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1. ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʢʦʧʘʝʤʳʝ ʨʝʩʫʨʩʳ ʧʨʦʜʦʣʞʘʶʪ ʦʩʪʘʚʘʪʴʩʷ  

ʦʩʥʦʚʦʡ ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ, 

ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʠ ʚʳʩʦʢʦʩʝʨʥʠʩʪʳʭ ʥʝʬʪʝʡ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ 

ʜʦʙʳʚʘʝʤʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. ʇʨʠ ʫʞʝʩʪʦʯʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ 

ʢʦʥʝʯʥʳʭ ʪʦʚʘʨʥʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʧʦ 

ʩʦʩʪʘʚʫ ʩʳʨʴʸ ʚ ʧʨʦʜʫʢʪʳ ʩ ʫʣʫʯʰʝʥʥʳʤ ʢʘʯʝʩʪʚʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʧʨʠʤʝʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ. ʅʘʣʠʯʠʝ ʩʝʨʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʪʦʚʘʨʥʳʭ ʪʦʧʣʠʚʘʭ ʧʨʠʚʦʜʠʪ ʢ ʨʷʜʫ 

ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ: ʦʪʨʘʚʣʝʥʠʶ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ, ʢʦʨʨʦʟʠʦʥʥʦʤʫ ʠʟʥʦʩʫ 

ʜʚʠʛʘʪʝʣʝʡ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʘ ʛʣʘʚʥʦʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʦʢʩʠʯʥʳʭ ʦʢʩʠʜʦʚ ʩʝʨʳ (SOx) ʧʨʠ 

ʩʛʦʨʘʥʠʠ, ʷʚʣʷʶʱʠʭʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʠʩʣʦʪʥʳʭ ʦʩʘʜʢʦʚ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʩʤʦʛʘ. ɺ ʦʪʚʝʪ ʥʘ ʵʪʦ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʠ ʥʘʮʠʦʥʘʣʴʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʪʘʥʜʘʨʪʳ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ 

ʦʛʨʘʥʠʯʠʚʘʶʪ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʳ ʚ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚʘʭ ʜʦ ʫʨʦʚʥʷ 5-15 

ppm, ʯʪʦ ʪʨʝʙʫʝʪ ʤʦʜʠʬʠʢʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʣʠʙʦ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ 

ʛʣʫʙʦʢʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʤʝʪʦʜ  ╖  ʛʠʜʨʦʦʯʠʩʪʢʘ - 

ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʛʣʫʙʦʢʦʡ ʦʯʠʩʪʢʠ ʣʝʛʢʠʭ ʜʠʩʪʠʣʣʷʪʦʚ, ʥʦ ʜʣʷ ʫʜʘʣʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ 

ʫʩʪʦʡʯʠʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦ- ʠ ʜʠʙʝʥʟʦʪʠʦʬʝʥʦʚ ʪʨʝʙʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʞʝʩʪʦʯʝʥʠʝ 

ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ: ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʛʘʟʘ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʫʩʢʦʨʝʥʥʦʡ ʜʝʟʘʢʪʠʚʘʮʠʝʡ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɼʘʥʥʳʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʩʪʠʤʫʣʠʨʫʶʪ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʙʝʟʚʦʜʦʨʦʜʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʝʨʦʦʯʠʩʪʢʝ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ.  

ʉʨʝʜʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʤʝʪʦʜ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ 

ʚʳʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ ʜʦʩʪʠʞʝʥʠʶ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʫʜʘʣʝʥʠʷ ʩʝʨʥʠʩʪʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ ʧʨʝʚʨʘʱʝʥʠʝ ʩʝʨʦʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ 

ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʷʨʥʳʝ ʩʫʣʴʬʦʥʳ ʠ ʩʫʣʴʬʦʢʩʠʜʳ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʤʦʛʫʪ ʙʳʪʴ ʠʟʚʣʝʯʝʥʳ ʠʟ 

ʦʯʠʱʘʝʤʦʛʦ ʩʳʨʴʷ. ʂʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʚʳʙʦʨ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʠ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʠʩʩʣʝʜʫʝʤʳʝ ʦʢʠʩʣʠʪʝʣʠ ï ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʝʨʦʢʩʠʜʳ, 

ʦʟʦʥ ʠ ʢʠʩʣʦʨʦʜ ï ʦʙʣʘʜʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʠ, ʥʠʟʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʪ.ʜ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʛʠʧʦʭʣʦʨʠʪ 

ʥʘʪʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʢʘʢ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʡ ʧʨʦʜʫʢʪ, 

ʦʪʣʠʯʘʶʱʠʡʩʷ ʜʦʩʪʫʧʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʴʶ ʧʨʦʜʫʢʪʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʆʜʥʘʢʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʙʘʨʴʝʨʦʤ 
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ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ 

ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʪʠʦʬʝʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʠ ʨʠʩʢʠ ʥʝʮʝʣʝʚʦʛʦ ʨʘʩʭʦʜʘ 

ʦʢʠʩʣʠʪʝʣʷ. ʇʨʝʦʜʦʣʝʥʠʝ ʜʘʥʥʦʛʦ ʙʘʨʴʝʨʘ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʩʧʦʩʦʙʥʳʭ ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʭʦʜʦʚʘʪʴ ʦʢʠʩʣʠʪʝʣʴ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʝʣʝʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ ʘʢʪʠʚʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʩ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʢ ʘʪʦʤʫ ʩʝʨʳ ʛʝʪʝʨʦʘʪʦʤʥʦʛʦ ʩʫʙʩʪʨʘʪʘ.  ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʢʠʩʣʠʪʝʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ 

ʠ ʚʘʥʘʜʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʜʦʩʪʫʧʥʳʭ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ (Mo, W, V) ʜʣʷ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʧʣʠʚ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʘʯʘʣʴʥʦʤ, ʥʦ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʝʤʩʷ ʵʪʘʧʝ, 

ʠʥʪʝʨʝʩ ʢ ʜʘʥʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʨʝʟʢʦ ʚʦʟʨʦʩ ʧʦʩʣʝ 2020 ʛʦʜʘ, ʢʦʛʜʘ 

ʚʳʰʣʘ ʧʝʨʚʘʷ ʧʫʙʣʠʢʘʮʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ. 

ʀʟʚʝʩʪʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ, ʩʤʝʰʘʥʥʳʭ ʦʢʩʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʦʢʠʩʣʝʥʠʷ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʫʙʩʪʨʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʛʠʧʦʭʣʦʨʠʪʘ 

ʥʘʪʨʠʷ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʫʢʘʟʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʟʘʯʘʩʪʫʶ ʫʜʘʝʪʩʷ ʜʦʩʪʠʛʘʪʴ ʧʦʣʥʦʡ ʢʦʥʚʝʨʩʠʠ 

ʠʥʝʨʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʤʠʥʫʪ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʢ ʨʝʘʣʴʥʳʤ ʥʝʬʪʷʥʳʤ ʬʨʘʢʮʠʷʤ ʠʟ-ʟʘ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ 

ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʡ ʧʨʦʛʨʝʩʩ, ʘʥʘʣʠʟ 

ʣʠʪʝʨʘʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʯʝʪʢʦ ʦʙʦʟʥʘʯʠʪʴ ʢʨʠʪʠʯʝʩʢʠʝ ʧʨʦʙʝʣʳ ʠ ʥʝʨʝʰʝʥʥʳʝ ʟʘʜʘʯʠ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ. ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʧʨʦʙʣʝʤʫ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ 

ʦʢʠʩʣʠʪʝʣʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʜʘʶʪ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢ ʜʣʠʪʝʣʴʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ. ɺʳʱʝʣʘʯʠʚʘʥʠʝ ʘʢʪʠʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʠʟʙʳʪʢʝ ʦʢʠʩʣʠʪʝʣʷ ʦʩʪʘʝʪʩʷ ʩʣʘʙʦ ʠʟʫʯʝʥʥʳʤ, ʥʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɼʨʫʛʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʟʚʝʩʪʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʨʘʙʦʪʳ 

ʚʳʧʦʣʥʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʤʦʜʝʣʴʥʳʭ ʩʤʝʩʷʭ ʩ ʦʜʥʠʤ ʩʫʙʩʪʨʘʪʦʤ ɼɹʊ. ʇʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ 
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ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʘʥʘʣʠʟʫ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟʫʯʝʥʠʶ 

ʚʦʟʤʦʞʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʘʷ ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ 

ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʢʘʪʘʣʠʟʘʪʦʨʘʤ, ʠʟʚʝʩʪʥʳʤ ʨʘʥʝʝ ʜʣʷ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʜʝʘʢʪʠʚʘʮʠʠ, ʨʘʟʨʘʙʦʪʢʝ ʩʪʘʙʠʣʴʥʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʩʧʝʮʠʬʠʢʝ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ.  

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʠ ʩʪʘʙʠʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʥʘ 

ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʚʘʥʘʜʠʷ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʤʝʩʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʘʤʬʠʬʠʣʴʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʘʥʠʦʥʳ ʤʦʣʠʙʜʘʪʘ, 

ʚʦʣʴʬʨʘʤʘʪʘ ʠ ʚʘʥʘʜʘʪʘ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʘʪʠʦʥʘʤʠ ʪʝʪʨʘʘʣʢʠʣʘʤʤʦʥʠʷ. ʀʟʫʯʠʪʴ 

ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠ 

ʠʩʩʣʝʜʦʚʘʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ 

ʩʫʙʩʪʨʘʪʦʚ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ. 

2. ʉʠʥʪʝʟʠʨʦʚʘʪʴ ʛʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʩʠʣʠʢʘʛʝʣʷ, ʩʦʜʝʨʞʘʱʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʦʢʩʠʜʳ Mo, W, V. ʀʩʩʣʝʜʦʚʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ 

ʤʦʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʤʝʩʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

3. ʀʟʫʯʠʪʴ ʧʨʠʤʝʥʝʥʠʝ ʢʘʨʙʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (Mo, W, V) ʚ ʦʢʠʩʣʝʥʠʠ 

ʩʝʨʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʤʝʪʦʜʦʚ 

ʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʫʪʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʢʠʩʣʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʩʝʨʥʠʩʪʳʭ ʩʫʙʩʪʨʘʪʦʚ. 

4. ʀʟʫʯʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʨʝʘʣʴʥʦʡ 

ʧʨʷʤʦʛʦʥʥʦʡ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʀʩʩʣʝʜʦʚʘʪʴ ʦʯʠʱʝʥʥʫʶ ʬʨʘʢʮʠʶ ʥʘ ʥʘʣʠʯʠʝ 

ʧʦʙʦʯʥʳʭ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʆʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʘʤʬʠʬʠʣʴʥʳʝ ʠ ʛʝʪʝʨʦʛʝʥʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʢʠʩʣʝʥʠʷ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ, ʤʦʜʝʣʴʥʳʝ ʠ ʨʝʘʣʴʥʳʝ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʪʦʧʣʠʚʘ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ 

ʤʦʜʝʣʴʥʳʭ ʠ ʨʝʘʣʴʥʳʭ ʪʦʧʣʠʚ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ: 

1. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʬʠʬʠʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʜʦʩʪʫʧʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʛʝʧʪʘʤʦʣʠʙʜʘʪ ʘʤʤʦʥʠʷ ʠ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡ ʙʨʦʤʠʜ), 

ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʫʣʴʪʨʘʙʳʩʪʨʦʛʦ ʦʢʠʩʣʝʥʠʷ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ 

ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘ 5 ʤʠʥ. 

2. ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ  ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ 

ʩʠʣʠʢʘʛʝʣʴ ʠ ʩʦʜʝʨʞʘʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʦʢʩʠʜʳ Mo, W, V. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘʤʥʦʛʦ ʩʪʘʙʠʣʴʥʝʝ ʚ ʠʟʙʳʪʢʝ ʨʘʩʪʚʦʨʘ 

ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʠ ʣʫʯʰʝ ʨʘʙʦʪʘʶʪ ʧʨʠ ʚʳʩʦʢʦʤ ʠʩʭʦʜʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʩʝʨʳ ʚ 

ʩʳʨʴʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʣʠʙʜʝʥ- ʠ ʚʦʣʴʬʨʘʤʩʦʜʝʨʞʘʱʠʤʠ ʘʥʘʣʦʛʘʤʠ. 

3. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʠ ʩʪʘʙʠʣʴʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʫʙʩʪʨʘʪʦʚ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʥʘ ʦʩʥʦʚʝ 

ʢʘʨʙʠʜʘ ʚʘʥʘʜʠʷ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʤʷʛʢʠʤ ʦʢʠʩʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʦʤ 

ʚʦʟʜʫʭʘ. 

4. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ 

ʧʨʷʤʦʛʦʥʥʦʡ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ 

ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʘʤʬʠʬʠʣʴʥʳʭ ʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʠʭ ʩʦʩʪʘʚʦʤ, ʩʪʨʫʢʪʫʨʦʡ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ 

ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ 

ʘʢʪʠʚʘʮʠʠ ʦʢʠʩʣʠʪʝʣʷ ʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ ʘʢʪʠʚʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʥʘ ʘʪʦʤ ʩʝʨʳ ʚ 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʫʛʣʫʙʣʷʝʪ ʧʦʥʠʤʘʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʩʥʦʚ ʛʝʪʝʨʦʛʝʥʥʦʛʦ 

ʢʘʪʘʣʠʟʘ ʠ ʧʨʦʮʝʩʩʦʚ ʞʠʜʢʦʬʘʟʥʦʛʦ ʦʢʠʩʣʝʥʠʷ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʨʝʰʝʥʠʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʠ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦ ʩʦʟʜʘʥʠʶ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ 

ʥʠʟʢʦʩʝʨʥʠʩʪʳʭ ʪʦʧʣʠʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʷʤʦʝ ʦʢʠʩʣʝʥʠʝ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ, ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʥʦ ʧʨʠʩʫʪʩʪʚʠʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʦʢʠʩʣʠʪʝʣʷ ʠ ʛʣʫʙʦʢʦʛʦ ʫʜʘʣʝʥʠʷ 

ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʤʦʜʝʣʴʥʳʭ ʩʤʝʩʝʡ ʠ ʨʝʘʣʴʥʳʭ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʟʜʘʶʪ ʥʘʫʯʥʳʝ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ 
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ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʦʠʟʚʦʜʠʪʴ ʪʦʧʣʠʚʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʨʦʛʠʤ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʩʪʘʥʜʘʨʪʘʤ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʤʧʣʝʢʩ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʌʘʟʦʚʳʡ (ʈʌɸ), ʵʣʝʤʝʥʪʥʳʡ (ʈʌʕʉ, ʈʌʣɸ) ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

(ʀʂïʌʫʨʴʝ) ʩʦʩʪʘʚ, ʪʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʘʜʩʦʨʙʮʠʷ N2), ʤʦʨʬʦʣʦʛʠʷ (ʉʕʄ, ʇʕʄ), 

ʪʝʨʤʠʯʝʩʢʘʷ (ʊɻɸ) ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ (ʭʝʤʦʩʦʨʙʮʠʷ H2) ʩʪʘʙʠʣʴʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʘ 

ʢʘʨʙʠʜʦʚ (ʂʈïʩʧʝʢʪʨʦʩʢʦʧʠʷ) ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ. 

ʉʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ɻʍ ʠ ɻʍ-ʄʉ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ï ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ, ʘ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ï

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ:  

1. ɸʤʬʠʬʠʣʴʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʛʝʧʪʘʤʦʣʠʙʜʘʪʘ ï ʘʥʠʦʥʘ ʠ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ 

ï ʢʘʪʠʦʥʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʥʦʝ ʦʢʠʩʣʝʥʠʝ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʚ 

ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

2. ɻʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʚʘʥʘʜʠʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʤʦʣʠʙʜʝʥ- ʠ ʚʦʣʴʬʨʘʤʩʦʜʝʨʞʘʱʠʤʠ ʘʥʘʣʦʛʘʤʠ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʤʦʜʝʣʴʥʳʭ ʩʤʝʩʝʡ 

ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ (ʙʦʣʝʝ 2000 ppm) ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ. 

3. ʄʷʛʢʦʝ ʦʢʠʩʣʝʥʠʝ ʢʘʨʙʠʜʘ ʚʘʥʘʜʠʷ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʧʨʠ 100ÁC ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʳʩʦʢʦʘʢʪʠʚʥʦʛʦ ʠ ʩʪʘʙʠʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʦʭʨʘʥʷʶʱʝʛʦ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʢʠʩʣʝʥʠʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ 8 ʮʠʢʣʦʚ ʦʢʠʩʣʝʥʠʷ. 

4. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʢʘʨʙʠʜʘ ʚʘʥʘʜʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ 

ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʦʙʝʩʩʝʨʠʚʘʥʠʶ ʧʨʷʤʦʛʦʥʥʦʡ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ ʛʠʧʦʭʣʦʨʠʪʦʤ 

ʥʘʪʨʠʷ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʚ ʧʨʦʜʫʢʪʘʭ ʢʦʪʦʨʦʛʦ ʦʥʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʩʠʥʪʝʟʝ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʘʤʬʠʬʠʣʴʥʳʭ ʠ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʨʦʚʝʜʝʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ, 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ, ʘ ʪʘʢʞʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʨʘʙʦʪʝ [1] ɻʝʚʦʨʛʷʥ ʂ.ʇ. ʣʠʯʥʦ ʩʠʥʪʝʟʠʨʦʚʘʣʘ ʞʠʜʢʦʬʘʟʥʳʝ ʘʤʬʠʬʠʣʴʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ, ʧʨʦʚʝʣʘ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʠʟʫʯʠʣʘ ʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʢʠʩʣʝʥʠʠ ʤʦʜʝʣʴʥʳʭ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʛʠʧʦʭʣʦʨʠʪʦʤ 

ʥʘʪʨʠʷ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [2] ʘʚʪʦʨʦʤ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 

ʧʦ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʨʝʘʢʮʠʷʤ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ, ʯʪʦ ʣʝʛʣʦ ʚ ʦʩʥʦʚʫ ʦʙʟʦʨʥʦʡ ʧʫʙʣʠʢʘʮʠʠ. ɺ 

ʨʘʙʦʪʝ [3] ɻʝʚʦʨʛʷʥ ʂ.ʇ. ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʣʘ ʩʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ 
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ʦʩʥʦʚʝ ʩʠʣʠʢʘʛʝʣʷ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʢʩʠʜʘʤʠ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʚʘʥʘʜʠʷ, ʘ ʪʘʢʞʝ 

ʠʟʫʯʘʣʘ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ. ɺ ʩʪʘʪʴʝ [4] ʘʚʪʦʨʦʤ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʘʢʪʠʚʘʮʠʷ ʢʘʨʙʠʜʘ ʚʘʥʘʜʠʷ ʠ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʨʠʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʠ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ɻʝʚʦʨʛʷʥ ʂ.ʇ. ʫʩʪʘʥʦʚʠʣʘ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʘʢʪʠʚʘʮʠʠ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʢʠʩʣʝʥʠʠ ʢʘʢ ʤʦʜʝʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʠ ʨʝʘʣʴʥʦʡ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʘ ʧʦʙʦʯʥʳʝ ʧʨʦʮʝʩʩʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

ɺʦ ʚʩʝʭ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʨʘʙʦʪʘʭ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʣʠʯʥʳʡ ʚʢʣʘʜ ɻʝʚʦʨʛʷʥ ʂ.ʇ. ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʦ 4 ʩʪʘʪʴʠ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʜʣʷ ʟʘʱʠʪʳ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʩʦʚʝʪʝ 

ʄɻʋ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʠ ʦʪʨʘʩʣʠ ʥʘʫʢ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʝʟʠʩʘʭ ʜʦʢʣʘʜʦʚ ʥʘ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: XXX ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʸʥʳʭ çʃʦʤʦʥʦʩʦʚï2023è (ʄʦʩʢʚʘ, 10ï21 ʘʧʨʝʣʷ 2023 ʛ.) ʠ V ʈʦʩʩʠʡʩʢʦʤ ʢʦʥʛʨʝʩʩʝ ʧʦ ʢʘʪʘʣʠʟʫ 

çʈʆʉʂɸʊɸʃʀɿè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 21ï26 ʘʧʨʝʣʷ 2025 ʛ.). 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ 

ʣʠʪʝʨʘʪʫʨʳ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ, ʟʘʢʣʶʯʝʥʠʷ 

ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ʆʙʲʝʤ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 156 ʩʪʨʘʥʠʮ ʧʝʯʘʪʥʦʛʦ ʪʝʢʩʪʘ ʠ ʚʢʣʶʯʘʝʪ 87 

ʨʠʩʫʥʢʦʚ, 29 ʪʘʙʣʠʮ. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ ʩʦʜʝʨʞʠʪ 219 ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 
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2. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ1 

ʋʛʣʝʚʦʜʦʨʦʜʳ ʧʨʦʜʦʣʞʘʶʪ ʠʛʨʘʪʴ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʵʥʝʨʛʠʝʡ ʤʠʨʦʚʦʡ 

ʵʢʦʥʦʤʠʢʠ, ʠ ʠʭ ʜʦʣʷ ʚ ʦʙʱʝʤ ʧʦʪʨʝʙʣʝʥʠʠ ʦʩʪʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ [5]. ʈʘʩʪʫʱʠʝ ʤʘʩʰʪʘʙʳ 

ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʠʩʯʝʨʧʘʥʠʝ ʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʨʠʚʦʜʷʪ ʢ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ 

ʩʣʦʞʥʦʩʪʷʤ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. ʋʩʫʛʫʙʣʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚʳʥʫʞʜʘʝʪ 

ʟʘʜʫʤʘʪɹʩʷ ʦ ʙʫʜʫʱʝʡ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʪʨʝʙʫʝʪ ʧʝʨʝʭʦʜʘ ʢ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ, ʠʟ ʢʦʪʦʨʳʭ ʫʞʝ ʧʨʠʤʝʥʷʶʪʩʷ: ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ, ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʙʠʦʵʥʝʨʛʠʷ, ʧʨʠʣʠʚʥʘʷ ʠ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ, ʥʦ ʦʥʠ ʚʩʝ 

ʝʱʝ ʥʝ ʤʦʛʫʪ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʦʩʥʦʚʥʳʤʠ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʠʩʢʦʧʘʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʵʥʝʨʛʠʠ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʠ ʜʘʥʥʳʝ ʦ ʛʣʦʙʘʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʧʦʪʨʝʙʣʝʥʠʠ ɻ ʥʝʨʛʠʠ, 

ʘ ʪʘʢʞʝ ʚʳʙʨʦʩʘʭ ʚ ʧʨʦʮʝʩʩʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʩ 2000 ʧʦ 2021 ʛʦʜʘ [6] (ʨʠʩ. 1)  

                                                 
1 ʇʨʠ ʨʘʙʦʪʝ ʥʘʜ ʜʘʥʥʳʤ ʨʘʟʜʝʣʦʤ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ʩʣʝʜʫʶʱʠʭ ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʘ, ʚ ʢʦʪʦʨʳʭ, 

ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: 
1. ɻʝʚʦʨʛʷʥ ʂ.ʇ., ʇʦʣʠʢʘʨʧʦʚʘ ʇ.ɼ. ʆʢʠʩʣʝʥʠʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʘʤʬʠʬʠʣʴʥʳʭ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ // ʅʝʬʪʝʭʠʤʠʷ. ï 2023. ï ʊ. 63, ˉ 2. ï ʉ. 202-210. ï EDN 

HJUSTD. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 0,792 (ʈʀʅʎ), 0,72 ʧ.ʣ., ʜʦʣʷ ʚʢʣʘʜʘ 70% 

[ʧʝʨʝʚʦʜ Gevorgyan K.P., Polikarpova P.D. Oxidation of Sulfur Compounds by Sodium Hypochlorite over 

Molybdenum-Based Amphiphilic Catalysts // Petroleum Chemistry. ï 2023. ï Vol. 63, No. 4. ï P. 413-420. ï EDN 

KMJVQO. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 1,1 (JIF), 0,7 ʧ.ʣ., ʜʦʣʷ ʚʢʣʘʜʘ 70%] 

2. Domashkina P.D., Gevorgyan K.P., Akopyan A.V. Oxidation of Organic Substrates with Sodium Hypochlorite (A 

Review) // Petroleum Chemistry. ï 2023. ï Vol. 63, No. 11. ï P. 1253-1273. ï EDN FPQRVW. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 1,1 

(JIF), 1,6 ʧ.ʣ., ʜʦʣʷ ʚʢʣʘʜʘ 50%. 

[ʧʝʨʝʚʦʜ: ɼʦʤʘʰʢʠʥʘ ʇ.ɼ., ɻʝʚʦʨʛʷʥ ʂ.ʇ., ɸʢʦʧʷʥ ɸ.ɺ. ʆʢʠʩʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʛʠʧʦʭʣʦʨʠʪʦʤ 

ʥʘʪʨʠʷ (ʦʙʟʦʨ) // ʅʘʥʦʛʝʪʝʨʦʛʝʥʥʳʡ ʢʘʪʘʣʠʟ. ï 2023. ï ʊ. 8, ˉ 2. ï ʉ. 3-23. ï EDN WRPBNM. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 

0,148 (ʈʀʅʎ), 1,6 ʧ.ʣ., ʜʦʣʷ ʚʢʣʘʜʘ 50%] 

3. Gevorgyan K.P., Larionov V.I., Akopyan A.V., Anisimov A.V., Domashkina P.D. Room Temperature Ultrafast 

Oxidative Desulfurization with Sodium Hypochlorite in the Presence of Silica-Supported Catalysts // ACS Omega. ï 

2024. ï Vol. 9, No. 12. ï P. 13831-13839. ï EDN ADUHRS. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 4,3 (JIF), 1,13 ʧ.ʣ., ʜʦʣʷ ʚʢʣʘʜʘ 80%. 

4. Gevorgyan K.P., Anisimov A.V., Aghoyan A., Davtyan D., Akopyan A.V. High-Performance VC-Based Catalysts with 

CoreïShell-like Architecture for Room Temperature Oxidative Desulfurization of Fuels with Sodium Hypochlorite // 

Industrial and Engineering Chemistry Research. ï 2025. ï Vol. 64, No. 50. ï P. 24044-24060. ï EDN MKKWNJ. 

ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 3,9 (JIF), 2,05 ʧ.ʣ., ʜʦʣʷ ʚʢʣʘʜʘ 80%. 
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ʈʠʩʫʥʦʢ 1. ʉʪʘʪʠʩʪʠʢʘ  ʛʣʦʙʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʜʦ 2021 ʛʦʜʘ [6] 

ɿʘʧʘʩʳ ʪʷʞʸʣʦʡ ʥʝʬʪʠ ʦʮʝʥʠʚʘʶʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 825,1 ʤʠʣʣʠʘʨʜʦʚ ʪʦʥʥ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʨʝʩʫʨʩʳ ʣʝʛʢʦʡ ʥʝʬʪʠ ʩʥʠʞʘʶʪʩʷ ʠʟ ʛʦʜʘ ʚ ʛʦʜ  [7]. ɺ ʦʩʚʦʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʦʩʪʘʚʰʘʷʩʷ 

ʥʝʬʪʴ ʨʘʩʧʦʣʦʞʝʥʘ ʛʣʫʙʦʢʦ, ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʩʣʦʞʥʦʩʪʷʤ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʜʦʙʳʯʝ, 

ʥʦ ʠ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʩʳʨʴʷ, ʪʘʢ ʢʘʢ ʚ ʪʷʞʸʣʦʡ ʥʝʬʪʠ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʝʪʝʨʦʘʪʦʤʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʝʨʥʠʩʪʳʭ [8]. ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʘʢʪʠʯʝʩʢʠʡ ʨʦʩʪ ʠ 

ʧʨʦʛʥʦʟ ʨʦʩʪʘ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʦʩʥʦʚʥʳʭ ʦʩʚʦʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ  ʚ OPEC( ʦʨʛʘʥʠʟʘʮʠʷ 

ʩʪʨʘʥ - ʵʢʩʧʦʨʪʸʨʦʚ ʥʝʬʪʠ) ʠ ʚ ʤʠʨʝ. 

ʊʘʙʣʠʮʘ 1. ʉʪʘʪʠʩʪʠʢʘ ʨʦʩʪʘ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚ ʜʦʙʳʚʘʝʤʦʡ ʥʝʬʪʠ ʚ ʤʠʨʝ ʠ ʧʨʦʛʥʦʟʥʳʝ ʜʘʥʥʳʝ 

[10] 

ʆʨʛʘʥʠʟʘʮʠʷ 2010 2015 2020 2025 2030 2035 

OPEC 1,38 1,36 1,39 1,45 1,49 1,54 

ʅʝ-OPEC 1,19 1,15 1,18 1,24 1,31 1,35 

ɺ ʤʠʨʝ 1,00 0,94 0,97 1,03 1,13 1,16 

 

ʉʝʨʦʦʯʠʩʪʢʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʫʜʘʣʝʥʠʝ 

ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʢʘʢ ʧʨʠ ʠʭ ʩʛʦʨʘʥʠʠ ʦʙʨʘʟʫʶʪʩʷ ʦʢʩʠʜʳ ʩʝʨʳ, ʚʳʙʨʦʩʳ ʢʦʪʦʨʳʭ ʚ 

ʘʪʤʦʩʬʝʨʫ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ 

ʟʘʚʦʜʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʝʨʝʨʘʙʦʪʢʦʡ ʪʷʞʸʣʦʡ ʥʝʬʪʠ, ʠʟ-ʟʘ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʠʩʢʘ ʚʳʙʨʦʩʘ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʝʨʦʦʯʠʩʪʢʠ, ʢʦʪʦʨʳʡ 

ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [9].  
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ʉʝʨʥʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ ʪʘʢʞʝ ʩʥʠʞʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʟʘ ʩʯʝʪ 

ʩʚʷʟʳʚʘʥʠʷ ʩ ʠʭ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʠ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ. ʉʝʨʥʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʪʦʧʣʠʚʝ ʩʪʘʥʦʚʷʪʩʷ ʧʨʠʯʠʥʦʡ 

ʢʦʨʨʦʟʠʠ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʝʟʘʢʪʠʚʠʨʫʶʪ ʢʘʪʘʣʠʟʘʪʦʨʳ ʜʦʞʠʛʘ 

ʚʳʭʦʜʷʱʠʭ ʛʘʟʦʚ. ʇʦʵʪʦʤʫ ʫʜʘʣʝʥʠʝ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʜʦ 

ʩʚʝʨʭʥʠʟʢʦʛʦ ʟʥʘʯʝʥʠʷ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʵʢʦʣʦʛʠʯʝʩʢʦʝ, ʥʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʄʥʦʛʠʝ 

ʩʪʨʘʥʳ ʧʨʠʤʝʥʷʶʪ ʩʪʨʦʛʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʦʜʝʨʞʘʥʠʶ ʩʝʨʳ ʚ ʪʦʧʣʠʚʘʭ ʠ ʩʪʨʝʤʷʪʩʷ 

ʢ çʥʫʣʝʚʳʤè ʟʥʘʯʝʥʠʷʤ ʩʝʨʳ [10]. ɺ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʥʷʪʳʝ ʩʪʘʥʜʘʨʪʳ ʧʦ ʦʛʨʘʥʠʯʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚ ʜʠʟʝʣʝ ʠ ʙʝʥʟʠʥʝ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ. 

 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʫʜʘʣʝʥʠʷ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠʟ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʬʨʘʢʮʠʡ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʦʯʠʩʪʢʘ [11]. ɻʠʜʨʦʦʯʠʩʪʢʘ ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʷʪʴ ʩʝʨʫ, 

ʢʠʩʣʦʨʦʜ, ʘʟʦʪ ʠ ʤʝʪʘʣʣʳ, ʘ ʪʘʢʞʝ ʘʩʬʘʣʴʪʝʥʳ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ ʧʨʠ 

ʥʝʧʨʝʨʳʚʥʦʤ ʧʦʪʦʢʝ ʚʦʜʦʨʦʜʘ ʩ ʫʯʘʩʪʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʨʠʩ. 2).  

ʊʘʙʣʠʮʘ 2. ʉʪʘʥʜʘʨʪʳ, ʧʨʠʥʷʪʳʝ ʧʦ ʛʦʜʘʤ ʧʦ ʦʙʱʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʩʝʨʳ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ [12] 
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ʈʠʩʫʥʦʢ 2. ʀʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʠ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʦʯʠʩʪʢʠ, ʧʨʠ ʨʘʟʥʳʭ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, 

ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʩʳʨʦʡ ʥʝʬʪʠ [14] 

ɻʠʜʨʦʦʯʠʩʪʢʘ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʫʜʘʣʷʪʴ ʩʝʨʥʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʝ, ʥʦ ʠʤʝʝʪ ʩʚʦʠ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ɺ ʊʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʫʩʣʦʚʠʷ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʦʯʠʩʪʢʠ ʜʣʷ ʪʨʫʜʥʦʫʜʘʣʷʝʤʳʭ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʫʙʩʪʨʘʪʦʚ. ʀʩʭʦʜʷ 

ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʪʘʙʣʠʮʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʫʜʘʣʝʥʠʷ ʩʝʨʳ (>95 %) ʠʟ ʪʷʞʝʣʦʛʦ 

ʩʳʨʴʷ (ʛʘʟʦʡʣʴ, ʚʘʢʫʫʤʥʳʡ ʛʘʟʦʡʣʴ) ʪʨʝʙʫʶʪʩʷ ʙʦʣʝʝ ʞʝʩʪʢʠʝ ʫʩʣʦʚʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʛʢʠʤʠ 

ʬʨʘʢʮʠʷʤʠ(ʢʝʨʦʩʠʥ). ʉʨʝʜʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʫʣʴʬʠʜʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʢʩʠʜʥʳʭ ʥʦʩʠʪʝʣʷʭ (Co-

Mo/Al 2O3, Ni-Mo/Al2O3). 

ʋʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʥʝʬʪʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʤʦʜʠʬʠʢʘʮʠʠ ʫʩʪʘʥʦʚʦʢ ʛʠʜʨʦʦʯʠʩʪʢʠ ʠ ʚʝʜʝʪ  

ʢ ʫʞʝʩʪʦʯʝʥʠʶ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʝʧʷʪʩʪʚʠʝʤ ʚ ʦʙʱʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʝʛʦ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ. ʇʨʠʥʮʠʧʠʘʣʴʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ: 

¶ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 400ÁC ʠ ʜʘʚʣʝʥʠʷ ʜʦ 130 ʘʪʤ; 

¶ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʙʦʣʝʝ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ 

ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʨʘʩʭʦʜʘ ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʛʘʟʘ; 

¶ ʢʨʝʢʠʥʛ ʮʝʥʥʳʭ ʤʦʣʝʢʫʣ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʮʝʣʝʚʳʭ ʬʨʘʢʮʠʡ; 

¶ ʫʤʝʥʴʰʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʟʘ ʩʯʝʪ ʫʩʢʦʨʝʥʥʦʛʦ ʟʘʢʦʢʩʦʚʳʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ; 

¶ ʦʪʨʘʚʣʝʥʠʝ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʝʪʘʣʣʘʤʠ (ʚʘʥʘʜʠʡ, ʥʠʢʝʣʴ ʠ ʪ.ʜ.), 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʚ ʪʷʞʸʣʳʭ ʥʝʬʪʷʭ. 
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ʊʘʙʣʠʮʘ 3. ʇʨʠʤʝʨʳ ʛʠʜʨʦʦʯʠʩʪʢʠ (ɻʆ) ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ ʪʠʧʠʯʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʫʩʣʦʚʠʡ [15] 

ʇʨʦʮʝʩʩ ʊʠʧ ʩʳʨʴʷ ʂʘʪʘʣʠʟʘʪʦʨ ʀʩʭʦʜʥʦ

ʝ ʩʦʜ. S 

(ppm) 

ʊʝʤʧ

. (°C) 

P 

(ʄʇʘ

) 

ʉʪʝʧʝʥʴ 

ʫʜʘʣʝʥʠ

ʷ S (%) 

ʀʩʪʦʯ

-ʥʠʢ 

ɻʣʫʙʦʢʘʷ ɻʆ ʂʝʨʦʩʠʥ Co-Mo/Al O 4000 300 2,9 67 [12] 

ʊʨʸʭʩʪʫʧʝʥʯʘʪʘ

ʷ ɻʆ 

ɼʠʟʝʣʴ CoMo + 

NiMo 

5200 360 7,4 99 [13] 

ɻʣʫʙʦʢʘʷ ɻʆ ɺʘʢʫʫʤʥʳʡ 

ʛʘʟʦʡʣʴ 

Co-Mo/Al  1800 260 5,5 94 [14] 

ɻʣʫʙʦʢʘʷ ɻʆ ɻʘʟʦʡʣʴ Co-Mo/Al O 13300 350 5,5 95 [15] 

ɻʣʫʙʦʢʘʷ ɻʆ ɺʘʢʫʫʤʥʳʡ 

ʛʘʟʦʡʣʴ 

Co, Ni, Mo, 

W  

ʥʘ 

Al O /SiO 

13300 320 8,5 90 [16] 

ɻʝʥʝʨʘʮʠʷ H  in 

situ 

ʕʤʫʣʴʩʠʷ 

ʚʦʜʘ/ʪʦʣʫʦ

ʣ 

ï ï 340 ï 99.9 [17] 

ʉʪʫʧʝʥʯʘ-ʪʘʷ 

ɻʆ 

ɼʠʟʝʣʴ NiMo/Al O 4900 340 5 97 [18] 

ʉʪʫʧʝʥʯʘ-ʪʘʷ 

ɻʆ 

ɻʘʟʦʡʣʴ Co-Mo ʥʘ 

MCM-41 

5300 345 4 95 [19] 

ɻʆ ʥʘ ʣʘʙʦʨ-ʥʦʡ 

ʫʩʪʘʥʦʚʢʝ 

ɼʠʟʝʣʴ NiMo/Al O 16740 350 4 90 [20] 

ɻʣʫʙʦʢʘʷ ɻʆ ɻʘʟʦʡʣʴ CoMo/Al O  

+ 

 NiMo/Al O 

14350 340 4 98 [21] 

ɻʣʫʙʦʢʘʷ ɻʆ ɻʘʟʦʡʣʴ NiMo-

ʩʫʣʴʬʠʜ  

ʥʘ Al O  ʠʣʠ 

SiO 

13400 320 5,5 97 [22]  

ɻʣʫʙʦʢʘʷ ɻʆ ɼʠʟʝʣʴ P ʠ Niï

Al O ,  

ʥʘ 

ʦʢʩʠʢʘʨʙʠʜ

ʳ Mo 

520 340 5 90 [23] 

ɻʆ ʥ-ʛʝʧʪʘʥ FeSïMoS  

 ʥʘ Al O  ʠ 

ʫʛʣʝʨʦʜ 

1000 280 1,0 30 [24] 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʟʘʜʘʯʘ ʥʝ ʪʦʣʴʢʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ 

ʛʠʜʨʦʦʯʠʩʪʢʠ, ʥʦ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʩʝʨʦʦʯʠʩʪʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʢʘʢ ʜʦʧʦʣʥʷʪʴ 

ʛʠʜʨʦʦʯʠʩʪʢʫ, ʪʘʢ ʠ ʧʨʠʤʝʥʷʪʴʩʷ ʦʪʜʝʣʴʥʦ ʥʘ ʪʝʭ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʘʭ, ʛʜʝ ʥʝʪ 

ʫʩʪʘʥʦʚʦʢ ʛʠʜʨʦʦʯʠʩʪʢʠ, ʪʨʝʙʫʶʱʠʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʦʨʦʜʘ.  

2.1. ɹʝʟʚʦʜʦʨʦʜʥʳʝ ʩʧʦʩʦʙʳ ʦʯʠʩʪʢʠ ʥʝʬʪʷʥʦʛʦ ʩʳʨʴʷ ʦʪ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ 

ʂʘʢ ʠʩʧʦʣʴʟʫʝʤʳʝ, ʪʘʢ ʠ ʥʦʚʳʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʤʝʪʦʜʳ ʩʝʨʦʦʯʠʩʪʢʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʥʘʮʝʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʩʥʠʞʝʥʠʠ ʟʘʪʨʘʪ ʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 
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ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [25]. ʇʨʝʜʣʘʛʘʝʤʳʝ ʥʦʚʳʝ ʤʝʪʦʜʳ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʧʦʟʚʦʣʷʪʁ ʜʦʩʪʠʛʥʫʪʴ 

ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ ʩʝʨʦʦʯʠʩʪʢʠ, ʨʘʟʚʠʚʘʪʴ ʥʦʚʳʝ ʩʪʨʘʪʝʛʠʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʙʫʜʝʪ 

ʩʦʙʣʶʜʘʪʴ ʩʪʨʦʛʠʝ ʩʪʘʥʜʘʨʪʳ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚ ʪʦʧʣʠʚʝ [26].  

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʝʨʦʦʯʠʩʪʢʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ - ʘʜʩʦʨʙʮʠʦʥʥʦʝ, 

ʵʢʩʪʨʘʢʮʠʦʥʥʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ, ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʝ, ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʝ 

ʦʙʝʩʩʝʨʠʚʘʥʠʝ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʥʦʩʪʴ ʠ ʧʦʚʳʩʠʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʴ, 

ʥʦ ʧʨʦʤʳʰʣʝʥʥʦʝ ʚʥʝʜʨʝʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ 

ʩʣʦʞʥʦʩʪʷʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩʘʭ 

ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʝ ʦʩʪʘʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʫʜʘʣʝʥʠʷ ʩʝʨʳ, ʪʦʛʜʘ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʧʦʜʭʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʫʣʴʪʨʘʥʠʟʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚ ʪʦʧʣʠʚʘʭ (ʨʠʩ. 3) [27]. 

 

ʈʠʩʫʥʦʢ 3. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʦʙʝʩʩʝʨʠʚʘʥʠʷ [32]  

2.1.1. ʕʢʩʪʨʘʢʮʠʦʥʥʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ 

ʕʢʩʪʨʘʢʮʠʦʥʥʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʙʝʟ ʫʯʘʩʪʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 

ʚʦʜʦʨʦʜʘ. ɺ ʝʛʦ ʦʩʥʦʚʝ ʣʝʞʠʪ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ ʠʟ ʪʦʧʣʠʚʘ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʠʟʚʣʝʢʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʥʝ ʨʘʟʨʫʰʘʶʪʩʷ ʦʩʥʦʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʪʦʧʣʠʚʘ [28], ʘ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʠʟʚʣʝʯʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʦʪʜʝʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʨʦʮʝʩʩ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʦʩʥʦʚʘʥ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʢʩʪʨʘʛʠʨʫʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʞʜʫ ʬʘʟʘʤʠ ʪʦʧʣʠʚʘ ʠ ʵʢʩʪʨʘʛʝʥʪʘ [29]. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʪʨʘʢʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʨʫʙʯʘʪʳʝ ʠ ʤʠʥʠʘʪʶʨʥʳʝ ʨʝʘʢʪʦʨʳ 

ʪʨʫʙʯʘʪʦʡ ʬʦʨʤʳ, ʥʘʟʳʚʘʝʤʳʝ ʤʠʥʠ-ʢʘʥʘʣ.r ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʢʮʠʠ ʚ ʜʚʫʭ ʨʝʘʢʪʦʨʘʭ 

ʩʨʘʚʥʠʤʘ, ʥʦ ʫʟʦʩʪʴ ʤʠʥʠ-ʢʘʥʘʣʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠ ʁ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʬʘʟ ʠ 

ʩʦʢʨʘʱʝʥʠʶ ʧʫʪʠ ʜʠʬʬʫʟʠʠ ʤʦʣʝʢʫʣ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʬʘʟ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʇʦʵʪʦʤʫ ʨʝʘʢʪʦʨʳ ʩ ʤʠʥʠ-ʢʘʥʘʣʘʤʠ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳ ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ 
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ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ [30]. ʆʩʥʦʚʥʘʷ ʩʭʝʤʘ ʠ ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4. 

 

ʈʠʩʫʥʦʢ 4. ʉʭʝʤʘ ʨʝʘʢʪʦʨʘ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ (ʘ), ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʠʵʬʠʨʘ (ʙ) [36] 

ɺʳʙʦʨ ʵʢʩʪʨʘʛʝʥʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʚʳʜʝʣʷʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ ʵʢʩʪʨʘʛʝʥʪʦʚ: ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ (ʀɾ) ʠ ʛʣʫʙʦʢʦʵʚʪʝʢʪʠʯʝʩʢʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʠ (ɻʕʈ) [31]. ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʘʪʠʩʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʦʚ 

ʵʢʩʪʨʘʛʝʥʪʦʚ ʧʦ ʛʦʜʘʤ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ, ʠʥʪʝʨʝʩ ʢ 

ʛʣʫʙʦʢʦʵʚʪʝʢʪʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʠʪʝʣʷʤ ʪʦʣʴʢʦ ʥʘʯʠʥʘʝʪ ʨʘʩʪʠ [30]. 

 

ʈʠʩʫʥʦʢ 5. ʂʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʠ 

ʛʣʫʙʦʢʠʭ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʦ ʛʦʜʘʤ. [37] 

 ʆʩʥʦʚʥʦʡ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʢ ʜʣʷ ʀɾ, ʪʘʢ ʠ ʜʣʷ ɻʕʈ ʵʪʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ɸʪʦʤ ʩʝʨʳ ʚ ʪʠʦʬʝʥʘʭ ʠ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘʭ 

ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʩʣʘʙʦʛʦ ʦʩʥʦʚʘʥʠʷ ʠʣʠ ʘʢʮʝʧʪʦʨʘʤ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ. ʂʘʪʠʦʥʳ ʀɾ ʠ ʜʦʥʦʨʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ɻʕʈ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʜʦʥʦʨʦʚ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ, ʘ ʘʥʠʦʥʳ ʀɾ ʠ 

ʘʢʮʝʧʪʦʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ɻʕʈ ʚ ʨʦʣʠ ʢʠʩʣʦʪ ʃʴʶʠʩʘ. ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʩʣʘʙʣʷʝʪ 
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ʘʨʦʤʘʪʠʯʥʦʩʪʴ ʩʝʨʦʩʦʜʝʨʞʘʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʦʙʣʝʛʯʘʝʪ ʝʛʦ ʧʝʨʝʭʦʜ ʠʟ ʥʝʧʦʣʷʨʥʦʡ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʬʘʟʳ ʚ ʧʦʣʷʨʥʫʶ ʬʘʟʫ ʵʢʩʪʨʘʛʝʥʪʘ.  

ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩʦʭʨʘʥʷʣʠ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʢʘʯʝʩʪʚʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʵʢʩʪʨʘʛʝʥʪʦʚ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ï ʵʢʦʣʦʛʠʯʥʦʩʪʴ, 

ʥʝʛʦʨʶʯʝʩʪʴ ʠ ʚʳʩʦʢʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʤʙʠʥʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʘʥʠʦʥʦʚ ʩ ʢʘʪʠʦʥʘʤʠ. ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʢʣʘʩʩʳ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ. ʆʜʥʘʢʦ ʩʣʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʠ ʚʳʩʦʢʘʷ ʮʝʥʘ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʥʦʚʦʡ ʛʨʫʧʧʝ ʵʢʩʪʨʘʛʝʥʪʦʚ ï ʛʣʫʙʦʢʦʵʚʪʝʢʪʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ.  

 

ʈʠʩʫʥʦʢ 6. ʆʩʥʦʚʥʳʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ [38] 

ɻʣʫʙʦʢʦʵʚʪʝʢʪʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʣʝʪʫʯʝʩʪʴʶ, ʪʝʨʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʥʠʟʢʦʡ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴʶ ʠ ʜʦʩʪʫʧʥʦʡ ʮʝʥʦʡ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʙʠʦʨʘʟʣʘʛʘʝʤʳʝ 

ʩʚʦʡʩʪʚʘ ʜʝʣʘʶʪ ʠʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʵʢʩʪʨʘʛʝʥʪʘʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʝʩʩʝʨʠʚʘʥʠʷ [32]. ɻʣʫʙʦʢʦʵʚʪʝʢʪʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ï ʵʪʦ ʩʤʝʩʠ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ 

ʩʦʝʜʠʥʝʥʠʡ, ʚ ʢʦʪʦʨʦʤ ʵʚʪʝʢʪʠʯʝʩʢʘʷ ʩʤʝʩʴ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʠʤʝʶʱʠʭʩ ̫ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʳʭ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ [33]. ʆʩʥʦʚʥʳʝ ʠʩʩʣʝʜʫʝʤʳʝ ʪʠʧʳ ʛʣʫʙʦʢʦʵʚʪʝʢʪʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4. 

ʊʘʙʣʠʮʘ 4. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʛʣʫʙʦʢʦʵʚʪʝʢʪʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ [41] 

ʊʠʧ ʌʦʨʤʫʣʘ  

ʇʝʨʚʳʡ ʪʠʧ Cat+ X¯ zMClx (M= Zn, Sn, Fe, Al, Ga, In) 

ɺʪʦʨʦʡ ʪʠʧ Cat+ X¯ zMClx · yH2O (M= Cr, Co, Cu, Ni, Fe) 

ʊʨʝʪʠʡ ʪʠʧ Cat+ X¯ zMRZ (Z= CONH2, COOH, OH) 

ʏʝʪʚʝʨʪʳʡ ʪʠʧ -#ÌØ 2:  -#ÌϽὙὤ ὓὅὰ  (M= Al, Zn ʠ Z= CONH2, OH) 
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ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʵʢʩʪʨʘʢʮʠʦʥʥʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ: 

 ʊʝʤʧʝʨʘʪʫʨʘ. ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʥʠʞʘʝʪʩʷ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʘ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʚ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ ʠ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʨʦʦʯʠʩʪʢʠ. ɼʨʫʛʠʝ ʞʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʣʦ ʚʣʠʷʝʪ ʠʣʠ ʫʭʫʜʰʘʝʪ ʧʨʦʮʝʩʩ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʥʷʪʘ ʢʘʢ 

ʥʘʠʣʫʯʰʘʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʪʨʘʢʮʠʠ [34]. 

ʄʘʩʩʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʵʢʩʪʨʘʛʝʥʪ/ʪʦʧʣʠʚʦ. ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ɻʢʦʥʦʤʠʯʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʤʘʩʩʦʚʦʝ ʦʪʥʦʰʝʥʠʝ ʵʢʩʪʨʘʛʝʥʪʘ ʢ ʪʦʧʣʠʚʫ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʵʢʩʪʨʘʛʝʥʪʘ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʘʷ 

ʵʢʩʪʨʘʢʮʠʷ ʚʟʘʤʝʥ ʧʨʦʩʪʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʵʢʩʪʨʘʛʝʥʪʘ [35]. 

 ɺʨʝʤʷ ʵʢʩʪʨʘʢʮʠʠ. ʂʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʘʢ ʠ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʢʮʠʠ ʩʠʣʴʥʦ 

ʟʘʚʠʩʷʪ ʦʪ ʚʷʟʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʵʢʩʪʨʘʛʝʥʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʠʟʢʘʷ ʚʷʟʢʦʩʪʴ 

ʵʢʩʪʨʘʛʝʥʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʳʡ ʤʘʩʩʦʦʙʤʝʥ ʤʝʞʜʫ ʬʘʟʘʤʠ ʠ ʫʤʝʥʴʰʘʝʪ ʚʨʝʤʷ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ [36]. 

ʅʘʯʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ.  ʇʝʨʩʧʝʢʪʠʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʚʳʥʫʞʜʘʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʥʘʯʘʣʴʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠ ̫ʩʝʨʳ, ʪʘʢ ʢʘʢ ʚ ʠʩʭʦʜʥʦʤ ʩʳʨʴʝ ʚʦʟʤʦʞʥʦ ʨʘʟʣʠʯʥʦʝ ʠʩʭʦʜʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ. 

ʆʩʥʦʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʧʨʦʚʦʜʷʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 500 ʜʦ 2500 

ppm ʩʝʨʳ, ʯʪʦ ʜʘʣʝʢʦ ʦʪ ʨʝʘʣʴʥʦʛʦ ʠʩʭʦʜʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚ ʪʦʧʣʠʚʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʜʘʥʥʳʡ ʘʩʧʝʢʪ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [37]. 

ɺʟʘʠʤʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ. ʇʝʨʝʢʨʝʩʪʥʦʝ ʧʦʧʘʜʘʥʠʝ ʵʢʩʪʨʘʛʝʥʪʘ ʚ ʪʦʧʣʠʚʦ ʥʝʞʝʣʘʪʝʣʴʥʦ, 

ʧʦʵʪʦʤʫ ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʵʢʩʪʨʘʛʝʥʪʘ ʩ ʩʳʨʴʝʤ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʝʛʦ ʚʳʙʦʨʝ. 

ʕʢʩʪʨʘʛʝʥʪ ʤʦʞʝʪ ʥʝʦʙʨʘʪʠʤʦ ʨʘʩʪʚʦʨʷʪʩɹʷ ʚ ʪʦʧʣʠʚʝ, ʧʨʠʚʦʜʷ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʩʳʨʴʷ, ʧʦʪʝʨʝ 

ʵʢʩʪʨʘʛʝʥʪʘ, ʫʚʝʣʠʯʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠ ʧʦʪʝʨʠ ʪʦʧʣʠʚʘ, ʧʦʵʪʦʤʫ ʬʘʢʪʦʨ ʚʟʘʠʤʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʦʜʙʦʨʝ ʵʢʩʪʨʘʛʝʥʪʘ [38]. 

 ʈʝʛʝʥʝʨʘʮʠʷ. ʄʥʦʛʦʢʨʘʪʥʦʝ ʮʠʢʣʠʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢʩʪʨʘʛʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʩʳʱʝʥʠʶ ʝʛʦ ʩʝʨʦʩʦʜʝʨʞʘʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʜʦ 

ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʈʝʛʝʥʝʨʘʮʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ, ʥʦ ʠ ʜʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. [39]. 
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ʊʘʙʣʠʮʘ 5. ʇʨʠʤʝʥʝʥʠʝ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ  ʠ ʛʣʫʙʦʢʦʵʚʪʝʢʪʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʣʷ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʨʝʘʣʴʥʦʛʦ ʩʳʨʴʷ (ʤʘʩʩʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʀɾ:ʩʳʨʴʸ 1:1) [36], [39] 

ʀɾ ʉʳʨʴʸ ʀʩʭ.(S),ppm t,ʤʠʥ T,°C 
ʉʪʝʧʝʥʴ 

ʦʯʠʩʪʢʠ 
ʉʩʳʣʢʘ 

[BMM][N(C N)2] ʙʝʥʟʠʥ 300 20 25 21,5 [40] 

[OMIM][BF 4] ʜʠʟʝʣʴ 1572 20 25 24,7 

[41] [OPY][BF4] ʜʠʟʝʣʴ 1572 20 25 25,7 

[BMM][BF 4] ʜʠʟʝʣʴ 1572 20 25 12,6 

[HMMP][NTf 2] ʜʠʟʝʣʴ 10000 45 25 24 [42] 

[EMIM][NTf 2] ʜʠʟʝʣʴ 10000 45 25 11 

[42] [EMI][OAc]  ʜʠʟʝʣʴ 10000 45 25 13,5 

[EMI][Et 2PO4] ʜʠʟʝʣʴ 10000 45 25 12 

ɻʕʈ ʉʳʨʴʸ ʀʩʭ.(S),ppm 
ʉʪʝʧʝʥʴ 

ʦʯʠʩʪʢʠ 
ʉʩʳʣʢʘ 

AlCl 3:CH4(1:3) ʩʳʨʘʷ ʥʝʬʪʴ 682,05 92,5 [43] 

ChCl:p-ToOH(1:1) ʙʝʥʟʠʥ 1600 97,25 
[44] 

[N4444]Cl:p-ToOH(1:2) ʙʝʥʟʠʥ 1600 95,9 

[P4444]Br:FeCl3 (2:1) ʜʠʟʝʣʴ 286,45 33 

[35] 
[P4444]Br:FeCl3 (1.5:1) ʜʠʟʝʣʴ 286,45 22,8 

[P4444]Br:FeCl3 (2:1) ʜʠʟʝʣʴ 255,15 30,8 

[P4444]Br:FeCl3 (1.5:1) ʜʠʟʝʣʴ 255,15 23,4 

[N4444]Br:PEG-600 ʜʠʟʝʣʴ 277 46,75 

[45] [N4444]Br:PEG-600 ʜʠʟʝʣʴ 248,07 35,5 

[N4444]Br:PEG ʜʠʟʝʣʴ 277 40 

 

ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ. ʇʨʦʤʳʰʣʝʥʥʦʝ ʚʥʝʜʨʝʥʠʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʫʜʘʣʝʥʠʷ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʪʦʧʣʠʚ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʨʝʘʣʴʥʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʘʭ. ɺ ʪʘʙʣ. 5 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʦʙʱʝʥʥʳʡ 

ʘʥʘʣʠʟ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʩʳʨʴʷ ʩ ʠʦʥʥʳʤʠ 

ʞʠʜʢʦʩʪʷʤʠ ʠ ʛʣʫʙʦʢʦʵʚʪʝʢʪʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ [34]. 

ʀʩʭʦʜʷ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʵʢʩʪʨʘʢʮʠʦʥʥʦʤʫ ʦʙʝʩʩʝʨʠʚʘʥʠʶ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʥʘ ʨʝʘʣʴʥʦʤ ʩʳʨʴʝ (ʪʘʙʣ. 6). 
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ʊʘʙʣʠʮʘ 6. ʆʧʪʠʤʘʣʴʥʳʝ ʜʠʘʧʘʟʦʥʳ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʩʝʨʦʦʯʠʩʪʢʠ 

ʇʘʨʘʤʝʪʨ ɺʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ 

(25-80°C) 

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʢʦʨʷʝʪ ʢʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʘ, ʥʦ 

ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʪʝʨʤʠʯʝʩʢʫʶ ʜʝʛʨʘʜʘʮʠʶ ʵʢʩʪʨʘʛʝʥʪʘ 

ʉʦʦʪʥʦʰʝʥʠʝ ʬʘʟ 

ʵʢʩʪʨʘʛʝʥʪ : ʪʦʧʣʠʚʦ 

(1:3 - 1:10) 

ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʵʢʩʪʨʘʛʝʥʪʘ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʦ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʢʦʥʪʘʢʪʘ (10-60 ʤʠʥʫʪ) 

ɿʘʚʠʩʠʪ ʦʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʩʳʨʴʷ 

ʂʦʣʠʯʝʩʪʚʦ ʵʢʩʪʨʘʢʮʠʡ 

(1-5) 

ʄʥʦʛʦʩʪʫʧʝʥʯʘʪʘʷ ʵʢʩʪʨʘʢʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ 

ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ 

 

ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʧʦ ʵʢʩʪʨʘʢʮʠʦʥʥʦʤʫ ʦʙʝʩʩʝʨʠʚʘʥʠʶ: 

¶ ʅʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʠʦʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ 

¶ ʆʩʥʦʚʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʙʘʨʴʝʨʘʤʠ ʦʩʪʘʶʪʩʷ ʚʦʧʨʦʩʳ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ 

ʨʝʛʝʥʝʨʘʮʠʠ ʵʢʩʪʨʘʛʝʥʪʦʚ 

¶ ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʟʜʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʛʣʫʙʦʢʦʡ ʦʯʠʩʪʢʠ, 

ʚʢʣʶʯʘʶʱʠʭ ʩʪʘʜʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʠ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʷ. 

2.1.2. ɸʜʩʦʨʙʮʠʦʥʥʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ 

ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʘʜʩʦʨʙʮʠʦʥʥʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʦ ʫʜʘʣʷʪʴ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʪʦʧʣʠʚ. ʉ 

ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚ 

ʪʦʧʣʠʚʝ ʤʝʥʝʝ 15 ppm, ʢ ʪʦʤʫ ʞʝ ʜʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤ, ʥʝʜʦʨʦʛʠʤ ʠ 

ʣʝʛʢʦʜʦʩʪʫʧʥʳʤ [46]. ʅʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʘʪʠʩʪʠʢʘ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʩʪʘʪʝʡ ʧʦ ʪʝʤʝ 

ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʝʟʢʠʡ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ 

ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʘʢʪʫʘʣʴʥʦʩʪʠ 

ʨʘʙʦʪ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
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ʈʠʩʫʥʦʢ 7. ʂʦʣʠʯʝʩʪʚʦ ʦʧʫʙʣʠʢʦʚʘʥʳʭ ʨʘʙʦʪ ʧʦ ʘʜʩʦʨʙʮʠʦʥʥʦʤʫ ʦʙʝʩʩʝʨʠʚʘʥʠʶ ʧʦ ʛʦʜʘʤ. ʅʘ 

ʦʩʥʦʚʝ ʙʘʟʳ ʜʘʥʥʳʭ Sciencedirect.com(ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ: Adsorptive desulfurization, ADS ) ʧʝʨʠʦʜ 

2001-2025 [47] 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʨʦʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʜʩʦʨʙʝʥʪʘ ʩ ʚʝʱʝʩʪʚʦʤ ʨʘʟʜʝʣʷʶʪ ʬʠʟʠʯʝʩʢʫʶ ʠ 

ʭʠʤʠʯʝʩʢʫʶ ʘʜʩʦʨʙʮʠʶ. ɺ ʧʨʦʮʝʩʩʝ ʬʠʟʠʯʝʩʢʦʡ ʘʜʩʦʨʙʮʠʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʘʜʩʦʨʙʝʥʪʦʤ ʟʘ ʩʯʝʪ ʩʠʣ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʜʩʦʨʙʝʥʪʘ ʠ ʘʜʩʦʨʙʘʪʘ. ʍʠʤʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʤʝʭʘʥʠʟʤʝ ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ S-Me ʧʨʷʤʦʡ ʩʚʷʟʠ (ů-ʩʚʷʟʴ), ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ (ˊ ʩʚʷʟʠ) ʠʣʠ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ [48]. ʅʘ ʨʠʩ. 8 ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʘʜʩʦʨʙʮʠʠ.  

 

ʈʠʩʫʥʦʢ 8. ʄʝʭʘʥʠʟʤʳ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʘ) ˊ- ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ, ʙ) ů- ʢʦʚʘʣʝʥʪʥʘʷ 

ʩʚʷʟʴ [48] 

ɺ ʘʜʩʦʨʙʮʠʦʥʥʦʤ ʦʙʝʩʩʝʨʠʚʘʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʦʚ ʘʜʩʦʨʙʝʥʪʦʚ, ʦʩʥʦʚʥʳʝ 

ʪʠʧʳ ʘʜʩʦʨʙʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 9, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʤʝʪʘʣʣʦ-

ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ (ʄʆʂ), ʮʝʦʣʠʪʳ, ʤʝʟʦʧʦʨʠʩʪʳʝ ʢʨʝʤʥʝʟʝʤʳ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ (ɸʋ). 
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ʈʠʩʫʥʦʢ 9. ʆʩʥʦʚʥʳʝ ʢʣʘʩʩʳ ʘʜʩʦʨʙʝʥʪʦʚ ʚ ʘʜʩʦʨʙʮʠʦʥʥʦʤ ʦʙʝʩʩʝʨʠʚʘʥʠʠ 

ɺʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʘʜʩʦʨʙʝʥʪʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. ɼʣʷ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʦʚ 

ʘʜʩʦʨʙʝʥʪʦʚ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ, ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 7.  

ʊʘʙʣʠʮʘ 7. ɿʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʘʜʩʦʨʙʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ 

ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ 

ʅʘʟʚʘʥʠʝ ʘʜʩʦʨʙʝʥʪʦʚ ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ BET (ʤĮ/ʛ) 

ʇʨʠʨʦʜʥʳʝ ʮʝʦʣʠʪʳ 35-600 

ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʮʝʦʣʠʪʳ 750-1030  

ʎʝʦʣʠʪʳ ZSM-5 230-500 

ɓ-ʮʝʦʣʠʪʳ 420 ʜʦ 1050 

ʄʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ 1500-10000 

ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ 500-3000 

 

ʎʝʦʣʠʪʳ.  

ʇʨʠʨʦʜʥʳʝ ʮʝʦʣʠʪʳ. ɺ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʣʘʩʪʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʨʘʟʥʳʝ ʧʨʠʨʦʜʥʳʝ 

ʮʝʦʣʠʪʳ, ʠʭ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʙʦʣʝʝ 100 ʬʦʨʤ, ʠʟ ʥʠʭ ʩʘʤʤrʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʩʯʠʪʘʶʪʩʷ 

ʤʦʨʜʝʥʠʪ, ʬʠʣʣʠʧʩʠʪ, ʢʣʠʥʦʧʪʠʣʦʣʠʪ, ʭʘʙʘʟʠʪ, ʣʘʫʤʦʥʪʠʪ, ʩʪʠʣʴʙʠʪ. ʂʣʠʥʦʧʪʠʣʦʣʠʪ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʟʥʳʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ  ʩʪʨʫʢʪʫʨʳ ʩ Cu, Ni ʠ ʪ.ʜ., ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʚʘʶʪ  ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʦʙʲʝʤ ʧʦʨ ʚ ʠʩʭʦʜʥʦʤ ʢʣʠʥʦʧʪʠʣʦʣʠʪʝ, ʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʠʦʥʘʤʠ ʩʝʨʳ ʠ ʤʝʪʘʣʣʦʚ ʩ ˊ-

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝʤ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʝʧʝʥʴ ʦʙʝʩʩʝʨʠʚʘʥʠʷ [49]. 

ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʮʝʦʣʠʪʳ. ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʘʣʶʤʦʩʠʣʠʢʘʪʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʮʝʦʣʠʪʳ ʪʠʧʘ FAU 

(ʬʦʞʘʟʠʪʦʚʳʝ ʮʝʦʣʠʪʳ), ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ 
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ʦʙʝʩʩʝʨʠʚʘʥʠʷ. ʂ ʯʠʩʣʫ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʡ ʘʜʩʦʨʙʮʠʠ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʪʥʦʩʷʪʩʷ ʚʳʩʦʢʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʦʧʪʠʤʘʣʴʥʘʷ ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ [50]. 

ʉʨʝʜʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʮʝʦʣʠʪʦʚ ʩ ʢʘʨʢʘʩʥʦʡ ʩʪʨʫʢʪʫʨʦʡ FAU ʥʘʠʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʮʝʦʣʠʪʳ X ʠ Y. ʀʭ ʨʘʟʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʢʨʝʤʥʠʷ ʢ 

ʘʣʶʤʠʥʠʶ (Si/Al): ʜʣʷ ʮʝʦʣʠʪʘ X ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1ï1,5, ʪʦʛʜʘ ʢʘʢ ʜʣʷ 

ʮʝʦʣʠʪʘ Y ʦʥ ʧʨʝʚʳʰʘʝʪ 1,5. ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʩʝʣʝʢʪʠʚʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʧʦʣʷʨʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʜʝʣʘʝʪ ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʘʜʩʦʨʙʝʥʪʘʤʠ ʜʣʷ ʧʨʦʮʝʩʩʦʚ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʪʦʧʣʠʚ. [51]. ʅʘ ʨʠʩ. 10 ʧʨʝʜʩʪʘʚʣʝʥʦ, ʢʘʢ ʧʨʦʪʝʢʘʝʪ ʧʨʦʮʝʩʩ 

ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʦʣʠʪʘ. 

ʎʝʦʣʠʪ ZSM-5 ʠ ʝʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʝʪʘʣʣʘʤʠ ʩʪʨʫʢʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ 

ʘʜʩʦʨʙʮʠʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʜʘʣʠ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʦ ʩʣʦʞʥʦʩʪʠ ʨʝʛʝʥʝʨʘʮʠʠ 

ʦʛʨʘʥʠʯʠʚʘʶʪ ʜʘʣʴʥʝʡʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʘʜʩʦʨʙʝʥʪʦʚ [52]. 

 

ʈʠʩʫʥʦʢ 10. ʀʣʣʶʩʪʨʘʮʠʷ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʝʟʦʧʦʨʠʩʪʳʭ ʮʝʦʣʠʪʦʚ [52] 

ɓ-ʮʝʦʣʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʝʤʥʝʟʸʤ-ʦʙʦʛʘʱʸʥʥʳʝ ʢʘʨʢʘʩʥʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʪʨʸʭʤʝʨʥʦʡ ʩʠʩʪʝʤʦʡ ʤʘʢʨʦʧʦʨ, ʦʙʨʘʟʦʚʘʥʥʦʡ 12-ʯʣʝʥʥʳʤʠ ʢʦʣʴʮʝʚʳʤʠ 

ʢʘʥʘʣʘʤʠ, ʧʨʠ ʵʪʦʤ ʠʭ ʩʠʥʪʝʟ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Si/Al = 5. ʇʦʚʳʰʝʥʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ Si/Al ʚ ʜʘʥʥʳʭ ʮʝʦʣʠʪʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʝʛʢʦ ʨʝʛʫʣʠʨʫʝʤʳʭ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʠ ʚʳʩʦʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʧʨʦʮʝʩʩʦʚ ʘʜʩʦʨʙʮʠʠ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʩʝʨʦʦʯʠʩʪʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʥʪʝʥʩʠʚʥʦʝ ʩʨʘʩʪʘʥʠʝ 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʜʠʬʠʮʠʨʫʶʪ ʢʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ ʮʝʦʣʠʪʘ (ɓ-ʢʠʩʣʦʪʥʦʩʪʴ). ʕʪʠ ʫʥʠʢʘʣʴʥʳʝ ʢʠʩʣʦʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʞʝ ʚʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʨʦʮʝʩʩʳ ʦʙʝʩʩʝʨʠʚʘʥʠʷ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʜʣʷ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʘʜʩʦʨʙʝʥʪʦʚ ï ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʜʠʬʬʫʟʠʠ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʘʜʩʦʨʙʮʠʠ [53]. 
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ʄʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ. ɺ 1990-ʭ ʛʦʜʘʭ ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ, ʩʦʝʜʠʥʸʥʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʮʝʥʪʨʘʤʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. ʇʫʪʝʤ ʟʘʤʝʥʳ ʤʝʪʘʣʣʘ ʠ ʣʠʛʘʥʜʘ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪ ɹʩʘʤʳʝ ʨʘʟʥʳʝ ʨʘʟʤʝʨʳ ʢʘʨʢʘʩʘ ʠ ʛʝʦʤʝʪʨʠʶ ʧʦʨ. ʄʠʢʨʦʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ, ʙʦʣʴʰʘʷ 

ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʳʝ 

ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʣʠ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʨʘʟʥʳʭ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ Cu, Zn, Co, Ni, Zr ʠ Cr ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʮʝʥʪʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ  ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. ʆʜʥʘʢʦ ʦʜʠʥʦʯʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ ʥʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʪʨʫʜʥʝʥʠʷʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʘʜʩʦʨʙʮʠʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ [54]. 

ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʜʩʦʨʙʝʥʪʘ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ, ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʟʤʝʨʦʚ ʧʦʨ, ʦʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʩʦʨʙʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʘ ʜʣʷ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʦ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ [55]. ʂʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʭʨʦʤʩʦʜʝʨʞʘʱʝʛʦ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʢʘʨʢʘʩʘ ʩ ʚʢʣʶʯʝʥʠʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʧʦʢʘʟʘʣ ʧʦʚʳʰʝʥʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʫʜʘʣʝʥʠʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʘʜʩʦʨʙʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ (ʨʠʩ. 11). 

 

ʈʠʩʫʥʦʢ 11. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʪʥʦʛʦ ʘʜʩʦʨʙʝʥʪʘ AC@MIL-53(Cr), ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʘʜʩʦʨʙʮʠʦʥʥʦʤ ʦʙʝʩʩʝʨʠʚʘʥʠʠ [555] 

ʄʝʟʦʧʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ. ʉʝʤʝʡʩʪʚʘ ʩʠʣʠʢʘʪʦʚ ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʪʘʢʠʝ ʢʘʢ MCM-41, 

SBA-15, KIT-6 ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʠʤʠ ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʪʦʧʣʠʚʘ.  ʂʘʢ ʠ ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʤʘʪʝʨʠʘʣʳ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ 

ʧʣʦʱʘʜʴ ʁʧʦʚʝʨʭʥʦʩʪʠ, ʯʝʤ ʠ ʚʳʟʳʚʘʶʪ ʠʥʪʝʨʝʩ ʚ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. ʊʘʢʞʝ ʜʣʷ ʜʘʥʥʳʭ 
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ʤʘʪʝʨʠʘʣʦʚ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʟʤʝʨʘ ʧʦʨ, ʯʪʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ [56]. 

ʇʦ ʜʘʥʥʳʤ ʪʘʙʣ. 8 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʮʝʦʣʠʪʳ, ʙʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ ʚʳʩʦʢʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ, 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʝʥʝʨʘʮʠʠ. ɼʣʷ ʤʝʟʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʄʆʂ ʥʝʦʙʭʦʜʠʤʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʨʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʊʘʙʣʠʮʘ 8. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʫʧʧ ʘʜʩʦʨʙʝʥʪʦʚ 

 ̄ ʇʨʝʠʤʫʱʝʩʪʚʘ ʆʛʨʘʥʠʯʝʥʠʷ ʉʩʳʣʢʠ 
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ʄʠʢʨʦʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʩ 

ʢʠʩʣʦʪʥʳʤʠ ʮʝʥʪʨʘʤʠ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʘʜʩʦʨʙʮʠʠ 

ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʅʝ ʩʝʣʝʢʪʠʚʥʳ ʢ 

ʘʣʢʠʣʟʘʤʝʱʝʥʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ 

ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ 

[54] [55] 

[56][57] 

[58] 
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ɺʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʠ ʨʝʛʫʣʠʨʫʝʤʳʡ ʨʘʟʤʝʨ ʧʦʨ 

 

ʉʥʠʞʝʥʠʝ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ 

ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʘʣʣʘʤʠ, 

ʥʠʟʢʘʷ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ, ʧʣʦʭʘʷ 

ʨʝʛʝʥʝʨʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

[63] 

ʄ
ʆ
ʂ 

ɺʳʩʦʢʘʷ ʧʦʨʠʩʪʦʩʪʴ ʠ 

ʥʘʩʪʨʘʠʚʘʝʤʘʷ ʩʪʨʫʢʪʫʨʘ 

 

ʅʠʟʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʠ 

ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʨ, ʩʥʠʞʘʶʱʘ ̫

ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

[59] 

ɸ
ʋ 

ɼʦʩʪʫʧʥʦʩʪʴ ʠ ʥʠʟʢʘʷ 

ʩʪʦʠʤʦʩʪʴ, ʚʳʩʦʢʘʷ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʝʤ ʧʦʨ 

ɸʥʘʣʦʛʠʯʥʳ ʄʆʂ [60] 

 

 

ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ, ʷʚʣʷʶʪʩʷ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ, ʢʦʣʠʯʝʩʪʚʦ ʘʜʩʦʨʙʝʥʪʘ, ʠʩʭʦʜʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ 

ʩʳʨʴʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʝʥʝʨʘʮʠʠ. 

ɺʨʝʤʷ ʢʦʥʪʘʢʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʡ ʧʘʨʘʤʝʪʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʣʷ ʣʶʙʦʛʦ ʪʠʧʘ ʘʜʩʦʨʙʝʥʪʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʣʠʯʠʝ ʧʨʷʤʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʢʦʥʪʘʢʪʘ 

ʠ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ. ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦ ʤʦʤʝʥʪʘ ʜʦʩʪʠʞʝʥʠʷ 

ʩʠʩʪʝʤʦʡ ʩʦʩʪʦʷʥʠʷ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

ʄʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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1. ʇʦʩʪʝʧʝʥʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʘʜʩʦʨʙʝʥʪʘ ʤʦʣʝʢʫʣʘʤʠ ʘʜʩʦʨʙʘʪʘ 

2. ɼʦʩʪʠʞʝʥʠʝ ʪʦʯʢʠ ʥʘʩʳʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ 

ʝʤʢʦʩʪʠ 

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʩʦʙʫʶ ʮʝʥʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʘʜʩʦʨʙʝʥʪʳ, ʩʧʦʩʦʙʥʳʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʳʩʦʢʫʶ ʘʜʩʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ ʠ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʩʦʨʙʮʠʶ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ [55]. 

ʀʩʭʦʜʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʝʨʳ ʚ ʩʳʨʴʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʥʘʣʠʯʠʠ ʦʙʨʘʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘʩʳʱʝʥʠʝ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʘʜʩʦʨʙʝʥʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʜʦʩʪʠʞʝʥʠʶ ʧʨʝʜʝʣʴʥʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ɼʘʥʥʳʡ ʬʝʥʦʤʝʥ ʦʙʲʷʩʥʷʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʦʩʪʫʧʥʳʭ ʩʦʨʙʮʠʦʥʥʳʭ ʫʯʘʩʪʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʜʩʦʨʙʝʥʪʘ [59]. 

ɼʦʟʠʨʦʚʢʘ ʘʜʩʦʨʙʝʥʪʘ. ʂʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʷʤʫʶ ʢʦʨʨʝʣʷʮʠʶ 

ʤʝʞʜʫ ʤʘʩʩʦʡ ʚʚʦʜʠʤʦʛʦ ʘʜʩʦʨʙʝʥʪʘ ʠ ʩʪʝʧʝʥʴʶ ʫʜʘʣʝʥʠʷ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʋʚʝʣʠʯʝʥʠʝ 

ʜʦʟʠʨʦʚʢʠ ʩʦʨʙʝʥʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʜʦʩʪʫʧʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʨʙʮʠʠ ʠ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ. ɼʣʷ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʨʝʙʫʝʪʩʷ 

ʦʧʪʠʤʠʟʘʮʠʷ ʩ ʫʯʝʪʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʧʨʦʮʝʩʩʘ ʦʙʫʩʣʦʚʣʝʥ ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʘʩʧʝʢʪʘʤʠ: ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʢʦʨʷʝʪ ʜʠʬʬʫʟʠʶ ʤʦʣʝʢʫʣ ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʠʟʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʘʙʳʤʠ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʩʥʠʞʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʭʠʤʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʵʢʩʪʨʝʤʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʤ ʤʘʢʩʠʤʫʤʦʤ [60],. 

ʈʝʛʝʥʝʨʘʮʠʷ ʦʪʨʘʙʦʪʘʥʥʳʭ ʘʜʩʦʨʙʝʥʪʦʚ ʠʤʝʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ. ɼʣʷ ʨʝʛʝʥʝʨʘʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ ï 

ʪʝʨʤʠʯʝʩʢʘʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʨʝʛʝʥʝʨʘʮʠʷ. ʊʝʨʤʠʯʝʩʢʘʷ ʨʝʛʝʥʝʨʘʮʠʷ, ʧʨʦʚʦʜʠʪʩʷ ʚ ʧʦʪʦʢʝ ʚʦʟʜʫʭʘ 

ʠʣʠ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʧʨʝʚʳʰʘʝʪ ʪʦʯʢʫ ʢʠʧʝʥʠʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʅʝʜʦʩʪʘʪʢʦʤ ʪʝʨʤʠʯʝʩʢʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʜʝʩʪʨʫʢʮʠʷ ʩʪʨʫʢʪʫʨʳ ʘʜʩʦʨʙʝʥʪʘ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʢʩʠʯʥʳʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ (H2S, SOx) ʠ ʩʥʠʞʝʥʠʶ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ 

ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʮʠʢʣʘʭ. ʍʠʤʠʯʝʩʢʘʷ ʨʝʛʝʥʝʨʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʷʨʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʢʣʶʯʝʚʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʦʪʩʫʪʩʪʚʠʝ ʚʨʝʜʥʳʭ 

ʚʳʙʨʦʩʦʚ ʠ ʩʦʭʨʘʥʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ 

ʨʝʛʝʥʝʨʘʮʠʠ ʠʩʭʦʜʠʪ ʠʟ ʧʨʠʨʦʜʳ ʩʦʨʙʮʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʧʦʣʷʨʥʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʢ ʚʳʤʳʚʘʥʠʶ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʫʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʦʧʨʦʩʘʤ: 
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¶ ʩʦʭʨʘʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʢʩʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʜʩʦʨʙʝʥʪʘ; 

¶ ʤʠʥʠʤʠʟʘʮʠʷ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ; 

¶ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʤʧʘʢʪʥʦʩʪʠ ʩʠʩʪʝʤʳ ʨʝʛʝʥʝʨʘʮʠʠ; 

¶ ʩʥʠʞʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ. 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʘʜʩʦʨʙʮʠʦʥʥʦʡ 

ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ ʩ ʫʯʝʪʦʤ ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ [64].  

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʙʦʪʝ ʩ ʨʝʘʣʴʥʳʤ ʩʳʨʴʝʤ (ʥʘʧʨʠʤʝʨ, 

ʜʠʟʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ, ʙʝʥʟʠʥʦʤ ʠʣʠ ʪʷʞʝʣʳʤʠ ʥʝʬʪʷʥʳʤʠ ʬʨʘʢʮʠʷʤʠ). ʂʣʶʯʝʚʳʤʠ ʘʩʧʝʢʪʘʤʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ̫ ʚʣʷʶʪʩʷ ʪʠʧ ʩʳʨʴʷ ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʘʜʩʦʨʙʮʠʶ, ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ 

(ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 9) ʠ ʧʨʝʜʝʣʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʨʘʟʥʳʭ ʘʜʩʦʨʙʝʥʪʦʚ. 

ʊʘʙʣʠʮʘ 9. ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʥʘ ʨʝʘʣʴʥʦʤ ʩʳʨʴʝ [68] 

ʇʘʨʘʤʝʪʨ ʈʝʢʦʤʝʥʜʫʝʤʳʡ ʜʠʘʧʘʟʦʥ 

ʊʝʤʧʝʨʘʪʫʨʘ ɼʣʷ ʬʠʟʠʩʦʨʙʮʠʠ ï ʙʣʠʞʝ ʢ ʢʦʤʥʘʪʥʦʡ, ʜʣʷ ʭʝʤʦʩʦʨʙʮʠʠ ï ʜʦ 120°C 

ɼʘʚʣʝʥʠʝ ʇʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʫʣʫʯʰʘʝʪ ʢʠʥʝʪʠʢʫ, ʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʪʨʘʪʳ (1 ï 

10 ʘʪʤ) 

ɺʨʝʤʷ ʢʦʥʪʘʢʪʘ ɿʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʘʜʩʦʨʙʝʥʪʘ ʠ ʩʳʨʴʷ (5 ï 60 ʤʠʥ) 

ʉʦʦʪʥʦʰʝʥʠʝ 

ʘʜʩʦʨʙʝʥʪ/ʩʳʨʴʝ 

ɼʣʷ ʮʝʦʣʠʪʦʚ ï ʤʝʥʴʰʠʝ ʜʦʟʳ, ʜʣʷ ʫʛʣʷ ï ʙʦʣʴʰʠʝ (1:10 ï 1:100 (ʤʘʩ.)) 

 

ɺ ʪʘʙʣ. 10 ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʜʩʦʨʙʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʠʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʨʝʘʣʴʥʳʭ ʪʦʧʣʠʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʫʜʘʣʝʥʠʷ ʩʝʨʳ ʠʟ ʨʝʘʣʴʥʳʭ ʬʨʘʢʮʠʡ ʤʝʪʦʜʦʤ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ. 

ʊʘʙʣʠʮʘ 10. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʘʜʩʦʨʙʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʨʝʘʣʴʥʳʭ ʬʨʘʢʮʠʡ 

ʉʳʨʴʝ ɸʜʩʦʨʙʝʥʪ ʉʠʩʪʝʤʘ ʘʜʩʦʨʙʮʠʠ ɤ (%) ʉʩʳʣʢʘ 

ɼʠʟʝʣʴ, 450ppm Ni-MCM-11 ʅʝʧʨʝʨʳʚʥʘʷ ʩʠʩʪʝʤʘ 80 [57] 

jP-5, 1172ppm NiO-CeO2/Al 2O3-SiO2 ʅʝʧʦʜʚʠʞʥʳʡ ʩʣʦʡ 99 [58] 

ʂʝʨʦʩʠʥ, 542ppm Sn-ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ 

ʫʛʦʣʴ  

ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 80,6 [59] 

 

ʇʦ ʧʝʨʩʧʝʢʪʠʚʘʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʜʘʥʥʳʝ ʚʳʚʦʜʳ: 
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¶ ʣʫʯʰʠʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʮʝʦʣʠʪʳ ʠ ʤʝʟʦʧʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ; 

¶ ʢʣʶʯʝʚʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʷʚʣʷʶʪʩʷ ʜʝʛʨʘʜʘʮʠʷ ʘʜʩʦʨʙʝʥʪʦʚ ʧʦʩʣʝ ʤʥʦʛʦʢʨʘʪʥʳʭ ʮʠʢʣʦʚ 

ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʚʳʩʦʢʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ; 

¶ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʛʠʙʨʠʜʥʳʭ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʥʘʧʨʠʤʝʨ, ʥʘ 

ʦʩʥʦʚʝ ʮʝʦʣʠʪʦʚ ʠ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ), ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʘʮʠʷ ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʩʪʘʜʠʠ ʘʜʩʦʨʙʮʠʠ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ. 

2.1.3. ɹʠʦʦʙʝʩʩʝʨʠʚʘʥʠʝ 

ɹʘʢʪʝʨʠʠ, ʩʧʦʩʦʙʥʳʝ ʨʘʟʨʫʰʘʪʴ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ 

ʧʨʠʨʦʜʝ (ʧʦʯʚʘ, ʚʦʜʘ) ʠ ʷʚʣʷʶʪʩʷ ʫʜʘʯʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʷ. ʂʘʢ 

ʤʝʪʦʜ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʝ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʛʠʜʨʦʦʯʠʩʪʢʦʡ [60]. ʉʦʭʨʘʥʷʝʪʩʷ ʠʥʪʝʨʝʩ ʢ ʜʘʥʥʦʤʫ ʤʝʪʦʜʫ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ 

ʩʪʘʪʠʩʪʠʢʘ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʩʪʘʪʝʡ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ (ʨʠʩ. 12). 

 

ʈʠʩʫʥʦʢ 12. ʉʪʘʪʠʩʪʠʢʘ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʩʪʘʪʝʡ ʧʦ ʪʝʤʝ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʝ. ʅʘ ʦʩʥʦʚʝ ʙʘʟʳ 

ʜʘʥʥʳʭ Sciencedirect.com (ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ: Bio-desulfurization, BDS) ʧʝʨʠʦʜ 2001-2025 [61] 

ɹʣʘʛʦʜʘʨʷ ʤʷʛʢʠʤ ʫʩʣʦʚʠʷʤ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʘʧʠʪʘʣʴʥʳʝ  ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ (ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʝ), ʦʥʦ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ 

ʙʣʘʛʦʜʘʨʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʫʜʘʣʝʥʠʷ ʩʪʝʨʠʯʝʩʢʠ ʟʘʪʨʫʜʥʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʘʣʢʠʣʟʘʤʝʱʝʥʥʳʝ ʜʠʙʝʥʟʦʪʠʦʬʝʥʳ (ɼɹʊ), ʫʩʪʦʡʯʠʚʳʝ ʚ ʧʨʦʮʝʩʩʘʭ ʛʠʜʨʦʦʯʠʩʪʢʠ. ʋʯʠʪʳʚʘʷ 

ʧʦʩʣʝʜʥʝʝ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ 

ʛʠʜʨʦʦʯʠʩʪʢʠ [62].  
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʣʶʯʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʳʨʴʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʚʳʜʝʣʷʶʪ 

ʜʚʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʷ, ʛʜʝ ʥʘʣʠʯʠʝ/ʦʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ ʩʣʫʞʠʪ 

ʦʩʥʦʚʥʳʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤ ʢʨʠʪʝʨʠʝʤ: 

ɸʵʨʦʙʥʳʝ ʩʠʩʪʝʤʳ: ʛʣʘʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʘɻ ʨʦʙʥʦʛʦ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʦʥʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʷʪʴ ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ ʩʦʩʪʘʚ, ʠʤʝʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ. ʂʦʤʧʦʥʝʥʪʘʤʠ ʨʝʘʢʮʠʠ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ 

ʚʠʪʘʤʠʥʦʚ ʷʚʣʷʶʪʩʷ ʦʪʦʙʨʘʥʥʳʝ ʤʠʢʨʦʙʥʳʝ ʰʪʘʤʤʳ ʠ ʩʫʙʩʪʨʘʪʳ, ʤʦʜʝʣʴʥʘʷ ʩʤʝʩʴ ʠʣʠ ʩʳʨʘʷ 

ʥʝʬʪʴ, ʩ ʢʦʪʦʨʳʤʠ ʚ ʧʨʦʩʪʳʭ ʠʥʢʫʙʘʪʦʨʘʭ ʠʣʠ ʙʠʦʨʝʘʢʪʘʨʘʭ ʧʨʦʚʦʜʷʪ ʧʨʦʮʝʩʩ 

ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʷ. ʍʠʤʠʷ ʧʨʦʮʝʩʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʱʝʧʣʝʥʠʠ C-C ʩʚʷʟʠ (ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʫʪʴ 

ʂʦʜʘʤʠ) ʣʠʙʦ ʨʘʩʱʝʧʣʝʥʠʠ C-S ʩʚʷʟʠ (ʩʝʨʦʩʧʝʮʠʬʠʯʥʳʡ 4S-ʧʫʪʴ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʅʘ ʨʠʩ. 13 ʧʨʝʜʩʪʘʚʣʝʥ ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʢʘʩʢʘʜ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪ ʚ ʩʝʙʝ 2 

ʵʪʘʧʘ: ʦʢʠʩʣʝʥʠʝŸ ʛʠʜʨʦʣʠʟ Ÿ ʜʝʩʫʣʴʬʠʥʠʨʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʤʝʪʘʙʦʣʠʪʳ (ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʠʣʠ 

ʢʦʥʝʯʥʳʝ ʧʨʦʜʫʢʪʳ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ), ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʤʝʪʘʙʦʣʠʟʤʘ (ʦʙʤʝʥʘ 

ʚʝʱʝʩʪʚ) ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʧʨʦʮʝʩʩʘ [63].  

 

ʈʠʩʫʥʦʢ 13. ʄʝʪʘʙʦʣʠʪʳ 4S-ʧʫʪʠ ʠ ʚ ʢʘʞʜʦʤ ʵʪʘʧʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʬʝʨʤʝʥʪʳ (DzsA, Dszb, DszC-

ʩʦʢʨʘʱʝʥʠʝ ʥʘʷʚʘʥʠʝ ʬʝʨʤʝʥʪʦʚ) [60] 

ɿʥʘʯʠʤʳʝ ʰʪʘʤʤʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʘʵʨʦʙʥʦʛʦ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʷ ʵʪʦ 

Rhodococcus spp. (ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ɼɹʊ ʠ ʘʣʢʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ) ʠ Sphingomonas 

subarctica T7b (ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʷ ʣʝʛʢʦʛʦ ʛʘʟʦʡʣʷ). ʈʘʙʦʪʘ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (20-40°C) 

ʠ ʜʘʚʣʝʥʠʠ, ʦʪʩʫʪʩʪʚʠʝ ʪʦʢʩʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʩʦʭʨʘʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʪʦʧʣʠʚʘ ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʤʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʦ ʪʘʢʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʢʘʢ ʥʠʟʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘʪʠʚʥʳʭ ʬʝʨʤʝʥʪʦʚ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʠʧʫ ʩʳʨʴʷ, ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʨʘʩʰʠʨʠʪʴ ʧʨʦʮʝʩʩ ʜʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ [64]. 

ɸʥʘʵʨʦʙʥʳʝ ʩʠʩʪʝʤʳ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʦʪ ʘʵʨʦʙʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʚ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʡ ʤʝʭʘʥʠʟʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʩʝʨʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ï ʵʪʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ C-S ʩʚʷʟʝʡ (ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 4S-ʧʫʪʠ) ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʙʠʬʝʥʠʣʘ ʢʘʢ ʩʪʘʙʠʣʴʥʦʛʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʛʝʥʝʨʠʨʫʝʪʩʷ H2S (ʨʠʩ. 14); ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʤʦʞʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʛʘʟʦʦʯʠʩʪʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ. ʂʣʶʯʝʚʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ-ʜʝʩʪʨʫʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ 



30 

Desulfomicrobium, Desulfovibrio (ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʝ ʙʘʢʪʝʨʠʠ) ʠ Archaeoglobus fulgidus. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʟʘʪʨʘʪ ʥʘ ʘʵʨʘʮʠʶ ʠ 

ʤʠʥʠʤʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʢʩʠʯʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ [65]. 

 

ʈʠʩʫʥʦʢ 14. ʇʨʦʮʝʩʩ ʘʥʘʵʨʦʙʥʦʛʦ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʷ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʙʘʨʴʝʨʘʤʠ ʷʚʣʷʶʪʩʷ: 

¶ ʢʠʥʝʪʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʢʦʨʦʩʪʴʶ ʧʨʝʚʨʘʱʝʥʠʷ ɼɹʊ, ʢʦʪʦʨʳʝ ʚ 5-7 ʨʘʟ 

ʥʠʞʝ ʘʵʨʦʙʥʳʭ ʘʥʘʣʦʛʦʚ; 

¶ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʥʢʫʨʝʥʮʠʝʡ ʩ ʛʦʤʦʘʮʝʪʦʛʝʥʘʤʠ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʤ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤ (ʇɸʋ), ʢʦʪʦʨʳʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʪʷʞʝʣʳʭ ʥʝʬʪʷʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ, 

ʥʘʢʦʧʣʝʥʠʶ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʛʠʙʝʣʠ ʤʠʢʨʦʙʥʳʭ ʰʪʘʤʦʚ; 

¶ ʠʥʞʝʥʝʨʥʳʝ ʩʣʦʞʥʦʩʪʠ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʪʨʝʭʬʘʟʥʳʭ ʩʠʩʪʝʤʘʭ ʠ 

ʧʦʜʜʝʨʞʘʥʠʝ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʘ (ʦʪ -200 ʜʦ -300 ʤɺ). 

ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʩʪʨʘʪʝʛʠʠ ʧʨʝʦʜʦʣʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ, 

ʠʩʧʦʣʴʟʫʷ ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʦʜʘ, ʢʘʩʢʘʜʥʳʝ ʨʝʘʢʪʦʨʳ 

(ʨʠʩ. 15) ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʬʫʥʢʮʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʤʝʜʠʘʪʦʨʦʚ ʧʝʨʝʥʦʩʘ 

ʵʣʝʢʪʨʦʥʦʚ, ʤʘʪʝʨʠʘʣʴʥʳʝ ʠʥʥʦʚʘʮʠʠ ʩ ʛʨʘʬʝʥʦʚʘʤʠ ʥʦʩʠʪʝʣʷʤʠ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʢʣʝʪʦʢ ʠ 

ʵʢʩʪʨʘʛʝʥʪʘʤʠ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ in situ. 

 

ʈʠʩʫʥʦʢ 15. ʉʭʝʤʘ ʢʘʩʢʘʜʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʧʨʠʤʝʨʝ ʪʷʞʝʣʦʡ ʥʝʬʪʠ 

ɺ ʪʘʙʣ. 11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʘʵʨʦʙʥʳʭ ʠ ʘʥʘʵʨʦʙʥʳʭ 

ʤʝʪʦʜʦʚ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʝʨʩʧʝʢʪʠʚ. 
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ʊʘʙʣʠʮʘ 11. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʷ [66] 

ʄʝʪʦʜ ʇʨʝʠʤʫʱʝʩʪʚʘ ʆʛʨʘʥʠʯʝʥʠʷ ʂʦʤʤʝʨʯʝʩʢʘʷ 

ʧʝʨʩʧʝʢʪʠʚʘ 

ɸʵʨʦʙʥʳʡ ɺʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ 

ʧʨʝʚʨʘʱʝʥʠʷ, ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʰʪʘʤʤʦʚ 

ʤʘʩʩʦʧʝʨʝʥʦʩ 

ʢʠʩʣʦʨʦʜʘ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳ 

ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

ɸʥʘʵʨʦʙʥʳʡ ʅʝ ʪʨʝʙʫʶʪ ʢʠʩʣʦʨʦʜʘ, 

ʨʘʙʦʪʘʶʪ ʩ 

ʪʨʫʜʥʦʨʘʟʣʘʛʘʝʤʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʤʝʜʣʝʥʥʘʷ ʢʠʥʝʪʠʢʘ, 

ʧʨʦʙʣʝʤʳ ʩ 

ʧʦʙʦʯʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʝʞʠʟʥʝʩʧʦʩʦʙʥʳ ʚ 

ʨʝʘʣʴʥʦʤ ʩʳʨʴʝ 

 

ʇʨʦʮʝʩʩ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ. 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʵʨʦʙʥʦʛʦ ʠʣʠ ʘʥʘʵʨʦʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʰʪʘʤʤʳ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʙʘʢʪʝʨʠʠ ʟʘʚʠʩʠʤʳ, ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʪ 4S-ʧʫʪʠ, ʠ ʠʤʝʶʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʢ ʪʦʢʩʠʯʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʟʘʚʠʩʠʤʳ ʦʪ ʤʝʜʣʝʥʥʦʡ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʘ. ʂ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ 

ʦʪ pH ʩʨʝʜʳ (ʦʧʪʠʤʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ pH 6,5ï8,0) ʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʦʙʳʯʥʦ <50ÁC), ʘ ʪʘʢʞʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʝʪʦʢ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʤʘʩʩʦʧʝʨʝʥʦʩ (ʦʧʪʠʤʘʣʴʥʦ 5-20 ʛ/ʣ) [67], [68]. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʷ ʚʳʙʦʨ 

ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʰʪʘʤʤʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʝʨʤʝʥʪʘ. ʂʨʠʪʠʯʝʩʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 

ʩʯʠʪʘʶʪʩʷ ʥʠʞʝ 20°C, ʪʘʢ ʢʘʢ ʨʝʟʢʦ ʟʘʤʝʜʣʷʝʪʩʷ ʤʝʪʘʙʦʣʠʟʤ, ʚʳʰʝ 65°C, ʧʨʠ ʢʦʪʦʨʦʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʩʩʦʚʘʷ ʛʠʙʝʣʴ ʢʣʝʪʦʢ ʠ 50-55°C, ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ 

ʜʝʥʘʪʫʨʘʮʠʠ ʢʣʶʯʝʚʳʭ ʬʝʨʤʝʥʪʦʚ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʚʳʙʠʨʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʜʠʘʧʘʟʦʥ 35-45ÁC, ʢʘʢ 

ʦʧʪʠʤʘʣʴʥʳʡ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʇʨʠ ʚʳʙʦʨʝ pH 

ʩʨʝʜʳ ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ (ʪʠʧ ʰʪʘʤʤʦʚ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ), ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʳʨʴʷ (ʪʠʧ ʩʝʨʥʠʩʪʦʛʦ ʩʫʙʩʪʨʘʪʘ); ʦʧʪʠʤʘʣʴʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʨʅ ʜʣʷ ʧʨʦʮʝʩʩʦʚ 

ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʷ ʩʯʠʪʘʝʪʩʷ 6,8ï7,5. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʝʨʳ ʚ ʩʳʨʴʝ ʝʱʝ ʦʜʠʥ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ 

ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʳ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʢʣʝʪʦʢ 

ʰʪʘʤʤʦʚ, ʦʧʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚ ʩʳʨʴʝ ʩʦʩʪʘʚʣʷʝʪ 100ï500 ppm. ʅʝ ʪʦʣʴʢʦ 

ʚʳʙʨʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʥʦ ʠ ʪʠʧ ʩʳʨʴʷ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʷ: ʢ ʧʨʠʤʝʨʫ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʩʥʠʞʘʶʪ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ 
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ʘ ʪʘʢʠʝ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʢʘʢ Ni ʠ V ʠʥʛʠʙʠʨʫʶʪ ʬʝʨʤʝʥʪʳ. ɺ ʪʘʙʣ. 12 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʦʧʪʠʤʘʣʴʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʮʝʩʩ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʷ [67]. 

ʊʘʙʣʠʮʘ 12. ʆʧʪʠʤʘʣʴʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʷ [62] 

  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ʂ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʩʦʦʪʥʦʰʝʥʠʝ ʚʦʜʘ/ʥʝʬʪʴ, ʪʘʢ ʢʘʢ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʢʣʝʪʦʢ ʠ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʩʝʜʠʤʝʥʪʘʮʠʠ ʙʠʦʤʘʩʩʳ ʥʫʞʥʦ ʦʧʨʝʜʝʣʸʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ (10-30%).  ɺʘʞʥʳʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʪʠʧ ʙʠʦʨʝʘʢʪʦʨʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʷ. ɺ ʪʘʙʣ. 13 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʨʝʘʢʪʦʨʦʚ, ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ [69].  

ʊʘʙʣʠʮʘ 13. ʊʠʧʳ ʨʝʘʢʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʠ 

ʊʠʧ ʨʝʘʢʪʦʨʘ ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʇʝʨʠʦʜʠʯʝʩʢʠʡ  ʇʨʦʩʪʦʪʘ ʅʠʟʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʅʝʧʨʝʨʳʚʥʳʡ  ʉʪʘʙʠʣʴʥʦʩʪʴ ɺʳʩʦʢʠʝ ʟʘʪʨʘʪʳ 

ʀʤʤʦʙʠʣʠʟʦʚʘʥʥʳʡ ʇʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʝʪʦʢ ʉʣʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

 ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʙʝʩʩʝʨʠʚʘʥʠʷ, ʧʦ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʶ ʦʧʫʙʣʠʢʦʚʘʥʦ ʤʝʥʴʰʝ ʨʘʙʦʪ, 

ʥʦ ʪʝʤ ʥʝ ʤʝʥʝʝ ʵʪʦʪ ʤʝʪʦʜ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʷ ʜʦʚʝʜʝʥ ʜʦ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʧʨʠʤʝʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ [67].  

ʇʠʣʦʪʥʘʷ ʫʩʪʘʥʦʚʢʘ (Petrobras) ʚ ɹʨʘʟʠʣʠʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ, ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʤʦʱʥʦʩʪʴ ʁ10 ʙʘʨʨʝʣʝʡ/ʩʫʪʢʠ. ɺ ʫʩʪʘʥʦʚʢʝ ʧʨʠʤʝʥʷʶʪ ʪʝʭʥʦʣʦʛʠʶ ʘʵʨʦʙʥʦʛʦ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʷ 

ʠ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʢʣʝʪʢʠ (Rhodococcus), ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʝʪ 48 ʯ. ʉʦʦʪʥʦʰʝʥʠʝ 

ʚʦʜʘ/ʪʦʧʣʠʚʦ ʩʦʩʪʘʚʣʷʝʪ 1:4, ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʩʢʘʜ ʠʟ 3 ʨʝʘʢʪʦʨʦʚ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ 

ʩʦʦʪʥʦʰʝʥʠ ̫ʚʦʜʘ/ʪʦʧʣʠʚʦ ʠ ʩʠʩʪʝʤʦʡ ʨʝʮʠʨʢʫʣʷʮʠʠ ʙʠʦʤʘʩʩʳ. ʀʩʭʦʜʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ 500 

ppm ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʩʥʠʞʘʝʪʩʷ ʜʦ 50 ppm [70].  

ɼʝʤʦʥʩʪʨʘʮʠʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ (ENI) ʚ ʀʪʘʣʠʠ, ʠʤʝʝʪ ʤʦʱʥʦʩʪʴ 5 ʤ3/ʯʘʩ, ʚ ʤʝʤʙʨʘʥʥʦʤ 

ʙʠʦʨʝʘʢʪʦʨʝ (ʚʦʜʘ/ʪʦʧʣʠʚʦ=1:10) ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʘʥʘʵʨʦʙʥʦʛʦ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʷ 

ʇʨʦʮʝʩʩ t, °C pH Cʠʩʭ (S), ppm ɺʨʝʤʷ ʦʪʨʘʙʦʪʢʠ, ʯ 

ɸʵʨʦʙʥʳʡ 

ʉʪʘʥʜʘʨʪʥʳʝ ʰʪʘʤʤʳ 

25-40 7,0ï7,5 100-300 24-72 (ʟʘʚʠʩʠʪ ʦʪ 

ʰʪʘʤʤʘ) 

ɸʥʘʵʨʦʙʥʳʡ (SRB-ʙʘʢʪʝʨʠʠ) 30-45 6,5ï7,2 50-200 48-96 (ʤʝʜʣʝʥʥʘʷ 

ʢʠʥʝʪʠʢʘ) 
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(ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʰʪʘʤʤʳ Desulfovibrio). ʄʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʜʦʦʯʠʩʪʢʠ ʛʠʜʨʦʯʠʱʝʥʥʦʛʦ 

ʜʠʟʝʣʷ, ʘ ʢʦʥʚʝʨʩʠʷ 4,6- ʜʠʤʝʪʠʣʜʠʙʝʥʟʦʪʠʬʝʥʘ ʩʦʩʪʘʚʣʷʝʪ 70% [71]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ (ExxonMobil) ʚ ʉʐɸ ʩ ʤʘʩʰʪʘʙʦʤ 0,5 ʤ3/ʯʘʩ, ɻʝʥʥʦ-

ʠʥʞʝʥʝʨʥʳʝ ʰʪʘʤʤʘʤʳ (Rhodococcus erythropolis IGTS8) ʩ ʫʩʠʣʝʥʥʳʤʠ Dsz-ʬʝʨʤʝʥʪʘʤʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʝ, ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʝʪ 12 ʯʘʩʦʚ, 

ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʩʥʠʞʘʝʪʩʷ ʩ 450 ppm ʜʦ 15 ppm [72]. 

ʂʘʩʢʘʜʥʘʷ ʩʠʩʪʝʤʘ (Saudi Aramco) ʚ ʉʘʫʜʦʚʩʢʦʡ ɸʨʘʚʠʠ, ʤʦʱʥʦʩʪʴ ʨʝʘʢʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 

50 ʤį/ʩʫʪʢʠ, ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʛʠʙʨʠʜʥʳʡ ʧʨʦʮʝʩʩ, ʧʝʨʚʳʡ ʵʪʘʧ ʘʵʨʦʙʥʦʝ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʝ ʩʦ 

ʰʪʘʤʤʘʤʠ (Rhodococcus erythropolis, ʫʩʠʣʝʥʥʳʝ ʬʝʨʤʝʥʪʘʤʠ dszABC) ʦʢʠʩʣʷʶʪ ʪʠʦʬʝʥ ʠ 

ʜʠʙʝʥʟʦʪʠʬʝʥ, ʜʘʣʝʝ ʘʥʘʵʨʦʙʥʘʷ ʜʝʛʨʘʜʘʮʠʷ 4,6- ʜʠʤʝʪʠʣʜʠʙʝʥʟʦʪʠʬʝʥʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ 

(Desulfovibrio vulgaris+Archaeoglobus fulgidus), ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʩʥʠʞʝʥʠʝ ʦʙʱʝʡ ʩʝʨʳ ʩ 300 ppm 

ʜʦ 8 ppm [73]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʝ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʝʛʦ ʰʠʨʦʢʦʤʫ ʧʨʦʤʳʰʣʝʥʥʦʤʫ ʚʥʝʜʨʝʥʠʶ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʩʩ ʠʤʝʝʪ 

ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ ï ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʫʩʣʦʚʠʷʤ, ʧʨʦʙʣʝʤʳ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, 

ʩʫʙʩʪʨʘʪʥʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘʤʠ ʠ, ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʚʳʩʦʢʠʝ 

ʦʧʝʨʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʠʜʨʦʦʯʠʩʪʢʦʡ ʜʝʣʘʝʪ ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʥʝʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ ʢʘʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢ ʠ ʩ ʦʩʥʦʚʥʳʤ 

ʧʨʠʤʝʥʷʝʤʳʤ ʤʝʪʦʜʦʤ ʩʝʨʦʦʯʠʩʪʢʠ.   

2.1.4. ɸʣʢʠʣʠʨʦʚʘʥʠʝ 

ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʚ ʦʙʝʩʩʝʨʠʚʘʥʠʠ ï ʵʪʦ ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ ʩʝʨʥʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ 

(ʥʘʧʨʠʤʝʨ, ʪʠʦʬʝʥʳ, ʤʝʨʢʘʧʪʘʥʳ) ʨʝʘʛʠʨʫʶʪ ʩ ʦʣʝʬʠʥʘʤʠ (ʘʣʢʝʥʘʤʠ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʙʦʣʝʝ ʪʷʞʝʣʳʝ ʤʦʣʝʢʫʣʳ. ʕʪʠ ʧʨʦʜʫʢʪʳ ʟʘʪʝʤ ʣʝʛʢʦ ʦʪʜʝʣʷʶʪʩʷ ʦʪ 

ʪʦʧʣʠʚʘ ʜʠʩʪʠʣʣʷʮʠʝʡ ʠʣʠ ʵʢʩʪʨʘʢʮʠʝʡ. 

ʄʝʪʦʜ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʛʠʙʢʦʩʪʴʶ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʫʜʘʣʝʥʠʠ ʩʪʝʨʠʯʝʩʢʠ ʟʘʪʨʫʜʥʝʥʥʳʭ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ 

(ʪʘʢʠʭ ʢʘʢ ʪʠʦʬʝʥʳ, ʟʘʤʝʱʝʥʥʳʝ ʜʠʙʝʥʟʦʪʠʦʬʝʥʳ ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʧʣʦʭʦ ʧʦʜʜʘʶʪʩʷ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʛʠʜʨʦʦʯʠʩʪʢʝ. ʀʥʪʝʨʝʩ ʢ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ ʭʦʨʦʰʦ ʦʪʦʙʨʘʞʘʝʪ ʩʪʘʪʠʩʪʠʢʘ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʩʪʘʪʝʡ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ (ʨʠʩ. 16).  
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ʈʠʩʫʥʦʢ 16. ʉʪʘʪʠʩʪʠʢʘ ʦʧʫʙʣʠʢʦʚʘʥʳʭ ʩʪʘʪʝʡ ʧʦ ʪʝʤʝ ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʚ ʦʙʝʩʩʝʨʠʚʘʥʠʠ. ʅʘ 

ʦʩʥʦʚʝ ʙʘʟʳ ʜʘʥʥʳʭ Sciencedirect.com (ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ: Alkylation in desulfurization) ʧʝʨʠʦʜ 2001-

2025 [74] 

ʍʠʤʠʟʤ ʧʨʦʮʝʩʩʘ ʩʦʯʝʪʘʝʪ ʵʣʝʢʪʨʦʬʠʣʴʥʦʝ ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʠ ʬʠʟʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʛʣʫʙʦʢʦʡ ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ ʙʝʟ ʧʦʪʝʨʴ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ. ʊʝʭʥʦʣʦʛʠʷ 

ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʘ ʜʣʷ ʙʝʥʟʠʥʦʚʳʭ ʬʨʘʢʮʠʡ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʠʦʬʝʥʦʚ [75]. ʅʘ 

ʧʨʠʤʝʨʝ ʪʠʧʠʯʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʢʦʪʦʨʘʷ ʧʨʦʪʝʢʘʝʪ ʚ ʧʨʦʮʝʩʩʝ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ (ʫʨʘʚʥʝʥʠʝ 1 ʠ 2). 

#(3  #Ὄ
   
̋́̓́̌̉̈́̓̏̑
ựựựựựựựựự

 #( 3        (1) 

#(3  #Ὄ
    
̋́̓́̌̉̈́̓̏̑
ựựựựựựựựự

 #( 3         (2) 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʤʝʨʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ï ʪʝʤʧʝʨʘʪʫʨʝ 50-100ÁC ʠ ʜʘʚʣʝʥʠʠ 1-10 ʘʪʤ. ʂʨʦʤʝ ʪʦʛʦ, ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʥʝ ʧʨʠʚʦʜʠʪ 

ʢ ʢʨʝʢʠʥʛʫ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʦʪʝʨʴ ʬʨʘʢʮʠʠ, ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢ ʩʪʝʨʠʯʝʩʢʠ 

ʟʘʪʨʫʜʥʝʥʥʳʤ ʩʝʨʦʩʦʜʝʨʞʘʱʠʤ ʩʦʝʜʠʥʝʥʠʷʤ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʩʝʨʠʚʘʪʴ ʙʝʥʟʠʥʦʚʳʝ, ʢʝʨʦʩʠʥʦʚʳʝ, ʜʠʟʝʣʴʥʳʝ ʬʨʘʢʮʠʠ, 

ʩʦʜʝʨʞʘʱʠʝ ʥʝʥʘʩʳʱʝʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʤʝʪʦʜʦʤ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 

ʠʩʧʦʣʴʟʫʶʪ ʢʠʩʣʦʪʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ [76].  

ʊʚʝʨʜʳʝ ʢʠʩʣʦʪʳ ï ʮʝʦʣʠʪʳ. 

ʎʝʦʣʠʪʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʜʣʷ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʧʫʪʝʤ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʙʣʘʛʦʜʘʨʷ ʠʭ ʫʥʠʢʘʣʴʥʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʢʠʩʣʦʪʥʳʤ ʩʚʦʡʩʪʚʘʤ. ʄʝʭʘʥʠʟʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʘʢʮʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹʨʸʥʩʪʝʜʦʚʩʢʠʭ ʢʠʩʣʦʪʥʳʭ 

ʮʝʥʪʨʦʚ (ſSi-O(H)-Alſ ʛʨʫʧʧʳ), ʦʩʥʦʚʥʳʝ ʨʝʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʫʨʘʚʥʝʥʠʷʭ (3,4) [77]. 

I. ɸʢʪʠʚʘʮʠʷ ʦʣʝʬʠʥʦʚ: 

ὅὌ ὅὅὌ  Ὄ̗ ̆̏̌̉̓ O ὅὌ ˞ ὅὌ       (3) 

II.  ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʪʠʦʬʝʥʘ: 
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ὅὌὛ  ὅὌ  O  ὅὌὛ ự ὅὌ Ὓ       (4) 

III.  ɼʠʬʬʫʟʠʷ ʧʨʦʜʫʢʪʦʚ. 

ʇʦʨʳ ʮʝʦʣʠʪʘ ʤʦʛʫʪ ʟʘʙʠʚʘʪʴʩʷ ʩʪʝʨʠʯʝʩʢʠ ʟʘʪʨʫʜʥʸʥʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʠ 

ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʜʦʩʪʫʧʥʳʭ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. ʎʝʦʣʠʪ H-BEA (6,6×6,7 ¡) ʦʧʪʠʤʘʣʝʥ ʜʣʷ ʜʠʬʬʫʟʠʠ ʘʣʢʠʣʪʠʦʬʝʥʦʚ, ʪʦʛʜʘ 

ʢʘʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ H-ZSM-5 (5,3×5,6 Å) ʩ ʤʝʥʴʰʠʤ ʨʘʟʤʝʨʦʤ ʧʦʨ ʧʨʦʮʝʩʩ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʝʥ ʟʘ 

ʩʯʝʪ ʙʣʦʢʠʨʦʚʘʥʠʷ ʧʦʨ ʦʙʲʸʤʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ. ɼʨʫʛʦʡ ʧʨʠʯʠʥʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʷʚʣʷʝʪʩʷ ʟʘʙʠʚʢʘ ʧʦʨ ʧʨʦʜʫʢʪʘʤʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʏʪʦʙʳ ʵʪʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ, ʦʧʪʠʤʠʟʠʨʫʶʪ 

ʫʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ, ʩʥʠʞʘʷ ʪʝʤʧʝʨʘʪʫʨʫ (ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ) ʠ ʤʦʜʠʬʠʮʠʨʫʷ ʮʝʦʣʠʪ. 

ɼʝʟʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʨʝʛʝʥʝʨʠʨʫʶʪ ʧʫʪʝʤ ʚʳʞʠʛʘʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʢʦʢʩʘ 

ʧʨʠ 450ÁC ʩʤʝʩʴʶ 5% O2/Ar ʠʣʠ ʧʨʦʤʳʚʢʦʡ ʪʦʣʫʦʣʦʤ [78].  

ʊʚʝʨʜʳʝ ʢʠʩʣʦʪʳ - ʉʫʣʴʬʘʪʠʨʦʚʘʥʥʳʝ ʦʢʩʠʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʳʝ ʦʢʩʠʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʳʡ ʦʢʩʠʜ ʮʠʨʢʦʥʠʷ (SO4
2-

/ZrO2). ɺ ʧʨʦʮʝʩʩʝ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʩʫʣʴʬʘʪʥʳʝ-ʛʨʫʧʧʳ (SO4
2-) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ZrO2 ʬʦʨʤʠʨʫʶʪ 

ʩʠʣʴʥʳʝ ʵʣʝʢʪʨʦʬʠʣʴʥʳʝ ʮʝʥʪʨʳ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟʝ ZrO2 

(ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ), ʧʨʦʷʚʣʷʷ ʚʳʩʦʢʫʶ ʢʠʩʣʦʪʥʦʩʪʴ. ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 80ï

120ÁC ʠ ʜʘʚʣʝʥʠʠ 1ï5 ʘʪʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩ ̫ʫʜʘʣʝʥʠʝ ʪʠʦʬʝʥʘ ʜʦ 95% ʩ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʁ

ʧʦʨʷʜʢʘ 90% [79].  

ɻʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪʳ ï ʢʣʘʩʩ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʩʠʣʴʥʳʤʠ ʢʠʩʣʦʪʥʳʤʠ 

ʮʝʥʪʨʘʤʠ. ʆʥʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʘʣʢʠʣʠʨʦʚʘʥʠʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʪʠʦʬʝʥʦʚ, 

ʙʝʥʟʦʪʠʦʬʝʥʦʚ) ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʫʥʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ (ʬʦʨʤʫʣʘ 1), ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʪʴ 

ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ 

Hn[XM12O40]          (1) 

ɻʜʝ X ï ʛʝʪʝʨʦʘʪʦʤ (P, Si, As ʠ ʜʨ.), M ï ʤʝʪʘʣʣ (Mo, W, V). 

ʇʨʦʮʝʩʩ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪ ʪʘʢʞʝ ʧʨʦʭʦʜʠʪ ʩʦʛʣʘʩʥʦ 

ʫʨʘʚʥʝʥʠʷʤ (3 ʠ 4) [76]. ɺ ʪʘʙʣ. 14 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʚʦʡʩʪʚ ʪʚʝʨʜʳʭ 

ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 
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ʊʘʙʣʠʮʘ 14. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʚʝʨʜʳʭ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʘʣʢʠʣʠʨʦʚʘʥʠʠ 

ʇʘʨʘʤʝʪʨ ʎʝʦʣʠʪʳ(H-BEA) ʉʫʣʴʬʘʪʠʨʦʚʘʥʥʳʡ 

ZrO2 (SO4
2-/ZrO2)  

ɻʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪʳ 

(H3PW12O40)  

ʂʠʩʣʦʪʥʦʩʪʴ(Ho) (-8é-12) <-12 (ʩʫʧʝʨʢʠʩʣʦʪʘ) <-13 (ʩʫʧʝʨʢʠʩʣʦʪʘ) 

ʊʝʨʤ. 

ʩʪʘʙʠʣʴʥʦʩʪʴ 

ɼʦ 600-700 ɼʦ 600ÁC ɼʦ 350ÁC 

ʈʘʟʤʝʨ ʧʦʨ, ¡ 6,6 5-30  10-50  

ʂʦʥʚʝʨʩʠʷ 

ʪʠʦʬʝʥʘ 

85-98%(80-120°C) 90-98% (100°C) 80-92% (60°C) 

ʉʝʣʝʢʪʠʚʥʦʩʪʴ 80-95% 85-95% 75-85% 

ʈʝʛʝʥʝʨʘʮʠʷ ʇʨʦʢʘʣʠʚʘʥʠʝ 

(450-550°C) 

ʇʨʦʢʘʣʠʚʘʥʠʝ (550°C) ʇʨʦʤʳʚʢʘ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʢ 

ʢʦʢʩʦʦʙʨʘʟʦʚʘʥʠʶ 

ʅʠʟʢʘʷ-ʩʨʝʜʥʷʷ ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ 
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2.2. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ 

ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʟʚʦʜʦʨʦʜʥʳʡ ʩʧʦʩʦʙ ʦʯʠʩʪʢʠ, ʩʫʪʴ 

ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʢʠʩʣʝʥʠʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦ ʩʫʣʴʬʦʥʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʠʟʚʣʝʯʝʥʠʝʤ ʧʦʣʷʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ. ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʤʷʛʢʠʝ ʫʩʣʦʚʠʷ, 

ʥʠʟʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ, ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʩʝʨʦʦʯʠʩʪʢʠ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʥʪʝʨʝʩ ʢ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ 

ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʧʦ ʩʪʘʪʠʩʪʠʢʝ ʙʘʟʳ ʜʘʥʥʳʭ Scopus 

(ʨʠʩ. 17). 

 

ʈʠʩʫʥʦʢ 17. ʉʪʘʪʠʩʪʠʢʘ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʩʪʘʪʝʡ ʧʦ ʪʝʤʘʪʠʢʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ. ʅʘ 

ʦʩʥʦʚʝ ʙʘʟʳ ʜʘʥʥʳʭ Sciencedirect.com (ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ: oxidative desulfurization, ODS) ʧʝʨʠʦʜ 

2001-2025 [80] 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʫʜʘʣʷʪʴ ʪʠʦʬʝʥʳ, ʙʝʥʟʦʪʠʦʬʝʥʳ ʠ 

ʜʠʙʝʥʟʦʪʠʦʬʝʥʳ, ʘ ʪʘʢʞʝ ʠʭ ʩʪʝʨʠʯʝʩʢʠ ʟʘʪʨʫʜʥʝʥʥʳʝ ʛʦʤʦʣʦʛʠ, ʢʦʪʦʨʳʝ ʩʣʦʞʥʦ ʫʜʘʣʠʪʴ ʚ 

ʫʩʣʦʚʠʷʭ ʛʠʜʨʦʦʯʠʩʪʢʠ. ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʩʣʦʞʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʠʣʠ ʘʣʢʠʣʴʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ) ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘ ʘʪʦʤʝ ʩʝʨʳ ʧʦʚʳʰʘʝʪʩʷ (ʨʠʩ. 18), ʧʨʠʚʦʜʷ ʢ ʫʩʠʣʝʥʠʶ 

ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʢʠʩʣʠʪʝʣʷ ʩ 

ʩʫʙʩʪʨʘʪʦʤ [81]. 
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ʈʠʩʫʥʦʢ 18. ʕʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ: ʪʠʦʬʝʥʳ (2-ʄʊ, 

2,5-ɼʄʊ), ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʪʠʦʬʝʥʳ (ɹʊ, ɼɹʊ, 4-ʄɼɹʊ, 4,6-ɼʄɼɹʊ) ʠ ʩʫʣʴʬʠʜʳ (ɼʌʉ, 

ʄʌʉ) [82]  

ʋʯʠʪʳʚʘʷ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʠʥʝʨʪʥʦʩʪʴ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʫʙʩʪʨʘʪʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʚʩʝ 

ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʧʨʦʚʦʜʷʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʂʘʪʘʣʠʟʘʪʦʨ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ɺ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʷʪ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʜʦ ʧʦʣʷʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ï ʩʫʣʴʬʦʥʦʚ [83]. ɺʪʦʨʦʡ ʵʪʘʧ ï ʫʜʘʣʝʥʠʝ ʦʢʠʩʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦ ʦʪʜʝʣʠʪʴ ʠʭ ʦʪ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʬʘʟʳ 

(ʨʠʩ. 19).  

 

ʈʠʩʫʥʦʢ 19. ʇʨʦʮʝʩʩ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ 

ɺ ʠʪʦʛʝ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʪʦʧʣʠʚ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ. 

ʅʘ ʨʠʩ. 20 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʪʘʧʳ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʠ ʫʧʨʦʱʸʥʥʘʷ ʩʭʝʤʘ ʨʝʘʢʪʦʨʘ. 
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ʈʠʩʫʥʦʢ 20. ʕʪʘʧʳ ʦʢʠʩʣʝʥʠʷ ɹʊ ʠ ɼɹʊ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʦʙʝʩʩʝʨʠʚʘʥʠʠ  

ɺ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʢʦʤʧʣʝʢʩ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʥʘʯʠʥʘʷ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʠ ʟʘʢʘʥʯʠʚʘʷ ʫʩʣʦʚʠʷʤʠ ʧʨʦʚʝʜʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪʥʦʩʷʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʫʩʣʦʚʠʷ ʦʢʠʩʣʝʥʠʷ (ʚʨʝʤʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ), ʘ ʪʘʢʞʝ 

ʧʘʨʘʤʝʪʨʳ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʪʨʘʢʮʠʠ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ ʠʪʦʛʦʚʫʶ ʩʪʝʧʝʥʴ 

ʦʯʠʩʪʢʠ ʪʦʧʣʠʚʘ. ʆʩʦʙʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʩʧʝʮʠʬʠʢʠ ʢʘʢ 

ʤʦʜʝʣʴʥʳʭ, ʪʘʢ ʠ ʨʝʘʣʴʥʳʭ ʪʦʧʣʠʚʥʳʭ ʩʠʩʪʝʤ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʦʜʝʣʴʥʳʝ ʩʤʝʩʠ ʧʦʟʚʦʣʷʶʪ 

ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʤʝʭʘʥʠʟʤʳ ʨʝʘʢʮʠʡ, ʨʘʙʦʪʘ ʩ ʨʝʘʣʴʥʳʤʠ ʪʦʧʣʠʚʘʤʠ ʪʨʝʙʫʝʪ ʫʯʝʪʘ 

ʤʥʦʛʦʦʙʨʘʟʠʷ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʥʝʬʪʷʥʳʭ 

ʬʨʘʢʮʠʡ. ʈʠʩ. 21 ʧʦʢʘʟʳʚʘʝʪ ʢʦʤʧʣʝʢʩ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʣʦʛʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʤʦʜʝʣʴʥʳʭ 

ʩʠʩʪʝʤ, ʪʘʢ ʠ ʨʝʘʣʴʥʦʛʦ ʩʨrʴʷ. 

ʈʠʩʫʥʦʢ 21. ʇʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʮʝʩʩ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ 
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ʈʘʩʩʤʦʪʨʝʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʚ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʩʪʝʧʝʥʴ 

ʫʜʘʣʝʥʠʷ ʩʝʨʳ, ʥʦ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʤʳʰʣʝʥʥʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ. ʂʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʨʝʙʫʶʱʠʝ 

ʫʯʝʪʘ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʢʠʩʣʝʥʠʶ ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʦʙʝʩʩʝʨʠʚʘʥʠʶ 

ʨʝʘʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ: 

1. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʝʨʳ: ʦʧʨʝʜʝʣʷʷ ʠʩʭʦʜʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʪʦʧʣʠʚʝ ʤʦʞʥʦ ʠʤʝʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʳʙʦʨʝ ʦʢʠʩʣʠʪʝʣʷ ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ 

ʪʘʢʞʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. 

2. ɺʨʝʤʷ ʦʢʠʩʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ. ʊʠʧʠʯʥʳʡ ʜʠʘʧʘʟʦʥ 

ʚʨʝʤʝʥʠ ʦʢʠʩʣʝʥʠʷ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 2 ʤʠʥʫʪ ʜʦ 6 ʯʘʩʦʚ ʠ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʩʳʨʴʷ, 

ʫʩʣʦʚʠʡ, ʪʠʧʘ ʦʢʠʩʣʠʪʝʣʷ ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʦʜʙʦʨ ʚʨʝʤʝʥʠ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʫʯʝʪʦʤ ʚʩʝʭ 

ʥʘʧʠʩʘʥʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʠ ʙʳʩʪʨʦʤ ʦʢʠʩʣʝʥʠʠ ʚʦʟʤʦʞʥʦ 

ʥʝʧʦʣʥʦʝ ʦʢʠʩʣʝʥʠʝ, ʪʦʛʜʘ ʢʘʢ ʜʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ 

ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʦʢʠʩʣʝʥʠʷ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʡ ʢʦʥʚʝʨʩʠʠ. 

3. ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʠʩʣʝʥʠʷ: ʧʘʨʘʤʝʪʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ, ʥʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʫʩʢʦʨʝʥʠʶ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʧʣʠʚʘ. 

4. ʉʦʦʪʥʦʰʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴ/ʩʝʨʘ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʤʝʞʜʫ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʱʝʡ ʩʝʨʳ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʦʢʠʩʣʠʪʝʣʷ. ʅʫʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʝʜʦʩʪʘʪʦʢ 

ʦʢʠʩʣʠʪʝʣʷ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʘ ʠʟʙʳʪʦʢ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʪʨʘʪʳ ʠ ʤʦʞʝʪ ʢ ʥʝʞʝʣʘʪʝʣʴʥʳʤ 

ʧʦʙʦʯʥʳʤ ʧʨʦʮʝʩʩʘʤ. 

5. ʉʦʦʪʥʦʰʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨ/ʩʝʨʘ ʚʣʠʷʝʪ ʢʘʢ ʥʘ ʢʦʥʚʝʨʩʠʶ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʚʳʙʨʘʥʥʳʭ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʥʘ ʩʨʦʢ ʩʣʫʞʙʳ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʆʧʪʠʤʠʟʘʮʠʷ 

ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʦʯʠʩʪʢʠ. 

6. ʉʦʦʪʥʦʰʝʥʠʝ ʵʢʩʪʨʘʛʝʥʪ/ʪʦʧʣʠʚʦ: ʚʘʞʥʳʡ ʧʘʨʘʤʝʪʨ ʜʣʷ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ. ʂʦʣʠʯʝʩʪʚʦ ʵʢʩʪʨʘʛʝʥʪʘ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ 

ʩʫʣʴʬʦʥʦʚ, ʚʤʝʩʪʝ ʩ ʪʝʤ ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ ʵʢʩʪʨʘʛʝʥʪʘ ʥʝʞʝʣʘʪʝʣʝʥ ʚʚʠʜʫ ʝʛʦ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ 

ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʛʝʥʝʨʘʮʠʠ. 

7. ʊʝʤʧʝʨʘʪʫʨʘ ʵʢʩʪʨʘʢʮʠʠ ʚʣʠʷʝʪ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʦʢʠʩʣʝʥʥʳʭ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʵʢʩʪʨʘʛʝʥʪʝ, ʘ ʪʘʢʞʝ ʟʘʯʘʩʪʫʶ ʚʘʞʥʘ ʧʨʠ ʦʯʠʩʪʢʠ ʪʷʞʝʣʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. ɺ ʦʩʥʦʚʥʦʤ 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʢʮʠʠ, ʥʦ ʪʨʝʙʫʝʪ ʢʦʥʪʨʦʣʷ ʟʘ 

ʠʩʧʘʨʷʝʤʦʩʪʴʶ ʢʦʤʧʦʥʝʥʪʦʚ. 
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ʇʝʨʝʥʦʩ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʤʦʜʝʣʴʥʳʭ ʩʤʝʩʷʭ, ʚ ʦʙʣʘʩʪʴ ʨʝʘʣʴʥʳʭ ʪʦʧʣʠʚ 

ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʫʩʣʦʞʥʷʶʱʠʭ ʬʘʢʪʦʨʦʚ: ʩʦʩʪʘʚʘ ʩʳʨʴʷ (ʨʠʩ. 22) ʠ ʥʘʣʠʯʠʷ ʧʨʠʤʝʩʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ, ʤʝʪʘʣʣʦʚ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʷʜʦʚ ʠʣʠ ʢʦʥʢʫʨʝʥʪʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ. 

 

ʈʠʩʫʥʦʢ 22. ɺʠʜʳ ʪʦʧʣʠʚʘ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʙʝʩʩʝʨʠʚʘʪʴ ʩ ʤʝʪʦʜʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ [81] 

ɺʳʙʦʨ ʤʝʪʦʜʘ ʚʳʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ 

ʆʢʠʩʣʝʥʥʳʝ ʧʦʣʷʨʥʳʝ ʧʨʦʜʫʢʪʳ ʤʦʞʥʦ ʫʜʘʣʪ̫ʴ ʠʟ ʪʦʧʣʠʚʘ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ï 

ʵʢʩʪʨʘʢʮʠʷ [84], ʘʜʩʦʨʙʮʠʷ [85], ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ [86] ʠʣʠ ʙʠʦʦʙʝʩʩʝʨʠʚʘʥʠʝ [87]. 

ʋʜʘʣʝʥʠʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ  ʤʝʪʦʜʦʤ ʵʢʩʪʨʘʢʮʠʠ ï ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʤʝʪʦʜ, 

ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʙʦʣʝʝ ʧʦʣʷʨʥʳʝ ʦʢʠʩʣʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ  ʤʦʞʥʦ ʠʟʚʣʝʯʴ ʧʦʣʷʨʥʳʤ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ. ʆʩʥʦʚʥʳʝ ʵʢʩʪʨʘʛʝʥʪʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʦʙʝʩʩʝʨʠʚʘʥʠʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 23, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷʯ ʤʝʪʘʥʦʣ, N-

ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥ, ʘʮʝʪʦʥʠʪʨʠʣ ʠ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ. ʄʝʪʦʜ ʘʜʩʦʨʙʮʠʠ ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʢʘʪʴ 

ʩʫʣʴʬʦʥʳ ʟʘ ʩʯʝʪ ʠʭ ʘʜʩʦʨʙʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʧʦʣʷʨʥʦʩʪʴʶ, ʯʪʦ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʛʣʫʙʦʢʦʡ ʦʯʠʩʪʢʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʤʝʩʝʡ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʜʝʩʪʨʫʢʮʠʠ ʩʫʣʴʬʦʥʦʚ ʜʦ SO2 ʠ ʫʛʣʝʚʦʜʦʨʦʜʘ, ʵʪʦ ʵʥʝʨʛʦʟʦʪʨʘʪʥʳʡ ʤʝʪʦʜ, ʥʦ ʦʥ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʠʪʴ ʩʝʨʫ ʠ ʩʦʭʨʘʥʠʪʴ ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ ʩʢʝʣʝʪ. ɹʠʦʦʙʝʩʩʝʨʠʚʘʥʠʝ, 

ʧʨʦʚʝʜʝʥʥʦʝ  ʧʦʩʣʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ  ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ 

ʤʝʪʘʙʦʣʠʟʠʨʦʚʘʪʴ ʩʫʣʴʬʦʥʳ, ʯʪʦ ʚ ʮʝʣʦʤ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʠʦʦʙʝʩʝʨʠʚʘʥʠʝʤ 

ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, ʥʦ ʚʩʝ ʨʘʚʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʮʝʩʩ ʧʨʦʠʛʨʳʚʘʝʪ ʠʟ-ʟʘ 

ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ.  
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2.2.1. ʂʘʪʘʣʠʟʘʪʦʨʳ ʦʙʝʩʩʝʨʠʚʘʥʠʷ 

ɺ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʠʩʧʦʣʴʟʫʪʁʩʷ ʛʦʤʦʛʝʥʥʳʝ ʠ ʛʝʪʝʨʦʛʝʥʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ. ʀʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʫʜʘʣʝʥʠʷ ʩʝʨʳ ʠʟ 

ʤʦʜʝʣʴʥʦʛʦ ʠʣʠ ʨʝʘʣʴʥʦʛʦ ʩʳʨʴ.̫ ɻʦʤʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʙʣʘʜʘʶʪ ʪʘʢʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, 

ʢʘʢ ʚʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʧʦʚʳʰʝʥʥʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʩʩʦʧʝʨʝʥʦʩʫ. ʊʘʢ ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʦʦʪʥʦʰʝʥʠʠ O/S=8 ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʥʫʪʴ 

83% ʩʪʝʧʝʥʠ ʩʝʨʦʦʯʠʩʪʢʠ ʢʝʨʦʩʠʥʘ ʩ ʠʩʭʦʜʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ 1600 ppm [88]. ʆʜʥʘʢʦ 

ʦʪʜʝʣʝʥʠʝ ʠ ʨʝʛʝʥʝʨʘʮʠʷ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʣʦʞʥʦʩʪʴ ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ [89]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʛʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʩʪʘʣʠ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳ ʚ ʨʘʙʦʪʘʭ ʧʦ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʦʙʝʩʩʝʨʠʚʘʥʠ ʁ [90]. ɻʝʪʝʨʦʛʝʥʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʁ, ʚʦʟʤʦʞʥʦʩʪʴ ʁ ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʆʩʥʦʚʥʳʝ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʝ ʢʣʘʩʩʳ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 24. 

 

ʈʠʩʫʥʦʢ 24.ʊʠʧʳ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ 

 

ʈʠʩʫʥʦʢ 23. ʕʢʩʪʨʘʛʝʥʪʳ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ 
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ʆʢʩʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʛʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, 

ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʘʭ. ʆʢʩʠʜʳ TiO2, Fe2O3, Fe3O4, ZnO, CeO2 ʧʨʦʷʚʣʷʶʪ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʝʥʝʨʘʮʠʠ ʜʝʣʘʝʪ ʵʪʠ ʦʢʩʠʜʳ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʘʭ. ʆʢʩʠʜ r ʪʠʪʘʥʘ ʠ ʮʠʥʢʘ ʧʨʦʷʚʣʷʶʪ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʘʢʪʠʚʥʳʡ ʢʠʩʣʦʨʦʜ  ʠ ʦʢʠʩʣʠʪʴ ʤʦʜʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʜʦ ʩʚʝʨʭʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ 

ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ [91]. ʆʢʩʠʜʳ ʞʝʣʝʟʘ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ, ʪʘʢ ʢʘʢ ʦʙʨʘʟʫʶʪ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ (ĿOH), ʢʦʪʦʨʳʝ ʦʢʠʩʣʷʶʪ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠ,̫ ʧʦʟʚʦʣʷʷ ʩʥʠʞʘʪʴ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʨʳ ʩ 9600 ppm ʜʦ 900 ppm 

[92].  ʆʢʩʠʜ ʮʝʨʠʷ (IV) ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʨʘʜʠʢʘʣʳ ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ 

Ce3+▀ Ce4+ [93]. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʩʠʜʥʦʡ ʩʤʝʩʠ  CeO2-Cu2O  ʩ ʤʦʣʷʨʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 1:0,5 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 60ÁC  ʚ ʪʝʯʝʥʠʠ 30 ʤʠʥʫʪ ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ 84% ʜʣʷ ʤʦʜʝʣʴʥʦʡ 

ʩʤʝʩʠ (ɼɹʊ ʚ ʥ-ʜʦʜʝʢʘʥʝ) ʩ ʠʩʭʦʜʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ 8600 ppm [94]. ʅʘ ʨʠʩ. 25 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʤʘʨʰʨʫʪʳ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʩʠʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʚʢʣʶʯʘʶʱʠʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩʘ (ʘ) ʠʣʠ ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʨʘʜʠʢʘʣʦʚ (ʙ).  

 

ʈʠʩʫʥʦʢ 25. ʉʭʝʤʳ ʦʢʠʩʣʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ - ʘ) ʤʘʨʰʨʫʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩʘ, ʙ) ï ʤʘʨʰʨʫʪ ʯʝʨʝʟ ʛʝʥʝʨʠʨʦʚʘʥʠʝ 

ʨʘʜʠʢʘʣʦʚ [27] 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʤʦʜʠʬʠʮʠʨʫʶʪ ʧʫʪʝʤ ʠʭ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʥʘ ʧʦʨʠʩʪʳʭ ʥʦʩʠʪʝʣʷʭ ʩ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʣʠ ʧʫʪʝʤ ʧʨʠʜʘʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ (ʥʘʧʨʠʤʝʨ, ʢʠʩʣʦʪʥʳʭ). ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʥʦʩʠʪʝʣʠ ʢʘʢ 

ʮʝʦʣʠʪ r[95], ʤʝʟʦʧʦʨʠʩʪʳʝ ʩʠʣʠʢʘʪʳ (SBA-15 ʠ ʪ.ʜ.) [96], Al 2O3 [97], SiO2 [3] ʠ ʪ.ʜ. ʅʦʩʠʪʝʣʴ 

ʫʚʝʣʠʯʠʚʘʝʪ ʜʠʩʧʝʨʩʥʦʩʪʴ ʘʢʪʠʚʥʦʡ ʬʘʟʳ, ʪʝʨʤʠʯʝʩʢʫʶ ʠ ʭʠʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʘʥʩʧʦʨʪ ʨʝʘʛʝʥʪʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ (ʀɾ) ʙʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʚʦʟʤʦʞʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ. 

ʉʦʯʝʪʘʥʠʝ ʬʫʥʢʮʠʡ ʵʢʩʪʨʘʛʝʥʪʘ ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʟʚʦʣʠʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚrʡ ʤʝʪʦʜ 
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ʵʢʩʪʨʘʢʪʠʚʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ [98] ʀɾ 1-ʙʫʪʠʣ-

3ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʡ ʛʠʜʨʦʩʫʣʴʬʘʪ ([BMIM ][HSO4]) ʠ N-ʙʫʪʠʣʧʠʨʠʜʠʥʠʡ ʛʠʜʨʦʩʫʣʴʬʘʪ 

([C4Py][HSO4]) ʷʚʣʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʠ ʵʢʩʪʨʘʛʝʥʪʘʤʠ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʙʝʩʩʝʨʠʚʘʥʠʝ ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ 99,6% ʟʘ 90 ʤʠʥʫʪ [99].  

 

ʈʠʩʫʥʦʢ 26. ʂʘʪʘʣʠʟʘʪʦʨʳ ʇʆʄ ʠ ʄʆʂ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ [89] 

ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʀɾ ʥʘ ʪʚʝʨʜʳʭ ʥʦʩʠʪʝʣʷʭ  ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʠʭ 

ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʛʨʘʥʠʯʝʥʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʠ ʠ ʩʣʦʞʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʦʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ. ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʀɾ ʥʘ ʪʚʝʨʜʳʭ 

ʥʦʩʠʪʝʣʷʭ, ʪʘʢʠʭ ʢʘʢ ʩʠʣʠʢʘʛʝʣʴ, ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʳ ʠ ʮʝʦʣʠʪʳ, ʘʢʪʠʚʥʦ ʠʟʫʯʘʣʘʩʴ ʚ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ. ʀɾ [BMIM ]FeCl4, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥr ʡ ʥʘ SiO2, ʵʬʬʝʢʪʠʚʥʦ ʦʢʠʩʣʷʝʪ ɼɹʊ ʜʝʡʩʪʚʠʝʤ 

ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ: ʧʨʠ 30ÁC ʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʆ/S=4 ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʫʣʴʪʨʘʥʠʟʢʠʭ 

ʟʥʘʯʝʥʠʠ ʩʝʨʳ ʚ ʤʦʜʝʣʴʥʦʤ ʪʦʧʣʠʚʝ ʟʘ 60 ʤʠʥʫʪ [100]. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʀɾ 

[pmim]FeCl4, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʡ ʥʘ SBS-15, ʧʨʦʷʚʠʣ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, 

ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʤʫ ʨʘʟʤʝʨʫ ʧʦʨ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ [101]. ʈʝʛʝʥʝʨʘʮʠʷ ʀɾ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʤʥʦʛʦʢʨʘʪʥʦ, ʯʪʦ ʚʘʞʥʦ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ [102].  

ʇʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʳ (ʇʆʄ), ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʘʩʩ ʘʥʠʦʥʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʩʦʩʪʦʷʱʠʭ 

ʠʟ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ ʠ ʢʠʩʣʦʨʦʜʘ ʠ ʦʙʣʘʜʘʶʱʠʭ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʠ 

ʦʩʦʙʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʘ ʨʠʩ. 26 ʧʦʢʘʟʘʥʳ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʇʆʄ ʠ ʄʆʂ, 

ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ.  ʉʪʨʫʢʪʫʨʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʨʘʟʦʚʘʥʘ 

ʝʜʠʥʠʮʘʤʠ MOx, ʛʜʝ ʍ=4, 5, 6 ʠʣʠ 7, ʦʙʨʘʟʫʶʱʠʤʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʩʦʝʜʠʥʝʥʥʳʝ 

ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ ʦʙʱʠʝ ʛʨʘʥʠ. ʇʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʝʜʠʥʝʥʠʷ ʂʝʛʛʠʥʦʚʦʛʦ ʠ ɼʦʫʩʦʥʦʚʩʢʦʛʦ ʪʠʧʦʚ, ʮʝʥʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʘʣʠʯʠʝʤ ʚʳʩʦʢʠʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ, ʚʳʨʘʞʝʥʥʳʤʠ ʢʠʩʣʦʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴ  ʁ ʢ ʦʢʠʩʣʠʪʝʣʷʤ [103]. ʉ ʜʘʥʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ, ʪʘʢ ʢʘʢ ʦʙʨʘʟʫʝʪ ʩ ʥʠʤʠ ʚr ʩʦʢʦʘʢʪʠʚʥʳʝ ʧʝʨʦʢʩʦ-ʢʦʤʧʣʝʢʩʳ ʩ 

ʇʆʄ ʩʪʨʫʢʪʫʨʦʡ ʂʝʛʛʠʥʘ ʠ ʠʤʝʶʱʠʭ ʦʙʱʫʶ ʬʦʨʤʫ [XM 12O40]n (ʛʜʝ X-ʛʝʪʝʨʦʘʪʦʤ, ʘ ʄ-
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ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʤʝʪʘʣʣʘ). ɿʘʤʝʱʝʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚʦʣʴʬʨʘʤʦʤ ʚ ʬʦʩʬʦʤʦʣʠʙʜʝʥʦʚʳʭ ʢʠʩʣʦʪʘʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ɼɹʊ ʠʟ ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʜʝʡʩʪʚʠʝʤ H2O2. 

ʇʨʠ 60ÁC ʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ O/S=15 ʚ ʪʝʯʝʥʠʠ 150 ʤʠʥʫʪ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʩʪʝʧʝʥʠ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ 99,97% [104]. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ʚʘʥʘʜʠʡ ʩʦʜʝʨʞʘʱʠʭ ʇʆʄ ʪʠʧʘ 

ɼʦʫʩʦʥʘ ((H11P2W13V5O62), ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʧʨʠ 70ÁC ʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ O/S=4 ʟʘ 45 ʤʠʥʫʪ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʩ 1500 ppm ʜʦ 150 ppm [105]. ʆʛʨʘʥʠʯʝʥʥʘʷ 

ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʇʆʄ ʩʪʠʤʫʣʠʨʫʶʪ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʠʭ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʥʦʩʠʪʝʣʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʀɾ. ʊʘʢʠʝ ʥʦʩʠʪʝʣʠ ʢʘʢ ʤʝʪʘʣʣ-

ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ (ʄʆʂ), ʢʨʝʤʥʝʟʝʤ rʠ ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚʳʟʳʚʘʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ,  

ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʇʆʄ ʪʠʧʘ ʂʝʛʛʠʥʘ, 

ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʢʨʝʤʥʝʟʝʤʥʳʝ ʥʦʩʠʪʝʣʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʘʣʢʠʣʘʤʠʥʦʬʦʩʬʘʟʝʥʘʤʠ 

(POM/RPN-SiO2), ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʛʘʪʴ 100% ʢʦʥʚʝʨʩʠʠ ɼɹʊ ʚ ʤʦʜʝʣʴʥʦʤ ʪʦʧʣʠʚʝ ʫʞʝ ʧʨʠ 60ÁC 

[106]. ʀʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ  ʥʦʩʠʪʝʣʷ ʄʆʂ, ʜʣʷ 

ʯʝʛʦ  ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʇʆʄ ʪʠʧʘ ɼʦʫʩʦʥʘ ʩʦʩʪʘʚʘ H6+nP2Mo18-nVnO62·mH2O (ʛʜʝ n=2,3,4 ʠ 5), 

ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʣʠ ʥʘ ʛʠʙʨʠʜʥʳʡ ʤʘʪʝʨʠʘʣ CNTs@MOF-199 ʩ ʧʦʣʫʯʝʥʠʝʤ ʨʷʜʘ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦʩʪʘʚʘ CNTs@MOF-199-POM, ʢʦʪʦʨʳʝ ʧʨʦʷʚʠʣʠ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ [107]. ɺ ʨʘʙʦʪʝ [108] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʀɾ ʥʘ 

ʦʩʥʦʚʝ ʇʆʄ, ʠʤʝʶʱʫ  ʁʩʦʩʪʘʚ [Omim]3PMo12O40, ʢʦʪʦʨʫʶ ʠʤʤʦʙʠʣʠʟʦʚʳʚʘʣʠ ʥʘ ʥʦʩʠʪʝʣʝ  KIT-

6. ʇʦʣʫʯʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʩʦʩʪʘʚʘ [Omim]3PMo12O40/KIT-6 ʠʟʫʯʘʣʠ ʚ ʦʢʠʩʣʝʥʠʠ ʤʦʜʝʣʴʥʳʭ 

ʪʦʧʣʠʚ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ. ʇʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ O/S=5 ʠ ʜʦʟʠʨʦʚʢʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ 0,006% ʧʨʠ 60ÁC ʫʜʘʣʦʩʴ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʠʪʴ ʠʟ ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 1000 ppm ʩʝʨʳ 

ʟʘ 80 ʤʠʥʫʪ. ʇʨʠ ʵʪʦʤ ʢʘʪʘʣʠʟʘʪʦʨ ʩʦʭʨʘʥʷʣ ʘʢʪʠʚʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ 9 ʮʠʢʣʦʚ (ʨʠʩ. 27). 
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ʈʠʩʫʥʦʢ 27. ʂʘʪʘʣʠʟʘʪʦʨ [Omim]3PMo12O40/KIT-6 ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ[109].  

ʄʝʪʘʣʣʦ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ (ʄʆʂ), ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʩ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʷʟʳʚʘʥʠʷ ʠʦʥʦʚ 

ʤʝʪʘʣʣʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. ʀʭ hʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʪʘʣʠʟʝ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʦʙʝʩʩʝʨʠʚʘʥʠʠ, ʦʙʫʩʣʦʚʣʝʥʦ ʨʷʜʦʤ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ: ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʨʝʛʫʣʠʨʫʝʤʘʷ ʛʠʜʨʦʬʦʙʥʦʩʪʴ, ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ 

ʥʝʧʦʣʷʨʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʠ ʥʘʩʪʨʘʠʚʘʝʤʘʷ ʧʦʨʠʩʪʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʵʬʬʝʢʪʠʚʥʳʡ 

ʤʘʩʩʦʧʝʨʝʥʦʩ [110]. ʎʠʨʢʦʥʠʝʚʳʝ ʄʆʂ UIO-66(Zr) ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʧʦʟʚʦʣʷʷ ʜʦʩʪʠʛʘʪʴ 100% ʫʜʘʣʝʥʠʷ ɼɹʊ ʠʟ ʤʦʜʝʣʴʥʦʛʦ ʩʳʨʴʷ 

[111] (ʨʠʩ. 28(ʘ)). ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʢʘʪʘʣʠʟʘʪʦʨʘ MFM-300(V) ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʫʜʘʣʦʩʴ 

ʜʦʩʪʠʯʴ ʚʳʩʦʢʠʭ ʢʦʥʚʝʨʩʠʡ ɼɹʊ ʠ 4,6-ɼʄɼɹʊ 99,6 % ʠ 98,1 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  [112] (ʨʠʩ. 27(ʙ)). 

ʊʠʪʘʥʦʚʳʝ ʄʆʂ ʚʠʜʘ ʄIL-100(Fe) ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʤʝʟʦʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ [113]. ʄʆʂ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʇʆʄ, ʥʘʧʨʠʤʝʨ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚ ʦʜʥʫ ʩʪʘʜʠʶ ʢʘʪʘʣʠʟʘʪʦʨ r

PW11Z@AMOF, ʩʦʩʪʦʷʱʠʝ ʠʟ ʄʆʂ (NH2- MIL -101(Al)) ʠ ʇʆʄ (PW11Z). ʊʘʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨ r

ʦʙʝʩʧʝʯʠʚʘʪʁ ʧʦʣʥʦʝ ʦʢʠʩʣʝʥʠʝ ɼɹʊ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʚ ʤʦʜʝʣʴʥʦʤ ʪʦʧʣʠʚʝ ʟʘ 6 ʯ [114]. 

ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʧʨʦʮʝʩʩʘʭ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʠ ʨʘʟʤʝʨʦʤ ʧʦʨ ʄʆʂ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʧʦʨʠʩʪʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʪʠʧʫ ʩʳʨʴʷ ʠ ʩʫʙʩʪʨʘʪʘ. 
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ʈʠʩʫʥʦʢ 28. ʘ) ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ ɼɹʊ ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ UIO-66(Zr) [130], ʙ) 

ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ MFM-300(V) ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ [112]  

ʋʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ, ʛʨʘʬʝʥ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ 

ʦʢʩʠʜ ʛʨʘʬʝʥʘ ʠ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʛʨʘʬʠʪʦʚʳʡ ʫʛʣʝʨʦʜʥʳʡ ʥʠʪʨʠʜ (g-C3N4) ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʛʠʙʨʠʜʥʳʝ ʥʦʩʠʪʝʣʠ ʣʠʙʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ [96]. ɿʥʘʯʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʪʝʤʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʫʛʣʝʨʦʜʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʢʘʢ ʥʦʩʠʪʝʣʠ [115]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʛʠʙʨʠʜʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ 

ʩʦʯʝʪʘʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʘʢʪʠʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ (ʇʆʄ, ʀɾ, ʘ ʪʘʢʞʝ 

ʦʢʩʠʜʳ ʠ ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ), ʧʦʟʚʦʣʷʪʁ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 

ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ. ʋʛʣʝʨʦʜʥʘʷ ʤʘʪʨʠʮʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʜʠʩʧʝʨʩʠʶ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʫʯʘʩʪʚʫʝʪ ʚ ʧʝʨʝʥʦʩʝ ʵʣʝʢʪʨʦʥʦʚ, ʘʜʩʦʨʙʠʨʫʝʪ ʩʫʙʩʪʨʘʪʳ ʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ. ɸʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʢʠʩʣʠʪʝʣʝʡ ʬʦʨʤʠʨʫʶʪ ʘʢʪʠʚʥʫʶ 

ʬʦʨʤʫ (ʥʘʧʨʠʤʝʨ, ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʮʠʢʣʘ [116]. ɺʳʨʘʱʝʥʥʳʡ ʜʠʦʢʩʠʜ ʤʦʣʠʙʜʝʥʘ ʚ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʢʘʭ ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʫʜʘʣʷʷ ʜʦ 98% ɼɹʊ, ʧʨʠ ʵʪʦʤ 

ʥʘʥʦʪʨʫʙʢʠ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʥʘʥʦʨʝʘʢʪʦʨ [117]. ʅʘʥʝʩʸʥʥʳʝ ʥʘ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ ʇʆʄ ʪʠʧʘ 

ʂʝʛʛʠʥʘ ʦʙʝʩʧʝʯʠʣʠ 100% ʫʜʘʣʝʥʠʷ ɹʊ ʠʟ ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʦʢʠʩʣʠʪʝʣʷ 30% ʨʘʩʪʚʦʨʘ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ [118]. 
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ʈʠʩʫʥʦʢ 29. ʘ) ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʉ12PW/g-C3N4,  ʙ) 

ʤʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʝʪʘʣʣ-ʩʚʦʙʦʜʥʦʛʦ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ, ʚ) ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʛʠʙʨʠʜʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ [115] 

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʬʦʩʬʦʨʦʚʦʣʴʬʨʘʤʦʚʘʷ ʢʠʩʣʦʪʘ ʩ 

ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʤ ʢʘʪʠʦʥʦʤ [cmim]3PW12O40 ʟʘʢʨʝʧʣʝʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʪʦʚʦʛʦ ʥʠʪʨʠʜʘ 

ʫʛʣʝʨʦʜʘ (g-C3N4). ʊʘʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʜʠʩʧʝʨʛʠʨʫʝʤʦʩʪʴ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʢʘʢ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ, ʪʘʢ ʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ ʦʢʠʩʣʠʪʝʣʴ ʧʝʨʦʢʩʠʜ 

ʚʦʜʦʨʦʜʘ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʢʘʟʘʣ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʟʚʦʣʷʷ ʚ 

ʤ̫ ʛʢʠʭ ʫʩʣʦʚʠʷʭ ʟʘ 60 ʤʠʥʫʪ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʷʪʴ ʩʝʨʫ [119] (ʨʠʩ. 29(ʘ)). ʂʣʘʩʪʝʨ Mo132 ʚ ʚʠʜʝ 

ʥʘʥʦʰʘʨʦʚ ʥʘʥʦʩʠʣʠ ʥʘ ʦʢʩʠʜ ʛʨʘʬʝʥʘ, ʠ ʠʟʫʯʘʣʠ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʦʜʝʣʴʥʦʤ 

ʪʦʧʣʠʚʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ɼɹʊ 500 ppm, ʟʘ 150 ʤʠʥʫʪ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ O/S=6 ʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 60ÁC ʫʜʘʣʦʩʴ ʫʜʘʣʠʪʴ 99 % ʩʝʨʳ [120]. ʉʚʦʙʦʜʥʳʡ ʦʪ ʤʝʪʘʣʣʘ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ 

ʫʛʦʣʴ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʧʝʨʦʢʩʠʜʦʤ 

ʚʦʜʦʨʦʜʘ. ɸʢʪʠʚʠʨʦʚʘʥʥʳʝ ʫʛʣʠ ʢʘʪʘʣʠʟʠʨʫʶʪ ʨʘʟʣʦʞʝʥʠʝ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʢʦʪʦʨʳʝ ʦʢʠʩʣʷʶʪ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʜʦ ʩʫʣʴʬʦʥʦʚ. ʅʘʠʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 60ÁC ʟʘ 24 ʯ [121] (ʨʠʩ. 29 ʙ)). ʇʦʣʫʯʝʥʥʳʡ ʠʟ ʥʝʬʪʷʥʦʛʦ ʢʦʢʩʘ 

ʧʦʨʠʩʪʳʡ ʛʨʘʬʝʥ, ʣʝʛʠʨʦʚʘʥʥʳʡ ʘʟʦʪʦʤ ʠ ʢʠʩʣʦʨʦʜʦʤ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʙʝʟʤʝʪʘʣʣʴʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʢʠʩʣʦʨʦʜ ʚʦʟʜʫʭʘ, ʧʨʠ 120ÁC ʟʘ 120 ʤʠʥʫʪ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ 98,5% ʢʦʥʚʝʨʩʠʠ ɼɹʊ (ʨʠʩ. 29 ʚ) 

ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ) [122]. 
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ɻʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʞʠʜʢʠʭ ʪʦʧʣʠʚ, ʠ ʠʭ ʨʘʟʚʠʪʠʝ ʚ ʙʫʜʫʱʝʤ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʩɹʷ ʩʣʝʜʫʶʱʠʤʠ 

ʪʝʥʜʝʥʮʠʷʤʠ: 

¶ ʨʘʟʨʘʙʦʪʢʘ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ; 

¶ ʫʣʫʯʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ; 

¶ ʠʥʪʝʛʨʘʮʠʷ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʛʠʙʨʠʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

¶ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ, ʥʘʯʠʥʘʷ ʩ ʨʘʟʨʘʙʦʪʢʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʩ ʫʯʝʪʦʤ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. 

 

2.2.2. ʆʢʠʩʣʠʪʝʣʠ ʜʣʷ ʦʙʝʩʩʝʨʠʚʘʥʠʷ 

ɺʳʙʦʨ ʦʢʠʩʣʠʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ 

ʪʦʧʣʠʚʘ, ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʩʪʘʪʦʯʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʩʝʨʳ. ʆʢʠʩʣʠʪʝʣʴ ʚʣʠʷʝʪ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʩʝʨʳ, ʩʪʦʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ. ʈʦʣʴ ʦʢʠʩʣʠʪʝʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʢʠʩʣʦʨʦʜʘ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʫʣʴʬʦʥʳ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʦʢʠʩʣʠʪʝʣʝʡ ï 

ʞʠʜʢʠʝ, ʪʚʝʨʜʳʝ, ʛʘʟʦʦʙʨʘʟʥʳʝ ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʠ. ʆʢʠʩʣʠʪʝʣʠ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʦʙʝʩʩʝʨʠʚʘʥʠʠ, ʤʦʞʥʦ ʩʛʨʫʧʧʠʨʦʚʘʪʴ ʢʘʢ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ, ʤʘʩʣʦʨʘʩʪʚʦʨʠʤʳʝ 

ʠ ʛʘʟʦʦʙʨʘʟʥʳʝ (ʨʠʩ. 30). 

 

ʈʠʩʫʥʦʢ 30. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʦʢʠʩʣʠʪʝʣʝʡ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʦʙʝʩʩʝʨʠʚʘʥʠʠ 

ɻʘʟʦʦʙʨʘʟʥʳʝ ʦʢʠʩʣʠʪʝʣʠ  

ʂʠʩʣʦʨʦʜ/ʢʠʩʣʦʨʦʜ ʚʦʟʜʫʭʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʜʦʩʪʫʧʥʳʭ, ʜʝʰʸʚʳʭ ʠ ʵʢʦʣʦʛʠʯʥʳʭ 

ʦʢʠʩʣʠʪʝʣʝʡ. ʄʦʞʝʪ ʦʢʠʩʣʷʪʴ ʪʠʦʬʝʥʳ, ʙʝʥʟʦʪʠʦʬʝʥʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ, ʥʦ ʤʘʣʦʘʢʪʠʚʝʥ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʣʷ ʝʛʦ ʘʢʪʠʚʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨ. ʈʘʩʩʤʦʪʨʠʤ ʚ ʢʘʯʝʩʪʚʝ 

ʦʢʠʩʣʠʪʝʣʷ ʢʠʩʣʦʨʦʜ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʩʦ ʚʩʝʤʠ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʪʠʧʘʤʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʂʘʪʘʣʠʟʘʪʦʨʳ V2O5/TiO2 
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ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ 

ʜʠʩʧʝʨʛʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʥʘʥʦʯʘʩʪʠʮʳ ʦʢʩʠʜʘ ʚʘʥʘʜʠʷ ʨʘʟʤʝʨʦʤ 3ï10 

ʥʤ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʦʢʩʠʜʘ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʢʪʠʚʥʦʩʪʠ 

ʜʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʚʝʨʩʠʷ ɼɹʊ ʜʦʩʪʠʛʘʝʪʩʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʤʠʥʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ, ʧʨʠ 120ÁC ʟʘ 80 ʤʠʥʫʪ 

[123]. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʥʘʥʦʨʘʟʤʝʨʥʳʡ ʦʢʩʠʜ ʚʘʥʘʜʠʷ ʩ ʢʠʩʣʦʨʦʜʥʳʤʠ ʚʘʢʘʥʩʠʷʤʠ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ. ɺ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʝʸ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʦʯʠʱʝʥʥʦʡ ʬʨʘʢʮʠʠ 

ʩʦʩʪʘʚʣʷʣʦ ʤʝʥʝʝ 2 ppm. ʊʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʣʷʣʘ 120°C, ʘ ʩʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʦʢʠʩʣʝʥʠʷ ʧʦʨʷʜʢʘ 3 ʯʘʩʦʚ [124]. ɽʩʣʠ ʨʘʙʦʪʘ [123] ʩʬʦʢʫʩʠʨʦʚʘʥʘ ʥʘ ʚʳʩʦʢʦʪʦʯʥʦʤ ʢʦʥʪʨʦʣʝ 

ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʚʘʥʘʜʠʷ, ʪʦ ʨʘʙʦʪʘ [124] ʧʨʝʜʣʘʛʘʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ, ʙʦʣʝʝ 

ʤʘʩʰʪʘʙʠʨʫʝʤʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʩʨʘʚʥʠʤʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʜʘʣʝʥʠʷ 

ʩʝʨʳ (ʜʦ 99.7%) ʧʨʠ ʙʦʣʴʰʝʡ ʧʨʦʩʪʦʪʝ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʄʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ ʩ ʢʠʩʣʦʨʦʜʦʤ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩ. 31 ʠ ʚʢʣʶʯʘʝʪ ʩʪʘʜʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʢ ʘʪʦʤʘʤ ʚʘʥʘʜʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩʘ, 

ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʧʦʩʣʝʜʫʶʱʝʝ ʦʢʠʩʣʝʥʠʝ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʜʦ ʩʫʣʴʬʦʢʩʠʜʘ ʠ ʜʘʣʝʝ ʜʦ ʩʫʣʴʬʦʥʘ. 

ʀʦʥʥʫʶ ʞʠʜʢʦʩʪʴ ʩʦʩʪʘʚʘ [C4mim]Cl/FeCl3 ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨ ʚ ʧʨʦʮʝʩʩʝ 

ʘʵʨʦʙʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʨʘʩʭʦʜʦʤ ʢʠʩʣʦʨʦʜʘ 50 ʤʣ/ʤʠʥ ʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 70ÁC ʟʘ 6 ʯʘʩʦʚ ʜʦʩʪʠʛʥʫʪʘ 100% ʢʦʥʚʝʨʩʠʷ ɼɹʊ [125]. ʇʆʄ ʩʦʩʪʘʚʘ 

CNTs@PDDA@Mo16V2 ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʙʳʣʠ ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʠ ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʠʷ ʚ 

ʩʪʨʫʢʪʫʨʝ, ʦʙʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʷʚʠʣʠ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʘʵʨʦʙʥʦʤ ʦʙʝʩʩʝʨʠʚʘʥʠʠ. ʇʨʠ 70°C 

ʠ ʨʘʩʭʦʜʝ ʢʠʩʣʦʨʦʜʘ 1,5 ʣ/ʤʠʥ ʟʘ 150 ʤʠʥʫʪ ʙʳʣʦ ʫʜʘʣʝʥʦ 98% ɼɹʊ ʠʟ ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ [126]. 
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ʈʠʩʫʥʦʢ 31. ʄʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ ɼɹʊ ʢʠʩʣʦʨʦʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʘʥʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

[143] 

ɺ ʨʘʙʦʪʝ [127] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ 

ʘʢʪʠʚʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʠʦʬʝʥʫ ʢʠʩʣʦʨʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ  ʩ ʫʜʘʣʝʥʠʝʤ 98% ʩʝʨʳ ʟʘ 2 ʯʘʩʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 60ÁC. ɻʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩʦʩʪʘʚʘ Fe3O4@MOF-PMoW (FeMP= Cr, 

Cu, Zr) ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʄʆʂ-ʤʘʪʨʠʮ.  ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʘʣʣʘ ʚ ʄʆʂ-ʩʪʨʫʢʪʫʨʝ. 

ʂʘʪʘʣʠʟʘʪʦʨ, ʦʙʦʟʥʘʯʝʥʥʳʡ FeCrP, ʧʦʟʚʦʣʠʣ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʠʪʴ ʦʙʱʫʶ ʩʝʨʫ ʚ ʩʣʝʜʫʶʱʠʭ 

ʫʩʣʦʚʠʷʭ: ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ 800 ʣ/ʤʠʥ, ʪʝʤʧʝʨʘʪʫʨʘ 40°C, ʠʩʭʦʜʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ 2000 

ppm, ʚʨʝʤʷ ʨʝʘʢʮʠʠ 60 ʤʠʥ [128]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʯʠʩʪʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ 

ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʢʘʢ ʥʠʟʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʚʟʨʚʦʦʧʘʩʥʦʩʪʴ. ʂʠʩʣʦʨʦʜ ʚʦʟʜʫʭʘ 

ʙʦʣʝʝ ʜʦʩʪʫʧʝʥ ʯʝʤ ʯʠʩʪʳʡ ʢʠʩʣʦʨʦʜ, ʥʦ ʥʠʟʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʠʩʣʠʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤ ʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤʫ ʧʨʦʮʝʩʩʫ, ʢ ʪʦʤʫ ʞʝ ʘʟʦʪ ʠ ʧʨʠʤʝʩʠ ʤʦʛʫʪ ʩʥʠʞʘʪʴ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

ʆʟʦʥ: ʉʨʝʜʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ ʦʟʦʥ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʦʢʠʩʣʠʪʝʣʴʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ (2,07 ɺ) ʯʝʤ, ʢ ʧʨʠʤʝʨʫ, ʢʠʩʣʦʨʦʜ (1,23 ɺ), ʠ  ʧʦʟʚʦʣʷʝʪ ʦʢʠʩʣ̫ʪʴ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʜʘʞʝ ʙʝʟ ʫʯʘʩʪʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ [129]. ʂ ʪʦʤʫ ʞʝ ʦʟʦʥ ʥʝ ʪʨʝʙʫʝʪ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʚ ʦʪʣʠʯʠʠ ʦʪ ʢʠʩʣʦʨʦʜʘ, ʘ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ. ʏʪʦʙʳ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʢʠʩʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʧʨʠʤʝʨ, 

ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ Co3O4/ɔ-Al 2O3, ʯʪʦ ʧʦʟʚʦʣʷʝʪ  ʩʦʢʨʘʪʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʦ 30 

ʤʠʥʫʪ ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʢʦʥʚʝʨʩʠʠ ʩʫʙʩʪʨʘʪʘ 93 %. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪʘʭ ʦʟʦʥ ʢʘʢ ʦʢʠʩʣʠʪʝʣʴ 

ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʦʢʠʩʣʷʪʴ ʜʠʟʝʣʴʥʦʝ 

ʪʦʧʣʠʚʦ. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʥʘʯʘʣʴʥʳʡ ʤʘʩʩʦʧʝʨʝʥʦʩ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʪʦʧʣʠʚʥʦʡ ʬʘʟʳ ʚ ʘʮʝʪʦʥʠʪʨʠʣ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʠʩʣʝʥʠʝʤ. ʇʨʠ 

ʦʙʱʝʤ ʩʦʜʝʨʞʘʥʠʠ ʩʝʨʳ ʚ ʜʠʟʝʣʝ 1470 ppm ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ 97 % ʩʪʝʧʝʥʠ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʟʘ 20 

ʤʠʥʫʪ [130]. ɺ ʨʘʙʦʪʝ [131] ʩʤʝʰʘʥʥʦʝ ʪʦʧʣʠʚʦ (70 % ʚʘʢʫʫʤʥʳʡ ʛʘʟʦʡʣʴ ʠ 30 % ʛʘʟʦʚʳʡ 



52 

ʢʦʥʜʝʥʩʘʪ) ʧʦʜʚʝʨʛʘʣʠ ʦʢʠʩʣʝʥʠʶ ʦʟʦʥʦʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʪʨʘʢʮʠʝʡ ʚ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ, ʚ ʢʦʪʦʨʦʤ ʤʠʢʨʦʧʫʟʳʨʴʢʠ ʦʟʦʥʘ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ 

ʨʝʜʫʢʮʠʦʥʥʳʡ ʢʣʘʧʘʥ, ʥʘʩʳʱʘʣʠ ʪʦʧʣʠʚʦ ʦʟʦʥʦʤ ʚ ʢʘʤʝʨʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ʇʨʠ ʜʘʚʣʝʥʠʠ 2,5 ʙʘʨ 

ʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ 60 ʤʠʥʫʪ ʩʪʝʧʝʥʴ ʫʜʘʣʝʥʠʷ ʩʝʨʳ ʩʦʩʪʘʚʠʣʘ 75 %. ɸʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʜʦʩʪʠʛʘʣʩʷ ʧʨʠ 1,5 ʙʘʨ ʠ 90 ʤʠʥʫʪ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ. ʆʟʦʥ 

ï ʵʬʬʝʢʪʠʚʥʳʡ ʦʢʠʩʣʠʪʝʣʴ ʜʣʷ ʦʙʝʩʩʝʨʠʚʘʥʠʷ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ, 

ʥʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ ʥʠʟʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʥʘ ʤʝʩʪʝ, ʩʦʙʣʶʜʝʥʠʷ 

ʞʝʩʪʢʠʭ ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʛʝʨʤʝʪʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʄʘʩʣʦʨʘʩʪʚʦʨʠʤʳʝ ʦʢʠʩʣʠʪʝʣʠ 

ɼʚʫʭʬʘʟʥʘʷ ʩʠʩʪʝʤʘ ʚʦʜʘ-ʤʘʩʣʦ ʟʘʤʝʜʣʷʝʪ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʤʘʩʩʦʦʙʤʝʥʘ ʥʘ ʛʨʘʥʠʮʝ ʬʘʟ, ʢʨʦʤʝ ʪʦʛʦ, ʜʚʫʭʬʘʟʥʘʷ ʩʠʩʪʝʤʘ ʦʩʣʦʞʥʷʝʪ ʧʦʩʣʝʜʫʶʱʝʝ 

ʚʳʜʝʣʝʥʠʝ ʩʫʣʴʬʦʥʦʚ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʦʧʣʠʚʘ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʵʤʫʣʴʩʠʡ [132]. ʅʘʧʨʠʤʝʨ, 

ʪʘʢʠʝ ʤʘʩʣʦʨʘʩʪʚʦʨʠʤʳʝ ʦʢʠʩʣʠʪʝʣʠ, ʢʘʢ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜ ʠ ʢʫʤʦʣʛʠʜʨʦʧʝʨʦʢʩʠʜ, 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪ ɹʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʚ ʦʜʥʦʬʘʟʥʦʡ ʩʠʩʪʝʤʝ. ʇʨʦʚʝʜʝʥʠʝ ʦʢʠʩʣʝʥʠʷ ʚ ʦʜʥʦʡ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʬʘʟʝ ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʦʡ ʟʘ ʩʯʝʪ 

ʦʪʩʫʪʩʪʚʠʷ ʦʛʨʘʥʠʯʝʥʠʷ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʬʘʟ. 

ʪʨʝʪ-ɹʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜ (t-BuOOH) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʤʘʩʣʦʨʘʩʪʚʦʨʠʤʳʭ ʦʢʠʩʣʠʪʝʣʝʤ, ʧʨʦʜʫʢʪʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʪʨʝʪ-ʙʫʪʠʣʦʚʳʡ 

ʩʧʠʨʪ. ʂ ʧʨʠʤʝʨʫ, ʣʸʛʢʠʡ ʛʘʟʦʡʣʴ ʩ ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ 39 ppm ʦʙʝʩʩʝʨʠʚʘʣʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ t-BuOOH, ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʧʨʦʮʝʩʩʘ ʚʳʩʪʫʧʘʣ MoO3/Al 2O3-16 

ʤʘʩ.%. ʇʨʠ ʚʳʙʨʘʥʥʦʤ ʦʧʪʠʤʘʣʴʥʦʤ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ O/S ʨʘʚʥʦʤ 15 ʦʩʪʘʪʦʯʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʩʦʩʪʘʚʠʣʦ ʤʝʥʝʝ 5 ppm [133]. ʅʘ ʨʠʩ. 32 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʦʢʠʩʣʝʥʠʷ 

ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ, ʚʢʣʶʯʘʶʱʘʷ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʨʝʪ-

ʈʠʩʫʥʦʢ 32. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ. ʂʘʪʘʣʠʟʘʪʦʨ 

ï MoO3/Al 2O3; ʦʢʠʩʣʠʪʝʣʴ ï ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜ (t-BuOOH) 
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ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʠʩʣʝʥʠʝʤ ʩʝʨʦʩʦʜʝʨʞʘʱʝʛʦ ʩʫʙʩʪʨʘʪʘ ʩʥʘʯʘʣʘ ʜʦ 

ʩʫʣʴʬʦʢʩʠʜʘ, ʟʘʪʝʤ ʜʦ ʩʫʣʴʬʦʥʘ. 

 ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [134] ʧʨʦʮʝʩʩ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʢʝʨʦʩʠʥʘ ʙʳʣ ʠʟʫʯʝʥ ʥʘ 

ʨʷʜʝ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ. ɺ ʨʘʙʦʪʝ 

ʚʘʨʴʠʨʦʚʘʣʠ ʩʦʜʝʨʞʘʥʠʝ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʜʦ 16 ʤʘʩ. % ʠ ʥʠʞʝ), ʘ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ 

ʧʨʠʤʝʥʷʣʠ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜ. ʇʨʠ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ O/S=1,5 ʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 110ÁC ʫʜʘʝʪʩʷ ʜʦʩʪʠʛʘʪʴ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʝʡ ʩʝʨʳ ʥʘ 87 % (ʦʩʪʘʪʦʯʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ 55 ppm). ʇʦʚrh ʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʢʠʩʣʠʪʝʣʷ ʟʘ ʩʯʝʪ ʨʘʟʣʦʞʝʥʠʷ. ʆʢʩʠʜʳ ʤʦʣʠʙʜʝʥʘ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʤʝʟʦʧʦʨʠʩʪʳʝ ʢʨʝʤʥʝʟʝʤʳ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ SBA-15, MCM-41 ʠ 48 ʠʩʧʳʪʳʚʘʣʠ ʩ ʦʢʠʩʣʠʪʝʣʝʤ t-BuOOH ʚ ʨʝʘʢʪʦʨʝ ʢʘʢ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ, ʪʘʢ ʠ ʨʝʘʢʪʦʨʝ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʜʣʷ ʦʙʝʩʩʝʨʠʚʘʥʠʷ 

ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʦʙʱʝʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ 5000 ppm. ɺ ʨʝʘʢʪʦʨ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ 

ʟʘʛʨʫʞʘʣʠ 50 ʤʣ ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʥʘʛʨʝʚʘʣʠ ʜʦ 80 ÁC, ʜʦʙʘʚʣʷʣʠ 0,1 ʛ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 

ʧʨʦʚʦʜʠʣʠ ʦʢʠʩʣʝʥʠʝ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ. ɺ ʨʝʘʢʪʦʨʝ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʧʨʦʚʦʜʠʣʠ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ [135]. ʆʢʩʠʜ ʤʦʣʠʙʜʝʥʘ, ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʄʉʄ-

41 ʧʦʟʚʦʣʷʝʪ ʩʥʠʞʘʪʴ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʜʦ 81 % ʚ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: ʠʩʭʦʜʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ 800 ppm, ʪʝʤʧʝʨʘʪʫʨʘ 90 °C, ʜʦʟʠʨʦʚʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ 6 ʛ/ʣ [136].  

ʂʫʤʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜ (ʉ9H12O2). ʂʫʤʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜ ʷʚʣʷʝʪʩʷ ʚʪʦʨʳʤ ʧʦ ʧʦʣʫʣʷʨʥʦʩʪʠ 

ʤʘʩʣʦʨʘʩʪʚʦʨʠʤʳʤ ʦʢʠʩʣʠʪʝʣʝʤ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʢʠʩʣʝʥʠʷ ʨʷʜʘ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʤʦʜʝʣʴʥʦʤ ʪʦʧʣʠʚʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ MoO3/ɔ-Al2O3 

ʢʫʤʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ ʫʜʘʣʦʩʴ ʜʦʩʪʠʛʥʫʪʴ ʢʦʥʚʝʨʩʠʡ ʩʫʙʩʪʨʘʪʘ ʙʦʣʝʝ 95% ʚ ʩʣʝʜʫʶʱʠʭ 

ʫʩʣʦʚʠʷʭ: 75 ÁC, ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ O/S=25, ʚʨʝʤʷ ʦʢʠʩʣʝʥʠʷ 65 [137]. ʂʘʪʘʣʠʟʘʪʦʨ 

MoO3/SiO2, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥr ʡ  ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ  ʬʦʩʬʦʨʘ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ 

ʦʙʝʩʩʝʨʠʚʘʥʠʠ ʛʠʜʨʦʦʯʠʱʝʥʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʱʝʡ ʩʝʨʳ 298 ppm ʚ 

ʨʝʘʢʪʦʨʝ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ (0,2 ʛ), ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 

50 °C ʩ ʤʦʣʷʨʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʦʢʠʩʣʠʪʝʣʴ ʢ ʩʝʨʝ 5. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʚʳʙʨʘʥʥʦʛʦ ʣʫʯʰʝʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦʩʪʘʚʘ MoP1.0/SiO2, ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʟʘ 5 ʯʘʩʦʚ ʩʥʠʟʠʣʦʩʴ ʜʦ ʟʥʘʯʝʥʠʷ ʤʝʥʝʝ 5 ppm 

[138]. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʢʘʪʘʣʠʟʘʪʦʨ ʩ ʠʜʝʥʪʠʯʥʳʤ ʩʦʩʪʘʚʦʤ [157] ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (Ca, Mg, Ba, Sr). ɺ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʦʙʝʩʩʝʨʠʚʘʥʠʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 70 ÁC ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʥʠʞʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʨʷʜʫ: MoO3/Ca-SiO2 > 

MoO3/Ba-SiO2 > MoO3/SiO2 > MoO3/Sr-SiO2 > MoO3/Mg-SiO2 [149]. ʅʘ ʨʠʩ. 33 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʨʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ ɼɹʊ ʢʫʤʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ, ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʦʜʥʦʛʦ ʤʦʣʷ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ 

ʪʨʝʙʫʝʪʩʷ ʜʚʫʭʢʨʘʪʥʳʡ ʤʦʣʴʥʳʡ ʠʟʙʳʪʦʢ ʦʢʠʩʣʠʪʝʣʷ. 
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ʈʠʩʫʥʦʢ 33. ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʢʫʤʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʘ ʚ ʧʨʦʮʝʩʩʝ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ɼɹʊ 

ʍʦʪʷ ʤʘʩʣʦʨʘʩʪʚʦʨʠʤʳʝ ʦʢʠʩʣʠʪʝʣʠ ʧʦʟʚʦʣʷʶʪ ʠʟʙʝʞʘʪʴ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʜʚʫʭʬʘʟʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʦʥʠ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʫʚʝʣʠʯʠʚʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʧʨʦʮʝʩʩʘ, ʚʦʟʥʠʢʘʶʪ ʩʣʦʞʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʠ 

ʧʦʣʫʯʝʥʠʠ ʥʫʞʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʢʠʩʣʠʪʝʣʷ. ɺʦ-ʚʪʦʨʳʭ, ʩʫʱʝʩʪʚʫʶʪ ʧʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʦʜʷʪ ʢ ʧʦʪʝʨʝ ʦʢʠʩʣʠʪʝʣʷ ʠ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʪʦʧʣʠʚʘ. ɺ-ʪʨʝʪʴʠʭ ï ʵʪʦ ʨʘʟʣʦʞʝʥʠʝ 

ʦʢʠʩʣʠʪʝʣʷ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʧʦʚʳʰʝʥʥʦʤʫ ʨʘʩʭʦʜʫ. ʊʘʢʞʝ 

ʤʘʩʣʦʨʘʩʪʚʦʨʠʤʳʝ ʦʢʠʩʣʠʪʝʣʠ ʤʦʛʫʪ ʦʩʪʘʚʘʪʴʩʷ ʚ ʧʨʦʜʫʢʪʝ, ʪʨʝʙʫʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. 

 ʉ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʨʠʩʫʱʠʭ ʤʘʩʣʦʨʘʩʪʚʦʨʠʤʳʤ ʦʢʠʩʣʠʪʝʣʷʤ, ʛʘʟʦʦʙʨʘʟʥʳʝ ʠ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʦʢʠʩʣʠʪʝʣʠ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʯʠʩʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʤʝʥʥʦ ʵʪʠʤ 

ʢʣʘʩʩʘʤ ʨʝʘʛʝʥʪʦʚ. ʅʘ ʨʠʩ. 34 ʧʨʠʚʝʜʝʥʦ ʧʨʦʮʝʥʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʪʘʪʝʡ ʧʦ 

ʦʢʠʩʣʠʪʝʣʷʤ ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ [139]. 

 

ʈʠʩʫʥʦʢ 34. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʧʦ ʦʢʠʩʣʠʪʝʣʷʤ ʟʘ ʧʝʨʠʦʜ 2020-2025 ʛʛ. ʅʘ ʦʩʥʦʚʝ 

ʙʘʟʳ ʜʘʥʥʳʭ Sciencedirect.com (ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ: oxidative desulfurization, ODS) [140] 

ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʦʢʠʩʣʠʪʝʣʠ 

ʇʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ (H2O2). ʉʨʝʜʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʦʢʠʩʣʠʪʝʣʝʡ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ 

ʦʢʠʩʣʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ. ʇʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ï ʢɻʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ, 

ʢʦʨʨʦʟʠʦʥʥʦ ʤʘʣʦʘʢʪʠʚʥʳʡ, ʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʡ ʩʠʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴ, ʩʧʦʩʦʙʥʳʡ 

ʨʘʙʦʪʘʪʴ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ. ʆʢʩʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʦʙʘʣʴʪ (CoO), ʤʝʜ ɹ(CuO), 

ʥʠʢʝʣ ɹ(NiO) ʠ ʮʝʨʠʡ (Ce2O3) ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʦʢʠʩʣʝʥʠʠ 

ʪʠʦʬʝʥʘ ʚ ʥ-ʛʝʧʪʘʥʝ, ʧʦʣʫʯʝʥ ʨʷʜ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Ce2O3 (78,4 %) > CuO (59,5 %) > NiO 

(54,3 %) > CoO (40,3 %) [139]. ʆʧʠʩʘʥ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʘʣʣʘʜʠʡ ʥʘ ʦʢʩʠʜʝ 

ʭʨʦʤʘ ʠ ʩʤʝʩʠ ʦʢʩʠʜʦʚ ʤʘʨʛʘʥʮʘ, ʢʦʙʘʣʴʪʘ ʠ ʤʦʣʠʙʜʝʥʘ ʥʘ ʦʢʩʠʜʝ ʘʣʶʤʠʥʠʷ ʚ ʜʚʫʭʬʘʟʥʦʡ 

ʩʠʩʪʝʤʝ ʛʝʢʩʘʜʝʢʘʥ/ʘʮʝʪʦʥʠʪʨʠʣ, ʠʟ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 
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ʢʘʪʘʣʠʟʘʪʦʨ Pd/Cr2O3: ʧʨʠ ʠʩʭʦʜʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʩʝʨʳ ʚ ʩʳʨʴʝ 3000 ppm, ʪʝʤʧʝʨʘʪʫʨʝ 60 °C, ʟʘ 

20 ʤʠʥʫʪ ʜʘʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʥʫʪʴ 68% ʢʦʥʚʝʨʩʠʠ ʩʝʨʥʠʩʪʦʛʦ ʩʫʙʩʪʨʘʪʘ ʚ 

ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ [141]. 

 

ʈʠʩʫʥʦʢ 35. ʄʝʭʘʥʠʟʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʧʝʨʦʢʩʠʜʘ 

ʚʦʜʦʨʦʜʘ 

ʆʢʪʘʤʦʣʠʙʜʘʪ-ʘʥʠʦʥ, ʨʝʘʛʠʨʫʷ ʩ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʦʙʨʘʟʫʝʪ ʘʢʪʠʚʥʳʡ 

ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩ [Mo8-nO26-2n((MoO)O2)n]
4-, ʧʦʟʚʦʣʷʷ ʦʢʠʩʣʷʪʴ 96% ɼɹʊ ʟʘ 30 ʤʠʥʫʪ [141] 

(ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩ. 35). ʀɾ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪ ɹʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ 

ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʅʘʧʨʠʤʝʨ, ʢʘʪʘʣʠʟʘʪʦʨ ʩʦʩʪʘʚʘ [C12mim]5PV2Mo10, 

ʥʘʥʝʩʸʥʥʳʡ ʥʘ  ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ (APTES-mGO), ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʫʜʘʣʝʥʠʷ ʩʝʨʳ ʠʟ 

ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ: ʧʨʠ ʜʦʟʠʨʦʚʢʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 4 ʛ/ʣ, ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ O/S= 4 ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 45ÁC ʟʘ 30 ʤʠʥʫʪ ʫʜʘʣʷʝʪʩʷ 98% ʩʝʨʳ [142]. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦʩʪʘʚʘ 

[C2(MIM) 2]2VW12O40(VW12-IL)  ʠʟʫʯʘʣʠ ʦʙʝʩʩʝʨʠʚʘʥʠʝ ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʙʱʝʡ ʩʝʨʳ 1000 ppm. ʇʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʤʦʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʢ ʩʝʨʝ ʨʘʚʥʦʤ 

5, ʜʦʟʠʨʦʚʢʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 4 ʛ/ʣ, ʩʪʝʧʝʥʴ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʜʦʩʪʠʛʘʣʘ 100% ʟʘ 20 ʤʠʥʫʪ ʧʨʠ 60ÁC 

[143]. ɺr ʩʦʢʦʘʢʪʠʚʥʳʡ ʧʝʨʦʢʩʦʤʦʣʠʙʜʘʪ TBA3[PO4[MoO(O2)2]4]·3H2O ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʩʝʨʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʘʨʢʘʩʥʳʭ ʩʪʨʫʢʪʫʨ (MOF). ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʧʦʨʠʩʪʳʭ ʤʘʪʨʠʮ: MIL-101, MOF-

808 ʠ ZIF-8, ʢʘʪʘʣʠʟʘʪʦʨ PMo4@MIL-101 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʘʤʫʶ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ 

ʦʙʝʩʩʝʨʠʚʘʥʠʠ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ (0,78 ʤʤʦʣʴ) ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ ɹʊ, ɼɹʊ, 4-

ʄɼɹʊ ʠ 4,6-ɼʄɼɹʊ ï ʟʘ 2 ʯʘʩʘ ʫʜʘʣʦʩʴ ʩʥʠʟʠʪʴ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʜʦ 0,2 %, ʧʨʠ 70 ÁC 

[144]. ɺ ʨʘʙʦʪʝ [145] ʠʩʩʣʝʜʦʚʘʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʛʠʙʨʠʜʥʳʭ ʦʢʩʠʜʥʳʭ ʩʣʦʝʚ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ ʧʣʘʟʤʝʥʥʦ-ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʦʢʩʠʜʠʨʦʚʘʥʠʷ ʠ ʩʦʜʝʨʞʘʱʠʭ ʦʢʩʠʜʳ 

ʬʦʩʬʦʨʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʞʝʣʝʟʘ. ʇʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʧʨʦʮʝʩʩʘʭ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ, ʪʘʢ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ 
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ʩʦʧʨʷʞʝʥʦ ʩ ʟʘʪʨʫʜʥʝʥʠʝʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʤʘʩʩʦʧʝʨʝʥʦʩʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʥʦʩʯʠʢʦʚ ʠʣʠ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʘʢʮʠʠ ʥʝʨʝʜʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ. ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʦʢʩʠʜʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʤ 

ʧʨʦʮʝʩʩʝ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʵʤʫʣʴʩʠʠ ʠ ʩʣʦʞʥʦʩʪʷʤ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ. ɺʩʝ 

ʚr ʰʝʩʢʘʟʘʥʥʦʝ ʩ ʫʯʝʪʦʤ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʬʦʨʤʠʨʫʝʪ ʪʨʫʜʥʦʩʪʠ ʚ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  ʜʘʥʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ.  

ɻʠʧʦʭʣʦʨʠʪ ʥʘʪʨʠʷ (NaClO) ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʦʢʠʩʣʠʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʠʥʪʝʨʝʩ ʜʣʷ ʦʯʠʩʪʢʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʬʨʘʢʮʠʡ ʦʪ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʥʪʝʨʝʩ ʢ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʙʫʩʣʦʚʣʝʥ  ʜʦʩʪʫʧʥʦʩʪʴʶ ʚ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ 

ʧʫʪʝʤ ʵʣʝʢʪʨʦʣʠʟʘ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʝʥʝʨʘʮʠʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ 

ʦʢʠʩʣʝʥʠʷ ʠ ʩʥʠʞʘʝʪ ʩʪʦʠʤʦʩʪʴ ʦʯʠʩʪʢʠ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [146], NaClO ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʭʦʨʦʰʠʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, 

ʩʦʜʝʨʞʘʱʠʭ ʫʩʪʦʡʯʠʚʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩ ̫ʫʩʧʝʰʥʦʡ ʘʧʨʦʙʘʮʠʝʡ 

ʥʘ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʤ ʧʨʝʜʧʨʠʷʪʠʠ Karoon Petrochemical Company (ʀʨʘʥ). ʂʨʦʤʝ ʪʦʛʦ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʛʠʧʦʭʣʦʨʠʪʘ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʩʦʟʜʘʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʤʝʜʠʘʪʦʨʘ, 

ʢʦʛʜʘ ʥʘ ʦʢʠʩʣʝʥʠʝ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʢʠʩʣʠʪʝʣʝʤ 

ʚʳʩʪʫʧʘʝʪ ʛʠʧʦʭʣʦʨʠʪ ʥʘʪʨʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʚʳʝ ʧʫʙʣʠʢʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʧʦʷʚʠʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ (ʧʦʩʣʝ 

2020 ʛ.) ʠ ʩʚʷʟʘʥʳ ʩ ʨʦʩʪʦʤ ʠʩʭʦʜʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚ ʪʦʧʣʠʚʘʭ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʠʩʢʘ 

ʜʦʩʪʫʧʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʥʘʫʯʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʚʩʝ ʯʘʱʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʛʠʧʦʭʣʦʨʠʪ 

ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʘ ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʦʜʥʦʡ ʠʟ ʨʘʙʦʪ 

ʠʟʫʯʘʣʘʩʴ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʦʪʦʨʥʳʭ ʤʘʩʝʣ (ʠʩʭʦʜʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʝʨʳ 424 ppm) ʨʘʟʣʠʯʥʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ, ʚʢʣʶʯʘʷ ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ, ʛʠʧʦʭʣʦʨʠʪ ʥʘʪʨʠʷ ʠ 

ʧʝʨʦʢʩʦʜʠʩʫʣʴʬʘʪ ʢʘʣʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʪʨʘʢʮʠʝʡ ʘʮʝʪʦʥʠʪʨʠʣʦʤ. ʅʘʠʙʦʣʴʰʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ: ʧʨʠ 55 

ÁC ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʩʥʠʟʠʣʦʩʴ ʜʦ 220 ppm. ʇʨʠʤʝʨʥʦ ʪʘʢʫʶ ʞʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣʠ ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʠ ʧʝʨʦʢʩʦʜʠʩʫʣʴʬʘʪ ʢʘʣʠʷ, ʥʦ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 75 ʠ 95ÁC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʠʟʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ [147]. ʆʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʜʦʚ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʘʢʪʠʚʘʪʦʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʠʢʘʛʝʣʷ. 

ɸʜʩʦʨʙʮʠʷ ʩʫʙʩʪʨʘʪʘ ʥʘ ʩʠʣʠʢʘʛʝʣʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 10-ʤʠʥʫʪʥʳʤ ʦʙʣʫʯʝʥʠʝʤ (100 ɺ) ʧʦʟʚʦʣʠʣʘ 

ʧʦʣʫʯʠʪʴ ʩʫʣʴʬʦʥʳ ʩ ʚʳʭʦʜʦʤ 80-93%. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʟʘʤʝʥʘ ʥʦʩʠʪʝʣʷ ʥʘ ʥʝʡʪʨʘʣʴʥʳʡ 

ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ ʠ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʜʦ 3 ʤʠʥʫʪ ʦʙʝʩʧʝʯʠʣʠ ʩʝʣʝʢʪʠʚʥʦʝ 
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ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʣʴʬʦʢʩʠʜʦʚ (ʚʳʭʦʜ 77-91%) [148], ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʪʁ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʩʠʥʪʝʟʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ (98%) ʚ ʨʝʘʢʮʠʠ 

ʧʦʣʫʯʝʥʠʷ ʤʝʪʠʣʬʝʥʠʣʩʫʣʴʬʦʢʩʠʜʘ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʚ ʩʠʩʪʝʤʝ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʛʠʧʦʭʣʦʨʠʪ ʥʘʪʨʠʷ (NaClOĿ5H2O) ʚ ʩʨʝʜʝ ʘʮʝʪʦʥʠʪʨʠʣʘ. 

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣʠ: 2 ʤʤʦʣʴ ʩʫʙʩʪʨʘʪʘ, 1,1 ʵʢʚʠʚʘʣʝʥʪʘ 

ʦʢʠʩʣʠʪʝʣʷ, 10 ʤʣ CH3CN, 2 ʤʣ H2O, ʪʝʤʧʝʨʘʪʫʨʘ 25ÁC ʠ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ 18 ʤʠʥʫʪ [149]. ʄʝʪʦʜ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʨʘʩʧʳʣʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʡ ʢ ʩʤʝʩʠ 11%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ NaClO ʠ ʪʝʪʨʘʭʣʦʨʘʫʨʘʪʘ 

ʚʦʜʦʨʦʜʘ (H[AuCl4]·3H2O), ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʜʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʠʢʨʦʢʘʧʣʷʭ. ʀʣʣʶʩʪʨʘʮʠʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʩʣʫʞʠʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʠʣʬʝʥʠʣʩʫʣʴʬʠʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʫʣʴʬʦʢʩʠʜ ʩ ʚʳʭʦʜʦʤ ʜʦ 91% ʚʩʝʛʦ 

ʟʘ 2 ʤʠʥʫʪʳ. ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʚʦʜʥʦ-ʤʝʪʘʥʦʣʴʥʦʡ ʩʨʝʜʝ (1:1) 

ʩ ʜʦʙʘʚʣʝʥʠʝʤ 5% H[AuCl4]·3H2O [150]. ʇʨʠʤʝʥʝʥʠʝ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ (ʀɾ) ʚ ʨʦʣʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ-ʵʢʩʪʨʘʛʝʥʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʨʷʜʘ ʀɾ ʚʳʷʚʠʣ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ï [EimC4SO3H]NTf2, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ 

ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ (ɼɹʊ) ʚ ʤʦʜʝʣʴʥʦʤ ʪʦʧʣʠʚʝ ʩ 1600 ppm ʜʦ 20 

ppm. ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʧʨʦʮʝʩʩʘ ʩ ʧʝʨʦʢʩʠʜʦʤ 

ʚʦʜʦʨʦʜʘ ʪʨʝʙʫʝʪʩʷ ʥʘʛʨʝʚ ʜʦ 60 ÁC [151]. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ [152], ʧʨʠʤʝʥʝʥʠʝ ʤʘʨʛʘʥʝʮ-

ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʥʦʩʠʪʝʣʝ Al2O3 (MnïCoïMo/Al 2O3 ʠ MnïNiïMo/Al 2O3) ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʧʦʣʥʦʡ ʢʦʥʚʝʨʩʠʠ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ (ɼɹʊ) ʟʘ 5 ʤʠʥʫʪ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʛʠʧʦʭʣʦʨʠʪʦʤ 

ʥʘʪʨʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ 0,1 ʛ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 0,1 ʤʣ 0,138 ʄ 

ʨʘʩʪʚʦʨʘ NaClO, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʣʴʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ O/S = 6,6. ʀʤʤʦʙʠʣʠʟʘʮʠʷ 

ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ ʥʘ ʢʘʨʢʘʩʝ UiO-66 ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʘʢʪʠʚʥʳʡ 

ʢʘʪʘʣʠʟʘʪʦʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʣʥʦʝ ʦʢʠʩʣʝʥʠʝ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ (ɼɹʊ) ʚʩʝʛʦ ʟʘ 3 ʤʠʥʫʪʳ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ O/S = 4, ʠʩʧʦʣʴʟʫʷ 0,06 

ʛ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ 15 ʤʣ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ [153]. ɼʨʫʛʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ 

ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ [C16MIM][PMoO], ʦʙʣʘʜʘʶʱʠʡ ʩʚʦʡʩʪʚʘʤʠ ʤʝʞʬʘʟʥʦʛʦ ʧʝʨʝʥʦʩʯʠʢʘ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ 100%-ʥʫʶ ʢʦʥʚʝʨʩʠʶ ɼɹʊ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʧʨʠ 30 ÁC ʠ ʩʦʦʪʥʦʰʝʥʠʠ O/S = 5. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʠʢʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʘʣʴʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʛʜʝ 

ʩʪʝʧʝʥʴ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪ 99% ʟʘ 30 ʤʠʥʫʪ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ [154]. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʠʟ ʦʢʩʠʜʦʚ ʤʝʜʠ ʠ ʥʠʢʝʣʷ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ (ɸʋ), ʪʘʢʞʝ 

ʵʬʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʫʝʪ ʦʢʠʩʣʝʥʠʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ (Ni/ɸʋ) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʣʫʯʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʜʥʳʤʠ ʘʥʘʣʦʛʘʤʠ.  ɺ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ O:S = 1 : 6, 

ʜʦʟʠʨʦʚʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ 0,2 ʛ Ni/ɸʋ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 30 ÁC ʧʨʝʚʨʘʱʝʥʠʝ ʜʠʙʫʪʠʣʩʫʣʴʬʠʜʘ 
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ʜʦʩʪʠʛʘʝʪ 93% ʚʩʝʛʦ ʟʘ 10 ʤʠʥʫʪ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʝʪʦʜʫ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʷʭ 

ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʦ: ʥʘ 83% ʚ ʙʝʥʟʠʥʦʚʦʡ ʬʨʘʢʮʠʠ, 90% ʚ ʢʝʨʦʩʠʥʦʚʦʡ ʬʨʘʢʮʠʠ ʠ 87% ʚ 

ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ. ʉʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ (ʨʠʩ. 36), ʢʣʶʯʝʚʳʤ ʵʪʘʧʦʤ ʦʢʠʩʣʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʠʦʥʦʚ ʛʠʧʦʭʣʦʨʠʪʘ (OCl ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣʳ NaClO. ʆʙʨʘʟʫʶʱʠʝʩʷ ʠʦʥʳ OCl  ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʤʦʱʥʦʛʦ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʘʛʝʥʪʘ. [155] 

ʄʘʨʛʘʥʮʝʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ Mn3O4/GO ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʝ ʦʢʠʩʣʝʥʠʝ ɼɹʊ ʟʘ 2 ʤʠʥʫʪʳ ʠ 

85% ʢʦʥʚʝʨʩʠʶ ʙʝʥʟʦʪʠʦʬʝʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (25ÁC) ʩ ʯʝʪʳʨʸʭʢʨʘʪʥʳʤ ʠʟʙʳʪʢʦʤ 

ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ. ʄʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ ʚʢʣʶʯʘʝʪ ʛʝʥʝʨʘʮʠʶ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ClO , 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ Mn2+/Mn3+ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʢʘʣʘ ÅO2
-, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ. [156]. ʂʦʤʧʦʟʠʪʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ 

Fe6W18O70@ZrFe2O5 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʤ 

ʦʙʝʩʩʝʨʠʚʘʥʠʠ. ʅʘ ʤʦʜʝʣʴʥʳʭ ʩʤʝʩʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʨʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ: ɼɹʊ > 4,6-ɼʄɼɹʊ > ɹʊ > ʪʠʦʬʝʥ. ʂʘʪʘʣʠʟʘʪʦʨ 

ʦʙʝʩʧʝʯʠʚʘʝʪ 98,2% ʢʦʥʚʝʨʩʠʶ ɼɹʊ ʟʘ 40 ʤʠʥʫʪ ʧʨʠ 50 ÁC, ʘ ʧʨʠ ʦʯʠʩʪʢʝ ʨʝʘʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 

ʩʥʠʞʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʜʦ 15 ppm. ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʷʪʠ ʮʠʢʣʦʚ ʦʢʠʩʣʝʥʠʷ ʠ ʨʝʛʝʥʝʨʘʮʠʠ. [157]. ʅʘʥʦʯʘʩʪʠʮʳ SnO2, 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʥʘ ʤʝʟʦʧʦʨʠʩʪʦʤ ʥʦʩʠʪʝʣʝ SBA-15, ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʜʘʣʝʥʠʝ 94,5% ɼɹʊ ʟʘ 20 

ʤʠʥʫʪ ʧʨʠ 30ÁC [158]. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ 7Mo-AK, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ 

ʥʘʥʦʯʘʩʪʠʮʳ MoO3, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʚ ʪʨʸʭʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʝʟʝʤʘ KIT-

6, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 100%-ʥʫʶ ʢʦʥʚʝʨʩʠʶ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (30 ÁC) ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ. ʆʜʥʘʢʦ ʫʩʪʘʥʦʚʣʝʥʳ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ: ʥʘʙʣʶʜʘʝʪʩʷ 

ʈʠʩʫʥʦʢ 36. ʄʝʭʘʥʠʟʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ. ɻʝʥʝʨʘʮʠʷ 

ʘʢʪʠʚʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ (ClO , [O]) ʠ ʦʢʠʩʣʝʥʠʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ 
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ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦ 40% ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʣʝʬʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ, ʠʤʠʪʠʨʫʶʱʝʡ ʨʝʘʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʘ ʪʘʢʞʝ ʧʨʦʛʨʝʩʩʠʨʫʶʱʘʷ ʜʝʟʘʢʪʠʚʘʮʠʷ ʚ 

ʭʦʜʝ ʨʝʛʝʥʝʨʘʮʠ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʧʘʜʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʜʦ 85% ʧʦʩʣʝ ʰʝʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʮʠʢʣʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [159]. ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ 

ʜʠʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ (MnO ), ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʧʨʦʧʠʪʢʠ ʚ ʤʘʪʨʠʮʝ 

ʤʝʪʘʣʣʦ-ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ MIL-101(Cr). ʆʧʪʠʤʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʤʘʨʛʘʥʮʘ 15% ʤʘʩʩ. (ʢʘʪʘʣʠʟʘʪʦʨ 15Mn/MIL -101), ʛʜʝ ʨʘʟʤʝʨ ʯʘʩʪʠʮ MnO2 ʩʦʩʪʘʚʣʷʣ 

ʦʢʦʣʦ 1,2 ʥʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʚʳʩʦʢʫʶ ʜʠʩʧʝʨʩʥʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. ɼʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ (NaClO) ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ. ɺ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (30 ÁC, 

50 ʤʠʥʫʪ, ʜʦʟʠʨʦʚʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ 0,1 ʛ ʥʘ 5 ʤʣ ʪʦʧʣʠʚʘ) ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 100% 

ʢʦʥʚʝʨʩʠʷ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ (ɼɹʊ). ʂʣʶʯʝʚʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ (ʢʘʪʘʣʠʟʘʪʦʨ 

ʩʦʭʨʘʥʷʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ 6 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʮʠʢʣʦʚ) ʠ ʤʘʣʳʡ ʨʘʟʤʝʨ ʘʢʪʠʚʥʳʭ 

ʯʘʩʪʠʮ, ʜʦʩʪʠʛʥʫʪʳʡ ʟʘ ʩʯʝʪ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʠʥʪʝʟʘ. ʆʜʥʘʢʦ ʤʝʪʦʜ ʠʤʝʝʪ ʠ ʥʝʜʦʩʪʘʪʢʠ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʥʠʞʘʣʘʩʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʘʣʴʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʴʶ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʩʠʩʪʝʤʳ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [160]. ʂʘʪʘʣʠʟʘʪʦʨ 10ZnTOK, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ 

ʥʘʥʦʯʘʩʪʠʮʳ ʦʢʩʠʜʘ ʮʠʥʢʘ (ZnO), ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚ ʪʨʸʭʤʝʨʥʳʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ 

ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʩʠʣʠʢʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ TOK ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 

ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ (NaClO). ɺ ʦʧʪʠʤʘʣʴʥʭr ʫʩʣʦʚʠʷʭ ʧʨʦʮʝʩʩʘ: ʪʝʤʧʝʨʘʪʫʨʘ 30 ÁC, ʚʨʝʤʷ 

ʨʝʘʢʮʠʠ 30 ʤʠʥʫʪ, ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ O/S = 12, ʜʦʟʠʨʦʚʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ 0,05 ʛ ʥʘ 10 ʤʣ 

ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ï ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ 100% ʢʦʥʚʝʨʩʠʠ ɼɹʊ. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ 10ZnTOK ï ʚʳʩʦʢʘʷ ʜʠʩʧʝʨʩʥʦʩʪʴ ʠ ʤʘʣʳʡ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ ZnO, ʜʦʩʪʠʛʥʫʪʳʝ 

ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʠ ʩʠʣʘʥʦʣʴʥʳʭ ʛʨʫʧʧ ʚ TOK. ʅʝʜʦʩʪʘʪʢʦʤ 

ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʥʘʛʨʫʟʢʝ ZnO ʚʳʰʝ 10 ʤʘʩ.% ʠʟ-ʟʘ ʙʣʦʢʠʨʦʚʢʠ ʧʦʨ [161]. 

ʂʘʪʘʣʠʟʘʪʦʨ MnO2, ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʢʦʤʧʦʟʠʪʥʳʡ ʥʦʩʠʪʝʣʴ ʠʟ ʛʨʘʬʠʪʦʚʦʛʦ ʥʠʪʨʠʜʘ ʫʛʣʝʨʦʜʘ ʠ 

ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ (MnO2/g-C3N4-HA), ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʪʦʧʣʠʚ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ. 

ʆʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʮʝʩʩʘ ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 10 ÁC, ʚʨʝʤʷ ʨʝʘʢʮʠʠ 40 ʤʠʥʫʪ, 

ʜʦʟʠʨʦʚʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ 0,05 ʛ ʥʘ 10 ʤʣ ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ 200 ppm. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʩʝʨʳ 

(90% ʜʣʷ ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʜʦ 70% ʜʣʷ ʨʝʘʣʴʥʳʭ ʪʦʧʣʠʚ, ʪʘʢʠʭ ʢʘʢ ʢʝʨʦʩʠʥ) ʚ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʥʝʨʛʦʟʘʪʨʘʪʳ. ʂʘʪʘʣʠʟʘʪʦʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʦʨʦʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʩʦʭʨʘʥʷʝʪ ʘʢʪʠʚʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ ʧʷʪʠ ʮʠʢʣʦʚ ʨʝʛʝʥʝʨʘʮʠʠ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʘʛʨʫʟʢʠ MnO2 ʚʳʰʝ 0,5 ʤʘʩ.% ʠʟ-ʟʘ ʘʛʨʝʛʘʮʠʠ ʯʘʩʪʠʮ, ʘ 
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ʪʘʢʞʝ ʧʘʜʝʥʠʝ ʢʦʥʚʝʨʩʠʠ ʧʨʠ ʚʳʩʦʢʠʭ ʥʘʯʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ɼɹʊ ʠʟ-ʟʘ ʥʘʩʳʱʝʥʠʷ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʢʠʩʣʠʪʝʣʷ NaClO 

ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʨʘʟʣʦʞʝʥʠʝ ʥʘ ʤʝʥʝʝ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

[162]. 

2.2.3. ʄʦʜʠʬʠʢʘʮʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ 

ʂʨʦʤʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʜʨʫʛʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʦʜʘ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ (ʨʠʩ. 3), ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ, ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ: ɺʳʩʦʢʦʠʥʪʝʥʩʠʚʥʘʷ ʘʢʫʩʪʠʯʝʩʢʘʷ ʢʘʚʠʪʘʮʠʷ ʧʨʠ ʯʘʩʪʦʪʝ 

20 ʢɻʎ ʩʦʟʜʘʝʪ ʚ ʞʠʜʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʫʜʘʨʥʳʭ ʚʦʣʥ ʧʫʟʳʨʴʢʠ [163], ʯʪʦ  ʛʝʥʝʨʠʨʫʝʪ ʣʦʢʘʣʴʥʦ 

ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʝ, ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʢʠʩʣʝʥʠʶ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ [164]. ʊʘʢʞʝ 

ʫʣʴʪʨʘʟʚʫʢ ʫʩʪʨʘʥʷʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʛʝʥʝʨʘʮʠʠ ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʶ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʧʨʠʚʦʜʷ ʢ ʫʩʢʦʨʝʥʠʶ ʨʝʘʢʮʠʠ, ʥʦ ʤʝʪʦʜ 

ʦʛʨʘʥʠʯʝʥ ʚʳʩʦʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʵʥʝʛʦʧʦʪʨʝʙʣʝʥʠʝ [165]. ɺ ʧʨʦʮʝʩʩʝ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚʩʝ ʛʨʫʧʧʳ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʪʁʩʷ ʚ ʢʣʘʩʠʯʝʩʢʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʦʙʝʩʩʝʨʠʚʘʥʠʠ (ʨʠʩ. 37) 

[166]. 

 

ʈʠʩʫʥʦʢ 37. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ  ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ [166] 

ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (TiO2, ZnO, g-C3N4), ʢʦʪʦʨʳʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʛʝʥʝʨʠʨʫʶʪ ʘʢʪʠʚʥʳʝ 

ʢʠʩʣʦʨʦʜʥʳʝ ʨʘʜʠʢʘʣʳ, ʩʧʦʩʦʙʥʳʝ ʦʢʠʩʣʷʪʴ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʜʦ ʧʦʣʷʨʥʳʭ 

ʩʫʣʴʬʦʢʩʠʜʦʚ ʠ ʩʫʣʴʬʦʥʦʚ [167]. ʉʨʝʜʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ 

ʤʝʩʪʦ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʋʌ-ʠʟʣʫʯʝʥʠʷ. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 
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ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʥʝ ʦʙʨʘʟʫʶʪʩʷ ʪʦʢʩʠʯʥʳʝ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʚ 

ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣ ̫ ʠʩʧʦʣʴʟʫʶʪ ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʠʣʠ ʢʠʩʣʦʨʦʜ ʚʦʟʜʫʭʘ [168]. ʉʭʝʤʘ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʧʨʠʚʝʜʝʥʘ 

ʥʘ ʨʠʩ. 38 ʠ ʚʢʣʶʯʘʝʪ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʧʝʨʦʢʩʠʜʥʳʭ ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʢʚʘʥʪʦʚ ʩʚʝʪʘ. 

 

ʈʠʩʫʥʦʢ 38. ʉʭʝʤʘ ʦʢʠʩʣʝʥʠʷ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʘʙʦʪʘʪʴ ʧʨʠ ʚʠʜʠʤʦʤ ʩʚʝʪʝ [169], ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘʮʝʣʝʥʦ ʥʘ ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʘ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ, ʩʢʦʨʦʩʪʴ 

ʢʦʪʦʨʦʛʦ ʦʙʳʯʥʦ ʥʝʚʝʣʠʢʘ [170].  

ʕʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪ ʧʨʦʮʝʩʩ 

ʦʢʠʩʣʝʥʠʷ ʩʝʨʦʩʦʜʝʨʞʘʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ in situ, ʛʝʥʝʨʠʨʫʷ ʦʢʠʩʣʠʪʝʣʴ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʪʦʢʘ. ʂʣʶʯʝʚʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʦʢʠʩʣʠʪʝʣʷ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʘ ʠʩʧʦʣʴʟʫʶʪ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʩ ʭʣʦʨʠʜʦʤ ʥʘʪʨʠʷ ʠ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʦʡ, ʨʘʩʪʚʦʨ ʩʣʫʞʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʪʦʯʥʠʢʦʤ ʘʢʪʠʚʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ (ʥʘʧʨʠʤʝʨ ClO-, O2
-) 

ʠ ʩʨʝʜʦʡ ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ [171].  

 

ʈʠʩʫʥʦʢ 39. ʉʭʝʤʘ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʀɾ [Bmin]BF4 ʚ 

ʨʘʩʪʚʦʨʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ [172] 

ʅʘ ʨʠʩ. 39 ʧʦʢʘʟʘʥʦ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ ʠʦʥʥʘʷ ʞʠʜʢʦʩʪʴ 

[Bmim]BF4 / ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ H2SO4 ʠ NaCl, ʛʜʝ ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 
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ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 100% ʫʜʘʣʝʥʠʝ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʙʝʟ ʚʥʝʰʥʠʭ ʦʢʠʩʣʠʪʝʣʝʡ. ʂʣʶʯʝʚʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ in-situ ʛʝʥʝʨʘʮʠʷ ʘʢʪʠʚʥʳʭ 

ʦʢʠʩʣʠʪʝʣʝʡ ʠ ʩʦʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦʜʦʨʦʜʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʢʦʥʦʤʠʯʥʫʶ ʠ ʵʢʦʣʦʛʠʯʥʫʶ 

ʩʪʨʘʪʝʛʠʶ ʛʣʫʙʦʢʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ. 

ɻʨʘʬʠʪʦʚʳʝ ʵʣʝʢʪʨʦʜʳ ʛʝʥʝʨʠʨʫʶʪ ʨʘʜʠʢʘʣʳ, ʦʢʠʩʣʷʶʱʠʝ ʩʝʨʫ ʙʝʟ ʜʦʨʦʛʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʢʘʪʦʜ ʧʨʦʠʟʚʦʜʠʪ ʚʦʜʦʨʦʜ. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʤʷʛʢʠʝ ʫʩʣʦʚʠʷ (30-50ÁC ʠ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ) 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚ ʪʝʯʝʥʠʝ 20-120 ʤʠʥʫʪ ʦʢʠʩʣʠʪʴ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ 

ʩʦʝʜʠʥʝʥʠ ̫ ʠ ʜʦʩʪʠʛʥʫʪʴ ʛʣʫʙʦʢʦʡ ʦʯʠʩʪʢʠ ʪʦʧʣʠʚʘ [173]. ʆʛʨʘʥʠʯʝʥʠʝʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʪʦʧʣʠʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʩʣʦʞʥʷʝʪ ʠ ʟʘʤʝʜʣʷʝʪ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ 

ʦʙʝʩʩʝʨʠʚʘʥʠʶ ʢʣʘʩʩʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʦʩʪʘʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

2.3. ɺʳʚʦʜʳ ʠʟ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ (ʪʘʙʣ. 15) ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʝʩʩʝʨʠʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʠ ʦʜʠʥ ʠʟ ʧʨʦʮʝʩʩʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ï ʢʘʞʜʳʡ ʦʙʣʘʜʘʝʪ 

ʫʥʠʢʘʣʴʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ɻʠʜʨʦʦʯʠʩʪʢʘ ʦʩʪʘʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʪʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʦʜʥʘʢʦ ʝʝ ʥʝʜʦʩʪʘʪʢʠ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦ ʫʜʘʣʷʪʴ 

ʪʨʫʜʥʦ ʦʢʠʩʣʷʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʪʠʤʫʣʠʨʫʶʪ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚ. 

ɹʠʦʦʙʝʩʩʝʨʠʚʘʥʠʝ ʧʨʝʜʣʘʛʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʝ ʨʝʰʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʥʦ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʩʜʝʨʞʠʚʘʝʪʩʷ ʤʝʜʣʝʥʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʨʝʘʢʮʠʡ ʠ ʩʣʦʞʥʦʩʪʷʤʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ɸʜʩʦʨʙʮʠʦʥʥʳʝ ʠ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ ʚ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ, ʦʜʥʘʢʦ ʪʨʝʙʫʶʪ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʨʝʛʝʥʝʨʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ 

ʛʣʫʙʦʢʦʡ ʦʯʠʩʪʢʠ, ʥʦ ʝʛʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ  ʟʘʚʠʩʠʪ ʦʪ ʩʪʦʠʤʦʩʪʠ ʦʢʠʩʣʠʪʝʣʝʡ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 
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ʊʘʙʣʠʮʘ 15. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ ʤʝʪʦʜʦʚ ʩʝʨʦʦʯʠʩʪʢʠ 

ʄʝʪʦʜ ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ɻʠʜʨʦʦʯʠʩʪʢʘ 

ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʫʜʘʣʝʥʠʷ ʩʝʨʳ 

ʍʦʨʦʰʦ ʦʩʚʦʝʥʥʳʡ 

ʧʨʦʤʳʰʣʝʥʥʳʡ ʧʨʦʮʝʩʩ 

ʇʨʠʤʝʥʠʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʊʨʝʙʫʝʪ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (300ï

450 ÁC) ʠ ʜʘʚʣʝʥʠʡ (2ï10 ʄʇʘ) 

ʅʝʦʙʭʦʜʠʤʳ ʠʩʪʦʯʥʠʢʠ ʜʦʩʪʫʧʥʦʛʦ 

ʚʦʜʦʨʦʜʘ 

ʆʛʨʘʥʠʯʝʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ɺʳʩʦʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ 

ɸʜʩʦʨʙʮʠʦʥʥʦʝ 

ʦʙʝʩʩʝʨʠʚʘʥʠʝ 

ʇʨʦʪʝʢʘʝʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʜʩʦʨʙʝʥʪʦʚ 

ɼʦʩʪʫʧʥʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ 

ʘʜʩʦʨʙʝʥʪʦʚ 

ʉʝʣʝʢʪʠʚʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʆʛʨʘʥʠʯʝʥʥʘʷ ʝʤʢʦʩʪʴ ʘʜʩʦʨʙʝʥʪʦʚ 

ʆʙʨʘʙʦʪʢʘ ʪʦʧʣʠʚ ʩ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ 

ʉʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʩʣʝ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʕʢʩʪʨʘʢʮʠʦʥʥʦʝ 

ʦʙʝʩʩʝʨʠʚʘʥʠʝ 

ʕʬʬʝʢʪʠʚʝʥ ʜʣʷ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʝʨʥʠʩʪʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 

ʇʨʦʪʝʢʘʝʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ 

 

ʊʨʝʙʫʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ 

ʨʝʮʠʨʢʫʣʷʮʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʇʦʪʝʨʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʦ ʚʨʝʤʷ 

ʨʘʙʦʪʳ 

ʅʠʟʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ɹʠʦʦʙʝʩʩʝʨʠʚʘʥʠʝ 

ʕʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʡ 

ʇʨʦʪʝʢʘʝʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ 

ɺʦʟʤʦʞʥʦʩʪʴ ʜʦʦʯʠʩʪʢʠ ʩʝʨʳ 

ʚ ʪʦʧʣʠʚʘʭ  

ɹʠʦʨʘʟʣʘʛʘʝʤʳʝ ʦʪʭʦʜʳ 

ʅʠʟʢʠʝ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʡ 

ʉʣʦʞʥʦʩʪʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʊʨʝʙʫʝʪ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʡ 

ʜʣʷ ʨʦʩʪʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʉʝʣʝʢʪʠʚʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ɸʣʢʠʣʠʨʦʚʘʥʠʝ 

ʇʦʟʚʦʣʷʝʪ ʫʜʘʣʷʪʴ ʩʝʨʫ ʙʝʟ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʦʩʪʘʚʘ 

ʪʦʧʣʠʚʘ 

ʄʦʞʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʚ 

ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʦʮʝʩʩʳ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʙʝʟ 

ʢʘʨʜʠʥʘʣʴʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʇʦʙʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʤʦʣ ʠ ʢʦʢʩʘ 

ʊʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʪʘʜʠʷ 

ʩʝʧʘʨʘʮʠʠ ʧʨʦʜʫʢʪʦʚ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ 

ʅʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʝʨʭʥʠʟʢʦʝ 

ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ 

ʆʢʠʩʣʠʪʝʣʴʥʦʝ 

ʦʙʝʩʩʝʨʠʚʘʥʠʝ 

ʕʬʬʝʢʪʠʚʝʥ ʜʣʷ 

ʪʨʫʜʥʦʫʜʘʣʷʝʤʳʭ ʩʝʨʥʠʩʪʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 

ʇʨʦʪʝʢʘʝʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ 

ɻʣʫʙʦʢʘʷ ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʷ 

ʪʦʧʣʠʚ 

 

 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʢʠʩʣʠʪʝʣʝʡ 

ʆʛʨʘʥʠʯʝʥ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ 

ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʇʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ ʩʥʠʞʘʶʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʊʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʪʘʜʠʷ 

ʩʝʧʘʨʘʮʠʠ ʦʢʠʩʣʸʥʥʦʛʦ ʧʨʦʜʫʢʪʘ 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ 

ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʦʯʠʩʪʢʠ, ʨʘʩʪʝʪ ʠʥʪʝʨʝʩ ʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ 
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ʙʝʟʚʦʜʦʨʦʜʥʳʤ ʤʝʪʦʜʘʤ, ʦʪʢʨʳʚʘʶʱʠʤ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʩʝʨʦʦʯʠʩʪʢʠ ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʥʝ ʠʤʝʶʱʠʭ ʜʦʩʪʫʧʘ ʢ ʚʦʜʦʨʦʜʫ. ʆʙ ʵʪʦʤ 

ʩʚʝʜʝʪʝʣʴʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʯʠʩʣʘ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʚʩʝʤ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʘʤ ʙʝʟʚʦʜʦʨʦʜʥʦʡ 

ʩʝʨʦʦʯʠʩʪʢʠ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʠ ʫʢʘʟʘʥʥʳʭ ʙʝʟʚʦʜʦʨʦʜʥʳʭ ʤʝʪʦʜʦʚ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʫʙʣʠʢʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʩʦʙʦ ʚʳʜʝʣʷʝʪʩʷ ʤʝʪʦʜ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ. ʕʪʦʪ ʠʥʪʝʨʝʩ ʦʙʫʩʣʦʚʣʝʥ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦʩʪʴ ʦʯʠʩʪʢʠ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʦʪ ʣʝʛʢʠʭ ʬʨʘʢʮʠʡ ʜʦ ʩʳʨʦʡ ʥʝʬʪʠ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ 

ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʦʢʠʩʣʠʪʝʣʝʡ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʪʦʧʣʠʚ ʩ ʫʣʴʪʨʘʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʤʝʪʦʜ ʢʘʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. 

ʉʨʝʜʠ ʙʦʣʴʰʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚʘʨʠʘʥʪʦʚ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʝʪʦʜʘ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʘʵʨʦʙʥʦʝ ʦʢʠʩʣʝʥʠʝ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʦʢʠʩʣʠʪʝʣʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ 

ʥʝʠʟʙʝʞʥʦ ʚʝʜʫʪ ʢ ʧʦʙʦʯʥʳʤ ʧʨʦʮʝʩʩʘʤ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʦʪʝʨʷʤ 

ʧʨʦʜʫʢʪʘ. ɼʨʫʛʦʡ ʧʦʧʫʣʷʨʥʳʡ ʚʘʨʠʘʥʪ ï ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ï 

ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʦʢʠʩʣʷʪʴ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ 

ʩʨʝʜʝ. ʆʜʥʘʢʦ ʝʛʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʝʥʜʝʥʮʠʝʡ ʢ ʨʦʩʪʫ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚ ʥʝʬʪʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʝʛʦ ʧʨʠʤʝʥʠʤʦʩʪʴ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʦʯʠʩʪʢʠ. 

ʕʪʠ ʪʝʥʜʝʥʮʠʠ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʧʦʷʚʣʝʥʠʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʫʙʣʠʢʘʮʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʥʘ ʧʦʠʩʢ ʥʦʚʳʭ ʪʠʧʦʚ ʜʦʩʪʫʧʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʙʣʘʜʘʣʠ ʥʠʟʢʦʡ 

ʩʪʦʠʤʦʩʪʴʶ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʧʦʟʚʦʣʷʣʠ ʙʳ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ 

(ʚʧʣʦʪʴ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ) ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʋʢʘʟʘʥʥʳʤ 

ʢʨʠʪʝʨʠʷʤ ʦʪʚʝʯʘʝʪ ʛʠʧʦʭʣʦʨʠʪ ʥʘʪʨʠʷ, ʢʦʪʦʨʳʡ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʫʱʝʩʪʚʝʥʥʦ ʜʝʰʝʚʣʝ ʠ 

ʜʦʩʪʫʧʥʝʝ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʢʠʩʣʝʥʠʝ ʚ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʠʤʝʨʦʚ ʧʨʠʤʝʥʝʥʠʷ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʩʝʨʦʦʯʠʩʪʢʠ 

ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚ ʤʦʜʝʣʴʥʳʭ ʪʦʧʣʠʚʘʭ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ï 

ʦʢʩʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʤʝʪʘʣʣʦ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ, ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʳ ʠ ʪ.ʜ. ʇʨʠ 

ʵʪʦʤ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʱʝʣʦʯʥʦʡ ʩʨʝʜʦʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʤʳʚʘʥʠʶ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʙʦʣʴʰʠʥʩʪʚʘ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɼʨʫʛʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʥʝ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩʘ, ʘ ʧʦ ʨʘʜʠʢʘʣʴʥʦʤʫ ʤʘʨʰʨʫʪʫ. ɺ ʩʣʫʯʘʝ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʨʘʜʠʢʘʣʴʥʳʡ 
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ʤʘʨʰʨʫʪ ʢʨʘʡʥʝ ʥʝʞʝʣʘʪʝʣʝʥ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʦʪʜʝʣʠʪʴ ʦʪ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʩʨʝʜʳ. 

ʋʢʘʟʘʥʥʳʝ ʦʩʪʘʶʱʠʝʩʷ ʧʨʦʙʣʝʤʳ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʩʪʘʙʠʣʴʥʳʭ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʧʦ 

ʧʫʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʦʣʞʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ. 
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3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ2 

3.1. ʈʝʘʢʪʠʚʳ ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʝ ʩʳʨʴʝ 

ɼʣʷ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ  

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʘʢʪʠʚʳ ʢʚʘʣʠʬʠʢʘʮʠʠ çʯʠʩʪʳʡ ʜʣʷ 

ʘʥʘʣʠʟʘè (ʏɼɸ) ʠ çʭʠʤʠʯʝʩʢʠ ʯʠʩʪʳʡè (ʍʏ): 

- ʊʝʪʨʘ-ʥ-ʙʫʪʠʣʘʤʤʦʥʠʡ ʙʨʦʤʠʜ (ʊɹɸɹ, [(C4H9)4N]Br, Lancaster, 98 %) 

- ɼʦʜʝʮʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʡ ʙʨʦʤʠʜ (ɼʊʄɸɹ, [C12H25(CH3) 3N]Br, Aldrich, 99 %) 

- ʎʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʡ ʙʨʦʤʠʜ (ʎʊʄɸɹ, [C16H33(CH3)3N]Br, Aldrich, 99 %) 

- ɻʝʧʪʘʤʦʣʠʙʜʘʪ ʘʤʤʦʥʠʷ (ɻʄɸ, (NH4)6Mo7O24, ʈʫʩʍʠʤ, 98 %) 

- ʆʨʪʦʚʘʥʘʜʘʪ ʘʤʤʦʥʠʷ (ʆɺɸ, NH4VO3, ʇʨʘʡʤʂʝʤʠʢʘʣʩɻʨʫʧʧ, 99 %) 

- ʇʘʨʘʚʦʣʴʬʨʘʤʘʪ ʘʤʤʦʥʠʷ (ʇɺɸ, (NH4)10(H2W12O42)·4H2O, ʈʫʩʍʠʤ, 99%) 

- ʆʢʩʠʜ ʤʦʣʠʙʜʝʥʘ (MoO3, 99,98 %) 

- ʆʢʩʠʜ ʚʦʣʴʬʨʘʤʘ (WO3, 99,99 %) 

- ʉʠʣʠʢʘʛʝʣʴ ʤʘʨʢʠ ɸʉʂɻ 

- ʋʛʣʝʨʦʜ CABOT Vulcan XC-72R 

ʄʦʜʝʣʴʥʳʝ ʩʤʝʩʠ ʠ ʨʝʘʢʪʠʚʳ 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʩʤʝʩʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ: 

- ʉʝʨʦʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ: ʤʝʪʠʣʬʝʥʠʣʩʫʣʴʬʠʜ (ʄʌʉ, 98 %), ʙʝʥʟʦʪʠʦʬʝʥ (ɹʊ, 98 

%), ʜʠʙʝʥʟʦʪʠʦʬʝʥ (ɼɹʊ, 98 %), ʤʝʪʠʣʜʠʙʝʥʟʦʪʠʦʬʝʥ (ʄɼɹʊ, 98 %), ʜʠʤʝʪʠʣʜʠʙʝʥʟʦʪʠʦʬʝʥ 

(ɼʄɼɹʊ, 98 %) 

                                                 
2  ʇʨʠ ʨʘʙʦʪʝ ʥʘʜ ʜʘʥʥʳʤ ʨʘʟʜʝʣʦʤ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ʩʣʝʜʫʶʱʠʭ ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʘ, 

ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
1. ɻʝʚʦʨʛʷʥ ʂ.ʇ., ʇʦʣʠʢʘʨʧʦʚʘ ʇ.ɼ. ʆʢʠʩʣʝʥʠʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʘʤʬʠʬʠʣʴʥʳʭ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ // ʅʝʬʪʝʭʠʤʠʷ. ï 2023. ï ʊ. 63, ˉ 2. ï ʉ. 202-210. ï EDN 

HJUSTD. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 0,792 (ʈʀʅʎ), 0,72 ʧ.ʣ., ʜʦʣʷ ʚʢʣʘʜʘ 70% 

[ʧʝʨʝʚʦʜ Gevorgyan K.P., Polikarpova P.D. Oxidation of Sulfur Compounds by Sodium Hypochlorite over 

Molybdenum-Based Amphiphilic Catalysts // Petroleum Chemistry. ï 2023. ï Vol. 63, No. 4. ï P. 413-420. ï EDN 

KMJVQO. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 1,1 (JIF), 0,7 ʧ.ʣ., ʜʦʣʷ ʚʢʣʘʜʘ 70%] 

2. Domashkina P.D., Gevorgyan K.P., Akopyan A.V. Oxidation of Organic Substrates with Sodium Hypochlorite (A 

Review) // Petroleum Chemistry. ï 2023. ï Vol. 63, No. 11. ï P. 1253-1273. ï EDN FPQRVW. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 1,1 

(JIF), 1,6 ʧ.ʣ., ʜʦʣʷ ʚʢʣʘʜʘ 50%. 

[ʧʝʨʝʚʦʜ: ɼʦʤʘʰʢʠʥʘ ʇ.ɼ., ɻʝʚʦʨʛʷʥ ʂ.ʇ., ɸʢʦʧʷʥ ɸ.ɺ. ʆʢʠʩʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʛʠʧʦʭʣʦʨʠʪʦʤ 

ʥʘʪʨʠʷ (ʦʙʟʦʨ) // ʅʘʥʦʛʝʪʝʨʦʛʝʥʥʳʡ ʢʘʪʘʣʠʟ. ï 2023. ï ʊ. 8, ˉ 2. ï ʉ. 3-23. ï EDN WRPBNM. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 

0,148 (ʈʀʅʎ), 1,6 ʧ.ʣ., ʜʦʣʷ ʚʢʣʘʜʘ 50%] 

3. Gevorgyan K.P., Larionov V.I., Akopyan A.V., Anisimov A.V., Domashkina P.D. Room Temperature Ultrafast 

Oxidative Desulfurization with Sodium Hypochlorite in the Presence of Silica-Supported Catalysts // ACS Omega. ï 

2024. ï Vol. 9, No. 12. ï P. 13831-13839. ï EDN ADUHRS. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 4,3 (JIF), 1,13 ʧ.ʣ., ʜʦʣʷ ʚʢʣʘʜʘ 80%. 

4. Gevorgyan K.P., Anisimov A.V., Aghoyan A., Davtyan D., Akopyan A.V. High-Performance VC-Based Catalysts with 

CoreïShell-like Architecture for Room Temperature Oxidative Desulfurization of Fuels with Sodium Hypochlorite // 

Industrial and Engineering Chemistry Research. ï 2025. ï Vol. 64, No. 50. ï P. 24044-24060. ï EDN MKKWNJ. 

ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 3,9 (JIF), 2,05 ʧ.ʣ., ʜʦʣʷ ʚʢʣʘʜʘ 80%. 
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- ʈʘʩʪʚʦʨʠʪʝʣʠ: ʜʦʜʝʢʘʥ (98 %), ʘʮʝʪʦʥʠʪʨʠʣ (99 %), ʪʦʣʫʦʣ (99,98 %), ʢʩʠʣʦʣ (99,2 %), 

ʜʝʢʘʣʠʥ (98%), ʥʘʬʪʘʣʠʥ (99 %) 

- ʆʢʠʩʣʠʪʝʣʠ: ʛʠʧʦʭʣʦʨʠʪ ʥʘʪʨʠʷ (NaClO, 15 %), ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ (H2O2, 50 %), ʪʨʝʪ-

ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜ (t-BuOOH, 70 %) 

ʀʩʭʦʜʥʦʝ ʩʳʨʴʝ ʠ ʵʢʩʪʨʘʢʮʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ: 

- ʇʨʷʤʦʡ ʥʝʛʠʜʨʦʦʯʠʱʝʥʥʦʡ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ (ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ 10700 ppm, 

ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ 220-350Áʉ).ʕʢʩʪʨʘʢʮʠʶ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ 

ʜʠʟʝʣʴʥʦʡ ʩʤʝʩʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ (CH3OH, 99,5 %). 

3.2. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ  

ɸʥʘʣʠʟ ʚʳʧʦʣʥʷʣʠ ʥʘ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʝ Nicolet IR2000 (Thermo Scientific) ʩ 

ʧʨʠʩʪʘʚʢʦʡ Multireflection HATR, ʠʩʧʦʣʴʟʫʶʱʝʡ ʤʝʪʦʜ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʥʘʨʫʰʝʥʥʦʛʦ ʧʦʣʥʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʢʨʠʩʪʘʣʣʦʤ ZnSe 45Á ʧʨʠ ʩʧʝʢʪʨʘʣʴʥʦʤ 

ʨʘʟʨʝʰʝʥʠʠ 4 ʩʤ-1. 

ʈʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʚʦʣʥʦʜʠʩʧʝʨʩʠʦʥʥʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ 

Thermo ARL Perform'x Sequential XRF ʩ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʦʡ ʤʦʱʥʦʩʪʴʶ 2.5 ʢɺʪ. 

ʇʨʦʙʦʧʦʜʛʦʪʦʚʢʫ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʝʩʩʦʚʘʥʠʝʤ ʦʙʨʘʟʮʦʚ ʤʘʩʩʦʡ 200 ʤʛ ʚ ʪʘʙʣʝʪʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ. 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʊɻɸ ʧʨʦʚʦʜʠʣʠ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ NETZSCH TG 209 F1 Libra, ʦʙʦʨʫʜʦʚʘʥʥʦʤ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʜʝʨʞʘʪʝʣʝʤ ʦʙʨʘʟʮʦʚ ʩ ʟʘʱʠʪʥʳʤ ʵʢʨʘʥʦʤ ʠ ʧʨʝʮʠʟʠʦʥʥʳʤ ʜʘʪʯʠʢʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʊʝʤʧʝʨʘʪʫʨʥʫʶ ʢʘʣʠʙʨʦʚʢʫ ʚʳʧʦʣʥʷʣʠ ʧʦ ʚʳʩʦʢʦʯʠʩʪʳʤ ʤʝʪʘʣʣʘʤ (Ag, Al, Bi, In, 

Sn ʯʠʩʪʦʪʦʡ 99,99 %). ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʦʪʢʨʳʪʳʭ ʘʣʫʥʜʦʚʳʭ ʪʠʛʣʷʭ (V = 85 ʤʤ3) ʚ ʧʦʪʦʢʝ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʚʦʟʜʫʭʘ (20 ʤʣ/ʤʠʥ) ʚ ʠʥʪʝʨʚʘʣʝ 30-700 ÁC ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ 10 ÁC/ʤʠʥ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ ʥʝ ʧʨʝʚʳʰʘʣʘ 0,1%. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Rigaku Rotaflex D/max-RC ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

CuKŬ-ʠʟʣʫʯʝʥʠʷ (ɚ = 0,154 ʥʤ). ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʫʛʣʦʚʦʤ ʜʠʘʧʘʟʦʥʝ 2ɗ = 10-

120Á ʩ ʰʘʛʦʤ 0,02Á ʠ ʩʢʦʨʦʩʪʴʶ ʩʢʘʥʠʨʦʚʘʥʠʷ 2 Á/ʤʠʥ. ʂʘʯʝʩʪʚʝʥʥʳʡ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʷʣʠ 

ʧʦ ʤʝʪʦʜʫ ʢʦʨʫʥʜʦʚʦʛʦ ʯʠʩʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ MDI JADE. 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 
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ʉʧʝʢʪʨʳ ʂʈ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Horiba LabRAM HR Evolution. ɺʦʟʙʫʞʜʝʥʠʝ 

ʩʧʝʢʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ HeCd-ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 633 ʥʤ. ʉʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʩʦʩʪʘʚʣʷʣʦ 3 ʩʤ-1. 

ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʉʧʝʢʪʨʳ ʈʌʕʉ ʧʦʣʫʯʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ OMICRON ESCA+ (ɻʝʨʤʘʥʠʷ). ɼʘʚʣʝʥʠʝ ʚ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ ʧʦʜʜʝʨʞʠʚʘʣʠ ʥʠʞʝ 8Ĭ10-10 ʤʙʘʨ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʣʶʤʠʥʠʝʚʳʡ ʘʥʦʜ (AlKŬ 

1486,6 ʵɺ). 

ɸʥʘʣʠʟ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ 

ʊʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ Micromeritics Gemini VII 2390 

(V1.02t). ʇʝʨʝʜ ʘʥʘʣʠʟʦʤ ʦʙʨʘʟʮʳ ʜʝʛʘʟʠʨʦʚʘʣʠ ʧʨʠ 120 ÁC ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

3×10-3 ʇʘ. ʀʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ ʠʟʤʝʨʷʣʠ ʧʨʠ 77 ʂ. ʋʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʤʝʪʦʜʫ ɹʕʊ, ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʧʦʨ - ʧʦ ʤʦʜʝʣʠ ɹɼʍ. 

ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʇʕʄ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʠʢʨʦʩʢʦʧʝ JEM-2100 (Jeol, ʗʧʦʥʠʷ) ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ 

ʥʘʧʨʷʞʝʥʠʠ 200 ʢɺ. ʉʕʄ-ʘʥʘʣʠʟ ʚʳʧʦʣʥʷʣʠ ʥʘ ʤʠʢʨʦʩʢʦʧʝ Carl Zeiss NVision 40 ʩ ʜʝʪʝʢʪʦʨʦʤ 

Oxford Instruments X-Max (80 ʤʤ2). 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚ ʚʦʜʦʨʦʜʝ 

ʊʇɺ-ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʭʝʤʦʩʦʨʙʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ Autosorb iQ. ʆʙʨʘʟʮʳ ʤʘʩʩʦʡ 200-

300 ʤʛ ʧʨʦʛʨʝʚʘʣʠ ʚ ʛʝʣʠʠ ʧʨʠ 400 ÁC, ʟʘʪʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʚ 5 % H2/N2 ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ 1030 °C 

ʩʦ ʩʢʦʨʦʩʪʴʶ 15 ÁC/ʤʠʥ. 

ɻʘʟʦʚʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ  

ɸʥʘʣʠʟ ʚʳʧʦʣʥʷʣʠ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ çʂʨʠʩʪʘʣʣ-2000ʄè ʩ ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʣʦʥʢʦʡ ZB1 (30 

ʤ Ĭ 0,32 ʤʤ) ʠ ʇʀɼ-ʜʝʪʝʢʪʦʨʦʤ. ʋʩʣʦʚʠʷ ʘʥʘʣʠʟʘ: ʛʘʟ-ʥʦʩʠʪʝʣʴ - ʘʟʦʪ, ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

100ÁC, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʡ ʥʘʛʨʝʚ ʩʦ ʩʢʦʨʦʩʪʴʶ 20 ÁC/ʤʠʥ (ʪʘʙʣ. 16 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʨʝʤʝʥʘ 

ʫʜʝʨʞʠʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʦʢʠʩʣʝʥʠʷ). 
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ʊʘʙʣʠʮʘ 16. ɺʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʦʢʠʩʣʝʥʠʝ ʧʨʠ ʘʥʘʣʠʟʝ 

ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

ʂʦʤʧʦʥʝʥʪ ʉʦʩʪʘʚ ɺʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ (t, ʤʠʥ) 

ɼʦʜʝʢʘʥ ʉ12ʅ26 7,03  

ʄʝʪʠʣʬʝʥʠʣʩʫʣʴʬʠʜ  MeSPh 5,08  

ʄʝʪʠʣʬʝʥʠʣʩʫʣʴʬʦʥ  MeS(ʆ2)Ph 8,92  

ɹʝʥʟʦʪʠʦʬʝʥ  ʉ8ʅ6S 6,52  

ʉʫʣʴʬʦʥ ʙʝʥʟʦʪʠʦʬʝʥʘ  ʉ8ʅ6Sʆ2 11,57  

ʄʝʪʠʣʙʝʥʟʦʪʠʦʬʝʥ  ʉ9ʅ8S 8,23  

ʉʫʣʴʬʦʥ 

ʤʝʪʠʣʙʝʥʟʦʪʠʦʬʝʥʘ  
ʉ9ʅ8Sʆ2 13,38  

ɼʠʙʝʥʟʦʪʠʦʬʝʥ  ʉ12ʅ8S 14,92  

ʉʫʣʴʬʦʥ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ  ʉ12ʅ8Sʆ2 26,09  

ʄʝʪʠʣʜʠʙʝʥʟʦʪʠʦʬʝʥ  ʉ13ʅ10S 17,53  

ʉʫʣʴʬʦʥ 

ʤʝʪʠʣʜʠʙʝʥʟʦʪʠʦʬʝʥʘ  
ʉ13ʅ10Sʆ2 28,58  

ɼʠʤʝʪʠʣʜʠʙʝʥʟʦʪʠʦʬʝʥ  ʉ14ʅ12S 20,32  

ʉʫʣʴʬʦʥ 

ʜʠʤʝʪʠʣʜʠʙʝʥʟʦʪʠʦʬʝʥʘ  
ʉ14ʅ12Sʆ2 31,65  

 

 ɻʍ-ʄʉ ʘʥʘʣʠʟ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ Agilent 7890 B/5977 A ʩ ʢʦʣʦʥʢʦʡ HP-5 MS (30 ʤ 

x0,25 ʤʤ, 0,25 ʤʢʤ). ʋʩʣʦʚʠʷ: ʛʝʣʠʡ-ʥʦʩʠʪʝʣʴ (1 ʩʤ3/ʤʠʥ), ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʧʨʦʛʨʘʤʤʘ 40-290 °C, 

ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ 70 ʵɺ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ   

ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ɸʉʕ-2 ʚ 

ʜʠʘʧʘʟʦʥʝ 7-50000 ppm. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʯʝʪʘ ʩʦʩʪʘʚʣʷʝʪ 

±0,5%. 

ʋʌ-ʚʠʜʠʤʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ   

ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʇʕ-5400ɺʀ ʚ ʜʠʘʧʘʟʦʥʝ 190-

1100 ʥʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʨʮʝʚʳʭ ʢʶʚʝʪ (ʪʦʣʱʠʥʘ ʩʣʦʷ 10 ʤʤ). 
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3.3. ʉʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

3.3.1. ʉʠʥʪʝʟ ʞʠʜʢʦʬʘʟʥʳʭ ʘʤʬʠʬʠʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʉʠʥʪʝʟ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʊɹɸ-ɻʄ [(C4H9)4N]6Mo7O24 ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʦʡ [172]. ɺ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ ʪʝʪʨʘ-ʥ-ʙʫʪʠʣʘʤʤʦʥʠʡ ʙʨʦʤʠʜʘ (1,93 ʛ, 0,006 ʤʦʣʴ ʚ 200 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ) ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚʚʦʜʠʣʠ ʧʦ ʢʘʧʣʷʤ ʨʘʩʪʚʦʨ ʛʝʧʪʘʤʦʣʠʙʜʘʪʘ ʘʤʤʦʥʠʷ (2,452 ʛ, 0,001 

ʤʦʣʴ ʚ 200 ʤʣ ʚʦʜʳ). 

ʇʦʣʫʯʝʥʥʫʶ ʛʝʪʝʨʦʛʝʥʥʫʶ ʩʠʩʪʝʤʫ ʧʦʜʚʝʨʛʘʣʠ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʚ 

ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʧʨʦʜʫʢʪ ʦʪʜʝʣʷʣʠ ʚʘʢʫʫʤʥʦʡ ʬʠʣʴʪʨʘʮʠʝʡ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ 

ʬʠʣʴʪʨ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʤʳʚʢʦʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ (400 ʤʣ). ʇʨʦʮʝʩʩ ʩʫʰʢʠ ʚʢʣʶʯʘʣ 

ʜʚʝ ʩʪʘʜʠʠ: ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʫʜʘʣʝʥʠʝ ʚʣʘʛʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ ʧʨʠ 80 ÁC (12 ʯʘʩʦʚ) ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʧʨʠ 120 ÁC ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʅʘ 

ʨʠʩ. 40 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʞʠʜʢʦʬʘʟʥʦʛʦ ʘʤʬʠʬʠʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʧʨʠʤʝʨʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʊɹɸ-ɻʄ. ʇʦ ʘʥʘʣʦʛʠʯʥʦʡ ʩʭʝʤʝ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʩʝʨʠʶ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʚʘʨʴʠʨʫʷ 

ʧʨʠʨʦʜʫ ʘʥʠʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ɻʄɸ) ʠ ʩʪʨʫʢʪʫʨʫ ʤʝʞʬʘʟʥʦʛʦ ʧʝʨʝʥʦʩʯʠʢʘ (ʊɹɸɹ). 

3.3.2. ʉʠʥʪʝʟ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ 

ʄʦʜʠʬʠʢʘʮʠʶ ʩʠʣʠʢʘʛʝʣʷ ʦʢʩʠʜʘʤʠ ʤʝʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʧʦ 

ʚʣʘʛʦʝʤʢʦʩʪʠ. ʂʦʣʠʯʝʩʪʚʦ ʥʘʥʝʩʝʥʥʳʭ ʦʢʩʠʜʦʚ ʚʘʨʴʠʨʦʚʘʣʠ ʠʩʭʦʜʷ ʠʟ ʨʘʩʯʝʪʘ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ 

ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʢʘʪʘʣʠʟʘʪʦʨʝ ʩʦʩʪʘʚʠʪ ʦʪ 1 ʜʦ 10 ʤʘʩʩ.%. ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʯʠʪʘʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ (NH4)6Mo7O24 (0,0934 ʛ (1%), 0,4973 ʛ (5%), 1,0824 ʛ (10%)) ʨʘʩʪʚʦʨʷʣʠ ʚ 30 ʤʣ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ 5 ʛ ʩʠʣʠʢʘʛʝʣʷ ʠ ʫʧʘʨʠʚʘʣʠ ʥʘ 

ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ ʩʥʘʯʘʣʘ 2 ʯʘʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40 ÁC, ʟʘʪʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 ÁC ʜʦ 

ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʦʣʫʯʝʥʥʳʡ ʩʠʣʠʢʘʛʝʣʴ ʩ ʥʘʥʝʩʝʥʥʦʡ ʩʦʣʴʶ ʤʝʪʘʣʣʘ ʩʫʰʠʣʠ ʚ 

ʩʣʝʜʫʶʱʝʤ ʨʝʞʠʤʝ: 80 ÁC ï 4 ʯʘʩʘ, 90 ÁC ï 4 ʯʘʩʘ, 100 ÁC ï 4 ʯʘʩʘ, 110 ÁC ï 4 ʯʘʩʘ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʈʠʩʫʥʦʢ 40. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʞʠʜʢʦʬʘʟʥʳʭ ʘʤʬʠʬʠʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 
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ʦʢʩʠʜʥʳʭ ʬʘʟ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʜʦʩʪʠʛʘʣʠ ʧʫʪʝʤ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʳʩʫʰʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʧʨʠ 550 ÁC ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʤʦʣʠʙʜʝʥʘ ʥʘ 

ʢʨʝʤʥʝʟʝʤʥʦʡ ʧʦʜʣʦʞʢʝ ʦʙʦʟʥʘʯʝʥʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʘʢ Mo/SiO2. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 41. 

ʇʦʣʫʯʝʥʠʝ ʚʦʣʴʬʨʘʤ- ʠ ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʠʭ ʘʥʘʣʦʛʦʚ (W/SiO2 ʠ V/SiO2) ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ 

ʩʭʦʜʥʦʤʫ ʧʨʦʪʦʢʦʣʫ, ʧʨʠʤʝʥʷʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʧʘʨʘʚʦʣʴʬʨʘʤʘʪ ʘʤʤʦʥʠʷ 

(NH4)10(H2W12O42)·4H2O ʠ ʤʝʪʘʚʘʥʘʜʘʪ ʘʤʤʦʥʠʷ NH4VO3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʢʠʩʣʝʥʠʷ ɼɹʊ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʩʝʨʠʶ ʠʟ 9 ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʚʘʨʠʘʮʠʝʡ 

ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ (1, 5 ʠ 10 ʤʘʩ.%). ʈʘʩʯʝʪʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʩʠʥʪʝʟʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 17 [174].  

ʊʘʙʣʠʮʘ 17. ʈʘʩʯʝʪ ʤʘʩʩʳ ʩʦʣʝʡ ʜʣʷ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

w(ʤeʪʘʣʣʘ) 
ʄʘʩʩʘ ʩʦʣʠ, ʛ 

(NH4)6Mo7O24 (NH4)10(H2W12O42)·4H2O NH4VO3 

1,0% 0,0934 0,0719 0,1169 

5,0% 0,4973 0,3788 0,6305 

10,0% 1,0824 0,8123 1,3980 

 

ʈʠʩʫʥʦʢ 41. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

(Mo, W, V) 

3.3.3. ʉʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʦʚ 

ʉʠʥʪʝʟ ʢʘʨʙʠʜʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʉʠʥʪʝʟ ʢʘʨʙʠʜʦʚ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʚʘʥʘʜʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʠʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ (5-7), ʠʩʧʦʣʴʟʫʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ: 

2 NH4VO3 + 7C = 2VC + 5CO + 2NH3 + H2O                 (5) 

WO3 + 4C = WC + 3CO        (6) 

2MoO3 + 7C = Mo2C + 6CO        (7) 
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ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʧʨʠʤʝʥʷʣʠ ʚʳʩʦʢʦʯʠʩʪʳʡ ʧʦʨʦʰʦʢ ʤʝʪʘʚʘʥʘʜʘʪʘ ʘʤʤʦʥʠʷ 

(NH4VO3), ʦʢʩʠʜʳ ʤʦʣʠʙʜʝʥʘ ʠʣʠ ʚʦʣʴʬʨʘʤʘ ʠ ʫʛʣʝʨʦʜ (C). ʇʦʨʦʰʢʠ, ʚʟʷʪʳʝ ʚ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʤʘʩʩʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ, ʧʦʤʝʱʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʢʦʣʙʫ, ʛʜʝ ʠʭ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ɼʘʣʝʝ ʩʤʝʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʣʠ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ. 

ʏʘʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʟʘʛʨʫʞʘʣʠ ʚ ʢʚʘʨʮʝʚʳʡ ʧʨʦʪʦʯʥʳʡ ʨʝʘʢʪʦʨ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʜʫʚʘʣʠ ʘʟʦʪʦʤ (N2, 99,99 %) ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʝʨʪʥʦʡ 

ʘʪʤʦʩʬʝʨʳ. ʂʦʥʩʪʨʫʢʮʠʷ ʧʨʦʪʦʯʥʦʛʦ ʨʝʘʢʪʦʨʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʩʠʥʪʝʟʘ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ [175]. ɿʘʪʝʤ ʨʝʘʢʪʦʨ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʧʦʤʝʱʘʣʠ ʚ 

ʤʠʢʨʦʚʦʣʥʦʚʫʶ ʧʝʯʴ. ʉʤʝʩʴ ʦʙʣʫʯʘʣʠ ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʤʦʱʥʦʩʪʴʶ 900 ɺʪ ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʥʘʢʘʣʠʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʜʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 10 ʤʠʥʫʪ ʜʦ ʧʦʣʥʦʛʦ 

ʟʘʚʝʨʰʝʥʠʷ ʨʝʘʢʮʠʠ. ʊʝʤʧʝʨʘʪʫʨʫ ʚ ʟʦʥʝ ʥʘʢʘʣʠʚʘʥʠʷ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ 

ʧʠʨʦʤʝʪʨʘ (Dostman HT-1800) ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ ʚ ʟʘʜʥʝʡ ʩʪʝʥʢʝ ʧʝʯʠ; ʝʸ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1100ï1200 ÁC. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʯʝʨʝʟ 

ʨʝʘʢʪʦʨ ʧʦʜʜʝʨʞʠʚʘʣʠ ʧʦʩʪʦʷʥʥʳʡ ʧʦʪʦʢ ʘʟʦʪʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 25 ʤʣ/ʤʠʥ. 

ɸʢʪʠʚʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ɸʢʪʠʚʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʧʦʪʦʢʝ ʚʦʟʜʫʭʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (25, 50, 100 ʠ 150 ÁC) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʣʷʥʦʡ ʙʘʥʠ. ɼʣʷ ʵʪʦʛʦ U-ʦʙʨʘʟʥʫʶ 

ʪʨʫʙʢʫ, ʟʘʧʦʣʥʝʥʥʫʶ ʢʘʨʙʠʜʦʤ ʚʘʥʘʜʠʷ (Ḑ0,5 ʛ), ʧʦʜʩʦʝʜʠʥʷʣʠ ʢ ʢʦʤʧʨʝʩʩʦʨʫ, ʧʦʜʘʶʱʝʤʫ 

ʚʦʟʜʫʭ. ʄʘʩʣʷʥʫʶ ʙʘʥʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʚʘʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʜʦ ʪʨʝʙʫʝʤʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʘʢʪʠʚʘʮʠʠ, ʧʦʩʣʝ ʯʝʛʦ ʚ ʥʝʝ ʧʦʤʝʱʘʣʠ ʪʨʫʙʢʫ ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ. ʇʨʦʮʝʩʩ ʘʢʪʠʚʘʮʠʠ 

ʜʣʠʣʩʷ 3 ʯʘʩʘ. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 42. 

 

ʈʠʩʫʥʦʢ 42. ʄʝʭʘʥʠʟ ʩʠʥʪʝʟʘ ʠ ʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢʘʨʙʠʜʘ ʚʘʥʘʜʠʷ 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ VC*25, VC*50, VC*100 ʠ VC*150. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʘʢʪʠʚʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʩʭʦʜʥʳʝ 

ʢʘʨʙʠʜʳ ʚʘʥʘʜʠʷ. 
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3.3.4. ʄʝʪʦʜʠʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʩʤʝʩʝʡ 

ʉʝʨʠʷ ʤʦʜʝʣʴʥʳʭ ʩʤʝʩʝʡ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʝʨʳ ʚ 

ʜʠʘʧʘʟʦʥʝ 100-8000 ppm ʙʳʣʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ ʩʨʝʜʝ ʥ-ʜʦʜʝʢʘʥʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʣʝʜʫʶʱʠʝ ʤʦʜʝʣʴʥʳʝ ʩʝʨʦʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ: ʤʝʪʠʣʬʝʥʠʣʩʫʣʴʬʠʜ, ʙʝʥʟʦʪʠʦʬʝʥ (ɹʊ), 

ʜʠʙʝʥʟʦʪʠʦʬʝʥ (ɼɹʊ), 4-ʤʝʪʠʣʜʠʙʝʥʟʦʪʠʦʬʝʥ (4-ʄɼɹʊ) ʠ 4,6-ʜʠʤʝʪʠʣʜʠʙʝʥʟʦʪʠʦʬʝʥ (4,6-

ɼʄɼɹʊ). 

ʄʝʪʦʜʠʢʘ ʧʦʜʛʦʪʦʚʢʠ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʤʝʩʠ 

ʄʦʜʝʣʴʥʫʶ ʢʦʥʢʫʨʝʥʪʥʫʶ ʩʤʝʩʴ ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʠ ʜʝʢʘʣʠʥʘ ʚ ʥ-

ʜʦʜʝʢʘʥʝ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʝʨʳ, ʚʥʦʩʠʤʦʡ ʩ ʜʠʙʝʥʟʦʪʠʦʬʝʥʦʤ, ʩʦʩʪʘʚʣʷʣʘ 500 ppm, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʜʝʢʘʣʠʥʘ ʪʘʢʞʝ ʙʳʣʘ 500 ppm. ʂ ʜʘʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʠʣʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʦʙʲʝʤʳ 

ʢʦʥʢʫʨʝʥʪʥʳʭ ʨʝʘʛʝʥʪʦʚ: ʪʦʣʫʦʣ (8,7 ʤʢʣ), ʢʩʠʣʦʣ (8,5 ʤʢʣ), ʜʝʢʘʣʠʥ (8,4 ʤʢʣ) ʠ ʥʘʬʪʘʣʠʥ (0,0075 

ʛ). ʇʦʩʣʝ ʪʱʘʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʦʪʦʙʨʘʣʠ ʘʣʠʢʚʦʪʫ ʦʙʲʝʤʦʤ 5 ʤʣ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ 

ʛʦʤʦʛʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʂ ʦʪʦʙʨʘʥʥʦʡ ʧʨʦʙʝ ʜʦʙʘʚʠʣʠ ʢʘʪʘʣʠʟʘʪʦʨ (2 % ʦʪ ʤʘʩʩʳ ʧʨʦʙʳ) ʠ 0,5 ʤʣ 

ʘʮʝʪʦʥʠʪʨʠʣʘ (MeCN). ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ ʚʚʦʜʠʣʠ ʦʢʠʩʣʠʪʝʣʴ 

ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ O/S = 4 ʜʣʷ ʠʥʠʮʠʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ. 

3.3.5. ʄʝʪʦʜʠʢʘ ʦʢʠʩʣʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʩʤʝʩʝʡ 

ʄʝʪʦʜʠʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʤʝʩʠ ʜʣʷ ʘʤʬʠʬʠʣʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʚ 

ɺ ʨʝʘʢʮʠʦʥʥʫʶ ʢʦʣʙʫ ʚʤʝʩʪʠʤʦʩʪʴʶ 10 ʤʣ ʧʦʤʝʱʘʣʠ 5 ʤʣ ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ (ʨʘʩʪʚʦʨ 

ʩʝʨʦʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʥ-ʜʦʜʝʢʘʥʝ ʩ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʝʨʳ 500 ppm), ʢʘʪʘʣʠʟʘʪʦʨ 

ʤʘʩʩʦʡ 0,00375ï0,075 ʛ (0,1ï2 ʤʘʩ.%), 23ï230 ʤʢʣ 15% ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ 

(ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ O:S = 1:1ï10:1) ʠ 1ï3 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ. ʇʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 5 ï 60 ʤʠʥʫʪ ʩ ʚʣʠʷʥʠʝʤ ʩʢʦʨʦʩʪʠ 600, 900 ʠʣʠ 1200 

ʦʙ/ʤʠʥ. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʨʝʘʢʮʠʠ ʨʘʟʜʝʣʝʥʠʝ ʬʘʟ ʦʩʫʱʝʩʪʚʣʷʣʠ ʜʝʢʘʥʪʠʨʦʚʘʥʠʝʤ. 

ʄʝʪʦʜʠʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʤʝʩʠ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʩʠʣʠʢʘʛʝʣʝ  

ʄʦʜʝʣʴʥʳʝ ʩʦʩʪʘʚʳ ʥʘ ʦʩʥʦʚʝ ɹʊ, 4-ʄɼɹʊ ʠ 4,6-ɼʄɼɹʊ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʝʨʳ 500 ppm 

ʛʦʪʦʚʠʣʠ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʩʭʝʤʝ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʪʙʠʨʘʣʠ 5 ʤʣ 

ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ, ʚʚʦʜʠʣʠ ʨʘʩʯʝʪʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ, ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 

ʘʮʝʪʦʥʠʪʨʠʣʘ. ʈʝʘʢʮʠʶ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ (1200 ʦʙ/ʤʠʥ). ʆʪʙʦʨ 

ʧʨʦʙ ʜʣʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʷʣʠ ʥʘ 10-ʡ, 20-ʡ ʠ 60-ʡ ʤʠʥʫʪʘʭ  

ʄʝʪʦʜʠʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠ ̫ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʤʝʩʠ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ 
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ʈʘʩʪʚʦʨ ʩ ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ 500 ppm ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ ʪʦʯʥʳʭ ʥʘʚʝʩʦʢ ɹʊ 

(0,314 ʛ), ɼɹʊ (0,431 ʛ), 4-ʄɼɹʊ (0,463 ʛ) ʠ 4,6-ɼʄɼɹʊ (0,496 ʛ) ʚ 200 ʤʣ ʥ-ʜʦʜʝʢʘʥʘ. ʇʨʦʮʝʩʩ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʩʢʣʷʥʢʫ ʦʙʲʝʤʦʤ 10 

ʤʣ ʧʦʤʝʱʘʣʠ 5 ʤʣ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ, ʜʦʙʘʚʣʷʣʠ ʢʘʪʘʣʠʟʘʪʦʨ (0,0375 ʤʛ, 1 ʤʘʩ.%) ʠ 1 ʤʣ 

ʘʮʝʪʦʥʠʪʨʠʣʘ. ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʧʨʠ 1500 ʦʙ/ʤʠʥ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʛʦʤʦʛʝʥʥʦʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ ʚʥʦʩʠʣʠ ʦʢʠʩʣʠʪʝʣʴ (186,25 ʤʢʣ, ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ O : S = 8:1). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʘ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ 

ʚʨʝʤʝʥʠ ʦʪʙʠʨʘʣʠ ʘʣʠʢʚʦʪʳ ʦʙʲʝʤʦʤ 300 ʤʢʣ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʧʦ 

ʫʤʝʥʴʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʘ ʩʫʙʩʪʨʘʪʘ ʥʘ ʛʘʟʦʚʦʤ ʭʨʦʤʘʪʦʛʨʘʬʝ (çʂʨʠʩʪʘʣʣ-2000 ʄè). 

ʉʪʝʧʝʥʴ ʢʦʥʚʝʨʩʠʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʫʙʩʪʨʘʪʦʚ (ɤ, %) ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ 2 : 

‫  ØρππϷ           (2) 

ʛʜʝ C0 ï ʠʩʭʦʜʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʝʨʳ, Ct ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʝʨʳ ʚ ʢʦʥʢʨʝʪʥʦʤ ʚʨʝʤʝʥʠ t. 

3.3.6. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʨʝʘʣʴʥʦʛʦ 

ʩʳʨʴʷ 

ʆʯʠʩʪʢʫ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ ʦʪ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʣʝʜʫʶʱʝʤʫ 

ʧʨʦʪʦʢʦʣʫ: ʢ 10 ʤʣ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʦʧʣʠʚʘ ʜʦʙʘʚʣʷʣʠ ʟʘʜʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʪʝʨʦʛʝʥʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ (0,25 ï 0,5 ʤʘʩ.%) ʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

O/S = 2 ï 10). ʇʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 ÁC ʚ ʪʝʯʝʥʠʝ 0,5 ï 6 ʯʘʩʦʚ. ɺ 

ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʘʨʴʠʨʦʚʘʣʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʦʢʠʩʣʠʪʝʣʷ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ (ʩʫʣʴʬʦʢʩʠʜʳ ʠ ʩʫʣʴʬʦʥʳ) ʫʜʘʣʷʣʠ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʵʢʩʪʨʘʢʮʠʝʡ ʤʝʪʘʥʦʣʦʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʪʦʧʣʠʚʥʦʡ 

ʬʘʟʳ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚ 

ʦʯʠʱʝʥʥʦʤ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ ʚʳʧʦʣʥʷʣʠ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ ɸʉʕ-2. 
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4. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ3 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʛʠʜʨʦʦʯʠʩʪʢʠ ʚ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʧʦʤʠʤʦ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʟʜʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʙʝʟʚʦʜʦʨʦʜʥʳʭ ʤʝʪʦʜʦʚ. ʉʨʝʜʠ ʥʠʭ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʦʙʝʩʩʝʨʠʚʘʠʝ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ, ʪʘʢ 

ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʘʪʴ ʪʦʧʣʠʚʘ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ. ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʢʣʶʯʝʚʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʚ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʦʩʪʘʶʪʩʷ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʢʠʩʣʠʪʝʣʝʡ 

ʠ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʉ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʠʧʦʭʣʦʨʠʪ ʥʘʪʨʠʷ ʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ 

ʦʢʠʩʣʠʪʝʣʝʤ. ʆʜʥʘʢʦ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʣʦʞʥʷʝʪʩʷ ʚʳʩʦʢʦʡ ʱʝʣʦʯʥʦʩʪʴʶ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ, 

ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺ ʚʳʩʦʢʦʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʙʦʣʴʰʠʥʩʪʚʦ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ, 

ʙʳʩʪʨʦ ʪʝʨʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʚʩʣʝʜʩʪʚʠʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʘ, ʨʘʟʨʫʰʝʥʠʷ 

ʥʦʩʠʪʝʣʷ ʠʣʠ ʥʝʦʙʨʘʪʠʤʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ 

ʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. 

ɼʨʫʛʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʥʪʨʦʣʷ ʤʘʨʰʨʫʪʘ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʩ ʮʝʣʴʶ ʠʟʙʝʞʘʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʨʘʜʠʢʘʣʦʚ ʠ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ (Mo, W, V) ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ. ʊʘʢʦʡ 

                                                 
3 ʇʨʠ ʨʘʙʦʪʝ ʥʘʜ ʜʘʥʥʳʤ ʨʘʟʜʝʣʦʤ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ʩʣʝʜʫʶʱʠʭ ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʘ, 

ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
1. ɻʝʚʦʨʛʷʥ ʂ.ʇ., ʇʦʣʠʢʘʨʧʦʚʘ ʇ.ɼ. ʆʢʠʩʣʝʥʠʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʘʤʬʠʬʠʣʴʥʳʭ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ // ʅʝʬʪʝʭʠʤʠʷ. ï 2023. ï ʊ. 63, ˉ 2. ï ʉ. 202-210. ï EDN 

HJUSTD. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 0,792 (ʈʀʅʎ), 0,72 ʧ.ʣ., ʜʦʣʷ ʚʢʣʘʜʘ 70% 

[ʧʝʨʝʚʦʜ Gevorgyan K.P., Polikarpova P.D. Oxidation of Sulfur Compounds by Sodium Hypochlorite over 

Molybdenum-Based Amphiphilic Catalysts // Petroleum Chemistry. ï 2023. ï Vol. 63, No. 4. ï P. 413-420. ï EDN 

KMJVQO. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 1,1 (JIF), 0,7 ʧ.ʣ., ʜʦʣʷ ʚʢʣʘʜʘ 70%] 

2. Domashkina P.D., Gevorgyan K.P., Akopyan A.V. Oxidation of Organic Substrates with Sodium Hypochlorite (A 

Review) // Petroleum Chemistry. ï 2023. ï Vol. 63, No. 11. ï P. 1253-1273. ï EDN FPQRVW. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 1,1 

(JIF), 1,6 ʧ.ʣ., ʜʦʣʷ ʚʢʣʘʜʘ 50%. 

[ʧʝʨʝʚʦʜ: ɼʦʤʘʰʢʠʥʘ ʇ.ɼ., ɻʝʚʦʨʛʷʥ ʂ.ʇ., ɸʢʦʧʷʥ ɸ.ɺ. ʆʢʠʩʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʛʠʧʦʭʣʦʨʠʪʦʤ 

ʥʘʪʨʠʷ (ʦʙʟʦʨ) // ʅʘʥʦʛʝʪʝʨʦʛʝʥʥʳʡ ʢʘʪʘʣʠʟ. ï 2023. ï ʊ. 8, ˉ 2. ï ʉ. 3-23. ï EDN WRPBNM. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 

0,148 (ʈʀʅʎ), 1,6 ʧ.ʣ., ʜʦʣʷ ʚʢʣʘʜʘ 50%] 

3. Gevorgyan K.P., Larionov V.I., Akopyan A.V., Anisimov A.V., Domashkina P.D. Room Temperature Ultrafast 

Oxidative Desulfurization with Sodium Hypochlorite in the Presence of Silica-Supported Catalysts // ACS Omega. ï 

2024. ï Vol. 9, No. 12. ï P. 13831-13839. ï EDN ADUHRS. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 4,3 (JIF), 1,13 ʧ.ʣ., ʜʦʣʷ ʚʢʣʘʜʘ 80%. 

4. Gevorgyan K.P., Anisimov A.V., Aghoyan A., Davtyan D., Akopyan A.V. High-Performance VC-Based Catalysts with 

CoreïShell-like Architecture for Room Temperature Oxidative Desulfurization of Fuels with Sodium Hypochlorite // 

Industrial and Engineering Chemistry Research. ï 2025. ï Vol. 64, No. 50. ï P. 24044-24060. ï EDN MKKWNJ. 

ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 3,9 (JIF), 2,05 ʧ.ʣ., ʜʦʣʷ ʚʢʣʘʜʘ 80%. 
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ʧʫʪʴ ʨʝʘʢʮʠʠ, ʠʩʢʣʶʯʘʶʱʠʡ ʨʘʜʠʢʘʣʴʥʳʝ ʩʪʘʜʠʠ, ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʯʘʩʪʠ ʪʦʧʣʠʚ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʯʝʪʘʥʠʝ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʦʣʠʙʜʝʥʘ, 

ʚʦʣʴʬʨʘʤʘ ʠ ʚʘʥʘʜʠʷ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʥʦʛʦ ʩʳʨʴʷ ʜʝʡʩʪʚʠʝʤ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ. 

4.1. ɾʠʜʢʦʬʘʟʥʳʝ ʘʤʬʠʬʠʣʴʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ɻʠʧʦʭʣʦʨʠʪ ʥʘʪʨʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʠʜʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʪʦʛʜʘ ʢʘʢ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ 

ʩʫʙʩʪʨʘʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʧʦʣʷʨʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢ 

ʦʛʨʘʥʠʯʝʥʠʶ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʢʦʛʜʘ ʧʨʦʮʝʩʩ ʧʨʦʭʦʜʠʪ ʪʦʣʴʢʦ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ. ʇʦʵʪʦʤʫ 

ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʦʢʠʩʣʝʥʠʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʘʤʬʠʬʠʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʥʦʚʳʭ ʞʠʜʢʦʬʘʟʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʛʝʥʪʳ ʤʝʞʬʘʟʥʦʛʦ ʧʝʨʝʥʦʩʘ ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʩʦʣʷʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ï ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʚʘʥʘʜʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʝʪʘʣʣ-ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʤʝʥʷʣʠ ʤʦʣʠʙʜʘʪ ʥʘʪʨʠʷ, ʛʝʧʪʘʤʦʣʠʙʜʘʪ ʘʤʤʦʥʠʷ, 

ʬʦʩʬʦʨʥʦʤʦʣʠʙʜʝʥʦʚʫʶ ʢʠʩʣʦʪʫ, ʚʦʣʴʬʨʘʤʘʪ ʥʘʪʨʠʷ, ʬʦʩʬʦʨʥʦʚʦʣʴʬʨʘʤʦʚʫʶ ʢʠʩʣʦʪʫ, 

ʚʘʥʘʜʠʣʩʫʣʴʬʘʪ ʠ ʚʘʥʘʜʘʪ ʥʘʪʨʠʷ. ɺ ʨʦʣʠ ʘʛʝʥʪʦʚ ʤʝʞʬʘʟʥʦʛʦ ʧʝʨʝʥʦʩʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʯʝʪʚʝʨʪʠʯʥʳʝ ʘʤʤʦʥʠʝʚʳʝ ʩʦʣʠ: ʭʣʦʨʠʜ ʪʝʪʨʘʵʪʠʣʘʤʤʦʥʠʷ, ʙʨʦʤʠʜ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ, ʙʨʦʤʠʜ 

ʜʦʜʝʮʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ, ʭʣʦʨʠʜ ʪʨʠʤʝʪʠʣʦʢʪʘʜʝʮʠʣʘʤʤʦʥʠʷ, ʭʣʦʨʠʜ ʪʝʪʨʘʜʦʜʝʮʠʣʘʤʤʦʥʠʷ ʠ 

ʙʨʦʤʠʜ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ. ɺ ʪʘʙʣ. 18 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʟʚʘʥʠʝ ʠ ʩʦʩʪʘʚ ʩʠʥʪʝʟʠʨʦʚʘʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʊʘʙʣʠʮʘ 18. ʅʘʟʚʘʥʠʝ ʠ ʩʦʩʪʘʚ ʩʠʥʪʝʟʠʨʦʚʘʥʳʭ ʘʤʬʠʬʠʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʅʘʟʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʉʦʩʪʘʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʊɹɸ-ʄ [(C4H9)4N]2MoO4 

ʊɹɸ-ɻʄ [(C4H9)4N]6Mo7O24 

ʊɹɸ-ʈʄʦ [(C4H9)4N]3ʈMo12O40 

ʊɹɸ-ʈW [(C4H9)4N]3PW12O40 

ʊʕɸ-ɻʄ [(C2H5)4N]6Mo7O24 

ɼʊʄɸ-ɻʄ [ʉ12ʅ25(CH3)3N]6Mo7O24 

ʎʊʄɸ-ɻʄ [ʉ16ʅ33(CH3)3N]6Mo7O24 

ʊʄʆɸ-ɻʄ [ʉ18ʅ37(CH3)3N]6Mo7O24 
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4.1.1. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʈʌʣɸ, ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ 

ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʦʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʣʷ ʘʥʘʣʠʟʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʘʩʩʦʚʳʝ ʜʦʣʠ ʤʝʪʘʣʣʦʚ ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʥʘʭʦʜʷʪʩʷ ʚ ʭʦʨʦʰʝʤ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ (ʪʘʙʣ. 19). ʅʘʙʣʶʜʘʝʤʳʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʩʣʦʞʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ʈʌʣɸ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠ ʚʣʠʷʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ. 

ʉʦʚʧʘʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʨʝʘʢʮʠʠ ʠʦʥʦʛʦ ʦʙʤʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʧʨʦʪʝʢʘʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ, ʘ 

ʮʝʣʝʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʯʠʩʪʦʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ. ʈʝʟʫʣʴʪʘʪʳ ʈʌʣɸ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 19.  

ʊʘʙʣʠʮʘ 19. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ 

ʂʘʪʘʣʠʟʘʪʦʨ 
ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʝʪʘʣʣʘ, ʤʘʩ.% 

ʌʘʢʪʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʝʪʘʣʣʘ ʩʦʛʣʘʩʥʦ 

ʵʣʝʤʝʥʪʥʦʤʫ ʘʥʘʣʠʟʫ, ʤʘʩ.% 

ʊɹɸ-ʄ 14,88 14,56 

ʊɹɸ-ɻʄ 26,75 26,47 

ʊɹɸ-ʈʄʦ 45,16 43,98 

ʊɹɸ-ʈW 61,20 60,76 

ʊʕɸ-ɻʄ 36,56 35,00 

ɼʊʄɸ-ɻʄ 27,68 27,20 

ʎʊʄɸ-ɻʄ 24,31 23,97 

ʊʄʆɸ-ɻʄ 22,92 22,05 

 

ʀʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʦʤ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɺ ʩʧʝʢʪʨʘʭ ʠʩʭʦʜʥʳʭ ʘʤʤʦʥʠʝʚʳʭ ʩʦʣʝʡ ï ʙʨʦʤʠʜʘ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ 

(ʊɹɸɹ) ʠ ʙʨʦʤʠʜʘ ʜʦʜʝʮʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ (ɼʊʄɸɹ) ï ʥʘʙʣʶʜʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʣʝʙʘʥʠʷʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʪʠʦʥʘ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʊɹɸɹ 

([CH3(CH2)3]4N
+), ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʚʩʝ ʦʩʥʦʚʥʳʝ ʩʠʛʥʘʣʳ: ʚ ʦʙʣʘʩʪʠ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʩʚʷʟʝʡ C-H ʚ ʩʧʝʢʪʨʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʧʨʠ 2961 ʩʤ-1 ʠ 2860 ʩʤ-1, ʢʦʪʦʨʳʝ 

ʦʪʥʝʩʝʥʳ [176] ʢ ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʠ ʩʠʤʤʝʪʨʠʯʥʳʤ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ C-H ʚ 
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ʤʝʪʠʣʴʥʳʭ (CH3) ʠ ʤʝʪʠʣʝʥʦʚʳʭ (CH2) ʛʨʫʧʧʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ ʧʦʣʦʩʳ ʧʦʪʚʝʨʞʜʘʶʪ 

ʥʘʣʠʯʠʝ ʘʣʢʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʤʦʣʝʢʫʣʝ, ʦʙʣʘʩʪʴ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʝʡ C-H 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1350ï1500 ʩʤ-1. 

ʉʠʛʥʘʣ ʧʨʠ 1472 ʩʤ-1 ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥ ʢʘʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʝʪʠʣʝʥʦʚʳʭ 

ʛʨʫʧʧ, ʦʜʥʘʢʦ ʦʥ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʚʢʣʘʜ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʝʪʠʣʴʥʳʭ 

ʛʨʫʧʧ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʵʪʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʯʸʪʢʘʷ ʧʦʣʦʩʘ ʧʨʠ 1374 ʩʤ-1, 

ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʳʭ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʝʡ C-H ʚ ʤʝʪʠʣʴʥʳʭ 

ʛʨʫʧʧʘʭ (-CH3). ʅʘʣʠʯʠʝ ʵʪʦʡ ʧʘʨʳ ʧʦʣʦʩ (~1470 ʠ ~1375 ʩʤ-1) ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ ʜʣʷ 

ʩʧʝʢʪʨʦʚ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʣʢʠʣʴʥʳʤʠ ʮʝʧʷʤʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ (700ï1300 

ʩʤ-1), ʘ ʪʘʢʞʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ 1241, 1168, 1108, 1064 ʠ 1035 ʩʤ-1, ʦʙʫʩʣʦʚʣʝʥʳ 

ʩʣʦʞʥʳʤ ʥʘʙʦʨʦʤ ʢʦʣʝʙʘʥʠʡ ʫʛʣʝʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ, ʘ ʠʤʝʥʥʦ: ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʩʚʷʟʝʡ C-

C, ʘ ʪʘʢʞʝ ʚʝʝʨʥʳʤʠ ʠ ʢʨʫʪʠʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ. ɻʨʫʧʧʘ ʩʠʛʥʘʣʦʚ ʚ 

ʦʙʣʘʩʪʠ 880ï924 ʩʤ-1 ʠ ʩʠʛʥʘʣ ʧʨʠ 739 ʩʤ-1 ʦʪʥʦʩʷʪʩʷ ʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ 

ʫʛʣʝʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ ʢʘʪʠʦʥʘ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʦʩʘ ʧʨʠ 739 ʩʤ-1 ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʤʘʷʪʥʠʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ (-CH2-)n ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʣʠʥʝʡʥʳʝ ʘʣʢʠʣʴʥʳʝ ʮʝʧʠ ʠʟ ʯʝʪʳʨʸʭ ʠ ʙʦʣʝʝ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ, ʯʪʦ ʪʦʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʝ ʪʝʪʨʘ-ʥ-ʙʫʪʠʣʘʤʤʦʥʠʝʚʦʛʦ ʢʘʪʠʦʥʘ [176]. 

ʅʘ ʈʠʩ. 43(ʘ, ʙ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʠ 

ʩʠʤʤʝʪʨʠʯʥʳʤ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ CïH ʚ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧʘʭ ʧʨʠ 2961 ʠ 2860 ʩʤ-1 ʜʣʷ 

ʊɹɸɹ, ʠ ʧʨʠ 2919 ʠ 2851 ʩʤ-1 ʜʣʷ ɼʊʄɸɹ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʦʩʳ ʧʨʠ 1472 ʩʤ-1 ʠ 1467 ʩʤ-1 

ʦʪʥʝʩʝʥʳ ʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ; ʜʘʥʥʳʝ ʩʠʛʥʘʣʳ ʩʦʭʨʘʥʷʶʪʩʷ ʚ 

ʩʧʝʢʪʨʘʭ ʧʦʣʫʯʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʩʧʝʢʪʨʝ ʛʝʧʪʘʤʦʣʠʙʜʘʪʘ ʘʤʤʦʥʠʷ ʨʝʛʠʩʪʨʠʨʫʝʪɹʩʷ ʧʦʣʦʩʘ 

ʧʨʠ 906 ʩʤ-1, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʩʪʠʢʦʚʦʡ ʩʚʷʟʠ MoïOïMo, ʧʦʣʦʩʘ 

ʧʨʠ 822 ʩʤ-1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʠ MoïO, ʘ ʪʘʢʞʝ ʧʦʣʦʩʘ ʧʨʠ 

774 ʩʤ-1, ʦʪʚʝʯʘʶʱʘʷ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʠ MoïO [177]. ʅʘʣʠʯʠʝ ʢʘʪʠʦʥʘ ʘʤʤʦʥʠʷ ʚ 

ʩʪʨʫʢʪʫʨʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʧʦʣʦʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʚ ʀʂ-ʩʧʝʢʪʨʝ: ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʠ NïH ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʧʠʢʘ ʧʨʠ 1386 ʩʤ-1, ʘ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ NïH 

ʥʘʙʣʶʜʘʶʪʩʷ ʢʘʢ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 3150ï3030 ʩʤ-1 [178]. ʇʦʣʦʩʘ 

ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʝʚʦʛʦ ʢʘʪʠʦʥʘ ([CH3(CH2)3]4N
+) ʥʘʭʦʜʠʪʩʷ ʧʨʠ 2963 ʩʤ-1, ʪʘʢʞʝ ʚ ʀʂ ʩʧʝʢʪʨʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʤ̫ ʩʚʷʟʝʡ C-H ʚ 

ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧʘʭ (-CH3) ʧʨʠ 2939 ʩʤ
-1; ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʝʡ C-H ʚ 

ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧʘʭ (-CH2-) ʧʨʠ 2872 ʩʤ-1; ʉʠʤʤʝʪʨʠʯʥʳʤ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ C-H 

ʚ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧʘʭ (-CH3), ʧʨʠ 1484 ʠ 1462 ʩʤ
-1; ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ 

(ʥʦʞʥʠʮʝʦʙʨʘʟʥʳʝ) ʩʚʷʟʝʡ C-H ʚ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧʘʭ (-CH2-), ʘ ʪʘʢʞʝ ʚʢʣʘʜʫ ʘʩʠʤʤʝʪʨʠʯʥʳʭ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ (-CH3) ʧʨʠ 1381 ʩʤ
-1. 
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ɼʣ̫ ʧʦʣʦʩ ʛʝʧʪʘʤʦʣʠʙʜʘʪ-ʘʥʠʦʥʘ (Mo7O24
6-) ʭʘʨʘʢʪʝʨʥʘ ʦʙʣʘʩʪʴ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ Mo-

O (700ï1000 ʩʤ-1). ʕʪʘ ʛʨʫʧʧʘ ʧʦʣʦʩ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ "ʦʪʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚ" 

ʧʦʣʠʦʢʩʠʤʦʣʠʙʜʘʪʥʦʛʦ ʘʥʠʦʥʘ ʠ ʜʦʢʘʟʳʚʘʝʪ ʝʛʦ ʩʦʭʨʘʥʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʢʘʪʘʣʠʟʘʪʦʨʘ: 

ʜʫʙʣʝʪ/ʪʨʠʧʣʝʪ ʧʦʣʦʩ ʧʨʠ 947, 918, 903 ʩʤ-1 ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʩʪʠʢʦʚʳʭ 

ʩʚʷʟʝʡ Mo-O-Mo, ʨʘʟʣʠʯʠʝ ʚ ʵʥʝʨʛʠʷʭ ʩʚʷʟʝʡ ʚ ʧʦʣʠʘʥʠʦʥʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʱʝʧʣʝʥʠʶ ʵʪʦʛʦ 

ʩʠʛʥʘʣʘ. ʇʦʣʦʩʘ ʧʨʠ 851 ʩʤ-1  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ Mo=O, ʧʦʣʦʩʘ ʧʨʠ 

799 ʩʤ-1 ʦʪʥʦʩʠʪʩʷ ʢ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ Mo-O. ʅʠʟʢʦʯʘʩʪʦʪʥʘʷ ʦʙʣʘʩʪʴ (< 700 ʩʤ-1): 

659, 563 ʩʤ-1: ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʢʘʨʢʘʩʘ ʧʦʣʠʘʥʠʦʥʘ, ʘ ʠʤʝʥʥʦ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ O-Mo-O ʠ Mo-O-Mo. ʀʭ ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʣʦʞʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʤʦʣʠʙʜʘʪʥʦʛʦ ʘʥʠʦʥʘ. ɺ ʀʂ-ʩʧʝʢʪʨʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʦʙʣʘʩʪʠ ʢʘʢ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʢʘʪʠʦʥʘ (2963ï1381 ʩʤ-1), ʪʘʢ  ʜʣʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʥʠʦʥʘ (947ï563 ʩʤ-1), ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ 

ʥʝʦʧʨʦʚʝʨʞʠʤʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʫʩʧʝʰʥʦʛʦ ʩʠʥʪʝʟʘ ʮʝʣʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ï 

ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʝʚʦʡ ʩʦʣʠ ʛʝʧʪʘʤʦʣʠʙʜʘʪʘ. ʉʜʚʠʛʠ ʠ ʥʝʢʦʪʦʨʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦʬʠʣʷ ʧʦʣʦʩ 

ʤʦʣʠʙʜʘʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʛʝʧʪʘʤʦʣʠʙʜʘʪʦʤ ʘʤʤʦʥʠʷ (ʥʘʧʨʠʤʝʨ, ʨʘʩʱʝʧʣʝʥʠʝ ʧʦʣʦʩʳ 

Mo-O-Mo) ʷʚʣʷʶʪʩʷ ʦʞʠʜʘʝʤʳʤʠ ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʟʤʝʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʢʨʫʞʝʥʠʷ 

ʘʥʠʦʥʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʡ ʠʦʥʥʦʡ ʧʘʨʳ. 
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ʈʠʩʫʥʦʢ 43. ʀʂ-ʩʧʝʢʪʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʘ) ʊɹɸ-ɻʄ, ʙ) ɼʊʄɸ-ɻʄ ʠ ʠʩʭʦʜʥʳʭ 

ʨʝʘʛʝʥʪʦʚ. 

ɼʣʷ ʜʚʫʭ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʦʙʨʘʟʮʦʚ (ʊɹɸ-ɻʄ, ɼʊʄɸ-ɻʄ) ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʆʙʨʘʟʝʮ ʊɹɸ-ɻʄ (ʨʠʩ. 44(ʘ)) ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʤʝʨʥʦ 240 ÁC, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʧʦʪʝʨʷ 
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ʤʘʩʩʳ ï ʚʩʝʛʦ 0,03 %, ʩʚʷʟʘʥʥʘʷ, ʚʝʨʦʷʪʥʦ, ʩ ʫʜʘʣʝʥʠʝʤ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʣʘʛʠ ʠʣʠ ʦʩʪʘʪʦʯʥʳʭ 

ʧʨʠʤʝʩʝʡ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʆʩʥʦʚʥʦʡ ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 415 

ÁC ʩ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦʪʝʨʝʡ ʤʘʩʩʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 54,12 %. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʝ ʜʦ 500 ÁC 

ʦʪʤʝʯʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,01 % ʜʦ 0,09 %, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʤʝʜʣʝʥʥʳʤ ʜʦʛʦʨʘʥʠʝʤ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʦʩʪʘʪʢʘ ʠʣʠ ʧʨʦʜʦʣʞʝʥʠʝʤ 

ʜʝʛʨʘʜʘʮʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʫʝʪʩʷ 

ʩʪʘʙʠʣʴʥʳʡ ʦʩʪʘʪʦʢ. 

ʂʨʠʚʘʷ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ɼʊʄɸ-ɻʄ, ʦʪʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩ. 44(ʙ), ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʝʝ 

ʩʣʦʞʥʫʶ ʪʨʝʭʩʪʘʜʠʡʥʫʶ ʢʘʨʪʠʥʫ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ. ʅʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʧʨʠ 175 ÁC 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʪʝʨʝʡ ʤʘʩʩʳ 0,09 %, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʫʜʘʣʝʥʠʶ ʚʣʘʛʠ. ʇʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 245 ÁC ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʟʘʤʝʪʥʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ 1,59 %, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʘʯʘʣʝ ʜʝʩʪʨʫʢʮʠʠ ʤʘʪʝʨʠʘʣʘ. ʆʩʥʦʚʥʘʷ ʩʪʘʜʠʷ ʨʘʟʣʦʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 480 ÁC ʩ ʨʝʟʢʦʡ 

ʧʦʪʝʨʝʡ ʤʘʩʩʳ 58,76 %, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʘʟʣʦʞʝʥʠʶ ʦʩʥʦʚʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ. ʇʦʩʣʝ ʵʪʦʡ 

ʩʪʘʜʠʠ ʤʘʩʩʘ ʦʙʨʘʟʮʘ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʤʘʩʩʳ 0,01 %, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʤ ʦʙʨʘʟʦʚʘʥʠʠ ʩʪʘʙʠʣʴʥʦʛʦ ʦʩʪʘʪʢʘ ï ʚ ʫʩʣʦʚʠʷʭ ʦʢʠʩʣʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ 

ʚʦʟʜʫʭʘ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʨʠʦʢʩʠʜ 

ʤʦʣʠʙʜʝʥʘ (MoO3). 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʨʠʚʳʭ ʚʳʷʚʠʣ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʪʝʨʤʠʯʝʩʢʦʤ ʧʦʚʝʜʝʥʠʠ 

ʦʙʨʘʟʮʦʚ. ɺʪʦʨʦʡ ʦʙʨʘʟʝʮ ɼʊʄɸ-ɻʄ ʥʘʯʠʥʘʝʪ ʟʘʤʝʪʥʦ ʨʘʟʣʘʛʘʪʴʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ï 245 °C ï ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤ ʦʙʨʘʟʮʦʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʤʝʥʴʰʝʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʥʘʛʨʝʚʘ. ʆʜʥʘʢʦ ʦʩʥʦʚʥʘʷ ʩʪʘʜʠʷ ʨʘʟʣʦʞʝʥʠʷ ʫ 

ʚʪʦʨʦʛʦ ʦʙʨʘʟʮʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 480 ÁC ʧʨʦʪʠʚ 415 ÁC ʫ ʧʝʨʚʦʛʦ 

ʦʙʨʘʟʮʘ ʠ  ʩʦʧʨʦʚʦʞʘʶʪʩʷ ʧʨʠ ʵʪʦʤ ʙʦʣʴʰʝʡ ʧʦʪʝʨʝʡ ʤʘʩʩʳ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ 

ʩʛʦʨʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʨʠʦʢʩʠʜ ʤʦʣʠʙʜʝʥʘ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʩʦʩʪʘʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. ʈʘʩʩʯʠʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʊɻɸ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʤʦʣʠʙʜʝʥʘ ʩʦʩʪʘʚʣʷʝʪ 26,1 % 

ʠ 26,4 % ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʊɹɸ-ɻʄ ʠ ɼʊʄɸ-ɻʄ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʧʦʣʥʦʤ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʠ ʦʙʤʝʥʘ ʧʨʠ ʩʠʥʪʝʟʝ ʜʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ.  
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ʈʠʩʫʥʦʢ 44. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʘ) ʊɹɸ-ɻʄ, ʙ) ɼʊʄɸ-ɻʄ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

 

4.1.2. ʆʢʠʩʣʝʥʠʝ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ ʙʳʣ ʚʳʙʨʘʥ ʨʘʩʪʚʦʨ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʚ ʜʦʜʝʢʘʥʝ ʩ ʠʩʭʦʜʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ 500 ppm. ɺʳʙʦʨ ʪʘʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ʦʙʦʩʥʦʚʘʥ ʪʝʤ, ʯʪʦ ɼɹʊ ʠ ʝʛʦ 

ʘʣʢʠʣʧʨʦʠʟʚʦʜʥʳʝ (ʥʘʧʨʠʤʝʨ, 4,6-ʜʠʤʝʪʠʣʜʠʙʝʥʟʦʪʠʦʬʝʥ) ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʛʠʜʨʦʦʯʠʩʪʢʝʠ ʋʩʧʝʰʥʦʝ ʦʢʠʩʣʝʥʠʝ ɼɹʊ ʜʘʝʪ 

ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʪʴ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʠ ʜʣʷ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʬʪʷʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺʳʙʦʨ ʜʦʜʝʢʘʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʩʚʷʟʘʥ ʩ ʝʛʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ (~215ÁC), ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʦʡ 

ʠʥʝʨʪʥʦʩʪʴʶ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʝʨʳ ʨʘʚʥʘʷ 500 ppm ̫ ʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʨʦʚʦʜʷʪʩʷ ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ɼɹʊ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʨʘʚʥʠʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʠʟʚʝʩʪʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʘʥʘʣʦʛʘʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʙʨʘʥ ʛʠʧʦʭʣʦʨʠʪ ʥʘʪʨʠʷ (NaOCl) ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 15%, ʤʘʨʢʠ "ɸ" (ʯʠʩʪʳʡ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪ). ʕʪʦʪ ʚʳʙʦʨ ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ 

ʩʠʣʴʥʳʤʠ ʦʢʠʩʣʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʤʝʨʯʝʩʢʦʠʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʚ ʦʙʨʘʱʝʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʚ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ɺ 

ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʧʨʠʤʝʥʷʣʠ ʘʮʝʪʦʥʠʪʨʠʣ, ʚʳʧʦʣʥʷʶʱʠʡ ʜʚʝ ʬʫʥʢʮʠʠ: ʵʢʩʪʨʘʛʝʥʪ ʧʦʣʷʨʥʳʭ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʦʚ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʫʪʝʤ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʛʨʝʛʘʮʠʠ 

ʝʛʦ ʯʘʩʪʠʮ ʚ ʚʦʜʥʦʡ ʬʘʟʝ, ʩʦʜʝʨʞʘʱʝʡ ʛʠʧʦʭʣʦʨʠʪ-ʠʦʥʳ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʨʘʚʥʠʚʘʣʠ ʘʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʚʳʙʨʘʥʥʳʭ 

ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʪʘʙʣ. 20). 
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ʊʘʙʣʠʮʘ 20. ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʘʤʬʠʬʠʣʴʥʳʭ. ʋʩʣʦʚʠʷ 

ʦʢʠʩʣʝʥʠʷ: ʋʩʣʦʚʠʷ ʦʢʠʩʣʝʥʠʷ: O:S = 4:1 (ʤʦʣʴʥ.), w (ʢʘʪ.) = 0,5%, CH3CN 1 ʤʣ, ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ 1200 ʦʙ/ʤʠʥ, 25ʉ̄,10 ʤʠʥ 

ʅʘʟʚʘʥʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʉʦʩʪʘʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʉʦʜʝʨʞʘʥʠʝ ʄʦ ʂʦʥʚʝʨʩʠʷ ɼɹʊ 

ʊɹɸ-ʄ [(C4H9)4N]2MoO4 14,56 45 

ʊɹɸ-ɻʄ [(C4H9)4N]6Mo7O24 26,47 100 

ʊɹɸ-ʈʄʦ [(C4H9)4N]3ʈMo12O40 43,98 100 

ʊɹɸ-ʈW [(C4H9)4N]3PW12O40 60,76 100 

ʊʕɸ-ɻʄ [(C2H5)4N]6Mo7O24 35,00 56 

ɼʊʄɸ-ɻʄ [ʉ12ʅ25(CH3)3N]6Mo7O24 27,20 60 

ʎʊʄɸ-ɻʄ [ʉ16ʅ33(CH3)3N]6Mo7O24 23,97 53 

ʊʄʆɸ-ɻʄ [ʉ18ʅ37(CH3)3N]6Mo7O24 22,05 45 

 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʚ ʪʘʙʣ. 20 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ ʦ ʚʣʠʷʥʠʠ ʩʦʩʪʘʚʘ ʠ 

ʩʪʨʫʢʪʫʨʳ ʘʤʬʠʬʠʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʦʙʝʩʩʝʨʠʚʘʥʠʠ 

ɼɹʊ. ɺ ʩʣʫʯʘʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʦʩʪʘʚʝ ʩʦʜʝʨʞʘʪ ʛʝʪʝʨʦʧʦʣʠʘʥʠʦʥ, ʜʦʩʪʠʛʘʝʪʩʷ 100% 

ʢʦʥʚʝʨʩʠʷ ɼɹʊ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʦʣʠʙʜʝʥʘ, ʪʘʢ ʠ ʩ ʚʳʩʦʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʩʘʤʦʛʦ ʛʝʪʝʨʦʧʦʣʠʘʥʠʦʥʘ. ʅʘʠʤʝʥʴʰʘʷ ʢʦʥʚʝʨʩʠʷ ɼɹʊ ï 45%, ʜʦʩʪʠʛʘʝʪʩʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʊɹɸ-ʄ, ʩʦʜʝʨʞʘʱʝʛʦ ʤʦʣʠʙʜʘʪ-ʠʦʥ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʢʘʢ ʩ 

ʥʠʟʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʘʪʘ, ʪʘʢ ʠ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʘ. 

ʇʨʠʨʦʜʘ ʢʘʪʠʦʥʘ ʪʘʢʞʝ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʢʦʥʚʝʨʩʠʶ ɼɹʊ: ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʜʠʥʘʢʦʚʳʡ ʘʥʠʦʥ 

ʛʝʧʪʘʤʦʣʠʙʜʘʪʘ, ʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʜʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ ʢ 

ʪʝʪʨʘʵʪʠʣʘʤʤʦʥʠʶ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ: ʙʦʣʝʝ ʛʠʜʨʦʬʦʙʥʳʡ ʢʘʪʠʦʥ 

ʵʬʬʝʢʪʠʚʥʝʝ ʢʦʥʮʝʥʪʨʠʨʫʝʪ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʜʣʠʥʳ ʘʣʢʠʣʴʥʦʡ ʮʝʧʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʷʜʫ ʊɹɸ-ɻʄ 

(100%) > ɼʊʄɸ-ɻʄ (60%) >  ʎʊʄɸ-ɻʄ(53%) > ʊʄʆɸ-ɻʄ (45%), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʪʨʘʟʘʤʝʱʝʥʥʳʭ ʢʘʪʠʦʥʦʚ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʘʤʤʦʥʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʪʠʦʥʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʪʨʠ ʤʝʪʠʣʴʥʳʝ ʛʨʫʧʧʳ ʠ ʦʜʥʫ ʜʣʠʥʥʫʶ ʘʣʢʠʣʴʥʫʶ ʮʝʣʴ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʥʝ ʷʚʣʷʝʪʩʷ 

ʨʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʨʠʨʦʜʘ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ï 

ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʝʛʦ ʘʥʠʦʥʘ, ʘ ʪʘʢʞʝ ʬʘʟʦʚʦʝ ʧʦʚʝʜʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʧʨʝʜʝʣʷʝʤʦʝ 

ʢʘʪʠʦʥʦʤ. ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ ʜʦʩʪʫʧʥʦʩʪʴ ʛʝʧʪʘʤʦʣʠʙʜʘʪ ï ʘʥʠʦʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 



84 

ʬʦʩʬʦʨʥʦʤʦʣʠʙʜʘʪʦʤ, ʚ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʘʥʠʦʥʘ ʠʤʝʥʥʦ ʛʝʧʪʘʤʦʣʠʙʜʘʪ. 

ɼʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʢʘʪʠʦʥʥʳʭ ʠ ʘʥʠʦʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʳʧʦʣʥʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʢʘʢ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ - ʊɹɸɹ, ɼʊʄɸɹ ʠ ʛʝʧʪʘʤʦʣʠʙʜʘʪʦʤ ʘʤʤʦʥʠʷ, ʘ ʪʘʢʞʝ ʩʤʝʩʴʁ  ʊɹɸɹ+ɻʄɸ ʠ 

ɼʊʄɸɹ+ɻʄɸ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ (ʨʠʩ. 45). ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʳʣʘ ʦʮʝʥʝʥʘ 

ʢʦʥʚʝʨʩʠʷ ɼɹʊ ʪʦʣʴʢʦ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʢʦʪʦʨʘʷ ʟʘ ʯʘʩ ʩʦʩʪʘʚʠʣʘ 24%. 

ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʤʝʜʣʝʥʥʦ ʠ 

ʥʝʵʬʬʝʢʪʠʚʥʦ ʠʟ-ʟʘ ʬʘʟʦʚʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʨʠ ʵʪʦʤ ʜʦʙʘʚʣʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʝ ʫʣʫʯʰʘʝʪ ʧʦʣʫʯʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʠʥ ʛʠʧʦʭʣʦʨʠʪ 

ʥʘʪʨʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʦ ʦʢʠʩʣʷʝʪ ʛʝʪʝʨʦʘʪʦʤʥʳʝ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʩʫʙʩʪʨʘʪʳ. ɼʦʙʘʚʣʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʊɹɸɹ ʠ ɼʊʄɸɹ ʧʨʠʚʦʜʠʪ ʥʝ ʢ ʫʚʝʣʠʯʝʥʠʶ, ʘ ʢ ʩʥʠʞʝʥʠʶ ʢʦʥʚʝʨʩʠʠ ɼɹʊ 

(ʧʦʛʨʝʰʥʦʩʪʴ 3%) ʧʦ ʩʨʘʚʥʝʥʠʠ ʩ ʩʠʩʪʝʤʦʡ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ ʩʢʦʨʝʝ ʚʩʝʛʦ ʩʚʷʟʘʥʦ ʩ 

ʢʦʥʢʫʨʝʥʪʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʝʡ ʙʨʦʤʠʜ-ʠʦʥʦʚ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ [179]. 

ɻʝʧʪʘʤʦʣʠʙʜʘʪ ʘʤʤʦʥʠʷ ʭʦʪ ɹʠ ʩʦʜʝʨʞʠʪ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ, ʥʦ ʪʦʞʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ 

ʚʳʩʦʢʠʭ ʢʦʥʚʝʨʩʠʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʘʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʘʤʬʠʬʠʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 
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ʈʠʩʫʥʦʢ 45. ʉʨʘʚʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʋʩʣʦʚʠʷ ʦʢʠʩʣʝʥʠʷ: O:S = 4:1 (ʤʦʣʴʥ.), w 

(ʢʘʪ.) = 0,5%, CH3CN 1 ʤʣ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 1200 ʦʙ/ʤʠʥ, 25ʉ̄ 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʩʤʝʩʝʡ ʢʦʤʧʦʥʝʥʪʦʚ ʊɹɸɹ+ɻʄɸ ʠ ɼʊʄɸɹ+ɻʄɸ ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʢʦʥʚʝʨʩʠʷ ɼɹʊ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʦʣʦʩʪʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʵʪʦ ʜʦʢʘʟʳʚʘʝʪ ʯʪʦ ʢʘʪʠʦʥ ʘʤʤʦʥʠʷ ʥʘʯʠʥʘʝʪ ʚʳʧʦʣʥʷʪʴ ʨʦʣʴ 

ʧʝʨʝʥʦʩʯʠʢʘ ʤʦʣʠʙʜʝʥ-ʘʥʠʦʥʘ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ, ʦʜʥʘʢʦ ʘʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚʩʝ ʝʱʝ 

ʦʛʨʘʥʠʯʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʬʠʟʠʯʝʩʢʘʷ ʩʤʝʩʴ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ ʩ ʪʨʫʜʦʤ ʦʙʨʘʟʫʝʪ ʘʤʬʠʬʠʣʴʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ, 

ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʩʦʣʴʚʘʪʘʮʠʠ ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʠʟ-ʟʘ ʯʝʛʦ ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʦʣʠʙʜʝʥʘ 

ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ.  

ɿʘʨʘʥʝʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʚ ʢʦʪʦʨʳʭ ʛʝʧʪʘʤʦʣʠʙʜʘʪ-ʘʥʠʦʥ ʢʦʚʘʣʝʥʪʥʦ 

ʩʚʷʟʘʥ ʩ ʢʘʪʠʦʥʦʤ ʘʤʤʦʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʦʱʥʳʡ 

ʩʠʥʝʨʛʠʟʤ ʤʝʞʜʫ ʢʘʪʠʦʥʦʤ ʠ ʘʥʠʦʥʦʤ. ʂʘʪʠʦʥ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʘʛʝʥʪʦʤ ʧʝʨʝʥʦʩʘ, ʯʝʤ ʢʘʪʠʦʥ ɼʊʄɸ ʜʣʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʣʫʯʰʝʡ 

ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ, ʠ ʦʧʪʠʤʘʣʴʥʳʤ ʙʘʣʘʥʩʦʤ ʛʪʜʨʦʬʦʙʥʦʩʪʠ/ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ. 

ɼʣʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʊɹɸ-ɻʄ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʜʝʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ 

ʤʥʦʛʦʬʘʟʥʫʶ ʩʨʝʜʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʬʘʟʳ (ʤʦʜʝʣʴʥʦʝ ʪʦʧʣʠʚʦ), ʧʦʣʷʨʥʦʡ ʬʘʟʳ 

(ʘʮʝʪʦʥʠʪʨʠʣ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ) ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʂʠʥʝʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ (ʈʠʩ. 46) ʧʦʢʘʟʘʣʠ, 
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ʯʪʦ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʦʙʣʘʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ 600-900 ʦʙ/ʤʠʥ. ʅʘʠʣʫʯʰʝʝ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʦʩʪʠʛʘʣʦʩʴ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 1200 ʦʙ/ʤʠʥ. 

 

ʈʠʩʫʥʦʢ 46. ʉʨʘʚʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʋʩʣʦʚʠʷ ʦʢʠʩʣʝʥʠʷ: O:S = 4:1 (ʤʦʣʴʥ.), w 

(ʢʘʪ.) = 0,5%, CH3CN 1 ʤʣ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 1200 ʦʙ/ʤʠʥ, 10 ʤʠʥ, 25̄ ʉ 

ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʨʠʩ. 47) ʚʳʷʚʠʣ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʜʦ 0,3 ʠ 0,1 ʤʘʩ.% ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʚʝʨʩʠʠ (ʜʦ 30 % ʟʘ 10 ʤʠʥʫʪ). 

ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʦ 0,5-1,0 ʤʘʩ.% ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʧʦʣʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʩʫʙʩʪʨʘʪʘ ʟʘ ʘʥʘʣʦʛʠʯʥʦʝ ʚʨʝʤʷ. ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʟʘʛʨʫʟʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʦ 1,5 

ʤʘʩ.% ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʠʞʝʥʠʠ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. 
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ʈʠʩʫʥʦʢ 47. ɺʣʠʷʥʝʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʢʦʥʚʝʨʩʠʶ ɼɹʊ. ʋʩʣʦʚʠʷ ʦʢʠʩʣʝʥʠʷ: 

ʢʘʪʘʣʠʟʘʪʦʨ ʊɹɸ-ɻʄ O:S = 4:1, CH3CN 1 ʤʣ, 25 ʉ̄  

ʅʘ ʨʠʩ. 48 ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʵʢʩʪʨʝʤʘʣʴʥʦʤ ʭʘʨʘʢʪʝʨʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʝʧʝʥʠ 

ʧʨʝʚʨʘʱʝʥʠʷ ɼɹʊ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʠ 

ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʦʢʠʩʣʠʪʝʣʴ:ʩʝʨʘ 4:1. ʉʥʠʞʝʥʠʝ ʢʦʥʚʝʨʩʠʠ ɼɹʊ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʦʢʠʩʣʠʪʝʣʷ ʦʙʲʷʩʥʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʘ. ʇʨʠ ʵʪʦʤ ʧʨʝʚʳʰʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ O:S ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ 

ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʧʦʙʦʯʥʳʤʠ ʨʝʘʢʮʠʷʤʠ 

ʨʘʟʣʦʞʝʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʛʠʧʦʭʣʦʨʠʪʘ, ʪʘʢ ʠ ʩ ʘʛʨʝʛʘʮʠʝʡ ʯʘʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʠʟʙʳʪʢʝ ʚʦʜʥʦʡ 

ʬʘʟʳ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʚʘʞʥʫʶ ʨʦʣʴ ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʜʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ ʘʛʨʝʛʘʮʠʷ 

ʈʠʩʫʥʦʢ 48. ɺʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʢʠʩʣʠʪʝʣʷ ʥʘ ʢʦʥʚʝʨʩʠʶ ɼɹʊ. ʋʩʣʦʚʠʷ ʦʢʠʩʣʝʥʠʷ: 

ʢʘʪʘʣʠʟʘʪʦʨ ʊɹɸ-ɻʄ, w (ʊɹɸ-ɻʄ) = 0,5 %, CH3CN 1 ʤʣ, 25 ʉ̄ 
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ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʯʘʩʪʠʮ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʢʦʥʚʝʨʩʠʠ ɼɹʊ. ʆʜʥʘʢʦ 

ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʘʮʝʪʦʥʠʪʨʠʣʘ ʩʚʳʰʝ 1 ʤʣ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʯʪʦ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʙʘʚʣʝʥʠʝʤ ʦʢʠʩʣʠʪʝʣʷ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ (ʨʠʩ. 49). 

 

ʈʠʩʫʥʦʢ 49. ɺʣʠʷʥʝʠʝ ʢʦʣʠʯʝʩʪʚʘ ʘʮʝʪʦʥʠʪʨʠʣʘ ʥʘ ʢʦʥʚʝʨʩʠʠ ɼɹʊ. ʋʩʣʦʚʠʷ ʦʢʠʩʣʝʥʠʷ: O:S = 

4:1, w (ʊɹɸ-ɻʄ) = 0,5%, 10 ʤʠʥ, 25 ʉ̄ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʢʠʩʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʝʨʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʨʠʩ. 50) 

ʧʦʢʘʟʘʣ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʵʬʬʝʢʪʠʚʥʦ ʦʢʠʩʣʷʝʪ ʩʪʝʨʠʯʝʩʢʠ ʟʘʪʨʫʜʥʝʥʥʳʝ 

ʘʣʢʠʣʟʘʤʝʱʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ɼɹʊ. ʅʘʠʤʝʥʴʰʘʷ ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʜʣʷ ʙʝʥʟʦʪʠʦʬʝʥʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʥʠʞʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʥʘ ʘʪʦʤʝ 

ʩʝʨʳ ʚ ʝʛʦ ʤʦʣʝʢʫʣʝ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [180]. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʠʝʤʣʝʤʦʡ 

ʢʦʥʚʝʨʩʠʠ ʙʝʥʟʦʪʠʦʬʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʫʚʝʣʠʯʝʥʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʝʘʢʮʠʠ.  
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ʈʠʩʫʥʦʢ 50. ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʨʦʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʋʩʣʦʚʠʷ ʦʢʠʩʣʝʥʠʷ w (ʊɹɸ-ɻʄ) = 0,5%, O:S = 4:1, CH3CN 1 ʤʣ, 10 ʤʠʥ, 25 ʉ̄ 

ʀʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʳʧʦʣʥʷʣʠ ʧʫʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʮʠʢʣʦʚ ʦʢʠʩʣʝʥʠʷ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʢʘʞʜʦʡ ʩʪʘʜʠʠ 

ʤʦʜʝʣʴʥʫʶ ʩʤʝʩʴ ʫʜʘʣʷʣʠ, ʘ ʢ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʫʩʧʝʥʟʠʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʜʦʙʘʚʣʷʣʠ ʩʚʝʞʠʝ 

ʧʦʨʮʠʠ ʨʘʩʪʚʦʨʘ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʠ ʥʦʚʦʡ ʧʦʨʮʠʠ ʩʫʙʩʪʨʘʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʦʭʨʘʥʝʥʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʯʝʪʳʨʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʮʠʢʣʦʚ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ (ʨʠʩ. 51). 

 

ʈʠʩʫʥʦʢ 51. ʇʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʋʩʣʦʚʠʷ ʦʢʠʩʣʝʥʠʷ: ʋʩʣʦʚʠʷ ʦʢʠʩʣʝʥʠʷ w 

(ʊɹɸ-ɻʄ) = 0,5%, O:S = 4:1, CH3CN 1 ʤʣ, 10 ʤʠʥ, 25 ʉ̄ 

ɺ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʮʝʩʩʘ (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ O:S = 4:1, ʤʘʩʩʦʚʘʷ ʜʦʣʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʊɹɸ-ɻʄ = 0,5%, ʦʙʲʝʤ ʘʮʝʪʦʥʠʪʨʠʣʘ = 1 ʤʣ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ = 10 ʤʠʥ) ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʥʦ ʦʢʠʩʣʝʥʠʝ ɼɹʊ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʝ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʤʦʜʝʣʴʥʝr 
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ʨʘʩʪʚʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ 500 ppm ʪʦʣʫʦʣʘ, ʢʩʠʣʦʣʘ, ʥʘʬʪʘʣʠʥʘ ʠʣʠ ʜʝʢʘʣʠʥʘ ʚ ʩʪʘʥʜʘʨʪʥʦʡ 

ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ ɼɹʊ ʚ ʥ-ʜʦʜʝʢʘʥʝ. 

ʊʘʙʣʠʮʘ 21. ʆʢʠʩʣʝʥʠʝ ʢʦʥʢʫʨʝʥʪʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʋʩʣʦʚʠʷ ʦʢʠʩʣʝʥʠʷ: w (ʊɹɸ-

ɻʄ) = 0,5%, O:S=4, CH3CN 1ʤʣ, 10 ʤʠʥ, 25 oʉ 

ʉʫʙʩʪʨʘʪ 

ʂʦʥʚʝʨʩʠʷ, % 

ɹʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ 
ɺ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʊʦʣʫʦʣ 2 3 

ʂʩʠʣʦʣ  1 1 

ʅʘʬʪʘʣʠʥ 2 2 

ɼʝʢʘʣʠʥ 4 5 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ. ɺ ʚʳʙʨʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʥʘʬʪʝʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʪʘʙʣ. 21), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠʤʝʥʥʦ ʥʘ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʦʢʘʟʘʣ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʩʫʣʴʬʦʢʩʠʜʦʚ ʠ ʩʫʣʴʬʦʥʦʚ). ɺʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʊɹɸ-ɻʄ ʠ 

ʠʩʢʣʶʯʘʝʪ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʭʣʦʨʠʨʦʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʘʤʬʠʬʠʣʴʥʳʭ 

ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʜʪʚʝʨʞʜʝʥʳ ʢʦʤʧʣʝʢʩʦʤ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ (ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ). 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʊɹɸ-ɻʄ) ʚ ʦʢʠʩʣʝʥʠʠ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ: 

ʛʝʧʪʘʤʦʣʠʙʜʘʪ-ʘʥʠʦʥ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ, ʘ ʘʤʤʦʥʠʡʥʳʡ ʢʘʪʠʦʥ ʚʳʧʦʣʥʷʝʪ 

ʨʦʣʴ ʬʘʟʦʚʦʛʦ ʧʝʨʝʥʦʩʯʠʢʘ. ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʝʛʦ ɻʬʬʝʢʪʠʚʥʦʩʪʴ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 100% ʢʦʥʚʝʨʩʠʠ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ (ɼɹʊ) 

ʥʝʦʙʭʦʜʠʤʦ 1 ʤʘʩ.% ʢʘʪʘʣʠʟʘʪʦʨʘ, ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴ : ʩʝʨʘ 4:1, ʦʙʲʝʤ 

ʘʮʝʪʦʥʠʪʨʠʣʘ 1 ʤʣ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 1200 ʦʙ/ʤʠʥ. ʇʨʦʮʝʩʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ï ʧʦʣʥʦʝ ʦʢʠʩʣʝʥʠʝ ɼɹʊ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʘʤʬʠʬʠʣʴʥʳʝ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʝ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʦʜʥʘʢʦ 
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ʠʭ ʩʣʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʥʘ ʧʨʘʢʪʠʢʝ ʚʚʠʜʫ ʧʨʦʙʣʝʤ ʩ ʚʳʜʝʣʝʥʠʝʤ ʠ ʨʝʛʝʥʝʨʘʮʠʝʡ, ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ 

ʚ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ [181]. 

4.2. ɻʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ɸʤʬʠʬʠʣʴʥʳʝ ʞʠʜʢʦʬʘʟʥʳʝ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʠʨʦʚʘʣʠ 

ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʩʤʝʩʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʩʝʨʦʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʫʙʩʪʨʘʪʳ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʨʦʙʣʝʤ rʩ ʚʳʜʝʣʝʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʠ ʝʛʦ 

ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʛʝʥʝʨʘʮʠʠ ʩʦʟʜʘʶʪ ʧʨʝʧʷʪʩʪʚʠʷ ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʠʥʪʝʟ ʠ ʠʟʫʯʝʥʠʝ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʣʠʰʸʥʥʳʭ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. ɺʳʙʦʨ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʠʩʪʝʤʳ ʙʳʣ 

ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʠʟʚʝʩʪʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʬʦʨʤʠʨʦʚʘʪʴ in situ ʚʳʩʦʢʦʘʢʪʠʚʥʳʝ ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩʳ 

ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʞʝʣʘʪʝʣʴʥʳʤ ʚ ʧʨʦʮʝʩʩʝ ʦʙʝʩʩʝʨʠʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʢʩʠʜʳ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʚʘʥʘʜʠʷ. ɼʣʷ ʚʳʙʦʨʘ 

ʥʦʩʠʪʝʣʷ ʚʘʞʥʦ ʙʳʣʦ ʫʯʠʪʳʚʘʪʴ ʭʠʤʠʯʝʩʢʫʶ ʠ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʦʩʠʪʝʣʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʚʳʩʦʢʦʱʝʣʦʯʥʦʡ ʩʨʝʜʳ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ. ʉʨʝʜʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ 

ʥʦʩʠʪʝʣʝʡ ʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʠʣʠʢʘʛʝʣʴ. ʕʪʦʪ ʥʦʩʠʪʝʣʴ ʷʚʣʷʝʪʩʷ 

ʧʨʦʤʳʰʣʝʥʥʦ ʜʦʩʪʫʧʥʳʤ, ʦʙʣʘʜʘʝʪ ʨʘʟʚʠʪʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʘʛʨʝʩʩʠʚʥʳʭ 

ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ. ʅʘʥʝʩʝʥʠʝ ʘʢʪʠʚʥʳʭ ʬʘʟ ï ʦʢʩʠʜʦʚ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʚʘʥʘʜʠʷ ï 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʥʦʩʠʪʝʣʷ ʨʘʩʪʚʦʨʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ 

ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʣʝʚʳʭ ʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

4.2.1. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʫʩʪʘʥʘʚʣʠʚʘʣʠ 

ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ 

(ʧʦ ʈʌʣɸ) (ʪʘʙʣ. 22), ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʘʩʩʦʚʳʝ ʜʦʣʠ ʤʝʪʘʣʣʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʩʧʝʰʥʦʝ 

ʦʩʘʞʜʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ. 
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ʊʘʙʣʠʮʘ 22. ʈʘʩʯʝʪʥʳʝ ʠ ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʘ ʚ ʢʘʪʘʣʠʟʘʪʦʨʘʭ 

ʅʘʟʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 
ʄʘʩʩʦʚʘʷ ʜʦʣʷ  

ʤʝʪʘʣʣʘ (ʨʘʩʯʝʪ), % 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʤʝʪʘʣʣʘ (ʘʥʘʣʠʟ), % 

Mo W V 

Me(1 %)/SiO2 1,0 0,95 0,92 0,97 

Me(5 %)/SiO2 5,0 4,93 4,92 4,97 

Me(10 %)/SiO2 10,0 9,87 9,95 10,0 

Me(10 %)/SiO2 

(ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʡ 5 

ʮʠʢʣʦʚ) 

10,0 

 
3,71 - 9,62 

ʄʝʪʦʜ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʪʝʢʩʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʅʘʣʠʯʠʝ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ IV ʪʠʧʘ 

(ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʤʝʟʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ) ʚ ʠʥʪʝʨʚʘʣʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʡ P/P  = 0.6ï1.0, 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʭʦʨʦʰʦ ʨʘʟʚʠʪʫʶ ʤʝʟʦ- ʠ ʤʘʢʨʦʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʚʩʝʭ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʘʥʘʣʦʛʠʯʥʦ ʥʦʩʠʪʝʣʶ (ʨʠʩ. 52). ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ  ʚ ʊʘʙʣ. 23, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ ʯʪʦ ʜʣʷ ʚʩʝʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦʭʨʘʥʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

ʈʠʩʫʥʦʢ 52. ʀʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʜʣʷ ʩʠʣʠʢʘʛʝʣʷ 

ɼʣʷ ʦʙʨʘʟʮʘ V(10%)/SiO2 ʟʥʘʯʠʪʝʣʴʥʦʝ ʙʦʣʝʝ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʜʦ 

316 ʤĮ/ʛ) ʥʘ ʬʦʥʝ ʩʦʭʨʘʥʝʥʠʷ ʦʙʲʝʤʘ ʧʦʨ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʧʦʨ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʤʝʪʘʣʣʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʯʘʩʪʠʯʥʦʡ ʙʣʦʢʠʨʦʚʢʦʡ ʧʦʨ ʦʢʩʠʜʦʤ ʚʘʥʘʜʠʷ. 
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ʊʘʙʣʠʮʘ 23. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʢʩʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʂʘʪʘʣʠʟʘʪʦʨ 
ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ɹʕʊ (ʤ2/ʛ) 
ʆʙʲʸʤ ʧʦʨ (ʩʤ3/ʛ) ʈʘʟʤʝʨ ʧʦʨ (¡) 

ʅʦʩʠʪʝʣʴ (SiO2) 365 1,12 122 

1%Mo/SiO2 365 0,89 118 

1%V/SiO2 364 0,9 120 

1%W/SiO2 365 0,96 110 

5%Mo/SiO2 363 0,87 102 

5%V/SiO2 363 0,87 116 

5%W/SiO2 364 0,88 99 

10%Mo/SiO2 361 0,85 92 

10%V/SiO2 316 0,86 107 

10%W/SiO2 362 0,84 94 

 

ʄʝʪʦʜʦʤ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠʩʭʦʜʥʳʡ ʩʠʣʠʢʘʛʝʣʴ ʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ (ʨʠʩ. 53). ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʩʧʝʢʪʨʘʤ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʬʘʢʪ 

ʫʩʧʝʰʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ SiO2. ɺ 

ʩʧʝʢʪʨʝ ʯʠʩʪʦʛʦ ʥʦʩʠʪʝʣʷ ʚ ʦʙʣʘʩʪʠ 974 ʩʤ-1 ʧʨʦʷʚʣʷʝʪʩʷ ʧʦʣʦʩʘ, ʦʪʚʝʯʘʶʱʘʷ ʚʘʣʝʥʪʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʠ Si-O ʚ ʩʠʣʘʥʦʣʴʥʳʭ ʛʨʫʧʧʘʭ (-Si-OH) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʝʟʝʤʘ. ɺ ʩʧʝʢʪʨʘʭ 

ʚʩʝʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʭʘʨʘʢʪʝʨʥʳʡ ʩʠʛʥʘʣ ʆïʅ ʛʨʫʧʧ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʘʙʝʚʘʝʪ 

ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʷʤʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʭʝʤʦʩʦʨʙʮʠʶ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ ʥʘ 

ʩʠʣʘʥʦʣʴʥʳʭ ʛʨʫʧʧʘʭ (-Si-OH) ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʝʡ ʪʠʧʘ SiïOïMʝ 

(ʛʜʝ Mʝ ʵʪʦ Mo, W ʠʣʠ V) [182]. 

ʇʦʣʦʩʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ (796 ʩʤ-1) ʠ ʚʘʣʝʥʪʥʳʭ (1060 ʩʤ-1) ʢʦʣʝʙʘʥʠʡ 

ʩʚʷʟʝʡ SiïOïSi, ʥʝ ʧʨʝʪʝʨʧʝʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʠ ʧʦ ʧʦʣʦʞʝʥʠʶ, ʥʠ ʧʦ ʬʦʨʤʝ ʚʦ 

ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʜʫʨʘ ʥʘʥʝʩʝʥʠʷ 

ʘʢʪʠʚʥʳʭ ʬʘʟ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʜʝʩʪʨʫʢʮʠʠ ʠʣʠ ʭʠʤʠʯʝʩʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʥʦʩʠʪʝʣʷ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʦʙ ʫʩʧʝʰʥʦʡ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʦʢʩʠʜʥʳʭ ʬʘʟ Mo, V ʠ W ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʣʠʢʘʛʝʣʷ. 
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ʈʠʩʫʥʦʢ 53. ʀʂ-ʩʧʝʢʪʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʩʠʣʠʢʘʛʝʣʴʷ (ʥʦʩʠʪʝʣʷ) 

ɼʣʷ ʩʠʩʪʝʤʳ Mo(10%)/SiO2 ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʯʝʪʢʘʷ ʧʦʣʦʩʘ ʧʨʠ 925,5 ʩʤ-1, ʢʦʪʦʨʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʤʦʩʪʠʢʦʚʳʭ ʩʚʷʟʝʡ ʄʦïʆïʄʦ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʦʣʠʙʜʘʪ-ʠʦʥʦʚ, ʘ 

ʦʣʠʛʦʤʝʨʥʳʭ ʠʣʠ ʧʦʣʠʤʝʨʥʳʭ ʦʢʩʦ-ʩʪʨʫʢʪʫʨ ʦʢʩʠʜʘ ʤʦʣʠʙʜʝʥʘ. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʯʘʩʪʦ 

ʘʩʩʦʮʠʠʨʫʝʪʩʷ [183] ʩ ʚʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ. 

ɼʣʷ ʩʠʩʪʝʤ ʩ ʚʘʥʘʜʠʝʤ ʠ ʚʦʣʴʬʨʘʤʦʤ ʚ ʪʦʡ ʞʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʷʚʣʝʥʠʷ ʩʪʦʣʴ ʞʝ ʯʝʪʢʠʭ ʠ ʠʥʪʝʥʩʠʚʥʳʭ ʦʪʜʝʣʴʥʳʭ ʧʦʣʦʩ. ʕʪʦ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʜʠʩʧʝʨʩʠʠ ʠʭ ʦʢʩʦ-ʬʘʟ, ʚʧʣʦʪʴ ʜʦ ʫʨʦʚʥʷ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʠʣʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʪʦʨʳʭ ʩʠʣʴʥʦ 

ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʩ ʰʠʨʦʢʦʡ ʠ ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʣʦʩʦʡ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ SiïOïSi (1060 ʩʤ-1) 

[182]. ɸʣʴʪʝʨʥʘʪʠʚʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʤʦʞʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʝ ʧʦʣʦʩʳ (ʥʘʧʨʠʤʝʨ, ʜʣʷ 

V=O ~980-1020 ʩʤ-1 ʠʣʠ WïOïW ~800-850 ʩʤ-1) ʠʤʝʶʪ ʥʠʟʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʣʠ ʤʘʩʢʠʨʫʶʪʩʷ 

ʩʠʛʥʘʣʘʤʠ ʥʦʩʠʪʝʣʷ [184]. ɺ ʦʙʣʘʩʪʠ 1200-1300 ʩʤ-1  ʚ ʩʧʝʢʪʨʘʭ ʚʩʝʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʩ ʚʘʥʘʜʠʝʤ ʠ ʤʦʣʠʙʜʝʥʦʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʩʣʘʙʦʛʦ ʧʣʝʯʘ ʠʣʠ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʪʫʨʘ ʧʦʣʦʩʳ. ʕʪʘ ʦʙʣʘʩʪʴ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ Mʝ=O (ʛʜʝ 

Mʝ ï V, Mo) ʚ ʪʝʨʤʠʥʘʣʴʥʳʭ ʦʢʩʦʛʨʫʧʧʘʭ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʢʪʠʚʥʳʤʠ 

ʮʝʥʪʨʘʤʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ. ʅʘʣʠʯʠʝ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʢʩʦ-ʩʪʨʫʢʪʫʨ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ 500-800 ʩʤ-1, ʛʜʝ ʧʨʦʷʚʣʷʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʤʦʩʪʠʢʦʚʳʭ 

ʩʚʷʟʝʡ MeïOïMe ʠ MeïOïSi, ʪʘʢʞʝ ʚʠʜʥʳ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʧʝʢʪʨʘʤʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʥʦʩʠʪʝʣʷ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʧʝʢʪʨʝ ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʝʛʦ ʦʙʨʘʟʮʘ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ 
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ʚ ʟʦʥʝ ʚʦʢʨʫʛ ʢʦʣʝʙʘʥʠʷ 600-700 ʩʤ-1  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ. ʕʪʦ ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʘʥʘʜʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʠʣʠʢʘʛʝʣʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʚʷʟʝʡ VïOïSi, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʝʛʦ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ.  

ʅʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʇʕʄ ʠ ʉʕʄ (ʨʠʩ. 54) ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ V(10%)/SiO2. ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ (ʘ, ʚ, 

ʜ) ʧʨʠʚʝʜʝʥ ʠʩʭʦʜʥʳʡ ʥʦʩʠʪʝʣʴ SiO2, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʚʠʪʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

 

ʈʠʩʫʥʦʢ 54. ʇʕʄ ʠ ʉʕʄ  ʥʦʩʠʪʝʣʷ (ʘ, ʚ, ʜ) ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ V(10%)/SiO2 (ʙ, ʛ, ʝ) 

ʇʦʩʣʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʦʢʩʠʜʦʤ ʚʘʥʘʜʠʷ (ʨʠʩ. 54 (ʙ, ʛ, ʝ)) ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ 

ʮʝʣʦʩʪʥʦʩʪʠ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʥʦʩʠʪʝʣʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʘʢʪʠʚʥʦʡ 

ʬʘʟʳ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʢʩʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʪʩʫʪʩʪʚʠʝ ʘʛʨʝʛʘʪʦʚ ʠ ʟʦʥ 

ʣʦʢʘʣʴʥʦʛʦ ʩʢʦʧʣʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʜʠʩʧʝʨʩʥʦʩʪʴ ʘʢʪʠʚʥʦʡ ʬʘʟʳ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ. 

 

4.2.2. ʆʢʠʩʣʝʥʠʝ ʤʦʜʝʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ 

ʉʨʘʚʥʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ 

ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʚ ʜʦʜʝʢʘʥʝ (ʨʠʩ. 55). ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʘʛʨʝʛʘʮʠʠ ʯʘʩʪʠʮ 
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ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʢʘ ʚʦʜʥʦʡ ʬʘʟʳ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʨʝʜʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʠʣʠ 

ʘʮʝʪʦʥʠʪʨʠʣ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ, ʨʘʥʝʝ ʘʧʨʦʙʠʨʦʚʘʥʥʘʷ ʚ ʨʘʙʦʪʝ [185], ʧʦʜʪʚʝʨʜʠʣʘ ʩʚʦʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ.  

 

ʈʠʩʫʥʦʢ 55. ɺʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʥʘʥʝʩʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʥʘ ʢʦʥʚʝʨʩʠʶ ɼɹʊ. ʋʩʣʦʚʠʷ ʦʢʠʩʣʝʥʠʷ: 

w(ʢʘʪ.) = 2 %, ʆ/S = 4, CH3CN 1 ʤʣ, 10 ʤʠʥ, 25
oC 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ ʩʫʙʩʪʨʘʪʘ. ʅʘʠʙʦʣʴʰʘʷ ʢʦʥʚʝʨʩʠʷ 

ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʜʣʷ ʤʦʣʠʙʜʝʥ- ʠ ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʤʘʩʩʦʚʦʡ 

ʜʦʣʝʡ ʤʝʪʘʣʣʘ 10 %. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ 

ʦʢʠʩʣʝʥʠʶ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ. ɺ ʨʘʙʦʪʝ [186] ʚʦʣʴʬʨʘʤʩʦʜʝʨʞʘʱʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʠʤʠ ʘʥʘʣʦʛʘʤʠ, ʪʦʛʜʘ ʢʘʢ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʘʷ 

ʪʝʥʜʝʥʮʠʷ. ʋʢʘʟʘʥʥʦʝ ʨʘʟʣʠʯʠʝ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʢʠʩʣʠʪʝʣʷ ï 

ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʱʝʣʦʯʥʫʶ ʩʨʝʜʫ, ʩʧʦʩʦʙʩʪʚʫʶʱʫʶ ʚʳʱʝʣʘʯʠʚʘʥʠʶ 

ʘʢʪʠʚʥʦʡ ʬʘʟʳ. ɼʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʙʫʜʝʪ ʧʨʝʜʤʝʪʦʤ ʜʘʣʴʥʝʡʰʝʛʦ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ 

ʠʟʫʯʝʥʠʷ. 



97 

 

ʈʠʩʫʥʦʢ 56. ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʘ ʢʦʥʚʝʨʩʠʶ ɼɹʊ. ʋʩʣʦʚʠʷ ʦʢʠʩʣʝʥʠʷ: w(ʢʘʪ.) 

= 2%, ʆ/S = 4, CH3CN 1 ʤʣ, 10 ʤʠʥ, 25 oC 

ɼʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʢʩʠʜʳ ʚʘʥʘʜʠʷ ʠ ʤʦʣʠʙʜʝʥʘ, ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʘ ʢʦʥʚʝʨʩʠʶ ʩʫʙʩʪʨʘʪʘ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ (ʨʠʩ. 56), ʧʨʠ 

ʯʘʩʪʦʪʘʭ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʤʝʰʘʣʢʠ ʤʝʥʝʝ 1200 ʦʙ/ʤʠʥ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʦʥʚʝʨʩʠʠ ɼɹʊ, ʯʪʦ 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʪʘʢʠʭ ʯʘʩʪʦʪʘʭ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ 

ʦʙʣʘʩʪʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʯʘʩʪʦʪʳ ʦʙʦʨʦʪʦʚ ʚʳʰʝ 1200 ʦʙ/ʤʠʥ ʜʦ 1500 

ʦʙ/ʤʠʥ ʢʦʥʚʝʨʩʠʷ ɼɹʊ ʥʝ ʤʝʥʷʝʪʩʷ ʚ ʩʣʫʯʘʝ ʦʙʦʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʯʘʩʪʦʪʝ ʦʙʦʨʦʪʦʚ 1200 ʠ ʚʳʰʝ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʚ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʦʙʣʘʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʢʠʩʣʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʩʤʝʩʝʡ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʯʘʩʪʦʪʝ ʦʙʦʨʦʪʦʚ ʤʝʰʘʣʢʠ 

1500 ʦʙ/ʤʠʥ. 

 

ʈʠʩʫʥʦʢ 57. ʂʠʥʝʪʠʢʘ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ɼɹʊ. ʋʩʣʦʚʠʷ ʦʢʠʩʣʝʥʠʷ: w(ʢʘʪ.) = 2 %, ʆ/S = 4, 

CH3CN 1 ʤʣ, 25 
oC 

ɺʣʠʷʥʠʝ ʚʨʝʤʝʥʠ ʦʢʠʩʣʝʥʠʷ ʥʘ ʢʦʥʚʝʨʩʠʶ ɼɹʊ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

Mo(10%)/SiO2, V(10%)/SiO2 ʠ W(10%)/SiO2 (ʨʠʩ. 57). ʉʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, 

ʦʢʠʩʣʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ 
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ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʢʨʠʚʘʷ ʢʦʥʚʝʨʩʠʠ ʚʳʭʦʜʠʪ ʥʘ ʧʣʘʪʦ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ. 

ɺ ʩʣʫʯʘʝ ʢʘʪʘʣʠʟʘʪʦʨʘ W(10%)/SiO2 ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʚʝʨʩʠʠ ɼɹʊ ʦʪ ʚʨʝʤʝʥʠ ʜʦʩʪʠʛʘʝʪ 

ʧʣʘʪʦ ʫʞʝ ʧʨʠ ʟʥʘʯʝʥʠʠ 60%, ʯʪʦ ʪʨʫʜʥʦ ʦʙʲʷʩʥʠʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʢʠʩʣʠʪʝʣʷ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚʥʦʩʠʪ ʧʨʦʮʝʩʩ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʱʝʣʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʟʘʤʝʜʣʝʥʠʶ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʭʦʣʦʩʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʦʢʠʩʣʝʥʠʝ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ) ʥʘʙʣʶʜʘʝʪʩʷ ʧʣʘʚʥʳʡ ʨʦʩʪ ʢʦʥʚʝʨʩʠʠ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʩʦʙʩʪʚʝʥʥʫʶ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ ɼɹʊ ʧʦ ʩʨʘʚʥʝʥʠʶ, ʥʘʧʨʠʤʝʨ, ʩ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʳʡ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʘʞʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʷʚʣʷʝʪ ʘʢʪʠʚʥʦʩʪʠ [187]. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʝʮʝʣʝʩʦʙʨʘʟʥʦ ʚʩʣʝʜʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ. 

ɼʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʜʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʨʦʷʚʠʚʰʠʝ 

ʥʘʠʚʳʩʰʫʶ ʘʢʪʠʚʥʦʩʪʴ: Mo(10%)/SiO2 ʠ V(10%)/SiO2. 

 

ʈʠʩʫʥʦʢ 58. ʌʦʪʦ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʧʦʩʣʝ ʦʢʠʩʣʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙ. ɺʣʠʷʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ɼɹʊ ʚ. ʉʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ. ʋʩʣʦʚʠʷ ʦʢʠʩʣʝʥʠʷ: w(ʢʘʪ.) = 2%, ʆ/S = 4, CH3CN 1 ʤʣ, 

10 ʤʠʥ, 25 oC [188] 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʚʳʷʚʠʣʦ 

ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʨʠʩ. 58(ʙ)). ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ 

ʢʠʥʝʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʜʦʩʪʠʛʘʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 60% ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 2 

ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25, 40ÁC. ʆʜʥʘʢʦ ʧʨʠ 80ÁC ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪʩʷ, ʥʝ ʧʨʝʚʳʰʘʷ 40% ʢʦʥʚʝʨʩʠʠ. 
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ʅʘʙʣʶʜʘʝʤʦʝ ʩʥʠʞʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʦ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ (ʨʠʩ. 58ʚ), ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʧʦʪʝʨʝʡ ʘʢʪʠʚʥʦʛʦ ʭʣʦʨʘ [189]. ɺʦ-ʚʪʦʨʳʭ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 58(ʘ), ʧʨʠ 80ÁC ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʦʢʩʠʜʦʚ ʚʘʥʘʜʠʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʥʝʝ ʘʢʪʠʚʥʳʭ ʚʘʥʘʜʘʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠʩʯʝʟʥʦʚʝʥʠʝ 

ʭʘʨʘʢʪʝʨʥʦʡ ʦʢʨʘʩʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʟʚʦʣʷʝʪ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ ʩʥʠʞʝʥʠʷ ʢʦʥʚʝʨʩʠʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʦʢʠʩʣʠʪʝʣʷ ʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ ʚʳʤʳʚʘʥʠʷ ʘʢʪʠʚʥʦʡ ʬʘʟʳ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ 60ÁC, ʥʘʯʠʥʘʷ ʩ 5-ʡ 

ʤʠʥʫʪʳ ʨʝʘʢʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʩʪʘʥʦʚʢʝ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʠʞʝʥʠʷ 

100% ʢʦʥʚʝʨʩʠʠ. 

ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʦʙʲʝʤʘ ʘʮʝʪʦʥʠʪʨʠʣʘ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ɼɹʊ ʚʳʷʚʠʣ 

ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʚʝʨʩʠʝʡ ʧʨʠ ʚʚʝʜʝʥʠʠ 0,5 ʤʣ 

ʨʘʩʪʚʦʨʠʪʝʣʷ (ʨʠʩ. 59). ʇʨʠ ʩʥʠʞʝʥʠʠ ʦʙʲʝʤʘ ʘʮʝʪʦʥʠʪʨʠʣʘ ʤʝʥʝʝ 0,5 ʤʣ ʥʘʙʣʶʜʘʝʪʩʷ ʘʛʨʝʛʘʮʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʚ ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʢʘ ʚʦʜʥʦʡ ʬʘʟʳ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʜʦʩʪʫʧʥʫʶ ʧʣʦʱʘʜʴ 

ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʠ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʴʶ. ʅʘʧʨʦʪʠʚ, ʧʨʝʚʳʰʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʦʙʲʝʤʘ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʙʘʚʣʝʥʠʶ ʦʢʠʩʣʠʪʝʣʷ ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʧʨʦʮʝʩʩʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʚʳʙʨʘʥ 

ʦʧʪʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʘʮʝʪʦʥʠʪʨʠʣʘ 0,5 ʤʣ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʢʠʩʣʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 59. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ɼɹʊ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʘ ʘʮʝʪʦʥʠʪʨʠʣʘ. ʋʩʣʦʚʠʷ 

ʦʢʠʩʣʝʥʠʷ: ʢʘʪʘʣʠʟʘʪʦʨʳ Mo(10%)/SiO2 ʠ V(10%)/SiO2, w(ʢʘʪ.) = 2%, ʆ/S = 4, 10 ʤʠʥ, 25oC. 

ʅʘ ʨʠʩ. 60 ʧʨʠʚʝʜʝʥʘ ʢʦʥʚʝʨʩʠʠ ɼɹʊ ʦʪ ʜʦʟʠʨʦʚʢʠ ʤʦʣʠʙʜʝʥ ï ʠ ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʰʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʚʝʨʩʠʠ ɼɹʊ ʦʪ ʤʘʩʩʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʳʷʚʠʣʦ ʝʛʦ 
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ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 2% ʤʘʩʩ. ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʡ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʦʣʴʰʝ 2 

ʤʘʩʩ. % ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʩʥʠʞʝʥʠʶ ʢʦʥʚʝʨʩʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʨʘʟʣʦʞʝʥʠʷ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʚ ʠʟʙʳʪʢʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʥʴʰʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʬʘʟʘʤʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʢʦʥʚʝʨʩʠʠ ɼɹʊ. 

 

ʈʠʩʫʥʦʢ 60. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ɼɹʊ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʋʩʣʦʚʠʷ 

ʦʢʠʩʣʝʥʠʷ: ʢʘʪʘʣʠʟʘʪʦʨʳ Mo(10%)/SiO2 ʠ V(10%)/SiO2, ʆ/S = 4, CH3CN 0,5 ʤʣ,10 ʤʠʥ, 25oC 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴ:ʩʝʨʘ ʥʘ ʢʦʥʚʝʨʩʠ ʁ

ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ (ʨʠʩ. 61). ʇʨʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 2:1 ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʙʦʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ: ʢʦʥʚʝʨʩʠʷ ɼɹʊ ʥʝ ʧʨʝʚʳʰʘʝʪ 30%. 

ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʦʚʝʜʝʥʠʝʤ ʨʝʘʢʮʠʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʘ ʪʘʢʞʝ 

ʨʘʟʙʘʚʣʝʥʠʝʤ ʛʠʧʦʭʣʦʨʠʪʘ ʧʨʠ ʥʠʟʢʠʭ ʜʦʟʠʨʦʚʢʘʭ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ɼɹʊ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʢʠʩʣʠʪʝʣʷ ʥʦʩʠʪ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ 

ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʦʙʣʘʩʪʠ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʛʠʧʦʭʣʦʨʠʪ ʥʘʪʨʠʷ:ʩʝʨʘ ʦʪ 6:1 ʜʦ 10:1. ɺʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʰʝʩʪʠʢʨʘʪʥʦʛʦ ʤʦʣʴʥʦʛʦ ʠʟʙʳʪʢʘ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʣʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ɼɹʊ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʦʢʠʩʣʝʥʠʷ. 

ʈʠʩʫʥʦʢ 61. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ɼɹʊ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʢʠʩʣʠʪʝʣʷ. ʋʩʣʦʚʠʷ 

ʦʢʠʩʣʝʥʠʷ: ʢʘʪʘʣʠʟʘʪʦʨʳ Mo(10%)/SiO2 ʠ V(10%)/SiO2, w(ʢʘʪ.) = 2%, CH3CN 0,5 ʤʣ, 5 ʤʠʥ, 25oC 
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ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʠʩʣʠʪʝʣʷ ʚ ʩʠʩʪʝʤʝ ʩ ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʠʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ: ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 

ʢʦʥʚʝʨʩʠʷ ɼɹʊ ʩʥʠʞʘʝʪʩʷ ʥʘ 20 %, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʩʠʩʪʝʤʳ Mo(10%)/SiO2 ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʷʪʠʢʨʘʪʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʕʪʦ ʨʘʟʣʠʯʠʝ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʧʨʦʮʝʩʩʘʤʠ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʦʢʩʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʢʘ ʛʠʧʦʭʣʦʨʠʪʘ. ʑʝʣʦʯʥʘʷ ʩʨʝʜʘ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʠʧʦʭʣʦʨʠʪʘ (pH=11-12) ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʪʝʢʘʥʠʶ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʡ 

ʨʘʩʪʚʦʨʝʥʠʷ: 

 ClO- + H2O = HClO + OH-          (8) 

MoO3 + 2OH- = MoO4
2- + H2O        (9) 

V2O5 + 2OH- = 2VO3
-
 + H2O        (10) 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʚʝʨʩʠʠ ɼɹʊ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Mo(10%)/SiO2 ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʪʦ, ʯʪʦ ʨʝʘʢʮʠʷ (9) ʧʨʦʪʝʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʪʝʥʩʠʚʥʝʝ, ʯʝʤ ʨʝʘʢʮʠʷ (10). ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʥʳʝ 

ʥʦʚʳʝ ʜʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʚʘʥʘʜʠʷ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ ʤʦʣʠʙʜʝʥʘ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ, ʙʣʘʛʦʜʘʨʷ ʠʭ ʙʦʣʴʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʮʝʩʩʘ. 

 

ʈʠʩʫʥʦʢ 62. ʉʭʝʤʘ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ɼɹʊ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ V(10%)/SiO 

ʅʘ ʨʠʩ. 62 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩ ʦʢʩʠʜʘ 

ʚʘʥʘʜʠʷ. ɿʘʪʝʤ ʜʘʥʥʳʡ ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩ ʦʢʠʩʣʷʝʪ ʜʠʙʝʥʟʦʪʠʦʬʝʥ ʜʦ ʩʫʣʴʬʦʢʩʠʜʘ, ʢʦʪʦʨʳʡ 

ʜʘʣʝʝ ʙʳʩʪʨʦ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʩʫʣʴʬʦʥʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʷʭ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠ 

ʧʨʝʚʳʰʘʪʴ 1%. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ 

ʤʦʜʝʣʴʥʳʭ ʩʤʝʩʝʡ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ (ʨʠʩ. 63). 
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ʈʠʩʫʥʦʢ 63. ɺʣʠʷʥʠʝ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʳ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ɼɹʊ. ʋʩʣʦʚʠʷ 

ʦʢʠʩʣʝʥʠʷ: ʢʘʪʘʣʠʟʘʪʦʨʳ Mo(10%)/SiO2 ʠ V(10%)/SiO2, ɤ(ʢʘʪ.) = 2 ʤʘʩ.%, ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

O:S = 4:1, CH3CN 0,5 ʤʣ, 10 ʤʠʥ, 25ÁC 

ʆʙʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʠʩʭʦʜʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʝʨʳ ʚ ʠʥʪʝʨʚʘʣʝ 500 ï 2000 ppm. 

ʅʠʟʢʘʷ ʢʦʥʚʝʨʩʠ ̫ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʩʝʨʳ 100 ppm, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʘ ʩ ʟʘʤʝʜʣʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʙʘʚʣʝʥʠʷ ʩʫʙʩʪʨʘʪʘ ʠ ʦʢʠʩʣʠʪʝʣʷ (ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʝ ʠʟʤʝʥʷʣʦʩʴ, ʘ ʬʘʢʪʠʯʝʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʘʚʣʷʝʤʦʛʦ ʦʢʠʩʣʠʪʝʣʷ 

ʙʳʣʦ ʧʨʠʚʷʟʘʥʦ ʢ ʥʘʯʘʣʴʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʩʝʨʳ). ʈʝʟʫʣʴʪʘʪʳ ʦʢʠʩʣʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʩʤʝʩʝʡ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʥʘʯʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʜʘʥʥʳʤʠ ʧʦ 

ʚʘʨʴʠʨʦʚʘʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʦʢʠʩʣʠʪʝʣʷ: ʯʝʤ ʚʳʰʝ ʥʘʯʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ, ʪʝʤ ʙʦʣʴʰʝ 

ʦʢʠʩʣʠʪʝʣʷ ʬʘʢʪʠʯʝʩʢʠ ʜʦʙʘʚʣʷʝʪʩʷ ï ʠ ʪʝʤ ʟʥʘʯʠʪʝʣʴʥʝʝ ʩʥʠʞʘʝʪʩʷ ʢʦʥʚʝʨʩʠʷ ʚ ʩʣʫʯʘʝ 

ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ 

ʚʳʩʦʢʦʩʝʨʥʠʩʪʦʛʦ ʩʳʨʴʷ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ. 

ʈʝʘʣʴʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʬʨʘʢʮʠʠ ʩʦʜʝʨʞʘʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʨʘʟʣʠʯʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʅʠʟʢʘʷ ʢʦʥʚʝʨʩʠʷ 

ʥʝʢʦʪʦʨʳʭ ʩʫʙʩʪʨʘʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʟʘʪʨʫʜʥʝʥʠʷʤʠ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʤʝʪʠʣ- ʠ 

ʜʠʤʝʪʠʣʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ) ʣʠʙʦ ʧʦʥʠʞʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʥʘ ʘʪʦʤʝ ʩʝʨʳ, ʟʘʪʨʫʜʥʷʶʱʝʡ ʦʢʠʩʣʝʥʠʝ (ʥʘʧʨʠʤʝʨ, ʙʝʥʟʦʪʠʦʬʝʥ) [180]. 
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ʈʠʩʫʥʦʢ 64. ʆʢʠʩʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʝʨʘʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʋʩʣʦʚʠʷ ʦʢʠʩʣʝʥʠʷ: 

ʢʘʪʘʣʠʟʘʪʦʨʳ Mo(10%)/SiO2 ʠ V(10%)/SiO2, ɤ(ʢʘʪ.) = 2 ʤʘʩ.%, ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ O:S = 4:1, 

CH3CN 0,5 ʤʣ, 10 ʤʠʥ, 25ÁC 

ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʤʝʪʠʣʜʠʙʝʥʟʦʪʠʦʬʝʥʘ, 

ʜʠʤʝʪʠʣʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʠ ʙʝʥʟʦʪʠʦʬʝʥʘ ʠʟʫʯʘʣʘʩʴ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ (ʨʠʩ. 64). 

ʅʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʚʝʨʩʠʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʜʣʷ ʙʝʥʟʦʪʠʦʬʝʥʘ: 67% ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ 

Mo(10%)/SiO2 ʠ 62% ʥʘ V(10%)/SiO2. ɺʚʝʜʝʥʠʝ ʤʝʪʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʩʪʨʫʢʪʫʨʫ 

ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʢʦʥʚʝʨʩʠʠ. ɺʳʷʚʣʝʥʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ [190]. 

 

ʈʠʩʫʥʦʢ 65. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ɼɹʊ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ. ʋʩʣʦʚʠʷ 

ʦʢʠʩʣʝʥʠʷ: ʢʘʪʘʣʠʟʘʪʦʨʳ Mo(10%)/SiO2 ʠ V(10%)/SiO2, ɤ(ʢʘʪ.) = 2 ʤʘʩ.%, ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

O:S = 4:1, CH3CN 0,5 ʤʣ, 10 ʤʠʥ, 25ÁC 

ʈʝʛʝʥʝʨʘʮʠʶ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʫʪʝʤ ʧʨʦʤʳʚʢʠ 

ʘʮʝʪʦʥʦʤ ʩ ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʳʩʫʰʠʚʘʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 110ÁC. ɺʳʩʫʰʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʩʣʝʜʫʶʱʝʛʦ ʮʠʢʣʘ ʦʢʠʩʣʝʥʠʷ ʩʦ ʩʚʝʞʝʡ ʧʦʨʮʠʝʡ ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ (ʨʠʩ. 65). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʪʘʣʠʟʘʪʦʨ Mo(10%)/SiO2 ʩʦʭʨʘʥʷʝʪ ʩʪʘʙʠʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ ʯʝʪʳʨʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʮʠʢʣʦʚ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʢʦʥʚʝʨʩʠʠ 
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ɼɹʊ, ʪʦʛʜʘ ʢʘʢ ʩʠʩʪʝʤʘ V(10%)/SiO2 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʪʝʯʝʥʠʝ ʧʷʪʠ ʮʠʢʣʦʚ. 

ʅʘʙʣʶʜʘʝʤʦʝ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʨʦʮʝʩʩʦʤ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣ-ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʚ ʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʮʝʩʩʘ. 

ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ V(10%)/SiO2 ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʤʦʜʝʣʴʥʳʭ ʩʤʝʩʷʭ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʫʦʣ, 

ʢʩʠʣʦʣ, ʥʘʬʪʘʣʠʥ ʠ ʜʝʢʘʣʠʥ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʢʫʨʝʥʪʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. ɺ ʪʘʙʣ. 24 ʧʨʝʜʩʪʘʚʣʝʥ r

ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʦʢʠʩʣʝʥʠʶ ɼɹʊ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʝ. 

ʊʘʙʣʠʮʘ 24. ʂʦʥʚʝʨʩʠʷ ɼɹʊ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʝ ʪʦʣʫʦʣʘ, ʢʩʠʣʦʣʘ, ʥʘʬʪʘʣʠʥʘ, ʜʝʢʘʣʠʥʘ. 

ʋʩʣʦʚʠʷ ʦʢʠʩʣʝʥʠʷ: ʢʘʪʘʣʠʟʘʪʦʨ V(10%)/SiO2, 5 ʤʣ ʤʦʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʩʫʙʩʪʨʘʪʘ 500 ppm, w(ʢʘʪ.) = 2%,  ʆ/S = 4, CH3CN 0,5 ʤʣ, 25
oC 

ɺʨʝʤʷ, ʤʠʥ 
ʂʦʥʚʝʨʩʠʷ, % 

ɼɹʊ ʊʦʣʫʦʣ ʂʩʠʣʦʣ ʅʘʬʪʘʣʠʥ ɼʝʢʘʣʠʥ 

10 98 1 1 1 3 

20 99 1 2 1 5 

30 99 1 4 1,8 7,6 

 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ V(10%)/SiO2 ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ɼɹʊ ʧʨʦʪʝʢʘʝʪ 

ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʦ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʠʟʢʦʡ ʢʦʥʚʝʨʩʠʝʡ ʦʢʠʩʣʝʥʠʷ ʢʦʥʢʫʨʝʥʪʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ 10%V/SiO2 ʧʦʩʣʝ ʧʷʪʠʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʜʣʷ ʦʮʝʥʢʠ ʝʛʦ ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʧʨʦʠʟʦʡʪʠ ʚ ʧʨʦʮʝʩʩʝ ʤʥʦʛʦʢʨʘʪʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʮʠʢʣʦʚ (ʨʠʩ. 70).  

 

ʈʠʩʫʥʦʢ 66. ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ 10%V/SiO2 ʧʦʩʣʝ 5 ʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʦʚʳʝ ʧʠʢʠ ʚ ʩʧʝʢʪʨʝ ʥʝ ʧʦʷʚʣʷʶʪʩʷ, ʘ ʚʩʝ ʠʩʭʦʜʥʳʝ ʧʠʢʠ 

ʩʦʭʨʘʥʷʶʪʩʷ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦʭʨʘʥʷʶʪʩʷ ʧʦʩʣʝ 

5 ʮʠʢʣʦʚ ʦʢʠʩʣʝʥʠʷ-ʨʝʛʝʥʝʨʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 
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ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ 10%V/SiO2 ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪ ʩʦʭʨʘʥʝʥʠʝ ʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʭʦʜʝ ʨʝʮʠʢʣʦʚ (ʨʠʩ. 66). 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 10%V/SiO2 ʠ 10%Mo/SiO2 ʧʦʩʣʝ ʧʷʪʠʢʨʘʪʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʢʘʟʘʣ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ (ʪʘʙʣ. 22). ɼʣʷ ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʢʦʣʠʯʝʩʪʚʦ ʚʘʥʘʜʠʷ ʩʥʠʟʠʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩ 10 ʜʦ 9,6% ʤʘʩʩ., ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ ʚʳʩʦʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʢ ʛʠʧʦʭʣʦʨʠʪʫ ʥʘʪʨʠʷ. ʅʘʧʨʦʪʠʚ, ʜʣʷ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʠʙʜʝʥʘ ʩʥʠʟʠʣʦʩʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 2,6 ʨʘʟʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʧʦʪʝʨʝ ʘʢʪʠʚʥʦʡ ʬʘʟʳ. ʕʪʦ ʩʥʠʞʝʥʠʝ ʥʘʧʨʷʤʫʶ ʦʙʲʷʩʥʷʝʪ ʥʘʙʣʶʜʘʝʤʦʝ ʫʤʝʥʴʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʜʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ 

ʯʝʪʢʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʤ ʘʥʘʣʦʛʦʤ. 

 

ʈʠʩʫʥʦʢ 67. Cʕʄ (ʘ,ʙ) ʠ ʇʕʄ (ʚ,ʛ) ʦʪʨʘʙʦʪʘʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 10%V/SiO2 ʧʦʩʣʝ 5 ʮʠʢʣʦʚ 

ʀʟʦʙʨʘʞʝʥʠʷ ʉʕʄ ʠ ʇʕʄ ʢʘʪʘʣʠʟʘʪʦʨʘ 10%V/SiO2 ʧʦʩʣʝ ʧʷʪʠʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥr ʥʘ ʨʠʩ. 67. ʅʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʘʛʨʝʛʘʮʠʠ ʯʘʩʪʠʮ ʠʣʠ ʠʟʤʝʥʝʥʠʷ 

ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ. ɼʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʠʡ ʢʘʪʘʣʠʟʘʪʦʨ ʩʦʭʨʘʥʷʝʪ ʮʝʣʦʩʪʥʦʩʪʴ 

ʩʪʨʫʢʪʫʨʳ ʧʦʩʣʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʥʠʷ [191]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʘʢʪʠʚʥʦʩʪʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ Mo, W ʠ V, ʥʘʥʝʩʝʥʥʳʭ ʥʘ 

ʩʠʣʠʢʘʛʝʣʴ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

¶ ɺʘʥʘʜʠʡʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʨʦʷʚʣʷʶʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʢʠʩʣʝʥʠʠ 

ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʦʙʝʩʧʝʯʠʚʘʷ 100% 

ʢʦʥʚʝʨʩʠʶ ʟʘ 5 ʤʠʥʫʪ ʚ ʚʳʙʨʘʥʥʳʭ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (2 ʤʘʩ.% ʢʘʪʘʣʠʟʘʪʦʨʘ, 0,5 ʤʣ 

ʘʮʝʪʦʥʠʪʨʠʣʘ, ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ O:S = 6:1). 
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¶ ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʠʩʣʝʥʠʷ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʱʝʣʘʯʠʚʘʥʠʶ 

ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʠ ʩʥʠʞʝʥʠʶ ʢʦʥʚʝʨʩʠʠ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ. 

¶ ʂʘʪʘʣʠʟʘʪʦʨ V(10%)/SiO2 ʩʦʭʨʘʥʷʝʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ  ʠ ʧʨʦʷʚʣʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʟʙʳʪʢʫ ʦʢʠʩʣʠʪʝʣʷ (ʩʥʠʞʝʥʠʝ ʢʦʥʚʝʨʩʠʠ 

ʚʩʝʛʦ ʥʘ 20 % ʧʨʦʪʠʚ ʧʷʪʠʢʨʘʪʥʦʛʦ ʩʥʠʞʝʥʠʷ ʜʣʷ Mo-ʢʘʪʘʣʠʟʘʪʦʨʘ). 

¶ ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʪʘʣʠʟʘʪʦʨ 

V(10%)/SiO2 ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ 10%Mo/SiO2, ʧʦʜʚʝʨʞʝʥʥʦʛʦ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʘʢʪʠʚʥʦʡ ʬʘʟʳ. 

4.3. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʦʚ 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ, ʢʣʶʯʝʚʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʦʯʝʪʘʶʱʝʛʦ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʚʳʩʦʢʦʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʦʢʠʩʣʠʪʝʣʷ. ɸʤʬʠʬʠʣʴʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ  ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʥʦ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʩʣʦʞʥʦʩʪʴʶ ʨʝʛʝʥʝʨʘʮʠʠ ʠ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɻʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʩʠʣʠʢʘʛʝʣʴ, ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʦʜʥʘʢʦ ʧʦʜʚʝʨʞʝʥʳ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʱʝʣʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ 

ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʜʝʟʘʢʪʠʚʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʫʶʱʠʤ ʣʦʛʠʯʝʩʢʠʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʪʘʢʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʩʦʯʝʪʘʣʠ ʙʳ ʚ ʩʝʙʝ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʢʩʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʠ ʧʨʦʷʚʣʷʣʠ ʚʳʩʦʢʫʶ ʭʠʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʢʣʘʩʩʦʤ ʪʘʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʢʘʨʙʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʦʙʫʩʣʦʚʣʝʥʳ ʩ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʬʦʨʤʠʨʦʚʘʪʴ ʚ ʭʦʜʝ ʤʷʛʢʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʢʠʝ ʦʢʩʠʜʥʳʝ ʧʣʝʥʢʠ, ʛʜʝ ʠʤʝʥʥʦ ʦʢʩʠʜʥʘʷ ʦʙʦʣʦʯʢʘ ʩʣʫʞʠʪ 

ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ, ʘ ʢʘʨʙʠʜʥʦʝ ʷʜʨʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ  ʚʳʩʦʢʫʶ ʛʠʜʨʦʬʦʙʥʦʩʪʴ. 

ɼʣʷ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʢʘʨʙʠʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʤʝʪʦʜ [175], ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʩʠʥʪʝʟʘ ʢʘʨʙʠʜʘ ʩ 

ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʦʢʠʩʣʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʨʙʠʜʦʚ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʵʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʢʩʦʢʘʨʙʠʜʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʧʦʵʪʦʤʫ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʘʨʙʠʜʳ ʥʝ ʧʨʦʷʚʣʷʶʪ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚʚʠʜʫ ʠʭ ʦʢʠʩʣʝʥʠʷ ʠ ʥʝʮʝʣʝʚʦʛʦ ʨʘʩʭʦʜʘ ʦʢʠʩʣʠʪʝʣʷ. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʪʘʜʠʷ ʘʢʪʠʚʘʮʠʠ ʢʘʨʙʠʜʘ, ʩʫʪʴ ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʚ 

ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʢʩʠʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʨʙʠʜʘ. ʄʝʪʦʜʠʢʘ 

ʘʢʪʠʚʘʮʠʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ ʨʘʟʜʝʣʝ 3.3.6, ʩʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʢʠʩʣʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 
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ʢʘʨʙʠʜʘ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 25-100Áʉ. ʂʘʢ ʦʩʥʦʚʥʦʡ ʢʘʪʘʣʠʟʘʪʦʨ ʙʳʣ 

ʚʳʙʨʘʥ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʢʘʨʙʠʜ ʚʘʥʘʜʠʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʨʙʠʜʘʤʠ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ.  

4.3.1. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ɼʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʤʝʪʦʜʦʤ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ 

ʦʙʣʫʯʝʥʠʠ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ. 

ʅʘ ʨʠʩ. 68 ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʨʝʬʣʝʢʩʳ ʧʨʠ  34,3°, 37,9°; 39,4°; 52,1°; 61,5°; 

69,5°; 72,4°; 74,6Á ʠ 75,6°, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ɓ-ʬʘʟʝ ʢʘʨʙʠʜʘ ʤʦʣʠʙʜʝʥʘ 

(Mo2Cm.b.) ʩ ʢʦʥʩʪʘʥʪʘʤʠ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ a = 3,009 ¡ ʠ c = 4,740 ¡, ʘ ʪʫʛʘʨʠʥʦʚʠʪ (ʧʨʠʨʦʜʥʳʡ 

ʜʠʦʢʩʠʜ ʤʦʣʠʙʜʝʥʘ, MoO2) ʧʨʦʷʚʣʷʝʪ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʨʝʬʣʝʢʩʳ ʧʨʠ ʫʛʣʘʭ 41,6°; 41,7°; 41,8°; 

49,5°; 49,9°; 50,2°; 53,0°; 53,4°; 53,5°; 53,8°; 57,4°; 59,7°; 60,1°; 60,5°; 60,7°; 63,2Á ʠ 63,4° ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʥʦʢʣʠʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P21/C). ʀʩʭʦʜʷ 

ʠʟ ʜʘʥʥʳʭ  ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʤʠʢʨʦʚʦʣʥʦʚʳʡ ʩʠʥʪʝʟ ʩ 

ʦʜʥʦʢʨʘʪʥʳʤ ʦʙʣʫʯʝʥʠʝʤ ʧʦʟʚʦʣʷʝʪ ʫʩʧʝʰʥʦ ʧʦʣʫʯʘʪʴ ʢʘʨʙʠʜʳ ʤʦʣʠʙʜʝʥʘ ʩ ʥʝʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʜʠʦʢʩʠʜʘ ʤʦʣʠʙʜʝʥʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʪʨʠʦʢʩʠʜʘ ʤʦʣʠʙʜʝʥʘ [192].  

 

ʈʠʩʫʥʦʢ 68. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʢʘʨʙʠʜʘ ʤʦʣʠʙʜʝʥʘ (ʊʫʛʘʨʠʥʦʚʠʪ (MoO2)-ʧʨʠʨʦʜʥʳʡ 

ʦʢʩʠʜ ʤʦʣʠʙʜʝʥʘ) 

ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʦʙʨʘʟʮʘ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ (WCm.b.) ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʬʣʝʢʩʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʯʠʩʪʦʤʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ ʢʘʨʙʠʜʫ ʚʦʣʴʬʨʘʤʘ, ʧʨʠʨʦʜʥʘʷ ʬʦʨʤʘ ʢʦʪʦʨʦʛʦ 

ʥʘʟʳʚʘʝʪʩʷ ʮʶʡʩʫʥʠʪ. ʇʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʫʢʘʟʘʥʳ ʥʘ ʨʠʩ. 69 [193]. 
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ʈʠʩʫʥʦʢ 69. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ (ʎʶʡʩʫʥʠʪ(WC)-ʧʨʠʨʦʜʥʳʡ ʢʘʨʙʠʜ 

ʚʦʣʴʬʨʘʤʘ) 

ɼʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʤʝʪʦʜʦʤ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʠʣʠ 

ʜʚʫʢʨʘʪʥʦʤ ʦʙʣʫʯʝʥʠʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢʘʨʙʠʜʘ ʚʘʥʘʜʠʷ (VC*
50, VC*

100, 

VC*
150), ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʬʘʟʦʡ ʷʚʣʷʝʪʩʷ ʢʘʨʙʠʜ ʚʘʥʘʜʠʷ. 

ʆʜʥʦʢʨʘʪʥʦʝ ʦʙʣʫʯʝʥʠʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʚʘʥʘʜʠʷ ʫʛʣʝʨʦʜʦʤ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʢʩʠʜʘ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʦʙʨʘʟʮʝ VCm.b. ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʧʨʠʤʝʩʠ ʦʢʩʠʜʘ ʚʘʥʘʜʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ 

ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʨʝʬʣʝʢʩʘʤʠ ʧʨʠ 24,22°; 32,95Á; 36,12Á; 41,12Á; 49,72Á; 53,83Á ʠ 65,01Á, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ V2O3 ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʰʝʪʢʠ 

a=4,961 ¡ ʠ c=13,986 Å (JCPDS 34-0187) (ʨʠʩ. 70) [194], [195].  
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ʅʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ ʦʙʨʘʟʮʘ VCd.b. ʥʘʙʣʶʜʘʶʪʩʷ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʨʝʬʣʝʢʩʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʯʠʩʪʦʤʫ, ʩʚʦʙʦʜʥʦʤʫ ʦʪ ʦʢʩʠʜʥʳʭ ʧʨʠʤʝʩʝʡ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ ʢʘʨʙʠʜʫ 

ʚʘʥʘʜʠʷ. ɽʛʦ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ ʢʘʢ ʢʫʙʠʯʝʩʢʘʷ VC (JCPDS ˉ 73-0476) ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ a=4,157 ¡, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʣʠʪʝʨʘʪʫʨʳ. ʍʘʨʘʢʪʝʨʥʳʝ 

ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʠʢʠ (111), (200), (220), (311) ʠ (222) ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ ʫʛʣʘʭ 37,43Á; 43,49Á; 

63,21Á; 75,82Á ʠ 79,85Á ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [196]. ʆʙʨʘʟʝʮ VCd.b. ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʫʪʝʤ ʜʚʫʭʢʨʘʪʥʦʡ 

ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʯʠʩʪʦʬʘʟʥʳʭ ʢʘʨʙʠʜʦʚ 

ʤʝʪʦʜʦʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ.ʉ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ ʐʝʨʨʝʨʘ (3) ʙʳʣ ʦʮʝʥʝʥ ʩʨʝʜʥʠʡ 

ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ ʢʘʨʙʠʜʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 33,8 ʥʤ [197]. 

†
ᶻ

ᶻ
          (3) 

† ï ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʘ, 

 ʂ ï ʢʦʥʩʪʘʥʪʘ ʢʨʠʩʪʘʣʣʘ,  

ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ,  

ɓ ï ʫʰʠʨʝʥʠʝ ʧʠʢʘ ʥʘ ʧʦʣʦʚʠʥʝ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʳ, 

 ɗ ï ʫʛʦʣ ɹʨʵʛʛʘ ʜʣʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʧʠʢʘ. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ) ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʭ 

ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʩʦʜʝʨʞʘʪ ʭʘʨʘʢʪʝʨʥʳʝ ʧʠʢʠ ʢʘʨʙʠʜʘ ʠ ʦʢʩʠʜʘ ʚʘʥʘʜʠʷ. ʇʨʠ ʵʪʦʤ ʥʦʚʳʝ 

ʧʠʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʘʥʘʜʠʷ, 

ʦʪʩʫʪʩʪʚʫʶʪ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ 

ʈʠʩʫʥʦʢ 70. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢʘʨʙʠʜʘ 

ʚʘʥʘʜʠʷ 
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ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʝʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜ ʈʌɸ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʯʫʚʩʪʚʠʪʝʣʝʥ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 

ʚʳʷʚʣʝʥʠʷ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ.  

 

ʈʠʩʫʥʦʢ 71. ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ VCm.b. ʠ VCd.b., ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 

ʦʙʨʘʟʮʘ VC*
100 (ʘ, ʚ), ʘ ʪʘʢʞʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʨʙʠʜʘ ʜʦ ʠ ʧʦʩʣʝ ʥʘʛʨʝʚʘ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ 

ʤʦʱʥʦʩʪʴʶ 10% ʠ 100% (ʙ, ʛ) 

ʅʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʧʝʢʪʨʘʭ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʈʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ) 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ VCm.b., VCd.b. ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ VC*
100 ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʭʘʨʘʢʪʝʨʥʳʝ D- ʠ G-ʧʦʣʦʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʤʫ ʫʛʣʝʨʦʜʫ, ʧʨʠ 1305 ʩʤ ĭ ʠ 1579 

ʩʤĭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 76ʘ,ʙ) [198], [199]. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʜʚʠʛ D- ʠ G-ʧʦʣʦʩ ʥʘ ʩʧʝʢʪʨʘʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʥʝʟʥʘʯʠʪʝʣʝʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʩʦʭʨʘʥʝʥʠʠ ʠʩʭʦʜʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 

ʧʨʦʮʝʩʩʝ ʉɺʏ-ʦʙʣʫʯʝʥʠʷ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʥʘ ʚʦʟʜʫʭʝ (ʨʠʩ. 71ʘ). ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ 

ʨʘʩʯʝʪʘʤ, ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʦʚ ID/IG (ʧʦʣʫʰʠʨʠʥʘ ʥʘ ʧʦʣʫʚʳʩʦʪʝ) ʩʦʩʪʘʚʠʣʘ 1,78, 

1,69 ʠ 1,60 ʜʣʷ ʦʙʨʘʟʮʦʚ VCd.b., VCm.b. ʠ VC
*
100, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʙʣʶʜʘʝʤʦʝ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʷ 

ID/IG ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʜʝʬʝʢʪʦʚ ʚ ʦʙʨʘʟʮʘʭ ʠ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʛʨʝʚʘ ʦʙʨʘʟʮʘ ʣʘʟʝʨʦʤ (ʨʠʩ. 71 ʚ, ʛ) 

ʫʜʘʝʪʩʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʧʝʢʪʨʳ, ʥʘ ʢʦʪʦʨʳʭ ʯʝʪʢʦ ʧʨʦʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʚʘʥʘʜʠʡ-ʢʠʩʣʦʨʦʜʥʳʤ ʩʚʷʟʷʤ. 
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ʅʘ ʩʧʝʢʪʨʘʭ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʙʨʘʟʮʦʚ VCm.b. ʠ VC
*
100 ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ 

ʩʠʛʥʘʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ VïO1 (991 ʩʤ ĭ), ʘ ʪʘʢʞʝ ʢʦʣʝʙʘʥʠʷʤ 

ʤʦʩʪʠʢʦʚʳʭ ʩʚʷʟʝʡ VïO2ïV ʠ VïO3 (696 ʩʤ ĭ ʠ 528 ʩʤ ĭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʨʠʩ. 71ʚ) [197]. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʚ ʩʧʝʢʪʨʘʭ ʦʙʨʘʟʮʘ VCd.b. ʩʦʭʨʘʥʷʶʪʩʷ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ ʘʪʦʤʦʚ ʚʘʥʘʜʠʷ ʚ ʧʣʦʩʢʦʩʪʠ (Eg, 283 ʠ 401 ʩʤ ĭ) ʠ ʚʥʝ ʧʣʦʩʢʦʩʪʠ (A1g, 528 ʠ 696 ʩʤ ĭ). 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʩʧʝʢʪʨʘʭ ʦʙʨʘʟʮʦʚ VCm.b. ʠ VC
*
100 ʵʪʠ ʧʦʣʦʩʳ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʥʘ 

ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ [200]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʜʚʫʢʨʘʪʥʦ ʧʨʦʢʘʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ (VCd.b.) ʢ 

ʦʜʥʦʢʨʘʪʥʦ ʧʨʦʢʘʣʝʥʥʦʤʫ (VCm.b.) ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤʫ (VC
*
100) ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʦʢʩʠʜʳ ʚʘʥʘʜʠʷ. ɼʘʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʘʢʪʠʚʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʨʙʠʜʘ ʚʘʥʘʜʠʷ ʬʦʨʤʠʨʫʝʪʩʷ 

ʦʢʩʠʜʥʳʡ ʩʣʦʡ, ʯʪʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʦʙʲʝʤʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʘ. 

ʕʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ (VCm.b. ʠ VCd.b. ) ʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʢʘʨʙʠʜʘ ʚʘʥʘʜʠʷ (VC*
100) ʙʳʣʘ ʠʟʫʯʝʥʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʨʠʩ. 72). ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʦʙʥʘʨʫʞʝʥʳ ʩʠʛʥʘʣʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʢʠʩʣʝʥʥʳʤ ʬʦʨʤʘʤ ʚʘʥʘʜʠʷ. ɺ ʩʧʝʢʪʨʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʠʛʥʘʣʳ, ʭʘʨʘʢʪʝʨʥʳʝ 

ʜʣʷ ʦʩʥʦʚʥʳʭ ʫʨʦʚʥʝʡ V2p, O1s ʠ C1s, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʨʘʟʣʠʯʥʳʭ ʦʢʩʠʜʦʚ ʚʘʥʘʜʠʷ (III, IV, V), ʢʘʨʙʠʜʘ ʚʘʥʘʜʠʷ ʠ ʠʩʭʦʜʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʡ ʯʘʩʪʠʯʥʦ 

ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʩʣʝ ʩʠʥʪʝʟʘ. ʅʘʣʠʯʠʝ ʦʢʩʠʜʦʚ ʚʘʥʘʜʠʷ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ (ʚʢʣʶʯʘʷ ʧʦʣʫʯʝʥʥʳʝ 

ʧʫʪʝʤ ʜʚʫʢʨʘʪʥʦʛʦ ʧʨʦʢʘʣʠʚʘʥʠʷ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʨʙʠʜʦʚ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʦʢʠʩʣʝʥʠʶ ʥʘ ʚʦʟʜʫʭʝ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ [195]. 
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ʈʠʩʫʥʦʢ 72. ʉʧʝʢʪʨʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ: (a) ʦʙʣʘʩʪʠ O 1s ʠ V 2p, 

(ʙ) ʦʙʣʘʩʪʴ C 1s ʜʣʷ ʦʙʨʘʟʮʦʚ VC m.b., VCd.b. ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ VC
*
100 

ɺ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʜʫʙʣʝʪʳ V2p ʦʢʩʠʜʘ ʚʘʥʘʜʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʚʳʷʚʣʝʥʦ ʩʝʤʴ ʧʠʢʦʚ ʧʦʩʣʝ ʜʝʢʦʥʚʦʣʶʮʠʠ: ʜʣʷ V(III) ʧʨʠ 513 ʵɺ; ʜʚʘ ʧʠʢʘ ʜʣʷ V(IV) - ʭʦʨʦʰʦ 

ʚʳʨʘʞʝʥʥʳʡ V2p3/2 ʧʨʠ 516 ʵɺ ʠ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʳʡ V2p1/2 ʧʨʠ 523,6 ʵɺ; ʜʣʷ ʚʘʥʘʜʠʷ ʚ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ +5 - ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʡ ʧʠʢ V2p3/2 ʧʨʠ 517,1 ʵɺ ʠ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʳʡ V2p1/2 ʧʨʠ 

524,5 ʵɺ (ʪʘʙʣ. 25). ɼʣʷ ʢʘʨʙʠʜʘ ʚʘʥʘʜʠʷ ʚ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ V2p ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʣʘʙʦ 

ʚʳʨʘʞʝʥʥʳʝ ʧʠʢʠ ʧʨʠ 513,5 ʵɺ ʠ 520,8 ʵɺ [201]. 
























































