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rOFG  ï ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʦʢʩʠʬʪʦʨʠʜ ʛʨʘʬʝʥʘ 
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ɺʚʝʜʝʥʠʝ 

ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ɻʨʘʬʝʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʤʦʣʝʢʫʣʘʤʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʜʚʫʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʫʥʠʢʘʣʴʥʳʤ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʘʬʝʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʣʦʸʚ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʦʣʝʢʫʣʘʤʠ ʘʜʩʦʨʙʘʪʘ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʚ ʩʚʷʟʠ ʩ ʧʦʠʩʢʦʤ 

ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʛʨʘʬʝʥʘ, ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʧʦʩʦʙʳ ʭʠʤʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʛʨʘʬʝʥʘ ʘʪʦʤʘʤʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʢʦʚʘʣʝʥʪʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʛʨʘʬʝʥʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ ʠʛʨʘʶʪ ʨʦʣʴ ʩʧʝʮʠʬʠʯʥʳʭ ʨʝʘʢʮʠʦʥʥʳʭ ʤʝʩʪ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʤʦʜʠʬʠʢʘʮʠʠ, ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ 

ʤʦʣʝʢʫʣʦʡ ʠ ʛʨʘʬʝʥʦʤ ʠ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʚ ʩʠʩʪʝʤʝ ʤʦʛʫʪ ʩʠʣʴʥʦ ʤʝʥʷʪʴʩʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʨʘʬʝʥʦʚ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʥʦʚʳʝ ʩʝʥʩʦʨʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʫʣʫʯʰʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ 

ʢ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʛʘʟʘʤ, ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʙʳʩʪʨʦʛʦ ʜʦʩʪʠʞʝʥʠʷ ʘʜʩʦʨʙʮʠʦʥʥʦ-

ʜʝʩʦʨʙʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʛʨʘʬʝʥʘ ʠ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ ʤʝʭʘʥʠʟʤ ʠ ʵʥʝʨʛʝʪʠʢʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ ʘʜʩʦʨʙʘʪ-ʘʜʩʦʨʙʝʥʪ.  

ɻʘʟʦʚʳʝ ʩʝʥʩʦʨʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʥʘʰʝʡ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. ʆʙʳʯʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʪʦʢʩʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʠ 

ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʛʘʟʦʚ ʜʣʷ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʞʠʣʴʝ ʠ ʧʫʙʣʠʯʥʳʭ ʧʦʤʝʱʝʥʠʷʭ. ʈʘʟʨʘʙʦʪʢʘ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʩʨʝʜʠ ʥʠʭ 

ʨʝʟʠʩʪʠʚʥʳʝ ʛʘʟʦʚʳʝ ʩʝʥʩʦʨʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʙʣʘʛʦʜʘʨʷ 

ʧʨʦʩʪʦʪʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʠ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ. 
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ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʣʘʚʥʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʣʠʟʢʠʭ ʢ ʢʦʤʥʘʪʥʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʫʶʪ 

ʰʠʨʦʢʠʡ ʢʨʫʛ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʧʨʦʩʪʳʝ ʚʝʱʝʩʪʚʘ, ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ, ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʚʝʱʝʩʪʚʘ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ. ɺʩʝ ʙʦʣʝʝ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ 

ʥʘʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʣʦʸʚ, ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʩʚʦʡʩʪʚʘʤ (ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦʛʣʦʱʝʥʠʶ, ʣʶʤʠʥʝʩ-

ʮʝʥʮʠʠ ʠ ʜʨ.). ʄʝʭʘʥʠʟʤ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʤʦʞʝʪ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʛʘʟʘ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʝʥʩʦʨʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʘʬʝʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʠʝ ʩʪʨʘʪʝʛʠʠ, ʢʘʢ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ, ʩʠʥʪʝʟ ʛʠʙʨʠʜʥʳʭ ʠʣʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ 

ʩʦʟʜʘʥʠʠ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚʘʞʥʘ ʩʪʨʫʢʪʫʨʘ ʠʩʭʦʜʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʥʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ ʠ ʧʨʠʤʝʩʝʡ. ɺʳʙʦʨ ʧʨʠʝʤʣʝʤʦʛʦ ʤʝʪʦʜʘ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʨʘʬʝʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʩʝʥʩʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʤʦʨʬʦʣʦʛʠʶ, ʜʝʬʝʢʪʥʦʩʪʴ ʠ ʩʦʩʪʘʚ 

ʠʩʭʦʜʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʚʳʷʚʠʪʴ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ 

ʤʦʣʝʢʫʣ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣ-ʘʜʩʦʨʙʘʪʦʚ ʚ ʨʘʙʦʪʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʘʤʤʠʘʢ (NH3) ʠ ʜʠʦʢʩʠʜ ʘʟʦʪʘ (NO2), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʪʝʩʪʦʚʳʤʠ 

ʨʝʘʛʝʥʪʘʤʠ ʜʣʷ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʛʨʘʬʝʥʦʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʤʦʨʬʦʣʦʛʠʠ, ʩʪʨʫʢʪʫʨʳ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥ-ʜʦʥʦʨʥʳʭ ʠ ʵʣʝʢʪʨʦʥ-

ʘʢʮʝʧʪʦʨʥʳʭ ʤʦʣʝʢʫʣ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ ʛʨʘʬʝʥʦʚʦʡ ʧʣʦʩʢʦʩʪʠ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʣʝʥʦʯʥʳʭ ʩʝʥʩʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ; 

¶ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʥʘ ʝʛʦ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ; 

¶ ʠʟʫʯʠʪʴ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʧʣʸʥʦʢ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ (ʯʘʩʪʠʯʥʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ, ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʠ ʦʢʩʠʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ) ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʵʣʝʢʪʨʦʥ-ʜʦʥʦʨʥʳʭ ʠ ʵʣʝʢʪʨʦʥ-ʘʢʮʝʧʪʦʨʥʳʭ ʤʦʣʝʢʫʣ. 



7 

 

ʈʘʟʨʘʙʦʪʘʪʴ ʧʦʜʭʦʜʳ ʩʨʘʚʥʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʝʥʘ; 

¶ ʠʟʫʯʠʪʴ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʩ F- ʠ HO-ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʛʨʘʬʝʥʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ 

ʛʨʘʬʝʥʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʠʟ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʨʘʥʝʝ ʥʝ 

ʧʨʦʚʦʜʠʣʦʩʴ, ʭʦʪʷ ʬʪʦʨʠʨʦʚʘʥʥʳʝ ʛʨʘʬʝʥʳ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʩʣʝʜʫʝʤʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ ʦʢʩʠʜʘ ʛʨʘʬʠʪʘ, ʥʘʧʨʠʤʝʨ, 

ʦʜʥʦʨʦʜʥʳʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʦʩʪʘʚ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʣʦʞʝʥʳ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʚʠʩʷʪ ʦʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ʥʘʣʠʯʠʷ ʚʘʢʘʥʩʠʦʥʥʳʭ 

ʜʝʬʝʢʪʦʚ, ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʸʚ, ʘ ʪʘʢʞʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʣʸʥʦʢ ʠ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʬʪʦʨʠʨʦʚʘʥʠʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʠ ʪʠʧ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ 

ʚʣʠʷʶʪ ʥʘ ʚʝʣʠʯʠʥʫ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʠ ʩʢʦʨʦʩʪʠ ʘʜʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʝʥʘ ʠ ʩʜʝʣʘʥʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ 

ʩ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʩʪʳʭ, ʥʝʜʦʨʦʛʠʭ ʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʜʘʪʯʠʢʦʚ 

ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʤʦʣʝʢʫʣ ʚ ʛʘʟʦʦʙʨʘʟʥʦʡ ʩʨʝʜʝ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʚʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʧʨʦʮʝʩʩʳ 

ʘʜʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ NH3 ʠ NO2. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʥʩʦʨʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘ ʦʩʥʦʚʝ 

ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʠʤʝʶʪ ʣʫʯʰʠʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʠʩʣʦʨʦʜ-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤ ʛʨʘʬʝʥʦʤ.  

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʝʪʦʜʦʣʦʛʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʨʦʚʦʜʷʱʠʭ ʦʙʨʘʟʮʦʚ ʠʟ ʭʠʤʠʯʝʩʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʨʘʬʠʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥ-ʜʦʥʦʨʥʳʭ ʠ ʵʣʝʢʪʨʦʥ-

ʘʢʮʝʧʪʦʨʥʳʭ ʛʘʟʦʚ ʠ ʩʦʦʪʥʝʩʝʥʠʝ ʠʭ ʩ ʤʦʨʬʦʣʦʛʠʝʡ, ʩʪʨʫʢʪʫʨʦʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʩʦʩʪʘʚʦʤ ʩʝʥʩʦʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʦʩʥʦʚʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʜʘʥʥʳʭ 

ʦ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʜʩʦʨʙʝʥʪ-ʘʜʩʦʨʙʘʪ. 



8 

 

ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʙʦʨ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʝ ʤʝʪʦʜʳ (ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʶ 

(ʈʌʕʉ), ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʙʣʠʞʥʝʡ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 

(NEXAFS)), ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ʦʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʩʢʘʥʠʨʫʶʱʘʷ 

ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ, ʇʕʄ), ʘʪʦʤʥʦ-ʩʠʣʦʚʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ (ɸʉʄ)) ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ʂʈʉ). 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

¶ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʣʸʥʦʢ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʠ 

ʦʢʩʠʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʘ; 

¶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʚʦʡʩʪʚ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʯʘʩʪʠʯʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʨʝʟʠʩʪʠʚʥʦʛʦ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʛʨʘʬʝʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʜʝʬʝʢʪʥʦʩʪʠ ʠ ʤʦʨʬʦ-

ʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ; 

¶ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʨʘʬʝʥʘ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʢʘʩʘʶʱʠʭʩʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʦʙʨʘʟʮʦʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ, ʚʦʰʝʜʰʠʝ 

ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʫʶ ʨʘʙʦʪʫ, ʧʦʣʫʯʝʥʳ ʣʠʯʥʦ ʩʦʠʩʢʘʪʝʣʝʤ. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʚʳʧʦʣʥʝʥʳ ʣʠʯʥʦ 

ʘʚʪʦʨʦʤ. ʆʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʜʛʦʪʦʚʢʘ ʤʘʪʝʨʠʘʣʦʚ 

ʜʣʷ ʧʫʙʣʠʢʘʮʠʡ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʣʦʞʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʠ çʈʕʉʍʉ-2013è (ɹʝʨʜʩʢ, ʈʦʩʩʠʷ, 2013); ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʀʥʜʫʩʪʨʠʘʣʴʥʳʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳè (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2013 ʠ 2015 ʛ.); 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çAdvanced Carbon Nanostructuresè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

ʈʦʩʩʠʷ, 2013 ʠ 2015 ʛ.), 4-ʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çGrapheneè (ʊʫʣʫʟʘ, 

ʌʨʘʥʮʠʷ, 2014); ʢʦʥʬʝʨʝʥʮʠʠ ʉʆ-ʋʨʆ ʈɸʅ çʊʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝè 
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(ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2014); ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɻʨʘʬʝʥ: 2D ʤʦʣʝʢʫʣʘ 

ʠ ʢʨʠʩʪʘʣʣè (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2015 ʛ.); ʰʢʦʣʝ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çɻʨʘʬʝʥ 

ʠ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ: ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳè (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2015); ɺʪʦʨʦʡ 

ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɻʨʘʬʝʥ: 2D ʤʦʣʝʢʫʣʘ ʠ ʢʨʠʩʪʘʣʣè (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 

2017 ʛ.).  

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 6 ʩʪʘʪʝʡ 

ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫ-

ʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʝ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ Web of Science, ʠ 10 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ 

ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ 

ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ 

ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʜʨʫʛʠʭ ʥʘʫʯʥʳʭ ʛʨʫʧʧ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʫʙʣʠʢʦʚʘʥʠʝ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ.  

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 02.00.04 ï ʬʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ 

ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 3 çʆʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʦʚ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʘʜʩʦʨʙʮʠʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʥʘ ʪʘʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭè ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

02.00.04 ï ʬʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 118 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 

36 ʨʠʩʫʥʢʘ ʠ 7 ʪʘʙʣʠʮ, ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ 212 ʨʘʙʦʪ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʠ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ (ʛʣ. 1), 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ (ʛʣ. 2), ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ (ʛʣ. 3), ʚʳʚʦʜʦʚ, 

ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ 

ʫʯʨʝʞʜʝʥʠʠ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʠʙʠʨʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʅʍ ʉʆ ʈɸʅ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʀʅʍ ʉʆ ʈɸʅ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ˉ RFMEFI61614X0007) 

ʚ ʨʘʤʢʘʭ ʩʦʚʤʝʩʪʥʦ ʨʦʩʩʠʡʩʢʦ-ʥʝʤʝʮʢʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʝʢʪʘ çʉʠʥʭʨʦ-

ʪʨʦʥʥʳʝ ʠ ʥʝʡʪʨʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠè.  
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ɻʣʘʚʘ 1. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

ʋʥʠʢʘʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʘʬʝʥʘ, ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ ʤʥʦʛʦ-

ʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝ ʠʥʪʝʨʝʩʥʳʤʠ ʢʘʢ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤ, 

ʪʘʢ ʠ ʧʨʠʢʣʘʜʥʦʤ ʧʣʘʥʝ [1]. ʉʨʘʟʫ ʧʦʩʣʝ ʧʫʙʣʠʢʘʮʠʠ ʧʝʨʚʦʡ ʨʘʙʦʪʳ, ʧʦʢʘʟʳʚʘʶʱʝʡ 

ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʨʘʬʝʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ [2], 

ʧʦʩʣʝʜʦʚʘʣʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʚʳʟʚʘʣʦ ʚʩʝ ʙʦʣʝʝ 

ʚʦʟʨʘʩʪʘʶʱʠʡ ʠʥʪʝʨʝʩ ʢ ʛʨʘʬʝʥʫ ʫʯʝʥʳʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ, ʭʠʤʠʠ 

ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ɺʳʩʦʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʪʝʧʣʦ- 

ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʜʝʣʘʶʪ ʛʨʘʬʝʥ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʚ ʰʠʨʦʢʦʤ 

ʩʧʝʢʪʨʝ ʧʨʠʣʦʞʝʥʠʡ [3]. ʇʝʨʚʦʦʯʝʨʝʜʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʛʨʘʬʝʥʘ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʨʦʚʦʜʷʱʠʝ 

ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [4]. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʨʘʬʝʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʨʘʩʱʝʧʣʝʥʥʳʝ ʯʘʩʪʠʮʳ 

ʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʳ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. ʂʨʦʤʝ 

ʪʦʛʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 

ʜʦ 20 ʦʙʲʝʤʥʳʭ ʧʨʦʮʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. ɼʨʫʛʦʝ ʧʨʠʣʦʞʝʥʠʝ 

ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʝʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʙʘʪʘʨʝʷʭ 

ʠ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʘʭ [5]. ʅʝʦʙʳʯʘʡʥʦ ʙʦʣʴʰʘʷ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʴʰʦʡ ʤyʢʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ. ɺʳʩʦʢʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʥʝʦʙʳʯʘʡʥʳʡ ʧʦʣʝʚʦʡ ʵʬʬʝʢʪ ʛʨʘʬʝʥʘ ʦʪʢʨʳʚʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʦʢʥʦ 

ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʥʠʢʠ [6, 7]. ɿʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʛʨʘʬʝʥʘ 

ʧʨʠ ʩʣʘʙʦʤ ʠʟʤʝʥʝʥʠʠ ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʘʭ [8].  

1.1. ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʛʨʘʬʝʥʘ 

ɻʨʘʬʝʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʜʥʦʘʪʦʤʥʳʡ ʩʣʦʡ ʫʛʣʝʨʦʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʫʟʣʘʭ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ɻʨʘʬʝʥ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʝʡ 

ʜʨʫʛʠʭ ʘʣʣʦʪʨʦʧʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʫʛʣʝʨʦʜʘ: ʬʫʣʣʝʨʝʥʦʚ, ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙ 

ʠ ʛʨʘʬʠʪʘ. ɻʨʘʬʠʪ, ʪʨʝʭʤʝʨʥʘʷ ʘʣʣʦʪʨʦʧʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʫʛʣʝʨʦʜʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʪʦʧʢʫ ʩʣʦʸʚ ʛʨʘʬʝʥʘ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʘʙʳʭ ʚʘʥ-ʜʝʨ-
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ɺʘʘʣʴʩʦʚʳʭ ʩʚʷʟʝʡ. ʉʪʨʫʢʪʫʨʘ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ 

ʧʨʠ ʩʚʦʨʘʯʠʚʘʥʠʠ ʣʠʩʪʢʘ ʛʨʘʬʝʥʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʸʚ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʦʩʪʝʥʥʳʤʠ, ʜʚʫʩʪʝʥʥʳʤʠ ʠ ʤʥʦʛʦʩʪʝʥʥʳʤʠ, 

ʥʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʜʥʦʤʝʨʥʳʡ ʦʙʲʝʢʪ. ʌʫʣʣʝʨʝʥ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʦʣʝʢʫʣʳ, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʨʘʩʧʦʣʦʞʝʥʳ ʩʬʝʨʠʯʝʩʢʠ, ʩ ʬʠʟʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥ ʢʘʢ 0-ʤʝʨʥʳʡ ʦʙʲʝʢʪ ʩ ʜʠʩʢʨʝʪʥʳʤʠ ʫʨʦʚʥʷʤʠ 

ʵʥʝʨʛʠʠ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʬʫʣʣʝʨʝʥʘ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʝʯʥʳʡ ʬʨʘʛʤʝʥʪ ʛʨʘʬʝʥʘ 

ʜʦʧʦʣʥʠʪʴ ʧʝʥʪʘʛʦʥʘʤʠ. 

ɻʨʘʬʝʥ ʚʦʟʤʦʞʥʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ɹʣʘʛʦʜʘʨʷ ʢʦʥʪʨʘʩʪʫ ʩ ʜʠʦʢʩʠʜʦʤ ʢʨʝʤʥʠʷ ʛʨʘʬʝʥ ʚʦʟʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʦʧʪʠʯʝʩʢʠʡ 

ʤʠʢʨʦʩʢʦʧ ʥʘ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ ʩ ʪʦʣʱʠʥʦʡ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʧʨʠʤʝʨʥʦ 300 ʥʤ. 

ʄʦʥʦʢʨʠʩʪʘʣʣ ʛʨʘʬʝʥʘ ʚʦʟʤʦʞʥʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪ ɹ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ. ʈʘʟʥʠʮʘ ʚʳʩʦʪ, ʨʘʚʥʘʷ ~4¡, ʯʪʦ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦ ʤʝʞʩʣʦʝʚʦʤʫ 

ʨʘʩʩʪʦʷʥʠʶ ʚ ʛʨʘʬʠʪʝ (3,4¡), ʜʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʤʦʥʦʩʣʦʷ. ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ ʛʨʘʬʝʥʘ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʩʪʦʨʦʥ ʢʨʠʩʪʘʣʣʘ ʷʚʣʷʶʪʩʷ ʢʨʝʩʣʦ-ʧʦʜʦʙʥʳʤʠ (armchair) ʠʣʠ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʤʠ 

(zigzag), ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ ʢʨʘʩʥʳʤ ʠ ʩʠʥʠʤ ʮʚʝʪʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʘʬʝʥʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, 

ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʘʞʜʳʡ ʘʪʦʤ ʥʘʭʦʜʠʪʩʷ ʚ sp2
-ʛʠʙʨʠʜʠʟʦʚʘʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʊʨʠʛʦʥʘʣʴʥʘ ̫ ʧʣʦʩʢʘ ̫ ʩʪʨʫʢʪʫʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ů- ʠ p-ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1,42 ¡, ů-ʩʚʷʟʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʘʣʣʦʪʨʦʧʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ. ʕʪʠ ʩʚʷʟʠ ʠʤʝʶʪ ʟʘʧʦʣʥʝʥʥʫʶ ʦʙʦʣʦʯʢʫ ʠ ʬʦʨʤʠʨʫʶʪ 

ʚʘʣʝʥʪʥʫʶ ʟʦʥʫ ʛʨʘʬʝʥʘ [11, 12, 13]. ɿʦʥʥʘ ̫ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʘ ʦʧʠʩʳʚʘʝʪ ʝʛʦ 

ʢʘʢ ʧʦʣʫʤʝʪʘʣʣ ʩ ʥʝʦʙʳʯʥʳʤ ʣʠʥʝʡʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʢʨʠʚʳʭ 

ʚʙʣʠʟʠ ʫʨʦʚʥʷ ʌʝʨʤʠ. ɺ ʪʘʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʧʨʦʚʦʜʠʤʦʩʪʴ ʛʨʘʬʝʥʘ ʦʧʠʩʳʚʘʝʪʩʷ 

ɼʠʨʘʢʦʚʩʢʠʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʠ ʩʘʤ ʛʨʘʬʝʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʩ ʥʫʣʝʚʦʡ 

ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʦʡ [2, 14].  

ʉʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʪʨʝʫʛʦʣʴʥʘʷ ʨʝʰʝʪʢʘ 

ʩ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʦʡ ʨʘʚʥʦʡ ʜʚʫʤ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨʦʤ 

ʨʝʰʝʪʢʠ: 

ὥ σȟЍσȟὥ σȟЍσ, 

ʛʜʝ Ŭ å 1,42Å ï ʜʣʠʥʘ C-C ʩʚʷʟʠ. 
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ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʘ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

Ὁ ή ὺȿήȿ ὕ , 

ʛʜʝ q ʤʦʤʝʥʪ, ʠʟʤʝʨʝʥʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ɼʠʨʘʢʘ ʠ ʧʦʜʚʠʞʥʦʩʪʴ ʌʝʨʤʠ, 

ʨʘʩʩʯʠʪʘʥʥʘʷ ʢʘʢ ὺ  ʠ ʨʘʚʥʘʷ 106 ʤĀʩ-1 [15]. ʕʥʝʨʛʠʠ tô ʠ t ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʥʝʨʛʠʷʤ 

ʧʝʨʝʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʤʝʞʜʫ ʙʣʠʞʘʡʰʠʤʠ ʘʪʦʤʘʤʠ ʚ ʦʜʥʦʡ ʠ ʨʘʟʥʳʭ ʧʦʜʨʝʰʝʪʢʘʭ. 

ʕʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʘ ʚʳʨʘʞʘʝʪʩʷ ʚ ʘʤʙʠʧʦʣʷʨʥʦʤ ʧʦʣʝʚʦʤ ʵʬʬʝʢʪʝ 

ʪʘʢ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ ʤʦʛʫʪ ʥʝʧʨʝʨʳʚʥʦ ʩʤʝʥʷʪʴʩʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʘʤʠ 

ʠ ʜʳʨʢʘʤʠ. ʇʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʜʦʩʪʠʛʘʝʪ 

1013 ʩʤ-1 ʠ ʧʦʜʚʠʞʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ 15000 ʩʤ2Āɺ-1Āʩ-1 [2]. ʅʘʙʣʶʜʘʝʤʘʷ ʧʦʜʚʠʞʥʦʩʪʴ 

ʥʦʩʠʪʝʣʝʡ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ, ʥʘʣʠʯʠʠ ʟʘʛʨʷʟʥʝʥʠʡ, ʩʣʘʙʦ 

ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ 2 106 ʩʤ2Āɺ-1Āʩ-1 ʜʣʷ ʧʦʜʚʝʰʝʥʥʦʛʦ 

ʛʨʘʬʝʥʘ [16]. ɼʘʞʝ ʧʨʠ ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ ʜʦʧʠʨʦʚʘʥʠʷ (n > 1012 ʩʤ-2) ʧʦʜʚʠʞʥʦʩʪʴ 

ʥʦʩʠʪʝʣʝʡ ʦʩʪʘʝʪʩʷ ʚʳʩʦʢʦʡ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʵʣʝʢʪʨʠʯʝʩʢʠ, ʪʘʢ ʠ ʭʠʤʠʯʝʩʢʠ 

ʜʦʧʠʨʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ [17], ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʙʘʣʣʠʩʪʠʯʝʩʢʦʤ ʪʨʘʥʩʧʦʨʪʝ 

ʚ ʤʠʢʨʦʤʝʪʨʦʚʦʡ ʰʢʘʣʝ (ʜʦ ~ 0,3 ʤʢʤ ʧʨʠ 300 K). ɼʣʷ ʦʙʨʘʟʮʦʚ ʛʨʘʬʝʥʘ ʚʳʩʦʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʥʘʙʣʶʜʝʪʩʷ ʢʚʘʥʪʦʚʳʡ ʵʬʬʝʢʪ ʍʦʣʣʘ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [18]. 

1.2. ʉʠʥʪʝʟ ʛʨʘʬʝʥʘ 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʝʥʘ, ʪʘʢʠʝ ʢʘʢ 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʢʩʬʦʣʠʘʮʠʷ ʛʨʘʬʠʪʘ [2], ʵʧʠʪʘʢʩʠʘʣʴʥʳʡ ʨʦʩʪ ʥʘ Si- [19] ʠ C-ʛʨʘʥʷʭ [20] 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (SiC), ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ 

(CVD) [21], ʵʢʩʬʦʣʠʘʮʠʷ ʚ ʞʠʜʢʦʡ ʬʘʟʝ [22], ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʩʠʜʘ [23] ʠ ʬʪʦʨʠʜʘ 

[24, 25] ʛʨʘʬʠʪʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʛʨʘʬʝʥʘ ʠʩʧʦʣʴʟʫʶʪ 

ʤʝʪʦʜ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʢʩʬʦʣʠʘʮʠʠ. ɺʳʭʦʜ ʤʦʥʦʩʣʦʸʚ ʛʨʘʬʝʥʘ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʝʚʝʣʠʢ, 

ʦʜʥʘʢʦ, ʪʘʢʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʙʨʘʟʮʳ 

ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʛʨʘʬʝʥʘ [1, 2, 9, 10]. ʕʧʠʪʘʢʩʠʘʣʴʥʳʡ 

ʨʦʩʪ ʥʘ SiC ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʦʙʨʘʟʮʳ ʛʨʘʬʝʥʘ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʠ, 

ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʨʝʟʠʩʪʦʨʦʚ. ʉʨʝʜʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʣʠʜʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʟʘʥʠʤʘʝʪ CVD ʩʠʥʪʝʟ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ 

ʧʣʸʥʢʠ ʨʘʟʤʝʨʦʤ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʩʘʥʪʠʤʝʪʨʦʚ ʩ ʥʝʙʦʣʴʰʠʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ 
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ʚ ʢʦʣʠʯʝʩʪʚʝ ʩʣʦʸʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ ʠ ʬʦʪʦʥʠʢʝ, ʥʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʟʨʘʯʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ ʩʝʥʩʦʨʥʳʭ ʵʢʨʘʥʦʚ. 

ɽʱʝ ʙʦʣʝʝ ʜʝʰʸʚʳʡ ʤʝʪʦʜ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʨʘʬʝʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʨʘʩʱʝʧʣʝʥʠʠ ʧʨʠʨʦʜʥʦʛʦ ʠ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ ʚ ʞʠʜʢʦʡ ʬʘʟʝ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʛʨʘʬʝʥʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʘʵʨʦʛʝʣʷʭ, ʧʨʦʚʦʜʷʱʠʭ ʧʦʢʨʳʪʠʷʭ 

ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʨʠʤʝʥʝʥʠʡ ʚʢʣʶʯʘʶʱʠʭ ʭʨʘʥʝʥʠʝ ʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ɼʘʥʥʘ ̫ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʜʦʩʪʘʪʦʯʥʦʛʦ ʚʳʩʦʢʦʛʦ ʚʳʭʦʜʘ ʤʘʣʦʩʣʦʡʥʳʭ ʠ ʦʜʥʦʩʣʦʡʥʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʣʘʪʝʨʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ ʦʪ 300-400 ʥʤ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʤʝʪʨʦʚ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʳʭ ʩʣʦʠʩʪʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʠ ʫʩʣʦʚʠʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʛʨʘʬʠʪʘ ʩʦʩʪʘʚʣʷʝʪ ~ 40-50 ʤɼʞ/ʤ2
, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʦʚʳʡ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʣʦʸʚ ʛʨʘʬʠʪʘ. ɼʣʷ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ 

ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʦʙʨʘʙʦʪʢʫ, ʠʟʤʝʣʴʯʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʙʣʵʥʜʝʨʘʭ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ. ʇʦʜʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ 

ʛʨʘʬʠʪʘ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ. Lotya ʠ ʩʦʘʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʤʝʪʦʜʠʢʫ 

ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʝʥʘ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʇɸɺ) 

ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʣʠ ʚʳʭʦʜ ʤʦʥʦʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ, ʢʦʪʦʨʳʡ ʜʦʩʪʠʛʘʝʪ 20% [26]. 

ʊʘʢʞʝ ʤʘʣʦʩʣʦʡʥʳʡ ʛʨʘʬʝʥ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʦʡ 

ʜʠʩʧʝʨʩʠʡ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. Bourlinos ʠ ʩʦʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʩʱʝʧʣʝʥʠʷ ʛʨʘʬʠʪʘ ʚ ʰʠʨʦʢʦʤ ʢʨʫʛʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ 

ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʠʨʠʜʠʥ, ʭʣʦʨʘʮʝʪʘʪ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ 

[27]. ɼʣʷ ʦʪʜʝʣʝʥʠʷ ʢʨʫʧʥʦʡ ʬʨʘʢʮʠʠ ʥʝʨʘʩʱʝʧʣʝʥʥʳʭ ʯʘʩʪʠʮ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʠʣʠ ʛʨʘʜʠʝʥʪʥʦʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ. ʅʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ 

ʜʠʩʧʝʨʩʠʠ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ ʤʘʣʦʩʣʦʡʥʳʭ ʠ ʤʦʥʦʩʣʦʡʥʳʭ ʛʨʘʬʝʥʦʚ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥ-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥʘ, ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʠ ʜʠʤʝʪʠʣ-

ʩʫʣʴʬʦʢʩʠʜʘ. ʆʜʥʘʢʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʚʳʩʦʢʦʢʠʧʷʱʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ 

ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ ʫʜʘʣʠʪʴ ʠʟ ʧʣʸʥʢʠ, ʘ ʠʭ ʧʨʠʩʫʪʩʪʚʠʝ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ 

ʥʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. OôNeill ʠ ʩʦʘʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʧʦʣʫʯʝʥʠʝ 

ʜʠʩʧʝʨʩʠʡ ʛʨʘʬʝʥʘ ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ ʠ ʭʣʦʨʦʬʦʨʤʝ [28]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʶʪʩʷ 

ʩʪʘʙʠʣʴʥʳʝ ʚ ʪʝʯʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʜʠʩʧʝʨʩʠʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʘʣʦʩʣʦʡʥʳʭ 
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ʯʘʩʪʠʮ ~ 0,5 ʤʛ/ʤʣ. ɼʨʫʛʠʤ ʧʦʜʭʦʜʦʤ ʢ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʶ ʛʨʘʬʝʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʦʚʘʣʝʥʪʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʨʘʬʠʪʦʚ ʠ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʛʨʘʬʠʪʘ. ʆʙʘ ʵʪʠʭ ʩʧʦʩʦʙʘ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʤʝʞʩʣʦʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʶ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ. 

ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʠ ʧʦʚʳʰʘʝʪ ʚʳʭʦʜ ʤʘʣʦʩʣʦʡʥʳʭ ʧʨʦʜʫʢʪʦʚ [25]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʪʘʪʝʡ ʧʦʩʚʷʱʝʥʦ ʧʦʣʫʯʝʥʠʶ ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʨʘʩʱʝʧʣʝʥʠʶ ʦʢʩʠʜʘ 

ʛʨʘʬʠʪʘ (GO), ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʧʦʣʫʯʝʥʠʷ GO ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ 

ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ [29]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʸʥʦʢ ʠʟ ʛʨʘʬʝʥʦʚʳʭ ʜʠʩʧʝʨʩʠʠ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʦʜʠʥ 

ʠʟ ʥʠʞʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ: ʥʘʥʝʩʝʥʠʝ ʢʘʧʝʣʴ (drop-casting) [30], ʥʘʥʝʩʝʥʠʝ 

ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ (dip-coating) [31], ʥʘʧʳʣʝʥʠʝ (spraying) [32], ʩʧʠʥ-ʧʨʦʮʝʩʩ (spin-

coating) [33], ʧʦʣʫʯʝʥʠʝ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʧʣʸʥʦʢ ʃʝʥʛʤʶʨ-ɹʣʦʜʞʝʪʪ [34], 

ʚʘʢʫʫʤʥʦʝ ʬʠʣʴʪʨʦʚʘʥʠʝ [35]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʦʣʫʯʘʝʤʳʝ 

ʧʣʸʥʢʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʤʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦʣʱʠʥʫ ʠ ʦʜʥʦʨʦʜʥʦʩʪʴ. ʄʝʪʦʜʳ 

ʥʘʥʝʩʝʥʠʷ ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ ʠ ʥʘʥʝʩʝʥʠʝ ʢʘʧʝʣʴ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʚʦʜʷʪ ʢ ʥʝʦʜʥʦʨʦʜʥʦʤʫ 

ʦʩʘʞʜʝʥʠʶ ʯʘʩʪʠʮ, ʩʚʷʟʘʥʥʦʤʫ ʩ ʘʛʣʦʤʝʨʘʮʠʝʡ ʯʘʩʪʠʮ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʘʨʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʦʣʱʠʥʫ ʧʣʸʥʦʢ. ʅʘʧʳʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʦʜʥʦʨʦʜʥʳʝ ʧʣʸʥʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʘʟʤʝʨʘ, ʪʦʣʱʠʥʫ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʦʙʲʝʤʦʤ ʜʠʩʧʝʨʩʠʠ, ʥʦ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʳʯʥʦ ʩʠʣʴʥʦ ʠʟʨʝʟʘʥʘ. 

ɼʣʷ ʩʧʠʥ-ʧʨʦʮʝʩʩʘ ʠʩʧʦʣʴʟʫʶʪ ʩʪʘʙʠʣʴʥʳʝ ʜʠʩʧʝʨʩʠʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,5-3 ʤʛ/ʤʣ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʳʭ ʧʣʸʥʦʢ [33]. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʨʘʚʥʦʤʝʨʥʳʝ ʧʣʸʥʢʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʢʣʘʜʦʢ ʦʩʦʙʝʥʥʦ 

ʚ ʩʣʫʯʘʝ ʙʳʩʪʨʦʛʦ ʠʩʧʘʨʝʥʠ ̫ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʘʛʣʦʤʝʨʘʮʠʶ 

ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʘʜʛʝʟʠʶ ʯʘʩʪʠʮ ʩ ʧʦʜʣʦʞʢʦʡ. ʊʦʣʱʠʥʫ ʧʣʸʥʦʢ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, 

ʠʟʤʝʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʦʙʲʝʤ ʜʠʩʧʝʨʩʠʠ, ʘ ʧʣʦʱʘʜʴ ʧʣʸʥʦʢ, ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʤ 

ʤʝʪʦʜʦʤ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ~ 0,28 ʤ2 [36]. ʊʘʢʞʝ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʧʣʸʥʦʢ 

ʠʣʠ ʪʦʥʢʠʭ ʧʣʸʥʦʢ ʥʘ ʧʦʜʣʦʞʢʝ, ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʚʘʢʫʫʤʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʜʠʩʧʝʨʩʠʡ 

ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʪ 0,05 ʤʛ/ʤʣ ʥʘ ʤʝʤʙʨʘʥʘʭ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ ʦʪ 0,1 ʜʦ 0,8 ʤʢʤ. 

ʄʘʪʝʨʠʘʣ ʤʝʤʙʨʘʥʳ ʚʳʙʠʨʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʯʘʱʝ 

ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʬʠʨʳ ʮʝʣʣʶʣʦʟʳ, ʧʦʣʠʧʨʦʧʠʣʝʥ, ʪʝʬʣʦʥ, ʧʦʨʠʩʪʳʡ ʘʣʶʤʠʥʠʡ 

ʠ ʜʨ. ʇʨʠ ʬʠʣʴʪʨʘʮʠʠ ʜʠʩʧʝʨʩʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʣʸʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
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ʤʝʤʙʨʘʥʳ, ʧʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʷʚʣʷʝʪʩʷ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʤ. ʏʘʩʪʠʮʳ 

ʛʨʘʬʝʥʘ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʥʘ ʢʘʢʦʤ-ʣʠʙʦ ʫʯʘʩʪʢʝ ʤʝʤʙʨʘʥʳ, ʟʘʪʨʫʜʥʷʷ ʧʨʦʭʦʞʜʝʥʠʝ 

ʞʠʜʢʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʯʘʩʪʠʮʘʤ ʦʩʘʞʜʘʪʴʩʷ ʥʘ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʘʚʥʦʤʝʨʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʸʥʢʠ. ʊʦʣʱʠʥʘ ʧʣʸʥʢʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠ ʦʙʲʝʤʘ ʜʠʩʧʝʨʩʠʠ, ʚʟʷʪʦʡ ʜʣʷ ʬʠʣʴʪʨʦʚʘʥʠʷ. ʄʝʪʦʜ ʃʝʥʛʤʶʨ-ɹʣʦʜʞʝʪʪ ʧʦʟʚʦʣʷʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʤʦʥʦʩʣʦʡʥʳʝ ʠ ʤʘʣʦʩʣʦʡʥʳʝ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʝ 

ʛʨʘʬʝʥʦʚʳʝ ʧʣʸʥʢʠ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ ʦʩʪʦʨʦʞʥʦ ʥʘʥʦʩʷʪ ʥʝʢʦʪʦʨʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʧʝʨʩʠʠ ʛʨʘʬʝʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʝʛʢʦʣʝʪʫʯʝʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. ʇʦʩʣʝ ʝʛʦ 

ʠʩʧʘʨʝʥʠʷ ʛʨʘʬʝʥʦʚʳʝ ʣʠʩʪʳ ʦʙʨʘʟʫʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʧʣʸʥʢʫ, ʢʦʪʦʨʘʷ ʜʘʣʝʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʤʝʱʝʥʘ ʥʘ ʧʦʜʣʦʞʢʫ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʠʤʝʥʝʥʠʡ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝ ʠʣʠ ʠʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ ʛʨʘʬʝʥʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ (ʩʤ. ʪʘʙʣ. 1), ʧʦʣʫʯʘʝʤʳʝ ʤʘʪʝʨʠʘʣʳ 

ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 1 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʘʬʝʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ 

 

ʄʝʪʦʜ ʈʘʟʤʝʨ 

ʢʨʠʩʪʘʣʣʠʪʘ 

(ʤʢʤ)  

ʈʘʟʤʝʨ ʦʙʨʘʟʮʘ 

(ʤʤ) 

ʇʦʜʚʠʞʥʦʩʪʴ 

ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ 

(ʩʤ2ɺī1ʩī1)  

ʇʨʠʤʝʥʝʥʠʝ  

ʄʝʭʘʥʠʯʝʩʢʦʝ 

ʦʪʱʝʧʣʝʥʠʝ 

< 50 < 1  105, 

106 (ʧʨʠ 

ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ)  

ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʩʱʝʧʣʝʥʠʝ ʚ 

ʞʠʜʢʦʡ ʬʘʟʝ 

ʛʨʘʬʠʪʘ ʠʣʠ 

ʭʠʤʠʯʝʩʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʛʨʘʬʠʪʘ 

~ 0,5-10 ɹʝʩʢʦʥʝʯʥʘʷ 

ʧʣʸʥʢʘ ʩ 

ʧʝʨʝʩʝʢʘʶʱʠʤʠʩʷ 

ʯʘʩʪʠʮʘʤʠ 

1  ʇʦʢʨʳʪʠʷ, 

ʯʝʨʥʠʣʘ, 

ʢʦʤʧʦʟʠʪʳ, 

ʧʨʦʟʨʘʯʥʳʝ 

ʧʨʦʚʦʜʷʱʠʝ ʩʣʦʠ, 

ʭʨʘʥʝʥʠʝ ʵʥʝʨʛʠʠ, 

ʩʝʥʩʦʨʳ, 

ʙʠʦʧʨʠʣʦʞʝʥʠʷ 

CVD-ʩʠʥʪʝʟ < 1000  ~1000  10000  ʌʦʪʦʥʠʢʘ, 

ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, 

ʧʨʦʟʨʘʯʥʳʝ 

ʧʨʦʚʦʜʷʱʠʝ ʩʣʦʠ, 

ʩʝʥʩʦʨʳ, 

ʙʠʦʧʨʠʣʦʞʝʥʠʷ 

ʕʧʠʪʘʢʩʠʘʣʴʥʳʡ 

ʨʦʩʪ ʥʘ SiC  

50  100  10000  ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʝ 

ʪʨʘʥʟʠʩʪʦʨʳ ʠ 

ʜʨʫʛʠʝ 

ʵʣʝʢʪʨʦʥʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ 
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1.3. ʉʠʥʪʝʟ ʠ ʩʚʦʡʩʪʚʘ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ 

ʍʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʛʨʘʬʝʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʢ sp2-ʛʠʙʨʠʜʠʟʦʚʘʥʥʳʤ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʥʘʨʫʰʝʥʠʶ ʩʦʧʨʷʞʝʥʥʦʡ -́ʩʠʩʪʝʤʳ ʛʨʘʬʝʥʘ. ɼʣʷ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʠʩʧʦʣʴʟʫʶʪ ʦʢʠʩʣʝʥʠʝ, ʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ, ʛʠʜʨʠʨʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʜʠʢʘʣʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʚʚʝʜʝʥʥʳʭ ʛʨʫʧʧ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ. ɺ ʠʩʭʦʜʥʦʤ ʛʨʘʬʝʥʝ ʦʪʩʫʪʩʪʚʫʝʪ ʟʘʧʨʝʱʸʥʥʘʷ ʟʦʥʘ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ ʝʛʦ 

ʚʘʣʝʥʪʥʘʷ ʟʦʥʘ ʠ ʟʦʥʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʦʧʨʠʢʘʩʘʶʪʩʷ, ʜʝʣʘʷ ʝʛʦ ʧʦʣʫʤʝʪʘʣʣʦʤ. 

ʆʪʩʫʪʩʪʚʠʝ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʛʨʘʬʝʥʘ ʚ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʘ ʤʦʞʝʪ ʙʳʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʦʪʢʨʳʪʴ ʟʘʧʨʝʱʝʥʥʫʶ ʟʦʥʫ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʚʘʣʝʥʪʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ [37]. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʟʜʘʝʪ ʘʜʩʦʨʙʮʠʦʥʥʳʝ 

ʮʝʥʪʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʨʘʬʝʥʘ ʩ ʤʦʣʝʢʫʣʘʤʠ 

ʚ ʛʘʟʦʚʦʡ ʠʣʠ ʞʠʜʢʦʡ ʬʘʟʝ. ʅʘʣʠʯʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʨʘʩʰʠʨʷʝʪ ʯʠʩʣʦ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʣʷ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʛʨʘʬʝʥʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʜʩʪʚʦ ʩ ʧʦʣʠʤʝʨʥʳʤʠ 

ʤʘʪʨʠʮʘʤʠ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

1.3.1. ʄʦʜʠʬʠʢʘʮʠʷ ʛʨʘʬʝʥʘ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʂʦʚʘʣʝʥʪʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʛʨʫʧʧ ʢ ʛʨʘʬʝʥʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʨʝʘʢʮʠʝʡ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʜʠʢʘʣʘʤʠ 

ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʠʝʥʦʬʠʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʘʨʠʥʳ [38], ʥʠʪʨʝʥʳ, ʠ ʘʟʦʤʝʪʠʣʠʥʠʣʠʜ r

[39, 40]. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʝʥʦʬʠʣʘ ʩ ʜʚʫʤʷ ʜʚʦʡʥʳʤʠ ʩʚʷʟʷʤʠ 

ʛʨʘʬʝʥʘ. ɺ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʜʠʢʘʣʘʤʠ, ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ, 

ʧʦʣʫʯʘʝʤʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʩʦʣʠ 

ʜʠʘʟʦʥʠʷ, ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʧʦ ʜʚʦʡʥʳʤ ʩʚʷʟʷʤ ʛʨʘʬʝʥʘ. Sinitskii ʠ ʩʦʘʚʪʦʨʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʣʠ ʜʠʘʟʦʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʜʣʷ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʠʪʨʦʬʝʥʠʣʘ ʢ ʙʘʟʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʛʨʘʬʝʥʘ [41]. ɺ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʬʦʨʤʘʮʠʷ sp2-ʛʠʙʨʠʜʠʟʦʚʘʥʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ sp3, ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʈʌʕ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʥʠʪʨʦʙʝʥʟʦʣʴʥʳʭ ʛʨʫʧʧ ʢ ʛʨʘʬʝʥʫ, N 1s-ʩʧʝʢʪʨ ʩʦʜʝʨʞʠʪ ʜʚʘ 

ʢʦʤʧʦʥʝʥʪʘ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ïNO2 ʛʨʫʧʧʝ ʥʠʪʨʦʙʝʥʟʦʣʘ (~ 406 ʵɺ) 
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ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʘʟʦʪʘ (~ 400 ʵɺ). ʀʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʛʨʘʬʝʥʘ ʚ ʧʨʦʮʝʩʩʝ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʛʨʫʧʧ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʝʥʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ 

ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ 

ʨʝʘʢʮʠʠ (ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʦʚ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʣʫʯʝʥʠʷ ʠ ʜʨ.). 

1.3.2. ʆʢʩʠʜ ʛʨʘʬʝʥʘ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʦʢʩʠʜ ʛʨʘʬʝʥʘ 

ʆʢʩʠʜ ʛʨʘʬʝʥʘ (GO) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʛʨʘʬʝʥʘ, 

ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʧʦʣʫʯʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ GO ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ r ʍʘʤʤʝʨʩʘ [42], ɹʨʦʫʜʠ [43], 

ʐʪʘʫʜʤʘʡʝʨʘ [44], ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ [45], ʘ ʪʘʢʞʝ ʚʘʨʠʘʮʠʶ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ. ʄʝʪʦʜ ʍʘʤʤʝʨʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʢʠʩʣʝʥʠʠ ʛʨʘʬʠʪʘ 

ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʠʷ (KMnO4) ʚ ʩʨʝʜʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ (H2SO4). ɺ ʤʝʪʦʜʘʭ ɹʨʦʫʜʠ 

ʠ ʐʪʘʫʜʤʘʡʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʤʝʩʴ ʧʝʨʭʣʦʨʘʪʘ ʢʘʣʠʷ (KClO4) 

ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ (HNO3). ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʛʨʘʬʠʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʣʠʯʠʶ ʭʘʦʪʠʯʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ (sp2-ʛʠʙʨʠʜʠʟʦʚʘʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʘʪʦʤʳ) 

ʠ ʦʢʠʩʣʝʥʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ (sp3-ʫʛʣʝʨʦʜʥʳʝ ʘʪʦʤʳ), ʧʨʠ ʵʪʦʤ ʩʣʦʠʩʪʘʷ 

ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʠʪʘ ʥʝ ʥʘʨʫʰʘʝʪʩʷ, ʘ ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ (6-12¡, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʣʘʞʥʦʩʪʠ) ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʂʠʩʣʦʨʦʜ ʚ ʦʢʩʠʜʝ ʛʨʘʬʠʪʘ ʥʘʭʦʜʠʪʩʷ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʚ ʚʠʜʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ, ʵʧʦʢʩʠʜʥʳʭ, ʢʘʨʙʦʥʠʣʴʥʳʭ ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 

[46]. ɻʠʜʨʦʢʩʠʣʴʥʳʝ ʠ ʵʧʦʢʩʠʜʥʳʝ ʛʨʫʧʧʳ ʦʙʳʯʥʦ ʧʨʠʩʦʝʜʠʥʝʥʳ ʤʝʜʠʘʣʴʥʦ, 

ʘ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʠ ʢʘʨʙʦʥʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʥʘʭʦʜʷʪʩʷ ʣʘʪʝʨʘʣʴʥʦ. 

ʇʦ ʪʦʡ ʧʨʠʯʠʥʝ, ʯʪʦ ʦʢʩʠʜ ʛʨʘʬʠʪʘ ʩʦʭʨʘʥʷʝʪ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʥ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʱʝʧʣʸʥ ʥʘ ʤʘʣʦʩʣʦʡʥʳʝ ʠ ʦʜʥʦʩʣʦʡʥʳʝ ʧʨʦʜʫʢʪʳ. ɺ ʨʘʙʦʪʝ Paredes ʠ ʩʦʘʚʪʦʨʦʚ 

ʨʘʩʩʤʦʪʨʝʥʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ GO ʚ ʚʦʜʝ, ʧʦʣʷʨʥʳʭ ʠ ʥʝʧʦʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ [47]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʤʝʥʴʰʝʥʠʶ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ, 

ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʘʙʠʣʴʥʳʭ ʜʠʩʧʝʨʩʠʡ ʚ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʩʫʩʧʝʥʟʠʡ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʚʦʜʘ, ʵʪʠʣʝʥʛʣʠʢʦʣʴ, ʜʠʤʝʪʠʣ-

ʬʦʨʤʘʤʠʜ, N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥ ʠ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ.  
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ʆʢʩʠʜ ʛʨʘʬʝʥʘ, ʢʘʢ ʠ ʦʢʩʠʜ ʛʨʘʬʠʪʘ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠ ʥʝʧʨʦʚʦʜʷʱʠʤ 

ʤʘʪʝʨʠʘʣʦʤ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ sp3-ʜʝʬʝʢʪʦʚ. ʋʜʘʣʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʦʢʩʠʜʘ ʛʨʘʬʠʪʘ ʧʨʠʚʦʜʠʪ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʨʦʚʦʜʷʱʝʡ  

-́ʩʠʩʪʝʤʳ ʠ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ [30]. ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʦʩʪʘʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʝʛʦ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʷ 

GO ʤʦʞʥʦ ʜʦʩʪʠʯʴ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ: ʭʠʤʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ  

[48-51] (ʛʠʜʨʘʟʠʥ, ʙʦʨʛʠʜʨʠʜ ʥʘʪʨʠʷ, ʛʠʜʨʠʜ ʥʘʪʨʠʷ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ), 

ʦʪʞʠʛ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ [52] ʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʦʨʦʜʘ [53], ʣʘʟʝʨʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ [54], ʩʦʣʚʦʪʝʨʤʘʣʴʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ [55] ʠ ʜʨ. ʆʪʥʦʰʝʥʠʝ ʉ/ʆ 

ʚ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʘʭ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 3 [56] ʜʦ 24 [57]. ʆʜʥʘʢʦ, 

ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ GO ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ 

ʦʪ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʝʥʘ ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʠ/ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ, ʷʚʣʷʶʱʠʭʩʷ ʧʦʙʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ [58]. ʍʠʤʠʯʝʩʢʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʘʢ ʯʘʩʪʠʯʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʦʜʫʢʪʳ, 

ʪʘʢ ʠ ʜʦʩʪʠʯʴ ʧʦʯʪʠ ʧʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʠ ʧʨʠʨʦʜʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʘʟʠʥʘ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʛʨʘʬʝʥʘ ʩ ʦʙʲʝʤʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 2400Ñ200 ʉʤ/ʤ, 

ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʛʨʘʬʠʪʦʤ (2500Ñ20 ʉʤ/ʤ) [48]. ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚʦʩʩʪʘʥʘʚ-

ʣʠʚʘʶʱʠʤ ʘʛʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʙʦʨʛʠʜʨʠʜ ʥʘʪʨʠʷ (NaBH4), ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ 

ʢ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʷʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʣʸʥʦʢ ð 59 ʢÝ/Ǐ (ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ 780 ʢÝ/Ǐ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʛʠʜʨʘʟʠʥʦʤ). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʝʝ ʤʷʛʢʠʭ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʘʛʝʥʪʦʚ ʚʦʟʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʫʜʘʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʯʘʩʪʠʯʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʦʢʩʠʜ 

ʛʨʘʬʝʥʘ (rGO ). ʇʦʣʫʯʘʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʨʝʘʛʝʥʪʘʤʠ ʚ ʨʝʘʢʮʠʷʭ ʟʘʤʝʱʝʥʠʷ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʫʜʘʣʝʥʠʝ ʯʘʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʦʪʝʢʘʥʠʶ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ. ɺ ʮʝʣʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʪʝʧʝʥʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, 

ʥʦ ʧʨʠʚʦʜʠʪ ʢ ʚʥʝʜʨʝʥʠʶ/ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʛʝʪʝʨʦʘʪʦʤʦʚ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ [58]. ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʝʥʘ ʠʟ ʦʢʩʠʜʘ ʛʨʘʬʠʪʘ 

ʷʚʣʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ. ʊʝʨʤʦʣʠʟ GO ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 1000oC ʧʨʠʚʦʜʠʪ 

ʢ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʝʪʩʷ 
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ʤʘʪʝʨʠʘʣ ʩ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (600-900 ʤ2/ʛ) ʠ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʜʝʬʝʢʪʦʚ. ʇʦʷʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʢʦʥʝʯʥʦʤ ʤʘʪʝʨʠʘʣʝ ʩʚʷʟʘʥʦ 

ʩ ʚʳʜʝʣʝʥʠʝʤ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ [59], ʢʦʪʦʨʦʝ 

ʚʳʟʳʚʘʝʪ ʧʦʪʝʨʶ 30% ʤʘʩʩʳ ʦʢʩʠʜʘ ʛʨʘʬʠʪʘ, ʧʨʠʚʦʜʷ ʢ ʧʦʷʚʣʝʥʠʶ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ 

ʜʝʬʝʢʪʦʚ ʠ ʚʘʢʘʥʩʠʡ ʚ ʛʨʘʬʝʥʦʚʦʤ ʩʣʦʝ [60]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʠ ʜʝʬʝʢʪʳ ʚʣʠʷʶʪ 

ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʲʝʤʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 1000-2300 ʉʤ/ʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʝʥʘ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ GO 

ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʨʝʘʢʮʠʷ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ - 0,60 ɺ 

ʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʧʨʠ - 0,87 ɺ, ʧʨʠ ʵʪʦʤ ʙʳʩʪʨʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʩʣʝ 300 ʩʝʢʫʥʜ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʩʪʫʧʘʝʪ ʙʦʣʝʝ ʤʝʜʣʝʥʥʘʷ ʩʪʘʜʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, 

ʢʦʪʦʨʘʷ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʩʣʝ 5000 ʩʝʢʫʥʜ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ 

ʦʪʥʦʰʝʥʠʝ ʉ:O ʧʨʦʜʫʢʪʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʳʤ 23,9:1 [57]. ʉʨʝʜʠ ʧʨʝʠʤʫʱʝʩʪʚ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʠʟʤʝʥʷʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʦʩʪʘʚ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʧʘʩʥʳʝ ʨʝʘʛʝʥʪʳ. 

ʅʘʣʠʯʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʦʢʩʠʜʝ ʛʨʘʬʝʥʘ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤ ʛʨʫʧʧʘʤ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʊʘʢ ʢʘʢ ʦʢʩʠʜ ʛʨʘʬʝʥʘ ʷʚʣʷʝʪʩʷ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʪʦ ʧʨʦʚʝʜʝʥʠʝ 

ʨʝʘʢʮʠʡ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ GO ʠʤʝʶʪ ʨʘʟʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦ 

ʧʦʜʦʙʨʘʪʴ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʝʣʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʛʨʫʧʧʘʤʠ, ʣʠʙʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʱʠʪʥʳʝ ʛʨʫʧʧʳ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ. ʆʢʩʠʜ ʛʨʘʬʝʥʘ ʠʤʝʝʪ ʨʝʘʢʮʠʦʥʥʦ ʩʧʦʩʦʙʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʪʘʢʠʝ 

ʢʘʢ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʢʨʘʷʭ, ʘ ʪʘʢʞʝ ʵʧʦʢʩʠʜʥʳʝ 

ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʙʘʟʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚʦʟʤʦʞʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʘʛʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʘʤʠʥʳ ʠʣʠ ʩʧʠʨʪʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʶʪʩʷ ʘʤʠʜʳ ʠʣʠ ʵʬʠʨʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂ ʧʨʠʤʝʨʫ, ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʤʠʜʦʚ ʩ ʜʣʠʥʥʳʤʠ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʮʝʧʦʯʢʘʤʠ ʧʨʠʚʦʜʠʪ 

ʢ ʫʣʫʯʰʝʥʠʶ ʜʠʩʧʝʨʛʠʨʫʝʤʦʩʪʠ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ [61], ʘ ʧʨʠʩʦʝʜʠʥʝʥʠʝ 

ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʦʮʠʘʥʘʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 
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ʮʝʧʦʯʢʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦ ʣʫʯʰʝʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʭʠʤʠʯʝʩʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ (ʍʄɻ) ʩ ʧʦʣʷʨʥʳʤʠ ʘʧʨʦʪʦʥʥʳʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ. 

ʕʧʦʢʩʠʜʥʳʝ ʛʨʫʧʧʳ ʤʦʛʫʪ ʙʳʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʡ ʩ ʨʘʩʢʨʳʪʠʝʤ 

ʮʠʢʣʘ, ʢʦʪʦʨʳʝ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʝ Ŭ-ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʤʦʣʝʢʫʣʦʡ 

ʘʤʠʥʘ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʦʙʦʯʥʦʡ ʨʝʘʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʱʠʪʠʪʴ ʠʣʠ 

ʫʜʘʣʠʪʴ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ GO. ʊʘʢʠʝ ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦ 

ʧʦʣʷʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʨʝʘʢʮʠʷʭ ʩ ʠʦʥʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʘʤʠʥʦʛʨʫʧʧʳ. 

Yang ʠ ʩʦʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ GO, ʚʢʣʶʯʝʥʥʳʡ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ 3-ʘʤʠʥʦ-

ʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥʘ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʧʦʣʫʯʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ 

ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʟʘ ʩʯʝʪ ʩʰʠʚʘʥʠʷ ʛʨʘʬʝʥʦʚʳʭ ʣʠʩʪʢʦʚ 

ʧʦʣʠʤʝʨʥʳʤʠ ʮʝʧʦʯʢʘʤʠ [62]. ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʦʠʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʢʩʠʜ ʛʨʘʬʝʥʘ ʷʚʣʷʝʪʩʷ 

ʧʨʝʢʨʘʩʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʢ ʛʨʘʬʝʥʘ, ʪʘʢ ʠ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥ-

ʥʦʛʦ ʛʨʘʬʝʥʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʥʝʙʦʣʴʰʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ 

ʠ ʧʦʣʠʤʝʨʘʤʠ ʨʘʩʢʨʳʚʘʝʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʚ ʧʦʣʫʯʝʥʠʠ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʩʝʥʩʦʨʦʚ ʠ ʧʣʘʪʬʦʨʤ ʜʣʷ ʘʜʩʦʨʙʮʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʦʜʘ ʤʦʣʝʢʫʣ ʠ ʠʦʥʦʚ. 

1.3.3. ʌʪʦʨʠʜ ʛʨʘʬʝʥʘ 

ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʛʘʣʦʛʝʥʦʚ ʧʦ ʜʚʦʡʥʳʤ ʩʚʷʟʷʤ ʫʛʣʝʨʦʜʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʛʘʣʦʛʝʥʠʜʳ ʛʨʘʬʝʥʘ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʬʪʦʨʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʛʨʘʬʝʥʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʭʣʦʨʘ, ʙʨʦʤʘ ʠ ʡʦʜʘ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚʘʢʘʥʩʠʡ 

ʠ ʢ ʢʨʘʝʚʳʤ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ. ʌʪʦʨʠʨʦʚʘʥʥʳʡ ʛʨʘʬʝʥ (C2Fx, x=0-2,24) ʷʚʣʷʝʪʩʷ 

ʩʪʘʙʠʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩ ʙʦʣʴʰʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ, ʚ ʢʦʪʦʨʦʤ 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʯʘʩʪʴ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʩʦʝʜʠʥʝʥʘ ʩʦ ʬʪʦʨʦʤ. ʆʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʢʘʢ ʜʚʫʤʝʨʥʳʡ ʙʘʟʦʚʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʵʣʝʤʝʥʪ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ (FG), ʢʦʪʦʨʳʡ 

ʚʧʝʨʚʳʝ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʠ ʦʧʠʩʘʥ Ruff ʠ ʩʦʘʚʪʦʨʘʤʠ ʚ 1934 ʛʦʜʫ [64]. ɺʧʦʩʣʝʜʩʪʚʠʠ 

ʬʪʦʨʠʨʦʚʘʥʥʳʡ ʛʨʘʬʠʪ ʧʨʠʚʣʝʢ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʩʘʤʦʦʯʠʩʪʢʠ, ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʩʤʘʟʦʢ, ʛʠʜʨʦʬʠʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʵʣʝʢʪʨʦʜʦʚ 

ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʷʯʝʡʢʘʭ, ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ, ʭʦʨʦʰʝʡ 

ʭʠʤʠʯʝʩʢʦʡ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ ʩʠʣʳ ʚ ʣʠʪʠʡ-

ʬʪʦʨʛʨʘʬʠʪʦʚʳʭ ʙʘʪʘʨʝʷʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʠʩʩʣʝʜʫʝʤʳʤ 

ʛʨʘʬʝʥʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ ʙʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʪʘʢʠʤ ʢʘʢ ʢʦʣʦʩʩʘʣʴʥʘʷ 

ʥʝʛʘʪʠʚʥʘʷ ʤʘʛʥʠʪʦʧʨʦʚʦʜʠʤʦʩʪʴ (40% ʧʨʠ 9 ʊ), ʰʠʨʦʢʘʷ ʦʧʪʠʯʝʩʢʘʷ ʟʘʧʨʝʱʸʥʥʘʷ 
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ʟʦʥʘ (3,8 ʵɺ) ʠ ʚʳʩʦʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (>10 ɻʆʤ) 

ʜʣʷ ʚʳʩʦʢʦʬʪʦʨʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ [64].  

ʉʠʥʪʝʟ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʬʪʦʨʠʨʦʚʘʥʠʠ ʛʨʘʬʠʪʘ 

ʠʣʠ ʛʨʘʬʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʪʦʨʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ C/F ʚ ʧʨʦʜʫʢʪʝ ʨʝʘʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʬʪʦʨʠʨʫʶʱʝʛʦ 

ʘʛʝʥʪʘ, ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ, ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ ʠ ʚʠʜʘ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʠʥʪʝʟ 

ʯʘʱʝ ʚʩʝʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʦʝ ʛʘʟʦʬʘʟʥʦʝ ʬʪʦʨʠʨʦʚʘʥʠʝ, ʬʪʦʨʠʨʦʚʘʥʠʝ 

ʚʦ ʬʪʦʨʩʦʜʝʨʞʘʱʝʡ ʧʣʘʟʤʝ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʝ ʬʪʦʨʠʨʦʚʘʥʠʝ, ʬʦʪʦʭʠʤʠʯʝʩʢʦʝ 

ʬʪʦʨʠʨʦʚʘʥʠʝ ʠ ʜʨ. ʆʙʳʯʥʦ ʚ ʢʘʯʝʩʪʚʝ ʬʪʦʨʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪ ʬʪʦʨ, 

ʬʪʦʨʦʚʦʜʦʨʦʜ, ʬʪʦʨʛʘʣʦʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ClF3, ClF5, BrF3, BrF5), ʠ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠ ̫

ʬʪʦʨʘ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʫʩʣʦʚʠʷ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. ɺʩʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ: ʧʨʷʤʦʝ 

ʬʪʦʨʠʨʦʚʘʥʠʝ ʛʨʘʬʝʥʘ ʠ ʬʪʦʨʠʨʦʚʘʥʠʝ ʛʨʘʬʠʪʘ ʠʣʠ ʦʢʩʠʜʘ ʛʨʘʬʠʪʘ ʩ ʧʦʩʣʝʜʫʶʠɦʤ 

ʨʘʩʱʝʧʣʝʥʠʝʤ ʚ ʞʠʜʢʦʡ ʬʘʟʝ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʣʷ ʨʘʩʱʝʧʣʝʥʠʷ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪ ʩʫʣʴʬʦʣʘʥ [24], ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ [77], 

ʨʘʩʪʚʦʨʳ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ [78], N-ʤʝʪʠʣ-2-ʧʠʨʨʦʣʠʜʦʥ [79], 

ʭʣʦʨʦʬʦʨʤ [80], ʥʠʟʰʠʝ ʩʧʠʨʪʳ [81] ʠ ʜʨʫʛʠʝ [79, 80]. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʘʬʠʪʦʤ, 

ʬʪʦʨʠʜ ʛʨʘʬʠʪʘ ʠʤʝʝʪ ʙʦʣʴʰʝʝ ʤʝʞʩʣʦʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʧʦʵʪʦʤʫ ʵʥʝʨʛʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ 

ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʩʠʣ ʤʝʞʜʫ ʩʣʦʷʤʠ ʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʙʦʣʴʰʝʤʫ ʚʳʭʦʜʫ ʦʜʥʦʩʣʦʡʥʳʭ ʠ ʤʘʣʦʩʣʦʡʥʳʭ ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʛʨʘʬʝʥʦʚ. 

ʆʧʠʩʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʬʪʦʨʠʜ ʛʨʘʬʝʥʘ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʬʪʦʨʘ ʢ ʫʛʣʝʨʦʜʫ. ʆʪʥʦʰʝʥʠʝ C/F, ʩʪʨʫʢʪʫʨʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʦʚ 

ʚʦ ʤʥʦʛʦʤ ʚʣʠʷʶʪ ʥʘ ʭʠʤʠʯʝʩʢʠʝ (ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ), ʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʥʥʳʝ, 

ʦʧʪʠʯʝʩʢʠʝ, ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʛʨʘʬʝʥʦʚ, ʘ ʪʘʢʞʝ ʠʭ 

ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʛʠʜʨʦʬʦʙʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʫʛʣʝʨʦʜʦʤ ʠ ʬʪʦʨʦʤ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʚʦʡʩʪʚ 

ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘʣʠʯʠʝ ʠ ʩʦʩʪʦʷʥʠʝ ʬʪʦʨʘ ʠ ʫʛʣʝʨʦʜʘ ʚʦ ʬʪʦʨʠʜʝ ʛʨʘʬʝʥʘ 

ʠʩʩʣʝʜʫʶʪ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʠ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʍʘʨʘʢʪʝʨ ʩʚʷʟʝʡ ʠ ʧʦʣʦʞʝʥʠʝ ʣʠʥʠʡ ʚ ʩʧʝʢʪʨʘʭ ʈʌʕʉ ʚʩʝ ʝʱʸ ʦʙʩʫʞʜʘʶʪʩʷ. ʈʷʜ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʩʪʦʷʥʠʡ ʬʪʦʨʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʸʭ ʪʠʧʦʚ ʩʚʷʟʝʡ ʉïF: ʢʦʚʘʣʝʥʪʥʘʷ [82], 

ʧʦʣʫʠʦʥʥʘʷ [68] ʠ ʠʦʥʥʘʷ [83], ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪ ʩ ʥʘʣʠʯʠʝʤ ʢʦʤʧʦʥʝʥʪ ʚ C 1s ʈʌʕʉ-
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ʄʝʪʦʜʠʢʠ ʬʪʦʨʠʨʦʚʘʥʠʷ ʛʨʘʬʠʪʘ, ʛʨʘʬʝʥʘ ʠ ʛʨʘʬʝʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 

ʄʝʪʦʜ ʩʠʥʪʝʟʘ ʀʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʌʪʦʨʠʨʫʶʱʠʡ ʘʛʝʥʪ ʋʩʣʦʚʠʷ ʆʪʥʦʰʝʥʠʝ F/C  

ʇʦʣʫʯʝʥʠʝ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 

¶ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ 

 

¶ ʚ ʞʠʜʢʦʡ ʬʘʟʝ 

 

 

ɻʨʘʬʠʪ 

ɺʆʇɻ 

ɻʨʘʬʠʪ 

ɺʆʇɻ 

ɻʨʘʬʝʥʦʚʘʷ ʩʫʩʧʝʥʟʠʷ 

 

 

BrF3 

BrF3 

ClF3 

HF 

HF 

 

 

25 ʦʉ, 5-30 ʜʥʝʡ  

25 oC, 30 ʜʥʝʡ 

22 oC, 5 ʯʘʩʦʚ 

200 oC, 5-34 ʜʥʝʡ 

7-80 ʜʥʝʡ 

 

 

0-0,50 

0-0,50 

0-0,50 

0-0,50 

0,09-0,38 

 

 

[65] 

[66] 

[67] 

[68] 

[69] 

ʇʨʷʤʦʝ ʛʘʟʦʬʘʟʥʦʝ ʬʪʦʨʠʨʦʚʘʥʠʝ ɻʨʘʬʝʥʦʚʘʷ ʧʣʸʥʢʘ 

 

ɻʨʘʬʝʥ 

ʆʢʩʠʜ ʛʨʘʬʝʥʘ 

XeF2 

 

XeF2 

F2 

70 ʦʉ, 2 ʯʘʩʘ ï 14 

ʜʥʝʡ 

350ʦʉ, 1ï5 ʜʥʝʡ 

25ï180ʦʉ 

 

0-1,00 

0-1,00 

0-1,00 

[64] 

 

[70] 

[71] 

ʇʣʘʟʤʝʥʥʦʝ ʬʪʦʨʠʨʦʚʘʥʠʝ CVD ʛʨʘʬʝʥ 

ʕʧʠʪʘʢʩʠʘʣʴʥʳʡ ʛʨʘʬʝʥ 

ɻʨʘʬʝʥ 

SF6 

CF4 

 

Ar/F2 

5 ɺʪ, 10-90 ʩʝʢ 

200ʦʉ, 30 ʩʝʢ 

 

25ʦʉ 0,5ï30 ʤʠʥ 

0,05-0,25 

0,04-0,18 

 

0,17  

[72] 

[73] 

 

[74] 

ʉʦʣʴʚʦʪʝʨʤʘʣʴʥʦʝ ʬʪʦʨʠʨʦʚʘʥʠʝ  ʆɻ ʜʠʩʧʝʨʩʠʷ 

ʆɻ 

40 % ʤʘʩʩ. HF 

ʪʨʝʭʬʪʦʨʠʩʪʳʡ ʙʦʨʵʬʠʨʘʪ 

150-180ʦʉ, 10-30 ʯ. 

60ʦʉ, 24 ʯ. 

0,11-0,48 

0,39 

[75] 

[76] 
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ʩʧʝʢʪʨʝ ʧʨʠ 285-286, 287-289 ʠ 291 ʵɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [84]. ɼʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʬʪʦʨʠʜʦʚ ʛʨʘʬʝʥʘ ʠ ʛʨʘʬʠʪʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʚʘʣʝʥʪʥʳʭ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʫʛʣʝʨʦʜʦʤ ʠ ʬʪʦʨʦʤ [85, 66]. ʈʌʕʉ ʠ NEXAFS, ʧʦʜʢʨʝʧʣʸʥʥʳʝ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʬʪʦʨʠʨʦʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʧʦʯʝʢ ʠ ʢʣʘʩʪʝʨʦʚ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ, ʯʝʨʝʜʫʶʱʠʭʩʷ ʩ sp2, 

ʯʪʦ ʩʚʷʟʳʚʘʶʪ ʩ ʥʘʣʠʯʠʝʤ ʣʠʥʠʡ ʧʨʠ 287-289 ʠ 285-286 ʵɺ. ʇʨʠʩʫʪʩʪʚʠʝ ʣʠʥʠʠ 

ʧʨʠ 291 ʵɺ ʣʠʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʳʩʦʢʦʬʪʦʨʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʠ ʩʚʷʟʳʚʘʝʪʩʷ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝ CF2 ʛʨʫʧʧ ʢʨʘʝʚʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ [66]. 

1.3.4. ɻʠʜʨʠʜ ʛʨʘʬʝʥʘ (ʛʨʘʬʘʥ) 

ʀʜʝʷ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʛʨʘʬʝʥ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʨʘʙʦʪʝ Sofo ʠ ʩʦʘʚʪʦʨʦʚ [86], ʢʦʪʦʨʳʡ ʧʨʝʜʩʢʘʟʘʣ ʧʦʣʥʦʩʪʴʶ 

ʛʠʜʨʠʨʦʚʘʥʥʳʡ ʛʨʘʬʝʥ. ʂʦʚʘʣʝʥʪʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʚʦʜʦʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʩʦʭʨʘʥʝʥʠʶ 

ʩʠʤʤʝʪʨʠʠ ʛʨʘʬʝʥʘ, ʥʦ ʠʟʤʝʥʝʥʠʶ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʠ ʣʦʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʇʦʜʚʠʞʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʛʨʘʬʘʥʝ ʤʥʦʛʦ ʥʠʞʝ ʯʝʤ ʚ ʛʨʘʬʝʥʝ, ʠ ʦʥ ̫ʚʣʷʝʪʩʷ 

ʠʟʦʣʷʪʦʨʦʤ [87]. ʃʦʢʘʣʴʥʦ ʧʣʦʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʘ ʩʪʘʥʦʚʠʪʩʷ ʠʟʦʛʥʫʪʦʡ ʚ ʛʨʘʬʘʥʝ, 

ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʫʛʦʣ ʩʚʷʟʠ CïCïC ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 120ʦ (ʚ ʛʨʘʬʝʥʝ) ʜʦ 109,5ʦ ʠ ʜʣʠʥʘ 

ʩʚʷʟʠ ʉïʉ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 1,42 ʜʦ 1,52-1,54Å [88]. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʝ 

ʧʦ ʛʠʜʨʠʨʦʚʘʥʠʶ ʛʨʘʬʝʥʘ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘ ʂʈʉ, ʧʦʤʠʤʦ ʜʚʫʭ ʧʠʢʦʚ 

ʚ ʛʨʘʬʝʥʝ ʥʘ 1580 ʩʤ-1 (G) ʠ 2680 ʩʤ-1 (2D) ʧʦʷʚʣʷʶʪʩʷ ʜʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʠʥʠʠ 

ʥʘ 1620 ʩʤ-1 (Dô) ʠ ʥʘ 1320 ʩʤ-1 (D). ʇʨʠ ʛʠʜʨʠʨʦʚʘʥʠʠ ʪʘʢʞʝ ʠʟʤʝʥʷʝʪʩʷ ʟʦʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ: ʟʦʥʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʩʦʧʨʷʞʸʥʥʦʡ ˊ-ʩʠʩʪʝʤʦʡ, ʧʨʦʧʘʜʘʝʪ 

ʚ ʛʨʘʬʘʥʝ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʪʢʨʳʚʘʝʪʩʷ ʟʘʧʨʝʱʸʥʥʘʷ ʟʦʥʘ [89]. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʟʥʘʯʝʥʠʷ ʦʪ 3,5 ʵɺ [86] ʜʦ 5,7 ʵɺ [90] ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʘ ʨʘʩʯʸʪʘ. 

1.4. ʉʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʘʬʝʥʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ 

ɻʘʟʦʚʳʝ ʩʝʥʩʦʨʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʠ ʙʳʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘʰʝʡ ʞʠʟʥʠ. ʆʩʥʦʚʥʳʝ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʪʦʢʩʠʯʥʳʭ, ʚʟʨʳʚʦ- 

ʠ ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʛʘʟʦʚ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʞʠʣʳʭ ʟʜʘʥʠʷʭ, ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ. 

ʉʨʝʜʠ ʙʦʣʴʰʠʥʩʪʚʘ ʪʠʧʦʚ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ, ʨʝʟʠʩʪʠʚʥʳʝ ʛʘʟʦʚʳʝ ʩʝʥʩʦʨʳ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ, ʥʠʟʢʦʡ 

ʩʪʦʠʤʦʩʪʠ ʠ ʣʸʛʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ [91]. ʊʠʧʠʯʥʘʷ ʩʭʝʤʘ 
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ʨʝʟʠʩʪʠʚʥʦʛʦ ʛʘʟʦʚʦʛʦ ʩʝʥʩʦʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʠʚʥʳʡ ʩʝʥʩʦʨʥʳʡ ʩʣʦʡ, 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʈʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʥʩʦʨʥʦʛʦ ʩʣʦʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʦʡ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʚ ʦʙʣʘʩʪʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʝʥʩʦʨʥʳʭ ʩʣʦʸʚ, ʙʣʘʛʦʜʘʨʷ ʤʘʣʦʤʫ ʨʘʟʤʝʨʫ ʢʨʠʩʪʘʣʣʠʪʦʚ ʠ ʠʟʤʝʥʝʥʠʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩ ʨʘʟʤʝʨʦʤ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ 

ʦʪʥʦʰʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʪʦʤʦʚ ʢ ʦʙʲʸʤʥʳʤ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʤʝʩʪ ʠ ʠʭ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [92]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʰʠʨʦʢʠʡ ʢʨʫʛ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ: ʤʝʪʘʣʣʳ ʠ ʥʝʤʝʪʘʣʣʳ, ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ, 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʠ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʛʘʟʦʚʳʭ 

ʩʝʥʩʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʣʠʟʢʠʭ ʢ ʢʦʤʥʘʪʥʦʡ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʛʘʟʦʚʳʝ 

ʩʝʥʩʦʨʳ ʦʩʥʦʚʘʥʳ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʦʢʩʠʜʘʭ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʨʘʙʦʪʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 150-400oC. ɺʳʩʦʢʠʝ ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʷʪ 

ʢ ʫʭʫʜʰʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʝʥʩʦʨʘ ʠ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʚʩʣʝʜʩʪʚʠʝ 

ʪʝʨʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʨʦʩʪʘ ʟʝʨʝʥ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʠ ʨʘʟʨʫʰʝʥʠʶ ʤʘʪʝʨʠʘʣʘ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʘʥʘʣʠʪʦʤ [93]. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʩʦʢʘʷ ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʠʤ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ. ʆʪʩʫʪʩʪʚʠʝ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʪʘʢʞʝ ʫʧʨʦʱʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʫʤʝʥʴʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ. 

 

ʈʠʩ. 1. ʂʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ çGraphene and Sensorè ʠ çSensorè (ɸ)  

ʠ çGraphene and Sensorè ʠ çGrapheneè (ɹ) ʥʘ ʦʩʥʦʚʘʥʠʠ ʙʘʟʳ ʜʘʥʥʳʭ Scopus. 
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ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʳ [94], ʛʨʘʬʝʥ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʝ [95], ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʚʦʣʦʢʥʘ [96] ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʦʙʣʘʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ. ʉʨʝʜʠ ʥʠʭ, ʛʨʘʬʝʥ ʠ ʨʦʜʩʪʚʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʧʨʠʚʣʝʢʘʶʪ ʚʦʟʨʘʩʪʘʶʱʝʝ ʚʥʠʤʘʥʠʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ [1]. 

ʂʘʞʜʳʡ ʘʪʦʤ ʛʨʘʬʝʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʞʝʥ ʜʝʡʩʪʚʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʜʝʣʘʷ ʝʛʦ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʣʦʢʘʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʭʠʤʠʯʝʩʢʠʤ 

ʠʟʤʝʥʝʥʠʷʤ [2]. ɺ ʜʦʧʦʣʥʝʥʠʝ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʜʝʬʝʢʪʦʚ ʠ ʧʦʣʫʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʛʨʘʬʝʥ ʠʤʝʝʪ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ 1/f ʠ ʪʝʧʣʦʚʳʭ ʰʫʤʦʚ. ɺʳʩʦʢʘʷ 

ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ ʥʠʟʢʠʡ ʚʥʫʪʨʝʥʥʠʡ ʰʫʤ ʧʨʠʚʦʜʷʪ 

ʢ ʚʳʩʦʢʦʤʫ ʦʪʥʦʰʝʥʠʶ ʩʠʛʥʘʣʘ ʢ ʰʫʤʫ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʧʨʝʜʝʣ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. 

ʀʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʛʨʘʬʝʥʘ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʸʪ. ʂʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʚ ʙʘʟʝ ʜʘʥʥʳʭ Scopus ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ 

«Graphene and Sensorè ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʤʝʨʥʦ 10% ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʫʙʣʠʢʘʮʠʡ 

ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ çSensorè (ʈʠʩ. 1), ʯʪʦ ʦʪʨʘʞʘʝʪ ʣʠʜʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʛʨʘʬʝʥʘ 

ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ. ʂʨʦʤʝ ʪʦʛʦ, ʚʩʝ ʝʱʝ ʩʦʭʨʘʥʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʢ ʧʦʚʪʦʨʷʝʤʦʩʪʴ, 

ʨʝʛʝʥʝʨʘʮʠʷ, ʩʪʘʙʠʣʴʥʦʩʪʴ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʦʩʦʙʝʥʥʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ. 

ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʫʣʫʯʰʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʜʠʬʠʢʘʮʠʠ ʛʨʘʬʝʥʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʷʪʴ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚʦʟʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʠ ʵʥʝʨʛʠʶ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʤʝʩʪ, ʤʝʥʷʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʘʢʦʛʦ ʩʝʥʩʦʨʘ ʠ ʜʘʞʝ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʨʘʬʝʥʘ ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʠʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ 

ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʛʘʟʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ. 

ʂʨʦʤʝ ʪʦʛʦ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʧʦʤʦʯʴ ʚ ʧʦʥʠʤʘʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʨʘʬʝʥʘ ʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʦʡ. ʇʨʠ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʦʨʠʝʥʪʘʮʠʠ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʠ ʚʳʙʠʨʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʡ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʵʥʝʨʛʠʠ ʘʜʩʦʨʙʮʠʠ, 

ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ, ʚʝʣʠʯʠʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 



26 

 

ʩʠʩʪʝʤʘʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ ʩʠʣʝ ʩʚʷʟʳʚʘʥʠʷ ʠ ʚʝʣʠʯʠʥʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʩʝʥʩʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ. 

1.4.1. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʘʜʩʦʨʙʮʠʠ 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʨʘʬʝʥʘ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚ ʛʘʟʦʚʦʡ 

ʬʘʟʝ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ Wehling ʠ ʩʦʘʚʪʦʨʘʤʠ [97], ʦʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ 

ʩʦʩʪʦʷʥʠʡ ʛʨʘʬʝʥʘ ʧʦʜʭʦʜʠʪ ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʙʲʷʩʥʠʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ Shedin ʠ ʩʦʘʚʪʦʨʦʚ [17], ʢʘʩʘʶʱʠʝʩʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ NO2. ʇʦʟʞʝ Leenaerts ʠ ʩʦʘʚʪʦʨʳ [98] ʠʟʫʯʠʣʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʛʨʘʬʝʥʦʚʦʡ ʧʣʦʩʢʦʩʪʴʶ ʠ ʨʘʟʣʠʯʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

H2O, NH3, CO, NO ʠ NO2, ʠʩʧʦʣʴʟʫʷ ʪʝʦʨʠʶ ʛʨʘʜʠʝʥʪʘ ʧʣʦʪʥʦʩʪʠ (DFT). ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʬʠʟʠʯʝʩʢʘʷ ʩʦʨʙʮʠʷ ʤʦʣʝʢʫʣʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʨʘʬʝʥʘ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ ʛʨʘʬʝʥïʘʜʩʦʨʙʠʨʦʚʘʥʥʘʷ 

ʤʦʣʝʢʫʣʘ. ɿʥʘʢ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʦʡ ʘʙʩʦʨʙʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ, 

ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ NO2 ʠ H2O ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʘʢʮʝʧʪʦʨʦʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ CO ʠ NH3 ʷʚʣʷʶʪʩʷ ʜʦʥʦʨʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. ʊʘʢʞʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʜʩʦʨʙʮʠʷ ʥʘ ʢʨʘʝʚʳʭ ʘʪʦʤʘʭ ʫʛʣʝʨʦʜʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʘʢʪʠʚʥʳʭ ʦʙʦʨʚʘʥʥʳʭ ʩʚʷʟʝʡ [99, 100]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʨʘʙʦʪ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, 

ʯʪʦ ʙʝʟʜʝʬʝʢʪʥʳʡ ʛʨʘʬʝʥ ʩʣʘʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʛʘʟʘʤʠ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʦʙʦʨʚʘʥʥʳʭ 

ʩʚʷʟʝʡ ʠ ʠʥʝʨʪʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʧʨʷʞʸʥʥʦʡ -́ʩʠʩʪʝʤʦʡ. 

ʊʘʢʠʝ ʚʳʚʦʜʳ ʧʨʠʚʝʣʠ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʜʝʬʝʢʪʦʚ ʥʘ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ 

ʛʨʘʬʝʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʣʠʯʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ, ʛʝʪʝʨʦʘʪʦʤʦʚ 

ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, 

ʥʦ ʠ ʠʟʤʝʥʷʝʪ ʩʠʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ɺ ʨʘʙʦʪʝ Zhang 

ʠ ʩʦʘʚʪʦʨʦʚ [101] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʛʨʘʬʠʪʦʚʦʡ 

ʩʝʪʢʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʨʘʬʝʥʘ ʩ ʤʦʣʝʢʫʣʦʡ. ʆʥʠ 

ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ CO, NO ʠ NO2, ʥʘʧʨʦʪʠʚ ʘʜʩʦʨʙʮʠʷ 

NH3 ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʘʙʣʷʝʪʩʷ. ɺʚʝʜʝʥʠʝ ʛʝʪʝʨʦʘʪʦʤʦʚ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʩʧʝʮʠʬʠʯʥʳʭ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ, ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ 

ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʚʚʝʜʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʜʦʧʠʨʦʚʘʥʠʝ ʘʟʦʪʦʤ ʠ ʙʦʨʦʤ ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʠʠ ʩʚʷʟʳʚʘʥʠʷ 

ʠ ʟʥʘʯʝʥʠʝ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʩ ʤʦʣʝʢʫʣʦʡ NO2. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩʝʨʳ ʧʨʦʠʩʭʦʜʠʪ 
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ʭʝʤʦʩʦʨʙʮʠʷ ʪʘʢʠʭ ʤʦʣʝʢʫʣ, ʢʘʢ NO ʠ NO2, ʢʦʪʦʨʫʶ ʩʚʷʟʳʚʘʶʪ ʩ ʩʠʣʴʥʦʡ 

ʛʠʙʨʠʜʠʟʘʮʠʝʡ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʠ ʩʝʨʳ, 

ʯʪʦ ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʴʰʝʤʫ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʘ ʠ ʠʟʤʝʥʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ [102]. 

ɺʣʠʷʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ rGO ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ NO2 

[103, 104] ʠ NH3 [105, 106] ʙʳʣʦ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʦ ʤʝʪʦʜʦʤ DFT. ɺ ʨʘʙʦʪʝ [104] 

ʠʩʩʣʝʜʦʚʘʣʠ ʦʪʢʣʠʢ ʩʝʥʩʦʨʘ ʥʘ ʦʩʥʦʚʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʠ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʢʣʠʢ ʠ ʨʝʛʝʥʝʨʘʮʠʷ ʩʝʥʩʦʨʘ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ 

ʦʪ ʪʠʧʘ ʠ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ, ʪʘʢʠʭ ʢʘʢ ʉ-O. ʈʘʩʯʸʪʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʙʘʟʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʛʨʘʬʝʥʘ ʧʨʠ ʘʜʩʦʨʙʮʠʠ NO2. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʫʚʝʣʠʯʝʥʠʝ ʦʪʢʣʠʢʘ 

ʩʚʷʟʳʚʘʶʪ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ GO, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʢʦʚʘʣʝʥʪʥʦ 

ʩʚʷʟʘʥʥʳʤʠ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʠʭ ʥʘʣʠʯʠʝ ʧʨʠʚʦʜʠʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʚ ʩʠʩʪʝʤʝ ʘʜʩʦʨʙʝʥʪ-ʘʜʩʦʨʙʘʪ ʠ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʠʠ 

ʘʜʩʦʨʙʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʛʨʫʧʧ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʨʦʛʘ ʵʥʝʨʛʠʠ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ çʢʦʤʧʣʝʢʩʘè ʟʘ ʩʯʝʪ ʢʦʣʝʙʘʥʠʷ ʉ-O ʠ O-

H, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʨʝʛʝʥʝʨʘʮʠʶ ʩʝʥʩʦʨʘ. ɸʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʜʨʫʛʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʪʘʢʞʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʧʦʭʦʞʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʝʥʩʦʨʥʳʝ 

ʩʚʦʡʩʪʚʘ. ɺ ʩʣʫʯʘʝ ʘʜʩʦʨʙʮʠʠ NH3, ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ 

ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʤʠ ʘʜʩʦʨʙʮʠʠ [105, 106]. Mattson ʠ ʩʦʘʚʪʦʨʳ [107] ʚ ʩʚʦʝʡ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʨʘʙʦʪʝ, ʧʦʜʢʨʝʧʣʝʥʥʦʡ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʭʠʤʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ ʠ ʜʠʩʩʦʮʠʘʮʠʷ 

ʥʘ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʠ ʵʧʦʢʩʠʜʥʳʭ ʛʨʫʧʧʘʭ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʦʙʨʘʪʠʤʘʷ ʘʜʩʦʨʙʮʠʷ ʘʤʤʠʘʢʘ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ GO, ʘ ʠʤʝʥʥʦ ʵʧʦʢʩʠʜʥʳʝ ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʧʨʦʯʥʦ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʤʦʣʝʢʫʣʘʤʠ 

ʘʤʤʠʘʢʘ, ʫʚʝʣʠʯʠʚʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʷ ʨʝʛʝʥʝʨʘʮʠʶ. ʊʘʢʞʝ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʨʙʦʥʠʣʴʥʳʝ, ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʫʩʠʣʠʚʘʶʪ 

ʩʚʷʟʳʚʘʥʠʝ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʘʟʥʠʮʫ 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ rGO ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ NO2 ʠ NH3.  

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʝʥʘ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʠ ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʤʝʩʪʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʝʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ ʩʠʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʜʩʦʨʙʘʪʘ ʩ ʘʜʩʦʨʙʮʠʦʥʥʳʤ ʮʝʥʪʨʦʤ 

ʠ ʧʨʝʜʩʢʘʟʘʪʴ ʠʟʤʝʥʝʥʠʝ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ 
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ʩʫʜʠʪʴ ʦ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʘʣʘ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʝʥʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʩʧʝʮʠʬʠʯʥʳʭ 

ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʦʣʝʝ ʩʠʣʴʥʳʡ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʠ ʵʥʝʨʛʠʶ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

1.4.2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ 

ɺʧʝʨʚʳʝ ʚ ʨʘʙʦʪʝ Shedin ʠ ʩʦʘʚʪʦʨʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʥʘ ʛʨʘʬʝʥʝ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʦʜʠʥʦʯʥʫʶ ʤʦʣʝʢʫʣʫ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [17], ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʠʟʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʨʘʬʝʥʘ [108]. ɺʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʛʨʘʬʝʥʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: 

¶ ʚr ʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (ʜʦ 2450 ʤ2/ʛ), ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʤʝʩʪ; 

¶ ʜʚʫʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ ʵʢʨʘʥʠʨʦʚʘʥʠʶ ʟʘʨʷʜʘ; 

¶ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʦʚ, ʦʙʝʩʧʝʯʠʚʘʝʤʳʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 

ʛʨʘʬʝʥʘ; 

¶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ. 

ʄʝʭʘʥʠʟʤ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʘ, ʢʘʢ ʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙ, 

ʦʩʥʦʚʘʥ ʥʘ ʧʝʨʝʥʦʩʝ ʟʘʨʷʜʘ ʤʝʞʜʫ ʛʨʘʬʝʥʦʤ ʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʦʡ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʘʤʤʠʘʢʘ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʛʨʘʬʝʥʘ ʦʪ ʫʨʦʚʥʷ ʌʝʨʤʠ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʳʨʦʢ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʤʝʥʴʰʝʥʠʶ 

ʧʨʦʚʦʜʠʤʦʩʪʠ. ɼʣʷ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʥʘʧʨʦʪʠʚ, ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʫʨʦʚʥʷ ʌʝʨʤʠ 

ʢ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʳʨʦʢ ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʚʦʜʠʤʦʩʪʠ [109]. ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʧʨʘʚʣʝʥʦ 

ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ ʘʤʤʠʘʢ ʠ ʜʠʦʢʩʠʜ ʘʟʦʪʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʤʦʜʝʣʴʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʜʦʥʦʨʦʚ ʠ ʘʢʮʝʧʪʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

1.4.3. ʉʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʦʛʦ ʛʨʘʬʝʥʘ 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ Shedin ʠ ʩʦʘʚʪʦʨʘʤʠ [17], ʩʝʥʩʦʨ ʥʘ ʦʩʥʦʚʝ ʤʝʭʘʥʠʯʝʩʢʠ 

ʦʪʱʝʧʣʸʥʥʦʛʦ ʛʨʘʬʝʥʘ ʤʦʞʝʪ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʦʪ ʘʜʩʦʨʙʮʠʠ 

ʦʜʠʥʦʯʥʦʡ ʤʦʣʝʢʫʣʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʀʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ NO2 (H2O) ʠ NH3 (CO) ʠʤʝʝʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʟʥʘʢ, ʩʚʷʟʘʥʥʳʡ 
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ʩ ʨʘʟʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʛʨʘʬʝʥʦʤ ʠ ʤʦʣʝʢʫʣʘʤʠ. 

ɸʜʩʦʨʙʮʠʷ ʵʣʝʢʪʨʦʥ-ʘʢʮʝʧʪʦʨʥʦʡ ʤʦʣʝʢʫʣʳ NO2 ʥʘ ʛʨʘʬʝʥ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʥʦʩʫ 

ʟʘʨʷʜʘ ʦʪ ʛʨʘʬʝʥʘ ʠ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʤʦʣʝʢʫʣʘ 

NH3 ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʜʦʥʦʨ ʵʣʝʢʪʨʦʥʦʚ ʠ ʫʤʝʥʴʰʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ 

ʚ ʛʨʘʬʝʥʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʫʚʝʣʠʯʠʚʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ [109]. ʍʠʤʠʯʝʩʢʦʝ ʜʦʧʠʨʦʚʘʥʠʝ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ ʨʘʩʩʝʷʥʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɿʘʚʠʩʠʤʦʩʪʴ 

ʧʦʣʝʚʦʛʦ ʵʬʬʝʢʪʘ ʚ ʛʨʘʬʝʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ V-ʦʙʨʘʟʥʳʝ ʢʨʠʚʳʝ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʛʨʘʬʝʥʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʩʤʝʱʝʥʠʝ ʤʠʥʠʤʫʤʘ ʢʨʠʚʦʡ ʚʩʣʝʜʩʪʚʠʝ ʜʦʧʠʨʦʚʘʥʠʷ ʛʨʘʬʝʥʘ, ʥʦ V-ʦʙʨʘʟʥʘʷ ʬʦʨʤʘ 

ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʝ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ NO2 ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʪʫʧʝʥʯʘʪʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɟxy, ʘ ʧʨʠ ʦʪʢʘʯʢʝ ʩʠʩʪʝʤʳ ʧʨʦʠʩʭʦʜʠʪ 

ʜʝʩʦʨʙʮʠʷ ʤʦʣʝʢʫʣ NO2 ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʟʥʘʯʘʶʪ ʜʠʩʢʨʝʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, 

ʚʳʟʚʘʥʥʦʝ ʘʜʩʦʨʙʮʠʝʡ ʠʣʠ ʜʝʩʦʨʙʮʠʝʡ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʙʨʘʟʮʳ ʤʘʪʝʨʠʘʣʘ ʩ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʥʦ ʝʛʦ 

ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʷ ʥʝ ʚʦʟʤʦʞʥʘ ʠʟ-ʟʘ ʤʘʣʦʛʦ ʚʳʭʦʜʘ ʤʘʣʦ- ʠ ʤʦʥʦʩʣʦʡʥʳʭ ʯʘʩʪʠʮ 

ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʣʠʪʦʛʨʘʬʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʦʣʝʝ 

ʧʨʠʝʤʣʝʤʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʝʥʘ ʷʚʣʷʝʪʩʷ CVD ʩʠʥʪʝʟ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʦʙʨʘʟʮʳ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʤ2, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦʩʪʠʛʘʝʪ 

2%Āppm-1. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʜʠʘʧʘʟʦʥʘ ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʘʚʪʦʨʳ ʨʘʙʦʪʳ [110] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ 

ʛʨʘʬʝʥʦʚʦʡ ʧʝʥʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʪʨʸʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʜʣʷ ʚʳʩʦʢʦ-

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ NH3 ʠ NO2 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. CVD ʩʠʥʪʝʟ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʤʝʭʘʥʠʯʝʩʢʠ ʧʨʦʯʥʳʡ, ʛʠʙʢʠʡ, ʥʝ ʪʨʝʙʫʝʪ 

ʤʠʢʨʦʤʘʥʠʧʫʣʷʮʠʡ ʠ ʣʠʪʦʛʨʘʬʠʠ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʢʦʥʪʘʢʪʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʦʪʢʣʠʢ 

ʪʘʢʦʛʦ ʩʝʥʩʦʨʘ ʩʦʩʪʘʚʠʣ 10% ʠ 15% ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ 100 ppm NH3 ʠ NO2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʤʦʨʬʦʣʦʛʠʷ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ 

ʥʝʩʢʦʣʴʢʠʭ ppm ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʩʪʝʥʢʠ ʧʝʥʳ ʩʦʩʪʘʚʣʷʶʪ ʤʘʣʦʩʣʦʡʥʳʝ ʣʠʩʪʢʠ 
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ʛʨʘʬʝʥʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʘ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ 

ʥʘ ʘʜʩʦʨʙʮʠʶ ʠ ʜʝʩʦʨʙʮʠʶ ʛʘʟʦʚ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʣʝʢʫʣ ʩ -́ʩʠʩʪʝʤʦʡ ʛʨʘʬʝʥʘ ʥʝʩʧʝʮʠʬʠʯʥʳʝ ʠ ʩʣʘʙʳʝ, 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʣʘʙʦʝ ʩʚʷʟʳʚʘʥʠʝ ʤʦʣʝʢʫʣ ʩ ʧʣʦʩʢʦʩʪʴʶ 

ʛʨʘʬʝʥʘ ʠ ʥʝʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦ ʤʥʦʛʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪʘʭ ʧʦʢʘʟʘʥʳ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʥʝʨʪʥʦʩʪʴ ʩʦʧʨʷʞʸʥʥʦʡ 

sp2-ʩʠʩʪʝʤʳ ʛʨʘʬʝʥʘ, ʢʦʪʦʨʘʷ ʥʝ ʠʤʝʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʥʝʨʛʠʷ ʘʜʩʦʨʙʮʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʣʝʢʫʣ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʝʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0,014-0,067 ʵɺ [111]. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʧʪʠʤʠʟʘʮʠʷ 

ʩʝʥʩʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʘʬʝʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʝʥʘ, ʥʘʧʨʠʤʝʨ, ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʘʝʚʳʭ ʠʣʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ 

ʜʝʬʝʢʪʦʚ [99, 112], ʚʚʝʜʝʥʠʝʤ ʛʝʪʝʨʦʘʪʦʤʦʚ ʚ ʛʨʘʬʠʪʦʚʫʶ ʩʝʪʢʫ [113], ʢʦʚʘʣʝʥʪʥʳʤ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ [103] ʠ ʜʨ. ʊʘʢʠʝ ʧʦʜʭʦʜʳ ʧʨʠʚʦʜʷʪ 

ʢ ʧʦʷʚʣʝʥʠʶ ʩʧʝʮʠʬʠʯʥʳʭ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʤʝʩʪ ʠ ʠʟʤʝʥʝʥʠʶ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʛʨʘʬʝʥʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ 

ʛʨʘʬʝʥʘ. 

1.4.4. ɺʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʥʘ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʘʬʝʥʘ 

ʇʦʨʳ ʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʜʝʬʝʢʪʳ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ ʛʨʘʬʝʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʶʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʝʥʩʦʨʘ ʢ ʤʦʣʝʢʫʣʘʤ NO2, ʙʣʘʛʦʜʘʨʷ 

ʥʘʣʠʯʠʶ ʦʙʦʨʚʘʥʥʳʭ ʩʚʷʟʝʡ [114, 115]. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ, 

ʜʝʬʝʢʪʥʳʡ ʛʨʘʬʝʥ ʠʤʝʝʪ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʦʣʝʢʫʣʘʤʠ ʠ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʛʨʘʬʝʥʦʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʠ ʧʨʦʮʝʜʫʨ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʣʫʯʝʥʠʝʤ ʜʝʬʝʢʪʥʦʛʦ ʛʨʘʬʝʥʘ, 

ʪʘʢʠʝ ʢʘʢ ʵʣʝʢʪʨʦʥʥʘʷ ʠʣʠ ʠʦʥʥʘʷ ʣʠʪʦʛʨʘʬʠʷ [115, 116], ʪʨʘʚʣʝʥʠʝ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ 

ʚ ʢʠʧʷʱʠʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪʘʭ [117], ʪʨʘʚʣʝʥʠʝ GO ʚ ʚʦʜʷʥʦʤ ʧʘʨʝ [114], 

ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ GO ʠʣʠ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ 

[118, 119] ʠ ʜʨʫʛʠʝ. ʇʦʣʫʯʘʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʧʣʦʪʥʦʩʪʴ ʜʝʬʝʢʪʦʚ, 

ʨʘʟʤʝʨ ʧʦʨ ʠ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ɺ ʨʘʙʦʪʝ [115] ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʠʦʥʥʦʛʦ 

ʪʨʘʚʣʝʥʠʷ ʜʚʫʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ ʠʦʥʘʤʠ Ga+. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʂʈC-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʩʝʥʩʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʘʚʣʝʥʠʷ 
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ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʜʝʬʝʢʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʷʪ 

ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʤʘʪʝʨʠʘʣʘ ʚ ʦʪʚʝʪ ʥʘ ʚʦʟʜʝʡ-

ʩʪʚʠʝ NO2. ʊʘʢʞʝ, Han ʠ ʩʦʘʚʪʦʨʳ [114] ʧʦʢʘʟʘʣʠ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʜʝʬʝʢʪʥʦʛʦ 

ʛʨʘʬʝʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʫʪʸʤ ʦʙʨʘʙʦʪʢʠ ʧʘʨʦʤ GO. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ 

ʧʦʣʫʯʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʨ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʝʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʨʝʛʝʥʝʨʘʮʠʶ ʤʘʪʝʨʠʘʣʘ. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʧʦʜʦʙʥʳʡ ʵʬʬʝʢʪ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʨ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʨʘʟʤʝʨʘ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʢʨʘʝʚʳʭ 

ʘʪʦʤʦʚ, ʢʦʪʦʨʳʝ ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ NO2. 

1.4.5. ɺʣʠʷʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʛʨʘʬʝʥʘ ʥʘ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ 

ɻʨʘʬʝʥ ʠ ʦʢʩʠʜ ʛʨʘʬʝʥʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʚʘʣʝʥʪʥʦ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʫʥʠʢʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʝ. ɻʨʘʬʝʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ sp2-ʩʦʧʨʷʞʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʙʨʘʟʦʚʘʥʥʫʶ 

ʜʚʦʡʥʳʤʠ ʩʚʷʟʷʤʠ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 1.1.2, ʥʝʥʘʩʳʱʝʥʥʳʝ ʜʚʦʡʥʳʝ ʩʚʷʟʠ 

ʦʪʢʨʳʪʳ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʆʢʩʠʜ ʛʨʘʬʝʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʛʨʘʬʝʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʥʘʙʦʨʦʤ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ, 

ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ. ʂʦʚʘʣʝʥʪʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʛʨʘʬʝʥʘ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ 

ʢʘʢ ʝʛʦ ʵʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʪʘʢ ʠ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ. 

ʂʠʩʣʦʨʦʜ (ʆʢʩʠʜ ʛʨʘʬʝʥa). ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʥʘʧʨʘʚʣʝʥʦ 

ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ. ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʦʢʩʠʜ ʛʨʘʬʝʥʘ 

ʧʨʦʷʚʣʷʝʪ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʘʤʤʠʘʢʘ [120], ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ [120-124], 

ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ [125], ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ [126], ʚʦʜʦʨʦʜʘ [127], ʧʘʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ [124, 128-130]. ʕʪʦʪ ʪʠʧ ʩʪʨʫʢʪʫʨʳ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʯʘʪʥʳʭ ʦʙʨʘʟʮʦʚ ʜʘʪʯʠʢʦʚ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʘ ʧʦʣʫʯʘʶʪ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʥʝʩʝʥʠʷ ʧʣʸʥʢʠ 

ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʠ ʝʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʧʦ ʧʨʠʯʠʥʘʤ, ʦʧʠʩʘʥʥʳʤ ʥʠʞʝ: 

¶ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʦʚ ʠ ʭʠʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ; 

¶ ʭʠʤʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʤʦʞʥʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʫʩʣʦʚʠʡ ʠ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

¶ ʜʝʰʝʚʠʟʥʘ ʠ ʧʨʦʩʪʦʪʘ ʩʠʥʪʝʟʘ. 
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ɺ ʨʘʙʦʪʝ Prezioso ʠ ʩʦʘʚʪʦʨʦʚ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʩʭʦʜʥʳʡ 

ʦʢʩʠʜ ʛʨʘʬʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʠʩʪʠʚʥʦʛʦ ʛʘʟʦʚʦʛʦ ʩʝʥʩʦʨʘ [122]. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʨʝʙʝʥʯʘʪʦʦʙʨʘʟʥʳʝ ʵʣʝʢʪʨʦʜʳ ʚʩʣʝʜʩʪʚʠʝ 

ʥʠʟʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʣʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʦʪʢʣʠʢ ʨʘʚʥʳʡ 40% ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 5 ppm NO2 ʠ ʩʣʘʙʘʷ ʜʝʩʦʨʙʮʠʷ 

NO2, ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʝʥʘ ʩʠʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ 

ʛʨʫʧʧʘʤʠ. ʇʦʣʥʘʷ ʨʝʛʝʥʝʨʘʮʠʷ ʩʝʥʩʦʨʘ ʜʦʩʪʠʛʘʣʘʩʴ ʧʨʠ ʙʦʣʝʝ ʯʝʤ 10 ʯʘʩʘʭ ʧʨʦʜʫʚʘ 

ʩʫʭʠʤ ʚʦʟʜʫʭʦʤ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 175ʦʉ ʥʘʙʣʶʜʘʣʘʩʴ ʧʦʯʪʠ ʧʦʣʥʘʷ 

ʨʝʛʝʥʝʨʘʮʠʷ ʩʝʥʩʦʨʘ ʟʘ 30 ʤʠʥʫʪ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʫʤʝʥʴʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʦʪʢʣʠʢʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʩʝʥʩʦʨ ʥʘ ʦʩʥʦʚʝ GO ʧʦʟʚʦʣʷʝʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ 

NO2 ʨʘʚʥʫʶ 20 ppb. 

ɹʦʣʝʝ ʫʜʦʙʥʳʤ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ 

ʦʢʩʠʜ ʛʨʘʬʝʥʘ. ʇʫʪʸʤ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦ ʠʟʤʝʥʷʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. Robinson 

ʠ ʩʦʘʚʪʦʨʳ [131] ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʣʠ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ rGO, ʧʦʣʫʯʝʥʥʦʛʦ ʧʫʪʸʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʧʘʨʘʭ ʛʠʜʨʘʟʠʥ ʛʠʜʨʘʪʘ. ʉʝʥʩʦʨ ʥʘ ʦʩʥʦʚʝ rGO ʧʨʦʷʚʠʣ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʘʢ ʢ ʧʨʠʩʫʪʩʪʚʠʶ ʘʤʤʠʘʢʘ, ʪʘʢ ʠ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ, ʦʪʥʦʩʠʪʝʣʴʥʳʡ 

ʦʪʢʣʠʢ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʠʣ 10 ʠ 30% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʧʨʦʜʫʚʝ ʘʨʛʦʥʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʘʷ ʨʝʛʝʥʝʨʘʮʠʷ ʩʝʥʩʦʨʘ, ʢʦʪʦʨʘʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 80% ʜʣʷ NO2 ʠ 50% 

ʜʣʷ NH3, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʥʩʦʨʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. Chen ʠ ʩʦʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʯʘʩʪʠʯʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ GO ʚʦʟʤʦʞʥʦ 

ʪʘʢʞʝ ʜʦʩʪʠʯʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 100 

ʜʦ 300oC ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ [132]. ʆʪʢʣʠʢ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 

37% ʥʘ 100 ppm NO2, ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʪʞʠʛ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠʚʦʜʠʪ 

ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʧʨʝʜʝʣʘ 

ʦʙʥʘʨʫʞʝʥʠʝ ʨʘʚʥʦʛʦ 1,56%Āppm-1, ʚ 3 ʨʘʟʘ ʣʫʯʰʝ, ʯʝʤ ʜʣʷ ʛʨʘʬʝʥʘ. ʆʜʥʘʢʦ ʦʪʢʣʠʢ 

ʥʘ ʘʤʤʠʘʢ ʩʦʩʪʘʚʠʣ ʪʦʣʴʢʦ 37% ʥʘ 10000 ppm ʠ ʤʘʣʦ ʠʟʤʝʥʠʣʩʷ ʧʦʩʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʚʷʟʳʚʘʥʠʝ ʘʤʤʠʘʢʘ ʩ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ 

ʛʨʫʧʧʘʤʠ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʦʯʝʥʴ ʩʣʘʙʘʷ ʨʝʛʝʥʝʨʘʮʠʷ ʧʨʠ ʧʨʦʜʫʚʝ ʯʠʩʪʳʤ ʘʟʦʪʦʤ. 

ɺʦʟʤʦʞʥʳʤ ʨʝʰʝʥʠʝʤ [120] ʧʣʦʭʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʩʝʥʩʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʢʨʠʚʳʭ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʦʪʢʣʠʢ ʩʝʥʩʦʨʘ 

ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʛʘʟʦʤ.  
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ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʝ Al izadeh ʠ ʩʦʘʚʪʦʨʦʚ [133] ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ 

ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɹʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ hʝʩʪʴ ʪʠʧʦʚ 

ʩʝʥʩʦʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ GO ʠ ʪʨʝʭ ʩʧʦʩʦʙʦʚ ʝʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɸʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʠʣʴʥʦ 

ʚʣʠʷʝʪ ʥʘ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʣʠʷʝʪ 

ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʛʘʟʦʚʦʛʦ ʩʝʥʩʦʨʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ 

rGO ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ. ʊʘʢ ʧʨʦʩʪʦʡ, ʜʝʰʝʚʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ 

ʙʳʣ ʧʨʝʜʣʦʞʝʥ Cui ʠ ʩʦʘʚʪʦʨʘʤʠ [134], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʠʪʴ ʩʪʨʫʢʪʫʨʫ 

ʠ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʧʨʷʞʝʥʠʷ ʯʝʨʝʟ rGO. 

ʉʨʘʚʥʝʥʠʝ ʥʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʝʤ rGO ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ (ʵʧʦʢʩʠʜʥʳʭ ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ) ʠ ʚʥʦʩʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʦʚ 

ʚ ʩʪʨʫʢʪʫʨʫ rGO. ʉʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ rGO ʧʨʝʚʳʰʘʝʪ ʧʨʠʤʝʨʥʦ ʚ 7 ʨʘʟ 

ʠʩʭʦʜʥʳʡ rGO, ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʚ ʩʤʝʩʠ ʥʘ ʫʨʦʚʥʝ 

ʜʝʩʷʪʢʦʚ ppb.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʨʘʙʦʪ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʫʩʣʦʚʠʷ 

ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʘ ʛʨʘʬʠʪʘ ʠ ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʫʯʘʝʤʳʭ ʩʝʥʩʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ-ʟʘ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʣʫʯʘʝʤʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʦʯʝʥʴ ʩʣʦʞʥʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʨʝʛʝʥʝʨʘʮʠʶ. ɹʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ 

ʦʙʨʘʙʦʪʢʠ CVD ʛʨʘʬʝʥʘ ʦʟʦʥʦʤ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʬʫʥʢʮʠʘʣʠʟʘʮʠʠ ʛʨʘʬʝʥʘ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʛʨʫʧʧʘʤʠ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʪʘʢʠʤ 

ʩʧʦʩʦʙʦʤ ʦʢʠʩʣʝʥʥʳʡ ʛʨʘʬʝʥ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʥʘʙʦʨ  

O-ʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ [135], ʫʩʣʦʚʠʷ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʥʷʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʪʘʢʠʭ ʛʨʫʧʧ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʝʥʘ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʛʨʘʬʝʥʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʦʟʦʥʦʤ 

ʫʚʝʣʠʯʠʣʘʩʴ ʧʨʠʤʝʨʥʦ ʚ 3 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʛʨʘʬʝʥʦʤ, ʢʨʦʤʝ ʪʦʛʦ 

ʥʘʙʣʶʜʘʣʦʩʴ ʩʦʢʨʘʱʝʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʚʨʝʤʸʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʝʝ ʤʷʛʢʠʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʤʥʦʛʦʦʩʥʦʚʥʳʝ 

ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʛʠʜʨʦʭʠʥʦʥ, ʘʤʠʥʦʢʠʩʣʦʪʳ ʠ ʜʨʫʛʠʝ ʧʨʦʠʩʭʦʜʠʪ ʫʜʘʣʝʥʠʝ 

ʥʘʠʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʘ ʪʘʢʞʝ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʥʝʢʦʚʘʣʝʥʪʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ [136]. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ GO ʩ ʜʫʙʠʣʴʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 
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ʠ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʘʣʠʟʘʮʠʠ ʧʦʣʫʯʘʝʤʦʛʦ rGO [137]. ɺʳʩʦʢʠʡ ʦʪʢʣʠʢ 

ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ NH3 ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ n-ʪʠʧʘ ʜʦʧʠʨʦʚʘʥʠʷ ʧʦʣʫʯʘʝʤʦʛʦ rGO ʤʦʣʝʢʫʣʘʤʠ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʡ ʜʫʙʠʣʴʥʦʡ ʢʠʩʣʦʪʳ. 

ɸʟʦʪ. ʅʘʣʠʯʠʝ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʝʘʢʮʠʡ ʟʘʤʝʱʝʥʠʷ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʩ ʵʪʠʣʝʥʜʠʘʤʠʥʦʤ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʦʢʩʠʜʘ 

ʛʨʘʬʝʥʘ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʘʤʠʥʦ- (EDA-G) ʛʨʫʧʧ ʢ ʙʘʟʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʛʨʘʬʝʥʘ 

ʚʤʝʩʪʦ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ ʦʢʩʠʜʦʤ ʛʨʘʬʝʥʘ [138]. ɸʪʦʤʳ ʘʟʦʪʘ,  

ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʥʝʧʦʜʝʣʸʥʥʦʡ ʧʘʨʳ, ʩʣʫʞʘʪ ʜʦʥʦʨʘʤʠ ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ rGO. ɸʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʤʦʣʝʢʫʣʳ NO2 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʘʤʠʥʦʛʨʫʧʧʳ ʠ ʥʠʚʝʣʠʨʫʶʪ ʜʦʥʦʨʥʳʝ ʩʚʦʡʩʪʚʘ 

ʘʤʠʥʦʛʨʫʧʧ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ EDA-G ʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʛʨʘʬʝʥʦʚʦʛʦ ʩʣʦʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʩʠʜʦʤ ʛʨʘʬʝʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʘʷ ʜʝʩʦʨʙʮʠʷ 

ʧʨʠ ʧʨʦʩʪʦʤ ʧʨʦʜʫʚʝ N2 ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʛʨʝʚʘ, ʚʘʢʫʫʤʘ ʠʣʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦʡ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ NO2 

ʠ ïNHïR (ʈʠʩ. 7 (a)). EDA-G ʩʝʥʩʦʨ ʧʦʢʘʟʘʣ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 0,159 ppm-1
 ʠ ʧʨʝʜʝʣ 

ʦʙʥʘʨʫʞʝʥʠʷ 3,6 ppm, ʯʪʦ ʧʨʠʤʝʨʥʦ 4 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʢʩʠʜʘ 

ʛʨʘʬʝʥʘ. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʧʨʠʩʦʝʜʠʥʝʥʠʶ 

ʘʟʦʪ- ʠ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ [139]. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʪʞʠʛ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʘʢ ʘʟʦʪʦʤ, 

ʪʘʢ ʠ ʢʨʝʤʥʠʝʤ. NSi-ʛʨʘʬʝʥ ʧʨʦʷʚʣʷʝʪ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ NO2, 

ʧʨʠ ʵʪʦʤ ʘʪʦʤʳ ʘʟʦʪʘ ʠʛʨʘʶʪ ʨʦʣʴ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Si ʠʟʤʝʥʷʶʪ 

ʵʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʛʨʘʬʝʥʘ. ɼʨʫʛʘʷ ʛʨʫʧʧʘ ʧʦʢʘʟʘʣʘ ʵʬʬʝʢʪ ʤʦʜʠʬʠʢʘʮʠʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʘʟʦʪʦʤ ʥʘ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ [140]. Su ʠ ʩʦʘʚʪʦʨʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ rGO ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʮʠʩʪʘʤʠʥʦʤ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ NO2 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʥ ʧʦʢʘʟʘʣ ʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ CVD 

ʛʨʘʬʝʥʦʤ ʠ ʠʩʭʦʜʥʳʤ rGO. ɺ ʮʝʣʦʤ ʤʦʜʠʬʠʢʘʮʠʷ ʛʨʘʬʝʥʘ ʘʟʦʪʦʤ ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʷʚʣʝʥʠʶ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʮʝʥʪʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʝʥʘ ʠ ʠʟʤʝʥʝʥʠʶ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʦʡ ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ 
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ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʵʣʝʢʪʨʦʥ-ʘʢʮʝʧʪʦʨʥʳʭ ʤʦʣʝʢʫʣ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʧʘʨʳ ʘʪʦʤʘ ʘʟʦʪʘ. 

ʌʪʦʨ. ʂʦʚʘʣʝʥʪʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʬʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ p-ʜʦʧʠʨʦʚʘʥʠʶ 

ʛʨʘʬʝʥʦʚʦʛʦ ʩʣʦʷ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʦʥʠʢʝ, 

ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʚ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʘʭ. ʌʪʦʨʠʨʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʦʣʴʢʦ 

ʦʜʥʦʛʦ ʪʠʧʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʘ ʠʤʝʥʥʦ CïF, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 

ʙʘʟʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʌʪʦʨʩʦʜʝʨʞʘʱʠʝ ʛʨʫʧʧʳ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʘʜʩʦʨʙʮʠʦʥʥʳʭ 

ʮʝʥʪʨʦʚ ʠ ʠʟʤʝʥʷʶʪ ʵʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʬʪʦʨʘ ʚʦʟʤʦʞʥʦ ʜʦʙʠʪʴʩ ̫ʢʘʢ ʫʚʝʣʠʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʘʤʤʠʘʢʫ, 

ʪʘʢ ʠ ʢ ʜʠʦʢʩʠʜʫ ʘʟʦʪʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʪʨʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ 

ʧʨʠ ʢʦʚʘʣʝʥʪʥʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʬʪʦʨʘ. ʈʘʥʝʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ 

ʧʨʦʚʦʜʷʱʠʡ ʩʣʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʛʘʟʦʚʦʛʦ 

ʩʝʥʩʦʨʘ. ʄʝʭʘʥʠʯʝʩʢʠ ʦʪʱʝʧʣʸʥʥʳʡ ʬʪʦʨʠʜ ʛʨʘʬʠʪʘ ʙʳʣ ʚʦʩʩʪʘʥʦʚʣʝʥ ʚ ʧʘʨʘʭ ʚʦʜʳ 

[141] ʠ ʛʠʜʨʘʟʠʥ ʛʠʜʨʘʪʘ [142]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʬʪʦʨʠʜ ʛʨʘʬʠʪʘ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʘʤʤʠʘʢʘ. Zhang 

ʠ ʩʦʘʚʪʦʨʳ [72] ʧʨʝʜʣʦʞʠʣʠ ʩʧʦʩʦʙ ʬʪʦʨʠʨʦʚʘʥʠʷ CVD-ʛʨʘʬʝʥʘ SF6-ʧʣʘʟʤʦʡ 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʠʘʢʘ. ʇʨʠʩʦʝʜʠʥʝʥʠʝ 

ʬʪʦʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʢʣʠʢʘ ʛʨʘʬʝʥʘ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ  

F-ʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʩʧʝʮʠʬʠʯʥʳʭ ʘʜʩʦʨʙʮʠʦʥʥʳʭ 

ʤʝʩʪ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʪʦʨʘ ʚ ʦʙʨʘʟʮʝ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʩʝʥʩʦʨʥʦʛʦ 

ʩʠʛʥʘʣʘ. ʂʨʦʤʝ ʧʨʷʤʦʛʦ ʬʪʦʨʠʨʦʚʘʥʠʷ ʛʨʘʬʝʥʘ ʠ ʛʨʘʬʠʪʘ, ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ 

ʬʪʦʨʠʨʦʚʘʥʠʝ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ. Park ʠ ʩʦʘʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʦʢʩʠʜ 

ʛʨʘʬʠʪʘ ʬʪʦʨʦʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠ 

ʘʜʩʦʨʙʮʠʠ ʛʘʟʦʚ. ʆʜʥʘʢʦ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʣʠ ʧʣʦʭʫʶ ʨʝʛʝʥʝʨʘʮʠʶ [143]. 

ʌʦʩʬʦʨ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʩ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʚʦʟʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʢʦʚʘʣʝʥʪʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʬʦʩʬʦʨʘ ʢ ʙʘʟʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʠʣʠ ʚʩʪʨʘʠʚʘʥʠʷ ʬʦʩʬʦʨʘ ʚ ʨʝʰʸʪʢʫ ʛʨʘʬʝʥʘ. ɺ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʘʪʦʤʳ ʬʦʩʬʦʨʘ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʘʜʩʦʨʙʮʠʦʥʥʳʭ 

ʮʝʥʪʨʦʚ ʜʣʷ ʵʣʝʢʪʨʦʥ-ʜʦʥʦʨʥʳʭ ʤʦʣʝʢʫʣ ʘʤʤʠʘʢʘ ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ 

ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʠʩʭʦʜʠʪ p-ʜʦʧʠʨʦʚʘʥʠʝ ʛʨʘʬʝʥʘ [101]. 

ɺ ʨʘʙʦʪʝ Niu ʠ ʩʦʘʚʪʦʨʦʚ [144] ʦʩʫʱʝʩʪʚʣʝʥʘ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ GO ʬʦʩʬʦʨʦʤ 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ ʩ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʢʦʚʘʣʝʥʪʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʛʨʘʬʝʥʘ ʬʦʩʬʦʨʦʤ (P-Gr). ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ 
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ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʤʦʣʝʢʫʣʘʤ ʘʤʤʠʘʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʘʬʝʥʦʤ 

ʠ ʦʢʩʠʜʦʤ ʛʨʘʬʝʥʘ, ʧʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩʳ ʘʜʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʢʦʨʦʪʢʠʤʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʚʨʝʤʝʥʘʤʠ (<1 ʤʠʥʫʪʳ) ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʉʝʨʘ. ɺ ʨʘʙʦʪʝ Yuan ʠ ʩʦʘʚʪʦʨʦʚ [138] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʢʩʠʜʘ 

ʛʨʘʬʝʥʘ ʩ ʩʫʣʴʬʦʥʘʣʦʤ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ 

ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʠ ʩʫʣʴʬʦʥʦʚʳʭ (S-G) ʛʨʫʧʧ ʢ ʙʘʟʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʛʨʘʬʝʥʘ ʚʤʝʩʪʦ 

ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʦʢʩʠʜʦʤ ʛʨʘʬʝʥʘ (ʈʠʩ. 7 (a)). ʉʝʥʩʦʨ ʥʘ ʦʩʥʦʚʝ S-G ʧʦʢʘʟʘʣ 

ʥʝʥʘʩʳʱʝʥʥʳʡ ʦʪʢʣʠʢ ʟʘ 600 ʩʝʢʫʥʜ ʚʦʟʜʝʡʩʪʚʠʷ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ, ʘ ʧʦʣʥʘʷ ʨʝʛʝʥʝʨʘʮʠʷ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʟʘ 2000 ʩʝʢʫʥʜ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢ ʜʠʦʢʩʠʜʫ 

ʘʟʦʪʘ ʜʦʩʪʠʛʘʝʪ 0,443 ppm-1, ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʠʟ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣʘ 

ʢ ʰʫʤʫ ʩʦʩʪʘʚʣʷʝʪ 0,07 ppm. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ ʦʢʩʠʜʦʤ ʛʨʘʬʝʥʘ 

ʫʚʝʣʠʯʝʥʠʝ ʦʪʢʣʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 16,4. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʘ ʜʘʣʴʥʝʡʰʘʷ ʤʦʜʠʬʠʢʘʮʠʷ 

S-ʛʨʘʬʝʥʘ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʩʝʨʝʙʨʘ, ʧʨʠ ʵʪʦʤ ʘʪʦʤʳ ʩʝʨʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ Ag-S-Gr 

ʢʦʤʧʦʟʠʪ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ [145]. 

ʊʘʢʦʡ ʩʝʥʩʦʨ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ 

ʥʝʦʙʳʯʘʡʥʦ ʢʦʨʦʪʢʠʝ ʚʨʝʤʝʥʘ ʦʪʢʣʠʢʘ (~20 ʩʝʢ). 

1.4.6. ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʥʩʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʜʘʪʯʠʢʘ, ʪʘʢ ʢʘʢ ʦʧʨʝʜʝʣʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʜʘʪʯʠʢʘ ʧʨʦʚʝʨʢʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʘʣʠʪʘ, ʠʣʠ ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ. ɺ ʪʘʙʣ. 3 

ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʘ ʩ ʤʝʪʘʣʣʘʤʠ, ʦʢʩʠʜʘʤʠ ʤʝʪʘʣʣʦʚ 

ʠ ʩʣʦʠʩʪʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʀʩʭʦʜʥʳʡ ʛʨʘʬʝʥ ʠʤʝʝʪ ʩʨʘʚʥʠʤʫʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʩʝʥʩʦʨʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʦʜʥʘʢʦ ʙʦʣʴʰʠʤʠ ʚ 3-4 ʨʘʟʘ ʚʨʝʤʝʥʘʤʠ 

ʦʪʢʣʠʢʘ ʠ ʨʝʛʝʥʝʨʘʮʠʠ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʝʜʝʣʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʚʨʝʤʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʘ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ: 

¶ ʚʚʝʜʝʥʠʝ ʚ ʛʨʘʬʝʥʦʚʫʶ ʩʝʪʢʫ ʜʝʬʝʢʪʦʚ ʠʣʠ ʜʦʧʠʨʫʶʱʠʭ ʘʪʦʤʦʚ; 

¶ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ; 

¶ ʦʩʘʞʜʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ; 

¶ ʧʦʣʫʯʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʣʠʤʝʨʘʤʠ. 



37 

 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʭʦʨʦʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʛʨʘʬʝʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʰʘʛʦʤ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʤʝʨʯʝʩʢʠ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʛʘʟʦʚʳʭ ʜʘʪʯʠʢʦʚ. ʍʠʤʠʯʝʩʢʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʫʤʝʥʴʰʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʚʨʝʤʝʥ ʚ ʩʨʝʜʥʝʤ  

ʚ 2-3 ʨʘʟʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʦ 20 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ 

ʛʨʘʬʝʥʦʤ. ʆʩʘʞʜʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ, ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʠ ʜʨ. ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʣʫʯʰʠʤʠ ʩʝʥʩʦʨʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɹʦʣʝʝ ʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ 

ʠʟ ʥʠʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʯʝʥʴ ʤʘʣʳʤʠ ʚʨʝʤʝʥʘʤʠ ʘʜʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ, ʢʦʪʦʨʳʝ 

ʜʦʩʪʠʛʘʶʪʩʷ ʜʝʩʷʪʢʦʚ ʩʝʢʫʥʜ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʨʝʟʠʩʪʠʚʥʳʝ ʩʝʥʩʦʨʳ ʠʤʝʶʪ ʠʥʪʝʛʨʘʣʴʥʳʡ ʩʠʛʥʘʣ ʚ ʦʪʚʝʪ 

ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʛʘʟʘ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʠ ʧʨʠʨʦʜʳ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʛʘʟʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʤʝʝʪ ʥʝʩʧʝʮʠʬʠʯʥʳʡ ʭʘʨʘʢʪʝʨ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 3 

ʉʨʘʚʥʝʥʠʝ ʩʝʥʩʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʟʠʩʪʠʚʥʳʭ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ ʥʘ 

ʘʤʤʠʘʢ ʠ ʜʠʦʢʩʠʜ ʘʟʦʪʘ 

ʄʘʪʝʨʠʘʣ ɸʥʘʣʠʟʠʨʫʝʤʳʡ 

ʛʘʟ  

S, %/ppm tʦʪʢ., ʩʝʢ  tʨʝʛ, ʩʝʢ  

ʕʧʠʪʘʢʩʠʣʴʥʳʡ 

ʛʨʘʬʝʥ 

NO2 3,2 300 400 [146] 

CVD-ʛʨʘʬʝʥ NH3 3,2 7200 7200 [147] 

Ox-CVD-ʛʨʘʬʝʥ NO2 0,2 900 1800 [135] 

rGO NH3 >0,2 600 200 [148] 

rGO NO2 6% 

(0,25 ppm) 

2100 2700 [149] 

EDA-G NO2 0,16 300 1600 [138] 

S-G NO2 0,44 600 2000 [138] 

F-G NH3 5% 

(100 ppm) 

220 500 [72] 

rGO-SnO2 NO2 2,9 30 30 [150] 

Ag-S-rGO NO2 3,9 12 20 [145] 

SnO2 NO2 89% 

(9,7 ppm) 

6 20 [151] 

MoS2/MoS2-Pt NO2 6/16 >3600 >3600 [152] 

ʌʦʩʬʦʨʝʥ NO2 190% 

(20 ppb) 

600 1800 [153] 

HoneyWell NO2, 0-20 ppm 

NH3, 0-50 ppm 

0,1 ppm 

1 ppm 

ʥ/ʦ ʥ/ʦ 

 

[81] 

 



38 

 

ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʦʚ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʭʠʤʠʯʝʩʢʫʶ ʤʦʜʠʬʠʢʘʮʠʶ 

ʠʣʠ ʚʚʝʜʝʥʠʝ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʪ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʩʚʷʟʳʚʘʥʠʝ 

ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠʣʠ ʢʣʘʩʩʘʤʠ ʩʦʝʜʠʥʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʘ ʠ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ ʠʣʠ ʦʢʩʠʜʦʚ 

ʤʝʪʘʣʣʦʚ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʦʤ 

ʤʦʣʝʢʫʣ. ʊʘʢ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʦʜʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ ʠʣʠ ʛʘʟʦʚʳʭ ʩʤʝʩʷʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʬʝʥʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʧʘʣʣʘʜʠʷ, ʜʝʣʘʝʪ ʝʛʦ 

ʩʝʣʝʢʪʠʚʥʳʤ ʢ ʚʦʜʦʨʦʜʫ ʙʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Pd 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʦʜʦʨʦʜʘ [154]. ʊʘʢʦʡ ʢʦʤʧʦʟʠʪ ʧʦʢʘʟʘʣ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʦʪʢʣʠʢ 

ʨʘʚʥʳʡ 33% ʥʘ 1000 ppm H2. ʇʦʜʦʙʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʩʣʫʯʘʶ, ʧʦʭʦʞʠʡ ʤʝʭʘʥʠʟʤ 

ʢʦʥʚʝʨʩʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʚ ʤʝʪʘʣʣ ʧʨʠʜʘʝʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ H2S ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʦʟʠʪʘ Cu2O/ʛʨʘʬʝʥ 

[155]. ʉʝʥʩʦʨ ʧʦʢʘʟʳʚʘʝʪ ʥʘ 4 ʧʦʨʷʜʢʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʘ H2S 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ NH3 ʠ ʜʦʩʪʠʛʘʝʪ 10% ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ 5 ppb H2S. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʣʦʞʥʦ 

ʜʦʙʠʪʴʩʷ ʧʦʣʥʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ, ʢʨʦʤʝ ʪʦʛʦ ʧʦʜʙʦʨ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ɹʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ 

ʩʠʛʥʘʣʦʚ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ.  

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʨʘʟʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʰʫʤʦʚ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʛʘʟʦʚ ʚ ʩʤʝʩʠ [156]. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʯʘʩʪʦʪʳ (fc) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʦʡ 

ʤʦʣʝʢʫʣʳ (ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ, ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʨʘʬʝʥʦʤ). ʕʢʩʧʝʨʠʤʝʥʪ 

ʟʘʢʣʶʯʘʣʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʢʣʠʢʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʧʝʢʪʨʘ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʰʫʤʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ 

ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ. ʅʝʢʦʪʦʨʳʝ ʤʦʣʝʢʫʣʳ (ʪʦʣʫʦʣ, ʭʣʦʨʤʝʪʘʥ) ʧʨʠʚʦʜʷʪ 

ʢ ʠʟʤʝʥʝʥʠʶ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʜʨʫʛʠʝ ʞʝ ʠʟʤʝʥʷʶʪ ʢʘʢ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʠ ʩʧʝʢʪʨ ʰʫʤʦʚ (ʵʪʘʥʦʣ, ʤʝʪʘʥʦʣ, ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ, ʭʣʦʨʦʬʦʨʤ 

ʠ ʘʮʝʪʦʥʠʪʨʠʣ). ɼʨʫʛʠʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʩʝʥʩʦʨʦʚ, ʠʤʝʶʱʠʭ ʨʘʟʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʤʦʣʝʢʫʣʘʤ, ʯʪʦ ʪʘʢʞʝ 

ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʟʠʩʪʠʚʥʳʭ ʩʝʥʩʦʨʦʚ. ɺ ʨʘʙʦʪʝ [133] 

ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʰʝʩʪʴʶ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ 

ʨʘʟʣʠʯʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʦʧʨʝʜʝʣʷʝʤʳʤ ʢʦʤʧʦʥʝʥʪʘʤ. ɸʥʘʣʠʟ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ 

ʩʦ ʚʩʝʭ ʫʩʪʨʦʡʩʪʚ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʤʝʩʠ. 
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1.5. ɿʘʢʣʶʯʝʥʠʝ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɺ ʦʙʟʦʨʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʘ. ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʛʨʘʬʝʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʘʜʩʦʨʙʮʠʠ ʠ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʚ ʩʠʩʪʝʤʘʭ ʛʨʘʬʝʥ-ʘʜʩʦʨʙʠʨʦʚʘʥʥʘʷ ʤʦʣʝʢʫʣʘ. ʉʨʘʚʥʝʥʠʝ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʝʟʠʩʪʠʚʥʳʝ ʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʘ ʠʤʝʶʪ 

ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤ ʤʦʣʝʢʫʣʘʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʜʝʣʳ 

ʦʧʨʝʜʝʣʝʥʠʷ, ʩʨʘʚʥʠʤʳʝ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʢʦʤʤʝʨʯʝʩʢʠ 

ʜʦʩʪʫʧʥʳʝ ʛʘʟʦʚʳʝ ʜʘʪʯʠʢʠ. ʆʜʥʘʢʦ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʛʨʘʬʝʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʥʝʦʙʭʦʜʠʤʦ ʫʣʫʯʰʠʪʴ ʪʘʢʠʝ ʚʘʞʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʚʨʝʤʝʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠ ʨʝʛʝʥʝʨʘʮʠʶ. ɼʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʘʞʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ 

ʩʝʥʩʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʝʨʝ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʛʘʟʦʚʳʭ ʜʘʪʯʠʢʦʚ, ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʝʥʘ ʨʝʛʠʩʪʨʘʮʠʠ 

ʠ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ.  

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʝʩʩ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʝʥʩʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦʟʚʦʣʷʶʪ 

ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚʝʱʝʩʪʚ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʥʘ ʫʨʦʚʥʝ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ppb. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʘʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʧʨʘʚʣʝʥʦ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʟʫʯʠʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ. ɺʘʞʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʚʩʝ ʝʱy  ʦʩʪʘʸʪʩʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʢʣʠʢʘ ʪʘʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʤʦʨʬʦʣʦʛʠʠ, ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʦʥ-ʜʦʥʦʨʥʳʭ ʠ ʵʣʝʢʪʨʦʥ-ʘʢʮʝʧʪʦʨʥʳʭ ʤʦʣʝʢʫʣ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʥʘ ʛʨʘʬʝʥʦʚʦʡ ʧʣʦʩʢʦʩʪʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʢʠʥʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʦʮʝʥʠʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʩʝʥʩʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʦʚʘʣʝʥʪʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥ-

ʥ ʭr ʛʨʘʬʝʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʤʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʝʭʘʥʠʟʤʦʚ ʘʜʩʦʨʙʮʠʠ.  
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ɻʣʘʚʘ 2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

2.1. ʀʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʤʝʨʯʝʩʢʠ ʧʦʩʪʘʚʣʷʝʤʳʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ 

(ʩʝʨʥʘʷ, ʘʟʦʪʥʘʷ, ʬʦʩʬʦʨʥʘʷ), ʘʤʤʠʘʢ ʚʦʜʥʳʡ, ʛʠʜʨʘʟʠʥ ʛʠʜʨʘʪ, ʛʠʜʨʦʢʩʠʜ ʢʘʣʠʷ, 

ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ (ʪʦʣʫʦʣ, ʙʝʥʟʦʣ, 2-ʧʨʦʧʘʥʦʣ, ʵʪʘʥʦʣ, ʘʮʝʪʦʥ, 

ʭʣʦʨʦʬʦʨʤ, ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ) ʤʘʨʢʠ çʦʩʯè.  

ʅʘʪʫʨʘʣʴʥʳʡ ʛʨʘʬʠʪ ʠʟ ɿʘʚʘʣʴʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦ ʩʨʝʜʥʠʤ ʣʘʪʝʨʘʣʴʥʳʤ 

ʨʘʟʤʝʨʦʤ ʧʨʠʤʝʨʥʦ 400 ʤʢʤ ʠ ʪʦʣʱʠʥʦʡ 20 ʤʢʤ ʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʡ CARBON 

ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ~500 ʤʢʤ ʠ ʪʦʣʱʠʥʦʡ 30 ʤʢʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʨʘʬʠʪʦʚ. 

ɼʠʦʢʩʠʜ ʘʟʦʪʘ ʙʳʣ ʧʦʣʫʯʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʜʠ ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʦʡ, ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʟʚʦʜʥʳʡ CuSO4. ɸʤʤʠʘʢ ʛʘʟʦʦʙʨʘʟʥʳʡ 

ʙʳʣ ʧʦʣʫʯʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ ʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʘʤʤʠʘʢʘ.  

2.2. ʉʠʥʪʝʟ ʤʘʪʝʨʠʘʣʦʚ 

ʌʪʦʨʠʨʦʚʘʥʠʝ ʛʨʘʬʠʪʘ. ʅʘʪʫʨʘʣʴʥʳʡ ʛʨʘʬʠʪ ʠʟ ɿʘʚʘʣʴʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

(ʋʢʨʘʠʥʘ) ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʧʨʠʤʝʨʥʦ 400 ʤʠʢʨʦʤʝʪʨʦʚ ʠ ʪʦʣʱʠʥʦʡ ʧʨʠʤʝʨʥʦ 20 ʤʢʤ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʯʠʱʝʥʥʳʡ ʛʨʘʬʠʪ ʙʳʣ ʧʦʤʝʱʸʥ 

ʚ ʪʝʬʣʦʥʦʚʳʡ ʨʝʘʢʪʦʨ ʥʘʜ ʧʘʨʘʤʠ ʙʨʦʤʘ ʥʘ 72 ʯʘʩʘ. ʀʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʛʨʘʬʠʪʘ ʩ ʙʨʦʤʦʤ ʙʳʣʦ ʧʝʨʝʥʝʩʝʥʦ ʚ ʜʨʫʛʦʡ ʨʝʘʢʪʦʨ, ʩʦʜʝʨʞʘʱʠʡ 3, 10 ʠʣʠ 13% 

ʨʘʩʪʚʦʨ BrF3 ʚ Br2, ʠ ʚʳʜʝʨʞʠʚʘʣʩʷ ʚ ʧʘʨʘʭ ʚ ʪʝʯʝʥʠʠ ʦʪ 30 ʜʦ 90 ʜʥʝʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʧʨʦʜʫʚʘʣʩʷ ʘʟʦʪʦʤ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʦʣʫʯʘʝʪʩʷ ʠʥʪʝʨ-

ʢʘʣʠʨʦʚʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ (ʀʉʌɻ) ʩ ʙʨʦʤʦʤ ʩ ʩʦʩʪʘʚʦʤ ʤʘʪʨʠʮʳ C2Fx 

(ʛʜʝ x=0,04 ʜʦ 0,89).  

ʌʪʦʨʠʨʦʚʘʥʠʝ ʛʨʘʬʠʪʘ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ɺ.ɸ. ʊʫʨʦʤ, ʢ.ʭ.ʥ. ɻ.ʅ. ʏʝʭʦʚʦʡ 

ʠ ʢ.ʭ.ʥ. ɼ.ɺ. ʇʠʥʘʢʦʚʳʤ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦʭʠʤʠʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʀʅʍ ʉʆ ʈɸʅ. 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ. ɺ ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ ʧʦʤʝʱʘʣʘʩʴ 

ʥʘʚʝʩʢʘ ʀʉʌɻ ʩ ʙʨʦʤʦʤ ʤʘʩʩʦʡ 40-50 ʤʛ. ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 600, 700 ʠ 800oC. ʊʝʤʧʝʨʘʪʫʨʳ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ. ʈʝʘʢʪʦʨ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʚʘʣʩʷ 
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ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʘʤʧʫʣʘ ʩ ʦʙʨʘʟʮʦʤ ʙʳʩʪʨʦ ʧʦʤʝʱʘʣʘʩʴ ʚʥʫʪʨʴ 

ʨʝʘʢʪʦʨʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʬʪʦʨʠʜ ʛʨʘʬʠʪʘ ʨʘʟʣʘʛʘʣʩʷ ʩʦ ʚʩʧʳʰʢʦʡ. ʇʦʩʣʝ ʚʩʧʳʰʢʠ 

ʦʙʨʘʟʝʮ ʚʳʜʝʨʞʠʚʘʣʩʷ ʚ ʨʝʘʢʪʦʨʝ 10 ʩʝʢʫʥʜ. 

ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ɺ.ɸ. ʊʫʨʦʤ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦʭʠʤʠʠ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʀʅʍ ʉʆ ʈɸʅ. 

ʉʠʥʪʝʟ ʦʢʩʠʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʩʤʝʩʴ 

ʛʨʘʬʠʪʘ ʠ CrO3 ʧʦʤʝʱʘʣʘʩʴ ʚ ʪʝʬʣʦʥʦʚʳʡ ʨʝʘʢʪʦʨ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ 

ʙʝʟʚʦʜʥʦʛʦ HF ʠ ʚʳʜʝʨʞʠʚʘʣʘʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 2 ʤʝʩʷʮʝʚ. 

ʇʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʜʝʢʘʥʪʠʨʦʚʘʣʠ ʠ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʦʤʳʚʘʣʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ 

ʨʘʩʪʚʦʨʦʤ HCl ʜʣʷ ʫʜʘʣʝʥʠʷ ʩʦʣʝʡ ʭʨʦʤʘ. ʇʦʣʫʯʝʥʥʳʝ ʯʘʩʪʠʮʳ ʞʸʣʪʦ-ʧʝʩʦʯʥʦʛʦ ʮʚʝʪʘ 

ʚʳʩʫʰʠʚʘʣʠ ʚ ʪʦʢʝ ʘʟʦʪʘ ʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʉʠʥʪʝʟ ʦʢʩʠʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ɺ.ɸ. ʊʫʨʦʤ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʬʠʟʠʢʦʭʠʤʠʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʀʅʍ ʉʆ ʈɸʅ. 

ʉʠʥʪʝʟ ʦʢʩʠʜʘ ʛʨʘʬʠʪʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ (GO) ʠ ʩʢʣʘʜʯʘʪʦʛʦ 

ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ (w-GO) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʍʘʤʤʝʨʩʘ [42]. 

ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʫʶʱʝʤ: 5 ʛ ʥʘʪʫʨʘʣʴʥʦʛʦ ʛʨʘʬʠʪʘ (ʜʣʷ GO) 

ʠʣʠ ʠʟʤʝʣʴʯʸʥʥʦʛʦ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʛʨʘʬʠʪʘ (ʜʣʷ w-GO), 2,5 ʛ NaNO3 ʠ 120 ʤʣ 

H2SO4 ʙʳʣʦ ʧʦʤʝʱʝʥʦ ʚ ʢʦʣʙʫ (500 ʤʣ), ʧʦʩʣʝ ʯʝʛʦ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʦʨʮʠʷʤʠ 

ʜʦʙʘʚʣʷʣʦʩʴ 15 ʛ KMnO4. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 0oC ʚ ʪʝʯʝʥʠʝ 0,5 ʯʘʩʦʚ, ʜʘʣʝʝ 

ʪʝʤʧʝʨʘʪʫʨʫ ʨʝʘʢʮʠʠ ʧʦʚʳʰʘʣʠ ʜʦ 35oC ʠ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ. ɺʩʣʝʜ 

ʟʘ ʵʪʠʤ ʜʦʙʘʚʣʷʣʩʷ ʠʟʙʳʪʦʢ H2O2 ʠ ʤʘʪʝʨʠʘʣ ʧʨʦʤʳʚʘʣʩʷ ʚ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʝ 

ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʳ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʩʫʰʠʚʘʣʩʷ ʚ ʣʠʦʬʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ GO ʠ w-GO.  

ʉʠʥʪʝʟ ʩʢʣʘʜʯʘʪʦʛʦ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ w-GO ʙʳʣ ʚʳʧʦʣʥʝʥ Su Zhang ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʇʝʢʠʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʇʝʢʠʥ, ʂʠʪʘʡ). 

ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʦʢʩʠʜʘ ʛʨʘʬʠʪʘ. ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ GO ʠ w-GO 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʠ 1050oʉ. ɺ ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ ʧʦʤʝʱʘʣʘʩʴ ʥʘʚʝʩʢʘ ʦʢʩʠʜʘ ʛʨʘʬʠʪʘ 

ʤʘʩʩʦʡ 40-50 ʤʛ. ʈʝʘʢʪʦʨ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʚʘʣʩʷ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʘʤʧʫʣʘ ʩ ʦʙʨʘʟʮʦʤ ʙʳʩʪʨʦ ʧʦʤʝʱʘʣʘʩʴ ʚʥʫʪʨʴ ʨʝʘʢʪʦʨʘ ʠ ʚʳʜʝʨʞʠʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 

30 ʩʝʢʫʥʜ.  

ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ Su Zhang 

ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʇʝʢʠʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʇʝʢʠʥ, 

ʂʠʪʘʡ). 
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2.3. ʇʦʣʫʯʝʥʠʝ ʜʠʩʧʝʨʩʠʡ 

ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʵʢʩʬʦʣʠʘʮʠʷ ʩʣʦʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʰʠʨʦʢʦ ʠʩʩʣʝʜʦʚʘʥʘ, 

ʪʘʢ ʢʘʢ ʷʚʣʷʝʪʩʷ ʛʠʙʢʦʡ ʤʝʪʦʜʠʢʦʡ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʜʚʫʤʝʨʥʳʭ ʤʦʥʦ- 

ʠʣʠ ʤʘʣʦʩʣʦʡʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ [157]. ʌʪʦʨʠʜ ʛʨʘʬʝʥʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ 

ʧʫʪʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʵʢʩʬʦʣʠʘʮʠʠ ʠʟ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʩʫʣʴʬʦʣʘʥ, ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ, ʨʘʩʪʚʦʨʳ ʇɸɺ, 

N-ʤʝʪʠʣ-2-ʧʠʨʨʦʣʠʜʦʥ, ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ, ʭʣʦʨʦʬʦʨʤ, 2-ʧʨʦʧʘʥʦʣ, ʘʮʝʪʦʥʠʪʨʠʣ. 

ɼʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʪʨʝʙʫʶʪʩʷ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʙʦʣʴʰʠʝ 

ʚʨʝʤʝʥʘ ʦʙʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 4 

ʊʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʠ ʫʛʦʣ ʩʤʘʯʠʚʘʝʤʦʩʪʠ SiO2/Si ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʈʘʩʪʚʦʨʠʪʝʣʴ tʢʠʧ., ʦʉ ʋʛʦʣ ʩʤʘʯʠʚʘʝʤʦʩʪʠ[158], 
ʦ 

ɸʮʝʪʦʥʠʪʨʠʣ 81,6 >10  

ʍʣʦʨʦʬʦʨʤ 61,2 >10 

ʊʦʣʫʦʣ 110,6 5,3 

ʊʝʪʨʘʛʠʜʨʦʬʫʨʘʥ 66,0 7,4 

ʀʟʦʧʨʦʧʘʥʦʣ 82,4 >10 

 

 

ʈʠʩ. 2. ɼʠʩʧʝʨʩʠʠ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʚ ʥʠʟʢʦʢʠʧʷʱʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ (a) ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ 

(ʙ) ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʧʣʸʥʦʢ ʠʟ ʭʣʦʨʦʬʦʨʤʘ (1), ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ (2), ʘʮʝʪʦʥʠʪʨʠʣʘ (3), 

ʠʟʦʧʨʦʧʘʥʦʣʘ (4) ʠ ʪʦʣʫʦʣʘ (5). 

ʈʘʟʥʘʷ ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʧʦʜʣʦʞʢʠ ʨʘʩʪʚʦʨʠʪʝʣʝʤ 

ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʯʘʩʪʠʮ ʥʘ ʧʦʜʣʦʞʢʝ. 
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ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʬʪʦʨʛʨʘʬʠʪʦʚʦʡ ʤʘʪʨʠʮʝʡ [79]. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʣʸʥʦʢ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤʠ ʷʚʣʷʶʪʩʷ ʨʘʩʪʚʦʨʠʪʝʣʠ ʩ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʢʠʧʝʥʠʷ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʪʘʜʠʠ ʧʨʦʤʳʚʢʠ ʠ ʚʳʩʫʰʠʚʘʥʠʷ 

ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʜʣʷ ʞʠʜʢʦʩʪʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ FG 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʠʟʢʦʢʠʧʷʱʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ (ʪʦʣʫʦʣ, ʠʟʦʧʨʦʧʘʥʦʣ, 

ʘʮʝʪʦʥʠʪʨʠʣ, ʭʣʦʨʦʬʦʨʤ ʠ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ). ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ (ʋɿ) ʬʪʦʨʠʜʘ 

ʛʨʘʬʠʪʘ ʩʦʩʪʘʚʘ ~C2F ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ (100 ɺʪ) ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʜʠʩʧʝʨʩʠʡ, ʩʪʘʙʠʣʴʥʳʭ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ (ʨʠʩ. 2 (ʘ)). 

ɼʠʩʧʝʨʩʠʠ FG ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʦʢʘʟʘʣʠ ʥʘʠʤʝʥʴʰʫʶ ʩʪʝʧʝʥʴ ʨʘʩʱʝʧʣʝʥʠʷ, ʧʦʩʣʝ  

1-2 ʯʘʩʦʚ ʚ ʦʩʘʜʦʢ ʚʳʧʘʜʘʣʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʤʘʪʝʨʠʘʣʘ. ʇʦʣʫʯʘʝʤʳʝ ʜʠʩʧʝʨʩʠʠ 

ʚ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ ʠ ʘʮʝʪʦʥʝ ʟʘ ʚʨʝʤʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʥʷʶʪ ʮʚʝʪ 

ʜʦ ʞʝʣʪʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʪʝʤʥʝʶʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʯʘʩʪʠʯʥʦʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ FG ʚ ʩʨʝʜʝ ʵʪʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʅʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʜʠʩʧʝʨʩʠʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚ ʩʨʝʜʝ ʪʦʣʫʦʣʘ ʠ ʭʣʦʨʦʬʦʨʤʘ. 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʧʨʠ ʚʳʙʦʨʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʩʤʘʯʠʚʘʝʤʦʩʪʴ 

ʧʦʜʣʦʞʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʝʢ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʨʝʤʥʠʡ ʩ ʪʝʨʤʠʯʝʩʢʠ ʚʳʨʘʱʝʥʥʳʤ ʩʣʦʝʤ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ. ɺ ʪʘʙʣ. 4 ʧʨʠʚʝʜʝʥ ʫʛʦʣ 

ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ SiO2/Si ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ [158]. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ 

ʥʘʥʝʩʝʥʠʷ ʧʣʸʥʦʢ ʠʟ ʜʠʩʧʝʨʩʠʡ ʩ ʚʳʙʨʘʥʥʳʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ (ʨʠʩ. 2 (ʙ)). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʠʤʝʶʱʠʭ ʥʘʠʤʝʥʴʰʠʝ ʫʛʣʳ ʩʤʘʯʠʚʘʝʤʦʩʪʠ, ʧʨʠʚʦʜʠʪ 

ʢ ʥʘʥʝʩʝʥʠʶ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʭ ʧʣʸʥʦʢ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʧʳʣʝʥʠʷ ʠ ʩʧʠʥ-

ʧʨʦʮʝʩʩʘ, ʵʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʘʢʞʝ ʠʛʨʘʝʪ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ 

ʬʘʢʪʦʨʦʚ ʧʨʠʚʝʣʘ ʢ ʚʳʙʦʨʫ ʪʦʣʫʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʣʸʥʦʢ, 

ʪʘʢ ʢʘʢ ʩʨʝʜʠ ʚʳʙʨʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʪʦʣʫʦʣ ʧʦʢʘʟʘʣ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʠ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʱʝʧʣʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʚʘʪʴ ʚʨʝʤʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ, ʪ.ʢ. ʩʪʝʧʝʥʴ ʨʘʩʱʝʧʣʝʥʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʵʥʝʨʛʠʠ, ʧʝʨʝʜʘʥʥʦʡ ʦʪ ʋɿ ʢ ʤʘʪʝʨʠʘʣʫ. ʆʜʥʘʢʦ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʣʘʪʝʨʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ [158], ʘ ʪʘʢʞʝ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʯʘʩʪʠʯʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ FG [79]. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ 
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ʚʦʟʜʝʡʩʪʚʠʷ ʋɿ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ 

ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʘʝʪʩʷ ʦʜʥʦʨʦʜʥʘʷ ʧʘʩʪʘ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʢ ʢʦʪʦʨʦʡ 

ʠ ʚʩʪʨʷʭʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ, ʧʦʣʫʯʘʶʪʩʷ ʜʠʩʧʝʨʩʠʠ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʋɿ ʚ ʪʝʯʝʥʠʝ 10-30 ʤʠʥʫʪ ʧʨʠʚʦʜʠʪ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʩʱʝʧʣʝʥʠʶ 

ʤʘʪʝʨʠʘʣʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʘʙʠʣʴʥʳʭ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʩʫʩʧʝʥʟʠʡ 

ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ ʤʦʥʦ- ʠ ʤʘʣʦʩʣʦʡʥʳʭ ʯʘʩʪʠʮ. ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ 

ʜʠʩʧʝʨʩʠʡ ʧʨʦʠʩʭʦʜʠʪ ʦʩʘʞʜʝʥʠʝ ʢʨʫʧʥʦʡ ʬʨʘʢʮʠʠ ʯʘʩʪʠʮ, ʢʦʪʦʨʫʶ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ 

ʦʪʜʝʣʠʪʴ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (10-30 ʤʠʥ, 500-3000 ʦʙ/ʤʠʥ.). 

ʅʘ ʨʠʩ. 3(ʘ) ʠʟʦʙʨʘʞʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʬʦʪʦʛʨʘʬʠʠ ʧʣʸʥʦʢ FG, ʥʘʥʝʩʸʥʥʳʭ 

ʥʘ ʧʦʜʣʦʞʢʫ SiO2/Si ʤʝʪʦʜʦʤ ʥʘʧʳʣʝʥʠʷ. ʇʣʸʥʢʘ ʩʦʩʪʦʠʪ ʠʟ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ  

20-30 ʤʢʤ, ʘ ʪʘʢʞʝ ʤʘʣʦʩʣʦʡʥʳʭ ʛʨʘʬʝʥʦʚ ʩ ʣʘʪʝʨʘʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 1-10 ʤʢʤ. 

ʋʤʝʥʴʰʝʥʠʝ ʬʨʘʢʮʠʠ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʯʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʘʞʜʝʥʠʷ 

ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ (ʨʠʩ. 3 (ʙ)) ʠʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ ʩʢʦʨʦʩʪʷʭ 500-3000 ʦʙ/ʤʠʥ 

 

ʈʠʩ. 3. ʀʣʣʶʩʪʨʘʮʠʷ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʦʪʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʢʨʫʧʥʦʡ ʬʨʘʢʮʠʠ. ʏʘʩʪʠʮʳ ʬʪʦʨʠʜʘ 

ʛʨʘʬʝʥʘ, ʧʦʣʫʯʘʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ, ʧʦʩʣʝ ʦʩʘʞʜʝʥʠʷ ʢʨʫʧʥʦʡ ʬʨʘʢʮʠʠ ʠ ʧʦʩʣʝ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ (2000 ʦʙ/ʤʠʥ, 20 ʤʠʥ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ(ʘ-ʚ), ʉʕʄ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʯʘʩʪʠʮ FG 

ʧʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ (ʛ). 
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(ʨʠʩ. 3 (ʚ ʠ ʛ)). ʆʩʘʞʜʝʥʠʝ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʠʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ 500-1000 ʦʙ/ʤʠʥ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʠʩʧʝʨʩʠʠ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʢʨʫʧʥʳʭ ʘʛʣʦʤʝʨʘʪʦʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʯʝʰʫʝʢ FG. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʠʣʠ ʤʥʦʛʦ-

ʩʪʘʜʠʡʥʦʛʦ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʯʘʩʪʠʮʳ ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ 

ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʦʸʚ ʦʪ 1 ʜʦ 5 ʠ ʣʘʪʝʨʘʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʤʝʪʨʦʚ. 

2.4. ʀʟʛʦʪʦʚʣʝʥʠʝ ʪʦʥʢʠʭ ʧʣʸʥʦʢ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʸʥʦʢ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ:  

ɺʘʢʫʫʤʥʦʝ ʬʠʣʴʪʨʦʚʘʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʬʠʣʴʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʝʢʦʚʳʡ ʬʠʣʴʪʨ 

(ʧʦʣʠʧʨʦʧʠʣʝʥ, ʨʘʟʤʝʨ ʧʦʨ 0,1 ʤʢʤ) ʠ ʥʠʪʨʘʪ ʮʝʣʣʶʣʦʟʳ (ʨʘʟʤʝʨ ʧʦʨ 0,45 ʤʢʤ). ʆʙʲʸʤ 

ʧʦʣʫʯʝʥʥʦʡ ʜʠʩʧʝʨʩʠʠ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 1 ʜʦ 10 ʤʣ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʸʥʦʢ ʨʘʟʣʠʯʥʦʡ 

ʪʦʣʱʠʥʳ. ʇʦʣʫʯʝʥʥʫʶ ʧʣʸʥʢʫ ʧʝʨʝʥʦʩʠʣʠ ʥʘ ʪʨʝʙʫʝʤʫʶ ʧʦʜʣʦʞʢʫ ʠʣʠ ʦʩʪʘʚʣʷʣʠ 

ʩʚʦʙʦʜʥʦʡ. 

ʅʘʧʳʣʝʥʠʝ. ɼʠʩʧʝʨʩʠʶ ʍʄɻ ʥʘʧʳʣʷʣʠ ʥʘ ʥʘʛʨʝʪʫʶ ʜʦ 110oC 300 ʥʤ-SiO2/Si 

ʧʨʠ ʜʘʚʣʝʥʠʠ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ~ 5 ʘʪʤ ʠ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʩʦʧʣʘ ʜʦ ʧʦʜʣʦʞʢʠ 3-7 ʩʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʛʘʟʘ ʥʦʩʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʯʠʩʪʳʡ ʘʨʛʦʥ ʠʣʠ ʘʟʦʪ. 

ʉʧʠʥ-ʧʨʦʮʝʩʩ. ɼʠʩʧʝʨʩʠʶ ʍʄɻ ʥʘʥʦʩʠʣʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦʜʣʦʞʢʠ ʦʪ 500 

ʜʦ 6000 ʦʙ./ʤʠʥ. ʠ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʜʠʩʧʝʨʩʠʠ 0,1 ʤʣ/ʤʠʥ. 

2.5. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ 

ɸʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ SolverPro (ʅʊ-ʄɼʊ). ʇʦʣʝ ʩʢʘʥʝʨʘ 

ʩʦʩʪʘʚʣʷʣʦ 12Ĭ12 ʠ 50Ĭ50 ʤʢʤ, ʚ ʢʘʯʝʩʪʚʝ ʢʘʥʪʠʣʝʚʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʦʥʜʳ ʤʘʨʢʠ 

NSG10 (NT-MDT) ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʜʠʫʩʦʤ ʢʨʠʚʠʟʥʳ ʟʦʥʜʘ 6 ʥʤ ʠ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 

ʩʠʣʦʚʦʡ ʢʦʥʩʪʘʥʪʳ 11,8 ʅ/ʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʧʣʸʥʦʢ 

ʠʣʠ ʩʪʨʫʢʪʫʨ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʢʦʥʪʘʢʪʥʦʤ ʠʣʠ ʧʦʣʫʢʦʥʪʘʢʪʥʦʤ ʨʝʞʠʤʝ. 

ʀʟʦʙʨʘʞʝʥʠʷ ɸʌʄ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦʭʠʤʠʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ 

ʀʅʍ ʉʆ ʈɸʅ ʢ.ʬ.-ʤ.ʥ. ɻʝʚʢʦ ʇ.ʅ. 

ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ JEOL JSM-6700F 
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FE-SEM (ʀʆɻ ʉʆ ʈɸʅ), JEOL JSM-6700F FE-SEM (FAU, Erlangen, Germany) ʠ JEOL 

JSM-6700F FE-SEM (NanoGune, San-Sebastian, Spain). ʋʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 

ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 2 ʜʦ 20 ʢɺ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʧʨʦʚʦʜʷʱʠʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʫʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 2-5 ʢɺ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʜʟʘʨʷʜʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, 

ʠ/ʠʣʠ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ (~ 10-3 ʤʙʘʨ) ʚ ʢʘʤʝʨʝ 

ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʚʚʝʜʝʥʠʝʤ ʧʘʨʦʚ ʚʦʜʳ, ʯʪʦ ʩʥʠʤʘʝʪ ʧʦʜʟʘʨʷʜʢʫ ʧʦʚʝʨʭʥʦʩʪʠ. ʄʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʤʦʨʬʦʣʦʛʠʶ ʧʣʸʥʦʢ, ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʠ ʪʦʣʱʠʥʫ ʧʣʸʥʦʢ. 

ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʥʘ ʧʨʠʙʦʨʝ JEOL 2010 ʚ ʀʂ ʉʆ ʈɸʅ. ʋʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 200 ʢɺ, 

ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ï 1,4Å. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʸʚ, 

ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ ʠ ʥʘʣʠʯʠʝ ʚʘʢʘʥʩʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ.  

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ 

ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ Spex 1877 

Triple ʩʧʝʢʪʨʦʤʝʪʨʝ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ɚ=488 ʥʤ ʠ 514 ʥʤ ʚ ʀʅʍ ʉʆ ʈɸʅ ʧʨʠ ʤʦʱʥʦʩʪʠ 

ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ 60 ʤɺʪ ʩ ʜʠʘʤʝʪʨʦʤ ʧʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ 1 ʤʤ 

ʠ ʥʘ LabRAM HR Evolutiona, Horiba ʩʧʝʢʪʨʦʤʝʪʨʝ ʚ ʛʝʦʤʝʪʨʠʠ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʣʠʥʠʝʡ 488 ʥʤ Ar+ ʠʦʥʥʦʛʦ ʣʘʟʝʨʘ ʩ ʜʠʘʤʝʪʨʦʤ ʧʷʪʥʘ ~ 2 ʤʢʤ 

ʠ ʤʦʱʥʦʩʪʴʶ 1 ʤɺʪ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 100 ʜʦ 3000 ʩʤ- 1. 

ʀʟʤʝʨʝʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʟʘʢʣʶʯʘʶʱʝʡʩʷ 

ʚ ʚʳʯʠʪʘʥʠʠ ʬʦʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʥʦʨʤʠʨʦʚʢʝ ʩʧʝʢʪʨʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʦʮʝʥʠʚʘʣʘʩʴ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʧʣʦʱʘʜʝʡ ʧʦʜ ʤʘʢʩʠʤʫʤʘʤʠ. 

ʂʈʉ-ʩʧʝʢʪʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢ.ʭ.ʥ. ʂʦʞʝʤʷʯʝʥʢʦ ʉ.ʀ. ʠ ʜ.ʭ.ʥ. ʂʦʣʝʩʦʚʳʤ ʀ.ɹ. 

ʚ ʀʅʍ ʉʆ ʈɸʅ. 

ʇʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ. ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 

ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ʬʠʨʤʳ Rigaku ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Cu KŬ (ɚ=1,5418¡). ʇʦ ʧʦʣʦʞʝʥʠʶ 

ʨʝʬʣʝʢʩʘ 002 ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʤʝʞʩʣʦʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ d ʚ ʦʙʨʘʟʮʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʦʨʤʫʣʳ: 2dĀsinŪ=ɚ, ʛʜʝ ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʈʌɸ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩʨʝʜʥʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʸʚ ʚ ʯʘʩʪʠʮʘʭ ʛʨʘʬʝʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ ʐʝʨʝʨʘ Lc 

=0.89ɚ/BcĀcos(űc), ʛʜʝ Bc ïh ʠʨʠʥʘ ʨʝʬʣʝʢʩʘ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ, űc ï ʧʦʣʦʞʝʥʠʝ 

ʤʘʢʩʠʤʫʤʘ ʵʪʦʛʦ ʨʝʬʣʝʢʩʘ, ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ 
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ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʘ ʚʝʣʠʯʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʫʛʣʝʨʦʜʥʳʭ ʩʣʦʸʚ: Lc=(N-1) Ād ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, N=(Lc+d)/d, 

ʛʜʝ d ï ʤʝʞʩʣʦʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ. 

ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʈʌʕʉ ʦʙʟʦʨʥʳʭ ʩʧʝʢʪʨʦʚ 

ʵʥʝʨʛʠʷ ʚʦʟʙʫʞʜʘʶʱʠʭ ʬʦʪʦʥʦʚ ʩʦʩʪʘʚʣʷʣʘ 800 ʠ ʧʨʠ 1486 ʵɺ. ʆʩʪʘʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ 

ʛʘʟʦʚ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ ʩʧʝʢʪʨʦʤʝʪʨʘ ʩʦʩʪʘʚʣʷʣʦ 10-9 ʤʙʘʨ. ʀʟʤʝʨʝʥʠʝ  

ʉ 1s-ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʠʥʪʝʨʚʘʣʝ 280ï310 ʵɺ, ʠʟʤʝʨʝʥʠʝ O 1s-ʩʧʝʢʪʨʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʵʥʝʨʛʠʡ 525-545 ʵɺ, ʘ ʩʧʝʢʪʨʳ N 1s ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʚ ʠʥʪʝʨʚʘʣʝ ʵʥʝʨʛʠʡ 380-410 ʵɺ. ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʩʧʝʢʪʨʦʚ ʧʨʠʚʷʟʳʚʘʣʦʩʴ 

ʧʦ ʧʦʣʦʞʝʥʠʶ ʛʨʘʬʠʪʦʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ʧʨʠ 284,5 ʵɺ ʠʣʠ ʧʦ ʣʠʥʠʷʤ ʟʦʣʦʪʘ Au 4f7/2 

ʧʨʠ 84,0 ʵɺ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʧʨʠʚʷʟʢʘ ʠ ʥʦʨʤʠʨʦʚʢʘ ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʠʩʴ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Origin 9. ɺʳʯʠʪʘʥʠʝ ʬʦʥʘ ʠ ʨʘʟʣʦʞʝʥʠʝ ʩʧʝʢʪʨʦʚ 

ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ Casa XPS. ʀʟ ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʠʚʳʭ ʚʳʯʠʪʘʣʩʷ ʬʦʥ ʧʦ ʤʝʪʦʜʫ ʐʠʨʣʠ [159]. ɸʧʧʨʦʢʩʠʤʘʮʠʷ 

ʩʧʝʢʪʨʦʚ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ 

ʩ ʫʯʸʪʦʤ ʭʠʤʠʯʝʩʢʠ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʠʩʭʦʜʷ ʠʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ʂʦʤʧʦʥʝʥʪʳ ʩʧʝʢʪʨʘ 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʩʤʝʩʴ ɻʘʫʩʩʦʚʦʡ ʠ ʃʦʨʝʥʮʝʚʦʡ ʬʫʥʢʮʠʡ, ʘ ʜʣʷ ʉ 1s ʩʧʝʢʪʨʦʚ 

ʦʙʨʘʟʮʦʚ ʩ ʤʘʣʦʡ ʩʪʝʧʝʥʴʶ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʘʩʠʤʤʝʪʨʠʯʥʫʶ ʬʫʥʢʮʠʶ ɼʦʥʠʘʢʘ-ʉʘʥʜʞʠʢʘ [160]. ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʣʩʷ 

ʧʦ ʦʙʟʦʨʥʦʤʫ ʈʌʕʉ ʩʧʝʢʪʨʫ, ʣʠʙʦ ʧʦ ʨʘʟʣʦʞʝʥʠʶ ʈʌʕʉ C 1s-ʩʧʝʢʪʨʘ. 

In situ ʠʟʤʝʨʝʥʠʷ ʈʌʕʉ ʦʪʢʣʠʢʘ ʥʘ ʘʜʩʦʨʙʮʠʶ NOx ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʈʫʩʩʢʦ-

ɻʝʨʤʘʥʩʢʦʤ ʢʘʥʘʣʝ Berliner Elektronenspeicherring für Synchrotronstrahlung (BESSY). 

ʉʧʝʢʪʨʦʤʝʪʨ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʛʘʟʘʤʠ ʧʨʠ ʜʘʚʣʝʥʠʠ ʜʦ 10-4 ʤʙʘʨ 

ʠ ʦʩʥʘʱʝʥ ʢʚʘʜʨʫʧʦʣʴʥʳʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣ ʚ ʛʘʟʦʚʦʡ 

ʬʘʟʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ. ʆʪʥʦʰʝʥʠʝ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʠ ʦʢʩʠʜʘ ʘʟʦʪʘ ʚ ʙʘʣʣʦʥʝ 

ʨʘʚʥʷʣʦʩʴ 2,5. ʆʙʨʘʙʦʪʢʘ ʛʘʟʦʚʦʡ ʩʤʝʩʴʶ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʢʘʤʝʨʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʢʪʨʦʤʝʪʨʘ ʩ ʥʘʯʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ 10-9 ʤʙʘʨ. ʉʤʝʩʴ ʛʘʟʦʚ ʥʘʧʫʩʢʘʣʘʩʴ 

ʜʦ ʜʘʚʣʝʥʠʷ ʧʦʨʷʜʢʘ 5x10-5 ʤʙʘʨ, ʠ ʦʙʨʘʟʝʮ ʦʙʨʘʙʘʪʳʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ. ʇʦʩʣʝ 

ʯʝʛʦ, ʢʘʤʝʨʘ ʦʪʢʘʯʠʚʘʣʘʩʴ ʜʦ ʥʘʯʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪ 

ʩʦʩʪʦʷʣ ʠʟ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʯʘʩʪʠʯʥʦʡ 

ʜʝʩʦʨʙʮʠʝʡ. 
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ʉʧʝʢʪʨʳ ʈʌʕʉ ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʤ Al KŬ-ʠʟʣʫʯʝʥʠʝʤ ʙʳʣʠ 

ʠʟʤʝʨʝʥʳ ʩʦʪʨʫʜʥʠʢʦʤ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦʭʠʤʠʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʀʍ ʉʆ ʈɸʅ  

ʢ.ʬ.-ʤ.ʥ. ʀ.ʇ. ɸʩʘʥʦʚʳʤ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ SPECS ʚ ʀʥʩʪʠʪʫʪʝ ʂʘʪʘʣʠʟʘ ʠʤ. ɹʦʨʝʩʢʦʚʘ 

ʉʆ ʈɸʅ. 

ʊʝʨʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ. ʊʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 25-850Áʉ ʚ ʘʪʤʦʩʬʝʨʝ He ʠ He/O2 ʥʘ NETZSCH TG 209 F1. 

ʋʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʧʦʨʠʩʪʦʩʪʴ. ʋʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʨʘʟʤʝʨ ʧʦʨ 

ʤʘʪʝʨʠʘʣʦʚ ʠʟʤʝʨʷʣʠ ʥʘ ʧʨʠʙʦʨʝ Quantachrome NOVAÈ Surface Area Analyzer  

(ʀʂ ʉʆ ʈɸʅ) ʤʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʦʨʙʮʠʠ ʘʟʦʪʘ. 

2.6. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʘʩʪʠʯʥʦ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ 

ʧʣʦʪʥʦʩʪʠ. ʈʘʩʯʝʪ ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʸʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʛʠʙʨʠʜʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ɹʝʢʝ [161] ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʃʠ, ʗʥʛʘ, ʇʘʨʘ 

[162] ʩ ʧʘʨʥʦʡ ʢʦʨʨʝʢʮʠʝʡ ɻʨʠʤʤʘ (Grimme) D3 [163, 164] ʜʣʷ ʫʯʸʪʘ ʜʠʩʧʝʨʩʠʦʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʤʝʪʦʜ B3LYP-D3) ʚ ʨʘʤʢʘʭ ʧʘʢʝʪʘ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ 

jaguar 7.9 [165]. ɸʪʦʤʥʳʝ ʦʨʙʠʪʘʣʠ ʦʧʠʩʳʚʘʣʠʩʴ 6-31G*+ ʙʘʟʠʩʥʳʤ ʥʘʙʦʨʦʤ, 

ʚʢʣʶʯʘʶʱʠʤ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʠ ʜʠʬʬʫʟʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʚʩʝʭ ʘʪʦʤʦʚ, ʢʨʦʤʝ 

ʚʦʜʦʨʦʜʘ. ɻʝʦʤʝʪʨʠʷ ʤʦʜʝʣʝʡ ʙʳʣʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʜʦ ʚʝʣʠʯʠʥʳ ʛʨʘʜʠʝʥʪʘ 5Ŀ10-4 ʘʪʦʤʥʳʭ ʝʜʠʥʠʮ ʜʣʷ ʩʤʝʱʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ. 

ʕʥʝʨʛʠʷ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ ʥʘ ʬʪʦʨʛʨʘʬʝʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʢʘʢ Ead=Emod+Eanalyte-Ecomplex, ʛʜʝ ʧʝʨʚʳʝ ʜʚʘ ʯʣʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʬʪʦʨʛʨʘʬʝʥʦʚʦʡ ʤʦʜʝʣʠ ʠ ʤʦʣʝʢʫʣʳ 

ʘʤʤʠʘʢʘ, ʘ ʧʦʩʣʝʜʥʠʡ ʯʣʝʥ ï ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʤʦʜʝʣʠ ʩ ʘʜʩʦʨʙʘʪʦʤ. 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʛʣʘʚʥʳʤ ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ 

ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦʭʠʤʠʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʀʅʍ ʉʆ ʈɸʅ ʜ.ʭ.ʥ. ʃ.ɻ. ɹʫʣʫʰʝʚʦʡ.  

2.7. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ 

2.7.1. ʀʟʤʝʨʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ɼʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʣʸʥʦʢ ʠ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʬʪʦʨʠʜʘ 

ʛʨʘʬʝʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʦʤʝʪʨʠʶ ʍʦʣʣʘ ʠ ʚʘʥ ʜʝʨ ʇʘʫ (ʨʠʩ. 4) [166]. ɼʣʷ ʩʣʫʯʘʷ ʧʣʸʥʦʢ 
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ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʝʨʝʙʨʷʥʳʡ ʢʣʝʡ. ɼʣʷ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʘʢʫʫʤʥʦʝ ʥʘʧʳʣʝʥʠʝ Ti/Au=5/50 ʥʤ. ʇʦʩʣʝ ʯʝʛʦ, ʦʙʨʘʟʮʳ ʚʳʩʫʰʠʚʘʣʩʷ 

ʚ ʚʘʢʫʫʤʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 110oʉ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ ʜʣʷ ʫʜʘʣʝʥʠʷ ʩʣʝʜʦʚ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʟʦʥʜʦʚʦʡ ʩʪʘʥʮʠʠ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

KEITHLY  2450, ʠʥʪʝʨʚʘʣ ʥʘʧʨʷʞʝʥʠʡ ʩʦʩʪʘʚʣʷʣ ʦʪ ±10 ʤɺ ʜʦ Ñ1000 ʤɺ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠ KEITHLY  2100 ʩ ʫʩʠʣʠʪʝʣʝʤ ʪʦʢʘ National 

Instruments ʧʨʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 10-5-10-7 ɺ/ɸ, ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʢʦʥʪʘʢʪʘʤʠ 

a ʠ b ʠʣʠ c ʠ d ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ KEITHLY 2100. ɼʣʷ ʢʦʥʪʨʦʣʷ ʪʦʢʘ ʫʪʝʯʢʠ 

ʥʘ ʟʘʜʥʠʡ ʟʘʪʚʦʨ ʠ ʠʟʤʝʨʝʥʠʷ ʧʦʣʝʚʦʛʦ ʵʬʬʝʢʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ KEITHLY  2450. 

1. ʀʟʤʝʨʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʪʦʜʦʤ ʚʘʥ ʜʝʨ ʇʘʫ: 

Ὑ
“

ÌÎς

Ὑ Ὑ

ς
 ÃÏÓÈὰὲ

Ὑ
Ὑ ςȟτπσ                        ςȢρ 

2. ʀʟʤʝʨʝʥʠʝ ʤʝʪʦʜʦʤ ʍʦʣʣʘ: 

Ὑ ,                                                    (2.2) 

” Ὑ ὸ,                                                     (2.3) 

ʛʜʝ L ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ a ʠ b, ʠʣʠ c ʠ d; W ð ʰʠʨʠʥʘ ʧʨʦʚʦʜʷʱʝʛʦ 

ʢʘʥʘʣʘ, t ð ʪʦʣʱʠʥʘ ʧʣʸʥʢʠ, ʧʦ ʜʘʥʥʳʤ ʉʕʄ. 

2.7.2 ʀʟʤʝʨʝʥʠʝ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʧʣʸʥʦʢ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 13. 

ɻʘʟʦʚʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʪʦʯʥʳʡ ʨʝʘʢʪʦʨ ʦʙʲʝʤʦʤ 10 ʤʣ, ʚ ʢʦʪʦʨʳʡ 

ʧʦʜʚʝʜʝʥʳ ʢʘʥʘʣʳ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ (ʘʨʛʦʥ) ʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʛʘʟʘ. ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 

ʟʘʜʘʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʨʝʛʫʣʷʪʦʨʘ ʧʦʪʦʢʘ ʛʘʟʘ (ʈʈɻ-9), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ 

ʈʠʩ. 1. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʛʝʦʤʝʪʨʠʠ ʚʘʥ ʜʝʨ ʇʘʫ (ʘ) ʠ ʍʦʣʣʘ (ʙ). 
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ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 15 ʜʦ 200 ʤʣ/ʤʠʥ. ɺʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʢʦʨʦʩʪʴ 

ʧʦʪʦʢʘ ʛʘʟʘ 150 ʤʣ/ʤʠʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʳʩʪʨʦʛʦ ʟʘʤʝʱʝʥʠʷ ʛʘʟʘ ʚ ʨʝʘʢʪʦʨʝ. 

ɸʥʘʣʠʟʠʨʫʝʤʳʡ ʛʘʟ ʧʦʜʘʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʰʧʨʠʮʝʚʦʛʦ ʜʦʟʘʪʦʨʘ Chemyx T100, 

ʧʦʟʚʦʣʷʶʱʠʡ ʢʦʥʪʨʦʣʠʨʫʝʤʦ ʠʟʤʝʥʷʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʦʜʘʚʘʝʤʦʛʦ ʛʘʟʘ ʧʫʪʝʤ 

ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʦʪ 10 ʜʦ 10000 ʤʢʣ/ʤʠʥ. ɸʥʘʣʠʟʠʨʫʝʤʳʡ ʦʙʨʘʟʝʮ 

ʧʦʤʝʱʘʣʩʷ ʥʘ ʪʝʧʣʦʧʨʦʚʦʜʷʱʫʶ ʧʦʜʩʪʘʚʢʫ, ʠʤʝʶʱʫʶ ʪʝʧʣʦʚʦʡ ʢʦʥʪʘʢʪ 

ʩ ʥʘʛʨʝʚʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʨʘʟʮʘ 

ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 25 ʜʦ 240oC. ʀʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʠʣʦʩʴ 

ʜʚʫʭʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʠʢʦʘʤʧʝʨʤʝʪʨʘ KEITHLY 6485 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʦʪ 0,1 ʜʦ 1,0 ɺ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʘʨʰʠʤ ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ 

ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦʭʠʤʠʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʀʅʍ ʉʆ ʈɸʅ ʢ.ʬ.-ʤ.ʥ.  

ɻʫʩʝʣʴʥʠʢʦʚʳʤ ɸ.ɺ. 

ʉʪʘʥʜʘʨʪʥʳʡ ʮʠʢʣ ʠʩʧʳʪʘʥʠʡ ʩʦʩʪʦʷʣ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʩʪʘʜʠʡ: (1) ʧʦʜʘʯʘ ʘʨʛʦʥʘ 

ʜʣʷ ʟʘʧʠʩʠ ʙʘʟʦʚʦʡ ʣʠʥʠʠ, (2) ʚʦʟʜʝʡʩʪʚʠʝ ʛʘʟʦʚʦʡ ʩʤʝʩʴʶ ʦʪ 3 ʜʦ 20 ʤʠʥʫʪ ʜʣʷ ʟʘʧʠʩʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ, (3) ʨʝʛʝʥʝʨʘʮʠʷ ʩʝʥʩʦʨʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʜʫʚʘ ʘʨʛʦʥʦʤ 

ʚ ʪʝʯʝʥʠʝ 12-50 ʤʠʥʫʪ ʜʣʷ ʚʦʟʚʨʘʱʝʥʠʝ ʝʛʦ ʢ ʠʩʭʦʜʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ɺ ʢʘʯʝʩʪʚʝ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʘʟʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʦʢʩʠʜ ʘʟʦʪʘ (NO2) ʠʣʠ ʘʤʤʠʘʢ (NH3) 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʛʘʟʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,1 ppm ʜʦ 10000 ppm.  

 

ʈʠʩ. 5. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ. 
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ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʥʩʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʨʦʙʥʳʡ ʤʝʪʦʜ 

[167] ʨʘʩʯʪyʘ ʦʪʢʣʠʢʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʦʨʤʠʨʦʚʘʥʥʫʶ ʠ ʙʝʟʨʘʟʤʝʨʥʫʶ 

ʚʝʣʠʯʠʥʫ ʧʦ ʬʦʨʤʫʣʝ (2.4), ʨʝʛʝʥʝʨʘʮʠʶ ʩʝʥʩʦʨʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ (2.5), 

ʛʜʝ R0 ï ʥʘʯʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʟʮʘ ʧʨʠ ʧʨʦʜʫʚʝ ʘʨʛʦʥʦʤ, Rg ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʛʘʟʦʤ, Ra ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʝʥʩʦʨʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʩʪʘʜʠʠ ʧʨʦʜʫʚʘ.  

˛̝̜̓̎̏̒̉̓̆̌̎̊ ̏̓̋̌̉̋ ὸ
Ὑ Ὑ

Ὑ
                                 ςȢτ 

˝̗̠̆̄̆̎̆̑́̉ ὸ
Ὑ Ὑ

Ὑ Ὑ
                                                 ςȢυ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʢʠʥʝʪʠʢʠ ʘʜʩʦʨʙʮʠʠ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʦʨʠʶ ʃʝʥʛʤʶʨʘ [182], 

ʢʦʪʦʨʘʷ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ: 

¶ ʚʩʝ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʤʝʩʪʘ ʦʜʠʥʘʢʦʚʳʝ; 

¶ ʦʜʥʦ ʘʜʩʦʨʙʮʠʦʥʥʦʝ ʤʝʩʪʦ ʤʦʞʝʪ ʘʜʩʦʨʙʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʦʜʥʫ ʤʦʣʝʢʫʣʫ; 

¶ ʤʦʣʝʢʫʣʳ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʘʜʩʦʨʙʮʠʶ ʤʦʣʝʢʫʣ ʤʦʞʥʦ ʦʧʠʩʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʠʝ 

ʫʨʘʚʥʝʥʠʷ: 

Ὠ—

Ὠὸ
ὯϽὴϽρ — ὯϽ—ȟ                                        ςȢφ 

ʛʜʝ ɗ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʥʷʪʳʭ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʤʝʩʪ, ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʨʘʬʝʥʘ, 

ʧʦʢʨʳʪʦʡ ʤʦʣʝʢʫʣʘʤʠ, p ï ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʛʘʟʘ, Ὧ ʠ Ὧ 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʘʜʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ 

ʚʳʨʘʞʝʥʠʷ (2.6) ʧʨʠʚʦʜʠʪ: 

—ὸ
ρ

ρ
Ὧ
ὯϽὴ

Ͻρ Ὡ ϽȢ                                       ςȢχ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʚʳʨʘʞʝʥʠʷ 2.7, —ὸ ʷʚʣʷʝʪʩʷ ʙʝʟʨʘʟʤʝʨʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʢʦʥʩʪʘʥʪʳ 

ʩʢʦʨʦʩʪʠ Ὧ ʠ Ὧ ʠʤʝʶʪ ʨʘʟʤʝʨʥʦʩʪʴ ʦʙʨʘʪʥʦʛʦ ʚʨʝʤʝʥʠ,  ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʟʥʘʯʝʥʦ 

ʢʘʢ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʚʨʝʤʷ ʘʜʩʦʨʙʮʠʠ †. ɺ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʥʷʪʳʭ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʤʝʩʪ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʢʦʥʩʪʘʥʪʳ A ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʤ 

ʦʪʢʣʠʢʦʤ (
ЎὙὸ

Ὑ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʨʘʞʝʥʠʝ 2.7 ʧʨʠʥʠʤʘʝʪ ʚʠʜ:  
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˛̝̜̓̎̏̒̉̓̆̌̎̊ ̏̓̌̉̋ ὸ ὥϽ
ρ

ρ
Ὧ
ὯϽὴ

Ͻρ Ὡ ὃϽρ Ὡ Ȣ    ςȢψ 

ʀʩʧʦʣʴʟʫʷ ʧʦʜʦʙʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʜʝʩʦʨʙʮʠʠ 

ʤʦʣʝʢʫʣ, ʘ ʨʝʛʝʥʝʨʘʮʠʷ ʩʝʥʩʦʨʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

˝̗̠̆̄̆̎̆̑́̉ ὸ ὦϽ— πϽὩ Ͻ  ὄϽὩ  ȟ                        ςȢω 

ʛʜʝ — π ï ʯʠʩʣʦ ʟʘʥʷʪʳʭ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʤʝʩʪ ʜʦ ʥʘʯʘʣʘ ʨʝʛʝʥʝʨʘʮʠʠ, † ï 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʚʨʝʤʷ ʜʝʩʦʨʙʮʠʠ ʠ B ï ʢʦʥʩʪʘʥʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʤʝʞʜʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʨʠʚʦʡ ʠ ʚʳʨʘʞʝʥʠʝʤ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʜʝʩʦʨʙʮʠʠ. ʅʘ ʨʠʩ. 14 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʢʨʠʚʳʭ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʡ 

ʧʦʜʭʦʜ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʝʥʘ ʘʜʩʦʨʙʮʠʠ (Ⱳ╪) ʠ ʜʝʩʦʨʙʮʠʠ (Ⱳ▀). 

2.8. ɿʘʢʣʶʯʝʥʠʝ ʢ ʛʣʘʚʝ 2 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠʩʭʦʜʥʳʭ ʭʠʤʠʯʝʩʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ, ʯʘʩʪʠʯʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʠ ʥʘʥʝʩʝʥʠʷ ʧʣʸʥʦʢ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ. ʆʧʠʩʘʥʳ ʤʝʪʦʜʠʢʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʦʨʬʦʣʦʛʠʠ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʪʘʢʠʝ ʢʘʢ ʂʈʉ-, ʀʂ-, ʈʌʕʉ- ʠ NEXAFS-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʣʸʥʦʢ ʠ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ. 

  

 

ʈʠʩ. 6. ʇʨʠʤʝʨʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʠʚʳʭ ʦʪʢʣʠʢʘ rGF ʩʝʥʩʦʨʘ ʥʘ 

ʚʦʟʜʝʡʩʪʚʠʝ 100 ppm NO2 ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ (ʘ) ʠ 3 ʤʠʥʫʪ (ʙ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʧʦʢʘʟʘʥʳ ʦʨʘʥʞʝʚʳʤ, ʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ï ʢʨʘʩʥʳʤ. 
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ɻʣʘʚʘ 3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

3.1. ɺʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʢʦʚʘʣʝʥʪʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ 

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʠʢʫ ʨʘʩʱʝʧʣʝʥʠʷ, ʦʧʠʩʘʥʥʫʶ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʙʳʣʠ 

ʧʨʠʛʦʪʦʚʣʝʥʳ ʜʠʩʧʝʨʩʠʠ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʩ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,05 ʤʛ/ʤʣ. 

ʎʚʝʪ ʧʦʣʫʯʘʝʤʳʭ ʜʠʩʧʝʨʩʠʡ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ ʩʦʝʜʠʥʝʥʠʷ ʠ ʠʟʤʝʥʷʝʪʩʷ 

ʦʪ ʩʝʨʦʛʦ ʜʦ ʞʣyʪʦʛʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʬʪʦʨʘ ʚ ʠʩʭʦʜʥʳʭ ʬʪʦʨʠʜʘʭ ʛʨʘʬʠʪʘ 

(ʨʠʩ. 7). ɼʠʩʧʝʨʩʠʠ ʥʘʧʳʣʷʣʠ ʥʘ ʥʘʛʨʝʪʫʶ ʢʨʝʤʥʠʝʚʫʶ ʧʦʜʣʦʞʢʫ ʩʦ ʩʣʦʝʤ ʦʢʩʠʜʘ 

ʢʨʝʤʥʠʷ SiO2 ʪʦʣʱʠʥʦʡ 300 ʥʤ. ʇʨʠ ʥʘʥʝʩʝʥʠʠ ʯʘʩʪʠʮ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʘʩʢʘ ʚ ʬʦʨʤʝ 

ʛʝʦʤʝʪʨʠʠ ʍʦʣʣʘ (ʨʠʩ. 8 (ʘ)). ʇʦʣʫʯʝʥʥʳʝ ʧʣʥyʢʠ ʠʤʝʣʠ ʪʦʣʱʠʥʫ ʦʪ 400 ʜʦ 50 ʥʤ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ ʚʳʧʦʣʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʡ ʙʦʢʦʚʦʛʦ ʩʢʦʣʘ 

ʦʙʨʘʟʮʘ (ʨʠʩ. 8 (ʙ)). ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʪʦʨʘ ʚ ʦʙʨʘʟʮʝ ʧʨʠʚʦʜʠʪ 

ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʦʩʣʘʙʣʝʥʠʶ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʫʣʫʯʰʘʝʪ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʭʦʜ ʤʘʣʦʩʣʦʡʥʳʭ ʯʘʩʪʠʮ. 

ʀʟ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʡ ʉʕʄ ʚʠʜʥʦ (ʨʠʩ. 8 (ʚ, ʛ)), ʯʪʦ ʚ ʚʳʙʨʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ, ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʨʘʟʥʫʶ ʩʪʝʧʝʥʴ ʨʘʩʱʝʧʣʝʥʠʷ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ 

ʥʘ ʨʘʟʤʝʨʘʭ ʧʦʣʫʯʘʝʤʳʭ ʯʘʩʪʠʮ ʠ ʢʦʥʝʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʧʣʸʥʦʢ. ʏʘʩʪʠʮʳ ʬʪʦʨʠʜʘ 

ʛʨʘʬʝʥʘ ʩ ʥʝʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʪʦʨʘ (ʜʦ 10% ʘʪ.) ʠʤʝʶʪ ʙʦʣʝʝ ʧʣʦʩʢʫʶ ʩʪʨʫʢʪʫʨʫ 

ʩʣʦʸʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʩʢʣʘʜʦʢ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʣʸʥʦʢ ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ 

ʤ  rʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʌʕʉ). 

ʈʠʩ. 9 (ʘ) ʧʦʢʘʟʳʚʘʝʪ ʈʌʕʉ C 1s-ʩʧʝʢʪʨ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ (FG) ʩ ʥʘʠʙʦʣʴʰʝʡ 

 

ʈʠʩ. 7. ʉʪʘʙʠʣʴʥʳʝ ʜʠʩʧʝʨʩʠʠ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʬʪʦʨʠʨʦʚʘʥʠʷ ʧʦʩʣʝ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ (1000 ʦʙ/ʤʠʥ., 30 ʤʠʥ). 
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ʩʪʝʧʝʥʴʶ ʬʪʦʨʠʨʦʚʘʥʠʷ. ʉʧʝʢʪʨ ʩʦʜʝʨʞʠʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʘ:  

sp2-ʛʠʙʨʠʜʠʟʦʚʘʥʥʳʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʧʨʠ 284,5 ʵɺ (ʢʦʤʧʦʥʝʥʪ 1); ʢʦʤʧʦʥʝʥʪ 2 

ʩ ʵʥʝʨʛʠʝʡ 285,2 ʵɺ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ ʥʘʭʦʜʷʱʠʝʩʷ ʨʷʜʦʤ ʩ CïF 

ʛʨʫʧʧʘʤʠ, ʠ ʢʦʤʧʦʥʝʥʪ 4 ʧʨʠ 288 ʵɺ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʘʪʦʤʘʤʠ ʬʪʦʨʘ [66]. ʊʘʢʞʝ ʚ ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʣʘʙʦʠʥʪʝʥʩʠʚʥʳʡ 

ʢʦʤʧʦʥʝʥʪ 3 ʩ ʵʥʝʨʛʠʝʡ ʩʚʷʟʠ 286,8 ʵɺ, ʦʪʚʝʯʘʶʱʠʡ ʫʛʣʝʨʦʜʫ, ʩʚʷʟʘʥʥʦʤʫ 

ʩ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʷʚʣʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʩʱʝʧʣʝʥʠʷ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʠ ʥʘʥʝʩʝʥʠʷ ʧʣʸʥʢʠ. ɺʩʪʘʚʢʘ ʨʠʩ. 9 (ʘ), ʧʦʢʘʟʳʚʘʝʪ  

F 1s-ʩʧʝʢʪʨ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʦʜʥʦʛʦ ʪʠʧʘ ʩʚʷʟʠ ʘʪʦʤʦʚ ʬʪʦʨʘ ʩ ʫʛʣʝʨʦʜʦʤ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʈʌʕʉ C 1s-ʩʧʝʢʪʨʘ ʧʣʸʥʦʢ ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ ʦʪ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 9 (ʙ). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʬʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʨʘʩʪʘʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ 2 ʠ 4 ʚ C 1s-ʩʧʝʢʪʨʝ ʠ ʫʤʝʥʴʰʝʥʠʝ ʛʨʘʬʠʪʦʚʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ 1, ʜʘʣʝʝ ʧʨʠ ʦʙʩʫʞʜʝʥʠʠ ʦʙʨʘʟʮʳ ʙʫʜʫʪ ʥʘʟʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʬʪʦʨʘ (ʨʠʩ. 9 (ʙ)). 

ʂʈʉ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʘʣʠ-

ʟʘʮʠʠ ʛʨʘʬʝʥʘ (ʨʠʩ. 9 (ʚ)). ɺ ʂʈʉ-ʩʧʝʢʪʨʘʭ ʦʙʨʘʟʮʦʚ FG, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 

ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ 488 ʥʤ, ʧʨʠʩʫʪʩʪʚʫʶʪ G-ʣʠʥʠʷ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʫʛʣʝʨʦʜ-

 

ʈʠʩ. 8. ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʟʮʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ɸ), ʩʢʦʣʘ ʦʙʨʘʟʮʘ ʧʣʸʥʢʠ 

ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ (ɹ), ʧʣʸʥʢʠ GF c ʩʦʜʝʨʞʘʥʠʝʤ ʬʪʦʨʘ 4% ʘʪ. (ɺ) ʠ 22% ʘʪ. (ɻ) 
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ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠ ʜʝʬʝʢʪ-ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʣʠʥʠʠ (D, Dô, D+Dô ʠ 2Dô) [169]. D-ʣʠʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʩʝʷʥʠʶ ʩʚʝʪʘ ʥʘ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʘʭ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʛʨʘʬʠʪʦʚʦʡ 

ʨʝʰʝʪʢʠ. ɺ ʩʣʫʯʘʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʵʪʠ ʜʝʬʝʢʪʳ ʩʚʷʟʘʥʳ ʩ ʢʦʚʘʣʝʥʪʥʳʤ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʘʪʦʤʦʚ ʬʪʦʨʘ [119]. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʦʡ ʣʠʥʠʠ 

ʩʥʘʯʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʪʦʨʘ, ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʰʠʨʝʥʠʝ ʣʠʥʠʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʃʠʥʠʷ Dô, 

ʥʘʭʦʜʷʱʘʷʩʷ ʧʨʠ 1580 ʩʤ-1, ʪʘʢʞʝ ʦʪʚʝʯʘʝʪ ʨʘʩʩʝʷʥʠʶ ʬʦʥʦʥʦʚ ʥʘ ʜʝʬʝʢʪʘʭ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʬʪʦʨʘ ʢ ʧʣʦʩʢʦʩʪʠ ʛʨʘʬʝʥʘ. ʇʦʚʝʜʝʥʠʝ ʵʪʦʛʦ ʧʠʢʘ 

ʚ ʮʝʣʦʤ ʩʭʦʜʥʦ ʩ D-ʧʠʢʦʤ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʪʦʨʘ ʚ ʦʙʨʘʟʮʝ ʫʰʠʨʷʝʪʩʷ, 

ʘ ʟʘʪʝʤ ʩʣʠʚʘʝʪʩʷ ʩ G-ʧʠʢʦʤ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ D+Dô- ʠ 2Dô-ʣʠʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 2D ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʘʪʦʤʦʚ ʬʪʦʨʘ. ɼʣʷ 

ʦʙʨʘʟʮʘ FG22.0, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʬʪʦʨʠʨʦʚʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

2D-ʧʠʢʘ ʥʘʧʨʦʪʠʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʢʨʦʤʝ ʪʦʛʦ ʧʦʟʠʮʠʷ ʩʠʣʴʥʦ ʩʜʚʠʥʫʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʥʘʠʤʝʥʝʝ ʬʪʦʨʠʨʦʚʘʥʥʳʤ ʦʙʨʘʟʮʦʤ (~ 2690 ʩʤ-1), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʩʚʷʟʘʥʦ 

ʩ ʢʦʚʘʣʝʥʪʥʳʤ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʬʪʦʨʘ ʢ ʙʘʟʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʛʨʘʬʝʥʘ. 

ʉʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʬʪʦʨʘ 

ʚ ʦʙʨʘʟʮʘʭ ʧʣʸʥʦʢ ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ, ʤʦʞʥʦ ʩʦʦʪʥʝʩʪʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘʤ. ɺʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʢʨʠʚʳʝ ʠʤʝʶʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʜʣʷ ʧʣʸʥʦʢ 

ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʬʪʦʨʘ ʜʦ 22 ʘʪ. % (ʨʠʩ. 10 (ʘ)). ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ (2.3) ʠ (2.4) 

ʨʘʩʩʯʠʪʘʥʦ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʸʥʦʢ ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʸʥʦʢ 

 

ʈʠʩ. 9. ʈʘʟʣʦʞʝʥʠʝ ʈʌʕʉ C 1s-ʩʧʝʢʪʨʘ ʧʣʸʥʢʠ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ (ɸ). ɺʦ ʚʩʪʘʚʢʝ ʧʨʠʚʝʜʝʥ F 1s-

ʩʧʝʢʪʨ. ʀʟʤʝʥʝʥʠʝ C 1s-ʩʧʝʢʪʨʘ ʦʙʨʘʟʮʦʚ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʬʪʦʨʠʨʦʚʘʥʠʷ 

(ʩʥʠʟʫ-ʚʚʝʨʭ) (ɹ). ʂʈʉ-ʩʧʝʢʪʨʳ ʧʣʸʥʦʢ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ (ɺ). 
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FG ʠʤʝʝʪ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʭʘʨʘʢʪʝʨ: ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʪʦʨʘ ʚ ʦʙʨʘʟʮʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʯʠʥʘʝʪ ʚʦʟʨʘʩʪʘʪʴ ʠ ʧʣʸʥʢʠ FG ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʬʪʦʨʘ ʚʳʰʝ 22 ʘʪ.% 

ʩʪʘʥʦʚʷʪʩʷ ʥʝʧʨʦʚʦʜʷʱʠʤʠ (ʨʠʩ. 10 (ʚ)). ʅʘʣʠʯʠʝ ʤʠʥʠʤʫʤʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʦʢʩʠʜʘ 

ʛʨʘʬʝʥʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʦ ʤʦʥʦʪʦʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʦʙʨʘʟʮʝ [170]. ʆʜʥʘʢʦ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʨʘʙʦʪʘʭ Nakajima ʠ ʩʦʘʚʪʦʨʦʚ [171] ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʠʪʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʭʦʞʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʬʪʦʨʘ ʚ ʦʙʨʘʟʮʝ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʥʷʪʴ ʧʨʠʯʠʥʳ ʪʘʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʱʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʶ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ 

ʠ ʣʦʢʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʵʪʠʭ ʛʨʫʧʧ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ Kolesnik-Gray 

ʠ ʩʦʘʚʪʦʨʘʤʠ [172]. ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʢʦʚʘʣʝʥʪʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, 

 

ʈʠʩ. 10. ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʣʸʥʦʢ FG ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʬʪʦʨʘ (ɸ). 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʨʘʬʝʥʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ɔ ʠ radd ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

[172] (ɹ, ɺ). ʀʣʣʶʩʪʨʘʮʠʷ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʦʙʨʘʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ ʦʪ ʩʪʝʧʝʥʠ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ (ɻ). 
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ʢʘʢ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʯʘʩʪʠʯʥʦʛʦ 

ʟʘʨʷʜʘ (ɔe), ʛʜʝ ɔ ʦʪʚʝʯʘʝʪ ʟʘ ʚʝʣʠʯʠʥʫ ʟʘʨʷʜʘ, ʧʝʨʝʥʦʩʠʤʦʛʦ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʛʨʫʧʧʦʡ ʠ ʛʨʘʬʠʪʦʚʦʡ ʩʝʪʢʦʡ. ʇʨʠ ʥʠʟʢʠʭ ʩʪʝʧʝʥʷʭ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, 

ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ (Nadd) ʥʠʟʢʘ, ʛʨʫʧʧʳ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ 

ʢ ʤʦʥʦʩʣʦʶ ʨʘʚʥʦʤʝʨʥʦ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ ʤʘʣʦʚʝʨʦʷʪʥʦ. ɸʛʨʝʛʘʮʠʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʢʣʘʩʪʝʨʳ ʩʚʷʟʘʥʘ ʩ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʝʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɽʩʣʠ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʛʨʫʧʧ ʧʝʨʝʩʝʢʘʝʪʩʷ, 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʣʘʩʪʝʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʨʘʟʤʝʨ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʳ ʩʨʘʚʥʠʤ ʩ ʨʘʟʤʝʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʛʨʘʬʝʥʘ, 

ʪʦ ʢʘʞʜʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʛʨʫʧʧʫ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʝʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʟʘʥʠʤʘʶʱʫʶ ʢʨʫʛʣʳʡ ʫʯʘʩʪʦʢ ʨʘʜʠʫʩʦʤ radd, ʢʦʪʦʨʳʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥ ʩ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʀʩʧʦʣʴʟʫʷ ʵʪʦʪ 

ʧʦʜʭʦʜ, ʬʪʦʨʠʨʦʚʘʥʠʝ ʛʨʘʬʝʥʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʚʠʜʝ ʢʦʥʢʫʨʠʨʫʶʱʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 10 (ʛ). ʋʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ 

ʬʫʥʢʮʠʘʣʠʟʘʮʠʠ ʧʨʠʚʦʜʠʪ ʩʥʘʯʘʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ CïF ʩʚʷʟʝʡ, ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʥʝ ʩʦʢʨʘʱʘʝʪʩʷ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

2F-ʢʣʘʩʪʝʨʦʚ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʩʦʢʨʘʱʝʥʠʝ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʛʨʫʧʧ. ɼʘʣʴʥʝʡʰʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 2F-, 3F-, 4F-ʢʣʘʩʪʝʨʦʚ ʪ.ʜ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʣʘʩʪʝʨʦʚ ʥʘ ʣʶʙʦʤ ʵʪʘʧʝ ʬʫʥʢʮʠʘʣʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʘ ʠʩʧʦʣʴʟʫʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʧʦʜʭʦʜ. ʃʶʙʦʡ ʢʣʘʩʪʝʨ ʚʥʦʩʠʪ ʚʢʣʘʜ 

ʚ ʵʬʬʝʢʪʠʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ ʠʛʨʘʝʪ ʨʦʣʴ ʠʭ ʨʘʩʩʝʠʚʘʶʱʝʛʦ ʮʝʥʪʨʘ. 

ʀʪʦʛʦʚʦʝ ʚʣʠʷʥʠʝ ʢʦʚʘʣʝʥʪʥʦ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʠʣʠ ʘʪʦʤʦʚ 

ʥʘ ʨʘʩʩʝʠʚʘʥʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʦʞʠʜʘʝʪʩʷ ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ 3D-ʤʘʪʝʨʠʘʣʘʤʠ [173]. ʋʯʠʪʳʚʘʷ ʵʪʠ ʬʘʢʪʦʨʳ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 2D ʤʦʥʦʩʣʦʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ 

ʬʫʥʢʮʠʘʣʠʟʘʮʠʠ ʢʘʢ: 

    (3.1) 

ʛʜʝ l ini ʠ l tot ï ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ, ɟini ʠ ɟfunc ï ʫʜʝʣʴʥʳʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʨʘʬʝʥʘ ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ɸʥʘʣʠʟ ʬʦʨʤʫʣʳ 3.1 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ɟ) 

ʛʨʘʬʝʥʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʝʪʝʨʦʘʪʦʤʦʚ ʠ ʥʠʟʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ (< 10-4 %) ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ɔ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤ ʥʘʯʘʣʴʥʳʤ ʩʚʦʙʦʜʥʳʤ ʧʨʦʙʝʛʦʤ ʵʣʝʢʪʨʦʥʘ ʚ ʛʨʘʬʝʥʝ, 

ʢʦʪʦʨʳʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦʩʪʠʛʘʝʪ 1 ʤʢʤ [16]. ʇʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠ ʧʦʣʦʞʝʥʠʝ ʤʠʥʠʤʫʤʘ ɟ ʤʘʣʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ l ini ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʪʝʧʝʥʠ 

ʬʫʥʢʮʠʘʣʠʟʘʮʠʠ. ʋʤʝʥʴʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ɔŸ1 

ʠ raddŸmin, ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʤʦʜʝʣʴʶ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʪʝʧʝʥʠ 

ʬʪʦʨʠʨʦʚʘʥʠʷ ʤʝʥʝʝ 3%. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ 

ʧʨʠ ʜʦʚʦʣʴʥʦ ʥʠʟʢʠʭ ʩʪʝʧʝʥʷʭ ʬʫʥʢʮʠʘʣʠʟʘʮʠʠ ʚʢʣʘʜ ʨʘʩʩʝʠʚʘʥʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ 

ʧʨʝʚʦʩʭʦʜʠʪ ʵʬʬʝʢʪ ʜʦʧʠʨʦʚʘʥʠʷ ʧʨʠ ʢʦʚʘʣʝʥʪʥʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ ʠ ʠʭ ʢʣʘʩʪʝʨʦʚ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [174-176], 

ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʤʦʥʦʪʦʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʬʫʥʢʮʠʘʣʠʟʘʮʠʠ 

ʛʨʘʬʝʥʘ. ɺ ʩʣʫʯʘʝ ʬʪʦʨʠʨʦʚʘʥʠʷ ʛʨʘʬʝʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʣʠʯʠʝ ʤʠʥʠʤʫʤʘ ɟ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʤ ʧʝʨʝʥʦʩʝ ʟʘʨʷʜ ʦʪ ʛʨʘʬʝʥʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʢ ʘʪʦʤʫ ʬʪʦʨʘ. 

ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ, ʠʩʩʣʝʜʦʚʘʥʳ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʯʘʩʪʠʮ FG. ɼʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ, ʩʫʩʧʝʥʟʠʷ FG ʙʳʣʘ ʥʘʥʝʩʝʥʘ 

ʥʘ ʧʦʜʣʦʞʢʫ SiO2/Si ʩ ʧʦʜʛʦʪʦʚʣʝʥʥʳʤʠ ʢʦʥʪʘʢʪʥʳʤʠ ʧʣʦʱʘʜʢʘʤʠ. ʀʩʧʦʣʴʟʫʷ 

ʩʪʘʥʜʘʨʪʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʣʠʪʦʛʨʘʬʠʶ, ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʯʘʩʪʠʮʳ ʤʘʣʦʩʣʦʡʥʦʛʦ 

ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ ʙʳʣʠ ʥʘʥʝʩʝʥʳ Ni/Au (5/30 ʥʤ) ʵʣʝʢʪʨʦʜʳ. ʈʠʩ. 11 (ʘ) ʧʦʢʘʟʳʚʘʝʪ 

ʉʕʄ-ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʶ ʛʦʪʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ. 

 

ʈʠʩ. 11. ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʬʪʦʨʠʜ ʛʨʘʬʝʥʘ (ɸ), ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʢʨʠʚʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮʘʭ ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ. ɺʦ ʚʩʪʘʚʢʝ ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʬʪʦʨʘ (ɹ). 
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ʀʟʦʣʠʨʦʚʘʥʥʳʝ ʯʘʩʪʠʮʳ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʪʘʢʞʝ ʠʤʝʶʪ ʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʦʢʘ ʦʪ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ, ʯʝʤ ʧʣʸʥʢʠ FG. 

(ʨʠʩ. 11 (ʙ)). ʆʜʥʘʢʦ, ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʬʪʦʨʘ ʠʤʝʝʪ 

ʘʥʘʣʦʛʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ (ʩʤ. ʚʩʪʘʚʢʫ ʨʠʩ. 11 (ʙ)). ʈʝʟʫʣʴʪʘʪʳ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʯʘʩʪʠʮʘʭ ʠ ʧʣʸʥʢʘʭ ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʥʝ ʦʙʫʩʣʦʚʣʝʥʘ ʢʦʥʪʘʢʪʘʤʠ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ, ʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʧʨʠ ʢʦʚʘʣʝʥʪʥʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʬʪʦʨʘ. 

3.2. ɺʣʠʷʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʠ ʜʝʬʝʢʪʥʦʩʪʠ ʥʘ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʘʬʝʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ 

3.2.1. ʉʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʛʨʘʬʠʪʘ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʬʪʦʨʠʜ ʛʨʘʬʠʪʘ C2F ʷʚʣʷʝʪʩʷ ʠʟʦʣʷʪʦʨʦʤ 

ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʥyʥʦʡ ʟʦʥʳ ʦʢʦʣʦ 2,5 ʵɺ [66]. ɺ ʨʘʙʦʪʘʭ Witner ʠ ʩʦʘʚʪʦʨʦʚ ʦʧʠʩʘʥ 

 

ʈʠʩ. 12. ʉʭʝʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʫʰʢʠ ʩ ʛʦʨʷʯʠʤ ʢʘʪʦʜʦʤ (ɸ). ʆʧʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʨʘʟʮʘ 

ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʜʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʧʨʠʩʦʝʜʠʥʝʥʥʦʛʦ ʢ ʧʦʜʣʦʞʢʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʦʙʨʘʟʮʘ, ʩʠʥʠʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʡ (ɹ). ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ ʮʝʧʠ ʦʪ 

ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʣʠʥʠʠ ʧʦʢʘʟʳʚʘʶʪ ʤʦʤʝʥʪ r

ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʧʫʰʢʠ (ɺ). ʂʈʉ-ʩʧʝʢʪʨ rʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʜʦ ʠ ʧʦʩʣʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ (ɻ). 
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ʩʧʦʩʦʙ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ [177]. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʥʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʩʣʫʯʘʝʪʩʷ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʦʡ ʤʝʪʦʜ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʚʘʪʴʩʷ ʣʦʢʘʣʴʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ 

ʢʘʢ ʧʦ ʛʣʫʙʠʥʝ, ʪʘʢ ʠ ʧʦ ʧʣʦʱʘʜʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʠʟʦʙʨʘʞyʥʥʘʷ ʥʘ ʨʠʩ. 12 (ʘ), ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʩʦʩʪʘʚʣʷʣʘ 500 ʵɺ. ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʦʣʴʬʨʘʤʦʚʘʷ ʥʠʪʴ, ʪʦʢ 

ʥʘʛʨʝʚʘ ʢʘʪʦʜʘ ʩʦʩʪʘʚʣʷʣ 1 ɸ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 500 ɺ, ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ 

ʩʦʩʪʘʚʣʷʣʦ ~ 10-6 ʤʙʘʨ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʦʙʣʘʩʪʠ ʟʘʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʪʠʪʘʥʦʚʳʡ ʵʢʨʘʥ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʜʠʘʬʨʘʛʤʦʡ. ʆʙʨʘʟʝʮ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʙʳʣ 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʥʘ ʤʝʜʥʦʡ ʧʦʜʣʦʞʢʝ ʨʘʟʤʝʨʦʤ 5ʭ5 ʤʤ2 ʩ ʥʝʧʨʦʚʦʜʷʱʠʤ ʢʘʥʘʣʦʤ 

ʨʘʟʤʝʨʦʤ 100 ʤʢʤ (ʨʠʩ. 12 (ʙ)). ʇʦʚʝʨʭʥʦʩʪʴ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʙʳʣʘ ʩʦʝʜʠʥʝʥʘ 

ʩ ʤʝʜʥʦʡ ʧʦʜʣʦʞʢʦʡ ʩʝʨʝʙʨʷʥʳʤ ʢʣʝʝʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʛʦ ʢʦʥʪʘʢʪʘ. 

ʆʙʨʘʟʝʮ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʥʘ ʥʘʣʠʯʠʝ ʫʪʝʯʝʢ ʪʦʢʘ ʠ ʧʦʤʝʱʸʥ ʚ ʢʘʤʝʨʫ ʩ ʵʣʝʢʪʨʦʥʥʳʤ 

ʧʫʯʢʦʤ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʩʨʝʜʩʪʚʦʤ ʩʪʘ ʮʠʢʣʦʚ ʦʙʣʫʯʝʥʠʷ ʦʙʨʘʟʮʘ 

ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ. ʂʘʞʜʳʡ ʮʠʢʣ ʦʙʣʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʦʙʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʘʤʠ 

ʚ ʪʝʯʝʥʠʝ 20 ʩʝʢ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʠ ʢʦʥʪʨʦʣʴ ʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʨʘʚʥʦʤ 1 ɺ. 

ʀʟʤʝʥʝʥʠʝ ʪʦʢʘ ʚ ʧʨʦʮʝʩʩʝ 13 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʮʠʢʣʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩ. 12 (ʚ). ʅʘʯʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʩʦʩʪʘʚʘ C2F ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ɻW, ʚ ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʫʤʝʥʴʰʠʣʦʩʴ ʜʦ 650 ʢW/Ǐ. 

ʂʈC-ʩʧʝʢʪʨ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʩʦʜʝʨʞʠʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʧʠʢʘ ʚ ʜʠʘʧʘʟʦʥʝ  

1200-1800 ʩʤ-1 (ʨʠʩ. 12 (ʛ)). ʉʧʝʢʪʨ C2F ʜʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʜʝʨʞʠʪ ʰʠʨʦʢʫʶ  

G-ʣʠʥʠʶ ʧʨʠ 1560 ʩʤ-1, ʢʦʪʦʨʘʷ ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʣʝʙʘʥʠʷʤ ʉïʉ ʩʚʷʟʝʡ. ʉʫʱʝʩʪʚʝʥʥʳʡ 

ʩʜʚʠʛ G-ʣʠʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʘʬʠʪʦʤ (1580 ʩʤ-1) ʠ ʦʪʩʫʪʩʪʚʠʝ 2D-ʣʠʥʠʠ ʛʦʚʦʨʠʪ 

ʦ ʥʝʙʦʣʴʰʠʭ ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʟʤʝʨʘʭ ʛʨʘʬʝʥʦʚʳʭ ʦʙʣʘʩʪʝʡ ʚʦ ʬʪʦʨʠʜʝ ʛʨʘʬʠʪʘ 

[178, 179]. ʈʘʩʩʝʠʚʘʥʠʝ ʜʝʬʝʢʪʘʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ sp3-ʛʠʙʨʠʜʠʟʦʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ 

ʫʛʣʝʨʦʜʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʘʪʦʤʘʤʠ ʬʪʦʨʘ, ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʷʚʣʝʥʠʶ D-ʤʦʜʳ ʧʨʠ 1352 cʤ-1. 

ʊʘʢʞʝ ʩʧʝʢʪʨ ʩʦʜʝʨʞʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʣʠʥʠʶ ʧʨʠ 1428 ʩʤ-1, ʩʚʷʟʘʥʥʫʶ ʩ ʥʘʣʠʯʠʝʤ 

ʛʨʘʥʠʯʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʤʝʞʜʫ ʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʠ sp2-
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ʛʠʙʨʠʜʠʟʦʚʘʥʥʳʤʠ ʫʛʣʝʨʦʜʥʳʤʠ ʜʦʤʝʥʘʤʠ [66]. ʇʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʤ 

ʧʫʯʢʦʤ ʂʈC-ʩʧʝʢʪʨ ʠʟʤʝʥʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ: G-ʤʦʜʘ ʩʤʝʱʘʝʪʩʷ ʙʣʠʞʝ ʢ ʧʦʣʦʞʝʥʠʶ 

ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʛʨʘʬʠʪʘ, ʣʠʥʠʠ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤʠ ʠ ʦʪʥʦʰʝʥʠʝ ID/IG 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʬʪʦʨʘ. ʃʠʥʠʷ 

ʧʨʠ 1428 ʩʤ-1 ʩʦʭʨʘʥʷʝʪ ʩʚʦʸ ʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʚʢʣʘʜʦʤ ʩʠʛʥʘʣʘ 

ʩʣʦʸʚ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ (ʩʤ. ʨʠʩ. 12 (ʛ)). 

ʀʟʤʝʨʝʥʠʷ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ, ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ ʠʟʤʝʨʝʥʠʷ 

ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ, ʦʧʠʩʘʥʥʦʡ ʚ ʛʣʘʚʝ 2. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ 

ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʝ ʛʘʟʦʚʳʝ ʩʤʝʩʠ, ʩʦʜʝʨʞʘʱʠʝ 

10000 ppm (1%) ʘʤʤʠʘʢʘ ʠ 5000 ppm (0,5%) ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ, ʨʘʟʙʘʚʣʝʥʥʳʝ ʚ ʯʠʩʪʦʤ 

ʘʨʛʦʥʝ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʜʨʫʛʠʭ ʛʘʟʦʚ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʪʢʣʠʢ. ʅʘ ʨʠʩ. 13 

ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʮʠʢʣʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʘʥʘʣʠʪʦʚ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ NH3 ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ NO2 ï ʫʤʝʥʴʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʤʝʭʘʥʠʟʤʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʜʣʷ ʛʨʘʬʝʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʦʮʝʥʢʠ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ 

ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʫʨʘʚʥʝʥʠʷ (2.4) ʠ (2.5). ʄʘʪʝʨʠʘʣ ʧʦʢʘʟʘʣ 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʦʪʢʣʠʢ ʨʘʚʥʳʡ 11,2 ʠ 12,4% ʚ ʧʝʨʚʦʤ ʮʠʢʣʝ ʚʦʟʜʝʡʩʪʚʠʷ NH3 ʠ NO2 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʢʣʠʢʘ 

ʠ ʥʝʧʦʣʥʘʷ ʨʝʛʝʥʝʨʘʮʠʷ ʧʨʠ ʮʠʢʣʦʚʘʥʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʢʦʧʣʝʥʠʠ ʘʥʘʣʠʪʘ 

ʚ ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʦʪʦʨʦʝ ʧʦʢʘʟʘʥʦ ʩʠʥʠʤʠ ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ 

ʥʘ ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʨʠʚʦʡ (ʨʠʩ. 13). ʈʝʛʝʥʝʨʘʮʠʷ, ʥʘʧʨʦʪʠʚ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʦʪ ʮʠʢʣʘ ʢ ʮʠʢʣʫ ʠ ʜʦʩʪʠʛʘʝʪ 80% ʚ ʧʦʩʣʝʜʥʝʤ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʝʥʩʦʨʘ ʫʢʘʟʳʚʘʝʪ 

 

ʈʠʩ. 13. ʆʪʢʣʠʢ ʩʝʥʩʦʨʘ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ 10000 ppm ʘʤʤʠʘʢʘ (ɸ) ʠ 5000 ppm ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ (ɹ). 
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ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʸʚ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ 

ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ [180]. 

3.2.2. ʉʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʧʣʸʥʦʢ ʠʟ ʪʝʨʤʠʯʝʩʢʠ ʨʘʩʰʠʨʝʥʥʦʛʦ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ 

ʛʨʘʬʠʪʘ 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʛʨʘʬʠʪʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʫʪʝʤ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʜʘʣʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʩʠʩʪʝʤʳ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʘʢʘʥʩʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ. 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʢʚʘʨʮʝʚʦʤ ʨʝʘʢʪʦʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 600, 700 ʠ 800ºC. ʊʝʤʧʝʨʘʪʫʨʘ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ɼʊɸ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʩ ʙʨʦʤʦʤ 

[181, 182]. ʈʝʘʢʪʦʨ ʙʳʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʦʛʨʝʪ ʜʦ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʩʣʝ ʯʝʛʦ 

ʦʙʨʘʟʮʳ ʙʳʩʪʨʦ ʧʦʤʝʱʘʣʠʩʴ ʚ ʛʦʨʷʯʫʶ ʟʦʥʫ, ʛʜʝ ʦʥʠ ʨʘʟʣʘʛʘʣʠʩʴ ʩʦ ʚʩʧʳʰʢʦʡ. 

ɺʩʧʳʰʢʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʙʳʩʪʨʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ 

ʤʦʣʝʢʫʣ Br2 ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʟʣʦʞʝʥʠʷ ʤʘʪʨʠʮʳ C2F ʠ ʷʚʣʷʶʪʩʷ ʧʦʙʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ [118]. ɹʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʦʧʠʩʘʥʘ ʚ ʨʘʟʜʝʣʝ 2.2. ʇʦʣʫʯʘʝʤʳʡ ʤʘʣʦʩʣʦʡʥʳʡ ʛʨʘʬʝʥ 

(FLG ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯyʨʥʳʡ ʧʦʨʦʰʦʢ ʩ ʥʠʟʢʦʡ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 

(ʨʠʩ. 14 (ʙ)). ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʵʢʩʬʦʣʠʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ 

ʥʘʟʚʘʥʳ FLG600, FLG700 ʠ FLG 800 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʨʘʟʮʳ ʧʣʸʥʦʢ ʥʘ ʮʝʣʣʶʣʦʟʥʦʤ 

ʬʠʣʴʪʨʝ ʧʦʣʫʯʘʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ (ʨʠʩ. 14 (ʚ)). 

ʅʘ ʨʠʩ. 15 (ʘ) ʠ (ʙ) ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʇʕʄ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʨʘʟʮʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 600 ʠ 800ºC. ʆʙʨʘʟʮʳ ʩʦʩʪʦʷʪ ʠʟ ʧʨʦʟʨʘʯʥʳʭ ʠʟʤʷʪʳʭ 

 

ʈʠʩ. 14. ʆʧʪʠʯʝʩʢʠʝ ʬʦʪʦʛʨʘʬʠʠ ʯʘʩʪʠʮ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʩ 

ʙʨʦʤʦʤ (ɸ), ʧʦʨʦʰʢʘ ʤʘʣʦʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ (ɹ) ʠ ʪʦʥʢʦʡ ʧʣʸʥʢʠ FLG ʥʘ ʮʝʣʣʶʣʦʟʥʦʡ  

ʤʝʤʙʨʘʥʝ (ɺ). 
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ʛʨʘʬʝʥʦʚʳʭ ʩʣʦʸʚ. ʆʙʨʘʟʝʮ FLG600 ʠʤʝʶʪ ʙʦʣʝʝ ʩʠʣʴʥʳʡ ʢʦʥʪʨʘʩʪ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʘʬʝʥʦʚʳʭ ʩʣʦʸʚ. ʊʘʢʠʝ ʪʦʣʩʪʳʝ ʣʠʩʪʢʠ ʛʨʘʬʝʥʘ ʷʚʣʷʶʪʩʷ 

ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʧʦʵʪʦʤʫ ʧʦʣʫʯʘʝʤʳʝ ʧʣʸʥʢʠ 

FLG600 ʠʤʝʶʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʫʶ ʠ ʧʣʦʩʢʫʶ ʤʦʨʬʦʣʦʛʠʶ (ʨʠʩ. 15 (ʚ)). 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʣʸʥʦʢ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʵʢʩʬʦʣʠʘʮʠʠ ʠʟ-ʟʘ 

ʙʦʣʴʰʝʡ ʛʠʙʢʦʩʪʠ ʤʘʣʦʩʣʦʡʥʳʭ ʛʨʘʬʝʥʦʚ. ʈʘʟʤʝʨʳ ʯʘʩʪʠʮ FLG800 ʷʚʣʷʶʪʩʷ 

ʥʘʠʤʝʥʴʰʠʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʶʪʩʷ ʙʦʣʝʝ ʧʦʨʠʩʪʳʝ ʧʣʸʥʢʠ (ʨʠʩ. 15 (ʛ, ʜ)). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ ʧʦ ʤʝʪʦʜʫ ɹʨʫʥʘʫʵʨʘ-

ʕʤʤʝʪʘ-ʊʝʣʣʝʨʘ (ɹʕʊ) ʤʳ ʦʮʝʥʠʣʠ ʩʪʝʧʝʥʴ ʨʘʩʱʝʧʣʝʥʠʷ ʛʨʘʬʠʪʘ ʚ ʦʙʨʘʟʮʘʭ FLG. 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʨʦʩʣʝʞʠʚʘʝʤʳʝ ʧʦ ʜʘʥʥʳʤ ʇʕʄ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ 

ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ɹʕʊ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʜʘʥʥʳʭ ʠʟʦʪʝʨʤ 

 

ʈʠʩ. 15. ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʤʘʣʦʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʠʤ 

ʨʘʩʰʠʨʝʥʠʝʤ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 600ʦʉ (ɸ) ʠ 800ʦʉ (ɹ). ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʉʕʄ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ FLG600, FLG700 ʠ FLG800 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ɺ-ɼ). 
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ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ, ʢʦʪʦʨʳʝ ʨʘʚʥʳ 240, 280 ʠ 380 ʤ2·ʛ-1, ʜʣʷ ʦʙʨʘʟʮʦʚ FLG600, FLG700 

ʠ FLG800, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʝʥʘ (2630 ʤ2·ʛ-1), ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʸʚ ʚ ʩʪʦʧʢʝ ʦʙʨʘʟʮʦʚ FLG ʨʘʚʥʦ 

~ 11 ʠ ~ 6 ʜʣʷ ʦʙʨʘʟʮʦʚ FLG600 ʠ FLG800. 

ʀʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ 

ʵʢʩʬʦʣʠʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʙʳʩʪʨʦʛʦ ʥʘʛʨʝʚʘ ʜʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʈʌʕʉ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʸʥʢʠ ʠʩʭʦʜʥʦʛʦ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʠ ʦʙʨʘʟʮʦʚ ʤʘʣʦʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ, 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 4 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ (ʘʪ.%) ʠʩʭʦʜʥʦʛʦ FG ʠ ʦʙʨʘʟʮʦʚ ʤʘʣʦʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

600ºC (FLG600) ʠ 800ÜC (FLG800) 

ʆʙʨʘʟʝʮ C F Br O 

FG 67,1 29,5 1,8 1,6 

FLG600 95,8 2,7 0,1 1,3 

FLG800 96,5 1,9 0,5 1,2 

 

 

ʈʠʩ. 16. ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ. ʈʌʕʉ C 1s-ʩʧʝʢʪʨ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ FG ʜʦ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʱʝʧʣʝʥʠʷ (ɸ) ʠ ʦʙʨʘʟʮʘ FLG600 (ɹ). ʂʈʉ-ʩʧʝʢʪʨ FG ʠ ʪʝʨʤʠʯʝʩʢʠ ʨʘʩʰʠʨʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 600, 700 ʠ 800oʉ. ʉʧʝʢʪʨʳ ʧʨʠʚʝʜʝʥʳ ʧʦʩʣʝ ʚʳʯʠʪʘʥʠʷ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʬʦʥʘ (ɺ). ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʤʘʣʦʩʣʦʡʥʳʭ ʛʨʘʬʝʥʦʚ,  

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 600-800oC (ɻ). 
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ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 600 ʠ 800ºC, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4. ʋʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʣʦʞʝʥʠʷ ʦʪ 600 ʜʦ 800ºC ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʥʝ ʧʨʠʚʦʜʠʪ 

ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ ʧʦʣʫʯʘʝʤʳʭ ʤʘʣʦʩʣʦʡʥʳʭ ʛʨʘʬʝʥʦʚ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʚʦʟʜʫʭʝ, ʦʜʥʘʢʦ, 

ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ. ʇʦʩʢʦʣʴʢʫ ʜʘʚʣʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʨʝʘʢʪʦʨʝ 

ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʠʟ-ʟʘ ʙʳʩʪʨʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʙʨʦʤʘ ʠ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʧʨʠʚʦʜʠʪ ʢ ʚʳʪʝʩʥʝʥʠʶ ʢʠʩʣʦʨʦʜʘ ʠʟ ʨʝʘʢʪʦʨʘ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʦʙʨʘʟʮʦʚ. ʈʘʟʦʨʚʘʥʥʳʝ ʩʚʷʟʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʪʨʳʚʘ ʘʪʦʤʦʚ ʬʪʦʨʘ ʚʤʝʩʪʝ ʩ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʦʤ, ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʩʦ ʬʪʦʨʦʤ [119] 

ʠʣʠ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʈʌʕʉ ʉ 1s-ʩʧʝʢʪʨ ʠʩʭʦʜʥʦʛʦ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ (ʨʠʩ. 16 (ʘ)) ʩʦʜʝʨʞʠʪ ʜʚʘ 

ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ 288,7 ʠ 286,3 ʵɺ, ʦʪʚʝʯʘʶʱʠʭ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ, ʩʚʷʟʘʥʥʳʤ 

ʩ ʘʪʦʤʘʤʠ ʬʪʦʨʘ (ʢʦʤʧʦʥʝʥʪ C*ïF) ʠ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ, ʥʘʭʦʜʷʱʠʤʩʷ 

ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʧʝʨʚʳʤ (ʢʦʤʧʦʥʝʥʪ C*ïC(F)) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [66]. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʧʝʢʪʨʝ ʩʦʜʝʨʞʘʪʩʷ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʣʠʥʠʠ: ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʢʦʤʧʦʥʝʥʪ (284,5 ʵɺ), ʦʪʚʝʯʘʶʱʠʡ sp2-ʛʠʙʨʠʜʠʟʦʚʘʥʥʦʤʫ ʫʛʣʝʨʦʜʫ, ʢʦʪʦʨʳʡ 

ʥʝ ʚʩʪʫʧʠʣ ʚ ʨʝʘʢʮʠʶ ʩ ʬʪʦʨʠʨʫʶʱʠʤ ʨʝʘʛʝʥʪʦʤ, ʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ 

(290 ʵɺ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ, ʩʚʷʟʘʥʥʳʤ ʩ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʬʪʦʨʘ  

(C*ïF2). ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥ ʈʌʕʉ C 1s-ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ FLG600, ʩʧʝʢʪʨ ʠʤʝʝʪ 

ʘʩʩʠʤʝʪʨʠʯʥʳʡ ʧʠʢ ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ sp2-ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ ʤʘʣʦʠʥʪʝʩʠʚʥʳʝ ʧʠʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʨʙʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ ʠ ʦʩʪʘʪʦʯʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ CïF 

ʛʨʫʧʧ [183]. 

ʀʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʘʥʦ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩ. 16 (ʚ, ʛ)). 

ʂʈʉ-ʩʧʝʢʪʨ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʩʦʜʝʨʞʠʪ ʜʚʝ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʣʠʥʠʠ D ʠ G, 

ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. D-ʤʦʜʘ ʧʨʠ ~ 1355 ʩʤ-1 ʠ G-ʤʦʜʘ 

ʧʨʠ ~ 1582 ʩʤ-1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ A1g ʠ E2g-ʢʦʣʝʙʘʥʠʷʤ ʛʨʘʬʠʪʦʚʦʡ ʨʝʰʝʪʢʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [184]. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʩʦʧʨʷʞʸʥʥʳʭ ʉïʉ ʩʚʷʟʝʡ 

ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʳʤ ʩʣʫʯʘʝ ʷʚʣʷʶʪʩʷ  

sp3-ʛʠʙʨʠʜʠʟʦʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʘʪʦʤʘʤʠ ʬʪʦʨʘ. ʃʠʥʠʷ 

ʧʨʠ ~ 1430 ʩʤ-1 ʩʚʷʟʘʥʘ ʩ ʠʩʢʘʞʝʥʠʷʤʠ ʩʚʷʟʝʡ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʛʨʘʬʠʪʦʚʳʤʠ  

sp2-ʨʝʛʠʦʥʘʤʠ ʠ ʬʪʦʨʠʨʦʚʘʥʥʳʤʠ sp3-ʨʝʛʠʦʥʘʤʠ [66]. ʆʪʩʫʪʩʪʚʠʝ ʧʦʣʦʩ ʨʘʩʩʝʷʥʠʷ 
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ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʤʳ ʩʚʷʟʳʚʘʝʤ ʩ ʩʠʣʴʥʳʤ ʦʩʣʘʙʣʝʥʠʝʤ ʫʛʣʝʨʦʜïʫʛʣʝʨʦʜʥʳʭ ʩʚʷʟʝʡ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʘʬʠʪʦʚʳʤʠ, ʘ ʪʘʢʞʝ ʩ ʚʳʩʦʢʦʡ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ 

ʬʪʦʨʛʨʘʬʝʥʦʚʳʭ ʩʣʦʸʚ [185]. ʂʈʉ-ʩʧʝʢʪʨ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʧʝʢʪʨʘ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʨʠʩ. 16 (ʚ)). ɹʳʣʦ ʦʪʤʝʯʝʥʦ ʦʪʩʫʪʩʪʚʠʝ 

ʚ ʩʧʝʢʪʨʝ ʣʠʥʠʠ ʥʘ 1430 ʩʤ-1, ʘ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʝ ʧʦʣʦʩ ʨʘʩʩʝʷʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 2D 

ʠ 2Dô ʥʘ 2715 ʠ 2940 ʩʤ-1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʜʝʬʪʦʨʠʨʦʚʘʥʠʠ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ D-ʤʦʜʳ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʵʪʦʛʦ ʬʘʢʪʘ ʤʳ ʧʨʦʩʣʝʜʠʣʠ 

ʠʟʤʝʥʝʥʠʝ Dô-ʤʦʜʳ (1622 ʩʤ-1), ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʦʪʚʝʯʘʝʪ ʨʘʩʩʝʷʥʠʶ ʩʚʝʪʘ ʥʘ ʜʝʬʝʢʪʘʭ 

[186, 187]. Eckmann ʠ ʩʦʘʚʪʦʨʳ [178] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʘ ʣʠʥʠʷ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ 

ʜʝʬʝʢʪʦʚ ʚ ʨʝʰʝʪʢʝ ʛʨʘʬʝʥʘ. ʀʤʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʥʦʰʝʥʠʝ D- ʠ Dô-

ʣʠʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʪʠʧʘ ʜʝʬʝʢʪʦʚ. ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ ʩʧʝʢʪʨʦʚ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʠ ʜʝʬʝʢʪʥʦʛʦ ʛʨʘʬʝʥʘ, ʦʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ID/IDǋ ~ 13 

ʧʨʝʦʙʣʘʜʘʶʪ sp3-ʜʝʬʝʢʪʳ, ʘ ʧʨʠ ID/IDǋ ~ 7 ï ʚʘʢʘʥʩʠʦʥʥʳʝ ʜʝʬʝʢʪʳ. ɼʣʷ ʦʙʨʘʟʮʦʚ FLG, 

ID/IDǋ ʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 9, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʚʘʢʘʥʩʠʦʥʥʳʭ 

ʜʝʬʝʢʪʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʨʘʩʱʝʧʣʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ, ʥʦ ʠ ʫʜʘʣʝʥʠʝ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠʟ ʛʨʘʬʠʪʦʚʦʡ ʨʝʰʝʪʢʠ ʚʤʝʩʪʝ ʩ ʘʪʦʤʘʤʠ 

ʬʪʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʧʨʠʯʠʥʦʡ ʫʚʝʣʠʯʝʥʠʷ D-ʤʦʜʳ ʚ ʩʧʝʢʪʨʝ 

FLG ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʚʘʢʘʥʩʠʠ ʚ ʩʪʨʫʢʪʫʨʝ. ʊʘʢʞʝ ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʈʌʕʉ-

ʠʟʤʝʨʝʥʠʷʤʠ, ʧʦʩʢʦʣʴʢʫ ʩʦʜʝʨʞʘʥʠʝ ʬʪʦʨʘ ʚ ʦʙʨʘʟʮʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 27 ʘʪ.%  

ʜʦ 2-3 ʘʪ.%.  

ʇʦ ʜʘʥʥʳʤ ʂʈʉ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʮʝʥʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ (La) ʙʝʟʜʝʬʝʢʪʥʳʭ 

ʦʙʣʘʩʪʝʡ ʛʨʘʬʝʥʘ ʦʙʨʘʟʮʦʚ FLG ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣʳ: 

ὒ
ȟϽ Ͻ

ϳ
.     (3.2) 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 15,6, 12,4 ʠ 12,6 ʥʤ ʜʣʷ ʦʙʨʘʟʮʦʚ FLG600, 

FLG700 ʠ FLG800, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʝʨʤʦʣʠʟʘ ʧʨʦʠʩʭʦʜʠʪ ʦʪʱʝʧʣʝʥʠʝ ʬʪʦʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʚʳʩʦʢʠʭ 

ʫʜʘʣʝʥʠʝ ʚʤʝʩʪʝ ʩ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʚʘʢʘʥʩʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʛʨʘʬʠʪʦʚʦʡ ʩʝʪʢʝ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʜʝʬʝʢʪʦʚ ʚ ʩʣʦʝ ʛʨʘʬʝʥʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʣʦʞʝʥʠʷ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʸʚ ʚ ʩʪʦʧʢʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʟʠʮʠʶ ʠ ʬʦʨʤʫ 

2D-ʤʦʜʳ [188]. 2D-ʤʦʜʘ ʂʈʉ-ʩʧʝʢʪʨʘ ʦʙʨʘʟʮʦʚ FLG ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ 
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ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ 2712-2714 ʩʤ-1. ʆʧʠʨʘʷʩʴ ʥʘ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ, 

ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʨʘʬʝʥʦʚʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʤʝʥʝʝ 10 ʩʣʦʸʚ. 

ʆʜʥʘʢʦ, ʧʦʟʠʮʠʷ 2D-ʤʦʜʳ ʚ ʩʧʝʢʪʨʝ ʤʘʣʦ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʠ ʨʘʟʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʨʠʩ. 16 (ʚ)), ʯʪʦ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʘʜʩʦʨʙʮʠʠ ɹʕʊ, 

ʧʦ ʢʦʪʦʨʦʡ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪʣʠʯʘʝʪʩʷ ʧʦʯʪʠ ʚ 1,5 ʨʘʟʘ. ʄʳ ʩʚʷʟʳʚʘʝʤ ʵʪʦ 

ʥʝʩʦʛʣʘʩʠʝ ʜʘʥʥʳʭ ʩ ʨʝʩʪʝʢʠʥʛʦʤ ʛʨʘʬʝʥʦʚʳʭ ʩʣʦʸʚ ʧʨʠ ʬʠʣʴʪʨʦʚʘʥʠʠ ʧʣʸʥʦʢ.  

ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʘʥʥʳʝ ʂʈʉ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʤʘʣʦʩʣʦʡʥʳʭ ʛʨʘʬʝʥʦʚ ʚ ʜʠʘʧʘʟʦʥʝ  

ʦʪ 10-500 ʩʦʜʝʨʞʘʪ ʫʟʢʠʡ ʨʝʬʣʝʢʩ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ (002) ʧʣʦʩʢʦʩʪʠ ʛʨʘʬʠʪʘ. 

ɼʣʷ ʦʙʨʘʟʮʘ FLG800 ʜʘʥʥʳʡ ʨʝʬʣʝʢʩ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʫʟʢʠʡ ʠ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʡ 

(ʨʠʩ. 16 (ʛ)). ʀʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʝ ʧʦʟʠʮʠʠ ʠ ʧʦʣʫʰʠʨʠʥʳ (FWHM) ʨʝʬʣʝʢʩʘ, 

ʤ  rʦʧʨʝʜʝʣʠʣʠ ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʸʚ. ʄʝʞʧʣʦʩʢʦʩʪʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ (d) ʜʣʷ ʦʙʨʘʟʮʦʚ FLG600 ʠ FLG800 ʩʦʩʪʘʚʠʣʦ 3,44 ʠ 3,46¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ N = (Lc+d)/d, ʤʳ ʦʮʝʥʠʣʠ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʸʚ ʚ ʩʪʦʧʢʝ, ʛʜʝ Lc ʚʳʩʦʪʘ 

ʩʪʦʧʢʠ, ʢʦʪʦʨʘʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ʐʝʨʨʝʨʘ ʠʩʭʦʜʷ ʠʟ ʧʦʣʫʰʠʨʠʥʳ ʧʠʢʘ 

(002). ʂʦʣʠʯʝʩʪʚʦ ʩʣʦʸʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 11 ʜʦ 9 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʵʢʩʬʦʣʠʘʮʠʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ, ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʝʛʦ ʚʧʨʝʩʩʦʚʳʚʘʣʠ ʚ ʢʚʘʨʮʝʚʫʶ ʢʶʚʝʪʫ. ʀʟʤʝʨʝʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ 

ʚ ʢʚʘʨʮʝʚʦʤ ʢʘʧʠʣʣʷʨʝ, ʜʘʶʪ ʯʠʩʣʦ ʩʣʦʸʚ ʨʘʚʥʦʝ 5 ʜʣʷ ʦʙʨʘʟʮʘ FLG800 [107].  

 

ʈʠʩ. 17. ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʦʪʢʣʠʢ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʘʣʦʩʣʦʡʥʳʭ ʛʨʘʬʝʥʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

1000 ppm NO2 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ (ɸ). ʉʨʘʚʥʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʢʣʠʢʘ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ɹ). 

ʊʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʮʠʢʣʘ ʚʦʟʜʝʡʩʪʚʠʷ NO2 ʥʘ ʩʝʥʩʦʨ FLG800 (ɺ). 
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ʉʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʧʣʸʥʦʢ ʙʳʣʠ ʦʮʝʥʝʥʳ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʥʘ ʚʦʟʜʝʡʩʪʚʠʠ NO2 ʧʨʠ ʧʨʠʣʦʞʝʥʥʦʤ ʥʘ ʦʙʨʘʟʝʮ ʥʘʧʨʷʞʝʥʠʠ 

0,5 ɺ. ʅʘʯʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (R0) ʨʘʚʥʷʣʦʩʴ 500, 350 ʠ 860 Ý/Ǐ ʜʣʷ ʦʙʨʘʟʮʦʚ 

FLG600, FLG700 ʠ FLG800 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʣʷ FLG800 ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʩʣʘʙʳʤ ʢʦʥʪʘʢʪʦʤ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʧʣʸʥʢʠ. 

ʈʠʩ. 17 (ʘ) ʧʦʢʘʟʳʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʦʪʢʣʠʢ FLG-ʩʝʥʩʦʨʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʛʘʟʦʚʦʡ 

ʩʤʝʩʠ, ʩʦʜʝʨʞʘʱʝʡ 1000 ppm NO2 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺʩʝ ʤʘʪʝʨʠʘʣʳ 

ʧʦʢʘʟʘʣʠ ʫʤʝʥʴʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʘʙʩʦʨʙʮʠʠ NO2, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʝʨʝʥʦʩʦʤ 

ʟʘʨʷʜʘ ʦʪ ʛʨʘʬʝʥʘ ʥʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʫʶ ʤʦʣʝʢʫʣʫ NO2 [98]. ʇʣʸʥʢʘ FLG600 ʧʦʢʘʟʳʚʘʝʪ 

ʥʘʩʳʱʝʥʥʳʡ ʦʪʢʣʠʢ ʧʨʠ 12 ʤʠʥʫʪʘʭ ʚʦʟʜʝʡʩʪʚʠʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʛʘʟʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʜʨʫʛʠʝ ʜʚʘ ʦʙʨʘʟʮʘ ʠʤʝʶʪ ʥʝʥʘʩʳʱʝʥʥʳʡ ʦʪʢʣʠʢ ʟʘ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ. 

ʉʪʘʙʠʣʠʟʘʮʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʚʷʟʘʥʘ ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʨʘʚʥʦʚʝʩʠʷ ʘʜʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ 

ʤʦʣʝʢʫʣ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʸʥʢʠ, ʢʦʪʦʨʦʝ ʜʦʩʪʠʛʘʝʪʩʷ ʙʳʩʪʨʝʝ 

ʜʣʷ ʦʙʨʘʟʮʘ FLG600, ʠʤʝʶʱʝʛʦ ʧʣʦʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʣʠʩʪʢʦʚ ʛʨʘʬʝʥʘ, ʤʝʥʴʰʫʶ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʠ ʤʝʥʝʝ ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʜʠʬʬʫʟʠʠ ʛʘʟʦʚ ʧʦʨʳ (ʨʠʩ. 15 (ʚ)). ɿʥʘʯʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʢʣʠʢʘ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʱʝʧʣʝʥʠʷ 

ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 17 (ʙ). ʇʣʸʥʢʘ FLG600 ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʢʣʠʢʘ, ʨʘʚʥʦʝ 1,1%, ʯʪʦ ʚ 2 ʠ 6 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʣʸʥʦʢ 

FLG700 ʠ FLG800 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʚʝʣʠʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʢʣʠʢʘ ʧʣʸʥʦʢ FLG, 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʱʝʝ ʦʪ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʤyʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʝʬʝʢʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʜʥʘʢʦ ʙʦʣʝʝ ʩʣʘʙʘʷ ʨʝʛʝʥʝʨʘʮʠʷ ʢ ʥʘʯʘʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʧʨʠ ʧʨʦʜʫʚʝ ʘʨʛʦʥʦʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʝ ʧʦʨ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʵʢʩʬʦʣʠʘʮʠʠ [189]. ɺ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣʳ ʛʘʟʘ ʤʦʛʫʪ ʧʨʦʥʠʢʘʪʴ ʚʛʣʫʙʴ 

ʧʣʸʥʢʠ, ʘ ʠʭ ʜʝʩʦʨʙʮʠʷ ʙʫʜʝʪ ʟʘʪʨʫʜʥʝʥʘ ʠ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʧʦʣʥʘʷ ʨʝʛʝʥʝʨʘʮʠʷ 

ʧʨʠ ʧʨʦʜʫʚʝ ʘʨʛʦʥʦʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʉʕʄ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʡ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʦʙʨʘʟʮʳ ʧʣʸʥʦʢ FLG800 ʠ FLG700 ʠʤʝʶʪ ʙʦʣʝʝ ʨʘʟʚʠʪʫʶ ʩʠʩʪʝʤʫ ʧʦʨ, ʯʝʤ ʧʣʸʥʢʠ 

FLG600 (ʨʠʩ. 15 (ʛ, ʜ)). ɸ ʧʦʩʢʦʣʴʢʫ ʦʙʨʘʟʝʮ FLG800 ʠʤʝʝʪ ʙʦʣʴʰʠʡ ʨʘʟʤʝʨ ʧʦʨ 

ʠ ʙʦʣʴʰʫʶ ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʘʜʩʦʨʙʮʠʠ, ʪʦ ʦʥ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʣʫʯʰʫʶ ʨʝʛʝʥʝʨʘʮʠʶ, 

ʯʝʤ ʦʙʨʘʟʝʮ FLG700. 

ʊʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʮʠʢʣʘ ʚʦʟʜʝʡʩʪʚʠʷ ʛʘʟʦʚʦʡ ʩʤʝʩʴʶ ʩ ʩʦʜʝʨʞʘʥʠʝʤ NO2 

1000 ppm ʥʘ ʩʝʥʩʦʨ FLG800 ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 17 (ʚ). ɺʠʜʥʦ, ʯʪʦ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʥʘʩʳʱʝʥʠʷ ʩʝʥʩʦʨʘ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʮʠʢʣʘ ʢ ʮʠʢʣʫ. ɺ ʢʘʞʜʦʤ ʮʠʢʣʝ ʧʨʦʠʩʭʦʜʠʪ 
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ʥʘʩʳʱʝʥʠʝ ʧʦʨ ʘʥʘʣʠʟʠʨʫʝʤʳʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʨʝʛʝʥʝʨʘʮʠʶ 

ʚ ʢʘʞʜʦʤ ʧʦʩʣʝʜʫʶʱʝʤ ʮʠʢʣʝ. ʍʦʪʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʥʝʚʳʩʦʢʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʥʘʩʢʦʣʴʢʦ ʩʠʣʴʥʦ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʣʠʷʶʪ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʩʝʥʩʦʨʘ. ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʙʦʣʝʝ ʜʝʬʝʢʪʥʳʭ ʠ ʤʘʣʦʩʣʦʡʥʳʭ ʧʨʦʜʫʢʪʦʚ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ FLG-

ʩʝʥʩʦʨʦʚ. 

3.2.3. ʉʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʧʣʸʥʦʢ ʠʟ ʪʝʨʤʠʯʝʩʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʯʘʩʪʠʮ ʥʘ ʩʝʥʩʦʨʥʳʝ 

ʩʚʦʡʩʪʚʘ ʛʨʘʬʝʥʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʧʣʦʩʢʦʛʦ (f-FLG ) ʠ ʠʟʦʛʥʫʪʦʛʦ (w-FLG ) 

ʛʨʘʬʝʥʘ, ʠʩʧʦʣʴʟʫʷ ʦʜʠʥʘʢʦʚʳʝ ʤʝʪʦʜʠʢʠ ʦʢʠʩʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʥʦ ʨʘʟʣʠʯʥʳʝ ʧʨʝʢʫʨʩʦʨʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʙʨʘʟʮʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʩ ʦʜʠʥʘʢʦʚʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ. ʆʧʠʨʘʷʩʴ 

ʥʘ ʧʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʪʫʨʘʣʴʥʳʡ ʛʨʘʬʠʪ ʤʦʞʝʪ ʙʳʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʧʫʪʝʤ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʯʘʩʪʠʮ ʤʝʥʴʰʝʛʦ 

ʨʘʟʤʝʨʘ ʠ ʠʟʦʛʥʫʪʦʡ ʩʪʨʫʢʪʫʨʦʡ [190, 191].  

ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʛʨʘʬʠʪʘ ʧʨʠʚʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʛʨʘʬʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʫʤʝʥʴʰʝʥʠʶ 

ʣʘʪʝʨʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʛʨʘʬʠʪʦʚʳʭ ʟʝʨʝʥ [192]. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʢʩʠʜʘ ʛʨʘʬʠʪʘ 

ʠ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 18 (ʘ). ʇʦʣʦʞʝʥʠʝ 

ʨʝʬʣʝʢʩʘ 002 ʜʣʷ ʦʢʩʠʜʘ ʛʨʘʬʠʪʘ ʩʦʩʪʘʚʣʷʝʪ 10,75ʦ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʫʚʝʣʠʯʝʥʠʠ 

ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʟʘ ʩʯʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʠʥʪʝʨʢʘʣʷʮʠʠ 

ʠ ʦʢʠʩʣʝʥʠʷ [193, 194]. ʇʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ 

ʥʘʙʣʶʜʘʶʪʩʷ ʰʠʨʦʢʠʝ ʤʘʣʦʠʥʪʝʩʠʚʥʳʝ ʧʠʢʠ ʧʨʠ 24 ʠ 25ʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʵʢʩʬʦʣʠʘʮʠʠ ʦʢʩʠʜʦʚ ʛʨʘʬʠʪʘ ʚ ʤʘʣʦʩʣʦʡʥʳʝ ʛʨʘʬʝʥʳ ʚ ʫʩʣʦʚʠʷʭ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ [194, 195]. ɸʜʩʦʨʙʮʠʷ-ʜʝʩʦʨʙʮʠʷ ʘʟʦʪʘ ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʚʥʳʝ 358 ʠ 648 ʤ2·ʛ-1, ʜʣʷ  

f-FLG ʠ w-FLG ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʯʠʪʳʚʘʷ ʧʦʣʦʞʝʥʠʝ ʧʠʢʦʚ ʠ ʧʦʣʫʰʠʨʠʥʫ ʨʝʬʣʝʢʩʦʚ, 

ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʸʚ ʚ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʩʦʩʪʘʚʣʷʝʪ ~ 6 ʠ ~ 4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʥʥʳʝ 

ʇʕʄ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʘʟʣʠʯʠʷ ʚ ʤʦʨʬʦʣʦʛʠʠ ʯʘʩʪʠʮ, w-FLG ʠʤʝʝʪ ʠʟʦʛʥʫʪʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʘʢʘʷ ʚʳʩʦʢʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ f-FLG 

ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (ʩʤ. ʨʠʩ. 18 (ʚ ʠ ʛ)). ʂʈʉ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʠ 

ʛʨʘʬʝʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʧʣʦʪʥʦʩʪʴ ʜʝʬʝʢʪʦʚ (ʨʠʩ. 18 (ʙ)). 
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ʂʈʉ-ʩʧʝʢʪʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1000 ʜʦ 2000 ʩʤ-1 ʩʦʜʝʨʞʘʪ ʜʚʘ ʰʠʨʦʢʠʭ ʧʠʢʘ. D-ʧʠʢ 

(1380 ʩʤ-1) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʩʝʷʥʠʶ ʬʦʥʦʥʦʚ ʥʘ ʜʝʬʝʢʪʘʭ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʛʨʘʬʝʥʘ, ʠ G-ʧʠʢ (1540 ʩʤ-1) ʦʪʚʝʯʘʝʪ ʢʦʣʝʙʘʥʠʷʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ 

ʚ ʧʣʦʩʢʦʩʪʠ ʛʨʘʬʝʥʘ. ʆʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ID/IG ʨʘʚʥʦ ~ 1.1 ʜʣʷ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ. 

ʈʌʕʉ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʦʙʦʠʭ ʦʙʨʘʟʮʘʭ 

ʠʟʤʝʥʠʣʘʩʴ ʦʪ 30 ʜʦ 15 ʘʪ.% ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʛʨʘʬʠʪʘ. 

ʈʠʩ. 19 (ʘ) ʧʦʢʘʟʳʚʘʝʪ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʧʣʸʥʦʢ f-FLG ʠ w-FLG. ʆʪʥʦʩʠʪʝʣʴʥʳʡ 

ʦʪʢʣʠʢ w-FLG ʠʤʝʝʪ ʧʨʠʤʝʨʥʦ ʚ ʪʨʠ ʨʘʟʘ ʙʦʣʴʰʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ (35%) ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʦʪʢʣʠʢʦʤ f-FLG (10%) ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 10000 ppm ʘʤʤʠʘʢʘ. ʇʦʩʣʝ ʧʨʦʜʫʚʘ ʯʠʩʪʳʤ 

ʘʨʛʦʥʦʤ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʧʨʦʠʩʭʦʜʠʪ ʨʝʛʝʥʝʨʘʮʠʷ ʩʝʥʩʦʨʘ w-FLG ʚ ʢʘʞʜʦʤ ʮʠʢʣʝ 

ʥʝ ʤʝʥʝʝ 85%, ʦʜʥʘʢʦ f-FLG ʩʝʥʩʦʨ ʠʤʝʝʪ ʨʝʛʝʥʝʨʘʮʠʶ ʤʝʥʝʝ 40% ʟʘ ʪʦʪ ʞʝ ʩʘʤʳʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʨʘʟʣʠʯʠʝ ʚ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚʘʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

 

ʈʠʩ. 18. ʉʪʨʫʢʪʫʨʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʤʘʪʝʨʠʘʣʘ. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʠʩʭʦʜʥʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ 

ʦʢʩʠʜʘ ʛʨʘʬʠʪʘ, ʠ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ GO (ɸ), ʩʨʘʚʥʝʥʠʝ ʂʈC-ʩʧʝʢʪʨʦʚ (ɹ) ʠ  

ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ  

f-FLG (ɺ) ʠ w-FLG (ɻ). 
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ʢ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ w-FLG, ʪʘʢ ʢʘʢ ʦʥ ʠʤʝʝʪ ʧʦʯʪʠ ʚʜʚʦʝ ʙʦʣʴʰʫʶ 

ʫʜʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ f-FLG, ʧʨʠ ʵʪʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʜʝʬʝʢʪʦʚ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʦ ʜʣʷ ʦʙʦʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʦ DFT 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʜʩʦʨʙʮʠʠ ʘʤʤʠʘʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʩʢʦʛʦ ʣʠʩʪʘ ʛʨʘʬʝʥʘ 

ʠ ʠʟʦʛʥʫʪʦʛʦ ʣʠʩʪʢʘ ʛʨʘʬʝʥʘ. ʄʦʜʝʣʴ ʠʟʦʛʥʫʪʦʛʦ ʣʠʩʪʢʘ ʛʨʘʬʝʥʘ ʧʦʩʪʨʦʝʥʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʤʝʱʝʥʠʷ ʦʜʥʦʛʦ ʛʝʢʩʘʛʦʥʘ ʥʘ ʧʝʥʪʘʛʦʥ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʝʤʳʝ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ 

ʜʝʬʝʢʪʳ. ɸʜʩʦʨʙʮʠʷ ʤʦʣʝʢʫʣ NH3 ʙʳʣʘ ʠʟʫʯʝʥʘ ʥʘ ʦʙʝʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʦʣʫʯʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʈʠʩ. 19 (ʙ) ʧʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʝʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʚʳʧʫʢʣʦʡ 

ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣʘ NH3 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʨʘʬʝʥʘ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ 

(ʨʠʩ. 19 (ʙ), ʧʨʘʚʘʷ ʧʘʥʝʣʴ) ʪʘʢʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʣʦʩʢʠʤ 

ʬʨʘʛʤʝʥʪʦʤ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʵʥʝʨʛʠʠ ʘʜʩʦʨʙʮʠʠ ʩʦʩʪʘʚʠʣʠ -0,10 ʵɺ ʜʣʷ ʧʝʨʚʦʡ ʤʦʜʝʣʠ 

ʠ -0,17 ʵɺ ʜʣʷ ʧʦʩʣʝʜʥʝʡ. ɺ ʩʣʫʯʘʝ ʘʜʩʦʨʙʮʠʠ ʥʘ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʝ (ʨʠʩ. 19 (ʙ)) 

ʤʦʣʝʢʫʣʘ NH3 ʨʘʩʧʦʣʦʞʝʥʘ ʘʪʦʤʦʤ ʘʟʦʪʘ ʢ ʛʨʘʬʝʥʦʚʦʡ ʩʝʪʢʝ, ʧʨʠ ʵʪʦʤ ʵʥʝʨʛʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚʠʣʘ -0,31 ʵɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʟʦʛʥʫʪʘʷ 

ʩʪʨʫʢʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʛʨʘʬʝʥʦʤ 

ʠ ʤʦʣʝʢʫʣʦʡ NH3 [196].  

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʫʶ ʵʥʝʨʛʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʝʥʩʦʨ ʥʘ ʦʩʥʦʚʝ ʩʢʣʘʜʯʘʪʦʛʦ 

ʛʨʘʬʝʥʘ ʧʦʢʘʟʳʚʘʝʪ ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʣʝʛʢʫʶ ʜʝʩʦʨʙʮʠʶ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʦʮʝʥʝʥʘ 

 

ʈʠʩ. 19. ʉʨʘʚʥʝʥʠʝ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʦʙʨʘʟʮʦʚ w-FLG ʠ f-FLG ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ 10000 ppm 

ʘʤʤʠʘʢʘ (ɸ). ɺʠʜ ʩʙʦʢʫ (ʚʝʨʭʥʠʡ) ʠ ʚʠʜ ʩʚʝʨʭʫ (ʥʠʞʥʠʡ) ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʤʦʣʝʢʫʣʳ NH3 ʥʘ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʛʨʘʬʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ  

(ʣʝʚʘʷ ʠ ʧʨʘʚʘʷ ʧʘʥʝʣʴ) (ɹ). 
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ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʨʠʚʦʡ ʥʘ ʩʪʘʜʠʠ ʨʝʛʝʥʝʨʘʮʠʠ ʩʝʥʩʦʨʘ. ʍʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ 

ʘʜʩʦʨʙʮʠʠ ʩʦʩʪʘʚʠʣʦ 400 ʩʝʢ ʜʣʷ ʦʙʨʘʟʮʘ w-FLG, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʝʩʦʨʙʮʠʷ ʜʣʷ ʦʙʨʘʟʮʘ 

f-FLG ʦʧʠʩʳʚʘʝʪʩʷ ʜʚʫʤʷ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʚʨʝʤʝʥʘʤʠ 650 

ʠ 1200 ʩʝʢʫʥʜ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʩʦʨʙʮʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʝʥʘ ʠ ʜʝʩʦʨʙʮʠʠ 

ʤʦʣʝʢʫʣ, ʥʘʭʦʜʷʱʠʭʩʷ ʤʝʞʜʫ ʣʠʩʪʢʘʤʠ ʛʨʘʬʝʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʧʨʦʪʠʚ, ʧʦʨʠʩʪʘʷ 

ʩʪʨʫʢʪʫʨʘ w-FLG ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʙʳʩʪʨʫʶ ʜʠʬʬʫʟʠʶ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʫʩʢʦʨʷʷ ʜʝʩʦʨʙʮʠʶ. ɺ ʩʠʣʫ ʙʦʣʴʰʦʛʦ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʚʨʝʤʝʥʘʤʠ 

ʜʝʩʦʨʙʮʠʠ ʜʣʷ ʦʙʨʘʟʮʦʚ f-FLG ʠ w-FLG, ʨʝʛʝʥʝʨʘʮʠʷ ʩʝʥʩʦʨʦʚ ʚ ʪʦʢʝ ʯʠʩʪʦʛʦ ʘʨʛʦʥʘ 

ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʩʦʩʪʘʚʠʣʘ 10 ʠ 80%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʝʥʩʦʨ ʥʘ ʦʩʥʦʚʝ w-FLG 

ʧʦʢʘʟʘʣ ʙʦʣʝʝ ʭʦʨʦʰʠʝ ʩʝʥʩʦʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʤʦʣʝʢʫʣ ʛʘʟʦʚʦʡ 

ʬʘʟʳ ʠ ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʥʘ ʨʘʟʣʠʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʥʘʣʠʟʘ ʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ 

(ʨʠʩ. 28 (ʘ, ʙ)). ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʛʘʟʘ ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʢʣʠʢʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʢʣʠʢʘ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʤʝʝʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 500 

ʜʦ 10000 ppm ʜʣʷ ʘʤʤʠʘʢʘ ʠ ʦʪ 50 ʜʦ 1000 ppm ʜʣʷ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ, ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʩʳʱʝʥʠʝ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʤʝʩʪ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ NO2 ʤʝʥʝʝ 500 ppm ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʘʷ ʝʛʦ ʜʝʩʦʨʙʮʠʷ ʥʘ ʩʪʘʜʠʠ 

ʨʝʛʝʥʝʨʘʮʠʠ ʩʝʥʩʦʨʘ. 

 

ʈʠʩ. 20. ʉʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ w-FLG ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʠʘʢʘ (ɸ) 

ʠ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ (ɹ). 
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3.3. ɺʣʠʷʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʘʬʝʥʘ 

3.3.1. ʉʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʭʠʤʠʯʝʩʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʷʱʝʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ. ʊʘʢʦʡ 

ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʥʷʪʴ ʩʪʝʧʝʥʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʝʛʦ 

ʧʘʨʘʤʝʪʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʙʳʣ ʚʳʙʨʘʥ ʛʠʜʨʘʟʠʥ ʤʦʥʦʛʠʜʨʘʪ 

(N2H4·H2O), ʨʝʘʢʮʠʷ ʧʨʦʠʩʭʦʜʠʣʘ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

(ʉ2Fx)n + 3y/2N2H4 Ÿ (C2Fx-y)n + y/2N2H6F2. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 3 ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥʳ ʟʘ ʚʨʝʤʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 30 ʤʠʥ (ʩʤ. ʨʠʩ. 22 (ʘ)). ʈʌʕʉ-ʩʧʝʢʪʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʵʥʝʨʛʠʠ 

ʚʦʟʙʫʞʜʝʥʠʷ 1486 ʵɺ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʧʨʠʤʝʨʥʦ ʥʘ ʪʨʠ ʩʣʦʷ ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ. C 1s-ʩʧʝʢʪʨʳ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʩʦʜʝʨʞʘʪ 2 ʣʠʥʠʠ ʧʨʠ 286 ʠ 288,7 ʵɺ 

(ʩʤ. ʨʠʩ. 21 (ʘ)). ʃʠʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ, ʦʪʚʝʯʘʝʪ ʘʪʦʤʘʤ 

ʫʛʣʝʨʦʜʘ, ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʤ ʩʦ ʬʪʦʨʦʤ [66], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʛʣʝʨʦʜʥʳʝ ʘʪʦʤʳ, 

ʦʙʨʘʟʫʶʱʠʝ ʪʦʣʴʢʦ CïC ʩʚʷʟʠ, ʦʪʚʝʯʘʶʪ ʣʠʥʠʷʤ ʩ ʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ. ʇʦ ʜʘʥʥʳʤ 

ʈʌʕʉ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʠ CïF ʧʘʜʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ N2H4. 

ʇʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 120 ʤʠʥʫʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʪʦʨʘ ʚ ʦʙʨʘʟʮʝ ʬʪʦʨʠʜʘ 

ʛʨʘʬʠʪʘ ʫʤʝʥʴʰʠʣʘʩʴ ʩ 22 ʘʪ.% ʜʦ ʧʨʠʤʝʨʥʦ 12 ʘʪ.%, ʧʨʠ ʵʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʟʮʘ 

ʫʤʝʥʴʰʠʣʦʩʴ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ɻW ʜʦ 4,6 ʢW/Ǐ. 

ʈʠʩ. 21 (ʙ) ʧʦʢʘʟʳʚʘʝʪ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʣʠʥʠʶ G ʩʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʦʙʨʘʟʮʦʚ FG ʧʦʩʣʝ ʚʳʯʠʪʘʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʬʦʥʘ 

ʜʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʦʙʨʘʟʮʦʚ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʚ N2H4 ʚ ʪʝʯʝʥʠʝ 30 ʠ 60 ʤʠʥʫʪ 

(ʦʙʦʟʥʘʯʝʥʥʳʭ ʢʘʢ FG, FG30 ʠ FG60 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʅʦʨʤʠʨʦʚʢʘ ʩʧʝʢʪʨʦʚ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ G-ʧʠʢʫ ʧʦ ʪʦʡ ʧʨʠʯʠʥʝ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʦʚ ʠ ʙʘʟʦʚʦʡ ʣʠʥʠʠ 

ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʪʦʨʘ. ʂʈC-ʩʧʝʢʪʨ ʩʦʜʝʨʞʠʪ 

ʜʚʘ ʧʠʢʘ ʧʨʠ 1580 ʠ 1360 ʩʤ-1 ʠ ʧʠʢ ʩʣʘʙʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠ 1640 ʩʤ-1, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ G-, D- ʠ Dô-ʤʦʜʘʤ ʛʨʘʬʠʪʘ. G-ʤʦʜʘ ʦʪʚʝʯʘʝʪ ʢʦʣʝʙʘʥʠʷʤ 

ʩʦʧʨʷʞʝʥʥʦʡ -́ʩʠʩʪʝʤʝ, ʘ D- ʠ Dô-ʤʦʜʳ ʩʚʷʟʘʥʳ ʩ ʨʘʩʩʝʷʥʠʝʤ ʬʦʥʦʥʦʚ ʥʘ ʜʝʬʝʢʪʘʭ 

ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʝʰʝʪʢʝ ʛʨʘʬʠʪʘ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʨʦʣʴ ʪʘʢʠʭ ʜʝʬʝʢʪʦʚ ʚʳʧʦʣʥʷʶʪ 

CïF ʩʚʷʟʠ. ʀʟ ʩʧʝʢʪʨʦʚ ʚʠʜʥʦ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʦʚ D ʠ G (ID/IG) 
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ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 1 ʜʣʷ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʩʦʩʪʘʚʘ C2F ʜʦ ʧʨʠʤʝʨʥʦ 0,5 ʜʣʷ ʦʙʨʘʟʮʘ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥ. ʕʪʦʪ ʬʘʢʪ ʠ ʧʦʯʪʠ ʧʦʣʥʦʝ ʠʩʯʝʟʥʦʚʝʥʠʝ Dô-ʧʠʢʘ 

ʛʦʚʦʨʠʪ ʦ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʦʚ ʙʝʟʜʝʬʝʢʪʥʳʭ ʛʨʘʬʝʥʦʚʳʭ ʦʙʣʘʩʪʝʡ ʚ ʩʣʦʝ, 

ʪ.ʝ. ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʜʝʬʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʬʪʦʨʘ. ʊʘʢʞʝ 

ʚ ʂʈʉ-ʩʧʝʢʪʨʝ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʠʢ (W) ʧʨʠ 1425 ʩʤ-1, 

ʥʘʭʦʜʷʱʠʡʩʷ ʤʝʞʜʫ D- ʠ G-ʤʦʜʘʤʠ. ʇʨʠʨʦʜʘ ʵʪʦʛʦ ʧʠʢʘ ʚ ʦʙʨʘʟʮʘʭ ʬʪʦʨʠʜʦʚ ʛʨʘʬʠʪʘ 

ʜʦ ʢʦʥʮʘ ʥʝ ʠʟʫʯʝʥʘ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, W-ʤʦʜʘ ʙʳʣʘ ʦʪʥʝʩʝʥʘ ʢ ʠʩʢʘʞʝʥʠʷʤ 

ʛʨʘʬʠʪʦʚʳʭ ʛʝʢʩʘʛʦʥʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʤʝʞʜʫ ʧʣʦʩʢʠʤʠ sp2-ʦʙʣʘʩʪʷʤʠ, ʠ sp3-ʦʙʣʘʩʪʷʤʠ 

ʩʦ ʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ [197]. 

ɽʱʝ ʦʜʥʠʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʫʜʘʣʝʥʠʷ ʘʪʦʤʦʚ ʬʪʦʨʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʪʘ 

ʩʣʫʞʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʦʝ ʙʳʩʪʨʦ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʧʝʨʚʳʭ 

ʵʪʘʧʘʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʢÝ, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʧʦʣʫʯʘʝʤʳʤʠ 

ʛʨʘʬʝʥʦʚʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ (~ 1 ʢÝ) [170]. ʀʟ ʨʠʩ. 22 (ʘ) ʚʠʜʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʩʦʩʪʘʚʣʷʶʱʠʭ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʙʳʩʪʨʦʤʫ ʧʨʦʮʝʩʩʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ (1); ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʸʚ, ʧʨʦʠʩʭʦʜʷʱʝʤʫ ʠʟ-ʟʘ ʥʘ-

ʣʠʯʠʷ ʪʨʝʱʠʥ (2) ʠ ʩʘʤʦʤʫ ʤʝʜʣʝʥʥʦʤʫ ʧʨʦʮʝʩʩʫ, ʦʪʚʝʯʘʶʱʝʤʫ ʦʙʲʝʤʥʦʤʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ (3). 

ʈʠʩ. 22 (ʙ) ʧʦʢʘʟʳʚʘʝʪ ʦʜʠʥʦʯʥʳʡ ʮʠʢʣ ʦʙʨʘʟʮʦʚ FG30, FG45, FG60, ʠ FG120 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 10000 ppm ʘʤʤʠʘʢʘ. ʇʨʠ ʚʨʝʤʝʥʘʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʝʥʝʝ 20 ʤʠʥ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʠʡ ʦʪʢʣʠʢ, ʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʠʣʴʥʳʡ ʜʨʝʡʬ ʙʘʟʦʚʦʡ ʣʠʥʠʠ. 

ʅʘʠʙʦʣʴʰʠʡ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʦʪʢʣʠʢ ʩʦʩʪʘʚʠʣ 11% ʜʣʷ ʦʙʨʘʟʮʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ 

 

ʈʠʩ. 21. ʈʌʕʉ C 1s-ʩʧʝʢʪʨ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ C2F ʠ ʦʙʨʘʟʮʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʠʜʨʘʟʠʥʦʤ  

ʚ ʪʝʯʝʥʠʝ 120 ʤʠʥ (ɸ). ʂʈʉ-ʩʧʝʢʪʨ ʦʙʨʘʟʮʦʚ FG, FG30 ʠ FG60, ʦʪʤʝʯʝʥʥʳʝ ʢʨʘʩʥʦʡ, ʩʠʥʝʡ ʠ 

ʟʝʣʝʥʦʡ ʣʠʥʠʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ɹ). 
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ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦ 120 ʤʠʥ ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʢʣʠʢʘ, ʯʪʦ ʤʳ ʩʚʷʟʳʚʘʝʤ ʩ ʫʜʘʣʝʥʠʷ ʘʪʦʤʦʚ 

ʬʪʦʨʘ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʸʚ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ ʠ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ 

ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ NH3 ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʦʙʨʘʟʮʘʭ FG30 

ʠ FG60. ʉʦʜʝʨʞʘʥʠʝ ʘʤʤʠʘʢʘ ʚ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʟʤʝʥʷʣʠ ʦʪ 300 ʜʦ 10000 ppm. 

ʆʙʨʘʟʝʮ FG30, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʠʤʝʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 300 ʢW 

ʠ ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʝʥʠʝ ʦʪʢʣʠʢʘ ʨʘʚʥʦʝ 10,2% ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 10000 ppm. ʈʠʩ. 31 (ʘ) 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 10000 ppm ʜʦ 300 ppm ʟʥʘʯʝʥʠʝ 

ʦʪʢʣʠʢʘ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 10 ʜʦ 2%. ʆʙʨʘʟʝʮ FG60, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥ, 

ʠʤʝʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 30 ʢʆʤ ʠ ʧʦʢʘʟʳʚʘʝʪ ʦʪʢʣʠʢ ʨʘʚʥʳʡ 5,3% ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

10000 ppm ʘʤʤʠʘʢʘ. ʆʥ ʠʤʝʝʪ ʧʦʭʦʞʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʢʣʠʢʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 5,3 ʜʦ 1,2% ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ NH3 

ʦʪ 10000 ʜʦ 600 ppm (ʩʤ. ʨʠʩ. 23 (ʙ)). 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʜʩʦʨʙʮʠʠ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠʙʣʠʞʝʥʠʝ ʃʝʥʛʤʶʨʘ, ʯʪʦ ʚʩʝ 

ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʮʝʥʪʨʳ ʩʠʩʪʝʤʳ ʠʜʝʥʪʠʯʥʳ. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʘʣʠʪʘ ʦʧʠʩʳʚʘʣʠ ʠʟʦʪʝʨʤʦʡ ʃʝʥʛʤʶʨʘ [168]: 

— —
ὦὴ

ρ ὦὴ
ȟ                                                              σȢσ 

 

ʈʠʩ. 22. ʀʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʬʪʦʨʠʜ ʛʨʘʬʠʪʘ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʘʨʘʤʠ ʛʠʜʨʘʟʠʥ 

ʛʠʜʨʘʪʘ (ɸ). ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʦʪʢʣʠʢ ʩʝʥʩʦʨʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠ ʚʨʝʤʝʥʠ 

ʦʪʢʣʠʢʘ ʩʝʥʩʦʨʘ ʦʪ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʚ ʧʘʨʘʭ ʛʠʜʨʘʟʠʥ ʛʠʜʨʘʪʘ.  

ɺʦ ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥʳ ʚʨʝʤʝʥʘ ʦʪʢʣʠʢʘ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʦʪ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ɹ). 
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ʛʜʝ —  ï ɻ ʪʦ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʤʝʩʪ, — ï ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʦʣʥʝʥʥʳʭ ʤʝʩʪ, 

p ï ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʘʥʘʣʠʪʘ, b ï ʢʦʥʩʪʘʥʪʘ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʜʝʩʦʨʙʮʠʦʥʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ  

ÌÎὦ
ЎὛ

Ὑ

ЎὌ

ὙὝ
ȟ                                                           σȢτ 

ʛʜʝ Ὄ  ʠ ЎὛ ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʘʜʩʦʨʙʮʠʠ ʠ ʵʥʪʨʦʧʠʠ ʩʠʩʪʝʤʳ ʧʨʦʠʩʭʦʜʷʱʠʝ 

ʚ ʧʨʦʮʝʩʩʝ ʘʜʩʦʨʙʮʠʠ. ʀʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʙʳʣʦ ʦʮʝʥʝʥʦ, ʠʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ (3.5) 

ЎὛ ὙϽÌÎὙὝȟ                                                     σȢυ 

ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʢʣʠʢʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʧʨʠʚʝʜʝʥʘ 

ʚʦ ʚʩʪʘʚʢʝ ʨʠʩ. 23) ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʠʟʦʪʝʨʤʦʡ ʃʝʥʛʤʶʨʘ (ʫʨʘʚʥʝʥʠʝ 3.3), 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʦʥʩʪʘʥʪʳ ʘʜʩʦʨʙʮʠʠ, ʨʘʚʥʳʝ 2,7Ț10-3 ʠ 2,2Ț10-3 ʇʘ 

ʜʣʷ ʦʙʨʘʟʮʦʚ GF30 ʠ GF60 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ 3.4 ʠ 3.5, ʤʳ ʦʮʝʥʠʣʠ 

ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʜʩʦʨʙʮʠʠ ʜʣʷ ʦʙʨʘʟʮʦʚ GF30 ʠ GF60, ʨʘʚʥʳʝ 227 ʠ 233 ʤʵɺ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʤʦʜʝʣʠ, ʦʪʨʘʞʘʶʱʝʡ ʩʪʨʫʢʪʫʨʫ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ, ʚ ʢʦʪʦʨʦʡ ʚʝʨʭʥʷʷ 

(ʨʘʙʦʯʘʷ) ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʘʬʝʥʘ ʥʝ ʩʦʝʜʠʥʝʥʘ ʩ ʘʪʦʤʘʤʠ ʬʪʦʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʨʘʪʥʘʷ 

ʩʪʦʨʦʥʘ ʩʦʜʝʨʞʠʪ ʦʩʪʘʪʦʯʥʦʝ ʧʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʬʪʦʨʘ [198]. 

ɼʣʷ ʤʦʜʝʣʠ C73FH21, ʚ ʢʦʪʦʨʦʡ ʪʦʣʴʢʦ ʦʜʠʥ ʘʪʦʤ ʬʪʦʨʘ ʧʨʠʩʦʝʜʠʥʝʥ ʢ ʬʨʘʛʤʝʥʪʫ, ʙʳʣʦ 

ʥʘʡʜʝʥʦ ʪʦʣʴʢʦ ʦʜʥʦ ʩʪʘʙʠʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ ʧʨʠ ʵʪʦʤ ʚʩʝ ʘʪʦʤʳ 

ʚʦʜʦʨʦʜʘ ʥʘʭʦʜʠʣʠʩʴ ʚʙʣʠʟʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʨʷʜʦʤ ʩ CF ʛʨʫʧʧʦʡ 

(ʨʠʩ. 24 (ʘ)). ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʝʩʢʦʣʴʢʠʭ ʘʪʦʤʦʚ ʬʪʦʨʘ ʩʦʝʜʠʥʝʥʳ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

 

ʈʠʩ. 23. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʢʣʠʢʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ ʜʣʷ ʦʙʨʘʟʮʦʚ FG30 (ɸ) ʠ FG60 (ɹ).  

ɺʦ ʚʩʪʘʚʢʘʭ ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʢʣʠʢʘ ʦʪ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʘʤʤʠʘʢʘ. 
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ʛʨʘʬʝʥʘ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʦʚ ʵʤʠʩʩʠʠ ʠ ʘʜʩʦʨʙʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠʟʣʫʯʝʥʠʷ 

ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ C2F, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʪʘʢʠʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʢʘʢ ʠ ʠʩʭʦʜʥʳʡ 

ʦʙʨʘʟʝʮ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʪʦʤʳ ʬʪʦʨʘ ʩʢʣʦʥʥʳ 

ʬʦʨʤʠʨʦʚʘʪʴ ʮʝʧʠ ʥʘ ʙʘʟʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠʩʦʝʜʠʥʷʷʩʴ ʢ ʨʘʟʥʳʤ 

ʩʪʦʨʦʥʘʤ. [199, 66] ʋʜʘʣʝʥʠʝ ʘʪʦʤʦʚ ʬʪʦʨʘ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʦʩʪʘʶʪʩʷ ʪʨʠ ʘʪʦʤʘ ʬʪʦʨʘ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʝ ʚ ʤʝʪʘ-ʧʦʣʦʞʝʥʠʠ 

ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʛʝʢʩʘʛʦʥʦʚ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʤʦʜʝʣʠ C73F3H21 (ʩʤ. ʨʠʩ. 24 (ʙ)). 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʷʪʠ ʘʪʦʤʦʚ ʬʪʦʨʘ ʚ ʤʦʜʝʣʠ C73F5H21, ʪʦ ʦʥʠ ʟʘʥʠʤʘʶʪ ʧʘʨʘ- ʠ/ʠʣʠ ʤʝʪʘ-

ʧʦʣʦʞʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛ ʜʨʫʛʫ (ʩʤ. ʨʠʩ. 24 (ʚ)). 

ʆʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʤʦʜʝʣʝʡ C73F3H21 ʠ C73F5H21 ʩ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ 

ʤʦʣʝʢʫʣʦʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʦʣʝʢʫʣʘ ʘʤʤʠʘʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩ ʮʝʥʪʨʘʣʴʥʦʡ CF-ʛʨʫʧʧʦʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʚʳʛʦʜʥʳʭ ʧʦʣʦʞʝʥʠʷ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʵʥʝʨʛʠʠ ʘʜʩʦʨʙʮʠʠ ʜʣʷ ʚʩʝʭ ʧʦʣʦʞʝʥʠʡ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 5. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʥʘʠʙʦʣʴʰʘʷ ʵʥʝʨʛʠʷ ʧʦʣʫʯʘʝʪʩʷ, ʢʦʛʜʘ ʘʤʤʠʘʢ 

 

ʈʠʩ. 24. ʄʦʜʝʣʴ, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣʳ 

ʘʤʤʠʘʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʬʨʘʛʤʝʥʪʘ ʬʪʦʨʛʨʘʬʝʥʘ C73FH21, ʚʠʜ ʩʙʦʢʫ (ɸ). 

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ C73F3H21 (ɹ) ʠ C73F5H21 (ɺ), ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦʝ 

ʚʟʘʠʤʥʦʝ ʧʦʣʦʞʝʥʠʝ ʘʤʤʠʘʢʘ ʠ ʬʨʘʛʤʝʥʪʘ. ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʘʤʤʠʘʢʦʤ ʠ ʬʨʘʛʤʝʥʪʦʤ ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ C73FH21 (ɻ). 
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ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʬʨʘʛʤʝʥʪʦʤ ʚʩʝʤʠ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ (ʨʠʩ. 24 (ʙ)), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ, 

ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ 

(ʨʠʩ. 24 (ʚ)). ʈʘʩʯʝʪʳ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʉF-ʛʨʫʧʧ ʵʥʝʨʛʠʷ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ 

ʦʪ 0,236 ʜʦ 0,275 ʵɺ. ɿʥʘʯʝʥʠʷ ʵʥʝʨʛʠʡ ʧʨʝʚʦʩʭʦʜʷʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ, 

ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ 0,227 ʠ 0,233 ʵɺ ʜʣʷ ʦʙʨʘʟʮʦʚ FG30 ʠ FG60 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʚ ʟʥʘʯʝʥʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʳʙʦʨʦʤ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 

ʨʘʩʯʝʪʘ ʠʣʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ CF-ʛʨʫʧʧ. ʂʨʦʤʝ ʪʦʛʦ, ʤʳ ʥʝ ʠʩʢʣʶʯʘʝʤ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʤʦʣʝʢʫʣ NH3 ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʩʣʦʷʤʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʦʣʝʢʫʣʳ ʩ CF-ʛʨʫʧʧʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʩʭʦʞʠʭ ʩ ʦʢʩʠʜʦʤ 

ʛʨʘʬʝʥʘ [105].  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʬʪʦʨʫʛʣʝʨʦʜʥʦʡ ʩʝʪʢʦʡ 

ʠ ʤʦʣʝʢʫʣʦʡ ʘʤʤʠʘʢʘ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠʙʣʠʞʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ 

ʧʦʥʠʞʝʥʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʝʝ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ [200]. ʊʠʧ 

ʠ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʢʦʤ ʠ ʚʝʣʠʯʠʥʦʡ ʃʘʧʣʘʩʠʘʥʘ. ʅʘ ʨʠʩ. 24 (ʛ) 

ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʜʣʷ ʤʦʜʝʣʠ C73FH21. ʄʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʘʤʤʠʘʢʘ 

ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʴʶ ʬʨʘʛʤʝʥʪʘ, ʛʜʝ ʧʨʠʩʦʝʜʠʥʝʥ ʘʪʦʤ ʬʪʦʨʘ, ʬʦʨʤʠʨʫʝʪʩʷ 

ʪʨʝʫʛʦʣʴʥʦ-ʧʦʜʦʙʥʘʷ ʠʟʦʧʦʚʝʨʭʥʦʩʪʴ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ (ʢʨʘʩʥʦʝ 

ʦʢʨʘʰʠʚʘʥʠʝ) ʥʘ ʢʨʘʷʭ ʠ ʚ ʮʝʥʪʨʝ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʦʤ ʘʟʦʪʘ ʤʦʣʝʢʫʣʳ NH3 ʠ ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʘ  

CF-ʛʨʫʧʧʳ, ʤʝʞʜʫ ʥʠʤʠ ʩʫʱʝʩʪʚʫʝʪ ʩʚʷʟʳʚʘʥʠʝ. ʆʜʥʘʢʦ, ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ 

ʦʢʨʘʰʠʚʘʥʠʝ ʥʘ ʢʨʘʷʭ ʠʟʦʧʦʚʝʨʭʥʦʩʪʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʠ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ, ʦʢʨʫʞʘʶʱʠʤʠ CF ʛʨʫʧʧʫ.  

ɺʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʷʭ, ʤʦʣʝʢʫʣʘ ʘʤʤʠʘʢʘ ʩʠʣʴʥʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 

ʩ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʩ CF-ʛʨʫʧʧʦʡ.  

ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʵʪʠ ʘʪʦʤʳ sp2-ʛʠʙʨʠʜʠʟʦʚʘʥʥʳʝ, ʘʜʩʦʨʙʮʠʷ ʤʦʣʝʢʫʣʳ NH3 ʥʘ ʯʘʩʪʠʯʥʦ 

ʬʪʦʨʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ H-  ́ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [201]. 

ʊʘʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʜʠʩʧʝʨʩʠʦʥʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ [202]. 

ɺ ʩʣʫʯʘʝ ʛʨʘʬʝʥʘ, ʵʥʝʨʛʠʷ ʘʜʩʦʨʙʮʠʠ ʥʝʤʥʦʛʦ ʠʟʤʝʥʷʝʪʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʦʨʠʝʥʪʘʮʠʠ 

ʤʦʣʝʢʫʣʳ NH3 ʠ ʘʜʩʦʨʙʮʠʦʥʥʳʤ ʤʝʩʪʦʤ [203]. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 0,016 [98] ʜʦ 3,58 ʵɺ [204] ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʨʦʚʥʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ʌʪʦʨʠʨʦʚʘʥʠʝ ʛʨʘʬʝʥʘ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʟʘʨʷʜʘ ʥʘ ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ. 
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ʂ ʧʨʠʤʝʨʫ, ʚ ʤʦʜʝʣʠ C73FH21 ʩ ʦʜʥʠʤ ʘʪʦʤʦʤ ʬʪʦʨʘ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʢ ʛʨʘʬʝʥʦʚʦʤʫ 

ʬʨʘʛʤʝʥʪʫ, ʟʥʘʯʝʥʠʷ ʟʘʨʷʜʘ ʄʘʣʠʢʝʥʘ ʥʘ ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ ʚ CF ʛʨʫʧʧʝ ʠ ʥʘ ʩʦʩʝʜʥʠʭ 

ʘʪʦʤʘʭ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳ +0,32 ʝ ʠ -0,03 ʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤ ʯʠʩʪʳʤ ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʘ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ 

ʛʨʘʬʝʥʘ ʠ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ NH3 ʜʦʣʞʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʝʣʘʪʴ ʚʢʣʘʜ 

ʚ ʵʥʝʨʛʠʶ ʘʜʩʦʨʙʮʠʠ. ʇʦʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ 

ʩ ʛʨʘʬʝʥʦʤ, ʜʦʧʠʨʦʚʘʥʥʳʤ ʘʪʦʤʘʤʠ ʙʦʨʘ ʠ ʘʟʦʪʘ [101]. ʕʥʝʨʛʠʠ ʘʜʩʦʨʙʮʠʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ, ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʤʝʞʜʫ 236 ʠ 275 ʤʵɺ (ʪʘʙʣ. 5). 

ʅʘʠʙʦʣʝʝ ʩʣʘʙʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ NH3 ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʤʦʜʝʣʠ ʩ ʥʘʠʤʝʥʴʰʠʤ ʫʨʦʚʥʝʤ 

ʬʪʦʨʠʨʦʚʘʥʠʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʬʪʦʨʘ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʝʥʘ 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʠʠ ʘʜʩʦʨʙʮʠʠ, ʘ ʧʦʭʦʞʠʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʤʦʜʝʣʝʡ 

C73F3H21 ʠ C73F5H21 ʦʙʲʷʩʥʷʶʪʩʷ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤ ʣʦʢʘʣʴʥʳʤ ʦʢʨʫʞʝʥʠʝʤ 

ʮʝʥʪʨʘʣʴʥʦʡ CF ʛʨʫʧʧʳ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʘʜʩʦʨʙʮʠʦʥʥʳʤ ʮʝʥʪʨʦʤ ʤʦʣʝʢʫʣʳ 

ʘʤʤʠʘʢʘ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʜʩʦʨʙʮʠʠ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʦʯʝʥʴ ʙʣʠʟʢʠ, ʯʪʦ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʦʙʱʝʡ ʢʘʨʪʠʥʝ. ʆʧʠʨʘʷʩʴ ʥʘ ʜʘʥʥʳʝ ʈʌʕʉ- ʠ ʂʈC-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʨʘʟʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʥʝʚʝʣʠʢʠ, ʘ ʥʝʙʦʣʴʰʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʝ ʬʪʦʨʘ ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʨʘʟʤʝʨ ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʦʩʪʨʦʚʢʦʚ ʫʤʝʥʴʰʠʪʩʷ, 

ʯʪʦ ʠʟʤʝʥʠʪ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʪʝʭ ʠʣʠ ʠʥʳʭ ʪʠʧʦʚ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʬʪʦʨʠʜ ʛʨʘʬʠʪʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʛʘʟʦʚʦʛʦ ʩʝʥʩʦʨʘ. ʀʟʥʘʯʘʣʴʥʦ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʠʟʦʣʷʪʦʨʦʤ, ʥʦ ʧʨʠ ʜʝ-

ʬʪʦʨʠʨʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʚʦʜʷʱʝʡ 

ʩʦʧʨʷʞʝʥʥʦʡ -́ʩʠʩʪʝʤʳ ʠ ʧʦʷʚʣʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʪʢʣʠʢ 

ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʝʛʦ ʚʝʣʠʯʠʥʘ ʫʤʝʥʴʰʘʝʪʩʷ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɺʘʨʴʠʨʫʷ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʪʦʨʠʜʘ 

ʛʨʘʬʠʪʘ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣʘ ʢ ʰʫʤʫ. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 5 

ʕʥʝʨʛʠʷ ʘʜʩʦʨʙʮʠʠ ʘʤʤʠʘʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʥʘ 

B3LYP-D3/6-31G*+ ʫʨʦʚʥʝ 

ʄʦʜʝʣʴ ʉ73FH21 C73F3H21 

(H3N) 

C73F3H21 

(NH3) 

C73F5H21 

(H3N) 

C73F5H21 

(NH3) 

Ead, ʵɺ 0,236 0,275 0,264 0,246 0,262 

 



80 

 

3.3.2. ʉʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʧʣʸʥʦʢ ʯʘʩʪʠʯʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʠ-

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʛʨʘʬʝʥʘ ʩ ʵʣʝʢʪʨʦʥ-ʜʦʥʦʨʥʳʤʠ ʠ ʵʣʝʢʪʨʦʥ-ʘʢʮʝʧʪʦʨʥʳʤʠ ʛʘʟʘʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʧʣʸʥʦʢ ʦʢʩʠʬʪʦʨʠʜʘ ʠ ʬʪʦʨʠʜʘ 

ʛʨʘʬʝʥʘ. ʆʙʘ ʵʪʠʭ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʨʘʬʝʥ ʩ ʢʦʚʘʣʝʥʪʥʦ 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ 

ʥʘ ʙʘʟʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ.  

ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʬʪʦʨʠʜʘ (FG) ʠʣʠ ʦʢʩʠʬʪʦʨʠʜʘ (OFG) ʛʨʘʬʠʪʘ 

ʚ ʪʦʣʫʦʣʝ ʚ ʪʝʯʝʥʠʠ 60 ʤʠʥʫʪ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʫʩʪʦʡʯʠʚʳʝ ʜʠʩʧʝʨʩʠʠ (ʨʠʩ. 31 (a)). 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʧʦʨʦʰʢʦʚ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʣʴʯʠʪʴ 

ʠ ʨʘʩʱʝʧʠʪʴ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʠʪʳ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʩʪʘʙʠʣʴʥʳʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʜʠʩʧʝʨʩʠʠ ʫʞʝ ʧʦʩʣʝ ʋɿ-ʦʙʨʘʙʦʪʢʠ 

ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʜʠʩʧʝʨʩʠʡ  

ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʜʠʩʧʝʨʩʠʷʤʠ, ʥʝ ʧʦʜʚʝʨʛʘʚʰʠʤʠʩʷ ʩʪʘʜʠʠ ʨʘʩʪʠʨʘʥʠʷ. ʇʦʪʝʤʥʝʥʠʝ 

ʜʠʩʧʝʨʩʠʡ ʬʪʦʨʠʜʦʚ ʠ ʦʢʩʠʬʪʦʨʠʜʦʚ ʛʨʘʬʠʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʯʘʩʪʠʯʥʦʤ ʫʜʘʣʝʥʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ʇʨʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤ ʨʘʩʪʠʨʘʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʝʱʝ ʙʦʣʴʰʝʝ 

ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ, ʘ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʋɿ-ʦʙʨʘʙʦʪʢʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʦʣʴ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʪ.ʝ. ʧʨʠʚʦʜʠʪ ʢ ʝʱʝ ʙʦʣʝʝ ʩʠʣʴʥʦʤʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʬʫʥʢʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ ʠ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʯʘʩʪʠʮʳ 

ʘʛʣʦʤʝʨʠʨʫʶʪʩʷ ʚ ʜʘʥʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʠʩʧʝʨʩʠʠ ʥʘʧʳʣʷʣʠ 

ʥʘ ʧʦʜʣʦʞʢʫ SiO2/Si ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʈʠʩ. 25 (ʙ) ʧʦʢʘʟʳʚʘʝʪ ʉʕʄ-ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʚʥʦʤʝʨʥʫʶ ʧʣʸʥʢʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʯʘʩʪʠʮ. 

ʇʦ ʜʘʥʥʳʤ ʉʕʄ-ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʡ ʩʢʦʣʘ ʪʦʣʱʠʥʘ ʧʣʸʥʦʢ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 

300 ʥʤ, ʢʘʢ ʜʣʷ ʧʣʸʥʦʢ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʢʩʠʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ (rOFG ), ʪʘʢ ʠ ʜʣʷ 

ʧʣʝʥʦʢ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ (rFG ), ʧʨʠ ʵʪʦʤ ʩʨʝʜʥʷʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʩʦʩʪʘʚʣʷʝʪ 90 ʥʤ. ɼʣʷ ʦʮʝʥʢʠ ʨʘʟʤʝʨʘ ʯʝʰʫʝʢ rFG ʠ rOFG ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʪʝʭ ʞʝ ʜʠʩʧʝʨʩʠʡ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʥʘ ʧʦʜʣʦʞʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-

ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʨʠʩ. 25 (ʚ)). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʢʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʳʣʘ ʧʦʢʨʳʪʘ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʯʝʰʫʡʢʘʤʠ. ʉʨʝʜʥʠʡ 
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ʣʘʪʝʨʘʣʴʥʳʡ ʨʘʟʤʝʨ ʯʝʰʫʝʢ ʩʦʩʪʘʚʠʣ 0,4 ʤʢʤ, ʘ ʩʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʩʦʩʪʘʚʠʣʘ 2,9 ʥʤ 

(ʚʩʪʘʚʢʘ ʨʠʩ. 25 (ʚ)). ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʠʟ 6 ɸʌʄ-ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʡ, 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʩʦʩʪʘʚʠʣʦ 39. ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʪʦʣʱʠʥʘ ʤʦʥʦʩʣʦʷ 

ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ ʠʟʤʝʨʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ɸʌʄ-ʤʝʪʦʜʘ ʨʘʚʥʷʝʪʩʷ 0,78-0,87 ʥʤ [24], 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʸʚ ʚ ʯʘʩʪʠʮʘʭ ʩʦʩʪʘʚʠʣʦ 3-5. ɺ ʜʘʣʴʥʝʡʰʝʡ 

ʜʠʩʢʫʩʩʠʠ ʤʳ ʥʘʟʚʘʣʠ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʵʢʩʬʦʣʠʘʮʠʝʡ, ʘ ʦʙʨʘʟʮʳ 

ʧʣʸʥʦʢ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʠ ʦʢʩʠʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ, ʧʦʣʫʯʝʥʥʳʡ ʜʘʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʙʳʣʠ 

ʦʙʦʟʥʘʯʝʥʳ rFG ʠ rOFG, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʂʈʉ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʵʢʩʬʦʣʠʘʮʠʠ 

ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ FG ʠ OFG (ʨʠʩ. 25 (ʛ)). ʂʈʉ-ʩʧʝʢʪʨʳ ʠʩʭʦʜʥʳʭ 

ʦʙʨʘʟʮʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1000 ʜʦ 2000 ʩʤ-1 ʠʤʝʶʪ ʜʚʘ ʧʠʢʘ D ʠ G, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ 1354 

ʠ 1586 ʩʤ-1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʞʝ ʚ ʩʧʝʢʪʨʝ FG ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʠʢ W 

ʧʨʠ 1430 ʩʤ-1, ʢʦʪʦʨʳʡ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʩʚʷʟʘʥ ʩ ʥʘʧʨʷʞʝʥʠʷʤʠ ʩʚʷʟʝʡ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʠ ʥʝ ʬʪʦʨʠʨʦʚʘʥʥʳʤʠ 

 

ʈʠʩ. 25. ʉʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʩʫʩʧʝʥʟʠʠ ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ (FG), ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʬʪʦʨʠʜʘ 

ʛʨʘʬʝʥʘ (rFG), ʦʢʩʠʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ (OFG) ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʢʩʠʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ (rOFG) (ɸ). 

ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʸʥʢʠ rFG (ɹ). ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ɸʉʄ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ rFG, 

ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʧʦʜʣʦʞʢʫ. ɺʩʪʘʚʢʘ ʧʦʢʘʟʳʚʘʝʪ ʧʨʦʬʠʣʴ ʚʳʩʦʪ ʚʜʦʣʴ ʯʘʩʪʠʮʳ ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ. 

ʊʦʣʱʠʥʘ ʯʘʩʪʠʮʳ ʧʦ ʜʘʥʥʳʤ ɸʉʄ ʩʦʩʪʘʚʣʷʝʪ 2,8 ʥʤ (ɺ). ʂʈʉ-ʩʧʝʢʪʨ rʦʙʨʘʟʮʦʚ FG ʠ OFG ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʜʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʉʧʝʢʪʨʳ ʧʨʠʚʝʜʝʥʳ ʧʦʩʣʝ 

ʚʳʯʠʪʘʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʬʦʥʘ ʠ ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʚʳʩʦʪʫ G-ʧʠʢʘ (ɻ). 
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ʦʙʣʘʩʪʷʤʠ [184]. D ʧʠʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʩʝʷʥʠʶ ʥʘ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʘʭ ʛʨʘʬʠʪʦʚʦʡ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʝʰʝʪʢʠ. ɺ ʩʣʫʯʘʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʵʪʠ ʜʝʬʝʢʪʳ ʩʚʷʟʘʥʳ 

ʩ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʬʪʦʨʘ ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʧʦ ʜʚʦʡʥʳʤ ʩʚʷʟʷʤ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜ [184]. ʆʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʦʚ D ʠ G ʚ ʩʧʝʢʪʨʘʭ ʠʩʭʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʠʣʴʥʦʡ ʬʫʥʢʮʠʘʣʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʛʨʘʬʠʪʦʤ. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʩʧʝʢʪʨʝ ʂʈʉ ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ ʧʣʸʥʢʠ rFG 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʤ FG. W ʧʠʢ ʚ ʩʧʝʢʪʨʝ rFG ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ, ʘ ʦʪʥʦʰʝʥʠʝ 

ʧʠʢʦʚ ID/IG ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʘʙʦʪʘʭ 

ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ, ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʦʙʣʘʩʪʝʡ sp2 ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʝ ʤʝʥʴʰʝ ʧʦ ʨʘʟʤʝʨʘʤ, 

ʯʝʤ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʚ ʧʦʨʦʰʢʘʭ ʬʫʥʢʮʠʦʥʘʣʠʟʦʚʘʥʥʳʭ ʛʨʘʬʠʪʦʚ [48]. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʫʚʝʣʠʯʝʥʠʝ ID/IG ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʨʘʝʚʳʭ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʨʘʩʱʝʧʣʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʢʘʢ ʣʘʪʝʨʘʣʴʥʳʡ 

ʨʘʟʤʝʨ ʠʟʤʝʥʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ [157]. ʇʦʵʪʦʤʫ ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʨʘʙʦʪʳ [48] 

ʠ [157], ʥʝʚʦʟʤʦʞʥʦ, ʠʩʧʦʣʴʟʫʷ ʠʟʤʝʥʝʥʠʝ ID/IG ʚ ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʜʝʬʝʢʪʥʦʩʪʠ ʚ ʦʙʨʘʟʮʘʭ ʧʣʸʥʦʢ rFG 

ʠ rOFG. 

 

ʈʠʩ. 26. ʈʌʕʉ ʉ 1s-ʩʧʝʢʪʨ ʧʦʨʦʰʢʦʚ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ (ɸ) ʠ ʦʢʩʠʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ (ɹ); ʧʣʸʥʦʢ rFG 

(ɺ) ʠ rOFG (ɻ), ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʵʢʩʬʦʣʠʘʮʠʠ ʠʩʭʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 
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ʊʘʢ ʢʘʢ ʂʈʉ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʥʝ ʜʘʝʪ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʩʦʩʪʘʚʘ, 

ʧʨʦʠʩʭʦʜʠʚʰʠʭ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʨʝʥʪʛʝʥ-ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɹʳʣ ʦʮʝʥʝʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʧʦ ʦʙʟʦʨʥʦʤʫ ʩʧʝʢʪʨʫ 

ʠ ʧʦ ʨʘʟʣʦʞʝʥʠʶ ʈʌʕʉ C 1s-ʩʧʝʢʪʨʘ (ʨʠʩ. 26). C 1s ʩʧʝʢʪʨ FG ʩʦʜʝʨʞʠʪ ʜʚʝ ʦʩʥʦʚʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ (ʨʠʩ. 26 (ʘ)), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʥʝʨʛʠʷʤ ʩʚʷʟʠ 286,5 ʠ 288,9 ʵɺ, ʢʦʪʦʨʳʝ 

ʦʪʥʦʩʷʪʩʷ ʢ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ ʚ ʙʣʠʞʘʡʰʝʤ ʦʢʨʫʞʝʥʠʠ ʩ CF-ʛʨʫʧʧʘʤʠ ʠ ʘʪʦʤʘʤ 

ʫʛʣʝʨʦʜʘ, ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʤʠ ʩ ʘʪʦʤʘʤʠ ʬʪʦʨʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [66]. 

ʄʘʣʦʠʥʪʝʥʩʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠ 284,5 ʠ 290,2 ʵɺ ʩʦʦʪʚʝʪʩʪʚʫʶʪ sp2-

ʛʠʙʨʠʜʠʟʦʚʘʥʥʳʤ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ ʠ CF2-ʛʨʫʧʧʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʥʘ ʢʨʘʷʭ ʛʨʘʬʝʥʦʚʳʭ 

ʣʠʩʪʦʚ. ʉʧʝʢʪʨ ʦʢʩʠʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʙʳʣ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥ ʧʷʪʴʶ ʢʦʤʧʦʥʝʥʪʘʤʠ 

(ʨʠʩ. 26 (ʙ)). ʂʦʤʧʦʥʝʥʪ ʧʨʠ 288,5 ʵɺ ʩʦʦʪʚʝʪʩʪʚʫʝʪ C-F ʩʚʷʟʠ, ʘ ʠʥʪʝʥʩʠʚʥʳʡ 

ʢʦʤʧʦʥʝʥʪ ʧʨʠ 287,5 ʵɺ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥ ʢʘʢ ʢ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ, ʩʚʷʟʘʥʥʦʛʦ 

ʩ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ, ʪʘʢ ʠ ʩ ʵʧʦʢʩʠʜʥʦʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʦʢʩʠʜʘ 

ʛʨʘʬʠʪʘ ʜʘʥʥʘʷ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʧʦʢʩʠʜʥʦʡ ʩʚʷʟʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ CïOH 

ʛʨʫʧʧʳ ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ ʙʦʣʝʝ ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ [205, 206]. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʘʥʥʘʷ  

ʣʠʥʠʷ ʥʝ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʵʧʦʢʩʠʜʥʦʡ ʛʨʫʧʧʝ ʧʦ ʪʦʡ ʧʨʠʯʠʥʝ, 

ʯʪʦ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʛʨʫʧʧʳ ʤʦʛʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʩ HF [75] ʠ ʵʧʦʢʩʠʜʥʘʷ ʛʨʫʧʧʘ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʡ, ʯʝʤ ʛʠʜʨʦʢʩʠʣʴʥʘʷ. ɺʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʢʦʤʧʦʥʝʥʪ ʧʨʠ 289,6 ʵɺ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʨʙʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ. 

 

ʈʠʩ. 27. ʊʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʠ ʦʢʩʠʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ ʚ  

ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜ (20 %)/ʛʝʣʠʡ. 
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ʄʝʭʘʥʦʭʠʤʠʯʝʩʢʘʷ ʵʢʩʬʦʣʠʘʮʠʷ ʦʙʨʘʟʮʦʚ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʬʠʪʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʫʜʘʣʝʥʠʶ ʬʪʦʨ- ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ (ʨʠʩ. 32 (ʚ, ʛ)). 

ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʠʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ sp2-ʫʛʣʝʨʦʜʥʦʡ ʢʦʤʧʦʥʝʥʪʳ, 

ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʦʧʨʷʞʝʥʥʦʡ -́ʩʠʩʪʝʤʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ C*ïO ʠ C*ïF ʢʦʤʧʦʥʝʥʪ ʈʌʕʉ C 1s-ʩʧʝʢʪʨʘ. ɹʦʣʝʝ ʩʠʣʴʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʦʙʨʘʟʮʘ rOFG, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʪʦʨʠʜ ʛʨʘʬʠʪʘ 

ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʢ ʦʙʨʘʙʦʪʢʝ. ʅʘʣʠʯʠʝ ʢʦʤʧʦʥʝʥʪʳ C*ïO ʚ ʩʧʝʢʪʨʝ 

rFG (ʨʠʩ. 26 (ʚ)) ʩʚʷʟʘʥʦ ʩ ʯʘʩʪʠʯʥʳʤ ʛʠʜʨʦʣʠʟʦʤ CF-ʛʨʫʧʧ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʧʣʸʥʦʢ.  

ʉʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʧʣʸʥʦʢ rFG ʠ rOFG ʙʳʣ ʦʮʝʥʝʥ ʧʦ ʨʘʟʣʦʞʝʥʠʶ ʈʌʕʉ  

C 1s-ʩʧʝʢʪʨʘ, ʵʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʠʤʝʝʪ ʚʠʜ CF0.25O0.04 ʠ CF0.05O0.06 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʩʠʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʪʦʨʠʜʦʤ 

ʛʨʘʬʠʪʘ ʦʙʫʩʣʦʚʣʝʥʦ ʣʫʯʰʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʦʩʣʝʜʥʝʛʦ (ʩʤ. ʨʠʩ. 27). 

ʈʘʟʣʦʞʝʥʠʝ ʦʙʨʘʟʮʘ OFG ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300ʦʉ, ʘ ʜʣʷ FG ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʘʟʣʦʞʝʥʠʷ ʜʦʭʦʜʠʪ ʜʦ 500ʦʉ. ʊʘʢ ʢʘʢ ʧʝʨʚʳʡ ʦʙʨʘʟʝʮ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʬʪʦʨʘ, ʘ ʚʪʦʨʦʡ ʠʤʝʝʪ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ ʬʪʦʨʘ, ʵʪʠ ʩʠʩʪʝʤʳ 

 

ʈʠʩ. 28. ʆʪʢʣʠʢ ʧʣʸʥʦʢ rFG (ɸ, ɹ) ʠ rOFG (ɺ, ɻ) ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ 100 ppm ʘʤʤʠʘʢʘ (ɸ, ɺ) ʠ 

ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ (ɹ, ɻ). ʅʘ ʨʠʩʫʥʢʝ ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʢʣʠʢʘ (ʦʙʣʘʩʪʴ ʦʙʦʟʥʘʯʝʥʘ 

ʩʝʨʳʤ) ʠ ʨʝʛʝʥʝʨʘʮʠʠ (ʙʝʣʘʷ ʦʙʣʘʩʪʴ) ʩʝʥʩʦʨʦʚ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʮʠʢʣʦʚ ʚʦʟʜʝʡʩʪʚʠʷ 

(ʧʨʦʥʫʤʝʨʦʚʘʥʳ ʨʠʤʩʢʠʤʠ ʩʠʤʚʦʣʘʤʠ). 
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ʭʦʨʦʰʠ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʬʪʦʨʘ 

ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʦʣʝʢʫʣʘʤʠ 

ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ. 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʦʪʢʣʠʢ ʧʣʸʥʦʢ rFG ʠ rOFG ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝʙʦʣʴʰʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʠʘʢʘ ʠ ʜʠʦʢʩʠʜʘ ʚ ʘʨʛʦʥʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 28. ʇʨʦʪʠʚʦʧʦʣʦʞʥʳʡ 

ʟʥʘʢ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʤʦʣʝʢʫʣ NH3 ʠ NO2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʭʘʥʠʟʤʫ 

ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʜʣʷ p-ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ [147]. 

ɸʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ NH3 ʷʚʣʷʶʪʩʷ ʜʦʥʦʨʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, 

ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʝʥʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʝʥʩʦʨʘ ʚ ʮʝʣʦʤ (ʨʠʩ. 28 (ʘ, ʚ)). NO2 ʥʘʧʨʦʪʠʚ, ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ 

ʘʢʮʝʧʪʦʨʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʫʤʝʥʴʰʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʟʮʘ 

(ʨʠʩ. 28 (ʙ, ʛ)). ʇʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʝ ʘʥʘʣʠʪʘ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʢʣʠʢʘ ʩ ʢʘʞʜʳʤ ʧʦʩʣʝʜʫʶʱʠʤ ʮʠʢʣʦʤ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʧʦʣʥʦʡ 

ʨʝʛʝʥʝʨʘʮʠʝʡ ʦʙʨʘʟʮʘ ʟʘ 20 ʤʠʥʫʪ ʧʨʦʜʫʚʘ ʘʨʛʦʥʦʤ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʥʩʦʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʦ ʦʮʝʥʝʥʦ ʧʦ ʠʟʤʝʥʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʢʣʠʢʘ ʚ ʪʨʝʪʴʝʤ ʮʠʢʣʝ, 

ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʷ 2.4 ʠ 2.5. ʅʘʯʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʣʸʥʦʢ rFG ʠ rOFG 

ʩʦʩʪʘʚʠʣʦ 2,93 ʠ 1,38 MÝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʣʸʥʢʘ rFG ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʘʤʤʠʘʢʘ ʠ ʙʦʣʝʝ ʧʦʣʥʫʶ ʨʝʛʝʥʝʨʘʮʠʶ, 

ʚ ʩʨʘʚʥʝʥʠʠ ʩ rOFG. ɼʣʷ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ, ʨʝʛʝʥʝʨʘʮʠʷ ʧʣʸʥʦʢ rFG ʠ rOFG ʠʤʝʣʘ 

ʦʜʠʥʘʢʦʚʦʝ ʧʦʚʝʜʝʥʠʝ (ʨʠʩ. 28 (ʙ, ʛ)), ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʨʝʛʝʥʝʨʘʮʠʠ ʙʳʣʠ 

ʥʘ ʧʝʨʚʦʤ ʮʠʢʣʝ ʠ ʜʦʩʪʠʛʘʣʠ ~ 60-70% ʧʦʩʣʝ ʪʨʝʪʴʝʛʦ ʮʠʢʣʘ. ɺ ʩʣʫʯʘʝ ʘʤʤʠʘʢʘ, rFG 

ʧʦʢʘʟʘʣ ʩʣʘʙʫʶ ʨʝʛʝʥʝʨʘʮʠʶ ʚ ʧʝʨʚʦʤ ʮʠʢʣʝ ʠ ~ 90% ʚ ʪʨʝʪʴʝʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ rOFG 

ʧʨʦʷʚʣʷʣ ʧʣʦʭʫʶ ʨʝʛʝʥʝʨʘʮʠʶ ʚʦ ʚʩʝʭ ʪʨʝʭ ʮʠʢʣʘʭ (ʨʠʩ. 28 (ʚ)). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ, ʠʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ 

2.8 ʠ 2.9 ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʝʨʚʳʭ ʮʠʢʣʦʚ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʡ ʧʦʜʭʦʜ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʭʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʝʥʘ ʘʜʩʦʨʙʮʠʠ (†) ʠ ʜʝʩʦʨʙʮʠʠ (†), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩ. 36. ɿʥʘʯʝʥʠʷ † ʠ † ʘʤʤʠʘʢʘ ʥʘ ʧʣʝʥʢʝ rOFG ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, 

ʯʝʤ ʟʥʘʯʝʥʠʷ ʥʘ ʧʣʝʥʢʝ rFG. ʀʟ ʜʘʥʥʳʭ ʈʌʕʉ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʦʚʝʨʭʥʦʩʪʴ rFG 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʘ ʘʪʦʤʘʤʠ ʬʪʦʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ rOFG ʩʦʜʝʨʞʠʪ 

ʢʘʢ ʬʪʦʨ-, ʪʘʢ ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʛʨʫʧʧʳ ʚ ʦʜʠʥʘʢʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʤʤʠʘʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ rOFG ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʢ ʧʦʩʣʝʜʥʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʛʨʫʧʧʘʤ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝʪ ʜʘʣʝʝ 

ʠʩʩʣʝʜʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 
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ʟʨʝʥʠʷ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʛʨʘʬʝʥʝ, ʧʦʚʳʰʘʶʪ ʵʥʝʨʛʠʶ 

ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʘʷ ʫʚʝʣʠʯʠʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʦʪʢʣʠʢ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʵʥʝʨʛʠʷ ʘʜʩʦʨʙʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʡ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʙʳʩʪʨʳʡ 

ʦʪʢʣʠʢ ʠ ʭʦʨʦʰʫʶ ʨʝʛʝʥʝʨʘʮʠʶ ʩʝʥʩʦʨʘ ʧʨʠ ʧʨʦʩʪʦʤ ʧʨʦʜʫʚʝ ʚʦʟʜʫʭʦʤ [207]. 

ʊʘʢ ʢʘʢ ʥʘʠʣʫʯʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʜʣʷ ʩʠʩʪʝʤʳ rFGïNO2 

(ʩʤ. ʨʠʩ. 28), ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ NO2 ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ 

(ʨʠʩ. 29). ʉʝʥʩʦʨ rFG ʙʳʣ ʧʦʜʚʝʨʛʥʫʪ ʚʦʟʜʝʡʩʪʚʠʶ 100ppm NO2 ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ, 

ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʧʦʣʫʯʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ † (ʨʠʩ. 28 (ʙ)) ʠ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʩʝʥʩʦʨ ʠʤʝʝʪ 

ʤʝʥʴʰʝʝ ʚʨʝʤʷ ʜʝʩʦʨʙʮʠʠ, ʢʦʪʦʨʦʝ ʨʘʚʥʷʝʪʩʷ ~ 510 ʩʝʢʫʥʜʘʤ. ʅʘ ʨʠʩ. 29 (ʘ) ʧʦʢʘʟʘʥʘ 

ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʩʝʥʩʦʨʘ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʚʦʟʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʦʪʢʣʠʢ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ 

ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ (ʨʠʩ. 29 (ʙ)). ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʨʠʚʦʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʘ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʙʠʪʘ ʥʘ ʜʚʝ ʯʘʩʪʠ. ʇʝʨʚʘʷ ʯʘʩʪʴ ʷʚʣʷʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʠʤ ʨʝʛʠʦʥʦʤ, 

ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʘʜʩʦʨʙʮʠʠ ʛʘʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʸʥʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ 

ʦʪʢʣʠʢʫ. ɺʪʦʨʘʷ ʯʘʩʪʴ, ʜʠʬʬʫʟʠʦʥʥʳʡ ʨʝʛʠʦʥ ʚ ʦʙʲʝʤ ʧʣʸʥʢʠ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ 

 

ʈʠʩ. 29. ʆʪʢʣʠʢ rFG ʩʝʥʩʦʨʘ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ. ʇʦʚʪʦʨʷʝʤʦʩʪʴ ʦʪʢʣʠʢʘ ʥʘ 

ʚʦʟʜʝʡʩʪʚʠʝ 100 ppm NO2 ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ (ɸ). ʇʦʚʝʜʝʥʠʝ ʩʝʥʩʦʨʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

NO2, ʛʜʝ ʧʝʨʚʳʡ (ʟʘʰʪʨʠʭʦʚʘʥʥʳʡ) ʜʠʘʧʘʟʦʥ ʦʪʚʝʯʘʝʪ ʢʠʥʝʪʠʯʝʩʢʦʤʫ ʨʝʛʠʦʥʫ ʘʜʩʦʨʙʮʠʠ ʛʘʟʘ, ʘ 

ʚʪʦʨʦʡ ʜʠʘʧʘʟʦʥ ʦʪʚʝʯʘʝʪ ʜʠʬʬʫʟʠʠ ʛʘʟʘ ʚ ʦʙʲʝʤ ʧʣʸʥʢʠ (ɹ). ʆʪʢʣʠʢ ʩʝʥʩʦʨʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 100 ʜʦ 10 ppm (ɺ). ɺʩʪʘʚʢʘ ʧʦʢʘʟʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʢʣʠʢʘ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. 
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ʢ ʤʝʜʣʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʦʪʚʝʪ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʤʦʣʝʢʫʣ NO2 

ʚ ʦʙʲʝʤ ʧʣʸʥʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʦʣʫʯʝʥʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʜʝʩʦʨʙʮʠʠ 

ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʧʨʦʮʝʩʩʘʤʠ ʜʠʬʬʫʟʠʠ ʤʦʣʝʢʫʣ ʠʟ ʦʙʲʝʤʘ ʧʣʸʥʢʠ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ 

ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ † ʠ ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʛʦ ʧʨʦʜʫʚʘ ʘʨʛʦʥʦʤ. 

ɺ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 100 ʜʦ 10 ppm, rFG-ʩʝʥʩʦʨ ʠʤʝʝʪ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʪʢʣʠʢʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʆʥ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʨʘʚʥʫʶ 

0,2 %Āppm-1 (ʚʩʪʘʚʢʘ ʨʠʩ. 29 (ʚ)), ʧʨʠ ʵʪʦʤ ʦʪʢʣʠʢ ʤʝʥʷʝʪʩʷ ʦʪ 19% ʥʘ 100 ppm ʜʦ 6% 

ʥʘ 10 ppm, ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʜʣʷ ʵʪʦʛʦ ʩʝʥʩʦʨʘ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʟ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ 

ʢ ʰʫʤʫ ʩʦʩʪʘʚʣʷʝʪ 0,5 ppm. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 6 

ʕʥʝʨʛʠʷ ʘʜʩʦʨʙʮʠʠ (Eads) ʠ ʥʘʠʤʝʥʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ NH3 ʠ NO2,  

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʬʪʦʨʠʜʘ ʠ ʦʢʩʠʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ 

 rFG  rOFG 

NH3 NO2 NH3 NO2 

Eads (ʵɺ) 0,257 0,264 0,327 0,254 

ɿʘʨʷʜ (ʝ) +0,002 -0,001 +0,059 -0,036 

ʈʘʩʩʪʦʷʥʠʝ (¡) 2.25 (HĀĀĀF) 

3.17 (NĀĀĀC) 

2.97 (NĀĀĀF) 

3.12 (OĀĀĀC) 

3.15 (OĀĀĀC) 

2.96 (HĀĀĀF) 

2.22 (HĀĀĀO) 

3.22 (NĀĀĀC) 

2.77 (NĀĀĀO) 

2.90 (NĀĀĀC) 

 

 

ʈʠʩ. 30. ʀʟʦʧʦʚʝʨʭʥʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʝ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ NH3 

(ɸ, ɺ) ʠʣʠ NO2 (ɹ, ɻ) ʠ ʬʨʘʛʤʝʥʪʘʤʠ ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ (ɸ, ɹ) ʠ ʦʢʩʠʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ (ɺ, ɻ). 

 ɺʳʩʦʢʠʝ ʧʦ ʤʦʜʫʣʶ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ,  

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʠʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʤ̫.  

ɺʳʩʦʢʠʝ ʧʦ ʤʦʜʫʣʶ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʩʠʥʠʤ ʮʚʝʪʦʤ, 

 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʩʫʪʩʪʚʠʶ ʩʚʷʟʳʚʘʥʠʷ. 
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ʋʯʠʪʳʚʘʷ ʜʘʥʥʳʝ ʈʌʕʉ-ʘʥʘʣʠʟʘ ʦ ʩʦʩʪʘʚʝ ʠ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ 

ʨʝʘʢʮʠʡ ʬʪʦʨʠʨʦʚʘʥʠʷ ʠ ʬʪʦʨʦʢʠʩʣʝʥʠʷ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʤʦʜʝʣʠ, ʦʪʚʝʯʘʶʱʠʝ rFG 

ʠ rOFG. ʄʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʨʘʬʝʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ (ʉ80ʅ22) ʢ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʳ ʜʚʘ ʘʪʦʤʘ ʬʪʦʨʘ ʠʣʠ ʘʪʦʤ ʬʪʦʨʘ ʠ ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ rFG ʠ rOFG. ʇʦʣʦʞʝʥʠʝ ʩʦʩʝʜʥʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ 

ʥʘ ʨʘʟʥʳʭ ʩʪʦʨʦʥʘʭ ʛʨʘʬʝʥʘ ʤʝʥʴʰʝ ʜʝʬʦʨʤʠʨʫʝʪ ʨʝʰʝʪʢʫ ʠ ʵʪʦ ʙʳʣʦ ʧʨʦʜʝʣʘʥʦ 

ʜʣʷ ʤʦʜʝʣʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʨʘʟʮʫ rFG. ɺ ʤʦʜʝʣʠ rOFG, ʬʪʦʨ ʠ ïOH ʛʨʫʧʧʳ ʙʳʣʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʜʥʦʡ ʩʪʦʨʦʥʝ ʛʨʘʬʝʥʘ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʷʚʠʪʴ ʠʭ ʦʙʱʠʡ ʚʢʣʘʜ 

ʚ ʘʜʩʦʨʙʮʠʶ ʤʦʣʝʢʫʣ ʘʥʘʣʠʪʘ. 

ʀʩʧʦʣʴʟʫʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʳ ʧʦʣʫʯʠʣʠ ʩʪʘʙʠʣʴʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʧʦʣʦʞʝʥʠʡ ʤʦʣʝʢʫʣ NH3 ʠ NO2 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 30. 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʠ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʵʪʠʭ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 6. 

ʅʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ, ʚ ʤʦʜʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ çʤʦʣʝʢʫʣʘï

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʛʨʘʬʝʥè ʥʝʢʦʚʘʣʝʥʪʥʳe ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʳʣʠ ʠʟʦʙʨʘʞʝʥʳ 

ʚ ʚʠʜʝ ʛʨʘʜʠʝʥʪʥʳʭ ʠʟʦʧʦʚʝʨʭʥʦʩʪʝʡ. ʎʚʝʪ ʠʟʦʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʦʟʥʘʯʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩʦ ʟʥʘʢʦʤ ʃʘʧʣʘʩʠʘʥʘ ʠ ʩʠʣʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺʳʩʦʢʠʝ ʧʦ ʤʦʜʫʣʶ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʠʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. 

ɺʳʩʦʢʠʝ ʧʦ ʤʦʜʫʣʶ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʩʠʥʠʤ ʮʚʝʪʦʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʩʫʪʩʪʚʠʶ ʩʚʷʟʳʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʙʣʘʩʪʠ ʦʪʩʫʪʩʪʚʠʷ ʩʚʷʟʳʚʘʥʠʷ 

ʧʝʨʝʩʝʢʘʶʪʩʷ ʚ ʮʝʥʪʨʝ ʢʘʞʜʦʛʦ ʛʝʢʩʘʛʦʥʘ ʫʛʣʝʨʦʜʥʦʡ ʨʝʰʝʪʢʠ. ɿʥʘʯʝʥʠʷ ʙʣʠʟʢʠʝ 

ʢ ʥʫʣʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʯʝʥʴ ʩʣʘʙʳʤ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ. ʄʦʣʝʢʫʣʘ 

NH3 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʬʪʦʨʦʤ ʠ ʢʠʩʣʦʨʦʜʦʤ ʯʝʨʝʟ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ (ʨʠʩ. 30 (ʘ, ʚ)), 

ʤʦʣʝʢʫʣʘ NO2 ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʘʪʦʤʦʤ ʘʟʦʪʘ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʝ (ʨʠʩ. 38 (ʙ, ʛ)). 

ɺ ʜʦʧʦʣʥʝʥʠʠ ʤʦʣʝʢʫʣʳ ʠʤʝʶʪ ʩʚʷʟʳʚʘʥʠʝ ʩ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʨʷʜʦʤ 

ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʦʡ. ʆʜʥʘʢʦ ʵʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʤʥʦʛʦ ʩʣʘʙʝʝ, ʯʝʤ ʧʝʨʚʳʝ 

ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʘʜʩʦʨʙʘʪʘ ʠ ʛʨʘʬʝʥʦʤ. ʉʨʝʜʠ ʚʩʝʭ ʵʪʠʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ rOFG ʩ NH3, ʚ ʢʦʪʦʨʦʡ ʤʦʣʝʢʫʣʘ ʩʠʣʴʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ, ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ 

ʘʜʩʦʨʙʮʠʠ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ 

ʥʘʠʭʫʜʰʫʶ ʨʝʛʝʥʝʨʘʮʠʶ ʜʣʷ ʧʣʸʥʢʠ rOFG (ʪʘʙʣ. 6). 
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3.3.3. ʈʌʕʉ In situ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʘʜʩʦʨʙʮʠʠ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʛʨʘʬʝʥʝ 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ, ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʠʩʣʦʨʦʜ- ʠ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ 

ʤʘʪʝʨʠʘʣʘ: ʦʢʩʠʜ ʛʨʘʬʝʥʘ (rGO), ʦʢʩʠʬʪʦʨʠʜ ʛʨʘʬʝʥʘ (rOFG) ʠ ʬʪʦʨʠʜ ʛʨʘʬʝʥʘ (rFG). 

ɹʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ rGO, rOFG ʠ rFG ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʤʝʩʠ ʛʘʟʦʚ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʪʠʧʳ ʠ ʢʦʣʠʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʨʘʬʝʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʈʌʕʉ C 1s-ʩʧʝʢʪʨʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 31. ʅʘʣʠʯʠʝ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ 284,5 ʵɺ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ sp2ïʛʠʙʨʠʜʠʟʦʚʘʥʥʳʤ 

ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ, ʧʦʢʘʟʳʚʘʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʛʨʘʬʝʥʦʚʳʭ ʦʙʣʘʩʪʝʡ ʚ ʧʨʦʮʝʩʩʝ 

 

ʈʠʩ. 31. ʈʌʕʉ C 1s-ʩʧʝʢʪʨ ʧʣʸʥʦʢ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ (ɸ), ʦʢʩʠʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ (ɹ) 

ʠ ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ (ɺ) ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ NOx. 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 7 

ɼʦʣʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʧʣʸʥʢʘʭ rGO, rOFG ʠ rFG,  

ʨʘʩʩʯʠʪʘʥʥʳʭ ʠʟ ʈʌʕʉ C 1s-ʩʧʝʢʪʨʦʚ 

ʆʙʨʘʟʝʮ ɼʦʣʷ, % 

Csp2 

(284.5 eV) 

C*-C(X) 

(285 eV) 

C*-O 

(286.2eV) 

C*=O 

(287.3eV) 

-C*O2 

(288.9eV) 

C*-F 

(287.6eV) 

rGO 35.4 46.3 9.3 4.7 4.3 - 

rOFG 31.4 50.9 7.9 - 5.0 4.8 

rFG  37.2 48.8 - - - 14.4 
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ʥʘʥʝʩʝʥʠʷ ʧʣʸʥʢʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʩʧʝʢʪʨʳ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʩʦʜʝʨʞʘʪ 

ʢʦʤʧʦʥʝʥʪ CïC(X) ʧʨʠ 285 ʵɺ, ʩʚʷʟʘʥʥʳʡ ʩ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚʙʣʠʟʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. ʈʘʟʣʦʞʝʥʠʝ C 1s-ʩʧʝʢʪʨʘ rGO ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ 

ʥʘʣʠʯʠʝ ʢʦʤʧʦʥʝʥʪʘ C*ïO ʧʨʠ 286,3 ʵɺ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ, ʠ ʜʚʫʭ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ C*=O 

ʧʨʠ 287,2 ʠ ïC*O2 ʧʨʠ 299,9 ʵɺ (ʨʠʩ. 31 (ʘ)), ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʛʣʝʨʦʜʫ 

ʚ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʠ ʢʘʨʙʦʥʠʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [206]. 

ʉ 1s-ʩʧʝʢʪʨ rOFG ʩʦʜʝʨʞʠʪ ʢʦʤʧʦʥʝʥʪʳ C*ïO ʠ ïC*O2, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʢʦʤʧʦʥʝʥʪ ʧʨʠ 287,6 ʵɺ (ʨʠʩ. 31 (ʙ)), ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʢʦʚʘʣʝʥʪʥʦʤʫ ʧʨʠʩʦʝʜʠʥʝʥʠʶ 

ʘʪʦʤʦʚ ʬʪʦʨʘ ʢ ʫʛʣʝʨʦʜʥʦʡ ʩʝʪʢʝ [66]. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ ʚ ʩʚʷʟʠ 

ʩ ʥʘʣʠʯʠʝʤ F 1s-ʣʠʥʠʠ ʧʨʠ 680 ʵɺ ʚ ʦʙʟʦʨʥʦʤ ʩʧʝʢʪʨʝ rOFG. ʈʌʕʉ C 1s-ʩʧʝʢʪʨ ʧʣʸʥʢʠ 

rFG, ʧʦʤʠʤʦ ʦʙʱʠʭ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪ, ʩʚʷʟʘʥʥʳʡ 

ʩ ʥʘʣʠʯʠʝʤ ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ (ʨʠʩ. 31 (ʩ)). ʉʦʦʪʥʦʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʫʛʣʝʨʦʜʘ ʚ ʠʟʫʯʘʝʤʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʛʨʘʬʝʥʘ ʨʘʩʩʯʠʪʘʥʦ ʠʩʭʦʜʷ 

ʠʟ ʨʘʟʣʦʞʝʥʠʷ C 1s-ʩʧʝʢʪʨʘ ʠ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣ. 7. 

ʇʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ NOx ʥʘ ʦʙʨʘʟʮʳ ʧʣʸʥʦʢ (ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʟʜʝʣʝ 2.5) ʙʳʣʠ ʟʘʧʠʩʘʥʳ C 1s- ʠ N 1s-ʩʧʝʢʪʨʳ. ʆʪʥʦʰʝʥʠʝ ʘʟʦʪʘ 

 

ʈʠʩ. 32. ʀʟʤʝʥʝʥʠʝ N 1s-ʩʧʝʢʪʨʘ rGO (ɸ), rOFG (ɹ) ʠ rFG (ɺ) ʜʦ (ʩʝʨʘʷ ʣʠʥʠʷ) ʠ ʧʦʩʣʝ (ʦʨʘʥʞʝʚʘʷ 

ʣʠʥʠʷ) ʤʦʣʝʢʫʣ NOx. ʈʌʕʉ N 1s-ʩʧʝʢʪʨ rGO ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʝʝ ʩʠʣʴʥʫʶ ʘʜʩʦʨʙʮʠʶ ʤʦʣʝʢʫʣ NO, 

rOFG ï NO2, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ rFG ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʫʶ ʘʜʩʦʨʙʮʠʶ ʢʘʢ ʤʦʣʝʢʫʣ ʦʢʩʠʜʘ 

ʘʟʦʪʘ, ʪʘʢ ʠ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ. 
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ʠ ʫʛʣʝʨʦʜʘ ʚ ʦʙʨʘʟʮʘʭ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʠʟ ʧʣʦʱʘʜʝʡ ʣʠʥʠʡ N 1s ʠ C 1s, ʧʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 0,54% ʚ rOFG ʠ 0,48% ʚ rGO. C 1s-ʩʧʝʢʪʨʳ ʥʝ ʧʨʝʪʝʨʧʝʣʠ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʩʣʝ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʦʢʩʠʜʦʚ ʘʟʦʪʘ, ʠʟʤʝʥʝʥʠʷ  

N 1s-ʩʧʝʢʪʨʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 32. ɼʣʷ ʧʣʸʥʢʠ rGO, ʩʧʝʢʪʨ ʠʤʝʝʪ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʨʠʩ. 32 (ʘ)). ɺʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ 

ʧʨʠ 404,5 ʵɺ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʘʟʦʪʘ ʚ NO2, ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʝʥʘ [208]. ʅʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʧʨʠ 400,8 ʵɺ ʦʪʚʝʯʘʝʪ 

ʘʟʦʪʫ ʚ ʤʦʣʝʢʫʣʘʭ NO. ʆʙʘ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ N 1s-ʩʧʝʢʪʨʝ rOFG, 

ʦʜʥʘʢʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠʤʝʨʥʦ ʚ ʪʨʠ ʨʘʟʘ ʥʠʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʪʦʨʦʛʦ (ʨʠʩ. 32 (ʙ)). ɺ N 1s-ʩʧʝʢʪʨʝ rFG ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʢʦʤʧʦʥʝʥʪ ʧʨʠ 

401 ʵɺ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʘʟʦʪʦʤ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʤ ʚ ʠʩʭʦʜʥʦʤ ʛʨʘʬʠʪʝ (ʨʠʩ. 32 (ʚ)). 

ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʩʧʝʢʪʨʘʤʠ ʜʦ ʠ ʧʦʩʣʝ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ NOx ʜʘʝʪ ʧʨʷʤʫʶ ʣʠʥʠʶ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʫʶ ʦ ʧʦʣʥʦʡ ʜʝʩʦʨʙʮʠʠ ʛʘʟʘ ʥʘ ʩʪʘʜʠʠ ʦʪʢʘʯʢʠ ʢʘʤʝʨʳ. 

ʅʘʰʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ ʩʠʣʴʥʫʶ ʘʜʩʦʨʙʮʠʶ 

ʥʘ ʦʢʩʠʜʝ ʠ ʦʢʩʠʬʪʦʨʠʜʝ ʛʨʘʬʝʥʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʬʪʦʨʠʜʦʤ ʛʨʘʬʝʥʘ. ʕʪʦʪ ʬʘʢʪ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ 

ʛʨʘʬʝʥʘ ʠ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ ʯʘʩʪʠʯʥʫʶ ʨʝʛʝʥʝʨʘʮʠʶ ʧʨʠ ʧʨʦʜʫʚʝ 

ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ ʠʣʠ ʚʘʢʫʫʤʥʦʡ ʦʪʢʘʯʢʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʣʥʘʷ ʨʝʛʝʥʝʨʘʮʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʣʠ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ [124, 147]. ʅʘʠʙʦʣʝʝ ʚʦʟʤʦʞʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʚ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʜʝʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ NO ʩ ʧʦʚʝʨʭʥʦʩʪʠ rGO ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ rOFG, ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʠʣʴʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʪʠʭ ʤʦʣʝʢʫʣ ʩ ʥʘʣʠʯʠʝʤ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʧʝʨʚʦʤ 

 

ʈʠʩ. 33. NEXAFS NK-ʢʨʘʡ ʩʧʝʢʪʨ GO ʠ OFG ʧʦʩʣʝ ʘʜʩʦʨʙʮʠʠ NOx (ɸ). ʀʣʣʶʩʪʨʘʮʠʷ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ NO2 (ʚʝʨʭʥʠʡ ʧʨʘʚʳʡ ʫʛʦʣ) ʠ NO (ʥʠʞʥʷʷ ʯʘʩʪʴ ʨʠʩ.) 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʛʨʘʬʝʥʘ (ɹ). 

 



92 

 

ʤʘʪʝʨʠʘʣʝ (ʨʠʩ. 31 (ʙ)). ʕʪʦʪ ʚʳʚʦʜ ʙʳʣ ʩʜʝʣʘʥ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʳʭ ʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʦʙʨʘʟʮʦʚ (ʪʘʙʣ. 7) [209].  

ɼʘʥʥʳʝ ʈʌʕʉ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʦʙʨʘʟʮʦʚ rGO ʠ rOFG, ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ 

ʠʟʤʝʨʝʥʠʷ NK-ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (NEXAFS). ʈʠʩ. 33 (ʘ) 

ʧʦʢʘʟʳʚʘʝʪ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʢʘʨʪʠʥʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ NOx ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ rGO ʠ rOFG. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘ ʜʣʷ ʦʙʦʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʨʝʛʠʦʥʝ ʩʧʝʢʪʨʘ ʤʝʞʜʫ 400 ʠ 402 ʵɺ ʥʘʙʣʶʜʘʪʁʩʷ ʭʦʨʦʰʦ ʨʘʟʣʠʯʠʤʳʝ ʣʠʥʠʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ˊ*-ʨʝʟʦʥʘʥʩʘʤʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʦʢʩʠʜʦʚ ʘʟʦʪʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʘʤʠ ʘʜʩʦʨʙʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣ 

NOx ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʠ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʣʠʥʠʠ 

ʙʳʣʠ ʩʦʦʪʥʝʩʝʥʳ ʩ ʧʦʣʦʞʝʥʠʷʤʠ ʨʝʟʦʥʘʥʩʦʚ ʜʣʷ NO ʠ NO2. ʇʠʢ ʧʨʠ 400,8 ʵɺ ʦʙʳʯʥʦ 

ʦʪʥʦʩʷʪ ʢ ʥʝʟʘʥʷʪʳʤ -́ʦʨʙʠʪʘʣʷʤ NO. ɺʪʦʨʘʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘʷ ʣʠʥʠʷ ʧʨʠ 401,6 ʵɺ 

ʦʪʚʝʯʘʝʪ ʥʠʟʰʠʤ ʥʝʟʘʥʷʪʳʤ -́ʦʨʙʠʪʘʣʷʤ NO2. ɹʦʣʝʝ ʪʦʛʦ, ʩʧʝʢʪʨ ʩʦʜʝʨʞʠʪ ʩʣʘʙʳʡ 

ʢʦʤʧʦʥʝʥʪ ʧʨʠ 403,7 ʵɺ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ˊ*-ʦʨʙʠʪʘʣʷʤ ʤʦʣʝʢʫʣʳ ʜʠʦʢʩʠʜʘ 

ʘʟʦʪʘ [203]. 

ɸʜʩʦʨʙʮʠʷ ʤʦʣʝʢʫʣ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʰʠʨʦʢʦ 

ʠʩʩʣʝʜʦʚʘʥʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʣʳ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʬʠʟʠʯʝʩʢʘʷ ʠʣʠ ʭʠʤʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ) ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʧʦʟʠʮʠʷ 

ʣʠʥʠʡ ʠ ʫʛʣʦʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ NEXAFS-ʩʧʝʢʪʨʦʚ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ [124, 210, 211]. 

ɼʣʷ ʤʦʣʝʢʫʣ NO ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ, ˊ*-ʩʠʛʥʘʣ ʥʘʭʦʜʠʪʩʷ ʥʘ 399,7 ʵɺ [211], ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, Stºhr ʠ ʩʦʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʭʠʤʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ NO ʥʘ Ni 

(100) ʜʘʶʪ ʩʠʛʥʘʣ ʧʨʠ 401,5 ʵɺ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʩʚʷʟʳʚʘʶʪ ʪʘʢʦʡ ʙʦʣʴʰʦʡ ʩʜʚʠʛ ʣʠʥʠʠ 

ʩ ʩʠʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʦʨʙʠʪʘʣʝʡ NO c ʦʨʙʠʪʘʣʷʤʠ Ni. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ NO2 

ʩ ʘʜʩʦʨʙʘʪʦʤ ʠʤʝʶʪ ʧʦʭʦʞʫʶ ʪʝʥʜʝʥʮʠʶ. NEXAFS NK-ʢʨʘʡ ʤʦʣʝʢʫʣʳ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ 

ʩʦʜʝʨʞʠʪ ʧʠʢʠ ʤʝʞʜʫ 401,0 ʠ 401,8 ʵɺ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʣʠʯʥʳʤ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʦʨʙʠʪʘʣʷʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʜʘʶʪ ʧʠʢʠ ʧʨʠ 402,5 ʵɺ [212]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʩʣʘʙʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʤʦʣʝʢʫʣ NOx ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʨʘʬʝʥʘ. 

3.3.4. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ ʥʘ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʧʣʸʥʦʢ ʦʢʩʠʬʪʦʨʠʜʘ 

ʛʨʘʬʝʥʘ 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʦʢʩʠʬʪʦʨʠʜ ʛʨʘʬʠʪʘ ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʪʦʨʠʜʦʤ ʛʨʘʬʠʪʘ (ʨʠʩ. 27), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
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ʧʨʦʚʦʜʠʪʴ ʯʘʩʪʠʯʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʢʦʪʦʨʳʝ ʥʝ ʙʫʜʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʦʢʩʠʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ OFG ʙʳʣʘ ʚʳʙʨʘʥʘ ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʊɻɸ) ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. ɼʘʥʥʳʝ ʊɻɸ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʛʨʝʚ OFG ʢʘʢ ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ, ʪʘʢ ʠ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʝ ʤʘʩʩʳ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 

800ʦʉ (ʨʠʩ. 34). ʅʘ ʢʨʠʚʦʡ ʊɻɸ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 25 ʜʦ 250ʦʉ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʧʠʢʘ 

ʧʦʪʝʨʠ ʤʘʩʩʳ, ʧʝʨʚʳʡ ʠʟ ʥʠʭ ʩʚʷʟʘʥ ʩ ʧʦʪʝʨʝʡ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ, 

ʚʪʦʨʦʡ ï ʩ ʯʘʩʪʠʯʥʳʤ ʦʪʱʝʧʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʧʣʸʥʦʢ ʧʨʦʚʦʜʠʣʠ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʥʘʛʨʝʚʝ ʦʪ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 210ʦʉ ʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ.  

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʧʣʸʥʢʠ ʦʢʩʠʬʪʦʨʠʜʘ ʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ ʪʦʣʱʠʥʦʡ ~ 10 ʥʤ 

ʥʘ ʧʦʜʣʦʞʢʝ SiO2/Si ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʚ ʫʩʣʦʚʠʷʭ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ. ʇʨʦʚʦʜʠʤʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʧʣʸʥʦʢ rOFG ʩʣʘʙʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʢʩʠʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʷʜʢʘ 10-7 Ý/Ǐ ʠ ʠʤʝʶʪ ʚʳʨʘʞʝʥʥʫʶ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩ. 35 (ʘ)), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʦʣʫʯʝʥʥʳʤʠ 

ʥʘ ʦʢʩʠʜʝ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʦʢʩʠʜʝ ʛʨʘʬʝʥʘ [32]. ɺʦ ʚʩʪʘʚʢʝ ʨʠʩ. 35 (ʘ) ʧʦʢʘʟʘʥʳ 

ʥʝʩʢʦʣʴʢʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʮʠʢʣʦʚ ʥʘʛʨʝʚʘ-ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʘ rOFG ʚ ʜʠʘʧʘʟʦʥʝ 

 

ʈʠʩ. 34. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʧʦʪʝʨʠ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʦʢʩʠʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʧʨʠ ʥʘʛʨʝʚʝ ʚ 

ʘʪʤʦʩʬʝʨʝ He. 
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ʪʝʤʧʝʨʘʪʫʨ ʦʪ 25 ʜʦ 70ʦʉ ʚ ʪʦʢʝ ʘʨʛʦʥʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʜʝʛʨʘʜʘʮʠʠ 

ʤʘʪʝʨʠʘʣʘ ʚ ʜʘʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʦʣʫʯʝʥʥʘ ̫ ʧʣʸʥʢʘ rOFG ʙʳʣʘ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʥʘ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ NO2 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚʨʝʤʷ 

ʦʪʢʣʠʢʘ ʙʳʣʦ ʟʘʜʘʥʦ ʨʘʚʥʳʤ 3 ʤʠʥʫʪʘʤ, ʘ ʚʨʝʤʷ ʨʝʛʝʥʝʨʘʮʠʠ ï 12 ʤʠʥʫʪ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʧʦʣʥʳʡ ʮʠʢʣ ʩʦʩʪʘʚʠʣ 15 ʤʠʥʫʪ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 75oʉ, ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʘʩʳʱʝʥʥʳʡ ʦʪʢʣʠʢ ʨʘʚʥʳʡ ~ 83% ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ 100 ppm ʜʠʦʢʩʠʜʘ 

ʘʟʦʪʘ (ʨʠʩ. 35 (ʙ)). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʟʘʜʘʥʥʳʝ ʚʨʝʤʝʥʘ ʦʪʢʣʠʢʘ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʴʰʝʝ ʥʘʩʳʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʸʥʢʠ, ʚ ʩʚʷʟʠ 

ʩ ʯʝʤ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʦʪʢʣʠʢ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 84% ʣʠʰʴ ʜʦ 83% ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʙʩʦʣʶʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʦʢʘ ʫʚʝʣʠʯʠʣʦʩʴ ʧʨʠʤʝʨʥʦ ʥʘ 

ʦʜʠʥ ʧʦʨʷʜʦʢ.  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʢʠʥʝʪʠʢʠ ʘʜʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʜʭʦʜ, 

ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʟʜʝʣʝ 2.7.2. ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʷ 2.8 ʠ 2.9, ʙʳʣʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ ʦʪʢʣʠʢʘ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʜʣʷ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʥʳʭ ʢʦʥʩʪʘʥʪ 

ʩʢʦʨʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʤʦʣʝʢʫʣʳ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʨʘʬʝʥʘ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥ ʘʜʩʦʨʙʮʠʠ 

(ʚʩʪʘʚʢʘ ʨʠʩ. 43 (ʚ)), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ, ʢʘʢ ʚʨʝʤʝʥʘ ʦʪʢʣʠʢʘ, ʪʘʢ ʠ ʨʝʛʝʥʝʨʘʮʠʠ, 

ʙʝʟ ʫʤʝʥʴʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʝʥʩʦʨʘ. ɺ ʪʝʨʤʠʥʘʭ ʚʨʝʤʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʘʜʩʦʨʙʮʠʠ ʩ ~ 400 ʩʝʢʫʥʜ ʜʦ ~ 80 ʩʝʢʫʥʜ 

ʠ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʜʝʩʦʨʙʮʠʠ ʩ ~ 2500 ʩʝʢ ʜʦ ~ 800 ʩʝʢʫʥʜ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ rOFG ʚ ʢʘʯʝʩʪʚʝ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʛʦ ʛʘʟʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ 

 

ʈʠʩ. 35. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʣʸʥʢʠ rOFG ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 35 ʜʦ 70oʉ. ɺʦ ʚʩʪʘʚʢʝ: 

ʮʠʢʣʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʝʥʩʦʨʘ (ɸ). ɺʦʩʧʨʦʠʟʚʦʜʠʤʳʡ ʦʪʢʣʠʢ 

ʩʝʥʩʦʨʘ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ 100 ppm NO2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʝʥʩʦʨʘ 75oʉ (ɹ). ʆʪʢʣʠʢ ʩʝʥʩʦʨʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 25, 40, 50 ʠ 75oʉ. ɺʦ ʚʩʪʘʚʢʝ ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʘʜʩʦʨʙʮʠʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ (ɺ). 
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ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʜʠʘʧʘʟʦʥʝ 

ʜʦ 100ʦʉ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʝʞʝʣʘʪʝʣʴʥʦ ʧʦ ʧʨʠʯʠʥʝ 

ʚʦʟʤʦʞʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʚ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʝ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʧʣʸʥʢʠ rOFG ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 100 

ʜʦ 0.4 ppm (ʨʠʩ. 36 (ʘ)). ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ NO2 ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʢʣʠʢʘ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʚʨʝʤʝʥ ʘʜʩʦʨʙʮʠʠ 

ʠ ʜʝʩʦʨʙʮʠʠ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʧʣʘʪʦ ʥʘ ʩʪʘʜʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʘʥʘʣʠʪʦʤ ʧʦʩʣʝ 

90-100 ʩʝʢʫʥʜ ʠ ~ 100% ʜʝʩʦʨʙʮʠʝʡ ʧʨʠ ʧʨʦʜʫʚʝ. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʢʣʠʢʘ 

ʦʪʚʝʯʘʝʪ ʠʟʦʪʝʨʤʝ ʃʝʥʛʤʶʨʘ, ʧʨʠ ʵʪʦʤ ʥʘʩʳʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʤʦʣʝʢʫʣʘʤʠ 

NO2 ʧʨʦʠʩʭʦʜʠʪ ʫʞʝ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʨʷʜʢʘ 100 ppm. ʂʘʢ ʠʟʚʝʩʪʥʦ 

ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [168], ʧʨʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʠʟʦʪʝʨʤʳ 

ʘʜʩʦʨʙʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ. ɼʣʷ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʣʠʥʝʡʥʳʡ 

ʜʠʘʧʘʟʦʥ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʥʠʞʝ 4 ppm. ɺ ʜʘʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʦʪʢʣʠʢ ʧʘʜʘʝʪ ʦʪ ~ 35% ʠ ʜʦʩʪʠʛʘʝʪ 4% 

ʧʨʠ 0,4 ppm, ʯʪʦ ʦʪʚʝʯʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 9,5 %Āppm-1 (ʩʤ. ʚʩʪʘʚʢʫ ʨʠʩ. 36 (ʙ)). 

ʂʨʦʤʝ ʪʦʛʦ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ ʧʫʪʝʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʧʦʜʙʦʨʘ 

ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʢʣʠʢʘ. 

ɿʘʢʣʶʯʝʥʠʝ ʢ 3 ʛʣʘʚʝ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʨʘʬʠʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

ʈʠʩ. 36. ʉʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʥʘ ʨʘʟʣʠʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ NO2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 75oʉ (ɸ). 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʢʣʠʢʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɺʦ ʚʩʪʘʚʢʝ ʧʨʠʚʝʜʝʥʘ ʣʠʥʝʡʥʘʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʥʘʣʠʪʘ (ɹ). 
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ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʚʦʜʷʱʠʝ ʧʣʸʥʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʠʘʢʘ 

ʠ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʝʥʩʦʨʥʦʤʫ 

ʦʪʢʣʠʢʫ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʦʙʨʘʟʮʦʚ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ 

ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʨʘʬʝʥʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʛʨʘʬʝʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʳʷʚʠʣʦ ʨʷʜ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʢʘʩʘʶʱʠʭʩʷ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʤʦʣʝʢʫʣʘʤʠ ʘʤʤʠʘʢʘ ʠ ʦʢʠʩʠ ʘʟʦʪʘ. 

¶ ʄʦʨʬʦʣʦʛʠʷ ʠ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 

ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʤʝʩʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʧʨʠ ʘʜʩʦʨʙʮʠʠ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʤʦʣʝʢʫʣ. ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴ ʧʦʨ, ʯʪʦ ʚʣʠʷʝʪ 

ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʥʘʣʠʯʠʝ 

ʜʝʬʝʢʪʦʚ ʧʦʟʚʦʣʷʶʪ ʫʩʠʣʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʣʝʢʫʣ ʛʘʟʦʚʦʡ ʬʘʟʳ ʩ ʛʨʘʬʝʥʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ.  

¶ ʉʨʘʚʥʝʥʠʝ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʤʘʢʨʦʨʘʟʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ ʠ ʧʣʝʥʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠ ʛʣʫʙʠʥʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʚʥʦʩʷʪ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʪʝʢʘʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ɺʦ ʚʪʦʨʦʤ ʞʝ ʩʣʫʯʘʝ, ʨʝʘʣʠʟʫʝʪʩʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʘʷ ʵʢʨʘʥʠʟʘʮʠʷ ʟʘʨʷʜʘ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʧʣʸʥʢʠ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʤʦʣʝʢʫʣ, ʦʙʝʩʧʝʯʠʚʘʷ ʫʚʝʣʠʯʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 3 ʧʦʨʷʜʢʘ. 

¶ ʍʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ï ʧʫʪʴ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʅʘʣʠʯʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʠʠ ʘʜʩʦʨʙʮʠʠ ʠ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʘʬʝʥʦʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʝʥʩʦʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʵʥʝʨʛʠʷ 

ʘʜʩʦʨʙʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʩʣʠʰʢʦʤ ʥʠʟʢʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ 

ʠ ʥʝ ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʭʦʨʦʰʝʡ ʨʝʛʝʥʝʨʘʮʠʠ ʩʝʥʩʦʨʘ. ɼʣʷ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʥʩʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʜʩʦʨʙʮʠʠ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʈʌʕʉ in situ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʝʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʠ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʥʘʣʠʯʠʝ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʦʪʚʝʯʘʝʪ 

ʜʘʥʥʳʤ ʫʩʣʦʚʠʷʤ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʜʝʩʦʨʙʮʠʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʛʨʫʧʧʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʦʦʪʥʝʩʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʦʢʩʠʜʘ ʠ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ 
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ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʩʝʣʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʩ ʤʦʣʝʢʫʣʘʤʠ.  

¶ ʀʩʩʣʝʜʫʝʤʳʝ ʧʨʦʮʝʩʩʳ ʘʜʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ 

ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʝʥʘ ʦʪʢʣʠʢʘ 

ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʩʝʥʩʦʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʘʞʝ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʣʸʥʢʠ ʦʢʩʠʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ ʠʤʝʶʪ ʥʝʥʘʩʳʱʝʥʥʳʡ ʦʪʢʣʠʢ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʘʙʩʦʣʶʪʥʦʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 75oC. 
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ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥʳ ʧʦʜʭʦʜʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʝʥʩʦʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʨʘʬʠʪʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʛʘʟʦʚʦʡ ʬʘʟʳ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʭʦʜʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʛʨʘʬʠʪʘ ʠ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ, ʛʨʘʬʝʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʨʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʤʦʨʬʦʣʦʛʠʶ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʦʩʪʘʚ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʝʥʩʦʨʥʳʭ 

ʩʚʦʡʩʪʚ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʵʥʝʨʛʝʪʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺʘʨʠʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʥʘʣʠʯʠʝ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʝʥʩʦʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʦʦʪʥʝʩʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʦʚ 

ʩ ʩʝʥʩʦʨʥʳʤ ʦʪʢʣʠʢʦʤ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʘʪʦʤʳ ʬʪʦʨʘ ʢʦʚʘʣʝʥʪʥʦ ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʝʥʘ ʩʣʫʞʘʪ ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʮʝʥʪʨʘʤʠ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʢʘʢ ʘʤʤʠʘʢʘ, 

ʪʘʢ ʠ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ. ɼʨʫʛʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʪʘʢʞʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʮʝʥʪʨʳ, ʘ ʧʨʠʨʦʜʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʠʣʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʜʩʦʨʙʝʥʪïʘʜʩʦʨʙʘʪ. ʂʠʥʝʪʠʯʝʩʢʠʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʨʘʬʝʥʘʭ ʧʦʟʚʦʣʷʶʪ 

ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʨʝʟʠʩʪʠʚʥʳʭ ʩʝʥʩʦʨʦʚ. 
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ɺʳʚʦʜʳ 

1. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʨʝʟʠʩʪʠʚʥʳʭ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʦʝʜʠʥʝʥʠʡ ʛʨʘʬʠʪʘ ʩ ʬʪʦʨʦʤ ʠ/ʠʣʠ ʢʠʩʣʦʨʦʜʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʦʝ, 

ʪʝʨʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʦʙʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ ʠ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʥʷʪʴ ʩʦʩʪʘʚ ʠ ʜʝʬʝʢʪʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, 

ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʵʥʝʨʛʠʶ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ, ʚʝʣʠʯʠʥʫ ʦʪʢʣʠʢʘ ʠ ʢʠʥʝʪʠ-

ʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʥʩʦʨʘ.  

2. ʇʦʣʫʯʝʥ ʩʝʥʩʦʨ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʤʤʠʘʢʘ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʯʝʰʫʡʢʠ 

ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ C2F ʧʘʨʘʤʠ ʛʠʜʨʘʟʠʥʘ ʠ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʥʘʣʠʯʠʝ ʘʪʦʤʦʚ ʬʪʦʨʘ, ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʦʛʦ ʩ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʦʡ ʛʨʘʬʝʥʦʚʦʛʦ 

ʩʣʦʷ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʳʭ ʤʝʩʪ ʜʣʷ ʘʜʩʦʨʙʮʠʠ. ʕʥʝʨʛʠʷ 

ʘʜʩʦʨʙʮʠʠ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʠʟ ʠʟʦʪʝʨʤʳ ʃʝʥʛʤʶʨʘ, ʩʦʩʪʘʚʠʣʘ 0,23 ʵɺ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ 

ʩ ʜʘʥʥʳʤʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʚʳʰʝ ʵʥʝʨʛʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʤʤʠʘʢʘ ʩ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʛʨʘʬʝʥʦʤ. 

3. ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʠ ʦʢʩʠʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ, ʚʳʷʚʠʣʦ 

ʙʦʣʝʝ ʙʳʩʪʨʫʶ ʢʠʥʝʪʠʢʫ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʠ ʥʠʟʢʫʶ ʵʥʝʨʛʠʶ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ 

ʘʤʤʠʘʢʘ ʠ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʜʣʷ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

4. ʉʝʣʝʢʪʠʚʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʤʦʣʝʢʫʣ NO ʠ NO2 ʩ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʛʨʫʧʧʘʤʠ 

ʚʳʷʚʣʝʥʦ ʧʦʩʨʝʜʩʪʚʦʤ in situ ʈʌʕʉ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ 

ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʨʘʬʝʥʦʚ. ʆʪʩʫʪʩʪʚʠʝ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʪʦʨʠʜʘ ʛʨʘʬʠʪʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʝʥʩʦʨʘ 

ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʨʝʛʝʥʝʨʘʮʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

5. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʸʥʢʠ ʥʘ ʦʩʥʦʚʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʦʢʩʠʬʪʦʨʠʜʘ ʛʨʘʬʝʥʘ ʜʦ 75oʉ, ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʶ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʥʘ ʧʦʨʷʜʦʢ ʙʣʘʛʦʜʘʨʷ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʝʡ 

ʘʜʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʫʨʦʚʥʝ 9,5%Țppm-1. 

  



100 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Neto A.C., Guinea F., Peres N.M.R., Novoselov K.S., Geim A.K. The electronic 

properties of graphene // Rev. Mod. Phys. ï 2009. ï V. 81. ï P. 109-161. 

2. Novoselov K.S., Geim A.K., Morozov S.V., Jiang D., Zhang Y., Dubonos S.V., 

Grigorieva I.V., Firsov A.A. Electric field effect in atomically thin carbon films // Science 

ï 2004. ï V. 306. ï P. 666-669. 

3. Allen M.J., Tung V.C., Kaner R.V. Honeycomb carbon: A Review of Graphene 

// Chem. Rev. ï 2010. ï V. 110. ï P. 132-145. 

4. Jang B.Z., Zhamu A. Processing of nanographene platelets (NPGs) and NGO 

nanocomposites: a review // J. Mater. Sci. ï 2008. ï V. 43. ï P. 5092-5101. 

5. Zhu Y., Murali S., Cai W., Li X., Suk J.W., Potts J.R., Ruoff R.S. Graphene and 

Graphene Oxide: Synthesis, Properties, and Applications // Adv. Mater. ï 2010. ï  

V. 22. ï P. 3906-3924. 

6. Reddy D., Register L.F., Carpenter G.D., Banerjee S.K. Graphene field effect 

transistors // J. Phys. D: Appl. Phys. ï 2011. ï V. 44. ï P. 313001. 

7. Torrisi F., Hasan T., Wu W., Sun Z., Lombardo A., Kulmala T.S., Hsieh  

G.-W., Jung S., Bonaccorso F., Paul P.J., Chu D., Ferrari A.C. Inkjet-Printed Graphene 

Electronics // ACSNano. ï 2012. ï V. 6. ï N. 4. ï P. 2992-3006. 

8. Meng F.-L., Guo Z., Huang X.-J. Graphene-based hybrids for chemiresistive 

gas sensors // Trends Anal. Chem. ï 2015. ï V.68. ï P. 37-47. 

9. Geim A.K. Graphene: Status and Prospect // Science. ï 2009. ï V. 324. ï 

P. 1530-1534. 

10. Geim A.K., Novoselov K.S. The rise of graphene // Nature mater. ï 2007. ï  

V. 6. ï P. 183-191. 

11. Neto A.C., Guinea F., Peres N.M. Drawing conclusions from graphene // Phys. 

World. ï 2006. ï V. 19. ï N. 11. ï P. 33-37. 

12. Phillips P. Motness // Ann. Phys. ï 2006. ï N. 321. ï P. 1634. 

13. Pauling L. The Nature of the Chemical Bond // L. Pauling. Cornell University 

Press: New York. ï 1960. ï 664 p. 

14. Zhou S.Y., Gweon G.-H., Graf J., Fedorov A.V., Stataru C.D., Diehl R.D., 

Kopelevich Y., Lee D.-H., Louie S.G., Lanzara A. First direct observation of Dirac fermions 

in graphite // Nature Phys. ï 2006. ï V. 2. ï N. 9. ï P. 595-599. 



101 

 

15. Wallace P.R. The Band Theory of Graphite // Phys. Rev. ï 1947. ï V. 71. ï  

P. 622-634. 

16. Bolotin K.I., Sikes K.J., Jiang Z., Klima M., Fudenberg G., Hone J., Kim P., 

Stormer H.L. Ultrahigh electron mobility in suspended graphene // Solid State Commun. ï 

2008. ï V. 146. ï P. 351-355. 

17. Shedin F., Geim A.K., Morozov S.V., Hill E.W., Blake P., Katsnelson M.I., 

Novoselov K.S. Detection of individual gas molecules by graphene sensors // Nature mater. 

ï 2007. ï N. 6. ï P. 652-655. 

18. Novoselov K.S., Jiang Z., Zhang Y., Morozov S.V., Stormer H.L., Zeitler U., 

Maan J.C., Boebinger G.S., Kim P., Geim A.K. Room-temperature quantum Hall effect in 

graphene // Science. ï 2007. ï V. 315 ï P. 1379. 

19. Riedl C., Starke U. Structural properties of the graphene-SiC (0001) interface 

as a key for the preparation of homogeneous large-terrace graphene surfaces // Phys. Rev. B. 

ï 2007. ï V. 76. ï P. 245406. 

20. de Heer W.A., Berger C., Wu X., First P.N., Conrad E.H., Li X., Li T.,  

Sprinkle M., Hass J., Sadowski M.L., Potemski M., Martinez G. Epitaxial graphene // Solid 

State Commun. ï 2007. ï V. 143 ï P. 92-100. 

21. Wang X., You H., Liu F., Li M., Wan L., Li S., Li Q., Xu Y., Tian R., Yu Z., 

Xiang D., Cheng J. Large-scale synthesis of few-layered graphene using CVD // Chem. Vap. 

Deposition. ï 2009. ï V. 15. ï P. 53-56. 

22. Cui X., Zhang C., Hao R., Hou Y. Liquid-phase exfoliation, functionalization 

and applications of graphene // Nanoscale. ï 2011. ï V. 3. ï P. 2118-2126. 

23. Eda G., Chhowalla M. Chemically derived graphene oxide: towards large-area 

thinfilm electronics and optoelectronics // Adv. Mater. ï 2010. ï V. 22. ï P. 2392-2415. 

24. Zboril R., Karlicky F., Bourlinos A.B., Steriotis T.A., Stubos A.K., Georgakilas 

V., Safarova K., Jancik D., Trapalis C., Otyepka M. Graphene Fluoride: A Stable 

Stoichiometric Graphene Derivative and its Chemical Conversion to Graphene // Small. ï 

2010. ï V. 6. ï P. 2885-2891. 

25. Park S., Ruoff R.S. Chemical methods for the production of graphenes // Nat. 

nanotech. ï 2009. ï V. 4 ï P. 217-224. 

26. Lotya M., King P.J, Khan U., De S., Coleman J.N. High-Concentration, 

Surfactant Stabilized Graphene Dispersions // ACS Nano. ï 2010. ï V. 4. ï N. 6. ï  

P. 3155-3162. 



102 

 

27. Bourlinos A.B., Georgakilas V., Zboril R., Steriotis T.A., Stubos A.K. Liquid-

Phase Exfoliation of Graphite Towards Solubilized Graphenes // Small. ï 2009. ï V. 5. ï 

N. 16. ï P. 1841-1845. 

28. OôNeill A., Khan U., Nirmalraj P.N., Boland J., Coleman J.N. Graphene 

Dispersion and Exfoliation in Low Boiling Point Solvents // J. Phys. Chem. C. ï 2011. ï  

V. 115. ï P. 5422-5428. 

29. Shen J., Hu Y., Shi M., Lu X., Qin C., C Li ., Ye M. Fast and Facile Preparation 

of Graphene Oxide and Reduced Graphene Oxide Nanoplatelets // Chem. Mater. ï 2009. ï 

V. 21. ï P. 3514-3520. 

30. Gomez-Navarro C., Weitz R.T., Bittner A.M., Scolari M., Mews A., Burghard 

M., Kern K. Electronic Transport Properties of Individual Chemically Reduced Graphene 

Oxide Sheets // Nano Lett. ï 2007. ï V. 7. ï N. 11. ï P. 3499-3503. 

31. Wang X., Zhi L., Mullen K. Transparent, Conductive Graphene Electrodes for 

Dye-Sensitized Solar Cells // Nano Lett. ï 2008. ï V. 8. ï N. 1. ï P. 323-327. 

32. Gijie S., Han S., Wang M., Wang K.L., Kaner R.B. A Chemical Route to 

Graphene for Device Applications // Nano Lett. ï 2007. ï V. 7. ï N. 11. ï P. 3394-3398. 

33. Robinson J.T., Zalalutdinov M., Baldwin J.W., Snow E.S., Wei Z., Sheehan P., 

Houston B.H. Wafer-scale Reduced Graphene Oxide Films for Nanomechanical Devices // 

Nano Lett. ï 2008. ï V. 8. ï N. 10. ï P. 3441-3445. 

34. Cote L.J., Kim F., Huang J. Langmuir-Blodgett Assembly of Graphite Oxide 

Single Layers // J. Am. Chem. Soc. ï 2008. ï V. 131. ï P. 1043-1049. 

35. Eda G., Lin Y.-Y., Miller S., Chen C.-W., Su W.-F., Chhowalla M. Transparent 

and conducting electrodes for organic electronics from reduced graphene oxide // Appl. 

Phys. Lett. ï 2008. ï V. 92. ï P. 233305. 

36. Yamaguchi H., Eda G., Mattevi C., Kim H., Chhowalla M. Highly Uniform 

300 mm Wafer-Scale Deposition of Single and Multilayered Chemically Derived Graphene 

Thin Films // ACS Nano. ï 2010. ï V. 4. ï N. 1. ï P. 524-528. 

37. Liu H., Liu Y., Zhu D. Chemical doping of graphene // J. Mater. Chem. ï 2011. 

ï V. 21. ï P. 3335-3345. 

38. Zhong X., Jin J., Li S., Niu Z., Hu W., Li R., Ma J. Arynecycloaddition: highly 

efficient chemical modification of graphene // Chem. Commun. ï 2010. ï V. 46. ï  

P. 7340-7342. 



103 

 

39. Georgakilas V., Bourlinos A.B., Zboril R., Steriotis T.A., Dallas P., Stubos 

A.K., Trapalis C. Organic functionalisation of graphenes // C. Chem. Commun.  ï 2010. ï 

V. 46. ï P. 1766-1768. 

40. Choi J., Kim K., Kim B., Lee H., Kim S.J. Covalent Functionalization of 

Epitaxial Graphene by Azidotrimethylsilane // Phys. Chem. C. ï 2009. ï V. 113. ï  

P. 9433-9435. 

41. Sinitskii A., Dimiev A., Corley D.A., Fursina A.A., Kosynkin D.V., Tour J.M. 

Kinetics of Diazonium Functionalization of Chemically Converted Graphene 

Nanoribbons // ACS Nano. ï 2010. ï V. 4 ï N. 4. ï P. 1949-1954. 

42. Hummers W.S., Offeman R.E. Preparation of Graphitic Oxide // J. Am. Chem. 

Soc. ï 1958. ï V. 80. ï P. 1339. 

43. Brodie B.C. Sur le poids atomique du graphite // Ann. Chim. Phys. ï 1860. ï 

V. 59. ï P. 466-471. 

44. Staudenmaier L. Verfahren zur Darstellung der Graphitslure.Ber // Dtsch. 

Chem. Ges. ï 1898. ï V. 31. P. ï 1481-1487. 

45. Hudson M.J., Hunter-Fujita F.R., Peckett J.W., Smith P.M. Chemically 

prepared colloidal, oxidised graphite // J. Mater. Chem. ï 1997. ï V. 7. ï N. 2. ï P. 301-305. 

46. Dreyer D.R., Park S., Bielawski C.W., Ruoff R.S. The chemistry of graphene 

oxide // Chem. Soc. Rev. ï 2010. ï V. 39. ï P. 228-240. 

47. Paredes J.I., Villar -Rodil S., Martēnez-Alonso A., Tascon J.M.D. Graphene 

Oxide Dispersions in Organic Solvents // Langmuir. ï 2008. ï V. 24. ï P. 10560-10564. 

48. Stankovich S., Dikin D.A., Piner R.D., Kohlhaas K.A., Kleinhammes A., Jia Y., 

Wu Y., Nguyen S.T., Ruoff R.S. Synthesis of graphene-based nanosheets via chemical 

reduction of exfoliated graphite oxide // Carbon. ï 2007. ï V. 45. ï P. 1558-1565. 

49. Shin H.-J., Sim K.K., Benayad A., Yoon S.-M., Park H.K., Jung I.-S., Jin M.H., 

Jeong H.-K., Kim J.M., Choi J.-Y., Lee Y.H. Efficient Reduction of Graphite Oxide by 

Sodium Borohydride and Its Effect on Electrical Conductance // Adv. Funct. Mater. ï 

2009. ï V. 19. ï P. 1987-1992.  

50. Wang G., Yang J., Park J., Gou X., Wang B., Liu H., Yao J. Facile Synthesis 

and Characterization of Graphene Nanosheets // J. Phys. Chem. C. ï 2008. ï V. 112. ï 

P. 8192-8195. 

51. Fernandez-Merino M.J., Guardia L., Paredes J.I., Villa r-Rodil S., Solis- 

Fernandez P., Martinez-Alonso A., Tascon J.M.D. Vitamin C is an ideal substitute for 



104 

 

hydrazine in the reduction of graphene oxide suspensions // J. Phys. Chem. C. ï 2010. ï 

V. 114. ï P. 6426-6432. 

52. Becerril H. A., Mao J., Liu Z., Stoltenberg R.M., Bao Z., Chen Y. Evaluation 

of Solution-Processed Reduced Graphene Oxide Films as Transparent Conductors // ACS 

Nano. ï 2008. ï V. 2. ï N. 3. ï P. 463-470. 

53. Wang X., Zhi L., Mullen K. Transparent, conductive graphene electrodes for 

dye-sensitized solar cells // Nano Lett. ï 2008. ï V. 8. ï N. 1. ï P. 323-327. 

54. Gilje S., Dubin S., Badakhshan A., Farrar J., Danczyk S.A., Kaner R.B. 

Photothermal deoxygenation of graphene oxide for patterning and distributed ignition 

applications // Adv. Mater. ï 2010. ï V. 22. ï P. 419-423. 

55. Wang H., Robinson J.T., Li X., Dai H. Solvothermal Reduction of Chemically 

Exfoliated Graphene Sheets // J. Am. Chem. Soc. ï 2009. ï V. 131. ï P. 9910-9911. 

56. Park S., An J.H., Piner R.D., I Jung., Yang D.X., Velamakanni A., Nguyen S.T., 

Ruoff R.S. Aqueous Suspension and Characterization of Chemically Modified Graphene 

Sheets // Chem. Mater. ï 2008. ï V. 20. ï P. 6592-6594. 

57. Zhou M., Wang Y., Zhai Y., Zhai J., W Ren., Wang F., Dong S. Controlled 

Synthesis of Large-Area and Patterned Electrochemically Reduced Graphene Oxide Films // 

Chem.-Eur. J. ï 2009. ï V. 15. ï P. 6116-6120. 

58. Mao S., Pu H., Chen J. Graphene oxide and its reduction: modeling and 

experimental progress // RSC Advances. ï 2012. ï V. 2. ï P. 2643-2662. 

59. Kudin K.N., Ozbas B., Schniepp H.C., Prudhomme R.K., Aksay I.A., Car R. 

Raman Spectra of Graphite Oxide and Functionalized Graphene Sheets // Nano Lett. ï 

2008. ï V. 8. ï N. 1. ï P. 36-41. 

60. Schniepp H.C., Li J.-L., McAllister M.J., Sai H., Herrera-Alonso M., 

Adamson D.H., Prudhomme R.K., Car R., Saville D.A., Aksay I.A. Functionalized Single 

Graphene Sheets Derived from Splitting Graphite Oxide // J. Phys. Chem. B. ï 2006. ï 

V. 110. ï P. 8535-8539.  

61. Wang S., Chia P.-J., Chua L.-L., Zhao L.-H., Peng R.-Q., Sivaramakrishnan S., 

Zhou M., Goh R.G.-S., Friend R.H., Wee A.T.S., Ho P.K.-H. Band-like Transport in 

Surface-Functionalized Highly Solution-Processable Graphene Nanosheets // Adv. Mater. ï 

2008. ï V. 20. ï P. 3440-3446. 



105 

 

62. Yang H., Li F., Shan C., Han D., Zhang Q., Niu L., Ivaska A. J. Mater. Covalent 

functionalization of chemically converted graphene sheets via silane and its reinforcement // 

J. Mat. Chem. ï 2009. ï V. 19. ï P. 4632-4638. 

63. Ruff O., Bretschneider O. Die Reaktionsprodukte der verschiedenen 

Kohlenstoffformen mit Fluor II // Z. Anorg. Allg. Chem. ï 1934. ï V. 217. ï P. 1-18. 

64. Nair R.R., Ren W., Jalil R., Riaz I., Kravets V.G., Britnell L., Blake P.,  

Schedin F., Mayorov A.S., Yuan S., Katsnelson M.I., H Cheng., Strupinski W.,  

Bulusheva L.G., Okotrub A.V., Grigorieva I.V., Grigorenko A.N., Novoselov K.S., Geim 

A.K. Fluorographene: A Two-Dimensional Counterpart of Teflon // Small. ï 2010. ï  

V. 6. ï P. 2877-2844. 

65. Ukraintseva E.A., Chekhova G.N., Pinakov D.V. Thermodynamic 

characteristics of thermal dissociation of inclusion compounds based on graphite fluorides // 

J. Therm. Anal. Calorim. ï 2011. ï V. 105. ï P. 287-292. 

66. Asanov I.P., Bulusheva L.G., Dubois M., Yudanov N.F., Alexeev A.V., 

Makarova T.L., Okotrub A.V. Graphene nanochains and nanoislands in the layers of room-

temperature fluorinated graphite // Carbon. ï 2013. ï V. 59. ï P. 518-529. 

67. Nakajima T., Molnier M., Motoyama M. Structure of Fluorine-graphite  

Intercalation Compounds // Carbon. ï 1991. ï V. 29. ï P. 429-437. 

68. Lee J.H., Koon G.K.W., Shin D.W., Fedorov V.E., Choi J.-Y., Yoo J.-B., 

Özyilmaz B. Property Control of Graphene by Employing ñSemi-Ionicò Liquid Fluorination 

// Adv. Funct. Mater. ï 2013. ï V. 23. ï P. 3329-3334. 

69. Antonova I.V., Kurkina I.I., Nebogatikova N.A., Komonov A.I., Smagulova 

S.A. Films fabricated from partially fluorinated graphene suspension: structural, electronic 

properties and negative differential resistance // Nanotechnology. ï 2017. ï V. 28. ï 

P. 074001. 

70. Robinson J.T., Burgess J.S., C Junkermeier.E., Badescu S.C., Reinecke T.L., 

Perkins F.K., Zalalutdniov M.K., Baldwin J.W., Culbertson J.C., Sheehan P.E., Snow E.S. 

Properties of Fluorinated Graphene Films // Nano Lett. ï 2010. ï V. 10. ï P. 3001-3005. 

71. Wang X., Dai Y., Gao J., Huang J., Li B., Fan C., Yang J., Liu X. High-yield 

Production of Highly Fluorinated Graphene by Direct Heating Fluorination of Graphene-

oxide // ACS Appl. Mater. Inter. ï 2013. ï V. 5. ï N. 17. ï P. 8294-8299. 



106 

 

72. Zhang H., Fan L., Dong H., Zhang P., Nie K., Zhong J., Li Y., Guo J., Sun X. 

Spectroscopic Investigation of Plasma-Fluorinated Monolayer Graphene and Application 

for Gas Sensing. ACS appl. Mat. Int. ï 2016. ï V. 8. ï N. 13. ï P. 8652-8661. 

73. Ho K., Liao J., Huang C., Hsu C., Zhang W., Lu A., Li L., Lai C., Su C. One-

Step Formation of a Single Atomic-Layer Transistor by the Selective Fluorination of a 

Graphene Film // Small. ï 2014. ï V. 10. ï P. 989-998. 

74. Tahara K., Iwasaki T., Matsutani A., Hatano M. Effect of radical fluorination 

on mono- and bi-layer graphene in Ar/F2 plasma // Appl. Phys. Lett. ï 2012. ï V. 101. ï 

P. 163105. 

75. Wang Z., Wang J., Li Z., Gong P., Liu X., Zhang L., Ren J., Wang H., Yang S. 

Synthesis of fluorinated graphene with tunable degree of fluorination // Carbon. ï 2012. ï 

V. 50. ï P. 5403-5410. 

76. Samanta K., Some S., Kim Y., Yoon Y., Min M., Lee S.M., Park Y., Lee H. 

Highly hydrophilic and insulating fluorinated reduced graphene oxide // Chem. Commun. ï 

2013. ï V. 49. ï N. 79. ï P. 8991-8993.  

77. Chang H., Cheng J., Liu X., Gao J., Li M., Li J., Tao X., Ding F., Zheng Z. 

Facile Synthesis of Wide-Bandgap Fluorinated Graphene Semiconductors // Chem.  

Eur. J. ï 2011. ï V. 17. ï P. 8896-8903. 

78. Wang Z., Wang J., Li Z., Gong P., Ren J., Wang H., Han X., Yang S. 

Cooperatively exfoliated fluorinated graphene with full-color emission // RSC Adv. ï 2012. 

ï V. 2 ï P. 11681-116860. 

79. Gong P., Wang Z., Wang J., Wang H., Li Z., Fan Z., Xu Y., Han X., Yang S. 

One-pot sonochemical preparation of fluorographene and selective tuning of its fluorine 

coverage // J. Mater. Chem. ï 2012. ï V. 22. ï P. 16950-16956. 

80. Zhu M., Xie X., Guo Y., Chen P., Ou X., Yu G., Liu M. Fluorographene 

nanosheets with broad solvent dispersibility and their applications as a modified layer in 

organic field-effect transistors // Phys. Chem. Chem. Phys. ï 2013. ï V. 15. ï  

P. 20992-21000. 

81. Grayfer E.D., Makotchenko V.G., Kibis L.S., Boronin A.I., Pazhetnov E.M., 

Zaikovskii V.I., Fedorov V.E. Synthesis, Properties, and Dispersion of Few-Layer Graphene 

Fluoride // Chem. Asian J. ï 2013. ï V. 8. ï N. 9. ï P. 2015-2022. 

82. Touhara H., Okino F. Property control of carbon materials by fluorination // 

Carbon. ï 2000. ï V. 38. ï P. 241-267. 



107 

 

83. Shin D., Jung H., Han S.S., Choi C.H., Lee H., Park N. Microscopic nature of 

mobile fluoride anions on sp2 carbon surfaces // Chem. Phys. Lett. ï 2013. ï V. 570. ï  

P. 85-89. 

84.  Fei W., P Long., Feng Y., Li Y. Two-Dimensional Fluorinated Graphene: 

Synthesis, Structures, Properties and Applications // Adv. Sci. ï 2016. ï V. 3. ï P. 1500413. 

85.  Karlicky F., Datta K.K.R., Otyepka M., Zboril R. Halogenated Graphenes: 

Rapidly Growing Family of Graphene Derivatives // ACS Nano. ï 2013. ï V. 7. ï N. 8. ï  

P. 6434-6464. 

86. Sofo J.O., Chaudhari A.S., Barber G.D. Graphane: A two-dimensional 

hydrocarbon // Phys. Rev. B. ï 2007. ï V. 75. ï P. 153401. 

87. Chandrachud P., Pujari B.S., Haldar S., Sanyal B., Kanhere D.G. A systematic 

study of electronic structure from graphene to graphene // J. Phys.: Condens. Matter. ï 

2010. ï V. 22. ï P. 465502. 

88. Elias D.C., Nair R.R., Mohiuddin T.M.G., Morozov S.V., Blake P., Halsall 

M.P., Ferrari A.C., Boukhvalov D.W., Katsneltson M.I., Geim A.K., Novoselov K.  

Control of Grapheneôs Properties by Reversible Hydrogenation: Evidence for Graphane // 

Science. ï 2009. ï V. 323. ï P. 610-613. 

89.  Balog R., Jorgensen B., Nilsson L., M Andersen., Rienks E., Bianchi M., 

Fanetti M., Lægsgaard E., Baraldi A., Lizzit S., Sljivancanin Z., Besenbacher F., Hammer 

B., Pedersen T.G., Hofmann P., Hornekær L. Bandgap opening in graphene induced by 

patterned hydrogen adsorption // Nat. Mater. ï 2010. ï V. 9. ï P. 315-319.  

90. Pulci O., Gori P., Marsili M., Garbuio V., Seitsonen A.P., Bechstedt F.,  

Cricenti A., del Sole R. Electronic and optical properties of group IV two-dimensional 

materials // R. Phys. Status Solidi A. ï 2010. ï V. 207. ïN. 2. ï P. 291-299. 

91. Zhang J., Liu X., Neri G., Pinna N. Nanostructured Materials for Room-

Temperature Gas Sensors // Adv. Mater. ï 2016. ï V. 28. ï P. 795-831. 

92. Franke M.E., Koplin T.J., Simon U. Metal and Metal Oxide Nanoparticles in 

Chemiresistors: Does the Nanoscale Matter? // Small. ï 2006. ï V. 2. ï N. 1. ï P. 36-50. 

93. Honeywell Multi-Gas Detector, http://www.raesystems.com. 

94. Zhang T., Mubeen S., Myung N.V., Deshusses M.A. Recent progress in carbon 

nanotube-based gas sensors // Nanotechnology. ï 2008. ï V. 19. ï P. 332001. 

95. Basu S., Bhattacharyya P. Recent developments on graphene and graphene 

oxide based solid state gas sensors // Sens. Actuators B. ï 2012. ï V. 173. ï P. 1-21. 

http://www.raesystems.com/


108 

 

96. Zhang L., Aboagye A., Kelkar A., Lai C., Fong H. A review: carbon nanofibers 

from electrospun polyacrylonitrile and their applications // J. Mater. Sci. ï 2014. ï V. 49. ï 

P. 463-480. 

97. Wehling T.O., Novoselov K.S., Morozov S.V., Vdovin E.E., Katsnelson M.I., 

Geim A.K., Lichtenstein A.I. Molecular doping of graphene // Nano Lett. ï 2008. ï V. 8. ï 

P. 173-177. 

98. Leenaerts O., Partoens B., Peeters F.M. Adsorption of H2O, NH3, CO, NO2, and 

NO on graphene: A first-principles study // Phys. Rev. B. ï 2008. ï V. 77. ï  

P. 125416-125422. 

99. Huang B., Li Z.Y., Liu Z.R., Zhou G., Hao S.G., Wu J., Gu B.-L., Duan W. 

Adsorption of gas molecules on graphene nanoribbons and its implication for nanoscale 

molecule sensor // J. Phys. Chem. C. ï 2008. ï V. 112. ï P.13442-13446. 

100. Moradian R., Mohammadi Y., Ghobadi N. Investigation of gas sensing 

properties of armchair graphene nanoribbons // J. Phys.-Condens. Mat. ï 2008. ï V. 20. ï 

P. 425211. 

101. Zhang Y.-H., Chen Y.-B., Zhou K.-G., Liu C.-H., Zeng J., Zhang H.-L., Peng 

Y. Improving gas sensing properties of graphene by introducing dopants and defects: a first-

principles study // Nanotechnology. ï 2009. ï V. 20. ï P. 185504. 

102. Dai J., Yuan J., Giannozzi P. Gas adsorption on graphene doped with B, N, Al, 

and S: A theoretical study // Appl. Phys. Lett. ï 2009. ï P. 95. ï P. 232105. 

103. Tang S., Cao Z. Adsorption of nitrogen oxides on graphene and graphene 

oxides: Insights from density functional calculations // J. Chem. Phys. ï 2011. ï V. 134. ï 

P. 044710. 

104. Choi Y.R., Yoon Y.-G., Choi K.S., Kang J.H., Shim Y.-S., Kim Y.H., Chang 

H.J., Lee J.-H., Park C.R., Kim S.Y., Jang H.W. Role of oxygen functional groups in 

graphene oxide for reversible room-temperature NO2 sensing // Carbon. ï 2015. ï V. 91. ï  

P. 178-187. 

105. Tang S., Cao Z. Adsorption and Dissociation of Ammonia on Graphene Oxides: 

A First-Principles Study // J. Phys. Chem. C. ï 2012. ï V. 116. ï P. 8778ī8791. 

106. Peng Y., Li J. Ammonia adsorption on graphene and graphene oxide: a first-

principles study // Front. Environ. Sci. Eng. ï 2013. ï V. 7. ï P. 403-411. 



109 

 

107. Mattson E.C., Pande K., Unger M., Cui S., Lu G., Gajdardziska-Josifovska M., 

Weinert M., Chen J., Hirschmugl C.J. Exploring Adsorption and Reactivity of NH3 on 

Reduced Graphene Oxide // J. Phys. Chem. C. ï 2013. ï V. 117. ï P. 10698-10707. 

108. He Q., Wu S., Yin Z., Zhang H. Graphene-based electronic sensors // Chem. 

Sci. ï 2012. ï V. 3. ï P. 1764-1772. 

109. Sreeprasad T.S., Berry V. How Do the Electrical Properties of Graphene 

Change with its Functionalization? // Small. ï 2013. ï V. 9. ï P. 341-350. 

110. Yavari F., Chen Z., Thomas A.V., Ren W., Cheng H.-M., Koratkar N. High 

Sensitivity Gas Detection Using a Macroscopic Three-Dimensional Graphene Foam 

Network // Sci. Rep. ï 2011. ï V. 1. ï P. 166. 

111. Varghese S.S., Lonkar S., Singh K.K., Swaminathan S., Abdala A. Recent 

advances in graphene based gas sensors // Sens. Actuators B. ï 2015. ï V. 218. ï  

P. 160-183. 

112. Sanyal B., Eriksson O. Molecular adsorption in graphene with divacancy  

defects // Phys. Rev. B. ï 2009. ï V. 79. ï P. 113409. 

113. Zhang Y.-H., Chen Y.-B., Zhou K.-G., Liu C.-H., Zeng J., Zhang H.-L.,  

Peng Y. Improving gas sensing properties of graphene by introducing dopants and defects: 

a firstprinciples study // Nanotechnology. ï 2009. ï V. 20. ï P. 185504. 

114. Han T. H., Huang Y.-K., Tan A.T.L., Dravid V.P., Huang J. Steam etched 

porous graphene oxide network for chemical sensing // J. Am. Chem. Soc. ï 2011. ï 

V. 133. ï P. 15264. 

115. Hajati Y., Blom T., Jafri S.H.M., Haldar S., Bhandary S., Shoushtari M.Z., 

Eriksson O., Sanyal B., Leifer K. Improved gas sensing activity in structurally defected 

bilayer graphene // Nanotechnology. ï 2012. ï V. 23. ï P. 505501. 

116. Hashimoto A., Suenaga K., Gloter A., Urita K., Iijima S. Direct evidence for 

atomic defects in graphene layers // Nature. ï 2004. ï V. 430. ï P. 870-873. 

117. Okotrub A.V., Yudanov N.F., Tur V.A., Asanov I.P., Shubin Y.V., 

Vyalikh D.V., Bulusheva L.G. Perforation of graphite in boiling mineral acid // Phys. Status 

Solidi B. ï 2012. ï V. 249. ï N. 12. ï P. 2620-2624. 

118. Lee J.H., Shin D.W., Makotchenko V.G., Nazarov A.S., Fedorov V.E.,  

Kim Y.H., Choi J.-Y., Kim J.M., Yoo J.-B. One-Step Exfoliation Synthesis of Easily Soluble 

Graphite and Transparent Conducting Graphene Sheets // Adv. Mater. ï 2009. ï V. 21. ï  

P. 4383-4387. 




