʠʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʜʘʣʝʥʠʷ ʜʘʥʥʳʭ ʚʝʱʝʩʪʚ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʦʥʢʨʝʪʥʦʝ ʩʦʯʝʪʘʥʠʝ ʵʪʠʭ ʪʨʝʭ ʛʨʫʧʧ ʬʘʢʪʦʨʦʚ.  

ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʬʪʴ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʭ 

ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ: ʠʟ ʘʥʘʵʨʦʙʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʩ ʟʘʤʝʜʣʝʥʥʳʤʠ ʪʝʤʧʘʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʦʥʘ ʧʦʧʘʜʘʝʪ ʚ ʭʦʨʦʰʦ ʘʵʨʠʨʫʝʤʫʶ ʩʨʝʜʫ, ʚ ʢʦʪʦʨʦʡ ʧʦʤʠʤʦ ʘʙʠʦʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ.  

ɺ ʧʦʯʚʘʭ ʥʝʬʪʴ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʬʦʨʤʘʭ [10]:  

ï ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ï ʚ ʧʘʨʦʦʙʨʘʟʥʦʤ ʠ ʞʠʜʢʦʤ ʣʝʛʢʦʧʦʜʚʠʞʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ 

ʩʚʦʙʦʜʥʦʡ ʠʣʠ ʨʘʩʪʚʦʨʝʥʥʦʡ ʚʦʜʥʦʡ ʠʣʠ ʚʦʜʥʦ-ʵʤʫʣʴʩʠʦʥʥʦʡ ʬʘʟʝ; 

ï ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʠ ʪʨʝʱʠʥʘʭ ï ʚ ʩʚʦʙʦʜʥʦʤ ʥʝʧʦʜʚʠʞʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʠʛʨʘʷ ʨʦʣʴ 

ʚʷʟʢʦʛʦ ʠʣʠ ʪʚʝʨʜʦʛʦ ʮʝʤʝʥʪʘ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠ ʘʛʨʝʛʘʪʘʤʠ ʧʦʯʚʳ; ʚ ʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʥʘ ʯʘʩʪʠʮʘʭ ʧʦʯʚʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʛʫʤʫʩʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʯʚʳ; 

ï ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʯʚʳ ʚ ʚʠʜʝ ʧʣʦʪʥʦʡ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʡ ʤʘʩʩʳ. 

ʅʘ ʨʠʩ. 9.2 ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʳʝ ʧʨʦʮʝʩʩʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʧʦʯʚʝ [4].  

ɹʫʜʫʯʠ ʩʤʝʩʴʶ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʪʨʦʝʥʠʶ ʠ ʩʚʦʡʩʪʚʘʤ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʝʬʪʴ ʨʘʟʣʘʛʘʝʪʩʷ 

ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ ï ʧʨʦʮʝʩʩʳ ʜʝʩʪʨʫʢʮʠʠ ʦʜʥʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʥʛʠʙʠʨʫʶʪʩʷ ʜʨʫʛʠʤʠ, ʧʨʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʫʜʥʦʦʢʠʩʣʷʝʤʳʭ ʬʦʨʤ ʠ 

ʪ.ʜ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʚ ʩʦʩʪʘʚʝ ʥʝʬʪʠ ʣʝʛʢʠʭ ʬʨʘʢʮʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ ʠʩʧʘʨʝʥʠʶ 

ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʬʪʠ ʠʟ ʧʦʯʚ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʪʷʞʝʣʳʭ ʬʨʘʢʮʠʡ ʚ ʩʦʩʪʘʚʝ 

ʥʝʬʪʠ ʠ ʥʘʣʠʯʠʝ ʚ ʥʝʡ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ (>0,5%) ʩʧʦʩʦʙʩʪʚʫʶʪ ʪʦʤʫ, ʯʪʦ ʩʪʦʡʢʠʝ 

ʙʠʪʫʤʠʥʦʟʥʳʝ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩʦʭʨʘʥʷʪʴʩʷ ʠ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʧʦʯʚʘʭ. ʇʨʠ 

ʦʜʠʥʘʢʦʚʦʤ ʩʦʩʪʘʚʝ ʥʝʬʪʠ ʩʪʝʧʝʥʴ ʦʧʘʩʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ ʮʝʣʠʢʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʥʢʨʝʪʥʳʤʠ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. 

ɺʝʨʪʠʢʘʣʴʥʦʝ ʧʝʨʝʜʚʠʞʝʥʠʝ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʦ ʧʦʯʚʝʥʥʦʤʫ ʧʨʦʬʠʣʶ ʩʦʟʜʘʝʪ 

ʵʬʬʝʢʪ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʠʭ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ: ʚ ʛʫʤʫʩʦʚʦ-

ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʩʦʨʙʠʨʫʶʪʩʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʩʤʦʣʠʩʪʦ-ʘʩʬʘʣʴʪʝʥʦʚʳʝ ʠ ʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ; ʣʝʛʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʧʨʦʥʠʢʘʶʪ ʚ 

ʥʠʞʝʣʝʞʘʱʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʛʦʨʠʟʦʥʪʳ. 

ɻʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʝʬʪʠ ʠ ʝʝ ʙʦʢʦʚʘʷ ʤʠʛʨʘʮʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʦʯʚ ʟʘʚʠʩʠʪ 

ʦʪ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ ʠ ʛʨʫʥʪʦʚ, ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʧʦʯʚ, ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʫʢʣʦʥʘ 

ʠ ʨʘʩʯʣʝʥʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ, ʦʙʲʝʤʘ ʨʘʟʣʠʪʦʡ ʥʝʬʪʠ, ʩʝʟʦʥʘ ʨʘʟʣʠʚʘ, ʤʦʱʥʦʩʪʠ ʠ ʩʪʨʦʝʥʠʷ 

ʥʘʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʜʨ. 
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ʈʠʩʫʥʦʢ 9.2. ʇʦʚʝʜʝʥʠʝ ʢʩʝʥʦʙʠʦʪʠʢʦʚ (ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʝʬʪʠ) ʚ ʧʦʯʚʝ 

 

ʊʘʢ, ʥʘ ʙʦʣʦʪʥʳʭ ʫʯʘʩʪʢʘʭ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʝʬʪʠ ʧʨʠ ʚʳʩʦʢʦʤ ʩʪʦʷʥʠʠ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 10 ʩʤ. ɺ ʪʦʨʬʷʥʠʩʪʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚʘʭ ʧʨʦʩʘʯʠʚʘʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʜʦ ʛʣʫʙʠʥʳ ʧʦʜʟʦʣʠʩʪʦ-ʛʣʝʝʚʦʛʦ ʛʦʨʠʟʦʥʪʘ (10-20 ʩʤ), ʢʦʪʦʨʳʡ ʩʪʘʥʦʚʠʪʩʷ 

ʫʧʦʨʦʤ ʥʘ ʧʫʪʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʝʬʪʠ. ɺ ʪʦʨʬʷʥʦ-ʙʦʣʦʪʥʳʭ ʧʦʯʚʘʭ ʥʝʬʪʴ ʩʧʦʩʦʙʥʘ ʧʨʦʥʠʢʘʪʴ 

ʥʘ ʛʣʫʙʠʥʫ ʜʦ 20-50 ʩʤ ʠ ʨʘʩʪʝʢʘʪʴʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

ʇʨʠ ʘʚʘʨʠʡʥʳʭ ʚʳʙʨʦʩʘʭ ʥʝʬʪʠ ʬʦʨʤʠʨʫʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʢʦʥʪʨʘʩʪʥʳʝ ʦʨʝʦʣʳ 

ʟʘʛʨʷʟʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʩʣʦʞʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɿʦʥʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ 

ʦʨʝʦʣʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʨʘʜʠʘʣʴʥʦʡ ʠ ʣʘʪʝʨʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ. ʉʨʝʜʠ ʜʨʫʛʠʭ ʧʨʠʯʠʥ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʦʙʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʦʨʝʦʣʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʝ ʤʝʩʪʦ ʠʤʝʶʪ [11]:  

ï ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʳʭ ʧʦʯʚ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʣʘʥʜʰʘʬʪʦʚ;  

ï ʩʧʦʩʦʙʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴ; 

ï ʠʟʤʝʥʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʢʦʨʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ ʥʝʬʪʠ, ʘʢʪʠʚʥʦʩʪʴ ʩʘʤʦʦʯʠʱʝʥʠʷ ʧʦʯʚ ʠʣʠ 

ʫʩʪʦʡʯʠʚʦʝ ʩʦʭʨʘʥʝʥʠʝ ʚ ʥʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʘʟʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʟʘʤʝʪʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ.  

ɺʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʧʦʯʚ ʩ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ, ʠʤʝʶʱʠʭ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʨʝʞʠʤ ʘʵʨʘʮʠʠ ʠ ʚʳʩʦʢʫʶ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ; ʚ ʧʦʯʚʘʭ ʩʫʧʝʨʘʢʚʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʦʚ (ʩ ʠʟʙʳʪʦʯʥʳʤ 

ʫʚʣʘʞʥʝʥʠʝʤ) ʨʘʟʣʦʞʝʥʠʝ ʥʝʬʪʠ ʟʘʤʝʜʣʝʥʦ. ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩʳ ʦʛʣʝʝʥʠʷ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʬʘʢʪʦʨ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʜʝʩʪʨʫʢʮʠʠ ʥʝʬʪʠ ʚ ʧʦʯʚʘʭ. ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ɿ.ʖ. ɼʠʙʠʨʦʚʦʡ (2001 ʛ.) [3] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʝʬʣʷʮʠʷ, ʵʨʦʜʠʨʦʚʘʥʥʦʩʪʴ ʠ ʟʘʩʦʣʝʥʠʝ 

ʫʤʝʥʴʰʘʶʪ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʧʦʯʚ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʥʝʬʪʴʶ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ.  
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ʇʨʠ ʘʚʘʨʠʷʭ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝʬʪʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʙʫʜʝʪ ʠʤʝʪʴ ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ: ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ, ʠ ʤʝʨʟʣʳʤ 

ʧʦʯʚʘʤ ʙʫʜʝʪ ʥʘʥʝʩʝʥ ʤʝʥʴʰʠʡ ʚʨʝʜ, ʯʝʤ ʣʝʪʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʟʠʤʦʡ ʦʙʱʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʘʤʦʦʯʠʱʝʥʠʷ ʦʪ ʧʣʝʥʦʢ ʩʳʨʦʡ ʥʝʬʪʠ ʚ 3 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ɿʜʝʩʴ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʠʩʧʘʨʝʥʠʝ ʩʦ ʩʥʝʞʥʦʡ ʠ ʣʝʜʷʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ï 50-80% ʠ ʬʦʪʦʦʢʠʩʣʝʥʠʝ ï 15-35%. ʇʷʪʥʘ ʥʝʬʪʠ ʥʘʨʫʰʘʶʪ ʪʝʨʤʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʩʥʝʛʘ ʠ ʣʴʜʘ, ʪʝʤ ʩʘʤʳʤ ʫʩʠʣʠʚʘʷ ʠʭ ʪʘʷʥʠʝ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʦʙʨʘʟʫʶʪʩʷ 

ʧʨʦʪʘʣʠʥʳ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʥʝʬʪʠ. ʇʨʝʢʨʘʱʝʥʠʝ ʨʘʩʪʝʢʘʥʠʷ ʥʝʬʪʠ ʠ ʝʝ 

ʣʦʢʘʣʠʟʘʮʠʷ ʙʫʜʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʝʝ ʚʷʟʢʦʩʪʠ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʃʝʜ ʩʧʦʩʦʙʝʥ ʟʘʭʚʘʪʳʚʘʪʴ ʥʝʬʪʴ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦ 25% 

ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʩʩʳ ʠ ʚʦ ʚʨʝʤʷ ʣʝʜʦʭʦʜʘ ʧʝʨʝʥʦʩʠʪʴ ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʴʜʳ ʤʦʛʫʪ ʦʯʠʱʘʪʴ ʨʘʡʦʥʳ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʟʘʛʨʷʟʥʷʪʴ ʚʪʦʨʠʯʥʦ ʛʠʜʨʦʩʬʝʨʫ ʚ 

ʨʘʡʦʥʘʭ ʪʘʷʥʠʷ ʣʴʜʘ. 

ʅʘʠʙʦʣʴʰʘʷ ʦʧʘʩʥʦʩʪʴ ʫʩʪʦʡʯʠʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʤʦʞʝʪ 

ʩʦʟʜʘʪʴʩʷ ʚ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʤ ʠ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʤ ʙʘʩʩʝʡʥʘʭ, ʛʜʝ ʫʩʣʦʚʠʷ ʨʘʟʣʦʞʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʘʭ ʢʨʘʡʥʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳ. ʐʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʟʜʝʩʴ ʧʦʣʫʯʠʣʠ 

ʧʨʦʮʝʩʩʳ ʤʝʨʟʣʦʪʥʦʛʦ ʦʛʣʝʝʥʠʷ, ʪʠʢʩʦʪʨʦʧʠʠ, ʢʨʠʦʛʝʥʥʦʡ ʨʝʪʠʥʠʟʘʮʠʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʤʝʪʘʤʦʨʬʠʟʘʮʠʠ ʩʦʣʝʚʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʪʦʨʬʦʚʘʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʢ ʧʦʛʣʦʱʝʥʠʶ ʪʦʢʩʠʯʝʩʢʠʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ 

ʨʘʩʧʘʜʘ.  

ʅʘʠʤʝʥʴʰʘʷ ʦʧʘʩʥʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʥʝʬʪʴʶ ʩʢʣʘʜʳʚʘʝʪʩʷ ʚ ʂʘʨʘʢʫʤʩʢʦʤ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʤ ʙʘʩʩʝʡʥʝ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʡʦʥʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʫʚʣʘʞʥʝʥʥʳʭ 

ʣʫʛʦʚʦ-ʩʝʨʦʟʝʤ-ʥʳʭ ʧʦʯʚ. ʕʪʠ ʨʘʡʦʥʳ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʵʥʝʨʛʦ- ʠ ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʦʯʚ ʣʝʛʢʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʦ ʥʝʪʦʢʩʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʧʦʣʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʥʝʬʪʝʜʦʙʳʯʠ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ ʚ ʨʘʡʦʥʝ ɼʥʝʧʨʦʚʩʢʦ-ʇʨʠʧʷʪʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘʠʙʦʣʴʰʝʡ ʫʛʨʦʟʝ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʜʚʝʨʞʝʥʳ ʧʦʜʟʦʣʠʩʪʳʝ ʠ ʜʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʳʝ ʧʦʯʚʳ, ʥʘʠʤʝʥʴʰʝʡ ï ʯʝʨʥʦʟʝʤʳ, ʛʜʝ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʪʝʧʣʘ ʠ ʚʣʘʛʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʣʦʞʝʥʠʶ ʠ ʦʯʠʱʝʥʠʶ ʧʦʯʚ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʠ ʘʥʘʣʠʟʘ ʧʨʠʨʦʜʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʯʚ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ʉʅɻ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʦʧʘʩʥʦʩʪʴ ʦʩʪʘʪʦʯʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ 

ʚʦʟʨʘʩʪʘʝʪ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ, ʘ ʚ ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʳʭ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʠ ʧʨʦʚʠʥʮʠʡ ï ʦʪ 

ʧʝʩʯʘʥʳʭ ʧʦʯʚ ʢ ʩʫʛʣʠʥʠʩʪʳʤ ʠ ʛʣʠʥʠʩʪʳʤ, ʦʪ ʘʚʪʦʤʦʨʬʥʳʭ ʧʦʯʚ ʢ ʛʠʜʨʦʤʦʨʬʥʳʤ, ʦʪ 

ʨʘʩʧʘʭʘʥʥʳʭ ʧʦʯʚ ʢ ʮʝʣʠʥʥʳʤ [14-16]. ɺ ʫʩʣʦʚʠʷʭ ʦʜʥʦʨʦʜʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʦʜʠʥʘʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʪʦʢʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʯʚ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʥʝʬʪʴʶ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ ʠ ʙʫʬʝʨʥʦʩʪʴʶ ʚʩʝʡ 

ʵʢʦʩʠʩʪʝʤʳ. 

ɺ ʭʦʣʦʜʥʳʭ ʨʘʡʦʥʘʭ ʪʫʥʜʨʳ ʠ ʩʝʚʝʨʘ ʪʘʡʛʠ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʯʚʳ ʢ ʩʘʤʦʦʯʠʱʝʥʠʶ ʦʯʝʥʴ 

ʥʠʟʢʘʷ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʪʘʝʞʥʦ-ʣʝʩʥʳʤ ʨʘʡʦʥʘʤ ʦʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʘʝʪʩʷ, ʘ ʚ ʣʝʩʦʩʪʝʧʥʳʭ 

ʠ ʩʪʝʧʥʳʭ ï ʩʪʘʥʦʚʠʪʩʷ ʚʳʩʦʢʦʡ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʚ ʧʦʣʫʧʫʩʪʳʥʥʳʭ ʠ ʧʫʩʪʳʥʥʳʭ ʨʘʡʦʥʘʭ. 

ʋʩʣʦʚʥʦ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʩʢʦʨʦʩʪʠ ʩʘʤʦʦʯʠʱʝʥʠʷ ʜʣʷ ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʨʘʟʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʟʦʥ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʦʜʥʦʨʘʟʦʚʦʤ ʫʨʦʚʥʝ ʟʘʛʨʷʟʥʝʥʠʷ (5000 ʤʛ/ʢʛ) ʥʝʬʪʴʶ 

ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ (ʧʣʦʪʥʦʩʪʴ 0,85-0,87) [10]: 

 

ʉʢʦʨʦʩʪʴ ʩʘʤʦʦʯʠʱʝʥʠʷ ɺʨʝʤʷ 

ɺʳʩʦʢʘʷ ʜʦ 5 ʣʝʪ 

ʉʨʝʜʥʷʷ ʜʦ 10 ʣʝʪ 

ʅʠʟʢʘʷ ʜʦ 30 ʣʝʪ ʠ ʙʦʣʝʝ 
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ʂʘʢ ʧʨʘʚʠʣʦ, ʚʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ ʧʨʦʮʝʩʩʘ ʩʘʤʦʦʯʠʱʝʥʠʷ ʧʦʯʚ ʦʪ ʥʝʬʪʷʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ (ʮʠʪ. ʧʦ [7]): 

ü ʇʝʨʚʳʡ ʵʪʘʧ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʝʬʪʠ ʥʘʯʠʥʘʝʪʩʷ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʜʣʠʪʩʷ 

ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ ʧʦʣʫʪʦʨʘ ʣʝʪ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʚʳʤʳʚʘʥʠʝ ʠ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʥʝʬʪʠ ʚ 

ʛʣʫʙʴ ʧʦʯʚʝʥʥʦʡ ʪʦʣʱʠ, ʠʩʧʘʨʝʥʠʝ ʣʝʛʢʠʭ ʬʨʘʢʮʠʡ, ʦʢʠʩʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʥʝʬʪʠ 

ʘʪʤʦʩʬʝʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ, ʬʦʪʦʭʠʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʇʨʦʠʩʭʦʜʷʪ 

ʧʨʦʮʝʩʩʳ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʥʦ-ʥʘʬʪʝʥʦʚʳʭ ʬʨʘʢʮʠʡ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ 

ʩʤʦʣʠʩʪʳʭ ʚʝʱʝʩʪʚ. ʇʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʜʦʩʪʘʪʦʯʥʦ 

ʫʩʪʦʡʯʠʚʳ, ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ ʨʘʟʨʫʰʘʶʪʩʷ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʥʠʷ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʉʣʝʜʫʝʪ ʧʦʯʝʨʢʥʫʪʴ, ʯʪʦ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʯʚ 

ʧʦʜʘʚʣʝʥʘ ʚ ʩʠʣʫ ʦʩʪʨʦʛʦ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦʜʚʠʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʬʪʠ. ʅʘ ʜʘʥʥʦʤ 

ʵʪʘʧʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʪʠ ʚ ʧʦʯʚʝ ʤʦʞʝʪ ʩʥʠʟʠʪʴʩʷ ʥʘ 40-50%.  

ü ɺʪʦʨʦʡ ʵʪʘʧ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʣʠʪʩʷ ʚ ʩʨʝʜʥʝʤ 3-4 ʛʦʜʘ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʦʚ 

ʜʝʩʪʨʫʢʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʥʝʬʪʠ ʩʥʠʞʘʝʪʩʷ. ɺʦʟʨʘʩʪʘʝʪ ʯʠʩʣʝʥʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʜʦ 25 

ʨʘʟ), ʩʧʦʩʦʙʥʳʭ ʨʘʟʨʫʰʘʪʴ ʫʛʣʝʚʦʜʦʨʦʜʳ. ʇʨʦʠʩʭʦʜʠʪ ʨʘʟʣʦʞʝʥʠʝ ʩʘʤʳʭ ʪʦʢʩʠʯʥʳʭ ʤʝʪʘʥʦ-

ʥʘʬʪʝʥʦʚʳʭ ʬʨʘʢʮʠʡ; ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʬʪʠ 

ʚʦʟʨʘʩʪʘʝʪ. 

ü ʊʨʝʪʠʡ ʵʪʘʧ ʥʘʯʠʥʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʯʝʨʝʟ 4,5-5 ʣʝʪ ʧʦʩʣʝ ʟʘʛʨʷʟʥʝʥʠʷ. ʅʘ ʵʪʦʡ ʩʪʘʜʠʠ 

ʚ ʜʝʩʪʨʫʢʮʠʠ ʥʝʬʪʠ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʅʘʯʠʥʘʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʠ ʥʘʠʤʝʥʝʝ ʪʦʢʩʠʯʥʳʭ ʩʤʦʣʠʩʪʦ-

ʘʩʬʘʣʴʪʝʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʚ ʮʝʣʦʤ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʟʘ 10-12 ʣʝʪ.  

ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʪʘʧʦʚ ʩʘʤʦʦʯʠʱʝʥʠʷ ʧʦʯʚ ʦʪ ʥʝʬʪʠ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʘ ʤʘʩʰʪʘʙʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ ʪʝʨʨʠʪʦʨʠʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʧʦʯʚʘʭ ʩʫʭʠʭ ʩʫʙʪʨʦʧʠʢʦʚ ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʢʠʭ 

ʬʨʘʢʮʠʡ ʥʝʬʪʠ ʟʘ 3 ʤʝʩʷʮʘ ʩʥʠʟʠʣʦʩʴ ʥʘ 50% ʚʦ ʤʥʦʛʦʤ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ ʠʩʧʘʨʝʥʠʷ; ʧʨʠ ʵʪʦʤ ʦʢʦʣʦ 40% ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʦʩʪʘʣʦʩʴ ʥʘ ʤʝʩʪʝ ʚ ʚʠʜʝ 

ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʧʨʦʜʫʢʪʦʚ ʤʝʪʘʙʦʣʠʟʤʘ ʚ ʩʠʣʫ ʦʪʩʫʪʩʪʚʠʷ ʚʳʥʦʩʘ ʟʘ ʧʨʝʜʝʣʳ ʧʦʯʚʝʥʥʦʛʦ 

ʧʨʦʬʠʣʷ ʩ ʚʦʜʥʳʤʠ ʧʦʪʦʢʘʤʠ. ɺ ʛʫʤʠʜʥʦʡ ʟʦʥʝ ʶʞʥʦʡ ʪʘʡʛʠ ʥʘʙʣʶʜʘʶʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʠʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: ʧʦʪʝʨʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʟʘ 3 ʤʝʩʷʮʘ ʩʦʩʪʘʚʠʣʠ ʦʢʦʣʦ 70% ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʚʳʩʦʢʦʛʦ ʠʩʧʘʨʝʥʠʷ ʟʘ ʩʯʝʪ ʚʳʥʦʩʘ ʩ ʚʦʜʥʳʤʠ ʧʦʪʦʢʘʤʠ; ʚ ʧʨʦʮʝʩʩʝ ʛʫʤʠʬʠʢʘʮʠʠ 

ʫʯʘʩʪʚʦʚʘʣʦ ʥʝ ʙʦʣʝʝ 20% ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʝʬʪʠ. ʊʦ ʝʩʪʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʦʤʧʦʥʝʥʪʳ ʥʝʬʪʠ 

ʥʝ ʨʘʟʣʦʞʠʣʠʩʴ, ʘ ʤʠʛʨʠʨʦʚʘʣʠ ʚ ʩʦʧʨʝʜʝʣʴʥʳʝ ʧʨʠʨʦʜʥʳʝ ʩʨʝʜʳ, ʟʘʛʨʷʟʥʷʷ ʠʭ. 

ʆʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʯʚ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʥʝʬʪʴʶ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 9.4.  

ʊʘʙʣʠʮʘ 9.4 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʩʪʝʧʝʥʴ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʯʚ,  

ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʥʝʬʪʠ [17]   

ʉʪʝʧʝʥʴ ʧʦʚʨʝʞʜʝʥʠʷ 
ʉʦʜʝʨʞʘʥʠʝ ʥʝʬʪʠ ʚ ʧʦʯʚʝ, 

ʤʛ/ʢʛ ʩʫʭʦʡ ʧʦʯʚʳ 

ʃʝʛʢʘʷ ï ʫʤʝʨʝʥʥʘʷ: ʥʝʢʦʪʦʨʦʝ ʫʤʝʥʴʰʝʥʠʝ ʨʦʩʪʘ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʝʩʣʠ ʥʝ ʧʨʠʥʠʤʘʪʴ ʥʠʢʘʢʠʭ ʤʝʨ; 

ʚʨʝʤʝʥʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ 

5000-20 000 

ʋʤʝʨʝʥʥʘʷ ï ʚʳʩʦʢʘʷ: ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʨʘʩʪʝʥʠʷ 

ʥʦʨʤʘʣʴʥʦ ʨʘʟʚʠʚʘʶʪʩʷ, ʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʦʯʚʫ ʚ 

ʪʝʯʝʥʠʝ ʪʨʝʭ ʣʝʪ; ʙʝʟ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʟʘʡʤʝʪ ʚ 2-3 ʨʘʟʘ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ 

20 000-50 000 

ɺʳʩʦʢʘʷ ï ʦʯʝʥʴ ʚʳʩʦʢʘʷ: ʥʝʬʪʴ ʧʨʦʧʠʪʳʚʘʝʪ ʧʦʯʚʫ ʥʘ 

ʛʣʫʙʠʥʫ 10 ʩʤ, ʪʦʣʴʢʦ ʦʯʝʥʴ ʥʝʤʥʦʛʠʝ ʨʘʩʪʝʥʠʷ 

ʚʳʞʠʚʘʶʪ; ʧʨʠ ʧʨʘʚʠʣʴʥʦʡ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʧʦʯʚʘ 

ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʟʘ 3-5 ʣʝʪ; ʙʝʟ ʵʪʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʟʘʥʠʤʘʝʪ 20 ʣʝʪ ʠ ʙʦʣʝʝ 

ʙʦʣʴʰʝ 50 000 
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ʅʦʨʤʘʪʠʚʳ ʩʦʜʝʨʞʘʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʦʯʚʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ, 

ʨʘʟʣʠʯʥʳ ʜʣʷ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠ ʥʝʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɽʩʣʠ 

ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʦʯʚʘʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 300 ï

1000 ʤʛ/ʢʛ, ʪʦ ʨʝʢʫʣʴʪʠʚʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʘʢʪʠʚʠʟʘʮʠʶ ʧʦʯʚʝʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʦ ʜʝʩʪʨʫʢʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɽʩʣʠ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 1000ï

5000 ʤʛ/ʢʛ, ʪʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʤʝʥʳ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʩʣʦʷ ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ 

ʧʦʩʣʝʜʥʝʛʦ, ʩʦʟʜʘʥʠʷ ʨʝʢʫʣʴʪʠʚʘʮʠʦʥʥʦʛʦ ʩʣʦʷ ʩʧʦʩʦʙʦʤ ʩʤʝʰʠʚʘʥʠʷ ʟʘʛʨʷʟʥʝʥʥʳʭ ʠ ʯʠʩʪʳʭ 

ʩʣʦʝʚ ʧʦʯʚʳ, ʚʥʝʩʝʥʠʷ ʙʠʦʜʝʩʪʨʫʢʪʦʨʦʚ ʠ ʪ.ʜ.). ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʙʦʣʝʝ 5000 

ʤʛ/ʢʛ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʨʝʢʫʣʴʪʠʚʘʮʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʩʦʟʜʘʥʠʶ ʠʥʞʝʥʝʨʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ [1,12]. ɼʣʷ ʟʝʤʝʣʴ ʥʝʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʫʨʦʚʥʠ 

ʟʘʛʨʷʟʥʝʥʠʷ: 1000ï5000 ʤʛ/ʢʛ ï 1-ʡ ʫʨʦʚʝʥʴ, 5000ï10 000 ʤʛ/ʢʛ ï 2-ʡ ʫʨʦʚʝʥʴ, ʩʚʳʰʝ 10 000 

ʤʛ/ʢʛ ï 3-ʡ ʫʨʦʚʝʥʴ. ʀʥʩʪʠʪʫʪ ʛʝʦʵʢʦʣʦʛʠʠ ʈɸʅ ʜʣʷ ʈʦʩʩʠʠ ʚ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ ʨʘʡʦʥʘʭ 

ʨʝʢʦʤʝʥʜʫʝʪ ʩʯʠʪʘʪʴ ʙʝʟʦʧʘʩʥʳʤʠ ʫʨʦʚʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʦʛʨʫʥʪʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʚ 

ʣʝʩʦʩʪʝʧʥʳʭ ʠ ʩʪʝʧʥʳʭ ʨʘʡʦʥʘʭ ʜʦ 10 000 ʤʛ/ʢʛ. ɿʘ ʥʠʞʥʠʡ ʙʝʟʦʧʘʩʥʳʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʦʯʚ ʧʨʠʥʠʤʘʶʪ 1000 ʤʛ/ʢʛ, ʘ ʨʝʢʫʣʴʪʠʚʘʮʠʦʥʥʳʝ ʨʘʙʦʪʳ ʨʝʢʦʤʝʥʜʫʶʪ ʥʘʯʠʥʘʪʴ ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʙʦʣʝʝ 5000 ʤʛ/ʢʛ [1]. 

9.6. ɾʠʚʳʝ ʦʨʛʘʥʠʟʤ rʚ ʫʩʣʦʚʠʷʭ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ɺ ʨʘʡʦʥʘʭ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʥʝʬʪʴʶ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʨʫʰʝʥʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʛʝʦʮʝʥʦʟʦʚ, ʘ ʪʘʢʞʝ ʠʭ 

ʮʝʣʦʩʪʥʦʩʪʠ: ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʥʝʬʪʴʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʦʛʠʙʘʝʪ ʩʨʘʟʫ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʩʨʘʟʫ, ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʷʩʴ. ʇʦʛʠʙʘʶʪ ʤʥʦʛʠʝ ʚʠʜʳ ʣʠʰʘʡʥʠʢʦʚ, 

ʦʜʥʦʣʝʪʥʠʝ ʨʘʩʪʝʥʠʷ ʠ ʤʦʣʦʜʳʝ ʧʦʙʝʛʠ ʤʥʦʛʦʣʝʪʥʠʭ, ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʟʘʙʦʣʦʯʝʥʥʳʭ ʠ 

ʙʦʣʦʪʥʳʭ ʪʠʧʦʚ ʣʝʩʘ. ʉʫʱʝʩʪʚʫʶʪ ʩʚʝʜʝʥʠʷ ʦ ʛʠʙʝʣʠ ʜʦʣʛʦʤʦʰʥʳʭ ʠ ʩʬʘʛʥʦʚʳʭ ʙʝʨʝʟʦʚʳʭ 

ʥʘʩʘʞʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʦʩʥʷʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʘʩʘʭ ʠ ʛʨʠʚʘʭ. ʂʨʠʪʠʯʝʩʢʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʬʪʠ ʚ ʧʦʯʚʝ ʜʣʷ ʨʘʩʪʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 7,5%.  

ʇʨʠ ʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝʬʪʠ ʟʘʤʝʜʣʷʝʪʩʷ ʨʦʩʪ ʨʘʩʪʝʥʠʡ, ʥʘʨʫʰʘʝʪʩʷ 

ʠʭ ʜʳʭʘʥʠʝ ʠ ʧʨʦʮʝʩʩ ʬʦʪʦʩʠʥʪʝʟʘ, ʧʦʚʨʝʞʜʘʝʪʩʷ ʢʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʳʝ ʦʨʛʘʥʳ, 

ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ ʚ ʘʩʩʠʤʠʣʷʮʠʦʥʥʳʭ ʪʢʘʥʷʭ, ʩʥʠʞʘʝʪʩʷ ʦʙʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʝʥʠʷ ʢ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ. 

ɺ ʟʦʥʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʶʪ ʢʨʫʧʥʳʝ ʙʝʩʧʦʟʚʦʥʦʯʥʳʝ 

ʞʠʚʦʪʥʳʝ, ʩʥʠʞʘʝʪʩʷ ʯʠʩʣʝʥʥʦʩʪʴ, ʚʳʞʠʚʘʝʤʦʩʪʴ ʠ ʤʠʛʨʘʮʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʝʣʢʠʭ 

ʞʠʚʦʪʥʳʭ, ʘ ʧʪʠʮʳ ʠ ʤʣʝʢʦʧʠʪʘʶʱʠʝ ʦʙʳʯʥʦ ʧʦʢʠʜʘʶʪ ʵʪʠ ʤʝʩʪʘ. ʇʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 

ʢʦʥʪʘʢʪʝ ʥʝʬʪʴ ʛʫʙʠʪʝʣʴʥʦ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʥʘ ʧʪʠʮ, ʪʘʢ ʠ ʥʘ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʇʨʠ 

ʧʦʧʘʜʘʥʠʠ ʥʝʬʪʠ ʥʘ ʦʧʝʨʝʥʠʝ ʧʪʠʮ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʚʦʜʦʦʪʪʘʣʢʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ 

ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʤʦʞʝʪ ʥʘʩʪʫʧʠʪʴ ʠʭ ʛʠʙʝʣʴ, 2-3 ʛʨʘʤʤʦʚ ʥʝʬʪʠ ʜʦʩʪʘʪʦʯʥʦ, 

ʯʪʦʙʳ ʣʠʰʠʪʴ ʧʪʠʮ ʧʦʜʚʠʞʥʦʩʪʠ. ʆʪʨʠʮʘʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʥʝʬʪʠ ʩʠʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʷʠʮ, ʯʪʦ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʯʠʩʣʝʥʥʦʩʪʠ ʚʠʜʘ. ʇʦʪʦʤʩʪʚʦ ʧʪʠʮ, 

ʠʩʧʳʪʘʚʰʠʭ ʜʝʡʩʪʚʠʝ ʥʝʬʪʠ ʚ ʟʘʨʦʜʳʰʝ, ʯʘʩʪʦ ʥʝ ʧʦʷʚʣʷʝʪʩʷ ʥʘ ʩʚʝʪ ʠʣʠ ʥʝʞʠʟʥʝʩʧʦʩʦʙʥʦ. 

ʉʘʤʳʤ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʞʠʚʦʡ 

ʥʘʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ. ʇʦ ʩʪʝʧʝʥʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʜʘʥʥʦʤʫ ʚʠʜʫ ʟʘʛʨʷʟʥʝʥʠʷ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ 

ʛʨʫʧʧʳ ʪʨʘʚʷʥʦ-ʤʦʭʦʚʦʛʦ ʧʦʢʨʦʚʘ (ʚ ʧʦʨʷʜʢʝ ʩʥʠʞʝʥʠʷ): ʟʣʘʢʠ, ʦʩʦʢʠ ʠ ʩʠʪʥʠʢʦʚʳʝ ʤʭʠ ï 

ʪʠʧʠʯʥʦ ʪʘʝʞʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. ʂ ʦʩʦʙʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʦʪʥʦʩʷʪʩʷ ʧʦʜʨʦʩʪ 

ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ, ʟʝʣʝʥʳʝ ʤʭʠ ʠ ʣʠʰʘʡʥʠʢʠ.  

ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʪʤʝʯʘʶʪʩʷ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʝ ʪʝʤʧʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʭʦʜʥʳʭ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʥʝʬʪʴʶ ʚ ʧʨʝʜʝʣʘʭ ʩʝʚʝʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʊʘʢ, ʥʘ 

ʣʝʩʦʙʦʣʦʪʥʳʭ ʫʯʘʩʪʢʘʭ ʫʞʝ ʥʘ ʯʝʪʚʝʨʪʳʡ ʛʦʜ ʧʦʩʣʝ ʘʚʘʨʠʡʥʦʛʦ ʨʘʟʣʠʚʘ ʦʪʤʝʯʘʝʪʩʷ 

ʚʦʟʦʙʥʦʚʣʝʥʠʝ ʙʝʨʝʟʳ ʠ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʉʨʝʜʠ ʣʝʩʥʳʭ ʧʦʨʦʜ ʢ ʥʘʠʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʤ ʚʠʜʘʤ ʦʪʥʦʩʷʪ ʩʦʩʥʫ, ʙʝʨʝʟʫ, ʠʚʫ ʠ ʦʩʠʥʫ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʦʩʣʝ ʥʝʬʪʷʥʳʭ ʨʘʟʣʠʚʦʚ ʥʘ 

ʩʝʚʝʨʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʦʪʤʝʯʘʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʙʦʨʝʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ 
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ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡ ʬʣʦʨʳ, ʩʦʢʨʘʱʝʥʠʝ ʜʦʣʠ ʢʫʩʪʘʨʥʠʢʦʚ ʠ ʢʫʩʪʘʨʥʠʯʢʦʚ ʠ ʚʦʟʨʘʩʪʘʥʠʝ ʨʦʣʠ 

ʟʣʘʢʦʚ ʠ ʨʘʟʥʦʪʨʘʚʴʷ. ʅʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʦʩʦʢʠ ʠ ʠʚʦʚʳʝ ʢʫʩʪʘʨʥʠʢʠ. 

ʊʘʢʞʝ ʭʦʨʦʰʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʤʭʠ ʥʘ ʫʚʣʘʞʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʚʥʝ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ ʩ 

ʥʝʬʪʴʶ. 

ʇʠʦʥʝʨʘʤʠ ʟʘʨʘʩʪʘʥʠʷ ʩʚʝʞʠʭ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʷʚʣʷʶʪʩʷ ʚʦʜʦʨʦʩʣʠ, ʤʭʠ, ʦʩʦʢʠ, 

ʚʝʡʥʠʢʠ, ʭʚʦʱʠ; ʠʟ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ï ʙʝʨʝʟʘ, ʦʩʠʥʘ, ʠʚʘ, ʩʦʩʥʘ.  

ʆʙʩʣʝʜʦʚʘʥʠʝʤ ʩʪʘʨʳʭ ʨʘʟʣʠʚʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʥʘ ʠʭ ʤʝʩʪʝ 

ʚʦʟʥʠʢʘʶʪ ʨʘʩʪʠʪʝʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ, ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠʩʭʦʜʥʳʭ. ʇʨʠ ʵʪʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʢʨʘʡʥʝ ʤʝʜʣʝʥʥʦ. ʈʘʩʪʝʥʠʷ ʥʘʯʠʥʘʶʪ 

ʧʦʷʚʣʷʪʴʩʷ ʧʦ ʤʝʨʝ ʙʠʪʫʤʠʥʠʟʘʮʠʠ ʥʝʬʪʠ, ʧʦʩʝʣʷʷʩʴ ʥʘ ʛʨʫʥʪʝ ʚ ʤʝʩʪʘʭ ʧʦʷʚʣʝʥʠʷ ʪʨʝʱʠʥ ʚ 

ʙʠʪʫʤʥʦʡ ʢʦʨʢʝ, ʘ ʠʭ ʦʙʠʣʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʪʨʝʱʠʥ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʦʚʘʥʥʦʡ ʢʦʨʢʠ. 

ʕʚʦʣʶʮʠʦʥʥʦ ʚʳʨʘʙʦʪʘʥʥʳʝ ʙʠʦʣʦʛʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʝʨʝʟʳ, ʦʩʠʥʳ, ʩʦʩʥʳ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʟʘʩʝʣʝʥʠʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʨʠʝʤʳ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʟʝʤʝʣʴ. ʇʨʠ ʵʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʟʘʩʝʣʝʥʠʷ ʜʨʝʚʝʩʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʳʭ ʧʦʨʦʜ ʥʘ ʤʝʩʪʝ ʨʘʟʣʠʚʦʚ ʧʦʚʳʰʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʫʜʘʣʝʥʠʝʤ ʥʝʬʪʠ ʠ ʩʦʟʜʘʥʠʝʤ ʛʨʠʚʥʦʛʦ ʨʝʣʴʝʬʘ ʩ ʧʦʤʦʱʴʶ ʟʝʤʣʝʨʦʡʥʦʡ ʪʝʭʥʠʢʠ. ʆʩʪʘʪʢʠ 

ʥʝʩʦʙʨʘʥʥʦʡ ʥʝʬʪʠ ʧʨʠ ʵʪʦʤ ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ ʩ ʧʦʯʚʦʡ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʙʠʪʫʤʥʦʡ 

ʢʦʨʢʠ. ʅʘ ʧʝʨʝʤʝʰʘʥʥʦʤ ʩʫʙʩʪʨʘʪʝ ʘʢʪʠʚʥʦ ʧʦʩʝʣʷʝʪʩʷ ʣʝʩʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʧʦʩʣʝʜʫʶʱʝʝ 

ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʩʭʝʤʝ ʨʘʟʚʠʪʠʷ ʣʝʩʦʚ ʧʦʩʣʝ ʧʦʞʘʨʘ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʠʩʭʦʜʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʫʩʢʦʨʷʶʪ ʧʦʩʘʜʢʦʡ ʣʝʩʥʳʭ ʢʫʣʴʪʫʨ. 

ɹʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʨʘʟʣʠʚʳ ʥʝʬʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʥʝʟʘʤʢʥʫʪʳʭ ʥʠʟʠʥʥʳʭ ʙʦʣʦʪʘʭ ʠ 

ʦʟʝʨʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʦʡʤʝ ʨʝʢ ʠ ʥʘ ʧʦʡʤʝʥʥʳʭ ʪʝʨʨʘʩʘʭ. ɺ ʵʪʠʭ ʤʝʩʪʘʭ ʥʝʬʪʷʥʦʝ 

ʟʘʛʨʷʟʥʝʥʠʝ ʚʳʥʦʩʠʪʩʷ ʚ ʛʠʜʨʦʩʝʪʴ ʠ ʩʪʘʥʦʚʠʪʩʷ ʦʧʘʩʥʳʤ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʙʠʦʛʝʦʮʝʥʦʟʦʚ, 

ʜʘʣʝʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʪ ʤʝʩʪʘ ʨʘʟʣʠʚʘ. ʋʯʠʪʳʚʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʚʷʟʴ ʙʦʣʦʪʥʳʭ 

ʵʢʦʩʠʩʪʝʤ ʤʝʞʜʫ ʩʦʙʦʡ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʩʦʭʨʘʥʷʶʱʠʭʩʷ ʦʙʲʝʤʘʭ ʨʘʟʣʠʚʦʚ 

ʥʝʬʪʠ ʧʦʜʚʝʨʞʝʥʥʳʝ ʟʘʛʨʷʟʥʝʥʠʶ ʨʘʡʦʥʳ ʚ ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʙʫʜʝʪ ʠʩʢʣʶʯʠʪʴ ʠʟ 

ʧʨʦʮʝʩʩʘ ʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ, ʘʢʪʠʚʠʟʠʨʫʷ ʪʝʤ ʩʘʤʳʤ ʪʝʥʜʝʥʮʠʶ ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʨʦʜʘ 

ʚ ʘʪʤʦʩʬʝʨʝ. ʊʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʪʘʢʦʛʦ ʷʚʣʝʥʠʷ, ʥʦ ʧʨʝʜʧʦʩʳʣʢʠ ʢ ʦʙʱʝʤʫ 

ʩʥʠʞʝʥʠʶ ʙʠʦʤʘʩʩʳ ʚ ʙʦʣʦʪʥʳʭ ʤʘʩʩʠʚʘʭ ʫʞʝ ʩʢʣʘʜʳʚʘʶʪʩʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʤʝʱʝʥʠʝ 

ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʥʘ ʜʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʫʩʢʘʪʴ ʪʦʣʴʢʦ ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ 

ʩʠʪʫʘʮʠʷʭ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʧʨʦʢʣʘʜʳʚʘʪʴ ʥʝʬʪʝʧʨʦʚʦʜʳ ʥʘ ʩʫʭʦʜʦʣʘʭ ʠʣʠ 

ʚ ʨʘʡʦʥʘʭ ʟʘʤʢʥʫʪʳʭ ʢʦʪʣʦʚʠʥ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ ʙʫʜʝʪ ʩʚʝʜʝʥʦ 

ʢ ʤʠʥʠʤʫʤʫ.  

ɺ ʫʩʣʦʚʠʷʭ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʧʨʦʠʩʭʦʜʷʪ ʛʣʫʙʦʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʠ 

ʬʫʥʢʮʠʷʭ ʢʦʤʧʣʝʢʩʘ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʯʠʩʣʝʥʥʦʩʪʠ 

ʠ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦʩʣʝʜʥʠʭ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʚ ʫʨʦʚʥʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʦʯʚ. ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ [14] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʳ ʥʝʬʪʴʶ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʤʠʥʘʥʪʥʦʤʫ ʨʘʟʚʠʪʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʨʫʧʧ ʠ ʚʠʜʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʫʩʪʦʡʯʠʚʳʭ ʢ ʜʝʡʩʪʚʠʶ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʠ ʫʛʥʝʪʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʚʠʜʦʚ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʦʙʠʣʠʷ ʛʨʠʙʦʚ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʨʛʘʥʦʚ ʩʧʦʨʦʥʦʰʝʥʠʷ 

ʫ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Penicillium; ʧʦʷʚʣʷʶʪʩʷ ʬʠʪʦʧʘʪʦʛʝʥʥʳʝ ʛʨʠʙʳ ʨʦʜʘ Fusarium ʠ ʨʦʜʘ 

Alternaria. ʇʨʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʠʞʘʝʪʩʷ ʦʙʱʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʘʢʪʠʥʦʤʠʮʝʪʦʚ, 

ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʩʪʝʨʠʣʴʥʳʭ ʘʢʪʠʥʦʤʠʮʝʪʦʚ; ʧʘʜʘʝʪ ʦʙʱʘʷ ʯʠʩʣʝʥʥʦʩʪʴ 

ʙʘʢʪʝʨʠʡ, ʥʦ ʧʨʠ ʵʪʦʤ ʨʘʩʪʝʪ ʯʠʩʣʝʥʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ. ʅʝʬʪʴ ʚ ʧʦʯʚʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʜʦʤʠʥʘʥʪʥʦʤʫ ʨʘʟʚʠʪʠʶ ʫʛʣʝʚʦʜʦʨʦʜʦʢʠʩʣʷʶʱʠʭ ʙʘʢʪʝʨʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʦʜʘ Bacillus, ʠ 

ʫʛʥʝʪʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʚʠʜʦʚ. ʊʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʮʝʣʦʩʪʥʦʩʪʠ ʤʠʢʨʦʙʠʦʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʣʦʞʠʚʰʝʛʦʩʷ ʚ ʧʦʯʚʝ 

ʤʠʢʨʦʙʠʦʮʝʥʦʟʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʢ ʝʛʦ ʯʘʩʪʠʯʥʦʡ ʠʣʠ ʧʦʣʥʦʡ ʜʝʛʨʘʜʘʮʠʠ [15]. 

ʊʘʢ, ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʧʦʯʚʳ, 

ʟʘʛʨʷʟʥʝʥʥʦʡ ʩʳʨʦʡ ʥʝʬʪʴʶ, ʚʳʷʚʣʝʥʘ ʪʝʥʜʝʥʮʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʦʙʱʝʡ 

ʯʠʩʣʝʥʥʦʩʪʠ ʛʨʠʙʦʚ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʜʦʟʳ ʥʝʬʪʠ ʜʦ 10 ʣ/ʤ2. ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʦʩʪ (ʚ 4,5 
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ʨʘʟʘ) ʦʪʤʝʯʝʥ ʧʨʠ ʜʦʟʝ ʥʝʬʪʠ 5 ʣ/ʤ2 ʯʝʨʝʟ 4 ʥʝʜʝʣʠ ʧʦʩʣʝ ʟʘʛʨʷʟʥʝʥʠʷ (ʨʠʩ. 9.3). ʏʠʩʣʝʥʥʦʩʪʴ 

ʘʢʪʠʥʦʤʠʮʝʪʦʚ ʠ ʙʘʢʪʝʨʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʜʦ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ 5 

ʣ/ʤ2, ʘ ʟʘʪʝʤ ʨʝʟʢʦ ʧʘʜʘʝʪ.  

 

 
 

ʈʠʩʫʥʦʢ 9.3. ɼʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʜʝʨʥʦʚʦ- 

ʧʦʜʟʦʣʠʩʪʦʡ ʧʦʯʚʝ (ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ.) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʳ ʥʝʬʪʠ  

ʯʝʨʝʟ 4 ʥʝʜʝʣʠ ʧʦʩʣʝ ʟʘʛʨʷʟʥʝʥʠʷ 

 

ɺ ʯʝʨʥʦʟʝʤʝ ʪʠʧʠʯʥʦʤ ʚʳʷʚʣʝʥʥʳʝ ʜʣʷ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʧʦʯʚʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ 

ʮʝʣʦʤ ʩʦʭʨʘʥʷʶʪʩʷ. ʆʜʥʘʢʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʛʨʠʙʦʚ (ʚ 4,8 ʨʘʟʘ) ʦʪʤʝʯʝʥ ʧʨʠ 

ʜʦʟʝ ʥʝʬʪʠ 10 ʣ/ʤ2 ʯʝʨʝʟ 4 ʥʝʜʝʣʠ ʧʦʩʣʝ ʟʘʛʨʷʟʥʝʥʠʷ (ʨʠʩ. 9.4). 

 

 
 

ʈʠʩʫʥʦʢ 9.4. ɼʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ  

ʚ ʯʝʨʥʦʟʝʤʝ ʪʠʧʠʯʥʦʤ (ʂʫʨʩʢʘʷ ʦʙʣ.) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʳ ʥʝʬʪʠ  

ʯʝʨʝʟ 4 ʥʝʜʝʣʠ ʧʦʩʣʝ ʟʘʛʨʷʟʥʝʥʠʷ 

 

ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʦʯʚ ʧʨʠ 

ʟʘʛʨʷʟʥʝʥʠʠ ʥʝʬʪʴʶ ʦʙʲʷʩʥʷʝʪʩʷ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝʤ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ, ʪʘʢ ʠ ʩʜʚʠʛʦʤ ʟʥʘʯʝʥʠʡ 

ʨʅ, ʥʝʡʪʨʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʊʘʢ, ʟʥʘʯʝʥʠʝ ʨʅ (ʅ2ʆ) ʚ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʧʦʯʚʝ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʦʟʝ ʥʝʬʪʠ ʫʚʝʣʠʯʠʣʦʩʴ ʩ 4,2 ʜʦ 5,7; ʚ ʯʝʨʥʦʟʝʤʝ ʪʠʧʠʯʥʦʤ ʩ 6,4 ʜʦ 6,8. ʇʨʠ 

ʵʪʦʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʨʅ, ʙʣʠʟʢʠʭ ʢ 

ʥʝʡʪʨʘʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʦʯʚʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ. 
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ɺʝʩʴʤʘ ʠʥʪʝʨʝʩʝʥ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʠʟʫʯʘʝʤʳʭ ʧʦʯʚʘʭ ʜʚʫʭ ʪʠʧʦʚ ʩʨʝʜʠ ʙʘʢʪʝʨʠʡ ʨʦʜʘ 

Bacillus ʜʦʤʠʥʘʥʪʘʤʠ ʚʳʩʪʫʧʘʶʪ Bac. idosus ʠ Bac. megaterium.  

ɺ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʥʝʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʝ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Bacillus 

ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: Bac. idosus Ó Bac. 

megaterium > Bac. agglomeratus Ó Bac. cereus > Bac. asterosporus > Bac. virgulus Ó Bac. 

mesentericus trevisan. 

ɺ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʝ (ʜʦʟʳ ʥʝʬʪʠ 5 ʠ 10 ʣ/ʤ2) ʯʠʩʣʝʥʥʦʩʪʴ Bac. 

megaterium ʥʘʯʠʥʘʝʪ ʧʨʝʚʘʣʠʨʦʚʘʪʴ ʥʘʜ ʯʠʩʣʝʥʥʦʩʪʴʶ Bac. idosus. 

ɺ ʯʝʨʥʦʟʝʤʝ ʪʠʧʠʯʥʦʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

ʥʝʟʘʛʨʷʟʥʝʥʥʘʷ ʧʦʯʚʘ: Bac. megaterium > Bac. idosus > Bac. mesentericus trevisan > Bac. 

cereus > Bac. asterosporus = Bac. virgulus > Bac. agglomeratus; 

ʟʘʛʨʷʟʥʝʥʥʘʷ ʧʦʯʚʘ: Bac. megaterium > Bac. idosus > Bac. cereus > Bac. mesentericus 

trevisan > Bac. virgulus > Bac. asterosporus > Bac. Agglomeratus [15]. 

ʇʦʜ ʚʣʠʷʥʠʝʤ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘʨʫʰʘʝʪʩʷ ʨʝʧʨʦʜʫʢʪʠʚʥʘʷ ʬʫʥʢʮʠʷ ʘʢʪʠʥʦʤʠʮʝʪʦʚ, ʯʪʦ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʠʭ ʩʪʝʨʠʣʴʥʳʭ ʬʦʨʤ.  

ʌʠʪʦʧʘʪʦʛʝʥʥʳʝ ʛʨʠʙʳ ʨʦʜʘ Fusarium ʠ ʨʦʜʘ Alternaria ʥʘʯʠʥʘʶʪ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴʩʷ ʚ 

ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʧʦʯʚʝ ʧʨʠ ʜʦʟʝ ʥʝʬʪʠ 2,5 ʣ/ʤ2, ʘ ʚ ʯʝʨʥʦʟʝʤʝ ʪʠʧʠʯʥʦʤ ʧʨʠ 5 ʣ/ʤ2. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʠʭ ʯʠʩʣʝʥʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ (ʪʘʙʣ. 9.5). 

ʊʘʙʣʠʮʘ 9.5 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʝʨʠʣʴʥʳʭ ʘʢʪʠʥʦʤʠʮʝʪʦʚ  

ʠ ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʦʚ ʚ ʧʦʯʚʝ (ʜʦʣʷ, %), ʛʣʫʙʠʥʘ 0-25 ʩʤ,  

2 ʠ 8 ʥʝʜʝʣʴ ʧʦʩʣʝ ʟʘʛʨʷʟʥʝʥʠʷ [14]  

ɼʦʟʘ 

ʥʝʬʪʠ, 

ʣ/ʤ2 

ʉʪʝʨʠʣʴʥʳʝ  

ʘʢʪʠʥʦʤʠʮʝʪʳ 

ʌʠʪʦʧʘʪʦʛʝʥʥʳʝ ʛʨʠʙʳ, ʨʦʜ 

Fusarium Alternaria 

2 ʥʝʜ. 8 ʥʝʜ. 2 ʥʝʜ. 8 ʥʝʜ. 2 ʥʝʜ. 8 ʥʝʜ. 

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʘʷ ʧʦʯʚʘ (ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ.) 

0 8 6 ï ï 

2,5 15 12 5 7 3 3 

5 18 23 10 7 8 10 

10 30 37 38 44 19 27 

ʅʉʈ0,95 1,3 1,2 1,0 1,0 1,7 1,3 

ʏʝʨʥʦʟʝʤ ʪʠʧʠʯʥʳʡ (ʂʫʨʩʢʘʷ ʦʙʣ.) 

0 ï ï ï 
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ʆʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ï ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʫʛʣʝʨʦʜ 

(ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʘʨʙʠʜʦʚ, ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ, ʢʘʨʙʦʥʘʪʦʚ, ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʘ ʠ ʮʠʘʥʠʜʦʚ). 

ʆʪʥʦʩʷʪʩʷ ʢ ʩʘʤʦʤʫ ʤʥʦʛʦʯʠʩʣʝʥʥʦʤʫ ʢʣʘʩʩʫ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʄʥʦʛʦʦʙʨʘʟʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʫʛʣʝʨʦʜʘ ʦʙʨʘʟʦʚʳʚʘʪʴ ʮʝʧʦʯʢʠ ʠʟ 

ʘʪʦʤʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʦʡ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʠ. ʇʨʠ ʵʪʦʤ ʩʚʷʟʴ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜ ʤʦʞʝʪ ʙʳʪʴ ʦʜʠʥʘʨʥʦʡ, ʜʚʦʡʥʦʡ ʠ ʪʨʦʡʥʦʡ. ʋʚʝʣʠʯʝʥʠʝ ʢʨʘʪʥʦʩʪʠ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝʤ ʝʸ ʵʥʝʨʛʠʠ, ʪʦ ʝʩʪʴ ʩʪʘʙʠʣʴʥʦʩʪʠ.  

ɼʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩʚʦʡʩʪʚʝʥʥʦ ʥʘʣʠʯʠʝ ʷʚʣʝʥʠʷ ʠʟʦʤʝʨʠʠ (ʠʟʦʤʝʨʳ ï 

ʩʦʝʜʠʥʝʥʠʷ, ʠʤʝʶʱʠʝ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʩʦʩʪʘʚ ʠ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ, ʥʦ ʦʙʣʘʜʘʶʱʠʝ 

ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ) ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʨʷʜʦʚ 

(ʛʦʤʦʣʦʛʠ ï ʩʦʝʜʠʥʝʥʠʷ, ʚ ʨʷʜʫ ʢʦʪʦʨʳʭ ʬʦʨʤʫʣʘ ʣʶʙʳʭ ʜʚʫʭ ʩʦʩʝʜʝʡ ʦʪʣʠʯʘʝʪʩʷ ʥʘ ʦʜʥʫ ʠ 

ʪʫ ʞʝ ʛʨʫʧʧʫ ï ʛʦʤʦʣʦʛʠʯʝʩʢʫʶ ʨʘʟʥʠʮʫ CH2).  

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʚʫʤʷ 

ʦʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ï ʩʪʨʦʝʥʠʝʤ ʫʛʣʝʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ ʩʦʝʜʠʥʝʥʠʷ ʠ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʤʠ ʛʨʫʧʧʘʤʠ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʫʛʣʝʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ: 

Á  ʘʮʠʢʣʠʯʝʩʢʠʝ (ʩʦʝʜʠʥʝʥʠʷ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʥʝ ʩʦʜʝʨʞʘʪ ʮʠʢʣʦʚ, ʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ çʦʪʢʨʳʪʳʝè ʮʝʧʠ. ʀʭ ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ: 

https://pixabay.com/ru/
https://wiki2.org/ru/%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4%D0%BD%D1%8B%D0%B9_%D1%81%D0%BA%D0%B5%D0%BB%D0%B5%D1%82
https://wiki2.org/ru/%D0%A4%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D0%B3%D1%80%D1%83%D0%BF%D0%BF%D1%8B
https://wiki2.org/ru/%D0%A4%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D0%B3%D1%80%D1%83%D0%BF%D0%BF%D1%8B
https://wiki2.org/ru/%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4%D0%BD%D1%8B%D0%B9_%D1%81%D0%BA%D0%B5%D0%BB%D0%B5%D1%82
https://wiki2.org/ru/%D0%90%D1%86%D0%B8%D0%BA%D0%BB%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%81%D0%BE%D0%B5%D0%B4%D0%B8%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F
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- ʧʨʝʜʝʣʴʥʳʝ ï ʘʣʢʘʥʳ (ʥʘʩʳʱʝʥʥʳʝ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʧʘʨʘʬʠʥʳ) ï 

ʫʛʣʝʚʦʜʦʨʦʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʠ ʦʙʨʘʟʫʶʱʠʝ 

ʛʦʤʦʣʦʛʠʯʝʩʢʠʡ ʨʷʜ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ CnH2n+2; 

- ʥʝʧʨʝʜʝʣʴʥʳʝ ï ʫʛʣʝʚʦʜʦʨʦʜʳ, ʚ ʤʦʣʝʢʫʣʘʭ ʢʦʪʦʨʳʭ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ 

ʠʤʝʶʪʩʷ ʜʚʦʡʥʳʝ ʠʣʠ ʪʨʦʡʥʳʝ ʩʚʷʟʠ; 

Á ʮʠʢʣʠʯʝʩʢʠʝ (ʩʦʝʜʠʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʨʠ ʠʣʠ ʙʦʣʝʝ ʩʚʷʟʘʥʥʳʭ ʘʪʦʤʦʚ, 

ʦʙʨʘʟʫʶʱʠʭ ʢʦʣʴʮʦ): 

- ʢʘʨʙʦʮʠʢʣʠʯʝʩʢʠʝ (ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʮʠʢʣʳ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʢʘʢʠʭ-ʣʠʙʦ ʜʨʫʛʠʭ 

ʘʪʦʤʦʚ, ʧʦʤʠʤʦ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ): ʘʣʠʮʠʢʣʠʯʝʩʢʠʝ (ʥʝ ʠʤʝʶʪ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ) ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ (ʠʤʝʶʪ ʘʨʦʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ï ʩʠʩʪʝʤʫ ʩʦʧʨʷʞʝʥʥʳʭ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ). 

ɸʨʦʤʘʪʠʯʥʦʩʪʴ ï ʦʩʦʙʦʝ ʩʚʦʡʩʪʚʦ ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ 

ʩʦʧʨʷʞʸʥʥʦʝ ʢʦʣʴʮʦ ʥʝʥʘʩʳʱʝʥʥʳʭ ʩʚʷʟʝʡ ʧʨʦʷʚʣʷʝʪ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ; 

- ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ (ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʮʠʢʣʳ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʥʘʨʷʜʫ ʩ 

ʫʛʣʝʨʦʜʦʤ ʚʭʦʜʷʪ ʠ ʘʪʦʤʳ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ). 

ʉʨʝʜʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʠʟʚʝʩʪʥʦʩʪʴ ʧʦʣʫʯʠʣʠ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ 

ʜʠʙʝʥʟʦ-n-ʜʠʦʢʩʠʥʳ (ʇʍɼɼ), ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʜʠʙʝʥʟʦʬʫʨʘʥʳ (ʇʍɼʌ), 

ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ (ʇʍɹ), ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ (ʇɺʍ), ʜʝʪʝʨʛʝʥʪʳ (ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ï ʉʇɸɺ), ʬʝʥʦʣ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ, ʙʝʥʟʦʣ, ʪʦʣʫʦʣ, ʢʩʠʣʦʣ, 

ʬʦʨʤʘʣʴʜʝʛʠʜ, ʤʝʪʘʥʦʣ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ.  

ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (ʉʇɸɺ) ï ʵʪʦ ʙʦʣʴʰʘʷ ʛʨʫʧʧʘ 

ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʳʤ ʢʣʘʩʩʘʤ. ʉʇɸɺ ʧʦʥʠʞʘʶʪ 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʚʦʜʳ ʟʘ ʩʯʝʪ ʩʧʦʩʦʙʥʦʩʪʠ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ 

ʬʘʟ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʢʘʯʝʩʪʚʝ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʷʚʣʷʝʤʳʭ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʚʦʜʝ ʩʚʦʡʩʪʚ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ 

ʛʨʫʧʧʳ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: 

- ʘʥʠʦʥʥʳʝ ï ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʦʙʨʘʟʫʶʪ ʚ ʨʘʩʪʚʦʨʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠʦʥʳ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ; 

- ʢʘʪʠʦʥʥʳʝ ï ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʦʙʨʘʟʫʶʪ ʚ ʨʘʩʪʚʦʨʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠʦʥʳ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ; 

- ʥʝʠʦʥʦʛʝʥʥʳʝ ï ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʨʘʟʫʶʪ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠʦʥʦʚ; 

- ʘʤʬʦʣʠʪʥʳʝ ï ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʦʙʨʘʟʫʶʪ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʣʠʙʦ 

ʘʥʠʦʥʦʘʢʪʠʚʥʳʝ, ʣʠʙʦ ʢʘʪʠʦʥʦʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ. 

ɺ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʚʳʜʝʣʷʶʪ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ (ʧʦʣʠʤʝʨʥʳʝ) ʉʇɸɺ, ʩʦʩʪʦʷʱʠʝ 

ʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʟʚʝʥʴʝʚ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʧʦʣʷʨʥʳʝ ʠ ʥʝʧʦʣʷʨʥʳʝ 

ʛʨʫʧʧʳ. 

ʇʦʧʘʜʘʷ ʚ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʉʇɸɺ ʚʳʟʳʚʘʶʪ ʧʝʥʦʦʙʨʘʟʦʚʘʥʠʝ, ʠʟʤʝʥʷʶʪ 

ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ ʠ ʥʘʨʫʰʘʶʪ ʢʠʩʣʦʨʦʜʥʳʡ ʨʝʞʠʤ ʚʦʜʦʝʤʦʚ ʠ ʚʦʜʦʪʦʢʦʚ. 

ʆʥʠ ʧʨʝʧʷʪʩʪʚʫʶʪ ʨʘʟʣʦʞʝʥʠʶ ʩʣʦʞʥʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʢʘʟʳʚʘʶʪ 

ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʮʝʩʩ ʥʠʪʨʠʬʠʢʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʚ ʚʦʜʝ 

ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʭ ʥʠʪʨʠʪʦʚ. ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʚʦʜʝ ʉʇɸɺ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝʡ ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ï ʧʝʨʝʭʦʜ ʠʭ ʠʟ ʚʩʝʛʦ ʦʙʲʝʤʘ 

ʚʦʜʳ ʚ ʪʦʥʢʫʶ ʧʣʝʥʢʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʉʇɸɺ ʬʦʩʬʘʪʳ, 

ʫʩʠʣʠʚʘʷ ʨʦʩʪ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ, ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʵʚʪʨʦʬʠʢʘʮʠʠ ʚʦʜʦʝʤʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʉʇɸɺ ʥʝ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʠʭ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʛʠʜʨʦʙʠʦʥʪʦʚ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦ. ʅʘʧʨʠʤʝʨ, ʚʳʷʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʚʝʱʝʩʪʚʘ 

ʨʘʟʨʫʰʘʶʪ ʩʣʠʟʠʩʪʫʶ ʦʙʦʣʦʯʢʫ ʫ ʨʳʙ, ʠʥʛʠʙʠʨʫʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʣʣʶʩʢʦʚ ʬʠʣʴʪʨʦʚʘʪʴ 

ʚʦʜʫ, ʟʘʤʝʜʣʷʶʪ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʤʥʦʛʠʭ ʚʠʜʦʚ ʚʦʜʥʦʡ ʬʘʫʥʳ. ʉʇɸɺ ʧʦʚʳʰʘʶʪ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ ʠ ʪʝʤ ʩʘʤʳʤ ʥʘʨʫʰʘʶʪ ʪʨʘʥʩʧʦʨʪ ʚʝʱʝʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʦʚ, ʠ ʫʩʢʦʨʷʶʪ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʢʣʝʪʢʫ ʜʨʫʛʠʭ 

ʪʦʢʩʠʢʘʥʪʦʚ. 

https://wiki2.org/ru/%D0%A3%D0%B3%D0%BB%D0%B5%D0%B2%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4%D1%8B
https://wiki2.org/ru/%D0%92%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4
https://wiki2.org/ru/%D0%93%D0%BE%D0%BC%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%80%D1%8F%D0%B4
https://wiki2.org/ru/%D0%A3%D0%B3%D0%BB%D0%B5%D0%B2%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4%D1%8B
https://wiki2.org/ru/%D0%90%D1%82%D0%BE%D0%BC
https://wiki2.org/ru/%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4
https://wiki2.org/ru/%D0%94%D0%B2%D0%BE%D0%B9%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C_(%D1%85%D0%B8%D0%BC%D0%B8%D1%8F)
https://wiki2.org/ru/%D0%A2%D1%80%D0%BE%D0%B9%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C
https://wiki2.org/ru/%D0%9A%D0%B0%D1%80%D0%B1%D0%BE%D1%86%D0%B8%D0%BA%D0%BB%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%81%D0%BE%D0%B5%D0%B4%D0%B8%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F
https://wiki2.org/ru/%D0%93%D0%B5%D1%82%D0%B5%D1%80%D0%BE%D1%86%D0%B8%D0%BA%D0%BB%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%81%D0%BE%D0%B5%D0%B4%D0%B8%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F
https://wiki2.org/ru/%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4
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 ɹʝʥʟʦʣ C6H6 ï ʧʨʦʩʪʝʡʰʠʡ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʫʛʣʝʚʦʜʦʨʦʜ, ʙʝʩʮʚʝʪʥʘʷ ʞʠʜʢʦʩʪʴ, 

ʧʦʩʪʫʧʘʶʱʘʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩ ʚʳʙʨʦʩʘʤʠ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʣʘʩʪʤʘʩʩ, ʣʘʢʦʚ, ʢʨʘʩʦʢ ʠ ʜʨ. ɺ ʘʪʤʦʩʬʝʨʥʦʤ 

ʚʦʟʜʫʭʝ ʦʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʙʝʥʟʦʣʘ ï ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʨʷʜʘ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ɺ ʙʳʪʫ ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʙʝʥʟʦʣʘ ï ʪʘʙʘʯʥʳʡ ʜʳʤ. ɹʝʥʟʦʣ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ. ʂʨʦʤʝ ʢʘʥʮʝʨʦʛʝʥʥʦʛʦ, ʤʫʪʘʛʝʥʥʦʛʦ ʠ ʪʝʨʘʪʦʛʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʚʳʟʳʚʘʝʪ ʦʪʨʘʚʣʝʥʠʷ, ʚʧʣʦʪʴ ʜʦ ʩʤʝʨʪʝʣʴʥʳʭ ʩʣʫʯʘʝʚ. 

ʀʩʪʦʯʥʠʢʘʤʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʪʦʣʫʦʣʘ ʉ6ʅ5ʉʅ3 ʠ ʢʩʠʣʦʣʘ 

ʉ6ʅ4(ʉʅ3)2 ʷʚʣʷʶʪʩʷ ʩʪʦʯʥʳʝ ʚʦʜʳ ʧʨʝʜʧʨʠʷʪʠʡ ʭʠʤʠʯʝʩʢʦʡ ʠ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʦʣʫʦʣ ʦʪʥʦʩʷʪ ʢ ʷʜʘʤ ʦʙʱʝʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ, ʢʩʠʣʦʣ ʦʙʣʘʜʘʝʪ 

ʵʤʙʨʠʦʪʨʦʧʥʳʤ ʜʝʡʩʪʚʠʝʤ. 

ʌʝʥʦʣʳ ï ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʤʦʣʝʢʫʣʘʭ ʢʦʪʦʨʳʭ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ 

ʩʚʷʟʘʥʳ ʩ ʙʝʥʟʦʣʴʥʳʤ ʷʜʨʦʤ.  

 

 
ʌʝʥʦʣʳ ʜʝʣʷʪ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ï ʣʝʪʫʯʠʝ ʠ ʥʝʣʝʪʫʯʠʝ. ʃʝʪʫʯʠʝ ʬʝʥʦʣʳ ï 

ʤʦʥʦʛʠʜʨʦʢʩʠʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʣʘ, ʧʝʨʝʛʦʥʷʶʱʠʝʩʷ ʩ ʚʦʜʷʥʳʤ ʧʘʨʦʤ. ʆʙʳʯʥʦ ʢ ʥʠʤ 
ʦʪʥʦʩʷʪ ʬʝʥʦʣ, ʤʝʪʠʣʬʝʥʦʣʳ (ʢʨʝʟʦʣʳ), ʜʠʤʝʪʠʣʬʝʥʦʣʳ (ʢʩʠʣʝʥʦʣʳ), ʵʪʠʣʬʝʥʦʣʳ, ʛʚʘʷʢʦʣ, 
ʤʦʥʦʭʣʦʨʬʝʥʦʣʳ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʝʥʦʣʘ ʩ ʥʝʙʦʣʴʰʠʤʠ ʘʣʢʠʣʴʥʳʤʠ 
ʨʘʜʠʢʘʣʘʤʠ ʠʣʠ ʜʨʫʛʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ. ʅʝʣʝʪʫʯʠʝ ʬʝʥʦʣʳ ï ʨʝʟʦʨʮʠʥ, ʧʠʨʦʢʘʪʝʭʠʥ, 
ʛʠʜʨʦʭʠʥʦʥ, ʧʠʨʦʛʘʣʣʦʣ ʠ ʜʨʫʛʠʝ ʤʥʦʛʦʘʪʦʤʥʳʝ ʬʝʥʦʣʳ. 

ʌʝʥʦʣʳ ʧʦʩʪʫʧʘʶʪ ʚ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʷʪʝʣʴʥʦʩʪʠ 
ʢʦʢʩʦʭʠʤʠʯʝʩʢʠʭ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ, ʧʨʝʜʧʨʠʷʪʠʡ ʤʝʙʝʣʴʥʦʡ ʠ ʢʦʞʝʚʝʥʥʦʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʘʩʪʤʘʩʩ, ʢʣʝʝʚ, ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʳʭ ʩʤʦʣ ʠ ʪ.ʜ. 
ʌʝʥʦʣʳ ʦʪʥʦʩʷʪ ʢ ʷʜʦʚʠʪʳʤ, ʚʳʩʦʢʦʦʧʘʩʥʳʤ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʚʝʱʝʩʪʚʘʤ. 

ʄʝʪʘʥʦʣ ʉʅ3ʆʅ ï ʧʨʦʩʪʝʡʰʠʡ ʦʜʥʦʘʪʦʤʥʳʡ ʩʧʠʨʪ (ʤʝʪʠʣʦʚʳʡ), ʙʝʩʮʚʝʪʥʘʷ ʷʜʦʚʠʪʘʷ 
ʞʠʜʢʦʩʪʴ. ɺ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʦʨʤʘʣʴʜʝʛʠʜʘ, ʢʦʪʦʨʳʡ, ʚ 
ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʘʨʙʘʤʠʜʦʬʦʨʤʘʣʴʜʝʛʠʜʥʳʭ ʠ 
ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʳʭ ʩʤʦʣ. ʄʝʪʘʥʦʣ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʣʘʢʦʢʨʘʩʦʯʥʦʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʘʢʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʝʛʦ 
ʠʥʦʛʜʘ ʧʨʠʤʝʥʷʶʪ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʢ ʞʠʜʢʦʤʫ ʪʦʧʣʠʚʫ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ 
ʩʛʦʨʘʥʠʷ. ʄʝʪʘʥʦʣ ʦʪʥʦʩʠʪʩʷ ʢ ʦʧʘʩʥʝʡʰʠʤ ʷʜʘʤ. ʊʘʢ, ʧʨʠʸʤ ʚʥʫʪʨʴ ʧʦʨʷʜʢʘ 10 ʤʣ ʤʝʪʘʥʦʣʘ 
ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʷʞʸʣʦʤʫ ʦʪʨʘʚʣʝʥʠʶ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʩʣʝʧʦʪʝ. ʆʩʦʙʘʷ ʦʧʘʩʥʦʩʪʴ 
ʤʝʪʘʥʦʣʘ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʧʦ ʟʘʧʘʭʫ ʠ ʚʢʫʩʫ ʦʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʪʣʠʯʠʤ ʦʪ ʵʪʠʣʦʚʦʛʦ 
ʩʧʠʨʪʘ, ʠʟ-ʟʘ ʯʝʛʦ ʠ ʧʨʦʠʩʭʦʜʷʪ ʩʣʫʯʘʠ ʝʛʦ ʫʧʦʪʨʝʙʣʝʥʠʷ ʚʥʫʪʨʴ. ɼʣʷ ʥʘʠʙʦʣʝʝ ʣʝʛʢʦʡ ʬʦʨʤʳ 
ʦʪʨʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʩʣʝʜʫʶʱʠʝ ʩʠʤʧʪʦʤʳ: ʛʦʣʦʚʥʘʷ ʙʦʣʴ, ʦʙʱʘʷ ʩʣʘʙʦʩʪʴ ʠ ʥʝʜʦʤʦʛʘʥʠʝ, 
ʪʦʰʥʦʪʘ, ʨʚʦʪʘ, ʦʟʥʦʙ.  

ʌʦʨʤʘʣʴʜʝʛʠʜ ʆʉʅ2 ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʚʷʞʫʱʠʭ 
ʤʘʪʝʨʠʘʣʦʚ. ʆʥ ʩʦʜʝʨʞʠʪʩʷ ʚ ʜʨʝʚʝʩʥʦ-ʚʦʣʦʢʥʠʩʪʳʭ ʠ ʜʨʝʚʝʩʥʦ-ʩʪʨʫʞʝʯʥʳʭ ʧʣʠʪʘʭ, 

https://ru.wikipedia.org/wiki/%D0%AF%D0%B4
https://ru.wikipedia.org/wiki/%D0%9E%D1%82%D1%80%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
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ʚʠʥʠʣʦʚʳʭ ʠ ʜʨʫʛʠʭ ʩʘʤʦʢʣʝʷʱʠʭʩʷ ʦʙʦʷʭ, ʥʘʧʦʣʴʥʳʭ ʧʦʢʨʳʪʠʷʭ, ʧʣʘʩʪʠʢʝ, ʚʳʭʣʦʧʥʳʭ ʛʘʟʘʭ 
ʘʚʪʦʤʦʙʠʣʝʡ, ʪʘʙʘʯʥʦʤ ʜʳʤʫ ʠ ʜʨ. ɺʳʟʳʚʘʝʪ ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʛʦʣʦʚʥʫʶ ʙʦʣʴ, ʩʣʝʧʦʪʫ; 
ʠʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʝʛʦ ʢʘʥʮʝʨʦʛʝʥʥʦʩʪʠ ʠ ʥʝʛʘʪʠʚʥʦʤ ʜʝʡʩʪʚʠʠ ʥʘ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ. 

 ʇʦʣʠʚʠʥʠʣʭʣʦʨʠʜ (ʇɺʍ) ï ʧʦʣʫʯʘʶʪ ʠʟ ʚʠʥʠʣʭʣʦʨʠʜʘ (ʉ2ʅ3Cl) ʧʫʪʸʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 
ɺʠʥʠʣʭʣʦʨʠʜ ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʥʮʝʨʦʛʝʥʘʤ ʠ ʦʬʠʮʠʘʣʴʥʦ ʧʨʠʟʥʘʥ ʚʝʱʝʩʪʚʦʤ ʧʝʨʚʦʡ ʛʨʫʧʧʳ 
ʦʧʘʩʥʦʩʪʠ. ɹʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟʜʝʣʠʷ ʠʟ ʇɺʍ: ʧʦʣʦʚʳʝ 
ʧʦʢʨʳʪʠʷ, ʦʢʥʘ, ʜʚʝʨʠ, ʞʘʣʶʟʠ, ʩʢʘʪʝʨʪʠ, ʧʦʩʫʜʘ, ʠʛʨʫʰʢʠ ʠ ʜʨ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʝ 
ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʠʥʠʣʭʣʦʨʠʜʘ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʩʤʝʨʪʴ ʠʟ-ʟʘ ʧʘʨʘʣʠʯʘ 
ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʠ ʦʩʪʘʥʦʚʢʠ ʜʳʭʘʥʠʷ. ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʛʘʟ ʪʷʞʝʣʝʝ 
ʚʦʟʜʫʭʘ ʠ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʫʜʫʰʴʝ ʚ ʧʣʦʭʦ ʧʨʦʚʝʪʨʠʚʘʝʤʳʭ ʠʣʠ ʟʘʤʢʥʫʪʳʭ ʧʦʤʝʱʝʥʠʷʭ. 

10.1. ʉʪʦʢʛʦʣʴʤʩʢʘʷ ʢʦʥʚʝʥʮʠʷ ʦ ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʷʭ 

(ʉʆɿ) 2001 ʛʦʜʘ 

ʉʪʦʡʢʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ (ʉʆɿ), ʘʥʛʣʠʡʩʢʠʡ ʚʘʨʠʘʥʪ persistent organic 

pollutants (POP) ï ʦʙʱʝʝ ʥʘʠʤʝʥʦʚʘʥʠʝ ʪʦʢʩʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʳʭ 

ʢʣʘʩʩʦʚ ʠ ʩʪʨʫʢʪʫʨʳ, ʢʨʘʡʥʝ ʤʝʜʣʝʥʥʦ ʨʘʟʣʘʛʘʶʱʠʭʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʩʧʦʩʦʙʥʳʭ 

ʤʠʛʨʠʨʦʚʘʪʴ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʪʢʘʥʷʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʦʙʲʝʢʪʘʭ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʂ ʥʠʤ ʦʪʥʦʩʠʪʩʷ ʛʨʫʧʧʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʚ ʢʘʯʝʩʪʚʝ ʧʝʩʪʠʮʠʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʣʠ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʠʣʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʉʪʦʡʢʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ ʦʙʣʘʜʘʶʪ ʪʦʢʩʠʯʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʧʨʦʷʚʣʷʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʨʘʟʣʦʞʝʥʠʶ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʠʦʘʢʢʫʤʫʣʷʮʠʝʡ ʠ 

ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʧʝʨʝʥʦʩʘ ʧʦ ʚʦʟʜʫʭʫ, ʚʦʜʝ ʠ ʤʠʛʨʠʨʫʶʱʠʤʠ ʚʠʜʘʤʠ, ʘ 

ʪʘʢʞʝ ʦʩʘʞʜʘʶʪʩʷ ʥʘ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠʭ ʚʳʙʨʦʩʘ, ʥʘʢʘʧʣʠʚʘʷʩʴ ʚ 

ʵʢʦʩʠʩʪʝʤʘʭ ʩʫʰʠ ʠ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ.  

ɺʧʝʨʚʳʝ ʜʘʥʥʦʝ ʧʦʥʷʪʠʝ ʧʦʷʚʠʣʦʩʴ ʚ ʉʪʦʢʛʦʣʴʤʩʢʦʡ ʢʦʥʚʝʥʮʠʠ ʦ ʩʪʦʡʢʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʷʭ ï ʧʝʨʚʦʤ ʛʣʦʙʘʣʴʥʦʤ ʜʦʛʦʚʦʨʝ ʧʦ ʟʘʧʨʝʱʝʥʠʶ ʥʘʠʙʦʣʝʝ 

ʷʜʦʚʠʪʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʠ ʦʪʢʨʳʪʘ ʜʣʷ ʧʦʜʧʠʩʘʥʠʷ 23 

ʤʘʷ 2001 ʛ. ʥʘ ʂʦʥʬʝʨʝʥʮʠʠ ʧʦʣʥʦʤʦʯʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚ ʉʪʦʢʛʦʣʴʤʝ. ʂʦʥʚʝʥʮʠʷ 

ʧʦʜʧʠʩʘʥʘ ʈʦʩʩʠʝʡ 22 ʤʘʷ 2002 ʛ. ʚ ʛʦʨʦʜʝ ʅʴ-ʁʁʦʨʢʝ (ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 18.05.2002 ˉ 320), ʨʘʪʠʬʠʮʠʨʦʚʘʥʘ ʌʝʜʝʨʘʣʴʥʳʤ ʉʦʙʨʘʥʠʝʤ (ʦʪ 

27.06.2011 ˉ 164-ʌɿ).  

ʉʪʦʢʛʦʣʴʤʩʢʘʷ ʢʦʥʚʝʥʮʠʷ ʦ ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʷʭ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʫʥʠʯʪʦʞʝʥʠʝ ʷʜʦʚʠʪʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʦ ʚʨʝʤʷ ʜʝʢʣʘʨʘʮʠʠ ʚ 2001 

ʛ. ʚ ʩʧʠʩʦʢ ʉʆɿ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʚʝʥʘʜʮʘʪʴ ʩʦʝʜʠʥʝʥʠʡ [26]:  

1. ɼʠʭʣʦʨʜʠʬʝʥʠʣʪʨʠʭʣʦʨʵʪʘʥ (ɼɼʊ; ʠʥʩʝʢʪʠʮʠʜ, ʫʩʪʦʡʯʠʚ ʢ ʨʘʟʣʦʞʝʥʠʶ, 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʧʠʱʝʚʦʡ ʮʝʧʠ, ʪʦʢʩʠʯʝʥ ʜʣʷ ʤʥʦʛʠʭ ʦʨʛʘʥʠʟʤʦʚ, ʧʦʜʘʚʣʷʝʪ ʨʝʧʨʦʜʫʢʪʠʚʥʫʶ 

ʬʫʥʢʮʠʶ ʭʠʱʥʳʭ ʧʪʠʮ) ï ʧʨʠʣʦʞʝʥʠʝ ɺ; 

2. ɸʣʴʜʨʠʥ (ʧʝʩʪʠʮʠʜ-ʠʥʩʝʢʪʠʮʠʜ, ʦʢʘʟʘʚʰʠʡʩʷ ʪʦʢʩʠʯʥʳʤ ʜʣʷ ʨʳʙ, ʧʪʠʮ ʠ ʯʝʣʦʚʝʢʘ) ï 

ʧʨʠʣʦʞʝʥʠʝ ɸ; 

3. ɼʠʣʴʜʨʠʥ (ʧʝʩʪʠʮʠʜ, ʧʨʦʠʟʚʦʜʥʦʝ ʘʣʴʜʨʠʥʘ; ʚ ʧʦʯʚʝ ʘʣʴʜʨʠʥ ʙʳʩʪʨʦ ʧʨʝʚʨʘʱʘʝʪʩʷ 

ʚ ʜʠʣʴʜʨʠʥ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʧʝʨʠʦʜ ʧʦʣʫʚʳʚʝʜʝʥʠʷ ʠʟ ʧʦʯʚʳ 5 ʣʝʪ, ʚ ʦʪʣʠʯʠʝ ʦʪ 1 ʛʦʜʘ ʜʣʷ 

ʘʣʴʜʨʠʥʘ) ï ʧʨʠʣʦʞʝʥʠʝ ɸ; 

4. ʕʥʜʨʠʥ (ʧʝʩʪʠʮʠʜ ï ʠʥʩʝʢʪʠʮʠʜ ʠ ʜʝʨʘʪʠʟʘʪʦʨ; ʚʳʩʦʢʦʪʦʢʩʠʯʝʥ ʜʣʷ ʨʳʙ) ï 

ʧʨʠʣʦʞʝʥʠʝ ɸ; 

5. ʍʣʦʨʜʘʥ (ʠʥʩʝʢʪʠʮʠʜ ʧʨʦʪʠʚ ʪʝʨʤʠʪʦʚ, ʦʢʘʟʘʚʰʠʡʩʷ ʪʦʢʩʠʯʥʳʤ ʜʣʷ ʨʳʙ, ʧʪʠʮ; ʫ 

ʯʝʣʦʚʝʢʘ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʠʤʤʫʥʥʫʶ ʩʠʩʪʝʤʫ, ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʢʘʥʮʝʨʦʛʝʥ) ï ʧʨʠʣʦʞʝʥʠʝ ɸ; 

6. ʄʠʨʝʢʩ (ʠʥʩʝʢʪʠʮʠʜ ʧʨʦʪʠʚ ʤʫʨʘʚʴʝʚ ʠ ʪʝʨʤʠʪʦʚ, ʥʝ ʪʦʢʩʠʯʝʥ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʥʦ 

ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʢʘʥʮʝʨʦʛʝʥʦʤ) ï ʧʨʠʣʦʞʝʥʠʝ ɸ; 

7. ʊʦʢʩʘʬʝʥ (ʠʥʩʝʢʪʠʮʠʜ ʧʨʦʪʠʚ ʢʣʝʱʝʡ, ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʢʘʥʮʝʨʦʛʝʥʦʤ) ï 

ʧʨʠʣʦʞʝʥʠʝ ɸ; 

http://docs.cntd.ru/document/902285927
https://ru.wikipedia.org/wiki/%D0%94%D0%94%D0%A2_(%D0%B8%D0%BD%D1%81%D0%B5%D0%BA%D1%82%D0%B8%D1%86%D0%B8%D0%B4)
https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D1%8C%D0%B4%D1%80%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%BB%D1%8C%D0%B4%D1%80%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D1%8C%D0%B4%D1%80%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B4%D1%80%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80%D0%B4%D0%B0%D0%BD
https://en.wikipedia.org/wiki/Mirex
https://ru.wikipedia.org/w/index.php?title=%D0%A2%D0%BE%D0%BA%D1%81%D0%B0%D1%84%D0%B5%D0%BD&action=edit&redlink=1
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8. ɻʝʧʪʘʭʣʦʨ (ʠʥʩʝʢʪʠʮʠʜ, ʧʨʠʤʝʥʷʣʩʷ ʧʨʦʪʠʚ ʧʦʯʚʝʥʥʳʭ ʥʘʩʝʢʦʤʳʭ, ʦʢʘʟʘʣʩʷ 

ʪʦʢʩʠʯʝʥ ʜʣʷ ʧʪʠʮ; ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʢʘʥʮʝʨʦʛʝʥ) ï ʧʨʠʣʦʞʝʥʠʝ ɸ; 

9. ɻʝʢʩʘʭʣʦʨʙʝʥʟʦʣ (ɻʍɹ) (ʧʝʩʪʠʮʠʜ-ʬʫʥʛʠʮʠʜ, ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʨʝʧʨʦʜʫʢʪʠʚʥʳʝ 

ʦʨʛʘʥʳ) ï ʧʨʠʣʦʞʝʥʠʷ ɸ ʠ ʉ; 

10. ʇʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ (ʇʍɹ) ï ʧʨʠʣʦʞʝʥʠʷ ɸ ʠ ʉ; 

11. ʇʦʣʠʭʣʦʨʜʠʙʝʥʟʦʜʠʦʢʩʠʥʳ (ʇʍɼɼ) ï ʧʨʠʣʦʞʝʥʠʝ ʉ; 

12. ʇʦʣʠʭʣʦʨʜʠʙʝʥʟʦʬʫʨʘʥʳ (ʇʍɼʌ; ʜʠʙʝʥʟʦʬʫʨʘʥʳ ʧʦ ʩʪʨʫʢʪʫʨʝ ʦʯʝʥʴ ʧʦʭʦʞʠ ʥʘ 

ʜʠʦʢʩʠʥʳ ʠ ʤʥʦʛʠʝ ʠʭ ʪʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʩʦʚʧʘʜʘʶʪ) ï ʧʨʠʣʦʞʝʥʠʝ ʉ. 

ɼʘʥʥʳʡ ʩʧʠʩʦʢ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʭʣʦʨʩʦʜʝʨʞʘʱʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ï ʧʝʩʪʠʮʠʜʳ 

(ʧ. 1-9); ʧʨʦʤʳʰʣʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ (ʧ. 10) ʠ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ (ʧ. 11 ʠ 12). ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʉʆɿ ʠʟ ʵʪʦʛʦ ʩʧʠʩʢʘ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ɼɼʊ, ʟʘʧʨʝʱʝʥʦ. ʉʫʱʝʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʝ ʠʩʢʣʶʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ ʦʪʥʦʰʝʥʠʠ 

ɼɼʊ (ʧʨʦʪʠʚʦʤʘʣʷʨʠʡʥʳʡ ʠʥʩʝʢʪʠʮʠʜ) ʜʣʷ ʀʥʜʠʠ, ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥ ɸʬʨʠʢʠ, ʎʝʥʪʨʘʣʴʥʦʡ ʠ 

ʖʞʥʦʡ ɸʤʝʨʠʢʠ. 

ʉ ʤʦʤʝʥʪʘ ʚʩʪʫʧʣʝʥʠʷ ʉʪʦʢʛʦʣʴʤʩʢʦʡ ʢʦʥʚʝʥʮʠʠ ʚ ʩʠʣʫ ʚ 2004 ʛ. ʧʦʜ ʶʨʠʩʜʠʢʮʠʶ 

ʵʪʦʛʦ ʩʦʛʣʘʰʝʥʠʷ ʚʢʣʶʯʝʥʦ ʫʞʝ 14 ʥʦʚʳʭ ʚʝʱʝʩʪʚ: 
1. ɸʣʴʬʘ-ʛʝʢʩʘʭʣʦʨʮʠʢʣʦʛʝʢʩʘʥ (ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʠʥʜʘʥʘ; 

ʦʧʘʩʥʳʡ ʦʪʭʦʜ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ) ï ʧʨʠʣʦʞʝʥʠʝ ɸ. 
2. ɹʝʪʘ-ʛʝʢʩʘʭʣʦʨʮʠʢʣʦʛʝʢʩʘʥ (ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʠʥʜʘʥʘ; ʦʧʘʩʥʳʡ 

ʦʪʭʦʜ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ) ï ʧʨʠʣʦʞʝʥʠʝ ɸ. 
3. ʍʣʦʨʜʝʢʦʥ (ʧʝʩʪʠʮʠʜ) ï ʧʨʠʣʦʞʝʥʠʝ ɸ. 
4. ɻʝʢʩʘʙʨʦʤʜʠʬʝʥʠʣ (ʘʥʪʠʧʠʨʝʥ ï ʠʥʛʠʙʠʪʦʨ ʛʦʨʝʥʠʷ) ï ʧʨʠʣʦʞʝʥʠʝ ɸ. 
5. ʊʝʪʨʘʙʨʦʤʜʠʬʝʥʠʣʦʚʳʡ ʵʬʠʨ ʠ ʧʝʥʪʘʙʨʦʤʜʠʬʝʥʠʣʦʚʳʡ ʵʬʠʨ (ʘʥʪʠʧʠʨʝʥ ï 

ʠʥʛʠʙʠʪʦʨ ʛʦʨʝʥʠʷ) ï ʧʨʠʣʦʞʝʥʠʝ ɸ. 
6. ɻʝʢʩʘʙʨʦʤʙʠʬʝʥʠʣʦʚʳʡ ʵʬʠʨ ʠ ʛʝʧʪʘʙʨʦʤʙʠʬʝʥʠʣʦʚʳʡ ʵʬʠʨ (ʘʥʪʠʧʠʨʝʥ ï 

ʠʥʛʠʙʠʪʦʨ ʛʦʨʝʥʠʷ) ï ʧʨʠʣʦʞʝʥʠʝ ɸ. 
7. ʃʠʥʜʘʥ (ʧʝʩʪʠʮʠʜ) ï ʧʨʠʣʦʞʝʥʠʝ ɸ. 
8. ʇʝʥʪʘʭʣʦʨʙʝʥʟʦʣ (ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʳʡ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ) ï ʧʨʠʣʦʞʝʥʠʷ ɸ ʠ ʉ.  
9. ʇʝʨʬʪʦʨʦʢʪʘʥʦʚʘʷ ʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʝʝ ʩʦʣʠ ʠ ʧʝʨʬʪʦʨʦʢʪʘʥʦʚʳʡ 

ʩʫʣʴʬʦʥʠʣʬʪʦʨʠʜ (ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʧʝʥʳ, ʢʦʚʨʦʚ, ʢʦʞʘʥʦʡ 
ʦʜʝʞʜʳ, ʪʝʢʩʪʠʣʷ, ʦʙʠʚʦʯʥʦʡ ʪʢʘʥʠ, ʙʫʤʘʛʠ, ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʝʩʪʠʮʠʜʦʚ ʠ ʪ.ʜ.) ï 
ʧʨʠʣʦʞʝʥʠʝ ɺ. 

10. ʕʥʜʦʩʫʣʴʬʘʥ (ʧʝʩʪʠʮʠʜ). 
11. ɻʝʢʩʘʙʨʦʤʮʠʢʣʦʜʦʜʝʢʘʥ (ʘʥʪʠʧʠʨʝʥ ï ʠʥʛʠʙʠʪʦʨ ʛʦʨʝʥʠʷ). 
12. ɻʝʢʩʘʭʣʦʨʙʫʪʘʜʠʝʥ (ʧʝʩʪʠʮʠʜ). 
13. ʇʝʥʪʘʭʣʦʨʬʝʥʦʣ (ʧʝʩʪʠʮʠʜ). 
14. ʇʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʥʘʬʪʘʣʠʥʳ (ʦʙʨʘʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʪʭʦʜʦʚ). 
ʊʨʠ ʧʦʩʣʝʜʥʠʭ ʚʝʱʝʩʪʚʘ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʚ ʩʧʠʩʦʢ ʂʦʥʚʝʥʮʠʠ ʥʘ ʩʝʜʴʤʦʡ 

ʂʦʥʬʝʨʝʥʮʠʠ ʉʪʦʨʦʥ ʚ 2015 ʛ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʠʨʫʝʤʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʉʆɿ ʤʝʨʘʤʠ (ʣʠʢʚʠʜʘʮʠʷ, 

ʦʛʨʘʥʠʯʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʥʘʠʣʫʯʰʠʭ ʪʝʭʥʦʣʦʛʠʡ) ʚʩʝ ʉʆɿ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʪʨʠ ʛʨʫʧʧʳ:  
1. ɻʨʫʧʧʘ ɸ ï ʣʠʢʚʠʜʘʮʠʷ (ʧʝʩʪʠʮʠʜʳ, ʧʨʦʤʳʰʣʝʥʥʳʡ ʧʨʦʜʫʢʪ: ʇʍɼ ʠ 

ʧʝʥʪʘʭʣʦʨʙʝʥʟʦʣ);  
2. ɻʨʫʧʧʘ ɺ ï ʦʛʨʘʥʠʯʝʥʠʝ (ɼɼʊ, ʧʝʨʬʪʦʨʦʢʪʘʥʦʚʘʷ ʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ï ʇʌʆʉ);  
3. ɻʨʫʧʧʘ ʉ ï ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ (ʇʍɼɼ, ʇʍɼʌ, ɻʍɹ). 
ʉʪʦʡʢʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʩʚʦʶ ʪʦʢʩʠʯʥʦʩʪʴ ʜʘʞʝ ʧʨʠ ʢʨʘʡʥʝ 

ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʀʟ-ʟʘ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʥʠʤʘʪʴ ʤʝʞʢʣʝʪʦʯʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʜʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʩʣʫʞʘʪ ʧʨʠʯʠʥʦʡ ʤʥʦʛʠʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ. ʅʝʢʦʪʦʨʳʝ 

ʚʠʜʳ ʉʆɿ ʩʚʷʟʘʥʳ ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʥʘʨʫʰʝʥʠʷʤʠ ʚ ʨʘʙʦʪʝ ʠʤʤʫʥʥʦʡ 

ʩʠʩʪʝʤʳ, ʥʝʚʨʦʣʦʛʦ-ʧʩʠʭʠʘʪʨʠʯʝʩʢʠʤʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ, ʨʝʧʨʦʜʫʢʪʠʚʥʳʤ ʜʝʬʠʮʠʪʦʤ ʠ 

ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ ʧʦʣʦʚʦʡ ʬʫʥʢʮʠʠ, ʩʦʢʨʘʱʝʥʠʝʤ ʣʘʢʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ  

ʫ ʢʦʨʤʷʱʠʭ ʤʘʪʝʨʝʡ, ʘ ʪʘʢʞʝ ʨʷʜʦʤ ʟʘʙʦʣʝʚʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʜʠʘʙʝʪ, ʵʥʜʦʤʝʪʨʠʦʟ ʠ ʜʨ. ʉʆɿ 

ʩʧʦʩʦʙʥʳ ʧʨʦʥʠʢʘʪʴ ʚ ʦʨʛʘʥʠʟʤ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʧʣʦʜʘ ʯʝʨʝʟ ʧʣʘʮʝʥʪʫ, ʘ ʚ ʦʨʛʘʥʠʟʤ 

https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BF%D1%82%D0%B0%D1%85%D0%BB%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BA%D1%81%D0%B0%D1%85%D0%BB%D0%BE%D1%80%D0%B1%D0%B5%D0%BD%D0%B7%D0%BE%D0%BB
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%BE%D0%BA%D1%81%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%B4%D0%B8%D0%B1%D0%B5%D0%BD%D0%B7%D0%BE%D1%84%D1%83%D1%80%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%BD%D0%B4%D0%B0%D0%BD
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ʤʣʘʜʝʥʮʘ ï ʩ ʛʨʫʜʥʳʤ ʤʦʣʦʢʦʤ. ɼʘʞʝ ʚ ʩʚʝʨʭʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʥʦʛʠʝ ʩʪʦʡ- 

ʢʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʧʦʩʦʙʥʳ ʥʘʥʝʩʪʠ ʥʝʦʙʨʘʪʠʤʳʡ ʫʨʦʥ ʩʦʩʪʦʷʥʠʶ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʦʨʛʘʥʦʚ ʨʝʙʝʥʢʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʦʪʥʝʩʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢ ʛʨʫʧʧʝ ʩʪʦʡʢʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ: 

ü ʩʪʦʡʢʦʩʪʴ ʢ ʨʘʟʣʦʞʝʥʠʶ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ; 

ü ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʝʨʝʥʦʩʫ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʩ ʚʦʜʥʳʤʠ ʠ ʚʦʟʜʫʰʥʳʤʠ ʪʝʯʝʥʠʷʤʠ; 

ü ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʥʘʢʦʧʣʝʥʠʶ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʤʘʭ; 

ü ʪʦʢʩʠʯʥʦʩʪʴ. 

ʉʪʦʡʢʦʩʪʴ ʉʆɿ ʢ ʨʘʟʣʦʞʝʥʠʶ ʦʙʫʩʣʦʚʣʝʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʵʪʠʭ 

ʚʝʱʝʩʪʚ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ. ɽʩʣʠ ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ 

ʭʠʤʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʦʜʝ ʙʦʣʴʰʝ, ʯʝʤ ʜʚʘ ʤʝʩʷʮʘ, ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʚ ʧʦʯʚʝ ʠ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʧʨʝʚʳʰʘʝʪ ʰʝʩʪʴ ʤʝʩʷʮʝʚ, ʪʦ ʩʦʝʜʠʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʦ ʢ ʩʪʦʡʢʠʤ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʟʘʛʨʷʟʥʠʪʝʣʷʤ. ɼʘʥʥʳʝ, ʜʦʢʘʟʳʚʘʶʱʠʝ ʬʘʢʪ ʧʝʨʝʥʦʩʘ ʭʠʤʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ 

ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʧʦ ʚʦʟʜʫʭʫ, ʚʦʜʝ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʤʠʛʨʠʨʫʶʱʠʭ ʚʠʜʦʚ, ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʦʪʥʝʩʝʥʠʷ ʚʝʱʝʩʪʚʘ ʢ ʛʨʫʧʧʝ ʉʆɿ. ʊʨʝʪʴʠʤ ʧʦ ʟʥʘʯʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʡ 

ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ. ʆʙʥʘʨʫʞʝʥʠʝ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʞʠʜʢʦʩʪʷʭ ʯʝʣʦʚʝʢʘ (ʚ ʢʨʦʚʠ ʠʣʠ ʛʨʫʜʥʦʤ ʤʦʣʦʢʝ), ʚ ʪʢʘʥʷʭ ʥʘʟʝʤʥʳʭ ʠ ʤʦʨʩʢʠʭ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʥʜʠʜʘʪʘ ʚ ʉʆɿ. ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʢʨʠʪʝʨʠʷ ʪʦʢʩʠʯʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʵʬʬʝʢʪʦʚ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʠʣʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʣʠʙʦ ʫʢʘʟʘʥʠʝ ʥʘ 

ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʫʱʝʨʙ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʠʣʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [1].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʉʆɿ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʫʛʨʦʟ 

ʟʜʦʨʦʚʴʶ ʥʘʩʝʣʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʦʵʪʦʤʫ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ 

ʷʚʣʷʝʪʩʷ ʩʝʛʦʜʥʷ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʜʣʷ ʚʩʝʛʦ ʤʠʨʦʚʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. 

10.2. ʇʝʩʪʠʮʠʜʳ 

ʇʝʩʪʠʮʠʜʳ (ʣʘʪ. pestis çʟʘʨʘʟʘè + caedo çʫʙʠʚʘʪʴè) ï ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʦʪ ʨʘʟʣʠʯʥʳʭ ʚʨʝʜʠʪʝʣʝʡ; ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʦʪ ʙʦʣʝʟʥʝʡ 

ʛʨʠʙʢʦʚʦʛʦ, ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʠ ʚʠʨʫʩʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ; ʟʘʱʠʪʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʦʪ ʧʦʚʨʝʞʜʝʥʠʷ ʯʣʝʥʠʩʪʦʥʦʛʠʤʠ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ; ʜʣʷ ʙʦʨʴʙʳ ʩ ʩʦʨʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ; ʙʦʨʴʙʳ ʩ ʧʝʨʝʥʦʩʯʠʢʘʤʠ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ, 

ʘ ʪʘʢʞʝ ʩ ʵʢʪʦʧʘʨʘʟʠʪʘʤʠ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ; ʚ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ. ʉʘʤʫʶ 

ʦʙʰʠʨʥʫʶ ʛʨʫʧʧʫ ʧʝʩʪʠʮʠʜʦʚ ʢʘʢ ʧʦ ʦʙʲʝʤʘʤ ʠ ʘʩʩʦʨʪʠʤʝʥʪʫ ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʝʧʘʨʘʪʦʚ 

(ʦʢʦʣʦ 40%), ʪʘʢ ʠ ʧʦ ʤʘʩʰʪʘʙʘʤ ʧʨʠʤʝʥʝʥʠʷ (40-50%) ʩʦʩʪʘʚʣʷʶʪ ʛʝʨʙʠʮʠʜʳ, ʪʦ ʝʩʪʴ 

ʩʨʝʜʩʪʚʘ ʙʦʨʴʙʳ ʩ ʩʦʨʥʷʢʘʤʠ. 

ʂʣʘʩʠʬʠʢʘʮʠʷ ʧʝʩʪʠʮʠʜʦʚ 

ʇʦ ʩʦʩʪʘʚʫ ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʚʳʜʝʣʷʶʪ: 

Á ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʧʝʩʪʠʮʠʜʳ (ʍʆʇ); 

Á ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʧʝʩʪʠʮʠʜʳ (ʌʆʇ); 

Á ʢʘʨʙʘʤʘʪʥʳʝ ʧʝʩʪʠʮʠʜʳ (ʧʨʦʠʟʚʦʜʥʳʝ ʢʘʨʙʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ); 

Á ʧʨʦʠʟʚʦʜʥʳʝ ʭʣʦʨʬʝʥʦʢʩʠʢʠʩʣʦʪ; 

Á ʧʝʩʪʠʮʠʜʳ ʧʠʨʝʪʨʦʠʜʥʦʡ ʧʨʠʨʦʜʳ (ʧʨʦʠʟʚʦʜʥʳʝ ʪʨʘʥʩʭʨʠʟʘʥʪʝʤʦʚʦʡ ʢʠʩʣʦʪʳ). 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʧʝʩʪʠʮʠʜʳ ï ʩʣʦʞʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʙʝʥʟʦʣʴʥʳʝ ʢʦʣʴʮʘ, ʘ ʪʘʢʞʝ ʨʷʜ ʥʝ ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʢʦʣʝʮ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʭʣʦʨ, ʩʝʨʘ, 

ʘʟʦʪ, ʬʦʩʬʦʨ. 

ʇʦ ʩʧʦʩʦʙʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦ ʭʘʨʘʢʪʝʨʫ ʠ ʤʝʭʘʥʠʟʤʫ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʨʛʘʥʠʟʤʳ ʧʝʩʪʠʮʠʜʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

- ʢʦʥʪʘʢʪʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ); 

https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D0%BD%D0%BE%D1%81%D1%87%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D1%82%D0%BE%D0%BF%D0%B0%D1%80%D0%B0%D0%B7%D0%B8%D1%82
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- ʢʠʰʝʯʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʚʳʟʳʚʘʶʪ ʦʪʨʘʚʣʝʥʠʝ ʠ ʛʠʙʝʣʴ, ʧʦʧʘʜʘʷ ʚ ʦʨʛʘʥʠʟʤ ʚʤʝʩʪʝ ʩ 

ʧʠʱʝʡ); 

- ʬʫʤʠʛʘʪʠʚʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʧʨʦʥʠʢʘʶʪ ʠ ʦʪʨʘʚʣʷʶʪ ʦʨʛʘʥʠʟʤ ʯʝʨʝʟ ʜʳʭʘʪʝʣʴʥʫʶ 

ʩʠʩʪʝʤʫ); 

- ʩʠʩʪʝʤʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʧʨʦʥʠʢʘʶʪ ʚʦ ʚʩʝ ʪʢʘʥʠ ʦʨʛʘʥʠʟʤʘ, ʚʳʟʳʚʘʷ ʝʛʦ ʛʠʙʝʣʴ). 

ʇʦ ʮʝʣʝʚʦʤʫ ʥʘʟʥʘʯʝʥʠʶ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ ʧʝʩʪʠʮʠʜʦʚ:  

Á ʘʢʘʨʠʮʠʜʳ ï ʙʦʨʴʙʘ ʩ ʢʣʝʱʘʤʠ; 

Á ʘʣʴʛʠʮʠʜʳ ï ʙʦʨʴʙʘ ʩ ʚʦʜʦʨʦʩʣʷʤʠ ʠ ʩʦʨʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʚ ʚʦʜʦʝʤʘʭ; 

Á ʘʪʪʨʘʢʪʘʥʪʳ ï ʧʨʠʚʣʝʯʝʥʠʝ ʥʘʩʝʢʦʤʳʭ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʥʠʯʪʦʞʝʥʠʝʤ; 

Á ʙʘʢʪʝʨʠʮʠʜʳ ï ʙʦʨʴʙʘ ʩ ʙʘʢʪʝʨʠʷʤʠ ʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʙʦʣʝʟʥʷʤʠ ʨʘʩʪʝʥʠʡ;  

Á ʛʝʨʙʠʮʠʜʳ ï ʙʦʨʴʙʘ ʩ ʩʦʨʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ; 

Á ʜʝʩʠʢʘʥʪʳ ï ʧʦʜʩʫʰʠʚʘʥʠʝ ʨʘʩʪʝʥʠʡ ʧʝʨʝʜ ʫʙʦʨʦʯʥʳʤʠ ʨʘʙʦʪʘʤʠ; 

Á ʜʝʬʦʣʠʘʥʪʳ ï ʫʜʘʣʝʥʠʝ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ ʠ ʙʦʪʚʳ;  

Á ʠʥʩʝʢʪʠʮʠʜʳ ï ʫʥʠʯʪʦʞʝʥʠʝ ʥʘʩʝʢʦʤʳʭ-ʚʨʝʜʠʪʝʣʝʡ; 

Á ʟʦʦʮʠʜʳ ï ʙʦʨʴʙʘ ʩ ʞʠʚʦʪʥʳʤʠ, ʥʘʥʦʩʷʱʠʤʠ ʚʨʝʜ ʩʝʣʴʩʢʦʤʫ ʭʦʟʷʡʩʪʚʫ; 

Á ʤʦʣʣʶʩʢʦʮʠʜʳ ï ʙʦʨʴʙʘ ʩ ʤʦʣʣʶʩʢʘʤʠ-ʚʨʝʜʠʪʝʣʷʤʠ; 

Á ʥʝʤʘʪʦʮʠʜʳ ï ʙʦʨʴʙʘ ʩ ʧʦʯʚʝʥʥʳʤʠ ʧʘʨʘʟʠʪʠʯʝʩʢʠʤʠ ʯʝʨʚʷʤʠ, ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ 

ʥʝʤʘʪʦʜʘʤʠ; 

Á ʨʝʛʫʣʷʪʦʨʳ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ï ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ; 

Á ʨʝʧʝʣʣʝʥʪʳ ï ʦʪʧʫʛʠʚʘʥʠʝ ʥʘʩʝʢʦʤʳʭ, ʛʨʳʟʫʥʦʚ; 

Á ʨʝʪʘʨʜʘʥʪʳ ï ʪʦʨʤʦʞʝʥʠʝ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʙʣʝʡ ʢ 

ʧʦʣʝʛʘʥʠʶ; 

Á ʨʦʜʝʥʪʠʮʠʜʳ ï ʫʥʠʯʪʦʞʝʥʠʝ ʛʨʳʟʫʥʦʚ (ʦʪʥʦʩʷʪʩʷ ʢ ʟʦʦʮʠʜʘʤ); 

Á ʬʫʤʠʛʘʥʪʳ (ʚʝʱʝʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ) ï ʙʦʨʴʙʘ ʩ 

ʚʨʝʜʠʪʝʣʷʤʠ ʠ ʚʦʟʙʫʜʠʪʝʣʷʤʠ ʙʦʣʝʟʥʝʡ; 

Á ʬʫʥʛʠʮʠʜʳ ï ʙʦʨʴʙʘ ʩ ʛʨʠʙʢʦʚʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʨʘʩʪʝʥʠʡ; 

Á ʭʝʤʦʩʪʝʨʠʣʠʟʘʪʦʨʳ ï ʩʪʝʨʠʣʠʟʘʮʠʷ ʚʨʝʜʥʳʭ ʥʘʩʝʢʦʤʳʭ. 

 

 ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʩʪʠʮʠʜʦʚ ï  

ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ 

ɼɼʊ (ʜʠʭʣʦʨʜʠʬʝʥʠʣʪʨʠʭʣʦʨʤʝʪʠʣʤʝʪʘʥ) ï C14H9Cl5 

ɼɼʊ ï ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʡ ʠʥʩʝʢʪʠʮʠʜ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ 

ʜʣʷ ʙʦʨʴʙʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʘʩʝʢʦʤʳʤʠ ï ʧʝʨʝʥʦʩʯʠʢʘʤʠ 

ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʇʦʷʚʠʣʩʷ ʚʦ ʚʨʝʤʷ ɺʪʦʨʦʡ ʤʠʨʦʚʦʡ 

ʚʦʡʥʳ ʠ ʙʳʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʙʦʨʴʙʳ ʩ ʥʘʩʝʢʦʤʳʤʠ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʚʰʠʤʠ ʪʘʢʠʝ ʙʦʣʝʟʥʠ, ʢʘʢ ʤʘʣʷʨʠʷ, ʣʠʭʦʨʘʜʢʘ 

ʜʝʥʛʝ ʠ ʪʠʬ. ɿʘʪʝʤ ʧʨʝʧʘʨʘʪ ʩʪʘʣ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ɺ ʉʉʉʈ 

ʥʘʯʘʣʠ ʧʨʦʠʟʚʦʜʠʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ɼɼʊ ʩ 1946 ʛ.; ʚ 1970 ʛ. ʦʥ ʙʳʣ ʠʩʢʣʶʯʝʥ ʠʟ ʩʧʠʩʢʘ 

ʧʝʩʪʠʮʠʜʦʚ, ʨʘʟʨʝʰʝʥʥʳʭ ʢ ʧʨʠʤʝʥʝʥʠʶ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ. ɼʦ ʢʦʥʮʘ 1980-ʭ ʛʛ. ɼɼʊ 

ʧʨʠʤʝʥʷʣʠ ʚ ʥʝʢʦʪʦʨʳʭ ʦʙʣʘʩʪʷʭ ʈʦʩʩʠʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʣʷʨʠʠ ʠ 

ʢʣʝʱʝʚʦʛʦ ʵʥʮʝʬʘʣʠʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɼɼʊ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ ʟʘʧʨʝʱʝʥʦ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʤʘʣʷʨʠʡʥʦʛʦ ʠʥʩʝʢʪʠʮʠʜʘ ʚ ʀʥʜʠʠ ʠ ʨʷʜʝ 

ʩʪʨʘʥ ɸʬʨʠʢʠ, ʎʝʥʪʨʘʣʴʥʦʡ ʠ ʖʞʥʦʡ ɸʤʝʨʠʢʠ. 

ɼɼʊ ʷʚʣʷʝʪʩʷ ʠʥʩʝʢʪʠʮʠʜʦʤ ʥʘʨʫʞʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʪʦ ʝʩʪʴ ʚʳʟʳʚʘʶʱʠʤ ʛʠʙʝʣʴ 

ʥʘʩʝʢʦʤʳʭ ʧʨʠ ʚʥʝʰʥʝʤ ʢʦʥʪʘʢʪʝ. ʇʨʝʧʘʨʘʪ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʚ ʧʦʯʚʝ ï 

ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʜʦʩʪʠʛʘʝʪ 15 ʣʝʪ (ʚ ʚʦʟʜʫʭʝ ʜʦ 7 ʜʥʝʡ). ʕʪʦ ʚʝʱʝʩʪʚʦ ʦʙʣʘʜʘʝʪ ʦʯʝʥʴ 

ʚʳʩʦʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʙʠʦʢʦʥʮʝʥʪʨʘʮʠʠ: ʧʦʨʷʜʢʘ 50 000 ʜʣʷ ʨʳʙ ʠ 500 000 ʜʣʷ 

ʜʚʫʩʪʚʦʨʯʘʪʳʭ [37]. ʅʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʪʢʘʥʷʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ (ʦʩʦʙʝʥʥʦ ʚ ʞʠʨʦʚʳʭ ʪʢʘʥʷʭ), ʚ 

ʛʨʫʜʥʦʤ ʤʦʣʦʢʝ ʢʦʨʤʷʱʠʭ ʤʘʪʝʨʝʡ ʠ ʚ ʢʨʦʚʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ. ʗʚʣʷʝʪʩʷ ʢʘʥʮʝʨʦʛʝʥʦʤ, 

https://ru.wikipedia.org/wiki/%D0%90%D0%BA%D0%B0%D1%80%D0%B8%D1%86%D0%B8%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B5%D1%89%D0%B8_(%D0%B6%D0%B8%D0%B2%D0%BE%D1%82%D0%BD%D1%8B%D0%B5)
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D1%80%D0%B1%D0%B8%D1%86%D0%B8%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D1%80%D0%BD%D1%8F%D0%BA
https://ru.wikipedia.org/wiki/%D0%94%D0%B5%D1%84%D0%BE%D0%BB%D0%B8%D0%B0%D0%BD%D1%82
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%81%D0%B5%D0%BA%D1%82%D0%B8%D1%86%D0%B8%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%97%D0%BE%D0%BE%D1%86%D0%B8%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%BB%D1%8C%D1%81%D0%BA%D0%BE%D0%B5_%D1%85%D0%BE%D0%B7%D1%8F%D0%B9%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%BB%D1%8E%D1%81%D0%BA%D0%BE%D1%86%D0%B8%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%BC%D0%B0%D1%82%D0%BE%D1%86%D0%B8%D0%B4
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D1%82%D0%BE%D0%B3%D0%BE%D1%80%D0%BC%D0%BE%D0%BD%D1%8B
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B4%D0%B5%D0%BD%D1%82%D0%B8%D1%86%D0%B8%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%A4%D1%83%D0%BC%D0%B8%D0%B3%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A4%D1%83%D0%BD%D0%B3%D0%B8%D1%86%D0%B8%D0%B4%D1%8B
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ʤʫʪʘʛʝʥʦʤ, ʵʤʙʨʠʦʪʦʢʩʠʥʦʤ, ʥʝʡʨʦʪʦʢʩʠʥʦʤ, ʠʤʤʫ-ʥʦʪʦʢʩʠʥʦʤ, ʚʳʟʳʚʘʝʪ ʛʦʨʤʦʥʘʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʩʪʘʪʦʯʥʦʝ ʧʨʝʜʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ɼɼʊ ʚ ʧʠʱʝ, ʨʝʢʦʤʝʥʜʫʝʤʦʝ 

ɺʆɿ/ʌɸʆ, ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,02 ʤʛ/(ʢʛ ʤʦʣʦʯʥʦʛʦ ʞʠʨʘ) ʜʦ 5 ʤʛ/(ʢʛ ʤʷʩʥʦʛʦ ʞʠʨʘ). 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʜʦʧʫʩʪʠʤʦʝ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ɼɼʊ ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ ʧʦ ʜʘʥʥʳʤ ɺʆɿ 

ʩʦʩʪʘʚʣʷʝʪ 1,0 ʤʢʛ/ʣ. 

ɸʣʴʜʨʠʥ ï ʉ12ʅ8Cl6 

ɸʣʴʜʨʠʥ ï ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʡ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʡ ʧʝʩʪʠʮʠʜ 

(ʠʥʩʝʢʪʠʮʠʜ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʙʦʨʴʙʳ ʩ 

ʪʘʢʠʤʠ ʧʦʯʚʝʥʥʳʤʠ ʚʨʝʜʠʪʝʣʷʤʠ, ʢʘʢ ʙʣʦʰʢʘ ʜʣʠʥʥʦʫʩʘʷ, 

ʧʨʦʚʦʣʦʯʥʠʢʠ, ʜʦʣʛʦʥʦʩʠʢ ʨʠʩʦʚʳʡ ʚʦʜʷʥʦʡ ʠ ʩʘʨʘʥʯʘ). ʕʪʦ 

ʚʝʱʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʜʣʷ ʟʘʱʠʪʳ ʜʝʨʝʚʷʥʥʳʭ ʩʪʨʦʝʥʠʡ 

ʦʪ ʪʝʨʤʠʪʦʚ [37]. ʆʙʨʘʟʫʝʪ ʮʝʣʫʶ ʛʨʫʧʧʫ ʧʝʩʪʠʮʠʜʦʚ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ. ʇʦ ʩʚʦʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 

ʙʦʨʴʙʝ ʩ ʚʨʝʜʥʳʤʠ ʥʘʩʝʢʦʤʳʤʠ ʘʣʴʜʨʠʥ ʧʨʝʚʦʩʭʦʜʠʪ ɼɼʊ, ʘ 

ʪʘʢʞʝ ʛʝʢʩʘʭʣʦʨʘʥ [6]. ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ, ʘʣʴʜʨʠʥ ʥʝ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 

ʠʥʩʝʢʪʠʮʠʜʦʤ, ʪʘʢ ʢʘʢ ʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʥʘ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʩʝʤʝʡʩʪʚ ʧʨʷʤʦʢʨʳʣʳʭ 

(ʩʘʨʘʥʯʦʚʳʭ), ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʞʫʢʦʚ ʠ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʚʠʜʦʚ ʜʚʫʢʨʳʣʳʭ (ʢʦʤʘʨʦʚ, ʤʫʭ). 

ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʝʥʘ ʝʛʦ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʙʦʨʴʙʝ ʩ ʤʦʣʴʶ.  

ɸʣʴʜʨʠʥ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʥʝ ʧʦʜʜʘʝʪʩʷ 

ʙʠʦʭʠʤʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ. ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʣʴʜʨʠʥʘ ʥʘʯʘʪʦ ʚ 1950 ʛ., 

ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʤʝʯʝʥʦ ʚ 70-ʝ ʛʛ. XX ʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʧʨʝʱʝʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʠ ʧʨʠʤʝʥʝʥʠʝ ʘʣʴʜʨʠʥʘ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ; ʚ ʈʦʩʩʠʠ ʟʘʧʨʝʪ ʜʝʡʩʪʚʫʝʪ ʩ 1972 ʛ. ɺ ʪʢʘʥʷʭ 

ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʧʦʜʚʝʨʛʘʝʪʩʷ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʶ (ʧʨʝʚʨʘʱʝʥʠʶ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʦʣʝʬʠʥʦʚ ʚ 

ʵʧʦʢʩʠʜʥʦʝ ʢʦʣʴʮʦ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʣʴʜʨʠʥʘ. ʃʝʛʢʦ ʤʝʪʘʙʦʣʠʟʠʨʫʝʪʩʷ ʚ ʜʠʣʴʜʨʠʥ ʢʘʢ 

ʨʘʩʪʝʥʠʷʤʠ, ʪʘʢ ʠ ʞʠʚʦʪʥʳʤʠ. ɹʠʦʜʝʛʨʘʜʘʮʠʷ ʚ ʧʦʯʚʘʭ ʧʨʦʠʩʭʦʜʠʪ ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʦ, 

ʧʨʠʯʝʤ ʚʝʱʝʩʪʚʦ ʧʨʦʯʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʯʘʩʪʠʮʘʤʠ ʧʦʯʚʳ ʠ ʫʩʪʦʡʯʠʚʦ ʢ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʚ 

ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ. ɸʣʴʜʨʠʥ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ ʢʘʢ ʫʤʝʨʝʥʥʦ ʩʪʦʡʢʦʝ ʚʝʱʝʩʪʚʦ ʩ ʧʝʨʠʦʜʦʤ 

ʧʦʣʫʨʘʩʧʘʜʘ ʚ ʜʠʘʧʘʟʦʥʝ 20 ʜʥʝʡ ï 1,6 ʛʦʜʘ. 

ɸʣʴʜʨʠʥ ʷʜʦʚʠʪ ʜʣʷ ʯʝʣʦʚʝʢʘ. ʇʦ ʥʝʢʦʪʦʨʳʤ ʦʮʝʥʢʘʤ, ʣʝʪʘʣʴʥʘʷ ʜʦʟʘ ʜʣʷ ʚʟʨʦʩʣʦʛʦ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 80 ʤʛ/ʢʛ ʤʘʩʩʳ ʪʝʣʘ. ɸʣʴʜʨʠʥ ʚʣʠʷʝʪ ʥʘ ʮʝʥʪʨʘʣʴʥʫʶ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ; 

ʧʨʷʤʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʝʛʦ ʢʘʥʮʝʨʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʯʝʣʦʚʝʯʝʩʢʠʡ ʦʨʛʘʥʠʟʤ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʩʪʘʪʦʯʥʦʝ ʧʨʝʜʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʠʱʝ, ʨʝʢʦʤʝʥʜʫʝʤʦʝ ʌɸʆ/ɺʆɿ, 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,006 ʤʛ/ʢʛ ʤʦʣʦʯʥʦʛʦ ʞʠʨʘ ʜʦ 0,2 ʤʛ/ʢʛ ʤʷʩʥʦʛʦ ʞʠʨʘ.  

ʇɼʂ ʚ ʚʦʜʝ ï 0,002 ʤʛ/ʣ, ʚ ʚʦʟʜʫʭʝ ï 0,001 ʤʛ/ʤ3. 

 

ɼʠʣʴʜʨʠʥ ï C12H8Cl6O 

ɼʠʣʴʜʨʠʥ ï ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʦʝ ʚʳʩʦʢʦʪʦʢʩʠʯʥʦʝ 
ʚʝʱʝʩʪʚʦ, ʥʝʦʙʳʯʘʡʥʦ ʩʠʣʴʥʳʡ ʠʥʩʝʢʪʠʮʠʜ. ɼʠʣʴʜʨʠʥ ʧʦʷʚʠʣʩʷ 
ʚ 1948 ʛ. ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ɺʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ ʠ 
ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʙʦʨʴʙʳ ʩ ʪʘʢʠʤʠ ʧʦʯʚʝʥʥʳʤʠ 
ʥʘʩʝʢʦʤʳʤʠ, ʢʘʢ ʙʣʦʰʢʠ ʜʣʠʥʥʦʫʩʳʝ, ʧʨʦʚʦʣʦʯʥʠʢʠ ʠ 
ʧʦʜʛʨʳʟʘʶʱʠʝ ʩʦʚʢʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ 
ɼɼʊ, ʜʠʣʴʜʨʠʥ ʦʢʘʟʘʣʩʷ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʝʢʪʠʮʠʜʦʤ ʠ 
ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ 20 ʣʝʪ, ʥʘʯʠʥʘʷ ʩ 1950-ʭ ʠ ʧʦ 

ʥʘʯʘʣʦ 1970-ʭ ʛʛ. ʆʜʥʘʢʦ ʚ ʢʦʥʮʝ 70-ʭ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘʭ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʩʪʝʧʝʥʥʦʝ 
ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʟʘʪʝʤ ʧʦʩʣʝʜʦʚʘʣ ʟʘʧʨʝʪ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ. ɺ ʉʉʉʈ 
ʜʠʣʴʜʨʠʥ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣ ʚʢʣʶʯʝʥ ʚ ʩʧʠʩʦʢ ʟʘʧʨʝʱʸʥʥʳʭ ʚʝʱʝʩʪʚ [19]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʜʘʥʥʦʝ ʚʝʱʝʩʪʚʦ ʟʘʧʨʝʱʝʥʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʨʘʥ ʤʠʨʘ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʘʧʨʝʪ 
ʉʪʦʢʛʦʣʴʤʩʢʦʡ ʢʦʥʚʝʥʮʠʠ, ʜʠʣʴʜʨʠʥ ʜʦ ʩʠʭ ʧʦʨ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 
ʠʥʩʝʢʪʠʮʠʜʘ ʚ ʄʘʣʘʡʟʠʠ, ɺʝʥʝʩʫʵʣʝ, ʊʘʠʣʘʥʜʝ, ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥʘʭ ɸʬʨʠʢʠ [31]. ɺ ʀʥʜʠʠ 
ʜʠʣʴʜʨʠʥ ʦʛʨʘʥʠʯʝʥ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ.  

https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%81%D1%82%D0%B8%D1%86%D0%B8%D0%B4%D1%8B_%D0%B3%D1%80%D1%83%D0%BF%D0%BF%D1%8B_%D0%B0%D0%BB%D1%8C%D0%B4%D1%80%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%81%D0%B5%D0%BA%D0%BE%D0%BC%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%94%D0%94%D0%A2_(%D0%B8%D0%BD%D1%81%D0%B5%D0%BA%D1%82%D0%B8%D1%86%D0%B8%D0%B4)
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BA%D1%81%D0%B0%D1%85%D0%BB%D0%BE%D1%80%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%81%D0%B5%D0%BA%D1%82%D0%B8%D1%86%D0%B8%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D1%8F%D0%BC%D0%BE%D0%BA%D1%80%D1%8B%D0%BB%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D1%80%D0%B0%D0%BD%D1%87%D0%BE%D0%B2%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%96%D1%83%D0%BA
https://ru.wikipedia.org/wiki/%D0%94%D0%B2%D1%83%D0%BA%D1%80%D1%8B%D0%BB%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%B0%D1%80%D1%8B
https://ru.wikipedia.org/wiki/%D0%94%D0%94%D0%A2_(%D0%B8%D0%BD%D1%81%D0%B5%D0%BA%D1%82%D0%B8%D1%86%D0%B8%D0%B4)
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%81%D0%B5%D0%BA%D1%82%D0%B8%D1%86%D0%B8%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%95%D0%B2%D1%80%D0%BE%D0%BF%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D1%8E%D0%B7_%D0%A1%D0%BE%D0%B2%D0%B5%D1%82%D1%81%D0%BA%D0%B8%D1%85_%D0%A1%D0%BE%D1%86%D0%B8%D0%B0%D0%BB%D0%B8%D1%81%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D1%85_%D0%A0%D0%B5%D1%81%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%BE%D0%B9%D0%BA%D0%B8%D0%B5_%D0%BE%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%B7%D0%B0%D0%B3%D1%80%D1%8F%D0%B7%D0%BD%D0%B8%D1%82%D0%B5%D0%BB%D0%B8
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%81%D0%B5%D0%BA%D1%82%D0%B8%D1%86%D0%B8%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BB%D0%B0%D0%B9%D0%B7%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D0%BD%D0%B5%D1%81%D1%83%D1%8D%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%B0%D0%B8%D0%BB%D0%B0%D0%BD%D0%B4
https://ru.wikipedia.org/wiki/%D0%90%D1%84%D1%80%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D0%B4%D0%B8%D1%8F
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ɼʠʣʴʜʨʠʥ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʚ ʧʦʯʚʝ ï ʚ ʩʪʨʘʥʘʭ ʩ ʫʤʝʨʝʥʥʳʤ 
ʢʣʠʤʘʪʦʤ ʠʤʝʝʪ ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ 3-4 ʛʦʜʘ (ʚ ʚʦʟʜʫʭʝ 4-10 ʯ). 

ɼʠʣʴʜʨʠʥ ʦʪʥʦʩʠʪʩʷ ʢ ʩʠʣʴʥʦʜʝʡʩʪʚʫʶʱʠʤ ʷʜʦʚʠʪʳʤ ʚʝʱʝʩʪʚʘʤ, ʧʦʨʘʞʘʶʱʠʤ 
ʮʝʥʪʨʘʣʴʥʫʶ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ (ʦʩʦʙʝʥʥʦ ʮʝʥʪʨʳ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ), ʧʝʯʝʥʴ, ʧʦʯʢʠ. ʆʯʝʥʴ 
ʪʦʢʩʠʯʝʥ ʜʣʷ ʭʣʘʜʥʦʢʨʦʚʥʳʭ ʞʠʚʦʪʥʳʭ (ʟʝʤʥʦʚʦʜʥʳʭ, ʨʳʙ) ʠ ʥʘʩʝʢʦʤʳʭ. ɼʣʷ ʯʝʣʦʚʝʢʘ 
ʯʨʝʟʚʳʯʘʡʥʦ ʦʧʘʩʝʥ ʧʨʝʧʘʨʘʪ ʜʠʣʴʜʨʠʥʘ ʚ ʚʠʜʝ ʘʵʨʦʟʦʣʷ, ʣʝʪʘʣʴʥʘʷ ʜʦʟʘ (ʩʨʝʜʥʷʷ ʜʦʟʘ 
ʚʝʱʝʩʪʚʘ, ʚʳʟʳʚʘʶʱʘʷ ʛʠʙʝʣʴ ʚʩʝʭ ʯʣʝʥʦʚ ʠʩʧʳʪʫʝʤʦʡ ʛʨʫʧʧʳ) ʧʨʠ ʵʪʦʤ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʠ 
ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ ʃɼ100, ʨʘʚʥʳʭ 8-9 ʤʛ/ʢʛ, ʯʪʦ ʧʦ ʪʦʢʩʠʯʥʦʩʪʠ ʙʣʠʟʢʦ ʢ ʮʠʘʥʠʜʘʤ. 
ɺʩʘʩʳʚʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʯʝʨʝʟ ʢʦʞʫ. ʗʚʣʷʝʪʩʷ ʣʠʧʦʬʠʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ [8], ʪʦ ʝʩʪʴ 
ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʞʠʨʦʚʦʡ ʪʢʘʥʠ. ʆʙʣʘʜʘʝʪ ʤʫʪʘʛʝʥʥʳʤ ʠ ʪʝʨʘʪʦʛʝʥʥʳʤ 
ʜʝʡʩʪʚʠʝʤ. ɺ ʦʩʥʦʚʥʦʤ ʜʠʣʴʜʨʠʥ (ʢʘʢ ʠ ʘʣʴʜʨʠʥ) ʚʣʠʷʝʪ ʥʘ ʮʝʥʪʨʘʣʴʥʫʶ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ; 
ʧʨʠ ʵʪʦʤ ʧʨʷʤʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʝʛʦ ʢʘʥʮʝʨʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʯʝʣʦʚʝʯʝʩʢʠʡ ʦʨʛʘʥʠʟʤ 
ʦʪʩʫʪʩʪʚʫʶʪ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʩʪʘʪʦʯʥʦʝ ʧʨʝʜʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʣʴʜʨʠʥʘ ʚ ʧʠʱʝ, 
ʨʝʢʦʤʝʥʜʫʝʤʦʝ ɺʆɿ/ʌɸʆ, ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,006 ʤʛ/ʢʛ ʤʦʣʦʯʥʦʛʦ ʞʠʨʘ ʜʦ 0,2 ʤʛ/ʢʛ ʧʪʠʯʴʝʛʦ 
ʞʠʨʘ. ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 0,1-18 ʤʢʛ/ʣ [37]. 

 

                ʕʥʜʨʠʥ ï C12H8Cl6O 

ʕʥʜʨʠʥ ï ʚʳʩʦʢʦʪʦʢʩʠʯʥʦʝ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ,  
ʩʪʝʨʝʦʠʟʦʤʝʨ ʜʠʣʴʜʨʠʥʘ. ɹʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ ʪʦʢʩʠʯʥʝʝ ʘʣʴʜʨʠʥʘ  
ʠ ʚ 10-12 ʨʘʟ ɼɼʊ [6]. ʗʚʣʷʝʪʩʷ ʠʥ-ʩʝʢʪʠʮʠʜʦʤ, ʢʦʪʦʨʳʡ 
ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩ 50-ʭ ʛʛ. XX ʚ. ʜʣʷ ʙʦʨʴʙʳ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ 
ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʚʨʝ-ʜʠʪʝʣʷʤʠ, ʚ ʦʩʥʦʚʥʦʤ 
ʚʩʪʨʝʯʘʶʱʠʤʠʩʷ ʥʘ ʭʣʦʧʢʝ, ʘ ʪʘʢʞʝ ʥʘ ʨʠʩʝ, ʩʘʭʘʨʥʦʤ ʪʨʦʩʪʥʠʢʝ, 
ʢʫʢʫʨʫʟʝ ʠ ʜʨʫʛʠʭ ʢʫʣʴʪʫʨʘʭ. ʇʨʠʤʝʥʷʣʩʷ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ 
ʨʦʜʝʥʪʠʮʠʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʘʢʘʨʠʮʠʜʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʙʦʨʴʙʳ ʩ 

ʯʝʨʥʦʩʤʦʨʦʜʠʥʥʳʤ ʧʦʯʢʦʚʳʤ ʢʣʝʱʦʤ, ʧʨʦʪʠʚ ʢʦʪʦʨʦʛʦ ʚʩʝ ʜʨʫʛʠʝ ʧʨʝʧʘʨʘʪʳ ʥʝʵʬʬʝʢʪʠʚʥʳ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʧʨʝʱʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. ɺ ʈʦʩʩʠʠ ʧʨʝʧʘʨʘʪ 
ʥʝ ʧʨʠʤʝʥʷʣʩʷ. 

ʕʥʜʨʠʥ ʦʯʝʥʴ ʫʩʪʦʡʯʠʚ ʚ ʧʦʯʚʝ ï ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʤʦʞʝʪ 
ʜʦʩʪʠʛʘʪʴ 12 ʣʝʪ. ʆʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʙʠʦʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʊʘʢ, ʧʦʩʣʝ 
ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʵʥʜʨʠʥʘ ʥʘ ʨʳʙ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʝʛʦ 
ʘʢʢʫʤʫʣʷʮʠʠ ʚ ʪʢʘʥʷʭ ʦʪ 14 ʜʦ 18 000. 

ʕʥʜʨʠʥ ʦʪʥʦʩʠʪʩʷ ʢ ʩʠʣʴʥʦʜʝʡʩʪʚʫʶʱʠʤ ʷʜʦʚʠʪʳʤ ʚʝʱʝʩʪʚʘʤ ʜʣʷ ʪʝʧʣʦʢʨʦʚʥʳʭ 
ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ. ʆʯʝʥʴ ʪʦʢʩʠʯʝʥ ʜʣʷ ʨʳʙ, ʤʦʣʣʶʩʢʦʚ, ʘʤʬʠʙʠʡ ʠ ʥʘʩʝʢʦʤʳʭ. 
ʏʨʝʟʚʳʯʘʡʥʦ ʪʦʢʩʠʯʝʥ ʜʣʷ ʯʝʣʦʚʝʢʘ ʧʨʠ ʠʥʛʘʣʷʮʠʦʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ï ʪʘʢ, ʃɼ50 
(ʧʦʣʫʣʝʪʘʣʴʥʘʷ ʜʦʟʘ ï ʩʨʝʜʥʷʷ ʜʦʟʘ ʚʝʱʝʩʪʚʘ, ʚʳʟʳʚʘʶʱʘʷ ʛʠʙʝʣʴ ʧʦʣʦʚʠʥʳ ʯʣʝʥʦʚ 
ʠʩʧʳʪʫʝʤʦʡ ʛʨʫʧʧʳ) ʵʥʜʨʠʥʘ ʚ ʚʠʜʝ ʘʵʨʦʟʦʣʷ ʨʘʚʥʘ ʃɼ50 ʩʠʥʠʣʴʥʦʡ ʢʠʩʣʦʪʳ (2 ʤʛ/ʢʛ). 
ɺʩʘʩʳʚʘʝʪʩʷ ʯʝʨʝʟ ʢʦʞʫ; ʧʦʨʘʞʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ. ʀʤʝʝʪ ʙʦʣʴʰʦʡ 
ʧʝʨʠʦʜ ʧʦʣʫʚʳʚʝʜʝʥʠʷ ʠʟ ʦʨʛʘʥʠʟʤʘ. 

 

ʍʣʦʨʜʘʥ ï C10H6Cl8 

ʍʣʦʨʜʘʥ ï ʚʳʩʦʢʦʪʦʢʩʠʯʥʦʝ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, 

ʠʥʩʝʢʪʠʮʠʜ. ɺʧʝʨʚʳʝ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ 1945 ʛ. ʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʙʦʨʴʙʳ ʩ ʪʘʨʘʢʘʥʘʤʠ, ʤʫʨʘʚʴʷʤʠ, ʪʝʨʤʠʪʘʤʠ ʠ 

ʜʨʫʛʠʤʠ ʜʦʤʘʰʥʠʤʠ ʚʨʝʜʠʪʝʣʷʤʠ. ʇʨʠʤʝʥʷʣʩʷ ʪʘʢʞʝ ʢʘʢ 

ʧʨʦʪʨʘʚʠʪʝʣʴ ʩʝʤʷʥ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ 

ʧʨʝʧʘʨʘʪʘ ʟʘʧʨʝʱʝʥʦ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. ʊʝʭʥʠʯʝʩʢʠʡ 

ʭʣʦʨʜʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ 120 ʚʝʱʝʩʪʚ. 

ʀʟ ʥʠʭ 60-75% ʷʚʣʷʶʪʩʷ ʠʟʦʤʝʨʘʤʠ ʭʣʦʨʜʘʥʘ,  

ʘ ʦʩʪʘʣʴʥʳʝ ʩʚʷʟʘʥʳ ʩ ʵʥʜʦʚʝʱʝʩʪʚʘʤʠ, ʚʢʣʶʯʘʶʱʠʤʠ ʚ ʩʝʙʷ ʛʝʧʪʘʭʣʦʨ, ʥʦʥʘʭʣʦʨ ʠ ʜʨ. 

ʆʪʥʦʩʠʪʩʷ ʢ ʠʥʩʝʢʪʠʮʠʜʘʤ ʢʦʥʪʘʢʪʥʦʛʦ ʠ ʢʠʰʝʯʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʍʣʦʨʜʘʥ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʚ ʧʦʯʚʝ ʠ ʠʤʝʝʪ ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ 

ʦʢʦʣʦ 4 ʣʝʪ; ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ.  

https://ru.wikipedia.org/wiki/%D0%A6%D0%B5%D0%BD%D1%82%D1%80%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%BD%D0%B5%D1%80%D0%B2%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%91%D0%BB%D1%83%D0%B6%D0%B4%D0%B0%D1%8E%D1%89%D0%B8%D0%B9_%D0%BD%D0%B5%D1%80%D0%B2
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%87%D0%B5%D0%BD%D1%8C
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%87%D0%BA%D0%B0_(%D0%B0%D0%BD%D0%B0%D1%82%D0%BE%D0%BC%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BC%D0%BD%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%A0%D1%8B%D0%B1%D1%8B
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%81%D0%B5%D0%BA%D0%BE%D0%BC%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D0%B0%D0%BD%D0%B8%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%B6%D0%B0
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%BF%D0%BE%D1%84%D0%B8%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%90%D0%BA%D0%B0%D1%80%D0%B8%D1%86%D0%B8%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%A0%D1%8B%D0%B1%D1%8B
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%BB%D1%8E%D1%81%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BC%D0%BD%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%81%D0%B5%D0%BA%D0%BE%D0%BC%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%94%D0%BE%D0%B7%D0%B0_%D0%B2%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D1%8D%D1%80%D0%BE%D0%B7%D0%BE%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BD%D0%B8%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D1%80%D0%B2%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʌɸʆ/ɺʆɿ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʩʪʘʪʦʯʥʦʝ ʧʨʝʜʝʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʜʘʥʘ ʚ ʧʠʱʝ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,002 ʤʛ/ʢʛ ʤʦʣʦʯʥʦʛʦ ʞʠʨʘ ʜʦ 0,5 

ʤʛ/ʢʛ ʧʪʠʯʴʝʛʦ ʞʠʨʘ). ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ  

1,5-6 ʤʢʛ/ʣ. ɺ ʦʪʥʦʰʝʥʠʠ ʭʣʦʨʜʘʥʘ ʠʤʝʶʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʝʛʦ ʨʘʟʨʫʰʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʵʥʜʦʢʨʠʥʥʫʶ ʠ ʠʤʤʫʥʥʫʶ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʛʦ ʢʘʥʮʝʨʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʯʝʣʦʚʝʢʘ  [36]. 

ɻʝʧʪʘʭʣʦʨ ï C10H5Cl7 

ɻʝʧʪʘʭʣʦʨ ï ʚʳʩʦʢʦʪʦʢʩʠʯʥʦʝ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ, ʠʥʩʝʢʪʠʮʠʜ. ʇʨʠʤʝʥʷʣʩʷ ʜʣʷ ʙʦʨʴʙʳ ʩ ʧʦʯʚʝʥʥʳʤʠ 

ʥʘʩʝʢʦʤʳʤʠ ʠ ʪʝʨʤʠʪʘʤʠ, ʩ ʥʘʩʝʢʦʤʳʤʠ-ʚʨʝʜʠʪʝʣʷʤʠ ʭʣʦʧʢʘ, 

ʩʘʨʘʥʯʦʡ ʠ ʤʘʣʷʨʠʡʥʳʤʠ ʢʦʤʘʨʘʤʠ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʩʝʢʪʠʮʠʜʥʦʡ ʜʦʙʘʚʢʠ ʢ ʧʨʦʪʨʘʚʠʪʝʣʷʤ ʩʝʤʷʥ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʝʧʘʨʘʪ ʟʘʧʨʝʱʝʥ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ, ʚ ʈʦʩʩʠʠ 

ʟʘʧʨʝʪ ʜʝʡʩʪʚʫʝʪ ʩ 1986 ʛ.  

ʆʪʥʦʩʠʪʩʷ ʢ ʥʝʩʠʩʪʝʤʥʳʤ ʧʝʩʪʠʮʠʜʘʤ ʢʠʰʝʯʥʦʛʦ 

ʜʝʡʩʪʚʠʷ. ʍʠʤʠʯʝʩʢʠ ʙʦʣʝʝ ʠʥʝʨʪʝʥ, ʯʝʤ ʭʣʦʨʜʘʥ.  

ɺ ʭʦʜʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝ, ʨʘʩʪʝʥʠʷʭ ʠ ʞʠ-ʚʦʪʥʳʭ ʛʝʧʪʘʭʣʦʨ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʛʝʧʪʘʭʣʦʨ ʵʧʦʢʩʠʜ, ʢʦʪʦʨʳʡ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚ. 

ʇʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʛʝʧʪʘʭʣʦʨʘ ʚ ʧʦʯʚʘʭ ʫʤʝʨʝʥʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ ʩʦʩʪʘʚ 

ʣʷʝʪ 0,75-2 ʛʦʜʘ. ʆʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ. 

ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʦʩʪʨʦʡ ʠ ʭʨʦʥʠʯʝʩʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ (ʚ ʧʨʝʜʝʣʘʭ 60-300 

ʤʛ/ʢʛ). ʈʝʟʢʦ ʚʦʟʙʫʞʜʘʝʪ, ʘ ʟʘʪʝʤ ʫʛʥʝʪʘʝʪ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ ʯʝʣʦʚʝʢʘ, ʦʢʘʟʳʚʘʝʪ ʪʦʢʩʠʯʝʩʢʦʝ 

ʜʝʡʩʪʚʠʝ ʥʘ ʨʷʜ ʦʨʛʘʥʦʚ ʠ ʩʠʩʪʝʤ; ʚʩʘʩʳʚʘʝʪʩʷ ʯʝʨʝʟ ʢʦʞʫ, ʷʚʣʷʝʪʩʷ ʣʠʧʦʬʠʣʴʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ. ɼʘʥʥʳʭ ʦ ʚʣʠʷʥʠʠ ʛʝʧʪʘʭʣʦʨʘ ʥʘ ʯʝʣʦʚʝʯʝʩʢʠʡ ʦʨʛʘʥʠʟʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʤʘʣʦ, ʦʜʥʦʟʥʘʯʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʝʛʦ ʢʘʥʮʝʨʦʛʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʥʝ ʧʨʠʚʦʜʠʪʩʷ.  

ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʩʪʘʪʦʯʥʦʝ ʧʨʝʜʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʝʧʪʘʭʣʦʨʘ ʚ ʧʠʱʝ, ʨʝʢʦʤʝʥʜʫʝʤʦʝ 

ɺʆɿ/ʌɸʆ, ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,006 ʤʛ/ʢʛ ʤʦʣʦʯʥʦʛʦ ʞʠʨʘ ʜʦ 0,2 ʤʛ/ʢʛ ʧʪʠʯʴʝʛʦ ʞʠʨʘ [37]. 

 

ʄʠʨʝʢʩ ï ʉ10ʉl12 

ʄʠʨʝʢʩ ï ʚʳʩʦʢʦʪʦʢʩʠʯʥʦʝ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, 

ʠʥʩʝʢʪʠʮʠʜ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʨʝʢʩʘ ʚ ʧʝʩʪʠʮʠʜʥʳʭ ʩʦʩʪʘʚʘʭ 

ʥʘʯʘʣʦʩʴ ʚ ʩʝʨʝʜʠʥʝ 50-ʭ ʛʛ. XX ʚ. ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʙʦʨʴʙʳ ʩ 

ʤʫʨʘʚʴʷʤʠ. ʄʠʨʝʢʩ ʧʨʠʤʝʥʷʣʠ ʪʘʢʞʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʦʛʥʝʩʪʦʡʢʦʩʪʠ (ʘʥʪʠʧʠʨʝʥʘ) ʧʣʘʩʪʤʘʩʩ, ʢʘʫʯʫʢʦʚ, ʢʨʘʩʢʠ, ʙʫʤʘʛʠ 

ʠ ʵʣʝʢʪʨʦʪʦʚʘʨʦʚ. ʉʦʩʪʘʚʳ ʪʝʭʥʠʯʝʩʢʠʭ ʤʘʨʦʢ ʤʠʨʝʢʩʘ ʩʦʜʝʨʞʘʪ 

95,1% ʤʠʨʝʢʩʘ ʠ 2,58% ʭʣʦʨʜʝʢʦʥʘ (ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʥʝ 

ʫʢʘʟʳʚʘʝʪʩʷ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʦʝ ʚʝʱʝʩʪʚʦ ʟʘʧʨʝʱʝʥʦ ʢ 

ʧʨʠʤʝʥʝʥʠʶ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ, ʚ ʈʦʩʩʠʠ ʜʘʥʥʳʡ ʧʨʝʧʘʨʘʪ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ. 

ʄʠʨʝʢʩ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʧʝʩʪʠʮʠʜʦʚ. ɽʛʦ 

ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʚ ʧʦʯʚʝ ʜʦʩʪʠʛʘʝʪ 10 ʣʝʪ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʥʘʢʦʧʣʝʥʠʷ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 

ʪʢʘʥʷʭ ʨʦʟʦʚʦʡ ʢʨʝʚʝʪʢʠ ʠ ʙʳʯʴʝʛʦʣʦʚʦʛʦ ʧʠʤʝʬʘʣʝʩʘ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 2600 ʠ 51400. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʣʝʪʫʯʝʩʪʠ ʄʠʨʝʢʩ ʚ ʩʦʩʪʦʷʥʠʠ ʧʝʨʝʥʦʩʠʪʴʩʷ ʥʘ ʙʦʣʴʰʠʝ 

ʨʘʩʩʪʦʷʥʠʷ. 

ʆʩʪʨʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʄʠʨʝʢʩʘ ʜʣʷ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʥʦʩʠʪ ʫʤʝʨʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʦ 

ʜʘʥʥʳʡ ʧʨʝʧʘʨʘʪ ʪʦʢʩʠʯʝʥ ʜʣʷ ʨʳʙ.  

ʀʤʝʶʪʩʷ ʬʘʢʪʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʪʦʤ, ʯʪʦ ʄʠʨʝʢʩ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʵʥʜʦʢʨʠʥʥʳʝ 

ʥʘʨʫʰʝʥʠʷ ʫ ʯʝʣʦʚʝʢʘ ʠ, ʚʦʟʤʦʞʥʦ, ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʢʘʥʮʝʨʦʛʝʥʦʤ [37]. 

 

https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D1%80%D0%B2%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
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ʊʦʢʩʘʬʝʥ ï ʉ10Cl12 

ʊʦʢʩʘʬʝʥ ï ʚʳʩʦʢʦʪʦʢʩʠʯʥʦʝ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ, ʠʥʩʝʢʪʠʮʠʜ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʩ 1949 ʛ. ʚ ʢʘʯʝʩʪʚʝ 

ʥʝʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʥʩʝʢʪʠʮʠʜʘ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʟʘʱʠʪʳ 

ʭʣʦʧʢʘ, ʭʣʝʙʥʳʭ ʟʣʘʢʦʚ, ʬʨʫʢʪʦʚ, ʦʨʝʭʦʚ ʠ ʦʚʦʱʝʡ, ʜʣʷ ʙʦʨʴʙʳ 

ʩ ʢʦʣʦʨʘʜʩʢʠʤ ʞʫʢʦʤ ʠ ʚʨʝʜʠʪʝʣʷʤʠ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʠ ʛʦʨʦʭʘ. 

ʇʨʝʧʘʨʘʪ ʧʨʠʤʝʥʷʣʠ ʪʘʢʞʝ ʜʣʷ ʙʦʨʴʙʳ ʩ ʪʘʢʠʤʠ ʵʢʪʦʧʘʨʘʟʠʪʘʤʠ 

ʩʢʦʪʘ, ʢʘʢ ʚʰʠ, ʤʫʭʠ, ʢʣʝʱʠ, ʚʦʟʙʫʜʠʪʝʣʠ ʯʝʩʦʪʢʠ ʠ ʢʣʝʱʠ ʢʦʥʩʢʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʟʘʧʨʝʱʝʥʦ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. 

ʊʝʭʥʠʯʝʩʢʠʡ ʪʦʢʩʘʬʝʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʤʝʩʴ ʙʦʣʝʝ 300 ʢʦʥʛʝʥʝʨʦʚ ʠ 

ʩʦʜʝʨʞʠʪ 67-60 ʚʝʩ. % ʭʣʦʨʘ. 

ʇʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʪʦʢʩʘʬʝʥʘ ʚ ʧʦʯʚʝ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 100 ʜʥʝʡ ʜʦ 12 ʣʝʪ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʢʩʘʬʝʥ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ 

ʠ ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʜʥʳʤ ʦʨʛʘʥʠʟʤʘʤ. ʅʘʧʨʠʤʝʨ, ʚ ʨʳʙʘʭ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʢʦʧʣʝʥʠʷ: ʚ ʛʘʤʙʫʟʠʠ 4247, ʚ ʨʫʯʴʝʚʦʡ ʬʦʨʝʣʠ 

76 000. 

ʀʤʝʶʪʩʷ ʫʙʝʜʠʪʝʣʴʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʛʦ, ʯʪʦ ʪʦʢʩʘʬʝʥ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ 

ʵʥʜʦʢʨʠʥʥʳʝ ʥʘʨʫʰʝʥʠʷ ʫ ʯʝʣʦʚʝʢʘ. ʆʥ ʢʘʥʮʝʨʦʛʝʥʝʥ ʜʣʷ ʤʳʰʝʡ ʠ ʢʨʳʩ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʨʠʩʢ ʢʘʥʮʝʨʦʛʝʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʯʝʣʦʚʝʢʘ [37]. 

 

ɻʝʢʩʘʭʣʦʨʙʝʥʟʦʣ (ɻʍɹ) ï C6Cl6 

ɻʝʢʩʘʭʣʦʨʙʝʥʟʦʣ ï ʚʳʩʦʢʦʪʦʢʩʠʯʥʦʝ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ, ʬʫʥʛʠʮʠʜ. ɺʧʝʨʚʳʝ ʛʝʢʩʘʭʣʦʨʙʝʥʟʦʣ ʙʳʣ ʚʚʝʜʝʥ ʚ 1945 ʛ. 

ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʛʠʮʠʜʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʢʨʦʤʝ 

ʪʦʛʦ, ʦʥ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʬʝʡʝʨʚʝʨʢʦʚ, ʙʦʝʧʨʠʧʘʩʦʚ 

ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʢʘʫʯʫʢʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʝʢʩʘʭʣʦʨʙʝʥʟʦʣ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʙʝʥʟʦʣʦʚ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʭʣʦʨʘ, ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ 

ʥʝʢʦʪʦʨʳʭ ʧʝʩʪʠʮʠʜʦʚ. ɻʝʢʩʘʭʣʦʨʙʝʥʟʦʣ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʚ ʜʳʤʦʚʳʭ ʛʘʟʘʭ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʙʦʪʝ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʭ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʉʪʦʢʛʦʣʴʤʩʢʦʡ ʢʦʥʚʝʥʮʠʝʡ ʦ ʉʆɿ ʜʘʥʥʦʝ ʚʝʱʝʩʪʚʦ ʟʘʧʨʝʱʝʥʦ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ. 

ɺ ʈʦʩʩʠʠ ʧʨʝʧʘʨʘʪ ʧʨʠʤʝʥʷʣʠ ʜʦ 1991 ʛ. ʢʘʢ ʧʨʦʪʨʘʚʠʪʝʣʴ ʩʝʤʷʥ ʚ ʩʤʝʩʠ ʩ ʜʨʫʛʠʤʠ 

ʬʫʥʛʠʮʠʜʘʤʠ ʟʣʘʢʦʚ ʜʣʷ ʧʨʝʜʦʭʨʘʥʝʥʠʷ ʠʭ ʦʪ ʛʦʣʦʚʥʠ. 

ʊʝʨʤʠʯʝʩʢʠ ʠ ʭʠʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚ. ʇʦ ʨʷʜʫ ʧʨʦʚʝʜʝʥʥʳʭ ʦʮʝʥʦʢ ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ 

ʛʝʢʩʘʭʣʦʨʙʝʥʟʦʣʘ ʚ ʧʦʯʚʝ ʩʦʩʪʘʚʣʷʝʪ 2,7-5,7 ʣʝʪ, ʘ ʚ ʚʦʟʜʫʭʝ 0,5-4,2 ʛʦʜʘ.  

ɻʝʢʩʘʭʣʦʨʙʝʥʟʦʣ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʟʚʠʪʠʝ ʧʣʦʜʘ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʝʯʝʥʠ, 

ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤ ʠ ʧʦʯʝʢ. ʅʘʨʫʰʘʝʪ ʧʦʨʬʠʨʠʥʦʚʳʡ ʦʙʤʝʥ, ʦʙʣʘʜʘʝʪ 

ʢʫʤʫʣʷʪʠʚʥʳʤ ʵʬʬʝʢʪʦʤ. ʆʪʥʦʩʠʪʩʷ ʢ ʚʝʱʝʩʪʚʘʤ, ʚʦʟʤʦʞʥʦ ʦʢʘʟʳʚʘʶʱʠʤ ʢʘʥʮʝʨʦʛʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʯʝʣʦʚʝʢʘ [37]. 

ʍʣʦʨʜʝʢʦʥ ï C10Cl10O 

ʍʣʦʨʜʝʢʦʥ ï ʚʳʩʦʢʦʪʦʢʩʠʯʥʦʝ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ, ʠʥʩʝʢʪʠʮʠʜ. ʆʙʣʘʜʘʝʪ ʪʘʢʞʝ ʬʫʥʛʠʮʠʜʥʳʤ ʜʝʡʩʪʚʠʝʤ 

ʚ ʙʦʨʴʙʝ ʩ ʤʫʯʥʠʩʪʦʡ ʨʦʩʦʡ ʠ ʧʘʨʰʦʡ ʷʙʣʦʥʠ. ʕʬʬʝʢʪʠʚʝʥ ʜʣʷ 

ʙʦʨʴʙʳ ʩ ʣʠʩʪʦʛʨʳʟʫʱʠʤʠ ʥʘʩʝʢʦʤʳʤʠ ʥʘ ʨʷʜʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʘ ʪʘʢʞʝ ʚ ʙʦʨʴʙʝ ʩ ʣʠʯʠʥʢʘʤʠ 

ʤʫʭ ʠ ʪʝʨʤʠʪʘʤʠ. 

ʍʠʤʠʯʝʩʢʠ ʩʭʦʜʝʥ ʩ ʤʠʨʝʢʩʦʤ, ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʢʝʪʦʥʦʚʦʡ 

ʛʨʫʧʧʳ ʚ ʭʣʦʨʜʝʢʦʥʝ ʟʘʤʝʱʝʥ ʚ ʤʠʨʝʢʩʝ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʭʣʦʨʘ.  












































































































