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ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ. ʅ. ɽʣʴʮʠʥʘè 

 

          

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

 

 

 

 

 

ʉɸʅʊʈɸ ʉʆɻɸʊɸ 

 

 

ʇʈʗʄʆɽ C-C(X)-ʉʆʏɽʊɸʅʀɽ ʇʈʀ ɸʂʊʀɺʀʈʆɺɸʅʅʆʁ ʉɺʗɿʀ 

CHC(Y) ɺ ɻɽʊɽʈʆ-/ʂɸʈɹʆʎʀʂʃɸʍ ʂɸʂ ʀʅʉʊʈʋʄɽʅʊ ɿɽʃɽʅʆʁ 

ʍʀʄʀʀ ɼʃʗ ʉʆɿɼɸʅʀʗ ʇɽʈʉʇɽʂʊʀɺʅʓʍ ɹʀʆʃʆɻʀʏɽʉʂʀ 

ɸʂʊʀɺʅʓʍ ʄʆʃɽʂʋʃ 

 

 

1.4.3. ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

 

 

ɸɺʊʆʈɽʌɽʈɸʊ 

ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʜʦʢʪʦʨʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

 

 

 

 

 

ɽʢʘʪʝʨʠʥʙʫʨʛ ï 2024 



 

 

2 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʢʘʬʝʜʨʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʙʠʦʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ ʠ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʟʝʣʝʥʳʭ ʤʝʪʦʜʦʚ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʅʘʫʯʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʠ ʀʥʥʦʚʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ ʭʠʤʠʢʦ-ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ  

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʌɻɸʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʭ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘè  

ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ:  ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʈɸʅ, 

ɿʳʨʷʥʦʚ ɻʨʠʛʦʨʠʡ ɺʘʩʠʣʴʝʚʠʯ 

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ:  

 

ɸʂʉɽʅʆɺ ʅʠʢʦʣʘʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ  

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʌʝʜʝʨʘʣʴʥʦʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʉʪʘʚʨʦʧʦʣʴ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʍʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ;  

ʂʆʈʆʊɸɽɺ ɺʣʘʜʠʩʣʘʚ ʖʨʴʝʚʠʯ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ 

ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘè, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ 

ʩʦʪʨʫʜʥʠʢ ʦʪʜʝʣʘ ʭʠʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʅʀʀ 

ʬʠʟʠʢʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʀʥʩʪʠʪʫʪʘ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʥʘʫʢ ʠ ʤʘʪʝʤʘʪʠʢʠ; 

ʄʋʉʊɸʌʀʅ ɸʭʘʪ ɻʘʟʠʟʴʷʥʦʚʠʯ,  

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʋʬʠʤʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʭʠʤʠʠ - ʦʙʦʩʦʙʣʝʥʥʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʥʘʫʯʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ʋʬʠʤʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʮʝʥʪʨʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ 

ʣʘʙʦʨʘʪʦʨʠʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 

 

ɿʘʱʠʪʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪʩʷ ç16è ʜʝʢʘʙʨʷ 2024 ʛʦʜʘ ʚ 14:00 ʯʘʩʦʚ ʥʘ ʟʘʩʝʜʘʥʠʠ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ʋʨʌʋ 1.4.06.09 ʧʦ ʘʜʨʝʩʫ: 620062, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʫʣ. ʄʠʨʘ, 19, 

ʘʫʜ. ʀ-420 (ʟʘʣ ʋʯʝʥʦʛʦ ʩʦʚʝʪʘ). 

          ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ ʠ ʥʘ ʩʘʡʪʝ ʌɻɸʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ 

ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ. ʅ. 

ɽʣʴʮʠʥʘè,  https://dissovet2.urfu.ru/mod/data/view.php?d=12&rid=6333 

 

 

 ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ      ç___è                               2024 ʛ. 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ 

ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ       ʇʦʩʧʝʣʦʚʘ ʊʘʪʴʷʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

 

https://dissovet2.urfu.ru/mod/data/view.php?d=12&rid=6333


 

 

3 

 

 

ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʆʙʨʘʟʦʚʘʥʠʝ ʉïʉ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ 

ʧʦʩʪʨʦʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʢʘʨʢʘʩʦʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʣʘʩʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʧʨʝʜʣʘʛʘʝʪ ʤʥʦʛʦʦʙʨʘʟʥʳʝ ʧʨʠʸʤʳ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʷʟʝʡ ʉïʉ ʠ ʉïʛʝʪʝʨʦʘʪʦʤ: ʤʝʪʘʣʣ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ (Pd, Cu, Ni ʠ ʪ.ʜ.) 

ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʧʨʝ-ʬʫʥʢʮʠʦʥʘʣʠʟʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣʘʭ, ʤʝʪʘʣʣ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ (Pt, Rh, Au 

ʠ ʪ.ʜ.) ʨʝʘʢʮʠʠ ʧʨʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ C-H-ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʧʨʠ ʉ-ʅ 

ʩʚʷʟʠ (ʩross dehydrogenative coupling (CDC)), ʧʦʣʫʯʠʚʰʝʝ ʚ ʧʦʩʣʝʜʥʠʝ 15 ʣʝʪ ʤʘʩʰʪʘʙʥʦʝ 

ʨʘʟʚʠʪʠʝ. ʈʝʘʢʮʠʠ ʧʨʷʤʦʛʦ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʚʦʜʦʨʦʜʘ (SN
H) ʫʞʝ ʦʢʦʣʦ ʧʦʣʫʚʝʢʘ 

ʠʩʩʣʝʜʫʶʪʩʷ ʥʘ ʢʘʬʝʜʨʝ ʆʨʛʘʥʠʯʝʩʢʦʡ (ʠ ʙʠʦʤʦʣʝʢʫʣʷʨʥʦʡ) ʭʠʤʠʠ ʋʨʌʋ ʠ ʚ ʀʆʉ ʋʨʆ 

ʈɸʅ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʢʘʜʝʤʠʢʦʚ ʈɸʅ ʏʫʧʘʭʠʥʘ ʆ.ʅ. ʠ ʏʘʨʫʰʠʥʘ ɺ.ʅ., ʯʪʦ ʦʪʨʘʞʝʥʦ ʚ 

ʦʛʨʦʤʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʙʟʦʨʥʳʭ ʩʪʘʪʝʡ, ʘ ʪʘʢʞʝ ʤʦʥʦʛʨʘʬʠʡ. 

ʇʨʦʮʝʩʩʳ ʧʨʷʤʦʡ ʉïH-ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠʤʝʶʪ ʪʘʢʠʝ ʥʝʦʩʧʦʨʠʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩ 

ʧʦʟʠʮʠʠ çʟʝʣʝʥʦʡè ʭʠʤʠʠ, ʢʘʢ ʘʪʦʤʥʘʷ ʵʢʦʥʦʤʠʯʥʦʩʪʴ, ʨʝʘʢʪʦʨ- ʠ ʩʪʘʜʠʷ-ʵʢʦʥʦʤʠʯʥʦʩʪʴ, 

ʵʪʠ ʨʝʘʢʮʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʨʝʪʨʦ-ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʢʘ ʣʝʪ, ʥʘʨʷʜʫ ʩ ʢʦʥʮʝʧʮʠʝʡ PASE (Pot, Step, Atom Economy), 

ʪʝʨʤʠʥʳ çʟʝʣʝʥʘʷè (ʘʥʛʣ. green) ʠ çʫʩʪʦʡʯʠʚʘʷè (ʘʥʛʣ. sustainable) ʭʠʤʠʷ ʷʚʣʷʶʪʩʷ 

ʢʣʶʯʝʚʳʤʠ ʚ ʧʦʠʩʢʦʚʳʭ ʟʘʧʨʦʩʘʭ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʠ ʧʦʥʷʪʠʷ ʦʟʥʘʯʘʶʪ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʡ 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʠʥʪʝʟ, ʧʨʦʚʝʜʝʥʥʳʡ ʚ ʙʦʣʝʝ ʱʘʜʷʱʠʭ/ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʤʠʥʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʠʣʠ ʚʦʦʙʱʝ ʥʝ ʦʢʘʟʳʚʘʶʱʠʭ ʨʘʟʨʫʰʠʪʝʣʴʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ E-

ʬʘʢʪʦʨʦʚ (E-ʬʘʢʪʦʨ ï ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʦʪʭʦʜʦʚ ʢ ʤʘʩʩʝ 

ʧʨʦʜʫʢʪʦʚ) ʨʝʘʢʮʠʡ.  ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʦʪʭʦʜʦʚ ʦʙʨʘʟʫʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʟʘ 

ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʠʣʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ. ʇʦʵʪʦʤʫ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ çʟʝʣʝʥʦʡè ʭʠʤʠʠ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ, 

ʨʝʘʢʮʠʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ, ʯʝʤ ʪʘʢʦʚʳʝ ʚ 

ʣʶʙʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʜʘʞʝ ʚ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʙʝʟʦʧʘʩʥʳʭ. ʍʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ, 

ʦʩʫʱʝʩʪʚʣʝʥʥʳʝ ʚ ʦʜʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʢʦʣʙʝ, ʚʢʣʶʯʘʷ ʤʥʦʛʦʵʪʘʧʥʳʝ ʧʨʦʮʝʩʩʳ, ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʝʟʥʳ ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʢʘʢ ʧʨʠʸʤʳ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ 

ʦʪʭʦʜʦʚ, ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʠ ʫʧʨʦʱʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ/ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʥʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ. ʆʙʰʠʨʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ 

ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʠ ʧʨʠʝʤʦʚ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ/çʟʝʣʝʥʦʡè 

ʭʠʤʠʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʟʘʤʝʥʝ ʥʝʢʦʪʦʨʳʭ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʦʢʩʠʯʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠʭ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʚʨʝʜʥʳʤʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʵʢʚʠʚʘʣʝʥʪʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ, ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʭ ʩʧʦʩʦʙʦʚ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠ/ʠʣʠ ʘʢʪʠʚʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʡ ʚ ʩʨʝʜʝ ʚʦʜ,r ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʠʣʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʬʣʶʠʜʦʚ, 

ʧʨʦʮʝʩʩʳ ʚ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʥʘʛʨʝʚʘ, ʩʦʥʦ-, ʤʝʭʘʥʦ- ʠʣʠ ʬʦʪʦʘʢʪʠʚʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʢʘʪʘʣʠʟ ʨʝʘʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʪʝʨʦʛʝʥʥʳʭ/ʪʚʝʨʜʦʬʘʟʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʥʘʧʨʠʤʝʨ, 

ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʦʚ, ʭʘʣʢʦʛʝʥʠʜʳ/ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ, ʤʝʪʘʣʣʳ ʥʘ ʠʥʝʨʪʥʳʭ ʥʦʩʠʪʝʣʷʭ ʠ 

ʪ.ʜ.) ʠ ʙʠʦʜʦʩʪʫʧʥʳʭ/ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ çʟʝʣʝʥʳʭè/ʨʘʮʠʦʥʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʤʦʣʝʢʫʣ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʦʮʝʩʩʘʭ ʉ-ʉ ʠ ʉ-X ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ (ʍ = ʛʝʪʝʨʦʘʪʦʤ) ʩʚʷʟʝʡ 
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ʉ(H)-C ʠ ʉ(ʅ)-Y (Y Í C) ʚ ʨʷʜʘʭ ʛʝʪʝʨʦ- ʠ ʢʘʨʙʦʮʠʢʣʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ.   

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʧʨʦʙʣʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ çʟʝʣʝʥʳʭè/ʨʘʮʠʦʥʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʧʨʦʚʦʜʷʪʩʷ ʫʞʝ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʜʚʫʭ ʜʝʩʷʪʠʣʝʪʠʡ 

ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʨʦʬʝʩʩʦʨʦʚ ɹ. ʈʘʥʫ, ɸ. ʄʘʞʠ, ɸ. ʍʘʜʞʨʳ (ʀʥʜʠʷ). ʈʝʘʢʮʠʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʥʘʯʠʥʘʷ ʩ ʨʘʙʦʪ ʧʨʦʬʝʩʩʦʨʘ 

ʍ.-ɾ. ʃʠ (ʂʘʥʘʜʘ, 2006 ʛ). ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʷʤʦʛʦ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ʚʦʜʦʨʦʜʘ ʚ (ʛʝʪʝʨʦ)ʘʨʝʥʘʭ ʫʞʝ ʦʢʦʣʦ 50 ʣʝʪ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʢʘʬʝʜʨʝ ʆʨʛʘʥʠʯʝʩʢʦʡ (ʠ 

ʙʠʦʤʦʣʝʢʫʣʷʨʥʦʡ) ʭʠʤʠʠ ʋʨʌʋ, ʘ ʪʘʢʞʝ ʚ ʀʆʉ ʋʨʆ ʈɸʅ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʢʘʜʝʤʠʢʦʚ 

ʈɸʅ ʏʫʧʘʭʠʥʘ ʆ.ʅ. ʠ ʏʘʨʫʰʠʥʘ ɺ.ʅ.  

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʮʝʩʩʳ ʧʨʷʤʦʡ ʉ-C(ʍ)-ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʨʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ 

ʵʢʟʦ- ʠ ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʡ ʩʚʷʟʠ ʉHC(Y) ʚ ʘʟʘʛʝʪʝʨʦ- ʠ ʢʘʨʙʦʮʠʢʣʘʭ.  

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʤʘʣʳʝ ʛʝʪʝʨʦʮʠʢʣʳ (ʘʟʠʨʠʥʳ, ʘʟʠʨʠʜʠʥʳ ʠ ʵʧʦʢʩʠʜʳ), 

ʢʘʨʙʦʥʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ (ʜʠʢʝʪʦʥʳ, ʘʣʴʜʝʛʠʜʳ, ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ), 

ʵʪʠʣʝʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʢʨʘʪʥʦʡ ʩʚʷʟʴʶ, ʘ ʪʘʢʞʝ ʘʮʝʪʠʣʝʥʳ. 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʩʚʷʟʝʡ ʉ(H)ʉ ʠ ʉ(H)Y (Y = ʛʝʪʝʨʦʘʪʦʤ) ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ 

ʚ ʨʷʜʘʭ ʛʝʪʝʨʦ- ʠ ʢʘʨʙʦʮʠʢʣʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʜʣʷ ʨʘʟʚʠʪʠʷ çʟʝʣʝʥʳʭè/ʨʘʮʠʦʥʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ/ʠʟʚʝʩʪʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ/ʧʨʝʢʫʨʩʦʨʦʚ, ʘ ʪʘʢʞʝ ʚʘʞʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʥʪʦʥʦʚ, ʪʨʫʜʥʦ- ʠʣʠ 

ʥʝʜʦʩʪʫʧʥʳʭ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʨʘʙʦʪʳ ʜʦʣʞʥʳ ʙ ʪr ɹʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʀʩʩʣʝʜʦʚʘʪ ɹʧʨʦʮʝʩʩ rʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʉ(H)C ʠ ʉ(H)Y (Y Í C) ʩʚʷʟʠ ʚ ʤʘʣʳʭ 

ʩʪʝʨʠʯʝʩʢʠ-ʥʘʧʨʷʞʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʘʭ, ʘ ʠʤʝʥʥʦ ʚ ʘʟʠ(ʨʠ)ʜʠʥʘʭ ʠ ʵʧʦʢʩʠʜʘʭ; 

¶ ʀʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩ r ʬʫʥʮʠʦʥʘʣʠʟʘʮʠʠ ʬʨʘʛʤʝʥʪʘ ʉ(ʅ) ʧʨʠ ʢʨʘʪʥʦʡ ʩʚʷʟʠ ʚ 

ʘʮʠʢʣʠʯʝʩʢʠʭ ʠ ʮʠʢʣʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʘʭ; 

¶ ʀʩʩʣʝʜʦʚʘʪ ɹʧʨʦʮʝʩʩ rʬʫʥʮʠʦʥʘʣʠʟʘʮʠʠ ʉ(ʅ) - ʬʨʘʛʤʝʥʪʘ ʧʨʠ ʢʨʘʪʥʦʡ ʩʚʷʟʠ ʚ 

ʮʠʢʣʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʘʭ; 

¶ ʀʩʩʣʝʜʦʚʘʪʴ ʧʨʠʤʝʥʠʤʦʩʪʴ ʥʦʚʳʭ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʩʨʝʜ (non-conventional media), ʘ 

ʪʘʢʞʝ çʟʝʣʝʥʳʭè ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʘʥʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ; 

¶ ʆʮʝʥʠʪʴ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ; 

¶ ʆʮʝʥʠʪʴ ʤʝʪʦʜʘʤʠ çin-silicoè ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪ ɹʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʥʘʫʯʥʦʡ ʥʦʚʠʟʥʦʡ: 

- ɺʧʝʨʚʳʝ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʨʷʤʦʝ ʘʮʠʣʦʢʩʠʣʠʨʦʚʘʥʠʝ ʬʨʘʛʤʝʥʪʘ ʉ(sp3)-ʅ ʚ 2-ʘʨʠʣ-

ʘʟʠʨʠʜʠʥʘʭ (ʙʝʟ ʨʘʩʢʨʳʪʠʷ ʪʨʝʭʯʣʝʥʥʦʛʦ ʮʠʢʣʘ) ʚ ʫʩʣʦʚʠʷʭ ʬʦʪʦʘʢʪʠʚʘʮʠʠ; 

- ɺʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ 

ʨʘʩʢʨʳʪʠʷ ʮʠʢʣʘ ʚ ʘʟʠʨʠʜʠʥʘʭ ʠ ʘʟʠʨʠʥʘʭ ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʘʮʠʠ ʠʦʥʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ, ʘ 

ʪʘʢʞʝ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʉuO; 

-  ʆʙʥʘʨʫʞʝʥʘ ʨʘʥʝʝ ʥʝʦʧʠʩʘʥʥʘʷ ʚ ʣʠʪʝʨʘʪʫʨʝ Cu(II )-ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʘʟʠʨʠʜʠʥʦʚ ʠ ʵʧʦʢʩʠʜʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʣʣʠʣʛʘʣʠʜʦʚ ʮʠʥʢʘ, ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ in-situ, ʩ 
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ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ɓ-ʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʭ N-Ts-ʘʤʠʥʦʚ ʠʣʠ ɓ-ʛʘʣʦ ʩʧʠʨʪʦʚ ʠ ʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʘ ʥʝ ʧʨʦʜʫʢʪʦʚ ʘʣʣʠʣʠʨʦʚʘʥʠʷ; 

-  ʅʘʡʜʝʥʘ ʨʘʥʝʝ ʥʝʦʧʠʩʘʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ N-Ts-ʟʘʤʝʱʝʥʥʳʭ ʘʟʠʨʠʜʠʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʥʠʪʨʘʪʦʚ Cu(II) ʠʣʠ Zn(II ) ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ ʠʣʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ (ʚ ʩʣʫʯʘʝ Zn(NO3)2*6H2O), 

ʧʨʠʚʦʜʷʱʘʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ɓ-(ʥʠʪʨʦʦʢʩʠ)ʟʘʤʝʱʝʥʥʳʭ N-Ts-ʘʤʠʥʦʚ; 

- ɺʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʩʘʤʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʡ ʩʠʥʪʝʟ N-ʘʮʠʣ-/N-ʬʦʨʤʠʣ-Ŭ-

ʘʤʠʥʦʢʝʪʦʥʦʚ ʚ ʨʝʘʢʮʠʷʭ 3-ʘʨʠʣ-2H-ʘʟʠʨʠʥʦʚ/2-Me/Ph-3-ʘʨʠʣ-2H-ʘʟʠʨʠʥʦʚ ʩ ʤʫʨʘʚʴʠʥʦʡ, 

ʘ ʪʘʢʞʝ ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʠʩʣʦʪʘʤʠ; 

- ɺʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʆ-ʚʠʥʠʣʠʨʦʚʘʥʠʷ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʚ 4-

ʛʠʜʨʦʢʩʠʢʫʤʘʨʠʥʘʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʮʝʪʠʣʝʥʦʚ; 

- ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ-ʚʘʞʥʳʭ 

ʩʝʣʝʥʦʵʬʠʨʦʚ ʧʫʪʝʤ ʨʝʘʢʮʠʠ Ŭ-ʘʤʠʥʦ ʢʘʨʙʠʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʜʠʩʝʣʝʥʠʜʦʚ; 

- ɺʧʝʨʚʳʝ ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʨʷʤʘʷ ʦʢʠʩʣʠʪʝʣʴʥʘʷ C(sp2) ī H ʜʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʚ 1,4-

ʥʘʬʪʦʭʠʥʦʥʘʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʤʠʥʦʚ ʠ ʪʠʦʣʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʧʨʷʤʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʩʚʷʟʠ ʉ(H)ʉ ʠ ʉ(H)Y (Y = ʛʝʪʝʨʦʘʪʦʤ) ʠ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʚ ʨʷʜʘʭ ʛʝʪʝʨʦ- ʠ ʢʘʨʙʦʮʠʢʣʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʰʠʨʦʢʠʝ ʨʷʜʳ ʙʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ/ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ/ʧʨʝʢʫʨʩʦʨʦʚ, ʘ ʪʘʢʞʝ ʚʘʞʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʥʪʦʥʦʚ: 

ʈʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ/ʟʝʣʝʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʨʷʜʘ ʙʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠʣʠ ʠʭ ʧʨʝʢʫʨʩʦʨʦʚ: ʤʝʣʘʪʦʥʠʥʘ, ʢʘʪʠʥʦʥʘ, ʟʦʣʠʤʠʜʠʥʘ, 

ʢʫʤʘʨʠʥʦʚ, ʘʥʪʠʪʨʦʤʙʦʪʠʢʦʚ ʨʷʜʘ ʚʘʨʬʘʨʠʥʘ ʠ ʜʨ.;   

ʅʘʡʜʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ɓ-ʛʘʣʦʩʧʠʨʪʘʤ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʤ, 

ɓ-ʬʫʥʢʮʠʦʥʘʣʠʟʦʚʘʥʥʳʤ ʘʤʠʥʘʤ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʤ ʩʦʩʪʘʚʘ XCCNRRô (R = H, CH2OH, Rô 

= Acyl, Ts; X = (Het)Ar, NHRôô, Hal, =O, ʆRòô (Rôôô = Ac, Alk), ONO2, SRôôôô (Rôôôô = Alk, 

Ar)), ʘ ʪʘʢʞʝ Ŭ-ʘʤʠʥʦʢʝʪʦʥʘʤ, ʥʘ ʧʨʠʤʝʨʝ ʧʦʩʣʝʜʥʠʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʠʦʘʢʪʠʚʥʳʭ ʩʝʣʝʥʦʵʬʠʨʦʚ, ʤʘʣʦʜʦʩʪʫʧʥʳʭ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ;  

ʈʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ Ŭ,ɓ-ʜʠʬʫʥʢʮʠʦʥʘʣʠʟʦʚʘʥʥʳʭ ʘʣʢʘʥʦʚ, ʥʘ 

ʧʨʠʤʝʨʝ ʧʨʦʠʟʚʦʜʥʳʭ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʟʘʤʝʱʝʥʥʳʭ 1,3-ʜʠʦʢʩʦʣʘʥʦʚ ʠ ʵʥʘʥʪʠʦʤʝʨʥʦʯʠʩʪʳʭ ʟʘʤʝʱʝʥʥʳʭ 1,4-ʜʠʦʢʩʘʥʦʚ; 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʩʚʷʟʠ ʉ(H)ʉ ʠ 

ʉ(H)Y (Y = ʛʝʪʝʨʦʘʪʦʤ) ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʚ ʨʷʜʘʭ ʛʝʪʝʨʦ- ʠ 

ʢʘʨʙʦʮʠʢʣʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʰʠʨʦʢʠʝ ʨʷʜʳ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʧʦʩʪʫʣʠʨʦʚʘʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ: ʟʘʤʝʱʝʥʥʳʭ ʦʢʩʘ- ʠ ʠʤʠʜʘʟʦʣʦʚ ʠ ʠʭ 

ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, (ʘʟʘ)ʭʠʥʦʣʠʥʦʚ ʠ ʠʭ ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, 

ʟʘʤʝʱʝʥʥʳʭ 4-ʛʠʜʨʦʢʩʠʢʫʤʘʨʠʥʦʚ ʠ ʠʭ ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (ʧʠʨʘʥʦ[3,2-

c]ʢʫʤʘʨʠʥʦʚ), ʪʠʦʘʤʠʥʦʟʘʤʝʱʝʥʥʳʭ ʥʘʬʪʦʭʠʥʦʥʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʥʳʭ 2,2ô-

ʜʠʧʠʨʨʦʤʝʪʘʥʦʚ ʠ 3-ʟʘʤʝʱʝʥʥʳʭ ʠʥʜʦʣʦʚ,  ʚʢʣʶʯʘʷ 3,3ô-ʙʠʩʠʥʜʦʣʠʣʤʝʪʘʥ;r 

ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥʳ çʟʝʣʝʥʳʝè ʤʝʪʦʜʳ ʘʢʪʠʚʘʮʠʠ (ʬʦʪʦ-, ʤʝʭʘʥʦ-, 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʤʝʪʘʣʣʦʚ, ʠʦʥʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ, ʨʘʩʧʣʘʚʣʝʥʥʳʤʠ ʩʦʣʷʤʠ ʠ ʪ.ʜ.) ʧʨʦʮʝʩʩʦʚ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ (ʥʝ)ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʩʚʷʟʠ ʉ(H)ïC ʠ ʉ(H)ïY (Y Í C) ʚ ʛʝʪʝʨʦ- ʠ 

ʢʘʨʙʦʮʠʢʣʘʭ, ʘ ʪʘʢʞʝ ʘʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʨʝʘʢʮʠʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ɽ-ʬʘʢʪʦʨʦʚ, ʧʨʦʪʝʢʘʶʪ ʚ ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʪʨʝʙʫʶʪ ʤʠʥʠʤʘʣʴʥʦʡ ʦʯʠʩʪʢʠ ʧʨʦʜʫʢʪʦʚ (ʢʘʢ ʧʨʘʚʠʣʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʨʦʤʘʪʦʛʨʘʬʠʠ).   
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ɺ ʮʝʣʦʤ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʨʘʟʚʠʪʠʷ 

çʟʝʣʝʥʳʭè/ʨʘʮʠʦʥʘʣʴʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʧʦʣʫʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʮʝʥʥʳʭ ʤʦʣʝʢʫʣ: ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʥʪʦʥʦʚ, ʙʠʦʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʬʣʫʦʨʦʬʦʨʦʚ.  

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʚʷʟʠ ʉ(H)ʉ ʠ ʉ(H)Y (Y = 

ʛʝʪʝʨʦʘʪʦʤ) ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʚ ʨʷʜʘʭ ʛʝʪʝʨʦ- ʠ ʢʘʨʙʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʫʙʩʪʨʘʪʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʠ ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʦʜʫʢʪʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ. ʀʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʛʣʘʩʥʦ ʨʘʥʝʝ 

ʦʧʠʩʘʥʥʳʤ ʤʝʪʦʜʘʤ, ʢʦʪʦʨʳʝ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʙʳʣʠ ʫʣʫʯʰʝʥʳ ʠʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ.   

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʵʪʠʭ ʩʠʥʪʝʟʦʚ, ʦʩʫʱʝʩʪʚʣʝʥʥʳʭ ʢʘʢ 

ʘʚʪʦʨʦʤ, ʪʘʢ ʠ ʝʛʦ ʢʦʣʣʝʛʘʤʠ. ʂʦʨʨʝʢʪʥʦʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ, ʦʧʠʩʘʥʥʳʭ 

ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʪʘʢʠʭ 

ʢʘʢ 1ʅ ʠ 13ʉ ʗʄʈ- ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, 

ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʘ ʪʘʢʞʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʚʷʟʝʡ ʉ(H)ïC ʠ ʉ(H)ïY (Y Í C) ʩʚʷʟʠ 

ʚ ʘʟʠʨʠʜʠʥʘʭ, ʘʟʠʨʠʥʘʭ ʠ ʵʧʦʢʩʠʜʘʭ; 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʬʫʥʮʠʦʥʘʣʠʟʘʮʠʠ ʬʨʘʛʤʝʥʪʘ ʉ(ʅ) ʧʨʠ ʢʨʘʪʥʦʡ ʩʚʷʟʠ ʚ 

ʘʮʠʢʣʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʘʭ (ʭʘʣʢʦʥʘʭ, ʘʣʴʜʝʛʠʜʘʭ, ʘʟʦʤʝʪʠʥʘʭ, ʘʣʢʝʥʘʭ ʠ ʘʣʢʠʥʘʭ); 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʬʫʥʮʠʦʥʘʣʠʟʘʮʠʠ ʬʨʘʛʤʝʥʪʘ ʉ(ʅ) ʧʨʠ ʢʨʘʪʥʦʡ ʩʚʷʟʠ ʚ 

ʥʝʢʦʪʦʨʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʘʭ (ʭʠʥʦʥʘʭ ʠ ʢʫʤʘʨʠʥʘʭ); 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʥʦʚʳʭ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʩʨʝʜ (non-conventional media), 

ʘ ʪʘʢʞʝ çʟʝʣʝʥʳʭè ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʘʥʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ; 

¶ ʉʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ;  

¶ ʆʮʝʥʢʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ ʠ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ çin-silicoè. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ 

ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: III  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ñʍʠʤʠʷ ʚ ʬʝʜʝʨʘʣʴʥʳʭ ʫʥʠʚʝʨʩʠʪʝʪʘʭò (ɽʢʘʪʝʨʠʥʙʫʨʛ, 2015), I-V ʄʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ñʉʦʚʨʝʤʝʥʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚò MOSM 2017-2021 (ɽʢʘʪʝʨʠʥʙʫʨʛ, 2017-2020 

ʛʛ., ɽʢʘʪʝʨʠʥʙʫʨʛ-ʇʝʨʤʴ, 2021 ʛ.), V ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ɺʣʘʜʠʢʘʚʢʘʟ, 2018), 16th CRSI National Symposium in 

Chemistryò (Mumbai, India, 2014), National Seminar on ñRecent advances in chemistryò 

(NSRAC 2014) (Santiniketan, India, 2014), International Congress on Heterocyclic Chemistry 

ñKOST-2015ò (ʄʦʩʢʚʘ, 2015), IV Sino-Russian ASRTU Symposium on Advanced Materials and 

Processing Technology (ɽʢʘʪʝʨʠʥʙʫʨʛ, 2015), XX Mendeleev Congress on General and Applied 

Chemistry (ɽʢʘʪʝʨʠʥʙʫʨʛ, 2016), National Seminar on Recent Trends in Chemistry Research 

(Santiniketan, India, 2017), IV International Young Researchers ñConference Physics, 
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Technologies, Innovation PTI-2017ò (ɽʢʘʪʝʨʠʥʙʫʨʛ, 2017), Lecture Workshop on Recent Trends 

in Interdisciplinary Sciences (Santiniketan, India, 2018), 4-ʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ 

ʄʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ (ɽʢʘʪʝʨʠʥʙʫʨʛ, 2019), ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ñɸʢʪʫʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠò (ɽʢʘʪʝʨʠʥʙʫʨʛ, 2020).  

ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 60 

ʧʫʙʣʠʢʘʮʠʷʭ, ʚʢʣʶʯʘʷ 27 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʠ 33 ʩʪʘʪʴʠ, ʦʧʫʙʣʠʢʦʚʘʥʥrʝ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʠʟʜʘʥʠʷʭ, ʦʧʨʝʜʝʣʝʥʥʳʭ ɺɸʂ ʈʌ ʠ ɸʪʪʝʩʪʘʮʠʦʥʥʳʤ ʩʦʚʝʪʦʤ ʋʨʌʋ 

ʠ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟʘʭ ʮʠʪʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ Scopus ʠ WoS. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 505 ʩʪʨ., ʩʦʜʝʨʞʠʪ 88 ʪʘʙʣʠʮ, 

414 ʩʭʝʤ, 28 ʨʠʩʫʥʢʦʚ, 404 ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʩʩʳʣʦʢ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ (ɻʣʘʚʘ 1), ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ (ɻʣʘʚʘ 2), ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʯʘʩʪʠ (ɻʣʘʚʘ 3), ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʠ ʩʦʢʨʘʱʝʥʠʡ, ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʳ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɺʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʷʣ ʚ ʚʳʙʦʨʝ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʦʧʨʝʜʝʣʝʥʠʠ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘʥʘʣʠʟʝ, ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʦʙʦʙʱʝʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʛʦʪʦʚʢʝ ʤʘʪʝʨʠʘʣʦʚ ʢ ʧʫʙʣʠʢʘʮʠʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ 

ʚʳʧʦʣʥʝʥʘ ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʂʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʙʠʦʤʦʣʝʢʫʣʷʨʥʦʡ 

ʭʠʤʠʠ ʋʨʌʋ, ʘ ʪʘʢʞʝ ʃʘʙʦʨʘʪʦʨʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠ ʃʘʙʦʨʘʪʦʨʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʟʝʣʝʥʳʭ ʤʝʪʦʜʦʚ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʅʆ ʠ ʀʎ ʍʌʊ ʍʊʀ ʋʈʌʋ. ʏʘʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʘʷ ʩʠʥʪʝʟʫ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ʘʟʠʨʠ(ʜʠ)ʥʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʶ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚʳʧʦʣʥʝʥʘ ʩʦʚʤʝʩʪʥʦ ʩ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʦʬ. ɸ. ʄʘʞʠ (ʋʥʠʚʝʨʩʠʪʝʪ ɺʠʩʚʘ-ɹʭʘʨʘʪʠ, ʀʥʜʠʷ).    

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʩʝʨʜʝʯʥʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʠ ʛʣʫʙʦʯʘʡʰʫʶ 

ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʟʘ ʧʦʜʜʝʨʞʢʫ ʠ ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ ʥʘʫʯʥʦʤʫ ʢʦʥʩʫʣʴʪʘʥʪʫ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨʫ ʈɸʅ ɻ. ɺ. ɿʳʨʷʥʦʚʫ. ʊʘʢʞʝ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ 

ʘʢʘʜʝʤʠʢʫ ʈɸʅ ɺ. ʅ. ʏʘʨʫʰʠʥʫ ʟʘ ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʜʠʩʩʝʨʪʘʮʠʠ, ʘʢʘʜʝʤʠʢʫ 

ʈɸʅ ʆ. ʅ. ʏʫʧʘʭʠʥʫ ʟʘ ʧʦʜʜʝʨʞʢʫ ʠ ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ, ʟʘʚʝʜʫʶʱʝʤʫ ʂʘʬʝʜʨʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʠ ʙʠʦʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ ʍʊʀ ʯʣ.-ʢʦʨʨ. ʈɸʅ ɺ. ʃ. ʈʫʩʠʥʦʚʫ, ʜʠʨʝʢʪʦʨʫ ʍʊʀ ʜ.ʭ.ʥ. ʄ. ɺ. 

ɺʘʨʘʢʩʠʥʫ, ʜʠʨʝʢʪʦʨʫ ʅʆ ʠ ʀʎ ʍʌʊ ʍʊʀ ʋʨʌʋ, ʜ.ʭ.ʥ. ʧʨʦʬʝʩʩʦʨʫ ɸ.ʅ. ʂʦʟʠʮʠʥʦʡ, ʜ.ʭ.ʥ. 

ɼ.ʉ. ʂʦʧʯʫʢʫ, ʢ.ʭ.ʥ. ɺ. ʂ. ɸ. ɸʣ-ɹʀʪʭʘʚʠ (ʀʨʘʢ), ʢ.ʭ.ʥ. ʀ. ʉ. ʂʦʚʘʣʝʚʫ, ʢ.ʭ.ʥ. ʀ. ʃ. ʅʠʢʦʥʦʚʫ, 

ʢ.ʭ.ʥ. ɸ.ʌ. ʍʘʩʘʥʦʚʫ, ʢ.ʭ.ʥ. ɸ. ʇ. ʂʨʠʥʦʯʢʠʥʫ, ʢ.ʭ.ʥ. ʆ. ʉ.ʊʘʥʠʷ, ʢ.ʭ.ʥ. ʆ. ʉ. ɽʣʴʮʦʚʫ ʠ 

ʢʦʣʣʝʢʪʠʚʫ ʣʘʙʦʨʘʪʦʨʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ 

ʍʊʀ ʋʨʌʋ; ʢʦʣʣʝʢʪʠʚʘʤ: ʢʘʬʝʜʨ rʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʙʠʦʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ ʍʊʀ ʋʨʌʋ, 

ʣʘʙʦʨʘʪʦʨʠʡ ʆʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠ ʇʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʟʝʣʝʥʳʭ ʤʝʪʦʜʦʚ, ʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʅʆ ʠ ʀʎ ʍʌʊ ʍʊʀ ʋʨʌʋ; ʩʦʪʨʫʜʥʠʢʘʤ ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʋʨʌʋ ʠ ʀʥʩʪʠʪʫʪʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ʀ. ʗ. ʇʦʩʪʦʚʩʢʦʛʦ ʋʨʆ ʈɸʅ. 

ʆʪʜʝʣʴʥʘʷ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜ.ʭ.ʥ. ɹʘʨʪʘʰʝʚʠʯ ɽ.ɺ. (ʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ) ʟʘ ʧʨʦʚʝʜʝʥʥʳʡ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʘʩʧʠʨʘʥʪʫ ʂʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʙʠʦʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ ʍʊʀ 

ɹʫʪʦʨʠʥʫ ʀ.ʀ. ʟʘ ʧʨʦʚʝʜʝʥʠʝ çin-silicoè ʩʢʨʠʥʠʥʛʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɸʚʪʦʨ ʪʘʢʞʝ 

ʚʳʨʘʞʘʝʪ ʩʚʦʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʧʨʦʬ. ɸ. ʄʘʞʠ (ʀʥʜʠʷ) ʠ ʩʦʪʨʫʜʥʠʢʘʤ ʝʛʦ ʣʘʙʦʨʘʪʦʨʠʠ ʟʘ 

ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʉʦʚʝʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʧʦ ʛʨʘʥʪʘʤ (ʛʨʘʥʪ 

ˉ ʅʐ-2700.2020.3), ʘ ʪʘʢʞʝ ʛʨʘʥʪʦʚ ʈʅʌ ˉ 18-73-00301 ʠ ˉ 20-73-10205.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʄʝʛʘʛʨʘʥʪʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʉʦʛʣʘʰʝʥʠʝ ˉ 075-15-2022-1118 ʦʪ 29 ʠʶʥʷ 2022 ʛ.). 

ʆʉʅʆɺʅʆɽ ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ, ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʪʝʤʘʪʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʦʙʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʚʪʦʨʘ. ʇʦʣʫʯʝʥʠʝ ʜʘʥʥʳʝ ʨʘʟʜʝʣʝʥʳ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʜʛʣʘʚ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢʞʝ, ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩ ʮʝʣʴʶ ʩʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʜʘʥʥʳʝ çin-silicoè 

ʩʢʨʠʥʠʥʛʘ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ (ʛʣʘʚʘ 3) ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ, ʦʧʠʩʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʝʘʢʪʠʚʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ. 

ɻʃɸɺɸ 1. ɸʅɸʃʀʊʀʏɽʉʂʀʁ ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʝ ʧʨʠʤʝʨʳ ʨʝʘʢʮʠʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

C(H)C ʠ C(H)Y (Y Í C) ʬʨʘʛʤʝʥʪʦʚ ʚ ʛʝʪʝʨʦ- ʠ ʢʘʨʙʦʮʠʢʣʘʭ, ʘ ʠʤʝʥʥʦ ʚ ʘʟʠʨʠʜʠʥʘʭ, 

ʘʟʠʨʠʥʘʭ ʠ ʵʧʦʢʩʠʜʘʭ (ʧʦʜʨʘʟʜʝʣ 1) ʧʨʦʮʝʩʩʦʚ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʚʷʟʝʡ C(H)Y (Y Í C), ʚ 

ʘʟʦʤʝʪʠʥʘʭ ʠ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʪʢʨʳʪʦʮʝʧʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠ ʘʟʘʛʝʪʝʨʦʮʠʢʣʦʚ (ʧʦʜʨʘʟʜʝʣ 2), ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʦʚ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ CC ʩʚʷʟʠ  

ʚ ʦʣʝʬʠʥʘʭ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ (ʧʦʜʨʘʟʜʝʣ 3). ʇʦ ʠʪʦʛʘʤ ʛʣʘʚʳ 1 ʩʜʝʣʘʥʳ ʦʙʦʙʱʘʶʱʠʝ 

ʚʳʚʦʜʳ ʠ ʦʙʦʩʥʦʚʘʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ.   

ɻʃɸɺɸ 2. ʆɹʉʋɾɼɽʅʀɽ ʇʆʃʋʏɽʅʅʓʍ ʈɽɿʋʃʔʊɸʊʆɺ.  

2.1. ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ʌʋʅʂʎʀʆʅɸʃʀɿɸʎʀʀ ʉ(H)ʉ ʀ ʉ(H)Y (Y Í 

C) ɺ ɻɽʊɽʈʆ- ʀ ʂɸʈɹʆʎʀʂʃɸʍ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʘʟʠʨʠʜʠʥʦʚ, ʘʟʠʨʠʥʦʚ, ʵʧʦʢʩʠʜʦʚ, ʘ ʪʘʢʞʝ ʘʣʴʜʝʛʠʜʦʚ, ʠʤʠʥʦʚ ʠ ʟʘʤʝʱʝʥʥʳʭ ʵʪʠʣʝʥʦʚ ʠ ʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ. 

 
ʈʠʩʫʥʦʢ 1  

ʇʦʩʣʝʜʥʠʝ ʪʨʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʘʤʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʪʨʝʭʯʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ (ʨʠʩʫʥʦʢ 1). 

2.1.1. ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ʌʋʅʂʎʀʆʅɸʃʀɿɸʎʀʀ ʉ(H)C ʀ ʉ(H)CY (Y Í C) 

ʉɺʗɿʀ ɺ ɸɿʀʈʀɼʀʅɸʍ, ɸɿʀʈʀʅɸʍ ʀ ʕʇʆʂʉʀɼɸʍ 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʮʠʢʣʘ ʪʨʝʭʯʣʝʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ 

ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʨʘʩʢʨʳʪʠʷ ʮʠʢʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʧʨʠ ʵʪʦʤ 
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ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʷʤʠ ʨʝʘʢʮʠʠ ʠ ʧʨʠʨʦʜʦʡ ʨʝʘʛʝʥʪʦʚ. ɺ ʨʘʤʢʘʭ 

ʨʘʙʦʪʳ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʥʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʨʘʩʢʨʳʪʠʷ ʮʠʢʣʘ N-

ʪʦʟʠʣʘʟʠʨʠʜʠʥʦʚ 1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪ.ʥ. ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ (ʀɾ) ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ (task-

specific ionic liquids, TSIL), ʘ ʠʤʝʥʥʦ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ï ʢʠʩʣʦʪʝ ɹʨʝʥʩʪʝʜʘ (Brßnsted acid 

ionic liquid, BAIL),  4-(3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʡ)ʙʫʪʘʥ ʩʫʣʴʬʦʥʘʪʦʚ BAIL, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʦʜʩʝʤʝʡʩʪʚʦ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʳʩʦʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʘʢʮʠʦʥʥʳʤ ʩʫʙʩʪʨʘʪʘʤ. ʄʳ ʧʨʝʜʧʦʣʘʛʘʣʠ, ʯʪʦ ʚ ʜʘʥʥʳʭ ʀɾ ʬʨʘʛʤʝʥʪ C2-

H ʠʤʠʜʘʟʦʣʘ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʜʣʷ ʪ.ʥ. çʵʣʝʢʪʨʦʬʠʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠè ʘʟʠʨʠʜʠʥʘ 1 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʀɾ MS-1 

(MS ï molten salt) (10% ʤʦʣ.) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʉ-, N- ʠ ʆ-ʥʫʢʣʝʦʬʠʣʦʚ ʠʤʝʝʪ ʤʝʩʪʦ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʝ ʨʘʩʢʨʳʪʠʝ ʘʟʠʨʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʧʫʪʝʤ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʠ ʧʦ 

ʘʨʠʣʟʘʤʝʱʝʥʥʦʤʫ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɓ-ʟʘʤʝʱʝʥʥʳʭ ʘʤʠʥʦʚ 3 ʩ ʚʳʭʦʜʘʤʠ ʜʦ 

84% (ʉʭʝʤʘ 1). 

 
ʉʭʝʤʘ 1 

ʉʨʝʜʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʪʘʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʠʥʜʦʣʘ ʢʘʢ 3k, ʷʚʣʷʶʱʠʝʩʷ ʩʪʨʫʢʪʫʨʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʧʨʝʧʘʨʘʪʘ ʄʝʣʘʪʦʥʠʥ. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʥʘ ʧʨʠʤʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʟʠʨʠʜʠʥʘ 1a ʩ ʠʥʜʦʣʦʤ ʥʘʤʠ ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ 

ʨʝʘʢʮʠʠ (ʊʘʙʣʠʮʘ 1) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʪʠʧʦʚ ʀɾ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʤ 

ʦʙʨʘʟʦʤ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʩʝʙʷ ʀɾ MS-1: ʮʝʣʝʚʦʡ ʘʤʠʥ 3a ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʚʳʭʦʜʦʤ 84%. 

 

ʊʘʙʣʠʮʘ 1. ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ 
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 ̄ ʀɾ (mol%) ʊ, ÁC ɺʨʝʤʷ, ʯ ɺʳʭʦʜ (%)  ̄ ʀɾ (mol%) ʊ, ÁC ɺʨʝʤʷ, ʯ ɺʳʭʦʜ (%) 

1 MS-1 (10) 85 3 84 6 MS-1 (10) 50 5 45 

2 MS-2 (10) 85 3 70 7 MS-1 (10) rt 10 ʉʣʝʜʳ 

3 MS-3 (10) 85 3 64 8 MS-1 (5) 85 3 70 

4 MS-4 (10) 85 3 - 9 MS-1 (15) 85 3 85 

5 MS-1 (10) 100 3 76 10 -- 85 3 - 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʪʠʧʘ ʘʢʪʠʚʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʫʶʱʝʛʦʩʷ 

ʧʨʦʜʫʢʪʘ ʦʧʠʩʘʥʥʘʷ ʚʳʰʝ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʦʯʘʩʪʠʮ 

ʦʢʩʠʜʘ ʤʝʜʠ (II) (ʅʏ CuO). ʂʘʢ ʠ ʚ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ ʧʨʠʤʝʨʝ, ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʘʟʠʨʠʜʠʥʳ 

1 ʩʧʠʨʪʦʚ, (ʪʠʦ)ʬʝʥʦʣʦʚ, ʤʝʨʢʘʧʪʘʥʦʚ, ʘ ʪʘʢʞʝ ʠʥʜʦʣʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʠʟʤʝʥʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʘʢʮʠʠ: ʥʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʧʨʦʠʩʭʦʜʠʣʘ ʧʦ ʘʨʠʣ-ʟʘʤʝʱʝʥʥʦʤʫ ʘʪʦʤʫ 

ʫʛʣʝʨʦʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ɓ-ʟʘʤʝʱʝʥʥʳʭ ʘʤʠʥʦʚ 3a,n-rǋ,tǋ ʩ ʚʳʭʦʜʦʤ ʜʦ 96% 

(ʉʭʝʤʘ 2). ʅʘ ʧʨʠʤʝʨʝ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 3n ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʅʏ CuO ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʦ 5 ʨʘʟ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʘʜʝʥʠʷ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ (80%, 78%, 

75%, 72%, 69%). ʅʘʨʷʜʫ ʩ CuO ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʅʏ In2O3, ʅʏ 

NiO, ʅʏ ZnO, ʘ ʪʘʞʝ ʩʦʣʝʡ Cu(OAc)2, CuBr, CuCl2, CuI, Cu2O, Cu(OTf)2, ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. ʇʨʦʜʫʢʪʳ 3 ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʢʦʨʠʯʥʝʚr ʭ ʢʨʠʩʪʘʣʣʦʚ ʠʣʠ 

ʩʤʦʣʠʩʪʦʡ ʤʘʩʩʳ, ʠʭ ʩʪʨʦʝʥʠʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʗʄʈ 1ʅ ʠ 13ʉ ʠ ʵʣʝʤʝʥʪʥʳʤ 

ʘʥʘʣʠʟʦʤ. ʊʘʢ, ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʩʠʛʥʘʣʳ ʙʝʥʟʠʣʴʥʦʛʦ ʧʨʦʪʦʥʘ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʜʫʙʣʝʪʦʚ ʠʣʠ ʪʨʠʧʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 4.20-4.50 ʤ.ʜ., ʩʠʛʥʘʣʳ ʛʨʫʧʧʳ N-H 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʫʰʠʨʝʥʥʳʭ ʩʠʥʛʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 4.40-5.20 ʤ.ʜ. ɽ-ʬʘʢʪʦʨʳ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 0.37-1.31. ɺʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʅʏ CuO ʚ ʜʘʥʥʦʤ ʧʨʝʚʨʘʱʝʥʠʠ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʘʟʘʬʠʣʴʥʦʩʪʴ, 

ʦʙʫʩʣʦʚʣʠʚʘʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʠʝ ʧʦ ʘʪʦʤʫ ʘʟʦʪʘ ʚ ʘʟʠʨʠʜʠʥʝ 1. 

 
ʉʭʝʤʘ 2 

ʇʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʟʠʨʠʜʠʥʦʚ 1 ʩʦ ʩʧʠʨʪʘʤʠ ʧʨʠʚʣʝʢʘʶʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ, 

ʚ ʯʘʩʪʥʦʩʪʠ, N-(2-ʵʪʦʢʩʠ-2-ʬʝʥʠʣʵʪʠʣ)-4-ʤʝʪʠʣʙʝʥʟʦʣʩʫʣʴʬʦʥʘʤʠʜ 3n ʷʚʣʷʝʪʩʷ ʮʝʥʥʳʤ 

ʧʨʝʢʫʨʩʦʨʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʘʤʠʥʦʩʧʠʨʪʦʚ, ʘ ʪʘʢʞʝ Ŭ-ʘʤʠʥʦʢʝʪʦʥʦʚ, ʚʢʣʶʯʘʷ 

ʘʥʘʣʦʛʠ ʥʝʡʨʦʩʪʠʤʫʣʷʪʦʨʘ ʂʘʪʠʥʦʥ (ʩʦʝʜʠʥʝʥʠʝ 4). ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ 
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ʛʨʘʤʤʦʚʳʡ ʩʠʥʪʝʟ ʧʨʝʢʫʨʩʦʨʘ 3n ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʚʳʭʦʜʘ (80% ʧʨʠ ʟʘʛʨʫʟʢʝ 1 

ʤʤʦʣʴ ʠ 75% ï ʧʨʠ ʛʨʘʤʤʦʚʦʡ ʟʘʛʨʫʟʢʝ) (ʉʭʝʤʘ 3).  

ɺ ʧʨʦʜʦʣʞʝʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ 

ʠʟʫʯʝʥʦ ʧʨʝʚʨʘʱʝʥʠʝ 

ʘʟʠʨʠʜʠʥʦʚ 1 ʩ 

ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʦʡ 5, 

ʢʦʪʦʨʘʷ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʨʦʪʦʥʘ ʠ ʛʠʜʨʠʜ-ʠʦʥʘ ʠʟ ʬʦʨʤʠʘʪ-ʠʦʥʘ, ʘ ʪʘʢʞʝ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʬʦʨʤʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʨʝʘʢʮʠʠ ʬʦʨʤʠʣʠʨʦʚʘʥʠʷ ʘʤʠʥʦʚ.  ɿʜʝʩʴ ʙʳʣ 

ʧʦʣʫʯʝʥ ʠʥʪʝʨʝʩʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʢʦʛʜʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʘʟʠʨʠʜʠʥʦʚ 1 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100 ÁC 

ʚ ʜʘʥʥʦʡ ʩʨʝʜʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʘ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ 

ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʧʨʦʜʫʢʪʳ ʨʘʩʢʨʳʪʠʷ ʘʟʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ 6 ʩ ʚʳʭʦʜʦʤ ʜʦ 90% (ʉʭʝʤʘ 4).  

 
ʉʭʝʤʘ 4    ʈʠʩʫʥʦʢ 2. ʈʉɸ ʧʨʦʜʫʢʪʘ 6n  

 
ʉʭʝʤʘ 5 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ 5. ʊʘʢ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʘʟʠʨʠʜʠʥʦʚʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ ʘʟʠʨʠʜʠʥʘ 

ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʦʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʢʨʳʪʠʝʤ ʪʨʝʭʯʣʝʥʥʦʛʦ ʮʠʢʣʘ, ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʘʨʙʦʢʘʪʠʦʥʘ, ʢʦʪʦʨʳʡ ʘʪʘʢʫʝʪʩʷ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʯʘʩʪʠʮʝʡ ʅʉʆ2- ʧʦ ʜʘʥʥʦʤʫ ʬʨʘʛʤʝʥʪʫ 

(ʉʭʝʤʘ 5). ʉʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ 6 ʜʦʢʘʟʘʥʘ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ, ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ, ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 6n, ʤʝʪʦʜʦʤ ʈʉɸ (ʈʠʩʫʥʦʢ 2). ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ 

ʩʦʝʜʠʥʝʥʠʡ 6 ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʙʝʥʟʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʫʙʣʝʪʘʤʠ ʠʣʠ 

ʪʨʠʧʣʝʪʘʤʠ ʚ ʦʙʣʘʩʪʠ 5.50ï6.20 ʤ.ʜ., ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʛʨʫʧʧ ʅʉ(ʆ)ʆ ï ʩʠʥʛʣʝʪʘʤʠ ʚ 

ʦʙʣʘʩʪʠ 7.80ï8.00 ʤ.ʜ., ʛʨʫʧʧʳ NH ï ʫʰʠʨʝʥʥʳʤʠ ʩʠʥʛʣʝʪʘʤʠ ʧʨʠ 5.00ï5.50 ʤ.ʜ. ʎʝʣʝʚʳʝ 

ʧʨʦʜʫʢʪʳ 6 ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʙʝʩʮʚʝʪʥʳʭ ʠʣʠ ʙʣʝʜʥʦ-ʞʝʣʪʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʂʘʢ ʠ ʦʧʠʩʘʥʥʳʝ 

ʚʳʰʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʦʜʫʢʪʳ ʨʘʩʢʨʳʪʠʷ ʘʟʠʨʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ 

ʢʘʯʝʩʪʚʝ ʘʤʠʥʦ-ʟʘʤʝʱʝʥʥʳʭ ʩʠʥʪʦʥʦʚ. 
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 ɼʘʣʝʝ ʥʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ɓ-ʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʭ 

ʘʤʠʥʦʚ ʧʫʪʝʤ ʨʘʩʢʨʳʪʠʷ ʘʟʠʨʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʘʣʦʛʝʥʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 2-ʘʨʠʣ-3-R2-1-ʪʦʟʠʣ-ʘʟʠʨʠʜʠʥʦʚ 1 ʩ NaIO4 ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜʘ ʩ ʚʳʭʦʜʦʤ 90% ʙʳʣ ʧʦʣʫʯʝʥ N-(2-ʠʦʜʦ-2-

ʬʝʥʠʣʵʪʠʣ)-4-ʤʝʪʠʣʙʝʥʩʫʣʴʬʘʤʠʜ 8a. ʇʦ-ʚʠʜʠʤʦʤʫ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʝʢʘʝʪ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʜʘ (I2) ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (ʉʭʝʤʘ 6). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʘʰʠ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ I2 ʭʦʪʷ ʠ ʧʨʠʚʝʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʥʦ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʚʳʭʦʜʘʤʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 1-ʪʦʟʠʣ-ʘʟʠʨʠʜʠʥʳ 1 

ʤʦʛʫʪ ʙʳʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʦʣʫʯʝʥʳ ʚ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟ ʩʪʠʨʦʣʦʚ 7 ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʭʣʦʨʘʤʠʥʘ-ʊ (ʉʭʝʤʘ 6). ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʧʦʣʫʯʝʥʠʷ ʘʟʠʨʠʜʠʥʦʚ 1 ʠʟ ʩʪʠʨʦʣʦʚ 7 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ 7. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʚ ʥʘʯʘʣʝ in situ ʛʝʥʝʨʠʨʫʝʪʩʷ 2-ʬʝʥʠʣʠʦʜʠʨʘʥ-

1-ʫʤ ʢʘʪʠʦʥ (B), ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʘʪʘʢʝ ʭʣʦʨʪʦʟʠʣʘʤʠʜʦʤ, ʬʦʨʤʠʨʫʶʱʠʤʩʷ 

ʪʘʢʞʝ in situ ʠʟ ʠʥʪʝʨʤʝʜʠʘʪʘ (A), ʘ ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʢʨʳʪʠʝ ʮʠʢʣʘ c ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʥʪʝʨʤʝʜʠʘʪʘ (C) ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʮʠʢʣʠʟʘʮʠʝʡ ʚ ʮʝʣʝʚʦʡ 1-ʪʦʟʠʣ-ʘʟʠʨʠʜʠʥ 1.  

 
ʉʭʝʤʘ 6 

ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʨʷʜʦʚ ʥʫʢʣʝʦʬʠʣʦʚ ʥʘʤʠ 

ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

N-Ts-ʘʟʠʨʠʜʠʥʦʚ 1 ʩ ʛʘʣʦʛʝʥʠʜʘʤʠ ʘʣʣʠʣʮʠʥʢʘ 9, 

ʛʝʥʝʨʠʨʦʚʘʥʥʳʤʠ in situ ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʣʣʠʣʛʘʣʦʛʝʥʠʜʦʚ ʩ ʮʠʥʢʦʚʦʡ 

ʧʳʣʴʶ.  ɿʜʝʩʴ ʥʘʤʠ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʨʘʥʝʝ ʥʝ- 

ʦʧʠʩʘʥʥʘʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʢʦʛʜʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ Cu(OAc)2 ʘʟʠʨʠʜʠʥ 1 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ 9 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝ 

ʦʞʠʜʘʝʤʳʭ ʦʪʢʨʳʪʦ-ʮʝʧʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʘʣʣʠʣʠʨʦʚʘʥʠʷ, ʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ɓ-ʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʭ N-Ts-ʘʤʠʥʦʚ 10 (ʉʭʝʤʘ 8) ʩ 

ʚʳʭʦʜʘʤʠ 69-84%. ʉʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʚ ʢʦʨʠʯʥʝʚʦʛʦ ʠʣʠ ʞʝʣʪʦʛʦ 

ʮʚʝʪʘ, ʠʭ ʩʪʨʦʝʥʠʝ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ, 

ʜʣʷ N-(2-ʭʣʦʨʮʠʢʣʦʛʝʢʩʠʣ)-4-ʤʝʪʠʣʙʝʥʟʦʣʩʫʣʴʬʦʥʘʤʠʜʘ 10l, ʤʝʪʦʜʦʤ ʈʉɸ (ʈʠʩʫʥʦʢ 3ʙ). ɺ 

ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʩʦʝʜʠʥʝʥʠʡ 10 ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʙʝʥʟʠʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʚ ʚʠʜʝ ʜʫʙʣʝʪʦʚ ʠʣʠ ʤʫʣʴʪʠʧʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 4.80-5.50 ʤ.ʜ., ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ 
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ʛʨʫʧʧ N-H - ʚ ʚʠʜʝ ʫʰʠʨʝʥʥʳʭ ʩʠʥʛʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 4.80-5.00 ʤ.ʜ., ʧʨʠ ʵʪʦʤ ʩʠʛʥʘʣʳ 

ʧʨʦʪʦʥʦʚ ʘʣʣʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ 

ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʘʟʠʨʠʜʠʥʦʚʦʤ ʮʠʢʣʝ. ʊʘʢ, N-ʪʦʟʠʣʘʟʠʨʠʜʠʥʳ ʩ 

ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʥʘʧʨʠʤʝʨ, ʧʘʨʘ-ʪʦʣʠʣʴʥʦʡ, ʩ ʛʘʣʦʛʝʥʠʜʘʤʠ ʘʣʣʠʣʮʠʥʢʘ ʥʝ 

ʨʝʘʛʠʨʦʚʘʣʠ. ɼʠʬʝʥʠʣʟʘʤʝʱʝʥʥʳʡ N-ʪʦʟʠʣʘʟʠʨʠʜʠʥ ʠ (S)-2-ʙʝʥʟʠʣ-1-ʪʦʟʠʣʘʟʠʨʠʜʠʥ ʙʳʣʠ 

ʪʘʢʞʝ ʥʝʘʢʪʠʚʥʳ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ.  

 

ʈʠʩʫʥʦʢ 3ʘ. ʈʉɸ ʧʨʦʜʫʢʪʘ 11j                ʉʭʝʤʘ 8                  ʈʠʩʫʥʦʢ 3ʙ. ʈʉɸ ʧʨʦʜʫʢʪʘ 10l 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ 2,3-ʪʝʪʨʘʤʝʪʠʣʝʥʘʟʠʨʠʜʠʥʘ (ʘʟʠʨʠʜʠʥ, 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʡ ʩ ʮʠʢʣʦʛʝʢʩʘʥʦʤ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʤʝʩʪʦ ʘʮʝʪʘʪʘ ʤʝʜʠ (II) ʜʨʫʛʠʭ 

ʩʦʣʝʡ, ʥʘʧʨʠʤʝʨ, ʪʨʠʬʪʘʣʘʪʘ ʤʝʜʠ (II), ʪʨʠʬʪʘʣʘʪʘ ʩʝʨʝʙʨʘ (I) ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʚʳʭʦʜʘ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ (Ò15%. ɺ ʩʣʫʯʘʝ ʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʠʪʨʘʪʘ ʤʝʜʠ (II), 

ʘ ʪʘʢʞʝ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ (I) ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʝ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʥʝʦʞʠʜʘʥʥʳʡ ʧʨʦʜʫʢʪ 

11j, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʢʘʢ 2-((4-ʤʝʪʠʣʬʝʥʠʣ)ʩʫʣʴʬʦʥʘʤʠʜʦ)ʮʠʢʣʦʛʝʢʩʠʣ ʥʠʪʨʘʪʘ ʙʳʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ (ʈʠʩʫʥʦʢ 3ʘ). ʀʩʭʦʜʷ ʠʟ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʚʳʭʦʜʘ 11j  (ʜʦ 20%) ʚ 

ʩʣʫʯʘʝ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ (I), ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ in situ ʥʠʪʨʘʪʘ ʮʠʥʢʘ (II). ɺ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʵʪʦʛʦ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʘʢʮʠʷ ʩ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤ ʥʠʪʨʘʪʦʤ ʮʠʥʢʘ (II) (ZnNO3*6H2O) ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʘʣʣʠʣʛʘʣʦʛʝʥʠʜʦʚ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ʦʞʠʜʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ 

11j  ʜʦ 90%. ɼʣʷ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʘ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʜʨʫʛʠʝ ɓ-(ʥʠʪʨʦʦʢʩʠ)ʟʘʤʝʱʝʥʥʳʝ N-

Ts-ʘʤʠʥʳ 11a-n, ʧʦʣʫʯʝʥʥʳʝ ʚ ʚʠʜʝ ʙʣʝʜʥʦ-ʞʝʣʪʳʭ ʦʩʘʜʢʦʚ ʠʣʠ ʤʘʩʝʣ. ʇʨʠʯʝʤ ʨʝʘʢʮʠʷ 

ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʪʝʢʘʝʪ ʢʘʢ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ, ʪʘʢ ʠ ʚ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ ʧʫʪʝʤ ʩʦʚʤʝʩʪʥʦʛʦ 

ʥʘʛʨʝʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. ʉʪʨʦʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʘʤʠ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʩʦʝʜʠʥʝʥʠʡ 11 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʬʨʘʛʤʝʥʪʘ CH-ONO2 ʚ ʚʠʜʝ ʤʫʣʴʪʠʧʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 

5.78-5.85 ʤ.ʜ. ʥʘʨʷʜʫ ʩ ʩʠʛʥʘʣʘʤʠ ʦʩʪʘʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. 
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ɻʦʚʦʨʷ ʦ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ  

ʨʝʘʢʮʠʠ ʩ ʘʣʣʠʣʮʠʥʢʦʤ, ʤʦʞʥʦ 

ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʪʠʧʠʯʥʳʤ ʜʣʷ ʪʘʢʠʭ ʨʝʘʛʝʥʪʦʚ 

ʷʚʣʷʝʪʩʷ ʉ-ʘʣʣʠʣʠʨʦʚʘʥʠʝ 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʦʤʦʘʣʣʠʣʴʥʳʭ 

ʩʧʠʨʪʦʚ. ʕʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘʤʠ ʜʘʣʝʝ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ 9a ʩ ʘʣʴʜʝʛʠʜʘʤʠ ʠ ʢʝʪʦʥʘʤʠ 12 ʚ 

ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ: ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʘʣʣʠʣʦʚʳʝ ʩʧʠʨʪʳ 13 ʩ ʚʳʭʦʜʘʤʠ ʜʦ 88% (ʉʭʝʤʘ 9). ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʩʦʝʜʠʥʝʥʠʡ 13 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʛʥʘʣʳ ʪʨʝʭ ʧʨʦʪʦʥʦʚ ʚʠʥʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʚʠʜʝ ʤʫʣʴʪʠʧʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 

5.80, 5.00 ʠ 4.50 ʤ.ʜ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʙʦʩʥʦʚʳʚʘʷ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ (ʈʠʩʫʥʦʢ 4), ʤʳ ʤʦʞʝʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ 

ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʘʣʣʠʣʛʘʣʦʛʝʥʠʜ ʮʠʥʢʘ ʧʨʦʷʚʣʷʝʪ ʘʤʙʠʜʝʥʪʥʳʡ ʥʫʢʣʝʦʬʠʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʛʜʝ ʘʢʪʠʚʥʳʤʠ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʮʝʥʪʨʘʤʠ ʩʣʫʞʘʪ ʢʘʢ ʘʣʣʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ, ʪʘʢ ʠ 

ʛʘʣʦʛʝʥʠʜ-ʘʥʠʦʥ, ʧʨʠʯʝʤ ʵʬʬʝʢʪ ʧʦʩʣʝʜʥʝʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʯʪʠ ʥʝ ʚʳʨʘʞʝʥ. ɺ ʦʧʠʩʘʥʥʦʤ 

ʥʘʤʠ ʩʣʫʯʘʝ ʘʟʘʬʠʣʴʥʳʡ Cu(OAʩ)2 ʘʢʪʠʚʠʨʫʝʪ ʘʟʠʨʠʜʠʥ ʢ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʝ, ʧʨʠ ʵʪʦʤ 

ʛʘʣʦʛʝʥʠʜ-ʘʥʠʦʥʳ ʷʚʣʷʶʪʩʷ ʣʫʯʰʠʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʟ-ʟʘ ʙʦʣʴʰʝʡ 

ʩʪʝʨʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ. ʊʘʢ, ʦʥʠ ʣʝʛʢʦ ʘʪʘʢʫʝʪ ʜʦʩʪʫʧʥʳʝ ʵʣʝʢʪʨʦʬʠʣʴʥʳʝ ʫʛʣʝʨʦʜʥʳʝ 

ʘʪʦʤʳ ʘʟʠʨʠʜʠʥʘ, ʪʦʛʜʘ ʢʘʢ ʘʣʣʠʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʩʚʷʟʘʥʳ ʩ ʢʘʪʠʦʥʦʤ ʮʠʥʢʘ ʠ, ʪʝʤ ʩʘʤʳʤ, 

ʤʝʥʝʝ ʜʦʩʪʫʧʥʳ ʩʪʝʨʠʯʝʩʢʠ ʠ, ʚʦʟʤʦʞʥʦ, ʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʧʨʦʜʫʢʪʘ ʥʝʚʳʛʦʜʥʦ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ.  

ɺ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʘ ʘʥʘʣʦʛʠʯʥʦʝ ʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ 

ʧʨʠʤʝʨʝ ʦʢʩʦʘʥʘʣʦʛʘ ʘʟʠʨʠʜʠʥʘ 1ʘ, ʘ ʠʤʝʥʥʦ 2-ʬʝʥʠʣʦʢʩʠʨʘʥʘ 14, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ c 

ʚʳʭʦʜʘʤʠ 77-88% ʙʳʣʠ ʧʦʣʫʯʝʥʳ 2-ʛʘʣʦ-2-ʬʝʥʠʣʵʪʘʥ-1-ʦʣʳ 15 (ʉʭʝʤʘ 10). 

 

ʈʠʩʫʥʦʢ 4. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ                                         

 

 

              ʉʭʝʤʘ 10 

     ʊʘʢʞʝ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʝʱʝ ʦʜʠʥ ʪʠʧ ʘʨʠʣʦʢʩʠʨʘʥʦʚ ï Ŭ,ɓ-

ʵʧʦʢʩʠʢʝʪʦʥʳ 18. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʝʘʢʮʠʝʡ ʢʝʪʦʥʦʚ 16 ʠ ʘʣʴʜʝʛʠʜʦʚ 17 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʘ ʮʝʟʠʷ ʠ 

ʪʨʝʪ-ʙʫʪʠʣʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ (TBHP) ʚ ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʉʭʝʤʘ 11). 
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ʉʭʝʤʘ 11 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʙʠʙʣʠʦʪʝʢʘ ʘʨʠʣʦʢʩʠʨʘʥʦʚ 18a-kǋ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʚʠʜʝ ʙʝʩʮʚʝʪʥʳʭ ʠʣʠ ʙʣʝʜʥʦ-ʞʝʣʪʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʠʭ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʜʘʥʥʳʤʠ ʗʄʈ 1ʅ, 13ʉ, ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ ʠ, ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 18v, ʜʘʥʥʳʤʠ ʈʉɸ 

(ʈʠʩʫʥʦʢ 6). ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʩʦʝʜʠʥʝʥʠʡ 18 ʩʠʛʥʘʣʳ ʜʚʫʭ ʵʧʦʢʩʠʜʥʳʭ ʧʨʦʪʦʥʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʜʝʣʴʥʦ ʚ ʚʠʜʝ ʜʫʙʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 4.20ï4.50 ʤ.ʜ. ʠ 4.00ï4.20 ʤ.ʜ. ɺ ʩʧʝʢʪʨʝ 

ʗʄʈ 13ʉ ʩʠʛʥʘʣʳ ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʫʛʣʝʨʦʜʘ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ 192.0ï193.0 ʤ.ʜ. 

ɺ ʦʩʥʦʚʝ ʧʨʦʮʝʩʩʘ ʣʝʞʠʪ ʨʝʘʢʮʠʷ ʪʠʧʘ çʜʦʤʠʥʦè. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ ʧʦʩʣʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʦʛʦ ʢʝʪʦʥʘ (ɸ) ʚ ʝʛʦ ɓ-ʧʦʣʦʞʝʥʠʝ ʧʨʦʪʝʢʘʝʪ 

ʩʦʧʨʷʞʝʥʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʝʨʦʢʩʠʘʥʠʦʥʘ, ʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʠʟ ʪʨʝʪ-ʙʫʪʠʣʧʝʨʦʢʩʠʜʘ 

ʚʦʜʦʨʦʜʘ ʚ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ɓ-ʧʝʨʦʢʩʠʝʥʦʣʷʪ (B). ʇʦʩʣʝʜʫʶʱʝʝ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʧʦ ʧʨʦʢʩʠʤʘʣʴʥʦʤʫ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ 

ʨʘʟʨʫʰʘʝʪ ʩʣʘʙʫʶ ʩʚʷʟʴ ʆ-ʆ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝʤ ʘʣʢʦʢʩʠʜʥʦʡ ʫʭʦʜʷʱʝʡ 

ʛʨʫʧʧʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʮʝʣʝʚʦʛʦ ʵʧʦʢʩʠʜʘ 18 (ʈʠʩʫʥʦʢ 5). ɸʣʠʬʘʪʠʯʝʩʢʠʡ 

ʘʣʴʜʝʛʠʜ ʚ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʜʘʝʪ ɓ-ʛʠʜʨʦʢʩʠʢʝʪʦʥ, ʘ ʥʝ Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʡ 

ʢʝʪʦʥ (A), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʠʥʪʝʨʤʝʜʠʘʪʦʤ ʜʣʷ ʵʧʦʢʩʠʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʫʪʴ ʨʝʘʢʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʭʘʣʢʦʥʘ (ɸ) ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʝʛʦ ʧʨʝʚʨʘʱʝʥʠʠ ʚ 

ʵʧʦʢʩʠʜ 18. 

ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ 18 ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʚ 

ʨʝʘʢʮʠʷʭ ʩ 

ʘʣʣʠʣʛʘʣʦʛʝʥʠʜʘʤʠ 

ʮʠʥʢʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʘʣʦʜʦʩʪʫʧʥʳʝ 

ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ 1-ʛʘʣʦʛʝʥ-1,3-ʜʠʘʨʠʣʛʝʢʩ-5-ʝʥ-2,3-ʜʠʦʣʳ 20 (R = Ph, R1 = H), 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʧʨʦʜʫʢʪʳ ʘʣʣʠʣʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʨʘʩʢʨʳʪʠʷ 

ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʘ (ʉʭʝʤʘ 11).  

ʀʩʭʦʜʷ ʠʟ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ, ʚ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʥʘʤʠ 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʢʮʠʡ ʨʘʩʰʠʨʝʥʠʷ ʘʟʠʨʠʜʠʥʦʚʳʭ ʮʠʢʣʦʚ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʫʣʴʪʠʟʘʤʝʱʝʥʥʳʭ ʦʢʩʘʟʦʣʦʚ 21 (ʉʭʝʤʘ 12). ʊʘʢ, ʚ ʚʦʜʥʦʤ ʜʠʭʣʦʨʤʝʪʘʥʝ ʚ 



 

 

16 

 

ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʬʣʘʪʘ ʩʝʨʝʙʨʘ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʩʢʨʳʪʠʝ ʘʟʠʨʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʚ 2-ʘʨʠʣ-1-

ʪʦʟʠʣʘʟʠʨʠʜʠʥʘʭ 1 ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ï N-Ts-

ʘʨʠʣʘʣʘʥʠʥʦʣʦʚ 22 (ʉʭʝʤʘ 13), ʩ N-ʙʨʦʤʩʫʢʮʠʥʠʤʠʜʦʤ ʠ ʟʘʤʝʱʝʥʥʳʤʠ ʩʪʠʨʦʣʘʤʠ 7 

(ʧʨʝʚʨʘʱʘʶʱʠʭʩʷ in situ ʚ ʘʨʠʣ-ʙʨʦʤʠʨʘʥ-1-ʠʫʤ ʢʘʪʠʦʥʳ (ɺ)). ɺ ʨʝʟʫʣʴʪʘʪʝ ʩ ʚʳʭʦʜʘʤʠ ʜʦ 

67% ʙʳʣʠ ʚʳʜʝʣʝʥʳ 2-ʙʝʥʟʠʣ-5-ʘʨʠʣ-3-ʪʦʟʠʣʦʢʩʘʟʦʣʠʜʠʥʳ 21 (ʉʭʝʤʘ 12), ʚʳʜʝʣʝʥʥʳʝ ʚ 

ʚʠʜʝ ʢʦʨʠʯʥʝʚʳʭ ʠʣʠ ʞʝʣʪʳʭ ʩʤʦʣ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ R = R1 ʧʨʝʚʨʘʱʝʥʠʝ 2-ʘʨʠʣ-1-

ʪʦʟʠʣʘʟʠʨʠʜʠʥʦʚ 1 ʚ 2-ʙʝʥʟʠʣ-5-ʘʨʠʣ-3-ʪʦʟʠʣʦʢʩʘʟʦʣʠʜʠʥʳ 21 ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʠ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʩʪʠʨʦʣʦʚ 7. ʉʪʨʦʝʥʠʝ ʧʨʦʜʫʢʪʦʚ 21 ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 

1H, 13C ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ 21 ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʉʅ2 ʛʨʫʧʧʳ ʙʝʥʟʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʚʠʜʝ ʤʫʣʴʪʠʧʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 4.80-

5.50 ʤ.ʜ., ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʬʨʘʛʤʝʥʪʘ ʦʢʩʘʟʦʣʠʜʠʥʘ ʚ ʚʠʜʝ ʤʫʣʴʪʠʧʣʝʪʦʚ ʧʨʠ 2.50-3.00 

ʤ.ʜ., 3.00-3.50 ʤ.ʜ., 3.60-4.00 ʤ.ʜ., ʘ ʪʘʢʞʝ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ N-Ts ʬʨʘʛʤʝʥʪʦʚ. ʄʝʭʘʥʠʟʤ 

ʧʨʝʚʨʘʱʝʥʠʷ 1ʘ ʚ 21ʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ 14. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʠʨʦʣʘ, ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʤʝʝʪ 

ʤʝʩʪʦ ʘʪʘʢʘ ʠʩʭʦʜʥʦʛʦ 2-ʘʨʠʣ-1-ʪʦʟʠʣʘʟʠʨʠʜʠʥʘ ʤʦʣʝʢʫʣʦʡ N-Ts-ʘʨʠʣʘʣʘʥʠʥʦʣʘ 22ʘ.   

 
ʉʭʝʤʘ 12 

 
ʉʭʝʤʘ 13 

 

 
ʉʭʝʤʘ 14 
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ɼʘʣʝʝ ʚ ʨʘʙʦʪʝ ʙr ʣ ʠʩʩʣʝʜʦʚʘʥ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 2-R-4-ʘʨʠʣ-1-

ʪʦʟʠʣ-4,5-ʜʠʛʠʜʨʦ-1H-ʠʤʠʜʘʟʦʣʦʚ 24a-hǋ ʧʫʪʝʤ ʨʝʘʢʮʠʠ 2-ʘʨʠʣ-1-ʪʦʟʠʣʘʟʠʨʠʜʠʥʦʚ 1 ʩ 

ʥʠʪʨʠʣʘʤʠ 23 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʭʣʦʨʥʦʡ ʢʠʩʣʦʪʳ (ʉʭʝʤʘ 15).  

 
ʉʭʝʤʘ 15           ʈʠʩʫʥʦʢ 7. ʈʉɸ ʧʨʦʜʫʢʪʘ 24m 

ɺʝʨʦʷʪʥʦ, ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʢʨʳʪʦ-ʮʝʧʥʦʛʦ ʢʘʨʙʦʢʘʪʠʦʥʘ (ɺ) 

ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʮʠʢʣʠʟʘʮʠʝʡ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʠʪʨʠʣʦʤ 23 (ʉʭʝʤʘ 16). ʇʨʠʯʝʤ 

ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʣʝʚʳʭ ʠʤʠʜʘʟʦʣʠʥʦʚ 24 ʧʨʦʠʩʭʦʜʠʪ ʩ ʚʳʭʦʜʘʤʠ ʜʦ 95% ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʥʠʪʨʠʣʝ. ʇʨʦʜʫʢʪʳ 24 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ 

ʙʝʩʮʚʝʪʥʳʭ ʤʘʩʝʣ, ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʙʝʩʮʚʝʪʥʳʝ ʠʣʠ ʞʝʣʪʳʝ 

ʢʨʠʩʪʘʣʣʳ. ʉʪʨʫʢʪʫʨʘ ʢʣʶʯʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʜʦʢʘʟʘʥʘ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ, 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ, ʜʣʷ ʧʨʦʜʫʢʪʘ 24m, ʤʝʪʦʜʦʤ ʈʉɸ (ʈʠʩʫʥʦʢ 7). ɺ ʩʧʝʢʪʨʘʭ 

ʗʄʈ 1ʅ ʩʦʝʜʠʥʝʥʠʡ 24 ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʛʥʘʣʳ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʪʦʥʦʚ ʠ ʩʠʛʥʘʣʳ 2-

ʠʤʠʜʘʟʦʣʠʥʘ ʚ ʚʠʜʝ ʤʫʣʴʪʠʧʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 3.60-3.90 ʤ.ʜ., 4.40-4.50 ʤ.ʜ. ʠ 4.90-5.20 ʤ.ʜ.  

 

 
ʉʭʝʤʘ 16 

ɺʳʩʦʢʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʘʢʠʭ ʥʝʥʘʩʳʱʝʥʥʳʭ ʘʥʘʣʦʛʦʚ ʘʟʠʨʠʜʠʥʦʚ ʢʘʢ 

2H-ʘʟʠʨʠʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ ʪʨʝʭʯʣʝʥʥʦʛʦ ʮʠʢʣʘ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ 

ʣʘʙʠʣʴʥʦʡ -́ʩʚʷʟʠ C=N, ʙʦʣʝʝ ʢʦʨʦʪʢʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʷʟʴʶ ʉïN ʚ ʘʟʠʨʠʜʠʥʘʭ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʢʣʦʥʥʦʩʪʴ ʘʟʠʨʠʥʦʚ ʢ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʤʫ ʨʘʩʢʨʳʪʠʶ ʢʦʣʴʮʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʥʫʢʣʝʦʬʠʣʦʚ ʠ ʵʣʝʢʪʨʦʬʠʣʦʚ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣʠ ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʳ 

ʥʝʢʦʪʦʨʳʝ ʥʝʦʧʠʩʘʥʥʳʝ ʨʘʥʝʝ ʨʝʘʢʮʠʠ 2H-ʘʟʠʨʠʥʦʚ. ʊʘʢ, ʙʳʣʘ ʚʧʝʨʚʳʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʩʠʥʪʝʟʘ N-ʘʮʠʣ-/N-ʬʦʨʤʠʣ-Ŭ-

ʘʤʠʥʦʢʝʪʦʥʦʚ ʧʫʪʝʤ ʨʝʘʢʮʠʠ 3-ʘʨʠʣ-2H-ʘʟʠʨʠʥʦʚ 25 (Rô = H, Me, Ph) ʩ ʤʫʨʘʚʴʠʥʦʡ 

ʢʠʩʣʦʪʦʡ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʠʩʣʦʪʘʤʠ (ʉʭʝʤʘ 17). ɺ ʦʪʣʠʯʠʝ ʦʪ 
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ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʘʟʠʨʠʜʠʥʦʚ (ʉʭʝʤʘ 4) ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Ŭ-ʘʤʠʥʦʢʝʪʦʥʦʚ 27 ʩ ʚʳʭʦʜʘʤʠ ʜʦ 94%. ʇʨʦʜʫʢʪʳ 27 ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʙʝʩʮʚʝʪʥʳʭ ʠʣʠ ʢʦʨʠʯʥʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʣʠʙʦ ʢʦʨʠʯʥʝʚʳʭ ʠʣʠ ʩʚʝʪʣʦ-

ʞʝʣʪʳʭ ʩʤʦʣ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ 5 ʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ 28 ʨʝʘʢʮʠʷ ʧʨʠʚʦʜʠʪ 

ʢ N-ʛʠʜʨʦʢʩʠʤʝʪʠʣ-ʬʦʨʤʘʤʠʜʘʤ 29, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ ʢʦʨʠʯʥʝʚʳʭ ʤʘʩʝʣ ʠʣʠ 

ʢʨʠʩʪʘʣʣʦʚ ʩ ʚʳʭʦʜʘʤʠ ʜʦ 78%. 

ʉʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ 27 ʜʦʢʘʟʘʥʘ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ, ʘ ʪʘʢʞʝ, ʜʣʷ N-(2-

(2,4-ʜʠʤʝʪʠʣʬʝʥʠʣ)-2-ʦʢʩʦʵʪʠʣ)-2,2,2-ʪʨʠʬʪʦʨʘʮʝʪʘʤʠʜʘ 27e, ʤʝʪʦʜʦʤ ʈʉɸ (ʈʠʩʫʥʦʢ 5). ɺ 

ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʧʨʦʪʦʥʳ Ŭ-ʉʅ2-ʬʨʘʛʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʫʙʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 4.80 

ʤ.ʜ. ʩʦ ʟʥʘʯʝʥʠʝʤ ʂʉʉɺ J = 4.4 ɻʮ, ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʛʨʫʧʧ NH ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʰʠʨʝʥʥʳʤʠ 

ʩʠʥʛʣʝʪʘʤʠ ʧʨʠ 7.5 ʤ.ʜ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ 29 ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʬʦʨʤʠʣʴʥʦʡ ʛʨʫʧʧʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʠʥʛʣʝʪʦʚ ʧʨʠ 8.30 ʤ.ʜ. ɺ ʗʄʈ 19F CF3-ʟʘʤʝʱʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʬʠʢʩʠʨʦʚʘʣʩʷ ʩʠʛʥʘʣ ʚ ʦʙʣʘʩʪʠ -75.7 ʤ.ʜ. 

 

 
 

ʉʭʝʤʘ 17 

ʉʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ Ŭ-ʘʤʠʥʦʢʝʪʦʥʦʚ 27 ʙʳʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʥʘ ʧʨʠʤʝʨʝ 

ʧʦʣʫʯʝʥʠʷ ʤʘʣʦʜʦʩʪʫʧʥʦʛʦ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ 3-ʪʨʠʬʪʦʨʤʝʪʠʣ-6-ʬʝʥʠʣ-1,2,4-ʪʨʠʘʟʠʥʘ 30 

(ʉʭʝʤʘ 18), ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʚʳʭʦʜʦʤ 85% ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 2,2,2-ʪʨʠʬʪʦʨ-N-(2-ʦʢʩʦ-2-

ʬʝʥʠʣʵʪʠʣ)ʘʮʝʪʘʤʠʜʘ 27a ʩ ʛʠʜʨʘʟʠʥ-ʛʠʜʨʘʪʦʤ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ.  

 ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʝ Ŭ-ʘʤʠʥʦʢʝʪʦʥʳ 27 ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʣʝʛʢʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʫʪʝʤ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʥʘʛʨʝʚʘʥʠʷ ʘʟʠʨʠʜʠʥʘ 1 ʚ ɼʄʉʆ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʢʘʪʘʣʠʟʘ. ɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʘʣʢʠʣʤʘʣʦʥʘʪʦʚ ʥʘʙʣʶʜʘʣʘʩʴ ʥʝʦʙʳʯʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 27, 

ʧʨʠʚʦʜʷʱʘʷ ʩ ʚʳʭʦʜʘʤʠ 70-88% ʢ 2-ʙʝʥʟʦʠʣʤʘʣʦʥʘʪʘʤ 30 (ʉʭʝʤʘ 18), ʚʳʜʝʣʝʥʥʳʭ ʚ ʚʠʜʝ 

ʙʝʩʮʚʝʪʥʳʭ ʠʣʠ ʞʝʣʪʦʚʘʪʳʭ ʞʠʜʢʦʩʪʝʡ. ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʜʦʢʘʟʘʥʘ 

ʜʘʥʥʳʤʠ ʗʄʈ 1ʅ, 13ʉ ʠ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. 
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               ʉʭʝʤʘ 18                        ʈʠʩʫʥʦʢ 8. ʈʉɸ ʧʨʦʜʫʢʪʘ 27e  

 ɺ 2H-ʘʟʠʨʠʥʘʭ ʩʝʣʝʢʪʠʚʥʘʷ C-H-ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʚ ʮʠʢʣʝ ̫ ʚʣʷʝʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ, ʪʘʢ ʢʘʢ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʣʝʛʢʠʤ ʨʘʩʢʨʳʪʠʝʤ ʮʠʢʣʘ. ʀʟ ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʦ, 

ʯʪʦ (ʜʠʘʮʝʪʦʢʩʠ)ʠʦʜʙʝʥʟʦʣ (PIDA) ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʢʪʠʚʘʮʠʠ C(sp3)-H-ʩʚʷʟʠ ʚ 

ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ (cross dehydrative coupling, CDC), ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

2H-ʘʟʠʨʠʥʘʭ ʚ ʫʩʣʦʚʠʷʭ ʢʘʪʘʣʠʟʘ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʬʦʪʦʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʧʨʷʤʘʷ C-H-ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ 

ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ɺ ʨʘʟʚʠʪʠʝ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ 

ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʘʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʷ C(sp3)-H ʩʚʷʟʠ 3-ʘʨʠʣ-2ʅ-ʘʟʠʨʠʥʦʚ 25 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ (ʜʠʘʮʝʪʦʢʩʠ)ʠʦʜʙʝʥʟʦʣʘ ʚ ʫʩʣʦʚʠʷʭ ʬʦʪʦʦʙʣʫʯʝʥʠ ̫ʩʠʥʝʡ LED ʣʘʤʧʦʡ 

(34 ɺʪ) ʚ ʪʦʣʫʦʣʝ ʥʘ ʚʦʟʜʫʭʝ (ʉʭʝʤʘ 19). ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʚ ʢʘʯʝʩʪʚʝ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʵʦʟʠʥ Y (ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ 3-ʬʝʥʠʣ-2ʅ-ʘʟʠʨʠʥ-2-

ʠʣʘʮʝʪʘʪʘ 32ʘ ʩʦʩʪʘʚʠʣ 40%) ʠ ʙʝʥʛʘӢʣʴʩʢʠʡ ʨʦӢʟʦʚʳʡ (ʚʳʭʦʜ 32ʘ ʜʦʩʪʠʛʘʣ 85%), ʧʨʠ ʵʪʦʤ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʞʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʜʫʢʪ 32ʘ ʟʘʬʠʢʩʠʨʦʚʘʥ ʩ ʚʳʭʦʜʦʤ ʣʠʰʴ 13%. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʥʛʘӢʣʴʩʢʦʛʦ ʨʦӢʟʦʚʦʛʦ ʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʚʳʭʦʜʘʤʠ 58ï85% 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ 3-ʘʨʠʣ-2ʅ-ʘʟʠʨʠʥ-2-ʠʣʘʮʝʪʘʪʳ 32. ʇʨʦʜʫʢʪʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ 

ʙʣʝʜʥʦ-ʞʝʣʪʳʭ ʤʘʩʝʣ, ʩʪʨʦʝʥʠʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 1ʅ, 13ʉ 

ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʬʨʘʛʤʝʥʪʘ 2ʅ-ʘʟʠʨʠʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʥʛʣʝʪʘʤʠ ʚ ʦʙʣʘʩʪʠ 5.15-5.30 ʤ.ʜ., ʘ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʘʮʝʪʦʢʩʠʛʨʫʧʧ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʥʛʣʝʪʘʤʠ ʚ ʦʙʣʘʩʪʠ 2.01-2.10 ʤ.ʜ.  

 
ʉʭʝʤʘ 19 

 ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʘʮʝʪʦʢʩʠʘʟʠʥʠʥʦʚ 32 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ 20. ʇʨʠ 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ ʠʤʝʝʪ ʤʝʩʪʦ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʡ ʧʝʨʝʥʦʩ (SET) ʦʪ PIDA ʢ ʙʝʥʛʘӢʣʴʩʢʦʤʫ 

ʨʦӢʟʦʚʦʤʫ (RB) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʮʝʪʦʢʩʠʨʘʜʠʢʘʣʘ (CH3COOÅ), ʠʦʜʦʙʝʥʟʦʣʘ (ʜʝʪʝʢʪʠʨʫʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ɻʍïʄʉ) ʠ ʘʮʝʪʘʪ-ʘʥʠʦʥʘ (CH3COOï), ʪʦʛʜʘ ʢʘʢ ʩʘʤ ʙʝʥʛʘӢʣʴʩʢʠʡ ʨʦӢʟʦʚʳʡ ʜʘʝʪ 

ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣ (RB+Å). ʆʪʨʳʚ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʘʮʝʪʦʢʩʠ-ʨʘʜʠʢʘʣʦʤ ʧʨʠʚʦʜʠʪ ʢ 
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ʦʙʨʘʟʦʚʘʥʠʶ 2H-ʘʟʠʨʠʥʦʚʦʛʦ ʨʘʜʠʢʘʣʘ (AÅ). ɿʘʪʝʤ ʨʘʜʠʢʘʣ (AÅ) ʧʝʨʝʜʘʝʪ ʦʜʠʥ ʵʣʝʢʪʨʦʥ 

ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʫ (RB+Å), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʘʨʙʦʢʘʪʠʦʥʘ (B+), 

ʨʝʛʝʥʝʨʘʮʠʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ (RB) ʠ ʟʘʚʝʨʰʝʥʠʶ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ. ʅʘʢʦʥʝʮ, 

ʢʘʨʙʦʢʘʪʠʦʥ (B+) ʨʝʘʛʠʨʫʝʪ ʩ ʘʮʝʪʘʪ-ʘʥʠʦʥʦʤ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʞʝʣʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ 32. 

 

     ʉʭʝʤʘ 20 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʛʣʘʚʝ 2.1.1 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

çʟʝʣʝʥʳʭè/ʨʘʮʠʦʥʘʣʴʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʚʷʟʝʡ ʉ(H) ï C ʠ 

ʉ(H)ïY (Y = N, O) ʚ ʘʟʠʨʠʜʠʥʘʭ, ʘʟʠʨʠʥʘʭ ʠ ʵʧʦʢʩʠʜʘʭ, ʦʪʢʨʳʚʘʶʱʠʝ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʠʥʪʦʥʦʚ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʘʥʜʠʜʘʪʦʚ. 

2.1.2. ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ʌʋʅʂʎʀʆʅɸʃʀɿɸʎʀʀ ʉ(H)Y (Y Í C) 

ʉɺʗɿʀ ɺ ɸɿʆʄɽʊʀʅɸʍ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʟʠʨʠ(ʜʠ)ʥʳ ʩʧʦʩʦʙʥʳ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʧʨʦʠʟʚʦʜʥʳʝ 

ʘʟʦʤʝʪʠʥʦʚ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʘʟʦʤʝʪʠʥʳ ʤʦʛʫʪ ʮʠʢʣʠʟʦʚʘʪʴʩʷ ʚ ʪʨʝʭʯʣʝʥʥʳʝ 

ʘʟʘʛʝʪʝʨʦʮʠʢʣʳ, ʪ.ʝ. ʘʟʦʤʝʪʠʥʳ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʠ ʢʘʢ ʧʨʦʜʫʢʪʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʘʟʠʨʠ(ʜʠ)ʥʦʚ, ʪʘʢ ʠ ʢʘʢ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʨʝʢʫʨʩʦʨʳ. ʇʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʟʦʤʝʪʠʥʦʚ ʚ ʥʝʢʦʪʦʨʳʭ 

ʢʣʶʯʝʚʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ. ʊʠʧʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʩʠʥʪʝʟʘ ʘʟʦʤʝʪʠʥʦʚ ʷʚʣʷʝʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʦʥʠʣʴʥʦʡ ʠ ʘʤʠʥʦ-ʢʦʤʧʦʥʝʥʪʳ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ. ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʘʟʦʤʝʪʠʥʳ ʩʧʦʩʦʙʥʳ ʧʦʜʚʝʨʛʘʪʴʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ/ʬʦʨʤʠʘʪʦʚ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ. ʅʘʤʠ ʙʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʤʠʥʦʚ ʠ ʘʣʴʜʝʛʠʜʦʚ ʚ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʜʥʦʨʝʘʢʪʦʨʥʦ 

ʦʙʨʘʟʫʶʪʩʷ ʪʨʝʪʠʯʥʳʝ ʘʤʠʥʳ ʩ ʚʳʭʦʜʘʤʠ ʜʦ 30% (ʉʭʝʤʘ 21). ʇʨʦʜʫʢʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 

ʚʠʜʝ ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʣʠ ʞʝʣʪʳʭ ʤʘʩʝʣ, ʩʪʨʦʝʥʠʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ 

ʗʄʈ 1ʅ ʠ 13ʉ ʠ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. ʉʪʨʫʢʪʫʨʘ N-ʙʝʥʟʠʣ-1-(ʪʠʦʬʝʥ-2-ʠʣ)-N-(ʪʠʦʬʝʥ-2-

ʠʣʤʝʪʠʣ)ʤʝʪʘʥʘʤʠʥʘ 36j  ʜʦʢʘʟʘʥʘ ʤʝʪʦʜʦʤ ʈʉɸ (ʈʠʩʫʥʦʢ 9). ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ 

ʩʦʝʜʠʥʝʥʠʡ 36ï38 ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʙʝʥʟʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ 

ʩʠʥʛʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 3.30ï3.80 ʤ.ʜ., ʘ ʚ ʗʄʈ 13ʉ ï ʚ ʦʙʣʘʩʪʠ 57.0ï60.0 ʤ.ʜ. ʄʝʭʘʥʠʟʤ 
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ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʘʟʦʤʝʪʠʥʦʚ in situ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʣʝʢʪʨʦʬʠʣʴʥʦʡ ʘʪʘʢʦʡ 

ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʳ ʘʣʴʜʝʛʠʜʘ ʧʦ ʉ=N ʬʨʘʛʤʝʥʪʫ.  

 
                               ʉʭʝʤʘ 21                                                           ʈʠʩʫʥʦʢ 9. ʈʉɸ ʧʨʦʜʫʢʪʘ 36j  

ɺ ʨʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʝʨʚʠʯʥʳʭ 

ʘʤʠʥʦʚ ʩ ʥʝʢʦʪʦʨʳʤʠ ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çʟʝʣʝʥʳʭè ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ. 

ʅʘʧʨʠʤʝʨ, ʥʘʤʠ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʨʝʘʢʪʦʨʥʦʛʦ ʩʠʥʪʝʟʘ 

ʜʠʛʠʜʨʦʠʟʦʠʥʜʦʣʦ[2,1-a]ʭʠʥʘʟʦʣʠʥ-5,11-ʜʠʦʥʦʚ 41 ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 

ʦʨʪʦ-ʘʤʠʥʦ-ʙʝʥʟʦʡʥʦʡ (ʘʥʪʨʘʥʠʣʦʚʦʡ) ʠ ʦʨʪʦ-ʬʦʨʤʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪ ʚ ʚʦʜʝ ʚ ʫʩʣʦʚʠʷʭ 

ʢʘʪʘʣʠʟʘ ʅʏ In2O3 (ʉʭʝʤʘ 

22). ɸʤʠʜ ʘʥʪʨʘʥʠʣʦʚʦʡ 

ʢʠʩʣʦʪ r 42 ʤʦʞʝʪ ʙʳʪʴ 

ʪʘʢʞʝ ʪʘʢʞʝ ʩʛʝʥʝʨʠʨʦʚʘʥ 

in situ ʠʟ ʘʥʛʠʜʨʠʜʘ 

ʠʟʘʪʦʝʚʦʡ ʢʠʩʣʦʪʳ 39 ʠ 

ʘʤʠʥʦʚ 33. ʎʝʣʝʚʳʝ 

ʧʨʦʜʫʢʪʳ 41 ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʩ ʫʤʝʨʝʥʥʳʤʠ 

ʚʳʭʦʜʘʤʠ (35-58%) ʚ ʚʠʜʝ 

ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʉʪʨʦʝʥʠʝ 41 ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʜʘʥʥʳʤʠ ʗʄʈ 1ʅ, 13ʉ ʠ 

ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. ʊʘʢ, ʚ 

ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʚʩʝʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʠʛʥʘʣʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ 

ʧʨʦʪʦʥʦʚ ʬʨʘʛʤʝʥʪʦʚ ʉ2-ʅ ʚ 

ʚʠʜʝ ʩʠʥʛʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 6.20-

6.50 ʤ.ʜ., ʘ ʚ ʗʄʈ 13ʉ - ʚ ʦʙʣʘʩʪʠ 

70.1-72.2 ʤ.ʜ. ʂʨʦʤʝ ʪʦʛʦ, ʤʳ 

ʨʘʟʨʘʙʦʪʘʣʠ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʩ ʤʝʥʴʰʠʤʠ ɽ-
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ʬʘʢʪʦʨʘʤʠ 0.45 ʠ 0.47 ʚ ʩʣʫʯʘʷʭ ʩʠʥʪʝʟʘ 41a ʠ 41b ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʛʠʜʨʦʠʥʜʦʣʦʭʠʥʦʣʠʥʦʚ 41 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ 23. ʊʘʢ, 

ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʘʤʠʜ ʘʥʪʨʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʳ (ɸ), ʢʦʪʦʨʳʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʘʨʙʦʥʠʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʘʟʦʤʝʪʠʥʘ, ʧʦʩʣʝʜʥʠʡ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʝ ʧʦ ʬʨʘʛʤʝʥʪʫ C=N ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʠʥʘʟʦʣʠʥ-4-ʦʥʘ (ɺ). ɼʘʣʴʥʝʡʰʘʷ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʷ ʧʦ ʘʪʦʤʫ ʘʟʦʪʘ N1 

ʧʨʠʚʦʜʠʪ ʢ ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ 41a. 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʥʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʨʫʛʠʝ ʘʤʠʥʦ-ʢʦʤʧʦʥʝʥʪʳ ʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʊʘʢ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʦʨʤʘʣʴʜʝʛʠʜʘ 34 ʩ 

ʦʨʪʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʤ 43 ʦʜʥʦʨʝʘʢʪʦʨʥʦ ʩ ʚʳʭʦʜʘʤʠ ʜʦ 76% ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 1-

(ʘʣʢʦʢʩʠʤʝʪʠʣ)-1H-ʙʝʥʟʦ[d]ʠʤʠʜʘʟʦʣʦʚ 44 (ʉʭʝʤʘ 24), ʚʳʜʝʣʝʥʥʳʭ ʚ ʚʠʜʝ ʢʦʨʠʯʥʝʚʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʠʣʠ ʞʝʣʪʳʭ ʤʘʩʝʣ. ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ InCl3, 

In(OTf)3, Zn(OTf)2, ʥʘʥʦ-CuO, ʠ ʥʘʥʦ-ZnO, ʘ ʪʘʢʞʝ ʧʦʨʦʰʦʢ In2O3. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʚʳʭʦʜ 

ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʦ-In2O3, ʪʦʛʜʘ ʢʘʢ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘ ʨʝʘʢʮʠʷ ʥʝ 

ʧʨʦʪʝʢʘʣʘ. ʈʝʘʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʠʨʪ r ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʚʢʣʶʯʘʷ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ, ʥʝʧʨʝʜʝʣʴʥʳʝ ʠ ʬʪʦʨʠʨʦʚʘʥʥʳʝ. ʇʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ in situ 

ʦʙʨʘʟʦʚʘʥʠʝ ʘʟʦʤʝʪʠʥʘ (ɸ) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʦʡ ʤʦʣʝʢʫʣʦʡ ʩʧʠʨʪʘ ʠ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʝʡ. ʉʪʨʦʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʗʄʈ 1ʅ- ʠ 
13ʉ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʊʘʢ, ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʚ ʦʙʣʘʩʪʠ 5.50-5.70 ʤ.ʜ. 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʬʨʘʛʤʝʥʪʦʚ ROʉʅ2, ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʬʨʘʛʤʝʥʪʦʚ 

ʩʧʠʨʪʦʚ, ʘ ʪʘʢʞʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʚʠʜʝ ʤʫʣʴʪʠʧʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 7.15-7.95 ʤ.ʜ. 

ɺ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (ʜʦ 89%) ʙʳʣʠ ʧʦʣʫʯʝʥʳ 1,2-

ʜʠʟʘʤʝʱʝʥʥʳʝ 1H-ʙʝʥʟʦ[d]ʠʤʠʜʘʟʦʣʳ 45 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʠʭ ʘʣʴʜʝʛʠʜʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʙʝʥʟʘʣʴʜʝʛʠʜ ʠ ʮʠʥʥʘʤʘʣʴʜʝʛʠʜ. ʇʨʦʜʫʢʪʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʢʦʨʠʯʥʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʠʣʠ ʞʝʣʪʳʭ ʤʘʩʝʣ. 

 

ʉʭʝʤʘ 24 

 ɼʘʣʝʝ ʥʘ ʦʩʥʦʚʝ ʘʟʦʤʝʪʠʥʦʚ 47, ʧʦʣʫʯʝʥʥʳʭ ʠʟ Ŭ-ʘʤʠʥʦʧʠʨʠʜʠʥʘ, ʥʘʤʠ ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʧʨʦʜʫʢʪʦʚ, ʠʟʦʤʝʨʥʳʭ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ 

ʙʝʥʟʠʤʠʜʘʟʦʣʘʤ, ʘ ʠʤʝʥʥʦ ʠʤʠʜʘʟʦʣʦ[1,2-a]ʧʠʨʠʜʠʥʦʚ 49 ʩ ʚʳʭʦʜʘʤʠ ʜʦ 84% ʧʦʩʨʝʜʩʪʚʦʤ 
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ʨʝʘʢʮʠʠ ʧʝʨʚʳʭ ʩ ʥʠʪʨʦʘʣʢʘʥʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III ) (ʉʭʝʤʘ 25). 

ɸʟʦʤʝʪʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥʳ ʚ ʨʝʘʢʮʠʶ ʢʘʢ ʚ ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ 

ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʧ-ʭʣʦʨʙʝʥʟʘʣʴʜʝʛʠʜʘ 34b, ʪʘʢ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ in situ ʠʟ Ŭ-ʘʤʠʥʦʧʠʨʠʜʠʥʘ ʠ ʘʣʴʜʝʛʠʜʦʚ. 

ʊʘʢʞʝ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

2-ʘʤʠʥʦʧʠʨʠʜʠʥʦʚ ʩ ɓ-ʥʠʪʨʦʩʪʠʨʦʣʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʥʘʣʦʛʠʯʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. ʕʪʦʪ ʧʦʜʭʦʜ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 

ʠʤʠʜʘʟʦ[1,2-ʘ]ʧʠʨʠʜʠʥʦʚ 49, ʧʦʩʢʦʣʴʢʫ ʨʝʘʢʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʟʘ ʙʦʣʝʝ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ, ʩ 

ʫʯʘʩʪʠʝʤ ʜʦʩʪʫʧʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ (FeCl3), ʘ ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʜʦʩʪʠʛʘʝʪ 84%. 

ʇʨʦʜʫʢʪ r49 ʚʳʜʝʣʝʥ rʚ ʚʠʜʝ ʙʝʩʮʚʝʪʥʳʭ ʠʣʠ ʙʣʝʜʥʦ-ʞʝʣʪʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʠʭ ʩʪʨʦʝʥʠʝ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʗʄʈ 1ʅ ʠ 13ʉ ʠ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. ɺ ʩʧʝʢʪʨʝ ʗʄʈ 1ʅ 

ʩʦʝʜʠʥʝʥʠʡ 49 (R = H) ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʉ3-ʅ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʩʠʥʛʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 

7.20ï7.80 ʤ.ʜ. 

ɹʳʣʘ ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʡ ʉ-ʅ-ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʧʦʣʦʞʝʥʠ ̫ʉ3 ʠʤʠʜʘʟʦ[1,2-ʘ]ʧʠʨʠʜʠʥʘ 49 (R = H) ʧʫʪʝʤ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ ʩ 

ʘʨʠʣʠʦʜʠʜʘʤʠ ʚ 1,4-ʜʠʦʢʩʘʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Cs2CO3 ʠ ʉuI ʧʨʠ ʢʠʧʷʯʝʥʠʠ. 2,3-

ɼʠʘʨʠʣʧʨʦʠʟʚʦʜʥʳʝ 52 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʚʳʭʦʜʘʤʠ 85-87% ʚ ʚʠʜʝ ʢʦʨʠʯʥʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʘ ʧʨʠʤʝʨʝ 

ʩʠʥʪʝʟʘ ʧʨʦʪʠʚʦʷʟʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ɿʦʣʠʤʠʜʠʥ (Zolimidine) 49q c ʚʳʭʦʜʦʤ ʜʦ 68% 

(ʈʠʩʫʥʦʢ 10). 

 
ʉʭʝʤʘ 25      ʈʠʩʫʥʦʢ 10 
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ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠʤʠʜʘʟʦ[1,2-a]ʧʠʨʠʜʠʥʦʚ 49 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ 26. 

ʉʥʘʯʘʣʘ ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ ʘʟʘ-ɻʝʥʨʠ ʤʝʞʜʫ ʘʟʦʤʝʪʠʥʦʤ (ɸ) ʠ ʥʠʪʨʦʘʣʢʘʥʦʤ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʘ (B), ʢʦʪʦʨʳʡ ʯʝʨʝʟ ʠʥʪʝʨʤʝʜʠʘʪ (ʉ) ʮʠʢʣʠʟʫʝʪʩʷ ʚ ʠʤʠʜʘʟʦʣʠʥ 

(D), ʘ ʘʨʦʤʘʪʠʟʘʮʠʷ ʧʦʩʣʝʜʥʝʛʦ ʯʝʨʝʟ ʦʪʱʝʧʣʝʥʠʝ ʤʦʣʝʢʫʣʳ ʘʟʦʪʠʩʪʦʡ ʢʠʩʣʦʪʳ ʜʘʝʪ 

ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʠʪʨʦʦʣʝʬʠʥʦʚ 50 ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʝʢʘʝʪ 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʩʢʘʜʥʦʡ ʨʝʘʢʮʠʠ, ʯʝʨʝʟ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦ ʄʠʭʘʵʣʶ 2-ʘʤʠʥʦʧʠʨʠʜʠʥʘ 46 ʢ 

ʥʠʪʨʦʦʣʝʬʠʥʫ 50 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʥʠʪʨʦʘʤʠʥʘ (ɺ). ɺʝʨʦʷʪʥʦ, FeCl3 

ʫʩʢʦʨʷʝʪ ʨʝʘʢʮʠʶ, ʫʚʝʣʠʯʠʚʘʷ ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʴ ʥʠʪʨʦʦʣʝʬʠʥʘ ʟʘ ʩʯʝʪ ʢʦʦʨʜʠʥʘʮʠʠ. 

ɺʪʦʨʦʡ ʵʪʘʧ ʧʨʝʜʩʪʘʚʣʷʝʪ ʮʠʢʣʠʟʘʮʠʶ ʠʥʪʝʨʤʝʜʠʘʪʘ (ɺ) ʩ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝʤ ʚʦʜʳ ʠ HNO, 

ʧʨʠʚʦʜʷʱʫʶ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʤʠʜʘʟʦʣʦ[1,2-a]ʧʠʨʠʜʠʥʘ 49.  

     
ʉʭʝʤʘ 26
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ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʥʘʤʠ ʙʳʣʘ ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʦʜʥʦʨʝʘʢʪʦʨʥʦʛʦ ʩʠʥʪʝʟʘ ʟʘʤʝʱʝʥʥʳʭ ʭʠʥʦʣʠʥʦʚ 55 ʩ ʚʳʭʦʜʦʤ ʜʦ 93% ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʘʥʘʣʦʛʠʯʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʫʪʝʤ ʨʝʘʢʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʟʦʤʝʪʠʥʦʚ 53 ʩ 

ʥʠʪʨʦʵʪʘʥʦʤ ʠ ʝʛʦ ʛʦʤʦʣʦʛʘʤʠ (ʉʭʝʤʘ 27). ʎʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ 

ʙʝʩʮʚʝʪʥʳʭ ʠʣʠ ʞʝʣʪʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʠʭ ʩʪʨʦʝʥʠʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 1ʅ ʠ 13ʉ ʠ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʭʠʥʦʣʠʥʦʚ 55 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʚʠʜʝ ʤʫʣʴʪʠʧʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 

7.01-8.60 ʤ.ʜ. 

 ʉʦʛʣʘʩʥʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʥʠʞʝ ʤʝʭʘʥʠʟʤʫ (ʉʭʝʤʘ 28), ʨʝʘʢʮʠʷ ʘʟʘ-ɻʝʥʨʠ ʘʟʦʤʝʪʠʥʘ 

(ɸ), ʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ in situ ʠʣʠ ʚʳʜʝʣʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʠʚʥʦ, ʩ ʥʠʪʨʦʘʣʢʘʥʦʤ ʜʘʝʪ ʘʜʜʫʢʪ 

(B). ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʠʛʨʘʮʠʠ ʜʚʫʭ ʧʨʦʪʦʥʦʚ ʚ ʠʥʪʝʨʤʝʜʠʘʪʝ (B) ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʠʟʚʦʜʥʦʝ (C) 

ʩ ʛʝʤ-ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ. ʇʦʩʣʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣ HNO ʠ 

H2O ʠ ʦʨʪʦ-ʮʠʢʣʠʟʘʮʠʠ ʠʥʪʝʨʤʝʜʠʘʪʘ (C) ʦʙʨʘʟʫʝʪʩʷ ʥʦʚʘʷ ʩʚʷʟʴ ʉïʉ ʠ ʛʝʥʝʨʠʨʫʝʪʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʢʘʨʙʝʥ (D). ʅʘʢʦʥʝʮ, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʢʘʨʙʝʥʘ (D) ʚ 

ʜʠʛʠʜʨʦʭʠʥʦʣʠʥ, ʢʦʪʦʨʳʡ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʮʝʣʝʚʦʛʦ ʭʠʥʦʣʠʥʘ 55.  

 
ʉʭʝʤʘ 28 

ɼʘʣʝʝ ʚ ʨʘʙʦʪʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʥʝʢʦʪʦʨʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ 57 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʉ-ʥʫʢʣʝʦʬʠʣʦʚ, ʘ ʠʤʝʥʥʦ 

ʠʥʜʦʣʦʚ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ CF3CO2H ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ 

ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʧʨʠ 500 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 4 ʯ ʠʣʠ ʚ ʩʨʝʜʝ ʘʥʠʦʥʥʦʡ ʠʦʥʥʦʡ 

ʞʠʜʢʦʩʪʠ/ʮʚʠʪʪʝʨʠʦʥʥʦʡ ʩʦʣʠ 4-(3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʡ)ʙʫʪʘʥʩʫʣʴʬʦʥʘʪʘ MS-1 (ʉʭʝʤʘ 29). 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ N-((1H-ʠʥʜʦʣ-3-ʠʣ)ʘʨʠʣ)ʤʝʪʠʣ)ʛʝʪʘʨʠʣʘʤʠʥʘʤʠ (A) ï 

ʧʨʦʜʫʢʪʘʤʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʩʚʷʟʠ C=N ʘʟʦʤʝʪʠʥʘ (ʚʳʭʦʜʳ ʜʦ 47%) 

ʦʙʨʘʟʫʶʪʩʷ ʙʠʩʠʥʜʦʣʠʣʤʝʪʘʥʳ 59 ʩ ʚʳʭʦʜʘʤʠ ʜʦ 35%. ɺʝʨʦʷʪʥʦ, ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʳʡ 

ʛʠʜʨʦʣʠʟ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʝʡ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʘʣʴʜʝʛʠʜʘ ʩ ʠʥʜʦʣʦʤ, 

ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʨʝʘʢʮʠʝʡ ʤʝʞʜʫ 4-ʥʠʪʨʦʙʝʥʟʘʣʴʜʝʛʠʜʦʤ ʠ ʠʥʜʦʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

CF3CO2H ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʧʨʠ 500 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 4 ʯ ï ʩ 

ʚʳʭʦʜʦʤ ʜʦ 95% ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʙʠʩʧʠʨʨʦʤʝʪʘʥ 59o.  

ʀʤʝʶʪʩʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦ ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ 

ʨʝʘʢʮʠʷʭ ʘʣʴʜʝʛʠʜʦʚ ʩ 2,5-ʜʠʛʠʜʨʦ-1ʅ-ʧʠʨʨʦʣʘʤʠ ʠ 2ʅ-ʠʟʦʠʥʜʦʣʘʤʠ, ʧʨʠʚʦʜʷʱʠʭ ʢ N-

ʟʘʤʝʱʝʥʥʳʤ (ʙʝʥʟ)ʧʠʨʨʦʣʘʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟʚʝʩʪʥʳ ʧʨʦʮʝʩʩʳ N-ʘʮʠʣʠʨʦʚʘʥʠʷ- ʠ N-

ʘʣʢʠʣʠʨʦʚʘʥʠʷ (ʙʝʥʟ)ʧʠʨʨʦʣʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʢʘʨʙʦʥʠʣʩʦʜʝʨʞʘʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʢʘʪʘʣʠʟʝ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ/ʠʦʥʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ. ʅʘʢʦʥʝʮ, 

ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʥʪʝʟ ʙʠʩʧʠʨʨʦʣʠʣʤʝʪʘʥʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 
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ʧʠʨʨʦʣʦʚ ʩ ʘʣʴʜʝʛʠʜʘʤʠ. ʇʦʵʪʦʤʫ ʜʘʣʝʝ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʠʨʨʦʣʦʚ 60 ʠ ʠʥʜʦʣʦʚ 58 (ʢʘʢ ʉ-ʥʫʢʣʝʦʬʠʣʦʚ ʠ/ʠʣʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʘʤʠʥʦ-ʩʦʜʝʨʞʘʱʠʭ 

ʬʨʘʛʤʝʥʪʦʚ) ʚ ʨʝʘʢʮʠʷʭ ʩ ʘʣʴʜʝʛʠʜʘʤʠ 34 ʚ ʩʨʝʜʝ MS-1 (ʉʭʝʤʘ 29). 

 

 
                                                    ʉʭʝʤʘ 29                                   ʈʠʩʫʥʦʢ 11. ʈʉɸ ʧʨʦʜʫʢʪʘ 61s    

 

ʉʭʝʤʘ 30 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 34 ʩ ʛʝʪʝʨʦʮʠʢʣʘʤʠ 60 ʠ 58 ʦʙʨʘʟʫʶʪʩʷ 2,2'-

(ʘʨʠʣʤʝʪʠʣʝʥ)ʙʠʩ(1H-ʧʠʨʨʦʣʳ) 61a-x ʠ 3,3'-(ʘʨʠʣʤʝʪʠʣʝʥ)ʙʠʩ(1H-ʠʥʜʦʣʳ) 59a-n, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʉʭʝʤʘ 29). ʎʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ 59, 61 ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʢʦʨʠʯʥʝʚʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʠʣʠ ʞʝʣʪʳʭ ʤʘʩʝʣ, ʠʭ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʜʘʥʥʳʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ, 

ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʈʉɸ ʜʣʷ ʧʨʦʜʫʢʪʘ 61s (ʈʠʩʫʥʦʢ 11). ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʩʦʝʜʠʥʝʥʠʡ 59 ʠ 

61 ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʘ ʬʨʘʛʤʝʥʪʘ ʉ2-ʅ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʠʥʛʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 5.20ï5.80 

ʤ.ʜ., ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 13ʉ ʩʠʛʥʘʣ ʵʪʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ 36.0ï43.8 ʤ.ʜ. ʆʧʠʩʘʥʥʘʷ 
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ʨʝʘʢʮʠʷ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʧʠʨʨʦʣʦʚ, ʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 1ʅ-ʠʥʜʦʣʘ 58ʘ ʠ 1ʅ-ʧʠʨʨʦʣʘ 60ʘ ʩ ʙʝʥʟʘʣʴʜʝʛʠʜʦʤ 34ʘ ʚ ʦʧʠʩʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʘʤʠ ʥʘʙʣʶʜʘʣʦʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʙʠʩʧʠʨʨʦʤʝʪʘʥʘ 61ʘ, ʪʦʛʜʘ ʢʘʢ 

ʠʥʜʦʣ 58ʘ ʙʳʣ ʚʳʜʝʣʝʥ ʚ ʥʝʠʟʤʝʥʥʦʤ ʚʠʜʝ (ʉʭʝʤʘ 30). N-ɿʘʤʝʱʝʥʠʝ ʧʠʨʨʦʣʴʥʦʛʦ ʮʠʢʣʘ ʥʝ 

ʚʣʠʷʣʦ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʚʳʭʦʜʳ ʨʝʘʢʮʠʠ. ɹʠʩʧʠʨʨʦʤʝʪʘʥʳ 61 (R1 = H) ʷʚʣʷʶʪʩʷ 

ʧʨʝʢʫʨʩʦʨʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʘʩʠʪʝʣʝʡ BODIPY, ʯʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ 

ʧʨʠʤʝʨʝ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 62. N-ɿʘʤʝʱʝʥʠʝ ʧʠʨʨʦʣʴʥʦʛʦ ʮʠʢʣʘ ʥʝ ʚʣʠʷʣʦ ʥʘ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʚʳʭʦʜʳ ʨʝʘʢʮʠʠ.  

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʦʝʜʠʥʝʥʠʡ 59 ʠ 61 (ʉʭʝʤʘ 31). ʎʚʠʪʪʝʨʠʦʥʥʘʷ ʩʦʣʴ ʠʤʠʜʘʟʦʣʠʷ ʩʦʜʝʨʞʠʪ ʩʚʦʙʦʜʥʫʶ ʩʚʷʟʴ 

C-H, ʢʦʪʦʨʘʷ, ʚʝʨʦʷʪʥʦ, ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʢʘʪʘʣʠʟʝ ʧʨʦʮʝʩʩʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ ʘʣʴʜʝʛʠʜʦʚ. ʈʘʥʝʝ ʙʳʣʘ ʧʨʝʜʧʦʣʦʞʝʥʘ ʨʦʣʴ 

ʠʤʠʜʘʟʦʣʩʦʜʝʨʞʘʱʠʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʧʦʩʨʝʜʩʪʚʦʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʜʚʦʡʥʦʡ ʘʢʪʠʚʘʮʠʠ 

ʵʣʝʢʪʨʦʬʠʣʘ ʠ ʥʫʢʣʝʦʬʠʣʘè ʧʫʪʝʤ ʪʨʘʥʩʬʝʨʘ ʢʦʦʧʝʨʘʪʠʚʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʠ ʟʘʨʷʜʦʚʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʘʣʴʜʝʛʠʜʘ ʵʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ 

ʆÅÅÅʅ ʩ ʚʦʜʦʨʦʜʦʤ ʧʨʠ ʘʪʦʤʝ ʉ-2 ʠʤʠʜʘʟʦʣʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʠ 

ʤʦʣʝʢʫʣʳ (ʙʝʥʟ)ʧʠʨʨʦʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʘ (ɸ). ɼʘʣʝʝ ʠʤʝʝʪ ʤʝʩʪʦ ʦʪʱʝʧʣʝʥʠʝ 

ʤʦʣʝʢʫʣʳ MS-1 c ʦʙʨʘʟʦʚʘʥʠʝʤ (B), ʘʪʘʢʘ (ʙʝʥʟ)ʧʠʨʨʦʣʘ (ʠʥʪʝʨʤʝʜʠʘʪ (ʉ)) ʠ ʦʪʱʝʧʣʝʥʠʝ 

ʤʦʣʝʢʫʣʳ MS-1 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 59,61. 

 

ʉʭʝʤʘ 31 
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ʇʨʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʨʝʘʢʮʠʠ ʥʘʤʠ ʙʳʣʦ ʥʘʡʜʝʥʦ, 

ʯʪʦ ʜʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʘʣʴʜʝʛʠʜʦʚ ʠʥʜʦʣʳ 58 ʚ 

ʨʘʩʪʚʦʨʝ BAIL -1 

ʩʧʦʩʦʙʥʳ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʨʦʜʫʢʪʦʚ ʬʦʨʤʘʣʴʥʦʡ 

ʪʨʠʤʝʨʠʟʘʮʠʠ, ʘ ʠʤʝʥʥʦ 

2-(2,2-ʜʠ(1-R-ʠʥʜʦʣ-3-

ʠʣ)ʵʪʠʣ)ʘʥʠʣʠʥʦʚ 63, ʩ 

ʚʳʭʦʜʘʤʠ ʜʦ 81% (ʉʭʝʤʘ 

32), ʧʨʦʜʫʢʪʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ 

ʙʝʩʮʚʝʪʥʳʭ ʠʣʠ 

ʢʦʨʠʯʥʝʚʳʭ ʦʩʘʜʢʦʚ, ʠʭ 

ʩʪʨʦʝʥʠʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʗʄʈ 1ʅ ʠ 13ʉ ʠ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. ɺ ʩʧʝʢʪʨʘʭ 

ʗʄʈ 1ʅ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʬʦʥʝ ʩʠʛʥʘʣʦʚ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʬʨʘʛʤʝʥʪʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʬʨʘʛʤʝʥʪʘ ʉ2-ʅ ʚ ʚʠʜʝ 

ʪʨʠʧʣʝʪʦʚ ʧʨʠ 4.55-4.95 ʤ.ʜ. (J = 7.6 ɻʮ), ʚ ʗʄʈ 13ʉ ʠʤʝʶʪʩʷ ʩʠʛʥʘʣʳ ʧʨʠ 37.0-44.0 ʤ.ʜ.  

ʉʦʛʣʘʩʥʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʤʫ ʤʝʭʘʥʠʟʤʫ ʨʝʘʢʮʠʠ (ʉʭʝʤʘ 33) ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʠʤʝʝʪ 

ʤʝʩʪʦ ʜʠʤʝʨʠʟʘʮʠʷ ʠʥʜʦʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʘʜʜʫʢʪʘ (64), ʢʦʪʦʨʳʡ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʨʘʩʢʨʳʪʠʝ ʧʠʨʨʦʣʴʥʦʛʦ ʮʠʢʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʥʜʦʣʠʜʝʥʵʪʠʣʘʥʠʣʠʥʘ (65), ʧʦʩʣʝʜʥʠʡ ʧʦʚʝʨʛʘʝʪʩʷ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʝ ʝʱʝ ʦʜʥʦʡ 

ʤʦʣʝʢʫʣʳ ʠʥʜʦʣʘ ʧʦ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʉ=C ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 63. ɼʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ, ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʘ ʚ ʛʨʘʤʤʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ 

ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʩʦʝʜʠʥʝʥʠʝ 63ʘ ï ʠʥʛʠʙʠʪʦʨ ʩʚʷʟʳʚʘʥʠʷ ʦʥʢʦʧʨʦʪʝʠʥʘ MDM2 ʩ 

ʙʝʣʢʦʤ p53 (ʈʠʩʫʥʦʢ 12). 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʛʣʘʚʝ 2.1.2 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ çʟʝʣʝʥʳʭè/ʨʘʮʠʦʥʘʣʴʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʚʷʟʠ 

ʉ(H)=N ʚ ʘʟʦʤʝʪʠʥʘʭ ʠ/ʠʣʠ ʩʚʷʟʠ ʉ(H)=O ʚ ʠʭ ʧʨʝʢʫʨʩʦʨʘʭ, ʠʩʩʣʝʜʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ 

ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʠʥʪʦʥʦʚ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

2.1.3. ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ʌʋʅʂʎʀʆʅɸʃʀɿɸʎʀʀ ʌʈɸɻʄɽʅʊɸ 

ʉ(H)C ɺ ʉʆɽɼʀʅɽʅʀʗʍ C ʂʈɸʊʅʆʁ ʉɺʗɿʔʖ    

        ʉʪʠʨʦʣʳ, ʢʘʢ ʠ ʘʟʦʤʝʪʠʥʳ, ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʘʟʠʨʠʜʠʥʦʚ, 

ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʦʚ ʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ (ʉʭʝʤʘ 34). ʇʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʥʘʤʠ ʙʳʣʘ 

ʨʘʩʩʤʦʪʨʝʥʘ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʪʠʨʦʣʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʘʢʮʝʧʪʦʨʥʳʤʠ 

ʛʨʫʧʧʘʤʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʢʣʶʯʝʚʳʭ ʜʣʷ ʘʟʠʨʠʜʠʥʦʚ 

ʧʨʝʚʨʘʱʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʚ ʥʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʷʭ, 

ʥʝʜʦʩʪʫʧʥʳʭ ʚ ʨʷʜʫ ʘʟʠʨʠʜʠʥʦʚ. 

ʊʘʢ, ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʥʘʤʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʩʪʠʨʦʣʦʚ 67 ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʳʰʝʦʧʠʩʘʥʥʦʡ (ʉʭʝʤʘ 6) ʜʣʷ 
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ʘʟʠʨʠʜʠʥʦʚ ʩʠʩʪʝʤʦʡ NaIO4/NH2OHÅHCl. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʩʣʫʯʘʝ ʩʪʠʨʦʣʘ 67ʘ ʚ ʊɻʌ ʠʣʠ 

ʉʅ3CN ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʚʦʟʜʫʭʝ ʥʝʦʞʠʜʘʥʥʦ ʙʳʣ ʧʦʣʫʯʝʥ ɓ-ʠʦʜʛʠʜʨʠʥ 68ʘ. 

ɺʠʜʠʤʦ, ʚ ʜʘʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʩʪʘʪʦʯʥʘʷ ʚʦʜʘ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ ʠʣʠ ʚʦʟʜʫʭʝ ʚʳʩʪʫʧʘʝʪ 

ʚ ʢʘʯʝʩʪʚʝ ʆ-ʥʫʢʣʝʦʬʠʣʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʷʚʣʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʆ-ʥʫʢʣʝʦʬʠʣʦʚ (ʚʦʜʘ, ʩʧʠʨʪ ʠ ʜʘʞʝ ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ) (1 ʤʦʣ. ʵʢʚ.) ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ɓ-ʠʦʜʛʠʜʨʠʥʳ (68, R = H) ʠʣʠ ʠʭ ʵʬʠʨʳ ʠ ʘʮʝʪʘʪʳ (68, R = Et, Ac, C2H4OH) 

c ʚʳʭʦʜʘʤʠ ʜʦ 87% (ʉʭʝʤʘ 36). ɓ-ʀʦʜʦ-ɓ'-ʛʠʜʨʦʢʩʠʵʬʠʨʳ (68p-aǋ, R = C2H4OH) ʷʚʣʷʶʪʩʷ 

ʮʝʥʥʳʤʠ ʩʠʥʪʦʥʘʤʠ, ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ, ʥʘʧʨʠʤʝʨ, ʵʪʠʣʝʥʛʣʠʢʦʣʷ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʩʦʥʘ 

(OxoneÈ) ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʦʥʠ ʣʝʛʢʦ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʮʝʪʘʣʠ 

70. ʉʦʝʜʠʥʝʥʠʷ 68, 70 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ ʞʝʣʪʳʭ ʞʠʜʢʦʩʪʝʡ, ʩʪʨʦʝʥʠʝ ʧʨʦʜʫʢʪʦʚ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʗʄʈ 1ʅ, 13ʉ ʠ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. 

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʠʩʪʝʤʦʡ NaIO4/NH2OHÅHCl 

ʙʳʣʠ ʚʦʚʣʝʯʝʥʳ ʭʘʣʢʦʥʳ 71 ï ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʘʮʠʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʩʪʠʨʦʣʳ. ʀʩʭʦʜʷ 

ʠʟ ʧʨʘʢʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʧʨʦʮʝʩʩʘ (ʉʭʝʤʘ 36), ʚ ʢʘʯʝʩʪʚʝ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʙʳʣ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥ ʵʪʠʣʝʥʛʣʠʢʦʣʴ. ɺ ʠʪʦʛʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʨʝʘʢʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 3-(2-ʛʠʜʨʦʢʩʠʵʪʠʣʦʢʩʠ)-2-ʠʦʜʦ-1,3-ʜʠʘʨʠʣ-1-ʦʥʦʚ 72, 

ʚʳʜʝʣʷʝʤʳʭ ʩ ʚʳʭʦʜʘʤʠ ʜʦ 94% (ʉʭʝʤʘ 36). 

ʇʦʧʳʪʢʘ ʧʦʣʫʯʝʥʠʷ ʘʮʝʪʘʣʝʡ ʧʦ ʪʠʧʫ 70 (ʉʭʝʤʘ 35) ʥʘ ʧʨʠʤʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʦʝʜʠʥʝʥʠʷ 72a ʩ ʦʢʩʦʥʦʤ ʧʨʠʚʝʣʘ ʢ ʦʩʤʦʣʝʥʠʶ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʘʣʢʠʣʠʨʦʚʘʥʠʝ 72 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʘ ʮʝʟʠʷ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʩ 

ʚʳʭʦʜʘʤʠ ʜʦ 95% ʧʨʠʚʦʜʠʪ ʢ 1,4-ʜʠʦʢʩʘʥʘʤ 73, ʧʦʣʫʯʝʥʥʳʤ ʚ ʚʠʜʝ ʙʝʩʮʚʝʪʥʳʭ ʠʣʠ ʞʝʣʪʳʭ 

ʞʠʜʢʦʩʪʝʡ (ʉʭʝʤʘ 36).  

 
ʉʭʝʤʘ 35 
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ʉʭʝʤʘ 36 

ɼʣʷ ʦʙʦʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʤʝʭʘʥʠʟʤʘ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ 

ʩʣʝʜʫʶʱʠʡ (ʉʭʝʤʘ 37). ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʛʝʥʝʨʠʨʦʚʘʥʠʝ in situ ʬʝʥʠʣʠʦʜʠʨʘʥ-

1-ʫʤ ʢʘʪʠʦʥʘ, ʠʥʪʝʨʤʝʜʠʘʪʘ (ɸ), ʧʫʪʝʤ ʘʪʘʢʠ I2 ʧʦ ʉ=C-ʩʚʷʟʠ. ɼʘʣʝʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ O-

ʥʫʢʣʝʦʬʠʣʦʚ ʧʨʦʜʫʢʪ (ɸ) ʜʘʝʪ ʩʦʝʜʠʥʝʥʠʝ 68 (R Í COAr2, X Í C2H4OH) ʠʣʠ 72. ɿʘʪʝʤ, ʚ 

ʩʣʫʯʘʝ ʧʨʦʜʫʢʪʘ 72, ʚ ʧʨʠʩʫʪʩʪʚʠʠ Cs2CO3 ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʘʣʢʠʣʠʨʦʚʘʥʠʝ 

ʧʦ ɺʠʣʴʷʤʩʦʥʫ, ʚʝʨʦʷʪʥʦ, ʧʦ SN2 ʤʝʭʘʥʠʟʤʫ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 1,4-ʜʠʦʢʩʘʥʘ 73. 

 

ʉʭʝʤʘ 37 

ʉʪʨʦʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 1ʅ, 13ʉ ʠ 

ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʳʩʦʢʫʶ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ. ʊʘʢ, 1,4-ʜʠʦʢʩʘʥʳ 73 ʦʙʨʘʟʫʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʚʠʜʝ ʪʨʘʥʩ-

ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ, ʯʪʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʂʉʉɺ) ʤʝʞʜʫ ʧʨʦʪʦʥʘʤʠ ʚ C2 ʠ C3 ʜʠʦʢʩʘʥʦʚʦʛʦ ʮʠʢʣʘ. ʉʦʛʣʘʩʥʦ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʜʣʷ ʪʨʘʥʩ-ʟʘʤʝʱʝʥʥʳʭ ʜʠʦʢʩʘʥʦʚ ʪʘʢʠʝ ʢʦʥʩʪʘʥʪʳ ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ 

9 ɻʮ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʮʠʩ-ʟʘʤʝʱʝʥʥʳʝ ʘʥʘʣʦʛʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʦʥʩʪʘʥʪʳ 4 ɻʮ. ɺ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʤʠ ʧʨʦʜʫʢʪʘʭ 73, ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ 

ʧʨʦʪʦʥʦʚ ʥʘ ʉ2 ʠ ʉ3 ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚ ʚʠʜʝ ʜʫʙʣʝʪʦʚ ʧʨʠ 4.8ï4.9 ʤ.ʜ. ʩ ʢʦʥʩʪʘʥʪʘʤʠ ʉʉɺ 

8ï9 ɻʮ. 
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ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʦʪʩʫʪʩʪʚʠʝ ʆ-ʥʫʢʣʝʦʬʠʣʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ NaIO4/ 

NH2OHÅHCl ʚ ʨʝʘʢʮʠʷʭ ʩ ʭʘʣʢʦʥʘʤʠ 74 ʠʣʠ ʢʦʨʠʯʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʜʠʠʦʜʦʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 75 ʩ ʚʳʭʦʜʘʤʠ ʜʦ 84% (ʉʭʝʤʘ 38), ʚʳʜʝʣʝʥʥʳʭ ʚ ʚʠʜʝ 

ʙʝʩʮʚʝʪʥʳʭ ʦʩʘʜʢʦʚ ʠʣʠ ʩʤʦʣ. ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 75 ʜʦʢʘʟʘʥʘ ʤʝʪʦʜʘʤʠ 

ʀʂ- ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ, ʜʣʷ 2,3-ʜʠʡʦʜ-3-(3-ʥʠʪʨʦʬʝʥʠʣ)-

1-ʬʝʥʠʣʧʨʦʧʘʥ-1-ʦʥʘ 75c, ʤʝʪʦʜʦʤ ʈʉɸ (ʈʠʩʫʥʦʢ 13). ʊʘʢ, ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʮʝʣʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʠʛʥʘʣʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʨʦʪʦʥʦʚ ʬʨʘʛʤʝʥʪʦʚ ʉʅ 

ʚʠʮʠʥʘʣʴʥʳʭ ʜʠʠʦʜʦʵʪʘʥʦʚ ʚ ʚʠʜʝ ʜʫʙʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 5.60-5.80 ʤ.ʜ. 

 

ʉʭʝʤʘ 38      ʈʠʩʫʥʦʢ 13. ʈʉɸ ʧʨʦʜʫʢʪʘ 75ʩ  

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʧʦʢʘʟʘʥ ʥʘ ʩʭʝʤʝ 39. ʇʨʠ ʦʢʠʩʣʝʥʠʠ 

ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʛʝʥʝʨʠʨʫʪʁʩʷ I2 ʠ NO, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʘʚʘʪʴ ʯʨʝʟʚʳʯʘʡʥʦ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʡ ʘʛʝʥʪ NO+I-, ʢʦʪʦʨʳʡ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʩʪʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʧʦ 

ʄʠʭʘʵʣʶ ʢ Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʦʤʫ ʢʘʨʙʦʥʠʣʴʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ, ʥʘʧʨʠʤʝʨ ʭʘʣʢʦʥʫ 74ʘ, 

ʦʙʨʘʟʫʷ ʡʦʜʥʠʪʨʦʟʦ-ʩʦʝʜʠʥʝʥʠʝ (ɸ). ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ NaIO4 ʠʣʠ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ 

ʠʥʪʝʨʤʝʜʠʘʪ (A) ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʢʠʩʣʝʥʠʶ ʜʦ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷ (B). ʆʪʱʝʧʣʝʥʠʝ NO2 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʥʪʝʨʤʝʜʠʘʪʘ (C), ʘ ʧʦʩʣʝʜʫʶʱʘʷ ʨʝʘʢʮʠʷ ʩ NO+I- ʜʘʝʪ ʮʝʣʝʚʦʡ 

2,3-ʜʠʦʠʜʦ-1,3-ʜʠʬʝʥʠʣʧʨʦʧʘʥ-1-ʦʥ 75a.    

 

ʉʭʝʤʘ 39 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʠʥʠʣ(ʛʝʪ)ʘʨʝʥʦʚ ʩ N-ʥʫʢʣʝʦʬʠʣʘʤʠ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʘʤʠʥʦ/ʘʤʠʜʦ-ʟʘʤʝʱʝʥʥʳʭ ʩʪʠʨʦʣʦʚ ʠʣʠ ʘʣʢʘʥʦʚ. ɺʳʰʝ ʚ ʨʘʤʢʘʭ 

ʨʘʙʦʪʳ ʥʘʤʠ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʨʘʩʢʨʳʪʠʝ ʘʟʠʨʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʥʫʢʣʝʦʬʠʣʦʚ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ɓ-ʬʫʥʢʮʠʦʥʘʣʠʟʦʚʘʥʥʳʭ ʘʤʠʥʦʚ 

(ʉʭʝʤʳ 1-8). ʊʘʢʞʝ, ʥʘ ʧʨʠʤʝʨʝ ʘʟʠʨʠʥʦʚ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ Ŭ-

ʘʤʠʥʦʢʝʪʦʥʦʚ (ʉʭʝʤʘ 17). ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ, ʧʦʜʦʙʥʳʭ 

ʪʘʢʦʚʳʤ, ʧʦʣʫʯʘʝʤʳʤ ʧʨʠ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʝ ʥʘ 2-ʘʨʠʣ-1-ʪʦʟʠʣʘʟʠʨʠʜʠʥʳ, ʥʘʤʠ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʉ-ʅ-ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠ ̫ʩʪʠʨʦʣʦʚ 77, 2-ʬʝʥʠʣ-1-ʪʦʟʠʣʘʟʠʨʠʜʠʥʘ 1a (ʉʭʝʤʘ 40), 

ʘ ʪʘʢʞʝ ʘʨʠʣʮʝʪʠʣʝʥʦʚ 80 (ʉʭʝʤʘ 41) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʫʣʴʬʘʤʠʜʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ PIDA ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʘʢ, ʩʪʠʨʦʣʳ 77, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʨʦʜʳ 
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ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʧʨʝʚʨʘʱʘʣʠʩʴ ʚ ʦʞʠʜʘʝʤʳʝ ʧʨʦʜʫʢʪʳ ʘʤʠʥʠʨʦʚʘʥʠʷ 78, 

a ʘʟʠʨʠʜʠʥ 1a ʜʘʚʘʣ ʵʪʠʣʝʥʜʠʘʤʠʥ-ʙʠʩʪʦʟʠʣʘʪ 79. ʇʨʠ ʚʦʚʣʝʯʝʥʠʠ ʞʝ ʚ ʘʥʘʣʦʛʠʯʥʫʶ 

ʨʝʘʢʮʠʶ ʘʨʠʣʘʮʝʪʠʣʝʥʦʚ 80 ʩ ʚʳʭʦʜʘʤʠ 72-87% ʙʳʣʠ ʧʦʣʫʯʝʥʳ Ŭ-ʩʫʣʴʬʦʥʠʣʘʤʠʥʦʢʝʪʦʥʳ 

81. ʇʨʦʜʫʢʪʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ 81 

ʜʦʢʘʟʘʥʘ ʤʝʪʦʜʘʤʠ ʀʂ- ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ, ʜʣʷ ʧʨʦʜʫʢʪʘ 

81l, ʤʝʪʦʜʦʤ ʈʉɸ (ʈʠʩʫʥʦʢ 14). ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʚʩʝ ʧʨʦʪʦʥʳ ʬʨʘʛʤʝʥʪʦʚ Ŭ-ʉʅ2 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʫʙʣʝʪʘʤʠ ʚ ʨʘʡʦʥʝ 4.30ï4.50 ʤ.ʜ. (J = 4.8 ɻʮ), ʘ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ 

ʬʨʘʛʤʝʥʪʦʚ NH ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʪʨʠʧʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 5.60 ʤ.ʜ. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ 

ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʧʦʢʘʟʘʥ ʥʘ ʩʭʝʤʝ 42. 

 

ʉʭʝʤʘ 40 

 

 

                                     ʉʭʝʤʘ 41                                                   ʈʠʩʫʥʦʢ 14. ʈʉɸ ʧʨʦʜʫʢʪʘ 81l 

 

ʉʭʝʤʘ 42 
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ʅʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʬʝʥʠʣʘʣʢʠʥʠʣʠʦʜʘʥʠʣʘʮʝʪʘʪʘ (ɸ), 

ʢʦʪʦʨʳʡ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ ɸʩʆʅ ʧʦ ʪʠʧʫ ʄʠʭʘʵʣʷ ʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʠʥʪʝʨʤʝʜʠʘʪ (ɺ). 

ʆʪʱʝʧʣʝʥʠʝ ʘʮʝʪʘʪ-ʘʥʠʦʥʘ ʠ ʬʝʥʠʣʠʦʜʠʜʘ ʜʘʝʪ ʢʘʨʙʝʥ (ʉ), ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʨʝʘʛʠʨʫʝʪ ʩ 

ʘʮʝʪʘʪ-ʘʥʠʦʥʦʤ ʠʣʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʘʤʝʱʝʥʥʦʛʦ ʵʪʠʣʝʥ-1,2-ʜʠʠʣ 

ʜʠʘʮʝʪʘʪʘ (D). ɼʘʥʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʣʝʜʘʤʠ ʚʦʜʳ ʜʘʝʪ Ŭ-

ʘʮʝʪʦʢʩʠʢʝʪʦʥ 82, ʠ, ʟʘʪʝʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʫʣʴʬʦʥʘʤʠʜʦʚ ʜʘʝʪ Ŭ-ʩʫʣʴʬʦʥʠʣʘʤʠʥʦʢʝʪʦʥʳ 

81. 

ɺ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʤʳ ʧʨʦʚʝʣʠ ʨʝʘʢʮʠʶ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʫʣʴʬʦʥʘʤʠʜʦʚ ʠ 

ʧʦʣʫʯʠʣʠ Ŭ-ʘʮʝʪʦʢʩʠʢʝʪʦʥʳ 82 ʩ ʚʳʭʦʜʘʤʠ ʜʦ 86%. ʇʨʦʜʫʢʪʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ 

ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʉʭʝʤʘ 43). ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 81 ʧʫʪʝʤ ʨʝʘʢʮʠʠ ʩʦʝʜʠʥʝʥʠʡ 82 ʩ ʩʫʣʴʬʦʥʘʤʠʜʘʤʠ 76 (ʉʭʝʤʘ 41), ʯʪʦ 

ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ.  

ɼʘʣʝʝ ʥʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ Ŭ-ʩʫʣʴʬʦʥʠʣʘʤʠʥʦʢʝʪʦʥʳ 81, ʘ 

ʪʘʢʞʝ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ (ʉʭʝʤʘ 17) N-ʘʮʠʣ-Ŭ-ʘʤʠʥʦʢʝʪʦʥʳ 27 ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤʠ 

ʩʠʥʪʦʥʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ N-ʟʘʤʝʱʝʥʥr ʭ Ŭ-ʘʤʠʥʦʢʝʪʦʥʦʚ 83. ʇʦʩʣʝʜʥʠʝ ʙʳʣʠ ʚʧʝʨʚʳʝ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʘʣʦʜʦʩʪʫʧʥʳʭ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ 

ʩʝʣʝʥʦʵʬʠʨʦʚ 85 ʩ ʚʳʭʦʜʘʤʠ ʜʦ 84% 

ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʠʩʝʣʝʥʠʜʘʤʠ 

84 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III) ʠ 

ʧʝʨʝʢʠʩʠ ʙʝʥʟʦʠʣʘ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʰʠʨʥʳʝ ʨʷʜʳ 

ʤʫʣʴʪʠʟʘʤʝʱʝʥʥʳʭ ʩʝʣʝʥʦʵʩʪʝʨʦʚ 85 (ʉʭʝʤʘ 44), ʚʳʜʝʣʝʥʥʳʭ ʚ ʚʠʜʝ ʙʝʩʮʚʝʪʥʳʭ ʠʣʠ 

ʞʝʣʪʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʘʢʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ 

ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʥʝ ʧʨʦʪʝʢʘʝʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʪʝʣʣʫʨʠʜʦʚ ʠ ʜʠʩʫʣʴʬʠʜʦʚ. ʉʪʨʦʝʥʠʝ 

ʧʨʦʜʫʢʪʦʚ 85 ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʗʄʈ 1ʅ ʠ 13ʉ ʠ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ, ʘ ʪʘʢʞʝ, ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ 85h, ʤʝʪʦʜʦʤ ʈʉɸ (ʈʠʩʫʥʦʢ 15). ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ 45. 

 

                                         ʉʭʝʤʘ 44                                            ʈʠʩʫʥʦʢ 15. ʈʉɸ ʧʨʦʜʫʢʪʘ 85h   

ʊʘʢ, ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʙʝʥʟʦʠʣʧʝʨʦʢʩʠʜʘ (BPO) ʦʙʨʘʟʫʝʪʩʷ ʙʝʥʟʦʠʣʦʢʩʠ-ʨʘʜʠʢʘʣ, 

ʢʦʪʦʨʳʡ ʨʝʘʛʠʨʫʝʪ ʩ (ArSe)2 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʝʥʟʦʠʣʦʢʩʠʩʝʣʝʥʠʜʘ 86. ɿʘʪʝʤ ʨʝʘʢʮʠʷ 

ʙʝʥʟʦʠʣʢʩʠʩʝʣʝʥʠʜʘ ʩ Ŭ-ʘʤʠʥʦʢʘʨʙʦʥʠʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ 83 ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʧʦ ʠʦʥʥʦʤʫ 

ʤʝʭʘʥʠʟʤʫ, ʧʨʠ ʵʪʦʤ ʬʝʥʠʣʩʝʣʝʥʝʥʠʣʴʥʳʡ ʠʦʥ (PhSe+) ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʝʥʦʣʴʥʦʡ ʬʦʨʤʝ 

(A) Ŭ-ʘʤʠʥʦʢʘʨʙʦʥʠʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʠʦʥʘ ʩʝʣʝʥʠʨʘʥʠʷ (B). 
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ʕʣʠʤʠʥʠʨʦʚʘʥʠʝ ʠʟ ʠʥʪʝʨʤʝʜʠʘʪʘ (ɺ) ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʠ ʢʘʨʙʝʥʘ (ʨʘʟʣʘʛʘʶʱʝʛʦʩʷ ʜʦ 

ʘʥʠʣʠʥʘ ʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ) ʜʘʝʪ ʞʝʣʘʝʤʳʡ ʧʨʦʜʫʢʪ 85. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʣʦʚʫʰʝʢ ʨʘʜʠʢʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ (2,2,6,6-ʪʝʪʨʘʤʝʪʠʣʧʠʧʝʨʠʜʠʥ-1-ʠʣ)ʦʢʩʠʣ (TEMPO), 

ʙʝʥʟʦʭʠʥʦʥ (BQ) ʠ 1,1-ʜʠʬʝʥʠʣʵʪʠʣʝʥ (DPE), ʩʝʣʝʥʦʵʩʪʝʨʳ ʧʦʣʫʯʝʥʳ ʥʝ ʙʳʣʠ, ʠ ʪʦʣʴʢʦ 

ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʫʪʠʣʛʠʜʨʦʢʩʠʪʦʣʫʦʣʘ 

(BHT). ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʨʘʜʠʢʘʣʴʥʦʤʫ ʧʫʪʠ. 

 
ʉʭʝʤʘ 45 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʫʩʧʝʰʥʦʤ 

ʦʧʳʪʝ ʧʦʣʫʯʝʥʠʷ Ŭ-

ʩʫʣʴʬʦʥʠʣʘʤʠʥʦʢʝʪʦʥʦʚ ʠ ʚ ʨʘʟʚʠʪʠʝ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʨʘʙʦʪʝ 

ʙʳʣʘ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ PIDA ʜʣʷ ʘʢʪʠʚʘʮʠʠ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʡ 

ʪʠʦʘʤʠʜʠʨʦʚʘʥʠʷ, ʪ.ʝ. 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʚʝʜʝʥʠʷ ʬʨʘʛʤʝʥʪʘ 

ʘʤʠʥʦʚ ʠ ʪʠʦʣʦʚ ʧʦ ʢʨʘʪʥʦʡ ʩʚʷʟʠ 

ʉ=ʉ/ʉſʉ ʚ ʘʣʢʝʥʘʭ/ʘʣʢʠʥʘʭ. ɼʣʷ ʵʪʦʛʦ ʚ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʫʩʣʦʚʠʷʭ (ʉʭʝʤʳ 41, 43) ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʘʣʢʝʥʘ, ʩʪʠʨʦʣʘ 7ʘ, ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 

ʘʣʢʝʥʘ, ʭʘʣʢʦʥʘ 74a, ʘ ʪʘʢʞʝ ʬʝʥʠʣʘʮʝʪʠʣʝʥʘ 80ʘ ʩ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʧʠʨʨʦʣʠʜʠʥʦʤ ʠ 

ʪʠʦʬʝʥʦʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ PIDA. ʆʜʥʘʢʦ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʦʞʠʜʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ ʪʠʦʘʤʠʥʠʨʦʚʘʥʠʷ, ʘ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʝ 

ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʤʝʩʴ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʜʫʢʪʦʚ (ʉʭʝʤʘ 46). ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ ʠʟʫʯʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

 

ʉʭʝʤʘ 47 
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ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʘʨʘ-ʭʠʥʦʥʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʬʦʨʤʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ Ŭ,ɓ-

ʥʝʧʨʝʜʝʣʴʥʳʝ ʢʘʨʙʦʥʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚʩʪʫʧʘʣʠ ʚ ʨʝʘʢʮʠʶ ʪʠʦʘʤʠʥʠʨʦʚʘʥʠʷ ʚ 

ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ 1,4-ʥʘʬʪʘʭʠʥʦʥʘ 87. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʦʜʥʦʨʝʘʢʪʦʨʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʝʞʜʫ 1,4-ʥʘʬʪʦʭʠʥʦʥʦʤ 87, 

ʮʠʢʣʦʘʣʢʠʣʘʤʠʥʘʤʠ ʠ ʪʠʦʬʝʥʦʣʘʤʠ ʩ ʚʳʭʦʜʘʤʠ ʜʦ 88% ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʮʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ 

90ʘ-ʝ (ʉʭʝʤʘ 47). ʇʨʦʜʫʢʪʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʢʨʘʩʥʦʚʘʪʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʩʘʜʢʦʚ, 

ʠʭ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʊʘʢ, ʚ 

ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʩʦʝʜʠʥʝʥʠʡ 90 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʛʥʘʣʳ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʪʦʥʦʚ ʦʩʪʘʪʢʘ 

ʭʠʥʦʥʘ ʠ ʪʠʦʬʝʥʦʣʘ ʚ ʚʠʜʝ ʤʫʣʴʪʠʧʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 7.00-8.10 ʤ.ʜ., ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʮʠʢʣʦʘʣʢʠʣʘʤʠʥʦʚ ʚ ʚʠʜʝ ʤʫʣʴʪʠʧʣʝʪʦʚ ʚʦʟʣʝ 4.00 ʤ.ʜ. ʠ 2.00-3.00 ʤ.ʜ.  

ʄʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ 48. ʇʝʨʚʦʥʘʯʘʣʴʥʦ 

ʮʠʢʣʦʘʣʢʠʣʘʤʠʥ (ʥʘʧʨʠʤʝʨ, ʧʠʨʨʦʣʠʜʠʥ) ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ 1,4-ʥʘʬʪʦʭʠʥʦʥʫ ʧʦ ʄʠʭʘʵʣʶ, 

ʠ ʦʙʨʘʟʫʝʪʩʷ ʠʥʪʝʤʝʜʠʘʪ (A), ʢʦʪʦʨʳʡ ʣʝʛʢʦ ʦʢʠʩʣʷʝʪʩʷ PIDA ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʘ 

(B), ʢʦʪʦʨʳʡ ʫʜʘʣʦʩʴ ʧʨʝʧʘʨʘʪʠʚʥʦ ʚʳʜʝʣʠʪʴ. 1,4-ʅʘʬʪʦʭʠʥʦʥ ʜʘʣʝʝ ʣʝʛʢʦ ʨʝʛʝʥʝʨʠʨʫʝʪʩʷ 

ʧʫʪʝʤ ʘʵʨʦʙʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʛʠʜʨʦʭʠʥʦʥʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʝʜʘʚʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ PIDA ʪʠʦʬʝʥʦʣ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʠʦʥ ʩʫʣʴʬʝʥʠʷ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʵʪʦ 

ʠʥʪʝʨʤʝʜʠʘʪ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪ ʦʢʠʩʣʝʥʠʶ ʩ ʧʦʣʫʯʝʥʠʝʤ ʞʝʣʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ 

ʪʠʦʘʤʠʥʠʨʦʚʘʥʠʷ 90. 

 

ʉʭʝʤʘ 48 
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ɼʣʷ ʨʘʟʚʠʪʠʷ ʪʝʤʘʪʠʢʠ ʥʘʤʠ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʳʰʝʦʧʠʩʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʨʘʪʥʦʡ ʩʚʷʟʴʶ ʩ ʪʘʢʠʤ ʥʝʪʠʧʠʯʥʳʤ ʉ-ʥʫʢʣʝʦʬʠʣʦʤ ʢʘʢ 4-ʛʠʜʨʦʢʩʠʢʫʤʘʨʠʥ 

91ʘ (ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʢʫʤʘʨʠʥʳ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʬʘʨʤʘʢʦʬʦʨʘʤʠ ʠ 
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ʬʣʫʦʨʦʬʦʨʘʤʠ). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʪʠʨʦʣʦʚ 7 c 91ʘ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʉ-

ʙʝʥʟʠʣʠʨʦʚʘʥʠʷ ʧʦ ʧʦʣʦʞʝʥʠʶ ʉ3 ʢʫʤʘʨʠʥʘ. ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʦʢʘʟʘʣʦʩʴ ʧʨʦʚʝʜʝʥʠʝ 

ʨʝʘʢʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʨʘ-ʪʦʣʫʦʣʩʫʣʴʬʦʢʠʩʣʦʪʳ (TsOH, 20 ʤʦʣ. %) ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʨʝʘʛʝʥʪʦʚ ʧʨʠ 80 ÁC ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ (ʉʭʝʤʘ 49). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩ ʚʳʭʦʜʘʤʠ ʜʦ 78% ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʮʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ 92, ʚʳʜʝʣʝʥʥʳʝ ʚ ʚʠʜʝ 

ʙʝʩʮʚʝʪʥʳʭ ʠʣʠ ʞʝʣʪʳʭ ʢʨʠʩʪʘʣʣʦʚ.  

 

                             ʉʭʝʤʘ 50                                                ʈʠʩʫʥʦʢ 16. ʈʉɸ ʧʨʦʜʫʢʪʘ 93n 

ʊʘʢʞʝ, ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʢʦʪʦʨʳʭ ʢʠʩʣʦʪ ʃʴʶʠʩʘ, ʥʘʧʨʠʤʝʨ, 

BF3*OEt2 ï ʧʨʦʜʫʢʪʳ 92 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʚʳʭʦʜʘʤʠ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ 

ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ BAIL -1 ʚʳʭʦʜ ʩʦʝʜʠʥʝʥʠʷ 92ʘ ʙʳʣ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ (40%). ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʘʤʠ ʘʥʪʠʪʨʦʤʙʦʪʠʢʦʚ 

ʚʘʨʬʘʨʠʥʦʚʦʛʦ ʨʷʜʘ.  

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʣʢʝʥʦʚ ʢʘʢ ʭʘʣʢʦʥʳ 74, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 4-ʛʠʜʨʦʢʩʠʢʫʤʘʨʠʥʘʤʠ 91 ʧʨʦʪʝʢʘʝʪ ʛʣʫʙʞʝ ʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʥʜʝʤʥʦʡ 

ʮʠʢʣʠʟʘʮʠʠ, ʩ ʚʳʭʦʜʦʤ ʜʦ 85% ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʠʨʘʥʦ[3,2-c]ʢʫʤʘʨʠʥʦʚ 93 (ʉʭʝʤʘ 

50), ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʚ ʚʠʜʝ ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɽ-ʬʘʢʪʦʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ 0.23 ʜʦ 0.41. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ 93, ʜʦʢʘʟʘʥʘ ʤʝʪʦʜʘʤʠ 

ʀʂ- ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ, ʜʣʷ ʧʨʦʜʫʢʪʘ 93n, ʤʝʪʦʜʦʤ ʈʉɸ 

(ʈʠʩʫʥʦʢ 16).  

ʅʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ 4-ʛʠʜʨʦʢʩʠʢʫʤʘʨʠʥʘ 91ʘ ʠ 3-ʬʝʥʠʣ-1-(ʧ-ʪʦʣʠʣ)-

ʧʨʦʧ-2-ʝʥ-1-ʦʥʘ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʠʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ (ʊʘʙʣʠʮʘ 2). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 5 ʤʦʣ. % BAIL -2 (ʩʪʨʦʢʘ 2) ʚʳʭʦʜ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ (72%), ʯʝʤ BAIL -1 (84%). ɸʥʘʣʦʛʠʯʥʦ, BAIL -3 ʠ BAIL -4 ʙʳʣʠ ʤʝʥʝʝ 

ʵʬʬʝʢʪʠʚʥʳ ʠ ʜʘʚʘʣʠ ʧʨʦʜʫʢʪʳ ʩ ʚʳʭʦʜʘʤʠ 76% ʠ 65%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʪʨʦʢʠ 3 ʠ 4). 

ɺʳʭʦʜʳ ʨʝʘʢʮʠʠ ʩʥʠʞʘʶʪʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʬʨʘʛʤʝʥʪʦʚ ʉʅ2 ʚ ʠʦʥʥʦʡ 

ʞʠʜʢʦʩʪʠ (BAIL -3) (ʩʪʨʦʢʘ 3). ʅʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ 93 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ IL -2 (<10 %, ʩʪʨʦʢʘ 5). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʳ ʚʳʙʨʘʣʠ BAIL -1 ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʵʪʦʡ ʪʘʥʜʝʤʥʦʡ ʮʠʢʣʠʟʘʮʠʠ. ʊʘʢ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 5 ʤʦʣ.% 

BAIL -1 ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʙʳʣ ʚʳʰʝ (84%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2 ʤʦʣ.% (ʚʳʭʦʜ 72%) (ʩʪʨʦʢʘ 6), 

ʚ ʩʣʫʯʘʝ ʞʝ 10 ʤʦʣ. % ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʚʳʰʝʥʠʷ ʚʳʭʦʜʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ (ʩʪʨʦʢʘ 7).  ɼʨʫʛʠʝ 
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ʢʠʩʣʦʪʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʢʠʩʣʦʪʳ ɹʨʝʥʩʪʝʜʘ (TsOH ʠʣʠ H2SO4) ʠʣʠ ʃʴʶʠʩʘ 

(BF3ÅOEt2) ʦʢʘʟʘʣʠʩʴ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʦʪʤʝʯʝʥʳ ʙʦʣʝʝ ʥʠʟʢʠʝ ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʘ (43ï

52%, ʩʪʨʦʢʠ 8ï10). ɺ ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʘʢʮʠʷ ʥʝ ʠʜʝʪ (ʩʪʨʦʢʘ 11).  

ʊʘʙʣʠʮʘ 2. ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ 

 ̄ ʂʘʪʘʣʠʟʘʪʦʨ ɿʘʛʨʫʟʢʘ, 

(ʤʦʣ.%) 

ɺʳʭʦʜ, 

% 

 

1 BAIL -1 5 84 

2 BAIL -2 5 72 

3 BAIL -3 5 76 

4 BAIL -4 5 65 

5 IL-1 5 <10 

6 BAIL -1 2 72 

7 BAIL -1 10 84 

8 TsOH 10 52 

9 H2SO4 10 43 

10 BF3ÅOEt2 10 51 

11 ɹʝʟ ʢʘʪʘʣʠʟʘ - 0 

 

ʂʘʢ ʠ ʜʣʷ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʧʨʠʤʝʨʘ (ʉʭʝʤʘ 50) ʚʝʨʦʷʪʥʳʡ ʤʝʭʘʥʠʟʤ (ʉʭʝʤʘ 51) 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦ ʄʠʭʘʵʣʶ ʬʨʘʛʤʝʥʪʘ 4-ʛʠʜʨʦʢʩʠʢʫʤʘʨʠʥʘ 91 ʢ ʭʘʣʢʦʥʫ 74 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʘ (ɸ), ʢʦʪʦʨʳʡ ʧʨʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʜʘʝʪ 

ʠʥʪʝʨʤʝʜʠʘʪ (B), ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʵʣʠʤʠʥʠʨʦʚʘʥʠʠ ʚʦʜʳ ʦʙʨʘʟʫʝʪʩʷ ʧʠʨʘʥʦʢʫʤʘʨʠʥ 93 

ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʵʣʠʤʠʥʠʨʦʚʘʥʠʠ ʚʦʜʳ. ʈʦʣʴ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʘʢʪʠʚʠʨʦʚʘʥʠʠ ʭʘʣʢʦʥʘ 74, ʘ ʪʘʢʞʝ ʚ ʢʘʪʘʣʠʟʝ ʩʪʘʜʠʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʟʘ 

ʩʯʝʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʭʘʣʢʦʥʘ (ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ) ʠ ʠʥʪʝʨʤʝʜʠʘʪʘ 

(ɸ). 

 
ʉʭʝʤʘ 51 

 ɺ ʦʪʣʠʯʠʝ ʦʪ ʭʘʣʢʦʥʦʚ, ʘʮʝʪʠʣʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʩ 4-ʛʠʜʨʦʢʩʠʢʫʤʘʨʠʥʘʤʠ 91 

ʥʝʩʢʦʣʴʢʦ ʠʥʘʯʝ. ʊʘʢ, ʚ ʫʩʣʦʚʠʷʭ ʢʘʪʘʣʠʟʘ BF3ÅOEt2 ʦʙʨʘʟʫʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʨʦʜʫʢʪʳ 

ʧʨʷʤʦʛʦ ʆ-ʚʠʥʠʣʠʨʦʚʘʥʠʷ ʩ ʚʳʭʦʜʘʤʠ ʜʦ 82% (ʉʭʝʤʘ 53), ʚʳʜʝʣʝʥʥʳʝ ʚ ʚʠʜʝ ʞʝʣʪʳʭ ʩʤʦʣ. 

ɺ ʩʣʫʯʘʝ (ʧʨʦʧ-1-ʠʥ-1-ʠʣ)ʙʝʥʟʦʣʘ ʨʝʘʢʮʠʷ ʩ 4-ʛʠʜʨʦʢʩʠʢʫʤʘʨʠʥʦʤ ʧʨʠʚʦʜʠʣʘ ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʨʦʜʫʢʪʫ ʆ-ʚʠʥʠʣʠʨʦʚʘʥʠʷ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʠʟʦʤʝʨʦʚ E/Z 3:1. 

ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦʢʘʟʘʥʘ ʤʝʪʦʜʘʤʠ ʀʂ- ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ, ʜʣʷ ʧʨʦʜʫʢʪʘ 81t, ʤʝʪʦʜʦʤ ʈʉɸ (ʈʠʩʫʥʦʢ 17). ɺ ʩʧʝʢʪʨʘʭ 

ʗʄʈ 1ʅ ʩʦʝʜʠʥʝʥʠʡ 81 ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʉʅ2 ʛʨʫʧʧʳ ʚʠʥʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʚʠʜʝ ʜʫʙʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 5.10 ʠ 5.50 ʤ.ʜ. ʩʦ ʟʥʘʯʝʥʠʝʤ ʢʦʥʩʪʘʥʪ ʉʉɺ J = 2.8 ɻʮ. 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʧʦʢʘʟʘʥ ʥʘ ʩʭʝʤʝ 53. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʠʤʝʝʪ 

ʤʝʩʪʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʠʝ BF3ÅOEt2 ʧʦ 4-ʛʠʜʨʦʢʩʠʣʴʥʦʤʫ ʬʨʘʛʤʝʥʪʫ. ɼʘʣʝʝ ʝʜʠʥʩʪʚʝʥʥʦ 
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ʚʦʟʤʦʞʥʦʝ ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʣʘʢʪʦʥʘ ʢ ʘʣʢʠʥʫ 80 

ʧʨʦʪʝʢʘʝʪ ʧʦ ʧʨʘʚʠʣʫ ʄʘʨʢʦʚʥʠʢʦʚʘ ʠ ʜʘʝʪ ʠʥʪʝʨʤʝʜʠʘʪ (ɸ), ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʞʝʥ ʚʣʠʷʥʠʶ 

ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʳ ʩʦʩʝʜʥʝʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ. ʇʨʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʠ ʵʪʦʛʦ ʮʝʥʪʨʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚʠʥʠʣ ʘʥʠʦʥ, ʜʘʣʝʝ ʦʙʨʘʟʫʝʪʩʷ ʠʥʪʝʨʤʝʜʠʘʪ (B), ʧʦʩʣʝʜʥʠʡ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʞʝʣʘʝʤʳʡ ʧʨʦʜʫʢʪ 94. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ 

ʧʦʣʫʯʝʥ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 4-ʛʠʜʨʦʢʩʠʢʫʤʘʨʠʥʘ 91a c ʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

BAIL -1 ʚ ʫʩʣʦʚʠʷʭ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ (ʉʭʝʤʘ 52) ï ʨʝʟʫʣʴʪʘʪʦʤ ʨʝʘʢʮʠʠ ʩʪʘʣʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʜʫʢʪʘ 94ʘ ʩ ʚʳʭʦʜʦʤ 72%. 

 

 

                                       ʉʭʝʤʘ 52                                              ʈʠʩʫʥʦʢ 17. ʈʉɸ ʧʨʦʜʫʢʪʘ 81t  

 

         

ʉʭʝʤʘ 53 

 ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʨʳ ʧʦʣʫʯʝʥʠʷ ʙʠʩ-ʢʫʤʘʨʠʥʦʚ ʚ 

ʨʝʘʢʮʠʷʭ 4-ʛʠʜʨʦʢʩʠʢʫʤʘʨʠʥʦʚ ʩ ʘʣʴʜʝʛʠʜʘʤʠ, ʘ ʪʘʢʞʝ ʩʣʫʯʘʠ ʚʚʝʜʝʥʠʷ ʪʠʦʣʦʚ ʚ ʢʫʤʘʨʠʥʳ, 

ʧʨʠ ʵʪʦʤ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʣʠ ʚ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 4-ʛʠʜʨʦʢʩʠʢʫʤʘʨʠʥʦʚ 91 ʩ ʘʣʴʜʝʛʠʜʘʤʠ ʠ ʪʠʦʣʘʤʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʩʨʝʜʝ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ, (4-(3-

ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʣ)ʙʫʪʘʥʩʫʣʴʬʦʥʘʪʘ MS-1 ʚ ʫʩʣʦʚʠʷʭ ʤʝʭʘʥʦʩʠʥʪʝʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩ 

ʚʳʭʦʜʘʤʠ ʜʦ 85% ʙʳʣʠ ʧʦʣʫʯʝʥʳ 4-ʛʠʜʨʦʢʩʠ-3-ʪʠʦʤʝʪʠʣʢʫʤʘʨʠʥ r 96 (ʉʭʝʤʘ 54), 

ʚʳʜʝʣʝʥʥʳʝ ʚ ʚʠʜʝ ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ 96 ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʤʝʪʦʜʘʤʠ ʀʂ- ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʧʨʦʜʫʢʪʦʚ 

96 ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʪʠʦʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ 

ʢʫʤʘʨʠʥʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʨʦʪʦʥʦʚ ʉ-ʅ ʚ ʚʠʜʝ ʩʠʥʛʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 6.00ï6.85 ʤ.ʜ., ʘ 

ʪʘʢʞʝ ʧʨʦʪʦʥʦʚ ʛʨʫʧʧʳ ʆʅ ʚ ʚʠʜʝ ʫʰʠʨʝʥʥʳʭ ʩʠʥʛʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 10.05ï11.00 ʤ.ʜ. ɽ-

ʬʘʢʪʦʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ 0.07 ʜʦ 0.64. 


