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ɸʅʆʊɸʎɯʗ 

 

ʑʝʨʙʘʥʴ ʅ. ɼ. ɹʫʜʦʚʘ, ʘʜʩʦʨʙʮʽʡʥʽ ʪʘ ʢʘʪʘʣʽʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʮʝʦʣʽʪʽʚ (ɓ, ZSM-5) ʪʘ ʚʫʛʣʝʮʶ (ʉ, C3N4, 

SiC). ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʭʽʤʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 02.00.04 çʌʽʟʠʯʥʘ ʭʽʤʽʷè. ï ɯʥʩʪʠʪʫʪ ʬʽʟʠʯʥʦʾ ʭʽʤʽʾ ʽʤ. ʃ. ɺ. 

ʇʠʩʘʨʞʝʚʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2019. 

 

ɼʠʩʝʨʪʘʮʽʡʥʫ ʨʦʙʦʪʫ ʧʨʠʩʚʷʯʝʥʦ ʨʦʟʚʠʪʢʫ ʥʘʫʢʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʚʫʛʣʝʮʴʚʤʽʩʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥ  ʁ ʚʧʣʠʚʫ ʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʨʠʩʪʦʩʪʽ, 

ʢʠʩʣʦʪʥʦʩʪʽ/ʦʩʥʦʚʥʦʩʪʽ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʾʭ ʘʜʩʦʨʙʮʽʡʥʽ ʪʘ ʢʘʪʘʣʽʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ.  

ʉʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʫ ʢʠʩʣʠʭ ʨʝʘʢʮʽʡʥʠʭ ʩʫʤʽʰʘʭ ʥʘ ʦʩʥʦʚʽ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʽ ʤʽʮʝʣʷʨʥʦʛʦ ʪʝʤʧʣʘʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʦʙʤʝʞʝʥʥʷ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ 

ʮʝʦʣʽʪʫ ʪʘ ʪʝʤʧʣʘʪʫʚʘʥʥʷ ʧʨʠʚʦʜʠʪʴ ʜʦ ʦʜʝʨʞʘʥʥʷ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʟʨʘʟʢʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʟʘʛʘʣʴʥʦʶ ʧʠʪʦʤʦʶ 

ʧʦʚʝʨʭʥʝʶ ʪʘ ʦʙôʻʤʦʤ ʧʦʨ. ʆʜʝʨʞʘʥʽ ʤʘʪʝʨʽʘʣʠ ʧʨʦʷʚʣʷʶʪʴ ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ ʚʝʨʙʝʥʦʣʫ (ʢʦʥʚʝʨʩʽʷ ʜʦ 100%, 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʮʽʣʴʦʚʠʤ ʜʽʦʣʦʤ ʜʦ 56%), ʱʦ ʟʫʤʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʶ ʟʥʘʯʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʪʘ ʃʴʶʾʩʘ, ʷʢʘ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʬʦʨʤʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʧʽʜʚʠʱʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʝʢʫʨʩʦʨʽʚ ʟ ʚʠʩʦʢʦʶ 

ʯʘʩʪʢʦʶ ʪʝʪʨʘʝʜʨʠʯʥʦ ʢʦʦʨʜʠʥʦʚʘʥʠʭ ʘʪʦʤʽʚ ʘʣʶʤʽʥʽʶ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʥʠʟʴʢʦʢʨʠʩʪʘʣʽʯʥʽ ʪʘ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʽ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʽ ʤʘʪʝʨʽʘʣʠ ʤʽʩʪʷʪʴ 

ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ, ʙʣʠʟʴʢʽ ʟʘ ʩʠʣʦʶ ʜʦ ʪʘʢʠʭ ʫ ʮʝʦʣʽʪʽ ɓ (ʟʥʘʯʝʥʥʷ lg K 4,3 ï 4,7). 

ʅʘʡʩʠʣʴʥʽʰʽ ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ʚʠʷʚʣʝʥʦ ʚ ʪʨʘʜʠʮʽʡʥʦʤʫ ʮʝʦʣʽʪʽ ɓ ʪʘ 
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ʥʠʟʴʢʦʢʨʠʩʪʘʣʽʯʥʦʤʫ (ʩʪʫʧʽʥʴ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʙʣʠʟʴʢʦ 0,1) ʤʽʢʨʦ-

ʤʝʟʦʧʦʨʠʩʪʦʤʫ ʟʨʘʟʢʫ, ʦʜʝʨʞʘʥʦʤʫ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ (lg K 4,3) ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 450 

ʽ 100 ʤʢʤʦʣʴ/ʛ, ʚʽʜʧʦʚʽʜʥʦ. ɼʦʜʘʚʘʥʥʷ ʚ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʤʽʮʝʣʷʨʥʠʭ ʪʝʤʧʣʘʪʽʚ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ (190 ï 640 ʤʢʤʦʣʴ/ʛ) 

ʧʦʨʽʚʥʷʥʦ ʟ ʮʝʦʣʽʪʦʤ ɓ (850 ʤʢʤʦʣʴ/ʛ), ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʟʤʝʥʰʝʥʥʷʤ ʯʘʩʪʢʠ 

ʪʝʪʨʘʝʜʨʠʯʥʦ ʢʦʦʨʜʠʥʦʚʘʥʦʛʦ ʘʣʶʤʽʥʽʶ ʟ 78,4% ʜʦ 35,4 % ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʘʥʠʭ 

27
Al  ʗʄʈ. ɺʠʩʦʢʠʡ ʚʤʽʩʪ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʚ ʥʠʟʴʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʪʘ 

ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʠʭ ʟʨʘʟʢʘʭ ʚʽʜʥʝʩʝʥʦ ʜʦ ʢʠʩʣʦʪʥʦʩʪʽ ʧʨʝʢʫʨʩʦʨʽʚ ʮʝʦʣʽʪʫ, ʘ ʥʝ 

ʜʦ ʢʨʠʩʪʘʣʽʚ ʮʝʦʣʽʪʫ. ʇʝʨʝʭʽʜ ʚʽʜ ʢʠʩʣʦʛʦ ʜʦ ʣʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʜʨʫʛʽʡ 

ʩʪʘʜʽʾ ʩʠʥʪʝʟʫ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ (ʚʽʜ 190 ʜʦ 600 ʤʢʤʦʣʴ/ʛ) ʧʦʨʷʜ ʽʟ ʫʪʚʦʨʝʥʥʷʤ 

ʚʠʩʦʢʦʾ ʯʘʩʪʢʠ ʧʦʨʽʚʥʷʥʦ ʩʠʣʴʥʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ (lg K 4,7, 200 ʤʢʤʦʣʴ/ʛ). 

ɺʤʽʩʪ ʪʝʪʨʘʝʜʨʠʯʥʦ ʢʦʦʨʜʠʥʦʚʘʥʦʛʦ ʘʣʶʤʽʥʽʶ ʚ BEA-MCM ʻ ʟʥʘʯʥʦ ʥʠʞʯʠʤ 

(35,4%), ʥʽʞ ʚ ʤʘʪʝʨʽʘʣʘʭ, ʦʜʝʨʞʘʥʠʭ ʚ ʢʠʩʣʠʭ ʨʝʘʢʮʽʡʥʠʭ ʩʫʤʽʰʘʭ (ʙʣʠʟʴʢʦ 

67%), ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʱʠʡ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ Al (2,1% ʧʨʦʪʠ 0,6%), ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʶ ʧʨʠʨʦʜʦʶ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʟʨʘʟʢʘ BEA-MCM. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʽ ʪʘ ʯʘʩʪʢʦʚʦ ʮʝʦʣʽʪʠʟʦʚʘʥʽ ʤʽʢʨʦ-

ʤʝʟʦʧʦʨʠʩʪʽ ʘʣʶʤʦʩʠʣʽʢʘʪʠ (ʄʄɸʉ) ʧʨʦʷʚʣʷʶʪʴ ʚʠʩʦʢʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ 

ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ Ŭ-ʧʽʥʝʥʫ (ʧʦʚʥʘ ʢʦʥʚʝʨʩʽʷ ʟʘ 2 ï 3 ʛʦʜ, ʚʠʭʽʜ ʮʽʣʴʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ʜʦʩʷʛʘ ̒ 39 ï 40 %), ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʟʚʠʯʘʡʥʠʤ ʮʝʦʣʽʪʦʤ ZSM-5 ʽ 

ʄʄɸʉ, ʦʜʝʨʞʘʥʠʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʝʤʧʣʘʪʽʚ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʥʘʡʙʽʣʴʰʦʶ ʩʝʨʝʜ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʽʚ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ, ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʦʙôʻʤʥʠʭ ʤʦʣʝʢʫʣ. 

ʅʘʡʚʠʱʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ Ŭ-ʧʽʥʝʥʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʛʦ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʦʛʦ 

ʘʣʶʤʦʩʠʣʽʢʘʪʫ ʥʘ ʦʩʥʦʚʽ ʮʝʦʣʽʪʫ ZSM-5, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʦʟʚʠʥʝʥʦʶ 

ʧʦʨʠʩʪʽʩʪʶ ʪʘ ʥʝʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʪʘ 

ʃʴʶʾʩʘ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʦʚʥʫ ʢʦʥʚʝʨʩʽʶ ʝʧʦʢʩʠʜʫ Ŭ-ʧʽʥʝʥʫ ʚʞʝ 

ʟʘ 60 ʭʚ. ɺʠʭʦʜʠ ʪʨʘʥʩ-ʢʘʨʚʝʦʣʫ, ʢʘʤʬʦʣʝʥʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ ʪʘ 2,8-ʤʝʥʪʘʜʽʻʥ-1-



4 
 

 
 

ʦʣʫ ʟʨʦʩʪʘʶʪʴ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʩʪʫʧʥʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ 

ɹʨʝʥʩʪʝʜʘ. ɺʠʭʦʜʠ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʟʥʠʞʫʶʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦʩʪʫʧʥʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʪʘ ʃʴʶʾʩʘ. 

ʉʠʤʙʘʪʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʚʠʭʦʜʘʤʠ ʦʩʥʦʚʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʜʦʩʪʫʧʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʤʝʟʦʧʦʨ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚʢʘʟʫʶʪʴ ʥʘ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʢʘʪʘʣʽʟʘʪʦʨʘ ʚ 

ʨʝʘʢʮʽʾ ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ Ŭ-ʧʽʥʝʥʫ. 

ɺʘʨʽʶʚʘʥʥʷ ʫʤʦʚ ʢʘʨʙʦʥʽʟʘʮʽʾ ʩʘʭʘʨʦʟʠ ʪʘ ʧʨʠʨʦʜʠ ʘʢʪʠʚʫʶʯʦʛʦ ʘʛʝʥʪʘ 

ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʦʜʝʨʞʘʥʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʟʨʘʟʢʽʚ. ɿʦʢʨʝʤʘ, ʦʙôʻʤʥʘ ʢʘʨʙʦʥʽʟʘʮʽʷ ʩʘʭʘʨʦʟʠ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʩʧʦʣʫʢ ʧʨʠʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʦʜʥʦʨʽʜʥʦʤʽʢʨʦʧʦʨʠʩʪʠʭ 

ʤʘʪʝʨʽʘʣʽʚ (Vʤʽʢʨʦ = 0,15 ï 0,26 ʩʤ
3
/ʛ, Vʩʫʧʝʨʤʽʢʨʦ = 0,01 ï 0,03 ʩʤ

3
/ʛ, V× = 0,18 ï0,32 

ʩʤ
3
/ʛ), ʦʙôʻʤ ʤʽʢʨʦʧʦʨ ʷʢʠʭ ʟʨʦʩʪʘʻ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʢʘʨʙʦʥʽʟʘʮʽʾ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ ʜʣʷ ʘʢʪʠʚʘʮʽʾ ʦʙôʻʤʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʩʘʭʘʨʦʟʠ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʚʫʛʣʝʮʝʚʠʭ ʟʨʘʟʢʽʚ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʫʪʪʻʚʠʤ ʟʨʦʩʪʘʥʥʷʤ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ (Sɺɽʊ ï 1019 ï 1486 

ʤ
2
/ʛ), ʦʙôʻʤʫ ʤʽʢʨʦ- ʽ ʩʫʧʝʨʤʽʢʨʦʧʦʨ (Vʤʢ̔ʨʦ= 0,28 ï 0,41ʩʤ

3
/ʛ, Vʩʫʧʝʨʤʽʢʨʦ= 0,11 ï 

0,19 ʩʤ
3
/ʛ) ʽ ʟʤʝʥʰʝʥʥʷʤ ʦʜʥʦʨʽʜʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʤʽʢʨʦʧʦʨ ʟʘ ʨʦʟʤʽʨʘʤʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʘʢʪʠʚʘʮʽʾ ʦʙôʻʤʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʩʘʭʘʨʦʟʠ ʭʣʦʨʠʜʦʤ ʮʠʥʢʫ 

ʬʦʨʤʫʶʪʴʩʷ ʩʫʪʦ ʤʝʟʦʧʦʨʠʩʪʽ ʧʨʦʜʫʢʪʠ (Vʤʝʟʦ = 1,23 ï 1,54 ʩʤ
3
/ʛ, Sʤʝʟʦ ï 1255 ï 

1447 ʤ
2
/ʛ), ʱʦ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʦ ʙʽʣʴʰʠʤ ʨʦʟʤʽʨʦʤ ʪʝʤʧʣʘʪʫʶʯʠʭ 

ʯʘʩʪʠʥʦʢ.  

ɸʜʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʧʨʦʜʫʢʪʽʚ ʦʙôʻʤʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʩʘʭʘʨʦʟʠ ʩʪʦʩʦʚʥʦ 

ʚʦʜʥʶ ʟʨʦʩʪʘʻ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʢʘʨʙʦʥʽʟʘʮʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʟʨʦʩʪʘʥʥʶ ʦʙôʻʤʫ ʤʽʢʨʦʧʦʨ ʽ SBET ʚ ʜʘʥʠʭ ʟʨʘʟʢʘʭ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʫʪʪʻʚʝ 

ʟʥʠʞʝʥʥʷ ʧʠʪʦʤʦʾ ʘʜʩʦʨʙʮʽʾ ʚʦʜʥʶ ʚ ʤʽʢʨʦʧʦʨʘʭ ʟʨʘʟʢʽʚ, ʦʜʝʨʞʘʥʠʭ ʧʽʨʦʣʽʟʦʤ 

ʩʘʭʘʨʦʟʠ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʘʢʪʠʚʦʚʘʥʦʶ 

ʢʘʨʙʦʥʽʟʘʮʽʻʶ, ʘ ʩʘʤʝ ʱʽʣʴʥʦʩʪʽ ʟʘʧʦʚʥʝʥʥʷ ʦʙôʻʤʫ (ʜʦ ~33-38 ʤʛ/ʩʤ
3
) ʽ 

ʧʦʚʝʨʭʥʽ (10,0 ï 11,5 ʤʢʛ/ʤ
2
) ʤʽʢʨʦʧʦʨ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 
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ʢʘʨʙʦʥʽʟʘʮʽʾ ʽ ʚʤʽʩʪʫ ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ. ɿʘʟʥʘʯʝʥʠʡ ʝʬʝʢʪ ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʾ 

ʘʜʩʦʨʙʮʽʾ ʚʦʜʥʶ ʚ ʤʽʢʨʦʧʦʨʘʭ ʧʨʦʜʫʢʪʽʚ ʧʽʨʦʣʽʟʫ ʩʘʭʘʨʦʟʠ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ ʧʦʨʽʚʥʷʥʦ ʟ ʦʙôʻʤʥʦʶ ʢʘʨʙʦʥʽʟʘʮʽʻʶ ʩʘʭʘʨʦʟʠ (~58 ï 74 

ʤʛ/ʩʤ
3
) ʟʫʤʦʚʣʝʥʠʡ ʟʥʠʞʝʥʥʷʤ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (|ȹÕo| ï ʚʽʜ 5,0 ï 5,4 

ʜʦ 3,8 ï 4,2 ʢɼʞ/ʤʦʣʴ) ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʚʫʞʝʥʴ ʚ ʤʽʢʨʦʧʦʨʘʭ ʚ ʫʤʦʚʘʭ 

ʟʙʽʣʴʰʝʥʥʷ ʧʦʚʥʦʪʠ ʢʘʨʙʦʥʽʟʘʮʽʾ; ʜʣʷ ʧʨʦʜʫʢʪʽʚ ʥʝʘʢʪʠʚʦʚʘʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ 

ʩʘʭʘʨʦʟʠ ʧʨʠ 400 
ʦ
ʉ (ʯʘʩʪʢʦʚʦ ʧʨʠ 700 

ʦ
ʉ) ʚʠʷʚʣʝʥʦ ʤʦʣʝʢʫʣʷʨʥʦ-ʩʠʪʦʚʠʡ 

ʝʬʝʢʪ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʤʦʣʝʢʫʣ ʘʟʦʪʫ ʽ ʚʦʜʥʶ. ɼʣʷ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʦʜʝʨʞʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙôʻʤʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʩʘʭʘʨʦʟʠ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʭʣʦʨʠʜʫ 

ʮʠʥʢʫ, ʘʜʩʦʨʙʮʽʷ ʚʦʜʥʶ ʬʘʢʪʠʯʥʦ ʧʨʦʭʦʜʠʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʟʦʧʦʨ, ʘʜʩʦʨʙʮʽʡʥʘ 

ʟʜʘʪʥʽʩʪʴ ʜʦ ʚʦʜʥʶ ʟʨʘʟʢʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 1,22 ï 1,25 % ʚʘʛ. ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʤʝʟʦʧʦʨ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʤʝʭʘʥʽʯʥʽʡ ʩʫʤʽʰʽ ʟ 

ʢʦʤʝʨʮʽʡʥʠʤ ʢʘʪʘʣʽʟʘʪʦʨʦʤ Ru/C ʚ ʨʝʘʢʮʽʷʭ ʛʽʜʨʦʣʽʟʫ ʪʘ ʛʽʜʨʦʣʽʪʠʯʥʦʛʦ 

ʛʽʜʨʫʚʘʥʥʷ ʘʨʘʙʽʥʦʛʘʣʘʢʪʘʥʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʧʦʣʽʦʣʽʚ, ʦʜʥʦʯʘʩʥʦ 

ʧʨʠʛʥʽʯʫʶʯʠ ʬʦʨʤʫʚʘʥʥʷ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ï 

ʛʽʜʨʦʢʩʠʤʝʪʠʣʬʫʨʬʫʨʦʣʫ (ɻʄʌ) ʪʘ ʬʫʨʬʫʨʦʣʫ. ʋʪʚʦʨʝʥʥʷ 

ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ (ʘʛʨʝʛʘʪʽʚ ʮʫʢʨʽʚ ʪʘ ʛʫʤʽʥʽʚ) ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʠʪʴ 

ʩʫʪʪʻʚʠʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʘ ʤʝʭʘʥʽʯʥʦʾ ʩʫʤʽʰʽ Ru/C ʪʘ 

ʚʫʛʣʝʮʝʚʦʛʦ ʟʨʘʟʢʘ, ʦʜʝʨʞʘʥʦʛʦ ʰʣʷʭʦʤ ʧʽʨʦʣʽʟʫ ʩʘʭʘʨʦʟʠ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʭʣʦʨʠʜʫ ʮʠʥʢʫ. ʌʫʥʢʮʽʦʥʘʣʽʟʘʮʽʷ ʪʘʢʠʭ ʤʝʟʦʧʦʨʠʩʪʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʩʫʣʴʬʦʛʨʫʧʘʤʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʢʽʥʝʪʠʢʫ ʫʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʡ (ʟʤʝʥʰʫʻ ʬʦʨʤʫʚʘʥʥʷ ʛʫʤʽʥʽʚ ʪʘ ʧʨʦʜʫʢʪʽʚ ʜʝʛʽʜʨʘʪʘʮʽʾ), ʱʦ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷʤ ʚʠʭʦʜʫ ʮʫʢʨʦʚʠʭ ʩʧʠʨʪʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʥʝʩʫʣʴʬʦʚʘʥʠʤ ʚʫʛʣʝʮʝʚʠʤ ʟʨʘʟʢʦʤ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʤʧʣʘʪʥʦʛʦ ʤʝʪʦʜʫ ʦʜʝʨʞʘʥʦ ʧʦʨʠʩʪʠʡ ʧʨʦʩʪʦʨʦʚʦ 

ʚʧʦʨʷʜʢʦʚʘʥʠʡ ʛʨʘʬʽʪʦʧʦʜʽʙʥʠʡ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ ʟ ʙʽʣʴʰʦʶ ʰʠʨʠʥʦʶ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʙ'ʻʤʥʦʛʦ ʟʨʘʟʢʘ. ʆʩʥʦʚʥʠʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʽʾ 

ʬʦʪʦʚʽʜʥʦʚʣʝʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʧʘʨʘʤʠ ʚʦʜʠ ʥʘ ʟʨʘʟʢʘʭ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, 
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ʦʜʝʨʞʘʥʠʭ ʦʙ'ʻʤʥʠʤ ʪʘ ʤʘʪʨʠʯʥʠʤ ʩʧʦʩʦʙʦʤ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ SBA-15 ʽ MCF), 

ʻ ʘʮʝʪʘʣʴʜʝʛʽʜ. ɿʨʘʟʦʢ, ʦʜʝʨʞʘʥʠʡ ʚ MCF, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʦʶ 

ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʶ, ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ʽ ʙʽʣʴʰʦʶ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ 

ʟʦʥʠ ʪʘ ʧʨʦʷʚʣʷʻ ʚʠʱʫ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʬʦʪʦʚʽʜʥʦʚʣʝʥʥʷ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʚ ʧʨʦʮʝʩʽ ʦʜʝʨʞʘʥʥʷ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ 

ʧʨʠʚʦʜʠʪʴ ʥʝ ʪʽʣʴʢʠ ʜʦ ʟʥʘʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ (ʚʽʜ 31 ʜʦ 6 ʥʤ) ʽ 

ʟʤʽʥʠ ʪʝʢʩʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (SBET ʚʽʜ 75 ʜʦ 25 ʤ
2
/ʛ), ʘ ʡ ʜʦ ʜʦʧʫʚʘʥʥʷ ʟʨʘʟʢʘ 

ʩʽʨʢʦʶ. S-ʜʦʧʦʚʘʥʠʡ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ ʧʨʦʷʚʣʷʻ ʟʥʘʯʥʦ ʚʠʱʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ 

ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥ ̫ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʜʦ ʘʮʝʪʘʣʴʜʝʛʽʜʫ (ʚʽʜ 0,6 ʜʦ 5 

ʤʢʤʦʣʴ/ʛ) ʽ ʤʝʪʘʥʫ (ʚʽʜ 0,03 ʜʦ 0,27 ʤʢʤʦʣʴ/ʛ) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʜʦʧʦʚʘʥʠʤ C3N4. 

ɿʙʽʣʴʰʝʥʥʷ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ S-ʜʦʧʦʚʘʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʻ ʷʢ 

ʨʝʟʫʣʴʪʘʪʦʤ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ, ʪʘʢ  ̔ʨʦʟʰʠʨʝʥʥʷ ʽ ʟʩʫʚʫ 

ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʯʝʨʝʟ ʥʘʷʚʥʽ ʜʦʤʽʰʢʠ ʩʽʨʢʠ. 

ɻʨʘʬʽʪʦʧʦʜʽʙʥʠʡ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ, ʦʜʝʨʞʘʥʠʡ ʧʨ̔ʦʣʽʟʦʤ ʤʝʣʘʤʽʥʫ, ʻ 

ʘʢʪʠʚʥʠʤ ʚ ʨʝʘʢʮʽʾ ʢʦʥʜʝʥʩʘʮʽʾ ʂʥʝʚʝʥʘʛʝʣʷ ʤʽʞ ʙʝʥʟʘʣʴʜʝʛʽʜʦʤ ʪʘ 

ʝʪʠʣʮʽʘʥʦʘʮʝʪʘʪʦʤ ʟ ʫʪʚʦʨʝʥʥʷʤ ʝʪʠʣ-Ŭ-ʮʽʘʥʦʮʽʥʥʘʤʘʪʫ (ʢʦʥʚʝʨʩʽʷ 

ʙʝʥʟʘʣʴʜʝʛʽʜʫ ʜʦ 100%, ʚʠʭʽʜ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʜʦ 51%). ɺʠʩʦʢʽʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʟʘ ʮʽʣʴʦʚʠʤ ʧʨʦʜʫʢʪʦʤ ʩʧʨʠʷʻ ʥʘʷʚʥʽʩʪʴ ʩʣʘʙʢʠʭ ʦʩʥʚʥʠʭ 

ʮʝʥʪʨʽʚ (CïN=C ʛʨʫʧʠ), ʪʦʜʽ ʷʢ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʚʤʽʩʪʫ ʪʨʝʪʠʥʥʦʛʦ ʘʟʦʪʫ (Nï(C)3) 

ʟʨʦʩʪʘʻ ʢʦʥʚʝʨʩʽʷ ʙʝʥʟʘʣʴʜʝʛʽʜʫ. ʅʘʡʚʠʱʠʡ ʚʠʭʽʜ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʝʪʠʣ-Ŭ-

ʮʽʘʥʦʮʽʥʥʘʤʘʪʫ (51%) ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʘ ʥʽʪʨʠʜʫ 

ʚʫʛʣʝʮʶ, ʦʜʝʨʞʘʥʦʛʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʝʤʥʝʟʝʤʫ ʷʢ ʞʦʨʩʪʢʦʛʦ ʪʝʤʧʣʘʪʫ. 

ʅʘʥʦʜʠʩʧʝʨʩʥʠʡ Ru, ʥʘʥʝʩʝʥʠʡ ʥʘ ʛʨʘʬʽʪʦʧʦʜʽʙʥʠʡ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ, 

ʚʠʷʚʣʷʻ ʙʽʣʴʰʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ ʙʝʪʫʣʽʥʫ, ʥʽʞ Ru, 

ʥʘʥʝʩʝʥʠʡ ʥʘ ʚʫʛʣʝʮʝʚʽ ʟʨʘʟʢʠ (ʢʦʥʚʝʨʩʽʷ ʙʝʪʫʣʽʥʫ ʜʦ 70% ʧʨʦʪʠ 30%, 

ʚʽʜʧʦʚʽʜʥʦ). ʎʝ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʦ ʽʟ ʥʘʷʚʥʽʩʪʶ ʩʣʘʙʢʠʭ ʦʩʥʚʥʠʭ ʮʝʥʪʨʽʚ 

ʃʴʶʾʩʘ ʥʘ ʧʦʚʝʨʭʥʽ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ.  
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ʇʦʣʽʤʝʨʠʟʘʮʽʻʶ ʝʪʠʣʝʥʜʽʘʤʽʥʫ ʚ ʢʨʝʤʥʝʟʝʤʥʠʭ ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʨʠʮʷʭ 

MCF ʪʘ KIT-6, ʥʘʩʪʫʧʥʠʤ ʧʽʨʦʣʽʟʦʤ CN-ʧʦʣʽʤʝʨʫ ʚ ʧʦʨʘʭ ʄʄʉ ʪʘ ʚʠʜʘʣʝʥʥʷʤ 

ʢʨʝʤʥʝʟʝʤʥʠʭ ʩʢʣʘʜʦʚʠʭ ʦʜʝʨʞʘʥʦ ʟʨʘʟʢʠ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʥʽʪʨʠʜʫ 

ʚʫʛʣʝʮʶ, ʷʢʠʤ ʧʨʠʪʘʤʘʥʥʘ ʟʥʘʯʥʘ ʧʦʨʠʩʪʽʩʪʴ (ʦʙôʻʤ ʧʦʨ ï ʜʦ 0,8 ʩʤ
3
/ʛ, ʧʠʪʦʤʘ 

ʧʦʚʝʨʭʥʷ ï ʜʦ 585 ʤ
2
/ʛ) ʪʘ ʧʨʦʩʪʦʨʦʚʘ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ. ʆʜʝʨʞʘʥʽ ʟʨʘʟʢʠ 

ʤʽʩʪʷʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʘʟʦʪʫ (ʜʦ 13,7 ʤʘʩ.% (C/N=6)), ʷʢʠʡ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ 

ʥʽʪʨʦʛʝʥʟʘʤʽʱʝʥʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʢʽʣʝʮʴ, ʘ ʪʘʢʦʞ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚʠʩʦʢʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʦʩʥ·ʚʥʠʭ ʮʝʥʪʨʽʚ (0,68 ʤʤʦʣʴ/ʛ). ʇʨʠ ʮʴʦʤʫ ʚʽʜʧʦʚʽʜʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʘʟʦʪʚʤʽʩʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʥʠʞʯʠʤʠ ï ~0,6 ʤʘʩ.% 

ʘʟʦʪʫ ʪʘ 0,46 ʤʤʦʣʴ/ʛ ʦʩʥ·ʚʥʠʭ ʮʝʥʪʨʽʚ. ɺʠʷʚʣʝʥʦ ʟʨʦʩʪʘʥʥʷ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ 

ʚʦʜʥʶ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʟʦʪʚʤʽʩʥʠʭ ʮʝʥʪʨʽʚ: |ȹÕo| 

= 4,2 ʜʣʷ CMK-8 ʪʘ 5,1 ï 5,6 ʢɼʞ/ʤʦʣʴ ʜʣʷ ʘʟʦʪʚʤʽʩʥʠʭ ʟʨʘʟʢʽʚ (ʤʘʢʩʠʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ |ȹÕo|ʅ2 ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʣʷ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ï 5,6 

ʢɼʞ/ʤʦʣʴ). ʇʦʢʘʟʘʥʦ ʟʨʦʩʪʘʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ ʘʜʩʦʨʙʮʽʾ ʉʆ2 (QCO2) 

ʜʣʷ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʫʛʣʝʮʝʚʠʤʠ ʪʘ 

ʘʟʦʪʚʤʽʩʥʠʤʠ ʚʫʛʣʝʮʝʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ (33, 26 ʽ 30 ʢɼʞ/ʤʦʣʴ ʚʽʜʧʦʚʽʜʥʦ), 

ʟʥʘʯʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʽ ʧʠʪʦʤʦʾ ʘʜʩʦʨʙʮʽʾ ʧʨʠ 0 Áʉ ʂ ʪʘʢʦʞ ʻ 

ʥʘʡʙʽʣʴʰʠʤʠ ʜʣʷ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ (12,3 ʢɼʞ/ʤʦʣʴ ʽ 5,4 ʤʢʤʦʣʴ/ʤ
2
 ʚʽʜʧʦʚʽʜʥʦ). 

ʅʘ ʦʩʥʦʚʽ ʚʫʛʣʝʮʴ-ʢʨʝʤʥʝʟʝʤʥʠʭ ʢʦʤʧʦʟʠʪʽʚ (ʘʝʨʦʩʠʣ, ʢʨʝʤʥʝʟʝʤʥʽ ʄʄʉ 

ʪʠʧʫ SBA-3, SBA-15, KIT-6, MCF ʘʙʦ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʽ ʮʝʦʣʽʪʚʤʽʩʥʽ 

ʤʘʪʝʨʽʘʣʠ) ʦʜʝʨʞʘʥʦ ʟʨʘʟʢʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ɓ-ʤʦʜʠʬʽʢʘʮʽʾ (ʨʦʟʤʽʨ ʢʨʠʩʪʘʣʽʪʽʚ 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ 13ï70 ʥʤ) ʽʟ ʩʪʨʫʢʪʫʨʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (SBET ï ʜʦ 

410 ʤ
2
/ʛ, Vʧʦʨ ï ʜʦ 1,0 ʩʤ

3
/ʛ), ʷʢʽ ʧʝʨʝʚʠʱʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʧʦʢʘʟʥʠʢʠ ʦʧʠʩʘʥʠʭ ʚ 

ʣʽʪʝʨʘʪʫʨʽ ʘʥʘʣʦʛʽʚ. ʄʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʚ ʧʨʦʮʝʩʽ 

ʢʘʨʙʦʪʝʨʤʽʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʡʦʛʦ ʘʜʩʦʨʙʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʪʠʧʦʤ ʽ ʧʦʨʠʩʪʽʩʪʶ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʄʄʉ ʪʘ ʚʫʛʣʝʮʝʚʦʾ ʩʢʣʘʜʦʚʦʾ, ʚʽʜʥʦʰʝʥʥʷʤ 

ʉ/SiO2, ʘ ʪʘʢʦʞ ʨʽʚʥʝʤ ʟʘʧʦʚʥʝʥʥʷ ʧʦʨ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʄʄʉ ʚʫʛʣʝʮʝʤ ʰʣʷʭʦʤ 

ʘʜʩʦʨʙʮʽʾ ʨʝʯʦʚʠʥʠ ʚ ʧʦʨʘʭ ʽ ʚʟʘʻʤʦʜʽʾ ʟʽ ʩʪʽʥʢʘʤʠ ʢʘʨʢʘʩʫ ʤʘʪʨʠʮʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʄʄʉ KIT-6 ʟ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʥʴʦʛʦ 3-
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ʚʠʤʽʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʽ ʩʠʩʪʝʤʦʶ ʤʝʟʦʧʦʨ, ʷʢʽ ʚʟʘʻʤʥʦ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʚʝʣʠʢʠʤ 

ʩʦʨʙʮʽʡʥʠʤ ʦʙ'ʻʤʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘʙʣʠʟʠʪʠʩʷ ʜʦ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ 

ʉ/SiO2 (3:1), ʘ ʪʘʢʦʞ ʧʦʩʣʽʜʦʚʥʝ ʟʘʧʦʚʥʝʥʥʷ ʧʦʨ ʤʘʪʨʠʮʽ ʦʨʛʘʥʽʯʥʠʤ 

ʧʨʝʢʫʨʩʦʨʦʤ ʜʦʟʚʦʣʠʣʠ ʦʪʨʠʤʘʪʠ ʟʨʘʟʢʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʟ ʨʦʟʚʠʥʝʥʦʶ 

ʧʦʚʝʨʭʥʝʶ. ʄʦʨʬʦʣʦʛʽʷ (ʟʦʢʨʝʤʘ, ʥʘʷʚʥʽʩʪʴ ʚʦʣʦʢʦʥ) ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʧʦʨʠʩʪʽʩʪʶ ʚʫʛʣʝʮʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʠʭʽʜʥʠʭ ʚʫʛʣʝʮʴ-ʢʨʝʤʥʝʟʝʤʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ, ʘ ʪʘʢʦʞ ʢʽʣʴʢʽʩʪʶ ʟʦʥ ʢʦʥʪʘʢʪʫ ʢʨʝʤʥʝʟʝʤʥʦʾ ʪʘ ʚʫʛʣʝʮʝʚʦʾ ʬʘʟ. 

ʇʽʜʚʠʱʝʥʥʷ ʘʜʩʦʨʙʮʽʾ ʚʦʜʥʶ ʥʘ ʢʘʨʙʽʜʽ ʢʨʝʤʥʽʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʘʜʩʦʨʙʝʥʪʘʤʠ ʽʥʰʦʾ ʧʨʠʨʦʜʠ (ʢʨʝʤʥʝʟʝʤ, ʚʫʛʣʝʮʴ) ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʝ ʟ 

ʧʦʷʚʦʶ ʜʠʧʦʣʴʥʠʭ ʚʟʘʻʤʦʜʽʡ ʽ, ʙʽʣʴʰʦʶ ʤʽʨʦʶ, ʟ ʢʦʦʧʝʨʘʪʠʚʥʠʤ ʭʘʨʘʢʪʝʨʦʤ 

ʘʜʩʦʨʙʮʽʾ ʚʦʜʥʶ ʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʦʚʝʨʭʥʷʭ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ 

ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʘʜʩʦʨʙʮʽʡʥʠʭ ʮʝʥʪʨʽʚ ʧʽʜ ʚʧʣʠʚʦʤ ʘʜʩʦʨʙʘʪʘ. ɺʠʷʚʣʝʥʦ 

ʥʝʪʠʧʦʚʦ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʘʜʩʦʨʙʮʽʾ ʚʦʜʥʶ (ʜʦ 15 ʤʢʤʦʣʴ/ʤ
2
) ʜʣʷ 

ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, ʦʜʝʨʞʘʥʦʛʦ ʪʝʤʧʣʘʪʥʠʤ ʤʝʪʦʜʦʤ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤ 

ʦʙôʻʤʥʠʤ ʩʧʦʩʦʙʦʤ ʪʘ ʚʠʩʦʢʦʢʨʠʩʪʘʣʽʯʥʠʤ ʢʦʤʝʨʮʽʡʥʠʤ SiC. ʉʝʨʝʜ 

ʜʦʩʣʽʜʞʝʥʠʭ SiC ʤʘʪʝʨʽʘʣʽʚ ʥʘʡʙʽʣʴʰʘ ʚʝʣʠʯʠʥʘ ʧʠʪʦʤʦʾ ʘʜʩʦʨʙʮʽʾ ʚʦʜʥʶ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʪʨʫʢʪʫʨʠ ʟ ʙʽʣʴʰʠʤ ʚʤʽʩʪʦʤ ʟʚ'ʷʟʢʽʚ SiïC. ʈʘʟʦʤ ʟ ʪʠʤ, ʜʣʷ 

ʧʨʦʷʚʫ ʟʥʘʯʥʦʾ ʧʠʪʦʤʦʾ ʘʜʩʦʨʙʮʽʾ ʚʦʜʥʶ ʥʝʦʙʭʽʜʥʦʶ ʻ ʜʝʷʢʘ 

ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʽʩʪʴ ʟʨʘʟʢʽʚ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʥʘʷʚʥʦʩʪʽ ʚʫʛʣʝʮʶ ʚ ʩʢʣʘʜʽ 

ʽʥʰʠʭ (ʥʝʢʘʨʙʽʜʥʠʭ) ʟʚôʷʟʢʽʚ (ʛʨʘʬʽʪʥʠʡ ʘʙʦ ʪʝʨʤʽʥʘʣʴʥʠʡ ʪʘ sp
3
 

ʛʽʙʨʠʜʠʟʦʚʘʥʠʡ ʉ). ɺʧʣʠʚ ʧʨʠʨʦʜʠ ʘʜʩʦʨʙʘʪʘ ʩʝʨʝʜ ʨʷʜʫ ʛʘʟʽʚ (ʅ2, N2, CO) ʻ 

ʤʝʥʰ ʚʠʨʘʞʝʥʠʤ (ʘʙʦ ʚʽʜʩʫʪʥʽʤ) ʜʣʷ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, ʦʜʝʨʞʘʥʦʛʦ ʪʝʤʧʣʘʪʥʠʤ 

ʤʝʪʦʜʦʤ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʫʛʣʝʮʝʚʠʤʠ ʪʘ ʢʨʝʤʥʝʟʝʤʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ.  

ʉʦʣʴʚʦʪʝʨʤʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʦʜʝʨʞʘʥʦ ʥʘʥʝʩʝʥʽ ʥʘ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ ʟʨʘʟʢʠ 

ʧʽʨʦʬʦʩʬʘʪʫ ʚʘʥʘʜʠʣʫ (VPO), ʱʦ ʚʠʷʚʣʷʶʪʴ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʥ-ʙʫʪʘʥʫ ʜʦ ʤʘʣʝʾʥʦʚʦʛʦ ʘʥʛʽʜʨʠʜʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʷʢ ʥʦʩʽʷ ʘʢʪʠʚʥʦʾ VPO ʬʘʟʠ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʨʝʘʢʮʽʾ ʥʘ 70 Áʉ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʘʩʠʚʥʠʤ VPO ʢʘʪʘʣʽʟʘʪʦʨʦʤ, ʦʜʝʨʞʘʥʠʤ ʚ 
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ʘʥʘʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ ʩʠʥʪʝʟʫ, ʧʨʠ ʮʴʦʤʫ ʤʘʻ ʤʽʩʮʝ ʩʫʪʪʻʚʝ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘ ʄɸ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʦ ʙʽʣʴʰʦʶ ʜʦʩʪʫʧʥʽʩʪʶ ʜʣʷ 

ʨʝʘʛʝʥʪʫ ʘʢʪʠʚʥʦʾ ʬʘʟʠ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʥʘ ʧʦʚʝʨʭʥʽ ʥʦʩʽʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʽ ʘʣʶʤʦʩʠʣʽʢʘʪʠ, ʤʝʟʦʧʦʨʠʩʪʝ 

ʤʦʣʝʢʫʣʷʨʥʝ ʩʠʪʦ, ʧʨʝʢʫʨʩʦʨʠ ʮʝʦʣʽʪʫ, ʢʠʩʣʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʽʟʦʤʝʨʠʟʘʮʽʷ 

ʝʧʦʢʩʠʜʽʚ ʚʝʨʙʝʥʦʣʫ ʪʘ Ŭ-ʧ̔ ʥʝʥʫ, ʪʝʤʧʣʘʪ, ʘʢʪʠʚʫʶʯʠʡ ʘʛʝʥʪ, ʚʫʛʣʝʮʴʚʤʽʩʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ, ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ, ʛʽʜʨʦʣʽʪʠʯʥʝ ʛʽʜʨʫʚʘʥʥʷ 

ʘʨʘʙʽʥʦʛʘʣʘʢʪʘʥʫ, ʘʜʩʦʨʙʮʽʷ, ʢʦʥʜʝʥʩʘʮʽʷ ʂʥʝʚʝʥʘʛʝʣʷ, ʦʢʠʩʥʝʥʥʷ ʙʝʪʫʣʽʥʫ ʪʘ 

ʥ-ʙʫʪʘʥʫ, ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. 
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SUMMARY 

 

Shcherban N. D. Structure, adsorption and catalytic properties of 

mesoporous materials based on zeolites (ɓ, ZSM-5) and carbon (C, C3N4, SiC). ï 
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ñPhysical chemistryò. ï L. V. Pisarzhevsky Institute of Physical Chemistry of the 

National Academy of Sciences of Ukraine, Kyiv, 2019. 

 

The thesis is devoted to the development of scientific approaches to the 

creation of new micro-mesoporous zeolite-containing and modified carbon-

containing materials and clarifying the influence of the structural characteristics, 

porosity, acidity/basicity of such materials on their adsorption and catalytic 

properties. 

Structure formation in the acidic reaction mixtures based on molecular and 

micellar templates due to limiting the growth of zeolite crystals and templating leads 

to the obtaining of the micro-mesoporous zeolite-containing samples characterized by 

an increased total specific surface area and pore volume. The obtained materials 

exhibit high catalytic activity in the isomerization reaction of verbenol oxide 

(conversion up to 100%, selectivity for the target diol up to 56%), which is caused by 

the presence of a significant concentration of Brßnsted and Lewis acid sites achieved 

by the formation of an increased amount of precursors with a high proportion of 

tetrahedral coordinated aluminum atoms during the synthesis.  

Using the potentiometric titration method it was shown that low crystalline and 

X-ray amorphous micro-mesoporous materials contain acid sites close in strength to 

those ones in zeolite ɓ (lg K values 4.3 ï 4.7). The strongest acid sites were found in 

traditional zeolite ɓ and low crystalline (the degree of crystallinity is about 0.1) 

micro-mesoporous sample obtained on its basis (lg K 4.3) at concentrations of 450 
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and 100 Õmol/g, respectively. Addition of micellar templates to the reaction mixture 

leads to a decrease in the concentration of acid sites (190 ï 640 Õmol/g) compared to 

zeolite ɓ (850 Õmol/g), which is due to a decrease in the proportion of tetrahedral 

coordinated aluminum from 78.4% to 35.4% according to 
27

Al NMR data. The high 

content of acid sites in low crystalline and X-ray amorphous samples is attributed to 

the acidity of zeolite precursors, not to zeolite crystals. The transition from an acidic 

to an alkaline medium in the second stage of the synthesis of micro-mesoporous 

materials is accompanied by an increase in the concentration of acid sites from 190 to 

600 Õmol/g together with the formation of a high proportion of relatively strong acid 

sites (lg K 4.7, 200 Õmol/g). The content of tetrahedral coordinated aluminum in the 

BEA-MCM is much lower (35.4%) than in the materials obtained in acidic reaction 

mixtures (about 67%), despite the higher total Al content (2.1% vs. 0.6%) due to the 

X-ray nature of the synthesized BEA-MCM sample. 

X-ray amorphous and partially zeolitized micro-mesoporous aluminosilicates 

(MMAS) were found to exhibit high activity in the isomerization reaction of Ŭ-pinene 

oxide (complete conversion in 2 ï 3 h, yield of the target products reaches 90%), 

compared with ZSM-5 and MMAS obtained using bifunctional templates, which is 

due to the highest concentration of acid sites accessible for bulk molecules. 

The highest isomerization rate of Ŭ-pinene oxide is observed with the use of X-

ray amorphous micro-mesoporous aluminosilicate based on ZSM-5 zeolite, which is 

characterized by developed porosity and low concentration of Brßnsted and Lewis 

acid sites of medium strength providing complete conversion of Ŭ-pinene oxide 

within 60 min. The yields of trans-carveol, campholenic aldehyde and 2,8-menthadien-

1-ol decrease with an increase of concentration of the accessible Brßnsted acid sites. 

The yields of these reaction products decrease with increasing concentrations of the 

accessible Brßnsted and Lewis acid sites. The symbate dependencies between the 

yields of the main products and accessibility index, as well as the mesopore specific 

surface area of the micro-mesoporous materials, indicate the crucial role of the 

porous structure of the catalyst in the isomerization reaction of Ŭ-pinene oxide. 
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Variation of the carbonization conditions of sucrose and the nature of the 

activating agent allows to adjust the parameters of the porous structure of the 

obtained carbon samples. In particular, the bulk carbonization of sucrose without the 

use of additional compounds leads to the formation of carbon homogeneous 

microporous materials (Vmicro = 0.15 ï 0.26 cm
3
/g, Vsupermicro = 0.01 ï 0.03 cm

3
/g, V× 

= 0.18 ï 0.32 cm
3
/g), which micropore volume increases with an increase of the 

carbonization temperature. The use of phosphoric acid for the activation of the bulk 

carbonization of sucrose is accompanied by the formation of micro-mesoporous 

carbon samples, characterized by a significant increase in the specific surface area 

(SBET ï 1019 ï 1486 m
2
/g), micro- and supermicropores volume (Vmicro = 0.28 ï 0.41 

cm
3
/g, Vsupermicro = 0.11 ï 0.19 cm

3
/g) and reducing the uniformity of micropore size 

distribution. Purely mesoporous products (Vmeso = 1.23 ï 1.54 cm
3
/g, Smeso ï 1255 ï 

1447 m
2
/g) are formed in the result of the activation of bulk carbonization of sucrose 

with zinc chloride which can be due to the larger size of the template particles. 

The adsorption capacity of the products of bulk carbonization of sucrose 

towards hydrogen increases with an increase of the carbonization temperature, which 

corresponds to the increase of the micropore volume and SBET in these samples. A 

significant decrease in the specific hydrogen adsorption in the micropores of the 

samples obtained by pyrolysis of sucrose in the presence of phosphoric acid 

compared with inactivated carbonization is observed, namely the density of the filling 

of the micropore volume (up to ~ 33-38 mg/cm
3
) and surface (10.0 ï 11.5 ɛg/m

2
) 

depending on the carbonization temperature and phosphoric acid content. This effect 

of reducing the specific hydrogen adsorption in the micropores of the products of 

sucrose pyrolysis in the presence of phosphoric acid compared with bulk 

carbonization of sucrose (~ 58 ï 74 mg/cm
3
) is due to a decrease in the adsorption 

potential (|ȹÕo| ï from 5.0 ï 5.4 to 3.8 ï 4.2 kJ/mol) in the absence of constriction in 

the micropores under conditions of increasing carbonization completeness; for the 

products of inactivated carbonization of sucrose at 400 
ʦ
ʉ (partially at 700 

ʦ
ʉ) a 

molecular sieve effect towards nitrogen and hydrogen molecules was observed. For 
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carbon materials obtained by the bulk carbonation of sucrose in the presence of zinc 

chloride, hydrogen adsorption actually takes place on the mesopore surface, the 

adsorption capacity of the samples towards hydrogen is in the range of 1.22 ï 1.25 

wt.% in accordance with the mesopore specific surface area. 

The use of carbon mesoporous materials in a mechanical mixture with a 

commercial Ru/C catalyst in the hydrolysis and hydrolytic hydrogenation of 

arabinogalactan leads to the formation of polyols, while suppressing the formation of 

by-products of the reaction ï hydroxymethylfurfural (HMF) and furfural. The 

formation of high molecular weight compounds (sugars aggregates and humins) 

remains quite significant when a mechanical mixture of Ru/C and the carbon sample 

obtained by pyrolysis of sucrose in the presence of zinc chloride is used as a catalyst. 

The functionalization of such mesoporous carbon materials by sulfonic groups 

significantly affects the kinetics of the formation of high molecular weight reaction 

products (reduces the formation of humins and dehydration products), which is also 

manifested by an increase of the yield of sugar alcohols compared to the non-

sulfonated carbon sample. 

Using the template method, porous spatially ordered graphite-like carbon nitride 

with a larger bandgap as opposed to the bulk sample was obtained. The main product 

of the carbon dioxide photoreduction reaction by water vapor on carbon nitride 

samples obtained by bulk and matrix method (using SBA-15 and MCF) is 

acetaldehyde. The sample obtained in MCF is characterized by spatial ordering, 

developed surface area and a larger bandgap and exhibits higher photocatalytic 

activity in the reaction of carbon dioxide photoreduction. 

The use of sulfuric acid in the process of obtaining of carbon nitride leads not 

only to a significant reduction in particle size (from 31 to 6 nm) and change in texture 

characteristics (SBET from 75 to 25 m
2
/g), but also to the doping of the sample with 

sulfur. S-doped carbon nitride exhibits significantly higher activity in the 

photocatalytic reduction of carbon dioxide to acetaldehyde (from 0.6 to 5 ɛmol/g) 

and methane (from 0.03 to 0.27 ɛmol/g) compared to the undoped C3N4. The increase 
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of the photocatalytic activity of S-doped carbon nitride is the result of both the 

increase in the specific surface area of the material and the expansion and 

displacement of the valence band because of the available impurities of sulfur. 

Graphite-like carbon nitride obtained by pyrolysis of melamine is active in the 

Knoevenagel condensation reaction between benzaldehyde and ethyl cyanoacetate to 

form ethyl Ŭ-cyanocinnamate (benzaldehyde conversion up to 100%, yield of target 

product up to 51%). The high selectivity of the target product is facilitated by the 

presence of weak basic sites (CïN=C groups), while the conversion of benzaldehyde 

increases with an increase of tertiary nitrogen (Nï(C)3) content. The highest yield of 

the target product ethyl-Ŭ-cyanocinamate (51%) is achieved when carbon nitride 

obtained using silica as a hard template is used as a catalyst. 

Nanodispersed Ru deposited on graphite-like carbon nitride exhibits higher 

catalytic activity in the reaction of betulin oxidation than Ru deposited on carbon 

samples (betulin conversion up to 70% vs. 30%, respectively). It can be due to the 

presence of weak Lewis basic sites on the carbon nitride surface. 

Polymerization of ethylenediamine in silica mesoporous matrices MCF and 

KIT-6, subsequent pyrolysis of CN-polymer in MMS pores, and removal of silica 

components yielded in the samples of non-stoichiometric carbon nitride, which 

exhibit significant porosity (pore volume up to 0.8 cm
3
/g, specific surface area ï up 

to 585 m
2
/g) and spatial ordering. The obtained samples contain a significant amount 

of nitrogen (up to 13.7 wt.% (C/N=6)), which is part of the nitrogen-substituted 

aromatic rings, and, as a consequence, high concentration of basic sites (0.68 

mmol/g). However, the corresponding characteristics for nitrogen-containing carbon 

materials are lower ï ~ 0.6 wt.% of nitrogen and 0.46 mmol/g of basic sites. The 

increase of the affinity of the samples surface towards hydrogen with an increase of 

the concentration of nitrogen-containing sites was revealed: |ȹÕo| = 4.2 for CMK-8 

and 5.1 ï 5.6 kJ/mol for nitrogen-containing samples (maximum values |ȹÕo|ʅ2 are 

observed for non-stoichiometric carbon nitride ï 5.6 kJ/mol). An increase in the 

differential heat of adsorption of ʉʆ2 (QCO2) for non-stoichiometric carbon nitride in 
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comparison with carbon and nitrogen-containing carbon materials (33, 26 and 30 

kJ/mol, respectively) was shown, the values of adsorption potential and specific 

adsorption at 0 ÁC are also the largest ones (12.3 kJ/mol and 5.4 ɛmol/m
2
, 

respectively). 

Samples of silicon carbide of ɓ-modification (crystallite size varies in the range 

of 13ï70 nm) with structural characteristics (SBET ï up to 410 m
2
/g, Vpore ï up to 1.0 

cm
3
/g), which exceed the corresponding indicators of analogues described in the 

literature were obtained on the basis of carbon-silica composites (aerosil, silica MMS 

type SBA-3, SBA-15, KIT-6, MCF or micro-mesoporous zeolite-containing 

materials). The possibility of forming silicon carbide in the process of carbothermal 

reduction and its adsorption characteristics are determined by the type and porosity of 

silica MMS and carbon component, the ratio C/SiO2, as well as the level of pore 

filling of silica MMS with carbon by adsorption of the substance in the pores and 

interaction with the walls of the matrix framework. The use of silica MMS KIT-6 

with its characteristic 3-dimensional structure and intersecting mesopores system, 

large sorption volume, which allows get closer to the stoichiometric ʉ/SiO2 (3:1) 

ratio, as well as sequential filling of the matrix pores with an organic precursor 

allowed to obtain samples of silicon carbide with a developed surface. The 

morphology (in particular, the presence of fibers) and, as a consequence, the 

structural characteristics of silicon carbide are largely determined by the porosity of 

the carbon component of the initial carbon-silica composites, as well as the number 

of contact zones of silica and carbon phases. 

An increase of the hydrogen adsorption over silicon carbide compared with 

adsorbents of another nature (silica, carbon) can be associated with the appearance of 

dipole interactions and, to a greater extent, the cooperative nature of hydrogen 

adsorption on semiconductor surfaces, which is manifested in the creation of new 

adsorption sites under the influence of adsorbate. Atypically high values of specific 

hydrogen adsorption (up to 15 ɛmol/m
2
) for silicon carbide obtained by the template 

method compared to the traditional bulk method and high crystalline commercial SiC 
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were found out. Among the studied SiC materials, the highest value of specific 

hydrogen adsorption is characteristic of the structure with a higher content of SiïC 

bonds. At the same time, some non-stoichiometry of the samples, which is manifested 

in the presence of carbon as a part of other (non-carbide) bonds (graphite or terminal 

and sp
3
 hybridized C), is required to exhibit significant specific hydrogen adsorption. 

The influence of the nature of the adsorbate among a number of gases (H2, N2, CO) is 

less pronounced (or absent) for silicon carbide obtained by the template method 

compared to carbon and silica materials. 

Vanadyl pyrophosphate (VPO) samples deposited on silicon carbide which 

exhibit catalytic activity in the reaction of selective oxidation of n-butane to maleic 

anhydride were obtained by the solvothermal method. The use of silicon carbide as 

the support of the active VPO phase reduces the reaction temperature by 70 ÁC 

compared to the bulk VPO catalyst obtained under similar synthesis conditions, with 

a significant increase in productivity by MA, which can be due to higher accessibility 

for the reagent of the active phase located on the support surface. 

Keywords: micro-mesoporous aluminosilicates, mesoporous molecular sieve, 

zeolite precursors, acidic characteristics, isomerization of verbenol and Ŭ-pinene 

oxides, template, activating agent, carbon-containing materials, carbon nitride, silicon 

carbide, hydrolytic hydrogenation of arabinogalactan, adsorption, Knoevenagel 

condensation, oxidation of betulin and n-butane, photocatalytic reduction of carbon 

dioxide. 
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ʋʄʆɺʅɯ ʇʆɿʅɸʏɽʅʅʗ ʊɸ ʉʂʆʈʆʏɽʅʅʗ 

 

ɺɹʆ ï ʚʪʦʨʠʥʥʘ ʙʫʜʽʚʝʣʴʥʘ ʦʜʠʥʠʮʷ 

ɻʊʆ ï ʛʽʜʨʦʪʝʨʤʘʣʴʥʘ ʦʙʨʦʙʢʘ 
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ʤ.ʯ. ï ʤʽʣʴʡʦʥʥʘ ʯʘʩʪʢʘ 

ʇɸʈ ï ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʘ ʨʝʯʦʚʠʥʘ 

ʊɽʄ ï ʪʨʘʥʩʤʽʩʽʡʥʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ 

ʈʉ ï ʨʝʘʢʮʽʡʥʘ ʩʫʤʽʰ  

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ 

ʉɽʄ ï ʩʢʘʥʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ 

ʩ.ʧ. ï ʩʤʫʛʘ ʧʦʛʣʠʥʘʥʥʷ 

ʊɽ ï ʪʝʪʨʘʝʜʨ 

ʊʇɼ ï ʪʝʨʤʦʧʨʦʛʨʘʤʦʚʘʥʘ ʜʝʩʦʨʙʮʽʷ  

ʊʇʆ ï ʪʝʨʤʦʧʘʨʦʚʘ ʦʙʨʦʙʢʘ 

ʉ8ï6ï8Br2 ï N,N'-ʜʽʦʢʪʠʣ-N,N,N',N'-ʪʝʪʨʘʤʝʪʠʣ-1,6-ʜʽʘʤʦʥʽʡʛʝʢʩʘʥ ʜʠʙʨʦʤʽʜ 

[C8H17ïN
+
(CH3)2ïC6H12ïN

+
(CH3)2ïC8H17](Br

ï
)2 

C16ï6ï6Br2 ï N-ʛʝʢʩʘʜʝʮʠʣ-N'-ʛʝʢʩʠʣ-N,N,N',N'-ʪʝʪʨʘʤʝʪʠʣ-1,6-ʜʽʘʤʦʥʽʡʛʝʢʩʘʥ 

ʜʠʙʨʦʤʽʜ [C16H33ïN
+
(CH3)2ïC6H12ïN

+
(CH3)2ïC6H13](Br

ï
)2 

ʉʊɸɺ ï ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʦʥʽʡ ʙʨʦʤʽʜ 

ʉʊɸCl ï ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʦʥʽʡ ʭʣʦʨʠʜ 

DTBPy ï 2,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʧʽʨʠʜʠʥ 

Pluronic P-123 ï ʪʨʠʙʣʦʢ-ʩʧʽʚʧʦʣʽʤʝʨ ʧʦʣʽʝʪʠʣʝʥʦʢʩʠʜ-ʧʦʣʽʧʨʦʧʽʣʝʥʦʢʩʠʜ-

ʧʦʣ̔ʝʪʠʣʝʥʦʢʩʠʜ [HO(CH2CH2O)20(CH2CH(CH3)O)70(CH2CH2O)20H] 

TɽAOH ï ʪʝʪʨʘʝʪʠʣʘʤʦʥʽʡ ʛʽʜʨʦʢʩʠʜ 

TEOS ï ʪʝʪʨʘʝʪʠʣʦʨʪʦʩʠʣʽʢʘʪ 

ʊʈɸʆʅ ï ʪʝʪʨʘʧʨʦʧʽʣʘʤʦʥʽʡ ʛʽʜʨʦʢʩʠʜ 
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ʊʄɹ ï 1,3,5-ʪʨʠʤʝʪʠʣʙʝʥʟʦʣ 

ʋʌ ïʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʡ 

ɯʏ ï ʽʥʬʨʘʯʝʨʚʦʥʠʡ 

Sɹɽʊ ï ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʟʘ ɹɽʊ, ʤ
2
/ʛ  

ɹɽʊ ï ɹʨʫʥʘʫʝʨʘ-ɽʤʤʝʪʘ-ʊʝʣʣʝʨʘ 

Sʟʦʚʥ  ï ʧʠʪʦʤʘ ʟʦʚʥʽʰʥʷ ʧʦʚʝʨʭʥʷ, ʤ
2
/ʛ 

Sʤʝʟʦ ï ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʤʝʟʦʧʦʨ, ʤ
2
/ʛ 

V× ï ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʧʦʨ, ʩʤ
3
/ʛ 

Vʤʽʢʨʦ ï ʦʙôʻʤ ʤʽʢʨʦʧʦʨ, ʩʤ
3
/ʛ 

Vʤʝʟʦ ï  ʦʙôʻʤ ʤʝʟʦʧʦʨ, ʩʤ
3
/ʛ 

ʈʌɽʉ ï ʨʝʥʪʛʝʥʬʦʪʦʝʣʝʢʪʨʦʥʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ 

ɽɺ ï ʝʧʦʢʩʠʜ ʚʝʨʙʝʥʦʣʫ 

ɸɻ ï ʘʨʘʙʽʥʦʛʘʣʘʢʪʘʥ 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʙʽʣʴʰʫ ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ 

ʧʨʠʚʝʨʪʘʻ ʩʪʚʦʨʝʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʪʘ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʚʫʛʣʝʮʴʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ 

ʷʢ ʘʜʩʦʨʙʝʥʪʠ, ʢʘʪʘʣʽʟʘʪʦʨʠ ʨʷʜʫ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ, ʟʘ 

ʫʯʘʩʪʶ ʦʙôʻʤʥʠʭ ʤʦʣʝʢʫʣ ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ.  

ʎʝʦʣʽʪʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʢʨʠʩʪʘʣʽʯʥʽʩʪʶ ʪʘ ʚʫʟʴʢʠʤ ʨʦʟʧʦʜʽʣʦʤ ʧʦʨ 

ʟʘ ʨʦʟʤʽʨʘʤʠ, ʻ ʦʩʥʦʚʦʶ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʪ. ʆʜʥʘʢ ʟʘʟʥʘʯʝʥʽ ʧʝʨʝʚʘʛʠ 

ʤʽʢʨʦʧʦʨʠʩʪʦʩʪʽ ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʥʝʜʦʩʪʘʪʥʴʦʶ ʰʚʠʜʢʽʩʪʶ ʜʠʬʫʟʽʾ ʤʦʣʝʢʫʣ 

ʘʜʩʦʨʙʘʪʽʚ ʪʘ ʨʝʘʛʝʥʪʽʚ ʜʦ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ (ʘʞ ʜʦ ʥʝʜʦʩʪʫʧʥʦʩʪʽ ʪʘʢʠʭ 

ʮʝʥʪʨʽʚ), ʘ ʪʘʢʦʞ ʘʜ(ʜʝ)ʩʦʨʙʮʽʾ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʽ ʧʨʦʜʫʢʪʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ 

ʧʨʦʮʝʩʽ ʢʘʪʘʣʽʪʠʯʥʠʭ ʨʝʘʢʮʽʡ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʮʝʦʣʽʪʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʪʘ ʽʩʪʦʪʥʦ ʦʙʤʝʞʫʻ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʘʢʪʠʯʥʦ 

ʚʘʞʣʠʚʠʭ ʢʘʪʘʣʽʪʠʯʥʠʭ ʧʨʦʮʝʩʘʭ ʟʘ ʫʯʘʩʪʶ ʦʙ'ʻʤʥʠʭ ʤʦʣʝʢʫʣ, ʦʩʦʙʣʠʚʦ ʚ 

ʥʘʬʪʦʭʽʤʽʾ, ʪʦʥʢʦʤʫ ʦʨʛʘʥʽʯʥʦʤʫ ʩʠʥʪʝʟʽ, ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʦʱʦ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʧʨʦʩʪʦʨʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʘ ʽ ʧʝʨʽʦʜʠʯʥʘ ʚ ʥʘʥʦʤʝʪʨʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ 

(ʨʦʟʤʽʨ ʧʦʨ 2 ï 10 ʥʤ), ʘʣʝ ʘʤʦʨʬʥʘ ʩʪʨʫʢʪʫʨʘ ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʪ 

(ʄʄʉ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʠʟʴʢʦʶ ʛʽʜʨʦʣʽʪʠʯʥʦʶ ʩʪʽʡʢʽʩʪʶ ʽ ʢʠʩʣʦʪʥʽʩʪʶ, ʱʦ 

ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʄʄʉ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʽʚ. ʄʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʽ 

ʮʝʦʣʽʪʚʤʽʩʥʽ ʤʘʪʝʨʽʘʣʠ, ʚ ʷʢʠʭ ʪʽʻʶ ʯʠ ʽʥʰʦʶ ʤʽʨʦʶ ʧʦʻʜʥʫʶʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʽ 

ʮʝʦʣʽʪʽʚ ʽ ʄʄʉ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰʦʶ ʜʦʩʪʫʧʥʽʩʪʶ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʜʣʷ 

ʤʦʣʝʢʫʣ ʨʝʘʛʝʥʪʽʚ, ʟʦʢʨʝʤʘ, ʦʙôʻʤʥʠʭ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʽʜʚʠʱʝʥʦʶ ʢʘʪʘʣʽʪʠʯʥʦʶ 

ʘʢʪʠʚʥʽʩʪʶ ʚ ʨʝʘʢʮʽʷʭ, ʧʝʨʝʙʽʛ ʷʢʠʭ ʚ ʮʝʦʣʽʪʘʭ ʻ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʝʥʠʤ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʷ ʧʽʜʭʦʜʽʚ 

ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʦʟʚʠʥʝʥʦʶ ʤʝʟʦʧʦʨʠʩʪʽʩʪʶ ʽ ʥʘʷʚʥʽʩʪʶ ʩʠʣʴʥʠʭ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ (ʤʝʟʦʧʦʨ), ʰʣʷʭʦʤ ʜʦʙʦʨʫ ʫʤʦʚ ʪʝʤʧʣʘʪʥʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟʘ ʫʯʘʩʪʶ ʤôʷʢʠʭ ʪʝʤʧʣʘʪʽʚ (ʤʽʮʝʣʷʨʥʠʭ, 
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ʤʦʣʝʢʫʣʷʨʥʠʭ ʪʘ ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ), ʟôʷʩʫʚʘʥʥʷ ʚʧʣʠʚʫ ʧʨʠʨʦʜʠ ʦʩʪʘʥʥʽʭ ʥʘ 

ʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʠʩʣʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʧʦʨʠʩʪʠʭ ʚʫʛʣʝʮʴʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢ ʽ ʮʝʦʣʽʪʚʤʽʩʥʠʭ, 

ʝʬʝʢʪʠʚʥʠʤ ʻ ʪʝʤʧʣʘʪʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ, ʦʜʥʘʢ, ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʞʦʨʩʪʢʠʭ ʪʝʤʧʣʘʪʽʚ ï ʩʪʡ̔ʢʠʭ ʧʦʨʠʩʪʠʭ ʩʪʨʫʢʪʫʨ, ʟʦʢʨʝʤʘ, ʥʘ ʦʩʥʦʚʽ 

ʢʨʝʤʥʝʟʝʤʫ, ʮʝʦʣʽʪʽʚ ʪʦʱʦ.  

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʙʝʟʤʝʪʘʣʝʚʠʭ 

ʚʫʛʣʝʮʴʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʨʷʜʫ ʧʨʦʤʠʩʣʦʚʦ ʚʘʞʣʠʚʠʭ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʘʨʪʽʩʪʴ ʢʘʪʘʣʽʟʘʪʦʨʘ, ʘ ʪʘʢʦʞ ʫʥʠʢʥʫʪʠ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʤʝʪʘʣʘʤʠ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɼʦʧʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʩʪʨʫʢʪʫʨ ʘʟʦʪʦʤ ʩʧʨʠʯʠʥʷʻ ʬʦʨʤʫʚʘʥʥʷ 

ʦʩʥ ʚʥʠʭ ʮʝʥʪʨʽʚ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʨʝʘʢʮʽʡ, ʘʜʩʦʨʙʝʥʪʽʚ. ʇʽʨʦʣʽʟ ʟʙʘʛʘʯʝʥʠʭ 

ʘʟʦʪʦʤ ʦʨʛʘʥʽʯʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, ʷʢʠʡ 

ʧʨʦʷʚʣʷʻ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ ʡʦʛʦ ʷʢ 

ʝʬʝʢʪʠʚʥʠʡ ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʷʢ ʚʽʜʥʦʚʣʝʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, 

ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ, ʦʢʠʩʥʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʟʘʙʨʫʜʥʠʢʽʚ ʪʦʱʦ. ʉʢʣʘʜ ʥʽʪʨʠʜʫ 

ʚʫʛʣʝʮʶ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʽʨʦʣʽʟʫ ʚʽʜʧʦʚʽʜʥʠʭ CN-ʧʨʝʢʫʨʩʦʨʽʚ, 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ (C3N4), ʱʦ ʟʫʤʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʶ ʚ ʡʦʛʦ 

ʩʪʨʫʢʪʫʨʽ ʧʝʨʚʠʥʥʠʭ ʪʘ/ʘʙʦ ʚʪʦʨʠʥʥʠʭ ʘʤʽʥʦʛʨʫʧ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʧʨʦʷʚ ʡʦʛʦ 

ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʘʢʪʠʚʥʦʩʪʽ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʫ 

ʨʽʟʥʠʭ ʨʝʘʢʮʽʷʭ (ʂʥʝʚʝʥʘʛʝʣʷ, ʧʝʨʝʝʪʝʨʠʬʽʢʘʮʽʾ, ʦʢʠʩʥʝʥʥʷ, ʛʽʜʨʫʚʘʥʥʷ).  

ɸʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʪʘʢʦʞ ʟôʷʩʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʪʝʤʧʣʘʪʥʦʛʦ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʚ ʩʠʩʪʝʤʘʭ, ʜʝ ʪʝʤʧʣʘʪ ʚʩʪʫʧʘʻ ʚ ʭʽʤʽʯʥʫ 

ʚʟʘʻʤʦʜʽʶ ʟ ʧʨʝʢʫʨʩʦʨʦʤ, ʫʪʚʦʨʶʶʯʠ, ʟʦʢʨʝʤʘ, ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʙʨʦʙʢʠ ʚʫʛʣʝʮʴ-ʢʨʝʤʥʝʟʝʤʥʠʭ ʢʦʤʧʦʟʠʪʽʚ. 

ʇʦʨʠʩʪʠʡ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʷʢ ʘʜʩʦʨʙʝʥʪ ʪʘ ʥʦʩʽʡ 
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ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʘʢʮʽʡ ʟʘʚʜʷʢʠ ʡʦʛʦ ʚʠʩʦʢʽʡ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʭʽʤʽʯʥʽʡ, ʪʝʨʤʽʯʥʽʡ ʪʘ ʤʝʭʘʥʽʯʥʽʡ ʩʪʽʡʢʦʩʪʽ.  

ʅʝʜʦʣʽʢʦʤ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʜʝʨʞʘʥʥʷ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʪʘ ʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ ʻ ʾʭ ʥʠʟʴʢʽ ʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʪʘ ʦʙôʻʤ ʧʦʨ), 

ʱʦ ʟʫʤʦʚʣʝʥʦ ʩʢʣʘʜʥʽʩʪʶ ʪʝʤʧʣʘʪʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʢʪʫʘʣʴʥʠʤ ʪʘ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʮʝʦʣʽʪ- ʪʘ ʚʫʛʣʝʮʴʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʦʪʨʝʙ ʩʫʯʘʩʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ʪʘ 

ʤʝʟʦʧʦʨʠʩʪʽʩʪʶ. ʇʦʪʨʝʙʫʻ ʨʦʟʚôʷʟʘʥʥʷ ʧʠʪʘʥʥʷ ʚʧʣʠʚʫ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ, 

ʪʝʢʩʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʧʦʨʠʩʪʦʩʪʽ, ʢʠʩʣʦʪʥʠʭ/ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʾʭ ʘʜʩʦʨʙʮʽʡʥʽ, ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʽ  ʪʘ ʢʘʪʘʣʽʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

(ʧʝʨʝʚʘʞʥʦ ʚ ʧʨʦʮʝʩʘʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʙôʻʤʥʠʭ ʤʦʣʝʢʫʣ). ɺʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ 

ʧʨʦʙʣʝʤ ʻ ʚʘʞʣʠʚʠʤ ʷʢ ʜʣʷ ʨʦʟʚʠʪʢʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʥʘʫʢʠ, ʪʘʢ ʽ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʘʜʩʦʨʙʮʽʡʥʠʤʠ ʪʘ ʢʘʪʘʣʽʪʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ.    

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʘ 

ʚʠʢʦʥʫʚʘʣʘʩʴ ʟʛʽʜʥʦ ʟ ʧʣʘʥʘʤʠ ʚʽʜʦʤʯʦʾ ʪʘ ʢʦʥʢʫʨʩʥʦʾ ʪʝʤʘʪʠʢʠ ʚʽʜʜʽʣʫ 

ʧʦʨʠʩʪʠʭ ʨʝʯʦʚʠʥ ʽ ʤʘʪʝʨʽʘʣʽʚ ɯʥʩʪʠʪʫʪʫ ʬʽʟʠʯʥʦʾ ʭʽʤʽʾ 

ʽʤ. ʃ. ɺ. ʇʠʩʘʨʞʝʚʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ çʈʦʟʚʠʪʦʢ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʟʘʩʘʜ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʽʢʨʦ- ʽ ʤʽʢʨʦ/ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʮʝʦʣʽʪʽʚ, 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʪ ʽ ʤʝʪʘʣ-ʦʨʛʘʥʽʯʥʠʭ ʢʘʨʢʘʩʽʚè (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

01127U001195), çʈʦʟʨʦʙʢʘ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʽʢʨʦʤʝʟʦʧʦʨʠʩʪʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʘʣʶʤʦ- ʽ ʛʝʨʤʘʥʦʩʠʣʽʢʘʪʥʠʭ ʮʝʦʣʽʪʽʚ, 

ʢʨʝʤʥʝʟʝʤʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʪ ʪʘ ʧʦʨʠʩʪʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʧʦʣʽʤʝʨʽʚè (ˉ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0116U000062), çʈʦʟʨʦʙʢʘ ʜʠʩʧʝʨʩʥʠʭ ʪʘ ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʨʽʟʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶè (ˉ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0114U000141), çʈʦʟʨʦʙʣʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʟʘʩʘʜ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʽ 

ʧʨʦʮʝʩʽʚ ʟʘ ʾʭ ʫʯʘʩʪʶè (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0117U004521), ʧʨʦʝʢʪʫ çʉʪʨʫʢʪʫʨʥʽ, 
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ʩʧʝʢʪʨʘʣʴʥʽ, ʣʶʤʽʥʝʩʮʝʥʪʥʽ, ʢʘʪʘʣʽʪʠʯʥʽ ʪʘ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʪʘ ʤʦʥʦʰʘʨʦʚʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʪʘ ʡʦʛʦ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʟ 

ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʤʝʪʘʣʽʚ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚè (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0115U002972) 

ʮʽʣʴʦʚʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʧʨʦʛʨʘʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ 

çʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʽ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡè, 

ʧʨʦʝʢʪʫ çʅʘʥʦʢʦʤʧʦʟʠʪʥʽ ʧʦʨʠʩʪʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʪʘ 

ʚʫʛʣʝʮʶ ʜʣʷ ʪʝʭʥʦʣʦʛʽʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʘʢʫʤʫʣʶʚʘʥʥʷ ʚʦʜʥʶè (ˉ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0111U007235) ʮʽʣʴʦʚʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʧʨʦʛʨʘʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ çɺʦʜʝʥʴ ʚ ʘʣʴʪʝʨʥʘʪʠʚʥʽʡ ʝʥʝʨʛʝʪʠʮʽ ʪʘ ʥʦʚʽʪʥʽʭ 

ʪʝʭʥʦʣʦʛʽʷʭè, ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ ʜʦʢʪʦʨʘʤ ʥʘʫʢ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ 2017 ʨʽʢ çʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʟʘʩʘʜʠ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʥʘʥʦʧʦʨʠʩʪʠʭ ʪʘ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ï 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʩʠʥʪʝʟʫ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʜʣʷ ʬʘʨʤʘʮʝʚʪʠʢʠè (ˉ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0117U003806). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʣʘ ʚ ʟôʷʩʫʚʘʥʥʽ 

ʚʧʣʠʚʫ ʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʠʩʣʦʪʥʦʩʪʽ/ʦʩʥʦʚʥʦʩʪʽ 

ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʮʝʦʣʽʪ- ʪʘ ʚʫʛʣʝʮʴʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʜʝʨʞʘʥʠʭ ʰʣʷʭʦʤ 

ʪʝʤʧʣʘʪʫʚʘʥʥʷ ʚ ʘʣʶʤʦʩʠʣʽʢʘʪʥʠʭ ʪʘ ʚʫʛʣʝʮʴʚʤʽʩʥʠʭ ʩʠʩʪʝʤʘʭ, ʥʘ ʾʭ 

ʘʜʩʦʨʙʮʽʡʥʽ ʪʘ ʢʘʪʘʣʽʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʦʪʝʥʮʽʡʥʠʭ 

ʘʜʩʦʨʙʝʥʪʽʚ, ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʪʘ ʥʦʩʽʾʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

- ʟôʷʩʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʮʝʦʣʽʪʽʚ ɓ ʽ ZSM-5 ʪʘ ʚʧʣʠʚ ʾʭ ʩʪʨʫʢʪʫʨʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʢʠʩʣʦʪʥʦʩʪʽ ʥʘ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ 

ʨʝʘʢʮʽʷʭ (ʽʟʦʤʝʨʠʟʘʮʽʷ ʝʧʦʢʩʠʜʽʚ ʚʝʨʙʝʥʦʣʫ ʪʘ Ŭ-ʧʽʥʝʥʫ);  

- ʚʩʪʘʥʦʚʠʪʠ ʟʚ'ʷʟʦʢ ʤʽʞ ʩʪʨʫʢʪʫʨʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʫʛʣʝʮʝʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʦʜʝʨʞʘʥʠʭ ʷʢ ʦʙôʻʤʥʦʶ ʢʘʨʙʦʥʽʟʘʮʽʻʶ ʩʘʭʘʨʦʟʠ, ʪʘʢ ʽ ʾʾ ʧʽʨʦʣʽʟʦʤ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʘʢʪʠʚʫʶʯʠʭ ʘʛʝʥʪʽʚ, ʪʘ ʾʭ ʘʜʩʦʨʙʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʩʪʦʩʦʚʥʦ 
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ʚʦʜʥʶ) ʽ ʢʘʪʘʣʽʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʚ ʢʦʤʙʽʥʘʮʽʾ ʟ ʢʦʤʝʨʮʽʡʥʠʤ ʢʘʪʘʣʽʟʘʪʦʨʦʤ 

Ru/C ʚ ʨʝʘʢʮʽʷʭ ʛʽʜʨʦʣʽʟʫ ʪʘ ʛʽʜʨʦʣʽʪʠʯʥʦʛʦ ʛʽʜʨʫʚʘʥʥʷ ʘʨʘʙʽʥʦʛʘʣʘʢʪʘʥʫ; 

- ʟôʷʩʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʤʧʣʘʪʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʬʽʪʦʧʦʜʽʙʥʦʛʦ 

ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʪʘ ʡʦʛʦ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʚʽʜʥʦʚʣʝʥʥʷ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʷʢ ʦʜʥʦʛʦ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʡʦʛʦ ʫʪʠʣʽʟʘʮʽʾ; 

-  ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʛʨʘʬʽʪʦʧʦʜʽʙʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʥʘ 

ʡʦʛʦ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʢʦʥʜʝʥʩʘʮʽʾ ʂʥʝʚʝʥʘʛʝʣʷ ʤʽʞ 

ʙʝʥʟʘʣʴʜʝʛʽʜʦʤ ʪʘ ʝʪʠʣʮʽʘʥʦʘʮʝʪʘʪʦʤ, ʘ ʪʘʢʦʞ ʢʦʤʧʦʟʠʮʽʡ ʟ ʥʘʥʦʜʠʩʧʝʨʩʥʠʤ 

ʨʫʪʝʥʽʻʤ ï ʚ ʨʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ ʙʝʪʫʣʽʥʫ; 

- ʟ'ʷʩʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʤʧʣʘʪʥʦʛʦ ʦʜʝʨʞʘʥʥʷ ʧʦʨʠʩʪʦʛʦ ʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ ʪʘ ʬʘʢʪʦʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʘʜʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ SiC ʪʘ 

ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ (ʟʦʢʨʝʤʘ, ʟʘ ʚʦʜʥʝʤ ʪʘ ʦʢʩʠʜʘʤʠ 

ʚʫʛʣʝʮʶ); ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʷʢ ʥʦʩʽʷ ʢʘʪʘʣʽʟʘʪʦʨʘ 

ʧʽʨʦʬʦʩʬʘʪʫ ʚʘʥʘʜʠʣʫ ʚ ʨʝʘʢʮʽʾ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʥ-ʙʫʪʘʥʫ. 

ʆʙ'ʻʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʽ ʮʝʦʣʽʪʚʤʽʩʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ 

ʦʩʥʦʚʽ ʧʨʝʢʫʨʩʦʨʽʚ ʮʝʦʣʽʪʽʚ ɓ ʽ ZSM-5; ʤʽʢʨʦ-, ʤʝʟʦ- ʪʘ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʽ 

ʚʫʛʣʝʮʝʚʽ ʤʘʪʝʨʽʘʣʠ; ʛʨʘʬʽʪʦʧʦʜʽʙʥʠʡ ʪʘ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʡ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ; 

ʢʦʤʧʦʟʠʪʠ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ ʨʫʪʝʥʽʶ ʪʘ ʧʦʨʠʩʪʦʛʦ ʚʫʛʣʝʮʶ/ʥʽʪʨʠʜʫ 

ʚʫʛʣʝʮʶ; ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ; ʢʦʤʧʦʟʠʪʠ ʥʘ ʦʩʥʦʚʽ ʧʽʨʦʬʦʩʬʘʪʫ ʚʘʥʘʜʠʣʫ ʪʘ 

ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʚʧʣʠʚ ʩʢʣʘʜʫ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʙʫʜʦʚʠ ʤʽʢʨʦ-

ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʚʫʛʣʝʮʴʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʥʘ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʽ, ʘʜʩʦʨʙʮʽʡʥʽ ʪʘ ʢʘʪʘʣʽʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʡ, ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʠʡ, 

ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʠʡ, ʭʨʦʤʘʪʦ-ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ, ʜʠʥʘʤʽʯʥʝ 

ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ, ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʘ ʨʝʥʪʛʝʥʽʚʩʴʢʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ, 

ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʪʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʗʄʈ, ʩʢʘʥʫʶʯʘ (ʉɽʄ) ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʘ 

(ʊɽʄ) ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ, ʦʙôʻʤʦʤʝʪʨʠʯʥʠʡ ʘʜʩʦʨʙʮʽʡʥʠʡ ʤʝʪʦʜ 
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ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʽʚ, ʪʝʨʤʦʧʨʦʛʨʘʤʦʚʘʥʘ ʜʝʩʦʨʙʮʽʷ 

(ʊʇɼ) ʘʤʽʘʢʫ ʪʘ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʘʜ(ʜʝ)ʩʦʨʙʮʽʷ ʤʦʣʝʢʫʣ ʟʦʥʜʽʚ ʟ ɯʏ-

ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤ ʢʦʥʪʨʦʣʝʤ, ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʚ ʋʌ ʽ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ, 

ʨʝʥʪʛʝʥʦʬʦʪʦʝʣʝʢʪʨʦʥʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ (ʈʌɽʉ), ʝʣʝʤʝʥʪʥʠʡ (CHN) ʘʥʘʣʽʟ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺʠʷʚʣʝʥʦ, ʱʦ 

ʥʠʟʴʢʦʢʨʠʩʪʘʣʽʯʥʽ ʪʘ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʽ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʽ ʤʘʪʝʨʽʘʣʠ ʤʽʩʪʷʪʴ 

ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ʟʘ ʩʠʣʦʶ ʙʣʠʟʴʢʽ ʜʦ ʪʘʢʠʭ ʫ ʮʝʦʣʽʪʽ ɓ, ʷʢʽ ʚʽʜʥʝʩʝʥʦ ʜʦ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʫ ʩʢʣʘʜʽ ʧʨʝʢʫʨʩʦʨʽʚ ʮʝʦʣʽʪʫ.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʽ ʪʘ ʯʘʩʪʢʦʚʦ ʮʝʦʣʽʪʠʟʦʚʘʥʽ ʤʽʢʨʦ-

ʤʝʟʦʧʦʨʠʩʪʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʮʝʦʣʽʪʫ ZSM-5 ʧʨʦʷʚʣʷʶʪʴ ʚʠʱʫ ʢʘʪʘʣʽʪʠʯʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ Ŭ-ʧʽʥʝʥʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʮʝʦʣʽʪʦʤ 

ZSM-5 ʪʘ ʤʝʟʦʧʦʨʠʩʪʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʮʝʦʣʽʪʥʦʛʦ ʪʠʧʫ ʟʘ ʨʘʭʫʥʦʢ ʟʥʘʯʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ, ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʦʙôʻʤʥʠʭ ʤʦʣʝʢʫʣ. 

ɿôʷʩʦʚʘʥʦ, ʱʦ ʪʝʤʧʣʘʪʥʝ ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʬʽʪʦʧʦʜʽʙʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ 

ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʡʦʛʦ ʜʠʩʧʝʨʩʥʽʩʪʴ, ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ ʪʘ ʧʨʦʩʪʦʨʦʚʫ 

ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʘʙʝʟʧʝʯʫʻ ʚʠʱʫ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ 

ʪʘʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʨʝʘʢʮʽʾ ʬʦʪʦʚʽʜʥʦʚʣʝʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʧʘʨʘʤʠ ʚʦʜʠ (ʜʦ 

ʘʮʝʪʘʣʴʜʝʛʽʜʫ ʪʘ ʤʝʪʘʥʫ) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʙôʻʤʥʠʤ ʘʥʘʣʦʛʦʤ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʛʨʘʬʽʪʦʧʦʜʽʙʥʠʡ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ, ʦʜʝʨʞʘʥʠʡ ʟ ʤʝʣʘʤʽʥʫ, 

ʧʨʦʷʚʣʷʻ ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʢʦʥʜʝʥʩʘʮʽʾ ʂʥʝʚʝʥʘʛʝʣʷ ʤʽʞ 

ʙʝʥʟʘʣʴʜʝʛʽʜʦʤ ʪʘ ʝʪʠʣʮʽʘʥʦʘʮʝʪʘʪʦʤ (ʚʠʭʽʜ ʝʪʠʣ-Ŭ-ʮʽʘʥʦʮʽʥʥʘʤʘʪʫ ʜʦ 51%), ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʶ ʩʣʘʙʢʠʭ ʦʩʥ ʚʥʠʭ ʮʝʥʪʨʽʚ (CïN=C ʛʨʫʧʠ).   

ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʥʘʥʦʜʠʩʧʝʨʩʥʠʡ Ru, ʥʘʥʝʩʝʥʠʡ ʥʘ ʥʽʪʨʠʜ 

ʚʫʛʣʝʮʶ, ʧʨʦʷʚʣʷʻ ʚʠʱʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ ʙʝʪʫʣʽʥʫ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʙʝʪʫʣʦʥʫ ʷʢ ʦʩʥʦʚʥʦʛʦ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʥʽʞ ʢʘʪʘʣʽʟʘʪʦʨ ʥʘ 

ʦʩʥʦʚʽ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ ʨʫʪʝʥʽʶ ʪʘ N-ʚʤʽʩʥʠʭ ʤʽʢʨʦʧʦʨʠʩʪʠʭ ʘʙʦ ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʩʪʨʫʢʪʫʨ ʷʢ ʥʦʩʽʾʚ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʦ ʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ 

ʩʣʘʙʢʠʭ ʦʩʥ ʚʥʠʭ ʮʝʥʪʨʽʚ ʃʴʶʾʩʘ ʥʘ ʧʦʚʝʨʭʥʽ C3N4 ʷʢ ʥʦʩʽʷ.  
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ɺʠʷʚʣʝʥʦ ʥʝʪʠʧʦʚʦ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʘʜʩʦʨʙʮʽʾ ʚʦʜʥʶ (ʜʦ 15 

ʤʢʤʦʣʴ/ʤ
2
) ʜʣʷ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, ʦʜʝʨʞʘʥʦʛʦ ʪʝʤʧʣʘʪʥʠʤ ʤʝʪʦʜʦʤ, ʱʦ 

ʧʦʚôʷʟʘʥʦ ʟ ʜʦʚʝʨʰʝʥʽʩʪʶ "ʢʘʨʙʽʜʥʦʾ" ʩʪʨʫʢʪʫʨʠ ʪʘʢʠʭ ʟʨʘʟʢʽʚ ʟ ʙʽʣʴʰʠʤ 

ʚʤʽʩʪʦʤ ʟʚ'ʷʟʢʽʚ SiïC (78 ʧʨʦʪʠ 55%) ʪʘ ʧʝʚʥʦʾ ʯʘʩʪʢʠ ʽʥʰʠʭ (ʥʝʢʘʨʙʽʜʥʠʭ) 

ʟʚôʷʟʢʽʚ (ʛʨʘʬʽʪʥʠʡ ʘʙʦ ʪʝʨʤʽʥʘʣʴʥʠʡ ʪʘ sp
3
 ʛʽʙʨʠʜʠʟʦʚʘʥʠʡ ʉ). 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʧʽʜʭʦʜʠ 

ʜʦ ʦʜʝʨʞʘʥʥʷ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʩʪʦʩʦʚʘʥʦ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ 

ʧʨʦʮʝʩʽʚ ʟʘ ʫʯʘʩʪʶ ʦʙôʻʤʥʠʭ ʤʦʣʝʢʫʣ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ. 

ʈʦʟʨʦʙʣʝʥʽ ʧʽʜʭʦʜʠ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʪʠʧʘʤʠ ʧʦʨʠʩʪʦʩʪʽ (ʦʜʥʦʨʽʜʥʘ ʤʽʢʨʦ-, ʢʦʤʙʽʥʦʚʘʥʘ ʤʽʢʨʦ-ʤʝʟʦ- 

ʪʘ ʤʝʟʦʧʦʨʠʩʪʽʩʪʴ) ʰʣʷʭʦʤ ʚʘʨʽʶʚʘʥʥʷ ʧʨʠʨʦʜʠ ʘʢʪʠʚʫʶʯʦʛʦ ʘʛʝʥʪʘ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʧʦʨʠʩʪʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʟ 

ʧʦʜʘʣʴʰʠʤ ʾʭ ʟʘʩʪʦʚʫʚʘʥʥʷʤ ʷʢ ʘʜʩʦʨʙʝʥʪʽʚ, ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʪʘ ʥʦʩʽʾʚ ʢʘʪʘʣʽʪʠʯʥʦ 

ʘʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʉʠʥʪʝʟʦʚʘʥʽ ʟʨʘʟʢʠ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ Ru, ʥʘʥʝʩʝʥʦʛʦ ʥʘ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ 

ʘʙʦ ʚʫʛʣʝʮʝʚʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʘʧʨʦʙʦʚʘʥʽ ʷʢ ʪʚʝʨʜʦʬʘʟʥʽ ʢʘʪʘʣʽʟʘʪʦʨʠ ʦʜʝʨʞʘʥʥʷ 

ʙʝʪʫʣʦʥʫ ʟ ʙʝʪʫʣʽʥʫ, ʤʦʞʫʪʴ ʟʥʘʡʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʠ ʨʝʘʢʮʽʡ 

ʦʢʠʩʥʝʥʥʷ ʽʥʰʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʫʙʩʪʨʘʪʽʚ. 

ʆʜʝʨʞʘʥʽ ʟʨʘʟʢʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʨʠʩʪʦʩʪʽ, ʷʢʽ 

ʧʝʨʝʚʠʱʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʧʦʢʘʟʥʠʢʠ ʦʧʠʩʘʥʠʭ ʚ ʣʽʪʝʨʘʪʫʨʽ ʘʥʘʣʦʛʽʚ, ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʩʽʾʚ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʜʣʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʧʨʦʮʝʩʽʚ. 

ʇʨʽʦʨʠʪʝʪ ʽ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʝʥʦ 6 ʧʘʪʝʥʪʘʤʠ 

ʋʢʨʘʾʥʠ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʌʦʨʤʫʣʶʚʘʥʥʷ ʥʘʫʢʦʚʦʛʦ ʥʘʧʨʷʤʫ, 

ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʽʜʝʾ, ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ, ʚʠʙʽʨ ʦʙ'ʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʙʽʣʴʰʘ 

ʯʘʩʪʠʥʘ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʩʢʣʘʜʘʶʪʴ 

ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʙʛʦʚʦʨʝʥʥʷ ʯʘʩʪʠʥʠ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 
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ʨʦʙʦʪʠ ʧʨʦʚʦʜʠʣʦʩʷ ʩʧʽʣʴʥʦ ʟ ʥʘʫʢʦʚʠʤ ʢʦʥʩʫʣʴʪʘʥʪʦʤ ʜ.ʭ.ʥ., ʧʨʦʬ. ɺ.ɻ.ɯʣʴʾʥʠʤ. 

ʏʘʩʪʠʥʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʦʪʨʠʤʘʥʦ ʩʧʽʣʴʥʦ ʟ ʢ.ʭ.ʥ. ʈ.ʖ. ɹʘʨʘʢʦʚʠʤ, 

ʢ.ʭ.ʥ. ʉ.ʄ. ʌʽʣʦʥʝʥʢʦ. ɸʜʩʦʨʙʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʙʦʪʠ ʧʨʦʚʦʜʠʣʠʩʷ ʩʧʽʣʴʥʦ ʟ ʇ.ʉ. ʗʨʝʤʦʚʠʤ. ɼʦʩʣʽʜʞʝʥʥʷ ʢʘʪʘʣʽʪʠʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʦʜʝʨʞʘʥʠʭ ʟʜʦʙʫʚʘʯʝʤ ʟʨʘʟʢʽʚ ʫ ʨʝʘʢʮʽʷʭ ʛʽʜʨʦʣʽʟʫ ʪʘ ʛʽʜʨʦʣʽʪʠʯʥʦʛʦ 

ʛʽʜʨʫʚʘʥʥʷ ʘʨʘʙʽʥʦʛʘʣʘʢʪʘʥʫ ʚʠʢʦʥʘʥʦ ʢ.ʭ.ʥ. ʆ.ɺ. ʄʫʨʟʽʥʦʶ ʪʘ ʢ.ʭ.ʥ. ɸ. 

ʊʦʢʘʨʝʚʠʤ, ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ ʚʝʨʙʝʥʦʣʫ ï ʢ.ʭ.ʥ. ʆ. ʊʦʨʦʟʦʚʦʶ ʚ 

ʋʥʽʚʝʨʩʠʪʝʪʽ ɸʙʦ ɸʢʘʜʝʤʽ (ʤ. ʊʫʨʢʫ, ʌʽʥʣʷʥʜʽʷ). ɼʦʩʣʽʜʞʝʥʥʷ 

ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʦʜʝʨʞʘʥʠʭ ʟʜʦʙʫʚʘʯʝʤ ʟʨʘʟʢʽʚ ʫ ʨʝʘʢʮʽʾ 

ʚʽʜʥʦʚʣʝʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʧʘʨʘʤʠ ʚʦʜʠ ʚʠʢʦʥʘʥʦ ʩʧʽʣʴʥʦ ʟ ʢ.ʭ.ʥ. ʄ.ʃ. 

ʆʚʯʘʨʦʚʠʤ, ʬʦʪʦʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʩʧʽʣʴʥʦ ʟ ɸ.ʄ. 

ʄʽʰʫʨʦʶ. ɿʨʘʟʢʠ ʥʘʥʝʩʝʥʦʛʦ ʧʽʨʦʬʦʩʬʘʪʫ ʚʘʥʘʜʠʣʫ ʦʜʝʨʞʘʥʦ ʩʧʽʣʴʥʦ ʟ ʢ.ʭ.ʥ. 

ɺ.ɺ. ʉʠʜʦʨʯʫʢʦʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚ ʨʝʘʢʮʽʾ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʥ-ʙʫʪʘʥʫ ʚʠʢʦʥʘʥʦ ʩʧʽʣʴʥʦ ʟ ʆ.ɸ. ɼʽʶʢ (ɯʥʩʪʠʪʫʪ 

ʩʦʨʙʮʽʾ ʪʘ ʧʨʦʙʣʝʤ ʝʥʜʦʝʢʦʣʦʛʽʾ ʅɸʅ ʋʢʨʘʾʥʠ). ʈʝʥʪʛʝʥʦʬʦʪʦʝʣʝʢʪʨʦʥʥʽ 

ʩʧʝʢʪʨʠ ʦʜʝʨʞʘʥʦ ʩʧʽʣʴʥʦ ʟ ɸ. ɸʭʦ ʚ ʋʥʽʚʝʨʩʠʪʝʪʽ ʊʫʨʢʫ (ʤ. ʊʫʨʢʫ, ʌʽʥʣʷʥʜʽʷ). 

ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʊɽʄ ʦʜʝʨʞʘʥʦ ʩʧʽʣʴʥʦ ʟ ʢ.ʭ.ʥ ɯ. ɹʝʟʚʝʨʭʠʤ (ɹʫʨʛʫʥʜʩʴʢʘ 

ʄʽʞʜʠʩʮʠʧʣʽʥʘʨʥʘ ʣʘʙʦʨʘʪʦʨʽʷ ʽʤ. ʂʘʨʥʦ, ʤ. ɼʽʞʦʥ, ʌʨʘʥʮʽʷ), ʢ.ʭ.ʥ. ʉ.ɺ. ɻʨʠʥʴ 

(ɯʥʩʪʠʪʫʪ ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʊʘʨʘʩʘ 

ʐʝʚʯʝʥʢʘ), ʉ.ɸ. ʉʝʨʛʽʻʥʢʦʤ (ʅʘʮʽʦʥʘʣʴʥʠʡ ʜʦʩʣʽʜʥʠʮʴʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʄʀʉʠʉè, ʤ. ʄʦʩʢʚʘ, ʈʌ), ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʉɽʄ ï ʟ ʢ.ʭ.ʥ. ʄ.ɸ. 

ʉʢʦʨʠʢʦʤ (ɯʥʩʪʠʪʫʪ ʤʝʪʘʣʦʬʽʟʠʢʠ ʽʤ. ɻ.ɺ. ʂʫʨʜʶʤʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ), ʢ.ʭ.ʥ. 

ʆ.ɭ. ɹʘʨʘʥʯʠʢʦʚʠʤ (ɯʥʩʪʠʪʫʪ ʟʘʛʘʣʴʥʦʾ ʪʘ ʥʝʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽʤ. ʄ.ʉ. ʂʫʨʥʘʢʦʚʘ 

ʈɸʅ, ʤ. ʄʦʩʢʚʘ, ʈʌ), ʢ.ʭ.ʥ. ʆ. ʍʘʡʥʘʢʦʚʦʶ (ʋʥʽʚʝʨʩʠʪʝʪ ʆʚ'ʻʜʦ, ɯʩʧʘʥʽʷ). 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʗʄʈ ʧʨʦʚʝʜʝʥʦ ʩʧʽʣʴʥʦ ʟ ɯ. ʍʝʡʥʤʘʘ ʚ 

ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʽʥʩʪʠʪʫʪʽ ʭʽʤʽʯʥʦʾ ʬʽʟʠʢʠ ʪʘ ʙʽʦʬʽʟʠʢʠ (ʊʘʣʣʽʥʥ, ɽʩʪʦʥʽʷ), ʢ.ʭ.ʥ. 

ɺ.ɺ. ʊʨʘʯʝʚʩʴʢʠʤ (ʊʝʭʥʽʯʥʠʡ ʮʝʥʪʨ ʅɸʅ ʋʢʨʘʾʥʠ), ʢ.ʭ.ʥ. ʉ. ʍʘʡʥʘʢʦʚʠʤ 

(ʋʥʽʚʝʨʩʠʪʝʪ ʆʚ'ʻʜʦ, ɯʩʧʘʥʽʷ). 
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ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, ʟʦʢʨʝʤʘ 

ʥʘ: 17-ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʮʝʦʣʽʪʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñZeolites and ordered porous 

materials: Bridging the gap between nanoscience and technologyò (ʄʦʩʢʚʘ, 2013 ʨ.); 

ʥʘʫʢʦʚʽʡ ʟʚʽʪʥʽʡ ʩʝʩʽʾ ʇʨʦʛʨʘʤʠ ñɺʦʜʝʥʴ ʚ ʘʣʴʪʝʨʥʘʪʠʚʥʽʡ ʝʥʝʨʛʝʪʠʮʽ ʪʘ 

ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʷʭò (ʂʠʾʚ, 2011, 2013 ʨʨ.); 2-ʡ ʫʢʨʘʾʥʩʴʢʦ-ʬʨʘʥʮʫʟʴʢʽʡ ʰʢʦʣʽ-

ʩʝʤʽʥʘʨʽ ñCarbon nanomaterials: structure and propertiesò (ɹʝʨʝʛʦʚʝ, 2013 ʨ.); 

ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñNanotechnology and 

nanomaterials (NANOï2016)ò (ʃʴʚʽʚ, 2016 ʨ.); V ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

"ʅʘʥʦʨʦʟʤʽʨʥʽ ʩʠʩʪʝʤʠ: ʙʫʜʦʚʘ, ʚʣʘʩʪʠʚʦʩʪʽ, ʪʝʭʥʦʣʦʛʽʾ" ʅɸʅʉʀʉ-2016 (ʂʠʾʚ, 

2016 ʨ.); II ʩʠʤʧʦʟʽʫʤʽ ñModern problems of nanocatalysisò NANOCAT 2017 

(ʂʠʾʚ, 2017 ʨ.); ʩʝʤʽʥʘʨʽ "Sorption and Membrane Materials and Technologies: 

Present and Future" (ʂʠʾʚ, 2018 ʨ.); 14-ʤʫ ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʢʦʥʛʨʝʩʽ ʟ ʢʘʪʘʣʽʟʫ, 

EuropaCat 2019 (ɸʘʭʝʥ, 2019 ʨ.). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ 1 ʨʦʟʜʽʣ ʚ 

ʢʦʣʝʢʪʠʚʥʽʡ ʤʦʥʦʛʨʘʬʽʾ, 31 ʩʪʘʪʪʶ, ʪʝʟʠ 17 ʜʦʧʦʚʽʜʝʡ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʽ 

ʚʽʪʯʠʟʥʷʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, ʦʪʨʠʤʘʥʦ 1 ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʽʜ ʪʘ 5 ʧʘʪʝʥʪʽʚ 

ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ. 

ʉʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʩʪʫʧʫ, 6 

ʨʦʟʜʽʣʽʚ, ʫʟʘʛʘʣʴʥʝʥʥʷ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ (490 

ʥʘʡʤʝʥʫʚʘʥʴ) ʽ 4 ʜʦʜʘʪʢʽʚ. ʈʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 435 ʩʪʦʨʽʥʢʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ 

ʪʝʢʩʪʫ, ʤʽʩʪʠʪʴ 129 ʨʠʩʫʥʢʽʚ ʪʘ 36 ʪʘʙʣʠʮʴ. 
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ʈʆɿɼɯʃ 1 

 

ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ 

 

1.1. ʆʜʝʨʞʘʥʥʷ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

ʈʦʟʚʠʪʦʢ ʭʽʤʽʾ ʮʝʦʣʽʪʽʚ ʽ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʪ (ʄʉ) ʧʨʘʢʪʠʯʥʦ ʚ ʫʩʽ ʯʘʩʠ ʙʫʚ 

ʧʦʚ'ʷʟʘʥʠʡ ʷʢ ʟ ʽʥʪʝʨʝʩʦʤ ʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʨʠʩʪʘʣʽʯʥʦʾ ʽ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ, 

ʘʜʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʪʘʢ ʽ ʱʝ ʙʽʣʴʰ ʟʥʘʯʥʦ  ʁʤʽʨʦ  ʁʟ ʧʨʦʙʣʝʤʘʤʠ ʽ 

ʟʘʧʠʪʘʤʠ ʢʘʪʘʣʽʟʫ ï ʷʢ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʴ, ʪʘʢ ʽ ʚ ʦʙʣʘʩʪʽ ʧʨʘʢʪʠʯʥʦʛʦ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʘʪʘʣʽʟʫ, ʚʢʣʶʯʘʶʯʠ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʠʭ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʽ ʧʨʦʮʝʩʽʚ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʮʽʥʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʥʘʡʙʽʣʴʰʝ ï 

ʧʨʦʮʝʩʽʚ ʽ ʧʨʦʜʫʢʪʽʚ ʥʘʬʪʦʧʝʨʝʨʦʙʢʠ, ʥʘʬʪʦʭʽʤʽʾ ʪʘ ʪʦʥʢʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ 

ʩʠʥʪʝʟʫ. ʎʝ ʧʨʦʩʪʝʞʫʻʪʴʩʷ, ʧʦʯʠʥʘʶʯʠ ʟ ʧʦʯʘʪʢʫ 60-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ, 

ʥʘ ʧʨʦʪʷʟʽ ʙʽʣʴʰ ʥʽʞ ʧʽʚʩʪʦʣʽʪʪʷ ʜʦʪʝʧʝʨ [1-3]. 

ɼʦ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟ ʪʘʢʠʭ ʟʘʧʠʪʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʦʜʝʨʞʘʥʥʷ ʩʪʽʡʢʦʛʦ ʜʦ 

ʜʝʢʘʪʽʦʥʫʚʘʥʥʷ, ʘ ʧʦʪʽʤ ʽ ʫʣʴʪʨʘʩʪʘʙʽʣʴʥʦʛʦ ʮʝʦʣʽʪʫ Y ʪʠʧʫ ʬʦʞʘʟʠʪʫ, 

ʪʝʤʧʣʘʪʥʠʡ ʩʠʥʪʝʟ ʚʠʩʦʢʦʢʨʝʤʥʝʟʝʤʥʠʭ ʮʝʦʣʽʪʽʚ ʩʽʤʝʡʩʪʚʘ ʧʝʥʪʘʩʠʣʫ ʪʘ ʽʥʰʠʭ, 

ʩʧʨʷʤʦʚʘʥʫ ʥʘ ʧʝʚʥʫ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʶ (ʢʠʩʣʦʪʥʽʩʪʴ, ʢʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ) 

ʟʤʽʥʫ ʩʢʣʘʜʫ ʢʘʨʢʘʩʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʜʝʘʣʶʤʽʥʫʚʘʥʥʥʷ, ʜʝʩʠʣʽʮʽʶʚʘʥʥʷ, 

ʽʟʦʤʦʨʬʥʝ ʪʘ ʥʝʽʟʦʤʦʨʬʥʝ ʚʚʝʜʝʥʥʷ ʚ ʢʘʨʢʘʩ ʜʝʷʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʟʦʢʨʝʤʘ, 

ʽʟʦʤʦʨʬʥʝ ʚʢʣʶʯʝʥʥʷ ʬʦʩʬʦʨʫ ʽ ʛʝʨʤʘʥʽʶ. ʄʘʙʫʪʴ, ʧʦʩʪʽʡʥʠʤʠ ʽ 

ʥʘʧʦʣʝʛʣʠʚʠʤʠ ʚ ʫʩʽ ʧʝʨʽʦʜʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʧʦʰʫʢʠ ʧʽʜʭʦʜʽʚ ʪʘ ʩʧʦʩʦʙʽʚ 

ʦʜʝʨʞʘʥʥʷ ʮʝʦʣʽʪʽʚ ʟ ʷʢʦʤʦʛʘ ʙʽʣʴʰʠʤ ʨʦʟʤʽʨʦʤ ʤʽʢʨʦʧʦʨ. ɽʪʘʧʥʠʤʠ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʜʦʩʣʽʜʞʝʥʥ ̫ʚ ʦʙʣʘʩʪʽ ʩʠʥʪʝʟʫ ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʪ (ʄʄʉ) 

ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʽ ʧʨʦʩʪʦʨʦʚʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʮʝʣʷʨʥʠʭ ʪʝʤʧʣʘʪʽʚ. 

ʃʦʛʽʯʥʠʤ ʧʨʦʜʦʚʞʝʥʥʷʤ ʽ ʨʦʟʚʠʪʢʦʤ ʮʠʭ ʨʦʙʽʪ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʠʜʘʶʪʴʩʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʩʪʚʦʨʝʥʥʷ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʽʚ, ʟʦʢʨʝʤʘ, ʟ ʪ.ʟʚ. 

ʽʻʨʘʨʭʽʯʥʦʶ ʧʦʨʠʩʪʽʩʪʶ. 
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ʄʽʢʨʦʧʦʨʠʩʪʽʩʪʴ ʮʝʦʣʽʪʽʚ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʛʨʘʥʠʯʥʦ ʚʫʟʴʢʠʤ ʨʦʟʧʦʜʽʣʦʤ 

ʧʦʨ ʟʘ ʨʦʟʤʽʨʘʤʠ (ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʮʝʦʣʽʪʥʦʾ ʩʪʨʫʢʪʫʨʠ), ʜʦʩʢʦʥʘʣʽʩʪʶ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʻ ʦʩʥʦʚʦʶ ʨʦʟʤʽʨʥʦ ʽ ʭʽʤʽʯʥʦ ʚʠʙʽʨʢʦʚʦʾ ʤʦʣʝʢʫʣʷʨʥʦ- 

ʪʘ ʽʦʥʩʠʪʦʚʦʾ, ʚ ʮʽʣʦʤʫ ï ʩʦʨʙʮʽʡʥʦʾ ʪʘ ʢʘʪʘʣʽʪʠʯʥʦʾ ʜʽʾ. ʆʜʥʘʢ ʟʘʟʥʘʯʝʥʠʡ 

ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ, ʚʢʣʶʯʘʶʯʠ ʽ ʬʦʨʤʩʝʣʝʢʪʠʚʥʽʩʪʴ, ʧʦʻʜʥʫʻʪʴʩʷ ʟ ʚʽʜʥʦʩʥʦ 

ʥʠʟʴʢʦʶ ʰʚʠʜʢʽʩʪʶ ʜʠʬʫʟʽʾ ʤʦʣʝʢʫʣ ʘʜʩʦʨʙʘʪʽʚ ʽ ʨʝʘʛʝʥʪʽʚ ʜʦ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ 

(ʘʞ ʜʦ ʥʝʜʦʩʪʫʧʥʦʩʪʽ), ʘ ʪʘʢʦʞ ʘʜ(ʜʝ)ʩʦʨʙʮʽʾ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʽ ʧʨʦʜʫʢʪʽʚ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʢʘʪʘʣʽʪʠʯʥʦʾ ʨʝʘʢʮʽʾ [4]. ɼʠʬʫʟʽʡʥʽ ʪʨʫʜʥʦʱʽ ʟʥʘʯʥʦ 

ʟʥʠʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʽʾ, ʟʤʝʥʰʫʶʪʴ ʯʘʩ ʨʦʙʦʪʠ ʮʝʦʣʽʪʥʠʭ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ. ʗʢ ʥʘʩʣʽʜʦʢ, ʤʽʢʨʦʧʦʨʠʩʪʘ ʧʨʠʨʦʜʘ ʮʝʦʣʽʪʽʚ ʽʩʪʦʪʥʦ ʦʙʤʝʞʫʻ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʢʘʪʘʣʽʪʠʯʥʠʭ ʧʨʦʮʝʩʘʭ ʟʘ ʫʯʘʩʪʶ ʦʙ'ʻʤʥʠʭ 

ʤʦʣʝʢʫʣ ʽ ʚ'ʷʟʢʠʭ ʨʽʜʠʥ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʧʨʠ ʥʘʬʪʦʧʝʨʝʨʦʙʮʽ, ʚ ʥʘʬʪʦʭʽʤʽʾ, 

ʪʦʥʢʦʤʫ ʦʨʛʘʥʽʯʥʦʤʫ ʩʠʥʪʝʟʽ, ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʦʱʦ. ʈʘʟʦʤ ʟ 

ʪʠʤ, ʧʨʦʩʪʦʨʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʘ ʽ ʧʝʨʽʦʜʠʯʥʘ ʚ ʥʘʥʦʤʝʪʨʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʘʣʝ 

ʘʤʦʨʬʥʘ ʩʪʨʫʢʪʫʨʘ ʦʜʥʦʨʽʜʥʦ ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʪ (ʄʄʉ) (ʨʦʟʤʽʨ 

ʧʦʨ ʚʽʜ 2 ʜʦ 10 ʥʤ ʽ ʙʽʣʴʰʝ, ʦʙôʻʤ ï ʜʦ 1 ʩʤ
3
/ʛ, ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʜʦ 1200 ʤ

2
/ʛ) 

ʧʦʻʜʥʫʻʪʴʩʷ ʟ ʥʠʟʴʢʦʶ ʛʽʜʨʦʣʽʪʠʯʥʦʶ ʩʪʽʡʢʽʩʪʶ ʽ ʢʠʩʣʦʪʥʽʩʪʶ (ʟʦʢʨʝʤʘ, ʟ 

ʚʽʜʩʫʪʥʽʩʪʶ ʩʠʣʴʥʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ), ʱʦ ʽʩʪʦʪʥʦ ʦʙʤʝʞʫʻ ʽ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ 

ʨʦʙʠʪʴ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʄʄʉ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʽʚ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʷʢ ʫʞʝ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ, ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ ʥʘʡʙʽʣʴʰʝ 

ʧʨʠʚʝʨʪʘʶʪʴ ʧʠʪʘʥʥʷ ʽ ʟʘʚʜʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʤʘʪʝʨʽʘʣʽʚ (ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʽʥʰʘ ʪʝʨʤʽʥʦʣʦʛʽʷ ï ʤʝʟʦʧʦʨʠʩʪʽ ʪʘ 

ʽʻʨʘʨʭʽʯʥʽ ʮʝʦʣʽʪʠ), ʚ ʷʢʠʭ ʪʽʻ  ʁ ʯʠ ʽʥʰʦ  ʁ ʤʽʨʦ  ʁ ʧʦʻʜʥʫʶʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʽ 

ʮʝʦʣʽʪʽʚ ʽ ʄʄʉ [1, 2, 5-7]. ʊʘʢʠʤ ʤʘʪʝʨʽʘʣʘʤ ʚʣʘʩʪʠʚʘ ʧʽʜʚʠʱʝʥʘ ʜʦʩʪʫʧʥʽʩʪʴ 

ʩʦʨʙʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʽ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʜʣʷ ʤʦʣʝʢʫʣ ʨʝʘʛʝʥʪʽʚ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ ï 

ʧʽʜʚʠʱʝʥʥʷ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚ ʨʝʘʢʮʽʷʭ, ʷʢʽ ʚ 

ʪʨʘʜʠʮʽʡʥʠʭ ʮʝʦʣʽʪʘʭ ʽ ʄʄʉ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʽ ʟʥʘʯʥʠʤʠ ʩʪʝʨʠʯʥʠʤʠ ʘʙʦ 

ʜʠʬʫʟʽʡʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʘʙʦ ʥʝ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʟʘʛʘʣʽ. ʂʨʽʤ ʪʦʛʦ, ʥʘʷʚʥʽʩʪʴ 

ʚʪʦʨʠʥʥʦʾ ʤʝʟʦʧʦʨʠʩʪʦʩʪʽ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ï ʜʦʟʚʦʣʷʻ, 
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ʟʦʢʨʝʤʘ, ʚʚʦʜʠʪʠ ʜʦʜʘʪʢʦʚʽ ʢʘʪʘʣʽʪʠʯʥʦ ʘʢʪʠʚʥʽ ʬʘʟʠ ʽ ʟʜʽʡʩʥʶʚʘʪʠ 

ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʶ ʦʨʛʘʥʽʯʥʠʤʠ ʛʨʫʧʘʤʠ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʩʬʝʨʠ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʠʨʦʜʠ ʜʦʜʘʪʢʦʚʦʾ ʤʝʟʦʧʦʨʠʩʪʦʩʪʽ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʽ 

ʮʝʦʣʽʪʥʽ ʘʜʩʦʨʙʝʥʪʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʪʠʧʠ [8]: 

1) ʪʘʢʽ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʤʽʢʨʦʧʦʨʠʩʪʽʩʪʶ ʽ ʚʥʫʪʨʽʰʥʴʦʢʨʠʩʪʘʣʽʯʥʦʶ 

ʤʝʟʦʧʦʨʠʩʪʽʩʪʶ; 

2) ʘʛʨʝʛʦʚʘʥʽ ʮʝʦʣʽʪʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʚʪʦʨʠʥʥʦʶ ʤʝʟʦʧʦʨʠʩʪʽʩʪʶ, ʷʢʘ 

ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʘʛʨʝʛʘʮʽʾ ʢʨʠʩʪʘʣʽʪʽʚ ʽ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦ ʩʫʪʽ ʚʽʣʴʥʠʡ ʧʨʦʩʪʽʨ 

ʤʽʞ ʥʠʤʠ; 

3) ʮʝʦʣʽʪʥʽ ʢʦʤʧʦʟʠʪʠ ʟ ʦʢʨʠʩʪʘʣʽʟʦʚʘʥʦʶ ʚ ʨʝʟʫʣʴʪʘʪʽ ʮʝʦʣʽʪʠʟʘʮʽʾ 

ʧʦʚʝʨʭʥʝʶ ʥʦʩʽʷ. 

ɼʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʤʝʟʦʧʦʨʠʩʪʦʩʪʽ ʚ ʮʝʦʣʽʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʽ ʨʦʟʨʦʙʣʝʥʦ ʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ (ʪʘʙʣ. 1.1). ʅʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʤ 

ʧʨʠʡʦʤʦʤ ʻ ʪʝʤʧʣʘʪʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʧʝʨʝʚʘʞʥʦ ï 

ʯʝʪʚʝʨʪʠʥʥʠʭ ʘʤʦʥʽʻʚʠʭ ʩʧʦʣʫʢ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ 

ʩʧʦʩʦʙʽʚ ʦʜʝʨʞʘʥʥʷ ï "ʜʝʩʪʨʫʢʪʠʚʥʽ" ʽ "ʢʦʥʩʪʨʫʢʪʠʚʥʽ". ʇʝʨʰʽ ʧʝʨʝʜʙʘʯʘʶʪʴ: 

(ʘ) ʧʦʩʪʩʠʥʪʝʪʠʯʥʫ ʦʙʨʦʙʢʫ ʮʝʦʣʽʪʫ ʟ ʤʝʪʦʶ ʬʦʨʤʫʚʘʥʥʷ ʤʝʟʦʧʦʨ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʯʘʩʪʢʦʚʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʽ ʚʠʜʘʣʝʥʥʷ ʢʘʨʢʘʩʥʠʭ ʘʪʦʤʽʚ (Al, Si, Ge ʪʘ ʽʥ.), 

ʫʪʚʦʨʝʥʥʷ ʦʙ'ʻʤʥʠʭ ʜʝʬʝʢʪʽʚ, ʘʙʦ (ʙ) ʜʝʣʘʤʽʥʫʚʘʥʥʷ ʰʘʨʫʚʘʪʠʭ ʮʝʦʣʽʪʽʚ ʥʘ 

ʧʝʨʰʽʡ ʩʪʘʜʽʾ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ï ʜʝʬʨʘʛʤʝʥʪʘʮʽʶ ʚʠʭʽʜʥʠʭ ʮʝʦʣʽʪʽʚ ʟ 

ʧʦʜʘʣʴʰʠʤ ʩʚʝʣʽʥʛʫʚʘʥʥʷʤ, ʧʽʣʘʨʫʚʘʥʥʷʤ ʽ ʟʰʠʚʢʦʶ ʣʽʥʢʝʨʘʤʠ (ʥʘʧʨʠʢʣʘʜ, 

ʧʨʦʜʫʢʪʘʤʠ ʛʽʜʨʦʣʽʟʫ ʽ ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʾ ʪʝʪʨʘʝʪʠʣʦʨʪʦʩʠʣʽʢʘʪʫ (TEOS)) ʘʙʦ 

ʪʝʤʧʣʘʪʥʦʶ ʟʙʽʨʢʦʶ ʩʠʣʽʢʘʪʥʠʭ, ʝʣʝʤʝʥʪʩʠʣʽʢʘʪʥʠʭ ʰʘʨʽʚ, ʬʨʘʛʤʝʥʪʽʚ. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʽʚ ʜʨʫʛʦʾ ʛʨʫʧʠ (çʢʦʥʩʪʨʫʢʪʠʚʥʠʭè) ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʻ 

ʧʦ ʩʫʪʽ ʟʙʽʨʢʦʶ ʧʝʨʚʠʥʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ, ʪʦʙʪʦ ʮʝʦʣʽʪʥʠʭ 

ʧʨʝʢʫʨʩʦʨʽʚ ʧʽʜ ʚʧʣʠʚʦʤ ʜʚʦʭ ʨʽʟʥʠʭ ʪʝʤʧʣʘʪʽʚ ï ʤʦʣʝʢʫʣʷʨʥʠʭ ʽ ʤʽʮʝʣʷʨʥʠʭ, 

ʘʙʦ ʚʽʜʧʦʚʽʜʥʠʭ ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʝʤʧʣʘʪʽʚ [4]. ʂʨʽʤ ʥʘʟʚʘʥʠʭ ʩʧʦʩʦʙʽʚ, ʩʣʽʜ 

ʪʘʢʦʞ ʚʢʘʟʘʪʠ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʞʦʨʩʪʢʦʛʦ ʪʝʤʧʣʘʪʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ 
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ʮʝʦʣʽʪʦʫʪʚʦʨʝʥʥʷ ʽ ʮʝʦʣʽʪʠʟʘʮʽʶ ʄʄʉ, ʘ ʪʘʢʦʞ ʟʤʽʰʘʥʠʭ ʧʽʜʭʦʜʽʚ: 

ʪʝʨʤʦʦʙʨʦʙʢʠ ʚ ʧʘʨʦʚʽʡ ʬʘʟʽ, ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʮʝʦʣʽʪʽʚ (ʪʘʙʣ. 1.1). 

 

ʊʘʙʣʠʮʷ 1.1 ï ʄʝʪʦʜʠ ʦʜʝʨʞʘʥʥʷ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʽʚ  

ʄʝʪʦʜ 

ʦʜʝʨʞʘʥʥʷ 

ʊʠʧ ʪʝʤʧʣʘʪʫ ʉʫʪʴ ʤʝʪʦʜʫ 

ɾʦʨʩʪʢʝ 

ʪʝʤʧʣʘʪʫʚʘʥʥʷ 

ɺʫʛʣʝʮʝʚʽ 

ʤʘʪʝʨʽʘʣʠ, 

ʧʦʣʽʤʝʨʠ ʪʦʱʦ 

ɻʽʜʨʦʪʝʨʤʘʣʴʥʘ ʦʙʨʦʙʢʘ (ɻʊʆ) ʟʦʣʽʚ-

ʧʨʝʢʫʨʩʦʨʽʚ ʮʝʦʣʽʪʽʚ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʞʦʨʩʪʢʠʭ ʪʝʤʧʣʘʪʽʚ, ʷʢʽ ʚʠʜʘʣʷʶʪʴʩʷ 

ʧʽʩʣʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ  

ɺʠʜʘʣʝʥʥʷ 

ʢʘʨʢʘʩʥʠʭ ʘʪʦʤʽʚ 

(ʜʝʩʠʣʽʮʽʶʚʘʥʥʷ, 

ʜʝʘʣʶʤʽʥʫʚʘʥʥʷ) 

ɹʝʟʪʝʤʧʣʘʪʥʠʡ 

ʤʝʪʦʜ 

ʇʦʩʪʩʠʥʪʝʪʠʯʥʘ ʦʙʨʦʙʢʘ ʮʝʦʣʽʪʽʚ ʚ 

ʣʫʞʥʦʤʫ (ʜʝʩʠʣʽʮʽʶʚʘʥʥʷ) ʘʙʦ 

ʢʠʩʣʦʤʫ ʽ/ʘʙʦ ʧʘʨʦʚʦʤʫ 

(ʜʝʘʣʶʤʽʥʫʚʘʥʥʷ) ʩʝʨʝʜʦʚʠʱʽ, ʘ ʪʘʢʦʞ 

ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʪʝʤʧʣʘʪʽʚ   

ɹʽʪʝʤʧʣʘʪʥʠʡ 

ʤʝʪʦʜ 

ʄʦʣʝʢʫʣʷʨʥʽ ʪʘ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʽ 

ʪʝʤʧʣʘʪʠ 

(ʩʠʤʝʪʨʠʯʥʽ 

ʘʤʦʥʽʡʥʽ ʩʧʦʣʫʢʠ, 

ʤʽʮʝʣʷʨʥʽ ʇɸʈ, 

ʦʨʛʘʥʦʩʠʣʘʥʠ, 

ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʪʝʤʧʣʘʪʠ) 

ɻʊʆ ʟʦʣʽʚ-ʧʨʝʢʫʨʩʦʨʽʚ ʮʝʦʣʽʪʽʚ ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʤʦʣʝʢʫʣʷʨʥʠʭ ʽ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʠʭ ʘʙʦ 

ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʝʤʧʣʘʪʽʚ 

ʎʝʦʣʽʪʠʟʘʮʽʷ 

ʄʄʉ 

ʄʦʣʝʢʫʣʷʨʥʽ 

ʪʝʤʧʣʘʪʠ  

ʇʦʩʪʩʠʥʪʝʪʠʯʥʘ ɻʊʆ ʢʨʝʤʥʝʟʝʤʥʠʭ 

ʘʙʦ ʘʣʶʤʦʩʠʣʽʢʘʪʥʠʭ ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʫ ʧʨʠʩʫʪʥʦʩʪʽ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʪʝʤʧʣʘʪʽʚ 

ɿʤʽʰʘʥʽ ʧʽʜʭʦʜʠ 

- ʪʝʨʤʦʧʘʨʦʚʘ 

ʢʦʥʚʝʨʩʽʷ 

- ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʷ 

ʽ ʽʥ. 

 

- ʄʦʣʝʢʫʣʷʨʥʽ 

ʪʝʤʧʣʘʪʠ 

- ʄʽʮʝʣʷʨʥʽ ʇɸʈ 

ʇʦʩʪʩʠʥʪʝʪʠʯʥʘ ɻʊʆ ʄʄʉ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʤʦʣʝʢʫʣʷʨʥʠʭ ʪʝʤʧʣʘʪʽʚ ʫ 

ʧʘʨʦʚʽʡ ʬʘʟʽ 

ʇʦʩʪʩʠʥʪʝʪʠʯʥʘ ʦʙʨʦʙʢʘ ʮʝʦʣʽʪʽʚ ʚ 

ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʧʦʜʘʣʴʰʦʶ 

ɻʊʆ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʤʽʮʝʣʷʨʥʠʭ ʇɸʈ 

 

ʈʽʟʥʽ ʩʪʨʘʪʝʛʽʾ ʩʪʚʦʨʝʥʥʷ ʤʝʟʦʧʦʨ ʚ ʮʝʦʣʽʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫʟʘʛʘʣʴʥʝʥʦʶ ʩʭʝʤʦʶ (ʨʠʩ. 1.1), ʱʦ ʚʢʣʶʯʘʻ: ʚʚʝʜʝʥʥʷ ʫ ʚʠʭʽʜʥʫ 

ʈʉ ʚʪʦʨʠʥʥʦʛʦ ʞʦʨʩʪʢʦʛʦ ʪʝʤʧʣʘʪʫ ʚ ʬʦʨʤʽ ʪʚʝʨʜʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʘʙʦ 

ʥʘʥʦʚʦʣʦʢʦʥ; ʧʦʩʪʩʠʥʪʝʪʠʯʥʝ ʚʠʜʘʣʝʥʥʷ ʜʝʷʢʠʭ ʢʘʨʢʘʩʦʫʪʚʦʨʶʶʯʠʭ ʝʣʝʤʝʥʪʽʚ 
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ʟ ʧʦʧʝʨʝʜʥʴʦ ʦʪʨʠʤʘʥʠʭ ʮʝʦʣʽʪʽʚ; ʚʚʝʜʝʥʥʷ ʚʪʦʨʠʥʥʦʛʦ "ʤ'ʷʢʦʛʦ" 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ, ʤʽʮʝʣʷʨʥʦʛʦ ʘʙʦ ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʪʝʤʧʣʘʪʫ ʟ ʧʦʜʘʣʴʰʦʶ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʶ ʦʙʨʦʙʢʦʶ (ɻʊʆ); ʬʦʨʤʫʚʘʥʥʷ ʘʛʨʝʛʘʪʽʚ ʥʘʥʦʯʘʩʪʠʥʦʢ ʙʝʟ 

ʚʪʦʨʠʥʥʠʭ ʪʝʤʧʣʘʪʽʚ ʽ ʽʥ. [1, 3, 4]. 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʄʝʪʦʜʠ ʦʜʝʨʞʘʥʥʷ ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʽʚ 

 

ɹʽʣʴʰʫ ʧʝʨʝʚʘʛʫ, ʟʨʦʟʫʤʽʣʦ, ʩʣʽʜ ʥʘʜʘʪʠ "ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ" ʪʝʤʧʣʘʪʥʠʤ 

ʩʧʦʩʦʙʘʤ ʩʠʥʪʝʟʫ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʦʪʝ, ʚ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʨʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʤʫ ʦʜʝʨʞʘʥʥʽ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʮʝʦʣʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʷʢ ʦʩʥʦʚʠ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤʠ ʽ ʤʝʥʰ 

ʚʠʪʨʘʪʥʠʤʠ ʤʦʞʫʪʴ ʚʠʷʚʠʪʠʩʷ ʡ ʽʥʰʽ ʩʧʦʩʦʙʠ. ʊʦʤʫ ʜʝʷʢʠʤ ʟ ʥʠʭ ʪʘʢʦʞ ʙʫʜʝ 

ʧʨʠʜʽʣʝʥʦ ʫʚʘʛʫ. 

ɾʦʨʩʪʢʝ ʪʝʤʧʣʘʪʫʚʘʥʥʷ  

ʉʠʥʪʝʟ ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʞʦʨʩʪʢʠʭ ʪʝʤʧʣʘʪʽʚ 

ʚʢʣʶʯʘ ̒ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʮʝʦʣʽʪʽʚ ʚ ʦʙʤʝʞʝʥʦʤʫ (ʟʘʤʢʥʫʪʦʤʫ) ʨʝʘʢʮʽʡʥʦʤʫ 

ʧʨʦʩʪʦʨʽ [5] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʦʛʦ ʟ ʜʚʦʭ ʪʠʧʽʚ ʪʝʤʧʣʘʪʽʚ: ʥʝʧʦʨʠʩʪʠʭ 

ʥʘʥʦʯʘʩʪʠʥʦʢ (ʢʫʣʴʢʠ, ʛʨʘʥʫʣʠ, ʚʦʣʦʢʥʘ) ʘʙʦ ʥʘʥʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ 
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(ʚʫʛʣʝʮʝʚʽ ʄʄʉ ʽ ʽʥ.). ʋ ʨʘʟʽ ʥʝʧʦʨʠʩʪʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʧʨʦʮʝʩ 

ʮʝʦʣʽʪʦʫʪʚʦʨʝʥʥʷ ʧʦʚʠʥʝʥ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʞʦʨʩʪʢʠʡ ʪʝʤʧʣʘʪ 

ʚʢʣʶʯʘʚʩʷ ʚ ʢʨʠʩʪʘʣʠ ʽ/ʘʙʦ ʤʽʞʢʨʠʩʪʘʣʽʪʥʠʡ ʧʨʦʩʪʽʨ; ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʥʘʥʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫʪʚʦʨʝʥʥʷ ʮʝʦʣʽʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʦʨʘʭ ʞʦʨʩʪʢʦʛʦ 

ʪʝʤʧʣʘʪʫ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʧʦ ʩʫʪʽ ʷʚʣʷʻ ʩʦʙʦʶ ʤʘʪʨʠʯʥʫ ʘʙʦ ʝʢʟʦʪʝʤʧʣʘʪʥʫ 

ʢʨʠʩʪʘʣʽʟʘʮʽʶ. ɺ ʪʦʤʫ ʽ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʥʘʩʪʫʧʥʦʶ ʩʪʘʜʽʻʶ ʻ ʜʝʪʝʤʧʣʘʪʫʚʘʥʥʷ 

ʪʠʤ ʯʠ ʽʥʰʠʤ ʩʧʦʩʦʙʦʤ (ʨʦʟʯʠʥʝʥʥʷ, ʦʢʠʩʥʝʥʥʷ) ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʨʦʜʠ 

ʞʦʨʩʪʢʦʛʦ ʪʝʤʧʣʘʪʫ. ʅʘʡʯʘʩʪʽʰʝ ʷʢ ʞʦʨʩʪʢʽ ʪʝʤʧʣʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʚʫʛʣʝʮʝʚʽ ʤʘʪʝʨʽʘʣʠ ʨʽʟʥʠʭ ʪʠʧʽʚ (ʥʘʥʦʯʘʩʪʠʥʢʠ, ʘʝʨʦʛʝʣʽ, ʥʘʥʦʪʨʫʙʢʠ ʽ ʽʥ.) [9]. 

ɾʦʨʩʪʢʝ ʪʝʤʧʣʘʪʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʦʪʨʠʤʘʣʦ 

ʨʦʟʚʠʪʦʢ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʦʜʥʦʨʽʜʥʦ ʤʝʟʦʧʦʨʠʩʪʠʭ, ʩʪʽʡʢʠʭ [10] ʽ 

ʥʝʜʦʨʦʛʠʭ [11] ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʨʠʮʴ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʦʩʪʽ ʦʜʝʨʞʘʥʥʷ 

ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʽʚ ʟ ʢʨʠʩʪʘʣʽʪʘʤʠ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ ʽ ʬʦʨʤʠ [12]. 

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʮʝʦʣʽʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʞʦʨʩʪʢʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʪʝʤʧʣʘʪʫ 

ʥʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʧʨʦʚʦʜʷʪʴ ʥʘʩʠʯʝʥʥʷ ʚʫʛʣʝʮʝʚʦʾ ʤʘʪʨʠʮʽ ʟʦʣʝʤ-ʧʨʝʢʫʨʩʦʨʦʤ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʮʝʦʣʽʪʫ. ʇʦʪʽʤ ʮʝʡ ʢʦʤʧʦʟʠʪ ʧʽʜʜʘʶʪʴ ʛʽʜʨʦʪʝʨʤʘʣʴʥʽʡ ʦʙʨʦʙʮʽ 

ʜʣʷ ʽʥʽʮʽʶʚʘʥʥʷ ʨʦʩʪʫ ʮʝʦʣʽʪʥʠʭ ʢʨʠʩʪʘʣʽʚ. ʇʽʩʣʷ ʫʪʚʦʨʝʥʥʷ ʮʝʦʣʽʪʥʦʾ ʬʘʟʠ 

ʚʫʛʣʝʮʝʚʠʡ ʪʝʤʧʣʘʪ ʚʠʜʘʣʷʶʪʴ ʧʨʦʞʘʨʶʚʘʥʥʷʤ ʥʘ ʧʦʚʽʪʨʽ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʤʝʟʦʧʦʨ. ʗʢ ʞʦʨʩʪʢʽ ʪʝʤʧʣʘʪʠ ʜʣʷ ʪʘʢʠʭ ʮʽʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʽʟʥʽ ʚʫʛʣʝʮʝʚʽ ʩʪʨʫʢʪʫʨʠ: ʘʛʨʝʛʘʪʠ ʚʫʛʣʝʮʝʚʠʭ ʢʫʣʴʦʢ (ʪʘʢ ʟʚʘʥʽ çcarbon 

blackè), ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ, ʥʘʥʦʚʦʣʦʢʥʘ, ʘʝʨʦʛʝʣʽ, ʢʘʨʙʦʥʽʟʦʚʘʥʫ ʩʘʭʘʨʦʟʫ ʽ 

ʚʫʛʣʝʮʝʚʽ ʤʦʣʝʢʫʣʷʨʥʽ ʩʠʪʘ [13-16]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʪʝʤʧʣʘʪʽʚ 

ʦʙʫʤʦʚʣʶʻ ʬʦʨʤʫʚʘʥʥʷ ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ 

ʪʠʧʽʚ, ʨʦʟʤʽʨʽʚ ʽ ʬʦʨʤʠ ʮʝʦʣʽʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ï ʚʽʜ ʙʫʜʽʚʝʣʴʥʠʭ ʙʣʦʢʽʚ ʜʦ 

ʢʨʠʩʪʘʣʽʪʽʚ ʨʦʟʤʽʨʦʤ ~ 15 ʤʽʢʨʦʥ.   

ʇʝʨʰʠʡ ʤʝʟʦʧʦʨʠʩʪʠʡ ʮʝʦʣʽʪ MFI, ʦʜʝʨʞʘʥʠʡ ʦʧʠʩʘʥʠʤ ʚʠʱʝ ʩʧʦʩʦʙʦʤ 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ, ʧʨʝʜʩʪʘʚʣʷʚ ʩʦʙʦʶ ʤʦʥʦʢʨʠʩʪʘʣʠ ʟ 

ʦʜʥʦʨʽʜʥʠʤʠ ʚʥʫʪʨʽʰʥʴʦʢʨʠʩʪʘʣʽʯʥʠʤʠ ʤʝʟʦʧʦʨʘʤʠ ʦʙôʻʤʦʤ ʧʦʥʘʜ 1 ʩʤ
3
/ʛ) 

[13]. ʇʦʢʘʟʘʥʦ, ʱʦ ʨʦʟʤʽʨ ʽ ʬʦʨʤʘ ʚʥʫʪʨʽʰʥʴʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʝʟʦʧʦʨ 
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ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʦʟʤʽʨʦʤ, ʬʦʨʤʦʶ ʽ ʧʦʨʷʜʢʦʤ ʟ'ʻʜʥʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʯʘʩʪʠʥʦʢ ʚ 

ʮʝʦʣʽʪʥʽʡ ʩʪʨʫʢʪʫʨʽ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ. ʆʜʝʨʞʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʮʝʦʣʽʪʠ 

ʧʨʦʷʚʣʷʶʪʴ ʧʽʜʚʠʱʝʥʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ 

ʝʪʠʣʫʚʘʥʥʷ ʙʝʥʟʦʣʫ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʜʦʩʪʫʧʥʦʩʪʽ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ [17]. 

ʂʨʠʩʪʘʣʽʟʘʮʽʷ ʮʝʦʣʽʪʫ ZSM-12 ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʚʫʛʣʝʮʝʚʦʛʦ ʪʝʤʧʣʘʪʫ 

Carbon Black Pearls (ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ 15 ʥʤ, ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ 1500 ʤ
2
/ʛ) 

ʧʝʨʝʙʽʛʘʻ ʟʥʘʯʥʦ ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚʫʛʣʝʮʶ (ʯʘʩ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʚ 2 ʨʘʟʠ) [18]. ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʮʝ ʧʦʚ'ʷʟʘʥʦ ʟʽ 

ʟʤʽʥʦʶ ʩʢʣʘʜʫ ʈʉ ʚʥʘʩʣʽʜʦʢ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʟʚ'ʷʟʫʚʘʥʥʷ ʜʝʷʢʠʭ ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʇʽʟʥʽʰʝ ʧʦʜʽʙʥʠʤ ʯʠʥʦʤ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʡ ʽʥʰʽ ʮʝʦʣʽʪʠ: ZSM-5, ZSM-11, Bɽɸ, 

ALPO-5, ALPO-34. ʉʠʥʪʝʟʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʷ ʥʘʷʚʥʽʩʪʶ 

ʤʝʟʦʧʦʨʠʩʪʦʩʪʽ ï ʦʙôʻʤ ʤʝʟʦʧʦʨ ʜʦ 1,0 ʩʤ
3
/ʛ (ʨʦʟʤʽʨ ʤʝʟʦʧʦʨ 5ï50 ʥʤ, ʱʦ ʚ 

ʮʽʣʦʤʫ ʩʧʽʚʤʽʨʥʦ ʟ ʨʦʟʤʽʨʦʤ ʚʚʝʜʝʥʠʭ ʯʘʩʪʠʥʦʢ), ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʤʝʟʦʧʦʨ ï ʜʦ 

400 ʤ
2
/ʛ [6]. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʮʝʦʣʽʪʘʤʠ, ʦʜʝʨʞʘʥʠʤʠ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʞʦʨʩʪʢʠʭ ʪʝʤʧʣʘʪʽʚ, ʦʧʠʩʘʥʽ ʤʝʟʦʧʦʨʠʩʪʽ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʜʝʱʦ ʤʝʥʰʠʡ ʦʙ'ʻʤ 

ʤʽʢʨʦʧʦʨ (ʤʦʞʣʠʚʦ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ) ʽ 

ʤʝʥʰʽ ʨʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʚ (ʯʝʨʝʟ ʦʙʤʝʞʝʥʥʷ ʾʭ ʨʦʩʪʫ). 

ɺ ʮʽʣʦʤʫ, ʨʦʟʛʣʷʥʫʪʠʡ ʧʽʜʭʽʜ ʜʦ ʩʠʥʪʝʟʫ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʞʦʨʩʪʢʦʛʦ ʪʝʤʧʣʘʪʫʚʘʥʥʷ ʽ ʩʧʦʩʽʙ ʾʭ ʦʜʝʨʞʘʥʥʷ 

ʨʘʮʽʦʥʘʣʴʥʠʡ ʚʞʝ ʪʠʤ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʮʝʦʣʽʪʽʚ 

ʙʫʜʴ-ʷʢʠʭ ʪʠʧʽʚ ʽ ʥʝ ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʨʦʟʨʦʙʢʠ ʫʤʦʚ ʾʭ 

ʩʠʥʪʝʟʫ. ʈʘʟʦʤ ʟ ʪʠʤ, ʡʦʛʦ ʫʩʧʽʰʥʘ ʨʝʘʣʽʟʘʮʽʷ ʤʦʞʣʠʚʘ ʪʽʣʴʢʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʪʝʤʧʣʘʪʫʶʯʠʭ ʨʝʯʦʚʠʥ ʟ ʥʘʥʦ- ʽ ʩʫʙʥʘʥʦʨʦʟʤʽʨʥʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ. ɺʘʞʣʠʚʠʤ ʻ ʪʘʢʦʞ ʧʝʚʥʠʡ (ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ) ʽ ʚ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ, ʦʯʝʚʠʜʥʦ, ʦʜʥʦʨʽʜʥʠʡ ʨʦʟʧʦʜʽʣ ʥʘʥʦʯʘʩʪʠʥʦʢ ʪʝʤʧʣʘʪʫ ʟʘ ʨʦʟʤʽʨʦʤ ï 

ʟʘʣʝʞʥʦ ʚʽʜ ʟʘʚʜʘʥʥʷ: ʦʜʝʨʞʘʥʥʷ ʦʜʥʦʨʽʜʥʦ ʘʙʦ ʨʽʟʥʦʨʽʜʥʦ ʧʦʨʠʩʪʦʛʦ ʩʦʨʙʝʥʪʘ. 

ɼʦ ʦʯʝʚʠʜʥʦ ʚʘʞʣʠʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʦʨʠʩʪʽʩʪʴ ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʮʝʦʣʽʪʽʚ, ʩʣʽʜ ʪʘʢʦʞ ʚʽʜʥʝʩʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ, ʬʦʨʤʫ ʯʘʩʪʠʥʦʢ ʽ ʭʘʨʘʢʪʝʨ ʾʭ 
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ʨʦʟʧʦʜʽʣʫ ʚ ʈʉ. ʎ̔  ʯʘʩʪʠʥʢʠ ʧʦʚʠʥʥʽ ʢʦʥʪʘʢʪʫʚʘʪʠ ʦʜʥʘ ʟ ʦʜʥʦʶ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʚ ʢʽʥʮʝʚʦʤʫ ʤʘʪʝʨʽʘʣʽ ʩʬʦʨʤʫʚʘʣʘʩʴ ʻʜʠʥʘ ʚʽʜʢʨʠʪʘ ʩʠʩʪʝʤʘ ʧʦʨ. ʈʦʟʤʽʨʠ 

ʤʽʞʯʘʩʪʠʥʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʙʽʣʴʰʠʤʠ ʟʘ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʛʨʘʪʢʠ ʮʝʦʣʽʪʫ ʽ ʩʧʽʚʤʽʨʥʠʤʠ ʟ ʨʦʟʤʽʨʦʤ ʢʨʠʩʪʘʣʽʪʽʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʦʜʝʨʞʘʪʠ. 

ɿʤʽʥʘ ʩʢʣʘʜʫ ʢʘʨʢʘʩʫ ʮʝʦʣʽʪʽʚ 

ɿ 1960-ʭ ʨʨ. ʽ ʧʨʦʪʷʛʦʤ ʧʨʠʙʣʠʟʥʦ 30 ʨʦʢʽʚ ʮʽ ʧʽʜʭʦʜʠ ʨʦʟʛʣʷʜʘʣʠʩʷ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʷʢ ʩʧʦʩʦʙʠ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʮʝʦʣʽʪʽʚ ï ʟʤʽʥʠ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʠʭ ʪʘ ʢʘʪʘʣʽʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʤʽʥʠ ʩʢʣʘʜʫ ʢʘʨʢʘʩʫ. ɯ 

ʪʽʣʴʢʠ ʧʦʪʽʤ, ʟ 1990-ʭ ʨʨ. ï ʷʢ ʩʧʦʩʦʙʠ ʦʜʝʨʞʘʥʥʷ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʮʝʦʣʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʽ ʧʝʨʝʚʘʞʥʦ ʷʢ ʧʦʪʝʥʮʽʡʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ, 

ʘ ʥʝ ʩʦʨʙʝʥʪʽʚ.    

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʤʽʥʠ ʩʢʣʘʜʫ ʢʘʨʢʘʩʫ ʚʠʜʘʣʝʥʥʷʤ ʧʝʚʥʦʾ ʯʘʩʪʢʠ 

ʢʘʨʢʘʩʥʠʭ ʘʪʦʤʽʚ ʽ ʽʥʰʠʤʠ ʧʦʜʽʙʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʚ ʧʝʚʥʦʤʫ ʩʝʥʩʽ, ʧʨʠʥʘʡʤʥʽ, 

ʥʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ, ʚʠʜʘʶʪʴʩʷ ʜʝʩʪʨʫʢʪʠʚʥʠʤʠ. ʆʜʥʘʢ ʦʩʦʙʣʠʚʽʩʪʶ ʽ ʦʯʝʚʠʜʥʦʶ 

ʧʝʨʝʚʘʛʦʶ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʧʝʨʝʜ ʽʥʰʠʤʠ ʻ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ï ʤʦʞʣʠʚʽʩʪʴ 

ʦʜʥʦʯʘʩʥʦ ʟʽ ʟʤʽʥʦʶ ʧʦʨʠʩʪʦʩʪʽ ʚʠʷʚʣʷʪʠ ʽ ʘʥʘʣʽʟʫʚʘʪʠ, ʘ ʪʘʢʦʞ ʨʝʛʫʣʶʚʘʪʠ 

ʚʧʣʠʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʘʨʢʘʩʦʫʪʚʦʨʶʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ 

ʮʝʦʣʽʪʽʚ ï ʭʽʤʽʯʥʫ ʧʨʠʨʦʜʫ ʧʦʚʝʨʭʥʽ, ʪʠʧ ʽ ʢʦʥʮʝʥʪʨʘʮʽʶ ʩʦʨʙʮʽʡʥʠʭ ʽ 

ʢʘʪʘʣʽʪʠʯʥʦ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ.   

ʄʝʪʦʜ ʦʜʝʨʞʘʥʥʷ ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʽʚ ʚʠʜʘʣʝʥʥʷʤ ʯʘʩʪʢʠ ʢʘʨʢʘʩʥʠʭ 

ʘʪʦʤʽʚ ʧʝʨʝʜʙʘʯʘʻ ʢʠʩʣʦʪʥʫ, ʧʘʨʦʚʫ ï ʜʝʘʣʶʤʽʥʫʚʘʥʥʷ) [19], ʘʙʦ ʣʫʞʥʫ ï 

ʜʝʩʠʣʽʮʽʶʚʘʥʥʷ [20] ʧʦʩʪʩʠʥʪʝʪʠʯʥʫ ʦʙʨʦʙʢʫ ʧʦʧʝʨʝʜʥʴʦ ʩʠʥʪʝʟʦʚʘʥʠʭ ʮʝʦʣʽʪʽʚ 

ʟ ʤʝʪʦʶ ʬʦʨʤʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʝʟʦʧʦʨ. 

ɼʝʘʣʶʤʽʥʫʚʘʥʥʷ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʘʢʘʥʩʽʡ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ 

ʜʦʜʘʪʢʦʚʫ ʧʦʨʠʩʪʽʩʪʴ (ʟʘʟʚʠʯʘʡ ʚ ʤʝʟʦʜʽʘʧʘʟʦʥʽ), ʘ ʪʘʢʦʞ ʜʦ ʯʘʩʪʢʦʚʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ ʮʝʦʣʽʪʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʜʝʘʣʶʤʽʥʫʚʘʥʥʷ ʻ ʢʨʠʩʪʘʣʽʯʥʘ 

ʩʪʨʫʢʪʫʨʘ ʟ ʜʝʬʝʢʪʥʠʤʠ ʦʙʣʘʩʪʷʤʠ, ʫʪʚʦʨʝʥʠʤʠ ʤʝʟʦʨʦʟʤʽʨʥʠʤʠ ʢʘʥʘʣʘʤʠ 

(ʜʽʘʤʝʪʨ 5 ï 100 ʥʤ) [5]. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ 3D ʊɽʄ, ʘʜʩʦʨʙʮʽʾ ʘʟʦʪʫ ʽ ʨʪʫʪʥʦʾ 

ʧʦʨʦʟʠʤʝʪʨʽʾ ʤʝʟʦʧʦʨʠ ʚ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʘʭ ʚ ʦʩʥʦʚʥʦʤʫ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʦʢʨʝʤʽ 
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ʧʦʨʦʞʥʠʥʠ ʚ ʮʝʦʣʽʪʥʠʭ ʢʨʠʩʪʘʣʘʭ. ʇʨʠʨʦʜʥʦ, ʱʦ ʽʟʦʣʴʦʚʘʥʽ ʧʦʨʠ ʥʝ 

ʧʦʣʝʛʰʫʶʪʴ ʜʠʬʫʟʽʶ ʦʙ'ʻʤʥʠʭ ʤʦʣʝʢʫʣ ʜʦ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʮʝʦʣʽʪʫ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʠ ʥʝ ʻ ʚʟʘʻʤʦʟʚ'ʷʟʘʥʠʤʠ ʽ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʽ ʯʘʩʪʠʥʘ ʟ ʥʠʭ ʥʝ ʤʘʻ ʚʠʭʦʜʫ ʥʘ 

ʟʦʚʥʽʰʥʶ ʧʦʚʝʨʭʥʶ [5, 6]. 

ʉʧʦʯʘʪʢʫ ʜʝʘʣʶʤʽʥʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʜʣʷ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʩʠʣʴʥʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ (ʜʣʷ 

ʧʘʩʠʚʘʮʽʾ ʧʨʦʮʝʩʫ ʢʦʢʩʦʫʪʚʦʨʝʥʥʷ) [4]. ɺʠʜʘʣʝʥʥʷ ʢʘʨʢʘʩʥʠʭ ʘʪʦʤʽʚ ʘʣʶʤʽʥʽʶ 

ʧʨʠʚʦʜʠʪʴ ʥʝ ʪʽʣʴʢʠ ʜʦ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ, ʘʣʝ ʪʘʢʦʞ ʜʦ 

ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʫ ("ʩʧʝʢʪʨʫ") ʢʠʩʣʦʪʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʧʦʟʘʢʘʨʢʘʩʥʠʡ Al, ʱʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʧʘʨʦʚʦʾ ʦʙʨʦʙʢʠ, ʻ ʧʦʪʝʥʮʽʡʥʠʤ ʢʠʩʣʦʪʥʠʤ ʮʝʥʪʨʦʤ 

ʃʴʶʾʩʘ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʧʝʚʥʠʭ ʢʘʪʘʣʽʪʠʯʥʠʭ ʧʨʦʮʝʩʘʭ [21].     

ʆʙʨʦʙʢʘ ʚʦʜʷʥʦʶ ʧʘʨʦʶ, ʢʨʽʤ ʜʝʘʣʶʤʽʥʫʚʘʥʥʷ, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʪʘʢʦʞ ʽ 

ʯʘʩʪʢʦʚʠʤ ʜʝʩʠʣʽʮʽʶʚʘʥʥʷʤ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʚ ʫʤʦʚʘʭ ʧʘʨʦʚʦʾ ʦʙʨʦʙʢʠ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʨ'ʻʨ ʜʝʘʣʶʤʽʥʫʚʘʥʥʷ (190 ʢɼʞ/ʤʦʣʴ) ʥʠʞʯʠʡ, ʥʽʞ 

ʜʝʩʠʣʽʮʽʶʚʘʥʥʷ (240 ʢɼʞ/ʤʦʣʴ) [22], ʱʦ ʚʠʜʘʻʪʴʩʷ ʩʧʨʘʚʝʜʣʠʚʠʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʠʨʦʜʠ ʘʣʶʤʦʩʠʣʦʢʩʘʥʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʽ ʜʦʟʚʦʣʷʻ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ 

ʜʝʩʠʣʽʮʽʶʚʘʥʥʶ, ʷʢ ʧʨʘʚʠʣʦ, ʣʫʞʥʦʤʫ, ʧʝʨʝʚʘʞʥʦ ʧʽʜʜʘʶʪʴʩʷ ʯʠʩʪʦ 

ʩʠʣʦʢʩʘʥʦʚʽ ʝʣʝʤʝʥʪʠ ʩʪʨʫʢʪʫʨʠ ʮʝʦʣʽʪʽʚ. ʊʘʢʦʞ ʦʯʝʚʠʜʥʦ, ʱʦ ʧʦʚʠʥʥʦ ʙʫʪʠ 

ʫʩʢʣʘʜʥʝʥʠʤ ʜʝʩʠʣʽʮʽʶʚʘʥʥʷ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʢʨʝʤʥʝʟʝʤʥʠʭ ʮʝʦʣʽʪʽʚ (Si/AlŸ1) 

ʽ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʜʝʩʪʨʫʢʮʽʻʶ.  

ʈʘʟʦʤ ʟ ʪʠʤ ʜʝʩʠʣʽʮʽʶʚʘʥʥʷ ʮʝʦʣʽʪʽʚ ʚ ʣʫʞʥʠʭ ʨʦʟʯʠʥʘʭ ʻ ʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʩʪʚʦʨʝʥʥʷ ʤʝʟʦʧʦʨʠʩʪʦʩʪʽ, ʥʽʞ ʜʝʘʣʶʤʽʥʫʚʘʥʥʷ [8]. 

ʇʦʢʘʟʘʥʦ [23], ʱʦ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʝʩʠʣʽʮʽʶʚʘʥʥʷ, ʥʝ 

ʤʽʩʪʷʪʴ ʧʫʩʪʦʪ ʽ ʧʦʨ ʟ ʚʫʟʴʢʠʤʠ ʚʭʦʜʘʤʠ, ʘ ʤʝʟʦʧʦʨʠ ʤʘʶʪʴ ʚʠʭʽʜ ʥʘ ʟʦʚʥʽʰʥʶ 

ʧʦʚʝʨʭʥʶ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʜʦʩʪʫʧʥʽ ʜʣʷ ʦʙ'ʻʤʥʠʭ ʤʦʣʝʢʫʣ ʨʝʘʛʝʥʪʽʚ. 

ʅʘ ʧʨʠʢʣʘʜʽ ʮʝʦʣʽʪʫ ZSM-5 ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʨʦʟʚʠʪʢʫ ʦʜʥʦʨʽʜʥʦʾ 

ʤʝʟʦʧʦʨʠʩʪʦʩʪʽ ʩʧʦʩʦʙʦʤ ʜʝʩʠʣʽʮʽʶʚʘʥʥʷ ʤʦʣʴʥʝ ʚʽʜʥʦʰʝʥʥʷ Si/Al = <25ï50 ʻ 

ʦʧʪʠʤʘʣʴʥʠʤ [24]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʝʦʣʽʪʫ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ Si/Al < 20 

ʫʩʢʣʘʜʥʶʻ ʣʦʢʘʣʴʥʝ ʚʠʜʘʣʝʥʥʷ ʢʘʨʢʘʩʥʠʭ ʘʪʦʤʽʚ ʢʨʝʤʥʽʶ ʚʥʘʩʣʽʜʦʢ ʧʦʨʽʚʥʷʥʦ 
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ʥʠʟʴʢʦʾ ʨʦʟʯʠʥʥʦʩʪʽ ʮʝʦʣʽʪʫ ʚ ʩʣʘʙʦʣʫʞʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʞ 

ʩʠʣʴʥʦʣʫʞʥʠʭ ʨʦʟʯʠʥʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʮʝʦʣʽʪʫ. ʅʘʚʧʘʢʠ, ʜʣʷ 

ʚʠʩʦʢʦʢʨʝʤʥʝʟʝʤʥʠʭ ʮʝʦʣʽʪʽʚ (Si/Al > 50) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʜʤʽʨʥʝ 

ʥʝʩʝʣʝʢʪʠʚʥʝ ʨʦʟʯʠʥʝʥʥʷ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʚʝʣʠʢʠʭ ʤʝʟʦʧʦʨ ʽ 

ʤʘʢʨʦʧʦʨ. 

ɽʬʝʢʪʠʚʥʠʤ ʚʠʷʚʠʣʦʩʷ ʧʦʩʣʽʜʦʚʥʝ ʜʝʩʠʣʽʮʽʶʚʘʥʥʷ-ʜʝʘʣʶʤʽʥʫʚʘʥʥʷ 

ʮʝʦʣʽʪʫ Y ï ʫʪʚʦʨʶʻʪʴʩʷ ʤʘʪʝʨʽʘʣ, ʱʦ ʚʦʣʦʜʽʻ ʙʽʤʝʟʦʧʦʨʠʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ: 

ʧʦʨʠ ʜʽʘʤʝʪʨʦʤ 3 ʥʤ ʩʬʦʨʤʦʚʘʥʽ ʚʥʘʩʣʽʜʦʢ ʚʠʜʘʣʝʥʥʷ ʢʘʨʢʘʩʥʠʭ ʘʪʦʤʽʚ 

ʢʨʝʤʥʽʶ, ʘ ʚʝʣʠʢʽ ʧʦʨʠ ~27 ʥʤ ʫʪʚʦʨʝʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʝʘʣʶʤʽʥʫʚʘʥʥʷ ʧʨʠ 

ʧʘʨʦʚʽʡ ʽ ʢʠʩʣʦʪʥʽʡ ʦʙʨʦʙʢʘʭ [25].  

ɿ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʤʝʟʦʧʦʨʠʩʪʦʩʪʽ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʤʽʢʨʦʧʦʨ (ʧʨʠ ʦʙʨʦʙʮʽ 

0,2 ʄ ʨʦʟʯʠʥʦʤ NaOH, Vmicro ʩʢʦʨʦʯʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘʧʦʣʦʚʠʥʫ) ʧʨʠ 

ʜʝʩʠʣʽʮʽʶʚʘʥʥʽ ʛʽʜʨʦʢʩʠʜ ʥʘʪʨʽʶ ʙʫʣʦ ʟʘʤʽʥʝʥʦ ʦʨʛʘʥʽʯʥʠʤʠ ʦʩʥʦʚʘʤʠ ï 

ʟʦʢʨʝʤʘ TPAOH ʘʙʦ TBAOH ʜʣʷ ZSM-5 [26], ʊʄɸʆʅ ʜʣʷ ɺɽɸ [27]. ʉʫʤʽʩʥʝ 

ʚʚʝʜʝʥʥʷ ʚ ʈʉ ʪʝʪʨʘʘʣʢʽʣʘʤʦʥʽʡʥʠʭ ʢʘʪʽʦʥʽʚ, ʟʦʢʨʝʤʘ TPA
+
, ʨʘʟʦʤ ʟ 

ʛʽʜʨʦʢʩʠʜʦʤ ʥʘʪʨʽʶ, ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʨʦʟʤʽʨ ʤʝʟʦʧʦʨ, ʱʦ ʫʪʚʦʨʶʪʁʴʩʷ ʚ 

ʧʨʦʮʝʩʽ ʜʝʩʠʣʽʮʽʶʚʘʥʥʷ (ʚʽʜ 10 ʥʤ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ TPA
+
 ʜʦ 4 ʥʤ ʧʨʠ ʚʽʜʥʦʰʝʥʥʽ 

TPA
+
/ʆʅ

ï
 0,4) [28]. ɿʘʟʥʘʯʝʥʽ ʪʝʪʨʘʘʣʢʽʣʘʤʦʥʽʡʥʽ ʢʘʪʽʦʥʠ ʩʦʨʙʫʶʪʴʩʷ ʥʘ 

ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʮʝʦʣʽʪʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ, ʷʢʠʡ ʟʥʠʞʫʻ 

ʨʦʟʯʠʥʝʥʥʷ ʮʝʦʣʽʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʨʝʯʦʚʠʥʠ ʮʝʦʣʽʪʫ, ʜʽʶʯʠ ʷʢ ʩʚʦʻʨʽʜʥʠʡ 

"ʩʧʦʚʽʣʴʥʶʚʘʯ ʨʦʩʪʫ ʧʦʨ" [28].   

ʇʨʠʩʫʪʥʽʩʪʴ ʇɸʈ, ʟʦʢʨʝʤʘ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʦʥʽʡ ʙʨʦʤʽʜʫ (ʉʊɸɺ) ʚ 

ʧʨʦʮʝʩʽ ʜʝʩʠʣʽʮʽʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʚ ʮʝʦʣʽʪʘʭ ʦʜʥʦʨʽʜʥʫ 

ʤʝʟʦʧʦʨʠʩʪʽʩʪʴ [29]. ʆʯʝʚʠʜʥʦ, ʮʝ ʦʙʫʤʦʚʣʝʥʦ ʫʪʚʦʨʝʥʥʷʤ ʤʽʮʝʣ ʉʊɸɺ ʟ ʾʭ 

ʧʦʜʘʣʴʰʦʶ ʪʝʤʧʣʘʪʫʶʯʦʶ ʜʽʻʶ ʽ ʟʙʽʨʢʦʶ ʤʝʟʦʩʪʨʫʢʪʫʨʠ ʟ ʧʨʦʜʫʢʪʽʚ 

ʯʘʩʪʢʦʚʦʛʦ ʜʝʩʠʣʽʮʽʶʚʘʥʥʷ ʮʝʦʣʽʪʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʢʠʩʣʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʦʜʝʨʞʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʠʤ ʮʝʦʣʽʪʦʤ, ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʤʽʥʠʣʠʩʷ, ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʣʘʩʷ ʾʭ ʢʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ 

ʨʽʜʢʦʬʘʟʥʦʛʦ ʢʨʝʢʽʥʛʫ ʚʠʩʦʢʦʱʽʣʴʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ ʚʥʘʩʣʽʜʦʢ ʟʥʷʪʪʷ 
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ʜʠʬʫʟʽʡʥʠʭ ʫʩʢʣʘʜʥʝʥʴ ʚ ʩʬʦʨʤʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ (3ï5 ʥʤ) ʢʘʥʘʣʽʚ 

[30].   

ɺ ʮʽʣʦʤʫ, ʚʠʜʘʻʪʴʩʷ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤ ʧʦʻʜʥʘʥʥʷ ʜʝʩʠʣʽʮʽʶʚʘʥʥʷ ʽ 

ʪʝʤʧʣʘʪʫʚʘʥʥʷ ï ʟʘʚʜʷʢʠ ʨʦʟʰʠʨʝʥʥʶ ʤʦʞʣʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʮʝʦʣʽʪʽʚ; ʦʯʝʚʠʜʥʦ, ʱʦ ʪʘʢʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʽ 

ʧʨʠ ʜʝʘʣʶʤʽʥʫʚʘʥʥʽ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʽ ʢʠʩʣʦʪʥʝ ʜʝʘʣʶʤʽʥʫʚʘʥʥʷ, ʽ ʜʝʩʠʣʽʮʽʶʚʘʥʥʷ ʻ ʨʫʡʥʽʚʥʠʤʠ 

ʜʣʷ ʥʠʟʴʢʦʢʨʝʤʥʝʟʝʤʥʠʭ ʮʝʦʣʽʪʽʚ. ɼʝʘʣʶʤʽʥʫʚʘʥʥʷ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ, ʪʦʤʫ ʥʘʜʤʽʨʥʝ 

ʜʝʘʣʶʤʽʥʫʚʘʥʥʷ, ʥʘʚʽʪʴ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʤʦʞʝ ʙʫʪʠ 

ʥʝʜʦʮʽʣʴʥʠʤ ʜʣʷ ʢʘʪʘʣʽʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʦʜʝʨʞʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʉʣʽʜ ʪʘʢʦʞ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʨʽʟʥʦʾ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʣʦʢʘʣʽʟʘʮʽʾ Al ʚ ʛʨʘʪʮʽ, 

ʤʦʞʣʠʚʘ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʘ ʟʤʽʥʘ ʭʘʨʘʢʪʝʨʫ ʢʠʩʣʦʪʥʦʩʪʽ ï ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢ.ʮ. 

ʨʽʟʥʦʛʦ ʪʠʧʫ ï ɹʨʝʥʩʪʝʜʘ ʽ ʃʴʶʾʩʘ, ʘ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣʫ ʾʭ ʟʘ ʩʠʣʦʶ. ɿʘʟʥʘʯʝʥʽ 

ʦʙʤʝʞʝʥʥʷ ʚ ʮʽʣʦʤʫ ʩʪʦʩʫʪʁʴʩʷ ʽ ʣʫʞʥʦʛʦ ʜʝʩʠʣʽʮʽʶʚʘʥʥʷ: ʮʝʡ ʧʨʦʮʝʩ 

ʥʘʩʪʽʣʴʢʠ ʞ ʨʫʡʥʽʚʥʠʡ, ʦʯʝʚʠʜʥʦ, ʜʣʷ ʥʠʟʴʢʦʢʨʝʤʥʝʟʝʤʥʠʭ ʮʝʦʣʽʪʽʚ, ʽ, ʷʢ 

ʧʦʢʘʟʘʣʠ ʘʚʪʦʨʠ ʨʦʙʽʪ [31], ʤʘʣʦ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʜʣʷ ʚʠʩʦʢʦʢʨʝʤʥʝʟʝʤʥʠʭ. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʟʥʘʯʝʥʦʾ ʚ ʨʦʙʦʪʽ [31, 32] ʜʣʷ ʮʝʦʣʽʪʫ ZSM-5 ʥʘʡʙʽʣʴʰ 

ʧʝʨʝʚʘʞʥʦʾ ʦʙʣʘʩʪʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʢʘʨʢʘʩʦʫʪʚʦʨʶʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ï Si/Al = 25 ï 

50, ʘʚʪʦʨʠ [24] ʧʨʠʧʠʩʘʣʠ ʢʘʨʢʘʩʥʠʤ ʽʦʥʘʤ ʘʣʶʤʽʥʽʶ ʨʦʣʴ "ʧʦʨʦ-ʚʠʟʥʘʯʘʶʯʦʛʦ 

ʘʛʝʥʪʘ" (PDA).  

ɹʽʪʝʤʧʣʘʪʥʠʡ ʩʠʥʪʝʟ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʄʝʪʦʜ ʧʦʜʚʽʡʥʦʛʦ ʪʝʤʧʣʘʪʫʚʘʥʥʷ (ʙʽʪʝʤʧʣʘʪʥʠʡ ʤʝʪʦʜ) ʦʜʝʨʞʘʥʥʷ ʤʽʢʨʦ-

ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʪʠʧʽʚ 

ʪʝʤʧʣʘʪʽʚ ï ʤʦʣʝʢʫʣʷʨʥʦʛʦ (ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʮʝʦʣʽʪʥʦʾ ʩʪʨʫʢʪʫʨʠ) ʽ ʤʽʮʝʣʷʨʥʦʛʦ 

(ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʝʟʦʩʪʨʫʢʪʫʨʠ). ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʪʝʤʧʣʘʪʫʚʘʥʥʷ, ʪʦʙʪʦ ʚʚʝʜʝʥʥʷ 

ʚ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʙʦ ʤʽʮʝʣʷʨʥʦʛʦ ʪʝʤʧʣʘʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤ, 

ʟʙʽʨʢʘ ʷʢʠʭ ʯʘʩʪʠʥʦʢ ï  ʢʨʠʩʪʘʣʽʯʥʠʭ ʘʙʦ ʤʝʟʦʩʪʨʫʢʪʫʨʥʠʭ ï ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʇɸʈ [33].  
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ʆʜʥʦʯʘʩʥʝ ʚʚʝʜʝʥʥʷ ʚ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʽ ʤʽʮʝʣʷʨʥʦʛʦ 

ʪʝʤʧʣʘʪʽʚ ʚ ʧʝʨʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʟ ʧʦʜʚʽʡʥʦʛʦ ʪʝʤʧʣʘʪʫʚʘʥʥ ̫[34] ʧʨʠʚʝʣʦ ʥʝ 

ʜʦ ʫʪʚʦʨʝʥʥʷ ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʽʚ, ʘ ʩʫʤʽʰʝʡ ʮʝʦʣʽʪʫ ʽ ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʌʦʨʤʫʚʘʥʥʷ ʩʫʤʽʰʽ ʜʚʦʭ ʬʘʟ ʚʠʢʣʠʢʘʥʝ ʨʽʟʥʦʶ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʶʯʦʶ ʘʢʪʠʚʥʽʩʪʶ ʪʝʤʧʣʘʪʽʚ, ʟʦʢʨʝʤʘ ʪʠʤ, ʱʦ 

ʤʽʮʝʣʦʫʪʚʦʨʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦ ʧʦʯʘʪʢʫ ʮʝʦʣʽʪʦʫʪʚʦʨʝʥʥʷ. ɿ ʤʝʪʦʶ 

ʟʘʧʦʙʽʛʘʥʥʷ ʦʢʨʝʤʦʤʫ ʫʪʚʦʨʝʥʥʶ ʮʝʦʣʽʪʫ ʽ ʄʄʉ ʚ ʧʨʦʮʝʩʽ ʙʽʪʝʤʧʣʘʪʥʦʛʦ 

ʩʠʥʪʝʟʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʦʩʣʽʜʦʚʥʝ ʜʚʦʩʪʘʜʽʡʥʝ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ, ʱʦ 

ʧʝʨʝʜʙʘʯʘʻ ʬʦʨʤʫʚʘʥʥʷ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʽ ʚʪʦʨʠʥʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʦʜʠʥʠʮʴ 

ʮʝʦʣʽʪʫ ʥʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʟ ʧʦʜʘʣʴʰʦʶ ʾʭ ʟʙʽʨʢʦʶ, ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʻʶ ʽ 

ʫʪʚʦʨʝʥʥʷʤ ʤʝʟʦʩʪʨʫʢʪʫʨʠ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʤʽʮʝʣ ï ʥʘ ʜʨʫʛʽʡ ʩʪʘʜʽʾ [35, 36]. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ɻʊʆ ʟʦʣʶ ʧʨʝʢʫʨʩʦʨʘ ʮʝʦʣʽʪʫ Beta ʽ ʤʝʟʦʧʦʨʠʩʪʦʛʦ 

ʧʨʝʢʫʨʩʦʨʘ ʄʉʄ-41 [37] ʘʙʦ ʄʉʄ-48 [38] ʦʪʨʠʤʘʥʦ ʥʘʥʦʨʦʟʤʽʨʥʽ ʤʽʢʨʦ-

ʤʝʟʦʧʦʨʠʩʪʽ ʢʦʤʧʦʟʠʪʠ, ʱʦ ʤʽʩʪʷʪʴ ʥʘʥʦʯʘʩʪʠʥʢʠ ʟ ʨʦʟʤʽʨʦʤ ~ 90 ʽ 140 ʥʤ, ʘ 

ʪʘʢʦʞ 180 ʽ 280 ʥʤ ʚʽʜʧʦʚʽʜʥʦ. ɼʚʦʩʪʘʜʽʡʥʦʶ ɻʊʆ ʟʦʣʶ ʧʨʝʢʫʨʩʦʨʘ ʮʝʦʣʽʪʫ 

Beta ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʤʽʮʝʣʷʨʥʦʛʦ ʪʝʤʧʣʘʪʫ ʉʊɸɺ ʦʜʝʨʞʘʥʦ ʧʨʦʩʪʦʨʦʚʦ 

ʚʧʦʨʷʜʢʦʚʘʥʽ ʤʝʟʦʧʦʨʠʩʪʽ ʘʣʶʤʦʩʠʣʽʢʘʪʠ ʢʫʙʽʯʥʦʾ ʪʘ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ʩʠʤʝʪʨʽʾ 

[39]. ʅʝʤʘʻ ʧʽʜʩʪʘʚʠ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʷʢ ʮʝ ʨʦʙʣʷʪʴ ʘʚʪʦʨʠ, ʘʣʝ ʤʦʞʥʘ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʩʪʽʥʢʠ ʦʜʝʨʞʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʽʩʪʷʪʴ ʧʨʝʢʫʨʩʦʨʠ ɺɹʆ ʮʝʦʣʽʪʫ 

Beta, ʱʦ ʟʫʤʦʚʣʶʻ ʧʨʦʷʚ ʧʽʜʚʠʱʝʥʦ,ʾ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ Al-MCM-41 ʽ ʮʝʦʣʽʪʦʤ, 

ʢʘʪʘʣʽʪʠʯʥʦ ʾʘʢʪʠʚʥʦʩʪ̔ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʨʝʘʢʮʽʾ ʘʣʢʽʣʫʚʘʥʥʷ ʬʝʥʦʣʫ ʪʝʨʪ-

ʙʫʪʠʣʦʚʠʤ ʩʧʠʨʪʦʤ, ʘ ʪʘʢʦʞ ʩʝʣʝʢʪʠʚʥʦʩʪ̔ ʟʘ 2,4-ʜʠʪʝʨʪʙʫʪʠʣʬʝʥʦʣʦʤ [39]. 

ɺʽʜʦʤʠʡ ʪʘʢʦʞ ʩʧʦʩʽʙ ʪʝʤʧʣʘʪʥʦʛʦ ʩʠʥʪʝʟʫ ʽʻʨʘʨʭʽʯʥʦʛʦ (ʤʝʟʦʧʦʨʠʩʪʦʛʦ) 

ʮʝʦʣʽʪʫ Y ʪʠʧʫ ʬʦʞʘʟʠʪʫ (Vʤʝʟʦ = 0,10 ï 0,50 ʩʤ
3
/ʛ, Dʤʝʟʦ = 5 ï 23 ʥʤ, SBET = 290 ï 

670 ʤ
2
/ʛ, Vs = 0,20 ï 0,70 ʩʤ

3
/ʛ) ʚ ʧʨʦʮʝʩʽ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʢʘʨʢʘʩʦʫʪʚʦʨʶʶʯʠʭ 

ʨʝʯʦʚʠʥ (ʩʠʣʽʢʘʪʥʠʭ ʪʘ ʘʣʶʤʦʩʠʣʽʢʘʪʥʠʭ ʽʦʥʽʚ) ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʤʽʮʝʣ ʉʊɸɺ ʚ 

ʩʧʽʚʨʦʟʯʠʥʥʠʢʫ ï ʪʨʝʪʙʫʪʠʣʦʚʦʤʫ ʩʧʠʨʪʽ ʪʘ ʩʦʣʶʙʽʣʽʟʫʶʯʦʾ, ʦʯʝʚʠʜʥʦ, ʜʦʙʘʚʢʠ 

1,3,5-ʪʨʠʤʝʪʠʣʙʝʥʟʦʣʫ [40].    
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ɯʻʨʘʨʭʽʯʥʦ-ʧʦʨʠʩʪʽ ʮʝʦʣʽʪʠ Beta ʽ ZSM-5 (ʨʦʟʤʽʨ ʧʦʨ 5ï40 ʥʤ) ʦʜʝʨʞʘʥʦ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ, ʘ ʪʘʢʦʞ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʘʪʽʦʥʥʠʭ 

ʧʦʣʽʤʝʨʽʚ (ʧʦʣʽʜʽʘʣʽʣʜʠʤʝʪʠʣʘʤʦʥʽʡ ʭʣʦʨʠʜʫ ʽ ʜʠʤʝʪʠʣʜʽʘʣʽʣʘʤʦʥʽʡ ʭʣʦʨʠʜʫ 

ʩʧʽʚʧʦʣʽʤʝʨʘ ʘʢʨʠʣʘʤʽʜʫ ʚʽʜʧʦʚʽʜʥʦ) [41]. ʇʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʤʝʟʦʧʦʨʠʩʪʦʩʪʽ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʣʷʭʦʤ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʢʘʪʽʦʥʥʠʭ ʧʦʣʽʤʝʨʽʚ. 

ɺʠʨʦʱʫʚʘʥʥʷ ʪʦʥʢʠʭ ʧʦʢʨʠʪʪʽʚ ʢʨʝʤʥʝʟʝʤʥʠʭ ʄʄʉ (ʟʦʢʨʝʤʘ ʄʉʄ-48) 

ʥʘ ʛʦʪʦʚʦʤʫ ʮʝʦʣʽʪʽ (ʢʦʤʝʨʮʽʡʥʠʡ ʮʝʦʣʽʪ Y) ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʽʻʨʘʨʭʽʯʥʠʭ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʪʠʧʫ 

ʷʜʨʦ/ʦʙʦʣʦʥʢʘ (ʤʽʢʨʦʧʦʨʠʩʪʝ ʮʝʦʣʽʪʥʝ ʷʜʨʦ ʽ ʤʝʟʦʧʦʨʠʩʪʘ ʢʨʝʤʥʝʟʝʤʥʘ 

ʦʙʦʣʦʥʢʘ) [42]. ʆʜʝʨʞʘʥʽ ʤʘʪʝʨʽʘʣʠ ʥʝ ʻ ʬʽʟʠʯʥʦʶ ʩʫʤʽʰʰʶ ʜʚʦʭ ʬʘʟ, ʧʨʠ 

ʮʴʦʤʫ ʤʦʞʣʠʚʝ ʯʘʩʪʢʦʚʝ ʦʙ'ʻʜʥʘʥʥʷ ʤʽʢʨʦ- ʽ ʤʝʟʦʧʦʨ ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ (Vʤʽʢʨʦ = 

0,15 ï 0,30 ʩʤ
3
/ʛ, Vʤʝʟʦ = 0,30 ï 0,50 ʩʤ

3
/ʛ, Dʤʝʟʦ = 3 ï 4 ʥʤ, SBET = 370 ï 830 ʤ

2
/ʛ). 

ʎʽʢʘʚʠʤ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʧʦʜʚʽʡʥʝ ʪʝʤʧʣʘʪʫʚʘʥʥʷ ʚ ʢʠʩʣʠʭ ʨʝʘʢʮʽʡʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ, ʢʦʣʠ ʩʠʥʪʝʟʦʚʘʥʠʡ ʥʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʟʦʣʴ-ʧʨʝʢʫʨʩʦʨ ʮʝʦʣʽʪʫ 

ʚʥʦʩʠʪʴʩʷ ʥʝ ʚ ʣʫʞʥʠʡ ʨʦʟʯʠʥ ʤʽʮʝʣʷʨʥʦʛʦ ʪʝʤʧʣʘʪʫ, ʘ ʚ ʢʠʩʣʠʡ. ʂʠʩʣʝ 

ʩʝʨʝʜʦʚʠʱʝ ʟʜʘʪʥʝ ʧʨʠʛʥʽʯʫʚʘʪʠ ʨʽʩʪ ʮʝʦʣʽʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ, ʟʘʧʦʙʽʛʘʶʯʠ 

ʪʘʢʠʤ ʯʠʥʦʤ ʫʪʚʦʨʝʥʥʶ ʦʢʨʝʤʦʾ ʮʝʦʣʽʪʥʦʾ ʬʘʟʠ. 

ʇʽʜʪʚʝʨʜʞʝʥʦ ʽʩʥʫʚʘʥʥʷ (ʤʝʪʦʜʘʤʠ 27
Al MAS ʗʄʈ ʪʘ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ) 

ʧʨʦʪʦʮʝʦʣʽʪʥʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʫ ʢʠʩʣʠʭ ʨʦʟʯʠʥʘʭ (ʨʅ å 2) ʽ ʤʦʞʣʠʚʽʩʪʴ ʾʭ 

ʚʢʣʶʯʝʥʥʷ ʚ ʤʝʟʦʩʪʨʫʢʪʫʨʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʤʽʮʝʣʷʨʥʦʛʦ 

ʪʝʤʧʣʘʪʫ [43]. ʎʝ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʤʝʟʦʩʪʨʫʢʪʫʨ, ʱʦ ʬʦʨʤʫʪʁʴʩʷ ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (SBA-15, 

KIT-6, MCF ʽ ʽʥ.). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʪʨʠʙʣʦʢʩʧʽʚʧʦʣʽʤʝʨʫ Pluronic ʈ123 ʷʢ 

ʪʝʤʧʣʘʪʫ ʽ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʮʝʦʣʽʪʫ Y ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʦʜʝʨʞʘʥʦ ʙʽʤʦʜʘʣʴʥʽ, 

ʛʽʜʨʦʣʽʪʠʯʥʦ ʩʪʘʙʽʣʴʥʽ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʽ ʘʣʶʤʦʩʠʣʽʢʘʪʠ [44]. ɿʘʚʜʷʢʠ 

ʧʽʜʚʠʱʝʥʽʡ ʜʦʩʪʫʧʥʦʩʪʽ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʦʤʽʨʥʽʡ ʢʠʩʣʦʪʥʦʩʪʽ ʦʪʨʠʤʘʥʽ 

ʤʘʪʝʨʽʘʣʠ ʚʠʷʚʣʷʶʪʴ ʚʠʱʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʢʨʝʢʽʥʛʫ ʚʘʞʢʠʭ 
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ʥʘʬʪʦʚʠʭ ʬʨʘʢʮʽʡ, ʥʽʞ Al-SBA-15 ʽ ʧʨʦʤʠʩʣʦʚʠʡ ʢʘʪʘʣʽʟʘʪʦʨ ʥʘ ʦʩʥʦʚʽ ʮʝʦʣʽʪʫ 

Y. 

ɹʽʪʝʤʧʣʘʪʥʠʤ ʩʠʥʪʝʟʦʤ ʥʘ ʦʩʥʦʚʽ ʟʝʨʝʥ (ʥʘʥʦʯʘʩʪʠʥʦʢ ï ʨʦʟʤʽʨʦʤ 0,1 ï 

1,0 ʤʢʤ) ʩʠʣʽʢʘʣʽʪʫ-1 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Pluronic ʈ123 ʷʢ ʤʽʮʝʣʷʨʥʦʛʦ ʪʝʤʧʣʘʪʫ ʚ 

ʢʠʩʣʦʤʫ ʨʝʘʢʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʦʜʝʨʞʘʥʦ ʽʻʨʘʨʭʽʯʥʽ ʤʽʢʨʦ-ʤʝʟʦʨʦʟʤʽʨʥʽ 

ʢʨʝʤʥʝʟʝʤʥʽ ʩʬʝʨʠ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʧʨʦʩʪʦʨʦʚʦʶ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʶ, ʚʠʩʦʢʠʤʠ 

ʩʦʨʙʮʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (SBET ʜʦ ~800 ʤ
2
/ʛ, Vʟʘʛ ʜʦ 0,85 ʩʤ

3
/ʛ), ʘ ʪʘʢʦʞ 

ʛʽʜʨʦʬʦʙʥʽʩʪʶ ʽ ʚʠʩʦʢʦʶ ʩʧʦʨʽʜʥʝʥʽʩʪʶ ʜʦ ʤʦʣʝʢʫʣ ʘʨʦʤʘʪʠʯʥʠʭ ʨʝʯʦʚʠʥ [45]. 

ɺʠʨʦʱʫʚʘʥʥʷʤ ʄʉʄ-41 ʥʘ ʯʘʩʪʠʥʢʘʭ ʮʝʦʣʽʪʫ Y ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

(ʨʅ Ÿ 0) ʦʜʝʨʞʘʥʦ ʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ ʪʠʧʫ ʷʜʨʦ (ʮʝʦʣʽʪ Y)  / ʦʙʦʣʦʥʢʘ 

(ʄʉʄ-41) [46]. ʇʦʢʘʟʘʥʦ ʥʘʷʚʥʽʩʪʴ ɺɹʆ ʮʝʦʣʽʪʫ Y ʥʘʚʽʪʴ ʚ ʟʨʘʟʢʘʭ, ʦʪʨʠʤʘʥʠʭ 

ʚ ʩʠʣʴʥʦʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʨʅ = 0). ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʙʘʚʢʠ 1,3,5-

ʪʨʠʤʝʪʠʣʙʝʥʟʦʣʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʤʝʟʦʧʦʨ (ʚʽʜ 2,6 ʜʦ 3,5 ʥʤ) ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥ ̫ʧʨʦʩʪʦʨʦʚʦʾ ʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚ ʤʝʟʦʜʽʘʧʘʟʦʥʽ. 

ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʦʜʝʨʞʘʥʥʷ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ 

ʧʦʩʪʩʠʥʪʝʪʠʯʥʘ ʦʙʨʦʙʢʘ ʛʦʪʦʚʦʛʦ ʮʝʦʣʽʪʫ ʚ ʣʫʞʥʠʭ ʨʦʟʯʠʥʘʭ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʤʽʮʝʣʷʨʥʠʭ ʪʝʤʧʣʘʪʽʚ [29, 47, 48]. ʆʙʨʦʙʢʘ ʚʠʭʽʜʥʦʛʦ ʮʝʦʣʽʪʫ Y ʩʫʤʽʰʰʶ 

ʤʽʮʝʣʷʨʥʦʛʦ ʪʝʤʧʣʘʪʫ ʽ ʛʽʜʨʦʢʩʠʜʫ ʘʤʦʥʽʶ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʦʟʨʠʚʫ ʩʠʣʦʢʩʘʥʦʚʠʭ 

ʟʚ'ʷʟʢʽʚ ʪʘ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʥʘʚʢʦʣʦ ʤʽʮʝʣʠ ʇɸʈ. ʇʨʠ 

ʚʠʜʘʣʝʥʥʽ ʪʝʤʧʣʘʪʫ ʟʚʽʣʴʥʷʻʪʴʩʷ ʧʨʦʩʪʽʨ ʤʝʟʦʧʦʨ [47]. 

ʆʧʠʩʘʥʫ ʤʝʪʦʜʠʢʫ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʦʧʦʚʥʠʪʠ ʩʪʫʧʽʥʯʘʪʦʶ ɻʊʆ ʟ 

ʧʨʦʤʽʞʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʨʅ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ cʪʫʧʝʥʷ ʢʦʥʜʝʥʩʘʮʽʾ 

ʩʠʣʽʢʘʪʥʠʭ ʯʘʩʪʠʥʦʢ, ʾʭ ʨʝʦʨʛʘʥʽʟʘʮʽʾ ʚ ʫʧʦʨʷʜʢʦʚʘʥʫ ʤʝʟʦʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ ʽ 

ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʦʜʫ ʤʘʪʝʨʽʘʣʫ ʜʦ 100% [49]. ʊʘʢ ʟʚʘʥʘ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʷ ʚ 

ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʉʊɸɺ ʚʢʣʶʯʘʻ 4 ʩʪʘʜʽʾ: 1) ʨʦʟʨʠʚ SiïOïSi 

ʟʚ'ʷʟʢʽʚ ʮʝʦʣʽʪʫ ʧʽʜ ʜʽʻʶ ʣʫʛʫ ʪʘ ʽʦʥʥʠʡ ʦʙʤʽʥ H
+
 ʥʘ Na

+
, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷʤ ʤʝʟʦʧʦʨ ʤʽʞ ʢʨʠʩʪʘʣʽʪʘʤʠ ʽ ʚʩʝʨʝʜʠʥʽ ʢʨʠʩʪʘʣʽʪʽʚ ʮʝʦʣʽʪʫ; 2) 

ʽʦʥʥʠʡ ʦʙʤʽʥ Na
+
 ʥʘ CTA

+
 ʽ ʫʪʚʦʨʝʥʥʷ ʤʽʮʝʣ ʥʘ ʧʦʚʝʨʭʥʽ ʽ ʚʩʝʨʝʜʠʥʽ 

ʢʨʠʩʪʘʣʽʪʽʚ; 3) ʢʦʥʜʝʥʩʘʮʽʷ ʢʨʝʤʥʽʡʢʠʩʥʝʚʠʭ ʬʨʘʛʤʝʥʪʽʚ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ 
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ʧʨʦʮʝʩʽ ʜʝʩʠʣʽʣʶʚʘʥʥʷ ʚ ʧʨʠʤʽʮʝʣʷʨʥʦʤʫ ʧʨʦʩʪʦʨʽ; 4) ʬʦʨʤʫʚʘʥʥʷ 

ʤʝʟʦʧʦʨʠʩʪʦʾ ʬʘʟʠ ʚʩʝʨʝʜʠʥʽ ʽ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʪʽʚ. ʈʝʛʫʣʶʚʘʥʥʷʤ ʩʪʫʧʝʥ ̫

ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ (ʰʣʷʭʦʤ ʚʘʨʽʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʫʛʫ) ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ 3 ʪʠʧʠ 

ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ: 1) ʤʝʟʦʧʦʨʠʩʪʽ ʮʝʦʣʽʪʠ; 2) ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʽ 

ʥʘʥʦʢʦʤʧʦʟʠʪʠ; 3) ʤʝʟʦʧʦʨʠʩʪʽ ʤʘʪʝʨʽʘʣʠ ʟ ʮʝʦʣʽʪʥʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʚ ʩʪʽʥʢʘʭ 

ʤʝʟʦʧʦʨ [49]. ʄʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʽ ʤʘʪʝʨʽʘʣʠ, ʦʜʝʨʞʘʥʽ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʻʶ 

ʮʝʦʣʽʪʽʚ, ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʤʝʟʦʧʦʨ ʧʨʦʷʚʣʷʶʪʴ ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ 

ʚ ʨʝʘʢʮʽʷʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʙ'ʻʤʥʠʭ ʤʦʣʝʢʫʣ (ʽʟʦʤʝʨʠʟʘʮʽʷ ʙʫʪʝʥʫ-1, 

ʜʠʩʧʨʦʧʦʨʮʽʶʚʘʥʥʷ ʢʫʤʦʣʫ, ʛʽʜʨʦʽʟʦʤʝʨʠʟʘʮʽʷ ʥ-ʘʣʢʘʥʽʚ ʽ ʽʥ.) [50, 51].   

ʎʽʢʘʚʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʪʘʢʦʞ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʧʦʜʚʽʡʥʦʛʦ ʪʝʤʧʣʘʪʫʚʘʥʥʷ, 

ʧʝʨʝʜʙʘʯʘʻ ʧʦʻʜʥʘʥʥʷ ʜʽʾ ʜʚʦʭ ʪʝʤʧʣʘʪʽʚ (ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʽ ʤʽʮʝʣʷʨʥʦʛʦ) ʚ ʦʜʥʽʡ 

ʤʦʣʝʢʫʣʽ ʦʨʛʘʥʦʩʠʣʘʥʫ, ʱʦ ʤʽʩʪʠʪʴ ʛʽʜʨʦʬʽʣʴʥʫ ʛʦʣʦʚʥʫ ʯʘʩʪʠʥʫ, ʛʽʜʨʦʬʦʙʥʠʡ 

ʘʣʢʽʣʴʥʠʡ ʭʚʽʩʪ ʪʘ ʟʜʘʪʥʫ ʜʦ ʛʽʜʨʦʣʽʟʫ ʤʝʪʦʢʩʠʩʠʣʽʣʴʥʫ ʛʨʫʧʫ [52]. ɺʚʝʜʝʥʥʷ 

ʪʘʢʠʭ ʩʧʦʣʫʢ (ʟʦʢʨʝʤʘ (CH3O)-SiC3H6N(CH3)2C16H33]Cl) ʟʘʤʽʩʪʴ ʉʊɸɺ ʚ 

ʮʝʦʣʽʪʦʫʪʚʦʨʶʶʯʽ ʨʝʘʢʮʽʡʥʽ ʩʫʤʽʰʽ (ʟʦʢʨʝʤʘ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ MFI) 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʽʚ ʟ ʚʝʣʠʢʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 

(~590 ʤ
2
/ʛ) ʽ ʚʝʣʠʢʠʤ ʦʙ'ʻʤʦʤ ʦʜʥʦʨʽʜʥʠʭ ʤʝʟʦʧʦʨ (ʜʽʘʤʝʪʨ 2ï20 ʥʤ ʟʘʣʝʞʥʦ ʚʽʜ 

ʜʦʚʞʠʥʠ ʭʚʦʩʪʘ ʦʨʛʘʥʦʩʠʣʘʥʫ ʘʙʦ ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʥʪʝʟʫ). ʄʝʟʦʧʦʨʠ ʚ ʪʘʢʠʭ 

ʽʻʨʘʨʭʽʯʥʠʭ ʮʝʦʣʽʪʘʭ ʤʘʶʪʴ ʮʠʣʽʥʜʨʠʯʥʫ ʬʦʨʤʫ ʽ ʻ ʚʥʫʪʨʽʰʥʴʦʢʨʠʩʪʘʣʽʯʥʠʤʠ 

[53]. 

ʄʝʟʦʧʦʨʠʩʪʽ ʮʝʦʣʽʪʠ, ʦʜʝʨʞʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʨʛʘʥʦʩʠʣʘʥʽʚ, 

ʧʨʦʷʚʣʷʶʪʴ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʽ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʷʭ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʦʙ'ʻʤʥʠʭ ʤʦʣʝʢʫʣ (ʩʠʥʪʝʟ ʞʘʩʤʽʥʘʣʴʜʝʛʽʜʫ, ʽʟʦʤʝʨʠʟʘʮʽʷ 1,2,4-

ʪʨʠʤʝʪʠʣʙʝʥʟʦʣʫ, ʢʨʝʢʽʥʛ ʢʫʤʦʣʫ, ʝʩʪʝʨʠʬʽʢʘʮʽʷ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʫ 

ʛʝʢʩʘʥʦʚʦʶ ʢʠʩʣʦʪʦʶ, ʢʨʝʢʽʥʛ ʨʦʟʛʘʣʫʞʝʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ), ʱʦ ʟʥʘʯʥʦ 

ʧʝʨʝʚʠʱʫʶʪʴ ʪʘʢʽ ʜʣʷ ʟʚʠʯʘʡʥʦʛʦ ʮʝʦʣʽʪʫ ʟʽ ʩʪʨʫʢʪʫʨʦʶ MFI ʽ ʄʄʉ ʪʠʧʫ Al-

MCM-41 [52, 54], ʘ ʪʘʢʦʞ ʧʨʦʷʚʣʷʶʪʴ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʝʟʘʢʪʠʚʘʮʽʾ ʟʘʚʜʷʢʠ 

ʥʝʫʩʢʣʘʜʥʝʥʽʡ ʜʠʬʫʟʽʾ ʧʨʝʢʫʨʩʦʨʽʚ ʢʦʢʩʫ ʚʽʜ ʢʘʪʘʣʽʪʠʯʥʠʭ ʮʝʥʪʨʽʚ ʧʦ ʩʠʩʪʝʤʽ 

ʤʝʟʦʧʦʨ. ɺʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʠʣʘʥʦʣʴʥʠʭ ʛʨʫʧ ʥʘ ʧʦʚʝʨʭʥʽ ʩʪʽʥʦʢ ʤʝʟʦʧʦʨ 
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ʜʦʟʚʦʣʷʻ ʬʫʥʢʮʽʦʥʘʣʽʟʫʚʘʪʠ ʾʭ ʦʨʛʘʥʽʯʥʠʤʠ ʛʨʫʧʘʤʠ ʟ ʤʝʪʦʶ ʦʜʝʨʞʘʥʥʷ 

ʛʽʙʨʠʜʥʠʭ ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [55]. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʪʨʠʤʘʥʥʷ ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʽʚ ʪʘʢʦʞ 

ʨʦʟʚʠʥʝʥʦ ʚ ʥʘʧʨʷʤʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʣʘʥʽʟʦʚʘʥʠʭ ʮʝʦʣʽʪʥʠʭ ʟʝʨʝʥ (ʦʜʝʨʞʘʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʻʶ ʮʝʦʣʽʪʥʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʦʨʛʘʥʦʩʠʣʘʥʘʤʠ) [56, 57] ʽ 

ʟʘʩʪʦʩʦʚʘʥʦ ʜʣʷ ʩʠʥʪʝʟʫ ʽʻʨʘʨʭʽʯʥʠʭ ʮʝʦʣʽʪʽʚ ʽʥʰʠʭ ʪʠʧʽʚ (Y, BEA, LTA, SOD, 

TS-1) ʷʢ ʝʬʝʢʪʠʚʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʨʽʟʥʠʭ ʧʨʦʮʝʩʽʚ (ʢʦʥʜʝʥʩʘʮʽʷ ʙʝʥʟʘʣʴʜʝʛʽʜʫ ʟ 

ʥ-ʙʫʪʠʣʦʚʠʤ ʩʧʠʨʪʦʤ, ʘʣʢʽʣʫʚʘʥʥʷ ʧʦ ʌʨʜ̔ʝʣʶ-ʂʨʘʬʪʩʫ, ʝʧʦʢʩʠʜʫʚʘʥʥʷ 

ʦʣʝʬʽʥʽʚ ʪʘ ʽʥ.) [56, 58]. 

ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʦʧʠʩʘʥʦʛʦ ʧʽʜʭʦʜʫ ʧʨʠʚʝʣʦ ʜʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʝʤʧʣʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʜʠʯʝʪʚʝʨʪʠʥʥʠʭ ʘʤʦʥʽʡʥʠʭ ʩʧʦʣʫʢ 

ʩʢʣʘʜʫ {( C22H45)ïN
+
(CH3)2}ïC6H12ï{ N

+
(CH3)2ï(C6H13)}  [59, 60], ʪʘʢ ʟʚʘʥʠʭ 

çGemini-type surfactantsè, ʟʜʘʪʥʠʭ ʫʪʚʦʨʶʚʘʪʠ ʦʜʥʦʯʘʩʥʦ ʮʝʦʣʽʪʥʫ ʽ 

ʤʝʟʦʩʪʨʫʢʪʫʨʫ. ɺ ʪʘʢʠʭ ʪʝʤʧʣʘʪʘʭ ʜʽʘʤʦʥʽʡʥʘ ʛʦʣʦʚʥʘ ʛʨʫʧʘ ʜʽʻ ʷʢ 

ʩʪʨʫʢʪʫʨʦʥʘʧʨʘʚʣʷʶʯʠʡ ʘʛʝʥʪ ʮʝʦʣʽʪʦʫʪʚʦʨʝʥʥʷ (ʟʦʢʨʝʤʘ, ʩʪʨʫʢʪʫʨʠ MFI [59]), 

ʘ ʬʦʨʤʫʚʘʥʥʷ ʤʝʟʦʩʪʨʫʢʪʫʨʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʛʽʜʨʦʬʦʙʥʽʡ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʜʦʚʛʦʣʘʥʮʶʛʦʚʠʤʠ ʭʚʦʩʪʘʤʠ ʪʝʤʧʣʘʪʫ. ʆʜʝʨʞʘʥʽ ʤʘʪʝʨʽʘʣʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʜʦʩʠʪʴ ʩʢʣʘʜʥʽ ʤʝʟʦʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʨʠʚʠʤʽʨʥʠʭ ʟʨʦʱʝʥʠʭ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʘʙʦ ʦʜʥʦʰʘʨʦʚʠʭ ʥʘʥʦʣʠʩʪʽʚ ʮʝʦʣʽʪʫ [61]. ʉʠʥʪʝʟʦʚʘʥʽ 

ʽʻʨʘʨʭʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʧʨʦʷʚʣʷʶʪʴ ʧʽʜʚʠʱʝʥʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʫ ʙʘʛʘʪʴʦʭ 

ʨʝʘʢʮʽʷʭ ʟʘ ʫʯʘʩʪʶ ʦʙ'ʻʤʥʠʭ ʤʦʣʝʢʫʣ (ʢʦʥʚʝʨʩʽʷ ʤʝʪʘʥʦʣʫ ʚ ʛʘʟʦʣʽʥ, ʢʨʝʢʽʥʛ 

ʨʦʟʛʘʣʫʞʝʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ, ʢʦʥʜʝʥʩʘʮʽʷ 2-ʛʽʜʨʦʢʩʠʘʮʝʪʦʬʝʥʦʥʫ ʟ 

ʙʝʥʟʘʣʴʜʝʛʽʜʦʤ ʪʦʱʦ) ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʮʝʦʣʽʪʽʚ ʟʘʚʜʷʢʠ ʧʽʜʚʠʱʝʥʥʶ 

ʢʽʣʴʢʦʩʪʽ ʜʦʩʪʫʧʥʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʚʥʘʩʣʽʜʦʢ ʽʩʪʦʪʥʦʛʦ ʨʦʟʚʠʥʝʥʥʷ 

ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʥʘʥʦʣʠʩʪʽʚ [59]. ʇʦ ʩʫʪʽ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʮʽʣʢʦʤ 

ʜʦʧʫʩʪʠʤʝ ʦʪʦʪʦʞʥʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʤʝʟʦʧʦʨ ʽ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ 

ʥʘʥʦʮʝʦʣʽʪʥʠʭ ʯʘʩʪʠʥʦʢ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ ʧʨʘʢʪʠʯʥʦ ʥʝʦʙʤʝʞʝʥʫ ʤʦʞʣʠʚʽʩʪʴ 

ʤʥʦʞʠʥʥʦʾ ʚʘʨʽʘʮʽʾ ʩʪʨʫʢʪʫʨʠ, ʩʢʣʘʜʫ (ʟʦʢʨʝʤʘ ï ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʢʘʨʢʘʩʦʫʪʚʦʨʶʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʨʽʟʥʦʾ ʚʘʣʝʥʪʥʦʩʪʽ), ʧʦʨʠʩʪʦʩʪʽ, ʤʦʨʬʦʣʦʛʽʾ ʧʨʠ 
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ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʝʤʧʣʘʪʽʚ. ʆʯʝʚʠʜʥʦ, ʱʦ ʚ ʮʠʭ ʩʠʩʪʝʤʘʭ 

ʥʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ ʤʦʞʝ ʧʨʦʷʚʣʷʪʠʩʷ ʨʦʣʴ ʙʘʣʘʥʩʫ, ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ ʨʦʟʧʦʜʽʣʫ 

ʟʘʨʷʜʽʚ (ñcharge density matchingò) ʚ ʪʝʤʧʣʘʪʽ (ʯʠʩʣʦ ʯʝʪʚʝʨʪʠʥʥʠʭ ʘʪʦʤʽʚ ʘʟʦʪʫ, 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ ï ʜʦʚʞʠʥʘ ʽ ʪʠʧ ʘʣʢʽʣʴʥʠʭ ʤʽʩʪʢʽʚ, ʜʦʚʞʠʥʘ ʽ ʪʠʧ, ʙʫʜʦʚʘ 

ʪʝʨʤʽʥʘʣʴʥʠʭ ʛʽʜʨʦʬʦʙʥʠʭ ʉ16-22 ʘʣʢʽʣʴʥʠʭ ʛʨʫʧ ï "ʭʚʦʩʪʽʚ" ʪʘ ʚ ʧʝʨʚʠʥʥʠʭ 

(ʧʨʦʤʽʞʥʠʭ) ʧʨʦʜʫʢʪʘʭ ʢʦʥʜʝʥʩʘʮʽʾ ʪʘ ɺɹʆ ʢʘʨʢʘʩʦʫʪʚʦʨʶʶʯʠʭ ʨʝʯʦʚʠʥ. 

ʎʝʦʣʽʪʠʟʘʮʽʷ ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʪ 

ʆʜʥʠʤ ʟ ʧʽʜʭʦʜʽʚ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʽʚ ʻ ʮʝʦʣʽʪʠʟʘʮʽʷ 

(ʢʨʠʩʪʘʣʽʟʘʮʽʷ) ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʠʭ ʧʨʦʩʪʦʨʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʩʠʣʽʢʘʪʥʠʭ ʽ 

ʘʣʶʤʦʩʠʣʽʢʘʪʥʠʭ ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʪ (ʄʄʉ) ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʝʤʧʣʘʪʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʮʝʦʣʽʪʥʦʾ 

ʩʪʨʫʢʪʫʨʠ [62-65] (ʪʘʢ ʟʚʘʥʠʡ ʤʝʪʦʜ ʢʦʥʚʝʨʩʽʾ ʩʫʭʦʛʦ ʛʝʣʶ). 

ʂʦʥʚʝʨʩʽʷ "ʩʫʭʦʛʦ" ʛʝʣʶ (ʦʯʝʚʠʜʥʘ ʜʝʷʢʘ ʫʤʦʚʥʽʩʪʴ ʚʠʜʽʣʝʥʦʛʦ ʣʘʧʢʘʤʠ 

ʚʠʟʥʘʯʝʥʥʷ ï ʯʝʨʝʟ ʥʝʤʠʥʫʯʫ ʽ ʧʨʠʨʦʜʥʫ ʧʨʠʩʫʪʥʽʩʪʴ ʪʽʻʶ ʯʠ ʽʥʰʦ  ʁʤʽʨʦ  ʁ

ʘʜʩʦʨʙʦʚʘʥʦʾ ʪʘ ʩʪʨʫʢʪʫʨʥʦʾ ʚʦʜʠ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʚ ʙʝʟʚʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ (ʟʨʘʟʢʠ ʄʄʉ, ʧʨʦʩʦʯʝʥʽ ʨʦʟʯʠʥʦʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʝʤʧʣʘʪʫ 

(ʤʦʞʣʠʚʦ ʪʘʢʦʞ, ʨʘʟʦʤ ʟ ʮʝʦʣʽʪʦʫʪʚʦʨʶʶʯʠʤʠ ʨʝʘʛʝʥʪʘʤʠ) ʧʦʧʝʨʝʜʥʴʦ 

ʧʽʜʜʘʶʪʴʩʷ ʩʫʰʮʽ, ʱʦ ʟʚʦʜʠʪʴ ʜʦ ʤʽʥʽʤʫʤʫ ʯʘʩʪʢʫ ʨʦʟʯʠʥʝʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʽ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʤʝʥʰʫʻ ʧʨʦʮʝʩʠ ʤʘʩʦʧʝʨʝʥʦʩʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʮʝʦʣʽʪʠʟʘʮʽʾ 

ʧʽʜʜʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚʥʫʪʨʽʰʥʷ ʧʦʚʝʨʭʥʷ ʩʪʽʥʦʢ ʢʘʨʢʘʩʫ ʽ ʟʦʚʥʽʰʥʷ ʧʦʚʝʨʭʥʷ 

ʯʘʩʪʠʥʦʢ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘ ʥʝ ʚʝʩʴ ʢʘʨʢʘʩ ʚ ʮʽʣʦʤʫ. ʆʜʥʘʢ, ʯʘʩʪʢʦʚʦ 

ʮʝʦʣʽʪʠʟʦʚʘʥʽ (ʩʪʨʫʢʪʫʨʘ MFI) ʤʘʪʝʨʽʘʣʠ ʻ ʧʝʨʝʚʘʞʥʦ ʢʦʤʧʦʟʠʪʘʤʠ [62, 65]. 

ʅʘʚʽʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʩʪʚʦʨʶʻ ʤ'ʷʢʰʽ 

ʫʤʦʚʠ ʜʣʷ ʦʜʥʦʨʽʜʥʦʾ ʥʫʢʣʝʘʮʽʾ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ ʚ ʧʨʦʮʝʩʽ 

ʮʝʦʣʽʪʠʟʘʮʽʾ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʝʟʝʤʫ [66], ʪʘʢʦʞ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʢʦʤʧʦʟʠʪʥʠʭ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʁʤʦʚʽʨʥʦ, ʱʦ ʢʦʨʦʪʢʦʯʘʩʥʝ 

ʤʽʢʨʦʭʚʠʣʴʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫʩʢʣʘʜʥʶʻ ʨʽʚʥʦʤʽʨʥʝ ʬʦʨʤʫʚʘʥʥʷ ʮʝʦʣʽʪʥʠʭ 

ʟʘʨʦʜʢʽʚ ʥʘ ʚʩʽʡ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʤʝʟʦʧʦʨ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʮʝʦʣʽʪʠʟʘʮʽʷ 

ʄʄʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʦʢʨʝʤʠʭ, ʥʝ ʟôʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʜʽʣʷʥʢʘʭ. 
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ʆʩʦʙʣʠʚʽʩʪʶ, ʦʯʝʚʠʜʥʦ, ʻ ʽ ʪʝ, ʱʦ ʚ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʙʝʨʝ ʫʯʘʩʪʴ ʧʦʚʝʨʭʥʷ ʄʄʉ, 

ʧʨʠʯʦʤʫ ʮʷ ʫʯʘʩʪʴ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ ʘʢʪʠʚʥʦʶ ʚʥʘʩʣʽʜʦʢ ʾʾ ʚʠʩʦʢʦʾ ʨʝʘʢʮʽʡʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ï ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʦʛʦ ʩʪʫʧʝʥʷ ʢʦʥʜʝʥʩʘʮʽʾ ʩʠʣʽʢʘʪʥʠʭ ʽʦʥʽʚ, ʟʥʘʯʥʦʾ 

ʯʘʩʪʢʠ ʢʨʝʤʥʽʶ ʚ ʢʦʦʨʜʠʥʘʮʽʡʥʦʤʫ ʦʪʦʯʝʥʥʽ 2 ʽ 3 ʘʪʦʤʽʚ ʢʠʩʥʶ ʽ ʚʠʩʦʢʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʛʽʜʨʠʣʴʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʥʘ ʧʦʚʝʨʭʥʽ. 

ʄʦʜʠʬʽʢʫʚʘʥʥʷ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʮʝʦʣʽʪʠʟʘʮʽʾ ʄʄʉ ʜʦʟʚʦʣʠʣʦ 

ʧʨʠʚʥʝʩʪʠ ʜʚʘ ʥʘʩʪʫʧʥʠʭ ʧʽʜʭʦʜʠ: 1 ï ʪʨʘʥʩʧʦʨʪ ʧʘʨʦʚʦʾ ʬʘʟʠ (Vapour Phase 

Transport (VPT)), ʢʦʣʠ ʢʦʥʪʘʢʪ ʩʫʭʦʛʦ ʛʝʣʶ ʄʄʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʧʘʨʘʤʠ ʩʫʤʽʰʽ 

ʚʦʜʠ ʽ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʝʤʧʣʘʪʫ; 2 ï ʢʦʥʚʝʨʩʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʪʽʣʴʢʠ 

ʚʦʜʷʥʦʾ ʧʘʨʠ (ʧʘʨʦʚʘ ʢʦʥʚʝʨʩʽʷ, Steam-Assisted Conversion (SAC), ʘ 

ʤʦʣʝʢʫʣʷʨʥʠʡ ʪʝʤʧʣʘʪ (ʥʝʣʝʪʢʠʡ) ʤʽʩʪʠʪʴʩʷ ʚ ʛʝʣʽ [6, 67]. 

ɿʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʟʜʽʡʩʥʝʥʥʷ ʮʝʦʣʽʪʠʟʘʮʽʾ ʄʄʉ ʧʦʣʷʛʘʻ ʚ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʤʦʣʝʢʫʣʷʨʥʠʤ ʪʝʤʧʣʘʪʦʤ ʽ ʘʣʶʤʦʩʠʣʽʢʘʪʥʠʤʠ (ʩʠʣʽʢʘʪʥʠʤʠ) 

ʯʘʩʪʠʥʢʘʤʠ ʟ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʜʽʣʫ ʬʘʟ (ʘʤʦʨʬʥʦʾ, ʤʝʟʦʩʪʨʫʢʪʫʨʥʦʾ ʪʘ 

ʢʨʠʩʪʘʣʽʯʥʦʾ) ʧʽʜ ʯʘʩ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ ʚ ʫʤʦʚʘʭ ɻʊʆ [68]. ʈʽʚʝʥʴ 

ʜʠʩʧʝʨʛʦʚʘʥʦʩʪʽ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʝʤʧʣʘʪʫ ʚ ʛʝʣʽ ʪʘ ʦʢʣʶʟʽʷ ʧʽʜ ʯʘʩ ɻʊʆ ʚʧʣʠʚʘʻ 

ʥʘ ʬʘʟʦʚʫ ʯʠʩʪʦʪʫ ʽ ʤʦʨʬʦʣʦʛʽʶ ʢʨʠʩʪʘʣʽʚ ʮʝʦʣʽʪʫ, ʘ ʪʘʢʦʞ ʨʦʟʤʽʨ, ʬʦʨʤʫ ʽ 

ʚʟʘʻʤʦʟʚ'ʷʟʘʥʽʩʪʴ ʤʝʟʦʧʦʨ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʦʾ ʚʘʨʪʦʩʪʽ 

ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʾʭ ʮʝʦʣʽʪʠʟʘʮʽʷ ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʦʨʛʘʥʽʟʘʮʽʾ ʜʦʩʣʽʜʥʦʛʦ ʽ ʙʽʣʴʰ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [68]. 

ʊʝʨʤʦʧʘʨʦʚʦʶ ʦʙʨʦʙʢʦʶ ʘʣʶʤʦʩʠʣʽʢʘʪʥʦʛʦ ʢʩʝʨʦʛʝʣʷ, ʱʦ ʤʽʩʪʠʪʴ 

ʤʦʣʝʢʫʣʷʨʥʠʡ ʪʝʤʧʣʘʪ (ʊʈɸ
+
) ʽ ʪʝʤʧʣʘʪ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʝʟʦʧʦʨ 

(ʪʨʠʙʣʦʢʩʧʽʚʧʦʣʽʤʝʨ Pluronic F-127), ʩʠʥʪʝʟʦʚʘʥʦ ʤʝʟʦʧʦʨʠʩʪʠʡ ʮʝʦʣʽʪ ZSM-5 

[69], ʷʢʠʡ ʟʘʚʜʷʢʠ ʽʻʨʘʨʭʽʯʥʽʡ ʤʽʢʨʦ-ʤʝʟʦʩʪʨʫʢʪʫʨʽ ʟ ʨʦʟʚʠʥʝʥʦʶ ʟʦʚʥʽʰʥʴʦʶ 

ʧʦʚʝʨʭʥʝʶ (~ 280 ʤ
2
/ʛ ʧʨʦʪʠ ~ 100 ʤ

2
/ʛ ʫ ʟʚʠʯʘʡʥʦʛʦ ZSM-5) ʧʨʦʷʚʣʷʻ ʚʠʩʦʢʫ 

ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʷʭ ʢʨʝʢʽʥʛʫ 1,3,5-ʪʨʠʽʟʦʧʨʦʧʽʣʙʝʥʟʦʣʫ ʪʘ 

ʝʩʪʝʨʠʬʽʢʘʮʽʾ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʫ ʘʣʽʬʘʪʠʯʥʠʤʠ ʢʠʩʣʦʪʘʤʠ, ʘ ʪʘʢʦʞ ʩʪʽʡʢʠʡ ʜʦ 

ʟʘʢʦʢʩʦʚʫʚʘʥʥʷ. 
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ʇʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʮʝʦʣʽʪʘʤʠ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʽ ʤʘʪʝʨʽʘʣʠ 

ʤʘʪʁʴ ʽʩʪʦʪʥʦ ʙʽʣʴʰ ʨʦʟʚʠʥʝʥʫ ʧʦʚʝʨʭʥʶ ʽ ʤʝʟʦʧʦʨʠʩʪʽʩʪ,ɹ ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ 

ʧʨʘʢʪʠʯʥʦ ʥʝʫʩʢʣʘʜʥʝʥʽʡ ʜʠʬʫʟʽʾ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ ʘʢʪʠʚʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʽ 

ʨʝʘʢʮʽʡʥʠʭ ʮʝʥʪʨʽʚ ʜʣʷ ʦʙ'ʻʤʥʠʭ ʤʦʣʝʢʫʣ, ʚʠʱʽʡ ʢʘʪʘʣʽʪʠʯʥʽʡ ʘʢʪʠʚʥʦʩʪʽ ʚ 

ʨʽʟʥʠʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʧʨʦʮʝʩʘʭ. ʄʦʞʣʠʚʽʩʪʴ ʚʘʨʽʶʚʘʥʥʷ ʚ 

ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʩʢʣʘʜʫ, ʧʦʨʠʩʪʦʩʪʽ, ʤʦʨʬʦʣʦʛʽʾ ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʽʚ, ʘ ʪʘʢʦʞ 

ʾʭ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ, ʟʦʢʨʝʤʘ, ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʤʝʪʘʣʽʚ ʽ ʽʥ. ʨʦʟʰʠʨʶʻ 

ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʧʨʦʮʝʩʘʭ ʘʜʩʦʨʙʮʽʾ ʪʘ ʢʘʪʘʣʽʟʫ [7]. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚ ʨʦʙʦʪʘʭ [54, 70, 71] ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʢʘʪʘʣʽʪʠʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʤʝʟʦʧʦʨʠʩʪʠʭ ʽ ʪʨʘʜʠʮʽʡʥʠʭ ʮʝʦʣʽʪʽʚ ʽ ʧʦʢʘʟʘʥʦ ʧʝʨʝʚʘʛʠ ʽʻʨʘʨʭʽʯʥʦ 

ʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʨʷʜʽ ʢʘʪʘʣʽʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ: ʘʣʢʽʣʫʚʘʥʥʷ ʽ 

ʘʮʠʣʶʚʘʥʥʷ ʟʘ ʌʨʽʜʝʣʝʤ-ʂʨʘʬʪʩʦʤ, ʢʨʝʢʽʥʛ ʨʦʟʛʘʣʫʞʝʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ ʪʘ ʽʥ. 

ɿʙʽʣʴʰʝʥʥʷ ʜʦʩʪʫʧʥʦʾ ʨʝʘʢʮʽʡʥʦ ʘʢʪʠʚʥʦʾ ʧʦʚʝʨʭʥʽ (ʧʦʚʝʨʭʥʷ ʤʝʟʦʧʦʨ 

ʧʣʶʩ ʟʦʚʥʽʰʥʷ ʧʦʚʝʨʭʥʷ ʢʨʠʩʪʘʣʽʪʽʚ) ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʽʚ ʩʧʨʠʷʻ 

ʪʘʢʦʞ ʧʨʦʜʦʚʞʝʥʥʶ ʯʘʩʫ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʢʘʪʘʣʽʟʘʪʦʨʘ ʚ ʨʝʘʢʮʽʾ MTH ï 

ʢʦʥʚʝʨʩʽʾ ʤʝʪʘʥʦʣʫ ʚ ʚʫʛʣʝʚʦʜʥʽ [72]. ʎʝʡ ʩʘʤʠʡ ʬʘʢʪʦʨ ʽ ʟʥʠʞʝʥʥʷ ʜʦʚʞʠʥʠ 

ʜʠʬʫʟʽʡʥʦʛʦ ʰʣʷʭʫ (ʟʘ ʨʘʭʫʥʦʢ ʟ'ʻʜʥʘʥʥʷ ʤʽʢʨʦ- ʽ ʤʝʟʦʧʦʨ) ʟʘʧʦʙʽʛʘʶʪʴ 

ʜʝʟʘʢʪʠʚʘʮʽʾ ʢʘʪʘʣʽʟʘʪʦʨʘ ʚʥʘʩʣʽʜʦʢ ʧʦʣʽʧʰʝʥʥʷ ʤʘʩʦʧʝʨʝʥʦʩʫ ʧʨʝʢʫʨʩʦʨʽʚ 

ʢʦʢʩʫ ʟ ʤʽʢʨʦʧʦʨ ʥʘ ʟʦʚʥʽʰʥʶ ʧʦʚʝʨʭʥʶ. ʇʦʜʽʙʥʝ ʚʽʜʤʽʯʝʥʦ ʽ ʜʣʷ ʽʥʰʠʭ ʨʝʘʢʮʽʡ 

(ʟʦʢʨʝʤʘ ʘʨʦʤʘʪʠʟʘʮʽʾ ʪʘ ʽʟʦʤʝʨʠʟʘʮʽʾ ʛʝʢʩʝʥʫ-1) [73]. ɺʽʜʟʥʘʯʝʥʦ ʽʩʪʦʪʥʠʡ 

ʚʧʣʠʚ ʪʠʧʫ ʤʝʟʦʧʦʨʠʩʪʦʩʪʽ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʘʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʽʻʨʘʨʭʽʯʥʦ ʧʦʨʠʩʪʠʭ 

ʮʝʦʣʽʪʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʚ ʨʝʘʢʮʽʾ ʢʦʥʚʝʨʩʽʾ ʤʝʪʘʥʦʣʫ ʚ ʚʫʛʣʝʚʦʜʥʽ [74]. ɹʽʣʴʰʽ 

ʪʨʠʚʘʣʦʩʪʽ ʞʠʪʪʷ ʧʨʦʷʚʣʷʶʪʴ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʤʘʁʪʴ ʚʽʜʢʨʠʪ ̔ ʪʘ ʩʧʦʣʫʯʝʥ ̔

ʤʝʟʦʧʦʨʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʝʚʝʣʠʢʠʭ ʧʣʷʰʢʦʧʦʜʽʙʥʠʭ ʤʝʟʦʧʦʨ.   

ɿʘʟʥʘʯʝʥʽ ʬʘʢʪʦʨʠ ʟʫʤʦʚʣʶʶʪʴ ʚʠʩʦʢʫ ʘʢʪʠʚʥʽʩʪʴ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʮʝʦʣʽʪʽʚ ʫ ʨʝʘʢʮʽʾ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʢʨʝʢʽʥʛʫ ʥʘʬʪʦʚʠʭ ʬʨʘʢʮʽʡ ʽ ʢʦʥʚʝʨʩʽʾ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʛʽʜʨʦʢʨʝʢʽʥʛʫ, ʨʠʬʦʨʤʽʥʛʫ ʪʘ ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ ʥʘʬʪʦʧʝʨʝʨʦʙʢʠ 

[68, 75]. ɺ ʧʨʦʮʝʩʘʭ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʢʨʝʢʽʥʛʫ ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ ʧʨʦʷʚʣʷʶʪʴ ʥʝ 
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ʪʽʣʴʢʠ ʚʠʱʫ ʘʢʪʠʚʥʽʩʪʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʽʾ ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʥʽʞ ʪʨʘʜʠʮʽʡʥʽ 

ʤʽʢʨʦʧʦʨʠʩʪʽ ʮʝʦʣʽʪʠ, ʘ ʡ, ʱʦ ʚʘʞʣʠʚʽʰʝ, ʚʠʩʦʢʫ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʮʽʣʴʦʚʠʤʠ 

ʧʨʦʜʫʢʪʘʤʠ. ʂʘʪʘʣʽʟʘʪʦʨʠ ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ 

HZSM-5/AlMCM-41, ʝʬʝʢʪʠʚʥʽ ʚ ʧʨʦʮʝʩʽ ʧʽʨʦʣʽʟʫ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʶ (VGO) 

[76] ʽ ʜʦʟʚʦʣʷʶʪʴ ʦʜʝʨʞʫʚʘʪʠ ʧʨʦʜʫʢʪʠ ʉ3ïʉ5 (ʟʨʽʜʞʝʥʠʡ ʥʘʬʪʦʚʠʡ ʛʘʟ) ʽ 

ʩʝʨʝʜʥʽ ʜʠʩʪʠʣʷʪʠ, ʚ ʦʩʥʦʚʥʦʤʫ, ʉ6ïʉ10 (ʛʘʟʦʣʽʥ) ʽ ʉ11ïʉ16 (ʜʠʟʝʣʴ), ʪʦʜʽ ʷʢ 

ʨʝʟʫʣʴʪʘʪʦʤ ʥʝʢʘʪʘʣʽʪʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʚʫʛʣʝʚʦʜʥʽ ʉ17ïC43.   

ʄʝʟʦʧʦʨʠʩʪʽ ʮʝʦʣʽʪʠ ʤʦʞʫʪʴ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʽ ʚ ʙʘʛʘʪʴʦʭ 

ʽʥʰʠʭ ʨʝʘʢʮʽʷʭ, ʪʘʢʠʭ ʷʢ ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ ɹʝʢʤʘʥʘ [77], ʢʘʪʘʣʽʪʠʯʥʝ ʦʢʠʩʥʝʥʥʷ 

ʣʝʪʢʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ (ʘʣʢʝʥʚ̔, ʢʝʪʦʥʽʚ ʪʘ ʽʥ.), ʢʘʪʘʣʽʪʠʯʥʘ 

ʮʠʢʣʦʜʝʛʽʜʨʘʪʘʮʽʷ ʢʩʠʣʦʟʠ ʜʦ ʬʫʨʬʫʨʦʣʫ [78], ʛʘʟʦʬʘʟʥʘ ʜʝʛʽʜʨʘʪʘʮʽʷ ʛʣʽʮʝʨʠʥʫ 

[79], ʜʝʛʽʜʨʘʪʘʮʽʷ ʤʝʪʘʥʦʣʫ ʟ ʦʪʨʠʤʘʥʥʷʤ ʜʠʤʝʪʠʣʦʚʦʛʦ ʝʬʽʨʫ [80], ʨʦʟʢʣʘʜ ʽ 

ʚʽʜʥʦʚʣʝʥʥʷ N2O ʤʦʥʦʦʢʩʠʜʦʤ ʚʫʛʣʝʮʶ (ʥʘʥʦʨʦʟʤʽʨʥʠʡ ʮʝʦʣʽʪ ɺɽɸ, 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʟʘʣʽʟʦʤ) [81], ʦʣʽʛʦʤʝʨʠʟʘʮʽʷ Ŭ-ʤʝʪʠʣʩʪʠʨʦʣʫ ʽ ʦʢʪʝʥʫ-1 [82], 

ʨʝʘʢʮʽʾ ʪʦʥʢʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ (ʨʝʘʢʮʽʾ ɼʽʣʴʩʘ-ɸʣʴʜʝʨʘ, ʦʢʠʩʥʝʥʥʷ ʟʘ 

ɹʘʡʻʨʦʤ-ɺʽʣʣʽʛʝʨʦʤ, ʛʽʜʨʦʢʩʠʘʣʢʽʣʫʚʘʥʥʷ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ, ʽʟʦʤʝʨʠʟʘʮʽʷ ʽ 

ʽʥ.) [83].    

ɼʦʮʽʣʴʥʝ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʷʢ ʥʦʩʽʾʚ ʫ ʨʽʟʥʠʭ ʢʘʪʘʣʽʪʠʯʥʠʭ ʧʨʦʮʝʩʘʭ: ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʽ ɺɽɸ ʟ ʥʘʥʝʩʝʥʠʤʠ 

ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʧʘʣʘʜʽʶ ʚ ʨʝʘʢʮʽʷʭ ʛʽʜʨʫʚʘʥʥʷ ʧʽʨʝʥʫ [84] ʽ ʥʘʬʪʘʣʽʥʫ [85], 

ʛʣʠʙʦʢʦʛʦ ʛʽʜʨʦʜʝʩʫʣʴʬʫʚʘʥʥʷ [86], ZSM-5 [87] ʽ ɺɽɸ [88] ʟ ʥʘʥʝʩʝʥʠʤʠ 

ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʨʫʪʝʥʽʶ ʚ ʩʠʥʪʝʟʽ ʌʽʰʝʨʘ-ʊʨʦʧʰʘ ʽ ʽʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ ʣʽʪʝʨʘʪʫʨʠ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʪʽʣʴʢʠ 

ʜʝʷʢʠʭ ʧʠʪʘʥʴ ʽ ʘʩʧʝʢʪʽʚ ʭʽʤʽʾ ʮʝʦʣʽʪʽʚ ʽ ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʪ, 

ʩʚʽʜʯʠʪʴ, ʱʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʝ ʯʠʩʣʦ ʨʦʙʽʪ ʽ ʦʯʝʚʠʜʥʽ ʫʩʧʽʭʠ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʫʤʦʚ ʩʠʥʪʝʟʫ, ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʠʭ ʦʙʣʘʩʪʝʡ ʽ ʩʧʦʩʦʙʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʘʣʠʰʘʶʪʴʩʷ 

ʘʢʪʫʘʣʴʥʠʤʠ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ. ʎʝ ʦʜʥʘʢʦʚʦʶ ʤʽʨʦʶ ʚʽʜʥʦʩʠʪʴʩʷ ʷʢ ʜʦ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʘʜʩʦʨʙʮʽʾ ʽ ʢʘʪʘʣʽʟʫ, ʪʘʢ ʽ ʜʦ ʧʨʠʢʣʘʜʥʠʭ 
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ʨʦʟʨʦʙʦʢ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ, ʧʝʨʝʚʘʞʥʦ, ʪʦʥʢʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʪʘ ʥʘʬʪʦʭʽʤʽʾ, 

ʟʘʚʜʷʢʠ ʰʠʨʦʢʠʤ ʤʦʞʣʠʚʦʩʪʷʤ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʽ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʚʘʨʽʶʚʘʥʥʷʤ 

ʩʪʨʫʢʪʫʨʠ, ʧʦʨʠʩʪʦʩʪʽ, ʨʦʟʤʽʨʫ ʽ ʬʦʨʤʠ ʯʘʩʪʠʥʦʢ, ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʧʦʚʝʨʭʥʽ, 

ʟʦʢʨʝʤʘ, ʢʠʩʣʦʪʥʦʩʪʽ ʪʦʱʦ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʫʜʦʩʢʦʥʘʣʠʪʠ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʽʩʥʫʶʯʽ ʪʘ ʩʪʚʦʨʠʪʠ ʥʦʚʽ ʩʧʦʩʦʙʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚ ʘʜʩʦʨʙʮʽ,ʾ ʨʦʟʜʽʣʝʥʥ,̔ ʢʠʩʣʦʪʥʦʤʫ ʢʘʪʘʣʽʟ.̔   

 

1.2. ʄʘʪʨʠʯʥʠʡ ʽ ʦʙôʻʤʥʠʡ ʩʠʥʪʝʟ, ʘʢʪʠʚʘʮʽʷ ʪʘ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʷ 

ʥʘʥʦʧʦʨʠʩʪʠʭ ʚʫʛʣʝʮʝʚʠʭ ʘʜʩʦʨʙʝʥʪʽʚ 

 

ʇʦʨʠʩʪʽ ʚʫʛʣʝʮʝʚʽ ʤʘʪʝʨʽʘʣʠ ʧʨʠʚʘʙʣʶʶʪʴ ʷʢ ʽʥʬʦʨʤʘʪʠʚʥʽ ʦʙôʻʢʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ï ʩʘʤʽ ʧʦ ʩʦʙʽ, ʘ ʪʘʢʦʞ ʜʣʷ ʘʥʘʣʽʟʫ-ʧʦʨʽʚʥʷʥʥʷ ʟ ʤʘʪʝʨʽʘʣʘʤʠ ʽʥʰʦʾ 

ʧʨʠʨʦʜʠ. ɺʦʥʠ ʤʘʶʪʴ ʪʘʢʦʞ ʚʘʞʣʠʚʝ ʽ ʙʝʟʧʝʨʝʯʥʝ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʫ ʟʚ'ʷʟʢʫ 

ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷʤʠ ʚ ʧʨʦʮʝʩʘʭ ʘʜʩʦʨʙʮʽʾ, ʟʦʢʨʝʤʘ ʦʯʠʱʝʥʥʷ 

ʚʦʜʠ, ʧʦʚʽʪʨʷ ʽ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʨʝʯʦʚʠʥ, ʷʢ ʥʦʩʽʾʚ ʽ ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʢʦʤʧʦʥʝʥʪʽʚ 

ʝʣʝʢʪʨʦʜʽʚ ʪʦʱʦ, ʘ ʪʘʢʦʞ ʚ ʤʝʜʠʮʠʥʽ ï ʷʢ ʝʥʪʝʨʦ- ʽ ʛʝʤʦʩʦʨʙʝʥʪʠ. ʐʠʨʦʢʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʠʩʪʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʫʤʦʚʣʝʥʝ ʾʭ ʭʘʨʘʢʪʝʨʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʟʦʢʨʝʤʘ, ʛʽʜʨʦʬʦʙʥʽʩʪʶ, ʚʠʩʦʢʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ, ʚʝʣʠʢʠʤ 

ʦʙôʻʤʦʤ ʧʦʨ, ʨʘʟʦʤ ʟ ʪʠʤ ʧʝʚʥʦʶ ʭʽʤʽʯʥʦʶ ʽʥʝʨʪʥʽʩʪʶ, ʚʠʩʦʢʦʶ ʪʝʨʤʽʯʥʦʶ 

ʩʪʘʙʽʣʴʥʽʩʪʶ ʽ ʤʝʭʘʥʽʯʥʦʶ ʤʽʮʥʽʩʪʶ ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʧʨʦʩʪʦʪʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘ 

ʥʠʟʴʢʽʡ ʚʘʨʪʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ [89]. ɹʽʣʴʰʽʩʪʴ ʧʦʨʠʩʪʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʤʘʶʪʴ ʥʝʦʜʥʦʨʽʜʥʫ ʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ, ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ï ʧʝʨʝʚʘʞʥʦ 

ʤʽʢʨʦʧʦʨʠʩʪʫ, ʷʢʘ ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʙʘʛʘʪʴʦʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʧʨʦʮʝʩʘʤʠ ʧʦʛʣʠʥʘʥʥʷ, ʚʠʜʽʣʝʥʥʷ-ʨʦʟʜʽʣʝʥʥʷ ʽ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʨʝʯʦʚʠʥ ʟ ʥʝʚʝʣʠʢʠʤʠ  ʟʘ ʨʦʟʤʽʨʦʤ ʤʦʣʝʢʫʣʘʤʠ [90]. ʊʠʤ ʥʝ ʤʝʥʰ, ʽʩʥʫʻ ʨʷʜ 

ʽʥʰʠʭ ʧʦʪʝʥʮʽʡʥʠʭ ʛʘʣʫʟʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚ ʷʢʠʭ 

ʙʘʞʘʥʦʶ, ʥʘʚʽʪʴ ʥʝʦʙʭʽʜʥʦʶ, ʻ ʥʘʷʚʥʽʩʪʴ ʤʝʟʦʧʦʨ, ʽʥʦʜʽ ʤʘʢʨʦʧʦʨ, ʥʘʧʨʠʢʣʘʜ, 

ʘʜʩʦʨʙʮʽʷ ʚʝʣʠʢʠʭ ʤʦʣʝʢʫʣ ʛʽʜʨʦʬʦʙʥʠʭ ʨʝʯʦʚʠʥ, ʪʘʢʠʭ ʷʢ ʚʽʪʘʤʽʥʠ, ʙʘʨʚʥʠʢʠ ʽ 

ʧʦʣʽʤʝʨʠ, ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʝ ʨʦʟʜʽʣʝʥʥʷ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ 
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ʢʦʥʜʝʥʩʘʪʦʨʘʭ [90]. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʩʧʦʩʦʙʽʚ ʦʜʝʨʞʘʥʥʷ ʤʝʟʦ- ʪʘ ʤʘʢʨʦʧʦʨʠʩʪʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢ ʽ ʤʽʢʨʦʧʦʨʠʩʪʠʭ, ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʟ 

ʥʘʫʢʦʚʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʘʣʝ ʽ ʚ ʟʚôʷʟʢʫ ʟ ʧʨʘʢʪʠʯʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ. 

ɺ ʥʘʚʝʜʝʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʜʝʷʢʽ ʟ ʚʽʜʦʤʠʭ ʽ ʥʦʚʽ ʤʝʪʦʜʠ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʩʠʥʪʝʟʫ ʥʘʥʦʧʦʨʠʩʪʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʧʦʩʦʙʠ ʾʭ ʘʢʪʠʚʘʮʽʾ 

ʪʘ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʜʩʦʨʙʮʽʾ, ʢʘʪʘʣʽʟʽ ʪʦʱʦ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʤʘʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʧʦʨʠʩʪʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʤʝʟʦʧʦʨʠʩʪʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ɺʄ) ʤʘʻ ʚʘʞʣʠʚʝ  ʥʘʫʢʦʚʝ ʽ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʽ, ʚʣʘʩʥʝ, ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʟʥʘʡʪʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ [91]. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ, ʫ ʟʚôʷʟʢʫ ʟ ʨʦʟʚʠʪʢʦʤ ʥʦʚʠʭ ʩʧʦʩʦʙʽʚ ʦʜʝʨʞʘʥʥʷ, ʚ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ ʙʽʣʴʰʝ ʩʭʦʞʠʭ ʥʘ ʢʦʥʩʪʨʫʶʚʘʥʥʷ, ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʜʽʦʢʩʠʜʫ 

ʢʨʝʤʥʽʶ, ʟʦʢʨʝʤʘ ʪʘʢʠʭ ʷʢ ʤʝʟʦʧʦʨʠʩʪʽ ʤʦʣʝʢʫʣʷʨʥʽ ʩʠʪʘ (ʄʄʉ) ʪʠʧʫ ʄʉʄ-41, 

SBA-15 ʪʦʱʦ, ʙʽʣʴʰʝ ʫʚʘʛʠ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʧʦʰʫʢʫ ʽ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ 

ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʦʜʝʨʞʘʥʥʷ ʤʝʟʦʧʦʨʠʩʪʠʭ ɺʄ ʟ ʧʨʠʚʘʙʣʠʚʠʤʠ ʟ ʧʨʘʢʪʠʯʥʦʾ 

ʪʦʯʢʠ ʟʦʨʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [92, 93]. 

ʄʘʪʨʠʯʥʠʡ (ʝʢʟʦʪʝʤʧʣʘʪʥʠʡ) ʩʠʥʪʝʟ ʷʚʣʷʻ ʩʦʙʦʶ ʦʜʝʨʞʘʥʥʷ ʨʝʧʣʽʢʠ, ʱʦ 

ʟ ʪʽʻʶ ʯʠ ʽʥʰʦʶ ʤʽʨʦʶ ʧʦʜʽʙʥʦʩʪʽ ʚʽʜʪʚʦʨʶʻ ʦʙʝʨʥʝʥʫ ʩʪʨʫʢʪʫʨʫ ʚʠʭʽʜʥʦʾ 

ʤʘʪʨʠʮʽ: ʧʫʩʪʦʪʠ ʤʘʪʨʠʮʽ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʚʫʛʣʝʮʝʚʠʡ ʢʘʨʢʘʩ, ʘ ʚʠʜʘʣʝʥʘ 

ʨʝʯʦʚʠʥʘ ʢʘʨʢʘʩʫ, ʥʘʚʧʘʢʠ, ʟʘʣʠʰʘʻ ʚʽʣʴʥʠʡ ʦʙôʻʤ, ʪʦʙʪʦ ʧʦʨʠ, ʢʘʥʘʣʠ [89, 94]. 

ʗʢ ʤʘʪʨʠʮʽ (ʞʦʨʩʪʢʽ ʪʝʤʧʣʘʪʠ) ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʚʫʛʣʝʮʶ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʨʽʟʥʽ ʢʨʝʤʥʝʟʝʤʥʽ ʪʘ ʘʣʶʤʦʩʠʣʽʢʘʪʥʽ ʤʝʟʦʧʦʨʠʩʪʽ ʤʘʪʝʨʽʘʣʠ, 

ʟʦʢʨʝʤʘ ʄʄʉ ʪʠʧʫ ʄʉʄ-48, SBA-15, HMS, MSU, ʘ ʪʘʢʦʞ ʤʝʟʦʧʦʨʠʩʪʽ ʧʽʥʠ 

ʢʦʤʽʨʯʘʩʪʦʾ ʙʫʜʦʚʠ (MCF). ʆʜʥʘʢ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʤʝʪʦʜʫ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʦʪʨʽʙʥʘ ʧʦʨʽʚʥʷʥʦ ʩʢʣʘʜʥʘ ʧʨʦʮʝʜʫʨʘ, ʪʦʙʪʦ ʜʦʜʘʪʢʦʚʠʡ ʝʪʘʧ ʧʽʜʛʦʪʦʚʢʠ 

ʢʨʝʤʥʝʟʝʤʥʦʾ ʤʘʪʨʠʮʽ, ʘ ʪʘʢʦʞ ʧʨʦʩʦʯʝʥʥʷ ʝʢʟʦʪʝʤʧʣʘʪʫ ʚʫʛʣʝʮʝʚʠʤ 

ʧʨʝʢʫʨʩʦʨʦʤ ʜʦ ʩʪʘʜʽʾ ʢʘʨʙʦʥʽʟʘʮʽʾ [95]. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʙʘʛʘʪʦ ʩʧʨʦʙ ʽ ʟʫʩʠʣʴ 

ʙʫʣʦ ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʧʨʦʩʪʠʭ ʽ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ 

ʤʝʟʦʧʦʨʠʩʪʠʭ ʚʫʛʣʝʮʝʚʠʭ ʨʝʯʦʚʠʥ ʽ ʤʘʪʝʨʽʘʣʽʚ. ɿʦʢʨʝʤʘ, ʧʦʚʽʜʦʤʣʷʣʦʩʷ ʧʨʦ 
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ʧʨʷʤʠʡ ʤʝʪʦʜ ʤʘʪʨʠʯʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʚʽʞʦʩʠʥʪʝʟʦʚʘʥʠʭ 

ʤʝʟʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʢʨʝʤʥʝʟʝʤʽʚ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʪʠʧʽʚ ʄʉʄ-48, SBA-15 ʽ MCF) 

ʜʣʷ ʩʠʥʪʝʟʫ ʦʜʥʦʨʽʜʥʠʭ ʤʝʟʦʧʦʨʠʩʪʠʭ ʚʫʛʣʝʮʝʚʠʭ ʩʪʨʫʢʪʫʨ [96]. ʇʦʚʝʨʭʥʝʚʦ-

ʘʢʪʠʚʥʘ ʨʝʯʦʚʠʥʘ, ʱʦ ʟʘʧʦʚʥʶʻ ʾʭ ʤʝʟʦʧʦʨʠ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʷʢ ʚʫʛʣʝʮʝʚʠʡ ʧʨʝʢʫʨʩʦʨ. ɼʝʷʢʽ ʚʠʜʠ ʤʝʟʦʧʦʨʠʩʪʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʤ ʩʪʫʧʝʥʝʤ ʧʨʦʩʪʦʨʦʚʦʾ ʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʙʫʣʠ ʪʘʢʦʞ ʦʪʨʠʤʘʥʽ 

ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ ʪʘʢ ʟʚʘʥʦʛʦ ʧʨʷʤʦʛʦ ʩʠʥʪʝʟʫ [97]. ʅʘʧʨʠʢʣʘʜ, ʦʜʝʨʞʘʥʦ 

ʧʦʨʠʩʪʽ ʚʫʛʣʝʮʝʚʽ ʟʨʘʟʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʩʪʦʛʦ ʟʦʣʴ-ʛʝʣʴ ʧʨʦʮʝʩʫ ʟ ʊɽʆS ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʬʫʨʬʫʨʠʣʦʚʦʛʦ ʩʧʠʨʪʫ [98]. ʊʘʢʦʞ ʩʠʥʪʝʟʦʚʘʥʦ ɺʄ ʟ 

ʤʝʟʦʢʦʤʽʨʯʘʩʪʦʶ ʧʽʥʦʧʦʜʽʙʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʤʝʪʦʜʦʤ ʧʨʷʤʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ 

ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʩʢʣʘʜʫ ʧʦʣʽʤʝʨ/ʢʨʝʤʥʝʟʝʤ/ʉʊɸɺ [99]. ʂʨʽʤ ʪʦʛʦ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʣʦʾʜʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʘʙʦ ʘʛʨʝʛʘʪʽʚ ʢʦʣʦʾʜʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʷʢ 

ʤʘʪʨʠʮʴ ʩʠʥʪʝʟʦʚʘʥʦ ʟʨʘʟʢʠ ʤʝʟʦʧʦʨʠʩʪʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʽʜʥʦʩʥʦ 

ʚʝʣʠʢʠʤ ʨʦʟʤʽʨʦʤ ʧʦʨ ʪʘ/ʘʙʦ ʙʽʤʦʜʘʣʴʥʦʶ ʧʦʨʠʩʪʽʩʪʶ [100]. ɿʚʘʞʘʶʯʠ ʥʘ 

ʧʨʦʩʪʦʨʦʚʫ ʥʝʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʪʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʧʦʨʠʩʪʦʩʪʽ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʤʝʪʦʜʦʤ ʦʙôʻʤʥʦʾ (ʥʝʤʘʪʨʠʯʥʦʾ) ʢʘʨʙʦʥʽʟʘʮʽʾ, 

ʤʘʪʨʠʯʥʠʡ ʩʠʥʪʝʟ ʚʠʜʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʦʜʠʪʠ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʧʨʦʮʝʩ ʦʜʝʨʞʘʥʥʷ ʥʘʥʦʧʦʨʠʩʪʠʭ ɺʄ ʽʟ 

ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʽ ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ɺʄ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʪʝʤʧʣʘʪ, ʱʦ ʩʧʨʷʤʦʚʫʚʘʪʠʤʝ ʽ ʧʝʚʥʠʤ ʯʠʥʦʤ ʚʠʟʥʘʯʘʪʠʤʝ ʫʪʚʦʨʝʥʥʷ ʧʦʨ ʚ 

ʧʨʦʮʝʩʽ ʢʘʨʙʦʥʽʟʘʮʽʾ. ʉʧʦʩʽʙ ʪʝʤʧʣʘʪʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ ɺʄ ʟ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ ʪʘ ʚʽʜʥʦʩʥʦ ʚʫʟʴʢʠʤ ʨʦʟʧʦʜʽʣʦʤ ʧʦʨ ʟʘ 

ʨʦʟʤʽʨʘʤʠ [101]. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʪʝʤʧʣʘʪʥʘ ʢʘʨʙʦʥʽʟʘʮʽʷ ʧʨʠʚʝʨʪʘʻ ʫʚʘʛʫ ʜʣʷ 

ʩʠʥʪʝʟʫ ʩʘʤʝ ʧʨʦʩʪʦʨʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʩʪʨʫʢʪʫʨ. ɿʘʟʚʠʯʘʡ, ʷʢ 

ʬʦʨʤʠ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʪʠʧʠ 

ʪʝʤʧʣʘʪʽʚ ï ʤ'ʷʢʽ ʘʙʦ ʞʦʨʩʪʢʽ. ʄʝʪʦʜ ʢʘʨʙʦʥʽʟʘʮʽʾ ʚ ʞʦʨʩʪʢʦʤʫ ʪʝʤʧʣʘʪʽ (ʘʙʦ 

ʤʘʪʨʠʯʥʘ ʢʘʨʙʦʥʽʟʘʮʽʷ), ʷʢ ʧʨʘʚʠʣʦ, ʚʢʣʶʯʘʻ ʪʘʢʽ ʝʪʘʧʠ (ʨʠʩ. 1.2): (1) 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʤʘʪʨʠʮʽ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʧʦʨʠʩʪʽʩʪʶ; (2) ʚʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ 
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ʚʫʛʣʝʮʝʚʦʛʦ ʧʨʝʢʫʨʩʦʨʫ ʚ ʧʦʨʠ ʪʝʤʧʣʘʪʫ ʰʣʷʭʦʤ ʤʦʢʨʦʛʦ ʧʨʦʩʦʯʝʥʥʷ, 

ʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ (CVD) ʘʙʦ ʢʦʤʙʽʥʘʮʽʻʶ ʦʙʦʭ ʤʝʪʦʜʽʚ; (3) 

ʧʦʣʽʤʝʨʠʟʘʮʽʶ ʪʘ ʢʘʨʙʦʥʽʟʘʮʽʶ ʚʫʛʣʝʮʝʚʦʛʦ ʧʨʝʢʫʨʩʦʨʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʦʨʛʘʥʦ-

ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʢʦʤʧʦʟʠʪʫ ʽ (4) ʚʠʜʘʣʝʥʥʷ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʪʝʤʧʣʘʪʫ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʧʦʨʠʩʪʦʛʦ ɺʄ. ʇʽʩʣʷ ʮʽʻʾ ʧʨʦʮʝʜʫʨʠ ʚʫʛʣʝʮʴ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ 

ʧʦʨʘʭ ʪʝʤʧʣʘʪʫ, ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʥʝʧʝʨʝʨʚʥʠʡ ʚʫʛʣʝʮʝʚʠʡ ʢʘʨʢʘʩ, ʪʦʜʽ ʷʢ 

ʧʨʦʩʪʽʨ, ʷʢʠʡ ʟʘʡʤʘʻ ʚʠʭʽʜʥʠʡ ʪʝʤʧʣʘʪ, ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʧʦʨʠ ʢʽʥʮʝʚʦʛʦ ʟʨʘʟʢʘ 

ʚʫʛʣʝʮʶ. ɾʦʨʩʪʢʽ ʪʝʤʧʣʘʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʪʝʨʤʽʯʥʦ ʩʪʘʙʽʣʴʥʠʤʠ, ʭʽʤʽʯʥʦ 

ʽʥʝʨʪʥʠʤʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʫʛʣʝʮʝʚʠʭ ʧʨʝʢʫʨʩʦʨʽʚ ʽ ʟʜʘʪʥʠʤʠ ʚʠʜʘʣʷʪʠʩʷ 

ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʯʠʩʪʦʾ ʚʫʛʣʝʮʝʚʦʾ ʩʪʨʫʢʪʫʨʠ. ʇʨʦʩʪʦʨʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʽ 

ʥʝʦʨʛʘʥʽʯʥʽ ʧʦʨʠʩʪʽ ʪʚʝʨʜʽ ʪʽʣʘ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʞʦʨʩʪʢʽ 

ʪʝʤʧʣʘʪʠ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʤʽʨ ʽ ʬʦʨʤʘ ʧʦʨ ʚ ʢʽʥʮʝʚʠʭ ʧʦʨʠʩʪʠʭ ɺʄ  ʥʝ 

ʟʘʚʞʜʠ ʪʦʯʥʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʦʚʱʠʥʽ ʪʘ ʛʝʦʤʝʪʨʽʾ ʩʪʽʥʢʠ ʚʠʭʽʜʥʦʾ ʤʘʪʨʠʮʽ, 

ʦʩʢʽʣʴʢʠ ʚ ʧʨʦʮʝʩʽ ʢʘʨʙʦʥʽʟʘʮʽʾ, ʷʢʘ ʟʘʟʚʠʯʘʡ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʷʢʝ ʩʪʠʩʥʝʥʥʷ ʢʘʨʢʘʩʫ. 

 

 

ʈʠʩʫʥʦʢ 1.2 ï  ʉʭʝʤʘ ʤʘʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʧʦʨʠʩʪʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʩʧʦʩʽʙ ʤ'ʷʢʦʛʦ ʪʝʤʧʣʘʪʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʚʟʘʻʤʦʜʽʶ ʤʽʞ 

ʩʪʨʫʢʪʫʨʥʦ-ʩʧʨʷʤʦʚʫʶʯʠʤʠ ʘʛʝʥʪʘʤʠ (ʷʢ ʧʨʘʚʠʣʦ, ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ ʘʙʦ ʩʧʽʚʧʦʣʽʤʝʨʘʤʠ) ʪʘ ʯʘʩʪʠʥʢʘʤʠ ʦʨʛʘʥʽʯʥʦʛʦ ʧʨʝʢʫʨʩʦʨʫ ʚ 

ʨʦʟʯʠʥʽ. ʊʠʤ ʥʝ ʤʝʥʰ, ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʥʝʙʘʛʘʪʦ ʧʨʠʢʣʘʜʽʚ ʫʩʧʽʰʥʦʛʦ ʩʠʥʪʝʟʫ 

ʧʦʨʠʩʪʠʭ ɺʄ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʤ'ʷʢʦʛʦ ʪʝʤʧʣʘʪʫʚʘʥʥʷ [102]. ʊʘʢʝ 

ʪʝʤʧʣʘʪʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʦʜʝʨʞʘʥʥʷ ʧʦʨʠʩʪʦʛʦ ʚʫʛʣʝʮʶ ʤʦʞʝ ʚʚʘʞʘʪʠʩʷ 

ʝʥʜʦʪʝʤʧʣʘʪʫʚʘʥʥʷʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʪʝʤʧʣʘʪʫʶʯʽ ʯʘʩʪʠʥʢʠ, ʜʦʜʘʥʽ ʜʦ 
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ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ, ʧʽʜʜʘʶʪʴʩʷ ʦʢʣʶʟʽʾ ʚ ʚʫʛʣʝʮʝʚʦʤʫ ʢʘʨʢʘʩʽ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ, 

ʪʘ ʛʝʥʝʨʫʶʪʴ ʩʠʩʪʝʤʫ ʧʦʨ ʫ ʚʫʛʣʝʮʽ ʧʽʩʣʷ ʾʭ ʚʠʜʘʣʝʥʥʷ [102, 103]. ʎʝʡ ʧʨʦʮʝʩ ʻ 

ʧʨʦʪʠʣʝʞʥʠʤ ʜʦ ʝʢʟʦʪʝʤʧʣʘʪʫʚʘʥʥʷ, ʜʝ ʪʝʤʧʣʘʪʘʤʠ (ʤʘʪʨʠʮʷʤʠ) ʻ ʤʘʪʝʨʽʘʣʠ ʟʽ 

ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʦʨʘʤʠ, ʚ ʷʢʠʭ ʬʦʨʤʫʻʪʴʩʷ ʚʫʛʣʝʮʝʚʠʡ ʢʘʨʢʘʩ. 

ɺʧʝʨʰʝ ʧʨʦ ʤʝʪʦʜ ʢʘʨʙʦʥʽʟʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʞʦʨʩʪʢʦʛʦ ʪʝʤʧʣʘʪʫ 

ʧʦʚʽʜʦʤʣʷʣʦʩʴ ʚ ʨʦʙʦʪʽ 1986 ʨ. [104], ʜʝ ʦʧʠʩʘʥʦ ʩʠʥʪʝʟ ʛʨʘʬʽʪʦʚʠʭ ʧʦʨʠʩʪʠʭ 

ɺʄ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʤʝʪʦʜʦʤ ʨʽʜʠʥʥʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ ï ʧʨʦʩʦʯʫʚʘʥʥʷ ʩʬʝʨʠʯʥʠʭ 

ʯʘʩʪʠʥʦʢ ʧʦʨʠʩʪʦʛʦ ʩʠʣʽʢʘʛʝʣʶ ʬʝʥʦʣʴʥʦʶ ʩʤʦʣʦʶ ʟ ʧʦʜʘʣʴʰʦʶ ʢʘʨʙʦʥʽʟʘʮʽʻʶ 

ʽ ʚʠʜʘʣʝʥʥʷʤ ʢʨʝʤʥʝʟʝʤʫ. ɺʽʜ ʮʴʦʛʦ ʧʝʨʰʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʜʘʥʠʡ ʤʝʪʦʜ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʧʦʨʠʩʪʠʭ ɺʄ 

[105, 106].  ɹʝʟʣʽʯ ʥʝʦʨʛʘʥʽʯʥʠʭ ʪʝʤʧʣʘʪʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʮʝʦʣʽʪʠ [107], 

ʤʝʟʦʧʦʨʠʩʪʽ ʢʨʝʤʥʝʟʝʤʠ [92, 108],  ʢʦʣʦʾʜʥʽ ʢʨʠʩʪʘʣʠ [109], ʤʝʤʙʨʘʥʠ ʽʟ 

ʧʦʣʽʩʪʠʨʦʣʫ [110] ʪʘ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʜʣʷ ʩʠʥʪʝʟʫ ʤʽʢʨʦ-, 

ʤʝʟʦ- ʽ ʤʘʢʨʦʧʦʨʠʩʪʠʭ ɺʄ. ɼʣʷ ʩʠʥʪʝʟʫ ʧʨʦʩʪʦʨʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʩʪʨʫʢʪʫʨ ʚʠʢʦʨʠʩʪʘʥʦ ʨʽʟʥʽ ʚʫʛʣʝʮʝʚʽ ʧʨʝʢʫʨʩʦʨʠ, ʟʦʢʨʝʤʘ ʩʘʭʘʨʦʟʫ [103], 

ʬʫʨʬʫʨʠʣʦʚʠʡ ʩʧʠʨʪ [106, 106], ʘʢʨʠʣʦʥʽʪʨʠʣ [107, 111], ʧʨʦʧʽʣʝʥ [107], ʧʽʨʝʥ 

[111],  ʚʽʥʽʣʘʮʝʪʘʪ [111], ʘʮʝʪʦʥʽʪʨʠʣ [112]. ɼʽʡʩʥʦ, ʦʩʪʘʥʥʽ 15-20 ʨʦʢʽʚ 

ʚʽʜʟʥʘʯʠʣʠʩʷ ʰʚʠʜʢʠʤ ʧʨʦʛʨʝʩʦʤ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʪʨʠʯʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʧʦʨʠʩʪʠʭ ɺʄ ʚʽʜ ʤʽʢʨʦ- ʜʦ ʤʝʟʦ- ʽ ʤʘʢʨʦʧʦʨʠʩʪʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʩʪʨʫʢʪʫʨ. ʄʝʪʦʜ ʤʘʪʨʠʯʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ, ʪʘʢʠʤ ʯʠʥʦʤ, 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʧʦʨʠʩʪʠʭ 

ɺʄ ʽʟ ʟʘʜʘʥʠʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʊʦʤʫ ʚʽʥ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʫ ʩʪʚʦʨʝʥʥʽ ʪʘ ʚʠʨʦʙʥʠʮʪʚʽ ʥʦʚʠʭ ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʨʽʟʥʠʭ ʟʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʛʘʣʫʟʷʭ ʪʝʭʥʽʢʠ 

ʽ ʪʝʭʥʦʣʦʛʽʾ. 

ɼʝʢ̔ʣʴʢʘ ʦʛʣʷʜʽʚ ʣʽʪʝʨʘʪʫʨʠ ʦʭʦʧʣʶʶʪʴ ʩʠʥʪʝʟ, ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʨʠʩʪʠʭ, ʦʩʦʙʣʠʚʦ ʤʝʟʦʧʦʨʠʩʪʠʭ ɺʄ [93, 113, 114].  
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ʆʙôʻʤʥʠʡ ʩʠʥʪʝʟ ʪʘ ʘʢʪʠʚʘʮʽʷ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ɽʬʝʢʪʠʚʥʠʤ ʽ ʜʦʩʪʫʧʥʠʤ ʩʧʦʩʦʙʦʤ ʦʜʝʨʞʘʥʥʷ ʚʠʩʦʢʦʧʦʨʠʩʪʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʤʦʞʝ ʙʫʪʠ ʦʙôʻʤʥʘ ʢʘʨʙʦʥʽʟʘʮʽʷ ʜʝʷʢʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʘʢʪʠʚʫʶʯʠʤ ʘʛʝʥʪʦʤ, ʷʢʠʡ ʩʧʨʠʷʪʠʤʝ ʨʦʟʚʠʥʝʥʥʶ 

ʧʦʨʠʩʪʦʩʪʽ ʚʫʛʣʝʮʝʚʦʛʦ ʢʘʨʢʘʩʫ (ʚ ʧʨʦʮʝʩʽ ʩʚʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʫ, ʘʙʦ ʧʽʩʣʷ 

ʨʦʟʯʠʥʝʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ ʫʪʚʦʨʝʥʥʷʤ ʧʫʩʪʦʪ, ʘʙʦ ʚʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ ʟ 

ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʽʜʜʘʻʪʴʩʷ ʪʝʨʤʦʦʙʨʦʙʮʽ). 

ʊʘʢʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʟʜʘʪʥʽ ʣʝʛʢʦ 

ʧʦʣʽʤʝʨʠʟʫʚʘʪʠʩʷ ʘʙʦ ʚʞʝ ʻ ʧʦʣʽʤʝʨʘʤʠ, ʙʘʞʘʥʦ ʨʦʟʛʘʣʫʞʝʥʠʤʠ (ʩʘʭʘʨʦʟʘ, 

ʮʝʣʶʣʦʟʘ, ʣʽʛʥʽʥ ʪʦʱʦ), ʘ ʚ ʨʦʣʽ ʘʢʪʠʚʫʶʯʠʭ ʘʛʝʥʪʽʚ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʭʣʦʨʠʜ 

ʮʠʥʢʫ, ʬʦʩʬʦʨʥʘ ʢʠʩʣʦʪʘ, ʢʘʨʙʦʥʘʪ ʪʘ ʛʽʜʨʦʢʩʠʜ ʢʘʣʽʶ, ʚʦʜʷʥʘ ʧʘʨʘ ʪʘ ʽʥʰʽ. 

ʉʘʤʝ ʪʘʢ ʜʦʩʷʛʥʫʪʦ ʟʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʜʨʦʢʩʠʜʽʚ ʪʘ ʢʘʨʙʦʥʘʪʽʚ 

ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ (ʤʘʪʝʨʽʘʣʠ ʟ ʢʘʤôʷʥʦʛʦ ʪʘ ʜʝʨʝʚʥʦʛʦ ʚʫʛʽʣʣʷ, ʣʽʛʥʦʮʝʣʶʣʦʟʠ 

ʪʦʱʦ) [115], ʘ ʪʘʢʦʞ ʢʘʨʙʦʥʘʪʫ ʢʘʣʽʶ ʚ ʧʨʦʮʝʩʘʭ ʩʠʥʪʝʟʫ ʽ ʧʦʜʘʣʴʰʦʾ 

ʢʘʨʙʦʥʽʟʘʮʽʾ ʬʝʥʦʣ- ʪʘ ʩʝʯʦʚʠʥʦʬʦʨʤʘʣʴʜʝʛʽʜʥʠʭ ʩʤʦʣ [116]. ʄʝʪʦʜʦʤ 

ʢʘʨʙʦʥʽʟʘʮʽʾ ʣʽʛʥʦʮʝʣʶʣʦʟʥʦʾ ʩʠʨʦʚʠʥʠ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʘʢʪʠʚʫʶʯʠʭ ʘʛʝʥʪʽʚ, 

ʪʘʢʠʭ ʷʢ ʬʦʩʬʦʨʥʘ ʢʠʩʣʦʪʘ, ʭʣʦʨʠʜ ʮʠʥʢʫ, ʛʽʜʨʦʢʩʠʜ ʢʘʣʽʶ, ʩʠʥʪʝʟʦʚʘʥʦ 

ʛʨʘʥʫʣʴʦʚʘʥʽ ʚʫʛʣʝʮʝʚʽ ʩʦʨʙʝʥʪʠ ʟ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʘʜʩʦʨʙʮʽʾ, ʟʦʢʨʝʤʘ, 

ʤʝʪʘʥʫ (ʛʫʩʪʠʥʘ ʤʝʪʘʥʫ ʚ ʤʽʢʨʦʧʦʨʘʭ ʜʦʩʷʛʘʻ 0,25 ʛ/ʩʤ
3
 ʧʨʠ 2,5 ʄʈʘ) [117]. 

ʆʧʠʩʘʥʦ ʤʝʪʦʜ [118] ʦʜʝʨʞʘʥʥʷ ʚʠʩʦʢʦʧʦʨʠʩʪʠʭ ɺʄ (Sɹɽʊ ʙʣʠʟʴʢʦ 2700 ʤ
2
/ʛ,  

Vʤʽʢʨʦ å 0,7 ʩʤ
3
/ʛ) ʢʘʨʙʦʥʽʟʘʮʽʻʶ ʜʝʨʝʚʠʥʠ (Paulownia) ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʭʣʦʨʠʜʫ 

ʮʠʥʢʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʭʽʤʽʯʥʦʾ ʘʢʪʠʚʘʮʽʾ ʚʽʜʭʦʜʽʚ ʙʽʦʤʘʩʠ (ʢʦʤʧʦʩʪʫ) ʛʽʜʨʦʢʩʠʜʦʤ 

ʢʘʣʽʶ ʧʨʠ 550 ÜC ʦʜʝʨʞʘʥʦ [119] ʧʦʨʠʩʪʽ ɺʄ, ʩʦʨʙʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ 

ʙʣʠʟʴʢʽ ʜʦ ʧʨʦʤʠʩʣʦʚʠʭ ʘʢʪʠʚʦʚʘʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʘʜʩʦʨʙʝʥʪʽʚ, ʦʜʝʨʞʘʥʠʭ ʟ 

ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ. ʄʝʪʦʜʦʤ ʧʽʨʦʣʽʟʫ ʚʽʜʭʦʜʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʮʝʣʶʣʦʟʫ ʪʘ 

ʛʝʤʽʮʝʣʶʣʦʟʫ, ʟ ʥʘʩʪʫʧʥʦʶ ʘʢʪʠʚʘʮʽʻʶ ʧʨʦʜʫʢʪʽʚ ʢʘʨʙʦʥʽʟʘʮʽʾ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʚʦʜʷʥʦʾ ʧʘʨʠ ʦʜʝʨʞʘʥʦ ʝʬʝʢʪʠʚʥʽ ʤʽʢʨʦʧʦʨʠʩʪʽ ʚʫʛʣʝʮʝʚʽ ʩʦʨʙʝʥʪʠ ʜʣʷ ʟʘʭʠʩʪʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʛʘʟʦʧʦʜʽʙʥʠʭ ʟʘʙʨʫʜʥʠʢʽʚ [120]. ʊʘʢʦʞ 
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ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ [121] ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʧʝʨʝʚʘʞʥʦ ʤʝʟʦʧʦʨʠʩʪʠʭ 

(Vʤʽʢʨʦ+ʤʝʟʦ = 1,0 ʩʤ
3
/ʛ, Sɹɽʊ å 1300 ʤ

2
/ʛ) ʚʫʛʣʝʮʝʚʠʭ ʩʦʨʙʝʥʪʽʚ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʧʽʨʦʣʽʟʫ ʮʝʣʶʣʦʟʠ, ʢʩʠʣʘʥʫ ʪʘ ʣʽʛʥʽʥʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ.  

ɺʠʷʚʣʝʥʦ ʩʠʤʙʘʪʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʧʦʛʣʠʥʘʥʥʷʤ ʤʝʪʘʥʫ ʪʘ 

ʤʽʢʨʦʧʦʨʠʩʪʽʩʪʶ ʭʽʤʽʯʥʦ ʘʢʪʠʚʦʚʘʥʠʭ (ZnCl2 ʪʘ ʅ3ʈʆ4) ɺʄ, ʚʩʪʘʥʦʚʣʝʥʦ 

ʩʫʪʪʻʚʝ ʟʨʦʩʪʘʥʥʷ ʘʜʩʦʨʙʮʽʾ ʤʝʪʘʥʫ ʚ ʚʫʟʴʢʠʭ ʤʽʢʨʦʧʦʨʘʭ (ʤʝʥʰʝ 0,6 ʥʤ), ʧʨʠ 

ʮʴʦʤʫ ʚʧʣʠʚʫ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʧʦʚʝʨʭʥʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ [122].  

ʄʝʪʦʜʦʤ ʧʦʩʣʽʜʦʚʥʦʾ ʘʢʪʠʚʘʮʽʾ ʚʠʭʽʜʥʦʛʦ ʚʫʛʣʝʮʶ ʬʦʩʬʦʨʥʦʶ ʢʠʩʣʦʪʦʶ 

ʪʘ ʛʽʜʨʦʢʩʠʜʦʤ ʢʘʣʽʶ ʜʦʩʷʛʥʫʪʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ ʚʫʛʣʝʮʝʚʦʛʦ 

ʢʘʨʢʘʩʫ [123], ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʛʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʦʜʝʨʞʘʥʠʡ ʤʘʪʝʨʽʘʣ ʧʨʦʷʚʣʷʻ 

ʚʠʩʦʢʫ ʘʜʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʚʦʜʥʶ ʥʘʚʽʪʴ ʧʨʠ ʟʚʠʯʘʡʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ï 0,8 

ʤʘʩ. % ʧʨʠ 298 ʂ ʽ 2ʄʈʘ. ɸʢʪʠʚʘʮʽʻʶ ʛʽʜʨʦʢʩʠʜʦʤ ʢʘʣʽʶ ʚʫʛʣʝʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ 

ʥʘ ʦʩʥʦʚʽ ʩʘʭʘʨʦʟʠ ʦʜʝʨʞʘʥʦ ʧʝʨʝʚʘʞʥʦ ʤʽʢʨʦʧʦʨʠʩʪʽ ʤʘʪʝʨʽʘʣʠ [124] ʟ 

ʚʠʩʦʢʦʶ ʘʜʩʦʨʙʮʽʡʥʦʶ ʻʤʥʽʩʪʶ ʟʘ ʚʦʜʥʝʤ (2,5 ʤʘʩ. %, 1 ʘʪʤ, -196 ÜC), ʧʨʠ 

ʮʴʦʤʫ ʧʦʢʘʟʘʥʦ ʚʠʟʥʘʯʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ ʟʨʘʟʢʽʚ ʚʤʽʩʪʫ 

ʘʢʪʠʚʫʶʯʦʛʦ ʘʛʝʥʪʘ (ʂʆʅ); ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʨʙʦʥʽʟʘʮʽʾ (700ï900 ÜC) ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʧʦʨʠʩʪʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʩʦʨʙʝʥʪʽʚ.  

ɿ ʤʝʪʦʶ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ (ʦʙʨʦʙʢʘ ʅ2ʆ2 ʘʙʦ ʅNʆ3, ʨʝʘʢʮʽʷ ʟ ʘʤʽʘʢʦʤ ʘʙʦ 

ʤʝʣʘʤʽʥʦʤ) ɺʄ ʥʘ ʦʩʥʦʚʽ ʘʮʝʪʘʪʫ ʮʝʣʶʣʦʟʠ ʩʠʥʪʝʟʦʚʘʥʦ ʆ- ʪʘ N-ʚʤʽʩʥʽ 

ʚʫʛʣʝʮʝʚʽ ʘʝʨʦʛʝʣʽ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʤʝʟʦʧʦʨʠʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ, 

ʥʠʟʴʢʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ (160ï300 ʤ
2
/ʛ) ʪʘ ʥʘʷʚʥʽʩʪʶ ʢʠʩʣʦʪʥʠʭ (ʫ ʚʠʧʘʜʢʫ 

ʦʢʠʩʥʶʚʘʣʴʥʠʭ ʦʙʨʦʙʦʢ) ʘʙʦ ʦʩʥʦʚʥʠʭ (ʚʥʘʩʣʽʜʦʢ ʟʙʘʛʘʯʝʥʥʷ ʘʟʦʪʦʤ ʚ ʨʝʘʢʮʽʾ ʟ 

ʘʤʽʘʢʦʤ ʘʙʦ ʤʝʣʘʤʽʥʦʤ) ʛʨʫʧ, ʚʽʜʥʦʩʥʠʡ ʚʤʽʩʪ ʷʢʠʭ ʣʝʛʢʦ ʧʽʜʜʘʻʪʴʩʷ 

ʨʝʛʫʣʶʚʘʥʥʶ [125].  

ɼʣʷ ʩʠʥʪʝʟʫ ʤʝʟʦʧʦʨʠʩʪʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʦʙʠ 

ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʘʮʽʾ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʙʘʣʴʪʫ) [126] ʪʘ ʢʘʨʙʦʥʽʟʘʮʽʾ 

ʧʦʣʽʤʝʨʥʠʭ ʩʫʤʽʰʝʡ [127], ʦʨʛʘʥʽʯʥʠʭ ʛʝʣʽʚ [128], ʘ ʪʘʢʦʞ  ʢʦʣʦʾʜʥʠʡ 

ʽʤʧʨʠʥʪʠʥʛ [97].  
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ɿʘʛʘʣʦʤ, ʤʝʟʦʧʦʨʠʩʪʽ ʚʫʛʣʝʮʝʚʽ ʤʘʪʝʨʽʘʣʠ, ʦʜʝʨʞʘʥʽ ʩʧʦʩʦʙʦʤ 

ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʘʮʽʾ ʪʘ ʢʘʨʙʦʥʽʟʘʮʽʾ, ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʥʝʚʧʦʨʷʜʢʦʚʘʥʫ 

ʩʪʨʫʢʪʫʨʫ ʟ ʰʠʨʦʢʠʤ ʨʦʟʧʦʜʽʣʦʤ ʧʦʨ ʟʘ ʨʦʟʤʽʨʘʤʠ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʧʦʨʠ 

ʚ ʪʘʢʠʭ ʟʨʘʟʢʘʭ ʛʝʥʝʨʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʪʨʘʚʣʝʥʥʷ, ʷʢʠʡ ʩʢʣʘʜʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ, 

ʘʙʦ ʧʨʠ ʚʠʜʽʣʝʥʥʽ ʛʘʟʽʚ ʧʽʜ ʯʘʩ ʢʘʨʙʦʥʽʟʘʮʽʾ ʚʫʛʣʝʮʝʚʠʭ ʧʨʝʢʫʨʩʦʨʽʚ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʦʜʝʨʞʘʥʥʷ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʟʦʪʚʤʽʩʥʠʭ ʥʘʥʦʧʦʨʠʩʪʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, 

ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ (ʟʦʢʨʝʤʘ, ʧʝʨʝʚʘʞʥʦ 

ʦʩʥ·ʚʥʠʭ), ʻ ʟʜʽʡʩʥʝʥʥʷ ʢʘʨʙʦʥʽʟʘʮʽʾ  ʘʟʦʪʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʘʙʦ 

ʩʫʤʽʩʥʘ ʢʘʨʙʦʥʽʟʘʮʽʷ ʦʨʛʘʥʽʯʥʦʾ ʩʧʦʣʫʢʠ, ʱʦ ʥʝ ʤʽʩʪʠʪʴ ʘʟʦʪʫ, ʽʟ ʩʧʦʣʫʢʦʶ, 

ʟʙʘʛʘʯʝʥʦʶ ʘʟʦʪʦʤ. ʊʘʢ, ʚʽʜʦʤʠʡ ʩʠʥʪʝʟ N-ʚʤʽʩʥʠʭ ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʰʣʷʭʦʤ ʢʘʨʙʦʥʽʟʘʮʽʾ ʬʫʨʬʫʨʠʣʦʚʦʛʦ ʩʧʠʨʪʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʤʝʣʘʤʽʥʫ ʚ 

ʢʨʝʤʥʝʟʝʤʥʦʤʫ ʄʄʉ KIT-6 [129]. ʇʦʢʘʟʘʥʦ ʪʘʢʦʞ, ʱʦ ʜʦʧʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ 

ʢʘʨʢʘʩʫ ʛʝʪʝʨʦʘʪʦʤʘʤʠ, ʪʘʢʠʤʠ ʷʢ N ʪʘ O, ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ 

ʻʤʥʦʩʪʽ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʘ, ʷʢʠʤ ʻ ʚʠʩʦʢʦʧʦʨʠʩʪʠʡ ʘʢʪʠʚʦʚʘʥʠʡ ɺʄ [130]. 

ʆʯʝʚʠʜʥʦ, ʧʨʠʩʫʪʥʽʩʪʴ ʛʝʪʝʨʦʘʪʦʤʽʚ ʧʽʜʚʠʱʫʻ ʧʦʣʷʨʥʽʩʪʴ ʚʫʛʣʝʮʝʚʦʾ ʧʦʚʝʨʭʥʽ 

ʪʘ ʟʙʽʣʴʰʫʻ ʾʾ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʝʣʝʢʪʨʦʣʽʪʽʚ. ʊʘʢʦʞ ʚʚʘʞʘʶʪʴ, 

ʱʦ ʛʝʪʝʨʦʘʪʦʤʠ ʛʝʥʝʨʫʶʪʴ ʧʩʝʚʜʦʻʤʥʽʩʪʴ [131].  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʘʢʨʠʣʦʥʽʪʨʠʣʫ ʚ ʄʄʉ ʪʠʧʫ SBA-15 ʪʘ 

ʥʘʩʪʫʧʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʦʜʝʨʞʘʥʦ ʘʟʦʪʚʤʽʩʥʽ ʙʽʧʦʨʠʩʪʽ ʚʫʛʣʝʮʝʚʽ ʩʪʨʫʢʪʫʨʠ 

[108], ʘʣʝ ʩʪʘʥ ʘʟʦʪʫ ʚ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʥʘ ʞʘʣʴ, ʥʝ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ (ʚʤʽʩʪ 

ʘʟʦʪʫ ʩʢʣʘʜʘʻ 4 ï 15 ʤʦʣʴʥʠʭ %). ʗʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ N-ʜʦʧʦʚʘʥʠʡ 

ʚʫʛʣʝʮʴʚʤʽʩʥʠʡ ʧʨʝʢʫʨʩʦʨ ʚʠʢʦʨʠʩʪʘʥʦ ʩʫʤʽʰ ʤʝʣʘʤʽʥ-ʬʦʨʤʘʣʴʜʝʛʽʜ (ʚ ʨʽʟʥʠʭ 

ʧʨʦʧʦʨʮʽʷʭ), ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʦʜʝʨʞʘʥʦ ʘʟʦʪʚʤʽʩʥʽ ʚʫʛʣʝʮʝʚʽ ʟʨʘʟʢʠ (ʚʤʽʩʪ 

ʘʟʦʪʫ ï 6 ʤʘʩ. %), ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰʦʶ ʟʤʦʯʫʚʘʥʽʩʪʶ ʪʘ ʧʨʦʚʽʜʥʽʩʪʶ, 

ʥʽʞ ʧʦʜʽʙʥʽ ɺʄ, ʘ ʪʘʢʦʞ ʤʘʶʪʴ ʚʠʩʦʢʫ ʻʤʥʽʩʪʴ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʧʨʠʜʘʪʥʠʤʠ ʷʢ 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʠ. N-ʚʤʽʩʥʽ ʛʨʫʧʠ, ʧʝʨʝʚʘʞʥʦ ʧʽʨʠʜʠʥʦʚʽ, ʚʚʝʜʝʥʦ ʟ 
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ  ʮʠʢʣʦʪʨʠʤʝʨʠʟʘʮʽʾ ʜʠʝʪʠʥʽʣʧʽʨʠʜʠʥʽʚ ʟ ʨʽʟʥʠʤʠ ʟʘʤʽʩʥʠʢʘʤʠ ʚ 

ʧʦʨʠ ʢʨʝʤʥʝʟʝʤʥʠʭ ʄʄʉ [132].  

ɯʥʰʠʤ ʩʧʦʩʦʙʦʤ ʩʠʥʪʝʟʫ ʝʣʝʤʝʥʪʚʤʽʩʥʠʭ ɺʄ ʻ ʨʦʟʢʣʘʜ ʦʨʛʘʥʽʯʥʦʛʦ 

ʧʨʝʢʫʨʩʦʨʫ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʥʠʢʥʝʥʥʷ ʣʝʪʢʦʛʦ ʧʨʝʢʫʨʩʦʨʫ 

(ʘʮʝʪʦʥʽʪʨʠʣ, ʧʽʨʦʣ)  ʚ ʤʽʢʨʦ- ʘʙʦ ʤʝʟʦʧʦʨʠ ʪʚʝʨʜʦʛʦ ʪʝʤʧʣʘʪʫ (ʮʝʦʣʽʪʫ ʘʙʦ 

ʄʄʉ) [133].   

ʆʧʠʩʘʥʦ [134] ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʦʜʥʦʩʪʘʜʽʡʥʠʡ ʩʧʦʩʽʙ ʩʠʥʪʝʟʫ N-ʚʤʽʩʥʠʭ 

ʧʨʦʩʪʦʨʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʤʝʟʦʧʦʨʠʩʪʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ ʘʟʦʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʮʽʘʥʜʽʘʤʽʜʫ ʷʢ ʜʞʝʨʝʣʘ ʘʟʦʪʫ ʯʝʨʝʟ ʧʨʦʮʝʩ 

ʩʘʤʦʟʙʽʨʢʠ, ʽʥʜʫʢʦʚʘʥʦʾ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ (EISA). ʄʦʣʝʢʫʣʠ ʨʝʟʦʣʫ (ʦʨʛʘʥʽʯʥʠʡ 

ʧʨʝʢʫʨʩʦʨ) ʤʦʞʫʪʴ ʟʚôʷʟʫʚʘʪʠʩʴ ʽʟ ʪʝʤʧʣʘʪʦʤ Pluronic F127 ʪʘ ʜʠʮʽʘʥʜʽʘʤʽʜʦʤ 

ʯʝʨʝʟ ʚʦʜʥʝʚʽ ʟʚ'ʷʟʢʠ ʪʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʫ ʚʟʘʻʤʦʜʽʶ. ʇʽʜ ʯʘʩ ʚʠʪʨʠʤʫʚʘʥʥʷ ʧʨʠ 

100 Áʉ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʬʝʥʦʣʴʥʦʾ ʩʤʦʣʠ ʽ ʧʦʜʘʣʴʰʦʛʦ ʧʽʨʦʣʽʟʫ ʧʨʠ 600 Áʉ ʜʣʷ 

ʢʘʨʙʦʥʽʟʘʮʽʾ, ʜʠʮʽʘʥʜʽʘʤʽʜ ʟʘʙʝʟʧʝʯʫʻ ʱʽʣʴʥʝ ʧʘʢʫʚʘʥʥʷ ʘʪʦʤʽʚ ʘʟʦʪʫ, ʪʦʜʽ ʷʢ 

ʨʝʟʦʣ ʟʜʘʪʥʠʡ ʬʦʨʤʫʚʘʪʠ ʩʪʘʙʽʣʴʥʠʡ ʢʘʨʢʘʩ. ʆʜʝʨʞʘʥʽ N-ʜʦʧʦʚʘʥʽ ʧʨʦʩʪʦʨʦʚʦ 

ʚʧʦʨʷʜʢʦʚʘʥʽ ʤʝʟʦʧʦʨʠʩʪʽ ʚʫʛʣʝʮʝʚʽ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʝʛʫʣʴʦʚʘʥʦʶ 

ʤʝʟʦʩʪʨʫʢʪʫʨʦʶ (ʩʠʤʝʪʨʽʾ p6m ʪʘ Im3m) ʪʘ ʨʦʟʤʽʨʦʤ ʧʦʨ (3,1ï17,6 ʥʤ), ʚʠʩʦʢʦʶ 

ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ (495ï585 ʤ
2
/ʛ), ʘ ʪʘʢʦʞ ʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ N (ʜʦ 13,1 ʤʘʩ. 

%). ɿʘʚʜʷʢʠ ʨʦʟʚʠʥʫʪʽʡ ʧʦʨʠʩʪʦʩʪʽ ʪʘ ʟʥʘʯʥʦʤʫ ʚʤʽʩʪʫ ʘʟʦʪʫ, ʦʜʝʨʞʘʥʽ ʟʨʘʟʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʘʜʩʦʨʙʮʽʡʥʦʶ ʻʤʥʽʩʪʶ ʟʘ ʉʆ2 (2,8ï3,2 ʤʤʦʣʴ/ʛ ʧʨʠ 

298 ʂ ʽ ʪʠʩʢʫ 1,0 ʙʘʨ) ʪʘ ʜʝʤʦʥʩʪʨʫʶʪʴ ʭʦʨʦʰʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʷʢ ʝʣʝʢʪʨʦʜʠ 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʽʚ ʟ ʧʠʪʦʤʠʤʠ ʻʤʥʦʩʪʷʤʠ 262 ʌ/ʛ (ʚ 1 ʄ H2SO4) ʽ 227 ʌ/ʛ (ʚ 6 

ʄ ʂʆʅ) ʧʨʠ ʛʫʩʪʠʥʽ ʩʪʨʫʤʫ 0,2 ɸ/ʛ. 

ɺ ʨʦʙʦʪʽ [135] ʦʧʠʩʘʥʦ ʦʜʝʨʞʘʥʥʷ ʘʟʦʪʚʤʽʩʥʠʭ ɺʄ ʦʙʨʦʙʢʦʶ ʘʤʽʘʢʦʤ 

ʨʝʟʦʨʮʠʥʦ-ʬʦʨʤʘʣʴʜʝʛʽʜʥʠʭ ʢʨʽʦʛʝʣʽʚ ʚ ʧʨʦʮʝʩʽ ʢʘʨʙʦʥʽʟʘʮʽʾ ʧʨʠ ʚʠʩʦʢʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʘʜʩʦʨʙʮʽʷ ʧʘʨʠ ʚʦʜʠ ʚ ʦʙʣʘʩʪʽ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ (ʈ/ʈ0 

<0,3) ʩʠʥʪʝʟʦʚʘʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʚ'ʷʟʘʥʘ ʟ ʚʤʽʩʪʦʤ ʘʟʦʪʫ ï 

ʢʽʣʴʢʽʩʪʴ ʘʜʩʦʨʙʦʚʘʥʦʾ ʚʦʜʠ ʻ ʚʠʱʦʶ ʜʣʷ ʟʨʘʟʢʽʚ, ʜʦʧʦʚʘʥʠʭ ʘʟʦʪʦʤ, ʥʽʞ ʜʣʷ 
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ʥʝʜʦʧʦʚʘʥʠʭ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʚʠʩʦʢʦʶ ʩʧʦʨʽʜʥʝʥʽʩʪʶ ʤʽʞ ʢʣʘʩʪʝʨʘʤʠ ʚʦʜʠ ʽ N-

ʜʦʧʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʛʽʜʨʦʬʦʙʥʦʩʪʽ ʧʦʚʝʨʭʥʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ [136] ʧʨʦʩʪʠʡ, ʚʽʣʴʥʠʡ ʚʽʜ ʘʢʪʠʚʘʮʽʾ ʩʧʦʩʽʙ ʦʜʝʨʞʘʥʥʷ 

ʘʟʦʪʚʤʽʩʥʠʭ ʧʦʨʠʩʪʠʭ ɺʄ ʟ ʚʠʩʦʢʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʜʣʷ 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʽʚ ʰʣʷʭʦʤ ʧʽʨʦʣʽʟʫ ʘʟʦʪʚʤʽʩʥʦʾ ʦʨʛʘʥʽʯʥʦʾ ʩʦʣʽ ï ʜʠʥʘʪʨʽʻʚʦʾ 

ʤʘʛʥʽʻʚʦʾ ʩʦʣʽ ʝʪʠʣʝʥʜʽʘʤʽʥʪʝʪʨʘʘʮʝʪʘʪʥʦʾ ʢʠʩʣʦʪʠ (ɽɼʊɸ). ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʨʦʣʽʟʫ ʚʽʜ 500 ʜʦ 900 Áʉ ʷʢ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ, ʪʘʢ ʽ 

ʦʙôʻʤ ʧʦʨ ʢʽʥʮʝʚʠʭ ʚʫʛʣʝʮʝʚʠʭ ʟʨʘʟʢʽʚ ʟʙʽʣʴʰʫʶʪʴʩʷ ʽ ʜʦʩʷʛʘʶʪʴ 1811 ʤ
2
/ʛ ʪʘ 

1,16 ʩʤ
3
/ʛ, ʚʽʜʧʦʚʽʜʥʦ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʚʤʽʩʪ ʘʟʦʪʫ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 11,14 ʜʦ 1,13 ʘʪ. 

%. ɺʄ, ʦʜʝʨʞʘʥʠʡ ʧʨʠ ʧʦʤʽʨʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʽʨʦʣʽʟʫ 700 Áʉ, ʤʘʻ ʟʥʘʯʥʫ 

ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ (1258 ʤ
2
/ʛ) ʪʘ ʚʤʽʩʪ ʘʟʦʪʫ (5,43 ʘʪ.%), ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʠʩʦʢʦʶ ʻʤʥʽʩʪʶ (281 ʌ/ʛ) ʪʘ ʩʪʽʡʢʽʩʪʶ ʚ 6 ʄ KOH. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʰʫʢʠ, ʨʦʟʚʠʪʦʢ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʽʚ ʩʠʥʪʝʟʫ ʽ ʟʜʽʡʩʥʝʥʥʷ 

ʨʦʟʨʦʙʦʢ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʦʜʝʨʞʘʥʥʷ ʧʦʨʠʩʪʠʭ ɺʄ ʽ ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ 

ʧʦʭʽʜʥʠʭ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʪʨʠʚʘʪʠʤʫʪʴ, ʪʦʤʫ ʚʠʜʘʻʪʴʩʷ ʚʘʞʣʠʚʠʤ ʽ ʙʘʞʘʥʠʤ, 

ʟʦʢʨʝʤʘ, ʱʦʙ ʩʪʨʫʢʪʫʨʘ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʽʜ ʯʘʩ 

ʩʠʥʪʝʟʫ ʚʠʟʥʘʯʘʣʠʩʴ ʥʝ ʪʽʣʴʢʠ ʩʢʣʘʜʦʤ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʽ ʫʤʦʚʘʤʠ ʩʠʥʪʝʟʫ, 

ʘʣʝ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ï ʧʨʦʩʪʦʨʦʚʠʤʠ ʽ ʩʪʨʫʢʪʫʨʦʩʧʨʷʤʦʚʫʶʯʠʤʠ ʰʘʙʣʦʥʘʤʠ ʽ 

ʤʘʪʨʠʮʷʤʠ, ʝʥʜʦ- ʽ ʝʢʟʦʪʝʤʧʣʘʪʘʤʠ ʧʝʚʥʦʾ ʙʫʜʦʚʠ. ʋ ʚʠʧʘʜʢʫ ʦʙôʻʤʥʦʾ 

ʢʘʨʙʦʥʽʟʘʮʽʾ ʮʝ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʚʠʭʽʜʥʠʭ ʧʦʨʠʩʪʠʭ 

ʧʦʣʽʤʝʨʽʚ ʟ ʧʦʧʝʨʝʜʥʽʤ ʨʦʟʤʽʱʝʥʥʷʤ (ʬʦʨʤʫʚʘʥʥʷʤ) ʚ ʾʭ ʩʦʨʙʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʧʝʚʥʠʭ ʪʚʝʨʜʠʭ ʪʝʤʧʣʘʪʽʚ.  

 

1.3. ʆʜʝʨʞʘʥʥʷ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ 

 

ɻʨʘʬʽʪʦʧʦʜʽʙʥʠʡ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ (g-ʉ3N4)  ̒ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʮʽʢʘʚʠʭ ʽ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [137-139], ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʧʨʠʥʮʠʧʘʤ çʟʝʣʝʥʦʾ ʭʽʤʽʾè 

[60] ʪʘ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʽʩʥʫʶʯʽ ʪʘ ʨʦʟʨʦʙʠʪʠ ʥʦʚʽ ʝʢʦʣʦʛʽʯʥʦ-ʜʨʫʞʥʽ 

ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ [140]. ʅʽʪʨʠʜ ʚʫʛʣʝʮʶ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʣʽʤʝʨʥʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ, 
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ʷʢʠʡ ʚ ʽʜʝʘʣʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʽ ʘʟʦʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʡʦʛʦ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʟ ʤʝʪʦʶ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʘʢʮʽʡʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ [141]. ɻʨʘʬʽʪʦʧʦʜʽʙʥʠʡ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ ʻ ʥʘʡʙʽʣʴʰ 

ʩʪʘʙʽʣʴʥʦʶ ʤʦʜʠʬʽʢʘʮʽʻʶ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, ʷʢʘ ʧʨʠʚʝʨʪʘʻ ʽʥʪʝʨʝʩ ʜʦʩʣʽʜʥʠʢʽʚ 

ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʫʥʽʢʘʣʴʥʠʤ ʝʣʝʢʪʨʦʥʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʢʘʪʘʣʽʪʠʯʥʽʡ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʽʡ ʘʢʪʠʚʥʦʩʪʽ [142]. ɯʜʝʘʣʴʥʠʡ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ ʤʽʩʪʠʪʴ 

ʚʠʢʣʶʯʥʦ ʟʚ'ʷʟʢʠ ʉïN ʽ ʷʚʣʷʻ ʩʦʙʦʶ ˊ-ʩʧʨʷʞʝʥʠʡ ʧʦʣʽʤʝʨ [143] ï çʧʦʣʽ(ʪʨʠ-s-

ʪʨʠʘʟʠʥ)è. ɿ ʦʛʣʷʜʫ ʥʘ ʘʨʦʤʘʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʩʢʣʘʜʦʚʠʭ ʙʣʦʢʽʚ (s-ʪʨʠʘʟʠʥʦʚʠʭ 

ʢʽʣʝʮʴ) ʚʽʜʧʦʚʽʜʥʠʡ 2D-ʧʦʣʽʤʝʨ ʟʜʘʪʝʥ ʜʦ ʫʪʚʦʨʝʥʥʷ ˊ-ʩʧʨʷʞʝʥʠʭ ʧʣʦʩʢʠʭ 

ʰʘʨʽʚ, ʘʥʘʣʦʛʽʯʥʦ ʙʫʜʦʚʽ ʛʨʘʬʽʪʫ. 

ɿʘʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʘʟʦʪʦʤ ʚ ʛʨʘʬʽʪʦʚʽʡ ʩʪʨʫʢʪʫʨʽ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ 

ʾʾ ʨʝʛʫʣʷʨʥʦʩʪʽ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʽʩʥʫʚʘʥʥʷ ʩʽʤʝʡʩʪʚʘ ʙʣʠʟʴʢʠʭ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʩʧʦʣʫʢ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʟ ʨʽʟʥʦʶ 

ʩʪʝʭʽʦʤʝʪʨʽʻʶ, ʟʦʢʨʝʤʘ C3N4, C3N2, C3N, C5N, C10N3 ʽ ʽʥ. [144]. ʅʽʪʨʠʜʠ ʚʫʛʣʝʮʶ 

ʨʽʟʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʩʢʣʘʜʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʭʽʤʽʯʥʦʶ ʽ ʪʝʨʤʽʯʥʦʶ 

ʩʪʘʙʽʣʴʥʽʩʪʶ, ʪʚʝʨʜʽʩʪʶ, ʘ ʪʘʢʦʞ ʚʦʣʦʜʽʶʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ [145], ʱʦ ʚ ʩʫʢʫʧʥʦʩʪʽ ʦʙʫʤʦʚʣʶʻ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʚ ʬʦʪʦʢʘʪʘʣʽʟʽ [138], ʢʘʪʘʣʽʟʽ [142], ʘʜʩʦʨʙʮʽʾ (ʟʦʢʨʝʤʘ, 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ [146] ʽ ʚʦʜʥʶ [147]), ʝʣʝʤʝʥʪʘʭ ʩʦʥʷʯʥʠʭ ʢʦʤʽʨʦʢ [148], 

ʩʝʥʩʦʨʘʭ (ʥʘ ʛʘʟʠ ʽ ʚʦʣʦʛʫ) [149], ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜʠ [150] ʽ ʽʥ. 

ʅʘʷʚʥʽʩʪʴ ʚʦʜʥʶ ʚ ʩʪʨʫʢʪʫʨʽ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʩʚʽʜʯʠʪʴ ʧʨʦ ʡʦʛʦ ʥʝʧʦʚʥʫ 

ʩʢʦʥʜʝʥʩʦʚʘʥʽʩʪʴ ʪʘ ʽʩʥʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʜʝʬʝʢʪʽʚ, ʷʢʽ, ʙʫʜʫʯʠ ʦʩʥ·ʚʥʠʤʠ 

ʛʨʫʧʘʤʠ (ʦʩʥ·ʚʥʽ ʮʝʥʪʨʠ ʃʴʶʾʩʘ ʽ ɹʨʝʥʩʪʝʜʘ) [151] (ʨʠʩ. 1.3), ʥʘʜʘʶʪʴ ʥʽʪʨʠʜʫ 

ʚʫʛʣʝʮʶ ʢʘʪʘʣʽʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʫ ʩʢʣʘʜʽ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ, ʚ ʨʽʟʥʠʭ ʨʝʘʢʮʽʷʭ, ʟʦʢʨʝʤʘ ʛʽʜʨʫʚʘʥʥʷ, 

ʦʢʠʩʥʝʥʥʷ, ʧʝʨʝʝʪʝʨʠʬʽʢʘʮʽʾ, ʢʦʥʜʝʥʩʘʮʽʾ ʂʥʝʚʝʥʘʛʝʣʷ, ʘʮʠʣʚʁʘʥʥʷ ʟʘ 

ʌʨʽʜʝʣʝʤ-ʂʨʘʬʪʩʦʤ, ʩʧʦʣʫʯʝʥʥʷ ʉʫʟʫʢʽ-ʄʽʷʫʨʘ, ʉʦʥʦʛʘʰʠʨʠ ʪʘ ʽʥ. [152-156]. 
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ʈʠʩʫʥʦʢ 1.3 ï ɻʨʘʬʽʯʥʘ ʬʦʨʤʫʣʘ ʬʨʘʛʤʝʥʪʘ ʩʪʨʫʢʪʫʨʠ ʛʨʘʬʽʪʦʧʦʜʽʙʥʦʛʦ 

ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, ʱʦ ʤʽʩʪʠʪʴ ʧʦʚʝʨʭʥʝʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʛʨʫʧʠ 

 

ʂʨʽʤ ʪʦʛʦ ʨʦʟʰʘʨʫʚʘʥʥʷ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʧʨʠʚʦʜʠʪʴ ʜʦ ʦʪʨʠʤʘʥʥʷ 

ʤʦʥʦʰʘʨʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʷʢʦʛʦ ʽʩʪʦʪʥʦ ʚʠʱʘ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʙ'ʻʤʥʠʤ ʪʦʛʦ ʩʘʤʦʛʦ ʩʢʣʘʜʫ [157]. 

ʋ ʮʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʝʷʢʽ ʥʘʡʙʽʣʴʰ ʮʽʢʘʚ ̔ʪʘ 

ʚʘʞʣʠʚ,̔ ʷʢ ʚʠʜʘʻʪʴʩʷ ʘʚʪʦʨʫ, ʨʝʟʫʣʴʪʘʪʠ ʚ ʦʙʣʘʩʪʽ ʩʠʥʪʝʟʫ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʦʨʠʩʪʦʛʦ, ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ. 

ʆʜʝʨʞʘʥʥʷ ʛʨʘʬʽʪʦʧʦʜʽʙʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʧʝʨʝʜʙʘʯʘʻ ʧʽʨʦʣʽʟ ʙʘʛʘʪʠʭ 

ʘʟʦʪʦʤ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʚ ʧʨʦʮʝʩʽ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʥʜʝʥʩʘʮʽʷ ʟʚ'ʷʟʢʽʚ Cï

N ʟ ʫʪʚʦʨʝʥʥʷʤ ʜʚʦʚʠʤʽʨʥʠʭ ʪʨʠ-s-ʪʨʠʘʟʠʥʦʚʠʭ ʰʘʨʽʚ, ʟ'ʻʜʥʘʥʠʭ ʯʝʨʝʟ ʪʨʝʪʠʥʥʽ 

ʘʪʦʤʠ ʘʟʦʪʫ [158]. ʅʘʡʧʨʦʩʪʽʰʠʤ ʽ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʤ ʧʨʝʢʫʨʩʦʨʦʤ g-ʉ3N4  ̒

ʮʽʘʥʘʤʽʜ, ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʷʢʦʛʦ ʧʦʩʣʽʜʦʚʥʦ ʫʪʚʦʨʶʻʪʴʩʷ ʨʷʜ ʧʨʦʤʽʞʥʠʭ 

ʧʨʦʜʫʢʪʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʤʝʣʘʤʽʥ ʮʠʢʣʽʯʥʦʾ ʙʫʜʦʚʠ, ʷʢʠʡ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʤʝʣʝʤ ï ʛʝʧʪʘʟʠʥʦʚʠʡ ʮʠʢʣ ʟ ʧʣʦʩʢʦʶ ʪʨʠʢʫʪʥʦʶ ʙʫʜʦʚʦʶ, 

ʷʢʠʡ ʫ ʩʚʦʶ ʯʝʨʛʫ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʚʽʣʴʥʠʭ ʘʤʽʥʦʛʨʫʧ ʧʦʣʽʤʝʨʠʟʫʻʪʴʷ ʜʦ 

ʤʝʣʦʥʫ, ʱʦ ʬʦʨʤʫʻ ʧʣʦʩʢʽ ʥʘʥʦʰʘʨʠ, ʷʢʽ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʥʘʛʨʽʚʘʥʥʽ 

ʫʪʚʦʨʶʶʪʴ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ [159]. ʊʘʢʦʞ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʝʯʦʚʠʥʫ, ʪʽʦʩʝʯʦʚʠʥʫ, ʜʠʮʽʘʥʜʽʘʤʽʜ, ʤʝʣʘʤʽʥ, ʪʨʠʪʽʦʮʽʘʥʫʨʦʚʫ 

ʢʠʩʣʦʪʫ ʪʘ ʽʥ. [160-164]. 

ʇʨʠʨʦʜʘ CN-ʧʨʝʢʫʨʩʦʨʘ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘ ̒ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ g-C3N4, ʪʘʢʽ ʷʢ 

ʤʦʨʬʦʣʦʛʽʶ, ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ ʽ ʧʦʨʠʩʪʽʩʪʴ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʫ ʽ 
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ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʟʚ'ʷʟʢʫ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʢʦʥʜʝʥʩʘʮʽʾ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʦʜʝʨʞʫʻʪʴʩʷ [162]. ʅʘʷʚʥʽʩʪʴ ʧʦʨʠʩʪʦʩʪʽ ʚ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʟʫʤʦʚʣʶʻ ʡʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʘ ʽ ʥʦʩʽʷ ʢʘʪʘʣʽʪʠʯʥʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, 

ʘʣʝ ʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ [165]. ɼʣʷ 

ʦʜʝʨʞʘʥʥʷ ʥʘʥʦʧʦʨʠʩʪʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, ʧʦʜʽʙʥʦ ʜʦ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʦʩʦʙʠ ʪʝʤʧʣʘʪʥʦʛʦ ʩʠʥʪʝʟʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ çʤ'ʷʢʠʭè ʘʙʦ 

çʞʦʨʩʪʢʠʭè ʪʝʤʧʣʘʪʽʚ (ʨʠʩ. 1.4). 

çʄ'ʷʢʝè ʪʝʤʧʣʘʪʫʚʘʥʥʷ (ʝʥʜʦʪʝʤʧʣʘʪʥʠʡ ʩʠʥʪʝʟ), ʷʢ ʧʨʘʚʠʣʦ, ˇʨʫʥʪʫʻʪʴʩʷ 

ʥʘ ʧʨʦʮʝʩʘʭ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʇɸʈ, ʟʫʤʦʚʣʝʥʠʭ ʢʦʚʘʣʝʥʪʥʠʤʠ, ʚʦʜʥʝʚʠʤʠ 

ʟʚ'ʷʟʢʘʤʠ, ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʶ ʘʙʦ ʚʘʥ ʜʝʨ ɺʘʘʣʴʩʦʚʦʶ ʚʟʘʻʤʦʜʽʻʶ ʟ 

ʯʘʩʪʠʥʢʘʤʠ/ʤʦʣʝʢʫʣʘʤʠ ʨʝʯʦʚʠʥʠ, ʟ ʷʢʦʾ ʙʫʜʝ ʬʦʨʤʫʚʘʪʠʩʷ ʢʘʨʢʘʩ 

ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʨʠʩ. 1.4, ʘ). çɾʦʨʩʪʢʝè ʪʝʤʧʣʘʪʫʚʘʥʥʷ 

(ʝʢʟʦʪʝʤʧʣʘʪʥʠʡ ʘʙʦ ʤʘʪʨʠʯʥʠʡ ʩʠʥʪʝʟ) ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ 

çʞʦʨʩʪʢʠʭè ʪʝʤʧʣʘʪʽʚ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʩʪʽʡʢʽ ʧʦʨʠʩʪʽ ʩʪʨʫʢʪʫʨʠ 

(ʟʦʢʨʝʤʘ, ʥʘ ʦʩʥʦʚʽ ʢʨʝʤʥʝʟʝʤʫ, ʮʝʦʣʽʪʽʚ ʪʦʱʦ) (ʨʠʩ. 1.4, ʙ). ɿʙʽʨʢʘ ʤʦʣʝʢʫʣ 

"ʛʦʩʪʷ" ʦʙʤʝʞʫʻʪʴʩʷ ʧʦʨʠʩʪʠʤ ʧʨʦʩʪʦʨʦʤ ʤʘʪʨʠʮʽ. ʇʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʪʝʤʧʣʘʪʽʚ 

ʦʜʝʨʞʫʶʪʴ ʤʝʟʦʧʦʨʠʩʪʽ ʤʘʪʝʨʽʘʣʠ ʫ ʚʠʛʣʷʜʽ ʩʪʨʠʞʥʽʚ ʘʙʦ ʧʨʦʩʪʦʨʦʚʦ 

ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʤʘʩʠʚʽʚ [166]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʠʩʪʦʩʪʽ ʩʪʨʫʢʪʫʨ, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʚ ʩʠʩʪʝʤʘʭ 

ʇɸʈ/ʧʨʝʢʫʨʩʦʨ ʘʙʦ ʦʜʥʦʨʽʜʥʽʩʪʶ ʧʦʨ ʽ ʧʨʦʩʪʦʨʦʚʠʤ ʫʧʦʨʷʜʢʫʚʘʥʥʷʤ 

ʚʠʢʦʨʠʩʪʘʥʦʛʦ çʞʦʨʩʪʢʦʛʦ ʪʝʤʧʣʘʪʫè. ʅʠʞʯʝ ʙʫʜʝ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ 

ʦʩʦʙʣʠʚʦʩʪʽ ʦʜʝʨʞʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʪʝʤʧʣʘʪʥʦʛʦ, ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʨʠʩʪʦʛʦ 

ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ. 
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ʈʠʩʫʥʦʢ 1.4 ï ʉʭʝʤʠ ʪʝʤʧʣʘʪʥʦʛʦ ʩʠʥʪʝʟʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ çʤ'ʷʢʠʭè (ʘ) ʽ 

çʞʦʨʩʪʢʠʭè (ʙ) ʪʝʤʧʣʘʪʽʚ 

 

ʆʜʝʨʞʘʥʥʷ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʠʩʪʦʛʦ ʛʨʘʬʽʪʦʧʦʜʽʙʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ 

ʊʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʪʽʦʩʝʯʦʚʠʥʠ ʧʨʠ 550 Áʉ ʥʘ ʧʦʚʽʪʨʽ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ g-ʉ3N4 ʰʘʨʫʚʘʪʦʾ ʥʘʥʦʩʪʨʫʢʪʫʨʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʠʛʥʫʪʽ, 

ʪʦʥʢʽ, ʛʣʘʜʢʽ ʰʘʨʠ, ʷʢʽ, ʙʫʜʫʯʠ ʚʟʘʻʤʦʟ'ʻʜʥʘʥʠʤʠ, ʫʪʚʦʨʶʶʪʴ ʤʝʟʦʧʦʨʠʩʪʫ 

ʩʪʨʫʢʪʫʨʫ [167]. ʆʜʝʨʞʘʥʽ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ (ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʽʪʨʠʜʦʤ ʚʫʛʣʝʮʶ, ʦʪʨʠʤʘʥʠʤ ʟ ʜʠʮʽʘʥʘʤʽʜʫ, ʘ ʪʘʢʦʞ ʦʢʩʠʜʦʤ 

ʪʠʪʘʥʫ, ʜʦʧʦʚʘʥʦʛʦ ʚʫʛʣʝʮʝʤ) ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʚ ʨʝʘʢʮʽʾ ʨʦʟʢʣʘʜʫ 

ʦʨʛʘʥʽʯʥʦʛʦ ʙʘʨʚʥʠʢʘ RhB ʧʽʜ ʜʽʻʶ ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ, ʱʦ, ʡʤʦʚʽʨʥʦ, ʤʦʞʝ ʙʫʪʠ 

ʦʙʫʤʦʚʣʝʥʦ ʜʝʢʽʣʴʢʦʤʘ ʬʘʢʪʦʨʘʤʠ: 1) ʧʽʜʚʠʱʝʥʠʤ ʧʦʛʣʠʥʘʥʥʷʤ ʩʚʽʪʣʘ ʫ 

ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ, ʚʠʢʣʠʢʘʥʠʤ ʥʘʜʣʠʰʢʦʚʠʤ ʚʤʽʩʪʦʤ ʘʟʦʪʫ (ʚʠʱʝ ʟʘ 

ʪʘʢʠʡ ʚ ʉ3N4) ʽ 2) ʧʦʢʨʘʱʝʥʠʤ ʨʦʟʜʽʣʝʥʥʷʤ ʟʘʨʷʜʽʚ ʟʘʚʜʷʢʠ ʜʚʦʤʽʨʥʽʡ 

ʰʘʨʫʚʘʪʽʡ ʥʘʥʦʩʪʨʫʢʪʫʨʽ. 

ɺʘʨʽʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ (450 ï 650 Áʉ) ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʽʦʩʝʯʦʚʠʥʠ (ʥʘ 

ʧʦʚʽʪʨʽ) ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʪʝʢʩʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (SBET 10 ï 97 ʤ
2
/ʛ), 

ʚʽʜʥʦʰʝʥʥʷ C/N (0,66 ï 0,78), ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ (2,58 ï 2,79 ʝɺ), ʽ ʷʢ 



74 
 

 
 

ʨʝʟʫʣʴʪʘʪ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ ʛʨʘʬʽʪʦʧʦʜʽʙʥʦʛʦ 

ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʚ ʨʝʘʢʮʽʾ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ (3 ï 157 ʤʢʤʦʣʴ/ʛʦʜ) ʟ ʚʦʜʠ ʧʽʜ ʜʽʻʶ 

ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ [162]. ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ, ʟʨʘʟʦʢ ʟ ʥʘʡʚʠʱʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʧʦʨʠʩʪʦʩʪʽ ʽ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 650 Áʉ, ʱʦ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ, ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʦ ʯʘʩʪʢʦʚʠʤ 

ʨʦʟʢʣʘʜʦʤ in situ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʛʝʥʝʨʫʚʘʥʥʷʤ ʧʦʨʠʩʪʦʾ 

ʩʪʨʫʢʪʫʨʠ ʚ ʦʙ'ʻʤʥʽʡ ʨʝʯʦʚʠʥʽ ʉ3N4. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʠʥʪʝʟʦʚʘʥʽ ʟʨʘʟʢʠ ʥʝ 

ʤʽʩʪʷʪʴ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʘʪʦʤʽʚ ʩʽʨʢʠ, ʘ ʨʦʣʴ ʩʽʨʢʦʚʤʽʩʥʠʭ ʯʘʩʪʠʥʦʢ, ʥʘ ʜʫʤʢʫ 

ʘʚʪʦʨʽʚ, ʤʦʞʝ ʧʦʣʷʛʘʪʠ ʚ ʧʨʠʩʢʦʨʝʥʥʽ ʧʨʦʮʝʩʽʚ ʧʦʣʽʤʝʨʠʟʘʮʽʾ/ʢʦʥʜʝʥʩʘʮʽʾ [162].    

g-ʉ3N4 ʦʜʝʨʞʘʥʦ ʧʦʣʽʤʝʨʠʟʘʮʽʻʶ ʩʝʯʦʚʠʥʠ ʥʘ ʧʦʚʽʪʨʽ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʝʤʧʣʘʪʽʚ [163]. ɿʘʚʜʷʢʠ ʙʽʣʴʰ ʨʦʟʚʠʥʝʥʽʡ ʧʦʚʝʨʭʥʽ (~70 ʤ
2
/ʛ) ʩʠʥʪʝʟʦʚʘʥʠʡ 

ʤʘʪʝʨʽʘʣ ʧʨʦʷʚʣʷʻ ʚʠʱʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʛʦ ʚʠʜʽʣʝʥʥʷ 

ʚʦʜʥʶ ʟ ʚʦʜʠ (~47 ʤʢʤʦʣʴ ʅ2 /ʛʦʜĿʛ, ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʪʨʠʝʪʘʥʦʣʘʤʽʥʫ ʷʢ ʜʦʥʦʨʘ 

ʝʣʝʢʪʨʦʥʽʚ ʽ ʧʣʘʪʠʥʠ ʷʢ ʩʧʽʚʢʘʪʘʣʽʟʘʪʦʨʘ), ʥʽʞ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ, ʦʜʝʨʞʘʥʠʡ ʟ 

ʪʽʦʩʝʯʦʚʠʥʠ (15 ʤʢʤʦʣʴ ʅ2 /ʛʦʜĿʛ; SBET 11 ʤ
2
/ʛ) ʪʘ ʜʠʮʽʘʥʘʤʽʜʫ (21 ʤʢʤʦʣʴ ʅ2 

/ʛʦʜĿʛ; SBET 12 ʤ
2
/ʛ). ʇʽʜʚʠʱʝʥʘ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, 

ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʟ ʩʝʯʦʚʠʥʠ, ʧʦʨʷʜ ʟ ʙʽʣʴʰ ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʤʦʞʝ ʙʫʪʠ 

ʟʫʤʦʚʣʝʥʘ  ʥʠʞʯʠʤ ʩʪʫʧʝʥʝʤ ʩʢʦʥʜʝʥʩʦʚʘʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ (C/N = 0,72) ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʉ3N4 ʟ ʪʽʦʩʝʯʦʚʠʥʠ (C/N = 0,78) ʽ ʜʠʮʽʘʥʘʤʽʜʫ (C/N = 0,79), ʱʦ, ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʚʠʢʣʠʢʘʥʦ, ʡʤʦʚʽʨʥʦ, ʚʠʱʠʤ ʟʥʘʯʝʥʥʷʤ ʝʥʝʨʛʽʾ ʟʚ'ʷʟʢʫ ʉïʆ (358 

ʢɼʞ/ʤʦʣʴ) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʉïS (272 ʢɼʞ/ʤʦʣʴ) [163].       

ɺʘʨʽʶʚʘʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʽʨʦʣʽʟʫ ʩʝʯʦʚʠʥʠ (ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʤʧʣʘʪʽʚ) 

ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʢʨʠʩʪʘʣʽʯʥʽʩʪʴ, ʧʘʨʘʤʝʪʨʠ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ (SBET ʚʽʜ 31 

ʜʦ 288 ʤ
2
/ʛ), ʘ ʪʘʢʦʞ ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ (2,68 ï 2,78 ʝɺ) 

ʛʨʘʬʽʪʦʧʦʜʽʙʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ [168]. g-ʉ3N4, ʦʜʝʨʞʘʥʠʡ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʥʘʡʙʽʣʴʰ ʪʨʠʚʘʣʦʛʦ ʧʽʨʦʣʽʟʫ ʩʝʯʦʚʠʥʠ (4 ʛʦʜ), ʧʨʦʷʚʣʷʻ ʥʘʡʚʠʱʫ 

ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʷʭ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʤʦʥʦʦʢʩʠʜʫ ʘʟʦʪʫ 

(ʢʦʥʚʝʨʩʽʷ ʜʦ 32%) ʽ ʬʦʪʦʜʝʛʨʘʜʘʮʽʾ ʨʦʜʘʤʽʥʫ ɺ (ʢʦʥʚʝʨʩʽʷ ʜʦ 100%) ʧʽʜ ʜʽʻʶ 

ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ, ʚʥʘʩʣʽʜʦʢ, ʦʯʝʚʠʜʥʦ, ʜʝʱʦ ʟʙʽʣʴʰʝʥʦʾ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ 
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ʟʦʥʠ (2,78 ʝɺ) ʽ ʥʘʡʙʽʣʴʰ ʨʦʟʚʠʥʝʥʦʾ ʧʦʚʝʨʭʥʽ (288 ʤ
2
/ʛ), ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʰʘʨʫ ʽ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʘ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʪʨʠʚʘʣʦʩʪʽ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʨʝʢʫʨʩʦʨʘ. 

ʅʘʥʦʧʦʨʠʩʪʠʡ g-ʉ3N4 (Vʧʦʨ ʜʦ 0,26 ʩʤ
3
/ʛ, SBET ʜʦ 300 ʤ

2
/ʛ, Dʧʦʨ ʚʽʜ 3,1 ʜʦ 

5,6 ʥʤ) ʦʜʝʨʞʘʥʦ ʪʘʢʦʞ ʤʝʪʦʜʦʤ çʤ'ʷʢʦʛʦè ʪʝʤʧʣʘʪʫʚʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʜʠʮʽʘʥʘʤʽʜʫ ʷʢ ʦʨʛʘʥʽʯʥʦʛʦ ʧʨʝʢʫʨʩʦʨʫ, ʥʝʽʦʥʦʛʝʥʥʠʭ ʪʘ ʘʤʬʽʬʽʣʴʥʠʭ ʙʣʦʢ-

ʩʧʽʚʧʦʣʽʤʝʨʽʚ (P123, F127, Triton X-100, Brij30, Brij58, Brij76), ʘ ʪʘʢʦʞ ʽʦʥʥʠʭ 

ʨʽʜʠʥ ʷʢ ʩʪʨʫʢʪʫʨʦʥʘʧʨʘʚʣʷʶʯʠʭ ʘʛʝʥʪʽʚ [144]. ɼʣʷ ʧʨʠʛʥʽʯʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʩʫʙʣʽʤʘʮʽʾ ʣʝʪʢʠʭ ʽʥʪʝʨʤʝʜʽʘʪʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʜʦʜʘʚʘʥʥʷ ʚ 

ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʇɸʈ, ʧʨʦʚʝʜʝʥʦ ʩʪʫʧʽʥʯʘʩʪʠʡ ʧʽʨʦʣʽʟ ʟ ʚʠʪʨʠʤʢʦʶ ʚʠʭʽʜʥʠʭ 

ʩʫʤʽʰʝʡ ʧʨʠ ʧʨʦʤʽʞʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (350 ï 400 Áʉ). ʄʦʣʴʥʝ ʚʽʜʥʦʰʝʥʥʷ C/N 

ʚ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʘʭ (ʟʦʢʨʝʤʘ, 0,82 ï 2,06 ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ P123) ʚʽʜʭʠʣʷʻʪʴʩʷ 

ʚʽʜ ʪʝʦʨʝʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʛʨʘʬʽʪʦʧʦʜʽʙʥʦʛʦ ʉ3N4 (0,75), ʱʦ ʟʫʤʦʚʣʝʥʦ 

ʚʢʣʶʯʝʥʥʷʤ ʚʫʛʣʝʮʝʚʠʭ ʬʨʘʛʤʝʥʪʽʚ ʦʨʛʘʥʽʯʥʠʭ ʪʝʤʧʣʘʪʽʚ ʚ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ. 

ʅʽʪʨʠʜ ʚʫʛʣʝʮʶ ʟ ʙʽʤʦʜʘʣʴʥʦʶ ʤʝʟʦʧʦʨʠʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ (Dʧʦʨ 3,8 ʽ 10 ï 

40 ʥʤ) ʦʜʝʨʞʘʥʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʽ ʧʦʜʘʣʴʰʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʨʝʘʢʮʽʡʥʠʭ 

ʩʫʤʽʰʝʡ, ʱʦ ʤʽʩʪʷʪʴ ʤʝʣʘʤʽʥ ʽ ʛʣʫʪʘʨʘʣʴʜʝʛʽʜ ʷʢ ʨʝʘʛʝʥʪʠ, ʘ ʪʘʢʦʞ Triton X-100 

ʷʢ çʤ'ʷʢʠʡè ʪʝʤʧʣʘʪ [169]. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʬʝʨʤʝʥʪʽʚ, ʟʦʢʨʝʤʘ ʣʽʧʘʟʠ Candida 

rugosa, ʷʢʘ ʟʙʝʨʽʛʘʻ ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʛʽʜʨʦʣʽʟʫ 

ʪʨʠʣʽʥʦʣʝʘʪ ʛʣʽʮʝʨʠʥʫ. 

ʂʦʤʧʦʟʠʪʠ Fe2O3/g-C3N4 ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʦʢʩʠʜʫ ʟʘʣʽʟʘ (III) (2,8 ï 11,6 

ʤʘʩ.%) ʦʜʝʨʞʘʥʦ ʥʘʛʨʽʚʘʥʥʷʤ ʩʫʤʽʰʽ ʤʝʣʘʤʽʥʫ ʽ ʛʝʢʩʘʛʽʜʨʘʪʫ ʭʣʦʨʠʜʫ ʟʘʣʽʟʘ 

ʧʨʠ 500 ï 520 Áʉ [170]. ʉʠʥʪʝʟʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ ʧʨʦʷʚʣʷʶʪʴ ʧʽʜʚʠʱʝʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʛʦ ʨʦʟʢʣʘʜʫ ʨʦʜʘʤʽʥʫ ɺ ʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʽʜʜʘʥʽ ʤʘʛʥʽʪʥʽʡ ʩʝʧʘʨʘʮʽʾ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʘ. 

ʇʽʜʚʠʱʝʥʥʷ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʯʠʩʪʠʤ g-C3N4, ʡʤʦʚʽʨʥʦ, ʟʫʤʦʚʣʝʥʦ ʩʠʥʝʨʛʝʪʠʯʥʠʤ ʝʬʝʢʪʦʤ 

ʢʦʤʧʦʥʝʥʪʽʚ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʧʨʦʤʦʪʫʶʯʠʤ ʝʬʝʢʪʠʚʥʫ ʤʽʛʨʘʮʽʶ 
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ʬʦʪʦʛʝʥʝʨʦʚʘʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʽʚ. ɸʚʪʦʨʠ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ, ʯʘʩʪʠʥʢʠ Fe2O3, 

ʚʠʩʪʫʧʘʶʯʠ ʷʢ ʝʣʝʢʪʨʦʥʥʽ ʧʘʩʪʢʠ, ʧʦʢʨʘʱʫʶʪʴ ʨʦʟʜʽʣʝʥʥʷ ʬʦʪʦʛʝʥʝʨʦʚʘʥʠʭ 

ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʠʭ ʧʘʨ ʽ ʩʧʨʠʷʶʪʴ ʧʨʦʪʽʢʘʥʥʶ ʧʨʦʮʝʩʫ ʤʽʞʬʘʟʥʦʛʦ ʧʝʨʝʥʦʩʫ 

ʝʣʝʢʪʨʦʥʽʚ [170].    

ʅʘʷʚʥʽʩʪʴ ʩʣʘʙʢʦʾ ʚʘʥ ʜʝʨ ɺʘʘʣʴʩʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʰʘʨʘʤʠ g-ʉ3N4 

ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʛʨʘʬʝʥʦʧʦʜʽʙʥʽ ʥʘʥʦʣʠʩʪʠ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʪʝʨʤʽʯʥʦʛʦ ʦʢʠʩʥʝʥʥʷ (500 Üʉ, ʥʘ ʧʦʚʽʪʨʽ) ʦʙ'ʻʤʥʦʾ ʨʝʯʦʚʠʥʠ, ʧʦʧʝʨʝʜʥʴʦ 

ʩʠʥʪʝʟʦʚʘʥʦʾ ʟ ʜʠʮʽʘʥʘʤʽʜʫ [171]. ʋʪʚʦʨʝʥʽ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʝʣʠʢʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ (306 ʤ
2
/ʛ), ʥʝʚʝʣʠʢʦʶ ʪʦʚʱʠʥʦʶ ʰʘʨʫ (ʙʣʠʟʴʢʦ 2 

ʥʤ), ʧʽʜʚʠʱʝʥʦʶ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ (ʥʘ 0,2 ʝɺ) ʽ ʟʙʽʣʴʰʝʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʯʘʩʫ ʞʠʪʪʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚʥʘʩʣʽʜʦʢ ʢʚʘʥʪʦʚʦ-ʨʦʟʤʽʨʥʦʛʦ ʝʬʝʢʪʫ, ʱʦ 

ʚ ʩʫʢʫʧʥʦʩʪʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʰʘʨʫʚʘʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʙ'ʻʤʥʠʤ ʚ ʨʝʘʢʮʽʾ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʟ ʚʦʜʠ 

ʷʢ ʧʽʜ ʜʽʻʶ ʋʌ-ʚʠʜʠʤʦʛʦ, ʪʘʢ ʽ ʚʠʜʠʤʦʛʦ ʦʧʨʦʤʽʥʶʚʘʥʥʷ (170 ʧʨʦʪʠ 32 ʤʢʤʦʣʴ 

ʅ2 /ʛʦʜĿʛ).    

ʅʘʥʦʣʠʩʪʠ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʝʨʞʘʥ ̔ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʨʽʜʢʦʬʘʟʥʦʾ ʝʢʩʬʦʣʽʘʮʽʽ ʦʙ'ʻʤʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʨʽʟʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ (N-ʤʝʪʠʣ-

ʧʽʨʦʣʽʜʦʥ, ʽʟʦʧʨʦʧʘʥʦʣ, ʚʦʜʘ, ʘʮʝʪʦʥ, ʝʪʘʥʦʣ) ʽ ʧʦʜʘʣʴʰʦʾ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ 

ʦʙʨʦʙʢʠ [172]. ʉʠʥʪʝʟʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ ʧʨʦʷʚʣʷʶʪʴ ʚʠʩʦʢʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ 

ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ (93 ʤʢʤʦʣʴ/ʛʦʜĿʛ ʧʨʦʪʠ 10 ʤʢʤʦʣʴ/ʛʦʜĿʛ 

ʜʣʷ ʚʠʭʽʜʥʦʛʦ ʦʙ'ʻʤʥʦʛʦ ʟʨʘʟʢʘ) ʟ ʚʦʜʠ ʧʽʜ ʜʽʻʶ ʚʠʜʠʤʦʛʦ ʦʧʨʦʤʽʥʶʚʘʥʥʷ 

ʚʥʘʩʣʽʜʦʢ, ʦʯʝʚʠʜʥʦ, ʥʝʚʝʣʠʢʦʾ ʪʦʚʱʠʥʠ ʥʘʥʦʣʠʩʪʽʚ (ʙʣʠʟʴʢʦ 2 ʥʤ), ʨʦʟʚʠʥʝʥʦʾ 

ʧʦʚʝʨʭʥʽ (384 ʤ
2
/ʛ), ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ N/C, ʦʧʪʠʤʘʣʴʥʦʾ ʰʠʨʠʥʠ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ (2,65 ʝɺ), ʱʦ ʚ ʩʫʢʫʧʥʦʩʪʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʽʥʪʝʥʩʠʬʽʢʫʚʘʥʥʷ 

ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʽʚ ʽ ʟʤʝʥʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʨʝʢʦʤʙʽʥʘʮʽʾ ʬʦʪʦʛʝʥʝʨʦʚʘʥʠʭ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ. 

ʇʦʨʽʚʥʷʥʦ ʤ'ʷʢʘ ʪʝʨʤʦʦʙʨʦʙʢʘ (100 Üʉ) ʛʨʘʬʽʪʦʧʦʜʽʙʥʦʛʦ ʦʙ'ʻʤʥʦʛʦ 

ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʪʝʪʨʘʝʪʠʣʘʤʦʥʽʡ ʛʽʜʨʦʢʩʠʜʫ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʩʪʘʙʽʣʴʥʽ ʢʦʣʦʾʜʠ, ʱʦ ʤʽʩʪʷʪʴ ʯʘʩʪʠʥʢʠ g-ʉ3N4 ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ 30 
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ï 50 ʥʤ ʽ ʪʦʚʱʠʥʦʶ 0,3 ï 0,4 ʥʤ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʦʥʦʰʘʨʦʚʫ ʩʪʨʫʢʪʫʨʫ 

ʤʘʪʝʨʽʘʣʫ [173]. ʂʦʣʦʾʜʠ g-ʉ3N4 ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʽʥʪʝʥʩʠʚʥʦʶ 

ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʻʶ ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 460 ï 470 ʥʤ ʽ ʢʚʘʥʪʦʚʠʤ ʚʠʭʦʜʦʤ 45 ï 

50%. ʐʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʢʦʣʦʾʜʥʠʭ ʯʘʩʪʠʥʦʢ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʟʥʘʯʥʦ 

ʧʝʨʝʚʠʱʫʻ Eg ʦʙ'ʻʤʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (3,45 ʽ 2,82 ʝɺ, ʚʽʜʧʦʚʽʜʥʦ) ʚʥʘʩʣʽʜʦʢ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʦʙʤʝʞʝʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ [174]. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʥʪʝʟʫ 

g-ʉ3N4 ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʘʞ ʜʦ 

ʧʦʚʥʦʛʦ ʾʾ ʟʥʠʢʥʝʥʥʷ ʜʣʷ ʟʨʘʟʢʽʚ, ʦʜʝʨʞʘʥʠʭ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ 675 ÁC. ʋ 

ʚʠʧʘʜʢʫ ʨʦʟʰʘʨʦʚʘʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ 

ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʨʝʘʢʮʽʾ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʦ 

ʟʤʝʥʰʝʥʥʷʤ ʨʦʟʤʽʨʫ ʢʦʣʦʾʜʥʠʭ ʯʘʩʪʠʥʦʢ g-ʉ3N4, ʘ ʪʘʢʦʞ ʚʠʜʘʣʝʥʥʷʤ 

ʧʝʨʦʢʩʠʜʥʠʭ ʛʨʫʧ ʟ ʧʦʚʝʨʭʥʽ ʦʙ'ʻʤʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʧʨʦʮʝʩʽ ʝʢʩʬʦʣʽʘʮʽʾ [175].    

ʇʦʣʽʤʝʨʠʟʘʮʽʷ ʮʽʘʥʘʤʽʜʫ ʪʘ ʧʦʜʘʣʴʰʠʡ ʧʽʨʦʣʽʟ ʫʪʚʦʨʝʥʦʛʦ ʧʦʣʽʤʝʨʫ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʢʦʣʦʾʜʥʠʭ ʢʨʝʤʥʝʟʝʤʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ (ʩʠʣʽʢʘʟʦʣʴ Ludox HS40, 

ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ 12 ʥʤ) ʧʨʠʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʬʽʪʦʧʦʜʽʙʥʦʛʦ ʥʽʪʨʠʜʫ 

ʚʫʛʣʝʮʶ ʟ ʚʠʩʦʢʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ (ʜʦ 327 ʤ
2
/ʛ) [176]. ʆʜʝʨʞʘʥʠʡ 

ʤʘʪʝʨʽʘʣ ʻ ʨʦʟʫʧʦʨʷʜʢʦʚʘʥʠʤ ʪʘ ʤʽʩʪʠʪʴ ʩʬʝʨʠʯʥʽ ʧʦʨʠ ʽʟ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ 12 

ʥʤ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʝʧʣʽʢʘʮʽʶ ʩʪʨʫʢʪʫʨʠ ʚʠʭʽʜʥʦʛʦ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʪʝʤʧʣʘʪʫ. 

ʉʠʥʪʝʟʦʚʘʥʽ ʟʨʘʟʢʠ ʧʨʦʷʚʣʷʶʪʴ ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ 

ʘʮʠʣʶʚʘʥʥʷ ʙʝʥʟʦʣʫ ʛʝʢʩʘʥʦʾʣ ʭʣʦʨʠʜʦʤ ʟʘ ʌʨʽʜʝʣʝʤ-ʂʨʘʬʪʩʦʤ (ʢʦʥʚʝʨʩʽʷ ʜʦ 

90%, TOF ʜʦ 6,2Ā10
2
 ʛʦʜ

ï1
). ɸʚʪʦʨʘʤʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʦʜʝʨʞʘʥʽ ʤʘʪʝʨʽʘʣʠ 

ʙʫʜʫʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʞ ʽ ʚ ʽʥʰʠʭ ʨʝʘʢʮʽʷʭ ʉïʉ 

ʩʧʦʣʫʯʝʥʥʷ ʪʘ ʘʢʪʠʚʘʮʽʾ ʟʚ'ʷʟʢʽʚ ʉïʅ. 

ʄʘʪʨʠʯʥʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʮʽʘʥʘʤʽʜʫ ʚ ʢʨʝʤʥʝʟʝʤʥʦʤʫ ʄʄʉ SBA-15 ʟ 

ʧʦʜʘʣʴʰʠʤ ʧʽʨʦʣʽʟʦʤ ʫʪʚʦʨʝʥʦʛʦ ʧʦʣʽʤʝʨʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʦʛʦ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ (ʜʦ 240 ʤ
2
/ʛ), ʦʜʥʦʨʽʜʥʦʶ ʧʦʨʠʩʪʽʩʪʶ 

(Dʤʝʟʦ  5,3 ʥʤ), ʘ ʪʘʢʦʞ ʻ ʘʢʪʠʚʥʠʤ ʚ ʨʝʘʢʮʽʾ ʬʦʪʦʭʽʤʽʯʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ (84 
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ʤʢʤʦʣʴ/ʛʦʜĿʛ) ʟ ʚʦʜʠ ʧʽʜ ʜʽʻʶ ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʜʦʥʦʨʘ ʝʣʝʢʪʨʦʥʽʚ 

(ʪʨʠʝʪʘʥʦʣʘʤʽʥ) ʽ ʩʧʽʚʢʘʪʘʣʽʟʘʪʦʨʘ (Pt) [177]. 

ʂʦʤʙʽʥʦʚʘʥʠʤ ʤʝʪʦʜʦʤ ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟʫ ʪʘ ʪʝʨʤʽʯʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʽʘʥʘʤʽʜʫ ʽ ʪʝʪʨʘʝʪʠʣʦʨʪʦʩʠʣʽʢʘʪʫ ʦʜʝʨʞʘʥʦ ʚʟʘʻʤʦʧʨʦʥʠʢʘʶʯʽ 

ʢʦʤʧʦʟʠʪʠ ʉ3N4/SiO2, ʚʠʜʘʣʝʥʥʷ ʦʜʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʷʢʠʭ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʛʨʘʬʽʪʦʧʦʜʽʙʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʘʙʦ ʢʨʝʤʥʝʟʝʤʫ 

[178]. ɺʘʨʽʶʚʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʭʽʜʥʠʭ ʨʝʘʛʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ 

ʪʝʢʩʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ ʫʪʚʦʨʶʚʘʥʦʛʦ ʉ3N4 (Vʧʦʨ 0,01 ï 0,19 ʩʤ
3
/ʛ, SBET 1 ï 167 ʤ

2
/ʛ, 

Dʧʦʨ ʚʽʜ 2,4 ʜʦ 3,6 ʥʤ). ʌʦʪʦʢʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʦʜʝʨʞʘʥʦʛʦ ʤʝʟʦʧʦʨʠʩʪʦʛʦ 

ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʚ ʨʝʘʢʮʽʾ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʟ ʚʦʜʠ (ʜʦ 75 ʤʢʤʦʣʴ/ʛʦʜĿʛ) 

ʧʝʨʝʚʠʱʫʻ ʥʝ ʪʽʣʴʢʠ ʪʘʢʫ ʜʣʷ ʦʙ'ʻʤʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (~ 8 ʤʢʤʦʣʴ/ʛʦʜĿʛ), ʘʣʝ ʽ ʜʣʷ 

ʉ3N4, ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʣʦʾʜʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ Ludox HS40 (47 

ʤʢʤʦʣʴ/ʛʦʜĿʛ), ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʦ ʟʥʘʯʥʠʤ ʨʦʟʚʠʥʝʥʥʷʤ ʧʠʪʦʤʦʾ 

ʧʦʚʝʨʭʥʽ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ.      

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʦʩʥʦʚʥʠʭ CN-ʧʨʝʢʫʨʩʦʨʽʚ (ʟʦʢʨʝʤʘ, 

ʮʽʘʥʘʤʽʜʫ) ʜʦ ʧʦʚʝʨʭʥʽ ʢʨʝʤʥʝʟʝʤʥʠʭ ʤʘʪʨʠʮʴ ʚʠʭʽʜʥʠʡ ʢʨʝʤʥʝʟʝʤʥʠʡ 

çʞʦʨʩʪʢʠʡè ʪʝʤʧʣʘʪ SBA-15 ʧʽʜʜʘʚʘʣʠ ʧʦʧʝʨʝʜʥʽʡ ʦʙʨʦʙʮʽ, ʱʦ ʚʢʣʶʯʘʻ 

ʘʮʠʜʠʬʽʢʘʮʽʶ ʢʨʝʤʥʝʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʾʾ ʧʦʜʘʣʴʰʠʤ ʧʨʦʩʦʯʫʚʘʥʥʷʤ 

ʧʨʝʢʫʨʩʦʨʦʤ ʧʽʜ ʜʽʻʶ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ ʫ ʚʘʢʫʫʤʽ [170]. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʧʨʦʩʪʦʨʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʠʡ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ, 

ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ (SBET 517 ʤ
2
/ʛ) ʽ ʚʝʣʠʢʠʤ 

ʦʙôʻʤʦʤ (Vʧʦʨ 0,49 ʩʤ
3
/ʛ) ʦʜʥʦʨʽʜʥʠʭ ʤʝʟʦʧʦʨ (Dʧʦʨ 3,4 ʥʤ). ʉʠʥʪʝʟʦʚʘʥʽ ʟʨʘʟʢʠ 

ʧʨʦʷʚʣʷʶʪʴ ʧʽʜʚʠʱʝʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʛʦ ʚʠʜʽʣʝʥʥʷ 

ʚʦʜʥʶ ʟ ʚʦʜʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʤʝʪʦʜʦʤ (ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ 

ʢʨʝʤʥʝʟʝʤʥʦʾ ʤʘʪʨʠʮʽ) ï 243 ʽ 141 ʤʢʤʦʣʴ ʅ2/ʛʦʜĿʛ, ʚʽʜʧʦʚʽʜʥʦ. ʇʽʜʚʠʱʝʥʘ 

ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʦʜʝʨʞʘʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, ʦʯʝʚʠʜʥʦ, ʟʫʤʦʚʣʝʥʘ 

ʚʠʱʠʤ ʩʪʫʧʝʥʝʤ ʧʨʦʩʪʦʨʦʚʦʾ ʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʤʝʟʦʩʪʨʫʢʪʫʨʠ, ʘ ʪʘʢʦʞ ʙʽʣʴʰ 

ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʜʚʦʤʽʨʥʦʶ ʮʠʣʽʥʜʨʠʯʥʦʶ 

ʫʧʘʢʦʚʢʦʶ ʤʝʟʦʧʦʨ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʷʢ ʩʚʦʻʨʽʜʥʝ çʰʦʩʝè [170] ʜʣʷ ʧʝʨʝʥʝʩʝʥʥʷ 
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ʬʦʪʦʛʝʥʝʨʦʚʘʥʠʭ ʟʘʨʷʜʽʚ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪʥʠʭ ʧʨʦʮʝʩʽʚ 

ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʦʾ ʨʝʢʦʤʙʽʥʘʮʽʾ ʽ, ʦʪʞʝ, ʧʽʜʚʠʱʝʥʥʷ ʬʦʪʦʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ.  

ʄʘʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʄʄʉ SBA-15 ʽ 

ʘʤʽʥʦʛʫʘʥʽʜʠʥ ʛʽʜʨʦʭʣʦʨʠʜʫ ʦʜʝʨʞʘʥʦ ʚʠʩʦʢʦʚʧʦʨʷʜʢʦʚʘʥʠʡ ʤʝʟʦʧʦʨʠʩʪʠʡ 

ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʉ3N4 ʚʤʽʩʪʦʤ ʘʟʦʪʫ (N/C ʩʪʘʥʦʚʠʪʴ 

1,6 ï 1,8, ʚ ʉ3N4 N/C = 1,33) [179]. ɺʘʨʽʶʚʘʥʥʷ ʜʽʘʤʝʪʨʘ ʧʦʨ ʢʨʝʤʥʝʟʝʤʥʦʾ 

ʤʘʪʨʠʮʽ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʪʝʢʩʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ (ʜʽʘʤʝʪʨ ʧʦʨ 

ʚʽʜ 3,1 ʜʦ 5,8 ʥʤ, SBET ʚʽʜ 152 ʜʦ 298 ʤ
2
/ʛ), ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʦ ʰʠʨʠʥʫ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ (2,25 ï 2,49 ʝɺ). ʆʜʝʨʞʘʥʽ ʟʨʘʟʢʠ ʻ ʘʢʪʠʚʥʠʤʠ ʷʢ ʙʝʟʤʝʪʘʣʝʚʽ 

ʢʘʪʘʣʽʟʘʪʦʨʠ ʘʮʠʣʶʚʘʥʥʷ ʙʝʥʟʦʣʫ ʛʝʢʩʘʥʦʾʣ ʭʣʦʨʠʜʦʤ ʟʘ ʌʨʽʜʝʣʝʤ-ʂʨʘʬʪʩʦʤ 

(ʢʦʥʚʝʨʩʽʷ ʘʮʠʣʶʶʯʦʛʦ ʘʛʝʥʪʘ 87%, ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʛʝʢʩʘʥʦʬʝʥʦʥʦʤ 100%).   

ɻʨʘʬʽʪʦʧʦʜʽʙʥʠʡ C3N4 ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʦʜʝʨʞʘʥʦ ʚ ʧʨʦʮʝʩʽ ʪʝʨʤʽʯʥʦʾ 

ʢʦʥʜʝʥʩʘʮʽʾ ʪʽʦʮʽʘʥʘʪʫ ʘʤʦʥʽʶ, ʷʢʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʘʤʽʘʢʫ ʽ 

ʩʽʨʢʦʚʦʜʥʶ, ʱʦ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʩʪʨʫʢʪʫʨʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ (C/N(ʘʪ.) 

= 0,76) [180]. ɿʜʽʡʩʥʝʥʥʷ ʧʦʣʽʤʝʨʠʟʘʮʽʾ NH4SCN ʚ ʫʤʦʚʘʭ ʤʘʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ 

(ʷʢ çʞʦʨʩʪʢʽè ʪʝʤʧʣʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʥʦʨʦʟʤʽʨʥʠʡ ʢʨʝʤʥʝʟʝʤ Ludox 

HS40 ʽ SBA-15) ʧʨʠʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʦʛʦ ʥʽʪʨʠʜʫ 

ʚʫʛʣʝʮʶ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ (SBET ʜʦ ~ 190 ʤ
2
/ʛ) ʽ 

ʚʝʣʠʢʠʤ ʦʙôʻʤʦʤ (Vʧʦʨ ʜʦ 0,8 ʩʤ
3
/ʛ) ʦʜʥʦʨʽʜʥʠʭ ʤʝʟʦʧʦʨ (Dʧʦʨ ʚʽʜ 5 ʜʦ 14 ʥʤ). ʋ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʙ'ʻʤʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʦʜʝʨʞʘʥʠʡ ʧʦʨʠʩʪʠʡ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʽ ʩʪʘʙʽʣʴʥʽʩʪʶ 

ʨʦʙʦʪʠ ʚ ʨʝʘʢʮʽʾ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʟ ʚʦʜʠ ʧʽʜ ʜʽʻʶ ʚʠʜʠʤʦʛʦ ʦʧʨʦʤʽʥʶʚʘʥʥʷ (~ 

220 ʧʨʦʪʠ 58 ʤʢʤʦʣʴ ʅ2/ʛʦʜĿʛ). 

ʇʦʣʽʤʝʨʠʟʘʮʽʷ ʩʝʯʦʚʠʥʠ ʚ ʧʦʨʘʭ ʤʝʣʘʤʽʥʦʚʦʾ ʛʫʙʢʠ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʧʦʨʠʩʪʠʭ ʤʦʥʦʣʽʪʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ 

ʟ 2D ʧʦʨʠʩʪʠʭ ʥʘʥʦʣʠʩʪʽʚ ʛʨʘʬʽʪʦʧʦʜʽʙʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ [181]. ɿʘʚʜʷʢʠ 

ʙʽʣʴʰ ʨʦʟʚʠʥʝʥʽʡ ʧʦʨʠʩʪʦʩʪʽ (SBET 78 ʤ
2
/ʛ, Vʧʦʨ 0,76 ʩʤ

3
/ʛ), ʧʽʜʚʠʱʝʥʦʤʫ 

ʧʦʛʣʠʥʘʥʥʶ ʩʚʽʪʣʘ ʚ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ, ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʝʥʦʤʫ ʨʦʟʜʽʣʝʥʥʶ ʟʘʨʷʜʽʚ 
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ʦʜʝʨʞʘʥʽ ʤʘʪʝʨʽʘʣʠ ʧʨʦʷʚʣʷʶʪʴ ʚʠʩʦʢʫ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ 

ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʟ ʚʦʜʠ (ʜʦ 29 ʤʢʤʦʣʴ ʅ2/ʛʦʜĿʛ) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʙᾷʻʤʥʠʤʠ 

ʟʨʘʟʢʘʤʠ. 

ʊʝʨʤʽʯʥʘ ʢʦʥʜʝʥʩʘʮʽʷ ʮʽʘʥʘʤʽʜʫ ʚ ʢʘʥʘʣʘʭ ʘʥʦʜʥʦʛʦ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ 

ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘʥʦʩʪʝʨʞʥʽ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤ ʩʪʫʧʝʥʝʤ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʷ ʟ ʦʙ'ʻʤʥʠʤ 

ʟʨʘʟʢʦʤ, ʘ ʪʘʢʦʞ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʚ ʨʝʘʢʮʽʾ ʨʦʟʢʣʘʜʫ ʚʦʜʠ ʧʽʜ ʜʽʻʶ 

ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʦ ʙʽʣʴʰ ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ (SBET 

25 ʧʨʦʪʠ 10 ʤ
2
/ʛ) ʪʘ ʚʠʱʠʤ ʩʪʫʧʝʥʝʤ ʩʢʦʥʜʝʥʩʦʚʘʥʦʩʪʽ ʢʘʨʢʘʩʫ [182].    

ɺ ʮʽʣʦʤʫ, ʷʢ ʩʚʽʜʯʘʪʴ ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʣʽʪʝʨʘʪʫʨʠ, ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦʶ ʧʦʨʠʩʪʽʩʪʶ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʽʜʚʠʱʝʥʦʶ 

ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʶ ʪʘ ʢʘʪʘʣʽʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ, ʤʦʞʝ ʙʫʪʠ ʦʜʝʨʞʘʥʠʡ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʞʦʨʩʪʢʠʭ ʪʝʤʧʣʘʪʽʚ, ʟʦʢʨʝʤʘ, ʢʨʝʤʥʝʟʝʤʥʠʭ. ʆʜʥʘʢ, ʚʨʘʭʦʚʫʶʯʠ 

ʣʝʪʢʽʩʪʴ ʧʨʝʢʫʨʩʦʨʽʚ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʥʠʟʴʢʠʡ ʚʠʭʽʜ g-ʉ3N4 ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ, ʟʦʢʨʝʤʘ, ʤʝʣʘʤʽʥʫ ʪʘ ʩʝʯʦʚʠʥʠ, ʪʝʤʣʘʪʫʶʯʠʡ ʝʬʝʢʪ ʞʦʨʩʪʢʠʭ 

ʤʘʪʨʠʮʴ ʟʥʠʞʫʻʪʴʩʷ ʪʘ ʟʚʦʜʠʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʜʦ ʦʙʤʝʞʝʥʥʷ ʨʦʩʪʫ 

ʯʘʩʪʠʥʦʢ ʢʽʥʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺ ʟʚᾷʷʟʢʫ ʟ ʮʠʤ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ 

ʪʝʤʧʣʘʪʥʦʛʦ ʦʜʝʨʞʘʥʥʷ ʛʨʘʬʽʪʦʧʦʜʽʙʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʻ ʥʝʪʨʠʚʽʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤᾷʷʢʠʭ ʪʝʤʧʣʘʪʽʚ ʧʽʜ ʯʘʩ ʩʠʥʪʝʟʫ g-ʉ3N4 ʚʠʜʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ 

ʝʬʝʢʪʠʚʥʠʤ ʟ ʦʛʣʷʜʫ ʥʘ ʙʣʠʟʴʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʥʽʪʨʠʜʫ 

ʚʫʛʣʝʮʶ ʪʘ ʚʠʜʘʣʝʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʇɸʈ (ʙʣʠʟʴʢʦ 500 ï 600 ÁC), ʱʦ 

ʫʥʝʤʦʞʣʠʚʣʶʻ ʧʦʚʥʝ ʚʠʜʘʣʝʥʥʷ ʪʝʤʧʣʘʪʫ ʧʽʩʣʷ ʨʝʘʢʮʽʾ.   

ʅʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʡ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ 

ʇʨʦʩʪʦʨʦʚʦ ʚʠʩʦʢʦʚʧʦʨʷʜʢʦʚʘʥʠʡ ʤʝʟʦʧʦʨʠʩʪʠʡ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ 

ʦʜʝʨʞʘʥʦ ʤʘʪʨʠʯʥʦʶ ʧʦʣʽʤʝʨʠʟʘʮʽʻʶ ʝʪʠʣʝʥʜʽʘʤʽʥʫ ʽ ʯʦʪʠʨʠʭʣʦʨʠʩʪʦʛʦ 

ʚʫʛʣʝʮʶ, ʟ ʧʦʜʘʣʴʰʠʤ ʧʽʨʦʣʽʟʦʤ, ʚ ʢʨʝʤʥʝʟʝʤʥʦʤʫ ʄʄʉ SBA-15 [183] (ʨʠʩ. 

1.5). ʉʠʥʪʝʟʦʚʘʥʠʡ ʛʝʢʩʘʛʦʥʘʣʴʥʦ ʚʧʦʨʷʜʢʦʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ (SBET 505 ʤ
2
/ʛ) ʽ ʚʠʩʦʢʠʤ ʦʙôʻʤʦʤ (VɆ 0,55 ʩʤ

3
/ʛ) 
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ʦʜʥʦʨʽʜʥʠʭ ʤʝʟʦʧʦʨ (d ~ 4 ʥʤ). ʄʘʩʦʚʝ ʚʽʜʥʦʰʝʥʥʷ C/N ʚ ʦʜʝʨʞʘʥʦʤʫ ʥʽʪʨʠʜʽ 

ʚʫʛʣʝʮʶ ʩʪʘʥʦʚʠʪʴ 4,36, ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʘʟʦʪʫ 16%, ʱʦ ʟʥʘʯʥʦ ʥʠʞʯʝ, ʥʽʞ ʚ 

ʛʨʘʬʽʪʦʧʦʜʽʙʥʦʤʫ ʥʽʪʨʠʜʽ ʚʫʛʣʝʮʶ C3N4 (61%). ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʤʝʪʦʜʘʤʠ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʽ ʈʌɽʉ ʦʪʦʯʝʥʥʷ ʘʪʦʤʽʚ 

ʚʫʛʣʝʮʶ ʽ ʘʟʦʪʫ ʚ ʩʪʽʥʢʘʭ ʩʬʦʨʤʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʻ ʘʥʘʣʦʛʽʯʥʠʤ ʦʪʦʯʝʥʥʶ C ʽ 

N ʚ ʢʘʨʢʘʩʽ ʥʝʧʦʨʠʩʪʦʛʦ ʘʤʦʨʬʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ [183]. 

 

 

ʈʠʩʫʥʦʢ 1.5 ï ʉʭʝʤʘ ʦʜʝʨʞʘʥʥʷ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʟ 

ʝʪʠʣʝʥʜʽʘʤʽʥʫ ʽ ʯʦʪʠʨʠʭʣʦʨʠʩʪʦʛʦ ʚʫʛʣʝʮʶ 

 

ɺʘʨʽʶʚʘʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʝʪʠʣʝʥʜʽʘʤʽʥ/ʯʦʪʠʨʠʭʣʦʨʠʩʪʠʡ ʚʫʛʣʝʮʴ ʚʽʜ 0,3 ʜʦ 

0,9 (ʤʘʩ.) ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʪʝʢʩʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʦʢʨʝʤʘ ʦʙôʻʤ ʧʦʨ 

(ʚʽʜ 0,55 ʜʦ 1,25 ʩʤ
3
/ʛ), ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ (505 ï 830 ʤ

2
/ʛ), ʜʽʘʤʝʪʨ ʤʝʟʦʧʦʨ (4,2 

ï 6,4 ʥʤ), ʘ ʪʘʢʦʞ ʚʽʜʥʦʰʝʥʥʷ C/N (3,3 ï 4,5) ʚ ʥʽʪʨʠʜʽ ʚʫʛʣʝʮʶ, ʱʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʘʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ SBA-15 [184]. 

ʆʜʝʨʞʘʥʽ ʤʘʪʝʨʽʘʣʠ ʧʨʦʷʚʣʷʶʪʴ ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ 

ʘʮʠʣʶʚʘʥʥʷ ʙʝʥʟʦʣʫ ʛʝʢʩʘʥʦʾʣ ʭʣʦʨʠʜʦʤ ʟʘ ʌʨʽʜʝʣʝʤ-ʂʨʘʬʪʩʦʤ, ʟʦʢʨʝʤʘ 

ʢʦʥʚʝʨʩʽʷ ʛʝʢʩʘʥʦʾʣ ʭʣʦʨʠʜʫ ʩʪʘʥʦʚʠʪʴ ~ 69 ï 89%, ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ 

ʢʘʧʨʦʬʝʥʦʥʦʤ 100%. ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʥʘʡʚʠʱʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪ ɹ

ʚʠʷʚʣʷʻ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ, ʦʜʝʨʞʘʥʠʡ ʟ ʨʝʘʢʮʽʡʥʠʭ ʩʫʤʽʰʝʡ ʟ ʥʘʡʤʝʥʰʠʤ 

ʚʽʜʥʦʰʝʥʥʷʤ ʝʪʠʣʝʥʜʽʘʤʽʥ/ʯʦʪʠʨʠʭʣʦʨʠʩʪʠʡ ʚʫʛʣʝʮʴ (0,3) ʽ ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰʠʤ ʚʽʜʥʦʰʝʥʥʷʤ C/N (4,5). ɸʚʪʦʨʠ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ 

ʮʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʨʝʯʦʚʠʥʘ ʩʪʽʥʦʢ ʢʘʨʢʘʩʫ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, ʩʠʥʪʝʟʦʚʘʥʦʛʦ 

ʟ ʨʝʘʢʮʽʡʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʝʪʠʣʝʥʜʽʘʤʽʥʫ, ʚʥʘʩʣʽʜʦʢ ʡʦʛʦ 

ʥʝʧʦʚʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʟ CCl4 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʜʝʬʝʢʪʥʠʭ 

ʮʝʥʪʨʽʚ, ʷʢʠʤʠ, ʦʯʝʚʠʜʥʦ, ʚʠʩʪʫʧʘʶʪʴ ʽʤʽʥʥʽ ʪʘ ʘʤʽʥʥʽ ʛʨʫʧʠ [184]. 
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ʂʨʽʤ ʢʨʝʤʥʝʟʝʤʥʠʭ ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʪ ʷʢ ʤʘʪʨʠʮʽ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʮʝʦʣʽʪʠ. ɿʦʢʨʝʤʘ, ʧʦʣʽʤʝʨʠʟʘʮʽʷ 

ʝʪʠʣʝʥʜʽʘʤʽʥʫ ʟ ʯʦʪʠʨʴʦʭʭʣʦʨʠʩʪʠʤ ʚʫʛʣʝʮʝʤ ʚ ʄʉʄ-22 [185] ʽ ʧʦʜʘʣʴʰʘ 

ʢʘʨʙʦʥʽʟʘʮʽʷ ʫʪʚʦʨʝʥʦʛʦ ʧʦʣʽʤʝʨʫ ʧʨʠʚʦʜʷʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʧʨʘʢʪʠʯʥʦ 

ʘʤʦʨʬʥʦʛʦ ʤʽʢʨʦʧʦʨʠʩʪʦʛʦ (Vʤʽʢʨʦ 0,34 ʩʤ
3
/ʛ, Dʤʽʢʨʦ 1,0 ʥʤ) ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, ʱʦ 

ʟʙʝʨʽʛʘʶʪʴ ʤʦʨʬʦʣʦʛʽʶ ʯʘʩʪʠʥʦʢ ʚʠʭʽʜʥʦʛʦ ʮʝʦʣʽʪʫ. 

ɺʠʩʦʢʦʚʧʦʨʷʜʢʦʚʘʥʠʡ ʤʝʟʦʧʦʨʠʩʪʠʡ (Vʧʦʨ 0,67 ʩʤ
3
/ʛ, Dʤʝʟʦ 3,8 ʥʤ, SBET 645 

ʤ
2
/ʛ) ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʘʟʦʪʫ (C4N2) ʦʜʝʨʞʘʥʦ ʤʘʪʨʠʯʥʠʤ 

ʤʝʪʦʜʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʪʠʣʝʥʜʽʘʤʽʥʫ ʽ CCl4 ʷʢ ʦʨʛʘʥʽʯʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ ʪʘ 

ʢʨʝʤʥʝʟʝʤʥʦʾ ʤʘʪʨʠʮʽ IBN-4, ʱʦ ʤʘʻ ʜʚʦʚʠʤʽʨʥʫ ʛʝʢʩʘʛʦʥʘʣʴʥʦ ʚʧʦʨʷʜʢʦʚʘʥʫ 

ʤʝʟʦʩʪʨʫʢʪʫʨʫ [186]. ʋʪʚʦʨʝʥʠʡ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʜʠʩʢʨʝʪʥʽ, 

ʤʦʥʦʜʠʩʧʝʨʩʥʽ ʯʘʩʪʠʥʢʠ (ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 150 ʥʤ), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʝʧʣʽʢʘʮʽʶ 

ʚʠʭʽʜʥʦʾ ʤʘʪʨʠʮʽ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʫʣʴʪʨʘʜʨʽʙʥʠʭ ʤʝʟʦʧʦʨʠʩʪʠʭ ʢʨʝʤʥʝʟʝʤʥʠʭ 

ʥʘʥʦʯʘʩʪʠʥʦʢ. ʆʜʝʨʞʘʥʠʡ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʙʝʟʤʝʪʘʣʝʚʠʡ ʦʩʥʦʚʥʠʡ ʢʘʪʘʣʽʟʘʪʦʨ ʚ ʨʝʘʢʮʽʾ ʧʝʨʝʝʪʝʨʠʬʽʢʘʮʽʾ 

ɓ-ʢʝʪʦʝʬʽʨʚ̔ ʨʽʟʥʠʤʠ ʩʧʠʨʪʘʤʠ (ʙʫʪʘʥʦʣ, ʛʝʢʩʘʥʦʣ, ʦʢʪʘʥʦʣ, ʮʠʢʣʦʛʝʢʩʘʥʦʣ, 

ʙʝʥʟʠʣʦʚʠʡ ʽ ʬʫʨʬʫʨʠʣʦʚʠʡ ʩʧʠʨʪʠ) ʟ ʢʦʥʚʝʨʩʽʻʶ ʩʧʠʨʪʽʚ ʜʦ 100% ʽ 100% 

ʩʝʣʝʢʪʠʚʥʽʩʪʶ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʝʬʽʨʘʤʠ. 

ʄʘʪʨʠʯʥʘ ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʷ ʝʪʠʣʝʥʜʽʘʤʽʥʫ ʽ CCl4 ʟ ʧʦʜʘʣʴʰʠʤ ʧʽʨʦʣʽʟʦʤ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʤʙʨʘʥ ʧʦʨʠʩʪʦʛʦ ʘʥʦʜʥʦʛʦ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʜʦʟʚʦʣʷʻ 

ʦʜʝʨʞʘʪʠ ʦʜʥʦʨʽʜʥʽ ʟʘ ʜʽʘʤʝʪʨʦʤ (Dʚʥʫʪʨ 250 ʥʤ) ʽ ʜʦʚʞʠʥʦʶ (60 ʤʽʢʨʦʥ) ʪʨʫʙʢʠ 

ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ [187]. ʆʪʨʠʤʘʥʠʡ ʤʘʪʝʨʽʘʣ ʟ ʥʘʥʝʩʝʥʠʤʠ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ 

ʧʣʘʪʠʥʠ (ʜʽʘʤʝʪʨ 3,3 ï 5,6 ʥʤ) ʧʨʦʷʚʣʷʻ ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ 

ʛʽʜʨʫʚʘʥʥʷ ʮʠʢʣʦʛʝʢʩʝʥʫ (ʢʦʥʚʝʨʩʽʷ ʙʣʠʟʴʢʦ 100%). ɺʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ 

ʟʜʘʪʥʽʩʪʴ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʨʠ ʧʦʷʩʥʶʶʪʴ ʟʙʽʣʴʰʝʥʥʷʤ ʜʠʩʧʝʨʩʥʦʩʪʽ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ, ʦʙʫʤʦʚʣʝʥʫ ʥʘʷʚʥʽʩʪʶ ʘʪʦʤʽʚ ʘʟʦʪʫ, 

ʚʢʣʶʯʝʥʠʭ ʚ ʢʘʨʢʘʩ ʚʫʛʣʝʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ [187].   

ɯʻʨʘʨʭʽʯʥʽ ʤʝʟʦʧʦʨʠʩʪʽ ʩʬʝʨʠ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʦʜʝʨʞʘʥʦ ʤʘʪʨʠʯʥʠʤ 

ʤʝʪʦʜʦʤ (ʘʙʦ ʪʘʢ ʟʚʘʥʠʤ ʤʝʪʦʜʦʤ ʥʘʥʦʢʘʩʪʠʥʛʫ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʝʤʥʝʟʝʤʥʦʾ 
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ʤʝʟʦʧʦʨʠʩʪʦʾ ʢʦʤʽʨʯʘʩʪʦʾ ʧʽʥʠ MCF ʷʢ ʞʦʨʩʪʢʦʛʦ ʪʝʤʧʣʘʪʫ, ʘ ʪʘʢʦʞ 

ʝʪʠʣʝʥʜʽʘʤʽʥʫ ʽ ʯʦʪʠʨʠʭʣʦʨʠʩʪʦʛʦ ʚʫʛʣʝʮʶ ʷʢ ʧʨʝʢʫʨʩʦʨʽʚ [146]. ʆʜʝʨʞʘʥʽ 

ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʬʝʨʠʯʥʦʶ ʤʦʨʬʦʣʦʛʽʻʶ (ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʙʣʠʟʴʢʦ 

4 ʤʢʤ), ʽʻʨʘʨʭʽʯʥʦʶ ʤʝʟʦʩʪʨʫʢʪʫʨʦʶ (ʧʦʨʠ ʨʦʟʤʽʨʦʤ 4 ʽ 43 ʥʤ), ʚʠʩʦʢʠʤʠ 

ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ (550 ʤ
2
/ʛ) ʽ ʦʙôʻʤʦʤ ʧʦʨ (0,9 ʩʤ

3
/ʛ). ʉʪʽʥʢʠ ʢʘʨʢʘʩʫ 

ʦʜʝʨʞʘʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʻ ʯʘʩʪʢʦʚʦ ʛʨʘʬʽʪʠʟʦʚʘʥʠʤʠ ʽ ʩʢʣʘʜʘʶʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʟ ʙʝʥʟʦʣʴʥʠʭ ʽ ʧʽʨʠʜʠʥʦʚʠʭ ʢʽʣʝʮʴ, ʟ'ʻʜʥʘʥʠʭ ʘʪʦʤʘʤʠ ʘʟʦʪʫ. 

ʉʠʥʪʝʟʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʦʶ ʘʜʩʦʨʙʮʽʡʥʦʶ ʻʤʥʽʩʪʶ ʟʘ 

ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ (2,9 ʤʤʦʣʴ/ʛ ʧʨʠ 25 Üʉ, 0,97 ʤʤʦʣʴ/ʛ ʧʨʠ 75 Üʉ, ʜʣʷ 

ʚʫʛʣʝʮʝʚʠʭ ʩʬʝʨ ʘʥʘʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʥʝ ʤʽʩʪʷʪʴ ʘʟʦʪʫ, ʚʽʜʧʦʚʽʜʥʽ ʻʤʥʦʩʪʽ 

ʩʢʣʘʜʘʶʪʴ 2,5 ʽ 0,3 ʤʤʦʣʴ/ʛ), ʱʦ, ʦʯʝʚʠʜʥʦ, ʦʙʫʤʦʚʣʝʥʦ, ʧʝʨʰ ʟʘ ʚʩʝ, ʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ ʘʟʦʪʫ, ʱʦ ʫʪʚʦʨʶʻ ʦʩʥ·ʚʥʽ ʛʨʫʧʠ, ʘ ʪʘʢʦʞ ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ʪʘ 

ʽʻʨʘʨʭʽʯʥʽʩʪʶ ʩʬʦʨʤʦʚʘʥʦʾ ʤʝʟʦʩʪʨʫʢʪʫʨʠ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʪʠʣʝʥʜʽʘʤʽʥʫ ʽ CCl4 ʷʢ ʦʨʛʘʥʽʯʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ, ʘ ʪʘʢʦʞ 

SBA-15 ʷʢ ʤʘʪʨʠʮʽ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʦʜʥʦʨʽʜʥʦʶ ʤʝʟʦʧʦʨʠʩʪʽʩʪʶ (Dʤʝʟʦ 6,2 ʥʤ, Vʧʦʨ 0,38 ʩʤ
3
/ʛ, SBET 278 ʤ

2
/ʛ, Vʤʽʢʨʦ 

0,009 ʩʤ
3
/ʛ), ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʘʟʦʪʫ (ʜʦ 24,9%) ʽ ʚʽʜʧʦʚʽʜʥʦ ʚʠʩʦʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʦʩʥʦʚʥʠʭ ʛʨʫʧ [188]. ʇʦʩʪʩʠʥʪʝʪʠʯʥʝ ʧʨʦʩʦʯʫʚʘʥʥʷ ʧʨʦʤʽʞʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʢʨʝʤʥʝʟʝʤ/ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ ʩʘʭʘʨʦʟʠ ʟ ʧʦʜʘʣʴʰʦʶ 

ʢʘʨʙʦʥʽʟʘʮʽʻʶ ʧʨʠ 600 Üʉ ʽ ʚʠʜʘʣʝʥʥʷʤ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʢʘʨʢʘʩʫ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ/ʚʫʛʣʝʮʴ, ʱʦ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥ ̔

ʩʦʨʙʮʽʡʥ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʜʝʷʢʫ ʤʽʢʨʦʧʦʨʠʩʪʽʩʪ ɹ (SBET 338 ʤ
2
/ʛ, 

Vʧʦʨ 0,33 ʩʤ
3
/ʛ ʧʨʠ Dʤʝʟʦ 6,2 ʥʤ, Vʤʽʢʨʦ 0,057 ʩʤ

3
/ʛ). ʆʜʝʨʞʘʥʽ ʢʦʤʧʦʟʠʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʱʦʶ ʩʦʨʙʮʽʡʥʦʶ ʻʤʥʽʩʪʶ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ, ʥʽʞ ʯʠʩʪʠʡ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ (3,05 ʤʤʦʣʴ/ʛ (0 Üʉ), 2,35 ʤʤʦʣʴ/ʛ (25 Üʉ) ʽ 2,16 

ʤʤʦʣʴ/ʛ (0 Üʉ), 1,76 ʤʤʦʣʴ/ʛ (25 Üʉ), ʚʽʜʧʦʚʽʜʥʦ), ʱʦ ʟʫʤʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʶ 

ʤʽʢʨʦʧʦʨ ʚ ʩʪʨʫʢʪʫʨʽ ʚʫʛʣʝʮʝʚʦʾ ʩʢʣʘʜʦʚʦʾ ʢʦʤʧʦʟʠʪʽʚ.   

ʅʽʪʨʠʜ ʚʫʛʣʝʮʶ ʟ ʪʨʠʚʠʤʽʨʥʦʶ ʢʫʙʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʽ ʙʽʤʦʜʘʣʴʥʦʶ 

ʤʝʟʦʧʦʨʠʩʪʽʩʪʶ ʦʜʝʨʞʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʪʠʣʝʥʜʽʘʤʽʥʫ ʽ ʯʦʪʠʨʠʭʣʦʨʠʩʪʦʛʦ 
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ʚʫʛʣʝʮʶ ʷʢ ʧʨʝʢʫʨʩʦʨʽʚ, ʘ ʪʘʢʦʞ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʄʄʉ KIT-6 ʷʢ ʞʦʨʩʪʢʦʛʦ 

ʪʝʤʧʣʘʪʫ [189]. ʆʪʨʠʤʘʥʽ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʜʚʦʭ ʪʠʧʽʚ 

ʧʦʨ: ʤʝʟʦʧʦʨʠ (ʚʽʜ 3,5 ʜʦ 5,0 ʥʤ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʢʩʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʭʽʜʥʦʾ 

ʢʨʝʤʥʝʟʝʤʥʦʾ ʤʘʪʨʠʮʽ), ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʚʠʜʘʣʝʥʥʷ ʨʝʯʦʚʠʥʠ ʩʪʽʥʦʢ 

ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʪʘ ʙʽʣʴʰ ʢʨʫʧʥʽ ʧʦʨʠ (ʚʽʜ 10,0 ʜʦ 11,5 ʥʤ), 

ʬʦʨʤʫʚʘʥʥʷ ʷʢʠʭ, ʡʤʦʚʽʨʥʦ, ʟʫʤʦʚʣʝʥʦ ʥʝʧʦʚʥʠʤ ʟʘʧʦʚʥʝʥʥʷʤ ʧʦʨ 

ʢʨʝʤʥʝʟʝʤʥʦʾ ʤʘʪʨʠʮʽ ʦʨʛʘʥʽʯʥʠʤ ʧʨʝʢʫʨʩʦʨʦʤ ʘʙʦ ʟʣʠʪʪʷʤ ʤʝʟʦʧʦʨ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʢʣʘʜʫ CN-ʧʦʣʽʤʝʨʽʚ ʟ ʥʠʞʯʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ ʚ ʧʨʦʮʝʩʽ 

ʧ̔ ʨʦʣʽʟʫ. ʂʘʨʢʘʩ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʽʣʴʥʠʭ 

ʘʤʽʥʦʛʨʫʧ (ʜʦ 0,195 ʤʤʦʣʴ ʉʆ2 ʥʘ ʛ, ʤʝʪʦʜ ʪʝʨʤʦʧʨʦʛʨʘʤʦʚʘʥʦʾ ʜʝʩʦʨʙʮʽʾ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ), ʢʦʥʮʝʥʪʨʘʮʽʷ ʷʢʠʭ ʟʨʦʩʪʘʻ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʜʽʘʤʝʪʨʘ ʧʦʨ 

ʢʨʝʤʥʝʟʝʤʥʦʾ ʤʘʪʨʠʮʽ, ʡʤʦʚʽʨʥʦ, ʚʥʘʩʣʽʜʦʢ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ ʥʽʪʨʠʜʫ 

ʚʫʛʣʝʮʶ ʟ ʙʽʣʴʰ ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ (SBET 558 Ÿ 637 ʤ
2
/ʛ). ʆʜʝʨʞʘʥʽ 

ʤʘʪʝʨʽʘʣʠ ʧʨʦʷʚʣʷʶʪʴ ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ (ʢʦʥʚʝʨʩʽʷ 95%) ʽ 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ (ʙʣʠʟʴʢʦ 100%) ʟʘ Ŭ,ɓ-ʥʝʥʘʩʠʯʝʥʠʤ ʥʽʪʨʠʣʦʤ ʚ ʨʝʘʢʮʽʾ 

ʢʦʥʜʝʥʩʘʮʽʾ ʙʝʥʟʘʣʴʜʝʛʽʜʫ ʽ ʤʘʣʦʥʦʥʽʪʨʠʣʫ ʟʘ ʂʥʝʚʝʥʘʛʝʣʝʤ [189].  

ʇʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ 

ʌʦʪʦʢʘʪʘʣʽʟ        

ʉʦʥʷʯʥʘ ʝʥʝʨʛʽʷ ʻ ʧʨʘʢʪʠʯʥʦ ʥʝʚʠʯʝʨʧʥʠʤ ʽ ʝʢʦʣʦʛʽʯʥʦ ʜʨʫʞʥʠʤ 

ʜʞʝʨʝʣʦʤ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʬʦʪʦʢʘʪʘʣʽʟʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʙʣʝʤ, ʟʦʢʨʝʤʘ ʟʜʽʡʩʥʝʥʥʷ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʷʢ 

ʨʦʟʢʣʘʜ ʚʦʜʠ, ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʽʚ, 

ʨʦʟʱʝʧʣʝʥʥʷ ʨʝʯʦʚʠʥ-ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚʦʜʠ, ʚʽʜʥʦʚʣʝʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, 

ʦʢʠʩʥʝʥʥʷ ʤʦʥʦʦʢʩʠʜʫ ʘʟʦʪʫ ʪʘ ʽʥ. [190-192]. ɺ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ 

ʛʨʘʬʽʪʦʧʦʜʽʙʥʠʡ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ ʚʠʜʘʻʪʴʩʷ ʮʽʢʘʚʠʤ ʽ ʙʘʛʘʪʦʦʙʽʮʷʶʯʠʤ 

ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʦʤ [145, 151], ʱʦ ʟʫʤʦʚʣʝʥʦ ʡʦʛʦ ʭʽʤʽʯʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ (ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʪʘʣʝʚʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ) ʪʘ ʧʦʣʽʤʝʨʥʦʶ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʶ 

ʧʨʠʨʦʜʦʶ. 
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ʈʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʤʝʥʰʝʥʥʷ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʧʦʛʣʠʥʘʥʥʷ ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ, ʘ ʪʘʢʦʞ ʥʘ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʝʢʦʤʙʽʥʘʮʽʾ 

ʬʦʪʦʛʝʥʝʨʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʠʭ ʧʘʨ [142]. ʗʢ ʦʩʥʦʚʥʽ ʧʽʜʭʦʜʠ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʧʦʣʽʧʰʠʪʠ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ g-C3N4, ʨʦʟʛʣʷʜʘʶʪʴ 

ʨʦʟʚʠʥʝʥʥʷ ʧʦʚʝʨʭʥʽ, ʜʦʧʫʚʘʥʥʷ ʨʽʟʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʤʝʪʘʣʽʚ, 

ʩʪʚʦʨʝʥʥʷ ʛʽʙʨʠʜʥʠʭ ʽ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʟ ʽʥʰʠʤʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ ʽ 

ʽʥ.). 

ɺʠʩʦʢʘ ʘʢʪʠʚʥʽʩʪʴ ʛʨʘʬʽʪʦʧʦʜʽʙʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ (ʦʜʝʨʞʘʥʦʛʦ ʟ 

ʩʝʯʦʚʠʥʠ) ʚ ʨʝʘʢʮʽʾ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ (ʜʦ 20000 ʤʢʤʦʣʴ ʅ2 /ʛʦʜĿʛ; ʯʠʩʣʦ 

ʦʙʦʨʦʪʽʚ ʢʘʪʘʣʽʟʘʪʦʨʘ, ʨʦʟʨʘʭʦʚʘʥʝ ʥʘ ʢʽʣʴʢʽʩʪʴ ʨʝʯʦʚʠʥʠ ʧʣʘʪʠʥʠ, ʚʟʷʪʦʾ ʷʢ 

ʩʧʽʚʢʘʪʘʣʽʟʘʪʦʨ, ʩʪʘʥʦʚʠʪʴ ~ 640) ʟ ʚʦʜʠ ʧʽʜ ʜʽʻʶ ʋʌ-ʚʠʜʠʤʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʷʩʥʶʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʩʪʫʧʝʥʷ 

ʧʨʦʪʦʥʫʚʘʥʥʷ ʽ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʘ [193]. ʊʘʢ, ʰʚʠʜʢʽʩʪʴ ʚʠʜʽʣʝʥʥʷ 

ʚʦʜʥʶ ʟʥʘʯʥʦ  ʁʤʽʨʦ  ʁʧʽʜʚʠʱʫʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʩʪʫʧʝʥʷ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʪʘ 

ʟʥʠʞʝʥʥ ̔ʩʪʫʧʝʥʷ ʧʨʦʪʦʥʫʚʘʥʥʷ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, ʱʦ, ʟʛʽʜʥʦ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ 

ʨʦʟʨʘʭʫʥʢʘʤʠ, ʟʫʤʦʚʣʝʥʦ ʟʩʫʚʦʤ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʧʝʨʝʥʘʧʨʫʛʠ ʜʣʷ ʧʨʦʪʽʢʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʚʽʜʥʦʚʥʠʭ ʨʝʘʢʮʽʡ. ʂʨʽʤ 

ʪʦʛʦ, ʫ ʚʠʧʘʜʢʫ ʥʘʜʤʽʨʥʦʛʦ ʧʨʦʪʦʥʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ 

ʬʦʪʦʝʣʝʢʪʨʦʥʠ ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʥʘ ʥʝʘʢʪʠʚʥʠʭ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʮʝʥʪʨʘʭ. 

ʅʠʟʴʢʠʡ ʨʽʚʝʥʴ ʧʨʦʪʦʥʫʚʘʥʥʷ ʽ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʢʘʨʢʘʩʫ C3N4 

ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʷʛʥʫʪʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʠʩʝʥʴ-ʚʤʽʩʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ, ʟʦʢʨʝʤʘ, 

ʩʝʯʦʚʠʥʠ ʪʘ ʽʥʰʠʭ [193].    

ɿʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ (ʧʦʪʝʥʮʽʘʣʠ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʽ 

ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʨʽʚʥʽ ï1,3 ʝɺ ʽ 1,4 ʝɺ ʚʽʜʧʦʚʽʜʥʦ [194]), ʦʜʥʦʯʘʩʥʦ ʩʧʨʠʷʻ ʽ 

ʚʽʜʥʦʚʣʝʥʥʶ ʉʆ2, ʽ ʦʢʠʩʥʝʥʥʶ ʚʦʜʠ. ʄʦʞʣʠʚʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʚʽʜʥʦʚʣʝʥʥʷ 

ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʛʨʘʬʽʪʦʧʦʜʽʙʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʚʽʜʥʦʚʥʠʢʽʚ ʻ ʉʆ, ʦʮʪʦʚʠʡ ʘʣʴʜʝʛʽʜ ʽ ʤʝʪʘʥ, ʤʝʪʘʥʦʣ ʽ ʝʪʘʥʦʣ, 

ʤʫʨʘʰʠʥʘ ʢʠʩʣʦʪʘ [195-198]. 
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ʉʧʦʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʚ 

ʨʝʘʢʮʽʾ ʚʽʜʥʦʚʣʝʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚʢʣʶʯʘʶʪʴ ʧʝʨʝʚʘʞʥʦ ʬʦʨʤʫʚʘʥʥʷ 

ʢʦʤʧʦʟʠʪʽʚ ʟ ʤʝʪʘʣʘʤʠ [199, 200], ʤʝʪʘʣʦ-ʦʨʛʘʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ [191, 198], 

ʦʨʛʘʥʽʯʥʠʤʠ ʢʠʩʣʦʪʘʤʠ [201] ʪʘ ʽʥ. 

ɻʽʜʨʦʪʝʨʤʘʣʴʥʘ ʣʫʞʥʘ ʦʙʨʦʙʢʘ ʛʨʘʬʽʪʦʧʦʜʽʙʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, 

ʦʜʝʨʞʘʥʦʛʦ ʧʽʨʦʣʽʟʦʤ ʤʝʣʘʤʽʥʫ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ (ʚʽʜ 7,7 ʜʦ 65 ʤ
2
/ʛ), ʡʤʦʚʽʨʥʦ, ʚʥʘʩʣʽʜʦʢ ʚʠʜʘʣʝʥʥʷ ʧʝʚʥʦʾ ʯʘʩʪʢʠ 

ʤʝʥʰ ʩʪʘʙʽʣʴʥʠʭ ʬʨʘʛʤʝʥʪʽʚ CN-ʢʘʨʢʘʩʫ ʚ ʧʨʦʮʝʩʽ ʛʽʜʨʦʣʽʟʫ ʟ ʬʦʨʤʫʚʘʥʥʷʤ 

ʤʝʟʦʧʦʨʠʩʪʦʩʪʽ [192]. ɻʽʜʨʦʪʝʨʤʘʣʴʥʦ ʦʙʨʦʙʣʝʥʠʡ ʤʘʪʝʨʽʘʣ ʚʠʷʚʣʷʻ ʚʠʱʫ 

ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪ ɹʚ ʨʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ ʤʦʥʦʦʢʩʠʜʫ ʘʟʦʪʫ ʚ NO2, NO2
ï
, NO3

ï
 

ʧʽʜ ʜʽʻʶ ʚʠʜʠʤʦʛʦ (380 ï 480 ʥʤ) ʽ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ, ʥʽʞ 

ʥʝʦʙʨʦʙʣʝʥʠʡ ʤʘʪʝʨʽʘʣ (ʰʚʠʜʢʽʩʪʴ ʦʢʠʩʥʝʥʥʷ NO ʟʨʦʩʪʘʻ ʤʘʡʞʝ ʥʘ ʧʦʨʷʜʦʢ). 

ʇʽʜʚʠʱʝʥʥʷ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʧʽʩʣʷ ʣʫʞʥʦʾ ɻʊʆ ʘʚʪʦʨʠ 

ʧʦʷʩʥʶʶʪʴ ʟʨʦʩʪʘʥʥʷʤ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ, ʦʜʥʘʢ, ʦʯʝʚʠʜʥʦ, ʢʨʽʤ ʮʴʦʛʦ 

ʧʽʜʚʠʱʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʘ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʦ ʟʤʽʥʦʶ ʧʦʚʝʨʭʥʽ 

ʤʘʪʝʨʽʘʣʫ (ʬʦʨʤʫʚʘʥʥʷʤ ʜʝʬʝʢʪʽʚ ʢʘʨʢʘʩʫ, ʧʦʚʝʨʭʥʝʚʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ 

ʪʘ ʽʥ.), ʭʦʯʘ ʘʢʪʠʚʥʠʭ ʢʠʩʥʝʚʤʽʩʥʠʭ ʛʨʫʧ ʥʘ ʧʦʚʝʨʭʥʽ ʦʜʝʨʞʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʚʠʷʚʣʝʥʦ ʥʝ ʙʫʣʦ. 

ʂʘʪʘʣʽʟ 

ʇʦʚʝʨʭʥʝʚʽ ʩʪʨʫʢʪʫʨʥʽ ʜʝʬʝʢʪʠ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʷʢ 

ʘʢʪʠʚʥʽ ʮʝʥʪʨʠ, ʘ ʪʘʢʦʞ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʭʽʤʽʯʥʦʛʦ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʢʘʪʘʣʽʪʠʯʥʦ-ʘʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʛʝʪʝʨʦʛʝʥʥʠʭ 

ʢʘʪʘʣʽʪʠʯʥʠʭ ʨʝʘʢʮʽʡ. ɺʠʩʦʢʠʡ ʚʤʽʩʪ ʘʟʦʪʫ ʚ ʥʽʪʨʠʜʽ ʚʫʛʣʝʮʶ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʚʠʛʣʷʜʽ ʥʝʜʦʢʦʥʜʝʥʩʦʚʘʥʠʭ ʘʤʽʥʦʛʨʫʧ, ʘ ʪʘʢʦʞ ʪʨʝʪʠʥʥʦʛʦ N ʽ ʘʨʦʤʘʪʠʯʥʠʭ 

ʘʤʽʥʽʚ, ʱʦ ʻ ʦʩʥ·ʚʥʠʤʠ ʮʝʥʪʨʘʤʠ ʃʴʶʾʩʘ, ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʽʪʨʠʜ 

ʚʫʛʣʝʮʶ ʷʢ ʦʩʥ·ʚʥʠʡ ʙʝʟʤʝʪʘʣʝʚʠʡ ʢʘʪʘʣʽʟʘʪʦʨ. ʂʨʽʤ ʪʦʛʦ, ʥʘʥʝʩʝʥʥʷ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʝʪʘʣʽʚ, ʟʦʢʨʝʤʘ ʙʣʘʛʦʨʦʜʥʠʭ, ʥʘ ʛʨʘʬʽʪʦʧʦʜʽʙʥʠʡ ʥʽʪʨʠʜ 

ʚʫʛʣʝʮʶ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʟʥʘʯʝʥʴ ʙʘʨ'ʻʨʘ ʐʦʪʪʢʠ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 
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ʩʧʨʠʷʻ ʢʨʘʱʦʤʫ ʨʦʟʜʽʣʝʥʥʶ ʟʘʨʷʜʽʚ ʥʘ ʤʝʞʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ ʤʝʪʘʣ-

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ [202]. ʆʪʞʝ, g-ʉ3N4 ʚʠʩʪʫʧʘʻ çʘʢʪʠʚʥʠʤè ʥʦʩʽʻʤ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʤʝʪʘʣʽʚ, ʩʧʨʠʷʶʯʠ ʧʽʜʚʠʱʝʥʥʶ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʩʝʣʝʢʪʠʚʥʦʩʪʽ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ. 

ʅʘʥʦʩʪʝʨʞʥʽ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, ʦʜʝʨʞʘʥʽ ʧʽʨʦʣʽʟʦʤ 

ʛʝʢʩʘʤʝʪʠʣʝʥʪʝʪʨʘʤʽʥʫ ʚ ʧʦʨʘʭ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʄʄʉ SBA-15, ʧʨʦʷʚʣʷʶʪʴ 

ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʜʝʛʽʜʨʫʚʘʥʥʷ ʝʪʠʣʙʝʥʟʦʣʫ ʚ ʩʪʠʨʦʣ, ʱʦ, 

ʦʯʝʚʠʜʥʦ, ʦʙʫʤʦʚʣʝʥʦ ʜʦʩʪʫʧʥʽʩʪʶ ʢʘʪʘʣʽʪʠʯʥʦ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ (ʉ=ʆ), ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʧʦʚʝʨʭʥʽ 

ʟʨʘʟʢʽʚ, ʟʦʢʨʝʤʘ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ, ʩʪʫʧʝʥʝʤ ʜʝʬʝʢʪʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ, ʚʤʽʩʪʦʤ 

ʘʟʦʪʫ [203]. ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ 

ʧʨʦʩʪʦʨʦʚʦʶ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʶ, ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ (970 ï 1124 ʤ
2
/ʛ), 

ʙʽʤʦʜʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʤʝʟʦʧʦʨ ʟʘ ʨʦʟʤʽʨʘʤʠ (4,8 ʽ 11,0 ʥʤ), ʚʝʣʠʢʠʤ ʦʙ'ʻʤʦʤ 

ʧʦʨ (~ 1,3 ï 1,8 ʩʤ
3
/ʛ), ʘ ʪʘʢʦʞ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʘʟʦʪʫ (9,3 ï 23 ʤʘʩ.%). 

ɺʚʝʜʝʥʥʷ ʘʟʦʪʫ ʚ ʚʫʛʣʝʮʝʚʠʡ ʢʘʨʢʘʩ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ 

ʛʫʩʪʠʥʠ ʪʘ ʦʩʥʦʚʥʦʩʪʽ ʉ=ʆ ʛʨʫʧ, ʷʢʽ, ʚʠʩʪʫʧʘʶʯʠ ʷʢ ʦʩʥʦʚʠ ʃʴʶʾʩʘ, ʟʜʘʪʥʽ 

ʘʢʪʠʚʫʚʘʪʠ ʤʦʣʝʢʫʣʠ ʥʘʩʠʯʝʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ [204]. ʂʨʽʤ ʪʦʛʦ ʚʚʝʜʝʥʥʷ ʘʟʦʪʫ 

ʟʤʝʥʰʫʻ ʢʦʥʮʝʥʪʨʘʮʽʶ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʚ ʩʪʨʫʢʪʫʨʽ ʫʪʚʦʨʝʥʦʛʦ CN-

ʤʘʪʝʨʽʘʣʫ, ʷʢʽ, ʟʦʢʨʝʤʘ, ʧʦʚʝʨʭʥʝʚʽ ʬʝʥʦʣʴʥʽ ʛʨʫʧʠ, ʚʠʢʣʠʢʘʶʪʴ ʧʨʦʪʽʢʘʥʥʷ 

ʧʦʙʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʢʨʝʢʽʥʛʫ ʚʫʛʣʝʚʦʜʥʽʚ [205]. 

ʅʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʡ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ, ʦʜʝʨʞʘʥʠʡ ʧʦʣʽʤʝʨʠʟʘʮʽʻʶ 

ʝʪʠʣʝʥʜʽʘʤʽʥʫ ʟ ʯʦʪʠʨʴʦʭʭʣʦʨʠʩʪʠʤ ʚʫʛʣʝʮʝʤ ʚ ʢʨʝʤʥʝʟʝʤʥʽʡ ʤʘʪʨʠʮʽ SBA-15 ʽ 

ʧʦʜʘʣʴʰʠʤ ʧʽʨʦʣʽʟʦʤ ʧʦʣʽʤʝʨ-ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʢʦʤʧʦʟʠʪʫ, ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʽʥʢʘʧʩʫʣʶʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ ʟʘʚʜʷʢʠ ʧʨʦʷʚʫ, ʷʢ 

ʟʘʟʥʘʯʘʶʪʴ ʘʚʪʦʨʠ, ʩʪʘʙʽʣʽʟʫʶʯʦʾ ʪʘ ʨʦʟʤʽʨʦ-ʚʠʟʥʘʯʘʣʴʥʦʾ ʬʫʥʢʮʽʡ [206]. 

ʅʘʷʚʥʽʩʪʴ ʘʟʦʪʦʚʤʽʩʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ (ʧʝʨʝʚʘʞʥʦ ïNH2 ʽ ïNH) ʥʘ 

ʧʦʚʝʨʭʥʽ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ (ʨʦʟʤʽʨ 

ʙʣʠʟʴʢʦ 7 ʥʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʤʽʨʫ ʧʦʨ ʥʦʩʽʷ), ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʠʭ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ ʟʘʚʜʷʢʠ ʧʨʦʪʽʢʘʥʥʶ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ in situ, ʘ ʪʘʢʦʞ 
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ʚʽʜʩʫʪʥʦʩʪʽ ʘʛʣʦʤʝʨʘʮʽʾ ʯʘʩʪʠʥʦʢ ʚ ʧʦʨʠʩʪʦʤʫ ʧʨʦʩʪʦʨʽ ʥʦʩʽʷ. ʅʘʥʦʯʘʩʪʢʠ 

ʟʦʣʦʪʘ, ʽʥʢʘʧʩʫʣʴʦʚʘʥʽ ʚ ʥʽʪʨʠʜʽ ʚʫʛʣʝʮʶ, ʧʨʦʷʚʣʷʶʪʴ ʚʠʩʦʢʫ ʘʢʪʠʚʥʽʩʪʴ ʽ 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ (ʚʠʭʽʜ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʙʣʠʟʴʢʦ 96%) ʚ ʛʝʪʝʨʦʛʝʥʥʽʡ ʨʝʘʢʮʽʾ 

ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʙʝʥʟʘʣʴʜʝʛʽʜʫ, ʧʽʧʝʨʠʜʠʥʫ ʪʘ ʬʝʥʽʣʘʮʝʪʠʣʝʥʫ 

ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʧʨʦʧʘʨʛʽʣʘʤʽʥʫ, ʷʢʠʡ ʻ ʧʨʦʤʽʞʥʦʶ ʨʝʯʦʚʠʥʦʶ ʚ ʩʠʥʪʝʟʽ 

ʘʟʦʪʦʚʤʽʩʥʠʭ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʤʦʣʝʢʫʣ. 

ʄʝʟʦʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ, ʦʜʝʨʞʘʥʠʡ ʤʘʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʯʦʚʠʥʠ ʽ ʬʦʨʤʘʣʴʜʝʛʽʜʫ ʷʢ ʜʞʝʨʝʣ ʚʫʛʣʝʮʶ ʽ ʘʟʦʪʫ, ʘ ʪʘʢʦʞ 

ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʝʟʝʤʫ (INC-2) ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ʩʠʤʝʪʨʽʾ ʷʢ çʞʦʨʩʪʢʦʛʦè 

ʪʝʤʧʣʘʪʫ, ʧʨʦʷʚʣʷ ̒ ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ 

ʮʠʢʣʽʯʥʠʭ ʦʣʝʬʽʥʽʚ (ʮʠʢʣʦʧʝʥʪʝʥ, ʮʠʢʣʦʛʝʢʩʝʥ, ʮʠʢʣʦʦʢʪʝʥ) ʧʝʨʦʢʩʠʜʦʤ 

ʚʦʜʥʶ, ʟʦʢʨʝʤʘ, ʢʦʥʚʝʨʩʽʷ ʮʠʢʣʽʯʥʠʭ ʦʣʝʬʽʥʽʚ ʩʪʘʥʦʚʠʪʴ 65 ï 80 %, 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʝʧʦʢʩʠʜʘʤʠ 40 ï 90 % [152]. ʂʘʪʘʣʽʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ ʘʚʪʦʨʠ ʧʦʷʩʥʶʶʪʴ ʥʘʷʚʥʽʩʪʶ ʧʦʚʝʨʭʥʝʚʠʭ ʢʠʩʥʝʚʤʽʩʥʠʭ 

ʛʨʫʧ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʫʪʚʦʨʝʥʥʽ ʧʨʦʤʽʞʥʠʭ ʧʝʨʦʢʩʠʨʘʜʠʢʘʣʽʚ, ʷʢʽ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚ ʧʝʨʦʢʩʠʜʠ ʮʠʢʣʽʯʥʠʭ ʦʣʝʬʽʥʽʚ. 

ʄʽʢʨʦʧʦʨʠʩʪʠʡ ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ, ʦʜʝʨʞʘʥʠʡ ʧʦʣʽʤʝʨʠʟʘʮʽʻʶ 

ʝʪʠʣʝʥʜʽʘʤʽʥʫ ʪʘ ʯʦʪʠʨʠʭʣʦʨʠʩʪʦʛʦ ʚʫʛʣʝʮʶ, ʟ ʧʦʜʘʣʴʰʠʤ ʧʽʨʦʣʽʟʦʤ, ʚ ʮʝʦʣʽʪʽ 

ʄʉʄ-22, ʻ ʝʬʝʢʪʠʚʥʠʤ ʦʩʥ·ʚʥʠʤ ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʨʝʘʢʮʽʾ ʢʦʥʜʝʥʩʘʮʽʾ ʟʘ 

ʂʥʝʚʝʥʘʛʝʣʝʤ ʤʽʞ ʘʣʴʜʝʛʽʜʘʤʠ ʪʘ ʥʽʪʨʠʣʘʤʠ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ (ʚʠʭʽʜ ʮʽʣʴʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ʙʽʣʴʰʝ 80%) [207]. ʂʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʟʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ ʘʟʦʪʚʤʽʩʥʠʭ ʛʨʫʧ, ʷʢʽ ʚʠʩʪʫʧʘʶʪʴ ʷʢ ʦʩʥʦʚʥʽ ʮʝʥʪʨʠ 

ʃʴʶʾʩʘ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʨʝʘʢʮʽʾ N-ʚʤʽʩʥʠʡ ʦʩʥ·ʚʥʠʡ 

ʮʝʥʪʨ ʧʨʠʻʜʥʫʻ ʧʨʦʪʦʥ ʘʢʪʠʚʥʦʾ ʤʝʪʠʣʝʥʦʚʦʾ ʛʨʫʧʠ ʚʠʭʽʜʥʦʛʦ ʥʽʪʨʠʣʫ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʪʦʥʦʚʘʥʦʛʦ ʮʝʥʪʨʫ ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʘʥʽʦʥʫ. ɼʘʣʽ ʢʘʨʙʦʥʽʣʴʥʠʡ 

ʘʪʦʤ ʚʠʭʽʜʥʦʛʦ ʘʣʴʜʝʛʽʜʫ ʧʽʜʜʘʻʪʴʩʷ ʥʫʢʣʝʦʬʽʣʴʥʽʡ ʘʪʘʮʽ ʧʦʧʝʨʝʜʥʴʦ 

ʛʝʥʝʨʦʚʘʥʠʤ ʘʥʽʦʥʦʤ ʟ ʫʪʚʦʨʝʥʥʷʤ ʦʢʩʠʘʥʽʦʥʫ. ʇʽʩʣʷ ʚʠʜʽʣʝʥʥʷ ʤʦʣʝʢʫʣʠ ʚʦʜʠ 

ʽ ʚʽʜʱʝʧʣʝʥʥʷ ʧʨʦʪʦʥʘ ʟ ʧʨʦʪʦʥʦʚʘʥʦʛʦ ʮʝʥʪʨʫ ʢʘʪʘʣʽʟʘʪʦʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʢʩʠʘʥʽʦʥʘ ʫ ʚʽʜʧʦʚʽʜʥʠʡ ʧʨʦʜʫʢʪ ʢʦʥʜʝʥʩʘʮʽʾ ʟ ʦʜʥʦʯʘʩʥʦʶ 
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ʨʝʛʝʥʝʨʘʮʽʻʶ ʢʘʪʘʣʽʪʠʯʥʦ-ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʫ [207]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʢʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ (ʢʦʥʚʝʨʩʽʷ ʘʣʴʜʝʛʽʜʽʚ ʜʦ 92%, ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ 

ʮʽʣʴʦʚʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʜʦ 98%) ʦʜʝʨʞʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ (ʚ ʢʨʝʤʥʝʟʝʤʥʠʭ ʤʘʪʨʠʮʷʭ ʨʽʟʥʠʭ ʪʠʧʽʚ, 

ʟʦʢʨʝʤʘ, ʢʨʽʤ ʄʉʄ-22 ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʘʢʦʞ SBA-15, MCF ʽ 

ʽʥ.) ʜʦʙʨʝ ʢʦʨʝʣʶʻ ʟ ʚʽʜʥʦʰʝʥʥʷʤ N/C ʥʘ ʧʦʚʝʨʭʥʽ (ʨʦʟʨʘʭʦʚʘʥʝ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʬʽʣʽʚ ʈʌɽʉ), ʘ ʥʝ ʟʘʛʘʣʴʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ N/C, ʪʦʙʪʦ ʪʘʢʠʤ, ʱʦ ʚʢʣʶʯʘʻ 

ʚʽʜʧʦʚʽʜʥʽ ʛʨʫʧʠ ʚ ʦʙôʻʤʽ ʨʝʯʦʚʠʥʠ. ʂʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʟʨʘʟʢʽʚ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʚ ʨʝʘʢʮʽʾ ʂʥʝʚʝʥʘʛʝʣʷ ʧʝʨʝʚʠʱʫʻ ʪʘʢʫ ʽʥʰʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ ʤʝʪʘʣʦʦʨʛʘʥʽʯʥʠʭ ʢʘʨʢʘʩʽʚ, ʘʟʦʪʚʤʽʩʥʦʛʦ ʄʉʄ-48, 

ʛʨʘʬʽʪʦʧʦʜʽʙʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʪʘ ʽʥ., ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʝʟʤʝʪʘʣʝʚʠʭ 

ʦʩʥ·ʚʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʨʷʜʫ ʦʨʛʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ (ʘʣʴʜʦʣʴʥʘ ʢʦʥʜʝʥʩʘʮʽʷ, 

ʧʝʨʝʝʪʝʨʠʬʽʢʘʮʽʷ ʽ ʽʥ.).     

ʄʝʟʦʧʦʨʠʩʪʽ ʟʨʘʟʢʠ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, ʦʜʝʨʞʘʥ ̔ ʤʘʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʷʢ ʝʢʟʦʪʝʤʧʣʘʪʫ, ʘ ʪʘʢʦʞ ʦʨʛʘʥʽʯʥʠʭ 

ʧʨʝʢʫʨʩʦʨʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ (ʟʦʢʨʝʤʘ ʤʝʣʘʤʽʥ, ʩʝʯʦʚʠʥʘ-ʬʦʨʤʘʣʴʜʝʛʽʜ, ʤʝʣʘʤʽʥ-

ʛʣʽʦʢʩʘʣʴ), ʭʘʨʘʢʪʝʨʠʟʫʪʁʴʩʷ ʚʠʩʦʢʦʶ ʩʧʝʮʠʬʽʯʥʽʩʪʶ ʜʦ ʤʦʣʝʢʫʣ ʉʆ2, ʱʦ 

ʩʧʨʠʷʻ ʨʝʘʢʮʽʷʤ ʦʢʠʩʥʝʥʥʷ ʮʠʢʣʽʯʥʠʭ ʦʣʝʬʽʥʽʚ ʢʠʩʥʝʤ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʥʘʜʢʨʠʪʠʯʥʠʭ ʫʤʦʚʘʭ [208]. ʇʦʟʠʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ ʚ 

ʢʦʥʚʝʨʩʽʷʭ ʩʫʙʩʪʨʘʪʫ ʚ ʘʪʤʦʩʬʝʨʽ ʢʠʩʝʥʴ/ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʽ ʢʠʩʝʥʴ/ʘʟʦʪ ʜʣʷ ʚʩʽʭ 

ʜʦʩʣʽʜʞʝʥʠʭ ʮʠʢʣʽʯʥʠʭ ʦʣʝʬʽʥʽʚ (ʜʦ 28 %) ʚʢʘʟʫʻ ʥʘ ʧʨʦʤʦʪʫʶʯʠʡ ʝʬʝʢʪ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʨʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ ʮʠʢʣʦʘʣʢʝʥʽʚ ʤʦʣʝʢʫʣʷʨʥʠʤ ʢʠʩʥʝʤ, 

ʷʢʠʡ, ʡʤʦʚʽʨʥʦ, ʟʫʤʦʚʣʝʥʠʡ ʫʪʚʦʨʝʥʥʷʤ ʤʦʥʦʦʢʩʠʜʫ ʚʫʛʣʝʮʶ, ʘ ʪʘʢʦʞ 

ʧʦʚʝʨʭʥʝʚʠʭ ʢʘʨʙʘʤʘʪʽʚ ʫ ʧʨʦʮʝʩʽ ʘʢʪʠʚʘʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ ʣʽʪʝʨʘʪʫʨʠ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʪʽʣʴʢʠ 

ʜʝʷʢʠʭ ʧʠʪʘʥʴ ʽ ʘʩʧʝʢʪʽʚ ʭʽʤʽʾ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, ʩʚʽʜʯʠʪʴ, ʱʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ ʪʘ ʦʯʝʚʠʜʥʽ ʫʩʧʽʭʠ, ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʠʥʪʝʟʫ, 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʠʭ ʦʙʣʘʩʪʝʡ ʽ ʩʧʦʩʦʙʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʠʩʪʦʛʦ 
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ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ. ɿʚʽʩʥʦ, ʱʦ ʮʝ ʚ ʦʜʥʘʢʦʚʽʡ 

ʤʽʨʽ ʚʽʜʥʦʩʠʪʴʩʷ ʷʢ ʜʦ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʢʘʪʘʣʽʟʫ ʽ ʘʜʩʦʨʙʮʽʾ, ʪʘʢ ʽ 

ʜʦ ʧʨʠʢʣʘʜʥʠʭ ʨʦʟʨʦʙʦʢ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ, ʧʝʨʝʚʘʞʥʦ, ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʠʭ ʽ ʪʦʥʢʦʤʫ 

ʦʨʛʘʥʽʯʥʦʤʫ ʩʠʥʪʝʟʽ, ʟʘʚʜʷʢʠ ʰʠʨʦʢʠʤ ʤʦʞʣʠʚʦʩʪʷʤ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʽ 

ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʰʣʷʭʦʤ ʚʘʨʽʶʚʘʥʥʷ ʩʢʣʘʜʫ, ʩʪʨʫʢʪʫʨʠ, ʧʦʨʠʩʪʦʩʪʽ, ʨʦʟʤʽʨʫ 

ʯʘʩʪʠʥʦʢ, ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʧʦʚʝʨʭʥʽ ʪʦʱʦ. 

 

1.4. ʉʠʥʪʝʟ, ʩʪʨʫʢʪʫʨʘ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʠʩʪʦʛʦ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ 

 

ʉʪʚʦʨʝʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʥʦʩʽʾʚ 

ʢʘʪʘʣʽʪʠʯʥʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʻ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʠʤ ʪʘ ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʤ 

ʟʘʚʜʘʥʥʷʤ. ɺ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʷʢ ʥʦʩʽʾ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʢʘʪʘʣʽʪʠʯʥʦ-ʘʢʪʠʚʥʠʭ 

ʨʝʯʦʚʠʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʨʝʚʘʞʥʦ ʦʢʩʠʜʠ ʢʨʝʤʥʽʶ ʪʘ ʘʣʶʤʽʥʽʶ, ʘ ʪʘʢʦʞ 

ʚʫʛʣʝʮʝʚʽ ʤʘʪʝʨʽʘʣʠ. ɿʘʟʥʘʯʝʥʠʤ ʥʦʩʽʷʤ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʚʣʘʩʪʠʚʽ ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ, 

ʟʦʢʨʝʤʘ, ʪʘʢʽ ʷʢ ʥʠʟʴʢʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʦʢʠʩʥʝʥʥʷ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(ʚʫʛʣʝʮʝʚʽ ʥʦʩʽʾ), ʥʠʟʴʢʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʟʜʘʪʥʽʩʪʴ ʜʦ ʩʧʽʢʘʥʥʷ, ʱʦ 

ʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʢʘʪʘʣʽʪʠʯʥʦ-ʘʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ (ʥʦʩʽʾ ʥʘ 

ʦʩʥʦʚʽ ʦʢʩʠʜʽʚ ʢʨʝʤʥʽʶ ʪʘ ʘʣʶʤʽʥʽʶ). ʉʝʨʝʜ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ 

ʚʠʨʽʟʥʷʻʪʴʩʷ ʩʚʦʾʤʠ ʫʥʽʢʘʣʴʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʽ ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʪʘʢʠʤʠ 

ʷʢ ʚʠʩʦʢʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʭʽʤʽʯʥʘ, ʪʝʨʤʽʯʥʘ ʽ ʤʝʭʘʥʽʯʥʘ ʩʪʽʡʢʽʩʪʴ, ʥʠʟʴʢʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ, 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʘ ʧʨʠʨʦʜʘ, ʱʦ, ʫ ʩʫʢʫʧʥʦʩʪʽ, ʟʫʤʦʚʣʶʻ ʤʦʞʣʠʚʽʩʪʴ ʽ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ [209].    

ɺ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʘʫʢʦʚʽ ʧʽʜʭʦʜʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʟʘʩʘʜʠ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʪʘ ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʦʩʥʦʚʽ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʜʣʷ ʧʨʦʮʝʩʽʚ ʘʜʩʦʨʙʮʽʾ, ʢʘʪʘʣʽʟʫ ʪʦʱʦ, ʚʩʪʘʥʦʚʣʝʥʥʽ 

ʚʧʣʠʚʫ ʪʠʧʫ ʩʪʨʫʢʪʫʨʠ, ʤʦʨʬʦʣʦʛʽʾ, ʧʦʨʠʩʪʦʩʪʽ ʥʘ ʘʜʩʦʨʙʮʽʡʥʽ, ʢʘʪʘʣʽʪʠʯʥʽ, 
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ʩʧʝʢʪʨʘʣʴʥʽ, ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʦʰʫʢʫ ʥʦʚʠʭ ʛʘʣʫʟʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ. 

ʉʝʨʝʜ ʯʠʩʣʝʥʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ (ʧʦʣʽʪʠʧʽʚ) ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ (~200) [210] 

ʥʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʤ ʚʚʘʞʘʻʪʴʩʷ ʢʫʙʽʯʥʠʡ ʧʦʣʽʪʠʧ 3C-SiC (ɓ-SiC) (ʘʞ ʜʦ ~ 2100 

ÁC) [211]. ʅʘ ʬʦʨʤʫʚʘʥʥʷ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʧʝʚʥʦʛʦ ʧʦʣʽʪʠʧʫ ʚʧʣʠʚʘʶʪʴ 

ʥʘʩʘʤʧʝʨʝʜ ʫʤʦʚʠ ʦʜʝʨʞʘʥʥʷ (ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʩʢ ʪʦʱʦ), ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ 

ʜʦʤʽʰʦʢ. 

ɼʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ ʩʫʙʣʽʤʘʮʽʾ, ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ɽ. ɸʯʝʩʦʥʦʤ. ʉʫʪʴ 

ʤʝʪʦʜʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʝʨʝʥʝʩʝʥʥʽ ʨʝʯʦʚʠʥʠ ʚʽʜ ʛʘʨʷʯʦʛʦ ʜʞʝʨʝʣʘ (ʰʠʭʪʠ) ʜʦ 

ʟʘʪʨʘʚʢʠ ʟ ʥʠʞʯʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ. ʗʢ ʰʠʭʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ 

ʧʦʜʨʽʙʥʝʥʠʡ ʢʘʨʙʽʜʦʢʨʝʤʥʽʻʚʠʡ ʧʦʨʦʰʦʢ. ʈʽʩʪ ʚ ʧʨʦʮʝʩʽ ʩʫʙʣʽʤʘʮʽʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1800 ï 2600 Üʉ. ʎʝʡ ʤʝʪʦʜ ʚʠʜʘʚʘʚʩʷ ʧʨʠʜʘʪʥʠʤ 

ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʘʙʨʘʟʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ 

ʜʣʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. ʆʜʥʘʢ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʝ ʬʦʨʤʦ- ʪʘ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ (ʥʘʷʚʥʽʩʪʴ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ) 

ʢʨʠʩʪʘʣʽʚ SiC ʪʘ ʾʭ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʤʽʰʢʘʤʠ ʦʙʤʝʞʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ, ʦʜʝʨʞʘʥʦʛʦ ʦʧʠʩʘʥʠʤ ʩʧʦʩʦʙʦʤ, ʚ ʝʣʝʢʪʨʦʥʽʮʽ.  

ʄʝʪʦʜ ʃʝʣʽ ʧʦʣʷʛʘʻ ʫ ʚʠʧʘʨʦʚʫʚʘʥʥʽ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʛʦ SiC ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 1800 ï 2600 Üʉ ʪʘ ʧʦʜʘʣʴʰʽʡ ʢʦʥʜʝʥʩʘʮʽʾ ʧʘʨʽʚ ʥʘ ʚʠʧʘʜʢʦʚʠʭ 

ʟʘʨʦʜʢʘʭ. ʅʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʨʦʜʢʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʜʣʠʰʢʫ ʜʨʽʙʥʠʭ ʢʨʠʩʪʘʣʽʚ, ʱʦ ʥʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʦʱʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ 

ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ.  

ʆʜʝʨʞʘʥʥʷ ʦʙôʻʤʥʠʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ 

ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʟʘʪʨʘʚʦʢ ï ʪʘʢ ʟʚʘʥʠʡ ʤʝʪʦʜ ʬʽʟʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʧʘʨʽʚ (ʤʝʪʦʜ LETI) [212]. ɼʣʷ ʧʨʠʛʥʽʯʝʥʥʷ ʩʧʦʥʪʘʥʥʦʛʦ 

ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʽʢʨʠʩʪʘʣʽʚ ʢʦʥʜʝʥʩʘʮʽʶ ʧʝʨʝʩʠʯʝʥʦʾ ʧʘʨʠ 

ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʘʭ-ʟʘʪʨʘʚʢʘʭ ʧʨʦʚʦʜʠʣʠ ʚ ʘʪʤʦʩʬʝʨʽ ʽʥʝʨʪʥʦʛʦ ʛʘʟʫ. ɿ ʤʝʪʦʶ 
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ʧʦʩʪʫʧʦʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ ʽʥʝʨʪʥʠʡ ʛʘʟ ʟ ʢʘʤʝʨʠ 

ʚʽʜʢʘʯʫʻʪʴʩʷ.  

ʄʝʪʦʜʠ ʦʜʝʨʞʘʥʥʷ ʧʦʨʠʩʪʦʛʦ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ 

ɼʣʷ ʩʠʥʪʝʟʫ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʩʧʦʩʦʙʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

CVD-ʤʝʪʦʜ (ʦʩʘʜʞʝʥʥʷ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ), ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʪʨʘʚʣʝʥʥʷ, 

ʢʘʨʙʦʪʝʨʤʽʯʥʽ ʨʝʘʢʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʪʘ ʘʢʪʠʚʦʚʘʥʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʤʘʛʥʽʡʪʝʨʤʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʪʦʱʦ.  

ʊʘʢ, ʧʽʨʦʣʽʟ ʚʫʛʣʝʮʝʚʠʭ ʯʘʩʪʠʥʦʢ, ʧʨʦʩʦʯʝʥʠʭ ʩʧʦʣʫʢʘʤʠ ʥʽʢʝʣʶ, ʚ ʧʦʪʦʮʽ 

SiCl4 ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, ʱʦ ʤʘʻ ʨʦʟʚʠʥʝʥʫ ʧʦʚʝʨʭʥʶ (ʜʦ 

100 ʤ
2
/ʛ) ʪʘ ʚʽʜʪʚʦʨʶʻ ʬʦʨʤʫ ʚʠʭʽʜʥʦʛʦ ʚʫʛʣʝʮʶ [213]. 

ʇʽʨʦʣʽʟ ʦʨʛʘʥʦʢʨʝʤʥʝʟʝʤʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʢʘʨʙʽʜ 

ʢʨʝʤʥʽʶ ʟ ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ (ʙʽʣʴʰʝ 100 ʤ
2
/ʛ) [214]. ʆʯʝʚʠʜʥʦʶ 

ʧʝʨʝʚʘʛʦʶ ʟʘʟʥʘʯʝʥʦʛʦ ʩʧʦʩʦʙʫ ʩʠʥʪʝʟʫ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʻ ʪʝ, ʱʦ ʫ ʚʠʭʽʜʥʠʭ 

ʧʨʝʢʫʨʩʦʨʘʭ ʚʞʝ ʻ ʟʚ'ʷʟʦʢ Siïʉ, ʱʦ ʨʦʟʚôʷʟʫʻ ʧʨʦʙʣʝʤʫ ʤʘʣʦʛʦ ʢʦʥʪʘʢʪʫ ʟʘ 

ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʢʨʝʤʠʭ ʜʞʝʨʝʣ ʢʨʝʤʥʽʶ ʪʘ ʚʫʛʣʝʮʶ [215]. 

ɿʜʽʡʩʥʝʥʦ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʩʧʨʦʙ ʦʜʝʨʞʘʥʥʷ ʧʦʨʠʩʪʦʛʦ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʟ 

ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ. ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʪʘ 

ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʧʦʨʠʩʪʦʛʦ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ (ʊʘʙʣ. 1.2).  

 

ʊʘʙʣʠʮʷ 1.2 ï ʄʝʪʦʜʠ ʦʜʝʨʞʘʥʥʷ ʧʦʨʠʩʪʦʛʦ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ 

ʄʝʪʦʜ ʦʜʝʨʞʘʥʥʷ ɺʠʭʽʜʥʽ ʨʝʯʦʚʠʥʠ 

ʜʣʷ ʩʠʥʪʝʟʫ 

ʆʩʦʙʣʠʚʦʩʪʽ 

ʦʜʝʨʞʘʥʦʛʦ ʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ 

SBET 

(ʤ
2
/ʛ) 

ʇʦʩʠ

ʣʘʥʥʷ  

1 2 3 4 5 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʝ 

ʪʨʘʚʣʝʥʥʷ  

ʤʘʩʠʚʥʠʡ ʢʘʨʙʽʜ 

ʢʨʝʤʥʽʶ 

ɯʥʪʝʥʩʠʚʥʘ 

ʣʶʤʽʥʝʩʮʝʥʮʽʷ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʯʝʨʝʟ 

ʧʦʷʚʫ ʜʝʬʝʢʪʥʠʭ 

ʮʝʥʪʨʽʚ ʚ ʧʨʦʮʝʩʽ 

ʪʨʘʚʣʝʥʥʷ   

ʅʝ 

ʚʠʟʥʘ

ʯʝʥʦ 

[216] 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.2 

1 2 3 4 5 

ʉʠʥʪʝʟ ʟ ʝʬʝʢʪʦʤ 

ʧʘʤôʷʪʽ ʬʦʨʤʠ 

(ñshape memory 

synthesisò)  

ʘʢʪʠʚʦʚʘʥʠʡ 

ʚʫʛʣʝʮʴ ʘʙʦ ʢʦʢʩ 

ʪʘ ʛʘʟʦʧʦʜʽʙʥʠʡ 

ʤʦʥʦʦʢʩʠʜ 

ʢʨʝʤʥʽʶ 

ʈʝʧʣʽʢʘʮʽʷ 

ʤʘʢʨʦʩʢʦʧʽʯʥʦʾ 

ʬʦʨʤʠ ʚʫʛʣʝʮʶ ʚ 

ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ; 

ʥʘʷʚʥʽʩʪʴ ʟʥʘʯʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʜʝʬʝʢʪʽʚ 

ʫʧʘʢʦʚʢʠ; ʫʪʚʦʨʝʥʥʷ 

ʘʤʦʨʬʥʦʛʦ ʰʘʨʫ 

(ʪʦʚʱʠʥʦʶ ʙʣʠʟʴʢʦ 

3 ʥʤ), ʽʤʦʚʽʨʥʦ, 

ʦʢʩʠʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ 

20 ï 

200 

[215] 

ʂʘʨʙʦʪʝʨʤʽʯʥʝ 

ʚʽʜʥʦʚʣʝʥʥʷ 

ɺʫʛʣʝʮʴ ʪʘ 

ʤʦʥʦʦʢʩʠʜ ʘʙʦ 

ʜʽʦʢʩʠʜ ʢʨʝʤʥʽʶ 

ʄʦʞʣʠʚʽʩʪʴ 

ʚʘʨʽʶʚʘʥʥʷ 

ʧʦʨʠʩʪʦʩʪʽ ʪʘ 

ʤʦʨʬʦʣʦʛʽʾ 

(ʯʘʩʪʠʥʢʠ, ʚʦʣʦʢʥʘ, 

ʩʪʝʨʞʥʽ ʪʦʱʦ) 

ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ 

ʜʦ 

~500  

[217, 

218] 

ʄʘʛʥʽʡʪʝʨʤʽʯʥʝ 

ʚʽʜʥʦʚʣʝʥʥʷ 

ɺʫʛʣʝʮʴ, ʜʽʦʢʩʠʜ 

ʢʨʝʤʥʽʶ, ʤʘʛʥʽʡ 

ʄʦʞʣʠʚʽʩʪʴ 

ʚʘʨʽʶʚʘʥʥʷ 

ʧʦʨʠʩʪʦʩʪʽ ʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ 

ʜʦ 

~450  

[219] 

ʅʘʥʦʢʘʩʪʠʥʛ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʦʣʽʢʘʨʙʦʩʠʣʘʥʽʚ  

ʂʨʝʤʥʝʟʝʤʥʽ 

ʤʘʪʨʠʮʽ, 

ʧʦʣʽʢʘʨʙʦʩʠʣʘʥʠ 

ʄʝʟʦʧʦʨʠʩʪʘ 

ʧʨʦʩʪʦʨʦʚʦ 

ʚʧʦʨʷʜʢʦʚʘʥʘ 

ʩʪʨʫʢʪʫʨʘ 

ʜʦ 800 [220] 

ɯʥʰʽ ʧʽʜʭʦʜʠ  

- ʇʽʨʦʣʽʟ 

ʦʨʛʘʥʦʢʨʝʤʥʝʟʝʤʥ

ʠʭ ʤʘʪʝʨʽʘʣʽʚ 

-  ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʨʦʰʢʽʚ ʢʨʝʤʥʽʶ 

 

 

 

-ʝʪʠʣʝʥ-ʤʽʩʪʢʦʚʽ 

ʦʨʛʘʥʦʢʨʝʤʥʝʟʝʤ

ʥʽ ʤʝʟʦʬʘʟʠ 

- ʚʫʛʣʝʮʴ ʪʘ 

ʧʦʨʦʰʦʢ 

ʢʨʝʤʥʽʶ 

 

 

 

- ʰʠʨʦʢʠʡ ʨʦʟʧʦʜʽʣ 

ʧʦʨ ʟʘ ʨʦʟʤʽʨʘʤʠ 

- ʨʝʧʣʽʢʘʮʽʷ 

ʩʪʨʫʢʪʫʨʠ ʚʫʛʣʝʮʶ ʚ 

ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ; 

ʤʦʞʣʠʚʽʩʪʴ 

ʚʘʨʽʶʚʘʥʥʷ 

ʧʦʨʠʩʪʦʩʪʽ ʪʘ 

ʤʦʨʬʦʣʦʛʽʾ SiC 

 

ʜʦ 620 

 

 

ʜʦ 215 

 

[221] 

 

 

[222, 

223] 
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ɽʣʝʢʪʨʦʭʽʤʽʯʥʝ ʪʨʘʚʣʝʥʥʷ ʤʘʩʠʚʥʦʛʦ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ 

ɿʥʘʯʥʫ ʫʚʘʛʫ ʧʨʠʚʝʨʪʘʻ ʧʦʨʠʩʪʠʡ Siʉ ʫ ʚʠʛʣʷʜʽ ʰʘʨʽʚ, ʦʪʨʠʤʘʥʠʭ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ ʪʨʘʚʣʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʘʩʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʎʝ ʚʠʢʣʠʢʘʥʦ 

ʟʜʘʪʥʽʩʪʶ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʟʘʟʥʘʯʝʥʠʤ ʩʧʦʩʦʙʦʤ, ʜʦ 

ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʷʢʦʾ ʟʥʘʯʥʦʶ 

ʤʽʨʦʶ ʧʝʨʝʚʠʱʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʚʠʭʽʜʥʦʛʦ ʢʨʠʩʪʘʣʘ ʚ ʪʦʤʫ 

ʩʘʤʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ [216, 224]. ʊʘʢ, ʜʣʷ ʧʦʨʠʩʪʦʛʦ ʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ, ʦʜʝʨʞʘʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʘʥʦʜʫʚʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ 

6H-SiC, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʠʥʴʦ-ʟʝʣʝʥʘ ʣʶʤʽʥʝʩʮʝʥʮʽʷ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʷʢʦʾ ʥʘ 2 

ʧʦʨʷʜʢʠ ʚʠʱʘ, ʥʽʞ ʜʣʷ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ [224].    

ʆʯʝʚʠʜʥʦ, ʧʽʜʚʠʱʝʥʘ ʣʶʤʽʥʝʩʮʝʥʮʽʷ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʪʘʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʟʫʤʦʚʣʝʥʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʙʫʜʦʚʠ ʰʘʨʫ ʧʦʨʠʩʪʦʛʦ SiC, ʘ ʩʘʤʝ 

ʧʦʷʚʦʶ ʜʝʬʝʢʪʥʠʭ ʮʝʥʪʨʽʚ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʦʣʽʪʫ ʟ ʧʦʚʝʨʭʥʝʶ ʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ [225]. ʇʽʜʚʠʱʝʥʘ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʷ ʤʦʞʝ ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʘ 

ʫʪʚʦʨʝʥʥʷʤ ʚ ʧʦʨʠʩʪʦʤʫ ʰʘʨʽ ʥʘʥʦʯʘʩʪʠʥʦʢ SiC ʢʫʙʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ [226].  

ʄʝʪʦʜ ʩʠʥʪʝʟʫ ʟ ʝʬʝʢʪʦʤ ʧʘʤôʷʪʽ ʬʦʨʤʠ 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʟ ʝʬʝʢʪʦʤ ʧʘʤôʷʪʽ ʬʦʨʤʠ (ñshape memory 

synthesisò), ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʚʟʘʻʤʦʜʽʶ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʣʝʮʶ ʘʙʦ ʢʦʢʩʫ ʟ 

ʛʘʟʦʧʦʜʽʙʥʠʤ ʤʦʥʦʦʢʩʠʜʦʤ ʢʨʝʤʥʽʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1200 ï 1500 Üʉ. 

ʇʦʨʠʩʪʠʡ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ (ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʽ 20ï200 ʤ
2
/ʛ) ʫʪʚʦʨʶʻʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʾ ʤʽʞ Siʆ ʪʘ ʚʫʛʣʝʮʝʤ, ʤʘʢʨʦʩʢʦʧʽʯʥʘ ʬʦʨʤʘ ʷʢʦʛʦ 

ʨʝʧʣʽʢʫʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ [227]. ʊʘʢʠʡ ʩʧʦʩʽʙ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʜʦʨʦʛʠʭ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʥʘʧʝʨʝʜ ʟʘʜʘʚʘʪʠ ʬʦʨʤʫ (ʪʘ, 

ʦʯʝʚʠʜʥʦ, ʨʦʟʤʽʨ) ʯʘʩʪʠʥʦʢ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʧʦʨʦʰʢʠ 

ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʚʥʘʩʣʽʜʦʢ ʚʠʩʦʢʦʾ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʚʘʞʢʦ ʧʽʜʜʘʶʪʴʩʷ 

ʦʙʨʦʙʮʽ.  

ʉʪʨʫʢʪʫʨʠ ʩʬʦʨʤʦʚʘʥʦʛʦ ʪʘʢʠʤ ʯʠʥʦʤ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʝʬʝʢʪʽʚ ʫʧʘʢʦʚʢʠ [228] ʚʟʜʦʚʞ 

ʦʩʽ ʨʦʩʪʫ (111) ʬʘʟʠ ɓ-SiC. ɿʘʟʥʘʯʝʥʽ ʜʝʬʝʢʪʠ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʚʥʘʩʣʽʜʦʢ 
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ʧʨʠʩʫʪʥʦʩʪʽ ʤʽʢʨʦʜʦʤʝʥʽʚ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ Ŭ-ʤʦʜʠʬʽʢʘʮʽʾ. ɺʦʜʥʦʯʘʩ ʥʘʷʚʥʽʩʪʴ 

ʜʝʬʝʢʪʽʚ ʫʧʘʢʦʚʢʠ, ʽʤʦʚʽʨʥʦ, ʟʘʙʝʟʧʝʯʫʻ ʫʪʚʦʨʝʥʥʷ SiC ʟ ʨʦʟʚʠʥʫʪʦʶ ʧʦʚʝʨʭʥʶ 

ʟʘʚʜʷʢʠ ʯʘʩʪʢʦʚʽʡ ʥʝʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʩʬʦʨʤʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʛʽʜʥʦ 

ʜʦʩʣʽʜʞʝʥʴ ʦʜʝʨʞʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʝʪʦʜʦʤ ʊɽʄ ʯʘʩʪʠʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ 

ʧʦʢʨʠʪʘ ʘʤʦʨʬʥʠʤ ʰʘʨʦʤ (ʪʦʚʱʠʥʘ ʙʣʠʟʴʢʦ 3 ʥʤ), ʽʤʦʚʽʨʥʦ, ʦʢʩʠʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ [215]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʦʰʢʽʚ ʢʨʝʤʥʽʶ ʷʢ ʚʠʭʽʜʥʦʾ ʨʝʯʦʚʠʥʠ  

ʆʜʠʥ ʟ ʧʽʜʭʦʜʽʚ ʜʦ ʦʜʝʨʞʘʥʥʷ ʜʠʩʧʝʨʩʥʦʛʦ/ʧʦʨʠʩʪʦʛʦ 

ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥ ̔ ʷʢ ʘʢʪʠʚʥʠʭ 

ʚʠʭʽʜʥʠʭ ʨʝʘʛʝʥʪʽʚ ʧʦʨʦʰʢʽʚ ʢʨʝʤʥʽʶ. ʄʦʞʥʘ ʦʯʽʢʫʚʘʪʠ, ʱʦ ʟʘʟʥʘʯʝʥʠʡ ʧʨʦʮʝʩ 

ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ Ò1300 Üʉ, ʱʦ ʥʠʞʯʝ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʣʘʚʣʝʥʥʷ ʢʨʝʤʥʽʶ (1420 Üʉ), ʥʘʩʣʽʜʢʦʤ ʯʦʛʦ ʤʦʞʝ ʙʫʪʠ ʬʦʨʤʫʚʘʥʥʷ ʩʘʤʝ 

ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ SiC. 

ʅʘʥʦʢʨʠʩʪʘʣʽʯʥʠʡ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ ɓ-ʤʦʜʠʬʽʢʘʮʽʾ ʟ ʨʦʟʚʠʥʝʥʦʶ 

ʧʦʚʝʨʭʥʝʶ (ʜʦ 147 ʤ
2
/ʛ) ʪʘ ʤʝʟʦʧʦʨʠʩʪʽʩʪʶ (ʜʽʘʤʝʪʨ ʧʦʨ 5ï40 ʥʤ) ʫʪʚʦʨʶʻʪʴʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʛʨʽʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʤʘʪʝʨʽʘʣʽʚ (ʚʫʛʣʝʮʝʚʽ ʨʝʧʣʽʢʠ ʢʨʝʤʥʝʟʝʤʥʠʭ ʤʘʪʨʠʮʴ ʄʉʄ-48, SBA-15, KIT-6) 

ʟ ʧʦʨʦʰʢʦʤ ʢʨʝʤʥʽʶ ʧʨʠ 1200ï1300 Üʉ [222]. ɺʠʢʦʨʠʩʪʘʥʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʫ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʥʠʟʴʢʦʤʧʝʨʘʪʫʨʥʠʤ, ʦʩʢʽʣʴʢʠ ʨʝʘʢʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ, ʥʠʞʯʽʡ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʢʨʝʤʥʽʶ (1420 Üʉ). ʇʨʦʮʝʩ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʟʘʻʤʦʜʽʶ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ 

ʛʘʟʦʧʦʜʽʙʥʠʤ ʢʨʝʤʥʽʻʤ [229], ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʩʫʙʣʽʤʘʮʽʾ ʟ ʧʦʨʦʰʢʫ. 

ʆʜʝʨʞʘʥʽ ʟʨʘʟʢʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʚʽʜʪʚʦʨʶʶʪʴ ʤʦʨʬʦʣʦʛʽʶ ʚʠʢʦʨʠʩʪʘʥʦʛʦ 

ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʚʫʛʣʝʮʶ, ʘʣʝ ʚʪʨʘʯʘʶʪʴ ʧʨʦʩʪʦʨʦʚʫ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʚ 

ʤʝʟʦʜʽʘʧʘʟʦʥʽ. ɸʚʪʦʨʠ ʟʘʟʥʘʯʘʶʪʴ, ʱʦ ʦʧʠʩʘʥʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ 

ʽ ʜʦ ʽʥʰʠʭ ʪʠʧʽʚ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʧʣʽʚʢʠ, ʤʽʢʨʦʩʬʝʨʠ ʪʦʱʦ), ʱʦ ʜʘʩʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʫʚʘʪʠ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ ʟ ʤʦʨʬʦʣʦʛʽʻʶ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʪʘʢʽʡ ʜʣʷ 

ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʤʦʨʬʦʣʦʛʽʾ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʪʘ ʚʫʛʣʝʮʶ 
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ʩʚʽʜʯʠʪʴ, ʦʯʝʚʠʜʥʦ, ʧʨʦ ʪʝ, ʱʦ ʚʫʛʣʝʮʝʚʽ ʯʘʩʪʠʥʢʠ ʚʠʩʪʫʧʘʶʪʴ ʚ ʨʦʣʽ ʪʝʤʧʣʘʪʽʚ 

ʧʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʚʫʛʣʝʮʶ ʟ ʢʨʝʤʥʽʻʤ. 

ʅʘʛʨʽʚʘʥʥʷ ʙʘʛʘʪʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʪʘ ʧʦʨʦʰʢʽʚ ʢʨʝʤʥʽʶ ʚ 

ʩʫʤʽʰʽ ʩʦʣʝʡ ʭʣʦʨʠʜʫ ʪʘ ʬʪʦʨʠʜʫ ʥʘʪʨʽʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1100 ï 1200 Üʉ ʚ 

ʽʥʝʨʪʥʽʡ ʘʪʤʦʩʬʝʨʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʦʜʝʨʞʘʥʥʷ ʥʘʥʦʩʪʝʨʞʥʽʚ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ 

[230]. ʉʬʦʨʤʦʚʘʥʽ ʥʘʥʦʩʪʨʫʢʪʫʨʠ Siʉ ʧʦʚʥʽʩʪʶ ʚʽʜʪʚʦʨʶʶʪʴ ʤʦʨʬʦʣʦʛʽʶ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʱʦ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, 

ʱʦ ʚ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʚʠʩʪʫʧʘʣʠ ʥʝ ʪʽʣʴʢʠ ʜʞʝʨʝʣʦʤ 

ʚʫʛʣʝʮʶ, ʘ ʪʘʢʦʞ ʜʽʷʣʠ ʽ ʷʢ ʪʝʤʧʣʘʪʠ ʜʣʷ ʨʦʩʪʫ ʥʘʥʦʩʪʝʨʞʥʽʚ. ɹʽʣʴʰʽʩʪʴ 

ʦʜʝʨʞʘʥʠʭ ʥʘʥʦʩʪʝʨʞʥʽʚ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʢʣʘʜʥʦʶ 

ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʫʧʘʢʦʚʢʠ, ʱʦ ʤʽʩʪʷʪʴ ʨʽʟʥʽ ʬʦʨʤʠ ʜʝʬʝʢʪʽʚ, ʽ ʣʠʰʝ ʜʝʷʢʘ ʯʘʩʪʠʥʘ 

ʩʬʦʨʤʦʚʘʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʨʝʛʫʣʷʨʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʫʧʘʢʦʚʢʠ, ʱʦ ʥʝ ʤʽʩʪʷʪʴ ʜʝʬʝʢʪʽʚ. 

ʂʘʨʙʦʪʝʨʤʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʪʘ ʨʝʛʫʣʴʦʚʘʥʠʭ ʩʧʦʩʦʙʽʚ ʩʠʥʪʝʟʫ ʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ ʚʠʜʘʻʪʴʩʷ ʢʘʨʙʦʪʝʨʤʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʩʠʜʽʚ ʢʨʝʤʥʽʶ. ʗʢ ʜʞʝʨʝʣʦ 

ʢʨʝʤʥʽʶ ʚ ʢʘʨʙʦʪʝʨʤʽʯʥʠʭ ʨʝʘʢʮʽʷʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʽʦʢʩʠʜ SiO2 ʽ ʤʦʥʦʦʢʩʠʜ 

ʢʨʝʤʥʽʶ SiO. ɿʚʽʜʩʠ ʚʠʥʠʢʘʻ ʽʜʝʷ ʧʨʦʚʝʜʝʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʘʙʦ ʝʢʟʦʪʝʤʧʣʘʪʥʦʛʦ 

ʩʠʥʪʝʟʫ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʷʢ ʚʠʭʽʜʥʠʡ ʧʨʝʢʫʨʩʦʨ ʦʢʩʠʜʫ 

ʢʨʝʤʥʽʶ ʢʨʝʤʥʝʟʝʤʥʽ ʄʄʉ ʪʘ ʷʢ ʚʫʛʣʝʮʝʚʫ ʩʢʣʘʜʦʚʫ ï ʢʘʨʙʦʥʽʟʦʚʘʥʫ ʦʨʛʘʥʽʯʥʫ 

ʨʝʯʦʚʠʥʫ ʚ ʧʦʨʘʭ ʢʨʝʤʥʝʟʝʤʥʦʾ ʤʘʪʨʠʮʽ ʷʢ ʚ ʥʘʥʦʨʝʘʢʪʦʨʽ, ʪʦʙʪʦ ʚʫʛʣʝʮʴ-

ʢʨʝʤʥʝʟʝʤʥʽ ʢʦʤʧʦʟʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʘʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ 

ʚʫʛʣʝʮʝʚʠʭ ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʛʦ ʩʠʥʪʝʟʫ ʤʦʞʥʘ 

ʦʯʽʢʫʚʘʪʠ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʠʩʪʦʛʦ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʠʧʫ ʚʠʭʽʜʥʦʾ ʢʨʝʤʥʝʟʝʤʥʦʾ ʤʘʪʨʠʮʽ. 

ɻʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʩʠʥʪʝʟʽ ʥʘʥʦʧʦʨʠʩʪʦʛʦ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʻ 

ʩʢʣʘʜʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ Siʉ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʠʩʪʦʾ 

ʩʪʨʫʢʪʫʨʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ.  
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ɼʣʷ ʩʠʥʪʝʟʫ ʧʦʨʠʩʪʦʛʦ Siʉ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʟʦʢʨʝʤʘ, ʽʥʬʽʣʴʪʨʘʮʽʶ ʧʘʨʽʚ 

ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʚ ʧʦʨʠ ʢʨʝʤʥʝʟʝʤʥʠʭ ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʊʘʢ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʽʥʬʽʣʴʪʨʘʮʽʾ ʧʨʦʧʽʣʝʥʫ ʚ ʄʉʄ-48, ʧʽʨʦʣʽʟʫ ʪʘ ʧʦʜʘʣʴʰʦʛʦ 

ʢʘʨʙʦʪʝʨʤʽʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʚʫʛʣʝʮʴ-ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʢʦʤʧʦʟʠʪʫ (1250ï1450 

Üʉ) ʦʜʝʨʞʘʥʦ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ ʟ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 120 ʤ
2
/ʛ [231]. 

ʆʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʦʜʝʨʞʘʥʥʷ ʧʦʨʠʩʪʦʛʦ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʧʝʨʝʜʙʘʯʘʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʦʣʴ-ʛʝʣʴ ʧʨʦʮʝʩʫ ʟ ʥʘʩʪʫʧʥʠʤ ʢʘʨʙʦʪʝʨʤʽʯʥʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ 

ʢʦʤʧʦʟʠʪʫ SiO2/C ʧʨʠ 1250 Üʉ [232]. ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʙʽʥʘʨʥʦʛʦ ʚʫʛʣʝʮʴ-

ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʛʝʣʶ (ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʢʩʝʨʦʛʝʣʶ ʧʽʩʣʷ ʚʠʩʫʰʫʚʘʥʥʷ) ʚʠʢʦʨʠʩʪʘʥʦ 

ʧʦʣʽʤʝʨ ʬʝʥʦʣʫ ʪʘ ʬʦʨʤʘʣʴʜʝʛʽʜʫ, ʘ ʪʘʢʦʞ ʪʝʪʨʘʝʪʠʣʦʨʪʦʩʠʣʽʢʘʪ. ɼʦʜʘʚʘʥʥʷ 

ʥʽʪʨʘʪʫ ʥʽʢʝʣʶ ʜʦ ʪʘʢʠʭ ʛʝʣʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʟ 

ʚʠʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʨʠʩʪʦʩʪʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʟʜʽʡʩʥʝʥʥʷʤ 

ʢʘʨʙʦʪʝʨʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʙʝʟ ʫʯʘʩʪʽ Ni(NO3)2 (SBET 112 ʧʨʦʪʠ 47 ʤ
2
/ʛ, Vʧʦʨ 0,31 

ʧʨʦʪʠ 0,13 ʩʤ
3
/ʛ, Dʧʦʨ 10 ʧʨʦʪʠ 45 ʥʤ). ɿʚʘʞʘʶʯʠ ʥʘ ʟʤʽʥʫ ʪʝʢʩʪʫʨʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʫ ʚʠʧʘʜʢʫ ʧʨʦʚʝʜʝʥʥʷ ʩʠʥʪʝʟʫ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʥʽʪʨʘʪʫ ʥʽʢʝʣʶ, ʘʚʪʦʨʠ ʚʚʘʞʘʶʪʴ, ʱʦ ʥʽʪʨʘʪ ʥʽʢʝʣʶ ʚʠʢʦʥʫʻ ʨʦʣʴ ʧʦʨʦ-

ʨʝʛʫʣʶʶʯʦʛʦ ʘʛʝʥʪʘ. ʆʜʥʘʢ, ʪʘʢʠʡ ʚʠʩʥʦʚʦʢ ʟʜʘʻʪʴʩʷ ʥʝ ʟʦʚʩʽʤ ʢʦʨʝʢʪʥʠʤ, 

ʦʩʢʽʣʴʢʠ ʟʤʽʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʻ ʥʘʩʣʽʜʢʦʤ ʟʤʽʥʠ ʨʦʟʤʽʨʫ 

ʯʘʩʪʠʥʦʢ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʾ. ɸʚʪʦʨʠ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘ ʥʘʷʚʥʦʩʪʽ ʥʽʪʨʘʪʫ ʥʽʢʝʣʶ ʫ ʚʠʭʽʜʥʽʡ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ 

ʫʪʚʦʨʶʻʪʴʩʷ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ, ʱʦ ʤʘʻ ʯʘʩʪʠʥʢʠ ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ, ʥʽʞ ʫ 

ʚʽʜʩʫʪʥʦʩʪʽ Ni(NO3)2 (50 ʧʨʦʪʠ 1000 ʥʤ). ʅʽʪʨʘʪ ʥʽʢʝʣʶ, ʧʨʦʷʚʣʷʶʯʠ 

ʢʘʪʘʣʽʪʠʯʥʫ ʜʽʶ, ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʭʽʜ ʨʝʘʢʮʽʾ (ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʘʢʪʠʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʢʘʨʙʽʜʫ ʘʙʦ ʩʠʣʽʮʠʜʫ ʥʽʢʝʣʶ, ʷʢ ʟʘʟʥʘʯʘʶʪʴ ʘʚʪʦʨʠ), ʯʠʤ ʩʧʨʠʷʻ 

ʫʪʚʦʨʝʥʥʶ ʢʨʠʩʪʘʣʽʚ Siʉ ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ, ʘ ʪʘʢʦʞ ʷʢ ʥʘʩʣʽʜʦʢ ï ʬʦʨʤʫʚʘʥʥʶ 

ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʟ ʚʠʱʠʤʠ ʪʝʢʩʪʫʨʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʂʨʽʤ ʪʦʛʦ 

ʬʦʨʤʫʚʘʥʥʶ ʧʦʨʠʩʪʦʩʪʽ ʚ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʘʭ ʤʦʞʝ ʩʧʨʠʷʪʠ ʽ ʚʠʜʽʣʝʥʥʷ ʛʘʟʽʚ 

(ʦʢʩʠʜ ʘʟʦʪʫ (ɯV) ʪʘ ʢʠʩʝʥʴ) ʧʽʜ ʯʘʩ ʨʦʟʢʣʘʜʫ ʥʽʪʨʘʪʫ ʥʽʢʝʣʶ. 
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ɺ ʧʦʜʘʣʴʰʦʤʫ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʘʨʽʶʚʘʥʥʷ ʤʦʣʴʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ Ni/Si ʫ 

ʚʠʭʽʜʥʠʭ ʢʩʝʨʦʛʝʣʷʭ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ 

ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ (SBET ʚʽʜ 5 ʜʦ 204 ʤ
2
/ʛ, Vʧʦʨ ʚʽʜ 0,01 ʜʦ 0,34 ʩʤ

3
/ʛ, Dʧʦʨ ʚʽʜ 3,5 ʜʦ 

>100 ʥʤ) [233]. ɸʚʪʦʨʠ ʩʧʨʘʚʝʜʣʠʚʦ ʟʘʟʥʘʯʘʶʪʴ, ʱʦ ʾʭʥʽʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʚ 

ʘʛʨʝʛʘʮʽʾ ʧʝʨʚʠʥʥʠʭ ʢʦʣʦʾʜʥʠʭ ʯʘʩʪʠʥʦʢ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ 

ʚʚʝʜʝʥʥʷʤ ʨʽʟʥʠʭ ʢʽʣʴʢʦʩʪʝʡ ʥʽʪʨʘʪʫ ʥʽʢʝʣʶ.  

ʂʘʨʙʽʜ ʢʨʝʤʥʽʶ ʟ ʤʦʨʬʦʣʦʛʽʻʶ ʥʘʥʦʩʪʝʨʞʥʽʚ ʘʙʦ ʥʘʥʦʜʨʦʪʠʢʽʚ ʚʠʢʣʠʢʘʻ 

ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʫ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʾʭʥʽ ʝʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʤʽʮʥʽʩʪʴ ʟʥʘʯʥʦ ʚʠʱʘ ʟʘ 

ʪʘʢʽ ʫ ʦʙôʻʤʥʦʛʦ SiC ʪʘ SiC ʫ ʬʦʨʤʽ ʚʫʩʽʚ, ʱʦ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʫ ʟʤʽʮʥʝʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ [234]. 

ʅʠʪʢʦʧʦʜʽʙʥʽ ʢʨʠʩʪʘʣʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʠʤ 

ʚʽʜʥʦʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʜʦ ʜʽʘʤʝʪʨʘ (100ï200 ʽ ʙʽʣʴʰʝ); ʜʽʘʤʝʪʨ ʢʨʠʩʪʘʣʘ ʤʦʞʝ 

ʚʘʨʽʶʚʘʪʠʩʷ ʚ ʟʥʘʯʥʠʭ ʤʝʞʘʭ (40ï500 ʥʤ). ʂʨʽʤ ʪʨʘʜʠʮʽʡʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ 

ʢʦʤʧʦʥʝʥʪʽʚ ʢʝʨʘʤʽʢʠ ʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʠʪʢʦʧʦʜʽʙʥʽ ʢʨʠʩʪʘʣʠ SiC 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʇʝʨʝʚʘʛʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʜʣʷ 

ʟʘʟʥʘʯʝʥʠʭ ʮʽʣʝʡ ʻ ʡʦʛʦ ʚʠʩʦʢʘ ʪʝʨʤʽʯʥʘ ʪʘ ʢʦʨʦʟʽʡʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʫ ʧʦʻʜʥʘʥʥʽ ʟ 

ʚʝʣʠʢʦʶ ʚʝʣʠʯʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ (2,4ï3,3 ʝɺ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʣʽʪʠʧʫ SiC) 

[235]. 

ʆʩʥʦʚʥʠʤʠ ʯʠʥʥʠʢʘʤʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʝʨʝʙʽʛ ʢʘʨʙʦʪʝʨʤʽʯʥʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʪʠʧ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʦʜʝʨʞʘʥʦʛʦ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, ʥʘʟʚʘʥʦ 

ʧʦʨʠʩʪʽʩʪʴ, ʚʽʜʥʦʰʝʥʥʷ ʉ/SiO2, ʘ ʪʘʢʦʞ ʩʪʨʫʢʪʫʨʫ ʚʠʭʽʜʥʠʭ ʚʫʛʣʝʮʴ-

ʢʨʝʤʥʝʟʝʤʥʠʭ ʢʦʤʧʦʟʠʪʽʚ [236]. ʄʝʟʦʧʦʨʠʩʪʠʡ SiC ʦʜʝʨʞʘʥʦ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʽʨʦʣʽʟʫ ʱʽʣʴʥʠʭ ʚʫʛʣʝʮʴ-ʢʨʝʤʥʝʟʝʤʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟ ʚʠʩʦʢʠʤ ʚʽʜʥʦʰʝʥʥʷʤ 

ʉ/SiO2 (4,21). ɺʤʽʩʪ ʥʘʥʦʯʘʩʪʠʥʦʢ ʘʙʦ ʥʘʥʦʚʦʣʦʢʦʥ ʚ ʟʤʽʰʘʥʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ 

ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʉ/SiO2, ʘ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʽʣʴʪʨʘʮʽʾ ʚʫʛʣʝʮʝʤ. ʊʘʢ, ʧʨʠ ʜʦʜʘʪʢʦʚʦʤʫ ʚʚʝʜʝʥʥʽ 

ʦʨʛʘʥʽʯʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ ʪʘ ʚʽʜʥʦʰʝʥʥʽ ʉ/SiO2 1,9 ʧʝʨʝʚʘʞʘʶʪʴ ʥʘʥʦʯʘʩʪʠʥʢʠ 



99 
 

 
 

SiC (ʙʽʣʴʰʝ 70%), ʧʨʠ ʉ/SiO2 2,51 ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʝ ʬʦʨʤʫʚʘʥʥʷ ʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ ʫ ʬʦʨʤʽ ʥʘʥʦʚʦʣʦʢʦʥ (ʙʽʣʴʰʝ 85%) [236].  

ʂʘʨʙʦʪʝʨʤʽʯʥʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ ʚʫʛʣʝʮʴ-ʢʨʝʤʥʝʟʝʤʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʥʘ 

ʦʩʥʦʚʽ SBA-15 ʪʘ ʩʘʭʘʨʦʟʠ ʦʜʝʨʞʘʥʦ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ (120ï190 ʤ
2
/ʛ) ʪʘ ʤʦʨʬʦʣʦʛʽʻʶ ʥʠʪʢʦʧʦʜʽʙʥʠʭ ʢʨʠʩʪʘʣʽʚ 

ʘʙʦ ʥʘʥʦʪʨʫʙʦʢ [237]. ʄʝʥʰʘ ʪʨʠʚʘʣʽʩʪʴ ʢʘʨʙʦʪʝʨʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ (ʜʦ 14 ʛʦʜ) 

ʧʨʠ 1250ï1300 Üʉ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʠʪʢʦʧʦʜʽʙʥʠʭ ʢʨʠʩʪʘʣʽʚ ʜʽʘʤʝʪʨʦʤ 

50ï90 ʥʤ ʪʘ ʜʦʚʞʠʥʦʶ ʙʽʣʴʰʝ 20 ʤʢʤ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʜʦ 

20 ʛʦʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʪʨʫʙʦʢ, ʱʦ ʤʘʶʪʴ ʜʽʘʤʝʪʨ 60ï100 ʥʤ ʪʘ 

ʜʦʚʞʠʥʫ ʙʽʣʴʰʝ 10 ʤʢʤ.  

ʊʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʤʝʟʦʧʦʨʠʩʪʠʭ ʚʫʛʣʝʮʴ-ʢʨʝʤʥʝʟʝʤʥʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ 

(ʦʜʝʨʞʘʥʠʭ ʟ ʊɽʆS ʪʘ ʬʫʨʬʫʨʠʣʦʚʦʛʦ ʩʧʠʨʪʫ) ʧʨʠ 1400 Üʉ ʚ ʽʥʝʨʪʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʧʦʨʠʩʪʦʛʦ ʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ ʟ ʤʦʨʬʦʣʦʛʽʻʶ ʧʦʨʦʞʥʠʩʪʠʭ ʩʬʝʨ [238]. ɿʛʽʜʥʦ ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʱʝ 800 Üʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʙʽʣʴʰʦʾ 

ʯʘʩʪʠʥʠ ʚʫʛʣʝʮʝʚʦʾ ʬʘʟʠ ʚʽʜ ʢʨʝʤʥʝʟʝʤʥʦʾ ʤʘʪʨʠʮʽ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʚʫʛʣʝʮʝʚʠʭ 

ʩʬʝʨ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʙʣʠʟʴʢʦ 1350 Üʉ ʧʦʯʠʥʘʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʟʘʣʠʰʢʦʚʦʛʦ 

ʚʫʛʣʝʮʶ ʚ ʢʨʝʤʥʝʟʝʤʥʽʡ ʤʘʪʨʠʮʽ ʟ ʜʽʦʢʩʠʜʦʤ ʢʨʝʤʥʽʶ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʤʦʥʦʦʢʩʠʜʫ ʢʨʝʤʥʽʶ. ɺʥʘʩʣʽʜʦʢ ʜʠʬʫʟʽʾ ʪʘ ʚʟʘʻʤʦʜʽʾ Siʆ ʟ ʚʫʛʣʝʮʝʚʠʤʠ 

ʩʬʝʨʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʦʙʦʣʦʥʢʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ. ʇʽʩʣʷ ʚʠʜʘʣʝʥʥʷ 

ʚʫʛʣʝʮʝʚʦʛʦ ʷʜʨʘ ʰʣʷʭʦʤ ʧʨʦʞʘʨʶʚʘʥʥʷ ʦʜʝʨʞʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʧʦʚʽʪʨʽ 

ʬʦʨʤʫʶʪʴʩʷ ʧʦʨʦʞʥʠʩʪʽ ʩʬʝʨʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ. ʈʦʟʤʽʨ ʩʬʝʨ ʪʘ ʪʦʚʱʠʥʘ Siʉ 

ʦʙʦʣʦʥʢʠ ʤʦʞʫʪʴ ʚʘʨʽʶʚʘʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʉ/SiO2 ʪʘ ʫʤʦʚ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚʽʜʧʦʚʽʜʥʦ [238].  

ʊʝʨʤʦʦʙʨʦʙʢʘ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʧʦʢʨʠʪʠʭ ʢʨʝʤʥʝʟʝʤʦʤ, ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʚʦʣʦʢʦʥ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ [239]. ɺʠʜʘʻʪʴʩʷ, ʫʪʚʦʨʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʥʘʥʦʚʦʣʦʢʥʘ SiC ʤʘʻ ʤʽʩʮʝ ʥʘ ʟʦʚʥʽʰʥʽʭ ʰʘʨʘʭ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʾʭ ʢʦʘʢʩʽʘʣʴʥʦʩʪʽ. ʇʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʦʧʠʩʘʥʦʛʦ 

ʩʧʦʩʦʙʫ ʦʜʝʨʞʘʥʥʷ ʥʘʥʦʚʦʣʦʢʦʥ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʘʚʪʦʨʠ ʧʦʷʩʥʶʶʪʴ 
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ʤʦʞʣʠʚʽʩʪʶ ʢʦʥʪʨʦʣʶ ʢʽʣʴʢʦʩʪʽ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ ʫʤʦʚ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʢʘʨʙʦʪʝʨʤʽʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʣʽʢʘʛʝʣʶ (Cab-O-Sil), 

ʜʦʧʦʚʘʥʦʛʦ ʚʫʛʣʝʮʝʚʠʤʠ ʯʘʩʪʠʥʢʘʤʠ carbon-black ʻ ɓ-ʤʦʜʠʬʽʢʘʮʽʷ ʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ ʫ ʚʠʛʣʷʜʽ ʯʘʩʪʠʥʦʢ ʩʫʙʤʽʢʨʦʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ [240]. ʈʦʟʤʽʨ 

ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʪʽʚ Siʉ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʤʽʨʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʯʘʩʪʠʥʦʢ. ʌʦʨʤʫʚʘʥʥʷ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʘʛʨʝʛʘʪʽʚ (ʨʦʟʤʽʨʦʤ ʙʣʠʟʴʢʦ 1000 ʥʤ) 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʧʦʚʝʨʭʥʝʚʦʾ ʜʠʬʫʟʽʾ, ʪʦʜʽ ʷʢ ʦʙôʻʤʥʘ ʜʠʬʫʟʽʷ ʤʘʻ ʤʽʩʮʝ 

ʧʨʠ ʚʠʱʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʠʥʪʝʟʫ (1500 Üʉ). ɼʦʜʘʚʘʥʥʷ ʚ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʙʦʨʫ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʛʘʣʴʤʫʚʘʥʥʷ ʨʦʩʪʫ ʘʛʣʦʤʝʨʘʪʽʚ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʦʙʤʝʞʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʜʠʬʫʟʽʾ.  

ʄʘʛʥʽʡʪʝʨʤʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʚʫʛʣʝʮʴ-ʢʨʝʤʥʝʟʝʤʥʠʭ ʢʦʤʧʦʟʠʪʽʚ 

ʄʦʥʦʣʽʪʥʠʡ ʤʝʟʦʧʦʨʠʩʪʠʡ (SBET 232 ʤ
2
/ʛ, Vʧʦʨ ~ 0,5 ʩʤ

3
/ʛ, Dʧʦʨ 9,1 ʥʤ) 

ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ ʦʜʝʨʞʘʥʦ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʶ ʢʦʥʚʝʨʩʽʻʶ (ʟʘ ʨʘʭʫʥʦʢ 

ʜʦʜʘʚʘʥʥʷ ʤʘʛʥʽʶ) ʚʫʛʣʝʮʴ-ʢʨʝʤʥʝʟʝʤʥʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʧʦʧʝʨʝʜʥʴʦ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʽʟ ʛʝʣʽʚ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʨʝʟʦʨʮʠʥʦʣ-ʬʦʨʤʘʣʴʜʝʛʽʜʥʠʭ ʩʤʦʣ 

ʪʘ ʢʨʝʤʥʝʟʝʤʫ [241]. ʆʜʝʨʞʘʥʽ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʽ ʟʨʘʟʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ɓ-

Siʉ, ʤʘʶʪʴ ʥʠʞʯʫ ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ (3,2 ʝɺ), ʥʽʞ ʦʙôʻʤʥʠʡ ʢʘʨʙʽʜ 

ʢʨʝʤʥʽʶ (5,3 ʝɺ) ʪʘ ʧʨʦʷʚʣʷʶʪʴ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʶ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ.  

ʊʘʢ ʟʚʘʥʠʤ ʪʦʧʦʪʘʢʪʠʯʥʠʤ ʪʝʨʤʽʯʥʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ ʚʫʛʣʝʮʴ-

ʢʨʝʤʥʝʟʝʤʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʤʘʛʥʽʻʤ ʧʨʠ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (~ 800 Üʉ) 

ʩʠʥʪʝʟʦʚʘʥʦ ʤʝʟʦʧʦʨʠʩʪʠʡ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ [242]. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ 

ʤʽʨʢʫʚʘʥʴ ʧʨʦ ʜʽʶ ʢʨʝʤʥʝʟʝʤʥʠʭ ʤʘʪʨʠʮʴ ʷʢ ʪʝʤʧʣʘʪʽʚ ʘʚʪʦʨʠ ʟʘʟʥʘʯʘʶʪʴ, ʱʦ 

ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʝʘʢʮʽʾ, ʚʽʜʪʚʦʨʶʻ ʩʪʨʫʢʪʫʨʫ 

ʚʫʛʣʝʮʝʚʦʾ ʩʢʣʘʜʦʚʦʾ. ʇʦʨʠʩʪʽʩʪʴ ʚʫʛʣʝʮʶ ʚʧʣʠʚʘʻ ʪʘʢʦʞ ʽ ʥʘ ʢʨʠʩʪʘʣʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ. ʊʘʢ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʢʨʦʧʦʨʦʛʝʥʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʢʫʙʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 3CïSiC (ʜʞʝʨʝʣʦ ʢʨʝʤʥʝʟʝʤʫ ï ʛʝʢʩʘʛʦʥʘʣʴʥʽ 

ʪʨʠʚʠʤʽʨʥʽ ʫʧʘʢʦʚʢʠ ʢʨʝʤʥʝʟʝʤʥʠʭ ʩʬʝʨ Stºber), ʘ ʤʝʟʦʧʦʨʦʛʝʥʠ ʜʦʟʚʦʣʷʶʪʴ 
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ʦʪʨʠʤʘʪʠ ʛʝʢʩʘʛʦʥʘʣʴʥʫ 2HïSiC ʩʪʨʫʢʪʫʨʫ (ʚʫʛʣʝʮʴ-ʢʨʝʤʥʝʟʝʤʥʠʡ ʢʦʤʧʦʟʠʪ 

ʦʜʝʨʞʘʥʦ ʥʘ ʦʩʥʦʚʽ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʄʄʉ SBA-15). ʗʢ ʟʘʟʥʘʯʘʶʪʴ ʘʚʪʦʨʠ, 

ʧʨʦʮʝʩ ʩʠʥʪʝʟʫ ʧʝʨʝʜʙʘʯʘʻ ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʩʠʜʫ ʢʨʝʤʥʽʶ ʤʘʛʥʽʻʤ ʜʦ ʢʨʝʤʥʽʶ, 

ʘʪʦʤʠ ʷʢʦʛʦ ʟʜʘʪʥʽ ʜʠʬʫʥʜʫʚʘʪʠ ʫ ʚʫʛʣʝʮʝʚʫ ʛʨʘʪʢʫ (ʤʽʞ ʚʫʛʣʝʮʝʚʽ ʰʘʨʠ). 

ɿʚôʷʟʢʠ SiïC, ʱʦ ʚʠʥʠʢʘʶʪʴ, ʨʫʡʥʫʶʪʴ ʟʚôʷʟʢʠ ʉïʉ ʚ ʉ6 ˊ ʩʠʩʪʝʤʽ, ʘʪʦʤʠ Si 

ʟʘʤʽʥʶʶʪʴ ʉ ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʫʙʽʯʥʦʛʦ Siʉ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʘʣʤʘʟʫ. ʌʦʨʤʫʚʘʥʥʷ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʘʙʽʣʴʥʦʾ ʬʘʟʠ 2HïSiC ʘʚʪʦʨʠ 

ʧʦʷʩʥʶʶʪʴ ʟʥʠʞʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʯʘʩʪʠʥʦʢ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʚʥʘʩʣʽʜʦʢ 

ʫʯʘʩʪʽ ʚ ʨʝʘʢʮʽʾ ʤʘʛʥʽʶ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ, ʘ ʥʝ ʨʽʜʢʦʾ, ʷʢ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʚ 

ʟʚôʷʟʢʫ ʟ ʦʙʤʝʞʝʥʠʤ ʨʦʟʤʽʨʦʤ ʧʦʨ ʚʠʢʦʨʠʩʪʘʥʦʾ ʤʝʟʦʩʪʨʫʢʪʫʨʠ (ʨʘʜʽʫʩ 3,1 ʥʤ). 

ʋ ʚʠʧʘʜʢʫ ʜʠʬʫʟʽʾ ʤʘʛʥʽʶ ʚ ʨʽʜʢʦʤʫ ʩʪʘʥʽ ʚ ʤʘʢʨʦʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ Siʆ2-

Stºber/ʉ ʬʦʨʤʫʻʪʴʩʷ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʘ 3CïSiC ʤʦʜʠʬʽʢʘʮʽʷ [242].    

ʄʘʛʥʽʡʪʝʨʤʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʤʝʟʦʧʦʨʠʩʪʦʛʦ 

ʢʨʝʤʥʝʟʝʤʫ (SBA-15 ʪʘ KIT-6) ʪʘ ʚʫʛʣʝʮʶ ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

(650 Üʉ) ʧʨʠʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ɓ-

ʤʦʜʠʬʽʢʘʮʽʾ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ (~ 300 ʤ
2
/ʛ) [219]. 

ɸʚʪʦʨʠ ʚʽʜʤʽʯʘʶʪʴ, ʱʦ ʤʘʛʥʽʡ ʙʝʨʝ ʫʯʘʩʪʴ ʚ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʷʢ ʚʽʜʥʦʚʥʠʢ ʪʘ 

ʢʘʪʘʣʽʟʘʪʦʨ, ʘ ʪʘʢʦʞ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʽʥʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʊɽʄ ʧʨʦʩʪʦʨʦʚʘ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʤʝʟʦʧʦʨ 

ʩʠʥʪʝʟʦʚʘʥʠʭ Siʉ-ʟʨʘʟʢʽʚ ʟʥʘʯʥʦ ʥʠʞʯʘ, ʥʽʞ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʭʽʜʥʠʭ 

ʢʨʝʤʥʝʟʝʤʥʠʭ ʤʘʪʨʠʮʴ, ʱʦ, ʦʯʝʚʠʜʥʦ, ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʢʨʝʤʥʝʟʝʤ ʚʠʢʦʥʫʻ ʚ 

ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʷʢ ʨʦʣʴ ʪʝʤʧʣʘʪʫ, ʪʘʢ ʽ ʨʦʣʴ ʨʝʘʛʝʥʪʫ, ʱʦ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʢʦʣʘʧʩʫ ʯʘʩʪʠʥʠ ʤʝʟʦʩʪʨʫʢʪʫʨʠ ʢʨʝʤʥʝʟʝʤʫ. ɺʠʭʦʜʷʯʠ ʽʟ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʠ ʨʝʘʢʮʽʾ, ʤʘʛʥʽʡ ʩʧʦʯʘʪʢʫ ʚʽʜʥʦʚʣʶʻ ʜʽʦʢʩʠʜ ʢʨʝʤʥʽʶ ʜʦ 

ʢʨʝʤʥʽʶ, ʷʢʠʡ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʟʘʻʤʦʜʽʻ ʟ ʚʫʛʣʝʮʝʤ ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ. ʇʦʢʘʟʘʥʦ, ʱʦ ʯʠʩʪʠʡ ʢʨʝʤʥʽʡ, ʦʜʝʨʞʘʥʠʡ ʟʘ ʪʘʢʠʭ ʩʘʤʠʭ ʫʤʦʚ 

(ʚʽʜʥʦʚʣʝʥʥʷʤ SBA-15), ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʥʝ ʟʙʝʨʽʛʘʻ ʧʨʦʩʪʦʨʦʚʫ 

ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʤʝʟʦʩʪʨʫʢʪʫʨʠ ʚʠʭʽʜʥʦʛʦ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʄʄʉ. ɿʘʟʥʘʯʝʥʝ 
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ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʫʛʣʝʮʝʚʦʛʦ ʢʘʨʢʘʩʫ ʚ ʟʙʝʨʝʞʝʥʥʽ ʤʝʟʦʩʪʨʫʢʪʫʨʠ 

ʢʨʝʤʥʝʟʝʤʥʠʭ ʪʝʤʧʣʘʪʽʚ ʫ ʧʨʦʮʝʩʽ ʨʝʘʢʮʽʾ [219].  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʢʘʨʙʦʩʠʣʘʥʽʚ      

ʇʨʦʩʦʯʫʚʘʥʥʷ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʄʄʉ ʪʠʧʫ SBA-15 ʨʦʟʧʣʘʚʦʤ 

ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʧʦʣʽʢʘʨʙʦʩʠʣʘʥʽʚ ʟ ʧʦʜʘʣʴʰʠʤ ʥʘʛʨʽʚʘʥʥʷʤ ʚ ʽʥʝʨʪʥʽʡ 

ʘʪʤʦʩʬʝʨʽ ʧʨʠ 1300 Üʉ ʧʨʦʪʷʛʦʤ 2 ʛʦʜ ʜʦʟʚʦʣʠʣʦ ʦʜʝʨʞʘʪʠ ʧʨʦʩʪʦʨʦʚʦ 

ʚʧʦʨʷʜʢʦʚʘʥʠʡ ʤʝʟʦʧʦʨʠʩʪʠʡ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ ʟ ʚʠʩʦʢʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 

(650 ï 800 ʤ
2
/ʛ) [220]. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʥʘʥʦʢʘʩʪʠʥʛʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʦʣʽʢʘʨʙʦʩʠʣʘʥʽʚ ʚʠʜʘʻʪʴʩʷ ʜʦʩʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʤ, ʚʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ 

ʟʘʟʥʘʯʝʥʽ ʧʨʝʢʫʨʩʦʨʠ ʚʞʝ ʤʘʶʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʟʚ'ʷʟʦʢ SiïC, ʱʦ ʦʯʝʚʠʜʥʠʤ 

ʯʠʥʦʤ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʬʘʟʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʚ ʧʨʦʮʝʩʽ ʧʽʨʦʣʽʟʫ.  

ʄʘʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʣʽʢʘʨʙʦʩʠʣʘʥʽʚ ʷʢ ʧʨʝʢʫʨʩʦʨʽʚ ʪʘ 

ʢʨʝʤʥʝʟʝʤʥʠʭ ʄʄʉ ʷʢ ʪʚʝʨʜʠʭ ʪʝʤʧʣʘʪʽʚ ʦʜʝʨʞʘʥʦ ʢʝʨʘʤʽʢʫ ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʦʶ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʶ ʪʘ 

ʤʝʟʦʧʦʨʠʩʪʽʩʪʶ [243]. ʇʦʨʽʚʥʷʥʦ ʟ ʜʚʦʭʚʠʤʽʨʥʠʤʠ ʛʝʢʩʘʛʦʥʘʣʴʥʠʤʠ 

ʥʘʥʦʚʦʣʦʢʥʘʤʠ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ ʪʨʠʚʠʤʽʨʥʦʾ ʢʫʙʽʯʥʦʾ ʙʽʥʝʧʝʨʝʨʚʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʱʦʶ ʪʝʨʤʽʯʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ (ʜʦ 1400 Üʉ ʚ ʘʪʤʦʩʬʝʨʽ 

ʘʟʦʪʫ), ʘ ʪʘʢʦʞ ʙʽʣʴʰʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ (590 ʤ
2
/ʛ) ʪʘ ʦʙôʻʤʦʤ ʧʦʨ (0,7 

ʩʤ
3
/ʛ). 

ɺʩʧʽʥʶʚʘʥʥʷ ʩʫʤʽʰʽ ʧʨʝʢʝʨʘʤʽʯʥʦʛʦ ʧʦʣʽʤʝʨʫ ʧʦʣʽʢʘʨʙʦʩʠʣʘʥʫ ʟ 

ʧʽʥʦʫʪʚʦʨʶʚʘʯʝʤ (ʘʟʦʜʠʢʘʨʙʦʥʘʤʽʜ) ʧʨʠ 250ï260 ÁC ʚ ʘʪʤʦʩʬʝʨʽ ʘʟʦʪʫ, 

ʟʘʪʚʝʨʜʽʥʥʷ ʥʘ ʧʦʚʽʪʨʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 200 ÁC ʟ ʥʘʩʪʫʧʥʠʤ ʧʽʨʦʣʽʟʦʤ ʧʨʠ 1000 

ÁC ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʤʘʢʨʦ-ʢʦʤʽʨʯʘʩʪʠʭ ʧʦʨʠʩʪʠʭ ʧʽʥ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ 

[244]. ɺʘʨʽʶʚʘʥʥʷ ʚʤʽʩʪʫ ʧʽʥʦʫʪʚʦʨʶʚʘʯʘ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʧʽʥʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʨʝʛʫʣʶʚʘʪʠ ʧʦʨʠʩʪʽʩʪʴ (59 ï 85 ʦʙ. %) ʽ ʨʦʟʤʽʨ ʢʦʤʽʨʦʢ (416 ï 1455 ʤʢʤ) 

ʦʜʝʨʞʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʦʨʠʩʪʠʡ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʝʨʥʠʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ 

ʤʘʢʨʦʧʦʨʠʩʪʽʩʪʶ, ʦʜʝʨʞʫʚʘʣʠ ʤʝʪʦʜʦʤ ʤ'ʷʢʦʛʦ ʪʝʤʧʣʘʪʫʚʘʥʥʷ [245]. ʎʝʡ ʤʝʪʦʜ 

ʚʢʣʶʯʘʻ ʪʝʤʧʣʘʪʫʚʘʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ, 1,3,5-ʪʨʠʩʠʣʘʮʠʢʣʦʛʝʢʩʘʥʫ 
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(ʊʉʎɻ), ʩʫʮʽʣʴʥʦʶ ʩʽʪʢʦʶ ʯʘʩʪʢʦʚʦ ʬʪʦʨʦʚʘʥʠʭ ʘʣʢʘʥʽʚ (ʏʌɸ). ʇʝʨʝʪʚʦʨʝʥʥʷ 

ʩʬʦʨʤʦʚʘʥʦʾ ʛʝʣʝʚʦʾ ʬʘʟʠ ʚ ʧʦʣʽʩʠʣʘʥ ʟʜʽʡʩʥʶʚʘʣʠ ʰʣʷʭʦʤ ʧʦʣʽʤʝʨʠʟʘʮʽʾ 

ʤʦʣʝʢʫʣ ʊʉʎɻ ʥʘʚʢʦʣʦ ʩʽʪʢʠ ʏʌɸ. ʇʦʪʽʤ ʏʌɸ ʚʠʜʘʣʷʣʠ ʟ ʧʦʣʽʩʠʣʘʥʫ, ʘ 

ʦʜʝʨʞʘʥʠʡ ʤʘʪʝʨʽʘʣ ʧʨʦʞʘʨʶʚʘʣʠ ʧʨʠ 1000 Áʉ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ, ʱʦ 

ʧʨʠʚʦʜʠʣʦ ʜʦ ʫʪʚʦʨʝʥʥʷ SiC.  

ɺʠʩʦʢʦʚʧʦʨʷʜʢʦʚʘʥʽ ʥʘʥʦʩʪʝʨʞʥʽ SiC ʟ ʚʠʩʦʢʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 

(240 ï 760 ʤ
2
/ʛ) ʦʜʝʨʞʘʥʦ ʪʝʤʧʣʘʪʥʠʤ ʤʝʪʦʜʦʤ (ʥʘʥʦʢʘʩʪʠʥʛ) [246]. ʗʢ ʚʠʭʽʜʥʽ 

ʧʨʝʢʝʨʘʤʽʯʥʽ ʧʦʣʽʤʝʨʠ ʚʠʢʦʨʠʩʪʘʥʦ ʨʽʜʢʠʡ ʘʣʽʣʛʽʜʨʦʧʦʣʽʢʘʨʙʦʩʠʣʘʥ ʘʙʦ ʧʦʣʽ-

1,3,5-ʪʨʠʩʠʣʘʮʠʢʣʦʛʝʢʩʘʥ, ʧʨʦʩʦʯʝʥʠʡ ʚ SBA-15. ʂʨʝʤʥʝʟʝʤʥʠʡ ʪʝʤʧʣʘʪ 

ʚʠʜʘʣʷʣʠ ʧʽʩʣʷ ʪʝʨʤʽʯʥʦʾ ʢʦʥʚʝʨʩʽʾ, ʱʦ ʧʨʠʚʦʜʠʣʦ ʜʦ ʫʪʚʦʨʝʥʥʷ ʟʚʦʨʦʪʥʠʭ SiC 

ʨʝʧʣʽʢ ʚʠʭʽʜʥʦʛʦ ʪʝʤʧʣʘʪʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʚ ʢʘʪʘʣʽʟʽ 

ɿʨʘʟʢʠ SiC ʟ ʥʘʥʝʩʝʥʠʤʠ ʧʝʨʝʭʽʜʥʠʤʠ ʤʝʪʘʣʘʤʠ ʘʙʦ ʦʢʩʠʜʘʤʠ ʚʠʷʚʣʷʶʪʴ 

ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ ʟʜʘʪʥʽʩʪʴ ʚ ʨʽʟʥʠʭ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʪʘ 

ʚʠʩʦʢʦʝʢʟʦʪʝʨʤʽʯʥʠʭ ʨʝʘʢʮʽʷʭ. ʊʘʢ, ʟʦʢʨʝʤʘ, ʩʫʣʴʬʽʜ ʥʽʢʝʣʶ, ʥʘʥʝʩʝʥʠʡ ʥʘ 

ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ (ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ 20ï80 ʤ
2
/ʛ), ʧʦʢʘʟʫʻ ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʧʨʷʤʦʛʦ ʦʢʠʩʥʝʥʥʷ ʩʽʨʢʦʚʦʜʥʶ ʜʦ ʝʣʝʤʝʥʪʥʦʾ ʩʽʨʢʠ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʽʘʧʘʟʦʥʘʭ 20ï40 Üʉ ʪʘ 100ï120 Üʉ [247]. ɺʠʩʦʢʘ ʢʘʪʘʣʽʪʠʯʥʘ 

ʘʢʪʠʚʥʽʩʪʴ ʪʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʦʢʩʠʜ 

ʟʘʣʽʟʘ ʥʘ ʥʦʩʽʾ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ, ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʠʱʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (210ï240 

Üʉ). ʇʝʨʝʚʘʛʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʷʢ ʥʦʩʽʷ ʚ ʜʘʥʦʤʫ ʧʨʦʮʝʩʽ ʚ 

ʟʘʟʥʘʯʝʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʻ ʡʦʛʦ ʚʠʩʦʢʘ ʩʪʘʙʽʣʴʥʽʩʪʴ (Siʉ ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʦʢʩʠʜʥʠʭ ʥʦʩʽʾʚ ʥʝ ʩʫʣʴʬʘʪʫʻʪʴʩʷ), ʘ ʪʘʢʦʞ ʥʝʯʫʪʣʠʚʽʩʪʴ ʜʦ ʚʦʜʷʥʦʾ 

ʧʘʨʠ ʪʘ ʩʧʦʣʫʢ ʩʽʨʢʠ. 

ʅʘʥʦʪʨʫʙʢʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʟ ʥʘʥʝʩʝʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʩʫʣʴʬʽʜʫ ʥʽʢʝʣʶ 

ʧʨʦʷʚʠʣʠ ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ (60 Üʉ) 

ʚʠʙʽʨʢʦʚʦʛʦ ʦʢʠʩʥʝʥʥʷ ʩʽʨʢʦʚʦʜʥʶ ʜʦ ʝʣʝʤʝʥʪʥʦʾ ʩʽʨʢʠ (100% ʢʦʥʚʝʨʩʽʷ, 100% 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ) [248]. ɺʽʜʩʫʪʥʽʩʪʴ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ (ʟʦʢʨʝʤʘ, SO2) 

ʧʦʷʩʥʶʻʪʴʩʷ ʟʜʽʡʩʥʝʥʥʷʤ ʧʨʦʮʝʩʫ ʟʘ ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ 
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ʤʽʢʨʦʧʦʨ ʚ ʩʪʨʫʢʪʫʨʽ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ (ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʥʘʥʦʪʨʫʙʦʢ ʩʪʘʥʦʚʠʪʴ 

40 ʤ
2
/ʛ). ʂʨʽʤ ʚʠʩʦʢʦʾ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʩʦʨʙʮʽʡʥʦʶ ʻʤʥʽʩʪʶ ʱʦʜʦ ʪʚʝʨʜʦʾ ʩʽʨʢʠ, ʱʦ 

ʟʫʤʦʚʣʝʥʦ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ ʥʘʥʦʪʨʫʙʯʘʩʪʦʛʦ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ 

ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʢʘʪʘʣʽʟʘʪʦʨʘʤʠ ʫ ʚʠʛʣʷʜʽ ʟʝʨʝʥ. ʋʪʚʦʨʝʥʘ ʩʽʨʢʘ 

ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʧʦʨ ʢʘʪʘʣʽʪʠʯʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʤʝʭʘʥʽʯʥʦ ʧʽʜ ʜʽʻʶ ʧʣʽʚʢʠ ʚʦʜʠ 

(ʩʢʦʥʜʝʥʩʦʚʘʥʘ ʚʦʜʘ ʥʘ ʧʦʚʝʨʭʥʽ ʢʘʪʘʣʽʟʘʪʦʨʘ) ʽ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʥʘ ʛʽʜʨʦʬʦʙʥʽʡ 

ʯʘʩʪʠʥʽ ʥʦʩʽʷ, ʜʝ ʚʦʜʷʥʘ ʧʣʽʚʢʘ ʨʫʡʥʫʻʪʴʩʷ [215]. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʣʦʢʫʚʘʥʥʷ 

ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʢʘʪʘʣʽʟʘʪʦʨʘ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʽʾ (ʟʦʢʨʝʤʘ, ʩʽʨʢʦʶ) ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʽʥʰʽ ʪʨʘʜʠʮʽʡʥʽ ʢʘʪʘʣʽʟʘʪʦʨʠ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʩʽʾʚ ʪʘʢʠʭ ʷʢ ʢʨʝʤʥʝʟʝʤ, ʦʢʩʠʜ ʘʣʶʤʽʥʽʶ, ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ, 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʘʨʙʽʜʦʤ ʢʨʝʤʥʽʶ ʟʘʟʥʘʶʪʴ ʰʚʠʜʢʦʾ ʜʝʟʘʢʪʠʚʘʮʽʾ (ʬʫʥʢʮʽʷ 

ʚʽʜʢʣʘʜʝʥʴ ʩʽʨʢʠ) ʘʞ ʜʦ ʧʦʚʥʦʛʦ ʙʣʦʢʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ. ɺʠʷʚʣʝʥʫ 

ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʘʚʪʦʨʠ ʧʦʷʩʥʶʶʪʴ 

ʛʽʧʦʪʝʟʦʶ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ, ʘ ʪʘʢʦʞ ʜʝʬʝʢʪʥʽʩʪʶ ʧʦʚʝʨʭʥʽ 

ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ. ʉʫʪʴ ʛʽʧʦʪʝʟʠ ʧʦʣʷʛʘʻ ʚ ʟʥʘʯʥʦʤʫ ʨʦʩʪʽ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ 

ʩʽʨʢʦʚʦʜʥʶ ʚʩʝʨʝʜʠʥʽ ʥʘʥʦʪʨʫʙʦʢ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, ʦʯʝʚʠʜʥʦ, ʟʘʚʜʷʢʠ ʷʚʠʱʫ 

ʤʽʢʨʦʢʘʧʽʣʷʨʥʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʟʦʚʥʽʰʥʷ ʧʦʚʝʨʭʥʷ ʥʘʥʦʪʨʫʙʦʢ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʱʽʣʴʥʽʩʪʶ ʜʝʬʝʢʪʽʚ (ʢʨʝʤʥʝʟʝʤ, ʦʢʩʠʢʘʨʙʽʜ 

ʢʨʝʤʥʽʶ). ɻʽʜʨʦʬʽʣʴʥʘ ʧʨʠʨʦʜʘ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ ʥʘʥʦʪʨʫʙʦʢ ʪʘʢʦʞ ʙʫʜʝ 

ʧʦʩʠʣʶʚʘʪʠ ʷʚʠʱʝ ʤʽʢʨʦʢʘʧʽʣʷʨʥʦʩʪʽ [248].     

ʅʘʥʝʩʝʥʥʷ ʦʢʩʠʢʘʨʙʽʜʫ ʤʦʣʽʙʜʝʥʫ ʥʘ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ (SBET 19 ʤ
2
/ʛ) 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ (ʥʘ ʧʦʨʷʜʦʢ) ʡʦʛʦ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚ ʨʝʘʢʮʽʾ 

ʽʟʦʤʝʨʠʟʘʮʽʾ ʥ-ʛʝʢʩʘʥʫ ʪʘ ʥ-ʛʝʧʪʘʥʫ ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɔ-Al 2O3 (SBET 

180 ʤ
2
/ʛ) ʷʢ ʥʦʩʽʷ [249]. ɿʥʠʞʝʥʥʷ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʷʢ ʥʦʩʽʷ ʘʚʪʦʨʠ ʧʦʷʩʥʶʶʪʴ ʩʠʣʴʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʢʘʪʘʣʽʟʘʪʦʨʘ 

ʪʘ ʥʦʩʽʷ. ʇʨʦʜʫʢʪʘʤʠ ʽʟʦʤʝʨʠʟʘʮʽʾ ʻ ʧʝʨʝʚʘʞʥʦ ʤʦʥʦ- ʪʘ ʜʠʨʦʟʛʘʣʫʜʞʝʥʽ 

ʤʦʣʝʢʫʣʠ, ʧʨʠ ʮʴʦʤʫ ʫʪʚʦʨʝʥʥʷ ʮʠʢʣʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. 

ʇʨʠʩʫʪʥʽʩʪʴ ʚʦʜʷʥʦʾ ʧʘʨʠ ʥʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʜʝʟʘʢʪʠʚʘʮʽʾ ʢʘʪʘʣʽʟʘʪʦʨʘ, ʦʯʝʚʠʜʥʦ, 
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ʟʘʚʜʷʢʠ ʽʥʝʨʪʥʦʩʪʽ ʥʦʩʽʷ SiC. ɺʠʱʘ ʢʘʪʘʣʽʪʠʯʥʘ ʟʜʘʪʥʽʩʪʴ ʦʢʩʠʢʘʨʙʽʜʫ 

ʤʦʣʽʙʜʝʥʫ ʥʘ ʥʦʩʽʾ ʢʘʨʙʽʜʽ ʢʨʝʤʥʽʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʢʩʠʜʦʤ ʘʣʶʤʽʥʽʶ ʟʫʤʦʚʣʝʥʘ 

ʜʚʦʤʘ ʬʘʢʪʦʨʘʤʠ. ʇʦ-ʧʝʨʰʝ, ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʦʪʠ ʧʽʜ ʯʘʩ ʨʝʘʢʮʽʾ ʥʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʧʽʢʘʥʥʷ ʥʦʩʽʷ ʪʘ 

ʘʢʪʠʚʥʦʾ ʬʘʟʠ. ʇʦ-ʜʨʫʛʝ, ʭʽʤʽʯʥʘ ʽʥʝʨʪʥʽʩʪʴ SiC ʽʥʛʽʙʫʻ ʡʦʛʦ ʚʟʘʻʤʦʜʽʶ ʟ 

ʘʢʪʠʚʥʦʶ ʬʘʟʦʶ ʪʘ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʾʾ ʚʠʜʽʣʷʪʠ ʟ ʢʦʤʧʦʟʠʪʫ [249]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʯʠʩʪʦʛʦ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʪʘ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, ʜʦʧʦʚʘʥʦʛʦ 

ʮʝʨʽʻʤ, ʷʢ ʥʦʩʽʾʚ ʧʣʘʪʠʥʠ-ʨʦʜʽʶ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʢʘʪʘʣʽʪʠʯʥʫ ʟʜʘʪʥʽʩʪʴ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʧʨʦʮʝʩʽ ʟʥʝʰʢʦʜʞʝʥʥʷ ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ ʘʚʪʦʤʦʙʽʣʽʚ (ʥʘ ʧʨʠʢʣʘʜʽ 

ʩʠʥʪʝʪʠʯʥʦʾ ʩʫʤʽʰʽ, ʱʦ ʤʽʩʪʠʪʴ ʉʆ, ʦʢʩʠʜ ʘʟʦʪʫ, ʚʫʛʣʝʚʦʜʥʽ ʪʘ ʘʟʦʪ) [250]. 

ɼʦʧʫʚʘʥʥʷ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʮʝʨʽʻʤ ʟʘʙʝʟʧʝʯʫʻ ʭʦʨʦʰʫ ʜʠʩʧʝʨʩʽʶ ʯʘʩʪʠʥʦʢ 

ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ ʾʭ ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʧʽʢʘʥʥʷ, ʱʦ ʚ 

ʩʫʢʫʧʥʦʩʪʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʪʘʣʽʪʠʯʥʦʾ ʩʠʩʪʝʤʠ 

ʚ ʨʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ ʤʦʥʦʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʪʘ ʦʢʩʠʜʫ ʘʟʦʪʫ ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʨʦʤʠʩʣʦʚʠʤʠ ʢʘʪʘʣʽʟʘʪʦʨʘʤʠ. ɿʘʚʜʷʢʠ ʭʽʤʽʯʥʽʡ ʽʥʝʨʪʥʦʩʪʽ ʥʦʩʽʷ SiC ʤʦʞʣʠʚʠʤ 

ʻ ʣʝʛʢʝ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʘʢʪʠʚʥʦʾ ʬʘʟʠ ʢʘʪʘʣʽʟʘʪʦʨʘ ʪʘ ʥʦʩʽʷ ʰʣʷʭʦʤ ʧʨʦʤʠʚʘʥʥʷ 

ʢʠʩʣʦʪʦʶ.    

ɺʠʢʦʨʠʩʪʘʥʥʷ ɓ-SiC ʟ ʧʦʨʽʚʥʷʥʦ ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ (ʙʽʣʴʰʝ 20 ʤ
2
/ʛ), 

ʦʜʝʨʞʘʥʦʛʦ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʫ ʟ ʝʬʝʢʪʦʤ ʧʘʤôʷʪʽ ʬʦʨʤʠ, ʷʢ ʥʦʩʽʷ ʢʘʪʘʣʽʟʘʪʦʨʘ 

ʚʘʥʘʜʠʣ ʧʽʨʦʬʦʩʬʘʪʫ (VPO) ʚ ʨʝʘʢʮʽʾ ʧʨʷʤʦʛʦ ʦʢʠʩʥʝʥʥʷ ʙʫʪʘʥʫ ʚ ʤʘʣʝʾʥʦʚʠʡ 

ʘʥʛʽʜʨʠʜ ʟʘʚʜʷʢʠ ʢʦʥʪʨʦʣʶ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʢʘʪʘʣʽʟʘʪʦʨʘ ʜʦʟʚʦʣʷʶʪʴ 

ʧʽʜʚʠʱʠʪʠ ʚʠʭʽʜ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ (ʚʽʜ 24 ʜʦ 54%) [251]. ʉʪʘʙʽʣʴʥʦ ʚʠʩʦʢʘ 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʤʘʣʝʾʥʦʚʠʤ ʘʥʛʽʜʨʠʜʦʤ (74-78%) ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʩʦʢʽ ʧʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʙʫʪʘʥʫ. VPO, ʥʘʥʝʩʝʥʠʡ ʥʘ ʢʘʨʙʽʜ 

ʢʨʝʤʥʽʶ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʱʠʤ ʚʠʭʦʜʦʤ ʪʘ ʩʝʣʝʢʪʠʚʥʽʩʪʶ ʟʘ ʤʘʣʝʾʥʦʚʠʤ 

ʘʥʛʽʜʨʠʜʦʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʙôʻʤʥʠʤ ʘʥʘʣʦʛʦʤ. ɼʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ 

ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʟʘ ʮʽʣʴʦʚʠʤ ʧʨʦʜʫʢʪʦʤ ʟʫʤʦʚʣʝʥʦ ʚʽʜʩʫʪʥʽʩʪʶ ʤʽʢʨʦʧʦʨ ʫ ʥʦʩʽʷ 

ʪʘ, ʱʦ ʚʘʞʣʠʚʽʰʝ, ʚʠʩʦʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʥʦʩʽʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ 
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ʣʦʢʘʣʴʥʠʭ ʧʝʨʝʛʨʽʚʽʚ ʢʘʪʘʣʽʪʠʯʥʠʭ ʮʝʥʪʨʽʚ ʪʘ ʟʘʭʠʱʘʻ ʧʨʦʜʫʢʪ ʨʝʘʢʮʽʾ ʚʽʜ 

ʧʦʜʘʣʴʰʦʛʦ ʦʢʠʩʥʝʥʥʷ ʚ ʉʆ ʪʘ ʉʆ2.  

ʂʦʤʙʽʥʫʚʘʥʥʷ ʧʽʜʭʦʜʫ ʜʦ ʩʠʥʪʝʟʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʪʠʧʫ ʷʜʨʦ-ʦʙʦʣʦʥʢʘ ʟ 

ʤʝʪʦʜʦʤ ʥʘʥʦʢʘʩʪʠʥʛʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʪʠ ʧʦʨʠʩʪʠʡ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ, ʱʦ 

ʤʽʩʪʠʪʴ ʽʥʢʘʧʩʫʣʴʦʚʘʥʽ ʪʘ ʢʘʪʘʣʽʪʠʯʥʦ ʘʢʪʠʚʥʽ ʥʘʥʦʯʘʩʪʠʥʢʠ CeO2  [252]. ʊʘʢʘ 

ʩʪʨʫʢʪʫʨʘ ʟʘʧʦʙʽʛʘʻ ʩʧʽʢʘʥʥʶ ʥʘʥʦʯʘʩʪʠʥʦʢ ʢʘʪʘʣʽʟʘʪʦʨʘ ʥʘʚʽʪʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʽʨʦʣʽʟʫ 1300 Áʉ. ʆʜʝʨʞʘʥʽ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ 

ʢʘʪʘʣʽʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʚ ʨʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ ʤʝʪʘʥʫ ʟ ʧʦʯʘʪʢʦʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʝʘʢʮʽʾ ʥʘ 270 ʂ ʥʠʞʯʝ, ʥʽʞ ʧʦʯʘʪʦʢ ʛʦʤʦʛʝʥʥʦʾ ʨʝʘʢʮʽʾ.  

ʅʘʥʦʯʘʩʪʠʥʢʠ Ni, ʥʘʥʝʩʝʥʽ ʥʘ ʥʘʥʦʧʦʨʠʩʪʠʡ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ, ʘ ʪʘʢʦʞ 

ʦʢʠʩʥʝʥʠʡ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ ʧʨʦʷʚʣʷʶʪʴ ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ 

ʚʫʛʣʝʢʠʩʣʦʪʥʦʛʦ ʨʠʬʦʨʤʽʥʛʫ ʤʝʪʘʥʫ [253]. ʆʢʠʩʥʝʥʠʡ SiC ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʽʜʚʠʱʝʥʥʷʤ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʠʤ ʢʘʨʙʽʜʦʤ 

ʢʨʝʤʥʽʶ ʟʘʚʜʷʢʠ ʰʘʨʫ SiO2 ʥʘ ʦʢʠʩʥʝʥʦʤʫ ʟʨʘʟʢʫ, ʷʢʠʡ ʟʘʧʦʙʽʛʘʻ ʫʪʚʦʨʝʥʥʶ 

ʩʠʣʽʮʠʜʫ ʥʽʢʝʣʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦ 850 Áʉ. ʆʜʝʨʞʘʥʽ ʢʘʪʘʣʽʟʘʪʦʨʠ ʚʠʷʚʣʷʶʪʴ 

ʩʪʘʙʽʣʴʥʫ ʢʦʥʚʝʨʩʽ ʁʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʯʘʩʫ ʚ ʧʦʪʦʮʽ (8 ʛʦʜ.).   

ʄʝʟʦʧʦʨʠʩʪʽ ʥʘʥʦʚʦʣʦʢʥʘ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʟ in situ ʚʙʫʜʦʚʘʥʠʤ 

ʛʨʘʬʽʪʦʧʦʜʽʙʥʠʤ ʚʫʛʣʝʮʝʤ ʧʨʦʷʚʣʷʶʪʴ ʚʠʩʦʢʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ 

ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʩʧʽʚʢʘʪʘʣʽʟʘʪʦʨʽʚ [254]. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʜʣʷ ʦʪʨʠʤʘʥʦʛʦ ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʘ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʟʤʦʜʝʣʴʦʚʘʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ ʽ ʚʠʜʠʤʦʛʦ 

ʦʧʨʦʤʽʥʝʥʥʷ ʚ ʨʦʟʯʠʥʽ ʟ ʚʠʩʦʢʠʤ ʨʅ (180,2 ʪʘ 31,0 ʤʢʤʦʣʴ/ʛĿʛʦʜ, ʚʽʜʧʦʚʽʜʥʦ). 

ʅʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ ʚʙʫʜʦʚʘʥʠʡ ʚʫʛʣʝʮʴ ʤʦʞʝ ʰʚʠʜʢʦ ʧʝʨʝʜʘʚʘʪʠ ʬʦʪʦʛʝʥʝʨʦʚʘʥʽ 

ʝʣʝʢʪʨʦʥʠ ʪʘ ʧʦʩʠʣʶʚʘʪʠ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʯʠʥʫ ʟ ʚʠʩʦʢʠʤ 

ʨʅ (13-14) ʜʦʟʚʦʣʷʻ ʧʨʠʩʢʦʨʠʪʠ ʚʣʦʚʣʶʚʘʥʥʷ ʜʽʨʦʢ ʜʦʜʘʪʢʦʚʠʤʠ 

ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʘʥʽʦʥʘʤʠ. 

ɸʜʩʦʨʙʮʽʷ ʚʦʜʥʶ ʧʦʨʠʩʪʠʤ ʢʘʨʙʽʜʦʤ ʢʨʝʤʥʽʶ    

ɿʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʜʦʩʣʽʜʥʠʢʽʚ ʚʠʢʣʠʢʘ ̒ʘʜʩʦʨʙʮʽʷ ʚʦʜʥʶ ʥʘ ʤʘʪʝʨʽʘʣʘʭ ʥʘ 

ʦʩʥʦʚʽ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ [255-259].  
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ʊʘʢ, ʥʘʥʦʪʨʫʙʢʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, ʦʜʝʨʞʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ 

ʙʘʛʘʪʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʟ ʢʨʝʤʥʽʻʤ ʧʨʠ 1573 ʂ, ʟʜʘʪʥʽ 

ʘʜʩʦʨʙʫʚʘʪʠ 0,2 ʤʘʩ.% ʚʦʜʥʶ ʧʨʠ 5,1 ʄʈʘ ʪʘ 298 ʂ [256], ʱʦ ʤʘʡʞʝ ʚ ʜʚʘ ʨʘʟʠ 

ʚʠʱʝ, ʥʽʞ ʘʜʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʙʘʛʘʪʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. ʇʨʠ 

ʮʴʦʤʫ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʥʘʥʦʪʨʫʙʢʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʚʫʛʣʝʮʝʚʠʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʱʦʶ ʛʫʩʪʠʥʦʶ (2,9 ʧʨʦʪʠ 2,0 ʛ/ʩʤ
3
), ʤʝʥʰ 

ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ (60 ʧʨʦʪʠ 200 ʤ
2
/ʛ), ʘ ʪʘʢʦʞ ʤʘʶʪʴ ʙʽʣʴʰʽ ʟʦʚʥʽʰʥʽʡ ʪʘ 

ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨʠ ʟʘ ʨʘʭʫʥʦʢ ʚʟʘʻʤʦʜʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʰʘʨʫ ʟ 

ʢʨʝʤʥʽʻʤ ʪʘ ʚʠʜʘʣʝʥʥʷ ʥʝʧʨʦʨʝʘʛʦʚʘʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʰʘʨʫ ʧʽʩʣʷ 

ʨʝʘʢʮʽʾ. ʇʨʠ ʪʠʩʢʘʭ ʤʝʥʰʝ 1,7 ʄʈʘ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ ʥʝ ʩʦʨʙʫʻ ʚʦʜʝʥʴ, ʦʜʥʘʢ 

ʢʽʣʴʢʽʩʪʴ ʧʦʛʣʠʥʫʪʦʛʦ ʚʦʜʥʶ ʧʨʠ ʚʠʱʠʭ ʪʠʩʢʘʭ ʟʨʦʩʪʘʻ ʰʚʠʜʰʝ, ʥʽʞ ʜʣʷ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʧʝʨʝʚʠʱʫʶʯʠ ʧʦʢʘʟʥʠʢ ʜʣʷ ʥʠʭ ʚʞʝ ʧʨʠ 3 ʄʈʘ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʚ ʮʽʣʦʤʫ ʤʝʥʰ ʧʨʠʜʘʪʥʽ ʧʘʨʘʤʝʪʨʠ ʩʪʨʫʢʪʫʨʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ 

ʜʣʷ ʘʜʩʦʨʙʮʽʾ ʚʦʜʥʶ, ʥʽʞ ʚʫʛʣʝʮʶ, ʘʚʪʦʨʠ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʧʽʜʚʠʱʝʥʘ 

ʘʜʩʦʨʙʮʽʷ ʚʦʜʥʶ ʢʘʨʙʽʜʦʤ ʢʨʝʤʥʽʶ ʦʙʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ 

ʪʦʯʢʦʚʠʭ ʟʘʨʷʜʽʚ [256]. 

ɺʠʭʦʜʷʯʠ ʟ ʨʦʟʨʘʭʫʥʢʽʚ, ʚʠʢʦʥʘʥʠʭ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʬʫʥʢʮʽʦʥʘʣʫ ʛʫʩʪʠʥʠ 

(DFT), ʝʥʝʨʛʽʷ ʟʚôʷʟʢʫ ʚʦʜʥʶ ʟ ʥʘʥʦʪʨʫʙʢʘʤʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʥʘ 20% ʚʠʱʘ 

ʧʦʨʽʚʥʷʥʦ ʟ ʯʠʩʪʠʤʠ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤ [255]. ʇʨʠʯʠʥʫ ʪʘʢʦʾ ʟʤʽʥʠ 

ʘʚʪʦʨʠ ʚʙʘʯʘʶʪʴ ʚ ʯʘʩʪʢʦʚʦ ʛʝʪʝʨʦʧʦʣʷʨʥʽʡ ʧʨʠʨʦʜʽ SiC ʟʚôʷʟʢʽʚ. ʊʦʯʢʦʚʽ 

ʟʘʨʷʜʠ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʥʘ ʩʪʽʥʢʘʭ ʥʘʥʦʪʨʫʙʦʢ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, ʤʦʞʫʪʴ 

ʽʥʜʫʢʫʚʘʪʠ ʜʠʧʦʣʽ ʥʘ ʤʦʣʝʢʫʣʽ ʚʦʜʥʶ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʝʬʝʢʪʠʚʥʽʰʦʛʦ 

ʟʚôʷʟʫʚʘʥʥʷ ʚʦʜʥʶ [255].   

ʇʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ 

ʧʦʢʘʟʘʥʘ ʨʦʟʨʘʭʫʥʢʘʤʠ (ʟʘ ʪʝʦʨʽʻ ʁ DFT) ʚʟʘʻʤʦʜʽʾ ʤʦʣʝʢʫʣ ʚʦʜʥʶ ʟ 

ʥʘʥʦʪʨʫʙʢʘʤʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, ʜʦʧʦʚʘʤʠʤʠ ʘʪʦʤʘʤʠ ʣʽʪʽʶ [257]. ɽʥʝʨʛʽʷ 

ʟʚôʷʟʢʫ ʤʦʣʝʢʫʣʠ ʚʦʜʥʶ ʟ ʥʘʥʦʪʨʫʙʢʘʤʠ SiC ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʾʭ 

ʜʦʧʫʚʘʥʥʷ ʣʽʪʽʻʤ (ʚʽʜ 0,086 ʜʦ 0,211 ʝɺ), ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʧʝʨʝʥʝʩʝʥʥʷʤ 

ʟʘʨʷʜʫ ʟ ʣʽʪʽʶ ʥʘ ʥʘʥʦʪʨʫʙʢʫ. ɿʛʽʜʥʦ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʥʘʥʦʪʨʫʙʢʠ 
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ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, ʜʦʧʦʚʘʥʽ ʣʽʪʽʻʤ, ʤʦʞʫʪʴ ʧʨʠʻʜʥʫʚʘʪʠ ʜʦ ʯʦʪʠʨʴʦʭ ʤʦʣʝʢʫʣ 

ʚʦʜʥʶ (ʥʘ ʦʜʠʥ ʘʪʦʤ ʣʽʪʽʶ), ʧʨʠ ʮʴʦʤʫ ʩʝʨʝʜʥʷ ʝʥʝʨʛʽʷ ʟʚôʷʟʢʫ ʩʪʘʥʦʚʠʪʴ 0,165 

ʝɺ. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʚʪʦʨʠ ʧʦʷʩʥʶʶʪʴ ʪʠʤ, ʱʦ ʘʪʦʤ Li ʯʘʩʪʢʦʚʦ ʧʝʨʝʜʘʻ 

ʩʚʽʡ ʚʘʣʝʥʪʥʠʡ ʝʣʝʢʪʨʦʥ ʥʘʥʦʪʨʫʙʢʘʤ SiC, ʱʦ ʧʽʜʚʠʱʫʻ ʧʦʣʷʨʠʟʘʮʽʶ ʟʚôʷʟʢʽʚ 

SiïC ʪʘ ʧʦʩʠʣʶʻ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʥʶ ʪʘ ʧʦʚʝʨʭʥʝʶ ʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ, ʜʦʧʦʚʘʥʦʶ ʣʽʪʽʻʤ [257].  

ɼʦʧʫʚʘʥʥʷ ʥʘʥʦʪʨʫʙʦʢ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʘʪʦʤʘʤʠ ʢʘʣʽ ʁ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʦʛʦ ʨʦʩʪʫ ʾʭ ʩʦʨʙʮʽʡʥʦʾ ʻʤʥʦʩʪʽ ʟʘ ʚʦʜʥʝʤ (~ 0,37 ʤʘʩ.%, 100 ʙʘʨ, ʢʽʤʥʘʪʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʜʦʧʦʚʘʥʠʤʠ (~ 0,30 ʤʘʩ.%) ʪʘ ʦʩʦʙʣʠʚʦ 

ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ (0,175 ʤʘʩ.%) [259]. ʊʘʢʠʡ ʨʽʩʪ ʘʜʩʦʨʙʮʽʾ ʚʦʜʥʶ 

ʘʚʪʦʨʠ ʧʦʷʩʥʶʶʪʴ ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ ʟ ʢʘʣʽʶ ʥʘ ʘʪʦʤʠ ʢʨʝʤʥʽʶ ʪʘ ʚʫʛʣʝʮʶ. 

ʇʨʠ ʮʴʦʤʫ ʚʽʜʤʽʯʘʻʪʴʩʷ, ʱʦ ʥʝʜʦʧʦʚʘʥʽ ʥʘʥʦʪʨʫʙʢʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ (ʦʯʝʚʠʜʥʦ, 

ʟʘ ʫʤʦʚʠ ʙʣʠʟʴʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʢʩʪʫʨʠ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʱʦʶ ʩʦʨʙʮʽʡʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʜʦ ʚʦʜʥʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ, ʱʦ ʚʠʢʣʠʢʘʥʦ 

ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʫ ʟ ʘʪʦʤʽʚ ʢʨʝʤʥʽʶ ʥʘ ʘʪʦʤʠ ʚʫʛʣʝʮʶ ʚ ʩʪʨʫʢʪʫʨʽ SiC. ʆʜʥʘʢ, 

ʥʘʷʚʥʽʩʪʴ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʘʜʩʦʨʙʮʽʡʥʠʭ ʮʝʥʪʨʽʚ ʚ ʥʘʥʦʪʨʫʙʢʘʭ ʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ, ʜʦʧʦʚʘʥʠʭ ʢʘʣʽʻʤ, ʚʝʜʝ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʚʽʣʴʥʝʥʥʷ ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʚʦʜʥʶ, ʱʦ ʻ ʥʝʜʦʣʽʢʦʤ ʟ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ 

ʡʦʛʦ ʟʙʝʨʽʛʘʥʥʷ [259]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʦ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʩʠʥʪʝʟʫ ʧʦʨʠʩʪʦʛʦ 

ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʪʨʘʚʣʝʥʥʷ ʤʘʩʠʚʥʦʛʦ SiC, 

ʢʘʨʙʦʪʝʨʤʽʯʥʝ/ʤʘʛʥʽʡʪʝʨʤʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʚʫʛʣʝʮʴ-ʢʨʝʤʥʝʟʝʤʥʠʭ ʢʦʤʧʦʟʠʪʽʚ, 

ʥʘʥʦʢʘʩʪʠʥʛ ʟʘ ʫʯʘʩʪʶ ʧʦʣʽʢʘʨʙʦʩʠʣʘʥʽʚ ʪʦʱʦ. ʂʘʨʙʽʜ ʢʨʝʤʥʽʶ, ʦʜʝʨʞʘʥʠʡ ʟ 

ʧʦʣʽʢʘʨʙʦʩʠʣʘʥʽʚ ʪʝʤʧʣʘʪʥʠʤ ʤʝʪʦʜʦʤ, ʤʘʻ ʥʘʡʚʠʱʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʨʠʩʪʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʦʣʦʜʽʻ ʽ ʧʨʦʩʪʦʨʦʚʦʶ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʶ ʚ ʥʘʥʦʜʽʘʧʘʟʦʥʽ, 

ʱʦ ʨʦʙʠʪʴ ʜʘʥʠʡ ʤʝʪʦʜ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ. ʎʽʢʘʚʠʤ ʻ ʪʘʢʦʞ ʧʽʜʭʽʜ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʥʪʝʟʫ, ʟʦʢʨʝʤʘ 

ʤʝʪʦʜ ʤʘʛʥʽʡʪʝʨʤʽʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ. ʆʜʥʘʢ, ʚʠʜʘʻʪʴʩʷ, ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʥʘʥʦʢʘʩʪʠʥʛʫ ʟ ʫʯʘʩʪʶ ʧʦʣʽʢʘʨʙʦʩʠʣʘʥʽʚ ʪʘ 
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ʤʘʛʥʽʡʪʝʨʤʽʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ ʤʘʻ ʦʙʤʝʞʝʥʥʷ ʫ ʟʚôʷʟʢʫ ʟ ʚʠʩʦʢʦʶ 

ʚʘʨʪʽʩʪʶ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʘʙʦ ʥʝʦʙʭʽʜʥʽʩʪʶ ʙʘʛʘʪʦʢʨʘʪʥʠʭ ʧʦʩʪʩʠʥʪʝʪʠʯʥʠʭ 

ʦʙʨʦʙʦʢ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʢʘʪʘʣʽʟʘʪʦʨʘ, ʚʽʜʧʦʚʽʜʥʦ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ, 

ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʤ ʜʣʷ ʧʨʘʢʪʠʢʠ ʤʝʪʦʜʦʤ ʦʜʝʨʞʘʥʥʷ ʧʦʨʠʩʪʦʛʦ ʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ ʟʘʣʠʰʘʻʪʴʩʷ ʢʘʨʙʦʪʝʨʤʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʚʫʛʣʝʮʴ-ʢʨʝʤʥʝʟʝʤʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʚʠʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʠʩʪʦʩʪʽ, ʫ ʟʚôʷʟʢʫ ʟ 

ʚʠʱʝʚʠʢʣʘʜʝʥʠʤ, ʥʝʦʙʭʽʜʥʠʡ ʨʝʪʝʣʴʥʠʡ ʧʽʜʙʽʨ ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʚʫʛʣʝʮʝʚʽ 

ʢʦʤʧʦʥʝʥʪʠ ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʷʢʦʤʦʛʘ ʙʽʣʴʰ ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ, 

ʟʦʢʨʝʤʘ ʤʝʟʦʧʦʨ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʦʛʣʷʜʫ ʣʽʪʝʨʘʪʫʨʠ 

 

ɺ ʮʽʣʦʤʫ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʠʡ ʦʙôʻʤ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʽ ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʜʦʩʣʽʜʞʝʥʴ, ʚ ʦʙʣʘʩʪʽ ʥʝʚʠʚʯʝʥʦʛʦ ʽ ʤʘʣʦʚʠʚʯʝʥʦʛʦ ʟʘʣʠʰʘʻʪʴʩʷ, ʚʠʜʘʻʪʴʩʷ, ʨʷʜ 

ʘʢʪʫʘʣʴʥʠʭ ʜʣʷ ʨʦʟʚʠʪʢʫ ʭʽʤʽʾ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʠʪʘʥʴ. ɿʦʢʨʝʤʘ, 

ʱʦ ʩʪʦʩʫʻʪʴʩʷ, ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʪ ï "ʩʪʝʭʽʦʤʝʪʨʽʷ" ʚʠʭʽʜʥʠʭ ʮʝʦʣʽʪ- ʽ ʄʄʉ-

ʫʪʚʦʨʶʶʯʠʭ ʨʝʘʢʮʽʡʥʠʭ ʩʫʤʽʰʝʡ, ʚʽʜʥʦʩʥʘ ʨʝʘʢʮʽʡʥʘ ï ʩʪʨʫʢʪʫʨʦʥʘʧʨʘʚʣʷʶʯʘ 

ʟʜʘʪʥʽʩʪʴ ʨʽʟʥʠʭ ʯʝʪʚʝʨʪʠʥʥʠʭ ʘʤʦʥʽʻʚʠʭ ʩʧʦʣʫʢ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʚ 

ʧʨʦʮʝʩʘʭ ʤʦʥʦʪʝʤʧʣʘʪʥʦʛʦ, ʪʘʢ ʽ ʙʽʪʝʤʧʣʘʪʥʦʛʦ ʩʠʥʪʝʟʫ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʝʤʧʣʘʪʽʚ ñGemini-type surfactantsò), 

ʜʦʥʫʢʣʝʘʮʽʡʥʽ ʪʘ ʧʨʦʤʽʞʥʽ ʩʪʘʜʽʾ ʽ ʧʨʦʜʫʢʪʠ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ. ʇʝʚʥʦʶ 

ʤʽʨʦʶ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʽ ʧʨʦʮʝʩʽʚ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʽ ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʨʝʯʦʚʠʥʠ ʚ ʘʜʩʦʨʙʮʽʡʥʦʤʫ ʰʘʨʽ, ʟʦʢʨʝʤʘ, ʮʝʦʣʽʪʠʟʘʮʽʾ ʄʄʉ. ɸʢʪʫʘʣʴʥʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʥʘʟʚʘʥʠʭ ʥʘʧʨʷʤʢʘʭ ʟʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʚʽʜʤʽʯʝʥʽ ʬʘʢʪʦʨʠ ʤʦʞʫʪʴ 

ʨʦʙʠʪʠ ʚʠʟʥʘʯʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʬʘʟʦʚʫ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ, 

ʩʢʣʘʜ, ʽʟʦʤʦʨʬʥʝ ʚʢʣʶʯʝʥʥʷ ʛʝʪʝʨʦʝʣʝʤʝʥʪʽʚ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʩʪʨʫʢʪʫʨʫ (ʧʨʦʩʪʦʨʦʚʫ ʦʨʛʘʥʽʟʘʮʽʶ ʽ 

ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ, ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʧʦʨʠʩʪʽʩʪʴ), ʭʽʤʽʯʥʫ ʧʨʠʨʦʜʫ ʧʦʚʝʨʭʥʽ 

ʪʘ ʽʥʰʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʜʫʢʪʽʚ ʩʠʥʪʝʟʫ ʽ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ, ʘ 
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ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʅʝʚʠʨʽʰʝʥʠʤ ʧʠʪʘʥʥʷʤ ʻ 

ʦʩʦʙʣʠʚʦʩʪʽ ʢʠʩʣʦʪʥʦʩʪʽ (ʟʦʢʨʝʤʘ, ʩʠʣʘ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ) ʪʘ 

ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʄʘʪʨʠʯʥʘ ʪʘ ʦʙôʻʤʥʘ ʢʘʨʙʦʥʽʟʘʮʽʷ ʦʨʛʘʥʽʯʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ ʻ ʝʬʝʢʪʠʚʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʦʜʝʨʞʘʥʥʷ ʚʠʩʦʢʦʧʦʨʠʩʪʠʭ, ʧʨʦʩʪʦʨʦʚʦ ʚʧʦʨʷʜʢʦʚʘʥʠʭ (ʫ ʚʠʧʘʜʢʫ 

ʤʘʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ) ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʦʜʥʦʯʘʩʥʦʛʦ ʘʙʦ ʥʘʩʪʫʧʥʦʛʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʪʘ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʜʣʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ï ʷʢ ʘʜʩʦʨʙʝʥʪʽʚ, ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʥʦʩʽʾʚ 

ʢʘʪʘʣʽʪʠʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʽʚ, ʚ ʤʝʜʠʮʠʥʽ 

ʪʦʱʦ. ʅʝʚʠʨʽʰʝʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʟô̫ ʩʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʪʝʤʧʣʘʪʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʘ 

ʪʘʢʦʞ ʩʧʨʷʤʦʚʘʥʘ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʷ ʚʫʛʣʝʮʝʚʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʘʜʩʦʨʙʮʽʾ (ʪʦʥʢʝ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ, ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʩʪʚʦʨʝʥʥʷ ʧʦʨ 

ʧʝʚʥʦʛʦ ʨʦʟʤʽʨʥʦʛʦ ʜʽʘʧʘʟʦʥʫ) ʪʘ ʢʘʪʘʣʽʟʽ (ʟʤʽʥʘ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʧʦʚʝʨʭʥʽ 

(ʰʣʷʭʦʤ ʚʢʣʶʯʝʥʥʷ ʛʝʪʝʨʦʝʣʝʤʝʥʪʽʚ ʪʦʱʦ), ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʜʠʟʘʡʥ ʝʬʝʢʪʠʚʥʠʭ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ (ʨʝʘʢʮʽʾ ʢʦʥʜʝʥʩʘʮʽʾ, ʦʢʠʩʥʝʥʥʷ, 

ʛʽʜʨʦʣʽʟʫ ʙʽʦʩʠʨʦʚʠʥʠ ʪʘ ʽʥ.)). 

ʇʦʻʜʥʘʥʥʷ ʤʘʪʨʠʯʥʦʛʦ (ʚ ʮʽʣʦʤʫ ʪʝʤʧʣʘʪʥʦʛʦ) ʧʽʜʭʦʜʫ ʟ ʽʥʰʠʤʠ 

ʧʨʝʢʫʨʩʦʨʘʤʠ (ʥʝ ʣʠʰʝ ʚʫʛʣʝʮʶ) ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʥʘʥʦʧʦʨʠʩʪʽ 

ʤʘʪʝʨʽʘʣʠ ʽʥʰʦʾ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ, ʟʦʢʨʝʤʘ, ʥʽʪʨʠʜ ʚʫʛʣʝʮʶ ʪʘ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʠʭ ʤʘʻ ʚʘʞʣʠʚʝ ʪʝʦʨʝʪʠʯʥʝ ʥʘ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. ʊʘʢ, ʟʥʘʯʥʘ 

ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʢʘʨʢʘʩʫ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, ʟʦʢʨʝʤʘ, ʚʘʨʽʶʚʘʥʥʷ ʡʦʛʦ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʩʪʽ, ʩʪʫʧʝʥʷ ʩʢʦʥʜʝʥʩʦʚʘʥʦʩʪʽ, ʚʢʣʶʯʝʥʥʷ ʧʝʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʪʦʱʦ ʚ ʩʫʢʫʧʥʦʩʪʽ ʟ ʪʝʤʧʣʘʪʥʠʤʠ ʧʽʜʭʦʜʘʤʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ 

ʧʦʨʠʩʪʦʩʪʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʮʽʣʝʥʘʧʨʘʚʣʝʥʦʛʦ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʘʜʩʦʨʙʝʥʪʽʚ ʪʘ ʽʥ. ɸʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʟô̫ ʩʫʚʘʥʥʷ ʚʧʣʠʚʫ ʫʤʦʚ 

ʦʜʝʨʞʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʨʠʨʦʜʠ ʪʝʤʧʣʘʪʫ, ʥʘ ʩʢʣʘʜ, ʽʟʦʤʦʨʬʥʝ ʚʢʣʶʯʝʥʥʷ 

ʛʝʪʝʨʦʝʣʝʤʝʥʪʽʚ, ʩʪʨʫʢʪʫʨʫ (ʧʨʦʩʪʦʨʦʚʫ ʦʨʛʘʥʽʟʘʮʽʶ ʽ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ, 
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ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʧʦʨʠʩʪʽʩʪʴ), ʭʽʤʽʯʥʫ ʧʨʠʨʦʜʫ ʧʦʚʝʨʭʥʽ, ʩʦʨʙʮʽʡʥʽ, 

ʩʧʝʢʪʨʘʣʴʥʽ, ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʽ, ʢʘʪʘʣʽʪʠʯʥʽ ʪʘ ʽʥʰʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʨʦʜʫʢʪʽʚ ʩʠʥʪʝʟʫ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, ʪʦ ʪʫʪ ʪʨʘʜʠʮʽʡʥʠʡ ʪʝʤʧʣʘʪʥʠʡ ʩʠʥʪʝʟ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʪʠʤ, ʱʦ ʬʦʨʤʫʚʘʥʥʷ SiC ʟ ʚʫʛʣʝʮʴ-

ʢʨʝʤʥʝʟʝʤʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʚʢʣʶʯʘʻ ʙʝʟʧʦʩʝʨʝʜʥʶ ʫʯʘʩʪʴ ʨʝʯʦʚʠʥʠ ʪʝʤʧʣʘʪʫ ʚ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʽ, ʱʦ ʽ ʟʫʤʦʚʣʶʻ ʧʦʪʨʝʙʫ ʫ ʚʠʚʯʝʥʥʽ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʠʚʯʝʥʥʽ ʬʘʢʪʦʨʽʚ, ʷʢʠʤʠ 

ʚʠʟʥʘʯʘʶʪʴʩ ̫ ʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʦʶ ʧʦʨʠʩʪʽʩʪʶ. ʂʨʽʤ ʪʦʛʦ, ʘʢʪʫʘʣʴʥʠʤ ʻ 

ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, ʟʦʢʨʝʤʘ, ʡʦʛʦ 

ʘʜʩʦʨʙʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʦ ʚʦʜʥʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʙʽʪ, ʨʦʟʨʘʭʫʥʢʠ 

ʚ ʷʢʠʭ ʩʚʽʜʯʘʪʴ ʧʨʦ ʩʫʪʪʻʚʫ ʘʜʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʚ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʚʫʛʣʝʮʝʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʨʽʟʥʦʛʦ ʪʠʧʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʘʞʣʠʚʠʤ ʥʝʚʠʨʽʰʝʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʟôʷʩʫʚʘʥʥʷ ʚʧʣʠʚʫ 

ʧʨʠʨʦʜʠ ʪʝʤʧʣʘʪʫ (ʤôʷʢʦʛʦ ʯʠ ʞʦʨʩʪʢʦʛʦ) ʥʘ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʚ 

ʘʣʶʤʦʩʠʣʽʢʘʪʥʠʭ ʪʘ ʚʫʛʣʝʮʴʚʤʽʩʥʠʭ ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʦʞ ʚʧʣʠʚʫ ʩʢʣʘʜʫ ʪʘ ʙʫʜʦʚʠ 

ʦʜʝʨʞʘʥʠʭ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪ- ʽ ʚʫʛʣʝʮʴʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʢʦʤʧʦʟʠʪʽʚ 

ʥʘ ʾʭ ʦʩʥʦʚʽ ʥʘ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʽ, ʘʜʩʦʨʙʮʽʡʥʽ ʪʘ ʢʘʪʘʣʽʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 
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ʈʆɿɼɯʃ 2 

 

ʆɹ'ɭʂʊʀ, ʄɽʊʆɼʀʂʀ ɯ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʅʗ 

 

2.1. ʆʙʛʨʫʥʪʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʙʦʪʠ ʽ ʚʠʙʽʨ ʦʙ'ʻʢʪʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʡ ʚ ʨʦʟʜʽʣʽ 1, ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʽ ʮʝʦʣʽʪʚʤʽʩʥʽ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʻ ʥʝʜʦʩʷʞʥʦ  ʁʫ ʚʠʧʘʜʢʫ ʩʫʤʽʰʝʡ ʮʝʦʣʽʪʽʚ ʪʘ ʢʨʝʤʥʝʟʝʤʥʠʭ 

ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʉʪʚʦʨʝʥʥʷ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʚʤʽʩʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʦʟʚʠʥʝʥʦʶ ʤʝʟʦʧʦʨʠʩʪʽʩʪʶ ʪʘ ʥʘʷʚʥʽʩʪʶ 

ʩʠʣʴʥʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʟʦʧʦʨ ʽ ʧʨʠ ʮʴʦʤʫ ʥʝ ʤʽʩʪʷʪʴ ʦʢʨʝʤʠʭ 

ʬʘʟ ʮʝʦʣʽʪʫ ʪʘ ʄʄʉ, ʻ ʥʝʪʨʠʚʽʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. ɺʫʛʣʝʮʴʚʤʽʩʥʠʤ ʤʘʪʝʨʽʘʣʘʤ, 

ʟʦʢʨʝʤʘ, ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʪʘ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠʪʘʤʘʥʥʽ ʥʝʚʠʩʦʢʽ 

ʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʨʦʟʨʦʙʣʝʥʥʽ ʧʽʜʭʦʜʽʚ 

ʷʢ ʜʦ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʦʟʚʠʥʝʥʦʶ ʧʦʨʠʩʪʽʩʪʶ, 

ʪʘʢ ʽ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʢʩʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʰʠʨʦʢʠʭ 

ʤʝʞʘʭ. ɿ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʽ 

ʮʝʦʣʽʪ- ʪʘ ʚʫʛʣʝʮʴʚʤʽʩʥʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʚʦʨʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʤʧʣʘʪʽʚ ʨʽʟʥʦʾ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʦʟʚʠʥʝʥʦʶ ʤʝʟʦʧʦʨʠʩʪʽʩʪʶ ʽ ʥʘʷʚʥʽʩʪʶ ʩʠʣʴʥʠʭ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ (ʧʦʚʝʨʭʥʽ ʤʝʟʦʧʦʨ), ʚʠʢʦʨʠʩʪʘʥʦ ʜʝʢʽʣʴʢʘ 

ʧʽʜʭʦʜʽʚ ʟʘ ʫʯʘʩʪʶ ʤôʷʢʠʭ ʪʝʤʧʣʘʪʽʚ ʨʽʟʥʦʾ ʙʫʜʦʚʠ, ʘ ʩʘʤʝ: 1) ʧʦʜʚʽʡʥʝ 

ʪʝʤʧʣʘʪʫʚʘʥʥʷ (ʙʽʪʝʤʧʣʘʪʥʠʡ ʩʠʥʪʝʟ), ʱʦ ʧʝʨʝʜʙʘʯʘʻ ɻʊʆ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ, 

ʷʢʘ ʤʽʩʪʠʪʴ ʤʦʣʝʢʫʣʷʨʥʠʡ ʪʘ ʤʽʮʝʣʷʨʥʠʡ ʪʝʤʧʣʘʪʠ; 2) ʮʝʦʣʽʪʠʟʘʮʽʶ ʄʄʉ. 
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2.2. ʈʝʘʛʝʥʪʠ ʽ ʨʦʟʯʠʥʥʠʢʠ 

 

ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ: ʪʝʪʨʘʝʪʠʣʘʤʦʥʽʡ ʛʽʜʨʦʢʩʠʜʦʤ (TɽAOH, 30% 

ʚʦʜʥʠʡ ʨʦʟʯʠʥ), HCl (35 % ʤʘʩ., ʭ.ʯ.), ʛʽʜʨʦʢʩʠʜ ʘʣʶʤʽʥʽʶ, ʱʦ ʤʽʩʪʠʪʴ 9,6 % 

ʘʙʦ 12,16 % ʤʘʩ. Al 2O3, NaCl (99,8 %, ʭ.ʯ.), NaOH (97 %, ʯ. ʪʘ Merck, 99 %), 

NaNO3 (Merck, 99 %), NH4Cl (ʭ.ʯ.), NH4NO3 (ʭ.ʯ.), NH4OH (25 %-ʥʠʡ ʚʦʜʥʠʡ 

ʨʦʟʯʠʥ, ʭ.ʯ.), Pluronic P-123 (Aldrich), ʘʝʨʦʩʠʣ (ʤʘʨʢʠ ɸ 175), 1,3,5-

ʪʨʠʤʝʪʠʣʙʝʥʟʦʣ (Aldrich, Ó99 %), ʥ-ʙʫʪʘʥʦʣ (Ó99 %), ʪʝʪʨʘʧʨʦʧʽʣʘʤʦʥʽʡ 

ʛʽʜʨʦʢʩʠʜ (TPAOH, 40% ʚʦʜʥʠʡ ʨʦʟʯʠʥ), 1-ʙʨʦʤʛʝʢʩʘʥ (ʭ.ʯ.), ʘʮʝʪʦʥ (ʭ.ʯ.), 

N,N,N',N'-ʪʝʪʨʘʤʝʪʠʣ-1,6-ʜʽʘʤʽʥʦʛʝʢʩʘʥ (ʭ.ʯ.), 1-ʙʨʦʤʦʢʪʘʥ (ʭ.ʯ.), ʜʽʝʪʠʣʦʚʠʡ 

ʝʬʽʨ (ʭ.ʯ.), ʙʝʥʟʦʣ (ʭ.ʯ.), 1-ʙʨʦʤʛʝʢʩʘʜʝʢʘʥ (96 %, ʯ), ʛʝʢʩʘʥ (ʭ.ʯ.), ʤʝʪʠʣ-ʪʨʝʪ-

ʙʫʪʠʣʦʚʠʡ ʝʬʽʨ (ʭ.ʯ.), Al(NO3)3Ŀ9H2O (97 %, ʯ.), TEOS (Aldrich, 98 % ʤʘʩ.), 

ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʦʥʽʡ ʭʣʦʨʠʜ, CTACl (Aldrich, 25 %-ʥʠʡ ʚʦʜʥʠʡ ʨʦʟʯʠʥ), 

ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʦʥʽʡ ʙʨʦʤʽʜ, CTAɺ (Sigma, Ó98%), ʽʟʦʧʨʦʧʦʢʩʠʜ ʘʣʶʤʽʥʽʶ 

(Aldrich, Ó98 %), ʩʠʣʽʢʘʟʦʣʴ Ludox HS-40 (40 %-ʥʠʡ ʢʦʣʦʾʜʥʠʡ ʨʦʟʯʠʥ ʫ ʚʦʜʽ, 

Sigma-Aldrich), Al2(SO4)3Ŀ18H2O (97 %, ʯ.), H2SO4 (80 % ʤʘʩ., ʭ.ʯ.), ʝʧʦʢʩʠʜ 

ʚʝʨʙʝʥʦʣʫ (87,5 %), ʝʧʦʢʩʠʜ Ŭ-ʧʽʥʝʥʫ (Aldrich, 97 %), N,N-ʜʠʤʝʪʠʣʘʮʝʪʘʤʽʜ 

(Aldrich, Ó99,5%), ʩʘʭʘʨʦʟʘ (ʭ.ʯ.), ZnCl2 (ʭ.ʯ.), H3PO4 (85 % ʤʘʩ., ʭ.ʯ.), CaSO4 

(ʭ.ʯ.). 

 

2.3. ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʫ ʟʨʘʟʢʽʚ 

 

ɹʽʪʝʤʧʣʘʪʥʠʡ ʩʠʥʪʝʟ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʮʝʦʣʽʪʫ ɓ. ɿʨʘʟʢʠ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʜʝʨʞʫʚʘʣʠ 

ʤʝʪʦʜʦʤ ʙʽʪʝʤʧʣʘʪʥʦʛʦ ʩʠʥʪʝʟʫ ʽʟ ʟʦʣʶ-ʧʨʝʢʫʨʩʦʨʫ ʮʝʦʣʽʪʫ ɓ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʤʽʮʝʣʷʨʥʦʛʦ ʪʝʤʧʣʘʪʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʠʥʪʝʟʫ MCF. ʄʦʣʴʥʠʡ 

ʩʢʣʘʜ ʮʝʦʣʽʪʦʫʪʚʦʨʶʶʯʦʾ ʈʉ (Na ʽ Al ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʾʭ ʦʢʩʠʜʠ): 1,0SiO2 : 

0,02Al2O3 : 0,028Na2O : 0,6TEAOH : 0,2HCl : 20H2O. 5,872 ʤʣ TEAOH (30 %-ʥʠʡ 

ʚʦʜʥʠʡ ʨʦʟʯʠʥ). ɼʦ ʨʦʟʯʠʥʫ, ʱʦ ʤʽʩʪʠʪʴ 0,35 ʤʣ ʢʦʥʮ. (35%) HCl ʪʘ 0,79 ʤʣ 
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ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ, ʧʨʠ ʝʥʝʨʛʽʡʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʜʦʜʘʚʘʣʠ 1,2 ʛ ʘʝʨʦʩʠʣʫ (ɸ 

175). ʏʝʨʝʟ 30 ʭʚ ʜʦʜʘʚʘʣʠ ʜʞʝʨʝʣʦ ʘʣʶʤʽʥʽʶ (0,466 ʛ 12,16%-ʥʦʛʦ ʛʽʜʨʦʢʩʠʜʫ 

ʘʣʶʤʽʥʽʶ ʽ 0,045 ʛ ʛʽʜʨʦʢʩʠʜʫ ʥʘʪʨʽʶ ʨʦʟʯʠʥʷʣʠ ʫ 0,98 ʤʣ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ), 

ʦʜʝʨʞʘʥʫ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʚʘʣʠ ʜʦ ʦʜʝʨʞʘʥʥʷ ʛʦʤʦʛʝʥʥʦʛʦ ʛʝʣʶ 

(ʧʨʠʙʣʠʟʥʦ 30 ʭʚ). ɻʝʣʴ ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʠ 140 Áʉ ʧʨʦʪʷʛʦʤ 20 ʛʦʜ ʚ ʩʪʘʪʠʯʥʠʭ 

ʫʤʦʚʘʭ, ʦʜʝʨʞʫʶʯʠ ʧʨʝʢʫʨʩʦʨ ʮʝʦʣʽʪʫ ɓ. ʇʦʪʽʤ ʦʜʝʨʞʘʥʠʡ ʧʨʝʢʫʨʩʦʨ ʜʦʜʘʚʘʣʠ 

ʜʦ ʨʦʟʯʠʥʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʩʠʥʪʝʟʫ MCF (2,52 ʛ P123 ʨʦʟʯʠʥʷʣʠ ʚ ʨʦʟʯʠʥʽ, ʱʦ 

ʤʽʩʪʠʪʴ 6,5 ʤʣ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʅʉl ʪʘ 40,7 ʤʣ ʜʠʩʪʠʣʴʦʚʘʥʦʾ 

ʚʦʜʠ ʧʨʠ 40 Áʉ, ʜʦʜʘʚʘʣʠ 2,9 ʤʣ 1,3,5-ʪʨʠʤʝʪʠʣʙʝʥʟʦʣʫ (ʊʄɹ) ʟ ʥʘʩʪʫʧʥʠʤ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʧʨʦʪʷʛʦʤ 2 ʛʦʜ ʧʨʠ 40 Áʉ) ʽ ʧʝʨʝʤʽʰʫʚʘʣʠ ʦʜʝʨʞʘʥʫ ʩʫʤʽh 

ʧʨʦʪʷʛʦʤ 24 ʛʦʜ ʧʨʠ 40 Áʉ.  

ɼʣʷ ʩʠʥʪʝʟʫ ʟʨʘʟʢʘ ɺɽɸ-MCM 0,675 ʛ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʦʥʽʡ ʙʨʦʤʽʜʫ 

(ʉʊɸɺ) ʨʦʟʯʠʥʷʣʠ ʚ ʨʦʟʯʠʥʽ NaOH (0,086 ʛ NaOH ʚ 10,72 ʤʣ ʜʠʩʪʠʣʴʦʚʘʥʦʾ 

ʚʦʜʠ), ʜʣʷ ʟʨʘʟʢʘ ɺɽɸ-KIT-6 2,523 ʛ ʈ123 ʨʦʟʯʠʥʷʣʠ ʚ ʨʦʟʯʠʥʽ HCl (12,62 ʤʣ 

35% HCl ʪʘ 91,76 ʤʣ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ) ʧʨʠ 35 ÁC ʟ ʧʦʜʘʣʴʰʠʤ ʜʦʜʘʚʘʥʥʷʤ 

3,1 ʤʣ ʥ-ʙʫʪʘʥʦʣʫ. ʇʦʪʽʤ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʧʽʜʜʘʚʘʣʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʽʡ ʦʙʨʦʙʮʽ 

(ɻʊʆ) ʚ ʘʚʪʦʢʣʘʚʽ ʧʨʠ 100 Áʉ (BEA-MCF-100, BEA-MCM) ʘʙʦ 120 Áʉ (BEA-

MCF-120, BEA-KIT-6) ʧʨʦʪʷʛʦʤ 24 ʛʦʜ ʚ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ. ɼʣʷ ʦʜʝʨʞʘʥʥʷ 

ʟʨʘʟʢʘ BEA-MCF-100-3d ɻʊʆ ʈʉ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 100 Áʉ ʧʨʦʪʷʛʦʤ 72 ʛʦʜ. ʎʝʦʣʽʪ 

ɓ (ʟʨʘʟʦʢ BEA) ʙʫʣʦ ʦʜʝʨʞʘʥʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʛʝʣʶ ɓ ʧʨʠ 140 

Áʉ ʧʨʦʪʷʛʦʤ 5 ʜʥʽʚ ʚ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ [39] ʟʘ ʚʠʥʷʪʢʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʚʽʞʦʩʠʥʪʝʟʦʚʘʥʦʛʦ ʛʽʜʨʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʟʘʤʽʩʪʴ ʘʣʶʤʽʥʘʪʫ ʥʘʪʨʽʶ. ʇʽʩʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʨʘʟʢʠ ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʣʠ, ʧʨʦʤʠʚʘʣʠ 

ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʽ ʚʠʩʫʰʫʚʘʣʠ ʥʘ ʧʦʚʽʪʨʽ ʧʨʠ 100 Áʉ. ʊʝʤʧʣʘʪ ʚʠʜʘʣʷʣʠ 

ʰʣʷʭʦʤ ʧʨʦʞʘʨʶʚʘʥʥʷ ʥʘ ʧʦʚʽʪʨʽ ʧʨʠ 550 Áʉ (ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʫ 2 ÁC/ʭʚ) 

ʧʨʦʪʷʛʦʤ 5 ʛʦʜ. ʇʨʦʪʦʥʥʽ ʬʦʨʤʠ ʟʨʘʟʢʽʚ ʦʜʝʨʞʫʚʘʣʠ ʽʦʥʥʠʤ ʦʙʤʽʥʦʤ ʟ 

ʨʦʟʯʠʥʦʤ NH4NO3, ʟ ʧʦʜʘʣʴʰʠʤ ʧʨʦʞʘʨʶʚʘʥʥʷʤ ʧʨʠ 550 Áʉ ʧʨʦʪʷʛʦʤ 4 ʛʦʜ. 

ʄʝʭʘʥʽʯʥʽ ʩʫʤʽʰʽ ʬʘʟ ʦʪʨʠʤʘʥʦ ʰʣʷʭʦʤ ʟʤʽʰʫʚʘʥʥʷ H-ʬʦʨʤʠ ʮʝʦʣʽʪʫ ɓ 

(ʚʽʜʥʦʰʝʥʥʷ Si/Al ʫ ʚʠʭʽʜʥʽʡ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ ʩʪʘʥʦʚʠʣʦ 25) ʽ ʤʝʟʦʧʦʨʠʩʪʦʛʦ 
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ʢʨʝʤʥʝʟʝʤʫ MCF ʚ ʢʝʨʘʤʽʯʥʽʡ ʩʪʫʧʮʽ. ʄʘʩʦʚʽ ʯʘʩʪʢʠ ʮʝʦʣʽʪʫ ʚ ʤʝʭʘʥʽʯʥʠʭ 

ʩʫʤʽʰʘʭ 1 ʽ 2 ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʫʧʝʥʶ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʟʨʘʟʢʽʚ BEA-MCF-100 ʽ 

ɺɽɸ-MCF-120, ʚʽʜʧʦʚʽʜʥʦ. 

ɹʽʪʝʤʧʣʘʪʥʠʡ ʩʠʥʪʝʟ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʮʝʦʣʽʪʫ ZSM-5. ɿʨʘʟʢʠ 1ʄʄɸʉ ʪʘ 2ʄʄɸʉ (ʄʄɸʉ ï ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʡ 

ʘʣʶʤʦʩʠʣʽʢʘʪ) ʦʜʝʨʞʫʚʘʣʠ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤ ʙʽʪʝʤʧʣʘʪʥʠʤ ʩʧʦʩʦʙʦʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʦʣʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ ʧʨʝʢʫʨʩʦʨʠ ʮʝʦʣʽʪʫ ZSM-5 (Si/Al  = 50 ʫ 

ʚʠʭʽʜʥʽʡ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ). ʎʝʦʣʽʪ ZSM-5 (Si/Al = 50 ï ʫ ʚʠʭʽʜʥʽʡ ʈʉ) ʽ ʡʦʛʦ 

ʟʦʣʽ-ʧʨʝʢʫʨʩʦʨʠ ʩʠʥʪʝʟʫʚʘʣʠ ʚ ʨʝʘʢʮʽʡʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʷʢʽ ʥʝ ʤʽʩʪʷʪʴ ʢʘʪʽʦʥʽʚ 

ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ, ʟʘ ʤʝʪʦʜʠʢʦʶ, ʧʦʜʽʙʥʦʶ ʜʦ ʥʘʚʝʜʝʥʦ ʾʚ ʨʦʙʦʪʽ [260]. ʉʢʣʘʜ 

ʮʝʦʣʽʪʦʫʪʚʦʨʶʶʯʦʾ ʈʉ: 1,0SiO2 : 0,01Al2O3 : (0,10 ï 0,36) ʊʈɸʆʅ : 10,83H2O. 

0,078 ʛ ʥʽʪʨʘʪʫ ʘʣʶʤʽʥʽʶ 9-ʚʦʜʥʦʛʦ ʽ 0,9 ʤʣ H2O ʜʦʜʘʚʘʣʠ ʜʦ ʥʝʦʙʭʽʜʥʦʾ 

ʢʽʣʴʢʦʩʪʽ 40 %-ʥʦʛʦ ʨʦʟʯʠʥʫ ʊʈɸʆʅ (1,8 ʤʣ ï ʧʨʠ ʊʈɸʆʅ/(Si + Al) = 0,35) ʽ 

ʚʠʪʨʠʤʫʚʘʣʠ ʩʫʤʽʰ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ 15 ʭʚ. ʇʦʪʽʤ ʧʦ 

ʢʨʘʧʣʷʭ ʜʦʜʘʚʘʣʠ 2,3 ʤʣ TEOS ʽ ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 3 ʛʦʜ (ʨʅ = 11,2 ï 13,7) 

ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʟʦʣʶ-ʧʨʝʢʫʨʩʦʨʫ ʮʝʦʣʽʪʫ. ʉʠʥʪʝʟ ʄʄɸʉ ʧʨʦʚʦʜʠʣʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʩʢʣʘʜʫ 1,0SiO2 : 0,01Al2O3 : 0,36ʊʈɸʆʅ : 

0,102CTACl : 16,27H2O, ʟ ʪʝʪʨʘʧʨʦʧʽʣʘʤʦʥʽʡ ʛʽʜʨʦʢʩʠʜʦʤ (TPAOH, 40% ʚʦʜʥʠʡ 

ʨʦʟʯʠʥ) ʪʘ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʦʥʽʡ ʭʣʦʨʠʜʦʤ (CTACl, 25% ʚʦʜʥʠʡ ʨʦʟʯʠʥ), 

ʚʠʢʦʨʩʪʘʥʠʤʠ ʷʢ ʤʦʣʝʢʫʣʷʨʥʠʡ ʪʘ ʤʽʮʝʣʷʨʥʠʡ ʪʝʤʧʣʘʪʠ, ʚʽʜʧʦʚʽʜʥʦ. 

ʊʝʪʨʘʝʪʠʣʦʨʪʦʩʠʣʽʢʘʪ (TEOS, 98%) ʪʘ ʥʽʪʨʘʪ ʘʣʶʤʽʥʽʶ (99%) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʷʢ ʜʞʝʨʝʣʘ ʢʨʝʤʥʽʶ ʪʘ ʘʣʶʤʽʥʽʶ, ʚʽʜʧʦʚʽʜʥʦ. ɹʽʪʝʤʧʣʘʪʥʫ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ 

ʧʽʜʜʘʚʘʣʠ ɻʊʆ ʧʨʠ 100 ÁC ʧʨʦʪʷʛʦʤ 48 ʛʦʜ (ʟʨʘʟʦʢ 1ʄʄɸʉ) ʘʙʦ 144 ʛʦʜ (ʟʨʘʟʦʢ 

2MMAʉ).  

ʆʜʝʨʞʘʥʥʷ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ ʤʝʪʦʜʦʤ 

ʪʝʨʤʦʧʘʨʦʚʦ ʾʢʦʥʚʝʨʩʽ ʾçʩʫʭʦʛʦ ʛʝʣʶè. ɿʨʘʟʢʠ 3MMAʉ ʽ 4MMAʉ ʦʜʝʨʞʫʚʘʣʠ 

ʪʝʨʤʦʧʘʨʦʚʦ ʁ ʢʦʥʚʝʨʩʽʻ  ʁ ʩʚʽʞʦʩʠʥʪʝʟʦʚʘʥʦʛʦ ʄʄʉ Si-SBA-15, ʤʝʪʦʜʠʢʘ 

ʩʠʥʪʝʟʫ ʷʢʦʛʦ ʥʘʚʝʜʝʥʘ ʚ [261]. ɼʣʷ ʧʦʜʘʣʴʰʦʾ ʮʝʦʣʽʪʠʟʘʮʽʾ (ʚ ʥʘʧʨʷʤʢʫ ZSM-5) 

ʧʨʦʚʦʜʠʣʠ ʧʨʦʩʦʯʝʥʥʷ ʪʝʤʧʣʘʪʚʤʽʩʥʦʛʦ Si-SBA-15 ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ ʊʈɸʆʅ, 
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ʱʦ ʤʽʩʪʠʪʴ ʛʽʜʨʦʢʩʦʘʣʶʤʽʥʘʪ-ʽʦʥʠ. ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʨʦʟʯʠʥʫ 

ʜʞʝʨʝʣʦ ʘʣʶʤʽʥʽʶ Al(i-PrO)3) ʚ ʢʽʣʴʢʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʦʣʴʥʦʤʫ ʚʽʜʥʦʰʝʥʥʶ 

Si/Al ʫ ʚʠʭʽʜʥʽʡ ʩʫʤʽʰʽ 60, ʨʦʟʯʠʥʷʣʠ ʚ 1,5 ʤʣ 0,1 ʄ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʊʈɸʆʅ 

ʧʨʦʪʷʛʦʤ 2 ʛʦʜ ʟʘ ʢʽʤʥʘʪʥʦ ʾʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʽʥʪʝʥʩʠʚʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥ.̫ ʇʦʪʽʤ 

0,2 ʛ ʪʝʤʧʣʘʪʚʤʽʩʥʦʛʦ Si-SBA-15 ʧʨʦʩʦʯʫʚʘʣʠ 1,5 ʤʣ ʧʨʠʛʦʪʦʚʣʝʥʦʛʦ ʨʦʟʯʠʥʫ 

ʊʈɸʆʅ. ʇʝʨʝʤʽʰʫʚʘʣʠ ʦʜʝʨʞʘʥʫ ʩʫʤʽʰ (ʩʢʣʘʜ 1SiO2 : 0,008Al2O3 : 0,10TPAOH 

: 52,0H2O) ʧʨʦʪʷʛʦʤ 1 ʛʦʜ ʟʘ ʢʽʤʥʘʪʥʦ ʾʪʝʤʧʝʨʘʪʫʨʠ. ʇʦʪʽʤ ʩʫʤʽʰ ʚʠʩʫʰʫʚʘʣʠ 

ʧʨʠ 60 Áʉ ʧʨʦʪʷʛʦʤ 24 ʛʦʜ ʜʣʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʠ. ɺʠʩʫʰʝʥʠʡ ʛʝʣʴ ʚ 

ʪʝʬʣʦʥʦʚʦʤʫ ʚʢʣʘʜʠʰʽ ʧʦʤʽʱʘʣʠ ʚ ʘʚʪʦʢʣʘʚ, ʱʦ ʤʽʩʪʠʪʴ 1 ʤʣ ʚʦʜʠ, ʽ ʧʽʜʜʘʚʘʣʠ 

ʪʝʨʤʦʧʘʨʦʚʽʡ ʦʙʨʦʙʮʽ (ʊʇʆ, ʟʨʘʟʢʠ ʟʥʘʭʦʜʠʣʠʩʷ ʚ ʢʦʥʪʘʢʪʽ ʟ ʧʘʨʘʤʠ ʚʦʜʠ) ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 120 Áʉ ʧʨʦʪʷʛʦʤ 24 ʛʦʜ (3ʄʄɸʉ) ʘʙʦ 144 ʛʦʜ (4ʄʄɸʉ). 

ʉʠʥʪʝʟ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʮʝʦʣʽʪʫ ZSM-5 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʝʤʧʣʘʪʽʚ, ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʤʽʮʝʣʷʨʥʦʛʦ ʽ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʝʤʧʣʘʪʽʚ. ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʄʄɸC (Si/Al = 50) ʫ ʧʨʠʩʫʪʥʦʩʪʽ 

ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʝʤʧʣʘʪʽʚ N,N'-ʜʽʦʢʪʠʣ-N,N,N',N'-ʪʝʪʨʘʤʝʪʠʣ-1,6-

ʜʽʘʤʦʥʽʡʛʝʢʩʘʥ ʜʠʙʨʦʤʽʜʫ [C8H17ïN
+
(CH3)2ïC6H12ïN

+
(CH3)2ïC8H17](Br

ï
)2 (C8ï6ï

8Br2), N-ʛʝʢʩʘʜʝʮʠʣ-N'-ʛʝʢʩʠʣ-N,N,N',N'-ʪʝʪʨʘʤʝʪʠʣ-1,6-ʜʽʘʤʦʥʽʡʛʝʢʩʘʥ 

ʜʠʙʨʦʤʽʜʫ [C16H33ïN
+
(CH3)2ïC6H12ïN

+
(CH3)2ïC6H13](Br

ï
)2 (C16ï6ï6Br2), 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʫ ʤʝʪʦʜʠʢʫ, ʘʥʘʣʦʛʽʯʥʫʜʦ ʥʘʚʝʜʝʥʦʾ ʚ [262, 

263]. ʉʢʣʘʜ ʈʉ: 1,0SiO2 : 0,01Al2O3 : 0,6NaOH : 0,1C8ï6ï8Br2(C16ï6ï6Br2) : 0,24(0,18 

ʜʣʷ C16ï6ï6Br2)H2SO4 : 40H2O. ʗʢ ʜʞʝʨʝʣʦ ʢʨʝʤʥʽʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʦʣʦʾʜʥʠʡ 

ʢʨʝʤʥʝʟʝʤ Ludox HS-40 (40% ʩʫʩʧʝʥʟʽʷ ʫ ʚʦʜʽ) (ʫ ʧʨʠʩʫʪʥʦʩʪʽ C8ï6ï8Br2) ʘʙʦ 

TEOS (C16ï6ï6Br2). ʗʢ ʜʞʝʨʝʣʦ ʘʣʶʤʽʥʽʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʢʪʘʜʝʢʘʛʽʜʨʘʪ 

ʩʫʣʴʬʘʪʫ ʘʣʶʤʽʥʽʶ (98%). ɼʣʷ ʩʠʥʪʝʟʫ ʟʨʘʟʢʘ 5MMAʉ ʪʝʤʧʣʘʪ C8ï6ï8Br2 (1,2 ʛ) 

ʨʦʟʯʠʥʷʣʠ ʚ ʨʦʟʯʠʥʽ ʣʫʛʫ (0,805 ʛ NaOH ʫ 7,4 ʤʣ H2O), ʧʦ ʢʨʘʧʣʷʭ, ʧʨʠ 

ʽʥʪʝʥʩʠʚʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ, ʜʦʜʘʚʘʣʠ ʧʽʜʢʠʩʣʝʥʠʡ ʨʦʟʯʠʥ ʩʫʣʴʬʘʪʫ ʘʣʶʤʽʥʽʶ 

(0,205 ʛ Al2(SO4)3Ŀ 18H2O, 0,41 ʤʣ 80 %-ʥʦʾ H2SO4 ʽ 7,4 ʤʣ ʚʦʜʠ). ʆʜʝʨʞʘʥʫ 

ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 1 ʛʦʜ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 60 Áʉ. ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ 

ʨʦʟʯʠʥʫ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʥʴʦʛʦ ʰʚʠʜʢʦ ʜʦʜʘʚʘʣʠ 2,8 ʤʣ Ludox HS-
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40 (40 %-ʥʠʡ ʢʦʣʦʾʜʥʠʡ ʨʦʟʯʠʥ ʫ ʚʦʜʽ) ʽ ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʠ 60 Áʉ ʱʝ 1 ʛʦʜ. 

ʇʦʪʽʤ ʚʠʭʽʜʥʫ ʈʉ ʧʽʜʜʘʚʘʣʠ ɻʊʆ ʧʨʠ 130 Áʉ, 144 ʛʦʜ ʫ ʘʚʪʦʢʣʘʚʽ, ʱʦ 

ʦʙʝʨʪʘʻʪʴʩʷ (60 ʦʙ/ʭʚ). ɿʨʘʟʦʢ 8MMAʉ ʦʜʝʨʞʫʚʘʣʠ ʟʘ ʘʥʘʣʦʛʽʯʥʦʶ ʤʝʪʦʜʠʢʦʶ, 

ʟʘ ʚʠʥʷʪʢʦʤ ʪʦʛʦ, ʱʦ ʷʢ ʪʝʤʧʣʘʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ C16ï6ï6Br2, ʷʢ ʜʞʝʨʝʣʦ 

ʢʨʝʤʥʽʶ ï TEOS. ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʟʨʘʟʢʘ 6ʄʄɸʉ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʝʤʧʣʘʪʽʚ, ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʤʽʮʝʣʷʨʥʦʛʦ ʪʝʤʧʣʘʪʫ (ʉʊɸɺ), 

ʨʦʟʯʠʥʷʣʠ C8ï6ï8Br2 ʽ ʉʊɸɺ ʫ ʨʦʟʯʠʥʽ ʣʫʛʫ (ʚʽʜʥʦʰʝʥʥʷ ʉʊɸɺ/C8ï6ï8Br2 = 

1.3Ț10
ï3
) ʽ ʜʘʣʽ ʧʨʦʚʦʜʠʣʠ ʩʠʥʪʝʟ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʧʠʩʘʥʦʾ ʚʠʱʝ ʤʝʪʦʜʠʢʠ. ʗʢ 

ʜʦʙʘʚʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʘʢʦʞ ʤʦʣʝʢʫʣʷʨʥʠʡ ʪʝʤʧʣʘʪ (ʊʈɸʆʅ/ʉ8ï6ï8Br2 = 

1,0Ț10
ï1

 ʜʣʷ 7ʄʄɸʉ ʪʘ ʊʈɸʆʅ/ʉ16ï6ï6Br2 = 6,5Ț10
ï3

 ʜʣʷ 9ʄʄɸʉ). ʇʨʠʛʦʪʦʚʣʝʥʽ 

ʈʉ ʧʽʜʜʘʚʘʣʠ ɻʊʆ ʧʨʠ 130 Áʉ ʧʨʦʪʷʛʦʤ 144 ʛʦʜ ʫ ʘʚʪʦʢʣʘʚʽ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ (60 

ʦʙ/ʭʚ). 

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʮʝʦʣʽʪʫ ZSM-5 (Si/Al = 45) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʠʧʦʚʫ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʮʴʦʛʦ ʮʝʦʣʽʪʫ ʈʉ, ʱʦ ʤʽʩʪʠʪʴ ʢʘʪʽʦʥʠ Na
+
: 1,0SiO2 : 0,012Al2O3 : 

0,38ʊʈɸʆʅ : 0,024NaOH : 0,61NaCl : 178H2O, ʧʦʜʽʙʥʦ ʜʦ ʚʠʢʦʨʠʩʪʘʥʦʾ ʚ [264]. 

ʉʚʽʞʦʩʠʥʪʝʟʦʚʘʥʠʡ ʛʽʜʨʦʢʩʠʜ ʘʣʶʤʽʥʽʶ (0,14 ʛ), ʱʦ ʤʽʩʪʠʪʴ 9,6 % ʤʘʩ. Al 2O3, 

ʭʣʦʨʠʜ ʥʘʪʨʽʶ (0,41 ʛ), 22 %-ʥʠʡ ʨʦʟʯʠʥ ʊʈɸʆʅ (4,2 ʤʣ)  ̔ NaOH (0,01 ʛ) 

ʧʦʩʣʽʜʦʚʥʦ ʜʦʜʘʚʘʣʠ ʜʦ 33 ʤʣ ʚʦʜʠ, ʧʝʨʝʤʽʰʫʚʘʣʠ ʜʦ ʧʦʚʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ 

ʛʽʜʨʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ, ʜʦʜʘʚʘʣʠ 2,6 ʤʣ TEOS, ʧʝʨʝʤʽʰʫʚʘʣʠ ʩʫʤʽʰ ʱʝ 2 ʛʦʜ (ʨʅ 

= 11) ʪʘ ʧʽʜʜʘʚʘʣʠ ɻʊʆ ʧʨʠ 170 Áʉ ʧʨʦʪʷʛʦʤ 2 ʜʽʙ. 

ʄʝʟʦʧʦʨʠʩʪʠʡ ʟʨʘʟʦʢ Na-MCM-41 ʩʠʥʪʝʟʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʝʱʦ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ, ʦʧʫʙʣʽʢʦʚʘʥʦ ʾʚ [265]. ɼʣʷ Na-MCM-41 ʧʨʦʚʦʜʠʣʠ 

ʽʦʥʥʠʡ ʦʙʤʽʥ ʟ ʥʽʪʨʘʪʦʤ ʘʤʦʥʽʶ ʽ ʧʦʪʽʤ ʅ-MCM-41 ʦʜʝʨʞʫʚʘʣʠ ʰʣʷʭʦʤ 

ʧʨʦʞʘʨʶʚʘʥʥʷ NH4-MCM-41 ʧʨʠ 450 Áʉ. 

ɼʣʷ ʩʠʥʪʝʟʫ AlSi-MCM-41 ʷʢ ʟʨʘʟʢʘ ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʫ ʤʝʪʦʜʠʢʫ, ʥʘʚʝʜʝʥʫ ʚ [266] (Si/Al  = 50 ʫ ʚʠʭʽʜʥʽʡ ʈʉ). ɯʥʰʠʡ 

ʝʪʘʣʦʥʥʠʡ ʟʨʘʟʦʢ AlSi-SBA-15 (Si/Al = 50 ʫ ʧʦʯʘʪʢʦʚʽʡ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ) 

ʦʜʝʨʞʫʚʘʣʠ ʟʘ ʤʝʪʦʜʦʤ, ʦʧʠʩʘʥʠʤ ʚ [267]. 
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ʋʩʽ ʦʜʝʨʞʘʥʽ ʟʨʘʟʢʠ ʧʨʦʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ, ʩʫʰʠʣʠ ʧʨʠ 100 

ÁC ʪʘ ʧʨʦʞʘʨʶʚʘʣʠ ʥʘ ʧʦʚʽʪʨʽ ʧʨʠ 550 Áʉ ʧʨʦʪʷʛʦʤ 5 ʛʦʜ (ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ 

2 Áʉ/ʭʚ). ʇʽʩʣʷ ʜʝʪʝʤʧʣʘʪʫʚʘʥʥʷ ʟʨʘʟʢʠ ʚ Na-ʬʦʨʤʽ ʧʽʜʜʘʚʘʣʠ 3-ʭ ʢʨʘʪʥʦʤʫ 

ʽʦʥʥʦʤʫ ʦʙʤʽʥʫ ʚ 1 ʄ ʨʦʟʯʠʥʽ NH4Cl ʧʨʠ 40 Áʉ ʧʨʦʪʷʛʦʤ 24 ʛʦʜ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 

-ʬʦʨʤʠ, ʷʢʫ ʧʦʪʽʤ ʧʝʨʝʚʦʜʠʣʠ ʚ ʅ-ʬʦʨʤʫ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ 

(ʥʘʛʨʽʚʘʥʥʷ ʜʦ 550 Áʉ ʟʽ ʰʚʠʜʢʽʩʪʶ 2 Áʉ/ʭʚ, ʚʠʪʨʠʤʢʘ 5 ʛʦʜ). 

ʆʜʝʨʞʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɼʣʷ ʢʘʪʘʣʽʪʠʯʥʦʾ 

ʢʘʨʙʦʥʽʟʘʮʽʾ ʜʦ ʩʘʭʘʨʦʟʠ ʜʦʜʘʚʘʣʠ ʚʦʜʥʠʡ ʨʦʟʯʠʥ H2SO4 (ʟ ʨʦʟʨʘʭʫʥʢʫ 0,112 ʛ 

H2SO4 ʥʘ 1 ʛ ʩʘʭʘʨʦʟʠ), ʧʦʪʽʤ ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʚʘʣʠ ʽ ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ 100 ÜC. 

ʆʜʝʨʞʘʥʠʡ ʧʨʦʜʫʢʪ ʥʘʛʨʽʚʘʣʠ ʚ ʧʦʪʦʮʽ ʘʨʛʦʥʫ ʧʨʠ 900 ÜC ʧʨʦʪʷʛʦʤ  2,5 ʛʦʜ 

(ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ 3 Ü/ʭʚ). 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʝʢʘʪʘʣʽʪʠʯʥʦʛʦ ʧʽʨʦʣʽʟʫ ʥʘʚʘʞʢʫ ʩʘʭʘʨʦʟʠ (1 ʛ) 

ʚʠʪʨʠʤʫʚʘʣʠ ʚ ʧʦʪʦʮʽ ʘʨʛʦʥʫ ʧʨʠ 400, 700, 800 ʘʙʦ 900 ÜC ʧʨʦʪʷʛʦʤ  2,5 ʛʦʜ. 

ʆʜʝʨʞʘʥʽ ʟʨʘʟʢʠ ʧʦʟʥʘʯʝʥʦ ʩ-t, ʜʝ t ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʨʦʣʽʟʫ.  

ʊʝʨʤʽʯʥʫ ʘʢʪʠʚʘʮʽʶ ʟʨʘʟʢʘ ʩ-900 ʚʦʜʷʥʦʶ ʧʘʨʦʶ ʟʜʽʡʩʥʶʚʘʣʠ 

ʥʘʛʨʽʚʘʥʥʷʤ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʜʦ 800 ʘʙʦ 850 Üʉ ʽ ʧʦʜʘʣʴʰʠʤ ʧʨʦʧʫʩʢʘʥʥʷʤ 

ʯʝʨʝʟ ʟʨʘʟʦʢ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʪʦʢʫ ʘʨʛʦʥʫ, ʧʦʧʝʨʝʜʥʴʦ ʥʘʩʠʯʝʥʦʛʦ 

ʧʘʨʘʤʠ ʚʦʜʠ (ʧʨʦʧʫʩʢʘʥʥʷ ʘʨʛʦʥʫ ʯʝʨʝʟ ʜʠʩʪʠʣʴʦʚʘʥʫ ʚʦʜʫ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ~ 

90 
ʦ
ʉ). ʊʨʠʚʘʣʽʩʪʴ ʦʙʨʦʙʢʠ ʩʪʘʥʦʚʠʣʘ 2 ʛʦʜ. ʉʠʥʪʝʟʦʚʘʥʽ ʟʨʘʟʢʠ ʧʦʟʥʘʯʠʣʠ ʩ-

ʅ2ʆ-800 ʪʘ ʩ-ʅ2ʆ-850 ʚʽʜʧʦʚʽʜʥʦ. 

ɼʣʷ ʭʽʤʽʯʥʦʾ ʘʢʪʠʚʘʮʽʾ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʭʣʦʨʠʜ 

ʮʠʥʢʫ ʪʘ ʬʦʩʬʦʨʥʫ ʢʠʩʣʦʪʫ. ʅʘʚʘʞʢʫ ʩʘʭʘʨʦʟʠ ʧʝʨʝʤʽʰʫʚʘʣʠ ʚ 60% ʨʦʟʯʠʥʽ 

ZnCl2 (ʤʘʩʦʚʝ ʚʽʜʥʦʰʝʥʥʷ ZnCl2/ʩʘʭʘʨʦʟʘ ʚʘʨʽʶʚʘʣʦʩʴ ʚʽʜ 1 ʜʦ 7) ʧʨʦʪʷʛʦʤ 30 

ʭʚ, ʧʦʪʽʤ ʚʠʧʘʨʶʚʘʣʠ ʧʨʠ 85 Üʉ ʧʨʦʪʷʛʦʤ 1 ʛʦʜ. ʇʽʩʣʷ ʮʴʦʛʦ ʦʜʝʨʞʘʥʫ ʩʫʤʽʰ 

ʥʘʛʨʽʚʘʣʠ ʧʨʠ 110 Üʉ ʧʨʦʪʷʛʦʤ 1 ʜʦʙʠ. ʇʦʪʽʤ ʟʨʘʟʢʠ ʧʽʜʜʘʚʘʣʠ ʧʽʨʦʣʽʟʫ ʚ 

ʽʥʝʨʪʥʽʡ ʘʪʤʦʩʬʝʨʽ (ʘʨʛʦʥ) ʧʨʦʪʷʛʦʤ 3 ʛʦʜ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 700 Üʉ (ʰʚʠʜʢʽʩʪʴ 

ʥʘʛʨʽʚʘʥʥʷ 3 Ü/ʭʚ). ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʦʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʧʨʦʤʠʚʘʣʠ ʧʦʝʪʘʧʥʦ 

ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ, ʧʦʪʽʤ 1,2 ʄ HCl, ʧʦʪʽʤ ʛʘʨʷʯʦʶ (85 ï 90 Üʉ) 
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ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʜʦ ʨʅ ʧʨʦʤʠʚʥʠʭ ʚʦʜ ~ 6 ï 7. ʉʠʥʪʝʟʦʚʘʥʽ ʟʨʘʟʢʠ 

ʧʦʟʥʘʯʠʣʠ ʩ-ZnCl2-m, ʜʝ m ï ʤʘʩʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ZnCl2/ʩʘʭʘʨʦʟʘ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʢ ʘʢʪʠʚʫʶʯʦʛʦ ʘʛʝʥʪʘ ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ ʥʘʚʘʞʢʫ 

ʩʘʭʘʨʦʟʠ ʧʨʦʩʦʯʫʚʘʣʠ 85%-ʥʠʤ ʨʦʟʯʠʥʦʤ H3PO4 (ʤʘʩʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

H3PO4/ʩʘʭʘʨʦʟʘ ʩʪʘʥʦʚʠʣʦ 0,6 ï 0,9), ʚʠʩʫʰʫʚʘʣʠ ʥʘ ʧʦʚʽʪʨʽ, ʧʦʪʽʤ ʧʽʜʜʘʚʘʣʠ 

ʧʽʨʦʣʽʟʫ ʧʨʠ 400 ʘʙʦ 800 Üʉ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʧʨʦʪʷʛʦʤ 30 ʭʚ. ʇʽʩʣʷ 

ʢʘʨʙʦʥʽʟʘʮʽʾ ʟʨʘʟʢʠ ʦʭʦʣʦʜʞʫʚʘʣʠ ʚ ʧʦʪʦʮʽ ʘʨʛʦʥʫ ʽ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʥʘʜʣʠʰʢʫ 

H3PO4 ʧʨʦʤʠʚʘʣʠ ʛʘʨʷʯʦʶ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʨʅ 

ʧʨʦʤʠʚʥʠʭ ʚʦʜ. ʉʠʥʪʝʟʦʚʘʥʽ ʟʨʘʟʢʠ ʧʦʟʥʘʯʠʣʠ ʩ-m-t, ʜʝ m ï ʤʘʩʦʚʝ ʚʽʜʥʦʰʝʥʥʷ 

H3PO4/ʩʘʭʘʨʦʟʘ, t ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʨʦʣʽʟʫ. 

ɺʫʛʣʝʮʝʚʠʡ ʟʨʘʟʦʢ CI, ʱʦ ʻ ʨʝʧʣʽʢʦʶ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʄʄʉ SBA-15, 

ʦʜʝʨʞʘʥʦ ʪʝʤʧʣʘʪʥʠʤ ʤʝʪʦʜʦʤ ʽʟ ʩʘʭʘʨʦʟʠ [94]. ɿʨʘʟʦʢ CII ʚʽʜʧʦʚʽʜʘʻ ʟʨʘʟʢʫ ʩ-

ZnCl2-7. ɿʨʘʟʦʢ (ʉIII) ʦʜʝʨʞʘʥʦ ʩʫʣʴʬʫʚʘʥʥʷʤ ʟʨʘʟʢʘ ʉɯɯ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʽʜʭʦʜʫ, ʷʢʠʡ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʨʦʙʢʠ, ʥʘʧʨʠʢʣʘʜ, ʉʄʂ-3 [268]. 

1 ʛ ʚʫʛʣʝʮʝʚʦʛʦ ʟʨʘʟʢʘ ʜʦʜʘʚʘʣʠ ʜʦ 15 ʤʣ ʢʦʥʮ. H2SO4 (98%). ʇʦʪʽʤ ʩʫʤʽʰ 

ʧʽʜʜʘʚʘʣʠ ɻʊʆ ʚ ʘʚʪʦʢʣʘʚʽ ʧʨʠ 180 Áʉ ʧʨʦʪʷʛʦʤ 24 ʛʦʜ. ʆʜʝʨʞʘʥʠʡ ʧʨʦʜʫʢʪ 

ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʣʠ ʪʘ ʧʨʦʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʨʅ 

ʧʨʦʤʠʚʥʠʭ ʚʦʜ, ʘ ʧʦʪʽʤ ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ 100 Áʉ. 

ɺʫʛʣʝʮʝʚʫ ʨʝʧʣʽʢʫ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʄʄʉ KIT-6 (CMK-8) ʦʜʝʨʞʫʚʘʣʠ 

ʢʘʨʙʦʥʽʟʘʮʽʻʶ ʩʘʭʘʨʦʟʠ ʟʘ ʤʝʪʦʜʠʢʦʶ [269]. 

ʆʜʝʨʞʘʥʥʷ ʟʨʘʟʢʽʚ ʛʨʘʬʽʪʦʧʦʜʽʙʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ. ʆʙôʻʤʥʠʡ C3N4 

(C3N4ïʦʙ. ʘʙʦ C3N4) ʦʜʝʨʞʘʥʦ ʧʨʠ ʧʽʨʦʣʽʟʽ ʤʝʣʘʤʽʥʫ ʟʛʽʜʥʦ ʟ ʤʝʪʦʜʠʢʦʶ, 

ʦʧʠʩʘʥʦʶ ʚ [270]. ʄʝʣʘʤʽʥ ʧʦʤʽʱʫʚʘʣʠ ʚ ʩʝʨʝʜʠʥʫ ʢʚʘʨʮʦʚʦʾ ʪʨʫʙʢʠ ʪʘ 

ʥʘʛʨʽʚʘʣʠ ʚ ʽʥʝʨʪʥʽʡ ʘʪʤʦʩʬʝʨʽ (ʘʨʛʦʥ) ʧʨʠ 300 ÜC ʧʨʦʪʷʛʦʤ 1 ʛʦʜ, ʘ ʧʨʠ 600 ÜC 

ʧʦʪʽʤ ʧʨʦʪʷʛʦʤ 2 ʛʦʜ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʜʝʨʞʫʚʘʣʠ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʡ ʥʽʪʨʠʜ 

ʚʫʛʣʝʮʶ ʞʦʚʪʦʛʦ ʢʦʣʴʦʨʫ.  

C3N4ïMCF ʪʘ C3N4ïSBA-15 ʦʜʝʨʞʘʥʦ ʪʝʤʧʣʘʪʥʠʤ ʤʝʪʦʜʦʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ MCF ʪʘ SBA-15 ʚʽʜʧʦʚʽʜʥʦ. ʇʽʩʣʷ ʜʝʪʝʤʧʣʘʪʫʚʘʥʥʷ MCF [146] 

ʪʘ SBA-15 [261] ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʷʢ ʝʢʟʦʪʝʤʧʣʘʪʠ ʪʘ ʥʘʥʦʨʝʘʢʪʦʨʠ ʜʣʷ 
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ʩʠʥʪʝʟʫ ʤʝʟʦʧʦʨʠʩʪʠʭ ʥʽʪʨʠʜʽʚ ʚʫʛʣʝʮʶ ʰʣʷʭʦʤ ʧʽʨʦʣʽʟʫ ʤʝʣʘʤʽʥʫ ʚ ʧʦʨʘʭ 

ʤʘʪʨʠʮʴ, ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʤʠʚʘʥʥʷʤ ʩʠʣʽʢʘʪʥʠʭ ʤʘʪʨʠʮʴ. ɼʣʷ ʮʴʦʛʦ ʥʘʚʘʞʢʫ 

ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʠʪʘ (MMʉ) ʟʤʽʰʫʚʘʣʠ ʟ ʚʦʜʥʠʤ 

ʨʦʟʯʠʥʦʤ, ʱʦ ʤʽʩʪʠʚ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʤʝʣʘʤʽʥʫ ʽ ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ, ʚʠʢʦʨʠʩʪʘʥʦʾ 

ʜʣʷ ʟʚ'ʷʟʫʚʘʥʥʷ ʤʝʣʘʤʽʥʫ ʚ ʩʽʣʴ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʩʫʙʣʽʤʘʮʽʾ (ʙʣʠʟʴʢʦ 

0,255 ʛ ʤʝʣʘʤʽʥʫ ʪʘ 0,17 ʤʣ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ ʥʘ 0,25 ʛ SBA-15 ʟ 

ʟʘʛʘʣʴʥʠʤ ʦʙôʻʤʦʤ ʧʦʨ 1,0 ʩʤ
3
/ʛ; ʢʽʣʴʢʽʩʪʴ ʨʝʘʛʝʥʪʽʚ ʜʣʷ ʧʨʦʩʦʯʫʚʘʥʥʷ MCF 

ʨʦʟʨʘʭʦʚʘʥʦ ʰʣʷʭʦʤ ʤʥʦʞʝʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʢʽʣʴʢʦʩʪʝʡ ʥʘ 1,8 (ʚʨʘʭʦʚʫʶʯʠ, 

ʱʦ ʡʦʛʦ ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʧʦʨ ʩʢʣʘʜʘʻ 1,8 ʩʤ
3
/ʛ). ʆʜʝʨʞʘʥʽ ʩʫʩʧʝʥʟʽʾ 

ʧʝʨʝʤʽʰʫʚʘʣʠ ʥʘ ʤʘʛʥʽʪʥʽʡ ʤʽʰʘʣʮʽ ʧʨʦʪʷʛʦʤ 3 ʛʦʜ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ 40 ÜC ʧʨʦʪʷʛʦʤ 12 ʛʦʜ. ʇʽʩʣʷ ʮʴʦʛʦ ʦʜʝʨʞʘʥʽ ʩʫʤʽʰʽ ʧʽʜʜʘʚʘʣʠ 

ʧʽʨʦʣʽʟʫ ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʧʦʧʝʨʝʜʥʴʦ ʦʧʠʩʘʥʦʛʦ ʜʣʷ ʤʘʩʠʚʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ. 

ʂʨʝʤʥʝʟʝʤʥʽ ʤʘʪʨʠʮʽ ʚʠʜʘʣʷʣʠ ʧʨʦʤʠʚʘʥʥʷʤ ʦʜʝʨʞʘʥʠʭ ʧʽʩʣʷ ʧʽʨʦʣʽʟʫ 

ʢʦʤʧʦʟʠʪʽʚ 15% ʨʦʟʯʠʥʦʤ HF ʧʨʦʪʷʛʦʤ 12 ʛʦʜ. ɿʨʘʟʢʠ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ 

ʬʽʣʴʪʨʫʚʘʣʠ ʪʘ ʧʨʦʤʠʚʘʣʠ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ pH, ʘ ʧʦʪʽʤ ʚʠʩʫʰʫʚʘʣʠ 

ʧʨʠ 100 ÜC. 

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʟʨʘʟʢʘ S-C3N4 5 ʛ ʤʝʣʘʤʽʥʫ ʟʤʽʰʫʚʘʣʠ ʟ ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ 

ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ (1 ʤʣ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ H2SO4 ʽ ʙʣʠʟʴʢʦ 100 ʤʣ ʜʠʩʪʠʣʴʦʚʘʥʦʾ 

ʚʦʜʠ). ʇʽʩʣʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʠ ʧʨʦʚʦʜʠʣʠ ʧʽʨʦʣʽʟ ʚ ʽʥʝʨʪʥʽʡ ʘʪʤʦʩʬʝʨʽ ʧʨʠ 

300 Áʉ ʧʨʦʪʷʛʦʤ 1 ʛʦʜ, ʘ ʧʦʪʽʤ ʧʨʠ 600 Áʉ ʧʨʦʪʷʛʦʤ 2 ʛʦʜ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʧʦʨʦʰʢʫ ʞʦʚʪʦʛʦ ʢʦʣʴʦʨʫ. 

ɿʨʘʟʦʢ C3N4ï1 ʦʜʝʨʞʘʥʦ ʰʣʷʭʦʤ ʦʙôʻʤʥʦʛʦ ʧʽʨʦʣʽʟʫ ʤʝʣʘʤʽʥʫ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ [270]. ʄʝʣʘʤʽʥ ʧʦʤʽʱʫʚʘʣʠ ʫ ʩʝʨʝʜʠʥʫ ʢʚʘʨʮʦʚʦʾ ʪʨʫʙʢʠ, ʧʽʩʣʷ ʯʦʛʦ 

ʧʨʦʚʦʜʠʣʠ ʥʘʛʨʽʚʘʥʥʷ ʚ ʽʥʝʨʪʥʽʡ ʘʪʤʦʩʬʝʨʽ (ʘʨʛʦʥ) ʧʨʠ 500 ÜC ʧʨʦʪʷʛʦʤ 2 

ʛʦʜʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʚʘʣʠ ʧʦʨʦʰʦʢ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʞʦʚʪʦʛʦ ʢʦʣʴʦʨʫ. 

ɿʨʘʟʦʢ C3N4ï2 ʩʠʥʪʝʟʫʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʘʣʦʛʽʯʥʦʾ ʤʝʪʦʜʠʢʠ, ʟʘ ʚʠʥʷʪʢʦʤ 

ʪʦʛʦ, ʱʦ ʪʝʨʤʽʯʥʫ ʦʙʨʦʙʢʫ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʦʚʽʪʨʽ. ɼʣʷ ʩʠʥʪʝʟʫ ʟʨʘʟʢʘ C3N4ï

TEOS 5 ʛ ʤʝʣʘʤʽʥʫ ʟʤʽʰʫʚʘʣʠ ʟ 7,6 ʤʣ ʪʝʪʨʘʝʪʠʣʦʨʪʦʩʠʣʽʢʘʪʫ (TEOS, Aldrich, 

98%), ʧʽʩʣʷ ʯʦʛʦ ʧʝʨʝʤʽʰʫʚʘʣʠ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʪʷʛʦʤ 30 ʭʚ. 
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ʆʜʝʨʞʘʥʫ ʩʫʤʽʰ ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ 100 Áʉ ʜʦ ʧʦʚʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʘ ʧʦʪʽʤ 

ʥʘʛʨʽʚʘʣʠ ʚ ʘʨʛʦʥʽ ʧʨʠ 600 Áʉ ʧʨʦʪʷʛʦʤ 2 ʛʦʜ. ʂʨʝʤʥʝʟʝʤʥʫ ʩʢʣʘʜʦʚʫ ʚʠʜʘʣʷʣʠ 

ʦʙʨʦʙʢʦʶ ʦʜʝʨʞʘʥʦʛʦ ʢʦʤʧʦʟʠʪʫ 15% ʨʦʟʯʠʥʦʤ HF ʧʨʦʪʷʛʦʤ 12 ʛʦʜ. ʅʽʪʨʠʜ 

ʚʫʛʣʝʮʶ ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʣʠ, ʧʨʦʤʠʚʘʣʠ ʚʦʜʦʶ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʨʅ ʪʘ 

ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ 100 Áʉ.  

ɼʣʷ ʩʠʥʪʝʟʫ ʟʨʘʟʢʘ C3N4ïMCF ʥʘʚʘʞʢʫ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʤʝʟʦʧʦʨʠʩʪʦʛʦ 

ʤʘʪʝʨʽʘʣʫ MCF (0,5 ʛ) ʟʤʽʰʫʚʘʣʠ ʟ ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ, ʱʦ ʤʽʩʪʠʚ ʤʝʣʘʤʽʥ (2,356 

ʛ) ʽ ʢʦʥʮʝʥʪʨʦʚʘʥʫ ʩʦʣʷʥʫ ʢʠʩʣʦʪʫ (1,8 ʤʣ), ʚʠʢʦʨʠʩʪʘʥʫ ʜʣʷ ʟʚ'ʷʟʫʚʘʥʥʷ 

ʤʝʣʘʤʽʥʫ ʚ ʩʽʣʴ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʩʫʙʣʽʤʘʮʽʾ. ʆʜʝʨʞʘʥʫ ʩʫʩʧʝʥʟʽʶ 

ʧʝʨʝʤʽʰʫʚʘʣʠ ʥʘ ʤʘʛʥʽʪʥʽʡ ʤʽʰʘʣʮʽ ʧʨʦʪʷʛʦʤ 3 ʛʦʜ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ 40 ÜC ʧʨʦʪʷʛʦʤ 12 ʛʦʜ. ʇʽʩʣʷ ʮʴʦʛʦ ʦʜʝʨʞʘʥʫ ʩʫʤʽʰ ʧʽʜʜʘʚʘʣʠ 

ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʚ ʘʨʛʦʥʽ ʧʨʠ 600 Áʉ ʧʨʦʪʷʛʦʤ 2 ʛʦʜ. ɿ ʤʝʪʦʶ ʙʽʣʴʰ ʧʦʚʥʦʛʦ 

ʟʘʧʦʚʥʝʥʥʷ ʧʦʨ ʤʘʪʨʠʮʽ ʨʝʯʦʚʠʥʦʶ ʧʽʩʣʷ ʧʽʨʦʣʽʟʫ ʧʨʦʚʦʜʠʣʠ ʧʦʚʪʦʨʥʝ 

ʧʨʦʩʦʯʫʚʘʥʥʷ ʢʦʤʧʦʟʠʪʫ ʤʝʣʘʤʽʥʦʤ ʟʘ ʪʘʢʦʶ ʩʘʤʦʶ ʤʝʪʦʜʠʢʦʶ. ʂʨʝʤʥʝʟʝʤʥʫ 

ʩʢʣʘʜʦʚʫ ʚʠʜʘʣʷʣʠ ʧʨʦʤʠʚʘʥʥʷʤ ʦʜʝʨʞʘʥʠʭ ʧʽʩʣʷ ʧʽʨʦʣʽʟʫ ʢʦʤʧʦʟʠʪʽʚ 15% 

ʨʦʟʯʠʥʦʤ HF ʧʨʦʪʷʛʦʤ 12 ʛʦʜ. ʅʽʪʨʠʜ ʚʫʛʣʝʮʶ ʬʽʣʴʪʨʫʚʘʣʠ ʪʘ ʧʨʦʤʠʚʘʣʠ ʜʦ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ pH, ʘ ʧʦʪʽʤ ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ 100 ÜC. 

ʉʠʥʪʝʟ ʟʨʘʟʢʽʚ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ. ɿʨʘʟʢʠ ʥʽʪʨʠʜʫ 

ʚʫʛʣʝʮʶ ʟ ʨʽʟʥʦʶ ʧʦʨʠʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ ʦʜʝʨʞʘʥʦ ʤʝʪʦʜʦʤ ʤʘʪʨʠʯʥʦʛʦ 

ʩʠʥʪʝʟʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʨʝʤʥʝʟʝʤʥʽ ʤʝʟʦʧʦʨʠʩʪʽ ʤʦʣʝʢʫʣʷʨʥʽ ʩʠʪʘ (ʄʄʉ) 

ʪʠʧʫ ʂɯʊ-6 ʪʘ ʄCF ʷʢ ʝʢʟʦʪʝʤʧʣʘʪʠ. ɼʣʷ ʮʴʦʛʦ ʥʘʚʘʞʢʫ ʚʠʭʽʜʥʦʛʦ ʂɯʊ-6 ʤʘʩʦʶ 

0,5 ʛ (ʪʠʧʫ ʄCF ʤʘʩʦʶ 0,3 ʛ) ʜʦʜʘʚʘʣʠ ʜʦ ʩʫʤʽʰʽ 2 ʤʣ 70%-ʥʦʛʦ ʚʦʜʥʦʛʦ 

ʨʦʟʯʠʥʫ ʝʪʠʣʝʥʜʽʘʤʽʥʫ ʪʘ 1,5 ʤʣ ʯʦʪʠʨʠʭʣʦʨʠʩʪʦʛʦ ʚʫʛʣʝʮʶ ʪʘ ʥʘʛʨʽʚʘʣʠ ʜʦ 90 

Áʉ ʧʨʦʪʷʛʦʤ 6 ʛʦʜ ʟʽ ʟʚʦʨʦʪʥʠʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ. ʆʜʝʨʞʘʥʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʝʤʥʦ-

ʢʦʨʠʯʥʝʚʫ ʤʘʩʫ ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ 60 Áʉ ʧʨʦʪʷʛʦʤ 12 ʛʦʜ ʪʘ ʟʤʽʰʫʚʘʣʠ ʟ 

ʩʫʤʽʰʰʶ 2 ʤʣ 70%-ʥʦʛʦ ʨʦʟʯʠʥʫ ʝʪʠʣʝʥʜʽʘʤʽʥʫ ʪʘ 1,5 ʤʣ ʯʦʪʠʨʠʭʣʦʨʠʩʪʦʛʦ 

ʚʫʛʣʝʮʶ. ʉʫʤʽʰ ʧʦʚʪʦʨʥʦ ʥʘʛʨʽʚʘʣʠ ʜʦ 90 Áʉ ʧʨʦʪʷʛʦʤ 6 ʛʦʜ ʟʽ ʟʚʦʨʦʪʥʠʤ 

ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʪʘ ʚʠʩʫʰʫʚʘʣʠ. ʆʜʝʨʞʘʥʠʡ ʩʚʽʪʣʦ-ʢʦʨʠʯʥʝʚʠʡ ʧʦʨʦʰʦʢ 

ʥʘʛʨʽʚʘʣʠ ʚ ʽʥʝʨʪʥʽʡ ʘʪʤʦʩʬʝʨʽ ʜʦ 600 Áʉ ʟʽ ʰʚʠʜʢʽʩʪʶ 3 Áʉ/ʭʚ ʪʘ ʚʠʪʨʠʤʫʚʘʣʠ 
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ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 5 ʛʦʜ ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʨʝʘʢʮʽʾ. ʂʨʝʤʥʝʟʝʤʥʫ ʤʘʪʨʠʮʶ 

ʚʠʜʘʣʷʣʠ ʦʙʨʦʙʢʦʶ ʚ ʨʦʟʯʠʥʽ HF (HF : H2O = 1 : 3), ʦʜʝʨʞʘʥʽ ʧʨʦʜʫʢʪʠ 

ʧʨʦʤʠʚʘʣʠ ʢʽʣʴʢʘ ʨʘʟʽʚ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʪʘ ʝʪʠʣʦʚʠʤ ʩʧʠʨʪʦʤ, ʘ ʧʦʪʽʤ 

ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ 100 Áʉ. ɿʨʘʟʢʠ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, ʦʜʝʨʞʘʥʽ ʚ ʄʄʉ ʪʠʧʫ ʂɯʊ-6, 

ʧʦʟʥʘʯʘʣʠ CNïKIT-6, ʟʨʘʟʢʠ ʦʜʝʨʞʘʥʽ ʚ ʄʄʉ ʪʠʧʫ MCF, ʧʦʟʥʘʯʘʣʠ CNïMCF. 

ʆʜʝʨʞʘʥʥʷ ʘʟʦʪʚʤʽʩʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʟʨʘʟʢʽʚ. ɼʣʷ ʩʠʥʪʝʟʫ N-ʚʤʽʩʥʦʛʦ 

ʚʫʛʣʝʮʶ (ʟʨʘʟʦʢ N-ʉ) ʷʢ ʚʠʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʦʜʫʢʪ ʦʙô̒ ʤʥʦʾ 

ʢʘʨʙʦʥʽʟʘʮʽʾ ʩʘʭʘʨʦʟʠ ʧʨʠ 900 Üʉ, ʩʠʥʪʝʟʦʚʘʥʠʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʧʝʨʝʜʥʽʭ 

ʜʦʩʣʽʜʞʝʥʴ (ʟʨʘʟʦʢ ʩ-900, ʧ. 4.1). ɺʫʛʣʝʮʝʚʠʡ ʟʨʘʟʦʢ ʧʝʨʝʤʽʰʫʚʘʣʠ ʚ 45%-ʥʽʡ 

ʘʟʦʪʥʽʡ ʢʠʩʣʦʪʽ ʧʨʦʪʷʛʦʤ 4 ʛʦʜ, ʧʦʪʽʤ ʧʨʦʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʥʘʜʣʠʰʢʫ ʢʠʩʣʦʪʠ ʪʘ ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʧʨʦʜʫʢʪʽʚ ʦʢʠʩʥʝʥʥʷ ʽ 

ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ 100 Áʉ. ɼʣʷ ʚʚʝʜʝʥʥʷ N-ʚʤʽʩʥʠʭ ʛʨʫʧ ʜʦ ʩʢʣʘʜʫ ʚʫʛʣʝʮʝʚʦʛʦ 

ʢʘʨʢʘʩʫ 3 ʛ ʦʜʝʨʞʘʥʦʛʦ ʦʢʠʩʥʝʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʟʨʘʟʢʘ ʦʙʨʦʙʣʷʣʠ ʩʧʠʨʪʦʚʠʤ 

ʨʦʟʯʠʥʦʤ ʤʝʣʘʤʽʥʫ (2 ʛ ʤʝʣʘʤʽʥʫ ʚ 10 ʤʣ ʝʪʘʥʦʣʫ) ʪʘ ʧʝʨʝʤʽʰʫʚʘʣʠ ʟʘ 

ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʪʷʛʦʤ 5 ʛʦʜ. ʆʜʝʨʞʘʥʫ ʩʫʩʧʝʥʟʽʶ ʢʠʧ'ʷʪʠʣʠ ʜʣʷ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʩʧʠʨʪʫ, ʧʦʪʽʤ ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ 120 Áʉ. ʇʨʦʩʦʯʝʥʠʡ ʚʫʛʣʝʮʝʚʠʡ 

ʟʨʘʟʦʢ ʥʘʛʨʽʚʘʣʠ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʜʦ 950 ÜC (ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ 10 ÁC/ʭʚ) ʽ 

ʚʠʪʨʠʤʫʚʘʣʠ ʟʘ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʪʷʛʦʤ 0,5 ʛʦʜ. ʇʦʪʽʤ ʟʨʘʟʦʢ ʧʨʦʤʠʚʘʣʠ 

ʛʘʨʷʯʦʶ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʨʅ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʚʩʽʭ ʟʘʣʠʰʢʽʚ ʧʨʦʜʫʢʪʽʚ ʨʦʟʢʣʘʜʫ ʤʝʣʘʤʽʥʫ. 

ɼʣʷ ʩʠʥʪʝʟʫ N-ʚʤʽʩʥʦʛʦ ʚʫʛʣʝʮʶ (ʟʨʘʟʦʢ ʉ_M) ʷʢ ʚʠʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʫʛʣʝʮʝʚʠʡ ʤʘʪʝʨʽʘʣ, ʦʜʝʨʞʘʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙô̒ ʤʥʦʾ 

ʢʘʨʙʦʥʽʟʘʮʽʾ ʩʘʭʘʨʦʟʠ ʧʨʠ 900 Üʉ ʧʨʦʪʷʛʦʤ 2,5 ʛʦʜ. ɼʣʷ ʚʢʣʶʯʝʥʥʷ N-ʚʤʽʩʥʠʭ 

ʛʨʫʧ ʜʦ ʩʢʣʘʜʫ ʚʫʛʣʝʮʝʚʦʛʦ ʢʘʨʢʘʩʫ 3 ʛ ʚʫʛʣʝʮʝʚʦʛʦ ʟʨʘʟʢʘ ʦʙʨʦʙʣʷʣʠ 

ʩʧʠʨʪʦʚʠʤ ʨʦʟʯʠʥʦʤ ʤʝʣʘʤʽʥʫ (2 ʛ ʤʝʣʘʤʽʥʫ ʚ 10 ʤʣ ʝʪʘʥʦʣʫ) ʪʘ ʧʝʨʝʤʽʰʫʚʘʣʠ 

ʧʨʦʪʷʛʦʤ 5 ʛʦʜ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʆʜʝʨʞʘʥʫ ʩʫʩʧʝʥʟʽʶ ʢʠʧ'ʷʪʠʣʠ ʜʣʷ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʩʧʠʨʪʫ, ʧʦʪʽʤ ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ 120 Áʉ. ʇʨʦʩʦʯʝʥʠʡ ʚʫʛʣʝʮʝʚʠʡ 

ʟʨʘʟʦʢ ʥʘʛʨʽʚʘʣʠ ʚ ʧʦʪʦʮʽ ʘʨʛʦʥʫ ʜʦ 950 ÜC (ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ 10 ÁC/ʭʚ) ʽ 

ʚʠʪʨʠʤʫʚʘʣʠ ʟʘ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʪʷʛʦʤ 0,5 ʛʦʜ. ʇʦʪʽʤ ʟʨʘʟʦʢ ʧʨʦʤʠʚʘʣʠ 
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ʛʘʨʷʯʦʶ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʨʅ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʚʩʽʭ ʟʘʣʠʰʢʽʚ ʧʨʦʜʫʢʪʽʚ ʨʦʟʢʣʘʜʫ ʤʝʣʘʤʽʥʫ. 

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʤʝʟʦʧʦʨʠʩʪʦʛʦ N-ʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʤʘʪʨʠʮʽ KIT-6 (N-

CMK-8) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʫʛʣʝʮʴ-ʢʨʝʤʥʝʟʝʤʥʽ ʢʦʤʧʦʟʠʪʠ, ʷʢʽ ʙʫʣʦ 

ʩʠʥʪʝʟʦʚʘʥʦ ʤʘʪʨʠʯʥʦʶ ʢʘʨʙʦʥʽʟʘʮʽʻʶ ʩʘʭʘʨʦʟʠ ʚ ʢʨʝʤʥʝʟʝʤʥʦʤʫ MMC KIT-6. 

ʌʫʥʢʮʽʦʥʘʣʽʟʘʮʽʶ ʟʘʟʥʘʯʝʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʘʟʦʪʦʤ ʟʜʽʡʩʥʶʚʘʣʠ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʣʘʤʽʥʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʱʝʦʧʠʩʘʥʦʾ ʤʝʪʦʜʠʢʠ. 

ʇʨʠʛʦʪʫʚʘʥʥʷ ʥʘʥʝʩʝʥʠʭ Ru-ʚʤʽʩʥʠʭ ʟʨʘʟʢʽʚ. ʅʘʚʘʞʢʫ ʪʨʠʭʣʦʨʠʜʫ 

ʨʫʪʝʥʽʶ (0,04 ʛ), ʟ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʚʤʽʩʪ ʚ ʟʨʘʟʢʫ 5ʤʘʩ.%, ʨʦʟʯʠʥʷʣʠ ʚ 250 ʤʣ 

ʜʝʽʦʥʽʟʦʚʘʥʦʾ ʚʦʜʠ. ɼʦ ʦʜʝʨʞʘʥʦʛʦ ʨʦʟʯʠʥʫ ʜʦʜʘʚʘʣʠ ʟʨʘʟʦʢ ʥʦʩʽʷ (0,3 ʛ) ʪʘ 

ʧʝʨʝʤʽʰʫʚʘʣʠ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʪʷʛʦʤ 16 ʛʦʜ. ʇʽʩʣʷ ʚʠʧʘʨʶʚʘʥʥʷ 

ʚʦʜʠ ʟʘʣʠʰʦʢ ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ 120 Üʉ ʧʨʦʪʷʛʦʤ 3 ʛʦʜ. ʆʜʝʨʞʘʥʠʡ ʟʨʘʟʦʢ 

ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 10 ʭʚ ʟʘ ʢʽʤʥʘʪʥʦ ʾʪʝʤʧʝʨʘʪʫʨʠ ʚ 100 ʤʣ 0,1 ʄ ʨʦʟʯʠʥʫ 

ʂʆʅ, ʧʦʪʽʤ ʜʦʜʘʚʘʣʠ ʛʽʜʨʘʟʠʥ (ʤʦʣʴʥʝ ʚʽʜʥʦʰʝʥʥʷ ʛʽʜʨʘʟʠʥ : ʨʫʪʝʥʽʡ ʩʢʣʘʜʘʣʦ 

2), ʧʦʚʽʣʴʥʦ ʥʘʛʨʽʚʘʣʠ ʜʦ 80 Üʉ ʽ ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʠ ʟʘʟʥʘʯʝʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 1 ʛʦʜ. 

ɿʨʘʟʦʢ ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʣʠ, ʧʨʦʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʨʅ 

ʧʨʦʤʠʚʥʠʭ ʚʦʜ ʽ ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ 100 Áʉ. 

Ru-ʚʤʽʩʥʽ ʟʨʘʟʢʠ ʙʫʣʦ ʩʠʥʪʝʟʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʥʝʜʦʧʦʚʘʥʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʥʦʩʽʾʚ: ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʚʦʣʦʢʦʥ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʪʨʦʤʙʦʮʠʪʽʚ (CNF-

Pl) (ʬʨʘʢʮʽʷ 50-120 ʤʢʤ, FutureCarbon GmbH, R141402333-01) ʽ ʤʝʟʦʧʦʨʠʩʪʦʛʦ 

ʚʫʛʣʝʮʶ ʪʠʧʫ ʩʠʙʫʥʽʪ (ʬʨʘʢʮʽʷ 50-120 ʤʢʤ). ɿʨʘʟʦʢ Ru-CNF (2 ʤʘʩ.% Ru) 

ʦʜʝʨʞʘʥʦ ʰʣʷʭʦʤ ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʥʘ CNF-Pl ʢʦʣʦʾʜʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ Ru (0,1 ʄ), 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʧʦʣʽʦʣʴʥʠʤ ʤʝʪʦʜʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ RuCl3ĀnH2O ʪʘ 

ʝʪʠʣʝʥʛʣʽʢʦʣʶ ʷʢ ʧʨʝʢʫʨʩʦʨʘ ʤʝʪʘʣʫ ʪʘ ʚʽʜʥʦʚʥʠʢʘ, ʚʽʜʧʦʚʽʜʥʦ, ʽ 

ʧʦʣʽʚʽʥʽʣʧʽʨʦʣʽʜʦʥʫ (PVP) ʷʢ ʩʪʘʙʽʣʽʟʫʶʯʦʛʦ ʘʛʝʥʪʘ. ɿʛʽʜʥʦ ʟʘʛʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ 

RuCl3ĀnH2O ʪʘ PVP (ʤʦʣʴ Ru / ʤʦʣʴ ʤʦʥʦʤʝʨʽʚ PVP = 1/5) ʨʦʟʯʠʥʷʣʠ ʚ 

ʝʪʠʣʝʥʛʣʽʢʦʣʽ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʟ ʥʘʩʪʫʧʥʠʤ ʥʘʛʨʽʚʘʥʥʷʤ ʜʦ 198 ÁC ʧʨʦʪʷʛʦʤ 

1 ʛʦʜ. ʅʘʥʦʯʘʩʪʠʥʢʠ Ru, ʥʘʥʝʩʝʥʽ ʥʘ CNF-Pl, ʧʽʜʜʘʚʘʣʠ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʥʘ 

ʧʦʚʽʪʨʽ ʧʨʠ 180 ÜC (ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ 10 ÁC/ʭʚ) ʧʨʦʪʷʛʦʤ 0,5 ʛʦʜ ʟ 
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ʧʦʜʘʣʴʰʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ ʚʦʜʥʝʤ ʧʨʠ 250 ÜC (ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ 1,5 ÁC/ʭʚ) 

ʧʨʦʪʷʛʦʤ 1 ʛʦʜ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʥʘʜʣʠʰʢʫ PVP [271]. 

ɿʨʘʟʦʢ Ru-Sib-Imp (3 ʤʘʩ.%) ʛʦʪʫʚʘʣʠ ʰʣʷʭʦʤ ʧʨʦʩʦʯʝʥʥʷ ʩʠʙʫʥʽʪʫ 

ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ RuCl3ĀnH2O (0,1 ʄ) [272] ʟ ʥʘʩʪʫʧʥʠʤ ʦʢʠʩʥʝʥʥʷʤ ʥʘ ʧʦʚʽʪʨʽ 

ʧʨʠ 150 Áʉ ʧʨʦʪʷʛʦʤ 1,5 ʛʦʜ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷʤ ʫ ʚʦʜʥʽ ʧʨʠ 440 Áʉ ʧʨʦʪʷʛʦʤ 6 ʛʦʜ 

(ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ 10 Áʉ/ʭʚ).  

ʉʠʥʪʝʟ ʟʨʘʟʢʽʚ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ. ɿʨʘʟʦʢ SiC-1 ʦʜʝʨʞʘʥʦ ʟ ʩʫʤʽʰʽ 

ʩʘʭʘʨʦʟʠ ʪʘ ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ (ɸʝʨʦʩʠʣ A-175), ʤʘʩʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʩʘʭʘʨʦʟʘ/ʜʽʦʢʩʠʜ ʢʨʝʤʥʽʶ ʩʪʘʥʦʚʠʣʦ 3. ɿʨʘʟʦʢ SiC-2 ʩʠʥʪʝʟʦʚʘʥʦ ʽʟ ʩʫʤʽʰʽ 

ʚʫʛʣʝʮʶ (ʧʦʧʝʨʝʜʥʴʦ ʢʘʨʙʦʥʽʟʦʚʘʥʘ ʩʘʭʘʨʦʟʘ ʧʨʠ 900 Áʉ ʧʨʦʪʷʛʦʤ 2,5 ʛʦʜ) ʪʘ 

ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ (ɸʝʨʦʩʠʣ ɸ-175), ʤʘʩʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʫʛʣʝʮʴ/ʜʽʦʢʩʠʜ 

ʢʨʝʤʥʽʶ ʩʪʘʥʦʚʠʣʦ 1. ɺʠʭʽʜʥʽ ʢʨʝʤʥʝʟʝʤʥʽ ʄʄʉ ʜʝʢʽʣʴʢʦʭ ʪʠʧʽʚ (SBA-3, SBA-

15, KIT-6, MCF) ʦʜʝʨʞʫʚʘʣʠ ʟʘ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤʠ ʩʧʦʩʦʙʘʤʠ [261]. 

ʉʠʥʪʝʟʦʚʘʥʽ ʢʨʝʤʥʝʟʝʤʥʽ ʤʘʪʨʠʮʽ ʪʘ ʚʦʜʥʝʚʽ ʬʦʨʤʠ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʽʩʣʷ ʧʨʦʞʘʨʶʚʘʥʥʷ (550 Üʉ ʧʨʦʪʷʛʦʤ 5 ʛʦʜ ʥʘ 

ʧʦʚʽʪʨʽ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʚʫʛʣʝʮʴ-ʢʨʝʤʥʝʟʝʤʥʠʭ ʢʦʤʧʦʟʠʪʽʚ 

ʢʘʨʙʦʥʽʟʘʮʽʻʶ ʩʘʭʘʨʦʟʠ ʚ ʧʦʨʘʭ ʄʄʉ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʷʢ 

ʢʘʪʘʣʽʟʘʪʦʨʘ. ɼʣʷ ʮʴʦʛʦ ʥʘʚʘʞʢʫ ʚʠʭʽʜʥʦʛʦ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʘʙʦ 

ʘʣʶʤʦʩʠʣʽʢʘʪʥʦʛʦ ʪʝʤʧʣʘʪʫ ʧʨʦʩʦʯʫʚʘʣʠ ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ, ʱʦ ʤʽʩʪʠʚ ʧʝʚʥʽ 

ʢʽʣʴʢʦʩʪʽ ʩʘʭʘʨʦʟʠ ʪʘ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ (ʟ ʨʦʟʨʘʭʫʥʢʫ 1,25 ʽ 0,8 ʛ ʩʘʭʘʨʦʟʠ ʽ 0,14 ʽ 

0,09 ʛ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʥʘ 1 ʩʤ
3
 ʦʙ'ʻʤʫ ʧʦʨ ʤʘʪʨʠʮʽ ʜʣʷ 

ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʧʨʦʩʦʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ), ʚʠʩʫʰʫʚʘʣʠ ʩʧʦʯʘʪʢʫ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 100 Üʉ ʧʨʦʪʷʛʦʤ 6 ʛʦʜ, ʘ ʧʦʪʽʤ ʩʪʽʣʴʢʠ ʞ ʯʘʩʫ ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʠ 160 

Üʉ. ʆʜʝʨʞʘʥʠʡ ʢʦʤʧʦʟʠʪ ʟʥʦʚʫ ʟʤʽʰʫʚʘʣʠ ʟ ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ ʩʘʭʘʨʦʟʠ ʽ 

ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ. ʇʽʩʣʷ ʧʦʚʪʦʨʥʦʾ ʦʙʨʦʙʢʠ ʚ ʘʥʘʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ ʦʜʝʨʞʘʥʠʡ 

ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʠʡ ʧʦʨʦʰʦʢ ʥʘʛʨʽʚʘʣʠ (ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʫ 5 Ü/ʭʚ) ʚ ʽʥʝʨʪʥʽʡ 

ʘʪʤʦʩʬʝʨʽ (ʘʨʛʦʥ) ʜʦ 900 Üʉ ʽ ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʠ ʟʘʟʥʘʯʝʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 2,5 ʛʦʜ. 

ʉʠʥʪʝʟʦʚʘʥʽ ʚʫʛʣʝʮʴ-ʢʨʝʤʥʝʟʝʤʥʽ ʢʦʤʧʦʟʠʪʠ ʧʽʜʜʘʚʘʣʠ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʧʨʠ 

1400 Üʉ (ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ 2 Ü/ʭʚ) ʚ ʽʥʝʨʪʥʽʡ ʘʪʤʦʩʬʝʨʽ ʧʨʦʪʷʛʦʤ 9 ʛʦʜ. 
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ʆʜʝʨʞʘʥʽ ʧʦʨʦʰʢʠ ʦʯʠʱʫʚʘʣʠ ʧʨʦʞʘʨʶʚʘʥʥʷʤ ʥʘ ʧʦʚʽʪʨʽ ʧʨʠ 700 Üʉ ʪʘ 

ʦʙʨʦʙʢʦʶ ʚ ʨʦʟʯʠʥʽ ʧʣʘʚʠʢʦʚʦʾ ʢʠʩʣʦʪʠ, ʘ ʪʘʢʦʞ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ ʜʣʷ ʤʽʢʨʦ-

ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʟʨʘʟʢʽʚ ʚʽʜ ʟʘʣʠʰʢʦʚʦʛʦ ʚʫʛʣʝʮʶ, ʦʢʩʠʜʫ ʢʨʝʤʥʽʶ 

ʽ ʘʣʶʤʽʥʽʶ, ʚʽʜʧʦʚʽʜʥʦ. ʆʯʠʱʝʥʽ ʟʨʘʟʢʠ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ (SiC-SBA-3, SiC-SBA-

15, SiC-KIT-6 ʪʘ SiC-MCF ʥʘ ʦʩʥʦʚʽ ʚʽʜʧʦʚʽʜʥʠʭ ʄʄʉ ʪʘ SiC-z-KIT-6, SiC-z-

MCM, SiC-z-MCF, ʦʜʝʨʞʘʥʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ BEA-KIT-6, BEA-MCM ʪʘ BEA-MCF, ʚʽʜʧʦʚʽʜʥʦ) 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʶ ʧʦʨʦʰʢʠ ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ. SiC-1-HF ʦʜʝʨʞʫʚʘʣʠ ʧʽʩʣʷ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟʨʘʟʢʘ SiC-1 ʚ 15% ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ HF ʧʨʦʪʷʛʦʤ ʥʦʯʽ, ʧʽʩʣʷ 

ʯʦʛʦ ʧʨʦʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʪʘ ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ 373 ʂ. SiC-nanoamor 

ʧʨʠʜʙʘʥʦ ʚ NanoAmor ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʙʝʟ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. 

ʉʠʥʪʝʟ ʥʘʥʝʩʝʥʠʭ VPO ʟʨʘʟʢʽʚ. ʗʢ ʚʠʭʽʜʥʽ ʨʝʘʛʝʥʪʠ ʜʣʷ ʩʠʥʪʝʟʫ 

ʥʘʥʝʩʝʥʠʭ ʟʨʘʟʢʽʚ ʛʽʜʨʦʬʦʩʬʘʪʫ ʚʘʥʘʜʠʣʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ V2O5 ("ʯʜʘ"), 85% 

H3PO4 ("ʯʜʘ"), ʣʠʤʦʥʥʫ ʢʠʩʣʦʪʫ ("ʯʜʘ") ʷʢ ʚʽʜʥʦʚʥʠʢ. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʥ-ʙʫʪʘʥʦʣʫ ("ʯʜʘ"), ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʷʢ ʨʦʟʯʠʥʥʠʢ ʪʘ ʨʝʘʛʝʥʪ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʠʩʢʫ, ʟʘ ʤʝʪʦʜʠʢʦʶ, ʘʥʘʣʦʛʽʯʥʦʶ [273]. ʉʦʣʴʚʦʪʝʨʤʘʣʴʥʠʡ 

ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʘʣʝʚʦʤʫ ʘʚʪʦʢʣʘʚʽ ʦʙôʻʤʦʤ 45 ʤʣ ʟ ʪʝʬʣʦʥʦʚʠʤ 

ʚʢʣʘʜʠʰʝʤ ʧʨʠ 170 Áʉ ʪʘ ʘʚʪʦʛʝʥʥʦʤʫ ʪʠʩʢʫ ʥ-ʙʫʪʘʥʦʣʫ ʙʣʠʟʴʢʦ 0,44 ʄʇʘ. 

ʈʝʘʢʮʽʡʥʫ ʩʫʤʽʰ (ʥʦʩʽʡ, ʦʢʩʠʜ ʚʘʥʘʜʽʶ (V), ʣʠʤʦʥʥʫ ʢʠʩʣʦʪʫ ʪʘ ʥ-ʙʫʪʘʥʦʣ) 

ʚʥʦʩʠʣʠ ʫ ʚʢʣʘʜʠʰ, ʷʢʠʡ ʧʦʤʽʱʘʣʠ ʚ ʘʚʪʦʢʣʘʚ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʠʩʢʫ 

ʥʘ ʜʥʦ ʘʚʪʦʢʣʘʚʘ ʟʘʣʠʚʘʣʠ ʜʦʜʘʪʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʥ-ʙʫʪʘʥʦʣʫ. ʊʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ 

ʩʠʥʪʝʟʫ ʩʪʘʥʦʚʠʣʘ 7 ʛʦʜ. ɺʤʽʩʪ VPO ʬʘʟʠ ʚ ʦʜʝʨʞʘʥʠʭ ʩʠʩʪʝʤʘʭ ʩʢʣʘʜʘʚ 30 

ʤʘʩ.%. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʩʠʥʪʝʟʦʚʘʥʦ ʤʘʩʠʚʥʠʡ ʟʨʘʟʦʢ VPO-ʤʘʩ. (ʘʪʦʤʥʝ 

ʚʽʜʥʦʰʝʥʥʷ ʈ/V = 1,15, ʚʘʛʦʚʝ ʚʽʜʥʦʰʝʥʥʷ ʥ-ʙʫʪʘʥʦʣ/V2O5 = 9) ʚ ʪʘʢʠʭ ʩʘʤʠʭ 

ʫʤʦʚʘʭ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʩʠʥʪʝʟʫ ʥʘʥʝʩʝʥʽ ʪʘ ʤʘʩʠʚʥʠʡ VPO-ʟʨʘʟʦʢ ʧʽʜʜʘʚʘʣʠ 

ʪʝʨʤʦʚʘʢʫʫʤʥʽʡ ʦʙʨʦʙʮʽ ʧʨʠ ʟʘʣʠʰʢʦʚʦʤʫ ʪʠʩʢʫ 0,010-0,012 ʄʇʘ ʪʘ 

ʧʦʩʪʫʧʦʚʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 270 Áʉ. 
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2.4. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ ʘʥʘʣʽʟʫʚʘʣʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ ʜʠʬʨʘʢʪʦʤʝʪʨ çD8 ADVANCEè (çBruker 

AXSè) ʟ CuKŬ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ. ʉʪʫʧʽʥʴ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʽʚ ï 

ʮʝ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʘʤʦʨʬʥʦʾ ʬʘʟʠ ʚ ʮʝʦʣʽʪʥʫ ʽ ʦʮʽʥʶʻʪʴʩʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʮʝʦʣʽʪʦʤ, ʟʦʢʨʝʤʘ ZSM-5 

(ʩʪʫʧʽʥʴ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʧʨʠʡʥʷʪʦ ʟʘ ʦʜʠʥʠʮʶ) ʟʘ ʟʤʽʥʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʫʤʠ 

ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʝʬʣʝʢʩʽʚ 2ɗ = 23,0Á; 23,8Á; 24,2Á. ʋ ʚʠʧʘʜʢʫ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʘʤʦʨʬʥʦʾ ʬʘʟʠ ʄʄʉ ʚ ʮʝʦʣʽʪʥʫ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʧʘʨʘʤʝʪʨ ï ʩʪʫʧʽʥʴ ʮʝʦʣʽʪʠʟʘʮʽʾ, 

ʷʢʠʡ ʚʠʟʥʘʯʘʣʠ ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʩʪʫʧʝʥʷ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ. ʉʝʨʝʜʥʽʡ ʨʦʟʤʽʨ 

ʯʘʩʪʠʥʦʢ ZSM-5 ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ ʐʝʨʝʨʘ [274]: 

ɓʢʨʠʩʪ = ,  

ʜʝ ʂ ï ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ ʯʘʩʪʠʥʦʢ (ʜʣʷ ʩʬʝʨʠʯʥʠʭ ʢʨʠʩʪʘʣʽʪʽʚ ʧʨʠʡʤʘʻʤʦ 0,9); 

ɚ ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʜʣʷ CuKŬ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ï 0,1541874 ʥʤ); ɺ ï ʰʠʨʠʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʝʬʣʝʢʩʫ ʟʨʘʟʢʘ ʥʘ ʥʘʧʽʚʚʠʩʦʪʽ 

(ʫ ʨʘʜʽʘʥʘʭ); Bʩ ï ʰʠʨʠʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʝʬʣʝʢʩʫ ʩʪʘʥʜʘʨʪʫ ʥʘ ʥʘʧʽʚʚʠʩʦʪʽ 

(ʫ ʨʘʜʽʘʥʘʭ), ʜʣʷ ʢʚʘʨʮʫ Min-U-Sil ï ʨʝʬʣʝʢʩ ʧʨʠ 2ɗ = 26,66Á; ɗ ï ʢʫʪ ʜʠʬʨʘʢʮʽʾ 

(ʫ ʨʘʜʽʘʥʘʭ).    

ʎʷ ʬʦʨʤʫʣʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʽʪʽʚ ʚʽʜ 1,5 ï 2 ʥʤ 

ʜʦ 0,2 ʤʢʤ (ʧʦʭʠʙʢʘ ʩʢʣʘʜʘʻ ~20 %). 

ʄʝʪʦʜ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ. ʄʝʪʦʜ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʩʚʽʪʣʘ (ɼʈʉ) ï ʧʨʠʣʘʜ çZetasizer Nano Sè (çMalvern instrumentsè), 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʦʮʽʥʢʠ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʟʦʣʽʚ-ʧʨʝʢʫʨʩʦʨʽʚ ʫ ʈʉ ʽ 

ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʘʭ ʮʝʦʣʽʪʫ (ʧʝʨʝʜ ʚʠʤʽʨʶʚʘʥʥʷʤ ʟʨʘʟʦʢ ʜʠʩʧʝʨʛʫʚʘʣʠ ʫ ʚʦʜʽ ʥʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʽʡ ʙʘʥʽ ʧʨʦʪʷʛʦʤ 15 ʭʚ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʫʩʧʝʥʟʽʾ ~0,1 % ʤʘʩ.); 

ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ Ñ2 %. 

ʌʫʨôʻ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ. ɯʏ-ʩʧʝʢʪʨʠ ʚʠʭʽʜʥʠʭ ʪʘ ʜʝʪʝʤʧʣʘʪʦʚʘʥʠʭ ʟʨʘʟʢʽʚ 

(ʪʘʙʣʝʪʢʠ ʟ KBr, 1:100) ʟʘʧʠʩʫʚʘʣʠ ʥʘ ʌʫʨ'ʻ-ʩʧʝʢʪʨʦʤʝʪʨʽ çSpectrum Oneè 

(çPerkin Elmerè). 



127 
 

 
 

ʊʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ. ʊʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʨʠʚʘʪʦʛʨʘʬʘ Q-1000 (çMOMè) ʚ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ʢʽʤʥʘʪʥʦʾ (20 Áʉ) ʜʦ 1000 Áʉ (ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ 10 Áʉ/ʭʚ). 

ʉʢʘʥʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʟʨʘʟʢʽʚ ʦʜʝʨʞʘʥʦ 

ʥʘ ʩʢʘʥʫʶʯʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʤʽʢʨʦʩʢʦʧʘʭ (ʉɽʄ) FEI Quanta 200 FEG, çMIRA-3è 

(çTescanè), çNVision 40è (çCarl Zeissè), çJSM-6700Fè (çJEOLè), çJSM-6610LVè 

(çJEOLè) ʟ ʧʨʠʩʢʦʨʶʶʯʦʶ ʥʘʧʨʫʛʦʶ 1 ï 30 ʢɺ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʝʪʝʢʪʦʨ 

ʚʪʦʨʠʥʥʠʭ ʝʣʝʢʪʨʦʥʽʚ. ɿʨʘʟʦʢ ʥʘʥʦʩʠʣʠ ʥʘ ʧʨʦʚʽʜʥʫ ʛʨʘʬʽʪʦʚʘʥʫ ʧʽʜʢʣʘʜʢʫ ʽ 

ʧʝʨʝʜ ʟʡʦʤʢʦʶ ʥʘʧʠʣʶʚʘʣʠ ʧʣʘʪʠʥʫ. 

ʊʨʘʥʩʤʽʩʽʡʥʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʟʨʘʟʢʽʚ 

ʦʜʝʨʞʘʥʽ ʥʘ ʤʽʢʨʦʩʢʦʧʽ çJEM-2100Fè (çJEOLè) ʟ ʧʨʠʩʢʦʨʶʶʯʦʶ ʥʘʧʨʫʛʦʶ 

200 ʢɺ. ɿʨʘʟʦʢ ʜʠʩʧʝʨʛʫʚʘʣʠ ʚ ʝʪʘʥʦʣʽ ʥʘ ʫʣʴʪʨʘʟʚʫʢʦʚʽʡ ʙʘʥʽ ʧʨʦʪʷʛʦʤ 5 ʭʚ, 

ʧʦʪʽʤ ʩʫʩʧʝʥʟʽʶ ʥʘʥʦʩʠʣʠ ʥʘ ʤʽʜʥʫ ʩʽʪʢʫ, ʧʦʢʨʠʪʫ ʚʫʛʣʝʮʝʚʦʶ ʧʣʽʚʢʦʶ. 

ɽʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʘ ʨʝʥʪʛʝʥʽʚʩʴʢʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ. ɺʤʽʩʪ Si ʪʘ Al ʚ 

ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʘʭ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ʧʨʠʩʪʘʚʢʘ ʜʦ ʉɽʄ çNVision 40è). ʎʠʤ ʤʝʪʦʜʦʤ ʪʘʢʦʞ 

ʢʦʥʪʨʦʣʶʚʘʣʠ ʧʦʚʥʦʪʫ ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ Na
+
 ʥʘ  ʫ ʟʨʘʟʢʘʭ ʄʄɸʉ, ʮʝʦʣʽʪʽʚ ʪʘ 

ʄʄʉ. 

ʄʝʪʦʜ ʪʚʝʨʜʦʪʽʣʴʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʗʄʈ. ʉʧʝʢʪʨʠ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʗʄʈ 

ʥʘ ʷʜʨʘʭ 
29
Si ʪʘ ʩʧʝʢʪʨʠ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ 

29
Si{

1
H} (ʢʨʦʩ-ʧʦʣʷʨʠʟʘʮʽʷ) ʗʄʈ 

ʟʘʧʠʩʫʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽ çAvance III 400WBè (çBrukerè) (ʯʘʩʪʦʪʘ 79,49 ʄɻʮ 

ʜʣʷ 
29
Si). ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

ʟʨʘʟʢʘ ʧʽʜ ʤʘʛʽʯʥʠʤ ʢʫʪʦʤ 5 ʢɻʮ, ʷʢ ʩʪʘʥʜʘʨʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ Q8M8 

([(CH3)3SiO]8Si8O12). ɼʣʷ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʗʄʈ ʥʘ ʷʜʨʘʭ 
29
Si ʨʝʣʘʢʩʘʮʽʡʥʘ 

ʟʘʪʨʠʤʢʘ ʩʠʛʥʘʣʫ 30 ʩ, ʯʠʩʣʦ ʩʢʘʥʽʚ 2500 ï 4000; ʜʣʷ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ 
29

Si{
1
H} 

(ʢʨʦʩ-ʧʦʣʷʨʠʟʘʮʽʷ) ʗʄʈ ʨʝʣʘʢʩʘʮʽʡʥʘ ʟʘʪʨʠʤʢʘ ʩʠʛʥʘʣʫ 5 ʩ, ʯʠʩʣʦ ʩʢʘʥʽʚ 1000. 

ʉʧʝʢʪʨʠ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʗʄʈ ʥʘ ʷʜʨʘʭ 
27
Al ʟʘʧʠʩʫʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽ 

çAvance III 400WBè (çBrukerè) ʟʘ ʫʤʦʚʠ ʦʙʝʨʪʘʥʥʷ ʟʨʘʟʢʽʚ ʧʽʜ ʤʘʛʽʯʥʠʤ ʢʫʪʦʤ 

54,74Á ʜʦ ʥʘʧʨʷʤʢʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʉʧʝʢʪʨʠ ʟʘʧʠʩʫʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
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ʦʜʥʦʽʤʧʫʣʴʩʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘ ʯʘʩʪʦʪʽ 104,261 ʄɻʮ ʚ ʨʝʞʠʤʽ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘ 

ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʍʽʤʽʯʥʽ ʟʩʫʚʠ ʚʠʟʥʘʯʘʣʠ ʚʽʜʥʦʩʥʦ [Al(H2O)6]Cl3 (1 ʄ 

ʚʦʜʥʠʡ ʨʦʟʯʠʥ), ŭ = 0 ʤ.ʯ. 

ʆʙôʻʤʦʤʝʪʨʠʯʥʠʡ ʘʜʩʦʨʙʮʽʡʥʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʨʠʩʪʦʾ 

ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʽʚ. ɸʜʩʦʨʙʮʽʶ ʘʟʦʪʫ ʚʠʤʽʨʶʚʘʣʠ ʦʙôʻʤʦʤʝʪʨʠʯʥʠʤ 

ʤʝʪʦʜʦʤ (-196 ÜC, ʜʦ 1 ʘʪʤ) ʥʘ ʘʥʘʣʽʟʘʪʦʨʽ ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ çSorptomatic 

1990è (çThermo Electron Corp.è). ɿʨʘʟʢʠ ʧʦʧʝʨʝʜʥʴʦ ʚʘʢʫʫʤʫʚʘʣʠ (p Ò 0,7 ʇʘ) 

ʧʨʠ 350 Áʉ ʧʨʦʪʷʛʦʤ 5 ʛʦʜ. ɿʘʛʘʣʴʥʫ ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ (Sɺɽʊ) ʦʮʽʥʶʚʘʣʠ ʟʘ 

ʨʽʚʥʷʥʥʷʤ BET [275]; ʨʦʟʤʽʨ ʤʽʢʨʦʧʦʨ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʛʽʜʥʦ ʟ ʤʝʪʦʜʦʤ Saito-

Foley [276], ʜʣʷ ʚʫʛʣʝʮʝʚʠʭ ʟʨʘʟʢʽʚ ʨʦʟʤʽʨ ʤʽʢʨʦʧʦʨ ʚʠʟʥʘʯʘʣʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 

Horvath-Kawazoe [277]; ʨʦʟʤʽʨ ʤʝʟʦʧʦʨ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʝʩʦʨʙʮʽʡʥʦʶ ʛʽʣʢʦʶ 

ʽʟʦʪʝʨʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ Barret-Joyner-Hallenda (BJH) [278] ʪʘ 

Dollimore-Heal (DH) [279], ʘ ʪʘʢʦʞ ʟʘ ʘʜʩʦʨʙʮʽʡʥʦʶ ʛʽʣʢʦʶ ï ʜʣʷ ʟʨʘʟʢʽʚ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʽʟʦʪʝʨʤʘʤʠ ʟ ʛʽʩʪʝʨʝʟʠʩʦʤ, ʱʦ ʟʘʢʽʥʯʫʻʪʴʩʷ ʧʨʠ ʨ/ʨ0 0,45 ï 

0,50 (ʤʝʪʦʜ BJH); ʜʣʷ ʽʟʦʪʝʨʤ ɯV-ʪʠʧʫ ʦʙôʻʤ ʤʽʢʨʦʧʦʨ ʽ ʤʝʟʦʧʦʨ, ʘ ʪʘʢʦʞ 

ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ ʤʝʟʦʧʦʨ ʽ ʟʦʚʥʽʰʥʶ ʧʦʚʝʨʭʥʶ ʚʠʟʥʘʯʘʣʠ ʧʦʨʽʚʥʷʣʴʥʠʤ 

ʤʝʪʦʜʦʤ t-plot [280]. ʈʦʟʨʘʭʦʚʫʚʘʣʠ ʪʘʢʦʞ ʧʦʯʘʪʢʦʚʠʡ ʘʜʩʦʨʙʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ 

|ȹɛ0| ï ʟʘ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʥʘʜʣʠʰʢʦʚʦʶ ʧʦʚʝʨʭʥʝʚʦʶ 

ʨʦʙʦʪʦʶ [281]. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʫ ʝʥʝʨʛʽʶ ʘʜʩʦʨʙʮʽʾ E0 ʽ ʦʙôʻʤ ʤʽʢʨʦʧʦʨ (ʜʣʷ 

ʟʨʘʟʢʽʚ ʮʝʦʣʽʪʫ, ʽʟʦʪʝʨʤʠ ɯ-ʪʠʧʫ) ʚʠʟʥʘʯʘʣʠ ʟʘ ʨʽʚʥʷʥʥʷʤ ɼʫʙʽʥʽʥʘ-ʈʘʜʫʰʢʝʚʠʯʘ 

ʪʝʦʨʽʾ ʦʙ'ʻʤʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʤʽʢʨʦʧʦʨ (ʊʆɿʄ) [282]. ɿʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʧʦʨ 

ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʦʤ ɻʫʨʚʽʯʘ ʧʨʠ p/p0 = 0,95. ɸʜʩʦʨʙʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ W0 ʽ E0  ʟ 

ʽʟʦʪʝʨʤ ʘʜʩʦʨʙʮʽʾ H2 ʧʨʠ -196 ÜC ʚʠʟʥʘʯʘʣʠ ʟʘ ʊʆɿʄ ʧʨʠ ʟʥʘʯʝʥʥʷʭ 

ʝʬʝʢʪʠʚʥʦʛʦ ʪʠʩʢʫ ʥʘʩʠʯʝʥʥʷ, ʫʤʦʚʥʦ ʧʨʠʡʥʷʪʦʛʦ ʨʽʚʥʠʤ ʜʣʷ N2 1 ʘʪʤ. 

ɯʟʦʪʝʨʤʠ ʘʜʩʦʨʙʮʽʾ CO2 ʟʘʧʠʩʫʚʘʣʠ ʥʘ ʧʨʠʣʘʜʽ Sorptomatic 1990 ʧʨʠ -20 ÜC ʪʘ 0 

ÜC. 

ʆʧʪʠʯʥʘ ʝʤʽʩʽʡʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽʷ ʟ ʽʥʜʫʢʪʠʚʥʦ ʟʚ'ʷʟʘʥʦʶ ʧʣʘʟʤʦʶ 

(ɯɿʇ-ʆɽʉ). ɺʤʽʩʪ ʤʝʪʘʣʫ ʚ ʢʘʪʘʣʽʟʘʪʦʨʽ Ru/C ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʦʤ ɯɿʇ-ʆɽʉ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ICP-ʩʧʝʢʪʨʦʤʝʪʨʘ Spectro-CircoSCCD. ɹʣʠʟʴʢʦ 50 ʤʛ ʟʨʘʟʢʘ 
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ʧʦʤʽʱʫʚʘʣʠ ʚ ʪʝʬʣʦʥʦʚʠʡ ʚʢʣʘʜʠʰ, ʜʦʜʘʚʘʣʠ 4 ʤʣ HF, 1 ʤʣ ʅʉI ʪʘ 0,5 ʤʣ 

HNO3. ɿʨʘʟʦʢ ʨʦʟʯʠʥʷʣʠ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʧʝʯʽ, ʨʦʟʙʘʚʣʷʣʠ ʜʝʽʦʥʽʟʦʚʘʥʦʶ 

ʚʦʜʦʶ ʪʘ ʘʥʘʣʽʟʫʚʘʣʠ ʚ ʩʧʝʢʪʨʦʤʝʪʨʽ. 

ʋʌ-ʚʠʜ. ʩʧʝʢʪʨʦʩʢʦʧʽʷ. ʉʧʝʢʪʨʠ ʜʠʬʫʟʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʚ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʽʡ ʪʘ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʷʭ ʨʝʻʩʪʨʫʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ 

Specord M40, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ MgO ʷʢ ʩʪʘʥʜʘʨʪ. ʋʌ-ʚʠʜ. ʩʧʝʢʪʨʠ ʥʽʪʨʠʜʫ 

ʚʫʛʣʝʮʶ ʘʥʘʣʽʟʫʚʘʣʠ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ 200ï800 ʥʤ ʟʘ ʢʽʤʥʘʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ. 

ʊʝʨʤʦʧʨʦʛʨʘʤʦʚʘʥʘ ʜʝʩʦʨʙʮʽʷ ʘʤʽʘʢʫ. ʂʠʩʣʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʨʘʟʢʽʚ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʠʤ ʤʝʪʦʜʦʤ ʪʝʨʤʦʧʨʦʛʨʘʤʦʚʘʥʦʾ ʜʝʩʦʨʙʮʽʾ ʘʤʽʘʢʫ ï 

ʊʇɼɸ: ʟʨʘʟʦʢ ʘʢʪʠʚʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 30 ʭʚ ʚ ʧʦʪʦʮʽ ʛʝʣʽʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 550 Áʉ 

(ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ ï 15 Áʉ/ʭʚ), ʦʭʦʣʦʜʞʫʚʘʣʠ ʜʦ 100 Áʉ ʽ ʥʘʩʠʯʫʚʘʣʠ ʘʤʽʘʢʦʤ 

ʧʨʦʪʷʛʦʤ 20 ʭʚ; ʬʽʟʠʯʥʦ ʟʚôʷʟʘʥʠʡ NH3 ʜʝʩʦʨʙʫʚʘʣʠ ʧʨʦʜʫʚʢʦʶ ʛʝʣʽʶ ʧʨʠ 100 

Áʉ; ʨʝʰʪʫ NH3 ʜʝʩʦʨʙʫʚʘʣʠ ʥʘʛʨʽʚʘʥʥʷʤ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 100 ï 700 Áʉ (15 

Áʉ/ʭʚ), ʧʦʣʦʞʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʜʝʩʦʨʙʮʽʾ ʚʠʟʥʘʯʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʭʨʦʤʘʪʦʛʨʘʬʘ (ʜʝʪʝʢʪʦʨ ʧʦ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ) ʽ ʨʝʻʩʪʨʫʚʘʣʠ ʫ ʚʠʛʣʷʜʽ ʢʨʠʚʦʾ 

ʊʇɼɸ, ʘ ʢʽʣʴʢʽʩʪʴ ʜʝʩʦʨʙʦʚʘʥʦʛʦ ʘʤʽʘʢʫ ï ʪʠʪʨʫʚʘʥʥʷʤ ʨʦʟʯʠʥʦʤ ʩʦʣʷʥʦʾ 

ʢʠʩʣʦʪʠ (1Ŀ10
ï3

 ʤʦʣʴ/ʣ). ʊʝʤʧʝʨʘʪʫʨʥʽ ʤʘʢʩʠʤʫʤʠ ʜʝʩʦʨʙʮʽʾ NH3 ʚʠʟʥʘʯʘʣʠ 

ʨʦʟʢʣʘʜʘʥʥʷʤ ʢʨʠʚʠʭ ʊʇɼɸ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ ɻʘʫʩʘ. 

ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʮʠʤ ʤʝʪʦʜʦʤ ʩʢʣʘʜʘʻ 5 %. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʚʝʣʠʯʠʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ ʪʘ 

ʩʠʣʴʥʠʭ (ʉʨʦʟʨ) ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

                                      ʉʨʦʟʨ = ŬʮʪĿʉʮʪ+(1ïŬʮʪ)Ŀʉʤʤʩ,                                         (3.1) 

ʜʝ ʉʮʪ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʠʣʴʥʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʫ ʮʝʦʣʽʪʽ (136 

ʤʢʤʦʣʴ/ʛ); ʉʤʤʩ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ ʚ ʄʄʉ (26 

ʤʢʤʦʣʴ/ʛ). 

ʊʝʨʤʦʧʨʦʛʨʘʤʦʚʘʥʘ ʜʝʩʦʨʙʮʽʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʧʨʦʛʨʘʤʦʚʘʥʦʾ 

ʜʝʩʦʨʙʮʽʾ CO2, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʙʣʘʜʥʘʥʥʷ Micromeritics Autochem 2910. 
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ʇʝʨʝʜ ʘʜʩʦʨʙʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʟʨʘʟʦʢ ʥʘʛʨʽʚʘʣʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 400 Áʉ 

(10 Áʉ/ʭʚ) ʚ ʛʝʣʽʾ (ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ 10 ʤʣ/ʭʚ) ʽ ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʠ ʮʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ 60 ʭʚ. ʇʽʩʣʷ ʮʴʦʛʦ ʟʨʘʟʦʢ ʦʭʦʣʦʜʞʫʚʘʣʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʘʜʩʦʨʙʫʚʘʣʠ CO2 ʧʨʦʪʷʛʦʤ 30 ʭʚ ʟʽ ʰʚʠʜʢʽʩʪʶ 

ʧʦʪʦʢʫ 50 ʤʣ/ʭʚ. ʇʽʩʣʷ ʘʜʩʦʨʙʮʽʾ CO2 ʟʨʘʟʦʢ ʧʨʦʜʫʚʘʣʠ ʛʝʣʽʻʤ (20 ʤʣ/ʭʚ) 

ʧʨʦʪʷʛʦʤ 30 ʭʚ ʟ ʤʝʪʦʶ ʚʠʜʘʣʝʥʥʷ ʬʽʟʠʯʥʦ ʩʦʨʙʦʚʘʥʦʛʦ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. 

ʊʝʨʤʦʧʨʦʛʨʘʤʦʚʘʥʫ ʜʝʩʦʨʙʮʽʶ ʧʨʦʚʦʜʠʣʠ ʟʽ ʰʚʠʜʢʽʩʪʶ ʥʘʛʨʽʚʘʥʥʷ 10 Áʉ/ʭʚ ʜʦ 

600 Áʉ, ʩʠʛʥʘʣ TCD ʬʽʢʩʫʚʘʚʩʷ ʱʦʩʝʢʫʥʜʠ. 

ʄʝʪʦʜ ʘʜ(ʜʝ)ʩʦʨʙʮʽʾ ʧʽʨʠʜʠʥʫ ʟ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤ ʢʦʥʪʨʦʣʝʤ. ɼʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʨʦʜʠ, ʩʠʣʠ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʮʝʦʣʽʪʽʚ ʽ ʄʄʉ ʤʝʪʦʜ 

ʘʜ(ʜʝ)ʩʦʨʙʮʽʾ ʧʽʨʠʜʠʥʫ (ʢʽʥʝʪʠʯʥʠʡ ʜʽʘʤʝʪʨ 0,5 ʥʤ [263]) ʟ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤ 

ʢʦʥʪʨʦʣʝʤ [283]: ʪʦʥʢʽ ʧʣʘʩʪʠʥʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ (8 ï 12 ʤʛ/ʩʤ
2
, ʙʝʟ 

ʟʚôʷʟʫʶʯʦʛʦ) ʧʦʤʽʱʘʣʠ ʚ ʢʶʚʝʪʫ ʟ ʚʽʢʥʘʤʠ ʽʟ NaCl ʪʘ ʚʘʢʫʫʤʫʚʘʣʠ (ʨ = 1,4 ʇʘ) 

ʧʨʠ 400 Áʉ ʧʨʦʪʷʛʦʤ 1 ʛʦʜ; ʧʽʨʠʜʠʥ ʘʜʩʦʨʙʫʚʘʣʠ ʧʨʠ 150 Áʉ ʧʨʦʪʷʛʦʤ 15 ʭʚ, 

ʜʝʩʦʨʙʫʚʘʣʠ ʧʨʠ 150 ï 450 Áʉ (ʢʨʦʢ 50 Áʉ, ʚʠʪʨʠʤʢʘ 30 ʭʚ). ʂʦʥʮʝʥʪʨʘʮʽʶ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʃʴʶʾʩʘ ʽ ɹʨʝʥʩʪʝʜʘ ʚʠʟʥʘʯʘʣʠ ʟʘ ʽʥʪʝʛʨʘʣʴʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʩʤʫʛ ʧʦʛʣʠʥʘʥʥʷ (ʩ.ʧ.) ʧʨʠ 1454 ʩʤ
ï1

 ʽ 1545 ʩʤ
ï1

 ʚʽʜʧʦʚʽʜʥʦ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʝʢʩʪʠʥʢʮʽʾ ʜʣʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʩʤʫʛ: Ů(L) = 2,22 ʩʤ/ʤʢʤʦʣʴ ʽ Ů(B) = 

1,67 ʩʤ/ʢʤʦʣʴ.  

ʄʝʪʦʜ ʘʜ(ʜʝ)ʩʦʨʙʮʽʾ 2,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʧʽʨʠʜʠʥʫ ʟ ɯʏ-

ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤ ʢʦʥʪʨʦʣʝʤ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʨʦʜʠ, ʩʠʣʠ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ, ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʟʦʧʦʨ ʘʙʦ ʥʘ ʟʦʚʥʽʰʥʽʡ 

ʧʦʚʝʨʭʥʽ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʟʨʘʟʢʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ ʘʜ(ʜʝ)ʩʦʨʙʮʽʾ 2,6-

ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʧʽʨʠʜʠʥʫ (DTBPy) ʟ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤ ʢʦʥʪʨʦʣʝʤ, ʦʩʢʽʣʴʢʠ 

ʤʽʢʨʦʧʦʨʠ ZSM-5 (Dʤʽʢʨʦ = 0,55 ʥʤ) ʻ ʥʝʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʤʦʣʝʢʫʣ DTBPy 

(ʢʽʥʝʪʠʯʥʠʡ ʜʽʘʤʝʪʨ ï 0,8 ʥʤ [263]). ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʘʥʘʣʦʛʽʯʥʘ ʜʦ ʚʠʱʝʦʧʠʩʘʥʦ ʾ ʜʣʷ ʘʜ(ʜʝ)ʩʦʨʙʮʽʾ ʧʽʨʠʜʠʥʫ. ʂʦʥʮʝʥʪʨʘʮʽʶ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʚʠʟʥʘʯʘʣʠ ʟʘ ʽʥʪʝʛʨʘʣʴʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʩ.ʧ. ʧʨʠ 
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1530 ʩʤ
ï1
, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʝʢʩʪʠʥʢʮʽʾ ʜʣʷ ʮʽʻʾ ʩʤʫʛʠ: 

Ů(B) = 1,67 ʩʤ/ʤʢʤʦʣʴ. çʂʦʝʬʽʮʽʻʥʪ ʜʦʩʪʫʧʥʦʩʪʽè ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ 

ʚʠʟʥʘʯʘʣʠ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ, 

ʚʠʟʥʘʯʝʥʠʭ ʟʘ ʘʜ(ʜʝ)ʩʦʨʙʮʽʻʶ DTBPy ʽ ʧʽʨʠʜʠʥʫ, ʤʦʣʝʢʫʣʠ ʷʢʦʛʦ ʟʜʘʪʥʽ 

ʧʨʦʥʠʢʘʪʠ ʚ ʤʽʢʨʦʧʦʨʠ ZSM-5. ʎʝʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʟʥʘʯʘʻ ʯʘʩʪʢʫ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ, ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʟʦʧʦʨ ʘʙʦ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ 

ʟʨʘʟʢʽʚ, ʽ ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʦʙôʻʤʥʠʭ ʤʦʣʝʢʫʣ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʢʽʥʝʪʠʯʥʠʡ 

ʜʽʘʤʝʪʨ ʷʢʠʭ ʧʝʨʝʚʠʱʫʻ 0,7 ʥʤ. 

ʌʦʪʦʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʌʦʪʦʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʨʦʟʜʽʣʝʥʦʾ ʪʨʴʦʭʝʣʝʢʪʨʦʜʥʦʾ ʩʢʣʷʥʦʾ ʢʦʤʽʨʢʠ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʪʝʥʮʽʦʩʪʘʪ Elins P-8S. ʇʣʘʪʠʥʦʚʠʡ 

ʝʣʝʢʪʨʦʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʷʢ ʧʨʦʪʠʝʣʝʢʪʨʦʜ, ʘ ʭʣʦʨʩʨʽʙʥʠʡ ʝʣʝʢʪʨʦʜ ï ʷʢ 

ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ. LiBF4 (0,1 ʤʦʣʴ/ʣ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʷʢ ʬʦʥʦʚʠʡ 

ʝʣʝʢʪʨʦʣʽʪ. ʌʦʪʦʝʣʝʢʪʨʦʜʠ ʛʦʪʫʚʘʣʠ ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʥʘ ʤʝʪʘʣʝʚʫ ʩʽʪʢʫ 5 

ʰʘʨʽʚ ʩʫʩʧʝʥʟʽʾ ʟʨʘʟʢʽʚ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ ʚ ʽʟʦʧʨʦʧʽʣʦʚʦʤʫ ʩʧʠʨʪʽ (15 ʤʛ/ʤʣ), 

ʦʪʨʠʤʘʥʦʾ ʧʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʽʡ ʦʙʨʦʙʮʽ. 

ʈʝʥʪʛʝʥʦʬʦʪʦʝʣʝʢʪʨʦʥʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ (ʈʌɽʉ). ɼʣʷ ʈʌɽʉ-ʘʥʘʣʽʟʫ 

ʟʨʘʟʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʧʝʢʪʨʦʤʝʪʨ Perkin-Elmer PHI 5400 ʟ Mg KŬ 

ʨʝʥʪʛʝʥʽʚʩʴʢʠʤ ʜʞʝʨʝʣʦʤ ʧʨʠ 14 ʢɺ ʽ 200 ɺʪ. ɽʥʝʨʛʽʷ ʧʨʦʧʫʩʢʘʥʥʷ ʘʥʘʣʽʟʘʪʦʨʘ 

ʩʪʘʥʦʚʠʣʘ 17,9 ʝɺ, ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʟ ʢʨʦʢʦʤ ʚ 0,025 ʝɺ. ʇʨʠʚôʷʟʢʫ ʤʘʢʩʠʤʫʤʽʚ 

ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ XPS Peak 4.1. ʌʦʥ 

ʢʦʨʝʢʪʫʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʫʥʢʮʽʾ ʐʠʨʣʽ. ʌʘʢʪʦʨʠ ʯʫʪʣʠʚʦʩʪʽ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʧʨʠ ʢʽʣʴʢʽʩʥʦʤʫ ʘʥʘʣʽʟʽ ʜʣʷ C 1s, N 1s, O 1s, S 2ʨ ʪʘ Si 2p 

ʩʪʘʥʦʚʠʣʠ 0,296, 0,477, 0,711, 0,666 ʽ 0,339 ʚʽʜʧʦʚʽʜʥʦ. 

 

2.5. ʄʝʪʦʜʠʢʠ ʪʠʪʨʫʚʘʥʥʷ 

 

ʄʝʪʦʜʠʢʘ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ. ʊʠʪʨʘʥʪ, 0,05 ʄ NaOH + 

0,1 ʄ NaNO3, ʧʨʠʛʦʪʦʚʣʝʥʠʡ ʟ ʭʽʤʽʯʥʦ ʯʠʩʪʠʭ ʨʝʘʛʝʥʪʽʚ (Merck), ʘ ʡʦʛʦ ʪʦʯʥʫ 
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ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʠʟʥʘʯʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʦʾ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʤʝʪʦʜʦʤ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ. ʊʠʪʨʘʥʪ ʟʙʝʨʽʛʘʣʠ ʚ ʩʝʨʝʜʦʚʠʱʽ ʘʨʛʦʥʫ ʟ 

ʘʜʩʦʨʙʝʥʪʦʤ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʟ ʤʝʪʦʶ ʫʥʠʢʥʝʥʥʷ ʡʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ CO2. 

ɺʠʭʽʜʥʠʡ 0,1 ʄ ʨʦʟʯʠʥ NaNO3 ʦʪʨʠʤʫʚʘʣʠ ʪʘʢʦʞ ʷʢ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ 

ʪʠʪʨʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ. 

ʇʦʪʝʥʮʽʦʤʝʪʨʠʯʥʝ ʪʠʪʨʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʚʪʦʤʘʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʪʠʪʨʫʚʘʥʥʷ Mettler Toledo DL 50 Graphix Titrator (Mettler Toledo GmbH 

Analytical). pH ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʩʢʣʷʥʦʛʦ ʝʣʝʢʪʨʦʜʘ 

DG111-SC ʚʽʜ Mettler Toledo ʽ ʧʝʨʝʜ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʫ ʢʘʣʽʙʨʫʚʘʣʠ ʚ 

ʩʪʘʥʜʘʨʪʥʠʭ ʙʫʬʝʨʥʠʭ ʨʦʟʯʠʥʘʭ ʟ ʨʅ 4,00, 7,00 ʽ 10,00. ʊʠʪʨʫʚʘʥʥʷ ʩʫʩʧʝʥʟʽʡ 

ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʪʽʣʴʢʠ ʜʦ ʨʅ 10 ʟ ʤʝʪʦʶ ʫʥʠʢʥʝʥʥʷ ʤʦʞʣʠʚʦʛʦ ʨʦʟʯʠʥʝʥʥʷ 

ʮʝʦʣʽʪʥʦʛʦ ʢʘʨʢʘʩʫ ʧʨʠ ʚʠʱʠʭ ʟʥʘʯʝʥʥʷʭ ʨʅ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʥʠʟʴʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʚ ʮʝʦʣʽʪʚʤʽʩʥʠʭ 

ʤʘʪʝʨʽʘʣʘʭ, ʚʠʭʽʜʥʘ ʩʫʩʧʝʥʟʽʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʨʠʛʦʪʦʚʣʝʥʘ ʟ ʚʠʩʦʢʦʶ ʛʫʩʪʠʥʦʶ 

ʯʘʩʪʠʥʦʢ ʮʝʦʣʽʪʫ (Ó 5,5 ʛ/ʣ). ʎʝ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʯʽʪʢʽ ʟʤʽʥʠ ʚ ʢʨʠʚʠʭ 

ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ. ʅʘʚʘʞʢʫ ʟʨʘʟʢʘ ʥʘ ʦʩʥʦʚʽ ʮʝʦʣʽʪʫ (0,85 ʛ), 

ʩʫʩʧʝʥʜʦʚʘʥʫ ʚ 150 ʤʣ 0,1 ʄ ʨʦʟʯʠʥʫ NaNO3, ʧʨʦʜʫʚʘʣʠ ʘʨʛʦʥʦʤ ʧʨʦʪʷʛʦʤ 15 

ʭʚ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʨʦʟʯʠʥʝʥʦʛʦ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ. ʇʦʪʽʤ ʩʫʩʧʝʥʟʽʾ ʟʨʘʟʢʽʚ 

ʪʠʪʨʫʚʘʣʠ ʩʪʫʧʽʥʯʘʩʪʠʤʠ ʜʦʜʘʚʘʥʥʷʤʠ ʪʠʪʨʘʥʪʫ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ. ʉʫʩʧʝʥʟʽʾ 

ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʯʘʩʫ ʪʠʪʨʫʚʘʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʢʘʨʢʘʩʫ ʟ ʩʠʣʴʥʦʶ ʦʩʥʦʚʦʶ ʪʠʪʨʘʥʪʘ. ʆʜʥʘʢʦʚʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ NaNO3 ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʩʫʩʧʝʥʟʽʾ ʪʘ ʚ ʨʦʟʯʠʥʽ ʦʩʥʦʚʠ ʧʽʜʪʨʠʤʫʻ 

ʧʦʩʪʽʡʥʦʶ ʽʦʥʥʫ ʩʠʣʫ ʚ ʦʙʦʭ ʨʦʟʯʠʥʘʭ, ʽ ʟʘʙʝʟʧʝʯʫʻ ʥʝʟʤʽʥʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʘʢʪʠʚʥʦʩʪʽ ʜʣʷ ʚʩʽʭ ʯʘʩʪʠʥʦʢ ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ɼʘʥʽ ʪʠʪʨʫʚʘʥʥʷ ʦʮʽʥʶʚʘʣʠ 

ʟʘ ʤʝʪʦʜʦʤ ɻʨʘʥʘ. ʁʦʛʦ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʚ ʜʦʜʘʪʢʫ ɸ.  

ʄʝʪʦʜʠʢʘ ʪʠʪʨʫʚʘʥʥʷ ʟʘ ɹʦʝʤʦʤ. ɹʣʠʟʴʢʦ 0,5 ʛ ʦʜʝʨʞʘʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ 

ʟʨʘʟʢʘ ʧʦʤʽʱʘʣʠ ʚ 25 ʤʣ 0,05 ʥ. ʨʦʟʯʠʥʠ NaOH ʘʙʦ HCl. ʉʫʩʧʝʥʟʽʾ 

ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 24 ʛʦʜ ʟʘ ʢʽʤʥʘʪʥʦ ʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʨʽʚʥʦʚʘʛʠ. ʇʦʪʽʤ ʚʽʜʙʠʨʘʣʠ ʧʦ 5 ʤʣ ʚʽʜ ʬʽʣʴʪʨʘʪʽʚ ʽ ʥʘʜʣʠʰʦʢ ʣʫʛʫ ʘʙʦ ʢʠʩʣʦʪʠ 
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ʚʽʜʪʠʪʨʦʚʫʚʘʣʠ ʨʦʟʯʠʥʦʤ HCl ʘʙʦ NaOH ʚʽʜʧʦʚʽʜʥʦ. ʂʽʣʴʢʽʩʪʴ ʚʩʽʭ ʢʠʩʣʦʪʥʠʭ 

ʛʨʫʧ (ʨʽʟʥʦʛʦ ʪʠʧʫ) ʦʙʯʠʩʣʶʚʘʣʠ, ʚʠʭʦʜʷʯʠ ʟ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʛʽʜʨʦʢʩʠʜ ʥʘʪʨʽʶ 

ʥʝʡʪʨʘʣʽʟʫʻ ʚʩʽ ʥʘʷʚʥʽ ʆ-ʚʤʽʩʥʽ ʛʨʫʧʠ (ʢʘʨʙʦʢʩʠʣʴʥʽ, ʬʝʥʦʣʴʥʽ, ʣʘʢʪʦʥʥʽ ʪʦʱʦ). 

ʂʦʥʮʝʥʪʨʘʮʽʶ ʦʩʥʦʚʥʠʭ ʮʝʥʪʨʽʚ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟ ʢʽʣʴʢʦʩʪʽ HCl, ʱʦ ʚʩʪʫʧʠʣʘ ʚ 

ʨʝʘʢʮʽʶ ʟ ʚʫʛʣʝʮʝʚʠʤ ʟʨʘʟʢʦʤ (ʪʦʙʪʦ ʦʪʨʠʤʫʚʘʣʠ ʩʫʤʘʨʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʦʩʥʦʚʥʠʭ ʮʝʥʪʨʽʚ). ʉʫʤʘʨʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʩʥʦʚʥʠʭ ʪʘ ʢʠʩʣʦʪʥʠʭ ʛʨʫʧ 

ʧʝʨʝʨʘʭʦʚʫʚʘʣʠ ʥʘ 1 ʛ ʚʫʛʣʝʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʚʠʨʘʞʘʣʠ ʚ ʤʤʦʣʴ/ʛ. 

 

2.6. ʄʝʪʦʜʠʢʠ ʢʘʪʘʣʽʪʠʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ  

 

ɯʟʦʤʝʨʠʟʘʮʽʷ ʝʧʦʢʩʠʜʫ ʚʝʨʙʝʥʦʣʫ. ɽʧʦʢʩʠʜ ʚʝʨʙʝʥʦʣʫ (ʯʠʩʪʦʪʘ ʟʘ ʗʄʈ 

87,5%) ʧʽʜʜʘʚʘʣʠ ʽʟʦʤʝʨʠʟʘʮʽʾ ʚ ʯʦʪʠʨʠʛʦʨʣʦʤʫ ʨʝʘʢʪʦʨʽ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ ʟ 

ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʽ ʘʚʪʦʤʘʪʠʯʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ. ɿʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʨʽʜʢʦʾ ʬʘʟʠ 

ʩʢʣʘʜʘʚ 100 ʤʣ, ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʧʦʢʩʠʜʫ ʚʝʨʙʝʥʦʣʫ 0,016 ʤʦʣʴ/ʣ. 

ɯʟʦʤʝʨʠʟʘʮʽʶ ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʤʝʪʠʣʘʮʝʪʘʤʽʜʫ (ʙʝʟʚʦʜʥʠʡ, 

Ó99,9%) ʷʢ ʨʦʟʯʠʥʥʠʢʘ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 140 ÁC. ʇʝʨʝʜ 

ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʟʨʘʟʦʢ ʢʘʪʘʣʽʟʘʪʦʨʘ (ʮʝʦʣʽʪ ʘʙʦ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʡ 

ʮʝʦʣʽʪʚʤʽʩʥʠʡ ʤʘʪʝʨʽʘʣ) ʚʠʩʫʰʫʚʘʣʠ ʚ ʨʝʘʢʪʦʨʽ ʰʣʷʭʦʤ ʥʘʛʨʽʚʘʥʥʷ ʚ ʧʦʪʦʮʽ 

ʘʨʛʦʥʫ ʧʨʠ 250 Áʉ ʧʨʦʪʷʛʦʤ 30 ʭʚ. ʇʨʦʙʠ ʈʉ ʚʽʜʙʠʨʘʣʠ ʟ ʨʝʘʢʪʦʨʘ ʽ ʘʥʘʣʽʟʫʚʘʣʠ 

ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʪʝʢʪʦʨʘ FID ʽ ʢʦʣʦʥʢʠ DB 

Petro (100 ʤ, 250 ʤʢʤ, 0,50 ʤʢʤ) ʟ ʧʨʦʛʨʘʤʫʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ: ʚʚʝʜʝʥʥʷ 

ʧʨʦʙʠ ʧʨʠ 100 Áʉ, ʧʦʜʘʣʴʰʝ ʥʘʛʨʽʚʘʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 3 Áʉ/ʭʚ ʜʦ 150 Áʉ ʪʘ ʾʾ 

ʚʠʪʨʠʤʫʚʘʥʥʷ ʧʨʦʪʷʛʦʤ 3 ʭʚ, ʘ ʧʦʪʽʤ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʽ ʰʚʠʜʢʽʩʪʶ 2 

Áʉ/ʭʚ ʜʦ 195 Áʉ (ʚʠʪʨʠʤʫʚʘʥʥʷ ʧʨʦʪʷʛʦʤ 10 ʭʚ). ʇʨʦʜʫʢʪʠ ʽʜʝʥʪʠʬʽʢʫʚʘʣʠ 

ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ ʟ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʤ ʜʝʪʝʢʪʦʨʦʤ. 

ɯʟʦʤʝʨʠʟʘʮʽʷ ʝʧʦʢʩʠʜʫ Ŭ-ʧʽʥʝʥʫ. ɯʟʦʤʝʨʠʟʘʮʽʶ ʝʧʦʢʩʠʜʫ Ŭ-ʧʽʥʝʥʫ ʥʘ 

ʟʨʘʟʢʘʭ ʮʝʦʣʽʪʽʚ ʪʘ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʚʦʜʠʣʠ ʚ 

ʨʽʜʢʽʡ ʬʘʟʽ ʟʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ ʚ ʩʪʘʪʠʯʥʦʤʫ ʨʝʘʢʪʦʨʽ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ. 

ʇʦʧʝʨʝʜʥʴʦ ʟʨʘʟʢʠ ʥʘʚʘʞʢʦʁ  0,075 ʛ ʘʢʪʠʚʫʚʘʣʠ ʚ ʨʝʘʢʪʦʨʽ ʧʨʠ 250 Áʉ 
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ʧʨʦʪʷʛʦʤ 30 ʭʚ ʚ ʧʦʪʦʮʽ ʘʨʛʦʥʫ. ʇʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʧʦʢʩʠʜʫ Ŭ-ʧʽʥʝʥʫ ʪʘ 

ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʫʤʽʰʽ ʩʪʘʥʦʚʠʣʠ 0,02 ʤʦʣʴ/ʣ ʪʘ 400 ʦʙ/ʭʚ., 

ʚʽʜʧʦʚʽʜʥʦ. ʗʢ ʨʦʟʯʠʥʥʠʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ N,N-ʜʠʤʝʪʠʣʘʮʝʪʘʤʽʜ (ʦʙôʻʤ 100 

ʤʣ), ʨʝʘʢʮʽʶ ʧʨʦʚʦʜʠʣʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 140 ÁC. ʇʨʦʙʠ ʈʉ ʚʽʜʙʠʨʘʣʠ ʯʝʨʝʟ ʨʽʟʥʽ 

ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ ʽ ʘʥʘʣʽʟʫʚʘʣʠ ʥʘ ʛʘʟʦʚʦʤʫ ʭʨʦʤʘʪʦʛʨʘʬʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʢʘʧʽʣʷʨʥʫ ʢʦʣʦʥʢʫ HP-5 (30 ʤ, 320 ʤʢʤ, 0,50 ʤʢʤ) ʽʟ ʧʨʦʛʨʘʤʫʚʘʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ: 60 ÁC (2 ʭʚ) ï 5 ÁC/ʭʚ ï 280 ÁC (15 ʭʚ), ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʨʦʟʜʽʣʝʥʥʷ 

20:1. ʊʝʤʧʝʨʘʪʫʨʘ ʽʥʞʝʢʪʦʨʘ ʪʘ ʜʝʪʝʢʪʦʨʘ ʩʪʘʥʦʚʠʣʘ ʚʽʜʧʦʚʽʜʥʦ 280 ʪʘ 300 Áʉ. 

ʇʨʦʜʫʢʪʠ ʨʝʘʢʮʽʾ ʽʜʝʥʪʠʬʽʢʫʚʘʣʠ ʭʨʦʤʘʪʦ-ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦ. 

ɻʽʜʨʦʣʽʟ ʪʘ ʛʽʜʨʦʣʽʪʠʯʥʝ ʛʽʜʨʫʚʘʥʥʷ ʘʨʘʙʽʥʦʛʘʣʘʢʪʘʥʫ. ɻʽʜʨʦʣʽʟ ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʚʦʜʥʶ ʟʘ ʫʯʘʩʪʶ ʚʫʛʣʝʮʝʚʠʭ ʟʨʘʟʢʽʚ ʪʘ ʛʽʜʨʦʣʽʪʠʯʥʝ ʛʽʜʨʫʚʘʥʥʷ ʟʘ 

ʫʯʘʩʪʶ ʾʭ ʤʝʭʘʥʽʯʥʦʾ ʩʫʤʽʰʽ ʟ 5% Ru/C ʧʨʦʚʦʜʠʣʠ ʚ ʘʚʪʦʢʣʘʚʥʦʤʫ ʨʝʘʢʪʦʨʽ Parr 

ʦʙôʻʤʦʤ 300 ʤʣ, ʟ'ʻʜʥʘʥʦʤʫ ʟ ʧʦʧʝʨʝʜʥʽʤ (ʜʦʧʦʤʽʞʥʠʤ) ʨʝʘʢʪʦʨʦʤ ʦʙ'ʻʤʦʤ 200 

ʤʣ. ɸʚʪʦʢʣʘʚ ʦʙʣʘʜʥʘʥʠʡ ʬʽʣʴʪʨʫʶʯʠʤ 0,5 ʤʢʤ ʧʨʠʩʪʨʦʻʤ ʜʣʷ ʚʽʜʙʦʨʫ ʧʨʦʙ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʠʤʽʨʶʚʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʧʘʨʠ ʪʘ ʨʝʛʫʣʶʚʘʣʘʩʴ 

ʘʚʪʦʤʘʪʠʯʥʦ (ʧʨʠʣʘʜ Brooks). 0,25 ʛ ʘʨʘʙʽʥʦʛʘʣʘʢʪʘʥʫ ʨʦʟʯʠʥʷʣʠ ʚ 90 ʤʣ 

ʜʝʽʦʥʽʟʦʚʘʥʦʾ ʚʦʜʠ, ʟʘʚʘʥʪʘʞʫʚʘʣʠ ʫ ʧʦʧʝʨʝʜʥʽʡ ʨʝʘʢʪʦʨ ʽ ʙʘʨʙʦʪʫʚʘʣʠ ʚʦʜʝʥʴ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʚ ʨʝʘʢʪʦʨ, ʱʦ ʤʽʩʪʠʚ 10 ʤʣ ʜʝʽʦʥʽʟʦʚʘʥʦʾ ʚʦʜʠ, ʟʘʚʘʥʪʘʞʫʚʘʣʠ 0,2 ʛ 

ʚʫʛʣʝʮʝʚʦʛʦ ʟʨʘʟʢʘ ʚ ʩʫʤʽʰʽ ʟ 0,2 ʛ ʢʘʪʘʣʽʟʘʪʦʨʘ 5%Ru/C (ʚ ʦʢʨʝʤʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ). ɿʘʛʘʣʴʥʠʡ ʪʠʩʢ ʩʪʘʥʦʚʠʚ 31 ʙʘʨ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʦ ʧʘʨʮʽʘʣʴʥʦʤʫ 

ʪʠʩʢʫ ʚʦʜʥʶ 20 ʙʘʨ ʧʨʠ 185 Áʉ. ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʴʦʾ ʜʠʬʫʟʽʾ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʝʨʝʤʽʰʫʚʘʥʥʷ (1000 ʦʙ/ʭʚ.). ʇʨʠ 

ʜʦʩʷʛʥʝʥʥʽ ʥʝʦʙʭʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʤʠʢʘʣʠ ʧʝʨʝʤʽʰʫʚʘʥʥʷ  ̔ ʧʦʜʘʚʘʣʠ ʚ 

ʨʝʘʢʪʦʨ ʨʦʟʯʠʥ ʨʝʘʛʝʥʪʘ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʝʘʢʪʦʨʘ (ʯʘʩ ʧʦʯʘʪʢʫ ʨʝʘʢʮʽʾ). ʇʨʦʙʠ 

ʨʽʜʢʦʾ ʬʘʟʠ, ʚʽʜʽʙʨʘʥʽ ʟ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʬʽʣʴʪʨʘ Acrodisc 

LC ʜʽʘʤʝʪʨʦʤ 13 ʤʤ ʟ ʤʝʤʙʨʘʥʦʶ ʽʟ ʇɺɼʌ ʟ ʨʦʟʤʽʨʦʤ ʧʦʨ 0,45 ʤʢʤ, ʢʽʣʴʢʽʩʥʦ 

ʘʥʘʣʽʟʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ ʨʽʜʠʥʥʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ (ɺɽʈʍ). 

ɼʣʷ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʛʨʫʧ ʩʧʦʣʫʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʚʽ ʨʽʟʥʽ ʢʦʣʦʥʢʠ. ʂʦʣʦʥʢʫ 

Bio-Rad Aminex HPX-87C, ʟ'ʻʜʥʘʥʫ ʟ ʜʝʪʝʢʪʦʨʦʤ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ, 
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ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʘʥʘʣʽʟʫ ʘʨʘʙʽʥʦʛʘʣʘʢʪʘʥʫ, ʮʫʢʨʽʚ, ʧʦʣʽʦʣʽʚ ʪʘ ʩʧʦʣʫʢ 

ʬʫʨʘʥʫ. ʗʢ ʨʫʭʣʠʚʫ ʬʘʟʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 1,2 ʤʄ ʨʦʟʯʠʥ ʩʫʣʴʬʘʪʫ ʢʘʣʴʮʽʶ. 

ʐʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʝʣʶʝʥʪʘ ʩʪʘʥʦʚʠʣʘ 0,4 ʤʣ/ʭʚ, ʪʝʤʧʝʨʘʪʫʨʘ 80 Áʉ. ɼʣʷ ʘʥʘʣʽʟʫ 

ʩʧʦʣʫʢ ʢʠʩʣʦʪʥʦʾ ʧʨʠʨʦʜʠ ʪʘ ʽʥʰʠʭ ʧʨʦʜʫʢʪʽʚ ʨʦʟʢʣʘʜʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʢʦʣʦʥʢʫ Aminex cation H
+
 ʟ 0,005 ʄ ʨʦʟʯʠʥʦʤ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʷʢ ʨʫʭʣʠʚʦʶ 

ʬʘʟʦʶ. ʐʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʝʣʶʝʥʪʘ ʩʢʣʘʜʘʣʘ 0,5 ʤʣ/ʭʚ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʢʠ 65 

Áʉ. ɯʥʜʠʚʽʜʫʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʽʜʝʥʪʠʬʽʢʫʚʘʣʠ ʤʝʪʦʜʦʤ ɻʍ-ʄʉ ʩʠʣʽʣʴʦʚʘʥʠʭ 

ʩʧʦʣʫʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ HP 6890-5973 GC-quadrupole-MSD (Hewlett-

Packard, Palo Alto, CA, ʉʐɸ), ʦʙʣʘʜʥʘʥʦʛʦ ɻʍ ʢʦʣʦʥʢʦʶ HP-1 (25 ʤ x 0,20 ʤʤ, 

0,11 ʤʢʤ). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʟʘʛʘʣʴʥʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʶ, ʨʦʟʯʠʥʝʥʦʛʦ 

ʫ ʨʽʜʢʽʡ ʬʘʟʽ, ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʽʟ ʥʘ ʧʨʠʣʘʜʽ TOC-V CSN (Shimadzu). ɺʫʛʣʝʮʝʚʠʡ 

ʤʘʩʦʚʠʡ ʙʘʣʘʥʩ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʨʘʙʽʥʦʛʘʣʘʢʪʘʥʫ, ʮʫʢʨʽʚ, 

ʧʦʣʽʦʣʽʚ, ʬʫʨʬʫʨʦʣʽʚ ʪʘ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ɺɽʈʍ. 

ʌʦʪʦʢʘʪʘʣʽʪʠʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʛʘʟʦʬʘʟʥʦʛʦ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ CO2 ʧʨʦʚʦʜʠʣʠ ʚ ʛʝʨʤʝʪʠʯʥʦʤʫ 

ʩʢʣʷʥʦʤʫ ʨʝʘʢʪʦʨʽ (V = 50 ʩʤ
3
). ɺʚʝʜʝʥʥʷ ʚʦʣʦʛʦʛʦ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʪʘ ʚʽʜʙʽʨ 

ʧʨʦʙ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʧʨʦʚʦʜʠʣʠ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ. ɼʦʩʣʽʜʞʫʚʘʥʽ 

ʟʨʘʟʢʠ ʥʘʧʨʝʩʦʚʫʚʘʣʠ (m = 0,01 ʛ) ʥʘ ʤʝʪʘʣʝʚʫ ʧʽʜʢʣʘʜʢʫ ʽ ʨʦʟʪʘʰʦʚʫʚʘʣʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʘʜʘʶʯʦʛʦ ʩʚʽʪʣʘ (ʣʘʤʧʘ DRS-1000 ʟ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ɯ0 = 5Ŀ10
-6
 ɽʡʥʰʪʝʡʥ/ʭʚ.). ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ CO2 ʟ ʙʘʣʦʥʘ, ʷʢʠʡ 

ʜʦʜʘʪʢʦʚʦ ʦʯʠʱʫʚʘʣʠ ʚʽʜ ʤʦʞʣʠʚʠʭ ʦʨʛʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ. ʇʝʨʝʜ ʚʚʝʜʝʥʥʷʤ ʚ 

ʨʝʘʢʪʦʨ ʉʆ2 ʧʦʩʣʽʜʦʚʥʦ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʬʽʣʴʪʨʠ, ʟʘʧʦʚʥʝʥʽ ʩʠʣʽʢʘʛʝʣʝʤ ʽ 

ʤʦʣʝʢʫʣʷʨʥʽ ʩʠʪʘ 4ɸ, ʘ ʧʦʪʽʤ ʛʘʟ ʧʦʩʣʽʜʦʚʥʦ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʧʘʩʪʢʫ, 

ʥʘʧʦʚʥʝʥʫ ʦʣʝʫʤʦʤ ʽ ʜʚʽ ʧʘʩʪʢʠ ʟ ʙʽʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ. ɺʩʽ ʧʘʩʪʢʠ ʙʫʣʦ 

ʦʙʣʘʜʥʘʥʦ ʢʝʨʘʤʽʯʥʠʤʠ ʜʠʩʧʝʨʛʘʪʦʨʘʤʠ ʛʘʟʫ. ʂʦʥʮʝʥʪʨʘʮʽʾ ʧʨʦʜʫʢʪʽʚ 

ʬʦʪʦʚʽʜʥʦʚʣʝʥʥʷ ʉʆ2 ʚʠʟʥʘʯʘʣʠ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʦ (ʭʨʦʤʘʪʦʛʨʘʬ ʍʈʆʄ 5 ʟʽ 

ʩʢʣʷʥʦʶ ʢʦʣʦʥʢʦʶ (1 ʤ, Ïʚʥʫʪʨ. = 3 ʤʤ, Porapak Q) ʪʘ ʧʦʣʫʤôʷʥʦ-ʽʦʥʽʟʘʮʽʡʥʠʤ 

ʜʝʪʝʢʪʦʨʦʤ).  
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ʂʦʥʜʝʥʩʘʮʽʷ ʂʥʝʚʝʥʘʛʝʣʷ. ʈʝʘʢʮʽʶ ʢʦʥʜʝʥʩʘʮʽʾ ʂʥʝʚʝʥʘʛʝʣʷ 

ʙʝʥʟʘʣʴʜʝʛʽʜʫ ʟ ʝʪʠʣʮʽʘʥʦʘʮʝʪʘʪʦʤ ʟʘ ʫʯʘʩʪʶ ʩʠʥʪʝʟʦʚʘʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ 

ʛʨʘʬʽʪʦʧʦʜʽʙʥʦʛʦ ʥʽʪʨʠʜʫ ʚʫʛʣʝʮʶ, ʦʜʝʨʞʘʥʦʛʦ ʟ ʤʝʣʘʤʽʥʫ, ʘ ʪʘʢʦʞ ʜʦʧʦʚʘʥʦʛʦ 

ʘʟʦʪʦʤ ʚʫʛʣʝʮʶ, ʧʨʦʚʦʜʠʣʠ ʚ ʨʽʜʢʽʡ ʬʘʟʽ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ ʚ ʩʢʣʷʥʦʤʫ 

ʨʝʘʢʪʦʨʽ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ. ɹʝʥʟʘʣʴʜʝʛʽʜ (Aldrich, 99%) ʪʘ ʝʪʠʣʮʽʘʥʦʘʮʝʪʘʪ 

(Aldrich, 98%) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʙʝʟ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. ɺ ʈʉ ʚʽʜʥʦʰʝʥʥʷ 

ʙʝʥʟʘʣʴʜʝʛʽʜ : ʝʪʠʣʮʽʘʥʦʘʮʝʪʘʪ ʩʪʘʥʦʚʠʣʦ 1:1,5, ʤʘʩʘ ʢʘʪʘʣʽʟʘʪʦʨʘ 100 ʤʛ, 

ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 390 ʦʙ/ʭʚ. ʗʢ ʨʦʟʯʠʥʥʠʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 1-ʙʫʪʘʥʦʣ 

(Aldrich, 99,8%), ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʽʾ ʩʪʘʥʦʚʠʣʘ 90 Áʉ. ʇʝʨʝʜ ʨʝʘʢʮʽʻʶ 

ʢʘʪʘʣʽʟʘʪʦʨ ʧʨʦʛʨʽʚʘʣʠ ʚ ʨʝʘʢʪʦʨʽ ʧʨʠ 200 Áʉ ʚ ʽʥʝʨʪʥʽʡ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ 

ʧʨʦʪʷʛʦʤ 1 ʛʦʜ.  

ʇʨʦʙʠ ʈʉ ʘʥʘʣʽʟʫʚʘʣʠ ʥʘ ʛʘʟʦʚʦʤʫ ʭʨʦʤʘʪʦʛʨʘʬʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʢʘʧʽʣʷʨʥʫ ʢʦʣʦʥʢʫ HP-5 (30 ʤ, 320 ʤʢʤ, 0,50 ʤʢʤ) ʽʟ ʧʨʦʛʨʘʤʫʚʘʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ: 60 ÁC (2 ʭʚ) ï 5 ÁC/ʭʚ ï 280 ÁC (15 ʭʚ), ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʨʦʟʜʽʣʝʥʥʷ 

20:1. ʊʝʤʧʝʨʘʪʫʨʘ ʽʥʞʝʢʪʦʨʘ ʪʘ ʜʝʪʝʢʪʦʨʘ ʩʪʘʥʦʚʠʣʘ ʚʽʜʧʦʚʽʜʥʦ 280 Áʉ ʪʘ 300 

Áʉ. ʇʨʦʜʫʢʪʠ ʨʝʘʢʮʽʾ ʽʜʝʥʪʠʬʽʢʫʚʘʣʠ ʭʨʦʤʘʪʦ-ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦ.  

ʆʢʠʩʥʝʥʥʷ ʙʝʪʫʣʽʥʫ. ɹʝʪʫʣʽʥ (90 ï 94%) ʝʢʩʪʨʘʛʫʚʘʣʠ ʟ ʙʝʨʝʟʠ 

ʥʝʧʦʣʷʨʥʠʤ ʨʦʟʯʠʥʥʠʢʦʤ ʽ ʧʝʨʝʢʨʠʩʪʘʣʽʟʦʚʫʚʘʣʠ ʟ 2-ʧʨʦʧʘʥʦʣʫ ʟʘ ʚʽʜʦʤʦʶ 

ʤʝʪʦʜʠʢʦʶ [284]. ʆʢʠʩʥʝʥʥʷ ʙʝʪʫʣʽʥʫ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ 

Ru-ʚʤʽʩʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 140 Áʉ ʪʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ ʚ 

ʩʢʣʷʥʦʤʫ ʨʝʘʢʪʦʨʽ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ. ʗʢ ʦʢʠʩʥʠʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʠʥʪʝʪʠʯʥʝ 

ʧʦʚʽʪʨʷ (AGA, 20 % ʢʠʩʥʶ, 80% ʘʟʦʪʫ), ʷʢ ʨʦʟʯʠʥʥʠʢ ï ʤʝʟʠʪʠʣʝʥ. ʆʢʠʩʥʝʥʥʷ 

ʙʝʪʫʣʽʥʫ ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 200 ʤʛ ʨʝʘʛʝʥʪʘ ʚ 100 ʤʣ ʨʦʟʯʠʥʥʠʢʘ, 200 

ʤʛ ʢʘʪʘʣʽʟʘʪʦʨʘ. ʇʦʧʝʨʝʜʥʴʦ ʢʘʪʘʣʽʟʘʪʦʨ ʧʨʦʛʨʽʚʘʣʠ ʚ ʨʝʘʢʪʦʨʽ ʧʨʠ 200 Áʉ ʚ 

ʽʥʝʨʪʥʽʡ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʧʨʦʪʷʛʦʤ 1 ʛʦʜ. 

ʇʝʨʝʜ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʧʨʦʙʠ ʈʉ (0,5 ʤʣ) ʩʠʣʽʣʶʚʘʣʠ 

(ʚʚʦʜʠʣʠ ʩʠʣʽʣʴʥʽ ʛʨʫʧʠ), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ N,O-

ʙʽʩ(ʪʨʠʤʝʪʠʣʩʠʣʽʣ)ʪʨʠʬʪʦʨʘʮʝʪʘʤʽʜ, BSTFA (Acros, > 98%), 100 ɛʣ, 

ʪʨʠʤʝʪʠʣʭʣʦʨʩʠʣʘʥ, TMCS (Fluka, > 99%), 25 ɛʣ ʪʘ ʧʽʨʠʜʠʥ (VWR Chemicals, 
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>99%) 25 Õʣ, ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ 70 Áʉ ʧʨʦʪʷʛʦʤ 1 ʛʦʜ. ʆʙʨʦʙʣʝʥʽ ʧʨʦʙʠ ʈʉ 

ʘʥʘʣʽʟʫʚʘʣʠ ʥʘ ʛʘʟʦʚʦʤʫ ʭʨʦʤʘʪʦʛʨʘʬʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʘʧʽʣʷʨʥʫ ʢʦʣʦʥʢʫ HP-

1 (25 ʤ, 200 ʤʢʤ, 0,11 ʤʢʤ) ʽʟ ʧʨʦʛʨʘʤʫʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ: 120 Áʉ (1 ʭʚ) ï 6 

Áʉ/ʭʚ ï 320 Áʉ (15 ʭʚ), ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʨʦʟʜʽʣʝʥʥʷ 25:1. ʊʝʤʧʝʨʘʪʫʨʘ ʽʥʞʝʢʪʦʨʘ 

ʪʘ ʜʝʪʝʢʪʦʨʘ ʩʪʘʥʦʚʠʣʘ 260 ʪʘ 320 Áʉ ʚʽʜʧʦʚʽʜʥʦ. ʇʨʦʜʫʢʪʠ ʨʝʘʢʮʽʾ 

ʽʜʝʥʪʠʬʽʢʫʚʘʣʠ ʭʨʦʤʘʪʦ-ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦ. 

ʉʝʣʝʢʪʠʚʥʝ ʦʢʠʩʥʝʥʥʷ ʥ-ʙʫʪʘʥʫ ʜʦ ʤʘʣʝʾʥʦʚʦʛʦ ʘʥʛʽʜʨʠʜʫ. 

ʂʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʥʘʥʝʩʝʥʠʭ VPO ʟʨʘʟʢʽʚ ʫ ʨʝʘʢʮʽʾ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʦʢʠʩʥʝʥʥʷ ʥ-ʙʫʪʘʥʫ ʜʦ ʤʘʣʝʾʥʦʚʦʛʦ ʘʥʛʽʜʨʠʜʫ ʜʦʩʣʽʜʞʫʚʘʣʠ ʚ ʫʩʪʘʥʦʚʮ ̔

ʧʨʦʪʦʯʥʦʛʦ ʪʠʧʫ ʽʟ ʩʪʘʣʝʚʠʤ ʤ̔ʢʨʦʨʝʘʢʪʦʨʦʤ ʟʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ. ʂʽʣʴʢʽʩʪʴ 

ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʢʘʪʘʣʽʟʘʪʦʨʘ ʩʪʘʥʦʚʠʣʘ 0,5 ʩʤ
3
 (ʬʨʘʢʮʽʷ 0,25 ï 0,50 ʤʤ). ʏʝʨʝʟ 

ʨʝʘʢʪʦʨ ʧʨʦʧʫʩʢʘʣʠ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ (1,5 ʦʙ.% ʙʫʪʘʥʫ ʚ ʧʦʚʽʪʨʽ) ʽʟ ʰʚʠʜʢʽʩʪʶ 

ʧʦʪʦʢʫ 20 ʩʤ
3
/ʭʚ. ɸʥʘʣʽʟ ʨʝʘʛʝʥʪʽʚ ʪʘ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʞʠʤʽ ñon-

lineò ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʘʟʦʚʠʭ ʭʨʦʤʘʪʦʛʨʘʬʽʚ Chrom-5 ʽ Selmi. 

ʉʝʣʝʢʪʠʚʥʝ ʦʢʠʩʥʝʥʥʷ ʥ-ʙʫʪʘʥʫ ʚʠʚʯʘʣʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 200 

ï 400 Áʉ ʧʨʠ ʯʘʩʽ ʢʦʥʪʘʢʪʫ 0,5 ï2,4 ʩ. ʂʘʪʘʣʽʟʘʪʦʨ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʦʙʣʷʣʠ ʚ 

ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ ʧʨʦʪʷʛʦʤ 8 ʛʦʜ ʧʨʠ 440 Áʉ. 

ʉʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʫʪʘʥʫ X% ʪʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ S% ʟʘ ʧʨʦʜʫʢʪʘʤʠ 

ʨʝʘʢʮʽʾ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

;   ; 

;  , 

ʜʝ C ̔ï ʧʦʪʦʯʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ. 0

104HCC  ï ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʉ4H10. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʟʘ ʤʘʣʝʾʥʦʚʠʤ ʘʥʛʽʜʨʠʜʦʤ Nʄɸ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʷʢ ʢʽʣʴʢʽʩʪʴ ʄɸ, ʦʜʝʨʞʘʥʦʛʦ ʟʘ 1 ʛʦʜ, ʚʽʜʥʝʩʝʥʫ ʜʦ ʢʽʣʴʢʦʩʪʽ 

ʘʢʪʠʚʥʦʾ ʬʘʟʠ (VPO) (ʤʦʣʴ ʄɸ/ʛʦʜĿʢʛ VPO). 

ʐʚʠʜʢʽʩʪʴ ʦʢʠʩʥʝʥʥʷ ʙʫʪʘʥʫ Wʧʠʪʄɸ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʷʢ ʢʽʣʴʢʽʩʪʴ C4ʅ10, 

ʷʢʠʡ ʧʨʦʨʝʘʛʫʚʘʚ ʟʘ 1 ʛʦʜ ʥʘ 1 ʢʛ ʘʢʪʠʚʥʦʾ ʬʘʟʠ (VPO) (ʤʦʣʴ C4ʅ10/ʛʦʜ Ŀ ʢʛ VPO). 
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ʈʆɿɼɯʃ 3 

 

ʉʀʅʊɽɿ, ʉʊʈʋʂʊʋʈɸ, ʉʆʈɹʎɯʁʅɯ ʊɸ ʂɸʊɸʃɯʊʀʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ 

ʄɯʂʈʆ-ʄɽɿʆʇʆʈʀʉʊʀʍ ʎɽʆʃɯʊɺʄɯʉʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 

 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ 

ʟ'ʷʩʫʚʘʥʥʷ ʚʧʣʠʚʫ ʫʤʦʚ ʪʝʤʧʣʘʪʥʦʛʦ ʩʠʥʪʝʟʫ ʥʘ ʩʪʨʫʢʪʫʨʫ, ʩʦʨʙʮʽʡʥʽ ʪʘ 

ʢʠʩʣʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʟʨʘʟʢʽʚ ʥʘ ʦʩʥʦʚʽ ʧʨʝʢʫʨʩʦʨʽʚ ʮʝʦʣʽʪʽʚ ɓ ʽ ZSM-5. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ, ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ ʧʨʘʮʷʭ [285-303]. ɿʘ 

ʦʜʝʨʞʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʪʨʠʤʘʥʦ ʧʘʪʝʥʪʠ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ʪʘ ʥʘ 

ʚʠʥʘʭʽʜ [304-308]. 

 

3.1. ɹʽʪʝʤʧʣʘʪʥʠʡ ʩʠʥʪʝʟ, ʩʪʨʫʢʪʫʨʘ, ʩʦʨʙʮʽʡʥʽ, ʢʠʩʣʦʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʢʘʪʘʣʽʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʧʨʝʢʫʨʩʦʨʽʚ ʮʝʦʣʽʪʫ ɓ 

 
ɺ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʪʝʤʧʣʘʪʥʦʛʦ ʩʠʥʪʝʟʫ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʝʨʚʠʥʥʠʭ ʧʨʦʜʫʢʪʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʮʝʦʣʽʪʫ (ʟʦʣʽ-ʧʨʝʢʫʨʩʦʨʠ) ɓ ʽ ʤʝʟʦʧʦʨʠʩʪʦʾ ʢʦʤʽʨʯʘʩʪʦʾ ʧʽʥʠ 

(MCF), ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚ ʨʝʘʢʮʽʾ 

ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ ʚʝʨʙʝʥʦʣʫ (ɽɺ).  

ʉʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʟʨʘʟʢʽʚ, ʦʜʝʨʞʘʥʠʭ ʪʝʤʧʣʘʪʥʠʤ ʤʝʪʦʜʦʤ ʽʟ ʟʦʣʶ-

ʧʨʝʢʫʨʩʦʨʫ ɓ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.1. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ɻʊʆ ʙʽʪʝʤʧʣʘʪʥʦʾ 

ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ɓ ʽ ʨʦʟʯʠʥʫ ʤʽʮʝʣʷʨʥʦʛʦ ʪʝʤʧʣʘʪʫ ʚʽʜ 100 ʜʦ 120 ÁC 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ (ʟʨʘʟʦʢ BEA-MCF-120) ʟ ʧʽʜʚʠʱʝʥʠʤ 

ʩʪʫʧʝʥʝʤ ʮʝʦʣʽʪʠʟʘʮʽ ʾ (ʙʣʠʟʴʢʦ 0,4, ʨʠʩ. 3.1, ʘ). ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ɻʊʆ ʥʝ ʧʨʠʚʦʜʷʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ 

ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʱʦ, ʦʯʝʚʠʜʥʦ, ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʠʟʴʢʠʤ ʨʅ 
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(< 2) ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ. ʈʝʥʪʛʝʥʦʘʤʦʨʬʥʘ ʧʨʠʨʦʜʘ ʟʨʘʟʢʘ BEA-MCF-100-3ʜ 

ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʘ ʧʨʦʮʝʩʘʤʠ ʨʦʟʯʠʥʝʥʥʷ-ʧʝʨʝʦʩʘʜʞʝʥʥʷ ʧʦʯʘʪʢʦʚʦ 

ʩʬʦʨʤʦʚʘʥʠʭ ʮʝʦʣʽʪʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ. 
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ʈʠʩʫʥʦʢ 3.1 ï ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʟʨʘʟʢʽʚ, ʦʜʝʨʞʘʥʠʭ ʽʟ ʟʦʣʶ-ʧʨʝʢʫʨʩʦʨʫ 

ʮʝʦʣʽʪʫ ɓ, ʚ ʦʙʣʘʩʪʽ ʤʘʣʠʭ (ʘ) ʪʘ ʩʝʨʝʜʥʽʭ (ʙ) ʢʫʪʽʚ 

 

ɿʘ ʜʘʥʠʤʠ ʈʌɸ ʚ ʤʘʣʦʢʫʪʦʚʽʡ ʦʙʣʘʩʪʽ (ʨʠʩ. 3.1, ʘ) ʦʜʝʨʞʘʥʽ ʟʨʘʟʢʠ ʤʘʶʪʴ 

ʨʦʟʫʧʦʨʷʜʢʦʚʘʥʫ ʤʝʟʦʩʪʨʫʢʪʫʨʫ, ʱʦ, ʡʤʦʚʽʨʥʦ, ʦʙʫʤʦʚʣʝʥʦ ʬʦʨʤʫʚʘʥʥʷʤ 

ʢʘʨʢʘʩʫ ʟ ʯʘʩʪʠʥʦʢ ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʥʘʷʚʥʽʩʪʴ 

ʰʠʨʦʢʠʭ ʤʘʣʦʽʥʪʝʥʩʠʚʥʠʭ ʨʝʬʣʝʢʩʽʚ ʫ ʩʝʨʝʜʥʴʦʢʫʪʦʚʽʡ ʦʙʣʘʩʪʽ (ʨʠʩ. 3.1, ʙ). 

ɺʠʭʽʜʥʽ ʟʦʣʽ-ʧʨʝʢʫʨʩʦʨʠ ʮʝʦʣʽʪʫ ɓ, ʦʜʝʨʞʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ɻʊʆ ʧʨʠ 140 Áʉ 

ʧʨʦʪʷʛʦʤ 20 ʛʦʜ, ʟʛʽʜʥʦ ʜʦ ʜʘʥʠʭ ʈʌɸ, ʻ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʠʤʠ (ʧʝʨʝʜ ʟʘʧʠʩʦʤ 

ʈʌɸ ʟʦʣʽ-ʧʨʝʢʫʨʩʦʨʠ ʚʠʩʫʰʫʚʘʣʠ ʟʘ ʢʽʤʥʘʪʥʦ ʾʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʦʤʠʚʘʣʠ ʚʦʜʦʶ 

ʽ ʟʥʦʚʫ ʚʠʩʫ ʫhʚʘʣʠ). ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʮʝʦʣʽʪʫ ɓ, ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʄʄʉ ʪʠʧʫ 

MCM-41 ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʧʫʙʣʽʢʦʚʘʥʠʤ ʚ ʣʽʪʝʨʘʪʫʨʽ. 

ʆʜʝʨʞʘʥʽ ʟʨʘʟʢʠ BEA-MCF-100 ʪʘ BEA-MCF-120 ʭʘʨʘʢʪʝʨʠʟʫʪʁʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʦʜʥʦʨʽʜʥʦʶ ʤʦʨʬʦʣʦʛʽʻʶ ʪʘ ʩʢʣʘʜʘʪʁʴʩʷ ʟ ʘʤʦʨʬʥʠʭ ʩʬʝʨʠʯʥʠʭ 

ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ ~30 ï 40 ʪʘ ~40 ï 50 ʥʤ, ʚʽʜʧʦʚʽʜʥʦ, ʷʢʽ ʻ ʘʛʨʝʛʦʚʘʥʠʤʠ ʟ 

ʬʦʨʤʫʚʘʥʥʷʤ ʯʘʩʪʠʥʦʢ ʙʽʣʴʰʦʛʦ ʨʦʟʤʽʨʫ (~0,1 ï 0,5 ʤʢʤ ʪʘ ~0,2 ï 1 ʤʢʤ, 

ʚʽʜʧʦʚʽʜʥʦ), ʧʦʜʽʙʥʦ ʜʦ MCF (ʨʠʩ. 3.2, ʘ, ʙ). ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ Si/Al ʚ ʦʜʝʨʞʘʥʠʭ 
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ʟʨʘʟʢʘʭ ʩʢʣʘʜʘʻ 48 ï 49. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʦʢʨʝʤʠʭ ʢʨʠʩʪʘʣʽʪʽʚ 

ʮʝʦʣʽʪʫ ʚ ʦʙʦʭ ʟʨʘʟʢʘʭ (ʊɽʄ, ʨʠʩ. 3.2, ʚ, ʛ), ʱʦ ʫ ʚʠʧʘʜʢʫ ʯʘʩʪʢʦʚʦ 

ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʟʨʘʟʢʘ BEA-MCF-120 ʤʦʞʝ ʙʫʣʦ ʧʦʚôʷʟʘʥʦ ʽʟ ʚʙʫʜʦʚʫʚʘʥʥʷʤ 

ʪʘʢʠʭ ʢʨʠʩʪʘʣʽʪʽʚ ʫ ʢʨʝʤʥʝʟʝʤʥʽ ʩʪʽʥʢʠ. ʉʠʥʪʝʟʦʚʘʥʽ ʟʨʘʟʢʠ ʤʘʶʪʴ ʜʝʱʦ 

ʨʦʟʫʧʦʨʷʜʢʦʚʘʥʫ ʢʦʤʽʨʯʘʩʪʫ ʩʪʨʫʢʪʫʨʫ, ʙʣʠʟʴʢʫ ʜʦ ʪʘʢʦʾ ʜʣʷ ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʢʦʤʽʨʯʘʩʪʠʭ ʧʽʥ MCF.  

 

  

  

ʈʠʩʫʥʦʢ 3.2 ï ʉɽʄ (ʘ, ʙ) ʪʘ ʊɽʄ (ʚ, ʛ) ʟʦʙʨʘʞʝʥʥʷ ʟʨʘʟʢʽʚ BEA-MCF-100 

(ʘ, ʚ) ʪʘ BEA-MCF-120 (ʙ, ʛ) 

  

ɺ ɯʏ-ʩʧʝʢʪʨʘʭ (ʨʠʩ. 3.3) ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʟʦʧʦʨʠʩʪʦʛʦ 

ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʟʨʘʟʢʘ MCF, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥ ̫(ʩ.ʧ.) ʧʨʠ 520 ʪʘ 

~570 ʩʤ
-1
, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʘʩʠʤʝʪʨʠʯʥʠʭ ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ 

ʘ ʙ 

ʛ ʚ 
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(ʘʣʶʤʦ)ʩʠʣʦʢʩʘʥʦʚʠʭ ʟʚ'ʷʟʢʽʚ ʫ 5- ʽ 6-ʯʣʝʥʥʠʭ ʢʽʣɹʮ̫ ʭ Si(Al)O4/2 ʪʝʪʨʘʝʜʨʽʚ, 

ʚʽʜʧʦʚʽʜʥʦ, ʚ ʩʪʨʫʢʪʫʨʽ ʧʨʝʢʫʨʩʦʨʽʚ ʮʝʦʣʽʪʫ ɓ [309]. ʉ.ʧ. ʧʨʠ 1230 ʩʤ
-1
 

ʚʽʜʧʦʚʽʜʘʻ ʘʩʠʤʝʪʨʠʯʥʠʤ ʢʦʣʠʚʘʥʥʷʤ ʩʠʣʦʢʩʘʥʦʚʠʭ ʟʚ'ʷʟʢʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʩʪʽʥʦʢ 

ʧʦʨ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʮʽʻʾ ʩʤʫʛʠ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʘ ʟ ʥʘʷʚʥʽʩʪʶ ʧʝʚʥʠʭ 

ʩʠʣʦʢʩʘʥʦʚʠʭ ʤʽʩʪʢʽʚ, ʷʢʽ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʜʦʚʞʠʥʫ ʟʚ'ʷʟʢʫ ʚ ʫʩʽʡ ʩʪʨʫʢʪʫʨʽ. 

ʇʦʛʣʠʥʘʥʥʷ ʧʨʠ 1100 ʩʤ
-1
 ʻ ʩʫʧʝʨʧʦʟʠʮʽʶ ʨʽʟʥʠʭ ʩʤʫʛ ʧʦʛʣʠʥʘʥʥʷ ʩʠʣʽʢʘʪʽʚ, 

ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʙʽʣʴʰʠʡ ʚʥʝʩʦʢ ʥʘʣʝʞʠʪʴ ʘʩʠʤʝʪʨʠʯʥʠʤ ʚʘʣʝʥʪʥʠʤ ʢʦʣʠʚʘʥʥʷʤ 

ʟʚôʷʟʢʽʚ Si(Al)-O-Si [310]. ɺʩʽ ɯʏ-ʩʧʝʢʪʨʠ (ʨʠʩ. 3.3) ʤʽʩʪʷʪʴ ʰʠʨʦʢʫ ʩ.ʧ. ʧʨʠ 1100 

ʩʤ
-1
 ʽ ʩʤʫʛʫ ʧʨʠ 1230 ʩʤ

-1
, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʩʪʘʥʥʴʦʾ ʢʦʨʝʣʶʻ ʟʽ ʩʪʫʧʝʥʝʤ 

ʮʝʦʣʽʪʠʟʘʮʽʾ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ. ʇʨʠʩʫʪʥʽʩʪʴ ʩ.ʧ. ʧʨʠ 1230 ʩʤ
-1
 ʚʢʘʟʫʻ ʥʘ ʪʝ, 

ʱʦ ʩʪʨʫʢʪʫʨʘ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ ʬʦʨʤʫʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘ ʨʘʭʫʥʦʢ 

ʩʠʣʦʢʩʘʥʦʚʠʭ ʟʚ'ʷʟʢʽʚ, ʙʣʠʟʴʢʠʭ ʜʦ ʟʚôʷʟʢʽʚ ʚ ʮʝʦʣʽʪʽ ɓ. 
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ʈʠʩʫʥʦʢ 3.3 ï ɯʏ-ʩʧʝʢʪʨʠ ʟʨʘʟʢʽʚ BEA-MCF-100, BEA-MCF-120, MCF ʪʘ ɺɽɸ 

 

ɯʟʦʪʝʨʤʠ ʘʜ(ʜʝ)ʩʦʨʙʮʽʾ ʘʟʦʪʫ ʜʣʷ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʟʨʘʟʢʽʚ ʪʘ ʮʝʦʣʽʪʫ ɓ ʽ MCF 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.4. ʉʠʥʪʝʟʦʚʘʥʽ ʟʨʘʟʢʠ ʥʘ ʦʩʥʦʚʽ ʧʨʦʜʫʢʪʽʚ ʯʘʩʪʢʦʚʦʾ 

ʮʝʦʣʽʪʠʟʘʮʽ ʾʻ ʧʝʨʝʚʘʞʥʦ ʤʝʟʦʧʦʨʠʩʪʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ (Vʤʝʟʦ ~ 1,1 ʩʤ
3
/ʛ, Sʤʝʟʦ = 
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150 ï 330 ʤ
2
/ʛ), ʷʢʽ ʪʘʢʦʞ ʤʽʩʪʷʪʴ ʤʽʢʨʦʧʦʨʠ ʤʝʥʰʦʛʦ ʦʙôʻʤʫ, ʥʽʞ ʟʚʠʯʘʡʥʠʡ 

ʮʝʦʣʽʪ ɓ (0,13 ʽ 0,15 ʩʤ
3
/ʛ ʜʣʷ BEA-MCF-100 ʽ BEA-MCF-120, ʚʽʜʧʦʚʽʜʥʦ, ʪʘʙʣ. 

3.1). ɿʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʧʦʨ ʜʣʷ ʟʨʘʟʢʽʚ BEA-MCF-100 ʽ BEA-MCF-120 (~ 1,5 

ʩʤ
3
/ʛ) ʤʝʥʰʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʠʧʦʚʠʤ ʤʝʟʦʧʦʨʠʩʪʠʤ ʟʨʘʟʦʤ MCF (~ 1,7 ʩʤ

3
/ʛ, 

ʪʘʙʣ. 3.1), ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʦ ʟ ʨʦʟʫʧʦʨʷʜʢʦʚʘʥʽʩʪʶ ʤʝʟʦʩʪʨʫʢʪʫʨ BEA-

MCF-100 ʽ BEA-MCF-120 ʚ ʨʝʟʫʣʴʪʘʪʽ ʾʭ ʩʘʤʦʟʙʽʨʢʠ ʟ ʯʘʩʪʠʥʦʢ ʙʽʣʴʰʦʛʦ 

ʨʦʟʤʽʨʫ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ MCF. ʎʝʡ ʝʬʝʢʪ ʚʠʨʘʞʝʥʠʡ ʤʝʥʰʝ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʦʙʨʦʙʢʠ (ʟʨʘʟʦʢ BEA-MCF-120).  
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ʈʠʩʫʥʦʢ 3.4 ï ʘ) ʽʟʦʪʝʨʤʠ ʘʜ(ʜʝ)ʩʦʨʙʮʽʾ ʘʟʦʪʫ (77 K), ʙ) ʨʦʟʧʦʜʽʣ ʤʝʟʦʧʦʨ 

ʟʘ ʨʦʟʤʽʨʘʤʠ ʜʣʷ ʟʨʘʟʢʽʚ ɺɽɸ (1), MCF (2), BEA-MCF-100 (3), BEA-MCF-100-

3ʜ (4), BEA-MCF-120 (5) 

 

ʆʜʝʨʞʘʥʽ ʟʨʘʟʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʝʱʦ ʚʠʱʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 

(ʟʦʢʨʝʤʘ, ʜʣʷ BEA-MCF-120 SBET 690 ʤ
2
/ʛ), ʥʽʞ MCF (~ 500 ʤ

2
/ʛ, ʪʘʙʣ. 3.1) ʯʝʨʝʟ 

ʧʦʷʚʫ ʚʢʣʶʯʝʥʴ ʬʘʟʠ ʮʝʦʣʽʪʫ ɓ ʚ ʩʪʽʥʢʠ ʢʦʤʽʨʯʘʩʪʠʭ ʧʽʥ. ɿʨʘʟʦʢ BEA-MCF-120 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦ ʚʠʱʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ, ʥʽʞ ʡʦʛʦ ʘʥʘʣʦʛ BEA-

MCF-100, ʦʜʝʨʞʘʥʠʡ ʚʥʘʩʣʽʜʦʢ ʩʪʘʨʽʥʥʷ ʧʨʠ ʥʠʞʯʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʱʦ ʤʦʞʝ 

ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʦ ʧʽʜʚʠʱʝʥʠʤ ʩʪʫʧʝʥʝʤ ʩʢʦʥʜʝʥʩʦʚʘʥʦʩʪʽ ʘʣʶʤʦʩʠʣʽʢʘʪʥʦʛʦ 
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ʢʘʨʢʘʩʫ ʟʘ ʚʠʱʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ɻʊʆ (ʚ ʫʤʦʚʘʭ ʥʝʟʥʘʯʥʦʛʦ ʨʦʩʪʫ ʮʝʦʣʽʪʥʠʭ 

ʧʨʝʢʫʨʩʦʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʥʠʟʴʢʦʛʦ ʨʅ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ) ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, 

ʬʦʨʤʫʚʘʥʥʷʤ ʙʽʣʴʰ ʨʦʟʚʠʥʝʥʦʾ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʾʾ ʥʘʩʪʫʧʥʦʶ ʬʽʢʩʘʮʽʻʶ ʚ 

ʧʨʦʮʝʩʽ ʧʦʜʘʣʴʰʦʛʦ ʜʝʪʝʤʧʣʘʪʫʚʘʥʥʷ ʟʨʘʟʢʽʚ (ʪʘʙʣ. 3.1). 

 

ʊʘʙʣʠʮʷ 3.1. ï ʊʝʢʩʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ɿʨʘʟʦʢ 
Vʤʽʢʨʦ

ʘ
, 

ʩʤ
3
/ʛ 

Dʤʽʢʨʦ
ʙ

, 

ʥʤ
 

Eo
ʛ
, 

ʢɼʞ/

ʤʦʣʴ 

Vʤʝʟʦ
ʛ

, 

ʩʤ
3
/ʛ 

Sʤʝʟʦ
a
, 

ʤ
2
/ʛ 

Dʤʝʟʦ
ʜ
, 

ʥʤ 

|ȹÕo|
ʝ
, 

ʢɼʞ/ʤ

ʦʣʴ 

SBET
ʻ

, 

ʤ
2
/ʛ

 

VɆ
ʞ
, 

ʩʤ
3
/ʛ 

BEA-

MCF-

100 

0,13 
0,91 

(1,38)
ʚ
 

3,0 1,11 190 52,0
ʚ
 

 

46,7 490 1,24 

BEA-

MCF-

100-3ʜ 

0,11 
0,88 

(1,30)
ʚ
 

3,1 1,12 150 68,0
ʚ
 

 

72,2 410 1,23 

BEA-

MCF-

120 

0,15 
0,86 

(1,36)
ʚ
 

3,0 1,33 330 22,0
ʚ
 

 

42,6 690 1,48 

ɺɽɸ 0,23 
0,86 

(0,94)
ʚ
 

4,5 0,08 20 ï 
 

ï 
615 0,31 

ʄʉF 0,04 ï 2,3 1,70 360 
14,5Ñ 

1,5 

13,5 
470 1,74 

a 
Vʤʽʢʨʦ, Sʤʝʟʦ  ï ʦʙôʻʤ ʤʽʢʨʦʧʦʨ ʽ ʧʠʪʦʤʘ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ, ʚʠʟʥʘʯʝʥʽ ʟʘ ʤʝʪʦʜʦʤ t-plot [280];  

ʙ
 

Dmicro ï ʜʽʘʤʝʪʨ ʤʽʢʨʦʧʦʨ (ʤʘʢʩʠʤʫʤ ʨʦʟʧʦʜʽʣʫ ʤʽʢʨʦʧʦʨ ʟʘ ʨʦʟʤʽʨʘʤʠ);
 ʚ

 Dʤʽʢʨʦ ï ʜʽʘʤʝʪʨ 

ʤʽʢʨʦʧʦʨ (ʩʝʨʝʜʥʽʡ); 
ʛ
 Eo ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʝʥʝʨʛʽʷ ʘʜʩʦʨʙʮʽʾ; 

ʛ 
Vʤʝʟʦ ï ʦʙôʻʤ ʤʝʟʦʧʦʨ (VɆ ï 

Vʤʽʢʨʦ); 
ʜ
 Dʤʝʟʦ ï ʜʽʘʤʝʪʨ ʤʝʟʦʧʦʨ (

ʚ
 Dʤʝʟʦ ï ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ); 

ʝ 
|ȹÕo| ï ʧʦʯʘʪʢʦʚʠʡ ʧʦʪʝʥʮʽʘʣ 

ʘʜʩʦʨʙʮʽʾ; 
 ̒
SBET ï ʟʘʛʘʣʴʥʘ ʧʠʪʦʤʘ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ; 

ʞ
 VɆ ï ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʧʦʨ. 

 

ʅʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ ʤʝʟʦʧʦʨ ʟʘ ʨʦʟʤʽʨʘʤʠ (ʨʠʩ. 3.4, ʙ) ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ 

ʟʨʘʟʢʠ BEA-MCF-100, BEA-MCF-100-3ʜ ʽ BEA-MCF-120 ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʚʽʜʥʦʩʥʦ ʦʜʥʦʨʽʜʥʽ ʤʝʟʦʧʦʨʠʩʪʽ ʩʪʨʫʢʪʫʨʠ (ʤʽʩʪʷʪʴ ʙʣʠʟʴʢʽ ʟʘ ʨʦʟʤʽʨʦʤ 

ʤʝʟʦʧʦʨʠ). ʉʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʤʝʟʦʧʦʨ ʩʪʘʥʦʚʠʪʴ 22 ï 68 ʥʤ. ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, 

ʱʦ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʷ ʤʝʟʦʧʦʨʠʩʪʠʭ ʟʨʘʟʢʽʚ ʽʟ ʟʦʣʶ-ʧʨʝʢʫʨʩʦʨʫ ʮʝʦʣʽʪʫ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʤʽʮʝʣʷʨʥʦʛʦ ʪʝʤʧʣʘʪʫ ʽ 1,3,5-ʪʨʠʤʝʪʠʣʙʝʥʟʦʣʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʫ ʤʝʟʦʧʦʨ (ʚʽʜ ~15 ʥʤ ʜʣʷ MCF ʜʦ 50 ʥʤ ʽ ʙʽʣʴʰʝ ʜʣʷ 
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ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ, ʪʘʙʣ. 3.1) ʽ ʟʤʝʥʰʝʥʥʷʤ ʦʜʥʦʨʽʜʥʦʩʪʽ ʾʭ ʨʦʟʧʦʜʽʣʽʚ ʟʘ 

ʨʦʟʤʽʨʘʤʠ (ʨʠʩ. 3.4, ʙ). 

ʂʠʩʣʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʪʘ ʩʠʣʘ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʷ ʤʝʪʦʜʦʤ 

ʘʜ(ʜʝ)ʩʦʨʙʮʽʾ ʧʽʨʠʜʠʥʫ ʟ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤ ʢʦʥʪʨʦʣʝʤ (ʨʠʩ. 3.5, ʪʘʙʣ. 3.2). 

ʅʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʽ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʚ ɯʏ-ʩʧʝʢʪʨʘʭ ʟʨʘʟʢʽʚ, ʟʘʧʠʩʘʥʠʭ ʧʽʩʣʷ 

ʚʘʢʫʫʤʫʚʘʥʥʷ ʧʨʠ 400 Áʉ, ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʧʨʠ 3745 ʽ 3735 ʩʤ
-1
 (ʨʠʩ. 3.5, ʘ). ʎʽ 

ʩʤʫʛʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʘʣʝʥʪʥʠʤ ʢʦʣʠʚʘʥʥʷʤ ʟʚôʷʟʢʽʚ ʆïʅ ʩʠʣʘʥʦʣʴʥʠʭ ʛʨʫʧ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʪʘ ʫ ʤʽʢʨʦʧʦʨʘʭ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘʷʚʥʽʩʪʴ ʷʢʠʭ 

ʚʠʢʣʠʢʘʥʘ ʥʝʧʦʚʥʦʶ ʢʦʥʜʝʥʩʘʮʽʻʶ ʢʘʨʢʘʩʫ [311]. ɯʏ-ʩʧʝʢʪʨʠ ʮʝʦʣʽʪʫ ɓ ʪʘʢʦʞ 

ʤʘʶʪʴ ʩʤʫʛʫ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ 3610 ʩʤ
-1
 (ʨʠʩ. 3.5, ʘ), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʘʣʝʥʪʥʠʤ 

ʢʦʣʠʚʘʥʥʷʤ ʟʚôʷʟʢʽʚ ʆïʅ ʚ ʤʽʩʪʢʦʚʠʭ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧʘʭ SiïOHïAl  

(ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ɹʨʝʥʩʪʝʜʘ, B-ʮʝʥʪʨʠ) [311]. ɯʏ-ʩʧʝʢʪʨ ʥʠʟʴʢʦʢʨʠʩʪʘʣʽʯʥʦʛʦ 

ʟʨʘʟʢʘ BEA-MCF-100 ʤʘʻ ʩʣʘʙʦ ʚʠʨʘʞʝʥʝ ʧʣʝʯʝ ʧʨʠ 3680ï3550 ʩʤ
-1
, ʱʦ ʪʘʢʦʞ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʢʦʣʠʚʘʥʴ ʮʴʦʛʦ ʪʠʧʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʧʽʨʠʜʠʥʫ ʟ 

ʢʠʩʣʦʪʥʠʤʠ ʮʝʥʪʨʘʤʠ ɹʨʝʥʩʪʝʜʘ ʩʤʫʛʘ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ 3610 ʩʤ
-1
 ʟʥʠʢʘʻ. ʋ ʪʦʡ 

ʞʝ ʯʘʩ, ɯʏ-ʩʧʝʢʪʨʠ ʚʩʽʭ ʟʨʘʟʢʽʚ, ʟʘʧʠʩʘʥ ̔ʧʽʩʣʷ ʜʝʩʦʨʙʮʽʾ ʧʽʨʠʜʠʥʫ ʧʨʠ 150 Áʉ, 

ʤʘʶʪʴ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ 1548 ʩʤ
-1
 ʽ 1456 ʩʤ

-1
, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʘʣʝʥʪʥʠʤ 

ʢʦʣʠʚʘʥʥʷʤ ʟʚ'ʷʟʢʽʚ ʢʽʣʴʮʷ ʧʽʨʠʜʠʥʫ, ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʥʘ ʤʽʩʪʢʦʚʠʭ ʆʅ-ʛʨʫʧʘʭ 

(B-ʮʝʥʪʨʠ) ʫ ʚʠʛʣʷʜʽ ʽʦʥʘ ʧʽʨʠʜʠʥʽʶ PyH
+
, ʘ ʪʘʢʦʞ ʧʽʨʠʜʠʥʫ, ʱʦ ʚʟʘʻʤʦʜʽʻ ʟ 

ʢʦʦʨʜʠʥʘʮʽʡʥʦ-ʥʝʥʘʩʠʯʝʥʠʤʠ ʽʦʥʘʤʠ ʘʣʶʤʽʥʽʶ ï L-ʮʝʥʪʨʠ, ʚʽʜʧʦʚʽʜʥʦ (ʨʠʩ. 

3.5, ʙ) [311]. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʩʤʫʛ ʧʦʛʣʠʥʘʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʠʩʣʦʪʥʠʤ 

ʮʝʥʪʨʘʤ ɹʨʝʥʩʪʝʜʘ (1548 ʩʤ
-1
), ʟʥʠʞʫ̒ʪʴʩʷ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʩʪʫʧʝʥʶ ʮʝʦʣʽʪʠʟʘʮʽʾ 

ʟʨʘʟʢʽʚ. 
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ʈʠʩʫʥʦʢ 3.5 ï (ʘ) ɯʏ ʩʧʝʢʪʨʠ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʚʘʢʫʫʤʫʚʘʥʥʷ ʧʨʠ 400 ÁC 

ʧʨʦʪʷʛʦʤ 1 ʛʦʜ (ɺɽɸ, BEA-MCF-100, BEA-MCF-120) ʪʘ ʧʽʩʣʷ ʜʝʩʦʨʙʮʽʾ 

ʧʽʨʠʜʠʥʫ ʧʨʠ 150 ÁC (ɺɽɸ(150), BEA-MCF-100(150), BEA-MCF-120(150)); (ʙ) 

ɯʏ ʩʧʝʢʪʨʠ ʟʨʘʟʢʽʚ BEA-MCF-100, BEA-MCF-120 ʪʘ ɺɽɸ ʧʽʩʣʷ ʜʝʩʦʨʙʮʽʾ 

ʧʽʨʠʜʠʥʫ ʧʨʠ 150 ÁC (L ʪʘ B ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʠʩʣʦʪʥʠʤ ʮʝʥʪʨʘʤ ʃʴʶʩʾʘ ʪʘ 

ɹʨʝʥʩʪʝʜʘ ʚʽʜʧʦʚʽʜʥʦ, H ï ʅ-ʟʚôʷʟʘʥʠʡ ʧʽʨʠʜʠʥ); (ʚ) ɯʏ ʩʧʝʢʪʨʠ ʟʨʘʟʢʘ BEA-

MCF-120 ʧʽʩʣʷ ʚʘʢʫʫʤʫʚʘʥʥʷ ʧʨʠ 400 ÁC ʧʨʦʪʷʛʦʤ 1 ʛʦʜ (1) ʪʘ ʧʽʩʣʷ ʜʝʩʦʨʙʮʽʾ 

ʧʽʨʠʜʠʥʫ ʧʨʠ: 150 ÁC (2), 200 ÁC (3), 250 ÁC (4), 300 ÁC (5), 350 ÁC (6), 400ÁC (7) 

 

ʊʝʨʤʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʚ ʟʨʘʟʢʘʭ ʟ ʚʠʱʠʤ 

ʩʪʫʧʝʥʝʤ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ (BEA-MCF-120) ʙʣʠʟʴʢʘ ʜʦ ʮʝʦʣʽʪʫ ɓ: ʩʤʫʛʘ 

ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ 1548 ʩʤ
-1
 ʟʘʣʠʰʘʻʪʴʩʷ ʧʽʩʣʷ ʜʝʩʦʨʙʮʽʾ ʧʽʨʠʜʠʥʫ ʧʨʠ 400 Áʉ, ʱʦ 

ʪʘʢʦʞ ʚʢʘʟʫʻ ʥʘ ʚʽʜʥʦʩʥʫ ʩʠʣʫ ʮʠʭ ʮʝʥʪʨʽʚ. ʂʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ɹʨʝʥʩʪʝʜʘ 
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ʥʠʟʴʢʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʟʨʘʟʢʘ BEA-MCF-100 ʩʪʽʡʢʽ ʜʦ 300 ÁC (ʨʠʩ. 3.5, ʚ, ʪʘʙʣ. 

3.2).  

 

ʊʘʙʣʠʮʷ 3.2 ï ʂʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʪʘ ʃʴʶʾʩʘ ʚ 

ʟʨʘʟʢʘʭ (ʟʘ ʜʘʥʠʤʠ ʘʜ(ʜʝ)ʩʦʨʙʮʽʾ ʧʽʨʠʜʠʥʫ ʟ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤ ʢʦʥʪʨʦʣʝʤ) 

ɿʨʘʟʦʢ 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ 

ɹʨʝʥʩʪʝʜʘ/ʃʴʶʾʩʘ, ʤʢʤʦʣʴ/ʛ 

ʩʣ.+ʩ.ʩ.+ʩ. 

(ʜʝʩʦʨʙʮʽʷ 

ʧʽʨʠʜʠʥʫ ʧʨʠ 

250ÁC) 

ʩ.ʩ.+ʩ. 

(ʜʝʩʦʨʙʮʽʷ 

ʧʽʨʠʜʠʥʫ ʧʨʠ 

350ÁC) 

ʩ.  

(ʜʝʩʦʨʙʮʽʷ 

ʧʽʨʠʜʠʥʫ ʧʨʠ 

450ÁC) 

BEA 219/82 187/43 125/25 

Si-MCM-41  0/15 0/4 0/1 

AlSi-MCM-

41  
26/40 11/20 3/12 

BEA-MCF-

120 89/57 69/23 33/3 

BEA-MCF-

100 30/35 15/15 0/0 
ʩʣ. ï ʩʣʘʙʢʽ ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ, ʩ.ʩ. ï ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ, ʩ. ï ʩʠʣʴʥʽ ʢʠʩʣʦʪʥʽ 

ʮʝʥʪʨʠ. 

 

ʅʘʡʙʽʣʴʰʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʩʝʨʝʜ ʚʩʽʭ 

ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʽʚ ʤʽʩʪʠʪʴ ʮʝʦʣʽʪ ɓ, ʘ ʪʘʢʦʞ ʯʘʩʪʢʦʚʦ ʢʨʠʩʪʘʣʽʯʥʠʡ ʟʨʘʟʦʢ 

BEA-MCF-120, ʚ ʪʦʡ ʯʘʩ ʷʢ AlSi-MCM-41 ʤʽʩʪʠʪʴ ʣʠʰʝ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ (ʪʘʙʣ. 3.2). ʂʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ ʃʴʶʾʩʘ ʪʘʢʦʞ ʥʘʡʚʠʱʘ ʜʣʷ ʮʝʦʣʽʪʫ ɓ, HSi-MCM-41 ʤʽʩʪʠʪʴ ʣʠʰʝ 

ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ʃʴʶʾʩʘ ʽ ʾʭ ʩʠʣʘ ʻ ʥʘʡʥʠʞʯʦʶ ʩʝʨʝʜ ʧʨʦʪʝʩʪʦʚʘʥʠʭ ʟʨʘʟʢʽʚ, ʱʦ, 

ʦʯʝʚʠʜʥʦ, ʟʫʤʦʚʣʝʥʦ ʘʤʦʨʬʥʦʶ ʧʨʠʨʦʜʦʶ ʡʦʛʦ ʢʘʨʢʘʩʫ. 

ʂʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʫ ʨʝʘʢʮʽʾ ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ ʚʝʨʙʝʥʦʣʫ 

ʆʩʥʦʚʥʠʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʽʾ ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ ʚʝʨʙʝʥʦʣʫ (ʩʭʝʤʘ ʥʘ 

ʨʠʩ. 3.6) ʻ (1R, 2R, 6S)-3-ʤʝʪʠʣ-6-(ʧʨʦʧ-1-ʝʥ-2-ʽʣ) ʮʠʢʣʦʛʝʢʩ-3-ʝʥ-1,2-ʜʽʦʣ, ʷʢʠʡ 

ʧʨʦʷʚʣʷʻ ʧʨʦʪʠʧʘʨʢʽʥʩʦʥʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ [312]. ɽɺ ʤʦʞʝ ʙʫʪʠ ʦʜʝʨʞʘʥʦ 

ʨʝʘʢʮʽʻʶ ʝʧʦʢʩʠʜʫʚʘʥʥʷ ʚʝʨʙʝʥʦʣʫ ʟ ʧʦʜʘʣʴʰʠʤ ʛʽʜʨʫʚʘʥʥʷʤ. ʈʝʘʢʮʽʷ 



147 
 

 
 

ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ ʚʝʨʙʝʥʦʣʫ ʜʦʩʣʽʜʞʝʥʘ ʜʫʞʝ ʤʘʣʦ. ʇʨʠʩʢʦʨʝʥʥʷ ʨʝʘʢʮʽʾ 

ʚʧʝʨʰʝ ʙʫʣʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʣʠʥʠ ʂ10. ʂʘʪʘʣʽʪʠʯʥʫ 

ʽʟʦʤʝʨʠʟʘʮʽʶ ɽɺ ʚʧʝʨʰʝ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Fe-ɺɽɸ-300 ʽ Ce-

MCM-41 [313]. ʗʢ ʢʘʪʘʣʽʟʘʪʦʨʠ ʽʟʦʤʝʨʠʟʘʮʽʾ ɽɺ ʜʦʩʣʽʜʞʝʥʦ ʮʝʦʣʽʪʠ ʪʠʧʫ H-

USY ʽ ZSM-5 ʟ ʨʽʟʥʠʤ ʩʧʚ̔ʽʜʥʦʰʝʥʥʷʤ SiO2/Al2O3 [314]. ɯʟ ʟʘʟʥʘʯʝʥʠʤʠ 

ʢʘʪʘʣʽʟʘʪʦʨʘʤʠ ʜʦʩʷʛʥʫʪʦ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʟʘ ʜʽʦʣʦʤ ʙʣʠʟʴʢʦ 47 ï 50%. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʝʦʣʽʪʫ ZSM-5, ʷʢʦʤʫ ʧʨʠʪʘʤʘʥʥʽ ʤʽʢʨʦʧʦʨʠ ʥʝʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ 

(0,55 ʥʤ), ʧʦʢʘʟʘʣʦ, ʦʜʥʘʢ, ʪʽʣʴʢʠ 78% ʢʦʥʚʝʨʩʽʾ ɽɺ ʧʨʦʪʷʛʦʤ 3 ʛʦʜ, ʱʦ 

ʟʫʤʦʚʣʝʥʦ ʙʣʦʢʫʚʘʥʥʷʤ ʧʦʨ. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʢʘʪʘʣʽʟʘʪʦʨʘʤʠ 

ʽʟʦʤʝʨʠʟʘʮʽʾ ɽɺ ʤʦʞʫʪʴ ʙʫʪʠ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪ ̔ ʮʝʦʣʽʪʚʤʽʩʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ 

ʧʦʻʜʥʫʶʪʴ ʧʦʨʠʩʪʽʩʪʴ, ʧʨʠʪʘʤʘʥʥʫ ʄʄʉ, ʟ ʢʠʩʣʦʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʮʝʦʣʽʪʽʚ. 
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ʈʠʩʫʥʦʢ 3.6 ï ʉʭʝʤʘ ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ ʚʝʨʙʝʥʦʣʫ (1) ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʪʨʘʥʩ-ʜʽʦʣʫ ((1R, 2R, 6S)-3-ʤʝʪʠʣ-6-(ʧʨʦʧ-1-ʝʥ-2-ʽʣ) ʮʠʢʣʦʛʝʢʩ-3-ʝʥ-1,2-ʜʽʦʣ) 

(2), ʮʠʢʣʦʧʝʥʪʠʣʛʽʜʨʦʢʩʠʢʝʪʦʥʫ (3) ʪʘ ʦʢʩʝʪʘʥʫ (4) 

 

ʅʘʡʚʠʱʽ ʧʦʯʘʪʢʦʚʽ ʰʚʠʜʢʦʩʪʽ (ʥʦʨʤʦʚʘʥʽ ʥʘ ʦʜʠʥʠʮʶ ʤʘʩʠ ʟʨʘʟʢʘ) 

ʨʝʘʢʮʽʾ ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ ʚʝʨʙʝʥʦʣʫ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʥʘ ʧʦʤʽʨʥʦ ʢʠʩʣʦʪʥʠʭ 

ʟʨʘʟʢʘʭ, ʟʦʢʨʝʤʘ, BEA-MCF-120 ʽ ʤʝʟʦʧʦʨʠʩʪʦʤʫ ʟʨʘʟʢʫ AlSi-MCM-41, ʷʢʽ 

ʤʽʩʪʷʪʴ ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ɹʨʝʥʩʪʝʜʘ (ʪʘʙʣ. 3.2, 3.3). ʅʘʡʥʠʞʯʘ ʢʘʪʘʣʽʪʠʯʥʘ 

ʘʢʪʠʚʥʩ̔ʪɹ ʩʧʦʩʪʝʨʽʛʘʻʪʩɹʷ ʜʣʷ ʟʨʘʟʢʘ Si-MCM-41 (ʪʘʙʣ. 3.3). ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʜʣʷ 

ʟʨʘʟʢʘ ʟ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʩʠʣʴʥʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ (ɺɽɸ) ʥʠʞʯʘ 

ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʧʦʨʽʚʥʷʥʦ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʣʷ BEA-
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MCF-120 ʽ AlSi-MCM-41 ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʘ ʡʦʛʦ ʜʝʟʘʢʪʠʚʘʮʽʻʶ ʚʥʘʩʣʽʜʦʢ 

ʙʣʦʢʫʚʘʥʥʷ ʢʘʪʘʣʽʪʠʯʥʦ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʧʨʦʜʫʢʪʘʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ɽɺ. 

 

ʊʘʙʣʠʮʷ 3.3 ï ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʫ ʨʝʘʢʮʽʾ 

ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ ʚʝʨʙʝʥʦʣʫ  

ɿʨʘʟʦʢ ʇʦʯʘʪʢʦʚʘ 

ʰʚʠʜʢʽʩʪʴ 

(ʤʤʦʣʴ/ʭʚ/ 

ʛʢʘʪ) 

ʂʦʥʚʝʨʩʽʷ 

(%) ʯʝʨʝʟ 

60 (180) ʭʚ 

ʉʝʣʝʢʪʠʚʥ

ʽʩʪʴ (%) ʟʘ 

ʜʽʦʣʦʤ ʧʨʠ 

50 (90) % 

ʢʦʥʚʝʨʩʽʾ 

ɽɺ 

ʉʝʣʝʢʪʠʚʥʽ

ʩʪʴ (%) ʟʘ 

ʢʝʪʦʥʦʤ 

ʧʨʠ 50 (90) 

% 

ʢʦʥʚʝʨʩʽʾ 

ɽɺ  

ʉʝʣʝʢʪʠʚʥʽ

ʩʪʴ (%) ʟʘ 

ʦʢʩʝʪʘʥʦʤ 

ʧʨʠ 50 (90) 

% ʢʦʥʚʝʨʩʽʾ 

ɽɺ 

BEA 7,7 81 (100) 46 (46) 21 (22) 13 (10) 

Si-MCM-41 6,2 17 (27) 17* 31* 14* 

AlSi-MCM-

41 

15,9 75 (100) 32 (43) 20 (25) 12 (5) 

BEA-MCF-

120 

25,9 100 (100) 16 (36) 25 (43) 12 (12) 

BEA-MCF-

100 

7,2 56 (99) 56 (56) 26 (18) 8 (13) 

*  ʧʨʠ 27 % ʢʦʥʚʝʨʩʽʾ 

 

ɺʝʣʠʯʠʥʠ ʢʦʥʚʝʨʩʽʾ ʧʽʩʣʷ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʾ ʧʨʦʪʷʛʦʤ 60 ʭʚ. ʟʤʝʥʰʫʪʁʴʩʷ ʚ 

ʪʘʢʦʤʫ ʧʦʨʷʜʢʫ: BEA-MCF-120 > BEA > AlSi-MCM-41 > BEA-MCF-100 >> Si-

MCM-41, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʜʣʷ ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ ʚʝʨʙʝʥʦʣʫ ʧʦʪʨʽʙʥʘ 

ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ (ʙʣʠʟʴʢʦ 30 ʤʢʤʦʣʴ/ʛ, ʪʘʙʣ. 3.2), 

ʦʩʢʽʣʴʢʠ Si-MCM-41 ʻ ʥʝʘʢʪʠʚʥʠʤ (ʪʘʙʣ. 3.3). ʂʨʽʤ ʪʦʛʦ, ʟʨʘʟʢʠ BEA-MCF-120 ʽ 

ɺɽɸ ʟ ʥʘʡʙʽʣʴʰʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʪʘ ʩʠʣʦʶ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʡʚʠʱʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʨʝʘʢʮʽʾ ʯʝʨʝʟ 60 ʭʚ. (ʨʠʩ. 3.7, ʘ), ɦ ʦ 

ʚʢʘʟʫʻ ʥʘ ʧʨʠʜʘʪʥʽʩʪʴ ʥʘʚʽʪʴ ʪʨʘʜʠʮʽʡʥʦʛʦ ʤʽʢʨʦʧʦʨʠʩʪʦʛʦ ʮʝʦʣʽʪʫ ɓ (ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ) ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʘ.  
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ʈʠʩʫʥʦʢ 3.7 ï ʘ) ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ɽɺ ʚ ʯʘʩʽ ʧʨʦʪʷʛʦʤ ʨʝʘʢʮʽʾ 

ʽʟʦʤʝʨʠʟʘʮʽʾ, ʙ) ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽ ʾʉ5 ʢʝʪʦʥʫ (ʩʧʦʣʫʢʘ 3 ʥʘ ʨʠʩ. 3.6) ʟʘʣʝʞʥʦ 

ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʽʦʣʫ (ʩʧʦʣʫʢʘ 2 ʥʘ ʨʠʩ. 3.6), ʚ) ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽ ʾʦʢʩʝʪʘʥʫ 

(ʩʧʦʣʫʢʘ 4 ʥʘ ʨʠʩ. 3.6) ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʽʦʣʫ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʟʨʘʟʢʽʚ ʧʨʠ 140 Áʉ ʚ ʜʠʤʝʪʠʣʘʮʝʪʘʤʽʜʽ 

 

ʅʘʡʚʠʱʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʜʽʦʣʦʤ (ʩʧʦʣʫʢʘ 2, ʩʭʝʤʘ ʥʘ ʨʠʩ. 3.6) 

ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʟʨʘʟʢʘ BEA-MCF-100, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʦʤʽʨʥʦʶ ʢʠʩʣʦʪʥʽʩʪʶ (ʥʝʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ ʪʘ ʩʠʣʴʥʠʭ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʪʘ ʃʴʶʩʾʘ, ʪʘʙʣ. 3.2), 56% ʧʨʠ 56 ï 99% ʢʦʥʚʝʨʩʽʾ 

ɽɺ (ʪʘʙʣ. 3.3). ʆʜʥʘʢ, ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʩʝʨʝʜʥʴʦʢʠʩʣʦʪʥʠʭ ʤʝʟʦʧʦʨʠʩʪʠʭ ʟʨʘʟʢʽʚ 

AlSi-MCM-41 ʪʘ Si-MCM-41 ʫʪʚʦʨʝʥʥʷ ʜʽʦʣʫ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʤʝʥʰ ʢʠʩʣʦʛʦ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʟʨʘʟʢʘ BEA-MCF-100 ʩʝʣʝʢʪʠʚʥʽʩʪʴ 



150 
 

 
 

ʟʘ ʜʽʦʣʦʤ ʰʚʠʜʢʦ ʟʨʦʩʪʘ ̒ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʚʝʨʩʽʾ ʝʧʦʢʩʠʜʫ ʚʝʨʙʝʥʦʣʫ. ɿ 

ʽʥʰʦʛʦ ʙʦʢʫ, ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʙʽʣʴʰ ʢʠʩʣʦʛʦ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ BEA-MCF-

120 ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʜʽʦʣʦʤ ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʜʦʩʷʛʘʶʯʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʣʠʰʝ ʙʣʠʟʴʢʦ 36 %, ʘ ʧʦʪʽʤ ʟʤʝʥʰʫʻʪʴʩʷ (ʨʠʩ. 3.8). ʉʝʨʝʜ 

ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʡʚʠʱʫ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʜʽʦʣʦʤ ʦʜʝʨʞʘʥʦ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ AlSi-MCM-41 (ʨʠʩ. 3.8), ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʟ ʥʘʷʚʥʽʩʪʶ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʽ ʃʴʶʾʩʘ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ (ʪʘʙʣ. 3.2). ɼʣʷ 

ʰʠʨʦʢʦʧʦʨʠʩʪʦʛʦ ʮʝʦʣʽʪʫ ɓ ʟʘʣʝʞʥʽʩʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪ̔ ʟʘ ʜʽʦʣʦʤ ʚʽʜ ʢʦʥʚʝʨʩʽʾ ɽɺ 

ʤʘʻ ʧʦʜʽʙʥʠʡ ʚʠʛʣʷʜ, ʟʘ ʚʠʥʷʪʢʦʤ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʧʨʦʪʽʢʘʶʪʴ ʧʦʙʽʯʥʽ ʨʝʘʢʮʽʾ ʟʘ 

ʫʯʘʩʪʶ ʜʽʦʣʫ ʥʘ ʩʠʣʴʥʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʘʭ ʮʝʦʣʽʪʫ ʧʨʠ ʚʠʩʦʢʠʭ ʨʽʚʥʷʭ 

ʢʦʥʚʝʨʩʽʾ. ɸʥʘʣʦʛʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʦ ʨʘʥʽʰʝ ʟ ʚʠʩʦʢʦʢʠʩʣʦʪʥʠʤʠ 

ʮʝʦʣʽʪʘʤʠ ʅ-USY-12 (ʚʽʜʥʦʰʝʥʥʷ SiO2 ʜʦ Al 2O3 ʩʢʣʘʜʘʻ 12), ʜʣʷ ʷʢʦʛʦ 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʜʽʦʣʦʤ ʟʥʠʞʫʚʘʣʘʩʴ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʚʝʨʩʽʾ ɽɺ, ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʚ ʧʨʠʩʫʪʥʦʩʪʽ H-USY-80 ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʜʽʦʣʦʤ ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʻ ʽʟ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʚʝʨʩʽʾ ɽɺ [314]. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʤʽʨʥʦ ʢʠʩʣʦʪʥʽ ʢʘʪʘʣʽʟʘʪʦʨʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʱʦʶ ʩʝʣʝʢʪʠʚʥʽʩʪʶ ʟʘ ʜʽʦʣʦʤ, ʥʽʞ ʩʠʣʴʥʦʢʠʩʣʦʪʥ,̔ ʱʦ 

ʟʫʤʦʚʣʝʥʦ ʧʝʨʝʙʽʛʦʤ ʥʝʙʘʞʘʥʠʭ ʧʦʙʽʯʥʠʭ ʨʝʘʢʮʽʡ ʟʘ ʫʯʘʩʪʶ ʜʽʦʣʫ ʥʘ 

ʩʠʣʴʥʽʰʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʘʭ. 

ɯʥʰʠʤ ʦʩʥʦʚʥʠʤ ʧʨʦʜʫʢʪʦʤ ʽʟʦʤʝʨʠʟʘʮʽʾ ɽɺ  ̒ʮʠʢʣʦʧʝʥʪʠʣʛʽʜʨʦʢʩʠʢʝʪʦʥ 

(ʩʧʦʣʫʢʘ 3, ʨʠʩ. 3.6). ʁʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽ ̫(ʚʠʨʘʞʝʥʘ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʜʽʦʣʫ) ʤʘʣʦ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʢʠʩʣʦʪʥʦʩʪʽ ʜʣʷ ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʠʧʫ 

ʄʉʄ-41. ʇʝʨʝʚʘʞʥʝ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʦʛʦ ʢʝʪʦʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʟʨʘʟʢʘ BEA-MCF-120, ʷʢʦʤʫ ʧʨʠʪʘʤʘʥʥʘ ʚʠʱʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ 

ɹʨʝʥʩʪʝʜʘ ʙʽʣʴʰʦʾ ʩʠʣʠ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʥʰ ʢʠʩʣʦʪʥʠʤ ʟʨʘʟʢʦʤ BEA-MCF-100 

(ʨʠʩ. 3.7, ʙ).  

ʂʦʥʮʝʥʪʨʘʮʽʷ ʪʨʝʪʴʦʛʦ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʫ ï ʙʽʮʠʢʣʽʯʥʦʛʦ ʦʢʩʝʪʘʥʫ 

(ʩʧʦʣʫʢʘ 4, ʨʠʩ. 3.6) ï ʟʨʦʩʪʘʻ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʽʦʣʫ (ʩʧʦʣʫʢʘ 2, 

ʨʠʩ. 3.6) ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʤʝʟʦʧʦʨʠʩʪʠʭ ʢʨʝʤʥʝʟʝʤʥʠʭ ʪʘ ʘʣʶʤʦʩʠʣʽʢʘʪʥʠʭ ʟʨʘʟʢʽʚ 

ʪʠʧʫ ʄʉʄ-41 (ʨʠʩ. 3.7, ʚ). ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʦʢʩʝʪʘʥ ʤʦʞʝ ʜʘʣʽ ʽʟʦʤʝʨʠʟʫʚʘʪʠʩʷ ʜʦ 
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ʜʽʦʣʫ ʥʘ ʙʽʣʴʰ ʢʠʩʣʦʪʥʠʭ ʟʨʘʟʢʘʭ, ʟʦʢʨʝʤʘ, BEA-MCF-120 (ʨʠʩ. 3.7, ʚ) ʽ ɺɽɸ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʙʽʣʴʥʽʩʪʴ ɽɺ ʻ 

ʥʠʞʯʦʶ, ʥʽʞ ʦʢʩʝʪʘʥʫ (ʜʽʦʣ ʻ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʤ), ʚ ʟʚôʷʟʢʫ ʟ ʯʠʤ ʜʣʷ 

ʽʟʦʤʝʨʠʟʘʮʽʾ ʦʢʩʝʪʘʥʫ ʚ ʜʽʦʣ ʧʦʪʨʽʙʥʘ ʥʘʷʚʥʽʩʪʴ ʩʠʣʴʥʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ.  
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ʈʠʩʫʥʦʢ 3.8 ï ɿʘʣʝʞʥʽʩʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪ̔ ʟʘ ʜʽʦʣʦʤ ʚʽʜ ʢʦʥʚʝʨʩʽʾ ɽɺ ʚ 

ʨʝʘʢʮʽʾ ʡʦʛʦ ʽʟʦʤʝʨʠʟʘʮʽʾ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ ʧʨʠ 140 ÁC ʚ 

ʜʠʤʝʪʠʣʘʮʝʪʘʤʽʜʽ 

 

ʉʝʣʝʢʪʠʚʥʩ̔ʪɹ ʟʘ ʜʽʦʣʦʤ ʧʨʠ 90% ʢʦʥʚʝʨʩʽʾ ɽɺ ʜʝʱʦ ʟʥʠʞʫʻʪʴʩʷ ʽʟ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʽ ʃʴʶʾʩʘ ʚ 

ʤʽʢʨʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʥʠʭ ʪʘ ʤʝʟʦʧʦʨʠʩʪʠʭ ʟʨʘʟʢʘʭ (ʨʠʩ. 3.9). ʊʘʢʠʤ ʯʠʥʦʤ, 

ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʟʘ ʜʽʦʣʦʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʦʧʪʠʤʘʣʴʥʫ ʥʝʚʠʩʦʢʫ (ʨʠʩ. 3.9) ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʦʙʦʭ ʪʠʧʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʧʦʜʘʣʴʰʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʨʝʘʢʮʽʾ.    
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ʈʠʩʫʥʦʢ 3.9 ï ɿʘʣʝʞʥʽʩʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪ̔ ʟʘ ʜʽʦʣʦʤ ʧʨʠ 90% ʢʦʥʚʝʨʩʽʾ 

ʝʧʦʢʩʠʜʫ ʚʝʨʙʝʥʦʣʫ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ. ʉʠʤʚʦʣʠ: 

ʟʘʬʘʨʙʦʚʘʥʽ ʩʠʤʚʦʣʠ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ, ʧʦʨʦʞʥʽ 

ʩʠʤʚʦʣʠ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʃʴʶʽʩʘ, (¸) ʤʽʢʨʦʧʦʨʠʩʪʽ ʮʝʦʣʽʪʠ, 

(Â) ʤʝʟʦʧʦʨʠʩʪʽ ʤʘʪʝʨʽʘʣʠ 

 

3.2. ɿôʷʩʫʚʘʥʥʷ ʢʠʩʣʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ 

ʪʠʪʨʫʚʘʥʥʷ  

 

ɿʚʘʞʘʶʯʠ ʥʘ ʢʣʶʯʦʚʫ ʨʦʣʴ ʢʠʩʣʦʪʥʦʩʪʽ ʚ ʧʨʦʷʚʽ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʮʝʦʣʽʪʽʚ ʽ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʝʦʙʭʽʜʥʝ ʢʦʤʧʣʝʢʩʥʝ 

ʽ ʩʠʩʪʝʤʘʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʨʦʜʠ ʡ ʩʠʣʠ ʾʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʜʣʷ ʾʭ 

ʥʘʧʨʘʚʣʝʥʦʛʦ ʩʠʥʪʝʟʫ ʽ ʧʦʜʘʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʫ, ʩʠʣʠ ʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʚ ʮʝʦʣʽʪʘʭ ʽ 

ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʘʭ ʨʦʟʨʦʙʣʝʥʦ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ. ʉʝʨʝʜ ʥʠʭ ʥʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʠʩʣʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʚʝʨʜʠʭ ʪʽʣ 

ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʪʘʢʽ ʤʝʪʦʜʠ ʷʢ ʪʝʨʤʦʧʨʦʛʨʘʤʦʚʘʥʘ ʜʝʩʦʨʙʮʽ ̫(ʊʇɼ) ʪʘ ɯʏ-

ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʣʝʢʫʣ-ʟʦʥʜʽʚ. 
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ʋ ʤʝʪʦʜʽ ʊʇɼ ʢʠʩʣʦʪʥʽʩʪʴ (ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ) 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ ʚʽʜʥʦʰʝʥʥ ̔ ʜʦ ʢʽʣʴʢʦʩʪʽ ʤʦʣʝʢʫʣ-ʟʦʥʜʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʜʝʩʦʨʙʦʚʘʥʽ ʟ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʧʽʜ ʯʘʩ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ. ʉʝʨʝʜ 

ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʚʠʚʯʝʥʥʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ  ʪʽʣʴʢʠ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʜʦʟʚʦʣʷʻ 

ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ɹʨʝʥʩʪʝʜʘ ʽ ʃʴʶʾʩʘ. ɸʥʘʣʽʟ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʪʘ ʧʦʣʦʞʝʥʥʷ ʩʤʫʛ ʧʦʛʣʠʥʘʥʥʷ OïH ʟʚôʷʟʢʽʚ ʚ 

ɯʏ-ʩʧʝʢʪʨʘʭ ʅ-ʬʦʨʤ ʮʝʦʣʽʪʽʚ ʪʘ ʟʤʽʥ ʚ ʩʧʝʢʪʨʘʭ ʧʽʩʣʷ ʘʜʩʦʨʙʮʽʾ ʽ ʜʝʩʦʨʙʮʽʾ 

ʤʦʣʝʢʫʣ-ʟʦʥʜʽʚ (ʟʦʢʨʝʤʘ, ʧʽʨʠʜʠʥʫ) [315]. ʆʙʠʜʚʘ ʤʝʪʦʜʠ ʚʢʣʶʯʘʶʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʘʟʽʚ (ʧʘʨʽʚ) ʽ ʧʨʦʚʦʜʷʪʴʩ ̫ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (ʚʽʜ 100 ʜʦ 

600 Áʉ). ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʙʘʛʘʪʦ ʚʘʞʣʠʚʠʭ ʽ ʧʦʪʝʥʮʽʡʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ 

ʢʘʪʘʣʽʪʠʯʥʠʭ ʨʝʘʢʮʽʡ, ʟʦʢʨʝʤʘ, ʪʘʢʠʭ ʷʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʽʦʤʘʩʠ [316], 

ʚʠʢʦʥʫʶʪʴʩʷ ʧʨʠ ʟʥʘʯʥʦ ʥʠʞʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ, ʧʦʨʷʜ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʚʠʜʘʶʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤʠ ʡ ʽʥʰʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ ʚ ʮʝʦʣʽʪʘʭ ʽ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʘʭ. 

ɺʽʜʦʤʠʤ ʻ ʤʝʪʦʜ ʦʮʥ̔ʢʠ ʢʠʩʣʦʪʥʦʩʪʽ ʮʝʦʣʽʪʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʱʦ 

ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʤʽʥʘʭ ʢʦʣɹʦʨʫ ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʙʘʨʚʥʠʢʘ ʽʥʜʠʢʘʪʦʨʘ ɻʘʤʤʝʪʘ ʧʽʜ 

ʯʘʩ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ ʚ ʥʝʚʦʜʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ʦʨʛʘʥʽʯʥʦ  ʁ

ʦʩʥʦʚʦʶ (ʘʤʽʥʘʤʠ) [317]. ʆʜʥʘʢ ʤʦʣʝʢʫʣʠ ʽʥʜʠʢʘʪʦʨʽʚ ɻʘʤʤʝʪʘ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʥʘʜʪʦ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ, ʱʦʙ ʧʨʦʥʠʢʥʫʪʠ ʚ ʢʘʥʘʣʠ ʽ ʧʦʨʦʞʥʠʥʠ ʜʝʷʢʠʭ 

ʮʝʦʣʽʪʽʚ [311], ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʤʦʞʝ ʧʦʨʫʰʠʪʠ 

ʨʽʚʥʦʚʘʛʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜ ʯʘʩ ʪʠʪʨʫʚʘʥʥʷ [318]. 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʫ ʮʝʦʣʽʪʘʭ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ 

ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ, ʱʦ ʥʝ ʧʦʪʨʝʙʫ ̒

ʽʥʜʠʢʘʪʦʨʽʚ [319]. ʆʩʢʽʣʴʢʠ ʟʘʟʥʘʯʝʥʠʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʣʴʥʦʾ 

ʦʩʥʦʚʠ ʷʢ ʪʠʪʨʘʥʪʘ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʚʩ̔ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʽ ʮʝʥʪʨʠ (ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʪʽ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʢʘʥʘʣʽʚ ʮʝʦʣʽʪʫ). 

ɺ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ ʚ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʪʦʜʫ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 
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ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʚʯʝʥʥʷ ʢʠʩʣʦʪʥʦʩʪʽ (ʊʇɼ ʘʤʽʘʢʫ, ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ), ʘ 

ʪʘʢʦʞ ʟʚôʷʟʢʫ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʜʘʥʠʤʠ ʈʌɸ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ (ʨʠʩ. 3.10, ʘ) ʚʩʽ ʦʜʝʨʞʘʥʽ 

ʟʨʘʟʢʠ, ʟʘ ʚʠʥʷʪʢʦʤ BEA-MCF-120 ʻ ʥʠʟʴʢʦʢʨʠʩʪʘʣʽʯʥʠʤʠ ʘʙʦ 

ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʠʤʠ. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʦʙʨʦʙʢʠ 

ʙʽʪʝʤʧʣʘʪʥʦʾ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ɓ ʽ ʨʦʟʯʠʥʫ ʤʽʮʝʣʷʨʥʦʛʦ ʪʝʤʧʣʘʪʫ P123 ʚʽʜ 100 

ʜʦ 120 ÜC ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʟ ʧʽʜʚʠʱʝʥʠʤ ʩʪʫʧʝʥʝʤ 

ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ (ʦʮʽʥʶʚʘʣʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʮʝʦʣʽʪʦʤ ɓ (ʩʪʫʧʽʥʴ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ 

ʧʨʠʡʥʷʪʠʡ ʟʘ ʦʜʠʥʠʮʶ) ʟʘ ʟʤʽʥʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʫʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʨʝʬʣʝʢʩʽʚ 2ɗ = 7,7Á; 22,5Á) ï ʧʨʠʙʣʠʟʥʦ 0,4 ʽ 0,1 ʜʣʷ BEA-MCF-120 ʽ BEA-MCF-

100, ʚʽʜʧʦʚʽʜʥʦ. ɻʽʜʨʦʪʝʨʤʘʣʴʥʘ ʦʙʨʦʙʢʘ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʟʦʣʶ ɓ ʪʘ ʣʫʞʥʦʛʦ 

ʨʦʟʯʠʥʫ, ʱʦ ʤʽʩʪʠʪʴ ʉʊɸɺ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ 

ʘʤʦʨʬʥʦ ʾ ʩʪʨʫʢʪʫʨʠ (BEA-MCM). ɺʩʽ ʩʠʥʪʝʟʦʚʘʥʽ ʟʨʘʟʢʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʯʘʩʪʠʥʦʢ ʟʥʘʯʥʦ ʤʝʥʰʠʭ ʨʦʟʤʽʨʽʚ, ʥʽʞ ʮʝʦʣʽʪ ɓ ï 7-10 ʥʤ ʽ 24 ʥʤ, ʚʽʜʧʦʚʽʜʥʦ 

(ʨʦʟʨʘʭʦʚʘʥʦ ʟʘ ʨʽʚʥʷʥʥʷʤ ʐʝʨʨʝʨʘ), ʱʦ, ʦʯʝʚʠʜʥʦ, ʟʫʤʦʚʣʝʥʦ ʧʨʠʩʫʪʥʩ̔ʪʁ 

ʤʽʮʝʣʷʨʥʠʭ ʪʝʤʧʣʘʪʽʚ, ̫ ʢʽ ʩʧʦʚʽʣʴʥʶʶʪʴ ʨʽʩʪ ʢʨʠʩʪʘʣʽʚ.  
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ʈʠʩʫʥʦʢ 3.10 ï ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʧʨʦʞʘʨʝʥʠʭ ʮʝʦʣʽʪʫ ɹʝʪʘ ʪʘ ʟʨʘʟʢʽʚ, 

ʦʜʝʨʞʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʡʦʛʦ ʟʦʣʶ-ʧʨʝʢʫʨʩʦʨʫ: ʘ ï ʩʝʨʝʜʥʴʦʢʫʪʦʚʘ ʦʙʣʘʩʪʴ; ʙ ï 

ʤʘʣʦʢʫʪʦʚʘ ʦʙʣʘʩʪʴ 
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ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʈʌɸ ʚ ʦʙʣʘʩʪʽ ʤʘʣʠʭ ʢʫʪʽʚ (ʨʠʩ. 3.10, ʙ) ʦʜʝʨʞʘʥʽ ʟʨʘʟʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʚʧʦʨʷʜʢʦʚʘʥʦʶ ʘʙʦ ʥʠʟʴʢʦʚʧʦʨʷʜʢʦʚʘʥʦʶ 

ʤʝʟʦʩʪʨʫʢʪʫʨʦʶ, ʱʦ, ʦʯʝʚʠʜʥʦ, ʟʫʤʦʚʣʝʥʦ ʫʪʚʦʨʝʥʥʷʤ ʢʘʨʢʘʩʫ ʟ ʯʘʩʪʠʥʦʢ 

ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ, ʧʦʧʝʨʝʜʥʴʦ ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʩʠʥʪʝʟʫ. 

ʅʘʷʚʥʽʩʪʴ ʤʘʣʦʢʫʪʦʚʦʛʦ  ʨʝʬʣʝʢʩʫ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʽ ʟʨʘʟʢʘ BEA-KIT-6 ʤʦʞʝ 

ʙʫʪʠ ʧʦʚ'ʷʟʘʥʘ ʟ ʘʤʦʨʬʥʦʶ ʧʨʠʨʦʜʦʶ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʎʝʦʣʽʪʠ ʽ ʮʝʦʣʽʪʚʤʽʩʥʽ ʤʘʪʝʨʽʘʣʠ ʤʽʩʪʷʪʴ ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ʨʽʟʥʦʾ ʩʠʣʠ, 

ʪʦʙʪʦ ʚ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʪʘʢʽ ʩʧʦʣʫʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʽʟʥʠʭ ʢʦʥʩʪʘʥʪ ʧʨʦʪʦʥʫʚʘʥʥʷ, ʟʛʽʜʥʦ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʽʚʥʦʚʘʛʘʤʠ ʪʘ ʾʭ 

ʢʦʥʩʪʘʥʪʘʤʠ [319].  

ʂʦʥʮʝʥʪʨʘʮʽʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʚʘʨʽʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʨʠʨʦʜʠ ʮʝʦʣʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʅʘ ʨʠʩ. 3.11 ʥʘʚʝʜʝʥʦ ʢʨʠʚʽ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ 

ʪʠʪʨʫʚʘʥʥʷ (ʨʅ ʚʽʜ ʦʙôʻʤʫ ʜʦʜʘʥʦʛʦ ʪʠʪʨʘʥʪʫ ʛʽʜʨʦʢʩʠʜʫ ʥʘʪʨʽʶ V) 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʮʝʦʣʽʪʫ ɓ (ʟʨʘʟʦʢ BEA) ʽ ʜʝʢʽʣʴʢʦʭ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʜʝʨʞʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʟʦʣ-ʁʧʨʝʢʫʨʩʦʨʫ ɓ. ʌʦʨʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʢʨʠʚʠʭ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʽ ʟʨʘʟʢʠ ʤʽʩʪʷʪʴ ʢʠʩʣʦʪʥʽ 

ʮʝʥʪʨʠ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʘʙʦ ʩʠʣʠ. 
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ʟʨʘʟʢʽʚ (ʫʤʦʚʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʦʧʠʩʘʥʦ ʚ ʈʦʟʜʽʣʽ 2) 
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ʆʮʽʥʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʪʠʪʨʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ɻʨʘʥʘ [319] 

ʜʦʟʚʦʣʷʻ ʦʙʯʠʩʣʠʪʠ ʢʦʥʩʪʘʥʪʠ ʧʨʦʪʦʥʫʚʘʥʥʷ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʘʭ (ʪʘʙʣ. 3.4). ʇʨʠʜʘʪʥʽʩʪʴ ʤʝʪʦʜʫ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʚ ʧʦʨʠʩʪʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʥʠʭ ʪʚʝʨʜʠʭ 

ʢʘʪʘʣʽʟʘʪʦʨʘʭ ʙʫʣʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʚ ʟʘʟʥʘʯʝʥʽʡ ʚʠʱʝ ʨʦʙʦʪʽ. ʄʝʪʦʜ ɻʨʘʥʘ 

ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʦʙʫʜʦʚʽ ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʩʠʛʤʦʾʜʘʣʴʥʦʾ ʢʨʠʚʦʾ 

ʪʠʪʨʫʚʘʥʥʷ. ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ ʣʽʥʽʡʥʘ ʢʨʠʚʘ ʦʜʝʨʞʫʻʪʴʩʷ ʧʨʠ ʧʦʙʫʜʦʚʽ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ f(V) = VĀ[H
+
]  ʷʢ ʬʫʥʢʮʽʾ V (ʦʙ'ʻʤ ʜʦʜʘʥʦʾ ʩʠʣʴʥʦʾ 

ʦʩʥʦʚʠ). ʇʨʷʤʘ ʣʽʥʽʷ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʧʝʨʝʪʠʥʘʻ ʚʽʩʴ V ʚ ʪʦʯʮʽ 

ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʦʙôʻʤʫ ʪʠʪʨʘʥʪʘ, Vʝʢʚ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʚʽʜʪʠʪʨʦʚʘʥʠʭ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʚʝʣʠʯʠʥʘʤʠ Vʝʢʚ ʽ COH (ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʠʣʴʥʦʾ 

ʦʩʥʦʚʠ). ʅʘʭʠʣ ʣʽʥʽʾ ʜʘʻ ʢʦʥʩʪʘʥʪʫ ʧʨʦʪʦʥʫʚʘʥʥʷ K ʧʝʚʥʦʛʦ ʪʠʧʫ ʢʠʩʣʦʪʥʦʛʦ 

ʮʝʥʪʨʫ. ʗʢʱʦ ʪʠʪʨʦʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʤʽʩʪʠʪʴ ʜʝʢʽʣʴʢʘ ʪʠʧʽʚ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ 

ʨʽʟʥʦʾ ʩʠʣʠ, ʧʝʨʝʪʚʦʨʝʥʘ ʢʨʠʚʘ ʙʫʜʝ ʩʢʣʘʜʘʪʠʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʣʽʥʽʡʥʠʭ ʩʝʢʮʽʡ, 

ʢʦʞʥʘ ʟ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʷʻ ʨʽʟʥʽ ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʥʩʪʘʥʪ 

ʧʨʦʪʦʥʫʚʘʥʥʷ. ʂʦʣʠ ʦʜʥʘ ʣʽʥʽʡʥʘ ʜʽʣʷʥʢʘ ʧʝʨʝʭʦʜʠʪʴ ʚ ʥʘʩʪʫʧʥʫ, ʙʫʜʝ 

ʟ'ʷʚʣʷʪʠʩʷ ʜʝʷʢʘ ʢʨʠʚʠʟʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʢʨʠʚʘʥʥʷ ʨʽʚʥʦʚʘʛ ʧʨʦʪʦʥʫʚʘʥʥʷ. 

ɼʣʷ ʮʽʣʝʡ ʮʽʻʾ ʨʦʙʦʪʠ ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ʨʦʟʜʽʣʝʥʦ ʥʘ ʪʨʠ ʛʨʫʧʠ ʨʽʟʥʦʾ ʩʠʣʠ. 

ʃʽʥʽʡʥʽ ʜʽʣʷʥʢʠ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ɻʨʘʥʘ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.12. 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 3.4, ʚʩʽ ʜʦʩʣʽʜʞʝʥʽ ʟʨʘʟʢʠ ʤʽʩʪʷʪʴ ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ 

ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ (lg K Ò 6,0) ʽ ʩʣʘʙʢʽ (lg K > 6,0). ʂʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ 

ʫʪʚʦʨʠʣʠʩʷ ʷʢ ʨʝʟʫʣʴʪʘʪ ʥʘʷʚʥʦʩʪʽ ʤʽʩʪʢʦʚʠʭ ʛʨʫʧ OH ʤʽʞ ʢʘʨʢʘʩʥʠʤʠ Si ʽ Al, ʚ 

ʪʦʡ ʯʘʩ ʷʢ ʩʣʘʙʢʽ ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʢʦʦʨʜʠʥʘʮʽʡʥʦ ʥʝʥʘʩʠʯʝʥʽ 

ʮʝʥʪʨʠ, ʫʪʚʦʨʝʥʽ ʧʽʩʣʷ ʜʝʛʽʜʨʦʢʩʠʣʶʚʘʥʥʷ (ʧʽʜ ʯʘʩ ʧʨʦʞʘʨʝʥʥʷ) ʛʽʜʨʘʪʽʚ ʦʢʩʠʜʫ 

ʘʣʶʤʽʥʽʶ. 
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ʈʠʩʫʥʦʢ 3.12 ï ɺʠʟʥʘʯʝʥʥʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʚ ʮʝʦʣʽʪʽ ɓ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʪʦʜʫ ɻʨʘʥʘ. ʊʦʯʢʠ, ʚʽʜʤʽʯʝʥʽ ƴ, ƶ  ̔ǒ, ʦʜʝʨʞʘʥʦ ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʪʠʪʨʫʚʘʥʥʷ ʟʘ ʬʫʥʢʮʽʻʶ ɻʨʘʥʘ . ʇʝʨʝʪʠʥʠ 

ʧʨʷʤʠʭ ʣʽʥʽʡ ʟ V-ʚʽʩʩʶ ʜʘʶʪʴ ʝʢʚʽʚʘʣʝʥʪʥʽ ʦʙôʻʤʠ Vʝʢʚ1, Vʝʢʚ2 ʽ Vʝʢʚ3, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʨʴʦʭ ʪʠʧʽʚ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ. 

ʂʦʥʩʪʘʥʪʘ ʧʨʦʪʦʥʫʚʘʥʥʷ ʦʜʥʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʮʝʥʪʨʫ, K, ʤʦʞʝ ʙʫʪʠ ʦʜʝʨʞʘʥʘ 

ʦʜʥʦʯʘʩʥʦ ʟ ʥʘʭʠʣʫ ʧʨʷʤʦ,ʾ -1/K, ʟʦʢʨʝʤʘ ʣʽʥʽʡʥʦ ʾʜʽʣʷʥʢʠ. ʄʘʩʰʪʘʙ ʬʫʥʢʮʽʾ 

f(V) ʥʘ ʨʠʩʫʥʢʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʣʽʥʽʡ. 

 

ʊʘʙʣʠʮʷ 3.4 ï ʂʦʥʩʪʘʥʪʠ ʧʨʦʪʦʥʫʚʘʥʥʷ (lg K) ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʉ, ʤʢʤʦʣʴ/ʛ) 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʘʭ, ʚʠʟʥʘʯʝʥʽ ʟʘ ʤʝʪʦʜʦʤ ɻʨʘʥʘ 

 BEA 
BEA-

MCF-100 

BEA-

MCF-120 
BEA-ʟʦʣʴ 

BEA-

MCM 

BEA-

KIT-6 

ʊʠʧ ʢ.ʮ. lgK C lgK C lgK C lgK C lgK C lgK C 

1 4,3 450 4,3 100 5,8 90 4,6 260 4,7 200 4,9 65 

2 6,6 150     5,4 100 6,0 100 6,1 32 

3 8,6 250 8,4 100 8,3 550 8,1 220 8,3 300 8,5 120 

ʉʫʤʘʨʥʦ  850  200  640  580  600  217 
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ʅʘʡʩʠʣʴʥʽʰʽ ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ʚʠʷʚʣʝʥʦ ʚ ʪʨʘʜʠʮʽʡʥʦʤʫ ʮʝʦʣʽʪʽ ɓ (ʟʨʘʟʦʢ 

BEA) ʪʘ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʟʨʘʟʢʘʭ, ʦʜʝʨʞʘʥʠʭ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ (ʟʨʘʟʦʢ ɺɽɸ-

MCF-100) ï lg K 4,3 ï  ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 450 ʽ 100 ʤʢʤʦʣʴ/ʛ, ʚʽʜʧʦʚʽʜʥʦ. ʇʦʜʽʙʥʽ 

ʟʥʘʯʝʥʥʷ lg K ʟʥʘʡʜʝʥʦ ʜʣʷ ʽʥʰʠʭ ʟʨʘʟʢʽʚ ʥʘ ʦʩʥʦʚʽ ʮʝʦʣʽʪʫ ɓ, ʟʦʢʨʝʤʘ, BEA-

MCM (4,7 ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 200 ʤʢʤʦʣʴ/ʛ) ʽ BEA-KIT-6 (4,9 ʧʨʠ 65 ʤʢʤʦʣʴ/ʛ), 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʦʞʣʠʚʫ ʧʦʜʽʙʥʽʩʪʴ ʧʨʠʨʦʜʠ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʫ ʮʠʭ 

ʤʘʪʝʨʽʘʣʘʭ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʽ ʚʠʭʽʜʥʠʡ ʟʦʣʴ-ʧʨʝʢʫʨʩʦʨ ʮʝʦʣʽʪʫ ɓ ʪʘʢʦʞ 

ʤʽʩʪʠʪʴ ʙʣʠʟʴʢʽ ʟʘ ʩʠʣʦʶ ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ (lg K 4,6 ʽ ʢʦʥʮʝʥʪʨʘʮʽ ̫ 260 

ʤʢʤʦʣʴ/ʛ). ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʤʽʩʪʷʪʴ ʪʘʢʦʞ ʽ ʽʥʰʠʡ ʪʠʧ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ ʟ lg K ʚʽʜ 5,4 (BEA-ʟʦʣʴ) ʜʦ 6,6 (BEA) ʚ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʜ 32 ʤʢʤʦʣʴ/ʛ (BEA-KIT-6) ʜʦ 150 ʤʢʤʦʣʴ/ʛ (BEA). ʅʘʡʙʽʣʴʰ 

ʚʽʨʦʛʽʜʥʦ, ʱʦ ʜʦ ʮʴʦʛʦ ʪʠʧʫ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ (ʪʠʧ 2) ʚʽʜʥʦʩʷʪʴʩʷ ʮʝʥʪʨʠ ʟ 

ʨʽʟʥʠʤ ʢʦʦʨʜʠʥʘʮʽʡʥʠʤ ʦʪʦʯʝʥʥʷʤ ʘʣʶʤʽʥʽʶ (ʪʝʪʨʘʝʜʨʠʯʥʠʤ ʘʙʦ 

ʦʢʪʘʝʜʨʠʯʥʠʤ) ʪʘ ʡʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷʤ (ʢʘʨʢʘʩʥʽ ʘʙʦ ʧʦʟʘʢʘʨʢʘʩʥʽ ʘʪʦʤʠ). 

ʊʨʝʪʽʡ ʪʠʧ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ (ʪʠʧ 3) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤʠ lg K ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ 8,1 (BEA-ʟʦʣʴ) ʜʦ 8,6 (BEA) ʽ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʚʽʜ 95 ʤʢʤʦʣʴ/ʛ 

(BEA-MCF-100) ʜʦ 550 ʤʢʤʦʣʴ/ʛ (BEA-MCF-120). ʂʠʩʣʦʪʥʽ ʮʝʥʪʨʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʠʤ ʟʥʘʯʝʥʥʷʤ lg K, ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ 

ʃʴʶʾʩʘ [320], ʫʪʚʦʨʝʥʠʭ ʘʤʦʨʬʥʠʤʠ ʩʠʣʽʢʘʪʘʤʠ. ʇʨʠʩʫʪʥʽ ʚ ʟʨʘʟʢʘʭ ʩʠʣʘʥʦʣʴʥʽ 

ʛʨʫʧʠ ʤʦʞʫʪʴ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʘʪʠ ʮʠʤ ʢʦʥʩʪʘʥʪʘʤ ʧʨʦʪʦʥʫʚʘʥʥʷ. 

ʅʘʡʚʠʱʘ ʩʫʤʘʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʦʯʽʢʫʚʘʥʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʧʦʚʥʽʩʪʶ ʦʢʨʠʩʪʘʣʽʟʦʚʘʥʦʛʦ ʮʝʦʣʽʪʫ ɓ (ʟʨʘʟʦʢ BEA), 

ʥʘʡʥʠʞʯʘ ï ʥʠʟʴʢʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʟʨʘʟʢʘ (ɺɽɸ-MCF-100) ï 

850 ʽ 200 ʤʢʤʦʣʴ/ʛ, ʚʽʜʧʦʚʽʜʥʦ. 

ʄʝʪʦʜ ʘʜ(ʜʝ)ʩʦʨʙʮʽʾ ʧʽʨʠʜʠʥʫ ʟ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤ ʢʦʥʪʨʦʣʝʤ ʜʦʟʚʦʣʷʻ 

ʚʠʷʚʠʪʠ, ʱʦ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʽ ʟʨʘʟʢʠ ʥʘ ʦʩʥʦʚʽ ʮʝʦʣʽʪʫ ɓ ʤʽʩʪʷʪʴ ʢʠʩʣʦʪʥʽ 

ʮʝʥʪʨʠ ɹʨʝʥʩʪʝʜʘ (ʢʦʥʮʝʥʪʨʘʮʽʷ 34 ï 200 ʤʢʤʦʣʴ/ʛ, ʨʠʩ. 3.13,ʘ) ï ʩʤʫʛʠ 

ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ 1548 ʽ 1638 ʩʤ
-1
 (ʚʽʜʧʦʚʽʜʥʽ ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʜʣʷ ʦʢʨʝʤʠʭ 

ʟʨʘʟʢʽʚ ʥʘʚʝʜʝʥʦ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ, ʨʠʩ. 3.6), ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʘʣʝʥʪʥʠʤ 
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ʢʦʣʠʚʘʥʥʷʤ ʟʚ'ʷʟʢʽʚ ʧʽʨʠʜʠʥʦʚʦʛʦ ʢʽʣʴʮʷ, ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʥʘ ʤʽʩʪʢʦʚʠʭ ʆʅ-

ʛʨʫʧʘʭ ʫ ʚʠʛʣʷʜʽ ʡʦʥʘ ʧʽʨʠʜʠʥʽʶ PyH
+
 [311]. ʎʽ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʟʘʣʠʰʘʶʪʴʩʷ 

ʧʽʩʣʷ ʥʘʛʨʽʚʘʥʥʷ ʧʨʠ 400 Áʉ (ʯʘʩʪʢʦʚʦ ʮʝʦʣʽʪʠʟʦʚʘʥʠʡ ʟʨʘʟʦʢ BEA-MCF-120) 

ʘʙʦ 200 Áʉ (ʥʠʟʴʢʦʢʨʠʩʪʘʣʽʯʥʠʡ BEA-MCF-100). ʂʦʥʮʝʥʪʨʘʮʽʷ ʪʘ ʩʠʣʘ 

ʟʘʟʥʘʯʝʥʠʭ ʮʝʥʪʨʽʚ ʻ ʟʥʘʯʥʦ ʥʠʞʯʠʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʦʙʨʝ ʦʢʨʠʩʪʘʣʽʟʦʚʘʥʠʤ 

ʮʝʦʣʽʪʦʤ ɓ (317 ʤʢʤʦʣʴ/ʛ), ʜʝ ʚʢʘʟʘʥʘ ʩʤʫʛʘ ʧʦʛʣʠʥʘʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʚʽʪʴ 

ʧʽʩʣʷ ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʽʚ ʧʨʠ 400 Áʉ. ɼʦʩʣʽʜʞʫʚʘʥʽ ʟʨʘʟʢʠ ʪʘʢʦʞ ʤʽʩʪʷʪʴ 

ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ʃʴʶʾʩʘ (ʢʦʥʮʝʥʪʨʘʮʽʷ 130 ï 140 ʤʢʤʦʣʴ/ʛ, ʨʠʩ. 3.13,ʙ) ï 

ʭʘʨʘʢʪʝʨʥʽ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ 1456 ʽ 1623 ʩʤ
ï1
, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʘʣʝʥʪʥʠʤ 

ʢʦʣʠʚʘʥʥʷʤ ʟʚ'ʷʟʢʽʚ ʧʽʨʠʜʠʥʦʚʦʛʦ ʢʽʣʴʮʷ, ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʥʘ ʢʦʦʨʜʠʥʘʮʽʡʥʦ 

ʥʝʥʘʩʠʯʝʥʠʭ ʽʦʥʘʭ ʘʣʶʤʽʥʽʶ [311]. ʎʽ ʩʤʫʛʠ ʟʘʣʠʰʘʶʪʴʩʷ ʚ ɯʏ-ʩʧʝʢʪʨʽ ʧʽʩʣʷ 

ʥʘʛʨʽʚʘʥʥʷ ʧʨʠ 400 Áʉ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʠʡ BEA-

MCF-100 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ 

ɹʨʝʥʩʪʝʜʘ (34 ʤʢʤʦʣʴ/ʛ, ʧʦʚʥʘ ʜʝʩʦʨʙʮʽʷ ʧʽʨʠʜʠʥʫ ʧʨʠ 250 Áʉ) ʪʘ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ ʃʴʶʾʩʘ (140 ʤʢʤʦʣʴ/ʛ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʥʦʾ ʜʝʩʦʨʙʮʽʾ ʧʝʨʝʚʠʱʫʻ 400 Áʉ), 

ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʘʷʚʥʽʩʪʴ ʚ ʡʦʛʦ ʢʘʨʢʘʩʽ ʧʨʝʢʫʨʩʦʨʽʚ ʮʝʦʣʽʪʫ. ɺʽʜʥʦʩʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʽʨʠʜʠʥʫ, ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʥʘ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʘʭ ʃʴʶʾʩʘ, 

ʟʙʽʣʴʰʫʻʪʴʩʷ (ʨʠʩ. 3.13,ʙ) ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʝʩʦʨʙʮʽʾ (300 ï 400 ÁC) 

ʜʣʷ ʟʨʘʟʢʽʚ BEA-MCF-120 ʪʘ BEA, ʡʤʦʚʽʨʥʦ, ʯʝʨʝʟ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʧʽʨʠʜʠʥʫ, ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʥʘ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʘʭ ɹʨʝʥʩʪʝʜʘ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʜʘʥʠʤʠ [321]. 

ʈʦʟʨʘʭʦʚʘʥʽ ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʽ 

ʃʴʶʾʩʘ (ʉB/CL) ʜʣʷ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (BEA-MCF-

100 ʪʘ BEA-MCF-120) ʻ ʩʫʪʪʻʚʦ ʥʠʞʯʠʤʠ, ʥʽʞ ʚʽʜʧʦʚʽʜʥʘ ʚʝʣʠʯʠʥʘ ʜʣʷ ʮʝʦʣʽʪʫ 

ɓ ï 0,24, 1,5 ʽ 3,9 ʚʽʜʧʦʚʽʜʥʦ. ʎʝ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ 

ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ (ʪʨʠʢʦʦʨʜʠʥʦʚʘʥʠʭ ʘʪʦʤʽʚ Al [322]) ʫ ʩʪʨʫʢʪʫʨʽ ʤʽʢʨʦ-

ʤʝʟʦʧʦʨʠʩʪʠʭ ʟʨʘʟʢʽʚ (ʦʩʦʙʣʠʚʦ ʫ ʥʠʟʴʢʦʢʨʠʩʪʘʣʽʯʥʠʭ) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʮʝʦʣʽʪʦʤ 

ɓ. 
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ʈʠʩʫʥʦʢ 3.13 ï ɻʽʩʪʦʛʨʘʤʠ ʟʘʣʝʞʥʦʩʪʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʽʨʠʜʠʥʫ, ʱʦ ʚʟʘʻʤʦʜʽʻ 

ʟ ʢʠʩʣʦʪʥʠʤʠ ʮʝʥʪʨʘʤʠ ɹʨʝʥʩʪʝʜʘ (ʘ) ʪʘ ʃʴʶʾʩʘ (ʙ), ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʝʩʦʨʙʮʽʾ 

(150 ï 400 ÁC) ʜʣʷ BEA, BEA-MCF-100, BEA-MCF-120 

 

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʩʫʤʘʨʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽ ʾʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ, ʚʠʟʥʘʯʝʥ ̔ʤʝʪʦʜʦʤ ʘʜ(ʜʝ)ʩʦʨʙʮʽʾ ʧʽʨʠʜʠʥʫ ʟ 

ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤ ʢʦʥʪʨʦʣʝʤ, ʻ ʟʥʘʯʥʦ ʥʠʞʯʠʤʠ ʜʣʷ ʪʠʭ ʩʘʤʠʭ ʟʨʘʟʢʽʚ, ʥʽʞ 

ʦʪʨʠʤʘʥ ̔ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʠʤ ʪʠʪʨʫʚʘʥʥʷʤ (ʪʘʙʣ. 3.4). ʆʯʝʚʠʜʥʦ, ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʩʧʨʠʯʠʥʝʥʽ ʨʽʟʥʠʤʠ ʫʤʦʚʘʤʠ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʤʝʪʦʜʽʚ: ʟʦʢʨʝʤʘ, ɯʏ-ʤʝʪʦʜ ʟ ʧʽʨʠʜʠʥʦʤ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ ʧʨʠ 

ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (150 ï 450 ÁC), ʪʦʜʽ ʷʢ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʝ ʪʠʪʨʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʪʴʩʷ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʧʨʠ 25 ÁC. ʂʨʽʤ ʪʦʛʦ, ʜʝʷʢʘ ʯʘʩʪʠʥʘ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ ʫ ʮʝʦʣʽʪʘʭ ʪʘ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʤʦʞʝ ʙʫʪʠ ʥʝʜʦʩʪʫʧʥʦʶ ʜʣʷ 

ʦʙ'ʻʤʥʠʭ ʤʦʣʝʢʫʣ ʧʽʨʠʜʠʥʫ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʽʜʨʦʢʩʠʜ-ʽʦʥʽʚ. ɼʦ ʪʦʛʦ ʞ, ʧʽʨʠʜʠʥ ʻ 

ʩʣʘʙʰʦʶ ʦʩʥʦʚʦʶ, ʥʽʞ ʛʽʜʨʦʢʩʠʣʴʥʠʡ ʘʥʽʦʥ. 
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ʅʘ ʨʠʩ. 3.14 ʪʘ ʚ ʪʘʙʣ. 3.5 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʪʘʥʽʚ Al ʪʘ Si ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
27
Al ʽ 

29
Si ʗʄʈ ʚ ʦʜʝʨʞʘʥʠʭ 

ʟʨʘʟʢʘʭ ʥʘ ʦʩʥʦʚʽ ɓ. ʎʝʦʣʽʪ ɓ (BEA) ʤʘʻ ʪʠʧʦʚʠʡ ʩʧʝʢʪʨ
 27
Al ʗʄʈ [323]. 

ɿʦʢʨʝʤʘ, ʚʽʥ ʤʽʩʪʠʪʴ ʜʚʘ ʚʫʟʴʢʽ ʩʠʛʥʘʣʠ ʧʨʠ 57,5 ʤ.ʯ. ʽ 53,8 ʤ.ʯ., ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʘʣʶʤʽʥʽʶ ʚ ʪʝʪʨʘʝʜʨʠʯʥʦʤʫ ʦʪʦʯʝʥʥʽ (Al
IV

). ɺʫʟɹʢʠʡ ʩʠʛʥʘʣ ʧʨʠ -

0,3 ʤ.ʯ. ʽ ʰʠʨʰʠʡ ʧʨʠ -4,7 ʤ.ʯ. ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʘʣʶʤʽʥʽʶ ʚ ʦʢʪʘʝʜʨʠʯʥʦʤʫ 

ʦʪʦʯʝʥʥʽ (Al
VI

).  
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ʈʠʩʫʥʦʢ 3.14 ï ʉʧʝʢʪʨʠ 
27

Al ʪʘ 
29

Si ʗʄʈ ʟʨʘʟʢʽʚ ʥʘ ʦʩʥʦʚʽ ʮʝʦʣʽʪʫ ɓ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʩʠʛʥʘʣʫ ʩʧʝʢʪʨʽʚ 
27
Al ʥʦʨʤʘʣʽʟʫʻʪʴʩʷ ʜʦ ʢʽʣʴʢʦʩʪʽ ʥʘʢʦʧʠʯʝʥʴ ʪʘ 

ʤʘʩʠ ʟʨʘʟʢʘ 
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ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ [323], ʚʫʟʴʢʫ ʣʽʥʽʶ ʧʨʠ -0,3 ʤ.ʯ. ʽ ʩʠʛʥʘʣ ʧʨʠ -4,7 ʤ.ʯ. ʩʣʽʜ 

ʚʽʜʥʦʩʠʪʠ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʧʦʟʘʢʘʨʢʘʩʥʦʛʦ Al(H2O)6
3+

 ʪʘ ʧʦʟʘʢʘʨʢʘʩʥʠʭ ʢʘʪʽʦʥʽʚ 

Al(OH)(3-x)
x+
Ā(3+x)H2O, (x=1, 2 ʘʙʦ 3).  

ʋ ʩʧʝʢʪʨʘʭ 
27
Al ʗʄʈ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʥʘ ʦʩʥʦʚʽ ɓ ʨʝʟʦʥʘʥʩʠ ʟʥʘʯʥʦ 

ʰʠʨʰʽ. ʂʨʽʤ ʪʦʛʦ, ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʟʘʛʘʣʴʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʟʪʘʰʦʚʘʥʘ ʚ 

ʰʠʨʦʢʦʤʫ ʧʣʝʯʽ ʟ ʤʘʢʩʠʤʫʤʦʤ 30 ʤ.ʯ. 

ʉʧʝʢʪʨʠ ʗʄʈ
 27
Al ʽʥʰʠʭ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʽʚ, ʦʢʨʽʤ ʘʥʘʣʦʛʽʯʥʠʭ ʧʽʢʽʚ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ Al
IV

 ʪʘ Al
VI
, ʪʘʢʦʞ ʤʽʩʪʷʪʴ ʧʝʥʪʘʢʦʦʨʜʠʥʦʚʘʥʠʡ ʘʣʶʤʽʥʽʡ (Al

V
, 

ʰʠʨʦʢʽ ʩʠʛʥʘʣʠ ʧʨʠ ~ 25ï30 ʤ.ʯ.) [324] ʫ ʢʽʣʴʢʦʩʪʽ ʚʽʜ ~21% (BEA-MCF-100) ʜʦ 

54% (BEA-MCM) ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ Al (ʪʘʙʣ. 3.5). 

 

ʊʘʙʣʠʮʷ 3.5 ï ɺʤʽʩʪ Al ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʚʠʟʥʘʯʝʥʠʡ ʤʝʪʦʜʦʤ 

ʗʄʈ 

ɿʨʘʟʦʢ 

ɺʤʽʩʪ Al 

ʚ  

ʟʨʘʟʢʫ 

(%) 

Al
IV

 (ʘ) 

ʚ Al 

(%) 

Al
IV

 (ʙ) 

ʚ Al 

(%) 

Al
IV

 (ʚ) 

ʚ Al 

(%) 

Al
V
 ʚ 

Al 

(%) 

Al
VI

 (ʘ) 

ʚ Al 

(%) 

Al
VI

 (ʙ) 

ʚ Al 

(%) 

BEA 2,3 19,3 23,3 35,8 0 1,0 20,6 

BEA-MCF-

100 
0,9 29,8 37,0 0 20,9 0 12,2 

BEA-MCF-

120 
0,6 42,5 24,6 0 18,7 0 14,2 

BEA-MCM 2,1 18,5 16,9 0 54,3 0 10,3 

BEA-KIT-6 0,4 22,1 17,5 0 48,5 0 11,8 

 

ɹʽʣʴʰʽʩʪʴ ʘʪʦʤʽʚ ʘʣʶʤʽʥʽʶ ʚ ʮʝʦʣʽʪʽ ɓ (ʟʨʘʟʦʢ BEA) ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʪʝʪʨʘʝʜʨʠʯʥʦʤʫ ʦʪʦʯʝʥʥʽ (~78%). ɺʚʝʜʝʥʥʷ ʨʽʟʥʠʭ ʤʽʮʝʣʷʨʥʠʭ ʪʝʤʧʣʘʪʽʚ 

(CTAB, P123 ʟ ʪʘʢʠʤʠ ʜʦʙʘʚʢʘʤʠ, ʷʢ 1,3,5-ʪʨʠʤʝʪʠʣʙʝʥʟʦʣ ʘʙʦ ʥ-ʙʫʪʘʥʦʣ) ʜʦ 

ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʥʘ ʜʨʫʛʽʡ ʩʪʘʜʽʾ ʙʽʪʝʤʧʣʘʪʥʦʛʦ ʩʠʥʪʝʟʫ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʘʪʦʤʽʚ ʘʣʶʤʽʥʽʶ ʚ ʧʝʥʪʘ- ʪʘ ʦʢʪʘʝʜʨʠʯʥʽʡ ʢʦʦʨʜʠʥʘʮʽʾ (Al
V
 ʽ 

Al
VI

) ï ʚʽʜ 33% ʜʣʷ BEA-MCF-120 ʜʦ ~65% ʜʣʷ BEA-MCM. ʇʨʠʩʫʪʥʽʩʪʴ ʉʊɸɺ 

ʧʽʜ ʯʘʩ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʘʣʶʤʦʩʠʣʽʢʘʪʥʠʭ ʨʝʘʢʮʽʡʥʠʭ ʩʫʤʽʰʝʡ ʩʧʨʠʷʻ 
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ʫʪʚʦʨʝʥʥʶ ʛʽʜʨʦ/ʦʢʩʦ ʯʘʩʪʠʥʦʢ ʟ ʘʪʦʤʘʤʠ Al ʚ ʦʢʪʘʝʜʨʠʯʥʦʤʫ ʦʪʦʯʝʥʥʽ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʚ [325]. 

ɺ ʮʝʦʣʽʪʽ ɓ, ʟʙʘʛʘʯʝʥʦʤʫ Al, ʩʧʝʢʪʨ 
29

Si ʗʄʈ ʤ̔ ʩʪʠʪʴ ʜʝʢʽʣʴʢʘ ʰʠʨʦʢʠʭ 

ʩʠʛʥʘʣʽʚ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʨʽʟʥʠʤ ʙʣʠʞʥʽʤ ʦʪʦʯʝʥʥʷʤ ʘʪʦʤʽʚ ʢʨʝʤʥʽʶ (Al ʘʙʦ OH 

ʛʨʫʧʠ, ʨʠʩ. 3.14). ɺ ʨʦʙʦʪʽ [326] ʚʽʜʧʦʚʽʜʥʽ ʩʠʛʥʘʣʠ ʚ ʟʙʘʛʘʯʝʥʦʤʫ ʘʣʶʤʽʥʽʻʤ 

ʮʝʦʣʽʪʽ ɓ ʚʽʜʥʝʩʝʥʦ ʜʦ ʪʘʢʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʢʨʝʤʥʽʶ: ʘ) Si (4Si), (ʩʠʛʥʘʣʠ ʧʨʠ ~ -

115 ʤ.ʯ. -113 ʤ.ʯ.) ï ʘʪʦʤʠ ʢʨʝʤʥʽʶ ʚ ʪʝʪʨʘʝʜʨʠʯʥʽʡ ʢʦʦʨʜʠʥʘʮʽʾ ʟ ʯʦʪʠʨʤʘ 

ʘʪʦʤʘʤʠ ʢʨʝʤʥʽʶ (Q4); ʙ) Si(3Si, 1Al) (-105 ʤ.ʯ. ʪʘ -103 ʤ.ʯ.) ï ʘʪʦʤʠ ʢʨʝʤʥʽʶ ʫ 

ʩʢʣʘʜʽ ʬʨʘʛʤʝʥʪʽʚ Q
3
 (ʘʪʦʤ Al ʽ ʪʨʠ ʘʪʦʤʠ Si), ʟʜʘʪʥʠʭ ʜʦ ʧʦʜʘʣʴʰʦʾ ʢʦʥʜʝʥʩʘʮʽʾ 

ʪʘ ʧʦʣʽʤʝʨʠʟʘʮʽʾ; ʚ) Si(2Si, 1Al, 1ʆʅ) (-98 ʤ.ʯ.) ï ʘʪʦʤʠ ʢʨʝʤʥʽʶ ʟ ʜʚʦʤʘ ʆʅ-

ʛʨʫʧʘʤʠ ʚ ʙʣʠʞʥʴʦʤʫ ʦʪʦʯʝʥʥʽ (ʘʙʦ ʦʜʥʘ ʆʅ-ʛʨʫʧʘ ʽ ʦʜʠʥ ʘʪʦʤ Al) ʽ ʜʚʦʤʘ 

ʘʪʦʤʘʤʠ Si (Q2); ʛ) Si(3Si, OH) (-93 ʤ.ʯ. ʽ -96 ʤ.ʯ) ï ʦʜʥʘ ʆʅ-ʛʨʫʧʘ ʽ ʪʨʠ ʘʪʦʤʠ 

Si. ʇ̔ ʜʚʠʱʝʥʥʷ ʯʘʩʪʢʠ ʢʨʝʤʥʽʶ ʟ ʢʦʥʬʽʛʫʨʘʮʽʻʶ (3Si, OH) ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ 

ʮʝʦʣʽʪʫ ɓ (4,3%) ʜʦ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ (14 ï 24 %), ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʚʠʱʠʡ ʩʪʫʧʽʥʴ ʛʽʜʨʦʢʩʠʣʶʚʘʥʥʷ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ, ʱʦ ʟʫʤʦʚʣʝʥʦ, ʦʯʝʚʠʜʥʦ, 

ʥʠʟʴʢʦ  ʁʪʝʤʧʝʨʘʪʫʨʦ  ʁʩʠʥʪʝʟʫ. 

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʊʇɼ ʘʤʽʘʢʫ ʤʘʡʞʝ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʠʡ BEA-MCF-100 

(ɻʊʆ ʧʨʠ 100 Áʉ, ʨʠʩ. 3.15) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ (84 ʤʢʤʦʣʴ/ʛ, ʤʘʢʩʠʤʫʤ 

ʜʝʩʦʨʙʮʽʾ NH3 ʧʨʠ 390 ÜC, ʪʘʙʣ. 3.6) ʪʘ ʩʣʘʙʢʠʭ (49 ʤʢʤʦʣʴ/ʛ, ʤʘʢʩʠʤʫʤ 

ʜʝʩʦʨʙʮʽʾ ʧʨʠ 215 ÜC), ʱʦ ʟ ʦʛʣʷʜʫ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʩʝʨʝʜʥʴʦʾ 

ʩʠʣʠ ʚ ʄʄʉ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʧʨʠʩʫʪʥʽʩʪʴ ʧʨʝʢʫʨʩʦʨʽʚ ʮʝʦʣʽʪʫ ʚ ʩʪʨʫʢʪʫʨʽ 

BEA-MCF-100. ʏʘʩʪʢʦʚʘ ʮʝʦʣʽʪʠʟʘʮʽʷ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ɻʊʆ ʚʽʜ 100 

ÜC ʜʦ 120 ÜC (BEA-MCF-120) ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʦʩʪʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ (ʜʦ 160 ʤʢʤʦʣʴ/ʛ), ʧʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʫʤ ʜʝʩʦʨʙʮʽʾ 

ʘʤʽʘʢʫ ʟʤʽʱʫʻʪʴʩʷ ʚʽʜ 390 ÜC ʜʦ 350 ÜC. ɿʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ, ʡʤʦʚʽʨʥʦ, ʧʦʚ'ʷʟʘʥʝ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʩʪʫʧʝʥʶ ʮʝʦʣʽʪʠʟʘʮʽʾ (ʚʽʜ ~ 0,1 ʜʦ 

0,4) (ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʈʌɸ, ʨʠʩ. 3.10), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ 

ʮʝʦʣʽʪʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʫ ʟʨʘʟʢʫ.  
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ʈʠʩʫʥʦʢ 3.15 ï ʇʨʦʬʽʣʽ NH3-ʊʇɼ ʜʣʷ BEA-MCF-100 ʪʘ BEA-MCF-120 

 

ʊʘʙʣʠʮʷ 3.6 ï ʂʠʩʣʦʪʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʭʘʥʽʯʥʠʭ 

ʩʫʤʽʰʝʡ, ʚʠʟʥʘʯʝʥʘ ʤʝʪʦʜʦʤ ʪʝʨʤʦʧʨʦʛʨʘʤʦʚʘʥʦʾ ʜʝʩʦʨʙʮʽʾ ʘʤʽʘʢʫ   

ɿʨʘʟʦʢ  

ʂʠʩʣʦʪʥʽʩʪʴ ʟʘ ʊʇɼɸ 

Tmax
ʘ
 (ÁC) 

C
ʙ
 

(ʤʢʤʦʣʴ/ʛ) 

BEA-MCF-100 215 49 

390 84 

BEA-MCF-120 180 131 

350 160 

ʄʝʭʘʥʽʯʥʘ ʩʫʤʽʰ 

1 

215 30 

320 68 

ʄʝʭʘʥʽʯʥʘ ʩʫʤʽʰ 

2 

200 154 

375 143 
ʘ 
Tmax, ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʢʩʠʤʫʤʫ ʜʝʩʦʨʙʮʽʾ ʘʤʽʘʢʫ. 
ʙ
 C, ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ. 

 

ɿʩʫʚ ʤʘʢʩʠʤʫʤʫ ʜʝʩʦʨʙʮʽʾ NH3 ʚʽʜ 390 ÜC ʜʦ 350 ÜC ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ɻʊʆ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʠʡ ʬʦʨʤʫʚʘʥʥʷʤ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʟ 

ʚʝʣʠʢʠʤʠ ʧʦʨʘʤʠ ʟ ʙʽʣʴʰʠʭ ʢʨʠʩʪʘʣʽʪʽʚ ʮʝʦʣʽʪʫ, ʦʜʝʨʞʘʥʠʭ ʧʽʜ ʯʘʩ ʜʨʫʛʦʾ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʧʨʠ ʚʠʱʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (120 ÜC) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ 100 ÜC, 
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ʱʦ ʧʦʣʝʛʰʫʻ ʜʠʬʫʟʽʶ ʤʦʣʝʢʫʣ ʘʤʽʘʢʫ ʟ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ. ɿʘʛʘʣʴʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ (ʩʣʘʙʢʠʭ ï ʤʘʢʩʠʤʫʤ ʜʝʩʦʨʙʮʽʾ NH3 < 300 ÜC ʪʘ 

ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ (Tmax ʜʝʩʦʨʙʮʽʾ ʧʨʠ 300 ï 400 ÜC) [327]) ʚ BEA-MCF-100 ʪʘ BEA-

MCF-120 ʟ ʙʣʠʟʴʢʠʤ ʚʽʜʥʦʰʝʥʥʷʤ Si/Al (~ 50) ʩʪʘʥʦʚʠʪʴ 133 ʽ 291 ʤʢʤʦʣʴ/ʛ, 

ʚʽʜʧʦʚʽʜʥʦ. ʅʘʷʚʥʽʩʪʴ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ ʫ ʤʘʡʞʝ 

ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʤʫ ʟʨʘʟʢʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʯʘʩʪʢʦʚʦ ʢʨʠʩʪʘʣʽʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ ʪʠʪʨʫʚʘʥʥʷ ʜʣʷ ʮʠʭ ʟʨʘʟʢʽʚ. 

ʅʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ ʪʘ ʢʠʩʣʦʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ (BEA-MCF-100 ʽ BEA-MCF-120) ʪʘ 

ʤʝʭʘʥʽʯʥʠʭ ʩʫʤʽʰʝʡ ʮʝʦʣʽʪʫ ɓ  ̔ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ MCF. ʅʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʽ ʤʝʭʘʥʽʯʥʦʾ ʩʫʤʽʰʽ 1 (ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʮʝʦʣʽʪʫ ɓ ʩʢʣʘʜʘʻ 0,1, MCF ï 

0,9) ʧʨʠʩʫʪʥʽʡ ʤʘʣʦʢʫʪʦʚʠʡ ʨʝʬʣʝʢʩ ʧʨʠ 2ɗ = 0,61Á (ʤʽʞʧʣʦʱʠʥʥʘ ʚʽʜʩʪʘʥʴ, d0 = 

14,4 ʥʤ, ʨʠʩ. 3.16, ʘ). ɿʘʟʥʘʯʝʥʠʡ ʨʝʬʣʝʢʩ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ MCF, ʱʦ ʤʘ̒ 

ʤʝʟʦʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 3.16, ʙ). ʄʘʣʦʽʥʪʝʥʩʠʚʥʽ ʨʝʬʣʝʢʩʠ (2ɗ = 7,8Á; 22,6Á), 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʮʝʦʣʽʪʫ ɓ, ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʩʝʨʝʜʥʴʦʢʫʪʦʚʽʡ ʦʙʣʘʩʪʽ 

ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʮʴʦʛʦ ʟʨʘʟʢʘ (ʨʠʩ. 3.16,ʙ). ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʟʥʘʯʝʥʠʭ ʨʝʬʣʝʢʩʽʚ 

ʟʨʦʩʪʘʻ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʮʝʦʣʽʪʫ ʚ ʩʫʤʽʰʽ ʜʦ 0,4 (ʤʝʭʘʥʽʯʥʘ ʩʫʤʽʰ 

2). ɺ ʦʙʣʘʩʪʽ ʤʘʣʠʭ ʢʫʪʽʚ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʮʽʻʾ ʩʫʤʽʰʽ ʪʘʢʦʞ ʧʨʠʩʫʪʥʽʡ ʨʝʬʣʝʢʩ 

ʧʨʠ 2ɗ = 0,58Á (d0 = 15,2 ʥʤ) (ʨʠʩ. 3.16,ʘ). ʅʘʚʧʘʢʠ, ʚ ʤʘʣʦʢʫʪʦʚʽʡ ʦʙʣʘʩʪʽ 

ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʟʨʘʟʢʽʚ BEA-MCF-100 ʪʘ BEA-MCF-120 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʣʠʰʝ 

ʤʘʣʦʽʥʪʝʥʩʠʚʥʝ ʧʣʝʯʝ ʧʨʠ 2ɗ = 0,70Á (d0 = 12,6 ʥʤ) (ʨʠʩ. 3.10, ʙ), ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʤʝʭʘʥʽʯʥʠʭ ʩʫʤʽʰʝʡ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʡ ʩʪʫʧʽʥʴ ʫʧʦʨʷʜʢʫʚʘʥʥʷ 

ʤʝʟʦʩʪʨʫʢʪʫʨʠ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ. ʁʤʦʚʽʨʥʦ, ʮʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʤʝʟʦʩʪʨʫʢʪʫʨʠ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʭ ʯʘʩʪʠʥʦʢ ʟʦʣʶ-

ʧʨʝʢʫʨʩʦʨʫ ʮʝʦʣʽʪʫ ɓ. 
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ʈʠʩʫʥʦʢ 3.16 ï ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʤʝʭʘʥʽʯʥʠʭ ʩʫʤʽʰʝʡ 1 (1) ʽ 2 (2) ʚ ʦʙʣʘʩʪʽ 

ʤʘʣʠʭ (ʘ) ʪʘ ʩʝʨʝʜʥʽʭ (ʙ) ʢʫʪʽʚ 

 

ʄʝʭʘʥʽʯʥʽ ʩʫʤʽʰʽ ʬʘʟ (ʚʽʜʥʦʰʝʥʥʷ Si/Al ʜʣʷ ʩʫʤʽʰʽ 1 ʜʦʨʽʚʥʶʻ 81, ʜʣʷ 2 ï 

56) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ (ʤʘʢʩʠʤʫʤ 

ʜʝʩʦʨʙʮʽʾ ʘʤʽʘʢʫ ʧʨʠ 320 ï 375 ÁC, ʢʦʥʮʝʥʪʨʘʮʽʷ 68 ï 143 ʤʢʤʦʣʴ/ʛ, ʨʠʩ. 3.17, 

ʪʘʙʣ. 3.6). ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʮʝʦʣʽʪʫ ʚ ʤʝʭʘʥʽʯʥʽʡ ʩʫʤʽʰʽ (ʤʘʩʦʚʘ ʯʘʩʪʢʘ 0,1 Ÿ 

0,4) ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʩʠʣʠ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʫ ʟʨʘʟʢʫ 

(ʪʘʙʣ. 3.6). ɿʨʘʟʦʢ BEA-MCF-100 ʟ ʥʠʟʴʢʠʤ ʩʪʫʧʝʥʝʤ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʤʽʩʪʠʪʴ 

ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ʟ ʙʽʣʴʰʦʶ ʩʠʣʦʶ ʽ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʭʘʥʽʯʥʦʶ 

ʩʫʤʽʰʰʶ 1 (ʪʘʙʣ. 3.6), ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʘʷʚʥʽʩʪʶ ʚ ʤʝʟʦʩʪʨʫʢʪʫʨʽ BEA-

MCF-100 ʧʨʝʢʫʨʩʦʨʽʚ ʮʝʦʣʽʪʫ ʟ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʪʝʪʨʘʝʜʨʠʯʥʦ 

ʢʦʦʨʜʠʥʦʚʘʥʦʛʦ ʘʣʶʤʽʥʽʶ (ʨʠʩ. 3.14), ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʘʥʠʤʠ, ʥʘʚʝʜʝʥʠʤʠ 

ʚ [328]. ɿʨʘʟʦʢ BEA-MCF-120 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʱʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ, ʥʽʞ ʤʝʭʘʥʽʯʥʘ ʩʫʤʽʰ 2 (ʪʘʙʣ. 3.6), ʱʦ ʪʘʢʦʞ 

ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʦ ʟ ʧʨʠʩʫʪʥʽʩʪʶ ʧʨʝʢʫʨʩʦʨʽʚ ʮʝʦʣʽʪʫ ɓ ʚ ʦʜʝʨʞʘʥʦʤʫ 

ʤʘʪʝʨʽʘʣ.̔ ʊʘʢʠʤ ʯʠʥʦʤ, ʜʘʥʽ ʈʌɸ ʪʘ ʊʇɼɸ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʦʜʝʨʞʘʥʽ ʟʨʘʟʢʠ 

BEA-MCF-100 ʽ BEA-MCF-120 ʥʝ ʻ ʧʨʦʩʪʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʩʫʤʽʰʘʤʠ ʮʝʦʣʽʪʫ 

ʪʘ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ. 
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ʈʠʩʫʥʦʢ 3.17 ï ʇʨʦʬʽʣʽ NH3-ʊʇɼ ʜʣʷ ʤʝʭʘʥʽʯʥʠʭ ʩʫʤʽʰʝʡ 1 (1) ̔  2 (2) 

 

ʇʦʧʝʨʝʜʥʴʦ ʩʠʥʪʝʟʦʚʘʥʽ ʮʝʦʣʽʪʚʤʽʩʥʽ ʤʝʟʦʧʦʨʠʩʪʽ ʤʘʪʝʨʽʘʣʠ BEA-MCF-

100 ʽ BEA-MCF-120, ʷʢ ʦʧʠʩʘʥʦ ʚ ʧ. 3.1, ʧʨʦʷʚʣʷʶʪʴ ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ ʚʝʨʙʝʥʦʣʫ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʽʦʣʫ. 

BEA-MCF-100, ʱʦ ʤʽʩʪʠʪʴ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ 

(ʜʦ 174 ʤʢʤʦʣʴ/ʛ) ʪʘ ʥʠʟʴʢʠʡ ʚʤʽʩʪ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ (ʜʦ 34 

ʤʢʤʦʣʴ/ʛ), ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʚʠʩʦʢʫ ʩʝʣʝʢʪʠʚʥʽʩʪʴ (59%) ʟʘ ʮʽʣʴʦʚʠʤ ʧʨʦʜʫʢʪʦʤ 

(ʧʘʨʘʤʝʥʪʘʥʦʚʠʡ ʜʽʦʣ) ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʨʝʘʢʮʽʾ. 

ʈʘʥʽʰʝ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʽʢʨʦ-

ʤʝʟʦʧʦʨʠʩʪʠʭ ʟʨʘʟʢʽʚ ʫ ʨʝʘʢʮʽʾ ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ ʚʝʨʙʝʥʦʣʫ (ʧ. 3.1) 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʽʩʪʦʪʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʘʜʠʪʠʚʥʦʩʪʽ (ʚ ʧʨʠʧʫʱʝʥʥʽ ʽʩʥʫʚʘʥʥʷ 

ʦʢʨʝʤʠʭ ʘʤʦʨʬʥʦʾ ʪʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʬʘʟ) ʜʣʷ ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɿʚʘʞʘʶʯʠ 

ʥʘ ʚʽʜʥʦʩʥʦ ʨʽʚʥʦʤʽʨʥʝ ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʽʢʨʦ-

ʤʝʟʦʧʦʨʠʩʪʠʭ ʟʨʘʟʢʽʚ, ʦʜʝʨʞʘʥʽ ʟʥʘʯʝʥʥʷ ʢʠʩʣʦʪʥʦʩʪʽ (ʟʦʢʨʝʤʘ, ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ) ʚʠʜʘʶʪʴʩʷ ʟʘʥʘʜʪʦ ʚʠʩʦʢʠʤʠ, ʷʢʱʦ ʧʨʠʧʫʩʢʘʪʠ, ʱʦ 
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ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ʤʽʩʪʠʪʴ ʪʽʣʴʢʠ ʮʝʦʣʽʪʥʘ ʬʘʟʘ (ʨʠʩ. 3.18), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʧʨʠʩʫʪʥʽʩʪʴ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ ʮʝʦʣʽʪʫ ʚ ʟʨʘʟʢʘʭ ʟ ʥʠʟʴʢʠʤ 

ʩʪʫʧʝʥʝʤ ʮʝʦʣʽʪʠʟʘʮʽʾ.  

ʂʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʠʭ ʨʘʥʽʰʝ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ 

ʥʠʟʴʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʪʘ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʠʭ ʟʨʘʟʢʽʚ (ʨʠʩ. 3.18), ʚʠʷʚʠʣʘʩʴ ʟʥʘʯʥʦ 

ʚʠʱʦʶ, ʥʽʞ ʜʣʷ ʟʚʠʯʘʡʥʦʛʦ ʮʝʦʣʽʪʫ ɓ. ʆʜʝʨʞʘʥʽ ʟʥʘʯʝʥʥʷ ʤʦʞʫʪʴ ʩʚʽʜʯʠʪʠ ʧʨʦ 

ʪʝ, ʱʦ ʢʘʪʘʣʽʪʠʯʥʽ ʮʝʥʪʨʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʝ ʪʽʣʴʢʠ ʮʝʦʣʽʪʥʦʶ ʬʘʟʦʶ, ʘʣʝ ʡ 

ʘʤʦʨʬʥʦʶ, ʱʦ ʤʽʩʪʠʪʴ, ʦʜʥʘʢ, ʚʪʦʨʠʥʥʽ ʙʫʜʽʚʝʣʴʥʽ ʙʣʦʢʠ ʮʝʦʣʽʪʫ, ʷʢ ʙʫʣʦ 

ʦʧʠʩʘʥʦ ʨʘʥʽʰʝ ʚ ʣʽʪʝʨʘʪʫʨʽ [35, 329]. ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʪʘʢʠʭ 

ʧʨʝʢʫʨʩʦʨʽʚ ʮʝʦʣʽʪʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ, 

ʷʢʘ ʥʝ ʚʽʜʧʦʚʽʜʘ ̒ ʩʪʫʧʝʥʶ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ, ʱʦ ʟʫʤʦʚʣʶʻ ʧʽʜʚʠʱʝʥʥʷ 

ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
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ʈʠʩʫʥʦʢ 3.18 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʨʦʟʨʘʭʦʚʘʥ̔ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʪʘ ʟʥʘʯʝʥʥʷ TOF ʫ ʨʝʘʢʮʽʾ ʝʧʦʢʩʠʜʫ ʚʝʨʙʝʥʦʣʫ ʜʣʷ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ 

 

ʇʦʨʽʚʥʷʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʦʢʨʝʤʠʭ ʬʘʟ ʮʝʦʣʽʪʫ ɓ ʪʘ 

ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʪʫʧʝʥʷ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ (ʨʠʩ. 

3.18), ʧʦʢʘʟʫʻ, ʱʦ ʥʠʟʴʢʦʢʨʠʩʪʘʣʽʯʥʽ ʟʨʘʟʢʠ (ʨʠʩ. 3.18, ʝʢʩʧʝʨʠʤʝʥʪ) 
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ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʱʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ, ʥʽʞ ʚʽʜʧʦʚʽʜʥʽ 

ʤʝʭʘʥʽʯʥʽ ʩʫʤʽʰʽ (ʨʠʩ. 3.18, ʨʦʟʨʘʭʫʥʦʢ). ʊʘʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ, 

ʟʦʢʨʝʤʘ ʩʠʣʴʥʠʭ ʪʘ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʥʘ ʦʩʥʦʚʽ ʘʜʠʪʠʚʥʦʩʪʽ, ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʘ, ʦʯʝʚʠʜʥʦ, ʚʠʱʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʪʝʪʨʘʝʜʨʠʯʥʦ ʢʦʦʨʜʠʥʦʚʘʥʦʛʦ ʘʣʶʤʽʥʽʶ (ʱʦ ʬʦʨʤʫʻ ʚʽʜʧʦʚʽʜʥʽ ʢʠʩʣʦʪʥʽ 

ʮʝʥʪʨʠ) ʚ ʧʨʝʢʫʨʩʦʨʘʭ ʮʝʦʣʽʪʫ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʦʜʝʨʞʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʥʽʞ ʫ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʘʤʦʨʬʥʦʤʫ ʘʣʶʤʦʩʠʣʽʢʘʪʽ (ʥʘʧʨʠʢʣʘʜ, AlSi-MCM-41 [330]). ʂʨʽʤ 

ʪʦʛʦ, ʚʠʩʦʢʘ ʜʠʩʧʝʨʩʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʧʨʠʯʠʥʦʶ ʪʘʢʦʾ 

ʥʝʘʜʠʪʠʚʥʦʾ ʧʦʚʝʜʽʥʢʠ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ, ʜʦʜʘʚʘʥʥʷ 

ʤʽʮʝʣʷʨʥʠʭ ʪʝʤʧʣʘʪʽʚ ʫ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ (200 ï 640 ʤʢʤʦʣʴ/ʛ) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʮʝʦʣʽʪʦʤ ɓ 

(850 ʤʢʤʦʣʴ/ʛ). ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʟʤʝʥʰʝʥʥʷʤ ʯʘʩʪʢʠ ʪʝʪʨʘʝʜʨʠʯʥʦ 

ʢʦʦʨʜʠʥʦʚʘʥʦʛʦ ʘʣʶʤʽʥʽʶ ʟ ~78% ʜʦ 35% ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʘʥʠʭ 
27

Al ʗʄʈ (ʪʘʙʣ. 

3.5). 

ɺʠʩʦʢʠʡ ʚʤʽʩʪ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʫ ʥʠʟʴʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʪʘ 

ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʠʭ ʟʨʘʟʢʘʭ, ʦʯʝʚʠʜʥʦ, ʦʙʫʤʦʚʣʝʥʠʡ ʢʠʩʣʦʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʮʝʦʣʽʪʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ, ʘ ʥʝ ʢʨʠʩʪʘʣʽʚ ʮʝʦʣʽʪʫ, ʷʢʽ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʟ ʮʠʭ 

ʧʨʝʢʫʨʩʦʨʽʚ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʦʜʘʣʴʰʦʾ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʧʨʠ ʚʠʱʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ. ʊʘʢʽ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʽ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʩʪʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʤʽʩʪʷʪʴ 

ʧʨʝʢʫʨʩʦʨʠ ʮʝʦʣʽʪʫ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʶ ʩʪʽʡʢʽʩʪʶ ʪʘ 

ʢʘʪʘʣʽʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʚ ʨʽʟʥʠʭ ʨʝʘʢʮʽʷʭ [35, 39]. 

ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʢʠʩʣʦʪʥʦʩʪʽ, ʚʠʷʚʣʝʥʽ ʤʝʪʦʜʦʤ 

ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ (ʪʘʙʣ. 3.4). ɿʜʽʡʩʥʝʥʥʷ ʜʨʫʛʦʾ ʛʽʜʨʦʪʝʨʤʘʣʥɹʦʾ 

ʦʙʨʦʙʢʠ (ʟ ʤʽʮʝʣʷʨʥʠʤ ʪʝʤʧʣʘʪʦʤ) ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ (ʚʽʜ 850 ʤʢʤʦʣʴ/ʛ ʜʣʷ ʮʝʦʣʽʪʫ ɓ ʜʦ 190 ʽ 640 ʤʢʤʦʣʴ/ʛ ʜʣʷ 

BEA-MCF-100 ʪʘ BEA-MCF-120, ʚʽʜʧʦʚʽʜʥʦ). ʋ ʚʠʧʘʜʢʫ ʟ BEA-MCF-120 

ʩʧʦʩʪʝʨʽʛʘʻʪʩɹʷ ʚʠʩʦʢʘ ʯʘʩʪʢʘ ʩʣʘʙʢʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ (lgK 8,3, ʢʦʥʮʝʥʪʨʘʮʽʷ 

550 ʤʢʤʦʣʴ/ʛ). ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʚʽʜ 100 
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ʜʦ 120 Áʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʛʣʦʤʝʨʘʮʽʷ ʪʘ ʧʦʜʘʣʴʰʘ ʢʦʥʜʝʥʩʘʮʽʷ ʩʬʦʨʤʦʚʘʥʠʭ 

ʯʘʩʪʠʥʦʢ. ɿʥʘʯʝʥʥʷ lg K ʜʣʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʪʠʧʫ 1 ʜʣʷ ʥʠʟʴʢʦʢʨʠʩʪʘʣʽʯʥʦʛʦ 

BEA-MCF-100 ʻ ʥʘʡʤʝʥʰʠʤ ʩʝʨʝʜ ʚʠʚʯʝʥʠʭ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʟʨʘʟʢʽʚ ʽ 

ʜʦʨʽʚʥʶʻ ʚʝʣʠʯʠʥʽ ʜʣʷ ʟʚʠʯʘʡʥʦʛʦ ʮʝʦʣʽʪʫ (4,3), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 

ʩʠʣʴʥʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ, ʭʦʯʘ ʽ ʧʨʠ ʥʘʡʤʝʥʰʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ (100 ʤʢʤʦʣʴ/ʛ). 

ʅʠʟʴʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʫ ʟʨʘʟʢʘʭ, ʦʜʝʨʞʘʥʠʭ ʚ ʢʠʩʣʠʭ 

ʨʝʘʢʮʽʡʥʠʭ ʩʫʤʽʰʘʭ, ʦʯʝʚʠʜʥʦ, ʧʦʚ'ʷʟʘʥʘ ʟ ʯʘʩʪʢʦʚʠʤ ʨʦʟʯʠʥʝʥʥʷʤ Al ʟ 

ʧʨʝʢʫʨʩʦʨʽʚ ʮʝʦʣʽʪʫ ʪʘ ʧʦʜʘʣʴʰʠʤ ʽʩʥʫʚʘʥʥʷʤ ʘʣʶʤʽʥʽʶ ʚ ʢʘʪʽʦʥʥʽʡ ʬʦʨʤʽ, ʘ ʥʝ 

ʚ ʬʦʨʤʽ ʚʽʜʧʦʚʽʜʥʠʭ ʦʢʩʦ-ʯʘʩʪʠʥʦʢ. ɺ ʨʝʟʫʣʴʪʘʪ ̔ Al
3+

 ʥʝ ʤʦʞʝ ʚʢʣʶʯʘʪʠʩʴ ʚ 

ʤʝʟʦʧʦʨʠʩʪʽ ʩʪʽʥʢʠ [328]. ʂʨʽʤ ʪʦʛʦ, ʚʤʽʩʪ Al ʽʩʪʦʪʥʦ ʟʥʠʞʫʻʪʴʩʷ (ʚʽʜ 2,3% ʜʣʷ 

ɺɽɸ ʜʦ 0,6% ʜʣʷ BEA-MCF-120), ʱʦ ʻ ʧʨʠʯʠʥʦʶ ʥʠʟʴʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʚ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʘʭ. ʇʝʨʝʚʝʜʝʥʥʷ ʜʨʫʛʦʾ ʩʪʘʜʽʾ ʩʠʥʪʝʟʫ 

ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʟʨʘʟʢʽʚ ʫ ʣʫʞʥʝ ʩʝʨʝʜʦʚʠʱʝ (ʟʨʘʟʦʢ BEA-MCM) ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ (ʜʦ 600 ʤʢʤʦʣʴ/ʛ), ʚʢʣʶʯʘʶʯʠ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʾ ʯʘʩʪʢʠ ʧʦʨʽʚʥʷʥʦ ʩʠʣʴʥʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ (lg K 4,7, 200 

ʤʢʤʦʣʴ/ʛ). ɺ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Al ʯʘʩʪʠʥʢʠ ʧʝʨʝʭʦʜʷʪʴ ʟ Al
3+

 ʚ ʦʢʩʦ-ʬʦʨʤʫ ʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʚʝʜʝʥʽ ʚ ʩʪʽʥʢʠ ʤʝʟʦʬʘʟʠ [329]. ʇʨʦʪʝ ʯʘʩʪʢʘ ɸl ʚ 

ʪʝʪʨʘʝʜʨʠʯʥʦʤʫ ʦʪʦʯʝʥʥʽ ʚ BEA-MCM ʟʥʘʯʥʦ ʥʠʞʯʘ (~35%), ʥʽʞ ʜʣʷ 

ʤʘʪʝʨʽʘʣʽʚ, ʦʜʝʨʞʘʥʠʭ ʚ ʢʠʩʣʠʭ ʨʝʘʢʮʽʡʥʠʭ ʩʫʤʽʰʘʭ (ʙʣʠʟʴʢʦ 67%), 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʱʠʡ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ Al ʚ ʮʠʭ ʟʨʘʟʢʘʭ (2,1% ʧʨʦʪʠ 0,6%, ʪʘʙʣ. 

3.5), ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʶ ʧʨʠʨʦʜʦʶ ʟʨʘʟʢʘ BEA-MCM (ʨʠʩ. 

3.10,ʘ). 

ɿʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ ʚʽʜ 

ʘʜʠʪʠʚʥʦʩʪʽ ʚʢʘʟʫʶʪʴ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʤʝʟʦʧʦʨʠʩʪʠʭ ʟʨʘʟʢʽʚ ʟ 

ʧʨʝʢʫʨʩʦʨʽʚ ʮʝʦʣʽʪʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʭ 

ʢʘʪʘʣʽʪʠʯʥʠʭ ʨʝʘʢʮʽʷʭ. ʇʝʨʝʚʘʛʘ ʧʦʜʚʽʡʥʦʛʦ ʪʝʤʧʣʘʪʫʚʘʥʥʷ ʚ ʢʠʩʣʠʭ 

ʨʝʘʢʮʽʡʥʠʭ ʩʫʤʽʰʘʭ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʨʠʛʥʽʯʝʥʥʷʤ ʨʦʩʪʫ ʮʝʦʣʽʪʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ, ʱʦ 

ʟʘʧʦʙʽʛʘʻ ʫʪʚʦʨʝʥʥʶ ʦʢʨʝʤʦʾ ʮʝʦʣʽʪʥʦʾ ʬʘʟʠ. ʂʨʽʤ ʪʦʛʦ, ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʝʥʘ ʧʦʨʠʩʪʽʩʪʴ ʟʨʘʟʢʽʚ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʤʝʟʦʩʪʨʫʢʪʫʨ, ʫʪʚʦʨʝʥʠʭ ʚ 
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ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (SBA-15, KIT-6, MCF ʪʘ ʽʥ.). ɿʦʢʨʝʤʘ, ʟʨʘʟʢʠ, ʦʜʝʨʞʘʥʽ ʚ 

ʢʠʩʣʠʭ ʨʦʟʯʠʥʘʭ ʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʩʦʣʶʙʽʣʽʟʘʪʦʨʘ (1,3,5-ʪʨʠʤʝʪʠʣʙʝʥʟʦʣ), 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤʠ ʪʝʢʩʪʫʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (SBET ʜʦ 690 ʤ
2
/ʛ, Vʟʘʛ 

ʜʦ 1,5 ʩʤ
3
/ʛ, ʨʠʩ. 3.19, ʪʘʙʣ. 3.7). 
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ʈʠʩʫʥʦʢ 3.19 ï ɯʟʦʪʝʨʤʠ ʘʜ(ʜʝ)ʩʦʨʙʮʽʾ ʘʟʦʪʫ ʧʨʠ 77 K ʜʣʷ ʟʨʘʟʢʽʚ BEA (1), 

BEA-KIT-6 (2), BEA-MCM (3), BEA-MCF-100 (4), BEA-MCF-120 (5). ɯʟʦʪʝʨʤʠ 

ʟʨʘʟʢʽʚ BEA-KIT-6 (2), BEA-MCM (3), BEA-MCF-100 (4), BEA-MCF-120 (5) 

ʚʝʨʪʠʢʘʣʴʥʦ ʟʤʽʱʝʥʽ ʥʘ ʨʽʚʥʽ ʽʥʪʝʨʚʘʣʠ 

 

ʊʘʙʣʠʮʷ 3.7 ï ʊʝʢʩʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʚʽʜʥʦʰʝʥʥʷ Si/Al ʜʣʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʮʝʦʣʽʪʫ ɓ ʽ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ   

ɿʨʘʟʦʢ 
Si/Al Vʤʽʢʨʦ 

(ʩʤ
3
/ʛ) 

Vʤʝʟʦ 

(ʩʤ
3
/ʛ) 

Dʤʝʟʦ 

(ʥʤ) 

Sʤʝʟʦ 

(ʤ
2
/ʛ) 

SɺET 

(ʤ
2
/ʛ) 

Vʟʘʛ 

(ʩʤ
3
/ʛ) 

BEA 25 0,23 0,08 ï 20 615 0,31 

BEA-MCF-

100 

48 
0,13 1,11 52,0

a
 190 490 1,24 

BEA-MCF-

120 

49 
0,15 1,33 22,0

a
 330 690 1,48 

BEA-MCM 32 - 0,41 11Ñ3; 18Ñ5 620 745 0,93 

BEA-KIT-6 70 0,04 0,73 ~15
b
; ~50

b
 180 270 0,77 

a ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ; 
b ʤʘʢʩʠʤʫʤ ʨʦʟʧʦʜʽʣʫ ʤʝʟʦʧʦʨ ʟʘ ʨʦʟʤʽʨʘʤʠ  
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3.3. ʆʩʦʙʣʠʚʦʩʪʽ ʦʜʝʨʞʘʥʥʷ, ʩʪʨʫʢʪʫʨʘ ʪʘ ʢʘʪʘʣʽʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʮʝʦʣʽʪʫ ZSM-5 

 

ɺ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʟôʷʩʫʚʘʥʥʷ ʚʧʣʠʚʫ 

ʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʭ ʽ ʢʠʩʣʦʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʮʝʦʣʽʪʫ ZSM-5 ʥʘ ʾʭ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ 

ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ Ŭ-ʧʽʥʝʥʫ. 

ɺ ʪʘʙʣ. 3.8 ʥʘʚʝʜʝʥʦ ʫʤʦʚʠ ʦʜʝʨʞʘʥʥʷ ʪʘ ʧʘʨʘʤʝʪʨʠ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ 

ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʮʝʦʣʽʪʥʠʭ ʟʨʘʟʢʽʚ 

 

ʊʘʙʣʠʮʷ 3.8 ï ʋʤʦʚʠ ʩʠʥʪʝʟʫ ʪʘ ʪʝʢʩʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʘʜ(ʜʝ)ʩʦʨʙʮʽʷ 

ʘʟʦʪʫ ʧʨʠ 77 K) ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ 

ɿʨʘʟʦʢ ʊʝʤʧʣʘʪ ɻʽʜʨʦʪʝʨʤʘʣʴ

ʥʘ ʦʙʨʦʙʢʘ 

Vʤʽʢʨʦ
ʙ 

Ā10
ï2

, 

ʩʤ
3
/ʛ 

Vʤʝʟʦ
ʚ
, 

ʩʤ
3
/ʛ 

Dʤʝʟʦ
ʛ
, 

ʥʤ 

Sʤʝʟʦ
ʜ
 

ʤ
2
/ʛ 

SBET
ʝ
, 

ʤ
2
/ʛ 

T, ÁC Ű
ʘ
, ʛʦʜ 

1MMAʉ TPAOH, CTACl 100 48 ï 0,57 2,3Ñ0,4 1240 1245 

2MMAʉ TPAOH, CTACl 100 144 0,90
ʞ 

0,50 2,4Ñ0,4 815 960 

3MMAʉ TPAOH 120
 ̒

24
 

15,7
 

0,59 6,3Ñ0,9 280 630 

4MMAʉ TPAOH 100
 ̒

144 14,4 0,67 7,0Ñ0,9; 

13,0Ñ 

1,1 

275 605 

5MMAʉ C8ï6ï8Br2 130 144 13,5 0,51 11,0Ñ2,

0 

175 500 

6MMAʉ C8ï6ï8Br2, CTAB 130 144 11,9 0,32 5,6Ñ0,6 250 540 

7MMAʉ C8ï6ï8Br2, 

TPAOH 

130 144 14,7 0,34 25,0Ñ 

7,5 

75 410 

8MMAʉ C16ï6ï6Br2 130 144 10,8 0,31 2,5Ñ1,0 240 505 

9MMAʉ C16ï6ï6Br2, 

TPAOH 

130 144 11,5 0,30 2,7Ñ0,6 230 515 

ZSM-5 TPAOH 170 48 14,3 0,02 ï 5
ʟ
 375 

AlSi-

MCM-41 

CTAB 100 72 ï 0,76 2,9Ñ0,2 890 950 

AlSi-

SBA-15 

Pluronic P-123 100 24 5,5 1,20 9,2Ñ0,5 400 530 

ʇʨʠʤʽʪʢʠ:  
ʘ
 Ű ï ʪʨʠʚʘʣʽʩʪʴ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʦʙʨʦʙʢʠ. 
ʙ
 Vʤʽʢʨʦ, ʦʙôʻʤ ʤʽʢʨʦʧʦʨ. 
ʚ
 Vʤʝʟʦ, ʦʙôʻʤ ʤʝʟʦʧʦʨ. 
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ʛ
 Dʤʝʟʦ, ʜʽʘʤʝʪʨ ʤʝʟʦʧʦʨ. 
ʜ
 Sʤʝʟʦ, ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʤʝʟʦʧʦʨ. 
ʝ
 SBET, ʟʘʛʘʣʴʥʘ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ. 
ʻ
 çʉʫʭʠʡ ʛʝʣʴè ʧʽʜʜʘʚʘʣʠ ʊʇʆ.  
ʞ
 ɼʽʘʤʝʪʨ ʤʽʢʨʦʧʦʨ ʜʣʷ ʟʨʘʟʢʽʚ 1MMAʉ, 2MMAʉ, 5MMAʉ ï 9MMAʉ, ZSM-5 

ʩʪʘʥʦʚʠʪʴ 0,55 ʥʤ, ʜʣʷ ʟʨʘʟʢʽʚ 3MMAʉ, 4MMAʉ ʩʪʘʥʦʚʠʪʴ 0,55 ʥʤ ʪʘ 0,80 ʥʤ, ʜʣʷ ʟʨʘʟʢʘ 

AlSi-SBA-15 ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 0,80 ʥʤ. 
ʟ
 ɿʦʚʥʽʰʥʷ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥ ̫ʮʝʦʣʽʪʫ ZSM-5. 
 

ʄʝʪʦʜ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʙʽʪʝʤʧʣʘʪʥʦʛʦ ʩʠʥʪʝʟʫ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ 

ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʠʡ ʘʣʶʤʦʩʠʣʽʢʘʪ (1ʄʄɸʉ) ʽ ʯʘʩʪʢʦʚʦ ʮʝʦʣʽʪʠʟʦʚʘʥʠʡ ʄʄɸʉ 

(ʟʨʘʟʦʢ 2ʄʄɸʉ, ʩʪʫʧʽʥʴ ʮʝʦʣʽʪʠʟʘʮʽʾ Ŭʮʪ å 0,15), ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʤʝʟʦʩʪʨʫʢʪʫʨʦʶ (ʤʽʞʧʣʦʱʠʥʥʘ ʚʽʜʩʪʘʥʴ ʚ ʤʝʟʦʩʪʨʫʢʪʫʨʽ ʮʠʭ ʟʨʘʟʢʽʚ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʰʦʤʫ ʤʘʣʦʢʫʪʦʚʦʤʫ ʨʝʬʣʝʢʩʫ, d0 = 3,5 ʥʤ) ʟ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʠʤ 

ʩʪʫʧʝʥʝʤ ʧʨʦʩʪʦʨʦʚʦʾ ʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ (ʨʠʩ. 3.20).  
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ʈʠʩʫʥʦʢ 3.20 ï ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʟʨʘʟʢʽʚ 1MMAʉ, 2MMAʉ, AlSi-MCM-41, 

ZSM-5 ʚ ʤʘʣʦʢʫʪʦʚʽʡ (ʘ) ʪʘ ʩʝʨʝʜʥʴʦʢʫʪʦʚʽʡ (ʙ) ʦʙʣʘʩʪʷʭ (ʫʤʦʚʠ ʩʠʥʪʝʟʫ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.8) 

 

ʅʘʷʚʥʽʩʪʴ ʚ ɯʏ-ʩʧʝʢʪʨʽ ʟʨʘʟʢʘ 1ʄʄɸʉ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ ~550 ʩʤ
ï1

, 

ʱʦ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʘʩʠʤʝʪʨʠʯʥʠʭ ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ (ʘʣʶʤʦ)ʩʠʣʦʢʩʘʥʦʚʠʭ 

ʟʚ'ʷʟʢʽʚ ʫ ʧ'ʷʪʠʯʣʝʥʥʠʭ ʢʽʣʴʮ̫ ʭ ʪʝʪʨʘʝʜʨʽʚ Si(Al )O4/2 [331] ʩʚʽʜʯʠʪʴ, ʱʦ 
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ʩʪʨʫʢʪʫʨʘ ʮʴʦʛʦ ʟʨʘʟʢʘ ʚʢʣʶʯʘʻ (ʘʣʶʤʦ)ʩʠʣʦʢʩʘʥʦʚʽ ʟʚ'ʷʟʢʠ, ʟʜʘʪʥʽ ʬʦʨʤʫʚʘʪʠ 

ʢʨʠʩʪʘʣʽʯʥʫ ʮʝʦʣʽʪʥʫ ʩʪʨʫʢʪʫʨʫ. ɿʨʘʟʦʢ 1ʄʄɸʉ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ 

ʦʜʥʦʨʽʜʥʦʶ ʤʦʨʬʦʣʦʛʽʻʶ ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʤʦʨʬʥʠʭ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ 

ʨʦʟʤʽʨʦʤ ~2 ʤʢʤ, ʧʦʜʽʙʥʠʭ ʪʘʢʠʤ AlSi-MCM-41 (ʨʠʩ. 3.21, ʘ). ʋ ʯʘʩʪʢʦʚʦ 

ʮʝʦʣʽʪʠʟʦʚʘʥʦʤʫ ʟʨʘʟʢʫ 2ʄʄɸʉ ʥʘ ʉɽʄ-ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ, ʧʦʨʷʜ ʟ ʘʤʦʨʬʥʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ, ʧʦʤʽʪʥʽ ʢʨʠʩʪʘʣʽʪʠ ʮʝʦʣʽʪʫ ʨʦʟʤʽʨʦʤ 0,3 ï 0,4 ʤʢʤ (ʨʠʩ. 3.21, ʙ). 

 

(a) (b)

10 mm10 mm
 

ʈʠʩʫʥʦʢ 3.21 ï ʉɽʄ-ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʟʨʘʟʢʽʚ 1MMAʉ (ʘ), 2MMAʉ (b) 

 

ʏʘʩʪʢʦʚʦ ʮʝʦʣʽʪʠʟʦʚʘʥʽ ʘʣʶʤʦʩʠʣʽʢʘʪʠ 3ʄʄɸʉ (Ŭʮʪ å 0,10, ʨʦʟʤʽʨ 

ʢʨʠʩʪʘʣʽʪʽʚ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʨʽʚʥʷʥʥʷʤ ʐʝʨʨʝʨʘ, ɓʢʨʠʩʪ = 23 ʥʤ) ʽ 4ʄʄɸʉ (Ŭʮʪ å 

0,40, ɓʢʨʠʩʪ = 45 ʥʤ) ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ʤʝʟʦʩʪʨʫʢʪʫʨʠ (ʨ6mm, d0 = 9,7 ï 10,0 ʥʤ, 

ʨʠʩ. 3.22) ʦʜʝʨʞʘʥʦ ʪʝʨʤʦʧʘʨʦʚʦʶ ʢʦʥʚʝʨʩʽʻʶ ʩʫʭʦʛʦ ʛʝʣʶ ʪʝʤʧʣʘʪʚʤʽʩʥʦʛʦ 

ʄʄʉ SBA-15, ʷʢʠʡ ʧʦʯʘʪʢʦʚʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʛʝʢʩʘʛʦʥʘʣʴʥʦʶ 

ʤʝʟʦʩʪʨʫʢʪʫʨʦʶ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ. ʅʘ ʇɽʄ-

ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʯʘʩʪʢʦʚʦ ʮʝʦʣʽʪʠʟʦʚʘʥʦʛʦ ʟʨʘʟʢʘ 3ʄʄɸʉ (ʨʠʩ. 3.23, ʘ) ʧʦʤʽʪʥʽ 

ʤʦʪʫʟʢʦʧʦʜʽʙʥʽ ʯʘʩʪʠʥʢʠ, ʱʦ ʤʽʩʪʷʪʴ ʝʣʝʤʝʥʪʠ ʤʝʟʦʩʪʨʫʢʪʫʨʠ SBA-15 (ʜʽʘʤʝʪʨ 

ʢʘʥʘʣʽʚ ~5 ʥʤ, ʨʠʩ. 3.23, ʙ). ʎʝʦʣʽʪʠʟʘʮʽʷ SBA-15 ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʯʘʩʪʢʦʚʠʤ 

ʨʫʡʥʫʚʘʥʥʷʤ ʡʦʛʦ ʤʝʟʦʩʪʨʫʢʪʫʨʠ (ʨʠʩ. 3.23, ʙ). ɯʟ ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʝʨʤʦʧʘʨʦʚʦʾ ʢʦʥʚʝʨʩʽʾ ʩʫʭʦʛʦ ʛʝʣʶ (TPAOH/Si = 0,1) ʟʽ 120 ʜʦ 100 Áʉ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ï ʯʘʩʪʢʦʚʘ ʮʝʦʣʽʪʠʟʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ 144 
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ʛʦʜ (ʟʨʘʟʦʢ 4ʄʄɸʉ, ʪʝʨʤʦʧʘʨʦʚʘ ʢʦʥʚʝʨʩʽʷ ʧʨʠ 100 Áʉ ʧʨʦʪʷʛʦʤ 24 ʛʦʜ ʥʝ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʮʝʦʣʽʪʠʟʘʮʽʾ SBA-15). ɿʨʘʟʦʢ 4MMAS ʤʘʻ ʛʝʢʩʘʛʦʥʘʣʴʥʫ 

ʤʝʟʦʩʪʨʫʢʪʫʨʫ ʟ ʚʠʠɦʤ ʩʪʫʧʝʥʝʤ ʧʨʦʩʪʦʨʦʚʦʛʦ ʫʧʦʨʷʜʢʫʚʘʥʥʷ, ʥʽʞ 3MMAS, 

ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʨʫʡʥʫʚʘʥʥʷ ʤʝʟʦʩʪʨʫʢʪʫʨʠ SBA-15 ʚ ʫʤʦʚʘʭ 

ʢʦʥʚʝʨʩʽʾ ʩʫʭʦʛʦ ʛʝʣʶ ʟʘ ʥʠʞʯʦ ʾʪʝʤʧʝʨʘʪʫʨʠ (100 Áʉ). 
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ʈʠʩʫʥʦʢ 3.22 ï ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʟʨʘʟʢʽʚ 3MMAʉ, 4MMAʉ ʪʘ AlSi-SBA-15 

ʚ ʤʘʣʦʢʫʪʦʚʽʡ (ʘ) ʪʘ ʩʝʨʝʜʥʴʦʢʫʪʦʚʽʡ (ʙ) ʦʙʣʘʩʪʷʭ 

 

(a) (b)

 

ʈʠʩʫʥʦʢ 3.23 ï TEM-ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʟʨʘʟʢʘ 3MMAʉ 
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ɺ ʨʝʘʢʮʽʡʥʠʭ ʩʫʤʽʰʘʭ ʟ ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʪʝʤʧʣʘʪʦʤ C8ï6ï8Br2, ʫ 

ʧʦʻʜʥʘʥʥʽ ʟ ʜʦʙʘʚʢʘʤʠ ʤʽʮʝʣʷʨʥʦʛʦ ʉʊɸɺ ʽ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʊʈɸʆʅ ʪʝʤʧʣʘʪʽʚ, 

ʫʪʚʦʨʶʶʪʴʩʷ ʄʄɸʉ ʮʝʦʣʽʪʥʦʛʦ ʪʠʧʫ 5ʄʄɸʉ ï 7ʄʄɸʉ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʘʛʣʦʤʝʨʘʪʽʚ ʥʘʥʦʯʘʩʪʠʥʦʢ ʮʝʦʣʽʪʫ ZSM-5 ʨʦʟʤʽʨʦʤ 27 ï 36 ʥʤ (ʨʠʩ. 3.24, ʨʠʩ. 

3.25, ʘ, ʙ). ʅʘʷʚʥʽʩʪʴ ʤʘʣʦʢʫʪʦʚʦʛʦ ʨʝʬʣʝʢʩʫ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʟʨʘʟʢʽʚ 

5ʄʄɸʉ, 6ʄʄɸʉ (ʨʠʩ. 3.24) ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʫ ʦʜʥʦʨʽʜʥʽʩʪʴ ʟʘ ʬʦʨʤʦʶ ʽ 

ʨʦʟʤʽʨʦʤ ʥʘʥʦʯʘʩʪʠʥʦʢ ʮʝʦʣʽʪʫ (ʨʠʩ. 3.25, ʘ, ʙ), ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ 

ʨʦʙʽʪ [12, 332]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʪʝʤʧʣʘʪʫ ʉ8ï6ï8Br2 ʽ ʜʦʙʘʚʢʠ 

ʉʊɸɺ (ʢʦʥʮʝʥʪʨʘʮʽʷ ʉʊɸɺ ʚ ʈʉ 0,18 ʤʤʦʣʴ/ʣ, ʱʦ ʚ 5 ʨʘʟʽʚ ʤʝʥʰʝ, ʥʽʞ ʧʝʨʰʘ 

ʢʨʠʪʠʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʽʮʝʣʦʫʪʚʦʨʝʥʥʷ, ʂʂʄ1), ʛʽʜʨʦʬʦʙʥʽ çʭʚʦʩʪʠè ʷʢʦʛʦ 

ʜʦʜʘʪʢʦʚʦ ʦʙʤʝʞʫʶʪʴ ʨʽʩʪ ʮʝʦʣʽʪʥʠʭ ʢʨʠʩʪʘʣʽʚ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ZSM-5 (ɓʢʨʠʩʪ = 35 Ÿ 27 ʥʤ, ʟʘ ʨʽʚʥʷʥʥʷʤ ʐʝʨʨʝʨʘ) ʚ 

ʦʜʝʨʞʘʥʦʤʫ ʘʣʶʤʦʩʠʣʽʢʘʪʽ (ʟʨʘʟʦʢ 6ʄʄɸʉ). 

 

1 2 3 4 5

8MMAʉ

ɯ
ʥ
ʪ
ʝ
ʥ
ʩ
ʠ
ʚ
ʥ
ʽ
ʩ
ʪ
ʴ
,
 
ʚ
.
ʦ
.

2q, ¯, CuKa

³2

5MMAʉ

6MMAʉ

7MMAʉ

8MMAʉ*

9MMAʉ*

9MMAʉ

10 20 30 40 50 60

ɯ
ʥ
ʪ
ʝ
ʥ
ʩ
ʠ
ʚ
ʥ
ʽ
ʩ
ʪ
ʴ
,
 
ʚ
.
ʦ
.

2q, ̄ , CuKa

(ʘ) (ʙ)

5MMAʉ

6MMAʉ

7MMAʉ

8MMAʉ

9MMAʉ

 

ʈʠʩʫʥʦʢ 3.24 ï ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʟʨʘʟʢʽʚ 5MMAʉ ï 9MMAʉ ʚ ʤʘʣʦʢʫʪʦʚʽʡ 

(ʘ) ʪʘ ʩʝʨʝʜʥʴʦʢʫʪʦʚʽʡ (ʙ) ʦʙʣʘʩʪʷʭ (ʩʚʽʞʦʩʠʥʪʝʟʦʚʘʥʽ ʟʨʘʟʢʠ ʧʦʟʥʘʯʝʥʦ 

ʟʽʨʦʯʢʘʤʠ) 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʪʝʤʧʣʘʪʫ C16ï6ï6Br ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ 

ʟʨʘʟʦʢ 8ʄʄɸʉ (ʨʠʩ. 3.24), ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʭʘʦʪʠʯʥʦ ʦʨʽʻʥʪʦʚʘʥʠʭ 

ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʧʘʢʝʪʠ ʰʘʨʽʚ ZSM-5 

(ʪʦʚʱʠʥʘ ʰʘʨʫ ~2 ʥʤ ʚ ʥʘʧʨʷʤʢʫ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʦʩʽ b) ʟʘʛʘʣʴʥʦʶ 

ʪʦʚʱʠʥʦʶ 10 ï 40 ʥʤ (ʨʠʩ. 3.25, ʚ). ʐʘʨʫʚʘʪʘ ʤʝʟʦʩʪʨʫʢʪʫʨʘ ʮʴʦʛʦ ʟʨʘʟʢʘ 

ʨʦʟʫʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʧ̔ʩʣ̫ ʚʠʜʘʣʝʥʥʷ ʪʝʤʧʣʘʪʫ (ʨʠʩ. 3.24, ʘ). ɼʦʙʘʚʢʘ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʝʤʧʣʘʪʫ ʊʈɸʆʅ ʚ ʨʝʘʢʮʽʡʥʫ ʩʫʤ̔  h(TPAOH/C16ï6ï6Br2 = 6,5Ț10
ï

3
, ʟʨʘʟʦʢ 9ʄʄɸʉ) ʧʨʠʚʦʜʠʪ ɹ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ (çʧ̔ʣʘʨ̔ʚè) ʤʞ̔ 

ʰʘʨʘʤʠ ZSM-5 (ʨʠʩ. 3.25, ʛ, ʚʠʜ̔ʣʝʥ̔ ʦʙʣʘʩʪ)̔, ʷʢʽ ʩʧʨʠʷʶʪʴ ʟʙʝʨʝʞʝʥʥʶ 

ʤʘʣʦʚʧʦʨʷʜʢʦʚʘʥʦʾ ʰʘʨʫʚʘʪʦʾ ʤʝʟʦʩʪʨʫʢʪʫʨʠ ʧʽʩʣʷ ʜʝʪʝʤʧʣʘʪʫʚʘʥʥʷ ʟʨʘʟʢʘ  

(ʨʠʩ. 3.24, ʘ). 

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʘʜ(ʜʝ)ʩʦʨʙʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ (N2, 77 K) ʟʨʘʟʢʠ 1ʄʄɸʉ, 

2ʄʄɸʉ ʤʽʩʪʷʪʴ ʜʦʩʪʘʪʥʴʦ ʦʜʥʦʨʽʜʥʽ ʟʘ ʨʦʟʤʽʨʦʤ ʤʝʟʦʧʦʨʠ (ʦʙôʻʤ Vʤʝʟʦ = 0,50 ï 

0,57 ʩʤ
3
/ʛ, ʜʽʘʤʝʪʨ Dʤʝʟʦ = 2,3 ï 2,4 ʥʤ, ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ Sʤʝʟʦ = 815 ï 1240 ʤ

2
/ʛ, 

ʪʘʙʣ. 3.8). ʏʘʩʪʢʦʚʦ ʮʝʦʣʪ̔ʠʟʦʚʘʥʠʡ ʟʨʘʟʦʢ 2ʄʄɸʉ ʜʦʜʘʪʢʦʚʦ ʤʽʩʪʠʪʴ ʥʝʟʥʘʯʥʫ 

ʯʘʩʪʢʫ ʤ̔ʢʨʦʧʦʨ (ʪʘʙʣ. 3.8). ɸʣʶʤʦʩʠʣʢ̔ʘʪʠ SBA-15/ZSM-5 (ʟʨʘʟʢʠ 3ʄʄɸʉ, 

4ʄʄɸʉ), ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 1ʄʄɸʉ, 2ʄʄɸʉ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩɹʷ ʙʣ̔ʴʦh  ʁ

ʯʘʩʪʢʦʶ ʤ̔ʢʨʦʧʦʨ (Vʤ̔ʢʨʦ = 0,14 ï 0,16 ʩʤ
3
/ʛ, Dʤ̔ʢʨʦ = 0,55 ʥʤ; 0,80 ʥʤ), ʷʢʽ 

ʧʨʠʩʫʪʥ ̔ʚ ʩʪʥ̔ʢʘʭ ʘʤʦʨʬʥʦʛʦ ʢʘʨʢʘʩʫ SBA-15 ʪʘ ʢʨʠʩʪʘʣʪ̔ʘʭ ZSM-5, ʘ ʪʘʢʦʞ 

ʥʘ̫ʚʥʽʩʪʶ ʙ̔ʣʴʰʠʭ ʟʘ ʨʦʟʤ̔ʨʦʤ ʤʝʟʦʧʦʨ (Dʤʝʟʦ = 6,3 ï 7,0 ʥʤ, ʪʘʙʣ. 3.8), ʦɦ 

ʟʫʤʦʚʣʶʻ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʭʾʥʴʦʾ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ (Vʤʝʟʦ, 

Sʤʝʟʦ ʪʘ SBET) ʚʽʜ ʟʨʘʟʢʽʚ, ʦʜʝʨʞʘʥʠʭ ʤʝʪʦʜʦʤ ʙʪ̔ʝʤʧʣʘʪʥʦʛʦ ʩʠʥʪʝʟʫ. ɿʨʘʟʦʢ 

4ʄʄɸʉ ʭʘʨʘʢʪʝʨʠʟʫʪ̒ɹʩʷ ʧʨʠʩʫʪʥʽʩʪʶ ʚʪʦʨʠʥʥʠʭ ʤʝʟʦʧʦʨ (13,0 ʥʤ), 

ʩʬʦʨʤʦʚʘʥʠʭ ʟʘʟʦʨʘʤʠ ʤʽʞ ʢʨʠʩʪʘʣʪ̔ʘʤʠ ʮʝʦʣʪ̔ʫ ZSM-5. 
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ʈʠʩʫʥʦʢ 3.25 ï TEM-ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʟʨʘʟʢʽʚ 5MMAʉ (ʘ), 6MMAʉ (ʙ), 

8MMAʉ (ʚ), 9MMAʉ (ʛ) 

 

ʇʦʨʠʩʪʘ ʩʪʨʫʢʪʫʨʘ ʟʨʘʟʢʽʚ 5MMAS ï 9MMAS ʮʝʦʣʽʪʥʦʛʦ ʪʠʧʫ ʚʢʣʶʯʘʻ 

ʤʽʢʨʦʧʦʨʠ (Vʤʽʢʨʦ = 0,11 ï 0,14 ʩʤ
3
/ʛ, Dʤʽʢʨʦ = 0,55 ʥʤ, ʪʘʙʣ. 3.8), ʚʣʘʩʪʠʚʽ ʮʝʦʣʽʪʫ 

ZSM-5, ʪʘ ʚʽʜʥʦʩʥʦ ʦʜʥʦʨʽʜʥʽ ʟʘ ʨʦʟʤʽʨʦʤ ʤʽʞʯʘʩʪʠʥʢʦʚʽ ʤʝʟʦʧʦʨʠ (Vʤʝʟʦ = 0,30 

ï 0,51 ʩʤ
3
/ʛ, Dʤʝʟʦ = 2,5 ï 25,0 ʥʤ, Sʤʝʟʦ = 75 ï 250 ʤ

2
/ʛ, SBET = 410 ï 540 ʤ

2
/ʛ), ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʦʩʪʦʨʫ ʤʽʞ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʽ ʥʘʥʦʰʘʨʘʤʠ ʮʝʦʣʽʪʫ, 

ʘʛʣʦʤʝʨʦʚʘʥʠʤʠ ʚ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ. ɺʚʝʜʝʥʥʷ ʜʦʙʘʚʢʠ ʤʽʮʝʣʷʨʥʦʛʦ ʪʝʤʧʣʘʪʫ 

ʉʊɸɺ, ʩʧʽʣʴʥʦ ʟ ʉ8ï6ï8Br2, ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ SBET ʽ Sʤʝʟʦ ʚ ʧʨʦʜʫʢʪʽ (ʟʨʘʟʦʢ 

6ʄʄɸʉ), ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʶ ʦʜʥʦʨʽʜʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʤʝʟʦʧʦʨ (ʪʘʙʣ. 3.8). 

ʉʘʤʦʧʽʣʘʨʦʚʘʥʠʡ ʘʣʶʤʦʩʠʣʢ̔ʘʪ 9ʄʄɸʉ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʽʣʴʰʦʶ ʟʘʛʘʣʴʥʦʶ 
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ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʽ ʦʜʥʦʨʽʜʥʽʩʪʶ ʨʦʟʤʽʨʽʚ ʤʝʟʦʧʦʨ (ʪʘʙʣ. 3.8), ʥʽʞ ZSM-5, 

ʩʠʥʪʝʟʦʚʘʥʠʡ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʉ16ï6ï6Br2. 

ɿʘ ʜʘʥʠʤʠ ʊʇɼɸ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʠʡ ʟʨʘʟʦʢ 1ʄʄɸʉ (Si/Al ï 33), ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʧʨʝʢʫʨʩʦʨʽʚ ZSM-5, ʤʽʩʪʠʪʴ ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ 

ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ (ʢʦʥʮʝʥʪʨʘʮʽʷ 154 ʤʢʤʦʣʴ/ʛ, ʧʣʝʯʝ ʟ ʤʘʢʩʠʤʫʤʦʤ ʜʝʩʦʨʙʮʽʾ NH3 

ʧʨʠ 320 Üʉ, ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʜʝʩʦʨʙʮʽʾ Eʜ 179 ʢɼʞ/ʤʦʣʴ, ʪʘʙʣ. 3.9, ʨʠʩ. ɹ1, 

ʜʦʜʘʪʦʢ ɹ). ʄʘʢʩʠʤʫʤ ʜʝʩʦʨʙʮʽʾ ʧʨʠ 185 ï 220 ÁC ʚ ʧʨʦʬʽʣʷʭ ʜʝʩʦʨʙʮʽʾ NH3 (ʟʘ 

ʨʅ-ʪʠʪʨʫʚʘʥʥʷʤ) ʜʣʷ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʚʟʘʻʤʦʜʽʾ ʘʤʽʘʢʫ ʟ 

ʧʦʚʝʨʭʥʝʚʠʤʠ ʩʠʣʘʥʦʣʴʥʠʤʠ ʛʨʫʧʘʤʠ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʦʜʥʝʚʦʛʦ 

ʟʚ'ʷʟʢʫ (ʩʣʘʙʦ ʟʚôʷʟʘʥʠʡ NH3), ʘ ʪʘʢʦʞ ʬʽʟʠʯʥʦ ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʘʤʽʘʢʫ [333]. 

ɿʨʘʟʦʢ 2ʄʄɸʉ (Si/Al  = 27), ʟʽ ʩʪʫʧʝʥʝʤ ʮʝʦʣʽʪʠʟʘʮʽʾ 0,15, ʢʨʽʤ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ (ʤʘʢʩʠʤʫʤ ʜʝʩʦʨʙʮʽʾ ʘʤʽʘʢʫ ʧʨʠ 350 Áʉ), ʤʽʩʪʠʪʴ ʪʘʢʦʞ 

ʩʠʣʴʥʽ ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʢʩʠʤʫʤʫ ʜʝʩʦʨʙʮʽʾ NH3 450 ÁC, Eʜ 220 

ʢɼʞ/ʤʦʣʴ), ʷʢʽ, ʡʤʦʚʽʨʥʦ, ʣʦʢʘʣʽʟʦʚʘʥʽ ʚ ʤʽʢʨʦʧʦʨʘʭ ʢʨʠʩʪʘʣʽʪʽʚ ʮʝʦʣʽʪʫ ZSM-5. 

ʏʘʩʪʢʦʚʦ ʮʝʦʣʽʪʠʟʦʚʘʥʽ ʘʣʶʤʦʩʠʣʽʢʘʪʠ 3ʄʄɸʉ, 4ʄʄɸʉ (Si/Al  = 53 ï 59), 

ʦʜʝʨʞʘʥʽ ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ SBA-15, ʧʦʜʽʙʥʦ ʜʦ ʟʨʘʟʢʽʚ 1MMAS ʪʘ 2MMAS, 

ʤʽʩʪʷʪʴ ʧʝʨʝʚʘʞʥʦ ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ (ʢʦʥʮʝʥʪʨʘʮʽʷ 115 ï 117 

ʤʢʤʦʣʴ/ʛ, ʤʘʢʩʠʤʫʤ ʜʝʩʦʨʙʮʽʾ NH3 ʧʨʠ 325 ï 330 ÁC). ɿʘ ʜʘʥʠʤʠ ʤʝʪʦʜʫ 

ʘʜ(ʜʝ)ʩʦʨʙʮʽʾ ʧʽʨʠʜʠʥʫ ʟ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤ ʢʦʥʪʨʦʣʝʤ (ʨʠʩ. 3.26, ɹ2, 3.28, ʘ) 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʃʴʶʾʩʘ ʚ ʟʨʘʟʢʘʭ 1ʄʄɸʉ ï 4ʄʄɸʉ ʚ 1,5 ï 2 

ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʢʦʥʮʝʥʪʨʘʮʽʶ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ (ʧʽʨʠʜʠʥ 

ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ ʜʝʩʦʨʙʫʻʪʴʩʷ ʟ ʮʠʭ ʮʝʥʪʨʽʚ ʧʨʠ 350 ï 400 Áʉ). 

ʂʦʥʮʝʥʪʨʘʮʽʷ DTBPy, ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʥʘ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʘʭ ɹʨʝʥʩʪʝʜʘ, 

ʧʝʨʝʚʠʱʫʻ ʢʦʥʮʝʥʪʨʘʮʽʶ ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʧʽʨʠʜʠʥʫ ʜʣʷ AlSi-SBA-15, ʘ ʪʘʢʦʞ 

ʟʨʘʟʢʽʚ MMAʉ (ʧʽʩʣʷ ʜʝʩʦʨʙʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʱʝ 200 Áʉ, ʈʠʩ. ɹ2). ʎʝ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ DTBPy ʻ ʩʠʣʴʥʽʰʦʶ ʦʩʥʦʚʦʶ (pKa = 6,9 ʧʨʦʪʠ 5,4 ʜʣʷ 

ʧʽʨʠʜʠʥʫ) ʽ ʤʦʞʝ ʩʠʣʴʥʽʰʝ, ʥʽʞ ʧʽʨʠʜʠʥ, ʘʜʩʦʨʙʫʚʘʪʠʩʴ ʥʘ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʘʭ, 

ʚʟʘʻʤʦʜʽʶʯʠ ʪʘʢʦʞ ʟʽ ʩʣʘʙʢʠʤʠ ʢʠʩʣʦʪʥʠʤʠ ʮʝʥʪʨʘʤʠ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʷʚʣʝʥʽ ʧʨʠ ʘʜʩʦʨʙʮʽʾ ʧʽʨʠʜʠʥʫ [334].  
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ʊʘʙʣʠʮʷ 3.9 ï ʄʦʣʴʥʝ ʚʽʜʥʦʰʝʥʥʷ Si/Al  ʚ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʘʭ ʪʘ ʾʭ 

ʢʠʩʣʦʪʥʽʩʪʴ, ʚʠʟʥʘʯʝʥʘ ʟʘ ʤʝʪʦʜʦʤ ʪʝʨʤʦʧʨʦʛʨʘʤʦʚʘʥʦʾ ʜʝʩʦʨʙʮʽʾ ʘʤʽʘʢʫ 

ɿʨʘʟʦʢ Si/Al  ʂʠʩʣʦʪʥʽʩʪʴ ʟʘ ʊʇɼɸ  

Tmax
ʘ
 (Áʉ) ʉ

ʙ 
(ʤʢʤʦʣʴ/ʛ) Ea

ʚ
 

(ʢɼʞ/ʤʦʣʴ) 

1MMAʉ 33 210 60 145 

320 154 179 

2MMAʉ 27 200 102 142 

350 81 189 

450 17 220 

3MMAʉ 59 185 78 138 

325 117 181 

4MMAʉ 53 200 54 142 

330 115 183 

5MMAʉ 34 210 200 145 

440 196 217 

6MMAʉ 36 195 145 141 

425 173 212 

7MMAʉ 42 200 63 142 

405 122 206 

8MMAʉ 41 215 185 147 

440 159 217 

9MMAʉ 42 200 213 142 

440 217 217 

ZSM-5 30 210 170 145 

440 136 217 

AlSi-MCM-

41 

37 220 34 148 

320 26 179 

AlSi-SBA-15 23 215 34 147 

300 61 173 
ʘ 
Tmax, ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʢʩʠʤʫʤʫ ʜʝʩʦʨʙʮʽʾ ʘʤʽʘʢʫ. 
ʙ 
ʉ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ. 
ʚ
 Ea, ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʜʝʩʦʨʙʮʽʾ ʘʤʽʘʢʫ. 
 

ɹʽʣʴʰʽʩʪʴ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʚ ʮʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʘʭ ʻ 

ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʦʙôʻʤʥʠʭ ʤʦʣʝʢʫʣ (çʢʦʝʬʽʮʽʻʥʪ ʜʦʩʪʫʧʥʦʩʪʽè, ʚʽʜʥʦʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ, ʚʠʟʥʘʯʝʥʠʭ ʘʜ(ʜʝ)ʩʦʨʙʮʽʻʶ DTBPy 

ʪʘ ʧʽʨʠʜʠʥʫ, 0,72 ï 0,82, ʨʠʩ. 3.28, ʙ). ʆʜʝʨʞʘʥʽ ʄʄɸʉ ʮʝʦʣʽʪʥʦʛʦ ʪʠʧʫ 

5ʄʄɸʉ ï 9ʄʄɸʉ (ʚʽʜʥʦʰʝʥʥʷ Si/Al 34 ï 42) ʤʽʩʪʷʪʴ ʩʠʣʴʥʽ ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ 
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(ʪʘʙʣ. 3.9, ʟʘ ʜʘʥʠʤʠ ʊʇɼɸ, Eʜ 206 ï 217 ʢɼʞ/ʤʦʣʴ), ʧʦʜʽʙʥʦ ʜʦ ʮʝʦʣʽʪʫ ZSM-5 

(Si/Al  = 30).  
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ʈʠʩʫʥʦʢ 3.26 ï ɻʽʩʪʦʛʨʘʤʠ ʟʘʣʝʞʥʦʩʪʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʽʨʠʜʠʥʫ, 

ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʥʘ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʘʭ ɹʨʝʥʩʪʝʜʘ (ʘ) ʽ ʃʴʶʾʩʘ (ʙ), ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʝʩʦʨʙʮʽʾ (150 ï 400 Áʉ) ʜʣʷ ʟʨʘʟʢʽʚ 1MMAʉ, 2MMAʉ, AlSi-MCM-

41, ZSM-5; ʟʘʰʪʨʠʭʦʚʘʥʽ ʩʪʦʚʧʯʠʢʠ (a) ï ʛʽʩʪʦʛʨʘʤʠ ʟʘʣʝʞʥʦʩʪʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

2,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʧʽʨʠʜʠʥʫ, ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʥʘ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʘʭ ɹʨʝʥʩʪʝʜʘ, 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʝʩʦʨʙʮʽʾ ʜʣʷ ʮʠʭ ʩʘʤʠʭ ʟʨʘʟʢʽʚ 

 

ɼʣʷ ʮʠʭ ʟʨʘʟʢʽʚ ʭʘʨʘʢʪʝʨʥʽ ʙʽʣʴʰʽ ʩʠʣʘ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ (ʧʽʨʠʜʠʥ ʧʦʚʥʽʩʪʶ ʜʝʩʦʨʙʫʻʪʴʩʷ ʟ ʮʠʭ ʮʝʥʪʨʽʚ ʧʨʠ 450 Áʉ, 

ʨʠʩ. 3.27), ʘ ʪʘʢʦʞ ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʽ 

ʃʴʶʾʩʘ (2,6 ï 5,0), ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʯʘʩʪʢʦʚʦ ʮʝʦʣʽʪʠʟʦʚʘʥʠʤʠ ʟʨʘʟʢʘʤʠ (ʨʠʩ. 3.28, 
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ʘ). ʈʘʟʦʤ ʟ ʪʠʤ, ʮʽ ʘʣʶʤʦʩʠʣʽʢʘʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʞʯʠʤʠ çʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʜʦʩʪʫʧʥʦʩʪʽè ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ (ʜʦ 0,32, ʨʠʩ. 3.28, ʙ), ʚʥʘʩʣʽʜʦʢ 

ʟʥʘʯʥʦʾ ʯʘʩʪʢʠ ʮʝʦʣʽʪʥʠʭ ʤʽʢʨʦʧʦʨ [Vʤʽʢʨʦ/(Vʤʽʢʨʦ+Vʤʝʟʦ) = 0,25 ï 0,32] ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʩʦʨʙʮʽʡʥʦʤʫ ʦʙôʻʤʽ ʮʠʭ ʟʨʘʟʢʽʚ. ɼʦʜʘʚʘʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʪʝʤʧʣʘʪʫ ʚ ʈʉ (ʊʈɸʆʅ/ʉ8ï6ï8Br2 = 1,0Ā10
ï1

 ï ʟʨʘʟʦʢ 7ʄʄɸʉ, ʊʈɸʆʅ/ʉ16ï6ï6Br2 = 

6,5Ț10
ï3

 ï ʟʨʘʟʦʢ 9ʄʄɸʉ) ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʽ ʃʴʶʾʩʘ ʜʣʷ ʄʄɸʉ (ʨʠʩ. 3.28, ʘ). 
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ʈʠʩʫʥʦʢ 3.27 ï ɻʽʩʪʦʛʨʘʤʠ ʟʘʣʝʞʥʦʩʪʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʽʨʠʜʠʥʫ, 

ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʥʘ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʘʭ ɹʨʝʥʩʪʝʜʘ (ʘ) ʽ ʃʴʶʾʩʘ (ʙ), ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʝʩʦʨʙʮʽʾ (150 ï 400 Áʉ) ʜʣʷ ʟʨʘʟʢʽʚ 5MMAʉ ï 9MMAʉ; 

ʟʘʰʪʨʠʭʦʚʘʥʽ ʩʪʦʚʧʯʠʢʠ (a) ï ʛʽʩʪʦʛʨʘʤʠ ʟʘʣʝʞʥʦʩʪʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 2,6-ʜʠ-ʪʨʝʪ-

ʙʫʪʠʣʧʽʨʠʜʠʥʫ, ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʥʘ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʘʭ ɹʨʝʥʩʪʝʜʘ, ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʝʩʦʨʙʮʽʾ ʜʣʷ ʮʠʭ ʩʘʤʠʭ ʟʨʘʟʢʽʚ 
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ʈʠʩʫʥʦʢ 3.28 ï ɺʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʽ 

ʃʴʶʾʩʘ (ʘ) ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʜʦʩʪʫʧʥʦʩʪʽ (ʙ) ʜʣʷ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ ʤʽʢʨʦʧʦʨ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ ʪʘ ʩʠʣʴʥʠʭ (ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʢʩʠʤʫʤʫ ʜʝʩʦʨʙʮʽʾ NH3 Ó 

300 Áʉ) ʯʘʩʪʢʦʚʦ ʮʝʦʣʽʪʠʟʦʚʘʥʦʛʦ ʟʨʘʟʢʘ 2MMAʉ ʙʫʣʠ ʩʧʽʚʩʪʘʚʣʝʥʽ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚ ʧʨʠʧʫʱʝʥʥʽ 

ʥʘʷʚʥʦʩʪʽ ʦʢʨʝʤʠʭ ʬʘʟ ʮʝʦʣʽʪʫ ʪʘ MMʉ AlSi-MSM-41 ʚ ʟʨʘʟʢʘʭ, ʪʦʙʪʦ ʥʘʷʚʥʦʩʪʽ 

ʤʝʭʘʥʽʯʥʦʾ ʩʫʤʽʰʽ ʬʘʟ. ʈʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʦʙ'ʻʤʫ ʤʽʢʨʦʧʦʨ  ʟʨʘʟʢʘ 2MMAʉ 

ʦʪʨʠʤʘʥʝ ʰʣʷʭʦʤ ʤʥʦʞʝʥʥʷ ʦʙôʻʤʫ ʤʽʢʨʦʧʦʨ ZSM-5 (0,14 ʩʤ
3
/ʛ, ʪʘʙʣ. 3.8) ʥʘ 

ʩʪʫʧʽʥʴ ʮʝʦʣʽʪʠʟʘʮʽʾ ʮʴʦʛʦ ʟʨʘʟʢʘ (0,15). ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ ʪʘ ʩʠʣʴʥʠʭ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ Cʪʝʦʨ = Ŭʮʪ 
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 Cʮʪ + (1ïŬʮʪ)  Cʤʤʩ, ʜʝ Cʮʪ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʠʣʴʥʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʚ ʮʝʦʣʽʪʽ 

(136 ʤʢʤʦʣʴ/ʛ, ʪʘʙʣ. 3.2), Cʤʤʩ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ 

ʚ AlSi-MCM-41 (26 ʤʢʤʦʣʴ/ʛ). ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʥʠʡ ʦʙ'ʻʤ ʤʽʢʨʦʧʦʨ 

ʟʨʘʟʢʘ 2MMAʉ (ʪʘʙʣ. 3.8) ʻ ʥʠʞʯʠʤ, ʥʽʞ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ï 2,1Ŀ10
ï2

 ʩʤ
3
/ʛ, 

ʪʦʜʽ ʷʢ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ (ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ ʽ ʩʠʣʴʥʠʭ) ï 98 

ʤʢʤʦʣʴ/ʛ (ʪʘʙʣ. 3.9) ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ (43 ʤʢʤʦʣʴ/ʛ). 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʷʚʣʝʥʫ ʥʝʘʜʠʪʠʚʥʽʩʪʴ ʟʥʘʯʝʥʴ ʦʙôʻʤʫ ʤʽʢʨʦʧʦʨ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʟʨʘʟʦʢ 1MMAʉ ʥʝ ʻ ʧʨʦʩʪʦʶ 

ʬʽʟʠʯʥʦʶ ʩʫʤʽʰʰʶ ZSM-5 ʪʘ AlSi-MCM-41. ʄʝʥʰʝ ʟʥʘʯʝʥʥʷ ʦʙ'ʻʤʫ ʤʽʢʨʦʧʦʨ 

ʫ ʦʜʝʨʞʘʥʦʤʫ ʟʨʘʟʢʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ, ʦʯʝʚʠʜʥʦ, 

ʟʫʤʦʚʣʝʥʝ ʥʝʜʦʩʢʦʥʘʣʦʶ ʤʽʢʨʦʧʦʨʠʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ ʚ ʟʨʘʟʢʫ 2MMAʉ ʟ 

ʥʠʟʴʢʠʤ ʩʪʫʧʝʥʝʤ ʮʝʦʣʽʪʠʟʘʮʽʾ. ɺʠʱʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ 

ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ ʪʘ ʩʠʣʴʥʠʭ ʫ ʟʨʘʟʢʫ 2MMAʉ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʨʘʭʦʚʘʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ (ʚ ʧʨʠʧʫʱʝʥʥʽ ʘʜʠʪʠʚʥʦʩʪʽ) ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ 

ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʠʭ ʮʝʦʣʽʪʥʠʭ ʧʨʦʤʽʞʥʠʭ ʧʨʦʜʫʢʪʽʚ (ʧʨʝʢʫʨʩʦʨʽʚ) ʫ 

ʤʝʟʦʩʪʨʫʢʪʫʨʽ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ ʟ ʙʽʣʴʰʦʶ ʯʘʩʪʢʦʶ ʪʝʪʨʘʝʜʨʠʯʥʦ 

ʢʦʦʨʜʠʥʦʚʘʥʦʛʦ ʘʣʶʤʽʥʽʶ, ʥʽʞ ʚ ʘʤʦʨʬʥʦʤʫ ʢʘʨʢʘʩʽ AlSi-MCM-41. ʎʝ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷ 
27

Al ʗʄʈ, ʦʩʢʽʣʴʢʠ 76% ʘʪʦʤʽʚ Al 

ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʪʝʪʨʘʝʜʨʠʯʥʽʡ ʢʦʦʨʜʠʥʘʮʽʾ (ʧʽʢ ʧʨʠ 64 ʤ.ʯ.) ʚ ʟʨʘʟʢʫ 2MMAʉ 

(ʜʣʷ AlSi-MCM-41 ʯʘʩʪʢʘ ʪʝʪʨʘʝʜʨʠʯʥʦ ʢʦʦʨʜʠʥʦʚʘʥʦʛʦ ʘʣʶʤʽʥʽʶ ʩʪʘʥʦʚʠʪʴ 

52%, ʨʠʩ. 3.29). ʊʘʢʠʤ ʯʠʥʦʤ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ 

ʩʪʨʫʢʪʫʨʥʦ-ʩʦʨʙʮʽʡʥʠʭ ʽ ʢʠʩʣʦʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʠʭ, ʱʦ 

ʤʽʩʪʷʪʴ ʧʨʝʢʫʨʩʦʨʠ ʮʝʦʣʽʪʫ, ʯʘʩʪʢʦʚʦ-ʮʝʦʣʽʪʠʟʦʚʘʥʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ ʪʘ 

ʄʄɸʉ ʮʝʦʣʽʪʥʦʛʦ ʪʠʧʫ, ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ, ʱʦ ʚʦʥʠ ʙʫʜʫʪʴ ʧʨʦʷʚʣʷʪʠ ʨʽʟʥʫ 

ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ Ŭ-ʧʽʥʝʥʫ. 
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ʈʠʩʫʥʦʢ 3.29 ï ʉʧʝʢʪʨʠ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ 
27
Al ʗʄʈ ʜʣʷ ʜʝʪʝʤʧʣʘʪʦʚʘʥʠʭ 

ʟʨʘʟʢʽʚ 2MMAʉ ʪʘ AlSi-MCM-41 

 

ʄʦʥʦʪʝʨʧʝʥʠ ʪʘ ʾʭ ʝʧʦʢʩʠʜʠ ʻ ʚʘʞʣʠʚʠʤʠ ʧʨʠʨʦʜʥʠʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʧʘʨʬʫʤʝʨʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [335]. ʉʢʠʧʠʜʘʨ ʻ 

ʧʦʙʽʯʥʠʤ ʧʨʦʜʫʢʪʦʤ ʧʝʨʝʨʦʙʢʠ ʭʚʦʡʥʦʾ ʜʝʨʝʚʠʥʠ, ʱʦ ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʤʦʥʦʪʝʨʧʝʥʽʚ, ʪʘʢʠʭ ʷʢ Ŭ-ʧʽʥʝʥ (ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʥʦʨʚʝʟʴʢʽʡ ʷʣʠʥʽ) ʪʘ ɓ-ʧʽʥʝʥ 

(ʢʦʤʧʦʥʝʥʪ ʟʘʭʽʜʥʦʾ ʞʦʚʪʦʾ ʩʦʩʥʠ ʚ ʇʽʚʥʽʯʥʽʡ ɸʤʝʨʠʮʽ). ʎʽ ʩʧʦʣʫʢʠ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʩʠʨʦʚʠʥʘ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʨʦʤʘʪʽʚ, ʘʨʦʤʘʪʠʟʘʪʦʨʽʚ, 

ʚʽʪʘʤʽʥʽʚ ʽ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ [336]. ʇʝʨʝʛʨʫʧʫʚʘʥʥʷ ʾʭ ʝʧʦʢʩʠʜʽʚ 

ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ ʜʝʷʢʽ ʮʽʥʥʽ ʩʧʦʣʫʢʠ ʜʣʷ ʭʽʤʽʾ ʪʦʥʢʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʩʠʥʪʝʟʫ. 

ʊʘʢ, ʟʦʢʨʝʤʘ, ʝʧʦʢʩʠʜ Ŭ-ʧʽʥʝʥʫ (APO) ʻ ʜʦʩʠʪʴ ʨʝʘʢʪʠʚʥʠʤ ʩʫʙʩʪʨʘʪʦʤ, ʷʢʠʡ 

ʤʦʞʝ ʧʽʜʜʘʚʘʪʠʩʷ ʰʚʠʜʢʽʡ ʽʟʦʤʝʨʠʟʘʮʽʾ, ʱʦ ʢʘʪʘʣʽʟʫʻʪʴʩʷ ʢʠʩʣʦʪʦʶ, ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʙʣʠʟʴʢʦ 200 ʩʧʦʣʫʢ [337]. ʅʘʡʙʽʣʴʰ ʮʽʥʥʠʤʠ ʩʝʨʝʜ ʮʠʭ ʩʧʦʣʫʢ ʻ 

ʢʘʤʬʦʣʝʥʦʚʠʡ ʘʣʴʜʝʛʽʜ (ʉɸ) ʽ ʪʨʘʥʩ-ʢʘʨʚʝʦʣ (TCV) (ʨʠʩ. 3.30). ʂʘʤʬʦʣʝʥʦʚʠʡ 

ʘʣʴʜʝʛʽʜ ï ʮʝ ʧʨʦʤʽʞʥʠʡ ʧʨʦʜʫʢʪ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʦʥʝʥʪʽʚ ʩʘʥʜʘʣʫ, ʪʘʢʠʭ 

ʷʢ ʩʘʥʪʘʥʦʣ [338]. ʂʨʽʤ ʪʦʛʦ, ʉɸ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʧʨʘʣʴʥʠʭ 

ʧʦʨʦʰʢʘʭ ʪʘ ʧʦʤ'ʷʢʰʫʚʘʯʘʭ ʷʢ ʝʢʦʣʦʛʽʯʥʦ ʜʨʫʞʥʠʡ ʟʘʤʽʥʥʠʢ ʾʭ ʥʽʪʨʦ- ʪʘ 
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ʧʦʣʽʮʠʢʣʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ [335]. ʊʨʘʥʩ-ʢʘʨʚʝʦʣ, ʱʦ ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ 

ʘʧʝʣʴʩʠʥʦʚʦʾ ʥʘʪʫʨʘʣʴʥʦʾ ʦʣʽʾ ɺʘʣʝʥʩʽʷ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʦʤʧʦʟʠʮʽʷʭ 

ʭʘʨʯʦʚʠʭ ʘʨʦʤʘʪʽʚ ʪʘ ʧʘʨʬʫʤʥʠʭ ʦʩʥʦʚʘʭ [339]; ʢʨʽʤ ʪʦʛʦ, ʚʽʥ ʤʦʞʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʷʢ ʝʬʝʢʪʠʚʥʠʡ ʭʽʤʽʦʧʨʝʧʘʨʘʪ ʧʨʠ ʣʽʢʫʚʘʥʥʽ ʨʘʢʫ ʤʦʣʦʯʥʦʾ 

ʟʘʣʦʟʠ [340]. 

ʉʝʨʝʜ ʧʨʦʜʫʢʪʽʚ ʨʽʟʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 3.30, ʥʘʡʧʨʦʩʪʽʰʝ 

ʦʜʝʨʞʫʻʪʴʩʷ CA (I), ʪʦʜʽ ʷʢ ʫʪʚʦʨʝʥʥʷ ʩʧʦʣʫʢʠ III ʻ ʩʢʣʘʜʥʽʰʠʤ. ʇʨʦʜʫʢʪʠ II 

ʪʠʧʫ ʚ ʦʩʥʦʚʥʦʤʫ ʟʙʝʨʽʛʘʶʪʴ ʚʠʭʽʜʥʫ ʩʪʨʫʢʪʫʨʫ APO. ʌʦʨʤʫʚʘʥʥʷ TCV ʯʝʨʝʟ 

ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ ʝʧʦʢʩʠʜʫ Ŭ-ʧʽʥʝʥʫ ʻ ʟʥʘʯʥʦ ʤʝʥʰʝ ʚʠʚʯʝʥʠʤ, ʥʽʞ ʩʠʥʪʝʟ ʉɸ. 

ʊʦʤʫ ʧʦʰʫʢ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʪʘ ʫʤʦʚ ʨʝʘʢʮʽʾ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʪʨʘʥʩ-

ʢʘʨʚʝʦʣʫ ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. ɯʥʰʠʤ ʮʽʢʘʚʠʤ ʧʨʦʜʫʢʪʦʤ ʧʝʨʝʪʚʦʨʝʥʴ APO ʻ 

2,8-ʤʝʥʪʘʜʽʻʥ-1-ʦʣ. ʎʷ ʩʧʦʣʫʢʘ ʻ ʦʜʥʠʤ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʝʬʽʨʥʦʾ ʦʣʽʾ Cymbopogon 

giganteus, ʱʦ ʧʨʦʷʚʣʷʻ ʧʨʦʪʠʟʘʧʘʣʴʥʫ ʪʘ ʘʥʪʠʤʽʢʨʦʙʥʫ ʘʢʪʠʚʥʽʩʪʴ [341]. 2,8-

ʤʝʥʪʘʜʽʻʥ-1-ʦʣ ʙʫʣʦ ʦʜʝʨʞʘʥʦ ʷʢ ʧʦʙʽʯʥʠʡ ʧʨʦʜʫʢʪ (ʩʝʣʝʢʪʠʚʥʽʩʪʴ 5 ï 8%) 

ʽʟʦʤʝʨʠʟʘʮʽʾ APO ʟʘ ʫʯʘʩʪʶ ʩʠʩʪʝʤ Fe/MCM-41 [342]. 
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ɯʟʦʤʝʨʠʟʘʮʽʷ APO ʚ ʢʘʤʬʦʣʝʥʦʚʠʡ ʘʣʴʜʝʛʽʜ ʤʦʞʝ ʛʦʤʦʛʝʥʥʦ 

ʢʘʪʘʣʽʟʫʚʘʪʠʩʷ ʢʠʩʣʦʪʘʤʠ ʃʴʶʾʩʘ [336, 337, 343]. ʅʘʧʨʠʢʣʘʜ, ʙʨʦʤʽʜ ʮʠʥʢʫ 

ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ 85% ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʟʘ ʉɸ [344]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʚʝʨʜʠʭ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ (Fe-, Sn-, Ti-ʚʤʽʩʥʽ 

ʤʦʨʜʝʥʽʪ, ʬʝʨô̒ ʨʠʪ, ZSM-5, ZSM-12, ɓ, HMS) [336, 345, 346], ʜʦʟʚʦʣʠʣʦ 

ʧʝʨʝʡʪʠ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʢʮʽʾ ʚ ʛʝʪʝʨʦʛʝʥʥʦ-ʢʘʪʘʣʽʪʠʯʥʦʤʫ ʨʝʞʠʤʽ, ʷʢʠʡ 

ʝʢʦʣʦʛʽʯʥʦ ʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤ [347, 348]. ʅʘʧʨʠʢʣʘʜ, ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ 

ʜʝʘʣʶʤʽʥʫʚʘʥʥʷ ʮʝʦʣʽʪʫ H-US-Y ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʾ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʟʘ 

ʢʘʤʬʦʣʝʥʦʚʠʤ ʘʣʴʜʝʛʽʜʦʤ (78%) [337]. ɼʦʧʦʚʘʥʠʡ ʟʘʣʽʟʦʤ ʮʝʦʣʽʪ Y ʟʘʙʝʟʧʝʯʫʻ 

68% ʩʝʣʝʢʪʠʚʥʽʩʪʴ [343], ʪʦʜʽ ʷʢ ʚʚʝʜʝʥʥʷ ʚ ʮʝʦʣʽʪ ɓ ʪʠʪʘʥʫ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʟʘ ʉɸ ʜʦ 89% [346]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʠʩʣʦʪʥʠʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʽʤʧʨʠʥʪʦʚʘʥʠʭ ʧʦʣʽʤʝʨʽʚ ʷʢ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʪʘ ɼʄʌ ʷʢ ʨʦʟʯʠʥʥʠʢʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʪʠ ʪʨʘʥʩ-ʢʘʨʚʝʦʣ ʟ 

45% ʚʠʭʦʜʦʤ [339]. ɿôʷʩʦʚʘʥʦ, ʱʦ ʛʝʪʝʨʦʧʦʣʽʢʠʩʣʦʪʘ H3PW12O40 ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʩʦʢʫ ʩʝʣʝʢʪʠʚʥʽʩʪʴ (ʙʣʠʟʴʢʦ 90%) ʟʘ TCV ʚ ʨʽʜʢʦʬʘʟʥʽʡ ʽʟʦʤʝʨʠʟʘʮʽʾ APO 

[335], ʧʨʦʪʝ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ ʧʝʨʝʭʽʜ ʨʝʘʢʮʽʾ ʚ ʛʦʤʦʛʝʥʥʦ-ʢʘʪʘʣʽʪʠʯʥʠʡ ʨʝʞʠʤ 

ʚʥʘʩʣʽʜʦʢ ʚʠʤʠʚʘʥʥʷ ʢʘʪʘʣʽʟʘʪʦʨʘ ʚ ɼʄʌ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʨʝʤʥʝʟʝʤʫ, 

ʜʦʧʦʚʘʥʦʛʦ Sn ʽ Ce, ʪʘ ʦʩʥʦʚʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ N,N-ʜʠʤʝʪʠʣʘʮʝʪʘʤʽʜʫ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʩʝʣʝʢʪʠʚʥʦʾ (73%) ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ Ŭ-ʧʽʥʝʥʫ ʜʦ ʪʨʘʥʩ-ʢʘʨʚʝʦʣʫ [349]. 

ʆʜʥʘʢ ʨʝʘʢʮʽʷ ʬʘʢʪʠʯʥʦ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʛʦʤʦʛʝʥʥʦ-ʢʘʪʘʣʽʪʠʯʥʠʭ ʫʤʦʚʘʭ ʯʝʨʝʟ 

ʽʥʪʝʥʩʠʚʥʝ ʚʠʤʠʚʘʥʥʷ ʢʘʪʘʣʽʟʘʪʦʨʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʦʥʥʦʾ ʬʦʨʤʠ ʮʝʦʣʽʪʫ ɓ 

ʪʘ Fe-ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ɓ ʟ ʨʽʟʥʠʤ ʤʦʣʴʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ SiO2/Al 2O3 ʜʦʟʚʦʣʠʣʦ 

ʜʦʩʷʛʪʠ ʧʦʚʥʦʾ ʢʦʥʚʝʨʩʽʾ APO ʪʘ ʜʦʩʠʪʴ ʚʠʩʦʢʦʾ ʩʝʣʝʢʪʠʚʥʦʩʪʽ (ʜʦ 43%) ʟʘ 

ʪʨʘʥʩ-ʢʘʨʚʝʦʣʦʤ [350]. ɿʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ 

ʧʨʠʚʝʣʦ ʜʦ ʟʥʠʞʝʥʥʷ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʟʘ TCV ʽ ʚ ʮʽʣʦʤʫ ʟʘ ʧʨʦʜʫʢʪʘʤʠ ʟʽ 

ʩʪʨʫʢʪʫʨʦʶ ʧʘʨʘ-ʤʝʥʪʝʥʫ [350]. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʽ ʮʝʦʣʽʪʚʤʽʩʥʽ ʤʘʪʝʨʽʘʣʠ ʟʘʚʜʷʢʠ 

ʥʘʷʚʥʦʩʪʽ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʮʝʦʣʽʪʽʚ, ʽ ʨʦʟʚʠʥʝʥʦʾ ʧʦʨʠʩʪʦʩʪʽ, 

ʧʨʠʪʘʤʘʥʥʦʾ ʤʝʟʦʧʦʨʠʩʪʠʤ ʤʦʣʝʢʫʣʷʨʥʠʤ ʩʠʪʘʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ 
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ʤʦʞʣʠʚʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʦʙʤʝʞʝʥʴ, ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ 

ʜʣʷ ʢʘʪʘʣʽʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʦʙôʻʤʥʠʭ ʤʦʣʝʢʫʣ [3, 68, 351, 352]. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ Ŭ-ʧʽʥʝʥʫ (ɸʈʆ) ʟʘ ʫʯʘʩʪʶ 

ʦʜʝʨʞʘʥʠʭ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ZSM-5, ʪʨʘʜʠʮʽʡʥʦʛʦ 

ʮʝʦʣʽʪʫ ZSM-5 ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʪ AlSi-MCM-41 ʪʘ 

AlSi-SBA-15 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 3.10. ʈʝʥʪʛʝʥʦʘʤʦʨʬʥʠʡ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʡ 

ʟʨʘʟʦʢ 1ʄʄɸʉ, ʯʘʩʪʢʦʚʦ ʮʝʦʣʽʪʠʟʦʚʘʥʠʡ ʟʨʘʟʦʢ 2ʄʄɸʉ, ʘ ʪʘʢʦʞ MMʉ AlSi-

MCM-41 ʪʘ AlSi-SBA-15 ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʡʚʠʱʦʶ ʘʢʪʠʚʥʽʩʪʶ ʩʪʦʩʦʚʥʦ 

ɸʈʆ (ʢʦʥʚʝʨʩʽ ̫APO 99 ï 100%) ʧʨʦʪʷʛʦʤ 180 ʭʚ ʚʽʜ ʧʦʯʘʪʢʫ ʨʝʘʢʮʽʾ.  

 

ʊʘʙʣʠʮʷ 3.10 ï ʇʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʧʦʢʩʠʜʫ Ŭ-ʧʽʥʝʥʫ 

(APO) ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʢʘʪʘʣʽʟʘʪʦʨʽʚ 

ɿʨʘʟʦʢ  

ʂʦʥʚʝʨʩʽʷ 

APO ʯʝʨʝʟ 

3 ʛʦʜ (%) 

ʉʝʣʝʢʪʠʚʥʽ

ʩʪʴ ʟʘ TCV 

ʯʝʨʝʟ 

3 ʛʦʜ (%) 

ʉʝʣʝʢʪʠʚ

ʥʩ̔ʪʴ ʟʘ 

CA ʯʝʨʝʟ 

3 ʛʦʜ (%) 

ʉʝʣʝʢʪʠʚ

ʥʽʩʪʴ ʟʘ 

MD ʯʝʨʝʟ 

3 ʛʦʜ (%) 

ʉʝʣʝʢʪʠʚ

ʥʽʩʪʴ ʟʘ 

C6
ʘ
 ʯʝʨʝʟ 

3 ʛʦʜ (%) 

ʉʝʣʝʢʪʠʚ

ʥʽʩʪʴ ʟʘ 

C5
ʙ
 ʯʝʨʝʟ 

3 ʛʦʜ (%) 

ï 1,0 13,1 42,9 5,0 18,1 42,7 

1MMAʉ 100,0 40,0 34,9 15,4 56,9 40,1 

2MMAʉ 100,0 39,3 36,0 14,8 55,6 41,2 

3MMAʉ 82,0 42,5 30,6 18,0 62,0 35,6 

4MMAʉ 86,8 40,7 32,6 17,2 59,4 37,7 

5MMAʉ 25,7 42,5 30,8 18,3 60,7 35,8 

6MMAʉ 12,9 37,3 35,4 16,0 53,2 40,4 

7MMAʉ 48,4 44,1 28,0 19,8 64,9 32,9 

8MMAʉ 26,7 37,6 35,2 16,2 54,9 40,1 

9MMAʉ 55,1 42,9 29,7 18,8 62,8 34,6 

ZSM-5 11,2 38,7 32,0 17,3 56,0 36,9 

AlSi-

MCM-41 

98,9 38,9 36,1 15,1 55,4 41,4 

AlSi-

SBA-15 

99,3 43,2 30,2 18,1 62,6 35,2 

ʘ
 ʉʫʤʘʨʥʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʧʨʦʜʫʢʪʘʤʠ C6 (ʪʨʘʥʩ-ʢʘʨʚʝʦʣ, 2,8-ʤʝʥʪʘʜʽʻʥ-1-ʦʣ ʪʘ p-ʮʠʤʦʣ). 
ʙ
 ʉʫʤʘʨʥʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʧʨʦʜʫʢʪʘʤʠ C5 (ʢʘʤʬʦʣʝʥʦʚʠʡ ʽ ʬʝʥʭʦʣʝʥʦʚʠʡ ʘʣʴʜʝʛʽʜ). 

 

ɺ ʧʨʠʩʫʪʥʦʩʪʽ ʮʝʦʣʽʪʫ ZSM-5 ʜʦʩʷʛʘʻʪʴʩʷ ʥʘʡʥʠʞʯʘ ʢʦʥʚʝʨʩʽʷ ɸʈʆ 

(ʙʣʠʟʴʢʦ 11%) ʫ ʟʚôʷʟʢʫ ʟʽ ʟʥʘʯʥʠʤʠ ʧʨʦʩʪʦʨʦʚʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʧʦʨʠʩʪʦʾ 
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ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʤʦʣʝʢʫʣ ʨʝʘʛʝʥʪʫ (ʜʽʘʤʝʪʨ ʧʦʨ ZSM-5 ʩʪʘʥʦʚʠʪʴ 0,55 ʥʤ, 

ʢʽʥʝʪʠʯʥʠʡ ʜʽʘʤʝʪʨ APO ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 0,7 ʥʤ). ɯʥʰʽ ʟʨʘʟʢʠ (3ʄʄɸʉ ï 

9ʄʄɸʉ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʟʥʦʶ ʢʘʪʘʣʽʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ, ʚʠʟʥʘʯʝʥʦʶ 

ʥʠʟʢʦʶ ʬʘʢʪʦʨʽʚ, ʚʢʣʶʯʘʶʯʠ ʧʦʨʠʩʪʽʩʪʴ ʪʘ ʢʠʩʣʦʪʥʽʩʪʴ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ 

ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʤʽʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʭʽʜʥʦʾ ʩʧʦʣʫʢʠ (1% ʢʦʥʚʝʨʩʽʾ) ʚ 

ʢʦʥʪʨʦʣʴʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ (ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʘ), ʱʦ ʚʢʘʟʫʻ ʥʘ 

ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʢʘʪʘʣʽʪʠʯʥʦʾ ʜʽʾ ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʨʝʘʢʮʽʾ. 

ʇʦʯʘʪʢʦʚʽ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ:  

ʢʘʪ

t0
0

1)(

mt

Vcc
r

Ö-
=                                                                                     (3.1) 

ʜʝ c0, ct ï ʮʝ ʧʦʯʘʪʢʦʚʘ ʪʘ ʧʦʪʦʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ APO (ʤʤʦʣʴ/ʣ), V ï ʦʙôʻʤ 

ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ (ʣ), t ï ʯʘʩ ʨʝʘʢʮʽʾ (1 ʭʚ) ʪʘ mʢʘʪ ï ʤʘʩʘ ʢʘʪʘʣʽʟʘʪʦʨʘ (ʛ). ʗʢ 

ʚʠʜʥʦ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ (ʨʠʩ. 3.31), ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʡ ʟʨʘʟʦʢ 1ʄʄɸʉ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰʦʶ ʧʦʯʘʪʢʦʚʦ ʁ ʰʚʠʜʢʽʩʪʶ ʨʝʘʢʮʽʾ (6,2 ʤʤʦʣʴ/ʭʚ 

ʛʢʘʪ), ʱʦ ʽʩʪʦʪʥʦ ʧʝʨʝʚʠʱʫʻ ʚʽʜʧʦʚʽʜʥʽ ʚʝʣʠʯʠʥʠ ʜʣʷ ʚʠʩʦʢʦʢʨʠʩʪʘʣʽʯʥʦʛʦ 

ʮʝʦʣʽʪʫ ZSM-5 ʪʘ ʧʦʜʽʙʥʠʭ ʟʨʘʟʢʽʚ, ʦʜʝʨʞʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʬ̔ʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʝʤʧʣʘʪʽʚ. ʅʘʡʙʽʣʴʰʘ ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʟʘ ʫʯʘʩʪʶ 

ʟʨʘʟʢʘ 1ʄʄɸʉ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʘ ʟ ʡʦʛʦ ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ (1245 ʤ
2
/ʛ ï  

ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ, ʪʘʙʣ. 3.8), ʤʝʟʦʧʦʨʠʩʪʽʩʪʶ 

(Vʤʝʟʦ 0,57 ʩʤ
3
/ʛ, Dʤʝʟʦ 2,3 ʥʤ), ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʶ ʧʨʠʨʦʜʦʶ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʧʦʤʽʨʥʦʾ ʢʠʩʣʦʪʥʦʩʪʽ (ʪʘʙʣ. 3.9), ʘ ʪʘʢʦʞ ʧʨʠʩʫʪʥʽʩʪʶ ʧʨʝʢʫʨʩʦʨʽʚ ʮʝʦʣʽʪʫ ʚ 

ʡʦʛʦ ʩʪʨʫʢʪʫʨʽ. ʎʝ, ʽʤʦʚʽʨʥʦ, ʤʦʞʝ ʙʫʪʠ ʦʩʥʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ, ʱʦ ʚʽʜʨʽʟʥʷʻ 

ʟʨʘʟʦʢ 1MMAʉ ʚʽʜ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʜʝʱʦ ʥʠʞʯʽ, ʘʣʝ ʜʦʩʠʪʴ 

ʚʠʩʦʢʽ ʧʦʯʘʪʢʦʚʽ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ (2MMAʉ, AlSi-MCM-41, AlSi-SBA-15).    
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ʈʠʩʫʥʦʢ 3.31 ï ʇʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ Ŭ-

ʧʽʥʝʥʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ 

 

ʂʦʥʚʝʨʩʽʶ APO ʷʢ ʬʫʥʢʮʽʶ ʯʘʩʫ ʨʝʘʢʮʽʾ ʟʘ ʫʯʘʩʪʶ ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʽʢʨʦ-

ʤʝʟʦʧʦʨʠʩʪʠʭ ʟʨʘʟʢʽʚ ʥʘ ʦʩʥʦʚʽ ZSM-5, ʚʽʜʧʦʚʽʜʥʦʛʦ ʮʝʦʣʽʪʫ ʪʘ ʄʄʉ ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.32. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʛʦ ʘʣʶʤʦʩʠʣʽʢʘʪʫ 1ʄʄɸʉ ʜʦʩʷʛʘʶʪʴʩʷ ʟʥʘʯʥʦ ʚʠʱʽ ʨʽʚʥʽ 

ʢʦʥʚʝʨʩʽʾ ʫ ʚʩʽʭ ʪʦʯʢʘʭ ʯʘʩʫ ʨʝʘʢʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ 1 ʭʚ ʢʦʥʚʝʨʩʽʷ APO 

ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 23%, ʪʦʜʽ ʷʢ ʧʦʚʥʘ ʢʦʥʚʝʨʩʽʷ ʜʦʩʷʛʘʻʪʴʩʷ ʚʞʝ ʟʘ 60 ʭʚ (ʨʠʩ. 

3.32). ʇʦʜʽʙʥʽ ʪʝʥʜʝʥʮʽʾ, ʦʜʥʘʢ, ʟ ʥʠʞʯʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʢʦʥʚʝʨʩʽʾ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʣʷ ʟʨʘʟʢʽʚ 2MMAʉ ï 4MMAʉ, AlSi-MCM-41 ʪʘ AlSi-SBA-15. 

ZSM-5, 6MMAʉ, 8MMAʉ ʪʘ 9MMAʉ ʧʦʢʘʟʫʶʪʴ ʥʠʟʴʢʫ ʢʦʥʚʝʨʩʽʶ APO ʪʘ ʥʘ 

ʧʦʯʘʪʢʫ ʨʝʘʢʮʽʾ ʻ ʤʘʣʦ- (8MMAʉ ʽ 9MMAʉ) ʘʙʦ ʤʘʡʞʝ ʥʝʘʢʪʠʚʥʠʤʠ (ZSM-5, 

6MMAʉ). 
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ʈʠʩʫʥʦʢ 3.32 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʥʚʝʨʩʽʾ ʝʧʦʢʩʠʜʫ Ŭ-ʧʽʥʝʥʫ (APO) ʚʽʜ ʯʘʩʫ 

ʨʝʘʢʮʽʾ ʡʦʛʦ ʽʟʦʤʝʨʠʟʘʮʽʾ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ ʥʘ ʦʩʥʦʚʽ ZSM-5 

 

ʆʩʥʦʚʥʠʤʠ ʮʽʥʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʽʟʦʤʝʨʠʟʘʮʽʾ APO ʻ ʪʨʘʥʩ-ʢʘʨʚʝʦʣ ʪʘ 

ʢʘʤʬʦʣʝʥʦʚʠʡ ʘʣʴʜʝʛʽʜ. ʉʝʣʝʢʪʠʚʥʽʩʪʴ ʪʘ ʚʠʭʽʜ ʦʩʥʦʚʥʠʭ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 3.10. ʅʘʡʚʠʱʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʙʽʣʴʰ ʮʽʥʥʠʤ ʧʨʦʜʫʢʪʦʤ 

ʪʨʘʥʩ-ʢʘʨʚʝʦʣʦʤ (40 ï 44%) ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʽʚ 1ʄʄɸʉ, 

3ʄʄɸʉ, 5ʄʄɸʉ, 7ʄʄɸʉ, 9ʄʄɸʉ ʪʘ AlSi-SBA-15. ʎʽ ʤʘʪʝʨʽʘʣʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʧʦʨʠʩʪʽʩʪʶ ʪʘ ʥʠʟʴʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ (1ʄʄɸʉ, 3ʄʄɸʉ, AlSi-SBA-15, ʪʘʙʣ. 3.8 ʽ 3.9), ʘʙʦ 

ʨʦʟʚʠʥʝʥʦʶ ʤʝʟʦʧʦʨʠʩʪʽʩʪʶ ʪʘ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʩʠʣʴʥʠʭ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ (5ʄʄɸʉ, 7ʄʄɸʉ, 9ʄʄɸʉ). ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʢʦʥʚʝʨʩʽʷ APO ʻ 

ʟʥʘʯʥʦ ʥʠʞʯʦʶ, ʥʽʞ ʫ ʧʝʨʦhʤʫ. ʅʘʡʚʠʱʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʢʘʤʬʦʣʝʥʦʚʠʤ 

ʘʣʴʜʝʛʽʜʦʤ (35 ï 36%) ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʨʘʟʢʽʚ ʟ ʥʝʚʠʩʦʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ (1ʄʄɸʉ, 2ʄʄɸʉ, AlSi-

MCM-41). ʉʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʪʨʝʪʽʤ ʚʘʞʣʠʚʠʤ ʧʨʦʜʫʢʪʦʤ 2,8-ʤʝʥʜʘʜʽʻʥ-1-ʦʣʦʤ 

(MD) (ʪʘʙʣ. 3.10) ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 15 ʜʦ 20%.  

ʅʘ ʨʠʩ. 3.33 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪ̔ ʟʘ ʦʩʥʦʚʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʚʽʜ ʢʦʥʚʝʨʩʽʾ ɸʈʆ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʘʛʘʣʴʥʫ ʪʝʥʜʝʥʮʽʶ 
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ʥʝʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʟʘ TCV ʪʘ MD ʟ ʨʦʩʪʦʤ ʢʦʥʚʝʨʩʽʾ ɸʈʆ, 

ʪʦʜʽ ʷʢ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʉɸ ʜʝʱʦ ʟʤʝʥʰʫʻʪʴʩʷ. 
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ʈʠʩʫʥʦʢ 3.33 ï ɿʘʣʝʞʥʽʩʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʟʘ ʪʨʘʥʩ-ʢʘʨʚʝʦʣʦʤ (TCV) (ʘ, ʙ), 

ʢʘʤʬʦʣʝʥʦʚʠʤ ʘʣʴʜʝʛʽʜʦʤ (CA) (ʚ, ʛ) ʪʘ 2,8-ʤʝʥʪʘʜʽʻʥ-1-ʦʣʦʤ (MD) (ʜ, ʝ) ʚʽʜ 

ʢʦʥʚʝʨʩʽʾ ɸʈʆ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ ʢʘʪʘʣʽʟʘʪʦʨʽʚ 
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ɿʛʽʜʥʦ ʟ ʨʠʩ. 3.33 ʚʩʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʟʨʘʟʢʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ: 

ʜʣʷ ʦʜʥʽʻʾ ʟ ʥʠʭ (1ï4MMAʉ, 7MMAʉ, 9MMAʉ, AlSi-MCM-41 ʪʘ AlSi-SBA-15) 

ʭʘʨʘʢʪʝʨʥʘ ʧʨʘʢʪʠʯʥʦ ʧʦʩʪʽʡʥʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʽʥʰʦʾ (5MMAʉ, 

6MMAʉ, 8MMAʉ, ZSM-5) ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʢʣʘʜʥʽʰʽ ʟʘʣʝʞʥʦʩʪʽ. 

ɿʤʽʥʠ ʚ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʜʨʫʛʦʾ ʛʨʫʧʠ, ʡʤʦʚʽʨʥʦ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʝʟʫʣʴʪʘʪʦʤ ʙʣʦʢʫʚʘʥʥʷ ʢʘʪʘʣʽʪʠʯʥʦ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ, ʥʘ ʷʢʠʭ ʧʝʨʝʚʘʞʥʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʦʜʫʢʪʠ ʉ5/ʉ6. ʊʘʢʘ ʜʝʟʘʢʪʠʚʘʮʽʷ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ, ʦʯʝʚʠʜʥʦ, 

ʟʫʤʦʚʣʝʥʘ ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʦʩʪʫʧʥʦʩʪʽ (ʦʩʦʙʣʠʚʦ ʜʣʷ ZSM-5 ʪʘ 

5MMAʉ). ʆʩʦʙʣʠʚʦʩʪʽ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʨʘʟʢʽʚ 7MMAʉ ʪʘ 9MMAʉ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʦʶ ʜʦʩʪʫʧʥʽʩʪʶ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʦʚ'ʷʟʘʥʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ 

ɹʨʝʥʩʪʝʜʘ ʽ ʃʴʶʾʩʘ (ʨʠʩ. 3.28). 

ʇʦʙʽʯʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʽʟʦʤʝʨʠʟʘʮʽʾ APO ʟʘ ʫʯʘʩʪʶ ʦʜʝʨʞʘʥʠʭ ʤʽʢʨʦ-

ʤʝʟʦʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʻ ʬʝʥʭʦʣʝʥʦʚʠʡ ʘʣʴʜʝʛʽʜ, p-ʮʠʤʦʣ ʪʘ 

ʧʽʥʦʢʘʨʚʝʦʣ. ʅʘ ʨʠʩ. 3.34 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʧʦʙʽʯʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʜʣʷ ʟʨʘʟʢʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʡʚʠʱʦ  ʁʢʦʥʚʝʨʩʽʻʁ  APO.  
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ʈʠʩʫʥʦʢ 3.34 ï ʉʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʬʝʥʭʦʣʝʥʦʚʠʤ ʘʣʴʜʝʛʽʜʦʤ, p-ʮʠʤʦʣʦʤ ʪʘ 

ʧʽʥʦʢʘʨʚʝʦʣʦʤ ʯʝʨʝʟ 180 ʭʚ ʚʽʜ ʧʦʯʘʪʢʫ ʨʝʘʢʮʽʾ ʽʟʦʤʝʨʠʟʘʮʽʾ ɸʈʆ 
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p-ʎʠʤʦʣ ʻ ʧʨʦʜʫʢʪʦʤ ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʧʦʣʫʢ ʟʽ ʩʪʨʫʢʪʫʨʦʶ p-

ʤʝʥʪʝʥʫ. ɺʽʜʩʫʪʥʽʩʪʴ p-ʮʠʤʦʣʫ ʚ ʈʉ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ZSM-5 ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʘ ʤʦʞʝ 

ʙʫʪʠ ʧʦʚ'ʷʟʘʥʘ ʟ ʥʝʜʦʩʪʫʧʥʽʩʪʶ ʜʣʷ ʨʝʘʛʝʥʪʽʚ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʽʢʨʦʧʦʨʘʭ. 

ɼʣʷ ʟôʷʩʫʚʘʥʥʷ ʚʧʣʠʚʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ 

ɹʨʝʥʩʪʝʜʘ ʽ ʃʴʶʾʩʘ ʪʘ ʾʭ ʜʦʩʪʫʧʥʦʩʪʽ ʥʘ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ 

ʟʨʘʟʢʽʚ ʚ ʨʝʘʢʮʽʾ ʽʟʦʤʝʨʠʟʘʮʽʾ ɸʈʆ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʟʘʣʝʞʥʦʩʪʽ ʚʠʭʦʜʫ ʮʽʣʴʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ (TCV, CA, MD) ʚʽʜ CB/CL ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʜʦʩʪʫʧʥʦʩʪʽ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.35 ʪʘ ʨʠʩ. ɹ3 ʚ ʜʦʜʘʪʢʫ ɹ. ʊʘʢ, ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ, ʚʠʟʥʘʯʝʥʦʾ ʰʣʷʭʦʤ ʘʜ(ʜʝ)ʩʦʨʙʮʽʾ ʧʽʨʠʜʠʥʫ, 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʚʠʭʦʜʫ TCV, CA ʪʘ MD (ʨʠʩ. ɹ3, a). ɺʨʘʭʦʚʫʶʯʠ 

ʧʨʦʩʪʦʨʦʚʽ ʦʙʤʝʞʝʥʥʷ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʤʽʢʨʦʧʦʨ ZSM-5 (ʢʽʥʝʪʠʯʥʠʡ ʜʽʘʤʝʪʨ 

APO (0,7 ʥʤ) ʙʽʣʴʰʠʡ, ʥʽʞ ʜʽʘʤʝʪʨ ʤʽʢʨʦʧʦʨ ZSM-5 (0,55 ʥʤ)), ʣʠʰʝ ʢʠʩʣʦʪʥʽ 

ʮʝʥʪʨʠ ɹʨʝʥʩʪʝʜʘ, ʜʦʩʪʫʧʥʽ ʜʣʷ ʤʦʣʝʢʫʣ ʨʝʘʛʝʥʪʫ, ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ 

ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ. ɿʤʽʥʘ ʚʠʭʦʜʫ TCV, CA ʪʘ MD ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʩʪʫʧʥʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ (ʚʠʟʥʘʯʝʥʦʾ ʟʘ 

ʘʜ(ʜʝ)ʩʦʨʙʮʽʻʶ 2,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʧʽʨʠʜʠʥʫ (DTBPy), ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. ɹ3, ʙ, 

ʩʚʽʜʯʠʪʴ, ʱʦ ʥʝʦʙʭʽʜʥʘ ʧʝʚʥʘ ʤʽʥʽʤʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʩʪʫʧʥʠʭ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʥʜʘ (ʙʣʠʟʴʢʦ 25 ʤʢʤʦʣʴ/ʛ), ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʧʨʠʡʥʷʪʥʠʡ 

ʚʠʭʽʜ ʦʩʥʦʚʥʠʭ ʧʨʦʜʫʢʪʽʚ ʽʟʦʤʝʨʠʟʘʮʽʾ APO. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʮʴʦʛʦ 

ʟʥʘʯʝʥʥʷ (ʜʦ 60 ʤʢʤʦʣʴ/ʛ) ʥʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʦʜʫ TCV, CA ʪʘ MD 

(ʙʣʠʟʴʢʦ 40, 35 ʪʘ 15%, ʚʽʜʧʦʚʽʜʥʦ). ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʦʜʫ ʦʩʥʦʚʥʠʭ ʧʨʦʜʫʢʪʽʚ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʩʪʫʧʥʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʃʴʶʾʩʘ (ʨʦʟʨʘʭʦʚʘʥʦʾ ʷʢ ʜʦʙʫʪʦʢ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʃʴʶʾʩʘ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʜʦʩʪʫʧʥʦʩʪʽ) ʤʘʻ ʧʦʜʽʙʥʫ 

ʪʝʥʜʝʥʮʽʶ (ʈʠʩ. ɹ3, ʚ). ʈʦʣʴ ʜʦʩʪʫʧʥʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʤʦʞʝ ʙʫʪʠ 

ʚʠʷʚʣʝʥʦ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʚʠʭʦʜʫ ʦʩʥʦʚʥʠʭ ʧʨʦʜʫʢʪʽʚ ʟ ʚʽʜʥʦʰʝʥʥʷʤ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʪʘ ʃʴʶʾʩʘ, CB/CL (ʨʠʩ. 3.35, ʘ) ʪʘ 

ʚʽʜʥʦʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦʩʪʫʧʥʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʪʘ ʃʴʶʾʩʘ, 

CB/CL (ʜʦʩʪʫʧʥʽ) (ʨʠʩ. 3.35, ʙ). ɼʣʷ ʚʠʭʦʜʽʚ ʦʩʥʦʚʥʠʭ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ 
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ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʦʜʽʙʥʽ ʪʝʥʜʝʥʮʽʾ. ɿʦʢʨʝʤʘ, ʚʠʭʦʜʠ TCV, CA ʪʘ MD 

ʟʥʠʞʫʶʪʴʩʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʥʦʰʝʥʥʷ CB/CL. ɼʣʷ TCV ʮʝ ʤʦʞʝ ʙʫʪʠ 

ʧʦʚ'ʷʟʘʥʝ ʟ ʡʦʛʦ ʫʪʚʦʨʝʥʥʷʤ ʥʘ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʘʭ ʃʴʶʾʩʘ [349].  
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ʈʠʩʫʥʦʢ 3.35 ï ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʦʜʫ ʪʨʘʥʩ-ʢʘʨʚʝʦʣʫ, ʢʘʤʬʦʣʝʥʦʚʦʛʦ 

ʘʣʴʜʝʛʽʜʫ ʪʘ 2,8-ʤʝʥʪʘʜʽʻʥ-1-ʦʣʫ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʽ ʃʴʶʾʩʘ (ʘ), ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦʩʪʫʧʥʠʭ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʽ ʃʴʶʾʩʘ (ʙ), ʢʦʝʬʽʮʽʻʥʪʘ ʜʦʩʪʫʧʥʦʩʪʽ (ʚ) ʪʘ 

ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʤʝʟʦʧʦʨ (ʛ) 

  

ʅʘʡʚʠʱʠʡ ʚʠʭʽʜ ʪʨʘʥʩ-ʢʘʨʚʝʦʣʫ ʦʪʨʠʤʘʥʦ ʜʣʷ ʟʨʘʟʢʽʚ ʟ ʚʽʜʥʦʰʝʥʥʷʤ CB/CL 

(ʜʦʩʪʫʧʥʽ) 0,6 ï 0,7. ʏʽʪʢʠʤ ʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʚʠʭʦʜʘʤʠ ʪʨʘʥʩ-ʢʘʨʚʝʦʣʫ, 

ʢʘʤʬʦʣʝʥʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ ʪʘ 2,8-ʤʝʥʪʘʜʽʻʥ-1-ʦʣʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʦʩʪʫʧʥʦʩʪʽ 

ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ (ʨʠʩ. 3.35, ʚ), ʘ ʪʘʢʦʞ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 
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ʤʝʟʦʧʦʨ (ʨʠʩ. 3.35, ʛ), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ 

ʟʨʘʟʢʽʚ ʥʘ ʾʭ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʽʟʦʤʝʨʠʟʘʮʽʾ APO. 

ɺʠʷʚʣʝʥʠʡ ʧʦʜʽʙʥʠʡ ʚʧʣʠʚ ʧʨʠʨʦʜʠ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʥʘ 

ʫʪʚʦʨʝʥʥʷ TCV ʽ CA ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʨʠʩʫʪʥʽʩʪʶ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʷʢ 

ɹʨʝʥʩʪʝʜʘ, ʪʘʢ ʽ ʃʴʶʾʩʘ ʫ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʘ ʪʘʢʦʞ ʧʦʜʽʙʥʠʤʠ 

ʟʤʽʥʘʤʠ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠ ʟʤʽʥʽ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʜʣʷ ʟʨʘʟʢʽʚ, ʦʜʝʨʞʘʥʠʭ 

ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʧʦʩʦʙʽʚ ʩʠʥʪʝʟʫ, ʱʦ ʧʨʠʚʦʜʷʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʘʤʦʨʬʥʠʭ ʘʙʦ ʥʠʟʴʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʟʨʘʟʢʽʚ, ʥʝ ʣʠʰʝ ʟʘʙʝʟʧʝʯʫʻ 

ʙʽʣʴʰʫ ʜʦʩʪʫʧʥʽʩʪʴ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʜʦ ʤʦʣʝʢʫʣ ʨʝʘʛʝʥʪʫ, ʘʣʝ ʡ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʃʴʶʾʩʘ (ʥʘʧʨʠʢʣʘʜ, 

ʧʦʟʘʢʘʨʢʘʩʥʦʛʦ Al), ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʮʽʻʾ ʨʝʘʢʮʽʾ. 

ʅʘʚʧʘʢʠ, ʜʣʷ ʟʘʣʝʞʥʦʩʪ̔ ʚʠʭʦʜʫ ʮʽʣʴʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽ ʾ

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʪʘ ʃʴʶʾʩʘ (ʨʠʩ. ɹ3, ʘïʚ) ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʯʽʪʢʠʭ 

ʪʝʥʜʝʥʮʽʡ. ɹʽʣʴʰ ʪʦʛʦ, ʤʘʡʞʝ ʪʘʢʠʡ ʩʘʤʠʡ ʚʧʣʠʚ ʧʨʠʨʦʜʠ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ TCV, CA ʪʘ MD ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʟ ʨʠʩ. ɹ3 

ʪʘ ʨʠʩ. 3.36.  

 

 

ʈʠʩʫʥʦʢ 3.36 ï ʄʦʞʣʠʚʽ ʩʭʝʤʠ ʫʪʚʦʨʝʥʥʷ ʢʘʤʬʦʣʝʥʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ ʟʘ 

ʫʯʘʩʪʶ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʃʴʶʾʩʘ (ʘ)  ʽ ʪʨʘʥʩ-ʢʘʨʚʝʦʣʫ ʟʘ ʫʯʘʩʪʶ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ (ʙ) [353] 

 

ʉʫʯʘʩʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʤʝʭʘʥʽʟʤ ʨʝʘʢʮʽʾ [336, 337, 343, 349] ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʫʪʚʦʨʝʥʥʷ ʪʨʘʥʩ-ʢʘʨʚʝʦʣʫ ʥʘ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʘʭ ʦʙʦʭ ʪʠʧʽʚ (ɹʨʝʥʩʪʝʜʘ ʪʘ 
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ʃʴʶʾʩʘ), ʪʦʜʽ ʷʢ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʘʤʬʦʣʝʥʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ ʧʦʪʨʽʙʥʽ ʢʠʩʣʦʪʥʽ 

ʮʝʥʪʨʠ ʃʴʶʾʩʘ. ɿʦʢʨʝʤʘ, ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ʃʴʶʾʩʘ ʤʦʞʫʪʴ ʨʝʘʛʫʚʘʪʠ ʟ ʘʪʦʤʦʤ 

ʢʠʩʥʶ ʝʧʦʢʩʠʜʥʦʛʦ ʢʽʣʴʮʷ ʟ ʥʘʩʪʫʧʥʠʤ ʨʦʟʨʠʚʦʤ ʩʫʩʽʜʥʴʦʛʦ C-C ʟʚ'ʷʟʢʫ ʚ 6-

ʯʣʝʥʥʦʤʫ ʚʫʛʣʝʮʝʚʦʤʫ ʢʽʣʴʮʽ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʘʤʬʦʣʝʥʦʚʦʛʦ 

ʘʣʴʜʝʛʽʜʫ (ʨʠʩ. 3.36, ʘ). ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʥʘ ʨʠʩ. 3.36, ʙ ʧʦʢʘʟʘʥʦ ʤʦʞʣʠʚʫ 

ʚʟʘʻʤʦʜʽʶ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ (ʧʦʟʥʘʯʝʥʠʭ H
+
) ʟ ʝʧʦʢʩʠʜʦʤ Ŭ-ʧʽʥʝʥʫ 

ʪʘ ʚʽʜʧʦʚʽʜʥʠʡ ʤʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ ʪʨʘʥʩʢʘʨʚʝʦʣʫ [353]. 

ɺʽʜʧʦʚʽʜʥʽ ʟʤʽʥʠ ʚʠʭʦʜʫ ʧʨʦʜʫʢʪʽʚ ʉ6 (ʪʨʘʥʩ-ʢʘʨʚʝʦʣ, 2,8-ʤʝʥʪʘʜʽʻʥ-1-ʦʣ 

ʪʘ p-ʮʠʤʦʣ) ʽ ʉ5 (ʢʘʤʬʦʣʝʥʦʚʠʡ ʪʘ ʬʝʥʭʦʣʝʥʦʚʠʡ ʘʣʴʜʝʛʽʜ) (ʪʘʙʣ. 3.10) ʟʘʣʝʞʥʦ 

ʚʽʜ ʢʠʩʣʦʪʥʦʩʪʽ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʮʽʚ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʪʘʢʠʭ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʪʨʘʥʩ-ʢʘʨʚʝʦʣʫ ʪʘ ʢʘʤʬʦʣʝʥʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ, ʚʽʜʧʦʚʽʜʥʦ, ʱʦ, ʦʯʝʚʠʜʥʦ, 

ʧʦʚôʷʟʘʥʦ ʟʽ ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ 2,8-ʤʝʥʜʘʜʽʻʥ-1-ʦʣʫ (ʚʠʭʽʜ ʜʦ 17%). ʇʝʚʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʚʠʷʚʣʝʥʦ ʣʠʰʝ ʤʽʞ ʩʝʣʝʢʪʠʚʥʽʩʪʶ ʟʘ ʧʨʦʜʫʢʪʘʤʠ C6 ʪʘ C5 ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦʩʪʫʧʥʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ (ʨʠʩ. ɹ4). 

ʉʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʧʨʦʜʫʢʪʘʤʠ ʉ5 ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʜʦʩʪʫʧʥʠʭ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ, ʪʦʜʽ ʷʢ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʟʘ 

ʧʨʦʜʫʢʪʘʤʠ ʉ6 ʮʷ ʟʘʣʝʞʥʽʩʪʴ ʻ ʧʨʦʪʠʣʝʞʥʦʶ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ 

ʚʠʭʦʜʫ ʪʨʘʥʩ-ʢʘʨʚʝʦʣʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʩʪʫʧʥʠʭ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ (ʧʽʨʠʜʠʥ ʜʝʩʦʨʙʫʻʪʴʩʷ ʟ ʮʠʭ ʮʝʥʪʨʽʚ ʧʨʠ 250 

ï 350 ÁC, ʨʠʩ. ɹ4, ʙ).  

ʋ ʧʨʠʩʫʪʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʽʚ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ZSM-5 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʦʜʫʢʪʽʚ C6/C5 ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ 1,3 ʜʦ 2, ʱʦ ʧʝʨʝʚʠʱʫʻ 

ʟʥʘʯʝʥʥʷ, ʦʜʝʨʞʘʥʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʮʝʦʣʽʪʫ ɓ ʫ ʚʦʜʥʝʚʽʡ 

ʬʦʨʤʽ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʟʘʣʽʟʦʤ (0,6 ï 1,3) [350].  

 

ɺʠʭʦʜʷʯʠ ʟ ʦʩʥʦʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʦʟʜʽʣʽ 

3, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ. 

ʉʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʫ ʢʠʩʣʠʭ ʨʝʘʢʮʽʡʥʠʭ ʩʫʤʽʰʘʭ ʥʘ ʦʩʥʦʚʽ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʽ ʤʽʮʝʣʷʨʥʦʛʦ ʪʝʤʧʣʘʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʦʙʤʝʞʝʥʥʷ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ 
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ʮʝʦʣʽʪʫ ʪʘ ʪʝʤʧʣʘʪʫʚʘʥʥʷ ʧʨʠʚʦʜʠʪʴ ʜʦ ʦʜʝʨʞʘʥʥʷ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʮʝʦʣʽʪʚʤʽʩʥʠʭ ʟʨʘʟʢʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʟʘʛʘʣʴʥʦʶ ʧʠʪʦʤʦʶ 

ʧʦʚʝʨʭʥʝʶ ʪʘ ʦʙôʻʤʦʤ ʧʦʨ. ʆʜʝʨʞʘʥʽ ʤʘʪʝʨʽʘʣʠ ʧʨʦʷʚʣʷʶʪʴ ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ ʚʝʨʙʝʥʦʣʫ (ʢʦʥʚʝʨʩʽʷ ʜʦ 100%, 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʮʽʣʴʦʚʠʤ ʜʽʦʣʦʤ ʜʦ 56%), ʱʦ ʟʫʤʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʶ ʟʥʘʯʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ɹʨʝʥʩʪʝʜʘ ʪʘ ʃʴʶʾʩʘ, ʷʢʘ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʬʦʨʤʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʧʽʜʚʠʱʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʝʢʫʨʩʦʨʽʚ ʟ ʚʠʩʦʢʦʶ 

ʯʘʩʪʢʦʶ ʪʝʪʨʘʝʜʨʠʯʥʦ ʢʦʦʨʜʠʥʦʚʘʥʠʭ ʘʪʦʤʽʚ ʘʣʶʤʽʥʽʶ.  

ɿôʷʩʦʚʘʥʦ, ʱʦ ʥʠʟʴʢʦʢʨʠʩʪʘʣʽʯʥʽ ʪʘ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʽ ʤʽʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʽ 

ʤʘʪʝʨʽʘʣʠ ʤʽʩʪʷʪʴ ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ʟ ʩʠʣʦʶ, ʙʣʠʟʴʢʦʶ ʜʦ ʪʘʢʠʭ ʫ ʪʨʘʜʠʮʽʡʥʦʤʫ 

ʮʝʦʣʽʪʽ ɓ (ʟʥʘʯʝʥʥʷ lg K 4,3 ï 4,7), ʷʢʽ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ 

ɹʨʝʥʩʪʝʜʘ ʫ ʩʢʣʘʜʽ ʧʨʝʢʫʨʩʦʨʽʚ ʮʝʦʣʽʪʫ. ɼʦʜʘʚʘʥʥʷ ʚ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ, ʱʦ 

ʤʽʩʪʠʪʴ ʧʦʯʘʪʢʦʚʽ ʧʨʦʜʫʢʪʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʮʝʦʣʽʪʫ ɓ, ʤʽʮʝʣʷʨʥʠʭ ʪʝʤʧʣʘʪʽʚ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʮʝʥʪʨʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʮʝʦʣʽʪʦʤ 

ɓ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʟʤʝʥʰʝʥʥʷʤ ʯʘʩʪʢʠ ʪʝʪʨʘʝʜʨʠʯʥʦ ʢʦʦʨʜʠʥʦʚʘʥʦʛʦ ʘʣʶʤʽʥʽʶ 

(ʽʟ 78 ʜʦ 35%). 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʽ ʪʘ ʯʘʩʪʢʦʚʦ ʮʝʦʣʽʪʠʟʦʚʘʥʽ ʤʽʢʨʦ-

ʤʝʟʦʧʦʨʠʩʪʽ ʘʣʶʤʦʩʠʣʽʢʘʪʠ (ʄʄɸʉ) ʧʨʦʷʚʣʷʶʪʴ ʧʽʜʚʠʱʝʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ 

ʨʝʘʢʮʽʾ ʽʟʦʤʝʨʠʟʘʮʽʾ ʝʧʦʢʩʠʜʫ Ŭ-ʧʽʥʝʥʫ (ʧʦʚʥʘ ʢʦʥʚʝʨʩʽʷ ʟʘ 2 ï 3 ʛʦʜ, ʚʠʭʽʜ 

ʪʨʘʥʩ-ʢʘʨʚʝʦʣʫ 39 ï 40 %), ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʟʚʠʯʘʡʥʠʤ ʮʝʦʣʽʪʦʤ ZSM-5 ʽ 

ʄʄɸʉ, ʦʜʝʨʞʘʥʠʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʝʤʧʣʘʪʽʚ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʥʘʡʙʽʣʴʰʦʶ ʩʝʨʝʜ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʽʚ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʠʩʣʦʪʥʠʭ 

ʮʝʥʪʨʽʚ, ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʦʙôʻʤʥʠʭ ʤʦʣʝʢʫʣ. 
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ʈʆɿɼɯʃ 4 

 

ʆɼɽʈɾɸʅʅʗ, ʉʊʈʋʂʊʋʈʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʊɸ ʂɸʊɸʃɯʊʀʏʅɸ 

ɸʂʊʀɺʅɯʉʊʔ ɺʋɻʃɽʎɽɺʀʍ ʅɸʅʆʇʆʈʀʉʊʀʍ ʄɸʊɽʈɯɸʃɯɺ 

 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ 

ʟ'ʷʩʫʚʘʥʥʷ ʚʧʣʠʚʫ ʫʤʦʚ ʢʘʨʙʦʥʽʟʘʮʽʾ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʘ ʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ 

ʪʘʢʦʞ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚʫʛʣʝʮʝʚʠʭ ʟʨʘʟʢʽʚ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʧʨʘʮʷʭ [354-366]. 

 

4.1. ɺʧʣʠʚ ʫʤʦʚ ʧʽʨʦʣʽʟʫ ʪʘ ʧʨʠʨʦʜʠ ʘʢʪʠʚʫʶʯʦʛʦ ʘʛʝʥʪʘ ʥʘ 

ʩʪʨʫʢʪʫʨʥʦ-ʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʜʫʢʪʽʚ ʢʘʨʙʦʥʽʟʘʮʽʾ ʩʘʭʘʨʦʟʠ 

 

ʋ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ 

ʟôʷʩʫʚʘʥʥʷ ʚʧʣʠʚʫ ʫʤʦʚ ʦʙôʻʤʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʩʘʭʘʨʦʟʠ ʪʘ ʧʨʠʨʦʜʠ ʘʢʪʠʚʫʶʯʦʛʦ 

ʘʛʝʥʪʘ (ʭʣʦʨʠʜ ʮʠʥʢʫ, ʬʦʩʬʦʨʥʘ ʢʠʩʣʦʪʘ, ʚʦʜʷʥʘ ʧʘʨʘ) ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʘ 

ʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʘʜʩʦʨʙʮʽʷ ʘʟʦʪʫ ʽ ʚʦʜʥʶ) ʦʜʝʨʞʘʥʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʘʭʘʨʦʟʠ ʷʢ ʦʨʛʘʥʽʯʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ ʟʫʤʦʚʣʝʥʦ ʟʜʘʪʥʽʩʪʶ 

ʜʦ ʧʦʨʽʚʥʷʥʦ ʣʝʛʢʦʾ ʦʣʽʛʦ- ʪʘ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʟ ʫʪʚʦʨʝʥʥʷʤ ʩʽʪʯʘʩʪʠʭ ʩʪʨʫʢʪʫʨ, ʘ 

ʪʘʢʦʞ ʪʠʤ, ʱʦ ʩʘʭʘʨʦʟʘ, ʦʣʽʛʦ-  ʪʘ ʧʦʣʽʤʝʨʥʽ ʧʨʦʜʫʢʪʠ ʾʾ ʧʝʨʝʪʚʦʨʝʥʴ 

(ʜʝʢʩʪʨʠʥʠ, ʢʘʨʘʤʝʣʘʥʠ ʪʦʱʦ) ʣʝʛʢʦ ʧʽʜʜʘʶʪʴʩʷ ʜʝʛʽʜʨʘʪʘʮʽʾ ʚ ʧʨʦʮʝʩʘʭ 

ʢʘʨʙʦʥʽʟʘʮʽʾ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʦʙôʻʤʥʦʛʦ ʥʝʢʘʪʘʣʽʪʠʯʥʦʛʦ ʧʽʨʦʣʽʟʫ ʩʘʭʘʨʦʟʠ 

ʆʙôʻʤʥʘ ʢʘʨʙʦʥʽʟʘʮʽʷ ʩʘʭʘʨʦʟʠ (Ar, 400 ï 900 
o
C) ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʩʽʨʯʘʥʦʾ 

ʢʠʩʣʦʪʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʱʽʣʴʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʥʠʟʴʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ, ʟʦʢʨʝʤʘ, ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʧʦʨ ʥʝ ʧʝʨʝʚʠʱʫʻ 

0,05 ʩʤ
3
/ʛ (ʽʟʦʪʝʨʤʘ ʘʜʩʦʨʙʮʽʾ ʘʟʦʪʫ ʥʝ ʧʨʠʚʝʜʝʥʘ). ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʽʜ ʯʘʩ 

ʧʽʨʦʣʽʟʫ ʚʫʛʣʝʮʝʚʠʡ ʢʘʨʢʘʩ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʩʢʦʨʝʥʦʾ ʢʘʪʘʣʽʪʠʯʥʦʾ 
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ʜʝʛʽʜʨʘʪʘʮʽʾ ʩʘʭʘʨʦʟʠ ʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʨʠʩʪʦʛʦ ʰʘʙʣʦʥʫ (ʞʦʨʩʪʢʦʛʦ ʪʝʤʧʣʘʪʫ 

ʧʨʠ ʤʘʪʨʠʯʥʽʡ ʢʘʨʙʦʥʽʟʘʮʽʾ) ʬʦʨʤʫʻʪʴʩʷ ʱʽʣʴʥʘ ʧʨʘʢʪʠʯʥʦ ʥʝʧʦʨʠʩʪʘ ʩʪʨʫʢʪʫʨʘ 

ʟ ʦʜʝʨʞʘʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʬʨʘʛʤʝʥʪʽʚ. 

ɺ ʫʤʦʚʘʭ ʥʝʢʘʪʘʣʽʪʠʯʥʦʛʦ ʦʙôʻʤʥʦʛʦ ʧʽʨʦʣʽʟʫ ʧʝʨʝʙʽʛ ʢʘʨʙʦʥʽʟʘʮʽʾ 

ʩʘʭʘʨʦʟʠ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ï ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʬʦʨʤʫʚʘʥʥʷ ʚʣʘʩʥʦʾ (ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʨʠʩʪʦʛʦ ʰʘʙʣʦʥʫ) ʧʝʨʚʠʥʥʦʾ ʧʦʨʠʩʪʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʧʘʨʘʤʝʪʨʠ ʷʢʦʾ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʢʘʨʙʦʥʽʟʘʮʽʾ (ʨʠʩ. 

4.1, ʘ). ʋ ʚʠʚʯʝʥʠʭ ʫʤʦʚʘʭ ʦʙôʻʤʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʩʘʭʘʨʦʟʠ (Ar, 400 ï 900 
o
C, 

ʪʘʙʣ. 4.1) ʫʪʚʦʨʶʶʪʴʩʷ ʦʜʥʦʨʽʜʥʦ-ʤʽʢʨʦʧʦʨʠʩʪʽ ʚʫʛʣʝʮʝʚʽ ʟʨʘʟʢʠ ʟ ʦʙôʻʤʦʤ 

ʤʢ̔ʨʦʧʦʨ ʜʦ 0,3 ʩʤ
3
/ʛ (ʚʠʟʥʘʯʝʥʦ ʟʘ ʤʝʪʦʜʦʤ ɼʫʙʽʥʽʥʘ-ʈʘʜʫʰʢʝʚʠʯʘ ʊʆɿʄ). ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʶ ʦʜʥʦʨʽʜʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʧʦʨ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ [277], ʟʛʽʜʥʦ 

ʟ ̫ʢʠʤ ʥʘ ʢʨʠʚʠʭ ʨʦʟʧʦʜʽʣʫ ʦʙôʻʤʫ ʧʦʨ ʟʘ ʨʦʟʤʽʨʘʤʠ (ʨʠʩ. 4.1, ʙ) ʘʥʘʣʽʟʫʚʘʣʘʩʴ 

ʯʘʩʪʢʘ (ʦʙôʻʤ ʽ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ) ʤʽʢʨʦʧʦʨ (Dʤʢ̔ʨʦ  Ò 1 ʥʤ), ʩʫʧʝʨʤʽʢʨʦʧʦʨ 
 
(Dʩʫʧ-

ʤiʢʨʦ=1-2 ʥʤ), ʚʫʟʴʢʠʭ (Dʤʝʟʦ= 2ï3 ʥʤ)
 
ʪʘ ʙʽʣʴʰʠʭ (Dʤʝʟʦ  > 3 ʥʤ) ʤʝʟʦʧʦʨ (ʪʘʙʣ. 

4.1). ʅʘʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʽʟʦʪʝʨʤ ʘʜʩʦʨʙʮʽʾ ʘʟʦʪʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʩʠʪʴ ʚʠʩʦʢʫ 

ʦʜʥʦʨʽʜʥʽʩʪʴ ʤʽʢʨʦʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʧʨʦʜʫʢʪʘʭ ʦʙôʻʤʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ 

ʩʘʭʘʨʦʟʠ ï ʯʘʩʪʢʘ ʦʙôʻʤʫ ʩʫʪʦ ʤʽʢʨʦʧʦʨ ʩʢʣʘʜʘʻ 77 ï 89 % ʚ ʟʘʛʘʣʴʥʦʤʫ ʦʙôʻʤʽ 

ʧʦʨ, ʘ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ï ʚʽʜʧʦʚʽʜʥʦ 88 ï 93%. ʏʘʩʪʢʘ ʦʙôʻʤʫ ʩʫʧʝʨʤʽʢʨʦʧʦʨ ʽ 

ʚʫʟʴʢʠʭ ʤʝʟʦʧʦʨ ʩʫʪʪʻʚʦ ʥʠʞʯʽ ï ʚʽʜʧʦʚʽʜʥʦ ~8-9 % ʽ 1-2 %. ɿ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʦʙôʻʤʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʩʘʭʘʨʦʟʠ ʜʦ 900 
ʦ
ʉ ʦʙôʻʤ ʤʽʢʨʦʧʦʨ ʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʝʥʝʨʛʽʷ ʘʜʩʦʨʙʮʽʾ ʟʨʦʩʪʘʻ ʽ ʟʤʝʥʰʫʻʪʴʩʷ ʨʦʟʤʽʨ ʤʽʢʨʦʧʦʨ, ʧʨʠ 

ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʘ ʦʜʥʦʨʽʜʥʽʩʪʴ ʤʽʢʨʦʧʦʨ ʟʘ ʨʦʟʤʽʨʘʤʠ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ 800 
ʦ
ʉ 

(ʨʠʩ. 4.1, ʙ, ʪʘʙʣ. 4.1). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʢʘʨʙʦʥʽʟʘʮʽʾ 700 
ʦ
ʉ ʽ ʦʩʦʙʣʠʚʦ ʧʨʠ 400 

ʦ
ʉ ʩʧʦʩʪʝʨʽʛʘʪʁʴʩʷ ʫʩʢʣʘʜʥʝʥʥʷ ʘʜʩʦʨʙʮʽʾ ʘʟʦʪʫ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ 

ʤʘʣʦʜʦʩʪʫʧʥʠʭ ʽ ʥʝʜʦʩʪʫʧʥʠʭ ʤʽʢʨʦʧʦʨ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʦ ʟʥʠʞʝʥʥʷʤ 

ʩʪʫʧʝʥʶ ʢʘʨʙʦʥʽʟʘʮʽʾ ʚʫʛʣʝʮʝʚʠʭ ʟʨʘʟʢʽʚ. 
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ʈʠʩʫʥʦʢ 4.1 ï ɯʟʦʪʝʨʤʠ ʘʜ(ʜʝ)ʩʦʨʙʮʽ ʾʘʟʦʪʫ (ʘ) ʪʘ ʨʦʟʧʦʜʽʣ ʦʙôʻʤʫ 

ʤʽʢʨʦʧʦʨ ʟʘ ʨʦʟʤʽʨʘʤʠ (ʤʝʪʦʜ [277]) (ʙ) ʜʣʷ ʧʨʦʜʫʢʪʽʚ ʦʙôʻʤʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ 

ʩʘʭʘʨʦʟʠ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ: 1 ï 400 
ʦ
ʉ, 2 ï 700 

ʦ
ʉ, 3 ï 800 

ʦ
ʉ, 4 ï 900 

ʦ
ʉ 

 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʨʦʟʨʘʭʫʥʢʠ ʦʙôʻʤʫ ʤʽʢʨʦʧʦʨ ʟʘ ʦʜʥʦʯʣʝʥʥʠʤ 

ʨʽʚʥʷʥʥʷʤ ʊʆɿʄ ʜʣʷ ʟʨʘʟʢʽʚ (1 ʪʠʧ ʽʟʦʪʝʨʤʠ), ʱʦ ʤʽʩʪʷʪʴ ʜʦʜʘʪʢʦʚʦ 

ʩʫʧʝʨʤʽʢʨʦʧʦʨʠ (Dʩʫʧ-ʤiʢʨʦ = 1-2 ʥʤ)
 
ʽ ʚʫʟʴʢʽ ʤʝʟʦʧʦʨʠ (Dʤʝʟʦ = 2-3 ʥʤ),

 
ʜʦʩʠʪʴ 

ʧʨʠʙʣʠʟʥʽ ʽ ʜʘʶʪʴ ʩʫʤʘʨʥʠʡ ʨʝʟʫʣʴʪʘʪ (Vʤiʢʨʦ +Vʩʫʧ-ʤiʢʨʦ +Vʤʝʟʦ). 

ʇʽʜʚʠʱʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ (ʟʦʢʨʝʤʘ, ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʚʠʥʫʪʦʾ ʩʠʩʪʝʤʠ 

ʤʽʢʨʦʧʦʨ) ʚ ʧʨʦʜʫʢʪʘʭ ʥʝʢʘʪʘʣʽʪʠʯʥʦʾ ʦʙôʻʤʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʩʘʭʘʨʦʟʠ ʤʦʞʫʪʴ 

ʧʦʷʩʥʶʚʘʪʠʩʴ ʪʠʤ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʪʘʣʽʟʘʪʦʨʘ ʧʨʦʮʝʩʠ ʛʽʜʨʦʣʽʟʫ ʽ 

ʜʝʛʽʜʨʘʪʘʮʽʾ ʩʘʭʘʨʦʟʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʧʨʦʮʝʩʫ (ʧʽʜ ʯʘʩ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦ 200 ÜC), ʱʦ ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩ ʢʘʨʙʦʥʽʟʘʮʽʾ, 

ʩʧʨʠʯʠʥʷʻ ʟʥʘʯʥʝ ʫʱʽʣʴʥʝʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʧʨʝʢʫʨʩʦʨʽʚ ʽ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʨʦʟʚʠʪʢʫ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʧʨʦʮʝʩʽ ʧʦʜʘʣʴʰʦʾ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʦʙʨʦʙʢʠ. ɺ ʫʤʦʚʘʭ ʟʚʠʯʘʡʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ (ʥʝʢʘʪʘʣʽʪʠʯʥʦʛʦ) ʨʦʟʢʣʘʜʫ 

ʢʘʨʙʦʥʽʟʘʮʽʷ ʩʫʪʪʻʚʦ ʫʧʦʚʽʣʴʥʶʻʪʴʩʷ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʧʨʠ ʧʦʩʪʫʧʦʚʦʤʫ 

ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʦʝʪʘʧʥʽ ʧʨʦʮʝʩʠ ʜʝʛʽʜʨʘʪʘʮʽʾ ʩʘʭʘʨʦʟʠ 

ʪʘ, ʚ ʧʦʜʘʣʴʰʦʤʫ, ʦʣʽʛʦʤʝʨʥʠʭ ʧʨʦʜʫʢʪʽʚ ʾʾ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʨʝʟʫʣʴʪʫʶʯʠʤ 

ʫʪʚʦʨʝʥʥʷʤ ʚʫʛʣʝʮʝʚʦʛʦ ʢʘʨʢʘʩʫ ʽʟ ʟʥʘʯʥʦʶ ʧʦʨʠʩʪʽʩʪʶ. ɺ ʫʤʦʚʘʭ ʤʘʪʨʠʯʥʦʾ 

ʢʘʪʘʣʽʪʠʯʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʩʘʭʘʨʦʟʠ (ʉʄʂ-3, ʉʄʂ-8, ʪʦʱʦ), ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 
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ʦʙôʻʤʥʦʾ ʥʝʢʘʪʘʣʽʪʠʯʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ, ʧʘʨʘʤʝʪʨʠ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʟʘʜʘʶʪʴʩʷ 

ʧʨʦʩʪʦʨʦʚʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ (ʛʝʦʤʝʪʨʽʻʶ ʽ ʪʦʚʱʠʥʦʶ ʩʪʽʥʦʢ ʢʘʨʢʘʩʫ) ʚʠʭʽʜʥʦʛʦ 

ʝʢʟʦʪʝʤʧʣʘʪʫ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʤʝʟʦʧʦʨʠʩʪʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʩʪʨʫʢʪʫʨ. 

ɺʧʣʠʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚʦʜʷʥʦʶ ʧʘʨʦʶ ʥʘ ʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʨʦʜʫʢʪʽʚ ʦʙôʻʤʥʦʾ ʥʝʢʘʪʘʣʽʪʠʯʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʩʘʭʘʨʦʟʠ 

ɼʦʜʘʪʢʦʚʘ ʪʝʨʤʦʦʙʨʦʙʢʘ (800 ʽ 850 ÜC) ʧʨʦʜʫʢʪʽʚ ʥʝʢʘʪʘʣʽʪʠʯʥʦʾ 

ʢʘʨʙʦʥʽʟʘʮʽʾ ʩʘʭʘʨʦʟʠ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʚʦʜʷʥʦ ʾ ʧʘʨʠ (ʨʠʩ. 4.2, ʪʘʙʣ. 4.1) 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʩʫʪʪʻʚʦʶ ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ï ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 800 ÜC ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʽ ʦʙôʻʤʫ 

ʤ̔ ʢʨʦʧʦʨ (Vʤʢ̔ʨʦ= 0,40 ʩʤ
3
/ʛ, SBET = 1044 ʤ

2
/ʛ). 
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ʈʠʩʫʥʦʢ 4.2 ï ɯʟʦʪʝʨʤʠ ʘʜ(ʜʝ)ʩʦʨʙʮʽʽ ʘʟʦʪʫ ʪʘ ʨʦʟʧʦʜʽʣ ʦʙôʻʤʫ ʤʽʢʨʦʧʦʨ ʟʘ 

ʨʦʟʤʽʨʘʤʠ  (ʤʝʪʦʜ [277]) ʜʣʷ ʚʠʭʽʜʥʦʛʦ (1) ʧʨʦʜʫʢʪʫ ʦʙôʻʤʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ 

ʩʘʭʘʨʦʟʠ (900 
ʦ
ʉ) ʪʘ ʧʽʩʣʷ ʪʝʨʤʦʧʘʨʦʚʦʾ ʦʙʨʦʙʢʠ (ʅ2ʆ, 2 ʛʦʜ) ʧʨʠ 800 

ʦ
ʉ (2) ʽ 

850 
ʦ
ʉ (3)  
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