
ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ ʋʏʈɽɾɼɽʅʀɽ ʅɸʋʂʀ 

ʀʅʉʊʀʊʋʊ ʅɽʆʈɻɸʅʀʏɽʉʂʆʁ ʍʀʄʀʀ ʀʄɽʅʀ ɸ.ɺ. ʅʀʂʆʃɸɽɺɸ  

ʉʀɹʀʈʉʂʆɻʆ ʆʊɼɽʃɽʅʀʗ ʈʆʉʉʀʁʉʂʆʁ ɸʂɸɼɽʄʀʀ ʅɸʋʂ  

ʄʀʅʆɹʈʅɸʋʂʀ ʈʆʉʉʀʀ 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

ʀɺɸʅʆɺɸ ɺʠʢʪʦʨʠʷ ʅʠʢʦʣʘʝʚʥʘ 

 

 

ʇʦʣʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʘ, ʧʠʨʝʥʘ ʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ 

 

1.4.4. ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

ʧʨʦʬʝʩʩʦʨ ʈɸʅ 

ɹʘʩʦʚʘ ʊʘʤʘʨʘ ɺʘʣʝʨʴʝʚʥʘ 

 

 

 

 

ʅʦʚʦʩʠʙʠʨʩʢ ï 2025 
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ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʋɽʄʓʍ ʉʆʂʈɸʑɽʅʀʁ 

MPc ï ʬʪʘʣʦʮʠʘʥʠʥ ʤʝʪʘʣʣʘ 

CVD ï ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ 

CNT ï ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ 

SWCNT ï ʦʜʥʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ 

DWCNT  ï ʜʚʫʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ 

MWCNT  ï ʤʥʦʛʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ 

py ï ʧʠʨʝʥ 

MC  ï ʤʘʢʨʦʮʠʢʣ 

MALDI -TOF ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ï ʤʘʪʨʠʯʥʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʣʘʟʝʨʥʘʷ 

ʜʝʩʦʨʙʮʠʷ/ʠʦʥʠʟʘʮʠʷ ʩ ʚʨʝʤʷʧʨʦʣʸʪʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ 

ʀʂ ï ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʀʉʇ-ɸʕʉ ï ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ 

ʧʣʘʟʤʦʡ 

ʂʈ ï ʢʦʤʙʠʥʘʮʠʦʥʥʦʝ ʨʘʩʩʝʷʥʠʝ 

ʉʕʄ ïʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʇʕʄ ïʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʊɻɸ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʕʉʇ ï ʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ 

ʈʌʕʉ ï ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʗʄʈ ï ʜ̫ʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

ɺɿʄʆ ï ʚʝʨʭʥʷʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

ʅʉʄʆ ï ʥʠʞʥʷʷ ʩʚʦʙʦʜʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

ʇɼʂ ï ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ɼʄʌɸ ï ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

ɼʄʉʆ ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ʊɻʌ ï ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ 
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (CNT) ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʢʣʘʩʩʦʤ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʨʠʚʣʝʢʘʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʝʩ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ 

ʫʥʠʢʘʣʴʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ, ʧʨʦʚʦʜʷʱʠʤ ʠ ʩʪʨʫʢʪʫʨʥʳʤ ʩʚʦʡʩʪʚʘʤ. ɺʩʣʝʜʩʪʚʠʝ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ CNT ʩʢʣʦʥʥʳ ʢ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʘʛʨʝʛʘʮʠʠ ʚ ʩʫʩʧʝʥʟʠʷʭ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʫʯʢʦʚ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʟʫʯʝʥʠʝ ʤʥʦʛʠʭ ʩʚʦʡʩʪʚ CNT ʚ ʚʠʜʝ ʪʦʥʢʠʭ 

ʩʣʦʸʚ. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʘʛʨʝʛʘʮʠʠ ʠ ʫʣʫʯʰʝʥʠʷ ʩʝʥʩʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

CNT, ʪʘʢʠʭ ʢʘʢ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʪ.ʜ., ʧʨʠʙʝʛʘʶʪ ʢ 

ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʠ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʥʘʥʦʪʨʫʙʦʢ ʨʘʟʣʠʯʥʳʤʠ ʢʣʘʩʩʘʤʠ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʶʪ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʤ ʤʦʣʝʢʫʣʘʤ, 

ʥʘʧʨʠʤʝʨ, ʧʨʦʠʟʚʦʜʥʳʤ ʧʠʨʝʥʘ, ʬʝʥʠʣʢʫʤʘʨʠʥʘ, ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʤʝʪʘʣʣʦʚ. ɹʦʣʴʰʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʢʦʚʘʣʝʥʪʥʦʡ ʠ 

ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ 

ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʉʨʝʜʠ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʬʪʘʣʦʮʠʘʥʠʥʳ 

ʤʝʪʘʣʣʦʚ (MPc). ɺʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚʦ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʤ ʢʦʣʴʮʝ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʧʦʩʦʙʳ ʢʦʚʘʣʝʥʪʥʦʡ ʠ ʥʝʢʦʚʘʣʝʥʪʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʌʪʘʣʦʮʠʘʥʠʥʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʧʨʦʷʚʣʷʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʡ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʘʢ ʩ 

ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ, ʪʘʢ ʠ ʩ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʛʘʟʘʤʠ. ʆʜʥʘʢʦ MPc ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʦʨʪʘʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚ. ʉʦʯʝʪʘʥʠʝ ʩʚʦʡʩʪʚ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʢʚʘʟʠʦʜʥʦʤʝʨʥʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ, 

ʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ) ʠ MPc (ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʛʘʟʘʤ-

ʘʥʘʣʠʪʘʤ) ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ ʫʥʠʢʘʣʴʥʳʭ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʭ ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ. 

ɼʨʫʛʠʤ ʠʥʪʝʨʝʩʥʳʤ ʢʣʘʩʩʦʤ ʥʘʥʦʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ 3D ʩʪʨʫʢʪʫʨʳ ʥʘ 

ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʧʝʨʝʢʨʸʩʪʥʦ ʩʰʠʪʳʭ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʤʦʣʝʢʫʣʳ-ʣʠʥʢʝʨʳ, ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʧʦʣʫʯʝʥʠʝ 3D ʥʘʥʦʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʦʢʘʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʪʨʫʙʦʢ: ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, 
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ʧʦʨʠʩʪʦʩʪʴ ʠ ʧʣʦʱʘʜʴ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʘʢʠʝ 3D ʘʥʩʘʤʙʣʠ CNT ʙʫʜʫʪ 

ʦʙʣʘʜʘʪʴ ʠʥʪʝʨʝʩʥʳʤʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ, ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ, ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʠ ʩʝʥʩʦʨʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝ 3D ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʚʠʜʫ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʭ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ, ʯʝʤ ʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ 

ʠʩʭʦʜʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʷʚʣʷʝʪʩʷ 

ʰʠʨʦʢʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ, ʘ ʢʦʣʠʯʝʩʪʚʦ 

ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʧʦʣʫʯʝʥʠʶ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ CNT, ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ, ʧʨʦʚʦʜʷʱʠʭ, ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʠ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʥʝʠʟʤʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʢʘʞʜʳʤ ʛʦʜʦʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʝʥʩʦʨʥʳʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ CNT, ʪʦʣʴʢʦ ʚ 2023 ʛʦʜʫ ʩʦʩʪʘʚʠʣʦ ʙʦʣʝʝ 1,5 ʪʳʩʷʯ. ɺ 

ʣʠʪʝʨʘʪʫʨʝ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʶʪ ʧʦʣʫʯʝʥʠʶ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʤʝʪʘʣʣʦʚ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ 

ʥʘʥʦʪʨʫʙʢʘʤʠ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʣʫʯʰʝʡ ʜʠʩʧʝʨʛʠʨʫʝʤʦʩʪʴʶ ʚ ʨʘʩʪʚʦʨʝ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳʝ ʩʣʦʠ, ʦʙʣʘʜʘʶʱʠʝ ʫʣʫʯʰʝʥʥʳʤʠ ʩʝʥʩʦʨʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ. 

ɻʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʣʫʯʘʶʪ ʢʘʢ ʥʝʢʦʚʘʣʝʥʪʥʦʡ, ʪʘʢ ʠ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ 

ʥʘʥʦʪʨʫʙʦʢ. ʇʨʠ ʥʝʢʦʚʘʣʝʥʪʥʦʤ ʩʧʦʩʦʙʝ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ 

ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ˊ- -́ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʚʘʥ-ʜʝʨ-

ʚʘʘʣʴʩʦʚʳʭ ʢʦʥʪʘʢʪʦʚ. ʉʨʝʜʠ ʧʦʜʭʦʜʦʚ ʜʣʷ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ CNT 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʘʢʮʠʷ ʘʮʠʣʠʨʦʚʘʥʠʷ. ɼʨʫʛʠʤ 

ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ CNT-MPc ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʘ ʠʤʝʥʥʦ 

ʨʝʘʢʮʠ ̫ ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʟʦʤʝʪʠʥʠʣʠʜʘ, ʤʦʜʠʬʠʢʘʮʠʷ CNT 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ (ʯʘʱʝ ʚʩʝʛʦ -N3 ʛʨʫʧʧʘʤʠ) ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʨʝʘʢʮʠʷʤʠ 

ʘʤʠʜʠʨʦʚʘʥʠʷ, ʉʦʥʦʛʘʰʠʨʳ ʠʣʠ ʉʫʟʫʢʠ. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʛʠʙʨʠʜʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ CNT ʠ MPc ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʭ 

ʩʝʥʩʦʨʦʚ ʥʘ ʪʘʢʠʝ ʛʘʟʳ, ʢʘʢ NH3, H2S, NOx, Cl2 ʠ ʜʨʫʛʠʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʠʟʚʦʜʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʤʝʪʘʣʣʦʚ ʠ ʜʨʫʛʠʭ 

ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʘ ʪʘʢʞʝ ʠʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ, 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʥʘ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ. ɺ ʣʠʪʝʨʘʪʫʨʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʪʠʧʘ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 
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ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʨʘʟʣʠʯʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʥʘ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ 

ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʢʨʘʡʥʝ ʤʘʣʦ ʨʘʙʦʪ ʧʦ ʧʦʣʫʯʝʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ 3D ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ CNT, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣ-ʣʠʥʢʝʨʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʧʦʣʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (SWCNT) ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʘ, ʧʠʨʝʥʘ 

ʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

1. ʇʦʣʫʯʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ SWCNT 

ʧʨʦʠʟʚʦʜʥʳʤʠ ZnPc, ʩʦʜʝʨʞʘʱʠʤʠ 0, 1, 2 ʠ 4 ʧʠʨʝʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʷ (py), ʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 

CoPc, ʩʦʜʝʨʞʘʱʠʤʠ 1 ʠ 16 ʧʠʨʝʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʠ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʘʤʠ ʉʕʄ, ʇʕʄ, 

ʀʂ-, ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʕʉʇ, ʀʉʇ-ɸʕʉ ʠ ʊɻɸ. 

2. ʇʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʦʛʦ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ 

ʥʘ ʘʤʤʠʘʢ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT/ZnPc-n*py (n = 0, 1, 2, 4) ʠ SWCNT/CoPc-n*py  

(n = 1, 16) ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʠʨʝʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚʦ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʤ 

ʢʦʣʴʮʝ ʥʘ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

3. ʇʦʣʫʯʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʦʚʘʣʝʥʪʥʦʡ ʠ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ 

SWCNT ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʝʥʘ (py), ʬʝʥʠʣʢʫʤʘʨʠʥʘ (PhC1, PhC2), ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʢʨʝʤʥʠʷ 

(SiPc), ʢʦʙʘʣʴʪʘ (CoPc) ʠ ʮʠʥʢʘ (ZnPc) ʠ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʘʤʠ ʉʕʄ, ʇʕʄ, ʀʂ-, 

ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʕʉʇ ʠ ʊɻɸ. 

4. ʇʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʦʛʦ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ 

ʩʣʦʝʚ ʧʦʣʫʯʝʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʘʤʤʠʘʢ ʠ ʩʝʨʦʚʦʜʦʨʦʜ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʪʠʧʘ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ (ʥʝʢʦʚʘʣʝʥʪʥʳʡ, ʢʦʚʘʣʝʥʪʥʳʡ) SWCNT ʥʘ ʠʭ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʄʝʪʦʜʦʤ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʠ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ SWCNT ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʧʠʨʝʥʘ, ʬʝʥʠʣʢʫʤʘʨʠʥʘ, ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʢʨʝʤʥʠʷ, ʮʠʥʢʘ ʠ ʢʦʙʘʣʴʪʘ. ʅʘ ʧʨʠʤʝʨʝ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ SWCNT ʩ ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ ʮʠʥʢʘ ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʠʨʝʥʦʚʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ (ʦʪ 0 ʜʦ 4) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʧʠʨʝʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʤʦʣʝʢʫʣʝ ʬʪʘʣʦʮʠʘʥʠʥʘ ʮʠʥʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʩʣʦʝʚ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʘʤʤʠʘʢ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʩʣʦʝʚ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʚʣʠʷʝʪ ʢʘʢ ʧʨʠʨʦʜʘ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʳ, ʪʘʢ ʠ ʪʠʧ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. ʅʘʡʜʝʥʘ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʪʝʧʝʥʴʶ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʚʝʣʠʯʠʥʦʡ 

ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʠʭ ʩʣʦʝʚ ʥʘ ʘʤʤʠʘʢ. ʅʘ ʧʨʠʤʝʨʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 
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ʧʠʨʝʥʘ ʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʦʙʣʘʜʘʣʠ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʴʶ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠ ʙɧʣʴʰʠʤ ʩʝʥʩʦʨʥʳʤ ʦʪʢʣʠʢʦʤ ʥʘ ʘʤʤʠʘʢ, ʯʝʤ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʤ 

ʩʝʥʩʦʨʥʳʤ ʦʪʢʣʠʢʦʤ ʦʙʣʘʜʘʣʠ 3D ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʨʝʜʠ 3D ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʝʥʩʦʨʥʳʤ ʦʪʢʣʠʢʦʤ ʥʘ ʘʤʤʠʘʢ ʠ ʩʝʨʦʚʦʜʦʨʦʜ ʦʙʣʘʜʘʣ 3D 

ʤʘʪʝʨʠʘʣ SWCNT/CoPc-3D, ʚ ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʳ-ʣʠʥʢʝʨʘ ʚʳʩʪʫʧʘʣ ʬʪʘʣʦʮʠʘʥʠʥ 

ʢʦʙʘʣʴʪʘ ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚʦ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʤ ʢʦʣʴʮʝ. ɺʝʣʠʯʠʥʘ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʩʣʦʝʚ 

SWCNT/CoPc-3D ʥʘ ʘʤʤʠʘʢ ʙʳʣʘ ʚ 15-37 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʦʪʢʣʠʢ ʩʣʦʝʚ ʠʩʭʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. 

ʇʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʘʤʤʠʘʢʘ ʩʦʩʪʘʚʠʣ 62 ppb, ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ 18 ppb. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ɺʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʦʡ 

ʤʦʣʝʢʫʣʳ ʠ ʪʠʧʘ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʵʪʠʤʠ ʤʦʣʝʢʫʣʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʚʳʙʠʨʘʪʴ ʤʝʪʦʜʦʣʦʛʠʶ (ʪʠʧ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ) ʠ ʠʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

(ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ) ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʢʪʠʚʥʳʭ ʩʣʦʸʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʝʥʩʦʨʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ SWCNT ʠ 

ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʩʣʦʸʚ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʭ ʩʝʥʩʦʨʦʚ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʠʘʢʘ ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ (ʚʧʣʦʪʴ ʜʦ 1-2 ppm) ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʧʘʨʦʚ ʨʷʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʧʦʣʫʯʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʢʦʚʘʣʝʥʪʥʦʡ ʠ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ SWCNT ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʪʘʣʦʮʠʘʥʠʥʘ, 

ʧʠʨʝʥʘ ʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʩʣʦʝʚ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʦʛʦ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ ʘʤʤʠʘʢ ʠ ʩʝʨʦʚʦʜʦʨʦʜ ʚ 

ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 1-50 ppm. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʩʣʦʸʚ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ, ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ: 

1) ʧʦʣʫʯʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ʢʦʚʘʣʝʥʪʥʦʡ ʠ ʥʝʢʦʚʘʣʝʥʪʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʝʥʘ, 

ʬʝʥʠʣʢʫʤʘʨʠʥʘ ʠ ʬʪʘʣʦʮʠʘʥʠʥʘ; 
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2) ʜʘʥʥʳʝ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʦʛʦ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʩʣʦʝʚ 

ʧʦʣʫʯʝʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʘʤʤʠʘʢ ʠ ʩʝʨʦʚʦʜʦʨʦʜ; 

3) ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʩʣʦʸʚ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʚʘʣʝʥʪʥʦʡ ʠ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨʦʤ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. ɸʚʪʦʨ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʣ ʛʠʙʨʠʜʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʘʣ ʩʣʦʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʩʩʣʝʜʦʚʘʣ ʠʭ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʝ 

ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʨʦʚʦʜʠʣ ʧʦʜʛʦʪʦʚʢʫ ʦʙʨʘʟʦʚ ʜʣʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. 

ʇʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʣʣʝʛʘʤʠ ʠʟ ʊʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʛ. ɻʝʙʟʝ (ʊʫʨʮʠʷ), ʦʜʥʘʢʦ ʠʭ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʭʦʜʝ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ. ɸʚʪʦʨ 

ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʠ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ, ʚ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ, ʬʦʨʤʫʣʠʨʦʚʢʝ 

ʚʳʚʦʜʦʚ, ʧʦʜʛʦʪʦʚʢʝ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ. ʆʙʦʙʱʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʦʜʛʦʪʦʚʢʘ ʩʪʘʪʝʡ ʧʦ 

ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ V ʐʢʦʣʝ-

ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè 

(ICFM-2019) (ʅʦʚʦʩʠʙʠʨʩʢ, 2019), ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʍʠʤʠʷ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʦʣʠʤʝʨʦʚ 2019è (INEOS-2019) (ʄʦʩʢʚʘ, 2019), 

58-ʷ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʩʪʫʜʝʥʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʄʅʉʂ-2020) (ʅʦʚʦʩʠʙʠʨʩʢ, 2020), 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʃʦʤʦʥʦʩʦʚè (ʄʦʩʢʚʘ, 2020), IV ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʠʤʧʦʟʠʫʤʝ ʩʦʚʨʝʤʝʥʥʦʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ 

ʚ ʨʘʤʢʘʭ XX ɽʞʝʛʦʜʥʦʡ ʤʦʣʦʜʝʞʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ c ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʀɹʍʌ ʈɸʅ-

ɺʋɿʳ (MMS-2020) (ʄʦʩʢʚʘ, 2020), VIII ɺʩʝʨʦʩʩʠʡʩʢʦʡ h ʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʆʨʛʘʥʠʯʝʩʢʠʝ ʠ ʛʠʙʨʠʜʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳè (ʀʚʘʥʦʚʘ, 2021), the XII  International conference 

on chemistry for young scientists (Mendeleev 2021)è (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2021), VI ʐʢʦʣʝ-

ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè 

(ICFM-2022) (ʅʦʚʦʩʠʙʠʨʩʢ, 2023), XIII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ "ʍʠʤʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ - 2024" (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

2024). 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 8 ʩʪʘʪʝʡ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ ʠ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ 
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ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʝ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ Web of Science, ʠ 9 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ 

ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʝʥʘ ʚʳʩʦʢʠʤ ʤʝʪʦʜʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ, ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʦʤʧʣʝʢʩʘ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ 

ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʀʂ ʠ ʂʈ), ʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ, 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ, ʀʉʇ-ɸʕʉ ʠ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ, ʇʕʄ), ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʩ 

ʜʘʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. ʇʫʙʣʠʢʘʮʠʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʞʫʨʥʘʣʘʭ ʠ ʦʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.4. ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 1. çʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ 

ʩʪʨʫʢʪʫʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢè; ʧ. 9. çʉʚʷʟʴ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʘʛʝʥʪʦʚ ʩ ʠʭ 

ʩʪʨʦʝʥʠʝʤ ʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠè ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ  

1.4.4. ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 156 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 83 ʨʠʩʫʥʢʘ 

ʠ 11 ʪʘʙʣʠʮ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʚʳʚʦʜʦʚ, ʘ ʪʘʢʞʝ ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʳ, ʩʦʜʝʨʞʘʱʝʛʦ 324 ʩʩʳʣʢʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʅʀʈ 

ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʠʤʝʥʥʦʡ ʩʪʠʧʝʥʜʠʝʡ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʅʦʚʦʩʠʙʠʨʩʢʦʡ 

ʦʙʣʘʩʪʠ (2024 ʛ.) ʠ ʩʪʠʧʝʥʜʠʝʡ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʟʘ ʫʩʧʝʭʠ ʚ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ 

(2023-2024 ʫʯ. ʛ.). 
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1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1. ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʠʭ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʳ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʳ ʠ ʦʧʠʩʘʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʫʛʣʝʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʝ ʢʘʢ ʬʫʣʣʝʨʝʥʳ [1], ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (CNT) ʠ ʠʭ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʣʦʠ 

[2], ʛʨʘʬʝʥ [3], ʛʨʘʬʠʪ [4], ʥʘʥʦʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ [5], ʫʛʣʝʨʦʜʥʘʷ ʙʫʤʘʛʘ [6] ʠ ʜʨʫʛʠʝ. 

ɼʘʥʥʘʷ ʯʘʩʪʴ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ ʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʧʨʠ ʵʪʦʤ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ 

ʦʧʠʩʘʥʠʶ ʠʤʝʥʥʦ ʪʝʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʩʣʦʝʚ 

ʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ. 

1.1.1. ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

ɺ 1991 ʛʦʜʫ Sumio Iijima ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʦʪʢʨʳʣ ʥʘʥʦʪʨʫʙʢʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʥʠʪʝʚʠʜʥʳʝ 

ʥʘʥʦʫʛʣʝʨʦʜʥʳʝ ʢʣʘʩʪʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʨʦʪʷʞʝʥʥʫʶ ʚʥʫʪʨʝʥʥʶʶ ʧʦʣʦʩʪʴ [7]. ɹʦʣʴʰʠʥʩʪʚʦ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʧʫʪʸʤ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ, ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʠʣʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ. ʅʘʥʦʪʨʫʙʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʠʭ ʩʠʥʪʝʟʘ 

ʤʦʛʫʪ ʠʤʝʪʴ ʦʜʠʥ (SWCNT), ʜʚʘ (DWCNT) ʠʣʠ ʙʦʣʝʝ (MWCNT) ʩʣʦʸʚ. 

ʆʜʥʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ð ʵʪʦ ʪʦʥʢʠʝ, ʜʣʠʥʥʳʝ ʮʠʣʠʥʜʨʳ ʜʠʘʤʝʪʨʦʤ ʦʪ 

0,4 ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʥʘʥʦʤʝʪʨʦʚ [8]. ʄʥʦʛʦʩʣʦʡʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʠʤʝʶʪ 

ʜʠʘʤʝʪʨ ʦʪ 1,4 ʜʦ 150 ʥʤ ʠ ʩʦʩʪʦʷʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʪʨʫʙʦʢ, ʨʘʟʜʝʣʝʥʥʳʭ 

ʧʨʠʤʝʨʥʦ ʥʘ 0,34 ʥʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʠʭ ʜʣʠʥʘ ʤʦʞʝʪ 

ʩʦʩʪʘʚʣʷʪʴ ʦʪ ʩʪʘ ʥʘʥʦʤʝʪʨʦʚ ʚʧʣʦʪʴ ʜʦ ʜʝʩʷʪʢʦʚ ʠ ʜʘʞʝ ʩʦʪʝʥ ʤʠʢʨʦʤʝʪʨʦʚ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʜʥʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʦʙʣʘʜʘʶʪ ʥʝʢʦʪʦʨʳʤʠ ʧʨʝʚʦʩʭʦʜʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ MWCNT ʟʘ ʩʯʸʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ ʠ ʙʦʣʴʰʝʡ 

ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ SWCNT, ʯʪʦ ʧʦʚʳʰʘʝʪ ʠʭ ʘʜʩʦʨʙʮʠʦʥʥʫʶ ʸʤʢʦʩʪʴ ʠ ʪʝʤ ʩʘʤʳʤ 

ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ. ʆʜʥʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ 

ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʤʝʨʥʳʭ ʛʨʘʬʝʥʦʚʳʭ ʣʠʩʪʦʚ, ʩʚʸʨʥʫʪʳʭ ʚ ʮʠʣʠʥʜʨʳ ʚʜʦʣʴ ʚʝʢʪʦʨʦʚ (n, m) ʚ 

ʧʣʦʩʢʦʩʪʠ ʛʨʘʬʝʥʘ, ʛʜʝ n ʠ m ï ʮʝʣʳʝ ʯʠʩʣʘ. ʅʘʥʦʪʨʫʙʢʠ ʩ ʯʠʩʣʘʤʠ n = m ʧʨʦʷʚʣʷʶʪ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʢʚʘʟʠʤʝʪʘʣʣʠʯʝʩʢʠʝ, ʝʩʣʠ nm ʜʝʣʠʪʩʷ ʥʘ 3. ɼʨʫʛʠʝ ʥʘʥʦʪʨʫʙʢʠ 

ʷʚʣʷʶʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ. ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ SWCNT ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʨ-ʪʠʧʘ, ʚ ʢʦʪʦʨʳʭ ʜʳʨʢʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʟʘʨʷʜʘ. ʆʙʳʯʥʦ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ SWCNT ʩʦʜʝʨʞʘʪ ʩʤʝʩʴ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 



13 
 

ʥʘʥʦʪʨʫʙʦʢ [9]. ʇʨʠʤʝʨʥʦ ʦʜʥʘ ʪʨʝʪʴ ʥʘʥʦʪʨʫʙʦʢ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠʤʝʝʪ ʤʝʪʘʣʣʠʯʝʩʢʠʡ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʪʘʣʴʥʳʝ ï ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʚʦʜʠʤʦʩʪʠ [10]. 

ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʪʨʫʙʦʢ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʭ ʩʪʨʦʝʥʠʝʤ, ʚʳʟʳʚʘʶʪ ʨʘʩʪʫʱʠʡ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʊʘʢ, ʪʝʢʩʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʲʸʤ ʧʦʨ ʠ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʧʦʨ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʘʜʩʦʨʙʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ [11,12]. ʕʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʦʪʜʝʣʴʥʦʡ SWCNT ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʸ ʭʠʨʘʣʴʥʦʩʪʴʶ, ʪʦ ʝʩʪʴ 

ʫʛʣʦʤ ʦʪʢʣʦʥʝʥʠʷ ʛʨʘʬʠʪʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʫʛʣʝʨʦʜʥʦʡ ʪʨʫʙʢʠ [13]. ʇʦ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʪʝʨʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʧʨʝʚʦʩʭʦʜʷʪ ʙʦʣʴʰʠʥʩʪʚʦ 

ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʚ ʩʦʩʪʦʷʥʠʠ 

sp2-ʛʠʙʨʠʜʠʟʘʮʠʠ, ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ ʘʪʦʤʦʚ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʫʧʘʢʦʚʢʝ ʠ 

ʦʪʩʫʪʩʪʚʠʶ ʠʣʠ ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʦʚ ʩʪʨʫʢʪʫʨʳ. ɹʣʘʛʦʜʘʨʷ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ˊ-

ʩʦʧʨʷʞʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʝ SWCNT ʦʙʣʘʜʘʶʪ ʧʨʝʚʦʩʭʦʜʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ [14]. ʇʨʠ ʠʟʛʠʙʝ SWCNT ʧʨʦʷʚʣʷʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʵʣʘʩʪʠʯʥʦʩʪʴ ʠ 

ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʢʦʪʦʨʳʝ 

ʪʨʝʙʫʶʪ ʥʘʣʠʯʠʷ ʘʥʠʟʦʪʨʦʧʥʳʭ ʩʚʦʡʩʪʚ. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ SWCNT ʦʯʝʥʴ 

ʚʳʩʦʢʘ. ɺʚʝʜʝʥʠʝ ʥʘʥʦʪʨʫʙʦʢ ʚ ʧʦʣʠʤʝʨʳ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ ʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ [15]. ɹʣʘʛʦʜʘʨʷ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʦʙʣʘʩʪʠ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ [16], 

ʥʘʢʦʧʠʪʝʣʷʭ ʵʥʝʨʛʠʠ [17], ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ [18] ʠ ʩʝʥʩʦʨʦʚ [19]. ʇʦʤʠʤʦ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ, ʥʘʥʦʪʨʫʙʢʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʭʦʨʦʰʠʤʠ 

ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʝʥʩʦʨʦʚ, ʬʠʣʴʪʨʦʚ ʠʣʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʭʨʘʥʠʣʠʱ [20]. 

CNT ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʩʣʦʸʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠ 

ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʭ ʩʝʥʩʦʨʦʚ [21ï25]. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʩʝʥʩʦʨʘʭ ʘʢʪʠʚʥʳʡ ʩʣʦʡ ʥʘʥʦʩʷʪ ʥʘ ʵʣʝʢʪʨʦʜʳ ʠʟ ʩʪʝʢʣʦʫʛʣʝʨʦʜʘ ʠʣʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʭ ʩʝʥʩʦʨʘʭ ʝʛʦ ʦʩʘʞʜʘʶʪ ʥʘ ʚʩʪʨʝʯʥʦ-ʰʪʳʨʝʚʳʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʵʣʝʢʪʨʦʜʳ ʠʣʠ ʜʨʫʛʠʝ ʧʨʦʚʦʜʷʱʠʝ ʧʦʜʣʦʞʢʠ. 

ʇʨʦʚʦʜʠʤʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ CNT ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʩʠʤʤʝʪʨʠʝʡ ʠ ʩʪʨʫʢʪʫʨʦʡ [26]. 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ SWCNT ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʥʘ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʦʣʝʢʫʣ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ 

ʚ SWCNT ʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʩʣʦʸʚ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʭ 

ʩʝʥʩʦʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʚʝʱʝʩʪʚ. ɸʜʩʦʨʙʮʠʷ ʥʘ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ 

p-ʪʠʧʘ, ʛʘʟʦʚ-ʦʢʠʩʣʠʪʝʣʝʡ (ʥʘʧʨʠʤʝʨ, O2, NO2), ʷʚʣʷʶʱʠʤʠʩʷ ʘʢʮʝʧʪʦʨʘʤʠ ʵʣʝʢʪʨʦʥʦʚ, 

ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʨʦʩʪʫ ʧʨʦʚʦʜʠʤʦʩʪʠ SWCNT ʟʘ ʩʯʸʪ ʧʦʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ (ʜʳʨʦʢ). ʅʘʧʨʦʪʠʚ, ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʛʘʟʦʚ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ (H2, NH3) ï ʜʦʥʦʨʦʚ 

ʵʣʝʢʪʨʦʥʦʚ ï ʧʨʦʚʦʜʠʤʦʩʪʴ SWCNT ʫʤʝʥʴʰʘʝʪʩʷ ʟʘ ʩʯʸʪ ʨʝʢʦʤʙʠʥʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʛʘʟʘ ʠ ʜʳʨʦʢ [27,28]. ɼʘʥʥʳʝ ʷʚʣʝʥʠʷ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʪʨʫʙʦʢ ʚ 

ʢʘʯʝʩʪʚʝ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʝʨʚʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʝʥʩʦʨʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ SWCNT ʥʘ 

ʪʦʢʩʠʯʥʳʝ ʛʘʟʳ ʙʳʣʘ ʦʧʠʩʘʥʘ ʚ 2000 ʛʦʜʫ [19]. ɸʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ NO2 ʠ NH3 ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʣʦʸʚ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ: ʫʚʝʣʠʯʝʥʠʝ ʜʣʷ ʦʢʩʠʜʘ ʘʟʦʪʘ (IV) ʠ ʫʤʝʥʴʰʝʥʠʝ ʜʣʷ ʘʤʤʠʘʢʘ. ɺ ʨʘʙʦʪʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʦʜʥʦʩʪʝʥʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ʜʦ ʪʨʝʭ ʧʦʨʷʜʢʦʚ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʚ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʷʯʝʡʢʫ NO2 (200 ppm) ʠʣʠ 1% NH3 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʦʩʣʝ ʧʨʦʜʫʚʢʠ ʷʯʝʡʢʠ ʯʠʩʪʳʤ ʘʨʛʦʥʦʤ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʣʦʸʚ SWʉNT ʤʝʜʣʝʥʥʦ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ ʙʣʘʛʦʜʘʨʷ ʜʝʩʦʨʙʮʠʠ ʛʘʟʦʚ. ʅʘʛʨʝʚ ʦʙʨʘʟʮʘ ʥʘ ʚʦʟʜʫʭʝ 

ʧʨʠ 200Áʉ ʧʨʠʚʦʜʠʣ ʢ ʚʦʟʚʨʘʱʝʥʠʶ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʣʸʥʢʠ ʢ ʠʩʭʦʜʥʦʡ ʚʝʣʠʯʠʥʝ ʚ ʪʝʯʝʥʠʝ 1 

ʯʘʩʘ. ʇʦʟʜʥʝʝ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʥʢʠʭ ʩʣʦʸʚ SWCNT ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ NO2 (40-100 ppb) ʚ ʩʫʭʦʤ ʚʦʟʜʫʭʝ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʩʝʥʩʦʨʥʳʤ ʦʪʢʣʠʢʦʤ ʧʨʠ 165ÁC [29]. ʆʧʠʩʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʨʘʥʟʠʩʪʦʨʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ 

ʥʘʥʦʪʨʫʙʦʢ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʥʳʭ ʩʣʦʸʚ. ʅʘ ʵʪʦʤ ʧʨʠʥʮʠʧʝ ʨʘʟʨʘʙʦʪʘʥʳ ʩʝʥʩʦʨʳ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʛʘʟʳ, ʪʘʢʠʝ ʢʘʢ NO2, NH3, O2, CO ʠ CO2, ʧʘʨʳ H2O [19,30]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʫʯʝʥʳ 

ʩʝʥʩʦʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ SWCNT ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʣʦʤʫ ʨʷʜʫ ʪʘʢʠʭ ʛʘʟʦʚ, ʢʘʢ NH3, NO2, 

H2, CH4, CO, H2S ʠ O2 [31,32] ʠ ʧʘʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ [31]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʦʙʝʱʘʶʱʝʝ ʧʨʠʤʝʥʝʥʠʝ CNT ʚ ʩʝʥʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʜʘʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʘ ʠʤʝʥʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʫ  ʁʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ [28]. ʉʢʣʦʥʥʦʩʪʴ ʢ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʘʛʨʝʛʘʮʠʠ ʥʘʥʦʪʨʫʙʦʢ ʚʩʣʝʜʩʪʚʠʝ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʯʘʩʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʧʦʣʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʦʥʢʠʭ ʩʣʦʸʚ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. ʇʦʵʪʦʤʫ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʩʝʥʩʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʫʶʪ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ CNT. ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴ ʩʚʦʡʩʪʚʘ ʥʘʥʦʪʨʫʙʦʢ, ʘ ʠʤʝʥʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʣʠ 

ʫʤʝʥʴʰʝʥʠʶ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʟʤʝʨʘ ʧʦʨ ʠʣʠ ʢ ʠʟʤʝʥʝʥʠʶ ʪʠʧʘ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʩʪʨʫʢʪʫʨ [33]. ʕʪʠ ʠʟʤʝʥʝʥʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 
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ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ, ʢʘʢ ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʚʨʝʤʝʥʘ ʦʪʢʣʠʢʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ.  

1.1.2. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ CNT ʠ ʠʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʷʜ ʤʝʪʦʜʦʚ, ʪʘʢʠʝ ʢʘʢ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʈʌʕʉ), 

ʀʂ- ʠ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʥʝʡʪʨʦʥʥʘʷ 

ʜʠʬʨʘʢʮʠʷ, ʜʠʬʨʘʢʮʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ, 

ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʩʪʨʫʢʪʫʨʳ CNT ʧʦʩʣʝ 

ʢʦʚʘʣʝʥʪʥʦʡ ʠ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʪʦʜʦʚ, ʪʘʢ ʢʘʢ 

ʥʠ ʦʜʠʥ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʥʝ ʜʘʸʪ ʧʦʣʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʥʝ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ. ʀʟ 

ʀʂ-ʩʧʝʢʪʨʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧʘʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ CNT 

ʧʫʪʸʤ ʥʘʙʣʶʜʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜ. ʆʜʥʘʢʦ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʥʝ ʜʘʸʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʢʨʦʤʝ ʪʦʛʦ, ʚ ʀʂ-ʩʧʝʢʪʨʝ 

ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʯʘʩʪʦ ʪʨʫʜʥʦ ʨʘʟʣʠʯʠʪʴ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʫʛʣʝʨʦʜʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʤʘʪʝʨʠʘʣʝ [34,35]. 

ɺ ʂʈ-ʩʧʝʢʪʨʘʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠʤʝʶʪʩ ̫ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ 

ʧʦʣʦʩʳ:  

1) G-ʧʦʣʦʩʘ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʟʘ ʦʧʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʩʦʩʝʜʥʠʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ 

ʨʝʰʝʪʢʝ ʛʨʘʬʝʥʦʚʦʛʦ ʩʣʦʷ ʥʘʥʦʪʨʫʙʢʠ. ɼʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʥʘʥʦʪʨʫʙʦʢ ʧʦʣʦʩʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʜʫʙʣʝʪʘ. ɺʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʡ ʧʠʢ (G+-ʧʦʣʦʩʘ) ï LO-ʤʦʜʘ, 

ʚʳʟʚʘʥʥʘʷ ʢʦʣʝʙʘʥʠʷʤʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚʜʦʣʴ ʦʩʠ ʥʘʥʦʪʨʫʙʢʠ, ʘ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʡ 

ʧʠʢ G-ʧʦʣʦʩʳ (G--ʧʦʣʦʩʘ) ʩ ʤʝʥʴʰʝʡ ʯʘʩʪʦʪʦʡ ï TO-ʤʦʜʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʢʦʣʝʙʘʥʠʷʤʠ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʧʦʧʝʨʸʢ ʦʩʠ ʥʘʥʦʪʨʫʙʢʠ; 

2) D-ʧʦʣʦʩʘ, ʫʢʘʟʳʚʘʶʱʘʷ ʥʘ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʩʪʨʫʢʪʫʨʳ, ʧʨʠʩʫʪʩʪʚʠʝ ʦʧʨʝʜʝʣʸʥʥʳʭ 

ʜʝʬʝʢʪʦʚ ʚ ʥʘʥʦʪʨʫʙʢʘʭ ʚ ʚʠʜʝ ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ, sp3-ʫʛʣʝʨʦʜʘ ʠ ʪ.ʜ. ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ 

D- ʠ G-ʧʦʣʦʩ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʜʝʬʝʢʪʦʚ ʠ ʢʘʯʝʩʪʚʘ 

ʥʘʥʦʪʨʫʙʦʢ. ɼʣʷ ʦʙʨʘʟʮʦʚ ʩ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʝʬʝʢʪʦʚ ʩʦʦʪʥʦʰʝʥʠʝ D-ʧʦʣʦʩʳ ʢ 

G-ʧʦʣʦʩʝ ʤʥʦʛʦ ʤʝʥʴʰʝ 1; 

3) çɼʳʭʘʪʝʣʴʥʳʝè ʤʦʜʳ (RBM-radial breathing mode) ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ, 

ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʩʠʤʤʝʪʨʠʯʥʳʝ ʨʘʜʠʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. ʇʦ ʯʘʩʪʦʪʘʤ 
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ʢʦʣʝʙʘʥʠʡ RBM ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʠʘʤʝʪʨ ʥʘʥʦʪʨʫʙʦʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ 

(1):  

Ὀ        (1), 

ʛʜʝ K ï ʧʦʩʪʦʷʥʥʘʷ, ʨʘʚʥʘʷ 234 ʥʤĀʩʤ-1, ɤ ï ʯʘʩʪʦʪʘ RBM, ʩʤ-1.  

ʀʟ ʘʥʘʣʠʟʘ ʧʦʣʦʩ ID/IG ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʥʦʛʠʝ CNT ʤʦʛʫʪ ʠʤʝʪʴ ʚ ʩʦʩʪʘʚʝ ʘʤʦʨʬʥʳʡ 

ʫʛʣʝʨʦʜ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʡ ʥʘ ʩʪʝʥʢʘʭ, ʯʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʷʚʣʝʥʠʶ D-ʧʦʣʦʩʳ [36ï40]. 

ʄʝʪʦʜ ʈʌʕʉ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ 

ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ CNT 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠʣʠ ʘʜʩʦʨʙʮʠʠ ʛʘʟʦʚ [35]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ ʧʦʙʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠ ʢʦʣʠʯʝʩʪʚʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʥʦʪʨʫʙʦʢ ʠʩʧʦʣʴʟʫʶʪ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʊɻɸ). ʇʦʤʠʤʦ ʊɻɸ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʠʣʠ ñʧʨʠʰʠʪʳʭò ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ CNT, ʘ ʪʘʢʞʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʚ CNT ʠʩʧʦʣʴʟʫʶʪ ʀʉʇ-ɸʕʉ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʤʝʪʘʣʣʘ ʚ ʤʘʪʝʨʠʘʣʝ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʚ ʛʠʙʨʠʜʥʦʤ 

ʤʘʪʝʨʠʘʣʝ. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʘ (ʤʝʥʝʝ 1 ʤʛ) ʜʣʷ ʘʥʘʣʠʟʘ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʭʦʜʠʪ 

ʪʦʣʴʢʦ ʜʣʷ ʛʠʙʨʠʜʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʤʝʪʘʣʣʳ [39]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ CNT ʠ ʠʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ) ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

(ʇʕʄ), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʨʷʪʴ ʜʣʠʥʫ ʠ ʜʠʘʤʝʪʨ CNT, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʪʴ ʘʛʨʝʛʘʮʠʶ 

ʥʘʥʦʪʨʫʙʦʢ, ʧʦʨʠʩʪʦʩʪʴ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ CNT. 

ʇʦʩʢʦʣʴʢʫ CNT ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʠ 

ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʪʦʜ ɹʕʊ. 

1.2. ʉʦʝʜʠʥʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ CNT 

ɺʩʣʝʜʩʪʚʠʝ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʩʢʣʦʥʥʳ ʢ 

ʘʛʨʝʛʘʮʠʠ ʚ ʨʘʩʪʚʦʨʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʫʯʢʦʚ ʠ ʞʛʫʪʦʚ ʥʘʥʦʪʨʫʙʦʢ. ʅʘʥʝʩʝʥʠʝ 

ʨʘʚʥʦʤʝʨʥʳʭ ʪʦʥʢʠʭ ʩʣʦʸʚ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʟʘʪʨʫʜʥʝʥʦ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʷʜ 

ʧʨʠʤʝʥʝʥʠʡ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʘʛʣʦʤʝʨʘʪʦʚ ʥʘʥʦʪʨʫʙʦʢ 

ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʧʨʝʜʩʢʘʟʘʥʥʳʤʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ CNT. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ CNT ʷʚʣʷʝʪʩʷ 
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ʠʭ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʨʘʟʣʠʯʥʳʤʠ ʢʣʘʩʩʘʤʠ ʩʦʝʜʠʥʝʥʠʡ. ɹʣʘʛʦʜʘʨʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʤʫ 

ʩʦʯʝʪʘʥʠʶ ʩʚʦʡʩʪʚ ʜʚʫʭ ʠ ʙʦʣʝʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʣʫʯʝʥʥʳʝ ʛʠʙʨʠʜʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [41,42], ʩʝʥʩʦʨʦʚ [43ï45], ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ [46,47]. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʙʦʣʴʰʦʛʦ ʩʝʤʝʡʩʪʚʘ ʥʘʥʦʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ 

ʸʤʢʦʩʪʠ [48,49]. ʋʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ SWCNT ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʥʳʭ ʩʣʦʸʚ ʠʤʝʝʪ ʨʷʜ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʦʪʤʝʯʘʝʪʩʷ ʥʠʟʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʛʘʟʘʤ-

ʘʥʘʣʠʪʘʤ, ʥʠʟʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ, ʙʦʣʴʰʠʝ ʚʨʝʤʝʥʘ ʨʝʛʝʥʝʨʘʮʠʠ 

ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʠʙʝʛʘʶʪ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ʠʣʠ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʥʘʥʦʪʨʫʙʦʢ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

SWCNT ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ [50,51] ʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʨʝʜʠ ʥʠʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ [52], ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ [53,54], ʧʦʣʠʤʝʨʳ [55,56], ʬʪʘʣʦʮʠʘʥʠʥʳ 

ʤʝʪʘʣʣʦʚ ʠ ʜʨʫʛʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ [57,58] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʢʘʢ 

ʢʦʚʘʣʝʥʪʥʦʡ, ʪʘʢ ʠ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʘ ʧʨʠʤʝʨʝ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʨʘʩʩʣʦʝʥʠʷ ʧʫʯʢʦʚ ʥʘʥʦʪʨʫʙʦʢ ʠ ʧʦʚʳʰʝʥʠ ̫ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʭ ʩʫʩʧʝʥʟʠʡ [59,60], ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʩʝʥʩʦʨʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ. ʅʘʧʨʠʤʝʨ, ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʦʚ (ʥʘʧʨʠʤʝʨ, Pt, Pd, Au), 

ʧʨʦʷʚʣʷʶʱʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʩʣʦʸʚ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʭ ʩʝʥʩʦʨʦʚ [61]. ɺ ʨʘʙʦʪʝ 

ʆʢʦʪʨʫʙʘ ɸ.ɺ. ʠ ʩʦʘʚʪʦʨʦʚ [62] ʧʦʚʝʨʭʥʦʩʪʴ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʣʠ 

ʩʫʣʴʬʠʜʦʤ ʤʦʣʠʙʜʝʥʘ MoS2. ʆʙʝʜʥʝʥʠʝ ˊ-ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʥʠʞʝʥʠʶ 

ʫʨʦʚʥ ̫ ʌʝʨʤʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʣʝʚʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ʧʨʠ ʤʝʥʴʰʝʤ ʧʨʠʣʦʞʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ. ɽʱʝ ʚ ʦʜʥʦʡ ʨʘʙʦʪʝ ʪʦʡ ʞʝ 

ʛʨʫʧʧʳ ʘʚʪʦʨʦʚ ʥʘʥʦʪʨʫʙʢʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʣʠ ʙʨʦʤʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ Br-DWCNT, 

ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ [63]. 

ʉʨʝʜʠ ʤʦʣʝʢʫʣ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, 

ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʧʠʨʝʥ, ʘʥʪʨʘʮʝʥ, 



18 
 

ʧʦʨʬʠʨʠʥʳ, ʬʪʘʣʦʮʠʘʥʠʥʳ, ʪʘʢ ʢʘʢ ʤʦʜʠʬʠʢʘʮʠʷ ʥʘʥʦʪʨʫʙʦʢ ʜʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʤʦʞʝʪ 

ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʢʘʢ ʢʦʚʘʣʝʥʪʥʳʤ, ʪʘʢ ʠ ʥʝʢʦʚʘʣʝʥʪʥʳʤ ʩʧʦʩʦʙʦʤ. ʉʨʝʜʠ 

ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʣʷ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ̫ ʚʣʷʶʪʩʷ ʬʪʘʣʦʮʠʘʥʠʥʳ ʤʝʪʘʣʣʦʚ, ʧʦʵʪʦʤʫ ʜʘʣʝʝ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʠʤ ʜʘʥʥʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ. 

1.2.1. ʌʪʘʣʦʮʠʘʥʠʥʳ ʤʝʪʘʣʣʦʚ 

ʉ ʤʦʤʝʥʪʘ ʧʝʨʚʦʛʦ ʩʠʥʪʝʟʘ ʬʪʘʣʦʮʠʘʥʠʥʘ (Pc) ɹʨʘʫʥʦʤ ʠ ʏʝʨʥʷʢ ʚ 1907 ʛʦʜʫ [64] ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʩʪʘʚʘ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʇʘʪʨʠʢʦʤ ʃʠʥʩʪʝʜʦʤ ʚ 1929 ʛʦʜʫ [65] ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʪʳʩʷʯʠ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʘ ʠ ʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʝʪʘʣʣʘʤʠ (MPc). ɹʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚʘʨʴʠʨʦʚʘʪʴ ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ 

ʤʝʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʤʘʢʨʦʢʦʣʴʮʝ ʠ ʘʢʩʠʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʷʭ, ʬʪʘʣʦʮʠʘʥʠʥʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʩʪʨʦʝʥʠʶ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʤʫʩʷ ʥʘʣʠʯʠʝʤ ˊ-ʵʣʝʢʪʨʦʥʥʦʡ ʩʦʧʨʷʞʸʥʥʦʡ 

ʩʠʩʪʝʤʳ, ʬʪʘʣʦʮʠʘʥʠʥʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʘ 

ʪʘʢʞʝ ʫʥʠʢʘʣʴʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʋʥʠʢʘʣʴʥʳʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ MPc ʧʦʟʚʦʣʷʶʪ ʧʨʠʤʝʥʷʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʢʨʘʩʠʪʝʣʝʡ [66,67], 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʘʣʢʘʥʦʚ, ʦʣʝʬʠʥʦʚ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [68,69], 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ [70,71], ʪʨʘʥʟʠʩʪʦʨʦʚ ʠ ʩʝʥʩʦʨʦʚ [72ï

74], ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ [75,76], ʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ [77ï79]. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ ʮʝʣʳʡ ʨʷʜ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʦʩʚʷʟʠ 

ʤʝʞʜʫ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʠ ʠʭ ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʅʝʟʘʤʝʱʸʥʥʳʝ ʠ ʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʝ ʬʪʘʣʦʮʠʘʥʠʥʳ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʆʥʠ ʨʘʩʪʚʦʨʷʶʪʩʷ ʪʦʣʴʢʦ ʚ 

ʚʳʩʦʢʦʢʠʧʷʱʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ 1-ʭʣʦʨ- ʠʣʠ 1-

ʙʨʦʤʥʘʬʪʘʣʠʥ ʠ ʭʠʥʦʣʠʥ. ɽʱʝ ʦʜʥʠʤ ʵʬʬʝʢʪʠʚʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʙʦʣʝʝ 8ʄ, ʛʜʝ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʘʪʦʤʦʚ 

ʘʟʦʪʘ. ʆʜʥʘʢʦ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʘʪʦʤʦʚ ʘʟʦʪʘ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʚʦʡʩʪʚ 

ʤʘʢʨʦʮʠʢʣʘ, ʯʪʦ ʚʥʦʩʠʪ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʨʘʩʪʚʦʨʦʚ. ʇʨʠʯʠʥʘ ʥʠʟʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʥʝʟʘʤʝʱʸʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʩʚʷʟʘʥʘ ʩ ʠʭ ʛʠʜʨʦʬʦʙʥʦʡ ʧʨʠʨʦʜʦʡ ʠ ʧʣʦʩʢʠʤ 

ʩʪʨʦʝʥʠʝʤ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʘʛʨʝʛʘʮʠʠ [80]. ɺʳʩʦʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʥʝʦʙʭʦʜʠʤʘ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʦʣʫʯʝʥʠʷ ʧʣʸʥʦʢ ʨʘʩʪʚʦʨʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʪʦ ʝʩʪʴ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠʣʠ ʤʝʪʦʜʦʤ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
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ʨʘʩʪʚʦʨʠʤʦʩʪʠ MPc ʧʨʠʙʝʛʘʶʪ ʢ ʚʚʝʜʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʤʘʢʨʦʢʦʣʴʮʦ ʢʘʢ ʚ 

ʥʝʧʝʨʠʬʝʨʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʇʝʨʠʬʝʨʠʡʥʦ (ʘ) ʠ ʥʝʧʝʨʠʬʝʨʠʡʥʦ (ʙ) ʟʘʤʝʱʝʥʥʳʝ MPc. 

ʉʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʸʥʥʳʝ ʬʪʘʣʦʮʠʘʥʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʧʦʜʭʦʜʦʚ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʷʤʦʝ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ 

ʚʦʜʦʨʦʜʘ ʚ ʧʝʨʠʬʝʨʠʡʥʳʭ ʠʣʠ ʥʝʧʝʨʠʬʝʨʠʡʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʬʪʘʣʦʮʠʘʥʠʥʘ. ʊʘʢʠʤ ʤʝʪʦʜʦʤ 

ʧʦʣʫʯʘʶʪ ʩʫʣʴʬʦʟʘʤʝʱʸʥʥʳʝ ʬʪʘʣʦʮʠʘʥʠʥʳ ʧʫʪʸʤ ʥʘʛʨʝʚʘʥʠʷ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʛʦ 

ʤʘʢʨʦʮʠʢʣʘ ʚ ʦʣʝʫʤʝ ʠʣʠ ʚ ʭʣʦʨʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʝ [81]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 

ʩʫʣʴʬʠʨʦʚʘʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʞʥʘʷ ʩʤʝʩʴ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʟʘʤʝʱʝʥʠʷ. ʈʘʟʜʝʣʝʥʠʝ ʠ 

ʦʯʠʩʪʢʘ ʪʘʢʦʛʦ ʧʨʦʜʫʢʪʘ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ. ɼʨʫʛʠʤ ʧʦʜʭʦʜʦʤ, 

ʢʦʪʦʨʳʡ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʤʝʱʸʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʞʝ ʟʘʤʝʱʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ (ʬʪʘʣʦʥʠʪʨʠʣʦʚ, 

ʧʨʦʠʟʚʦʜʥʳʭ ʬʪʘʣʝʚʦʛʦ ʘʥʛʠʜʨʠʜʘ, ʜʠʠʤʠʥʦʠʟʦʠʥʜʦʣʠʥʘ). ɼʘʥʥʳʡ ʧʦʜʭʦʜ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʝʨʚʦʛʦ, ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚʦ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʤ 

ʢʦʣʴʮʝ. ʊʘʢ, ʠʟ ʤʦʥʦʟʘʤʝʱʸʥʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʧʦʣʫʯʘʶʪ ʪʝʪʨʘʟʘʤʝʱʸʥʥʳʝ 

ʬʪʘʣʦʮʠʘʥʠʥʳ, ʘ ʠʟ ʜʠʟʘʤʝʱʸʥʥʳʭ - ʦʢʪʘʟʘʤʝʱʸʥʥʳʝ ʬʪʘʣʦʮʠʘʥʠʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʩʠʥʪʝʟʝ 

ʦʢʪʘʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʵʪʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, 

ʥʘʧʨʠʤʝʨ, ʠʟ 4,5-ʜʠʟʘʤʝʱʸʥʥʳʭ ʬʪʘʣʦʥʠʪʨʠʣʦʚ ʧʦʣʫʯʘʶʪ 2,3,9,10,16,17,23,24-

ʦʢʪʘʟʘʤʝʱʸʥʥʳʝ ʬʪʘʣʦʮʠʘʥʠʥʳ. ʆʜʥʘʢʦ ʧʨʠ ʩʠʥʪʝʟʝ ʪʝʪʨʘʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʠʟ 

ʤʦʥʦʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʥʠʪʨʠʣʦʚ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʠʟʦʤʝʨʦʚ (ʨʠʩ. 2) [82]. ʈʘʟʜʝʣʝʥʠʝ 

ʠʟʦʤʝʨʦʚ ʚʦʟʤʦʞʥʦ ʥʝ ʜʣʷ ʚʩʝʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʯʘʩʪʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʦʣʦʥʦʢ ʜʣʷ ʚr ʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ [83]. 

ʇʦʵʪʦʤʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʪʨʘʟʘʤʝʱʝʥʥʳʝ ʬʪʘʣʦʮʠʘʥʠʥʳ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʚʠʜʝ ʩʤʝʩʠ ʠʟʦʤʝʨʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʠʟʦʤʝʨʥʳʤ ʩʦʩʪʘʚʦʤ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥ rʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ. ʅʘʧʨʠʤʝʨ, ʯʪʦʙʳ ʨʝʘʢʮʠʷ 

ʧʨʦʪʝʢʘʣʘ ʧʦ ʦʜʥʦʤʫ ʧʫʪʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʜʥʦʛʦ ʠʟʦʤʝʨʘ, ʠʩʧʦʣʴʟʫʶʪ 
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ʦʙʲʸʤʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʠʣʠ ʩʪʘʚʷʪ ʟʘʱʠʪʥʳʝ ʛʨʫʧʧʳ ʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʭ ʬʪʘʣʦʮʠʘʥʠʥʘ 

[84,85]. 

 

ʈʠʩ. 2. ʏʝʪʳʨʝ ʨʝʛʠʦʠʟʦʤʝʨʘ ʪʝʪʨʘʟʘʤʝʱʸʥʥʦʛʦ MPcR4. 

ʂʘʢ ʠ ʢʦʣʠʯʝʩʪʚʦ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʧʦʣʦʞʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ 

(ʧʝʨʠʬʝʨʠʡʥʦʝ/ʥʝʧʝʨʠʬʝʨʠʡʥʦʝ) ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚ. ʅʘʧʨʠʤʝʨ, ʫ ʥʝʧʝʨʠʬʝʨʠʯʝʩʢʠ ʟʘʤʝʱʸʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʤʘʢʩʠʤʫʤ Q-

ʧʦʣʦʩʳ ʚ ʦʧʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʩʜʚʠʛʘʝʪʩʷ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʟʘ ʩʯʸʪ 

ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʥʠʮʳ ʧʦʣʦʞʝʥʠʷ ʚʳʩʰʝʡ ʟʘʥʷʪʦʡ (ɺɿʄʆ) ʠ ʥʠʟʰʝʡ ʩʚʦʙʦʜʥʘʷ (ʅʉʄʆ) 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ [86]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʋʩʦʣʴʮʝʚʦʡ ʅ.ɺ. [87] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʝʧʝʨʠʬʝʨʠʯʝʩʢʠ ʦʢʪʘ-ʘʣʢʦʢʩʠʟʘʤʝʱʸʥʥʳʝ ʬʪʘʣʦʮʠʘʥʠʥʳ ʥʝ ʧʨʦʷʚʣʷʶʪ 

ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʝʨʠʬʝʨʠʯʝʩʢʠ ʟʘʤʝʱʸʥʥʳʝ ʬʪʘʣʦʮʠʘʥʠʥʳ 

ʷʚʣʷʶʪʩʷ ʤʝʟʦʛʝʥʥʳʤʠ. 

ʉʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʝʥʥʳʝ ʬʪʘʣʦʮʠʘʥʠʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʢʘʢ ʥʝʢʦʚʘʣʝʥʪʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ, ʪʦ ʝʩʪʴ 

ʘʜʩʦʨʙʮʠʝʡ ʤʦʣʝʢʫʣ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʪʨʫʙʦʢ, ʪʘʢ ʠ ʢʦʚʘʣʝʥʪʥʦʡ, ʪʦ ʝʩʪʴ 

ʧʝʨʝʢʨʝʩʪʥʳʤ çʩʰʠʚʘʥʠʝʤè, c ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʟʘʤʝʩʪʠʪʝʣʷʤʠ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʠ ʥʘʥʦʪʨʫʙʢʘʤʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ [88]. 

ɼʣʷ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪ ʥʝʩʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʝʥʥʳʝ ʬʪʘʣʦʮʠʘʥʠʥʳ, ʠʤʝʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ çʩʰʠʚʢʠè ʩ ʥʘʥʦʪʨʫʙʢʘʤʠ, ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʠʟ ʙʝʥʟʦʣʴʥʳʭ ʢʦʣʝʮ. ʉʨʝʜʠ 

ʤʝʪʦʜʦʚ ʠʭ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʧʦʜʭʦʜʦʤ 

ʢ ʧʦʣʫʯʝʥʠʶ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʷʚʣʷʝʪʩʷ ʮʠʢʣʠʯʝʩʢʘʷ 

ʪʝʪʨʘʤʝʨʠʟʘʮʠʷ ʜʚʫʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ (ʨʠʩ. 3) [89]. ʆʩʥʦʚʥʦʡ 
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ʧʨʦʙʣʝʤʦʡ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʞʝʣʘʝʤʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʠʟ ʩʤʝʩʠ 

ʧʨʦʜʫʢʪʦʚ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦ ʩʭʦʞʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʢʦʥʜʝʥʩʘʮʠʝʡ 

ʬʪʘʣʦʥʠʪʨʠʣʦʚ. 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʙʳʣ ʦʧʠʩʘʥ 

Kobayashi ʠ ʩʦʘʚʪʦʨʘʤʠ [90,91] ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʰʠʨʝʥʠʠ ʢʦʣʴʮʘ ʩʫʙʬʪʘʣʦʮʠʘʥʠʥʘ ʜʦ 

ʬʪʘʣʦʮʠʘʥʠʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʥʠʪʨʠʣʦʚ ʠʣʠ ʜʠʠʤʠʥʦʠʟʦʠʥʜʦʣʠʥʦʚ ʩ 

ʜʨʫʛʠʤ ʪʠʧʦʤ ʟʘʤʝʩʪʠʪʝʣʝʡ (ʨʠʩ. 4). 

 

ʈʠʩ. 4. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʠʟ 

ʩʫʙʬʪʘʣʦʮʠʘʥʠʥʦʚ. 

ʂʘʢ ʠ ʩʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʝʥʥʳʝ ʬʪʘʣʦʮʠʘʥʠʥʳ, ʥʝʩʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʝʥʥʳʝ 

ʬʪʘʣʦʮʠʘʥʠʥʳ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʠ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 
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ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩ ʥʠʤʠ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʆʜʥʘʢʦ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʝʨʝʢʨʸʩʪʥʦʡ çʩʰʠʚʢʠè ʥʘʥʦʪʨʫʙʦʢ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ, ʠʟ ʯʝʪʳʨʸʭ ʪʠʧʦʚ ʥʝʩʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ (AAAB , AABB, 

ABAB, ABBB) ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʪʘʣʦʮʠʘʥʠʥʳ ʪʠʧʘ ABAB (ʨʠʩ. 3). 

ʇʦʤʠʤʦ ʢʦʣʠʯʝʩʪʚʘ ʠ ʧʦʣʦʞʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʪʠʧ ʟʘʤʝʩʪʠʪʝʣʝʡ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʭʠʤʠʯʝʩʢʠʝ, ʦʧʪʠʯʝʩʢʠʝ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʠ 

ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʉʥʘʯʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʩʪʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ, ʪʘʢʠʝ ʢʘʢ ʘʤʠʥʦ-, ʘʣʢʦʢʩʠ-, 

ʘʣʢʠʣʴʥʳʝ ʛʨʫʧʧʳ [87,92ï95], ʠʣʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ, ʪʘʢʠʝ ʢʘʢ ʩʫʣʴʬʦʥʠʣʴʥʳʝ ʠ 

ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʠʣʠ ʬʪʦʨ-ʟʘʤʝʩʪʠʪʝʣʠ [96ï98] ʠ ʪ.ʜ. ɿʘʪʝʤ ʨʘʟʥʦʦʙʨʘʟʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʙʳʣʦ 

ʨʘʩʰʠʨʝʥʦ ʟʘ ʩʯʸʪ ʘʣʢʠʣʪʠʦ- [99,100], ʧʝʨʬʪʦʨʘʣʢʠʣʴʥʳʭ [101,102], ʘʣʢʠʣʩʫʣʴʬʦʥʠʣʴʥʳʭ 

[101,103] ʠ ʘʨʠʣʦʢʩʠ-ʟʘʤʝʩʪʠʪʝʣʝʡ [104,105], ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠ ̫ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

[106,107] ʠʣʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ [108,109] ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʙʲʸʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ 

[110,111]. ɺʚʝʜʝʥʠʝ ʘʣʢʠʣʴʥʳʭ ʠʣʠ ʘʣʢʦʢʩʠʛʨʫʧʧ ʚ ʧʝʨʠʬʝʨʠʡʥʳʝ ʠ ʥʝʧʝʨʠʬʝʨʠʡʥʳʝ 

ʧʦʣʦʞʝʥʠʷ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʨʷʜ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʤʥʦʞʝʩʪʚʦʤ ʠʥʪʝʨʝʩʥʳʭ ʠ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ. ɺʚʝʜʝʥʠʝ ʘʣʢʠʣ- ʠ ʘʣʢʦʢʩʠ-

ʟʘʤʝʩʪʠʪʝʣʝʡ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʩ ʵʪʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʦʩʚʷʱʝʥʳ 

ʠʟʫʯʝʥʠʶ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ (ɾʂ) ʬʘʟ, ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʦʣʫʯʝʥʠʶ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʪʦʥʢʠʭ ʧʣʸʥʦʢ [112]. 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʧʦʟʚʦʣʷʝʪ ʰʠʨʦʢʦ ʚʘʨʴʠʨʦʚʘʪʴ ʠʭ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɹʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʠʟʤʝʥʷʪʴ ʩʚʦʠ ʩʚʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʤʘʩʩʘ [113] ʠ 

ʧʨʦʚʦʜʠʤʦʩʪʴ [114,115], ʘ ʪʘʢʞʝ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʪʫʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ɎɍɒɋɓɋɓɎɋ 

ɕɔɉɑɔɟɋɓɎɥ) [116,117], ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʥʘʣʠʪʘʤʠ ʬʪʘʣʦʮʠʘʥʠʥʳ 

ʤʝʪʘʣʣʦʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʘʢʪʠʚʥʳʝ ʩʣʦʠ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ. ʉʨʝʜʠ 

ʙʦʣʴʰʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʝ ʩʝʥʩʦʨʳ 

ʧʨʠʚʣʝʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʥʘʨʫʞʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʛʘʟʳ ʠʣʠ ʣʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʃʆʉ), ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʧʨʦʩʪʦʪʝ 

ʠʟʤʝʨʝʥʠʷ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ, ʧʦʨʪʘʪʠʚʥʦʩʪʠ, ʜʝʰʝʚʠʟʥʝ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʦʙʳʯʥʳʤʠ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʭʝʤʘʤʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʩʣʦʸʚ ʘʜʩʦʨʙʮʠʦʥʥʦ-

ʨʝʟʠʩʪʠʚʥʳʭ ʩʝʥʩʦʨʦʚ ʰʠʨʦʢʦ ʠʟʫʯʝʥʳ ʬʪʘʣʦʮʠʘʥʠʥʳ ʤʝʜʠ(II)  (CuPc) [118ï120], ʮʠʥʢʘ(II) 

(ZnPc) [121,122], ʢʦʙʘʣʴʪʘ(II ) (CoPc) [123,124], ʩʚʠʥʮʘ (PbPc) [125,126] ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ 

ʤʝʪʘʣʣʦʚ. 
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ʉʪʨʫʢʪʫʨʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʠ ʠʭ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʨʘʟʣʠʯʥʳʤ 

ʛʘʟʦʚʳʤ ʘʥʘʣʠʪʘʤ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ 

ʩʧʦʩʦʙʥʳʭ ʢ ʢʦʚʘʣʝʥʪʥʦʤʫ ʠ ʥʝʢʦʚʘʣʝʥʪʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ CNT ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

1.3. ʄʝʪʦʜʳ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ CNT  

1.3.1. ʅʝʢʦʚʘʣʝʥʪʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ CNT 

ʅʝʢʦʚʘʣʝʥʪʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʥʘʥʦʪʨʫʙʦʢ ʦʙʫʩʣʦʚʣʝʥʘ ʘʜʩʦʨʙʮʠʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʠʣʠ ʧʦʣʠʤʝʨʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ˊ- -́ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ 

ʢʦʥʪʘʢʪʦʚ ʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʠ ʥʘʥʦʪʨʫʙʢʘʤʠ. ˊ- -́

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʛʨʘʶʪ ʥʘʠʙʦʣʝʝ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʤʝʪʦʜʘʭ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. 

ʊʘʢ ʢʘʢ CNT ʠʤʝʶʪ ʛʨʘʬʠʪʦʧʦʜʦʙʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʪʦ ʤʦʣʝʢʫʣʳ ʧʠʨʝʥʘ, ʘʥʪʨʘʮʝʥʘ, ʧʦʨʬʠʨʠʥʘ 

ʠ ʜʨʫʛʠʭ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [127ï129] ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʥʘʥʦʪʨʫʙʦʢ ʧʦʩʨʝʜʩʪʚʦʤ -́ -́ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʨʠʩ. 5). 

 

ʈʠʩ. 5. ʇʦʣʫʯʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ CNT 

ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝʢʦʚʘʣʝʥʪʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ 

ʧʦʜʭʦʜʦʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ CNT, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʥʝ ʚʳʟʳʚʘʝʪ ʥʘʨʫʰʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ [130,131]. ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʧʦʨʬʠʨʠʥʳ ʠ ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʝʥʘ, ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ SWCNT ʧʦʩʨʝʜʩʪʚʦʤ ˊ-ˊ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʠʨʝʥ ʷʚʣʷʝʪʩʷ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʤ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʫʛʣʝʚʦʜʦʨʦʜʦʤ ʠ ʠʤʝʝʪ 

ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʪʨʫʙʦʢ [132]. ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʥʘʥʦʪʨʫʙʦʢ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʩ ʨʘʟʚʠʪʦʡ ˊ-ʩʠʩʪʝʤʦʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʘʛʨʝʛʘʮʠʠ 

ʥʘʥʦʪʨʫʙʦʢ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʳʭ ʩʫʩʧʝʥʟʠʡ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʧʨʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʝ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ ʮʝʣʳʡ ʨʷʜ ʧʨʠʤʝʨʦʚ [133ï135] 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʝʥʘ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʣʫʯʝʥʠʶ 

ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. 
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Mengchan Dong ʠ ʜʨ. ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ MWCNT ʛʫʤʠʥʦʚʳʤʠ 

ʢʠʩʣʦʪʘʤʠ (HA) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʤʝʤʙʨʘʥʫ ʜʣʷ ʫʜʘʣʝʥʠʷ ʢʨʘʩʠʪʝʣʝʡ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤʠ MWCNT. ʄʦʜʠʬʠʢʘʮʠʷ MWCNT ʩ ʧʦʤʦʱʴʶ HA 

ʧʨʠʚʦʜʠʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʤʝʤʙʨʘʥʳ MWCNT ʠ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʫʜʘʣʝʥʠʶ ʢʨʘʩʠʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʬʠʣʴʪʨʘʮʠʠ [136]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ MWCNT ʧʦʣʠʤʝʨʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ, ʘ ʠʤʝʥʥʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʤ ʧʦʣʠʫʨʝʪʘʥʦʤ (TPU), ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʦʚʳʡ 

ʤʘʪʝʨʠʘʣ MWCNT/TPU ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʝʡ (ʜʦ 200%), ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ (ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʥʟʦʩʝʥʩʦʨʘ 14191,5 ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ 170-200%) ʠ 

ʦʪʣʠʯʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ (ʜʦ 1000 ʮʠʢʣʦʚ) [137]. ʐʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪ 

0,01-1 ɻʮ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʟʘ ʩʯʸʪ ʫʣʫʯʰʝʥʥʦʡ ʜʠʩʧʝʨʩʠʠ ʥʘʥʦʪʨʫʙʦʢ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʦʣʠʤʝʨ-ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʴ. ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʧʦʣʠʤʝʨʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ 

ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʥʘʥʦʪʨʫʙʦʢ, ̫ ʚʣʷʝʪʩʷ ʧʦʣʠ-[9,9-ʜʠʦʢʪʠʣʬʣʫʦʨʝʥ-N,N'-(1,4-

ʬʝʥʠʣʜʠʤʝʪʠʣ)ʙʠʩ(4-ʡʦʜʘʥʠʣʠʥ)] (FO-N-PA). ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ FO-N-PA ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ 

ʨʘʟʜʝʣʝʥʠʶ ʥʘʥʦʪʨʫʙʦʢ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʶ ʤʘʪʝʨʠʘʣʘ FO-N-PA@SWCNTs ʩ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʢ ʥʠʟʢʠʤ ʠ ʚʳʩʦʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʘʤʤʠʘʢʘ [138]. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [139] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʣʠʷʥʠʝ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

MWCNT ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʩʝʥʩʦʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ɼʣʷ 

ʵʪʦʛʦ MWCNT, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ïCOOH ʛʨʫʧʧʘʤʠ (MWCNT-COOH), 

ʙʳʣʠ ʥʝʢʦʚʘʣʝʥʪʥʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʳ ʰʝʩʪʴʶ ʤʦʣʝʢʫʣʘʤʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ (ʭʣʦʨʠʜ 

ʛʠʜʨʦʢʩʠʣʘʤʠʥʠʷ, ʘʤʠʥʦʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ, ʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ, ʙʨʦʤʠʜ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ, 

8-ʛʠʜʨʦʢʩʠʭʠʥʘʣʴʜʠʥ, ʭʠʥʦʣʦʥ) ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʢʪʠʚʥʳʭ ʩʣʦʸʚ ʩʝʥʩʦʨʦʚ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ O3. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ MWCNT-COOH ʬʫʥʢʮʠʦʥʘʣʠʟʦʚʘʥʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʧʨʦʷʚʣʷʣʠ 

ʦʙʨʘʪʠʤʳʡ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ, ʠʤʝʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʙʦʣʝʝ ʢʦʨʦʪʢʦʝ 

ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʥʘ O3. ʊʘʢ, ʝʩʣʠ ʚ ʩʣʫʯʘʝ MWCNT-ʉʆʆʅ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʩʦʩʪʘʚʣʷʣʦ 40,7 ʩ, ʘ 

ʚʨʝʤʷ ʨʝʛʝʥʝʨʘʮʠʠ ï 417,1 ʩ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʦ ʚ ʩʣʫʯʘʝ MWCNT-COOH, 

ʥʝʢʦʚʘʣʝʥʪʥʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʦʡ, ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʧʦʥʠʞʘʣʦʩʴ ʜʦ 27,4 

ʩ, ʘ ʭʠʥʦʣʦʥʦʤ ï ʜʦ 4,8 ʩ. ɺ ʩʣʫʯʘʝ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ MWCNT-COOH ʤʦʣʝʢʫʣʘʤʠ 

ʘʤʠʥʦʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚʨʝʤʷ ʨʝʛʝʥʝʨʘʮʠʠ ʧʦʥʠʞʘʣʦʩʴ ʜʦ 222,2 ʩ. 

ɺ ʥʝʩʢʦʣʴʢʠʭ ʨʘʙʦʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʨʬʠʨʠʥ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʟʘ ʩʯʝʪ -́ -́ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ [140ï142]. ɺ ʨʘʙʦʪʝ [143] ʩʦʦʙʱʝʥʦ ʦ 

ʩʦʟʜʘʥʠʠ ʤʘʩʩʠʚʘ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ SWCNT ʠ ʤʝʟʦ-

ʪʝʪʨʘʬʝʥʠʣʧʦʨʬʠʨʠʥʦʚ ʢʦʙʘʣʴʪʘ, ʥʠʢʝʣʷ, ʮʠʥʢʘ ʠ ʤʝʜʠ. ɼʘʥʥʳʡ ʤʘʩʩʠʚ ʩʝʥʩʦʨʦʚ ʧʦʟʚʦʣʷʝʪ 
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ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʃʆʉ ʧʦ ʧʷʪʠ ʢʣʘʩʩʘʤ: ʘʣʢʘʥʳ, ʘʤʠʥʳ, ʢʝʪʦʥʳ, ʩʧʠʨʪʳ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ. 

ʄʝʪʦʜʠʢʘ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʡ: 

1) ɼʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʩʫʩʧʝʥʟʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʙʘʥʝ; 

2) ɼʦʙʘʚʣʝʥʠʝ ʧʦ ʢʘʧʣʷʤ ʨʘʩʪʚʦʨʘ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ; 

3) ɼʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʛʦʪʦʚʦʡ ʩʫʩʧʝʥʟʠʠ; 

4) ʎʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʛʦʪʦʚʦʡ ʩʫʩʧʝʥʟʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʩ ʮʝʣʴʶ 

ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ ʥʝʘʜʩʦʨʙʠʨʦʚʘʚh ʝʛʦʩʷ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ʅʝʢʦʚʘʣʝʥʪʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʘʜʩʦʨʙʮʠʠ ʨʘʟʣʠʯʥʳʭ ʤʦʣʝʢʫʣ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ CNT ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʜʦʩʪʫʧʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʪʨʫʙʦʢ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʝʦʜʦʣʝʥʠ ʁʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʘʛʨʝʛʘʮʠʠ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʫʣʫʯʰʝʥʠʶ ʠʭ ʩʝʥʩʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʝʢʦʚʘʣʝʥʪʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʠʩʭʦʜʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ 

ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. 

1.3.2. ʂʦʚʘʣʝʥʪʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ 

ʂʦʚʘʣʝʥʪʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ CNT ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʫʣʫʯʰʝʥʠʠ ʩʝʥʩʦʨʥʳʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠʭ ʦʩʥʦʚʝ. ɼʣʷ ʢʦʚʘʣʝʥʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʤʦʣʝʢʫʣ ʧʦʚʝʨʭʥʦʩʪʴ 

ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʦʜʠʬʠʮʠʨʫʶʪ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ, 

ʬʪʦʨʠʨʦʚʘʥʠʷ, ʠʦʜʠʨʦʚʘʥʠʷ, ʘʟʠʜʠʨʦʚʘʥʠʷ ʠʣʠ ʘʤʠʜʠʨʦʚʘʥʠʷ (ʨʠʩ. 6). ɿʘʪʝʤ ʯʝʨʝʟ 

ʧʦʣʫʯʝʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʢʦʚʘʣʝʥʪʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʤʦʣʝʢʫʣ 

ʧʫʪʸʤ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ C-C, C-N ʠ ʘʤʠʜʥʳʭ ʩʚʷʟʝʡ [144ï147]. 

ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʛʠʙʨʠʜʠʟʘʮʠʠ ʫʛʣʝʨʦʜʘ ʦʪ sp2 ʜʦ sp3 ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʤʝʪʦʜʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʢʦʚʘʣʝʥʪʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʥʘʥʦʪʨʫʙʦʢ, ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ (-COOH) ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʥʘʥʦʪʨʫʙʢʠ 

ʢʠʧʷʪʷʪ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʩʦ ʩʤʝʩʴʶ ʢʠʩʣʦʪ H2SO4 ʠ HNO3, ʠʥʦʛʜʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʦʙʨʘʙʦʪʢʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ. ʇʦʤʠʤʦ ʩʤʝʩʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʠ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʠʝ ʦʢʠʩʣʠʪʝʣʠ, ʢʘʢ H2O2/H2SO4, KMnO4/H2SO4, 

K2Cr2O7/H2SO4, O2/H2O. ʂʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ CNT ʣʝʛʢʦ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʭʣʦʨʘʥʛʠʜʨʠʜʥʳʝ 
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ʧʨʠ ʦʙʨʘʙʦʪʢʝ SOCl2, ʘ ʘʮʝʪʠʣʭʣʦʨʠʜʳ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʘʤʠʥʘʤʠ ʠʣʠ ʩʧʠʨʪʘʤʠ 

[148ï153]. ɸʥʘʣʦʛʠʯʥʦ ʧʦʣʫʯʝʥʠʶ -COOH ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ -OH ʛʨʫʧʧʳ. ɽʩʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘʥʦʪʨʫʙʢʠ ʢʠʧʷʪʷʪ 

ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʚ ʩʤʝʩʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʩʝʨʥʦʡ ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪ rʚ 

ʩʦʦʪʥʦʰʝʥʠʠ H2SO4 ʠ HNO3 3:1, ʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʜʨʦʢʩʦʛʨʫʧʧ ʥʘʥʦʪʨʫʙʢʠ ʢʠʧʷʪʷʪ ʚ ʩʤʝʩʠ 

ʢʠʩʣʦʪ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1,5:1 [150]. ʊʘʢʞʝ ʛʠʜʨʦʢʩʦʟʘʤʝʱʝʥʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʧʦʣʫʯʘʶʪ 

ʢʠʧʷʯʝʥʠʝʤ ʚ H2O2 ʧʨʠ 100 ęʉ [154]. ɼʘʣʝʝ ʧʨʠ ʧʦʤʦʱʠ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʦʣʫʯʘʶʪ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ 

[144] ʨʝʘʢʮʠʝʡ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ SWCNT-OH ʩ 1,2-ʜʠʙʨʦʤʵʪʘʥʦʤ, 1,11-

ʜʠʙʨʦʤʫʥʜʝʢʘʥʦʤ ʠ ʵʧʠʙʨʦʤʛʠʜʨʠʥʦʤ ʧʦʣʫʯʘʣʠ ʧʝʨʝʢʨʝʩʪʥʦ çʩʰʠʪʳʝè ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ. ɺ ʨʘʙʦʪʝ [155] ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʥʦʛʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ/ʛʨʘʬʝʥʦʚʳʭ ʥʘʥʦʧʣʘʩʪʠʥʦʢ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ. ʉʥʘʯʘʣʘ ʨʝʘʢʮʠʝʡ ʤʝʞʜʫ ʧʦʣʠ-ʘʢʨʠʣʦʠʣʭʣʦʨʠʜʘʤʠ (PACl) ʠ MWCNT-OH 

ʧʦʣʫʯʘʣʠ MWCNT-PACl, ʜʘʣʝʝ ʧʨʠʩʦʝʜʠʥʷʣʠ ʧʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʢ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʤ 

ʛʨʘʬʝʥʦʚʳʤ ʥʘʥʦʧʣʘʩʪʠʥʢʘʤ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʠʩʣʦʪ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʙʨʘʙʦʪʢʦʡ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ 

ʩʦʟʜʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʬʝʢʪʦʚ ʥʘ ʙʦʢʦʚʳʭ ʩʪʝʥʢʘʭ ʥʘʥʦʪʨʫʙʦʢ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʥʘʥʦʪʨʫʙʢʠ ʬʨʘʛʤʝʥʪʠʨʫʶʪʩʷ ʥʘ ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ. ʕʪʠ ʵʬʬʝʢʪʳ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʝʨʴʸʟʥʦʤʫ ʫʭʫʜʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ [156]. 



27 
 

 

ʈʠʩ. 6. ʉʭʝʤʘ ʨʝʘʢʮʠʡ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ CNT. 

ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ c ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʯʘʱʝ ʚʩʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʸʤ 

ʜʦʙʘʚʣʝʥʠʷ (R-)ʦʢʩʠʢʘʨʙʦʥʠʣʥʠʪʨʝʥʦʚ. ɺ ʨʘʙʦʪʝ [157] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʘʟʠʜʦʢʘʨʙʦʥʘʪʦʚ ʪɻʠʣʙʝʥʟʦʣʘ ʠ ʧʠʨʝʥʘ ʩ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ (ʨʠʩ. 7) ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʪʘʢʠʭ ʢʘʢ 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ (ɼʄʉʆ) ʠ ʭʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘʣʠʯʠʝ 

ʛʝʪʝʨʦʘʪʦʤʦʚ ʚ ʙʦʢʦʚʳʭ ʮʝʧʷʭ, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʟʚʝʥʴʝʚ ʚ ʧʦʣʫʯʝʥʥr ʭ 

ʘʟʠʜʦʢʘʨʙʦʥʘʪʘʭ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ CNT. 

 

ʈʠʩ. 7. ʇʦʣʫʯʝʥʠʝ ʛʠʙʨʠʜʦʚ ʧʫʪʸʤ ʜʦʙʘʚʣʝʥʠʷ (R)-ʦʢʩʠʢʘʨʙʦʥʠʣʥʠʪʨʝʥʦʚ ʢ CNT. 
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ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ C60, 1,3-ʜʠʧʦʣʷʨʥʦʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʟʦʤʝʪʠʥʠʣʠʜʦʚ, ʧʦʣʫʯʠʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʂʦʥʜʝʥʩʘʮʠʷ Ŭ-ʘʤʠʥʦʢʠʩʣʦʪʳ ʠ 

ʘʣʴʜʝʛʠʜʘ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʤʝʱʝʥʥʳʭ 

ʧʠʨʨʦʣʠʜʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ CNT. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [158] ʧʦʢʘʟʘʥ ʩʧʦʩʦʙ 

ʧʨʠʢʨʝʧʣʝʥʠʷ ʧʠʨʝʥʘ ʠ 4-ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ ʢ SWCNT ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʘʟʦʤʝʪʠʥʠʣʠʜʦʚ (ʨʠʩ. 8). 

 

ʈʠʩ. 8. ʇʦʣʫʯʝʥʠʝ ʛʠʙʨʠʜʦʚ ʨʝʘʢʮʠʝʡ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʘʟʦʤʝʪʠʥʠʣʠʜʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʩʦʣʠ ʘʨʠʣʜʠʘʟʦʥʠʷ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ CNT 

ʩʦʣʷʤʠ ʘʨʠʣʜʠʘʟʦʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʚʘʣʝʥʪʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ 

[159]. ʉʪʝʧʝʥʴ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʤʦʞʥʦ ʥʘʧʨʷʤʫʶ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ ʧʨʠ ʧʨʝʚʨʘʱʝʥʠʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ SWCNT ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ [160]. ʇʦʤʠʤʦ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʧʦʤʦʱʴʶ ʩʦʣʝʡ ʜʠʘʟʦʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪ ʢʦʚʘʣʝʥʪʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [161] SWCNT ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʨʘʟʣʠʯʥʳʤʠ ʧʷʪʠʯʣʝʥʥʳʤʠ 

S- ʠʣʠ N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤ ʘʤʠʥʘʤʠ ʤʝʪʦʜʦʤ ʥʘ ʦʩʥʦʚʝ ʜʠʘʟʦʥʠʷ. ʆʜʥʘʢʦ ʩʦʣʠ ʜʠʘʟʦʥʠʷ 

ʚʟʨʳʚʦʦʧʘʩʥʳ. 

ʄʦʜʠʬʠʢʘʮʠʷ CNT ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ (ʯʘʱʝ ʚʩʝʛʦ -N3 ʛʨʫʧʧʘʤʠ) ʩ 

ʧʦʩʣʝʜʫʶʱʠʤʠ ʨʝʘʢʮʠʷʤʠ ʘʤʠʜʠʨʦʚʘʥʠʷ, ʍʴʶʩʛʝʥʘ, ʉʦʥʦʛʘʰʠʨʳ ʠʣʠ ʉʫʟʫʢʠ [161ï164] 

ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʦʡ ʠ ʫʜʦʙʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʘʤ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩ 

ʧʦʤʦʱʴʶ ʩʦʣʝʡ ʜʠʘʟʦʥʠʷ ʠ ʦʢʠʩʣʝʥʠʷ ʥʘʥʦʪʨʫʙʦʢ [165] (ʨʠʩ. 9). ɼʘʥʥʳʝ ʤʝʪʦʜʳ 

ʫʥʠʚʝʨʩʘʣʴʥʳ ʠ ʧʦʟʚʦʣʷʶʪ ʧʨʠʩʦʝʜʠʥʷʪ ɹʨʘʟʣʠʯʥʳʝ ʤʦʣʝʢʫʣʳ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ CNT. 



29 
 

 

ʈʠʩ. 9. ʇʦʣʫʯʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʝʘʢʮʠʝʡ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʍʴʶʩʛʝʥʘ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʥʘʥʦʪʨʫʙʦʢ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʠʭ 

ʩʣʦʸʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʢʪʠʚʥʳʤʠ ʩʣʦʷʤʠ ʥʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. ɺ ʣʠʪʝʨʘʪʫʨʝ 

ʫʧʦʤʠʥʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʨʠʤʝʨʳ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʘʢʪʠʚʥʳʭ 

ʩʣʦʸʚ ʩ ʧʦʤʦʱʴʶ ʢʦʚʘʣʝʥʪʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʣʝʢʫʣ. ʊʘʢ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ [166] 

ʧʨʝʜʣʦʞʠʣʠ ʥʦʚʳʡ ʤʝʪʦʜ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ SWCNT, ʢʦʪʦʨʳʡ ʫʣʫʯʰʠʣ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʩʝʥʩʦʨʘ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ NH3, ʧʫʪʸʤ ʢʦʚʘʣʝʥʪʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦʣʠ-(ʤ-

ʘʤʠʥʦʙʝʥʟʦʣʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ) ʢ SWCNT (SWʉNT-PABS). ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʸʚ 

SWCNT-PABS ʚʦʟʨʦʩʣʦ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ SWCNT. ʇʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ NH3 ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠ,̫ ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʦʙʥʘʨʫʞʠʪʴ NH3 ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 5 ppm. ɹʦʣʝʝ ʪʦʛʦ, ʩʝʥʩʦʨʥʳʝ ʩʣʦʠ SWʉNT-PABS ʙʳʩʪʨʦ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʦ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʧʨʦʜʫʚʢʝ ʘʟʦʪʦʤ ʧʦʩʣʝ ʥʘʧʫʩʢʘ 

ʘʤʤʠʘʢʘ. 

ɼʨʫʛʘʷ ʛʨʫʧʧʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [167] ʦʧʠʩʘʣʘ ʤʝʪʦʜʠʢʫ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ SWCNT 

ʧʦʣʠʘʥʠʣʠʥʦʤ (PANI). ʉʝʥʩʦʨʥʳʝ ʩʣʦʠ PANI-SWʉNT ʧʦʢʘʟʘʣʠ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ȹR/R ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ NH3 ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 50 ppbv ʜʦ 3 ppmv, ʯʪʦ ʚ 60 ʨʘʟ 

ʙʦʣʴʰʝ, ʯʝʤ ʫ ʠʩʭʦʜʥʳʭ SWCNT. ɻʠʙʨʠʜʥʳʡ ʤʘʪʝʨʠʘʣ PANI-SWʉNT ʧʦʢʘʟʘʣ ʭʦʨʦʰʫʶ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 10 ppmv ʘʤʤʠʘʢʘ. ʆʜʥʘʢʦ ʚʨʝʤʷ 

ʨʝʛʝʥʝʨʘʮʠʠ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʣʦ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. 

ɺ ʨʘʙʦʪʝ [168] ʤʘʩʩʠʚ ʩʝʥʩʦʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʦʚ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʸʤ ʢʦʚʘʣʝʥʪʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ MWCNT 

ʢʦʤʧʣʝʢʩʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʨʘʟʣʠʯʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʁ ʢ ʘʥʘʣʠʪʘʤ. ʄʦʜʠʬʠʢʘʮʠʷ 

MWCNT ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʦʣʫʯʝʥʠʠ ʮʚʠʪʪʝʨ-ʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʦʤʦʱʴʶ 4-

ʜʠʤʝʪʠʣʘʤʠʥʦʧʠʨʠʜʠʥʘ (ɼʄɸʇ) ʠ ʜʠʟʘʤʝʱʸʥʥʦʛʦ ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʘ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʠʣ ʩʦʟʜʘʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʝr ʤʘʪʝʨʠʘʣ r ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʡ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ 
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ʟʘʤʝʱʝʥʠʷ ʧʠʨʠʜʠʥʠʝʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʠ ʩʧʠʨʪʦʚ. ɺʥʝʜʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ MWCNT ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʣʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʢ 

ʜʝʢʘʥʫ, ʧʝʥʪʘʥʦʣʫ, ʘ ʪʘʢʞʝ ʭʣʦʨʦʬʦʨʤʫ ʠ ʵʪʘʥʦʣʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʚʘʣʝʥʪʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠʣʠ ʤʦʣʝʢʫʣʘʤʠ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʢʪʠʚʥʳʭ ʩʣʦʸʚ ʩʝʥʩʦʨʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʥʠʟʢʠʤ ʧʨʝʜʝʣʦʤ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ. 

ʂʦʚʘʣʝʥʪʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʫʣʫʯʰʘʝʪ ʜʠʩʧʝʨʩʠʶ ʥʘʥʦʪʨʫʙʦʢ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʝ ʩʫʩʧʝʥʟʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʭʠʤʠʯʝʩʢʦʝ 

ʩʚʷʟʳʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʠʣʠ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʪʨʫʙʦʢ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʚʳʤʳʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. 

1.3.3. 3D ʤʘʪʝʨʠʘʣʳ 

ɼʨʫʛʠʤ ʠʥʪʝʨʝʩʥʳʤ ʢʣʘʩʩʦʤ ʥʘʥʦʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʪʠʚʥʳʭ ʩʣʦʸʚ ʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʷʚʣʷʶʪʩʷ 3D ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ, ʧʝʨʝʢʨʸʩʪʥʦ ʩʰʠʪʳʭ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʤʦʣʝʢʫʣʳ-ʣʠʥʢʝʨʳ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʢʦʚʘʣʝʥʪʥʘʷ çʩʰʠʚʢʘè ʦʜʥʦ- ʠ ʜʚʫʭʩʣʦʡʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ [169ï172]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 3D-ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ CNT ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʤʝʪʦʜ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ (CVD) [173ï175], ʪʘʢ ʠ ʨʝʘʢʮʠʠ ʚ ʨʘʩʪʚʦʨʘʭ [176,177]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʢʘʢ 2D, ʪʘʢ ʠ 3D ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʘʥʩʘʤʙʣʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʩʝʪʝʡ ʥʘʥʦʪʨʫʙʦʢ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ. ʆʙʲʝʜʠʥʝʥʠʝ ʩʝʪʝʡ CNT ʚ ʜʚʫʤʝʨʥʫʶ (2D) 

ʠ ʪʨʝʭʤʝʨʥʫʶ (3D) ʘʨʭʠʪʝʢʪʫʨʫ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʫʣʫʯʰʠʪʴ ʠʭ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʙʦʪ ʧʦ ʧʦʣʫʯʝʥʠʶ 3D ʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʭ ʩʚʦʡʩʪʚ ʢʨʘʡʥʝ ʤʘʣʦ, ʭʦʪʷ ʧʦʣʫʯʝʥʠʝ ʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʠ ʠʥʪʝʨʝʩʥʦʡ ʟʘʜʘʯʝʡ ʚʚʠʜʫ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʙʦʣʝʝ 

ʸʤʢʠʭ ʛʘʟʦʚʳʭ ʘʜʩʦʨʙʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʭ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ, ʯʝʤ 

ʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʸʥʥʦʤʫ ʘʥʘʣʠʟʫ ʣʠʪʝʨʘʪʫʨʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 3D ʩʪʨʫʢʪʫʨ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʭʠʤʠʯʝʩʢʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠ çʩʰʠʚʢʠè [145]. ɺ ʪʝʯʝʥʠʝ 

ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 3D ʩʪʨʫʢʪʫʨ ʥʝʩʢʦʣʴʢʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ 

ʛʨʫʧʧʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʜʭʦʜʳ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ SWCNT ʩ 
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ʧʦʤʦʱʴʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ-ʣʠʥʢʝʨʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ SWCNT ʚ ʫʧʦʨʷʜʦʯʝʥʥʫʶ 3D 

ʩʪʨʫʢʪʫʨʫ [147]. ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ 3D ʩʪʨʫʢʪʫʨ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʤʦʣʝʢʫʣʘ-ʣʠʥʢʝʨ 

ʩʦʜʝʨʞʘʣʘ ʜʚʝ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʷʢʦʨʥʳʭ ʛʨʫʧʧ. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʧʦʚʝʨʭʥʦʩʪʴ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ ʩʥʘʯʘʣʘ ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʘ ʟʘʪʝʤ ʠʭ ʩʰʠʚʘʣʠ ʯʝʨʝʟ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʩ ʧʦʤʦʱʴʶ ʤʦʣʝʢʫʣ-ʣʠʥʢʝʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʤʦʩʪʠʢʦʚʳʭ ʛʨʫʧʧ 

ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʤʠʥʦʛʨʫʧʧʳ [178], ʘʟʠʜʥʳʝ ʛʨʫʧʧʳ [179] ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ 

[144,175,180,181]. ʋʧʦʨʷʜʦʯʝʥʥʳʝ 3D ʩʪʨʫʢʪʫʨʳ SWCNT ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ 

ʘʤʠʥʦʚ ʧʦ ʨʝʘʢʮʠʠ ʉʫʟʫʢʠ (ʨʠʩ. 10), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʡ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʛʘʣʦʛʝʥʠʜʘʤʠ (R2-X; X = Cl, Br, I, OTf; R2-I > R2-OTf > R2-Br >> R2-Cl) ʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʙʦʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (R1-BY2, BY = B(OR)2, 9-BBN, B(CHMeCHMe2)2) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ. 

 

ʈʠʩ. 10. ʉʭʝʤʘ ʨʝʘʢʮʠʠ ʉʫʟʫʢʠ. 

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ çʩʰʠʚʢʠè ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʩ ʧʦʤʦʱʴʶ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʦʣʝʢʫʣ-ʣʠʥʢʝʨʦʚ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʉʦʥʦʛʘʰʠʨʳ ï ʨʝʘʢʮʠʷ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʚʠʥʠʣ- ʠ 

ʘʨʠʣʛʘʣʦʛʝʥʠʜʦʚ (R-X) ʩ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʣʢʠʥʘʤʠ (ſïRô), ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ Pd ʠ Cu. ɺ 

ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ spĮ-ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʦʤ ʛʘʣʦʛʝʥʠʜʘ (R-X, X = Cl, Br, I , OTf; I  

> OTf > Br >> Cl) ʠ sp-ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʦʤ ʘʣʢʠʥʘ ʦʙʨʘʟʫʝʪʩʷ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʘʷ ʩʚʷʟʴ (ʨʠʩ. 

11). ʇʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʨʝʘʢʮʠʷʤʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʩʦʩʪʦʠʪ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʢʪʠʚʠʨʦʚʘʪʴ ʦʜʥʦ ʠʟ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʩʫʙʩʪʨʘʪʦʚ ʨʝʘʢʮʠʠ), 

ʪʦ ʝʩʪʴ ʥʝ ʥʫʞʥʦ ʧʝʨʝʚʦʜʠʪʴ ʘʣʢʠʥ ʚ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ. 

 

ʈʠʩ. 11 ʉʭʝʤʘ ʨʝʘʢʮʠʠ ʉʦʥʦʛʘʰʠʨʳ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʨʝʘʢʮʠʡ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʦ ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʦʙ ʠʭ 

ʧʨʠʤʝʥʝʥʠʠ ʚ ʭʠʤʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʫʧʦʤʠʥʘʝʪʩʷ ʣʠʰʴ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʘʙʦʪʘʭ [182ï
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184]. ʂʨʦʤʝ ʵʪʦʛʦ, ʠʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦ ʨʝʘʢʮʠʠ ʘʟʠʜ-

ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʠʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ [144,185,186]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʨʝʢʨʸʩʪʥʦ ʩʰʠʪʳʭ SWCNT ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʘʤʠʜʥʳʭ ʩʚʷʟʝʡ ʘʚʪʦʨʳ 

ʨʘʙʦʪʳ [40] ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʪʨʘʘʤʠʥʦʟʘʤʝʱʸʥʥʳʡ ʬʪʘʣʦʮʠʘʥʠʥ ʥʠʢʝʣʷ (NiPc(NH2)4), ʢʦʪʦʨʳʡ 

ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʳʚʘʣʩʷ ʩ SWCNT, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ COCl ʛʨʫʧʧʘʤʠ. ʕʪʦʪ 

ʛʠʙʨʠʜʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʦʷʚʣʷʣ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ 2-

ʤʝʨʢʘʧʪʦʵʪʘʥʦʣʘ. ʕʪʦʡ ʞʝ ʛʨʫʧʧʦʡ ʘʚʪʦʨʦʚ [187] ʙʳʣ ʧʦʣʫʯʝʥ ʠ ʜʨʫʛʦʡ 3D ʛʠʙʨʠʜʥʳʡ 

ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʪʨʫʙʦʢ, ʩʚʷʟʘʥʥʳʭ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʘʤʠʜʥʦʡ ʩʚʷʟʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʛʠʙʨʠʜʥʳʡ ʤʘʪʝʨʠʘʣ ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʬʝʥʠʣʘʤʠʥʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ -ʉ6H4NH2, ʩ CoPc, ʩʦʜʝʨʞʘʱʠʤ ʯʝʪʳʨʝ -

COCl ʟʘʤʝʩʪʠʪʝʣʷ. ʇʦʣʫʯʝʥʥʳʡ ʛʠʙʨʠʜʥʳʡ ʤʘʪʝʨʠʘʣ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʜʦʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʫʨʦʥʘ. 

ɺ ʨʘʙʦʪʝ [188] ʩʦʦʙʱʘʣʦʩʴ ʦ ʩʠʥʪʝʟʝ ʪʨʸʭʤʝʨʥʦʛʦ ʧʦʨʠʩʪʦʛʦ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʠʟ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ 

(MOF) ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʦʩʣʦʡʥʦʡ ʪʝʭʥʠʢʠ. ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʦʷʚʣʷʣ 

ʧʨʝʚʦʩʭʦʜʥʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 3D ʩʪʨʫʢʪʫʨʳ ʥʘ 

ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʭʨʘʥʠʪʝʣʝʡ ʛʘʟʦʚ. Leonard ʠ ʜʨ. 

[172] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʢʘʨʢʘʩ ʥʘ ʦʩʥʦʚʝ SWCNT ʜʣʷ ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʥʝ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʚʦʜʦʨʦʜʘ ʠʟ-ʟʘ ʠʭ ʘʛʨʝʛʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʦʪʥʳʭ ʞʛʫʪʦʚ, ʩʙʦʨʢʘ 3D ʘʨʭʠʪʝʢʪʫʨʳ ʩ 

ʧʦʤʦʱʴʶ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʦʢʠʩʣʝʥʥʳʭ ʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ SWCNT ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʤʝʞʜʦʫʟʝʣʴʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʥʘʥʦʪʨʫʙʢʘʤʠ. ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʧʦʛʣʦʱʘʝʪ ʚʜʚʦʝ ʙʦʣʴʰʝ ʚʦʜʦʨʦʜʘ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʝʤ ʪʠʧʠʯʥʳʝ 

ʤʘʢʨʦʧʦʨʠʩʪʳʝ ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ 3D-ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʥʘʥʦʪʨʫʙʢʠ ʩʰʠʪʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 

ʯʝʨʝʟ ʤʦʣʝʢʫʣʳ ʬʪʘʣʦʮʠʘʥʠʥʘ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝ ʞʝ ʤʝʪʦʜʳ, ʯʪʦ ʠ ʜʣʷ ʢʦʚʘʣʝʥʪʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ CNT, ʥʦ ʤʦʣʝʢʫʣʘ ʬʪʘʣʦʮʠʘʥʠʥʘ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʥʝ ʦʜʥʫ, ʘ ʢʘʢ 

ʤʠʥʠʤʫʤ ʜʚʝ ʣʠʥʢʝʨʥʳʝ ʛʨʫʧʧʳ. ʅʘʧʨʠʤʝʨ, Tawanda Mugadza ʠ Tebello Nyokong ʧʦʣʫʯʠʣʠ 

ʩʝʨʠʶ ʪʨʸʭʤʝʨʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʩ ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ ʢʦʙʘʣʴʪʘ(II) [180], 

ʞʝʣʝʟʘ(II) [172] ʠ ʥʠʢʝʣʷ(II) [40]. ʄʘʪʝʨʠʘʣʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʫʪʤy ñʩʰʠʚʢʠò 

ʦʢʠʩʣʝʥʥʳʭ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (SWCNT-COOH) ʩ ʪʝʪʨʘ-ʟʘʤʝʱʥyʥʳʤʠ 
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MPc(NH2)4 ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʠʜʥʳʭ ʩʚʷʟʝʡ. ʄʘʪʝʨʠʘʣʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʫ  ʁʵʬʬʝʢʪʠʚʥʦʩʪ ɹʦʢʠʩʣʝʥʠʷ 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣʘ, ʘʤʠʪʨʦʣʘ ʠ ʜʠʫʨʦʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ 3D-ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ SWCNT ʦʙʣʘʜʘʶʪ 

ʧʨʝʚʦʩʭʦʜʥʳʤʠ ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʙʣʘʛʦʜʘʨʷ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʦʙʝʩʧʝʯʠʚʘʝʤʦʡ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺʳʩʦʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʙʦʣʴʰʘʷ ʧʦʨʠʩʪʦʩʪʴ ʠ 

ʚʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 3D-SWCNT ʚ ʢʘʯʝʩʪʚʝ 

ʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʠ ʙʠʦʩʝʥʩʦʨʦʚ. 

ʇʦʠʩʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ 3D-ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʩ ʨʘʟʣʠʯʥʳʤʠ ʣʠʥʢʝʨʘʤʠ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 3D-ʥʘʥʦʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʪʠʚʥʳʭ ʩʣʦʸʚ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʭ ʩʝʥʩʦʨʦʚ ʪʘʢʞʝ ʧʨʠʚʝʜʸʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʱʘʜʠ 

ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʛʘʟʦʚ ʠ ʫʚʝʣʠʯʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʣʦʸʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʥʩʦʨʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʥʝʬʫʥʢʮʠʦʥʘʣʠʟʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. 

1.4. ɻʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ CNT ʩ ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ ʤʝʪʘʣʣʦʚ 

ɹʦʛʘʪʘʷ ʭʠʤʠʷ ʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 16-ʪʠ ʧʦʣʦʞʝʥʠʷʭ ʚ ʤʘʢʨʦʢʦʣʴʮʝ, ʜʣʠʥʳ ʘʣʢʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʚʚʝʜʝʥʠʷ 

ʛʝʪʝʨʦʘʪʦʤʦʚ (S, O) ʠ ʤʦʩʪʠʢʦʚʳʭ ʛʨʫʧʧ ʚ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʮʝʧʷʭ, ʚʚʝʜʝʥʠʷ ʦʙʲʸʤʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ (ʥʘʧʨʠʤʝʨ, ʢʨʘʫʥ-ʵʬʠʨʦʚ), ʨʘʩʰʠʨʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʠ ʧʦʜʙʦʨʘ 

ʧʦʜʭʦʜʷʱʝʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʝʪʘʣʣʘ, ʧʦʟʚʦʣʷʝʪ ʰʠʨʦʢʦ ʠʟʤʝʥʷʪʴ ʠʭ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʘʪʴ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʛʣʝʨʦʜʥʳʤʠ 

ʥʘʥʦʪʨʫʙʢʘʤʠ. 

ʉʦʦʙʱʘʣʦʩʴ ʦ ʜʚʫʭ ʦʙʱʠʭ ʧʦʜʭʦʜʘʭ ʢ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ SWCNT ʤʦʣʝʢʫʣʘʤʠ MPc: 

ʧʫʪʝʤ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʢʦʚʘʣʝʥʪʥʦʡ ñʧʨʠʰʠʚʢʠò ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʪʦʨʦʛʦ ʧʨʦʩʪʦʪʦʡ ʤʝʪʦʜʠʢʠ 

ʧʦʣʫʯʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʥʘʥʦʪʨʫʙʢʠ, ʥʝʢʦʚʘʣʝʥʪʥʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ 

(MPc) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʭʠʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʫʥʠʢʘʣʴʥʳʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ, ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ [189]. ɸʜʩʦʨʙʮʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 

ʬʪʘʣʦʮʠʘʥʠʥʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʪʘʢ ʠ ʠʭ 

ʘʛʣʦʤʝʨʘʪʘʭ. 

ɼʣʷ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ SWCNT ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʘʢʮʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʧʪʠʜʥʦʡ ʩʚʷʟʠ (ʨʠʩ. 12). ɼʣʷ ʵʪʦʛʦ ʧʨʦʚʦʜʷʪ ʨʝʘʢʮʠʶ ʤʝʞʜʫ ʢʘʨʙʦʢʩʠ- [59,190] 
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ʠʣʠ ʘʤʠʥʦʟʘʤʝʱʝʥʥʳʤʠ [191ï193] ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʠ ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ -NH2 [190,194,195] ʠʣʠ -COOH [191,192] ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩ. 12. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ CNT/MPc ʧʦ ʨʝʘʢʮʠʠ ʘʮʠʣʠʨʦʚʘʥʠʷ. 

ʊʘʢʞʝ ʧʦ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʩ -Cl, -Br, -OH ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʘʢʩʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʩ ʦʢʠʩʣʝʥʥʳʤʠ 

ʥʘʥʦʪʨʫʙʢʘʤʠ (ʨʠʩ. 13), ʭʦʪʷ ʪʘʢʠʝ ʧʨʠʤʝʨʳ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ. 

 

ʈʠʩ. 13. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʬʪʘʣʦʮʠʘʥʠʥʦʚ MXPc (X = -Cl, -Br, -OH) ʩ 

ʟʘʤʝʩʪʠʪʝʣʝʤ ʚ ʘʢʩʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ 
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ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ 

ʨʝʘʢʮʠʠ ʤʝʞʜʫ SWCNT-COOH ʠ ʘʢʩʠʘʣʴʥʦ-ʟʘʤʝʱʝʥʥʳʤ ʧʦʨʬʠʨʠʥʦʤ ʦʣʦʚʘ (Sn(OH)2DPP) 

[195], ʘ ʪʘʢʞʝ ʤʝʞʜʫ SWCNT-OH ʠ ʘʢʩʠʘʣʴʥʦ-ʟʘʤʝʱʝʥʥʳʤ ʧʦʨʬʠʨʠʥʦʤ ʢʦʙʘʣʴʪʘ (CoPPCl) 

[196]. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ [197] ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʘʢʩʠʘʣʴʥʦ-ʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʧʦ ʨʝʘʢʮʠʠ ʉʦʥʦʛʘʰʠʨʳ 

ʤʝʞʜʫ 4-(2-ʪʨʠʤʝʪʠʣʩʠʣʠʣ)ʵʪʠʥʠʣʘʥʠʣʠʥ ʟʘʤʝʱʝʥʥʳʤʠ DWCNT ʠ ʜʠʘʢʩʠʘʣʴʥʦ ʟʘʤʝʱʝʥʥʳʤ 

ʬʪʘʣʦʮʠʘʥʠʥʦʤ ʢʨʝʤʥʠʷ (ʨʠʩ. 14). 

 

ʈʠʩ. 14. ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʬʫʥʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʢʩʠʘʣʴʥʦ-ʟʘʤʝʱʝʥʥʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʦʨʬʠʨʠʥʦʚ ʦʣʦʚʘ (ʘ) ʠ ʢʦʙʘʣʴʪʘ (ʙ) ʠ ʬʪʘʣʦʮʠʘʥʠʥʘ ʢʨʝʤʥʠʷ (ʚ). 

ʇʦʤʠʤʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ MPc ʢ ʫʛʣʝʨʦʜʥʳʤ ʥʘʥʦʪʨʫʙʢʘʤ, ʩʦʜʝʨʞʘʱʠʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʬʪʘʣʦʮʠʘʥʠʥʳ ʤʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʩʦʝʜʠʥʷʪʴ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ CNT ʧʦ ʨʝʘʢʮʠʠ ʧʨʷʤʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʩʥʘʯʘʣʘ ʧʦʣʫʯʘʶʪ 

ʬʪʘʣʦʮʠʘʥʠʥʳ ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʥʘ ʢʦʥʮʝ. ɸ ʟʘʪʝʤ 

ʧʦʣʫʯʘʶʪ ʘʟʦʤʝʪʠʥ-ʠʣʠʜ ʢʦʥʜʝʥʩʘʮʠʝʡ Ŭ-ʘʤʠʥʦʢʠʩʣʦʪʳ ʠ ʢʘʨʙʦʥʠʣʩʦʜʝʨʞʘʱʝʛʦ 

ʬʪʘʣʦʮʠʘʥʠʥʘ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ Beatriz Ballesteros [36] (ʨʠʩ. 15ʘ) ʧʦʣʫʯʘʣʠ 

ʬʦʨʤʠʣʩʦʜʝʨʞʘʱʠʡ ʬʪʘʣʦʮʠʘʥʠʥ, ʢʦʪʦʨʳʡ ʥʘʧʨʷʤʫʶ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ CNT ʧʦʩʨʝʜʩʪʚʦʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʟʦʤʝʪʠʥ-ʠʣʠʜʘ ʧʦ ʨʝʘʢʮʠʠ ʩ N-ʦʢʪʠʣʛʣʠʮʠʥʦʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʨʝʘʢʮʠʡ ʘʮʠʣʠʨʦʚʘʥʠʷ ʠ ʧʨʷʤʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʦʪʤʝʯʘʝʪʩʷ ʥʝʧʦʣʥʘʷ ʨʝʘʢʮʠʷ ʚʩʝʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ CNT, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʢʦʣʠʯʝʩʪʚʦ MPc ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

ʥʝ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ. ʉʨʝʜʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 

ʨʝʘʢʮʠʷ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʍʴʶʩʛʝʥʘ ʤʝʞʜʫ ʘʟʠʜʥʳʤʠ ʠ ʘʮʝʪʠʣʝʥʦʚʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ Cu(I) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ 

ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. ɼʣʷ ʨʝʘʢʮʠʠ ñclick-chemistryò CNT ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʦʜʠʬʠʮʠʨʫʶʪ 

ʜʦʙʘʚʣʝʥʠʝʤ ʘʨʠʣʜʠʘʟʦʥʠʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʨʘʙʦʪʝ [198] SWCNT ʤʦʜʠʬʠʮʠʨʫʶʪ ʩ 
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ʧʦʤʦʱʴʶ 4-(ʪʨʠʤʝʪʠʣʩʠʣʠʣ)ʵʪʠʥʠʣʘʥʠʣʠʥʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʠʩʦʝʜʠʥʷʶʪ ʧʨʦʠʟʚʦʜʥʦʝ 

ʬʪʘʣʦʮʠʘʥʠʥʘ ʮʠʥʢʘ (ZnPc) ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʘʟʠʜʥʫʶ ʛʨʫʧʧʫ (ʨʠʩ. 15ʙ). 

ɺʤʝʩʪʦ ʘʟʠʜʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʚ ʨʝʘʢʮʠ ʁ ʍʴʶʩʛʝʥʘ ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʪʘʢʞʝ 

ʬʪʘʣʦʮʠʘʥʠʥʳ, ʠʤʝʶʱʠʝ ʪʝʨʤʠʥʘʣʴʥʫʶ ʘʣʢʠʥʠʣʴʥʫʶ ʛʨʫʧʧʫ ʚ ʟʘʤʝʩʪʝʪʝʣʷʭ, ʦʜʥʘʢʦ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʘʥʦʪʨʫʙʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʦʜʠʬʠʮʠʨʫʶʪ ʘʟʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ [199]. 

 

ʈʠʩ. 15. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʟʦʚʘʥʠʷ 

ʘʟʦʤʝʪʠʥʠʣʠʜʘ (ʘ) ʠ ʨʝʘʢʮʠʠ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠ ̫ʍʴʶʩʛʝʥʘ (ʙ). 

1.5. ʉʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʩʣʦʸʚ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  

ɿʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʥʘʨʫʰʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ 

ʙʘʣʘʥʩʘ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʸʟʥʫʶ ʫʛʨʦʟʫ ʜʣʷ ʵʢʦʩʠʩʪʝʤʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʭ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʘʤʤʠʘʢ ʠ 

ʩʝʨʦʚʦʜʦʨʦʜ. ʆʙʥʘʨʫʞʝʥʠʝ NH3 ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ, ʤʝʜʠʮʠʥʩʢʠʭ ʠ ʙʳʪʦʚʳʭ 

ʫʩʣʦʚʠʷʭ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʘʤʤʠʘʢʘ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʦʩʪʫʧʘʝʪ ʦʪ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʩʧʘʜʘ 

ʥʘʚʦʟʘ, ʤʝʨʪʚʳʭ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ. ʆʙʳʯʥʦ ʦʥ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ ʚʩʝʡ ʘʪʤʦʩʬʝʨʝ (ʚʦʜʘ, 

ʧʦʯʚʘ ʠ ʚʦʟʜʫʭ) ʚ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (ʫʨʦʚʥʠ ʥʠʞʝ ppb). ʂʨʦʤʝ ʪʦʛʦ, NH3 ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ 

ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ, ʦʩʥʦʚʥʳʤ ʚʢʣʘʜʦʤ ʯʝʣʦʚʝʢʘ ʚ ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʠ 

ʩʞʠʛʘʥʠʝ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ. ɸʤʤʠʘʢ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ [200]. ɺʜʳʭʘʥʠʝ ʘʤʤʠʘʢʘ ʜʘʞʝ ʧʨʠ 

ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʢʘʰʝʣʴ, ʘ ʪʘʢʞʝ ʨʘʟʜʨʘʞʝʥʠʝ ʥʦʩʘ ʠ ʛʦʨʣʘ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʘ 25-30 ppm. ʅʠʞʥʠʡ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʧʨʝʜʝʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ (LEL) ʜʣʷ ʩʤʝʩʠ ʘʤʤʠʘʢʘ ʩ ʚʦʟʜʫʭʦʤ 

ʩʦʩʪʘʚʣʷʝʪ 15% [201]. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʩʝʨʦʚʦʜʦʨʦʜʘ (H2S) ʪʘʢʞʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʟʜʦʨʦʚʴʝ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʪʨʫʜʘ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ ʛʦʨʦʜʦʚ. ʉʝʨʦʚʦʜʦʨʦʜ - ʪʦʢʩʠʯʥʳʡ, 

ʢʦʨʨʦʟʠʦʥʥʳʡ, ʟʣʦʚʦʥʥʳʡ ʠ ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʡʩʷ ʛʘʟ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʦʙʨʘʟʫʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʜʦʙʳʯʠ ʫʛʣʷ ʠ ʧʨʦʮʝʩʩʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʦʚ, ʨʘʟʣʦʞʝʥʠʷ ʥʝʬʪʠ ʠ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ [202ï204]. ʇʨʝʜʝʣ ʜʦʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʇɼʂ) ʩʝʨʦʚʦʜʦʨʦʜʘ ʚ ʚʦʟʜʫʭʝ 

ʨʘʙʦʯʝʡ ʟʦʥʳ ʫʩʪʘʥʦʚʣʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 12.1.005-88 ʠ ʨʘʚʝʥ 10 ʤʛ/ʤ3 [205]. ʅʦʩ 

ʯʝʣʦʚʝʢʘ ʤʦʞʝʪ ʦʙʥʘʨʫʞʠʪʴ H2S ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʣʝʝ 1,5 ppm, ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʳʰʝ 2ï5 

ppm ʫʞʝ ʦʢʘʟʳʚʘʝʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʜʳʭʘʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʯʝʣʦʚʝʢʘ [206], ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʰʝ 100 ppm ʥʦʩ ʯʝʣʦʚʝʢʘ ʪʝʨʷʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴ ʯʫʚʩʪʚʦʚʘʪʴ ʟʘʧʘʭ ʩʝʨʦʚʦʜʦʨʦʜʘ.  

ʇʦʤʠʤʦ ʧʨʠʤʝʥʝʥʠʷ ʜʘʪʯʠʢʦʚ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʚ ʤʝʜʠʮʠʥʝ ʪʘʢʞʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ. ʆʜʥʠʤ ʠʟ 

ʟʥʘʯʠʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʳ ʩʯʠʪʘʝʪʩʷ ʥʝʠʥʚʘʟʠʚʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʠʩʢʦʤ ʙʝʟʦʧʘʩʥʳʭ ʤʝʪʦʜʦʚ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ 

ʱʘʜʷʱʠʭ ʤʝʪʦʜʠʢ ʟʘʙʦʨʘ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʘʥʘʣʠʟʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʘʮʠʝʥʪ ʥʝ 

ʠʩʧʳʪʳʚʘʝʪ ʙʦʣʠ, ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʜʠʩʢʦʤʬʦʨʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʤʠʨʝ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʘʩʪʝʪ ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʦʩʪʘʚʘ ʚʳʜʳʭʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʚ ʢʘʯʝʩʪʚʝ 

ʥʝʠʥʚʘʟʠʚʥʦʛʦ ʤʝʪʦʜʘ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʯʝʯʥʳʭ, ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ, ʙʨʦʥʭʦʣʸʛʦʯʥʳʭ, ʘ ʪʘʢʞʝ 

ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʭ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɺʳʚʦʜʳ ʦ ʥʘʣʠʯʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʟʘʙʦʣʝʚʘʥʠʷ ʠʣʠ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʷ 

ʚʝʱʝʩʪʚ, ʚʳʜʝʣʷʝʤʳʭ ʧʨʠ ʜʳʭʘʥʠʠ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʫʜʝʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʩʝʥʩʦʨʥʳʭ ʩʣʦʸʚ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʘʮʝʪʦʥʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʙʠʦʤʘʨʢʝʨʦʤ ʜʠʘʙʝʪʘ [207,208]. 

ʇʨʠ ʵʪʦʤ ʨʘʙʦʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʘʢʠʭ ʛʘʟʦʚ, ʢʘʢ ʘʤʤʠʘʢ ʠ ʩʝʨʦʚʦʜʦʨʦʜ, ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʤʤʠʘʢʘ ʙʦʣʝʝ 1 ppm ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʯʝʯʥʫʶ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʧʨʠ ʥʝʬʨʠʪʘʭ, 

ʘʪʝʨʦʩʢʣʝʨʦʟʝ ʧʦʯʝʯʥʳʭ ʘʨʪʝʨʠʡ, ʪʦʢʩʠʯʝʩʢʠʭ ʧʦʨʘʞʝʥʠʷʭ ʧʦʯʝʢ [209]. ʊʝʩʪ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʘʤʤʠʘʢʘ ʚ ʚʳʜʳʭʘʝʤʦʤ ʚʦʟʜʫʭʝ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʛʝʤʦʜʠʘʣʠʟʘ ʧʨʠ ʦʩʪʨʦʡ ʠʣʠ ʭʨʦʥʠʯʝʩʢʦʡ ʧʦʯʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ [210]. ʂʣʠʥʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʥʘʨʫʞʝʥʠʷ H2S ʧʨʠ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʚʢʣʶʯʘʷ ʧʥʝʚʤʦʥʠʶ, 

ʤʫʢʦʚʠʩʮʠʜʦʟ ʠ ʘʩʪʤʫ. ʉʝʨʦʚʦʜʦʨʦʜ ʧʨʠʟʥʘʥ ʪʨʝʪʴʠʤ ʚʘʞʥʳʤ ʙʠʦʤʘʨʢʝʨʦʤ ʘʩʪʤʳ ʠ 

ʭʨʦʥʠʯʝʩʢʦʡ ʦʙʩʪʨʫʢʪʠʚʥʦʡ ʙʦʣʝʟʥʠ ʣʝʛʢʠʭ (ʍʆɹʃ), ʧʦʤʠʤʦ ʦʢʩʠʜʘ ʘʟʦʪʘ ʠ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

[211ï213]. ʋ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʟʘʙʦʣʝʚʘʥʠʡ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ H2S ʚ ʚʳʜʳʭʘʝʤʦʤ ʚʦʟʜʫʭʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 1,2 ppm [214], ʘ ʧʨʝʚʳʰʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ ʤʦʞʝʪ ʪʘʢʞʝ ʫʢʘʟʳʚʘʪʴ ʥʘ ʛʘʣʠʪʦʟ [215]. 



38 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʩʝʥʩʦʨʦʚ NH3 ʠ H2S, ʨʘʙʦʪʘʶʱʠʭ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. 

1.5.1. ʉʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ CNT ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ 

ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴ ʠʭ ʩʚʦʡʩʪʚʘ, ʧʨʠʚʦʜʠʪʴ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʣʠ 

ʫʤʝʥʴʰʝʥʠʶ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʲʸʤʘ ʧʦʨ ʠʣʠ ʢ ʠʟʤʝʥʝʥʠʶ ʪʠʧʘ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʩʪʨʫʢʪʫʨ [33]. ʕʪʠ ʠʟʤʝʥʝʥʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ, ʢʘʢ ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʚʨʝʤʝʥʘ ʦʪʢʣʠʢʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [216] 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ SWCNT, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 4-

(ʛʝʢʩʘʬʪʦʨ-2-ʛʠʜʨʦʢʩʠʠʟʦʧʨʦʧʠʣ)ʘʥʠʣʠʥʦʤ, ʥʘ ʜʠʤʝʪʠʣʤʝʪʠʣʬʦʩʬʦʥʘʪ (24 ppm) ʙʳʣ ʚ 3,7 

ʨʘʟʘ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʥʩʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. ʊʘʢʞʝ 

ʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ ʫʣʫʯʰʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʩʣʦʝʚ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʦʪʢʣʠʢʘ ʥʘ ʧʘʨʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʛʝʢʩʘʥ, ʪʦʣʫʦʣ, ʙʝʥʟʦʣ, ʵʪʘʥʦʣ, 

ʜʠʭʣʦʨʤʝʪʘʥ, ʘ ʪʘʢʞʝ ʧʘʨʳ ʚʦʜʳ. ʆʪʤʝʯʘʣʦʩʴ ʧʦʥʠʞʝʥʠʝ ʚʨʝʤʝʥ ʦʪʢʣʠʢʘ (192 ʩ) ʠ 

ʨʝʛʝʥʝʨʘʮʠʠ (90 ʩ), ʫʣʫʯʰʠʣʘʩʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʦʪʢʣʠʢʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʠʟʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʠʤʝʪʠʣʤʝʪʠʣʬʦʩʬʦʥʘʪʘ. ɺ ʨʘʙʦʪʝ A. Gorshkova ʠ ʜʨ. [217] ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ SWCNT ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʣʠ ʬʝʨʤʝʥʪʦʤ N-

ʙʝʥʟʠʣʦʢʩʠʢʘʨʙʦʥʠʣʛʣʠʮʠʥʦʤ (Z-Gly-OH). ɹʳʣ ʠʟʤʝʨʝʥ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʥʘ NO2 ʚ 

ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 20 ʜʦ 70 ppm. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ NO2 70 ppm ʚʨʝʤʷ ʦʪʢʣʠʢʘ 

ʩʦʩʪʘʚʠʣʦ 88ʩ, ʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʝʥʩʦʨʘ ï 26,58%. ʉʝʥʩʦʨ ʥʘ SWCNT/Z-Gly-OH 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʣʫʯʰʠʝ ʩʝʥʩʦʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ), ʯʝʤ 

ʠʩʭʦʜʥʳʝ SWCNT. ʅʘʫʯʥʘʷ ʛʨʫʧʧʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ Liang Feng ʧʦʣʫʯʠʣʘ ʩʝʥʩʦʨ ʥʘ ʦʩʥʦʚʝ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʜʦʬʘʤʠʥʦʤ (ʇɼɸ) ʠ ʧʦʢʨʳʪʳʭ 

ʧʦʣʠʘʥʠʣʠʥʦʤ (ʇɸʅʀ) [218]. ʉʝʥʩʦʨ ʦʙʣʘʜʘʣ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ  ʁʢ NH3 ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 0,5 ʜʦ 20 ppm ʩ ʧʨʝʜʝʣʦʤ ʦʙʥʘʨʫʞʝʥʠʷ 38 ppb, ʘ ʪʘʢʞʝ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʢ ʧʘʨʘʤ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʁʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʋʯʠʪʳʚʘʷ ʘʨʦʤʘʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʨʷʜʘ ʢʨʘʩʠʪʝʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʘʪʦʤʳ, 

ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ CNT-ʢʨʘʩʠʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʜʩʦʨʙʮʠʦʥʥʦ-

ʨʝʟʠʩʪʠʚʥʳʭ ʩʝʥʩʦʨʘʭ. ʅʘʧʨʠʤʝʨ, ʪʠʘʟʠʥʦʚʳʡ ʢʨʘʩʠʪʝʣʴ (ʥʝʡʪʨʘʣʴʥʳʡ ʢʨʘʩʥʳʡ (NR)) ʠʤʝʝʪ 

ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʢʦʣʴʮʦ ʩ ʘʤʠʥʦʛʨʫʧʧʦʡ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʜʠʘʟʦʪʠʨʦʚʘʥʦ ʠ ʢʦʚʘʣʝʥʪʥʦ 

ʧʨʠʩʦʝʜʠʥʝʥʦ ʢ ʙʦʢʦʚʳʤ ʩʪʝʥʢʘʤ CNT [219]. ʇʨʠʰʠʪʳʡ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʢʨʘʩʠʪʝʣʴ ʩʦʜʝʨʞʠʪ 

ʛʝʪʝʨʦʘʪʦʤʳ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 
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ʩʦʝʜʠʥʝʥʠʡ (ʃʆʉ). ʇʦʢʘʟʘʥʦ, ʯʪʦ CNT-NR ʦʙʣʘʜʘʣ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʘʮʝʪʦʥʫ ʩ ʩʝʥʩʦʨʥʳʤ ʦʪʢʣʠʢʦʤ 7,14% ʥʘ 1000 ppm ʘʮʝʪʦʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʚʨʝʤʝʥʝʤ ʦʪʢʣʠʢʘ ʠ ʨʝʛʝʥʝʨʘʮʠʠ 47 ʠ 49 ʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʨʫʛʠʤ ʢʣʘʩʩʦʤ ʩʦʝʜʠʥʝʥʠʡ-ʧʠʛʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʧʦʨʬʠʨʠʥʳ. ʇʦʨʬʠʨʠʥʳ ʷʚʣʷʶʪʩʷ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʚʳʙʦʨʦʤ ʢʘʢ ʜʣʷ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ CNT, ʪʘʢ ʠ ʜʣʷ 

ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. ʇʦʨʬʠʨʠʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʘʭ, ʦʜʥʘʢʦ ʚʚʠʜʫ ʥʠʟʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʨʬʠʨʠʥʳ ʷʚʣʷʶʪʩʷ ʧʣʦʭʠʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʨʝʟʠʩʪʠʚʥʳʭ ʩʝʥʩʦʨʦʚ. 

ʇʦʣʫʯʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʧʦʨʬʠʨʠʥʦʚ ʧʦʤʦʛʘʝʪ 

ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʠʭ ʥʠʟʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʆʜʥʘʢʦ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʘ ʥʝʚʳʩʦʢʦʡ [143,168,220]. 

ʉʨʝʜʠ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ CNT ʷʚʣʷʶʪʩʷ ʬʪʘʣʦʮʠʘʥʠʥʳ ʤʝʪʘʣʣʦʚ. 

1.5.2. ʉʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ CNT ʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ 

ʤʝʪʘʣʣʦʚ 

ʌʪʘʣʦʮʠʘʥʠʥʳ ʤʝʪʘʣʣʦʚ (MPc) ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʤʘʢʨʦʮʠʢʣʝ ʦʥʠ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʩʚʦʡʩʪʚʘ 

ʢʘʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ p-, ʪʘʢ ʠ n-ʪʠʧʘ. ʀʥʪʝʨʝʩʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʪʘʢʠʝ ʢʘʢ ʠʭ ʚʳʩʦʢʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʚʳʜʝʣʷʶʪ ʠʭ 

ʥʘ ʬʦʥʝ ʜʨʫʛʠʭ ʧʨʦʚʦʜʷʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʘʢʦ ʚʳʩʦʢʦʝ ʫʜʝʣʴʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʟʮʘ 0,10 ɻOʤ) ʧʣʸʥʦʢ MPc ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʥʩʦʨʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʥʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʠʭ ʦʩʥʦʚʝ [221]. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʝʦʜʦʣʝʪʴ ʜʘʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ, ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʠ ʚʳʩʦʢʦʧʨʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ ʠʣʠ ʧʨʦʠʟʚʦʜʥʳʭ ʛʨʘʬʝʥʘ. ʌʪʘʣʦʮʠʘʥʠʥʳ ʧʨʦʷʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʡ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʘʢ ʩ 

ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ, ʪʘʢ ʠ ʩ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʛʘʟʘʤʠ [222]. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ 

ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʩ ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ 

ʤʝʪʘʣʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʩʣʦʸʚ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʪʘʢʠʝ ʛʘʟʳ, ʢʘʢ 

NH3 [44,223,224], H2S [225], NOx [226], SO2 [226], Cl2 [227] ʠ ʧʘʨʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

[225,228ï230]. 



40 
 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [231] ʧʦʣʫʯʠʣʠ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʩʪʝʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (MWCNT) ʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʢʦʙʘʣʴʪʘ ʠ ʤʝʜʠ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʥʘ ʧʘʨʳ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 50 ppm. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʅ2ʆ2 ʚ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʷʯʝʡʢʫ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚʦʟʨʘʩʪʘʣʦ, ʘ ʚʝʣʠʯʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʜʣʷ MWCNT/CoPc ʠ 

MWCNT/CuPc ʩʦʩʪʘʚʠʣʘ 3,8 ʠ 24,2% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʝʥʩʦʨʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʦʙʨʘʪʠʤʳʝ 

ʦʪʢʣʠʢʠ ʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʤʘʣʳʤʠ ʚʨʝʤʝʥʘʤʠ ʨʝʛʝʥʝʨʘʮʠʠ (ʦʢʦʣʦ 3-ʭ ʩʝʢʫʥʜ). ʆʜʥʘʢʦ ʚ 

ʨʘʙʦʪʝ ʥʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʩʝʥʩʦʨʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʘ ʪʘʢʞʝ 

ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʩʪʝʧʝʥʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ MWCNT ʤʦʣʝʢʫʣʘʤʠ ʬʪʘʣʦʮʠʘʥʠʥʘ. 

ʅʘ ʦʩʥʦʚʝ ʬʪʘʣʦʮʠʘʥʠʥʘ ʩʚʠʥʮʘ ʠ ʤʥʦʛʦʩʪʝʥʥʳʭ ʠ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ, ʩʦʜʝʨʞʘʱʠʭ ïCOOH ʛʨʫʧʧʳ, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ 

PbPc/MWCNT-COOH ʠ PbPc/SWCNT-COOH [232]. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ 

ʥʘ NH3 ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 3 ʜʦ 80 ppm ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʦʪʢʣʠʢ ʥʘʙʣʶʜʘʣʩʷ 

ʜʣʷ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʤʥʦʛʦʩʪʝʥʥʳʤʠ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ PbPc/MWCNT-

COOH. ʕʪʠ ʩʣʦʠ ʠʤʝʣʠ ʭʦʨʦʰʫʶ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʤʤʠʘʢʘ 10 ppm, ʚʨʝʤʷ ʨʝʛʝʥʝʨʘʮʠʠ ʦʪʢʣʠʢʘ ʩʦʩʪʘʚʣʷʣʦ ʦʪ 15 ʜʦ 35 ʤʠʥʫʪ ʜʣʷ ʟʘʜʘʥʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʠʘʢʘ ʦʪ 5 ʜʦ 80 ppm. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʝʥʩʦʨʦʚ ʥʘ ʩʝʨʦʚʦʜʦʨʦʜ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ H. Wu ʠ ʜʨ. [233] 

ʧʦʣʫʯʘʣʠ ʤʘʪʝʨʠʘʣʳ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʪʝʪʨʘ-ɓ-

ʢʘʨʙʦʢʩʠʬʝʥʠʣʦʢʩʠʬʪʘʣʦʮʠʘʥʠʥʦʤ ʢʦʙʘʣʴʪʘ(II)  (cPcCo-B). ʉʝʥʩʦʨʳ cPcCo-B-aCNT ʦʙʣʘʜʘʣʠ 

ʧʦʨʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʠʭ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩ ʧʨʝʜʝʣʦʤ 

ʦʙʥʘʨʫʞʝʥʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ 5 ppb. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [230] ʧʦʣʫʯʠʣʠ ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʛʠʙʨʠʜʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ 

ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʪʝʪʨʘʟʘʤʝʱʸʥʥʦʛʦ ʬʪʘʣʦʮʠʘʥʠʥʘ ʢʦʙʘʣʴʪʘ ʩ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ -CONHC6H5(CF3)2(OH). ʀʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʥʩʦʨʥʦʛʦ 

ʦʪʢʣʠʢʘ ʩʣʦʸʚ ʛʠʙʨʠʜʥʦʛʦ ʥʘʥʦʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʘʨʳ ʜʠʤʝʪʠʣʤʝʪʠʣʬʦʩʬʦʥʘʪʘ 

(DMMP). ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʬʝʥʠʣʴʥʦʡ ʠ ʛʝʢʩʘʬʪʦʨʠʟʦʧʨʦʧʘʥʦʣʴʥʦʡ ʛʨʫʧʧ 

ʚ ʩʦʩʪʘʚ ʟʘʤʝʩʪʠʪʝʣʝʡ ʬʪʘʣʦʮʠʘʥʠʥʘ ʢʦʙʘʣʴʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʧʦʣʫʯʘʝʤʳʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʣʫʯʰʘʝʪʩʷ ʘʜʩʦʨʙʮʠʷ ʤʦʣʝʢʫʣ ʬʪʘʣʦʮʠʘʥʠʥʘ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʪʨʫʙʦʢ, ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ. ʇʦ ʜʘʥʥʳʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ 

ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ, ʯʪʦ ʤʦʣʴʥʘʷ ʜʦʣʷ ʬʪʘʣʦʮʠʘʥʠʥʘ ʚ ʛʠʙʨʠʜʥʦʤ ʤʘʪʝʨʠʘʣʝ ʩʦʩʪʘʚʣʷʣʘ 0,4%, ʘ 

ʧʦ ʩʜʚʠʛʫ RBM (radial breathing modes) ʤʦʜ ʚ ʂʈ-ʩʧʝʢʪʨʘʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʦʩ ʚ ʩʧʝʢʪʨʝ ʠʩʭʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʙʳʣʦ 
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ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘʣʠʯʠʝ ˊ- -́ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʥʘʥʦʪʨʫʙʦʢ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʘʢʪʠʚʥʳʭ ʩʣʦʸʚ ʩʝʥʩʦʨʦʚ ʙʣʘʛʦʜʘʨʷ ʩʦʟʜʘʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ 

ʘʜʩʦʨʙʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥ ʨʷʜ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʫʚʝʣʠʯʝʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʛʘʟʘʤ-ʘʥʘʣʠʪʘʤ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʝʥʩʦʨʥʳʡ 

ʦʪʢʣʠʢ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ MPc/CNT ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʩʪʝʧʝʥʴʶ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʪʦ ʝʩʪʴ 

ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʤʦʣʝʢʫʣ MPc, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ CNT [234,235]. ʏʝʤ ʙʦʣʴʰʝ 

ʩʪʝʧʝʥʴ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʝʤ ʚʳʰʝ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠ ʫʣʫʯʰʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʩ 

ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʧʨʠʙʝʛʘʶʪ ʢ ʨʘʟʣʠʯʥʳʤ ʩʧʦʩʦʙʘʤ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ CNT, ʩʦʜʝʨʞʘʱʠʭ ʜʝʬʝʢʪʳ ʉʪʦʫʥʘ-ʋʵʡʣʩʘ [236,237]. ɺ ʯʘʩʪʥʦʩʪʠ, Basiuk ʩ 

ʩʦʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʣʠ [237], ʯʪʦ ʬʪʘʣʦʮʠʘʥʠʥ H2Pc ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢʠʭ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʩʠʣʴʥʝʝ, ʯʝʤ ʥʘ ʠʩʭʦʜʥʳʭ ʙʝʟʜʝʬʝʢʪʥʳʭ ʥʘʥʦʪʨʫʙʢʘʭ. ʇʨʦʯʥʦʩʪʴ 

ʩʚʷʟʠ MPc-CNT ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 2,01-6,31 ʢʢʘʣ/ʤʦʣʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʨʘʣʴʥʦʩʪʠ CNT ʠ 

ʦʨʠʝʥʪʘʮʠʠ ʜʝʬʝʢʪʦʚ. ɼʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʙʝʛʘʶʪ ʢ ʚʚʝʜʝʥʠʶ ʚ ʤʘʢʨʦʮʠʢʣ MPc ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʝʥʘ (py) [238]. Bartelmess ʠ ʩʦʘʚʪʦʨʳ [239] 

ʠʩʧʦʣʴʟʦʚʘʣʠ H2Pc ʠ MPc ʩ ʧʠʨʝʥʦʚʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘʰʝʡ 

ʥʘʫʯʥʦʡ ʛʨʫʧʧʳ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʥʘ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʥʘ 

ʘʤʤʠʘʢ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ CNT ʠ ʩʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʸʥʥʦʛʦ ʬʪʘʣʦʮʠʘʥʠʥʘ 

ʮʠʥʢʘ (ZnPc) ʩ ʧʦʣʠʦʢʩʠʵʪʠʣʝʥʦʚʳʤʠ ʮʝʧʷʤʠ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʝʥʥʦʛʦ ZnPʩ-Py, 

ʩʦʜʝʨʞʘʱʠʤ ʦʜʠʥ ʧʠʨʝʥʦʚʳʡ ʟʘʤʝʩʪʠʪʝʣ ɹ ʚʤʝʩʪʦ ʦʜʥʦʛʦ ʧʦʣʠʦʢʩʠʵʪʠʣʝʥʦʚʦʛʦ [240]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ZnPc-Py ʩʠʣʴʥʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ SWCNT, ʯʝʤ ZnPc ʙʝʟ ʧʠʨʝʥʦʚʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ. ʋʩʠʣʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ ʘʤʤʠʘʢ.  

ɽʱʸ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʫʣʫʯʰʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ 

ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʣʝʢʫʣʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [235] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ CNT ʩ ʪʨʝʪ-ʙʫʪʠʣʟʘʤʝʱʸʥʥʳʤ ʬʪʘʣʦʮʠʘʥʠʥʦʤ ʮʠʥʢʘ ZnPc(tBu)4 ʢ 

ʛʠʙʨʠʜʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʥʘʬʪʘʣʦʮʠʘʥʠʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ZnNc(tBu)4 

ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ CNT ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʝʥʩʦʨʘ ʢ 

ʘʤʤʠʘʢʫ. 

https://www.sciencedirect.com/topics/chemistry/chirality
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ɺ ʪʘʙʣ. 1 ʜʣʷ ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʘʤʤʠʘʢ ʥʘ ʦʩʥʦʚʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ ʠ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ ʤʝʪʘʣʣʦʚ. ʊʘʢʠʝ ʩʝʥʩʦʨʳ 

ʦʙʣʘʜʘʶʪ ʜʦʚʦʣʴʥʦ ʥʠʟʢʠʤʠ ʧʨʝʜʝʣʘʤʠ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʤʘʣʳʤʠ ʚʨʝʤʝʥʘʤʠ ʦʪʢʣʠʢʘ ʠ 

ʨʝʛʝʥʝʨʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʛʠʙʨʠʜʘʤʠ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ, ʦʢʩʠʜʘʤʠ ʠ ʧʦʣʠʤʝʨʘʤʠ. 

ʊʘʙʣʠʮʘ 1 

ʇʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʘʤʤʠʘʢʘ, ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʩʣʦʸʚ ʫʛʣʝʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ ʤʝʪʘʣʣʦʚ ʠ ʧʦʣʠʤʝʨʘʤʠ 

ʏʫʚʩʪʚʠʪʝʣʴʥʳ

ʝ ʩʣʦʠ 

ʇʨʝʜʝʣ 

ʦʙʥʘʨʫʞʝʥʠʷ, ppm 

ʃʠʥʝʡʥʳʡ 

ʜʠʘʧʘʟʦʥ, ppm 

ɺʨʝʤʷ ʦʪʢʣʠʢʘ / 

ʨʝʛʝʥʝʨʘʮʠʠ, ʩ 
ʉʩʳʣʢʘ 

GO/CoPc 0.8 0.8ï50 50 / 350 (50 ppm) [241] 

rGO/CuPc 0.8 0.8ï50 50 / 250 (50 ppm) [242] 

G/PEDOT-PSS 10 5ï20 138 / 63 (200 ppm) [243] 

SWCNT ʩ ʪʝʪʨʘ-

Ŭ-(2,2,4-

ʪʨʠʤʝʪʠʣ-3-

ʧʝʥʪʠʣʦʢʩʠ)-

ʬʪʘʣʦʮʠʘʥʠʥʦʤ 

ʤʝʜʠ(II ) 

0.15  0.15-40 
ι500/~200 (2.5 

ppm) 
[244] 

SWCNT/CuPc - 5-40  120 / - [44] 

MWCNT ʩ 

ʪʝʪʨʘ-Ŭ-

ʠʟʦʧʝʥʪʠʣʦʢʩʠ-

ʬʪʘʣʦʮʠʘʥʠʥʦʤ 

ʤʝʜʠ(II) 

0.75  
0.6-5 

10-30 
360 /180 (10 ppm) [245] 

GO ʩ ʪʝʪʨʘ-ɓ-

ʘʤʠʥʦ-

ʬʪʘʣʦʮʠʘʥʠʥʦʤ 

ʢʦʙʘʣʴʪʘ(II ) 

0.8 
0.8-50 

100-800 
-/350 (50 ppm) [241] 

SWCNT/FO-N-

PA 
0.076 1-50 28 / 133 (1 ppm) [138] 

PET-NH2-

MWCNTs/PANI  
1,1 33-100 47 / - (50 ppm) [246] 

ʇʨʠʤʝʯʘʥʠʝ: GO ï ʦʢʩʠʜ ʛʨʘʬʝʥʘ, rGO ï ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʦʢʩʠʜ ʛʨʘʬʝʥʘ, G - ʛʨʘʬʝʥ, 

PEDOT-PSS - ʧʦʣʠ(3,4-ʵʪʠʣʝʥʜʠʦʢʩʠʪʠʦʬʝʥ)-ʧʦʣʠ(ʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪ), FO-N-PA ï ʧʦʣʠ-[9, 9-
ʜʠʦʢʪʠʣʬʣʫʦʨʝʥ-N,Nǋ-(1,4-ʬʝʥʠʣʜʠʤʝʪʠʣ)-ʙʠʩ-(4-ʠʦʜʘʥʠʣʠʥ)], PET ï 

ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ, PANI - ʧʦʣʠʘʥʠʣʠʥ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠʤʝʨʳ ʩʝʥʩʦʨʦʚ ʥʘ ʩʝʨʦʚʦʜʦʨʦʜ ʥʘ ʦʩʥʦʚʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʤʝʪʘʣʣʦʚ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ, ʭʦʪʷ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦʣʠʤʝʨʘʤʠ, ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʤʝʪʘʣʣʦʚ ʠ 
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ʦʢʩʠʜʘʤʠ ʤʝʪʘʣʣʦʚ (ʪʘʙʣ. 2) ʦʙʣʘʜʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʠʝ ʩʝʥʩʦʨʳ ʥʘ ʩʝʨʦʚʦʜʦʨʦʜ ʠʤʝʶʪ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʠʝ ʚʨʝʤʝʥʘ ʦʪʢʣʠʢʘ ʠ 

ʨʝʛʝʥʝʨʘʮʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʟʫʯʝʥʠʝ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ 

ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʤʝʪʘʣʣʦʚ, 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʊʘʙʣʠʮʘ 2 

ʇʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʩʣʦʝʚ 

ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʘʤʠ ʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʠʣʠ 

ʦʢʩʠʜʘʤʠ ʤʝʪʘʣʣʦʚ 

ʏʫʚʩʪʚʠʪʝʣʴʥʳʝ 

ʩʣʦʠ 

ʇʨʝʜʝʣ 

ʦʙʥʘʨʫʞʝʥʠʷ, 

ppm 

ʃʠʥʝʡʥʳʡ 

ʜʠʘʧʘʟʦʥ, 

ppm 

ʈʘʙʦʯʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, 

C̄ 

ɺʨʝʤʷ ʦʪʢʣʠʢʘ / 

ʨʝʛʝʥʝʨʘʮʠʠ, ʩ 

ʉʩʳʣʢʘ 

SWCNT-P4VP-

Pt-POM3 

0.014 0.25-10 ʂʦʤʥʘʪʥʘʷ 250 / 750 (100 

ppm) 

[138] 

SWCNT-

TEMPO 

5 5-200 ʂʦʤʥʘʪʥʘʷ 60 / 6000 (10 

ppm) 

[247] 

G /Ag 0.1 0.1-50 60 360 / 20 (0,5 ppm) [248] 

SWCNT/AuNP 0.003 0.02-0.16 ʂʦʤʥʘʪʥʘʷ 300 / -(0,2 ppm) [249] 

SWCNT 10 10-60 90 300 / 300 

(100 ppm) 

[250] 

rGO / h-WO3 0.01 0.01-40 330 7 / 55 (10 ppm) [251] 

CNTs/SnO2/CuO <10 10-80 ʂʦʤʥʘʪʥʘʷ 240 / 6000 

(40 ppm) 

[252] 

ʇʨʠʤʝʯʘʥʠʝ: P4VP-Pt ï ʧʦʣʠ(4-ʚʠʥʠʣʧʠʨʠʜʠʥ), POM3 ï H6[PV3Mo9O40] , TEMPO ï 
2,2,6,6-ʪʝʪʨʘʤʝʪʠʣʧʠʧʝʨʠʜʠʥ-1-ʦʢʩʠʣ, AuNP ï ʥʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ, h-WO3 ï ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ 

ʥʘʥʦʣʠʩʪʳ WO3. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʦʯʝʪʘʥʠʝ ʩʚʦʡʩʪʚ ʥʘʥʦʫʛʣʝʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʢʚʘʟʠʦʜʥʦʤʝʨʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ, ʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ) ʠ MPc (ʚʳʩʦʢʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʛʘʟʘʤ-ʘʥʘʣʠʪʘʤ) ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ ʘʜʩʦʨʙʮʠʦʥʥʦ-

ʨʝʟʠʩʪʠʚʥʳʭ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [253,254]. ʂʨʦʤʝ ʪʦʛʦ, 

ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʤʦʛʫʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ 3D ʩʪʨʫʢʪʫʨʳ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʠ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʤʦʣʝʢʫʣʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʛʘʟʘʤ-ʘʥʘʣʠʪʘʤ, ʥʘʧʨʠʤʝʨ, ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ, ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʝʥʩʦʨʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ɺʳʩʦʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ. 
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1.6. ʇʨʠʨʦʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ CNT/MPc ʩ ʤʦʣʝʢʫʣʘʤʠ 

ʘʥʘʣʠʪʦʚ 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʩʝʣʝʢʪʠʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ 

ʤʝʭʘʥʠʟʤ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ CNT/MPc ʠ ʧʨʠʨʦʜʫ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʤʦʣʝʢʫʣʘʤʠ ʛʘʟʦʚ-ʘʥʘʣʠʪʦʚ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʤʝʭʘʥʠʟʤʘ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ [255,256]. ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʩʩʳʣʘʷʩʴ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʜʘʶʪ ʣʠʰʴ 

ʫʤʦʟʨʠʪʝʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʤʝʭʘʥʠʟʤʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʝʨʝʥʦʩʝ ʟʘʨʷʜʘ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʡ ʠʣʠ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʡ ʤʦʣʝʢʫʣʦʡ ʘʥʘʣʠʪʘ ʠ ʤʦʣʝʢʫʣʘʤ 

ʬʪʘʣʦʮʠʘʥʠʥʘ, ʥʘʭʦʜʷʱʠʤʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ CNT, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʣʠ 

ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʢʪʠʚʥʦʛʦ 

ʩʣʦʷ [241,257ï259]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʵʪʠ ʚʳʚʦʜʳ ʥʝ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥ r ʥʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʥʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʘʩʯʸʪʘʤʠ.  

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ CNT-MPc, 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʠʨʦʜʫ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʧʣʸʥʢʘʭ MPc. ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

ʥʝʢʦʪʦʨʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʩʣʠʰʢʦʤ ʙʦʣʴʰʘ ̫ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʭ ʧʣʝʥʢʠ ʦʙʣʘʜʘʣʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ 300 ʂ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʥʝʣʝʛʠʨʦʚʘʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10-10 ʜʦ 10-12 ʆʤ-1ʩʤ-1 [260]. 

ʃʝʛʠʨʦʚʘʥʠʝ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʢʠʩʣʦʨʦʜʦʤ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪ ʧʨʦʚʦʜʠʤʦʩʪʴ ʜʦ ʫʨʦʚʥʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʨʫʛʠʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚʦ 

ʬʪʘʣʦʮʠʘʥʠʥʘʭ ʤʝʪʘʣʣʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ, ʪʘʢʞʝ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʠʭ 

ʧʨʦʚʦʜʠʤʦʩʪʠ [261,262]. 

ʂʠʩʣʦʨʦʜ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʣʝʛʠʨʫʶʱʘʷ ʧʨʠʤʝʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʝʜʫʶʱʝʛʦ ʧʨʦʮʝʩʩʘ: 

MPc, O2 Ÿ MPc+, ὕϽŸh+ + MPc, ὕϽ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʠʣʠ ʧʨʠʣʦʞʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʥʘʷ 

ʨʝʘʢʮʠʷ: 

MPc, ὕ Ͻ  MPc + e-. 

ɼʣʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʸʥʦʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ O2 ʥʘʭʦʜʠʪʩʷ ʪʦʣʴʢʦ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʚʦʟʜʫʭ/MPc ʠ ʥʘ ʛʨʘʥʠʮʘʭ ʟʸʨʝʥ, ʧʦʩʢʦʣʴʢʫ ʚ ʢʨʠʩʪʘʣʣʠʪʘʭ ʤʦʣʝʢʫʣʳ MPc ʧʣʦʪʥʦ 

ʫʧʘʢʦʚʘʥʳ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʢʠʩʣʦʨʦʜʘ [261,262]. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ O2 ʩ MPc ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʚʦʟʜʫʭ/MPc ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʯʘʩʪʠʮ MPc+ ʠ O2- ʠ ʧʝʨʝʥʦʩʫ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ (ʜʳʨʦʢ, h) ʧʦ ʚʩʝʤʫ ʦʙʲʸʤʫ 
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ʤʘʪʝʨʠʘʣʘ [263,264]. ʆʙʨʘʟʦʚʘʥʠʝ MPc+ÖὕϽ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʥʝʩʢʦʣʴʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ) [265,266]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʯʠʪʘʶʪ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʠʩʣʦʨʦʜʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʳʡ ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ, ʥʦ ʩʫʱʝʩʪʚʫʝʪ ʠ ʜʨʫʛʦʝ ʤʥʝʥʠʝ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ O2 

ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʤʦʩʪʠʢʦʚʳʭ ʘʪʦʤʘʭ ʘʟʦʪʘ [267ï269]. ɸʜʩʦʨʙʠʨʦʚʘʥʥʳʡ ʢʠʩʣʦʨʦʜ ʟʘʥʠʤʘʝʪ 

ʣʠʰʴ ʯʘʩʪʴ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʥʘ ʧʣʸʥʢʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʛʘʟʘʤʠ-ʘʥʘʣʠʪʘʤʠ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʜʚʫʤ ʧʫʪʷʤ. ʄʦʣʝʢʫʣʳ ʛʘʟʦʚ-ʘʥʘʣʠʪʦʚ ʤʦʛʫʪ ʣʠʙʦ ʩʚʷʟʳʚʘʪʴʩʷ ʩʦ 

ʩʚʦʙʦʜʥʳʤʠ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʣʠʙʦ ʟʘʤʝʱʘʪʴ O2 ʥʘ ʫʞʝ ʟʘʥʷʪʳʭ ʠʤ 

ʮʝʥʪʨʘʭ ʘʜʩʦʨʙʮʠʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʘʜʩʦʨʙʮʠʷ ʤʦʣʝʢʫʣ ʘʥʘʣʠʪʘ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤ ʘʪʦʤʝ MPc, ʥʦ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʤʦʣʝʢʫʣʘ 

ʘʥʘʣʠʪʘ ʤʦʞʝʪ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʤʘʢʨʦʮʠʢʣʝ ʬʪʘʣʦʮʠʘʥʠʥʘ ʠʣʠ ʝʛʦ ʟʘʤʝʩʪʠʪʝʣʷʭ [270]. 

ɺ ʧʣʸʥʢʝ ʬʪʘʣʦʮʠʘʥʠʥʘ ʤʝʪʘʣʣʘ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʝʩʢʦʣʴʢʠʤʠ 

ʩʧʦʩʦʙʘʤʠ: ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʚʥʫʪʨʠ ʦʜʥʦʡ ʤʦʣʝʢʫʣ r MPc, ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚ ʩʪʦʧʢʝ, 

ʧʝʨʝʩʢʦʢ (ʧʨʳʞʢʦʚʳʡ ʤʝʭʘʥʠʟʤ) ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʦʧʢʘʭ [271]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʣʦʞʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʢʣʘʜ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ 

ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ. 

ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʥʘ ʩʠʣʴʥʳʝ ʦʢʠʩʣʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʭʣʦʨ, ʦʟʦʥ ʠ ʜʠʦʢʩʠʜ ʘʟʦʪʘ, ʧʨʝʜʣʘʛʘʶʪ 

ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ. ʄʦʣʝʢʫʣʳ ʵʪʠʭ ʛʘʟʦʚ ʟʘʭʚʘʪʳʚʘʶʪ ʵʣʝʢʪʨʦʥ ʩ ʤʦʣʝʢʫʣʳ 

ʬʪʘʣʦʮʠʘʥʠʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʟʘʨʷʜʘ ʚ ʧʣʝʥʢʝ ʠ ʠʟʤʝʥʝʥʠʶ ʝʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚ ʩʣʫʯʘʝ ʧʣʝʥʦʢ ʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʢʦʪʦʨʳʝ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ p-ʪʠʧʘ, ʘ ʥʦʩʠʪʝʣʝʤ ʟʘʨʷʜʘ ʷʚʣʷʝʪʩʷ ʜʳʨʢʘ (h+), ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʛʘʟʘʤʠ-

ʦʢʠʩʣʠʪʝʣʷʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʇʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʛʘʟʦʚ 

ʪʘʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ, ʪʘʢ ʢʘʢ ʩʠʣʴʥʳʝ ʦʢʠʩʣʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ 

ʦʟʦʥ, ʭʣʦʨ ʠ NO2, ʤʦʛʫʪ ʦʢʠʩʣʷʪʴ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʝ ʢʦʣʴʮʦ [272]. ʇʨʦʚʦʜʠʤʦʩʪʴ ʧʣʝʥʦʢ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʢʦʪʦʨʳʝ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ p-ʪʠʧʘ, ʧʦʥʠʞʘʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʛʘʟʦʚ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʘʤʤʠʘʢ ʠʣʠ ʘʤʠʥʳ, ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʙʲʷʩʥʷʝʪʩʷ 

ʨʝʢʦʤʙʠʥʘʮʠʝʡ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʭ ʧʘʨ ʧʨʠ ʦʪʜʘʯʝ ʵʣʝʢʪʨʦʥʘ ʤʦʣʝʢʫʣʦʡ ʘʥʘʣʠʪʘ. 

ʇʦʥʠʞʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʣʝʥʦʢ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʠ ʚ ʘʪʤʦʩʬʝʨʝ ʰʠʨʦʢʦʛʦ 

ʨʷʜʘ ʧʘʨʦʚ, ʘ ʠʤʝʥʥʦ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʘʮʝʪʦʥʘ, ʪʨʠʤʝʪʠʣʬʦʩʬʘʪʘ ʠ ɼʄʉʆ, ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʶʪʩʷ 

ʩʠʣʴʥʳʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ [273,274].  

Van Ewyk ʠ ʜʨ. ʧʨʝʜʣʦʞʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʤʝʞʜʫ ʬʪʘʣʦʮʠʘʥʠʥʦʤ ʠ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʠʣʠ 
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ʘʢʮʝʧʪʦʨʥʳʤʠ ʛʘʟʘʤʠ [275]. ɸʜʩʦʨʙʮʠʷ ʤʦʣʝʢʫʣ ʛʘʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ 

ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʣʝʛʠʨʦʚʘʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʠʟʤʝʥʷʝʪʩʷ ʟʘʩʝʣʸʥʥʦʩʪʴ ʧʦʪʦʣʢʘ 

ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ [276ï278]. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʩ 

ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʘʚʪʦʨʳ ʥʘʟʳʚʘʶʪ ʚʪʦʨʠʯʥʳʤ ʣʝʛʠʨʦʚʘʥʠʝʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʣʦʷ. 

ʇʝʨʚʠʯʥʳʡ ʧʨʦʮʝʩʩ ʣʝʛʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʣʦʷ ʧʫʪʸʤ ʚʢʣʶʯʝʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʠʦʥʦʚ ʠʣʠ 

ʢʠʩʣʦʨʦʜʘ. ʊʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ (p ʠʣʠ n) ʟʘʚʠʩʠʪ ʦʪ ʧʝʨʚʠʯʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ. ɼʣʷ ʤʘʪʝʨʠʘʣʦʚ 

n-ʪʠʧʘ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʬʪʘʣʦʮʠʘʥʠʥʘ, ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ 

ʘʜʩʦʨʙʮʠʠ ʛʘʟʦʚ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʠ ʩʥʠʞʘʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʘʟʦʚ-ʦʢʠʩʣʠʪʝʣʝʡ [276,277]. 

ʊʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʟʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʢʠʩʣʦʨʦʜʘ 

ʚʦʟʜʫʭʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʦʨʤ ʆ2
ï. ɼʘʣʝʝ ʛʘʟ-ʘʥʘʣʠʪ 

ʣʠʙʦ ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʩʚʦʙʦʜʥʳʭ ʮʝʥʪʨʘʭ, ʣʠʙʦ ʟʘʤʝʱʘʝʪ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʡ ʢʠʩʣʦʨʦʜ. 

ʅʘʧʨʠʤʝʨ, ʘʚʪʦʨʳ ʨʘʙʦʪ [124,279] ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʢʠʩʣʦʨʦʜʘ ʤʦʣʝʢʫʣʘʤʠ 

ʘʤʤʠʘʢʘ ʧʨʦʪʝʢʘʝʪ ʩʣʝʜʫʶʱʘʷ ʨʝʘʢʮʠʷ: 4NH3(ʛ) + 3O2
ï
(ʘʜʩ) Ÿ 2N2(ʛ) + 6H2O(ʛ) + 6eï, ʦʜʥʘʢʦ 

ʘʚʪʦʨʳ ʜʨʫʛʠʭ ʨʘʙʦʪ [280,281] ʩʯʠʪʘʶʪ, ʯʪʦ ʨʝʘʢʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ NO (4NH3(ʛ) + 5O2
ï
(ʘʜʩ) Ÿ 

4NO(ʛ) + 6H2O(ʛ) + 5eï) ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ. ɺ ʧʨʦʮʝʩʩʝ ʟʘʤʝʱʝʥʠʷ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ ʵʣʝʢʪʨʦʥʳ, ʢʦʪʦʨʳʝ ʙʳʩʪʨʦ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʶʪʩʷ, ʠʟʤʝʥʷʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠ ʜʣʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ CNT/MPc. ɺ ʨʘʙʦʪʝ 

[223] ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʪʝʪʨʘ-ɓ-ʪʨʠʬʪʦʨʤʝʪʠʣʬʝʥʦʢʩʠʬʪʘʣʦʮʠʘʥʠʥʘ ʢʦʙʘʣʴʪʘ 

TfmpoPcCo ʥʘ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʛʠʙʨʠʜʘ MCNT/TfmpoPcCo ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʚ 

ʈʌʕʉ ʠ ʠʟʤʝʨʝʥʠʷ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʭ ʢʨʠʚʳʭ. ɺ ʩʧʝʢʪʨʝ 1s O ʛʠʙʨʠʜʦʚ MCNT@PPy/TfmpoPcCo 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʠʢ O2-, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʡ ʠʟ ʚʦʟʜʫʭʘ ʢʠʩʣʦʨʦʜ O2- ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ TfmpoPcCo. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝ ʥʘʧʫʩʢʘ NH3 ʚ ʷʯʝʡʢʫ ʢʦʣʠʯʝʩʪʚʦ 

ʢʠʩʣʦʨʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʣʦʩʴ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʛʠʙʨʠʜʘ MCNT/TfmpoPcCo ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ. ʇʦ 

ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ 

ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʙʳʩʪʨʦʤʫ ʩʝʥʩʦʨʥʦʤʫ ʦʪʢʣʠʢʫ ʠ 

ʩʢʦʨʦʩʪʠ ʨʝʛʝʥʝʨʘʮʠʠ ʩʝʥʩʦʨʘ. ɺʳʩʦʢʠʡ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʥʘ NH3 ʦʙʝʩʧʝʯʠʚʘʣʩʷ ʙʦʣʴʰʦʡ 

ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ MPc ʢ ʘʤʤʠʘʢʫ, 

ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ CNT ʠ ʙʳʩʪʨʳʤ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʤʝʞʜʫ MPc ʠ CNT [282]. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʤʝʭʘʥʠʟʤʘ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦʟʥʠʢʘʝʪ 

ʚʦʧʨʦʩ ʦ ʪʦʤ, ʥʘ ʢʘʢʠʭ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʘʭ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʘʜʩʦʨʙʮʠʷ ʛʘʟʘ-
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ʘʥʘʣʠʪʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʡ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [258,283,284]. ɺ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ CNT-MPc ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʳʭ ʮʝʥʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣʳ 

ʘʥʘʣʠʪʘ ʩ ʤʘʪʝʨʠʘʣʦʤ: CNT, ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʬʪʘʣʦʮʠʘʥʠʥʘ, ʘʪʦʤʳ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʛʦ 

ʤʘʢʨʦʮʠʢʣʘ ʠ ʟʘʤʝʩʪʠʪʝʣʠ ʬʪʘʣʦʮʠʘʥʠʥʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʘʣʠʪʘ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʳʡ ʤʝʪʘʣʣ ʚ ʤʦʣʝʢʫʣʝ ʬʪʘʣʦʮʠʘʥʠʥʘ [283,284]. 

ʅʘʧʨʠʤʝʨ, ʯʪʦʙʳ ʦʙʲʷʩʥʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʦʪ ʧʨʠʨʦʜʳ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʤʝʪʘʣʣʘ, Li ʩ ʩʦʘʚʪʦʨʘʤʠ [241] ʦʮʝʥʠʣʠ ʵʥʝʨʛʠʶ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʪʝʪʨʘ-ɓ-

ʘʤʠʥʦʬʪʘʣʦʮʠʘʥʠʥʘ ʤʝʪʘʣʣʘ(II) aMPc ʠ NH3 ʚ ʛʠʙʨʠʜʥʦʤ ʤʘʪʝʨʠʘʣʝ aMPcïGO ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʝʪʘʣʣʘ (M= Co, Cu, Ni, Fe) ʩ ʧʦʤʦʱʴʶ DFT ʨʘʩʯʝʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʫʥʢʮʠʦʥʘʣʘ CAM-B3LYP ʩ ʥʘʙʦʨʦʤ ʛʠʙʨʠʜʥʳʭ ʙʘʟʠʩʥʳʭ ʥʘʙʦʨʦʚ (LanL2DZ ʜʣʷ ʤʝʪʘʣʣʦʚ ʠ 

6-31g(d) ʜʣʷ H, C ʠ N). ʕʥʝʨʛʠʷ ʩʚʷʟʠ ʫʤʝʥʴʰʘʣʘʩʴ ʚ ʨʷʜʫ Co > Cu > Ni > Fe ʦʪ 21,7 ʜʦ 6,2 

ʢʢʘʣ/ʤʦʣʴ. ɺ ʨʘʙʦʪʝ [282] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

TFPMPc/MWCNT ʩ 2,9,16,23-ʪʝʪʨʘʢʠʩ-(2,2,3,3-ʪʝʪʨʘʬʪʦʨʧʨʦʧʦʢʩʠ)ʬʪʘʣʦʮʠʘʥʠʥʦʤ 

ʤʝʪʘʣʣʘ(II) (TFPMPc, M  = Co, Zn, Cu, Pb, Pd ʠ Ni) ʥʘ ʘʤʤʠʘʢ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ ʧʨʠ ʄ = Co 

> Zn > Cu > Pb > Pd å Ni, ʯʪʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʫʢʘʟʳʚʘʣʦ ʥʘ ʪʦ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʳʡ ʤʝʪʘʣʣ 

ʬʪʘʣʦʮʠʘʥʠʥʘ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʣʦʝʚ CNT/MPc ʢ ʘʤʤʠʘʢʫ. ʆʜʥʘʢʦ 

ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ TFPMPc, ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ 

MWCNT. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʘʥʘʣʠʪʦʚ, ʥʘʧʨʠʤʝʨ ʘʤʤʠʘʢʘ, ʩ 

ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʳʡ ʤʝʪʘʣʣ-ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ, ʦʥʘ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʨʥʳʭ ʤʦʤʝʥʪʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʩʚʷʟʠ 

NH3 ʩ ʥʝʢʦʪʦʨʳʤʠ ʮʝʥʪʨʘʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʫʶ ʩʚʷʟʴ. ʇʨʠ 

ʪʘʢʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʤʝʞʜʫ NH3 ʠ MPc ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʙʳʣ ʙʳ ʥʝʦʙʨʘʪʠʤ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʩʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʨʷʜʝ ʨʘʙʦʪ, ʦʥ 

ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʳʤ [223,245,285]. ɺʦ-ʚʪʦʨʳʭ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʣʝʢʫʣ ʘʤʤʠʘʢʘ ʩ 

ʮʝʥʪʨʘʣʴʥʳʤ ʢʘʪʠʦʥʦʤ ʤʝʪʘʣʣʘ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʤʦʣʝʢʫʣ 

ʘʤʤʠʘʢʘ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʤʝʪʘʣʣʫ ʚ ʤʦʣʝʢʫʣʘʭ ʬʪʘʣʦʮʠʘʥʠʥʘ. ɺ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʢʘʭ 

ʤʦʣʝʢʫʣʳ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʫʧʘʢʦʚʘʥʳ ʚ ʩʪʦʧʢʠ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ 

3,3ï3,4 ¡, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʫʧ ʤʦʣʝʢʫʣ ʘʤʤʠʘʢʘ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʤʝʪʘʣʣʫ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʙʫʜʝʪ 

ʟʘʪʨʫʜʥʝʥ (ʨʘʟʤʝʨ ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ 3,67 ¡ [286]). ɺ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʬʪʘʣʦʮʠʘʥʠʥʳ 

ʪʦʞʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʘʛʨʝʛʘʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʪʨʫʙʦʢ ʠʣʠ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʤʝʞʜʫ 

ʜʚʫʤʷ ʥʘʥʦʪʨʫʙʢʘʤʠ, ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʟʘʪʨʫʜʥʷʪʴ ʜʦʩʪʫʧ ʤʦʣʝʢʫʣ-ʘʥʘʣʠʪʦʚ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ 

ʤʝʪʘʣʣʫ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʨʘʩʩʫʞʜʝʥʠʡ ʙʳʣʦ ʙʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʜʨʫʛʠʝ ʮʝʥʪʨʳ 
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ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ NH3, ʘ ʠʤʝʥʥʦ ʤʦʩʪʠʢʦʚʳʝ ʘʪʦʤʳ ʘʟʦʪʘ ʠ ʟʘʤʝʩʪʠʪʝʣʠ, ʦʜʥʘʢʦ ʪʘʢʠʝ 

ʨʘʙʦʪʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʪʁ.  

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʫʧʦʤʠʥʘʥʠʡ ʦ ʤʝʭʘʥʠʟʤʝ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ 

ʧʣʝʥʦʢ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʠ ʧʨʠʨʦʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʘʟʘʤʠ-ʘʥʘʣʠʪʘʤʠ ʥʦʩʷʪ ʣʠʰʴ 

ʦʧʠʩʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʀʤʝʝʪʩʷ ʨʷʜ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ [282,287ï290]. ʇʨʠ ʵʪʦʤ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʠʨʦʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʘʟʘʤʠ-ʘʥʘʣʠʪʘʤʠ ʠʩʩʣʝʜʫʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ, ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ. ɺ ʨʘʙʦʪʝ Chia ʠ ʜʨ. [284] ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʤʤʠʘʢʘ 

ʩ ʧʣʝʥʢʘʤʠ CuPc in-situ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (XAS). 

ʄʝʪʦʜʘʤʠ XAS ʠ EXAFS ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʦʣʝʢʫʣʳ 

ʘʤʤʠʘʢʘ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʤʝʪʘʣʣʦʤ Cu ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʜʘʥʥʳʝ 

EXAFS ʫʢʘʟʳʚʘʣʠ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ NH3 c ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʠ 

ʤʦʩʪʠʢʦʚʳʤ ʘʪʦʤʦʤ ʘʟʦʪʘ.  

ʊʘʢʞʝ ʥʝ ʩʪʦʠʪ ʠʩʢʣʶʯʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʛʘʟʘ-ʘʥʘʣʠʪʘ ʩ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʤʦʣʝʢʫʣʝ MPc. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [291] ʩʨʘʚʥʠʚʘʣʠʩʴ ʂʈ-ʩʧʝʢʪʨʳ ʧʣʝʥʦʢ 

NiPcR8 (R=ïS(CH2CH2O)3CH3) ʜʦ ʠ ʧʦʩʣʝ ʥʘʧʫʩʢʘ ʧʘʨʦʚ ʭʣʦʨʦʬʦʨʤʘ ʚ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʷʯʝʡʢʫ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʘʨʘʭ ʭʣʦʨʦʬʦʨʤʘ ʚ ʂʈ-ʩʧʝʢʪʨʘʭ ʧʣʝʥʦʢ NiPcR8 ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʠʟʤʝʥʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʢʦʣʝʙʘʥʠʡ ʤʘʢʨʦʮʠʢʣʘ (500ï1630 ʩʤ-1), ʦʜʥʘʢʦ ʧʦʣʦʩʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ C-H ʘʣʢʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ (2600ï2800 ʩʤ-1), 

ʫʰʠʨʷʣʠʩʴ ʠ ʩʜʚʠʛʘʣʠʩʴ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʦʚʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʠ 

ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ Cl ʚ ʤʦʣʝʢʫʣʝ ʭʣʦʨʦʬʦʨʤʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟʤʝʥʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʢʦʣʝʙʘʥʠʡ ʤʘʢʨʦʮʠʢʣʘ ʬʪʘʣʦʮʠʘʥʠʥʘ ʧʦʩʣʝ ʥʘʧʫʩʢʘ ʙʝʥʟʦʣʘ 

ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʥʘ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ˊḯ-

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʩ ʩʦʧʨʷʞʝʥʥʳʤ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʤ ʢʦʣʴʮʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʠʨʦʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʝʥʩʦʨʥʳʭ 

ʩʣʦʝʚ ʩ ʤʦʣʝʢʫʣʘʤʠ ʘʥʘʣʠʪʦʚ ʠ ʤʝʭʘʥʠʟʤʘ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʘʢ ʚ ʩʣʫʯʘʝ 

ʧʣʸʥʦʢ ʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʪʘʢ ʠ ʩʣʦʸʚ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʪʨʫʙʦʢ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʪʘʝʪʩʷ ʤʥʦʛʦ ʜʠʩʢʫʩʩʠʦʥʥʳʭ ʤʦʤʝʥʪʦʚ, ʘ ʠʤʝʥʥʦ ʦ ʮʝʥʪʨʘʭ 

ʘʜʩʦʨʙʮʠʠ ʛʘʟʘ-ʘʥʘʣʠʪʘ, ʦʙ ʠʟʤʝʥʝʥʠʠ ʚ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʧʨʠ 

ʘʜʩʦʨʙʮʠʠ ʛʘʟʘ-ʘʥʘʣʠʪʘ, ʦ ʚʣʠʷʥʠʠ ʟʘʤʝʩʪʠʪʝʣʝʡ MPc ʥʘ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʠ 

ʠʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  
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1.7. ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʢʨʘʪʢʠʝ 

ʟʘʢʣʶʯʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʧʨʦʠʟʚʦʜʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʤʝʪʘʣʣʦʚ ʠ ʜʨʫʛʠʭ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʘ ʪʘʢʞʝ ʠʭ 

ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ, ʚ ʩʝʥʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʣʠʷʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, 

ʥʘ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʨʘʙʦʪʳ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʪʠʧʘ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʨʘʟʣʠʯʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʥʘ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʣʦ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʘʭ 3D ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣ-ʣʠʥʢʝʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ. ʀʤʝʶʪʩʷ ʣʠʰʴ ʝʜʠʥʠʯʥʳʝ ʧʨʠʤʝʨʳ 3D ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣ-ʣʠʥʢʝʨʦʚ ʚʳʩʪʫʧʘʶʪ ʧʨʦʠʟʚʦʜʥʳʝ ʬʪʘʣʦʮʠʘʥʠʥʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʘ ʠ ʜʨʫʛʠʭ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, 

ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 
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2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1.  ʀʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ 

1,8-ɼʠʘʟʘʙʠʮʠʢʣʦ[5.4.0]ʫʥʜʝʮ-7-ʝʥ (ɼɹʋ) ï 98%, ʨʝʘʢʪʠʚ Sigma-Aldrich. 

2,4-ɼʠʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜ ï 98%, ʨʝʘʢʪʠʚ Sigma-Aldrich. 

3,4,5-ʊʨʠʤʝʪʦʢʩʠʬʝʥʠʣʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ï 99%, ʨʝʘʢʪʠʚ Sigma-Aldrich. 

L-ɸʩʢʦʨʙʘʪ ʥʘʪʨʠʷ ï 99%, ʨʝʘʢʪʠʚ Alfa Aesar. 

N, N-ɼʠʤʝʪʠʣʬʦʨʤʘʤʠʜ ï ʨʝʘʢʪʠʚ ʤʘʨʢʠ ʭʯ. 

ɸʟʠʜ ʥʘʪʨʠʷ ï 98%, ʨʝʘʢʪʠʚ Merck. 

ɸʮʝʪʘʪ ʮʠʥʢʘ ï 99%, ʨʝʘʢʪʠʚ Sigma-Aldrich. 

ɹʨʦʤ ï 98%, ʨʝʘʢʪʠʚ Sigma-Aldrich. 

ɼʠʭʣʦʨʤʝʪʘʥ ï ʨʝʘʢʪʠʚ ʤʘʨʢʠ ʭʯ. 

ʂʘʨʙʦʥʘʪ ʢʘʣʠʷ (ʙʝʟʚʦʜʥʳʡ K2CO3) ï 99,99%, ʨʝʘʢʪʠʚ Sigma-Aldrich. 

ʄʝʪʘʥʦʣ ï ʨʝʘʢʪʠʚ ʤʘʨʢʠ ʭʯ. 

ʄʦʥʦʭʣʦʨʠʜ ʠʦʜʘ (ICl) ï 98%, ʨʝʘʢʪʠʚ Sigma-Aldrich. 

ʆʜʥʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ï 98%, ʨʝʘʢʪʠʚ Sigma-Aldrich. 

ʇʝʥʪʘʛʠʜʨʘʪ ʩʫʣʴʬʘʪʘ ʤʝʜʠ (II) (ʪʚ. CuSO4Ā5ʅ2ʆ) ï 98%, ʨʝʘʢʪʠʚ Merck. 

ʇʠʨʝʥ ï 98%, ʨʝʘʢʪʠʚ Sigma-Aldrich. 

ʇʨʦʧʘʨʛʠʣʙʨʦʤʠʜ ï 99%, ʨʝʘʢʪʠʚ Acros. 

ʇʨʦʧʘʨʛʠʣʦʚʳʡ ʩʧʠʨʪ ï 80 ʚʝʩ. % ʨʘʩʪʚʦʨ ʚ ʪʦʣʫʦʣʝ, ʨʝʘʢʪʠʚ Acros. 

ʊʝʪʨʘʭʣʦʨʤʝʪʘʥ (CCl4) ï ʨʝʘʢʪʠʚ ʤʘʨʢʠ ʭʯ. 

ʊʨʠʬʝʥʠʣʬʦʩʬʠʥʭʣʦʨʠʜ ʧʘʣʣʘʜʠʷ (PdCl2(PPh3)2) ï 99%, ʨʝʘʢʪʠʚ Sigma-Aldrich. 

ʕʪʘʥʦʣ ï ʨʝʘʢʪʠʚ ʤʘʨʢʠ ʯʜʘ. 
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2.2. ʉʠʥʪʝʟ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʌʪʘʣʦʮʠʘʥʠʥʳ ʮʠʥʢʘ ZnPc-0py, ZnPc-1py, ZnPc-4py, ZnPc, ʬʪʘʣʦʮʠʘʥʠʥʳ ʢʦʙʘʣʴʪʘ 

CoPc-1py, CoPc, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʥʦʝ ʧʠʨʝʥʘ py2 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʣʣʝʛʘʤʠ ʠʟ 

ʊʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʛ. ɻʝʙʟʝ (ʊʫʨʮʠʷ). ʉʠʥʪʝʟ ZnPc-2py, ZnPc-2ôpy, CoPc-16py, SiPc, 

PhC1, PhC2, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʭʦʜʝ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ 

ʩ ʢʦʣʣʝʛʘʤʠ ʠʟ ʊʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɻʝʙʟʝ. 

2.2.1. ʉʠʥʪʝʟ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʮʠʥʢʘ 

ʌʪʘʣʦʮʠʘʥʠʥʳ ʮʠʥʢʘ (ZnPc-0py, ZnPc-1py, ZnPc-2py, ZnPc-2ôpy, ZnPc-4py), 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ SWCNT ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ SWCNT/ZnPc-0py, SWCNT/ZnPc-1py, SWCNT/ZnPc-2py, SWCNT/ZnPc-2ôpy, 

SWCNT/ZnPc-4py ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 16. ZnPc-0py, ZnPc-1py, ZnPc-4py ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʛʣʘʩʥʦ ʦʧʠʩʘʥʥʳʤ ʨʘʥʝʝ ʤʝʪʦʜʠʢʘʤ [292,293].  

ʉʠʥʪʝʟ ZnPc-2py ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

4-(1-ʧʠʨʝʥʠʣʤʝʪʦʢʩʠ)ʬʪʘʣʦʥʠʪʨʠʣ (100 ʤʛ, 0,28 ʤʤʦʣʴ), 4,5-ʙʠʩ(4,7,10-

ʪʨʠʦʢʩʘʫʥʜʝʢʘʥ-1-ʩʫʣʴʬʘʥʠʣ)ʬʪʘʣʦʥʠʪʨʠʣ (405,7 ʤʛ, 0,84 ʤʤʦʣʴ), 1,8-

ʜʠʘʟʘʙʠʮʠʢʣʦ[5.4.0]ʫʥʜʝʮ-7-ʝʥ (ɼɹʋ) (0,08 ʤʣ, 0,56 ʤʤʦʣʴ) ʠ Zn(OAc)2 (102 ʤʛ, 0,56 ʤʤʦʣʴ) 

ʢʠʧʷʪʠʣʠ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʚ ʩʫʭʦʤ ʥ-ʧʝʥʪʘʥʦʣʝ (5 ʤʣ) ʚ ʪʝʯʝʥʠʝ 24 ʯ ʚ ʘʪʤʦʩʬʝʨʝ 

ʘʨʛʦʥʘ. ɿʘʪʝʤ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʦʙʘʚʣʷʣʠ ʚ ʥ-

ʛʝʢʩʘʥ. ʇʨʦʜʫʢʪ ʟʝʣʸʥʦʛʦ ʮʚʝʪʘ ʦʩʘʞʜʘʣʠ ʠ ʩʦʙʠʨʘʣʠ ʬʠʣʴʪʨʦʚʘʥʠʝʤ. ʊʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʠ ʬʠʣʴʪʨʦʚʘʣʠ ʜʣʷ ʫʜʘʣʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʘ ʟʘʪʝʤ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʦʯʠʱʘʣʠ ʥʘ ʢʦʣʦʥʢʝ ʩ ʩʠʣʠʢʘʛʝʣʝʤ, ʠʩʧʦʣʴʟʫʷ ʚ 

ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ ʩʤʝʩʴ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʠʭʣʦʨʤʝʪʘʥ/ʵʪʘʥʦʣ (50:1). ɺʳʭʦʜ: 67 ʤʛ (27%) [294]. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ɜ, ʩʤ-1 ): 3042 (ʘʣʠʬʘʪʠʯʝʩʢʠʡïCH) ; 2919, 2869 (ʘʣʠʬʘʪʠʯʝʩʢʠʡ-

CH); 1605 (Ar-C=N); 1377 (C-N); 1232 (C-O-C); 1097 (-OCH3). 

ʕʉʇ (ɼʄʌɸ): ɚmax/ʥʤ (log Ů): 695(5,22), 621(4,51), 371(4,89). 

1H ʗʄʈ (ɼʄʉʆ-d6): ŭ = 9,23ï7,72 (br d, 28H, ArïH); 6.04 (br s, 4H, OCH2); 4.01ï3.96 (m, 

8H, OCH2); 3,74ï3,69 (m, 8H, OCH2); 3,67ï3,57 (m, 16H, SCH2, OCH2); 3,55ï3,51 (m, 8H, OCH2); 

3,51ï3,46 (m, 8H, OCH2); 3,15 (br s, 12H, OCH3). 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ (MALDI -TOF), m/z: ʨʘʩʩʯʠʪ. ʜʣʷ C94H92N8O14S4Zn: 1751,4. 

ʅʘʡʜʝʥʦ: 1751,8 [M]+, 1535,0 [M-ʤʝʪʠʣʧʠʨʝʥ]+, 1321,5 [M-2(ʤʝʪʠʣʧʠʨʝʥ)]+. 
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ʉʠʥʪʝʟ ZnPc-2ôpy ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

4,5-ʙʠʩ(1-ʧʠʨʝʥʠʣʤʝʪʦʢʩʠ)ʬʪʘʣʦʥʠʪʨʠʣ (0,1 ʛ, 0,206 ʤʤʦʣʴ), 4,5-ʙʠʩ(4,7,10-

ʪʨʠʦʢʩʘʫʥʜʝʢʘʥ-1-ʩʫʣʴʬʘʥʠʣ)ʬʪʘʣʦʥʠʪʨʠʣ (0,970 ʛ, 1,650 ʤʤʦʣʴ), 1,8- 

ʜʠʘʟʘʙʠʮʠʢʣʦ[5.4.0]ʫʥʜʝʮ-7-ʝʥ (ɼɹʋ) (1,5 ʤʣ, 0,91 ʤʤʦʣʴ) ʠ Zn(OAc)2 (0,202 ʛ, 0,91 ʤʤʦʣʴ) 

ʢʠʧʷʪʠʣʠ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʚ ʩʫʭʦʤ ʥ-ʧʝʥʪʘʥʦʣʝ (5 ʤʣ) ʚ ʪʝʯʝʥʠʝ 24 ʯ ʚ ʘʪʤʦʩʬʝʨʝ 

ʘʨʛʦʥʘ. ɿʘʪʝʤ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʦʙʘʚʣʷʣʠ ʚ ʥ-

ʛʝʢʩʘʥ. ʊʚʝʨʜʳʡ ʧʨʦʜʫʢʪ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʦʩʘʞʜʘʣʠ, ʩʦʙʠʨʘʣʠ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʧʨʦʤʳʚʘʣʠ ʥ-ʛʝʢʩʘʥʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʦʯʠʱʘʣʠ ʥʘ ʢʦʣʦʥʢʝ ʩ ʩʠʣʠʢʘʛʝʣʝʤ, ʠʩʧʦʣʴʟʫʷ 

ʩʤʝʩʴ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʠʭʣʦʨʤʝʪʘʥ/ʵʪʘʥʦʣ (25:1) ʚ ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ. ɺʳʭʦʜ: 87 ʤʛ (15%). 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ɜ, ʩʤ-1 ): 3040 (ʘʣʠʬʘʪʠʯʝʩʢʠʡïCH), 2961, 2918, 2870 

(ʘʣʠʬʘʪʠʯʝʩʢʠʡïCH), 1593 (Ar-C=N), 1371 (C-N), 1260 (C-O-C), 1085 (-OCH3). 

ʕʉʇ (CH2Cl2): ɚmax/ʥʤ (log Ů): 710 (5,40); 703 (5,42); 632 (4,74); 370 (5,22). 

1H ʗʄʈ (ɼʄʉʆ-d6): ŭ = 8,54-7,20 (br d, 26H, Ar-H); 5,64 (br s, 4H, O-CH2-pyrene); 5,42 

(br s, 12H, OCH2); 3,60 (br s, 36H, OCH2, SCH2); 2,60 (br s, 42H, OCH2). 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ (MALDI -TOF), m/z: ʨʘʩʩʯʠʪ. ʜʣʷ C108H120N8O20S6Zn: 2107,9. 

ʅʘʡʜʝʥʦ: 1678 [M-2(ʤʝʪʠʣʧʠʨʝʥ)]+. 

 

ʈʠʩ. 16. ʌʪʘʣʦʮʠʘʥʠʥʳ ʮʠʥʢʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʤʝʪʦʜʦʤ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ SWCNT. 
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ʌʪʘʣʦʮʠʘʥʠʥ ʮʠʥʢʘ (ZnPc) (ʨʠʩ. 17), ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʢʦʚʘʣʝʥʪʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ SWCNT ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ SWCNT/ZnPc-3D, ʙʳʣ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʩʦʛʣʘʩʥʦ ʦʧʠʩʘʥʥʦʡ ʨʘʥʝʝ ʤʝʪʦʜʠʢʝ [295]. 

 

ʈʠʩ. 17. ʉʪʨʫʢʪʫʨʥʘ ̫ʬʦʨʤʫʣʘ ʬʪʘʣʦʮʠʘʥʠʥʘ ʮʠʥʢʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ  

3D ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ SWCNT/ZnPc-3D. 

2.2.2. ʉʠʥʪʝʟ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʢʦʙʘʣʴʪʘ 

ʌʪʘʣʦʮʠʘʥʠʥʳ ʢʦʙʘʣʴʪʘ (CoPc-1py, CoPc-16py), ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʥʝʢʦʚʘʣʝʥʪʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ SWCNT ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT/CoPc-1py, 

SWCNT/CoPc-16py, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 18. CoPc-1py ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʩʦʛʣʘʩʥʦ ʦʧʠʩʘʥʥʦʡ 

ʨʘʥʝʝ ʤʝʪʦʜʠʢʝ [234]. 

 

ʈʠʩ. 18. ʇʨʦʠʟʚʦʜʥʳʝ CoPc, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʤʝʪʦʜʦʤ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ SWCNT. 

ʉʠʥʪʝʟ CoPc-16py ʩʦʩʪʦʷʣ ʠʟ ʯʝʪʳʨʸʭ ʦʩʥʦʚʥʳʭ ʩʪʘʜʠʡ: (I ) ï ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ 

ʧʨʦʠʟʚʦʜʥʦʛʦ ʧ-ʢʨʝʟʦʣʘ 1 ʧʨʦʧʘʨʛʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʠʟʚʦʜʥʦʛʦ 

ʜʠʧʨʦʧʘʨʛʠʣ-ʧ-ʢʨʝʟʦʣʘ 2; (II ) ï ʧʦʣʫʯʝʥʠʝ ʧʨʦʧʘʨʛʠʣʩʦʜʝʨʞʘʱʝʛʦ ʬʪʘʣʦʥʠʪʨʠʣʘ 3 (ʨʠʩ. 19); 
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(III ) ï ʧʦʣʫʯʝʥʠʝ ʧʨʦʧʘʨʛʠʣʟʘʤʝʱʝʥʥʦʛʦ ʬʪʘʣʦʮʠʘʥʠʥʘ ʢʦʙʘʣʴʪʘ (CoPc) (2,3,9,10,16,17,23,24-

ʦʢʪʘʢʠʩ(4-ʤʝʪʠʣ-2,6-ʙʠʩ((ʧʨʦʧ-2-ʠʥ-1-ʦʢʩʠ)ʤʝʪʠʣ)ʬʝʥʦʢʩʠ) ʬʪʘʣʦʮʠʘʥʠʥ ʢʦʙʘʣʴʪʘ(II )) 

ʮʠʢʣʠʟʘʮʠʝʡ ʧʨʦʧʘʨʛʠʣʩʦʜʝʨʞʘʱʝʛʦ ʬʪʘʣʦʥʠʪʨʠʣʘ 3 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʮʝʪʘʪʘ ʢʦʙʘʣʴʪʘ ʠ (IV ) ï 

ʧʦʣʫʯʝʥʠʝ ʧʠʨʝʥʟʘʤʝʱʝʥʥʦʛʦ ʬʪʘʣʦʮʠʘʥʠʥʘ ʢʦʙʘʣʴʪʘ (CoPc-16py) (ʨʠʩ. 20). ʉʦʝʜʠʥʝʥʠʷ 2 ʠ 

3 ʙʳʣʠ ʧʦʣʥʦʩʪʴʶ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʢʦʣʣʝʛʘʤʠ ʠʟ ʊʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɻʝʙʟʝ (ʊʫʨʮʠʷ) 

ʤʝʪʦʜʘʤʠ ʗʄʈ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (MALDI-TOF) ʠ ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ. 

 

ʈʠʩ. 19. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʧʨʦʧʘʨʛʠʣʟʘʤʝʱʸʥʥʦʛʦ ʬʪʘʣʦʥʠʪʨʠʣʘ. 

ʊʨʝʪʴʷ ʩʪʘʜʠʷ (ʨʠʩ. 19) ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʉʤʝʩʴ ʩʦʝʜʠʥʝʥʠʷ 3 (2 ʛ, 4,0 ʤʤʦʣʴ) ʠ Co(OAc)2 (499 ʤʛ, 1,0 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ 

ʧʝʥʪʘʥʦʣʘ. ɿʘʪʝʤ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ ʢʘʪʘʣʠʟʘʪʦʨ N,N-ʜʠʤʝʪʠʣʵʪʘʥʦʣʘʤʠʥ. ʈʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʛʨʝʣʠ ʧʨʠ 140  ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ. ɿʘʪʝʤ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʩʘʞʜʘʣʠ ʤʝʪʘʥʦʣʦʤ. 

ʊʚʝʨʜʳʡ ʧʨʦʜʫʢʪ ʪʝʤʥʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ (CoPc) ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʨʦʥʢʠ 

ɹʶʭʥʝʨʘ ʠ ʦʯʠʱʘʣʠ ʥʘ ʢʦʣʦʥʢʝ ʩ ʩʠʣʠʢʘʛʝʣʝʤ, ʠʩʧʦʣʴʟʫʷ ʩʤʝʩʴ ʨʘʩʪʚʦʨʠʪʝʣʝʡ EtOAc/DCM 

(1:19) ʚ ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ. ɺʳʭʦʜ: 1,2 ʛ (43%). 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ: 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ɜ, ʩʤ-1 ): 3427, 3285, 2917, 2852, 2114, 1611, 1456, 1349, 1198, 1095, 

634. 

1H ʗʄʈ (ɼʄʉʆ-d6): ŭ = 8.57 (s, 8H); 7.29 (s, 16H); .86 (s, 32H); 3.49 (s, 32H); 1.88 (s, 

16H); 1.60 (s, 24H). 

13ʉ ʗʄʈ (ɼʄʉʆ-d6): ŭ = 150.66; 143.66; 137.10; 132.38; 131.68; 107.24; 105.39; 80.20; 

77.44; 77.23; 77.02; 75.25; 68.12; 58.50. 
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ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ (MALDI -TOF), m/z: ʨʘʩʩʯʠʪ. ʜʣʷ C152H128N8O24Co: 2509.6612. 

ʅʘʡʜʝʥʦ: 2509.6380. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʨʘʩʩʯʠʪ. ʜʣʷ C152H128N8O24Co: C 69.90%, H 4.95%. ï N 4.26%. 

ʅʘʡʜʝʥʦ: C 69.80%, H 4.96%. ï N 4.0%. 

ʏʝʪʚʝʨʪʘʷ ʩʪʘʜʠʷ (ʨʠʩ. 20) ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

CoPc (350 ʤʛ, 0,1 ʤʤʦʣʴ) ʠ 1-ʘʟʠʜʦʧʠʨʝʥ (822 ʤʛ, 3,2 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 50 ʤʣ 

ʙʝʟʚʦʜʥʦʛʦ ʭʣʦʨʦʬʦʨʤʘ. ɿʘʪʝʤ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ CuI (10 ʤʦʣʴ%) ʠ 

ʜʠʠʟʦʧʨʦʧʠʣʵʪʠʣʘʤʠʥ (106 ʤʢʣ, 0,6 ʤʤʦʣʴ) ʠ ʩʤʝʩʴ ʢʠʧʷʪʠʣʠ ʩ ʦʙʨʘʪʥʳʤ 

ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ. ɿʘʪʝʤ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʩʘʞʜʘʣʠ ʭʦʣʦʜʥʳʤ 

ʛʝʢʩʘʥʦʤ ʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʦʤʳʚʘʣʠ ʢʠʧʷʱʠʤ ʛʝʢʩʘʥʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ 

ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʥʦʡ ʧʝʯʠ. ɺʳʭʦʜ: 570 ʤʛ (87%). 

 

ʈʠʩ. 20. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʧʠʨʝʥʟʘʤʝʱʸʥʥʦʛʦ ʬʪʘʣʦʮʠʘʥʠʥʘ ʢʦʙʘʣʴʪʘ CoPc-16py. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ: 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ɜ, ʩʤ-1 ): 3435, 3137, 3041, 2919, 2862, 1918, 1721, 1603, 1455, 1356, 

1414, 1270, 1198, 1090, 1045. 

1H ʗʄʈ (ɼʄʉʆ-d6): ŭ = 98,58 (s, 8H); 7,36-8,41 (m, 176H); 4,55-5,22 (m, 96H); 2,35-2,49 

(m, 24H). 

13ʉ ʗʄʈ (ɼʄʉʆ-d6): ŭ = 147,7; 144,0; 135,2; 130,8; 129,9; 129,0; 127,7; 126,9;126,4; 

125,7; 124,9; 124,7; 124,2; 121,8; 106,5; 66,6; 63,2; 50,7; 20,9. 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ (MALDI -TOF), m/z: ʨʘʩʩʯʠʪ. ʜʣʷ C94H92N8O14S4Zn: 1751,4. 

ʅʘʡʜʝʥʦ: 1751,8 [M]+, 1535,0 [M-ʤʝʪʠʣʧʠʨʝʥ]+, 1321,5 [M-2(ʤʝʪʠʣʧʠʨʝʥ)]+. 
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ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʨʘʩʩʯʠʪ. ʜʣʷ C424H304N56O24Co+10H2O: C 74,82%, H 4,80%. ï N 

11,52%. ʅʘʡʜʝʥʦ: C 74,42%, H 4.44%. ï N 11,19%. 

ʉʠʥʪʝʟ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʬʪʘʣʦʮʠʘʥʠʥʘ ʢʦʙʘʣʴʪʘ (CoPc) (ʨʠʩ. 21), ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ 

ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ SWCNT ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ SWCNT/CoPc-

3D, ʙʳʣʠ ʦʧʠʩʘʥ rʚʳʰʝ (III  ʵʪʘʧ ʧʦʣʫʯʝʥʠʷ CoPc-16py). 

 

ʈʠʩ. 21. ʉʪʨʫʢʪʫʨʥʘ ̫ʬʦʨʤʫʣʘ ʬʪʘʣʦʮʠʘʥʠʥʘ ʢʦʙʘʣʴʪʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

3D ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ SWCNT/CoPc-3D. 

2.2.3. ʉʠʥʪʝʟ ʬʪʘʣʦʮʠʘʥʠʥʘ ʢʨʝʤʥʠʷ 

ʌʪʘʣʦʮʠʘʥʠʥ ʢʨʝʤʥʠʷ ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʘʢʩʠʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʷʭ (SiPc, ʨʠʩ. 22), 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ SWCNT ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ SWCNT/SiPc-3D, ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʥʠʞʝ: 

200 ʤʛ (0,32 ʤʤʦʣʴ) SiCl2Pc ʠ 0,376 ʤʣ (6,4 ʤʤʦʣʴ) ʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʧʝʨʝʤʝʰʠʚʘʣʠ 

ʚ 15 ʤʣ ʩʫʭʦʛʦ ʧʠʨʠʜʠʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʚ ʘʪʤʦʩʬʝʨʝ 

ʘʨʛʦʥʘ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ. ʇʦ ʠʩʪʝʯʝʥʠʠ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʭʣʘʞʜʘʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʝʢʘʥʪʠʨʦʚʘʣʠ. ʇʦʣʫʯʝʥʥʦʝ ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʦʤʳʚʘʣʠ ʛʦʨʷʯʝʡ ʚʦʜʦʡ. ʇʨʦʜʫʢʪ ʦʯʠʱʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʠʩʧʦʣʴʟʫʷ ʩʤʝʩʴ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʭʣʦʨʦʬʦʨʤ/ʵʪʘʥʦʣ (99:1) ʚ ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ. 

ʇʦʣʫʯʝʥ ʪʚʝʨʜʳʡ ʧʨʦʜʫʢʪ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ. ɺʳʭʦʜ: 30 ʤʛ (31%). 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ: 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ɜ/ʩʤ-1): 3261 (C¹C-H); 3010 (Ar-CH); 2990-2835 (ʘʣʠʬʘʪʠʯʝʩʢʠʡ-

CH); 2110 (C¹C); 1518 (C=C); 1122 (Si-O). 

ʕʉʇ (CHCl3): ɚmax/nm (log Ů): 677 (4,76); 611 (3,95); 362 (4,28). 

1H-ʗʄʈ (500 MHz, CDCl3) ŭ ppm: 9,68-9.66 (m, 8H, Pc-Ha); 8,37-8,36 (m, 8H, Pc-Hb); 0,63 

(s, 2H, -CſCH); -0,99 (s, 4H, -CH2). 
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ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ (MALDI -TOF): 650 [M]+, 595 [M-OCH2CſCH]+. 

 

ʈʠʩ. 22. ʉʪʨʫʢʪʫʨʥʘ ̫ʬʦʨʤʫʣʘ ʬʪʘʣʦʮʠʘʥʠʥʘ ʢʨʝʤʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ SWCNT/SiPc-3D. 

2.2.4. ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʦʛʦ ʧʠʨʝʥʘ 

1,6-ʜʠʵʪʠʥʠʣʧʠʨʝʥ (py2) ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ ʨʝʘʢʮʠʠ ʉʦʥʦʛʘʰʠʨʳ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ 

ʚ ʨʘʙʦʪʝ Ohshita [296], ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 23: 

 

ʈʠʩ. 23. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ py2. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ:  

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ɜ/ʩʤ-1): 3294 (ſCH); 3052 (Ar-CH); 2097 (-CſCH); 1182 (-C=C-H). 

1H ʗʄʈ (CDCl3): ŭ = 3,59 (s, 2H, HCſC); 8,11 (d, J = 9,18 ʤ.ʜ., 4H, ArH); 8,15 (d, J = 7,85 

ʤ.ʜ., 2H, ArH); 8,59 (d, J = 9,11 ʤ.ʜ., 2H, ArH). 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ (MALDI -TOF): m/z: ʨʘʩʩʯʠʪ. ʜʣʷ C20H10: 250,29. ʅʘʡʜʝʥʦ: 250,23 

[ʄ]+. 

2.2.5. ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʠʣʢʫʤʘʨʠʥʘ 

7-(ʧʨʦʧʠʥʠʣʦʢʩʠ)-3-(3',4',5'-ʪʨʠʤʝʪʦʢʩʠʬʝʥʠʣ)ʢʫʤʘʨʠʥ (PhC1) ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ 

ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [295] (ʨʠʩ. 24): 
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ʈʠʩ. 24. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ PhC1. 

7-ʛʠʜʨʦʢʩʠ-3-(3',4',5'-ʪʨʠʤʝʪʦʢʩʠʬʝʥʠʣ)ʢʫʤʘʨʠʥ (400 ʤʛ, 1,218 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 20 

ʤʣ ɼʄʌɸ ʠ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ ʧʨʦʧʘʨʛʠʣʙʨʦʤʠʜ (0,02 ʤʣ, 1,827 ʤʤʦʣʴ). ʇʦʩʣʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ K2CO3 (252 ʤʛ, 1,827 ʤʤʦʣʴ). 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʧʨʠ 60Áʉ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʫʶ 

ʩʤʝʩʴ ʚʳʣʠʚʘʣʠ ʚ ʣʝʜʷʥʫʶ ʚʦʜʫ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʦʡ ʠ ʩʫʰʠʣʠ. ʇʨʦʜʫʢʪ ʦʯʠʱʘʣʠ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʠʭʣʦʨʤʝʪʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ. ɺʳʭʦʜ: 241 ʤʛ (57%). 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ: 

ʕʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ (ʕʉʇ) (ʊɻʌ, 1Ĭ10-5 ʄ): ɚmax: 344 ʥʤ. 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ɜ/ʩʤ-1): 3260 (ſCH); 3035ï3007 (ArïCH); 2943ï2829 

(ʘʣʠʬʘʪʠʯʝʩʢʠʡïCH); 1719 (C=O); 1607ï1461 (-C=C); 1218ï1121 (ArïOïC). 

1H ʗʄʈ (500 ʄɻʮ, CDCl3): ŭH, ʤ.ʜ.: 7,76 (s, 1H, -H); 7,49 (d, 1H, J = 8,5 ɻʮ, Ar-H); 7,00 

(s, 1H, Ar-H); 6,96 (dd, 1H, J = 8,7 ʠ 2,0 ɻʮ, Ar-H); 6,94 (s, 2H, Ar-H); 4,80 (d, 2H, J = 1,88 ɻʮ, -

CH2); 3,93 (s, 6H, -OCH 3 ); 3,90 (s, 3H, -OCH3 ); 2,60 (s, 1H, ſCH). 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ (MALDI -TOF) (m/z) ʨʘʩʩʯʠʪ. 366,37, ʥʘʡʜʝʥʦ: [ʄ]+ 366,104. 

 

7-ʧʨʦʧʠʥʠʣʦʢʩʠ-3-(ʧ-ʧʨʦʧʠʥʠʣʦʢʩʠʬʝʥʠʣ)ʢʫʤʘʨʠʥ (PhC2) ʧʦʣʫʯʘʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, 

ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ ķenocak [296]: 

 

ʈʠʩ. 25. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ PhC2. 
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0,5 ʛ (1,96 ʤʤʦʣʴ) 7-ʧʨʦʧʠʥʠʣ-3-(ʧ-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʢʫʤʘʨʠʥʘ ʠ 0,54 ʛ (3,95 ʤʤʦʣʴ) 

ʙʝʟʚʦʜʥʦʛʦ K2CO3 ʨʘʩʪʚʦʨʷʣʠ ʚ 20 ʤʣ ʩʫʭʦʛʦ ɼʄʌɸ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʦʢʦʣʦ 10 ʤʠʥʫʪ. ʇʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʧʦ ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʣʠ 0,47 ʛ (3,95 ʤʤʦʣʴ) 

ʧʨʦʧʘʨʛʠʣʙʨʦʤʠʜʘ, ʧʦʩʣʝ ʯʝʛʦ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʝʱʝ 

48 ʯʘʩʦʚ, ʘ ʟʘʪʝʤ ʚʳʣʠʚʘʣʠ ʚ 50 ʤʣ ʩʤʝʩʠ ʚʦʜʳ ʩʦ ʣʴʜʦʤ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʟʘʪʝʤ ʩʫʰʠʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ. ʇʨʦʜʫʢʪ ʦʯʠʱʘʣʠ 

ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ ʥʘ ʩʠʣʠʢʘʛʝʣʝ, ʠʩʧʦʣʴʟʫʷ ʭʣʦʨʦʬʦʨʤ ʚ ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ. ɺʳʭʦʜ: 

59 ʤʛ (91%). 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ: 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ɜ/ʩʤ-1): 3248 (-C=CH); 3098ï3050 (Ar-CH); 2968ï2942 

(ʘʣʠʬʘʪʠʯʝʩʢʠʡ -CH); 2115 (-CſC); 1700 (-C=O); 1620ï1513 (-C=C). 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʨʘʩʩʯʠʪ. ʜʣʷ C21H14O4: C 76,35%; H 4,27%. ʅʘʡʜʝʥʦ: C 76,32%; 

ʅ 4,24%. 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ (MALDI-TOF), m/z: ʨʘʩʩʯʠʪ. ʜʣʷ C21H14O4: 330,33. ʅʘʡʜʝʥʦ: 

330,10 [M]+. 

2.3. ʇʦʣʫʯʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ 

ʦʜʥʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (SWCNT) (98%, d = 0,7-1,4 ʥʤ, ʨʝʘʢʪʠʚ Sigma-Aldrich), 

ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ (CVD) (ʢʘʪʘʣʠʟʘʪʦʨ ï Mo). 

ʇʦʣʫʯʝʥʥʳʝ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʫʢʘʟʘʥʠʝʤ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ SWCNT, ʠ ʤʝʪʦʜʘ ʠʭ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʘ 3 

ɻʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ SWCNT, ʠ ʤʝʪʦʜʳ ʠʭ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

 ̄
ɻʠʙʨʠʜʥʳʡ 

ʤʘʪʝʨʠʘʣ 

ʇʦʣʠʘʨʦʤʘʪʠʯʝʩ

ʢʘʷ ʤʦʣʝʢʫʣʘ 

ʄʝʪʦʜ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 
(ʥʝʢʦʚʘʣʝʥʪʥʘʷ / 

ʢʦʚʘʣʝʥʪʥʘʷ) 

ʉʩʳʣʢʘ ʥʘ ʨʠʩʫʥʦʢ 

ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʦʡ 

ʤʦʣʝʢʫʣʳ ( ̄ʨʠʩ.) 

1 SWCNT/py-noncov py ʅʝʢʦʚʘʣʝʥʪʥʘʷ 23 

2 SWCNT/py2-3D py2 ʂʦʚʘʣʝʥʪʥʘʷ 23 
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3 
SWCNT/PhC2-

noncov 
PhC2 ʅʝʢʦʚʘʣʝʥʪʥʘʷ 25 

4 SWCNT/PhC1-cov PhC1 ʂʦʚʘʣʝʥʪʥʘʷ 24 

5 SWCNT/PhC2-3D PhC2 ʂʦʚʘʣʝʥʪʥʘʷ 25 

6 SWCNT/ZnPc-0py ZnPc-0*py ʅʝʢʦʚʘʣʝʥʪʥʘʷ 16 

7 SWCNT/ZnPc-1py ZnPc-1*py ʅʝʢʦʚʘʣʝʥʪʥʘʷ 16 

8 SWCNT/ZnPc-2py ZnPc-2*py ʅʝʢʦʚʘʣʝʥʪʥʘʷ 16 

9 SWCNT/ZnPc-2ôpy ZnPc-2ô*py ʅʝʢʦʚʘʣʝʥʪʥʘʷ 16 

10 SWCNT/ZnPc-4py ZnPc-4*py ʅʝʢʦʚʘʣʝʥʪʥʘʷ 16 

11 SWCNT/CoPc-1py CoPc-1*py ʅʝʢʦʚʘʣʝʥʪʥʘʷ 18 

12 SWCNT/CoPc-16py CoPc-16*py ʅʝʢʦʚʘʣʝʥʪʥʘʷ 18 

13 SWCNT/SiPc-3D SiPc ʂʦʚʘʣʝʥʪʥʘʷ 22 

14 SWCNT/CoPc-3D CoPc ʂʦʚʘʣʝʥʪʥʘʷ 21 

15 SWCNT/ZnPc-3D ZnPc ʂʦʚʘʣʝʥʪʥʘʷ 17 

2.3.1. ʇʦʣʫʯʝʥʠʝ ʘʟʠʜʟʘʤʝʱʸʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

SWCNT ʩʥʘʯʘʣʘ ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʘʟʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ. SWCNT-N3 (ʨʠʩ. 26) ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [199]. ɼʣʷ ʵʪʦʛʦ 250 ʤʛ (3,84 ʤʤʦʣʴ) NaN3 ʠ 165 ʤʛ (1,01 

ʤʤʦʣʴ) ʤʦʥʦʭʣʦʨʠʜʘ ʡʦʜʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 25 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ. ʕʪʫ ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʧʨʠ 0Áʉ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ 20 ʤʛ SWCNT ʢ 

ʨʘʩʪʚʦʨʫ. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ, ʟʘʪʝʤ ʩʤʝʩʴ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ. ʊʚʝʨʜʳʡ ʧʨʦʜʫʢʪ ʧʨʦʤʳʚʘʣʠ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʦʤ ʠ ʵʪʘʥʦʣʦʤ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʝ. 
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ʈʠʩ. 26. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ SWCNT-N3. 

2.3.2. ʇʦʣʫʯʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

SWCNT 

ʇʦʣʫʯʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʝʥʘ ʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ 

ʅʝʢʦʚʘʣʝʥʪʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ SWCNT ʤʦʣʝʢʫʣʘʤʠ 7-ʧʨʦʧʠʥʠʣʦʢʩʠ-3-(ʧ-

ʧʨʦʧʠʥʠʣʦʢʩʠʬʝʥʠʣ)ʢʫʤʘʨʠʥʘ (PhC2) ʠʣʠ ʧʠʨʝʥʘ (py) (ʉʭʝʤʘ ɸ ʠ ɹ ʨʠʩ. 27 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ. 120 ʤʛ (0,364 ʤʤʦʣʴ) 7-ʧʨʦʧʠʥʠʣʦʢʩʠ-3-(ʧ-

ʧʨʦʧʠʥʠʣʦʢʩʠʬʝʥʠʣ)ʢʫʤʘʨʠʥʘ (PhC2) ʠʣʠ 78 ʤʛ (0,364 ʤʤʦʣʴ) ʧʠʨʝʥʘ (py) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ 

ɼʄʌɸ ʠ ʜʦʙʘʚʣʷʣʠ ʧʦ ʢʘʧʣʷʤ ʢ ʩʫʩʧʝʥʟʠʠ SWCNT (20 ʤʛ) ʚ 10 ʤʣ ɼʄʌɸ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ (ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʚʘʥʥʘ ʉɸʇʌʀʈ 5,7, ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ 35 ʢɻʮ) ʚ 

ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ. ʇʦʣʫʯʝʥʥʳʝ ʪʚʸʨʜʳʝ ʧʨʦʜʫʢʪʳ SWCNT/py-noncov ʠ SWCNT/PhC2-

noncov ʤʥʦʛʦʢʨʘʪʥʦ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ (CENTRIFUGE CM-6M, =2,5 ʦʙ/ʤʠʥ, 5 ʤʠʥ), 

ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʟʘʪʝʤ ʵʪʘʥʦʣʦʤ ʠ ʜʠʭʣʦʨʤʝʪʘʥʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʧʦʜ 

ʚʘʢʫʫʤʦʤ [299]. 

 

ʈʠʩ. 27. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ SWCNT/py-noncov ʠ SWCNT/PhC2-noncov. 
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ʇʦʣʫʯʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT ʩ ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ ʮʠʥʢʘ ʠ ʢʦʙʘʣʴʪʘ 

ʅʝʢʦʚʘʣʝʥʪʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ SWCNT ʤʦʣʝʢʫʣʘʤʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʮʠʥʢʘ, 

ʩʦʜʝʨʞʘʱʠʭ 0, 1, 2 ʠʣʠ 4 ʧʠʨʝʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʷ (ZnPc-n*py, n = 0, 1, 2, 2ô, 4), ʠ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʢʦʙʘʣʴʪʘ, ʩʦʜʝʨʞʘʱʠʭ 1 ʠʣʠ 16 ʧʠʨʝʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ (CoPc-n*py, n = 1, 

16), ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ: 

4 ʤʛ ʬʪʘʣʦʮʠʘʥʠʥʘ ʮʠʥʢʘ ʠʣʠ ʢʦʙʘʣʴʪʘ (ZnPʩ-n*py, CoPʩ-n*py) ʨʘʩʪʚʦʨʷʣʠ ʚ 1 ʤʣ 

ɼʄʌɸ ʠ ʧʦʜʚʝʨʛʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ (ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʚʘʥʥʘ 

ʉɸʇʌʀʈ 5,7, ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ 35 ʢɻʮ). ʉʫʩʧʝʥʟʠʶ 1 ʤʛ SWCNT ʚ 1 ʤʣ ɼʄʌɸ ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ. ʈʘʩʪʚʦʨ ʬʪʘʣʦʮʠʘʥʠʥʘ ʧʦ ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʣʠ ʚ ʩʫʩʧʝʥʟʠʶ 

SWCNT, ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ. ʇʦʣʫʯʝʥʥʳʝ 

ʪʚʸʨʜʳʝ ʧʨʦʜʫʢʪʳ SWCNT/ZnPʩ-n*py, SWCNT/CoPʩ-n*py ʤʥʦʛʦʢʨʘʪʥʦ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ, 

ʧʨʦʤʳʚʘʣʠ ʚ ɼʄʌɸ, ʟʘʪʝʤ ʚ ʵʪʘʥʦʣʝ ʠ ʜʠʭʣʦʨʤʝʪʘʥʝ ʠ ʚʳʩʫʰʠʚʘʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ [300,301]. 

 

2.3.3. ʇʦʣʫʯʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

SWCNT 

ʇʦʣʫʯʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤ ʬʝʥʠʣʢʫʤʘʨʠʥʘ 

ʉʭʝʤʘ ʨʝʘʢʮʠʠ ʤʝʞʜʫ SWCNT-N3 ʠ ʤʦʣʝʢʫʣʘʤʠ 7-(ʧʨʦʧʠʥʠʣʦʢʩʠ)-3-(3',4',5'-

ʪʨʠʤʝʪʦʢʩʠʬʝʥʠʣ)ʢʫʤʘʨʠʥʘ (PhC1), ʩʦʜʝʨʞʘʱʠʤʠ ʦʜʥʫ ʢʦʥʮʝʚʫʶ ʘʣʢʠʥʠʣʴʥʫʶ ʛʨʫʧʧʫ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 28. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ SWCNT/PhC1-cov 120 ʤʛ 

(0,072 ʤʤʦʣʴ) 7-(ʧʨʦʧʠʥʠʣʦʢʩʠ)-3-(3',4',5'-ʪʨʠʤʝʪʦʢʩʠʬʝʥʠʣ)ʢʫʤʘʨʠʥʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʤʣ 

ɼʄʌɸ ʠ ʜʦʙʘʚʣʷʣʠ ʧʦ ʢʘʧʣʷʤ ʢ ʩʫʩʧʝʥʟʠʠ SWCNT-N3 (20 ʤʛ) ʚ 5 ʤʣ ɼʄʌɸ. ʇʦʣʫʯʝʥʥʫʶ 

ʩʤʝʩʴ ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ (ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʚʘʥʥʘ ʉɸʇʌʀʈ 5,7, ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ  

35 ʢɻʮ) ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʙʘʚʣʷʣʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʪʚʸʨʜʳʡ 

CuSO4Ā5ʅ2ʆ ʠ L-ʘʩʢʦʨʙʘʪ ʥʘʪʨʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 1 ʠ 5 ʤʦʣ. % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʥʥʫʶ ʩʤʝʩʴ 

ʧʦʜʚʝʨʛʘʣʠ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʦʙʨʘʙʦʪʢʝ (Monowave 100, 400 ɺʪ) ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 60Áʉ. ʇʦʣʫʯʝʥʥʳʝ ʪʚʸʨʜʳʝ ʧʨʦʜʫʢʪʳ SWCNT/PhC1-cov ʤʥʦʛʦʢʨʘʪʥʦ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ (CENTRIFUGE CM-6M, =2,5 ʦʙ/ʤʠʥ, 5 ʤʠʥ), ʧʨʦʤʳʚʘʣʠ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, ʟʘʪʝʤ ʚ ʵʪʘʥʦʣʝ ʠ ʜʠʭʣʦʨʤʝʪʘʥʝ ʠ ʚʳʩʫʰʠʚʘʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ [299]. 
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ʈʠʩ. 28. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ SWCNT/PhC1-cov. 

2.3.4. ʇʦʣʫʯʝʥʠʝ 3D ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

SWCNT 

ʇʦʣʫʯʝʥʠʝ 3D ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʝʥʘ ʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ 3D ʤʘʪʝʨʠʘʣʘ ʤʝʪʦʜʦʤ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʢ SWCNT-N3 

ʧʨʠʩʦʝʜʠʥʷʣʠ ʤʦʣʝʢʫʣ r 7-ʧʨʦʧʠʥʠʣʦʢʩʠ-3-(ʧ-ʧʨʦʧʠʥʠʣʦʢʩʠʬʝʥʠʣ)ʢʫʤʘʨʠʥʘ (PhC2) ʠ  

1,6-ʜʠʵʪʠʥʠʣʧʠʨʝʥʘ (py2), ʩʦʜʝʨʞʘʱʠʭ ʜʚʝ ʢʦʥʮʝʚʳʝ ʘʣʢʠʥʠʣʴʥʳʝ ʛʨʫʧʧʳ ʚ ʘʢʩʠʘʣʴʥʳʭ 

ʧʦʣʦʞʝʥʠʷʭ (ʨʠʩ. 29), ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ: 30 ʤʛ (0,096 ʤʤʦʣʴ) PhC2 ʠʣʠ 24 ʤʛ py2 

(0,091 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 2 ʤʣ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʠ ʟʘʪʝʤ ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ 

(ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʚʘʥʥʘ ʉɸʇʌʀʈ 5,7, ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ 35 ʢɻʮ) ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʝʤ ʚʨʝʤʝʥʝʤ ʛʦʪʦʚʠʣʠ ʩʫʩʧʝʥʟʠʶ 5 ʤʛ SWCNT-N3 ʚ 3 ʤʣ 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ PhC2 (ʠʣʠ py2) ʜʦʙʘʚʣʷʣʠ ʢ ʩʫʩʧʝʥʟʠʠ SWCNT-N3 ʧʦ ʢʘʧʣʷʤ. 1 

ʤʦʣ. % ʧʝʥʪʘʛʠʜʨʘʪʘ ʩʫʣʴʬʘʪʘ ʤʝʜʠ(II) ʠ 5 ʤʦʣ.% L-ʘʩʢʦʨʙʘʪʘ ʥʘʪʨʠʷ ʜʦʙʘʚʣʷʣʠ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʫʶ 

ʩʤʝʩʴ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 80ÁC ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʅʘʢʦʥʝʮ, ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʚʘʞʜʳ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ (CENTRIFUGE CM-6M, =2,5 ʦʙ/ʤʠʥ, 5 ʤʠʥ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʵʪʘʥʦʣʦʤ ʠ ʜʠʭʣʦʨʤʝʪʘʥʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ SWCNT/py2-3D 

ʠ SWCNT/PhC2-3D ʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʝ [299]. 
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ʈʠʩ. 29. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ 3D ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʝʥʘ 

ʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ. 

ñʇʨʠʰʠʚʢʫò ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʠʣʢʫʤʘʨʠʥʘ ʠ ʧʠʨʝʥʘ ʢ SWCNT-N3 ʧʦʜʪʚʝʨʞʜʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦ ʠʩʯʝʟʥʦʚʝʥʠʶ ʧʦʣʦʩ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʦʣʝʙʘʥʠʷʤ ʘʟʠʜʥʳʭ 

ʛʨʫʧʧ ʧʨʠ 2100 ʩʤ-1, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʩʧʝʢʪʨʝ ʠʩʭʦʜʥʳʭ SWCNT-N3 ʠ ʧʦ ʠʩʯʝʟʥʦʚʝʥʠʶ 

ʧʦʣʦʩ, ʦʪʥʦʩʷʱʠʤʩʷ ʢ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ C-H ʚ -CſC-H ʠ -CſC- ʛʨʫʧʧʝ ʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ -CſC-H ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʩʧʝʢʪʨʝ ʠʩʭʦʜʥʳʭ py2 

ʠ PhC2. ʊʘʢʞʝ ʚ ʩʧʝʢʪʨʘʭ ʥʝʢʦʪʦʨʳʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠ ̫ʉ-ʅ-ʩʚʷʟʠ ʪʨʠʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ. 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ SWCNT/py2-3D ɜ/ʩʤ-1: 3289 (CH ʚ ʪʨʠʘʟʦʣʴʥʦʤ ʢʦʣʴʮʝ),  

3070 (Ar-CH); 1576 (C=C); 1180 (ʉ-C=C). 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ SWCNT/PhC2-3D ɜ/ʩʤ-1: 3070 (Ar-CH); 1704 (C=O);  

1602ï1500 (C=C); 1180 (ʉ-C=C). 

 

ʇʦʣʫʯʝʥʠʝ 3D ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ SWCNT ʩ SiPc, ʩʦʜʝʨʞʘʱʠʤ ʟʘʤʝʩʪʠʪʝʣʠ ʚ 

ʘʢʩʠʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʷʭ 

5 ʤʛ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʟʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ 

(SWCNT-N3), ʧʦʤʝʱʘʣʠ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʢʦʣʙʫ (V = 10 ʤʣ) ʠ ʜʦʙʘʚʣʷʣʠ 3 ʤʣ 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ. ɿʘʪʝʤ ʩʫʩʧʝʥʟʠʶ ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ (ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʚʘʥʥʘ 

ʉɸʇʌʀʈ 5,7, ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ 35 ʢɻʮ) ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ʈʘʩʪʚʦʨʷʣʠ 20 ʤʛ (0,031 ʤʤʦʣʴ) 

SiPc ʚ 2 ʤʣ ɼʄʌɸ. ʈʘʩʪʚʦʨ SiPc ʜʦʙʘʚʣʷʣʠ ʢ ʩʫʩʧʝʥʟʠʠ SWCNT-N3 ʧʦ ʢʘʧʣʷʤ. ʂʘʪʘʣʠʟʘʪʦʨ 

Cu(I) ʛʦʪʦʚʠʣʠ ʧʫʪʝʤ ʩʤʝʰʠʚʘʥʠʷ 0,225 ʤʛ (0,0009 ʤʤʦʣʴ) ʧʝʥʪʘʛʠʜʨʘʪʘ ʩʫʣʴʬʘʪʘ ʤʝʜʠ (II) ʠ 

0,90 ʤʛ (0,0045 ʤʤʦʣʴ) L-ʘʩʢʦʨʙʘʪʘ ʥʘʪʨʠʷ ʚ 1 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ ʜʦʙʘʚʣʷʣʠ ʚ 
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ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ. ʉʤʝʩʴ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 90Áʉ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʵʪʘʥʦʣʦʤ ʠ ʘʮʝʪʦʥʦʤ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ 

SWCNT/SiPc-3D (ʨʠʩ. 30) ʩʫʰʠʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ ʧʨʠ 50Áʉ [302]. 

 

ʈʠʩ. 30. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ 3D ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ SWCNT/SiPc-3D. 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ: (ʩʤ-1): 3030-3066 (Ar-CH); 2990ï2835 (ʘʣʠʬʘʪʠʯʝʩʢʠʡ CH);  

1518 (C=C); 1135 (ʉ-C=C); 1122 (Si-O). 

 

ʇʦʣʫʯʝʥʠʝ 3D ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT ʩ CoPc ʠ ZnPc, ʩʦʜʝʨʞʘʱʠʤʠ 

ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 3D ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘʚʝʩʢʫ CoPc (100 ʤʛ, 0,04 ʤʤʦʣʴ) ʠʣʠ 

ZnPc (100 ʤʛ, 0,04 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ ɼʄʌɸ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ ʚ 

ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ. ɸʥʘʣʦʛʠʯʥʦ ʩʫʩʧʝʥʟʠʶ SWCNT-N3 (20 ʤʛ) ʚ 5 ʤʣ ɼʄʌɸ ʧʦʜʚʝʨʛʘʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʝ. ʈʘʩʪʚʦʨ CoPc (ʠʣʠ ZnPc) ʧʦ ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʣʠ ʢ ʩʫʩʧʝʥʟʠʠ 

SWCNT-N3, ʧʝʨʝʤʝʰʠʚʘʷ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ. ɿʘʪʝʤ ʢ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʦ ʢʘʧʣʷʤ 

ʜʦʙʘʚʣʷʣʠ CuSO4Ŀ5H2O (4,98 ʤʛ, 0,02 ʤʤʦʣʴ) ʠ ʘʩʢʦʨʙʘʪ ʥʘʪʨʠʷ (19,8 ʤʛ, 0,1 ʤʤʦʣʴ) ʚ 1 ʤʣ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ 

ʜʦ 90  ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ. ʇʦʣʫʯʝʥʥʳʝ SWCNT/CoPc-3D ʠ SWCNT/ZnPc-3D (ʨʠʩ. 31) 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ɼʄʌɸ ʠ ʜʠʭʣʦʨʤʝʪʘʥʦʤ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʰʠʭ ʤʦʣʝʢʫʣ CoPc ʠʣʠ ZnPc ʠ ʩʫʰʠʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ [303]. 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ: (ʩʤ-1): 3047-2805 (Ar-CH); 1738 (-ʉ-O-C-), 1700-1000 (C=C). 
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ʈʠʩ. 31. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ 3D ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT ʩ CoPc ʠ ZnPc. 

2.4. ʄʝʪʦʜʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ 

ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ PhC1, PhC2, py2, ZnPc-0py, ZnPc-1py, ZnPc-2py ZnPc-2ôpy, ZnPc-4py, 

SiPc, ZnPc, CoPc ʠ ʧʦʣʫʯʝʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥ rʤʝʪʦʜʘʤʠ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʧʦʛʣʦʱʝʥʠʷ, 1H-ʗʄʈ, 13C-ʗʄʈ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ: ɸʥʘʣʠʟʘʪʦʨ ThermoFinniganFlash 1112 (ThermoFisherScientif ic, 

Waltham, MA). ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʘʥʘʣʠʟʦʚ ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʚʫʭ-

ʪʨʸʭ ʘʧʧʘʨʘʪʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ. ɸʧʧʘʨʘʪʥʘʷ ʦʰʠʙʢʘ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 1 %. 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ: ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨ FT-IR Scimitar FTS 2000 ʩ ʨʘʟʨʝʰʝʥʠʝʤ 1 ʩʤ-1 ʚ 

ʦʙʣʘʩʪʠ 4000ï375 ʩʤï1 ʚ ʪʘʙʣʝʪʢʘʭ KBr. 

ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ: ʂʈ-ʩʧʝʢʪʨʦʤʝʪʨ LabRAMHoriba ʩ CCD ʜʝʪʝʢʪʦʨʦʤ (JobinYvon), 

488 ʥʤ, ʣʠʥʠʷ Ar-ʣʘʟʝʨʘ 20 ʤɺʪ. 

ʕʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ: ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ PG Instruments ʚ 

ʜʠʘʧʘʟʦʥʝ 190ï1100 ʥʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

1H-ʗʄʈ: ʩʧʝʢʪʨʦʤʝʪʨ Varian 500 ʄɻʮ; ʚʥʫʪʨʝʥʥʠʡ ʩʪʘʥʜʘʨʪ ï ʪʝʪʨʘʤʝʪʠʣʩʠʣʘʥ. 

13C-ʗʄʈ: ʩʧʝʢʪʨʦʤʝʪʨ Bruker DPX 600 600 ʄɻʮ. 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

MALDI -TOF (ʤʘʪʨʠʯʥʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʣʘʟʝʨʥʘʷ ʜʝʩʦʨʙʮʠʷ/ʠʦʥʠʟʘʮʠʷ ʩ ʚʨʝʤʷʧʨʦʣʝʪʥʳʤ 

ʨʘʟʜʝʣʝʥʠʝʤ) ʥʘ ʧʨʠʙʦʨʝ Bruker Daltonics - micrOTOF (Bremen, Germany) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ 2,5-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʫ  ʁʢʠʩʣʦʪʫ (DHB). 
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2.5. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩʫʩʧʝʥʟʠʡ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (10-4 ʤʦʣʴ/ʣ) ʙʳʣʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Shimadzu UV-VIS-2101 ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʀʂ-ʩʧʝʢʪʨʳ ʙʳʣʠ ʩʥʷʪʳ ʥʘ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʝ Vertex 80 ʚ ʜʠʘʧʘʟʦʥʝ 400-

4000 ʩʤ-1. ʂʈ-ʩʧʝʢʪʨʳ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ LabRAM Horiba ʩ CCD 

ʜʝʪʝʢʪʦʨʦʤ (Jobin Yvon) ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʣʘʟʝʨʥʦʡ ʣʠʥʠʝʡ 488 ʥʤ ʘʨʛʦʥʦʚʦʛʦ ʣʘʟʝʨʘ ʩ 

ʤʦʱʥʦʩʪʴʶ 20 ʤɺʪ. 

ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʄʦʨʬʦʣʦʛʠʶ ʩʣʦʝʚ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ) ʥʘ FEI-nova nanosem 200 ʧʨʠ 5 ʢɺ, ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ) ʥʘ JEM-2010 ʧʨʠ 200 ʢɺ. 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʂʦʣʠʯʝʩʪʚʦ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʚ ʛʠʙʨʠʜʥʦʤ ʤʘʪʝʨʠʘʣʝ ʦʧʨʝʜʝʣʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʊɻɸ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʚʝʩʦʚ Mettler Toledo StarThermal Analysis System ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ 10Á/ʤʠʥ ʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʘʟʦʪʘ 50 ʤʣ/ʤʠʥ. ʄʘʩʩʘ ʥʘʚʝʩʢʠ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 5 

ʜʦ 10 ʤʛ. ʀʟ ʜʘʥʥʳʭ ʧʦʪʝʨʠ ʤʘʩʩʳ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʪʝʧʝʥʴ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʝ (2) ʢʘʢ ʤʦʣʴʥʫʶ ʜʦʣʶ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʚ ʛʠʙʨʠʜʥʦʤ ʤʘʪʝʨʠʘʣʝ: 

ű = [ɤ / M1] / [(100-ɤ) / M2]    (2), 

ʛʜʝ M1 ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʳ, ɤ ï ʤʘʩʩʦʚʘʷ ʜʦʣʷ 

ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʳ, ʘ M2 ï ʘʪʦʤʥʘʷ ʤʘʩʩʘ ʫʛʣʝʨʦʜʘ [199]. 

ɸʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ 

ʂʦʣʠʯʝʩʪʚʦ ZnPc-n*py (n = 0, 1, 2, 4) ʚ ʛʠʙʨʠʜʥʦʤ ʤʘʪʝʨʠʘʣʝ (ʤʤʦʣʴ / ʛ) ʦʧʨʝʜʝʣʷʣʠ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ Zn ʤʝʪʦʜʦʤ ʀʉʇ-ɸʕʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʘ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

iCAP-6500 Duo (ThermoFisher Scientific, Waltham, MA). ɼʣʷ ʵʪʦʛʦ ʠʩʩʣʝʜʫʝʤʳʡ ʛʠʙʨʠʜʥʳʡ 

ʤʘʪʝʨʠʘʣ ʨʘʩʪʚʦʨʷʣʠ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ. ɿʘʪʝʤ ʨʘʩʪʚʦʨʳ ʨʘʟʙʘʚʣʷʣʠ 

ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʦʙʲʝʤʘ 10 ʤʣ. ɼʘʣʝʝ ʢʦʣʠʯʝʩʪʚʦ ZnPc-n*py ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ Zn ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (3): 

ɜZnPc/mʥʘʚʝʩʢʠ = [ɤ / MZn] Ā 1000   (3), 
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ʛʜʝ ɜZnPc/mʥʘʚʝʩʢʠ ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ZnPc ʚ ʛʠʙʨʠʜʥʦʤ ʤʘʪʝʨʠʘʣʝ (ʤʤʦʣʴ/ʛ), ɤ ï 

ʩʦʜʝʨʞʘʥʠʝ Zn ʚ ʥʘʚʝʩʢʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʤʝʪʦʜʦʤ ʀʉʇ-ɸʕʉ (%), MZn ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ 

(ʛ/ʤʦʣʴ). 

ʈʘʙʦʯʠʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʀʉʇ-ɸʕʉ: ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ 1150 ɺʪ, ʨʘʩʭʦʜ 

ʘʨʛʦʥʘ ʚ ʨʘʩʧʳʣʠʪʝʣʝ 0,70 ʣ/ʤʠʥ, ʦʭʣʘʞʜʝʥʠʝ 12 ʣ/ʤʠʥ.  

 

2.6. ʇʦʣʫʯʝʥʠʝ ʩʣʦʸʚ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʉʣʦʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʣʫʯʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠʭ ʩʫʩʧʝʥʟʠʡ (1,25 ʤʛ/ʤʣ 

ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ), ʧʦʣʫʯʝʥʥʳʭ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʯʝʨʝʟ 5-ʤʠʢʨʦʥʥʳʡ ʥʝʡʣʦʥʦʚʳʡ ʬʠʣʴʪʨ, ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ: ʦʙʲʤy ʘʣʠʢʚʦʪʳ (15 ʤʢʣ), ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʦʜʣʦʞʢʠ (2000 

ʦʙ/ʤʠʥ) ʠ ʚʨʝʤʷ ʚʨʘʱʝʥʠʷ (60 ʩ). ʉʣʦʠ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʥʘ ʩʪʝʢʣʷʥʥʳʝ ʧʦʜʣʦʞʢʠ ʩ Pt ʚʩʪʨʝʯʥʦ-

ʰʪʳʨʝʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ (DropSens, G-IDEPT10, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ï 10 ʤʢʤ, 

ʢʦʥʩʪʘʥʪʘ ʷʯʝʡʢʠ ï 0,0118 ʩʤ-1) (ʨʠʩ. 32ʙ). 

2.7. ʀʟʤʝʨʝʥʠʝ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʦʛʦ ʦʪʢʣʠʢʘ ʩʣʦʝʚ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  

ɸʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʝ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʪʦʥʢʠʭ ʩʣʦʸʚ ʚʩʝʭ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 32ʘ. 

ʀʟʤʝʨʝʥʠʝ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʦʩʥʦʚʳʚʘʣʦʩʴ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʝʥʩʦʨʥʳʭ ʩʣʦʸʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʘʚʘ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʷʯʝʡʢʝ. ʉʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʩʣʦʸʚ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʵʣʣʠʧʩʦʤʝʪʨʠʠ [199,235], ʩʦʩʪʘʚʠʣʘ 100Ñ15 ʥʤ. 

 

ʈʠʩ. 32. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʦʛʦ ʩʝʥʩʦʨʥʦʛʦ 

ʦʪʢʣʠʢʘ (ʘ): 1 ï ʙʘʣʣʦʥ ʩ ʛʘʟʦʤ-ʘʥʘʣʠʪʦʤ, 2 ï ʙʘʣʣʦʥ ʩ ʛʘʟʦʤ-ʨʘʟʙʘʚʠʪʝʣʝʤ (ʚʦʟʜʫʭʦʤ), 3 ï 
ʨʘʩʭʦʜʦʤʝʨ, 4 ï ʜʨʦʩʩʝʣʴ, 5 ï ʜʦʟʘʪʦʨ, 6 ï ʷʯʝʡʢʘ, 7 ï ʧʦʜʣʦʞʢʘ ʩ ʘʢʪʠʚʥʳʤ ʩʣʦʝʤ, 8 ï 

ʵʣʝʢʪʨʦʤʝʪʨ, 9 ï ʢʦʤʧʴʶʪʝʨ. ʉʭʝʤʘ ʧʦʜʣʦʞʢʠ (ʙ): 1 - ʩʪʝʢʣʷʥʥʘʷ ʦʩʥʦʚʘ, 2 ï ʥʘʥʝʩʸʥʥʳʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʩʣʦʡ, 3 ï ʧʣʘʪʠʥʦʚʳʝ ʚʩʪʨʝʯʥʦ-ʰʪʳʨʝʚʳʝ ʵʣʝʢʪʨʦʜʳ. 
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ʇʦʜʣʦʞʢʘ 7 ʩ ʥʘʥʝʩʸʥʥʳʤ ʘʢʪʠʚʥʳʤ ʩʣʦʝʤ ʧʦʤʝʱʘʣʘʩʴ ʚ ʢʘʤʝʨʫ 6 ʩ ʚʥʫʪʨʝʥʥʠʤ 

ʦʙʲʸʤʦʤ 5 ʩʤ3. ʀʟʤʝʨʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʵʣʝʢʪʨʦʤʝʪʨʦʤ 8 (Keithley 236), ʘ 

ʟʥʘʯʝʥʠʷ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʥʘ ʢʦʤʧʴʶʪʝʨʝ 9. ɺ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʦʜʫʚʢʘ 

ʷʯʝʡʢʠ ʛʘʟʦʤ-ʥʦʩʠʪʝʣʝʤ ʚʦʟʜʫʭʦʤ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʦʪʦʢʝ 300 ʤʣ/ʤʠʥ. ɿʘʪʝʤ ʧʨʦʚʦʜʠʣʩʷ 

ʥʘʧʫʩʢ ʛʘʟʘ-ʘʥʘʣʠʪʘ ʠʟ ʙʘʣʣʦʥʘ 1 ʚ ʦʙʱʠʡ ʧʦʪʦʢ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ 2. ʂʦʥʮʝʥʪʨʘʮʠʷ ʛʘʟʘ-ʘʥʘʣʠʪʘ 

ʚ ʢʦʥʝʯʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʨʘʩʭʦʜʦʤʝʨʦʚ 3, ʚʢʣʶʯʸʥʥʳʭ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʧʦʜʘʯʠ ʛʘʟʦʚ. ɺ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʝʧʨʝʨʳʚʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʣʦʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 10 ɺ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʚʦʜʠʤʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʚ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ï ʜʠʥʘʤʠʯʝʩʢʦʤ 

ʠ ʩʪʘʪʠʯʝʩʢʦʤ. ɺ ʩʣʫʯʘʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʩʤʝʩʴ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʠ ʛʘʟʘ-ʘʥʘʣʠʪʘ ʧʦʜʘʚʘʣʘʩʴ 

ʚ ʢʘʤʝʨʫ ʚ ʪʝʯʝʥʠʝ 30 ʩʝʢʫʥʜ ʧʨʠ ʦʙʱʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 300 ʤʣ/ʤʠʥ, ʥʘ 31-ʡ ʩʝʢʫʥʜʝ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʦʜʫʚʢʘ ʢʘʤʝʨʳ ʯʠʩʪʳʤ ʛʘʟʦʤ-ʥʦʩʠʪʝʣʝʤ. ʇʦʜʘʯʘ ʥʦʚʦʡ ʧʦʨʮʠʠ ʛʘʟʘ-ʘʥʘʣʠʪʘ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʪʦʣʴʢʦ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʸʥʢʠ ʚʦʟʚʨʘʱʘʣʦʩʴ ʢ ʠʩʭʦʜʥʦʤʫ 

(ʙʘʟʦʚʦʤʫ) ʟʥʘʯʝʥʠʶ. ʉʪʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʠ 

ʨʝʛʝʥʝʨʘʮʠʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʚ ʢʘʤʝʨʫ ʚʚʦʜʠʣʠ ʛʘʟ-ʘʥʘʣʠʪ ʚ ʪʝʯʝʥʠʝ 30 ʩ. 

ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ 300 ʤʣ/ʤʠʥ, ʧʦʩʣʝ ʧʦʜʘʯʘ ʛʘʟʘ-ʘʥʘʣʠʪʘ ʠ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ (ʚʦʟʜʫʭ) 

ʧʨʝʢʨʘʱʘʣʘʩʴ. ʂʦʛʜʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʸʥʢʠ ʜʦʩʪʠʛʘʣʦ ʥʘʩʳʱʝʥʠʷ (ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʟʥʘʯʝʥʠʷ), 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʦʜʫʚʢʘ ʷʯʝʡʢʠ ʛʘʟʦʤ-ʥʦʩʠʪʝʣʝʤ ʜʦ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʛʘʟʘ-ʘʥʘʣʠʪʘ ʠ 

ʚʦʟʚʨʘʱʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʣʦʸʚ ʢ ʠʩʭʦʜʥʦʤʫ ʟʥʘʯʝʥʠʶ. ɺʨʝʤʷ ʦʪʢʣʠʢʘ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʢʘʢ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʩʝʥʩʦʨʫ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 90% ʦʪ ʦʙʱʝʛʦ ʠʟʤʝʥʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʦʪ ʙʘʟʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʦ ʥʘʩʳʱʝʥʠʷ) ʧʨʠ ʚʚʦʜʝ ʛʘʟʘ-ʘʥʘʣʠʪʘ. ɺʨʝʤʷ 

ʨʝʛʝʥʝʨʘʮʠʠ ʦʧʨʝʜʝʣʷʣʦʩʴ ʢʘʢ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʩʝʥʩʦʨʫ ʜʣʷ ʚʦʟʚʨʘʱʝʥʠʷ 90% 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʥʘʩʳʱʝʥʠʷ ʜʦ ʙʘʟʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʧʨʦʜʫʚʢʝ ʷʯʝʡʢʠ. 

Cʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʜʘʪʯʠʢʘ ʦʧʨʝʜʝʣʷʣʩʷ ʢʘʢ Sresp = ρππϷ, ʛʜʝ Ri ï ʪʝʢʫʱʝʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʘ-ʘʥʘʣʠʪʘ, ʘ R0 ï ʠʩʭʦʜʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʜʦ ʥʘʧʫʩʢʘ ʛʘʟʘ-ʘʥʘʣʠʪʘ. ʇʦʛʨʝʰʥʦʩʪʠ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ 

ʛʨʘʬʠʢʘʭ, ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 3-5 ʠʟʤʝʨʝʥʠʡ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʛʘʟʦʚ-ʘʥʘʣʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʳʝ (99,99%) 

ʩʫʭʠʝ ʛʘʟʳ NH3, CO2, H2, H2S ʚ ʙʘʣʣʦʥʘʭ (çʏʠʩʪʳʝ ʛʘʟʳè, ʈʦʩʩʠʷ). ʇʘʨʳ ʵʪʘʥʦʣʘ, ʘʮʝʪʦʥʘ ʠ 

ʜʠʭʣʦʨʤʝʪʘʥʘ ʛʝʥʝʨʠʨʦʚʘʣʠʩʴ ʧʫʪʝʤ ʠʩʧʘʨʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʧʘʨʠʪʝʣʷ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚʥʫʪʨʠ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʢʘʤʝʨʳ. 

ʆʪʥʦʩʠʪʝʣʴʥʫʶ ʚʣʘʞʥʦʩʪʴ (RH) ʚʥʫʪʨʠ ʢʘʤʝʨʳ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ 

ʠʟʤʝʨʠʪʝʣʷ ʚʣʘʞʥʦʩʪʠ (ʄPE-202.013). ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 
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ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʘʢʪʠʚʥʳʭ ʩʣʦʸʚ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ 

ʜʠʘʧʘʟʦʥʝ 25-80Áʉ. 

ʇʨʝʜʝʣʳ ʦʙʥʘʨʫʞʝʥʠʷ ʩʣʦʸʚ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʘʢ 3Ŀů/m [304], ʛʜʝ 

m ï ʥʘʢʣʦʥ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 

ʣʠʥʝʡʥʦʤ ʜʠʘʧʘʟʦʥʝ, ů ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʟʥʘʯʝʥʠʠʡ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʚ 

ʣʠʥʝʥʝʡʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʜʘʥʥʳʤ ʜʣʷ ʩʝʨʠʠ ʠʟ 5 ʦʜʠʥʘʢʦʚʳʭ ʩʣʦʸʚ. 

2.8. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʤʤʠʘʢʘ ʩ ʛʠʙʨʠʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʥʘ 

ʦʩʥʦʚʝ SWCNT ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʮʠʥʢʘ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʩʚʷʟʠ 

ʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʮʠʥʢʘ ʩ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʦʪ ʯʠʩʣʘ ʧʠʨʝʥʦʚʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. ɼʣʷ ʵʪʦʛʦ ʦʮʝʥʠʚʘʣʘʩʴ ʵʥʝʨʛʠʷ 

ʩʚʷʟʠ ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ ʩ ʛʠʙʨʠʜʘʤʠ SWCNT(10,0)/ZnPc-n*py (n = 0, 1, 2, 2ô, 4) ʧʨʠ ʧʦʤʦʱʠ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ SCC-DFTB, ʚʳʧʦʣʥʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʜʘ DFTB+ 

[305,306], ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ 3OB (ʬʘʡʣʳ ʉʣʝʡʪʝʨʘ-ʂʦʩʪʝʨʘ) [307,308] ʠ ʤʝʪʦʜʘ DFT-D3 ʜʣʷ 

ʢʦʨʨʝʢʮʠʠ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [309,310]. ʇʦʩʢʦʣʴʢʫ ʚʩʝ ʩʪʨʫʢʪʫʨʳ ʩʦʜʝʨʞʘʣʠ 

ʪʦʣʴʢʦ ʩʧʘʨʝʥʥʳʝ ʵʣʝʢʪʨʦʥʳ, ʪʦ ʩʧʠʥʦʚʘʷ ʧʦʣʷʨʠʟʘʮʠʷ, ʘ ʪʘʢʞʝ ʢʘʢʠʝ-ʣʠʙʦ ʦʛʨʘʥʠʯʝʥʠʷ 

ʩʠʤʤʝʪʨʠʠ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ. ɺ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʬʨʘʛʤʝʥʪ, 

ʩʦʜʝʨʞʘʱʠʡ ʥʘʥʦʪʨʫʙʢʠ ʜʣʠʥʦʡ 12*a, ʛʜʝ a ï ʜʣʠʥʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ SWCNT(10,0), ʠ 

ʤʦʣʝʢʫʣʘ ʤʘʢʨʦʮʠʢʣʘ (MC) (ʬʪʘʣʦʮʠʘʥʠʥʘ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʪʨʫʙʢʠ. ʊʘʢʞʝ ʫʯʠʪʳʚʘʣʘʩʴ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʚʩʝʭ ʩʪʨʫʢʪʫʨ ʚʜʦʣʴ ʦʩʠ ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ. ʉʦʛʣʘʩʥʦ ʧʨʝʜʳʜʫʱʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʥʘʰʝʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʳ [311,312], ʦʨʠʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣ MC ʚʳʙʠʨʘʣʘʩʴ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʤʝʞʜʫ -́ʵʣʝʢʪʨʦʥʘʤʠ MC ʠ ́-

ʵʣʝʢʪʨʦʥʘʤʠ ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦʤʫ 

ʧʦʣʦʞʝʥʠʶ. ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʪʨʠʦʢʩʠʵʪʠʣʝʥʪʠʦ-ʟʘʤʝʩʪʠʪʝʣʠ ʚ 

ZnPc-n*py ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ. ɺ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʦʩʠ ʫʛʣʝʨʦʜʥʦʡ 

ʥʘʥʦʪʨʫʙʢʠ, ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʚʘʢʫʫʤʥʳʡ ʟʘʟʦʨ ʚʝʣʠʯʠʥʦʡ 60 ¡. k-ʊʦʯʢʠ ʧʝʨʚʦʡ ʟʦʥʳ 

ɹʨʠʣʣʶʵʥʘ ʚʳʙʠʨʘʣʠʩʴ ʩʝʪʢʦʡ 1Ĭ1Ĭ9 (ʦʩʴ ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʦʩʠ z) 

ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ ʄʦʥʢʭʦʨʩʪʘ-ʇʘʢʘ [313]. ʕʥʝʨʛʠʠ ʩʚʷʟʠ (Eb) ʤʦʣʝʢʫʣʳ MC ʩ SWCNT(10,0) 

ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʘʢ ʨʘʟʥʦʩʪʠ ʵʥʝʨʛʠʡ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʠ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ: 

Ὁ MC ὉSWCNT10,0/MC ὉSWCNT10,0ὉMC     (4). 

ʕʥʝʨʛʠʷ ʩʚʷʟʠ ʦʜʠʥʦʯʥʦʡ ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʛʠʙʨʠʜʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʚʷʟʠ ʩ ʘʪʦʤʦʤ ʮʠʥʢʘ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʫʨʘʚʥʝʥʠʶ 5:  
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Ὁ NH ὉSWCNT10,0/MC/NH ὉSWCNT10,0/MC ὉNH     (5). 

ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʪʳʨʸʭ ʤʦʣʝʢʫʣ NH3 ʩ ʙʦʢʦʚʳʤʠ ʘʪʦʤʘʤʠ MC 

ʚ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʋʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʚʷʟʠ Ὁ NH  

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ 6. 

Ὁ NH ὉSWCNT10,0/MC/τNH ὉSWCNT10,0/MC τὉNH   (6). 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʳ ʧʨʦʚʝʜʝʥʳ ʢ.ʬ.-ʤ.ʥ. ʂʨʘʩʥʦʚʳʤ ʇʘʚʣʦʤ ʆʣʝʛʦʚʠʯʝʤ 

(ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʂʨʘʩʥʦʷʨʩʢ). 
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3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʜʥʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ, ʢʦʪʦʨʳʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʩʚʦʡʩʪʚʘʤ ʷʚʣʷʶʪʩʷ 

ʧʦʜʭʦʜʷʱʠʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʭ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʘʭ. 

ɺʳʙʦʨ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʝʥʘ ʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʜʣʷ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʦʩʥʦʚʘʥ ʥʘ ʠʭ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʢʘʢ ʜʣʷ ʥʝʢʦʚʘʣʝʥʪʥʦʡ, ʪʘʢ ʠ ʢʦʚʘʣʝʥʪʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ SWCNT. ʌʪʘʣʦʮʠʘʥʠʥʳ ʤʝʪʘʣʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʥʘʰʝʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʠ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʤ ʩʝʥʩʦʨʥʳʤ ʦʪʢʣʠʢʦʤ ʥʘ ʘʤʤʠʘʢ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ SWCNT ʚʳʙʨʘʥʘ ʨʝʘʢʮʠʷ 

ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʍʴʶʩʛʝʥʘ. ɼʘʥʥʘʷ ʨʝʘʢʮʠʷ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ, ʧʨʦʪʝʢʘʝʪ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʵʪʦʤ 

ʦʙʨʘʟʫʶʪʩʷ ʙʝʟʚʨʝʜʥʳʝ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʫʜʘʣʝʥʳ ʙʝʟ 

ʧʨʠʚʣʝʯʝʥʠʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʯʪʦ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪ ʵʪʦʪ ʤʝʪʦʜ ʥʘ ʬʦʥʝ 

ʠʟʚʝʩʪʥʳʭ ʨʝʘʢʮʠʡ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʩʦʣʝʡ ʜʠʘʟʦʥʠʷ, ʘ ʪʘʢʞʝ ʦʢʠʩʣʝʥʠʷ ʥʘʥʦʪʨʫʙʦʢ. 

ɺ ʢʘʯʝʩʪʚʝ ʛʘʟʦʚ-ʘʥʘʣʠʪʦʚ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʙʨʘʥʳ ʘʤʤʠʘʢ ʠ ʩʝʨʦʚʦʜʦʨʦʜ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʩʚʦʝʡ ʪʦʢʩʠʯʥʦʩʪʴʶ. ʉʝʥʩʦʨʳ ʥʘ ʘʤʤʠʘʢ ʠ ʩʝʨʦʚʦʜʦʨʦʜ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʁʩʷ 

ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠʦʙʨʝʣʠ ʧʦʧʫʣʷʨʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʩʝʥʩʦʨʦʚ ʜʣʷ ʥʝʠʥʚʘʟʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʙʨʦʥʭʦʣʸʛʦʯʥʳʭ ʠ ʧʦʯʝʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʫʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ NH3 ʠ H2S 

ʚ ʚʳʜʳʭʘʝʤʦʤ ʚʦʟʜʫʭʝ. 

3.1. ɻʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʥʝʢʦʚʘʣʝʥʪʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ SWCNT ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ ʮʠʥʢʘ ʠ ʢʦʙʘʣʴʪʘ. ɺʣʠʷʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʧʠʨʝʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ (ʨʘʟʜʝʣ 1.2.1 ʠ 1.4.) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘʤʝʩʪʠʪʝʣʠ ʚʦ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʤ ʢʦʣʴʮʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʩʚʦʡʩʪʚʘ ʩʘʤʠʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ 

ʤʝʪʘʣʣʦʚ, ʥʦ ʠ ʥʘ ʩʚʦʡʩʪʚʘ ʠʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ. ɺ ʜʘʥʥʦʤ 

ʨʘʟʜʝʣʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʠʨʝʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʤʦʣʝʢʫʣʝ 

ʬʪʘʣʦʮʠʘʥʠʥʘ ʤʝʪʘʣʣʘ, ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ SWCNT, ʥʘ ʝʛʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʘʢʠʤ ʛʘʟʘʤ-ʘʥʘʣʠʪʘʤ, ʢʘʢ NH3 ʠ H2S. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ 

ʯʘʩʪʠ ʨʘʙʦʪʳ ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʘʪʝʨʠʘʣʳ SWCNT/ZnPc-n*py (n = 0-4), ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʧʨʦʠʟʚʦʜʥʳʤʠ 
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ʬʪʘʣʦʮʠʘʥʠʥʘ ʮʠʥʢʘ, ʩʦʜʝʨʞʘʱʠʤʠ ʦʪ 0 ʜʦ 4 ʧʠʨʝʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚʦ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʤ 

ʢʦʣʴʮʝ (ʨʠʩ. 16). ʊʘʢʞʝ ʚ ʜʘʥʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʨʘʩʩʤʦʪʨʝʥʳ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 

SWCNT ʠ ʬʪʘʣʦʮʠʘʥʠʥʘ ʢʦʙʘʣʴʪʘ CoPc-16py, ʩʦʜʝʨʞʘʱʝʛʦ ʰʝʩʪʥʘʜʮʘʪʴ ʧʠʨʝʥʦʚʳʭ 

ʬʨʘʛʤʝʥʪʦʚ, ʠ ʬʪʘʣʦʮʠʘʥʠʥʘ ʢʦʙʘʣʴʪʘ CoPc-1py, ʩʦʜʝʨʞʘʱʝʛʦ ʦʜʠʥ ʧʠʨʝʥʦʚʳʡ ʟʘʤʝʩʪʠʪʝʣʴ 

(ʨʠʩ. 18). 

3.1.1. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ɻʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ SWCNT ʠ ʧʨʦʠʟʚʦʜʥʳʭ ZnPc-n*py 

ɻʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ SWCNT/ZnPc-0py, SWCNT/ZnPc-1py, SWCNT/ZnPc-2py, 

SWCNT/ZnPc-2ôpy ʠ SWCNT/ZnPc-4py ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ), ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ 

ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʀʉʇ-ɸʕʉ). 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʬʪʘʣʦʮʠʘʥʠʥʘ ʮʠʥʢʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʅʘ ʨʠʩ. 33 ʧʦʢʘʟʘʥʳ ʂʈ-

ʩʧʝʢʪʨʳ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT/ZnPc-n*py ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʧʝʢʪʨʘʤʠ ʠʩʭʦʜʥʳʤʠ 

SWCNT. ʅʘ ʚʩʪʘʚʢʝ ʢ ʨʠʩ. 33ʙ ʚ ʫʚʝʣʠʯʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʧʦʢʘʟʘʥ ʜʠʘʧʘʟʦʥ ʦʪ 400 ʜʦ  

1200 ʩʤï1 ʜʣʷ ʣʫʯʰʝʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʦʩ ʢʦʣʝʙʘʥʠʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʬʪʘʣʦʮʠʘʥʠʥʘʤ ʮʠʥʢʘ. 

D ʠ G-ʧʦʣʦʩʳ ʚ ʩʧʝʢʪʨʘʭ ʚʩʝʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʠʩʭʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʦʙʣʘʩʪʠ 1343 ʠ 1590 ʩʤ-1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩ. 33. (ʘ) ï ʂʈ-ʩʧʝʢʪʨʳ SWCNT ʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT/ZnPc-n*py ʚ 
ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 2100 ʩʤï1. (ʙ) ï ʂʈ-ʩʧʝʢʪʨʳ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT/ZnPc-n*py ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 400 ʜʦ 1200 ʩʤï1. 
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ʉʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʣʦʩ D ʢ G (ID/IG) ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʜʝʬʝʢʪʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠ ʪ. ʜ. [314]. ʊʘʢ ʢʘʢ D-ʧʦʣʦʩʘ ʦʪʚʝʯʘʝʪ ʟʘ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ  

sp2-ʛʠʙʨʠʜʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʪʨʫʙʦʢ, ʥʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ ʠ ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ, 

ʪʦ ʫʚʝʣʠʯʝʥʠʝ ʝ yʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ G-ʧʦʣʦʩʳ ʚ ʩʧʝʢʪʨʘʭ SWCNT/ZnPc-n*py ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʝʢʪʨʦʤ ʠʩʭʦʜʥʳʭ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʫʚʝʣʠʯʝʥʠʠ ʜʝʬʝʢʪʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʟʘ ʩʯʸʪ ʘʜʩʦʨʙʮʠʠ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʨʦʠʟʚʦʜʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ [230,234]. ʉʦʦʪʥʦʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʣʦʩ ID/IG ʫʚʝʣʠʯʠʣʦʩʴ ʩ 0,04 ʚ ʩʧʝʢʪʨʝ ʠʩʭʦʜʥʳʭ SWCNT ʜʦ 0,071-0,075 ʚ 

ʩʧʝʢʪʨʝ SWCNT, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʤʠ ZnPc. ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ 

ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ID/IG ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʢʦʚʘʣʝʥʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʨʦʠʟʚʦʜʥʳʭ ZnPc-n*py ʩ SWCNT. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʥʘʥʦʪʨʫʙʦʢ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʂʈ-ʩʧʝʢʪʨʘʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʣʦʩ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ ʚ ʤʦʣʝʢʫʣʘʭ ZnPc (ʨʠʩ. 33ʙ). ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ 

ʢʦʣʝʙʘʥʠʷ ʤʘʢʨʦʮʠʢʣʘ ʬʪʘʣʦʮʠʘʥʠʥʘ ʚ ʩʧʝʢʪʨʝ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝʩʢʦʣʴʢʦ ʩʜʚʠʥʫʪʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʧʦʣʦʞʝʥʠʝʤ ʚ ʩʧʝʢʪʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʪʘʣʦʮʠʘʥʠʥʘ ʮʠʥʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʘ ʩ SWCNT. 

ʇʦʤʠʤʦ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ SWCNT ʧʨʦʠʟʚʦʜʥʳʤʠ ZnPc ʢʦʩʚʝʥʥʦ 

ʧʦʜʪʚʝʨʞʜʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʉʕʄ (ʨʠʩ. 34), ʜʣʷ ʚʩʝʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT/ZnPc-n*py 

ʭʦʨʦʰʦ ʚʠʜʥʳ ʥʘʥʦʪʨʫʙʢʠ ʠʣʠ ʠʭ ʧʫʯʢʠ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʘʛʨʝʛʘʪʳ ʠʟ 

ʤʦʣʝʢʫʣ ʬʪʘʣʦʮʠʘʥʠʥʘ (ʚʩʪʘʚʢʘ ʨʠʩ. 34ʜ), ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳʝ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʥʦʪʨʫʙʦʢ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʦʜʠʬʠʢʘʮʠʶ SWCNT ʧʨʦʠʟʚʦʜʥʳʤʠ ZnPc. 
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ʈʠʩ. 34. ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʭʦʜʥʳʭ SWCNT (ʘ) ʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

SWCNT/ZnPc-0py (ʙ), SWCNT/ZnPc-1py (ʚ), SWCNT/ZnPc-2py (ʛ) ʠ SWCNT/ZnPc-4py (ʜ). 

ʂʦʣʠʯʝʩʪʚʦ ZnPc ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʪʨʫʙʦʢ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʀʉʇ-ɸʕʉ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ Zn ʚ ʛʠʙʨʠʜʥʦʤ ʤʘʪʝʨʠʘʣʝ. ʇʦ ʜʘʥʥʳʤ ʀʉʇ-ɸʕʉ ʢʦʣʠʯʝʩʪʚʦ ZnPc, ʨʘʩʩʯʠʪʘʥʥʦʝ 

ʧʦ ʬʦʨʤʫʣʝ (3), ʩʦʩʪʘʚʣʷʝʪ 0,069Ñ0,006, 0,101Ñ0,006, 0,101Ñ0,006, 0,074Ñ0,006 ʠ 0,072Ñ0,006 

ʤʤʦʣʴ/ʛ ʚ SWCNT/ZnPc-0py, SWCNT/ZnPc-1py, SWCNT/ZnPc-2py, SWCNT/ZnPc-2'py ʠ 

SWCNT/ZnPc-4py ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ZnPc, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ SWCNT, 

ʚʳʰʝ ʚ ʩʣʫʯʘʝ ZnPc, ʩʦʜʝʨʞʘʱʠʭ ʧʠʨʝʥʦʚʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʯʝʤ ʚ ʩʣʫʯʘʝ ZnPc, ʩʦʜʝʨʞʘʱʝʛʦ 

ʪʦʣʴʢʦ ʧʦʣʠʦʢʩʠʘʣʢʠʣʴʥʳʝ ʮʝʧʠ, ʦʜʥʘʢʦ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ 

ʬʪʘʣʦʮʠʘʥʠʥʘ ʠ ʯʠʩʣʦʤ ʧʠʨʝʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ, ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʤʦʣʝʢʫʣʳ 

ʬʪʘʣʦʮʠʘʥʠʥʘ ʩ SWCNT(10,0) (Eb) ʩʦʩʪʘʚʠʣʘ -2,065, -3,004, -4,086, -3,905 ʠ -5,677 ʵɺ ʜʣʷ 

SWCNT(10,0)/ZnPc-0py, SWCNT(10,0)/ZnPc-1py, SWCNT(10,0)/ZnPc-2py, 

SWCNT(10,0)/ZnPc-2ôpy ʠ SWCNT(10,0)/ZnPc-4py ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʚʝʣʠʯʝʥʠʝ Eb ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʙ·ʣʴʰʝʛʦ ʯʠʩʣʘ ʧʠʨʝʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚʦ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʝ ʢʦʣʴʮʦ ZnPc 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ -́  ́ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʧʠʨʝʥʦʚʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʠ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʨʠʩ. 35). 
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ʈʠʩ. 35. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ SWCNT(10,0)/ZnPc. 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʥʳʤʠ ZnPc ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ 

SWCNT ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʧʠʨʝʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʢʦʣʠʯʝʩʪʚʦ ZnPc ʚ 

ʛʠʙʨʠʜʥʦʤ ʤʘʪʝʨʠʘʣʝ ʥʝ ʫʚʝʣʠʯʠʣʦʩʴ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʜʘʥʥʳʡ ʬʘʢʪ ʩʚʷʟʘʥ ʩ ʙʦʣʴʰⱫʤʠ 

ʨʘʟʤʝʨʘʤʠ ʤʦʣʝʢʫʣ ʠ ʩʪʝʨʠʯʝʩʢʠʤʠ ʟʘʪʨʫʜʥʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ 

ʤʦʣʝʢʫʣ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʪʨʫʙʢʠ ʚ ʚʠʜʝ ʤʦʥʦʩʣʦʷ. 

 

ɻʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ SWCNT ʠ ʧʨʦʠʟʚʦʜʥʳʭ CoPc-1py, CoPc-16py 

ɻʠʙʨʠʜʥʳʡ ʤʘʪʝʨʠʘʣ SWCNT/CoPc-16py ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ, ʩʢʘʥʠʨʫʶʱʝʡ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ. SWCNT/CoPc-1py ʙʳʣ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʨʘʥʝʝ Esra Nur Kaya ʠ ʜʨ. [234].  

ʅʘ ʨʠʩ. 36 ʧʦʢʘʟʘʥ ʂʈ-ʩʧʝʢʪʨ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ SWCNT/CoPc-16py. ʂʈ-ʩʧʝʢʪʨ 

SWCNT/CoPc-16py ʩʦʜʝʨʞʠʪ ʜʚʝ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʥʘʥʦʪʨʫʙʢʘʤ, ʘ ʠʤʝʥʥʦ 

D-ʧʦʣʦʩʫ ʧʨʠ 1344 ʩʤ-1 ʠ G-ʧʦʣʦʩʫ ʧʨʠ 1584 ʩʤ-1. ʆʪʥʦʰʝʥʠʝ ID/IG ʚ ʩʧʝʢʪʨʝ SWCNT/CoPc-

16py ʚʳʰʝ, ʯʝʤ ʚ ʩʧʝʢʪʨʝ ʠʩʭʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʨʠʩ. 33), ʠ ʨʘʚʥʦ 0,24, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʙ ʘʜʩʦʨʙʮʠʠ CoPc-16py ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʪʨʫʙʦʢ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʂʈ-ʩʧʝʢʪʨʝ ʛʠʙʨʠʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʧʦʣʦʩ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʣʝʙʘʥʠʷʤ CoPc-16py (ʥʘ ʨʠʩ. 36 

ʦʪʤʝʯʝʥʳ ʟʚʝʟʜʦʯʢʦʡ*). 
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ʈʠʩ. 36. ʂʈ-ʩʧʝʢʪʨ SWCNT/CoPc-16py. ɿʚʝʟʜʦʯʢʘʤʠ (*) ʦʪʤʝʯʝʥʳ ʧʦʣʦʩʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʣʝʙʘʥʠʷʤ CoPc-16py. 

ʅʘ ʨʠʩ. 37 ʧʦʢʘʟʘʥʳ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʘ CoPc-16py ʠ ʩʫʩʧʝʥʟʠʠ 

SWCNT/CoPc-16py ʚ ɼʄʌɸ. ɺ ʩʧʝʢʪʨʝ ʨʘʩʪʚʦʨʘ CoPc-16py ʥʘʙʣʶʜʘʝʪʩʷ ʧʷʪʴ ʧʦʣʦʩ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 300 ʜʦ 800 ʥʤ, ʘ ʠʤʝʥʥʦ ʧʨʠ 314, 328, 345, 610 ʠ 678 ʥʤ. Q-ʧʦʣʦʩʘ ʧʦʣʦʩʘ ʧʨʠ 

678 ʥʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ˊ-ˊ*-ʧʝʨʝʭʦʜʫ ʩ ʚʳʩʰʝʡ ʟʘʥʷʪʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʘʣʠ (ɺɿʄʆ) ʥʘ 

ʥʠʟʰʫʶ ʩʚʦʙʦʜʥʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʦʨʙʠʪʘʣʴ (ʅʉʄʆ) ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ [315]. ʅʘʣʠʯʠʝ 

ʧʦʣʦʩʳ ʧʨʠ 610 ʥʤ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʨʘʩʪʚʦʨʝ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʬʦʨʤ 

ʤʦʣʝʢʫʣ CoPc-16py. ʆʩʪʘʣʴʥʳʝ ʧʠʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ɺ-ʧʦʣʦʩʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʝʨʝʭʦʜʦʤ 

ʵʣʝʢʪʨʦʥʘ ʩ ʫʨʦʚʥʷ a2u ʥʘ ʫʨʦʚʝʥʴ eg ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ CoPc-16py, ʠ ʧʦʣʦʩʘʤ, 

ʦʪʥʦʩʷʱʠʤʩʷ ʢ ʧʝʨʝʭʦʜʘʤ ʚ ʧʠʨʝʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʷʭ [185,316].  ɺʩʝ ʵʪʠ ʧʦʣʦʩʳ ʥʘʙʣʶʜʘʣʠʩʴ 

ʠ ʚ ʩʧʝʢʪʨʝ SWCNT/CoPc-16py. 

300 400 500 600 700 800 900

0,0

0,2

0,4

0,6

0,8

ʇ
ʦ
ʛ
ʣ
ʦ
ʱ
ʝ
ʥ
ʠ
ʝ

ɼʣʠʥʘ ʚʦʣʥʳ, ʥʤ

 CoPc-16py

 SWCNT/CoPc-16py  

 

ʈʠʩ. 37. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʘ CoPc-16py ʠ ʩʫʩʧʝʥʟʠʠ 

SWCNT/CoPc-16py ʚ ɼʄʌɸ. 

ʌʦʪʦʛʨʘʬʠʠ SWCNT/CoPc-16py, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʘʤʠ ʉʕʄ ʠ ʇʕʄ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 38. ʅʘ ʬʦʪʦʛʨʘʬʠʷʭ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʪʨʫʙʦʢ ʚʠʜʥʳ ʘʛʨʝʛʘʪʳ ʠʟ 
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ʤʦʣʝʢʫʣ ʬʪʘʣʦʮʠʘʥʠʥʘ ʢʦʙʘʣʴʪʘ (ʨʠʩ. 38ʘ). ʅʘ ʠʟʦʙʨʘʞʝʥʠʠ ʇʕʄ (ʨʠʩ. 38ʙ) ʪʘʢʞʝ ʟʘʤʝʪʥʦ, 

ʯʪʦ ʩʪʝʥʢʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʧʣʦʪʥʦ ʧʦʢʨʳʪʳ ʘʛʨʝʛʘʪʘʤʠ ʠʟ ʤʦʣʝʢʫʣ ʬʪʘʣʦʮʠʘʥʠʥʘ 

ʢʦʙʘʣʴʪʘ. 

 

ʈʠʩ. 38. ʉʕʄ (ʘ) ʠ ʇʕʄ (ʙ) ʠʟʦʙʨʘʞʝʥʠʷ SWCNT/CoPc-16py. 

ʉʪʝʧʝʥʴ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ (ű) SWCNT ʚ SWCNT/CoPc-16py ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʜʘʥʥʳʭ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʉʪʝʧʝʥʴ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʢʨʠʚʳʭ ʊɻɸ (ʨʠʩ. 39), ʦʙʱʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ (ȹm) ʠʩʭʦʜʥʳʭ SWCNT,  

SWCNT/CoPc-16py ʠ CoPc-16py ʧʨʠ 750ÁC ʩʦʩʪʘʚʣʷʣʠ 4%, 41% ʠ 53% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʪʝʨʷ 

ʤʘʩʩʳ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ SWCNT/CoPc-16py ʟʘ ʩʯʸʪ ʜʝʩʦʨʙʮʠʠ (ʠʣʠ ʨʘʟʣʦʞʝʥʠʷ) CoPc-

16py ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʪʨʫʙʦʢ ʩʦʩʪʘʚʣʷʝʪ 37% (41%-4%). ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʤʦʣʝʢʫʣ 

ʧʨʦʠʟʚʦʜʥʦʛʦ ʬʪʘʣʦʮʠʘʥʠʥʘ ʢʦʙʘʣʴʪʘ ʚ ʛʠʙʨʠʜʥʦʤ ʤʘʪʝʨʠʘʣʝ (ɤ, %) ʩʦʩʪʘʚʣʷʝʪ 69% 

(37%/53%). ʉʪʝʧʝʥʴ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʯʠʩʣʦ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ SWCNT, 

ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʬʪʘʣʦʮʠʘʥʠʥʘ. ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (2), ʩʪʝʧʝʥʴ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ (ű, %) ʚ ʛʠʙʨʠʜʥʦʤ ʤʘʪʝʨʠʘʣʝ SWCNT/CoPc-16py ʩʦʩʪʘʚʠʣʘ 0,4%, ʪʦ ʝʩʪʴ 

ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʫ CoPc-16py ʧʨʠʭʦʜʠʪʩʷ 250 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʜʘʥʥʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ ʜʨʫʛʠʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [230]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʣʫʯʝʥʥʳʤ 

Esra Nur Kaya [234,240], ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʫ CoPc-1py ʧʨʠʭʦʜʠʪʩʷ 276 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʪʝʧʝʥʴ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ SWCNT/CoPc-1py ʪʦʞʝ ʨʘʚʥʷʣʘʩʴ 0,4%. 
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ʈʠʩ. 39. ʂʨʠʚʳʝ ʧʦʪʝʨʠ ʤʘʩʩʳ SWCNT, CoPc-16py ʠ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

SWCNT/CoPc-16py. 

 

3.1.2. ʉʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT ʩ ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ ZnPc-

n*py (n=0, 1, 2, 4) ʠ CoPc-n*py (n = 1, 16) 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʣʦʠ SWCNT ʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘʥʦʩʠʣʠ ʥʘ ʚʩʪʨʝʯʥʦ-ʰʪʳʨʝʚʳʝ ʵʣʝʢʪʨʦʜʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʩʣʦʸʚ SWCNT/ZnPc-n*py 

ɸʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʡ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʥʘ ʘʤʤʠʘʢ ʩʣʦʝʚ SWCNT/ZnPc-0py, 

SWCNT/ZnPc-1py, SWCNT/ZnPc-2py, SWCNT/ZnPc-2'py ʠ SWCNT/ZnPc-4py ʠʟʤʝʨʷʣʩʷ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (23Ñ2Áʉ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 10%. ʅʘ ʨʠʩ. 40ʘ ʜʣʷ ʧʨʠʤʝʨʘ 

ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʣʦʷ SWCNT/ZnPc-4py ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʷʯʝʡʢʫ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ NH3 (10-500 ppm), ʜʦʩʪʠʛʘʝʤʳʭ ʧʨʠ ʨʘʟʙʘʚʣʝʥʠʠ ʘʤʤʠʘʢʘ ʩʫʭʠʤ ʚʦʟʜʫʭʦʤ. ʇʨʠ 

ʘʜʩʦʨʙʮʠʠ ʘʤʤʠʘʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʸʚ ʚʦʟʨʘʩʪʘʝʪ, 

ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʧʦʜʘʯʠ NH3 ʠ ʧʨʦʜʫʚʢʠ ʛʘʟʦʚʦʡ ʷʯʝʡʢʠ ʚʦʟʜʫʭʦʤ ʘʤʤʠʘʢ ʜʝʩʦʨʙʠʨʫʝʪʩʷ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ, ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʠʩʭʦʜʥʦʤʫ ʟʥʘʯʝʥʠʶ Ro (ʨʠʩ. 

40ʙ). 
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ʈʠʩ. 40. (ʘ) ï ʀʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʣʦʷ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ SWCNT/ZnPc-4py 
ʧʨʠ ʚʚʝʜʝʥʠʠ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʠʘʢʘ (10-500 ppm) ʚ ʷʯʝʡʢʫ. (ʙ) ï ɸʜʩʦʨʙʮʠʦʥʥʦ-

ʨʝʟʠʩʪʠʚʥʳʡ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʩʣʦʸʚ SWCNT ʠ SWCNT/ZnPc-n*py ʥʘ ʘʤʤʠʘʢ (50 ppm). 

ʉʨʘʚʥʝʥʠʝ ʚʝʣʠʯʠʥ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʠʩʭʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ SWCNT ʠ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ SWCNT/ZnPc-n*py (ʨʠʩ. 41ʘ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ 

ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ. ʏʝʤ ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʨʝʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʤʦʣʝʢʫʣʝ 

ZnPc, ʪʝʤ ʚʳʰʝ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ. ʅʘ ʧʨʠʤʝʨʝ SWCNT/ZnPc-2py ʠ SWCNT/ZnPc-2ôpy 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʧʠʨʝʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚʦ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʤ ʢʦʣʴʮʝ ʧʨʠ ʠʭ 

ʦʜʠʥʘʢʦʚʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʯʪʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ. ʉʣʦʠ ʛʠʙʨʠʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩ ʬʪʘʣʦʮʠʘʥʠʥʦʤ ʮʠʥʢʘ, ʩʦʜʝʨʞʘʱʠʤ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʨʝʥʦʚʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ (SWCNT/ZnPc-4py), ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ, ʢʦʪʦʨʳʡ 

ʚ 9-18 ʨʘʟ ʚʳʰʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʯʝʤ ʜʣʷ ʩʣʦʸʚ ʠʩʭʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ SWCNT, 

ʠ ʚ 5-6 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ SWCNT/ZnPc-0py. ʅʘ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ SWCNT/ZnPc-4py ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ (ʨʠʩ. 41ʙ) ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʘ 

ʣʠʥʝʡʥʳʭ ʜʠʘʧʘʟʦʥʘ (1-10 ppm ʠ 10-100 ppm). ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʣʦʸʚ SWCNT/ZnPc-4py, 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʫʛʣʫ ʥʘʢʣʦʥʘ ʧʨʷʤʳʭ ʥʘ ʜʘʥʥʦʤ ʛʨʘʬʠʢʝ, ʩʦʩʪʘʚʠʣʘ 0,28 ppm-1 ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 1 ʜʦ 10 ppm ʠ 0,04 ppm-1 ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ʜʦ 100 ppm. 
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ʈʠʩ. 41. (ʘ) ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ SWCNT ʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
SWCNT/ZnPc-0py, SWCNT/ZnPc-1py, SWCNT/ZnPc-2py, SWCNT/ZnPc-2'py ʠ  

SWCNT/ZnPc-4py ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ NH3 (10-50 ppm). (ʙ) ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ 

ʩʣʦʸʚ SWCNT/ZnPc-4py ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ (1-100 ppm). 

ʇʨʝʜʝʣʳ ʦʙʥʘʨʫʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʣʦʸʚ SWCNT/ZnPc-n*py (n = 0, 1, 2, 2', 4), 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʛʨʘʬʠʢʫ ʚ ʣʠʥʝʡʥʦʤ ʜʠʘʧʘʟʦʥʝ 10-50 ppm, ʩʦʩʪʘʚʣʷʶʪ ʦʪ 0,4 ʜʦ 1,5 ppm 

(ʪʘʙʣ. 5), ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʇɼʂ) ʘʤʤʠʘʢʘ ʚ 

ʚʦʟʜʫʭʝ ʨʘʙʦʯʝʡ ʟʦʥʳ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʅ 2.2.5.686-98 ʠ ʨʘʚʥʦʡ 20 ʤʛ/ʤ3  

(28 ppm) [205]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʠʨʝʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ZnPc-n*py ʥʘ 

ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʩʣʦʸʚ SWCNT/ZnPc-n*py 

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʠʨʝʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚʦ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʤ ʢʦʣʴʮʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʧʨʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʢ.ʬ.-ʤ.ʥ. ʂʨʘʩʥʦʚʳʤ ʇ.ʆ. ʇʦ ʤʥʝʥʠʶ 

ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [238ï240], ʫʚʝʣʠʯʝʥʠʝ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʧʨʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʬʝʢʪʦʚ ʧʨʠ ʠʭ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʪʘʢ ʠ ʩ ʣʫʯʰʠʤ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ 

ʤʝʞʜʫ ʥʘʥʦʪʨʫʙʢʘʤʠ ʠʟ-ʟʘ ʨʘʟʚʠʪʦʡ -́ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ SWCNT. ʇʨʠ ʵʪʦʤ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʥʘ ʢʘʢʠʭ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʘʭ ʛʠʙʨʠʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʘʜʩʦʨʙʮʠʷ ʘʤʤʠʘʢʘ, ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʦʙʩʫʞʜʝʥʠʷ [258,283,284]. ɺ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʳʭ ʮʝʥʪʨʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ ʩ ʤʘʪʝʨʠʘʣʦʤ: SWCNT, ʘʪʦʤʳ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʛʦ 

ʤʘʢʨʦʮʠʢʣʘ, ʮʝʥʪʨʘʣʴʥʳʡ ʤʝʪʘʣʣ-ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʴ (Zn ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ) ʠ ʘʪʦʤʳ 

ʟʘʤʝʩʪʠʪʝʣʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ 

ʮʝʥʪʨʘʣʴʥʳʡ ʤʝʪʘʣʣ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʘʤʤʠʘʢʦʤ, ʢʘʢ ʫʞʝ 

ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ (ʨʘʟʜʝʣ 1.6), ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʧʦʨʥʳʭ ʤʦʤʝʥʪʦʚ ʚ ʜʘʥʥʳʭ ʩʫʞʜʝʥʠʷʭ. ʇʨʠ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ NH3 c SWCNT-ZnPc-n*py (n = 0, 1, 2, 4) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʩʚʷʟʠ Eb(NH3) ʘʤʤʠʘʢʘ ʩ ʢʘʪʠʦʥʦʤ ʮʠʥʢʘ (ʨʠʩ. 42) ʫʤʝʥʴʰʘʝʪʩʷ 

ʩ -0,826 ʵɺ ʜʦ -0,806 ʵɺ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʧʠʨʝʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ n ʦʪ 1 ʜʦ 4 (ʪʘʙʣ. 

4), ʯʪʦ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚ ʜʘʥʥʦʤ ʨʷʜʫ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ ʘʤʤʠʘʢ. ɼʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦʝ ʩʚʷʟʳʚʘʥʠʝ, ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ 

ʙʣʠʟʢʦʝ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ. ʇʨʠ ʭʝʤʦʩʦʨʙʮʠʠ ʛʘʟʘ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ, ʩʢʦʨʝʝ 

ʚʩʝʛʦ, ʙʳʣ ʙʳ ʥʝʦʙʨʘʪʠʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʜʥʘʢʦ, ʩʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʜʘʥʥʳʤ, ʩʣʦʠ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʣʥʦʩʪʴʶ 

ʦʙʨʘʪʠʤʳʡ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʨʠʩ. 40). ʊʘʢʞʝ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʘʤʤʠʘʢʘ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʢʘʪʠʦʥʦʤ ʤʝʪʘʣʣʘ (M = Zn) ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʣʠʯʠʝ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʤʦʣʝʢʫʣ ʘʤʤʠʘʢʘ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʤʝʪʘʣʣʫ ʚ ʤʦʣʝʢʫʣʘʭ 

ʬʪʘʣʦʮʠʘʥʠʥʘ. ʉʦʛʣʘʩʥʦ ʬʦʪʦʛʨʘʬʠʷʤ ʉʕʄ (ʨʠʩ. 34), ʧʨʦʠʟʚʦʜʥʳʝ ʬʪʘʣʦʮʠʘʥʠʥʘ ʮʠʥʢʘ, 

ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦʙʨʘʟʫʶʪ ʘʛʨʝʛʘʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʪʨʫʙʦʢ, ʯʪʦ ʤʦʞʝʪ ʟʘʪʨʫʜʥʷʪʴ ʧʨʷʤʦʡ 

ʜʦʩʪʫʧ NH3 ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʤʝʪʘʣʣʫ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʨʘʩʩʫʞʜʝʥʠʡ ʥʘʤʠ ʪʘʢʞʝ ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʜʨʫʛʠʝ ʮʝʥʪʨʳ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ NH3, ʘ ʠʤʝʥʥʦ ʤʦʩʪʠʢʦʚʳʝ ʘʪʦʤʳ ʘʟʦʪʘ 

(ʨʠʩ. 43) ʠ ʧʠʨʝʥʦʚʳʝ ʟʘʤʝʩʪʠʪʝʣʠ. ʀʟ-ʟʘ ʥʝʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʫʯʘʩʪʢʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʘʤʤʠʘʢʘ ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʘʟʦʪʘ, ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʯʝʪʳʨʝ ʧʦʣʦʞʝʥʠʷ ʠ ʙʨʘʣʠ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʧʦ ʥʠʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ Eb(NH3)HB  ʥʘʭʦʜʷʪʩʷ ʚ 

ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ -0,243 ʜʦ -0,237 ʵɺ ʜʣʷ SWCNT/ZnPc-0py, SWCNT/ZnPc-1py, 

SWCNT/ZnPc-2py ʠ SWCNT/ZnPc-2ôpy. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʜʣʷ ʛʠʙʨʠʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩ ʬʪʘʣʦʮʠʘʥʠʥʦʤ ʩ ʯʝʪʳʨʴʤʷ ʧʠʨʝʥʦʚʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ SWCNT/ZnPc-4py 

ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ ʠ ʨʘʚʥʦ 0,258 ʵɺ (ʪʘʙʣ. 4). ɼʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ [317] ʤʝʞʜʫ ʘʪʦʤʦʤ ʘʟʦʪʘ ʘʤʤʠʘʢʘ ʠ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʅ ʘʤʤʠʘʢʘ ʠ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ N ʤʘʢʨʦʮʠʢʣʘ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚ. ɹʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʩʚʷʟʠ Eb(NH3)HB, ʯʝʤ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʘʤʤʠʘʢʘ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʣʫʯʰʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʤ ʦʙʨʘʪʠʤʳʤ ʩʝʥʩʦʨʥʳʤ ʦʪʢʣʠʢʦʤ ʛʠʙʨʠʜʥʳʭ ʩʣʦʸʚ ʥʘ 

ʘʤʤʠʘʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
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ʈʠʩ. 42. ʇʦʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣʳ NH3, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʩ SWCNT(10,0)/ZnPc-n*py 

ʯʝʨʝʟ ʘʪʦʤ ʮʠʥʢʘ. 

 

ʈʠʩ. 43. ʇʦʣʦʞʝʥʠʷ ʯʝʪʳʨʸʭ ʤʦʣʝʢʫʣ NH3, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ  

SWCNT(10,0)/ZnPc-n*py ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʝ ʘʪʦʤʳ ʘʟʦʪʘ ʬʪʘʣʦʮʠʘʥʠʥʘ. 

ʇʦʤʠʤʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ NH3 ʯʝʨʝʟ ʘʪʦʤ ʮʠʥʢʘ ʠ ʙʦʢʦʚʳʝ ʘʪʦʤʳ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʛʦ 

ʤʘʢʨʦʮʠʢʣʘ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʨʝʟ ʧʠʨʝʥʦʚʳʝ ʟʘʤʝʩʪʠʪʝʣʠ (ʨʠʩ. 44). 

ʅʘʧʨʠʤʝʨ, ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʘʤʤʠʘʢʘ ʩ SWCNT(10,0)/ZnPc-1py ʯʝʨʝʟ ʧʠʨʝʥʦʚʳʡ ʟʘʤʝʩʪʠʪʝʣʴ 

ʩʦʩʪʘʚʠʣʘ -0,143 ʵɺ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʪʘʢʞʝ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʦʙʨʘʪʠʤʦʤʫ ʩʝʥʩʦʨʥʦʤʫ ʦʪʢʣʠʢʫ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʘʤʤʠʘʢʘ ʩ ʯʠʩʪʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ SWCNT(10,0) 

ʩʦʩʪʘʚʠʣʘ -0,130 ʵɺ, ʯʪʦ ʥʠʞʝ, ʯʝʤ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʘʤʤʠʘʢʘ ʩ ʘʪʦʤʘʤʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʛʦ 

ʤʘʢʨʦʮʠʢʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʤʤʠʘʢʘ 

ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʝ ʘʪʦʤʳ ʘʟʦʪʘ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʛʦ ʤʘʢʨʦʮʠʢʣʘ ʠ ʧʠʨʝʥʦʚʳʝ ʟʘʤʝʩʪʠʪʝʣʠ 
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ʥʘʠʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʳʚʘʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ 

ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ [311]. 

 

ʈʠʩ. 44. ʇʦʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣʳ NH3, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʩ SWCNT(10,0)/ZnPc-1py 

ʯʝʨʝʟ ʧʠʨʝʥʦʚʳʡ ʟʘʤʝʩʪʠʪʝʣʴ. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʨʘʩʯʸʪʘʤ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʤʦʣʝʢʫʣ ʘʤʤʠʘʢʘ c ʛʠʙʨʠʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 

ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʙʳʣʘ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʟʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT(10,0)/ZnPc-n*py (ʨʠʩ. 45). 
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ʈʠʩ. 45. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ SWCNT(10,0)/ZnPc-n*py (ʮʝʥʪʨ) ʠ 
SWCNT(10,0)/ZnPc-n*py/4NH3 (ʩʧʨʘʚʘ); ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʜʥʘ ʟʦʥʳ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʟʦʥʳ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʦʨʙʠʪʘʣʷʤʠ ZnPc-n*py, ʠ ʧʦʪʦʣʢʘ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ 
ʛʠʙʨʠʜʦʚ ʙʝʟ ʤʦʣʝʢʫʣ ʘʤʤʠʘʢʘ (ʩʣʝʚʘ). ɺ ʩʣʫʯʘʝ ʧʣʦʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ ʯʝʨʥʘʷ ʣʠʥʠʷ ï 
ʧʦʣʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ, ʘ ʢʨʘʩʥʳʝ ʠ ʩʠʥʠʝ ʧʠʢʠ ï ʯʘʩʪʠʯʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ 

ʘʪʦʤʦʚ SWCNT(10,0) ʠ ZnPc-n*py ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 

ɼʥʦ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʧʦʪʦʣʦʢ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʚʦ ʚʩʝʭ ʩʪʨʫʢʪʫʨʘʭ ʦʙʨʘʟʦʚʘʥʳ 

ʦʨʙʠʪʘʣʷʤʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ SWCNT(10,0), ʦʜʥʘʢʦ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ ʥʘʭʦʜʠʪʩʷ ʫʨʦʚʝʥʴ, 
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ʦʙʨʘʟʦʚʘʥʥʳʡ ʦʨʙʠʪʘʣʷʤʠ ʘʪʦʤʦʚ ʬʪʘʣʦʮʠʘʥʠʥʘ. ʕʣʝʢʪʨʦʥʳ ʫʨʦʚʥʷ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ 

ʦʨʙʠʨʘʣʷʤʠ ʘʪʦʤʦʚ ZnPc-n*py, ʥʝ ʧʨʠʥʠʤʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʫʯʘʩʪʠʷ ʚ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʥʝ ʛʠʙʨʠʜʠʟʫʝʪʩʷ ʩ ʜʨʫʛʠʤʠ ʫʨʦʚʥʷʤʠ. ʇʨʠ 

ʪʝʧʣʦʚʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʵʣʝʢʪʨʦʥʳ ʫʨʦʚʥʷ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʦʨʙʠʪʘʣʷʤʠ ZnPc-n*py, ʤʦʛʫʪ 

ʧʝʨʝʭʦʜʠʪʴ ʚ ʟʦʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʷʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ SWCNT. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ ʩ ʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʚ ʟʦʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʘʟʥʦʩʪʴʶ ʵʥʝʨʛʠʡ ʤʝʞʜʫ ʫʨʦʚʥʝʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʦʨʙʠʪʘʣʷʤʠ ZnPc-n*py, ʠ ʜʥʦʤ ʟʦʥʳ 

ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʤʤʠʘʢʦʤ ʚʝʣʠʯʠʥʘ ʵʪʦʡ 

ʨʘʟʥʠʮʳ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʧʠʨʝʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʬʪʘʣʦʮʠʘʥʠʥʘ ʮʠʥʢʘ, ʯʪʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʯʥʦʩʪʠ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ZnPc-n*py ʠ SWCNT(10,0) ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ n. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʦʣʝʢʫʣ ʘʤʤʠʘʢʘ ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʘʟʦʪʘ 

ʬʪʘʣʦʮʠʘʥʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʥʦʩʪʠ ʵʥʝʨʛʠʡ ʫʨʦʚʥʷ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʦʨʙʠʪʘʣʷʤʠ 

ZnPc-n*py, ʠ ʜʥʘ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʴʰʝʡ ʟʘʩʝʣʝʥʥʦʩʪʠ ʟʦʥʳ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʏʝʤ ʙʦʣʴʰʝ ʧʠʨʝʥʦʚʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ, ʪʝʤ ʤʝʥʴʰʝ ʵʥʝʨʛʠʷ ʧʨʠʤʝʩʥʦʛʦ ʫʨʦʚʥʷ [318]. 

ʊʘʢʠʤ, ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ ʫʨʦʚʥʷ, 

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʦʨʙʠʪʘʣʷʤʠ ʘʪʦʤʦʚ ZnPc, ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʝʥʩʦʨʥʦʤ ʦʪʢʣʠʢʝ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʘʤʤʠʘʢ. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ NH3 ʠ 

ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʤʘʢʨʦʮʠʢʣʘ ʵʥʝʨʛʠʷ ʵʪʦʛʦ ʫʨʦʚʥʷ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʫʤʝʥʴʰʘʝʪʩʷ ʟʘʩʝʣʸʥʥʦʩʪʴ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʦʩʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʣʦʝʚ ZnPc-n*py ʚ ʘʪʤʦʩʬʝʨʝ ʘʤʤʠʘʢʘ, 

ʨʝʛʠʩʪʨʠʨʫʝʪʤʦʛʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ. ʏʝʤ ʙʦʣʴʰʝ ʧʠʨʝʥʦʚʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚʦ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʤ ʢʦʣʴʮʝ, ʪʝʤ ʙʦʣʴʰʝ ʠʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʣʦʷ  

ZnPc-n*py ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʘʤʤʠʘʢʘ. 

ʊʘʙʣʠʮʘ 4. 

ʕʥʝʨʛʠʷ ʩʚʷʟʠ (Eb) ʤʦʣʝʢʫʣʳ NH3 ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʢʘʪʠʦʥʦʤ ʮʠʥʢʘ (Eb(NH3)) ʠ 

ʤʦʩʪʠʢʦʚʳʤ ʘʪʦʤʦʤ ʘʟʦʪʘ ZnPc (Eb(NH3)HB) 

ʉʪʨʫʢʪʫʨʘ Eb(NH3), ʵɺ Eb(NH3)HB, ʵɺ 

SWCNT(10,0)/ZnPc-0py -0.826 -0.237 

SWCNT(10,0)/ZnPc-1py -0.816 -0.235 
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SWCNT(10,0)/ZnPc-2py -0.812 -0.243 

SWCNT(10,0)/ZnPc-2ôpy -0.809 -0.239 

SWCNT(10,0)/ZnPc-4py -0.806 -0.258 

 

ɺʨʝʤʷ ʦʪʢʣʠʢʘ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʩʣʦʸʚ SWCNT/ZnPc-n*py ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 50 ppm NH3 

(ʨʠʩ. 40ʙ) ʫʢʘʟʘʥʦ ʚ ʪʘʙʣ. 5. ɺʨʝʤʷ ʦʪʢʣʠʢʘ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʠʨʝʥʦʚʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ZnPc ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 27-47 ʩ, ʧʨʠ ʵʪʦʤ ʚʨʝʤʷ ʨʝʛʝʥʝʨʘʮʠʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 115 ʜʦ 136 ʩ. ɹʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʨʝʛʝʥʝʨʘʮʠʠ ʩʣʦʷ SWCNT/ZnPc-

4py ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʝʡ ʵʥʝʨʛʠʝʡ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ NH3 ʠ ʙʦʢʦʚʳʤʠ 

ʘʪʦʤʘʤʠ ʤʦʣʝʢʫʣ ZnPc-4py ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ZnPc, ʩʦʜʝʨʞʘʱʠʤʠ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʠʨʝʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ. ʈʘʟʣʠʯʥʦʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ 

ʩ ʨʘʟʣʠʯʠʷʤʠ ʚ ʤʦʨʬʦʣʦʛʠʠ ʩʣʦʸʚ SWCNT, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣʘʤʠ ʨʘʟʥʳʭ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚ. 

ʊʘʙʣʠʮʘ 5 

ʇʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ, ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʠ ʨʝʛʝʥʝʨʘʮʠʠ SWCNT ʠ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ 

ʉʣʦʠ 
ʇʨʝʜʝʣ 

ʦʙʥʘʨʫʞʝʥʠʷ, ppm 

ɺʨʝʤʷ ʦʪʢʣʠʢʘ, ʩ 

(50 ppm NH3) 

ɺʨʝʤʷ ʨʝʛʝʥʝʨʘʮʠʠ, ʩ 

(50 ppm NH3) 

SWCNT 2,8 40 130 

SWCNT/ZnPc-0py 1,5 47 115 

SWCNT/ZnPc-1py 1,4 45 115 

SWCNT/ZnPc-2py 1,1 30 115 

SWCNT/ZnPc-2ôpy 1,0 30 115 

SWCNT/ZnPc-4py 0,4 27 136 

 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʧʦʣʫʯʝʥʥʳʭ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʘʤʤʠʘʢ c ʠʭ ʦʪʢʣʠʢʦʤ ʥʘ ʩʝʨʦʚʦʜʦʨʦʜ. ʉʝʨʦʚʦʜʦʨʦʜ, ʢʘʢ ʠ ʘʤʤʠʘʢ, ʪʘʢʞʝ 
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ʷʚʣʷʝʪʩʷ ʜʦʥʦʨʦʤ ʵʣʝʢʪʨʦʥʦʚ ʠ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ ʤʝʰʘʶʱʠʤ ʛʘʟʦʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ NH3. ʅʘ 

ʧʨʠʤʝʨʝ SWCNT/ZnPc-4*py ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʥʘ ʘʤʤʠʘʢ, ʠʟʤʝʨʝʥʥʳʡ ʚ 

ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 10 ʜʦ 50 ppm ʚ 3-4 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʥʘ ʩʝʨʦʚʦʜʦʨʦʜ ʧʨʠ ʪʝʭ ʞʝ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ (ʨʠʩ. 46ʘ). ɹʳʣʦ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʘʤʤʠʘʢʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʝʨʦʚʦʜʦʨʦʜʘ ʝʛʦ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (1-5 ppm) ʥʝ ʦʢʘʟʳʚʘʪʁ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʥʘ NH3 (ʨʠʩ. 46ʙ). ʆʜʥʘʢʦ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (>10 ppm) H2S ʤʦʛʫʪ 

ʤʝʰʘʪʴ ʦʙʥʘʨʫʞʝʥʠʶ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʠʘʢʘ. 
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ʈʠʩ. 46. (ʘ) ï ʉʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʩʣʦʸʚ SWCNT/ZnPc-4py ʥʘ 20 ppm ʘʤʤʠʘʢʘ ʚ 
ʧʨʠʩʫʪʩʪʚʠʠ 0, 1, 3, 5 ppm H2S. (ʙ) ï ʉʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʩʣʦʸʚ SWCNT/ZnPc-4py ʥʘ 10-50 ppm 

ʘʤʤʠʘʢʘ (ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ) ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʠʨʝʥʦʚʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ZnPc-n*py ʥʘ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʡ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʩʣʦʝʚ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ SWCNT/ZnPc-n*py ʥʘ ʘʤʤʠʘʢ. ɸʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʡ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ 

ʫʚʝʣʠʯʠʚʘʣʩʷ ʚ ʨʷʜʫ SWCNT < SWCNT/ZnPc-0py < SWCNT/ZnPc-1py < SWCNT/ZnPc-2py ~ 

SWCNT/ZnPc-2'py < SWCNT/ZnPc-4py. ʉʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʩʣʦʝʚ SWCNT/ZnPc-4py ʙʳʣ ʚ 9-

18 ʨʘʟ ʙʦʣʴʰʝ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ), ʯʝʤ ʦʪʢʣʠʢ ʩʣʦʝʚ ʠʩʭʦʜʥʳʭ SWCNT, ʠ ʚ 5-6 

ʨʘʟ ʚʳʰʝ, ʯʝʤ ʦʪʢʣʠʢ ʩʣʦʝʚ SWCNT/ZnPc-0py. ʇʨʠ ʵʪʦʤ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʘʤʤʠʘʢʘ ʩʣʦʷʤʠ 

SWCNT/ZnPc-4py ʩʦʩʪʘʚʠʣ 0,4 ppm, ʘ ʚʨʝʤʷ ʨʝʛʝʥʝʨʘʮʠʠ ï 136 ʩ. 

 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʥʩʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʧʨʠʤʝʨʝ 

ʩʣʦʸʚ SWCNT/ZnPc-4py, ʢʦʪʦʨʳʝ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʣʘʜʘʣʠ 

ʥʘʠʙʦʣʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʘʤʤʠʘʢʫ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʚʣʘʞʥʦʩʪʠ ʥʘ ʚʝʣʠʯʠʥʫ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʩʣʦʸʚ 

SWCNT/ZnPc-4py 

ʉʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʩʣʦʸʚ SWCNT/ZnPc-4py ʥʘ NH3 (1-50 ppm) ʠʟʤʝʨʷʣʩʷ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ (RH) 20, 45 ʠ 75% (ʨʠʩ. 47ʘ). RH ʥʠʞʝ 45% ʥʝ ʦʢʘʟʳʚʘʣʘ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ, ʦʜʥʘʢʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ RH ʚʳʰʝ 

55% ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʥʠʞʝʥʠʝ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʜʦ 

75% ʙʘʟʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʫʚʝʣʠʯʠʚʘʣʦʩʴ (ʨʠʩ. 47ʙ), ʘ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ 

ʩʥʠʞʘʣʩʷ ʚ 1,5 ʨʘʟʘ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʩʚʷʟʘʥʦ ʩ 

ʢʦʥʢʫʨʠʨʫʶʱʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʦʣʝʢʫʣ ʘʤʤʠʘʢʘ ʠ ʚʦʜʳ ʩ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ ʚ ʩʣʦʝ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʤʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʘʤʤʠʘʢʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʤʤʠʘʢʘ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ 

ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʠʪʴ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ ʪʝʭ ʟʥʘʯʝʥʠʷʭ ʚʣʘʞʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ. 
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ʈʠʩ. 47. (ʘ) ï ʉʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʩʣʦʷ SWCNT/ZnPc-4py ʥʘ ʘʤʤʠʘʢ (10-50 ppm), 
ʠʟʤʝʨʝʥʥʳʡ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ (RH) 20, 45 ʠ 75%. (ʙ) ï ʀʟʤʝʥʝʥʠʝ 
ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ 30 ppm ʘʤʤʠʘʢʘ ʠ ʙʘʟʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʣʦʷ SWCNT/ZnPc-4py ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʝʣʠʯʠʥʫ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ 

ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʈʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʝʥʩʦʨʘ. ʀʟʤʝʨʝʥʠʷ 

ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʩʣʦʸʚ SWCNT/ZnPc-4py ʥʘ ʘʤʤʠʘʢ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 25, 40, 

60 ʠ 80oC (ʨʠʩ. 48ʘ). ʅʘʛʨʝʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ ʜʦ 60ʦʉ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ 

ʥʘ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʥʘ NH3, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 80ʦʉ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ 15-35% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʥʩʦʨʥʳʤ ʦʪʢʣʠʢʦʤ, 

ʠʟʤʝʨʝʥʥʤr ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʚʳʰʝʥʠʝ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 25 ʜʦ 80ʦʉ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʢʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʘ ʜʝʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʘʤʤʠʘʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 
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ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʝʥʠ ʨʝʛʝʥʝʨʘʮʠʠ ʧʨʠ ʥʘʧʫʩʢʝ 50 ppm 

NH3 ʩʦ 135 ʜʦ 123 ʩ. 
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ʈʠʩ. 48. (ʘ) ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʩʣʦʸʚ SWCNT/ZnPc-4py ʦʪ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ (10-50 ppm), ʠʟʤʝʨʝʥʥʦʛʦ ʧʨʠ 25, 40, 60 ʠ 80ÁC. (ʙ) ï ɿʘʚʠʩʠʤʦʩʪʴ 

ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ 30 ppm ʘʤʤʠʘʢʘ ʠ ʙʘʟʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʣʦʸʚ SWCNT/ZnPc-4py ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʤʝʰʘʶʱʠʭ ʛʘʟʦʚ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʩʣʦʸʚ SWCNT/ZnPc-4py ʢ NH3 ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʷ 

ʠʭ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ ʜʨʫʛʠʝ ʛʘʟʳ, ʪʘʢʠʝ ʢʘʢ H2S, CO2, H2S, CH4 ʠ ʧʘʨʳ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʨʠʩ. 49ʘ). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʨʝʜʠ ʜʘʥʥʳʭ ʘʥʘʣʠʪʦʚ H2S ʷʚʣʷʝʪʩʷ ʤʝʰʘʶʱʠʤ 

ʛʘʟʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʠʘʢʘ, ʧʦʩʢʦʣʴʢʫ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʥʘ 20 ppm 

NH3 ʙʳʣ ʣʠʰʴ ʚ 2,4 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʥʘ 50 ppm H2S. ʆʜʥʘʢʦ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʦʚʦʜʦʨʦʜʘ 

(< 10 ppm) ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʷ ʥʘ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʥʘ ʘʤʤʠʘʢ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʣʦʸʚ 

SWCNT/ZnPc-4py ʢ ʧʘʨʘʤ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʫʛʣʝʢʠʩʣʦʤʫ ʛʘʟʫ ʥʠʟʢʘʷ. 

ʅʘ ʨʠʩ. 49ʙ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʘʤʤʠʘʢʘ ʜʘʞʝ ʥʘʣʠʯʠʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚʧʣʦʪʴ ʜʦ 50000 ppm ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʝʥʩʦʨʥʳʡ 

ʦʪʢʣʠʢ. 
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ʈʠʩ. 49. (ʘ) ï ʉʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʩʣʦʸʚ SWCNT/ZnPc-4py ʥʘ ʨʘʟʣʠʯʥʳʝ ʛʘʟr ʠ ʧʘʨ r
ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. (ʙ) ï ʉʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʩʣʦʸʚ SWCNT/ZnPc-4py ʥʘ 

ʘʤʤʠʘʢ (20 ppm) ʚ ʧʨʠʩʫʪʩʪʚʠʠ CO2 (10000-50000 ppm). 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʩʝʥʩʦʨʥʳʭ ʩʣʦʸʚ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʝʥʩʦʨʘ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʩʣʦʝʚ SWCNT/ZnPc-4py 

ʠʟʤʝʨʷʣʩʷ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 400 ʜʥʝʡ. ʅʘ ʨʠʩ. 50 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʢ 

ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʥʘ 30 ppm NH3, ʪʘʢ ʠ ʙʘʟʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʷ ʠʟʤʝʥʷʣʦʩʴ ʥʝ ʙʦʣʝʝ ʯʝʤ 

ʥʘ 15 % ʚ ʪʝʯʝʥʠʝ 400 ʜʥʝʡ.  
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ʈʠʩ. 50. ʉʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʥʘ 30 ppm ʘʤʤʠʘʢʘ ʠ ʙʘʟʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʸʚ 

SWCNT/ZnPc-4py ʯʝʨʝʟ 1, 2, 7, 17, 25 ʠ 400 ʜʥʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʠʨʝʥʦʚʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚʦ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʤ ʢʦʣʴʮʝ ZnPc ʥʘ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʠʭ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʦʜʥʦʩʪʝʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (SWCNT). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʦʛʦ 

ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ ʘʤʤʠʘʢ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ ʨʷʜʫ SWCNT < SWCNT/ZnPc-0py < 
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SWCNT/ZnPc-1py < SWCNT/ZnPc-2py < SWCNT/ZnPc-2'py < SWCNT/ZnPc-4py. ʅʘ ʧʨʠʤʝʨʝ 

SWCNT/ZnPc-4py ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʫʯʝʥʥʳʝ ʩʣʦʠ ʦʙʣʘʜʘʶʪ ʥʠʟʢʠʤ ʧʨʝʜʝʣʦʤ 

ʦʙʥʘʨʫʞʝʥʠʷ NH3, ʨʘʚʥʳʤ 0,4 ppm, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (ʇɼʂ) ʘʤʤʠʘʢʘ ʚ ʚʦʟʜʫʭʝ ʨʘʙʦʯʝʡ ʟʦʥʳ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʅ 

2.2.5.686-98 ʠ ʨʘʚʥʦʡ 20 ʤʛ/ʤ3 (28 ppm), ʠ ʥʠʞʝ ʩʦʜʝʨʞʘʥʠʷ ʘʤʤʠʘʢʘ ʚ ʚʳʜʳʭʘʝʤʦʤ ʚʦʟʜʫʭʝ 

ʟʜʦʨʦʚʦʛʦ ʯʝʣʦʚʝʢʘ (ʛʣʘʚʘ 1.5). ʊʘʢʞʝ ʩʣʦʠ SWCNT/ZnPc-4py ʦʙʣʘʜʘʣʠ ʤʘʣʳʤ ʚʨʝʤʝʥʝʤ 

ʨʝʛʝʥʝʨʘʮʠʠ 136 ʩ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʘʤʤʠʘʢʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ CO2 ʠ ʣʝʪʫʯʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʩʣʦʸʚ SWCNT/CoPc-1py ʠ SWCNT/CoPc-16py 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʤʦʣʝʢʫʣʘʭ MPc-1py ʥʘ ʩʝʥʩʦʨʥʳʝ 

ʩʚʦʡʩʪʚʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ SWCNT/MPc-1py, ʛʜʝ M=Co, Zn. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʩʣʦʠ SWCNT/CoPc-1py, ʥʘʥʝʩʸʥʥʳʝ ʥʘ ʧʦʜʣʦʞʢʠ 

ʩ ɺʐʕ, ʧʦʜʚʝʨʛʘʣʠʩʴ ʚʦʟʜʝʡʩʪʚʠʶ 1-50 ppm NH3 (ʨʠʩ. 51ʘ). SWCNT/CoPc-1py ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʦʙʨʘʪʠʤʳʡ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʥʘ NH3 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ 

SWCNT/ZnPc-n*py, ʧʨʠ ʥʘʧʫʩʢʝ ʘʤʤʠʘʢʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʷ SWCNT/CoPc-1py ʚʦʟʨʘʩʪʘʝʪ ʠ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʠʩʭʦʜʥʦʤʫ ʟʥʘʯʝʥʠʶ ʧʨʠ ʧʨʦʜʫʚʢʝ ʚʦʟʜʫʭʦʤ. 
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ʈʠʩ. 51. (ʘ) ï ʉʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʩʣʦʸʚ SWCNT/CoPc-1py ʥʘ ʘʤʤʠʘʢ (1-50 ppm).  
(ʙ) ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT/ZnPc-1py ʠ 

SWCNT/CoPc-1py ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ NH3 (1-50 ppm). 
 

ʅʘ ʨʠʩ. 51ʙ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʩʣʦʝʚ SWCNT/ZnPc-1py ʠ 

SWCNT/CoPc-1py ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ, ʠʟʤʝʨʝʥʥʘʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʉʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʩʣʦʸʚ SWCNT/CoPc-1py ʚ 3,5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʝʛʦ ʘʥʘʣʦʛʘ c 

ʬʪʘʣʦʮʠʘʥʠʥʦʤ ʮʠʥʢʘ SWCNT/ZnPc-1py. ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʣʦʸʚ 

SWCNT/CoPc-1py ʢ NH3 ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʙ·ʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʦʣʝʢʫʣ CoPc-1py, 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ SWCNT, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ZnPc-1py ʚ 
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SWCNT/ZnPc-1py, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʊɻɸ ʠ ʀʉʇ-ɸʕʉ. ʕʪʠ ʜʘʥʥʳʝ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʣʦʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ 

ʢʦʙʘʣʴʪʘ ʧʨʦʷʚʣʷʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʘʤʤʠʘʢʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ ʮʠʥʢʘ [319ï321]. 

ʈʘʥʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʨʦʚʦʜʦʨʦʜ ʷʚʣʷʝʪʩʷ ʤʝʰʘʶʱʠʤ ʛʘʟʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʘʤʤʠʘʢʘ, ʧʦʵʪʦʤʫ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ SWCNT/CoPc-1py ʥʘ ʩʝʨʦʚʦʜʦʨʦʜ ʙʳʣ ʠʟʫʯʝʥ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ. ɸʥʘʣʦʛʠʯʥʦ ʩʝʥʩʦʨʥʦʤʫ ʦʪʢʣʠʢʫ ʥʘ ʘʤʤʠʘʢ, ʥʘʧʫʩʢ ʩʝʨʦʚʦʜʦʨʦʜʘ ʚ ʛʘʟʦʚʫʶ ʷʯʝʡʢʫ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʣʦʷ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠ ʧʨʦʜʫʚʢʝ ʷʯʝʡʢʠ 

ʪʦʢʦʤ ʚʦʟʜʫʭʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʠʩʭʦʜʥʦʤʫ ʟʥʘʯʝʥʠʶ (ʨʠʩ. 52ʘ). 
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ʈʠʩ. 52. (ʘ) ï Cʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʩʣʦʸʚ SWCNT/CoPc-1py ʥʘ ʩʝʨʦʚʦʜʦʨʦʜ (10-50 ppm). 
(ʙ) ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʩʣʦʸʚ SWCNT/CoPc-1py ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ  

NH3 (1-50 ppm) ʠ H2S (1-50 ppm). 

ʅʘ ʨʠʩ. 52ʙ ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʩʣʦʸʚ SWCNT/CoPc-1py ʥʘ H2S ʠ 

NH3 ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 1-50 ppm ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺʠʜʥʦ, ʯʪʦ ʩʝʥʩʦʨʥʳʡ 

ʦʪʢʣʠʢ ʥʘ ʘʤʤʠʘʢ ʚ 2-4 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʩʝʨʦʚʦʜʦʨʦʜ. 

ɺʳʰʝ ʥʘ ʧʨʠʤʝʨʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ ʮʠʥʢʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʚʦʟʨʘʩʪʘʣ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʧʠʨʝʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚʦ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʤ ʢʦʣʴʮʝ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʠʥʪʝʨʝʩʥʦ ʧʨʦʚʝʨʠʪʴ, ʢʘʢ ʠʟʤʝʥʠʪʩʷ ʩʝʥʩʦʨʥʳʡ 

ʦʪʢʣʠʢ ʩʣʦʝʚ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ SWCNT ʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʝʱʝ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʨʝʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ 

ʩʣʦʝʚ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʬʪʘʣʦʮʠʘʥʠʥʦʤ ʢʦʙʘʣʴʪʘ, ʩʦʜʝʨʞʘʱʠʤ ʰʝʩʪʥʘʜʮʘʪʴ ʧʠʨʝʥʦʚʳʭ 

ʬʨʘʛʤʝʥʪʦʚ (SWCNT/CoPc-16py, ʨʠʩ. 18), ʥʘ ʘʤʤʠʘʢ ʠ ʩʝʨʦʚʦʜʦʨʦʜ (ʨʠʩ. 53ʘ ʠ ʨʠʩ. 53ʙ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 
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ʈʠʩ. 53. ʀʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʣʦʷ SWCNT/CoPc-16py ʧʨʠ ʚʚʝʜʝʥʠʠ ʘʤʤʠʘʢʘ  

(1-50 ppm) (ʘ) ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ (0,5-50 ppm) (ʙ) ʚ ʷʯʝʡʢʫ. 

ʅʘ ʨʠʩ. 54 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʩʣʦʸʚ SWCNT/CoPc-16py ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ H2S ʠ NH3, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʝʥʩʦʨʥʳʝ ʦʪʢʣʠʢʠ ʩʣʦʝʚ 

ʠʩʭʦʜʥʳʭ SWCNT ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ. ʃʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʝʥʩʦʨʥʦʛʦ 

ʦʪʢʣʠʢʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ H2S ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 0,1-10 ppm, ʪʦʛʜʘ ʢʘʢ ʚ ʩʣʫʯʘʝ NH3 

ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 1-50 ppm. ʉʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʩʣʦʸʚ 

SWCNT/CoPc-16py ʥʘ H2S ʠ ʥʘ NH3 ʙʳʣ ʚ 9-11 ʚ ʟʘʚʠʩʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ 5,5-7,5 ʨʘʟ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʩʣʦʸʚ ʠʩʭʦʜʥʳʭ SWCNT. ɺʨʝʤʷ ʦʪʢʣʠʢʘ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʩʣʦʸʚ 

SWCNT/CoPc-16py ʙʳʣʠ ʙʣʠʟʢʠ ʢ ʠʭ ʟʥʘʯʝʥʠʷʤ ʜʣʷ ʠʩʭʦʜʥʳʭ SWCNT ʠ ʩʦʩʪʘʚʠʣʠ 48 ʠ 188 

c ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 10 ppm ʘʤʤʠʘʢʘ (ʨʠʩ. 55ʘ) ʠ 60 ʠ 80 ʩ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 10 ppm ʩʝʨʦʚʦʜʦʨʦʜʘ 

(ʨʠʩ. 55ʙ). 
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ʈʠʩ. 54. ɿʘʚʠʩʠʤʦʩʪʴ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ SWCNT ʠ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

SWCNT/CoPc-16py ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ NH3 (1-5 ppm) ʠ H2S (0,1-50 ppm). 
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ʈʠʩ. 55. ɸʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʡ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʩʣʦʸʚ SWCNT,  

SWCNT/CoPc-1py ʠ SWCNT/CoPc-16py ʥʘ ʘʤʤʠʘʢ (10 ppm) (ʘ) ʠ ʩʝʨʦʚʦʜʦʨʦʜ (10 ppm) (ʙ). 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩʝʥʩʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʪʘʙʣ. 6 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʨʝʤʷ ʦʪʢʣʠʢʘ, ʚʨʝʤʷ 

ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʩʣʦʸʚ SWCNT/CoPc-1py ʠ SWCNT/CoPc-16py ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʘʤʤʠʘʢʘ ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʠʨʝʥʦʚʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʚʦ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʤ ʢʦʣʴʮʝ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦ 16 (SWCNT/CoPc-16py) 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʨʝʜʝʣʦʚ ʦʙʥʘʨʫʞʝʥʠʷ H2S ʠ NH3 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʠʙʨʠʜʦʤ 

SWCNT/CoPc-1py ʚ 20 ʠ 5 ʨʘʟ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʵʪʦʤ ʚʨʝʤʝʥʘ ʦʪʢʣʠʢʘ ʠ ʨʝʛʝʥʝʨʘʮʠʠ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ 15-100 ʩ. 

ʇʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ H2S ʩʣʦʸʚ SWCNT/CoPc-16py ʩʦʩʪʘʚʠʣ 38 ppb, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʇɼʂ) ʩʝʨʦʚʦʜʦʨʦʜʘ ʚ ʚʦʟʜʫʭʝ ʨʘʙʦʯʝʡ ʟʦʥʳ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 12.1.005-88 ʠ ʨʘʚʥʦʡ 10 ʤʛ/ʤ3, ʠ ʥʠʞʝ ʩʦʜʝʨʞʘʥʠʷ 

ʩʝʨʦʚʦʜʦʨʦʜʘ ʚ ʚʳʜʳʭʘʝʤʦʤ ʚʦʟʜʫʭʝ ʟʜʦʨʦʚʦʛʦ ʯʝʣʦʚʝʢʘ (ʛʣʘʚʘ 1.5). 

ʊʘʙʣʠʮʘ 6 

ʇʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ, ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʛʠʙʨʠʜʦʚ ʥʘ ʦʩʥʦʚʝ 

ʥʘʥʦʪʨʫʙʦʢ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʘ ʢʦʙʘʣʴʪʘ 

ʉʣʦʠ 

ɺʨʝʤʷ ʦʪʢʣʠʢʘ, ʩ 
ɺʨʝʤʷ ʨʝʛʝʥʝʨʘʮʠʠ, 

ʩ 

ʇʨʝʜʝʣ 

ʦʙʥʘʨʫʞʝʥʠʷ, ppm 

H2S 

10 ppm 

NH3 

10 ppm 

H2S 

10 ppm 

NH3 

10 ppm 
H2S NH3 

SWCNT/CoPc-1py 40 32 57 80 0,90 0,51 

SWCNT/CoPc-16py 60 48 80 188 0,04 0,10 
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3.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʠʧʘ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ SWCNT ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʧʠʨʝʥʘ ʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ ʥʘ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʩʣʦʝʚ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ɺ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ 3.1 ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ SWCNT ʤʦʣʝʢʫʣʘʤʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʮʠʥʢʘ ʠ ʢʦʙʘʣʴʪʘ. ɺ 

ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʢʘʢ ʤʝʪʦʜʦʤ 

ʥʝʢʦʚʘʣʝʥʪʥʦʡ (çnoncovè), ʪʘʢ ʠ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ (çcovè) ʧʦʚʝʨʭʥʦʩʪʠ 

SWCNT ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʠ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʪʠʧʘ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʥʘ 

ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʩʣʦʝʚ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʘʤʤʠʘʢ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 3D 

ʤʘʪʝʨʠʘʣʘʤ, ʪʦ ʝʩʪʴ ʤʘʪʝʨʠʘʣʘʤ, ʚ ʢʦʪʦʨʳʭ ʥʘʥʦʪʨʫʙʢʠ ʧʝʨʝʢʨʸʩʪʥʦ ñʩʰʠʚʘʶʪʩʷò 

ʤʦʣʝʢʫʣʘʤʠ-ʣʠʥʢʝʨʘʤʠ ʤʝʪʦʜʦʤ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʧʨʦʠʟʚʦʜʥʳʝ ʬʝʥʠʣʢʫʤʘʨʠʥʘ (PhC1, PhC2) (ʨʠʩ. 24 ʠ 25 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT/PhC2-noncov (ʨʠʩ. 27), SWCNT/PhC1-cov (ʨʠʩ. 28) ʠ 

SWCNT/PhC2-3D (ʨʠʩ. 29) ʠ ʧʠʨʝʥʘ (py, py2) (ʨʠʩ. 23) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

SWCNT/py-noncov (ʨʠʩ. 27) ʠ SWCNT/py2-3D (ʨʠʩ. 29). 

3.2.1. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT c ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʝʥʘ ʠ 

ʬʝʥʠʣʢʫʤʘʨʠʥʘ 

ɻʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʀʂ-, ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʊɻɸ), 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ) ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ). ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʳ ʕʉʇ, ʀʂ ʠ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʧʨʦʠʟʚʦʜʥʦʛʦ ʧʠʨʝʥʘ (py) ʠ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤ ʧʠʨʝʥʘ (SWCNT/py-noncov, SWCNT/py2-3D) ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ (C å 

10-4 ʤʦʣʴ/ʣ), ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʠʣʢʫʤʘʨʠʥʘ (PhC1, PhC2) ʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ (SWCNT/Ph2-3D, SWCNT/Ph1-cov, SWCNT/Ph2-noncov) ʚ 

ɼʄʌɸ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 56. 
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ʈʠʩ. 56. (ʘ) ï ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʘ 1,6-ʜʠʵʪʠʥʠʣʧʠʨʝʥʘ (py), 
ʩʫʩʧʝʥʟʠʡ SWCNT/py-noncov ʠ SWCNT/py2-3D ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ. (ʙ) ï ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʠʣʢʫʤʘʨʠʥʘ PhC1 ʠ PhC2, ʩʫʩʧʝʥʟʠʡ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ ʚ ɼʄʌɸ. 

ɺ ʵʣʝʢʪʨʦʥʥʦʤ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ (ʨʠʩ. 56ʘ) 1,6-ʜʠʵʪʠʥʠʣʧʠʨʝʥʘ (py) ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 240 ʥʤ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʝʨʝʭʦʜʘʤ S0 Ÿ S4, ʧʨʠ 263, 

272 ʥʤ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʝʨʝʭʦʜʘʤ S0 Ÿ S3, ʠ ʧʦʣʦʩʳ ʧʨʠ 321, 335 ʥʤ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʝʨʝʭʦʜʘʤ 

S0 Ÿ S2 ʧʠʨʝʥʘ [322]. ɺ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ SWCNT/py2-3D ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʦʚ ʧʦʛʣʦʱʝʥʠʷ ʥʘ 45-50 ʥʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʝʥʘ ʠ ʥʘʥʦʪʨʫʙʦʢ. ɺ ʩʣʫʯʘʝ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʥʝʢʦʚʘʣʝʥʪʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, SWCNT/py-noncov ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʣʦʩ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ.  

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʠʣʢʫʤʘʨʠʥʘ (PhC1, 

PhC2) ʠ ʠʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT/Ph2-3D, SWCNT/Ph1-cov, SWCNT/Ph2-noncov ʚ 

ɼʄʌɸ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 56ʙ. ɺ ʩʧʝʢʪʨʘʭ PhC1 ʠ PhC2 ʥʘʙʣʶʜʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʢʫʤʘʨʠʥʦʚ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 245-247 ʥʤ ʠ 344 ʥʤ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ 

ʭʨʦʤʦʬʦʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʘ ʠʤʝʥʥʦ ʩʦʧʨʷʞʝʥʥʳʤʠ Ŭ-ʧʠʨʦʥʦʚʳʤ ʠ ʙʝʥʟʦʣʴʥʳʤ ʢʦʣʴʮʦʤ. 

ɹʦʣʝʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ˊ-ˊ*-ʧʝʨʝʭʦʜʫ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ, 

ʪʦʛʜʘ ʢʘʢ ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ ʧʦʣʦʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ˊ-ˊ*-ʧʝʨʝʭʦʜʫ Ŭ-ʧʠʨʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʢʫʤʘʨʠʥʘ [323]. ɺʩʣʝʜʩʪʚʠʝ ˊ- -́ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʚ ʩʧʝʢʪʨʘʭ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʣʦʩʳ ʩʤʝʱʘʶʪʩʷ ʜʦ 249 ʥʤ ʠ 350 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ ʚ ʩʧʝʢʪʨʝ SWCNT/PhC2-3D ʚʳʰʝ, ʯʝʤ ʚ ʩʧʝʢʪʨʘʭ SWCNT/PhC2-

noncov ʠ SWCNT/PhC1-cov, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʬʝʥʠʣʢʫʤʘʨʠʥʘ. 

ʅʘ ʨʠʩ. 57 ʧʨʝʜʩʪʘʚʣʝʥʳ ʀʂ-ʩʧʝʢʪʨʳ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, 7-ʧʨʦʧʠʥʠʣʦʢʩʠ-3-(ʧ-

ʧʨʦʧʠʥʠʣʦʢʩʠʬʝʥʠʣ)ʢʫʤʘʨʠʥʘ, 7-(ʧʨʦʧʠʥʠʣʦʢʩʠ)-3-(3',4',5'-ʪʨʠʤʝʪʦʢʩʠʬʝʥʠʣ)ʢʫʤʘʨʠʥʘ ʠ ʠʭ 

ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ. 
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ʈʠʩ. 57. ʀʂ-ʩʧʝʢʪʨʳ SWCNT, SWCNT-N3, PhC1, PhC2 ʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʂʫʤʘʨʠʥʳ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʧʦʣʦʩʳ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ. ʇʦʣʦʩʳ ʚ 

ʦʙʣʘʩʪʠ 1620-1470 ʩʤ-1 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʣʝʙʘʥʠʷʤ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ, ʘ 

ʧʦʣʦʩʳ ʧʨʠ 1700 ʩʤ-1 ï ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ C=O ʛʨʫʧʧ ʚ ʤʦʣʝʢʫʣʝ ʧʨʦʠʟʚʦʜʥʦʛʦ ʢʫʤʘʨʠʥʘ. 

ɺ ʩʧʝʢʪʨʝ ʬʝʥʠʣʢʫʤʘʨʠʥʘ PhC2 ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ ʧʨʠ 3248, 2115 ʠ 655-710  

ʩʤ-1, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ C-H ʚ -CſC-H ʛʨʫʧʧʝ ʠ -CſC- ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ -CſC-H ʛʨʫʧʧʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʣʝʙʘʥʠʷ ʘʣʢʠʥʠʣʴʥʳʭ ʛʨʫʧʧ -Cſʉ-H ʠ -CſC- 

ʧʨʦʠʟʚʦʜʥʦʛʦ ʬʝʥʠʣʢʫʤʘʨʠʥʘ ʠ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʘʟʠʜʥʦʡ ʛʨʫʧʧʳ ïN=N+=N- ʚ SWCNT-

N3 ʠʩʯʝʟʘʶʪ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT/PhC2-3D ʠ 

SWCNT/PhC1-cov ʤʝʪʦʜʦʤ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. 

ʇʦʤʠʤʦ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ 

ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʧʝʢʪʨʳ ʈʌʕʉ (ʨʠʩ. 58). ɺ ʩʧʝʢʪʨʘʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ SWCNT, ʥʘʙʣʶʜʘʪʁʩʷ ʧʠʢʠ ʘʟʦʪʘ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʪʨʠʘʟʦʣʴʥʦʤʫ ʢʦʣʴʮʫ, ʧʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʫʶʪ ʧʠʢʠ ʘʟʦʪʘ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʘʟʠʜʥʳʤ ʛʨʫʧʧʘʤ 

ʠʩʭʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. 
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ʈʠʩ. 58. ʉʧʝʢʪʨʳ ʈʌʕʉ N1s ʠʩʭʦʜʥʳʭ SWCNT, SWCNT-N3 ʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ. 

ʇʦʤʠʤʦ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʈʌʕʉ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʤʝʥʷʶʪ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʶ. ʂʈ-ʩʧʝʢʪʨʳ ʠʩʭʦʜʥʳʭ SWCNT, 

ʥʘʥʦʪʨʫʙʦʢ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʟʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ SWCNT-N3 ʠ ʠʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ ʠ ʧʠʨʝʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 59ʘ, 59ʙ. 
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ʈʠʩ. 59. (ʘ) ï ʂʈ-ʩʧʝʢʪʨʳ ʠʩʭʦʜʥʳʭ SWCNT, SWCNT-N3 ʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 
ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ ʚ ʜʠʘʧʘʟʦʥʝ 70-1800 ʩʤ-1. (ʙ) ï ʂʈ-ʩʧʝʢʪʨʳ ʧʨʦʠʟʚʦʜʥʦʛʦ 

ʧʠʨʝʥʘ ʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʠʤ ʚ ʜʠʘʧʘʟʦʥʝ 70-1800 ʩʤ-1. * ï ʧʦʣʦʩʳ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʣʝʙʘʥʠʷʤ ʧʠʨʝʥʘ. 

 

ʂʈ-ʩʧʝʢʪʨʳ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ, ʪʘʢ ʠ ʧʠʨʝʥʘ 

ʩʦʜʝʨʞʘʪ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʥʘʥʦʪʨʫʙʦʢ D ʠ G-ʧʦʣʦʩʳ. ɼʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʬʝʥʠʣʢʫʤʘʨʠʥʘ D-ʧʦʣʦʩʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ 1340 ʩʤ-1, ʘ G-ʧʦʣʦʩʘ ʚ ʦʙʣʘʩʪʠ 1590 ʩʤ-1. 

ʉʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ D ʠ G ʧʦʣʦʩ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʜʝʬʝʢʪʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ 
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ʠ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʦʦʪʥʦʰʝʥʠʝ ID/IG 

ʚ ʩʧʝʢʪʨʝ ʠʩʭʦʜʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 0,04, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNTïN3, SWCNT/PhC2-noncov, SWCNT/PhC1-cov ʠ 

SWCNT/PhC2-3D ʦʪʥʦʰʝʥʠʝ ID/IG ʚʳʰʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 0,07, 0,07, 0,08 ʠ 0,09 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʦʩʪ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ID/IG ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʜʝʬʝʢʪʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ 

SWCNT ʧʦʩʣʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʠʣʢʫʤʘʨʠʥʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʪʨʫʙʦʢ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʢʦʚʘʣʝʥʪʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʦʪʥʦʰʝʥʠʝ ID/IG ʚʳʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ [185,186]. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ID/IG ʩʦʦʪʚʝʪʩʪʚʫʝʪ 3D ʤʘʪʝʨʠʘʣʫ. ʅʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʝ RBM ʤʦʜʳ ʥʘʥʦʪʨʫʙʦʢ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 177, 198 ʠ 242 ʩʤ-1, ʯʪʦ, ʩʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʝ 1, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʝʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦ ʜʠʘʤʝʪʨʫ ʥʘʥʦʪʨʫʙʦʢ: 1,4 ʥʤ, 1,2 

ʥʤ, 1,0 ʥʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ SWCNT, RBM ʤʦʜʳ ʚ ʂʈ-ʩʧʝʢʪʨʝ SWCNT/PhC2-

3D ʩʤʝʱʘʶʪʩʷ ʢ 184, 244, 258 ʩʤ-1 [324]. 

ʅʘ ʨʠʩ. 59ʙ ʂʈ-ʩʧʝʢʪʨʳ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT/py-noncov ʠ SWCNT/py2-3D 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʩʦ ʩʧʝʢʪʨʘʤʠ ʠʩʭʦʜʥʳʭ SWCNT ʠ SWCNT-N3. ɺ ʩʧʝʢʪʨʘʭ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʣʦʩʳ D ʠ G ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 1326 ʩʤ-1 ʠ 1582 ʩʤ-1. ʆʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

D ʠ G ʧʦʣʦʩ ID/IG ʚ ʩʧʝʢʪʨʘʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT/py-noncov ʠ SWCNT/py2-3D 

ʩʦʩʪʘʚʣʷʝʪ 0,08 ʠ 0,12 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. RBM-ʤʦʜʳ ʚ ʩʧʝʢʪʨʝ SWCNT/py2-3D ʧʨʠ 176, 197, 240, 

253 ʩʤ-1 ʠ SWCNT/py-noncov ʧʨʠ 179, 200, 240, 251 ʩʤ-1 ʩʜʚʠʛʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʜ 

SWCNT. ɼʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʶ ʥʘʥʦʪʨʫʙʦʢ ʤʦʣʝʢʫʣʘʤʠ 

ʧʠʨʝʥʘ. 

ʄʦʨʬʦʣʦʛʠʷ ʩʣʦʸʚ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʤʝʪʦʜʘʤʠ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʸʥʦʢ 

ʠʩʭʦʜʥʳʭ SWCNT ʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 60. ʅʘ ʬʦʪʦʛʨʘʬʠʠ SWCNT 

ʚʠʜʥʳ ʧʫʯʢʠ ʥʘʥʦʪʨʫʙʦʢ ʜʠʘʤʝʪʨʦʤ ʜʦ 20 ʥʘʥʦʤʝʪʨʦʚ. ʇʦʚʝʨʭʥʦʩʪʴ ʩʣʦʸʚ 3D-ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ: ʥʘʙʣʶʜʘʶʪʩʷ ʢʨʫʧʥʳʝ ʘʛʨʝʛʘʪʳ ʠʟ ʥʘʥʦʪʨʫʙʦʢ ʨʘʟʤʝʨʦʤ 

100 ʥʤ ʠ ʙʦʣʝʝ, ʚ ʢʦʪʦʨʳʭ ʦʪʜʝʣʴʥʳʝ ʧʫʯʢʠ ʥʘʥʦʪʨʫʙʦʢ ʧʦʯʪʠ ʥʝ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠ ʜʘʥʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ. 
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ʈʠʩ. 60. ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʭʦʜʥʳʭ SWCNT (ʘ) ʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

SWCNT/PhC1-cov (ʙ), SWCNT/PhC2-3D (ʚ), SWCNT/py2-3D (ʛ). 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ 3D-ʤʘʪʝʨʠʘʣʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʨʠʩ. 61). ʅʘ ʬʦʪʦʛʨʘʬʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʇʕʄ, ʚʠʜʥ rʩʪʨʫʢʪʫʨʳ ʠʟ ʧʝʨʝʢʨʝʩʪʥʦ ʩʰʠʪʳʭ ʥʘʥʦʪʨʫʙʦʢ. 

 

ʈʠʩ. 61. ʇʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ SWCNT/PhC1-3D (ʘ) ʠ SWCNT/py2-3D. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʬʝʥʠʣʢʫʤʘʨʠʥʘ ʠ ʧʠʨʝʥʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʉʪʝʧʝʥʴ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ (ű) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ 2. ʅʘ ʨʠʩ. 62 ʧʦʢʘʟʘʥʳ ʢʨʠʚʳʝ ʧʦʪʝʨʠ ʤʘʩʩʳ 

ʜʣʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ ʠ ʧʠʨʝʥʘ. 
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ʈʠʩ. 62. ʂʨʠʚʳʝ ʧʦʪʝʨʠ ʤʘʩʩʳ SWCNT ʠ ʠʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʬʝʥʠʣʢʫʤʘʨʠʥʘ (ʘ) ʠ ʧʠʨʝʥʘ (ʙ). 



102 
 

ʇʦ ʜʘʥʥʳʤ ʊɻ ʘʥʘʣʠʟʘ (ʨʠʩ. 62ʘ) ʦʙʱʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ (æm, %) ʧʨʠ 750Áʉ ʜʣʷ ʠʩʭʦʜʥʳʭ 

PhC1, PhC2 ʠ SWCNT ʩʦʩʪʘʚʣʷʝʪ 48%, 44% ʠ 9% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ SWCNT-N3 ï 14%, ʘ ʜʣʷ 

ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SWCNT/PhC2-noncov, SWCNT/PhC1-cov ʠ SWCNT/PhC2-3D ï 17%, 

34% ʠ 38% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʪʝʨʷ ʤʘʩʩʳ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ SWCNT/PhC2-noncov ʟʘ ʩʯʸʪ 

ʜʝʩʦʨʙʮʠʠ PhC2 ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʪʨʫʙʦʢ ʩʦʩʪʘʚʣʷʝʪ 8% (17%-9%), ʘ ʜʣʷ SWCNT/PhC1-cov 

ʠ SWCNT/PhC2-3D ʟʘ ʩʯʸʪ ʦʪʱʝʧʣʝʥʠʷ ʤʦʣʝʢʫʣ PhC1 ʠ PhC2 ï 20% (34%-14%) ʠ 24% (38%-

14%) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʤʦʣʝʢʫʣ ʬʝʥʠʣʢʫʤʘʨʠʥʘ ʚ SWCNT/PhC2-noncov (ɤ, %) 

ʩʦʩʪʘʚʣʷʝʪ 18% (8%/44%), ʪʦʛʜʘ ʢʘʢ ʤʘʩʩʦʚʘʷ ʜʦʣʷ 42% (20%/48%) ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʜʣʷ 

SWCNT/PhC1-cov, ʠ 55% (24%/44%) ʜʣʷ SWCNT/PhC2-3D. ʉʪʝʧʝʥʴ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʥʘʥʦʪʨʫʙʦʢ ʤʦʣʝʢʫʣʘʤʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʢʘʢ ʤʦʣʴʥʘʷ ʜʦʣʷ (ű, %), ʩʦʩʪʘʚʠʣʘ ʜʣʷ 

SWCNT/PhC2-noncov ï 0,8, ʜʣʷ SWCNT/PhC1-cov - 2,7 ʠ ʜʣʷ SWCNT/PhC2-3D ï 4,4. 

ɸʥʘʣʦʛʠʯʥʦ ʛʠʙʨʠʜʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʧʦʪʝʨʷ ʤʘʩʩʳ (æm), ʤʘʩʩʦʚʘʷ ʜʦʣʷ (ɤ) ʠ ʩʪʝʧʝʥʴ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ (ű) ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʝʥʘ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 7, ʠʟ ʢʦʪʦʨʳʭ ʚʠʜʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʢʦʚʘʣʝʥʪʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ ʩʪʝʧʝʥʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. ʇʨʠʯʸʤ ʚ ʩʣʫʯʘʝ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

SWCNT ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʥʦʛʦ ʬʝʥʠʣʢʫʤʘʨʠʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʦʜʥʫ ʘʣʢʠʥʠʣʴʥʫʶ 

ʛʨʫʧʧʫ, ű ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 3 ʨʘʟʘ, ʘ ʚ ʩʣʫʯʘʝ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʠʟʚʦʜʥʦʛʦ ʬʝʥʠʣʢʫʤʘʨʠʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʜʚʝ ʘʣʢʠʥʠʣʴʥʳʭ ʛʨʫʧʧʳ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ 3D-ʤʘʪʝʨʠʘʣʘ, ű ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 5 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʠʙʨʠʜʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. 

ʊʘʙʣʠʮʘ 7 

ʇʦʪʝʨʷ ʤʘʩʩʳ (æm), ʤʘʩʩʦʚʘʷ ʜʦʣʷ (ɤ) ʠ ʩʪʝʧʝʥʴ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ (ű) 

ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʝʥʘ ʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ, ʦʧʨʝʜʝʣʸʥʥʳʝ ʧʦ 

ʜʘʥʥʳʤ ʊɻɸ ʧʨʠ 750Áʉ 

 
SWCNT/ 

py-noncov 

SWCNT/ 

py2-3D 

SWCNT/ 

PhC2-noncov 

SWCNT/ 

PhC1-cov 

SWCNT/ 

PhC2-3D 

æm, % 27 62 17 35 38 

ɤ, % 18 48 18 42 55 

ű, % 1,3 4,4 0,8 2,7 4,4 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʝʧʝʥʴ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ SWCNT, ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ 

ʩʧʦʩʦʙʘ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʥʘʥʦʪʨʫʙʦʢ, ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʙʣʘʜʘʶʪ 3D 

ʤʘʪʝʨʠʘʣʳ. 

3.2.2. ʉʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʝʥʘ ʠ 

ʬʝʥʠʣʢʫʤʘʨʠʥʘ 

ʇʦʣʫʯʝʥʥʳʝ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʩʣʦʸʚ 

ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʭ ʩʝʥʩʦʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʤʤʠʘʢʘ ʚ ʜʠʘʧʘʟʦʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 10 ʜʦ 50 ppm, ʘ 3D ʤʘʪʝʨʠʘʣʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 50 ppm. ɸʥʘʣʦʛʠʯʥʦ 

ʧʨʝʜʳʜʫʱʝʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʩʣʦʠ ʠʩʭʦʜʥʳʭ SWCNT ʠ ʠʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ PhC1, PhC2, 

py ʠʣʠ py2 ʥʘʥʦʩʠʣʠ ʥʘ ʧʦʜʣʦʞʢʠ ʩ ʚʩʪʨʝʯʥʦ-ʰʪʳʨʝʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʤʝʪʦʜʦʤ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʠʭ ʩʫʩʧʝʥʟʠʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ ʘʤʤʠʘʢ. 

ʅʘ ʨʠʩ. 63ʘ ʠ 64ʘ ʧʨʝʜʩʪʘʚʣʝʥ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʡ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ (Sresp) 

ʩʣʦʸʚ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʝʥʘ ʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ 

ʛʘʟʦʚʫʶ ʷʯʝʡʢʫ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ NH3 (10-50 ppm). ɺʩʝ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʧʨʦʷʚʣʷʶʪ ʦʙʨʘʪʠʤʳʡ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʥʘ NH3 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʦ ʝʩʪʴ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʘʤʤʠʘʢʘ (10-50 ppm) ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʢʪʠʚʥʳʭ ʩʣʦʸʚ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʧʨʠ 

ʧʨʦʜʫʚʢʝ ʚʦʟʜʫʭʦʤ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʠʩʭʦʜʥʳʤ ʟʥʘʯʝʥʠʷʤ. 
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ʈʠʩ. 63. (ʘ) ï ɸʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʡ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʩʣʦʸʚ SWCNT ʠ ʠʭ 
ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤ ʧʠʨʝʥʘ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʚʚʝʜʝʥʠʠ 10-50 ppm 

ʘʤʤʠʘʢʘ. (ʙ) ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ. 
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ʈʠʩ. 64. (ʘ) ï ɸʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʟʠʩʪʠʚʥʳʡ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʩʣʦʸʚ SWCNT ʠ ʠʭ 
ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʚʚʝʜʝʥʠʠ 10-

50 ppm ʘʤʤʠʘʢʘ. (ʙ) ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ. 

ʂʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 1.5, ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʥʘʥʦʪʨʫʙʦʢ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ NH3. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʚʝʣʠʯʠʥ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ SWCNT/PhC2-3D, 

SWCNT/PhC1-cov ʠ SWCNT/PhC2-noncov, ʘ ʪʘʢʞʝ SWCNT/py2-3D ʠ SWCNT/py-noncov (ʨʠʩ. 

63ʙ, 64ʙ) ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʣʦʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʢʦʚʘʣʝʥʪʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ SWCNT, ʧʨʦʷʚʣʷʶʪ ʙʦʣʴʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʘʤʤʠʘʢʫ, ʯʝʤ 

ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. ʇʨʠ ʵʪʦʤ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ 3D ʤʘʪʝʨʠʘʣʦʚ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʤʦʣʝʢʫʣ ʧʨʦʠʟʚʦʜʥʦʛʦ 

ʬʝʥʠʣʢʫʤʘʨʠʥʘ ʠʣʠ ʧʠʨʝʥʘ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʪʦ 

ʝʩʪʴ ʩʦ ʩʪʝʧʝʥʴʶ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ű. ʏʝʤ ʙʦʣʴʰʝ ʩʪʝʧʝʥʴ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʪʝʤ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ ʘʤʤʠʘʢ. 

ɺʳʰʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʨʦʚʦʜʦʨʦʜ ʷʚʣʷʝʪʩʷ ʤʝʰʘʶʱʠʤ ʛʘʟʦʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʘʤʤʠʘʢʘ ʩ ʧʦʤʦʱʴʶ ʘʢʪʠʚʥʳʭ ʩʣʦʚy ʥʘ ʦʩʥʦʚʝ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ 

ʤʝʪʘʣʣʦʚ. ʇʦʵʪʦʤʫ ʪʘʢʞʝ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʣʦʝʚ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʝʥʘ ʠ ʬʝʥʠʣʢʫʤʘʨʠʥʘ ʢ H2S. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʝʨʦʚʦʜʦʨʦʜ 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʤʝʰʘʶʱʠʤ ʛʘʟʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʤʤʠʘʢʘ (ʨʠʩ. 65), ʭʦʪʷ ʝʛʦ ʩʝʥʩʦʨʥʳʡ 

ʦʪʢʣʠʢ ʥʘ H2S ʚ 2-7 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʥʘ NH3 ʧʨʠ ʪʝʭ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. 
















































