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ɿʘʭʚʘʣʥʠʮʘ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʝʦ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʠʥʪʝʟʫ ʠ 

ʩʪʨʫʢʪʫʨʥʦ ʢʨʘʢʪʝʨʠʩʘˁʝ ʿʝʜʠˁʝˁʘ ʠʟʚʨʰʝʥ ʿʝ ʥʘ ʂʘʪʝʜʨʠ ʟʘ ʦʨʛʘʥʩʢʫ ʭʝʤʠʿʫ 

ʊʝʭʥʦʣʦʰʢʦ-ʤʝʪʘʣʫʨʰʢʦʛ ʬʘʢʫʣʪʝʪʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ. ʆʜʨʝʹʠʚʘˁʝ 

ʪʝʯʥʦʢʨʠʩʪʘʣʥʠʭ ʠ ʬʦʪʦʬʠʟʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʩʠʥʪʝʪʠʩʘʥʠʭ ʿʝʜʠˁʝˁʘ ʚʨʰʝʥʦ ʿʝ ʥʘ 

ʀʥʩʪʠʪʫʪʫ ʟʘ ʬʠʟʠʢʫ ʯʚʨʩʪʦʛ ʩʪʘˁʘ ʠ ʦʧʪʠʢʫ ʧʨʠ ɺʠʛʥʝʨʦʚʦʤ ʠʩʪʨʘʞʠʚʘʯʢʦʤ 

ʮʝʥʪʨʫ ʟʘ ʬʠʟʠʢʫ, ɹʫʜʠʤʧʝʰʪʘ, ʄʘʹʘʨʩʢʘ. ʉʪʨʫʢʪʫʨʘ ʪʝʯʥʦʢʨʠʩʪʘʣʥʠʭ ʬʘʟʘ ʩʝʨʠʿʝ 

ʿʝʜʠˁʝˁʘ ʪʝʯʥʠʭ ʢʨʠʩʪʘʣʘ ʩʘʚʠʿʝʥʝ ʤʦʣʝʢʫʣʩʢʝ ʛʝʦʤʝʪʨʠʿʝ ʧʨʦʫʯʘʚʘʥʘ ʿʝ ʥʘ 

ʍʝʤʠʿʩʢʦʤ ʬʘʢʫʣʪʝʪʫ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɺʘʨʰʘʚʠ, ʇʦˀʩʢʘ, ʜʦʢ ʿʝ ˁʠʭʦʚʦ ʧʦʥʘʰʘˁʝ ʧʦʜ 

ʜʝʿʩʪʚʦʤ UV-ʟʨʘʯʝˁʘ ʧʨʦʫʯʘʚʘʥʦ ʥʘ ʀʥʩʪʠʪʫʪʫ ɱʦʞʝʬ ʉʪʝʬʘʥ ʫ ɲʫʙˀʘʥʠ, 

ʉʣʦʚʝʥʠʿʘ. ʉʚʠ ʢʚʘʥʪʥʦ-ʭʝʤʠʿʩʢʠ ʧʨʦʨʘʯʫʥʠ ʩʫ ʫʨʘʹʝʥʠ ʫ ʎʝʥʪʨʫ ʟʘ ʭʝʤʠʿʫ ʀʥʩʪʠʪʫʪʘ 

ʟʘ ʭʝʤʠʿʫ, ʪʝʭʥʦʣʦʛʠʿʫ ʠ ʤʝʪʘʣʫʨʛʠʿʫ, ʀʥʩʪʠʪʫʪʘ ʦʜ ʥʘʮʠʦʥʘʣʥʦʛ ʟʥʘʯʘʿʘ ʟʘ ʈʝʧʫʙʣʠʢʫ 

ʉʨʙʠʿʫ. 

ʀʩʪʨʘʞʠʚʘˁʝ ʿʝ ʟʘʩʥʦʚʘʥʦ ʥʘ ʠʜʝʿʠ ʠ ʜʫʛʦʛʦʜʠʰˁʝʤ ʠʩʢʫʩʪʚʫ ʜʨ ʅʝʤʘˁʝ 

ʊʨʠʰʦʚʠ˂ʘ, ʚʘʥʨʝʜʥʦʛ ʧʨʦʬʝʩʦʨʘ ʥʘ ʂʘʪʝʜʨʠ ʟʘ ʦʨʛʘʥʩʢʫ ʭʝʤʠʿʫ ʊʝʭʥʦʣʦʰʢʦ-

ʤʝʪʘʣʫʨʰʢʦʛ ʬʘʢʫʣʪʝʪʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ. ɼʨʘʛʦʤ ʤʝʥʪʦʨʫ ʩʝ ʟʘʭʚʘˀʫʿʝʤ ʟʘ 

ʧʦʩʚʝ˂ʝʥʦʩʪ, ʥʝʠʟʤʝʨʥʫ ʧʦʜʨʰʢʫ ʠ ʜʨʘʛʦʮʝʥʝ ʩʘʚʝʪʝ ʫ ʩʚʘʢʦʤ ʩʝʛʤʝʥʪʫ ʠʩʪʨʘʞʠʚʘˁʘ 

ʪʦʢʦʤ ʥʘʰʝ ʜʫʛʦʛʦʜʠʰˁʝ ʩʘʨʘʜˁʝ. 

ɼʨ ɱʝʣʝʥʠ ʈʦʛʘʥ, ʨʝʜʦʚʥʦʿ ʧʨʦʬʝʩʦʨʢʠ ʥʘ ʂʘʪʝʜʨʠ ʟʘ ʦʧʰʪʫ ʠ ʥʝʦʨʛʘʥʩʢʫ ʭʝʤʠʿʫ 

ʊʝʭʥʦʣʦʰʢʦ-ʤʝʪʘʣʫʨʰʢʦʛ ʬʘʢʫʣʪʝʪʘ ʋʥʠʚʝʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ, ʜʫʛʫʿʝʤ ʚʝʣʠʢʫ 

ʟʘʭʚʘʣʥʦʩʪ ʥʘ ʢʦʨʠʩʥʠʤ ʩʘʚʝʪʠʤʘ ʠ ʧʦʤʦ˂ʠ ʧʨʠ ʧʠʩʘˁʫ ʜʠʩʝʨʪʘʮʠʿʝ. 

ɼʨ ʅʘʪʘʰʠ ɺʘʣʝʥʪʠ˂, ʚʘʥʨʝʜʥʦʿ ʧʨʦʬʝʩʦʨʢʠ ʥʘ ʂʘʪʝʜʨʠ ʟʘ ʦʨʛʘʥʩʢʫ ʭʝʤʠʿʫ 

ʊʝʭʥʦʣʦʰʢʦ-ʤʝʪʘʣʫʨʰʢʦʛ ʬʘʢʫʣʪʝʪʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ, ʜʨ ɼʫʰʘʥʫ ʄʠʿʠʥʫ, 

ʨʝʜʦʚʥʦʤ ʧʨʦʬʝʩʦʨʫ ʥʘ ʂʘʪʝʜʨʠ ʟʘ ʦʨʛʘʥʩʢʫ ʭʝʤʠʿʫ ʊʝʭʥʦʣʦʰʢʦ-ʤʝʪʘʣʫʨʰʢʦʛ 

ʬʘʢʫʣʪʝʪʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ ʠ ʜʨ ʄʝʣʠʥʠ ʂʘʣʘʛʘʩʠʜʠʩ ʂʨʫʰʠ˂, ʨʝʜʦʚʥʦʿ 

ʧʨʦʬʝʩʦʨʢʠ ʥʘ ʂʘʪʝʜʨʠ ʟʘ ʦʨʛʘʥʩʢʫ ʪʝʭʥʦʣʦʛʠʿʫ, ʊʝʭʥʦʣʦʰʢʦ-ʤʝʪʘʣʫʨʰʢʦʛ 

ʬʘʢʫʣʪʝʪʘ ʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ ʟʘʭʚʘˀʫʿʝʤ ʩʝ ʥʘ ʧʨʫʞʝʥʠʤ ʩʘʚʝʪʠʤʘ ʪʦʢʦʤ 

ʧʠʩʘˁʘ ʜʠʩʝʨʪʘʮʠʿʝ. 

ɺʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʜʨ ɻʦʨʘʥʫ ɱʘˁʠ˂ʫ, ʥʘʫʯʥʦʤ ʩʘʚʝʪʥʠʢʫ ʋʥʠʚʝʨʟʠʪʝʪʘ 

ʫ ɹʝʦʛʨʘʜʫ, ʀʥʩʪʠʪʫʪʘ ʟʘ ʭʝʤʠʿʫ, ʪʝʭʥʦʣʦʛʠʿʫ ʠ ʤʝʪʘʣʫʨʛʠʿʫ, ʀʥʩʪʠʪʫʪʘ ʦʜ 

ʥʘʮʠʦʥʘʣʥʦʛ ʟʥʘʯʘʿʘ ʟʘ ʈʝʧʫʙʣʠʢʫ ʉʨʙʠʿʫ ʠ ʜʨ ʀʚʘʥʠ ɫʦʨʹʝʚʠ˂, ʚʠʰʝʤ ʥʘʫʯʥʦʤ 

ʩʘʨʘʜʥʠʢʫ, ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ, ʀʥʩʪʠʪʫʪʘ ʟʘ ʭʝʤʠʿʫ, ʪʝʭʥʦʣʦʛʠʿʫ ʠ 

ʤʝʪʘʣʫʨʛʠʿʫ, ʀʥʩʪʠʪʫʪʘ ʦʜ ʥʘʮʠʦʥʘʣʥʦʛ ʟʥʘʯʘʿʘ ʟʘ ʈʝʧʫʙʣʠʢʫ ʉʨʙʠʿʫ, ʟʘ ʧʦʤʦ˂ ʦʢʦ 

ʨʝʘʣʠʟʘʮʠʿʝ ʦʢʦ ʨʝʘʣʠʟʘʮʠʿʝ ʠ ʘʥʘʣʠʟʝ ʪʝʦʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ, ʢʘʦ ʠ ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʝ 

ʩʘʚʝʪʝ ʠ ʧʦʤʦ˂. 

ɼʨʘʛʠʤ ʢʦʣʝʛʠʥʠʮʘʤʘ ʜʨ ʃʠʜʠʿʠ ʈʘʜʦʚʘʥʦʚʠ˂, ʚʠʰʝʤ ʥʘʫʯʥʦʤ ʩʘʨʘʜʥʠʢʫ 

ʀʥʦʚʘʮʠʦʥʦʛ ʮʝʥʪʨʘ ʊʝʭʥʦʣʦʰʢʦ-ʤʝʪʘʣʫʨʰʢʦʛ ʬʘʢʫʣʪʝʪʘ, ʠ ʜʨ ɸʣʝʢʩʘʥʜʨʠ 

ʄʘʰʫʣʦʚʠ˂, ʥʘʫʯʥʦʤ ʩʘʨʘʜʥʠʢʫ ʀʥʦʚʘʮʠʦʥʦʛ ʮʝʥʪʨʘ ʊʝʭʥʦʣʦʰʢʦ-ʤʝʪʘʣʫʨʰʢʦʛ 

ʬʘʢʫʣʪʝʪʘ ʟʘʭʚʘˀʫʿʝʤ ʩʝ ʟʘ ʧʦʤʦ˂ ʠ ʩʘʚʝʪʝ ʧʨʠʣʠʢʦʤ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʘ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʿʝ ʨʝʟʫʣʪʘʪʘ ʨʝʥʜʛʝʥʩʢʝ ʩʪʨʫʢʪʫʨʥʝ ʘʥʘʣʠʟʝ. 

ɺʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʜʨ ʊʠʙʦʨʫ ʊʦʪ-ʂʘʪʦʥʠ (Tóth-Katona ʊibor) ʠ ʜʨ 

ɼʘʥʠʝʣʫ ɼʘʮʫ (D§niel Datz) ʩʘ ʀʥʩʪʠʪʫʪʘ ʟʘ ʬʠʟʠʢʫ ʯʚʨʩʪʦʛ ʩʪʘˁʘ ʠ ʦʧʪʠʢʫ, 

ɺʠʛʥʝʨʦʚ ʠʩʪʨʘʞʠʚʘʯʢʠ ʮʝʥʪʘʨ ʟʘ ʬʠʟʠʢʫ, ɹʫʜʠʤʧʝʰʪʘ, ʄʘʹʘʨʩʢʘ, ʠʩʧʠʪʠʚʘˁʝ 

ʪʝʯʥʦʢʨʠʩʪʘʣʥʠʭ ʩʚʦʿʩʪʘʚʘ ʪʝʯʥʦʢʨʠʩʪʘʣʥʦʛ ʜʠʤʝʨʘ ʠ ʪʝʯʥʠʭ ʢʨʠʩʪʘʣʘ ʩʘʚʠʿʝʥʝ 

ʤʦʣʝʢʫʣʩʢʝ ʛʝʦʤʝʪʨʠʿʝ ʩʠʥʪʝʪʠʩʘʥʠʭ ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

ʇʨʦʬʝʩʦʨʫ ʜʨ ɼʘʤʠʘʥʫ ʇʦ˂ʝʭʠ (Damian Pociecha) ʠ ʜʨ ʇʘʫʣʠʥʠ ʈʠʙʘʢ (Paulina 

Rybak) ʩʘ ʍʝʤʠʿʩʢʦʛ ʬʘʢʫʣʪʝʪʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɺʘʨʰʘʚʠ, ʇʦˀʩʢʘ, ʟʘʭʚʘˀʫʿʝʤ ʩʝ ʥʘ 



ʦʜʨʝʹʠʚʘˁʫ ʩʪʨʫʢʪʫʨʝ ʪʝʯʥʦʢʨʠʩʪʘʣʥʠʭ ʬʘʟʘ ʩʝʨʠʿʝ ʪʝʯʥʠʭ ʢʨʠʩʪʘʣʘ ʩʘʚʠʿʝʥʝ 

ʤʦʣʝʢʫʣʩʢʝ ʛʝʦʤʝʪʨʠʿʝ, ʜʦʢ ʩʝ ʧʨʦʬʝʩʦʨʢʠ ʜʨ ʀʨʝʥʠ ɼʨʝʚʝʥʰʝʢ-ʆʣʝʥʠʢ (Irena 

Drevenġek-Olenik) ʩʘ ʌʘʢʫʣʪʝʪʘ ʟʘ ʤʘʪʝʤʘʪʠʢʫ ʠ ʬʠʟʠʢʫ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɲʫʙˀʘʥʠ, 

ʉʣʦʚʝʥʠʿʘ, ʠ ʜʨ ʃʫʢʠ ʎʤʦʢʫ (Luka Cmok) ʩʘ ʀʥʩʪʠʪʫʪʘ ɱʦʞʝʬ ʉʪʝʬʘʥ ʫ ɲʫʙˀʘʥʠ, 

ʉʣʦʚʝʥʠʿʘ, ʟʘʭʚʘˀʫʿʝʤ ʥʘ ʧʨʦʫʯʘʚʘˁʫ ʫʪʠʮʘʿʘ UV-ʟʨʘʯʝˁʘ ʥʘ ʩʚʦʿʩʪʚʘ 

ʪʝʯʥʦʢʨʠʩʪʘʣʥʠʭ ʬʘʟʘ ʦʚʠʭ ʿʝʜʠˁʝˁʘ. 

ɼʨ ʆʣʠʚʠʿʝʫ ɾʝʘʥʝʥʫ (Olivier Jeannin) ʠ ʜʨ ʌʨʘʥʢʫ ʂʘʤʝʨʝʣʫ (Franck Camerel) 

ʩʘ ʀʥʩʪʠʪʫʪʘ ʟʘ ʭʝʤʠʿʩʢʝ ʥʘʫʢʝ ʫ ʈʝʥʫ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʈʝʥʫ, ʌʨʘʥʮʫʩʢʘ, ʟʘʭʚʘˀʫʿʝʤ 

ʩʝ ʥʘ ʧʦʤʦ˂ʠ ʧʨʠ ʦʜʨʝʹʠʚʘˁʫ ʢʨʠʩʪʘʣʥʝ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ ʮʠʥʢʘ ʩʘ ʣʠʛʘʥʜʠʤʘ ʥʘ 

ʙʘʟʠ ʘʟʦʧʠʨʠʜʠʥʘ/ʘʟʦʧʠʨʠʜʠʥʘ ʢʦʿʠ ʩʫ ʩʪʨʫʢʪʫʨʥʦ ʩʨʦʜʥʠ ʪʝʯʥʦʢʨʠʩʪʘʣʥʠʤ 

ʿʝʜʠˁʝˁʠʤʘ. 

ʇʨʦʬ. ʜʨ ʄʠʣʦʰʫ ʇʝʪʢʦʚʠ˂ʫ, ʚʘʥʨʝʜʥʦʤ ʧʨʦʬʝʩʦʨʫ ʌʘʨʤʘʮʝʫʪʩʢʦʛ 

ʬʘʢʫʣʪʝʪʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ, ʟʘʭʚʘˀʫʿʝʤ ʩʝ ʥʘ ʚʝʣʠʢʦʿ ʧʦʤʦ˂ʠ ʠ ʘʥʛʘʞʤʘʥʫ 

ʦʢʦ ʩʥʠʤʘˁʘ NMR ʩʧʝʢʪʘʨʘ. 

ʄʦʿʠʤ ʜʨʘʛʠʤ ʢʦʣʝʛʘʤʘ ʜʨ ɸʥʠʪʠ ʃʘʟʠ˂, ʜʨ ɱʝʣʝʥʠ ʃʘʹʘʨʝʚʠ˂, ʜʨ ʃʫʢʠ 

ʄʘʪʦʚʠ˂ʫ, ʜʨ ɸʣʝʢʩʘʥʜʨʠ ʄʘʰʫʣʦʚʠ˂, ʜʨ ɱʫʣʠʿʘʥʠ ʉʪʝʚʘʥʦʚʠ˂, ʜʨ ʄʠʣʠʮʠ 

ʉʚʝʪʦʟʘʨʝʚʠ˂ ɸʨʩʦʚʠ˂ ʠ ʄʘʨʠʿʠ ɼʠʤʠʪʨʠʿʝʚʠ˂ ʟʘʭʚʘˀʫʿʝʤ ʩʝ ʥʘ ʧʨʝʜʠʚʥʦʿ ʨʘʜʥʦʿ 

ʘʪʤʦʩʬʝʨʠ, ʜʨʫʞʝˁʫ ʠ ʧʦʜʨʰʮʠ. 

 

ʅʘ ʢʨʘʿʫ, ʥʝʠʟʤʝʨʥʦ ʭʚʘʣʘ ʤʦʿʦʿ ʧʦʨʦʜʠʮʠ, ʤʦʤ ɿʦʨʘʥʫ, ʩʠʥʫ ɸʥʜʨʝʿʫ, ʤʘʤʠ 

ɼʨʘʛʘʥʠ ʠ ʩʝʩʪʨʠ ɸʥʹʝʣʠ ʰʪʦ ʩʫ ʤʦʿ ʥʝʠʩʮʨʧʘʥ ʠʟʚʦʨ ˀʫʙʘʚʠ, ʩʥʘʛʝ ʠ ʤʦʪʠʚʘʮʠʿʝ ʜʘ 

ʫʚʝʢ ʠʜʝʤ ʥʘʧʨʝʜ. 

ʍʚʘʣʘ ʪʘʪʠ ɻʦʨʘʥʫ ʥʘ ʩʚʠʤ ʫʩʧʦʤʝʥʘʤʘ. ɹʝʟ ˁʝʛʘ ʿʝ ʦʚʘʿ ʩʚʝʪ ʜʨʫʛʘʯʠʿʝ ʤʝʩʪʦ. 

 

ʆʚʫ ʜʦʢʪʦʨʩʢʫ ʜʠʩʝʨʪʘʮʠʿʫ, ʩ ˀʫʙʘʚˀʫ, ʧʦʩʚʝ˂ʫʿʝʤ ʩʚʦʿʦʿ ʧʦʨʦʜʠʮʠ. 

 

 

 

 

 

ʋ ɹʝʦʛʨʘʜʫ, ʤʘʨʪ 2025.           ʂʨʠʩʪʠʥʘ ɻʘʢ ʉʠʤʠ˂ 

 

  



˕̈̃̏̅ 

˜̑̆̅̍̆̓ ̮̉̒̓̑́̇̉̃́́ ̏̃̆ ̗̪̅̉̒̆̑̓́̉̆ ̖̏̂̔̃́̓́ ̒̉̎̓̆̈̔ ̉ ̗̪̋́̑́̋̓̆̑̉̈́̉̔ 
̯̖̒̌̆̅̆̉ ̪̮̮̆̅̉̆́ȡ i) ̘̓̆̎̏̋̑̉̒̓́̌̎̏̄ ̅̉̍̆̑́ ̪̋̏̉ ̒̆ ̪̒́̒̓̏̉ ̏̅ ̅̃̆  
4-̎̉̓̑̏̒̓̉̌̂̆̎̒̋̆ ̪̗̆̅̉̎̉̆ ̐̏̃̆̈́̎̆ ̅̏̅̆̋́̍̆̓̉̌̆̎̒̋̉̍ ̗̌́̎̆̍Ƞ ii) ̪̒̆̑̉̆ ̘̖̓̆̎̉ 
̋̑̉̒̓́̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̏̅ ̪̋̏̆ ̒̃́̋̏ ̪̮̮̆̅̉̆̆ ̔ ̪̪̒̃̏̏ ̒̓̑̔̋̓̔̑̉ ̉̍́ 
̗́̈̏̉̎́̍̏̉̌ ̪̗̆̅̉̎̉̔ ̔ ̘̂̏̎̉̍ ̋̑̉̌̉̍́; iii ) ̅ ̃́ Zn(II) ̋̏̍̐̌̆̋̒́ ̒́ ́̈̏̐̉̑̉̅̉̎̏̍ ̉̌̉ 
́̈̏̐̉̑̉̍̉̅̉̎̏̍ ̪̋̏̉ ̒́̅̑̇̆ ̗̅̏̅̆̉̌-̗̌́̎̆Ȣ ˞̓̑̔̋̓̔̑́ ̖̒̉̎̓̆̓̉̒́̎̉ ̪̮̮̆̅̉̆́ ̪̆ 
̣̐̏̓̃̑̆̎́ FTIR, 1H ̉  13C NMR ̒ ̐̆̋̓̑̏̒̋̏̐̒̋̉̍ ̍̆̓̏̅́̍́. 

˞̐̆̋̓̑̏̒̋̏̐̒̋́ ̪̒̃̏̒̓̃́ ̘̒̉̍̆̓̑̉̎̏̄ ̘̓̆̎̏̋̑̉̒̓́̌̎̏̄ ̅̉̍̆̑́ Ia  ́ ̎́̌̉̈̉̑́̎́ ̒̔ 
UVɀVis ̉ ̗̌̔̏̑̆̒̆̎̓̎̉̍̕ ̖̓̆̎̉̋́̍́Ȣ T̘̆̎̏̋̑̉̒̓́̌̎́ ́̈́̕ ̏̃̏̄ ̪̮̮̆̅̉̆́ ̣̏̅̑̆̆̎́ ̪̆ 
̐̑̉̍̆̎̏̍ ̗̐̏̌́̑̉̈́̉̏̎̆ ̘̏̐̓̉̋̆ ̪̍̉̋̑̏̒̋̏̐̉̆ ɉPOM) ̉ ̗̪̅̉̆̑̆̎̉́̌̎̆̕ ̪̯̒̋̆̎̉̑́̔̆ 
̪̋́̌̏̑̉̍̆̓̑̉̆ ɉDSC). UVɀVis ̒̐̆̋̓̑̉ ̪̘̖̐̏̆̅̉̎́̎̉ ̉̈̏̍̆̑́ ̘̐̑̏̔́̃́̎̏̄ ̪̮̮̆̅̉̆́ ̉ 
̐̑̉̂̌̉̇̎̏ ̮̅̆̉̎̉̒́̆̕ ̖̍̆́̎̉̈̍́ ̪̋̏̎̃̆̑̈̉̆ ̣̉̈̍̆̔ ̮̖̉ ́̎́̌̉̈̉̑́̎̏ ̪̆ ̐̑̉̍̆̎̏̍ 
̋̃́̎̓̎̏-̖̪̖̆̍̉̒̋̉ ̘̐̑̏̑́̔̎́ (˟̪̆̏̑̉̆ ̗̔̎̋̉̏̎́̌́̕ ̄̔̒̓̉̎̆ ɉDFT ̍ ̆̓̏̅̆Ɋ). 

˟̘̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̖̒̉̎̓̆̓̉̒́̎̉ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ̪̮̮̆̅̉̆́ ̪̒́̃̉̆̎̆ 
̍̏̌̆̋̔̌̒̋̆ ̪̄̆̏̍̆̓̑̉̆ IIa -IIe  ̣̏̅̑̆̆̎̆ ̒̔ ̐̑̉̍̆̎̏̍ ̗̐̏̌́̑̉̈́̉̏̎̆ ̘̏̐̓̉̋̆ 
̪̍̉̋̑̏̒̋̏̐̉̆ (POM)ȟ ̗̪̅̉̆̑̆̎̉́̌̎̆̕ ̪̯̒̋̆̎̉̑́̔̆ ̪̋́̌̏̑̉̍̆̓̑̉̆ ɉDSCɊ ̉ ̍̆̓̏̅̆ 
̑̆̎̅̄̆̎̒̋̆ ̗̪̅̉̑́̋̉̆̕ (XRD). ˜̘̑̏̔́̃́̎ ̪̆ ̗̪̔̓̉́ ̒̔̐̒̓̉̓̔̆̎́̓́ ̎́ ̗̆̎̓̑́̌̎̏̍ 
̐̑̒̓̆̎̔ ̖̏̃̉ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̎́ ̃̑̒̓̔ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ́̈́̕ ̉ ̙̉̑̉̎̔ ̓̆̍̐̆̑́̓̔̑̎̏̄ 
̏̐̒̆̄́ ̔ ̋̏̍̆ ̒̆ ̪̏̑̍̉̑́̔̕ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕Ȣ ˚́̉̍̆ȟ ̎̆̒̔̐̒̓̉̓̔̉̒́̎̏ ̘̍́̓̉̎̏ 
̪̮̮̆̅̉̆̆ ̄̑́̅̉ ̒́̍̏ ̋̑̉̒̓́̌̎̔ ́̈̔̕Ȣ ˠ̣̮̃̏̆̆ ̍̆̓̉̌-̄̑̔̐̆ ̔ ̪̐̏̌̏̇́ ς ̉̌̉ ́̓̏̍́ ̖̌̏̑́ 
̔ ̪̐̏̌̏̇́ τ ̗̆̎̓̑́̌̎̏̄ ̐̑̒̓̆̎́ȟ ̣̓́̋̏̆ȟ ̯̏̎̆̍̏̄̔́̃́ ̮̉̈̄̑́̅̔ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ́̈́̕Ȣ 
˞́ ̅̑̔̄̆ ̒̓̑́̎̆ȟ ̪̮̮̆̅̉̆̆ ̒́ ̆̌̆̋̓̑̏̎-̗́̋̆̐̓̏̑̒̋̏̍ ̎̉̓̑̏-̄̑̔̐̏̍ ̣̉̈̍̆̔ ̘̖̂̏̎̉ 
̋̑̉̌́ ̪̏̂̑́̈̔̆ ̘̓̆̎̏̋̑̉̒̓́̌̎̔ ́̈̔̕ B7Ȣ ˶̮̮̆̅̉̆́ ̪̋̏́ ̒́̅̑̇̆ ́̓̏̍ ̂̑̏̍́ ̉̌̉ ̅̃́ ́̓̏̍́ 
̖̌̏̑́ ̎́ ̗̆̎̓̑́̌̎̏̍ ̐̑̒̓̆̎̔ ̔ ̪̎̆̐̏̒̑̆̅̎̏ ̂̌̉̈̉̎̉ ̪̯̖̃̆̈̔̔̉ ̖̆̒̓́̑̒̋̉ ̄̑̔̐́ ̄̑́̅̆ 
̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̪̋̏̆ ̒̔ ̪̒̃̏̒̓̃̆̎̆ ̪̮̮̆̅̉̆̉̍́ ̌̉̎̆́̑̎̆ ̍̏̌̆̋̔̌̒̋̆ ̪̄̆̏̍̆̓̑̉̆ ̉ 
̓̏ ̘̎̆̍́̓̉̋̔ ́̈̔̕ ̎́ ̙̃̉̉̍ ̓ ̆̍̐̆̑́̓̔̑́̍́ ̉ ̘̒̍̆̋̓̉̋̔ ́̈̔̕ ̎́ ̎̉̇̉̍ ̓ ̆̍̐̆̑́̓̔̑́̍́Ȣ 
˛̃̉ ̑̆̈̔̌̓́̓̉ ̒̔ ̭̅́̆ ̣̔̐̏̑̆̆̎̉ ̒́ ̏̎̉̍́ ̈́ ́̈̏̂̆̎̈̏̉̌-́̎́̌̏̄̆ ̉̈ ̌̉̓̆̑́̓̔̑̆ ̋́̋̏ ̂̉ 
̒̆ ̐̏̒̓́̃̉̌̆ ̗̒̍̆̑̎̉̆ ̈́ ̣̮̔̓̃̑̉̃́̆ ̏̅̎̏̒́ ̣̉̈̍̆̔ ̍̏̌̆̋̔̌̒̋̆ ̒̓̑̔̋̓̔̑̆ ̉ 
̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ̪̒̃̏̒̓́̃́ ̖̏̃̉ ̪̮̮̆̅̉̆́Ȣ 

˥̓̏ ̒̆ ̘̓̉̆ ̯̓̑̆̆ ̪̒̆̑̉̆ ̪̮̮̆̅̉̆́ȟ ̑̆̎̅̄̆̎̒̋̏̍ ̒̓̑̔̋̓̔̑̎̏̍ ́̎́̌̉̈̏̍ ̔ ̣̓̃̑̆̎̏ 
̪̆ ̅́ ̔ ̍̏̎̏̎̔̋̌̆́̑̎̏̍ ̋̏̍̐̌̆̋̒̔ ɍ:Îɉ./3)2(L1)2], K1 (L1 = 2-(4-
̗̅̏̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̐̉̑̉̍̉̅̉̎)ȟ ̗̆̎̓̑́̌̎̉ ́̓̏̍ ̍̆̓́̌́ ̉̍́ ̅̆̏̑̍̉̒́̎̔̕ 
̏̋̓́̆̅́̑̒̋̔ ̪̄̆̏̍̆̓̑̉̔ ̒́ ̅̃́ ̍̏̌̆̋̔̌́ 2-(4-̗̅̏̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̐̉̑̉̍̉̅̉̎ ́
̐̏̃̆̈́̎́ ̎́ ̂̉̅̆̎̓̎̉ ̘̎́̉̎ȟ ̅̏̋ ̒̔ ̐̑̆̏̒̓́̌́ ̗̋̏̏̑̅̉̎́̉̏̎́ ̍̆̒̓́ ̈́̔̈̆̓́ ̒́ ̅̃́ 
̍̏̎̏̅̆̎̓́̓̎́ ̎̉̓̑́̓̎́ ̪́̎̏̎́Ȣ ˗̏̅ ̋̏̍̐̌̆̋̒́ ɍ:Îɉ#(3CO2)6(L2)2], K2 (L2 = 2-(4-
̗̅̏̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̐̉̑̉̅̉̎) ̣̔̓̃̑̆̎ ̪̆ ̌̉̎̆́̑̎̉ ̑́̒̐̏̑̆̅ ̓̑̉ ́̓̏̍́ ̗̉̎̋́ 
̖̐̏̃̆̈́̎̉ ̗́̆̓́̓̎̉̍ ̪̏̎̉̍́Ȣ ˣ̆̎̓̑́̌̎̉ ́̓̏̍ ̗̉̎̋́ȟ ̪̋̏̉ ̪̆ ̔ ̗̆̎̓̑̔ ̪̉̎̃̆̑̈̉̆ȟ ̎́̌́̈̉ 
̒̆ ̔ ̒̋̏̑̏ ̉̅̆́̌̎̏̍ ̏̋̓́̆̅́̑̒̋̏̍ ̮̏̋̑̔̇̆̔ȟ ̅̏̋ ̭̙̮̒̐̏́̉ ́̓̏̍̉ ̗̉̎̋́ ̪̉̍́̔ 
̅̆̏̑̍̉̒́̎̔̕ ̏ ̋̓́̆̅́̑̒̋̔ ̪̄̆̏̍̆̓̑̉̔ ̪̋̏̔ ̘̉̎̆ ̓ ̑̉ ̗́̆̓́̓-̏̄̑̔̐̆ ̉ ̪̆̅́̎ ̍̏̌̆̋̔̌ ς-(4-
̗̅̏̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̐̉̑̉̅̉̎́ ̐̏̃̆̈́̎ ̎́ ̂̉̅̆̎̓̎̉ ̘̎́̉̎Ȣ ˠ ̋̏̍̐̌̆̋̒̔ K1, 
̆̎́̎̓̉̏̍̆̑̉ ̌̏̋́̌̎̏ ̗̪̅̆̑́̆̍̉̈̔̔ ̓́̋̏ ̅́ ̗̋̏̏̑̅̉̎́̉̏̎̆ ̪̆̅̉̎̋̆ ̪̏̑̍̉̑́̔̕ 
̖̖̏̍̏̉̑́̌̎̆ ̓̑́̋̆ȟ ̅̏̋ ̒̆ ̗̅̏̅̆̉̌-̗̌́̎̉ ̉̈ ̖̒̔̒̆̅̉ ̓̑́̋́ ̐ ̯̑̆̐̌̉̔ ̓́̋̏ ̅́ ̕ ̪̏̑̍̉̑́̔ 
̪̒̌̏̆̃̆Ȣ ˶̮̮̆̅̉̆̆ K2 ̪̐̏̋́̈̔̆ ̘̒̌̉̎̏ ̪̒̌̏̆̃̉̓̏ ̮̐́̋̏̃́̆. ˟̪̆̏̑̉̒̋́ ̮̉̒̓̑́̇̉̃́́ 
̘̖̑́̈̌̉̉̓̉ ̖̆̎̆̑̄̆̓̒̋̉ ̅̏̐̑̉̎̏̒́ ̣̖̍̆̔̍̏̌̆̋̔̌̒̋̉ ̗̪̉̎̓̆̑́̋̉́ ̪̋̏́ ̣̪̏̅̑̆̔̔ 
̒̔̐̑́̍̏̌̆̋̔̌̒̋̏ ̣̮̔̑̆̆̆ ̒̐̑̏̃̆̅̆̎́ ̒̔ DFT ̍̆̓̏̅̏̍ȟ ̋̃́̎̓̎̏̍ ̪̓̆̏̑̉̏̍ ́̓̏̍́ ̔ 
̍̏̌̆̋̔̌̉̍́ ɉQTAIMɊ ̉ ́ ̎́̌̉̈̏̍ ̖̐̑̉̑̏̅̎̉ ̖̃̆̈̉̃̎̉ ̏̑̂̉̓́̌́ ɉNBO). ̠ ̮̃́̎̓̉̉̋̏̃́̆̕ 
̪̘́̉̎̆ ̖̐̏̌́̑̎̉ ̉ ̖̖̉̅̑̏̏̂̎̉̕ ̗̪̉̎̓̆̑́̋̉́ ̐̏̋́̈́̌̏ ̪̆ ̅́ HỄH ̗̪̉̎̓̆̑́̋̉̆ȟ 
̖̉̅̑̏̏̂̎̆̕ ̐̏ ̐̑̉̑̏̅̉ ̪̅̏̍̉̎̉̑́̔ ̔ ̋̑̉̒̓́̌̎̏̍ ̮̐́̋̏̃́̔ ̏ ̖̃̉ ̍̏̌̆̋̔̌́Ȣ  
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Abstract  

The present doctoral dissertation focuses on the synthesis and characterization of the 
following compounds: i) a liquid crystal dimer consisting of two 4-nitrostilbene units  linked by 
a dodecamethylene chain; ii) a series of bent core liquid crystals, each containing an 
azocinamoil unit in its lateral wings; iii ) two Zn(II) complexes with azopyridine or 
azopyrimidine bearing a dodecyl chain. The structure of synthesized compounds was 
conformed by FTIR, 1H and 13C NMR spectroscopy methods. 

The spectroscopic properties of symmetric liquid crystal dimer Ia were analyzed using 
UV-Vis and fluorescence techniques. The liquid crystalline phase of this compound was 
determined by applying polarized optical microscopy (POM) and differential scanning 
calorimetry (DSC). The UV-Vis spectra of individual isomers of the studied compound and an 
approximate definition of the conversion mechanism between them were analyzed using 
quantum chemical calculations (Density Functional Theory (DFT methods)). 

The liquid crystal phases of the synthesized bent core liquid crystal compounds  
IIa -IIe were determined using Polarized Optical Microscopy (POM), differential scanning 
calorimetry (DSC) and X-ray diffraction (XRD) methods. The influence of the substituents of the 
central ring of these liquid crystals on the type of liquid crystal phases and the temperature 
range in which liquid crystal phases form was studied. Namely, the unsubstituted parent 
compound is purely crystalline, while the presence of a methyl group at position 2 or a chlorine 
atom at position 4 of the central ring inhibits LC phase formation. Introducing a strong electron-
withdrawing nitro group between the side arms on the central ring induces a B7 phase. 
Compounds containing a bromine atom or two chlorine atoms near the ester groups develop 
LC phases characteristic for rod-like molecules: a nematicɀsmectic phase sequence. These 
findings are compared with those of azobenzoyl analogues. 

Regarding the third series of compounds, the X-ray structural analysis revealed that in 
the mononuclear complex [Zn(NO3)2(L1)2], K1 (L1 = 2-(4-dodecyloxyphenylazo)pyrimidine), 
the central metal atom has a distorted octahedral geometry with two molecules of 2-(4-
dodecyloxyphenylazo)pyrimidine coordinated in a bidentate fashion, while the remaining 
coordination sites are occupied by two monodentate nitrate anions. In the complex 
[Zn(CH3CO2)6(L2)2], K2, (L2 = 2-(4-dodecyloxyphenylazo)pyridine), a linear arrangement of 
three zinc atoms linked by acetate ions was determined. The central zinc atom, which is at the 
inversion center, is in nearly ideal octahedral coordination, while the outer zinc atoms have a 
distorted octahedral geometry composed of three acetate groups and one molecule of 2-(4-
dodecyloxyphenylazo)pyridine coordinated in a bidentate manner. In complex K1, the 
enantiomers locally deracemize so that the coordination units form homochiral strips, while 
the dodecyl chains form neighboring strips intertwine to form layers. The K2 compound shows 
a similar layered packing arrangement. Theoretical studies of the various energetic 
contributions of intermolecular interactions that determine supramolecular arrangement were 
conducted using the DFT method, quantum theory of atoms in molecules (QTAIM), and natural 
bonding orbital (NBO) analysis. Quantification of the strength of polar and hydrophobic 
interactions revealed that HỄH interactions, which are hydrophobic in nature, dominate the 
crystal packing of these molecules. 

The results achieved within this dissertation indicate that the studied supramolecular 
systems offer opportunities for the development of the next generation of functional materials 
for advanced technological applications.  

Key words : bent core liquid crystals, liquid crystal dimers, photoisomerization, 
supramolecular organization 

Scientific field : Chemistry 
Scientific subfield : Organic chemistry 



˞̐̉̒́̋ ̯̗̒̋̑́̆̎̉́ ̉  ̒̉̍̂̏̌́ 

N ɀ ̎ ̘̆̍́̓̉̋́ ́̈́̕ ɉ̆̎̄̌Ȣ Nematic phase) 
Sm ɀ ̒ ̘̍̆̋̓̉̋́ ́̈́̕ ɉ̆̎̄̌Ȣ Smectic phase) 
DMF ɀ N,N-̅̉̍̆̓̉̌̏̑̍́̍̉̅̕ 
1H NMR ɀ ̐̑̏̓̏̎̒̋́ ̎̔̋̌̆́̑̎́ ̍́̄̎̆̓̎́ ̗̑̆̈̏̎́̎́ (̆̎̄̌Ȣ Protonic nuclear magnetic 
resonance) 
13C NMR ɀ ̎ ̔̋̌̆́̑̎́ ̍́̄̎̆̓̎́ ̗̑̆̈̏̎́̎́ ̭̔̄̆̎̉̋́ ɉ̆̎̄̌Ȣ Nuclear magnetic resonance) 
FTIR-ATR ɀ ̗̉̎̑́̑̃̆̎̕a ̪̒̐̆̋̓̑̏̒̋̏̐̉a ̒́ ˡ̪̔̑̉̆̏̃̏̍ ̗̪̓̑́̎̒̏̑̍́̉̏̍̕ ɉ̆̎̄̌Ȣ 
Attenuated Total Reflectance ɀ Fourier Transform-Infrared Spectroscopy) 
TLC ɀ ̓ ̪́̎̋̏̒̌̏̎́ ̖̪̑̏̍́̓̏̄̑́̉́̕ ɉ̆̎̄̌Ȣ Thin Layer Chromatography) 
HOMO ɀ ̎ ̪̙́̃̉́ ̮̐̏̐̔̆̎́ ̍̏̌̆̋̔̌̒̋́ ̏̑̂̉̓́̌́ ɉ̆̎̄̌Ȣ Highest Occupied Molecular Orbital) 
LUMO ɀ ̪̎́̎̉̇́ ̮̎̆̐̏̐̔̆̎́ ̍̏̌̆̋̔̌̒̋́ ̏̑̂̉̓́̌́ ɉ̆̎̄̌Ȣ Lowest Unoccupied Molecular 
Orbital) 
NBO ɀ ́ ̎́̌̉̈́ ̖̐̑̉̑̏̅̎̉ ̖̃̆̈̉̃̎̉ ̏̑̂̉̓́̌́ ɉ̆̎̄̌Ȣ Natural Bond Orbital Analysis)  
UV-Vis ɀ ̔ ̭̘̌̓̑́̔̂̉́̒̓́-̭̃̉̅̉̃́ ̪̒̐̆̋̓̑̏̒̋̏̐̉́ ɉ̆̎̄̌Ȣ Ultraviolet-visible spectroscopy) 
SP ɀ ̒ ̆̅̌́̒̓́ ̘̓́̋́ ɉ̆̎̄̌Ȣ Saddle Point) 
POM ɀ ̐ ̗̏̌́̑̉̈́̉̏̎́ ̘̏̐̓̉̋́ ̪̍̉̋̑̏̒̋̏̐̉́ ɉ̆̎̄̌Ȣ Polarized optical microscopy) 
DSC ɀ ̅ ̗̪̉̆̑̆̎̉́̌̎́̕ ̪̯̒̋̆̎̉̑́̔́ ̪̋́̌̏̑̉̍̆̓̑̉́ ɉ̆̎̄̌Ȣ Differential scanning calorimetry) 
SAXS ɀ ̍̆̓̏̅́ ̮̑́̒̉̐́́ ̖̑̆̎̅̄̆̎̒̋̉ ̈̑́̋́ ̎́ ̍́̌̉̍ ̔̄̌̏̃̉̍́ ɉ̆̎̄̌Ȣ Small-angle X-ray 
scattering) 
DFT ɀ ˟ ̪̆̏̑̉́ ̗̔̎̋̉̏̎́̌̕ ́̄ ̔̒̓̉̎̆ ɉ̆̎̄̌Ȣ Density Functional Theory) 
BCP ɀ ̋ ̘̑̉̓̉̎ ̆̓ ̘́̋ ̆̃ ̮̆̈̉̃́́ ɉ̆̎̄.̌ Bond Critical Points) 
NAC ɀ ̃ ̑̉̑̏̅̎́ ́̓̏̍̒̋́ ̮̎́̆̌̆̋̓̑̉̒́́ ɉ̆̎̄.̌ Natural Atomic Charges) 
NEC ɀ ̃ ̑̉̑̏̅̎a ̆ ̌̆̋̓̑̏̎̒̋a ̋ ̗̪̏̎̉̄̔̑́̉̕a (̆̎̄̌Ȣ Natural Electron Configurations)  
QTAIM ɀ ̋ ̃́̎̓̎́ ̓ ̪̆̏̑̉́ ́̓̏̍́ ̔ ̍̏̌̆̋̔̌̔ 
XRD ɀ ̍ ̆̓̏̅́ ̑̆̎̅̄̆̎̒̋̆ ̗̪̅̉̑́̋̉̆̕ ɉ̆̎̄̌Ȣ X-ray diffraction) 
NPA ɀ ̐ ̑̉̑̏̅̎́ ̗̐̏̐̔̌́̉̏̎́ ́̎́̌̉̈́ (̆̎̄̌Ȣ Natural Population Analysis) 
QTAIM ɀ ˎ́̅̆̑̏̃́ ɉ̆̎̄.̌ Bader) ́̎́̌̉̈́ ̋̃́̎̓̎̆ ̪̓̆̏̑̉̆ ́̓̏̍́ ̔ ̍̏̌̆̋̔̌̉̍́ ɉ̆̎̄̌Ȣ 
Quantum Theory of Atoms in Molecules) 
CP ɀ ̋ ̘̑̉̓̉̎́ ̘̓́̋́ ɉ̆̎̄̌Ȣ Critical point ) 
L1 = 2-(4-̗̅̏̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̐̉̑̉̍̉̅̉̎  
L2 = 2-(4-̗̅̏̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̐̉̑̉̅̉̎ 
Azpy ɀ ́ ̈̏̐̉̑̉̅̉̎ 
Azpm ɀ ́ ̈̏̐̉̑̉̍̉̅̉̎ 
ʇ ɀ ̓ ́̌́̒̎́ ̅̔̇̉̎́ (nm) 
f ɀ ̪ ̘́̉̎́ ̗̏̒̉̌́̓̏̑́ 
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1 

 

ˠ̃̏̅ 

˟̘̆̎̏̋̑̉̒̓́̌̎̏ ̮̒̓́̆ ̪̍́̓̆̑̉̆ ̭̐̑̆̅̒̓́̃́ ̘̓̆̑̍̏̅̉̎́̍̉̋̉ ̒̓́̂̉̌̎̏ ̮̒̓́̆ 
̪̋̏̆ ̪̎́̒̓́̆ ̣̉̈̍̆̔ ̘̃̑̒̓̏̄ ̋̑̉̒̓́̌̎̏̄ ̉ ̉̈̏̓̑̏̐̎̏̄ ̘̓̆̎̏̄ ̮̒̓́́ ̋̏̅ ̣̏̅̑̆̆̎̉ ̖
̪̮̮̆̅̉̆ ̪́̋̏́ ̒̆ ̪̒́̒̓̏̆ ̏̅ ̖́̎̉̈̏̓̑̏̐̎̉ ̖̄̑́̅̉̃̎̉ ̪̗̆̅̉̎̉́ [1]Ȣ ˗̙́̑́̋̓̆̑̉̆ ̄́ 
̪̆̅̉̎̒̓̃̆̎́ ̗̪̋̏̍̂̉̎́̉́ ̍̏̌̆̋̔̌̒̋̆ ̣̔̑̆̆̎̏̒̓̉ ̅̔̄̏̄ ̅̏̍̆̓́ȟ ̘̓̉̐̉̎̆ ̈́ ̋̑̉̒̓́̌ ̆̉ 
̭̐̏̋̑̆̓̉̃̏̒̓̉ ̪̒̃̏̒̓̃̆̎̆ ̘̓̆̎̏̒̓̉̍́. ˛̃̏ ̏̓̃́̑́ ̯̍̏̄̔̎̏̒̓̉ ̈́ ̮̖̉̏̃̔ ̐̑̉̍̆̎̔ ̔ 
̭̐̏̉̍́ ̘̉̎̏̑̍́̓̉̋̆̕ ̖̪̓̆̎̏̌̏̄̉̆ ̉ ̖̪̓̆̎̏̌̏̄̉̆ ̆̋̑́̎́ ̖̑́̃̎̉ ̐́̎̆̌́Ȣ 

˟̘̆̎̉ ̋̑̉̒̓́̌̉ ̪̒́̃̉̆̎̆ ̍̏̌̆̋̔̌̒̋̆ ̪̄̆̏̍̆̓̑̉̆ ̏̓̋̑̉̃̆̎̉ ̒̔ ρωωφȢ ̄̏̅̉̎̆ ̋́̏ 
̎̏̃̉ ̓̉̐ ̖̍̆̈̏̍̏̑̎̉̕ ̪̍́̓̆̑̉́̌́Ȣ ˟̘̆̎̏̋̑̉̒̓́̌̎̉̍ ́̈́̍́̕ ̖̏̃̉ ̪̍́̓̆̑̉́̌́ 
̪̒̃̏̒̓̃̆̎̉ ̒̔ ̐̏̌́̑̎́ ̣̔̑̆̆̎̏̒̓ ̉ ̖̉̑́̌̎́ ̒̔̐̑́̍̏̌̆̋̔̌̒̋́ ̒̓̑̔̋̓̔̑́ȟ ̉́̋̏ ̮̖̉̏̃̉ 
̍̏̌̆̋̔̌̉ ̎̉̒̔ ̎̔̇̎̏ ̖̉̑́̌̎̉Ȣ ˛̃̆ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̒̆ ̅̏̒̓́ ̪̑́̈̌̉̋̔̔ ̏̅ 
̗̖̋̏̎̃̆̎̉̏̎́̌̎̉ ̘̖̋́̌́̍̉̓̉̋̉ ́̈́̕ ̖̌̉̎̆́̑̎̉ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̉ ̘̪̏̈̎́́̃́̔ ̒̆ ̋́̏ 
B1ɀBψ ̐̑̆̍́ ̖̪̑̏̎̏̌̏̄̉̉ ̯̏̓̋̑̉́ [2]Ȣ ˜̮̖̏̒̌̆̅̉ ̄̏̅̉̎́ ̯̐̏̒̃̆̆̎́ ̪̆ ̃̆̌̉̋́ ̮̐́̇́ 
̘̒̉̍̆̓̑̉̎̉̍ ̉ ̘́̒̉̍̆̓̑̉̎̉̍ ̘̓̆̎̉̍ ̋̑̉̒̓́̌̉̍́ ̪̒́̃̉̆̎̆ ̍̏̌̆̋̔̌̒̋̆ ̪̄̆̏̍̆̓̑̉̆ȟ 
̅̉̍̆̑̉̍́ ̪̋̏̉ ̪̋̏̍̂̉̎̔̔ ̌̉̎̆́̑̎̆ ̪̗̆̅̉̎̉̆ ̒́ ̪̗̆̅̉̎̉́̍́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ȟ 
̍̏̌̆̋̔̌̆ ̋̑́̓̋̏̄ ̋̑̔̓̏̄ ̪̆̈̄̑́ ̪̋̏̉ ̒́̅̑̇̆ ̘̆̓̉̑̉ ̘́̑̏̍́̓̉̎́ ̐̑̒̓̆̎́ ̉ ̐̏̌̉̍̆̑̆ ̋̏̅ 
̪̖̋̏̉ ̒̔ ̏̃̆ ̪̗̆̅̉̎̉̆ ̔̃̆̅̆̎̆ ̋́̏ ̘̂̏̎̉ ̗̌́̎̉ [3, 4]. ˑ̏ ̒́̅́ ̒̔ ̒̉̎̓̆̓̉̒́̎̉ 
̘̎̆̒̉̍̆̓̑̉̎̉ ̘̓̆̎̏̋̑̉̒̓́̌̎̉ ̅̉̍̆̑̉ȟ ̪̋̏̉ ̔ ̪̪̒̃̏̏ ̒̓̑̔̋̓̔̑̉ ̪̉̍́̔ ́̈̏̂̆̎̈̆̎ ̉̌̉ 
̒̓̉̌̂̆̎Ȣ ˠ ̏̋̃̉̑̔ ̏̃̆ ̗̪̅̉̒̆̑̓́̉̆ ̒̉̎̓̆̓̉̒́̎ ̪̆ ̘̒̉̍̆̓̑̉̎̉ ̘̓̆̎̏̋̑̉̒̓́̌̎̉ ̅̉̍̆̑ 
1,12-̂̉̒ɉτ-(2-(4-̎̉̓̑̏̆̎̉̌̕Ɋ̆̓̆̎̉̌Ɋ ̆̎̏̋̒̉̕Ɋ̅̏̅̆̋́̎Ȣ ˟̣́̋̏̆ ̪̆ ̘̐̑̏̔́̃́̎ ̗̪̔̓̉́  
4-̎̉̓̑̏̒̓̉̌̂̆̎̒̋̆ ̪̗̆̅̉̎̉̆ ̎́ ̘̓̆̎̏̋̑̉̒̓́̌̎́ ̪̒̃̏̒̓̃́ ̅̉̍̆̑́Ȣ 

˜̏̑̆̅ ̘̓̆̎̏̋̑̉̒̓́̌̎̏̄ ̅̉̍̆̑́ȟ ̒̉̎̓̆̓̉̒́̎́ ̪̆ ̪̒̆̑̉́ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̪̒́̃̉̆̎̆ 
̪̄̆̏̍̆̓̑̉̆ ̋̏̅ ̪̖̋̏̉ ̪̆ ̗́̈̏̉̎́̍̏̉̌ ̪̗̆̅̉̎̉́ ̔̃̆̅̆̎́ ̔ ̏̂́ ̘̂̏̎́ ̋̑̉̌́ ̍̏̌̆̋̔̌́. 
ˑ̔̇̉̎́ ̗̌́̎́ ̪̆ ̉̒̓́ ̋̏̅ ̖̒̃̉ ̪̮̮̆̅̉̆́ ɉC12H25), ̅ ̏̋ ̒̔ ̒̔̐̒̓̉̓̔̆̎̓̉ ̔ ̗̆̎̓̑́̌̎̏̍ ̉ 
̭̙̮̒̐̏́̉̍ ̐̑̒̓̆̎̏̃̉̍́ ̃́̑̉̑́̎̉Ȣ ˕̒̐̉̓̉̃́̎́ ̪̆ ̃̆̈́ ̣̉̈̍̆̔ ̍̏̌̆̋̔̌̒̋̆ ̒̓̑̔̋̓̔̑̆ ̉ 
̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ̪̒̃̏̒̓́̃́, ̋́̏ ̉ ̗̪̔̓̉́ ̆̌̆̋̓̑̏-̗̖̎́̋̆̐̓̏̑̒̋̉ ̄̑̔̐́ ̔ ̗̆̎̓̑́̌̎̏̍ 
̐̑̒̓̆̎̔ ̎́ ̮̏̑̍̉̑́̆̕ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ́̈́̕Ȣ ˑ̪̏̂̉̆̎̉ ̑̆̈̔̌̓́̓̉ ̒̔ ̣̔̐̏̑̆̆̎̉ ̒́ 
̑̆̈̔̌̓́̓̉̍́ ̈́ ́̈̏̂̆̎̈̉̌ ́̎́̌̏̄̆ ̉ ̈ ̌̉̓̆̑́̓̔̑̆Ȣ 

˞̮́̍̏̏̑̄́̎̉̈̏̃́̆ ̭̐̑̆̅̒̓́̃́ ̪̆̅̎̔ ̏̅ ̪̘̙̯̎́̆̆ ̮̖̐̑̉̍̆̉̃́̎̉ ̪̒̓̑́̓̆̄̉́ ̈́ 
̮̉̈̄̑́̅̔ ̖̋̏̍̐̌̆̋̒̎̉ ̖̒̔̐̑́̍̏̌̆̋̔̌̒̋̉ ̖́̑̉̓̆̋̓̔̑́ ̒́ ̏̐̓̉̍̉̈̏̃́̎̉̍ ̪̒̃̏̒̓̃̉̍́. 
˛̪̃́ ̗̐̑̏̆̒ ̃̏̅̉ ̋ ́ ̮̏̂̑́̈̏̃́ ̔ ̖̪̖̪̉̆̑́̑̉̒̋̉ ̖̏̑̄́̎̉̈̏̃́̎̉ ̒̓̑̔̋̓̔̑́ ̪̋̏̆ ̒̆ 
̭̪̔̒̐̏̒̓́̃́̔ ̐̑̆̋̏ ̖̉̎̓̆̑̍̏̌̆̋̔̌̒̋̉ ̗̪̉̎̓̆̑́̋̉́ [5, 6]. ˠ ̏̃̏̍ ̋̏̎̓̆̋̒̓̔ 
̗̪̋̏̏̑̅̉̎́̉́ ̪̏̎́ ̍̆̓́̌́ ̐̑̔̇́ ̘̏̅̌̉̎̆ ̯̍̏̄̔̎̏̒̓̉ ̈́ ̮̉̈̄̑́̅̔ ̒̔̐̑́̍̏̌̆̋̔̌ ̖̒̋̉ 
̖́̑̉̓̆̋̓̔̑́ [7, 8]Ȣ ˥̉̑̏̋ ̒̐̆̋̓́̑ ̗̪̖̐̏̓̆̎̉́̌̎̉ ̖̏̑̄́̎̒̋̉ ̌̉̄́̎́̅́ ̍̏̇̆ ̒̆ 
̋̏̍̂̉̎̏̃́̓̉ ̒́ ́̓̏̍̉̍́ ̍̆̓́̌́ȟ ́ ̘̑́̈̌̉̉̓̆ ̗̋̏̏̑̅̉̎́̉̏̎̆ ̪̄̆̏̍̆̓̑̉̆ ̒̆ ̍̏̄̔ 
̄̆̎̆̑̉̒́̓̉ ̏̋̏ ̗̆̎̓̑́̌̎̏̄ ́̓̏̍́ ̍̆̓́̌́, ̉ ̗̪̯̎̉̉̑́̔  ̉̒̔̐̑́̍̏̌̆̋̔̌̒̋̔ ̗̪̏̑̄́̎̉̈́̉̔ 
̋̏̍̐̌̆̋̒́Ȣ ˛̒̉̍ ̓̏̄́ȟ ́̓̏̍ ̍̆̓́̌́ ̪̎̉̆ ̘̏̄̑́̎̉̆̎ ̒́̍̏ ̎́ ̒̓̑̔̋̓̔̑̎̔ ̔̌̏̄̔ȟ ̯̃̆ ̘̔̓̉̆ 

 ̉̎́ ̍̎̏̄́ ̘̉̈̉̋́̕ ̪̒̃̏̒̓̃́ȟ ̭̘̪̯̔̋̔̔̔̉ ̘̏̐̓̉̋́ȟ ̘̆̌̆̋̓̑̉̎́ ̉ ̍́̄̎̆̓̎́ ̪̒̃̏̒̓̃́ [9] . 
˜̏̑̆̅ ̓̏̄́ȟ ̗̪̋̏̏̑̅̉̎́̉́ ̍̆̓́̌́ ̙̪̐̑̏̉̑̔̆ ̏̐̒̆̄ ̯̖̍̏̄̔̉ ̖̉̎̓̑́̍̏̌̆̋̔̌̒̋̉ 
̗̪̉̎̓̆̑́̋̉́ȟ ̙̓̏ ̖̏̂̔̃́̓́  ̉ ̍̆̓́̌-̍̆̓́̌ ̉ ̍̆̓́̌-̌̉̄́̎̅ ̗̪̉̎̓̆̑́̋̉̆ȟ ̘̉̍̆ ̒̆ 
̯̪̐̏̃̆́̃́̔ ̯̍̏̄̔̎̏̒̓̉ ̈́ ̮̒́̍̏̏̑̄́̎̉̈̏̃́̆ȟ ̙̓̏ ̅̏̃̏̅̉ ̅̏ ̮̏̂̑́̈̏̃́́ ̒̓̑̔̋̓̔̑́ ̉ 
̗̔̎̋̉̏̎́̌̎̏̒̓̉̕ ̪̋̏̆ ̒̆ ̎̆ ̍̏̄̔ ̯̐̏̒̓̉̉ ̔ ̘̉̒̓̉̍ ̏̑̄́̎̒̋̉̍ ̒̉̒̓̆̍̉̍́ [10ɀ13]. 
ˍ̈̏̐̉̑̉̅̉̎ ɉazpyɊ ̉ ́̈̏̐̉̑̉̍̉̅̉̎ ɉazpmɊ ̋́̏ ̌̉̄́̎̅̉ ̪̋̏̏̑̅̉̎̉̑́̔ ̒̆ ̈́ ̪̏̎̆ ̍̆̓́̌́ 
̉ ̪̒́̍̏̏̑̄́̎̉̈̔̔ ̔ ̗̘̒̐̆̉̉̎̆̕ ̒̓̑̔̋̓̔̑̆Ȣ ˛̃̉ ̌̉̄́̎̅̉ȟ ̋́̅́ ̒̔ ̗̔̎̋̉̏̎́̌̉̈̏̃́̎̕ ̉ 
̅̔̄̉̍ ́̌̋̉̌-̗̌́̎̉̍́, ̣̪̔̎́̐̑̆̔̔ ̗̐̑̏̆̒ ̮̒́̍̏̏̑̄́̎̉̈̏̃́́. ˜̑ ̆̅̍̆̓ ̮̉̒̓̑́̇̉̃́́ ̔ 
̏̋̃̉̑̔ ̏̃̆ ̗̪̅̉̒̆̑̓́̉̆ ̒̔ ̅̃́ Zn(II)  ̋̏̍̐̌̆̋̒́ ̒́ azpy ̉ azpm ̋́̏ ̌̉̄́̎̅̉̍́ ̪̋̏̉ ̔ 
̒̓̑̔̋̓̔̑̉ ̪̉̍́̔ ̗̅̏̅̆̉̌-̗̌́̎̆ȟ ̐̑̉ ̘̆̍̔ ̪̆ ̮̐́̇́ ̔̒̍̆̑̆̎́ ̎ ́ ̓̏ ̋́̋̏ ̒̆ ̏̃̉ ̋̏̍̐̌̆̋̒̉ 
̪̒́̍̏̏̑̄́̎̉̈̔̔ ̋̑̏̈ ̑́̈ ̘̌̉̉̓̆ ̓̉̐̏̃̆ ̖̉̎̓̑́̍̏̌̆̋̔̌̒̋̉ ̗̪̉̎̓̆̑́̋̉́Ȣ ˕̒̐̉̓̉̃́̎ ̪̆ 
̗̪̔̓̉́ ̗̪̋̏̏̑̅̉̎́̉̆ ̉ ́̌̋̉̌-̗̌́̎́́ ̎́ ̒̔̐̑́̍̏̌̆̋̔̌̒̋̔ ̗̪̏̑̄́̎̉̈́̉̔ȟ ̋́̏ ̉ ̔̌̏̄́ 
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̖̖̉̅̑̏̏̂̎̉̕ ̗̪̉̎̓̆̑́̋̉́ ɉH···HɊ ̉ ̖̐̏̌́̑̎̉ ̗̪̉̎̓̆̑́̋̉́ ̔ ̋̑̉̒̓́̌̎̏̍ ̮̐́̋̏̃́̔Ȣ 
˕̒̐̉̓̉̃́̎ ̪̆ ̗̪̔̓̉́ ̘̖̑́̈̌̉̉̓̉ ̪́̎̏̎́ (̎̉̓̑́̓̎̉ ̉ ̗́̆̓́̓̎̉) ̖̋̏̏̑̅̉̎̉̑́̎̉ ̔ Zn(II) -
̋̏̍̐̌̆̋̒̉̍́ ̉ ̅́ ̌̉  ̗̪̋̏̏̑̅̉̎́̉́ ̪̏̎́ ̍̆̓́̌́ ̉̌̉ ̒̓̑̔̋̓̔̑̆ ̌̉̄́̎̅́ ̐̑̆̃́̌̆̎̓̎̏ 
̣̪̏̅̑̆̔̔ ̒ ̮́̍̏̏̑̄́̎̉̈̏̃́.̆ 
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ρȢ ˟̪̆̏̑̉̒̋̉ ̅̆̏ 

1.1. ̞ ̪̒̓̏̑̉́̓ ̪̑́̈̃̏́ ̓ ̘̖̆̎̉ ̋̑̉̒̓́̌́ 

ˎ̘̏̓́̎̉́̑ ˡ̖̑̉̅̑̉ ˝̪̗́̎̉̆̑ (̎̆̍. Friedrich Reinitzer) ̈́̒̌̔̇́̎ ̪̆ ̈́ ̯̏̓̋̑̉̆ 
̘̓̆̎̏̋̑̉̒̓́̌̎̏̄ ̮̒̓́́ ̪̍́̓̆̑̉̆ [14] . ̃ ̑̉̌̉̋̏̍ ̉ ̣̮̈̃̏̆́ ̆̋̒̐̆̑̉̍̆̎̓́ ̒ ́̒ ̗̔̐̒̓́̎̏̍ 
̎́ ̂́̈̉ ̖̏̌̆̒̓̆̑̏̌,́ ̘ ̪̉̉ ̪̆ ̗ ̭̉ ̂̉̏ ̣̮̏̅̑̆̉̃́̆ ̒̓̑̔̋̓̔̑̆ ̉  ̍̏ ̌́̑̎̆ ̍ ́̒̆ ̖ ̏̌̆̒̓̆̑̏̌́ȟ 
̐̑̉̍̆̓̉̏ ̪̆ ̅́ ̏̃́ ̗̒̔̐̒̓́̎́ ̉̍́ ̅̃̆ ̓̆̍̐̆̑́̓̔̑̆ ̭̮̓̏̐̆́Ȣ ˚́ ρτυȟυ °  ˞̘ ̃̑̒̓̉ ̋̑̉̒̓́̌ 
̒̆ ̏̓ ̏̐̉ ̔  ̍̔̓̎̔ ̘̓̆̎̏̒̓ ̪̋̏́ ̪̏̒̓́̆ ̒̓́̂̉̌̎́ ̅ ̏ ρχψȟυ ° ȟ˞ ̎́̋̏̎ ̘̆̄́ ̯̮̈́̍̔̆̆ ̉ ̈̎̆̎́̅́ 
̪̎̆̒̓́̆ ̉ ̏̑̍̉̑́̕ ̒̆ ̂ ̉̒̓̑́ ̓ ̘̆̎̏̒̓ ɉ̒̌̉̋́ 1)[15] . 

 

˞̌̉̋́ 1. l ̘̉̈̉̋̆ ̐̑̏̍̆̎̆ ̖̏̌̆̒̓̆̑̉̌-̂̆̎̈̏́̓́ ̐̑̉ ̮̈́̄̑̆̃́̔ [16] . 

˛̓̏ ˘̆̍́̎ ɉ̎̆̍. Otto Lehmann) ̪̆ ̒̐ ̑̏̃̆̏ ̅̏̅́̓̎́ ̮̉̒̐̉̓̉̃́́ ̎́ 
̗̐̏̌́̑̉̈́̉̏̎̏̍ ̍̉̋̑̏̒̋̏̐̔ ̒́ ̋̏̎̓̑̏̌̏̍ ̓̆̍̐̆̑́̓̔̑̆ȟ ̎́ ̏̒̎̏̃̔ ̪̖̋̏̉ ̪̆ ̏̃̔ ̈ ̯́̍̔̆̎̔ 
̘̓̆̎̏̒̓ ̎́̈̃́̏ ȵ̘̓̆̎̉ ̋̑̉̒̓́̌Ȱ [17] . ː ̏̅̉̎̆ 1904. ̓ ̘̆̎̆ ̋̑̉̒̓́̌̆ ̪̆ ̗̪̋̏̍̆̑̉́̌̉̈̏̃́ ̏
˙̆̑̋ ɉ̆̎̄̌. Merck-AG)ȟ ̅̏̋ ̪̆ ˓̏̑̇ ˡ̑̉̅̌ (̕ .̑ Georges Friedel) ̐̑̃̉ ̙̉̈̃̑̉̏ 
̗̪̋̌́̒̉̉̋́̉̔̕ ̘̖̓̆̎̉ ̋ ̑̉̒̓́̌ ́̐ ̑̆̍́ ̃̑̒̓̉ ́̈́̕ ̪̋̏̆ ̪̏̂̑́̈̔̔ ̎ ́ ̘̎̆̍́̓̉̋ȟ̆ ̘̒̍̆̋̓̉̋ ̆
̉ ̖̘̏̌̆̒̓̆̑̉̎ ̆ 1922. ̄̏ ̅̉̎̆ [18]ȟ ́ ˡ̏ ̑̌̆̎̅̆̑ ɉ̎̆̍. Vorländer) ̪̆ ̏̓̋̑̉̏ ̅́ ̏̂̌̉̋ 
̍̏̌̆̋̔̌́ ̣̪̏̅̑̆̔̆ ̒̓̑̔̋̓̔̑ ̔̉ ̗̪̏̑̄́̎̉̈́̉ ̘̔̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ [19] . ˢ̏ ̘̌̆̒̓̆̑̉̎̉ 
̘̓̆̎̉ ̋̑̉̒̓́̌̉ ̒̔ ρωφπȢ ̄̏̅̉̎̆ ̐̑̆̅̌̏̇̆̎̉ ̋́̏ ̉̎̅̉̋́̓̏̑̉ ̓̆̍̐̆̑́̓̔̑̆ȟ ̔ 
̪̗̅̉́̄̎̏̒̓̉̉ ̑́̋́ ̉ ̎̆̅̆̒̓̑̔̋̓̉̃̎̏ ̍̉ ̮̒̐̉̓̉̃́ ̔̍ ̪́̓̆̑̉́̌́Ȣ ˑ́̎́̒ ̒̆ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ 
̙̉̑̏̋̏ ̮̪̐̑̉̍̆̔̔ ̔ ̖̪̓̆̎̏̌̏̄̉̉ ̪̅̉̒̐̌̆́ȟ ̉̈̑́̅̉ ̃̌́̋́̎́ ̃̉̒̏̋̏̄ ̍̏̅̔̌́ ̉ 
̏̐̓̏̆̌̆̋̓̑̏̎̒̋̉̍ ̣̪̔̑̆́̉̍́ [15] . 
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1.2. ̠ ̗̪̌́̒̉̉̋́̉́̕ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ 

˟̘̆̎̏̋̑̉̒̓́̌̎̏ ̮̒̓́̆ ̭̐̑̆̅̒̓́̃́ ̘̓̆̑̍̏̅̉̎́̍̉̋̉ ̒̓́̂̉̌̎̏ ̮̒̓́̆ ̔ ̋̏̍̆ ̒̆ 
̍̏̌̆̋̔̌̉ ̒́̍̏̒̓́̌̎̏ ̣̪̑́̒̐̏̑̆̔̔ ̔ ̏̑̄́̎̉̈̏̃́̎̆ ̒̓̑̔̋̓̔̑̆ ̒́ ̣̏̅̑̆̆̎̏̍ 
̭̙̯̐̏̋̑̆̓̉̃̏̔ ̉ ̣̙̯̎̆̔̑̆̆̎̏̔. ̠ ̗̪̌́̒̉̉̋́̉́̕ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̐̑̉̋́̈́̎́ ̪̆ ̎  ́̒ ̗̌̉̉ 
2. 

 

˞̌̉̋́ 2Ȣ ˗̗̪̌́̒̉̉̋́̉́̕ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́Ȣ 

˛̒̎̏̃̎́ ̐̏̅̆̌́ ̓ ̘̖̆̎̉ ̋̑̉̒̓́̌́ ̙̃̑̉ ̒  ̆̐ ̑̆̍́ ̘̎́̉̎̔ ̎́ ̪̋̏̉ ̒̆ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ 
́̈̆̕ ̪̏̑̍̉̑́̔̕ [20] :  
aɊ ̓̆̑̍̏̓̑̏̐̎̉ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ ̪̋̏̉ ̒̆ ̪̏̑̍̉̑́̔̕ ̐̑̉ ̐̑̏̍̆̎̉ ̓̆̍̐̆̑́̓̔̑̆, 
̂Ɋ ̌̉̏̓̑̏̐̎̉ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ ̪̋̏̉ ̒̆ ̪̪̅̏̂̉́̔ ̐̏̅ ̗̪̔̓̉́̆̍ ̣̖̏̅̑̆̆̎̉ ̘̑́̒̓̃́̑́́; 
Ɋ̃ ́̍̉̓̑̏̐̎̉̕ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ ̪̋̏̉ ̪̎́̒̓́̔ ̮̈́̄̑̆̃́̆̍ ̔ ̐̑̉̒̔̒̓̃̔ ̪̯̖̏̅̄̏̃́̑́̔̉ 
̘̑́̒̓̃́̑́́Ȣ 
˟̆ ̘̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̪̐̏̒̓̏̆ ̔ ̣̏̅̑̆̆̎̏̍ ̓̆̍̐̆̑́̓̔̑̎̏̍ ̏̐̒̆̄̔ ̉̌̉ ̣̏̅̑̆̆̎̏̍ ̏̐̒̆̄̔ 
̗̗̪̋̏̎̆̎̓̑́̉̆ ̑́̒̓̃̏̑́ȟ ̐́ ̒̆ ̋̏̅ ̖̏̃́̋̃̉ ̪̍́̓̆̑̉́̌́ ̍̏̇̆ ̑́̈̌̉̋ ̏̃́̓̉ȡ  
́Ɋ ̘̓́̋́ ̭̮̓̏̐̆́ ̎́ ̪̪̋̏̏ ̓̆̑̍̏̓̑̏̐̎̉ ̘̓̆̎̉ ̋̑̉̒̓́̌ ̐̑̆̌́̈̉ ̉̈ ̘̃̑̒̓̆ ̔ 
̘̓̆̎̏̋̑̉̒̓́̌̎̔ ́̈̔̕Ƞ  
̂Ɋ ̓̆̍̐̆̑́̓̔̑̆ ̐̑̆̌́̈́ ̣̉̈̍̆̔ ̘̖̑́̈̌̉̉̓̉ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ́̈́̕Ƞ 
̃Ɋ ̓̆̍̐̆̑́̓̔̑́ ̎́ ̪̪̋̏̏ ̅̏̌́̈̉ ̅̏ ̂ ̮̉̒̓̑̆́ ̉  ̘̓̆̎̏̋̑̉̒̓́̌̎ ́̕ ́̈́ ̐̑̆̌́̈̉ ̔ ̉̈̏̓̑̏̐̎̔ 
̘̓̆̎̏̒̓Ȣ 

˟̆̑̍̏̓̑̏̐̎̆ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̒̆ ̅̆̌̆ ̎́ ̆̎ ́̎̓̉̏̓̑̏̐̎̆ ̉ ̍̏̎̏̓̑̏̐̎̆Ȣ 
˒̎́̎̓̉̏̓̑̏̐̎̆ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̒̔ ̘̓̆̑̍̏̅̉̎́̍̉̋̉ ̒̓́̂̉̌̎̆ ̎́ ̘̑́̈̌̉̉̓̉̍ 
̓̆̍̐̆̑́̓̔̑́̍́ ̉ ̘̪̔̏́̃́̔ ̒̆ ̉ ̐̑̉ ̪̮̄̑̆́̔ ̉ ̖̣̮̌́̆̔Ȣ ˞́ ̅̑̔̄̆ ̒̓̑́̎̆ȟ ̍̏̎̏̓̑̏̐̎̆ 
̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̒̔ ̍̆̓́̒̓́̂̉̌̎̆ ̐̑̉̑̏̅̆ ̉ ̪̭̪̐̏́̃̔̔ ̒ ̆ ̒́̍̏ ̐̑̉ ̖̣̮̌́̆̔Ȣ 
˟̆̑̍̏̓̑̏̐̎̉ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ ̒̆ ̍̏̄̔ ̋̌́̒̉̉̋̏̃́̓̉̕ ̔ ̘̆ ̓̉̑̉ ̄̌́̃̎́ ̓̉̐́: 
́Ɋ ̘̋́̌̍̉̓̉̋̉ ̪̋̏̆ ̪̏̑̍̉̑́̔̕ ̙̯̓́̐̉́̒̓̉ ̍̏̌̆̋̔̌̉Ƞ  
̂Ɋ ̘̅̉̒̋̏̓̉̎̉ ̪̋̏̆ ̪̏̑̍̉̑́̔̕ ̍̏̌̆̋̔̌̉ ̏̂̌̉̋́ ̅̉̒̋́Ƞ  
̃Ɋ ̐̏̌̉̋́̓̆̎́̑̎̉ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ ɉ̘̓̆̎̏̋̑̉̒̓́̌̎̉ ̐̏̌̉̍̆̑̉Ɋ ̘̪̉̉ ̍̏̌̆̋̔̌̉ ̒́̅̑̇̆ 
̙̯̓́̐̉́̒̓̏ ̗̆̎̓̑́̌̎̏ ̪̆̈̄̑̏ ̉  ̎ ̆̋̏̌̉̋̏ ̖̅̔̄̉ ́̌̋̉̌-̗̌́̎́́; 
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̄Ɋ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ ̪̒́̃̉̆̎̆ ̍̏̌̆̋̔̌̒̋̆ ̪̄̆̏̍̆̓̑̉̆Ȣ  
˜̑̉̍̆̑̉ ̘̖̑́̈̌̉̉̓̉ ̓̆̑ ̖̍̏̓̑̏̐̎̉ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̐̑̉̋́̈́̎̉ ̒̔ ̎́ ̗̒̌̉̉ σȢ  

 
˞̌̉̋́ χȢ ˜̑̉̍̆̑̉ ̖̓̆̑̍̏̓̑̏̐̎̉ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ȡ ́Ɋ ̘̋́̌̍̉̓̉̋̉Ƞ ̂Ɋ ̘̅̉̒̋̏̓̉̎̉;  
̃Ɋ ̐̏̌̉̍̆̑̎̉ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ ɉ̉̌̔̒̓̑̏̃́̎̏ ̎́ ̐̑̉̍̆̑̔ K̆̃̌́̑́Ɋ ̉  ̄Ɋ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ 

̪̒́̃̉̆̎̆ ̍̏̌̆̋̔̌̒̋̆ ̪̄̆̏̍̆̓̑̉̆Ȣ 

˘̉̏̓̑̏̐̎̉ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ȟ ̪̋̏̆ ̘̏̂̉̎̏ ̪̏̑̍̉̑́̔̕ ̍̏̌̆̋̔̌̉ ̙̐̏̃̑̉̎̒̋̉ 
̖́̋̓̉̃̎̉ ̪̍́̓̆̑̉́ ̔ ̃̏̅̉, ̪̒́̒̓̏̆ ̒̆ ̏̅ ̐̏̌́̑̎̆ ̖̉̅̑̏̉̌̎̆̕ ̄̌́̃̆ ̉ ̪̆̅̎̏̄ ̉̌̉ ̙̃̉̆ 
̖̖̉̅̑̏̏̂̎̉̕ ̘̖́̌̉́̓̉̎̉̕ ̗̌́̎́́ȟ ̪̋̏̉ ̗̪́̄̑̆̄́̉̏̍ ̪̏̑̍̉̑́̔̕ ̗̍̉̆̌̆ ̔ ̃̏̅̉Ȣ ˠ 
̈́̃̉̒̎̏̒̓̉ ̏̅ ̓̆̍̐̆̑́̓̔̑̆ȟ ̗̗̪̋̏̎̆̎̓̑́̉̆ ̉ ̘̑́̒̓̃́̑́́ȟ ̘̑́̈̌̉̉̓̆ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ 
́̈̆̕ ̒̆ ̪̏̂̑́̈̔̔ ̗̪́̄̑̆̄́̉̏̍ ̖̏̃́̋̃̉ ̗̍̉̆̌́Ȣ ˝̘́̈̌̉̉̓̉ ̐̑̉̍̆̑̉ ̗̍̉̆̌́ ̐̑̉̋́̈́̎̉ ̒̔ 
̎́ ̗̒̌̉̉ τ [20] . 

 

˞̌̉̋́ ψ. ̃ ̑̉̍̆̑̉ ̖̌̉̏̓̑̏̐̎̉ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ [20] . 
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1.3. ˟ ̘̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̋́ ̘̌̍̉̓̉̋̉ ̖̓ ̘̆̎̉ ̖̋ ̑̉̒̓́̌ ́

˟̘̆̎̉ ̋̑̉̒̓́̌̉ ̒̔ ρωςςȢ ̄̏̅̉̎̆ ̋̌́̒̉̉̋̏̃́̎̉̕ ̋́̏ ̓̆̑̍̏̓̑̏̐̎̉ ̪̆̑ ̎́ 
̘̑́̈̌̉̉̓̉̍ ̓̆̍̐̆̑́̓̔̑́̍́ ̅̏̌́̈̉ ̅̏ ̖́̈̎̉̕ ̐̑̆̌́̈́ȟ ̙̓̏ ̒̔ ̔̓̃̑̅̉̌̉ ˛̓̏ ˘̆̍́̎ ̉ 
˓̏̑̇ ˡ̑̉̅̆̌Ȣ ˤ̃̑̒̓ ̋̑̉̒̓́̌ ̒̆ ̐̑̉ ̐̏̑́̒̓̔ ̓̆̍̐̆̑́̓̔̑̆ ̓̏̐̉ȟ ̐̑̉ ̘̆̍̔ ̪̎́̒̓́̆ ̍̔̓̎́ 
́̎̉̈̏̓̑̏̐̎́ ̘̓̆̎̏̒̓ȟ ́ ̓̆̍̐̆̑́̓̔̑́ ̎́ ̪̪̋̏̏ ̒̆ ̏̃̏ ̙̅̆́̃́ ̎́̈̉̃́ ̒̆ ̓̆̍̐̆̑́̓̔̑́ 
̭̮̓̏̐̆́ ɉ̆̎̄̌Ȣ Melting point, TmɊ ̪̋̏́ ̭̐̑̆̅̒̓́̃́ ̐̑̃̉ ́̈̎̉̕ ̐̑̆̌́̈Ȣ ˑ̑̔̄̉ ́̈̎̉̕ 
̐̑̆̌́̈ ̒̆ ̏̅̉̄̑́̃́ ̒́ ̭̅́̉̍ ̐̏̑́̒̓̏̍ ̓̆̍̐̆̑́̓̔̑̆ȟ ̐̑̉ ̘̆̍̔ ̅̏̌́̈̉ ̅̏ ̮̂̉̒̓̑̆́ 
̘̓̆̎̏̒̓̉ ̉ ̮̆̎̏̄ ̐̑̆̌́̒ ̋́ ̔ ̉̈̏̓̑̏̐̎̔ ̘̓̆̎̏̒̓ȟ ́ ̓̆̍̐̆̑́̓̔̑́ ̐̑̉ ̪̪̋̏̏ ̒̆ ̏̃̏ ̙̅̆́̃́ 
̪̆ ̓̆̍̐̆̑́̓̔̑́ ̮̂̉̒̓̑̆́ ɉ̓̆̍̐̆̑́̓̔̑́ ̗̪̉̈̏̓̑̏̐̉̈́̉̆ȟ ̆̎̄̌. Clearing point, TcɊȟ ̙̓̏ ̪̆ 
̐̑̉̋́̈́̎̏ ̎́ ̗̒̌̉̉ υ [21] . 

 
˞̌̉̋́ ω. ɣ ̗̪̓̉́ ̐̏̑́̒̓́ ̓̆̍̐̆̑́̓̔̑̆ ̎́ ́̈̎̆̕ ̐̑̆̌́̈̆ ̪̮̮̆̅̉̆́ [21] . 

˗̘́̌̍̉̓̉̋̉ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ ̭̪̐̑̆̅̒̓́̃́̔ ̍̏̌̆̋̔̌ ̙̯̆̓́̐̉́̒̓̏̄ ̏̂̌̉̋́ ̪̋̏̉ 
̔̄̌́̃̎̏̍ ̪̏̂̑́̈̔̔ ̘̎̆̍́̓̉̋̆, ̘̒̍̆̋̓̉̋̆ ̉ ̖̉̑́̌̎̏ ̘̎̆̍́̓̉̋̆ ɉ̖̘̏̌̆̒̓̆̑̉̎̆Ɋ 
̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕Ȣ ̨ ̃̆ ́̈̆̕ ̙̋́̑́̋̓̆̑̉̆ ̪̗̏̑̉̆̎̓́̉̏̎̏ ̣̮̔̑̆̆̆ ̉ ̘̑́̈̌̉̉̓̉ ̎̉̃̏̉ 
̗̐̏̈̉̉̏̎̆ ̣̔̑̆̆̎̏̒̓̉Ȣ ˗̏̅ ̘̎̆̍́̓̉̋̆ ́̈̆̕ȟ ̍̏̌̆̋̔ ̌̉ ̒̔ ̣̍̆̔̒̏̂̎̏ ̐́̑́̌̆̌̎̏ 
̪̏̑̉̆̎̓̉̒́̎̉ȟ ́̌̉ ̣̍̆̔ ̮̉̍́ ̎̆ ̪̐̏̒̓̏̉ ̗̐̏̈̉̉̏̎́ ̣̔̑̆̆̎̏̒̓ȟ ̅̏̋ ̒ ̆̋̏̅ ̘̒̍̆̋̓̉̋̆ 
́̈̆̕ ̍̏̌̆̋̔̌̉ ̣̪̑́̒̐̏̑̆̔̔ ̔ ̪̒̌̏̆̃̆Ȣ ˔̂ ̏̄ ̪̖̒̃̏̉ ̪̖̆̅̉̎̒̓̃̆̎̉ ̖̒̓̑̔̋̓̔̑̎̉ ̪̒̃̏̒̓́̃́ ̉ 
́̈̎̏̄̕ ̙̮̐̏̎́́́, ̋ ̘́̌̍̉̓̉̋̉ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ ̪̉̍́̔ ̐̑̉̍̆̎̔ ̔ ̖̪̓̆̎̏̌̏̄̉́̍́ ̪̅̉̒̐̌̆́ȟ 
̃̌́̋̎̉̍́ ̃̉̒̏̋̏̄ ̍̏̅̔̌́ ̉ ̏̐̓̏̆̌̆̋̓̑̏̎̒̋̉̍ ̣̪̔̑̆́̉̍́ [22, 23]. ̊ ́ ̗̒̌̉̉ φ ̐̑̉̋́̈́̎́ 
̒̔ ̍̏ ̌̆̋̔̌̒̋́ ̣̮̔̑̆̆́ ̪̒̃̏̒̓̃̆̎́ ̘̓̆̎̏̋̑̉̒̓́̌̎̉ ̍́̈́̍̕  ̪́̋̏̆ ̪̏̂̑́̈̔̔ ̘̋́̌̍̉̓̉̋̉ 
̘̓̆̎̉ ̋̑̉̒̓́̌̉Ȣ  
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˞̌̉̋́ ϊȢ ˟̉̐̏̃̉ ̖̍̏̌̆̋̔̌̒̋̉ ̣̮̔̑̆̆́ ̋̏̅ ̘̖̋́̌̍̉̓̉̋̉ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ [24] . 

1.3.1. ̊ ̘̆̍́̓̉̋́ ̘̓̆̎̏̋̑̉̒̓́̌̎́ ́̈́̕ 

˚̘̆̍́̓̉̋̔ ́̈̔̕ ɉN)ȟ ̋́̏ ̪̪̪̎́̆̅̎̏̒̓́̃̎̉̔ ̘̓̆̎̏̋̑̉̒̓́̌̎̔ ́̈̔̕ȟ ̙̋́̑́̋̓̆̑̉̆ 
̪̗̏̑̉̆̎̓́̉̏̎̏ ̣̮̔̑̆̆̆ ̍̏̌̆̋̔̌́ ̘̪̉̆ ̒̔ ̄̌́̃̎̆ ̍̏̌̆̋̔̌̒̋̆ ̏̒̆ ̔̒̍̆̑̆̎̆ ̅̔̇ ̭̇̆̆̎̏̄ 
̗̐̑́̃́. ˛̪̃́ ̗̐̑́̃́ ̒̆ ̎́ ̈̉̃́ ̃̏ ̯̅̆̉  ̘̉̏̈̎́́̃́ ̒̆ ̪̘̆̅̉̎̉̎̉̍ ̃̆̋̓̏̑̏̍ ὲᴆὶ ̪̋̏̉ 
̙̅̆̉̎̉̆̕ ̮̆̄̏̃̔ ̪̗̪̏̑̉̆̎̓́̉̔ȟ ̐̑̉ ̘̆̍̔ ̪̆ ὲᴆ ὲᴆ , ̪̆̑ ̗̐̑́̃́ ̍̏̇̆ ̂̉̓̉ ̅̆̉̎̉̒́̎̕ ̔ 
̂̉̌̏ ̋̏̍ ̏̅ ̅̃́ ̒̔̐̑̏̓̎́ ̒̍̆̑́. ̇ ̏̌̆̋̔̌̉ ̍̏̄̔ ̑̏̓̉̑́̓̉ ̏̋̏ ̪̖̒̃̏̉ ̖̅̔̄̉ ̏̒́ȟ ̐́ ̈̂̏̄ 
̓̏̄́ ̪̏̃́ ̈̎́̋ ̎̆̍́ ̘̉̈̉̋̏̕ ̘̪̄̈̎́́ȟ́ ́ ̘̎̆̍́̓̉̋̉ ̘̓̆̎̉ ̋̑̉̒̓́̌ ̒̆ ̙̐̏̎́ ́̋́̏ 
̪̆̅̎̏̏̒̎̉ ̪̍́̓̆̑̉́̌ ̒́ ̗̆̎̓̑̏̍ ̪̒̉̍̆̓̑̉̆Ȣ ˏ̯̏̅̆̉ ̗̐̑́̃́ ̉ ̍̏̌̆̋̔̌̒̋̏ ̣̮̔̑̆̆̆ 
̘̎̆̍́̓̉̋̆ ̍̆̈̏́̈̆̕ ̐̑̉̋́̈́̎ ̉̒  ̔̎ ́ ̗̒̌̉̉ 6, ̋ ́̏ ̉ ́ ̎̉̈̏̓̑̏̐̎̉ ̏̂̌̉̋ ̍̏̌̆̋̔̌́ ̪̋̏̉ ̪̆ 
̐̑̉̋́̈́̎ ̆̌̉̐̒́̍́ [24] . ˶ ̆̅́̎ ̐̑̉̍̆̑ ̓́̋̃̏̄ ̣̮̔̑̆̆́ ̪̆ ̗̪̒̉̓̔́̉́ ̋́̅́ ̏̌̏̃̋̆ ̔ ̪̋̔̓̉̉ 
̓̆̇̆ ̅́ ̒̆ ̖̏̑̉̈̏̎̓́̌̎̏ ̪̐̏̑́̃̎́̔ ̋́̅́ ̒ ̆ ̪̋̔̓̉́ ̐̑̏̓̑̆̒̆ [24, 25].  

˚́ ̗̒̌̉̉ χ́ ̐̑̉̋́̈́̎̏ ̪̆ ̍̏̌̆̋̔̌̒̋̏ ̣̮̔̑̆̆̆ ̘̖̎̆̍́̓̉̋̉ ̘̖̓̆̎̉ ̋̑̉̒̓́̌aȟ ̐̑̉ 
̘̆̍̔ ̃̆̑̓̉̋́̌̎́ ̗̒̓̑̆̌̉́ ̘̏̈̎́́̃́ ̗̐̑́̃́ ̔ ̋̏̍ ̒̔ ̍̏̌̆̋̔̌̉ ̔̒̍̆̑̆̎̉ȟ ̅̏̋ ̗̒̓̑̆̌̉́ 
̪̋̏́ ̈́̋̌́̐́ ̔ ̄́̏ ʃ ̔  ̏̅̎̏̒̔ ̎́ ̪̏̃́ ̗̐̑́̃́ ̐ ̭̑̆̅̒̓́̃́ ̅̔̄̔ ̏̒̔ ̪̘̐̏̆̅̉̎́̎̏̄ ̍ ̏̌̆̋̔̌́Ȣ 
ˑ̑̔̄̉̍ ̘̑̆̉̍́ȟ ̔̄́̏ ʃ ̏ ̯̍̏̄̔́̃́ ̮̑́̈̔̍̆̃́̆ ̪̗̪̏̑̉̆̎̓́̉̆ ̍̏̌̆̋̔̌́ ̔ ̏̅̎̏̒̔ ̎́ ̃ ̯̏̅̆̉ 
̗̐̑́̃́ ̔ ̘̪̎̆̍́̓̉̋̏ ́̈̉̕Ȣ ˕̈̅̔̇̆̎̉ ̘̎̆̍́̓̉̋̉ ̍̏̌̆̋̔̌ ̪̆ ̘̏̐̓̉̋̉ ́̎̉̈̏̓̑̏̐́̎ȟ ́ 
̙̋́̑́̋̓̆̑̉̆ ̄́ ̪̆̅̎̏̏̒̎̉ ̘̏̐̓̉̋̉ ̉̎̅̆̋̒Ȣ ˝́̈̌̉̋́ ̣̉̈̍̆̔ ̉̎̅̆̋̒́ ̮̐̑̆̌́̍́́ ɉne n0) 
̔ ̘̎̆̍́̓̉̋̉̍ ̘̓̆̎̉̍ ̋̑̉̒̓́̌̉̍́ ̭̐̑̆̅̒̓́̃́ ̪̅̃̏̎̏ ̮̐̑̆̌́̍́̆Ȣ ˛̃́ ̑́̈̌̉̋́ ̈́̃̉̒̉ ̏̅ 
̪̗̪̏̑̉̆̎̓́̉̆ ̍̏̌̆̋̔̌́ ̉ ̐̑̉̍̆̎̆ ̎́̐̏̎́Ȣ 

˚́ ̗̒̌̉̉ χ̃ ̐̑̉̋́̈́̎ ̪̆ ̐̑̉̍̆̑ ̘̋́̑́̋̓̆̑̉̒̓̉̎̆ ̓̆̋̒̓̔̑̆ ̘̎̆̍́̓̉̋̆ 
̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̒́ ̙̐̏̃̑̉̎̒̋̉̍ ̘̓́̋́̒̓̉̍ ̅̆̆̋̓̉̍́̕ȟ ̪̅̏̂̉̆̎̆ ̘̏̐̓̉̋̉̍ 
̍̉̋̑̏̒̋̏̐̏̍Ȣ ˛̃́̋̃́ ̓̆̋̒̓̔̑́ ̐̏̈̎́̓́ ̪̆ ̋́̏ ˥̌̉̑e̎̏̃́ ɉ̎̆̍Ȣ Schlieren) ̒̓̑̔̋̓̔̑́Ȣ 
˚́̉̍̆ȟ ̔̋̏̌̉̋̏ ̣̅̏̆ ̅̏ ̐̑̏̍̆̎̆ ̗̐̑́̃́́ ̖̅̔̄̉ ̏̒́ ̍̏̌̆̋̔̌́ ̪̭̪̐̏́̃̔̔ ̒̆ ̪̌̉̎̉̆ ̪̋̏̆ ̒̆ 
̒̆̋̔ ̔ ̣̏̅̑̆̆̎̉̍ ̘̓́̋́̍́ [26] . ˛̃̆ ̪̌̉̎̉̆ ̯̪̐̏̅̒̆́̔ ̎́ ̎̉̓̉ȟ ̐́ ̪̆ ̎́̈̉̃ ̎̆̍́̓̉̋ 
̉̈̃̆̅̆̎ ̏ ̅ ̘̑̄ ̋̆ ̘̑̆̉ ̈́ ̗̋̏̎́. 
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˞̌̉̋́ ϋȢ ˚̘̆̍́̓̉̋́ ́̈́̕Ȣ ́Ɋ ˙̏̌̆̋̔̌̒̋̏ ̣̮̔̑̆̆̆ [25]Ƞ ̂Ɋ ̉̎̅̆̋̒̉ ̮̐̑̆̌́̍́́Ƞ ̃Ɋ 
̐̑̉̍̆̑ ̘̎̆̍́̓̉̋̆ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̪̅̏̂̉̆̎̆ ̘̏̐̓̉̋̉̍ ̍̉̋̑̏̒̋̏̐̏̍ [24] . 

1.3ȢςȢ ˢ̘̏̌̆̒̓̆̑̉̎́ ̘̓̆̎̏̋̑̉̒̓́̌̎́ ́̈́̕ 

˞́̍̏ ̉̍̆ ̖̘̏̌̆̒̓̆̑̉̎̆ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̪̆ ̪̉̒̓̏̑̉̒̋̏̄ ̐̏̑̆̋̌́ȟ ̪̆̑ 
̭̐̑̆̅̒̓́̃́ ̐̑̃̔ ̓ ̘̆̎̏̋̑̉̒̓́̌̎̔ ́̈̔̕ ̪̋̏̔ ̪̆ ˝̪̗́̎̉̆̑ ̘̔̏̉̏ ̋ ̏̅ ̅̆̑̉̃́̓́ ̖̏̌̆̒̓̆̑̏̌́. 
ˢ̘̏̌̆̒̓̆̑̉̎́ ̉̌̉ ̖̉̑́̌̎̏ ̘̎̆̍́̓̉̋́ ̘̓̆̎̏̋̑̉̒̓́̌̎́ ́̈́̕ (N*) ̃̆̏̍́ ̪̆ ̘̒̌̉̎́ 
̘̪̎̆̍́̓̉̋̏ ́̈̉̕. ˕̍ ́ ̪̗̏̑̉̆̎̓́̉̏̎̏ ̣̮̔̑̆̆̆ ̅̔̄̏̄ ̅̏̍̆̓́, ̙̓̏ ̘̈̎́̉ ̅́ ̒̔ ̍̏̌̆̋̔̌̉ 
̔̄̌́̃̎̏̍ ̔̒̍̆̑̆̎̉ ̔ ̉̒̓̏̍ ̗̐̑́̃̔, ́ ̌̉ ̮̖̉̏̃̉ ̗̆̎̓̑̉ ̍́̒́ ̪̎̆̍́̔ ̗̐̏̈̉̉̏̎̏ ̣̮̔̑̆̆̆ 
̅̔̄̏̄ ̅̏̍̆̓.́ ˛̎̏ ̙̓̏ ̖̘̏̌̆̒̓̆̑̉̎̔ ̘̓̆̎̏̋̑̉̒̓́̌̎̔ ́̈̔̕ ̪̑́̈̌̉̋̔̆ ̏̅ ̘̎̆̍́̓̉̋̆ ̪̆ 
̗̐̑́̃́ ̪̗̪̏̑̉̆̎̓́̉̆ ̪̋̏̉ ̒̆ ̔ ̖̘̪̏̌̆̒̓̆̑̉̎̏ ́̈̉̕ ̋̏̎̓̉̎̔́̌̎̏ ̮̍̆́ ̋̑̏̈ ̪̍́̓̆̑̉́̌, 
̙̓̏ ̂̉ ̒̆ ̍̏̄̌̏ ̪̏̂́̒̎̉̓̉ ̋́̏ ̘̎̆̍́̓̉̋́ ́̈́̕ ̔ ̪̪̋̏̏ ̒ ̆̍̏̌̆̋̔̌̉ ̪̔̒̍̆̑́̃́̔ ̅̔̇ y-̏̒̆ 
̪̔̃̉̆̎ ̆̏̋̏ x-̏̒̆ [27] . ˠ ̂̉̌̏ ̪̪̋̏̏ ̑́̃̎̉ ̪̋̏́ ̪̆ ̎̏̑̍́̌̎́ ̎́ ̏̒̔ ̪̮̔̃̉́́ȟ ̅̔̄̆ ̏̒̆ 
̍̏̌̆̋̔̌́ ̓̆̇̆ ̅́ ̒̆ ̪̙̏̑̉̆̎̓̉̔ ̔  ̪̆̅̎̏̍ ̭̇̆̆̎̏̍ ̗̐̑́̃̔ȟ ́̌̉ ̪̓́ ̗̐̑́̃́ ̑̏̓̉̑́ ̔ ̎̉̈̔ 
̖̐́̑́̌̆̌̎̉ ̑́̃̎̉Ȣ ˝̪̮́̒̓̏́̆ ̈́ ̪̋̏̆ ̪̏̃́ ̗̐̑́̃́ ̙̉̈̃̑̉ ̗̪̑̏̓́̉̔ ̏̅ σφπ° ̎́̈̉̃́ ̒̆ 
̋̏̑́̋ ̪̈́̃̏ ̗̎̉̆ ̖ ̘̏̌̆̒̓̆̑̉̎̆ ́̈̆̕, p. 

˗̏̅ ̍̏̌̆̋̔̌́ ̪̋̏̉ ̪̏̑̍̉̑́̔̕ ̖̘̏̌̆̒̓̆̑̉̎̔ ̘̓̆̎̏̋̑̉̒̓́̌̎̔ ́̈̔̕ ̒̐̉̑́̌̎̏ 
̪̮̔̃̉́̆ ̒̆ ̍̏̇̆ ̪̏̅̃̉́̓̉ ̔̌̆̃̏ ̉̌̉ ̔̅̆̒̎̏Ȣ ̇ ̙̮̆́̆ ̌̆̃̏̑̏̓́̓̏̑̎̏̄ ̉  ̅̆̒̎̏̑̏̓́̓̏̑̎̏̄ 
̆̎́̎̓̉̏̍̆̑́ ̉̒̓̏̄ ̍̏̌̆̋̔̌́ ̔ ̘̑́̈̌̉̉̓̉̍ ̏̅̎̏̒̉̍́ ̅̏̃̏̅̉ ̅̏ ̯̮̐̏̃̆́́ ̋̏̑́̋́ 
̪̗̈́̃̏̎̉̆ ̔ ̏̅̎̏̒̔ ̎́ ̃̑̆̅̎̏̒̓ ̋̏̑́̋́ ̪̗̈́̃̏̎̉̆ ̈́ ̪̘̐̏̆̅̉̎́̎̆ ̆̎́̎̓̉̏̍̆̑̆Ȣ ˝̗̪́̆̍̒̋̏ 
̙̒̍̆̉ ̪̆ ̪̒̃̏̒̓̃̆̎́ ̘̂̆̒̋̏̎́̎́ ̃̑̆̅̎̏̒̓ ̋̏̑́̋́ ̪̗̈́̃̏̎̉̆ȟ ̐́ ̒̆ ̏̎́ ̙̐̏̎́́ ̋́̏ 
̘̎̆̍́̓̉̋̉ ̋̑̉̒̓́̌ [25] . 

˗̏̑́̋ ̪̗̈́̃̏̎̉̆ ̘̖̏̂̉̎̉ ̖̏̌̆̒̓̆̑̉̋́ ̪̆ ̑̆̅́ ̘̃̆̌̉̉̎̆ ̎̆̋̏̌̉̋̏ ̒̓̏̓̉̎́ 
̎́̎̏̍̆̓́̑́ȟ ̙̓̏ ̒̆ ̍̏̇̆ ̔̐̏̑̆̅̉̓̉ ̒́ ̓́̌́̒̎̉̍ ̅̔̇̉̎́̍́ ̭̃̉̅̉̃̆ ̒̃̆̓̌̏̒̓̉Ȣ ˠ̒̌̆̅ 
ˎ̑́̄̏̃̆ ɉ̆̎̄.̌ Bragg) ̪̑̆̌̆̋̒̉̆̕ȟ ̘̐̆̑̉̏̅̉̎̏ ̒̐̉̑́̌̎̏ ̣̮̔̑̆̆̆ ̪̅́̆ ̘̋́̑́̋̓̆̑̉̒̓̉̎́ 
̪̮̏̂̏̆́ ̉  ̃̆̌̉̋̔ ̯̍̏ ̮̑̏̓̉̑́́ ̖̘̏̌̆̒̓̆̑̉̎̉̍ ̘̓̆̎̉ ̍̋ ̑̉̒̓́̌̉̍́. ̠ ̏̑́̋ ̪̗̈́̃̏̎̉̆ ̪ ̆ 
̭̏̒̆̓̉̃ ̎́ ̘̑́̈̌̉̉̓̆ ́̋̓̏̑̆̕ ̋́̏ ̙̓̏ ̒̔ȡ ̓̆̍̐̆̑́̓̔̑ȟ́ ̖̪̆̍̉̒̋̉ ̒́̒̓́̃ ̉ ̮̐̑̉̍̆̆̎ ̏
̍́̄̎̆̓̎ ̏̉̌̉ ̘̆̌̆̋̓̑̉̎ ̭̏̐̏̆ [28] . ˔́ ̑́̈̌̉̋̔ ̏̅ ̘̖̎̆̍́̓̉̋̉ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ȟ 
̖̗̏̌̆̒̓̆̑̉̉ ̒̔ ̔̃̆̋ ̘̏̐̓̉̋̉ ́̋̓̉̃̎̉ ̉ ̮̖̉̏̃́ ̒̓̑̔̋̓̔̑́ ̒̆ ̍̏̇̆ ̘̪̈̎́́̎̏ ̐̑̏̍̆̎̉̓̉ 
̅̏̅́̓̋̏̍ ̣̖̏̅̑̆̆̎̉ ̅̏̐́̎́̓́Ȣ ˚́ ̗̒̌̉̉ 8 ̒̔ ̅́̓̉ ̐̑̉̍̆̑̉ ̓̆̋̒̓̔̑́ ̪̖̒̃̏̒̓̃̆̎̉ 
̖̘̏̌̆̒̓̆̑̉̎̉  ̍̓ ̘̆̎̏̋̑̉̒̓́̌̎̉  ̍̕ ́̈́̍ ́. 
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˞̌̉̋́ 8. ̃ ̑̉̍̆̑̉ ̓̆̋̒̓̔̑́ ̖̘̏̌̆̒̓̆̑̉̎̆ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ [24] . 

1.3ȢσȢ ˞̘̍̆̋̓̉̋́ ̘̓̆̎̏̋̑̉̒̓́̌̎́ ́̈́̕ 

˚́̈̉̃ ̘̒̍̆̋̓̉̋̆ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̘̐̏̓̉̆ ̏̅ ̘̄̑̋̆ ̘̑̆̉ ȵsmecticusȰ ̙̓̏ 
̘̏̈̎́́̃́ ̅́ ̏̃̉ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ ̪̉̍́̔ ̪̒̃̏̒̓̃́ ̘̒̌̉̎́ ̒́̐̔̎̔ [29] . ̠ ̏̅ ̘̒̍̆̋̓̉̋̆ ́̈̆̕ 
̪̐̏̒̓̏̉ ̉ ̪̗̏̑̉̆̎̓́̉̏̎̏ ̉ ̗̐̏̈̉̉̏̎̏ ̣̮̔̑̆̆̆ȟ ́ ̍̏̌̆̋̔̌̉ ̒̆ ̪̙̏̑̉̆̎̓̉̔ ̋́̏ ̔ 
̘̪̎̆̍́̓̉̋̏ ̘̪̓̆̎̏̋̑̉̒̓́̌̎̏ ́̈̉̕ȟ ̓́̋̏ ̅́ ̒̔ ̮̖̉̏̃̆ ̄̌́̃̎̆ ̍̏̌̆̋̔̌̒̋̆ ̏̒̆ ̐̑̉̂̌̉̇̎̏ 
̣̍̆̔̒̏̂̎̏ ̐́̑́̌̆̌̎̆ȟ ́̌̉ ̪̏̂̑́̈̔̔ ̪̒̌̏̆̃̆Ȣ  

˞̘̍̆̋̓̉̋̆ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̒̔ ̭̐̏̅̆̆̎̆ ̔ ̘̑́̈̌̉̉̓̆ ̄̑̔̐̆ ̎́ ̏̒̎̏̃̔ 
̖̙̑̏̎̏̌̏̋̏̄ ̑̆̅̏̒̌̆̅́ ̮̖̉̏̃̏̄ ̯̏̓̋̑̉́ ̈́̒̎̏̃́̎̏̄ ̎́ ̍̏̌̆̋̔̌̒̋̏̍ ̣̮̔̑̆̆̔ ̔̎̔̓́̑ 
̪̒̌̏̆̃́ ̉ ̒̓̆̐̆̎́ ̗̪̋̏̑̆̌́̉ ̆̉ ̣̈̍̆̔ ̒ ̪̌̏̆̃́Ȣ ˞̘̍̆̋̓̉̋̆ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̘̪̏̈̎́́̃́̔ 
̒̆ ̒̌̏̃̉̍́ A, B, C, D ̉  ˒. ˞̘̍̆̋̓̉̋̆ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̒ ̭̆̅́̆ ̅̆̌̆ ̎́ ̅̃̆ ̄̑̔̐̆ ̔ 
̈́̃̉̒̎̏̒̓̉ ̅́ ̌̉ ̒̔ ̪̒̌̏̆̃̉ ̭̐̏̒̓́̃̆̎̉ ̏̑̓̏̄̏̎́̌̎̏ ̔ ̏̅̎̏̒̔ ̎́ ̗̐̑́̃́ ̪̗̪̏̑̉̆̎̓́̉̆ 
ɉ̘̒̍̆̋̓̉̋́ ˍ ́̈́̕ - SmA, ̒ ̘̍̆̋̓̉̋́ ˏ ́̈́̕ - SmB ̉  ̘̒̍̆̋̓̉̋́ ˒ ́̈́̕ - SmEɊ ̉̌̉ ̒̔ 
̎́̄̎̔̓̉ ɉ̘̒̍̆̋̓̉̋́ ˞ ́̈́̕ ɀ SmCɊȢ ˕́̋̏ ̪̐̏̒̓̏̉ ̃̆̌̉̋̉ ̪̂̑̏ ̘̖̒̍̆̋̓̉̋̉ 
̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ́̈́̕ȟ SmA ̉ SmC ̒̆ ̪̘̙̯̎́̆̆ ̪̭̪̐̏́̃̔̔ȟ ̐́ ̒̔ ̪̙̎́̃̉̆ ̘̐̑̏̔́̃́̎̆ [17, 
18]. 

˗̏̅ ̘̒̍̆̋̓̉̋̆ A ́̈̆̕ ̍̏̌̆̋̔̌̉ ̒̔ ̣̑́̒̐̏̑̆ ̆̎̉ ̔ ̪̒̌̏̆̃̆ ̉ ̮̐̏̍̆̑́́ ̍̏̌̆̋̔̌́ 
̣̉̈̍̆̔ ̪̒̌̏̆̃́ ̒̔ ̍̉̎̉̍́̌̎́ ɉ̒̌̉̋́ ω). ˙̏̌̆̋̔̌̉ ̔ ̪̏̃̏ ̘̪̓̆̎̏̋̑̉̒̓́̌̎̏ ́̈̉̕ ̒̔ 
̣̑́̒̐̏̑̆̆̎̉ ̎̏̑̍́̌̎̏ ̎́ ̪̒̌̏̆̃̆ȟ ̂̆̈ ̅̔̄̏̅̏̍̆̓̎̏̄ ̋ ̑̉̒̓́̌̎̏̄ ̣̮̔̑̆̆́ ̔̎̔̓́̑ ̮̖̉Ȣ  

˜̏̈̎́̓̆ ̒̔ ̉ ̐̏̅́̈̆̕ ̘̒̍̆̋̓̉̋̆ ˍ ́̈̆̕ȡ SmA2 (̪̅̃̏̒̌̏̎́ ́̈́̕), SmAd ɉ̘̅̆̌̉̍̉̎̏ 
̪̅̃̏̒̌̏̎́ ́̈́̕Ɋ ̉ SmÃ ɉ̍̏̅̔̌̉̒́̎́ ́̈́̕ɊȢ ˞̘̍̆̋̓̉̋́ ˍ ́̈́̕ ̍̏̇̆ ̉̍́̓̉ ̉ ̪̂̉́̋̒̉́̌̎̔ 
̪̒̉̍̆̓̑̉̔ȟ ̐́ ̒̆ ̋́̏ ̓́̋̃́ ̏̎̅́ ̎́̈̉̃́ ̪̂̉́̋̒̉́̌̎́ ̘̒̍̆̋̓̉̋́ ˍ ́̈́̕ ɉSmAb). ˗̏̅ ̏̃̆ 
́̈̆̕ ̍̏̌̆̋̔̌̉ ̒̔ ̣̑́̒̐̏̑̆̆̎̉ ̔̎̔̓́̑ ̎̏̑̍́̌̎̏̄ ̪̒̌̏́ȟ ́̌̉ ̪̉̍́̔ ̅̏̅́̓̎ ̗̉̐̑́̃́ 
̪̗̪̏̑̉̆̎̓́̉̆ ̔  ̑́̃̎̉ ̪̒̌̏́Ȣ 
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˞̌̉̋́ ύȢ ˞̘̍̆̋̓̉̋́ ˍ ̘̓̆̎̏̋̑̉̒̓́̌̎́ ́̈́̕ [25] . 

˞̘̍̆̋̓̉̋́ ́̈́̕ ˞ ̒̆ ̪̑́̈̌̉̋̔̆ ̏̅ ̘̒̍̆̋̓̉̋̆ ́̈̆̕ ˍ ̐̏ ̓̏̍̆ ̙̓̏ ̪̆ ̗̐̑́̃́ 
̪̗̪̏̑̉̆̎̓́̉̆ ̔ ̒̃́̋̏̍ ̪̒̌̏̔ ̎́̄̎̔̓ ̐̏̅ ̣̏̅̑̆̆̎̉̍ ̔̄̌̏̍ ̪̋̏̉ ̪̆ ̘̑́̈̌̉̉̓ ̏̅ ωπ Ј ̉ ̪̏̃́ 
̔̄́̏ ̪̆ ̔ ̒̃̉̍ ̪̒̌̏̆̃̉̍́ ̉̒̓̉ ɉ̒̌̉̋́ ρπɊȢ ˜̏̑̆̅ ̓̏̄́ȟ ̘̒̍̆̋̓̉̋́ ́̈́̕  ̱̪̆ ̄̆̎̆̑́̌̎̏ 
̘̏̐̓̉̋̉ ̪̆̅̎̏̏̒̎́ȟ ̅̏̋ ̪̆ ̘̒̍̆̋̓̉̋́ ́̈́̕ ˞  ̘̏̐̓̉̋̉ ̪̂̉́̋̒̉́̌̎́Ȣ ˜̏̋́̈́̎̏ ̪̆ ̅́ ̒̆ ̔̄́̏ 
̎́̄̉̂́ ̔ ̪̏̃̏ ́̈̉̕ ̯̐̏̃̆́̃́ ̒́ ̮̒̎̉̇́̃́̆̍ ̓ ̆̍̐̆̑́̓̔̑̆Ȣ 

˟̣́̋̏̆ ̪̐̏̒̓̏̉ ̉ ̖̉̑́̌̎́ ̘̒̍̆̋̓̉̋́ ́̈́̕ ˞ (SmC*Ɋȟ ̪̋̏̔ ̪̏̂̑́̈̔̔ ̘̏̐̓̉̋̉ ́̋̓̉̃̎̉ 
̍̏̌̆̋̔̌̉Ȣ ˞̐̉̑́̌́ ̪̎́̒̓́̆ ̋́̏ ̑̆̈̔̌̓́̓ ̐̏̒̓̆̐̆̎̆ ̐̑̏̍̆̎̆ ̒̍̆̑́ ̎́̄̉̂́ ̍̏̌̆̋̔̌́ ɉn) 
̉̈ ̪̒̌̏́ ̔ ̪̒̌̏ȟ ̏̋̏ ̏̒̆ ̎̏̑̍́̌̎̆ ̎́ ̑́̃́̎ ̒ ̪̌̏́ [26] . 

ˠ̎̔̓́̑ ̪̒̌̏̆̃́ ̘̒̍̆̋̓̉̋̆ ́̈̆̕ ˏ ̪̐̏̒̓̏̉ ̖̆̋̒́̄̏̎́̌̎̏ ̋̑̉̒̓́̌̎̏ ̣̮̔̑̆̆̆ȟ ̙̓̏ ̪̆ 
̐̑̉̋́̈́̎̏ ̎́ ̗̒̌̉̉ φȢ ˗̏̅ ̏̃̆ ́̈̆̕ ̪̒̌̏̆̃̉ ̍̏̄̔ ̋̌̉̈̉̓̉ ̪̆̅́̎ ̐̑̆̋̏ ̅̑̔̄̏̄ȟ ́̌̉ ̎̆ ̍̏̄̔ 
̑̏̓̉̑́̓̉ ̪̆̅́̎ ̏̋̏ ̅̑̔̄̏̄Ȣ ˞̘̍̆̋̓̉̋́ ́̈́̕ ˏ ̘̏̂̉̎̏ ̪̐̏̋́̈̔̆ ̘̍̏̈́̉̋̔ ̓̆̋̒̓̔̑̔ ̋́̅́ ̒̆ 
̐̏̒̍́̓̑́ ̐̏̅ ̍̉̋̑̏̒̋̏̐̏̍Ȣ 

˚̘̆̍́̓̉̋́ ̘̓̆̎̏̋̑̉̒̓́̌̎́ ́̈́̕ ̪̎́̒̓́̆ ̘̆̒̓̏ ̎́ ̙̃̉̉̍ ̓̆̍̐̆̑́̓̔̑́̍́ ̔ ̏̅̎̏̒̔ 
̎́ ̘̒̍̆̋̓̉̋̔Ȣ ˗́̋̏ ̓̆̍̐̆̑́̓̔̑́ ̏̐́̅́ȟ ̘̒̍̆̋̓̉̋̆ ́̈̆̕ ̪̎́̒̓́̔ ̯̒̌̆̅̆̉̍ ̑̆̅̏̒̌̆̅̏̍  
! ᴼ # ᴼ " [9]. 

 

 
˞̌̉̋́ υτȢ ˞̘̍̆̋̓̉̋́ ̘̓̆̎̏̋̑̉̒̓́̌ ́̎́ ́̈́̕ ˞  [25] . 
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1.4. ˟ ̘̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̘̖̅̉̒̋̏̓̉̎̉ ̓ ̘̖̆̎̉ ̋̑̉̒̓́̌́ 

ː̏̅̉̎̆ ρωχχ. ̄̑̔̐́ ̘̉̒̓̑́̇̉̃́́ ̉̈ ˕̪̎̅̉̆ ̒̉̎̓̆̓̉̒́̌́ ̪̆ ̍̏̌̆̋̔̌̆ ̔ ̏̂̌̉̋̔ 
̅̉̒̋́ ̪̋̏̉ ̪̏̂̑́̈̔̔ ̗̘̒̐̆̉̉̎̆̕ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕Ȣ ˔́ ̑́̈̌̉̋̔ ̏̅ ̘̖̋́̌̍̉̓̉̋̉ 
̘̖̓̆̎̉ ̋̑̉̒̓́̌́ȟ ̘̅̉̒̋̏̓̉̎̉ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ ̪̒́̒̓̏̆ ̒̆ ̏̅ ̖̑́̃̎̉ ̍̏̌̆̋̔̌́ ̏̂̌̉̋́ 
̅̉̒̋́ ̪̋̏̉ ̒̆ ̪̙̏̑̉̆̎̓̉̔ ̓́̋̏ ̅́ ̏̒́ȟ ̪̋̏́ ̪̆ ̎̏̑̍́̌̎́ ̎́ ̑́̃́̎ ̍̏̌̆̋̔̌́ ̓̆̇̉ ̅́ ̒̆ 
̪̙̏̑̉̆̎̓̉̆ ̅̔̇ ̣̏̅̑̆̆̎̏̄ ̗̐̑́̃́Ȣ ˚̘̆̍́̓̉̋́ ̘̅̉̒̋̏̓̉̎́ ́̈́̕ (ND) ̭̐̑̆̅̒̓́̃́ 
̪̪̪̎́̆̅̎̏̒̓́̃̎̉̔ ̘̅̉̒̋̏̓̉̎̔ ̘̓̆̎̏̋̑̉̒̓́̌̎̔ ́̈̔̕Ȣ ˠ ̪̏̃̏ ́̈̉̕ ̪̐̏̒̓̏̉ ̪̗̏̑̉̆̎̓́̉̏̎̏, 
́̌̉ ̎̆ ̉ ̗̐̏̈̉̉̏̎̏ ̣̮̔̑̆̆̆Ȣ ˙̏̌̆̋̔̌̉ ̒̔ ̘̎́̒̔̍̉̎̏ ̣̑́̒̐̏̑̆̆̎̉ȟ ́̌̉ ̏̒́ ̎̏̑̍́̌̎́ ̎́ 
̑́̃́̎ ̒̃́̋̏̄ ̍̏̌̆̋̔̌́ ̓̆̇̉ ̅́ ̒̆ ̪̙̏̑̉̆̎̓̉̆ ̅̔̇ ̣̏̅̑̆̆̎̏̄ ̗̐̑́̃́ ̙̓̏ ̪̆ ̐̑̉̋́̈́̎̏ 
̎́ ̗̒̌̉̉ 11Ȣ ˑ̑̔̄́ ̐̏̈̎́̓́ ́̈́̕ ̪̋̏̔ ̪̏̂̑́̈̔̔ ̘̅̉̒̋̏̓̉̎̉ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ ̪̆ ̋̏̌̔̍̎́̑̎́ 
̉̌̉ ̘̒̍̆̋̓̉̋̏ ̘̅̉̒̋̏̓̉̎́ ́̈́̕ ̋̏̅ ̪̋̏̆ ̪̐̏̒̓̏̉ ̉ ̪̗̏̑̉̆̎̓́̉̏̎́ ̉ ̗̐̏̈̉̉̏̎́ 
̣̔̑̆̆̎̏̒̓ ̪̆̑ ̍̏̌̆̋̔̌̉ ̏̒̉̍ ̙̓̏ ̒̆ ̪̙̏̑̉̆̎̓̉̔ȟ ̓̆̇̆ ̅́ ̪̏̂̑́̈̔̔ ̋̏̌̏̎̆Ȣ ̨ ̃̆ ̋̏̌̏̎̆ ̒̔ 
̏̑̄́̎̉̈̏̃́̎̆ ̔ ̖̆̋̒́̄̏̎́̌̎̔ ̙̑̆̆̓̋̔ȟ ́ ̍̏̌̆̋̔̌̉ ̔̎̔̓́̑ ̋̏̌̏̎́ ̒̔ ̘̎́̒̔̍̉̎̏ 
̣̑́̒̐̏̑̆̆̎̉ȟ ̐́ ̪̆ ̗̐̏̈̉̉̏̎̏ ̣̮̔̑̆̆̆ ̔ ̪̏̃̏ ̪̋̑̉̒̓́̌̎̏ ́̈̉̕ ̅̃̏̅̉̍̆̎̈̉̏̎́̌̎̏ [32] .  

 

˞̌̉̋́ 11Ȣ ˑ̘̉̒̋̏̓̉̎̉ ̘̓̆̎̉ ̋̑̉̒̓́̌̉Ȣ ˚̘̆̍́̓̉̋́ ̉ ̋̏̌̔̍̎́̑̎́ ̘̅̉̒̋̏̓̉̎́ 
̘̓̆̎̏̋̑̉̒̓́̌̎́ ́̈́̕ [20] . 

1.5. ̇ ̆̓́̌̏̍̆̈̏̄̆̎̉ 

˙̆̓́̌̏̍̆̈̏̄̆̎̉ ̭̪̐̑̆̅̒̓́̃́̔ ̋̌́̒̔ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̪̋̏̉ ̔ ̪̪̒̃̏̏ ̒̓̑̔̋̓̔̑̉ 
̒́̅̑̇̆ ̪̏̎̆ ̍̆̓́̌́Ȣ ˗̏̅ ̖̏̃̉ ̪̮̮̆̅̉̆́ ̏̑̄́̎̒̋̉ ̌̉̄́̎̅̉ ̒̆ ̪̋̏̏̑̅̉̎̉̑́̔ ̈́ ̍̆̓́̌̎̆ 
̗̆̎̓̑̆ȟ ́ ̮̖̉̏̃̏ ̘̓̆̎̏̋̑̉̒̓́̌̎̏ ̮̒̓́̆ ̈́̃̉̒̉ ̏̅ ̏̂̌̉̋́ȟ ̘̃̆̌̉̉̎̆ ̉ ̆̌̆̋̓̑̏̎̒̋̆ 
̒̓̑̔̋̓̔̑̆ ̋́̋̏ ̏̑̄́̎̒̋̆ ̋̏̍̐̏̎̆̎̓̆ ̓́̋̏ ̉ ̉̈̂̏̑́ ̍̆̓́̌́Ȣ ˶̮̮̆̅̉̆́ ̪̋̏́ ̔ ̪̪̒̃̏̏ 
̒̓̑̔̋̓̔̑̉ ̒́̅̑̇̆ ̪̏̎̆ ̍̆̓́̌́ ̉ ̪̋̏́ ̭̪̉̒̐̏́̃́̔ ̍̆̈̏̍̏̑̉̈́̍̕ȟ ̍̏̄̔ ̂̉̓̉ 
̏̑̄́̎̏̍̆̓́̌̎̉ ̉̌̉ ̘̋̌́̒̉̎̉ ̎̆̏̑̄́̎̒̋̉ ̋̏̍̐̌̆̋̒̉ [33]Ȣ ˠ̣̮̃̏̆̆̍ ̍̆̓́̌̎̏̄ ̗̆̎̓̑́ ̔ 
̒̓̑̔̋̓̔̑̔ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ̪̍́̓̆̑̉́̌́ ̯̪̏̍̏̄̔́̃́̔ ̒̆ ̘̑́̈̌̉̉̓̆ ̗̪̍̏̅̉̉̋́̉̆̕ 
̣̖̏̅̑̆̆̎̉ ̘̖̉̈̉̋̉̕ ̪̒̃̏̒̓́̃́ [34] .  

ˡ̏̑̌̎̆̅̆̑ ̪̆ ρωρπ. ̄̏̅̉̎̆ ̒̉̎̓̆̓̉̒́̏ ̐̑̃̉ ̓̆̑̍̏̓̑̏̐ ̎̉ ̘̓̆̎̉ ̋̑̉̒̓́̌ȟ ̪̋̏̉ ̔ 
̪̪̒̃̏̏ ̒̓̑̔̋̓̔̑̉ ̒́̅̑̇̉ ̍̆̓́̌ [35]Ȣ ˛̓̋̑̉̏ ̪̆ ̅́ ̋́̑̂̏̋̒̉̌́̓̉ ̖́̌̋́̌̎̉ ̍̆̓́̌́ 
R(CH2)nC(O)ONa ̏ ̪̂̑́̈̔̔ ̘̪̔̏̂̉́̆̎̆ ̌́̍̆̌́̑̎̆ ́̈̆̕ ̪̋̏̆ ̒̔ ̘̋́̑́̋̓̆̑̉̒̓̉̎̆ ̈́ ̒́̐̔̎̆Ȣ 
ː̏̅̉̎̆ 1923. ̏ ̪̃́ ̘̎́̔̎̉̋ ̪̆ ̏̓̋̑̉̏ ̅́ ̅̉́̑̉̌-̇̉̃́ ˥̉̏̃̆̕ ̂́̈̆ (RC6H4CH=NC6H4)2Hg 
̪̏̂̑́̈̔̆ ̘̒̍̆̋̓̉̋̆ ́̈̆̕ [19]Ȣ ˗̪́̒̎̉̆ ̒̔ ˞̋̔̌̉̏̒ ɉ̆̎̄.̌ Skoulios) ̉ ̗̒́̑́̅̎̉̉ [36]  
̏̋́̑́̋̓̆̑̉̒́̌̉ ̐̑̆̏̒̓́̌̆ ́̌̋́̌̎̆ ̉ ̈̆̍̎̏́̌̋́̌̎̆ ̒̏̌̉ ̖̋́̑̂̏̋̒̉̌̎̉ ̋̉̒̆̌̉̎́ ̒́ 
̏̑̄́̎̉̈̏̃́̎̉̍ ̍̆̈̏́̈́̍́̕Ȣ ˟̆̑̍̉̎ ̍̆̓́̌̏̍̆̈̏̄̆̎ ̐̑̆̅̌̏̇̉̌̉ ̒̔ ˓̉̑̔-ː̏̅̋̆̎ ɉ̕ .̑ 
Giroud-Godquin) ̉  ˙́̉̓̌̉̒ (̆̎̄̌. MaitlisɊ ̉ ̏̅̎̏̒̉ ̒̆ ̎́ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ̪̍́̓̆̑̉́̌̆ ̪̋̏̆ 
̒́̅̑̇̆ ̪̏̎̆ ̍̆̓́̌ ́̔  ̪̪̒̃̏̏ ̒̓̑̔̋̓̔̑̉ [37]Ȣ ˛̎̉ ̪̋̏̍̂̉̎̔̔ ̑́̈̎̏̃̑̒̎̏̒̓ ̗̋̏̏̑̅̉̎́̉̏̎̆ 
̖̪̆̍̉̆ ̒́ ̉̈̔̈̆̓̎̉̍ ̪̒̃̏̒̓̃̉̍́ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̅́ ̄̑́̅̆ ̋̏̍̐̌̆̋̒̆ ̍̆̓́̌́ 
̏̑̄́̎̉̈̏̃́̎̆ ̔ ̘̓̆̎̆ ́̈̆̕Ȣ ˠ̣̮̄̑́̉̃́̆ ̪̏̎́ ̍̆̓́̌́ ̔ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̪̘̐̏́́̃́ 
̋̏̑̉̒̎ ́ ̪̒̃̏̒̓̃́ ̋́̏ ̙̓̏ ̒̔ ̐̏̌́̑̉̈́̂̉̌̎̏̒̓ ̉ ̪̅̃̏̎̏ ̮̐̑̆̌́̍́̆ ̒̃̆̓̌̏̒̓̉, 
̪̍̏̅̉̉̋̔̆̕ ̅̑̔̄́ ̘̉̈̉̋́̕ ̪̒̃̏̒̓̃́ ̋́̏ ̙̓̏ ̒̔ ̪̏̂̏̆̎̏̒̓ȟ ̘̆̌̆̋̓̑̉̎́ ̭̐̑̏̃̏̅̉̃̏̒̓ȟ 
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̗̗̪̌̔̍̉̎̉̒̆̎̉́ ̉ ̍́̄̎̆̓̉̈́̍ȟ ̙̓̏ ̃̏̅̉ ̋́ ̎̏̃̉̍ ̍ ̪́̓̆̑̉́̌̉̍́ ̒ ́ ̎̏̃̉̍ ̯̍̏̄̔̎̏̒̓̉̍́ 
̐̑̉̍̆̎̆Ȣ  

˜̙̏̓̏ ̮̏̂̑́̈̏̃́̆ ̘̓̆̎̏̋̑̉̒̓́̌̎̉  ̖́̈́̕ ̈́̃̉̒̉ ̏̅ ̣̖̍̆̔̍̏̌̆̋̔̌̒̋̉ ̒̉̌́ ̉ 
̪̒́̅̑̇́́ ̗̋̏̏̑̅̉̎́̉̏̎̆ ̒̆̑̆̕ ̍ ̆̓́̌́ ̪̋̏̆ ̪̈́̔̈̉̍́̔ ̌̉̄́̎̅̉ȟ ̪̒̃̏̒̓̃́ ̍̆̓́̌̏̍̆̈̏̄̆̎́ 
̈́̃̉̒̆ ̏̅ ̃̑̒̓̆ ̌̉̄́̎́̅́ ̉ ̮̖̉̏̃̏̄ ̑́̒̐̏̑̆̅́Ȣ ˟́̋̏ ̎́ ̐̑̉̍̆̑ȟ ̅̔̄̉ ̍̏̎̏̅̆̎̓́̓̎̉ 
̌̉̄́̎̅̉ ̉̌̉ ̂̉̅̆̎̓́̓̎̉ ̌̉̄́̎̅̉ ̒́ ̍́ ̌̉̍ ̖̆̌́̓̎̉̍ ̔̄̌̏̍ (̔̄́̏ ̪̋̏̉ ̒̆ ̏̑̍̉̑́̕ 
̣̉̈̍̆̔ ̗̆̎̓̑́̌̎̏̄ ̪̏ ̎́ ̍̆̓́̌́ ̉ ̅̃̆ ̋̏̏̑̅̉̎́̓̉̃̎̆ ̃̆̈̆ ̒́ ̂̉̅̆̎̓́̓̎̉̍ ̌̉̄́̎̅̏̍) 
̓̆ ̯̇̉̆ ̅́ ̪̏̂̑́̈̔̔ ̘̎̆̍́̓̉̋̆ ̉ ̘̒̍̆̋̓̉̋̆ ́̈̆̕ ̪̒̃̏̒̓̃̆̎̆ ̙̯̓́̐̉́̒̓̉̍ ̍̏̌̆̋̔̌̉̍́ 
[33] . 

ˑ̑̔̄́ ̃̑̒̓́ ̍̆̓́̌̏̍̆̈̏̄̆̎́ ̒̔ ̪̏̎̒̋̉ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ȟ ̪̋̏̉ ̭̪̐̑̆̅̒̓́̃́̔ ̪̏̎̒̋́ 
̪̮̮̆̅̉̆́ ̒́ ̘̓̆̎̏̋̑̉̒̓́̌̎̉̍ ̪̒̃̏̒̓̃̉̍́ ̉ ̎̉̒̋̉̍ ̘̓́̋́̍́ ̭̮̓̏̐̆́ ɉ̉̒̐̏̅ ρππ Ј˞ɊȢ 
ˎ̑̔̒ ɉ̆̎̄.̌ Bruce) [38]  ̉  ˥ ̆̅̏̎ ɉ̆̎̄.̌ Seddon) [39]  ̒ ̔ ̪̅̉̈́̎̉̑́̌̉ ̓ ̘̆̎̆ ̋̑̉̒̓́̌̆ ̎́ ̂́̈̉ 
̒̏̌̉ ̉̍̉̅́̈̏̌́ ̪̋̏̆ ̔ ̪̪̒̃̏̏ ̒̓̑̔̋̓̔̑̉ ̒́̅̑̇̆ ̍̆̓́̌, ̐́ ̒̆ ̍̏̄̔ ̋̌́̒̉̉̋̏̃́̓̉̕ ̋́̏ 
̏̑̄́̎̏̍̆̓́̌̎̉ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ ̈̂̏̄ ̃̆̈́ ̪̋̏̆ ̭̪̔̒̐̏̒̓́̃́̔ ́̓̏̍̉ ̍̆̓́̌́ ̉ ̭̔̄̆̎̉̋́Ȣ ˚́ 
̗̒̌̉̉ 12 ̒  ̔̅ ́̓̉ ̐̑̉̍̆̑̉ ̖̏̃̉ ̪̮̮̆̅̉̆́Ȣ 

 

˞̌̉̋́ 12 Ȣ ˜̑̉̍̆̑̉ ̍̆̓́̌̏̍̆̈̏̄̆̎́ ̎́ ̂́̈̉ ̒̏̌̉ ̉̍̉̅́̈̏̌́ [33] . 

˟̘̆̑̍̉̋́ ̒̓́̂̉̌̎̏̒̓ ̖̏̃̉ ̪̮̮̆̅̉̆́ ̈́̃̉̒̉ ̏̅ ̅̔̇̉̎̆ ̗̌́̎́ ɉ̙̓̏ ̪̆ ̌ ̗́̎́ ̅̔̇̉, 
̪̮̮̆̅̉̆̆ ̪̆ ̪̒̓́̂̉̌̎̉̆ɊȢ ˎ̑̔̒ ̉  ̗̒́̑́̅̎̉̉ ̐̏̋́̈́̌̉ ̒̔ ̅́ ̒̆ ̘̋́̍̉̓̉̋ ̉̍ ̪́̓̆̑̉́̌ ̉̍ ̏̄̔ 
̙̐̏̎́́̓̉ ̋́̏ ̅ ̘̉̒̋̏̓̉̎ ̉̍ ̆̈̏̄̆̎ ̪̉ ̆̅̎̏̒̓́̃̎̏ ̍̐ ̑̏̍̆̎̏̍ ̅̔̇̉̎̆ ̗̌́̎́ [33] .  

1.5.1. ˞ ̓̑̔̋̓̔̑̎̉ ̪̅̉̈́̎ ̘̖̋́̌̍̉̓̉̋̉ ̍̆̓́̌̏̍̆̈̏̄̆̎́ 

˗̘́̌̍̉̓̉̋̉ ̍̆̓́̌̏̍̆̈̏̄̆̎̉ ̒̔ ̙̯̓́̐̉́̒̓̏̄ ̏̂̌̉̋́ ̉ ̪̒́̒̓̏̆ ̒̆ ̏̅ ̖̋̑̔̓̉ 
̗̖̆̎̓̑́̌̎̉ ̪̆̈̄́̑́ ̪̋̏̉ ̭̘̪̔̋̔̔̔ ́̓̏̍̆ ̍̆̓́̌́ ̉ ̪̯̃̆̈̔̔̆ ̄̑̔̐̆ ̔ ̐̑̒̓̆̎́̒̓̉̍ 
̒̓̑̔̋̓̔̑́̍́ ̐̏̐̔̓ ̖̆̎̉̌̎̉̕ ̐̑̒̓ ̆̎̏̃́ ̉̌̉ ̖̗̆̓̆̑̏̉̋́̌́Ȣ ˑ̔̇ ̏̒̆ ̍̏̌̆̋̔̌́ ̐̑̏̓̆̇̔ 
̒̆ ̌̆̋̒̉̂̉̌̎̉̕ n-́̌̋̉̌- ̉̌̉ n-́̌̋̏̋̒̉-̑̆̐̏̃̉Ȣ ˛̃́ ̗̪̋̏̍̂̉̎́̉́ ̘̃̑̒̓̏̄ 
̐̏̌́̑̉̈́̂̉̌̎̏̄ ̪̆̈̄̑́ ̉ ̖̌̆̋̒̉̂̉̌̎̉̕ ̪̋̑́̆̃́ ̯̐̏̃̆́̃́ ̍̏̌̆̋̔̌̒̋̔ ́̎̉̈̏̓̑̏ ̪̐̉̔ȟ ̙̓̏ 
̘̐̏̅̒̓̉̆ ̘̓̆̎̏̋̑̉̒̓́̌̎́ ̪̒̃̏̒̓̃́ [34] . ˚́ ̗̒̌̉̉ ρσ ̅́̓ ̪̆ ̐̑̉̍̆̑ ̒̓̑̔̋̓̔̑̆ 
̘̋́̌̍̉̓̉̋̏̄ ̍̆̓́̌̏̍̆̈̏̄̆̎́ [33] . 

 

˞̌̉̋́ υχȢ ˜̑̉̍̆̑ ̒̓̑̔̋̓̔̑̆ ̘̋́̌̍̉̓̉̋̏̄ ̍̆̓́̌̏̍̆̈̏̄̆̎́. 



 

13 

 

ˏ́̇̎̏ ̪̆ ̏̅̑̇́̓̉ ̑́̃̎̏̓̆̇̔ ̣̉̈̍̆̔ ̖̒̌́̂̉ ̅̉̐̏̌-̅̉̐̏̌ ̗̪̉̎̓̆̑́̋̉́ ̉ 
̖̅̉̒̐̆̑̈̉̏̎̉ ̒̉̌́ ̪̋̏̆ ̪̐̏̃̆̈̔̔ ̓̆̑̍̏̓̑̏̐̎̆ ̘̓̆̎̆ ̋̑̉̒̓́̌̆Ȣ ˍ̋̏ ̒̔ ̓̆ ̒̉̌̆ ̙̐̑̆̃̉̆ 
̒̌́̂̆ ̉̌̉ ̙̐̑̆̃̉̆ ̪́̋̆ȟ ̄̔̂̆ ̒̆ ̘̓̆̎̏̋̑̉̒̓́̌̎́ ̪̒̃̏̒̓̃́Ȣ ˔̂̏̄ ̓̏̄́ ̒̔ ̍̏̌̆̋̔̌̒̋̆ 
̋́̑́̋̓̆̑̉̒̓̉̋̆ ̪̋̏̆ ̯̪̏̍̏̄̔́̃́̔ ̏̐̓̉̍́̌̎́ ̓̆̑̍̏̓̑̏̐̎́ ̪̒̃̏̒̓̃́ ̏̅ ̭̘̋̔̎̏̄ ̘̪̈̎́́́ 
[33] . 

1.6. ˟ ̘̆̎̉ ̋̑̉̒̓́̌̉ ̪̒́̃̉̆̎̆ ̍̏̌̆̋̔̌̒̋̆ ̪̄̆̏̍̆̓̑̉̆ 

ˑ̏ ̅́̎́̒ ̪̆ ̉̅̆̎̓̉̉̋̏̃́̎̏̕ ̏̒́̍ ̘̖̑́̈̌̉̉̓̉ ́̈́̕ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̪̒́̃̉̆̎̆ 
̍̏̌̆̋̔̌̒̋̆ ̪̄̆̏̍̆̓̑̉̆ ̉ ̘̏̈̎́̆̎̆ ̒̔ ̋́̏ B1ɀB8 ́̈̆̕ ̎́ ̏̒̎̏̃̔ ̑̆̅̏̒̌̆̅́ ̮̖̉̏̃̏̄ 
̯̏̓̋̑̉́Ȣ ˛̈̎́̋́ ȵˏȰ ̘̐̏̓̉̆ ̏̅ ̘̑̆̉ bent ̉ ̌̉ banana, ̙ ̓̏ ̘̏̈̎́́̃́ ̅́ ̒̔ ̏̃̉ ̍̏̌̆̋̔̌̉ 
̪̒́̃̉̆̎̏̄ ̏̂̌̉̋́ ̉̌̉ ̏̂̌̉̋́ ̂́̎́̎̆Ȣ ˚̗̆̋̏̎̃̆̎̉̏̎́̌̎́ ̪̒̃̏̒̓̃́ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ 
̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̘̐̏̓̉̔ ̏̅ ̮̖̉̏̃̏̄ ̍̏̌̆̋̔̌̒̋̏̄ ̏̂̌̉̋́Ȣ ˙̏̌̆̋̔̌̉ ̒ ̆̋̏̍̐́̋̓̎ ̏
̪̐́̋̔̔, ̙ ̓ ̏̏ ̘̄̑́̎̉́̃́ ̮̖̉̏̃̔ ̒̌̏̂̏̅̔ ̗̪̑̏̓́̉̆ ̉  ̭̅́̆ ̅̏̃̏̅̉ ̅ ̏ ̮̏̑̄́̎̉̈̏̃́́ ̔ ̎̏̃̆ 
̓̉̐̏̃̆ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ́̈́̕Ȣ ˜̑̆̅̌̏̇̆̎̉ ̒̓̑̔̋̓̔̑̎̉ ̘̎́̉̎̉ ̈́ ̘̑́̈̌̉̉̓̆ 
̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̙̋́̑́̋̓̆̑̉̔ ̒̆ ̮̒̌́̄́̆̍ ̔ ̋̏̌̏̎̆ ̉̌̉ ̌́̍̆̌́̑̎̉̍ ̣̮̔̑̆̆̆̍Ȣ 
ˡ́̈̉ ̍̏̇̆ ̂̉̓̉ ̪̒̃̏̒̓̃̆̎ ̉ ̓́̋́̃ ̑́̒̐̏̑̆̅ ̔ ̋̏̍̆ ̒̔ ̍̏̌̆̋̔̌̉ ̎́̄̎̔̓̉ȟ ̋́̏ ̉ ̅́ ̄̔̒̓̏ 
̮̐́̋̏̃́̆ ̃̏̅̉ ̅̏ ̐̏̌́̑̎̏̄ ̣̮̔̑̆̆́ ̔̎̔̓́̑ ̪̒̌̏̆̃́ ̉̌̉ ̋̏̌̔̍̎̉Ȣ ˚̆̋̆ ̏̅ ̖̏̃̉ ́̈́̕ȟ 
̙̙̓́̃̉̆ȟ ̪̐̏̋́̈̔̔ ̒̔̐̑́̍̏̌̆̋̔̌̒̋̔ ̖̉̑́̌̎̏̒̓ ̪̋̏́ ̒̆ ̍̏̇̆ ̮̍̆́̓̉ ̭̙̮̒̐̏́̉̍ 
̒̓̉̍̔̌́̎̒̉̍́Ȣ ˙̣̆̔ ̐̏̍̆̎̔̓̉̍ ́̈́̍́̕ȟ ̪̘̙̯̎́̆̆ ̒̆ ̯̒̑̆̆ ̏̎́ ̪̋̏́ ̪̎́̒̓́̆ ̮̒̌́̄́̆̍ 
̪̒̌̏̆̃́ ̍̏̌̆̋̔̌́ ̘̪̉̆ ̒̔ ̏̒̆ ̎́̄̎̔̓̆ ̔ ̏̅̎̏̒̔ ̎́ ̗̐̑́̃́ ̮̒̌́̄́́ȟ ̐̑̉ ̘̆̍̔ ̔̎̔̓́̑ ̪̒̌̏̆̃́ 
̎̆ ̪̐̏̒̓̏̉ ̐̏̒̆̂̎̏ ̣̮̔̑̆̆̆Ȣ ˕̗̪̎̉̉́̌̎̏ ̒̆ ̏̃́ ́̈́̕ ̘̏̈̎́́̃́̌́ B2ȟ ́̌̉ ̪̆ ̪̋́̒̎̉̆ ̅̏̂̉̌́ 
̏̈̎́̋̔ SmCP ̕ ́̈́ȟ ̈ ̂̏̄ ̮̆̎̏̄ ̌́̍̆̌́̑̎̏̄ ɉ̘̒̍̆̋̓̉̋̏̄ CɊ ̉ ̐̏̌́̑̎̏̄ ɉPɊ ̒̋̌̏̐́ [40] . 

˚́ ̗̒̌̉̉ 14 ̒̔ ̐̑̉̋́̈́̎̉ ̏̒ ̎̏̃̎̉ ̒̓̑̔̋̓̔̑̎̉ ̍̏̅̆̌̉ ̐̑̆̅̌̏̇̆̎̉ ̈́ ̎̆̋̆ ̏̅ 
́̈́̕ ̪̋̏̆ ̪̏̂̑́̈̔̔ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆Ȣ ˑ́̓ ̪̆ ̙̆̍́̓̒̋̉ ̐̑̉̋́̈ ̐̏̌́̑̎̏̄ 
̗̐̑̏̆̒́ ̣̮̐̑̆̃̏̆́ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ SmCAPA ̐̏̅ ̪̅̆̒̓̃̏̍ ̭̙̮̒̐̏́̆̄ ̘̆̌̆̋̓̑̉̎̏̄ 
̭̐̏́Ȣ ˠ̒̌̆̅ ̐̑̉̍̆̎̆ ̘̆̌̆̋̓̑̉̎̏̄ ̭̐̏́ȟ ̘́̎̓̉̆̑̏̆̌̆̋̓̑̉̎̕ ̗̪́̏̑̄́̎̉̈́̉ ́̒̆ ̐̑̆̃̏̅̉ 
̔ ̘̆̑̏̆̌̆̋̓̑̉̎̔̕Ȣ SmCP ̓̆ ̘̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̍̏̄̔ ̏̂̑́̈̏̃́̓̉ ̘̆̓̉̑̉ ̘̑́̈̌̉̉̓́ ̓̉̐́ 
̒̔̐̑́̍̏̌̆̋̔̌̒̋̏̄ ̣̮̔̑̆̆́ȟ ̙̓̏ ̪̆ ̐̑̉̋́̈́̎̏ ̎́ ̗̒̌̉̉ 15 [41] . 



 

14 

 

 
˞̌̉̋́ 14Ȣ ˛̒̎̏̃̎̉ ̒̓̑̔̋̓̔̑̎̉ ̍̏̅̆̌̉ ̪̖̐̏̆̅̉̎̉ ̕ ́̈́ ̪̋̏̆ ̪̏̂̑́̈̔̔ ̘̓̆̎̉ 

̋̑̉̒̓́̌̉ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ [41] . 
 



 

15 

 

 
˞̌̉̋́ 15Ȣ ˥̆̍́̓̒̋̉ ̐̑̉̋́̈ ̍̏̌̆̋̔̌̒̋̏̄ ̣̮̔̑̆̆́ ̪̋̏́ ̍ ̏̄̔ ̏̂̑́̈̏̃́̓̉ SmCP 

̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ [41] . 

˗̘́̑́̋̓̆̑̉̒̓̉̎́ ̏ ̅̌̉̋́ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̪̆ ̒̐̏̒̏̂̎̏̒̓ ̅́ ̒̆ 
̐̏̒̓̉̄̎̆ ̒̐̏̎̓́̎ ́̍́̋̑̏̒̋̏̐̒̋ ̖́̉̑́̌̎̏̒̓ ̔̐̏̓̑̆̂̏̍ ̖̖́̉̑́̌̎̉ ̍̏̌̆̋̔̌́Ȣ ˗̏̅ ̖̏̃̉ 
̒̉̒̓̆̍́ȟ ̎́̄̉̂ ̉ ̐̏̌́̑̎̏ ̣̮̔̑̆̆̆ ̖̖́̉̑́̌̎̉ ̍̏̌̆̋̔̌́ ̅̏̃̏̅̆ ̅̏ ̮̏̂̑́̈̏̃́́ ̖̉̑́̌̎̆ 
̪̒̌̏̆̃̉̓̆ ̒̓̑̔̋̓̔̑̆ ɉ̒̌̉̋́ 16). ˚̏̑̍́̌́ ̪̒̌̏́ȟ ̗̐̑́̃́ ̎́̄̉̂́ ̉ ̐̏̌́̑̎́ ̏̒́ ̙̅̆̉̎̉̔̕ 
̖̉̑́̌̎̉ ̒̉̒̓̆̍ ̪̋̏̉ ̍̏̇̆ ̂̉̓̉ ̅̆̒̎̏ ̪̏̑̉̆̎̓̉̒́̎ ɉϹɊ ̉̌̉ ̌̆̃̏ ̪̏̑̉̆̎̓̉̒́̎ (-). 
 

 
˞̌̉̋́ 16. ́ Ɋ ̃ ̏̑̆̋̌̏ ̖̉̑́̌̎̏̒̓̉ ̪̒̌̏́ ̔̎̔̓́̑ ̘̖̒̍̆̋̓̉̋̉ ́̈́̕ ̍̏̌̆̋̔̌́ ̪̒́̃̉̆̎̆ 

̪̄̆̏̍̆̓̑̉̆Ƞ ̂Ɋ ̅̆̒̎̏ ̪̏̑̉̆̎̓̉̒́̎ ɉϹɊ ̉ ̌̆̃̏ ̪̏̑̉̆̎̓̉̒́̎ (-Ɋ ̒̉̒̓̆̍ [41] .  
 

˟̘̆̎̉ ̋̑̉̒̓́̌̉ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̍̏̄̔ ̒̆ ̋̌́̒̉̉̋̏̃́̓̉̕ ̔ ̓̑̉ ̓̉̐́ [40] : 
ρɊ ̍̏̌̆̋̔̌̉ ̪̋̏̉ ̒́̅̑̇̆ ̑̉̄̉̅̎̏ȟ ̪̒́̃̉̆̎̏ ̪̆̈̄̑̏ ̋̏̄́ ̘̮̪̒́̉́̃́̔ ̘́̑̏̍́̓̉̎̉ 

̐̑̒̓̆̎̏̃̉ ɉ̒̌̉̋́ ρ7́Ɋ,  
2) ̘̓̆̎̏̋̑̉̒̓́̌̎  ̉̅̉̍̆̑̉ ̪̋̏̉ ̒̆ ̪̒́̒̓̏̆ ̏̅ ̅̃̆ ̋̑̔̓̆ ̪̗̆̅̉̎̉̆ ̐̏̃̆̈́̎̆ 

̌̆̋̒̉̂̉̌̎̉̍̕ ́̌̋̉̌-̗̌́̎̆̍ ̒́ ̎̆̐́̑̎̉̍ ̪̂̑̏̆̍ ́̓̏̍́ ̭̔̄̆̎̉̋́ (̒̌̉̋́ ρ7̂ ̉ ̃) [42] ,  



 

16 

 

σɊ ̍̏̌̆̋̔̌̉ ̏̂̌̉̋́ ̖̪̙̏̋̆́̋̏̄ ̙̓́̐́ȟ ̄̅̆ ̒̆ ́̌̋̉̌-̗̌́̎́ ̎́̌́̈̉ ̔ meta- 
-̪̐̏̌̏̇́̔ ̆̎̉̌̕-̄̑̔̐̆ ̎́ ̪̆̅̎̏̍ ̪̋̑́̔ ̋̑̔̓̏̄ ̪̆̈̄̑́ ɉ̓̉̐ ρ ̍̏̌̆̋̔̌́ ̖̪̙̏̋̆́̋̆ ̗̐́̌̉̆, 
̒̌̉̋́ ρ7 )̄ [39-41] ̉ ̓̉̐ ςȟ ̄̅̆ ̪̆ ̘́̑̏̍́̓̉́̎ ̐̑̒̓̆̎ ̐̏̃̆̈́̎ ̔ meta-̪̐̏̌̏̇́̔ ̆̎̉̌̕-
̄̑̔̐̆ ̎́ ̪ ̆̅̎̏̍ ̪̋̑́̔ ̋̑̔̓̏̄ ̪̆̈̄̑́ ɉ̒̌̉̋́ ρ7 )̅.  

 
˞̌̉̋́ υ7Ȣ ˥̆̍́̓̒̋̉ ̐̑̉̋́̈ ̓̑̉ ̓̉̐́ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̉ ̐̑̉̍̆̑̉ 

̮̖̉̏̃̆ ̖̪̆̍̉̒̋̆ ̒̓̑̔̋̓̔̑̆ [42-44]. 

˚̘̆̍́̋̉ ̘̎́̔̎̉̋ ˡ̏̑̌̆̎̅̆̑ ̪̆ ̒̉̎̓̆̓̉̒́̏ ̐̑̃̉ ̘̓̆̎̉ ̋̑̉̒̓́̌ ̪̒́̃̉̆̎̆ 
̪̄̆̏̍̆̓̑̉̆ ̪̋̏̉ ̒́̅̑̇̉ ́̈̏-̄̑̔̐̔ ɉ̪̮̮̆̅̉̆̆ 1ȟ ̒̌̉̋́ ρ8Ɋ ̪̙̏ ρωςωȢ ̄̏̅̉̎̆ [49]Ȣ ˜̑́̒́̅ 
ɉ̆̎̄.̌ PrasadɊ ̉ ̗̒́̑́̅̎̉̉ ̒̔ ̘̏̓̐̏̆̌̉ ̪̂̑̏̎́ ̮̉̒̓̑́̇̉̃́́ ̘̓̆̎̉ ̖̋̑̉̒̓́̌ ̪́̒́̃̉̆̎̆ 
̪̄̆̏̍̆̓̑̉̆ ̎́ ̂́̈̉ ́̈̏̂̆̎̈̆̎́ [46-48]. ː̏̅̉̎̆ ρωσςȢ ˡ̏̑̌̆̎̅̆̑ ̉ ̗̒́̑́̅̎̉̉ ̒̔ 
̒̉̎̓̆̓̉̒́̌̉ ̪̙̏ ̪̆̅́̎ ̘̓̆̎̉ ̋̑̉̒̓́̌ ̪̒́̃̉̆̎̏̄ ̪̆̈̄̑́ ̪̋̏̉ ̒́̅̑̇̉ ̗̑̆̈̏̑̉̎̏̌ ̋́̏ 
̗̆̎̓̑́̌̎̉ ̘́̑̏̍́̓̉̎̉ ̐̑̒̓̆̎ ̔ ̪̆̈̄̑̔ ̉ ́̈̏̋̒̉-̄̑̔̐̆ ̔ ̘̂̏̎̉̍ ̋̑̉̌̉̍́ ɉ̪̮̮̆̅̉̆̆ 2, 
̒̌̉̋́ 18) [53] . ˛̪̃́ ̘̓̆̎̉ ̋̑̉̒̓́̌ ̪̏̂̑́̈̔̆ ̎̆̅̆̉̎̉̒́̎̔̕ ̘̒̍̆̋̓̉̋̔ ́̈̔̕ȟ ̈́ ̪̋̏̔ ̒̔ 
̪̋́̒̎̉́ ̮̉̒̓̑́̇̉̃́́ ̔̓̃̑̅̉̌́ ̅́ ̪̆ ̘̑̆ ̏ ́̈̉̕ B6. 

 

˞̌̉̋́ 18Ȣ ˢ̪̆̍̉̒̋̆ ̒̓̑̔̋̓̔̑̆ ̖̐̑̃̏̒̉̎̓̆̓̉̒́̎̉ ̍ ̏̌̆̋̔̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ 1 ̉  2 
̪̋̏̆ ̪̆ ̒̉̎̓̆̓̉̒́̏ ˡ̏̑̌̆̎̅̆̑ [54] . 
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ˏ̯̆̉̎́ ̘̉̒̓̑́̇̉̃́́ ̪̋̏̉ ̒̆ ̂́̃̆ ̘̓̆̎̉̍ ̋̑̉̒̓́̌̉̍́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ 
̏̋̔̒̉̑́̎̉̕ ̒̔ ̎́ ̪̮̮̆̅̉̆́ ̍́̌̆ ̍̏̌́̑̎̆ ̍́̒̆Ȣ ˕́̋̏ ̪̆ ̐̏̒̓̉̄̎̔̓ ̣̏̅̑̆̆̎̉ ̎́̐̑̆̅́̋ 
̐̑̆̍́ ̒ ̮̮̍́̆̔ ̓̆̍̐̆̑́̓̔̑́ ̖́̈̎̉̕ ̐̑̆̌́̈́ ̈́ ̪̏̃́ ̓̉̐ ̪̮̮̆̅̉̆́ȟ ̗̪̏̑̍̔̌́̉́̕ ̘̖̓̆̎̉ 
̋̑̉̒̓́̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̪̋̏̉ ̭̪̈́̅̏̃̏́̃́̔ ̗̪̋̏̍̆̑̉́̌̎̉ ̓̆̍̐̆̑́̓̔̑̎̉ ̏̐̒̆̄  
ɉ̏̅ ɀτπ ̅̏ 100 Ј˞Ɋ ̐ ̭̪̑̆̅̒̓́̃́́̔ ̉ ̭̅́̆ ̃̆̌̉̋̉ ̉̈́̈̏̃Ȣ  

ˠ̂ ̑̈̏ ̎́̋̏̎ ̙̓̏ ̒̔ ̏̓̋̑̉̃̆̎̉ȟ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̒̔ 
̐̑̆̐̏̈̎́̓̉ ̋́̏ ̪̍́̓̆̑̉́̌̉ ̈́ ̐̑̉̍̆̎̔ ̔ ̪̎̆̌̉̎̆́̑̎̏ ̗̏̐̓̉̉ ɉ̆̎̄̌. Nonlinear Optical 
applications, NLO [51-53]). 

˞̗̘̐̆̉̉̎́̕ ̪̄̆̏̍̆̓̑̉́ ̍̏̌̆̋̔̌́ ̯̏̍̏̄̔́̃́ ̘̪̈̎́́́̎ ̆̌̆̋̓̑̏̎̒̋̉ ̏̅̄̏̃̏̑ ̅̔̇ 
̐̏̌́̑̎̆ ̏̒̆ ̙̓̏ ̑̆̈̔̌̓̉̑́ ̑̆̌́̓̉̃̎̏ ̃̉̒̏̋̏̍ ̍̏̌̆̋̔̌̒̋̏̍ ̖̙̯̉̐̆̑̐̏̌́̑̉̈́̂̉̌̎̏̔ȟ 
ɼȟ ̙̓̏ ̪̆ ̐̑̉̋́̈́̎̏ ̎́ ̗̒̌̉̉ 1ωȢ ˚́ ̗̒̌̉̉ ̪̆ ̅́̓ ̙̏̆̍́̓̒̋ ̣̮̏̐̏̑̆̆̆ ̖̍̏̌̆̋̔̌̒̋̉ 
̒̓̑̔̋̓̔̑́ ́Ɋ ̙̯̓́̐̉́̒̓̏̄ ̘̓̆̎̏̋̑̉̒̓́̌̎̏̄ ̍̏̌̆̋̔̌́ ̉ ̂Ɋ ̍̏̌̆̋̔̌́ ̘̓̆̎̏̄ ̋̑̉̒̓́̌́ 
̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆Ȣ ˠ ̏̂́ ̘̪̒̌̔́́ȟ ɼ-̪̗̆̅̉̎̉̆ ̒̆ ̪̒́̒̓̏̆ ̏̅ ̆̌̆̋̓̑̏̎-̖̅̏̎̏̑̒̋̉ (D) ̉ 
̆̌̆̋̓̑̏̎-̗̖́̋̆̐̓̏̑̒̋̉ ̄̑̔̐́ (A) ̐ ̖̏̃̆̈́̎̉ ̒̉̒̓̆̍̏̍ ̮̖̋̏̔̄̏̃́̎̉ ̃̆̈́Ȣ ˗̏̅ ̪̮̮̆̅̉̆́ 
̙̯̓́̐̉́̒̓̏̄ ̏̂̌̉̋́ȟ ̏̃́ ̪̗̆̅̉̎̉́ ̍̏̑́ ̂̉̓̉ ̔̃̆̅̆̎́ ̅̔̇ ̐̏̌́̑̎̆ ̏̒̆ȟ ̏̅̎̏̒̎̏ ̍̏̑́ 
̂̉̓̉ ̎̏̑̍́̌̎́ ̎́ ̅̔̄̔ ̏̒̔ ̍̏̌̆̋̔̌́Ȣ ˜̙̏̓̏ ɼ ̑́̒̓̆ ̒́ ̋̃́̅̑́̓̏  ̭̍̔̅́̆̎̏̒̓̉ ̣̉̈̍̆̔ 
̖̅̏̎̏̑̒̋̉ ̉ ̗́̋̆̐̓̏̑̒ ̖̋̉ ̑́̄̍̆̎́̓́̕ȟ ̐̏̓̑̆̂̎̆ ̒̔ ̅̔̄̆ ̓̑́̎̒̃̆̑̈́̌̎̆ ̄̑̔̐̆ ̋́̋̏ ̂̉ ̒̆ 
̐̏̒̓̉̄̌́ ̅̏̂̑́ NLO ̆̉̋́̒̎̏̒̓̕Ȣ ˛̃́̋̃̉ ̖̈́̓̆̃̉ ̒̔ȟ ̎́ ̇́̌̏̒̓ȟ ̔ ̒̔̐̑̏̓̎̏̒̓̉ ̒́ 
̪̋̑̉̓̆̑̉̔̍̉̍́ ̅́ ̒̆ ̐̏̒̓̉̄̎̔ ̘̓̆̎̏̋̑̉̒̓́̌̎ ̪́̒̃̏̒̓̃́ȟ ̙̓̏ ̭̐̏̒̓́̃́ ̘̮̏̄̑́̎̉̆̆ 
̏̃́̋́̃̏  ̍̐ ̑̉̒̓̔̐Ȣ̔ ˚́̒̔̐̑̏̓ ̓̏̍̆, ̍ ̏̌̆̋̔̌̉ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̍̏̄̔ 
̅́ ̪̉̎̋̏̑̐̏̑̉̑́̔ ̃̆̌̉̋̆ ɼ ̗̔̎̋̉̏̎́̌̎̆̕ ̎̉̈̏̃̆ȟ ̭̘̪̯̔̋̔̔̔̉ ̄̌̏̍́̈̎̆ ̅̏̎̏̑̒̋̆ ̉ 
̗́̋̆̐̓̏̑̒̋̆ ̄̑̔̐̆ ̒́ ̅̃́ ̉̌̉ ̙̃̉̆ ̘̖́̑̏̍́̓̉̎̉ ̐̑̒̓̆̎̏̃́ ̪̋̏̉ ̖̉ ̪̐̏̃̆̈̔̔ȟ ́ ̅́ ̒̆ȟ ̐̑̉ 
̓̏̍̆ȟ ̓ ̘̆̎̏̋̑̉̒̓́̌̎ ́̒ ̪̃̏̒̓̃́ ̈́̅̑̇̆ [41] .  

 
˞̌̉̋́ 19. ˥ ̆̍́̓̒̋̉ ̐̑̉̋́̈ ̖̍̏̌̆̋̔̌̒̋̉ ̒̓̑̔̋̓̔̑́ ̙̯̓́̐̉́̒̓̏̄ ̘̓̆̎̏̄ ̋̑̉̒̓́̌́ ɉ́Ɋ ̉ 
̍̏̌̆̋̔̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ɉ̂Ɋ ̪̋̏̉ ̒́̅̑̇̆ ɼ- ̪ ̗̆̅̉̎̉̆ ̭̒́̒̓́̃̆̎̉ ̏̅ ̆̌̆̋̓̑̏̎-
̖̅̏̎̏̑̒̋̉ ̉ ̆̌̆̋̓̑̏̎-̗́̋̆̐̓̏̑̒̋̉ ̖̄ ̑̔̐́ ̖̐̏̃̆̈́̎̉ ̮̋̏̔̄̏̃́̎̉̍ ̆̌̆̋̓̑̏̎̒̋̉̍ 

̒̉̒̓̆̍̏̍ ɉD-ʌ-A) [41] . 
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1.6.1. ̇ ̏̌̆̋̔̌̒̋́ ̒̓̑̔̋̓̔̑́ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̪̒́̃̉̆̎̆ ̍̏̌̆̋̔̌̒̋̆ 

̪̄̆̏̍̆̓̑̉̆ 

˚́ ̪̮̐̏̒̓̏́̆ ̖̉̑́̌̎̏̒̓̉ ̉ ̐̏̌́̑̎̏̄ ̣̮̔̑̆̆́ ̔ ̘̓̆̎̏̋̑̉̒̓́̌̎̉̍ ́̈́̍́̕ ̘̖̓̆̎̉ 
̋̑̉̒̓́̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̒̎́̇̎̏ ̘̔̓̉̔ ̍̏̌̆̋̔̌̒̋́ ̒̓̑̔̋̓̔̑́ ̉ ̉̎̓̆̑̍̏̌̆̋̔̌̒̋̆ 
̗̪̉̎̓̆̑́̋̉̆ [46] . ˟̘̆̎̉ ̋̑̉̒̓́̌̉ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̒̆ ̪̒́̒̓̏̆ ̏̅ ̓̑̉ ̏̒̎̏̃̎́ ̅̆̌́ȡ 
̗̆̎̓̑́̌̎̏̄ ̘́̑̏̍́̓̉̎̏̄ ̐̑̒̓̆̎́, ̪̯̖̐̏̃̆̈̔̔̉ ̄̑̔̐́ ̉ ̙̯̖̓́̐̉́̒̓̉ ̋̑̉̌́Ȣ ˛̙̐̓́ 
̍̏̌̆̋̔̌̒̋́ ̒̓̑̔̋̓̔̑́ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̐̑̉̋́̈́̎́ ̪ ̆ ̎́ ̗̒̌̉̉ 20.  

˜̑̉̌̉̋̏̍ ̪̮̅̉̈́̎̉̑́́ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ȟ ̉̈̂̏̑ ̗̆̎̓̑́̌̎̏̄ 
̘́̑̏̍́̓̉̎̏̄ ̐̑̒̓̆̎́ ̪̆ ̃̆̏̍́ ̘̪̈̎́́́̎Ȣ ˠ̄́̏ ̪̮̒́̃̉́́ ɉɻɊȟ ̏̅̎̏̒̎̏ ̔̄́̏ ̪̋̏̉ ̪̈́̋̌́̐́̔ 
̙̯̓́̐̉́̒̓́ ̋̑̉̌́ ̐̏̃̆̈́̎́ ̒́ ̗̆̎̓̑́̌̎̉̍ ̘́̑̏̍́̓̉̎̉̍ ̐̑̒̓̆̎̏̍ȟ ̋́̏ ̉ ̗̆̌̏̋̔̐̎́ 
̅̔̇̉̎́ ̍̏̌̆̋̔̌́ȟ ̣̓́̋̏̆ȟ ̒̔ ̃̆̏̍́ ̃́̇̎̉ ̐́̑́̍̆̓̑̉ ̪̋̏̉ ̣̪̏̅̑̆̔̔ ̮̏̑̍̉̑́̆̕ ̐̏̌́̑̎̏ 
̣̖̔̑̆̆̎̉ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ́̈́̕Ȣ ˛̪̃́ ̔̄́̏ ̪̮̒́̃̉́́ ̓̑̆̂́ ̅́ ̂̔̅̆ ̔ ̏̐̒̆̄̔ ̣̉̈̍̆̔ 105 ° 

 ̉140 ° [46, 55]. ˜̑̏̍̆̎́ ̮̆̄̏̃̆ ̃̑̆̅̎̏̒̓̉ ̍̏̇̆ ̒̆ ̙̉̈̃̑̉̓̉ ̣̮̔̃̏̆̆̍ ̘̖̐̆̓̏̌́̎̉ 
̖̗̘̖̆̓̆̑̏̉̋̌̉̎̉ ̪̗̆̅̉̎̉́ [56, 57], ̔̍̆̒̓̏ ̙̘̖̆̒̓̏̌́̎̉ ̐̑̒̓̆̎̏̃́ ̉̌̉ ̣̮̔̃̏̆̆̍ 
̒̔̐̒̓̉̓̔̆̎́̓́ ̔ ̗̆̎̓̑́̌̎̉ ̐̑̒̓̆̎ ̔ ̂̌̉̈̉̎̉ ̪̯̖̐̏̃̆̈̔̔̉ ̄̑̔̐́ X  ̉8ᴂ [46, 58, 59]. 
˒̒̓́̑̒̋́ ̄̑̔̐́ ̒̆ ̪̘̙̯̎́̆̆ ̋̏̑̉̒̓̉ ̋́̏ ̪̯̐̏̃̆̈̔̔́ ̄̑̔̐́ ɉ8ȟ 8ᴂɊ ̉ ̘̏̂̉̎̏ ̪̐̏̃̆̈̔̆ 
̗̆̎̓̑́̌̎̉ ̐̑̒̓̆̎ ̒́ ̙̯̓́̐̉́̒̓̉̍ ̋̑̉̌̉̍́ ̔ ̗̭̉̔ ̮̐̏̒̓̉̈́́ ̖̪̆̍̉̒̋̆ ̒̓́̂̉̌̎̏̒̓̉ [2, 
60]. ˕ ̅̑̔̄̆ ̄̑̔̐̆ ̋́̏ ̙̓̏ ̒̔ ́̈̏̍̆̓̉̎̒̋́ (C=N) ̉ ̅̃̏̒̓̑̔̋́ ̃̆̈́ (C=C) ̒̆ ̍̏̄̔ 
̋̏̑̉̒̓̉̓̉ ̈́ ̮̐̏̃̆̈̉̃́̆ ̗̆̎̓̑́̌̎̏̄ ̐̑̒̓̆̎́ ̒́ ̋̑̉̌̉̍́ [57]. ˜̪̯̏̃̆̈̔̔̆ ̄̑̔̐̆ ɉ9ȟ 9ᴂɊ 
̪̋̏̆ ̒̆ ̍̏̄̔ ̔̍̆̓̎̔̓̉ ̔̎̔̓́̑ ̖̒́̍̉ ̙̯̖̓́̐̉́̒̓̉ ̋̑̉̌́ ̍̏̄̔ ̂̉̓̉ ́̈̏̍̆̓̉̎̒̋́ ɉ˞=N), 
́̈̏ (N=N)ȟ ̅̃̏̒̓̑̔̋́ (C=C) ̉ ̌̉ ̓̑̏̒̓̑̔̋́ ̃̆̈́ ɉ#ḳ#Ɋ [46] . l ̗̪̔̎̋̉́ ̪̯̖̐̏̃̆̈̔̔̉ ̄̑̔̐́ (Y, 
9ᴂɊ ̪̆ ̅́ ̘̪̏̔̃́̔ ̣̏̅̑̆̆̎ ̒̓̆̐̆̎ ̌̆̋̒̉̂̉̌̎̏̒̓̉̕ ̋́̋̏ ̂̉ ̒̆ ̯̏̍̏̄̔̉̌̏ ̮̏̂̑́̈̏̃́̆ 
̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ́̈́̕ ̉ ̘̒̐̑̆̉̌́ ̗̪̋̑̉̒̓́̌̉̈́̉́Ȣ ˟̘̆̎̏̋̑̉̒̓́̌̎́ ̪̒̃̏̒̓̃́ ̘̖̓̆̎̉ 
̋̑̉̒̓́̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̍̏̄̔ ̒̆ ̣̓́̋̏̆ ̙̐̏̅̆́̃́̓̉ ̣̮̔̃̏̆̆̍ ̘̖̂̏̎̉ 
̒̔̐̒̓̉̓̔̆̎́̓́ ̔ ̙̯̓́̐̉́̒̓́ ̋̑̉̌́ȟ ̮̃́̑̉̑́̆̍ ̓̉̐́ ̉ ̅̔̇̉̎̆ ̖̓̆̑̍̉̎́̌̎̉ ̗̌́̎́́ ̋́̏ 
̉ ̪̂̑̏̆̍ ̘̖́̑̏̍́̓̉̎̉ ̪̗̆̅̉̎̉́ ̔ ̪̍̏̌̆̋̔̌̒̋̏ ̒̓̑̔̋̓̔̑̉ [2, 46]. 

 

˞̌̉̋́ 20Ȣ ˛̙̐̓́ ̍ ̏̌̆̋̔̌̒̋́ ̒ ̓̑̔̋̓̔̑́ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̪̒́̃̉̆̎̆ ̍̏̌̆̋̔̌̒̋̆ 
̪̄̆̏̍̆̓̑̉̆. 
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ρȢφȢςȢ ˝̗̆̈̏̑̉̎̏̌ ̋ ́̏ ̗̆̎̓̑́̌̎̉ ̐̑̒̓̆̎ ̋̏̅ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̪̒́̃̉̆̎̆ 

̍̏̌̆̋̔̌̒̋̆ ̪̄̆̏̍̆̓̑̉̆ 

˝̗̆̈̏̑̉̎̏̌ (1,3-̖̅̉̉̅̑̏̋̒̉̂̆̎̈̆̎) ̉ ̒̔̐̒̓̉̓̔̉̒́̎̉ ̗̑̆̈̏̑̉̎̏̌̉ ̪̘̙̯̎́̆ ̆̒̆ 
̋̏̑̉̒̓̆ ̋́̏ ̗̆̎̓̑́̌̎̉ ̐̑̒̓̆̎ ̐̑̉̌̉̋̏̍ ̪̮̅̉̈́̎̉̑́́ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̪̒́̃̉̆̎̆ 
̪̄̆̏̍̆̓̑̉̆Ȣ ˠ̋̏̌̉̋̏ j̆ 1,3-̅̉̒̔̐̒̓̉̓̔̉̒́̎̉ ̂̆̎̈̆̎ ̗̆̎̓̑́̌̎̉ ̐̑̒̓̆̎ȟ ̔̄́̏ ̪̮̒́̃̉́́ 
̉̈̎̏̒̉ ρςπЈȢ ˛̃́ ̃̑̆̅̎̏̒̓ ̒̆ ̍̏̇̆ ̐̑̏̍̆̎̉̓̉ ̣̮̔̃̏̆̆̍ ̌́̓̆̑́̌̎̏̄ ̒̔̐̒̓̉̓̔̆̎̓́ ̔ 
̗̆̎̓̑́̌̎̉ ̐̑̒̓̆̎ȟ ̂̌̉̈̔ ̪̯̐̏̃̆̈̔̔̆ ̄̑̔̐̆ ̪̋̏́ ̪̉̎̅̔̋̔̆ ̘̑́̈̌̉̉̓̆ ̓̉̐̏̃̆ 
̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ́̈́̕Ȣ  

ː̑̔̐́ ̘̉̒̓̑́̇̉̃́́ ̎́ ̘̆̌̔ ̒́ ˜̑́̒́̅̏̍ ̪̆ ςππρȢ ̄̏̅̉̎̆ ̒̉̎̓̆̓̉̒́̌́ ̍̏̌̆̋̔̌ 
̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̪̋̏̉ ̔ ̪̪̒̃̏̏ ̒̓̑̔̋̓̔̑̉ ̒́̅̑̇̉ ̗̑̆̈̏̑̉̎̏̌ ̋́̏ ̗̆̎̓̑́̌̎̉ ̐̑̒̓̆̎ ̉ 
́̈̏̂̆̎̈̆̎ ̔ ̘̂̏̎̉̍ ̋̑̉̌̉̍́ ̍̏̌̆̋̔̌́ (n = m = 10) ɉ̪̮̮̆̅̉̆̆ 1ȟ ̒̌̉̋́ 21) [51]Ȣ ˛̪̃́ 
̍̏̌̆̋̔̌ ̎  ̪̆̐̏̋́̈̔̆ ̘̓̆̎̏̋̑̉̒̓́̌̎́ ̪̒̃̏̒̓̃́Ȣ ˕̒̓́ ̄̑̔̐́ ̘̉̒̓̑́̇̉̃́́, ̪̆ ̪̋́̒̎̉̆ 
̘̐̑̏̔́̃́̌́ ̪ ̮̮̆̅̉̆́ ̪̋̏́ ̭̪̐̑̆̅̒̓́̃́̔ ̖̏̍̏̌̏̄̆ ̏ ̃̏̄ ̪̮̮̆̅̉̆́ ɉ̒̌̉̋́ 21), ̐ ̑̉ ̘̆̍̔ ̒̆ 
̅̔̇̉̎ ́́̌̋̉̌-̗̌́̎́ ̋̑̆̓́̌́ ̏̅ ρς ́̓̏̍́ ̭̔̄̆̎̉̋́ ̉ ̙̎́̃̉̆Ȣ ˛̃̉ ̖̏̍̏̌̏̈̉ ̪̏̂̑́̈̔̔ 
̍̏̎̏̓̑̏̐̎̔ ˏρ ́̈̔̕ȟ ̪̋̏́ ̪̆ ̐̑̉̒̔̓̎́ ̔ ̃̆̏̍́ ̔̒̋̏̍ ̏̐̒̆̄̔ ̓̆̍̐̆̑́̓̔̑̆ ɉ̏̋̏ ς +Ɋ ̈́ 
̖̏̍̏̌̏̄̆ ̋̏̅ ̪̖̋̏̉ ̅̔̇̉̎̔ ́̌̋̉̌-̗̌́̎́́ ̘̉̎̆ ρτ ̉ ρφ ́̓̏̍́ ̭̔̄̆̎̉̋ȟ́ ̅̏̋ ̈́ ̖̏̍̏̌̏̄̆ 
̘̪̉̔ ̅̔̇̉̎̔ ̗̌́̎́ ̘̉̎̉ ρψ ́̓̏̍́ ̭̔̄̆̎̉̋́ȟ ̏̃́ ́̈́̕ ̐̑̆̌́̈̉ ̔ ̆̎́̎̓̉̏̓̑̏̐̎̔ 
̘̓̆̎̏̋̑̉̒̓́̌̎̔ ́̈̔̕Ȣ ˞̘̌̉̎́ ̪̮̮̆̅̉̆́ ̒́ ̘̎̆̒̉̍̆̓̑̉̎̉̍ ́̌̋̉̌-̗̌́̎̉̍́ȟ ̣̓́̋̏̆ 
̪̏̂̑́̈̔̔ ˏρ ́̈̔̕ ɉ̪̮̮̆̅̉̆̆ 3ȟ ̒̌̉̋́ 21ɊȢ ˞́ ̅̑̔̄̆ ̒ ̓̑́̎̆ȟ ̘́̒̉̍̆̓̑̉́̎ ̍̏̌̆̋̔̌ ̪̋̏̉ ̉̍́ 
̆̒̓́̑̒̋̔ ̃̆̈̔ ̔̍̆̒̓̏ ́̈̏ ɉ̪̮̮̆̅̉̆̆ 4ȟ ̒̌̉̋́ 21Ɋ ̎̆ ̪̐̏̋́̈̔̆ ̘̓̆̎̏̋̑̉̒̓́̌̎́ ̪̒̃̏̒̓̃́ȟ 
̙̓̏ ̒̆ ̪̐̑̉̐̉̒̔̆ ̋̑́̓̋̉̍ ́̌̋̉̌-̗̌́̎̉̍́Ȣ 

 

˞̌̉̋́ 21Ȣ ˜̑̉̍̆̑̉ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̒́ ̗̑̆̈̏̑̉̎̏̌̏̍ ̋́̏ 
̗̆̎̓̑́̌̎̉̍ ̐̑̒̓̆̎̏̍ ̉  ̘̑́̈̌̉̉̓̉̍ ̅̔̇̉̎́̍́ ́̌̋̉̌-̗̌́̎́́. 

ˠ̣̮̃̏̆̆̍ ̖̅̃̏̒̓̑̔̋̉ ̃̆̈́ ̋́̏ ̪̯̖̐̏̌̉̍̆̑̉̈̔̔̉ ̗̖̔̎̋̉̏̎́̌̎̉̕ ̄̑̔̐́ ̎́ ̏̂́ 
̪̋̑́́ ̪̮̮̆̅̉̆́ 1ȟ ̐̑̉̋́̈́̎̏̄ ̎́ ̗̒̌̉̉ ςρȟ ̎ ̪́̒̓́̆ ̪̮̮̆̅̉̆̆ ̘̪̉́ ̪̆ ̍̏̌̆̋̔̌̒̋́ ̏̑̍̔̌́̕ 
̐̑̉̋́̈́̎́ ̎́ ̗̒̌̉̉ 22 ɉ̄̅̆ ̪̆ n = 6) [61] . ̨ ̃́ ̐̑̏̍̆̎́ ̅̏̃̏̅̉ ̅̏ ̪̐̏́̃̆ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ 
̪̒̃̏̒̓́̃́ȟ ̐̑̉ ̘̆̍̔ ̏̃̏ ̪̮̮̆̅̉̆̆ ̪̐̏̋́̈̔̆ ˏφ ́̈̕ ̔ɉ̒̌̉̋́ 22) ̔ ̑̆̌́̓̉̃̎̏ ̙̉̑̏̋̏̍ 
̓̆̍̐̆̑́̓̔̑̎̏̍ ̏̐̒̆̄̔ȟ ̙̓̏ ̄́ ̘̉̎̉ ̒̓́̂̉̌̎̉̍ ̔ ̘̓̆̎̏̋̑̉̒̓́̌̎̏̍ ̮̒̓́̔ȟ ̈́ ̑́̈̌̉̋̔ ̏̅ 
̘̍́̓̉̎̏̄ ̪ ̮̮̆̅̉̆́ 1. 
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˞̌̉̋́ 22. ˞ ̓̑̔̋̓̔̑̎́ ̏̑̍̔̌́̕ ̪̮̮̆̅̉̆́ ̪̋̏̆ ̉̍́ ̔ ̪̪̒̃̏̏ ̒̓̑̔̋̓̔̑̉ ̗̑̆̈̏̑̉̎̏̌ ̋́̏ 
̗̆̎̓̑́̌̎̉ ̐̑̒̓̆̎ ̉ ̪̋̏̆ ̪̏̂̑́̈̔̆ ˏφ ̘̓̆̎̏̋̑̉̒̓́̌̎̔ ́̈̔̕ [2] . 

˝̗̆̈̏̑̉̎̏̌ je ̣̓́̋̏̆ ̙̯̋̏̑̉̆̎ ̈́ ̪̮̅̏̂̉́̆ ̘̖̎̆̒̉̍̆̓̑̉̎̉ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ 
̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̪̋̏̉ ̒̆ ̪̒́̒̓̏̆ ̏̅ ̙̆̒̓ ̐̑̒̓̆̎̏̃́ ̉ ̖̉̒̓̉ ̉̌̉ ̘̖̑́̈̌̉̉̓̉  
́̌̋̉̌-̗̌́̎́́ ɉ̪̮̮̆̅̉̆́ 1 ̉  2ȟ ̐̑̉̋́̈́̎́ ̎́ ̗̒̌̉̉ 23)[62]Ȣ ˗̏̅ ̪̮̮̆̅̉̆́ 1 ́ ̈̏̍̆̓̉̎̒̋́ 
̄̑̔̐́ ̪̆ ̔̃̆̅̆̎́ ̔ ̍̏̌̆̋̔̌̒̋̔ ̒̓̑̔̋̓̔̑̔ȟ ̅̏̋ ̪̆ ̋̏̅ ̪̮̮̆̅̉̆́ 2 ̉̍̉̎̏-̄̑̔̐́ ̮̈́̍̆̆̎́ 
̆̒̓́̑̒̋̏̍ ̄̑̔̐̏̍Ȣ ˢ̏̍̏̌̏̈̉ ̪̮̮̆̅̉̆́ 1 ̒́ ̯̋̑́̉̍ ́̌̋̉̌-̗̌́̎̉̍́ (n = m = 6) ̪̏̂̑́̈̔̔ 
ˏρ ̘̓̆̎̏̋̑̉̒̓́̌̎̔ ́̈̔̕ȟ ̅̏̋ ̖̏̍̏̌̏̈̉ ̒́ ̅̔̇̉̍ ́̌̋̉̌-̗̌́̎̉̍́ (n = m = 12) ̪̏̂̑́̈̔̔ 
̘́̎̓̉̆̑̏̆̌̆̋̓̑̉̎̔̕ B2 ́̈̔̕Ȣ ˢ̏̍̏̌̏̈̉ ̒́ ̘̎̆̒̉̍̆̓̑̉̎̉̍ ̓̆̑̍̉̎́̌̎̉̍ ̗̌́̎̉̍́  
(n = 6, m = 12) ̪̏̂̑́̈̔̔ ˏρ ́̈̔̕ȟ ̙̓̏ ̪̆ ̘̪̒̌̔́ ̉ ̋̏̅ ̪̮̮̆̅̉̆́ 2ȟ ́̌̉ ̒̔ ̓̆̍̐̆̑́̓̔̑̆ 
̖́̈̎̉̕ ̐̑̆̌́̈́ ̎̉̇̆ ̔ ̏̅̎̏̒̔ ̎́ ̓̆̍̐̆̑́̓̔̑̆ ̖́̈̎̉̕ ̐̑̆̌́̈́ ̋̏̅ ̪̮̮̆̅̉̆́ 1. 

 

˞̌̉̋́ 23Ȣ ˞̓̑̔̋̓̔̑̎̆ ̏̑̍̔̌̆̕ ̘̖̎̆̒̉̍̆̓̑̉̎̉ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̪̋̏̉ ̪̉̍́̔ ̗̑̆̈̏̑̉̎̏̌ 
̋́̏ ̗̆̎̓̑́̌̎̉ ̐̑̒̓̆̎. 

˗́̏ ̙̓ ̪̏̆ ̯̃̆ ̐̏̍̆̎̔̓̏ȟ ̐̑̏̍̆̎̆ ̔ ́̈̎̏̍̕ ̙̮̐̏̎́́̔ ̋̏̅ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ 
̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̪̎́̒̓́̔ ̔̒̌̆̅ ̖̍́̌̉ ̗̪̍̏̅̉̉̋́̉́̕ ̍̏̌̆̋̔̌̒̋̆ ̒̓̑̔̋̓̔̑̆Ȣ ˶̆̅̎́ ̏̅ 
̯̖̍̏̄̔̉ ̗̪̍̏̅̉̉̋́̉́̕ ̭̐̑̆̅̒̓́̃́ ̣̮̔̃̏̆̆ ̘̂̏̎̏̄ ̒̔̐̒̓̉̓̔̆̎̓́ ̔ ̘̑́̈̌̉̉̓̆ ̪̐̏̌̏̇́̆ 
̗̆̎̓̑́̌̎̏̄ ̐̑̒̓̆̎́ ̉̌̉ ̔ ̪̆̅́̎ ̏̅ ̙̮̖̔̎̔̓̑́̉ ̉̌̉ ̭̙̮̖̒̐̏́̉ ̘̖́̑̏̍́̓̉̎̉ ̐̑̒̓̆̎̏̃́ 
̙̯̖̓́̐̉́̒̓̉ ̋̑̉̌́Ȣ τ-˞̔̐̒̓̉̓̔̉̒́̎̉ ̗̑̆̈̏̑̉̎̏̌ ̔ ̪̃̆̌̉̋̏ ̍̆̑̉ ̘̔̓̉̆ ̎́ ̔̄́̏ ̪̮̒́̃̉́́ 
̍̏̌̆̋̔̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ȟ ̙̓̏ ̪̆ ̑̆̈̔̌̓́̓ ̗̪̔̓̉́́ ̘̖̂̏̎̉ ̄̑̔̐́ ̎́ ̗̪̋̏̎̏̑̍́̉̔̕ 
̒̔̒̆̅̎̆ ̆̒̓́̑̒̋̆ ̄̑̔̐̆Ȣ ˟́̋̏ ̒̆ ̋̏̅ 4-̗̪̗̉́̎̏̑̆̈̏̑̉̎̏̌́ [63]  ̐̏̋́̈́̌̏ ̅́ ̣̮̔̃̏̆̆ 
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̗̪̉́̎̏-̄̑̔̐̆ ̔ ̪̐̏̌̏̇́ τ ̐̑̒̓̆̎́ ̗̑̆̈̏̑̉̎̏̌́ ̅̏̃̏̅̉ ̅̏ ̪̐̏́̃̆ ̖̎̏̃̉ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ 
́̈́̕ [64, 65]. 

ˍ̌́̒́̑ ɉ̆̎̄̌Ȣ Alaasar) ̉ ̗̒́̑́̅̎̉̉ ̒̔ ̒̉̎̓̆̓̉̒́̌̉ ̘̑́̈̌̉̉̓̆ ̘̓̆̎̆ ̋̑̉̒̓́̌̆ 
̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̪̋̏̉ ̪̐̏̋́̈̔̔ ̘̑́̈̌̉̉̓́ ̪̒̃̏̒̓̃́ȟ ̭̘̪̯̔̋̔̔̔̉ ̎̏̃̆ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ 
́̈̆̕ȟ ́ ̋́̏ ̗̆̎̓̑́̌̎̉ ̐̑̒̓̆̎ ̪̉̍́̔ τ-̒̔̐̒̓̉̓̔̉̒́̎̉ ̗̑̆̈̏̑̉̎̏̌  
[66ɀ73]. ˟ ̘̆̎̉ ̋̑̉̒̓́̌̉ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̉̈̃̆̅̆̎̉ ̉̈ τ-̗̪̗̉́̎̏̑̆̈̏̑̉̎̏̌́ ̪̐̏̋́̈̔̔ 
̂̏̄́̓ ̍̆̈̏̍̏̑̉̈́̍̕ȟ ̄̅̆ ̒̆ ̘̪̔̏́̃́̔ ̂̏̄́̓̆ ́̈̎̆̕ ̗̒̆̋̃̆̎̆ ̭̘̪̯̔̋̔̔̔̉ ̘̎̆̍́̓̉̋̔ ̉ 
̘̑́̈̌̉̉̓̆ ̃̑̒̓̆ ̘̖̒̍̆̋̓̉̋̉ ˞ ́̈́̕ȟ ̙̓̏ ̈́̃̉̒̉ ̏̅ ̅̔̇̉̎̆ ̖̓̆̑̍̉̎́̌̎̉ ̗̌́̎́́Ȣ 
˗̮̏̍̂̉̎̏̃́̆ τ-̗̪̗̉́̎̏̑̆̈̏̑̉̎̏̌́ ̒́ ́̈̏̂̆̎̈̆̎̏̍ ̔ ̘̂̏̎̉̍ ̋̑̉̌̉̍́  
(̒̌̉̋́ 24ȟ ̪̮̮̆̅̉̆̆ 1) ̯̏̍̏̄̔́̃́ ̮̏̑̍̉̑́̆̕ ̎̏̃̆ ̘̒̉̎̋̌̉̎̉̎̆ SmC ́̈̆̕ȟ ̒́ 
̭̙̐̏̂̏́̎̏̍ ̙̯̐̏̌́̑̉̈́̂̉̌̎̏ȟ̔ ́ ̘̏̈̎́́̃́ ̒̆ SmCsPR [*]  ɉ̘̒̉̎̋̌̉̎̉̎́ ̘̒̍̆̋̓̉̋́ ́̈́̕ 
̐̏̅ ̔̄̌̏̍ ̒́ ̘̎́̒̔̍̉̎̉̍ ̐̏̌́̑̎̉̍ ̣̮̔̑̆̆̆̍ ̉ ̯̍̏̄̔̎̏̒̓̉ ̙̮̎́̑̔́̃́́ ̏̄̌̆̅́̌̒̋̆ 
̪̒̉̍̆̓̑̉̆) [2] .  

ˠ̐̏̓̑̆̂̏̍ ̑̆̌́̓̉̃̎̏ ̖̃̆̌̉̋̉ ̒̔̐̒̓̉̓̔̆̎́̓́ ̔ ̪̐̏̌̏̇́̔ τ ̐̑̒̓̆̎́ ̗̑̆̈̏̑̉̎̏̌́ 
̯̏̍̏̄̔́̃́ ̒̆ ̏̂ ̮̑́̈̏̃́̆ ̘̖̑́̈̌̉̉̓̉ ̃̑̒̓́ ̖̓́̍̎̉ ̖̋̏̎̄̌̏̍̆̑́̓̎̉ ́̈́̕ ɉ̆̎̄̌Ȣ DC 
phasesɊȟ ̪̋̏̆ ̒̆ ̘̪̏̈̎́́̃́̔ ̋́̏ ̒̐̉̑́̌̎̆ ̎́̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ɉ̆̎̄.̌ helical nanocrystallite 
phases, HNC) [66ɀ73]Ȣ ˟̘̆̎̉ ̋̑̉̒̓́̌̉ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̉̈̃̆̅̆̎̉ ̏̅ 4-
̗̂̑̏̍̑̆̈̏̑̉̎̏̌́ ɉ̒̌̉̋́ 24, ̪ ̮̮̆̅̉̆̆ 2) ̍̏̎̏̓̑̏̐̎̏ ̪̏̂̑́̈̔̔ DC[*]  ̕ ́̈̆ ɉ̖̉̑́̌̎̆ ́̈̆̕Ɋ 
̎́ ̎̉̇̉̍ ̓̆̍̐̆̑́̓̔̑́̍́ ̉ ̘̎̆̍́̓̉̋ ̆́̈̆̕ ̎́ ̙̃̉̉̍ ̓̆̍̐̆̑́̓̔̑́̍́ȟ ̔ ̈́̃̉̒̎̏̒̓̉ ̏̅ 
̅̔̇̉̎́ ́̌̋̉̌-̗̌́̎́́ [66] . ɣ ̋̏̌̉̋̏ ̪̆ ̅̔̇̉̎́ ́̌̋̉̌-̗̌́̎́ n = 8ȟ ̪̮̮̆̅̉̆̆ ̪̏̂̑́̈̔̆ ˏφ 
́̈̔̕ȟ ̅̏̋ ̒́ ̯̮̐̏̃̆́̆̍ ̅̔̇̉̎̆ ̗̌́̎́ ɉn = 12-18Ɋ ̅̏̌́̈̉ ̅̏ ̮̏̑̍̉̑́́̕ DC[*]  ́̈̆̕  
[66, 73]Ȣ ˗́̅́ ̒̆ ̔ ̪̐̏̌̏̇́ τ ̗̑̆̈̏̑ ̉̎̏̌́ ̔̃̆̅̆ ́̓̏̍ ̖̌̏̑́ (̒̌̉̋́ 24ȟ ̪̮̮̆̅̉̆̆ 3) ̅ ̏̌́̈̉ 
̅̏ ̮̏̂̑́̈̏̃́́ ˏφ ́̈̆̕ ̈́ ̪̯̎́̋̑́̆ ̖̏̍̏̌̏̄̆ ̉ ̘̎̆̍́̓̉̋̆ ́̈̆̕ ̒́ ̯̮̐̏̃̆́̆̍ ̅̔̇̉̎̆ 
̗̌́̎́ȟ ̐̑̉ ̘̆̍̔ ̎̆ ̅̏̌́̈̉ ̅̏ ̮̏̂̑́̈̏̃́́ DC[*]  ́̈̆̕Ȣ ˠ̋̏̌̉̋̏ ̒̆ ̔ ̪̐̏̌̏̇́̔ τ ̐̑̒̓̆̎́ 
̗̑̆̈̏̑̉̎̏̌́ ̎́̌́̈̉ ́̓̏̍ ̌̔̏̑́̕ ̉̌̉ ́̓̏̍ ̪̏̅́ (̒̌̉̋́ ςτȟ ̪̮̮̆̅̉̆ ́4 ̉  5), ̎ ̆ ̅̏̌́̈̉ ̅̏ 
̮̏̑̍̉̑́́̕ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ́̈́̕ȟ ̎̆̈́̃̉̒̎̏ ̏̅ ̅̔̇̉̎̆ ̗̌́̎́Ȣ ˶̮̮̆̅̉̆̆ 6 ̔ ̪̐̏̌̏̇́̔ 
τ ̗̑̆̈̏̑̉̎̏̌́ ̒́̅̑̇̉ ̍̆̓̉̌-̄̑̔̐̔ȟ ̪̋̏́ ̪̆ ̐̏ ̘̃̆̌̉̉̎̉ ̘̒̌̉̎́ ̂̑̏̍̔ȟ ́̌̉ ̪̆ ̮̍́̆ 
̐̏̌́̑̎́. ̨ ̃̏ ̪̮̮̆̅̉̆̆ ̏̑̍̉̑́̕ DC[*]  ̕ ́̈̆ [2] . 

ˠ̣̮̃̏̆̆̍ ́̓̏̍́ ̌̔̏̑́̕ ̔ ̘̂̏̎́ ̋̑̉̌́ ̪̮̮̆̅̉̆́ 2-6 ̒́ ̒̌̉̋̆ ςτȟ ̪̎́̒̓́̔ 
̪̮̮̆̅̉̆́ 7-11ȟ ̅́̓́ ̔ ̓́̂̆̌̉ȟ ̎́ ̗̒̌̉̉ ςτȢ ˶̮̮̆̅̉̆̆ 7 ̪̏̂̑́̈̔̆ DC[*]  ́̈̔̕, ̔ ̙̉̑̆̍ 
̓̆̍̐̆̑́̓̔̑̎̏̍ ̏̐̒̆̄̔ ̔  ̣̮̐̏̑̆̆̔ ̒́ ̪̮̮̆̅̉̆̆̍ 2Ȣ ˶̮̮̆̅̉̆́ 8, 9 ̉  11  ̏ ̪̂̑́̈̔̔ ˏς ́̈̔̕ȟ 
̅̏̋ ̪̮̮̆̅̉̆̆ 10  ̅ ̏̃̏̅̉ ̅̏ ̮̏̂̑́̈̏̃́́ DC[*]  ̕ ́̈́ȟ ̖̒̓́̂̉̌̎̉ ̎́ ̪̒̏̂̎̏ ̓̆̍̐̆̑́̓̔̑̉ [69] . 

˞̗̪̔̐̒̓̉̓̔̉̏̍ ̔ ̪̐̏̌̏̇́̔ 2 ̐̑̒̓̆̎́ ̗̑̆̈̏̑̉̎̏̌́ ̍̆̓̉̌- ̉̌̉ ̎̉̓̑̏-̄̑̔̐̏̍ 
ɉ̪̮̮̆̅̉̆́ 12 ̉ 13ȟ ̒̌̉̋́ ςτɊȟ ̎̆ ̅̏̌́̈̉ ̅̏ ̮̏̑̍̉̑́́̕ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ́̈́̕ȟ ̯̃̆ 
̏̃́̋̃̆ ̒̓̑̔̋̓̔̑̆ ̪̅́̔ ̋̑̉̒̓́̌̎̆ ̪̍́̓̆̑̉́̌̆ [74] .  

˗́̅́ ̒̆ ̔ ̗̆̎̓̑́̌̎̉ ̐̑̒̓̆̎ ̔̃̆̅̔ ̅̃́ ́̓̏̍́ ̖̌̏̑́ȟ ̙̓̏ ̪̆ ̐̑̉̋́̈́̎̏ ̎́ ̗̒̌̉̉ ςτȟ 
̪̎́̒̓́̔ ̪̮̮̆̅̉̆́ 14-16Ȣ ˶̮̮̆̅̉̆̆ 14 ̪̏̂̑́̈̔̆ ̘̎̆̍́̓̉̋̔ ̘̓̆̎̏̋̑̉̒̓́̌̎̔ ́̈̔̕ȟ ̅̏̋ 
̣̮̔̃̏̆̆̍ ́̓̏̍́ ̖́̌̏̄̆̎́ ɉF ̉̌̉ BrɊ ̔ ̘̂̏̎́ ̋̑̉̌́ ̍̏̌̆̋̔̌́ ɉ̪̮̮̆̅̉̆́ 15 ̉ 16), 
̘̓̆̎̏̋̑̉̒̓́̌̎́ ̪̒̃̏̒̓̃́ ̒̆ ̄̔̂̆ [72] . 

ˠ̋̏̌̉̋̏ ̒̆ ̘̂̏̎́ ̋̑̉̌́ ̍̏̌̆̋̔̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̪̑́̈̌̉̋̔̔ȟ ̏̅̎̏̒̎̏ ̪̆̅̎̏ 
̘̂̏̎̏ ̋̑̉̌̏ ̒́̅̑̇̉ ̆̒̓́̑̒̋̔ȟ ́ ̅̑̔̄̏ ́̈̏-̄̑̔̐̔ ɉ̒̌̉̋́ ςυȟ ̪̮̮̆̅̉̆́ 1-4Ɋȟ ̅̏̌́̈̉ ̅̏ 
̮̏̑̍̉̑́́̕ ̖̉̑́̌̎̆ DC[ * ] ̉̌̉ ̖́̉̑́̌̎̆ DC ́̈̆̕Ȣ ˗̏̅ ̖̏̍̏̌̏̄́ ̋̏̅ ̪̖̋̏̉ ̪̆ ̅̔̇̉̎́ 
́̌̋̉̌-̗̌́̎́ n І 14ȟ ̅̏̌́̈̉ ̅̏ ̐̑̆̌́̒̋́ ̉̈ ̖̐̏̌́̑̎̉ SmC ̕ ́̈́ ̔ ̖́̉̑́̌̎̆ DC ̕ ́̈̆Ȣ 
˶̮̮̆̅̉̆́ 1 ̉ 2ȟ ̐̑̉̋́̈́̎́ ̎́ ̗̒̌̉̉ 25ȟ ̪̑́̈̌̉̋̔̔ ̒̆ ̐̏ ̪̐̏̌̏̇́̔ ́̓̏̍́ ̂̑̏̍́ ̔ ̏̅̎̏̒̔ 
̎́ ̘̂̏̎̏ ̋̑̉̌̏Ȣ ˟́̋̏ ̪̮̮̆̅̉̆̆ 2 ̅̏̃̏̅̉ ̅̏ ̄̔̂̉̓̋́ DC[*]  ́̈̆̕ ɉ̪̋̏̔ ̪̏̂̑́̈̔̆ ̪̮̮̆̅̉̆̆ 
1Ɋ ̉ ̅̏ ̮̏̑̍̉̑́́̕ ̘̎̆̍́̓̉̋̆ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕Ȣ ˞́ ̅̑̔̄̆ ̒̓̑́̎̆ȟ ̔̋̏̌̉̋̏ ̒̆ ̔ 
̪̮̮̆̅̉̆̆ 1ȟ ̔̍̆̒̓̏ ́̓̏̍́ ̂̑̏̍́ȟ ̔̃̆̅̆ ́̓̏̍ ̖̌̏̑́ȟ ̪̋̏̉ ̪̆ ̮̍́̉ȟ ̪̎́̒̓́̆ ̪̮̮̆̅̉̆̆ 3 ̋ ̪̏̆ 
̎̆  ̪̏̂̑́̈̔̆ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕Ȣ ˙̣̆̔̓̉̍ȟ ̐̑̏̍̆̎̏̍ ̪̐̏̌̏̇́́ ́̓̏̍́ ̖̌̏̑́ ̔ 
̗̆̎̓̑́̌̎̏̍ ̐̑̒̓̆̎̔ ɉ̪̮̮̆̅̉̆̆ 4ȟ ̒̌̉̋́ ςυɊ ̘̔̏́̃́ ̒̆ ̮̏̑̍̉̑́̆̕ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ́̈́̕ 
[2] . 



 

22 

 

 
 

˝̆̅̎̉ ̪̂̑̏ X1 X2 X3 X4 
1 H CN H H 
2 H Br H H 
3 H Cl H H 
4 H F H H 
5 H I H H 
6 H CH3 H H 
7 H Br H F 
8 H Cl H F 
9 H F H F 

10 H I H F 
11 H CH3 H F 
12 CH3 H H H 
13 NO2 H H H 
14 H Cl Cl H 
15 H Cl Cl F 
16 H Cl Cl Br 

˞̌̉̋́ φψȢ ˛̙̐̓́ ̒̓̑̔̋̓̔̑̎́ ̏̑̍̔̌́̕ ̪̮̮̆̅̉̆́ 1-16 [2] . 

 
 

˝̆̅̎̉ ̪̂̑̏ X1 X2 

1 Br H 

2 H Br 

3 Cl H 
4 H Cl 

˞̌̉̋́ φωȢ ˛̙̐̓́ ̒̓̑̔̋̓̔̑̎́ ̏̑̍̔̌́̕ ̪̮̮̆̅̉̆́ 1-4 [2] . 
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1.7. ˟ ̘̆̎̏̋̑̉̒̓́̌̎̉ ̅̉̍̆̑̉ 

˟̘̆̎̏̋̑̉̒̓́̌̎̉ ̅̉̍̆̑̉ ̭̪̐̑̆̅̒̓́̃́̔ ̍̏̌̆̋̔̌̆ ̪̋̏̉ ̒̆ ̪̒́̒̓̏̆ ̏̅ ̅̃̆ ̍̆̈̏̄̆̎̆ 
̪̗̆̅̉̎̉̆ ̐̏̃̆̈́̎̆ ̌̆̋̒̉̂̉̌̎̉̍̕ ̗̌́̎̆̍Ȣ ˍ̎̉̈̏̓̑̏̐̎̆ ̗̪̉̎̓̆̑́̋̉̆ ̣̉̈̍̆̔ ̖̑̉̄̉̅̎̉ 
̪̆̈̄́̑́ ̪̋̏̆ ̘̉̎̆ ̅̃̆ ̆̎̉̌̕-̄̑̔̐̆ ̐̏̃̆̈́̎̆ ̋̑́̓̋̉̍ ̯̎̆̈́̒̉̆̎̉̍ ̃̆̈́̍́  
(-N=N-, -C=C-) ̉ ̪̎̅̔̋̔̔ ̪̮̎́̒̓́́̆ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ̪̒̃̏̒̓́̃́Ȣ ˞́ ̅̑̔̄̆ ̒̓̑́̎̆ȟ ̣̮̔̃̏̆̆̍ 
́̌̋̉̌-̗̌́̎́ ̔ ̒̓̑̔̋̓̔̑̔ ̪̮̮̆̅̉̆́ ̒̎̉̇́̃́ ̒̆ ̘̓́̋́ ̭̮̓̏̐̆́ ̐̑̉ ̘̆̍̔ ̒ ̆
̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̘̪̔̏́̃́̔ ̎́ ̎̉̇̉̍ ̓̆̍̐̆̑́̓̔̑́̍́Ȣ ˛̃́̋̃̆ ̒̓̑̔̋̓̔̑̆ ̒̔ ̒̆ 
̒̍́̓̑́̌̆ ̐̑̆̅̔̒̌̏̃̏̍ ̈́ ̮̏̑̍̉̑́̆̕ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̒̃̆ ̅̏ ρωψπ. ̄̏̅̉̎̆ ̋́̅́ ̪̆ 
̏̓̋̑̉̃̆̎̏ ̅́ ̉ ̍̏̌̆̋̔̌̉ ̗̖̎̆̋̏̎̃̆̎̉̏̎́̌̎̉ ̒̓̑̔̋̓̔̑́ ̪̏̂̑́̈̔̔ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕Ȣ 
˟̘̆̎̏̋̑̉̒̓́̌̎̉ ̅̉̍̆̑̉ ̒̆ ̪̒́̒̓̏̆ ̏̅ ̌̆̋̒̉̂̉̌̎̏̄̕ ̪̆̈̄̑́ ̉ ̈́̐̑́̃̏ȟ ̭̪̐̑̆̅̒̓́̃́̔ 
̪̉̎̃̆̑̈̉̔ ̗̋̏̎̃̆̎̉̏̎́̌̎̏̄ ̍̏̌̆̋̔̌̒̋̏̄ ̪̅̉̈́̎́ ̒ ̪̃̏̒̓̃̆̎̏̄ ̈ ́ ̍̆̈̏̄̆̎̆ ̍́̌̆ ̍̏̌́̑̎̆ 
̍́̒̆ [75] . 
˚́ ̏̒̎̏̃̔ ̓̉̐́ ̖̍̆̈̏̄̆̎̉ ̪̗̆̅̉̎̉́ ̅̉̍̆̑̉ ̒̆ ̅̆̌̆ ̎́ȡ 
¶ ̒̉ ̘̍̆̓̑̉̎̆, ̘ ̪̉̔ ̒̓̑̔̋̓̔̑̔ ̘̉̎̆ ̅̃̆ ̘̉̅̆̎̓̉̎̆ ̍̆̈̏̄̆̎̆ ̪̗̆̅̉̎̉̆ ̉ 
¶ ̎̆ ̘̒̉̍̆̓̑̎̆, ̋ ̏̅ ̪̖̋̏̉ ̒̔ ̍̆̈̏̄̆̎̆ ̪̗̆̅̉̎̉̆ ̘̑́̈̌̉̉̓̆ ̒̓̑̔̋̓̔̑̆Ȣ 

˟̘̆̎̏̋̑̉̒̓́̌̎́ ̪̒̃̏̒̓̃́ ̅̉̍̆̑́ ̒̔ ̔̄̌́̃̎̏̍ ̋̏̍̐̌̆̋̒̎́ ̉ ̎̆ ̈́̃̉̒̆ ̏̅ 
̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ̪̒̃̏̒̓́̃ ́ ̮ ̖̖̉̏̃̉ ̍̏̎̏̍̆̑́Ȣ ɻȟʖ-ˎ̉̒ɉτ-̗̪̉́̎̏̂̉̆̎̉̌̕-4ȭ- 
-̉̌̏̋̒̉Ɋ́̌̋́̎̉ ̭̪̐̑̆̅̒̓́̃́̔ ̪̙̎́̃̉̆ ̐̑̏̔ ̘́̃́̎̔ ̪̒̆̑̉̔ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ̅̉̍̆̑́ȟ ̋̏̅ 
̪̋̏̆ ̪̆ ̪̯̎́̃̆̉ ̑́̒̐̏̎ ̅̔̇̉̎̆ ̪̯̖̐̏̃̆̈̔̔̉ ́̌̋̉̌-̗̌́̎́́ (̒̓̑̔̋̓̔̑́ ̪̆ ̐̑̉̋́̈́̎́ ̎́ 
̗̒̌̉̉ 26). ˞̪̆̑̉́ ̖̏̂̔̃́̓́ ̅̉̍̆̑̆ ̪̋̏̉ ̒̆ ̪̒́̒̓̏̆ ̏̅ ́̌̋̉̌-̗̌́̎́́ ̪̋̏̆ ̘̉̎̆ ̏̅ ρ ̅̏ 22 
́̓̏̍́ ̭̔̄̆̎̉̋́ȟ ́̌̉ ̒̆ ̔̄̌́̃̎̏̍ ̈̂̏̄ ̘̖̒̉̎̓̆̓̉̋̉ ̔̒̌̏̃́ ̪́̎́̌̉̈̉̑́̔ ̅̉̍̆̑̉ ̒́ ́̌̋̉̌-
̗̌́̎̉̍́ ̣̉̈̍̆̔ σ ̉ ρς ́̓̏̍́ ̭̔̄̆̎̉̋́ [76, 77]. 

 

˞̌̉̋́ 26. ̨ ̙̐̓́ ̒̓̑̔̋̓̔̑̎́ ̏̑̍̔̌́̕ ɻȟʖ-̂̉ ̒ɉτ-̗̪̉́̎̏̂̉̆̎̉̌̕-4ȭ-̉̌̏̋̒̉Ɋ́̌̋́̎́ [75] . 

˜̑̏̍̆̎́ ̓̆̍̐̆̑́̓̔̑̆ ̐̑̆̌́̈́ ̉̈ ̘̎̆̍́̓̉̋̆ ̔ ̉̈̏̓̑̏̐̎̔ ́̈̔̕ ̒̌̆̅̉ ̣̏̅̑̆̆̎̔ 
̐̑́̃̉̌̎̏̒̓ȡ ̓̆̍̐̆̑́̓̔̑̆ ̒̔ ̙̃̉̆ ̔ ̘̪̒̌̔́̔ ̪̮̮̆̅̉̆́ ̋̏̅ ̪̖̋̏̉ ̪̆ ̪̂̑̏ ́̓̏̍́ ̭̔̄̆̎̉̋́ ̔ 
̗̌́̎̔ ̐́̑́̎ ̉ ̓̑̆̎̅ ̒ ̆ ̎̆ ̄̔̂̉ ̒́ ̯̮̐̏̃̆́̆̍ ̪̂̑̏́ ́̓̏̍́ ̭̔̄̆̎̉̋́ ̔ ́̌̋̉̌-̗̌́̎̔. 

ˠ̗̪̓̉́ ̐́̑-̎̆̐́̑ ̪̋̏̉ ̒̆ ̏̅̑́̇́̃́ ̎́ ̐̑̆̌́̈̎́ ̪̒̃̏̒̓́̃́ ̅̉̍̆̑́ ̉ ̈́̃̉̒̎̏̒̓ ̏̅ 
̅̔̇̉̎̆ ́̌̋̉̌-̗̌́̎́ ̒̆ ̪̘̙̯̎́̆̆ ̪̐̑̉̐̉̒̔̔ ̈́̃̉̒̎̏̒̓̉ ̍̏̌̆̋̔̌̒̋̏̄ ̏̂̌̉̋́ ̏̅ ̪̂̑̏́ 
́̓̏̍́ ̗̌́̎́ ̪̋̏̉ ̪̐̏̃̆̈̔̔ ̅̃̆ ̑̉̄̉̅̎̆ ̪̗̆̅̉̎̉̆ȟ ̔̋̏̌̉̋̏ ̒̆ ̐̑̆̓̐̏̒̓́̃̉ ̅ ́ ̪̆ ̒̃́̋̉ ́̓̏̍ 
̭̔̄̆̎̉̋́ ̔ ̓̏̍ ̗̌́̎̔ ̔ trans-̗̪̋̏̎̏̑̍́̉̕,̉ ̙̓̏ ̪̆ ̐̑̉̋́̈́̎̏ ̎́ ̒̌ ̗̉̉ 27Ȣ ˑ̉̍̆̑̉ ̒́ 
̐́̑̎̉̍ ̪̂̑̏̆̍ ́̓̏̍́ ̭̔̄̆̎̉̋́ ̔ ́̌̋̉̌-̗̌́̎̔ ̪̉̍́̔ ̗̉̋-̗́̋ ̏̂̌̉̋ȟ ̄̅̆ ̒̔ ̍̆ ̈̏̄̆̎̆ 
̪̗̆̅̉̎̉̆ ̭̐̏̒̓́̃̆̎̆ ́̎̓̉̐́̑́̌̆̌̎̏ ̪̆̅̎́ ̔ ̏̅̎̏̒̔ ̎́ ̅̑̔̄̔ȟ ̅̏̋ ̒̔ ̅̉̍̆̑̉ ̒́ ̎̆̐́̑̎̉̍ 
̪̂̑̏̆̍ ̭̖̔̄̆̎̉̋̏̃̉ ́̓̏̍́ ̔ ́̌̋̉̌-̗̌́̎̔ ̪̒́̃̉̆̎̏̄ ̏̂̌̉̋́ ̉ ̍̆̈̏̄̆̎̆ ̪̗̆̅̉̎̉̆ ̒̔ 
̣̍̆̔̒̏̂̎̏ ̎́̄̎̔̓̆ [75] . 
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˞̌̉̋́ 27Ȣ ˛̂̌̉̋ ̍̏̌̆̋̔̌́ 1 ̋ ̏̅ ̋̏̄ ́ ̌̋̉̌-̗̌́̎́ ̒́̅̑̇̉ ̐́̑́̎ ̪̂̑̏ ̉ ̏̂̌̉̋ ̍̏̌̆̋̔̌́ 
2 ̋ ̏̅ ̋̏̄ ́ ̌̋̉̌-̗̌́̎́ ̒́̅̑̇̉ ̎̆̐́̑́̎ ̪̂̑̏ ́̓̏̍́ ̭̔̄̆̎̉̋́ [75] . 

˞̓̑̔̋̓̔̑́ ̅̉̍̆̑́ ̋̏̅ ̪̖̋̏̉ ́̌̋̉̌-̗̌́̎̉ ̒́̅̑̇̆ ̐́̑́̎ ̪̂̑̏ ́̓̏̍́ ̭̔̄̆̎̉̋́ 
̒̍́̓̑́ ̒̆ ̪̋̏̍̐́̓̉̂̉̌̎̉̏̍ ̈́ ̮̐̏̒̓̉̈́̆ ̍̏̌̆̋̔̌̒̋ ̆ ̗̪̏̑̄́̎̉̈́̉ ̆ ̪̒̃̏̒̓̃̆̎  ̆
̘̪̎̆̍́̓̉̋̏ ́̈̉̕ ̔ ̏̅̎̏̒̔ ̎́ ̏̎̆ ̘̪̉̉ ̗̌́̎̉ ̪̉̍́̔ ̎̆̐́̑́̎ ̪̂̑̏ ́̓̏̍́ ̭̔̄̆̎̉̋́Ȣ ˗̏̅ 
̖̐́̑̎̉ ̘̌́̎̏̃́ ̘̪̔̏́̃́̔ ̒  ̆̃ ̯̆̆ ̐̑̏̍̆̎̆ ̪̆̎̓̑̏̐̉̆ ̈́ ̐̑̆̌́̈ ̉̈ ̘̎̆̍́̓̉̋̆ ̔ ̉̈̏̓̑̏̐̎̔ 
́̈̔̕. ˙̗́̑̆̌̉̒ ɉ̆̎̄̌Ȣ MarcelisɊ ̉ ̗̒́̑́̅̎̉̉ [78]  ̒̔ ̒̉ ̎̓̆̓̉̒́̌̉ ̅̃̆ ̪̒̆̑̉̆ 
̘̖̎̆̒̉̍̆̓̑̉̎̉ ̅̉̍̆̑́ ̪̋̏̉ ̒́̅̑̇̆ ̪ ̗̆̅̉̎̉ ̔̎ ́ ̂́̈̉ ̓̆ ̑̆̎̉̌́̕ ̪̋̏́ ̪̆ ̐̏̃̆̈́̎ ́́ ̌̋̉̌-
̗̌́̎̆̍ ̒́ ̖̏̌̆̒̓̆̑̉̌ ̪̗̆̅̉̎̉̏̍Ȣ ˞̓̑̔̋̓̔̑̆ ̖̏̃̉ ̪̮̮̆̅̉̆́ ̐̑̉̋́̈́̎̆ ̒̔ ̎́ ̗̒̌̉̉ 28, 
̐̑̉ ̘̆̍̔ ̪̆ ̋̏̅ ̪̮̮̆̅̉̆́ ̪̒̆̑̉̆ 1 ̗̌́̎́ ̐̏̃̆̈́̎ ̔ para-̪̐̏̌̏̇́̔ ̪̮̋̑́̆ ̆̎̉̌̕-̄̑̔̐̆ 
̓̆̑̆̎̉̌́̕ ̔ ̏̅̎̏̒̔ ̎́ ̏̒̓́̓́̋ ̏̃̆ ̪̗̆̅̉̎̉̆ȟ ̅̏̋ ̪̆ ̋̏̅ ̪̮̮̆̅̉̆́ ̪̒̆̑̉̆ 2 ̌ ̗́̎́ ̐̏̃̆̈́̎ 
̔ meta-̪̐̏̌̏̇́̔. 

 

˞̌̉̋́ 28. ˞ ̓̑̔̋̓̔̑̎̆ ̏̑̍̔̌̆̕ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ̅̉̍̆̑́ 1 ̉  2 [78] . 

˗̏̅ ̪̆ ̮̮̅̉̆́ ̪̒̆̑̉̆ 1ȟ ̘̌́̎̏̃̉ ̒́ ̐́̑̎̉̍ ̪̂̑̏̆̍ ̔ ̪̒̆̑̉̉ ̪̉̍́̔ ̙̃̉̆ 
̓̆̍̐̆̑́̓̔̑̆ ̮̂̉̒̓̑̆́ȟ ̋́̏ ̉ ̙̃̉̆ ̃̑̆̅̎̏̒̓̉ ̐̑̏̍̆̎̆ ̪̆̎̓̑̏̐̉̆ ̪̒̃̏̒̓̃̆̎̆ ̏̃̏̍ 
́̈̎̏̍̕ ̐̑̆̌́̈̔ȟ ̙̓̏ ̘̈̎́̉ ̅́ ̪̍́̓̆̑̉́̌̉ ̒́ ̐́̑̎̉̍ ̪̂̑̏̆̍ ̘̌́̎̏̃́ ̔ ̪̒̆̑̉̉ ̪̐̏̋́̈̔̔ 
̭̂̏́ ̘̓̆̑̍̉̋ ́̉ ̒̓̑̔̋̓̔̑̎́ ̪̒̃̏̒̓̃́Ȣ ˞́ ̅̑̔̄̆ ̒̓̑́̎̆ȟ ̋̏̅ ̪̮̮̆̅̉̆́ ̪̒̆̑̉̆ 2ȟ ̘̌́̎̏̃̉ 
̒́ ̎̆̐́̑̎̉̍ ̪̂̑̏̆̍ ̪̉̍́̔ ̙̃̉̆ ̐̑̆̌́̈̎̆ ̓̆̍̐̆̑́̓̔̑̆ ̉ ̯̃̆̆ ̪̯̏̅̄̏̃́̑́̔̆ ̐̑̏̍̆̎̆ 
̪̆̎̓̑̏̐̉̆ȟ ̔ ̣̮̐̏̑̆̆̔ ̒́ ̘̌́̎̏̃̉̍́ ̒́ ̐́̑̎̉̍ ̪̂̑̏̆̍Ȣ ̃ ̘̑̏̒̆́̎ ̍̏̌̆̋̔̌̒̋̉ ̏̂̌̉̋ ̖̏̃̉ 
̍̏̌̆̋̔̌́ ̉ ̐̑̏̍̆̎́ ̪̐̏̌̏̇́́ ̮̃̆̈̉̃́́ ̅̏̃̏̅̆ ̅̏ ̯̃̆̆ ̑́̈̎̏̌̉̋̏̒̓̉ ̔ ̋̏ ̗̪̎̏̑̍́̉́̍̕  ́
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̔ ̍̏̌̆̋̔̌̉̍́ ̒́ ̎̆̐́̑̎̉̍ ̪̂̑̏̆̍ ̘̌́̎̏̃́ ̔ ̪̒̆̑̉̉Ȣ ˛̃̆ ̗̪̋̏̎̏̑̍́̉̆̕ ̭̂̏̆ ̪̏̅̑̇́̃́̔ 
̅̃́ ̍̆̈̏̄̆̎́ ̅̆̌́ ̍̏̌̆̋̔̌́ ̐́̑́̌̆̌̎̏ȟ ̙̓̏ ̑̆̈̔̌̓̉̑́ ̯̃̆̉̍ ̓̆̍̐̆̑́̓̔̑́̍́ ̐̑̆̌́̈́ ̉ 
̯̃̆̉̍ ̐̑̆̌́̈̎̉̍ ̪̆̎̓̑̏̐̉́̍́ ̔ ̏̅̎̏̒̔ ̎́ ̪̍́̓̆̑̉́̌̆ ̒́ ̐́̑̎̉̍ ̪̂̑̏̆̍ ̘̌́̎̏̃́ ̔ 
̪̒̆̑̉̉Ȣ ˚́ ̗̒̌̉̉ 29 ̪̆ ̅́̓ ̙̆̍́̓̒̋̉ ̐̑̉̋́̈ ̖̍̏̌̆̋̔̌̒̋̉ ̏̂̌̉̋́ ̅̉̍̆̑́ ̪̋̏̉ ̒́̅̑̇̆ 
̎̆̐́̑̎̆ ̉ ̐́̑̎̆ ̘̌́̎̏̃̆ ̉ ̪̒́̒̓̏̆ ̒̆ ̏̅ ́ Ɋ ̅̃́ para-̖̐̏̃̆̈́̎̉ ̉ ̂Ɋ para- ̉  meta-̖̐̏̃̆̈́̎̉ 
̖̍̆̈̏̄̆̎̉ ̄̑̔̐́ [75] . 

 

˞̌̉̋́ 29. ˥ ̆̍́̓̒̋̉ ̐̑̉̋́̈ ̑́̈̌̉̋̆ ̔ ̍̏̌̆̋̔̌̒̋̏̍ ̏̂̌̉̋̔ ̅̉̍̆̑́ ̪̋̏̉ ̪̉̍́̔ ̎̆̐́̑̎̆ 
̉ ̐́̑̎̆ ̘̌́̎̏̃̆ ̉ ̪̒́̒̓̏̆ ̒̆ ̏̅ ́ Ɋ ̅̃́ para-̖̐̏̃̆̈́̎̉ ̉ ̂Ɋ para- ̉  meta-̖̐̏̃̆̈́̎̉ 

̖̍̆̈̏̄̆̎̉ ̄̑̔̐́ [75] . 

 ˏ̯̆̉̎́ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ̅̉̍̆̑́ ̔ ̪̪̒̃̏̏ ̒̓̑̔̋̓̔̑̉ ̉̍́ ̌̆̋̒̉̂̉̌́̎̕  
́̌̋̉̌-̗̌́̎́ȟ ̍́̅́ ̒̆ ̍̏̄̔ ̋̏̑̉̒̓̉̓̉ ̉ ̏̌̉̄̏ɉ̆̓̉̌̆̎-̏̋̒̉̅̎̉Ɋ ̉ ̒̉̌̏̋̒́̎̒̋̉ ̗̌́̎̉. 
˞̪̓̔̅̉̔ ̈́̃̉̒̎̏̒̓̉ ̖̐̑̆̌́̈̎̉ ̪̒̃̏̒̓́̃́ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ̅̉̍̆̑́ ̏̅ ̖̪̆̍̉̒̋̆ ̐̑̉̑̏̅̆ 
̗̌́̎́ ̉̈̃̆̌̉ ̒ ̔ ˗̑̉̅ ɉ̆̎̄.̌ Creed) ̉  ̗̒́̑́̅̎̉̉ȟ ́ ̒́ ̮̏̍ ̒̔ ̖̯̏̂̔̃́̆̎̆ ̅̃̆ ̪̒̆̑̉̆ ̅̉̍̆̑́ 
̘̪̉̆ ̒̔ ̒̓̑̔̋̓̔̑̆ ̅́̓̆ ̎́ ̗̒̌̉̉ 30 [79] . ˔́ ̏̂̆ ̪̒̆̑̉̆ ̪̮̮̆̅̉̆́ ̓̆̍̐̆̑́̓̔̑́ ̮̂̉̒̓̑̆́ 
̐̏̋́̈́̌́ ̒̆ ̪̙̎́̃̉̏̍ ̋̏̅ ̪̮̮̆̅̉̆́ ̒́ ̐̆̎̓́̍̆̓̉̌̆̎̒̋̉̍ ̗̌́̎̆̍ ̉ ̪̎́̎̉̇̏̍ ̋̏̅ 
̖̅̉̒̉̌̏̋̒́̎̒̋̉ ̗̌́̎́́ȟ ̙̓̏ ̪̔̋́̈̔̆ ̎́ ̉̎̃̆̑̈̎̔ ̃̆̈̔ ̣̉̈̍̆̔ ̓̆̍̐̆̑́̓̔̑̆ ̮̂̉̒̓̑̆́ ̉ 
̌̆̋̒̉̂̉̌̎̏̒̓̉̕ ̗̌́̎́. 

 

˞̌̉̋́ 30. ̇ ̏̌̆̋̔̌̒̋̆ ̒̓̑̔̋̓̔̑̆ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ̅̉̍̆̑́ ̋̏̅ ̪̖̋̏̉ ̪̆ ̉̒̐̉̓̉̃́̎ 
̗̪̔̓̉́ ̗̌́̎́́ ̘̑́̈̌̉̉̓̆ ̖̪̆̍̉̒̋̆ ̐̑̉̑̏̅̆ [79] . 
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1.8. ɣ ̗̪̓̉́ ́̈̏-̄̑̔̐̆ ̎ ́ ̘̓̆̎̆ ̋̑̉̒̓́̌̆ 

ˏ̆̌̉̋̏ ̮̉̎̓̆̑̆̒̏̃́̆ ̅́ ̒̆ ́̈̏̂̆̎̈̆̎ ̔̃̆̅̆ ̔ ̒̓̑̔̋̓̔̑̔ ̍̏̌̆̋̔̌́ ̘̖̓̆̎̉ 
̋̑̉̒̓́̌́ ̘̐̏̓̉̆ ̏̅ ̓̏̄́ ̙̓̏ ̍̏̌̆̋̔̌̒̋̉ ̑́̄̍̆̎̓̉̕ ́̈̏̂̆̎̈̆̎́ ̐̏̅̌̆̇̔ ̪̪̆̅̎̉̒̓̃̆̎̏ 
̗̪̏̓̏̉̈̏̍̆̑̉̈́̉̉̕ ̙̓̏ ̅̏ ̃̏̅̉ ̅̏ ̐̑̏̍̆̎̆ ̗̪̋̏̎̏̑̍́̉̆̕ ̍̏̌̆̋̔̌́ȟ ́ ̈́̓̉̍ ̉ ̅̏ 
̘̪̖̈̎́́̎̉ ̐̑̏̍̆̎́ ̔ ̘̉̈̉̋̉̍̕ ̪̒̃̏̒̓̃̉̍́ [50, 74, 80ɀ82] ˞ ̪̓́̂̉̌̎̉̉ trans- ̉ ̌̉ -˒̉̈̏̍̆̑ 
̪̗̆̅̉̎̉̆ ́̈̏̂̆̎̈̆̎́ ̪̆ ̌̉̎̆́̑́̎ ̉ ̋́̏ ̓́̋́̃ ̐̑̔̇́ ̐̏̓̐̏̑̔ ̒̓̑̔̋̓̔̑̉ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ 
́̈̆̕Ȣ ˞́ ̅̑̔̄̆ ̒̓̑́̎̆ȟ ̏̓̏̉̎̅̔̋̏̃́̎̉̕ cis- ̉̌̉ Z-̉̈̏̍̆̑ ̪̎̉̆ ̌̉̎̆́̑́̎ ̉ ̙̅̆̒̓́̂̉̌̉̆ 
̘̓̆̎̏̋̑̉̒̓́̌̎̔ ́̈̔̕Ȣ ˜̗̑̏̆̒ ̗̪̏̓̏̉̈̏̍̆̑̉̈́̉̆̕ ̪̆ ̑̆̃̆̑̈̉̂̉̌́̎ ̐̏̅ ̪̯̏̅̄̏̃́̑́̔̉̍ 
UV-Vis ̘̮̏̈̑́̉̃́̆̍ȟ ̙̓̏ ̪̆ ̐̑̉̋́̈́̎̏ ̎́ ̗̒̌̉̉ 31. ˑ̏ ̏̕ ̓̏̉̈ ̗̪̏̍̆̑̉̈́̉̆ ̍̏̇̆ ̯̅̏̉ ̉ 
̒̐̏̎̓́̎̏ȟ ̔̋̏̌̉̋̏ ̒̆ ̗̆̋̒̉̓̏̃́̎̉ cis-̉̈̏̍̆̑ ̅̑̇̉ ̎́ ̓́̍̎̏̍ ̍̆̒̓̔Ȣ ˛̪̃́ ̗̐̑̏̆̒ ̒̆ 
̎́̈̉̃́ ̐̏̃̑́̓̎́ ̗̪̑̆̌́̋̒́̉́ȟ ̐̑̉ ̪̪̋̏̏ ̒̆ ̍̆̓́̒̓́̂̉̌̎̉ cis-̉̈̏̍̆̑ ̯̃̑́́ ̔ 
̘̓̆̑̍̏̅̉̎́̍̉̋̉ ̒̓́̂ ̪̉̌̎̉̉ ̏̂̌̉̋ [83] . ˙̯̏̄̔̎̏̒̓ ̅́ ̒̆ ̍̏̌̆̋̔̌̒̋ ̗̪́̋̏̎̏̑̍́̉̕ ́
̍̏̇̆ ̙̐̏̅̆́̃́̓̉ ̙̯̒̃̆̓̌̏̔ ̙̯̉̒̋̏̑̉̆̎́ ̪̆ ̔ ̪̐̏̆̅̉̎̉̍ ̏̂̌́̒̓̉̍́ ̮̉̒̓̑́̇̉̃́́ ̋́̏ 
̙̓̏ ̒̔ ̖̏̌̏̄̑́̒̋̉̕ ̪̍̆̅̉̉ [84, 85], ̪̮̏̓̏̏̑̉̆̎̓̉̒́̆̕ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ̒̉̒̓̆̍́ [86] , 
̖̪̏̓̏̆̍̉̒̋̉̕ ̍̏̌̆̋̔̌̒̋̉ ̘̐̑̆̋̉̅́̉ [85, 87]. ˗̏̅ ̍̏̌̆̋̔̌́ ̎́ ̂́̈̉ ́̈̏̂̆̎̈̆̎́ȟ 
̮̎́̆̌̆̋̓̑̉̒́̆ ̪̆ ̅̆̌̏̋́̌̉̈̏̃́̎̏ ̣̉̈̍̆̔ ̆̌̆̋̓̑̏̎-̗́̋̆̐̓̏̑̒̋̏̄ ̉ ̆̌̆̋̓̑̏̎-
̅̏̎̏̑̒̋̏̄ ́̓̏̍́ ̉̌̉ ̄̑̔̐̆ ́̓̏̍́ ̪̋̏̉̍ ̪̆ ̏̃́ ̖̑̏̍̏̏̑́̕ ̒̔̐̒̓̉̓̔̉̒́̎́Ȣ ˛̃̏ ̪̒̃̏̒̓̃̏ ̒̆ 
̍̏̇̆ ̋̏̑̉̒̓̉̓̉ ̉ ̈́ ̪̮̅̉̈́̎̉̑́̆ ̪̍́̓̆̑̉́̌́ ̒́ ̅̏̂̑̉̍ ̎̆̌̉̎̆́̑̎̉̍ ̘̏̐̓̉̋̉̍ 
̪̒̃̏̒̓̃̉̍́ ɉNLO) [40] . 

ˍ̈̏-̄̑̔̐́ ̪̆ ̋̏̃́̌̆̎̓̎̏ ̃̆̈́̎́ ̈́ ̣̏̅̑̆̆̎̉ ̍̏̌̆̋̔̌ ̉̌̉ ̒̆ ́̈̏ ̪̂̏̆ ̋̏̑̉̒̓̆ ̋́̏ 
̅̏̐́̎̓̉ ̔ ̘̓̆̎̏̋̑̉̒̓́̌̎̉̍ ̪̍́̓̆̑̉́̌̉̍́Ȣ ˠ̣̮̃̏̆̆̍ ̖̏̓̏̑̏̍̎̆̕ ́̈̏-̄̑̔̐̆ ̔ ̏̃́̋̃̆ 
̒̉̒̓̆̍̆ ̯̪̏̍̏̄̔́̃́̔ ̒̆ ̑̆̃̆̑̈̉̂̉̌̎̆ ̏̓̏̉̎̅̔̋̏̃́̎̕ ̗̪̆̓̑́̎̒̏̑̍́̉̕ ̆̍̏̌̆̋̔̌́Ȣ ˗̏̅ 
̒̉̒̓̆̍́ ̏̓̏́̋̓̉̃̎̉̕ ̄̏̒̓-̏̓̏̎̆́̋̓̉̃̎̉̕ ̯̅̏̍́̉̎ȟ trans-̏̂̌̉̋ ̙̯̓́̐̉́̒̓̏̄ ́̈̏ 
̅̏̐́̎̓́ ̭̐̏̃̏́̎ ̪̆ ̈́ ̗̪̒̓́̂̉̌̉̈́̉̔ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕Ȣ ˞́ ̅̑̔̄̆ ̒̓̑́̎̆ȟ ̪̒́̃̉̆̎̉ cis-
̏̂̌̉̋ ̪̅̆̌̔̆ ̋́̏ ̘̯̎̆̉̒̓̏́ ̉ ̎́ ̪̓́ ̘̎́̉̎ ̪̅̆̒̓́̂̉̌̉̈̔̆ ̘̓̆̎̏̋̑̉̒̓́̌̎̔ ́̈̔̕Ȣ ˑ̑̔̄̉̍ 
̘̑̆̉̍́ȟ ̗̪̏̓̏̉̈̏̍̆̑̉̈́̉̔̕ ̉̈ trans- ̔  cis-̏̂̌̉̋ ̉̈́̈̉̃́ ̮̒̎̉̇́̃́̆ ̓̆̍̐̆̑́̓̔̑̆ ̖́̈̎̉̕ 
̐̑̆̌́̈́Ȣ ˚́ ̐̑̉̍̆̑ȟ ̋́̅́ ̪̍́̓̆̑̉́̌ ̪̐̏̋́̈̔̆ ̘̎̆̍́̓̉̋̏-̉̈̏̓̑̏̐̎̉ NɀI ̐̑̆̌́̈ ̉ ̙̐̏̓̏ 
̒̆ 56-̘̮̏̈̑́̉̃́̆ ̐̑̉̍̆̎̉ ̋́̅́ ̪̆ ̪̍́̓̆̑̉́̌ ̔ ̘̪̎̆̍́̓̉̋̏ ́̈̉̕ȟ ̅̏̌́̈̉ ̅̏ ̮̒̎̉̇́̃́́ 
̓̆̍̐̆̑́̓̔̑̆ ̐̑̆̌́̈́ TNIȟ ̉ ̏̅̉̄̑́̃́ ̒̆ ̉̈̏̓̆̑̍̒̋̉ NɀI ̐̑̆̌́̈Ȣ ˛̃́̋́̃ ̖̪̏̓̏̆̍̉̒̋̉̕ 
̉̎̅̔̋̏̃́̎̉ ̐̑̆̌́̈ ̪̆ ̐̏̄̏̅́̎ ̈́ ̒̉̒̓̆̍̆ ̈́ ̘̏̐̓̉̋̏ ̙̮̒̋̌́̅̉̓̆̆ ̒̌̉̋́ [88] . 

 

 
˞̌̉̋́ 31. ̃ ̗̑̏̆̒ ̗̪̏̓̏̉̈̏̍̆̑̉̈́̉̆̕ ́̈̏̂̆̎̈̆̎́. 

˚́ ̗̒̌̉̉ σς ̐̑̉̋́̈́̎ ̪̆ ̗̐̑̏̆̒ ́̈̎̆̕ ̗̪̒̆̄̑̆̄́̉̆ ̎́ ̎́̎̏̍̆̓́̑̒̋̏̍ ̎̉̃̏̔Ȣ ˗́̅́ 
̪̆ UV-̘̮̈̑́̆̆ ̏̅̒̔̓̎̏ȟ trans-̉̈̏̍̆̑̉ ̍̏̌̆̋̔̌́ ̒̔ ̙̯̓́̐̉́̒̓̏̄ ̏̂̌̉̋́ ̉ ̌́̋̏ ̒̆ ̪̐́̋̔̔ 
̔ ̘̒̍̆̋̓̉̋̆ ̪̒̌̏̆̃̆ȟ ̅̏̋ ̔ ̏̓̏̉̎̅̔̋̏̃́̎̏̍̕ cis-̏̂̌̉̋̔ȟ ̍̏̌̆̋̔̌̉ ̒̔ ̏̂̌̉̋́ ̪̒́̃̉̆̎̆ 
̪̄̆̏̍̆̓̑̉̆ ̉ ̪̈́̔̈̉̍́̔ ̐̑̏̒̓̏̑ ̣̉̈̍̆̔ ̪̒̌̏̆̃́ [88] . 
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˞̌̉̋́ 32Ȣ ˥̆̍́̓̒̋̉ ̐̑̉̋́̈ ̏̓̏̉̎̅̔̋̏̃́̎̆̕ ́̈̎̆̕ ̗̪̒̆̄̑̆̄́̉̆ ̎́ ̎́̎̏̍̆̓́̑̒̋̏̍ 
̎̉̃̏̔ ̉  ̪̯̑̆̈̔̌̓̔̔̆̄ Nɀ3Í! ̐̑̆̌́̈́ [88] . 

˗́̅́ ̒̆ ̐̏̒̍́̓̑́ ̑ ́̒̐̏̑̆̅ ̖̏̓̏̎̆́̋̓̉̃̎̉̕ ̓ ̘̖̆̎̉ ̋̑̉̒̓́̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ 
PHDBB [89]  ̉ ̖̏̓̏́̋̓̉̃̎̉̕ EPH ̍̏̌̆̋̔̌́ (̘̪̉̆ ̒̔ ̒̓̑̔̋̓̔̑e ̐̑̉̋́̈́̎ ̆̎́ ̗̒̌̉̉ σ3) ̔ 
̪̒̌̏̔ B2 ́̈̆̕, ̃̉̅̉ ̒̆ ̅́ ̪̆ ̅̔̇̉̎́ PHDBB ̙̃̉̆ ̎̆̄̏ ̅̃̏̒̓̑̔̋̏ ̯̃̆́ ̔ ̏̅̎̏̒̔ ̎́  
trans-̏̂̌̉̋ EPH. cis-˛̂ ̌̉̋ EPH ̪ ̆ ̈̂̏̄ ̪̒̃̏̆ ̪̒́̃̉̆̎̆ ̐̑̉̑̏̅̆ ̈́ ̏̋̏ σπϷ ̮̍́̉ ̔  ̏̅̎̏̒̔ 
̎́ trans-̏̂̌̉̋Ȣ ˠ ̏̅̒̔̒̓̃̔ UV-̘̮̈̑́̆́ȟ ́̈̏̂̆̎̈̆̎̒̋̉ EPH ̍̏̌̆̋̔̌̉ ̪̈́̔̈̉̍́̔ 
̙̯̓́̐̉́̒̓̉ trans-̏̂̌̉̋Ȣ ˑ̃́ EPH ̍̏̌̆̋̔̌́ ̒̆ ̍̏̄̔ ̒̌̏̇̉̓̉ ̋́̏ ̙̓̏ ̪̆ ̐̑̉̋́̈́̎̏ ̎́ 
̗̒̌̉̉ 34́ȟ ̓́̋̏ ̅́ ̈́̔̈̍̔ ̐̑̏̒̓̏̑ ̣̉̈̍̆̔ ̅̃́ ̒̔̒̆̅̎́ PHDBB ̍̏̌̆̋̔̌́ ̔̎̔̓́̑ ̉̒̓̏̄ 
̪̒̌̏́Ȣ ˗́̅́ ̒̆ ̐́̑ trans-EPH ̍̏̌̆̋̔̌́ ̪̔̐́̋̔̆ ̎́ ̪̏̃́ ̘̎́̉̎ȟ ̐̏̌́̑̎̉ ̋́̑́̋̓̆̑ 
̘̒̍̆̋̓̉̋̏̄ ̪̒̌̏́ ̒̆ ̈́̅̑̇́̃́Ȣ ˟̏̋̏̍ ̗̪̏̓̏̉̈̏̍̆̑̉̈́̉̆̕ȟ EPH ̍̏̌̆̋̔̌̉ ̪̈́̔̈̉̍́̔ 
̪̒́̃̉̆̎̉ ̏̂̌̉̋ ɉcisɊȢ ˍ̋̏ ̣̅̏̆ ̅̏ ́̈̎̆̕ ̗̪̒̆̄̑̆̄́̉̆ȟ ̋́̏ ̙̓̏ ̪̆ ̓̏ ̘̪̒̌̔́ ̋̏̅ ̖̉̑́̌̎̆ 
̘̒̍̆̋̓̉̋̆ C* ̕ ́̈̆ȟ cis-EPH ̍ ̏̌̆̋̔̌̉ ̒̆ ̗̪̉̈̂́̔̔ ̉̈ ̘̒̍̆̋̓̉̋̏̄ ̪̒̌̏́ ̉ ̪̈́̔̈̉̍́̔ ̐̑̏̒̓̏̑ 
̣̉̈̍̆̔ ̅̃́ ̘̒̍̆̋̓̉̋́ ̪̒̌̏́ ɉ̒̌̉̋́ 34̗Ɋȟ ̙̓̏ ̑̆̈̔̌̓̉̑́ ̯̮̐̏̃̆́̆̍ ̈́̐̑̆̍̉̎̆ ̒̉̒̓̆̍́ȟ 
́ ̒́̍̉̍ ̓̉̍ ̉ ̮̮̒̍́̆̆̍ ̅̉̐̏̌̎̏̄ ̍̏̍̆̎̓́Ⱦ̈́̐̑̆̍̉̎̆Ȣ ˗́̏ ̗̐̏̒̌̆̅̉́ȟ ̉̈̍̆̑̆̎́ 
̄̔̒̓̉̎́ ̗̪̐̏̌́̑̉̈́̉̆ ɉPs, C/m2) ̪̆ ̮̍́a ̔ ̏̅̎̏̒̔ ̎́ ̃̑̆̅̎̏̒̓ ̐̑̆ UV-̘̮̏̈̑́̉̃́́. ̠ ̏̅ 
̒̉ ̒̓̆̍ ̪́̋̏̉ ̪̐̏̒̆̅̔̔ EPH ̉̌̉ ̘̒̌̉̎̆ ̍̏̌̆̋̔̌̆ ́̈̏̂̆̎̈̆̎́ȟ ̓̏̋̏̍ UV-̘̮̏̈̑́̉̃́́, 
̍́̋̒̉̍́̌̎̏ ̯̮̐̏̃̆́̆ ̪̮̑́̒̓̏́́ ̣̉̈̍̆̔ ̪̒̌̏̆̃́ ̪̆ ̏̋̏ πȟπυ nm [90]Ȣ ˔́̐̑̆̍̉̎́ ̒̆ ̮̍̆́ 
̈̂̏̄ ̯̮̐̏̃̆́́ ̪̮̑́̒̓̏́́ ̣̍̆̔ ̪̒̌̏̆̃̉̍́ ̙̓̏ ̪̆ ̐̑̏̔̈̑̏̋̏̃́̎̏ ́̈̎̏̍̕ ̗̪̒̆̄̑̆̄́̉̏̍ȟ 
̙̓̏ ̭̐̑̆̅̒̓́̃́ ̒́̍̏ ρϷ ̒̓̃́̑̎̆ ̈́̐̑̆̍̉̎̆Ȣ 

˙̯̏̄̔̉ ́̌̓̆̑̎́̓̉̃̎̉ ̖̍̆́̎̉̈́̍ ̐̑̉̋́̈́̎ ̪̆ ̎́ ̗̒̌̉̉ 34̅Ȣ ˠ ̏̃̏̍ ̘̪̒̌̔́̔ȟ EPH 
̍̏̌̆̋̔̌̉ ̪̏̒̓́̔ ̔ ̘̒̍̆̋̓̉̋̏̍ ̪̒̌̏̔ ̘́̋ ̋́̅́ ̒̆ UV-̘̮̈̑́̆̆ ̐̑̉̍̆̎̉Ȣ ˞ ̏̂̈̉̑̏̍ ̅́ ̎̆ 
̅̏̌́̈̉ ̅̏ ̐̑̏̍̆̎̆ ̈́̐̑̆̍̉̎̆ȟ ̈́ ̑́̈̌̉̋̔ ̏̅ PHDBB ̍̏̌̆̋̔̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ȟ 
̐̏̌́̑̎́ ̏̒́ EPH ̍̏̌̆̋̔̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̔̎̔̓́̑ ̪̆̅̎̏̄ ̪̒̌̏́ ̔̒̍̆̑̆̎́ ̪̆ ̔ 
̭̐̑̏̉̈̃̏̎̏̍ ̒̍̆̑̔ ̔ ̏̅̎̏̒̔ ̎́ ̐̏̌́̑̎ ̔ ̏̒̔ ̘̒̍̆̋̓̉̋̏̄ ̪̒̌̏́Ȣ ˔̂̏̄ 
̘́̎̓̉̆̑̏̆̌̆̋̓̑̉̎̏̄̕ ̋́̑́̋̓̆̑́ ̏̃́̋̃̏̄ ̣̮̔̑̆̆́ȟ ̐̏̌́̑̎̉ ̋́̑́̋̓̆̑ ̪̒̌̏́ ̒ ̆ ̮̪̒̍́̔̆ȟ ́ 
̒́̍̉̍ ̓̉̍ ̉ ̃̑̆̅̎̏̒̓̉ Ps [88] .  
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˞̌̉̋́ χχȢ ˞̓̑̔̋̓̔̑̎ ̆̕ ̏̑̍̔̌ ̆̍ ̏̌̆̋̔̌́ EPH ̉  PHDBB [88, 89]. 



 

29 

 

 

˞̌̉̋́ 34Ȣ ˥̆̍́̓̒̋̉ ̐̑̉̋́̈ ́Ɋ ̗̪̅̉̒̐̏̈̉̉̆ PHDBB ɉ̪̒́̃̉̆̎́ ̒̓̑̔̋̓̔̑́ ̐̑̉̋́̈́̎́ 
̓́̎̋̏  ̍̌ ̪̉̎̉̏Ɋ̍ ̉ EPH (̐̑́̃́ ̪̌̉̎̉́ ̐̑̉̋́̈́̎́ ̭̈́̅̆̂́̎̏Ɋ ̍̏̌̆̋̔̌́ ̐̑̆ ̮̉̈̌́̄́́ 

UV-̘̮̈̑́̆̔Ȣ ˜́̑ EPH ̍ ̏̌̆̋̔̌́ ̪̋̏̉ ̒̔ ̔ trans-̗̪̋̏̎̏̑̍́̉̉̕ ̍̏̄̔ ̒̆ ̒̌́̄́̓̉ ̎́ 
̐̑̉̋́̈́̎ ̘̎́̉̎ȟ ̪̆̑ ̒̔ ̯̋̑́̉ ̔ ̏̅̎̏̒̔ ̎́ PHDBB ̍ ̏̌̆̋̔̌̆; ̂ Ɋ ̪̒́̃̉̆̎́ ̗̪̋̏̎̏̑̍́̉́̕ 

EPH ̍ ̏̌̆̋̔̌́ ̔ cis-̏̂̌̉̋̔ ̉̎̅̔̋̏̃́̎́ UV-̘̮̈̑́̆̆̍; ̃ Ɋ ̉ ̄Ɋ ̅̃ ́ ̯̍̏̄̔́ ̍̏̅̆̌́ ̈ a 
̘̔̏̆̎̏ ̮̮̒̍́̆̆ Ps ̃ ̑̆̅̎̏̒̓̉ ̐̑̉ ̮̉̈̌́̄́̔ UV-̘̮̈̑́̆̔ [88] . 



 

30 

 

ρȢωȢ ˞̓̉̌̂̆̎̉ ̋́̏ ̄̑́̅̉̃̎̆ ̪̗̆̅̉̎̉̆ ̔ ̪̮̅̉̈́̎̉̑́̔ ̓ ̘̖̆̎̉ ̋̑̉̒̓́̌́ 

˞̓̉̌̂̆̎ ɉρȟς-̅̉̆̎̉̌̆̓̉̌̆̎̕Ɋ ̍̏̇̆ ̪̐̏̒̓̏́̓̉ ̔ ̅̃́ ̉̈̏̍̆̑̎́ ̏̂̌̉̋́ cis ̉ trans, 
̐̑̉ ̘̆̍̔ ̒̆ ̗̏̓̏̆̋̒̉̓̏̃́̎̉̕ trans-̒̓̉̌̂̆̎ ̈́̅̑̇́̃́ ̎ ̆̋̏̌̉̋̏ ̅̆̒̆̓̉̎́ ̐̉̋̏̒̆̋̔̎̅̉ ̔ 
̗̆̋̉̓̏̃́̎̏̍ ̮̒̓́̔ȟ ̅̏̋ ̋̏̅ ̮̍́̆ ̒̓́̂̉̌̎̏̄ cis-̉̈̏̍̆̑́ ̅̏̌́̈̉ ̅̏ ̑́̒̐́̅́ ̈́ ̒̃̆̄́ 
̎̆̋̏̌̉̋̏ ̒̓̏̓̉̎́ ̆̍̓̏̒̆̋̔̎̅̉̕ [91ɀ96]Ȣ ˡ̖̪̏̓̏̆̍̉̒̋̆ ̗̪̑̆́̋̉̆ ̪̋̏̉̍́ ̍̏̇̆ ̅́ 
̐̏̅̌̆̇̆ cis-̒̓̉̌̂̆̎ ̒̔ ̗̪̑̆́̋̉́ ̗̪̏̓̏̉̈̏̍̆̑̉̈́̉̆̕ ̅̏ trans-̒̓̉̌̂̆̎́ ̉ ̗̪̑̆́̋̉́ 
̗̗̪̏̓̏̉̋̌̉̈́̉̆̕ ̅̏ τ́ȟτb-̖̅̉̉̅̑̏̆̎́̎̓̑̆̎́̕ ɉDHPɊȟ ̙̓̏ ̪̆ ̐̑̉̋́̈́̎̏ ̎́ ̗̒̌̉̉ 35 [97] . 
ˡ̗̗̪̏̓̏̉̋̌̉̈́̉́ cis-̒̓̉̌̂̆̎́ ̅̏ DHP ̭̐̑̆̅̒̓́̃́ ̐̑̉̍̆̑ ̏̓̏̉̎̅̔̋̏̃́̎̆̕ ̗̪̑̆́̋̉̆ 
̮̈́̓̃́̑́́ ̐̑̒̓̆̎́Ȣ ̇ ̔̑ ɉ̆̎̄.̌ ̇ oore) [98]  ̉  ̗̒́̑́̅̎̉̉ ̒̔ ̐̑̆̅̌̏̇̉̌̉ ̅́ ̪̆ ̅̏̍̉̎́̎̓̎̉ 
̖̪̏̓̏̆̍̉̒̋̉̕ ̐̔̓ ̗̪̉̈̏̍̆̑̉̈́̉́ cis-̒̓̉̌̂̆̎́ ̔ trans-̒̓̉̌̂̆̎Ȣ ˙̮́̉ ̅̆̏ ̍̏̌̆̋̔̌́ 
̐̏̅̌̆̇̆ ̗̗̪̉̋̌̉̈́̉̉ ̅̏ DHP ̅ ̏̋ ̒̆ ̘̪̈̎́́̎̉ ̅̆̏ ̪̋̏̎̃̆̑̓̔̆ ̔ cis-̒̓̉̌̂̆̎ [97] . 

 
˞̌̉̋́ 35Ȣ ˜̗̑̏̆̒ ɉ́Ɋ ̗̪̏̓̏̉̈̏̍̆̑̉̈́̉̆̕ ̉ ɉ̂Ɋ ̗̗̪̏̓̏̉̋̌̉̈́̉̆̕ cis-̒̓̉̌̂̆̎́ [97] . 

 
˞̓̉̌̂̆̎ ̉ ̅̆̑̉̃́̓̉ ̒̓̉̌̂̆̎́ ̐̏̄̏̅̎̉ ̒̔ ̈́ ̪̮̅̉̈́̎̉̑́̆ ̖̒̔̐̑́̍̏̌̆̋̔̌̒̋̉ 

̖́̑̉̓̆̋̓̔̑́ ̖̭̪̯̈́̃́̔̔̉ ̓̏̍̆ ̙̓̏ ̒̆ ̪̆ ̅̎̏̒̓́̃̎̏ ̙̒̉̎̓̆̓̉̔ȟ ̒̓̑̔̋̓̔̑̎̏ ̒̆ ̍̏̄̔ 
̣̐̑̉̌́̄̏́̃́̓̉ȟ ̪̐̏̒̆̅̔̔ ̭̈́̎̉̍̉̃́ ̖̪̏̓̏̆̍̉̒̋́̕ ̉ ̘̏̓̏̉̈̉̋́̕̕ ̪̒̃̏̒̓̃́ [99ɀ101]. 
˜̗̑̏̆̒ ̗̪̏̓̏̉̈̏̍̆̑̉̈́̉̆̕ ̒̓̉̌̂̆̎́ ̉̈ trans- ̔ cis-̏̂̌̉̋ ̯̏̍̏̄̔́̃́ ̑̆̃̆̑̈̉̂̉̌̎̔ 
̐̑̏̍̆̎̔ ̐̏̌́̑̎̏̒̓̉ ̉ ̒̓̑̔̋̓̔̑̆ ̔̎̔̓́̑ ̪̍́̓̆̑̉́̌́ȟ ̐̑̉̌̉̋̏̍ ̭̮̏̒̃̆̓́̃́́ [102] . 
˞̓̉̌̂̆̎ ̉ ̅̆̑̉̃́̓̉ ̒̓̉̌̂̆̎́ ̍̏̄̔ ̂̉̓̉ ̅̆̏ ̒̓̑̔̋̓̔̑̆ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ̍̏̌̆̋̔̌́ 
̘̖̑́̈̌̉̉̓̉ ̏̂̌̉̋́Ȣ ˜̑̉̍̆̑ ̒̔ τȟτȭ-̅̉́̌̋̏̋̒̉-trans-̒̓̉̌̂̆̎̉ ̪̋̏̉ ̎́ ̙̃̉̉̍ 
̓̆̍̐̆̑́̓̔̑́̍́ ̪̏̑̍̉̑́̔̕ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ [103]Ȣ ˠ̒̌̆̅ ̖̒̓̆̑̎̉ ̮̒̍̆̓̉ȟ ̪̋̏̆ 
̪̒̓̃́̑́̔ ̘̑́̈̌̉̉̓̉ ̒̔̐̒̓̉̓̔̆̎̓̉ ̏̋̏ ̅̃̏̒̓̑̔̋̆ ̃̆̈̆ȟ ̅̏̌́̈̉ ̅̏ ̯̮̐̏̃̆́́ ̘̓́̋̉ 
̭̮̓̏̐̆́ ̖̎̆̐̌́̎́̑̎̉ ̒̓̉̌̂̆̎́ ̔ ̏̅̎̏̒̔ ̎́ ̐̌́̎́̑̎̆ ́̎́̌̏̄̆Ȣ  

˟̙̯̑̉̏̃̉ [104]  ̉ ̗̒́̑́̅̎̉̉ ̒̔ ̒̉̎̓̆̓̉̒́̌̉ ̪̒̆̑̉̔ ̘̖́̒̉̍̆̓̑̉̎̉ ̘̖̓̆̎̉ 
̋̑̉̒̓́̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ȟ ̪̋̏́ ̔ ̪̪̒̃̏̏ ̒̓̑̔̋̓̔̑̉ ̒́̅̑̇̉ ̪̗̆̅̉̎̉̔ ̒̓̉̌̂̆̎́ ̔ 
̘̂̏̎̏̍ ̋̑̉̌̔. ˜̑̉̍̆̑ ̍̏̌̆̋̔̌̒̋ ̆̒̓̑̔̋̓̔̑̆ ̉̈ ̏̃̆ ̪̒̆̑̉̆ ̪̮̮̆̅̉̆́ ̪̆ ̐̑̉̋́̈́̎ ̎́ 
̗̒̌̉̉ 36. 

 



 

31 

 

 

˞̌̉̋́ 36Ȣ ˜̑̉̍̆̑ ̍̏̌̆̋̔̌̒̋̆ ̒̓̑̔̋̓̔̑̆ ̘́̒̉̍̆̓̑̉̎̏̄ ̘̓̆̎̏̄ ̋̑̉̒̓́̌́ ̪̋̏̉ ̒́̅̑̇̉ τ-
̎̉̓̑̏̒̓̉̌̂̆̎ ̔ ̘̂̏̎̏̍ ̋̑̉̌̔ [104] . 

˛̃̏ ̪̮̮̆̅̉̆̆ȟ ̪̋̏̆ ̔ ̪̪̒̃̏̏ ̒̓̑̔̋̓̔̑̉ ̔ ̪̆̅̎̏̍ ̘̂̏̎̏̍ ̋̑̉̌̔ ̒́̅̑̇̉ ̂̉̆̎̉̌̕ 
̪̗̆̅̉̎̉̔ȟ ́ ̔ ̅̑̔̄̏̍ ̘̂̏̎̏̍ ̋̑̉̌̔ τ-̎̉̓̑̏̒̓̉̌̂̆̎ ̪̏̂̑́̈̔̆ SmCaPF ̕ ́̈̔ȟ ̅̏̋ ̎́ ̎̉̇̉̍ 
̓̆̍̐̆̑́̓̔̑́̍́ ̪̏̂̑́̈̔̆ SmA ́̈̔̕Ȣ ˛̃̏ ̪̮̮̆̅̉̆̆ ̒̆ ̓̏̐̉ ̅̏ ̉̈̏̓̑̏̐̎̆ ́̈̆̕ȟ ̐̏̅ 
̪̅̆̒̓̃̏̍ UV-̘̮̈̑́̆́ȟ ̅̏̋ ̒̆ ̐̑̃̏̂̉̓̎́ ̘̒̍̆̋̓̉̋́ ́̈́̕ ̐̏̎̏̃̏ ̪̭̪̐̏́̃̔̆ ̐̑̉ ̅̏̒̓́ 
̎̉̇̉̍ ̓̆̍̐̆̑́̓̔̑́̍́ ̎́̋̏̎ ̐̑̆̒̓́̎̋́ ̪̅̆̒̓̃́ UV-̘̮̈̑́̆́Ȣ ˞̮̎̉̇́̃́̆ ̓̆̍̐̆̑́̓̔̑̆ 
́̈̎̏̄̕ ̐̑̆̌́̈́ ̏̅ ̐̑̆̋̏ ρπ Ј˞ ̪̔̋́̈̔̆ ̅́ ̏̅̈̉̃ ̪̍́̓̆̑̉́̌́ ̎́ ̭̮̏̒̃̆̓́̃́̆ 
̐̏̌́̑̉̈̏̃́̎̏̍ ̙̯̒̃̆̓̌̏̔ȟ ̍̏̇̆ ̭̘̔̋̔̉̃́̓̉ ̗̪̑̆́̋̉̔ ̗̗̪̉̋̌̏́̅̉̉̆ [2+2] , ̔ ̪̪̋̏̏ 
̪̎́̒̓́̆ ̗̉̋̌̏̂̔̓́̎ ̉ ̎́ ̪̓́ ̘̎́̉̎ ̒̆ ̐̏̒̓̉̇̔ ̪̓̑́̎̆ ̐̑̏̍̆̎̆Ȣ ˶̮̮̆̅̉̆́ ̪̋̏́ ̪̉̍́̔ 
̏̃́̋̃́ ̪̒̃̏̒̓̃́ ̍̏̄̔ ̒̆ ̔̐̏̓̑̆̂̉̓̉ ̈́ ̪̮̅̏̂̉́̆ ̪̍́̓̆̑̉́̌́ ̒ ̮̪̆̐̑̉̍̆̔̔ ̈́ ̘̏̐̓̉̋̏ 
̙̮̒̋̌́̅̉̓̆̆ ̐̏̅́̓́̋́ ̉̌̉ ̋́̏ UV-̒̆̎̈̏̑̉ [104] . 

ρȢρπȢ ˙̆̓̏̅̆ ̗̪̋́̑́̋̓̆̑̉̈́̉̆ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ 

˗́̅́ ̪̆ ̔ ̮̐̉̓́̔ ̗̪̋́̑́̋̓̆̑̉̈́̉́ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ȟ ̍̏̄̔ ̂̉̓̉ ̭̔̐̏̓̑̆̂̆̎̆ 
̘̑́̈̌̉̉̓̆ ̖̓̆̎̉̋̆Ȣ ˡ́̋̓̏̑̉ ̪̋̏̉ ̘̔̓̉̔ ̎́ ̏̅́̂̉̑ ̖̓̆̎̉̋̆ ̒̔ [105] : 

1) ̗̐̏̈̉̉̏̎̏ ̣̮̔̑̆̆̆ ̍̏̌̆̋̔̌́ 
2) ̪̗̏̑̉̆̎̓́̉̏̎̏ ̣̮̔̑̆̆̆ ̍̏̌̆̋̔̌́ 
3) ̑̆̅ ̪̗̪̏̑̉̆̎̓́̉̆ ̃̆̈́Ȣ 

ˠ̵̐̏̓̑̆̏̍ ̖̏̃̉ ̐́̑́̍̆̓́̑́ ̯̍̏̄̔́ ̪̆ ̗̪̉̅̆̎̓̉̉̋́̉́̕ ̋́̋̏ ̪̯̏̅̄̏̃́̑́̔̆ 
̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ȟ ̓́̋̏ ̉ ̗̪̉̎̓̆̑́̋̉́ ̣̉̈̍̆̔ ̖̒́̍̉ ̍̏̌̆̋̔̌́Ȣ ˔́ ̗̪̉̅̆̎̓̉̉̋́̉̔̕ 
̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ́̈́̕ ̒̆ ̋̏̑̉̒̓̆ ̯̒̌̆̅̆̆ ̖̓̆̎̉̋̆ ɍρπυɎȡ 
¶ ˜̗̏̌́̑̉̈́̉̏̎́ ̘̏̐̓̉̋́ ̪̍̉̋̑̏̒̋̏̐̉́ ɉ̆̎̄Ȣ̌ 0ÏÌÁÒÉÚÅÄ /ÐÔÉÃÁÌ -ÉÃÒÏÓÃÏÐÙȟ 0/-Ɋ Ȥ Ȥ 
˜̌́̎́̑̎̏ ̐̏̌́̑̉̈̏̃́̎ ́̒ ̃̆̓̌̏̒ ̓̒ ̆ ̋̏̑̉̒̓̉ ̔ ̗̐̏̌́̑̉̈́̉̏̎̏̉̍  ̘̏̐̓̉̋̉̍  
̍̉̋̑̏̒̋̏̐̉̍Ȣ́ ˗́̅́ ̪̆ ̪̍́̓̆̑̉́̌ ̪̋̏̉ ̒̆ ́̎́̌̉̈̉̑́ ̉̈̏̓̑̏̐́̎ȟ ̏̅̎̏̒̎̏ ̋́̅́ ̪̆ ̏̒ ́
̮̖̆̄̏̃̉ ̍̏̌̆̋̔̌́ ̐́̑́̌̆̌̎ ́̉ ̌̉ ̎̏̑̍́̌̎ ́̔  ̏̅̎̏̒̔ ̎́ ̃̏ ̯̅̆̉ ̗̐̑́̃́ȟ ̏ ̪̃́ 
̪̍́̓̆̑̉́̌ ̒ ̆ ̉̒̐̏̅ ̙̖̔̋̑̓̆̎̉ ̐̏̌́̑̉̈́̓̏̑́ ̪̭̪̐̏́̃̔̆ ̋́̏ ̗̑̎Ȣ ˞ ̅̑̔̄̆ ̒̓̑́̎̆ȟ 
̘̓̆̎̉ ̋̑̉̒̓́̌̉ȟ ̋́̏ ́̎̉̈̏̓̑̏̐̎̉ ̪̍́̓̆̑̉́̌̉ȟ ̉̒̐̏̅ ̙̖̔̋̑̓̆̎̉ ̐̏̌́̑̉̈́̓̏̑́ 
̪̐̑̉̋́̈̔̔ ̪̪̒́ ̵̈̏̄ ̗̪̑̏̓́̉̆ ̐̏̌́̑̉̈̏̃́̎̏̄ ̒̃̆̓̌́Ȣ ˔́ ̮̉̒̓̑́̇̉̃́̆ ̖́̈̎̉̕ 
̐̑̆̌́̈́ȟ ̵̘̏̉̎̏ ̒̆ ̋̏̑̉̒̓̉ ̐̏̒̓̆̐̆̎̏ ̯̮̐̏̃̆́̆ ̓̆̍̐̆̑́̓̔̑̆Ȣ ˛̃́ ̍̆̓̏̅́ ̒̆ 
̮̪̐̑̉̍̆̔̆ ̈́ ̣̮̏̅̑̆̉̃́̆ ̓̆̋̒̓̔̑́ ̘̖̑́̈̌̉̉̓̉ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ́̈́̕Ȣ 

¶ ˑ̗̪̉̆̑̆̎̉́̌̎́̕ ̪̯̒̋̆̎̉̑́̔́ ̪̋́̌̏̑̉̍̆̓̑̉́ ɉ̆̎̄Ȣ̌ $ÉÆÆÅÒÅÎÔÉÁÌ 3ÃÁÎÎÉÎÇ 
#ÁÌÏÒÉÍÅÔÒÙȟ $3#Ɋ ɀ ̨ ̃́ ̍̆̓̏̅́ ̒̆ ̋̏̑̉̒̓̉ ̈́ ̣̮̏̅̑̆̉̃́̆ ̐̑̏̍̆̎̆ ̪̆̎̓́̌̐̉̆ 
̖́̈̎̉̕ ̐̑̆̌́̈́ ̘̓̆̎̉ ̖̋̑̉̒̓́̌́Ȣ  

¶ ˝̆̎̅̄̆̎̒̋́ ̗̪̅̉̑́̋̉́̕ ɉ̆̎̄Ȣ̌ 8ȤÒÁÙ ÄÉÆÆÒÁÃÔÉÏÎȟ 82$Ɋ ɀ ̐̑̔̇́ ̭̅̆̓́̎̆ ̗̪̉̎̏̑̍́̉̆̕ 
̏ ̒̓̑̔̋̓̔̑̉ ̉ ̣̮̔̑̆̆̔ ̅̔̄̏̄ ̅̏̍̆̓́ ̘̓̆̎̉ ̖̋ ̑̉̒̓́̌́ Ȣ ˟̑̏̅̉̍̆̎̈̉̏̎́̌̎̏ 
̣̮̔̑̆̆̆ ̍̏̇̆ ̒̆ ̉̅̆̎̓̉̉̋̏̃́̓̉̕ ̍̆̓̏̅̏̍ ̮̑́̒̉̐́́ ̖̑̆̎̅̄̆̎̒̋̉ ̈̑́̋́ ̎́ ̍́̌̉̍ 
̔̄̌̏̃̉̍́ ɉ̆̎̄Ȣ̌ 3ÍÁÌÌȤÁÎÇÌÅ 8ȤÒÁÙ ÓÃÁÔÔÅÒÉÎÇȟ 3!83ɊȢ 

¶ ˟̑́̎̒̍̉̒̉̏̎́ ̆̌̆̋̓̑̏̎̒̋́ ̪̍̉̋̑̏̒̋̏̐̉́ ɉ̆̎̄Ȣ̌ 4ÒÁÎÓÍÉÓÓÉÏÎ ÅÌÅÃÔÒÏÎ ÍÉÃÒÏÓÃÏÐÙȟ 
4%-Ɋ ɀ ̋ ̏̑̉̒̓̉ ̒̆ ̈́ ̮̉̒̐̉̓̉̃́̆ ̪̍̏̑̏̌̏̄̉̆̕ ̘̖̅̉̒̋̏̓̉̎̉ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ 
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́̈́̕ȟ ̑́̒̐̏̅̆̌̆ ̘̃̆̌̉̉̎̆ ̘̗̆̒̓̉́ ̉ ̆̉̋́̒̎̏̒̓̉̕ ̮̃̆̈̉̃́́ ̋̏̅ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ 
̪̋̏̉ ̒̆ ̋̏̑̉̒̓̆ ̈́ ̉̒̐̏̑̔̋̔ ̌̆̋̏̃́ ̏̅ ̍̆̒̓́ ̐̑̉̍̆̎̆ ̅̏ ̍̆̒̓́ ̮̅̆̌̏̃́́Ȣ 

¶ ˞̪̯̋̆̎̉̑́̔́ ̆̌̆̋̓̑̏̎̒̋́ ̪̍̉̋̑̏̒̋̏̐̉́ ɉ̆̎̄̌Ȣ 3ÃÁÎÎÉÎÇ %ÌÅÃÔÒÏÎ -ÉÃÒÏÓÃÏÐÙȟ  
3%-Ɋ ɀ ̋ ̏̑̉̒̓̉ ̒̆ ̪̘̙̯̎́̆̆ ̈́ ̣̮̏̅̑̆̉̃́̆ ̪̒̃̏̒̓́̃́ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ȟ ̋́̏ ̉ 
̘̖̓̆̑̍̏̅̉̎́̍̉̋̉ ̪̒̃̏̒̓́̃́ ̉ ̖̘̖̏̓̏̍̆́̎̉̋̉̕ ̏̅̄̏̃̏̑́ ̖̎́̎̏̋̏̍̐̏̈̉̓̎̉ 
̉̌̍̏̃́̕Ȣ 

¶ ˙̪̉̋̑̏̒̋̏̐̉́ ̖́̓̏̍̒̋̉ ̒̉̌́ ɉ̆̎̄̌Ȣ !ÔÏÍÉÃ &ÏÒÃÅ -ÉÃÒÏÓÃÏÐÙȟ !&-Ɋ ɀ ̈́ ̮̉̒̐̉̓̉̃́̆ 
̙̖̐̏̃̑̉̎̒̋̉ ̉ ̎́̎̏̒̓̑̔̋̓̔̑́ ̪̋̏̆ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ ̵̪̏̑́̈̔̔Ȣ 

¶ 56Ȥ6ÉÓ ̪̒̐̆̋̓̑̏̒̋̏̐̉́ ɀ ̈ ́ ̐̑ ̘̮̏̔́̃́̆ ̘̖̏̓̏̉̈̉̋̉̕̕ ̪̒̃̏̒̓́̃́ ɉ̎̐̑Ȣ ̋̏̅ 
̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ̐̏̌̉̍̆̑́ɊȢ 

1.11. l ̘̉̈̉̋́ ̪̒̃̏̒̓̃́ ̉ ̐̑̉̍̆̎́ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ 

ˍ̪̎̉̈̏̓̑̏̐̉́ ̘̖̉̈̉̋̉̕ ̪̒̃̏̒̓́̃́ ̭̐̑̆̅̒̓́̃́ ̏̒̎̏̃̔ ̈́ ̐̑̉̍̆̎̔ 
̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ̪̍́̓̆̑̉́̌́Ȣ ˚́ ̐̑̉̍̆̑ȟ ́̎̉̈̏̓̑̏̐̎̉ ̉̎̅ ̆̋̒̉ ̮̐̑̆̌́̍́́ ̃̏̅̆ ̅̏ 
̅̃̏̒̓̑̔̋̏̄ ̮̐̑̆̌́̍́́ȟ ̙̓̏ ̭̐̑̆̅̒̓́̃́ ̐̑̉̍́̑́̎ ̘̎́̉̎ ̅́ ̒̆ ̙̏̋́̑́̋̓̆̑̉̆ 
̘̓̆̎̏̋̑̉̒̓́̌̎́ ́̈́̕Ȣ ˑ̑̔̄́ ̘̉̈̉̋́̕ ̪̒̃̏̒̓̃́ ̋́̏ ̙̓̏ ̒̔ ̌̉̎̆́̑̎́ ̐̏̌́̑̉̈́̂̉̌̎̏̒̓ȟ 
̘̅̉̆̌̆̋̓̑̉̎́ ̐̆̑̍̉̓̉̃̎̏̒̓ ̉ ̪̅̉́̍́̄̎̆̓̉̈́̍ ̍̏̄̔ ̐̏̋́̈́̓̉ ̪́̎̉̈̏̓̑̏̐̉̔Ȣ ˛̃́ 
̪̒̃̏̒̓̃́ ̋̏̅ ̖̓̆̑̍̏̓̑̏̐̎̉ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̈́̃̉̒̆ ̏̅ ̓̆̍̐̆̑́̓̔̑̆ [20] . 

˟̖̆̑̍̏̑̏̍̎̏ ̙̮̐̏̎́́̆ ̘̖̎̆̍́̓̉̋̉ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̪̆ ̙̯̋̏̑̉̆̎̏ ̈́ 
̗̪̋̏̎̒̓̑̔̋̉̔ ̒̆̎̈̏̑́ ̓̆̍̐̆̑́̓̔̑̆Ȣ ˛̃́ ̖̪̓̆̎̏̌̏̄̉́ ̪̆ ̉ ̭̅́̆ ̔ ̔̐̏̓̑̆̂̉ [20] . 

ː̌́̃̎́ ̐̑̉̍̆̎́ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ̪̍́̓̆̑̉́̌́ ̪̆ ̔ ̘̓̆̎̏̋̑̉̒̓́̌̎̉̍ ̪̅̉̒̐̌̆̉̍́ 
ɉ̆̎̄.̌ Liquid Crystal Displays, LCDɊ ̈́ ̑́̃̎̆ ̆̋̑́̎̆ [106, 107]Ȣ ˜̑̃̏ ̒̔ ̒̆ ̋̏̑̉̒̓̉̌̉ LCD 
̆̋̑́̎̉ ̒́ ̔̃̑̎̔̓̉̍ ̘̎̆̍́̓̉̋̉̍ ́̈̎̉̍̕ ̑̆̇̉̍̏̍ȟ ́ ̎́̋̎́̅̎̏ ̒̔ TFTɀLCD (̆ ̎̄̌. h˟in 
Film Transistor) ̯̏̍̏̄̔̉̌̉ ̃̆̌̉̋̉ ̪̂̑̏ ̒̆̄̍̆̎́̓́ ɉ̎́ ̐̑̉̍̆̑ 640 x ρπςτɊ ̉ ̭̙̐̏̂̏́̌̉ 
̋̃́̌̉̓̆̓ ̒̌̉̋̆ ̋́̏ ̙̓̏ ̒̔ ́̅̑̆̒́̂̉̌̎̏̒̓ ̉ ̋̏̎̓̑́̒̓Ȣ ˜̑̆̅̎̏̒̓̉ LCD ̆̋̑́̎́ ̒̔ ̍́̌́ 
̓̆̇̉̎́ȟ ̪̈́̔̈̉̍́̔ ̍́̌̏ ̐̑̏̒̓̏̑́ȟ ̍́̌́ ̙̮̐̏̓̑̏́ ̪̆̎̆̑̄̉̆ȟ ̒̋̏̑̏ ̅́ ̎̆ ̪̆̍̉̓̔ ̔
̭̎̆̇̆̆̎̏ ̆̌̆̋̓̑̏̍́̄̎̆̓̎̏ ̘̮̈̑́̆̆ ̉ ̍̏̄̔ ̒̆ ̉̈̑́̅̉̓̉ ̔ ̒̋̏̑̏ ̒̃̉̍ ̘̃̆̌̉̉̎́̍́ ̉̌̉ 
̗̏̂̌̉̉̍́ ɉ̅̏ ̪̅̉́̄̏̎́̌̆ ̏̅ 205 cm) [20]Ȣ ˔̂̏̄ ̏̃̏̄́ ̒̆ ̋̏̑̉̒̓̆ ̔ ̘̑́̔̎́̑̉̍́ȟ 
̪̓̆̌̆̃̉̈̉̒̋̉̍ ̍̏̎̉̓̏̑̉̍́ȟ ̍̏̂̉̌̎̉̍ ̓̆̌̆̏̎̉̍́̕ȟ ̒̉̒̓̆̍̉̍́ ̈́ ̃̉̅̆̏ ̉̄̑,̆ 
̗̎́̃̉̄́̉̏̎̉̍ ̒̉̒̓̆̍̉̍́ ̉ ̋̏̍́̎̅ ̎̉̍ ̓́̂̌́̍́ ́̔̓̏̍̏̂̉̌́Ȣ ˏ̘̆̌̉̉̎́ ̉ ̐̆̑̏̑̍́̎̒̆̕ 
̆̋̑́̎́ ̒̔ ̭̙̐̏̂̏́̎̆ ̅̏̂̑̉̍ ̋̃́̌̉̓̆̓̏̍ ̪̂̏́ȟ ̃̉̒̏̋̏̍ ̭̙̯̏̒̃̆̓̆̎̏̔ ̉ ̋̏̎̓̑́̒̓̏̍ȟ ̔ 
̪̓̏ ̍̆̑̉ ̅́ ̒̔ LCD ̆ ̋̑́̎̉ ̉̒̓̉̒̎̔̌̉ ̗̓̑́̅̉̉̏̎́̌̎̆ ̍̏̎̉̓̏̑̆ ̒́ ̋́̓̏̅̎̏̍ ̗̆̃̉Ȣ  

˙̆̓́̌̏̍̆̈̏̄̆̎̉ ̒̔ ̪̮̮̆̅̉̆́ ̪̋̏́ ̒̔ ̏̅ ̃̆̌̉̋̏̄ ̉̎̓̆̑̆̒́ ̔ ̗̎́̔̉ ̏ ̪̍́̓̆̑̉́̌̉̍́ 
̖̭̪̯̈́̃́̔̔̉ ̪̒̃̏̉̍ ̘̏̐̓̉̋̉̍ȟ ̖̘̍̆́̎̉̋̉̍ȟ ̘̆̌̆̋̓̑̉̎̉̍ ̉ ̍́̄̎̆̓̎̉̍ ̪̒̃̏̒̓̃̉̍́ȟ ̪̋̏́ 
̒̔ ̑̆̈̔̌̓́̓ ̮̋̏̍̂̉̎̏̃́́ ̪̒̃̏̒̓́̃́ ̪̏̎́ ̍̆̓́̌́ ̒́ ̙̯̌̔̉̅̎̏̔̕ ̉ ̮̒́̍̏̏̑̄́̎̉̈̏̃́̆̍ 
̘̖̓̆̎̉ ̋̑̉̒̓́̌́Ȣ ˜̑̏̍̆̎̆ ́̈́̕ ̪̒̃̏̒̓̃̆̎̆ ̘̓̆̎̉̍ ̋̑̉̒̓́̌̉̍́ ̪̐̑̔̇́̔ ̯̍̏̄̔̎̏̒̓ ̅́ ̒̆ 
̏̃́ ̪̒̃̏̒̓̃́ ̙̪̐̏̅̆́̃́̔ ̮̮̍̆́̆̍ ̓̆̍̐̆̑́̓̔̑̆Ȣ 

ˑ̏ ̅́̎́̒ ̪̆ ̘̪̈̎́́́̎ ̪̂̑̏ ̗̖̌̔̍̉̎̉̒̆̎̓̎̉ȟ ̐̏̄̏̓̏̃̏ ̗̖̏̒̏̑̆̒̆̎̓̎̉̕̕ 
̍̆̓́̌̏̍̆̈̏̄̆̎́ ̒̉̎̓̆̓̉̒́̎ ̉ ̓̏ ̔̄̌́̃̎̏̍ ̎́ ̂́̈̉ ̌́̎̓́̎̏̉ ̅́ȟ ̐̌́̓̉̎̆ȟ ̪̉̑̉̅̉̔̍́ȟ 
̪̐́̌́̅̉̔̍́ ̉ ̈̌́̓́Ȣ ˚̪̪́̆̉̋́̒̎̉́̕ ̪̒̓̑́̓̆̄̉́ ̈́ ̮̖̉̏̃̏ ̪̮̅̉̈́̎̉̑́̆ ̖̏̂̔̃́̓́ 
̗̪̍̏̅̉̉̋́̉̔̕ ̖̐̏̈̎́̓̉ ̖̑̏̍̏̏̑́̕ ̔ ̗̭̉̔ ̣̮̔̃̏̆́ ̪́̎̉̈̏̓̑̏̐̉̆ ̪̋̏́ ̪̆ ̖̎̆̏̐̏̅̎́ ̅́ 
̂̉ ̒̆ ̏̂̑́̈̏̃́̌̆ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕Ȣ ˘̗̗̪̔̍̉̎̉̒̆̎̉́ ̒̆ ̐̏̒̓̉̇̆ ̎̆ ̒́̍̏ ̔ ̑́̒̓̃̏̑̔ 
̉̌̉ ̔ ̘̃̑̒̓̏̍ ̮̒̓́̔ȟ ̯̃̆ ̉ ̔ ̘̪̓̆̎̏̋̑̉̒̓́̌̎̏ ́̈̉̕ ̉ ̍̏̇̆ ̒̆ ̙̐̏̅̆́̃́̓̉ ̐̑̏̍̆̎̏̍ 
̓̆̍̐̆̑́̓̔̑̆ ̉ ́̄̑̆̄́̓̎̏̄ ̒ ̮̓́́. ˒ ̪̯̍̉̓̔̔̉ ̪̍́̓̆̑̉́̌̉ ̎́ ̂́̈̉ ̍̆̓́̌̏̍̆̈̏̄̆̎́ ̍̏̄̔ ̒̆ 
̋̏̑̉̒̓̉̓̉ ̔ LED (̆ ̎̄̌. Light Emitting Diodes) - ̅̉̏̅́̍́ ̪̋̏̆ ̪̆̍̉̓̔̔ ̒̃̆̓̌̏̒̓, ̈́ 
̙̮̒̋́̅̉̓̆̆ ̗̪̉̎̏̑̍́̉́̕ȟ ̔ ̒̆̎̈̏̑̉̍́ ̉ ̏̐̓̏̆̌̆̋̓̑̏̎̒̋̉̍ ̣̪̔̑̆́̉̍́ [20] . 

˝̘́̈̌̉̉̓̆ ̉̎̓̆̑̍̏̌̆̋̔̌̒̋̆ ̗̪̉̎̓̆̑́̋̉̆ȟ ̔̄̌́̃̎̏̍ ˏ́̎ ̅̆̑ ˏ́̌̒̏̃̆ ɉ̖̏̌. van der 
WaalsɊȟ ̅̉̐̏̌-̅̉̐̏̌ ̉ ʌɀʌ ̗̪̉̎̓̆̑́̋̉̆ȟ ̣̪̏̅̑̆̔̔ ̋́̋̏ ̯̆ ̒̆ ̘̓̆̎̏̋̑̉̒̓́̌̎́ 
̗̪̏̑̄́̎̉̈́̉́ ̏̂̑́̈̏̃́̓̉Ȣ ˛̃̆ ̉̎̓̑́̍̏̌̆̋̔̌̒̋̆ ̗̪̉̎̓̆̑́̋̉̆ȟ ̪̈́̆̅̎̏ ̒́ ̪̄̆̏̍̆̓̑̉̏̍ 
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̍̏̌̆̋̔̌́ȟ ̮̓̆̇̏̍ ̈́ ̪̆̉̋́̒̎̉̉̍̕ ̮̮̉̒̐̔́̃́̆̍ ̐̑̏̒̓̏̑́ ̉ ̖̪̆̍̉̒̋̏̍ 
̙̯̎̆̋̏̍̐́̓̉̂̉̌̎̏̔ȟ ̅̏̃̏̅̆ ̅̏ ̗̪̎́̎̏̒̆̄̑̆̄́̉̆Ȣ ˞̃̉ ̏̃̉ ̆̆̋̓̉̕ ̐̑̏̉̈̃̏̅̆ ̘̑́̈̌̉̉̓̆ 
̘̓̆̎̏̋̑̉̒̓́̌̎̆ ̪̍̏̑̏̌̏̄̉̆̕Ȣ ˙̏̌̆̋̔̌̉ ̪̋̏̉ ̘̪̔̏̂̉́̆̎̏ ̪̒̓̃́̑́̔ ̏̃̏ ̍̆̋̏ ̮̒̓́̆ 
̪̍́̓̆̑̉̆ ̒̔ ̏̂̌̉̋́ ̙̯̓́̐̉́ ̉̌̉ ̅̉̒̋́ȟ ́ ̍̏̄̔ ̂̉̓̉ ̪̮̮̆̅̉̆́ ̍́̌̆ ̍̏̌́̑̎̆ ̍́̒̆ ̉̌̉ 
̍́̋̑̏̍̏̌̆̋̔̌̒̋́ ̪̮̮̆̅̉̆́ ɉ̐̏̌̉̍̆̑̉ ̉ ̅̆̎̅̑̉ ̍̆̑̉ɊȢ ˞̃̉ ̏̃̉ ̪̍́̓̆̑̉́̌̉ ̓̑̆̂́ ̅́ 
̉̒̐̔̎̆ ̏̒̎̏̃̎̆ ̖̈́̓̆̃̆ ̋́̋̏ ̂̉ ̒̆ ̐̏̒̓̉̄̌̏ ̒̔̐̑́̍̏̌̆̋̔̌̒̋̏ ̘̓̆̎̏̋̑̉̒̓́̌̎̏ ̣̮̔̑̆̆̆ 
[108, 109].  

˕́̋̏ ̒̔ ̗̒̍̆̑̎̉̆ ̈́ ̪̅̉̈́̎ ̘̖̋́̌̍̉̓̉̋̉ ̘̖̎̆̍́̓̉̋̉ ̍̆̈̏̄̆̎́ ̅̏̂̑̏ ̣̔̓̃̑̆̎̆ȟ 
̃̆̏̍́ ̪̆ ̉̈́̈̏̃̎̏ ̅̏̂̉̓̉ ̍̏̌̆̋̔̌̆ ̪̒́̃̉̆̎̏̄ ̪̆̈̄̑́ ̪̋̏̉ ̏̑̍̉̑́̕j̔ ̘̎̆̍́̓̉̋̆ ́̈̆̕ ̎́ 
̑̆̌́̓̉̃̎̏ ̎̉̒̋̉̍ ̓̆̍̐̆̑́̓̔̑́̍́ [110, 111]Ȣ ˚́̉̍̆ȟ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ ̪̒́̃̉̆̎̆ 
̪̄̆̏̍̆̓̑̉̆ ̯̆ ̓̆̇̆ ̈́̔̈̆̓̉ ̘̃̑̒̓̏ ̮̐́̋̏̃́̆ ̔ ̗̐̑́̃̔ ̪̮̒́̃̉́́Ȣ ˛̃̆ ̪̆̅̎̉̒̓̃̆̎̆ 
̋́̑́̋̓̆̑̉̒̓̉̋̆ ̅̏̃̏̅̆ ̅̏ ̙̉̑̏̋̏̄ ̒̐̆̋̓̑́ ̖̒̔̐̑́̍̏̌̆̋̔̌̒̋̉ ̗̪̏̑̄́̎̉̈́̉́ ̪̋̏̆ ̎̉̒̔ 
̯̐̑̉̍̆̆̎̆ ̋̏̅ ̖̅̑̔̄̉ ̄̑̔̐́ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́. ˑ ́̎́̒ ̪̆ ̗̭̉ ̖̍̎̏̄̉ ̘̖̉̒̓̑́̇̉̃́̋̉ ̄̑̔̐́ 
̅́ ̑́ ̪̈̃̉̔ ̎́̐̑̆̅̎̆ ̪̍́̓̆̑̉́̌̆ ̔̐̏̓̑̆̂̏̍ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ȟ ̄̅̆ ̒̆ 
̮̖̉̏̃́ ̪̒̃̏̒̓̃́ ̍̏̄̔ ̐̑̉̌́̄̏̅̉̓̉ ̘̑́̈̌̉̉̓̉̍ ̭̙̮̒̐̏́̉̍ ̒̓̉̍̔̌́̎̒̉̍́ȟ ̐̏̒̆̂̎̏ 
̐̑̉̍̆̎̏̍ ̒̃̆̓̌̏̒̓̉ [109, 112]. 



 

34 

 

ςȢ ˒̋̒̐̆̑̉̍̆̎̓́̌̎̉ ̅̆̏ 

2.1. ̇ ̪́̓̆̑̉́̌̉ ̉  ̍̆̓̏̅̆ 

ˢ̪̆̍̉̋́̌̉̆ ̙̯̋̏̑̉̆̎̆ ̈́ ̒̉̎̓̆̈̔ȡ 

¶ τȤ̎ ̯̉̓̑̏̆̎̉̌̒̉̑̆̓̎́̕ ̋̉̒̆̌̉̎́ȟ ωψȟππϷȟ 4ÈÅÒÍÏ 3ÃÉÅÎÔÉÆÉÃ #ÈÅÍÉÃÁÌÓ  
¶ τȤ̖ ̵̖̉̅̑̏̋̒̉̆̎̈́̌̅̆̉̅ȟ ωψȟππ Ϸȟ 3ÉÇÍÁȤ!ÌÄÒÉÃÈ 
¶ ̐̉̐̆̑̉̅̉̎ȟ ωωȟππ Ϸȟ 3ÉÇÍÁȤ!ÌÄÒÉÃÈ 
¶ .ȟ.Ȥ̅ ̉̍̆̓̉̌̏̑̍́̍̉̅̕ȟ ІωωȢψ Ϸȟ &ÉÓÈÅÒ #ÈÅÍÉÃÁÌ 
¶ ̋́ ̪̌̉̔̍Ȥ̋ ̵́̑̏̎́̓ȟ җωψȟππϷȟ 3ÉÇÍÁȤ!ÌÄÒÉÃÈ 

¶ ρȟρςȤ̅ ̵̉̑̏̍̅̏̅̆̋́̎ȟ ωψȟππ Ϸȟ 3ÉÇÍÁȤ!ÌÄÒÉÃÈ 
¶ ̖̘̌̏̑̏̃̏̅̏̎̉̎́ ̋̉̒̆̌̉̎́ȟ ÐȢ́Ȣȟ -ÅÒÃË 
¶ ̆̎̏̌̕ȟ җωωȟυ Ϸȟ &ÌÕËÁ 

¶ ςȤ̕ ̌̔̏̑̆̎̏̌̕ȟ ωψȟππ Ϸȟ 3ÉÇÍÁȤ!ÌÄÒÉÃÈ 
¶ ̓̑̉̆̓̉̌́̍̉̎ȟ ωωȟππ Ϸȟ 4ÈÅÒÍÏ 3ÃÉÅÎÔÉÆÉÃ #ÈÅÍÉÃÁÌÓ 
¶ ̍̆̓́̎̏̌ȟ Єωωȟωω Ϸȟ !ÃÒÏÓ 
¶ ̪́̍̏̎̉̔̍Ȥ̖ ̌̏̑̉̅ȟ Іωωȟχπ Ϸȟ #ÁÒÌ 2ÏÔÈ 
¶ ̗̉̎ȟ̋ ÐȢÁȢȟ -ÅÒÃË 
¶ ̪̎́̓̑̉̔̍Ȥ̎ ̉̓̑̉̓ȟ Іωχȟππ Ϸȟ #ÁÒÌ 2ÏÔÈ 
¶ ̪̋́̌̉̔̍Ȥ̖ ̉̅̑̏̋̒̉̅ȟ Єωψȟππ Ϸȟ 3ÉÇÍÁȤ!ÌÄÒÉÃÈ 
¶ ̖̌̏̑̏̏̑̍̕ȟ җωωȟψπϷȟ &ÉÓÈÅÒ #ÈÅÍÉÃÁÌ 

¶ ̪̋́̌̉̔̍Ȥ̪ ̏̅̉̅ȟ Іωωȟππȟ #ÁÒÌ 2ÏÔÈ 
¶ ̪̎́̓̑̉̔̍Ȥ̖ ̉̅̑̏̋̒̉̅ȟ Іωψȟππ Ϸȟ 3ÉÇÍÁȤ!ÌÄÒÉÃÈ 
¶ ρȤ̵ ̑̏̍̅̏̅̆̋́̎ȟ ωψȟππϷȟ 4ÈÅÒÍÏ 3ÃÉÅÎÔÉÆÉÃ #ÈÅÍÉÃÁÌÓ 
¶ ̪̍́̄̎̆̈̉̔̍Ȥ̒ ̔̌́̓̕ȟ ́̎ ̖̉̅̑̏̃́̎ȟ 4ÈÅÒÍÏ 3ÃÉÅÎÔÉÆÉÃ #ÈÅÍÉÃÁÌÓ 
¶ ̓̏̌̔̆̎ȟ ÐȢÁȢ #ÁÒÌÏ %ÒÂÁ 
¶ ̏̋̒́̌̉̌Ȥ̖ ̌̏̑̉̅ȟ ωψȟππϷȟ 4ÈÅÒÍÏ 3ÃÉÅÎÔÉÆÉÃ #ÈÅÍÉÃÁÌÓ 
¶ ̖̅̉̌̏̑̍̆̓́̎ȟ җωωȟφπϷȟ 4ÈÅÒÍÏ 3ÃÉÅÎÔÉÆÉÃ #ÈÅÍÉÃÁÌÓ 

¶ ςȤ̖ ̌̏̑̐̉̑̉̍̉̅̉̎ȟ ωυȟππϷȟ 3ÉÇÍÁȤ!ÌÄÒÉÃÈ 
¶ ςȤ̖ ̌̏̑̐̉̑̉̅̉̎ȟ ωωȟππϷȟ 3ÉÇÍÁȤ!ÌÄÒÉÃÈ 
¶ ̆̓̉Ȥ̌́ ̖̌̋̏̏̌ȟ Єωωȟυπ Ϸȟ (ÅÍÏÓ 
¶ ̖̉̅̑́̈̉̎Ȥ̖ ̉̅̑́̓ȟ ρππϷȟ &ÉÓÈÅÒ #ÈÅÍÉÃÁÌ 
¶ ̆̓̉Ȥ̌́ ̗̆̓́̓ȟ ІωωȟππϷȟ 4ÈÅÒÍÏ 3ÃÉÅÎÔÉÆÉÃ #ÈÅÍÉÃÁÌÓ 
¶ ̵̖̆̎̈̏̉̎̏̎ȟ ωωȟππϷȟ 4ÈÅÒÍÏ 3ÃÉÅÎÔÉÆÉÃ #ÈÅÍÉÃÁÌÓ 
¶ ̖̐̆̑̌̏̑̎́ ̋̉̒̆̌̉̎́ȟ χπȟππϷȟ #ÁÒÌ 2ÏÔÈ 
¶ ̭̍̑́̃́ ̋̉̒̆̌̉̎́ȟ ІωψȟππϷȟ #ÁÒÌ 2ÏÔÈ 
¶ ̗̅̏̅̆̉̌Ȥ̵ ̑̏̍̉̅ȟ ωχȟππϷȟ 3ÉÇÍÁȤ!ÌÄÒÉÃÈ 
¶ ̪̎́̓̑̉̔̍Ȥ̒ ̔̌́̓̕ȟ ІωωȟππϷȟ #ÁÒÌ 2ÏÔÈ 
¶ :Îɉ./σɊςϽφ(ς/ȟ ІωψȟππϷȟ 3ÉÇÍÁȤ!ÌÄÒÉÃÈ 
¶ :Îɉ#(σ#//ɊςϽς(ς/ȟ ωψȟππϷȟ 3ÉÇÍÁȤ!ÌÄÒÉÃÈ 
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ˢ̪̆̍̉̒̋̆ ̒̓̑̔̋̓̔̑̆ ̖̒̉̎̓̆̓̉̒́̎̉ ̪̮̮̆̅̉̆́ ̣̐̏̓̃̑̆̎̆ ̒̔ȡ 

¶ ˒̌ ̆̍̆̎̓́̌̎̏̍ ́̎́̌̉̈̏̍ ɉ#(. ̍ ̉̋̑̏́̎́̌̉̈́Ɋ ̎́ 6ÁÒÉÏ %, ))) ̆ ̌̆̍̆̎̓́̌̎̏̍ 
́̎́̌̉̈́̓̏̑̔Ȣ ˑ̏ ̵̪̉̆̎̉ ̑̆̈̔̌̓́̓̉ ̒̔ ̔ ̒̋̌́̅̔ ̒́ ̘̉̈̑́̔̎́̓̉̍ ̃̑̆̅̎̏̒̓̉̍́ 
ɉϻπȟσϷɊȢ 

¶ ˕̎ ̗̑́̑̃̆̎̏̍̕ ̪̒̐̆̋̓̑̏̒̋̏̐̉̏̍ ̒́ ˡ̪̔̑̉̆̏̃̏̍ ̗̪̓̑́̎̒̏̑̍́̉̏̍̕ ̔ ̏̐̒̆̄̔ ̏̅ 
τπππ ̅̏ υππ ÃÍϺρ ̎  ́.ÉÃÏÌÅÔΆ É3Ά ρπ ɉ4ÈÅÒÍÏ &ÉÓÈÅÒ 3ÃÉÅÎÔÉÆÉÃɊ ̒̐̆̋̓̑̏̏̓̏̍̆̓̑̔̕ ̒́ 
̖̓̆̎̉̋̏̍ ̙̐̑̉̄̔̆̎̆ ̔̋̔̐̎̆ ̪̑̆̌̆̋̒̉̆̕ ɉ!42ɊȢ 

¶ .-2 ̒ ̪̐̆̋̓̑̏̒̋̏̐̉̏̍ȟ ̐̑̉ ̘̆̍̔ ̒̔ .-2 ̒ ̐̆̋̓̑̉ ̖̒̉̎̓̆̓̉̒́̎̉ ̪̮̮̆̅̉̆́ 
̭̒̎̉̍̆̎̉ ̎́ ́̐́̑́̓̉̍́ "ÒÕËÅÒ σππ ̉ "ÒÕËÅÒ τππ ̎́ τππ -(Ú ̈́ ρ( .-2 ̉ ρππ -(Ú 
̈ ́ρσ# .-2 ̒̐̆̋̓̑̆Ȣ ˞̐̆̋̓̑̉ ̒̔ ̭̒̎̉̍̆̎̉ ̎́ ̵̪̒̏̎̏ ̓̆̍̐̆̑́̓̔̑̉ ̔ ̅̆̔̓̆̑̉̒́̎̏̍ 
̖̌̏̑̏̏̑̍̔̕ ɉ#$#ÌσɊ ̵̔̐̏̓̑̆̏̍ ̓̆̓̑́̍̆̓̉̌̒̉̌́̎́ ɉ4-3Ɋ ̋́̏ ̉̎̓̆̑̎̏̄ ̒̓́̎̅́̑̅́Ȣ 
ˢ̪̆̍̉̒̋́ ̮̐̏̍̆̑́́ ɉɿɊ ̒̔  ̉̈̑́̇̆̎́ ̔ ÐÐÍ ̃̑ ̆̅̎̏̒̓̉̍́ ̔ ̏̅̎̏̒̔ ̎́ 4-3 ɉɿ( Ѐ π 
ÐÐÍɊ ̔ ρ( .-2 ̒̐̆̋̓̑̉̍́ ̉ ̑̆̈̉̅̔́̌̎̉ ̒̉̄̎́̌ ̘̑́̒̓̃́̑́́ ̔ ρσ# .-2 ̒̐̆̋̓̑̉̍́Ȣ 

2.2. ˜̏ ̒̓̔̐́̋ ̒̉̎̓̆̈ ̆ 1,12-̂̉̒ɉτ-(2-(4-̎̉̓̑̏̆̎̉̌̕Ɋ̆̓̆̎̉̌Ɋ 

̆̎̏̋̒̉̕Ɋ̅̏̅̆̋́̎́, Ia 

˝̗̪̆́̋̉̏̍ ̗̪̋̏̎̅̆̎̈́̉̆ ̣̉̈̍̆̔ τ-̯̎̉̓̑̏̆̎̉̌̒̉̑̆̓̎̆̕ ̋̉̒̆̌̉̎̆, ρ  ́ ̉ τ-
̖̖̉̅̑̏̋̒̉̂̆̎̈́̌̅̆̉̅́, ρ ,̂ ̔ ̐̑̉̒̔̒̓̃̔ ̐̉̐̆̑̉̅̉̎́ȟ ̪̅̏̂̉́ ̒̆ 4-̖̉̅̑̏̋̒̉-4ȭ-
̎̉̓̑̏̒̓̉̌̂̆̎ [113] , ρ .̃ 4-ˢ̉̅̑̏̋̒̉-4ȭ-̎̉̓̑̏̒̓̉̌̂̆̎, 1  ̃(0,48 g, 2,0 mmol) ̒ ̆ ̑́̒̓̃̏̑̉ ̔  
DMF (30 mL) ̎́̋̏̎ ̘̆̄́ ̒ ̆̅̏̅́ ̪̋́̌̉̔̍-̋́̑̂̏̎́̓ (1,38 g, 10 mmol)Ȣ ˚́̋̏̎ σπ ̍̉̎ 
̙̮̍̆́́ȟ ρȟρς-̅̉̂̑̏̍̅̏̅̆̋́̎ (0,32 mg, 0,98 mmol) ̒ ̆̅̏̅́ ̉ ̒́ ̍̆ ̙̮́̆̍ ̒̆ ̎́̒̓́̃̉ 
̓̏̋̏̍ 18 h ̎́ ̪̒̏̂̎̏ ̓̆̍̐̆̑́̓̔̑̉. ˝̆ ̗́̋̉̏̎́ ̙̒̍̆́ ̒̆ ̪̉̈̌̉̆ ̔ ̃̏̅̔ (150 ml) ̐̑̉ ̘̆̍̔ 
̪̎́̒̓́̆ 1,12-̂̉̒ɉτ-(2-(4-̎̉̓̑̏̆̎̉̌̕Ɋ̆̓̆̎̉̌Ɋ̆̎̏̋̒̉̕Ɋ̅̏̅̆̋́,̎ Ia (̙̆̍́ 1). ˚́̒̓́̌̉ 
̓́̌̏̄ ̒ ̆̕ ̉̌̓̑̉̑́ ̉ ̙̑̆̋̑̉̒̓́̌̉̆ ̉ ̈ DMF. 

 

˥̆̍ ́1. ̋ ̗̆́̋̉̏̎̉ ̎̉̈ ̒̉̎̓̆̈ ̆1,12-̂̉̒ɉτ-(2-(4- 
-̎̉̓̑̏̆̎̉̌̕Ɋ̆̓̆̎̉̌Ɋ̆̎̏̋̒̉̕Ɋ̅̏̅̆̋́̎́ (Ia). 

 
1,12-̂̉̒ɉψ-(2-(4-̎̉̓̑̏̆̎̉̌̕Ɋ̆̓̆̎̉̌Ɋ̆̎̏̋̒̉̕Ɋ̅̏̅̆̋́̎ (Ia): ˜̑̉̎̏̒ 0,49 g (38%). FTIR 
(ATR)  2920, 2850, 1587, 1572, 1505, 1473, 1334, 1323, 1269, 1246, 1173, 1108, 1033, 1004, 
975, 952, 875, 841, 749, 716, 686, 630, 582, 530, 452 cm-1; 1H NMR (CDCl3) ɿ [ppm]: 1,26ɀ1,39 
(m, 12H, ɀCH2ɀ), 1,44ɀ1,51 (m, 4H, ɀCH2ɀ), 1,81 (quin, 4H, J = 7,1 Hz, ɀCH2ɀ), 3,99 (t, 4H, J = 6,6 
Hz, ɀCH2Oɀ), 6,92 (d, 4H, J = 8,8 Hz, ɀC6H4ɀ), 7,0 (d, 2H, J = 16,4 Hz, ɀCH = CHɀ), 7,23 (d, 2H,  
J = 16,4 Hz, ɀCH = CHɀ) 7,49 (d, 4H, J = 8,8 Hz, ɀC6H4ɀ), 7,60 (d, 4H, J = 8,8 Hz, ɀC6H4ɀ), 8,21 (d, 
4H, J = 8,8 Hz, ɀC6H4ɀ). 13C NMR (CDCl3) ɿ [ppm]: 26,0; 29,2; 29,4; 29,5; 68,1; 114,9; 123,9; 
124,2; 126,5; 128,4; 128,8; 133,0; 144,3; 146,4; 159,9; ̆̌̆̍̆̎̓́̌̎ ́ ́̎́̌̉̈́ ̘̉̈̑́̔̎́̓́ ̈́ 
C40H44N2O6: C 74,05; H 6,84; N 4,32; ̔ ̣̓̃̑̆̎̏: C 74,08; H 6,80; N 4,38. 
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2.3. ̨ ̙̐̓̉ ̐̏̒̓̔̐́̋ ̒̉̎̓̆̈̆ ̪̮̮̆̅̉̆́ )Ia-II e 

˶̮̮̆̅̉̆́ IIa-II e ̒̔ ̒̉̎̓̆̓̉̒́̎́ ̐̑̆̍́ ̗̑̆́̋̉̏̎̏̍ ̎̉̈̔ ̐̑̉̋́̈́̎̏̍ ̎́ ̙̆̍̉ ςȢ 
˚̪́̐̑̆ ̒̆ ̙̃̑̉ ̗̪̑̆̅̔̋̉́ ̎̉̓̑̏-̄̑̔̐̆ ̪̮̮̆̅̉̆́ ς ,́ ̯̐̏̍̏̔ ̗̉̎̋́ ̔ ̐̑̉̒̔̒̓̃̔ 
̖̘̌̏̑̏̃̏̅̏̎̉̎̆ ̋̉̒̆̌̉̎̆ȟ ̐̑̆̍́ ̪̑́̎̉̆ ̪̏̐̉̒́̎̏ ̗̐̑̏̆̅̔̑̉ [114] . ˔́̓̉̍ȟ ̐̑̆̍́ 
̗̐̑̏̆̅̔̑̉ ˡ̏̑̌̆̎̅̆̑́ [115] , ̪̮̮̆̅̉̆̆ ς  ̂̒̆ ̪̅̉́̈̏̓̔̆ ̉ ̪̅̉́̈̏̎̉̔̍-̒̏ ̒̆ ̪̋̔̐̌̔̆ ̒́ 
̆̎̏̌̏̍̕ ̉̌̉ ς-̌̔̏̑̆̎̏̌̏̍̕̕ ̐̑̉ ̘̆̍̔ ̪̎́̒̓́̆ ̍̆̓̉̌-4-(4-
̖̉̅̑̏̋̒̉̆̎̉̌́̈̏̕Ɋ̗̉̎́̍́̓, 2.1  ̃ ̉̌̉ ̍̆̓̉̌-4-(3-̌̔̏̑̏̕-4-
̖̉̅̑̏̋̒̉̆̎̉̌́̈̏̕Ɋ̗̉̎́̍́̓, 2.2 .̃ ˞̉̎̓̆̈́ ̋̉̒̆̌̉̎́ ςȢρ̅ ̉ ςȢς̅ ̖̏̂̔̃́̓́ 
̗̋̏̎̃̆̎̉̏̎́̌̎ ̮̏́̌̋̉̌̏̃́̆ ̖̏̃̉ ̪̮̮̆̅̉̆́ ̉ ̂́̈̎̏ ̋́̓́̌̉̈̏̃́̎̔ ̗̪̑̆́̋̉̔ ̖̉̅̑̏̌̉̈̆ 
̆̒̓́̑́Ȣ ˠ ̮̐̏̒̌̆̅̆̍ ̋̏̑́̋̔ȟ ̗̑̆̈̏̑̉̎̏̌ ̉̌̉ ̒̔̐̒̓̉̓̔̉̒́̎̉ ̗̑̆̈̏̑̉̎̏̌ ̒̆ ̗̪́̉̌̔̆ 
̖̌̏̑̉̅̏̍ ̋̉̒̆̌̉̎̆ ςȢρ̅ ̉̌̉ ςȢς̅ȟ ̔ ̐̑̉̒̔̒̓̃̔ ̓̑̉̆̓̉̌́̍̉̎́ȟ ̐̑̉ ̘̆̍̔ ̪̎́̒̓́̔ 
̪̮̮̆̅̉̆́ II -́II .̆ 

 
˥̆̍́ φȢ ˝̗̆́̋̉̏̎̉ ̎̉̈ ̒̉̎̓̆̈̆ IIa -II e. 

˟́̂̆̌́ υȢ ˞̔̐̒̓̉̓̔̆̎̓̉ ̪̮̮̆̅̉̆́ IIa -II e. 

 
 

˝̆̅̎̉ ̪̂̑̏ X1 X2 X3 X4 
IIa H H H H 
II  ̂ CH3 H H H 
II  ̃ NO2 H H H 
II  ̄ H Cl H H 
II  ̅ H Br H H 
II  ̣ H Cl Cl H 
II  ̆ H Cl Cl F 
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2.3.1. ̃ ̏̒̓̔̐́̋ ̒̉̎̓̆̈̆ ̍̆̓̉̌-4-(4-̖̉̅̑̏̋̒̉̆̎̉̌́̈̏̕Ɋ̗̉̎́̍́̓,́ 2.1  ̃̉  

̍̆̓̉̌-4-(3-̌̔̏̑̕-4-̖̉̅̑̏̋̒̉̆̎̉̌́̈̏̕Ɋ̗̉̎́̍́̓,́ ςȢς̃ 

˝́̒̓̃̏̑̔ ̍̆̓̉̌-3-(4-̎̉̓̑̏̆̎̉̌̕Ɋ́̋̑̉̌́̓́, ς  ́(5,15 g, 14 mmol) ̔ ̍̆̓́̎̏̌̔ (100 
mlɊ ̅̏̅́ ̒̆ ̃̏̅́ ɉρς ml) ̉ ̪́̍̏̎̉̔̍-̖̌̏̑̉̅́ (2,73 g, 24 mmol)ȟ ́ ̈́̓̉̍ ̒̆ ̔̈ ̙̮̍̆́̆ȟ ̔ 
̗̪̐̏̑̉́̍́ ̪̅̏̅́̆ Zn ̔ ̖̐̑́̔ ɉρφȟςρ gɊȢ ˙̙̮̆́̆ ̒̆ ̭̎́̒̓́̃́ ̔̈ ̑̆̌̔̋̒̕ ̓̏̋̏̍ ς hȟ ̎́̋̏̎ 
̘̆̄́ ̒̆ ̪̙̏ ̔̃̆̋ ̓̏̐̌́ ̗̑̆́̋̉̏̎́ ̙̒̍̆́ ̗̆̅̉Ȣ ˑ̪̏̂̉̆̎̉ ̇̔̓̉ ̑́̒̓̃̏̑ ̒̆ ̐̏̓̏̍ ̖̌́̅̉ ̔ 
̌̆̅̔ ̐̑̉ ̘̆̍̔ ̒̆ ̪̉̈̅̃́́ ̓́̌̏̄ȟ ̎́̋̏̎ ̘̆̄́ ̒̆ ̙̃̑̉ ̗̣̮̆̆̆ ̐̏̅ ̒̎̉̇̆̎̉̍ ̐̑̉̓̉̒̋̏̍Ȣ 
˚́̒̓́̌̉ ̍̆̓̉̌-3-(4-́̍̉̎̏̆̎̉̌̕Ɋ́̋̑̉̌́̓, 2  ̂̒ ̆ ̙̑̆̋̑̉̒̓́̌̉̆ ̉̈ ̆̓̑́Ȣ 

˛̖̣̌́̆̎̉ ̑́̒̓̃̏̑ ̪̎́̓̑̉̔̍-̎̉̓̑̉̓́ ɉπȟρτ g, 2,03 mmol) ̔ ̃̏̅̉ (5 mlɊ ̪̅̏̅́̆ ̒̆ ̔ 
̗̪̐̏̑̉́̍́ ̑́̒̓̃̏̑̔ ̪̮̮̆̅̉̆́ 2  ̂ (0,50 g, 2,83 mmol) ̔ ρπϷ ̑́̒̓̃̏̑ ̖̘̔̌̏̑̏̃̏̅̏̎̉̎̆ 
̋̉̒̆̌̉̎̆ (30 ml)ȟ ̔̈ ̙̮̍̆́̆ ̔ ̌̆̅̆̎̏̍ ̋̔̐́̓̉̌̔Ȣ ˚́̋̏̎ ̙̮̍̆́́ ̏̅ 1 h ̎́ π Ј˞ȟ 
̗̪̑̆́̋̉̏̎̏ ̙̒̍̆̉ ̒̆ ̔ ̗̪̐̏̑̉́̍́ ̪̅̏̅́̆ ̑́̒̓̃̏̑ ̆̎̏̌́̕ ɉπȟσρ g, 3,29 mmol) ̉  
̪̋́̌̉̔̍-̖̉̅̑̏̋̒̉̅́ ɉπȟυτ g, 9,62 mmol) ̔  ̃ ̏̅̉ (20 ml) ̉  ̭̎́̒̓́̃́ ̒̆ ̒́ ̙̮̍̆́̆̍ ̪̙̏ 1 h 
̎́ πЈ˞. ̝ ́̓̉̍ ̒̆ ̙̮̍̆́̆ ̙̃̑̉ ̪̙̏ 1 h ̎ ́ ̪̒̏̂̎̏ ̓̆̍̐̆̑́̓̔̑̉ȟ ̎́̋̏̎ ̘̆̄́ ̒̆ ̙̐̏̅̆́̃́ pH-
̃̑̆̅̎̏̒̓ ̗̑̆́̋̉̏̎̆ ̙̒̍̆̆ ̅̏ ̎̆̔̓̑́̌̎̆ ̃̑̆̅̎̏̒̓̉Ȣ ˚́̋̏̎ ̗̣̮̆̆́ ̐̏̅ ̒̎̉̇̆̎̉̍ 
̐̑̉̓̉̒̋̏̍ȟ ̎́̒̓́̌̉ ̍̆̓̉̌-4-(4-̖̉̅̑̏̋̒̉̆̎̉̌́̈̏̕Ɋ̗̉̎́̍́̓, 2.1  ̃ ̒̆ ̘̙̯̐̑̆̉́̃́ 
̖̪̑̏̍́̓̏̄̑́̉̏̍̕ ̎́ ̋̏̌̏̎̉ (3% MeOH ̔ CHCl3). ˞̉̎̓̆̈́ ̍̆̓̉̌-4-(3-̌̔̏̑̕-4-
̖̉̅̑̏̋̒̉̆̎̉̌́̈̏̕Ɋ̗̉̎́̍́̓́, 2.1  ̃̒̆ ̉̈̃̏̅̉ ̐̑̆̍́ ̪̉̒̓̏ ̗̐̑̏̆̅̔̑̉ ̔̐̏̓̑̆̂̏̍ ς-
̌̔̏̑̆̎̏̌́̕̕ ɉ0,37 g, 3,29 mmol). 

2.3.2. ̃ ̏̒̓̔̐́̋ ̒ ̉̎̓̆̈̆ 4-(4-̅̏ ̗̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̗̉̍̆̓̎ ̆̋ ̉̒̆̌̉̎,̆ ςȢρ̅ 

̉ 4-(3-̌̕ ̔̏̑̏-4-̗̅̏̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̗̉̍̆̓̎ ̆̋ ̉̒̆̌̉̎,̆ ςȢς̅ 

ˠ ̂́̌̏̎ ̏̅ ρππ ml ̪̅̏̅́̆ ̒̆ DMF (30 ml)ȟ ̪̋́̌̉̔̍-̋́̑̂̏̎́̓ (7,4 mmol), ̪̮̮̆̅̉̆̆ 
ςȢρ̃ ̉̌̉ ςȢς̃ (2,48 mmol) ̉ ̪̋́̌̉̔̍-̪̏̅̉̅ ̔ ̘̪̋́̓́̌̉̓̉̋̏ ̘̋̏̌̉̉̎̉Ȣ ˚́̋̏̎ σπ ̍̉̎̔̓́ 
̙̮̍̆́́ ̎́ ̪̒̏̂̎̏ ̓̆̍̐̆̑́̓̔̑̉ ̅̏̅́ ̒ ̆ 1-̂̑̏̍̅̏̅̆̋́̎ (2,7 mmol) ̉ ̒́ ̙̮̍̆́̆̍ ̒̆ 
̎́̒̓́̃̉ ̓̏̋̏̍ 48 hȢ ˝̗̆́̋̉̏̎́ ̙̒̍̆́ ̒̆ ̪̉̈̌̉̆ ̔ ̓̑̉ ̐̔̓́ ̯̃̆̔ ̈́̐̑̆̍̉̎̔ ̃̏̅̆ȟ 
̖̪̆̋̒̓̑́̔̆ ̖̌̏̑̏̏̑̍̏̍̕ȟ ̏̑ ̄́̎̒̋̉ ̪̒̌̏ ̒̆ ̉̒̐̆̑̆ υϷ ̑́̒̓̃̏̑̏̍ ̪̎́̓̑̉̔̍-̖̉̅̑̏̋̒̉̅́, 
̃̏̅̏̍ ̉ ̙̒̔̉ ̐̑̆̋̏ MgSO4. ˝̘́̒̓̃́̑́ ̒̆ ̔̋̌̏̎̉ȟ ́ ̈́̏̒̓́̌̉ ̓́̌̏̄ ̘̐̑̆̉̒̓̉ 
̗̪̑̆̋̑̉̒̓́̌̉̈́̉̏̍ ̉̈ ̆̓̉ -̖̌́̌̋̏̏̌́Ȣ 

˚́̒̓́̌̏ ̪̮̮̆̅̉̆̆ ς  ̄̒̆ ̅̏̅́ ̔ ̑́̒̓̃̏̑ ̪̋́̌̉̔̍-̖̉̅̑̏̋̒̉̅́ (0,90 g, 16 mmol) ̔ 
̆̓̉̌-̖́̌̋̏̏̌̔ (35 ml) ̉ ̃̏̅̉ (5 ml)  ̉  ̗̑̆́̋̉̏̎́ ̙̒̍̆́ ̒̆ ̈́̄̑̆̃́ ̔̈ ̑̆̌̔̋̒̕ ̓̏̋̏̍ τ h, 
̐̑̉ ̘̆̍̔ ̒̆ ̓̏̋ ̗̪̑̆́̋̉̆ ̐̑́̓̉ ̯̐̏̍̏̔ TLC ɉ̖̌̏̑̏̏̑̍̕ ̪̆ ̆̌̔̆̎̓ɊȢ ˝̗̆́̋̉̏̎́ ̙̒̍̆́ ̒̆ 
̎́̋̏̎ ̓̏̄́ ̪̉̈̌̉̆ ̔ ̓̑̉ ̐̔̓́ ̯̃̆̔ ̈́̐̑̆̍̉̎̔ ̃̏̅̆ ̉ ̈́̋̉̒̆̌̉ ̒́ 2 M HClȢ ˚́̒̓́̌̉ ̓́̌̏̄ 
̒̆ ̪̉̈̅̃̏̉ ̗̪̉̌̓̑́̉̏̍̕ ̉ ̙̑̆̋̑̉̒̓́̌̉̆ ̉ ̈ ̯̒̉̑̆̓̎̆ ̋̉̒̆̌̉̎̆Ȣ 

4-(4-ˑ̏ ̗̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̗̉̍̆̓̎́ ̋̉̒̆̌̉̎́ (ςȢρ̅): ˜̑̉̎̏̒: 1,17g (93%), FTIR (ATR) : 
2919, 2849, 2578, 1676, 1622, 1599, 1580, 1499, 1470, 1449, 1426, 1402, 1389, 1328, 1307, 
1285, 1245, 1226, 1202, 1150, 1136, 1109, 1021, 988, 953, 841, 807, 786, 721, 706, 639, 546, 
527, 514, 478 cmɀ1Ƞ ˶̮̮̆̅̉̆̆ ̒̆ ̎̆ ̑́̒̓̃́̑́ ̎̉ ̔ ̪̆̅̎̏̍ ̏̅ ̖̑́̒̐̏̌̏̇̉̃̉ ̅̆ ̔̓̆̑̉̒́̎̉ ̖
̑́̒̓̃́̑ ̘́́Ȣ ˒̌̆̍̆̎̓́̌̎ ́ ́̎́̌̉̈́ ̈́ #27H36N2O3ȡ ̘̉̈̑́̔̎́̓̏ # χτȟςψ; H 8,31; N 6,42; 
̣̏̅̑̆̆̎̏ȡ # χτȟρφ; H 8,3; N 6,39%. 

4-(3-ˡ̌̔̏̑̏-4-̗̅̏̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̗̉̍̆̓̎́ ̋̉̒̆̌̉̎́ (ςȢς̅): ̃ ̑̉̎̏̒: 1,16g (91%); FTIR 
(ATR) : 2917, 2849, 2679, 2593, 1677, 1624, 1614, 1584, 1511, 1501, 1471, 1424, 1405, 1392, 
1321, 1305, 1275, 1215, 1099, 1044, 1020, 1001, 983, 943, 886, 840, 816, 798, 760, 728, 719, 
696, 634, 620, 551, 524, 491 cmɀ1; ˶̮̮̆̅̉̆̆ ̒̆ ̎̆ ̑́̒̓̃́̑́ ̎̉ ̔ ̪̆̅̎̏̍ ̏̅ ̖̑́̒̐̏̌̏̇̉̃̉ 
̖̅̆̔̓̆̑̉̒́̎̉ ̘̑́̒̓̃́̑́́Ȣ ˒̌̆̍̆̎̓́̌̎ ́ ́̎́̌̉̈́ ̈́ #27H35FN2O3ȡ ̘̉̈̑́̔̎́̓̏ȡ # χρȟστȠ ( 
χȟχφȠ . φȟφρȠ ̣̏̅̑̆̆̎̏ȡ # χρȟςςȠ ( χȟχτȠ . φȟφπϷȢ 
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2.3ȢσȢ ˜̏̒̓̔̐́̋ ̒̉̎̓̆̈̆ ̪̮̮̆̅̉̆́ IIa-II e 

ˠ ̪̒̔̒̐̆̎̈̉̔ ̋̉̒̆̌̉̎̆ (0,92 mmol) ̔ ̓̏̌̔̆̎̔ ɉ30 ml) ̅̏̅́ ̒̆ ̏̋̒́̌̉̌-̖̌̏̑̉̅ 
(4,6 mmol) ̉ DMF ̔ ̘̪̋́̓́̌̉̓̉̋̏ ̘̋̏̌̉̉̎̉Ȣ ˝̗̆́̋̉̏̎́ ̙̒̍̆́ ̒̆ ̙̍̆́ ̓̏̋̏̍ ̯̎̏̉ ̎́ 
̪̒̏̂̎̏ ̓̆̍̐̆̑́̓̔̑̉Ȣ ˟̏̌̔̆̎ ̉ ̙̃̉́̋ ̏̋̒́̌̉̌-̖̌̏̑̉̅ ́̒̆ ̎́̋̏̎ ̓̏̄́ ̔̋̌̏̎̆ ̃́̋̔̔̍ 
̗̪̅̆̒̓̉̌́̉̏̍ ̐̑̉ ̘̆̍̔ ̔ ̂́̌̏̎̔ ̈́̏̒̓́̎̆ ̖̌̏̑̉̅ ̋̉̒̆̌̉̎̆Ȣ ˢ̌̏̑̉̅ ̒̆ ̑́̒̓̃̏̑̉ ̔ 
̖̅̉̌̏̑̏̍ ̆̓́̎̔ (10 ml) ̉ ̅̏̅́ ̔ ̖̐̑̆̓̏̅̎̏ ̭̐̑̉̐̑̆̍̆̎ ̑́̒̓̃̏̑ ̗̑̆̈̏̑̉̎̏̌́ (0,46 
mmol) ̉ ̓̑̉̆̓̉̌́̍̉̎́ (1,01 mmol) ̔  ̖̅̉̌̏̑̏̍ ̆̓́̎̔ (20 ml)Ȣ ˑ̪̏̂̉̆̎́ ̗̑̆́̋̉̏̎́ ̙̒̍̆́ 
̒̆ ̙̍̆́ τψ h ̎́ ̪̒̏̂̎̏ ̓̆̍̐̆̑́̓̔̑̉Ȣ ˚́̋̏̎ ̓̏̄́ ̒̆ ̗̑̆́̋̉̏̎́ ̙̒̍̆́ ̉̒̐̆̑̆ 5% HCl (20 
ml), ̃̏̅̏̍ȟ ́ ̈́̓̉̍ ̙̒̔̉ ̐̑̆̋̏ MgSO4. ˜̙̏̓̏ ̒̆ ̒̑̆̅̒̓̃̏ ̈́ ̙̮̒̔̆̆ ̔̋̌̏̎̉ȟ ̏̑̄́̎̒̋̉ 
̘̑́̒̓̃́̑́ ̒̆ ̔̐́̑̉ȟ ́ ̈́̏̒̓́̌̉ ̐ ̑̏̉̈̃̏̅ IIa -II e ̐ ̘̙̯̑̆̉́̃́ ̖̪̑̏̍́̓̏̄̑́̉̏̍̕ ̎́ ̋̏̌̏̎̉ 
(̆̌̔̆̎̓ CHCl3). 

1,3-ˡ̆̎̉̌̆̎-̂̉̒ɉψ-(4-̗̅̏̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̗̉̎́̍́̓) (IIa): ˜̑̉̎̏̒ 0,36 g (83%); FTIR 
(ATR) : 2918, 2850, 2160, 1720, 1637, 1600, 1584, 1560, 1473, 1420, 1321, 1246, 1198, 1169, 
1107, 1023, 981, 843, 800, 720, 677, 643, 556 cmɀ1; 1H NMR (400 MHz, CDCl3) ɿ: 0,81 (t, 6H,  
J = 7,2 Hz, ɀCH3), 1,18ɀ1,32 (m, 32H, ɀCH2ɀ), 1,41 (quin, 4H, J = 7,2 Hz, ɀCH2ɀ), 1,76 (quin, 4H,  
J = 6,8 Hz, ɀCH2ɀ), 3,98 (t, 4H, J = 6,8 Hz, ɀCH2Oɀ), 6,62 (d, 2H, J = 16.0 Hz, ɀCH=CHɀ), 6,94 (d, 
4H, J = 8,8 Hz, Ar-H), 7,05 (d, 3H, J=6,4 Hz, Ar-H), 7,38 (t, 1H, J = 8,8 Hz, Ar-H), 7,66 (d, 4H,  
J = 8,4 Hz, Ar-H), 7,86 (d, 2H, J = 16,0 Hz, ɀCH=CHɀ), 7,86 (d, 4H, J = 8,4 Hz, Ar-H), 7,87 (d, 4H,  
J = 8,8 Hz, Ar-H) ppm; 13C NMR (100 MHz, CDCl3) ɿ: 14,1; 22,7; 26,0; 29,2; 29,3; 29,4; 29,5; 29,6; 
29,6; 29,6; 29,7; 31,9; 68,4; 114,8; 117,9; 123,2; 125,1; 129,2; 135,7; 146,0; 146,9; 151,3; 154,0; 
162,2; 164,8 ppm; ˒ ̌̆̍̆̎̓́̌̎ ́ ́̎́̌̉̈́ ̈́ C60H74N4O6: ̉ ̘̈̑́̔̎́̓̏ȡ C 76,08; H 7,87; N 5,91; 
̣̏̅̑̆̆̎̏: C 76,16; H 7,91; N 5,93%.  

2-˙̆̓̉̌-1,3-̆̎̉̌̆̎̕-̂̉̒ɉψ-(4-̗̅̏̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̗̉̎́̍́̓Ɋ (II )̂: ˜̑̉̎̏̒ 0,35g 
(80%); FTIR (ATR) : 2955, 2918, 2871, 2850, 1785, 1721, 1644, 1601, 1582, 1497, 1466, 1418, 
1393, 1319, 1303, 1240, 1197, 1147, 1139, 1107, 1071, 1023, 979, 964, 841, 801, 721, 699, 644, 
553 cmɀ1; 1H NMR (400 MHz, CDCl3) ɿ: 0,81 (t, 6H, J = 6,8 Hz, ɀCH3), 1,18ɀ1,31 (m, 32H, ɀCH2ɀ), 
1,41 (quin, 4H, J = 7,2 Hz, ɀCH2ɀ), 1,76  (quin, 4H, J = 6,8 Hz Hz, ɀCH2ɀ), 2,04 (s, 3H, ɀCH3), 3,98 
(t, 4H, J = 6,8 Hz, ɀCH2Oɀ), 6,67 (d, 2H, J = 16 Hz, ɀCH=CHɀ), 6,94 (d, 4H, J = 8,8 Hz, Ar-H), 7,01 
(d, 2H, J=8,0 Hz, Ar-H), 7,23 (t, 1H, J = 8,2 Hz, Ar-H), 7,67 (d, 4H, J = 8,4 Hz, Ar-H), 7,85ɀ7,88 (m, 
8H, Ar-H), 7,88 (d, 2H, J = 16 Hz, ɀCH=CHɀ) ppm; 13C NMR (100 MHz, CDCl3) ɿ: 10,1; 14,1; 22,7; 
26,0; 29,2; 29,3; 29,4; 29,5; 29,6; 29,6; 29,6; 29,7; 31,9; 68,4; 114,8; 117,7; 119,8; 123,2; 123,9; 
125,1; 126,6; 129,2; 135,7; 146,0; 146,9; 150,2; 154,0; 162,2; 164,8 ppm; ˒̌̆̍̆̎̓́̌̎ ́ 
́̎́̌̉̈́ ̈́ C60H76N4O6: ̘̉̈̑́̔̎́̓̏ȡ C 76,22; H 7,97; N 5,83; ̣̏̅̑̆̆̎̏: C 76,02; H 7,89; N 
5,81%. 

2-˚̉̓̑̏-1,3-̆̎̉̌̆̎̕-̂̉̒ɉψ-(4-̗̅̏̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̗̉̎́̍́̓Ɋ (II )̃: ˜̑̉̎̏̒ 0,37g 
(82)%; FTIR (ATR) : 2953, 2920, 2849, 1742, 1632, 1602, 1583, 1499, 1467, 1419, 1359, 1315, 
1304, 1246, 1191, 1121, 1104, 1021, 1005, 981, 958, 941, 912, 834, 806, 761, 720, 645, 574, 
545 cm ɀ1; 1H NMR (400 MHz, CDCl3) ɿ: 0,81 (t, 6H, J=7,2 Hz, -CH3), 1,18ɀ1,31 (m, 32H, ɀCH2ɀ), 
1,41 (quin, 4H, J = 7,6 Hz, ɀCH2ɀ), 1,75  (quin, 4H, J = 7,6 Hz, ɀCH2ɀ), 3,98 (t, 4H, J = 6,8 Hz, ɀ
CH2Oɀ), 6,58 (d, 2H, J = 16,0 Hz, ɀCH=CHɀ), 6,94 (d, 4H, J = 8,0 Hz, Ar-H), 7,26 (d, 2H, J = 8,4 Hz, 
Ar-H), 7,55 (t, 1H, J = 8,4 Hz, Ar-H), 7,65 (d, 4H, J = 7,6 Hz, Ar-H), 7,84ɀ7,88 (m, 10H, Ar-H 
overlapping with ɀCH=CHɀ) ppm; 13C NMR (100 MHz, CDCl3) ɿ: 14,1; 22,7; 26,0; 29,2; 29,3; 
29,4; 29,5; 29,6; 29,6; 29,6; 29,7; 31,9; 68,5; 114,8; 116,2; 121,6; 123,2; 125,2; 129,5; 131,6; 
135,3; 137,5; 143,6; 146,9; 147,7; 154,2; 162,3; 163,6 ppm; ˒̌̆̍̆̎̓́̌̎ ́ ́̎́̌̉̈́ ̈́ 
C60H73N5O8: ̉ ̘̈̑́̔̎́̓̏ȡ C 72,63; H 7,42; N 7,06; ̏ ̣̅̑̆̆̎̏: C 72,46, H 7,20, N 7,03%. 
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4-ˢ̌̏̑-1,3-̆̎̉̌̆̎̕-̂̉̒ɉψ-(4-̗̅̏̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̗̉̎́̍́̓Ɋ (II )̄:˜̑̉̎̏̒ȡ 0,34g (75%); 
FTIR (ATR) : 2955, 2919, 2851, 1728, 1634, 1602, 1583, 1528, 1497, 1472, 1418, 1393, 1319, 
1301, 1243, 1199, 1162, 1151, 1133, 1106, 1055, 1022, 1005, 986, 888, 872, 842, 822, 720, 670, 
641, 596, 551, 538 cm ɀ1; 1H NMR (400 MHz, CDCl3) ɿ: 0,81 (t, 6H, J = 6,8 Hz, ɀCH3), 1,19ɀ1,27 
(m, 32H, ɀCH2ɀ), 1,41 (quin, 4H, J = 6,8 Hz, ɀCH2ɀ), 1,76 (quin, 4H, J = 6,8 Hz, ɀCH2ɀ), 3,98 (t, 4H, 
J = 6,8 Hz, ɀCH2Oɀ), 6,60 (d, 1H, J = 16,0 Hz, ɀCH=CHɀ), 6,66 (d, 1H, J = 16,0 Hz, ɀCH=CHɀ), 6,94 
(d, 4H, J=8,8 Hz, Ar-H), 7,04 (dd, 1H, J1 = 8,8 Hz, J2 = 2,8 Hz, Ar-H), 7,13 (d, 1H, J= 2,4 Hz, Ar-H), 
7,44 (d, 1H, J = 8,8 Hz, Ar-H), 7,65 (d, 2H, J = 8,8 Hz, Ar-H), 7,67 (d, 2H, J = 8,8 Hz, Ar-H), 7,83ɀ
7,87 (m, 9H, Ar-H ̐ ̑̆̋̌́̐́ ̒̆ ̒́ ɀCH=CHɀ), 7,91 (d, 1H, J = 16,0 Hz, ɀCH=CHɀ) ppm; 13C NMR 
(100 MHz, CDCl3) ɿ: 14,1; 22,7; 26,0; 29,2; 29,3; 29,4; 29,5; 29,6; 29,6; 29,6; 29,7; 31,9; 68,5; 
114,8; 117,0; 117,5; 117,6; 117,6; 123,2; 125,1; 129,2; 129,3; 130,4; 135,6; 146,3; 146,7; 147,0; 
149,7; 154,1; 162,2; 163,8; 164,6 ppm; ˒ ̌̆̍̆̎̓́̌̎ ́ ́̎́̌̉̈́ ̈́ C60H73ClN4O6: ̉ ̘̈̑́̔̎́̓̏ȡ C 
73,41; H 7,50; N 5,71; ̏ ̣̅̑̆̆̎̏: C 73,39; H 7,47; N 5,70%. 

4-ˎ̑̏̍-1,3-̆̎̉̌̆̎̕-̂̉̒ɉψ-(4-̗̅̏̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̗̉̎́̍́̓Ɋ (II )̅: ˜̑̉̎̏̒ȡ 0,38 g, 82%; 
FTIR (ATR) : 2920, 2851, 1737, 1724, 1633, 1602, 1583, 1497, 1473, 1465, 1318, 1300, 1244, 
1200, 1161, 1151, 1106, 1021, 987, 843, 821, 720, 641, 615, 593, 558, 551 cmɀ1; 1H NMR (400 
MHz, CDCl3) ɿ: 0,89 (t, 6H, J = 6,8 Hz, ɀCH3), 1,24ɀ1,40 (m, 32H, ɀCH2ɀ), 1,49 (quin, 4H, J = 7,2 
Hz, ɀCH2ɀ), 1,84 (quin, 4H, J = 6,8 Hz, ɀCH2ɀ), 4,06 (t, 4H, J = 6,8 Hz, ɀCH2Oɀ), 6,68 (d, 1H, J = 
16,0 Hz, ɀCH=CHɀ), 6,74 (d, 1H, J = 16,0 Hz, ɀCH=CHɀ), 7,02 (d, 4H, J = 8,8 Hz, ɀC6H4ɀ), 7,07 (dd, 
1H, J1 = 8,8 Hz, J2 = 2,6 Hz, ɀC6H3ɀ), 7,20 (d, 1H, J = 2,4 Hz, ɀC6H3ɀ), 7,68 (d, 1H, J = 8,8 Hz, ɀC6H3ɀ
), 7,73 (d, 2H, J = 8,8 Hz, ɀC6H4ɀ), 7,76 (d, 2H, J = 8,8 Hz, Ar-H), 7,91ɀ7,95 (m, 9H, Ar-H ̐ ̑̆̋̌́̐́ 
̒̆ ̒́ ɀCH=CHɀ), 8,00 (d, 1H, J = 16,0 Hz, ɀCH=CHɀ) ppm; 13C NMR (100 MHz, CDCl3) ɿ: 14,1; 
22,7; 26,0; 29,2; 29,3; 29,4; 29,6; 29,6; 29,6; 29,7; 31,9; 68,5; 112,9; 114,8; 117,1; 117,5; 117,7; 
120,7; 123,2; 125,1; 129,3; 129,3; 133,4; 135,6; 146,4; 146,8; 146,9; 148,7; 150,4; 154,1; 162,2; 
163,9; 164,5 ppm; ˒̌̆̍̆̎̓́̌̎ ́ ́̎́̌̉̈́ ̈́ C60H73BrN4O6: ̘̉̈̑́̔̎́̓̏ȡ C 70,23; H 7,17; N 
5,46; ̏ ̣̅̑̆̆̎̏: C 70,15; H 7,18; N 5,43%. 

4,6-ˑ̖̉̌̏̑-1,3-̆̎̉̌̆̎̕-̂̉̒ɉψ-(4-̗̅̏̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̗̉̎́̍́̓Ɋ (II )̣: ˜̑̉̎̏̒ȡ 0,36g 
(79%); FTIR (ATR) : 2917, 2849, 1727, 1631, 1597, 1581, 1498, 1466, 1382, 1321, 1303, 1242, 
1192, 1122, 1090, 1024, 992, 983, 958, 902, 877, 837, 770, 743, 722, 644, 548 cmɀ1; 1H NMR 
(400 MHz, CDCl3) ɿ: 0,81 (t, 6H, J = 6,8 Hz, ɀCH3), 1,20ɀ1,31 (m, 32H, ɀCH2ɀ), 1,41 (quin, 4H, J = 
6,8 Hz, ɀCH2ɀ), 1,76  (quin, 4H, J = 6,8 Hz, ɀCH2ɀ), 3,98 (t, 4H, J = 6,8 Hz, ɀCH2Oɀ), 6,64 (d, 2H, J 
= 16,0 Hz, ɀCH=CHɀ), 6,94 (d, 4H, J = 8,8 Hz, Ar-H), 7,54 (s, 1H, Ar-H), 7,67 (d, 4H, J=8,4 Hz, Ar-
H), 7,85ɀ7,92 (m, 11H, ɀCH=CHɀ ̐ ̑̆̋̌́̐́ ̒̆ ̒́ Ar-H) ppm; 13C NMR (100 MHz, CDCl3) ɿ: 14,1; 
22,7; 26,0; 29,2; 29,3; 29,4; 29,6; 29,6; 29,6; 29,7; 31,9; 68,5; 114;8; 116,6; 119,3; 123,2; 125,0; 
125,1; 129,4; 130,8; 135,4; 146,0; 146,9; 147,1; 154,1; 162,3; 163.,7 ppm; ˒̌̆̍̆̎̓́̌̎ ́ 
́̎́̌̉̈́ ̈́ C60H72Cl2N4O6: ̉ ̘̈̑́̔̎́̓̏ȡ C 70,92; H 7,14; N 5,51; ̏ ̣̅̑̆̆̎̏: C 70,89; H 7,13; N 
5,48%. 

4,6-ˑ̖̉̌̏̑-1,3-̆̎̉̌̆̎̕-̂̉̒ɉψ-(3-̌̔̏̑̕-4-̗̅̏̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̗̉̎́̍́̓Ɋ (I )̆: ˜̑̉̎̏̒ȡ 
0,38g (80%); FTIR (ATR) : 2955, 2922, 2850, 1738, 1625, 1571, 1498, 1464, 1405, 1380, 1331, 
1317, 1301, 1265, 1208, 1154, 1098, 1088, 1020, 1001, 976, 952, 885, 842, 829, 810, 800, 758, 
729, 618, 525 cmɀ1; 1H NMR (400 MHz, CDCl3) ɿ: 0.81 (t, 6H, J = 7,2 Hz, ɀCH3), 1,19ɀ1,32 (m, 
32H, ɀCH2ɀ), 1,43 (quin, 4H, J = 7,2 Hz, ɀCH2ɀ), 1,80 (quin, 4H, J = 6,8 Hz, ɀCH2ɀ), 4,06 (t, 4H, J = 
6,8 Hz, ɀCH2Oɀ), 6,65 (d, 2H, J = 16,0 Hz, ɀCH=CHɀ), 7,02 (t, 2H, J = 8,8 Hz, Ar-H), 7,55 (s, 1H, Ar-
H), 7,62ɀ7,74 (m, 9H, Ar-H), 7,83ɀ7,94 (m, 6H, J=8,4 Hz, ɀCH=CHɀ ̐̑̆̋̌́̐́ ̒̆ ̒́ Ar-H) ppm; 
13C NMR (100 MHz, CDCl3) ɿ: 14,1; 22,7; 25,9; 29,3; 29,5; 29,6; 29,6; 29,6; 29,7; 31,9; 69,6; 107,7; 
107,9; 113,5; 116,9; 119,3; 123,4; 123,4; 125,0; 129,4; 130,8; 135,9; 146,0; 146,5; 146,6; 146,9; 
150,4; 150,5; 151,7; 153,8; 154,2;163,6 ppm; ˒̌̆̍̆̎̓́̌̎ ́ ́̎́̌̉̈́ ̈́ C60H70Cl2F2N4O6: 
̘̉̈̑́̔̎́̓̏ȡ C 68,4; H 6,71; N 5,33; ̏ ̣̅̑̆̆̎̏: C 68,51; H 6,68; N 5,34%. 



 

40 

 

2.4Ȣ ˛̙̐̓̉ ̐̏̒̓̔̐́̋ ̒̉̎̓̆̈̆ ̋̏̍̐̌̆̋̒́ [Zn(NO3)2(L1)2], Kρ ̉ 

[Zn(CH3CO2)6(L2)2], K2 

˝̗̆́̋̉̏̎̉ ̎̉̈ ̒̉̎̓̆̈̆ ̌̉̄́̎́̅́ 2-(4-̅̏ ̗̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̐̉̑̉̍̉̅̉̎,́ L1 ̉  2-
(4-̅̏ ̗̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̐̉̑̉̅̉̎́ȟ L2 ̉ ̪̯̖̏̅̄̏̃́̑́̔̉ :Îɉ))Ɋ ̋̏̍̐̌̆̋̒́ ̐̑̉̋́̈́̎ ̪̆ ̎́ 
̙̆̍̉ σȢ ˶̮̮̆̅̉̆́ 4-(2-˜̉ ̑̉̍̉̅̉̌́̈̏Ɋ̆̎̏̌̕ ̉ τ-(2-̐̉̑̉̅̉̌́̈̏Ɋ̆̎̏̌̕ ̒̔ ̒̉̎̓̆̓̉̒́̎́ 
̐̑̆̍́ ̗̐̑̏̆̅̔̑̉ ̉̈ ̌̉̓̆̑́̓̔̑̆ [116]Ȣ ˘̉̄́̎̅̉ L1 ̉ L2 ̪̅̏̂̉̆̎̉ ̒̔ ̮́̌̋̉̌̏̃́̆̍ ̖̏̃̉ 
̐̑̆̋̔̑̒̏̑́ ̒́ ̗̅̏̅̆̉̌-̂̑̏̍̉̅̏̍ ̐̑̆̍́ ˏ̪̉̌̉́ ̪̍̒̏̎̏̃̏ ɉ̆̎̄.̌ WilliamsonɊ ̍̆̓̏̅̉Ȣ :Îɉ))Ɋ 
̋̏̍̐̌̆̋̒̉ [Zn(NO3)2(L1)2], K1 ̉ [Zn(CH3CO2)6(L2)2], K2 ̒̉̎̓̆̓̉̒́̎̉ ̒̔ ̗̪̑̆́̋̉̏̍ 
̌̉̄́̎́̅́ ̒́ Zn(NO3)2Ͻ6H2O  ̉ Zn(CH3COO)2Ͻ2H2O ̔ ̗́̆̓̏̎̉̓̑̉̌̔ ̋́̏ ̘̑́̒̓̃́̑́̔ȟ ̔̈ 
̮̈́̄̑̆̃́̆Ȣ 

2.4ȢρȢ ˜̏̒̓̔̐́̋ ̒̉̎̓̆̈̆ τ-(2-̐̉̑̉̍̉̅̉̌́̈̏Ɋ̆̎̏̌́̕, σȢρ̃ ̉  τ-(2-

̐̉̑̉̅̉̌́̈̏Ɋ̆̎̏̌́̕, σȢς̃ 

˞̉̎̓̆̈́ 4-(2-̐̉̑̉̍̉̅̉̌́̈̏Ɋ̆̎̏̌́̕, 3.1  ̃ ̉ τ-(2-̐̉̑̉̅̉̌́̈̏Ɋ̆̎̏̌́̕, σȢς̃ 
̐̑̉̋́̈́̎́ ̪̆ ̎́ ̙̆̍̉ 3Ȣ ˠ ̂́̌̏̎̔ ̏̅ υπ ml ̑́̒̓̃̏̑̉ ̒̆ 2-̖̌̏̑̐̉̑̉̍̉̅̉̎, σȢρ́ ̉̌̉ ς-
̖̌̏̑̐̉̑̉̅̉̎, σȢς́ (5,0 mmolɊ ̔ ̆̓̉̌-̖́̌̋̏̏̌̔ ɉφ ml) [117]Ȣ ˑ̪̏̂̉̆̎̏̍ ̑́̒̓̃̏̑̔ ̪̅̏̅́̆ ̒̆ 
̖̉̅̑́̈̉̎-̖̉̅̑́̓ ɉωψϷ ̔ ̃̏̅̉Ɋ ɉυπ mmol). ˝̗̆́̋̉̏̎́ ̙̒̍̆́ ̒̆ ̈́̓̉̍ ̙̍̆́ ̎́ ρρπ Ј˞ 
̓̏̋̏̍ ςτ hȢ ˝̗̪̆́̋̉́ ̒̆ ̐̑́̓̉ ̔̈ TLC ̉ ̎́̋̏̎ ̙̈́̃̑̆̓̋́ȟ ̗̑̆́̋̉̏̎́ ̙̒̍̆́ ̒̆ ̖̏̌́̅̉ ̅̏ 
̒̏̂̎̆ ̓̆̍̐̆̑́̓̔̑̆ ̉ ̆̓̉ -̖̌́̌̋̏̏̌ ̔̐́̑̉Ȣ ˝̗̆́̋̉̏̎́ ̙̒̍̆́ ̒̆ ̐̏̓̏̍ ̖̪̆̋̒̓̑́̔̆ ̆̓̉̌-
̗́̆̓́̓̏̍ ɉρυ ml x υɊ ̉ ̏̑̄́̎̒̋̉ ̪̒̌̏ ̉̒̐̉̑́ ̃̏̅̏̍Ȣ ˛̑̄́̎̒̋̉ ̪̒̌̏ ̒̆ ̙̒̔̉ ̐̑̆̋̏ ˙gSO4, 
̉̌̓̑̉̑́̕ȟ ̔̐́̑́̃́ ̉ ̂̆̈ ̅̏̅́̓̎̏̄ ̘̙̯̮̐̑̆̉́̃́́ ̒̉̑̏̃̉ ̐̑̏̉̈̃̏̅ ̒̆ ̋̏̑̉̒̓̉ ̈́ 
̯̒̌̆̅̆̉ ̋̏̑́̋ ̗̪̑̆́̋̉̆Ȣ 

ˎ̖̆̎̈̏̉̎̏̎ ɉτȟυφ mmolɊ ̒̆ ̑́̒̓̃̏̑̉ ̔ ̙̒̍̆̉ ̪̋̏́ ̒̆ ̪̅̏̂̉́ ̙̮̍̆́̆̍ φπϷ 
̖̐̆̑̌̏̑̎̆ ̋̉̒̆̌̉̎̆ (3,6 ml) ̉ ̃̏̅̆ (50 ml) [118]Ȣ ˢ̉̅̑́̈̉̎-̐̉̑̉̍̅̉ ̉̎, σȢρ̂ ̉̌̉ 
̖̉̅̑́̈̉̎-̐̉̑̉̅̉̎, σȢς̂ (4,62 mmol), ̒̆ ̑́̒̓̃̏̑̉ ̔ ψ ml ̃̏̅̆ȟ ̪̅̏̅́̆ ̔ ̋́̐̉̍́ ̑́̒̓̃̏̑̔ 
̖̂̆̎̈̏̉̎̏̎́ȟ ̐̑̉ ̘̆̍̔ ̑́̒̓̃̏̑ ̐̏̒̓̆̐̆̎̏ ̮̍̆́ ̪̂̏̔ ̅̏ ̍̑̋̏-̱̎́̑́̎́̒̓̆Ȣ ˝́̒̓̃̏̑ ̒̆ 
̙̍̆́ ̎́ ̪̒̏̂̎̏ ̓̆̍̐̆̑́̓̔̑̉ ρ h, ́ ̈́̓̉̍ ̉̌̓̑̉̑́̕ȟ ̐̑̉ ̘̆̍̔ ̪̎́̒̓́̆ ̱̎́̑́̎ ́̒̓̉ ̓́̌̏̄ 
̪̋̏̉ ̒̆ ̑́̒̓̃̏̑̉ ̔ ςυ ml ̍̆̓́̎̏̌́ ̉ ρȟυ ml ̭̍̑́̃̆ ̋̉̒̆̌̉̎̆ ̉ ̄́̒̏̃̉̓̉ ̪́̍̏̎̉́̋ ̒̆ 
̙̐̑̏̐̔̓́ ̋̑̏̈ ̙̒̍̆̔ ̅̏̋ ̎̆ ̣̅̏̆ ̅̏ ̮̓́̌̏̇̆́Ȣ ˑ̪̏̂̉̆̎̉ ̐̑̏̉̈̃̏̅, σȢρ̃ ̉̌̉ σȢς̃ ̒̆ 
̉̌̓̑̉̑́̕ ̉ ̙̒̔̉ ̎́ ̃́̋̔̔̍̔Ȣ 
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˥̆̍́ χ. ̋ ̗̆́̋̉̏̎̉ ̎̉̈ ̒̉̎̓̆̈̆ ̌̉̄́̎́̅́ L1 ̉  L2 ̉  ̪̯̖̏̅̄̏̃́̑́̔̉ :Îɉ))Ɋ ̋̏̍̐̌̆̋̒́ ̠ ρ ̉  
˗ς. 

2.4ȢςȢ ˜̏̒̓̔̐́̋ ̒̉̎̓̆̈̆ ̌̉̄́̎́̅́ 2-(4-̗̅̏̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ- ̐̉̑̉̍̉̅̉̎,́ 

L1 ̉  ς-(4-̗̅̏̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̐̉̑̉̅̉̎,́ L2 

4-(2-˜̉̑̉̍̉̅̉̌́̈̏Ɋ̆̎̏̌̕ (σȢρ̃) ̉̌̉ τ-(2-̐̉̑̉̅̉̌́̈̏Ɋ̆̎̏̌̕ (3.2 )̃ (5,0 mmol), 
̪̋́̌̉̔̍-̋́̑̂̏̎́̓ ɉςȟπχ g, 15,0 mmolɊ ̉ ̪̋́̌̉̔̍-̪̏̅̉̅ ɉψσȟρ mg, 0,5 mmol) ̅ ̪̏̅́̔ ̒ ̆  ̔DMF 
(40 mlɊȢ ˚́̋̏̎ σπ ̍̉̎̔̓́ ̙̮̍̆́́ ̅̏̅́ ̒̆  ̗̉̅̏̅̆̉̌-̂̑̏̍̉̅ ɉρȟσχ g, 1,32 ml, 5,5 mmol). 
˝̗̆́̋̉̏̎́ ̙̒̍̆́ ̒̆ ̈́̄̑̆̃́ ̎ ́ ψπ Ј# ̓̏̋̏̍ χς ÈȢ ˝̗̆́̋̉̏̎́ ̙̒̍̆́ ̒ ̆̐ ̏̓̏̍ ̉̈̌̉̃́ ̔ ̓̑̉ 
̐̔̓́ ̯̃̆̔ ̈́̐̑̆̍̉̎̔ ̃̏̅̆ ̉ ̖̪̆̋̒̓̑́̔̆ ̖̅̉̌̏̑̍̆̓́̎̏̍Ȣ ˛̑̄́̎̒̋̉ ̪̒̌̏ ̒ ̆̈́̓̉̍ ̉̒̐̉̑́ 
υϷ ̃̏̅̆̎̉̍ ̑́̒̓̃̏̑̏̍ ̪̎́̓̑̉̔̍-̖̉̅̑̏̋̒̉̅́ ̉ ̃̏̅̏̍ ̉ ̙̒̔ ̉̐̑̆̋̏ ̖́̎̉̅̑̏̃́̎̏̄ 
̪̎́̓̑̉̔̍-̒̔̌́̓́̕Ȣ ˛̑̄́̎̒̋̉ ̘̑́̒̓̃́̑́ ̒̆ ̔̋̌̏̎̉ ̉ ̈́̏̒̓́̌̉ ̐̑̏̉̈̃̏̅ L1 ̉̌̉ L2 ̒̆ 
̘̐̑̆̉̒̓̉ ̖ ̪̑̏̍́̓̏̄̑́̉̏̍̕ ̎́ ̋̏̌̏̎̉ ɉ̆̌̔̆̎̓ȡ ̖̌̏̑̏̏̑̍̕ȡ̍̆̓̉̌-̖́̌̋̏̏̌ 98:2).  

2-(4-ˑ̗̏̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̐̉̑̉̍̉̅̉̎ (L1): ˚̱́̑́̎́̒̓̉ ̖̐̑́Ȣ ˜̑̉̎̏̒ȡ πȟχω Ç ɉτσϷɊȠ &4)2 
ɉ!42Ɋȡ ʉ σπτυȟ ςωςπȟ ςψτωȟ ςφφτȟ ςυψσȟ ςτωφȟ ςσφπȟ ςστρȟ ρφπςȟ ρυχψȟ ρυφτȟ ρυτρȟ ρτωψȟ ρτχρȟ 
1421, 1380, 1333, 1300, 1251, 1198, 1141, 1109, 1035, 1018, 1004, 935, 858, 840, 822, 799, 
766, 721, 685, 669, 640, 629 cmɀ1;  1H NMR (400 MHz, CDCl3) ɿ: 8,90 (d, 2H, J = 4,8 Hz, Pm), 8,08 
(d, 2H, J = 9,2 Hz, Ph), 7,30 (t, 1H, J = 4,8 Hz, Pm), 6,96 (d, 2H, J = 8,8 Hz, Ph), 4,00 (t, 2H, J = 6,0 
Hz, ɀCH2O), 1,76 (quin, 2H, J = 7,0 Hz , C12H25O), 1,41 (quin, 2H, J = 7,2 Hz, C12H25O), 1,35ɀ1,20 
(m, 16 H, C12H25O), 0,81 (t, 3H, J = 6,8 Hz, CH3ɀ) ppm; 13C NMR (400 MHz, CDCl3Ɋ ɿ: 166,9; 163,7; 
59,0; 146,9; 126,6; 120,6; 114,9; 68,5; 31,9; 29,6; 29,6; 29,6; 29,5; 29,3; 29,1; 26,0; 22,7; 14,1 
ppm. 

2-(4-ˑ̗̏̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̐̉̑̉̅̉̎ (L2): ˣ̑̃̆̎̉ ̖̐̑́Ȣ ˜̑̉̎̏̒ȡ πȟψφ g (47%), FTIR (ATR): 
ʉ σπωσȟ σπφψȟ σπυπȟ ςωωωȟ ςωυτȟ ςωςπȟ ςψτχȟ ςχτρȟ ςφυχȟ ςυφφȟ ςτχτȟ ςσφπȟ ςστρȟ ρφπτȟ ρυψςȟ 
1540, 1498, 1463, 1412, 1385, 1316, 1297, 1247, 1182, 1149, 1138, 1115, 1088, 1070, 1043, 
1016, 997, 990, 958, 915, 893, 867, 847, 809, 789, 761, 738, 723, 669, 650, 635, 618 cmɀ1; 1H 
NMR (400 MHz, CDCl3) ɿ: 8.65 (d, 1H, J = 4,0 Hz, Py), 7,98 (d, 2H, J = 9,2 Hz, Ph), 7,81 (t, 1H, 
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J = 6,8 Hz, Py), 7,72 (d, 1H, J = 8,0 Hz, Py), 7,29 (t, 1H, J = 5,6 Hz, Py), 6,95 (d, 2H, J = 8,8 Hz, Ph), 
3,98 (t, 2H, J = 6,6 Hz, ɀCH2Oɀ), 1,75 (quin, 2H, J = 7,0 Hz , C12H25O), 1,41 (quin, 2H, J = 7,2 Hz, 
C12H25O), 1,35ɀ1,20 (m, 16 H, C12H25O), 0,81 (t, 3H, J = 6,6 Hz, CH3ɀ) ppm; 13C NMR (400 MHz, 
CDCl3) ɿ: 163,2; 162,7; 149,5; 146,7; 138,2; 125,7; 124,6; 115,2; 114,8; 68,5; 31,9; 29,6; 29,6; 
29,6; 29,5; 29,4; 29,3; 29,1; 26,0; 22,7; 14,1 ppm.  

2.4ȢσȢ ˜̏̒̓̔̐́̋ ̒̉̎̓̆̈̆ ̋̏̍̐̌̆̋̒́ [Zn(NO3)2(L1)2] , Kρ ̉ [Zn(CH3CO2)6(L2)2] , K2 

[Zn(NO3)2(L1)2], K1. ̋ ́̒̓̃̏̑ ς-(4-̗̅̏̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̐̉̑̉̍̉̅̉̎́ ɉσφψȟυ ÍÇȟ ρȟπ mmol) 
̔ ̗́̆̓̏̎̉̓̑̉̌̔ ɉ40 ml) ̒ ̆ ̂̌́̄̏ ̪̈́̄̑̆̆ȟ ́ ̈́̓̉̍ ̒̆ ̅̏̅́ ̑́̒̓̃̏̑ :Îɉ./3)2Ͻ6H2O (148,8 mg, 
πȟυ ÍÍÏÌɊ ̔ ̪̍̉̎̉̍́̌̎̏ ̈́̐̑̆̍̉̎̉ ̉̒̓̏̄ ̘̑́̒̓̃́̑́́ ɉ̏̋̏ σ- 5 ml). ˝̗̆́̋̉̏̎́ ̙̒̍̆́ ̒̆ 
̈́̄̑̆̃́ ̔ ̈ ̑̆̌̔̋̒̕ȟ ςτ h. ̃ ̏ ̉̒̓̆̋̔ ̏̃̏̄ ̃̑̆̍̆̎́ȟ ̗̑̆́̋̉̏̎́ ̙̒̍̆́ ̒̆ ̏̒̓́̃̉ ̅́ ̒̆ ̖̏̌́̅̉ 
̅̏ ̒̏̂̎̆ ̓̆̍̐̆̑́̓̔̑̆ ̐̑̉ ̘̆̍̔ ̒̆ ̪̏̂̑́̈̔̔ ̇̔̓̉ ̋̑̉̒̓́̌̉ ̐̑̏̉̈̃̏̅́Ȣ  

[Zn(CH3CO2)6(L2)2], K2Ȣ ˗̏̍̐̌̆̋̒ K2 ̙̒̉̎̓̆̓̉̆ ̒̆ ̐̑̉̍̆̎̏̍ ̉̒̓̆ ̗̐̑̏̆̅̔̑̆ ̋́̏ ̈́ 
̋̏̍̐̌̆̋̒ 1 ̐̑̉ ̘̆̍̔ ̒̆ ̐̏̌́̈̉ ̏̅ ̌̉̄́̎̅́ L2 ɉσφχȟυ ÍÇȟ ρȟπ ÍÍÏÌɊ ̉ :Îɉ#(3COO)2Ͻ2H2O 
(109,8 mg, 0,5 mmol). ̞ ̪̈̏̌̔̔ ̒̆ ̓ ̗́̍̎̏̑̃̆̎̉ ̋̑̉̒̓́̌̉Ȣ 

2.5. ̇ ̆̓̏̅̆ ̗̪̋́̑́̋̓̆̑̉̈́̉̆ ̖̉̒̐̉̓̉̃́̎̉ ̪̮̮̆̅̉̆́ 

˜̏̑̆̅ ̖̐̏̍̆̎̔̓̉ ̖̆̋̒̐̆̑̉̍̆̎̓́̌̎̉ ̖̓̆̎̉̋́ ̈́ ̐̏̓̃̑̅̔ ̖̪̖̆̍̉̒̋̉ ̒̓̑̔̋̓̔̑́ 
̖̒̉̎̓̆̓̉̒́̎̉ ̪̮̮̆̅̉̆́ ɉFTIR, 1H ̉ 13C NMR ̪̒̐̆̋̓̑̏̒̋̏̐̉́ȟ ̆̌̆̍̆̎̓́̌̎́ ́̎́̌̉̈́Ɋȟ 
̘̉̈̉̋̏̕-̖̪̆̍̉̒̋́ ̪̒̃̏̒̓̃́ ̖̉̒̐̉̓̉̃́̎̉ ̪̮̮̆̅̉̆́ ̣̏̅̑̆̆̎́ ̒̔ ̐̑̉̍̆̎̏̍ ̯̖̒̌̆̅̆̉ 
̖̓̆̎̉̋́ȡ 
¶ 0/- ̈́  ̗̪̉̅̆̎̓̉̉̋́̉̔̕ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ́̈́̕Ƞ 
¶ $3# ̈́ ̣̮̏̅̑̆̉̃́̆ ̓̆̍̐̆̑́̓̔̑̆ ̉ ̐̑̏̍̆̎̆ ̪̆̎̓́̌̐̉̆ ̖́̈̎̉̕ ̐̑̆̌́̈́ ̋́̏ ̉ 
̘̓̆̑̍̉̋̆ ̵̒̓́̉̌̎̏̒̓̉ ̖̉̒̐̉̓̉̃́̎̉ ̪̮̮̆̅̉̆́Ƞ 

¶ 3!83 ̍̆ ̓̏̅́ ̈́ ̣̮̔̓̃̑̉̃́̆ ̃̑̒̓̆ ̍̆̈̏́̈̆̕Ƞ 
¶ ́̐ ̗̒̏̑̐̉̏̎́ ̉ ̆̍̉̒̉̏̎́ ̪̒̐̆̋̓̑̏̒̋̏̐̉́Ȣ 

2.5.1. ̠ ̗̪́̑́̋̓̆̑̉̈́̉́ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ̪̒̃̏̒̓́̃́ ̪ ̮̮̆̅̉̆́ Ia 

POM ̓̆̋̒̓̔̑̆ ̪̮̮̆̅̉̆́ Ia ̒̔ ̅̏ ̪̂̉̆̎̆ ̔̐̏̓̑̆̂̏̍ :ÅÉÓÓ !ØÉÏ )ÍÁÇÅÒ !ρ 
̗̐̏̌́̑̉̈́̉̏̎̏̄ ̍̉̋̑̏̒̋̏̐́. ˠ̗̈̏̑̉ ̒̆ ̭̪̐̏̒̓́̃́̔ ̔ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ̯̪̆̌̉̆ ̒́ ̒̌́̂̉̍ 
̐̌́̎́̑̎̉̍ ̐̏̑́̃̎́ ̮̆̍ (̪̋̏̆ ̒̆ ̐̏̒̓̉̇̆ ̪̆̅̎̏̒̍̆̑̎̉̍ ̭̮̓̑́̆̍ ̖̒̓́̋̌̆̎̉ ̘̐̌̏́Ɋ ̒́ 
̪̄̑̆̎̏̍ ̘̐̌̏̏̍ Instec. 0/- ̓̆̋̒̓̔̑̆ ̒̔ ̐̏̒̍́̓̑́̎̆ ̓ ̏̋̏̍ ̃̆̏̍́ ̒̐̏̑̏̄ ̗̉̋̌̔̒́ ̪̮̄̑̆́́ 
̉ ̖̣̮̌́̆́ȟ ̐̑̉ ̂̑̈̉̎̉ ̏̅ ~ ±0,1 °C/min. DSC ̪̆ ̣̏̅̑̆̆̎ ̔̐̏̓̑̆̂̏̍ TAQ 20Ȣ ˠ̗̈̏̑̉ ̒̔ 
̪̅̏̂̉̆̎̉ ̅̉̑̆̋̓̎̏ ̎́̋̏̎ ̗̪̑̆̋̑̉̒̓́̌̉̈́̉̆ ̉ ̍̆̑̆̎̉ ̐̑̉ ̂̑̈̉̎̉ ̪̮̄̑̆́́ ̉ ̖̣̮̌́̆́ ̏̅ 
5 °C/min. 

UVɀVis ̒̐̆̋̓̑̉ ̒̔ ̭̒̎̉̍̆̎̉ ̔ $-& ̐̑̉ ̗̗̪̋̏̎̆̎̓̑́̉́̍́ ̏̅ υϽρπɀ6 ̉  
ρϽρπɀ3 mol/ dm3ȟ ̎́ /ÃÅÁÎ /ÐÔÉÃÓ 1%φυ 0ÒÏ ̒̐̆̋̓̑̏̏̓̏̍̆̓̑̔̕ ̒ ́ ̃̏̌̑́̍̏̃̏̍̕  ̉ ̖́̌̏̄̆̎̏̍  
̌́̍̐̏̍Ȣ ˒̍̉̒̉̏̎̉ ̒̐̆̋̓̑̉ ̭̒̎̉̍̆̎̉ ̒̔ ̎  ́(ÏÒÉÂÁ .ÁÎÏÌÏÇ ̒̐̆̋̓̑̏̌̔̏̑̉̍̆̓̑̕ȟ̔ ̒́ 
̗̗̪̆̋̒̉̓́̉̏̍ ̏̅ σψτ ÎÍ ̉ τπυ ÎÍ ̅̔̄̏̐̑̏̐̔̒̎̏̄ ̉̌̓̆̑́̕Ȣ 
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2.5.2. ̠ ̃́̎̓̎̏-̖̪̆̍̉̒̋̉ ̘̐̑̏̑́̔̎̉ ̈́ ̘̓̆̎̏̋̑̉̒̓́̌̎̉ ̅̉̍̆̑ Ia 

˞̃̉ ̘̐̑̏̑́̔̎̉ ̒̔ ̉̈̃̆̅̆̎̉ ̔̐̏̓̑̆̂̏̍ Gaussian 09 ̐́̋̆̓́ ̐̑̏̄̑́̍́ [119] . ˟̑̉ 
̉̈̏̍̆̑́ ̪̮̮̆̅̉̆́ Ia ̒̔ ̏̐̓̉̍̉̈̏̃́̎́ ̙̯̮̋̏̑̉̆̆̍ B3LYP ̕ ̗̔̎̋̉̏̎́̌́, 6-31G(d,p) 
̒̋̔̐́ ̗̪̔̎̋̉́̕ ̉ SMD ̍̏̅̆̌́ ̗̪̒̏̌̃́̓́̉̆ ̈́ DMF ̘̑́̒̓̃́̑́Ȣ ˞̗̪̉̍̔̌́̉̆ ̍́̐́ 
̘̆̌̆̋̓̑̏̒̓́̓̉̋̏̄ ̗̪̐̏̓̆̎̉́̌́ ̍̏̌̆̋̔̌́ (̆̎̄̌. Molecular Electrostatic Potential Surface, 
MEPS) ̉ ̈̃̆̅̆̎ ̆̒ ̔ ̎́ ̉̒̓̏̍ ̪̓̆̏̑̉̒̋̏̍ ̎̉̃̏̔Ȣ ˗̙̯̏̑̉̆̎́ ̪̆ ̃̑̆̍̆̎̒̋̉ ̈́̃̉̒̎́ ˟̪̆̏̑̉́ 
̗̔̎̋̉̏̎́̌́̕ ̄̔̒̓̉̎̆ (TD-DFT) ̈́ ̘̮̉̈̑́̔̎́̃́̆ UVɀVis ̒̐̆̋̓́̑́. ˔́ ̏̃̆ ̗̪̋́̌̋̔̌́̉̆ȟ 
̔̐̏̑̆̅̎́ ̒ ̪̓̔̅̉́ ̪̆ ̒̐̑̏̃̆̅̆̎́ ̔̐̏̓̑̆̂̏̍ BMK ̉  CAM-B3LYP ̕ ̗̔̎̋̉̏̎́̌́, 6-31G(d,p) ̉  
def2-TZVP ̒ ̋̔̐́ ̗̪̔̎̋̉́̕, PCM ̉  SMD ̍ ̏̅̆̌ ́̒ ̗̪̏̌̃́̓́̉̆ ̈́ DMF ̑ ̘́̒̓̃́̑́.  

˜̗̪̑̆̅̉̋̉́ ̖̍̆́̎̉̈̍́ ̪̋̏̎̃̆̑̈̉̆ ̣̉̈̍̆̔ ̓̑̉ ̏̑̍̆̕ ̉̈̏̍̆̑́ ̒̔ ̉̈̃̆̅̆̎̆ ̎́ 
B3LYP/6-31G(d,p) ̪̓̆̏̑̉̒̋̏̍ ̎̉̃̏̔Ȣ ˛̙̐̓̉ ̐̑̏̓̏̋̏̌ ̪̋̏̉ ̪̆ ̙̯̋̏̑̉̆̎ ̈́ ̮̉̒̐̉̓̉̃́̆ 
̖̍̆́̎̉̈́̍́ȡ ̣̮̏̅̑̆̉̃́̆ ̒̓̑̔̋̓̔̑̆ ̐̑̆̌́̈̎̏̄ ̮̒̓́́ ɉ̙̯̮̋̏̑̉̆̆̍ ̘̐̑̏̑́̔̎́ 
̐̑̆̌́̈̎̏̄ ̮̒̓́́ ɉ̆̎̄̌Ȣ transition state, TS)Ɋ ̉ ̗̪̃́̌̉̅́̉́ TS ̯̐̏̍̏̔ IRC ɉ̙̮̔̎̔̓̑́̆ 
̗̑̆́̋̉̏̎̆ ̋̏̏̑̅̉̎́̓̆ (̆̎̄̌Ȣ intrinsic reaction coordinateɊ ̘̐̑̏̑́̔̎́Ȣ IRC ̘̐̑̏̑́̔̎̉ ̒̔ 
̐̏̓̃̑̅̉̌̉ ̭̐̑̆̓̐̏̒̓́̃̆̎̉ ̗̑̆́̋̉̏̎̉ ̐̔̓ȟ ̪̋̏̉ ̪̆ ̯̐̑́̆̎ ̔ ̅̃ ̗́̐̑́̃́ ̏̅ ̐̑̆̌́̈̎̆ 
̒̓̑̔̋̓̔̑̆ ̅̏ ̑́̃̎̏̓̆̇̎̆ ̪̄̆̏̍̆̓̑̉̆ ̑̆́̋̓́̎́̓́ ̉ ̐̑̏̉̈̃̏̅́Ȣ 

2.5.3. ̠ ̗̪́̑́̋̓̆̑̉̈́̉́ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ̪̒̃̏̒̓́̃́ ̪ ̮̮̆̅̉̆́ IIa -II e 

˟̆̍̐̆̑́̓̔̑̆ ̖́̈̎̉̕ ̐̑̆̌́̈́ ̉ ̐̑̏̍̆̎̆ ̪̆̎̓́̌̐̉́ ̣̏̅̑̆̉̃́̎̆ ̒̔ 
̗̪̅̉̆̑̆̎̉́̌̎̏̍̕ ̪̯̒̋̆̎̉̑́̔̏̍ ̋́̌ ̪̏̑̉̍̆̓̑̉̏̍ ɉDSC) ̉̈̃̆̅̆̎̏̍ ̒́ TA DSC Q200 
̋́̌̏̑̉̍̆̓̑̏̍. $3# ̋̑̉̃̆ ̒̔ ̭̒̎̉̍̆̎̆ ̐̑̉ ̐̑̏̓̏̋̔ ́̈̏̓́ ̏̅ 50 l/min ̉ ̒́ ̌̉̎̆́̑̎̉̍ 
̯̮̐̏̃̆́̆̍ ̓̆̍̐̆̑́̓̔̑̆ ̏̅ ρπ ˗ȾÍÉÎȢ ˔́ ́̎́̌̉̈̔ ̒̔ ̙̯̋̏̑̉̆̎̉ ̒̔̃̉ ̗̔̈̏̑̉ ̍́̒̆  
1-3 mg. 

˜̮̏̒̍́̓̑́̆ ̘̖̋́̑́̋̓̆̑̉̒̓̉̎̉ ̘̖̏̐̓̉̋̉ ̓̆̋̒̓̔̑́ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ́̈́̕ ̙̃̑̆̎̏ 
̪̆ ̔̐̏̓̑̆̂̏̍ Zeiss Axio Imager A2m ̗̐̏̌́̑̉̈́̉̏̎̏̄ ̒̃̆̓̌̏̒̎̏̄ ̍̉̋̑̏̒̋̏̐́ 
̭̏̐̑̆̍̆̎̉̍ Linkam ̪̄̑̆̎̏̍ ̘̐̌̏̏̍Ȣ ˠ̗̈̏̑̉ ̒̆ ̭̪̐̏̒̓́̃́̔ ̉̌̉ ̣̉̈̍̆̔ ̅̃̆ ̣̎̆̏̂̑́̆̎̆ 
̒̓́̋̌̆̎̆ ̘̗̐̌̏̉̆ ̉̌̉ ̔ ̒̓́̋̌̆̎̆ ̯̪̆̌̉̆ ̒́ ̐̌́̎́̑̎̉̍ ̮̐̏̑́̃̎́̆̍ ̪̋̏̆ ̐̑̏̉̈̃̏̅̉ 
̓́̎̋̉ ̙̮̔̎̔̓̑́̉ ̪̒̌̏ ̐̏̌̉̍̆̑́Ȣ ˻̪̆̌̉̆ ̒̆ ̐̔̎̆ ̪̍́̓̆̑̉́̌̏̍ ̔ ̪̉̈̏̓̑̏̐̎̏ ̘̪̓̆̎̏ ́̈̉̕ 
̯̐̏̍̏̔ ̋́̐̉̌́̑̆Ȣ ˠ̗̈̏̑̉ ̒́ ̪̆̅̎̏̍ ̒̌̏̂̏̅̎̏̍ ̙̐̏̃̑̉̎̏̍ ̒̆ ̣̓́̋̏̆ ̋̏̑̉̒̓̆ ̋́̋̏ ̂̉ ̒̆ 
̐̑̏̉̈̃̆̌̏ ̖̏̍̆̏̓̑̏̐̎̏ ̮̐̏̑́̃̎́̆Ȣ  

˛̘̐̓̉̋̏ ̅̃̏̒̓̑̔̋̏ ̮̐̑̆̌́̍́̆ ̒̃̆̓̌̏̒̓̉ ̪̆ ̍̆̑̆̎̏ ̯̐̏̍̏̔ ̒̉̒̓̆̍́ ̪̋̏̉ ̖̏̂̔̃́̓́ȡ 
̘̏̓̏̆̌́̒̓̉̎̆̕ ̍̏̅̔̌́̓̏̑̆ ɉPEM-90, HindsɊ ̪̋̏̉ ̑́̅̆ ̐̑̉ ̗̪̑̆̋̃̆̎̉̉̕ ̍ ̗̪̏̅̔̌́̉̆ ̏ ̅ υπ 
kHzȟ ̖́̌̏̄̆̎̔ ̌́̍̐̔ (Hamamatsu LC8) ̭̏̐̑̆̍̆̎̔ ̉̌̓̆̑̏̍̕ ̔̒̋̏̄ ̏̐̒̆̄́ ɉ532 nmɊ ̉ 
̏̓̏̅̉̏̅̔̕ (FLC Electronics PIN-20). ˏ̑̆̍̆̎̒̋̉ ̈́̃̉̒́̎ ̉̎̓̆̎̈̉̓̆̓ ̙̐̑̏̐̔̓̆̎̆ 
̒̃̆̓̌̏̒̓̉ ̪ ̆ ̣̏̂̑́̆̎ ̯̐̏̍̏̔ ́̈̎̏̕ ̭̏̒̆̓̉̃̏̄ ̪̘̘̐̏́̉̃́́ (EG&G 7265) ̋ ́̋̏ ̂̉ ̒̆ ̅̏̂̉̌́ 
̃̑̆̅̎̏̒̓ ̪̮̈́̏̒̓́́́ ̒̃̆̓̌̏̒̓̉ ̉̎̅̔̋̏̃́̎̏̄ ̔̈̏̑̋̏̍Ȣ 

ˑ̉̑́̓̏̄̑́̍̉̕ ̒̔ ̪̅̏̂̉̆̎̉ ̯̐̏̍̏̔ Bruker D8 GADDS ̒̉̒̓̆̍́ ɉCuKɻ ̔̐́̅̎̉ ̒̎̏̐ 
̏̑̍̉̑́̎̕ ̯̐̏̍̏̔ Goebel ̏̄̌̆̅́̌́ ̉ ̋̏̌̉̍́̓̏̑́ ̒́ ̘̓́̋́̒̓̉̍ ̒̎̏̐̏̍, Vantec 2000 
̅̆̓̆̋̓̏̑ ́̐ ̙̏̃̑̉̎̆ ̉  ̍ ̏̅̉̉̋̏̃́̎̕ ̆Linkam ̄ ̪̑̆̎ ̆̐ ̘̌̏̆ɊȢ ˟̆̍̐̆̑́̓̔̑̎́ ̈́̃̉̒̎̏̒̓ ̏̅ 
̭̅̆̂̉̎̆ ̘̒̍̆̋̓̉̋̏̄ ̪̒̌̏́ ̣̏̅̑̆̆̎́ ̪̆ ̍́̌̉̍ ̔̄̌̏̍ XRD ́̎́̌̉̈̏̍ ̣̉̈̃̏̆̎̏̍ ̎  ́Bruker 
D8 Discover ̒ ̉̒̓̆̍̔ (CuKɻ ̔̐́̅̎̉ ̒̎̏̐ ̪̋̏̉ ̏̑̍̉̑́̕ Goebel ̏̄̌̆̅́̌́ȟ ̗̗̒̉̎̓̉̌́̉̏̎̉ 

̪̘̂̑̏́ȟ Anton Paar DCS350 ̄ ̪̑̆̎́ ̘̐̌̏́ɊȢ ˠ̗̈̏̑̉ ̈́ ̑̆̎̅̄̆̎̒̋̔ ̗̪̅̉̑́̋̉̔̕ ̐ ̪̑̉̐̑̆̍́̔ ̒̆ 
̔ ̃̉̅̔ ̭̗̋́̐̉́ ̉̌̉ ̖̓́̎̋̉ ̉̌̍̏̃́̕ ̎́ ̪̪̈́̄̑̆́̎̏ ̙̐̏̃̑̉̎̉Ȣ 

˞̭̎̉̍̆̎̉ ̅̉̑́̓̏̄̑́̍̉̕ ̒ ̔ ́̎́̌̉̈̉̑́̎̉ ̔̐̏̓̑̆̂̏̍ ̒̏̓̃̆̑̒̋̏̄̕ ̐́̋̆̓́ Topas 3, 
̪̋̏̉ ̯̏̍̏̄̔́̃́ ̗̐̑̆̉̈̎̏ ̣̮̏̅̑̆̉̃́̆ ̪̐̏̌̏̇́́ ̪̘̖̐̏̆̅̉̎́̎̉ ̗̖̅̉̑́̋̉̏̎̉̕ ̐̉̋̏̃́ ̉ 
̘̐̆̑̉̏̅̉̎̏̒̓̉ ̒̓̑̔̋̓̔̑̆ ɉ̎̐̑Ȣ ̅̆ ̭̂̉̎́ ̪̒̌̏́ ̔ SmC ́̈̉̕Ɋȟ ̐̑̆̍́ ̓̏̍̆ ̪̖̄̆̏̍̆̓̑̉̒̋̉ 
̐́̑́̍̆̓́̑́ ̋̑̉̒̓́̌̎̆ ̑ ̙̆̆̓̋̆Ȣ 

˒̋̒̐̆̑̉̍̆̎̓̉ ̒́ UV-̘̮̈̑́̆̆̍ ̣̉̈̃̏̆̎̉ ̒̔ ̎́ ̗̔̈̏̑̉̍́ ̔ ̐̌́̎́̑̎̉̍ 
̘̓̆̎̏̋̑̉̒̓́̌̎̉̍ ̯̪̆̌̉́̍́ (Instec 8 ʈm ̭̅̆̂̉̎̆). ˒̋̒̐̆̑̉̍̆̎̓́̌̎́ ̐̏̒̓́̃̋́ 
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̒́̍̏̒̓́̌̎̏ ̪̆ ̣̉̈̑́̆̎ ́̉ ̭̘̪̔̋̔̔̆ ̗̪̋̏̍̆̑̉́̌̎̔ ̪̄̑̆̎̔ ̘̐̌̏̔ ɉInstec MK1Ɋ ̪̋̏́ ̪̆ 
̣̎́̅̏̄̑́̆̎́ ̮̅̏̅́̃́̆̍ UV-̌́̍̐̆ ̈́ ̭̮̏̒̃̆̓̉̃́̆ ɉ̓́̌́̒̎̆ ̅̔̇̉̎̆ 365 nm LedEngin 
LEDɊ ̙̓̏ ̐̑̔̇́ ̖̏̍̏̄̆̎̏ ̭̮̏̒̃̆̓̉̃́̆ ̗̆̌̏̋̔̐̎̏̄ ̔̈̏̑̋́Ȣ ˕̈̍̆̑̆̎́ ̘̏̐̓̉̋́ ̒̎́̄́ 
̉̈̎̏̒̉ τπ mW (Coherent LabMax TOP ̒  ́ PM1Ɋ ̎́ ̙̐̏̃̑̉̎̉ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ̯̪̆̌̉̆Ȣ 
˜̮̏̒̍́̓̑́́ ̉ ̮̍̆̑́́ ̒̔ ̙̃̑̆̎́ ̯̐̏̍̏̔ POM ̍ ̉̋̑̏̒̋̏̐́ (Nikon Optiphot II)  ̒ ́ ̗̪̏̐̉̏̍ 
̮̒̎̉̍́́Ȣ 

2.5.4. ̋ ̆̎̅̄̆̎̒̋́ ̒̓̑̔̋̓̔̑̎́ ́̎́̌̉̈́ ̋ ̏̍̐̌̆̋̒́ [Zn(NO3)2(L1)2], Kρ ̉ 

[Zn(CH3CO2)6(L2)2], K2 

˜̭̮̑̉̋̔̐́̆ ̐̏̅́̓́̋́ ̈́ ̋̏̍̐̌̆̋̒̆ K1 ̉ K2 ̙̉̈̃̑̆̎̏ ̪̆ ̎́ ̅̉̑́̋̓̏̍̆̓̑̔̕ D8 
Venture Bruker-AXS ̔ ̐̏̓̑̆̂̏̍ MoKɻ ̘̮̈̑́̆ ́(ʇ = 0,71073 Å) ̐ ̑̉ ̓̆̍̐̆̑́̓̔̑́̍́ ̏̅ 295 
̉ 150 K, ̑̆̅̏̍Ȣ ˞̓̑̔̋̓̔̑̆ ̒̔ ̙̑̆̆̎̆ ̯̐̏̍̏̔ ́̌̄̏̑̉̓̍́ ̈́ ̐̑̏̒̓̏̑ ̒́ ̅̃̏̒̓̑̔̋̏̍ 
̗̪̑̆̈̏̌̔̉̏̍ ̙̯̮̋̏̑̉̆̆̍ ̐̑̏̄̑́̍́ SHELXT [120, 121] ̉  ̘̮̔̓́̆̎̆ ̍̆̓̏̅̏̍ F2 ̎ ̪̮̖́̍́̉ 
̋̃́̅̑́̓́ ̒́ ̐̔̎̉̍ ̗̍́̓̑̉́̍́. ˞̃̉ ̎̆̃̏̅̏̎̉̋̏̃̉ ́̓̏̍̉ ̒̔ ̘̮̔̓́̆̎̉ ̒́ ̐́̑́̍̆̓̑̉̍́ 
́̎̉̈̏̓̑̏̐̎̏̄ ́̓̏̍̒̋̏̄ ̮̐̏̍̆̑́́Ȣ ˍ̓ ̏̍̉ ̃̏̅̏̎̉̋́ ̒̔ ̎́ ̪̋̑́̔ ̭̘̔̋̔̆̎̉ ̔ ̘̉̈̑́̔̎́̓̆ 
̗̪̐̏̈̉̉̆ ̉ ̘̮̔̓́̆̎̉ ̒̔ ̙̯̮̋̏̑̉̆̆̍ ̍̏̅̆̌́ ȵ̪̙̯́̔̆̄ ́̓̏̍́Ȱ. ̠ ̑̉̒̓́̌̏̄̑́̒̋̉̕ ̗̐̏̅́̉ 
̉ ̑̆̈̔̌̓́̓ ̘̮̮̉̔̓́́̃́́ ̈́ ̋̏̍̐̌̆̋̒̆ K1 ̉ K2 ̒̔ ̐̑̉̋́̈́̎̉ ̔ ̓́̂̆̌̉ 6 ɉ̭̏̅̆́̋ 
˝̆̈̔̌̓́̓̉ ̉ ̪̅̉̒̋̔̒̉́Ɋ. ˚́̃̆̅̆̎̉ ̋̑̉̒̓́̌̏̄̑́̒̋̉̕ ̗̐̏̅́̉ ̒̔ ̅̆̐̏̎̏̃́̎̉ ̔ #ÁÍÂÒÉÄÇÅ 
Crystallographic Data Center ̐ ̏̅ ̪̂̑̏̆̃̉̍́ȡ ##$# ςσχσςυτ ̉ CCDC 2373255. 

2.5ȢυȢ ˗̃́̎̓̎̏-̖̪̆̍̉̒̋̉ ̘̐̑̏̑́̔̎̉ ̈́ ̋̏̍̐̌̆̋̒ ̆ [Zn(NO3)2(L1)2], Kρ ̉ 

[Zn(CH3CO2)6(L2)2], K2 

˞̃̉ ̋̃́̎̓̎̏-̖̘̍̆́̎̉̋̉ ̘̐̑̏̑́̔̎̉ ̉̈̃̆̅̆̎̉ ̒̔ ̯̐̏̍̏̔ Gaussian 16 C.01 ̐ ́̋̆̓́ 
̐̑̏̄̑́̍́ [122] . ˜̘̑̏̑́̔̎̉ ̖̪̆̍̉̆ ̘̃̑̒̓̏̄ ̮̒̓́́ ̭̘̪̯̔̋̔̔̔̉ ̗̪̅̉̒̓̑̉̂̔̉̔ ̘̖̐̏̆̓̎̉ 
̖̅̉̍̆̑̎̉ ̍̏̓̉̃́, ́ ̎́̌̉̈̔ ˢ̙̉̑̉̌̅̏̃̆̕ ̙̐̏̃̑̉̎̆ ɉ̆̎̄.̌ HirshfeldɊ ̉ ̘̄̑́̉̋̕ ̆̐ ̑̉̋́̈ ̆
ȵ̏ ̓̉̒̋́ ̐̑̒̓́Ȱ ̪̆ ̮̮̅̉̆́ ̣̔̑̆̆̎̉ ̒̔ ̯̐̏̍̏̔ ̐̑̏̄̑́̍́ #ÒÙÓÔÁÌ%ØÐÌÏÒÅÒ 21.5. [123]Ȣ ˑ̃̆ 
̃̑̒̓̆ ̘̐̑̏̑́̔̎́ ̒̔ ̙̉̈̃̑̆̎̆ ̔̐̏̓̑̆̂̏̍ $&4 ̘̐̑̏̑́̔̎́. ˜̮̑̉̍̆̆̎́ ̪̆ ̐̏̓̐̔̎́ 
̒̓̑̔̋̓̔̑̎́ ̗̪̑̆̌́̋̒́̉́ ̈́ ̋̑̉̒̓́̌̏̄̑́̒̋̉̕ ̣̏̅̑̆̆̎̆ ̍̏̎̏̍̆̑̎̆ ̪̗̆̅̉̎̉̆ ̋̏̍̐̌̆̋̒́ 
̍̆̓́̌́ ̉ ̈́ ̄̆̎̆̑̉̒́̎̆ ̒̓̑̔̋̓̔̑̆ ̖̒̌̏̂̏̅̎̉ ̌̉̄́̎́̅́Ȣ ˛̃̆ ̒̉̍̔̌̉̑́̎̆ ̒̓̑̔̋̓̔̑̆ ̒̔ 
̭̅́̆ ̭̔̐̏̓̑̆̂̆̎̆ ̈́ ́̎ǎ̉̈̆ ̖̐̑̉̑̏̅̎̉ ̖̃̆̈̉̃̎̉ ̏̑̂̉̓́̌́ ɉ̆̎̄.̌ Natural Bond Orbital 
Analysis, NBO) ̉  ̋̃ ́̎̓̎ ̔̓ ̪̆̏̑̉ ̔́ ̓̏̍́ ̔ ̍̏̌̆̋̔̌̔ 14!)-ȟ ̉̍̐̌̆̍̆̎̓̉̑́̎̆ ̔ Gaussian 16 
̉ 7&. ̐ ̑̏̄̑́̍̉̍́ [124] . ̃ ̑̉̌̉̋̏̍ ̣̮̉̈̃̏̆́ 14!)- ́ ̎́̌̉̈́ȟ ̑́̈̍́̓̑́̎̆ ̒̔ ̒́̍̏ ɉσȟ -1) 
̘̋̑̉̓̉̎̆ ̘̓́̋̆ ̮̃̆̈̉̃́́ ɉ̆̎̄̌Ȣ Bond Critical Points, BCP). ˒̪̎̆̑̄̉́ ̘̖̃̏̅̏̎̉̎̉ ̃̆̈́ ̉ 
̖̏̒̓́̌̉ ̖̎̆̋̏̃́̌̆̎̓̎̉ ̗̪̉̎̓̆̑́̋̉́ ̘̉̈̑́̔̎́̓̆ ̒̔ ̐̑̆̍́ ̏̑̍̔̌̉̕ E Ѐ 6ɉÒɊȾςȟ ̪̋̏̉ ̒̔ 
̐̑̆̅̌̏̇̉̌̉ ˒̒̐̉̎̏̒́ ɉ̆̎̄.̌ EspinosaɊ ̉ ̗̒́̑́̅̎̉̉ [125] . ˑ̘̆̌̉̍̉̎́ ̗̪̏̐̓̉̍̉̈́̉́ 
̉̈̃̆̅̆̎́ ̪̆ ̈́ ̒̃̆ ̐́̑̏̃̆ ̅̉̍̆̑́ ̐̑̉ ̘̆̍̔ ̒̔ ́̓̏̍̉ ̃̏̅̏̎̉̋́ ̐̏̅̃̑̄̎̔̓̉ ̪̐̏̓̐̔̎̏ 
̗̪̏̐̓̉̍̉̈́̉̉ȟ ̅̏̋ ̒̔ ̪̐̏̌̏̇́̉ ̖̏̒̓́̌̉ ́̓̏̍́ ̏̒̓́̌̉ ̮̎̆̐̑̏̍̆̆̎̉Ȣ ˒̪̎̆̑̄̉̆ 
̗̪̉̎̓̆̑́̋̉́ ɉɝEɊ ̣̉̈̍̆̔ ̖̏̃́̋̃̉ ̅̉̍̆̑́ ̒̔ ̘̉̈̑́̔̎́̓̆ ̋́̏ ̑́̈̌̉̋ ̣̆̉̈̍̆̔ ̪̆̎̆̑̄̉̆ 
̅̉̍̆̑̎̏̄ ̍̏̓̉̃́ ̉ ̈̂̉̑́ ̪̆̎̆̑̄̉́ ̍̏̎̏̍̆̑́Ȣ ˜̮̑̉̍̆̆̎́ ̪̆ ̗̪̋̏̑̆̋̉́ ̙̄̑̆̋̆ 
̗̪̒̔̐̆̑̐̏̈̉̉̆ ̒̋̔̐́ ̗̪̔̎̋̉́̕ (BSSE) ̐ ̯̏̍̏̔ ̍̆̓̏̅̆ #ÏÕÎÔÅÒÐÏÉÓÅȢ ˑ̗̪̆̋̏̍̐̏̈̉̉́ 
̪̆̎̆̑̄̉̆ ̗̪̉̎̓̆̑́̋̉̆ ̖̅̉̍̆̑̎̉ ̍̏̓̉̃́ ̣̔̑́̆̎́ ̪̆ ̐̑̉̍̆̎̏̍ ̪̎̏̃̏̑́̈̃̉̆̎̆ %$!-FF 
́̎́̌̉̈̆ [126]  ̒́ ̖̐̑̆̓̏̅̎̏̍ ̗̪̐́̑́̍̆̓̑̉̈́̉̏̍ ̓̉̐́ ́̓̏̍́ ̐̑̆̍́ !"%2 ÆÏÒÃÅ ÆÉÅÌÄ [127]  
̉ ̘̉̈̑́̔̎́̓̉̍ ̐̑̉̑̏̅̎̉̍ ́̓̏̍̒̋̉̍ ̮̎́̆̌̆̋̓̑̉̒́̉̍́ ɉ̆̎̄.̌ Natural Atomic Charges, 
.!#Ɋ ̈́ ̒̃́̋̉ ̅̉̍̆̑̎̉ ̍̏̓̉̃ ̪̘̐̏̆̅̉̎́̎̏Ȣ ˛̗̪̐̓̉̍̉̈́̉̆ ̏̂̆ ̒̓̑̔̋̓̔̑̆ ̉̈̃̆̅̆̎̆ ̒̔ 
̐̑̉̍̆̎̏̍ ̖̐̏̅̑́̈̔̍̆̃́̎̉ ̪̋̑̉̓̆̑̉̔̍́ ̗̪̋̏̎̃̆̑̄̆̎̉̆ ̉ ̂̆̈ ̘̮̏̄̑́̎̉̆́ ̪̒̉̍̆̓̑̉̆Ȣ 
˗̙̯̏̑̉̆̎ ̪̆ ̒̓́̎̅́̑̅̎̉ ̐̑̏̓̏̋̏̌ ̘̮̉̈̑́̔̎́̃́́ ̗̖̃̉̂̑́̉̏̎̉ ̗̪̑̆̋̃̆̎̉́̕ȟ ̘̉̍̆ ̪̆ 
̣̐̏̓̃̑̆̎̏ ̅́ ̒̔ ̏̐̓̉̍̉̈̏̃́̎̆ ̒̓̑̔̋̓̔̑̆ ̒̓̃́̑̎̉ ̄̌̏̂́̌̎̉ ̍̉̎̉̍̔̍̉Ȣ 
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˚́̋̏̎ ̔̐̏̑̆̅̎̆ ̪̒̓̔̅̉̆ ̒́ ̘̑́̈̌̉̉̓̉̍ ̎̉̃̏̉̍́ ̪̓̆̏̑̉̆ȟ ̏̅́̂̑́̎ ̪̆ CAM-B3LYP 
̗̔̎̋̉̏̎́̌̕ ̋̏ ̪̉ ̒́̅̑̇̉ ̗̪̋̏̑̆̋̉̆ ̅̔̄̏̄ ̅̏̍̆̓́ ̉ φ-311G(d,p) ̒̋̔̐ ̗̪̔̎̋̉́̕ ̈́ ̒̃̆ 
̒̓̑̔̋̓̔̑̎̆ ̗̪̏̐̓̉̍̉̈́̉̆Ȣ ˗̘̏̎́̎̆ ̃̑̆̅̎̏̒̓̉ ̪̆̎̆̑̄̉́ ̗̪̉̎̓̆̑́̋̉́ ̪̅̏̂̉̆̎̆ ̒̔ 
̐̑̉̍̆̎̏̍ ̙̃̉̆̄ ̎̉̃̏́ ̪̓̆̏̑̉̆ ̪̋̏́ ̒́̅̑̇̉ ̗̪̋̏̑̆̋̉̆ ̅̔̄̏̄ ̅̏̍̆̓́ ̔̈ ̅̏̅́̓̎̔ ̐̑̉̍̆̎̔ 
$σ ̪̃̆̑̈̉̆ ː̑̉̍̏̃̆ ̪̅̉̒̐̆̑̈̉̆ ɉ̆̎̄.̌ GrimmeɊ ̒́ ˎ̆̋-˽̏̎̒̏̃̏̍ ̗̪̔̎̋̉̏̍̕ ̗̮̏̅̂́̉̃́́ 
̣̖̏̅̑̆̆̎̉ ̘̖̎̔̍̆̑̉̋̉ ̃̑̆̅̎̏̒̓̉ ɉ̆̎̄.̌ Becke-Johnson damping functionɊȟ ̘̪̯̒̐̑̆́̃́̔̉ ̅́ 
̪̆̎̆̑̄̉́ ̐̏̒̓́̎̆ ̎̆̑́̈̔̍̎̏ ̃̆̌̉̋́ (GD3BJ). 
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σȢ ˝̆̈̔̌̓́̓̉ ̉ ̪̅̉̒̋̔̒̉́ 

ˠ ̏̋̃̉̑̔ ̏̃̆ ̗̪̅̉̒̆̑̓́̉̆ ̒̉̎̓̆ ̓̉̒́̎ ̪̆ ̉ ̒̓̑̔̋̓̔̑̎̏ ̏̋́̑́̋̓̆̑̉̒́̎ ̘̒̉̍̆̓̑̉́̎ 
̘̓̆̎̏̋̑̉̒ ̓́̌̎̉ ̅̉̍̆̑ (Ia) ̋ ̪̏̉ ̒̆ ̪̒́̒̓̏̉ ̏̅ ̅̃̆ τ-̎̉̓̑̏̒̓̉̌̂̆̎̒̋̆ ̪̗̆̅̉̎̉̆ ̐̏̃̆̈́̎̆ 
̅̏̅̆̋́̍̆̓̉̌̆̎̒̋̉̍ ̗̌́̎̆̍Ȣ ˟̘̆̎̏̋̑̉̒̓́̌̎́ ̪̒̃̏̒̓̃́ ̏̃̏̄ ̅̉̍̆̑́ ̉̒̐̉̓́̎́ ̒̔ ̯̐̏̍̏̔ 
POMȢ ˕̈̃̆̅̆̎̉ ̒̔ ̪̓̆̏̑̉̒̋̉ ̘̐̑̏̑́̔̎̉ ̔ ̗̭̉̔ ́̎́̌̉̈̆ UV-Vis ̒ ̖̐̆̋̓̑̏̒̋̏̐̒̋̉ ̒ ̪̃̏̒̓́̃́ 
̪̘̖̐̏̆̅̉̎́̎̉ ̉̈̏̍̆̑́ ̏ ̃̏̄ ̪ ̮̮̆̅̉̆́ ̉ ̐̑̆̅̌̏̄́ ̖̍̆́̎̉̈̍́ ̪̋̏̎̃̆̑̈̉̆ ̣̉̈̍̆̔ ̮̖̉Ȣ 

˟̣́̋̏̆ ̪̆ ̒̉̎̓̆̓̉̒́̎́ ̉ ̏ ̋́̑́̋̓̆̑̉̒́̎́ ̪̒̆̑̉ ́ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̪̒́̃̉̆̎̆ 
̍̏̌̆̋̔̌̒̋̆ ̪̄̆̏̍̆̓̑̉̆ (IIa -IIe ) ̋̏̅ ̪̖̋̏̉ ̪̆ ̗́̈̏̉̎́̍̏̉̌ -̄̑̔̐́ ̔̃̆̅̆̎́ ̔ ̏̂́ ̘̂̏̎́ 
̋̑̉̌́Ȣ ˚́ ̪̏̃́ ̘̎́̉̎ ̪̆ ̐̏̒̓̉̄̎̔̓̏ ̅́ ̒̆ ̅̃̆ ̏̓̏̒̆̎̈̉̓̉̃̎̆̕ ̄̑̔̐̆ ̪̋̏̍̂̉̎̔̔ ̔ ̪̆̅̎̏̍ 
̍̏̌̆̋̔̌̔Ȣ ˕̒̓́ ̅̔̇̉̎́ ̗̌́̎́ ̪̆ ̈́̅̑̇́̎́ ̋̏̅ ̖̒̃̉ ̍̏̌̆̋̔̌́ ɉC12H25), ̅̏̋ ̒̔ 
̒̔̐̒̓̉̓̔̆̎̓̉ ̔ ̗̆̎̓̑́̌̎̏̍ ̉ ̭̙̮̒̐̏́̉̍ ̐̑̒̓̆̎̏̃̉̍́ ̃́̑̉̑́̎̉ ̋́̋̏ ̂̉ ̐̑̏̉̈̃̆̌̉ 
̘̑́̈̌̉̉̓̆ ̆̌̆̋̓̑̏̎̒̋̆ ̉ ̒̓̆̑̎̆ ̆̆̋̓̆̕Ȣ ˗́̏ ̑̆̈̔̌̓́̓ ̯̐̏̃̆́̎̆ ̑̉̄̉̅̎̏̒̓̉ ̉ ̯̃̆̆ 
̗̪̅̆̌̏̋́̌̉̈́̉̆ ̮̎́̆̌̆̋̓̑̉̒́́ȟ ̉̒̐̉̓̉̃́̎́ ̒̔ ̘̑́̈̌̉̉̓́ ̘̓̆̎̏̋̑̉̒̓́̌̎́ ̪̒̃̏̒̓̃́ ̖̏̃̉ 
̪̮̮̆̅̉̆́ ̉ ̣̔̐̏̑̆̆̎́ ̒́ ́̎́̌̏̈̉̍́ ̪̋̏̉ ̒́̅̑̇̆ ́̈̏̂̆̎̈̏̉̌ ̪̗̆̅̉̎̉̆ ̔ ̪̪̒̃̏̏ ̒̓̑̔̋̓̔̑̉Ȣ 
˗̮̏̍̂̉̎̏̃́̆̍ ̑̆̈̔̌̓́̓́ ̪̖̅̏̂̉̆̎̉ ̯̐̏̍̏̔ ̐̏ ̗̌́̑̉̈́̉̏̎ ̘̆̏̐̓̉̋ ̪̆̍̉̋̑̏̒̋̏̐̉̆ 
(POM), ̗̪̅̉̆̑̆̎̉́̌̎̆̕ ̪̯̒̋̆̎̉̑́̔̆ ̪̋́̌̏̑̉̍̆̓̑̉̆ ɉDSC)  ̉̑̆̎̅̄̆̎̒̋̆ ̗̪̅̉̑́̋̉̆̕ 
(XRD) ̅̆̉̎̉̒́̎̆̕ ̒̔ ́̈̎̆̕ ̗̒̆̋̃̆̎̆ ̪̮̮̆̅̉̆́ ɉIIa -IIeɊ ̉ ̣̔̓̃̑̆̎̆ ̒̔ ̓̆̍̐̆̑́̓̔̑̆ 
̖́̈̎̉̕ ̐̑̆̌́̈́Ȣ 

ˠ ̎́̒̓́̃̋̔ ̮̉̒̓̑́̇̉̃́́ ̙̉̈̃̑̆̎́ ̪̆ ̒̉̎̓̆̈́ ̉ ̒̓̑̔̋̓̔̑̎́ ̗̪̋́̑́̋̓̆̑̉̈́̉́ ̅̃ ́ 
Zn(II)  ̋̏̍̐̌̆̋̒́ ɉK1 ̉ K2) ̒́ azpy/azmp ̌̉̄́̎̅̉̍́ ̪̋̏̉ ̒́̅̑̇̆ ̗̅̏̅̆̉̌-̗̌́̎̆. 
˕̒̐̉̓́̎a ̪̆ ̗̪̋̏̏̑̅̉̎́̉a ́̓̏̍́ ̗̉̎̋́ ̔ ̈́̃̉̒̎̏̒̓̉ ̏̅ ̓̉̐́ ̌̉̄́̎̅́ ɉazpy ̉̌̉ azmpɊ ̉ 
̗̪̔̓̉́ ̗̖̋̏̏̑̅̉̎́̉̏̎̉ ̪́̎̏̎́ ɉ̎̉̓̑́̓̎̉ȟ ̗́̆̓́̓̎̉ɊȢ ˠ ̗̭̉̔ ̣̮̔̓̃̑̉̃́́ ̅́ ̌̉ 
̗̪̋̏̏̑̅̉̎́̉ ́ ̪̏̎́ ̍̆̓́̌́ ̉̌̉ ̗̪̉̎̓̆̑́̋̉̆ ̔ ̪̋̏̉̍́ ̘̪̔̆̒̓̃̔̔ ̅̔̄̉ ́̌̋̉̌-̗̌́̎̉ 
̅̏̍̉̎́̎̓̎̏ ̣̪̏̅̑̆̔̔ ̒̔̐̑́̍̏̌̆̋̔̌̒̋̔ ̗̪̏̑̄́̎̉̈́̉̔ȟ ̙̉̈̃̑̆̎̆ ̒̔ ̭̅̆̓́̎̆ ̪̓̆̏̑̉̒̋̆ 
̪̒̓̔̅̉̆ ̖̅̉̍̆̑̎̉ ̍̏̓̉̃́ ̖̖̆̋̒̓̑́̏̃́̎̉ ̉̈ ̋̑̉̒̓́̌̎̏̄ ̮̐́̋̏̃́́ ̏ ̖̃̉ ̋̏̍̐̌̆̋̒́. 

σȢρȢ ˟̘̆̎̏̋̑̉̒̓́̌̎́ ̪̒̃̏̒̓̃́ ̅̉̍̆̑́ 1,12-̂̉̒ɉτ-(2-(4-

̎̉̓̑̏̆̎̉̌̕Ɋ̆̓̆̎̉̌Ɋ̆̎̏̋̒̉̕Ɋ̅̏̅̆̋́̎́, Ia 

˕̒̐̉̓̉̃́̎̏ ̪̮̮̆̅̉̆̆ ̪̆ ̆̎́̎̓̉̏̓̑̏̐̎̉ ̘̓̆̎̉ ̋̑̉̒̓́̌ ɉ̒̌̉̋́ 37 -́̆Ɋȟ ̪̋̏̆ 
̪̏̂̑́̈̔̆ ̋ ̗̏̎̃̆̎̉̏̎́̌̎̔ ̘̎̆̍́̓̉̋̔ ́̈̔̕ ̉ ̓̏ ̔ ̏̐̒̆̄̔ ̓̆̍̐̆̑́̓̔̑́ ̏̅ 20 Ј˞ ̐̑̉ ̪̮̄̑̆́̔ 
̉ σπ Ј˞ ̐̑̉ ̖̣̮̌́̆̔ ɉ̒̌̉̋́ 37ɊȢ ˍ̓́̑̅ ɉ̆̎̄.̌ AttardɊ ̉ ̗̒́̑́̅̎̉̉ [128]  ̒̔ ̒̉̎̓̆̓̉̒́̌̉ 
̘̓̆̎̏̋̑̉̒̓́̌̎̉ ̅̉̍̆̑ ̒̑̏̅̎̆ ̒̓̑̔̋̓̔̑̆ ̪̋̏̉ ̒̆ ̪̒́̒̓̏̉ ̏̅ ̅̃̆ ̪̗̆̅̉̎̉̆  
4-̎̉̓̑̏́̈̏̂̆̎̈̆̎́ ̙̯̐̑̆̍̏̆̎̆ ̗̅̏̅̆̉̌-̗̌́̎̆̍ (̒̌̉̋́ σψ). ˛̃̏ ̪̮̮̆̅̉̆̆ ̣̓́̋̏̆ 
̪̏̂̑́̈̔̆ ̆̎́̎̓̉̏̓̑̏̐̎̔ ̘̎̆̍́̓̉̋̔ ́̈̔̕ȟ ́̌̉ ̪̆ ̮̆̄̏̃́ ̓̆̍̐̆̑́̓̔̑́ ̮̂̉̒̓̑̆́ ̎̉̇́ ̈́ 
ςπ Ј˞ ̔ ̏̅̎̏̒̔ ̎́ ̘̐̑̏̔́̃́̎̏ ̪̮̮̆̅̉̆̆Ȣ ˟̘̆̎̏̋̑̉̒̓́̌̎̉ ̅̉̍̆̑ ̋̏̅ ̋̏̄́ ̒̔ ̅̃̆ τ-(4-
̎̉̓̑̏̂̆̎̈̏̉̌̏̋̒̉Ɋ̆̎̏̋̒̉̕-̄̑̔̐̆ ̐̏̃̆̈́̎̆ ̅̏̅̆̋́̍̆̓̉̌̆̎̒̋̉̍ ̗̌́̎̆̍ȟ ̏̑̍̉̑́̕ 
̍̏̎̏̓̑̏̐̎̔ ̘̒̍̆̋̓̉̋̔ ́̈̔̕ ̔ ̔̒̋̏̍ ̓̆̍̐̆̑́̓̔̑̎̏̍ ̏̐̒̆̄̔ȟ ̙̓̏ ̪̆ ̐̑̉̋́̈́̎̏ ̎́ ̗̒̌̉̉ 
38 [129] . ˛̘̉̄̌̆̅̎̏ȟ ̏̃́̋́̃ ̓̑̆̎̅ ̪̔̋́̈̔̆ ̅́ ̒̔ ̗̪̉̎̓̆̑́̋̉̆ ̪̋̏̆ ̭̘̪̔̋̔̔̔ ̓̑́̎̒̆̑̕ 
̮̎́̆̌̆̋̓̑̉̒́́ ̣̉̈̍̆̔ ̅̃̆ τ-̎̉̓̑̏̒̓̉̌̂̆̎̒̋̆ ̪̗̆̅̉̎̉̆ ̯̃̆ ̆ ̎̆̄̏ ̣̉̈̍̆̔ ̅̃̆  
4-̎̉̓̑̏́̈̏̂̆̎̈̆̎̒̋̆ ̪̗̆̅̉̎̉̆ ̉̌̉ τ-(4-̎̉̓̑̏̂̆̎̈̏̉̌̏̋̒̉Ɋ̆̎̉̌̎̆̕ ̪̗̆̅̉̎̉̆ [130] . 
˞̌̉̋́ σχ̣ ̭̐̑̆̅̒̓́̃́ ̗̪̐̏̓̆̎̉́̌̎̔ ̙̐̏̃̑̉̎̔ ̔ ̍̏̌̆̋̔̌̔ ̪̮̮̆̅̉̆́ Ia ̪̋̏́ ̘̔̓̉̆ ̎́ 
̗̪̉̎̓̆̑́̋̉̆ ̍̆̈̏̄̆̎́Ȣ ˙́̐̆ ̪̐̏̋́̈̔̔ ̅́ ̒̆ ̪̪̎́̎̆̄́̓̉̃̎̉̉ ̗̪̐̏̓̆̎̉́̌ ɉ̗̑̃̆̎́ ̪̂̏́Ɋ 
̪̭̪̐̏́̃̔̆ ̉̈̎́̅ ́̓̏̍́ ̋̉̒̆̏̎̉̋́ ̎̉̓̑̏-̄̑̔̐̆Ȣ ˚̆̔̓̑́̌̎̉ ̗̪̐̏̓̆̎̉́̌ ɉ̈̆̌̆̎́ ̪̂̏́Ɋ ̒̆ 
̪̭̪̐̏́̃̔̆ ̉̈̎́̅ ̘̖́̑̏̍́̓̉̎̉ ̐̑̒̓̆̎̏̃́Ȣ ˞̙̮̑̆̅̉̉ ̅̆̏ ̍̏̌̆̋̔̌́ȟ ̉̈̎́̅ ̘́̌̉́̓̉̎̏̄̕ 
̗̌́̎́ȟ ̋́̏ ̉ ̅̆̏ ̉̈̎́̅ CɀH ̄̑̔̐́ ̘̖́̑̏̍́̓̉̎̉ ̐̑̒̓̆̎̏̃́ȟ ̭̐̑̆̅̒̓́̃́ ̪̑̆̄̉̔ ̒́ 
̐̏̈̉̓̉̃̎̉̍ ̗̪̐̏̓̆̎̉́̌̏̍ ɉ̐̌́̃́ ̪̂̏́ɊȢ ˗́̋̏ ̔ ̍̏̌̆̋̔̌̔ ̎̆ ̪̐̏̒̓̏̆ ̘̋̌́̒̉̎̉ ̅̏̎̏̑̉ 
̘̃̏̅̏̎̉̎̆ ̃̆̈̆ȟ ̍̏̇̆ ̒̆ ̘̏̆̋̉̃́̓̉ ̅́ ̗̪̉̎̓̆̑́̋̉̆ ̘̖́̑̏̍́̓̉̎̉ ̑́̄̍̆̎́̓́̕ ̪̅́̔ 
̪̯̎́̃̆̉ ̅̏̐̑̉̎̏̒ ̒̓́̂̉̌̎̏̒̓̉Ȣ ˛̒̉̍ ̓̏̄́ȟ ̗̪̉̎̓̆̑́̋̉̆ ̣̉̈̍̆̔ ̘̖́̌̉́̓̉̎̉̕ ̉ 



 

47 

 

̘̖́̑̏̍́̓̉̎̉ ̑́̄̍̆̎́̓́̕ ̣̓́̋̏̆ ̓̑̆̂́ ̅́ ̪̅́̔ ̘̪̈̎́́́̎ ̅̏̐̑̉̎̏̒ ̒̓́̂̉̌ ̎̏̒̓̉ȟ ̔̒̌̆̅ 
̃̆̌̉̋̏̄ ̅̏̐̑̉̎̏̒́ ̘̖̆̌̆̋̓̑̏̒̓́̓̉̋̉ ̗̪̉̎̓̆̑́̋̉́ ̣̉̈̍̆̔ ̮̖̉ [131] . 

 
˞̌̉̋́ 37Ȣ ˟̆̋̒̓̔̑̆ ̪̅̏̂̉̆̎̆ ̯̐̏̍̏̔ ̗̐̏̌́̑̉̈́̉̏̎̏̄ ̘̏̐̓̉̋̏̄ ̍̉̋̑̏̒̋̏̐́ȟ ̐̏̅ 

̙̔̋̑̓̆̎̉̍ ̐̏̌́̑̉̈́̓̏̑̉̍́ ̐̑̉ ̖̣̮̌́̆̔ ̎́ ́Ɋ ρωωȟς Ј˞ ɉ̐̑̆̌́̈Ɋȟ ̂Ɋ ρωψȟυ Ј˞ȟ ̃Ɋ167,2 Ј ˞
̉ ̄Ɋ ψχȟπ Ј˞Ȣ Mȇ ̎́ ̒̋́̌́ ̋̏̅ ́Ɋ ̘̏̈̎́́̃́ σππ ʈm. ̅ ) ˝̆̈̔̌̓́̓̉ ̗̪̅̉̆̑̆̎̉́̌̎̆̕ 

̪̯̒̋̆̎̉̑́̔̆ ̪̋́̌̏̑̉̍̆̓̑̉̆ ̓̏̋̏̍ ̅̑̔̄̏̄ ̗̉̋̌̔̒́ ̮̈́̄̑̆̃́́ ̉ ̖̣̮̌́̆́. ̣ Ɋ ˜̙̏̃̑̉̎́ 
̆̌̆̋̓̑̏̎̒̋̏̄ ̗̪̐̏̓̆̎̉́̌́ ̍̏̌̆̋̔̌́ ̉̒̐̉̓̉̃́̎̏̄ ̪̮̮̆̅̉̆́ Ia ɉ̏̂̆ ̅̃̏̒̓̑̔̋̆ ̃̆̈̆ ̒̔ 
trans). x ̑̃̆̎̆ ̪̑̆̄̉̆ ̪̔̋́̈̔̔ ̎́ ̯̮̐̏̃̆́̆ ̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆ȟ ̅̏̋ ̐̌́̃̆ ̪̔̋́̈̔̔ ̎́ 

̮̮̒̍́̆̆ ̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆ [131] . 

 

˞̌̉̋́ χό. ˞ ̓̑̔̋̓̔̑̎̏ ̐̏̃̆̈́̎̉ ̘̓̆̎̏̋̑̉̒̓́̌̎̉ ̅̉̍̆̑̉ ̉ ̮̖̉̏̃̆ ́̈̎̆̕ ̗̒̆̋̃̆̎̆ 
ɉ̓̆̍̐̆̑́̓̔̑̆ ̖́̈̎̉̕ ̐̑̆̌́̈́Ɋ [128] . 



 

48 

 

ˍ̗̐̒̏̐̑ ̉̏̎̉ ̉ ̆̍̉̒̉̏̎̉ ̒̐̆̋̓̑̉ ̉̒̐̉̓̉̃́̎̏̄ ̘̓̆̎̏̋̑̉̒̓́̌̎̏̄ ̅̉̍̆̑́ Ia  ̔  DMF 
̭̐̑̆̅̒̓́̃̆̎̉ ̒̔ ̎́ ̗̒̌̉̉ 39 ̐̑̉ ̅̃̆ ̘̑́̈̌̉̉̓̆ ̗̗̪̋̏̎̆̎̓̑́̉̆Ȣ DMF ̪̆ ̏̅́̂̑́̎ ̙̐̏̓̏ 
̒̆ ̘̐̑̏̔́̃́̎̏ ̪̮̮̆̅̉̆̆ ̙̌̏̆ ̑́̒̓̃́̑́ ̔ ̯̃̆̉̎̉ ̏̑̄́̎̒̋̉ ̖̘̑́̒̓̃́̑́́Ȣ ˍ̗̐̒̏̑̐̉̏̎̉ 
̒̐̆̋̓́̑ ̪̒́̒̓̏̉ ̒̆ ̏̅ ̪̆̅̎̆ ̉̎̓̆̎̈ ̉̃̎̆ ̓̑́̋̆ ̎́ σψσ nmȟ ̅̏̋ ̒̆ ̓̑́̋́ ̎̉̇̆̄ ̉̎̓̆̎̈̉̓̆̓́ 
̪̭̪̐̏́̃̔̆ ̎́ ̐̑̉̂̌̉̇̎̏ ςφυ nm ̉ ̐̑̆̋̌́̐́ ̒̆ ̒́ ̗̪́̐̒̏̑̐̉̏̍ ̘̑́̒̓̃́̑́́ ɉcut off). 
˒̍̉̒̉̏̎̉ ̒̐̆̋̓́̑ ̪̆ ̙̉̑̏̋ ̉ ̂̆̈ ̪́̒̎̏ ̅̆̉̎̉̒́̎̆̕ ̒̓̑̔̋̓̔̑̆ ̒́ ̍́̋̒̉̍̔̍̏̍ ̗̪́̐̒̏̑̐̉̆ 
̎́ ̏̋̏ φππ nmȢ ˙̮́̉ ̐̉̋ ̪̋̏̉ ̘̐̏̓̉̆ ̏̅ CɀH ̗̪̃̉̂̑́̉́ ̘̑́̒̓̃́̑́́ ̘̔̏́̃́ ̒̆ ̎́ 
̐̑̉̂̌̉̇̎̏ τσς nm.  

 
˞̌̉̋́ 39Ȣ ́Ɋ ˍ̗̐̒̏̑̐̉̏̎̉ ̉ ̂Ɋ ̆̍̉̒̉̏̎̉ ̒̐̆̋̓́̑ ̉̒̐̉̓̉̃́̎̏̄ ̘̓̆̎̏̋̑̉̒̓́̌̎̏̄ 

̅̉̍̆̑́ Ia ɉ̣̮̐̏̂̔̉̃́̆ ̎́ σψτ nm) ̔  DMF. 

ˑ̭̆̓́̎́ ̍́̐́ ̗̗̪̏̓̏̌̔̍̉̎̉̒̆̎̉̆̕ ̒̎̉̍́̎́ ̪̆ ̔ ̉̎̓̆̑̃́̌̉̍́ ̏̅ 2 nm ̉ ̈́ 
̣̮̐̏̂̔̉̃́̆ ɉEX) ̉  ̈́ ̪̆̍̉̒̉̔ (EM). ̇ ́̐́ ̣̏̅̑̆̆̎́ ̐̑̉ ̗̗̪̋̏̎̆̎̓̑́̉̉ ̏̅ 1·10ɀ3 mol/dm 3 
̐̑̉̋́̈́̎́ ̪̆ ̎́ ̗̒̌̉̉ 40. 

 
˞̌̉̋́ 40Ȣ ˙́̐́ ̗̗̪̏̓̏̌̔̍̉̎̉̒̆̎̉̆̕ ̘̓̆̎̏̋̑̉̒̓́̌̎̏̄ ̅̉̍̆̑́ Ia  ̔  DMF. 



 

49 

 

˟̪̆̏̑̉̒̋̉ ̘̐̑̏̑́̔̎̉ ̉̈̃̆̅̆̎̉ ̙̯̮̋̏̑̉̆̆̍ ̐́̋̆̓́ Gaussian 09 [119]  ̯̏̍̏̄̔̉̌̉ 
̒̔ ́̎́̌̉̈̔ UV-Vis ̒̐̆̋̓́̑́ ̪̘̖̐̏̆̅̉̎́̎̉ ̉̈̏̍̆̑́ ̘̐̑̏̔́̃́̎̏̄ ̪̮̮̆̅̉̆́ ̉ ̐̑̉̂̌̉̇̎̏ 
̮̅̆̉̎̉̒́̆̕ ̖̍̆́̎̉̈̍́ ̪̋̏̎̃̆̑̈̉̆ ̣̉̈̍̆̔ ̮̖̉Ȣ ˠ ̈́̃̉̒̎̏̒̓̉ ̏̅ ̖̪̒̓̆̑̆̏̆̍̉̒̋̏̄ 
̑́̒̐̏̑̆̅́ ̆̎̉̌̕-̄̑̔̐́ ̔̎̔̓́̑ ̪̘̖̐̏̆̅̉̎́̎̉ τ-̖̎̉̓̑̏̒̓̉̌̂̆̎̒̋̉ ̪̗̆̅̉̎̉́ȟ ̏̃̏ 
̪̮̮̆̅̉̆̆ ̍̏̇̆ ̪̐̏̒̓̏́̓̉ ̔ ̯̒̌̆̅̆̉̍ ̗̏̂̌̉̉̍́: trans,trans; trans,cis ̉  cis,cis. (̒̌̉̋́ τρa). 
˞̓̑̔̋̓̔̑̆ ̓̑̉ ̯̍̏̄̔́ ̉̈̏̍̆̑́ ̣̐̑̆̅̃̉̆̎ ̆̒̔ ̎́ ̪̓̆̏̑̉̒̋̏̍ ̎̉̃̏̔ B3LYP/6-31G(d,p) ̉ 
̍̏̅̆̌̔ ̗̪̒̏̌̃́̓́̉̆ SMDȢ ˗́̋̏ ̂̉ ̒̆ ̐̏̒̓̉̄́̏ ̂́̌́̎̒ ̣̉̈̍̆̔ ̘̑́̔̎́̑̒̋̆ ̗̐̑̆̉̈̎̏̒̓̉ ̉ 
̔̌̏̇̆̎̏̄ ̘̑́̔̎́̑̒̋̏̄ ̃̑̆̍̆̎́ȟ ̙̉̈̃̑̆̎̆ ̒̔ ̗̪̏̐̓̉̍̉̈́̉̆ ̔̐̏̓̑̆̂̏̍ ̘̪̔̏̂̉́̆̎̆ 
̖̉̂̑̉̅̎̆ ̍̆̓̏̅̆ B3LYPȟ ̅̏̋ ̪̆ ̮̍́̉ ̒̋̔̐ ̗̪̔̎̋̉́̕ 6-31G(d,p) ̙̯̋̏̑̉̆̎ ̈́ ̒̃̆ ́̓̏̍̆Ȣ 
˗́̋̏ ̂̉ ̒̆ ̭̙̐̏̂̏́̌́ ̘̓́̎̏̒̓ ̘̐̑̏̑́̔̎́ȟ ̙̯̋̏̑̉̆̎̉ ̒̔ ̒̓̑̏̄̉ ̪̋̑̉̓̆̑̉̔̍̉ 
̗̪̋̏̎̃̆̑̄̆̎̉̆Ȣ ˚́ ̏̒̎̏̃̔ ̪̆̎̆̑̄̉́ ̖̏̐̓̉̍̉̈̏̃́̎̉ ̒̓̑̔̋̓̔̑́ȟ ̐̏̋́̈́̎̏ ̪̆ ̅́ ̪̆ 
trans,trans-̉̈̏̍̆̑ ̪̪̎́̒̓́̂̉̌̎̉̉ ɉ̒̌̉̋́ 41́Ɋȟ ̅̏̋ ̪̆ trans,cis-̉̈̏̍̆̑ ̮̍́̆ ̒̓́̂̉̌́̎ ̈́ 6,7 
kcal/molȟ ́ cis,cis-̉̈̏̍̆̑ ̪̆ ̮̍́̆ ̒̓́̂̉̌́̎ ̈́ ̏̋̏ 13,5 kcal/mol  ̏̅ trans,trans-̉̈̏̍̆̑́. 
˕́̋̏ ̪̆ trans C=C ̃̆̈́ ̪̒̓́̂̉̌̎̉́ ̉̈ ̖̒̓̆̑̎̉ ̑́̈̌̏̄́ȟ ̮̏̑̍̉̑́̆̕ ̉̎̓̆̑̍̏̌̆̋̔̌̒̋̆  
Cɀ(ϽϽϽʌ ̗̪̉̎̓̆̑́̋̉̆ ̣̉̈̍̆̔ ̅̃̆ ̆̎̉̌̕-̄̑̔̐̆ ̪̆ ̑́̈̌̏̄ ̍́̌̆ ̑́̈̌̉̋̆ ̔ ̪̆̎̆̑̄̉́̍́ 
̉̈̏̍̆̑́Ȣ ˞ ̏̂̈̉̑̏̍ ̅́ ̪̆ trans,trans-̉̈̏̍̆̑ ̪̪̎́̒̓́̂̉̌̎̉̉ȟ ̍̏̇̆ ̒̆ ̘̏̆̋̉̃́̓̉ ̅́ ̪̆ ̉ 
̪̙̎́̃̉̆ ̭̈́̒̓̔̐̆̎ ̔  ̘̃̑̒̓̏̍ ̮̒̓́̔Ȣ 

˔́ ̪̓̆̏̑̉̒̋̉ UV-Vis ̒̐̆̋̓́̑ ̉̈̃̆̅̆̎́ ̪̆ ̔̐ ̏̑̆̅̎́ ̪̒̓̔̅̉́ ɉ̓́ ̂̆̌́ 2Ɋ ̎́ 
̪̏̐̓̉̍̉̈̏̃́̎̏ ̒̓̑̔̋̓̔̑̉ ̋̏̅ ̪̋̏̆ ̪̆ ̖̪̒̓̆̑̆̏̆̍̉̒̋̉ ̑́̒̐̏̑̆̅ ̆̎̉̌̕-̄̑̔̐́ ̏̋̏ ̏̂̆ 
̅̃̏̒̓̑̔̋̆ ̃̆̈̆ trans (trans,trans-̉̈̏̍̆̑Ɋ ̉ ̓̏ ̐̑̉̍ ̆̎̏̍ ̍̆̓̏̅́ (BMK ̉ CAM-B3LYP), 
̒̋̔̐́ ̗̪̔̎̋̉́̕ (6-31G(d,p) ̉  def2-TZVP) ̉  ̍̏̅̆̌́ ̗̪̒̏̌̃́̓́̉̆ (PCM and SMD). ̋ ̆̈̔̌̓́̓̉ 
̔̐̏̑̆̅̎̆ ̪̒̓̔̅̉̆ ̒̔ ̐̏̋́̈́̌̉ ̅́ ̒̆ ̪̓̆̏̑̉̒̋̉ UV-Vis ̒̐̆̋̓́̑ trans,trans-̉̈̏̍̆̑́ȟ ̪̋̏̉ ̪̆ 
̪̅̏̂̉̆̎ ̙̯̮̋̏̑̉̆̆̍ CAM-B3LYP/6-31G(d,p)/ SMD ̐̑̉̒̓̔̐́ȟ ̃̆̏̍́ ̅̏̂̑̏ ̒̌́̇̆ ̒́ 
̆̋̒̐̆̑̉̍̆̎̓́̌̎̏ ̣̏̅̑̆̆̎̉̍ ̒̐̆̋̓̑̏̍ ɉ̒̌̉̋́ 41̂ ̉ ̒̌̉̋́ 39́ɊȢ 

˕̪̯̍́̔̉ ̔ ̃̉̅̔ ̪̐̏̌̏̇́̆ ̗̖́̐̒̏̑̐̉̏̎̉ ̍́̋̒̉̍̔̍́ ̉ ̉̎̓̆̎̈̉̓̆̓a ̘̖̉̈̑́̔̎́̓̉ 
̒̐̆̋̓́̑́ȟ ̍̏̇̆ ̒̆ ̭̘̈́̋̔̉̓̉ ̅́ ̘̉̈̑́̔̎́̓̉ ̒̐̆̋̓́̑ trans,trans-̉̈̏̍̆̑́ ̪̭̎́̂̏̆ 
̏̅̄̏̃́̑́ ̆̋̒̐̆̑̉̍̆̎̓́̌̎̏̍ ̒̐̆̋̓̑̔ ̘̖̉̈̔́̃́̎̉ ̪̮̮̆̅̉̆́Ȣ ˜̪̏̌̏̇́̉ ̗̖́̐̒̏̑̐̉̏̎̉ 
̍́̋̒̉̍̔̍́ ̔ ̆̋̒̐̆̑̉̍̆̎̓́̌̎̏ ̣̏̅̑̆̆̎̏̍ ̒̐̆̋̓̑̔ (383 nm, ̒̌̉̋́ 39Ɋ ̈́ ̓̑́̋̆ ̙̃̉̆ ̉ 
̎̉̇̆ ̪̆̎̆̑̄̉̆ ɉ̏̋̏ 265 nmɊ ̙̔̒́̄̌́̆̎̉ ̒̔ ̒́ ̗́̐̒̏̑̐̉̏̎̉̍ ̍́̋̒̉̍̔̍̉̍́  
trans,trans-̉̈̏̍̆̑́ (386 nm ̉ 263 nm, ̒̌ ̉̋́ τρ̂). ˠ ̣̮̐̏̑̆̆̔ ̒́ ̓̑́̋̏̍ ̪̯̎́̃̆̆̄ 
̉̎̓̆̎̈̉̓̆̓́ trans,trans-̉̈̏̍̆̑́ (ʇ = 386 nm ̉  f = 2,347), ̓ ̑́̋́ trans,cis-̉̈̏̍̆̑́ ̪ ̆ ̎̉̇̆̄ 
̉̎̓̆̎̈̉̓̆̓́ (f=1,220) ̉ ̐̏̍̆̑̆̎́ ̪̆ ̋́ ̎̉̇̉̍ ̓́̌́̒̎̉̍ ̅̔̇̉̎́̍́ (ʇ = 373 nm). ˟̑ ́̋́ 
̎̉̇̆̄ ̉̎̓̆̎̈̉̓̆̓́ ̪̆ ̣̓́̋̏̆ ̐̏̍̆̑̆̎́ ̋́ ̎̉̇̉̍ ̓́̌́̒̎̉̍ ̅̔̇̉̎́̍́ ɉ̗́̐̒̏̑̐̉̏̎̉ 
̍́̋̒̉̍̔̍ ̪̆ ̎́ 250 nmɊ ɉ̒̌̉̋́ τρɊ̃Ȣ ˟̑́̋́ ̪̯̎́̃̆̆̄ ̉̎̓̆̎̈̉̓̆̓́ cis,cis-̉̈̏̍̆̑́ ̪̆ ̪̙̏ 
̙̃̉̆ ̐̏̍̆̑̆̎́ ̋́ ̎̉̇̉̍ ̓́̌́̒̎̉̍ ̅̔̇̉̎́̍́ (ʇ = 357 nm)ȟ ̒́ ̪̙̏ ̪̉̈̑́̇̆̎̉̉̍ ̐́̅̏̍ 
̉̎̓̆̈̉̓̆̓́ (f = 0,936). ̝ ́ ̑́̈̌̉̋̔ ̏̅ ̅̑̔̄́ ̅̃́ ̉̈̏̍̆̑́ȟ ̐̉̋ ̎́ ̏̋̏ ς50 nm ̪ ̆ ̍́̌̏ ̯̃̆̆̄ 
̉̎̓̆̈̉̓̆̓́ ̏̅ ̐̉̋́ ̎́ ̯̪̃̆̏ ̪̓́̌́̒̎̏ ̅̔̇̉̎̉ (̒̌̉̋́ τρ̄). 
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˞̌̉̋́ 41Ȣ ˛̐̓̉̍̉̈̏̃́̎̆ ̒̓̑̔̋̓̔̑̆ ̓̑̉ ̉̈̏̍̆̑̎́ ̏̂̌̉̋́ ̘̐̑̏̔́̃́̎̏̄ ̪̮̮̆̅̉̆́Ȣ Ia 
˟̪̆̏̑̉̒̋̉ UV-Vis ̒ ̐̆̋̓́̑ ̈́ ̂Ɋ trans,trans, ̃ ) trans,cis, ̉  ̄ ) cis,cis. ̃ ̔̎́ ̪̌̉̎̉́ ̒̉̍̔̌̉̑́ 

UV-Vis ̒ ̐̆̋̓́̑ ̐̑̆̍́ ː́̔̒̏̃̏̍ ɉ̎̆̍Ȣ Johann Carl Friedrich GaußɊ ̏̂̌̉̋̔ ̓̑́̋̆ȟ 
̉̒̐̑̆̋̉̅́̎̆ ̪̌̉̎̉̆ ̭̪̐̑̆̅̒̓́̃́̔ ̪̘̐̏̆̅̉̎́̎̆ ̆̌̆̋̓̑̏̎̒̋̆ ̐̑̆̌́̈̆Ȣ 

˟́̂̆̌́ 2. ˝̆̈̔̌̓́̓̉ ̔ ̐̏̑̆̅̎̆ ̒ ̪̓̔̅̉̆ ̏  ̒ ̓̑̔̋̓̔̑̉ ̪ ̮̮̆̅̉̆́ trans,trans-Ia. 

 

˜̪̏̌̏̇́ȟ ̉̎̓̆̎̈̉̓̆̓ ̉ ̐̑̉̑̏̅́ ̐̑̆̌́̈́ ̪̯̎́̃̆̆̄ ̉̎̓̆̎̈̉̓̆̓́ ̘̖̔̏̆̎̉ ̔ 
̪̓̆̏̑̉̒̋̉̍ ̒̐̆̋̓̑̉̍́ ̒̃́ ̓̑̉ ̉̈̏̍̆̑́ ̅́̓̉ ̒̔ ̔ ̓́̂̆̌̉ 3Ȣ ˠ ̘̪̒̌̔́̔ trans,trans- ̉  
cis,cis-̉̈̏̍̆̑́ȟ ̪̙̎́̃̉̆ ̮̐̏̐̔̆̎̆ ̍̏̌̆̋̔̌̒̋̆ ̏̑̂̉̓́̌̆ ɉHOMO, HOMOɀ1Ɋ ̉ ̪̎́̎̉̇̆ 
̮̎̆̐̏̐̔̆̎̆ ̏̑̂̉̓́̌̆ ɉLUMO, LUMO+1) ̐ ̭̪̑̆̅̒̓́̃́̔ ̄̌́̃̎̆ ̍̏̌̆̋̔̌̒̋̆ ̏̑̂̉̓́̌̆ (MO) 
̪̋̏̆ ̅̏̐̑̉̎̏̒̆ ̏̃̏̍ ̐̑̆̌́̈̔Ȣ ˜̑̆̌́̈ ̣̉̈̍̆̔ HOMO  ̉LUMO ̏̑̂̉̓́̌̆ ̅̏̐̑̉̎̏̒̉ ̗̓̑́̉ 
̪̯̎́̃̆̆̄ ̉̎̓̆̎̈̉̓̆̓́ ̋̏̅ trans,cis-̉̈̏̍̆̑́. ˛̑̂̉̓́̌̆ ̐̏̐̔̓ HOMO, HOMOɀn, LUMO, ̉  
LUMOɀn (̄̅̆ ̪̆ n = 1, 2, 3, 4 ̉̌̉ 5) ̘̪̈̎́́̎̏ ̅̏̐̑̉̎̏̒̆ ̆̌̆̋̓̑̏̎̒̋̉̍ ̐̑̆̌́̈̉̍́ ̐̑̉ 
̎̉̇̉̍ ̓́̌́̒̎̉̍ ̅̔̇̉̎́̍́ ɉ̒̌̉̋ ̆42-44). 

 

 

˙̆̓̏̅́ ˞̋̔̐ ̗̪̔̎̋̉́̕ ˙̏̅̆̌ ̗̪̒̏̌̃́̓́̉̆ ʇȾÎÍ Æ 

"-+ φȤσρ'ɉÄȟÐɊ 3-$ τρφ  ςȟρπς 

"-+ φȤσρ'ɉÄȟÐɊ 0#- τρχ ςȟπωπ 

"-+ ÄÅÆςȤ4:60 3-$ τςρ ςȟσπτ 

#!-Ȥ"σ,90 φȤσρ'ɉÄȟÐɊ 3-$ σψφ ςȟστχ 

#!-Ȥ"σ,90 φȤσρ'ɉÄȟÐɊ 0#- σψχ ςȟσσχ 
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˞̌̉̋́ 42. ː ̘̑́̉̋̉̕ ̐̑̉̋́̈̉ ̘̖̉̈̑́̔̎́̓̉ ̖̍̏̌̆̋̔̌̒̋̉ ̏̑̂̉̓́̌́ ̋̏̅  
trans,trans-̉̈̏̍̆̑́ ̐ ̘̑̏̔́̃́̎̏̄ ̪̮̮̆̅̉̆́ I .́ 
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˞̌̉̋́ 43. ː ̘̑̉̋̉̕ ̐̑̉̋́̈̉ ̘̖̉̈̑́̔̎́̓̉ ̖̍̏̌̆̋̔̌̒̋̉ ̏̑̂̉̓́̌́ ̋̏̅ trans,cis-̉̈̏̍̆̑́ 
̘̐̑̏̔́̃́̎̏̄ ̪̮̮̆̅̉̆́ I .́ 
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˞̌̉̋́ 44. ː ̑́̕ ̘̉̋̉ ̐̑̉̋́̈̉ ̘̖̉̈̑́̔̎́̓̉ ̖̍̏̌̆̋̔̌̒̋̉ ̏̑̂̉̓́̌́ ̋ ̏̅ cis,cis-̉̈̏̍̆̑́ 
̘̐̑̏̔́̃́̎̏̄ ̪̮̮̆̅̉̆́ I .́ 
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ː̑̔̂̏ ̐ ̣̮̑̆̅̃̉́̆ ̖̍̆́̎̉̈̍́ ̪̋̏̎̃̆̑̈̉̆ ̉̈ ̪̪̎́̒̓́̂̉̌̎̉̆̄ trans,trans-̉̈̏̍̆̑́ ̅̏ 
̪̪̎́̎̆̒̓́̂̉̌̎̉̆̄ cis,cis-̉̈̏̍̆̑́ ɉ̒̌̉̋́ τ5Ɋ ̪̆ ̙̉̈̃̑̆̎̏ ̎́ ̪̓̆̏̑̉̒̋̏̍ ̎̉̃̏̔ B3LYP/6-
31G(d,p)Ȣ ˜̘̑̏̑́̔̎̉ ̪̐̏̋́̈̔̔ ̅́ ̐̑̆̌́̈ ̪̎̉̆ ̅̉̑̆̋̓́̎ȟ ̯̃̆ ̭̘̪̔̋̔̔̆ ̉̎̓̆̑̍̆ ̪̅̉́̑̎̉ 
trans,cis-̏̂̌̉̋ ̉ ̅̃̆ ̒̆̅̌́̒̓̆ ̘̓́̋̆ (SP). 

˙̯̏̄̔̆ ̪̆ ̑́̈̌̉̋̏̃́̓̉ ̅̃́ ̓̉̐́ ̖̐̑̆̌́̈̎̉ ̮̒̓́́ (̒̌ ̉̋́ 4υ  ̂  ̉ )̃ȟ ́ ̐̑̉̍̆̑ ̒̔ 
̋́̑̂̆̎̉ȟ ̃̑̒̓̆ ̪̋̏̆ ̒́̅̑̇̆ ̎̆̔̓̑́̌̎̉ ́̓̏̍ ̭̔̄̆̎̉̋́ ̒́ ̙̯̃́̌̆̎̓̎̏̔ ̏̅ ̅̃́ ̉ ̅̃́ 
̭̎̆̐̏̅̆̆̎́ ̃́̌̆̎̓̎́ ̆̌̆̋̓̑̏̎́ ɉ̒̉̎̄̌̆̓̎̏ ̮̒̓́̆ɊȢ ˗́̑̂̆̎̉ ̪̎́̒̓́̔ ̐̑̆̌́̒̋̏̍ ́̓̏̍́ 
̃̏̅̏̎̉̋́ ̒́ ̪̆̅̎̏̄ ̏̅ ́̓̏̍́ ̭̔̄̆̎̉̋́ ̅̃̏̒̓̑̔̋̆ ̃̆̈̆ ̎́ ̅̑̔̄̉ ́̓̏̍ ̭̔̄̆̎̉̋́ ̏̃̆ ̃̆̈̆Ȣ 
˜̑̆̌́̈̎́ ̮̒̓́́ ̒̆ ̪̑́̈̌̉̋̔̔ ̪̆̅̉̎̏ ̐̑̆̍́ ̖̪̒̓̆̑̆̏̆̍̉̒̋̏̍ ̑́̒̐̏̑̆̅̔ ̆̎̉̌̕-̄̑̔̐́ ̏̋̏ 
̅̃̏̒̓̑̔̋̆ ̃̆̈̆Ȣ ˚́̉̍̆ȟ ̖̪̒̓̆̑̆̏̆̍̉̒̋̉ ̑́̒̐̏̑̆̅ ̆̎̉̌̕-̄̑̔̐́ ̏̋̏ ̅̃̏̒̓̑̔̋̆ ̃̆̈̆ ̪̆ trans 
̋̏̅ SP1 ɉ̒̌̉̋́ τ5̂Ɋȟ ̏̅̎̏̒̎̏ȟ cis ̋ ̏̅ SP2 ɉ̒̌̉̋́ τυ )̃. 

˗̪̏̎̃̆̑̈̉́ ̉̈ trans,trans- ̔ trans,cis-̉̈̏̍̆̑ ̖̈́̓̆̃́ ̪̆̎̆̑̄̉̔ ̏̅ ̏̋̏ 83,1 kcal/mol  
(̐̑̃́ ̪̆̎̆̑̄̉́ ̗̪́̋̓̉̃́̉̆ȟ ̒̌̉̋́ τ5́ɊȢ ˛̃̏ ̘̈̎́̉ ̅́ ̂̉ ̪̮̮̆̅̉̆̆ Ia ̓̑̆̂́̌̏ ̘̏̈̑́̉̓̉ 
̙̯̒̃̆̓̌̏̔ ̏̅ ʇ = 344 nm ̋́̋̏ ̂̉ ̒̆ ̐̏̒̓̉̄̌̏ ̐̑̃̏ ̐̑̆̌́̈̎̏ ̮̒̓́̆ ɉTS1Ɋȟ ̪̋̏̆ ̎́̋̏̎ 
̗̪̑̆̌́̋̒́̉̆, ̅̏̌́̈̉ ̅̏ ̐̑̃̆ ̒̆̅̌́̒̓̆ ̘̓́̋̆ (SP1). ˣ̆̌̏̋̔̐̎́ ̮̐̔̓́́ ̖̏̂̔̃́̓́ ̘̆̓̉̑̉ 
̐̑̆̌́̈̎́ ̮̒̓́́ȟ ̘̪̉̆ ̒̔ ̒̓̑̔̋̓̔̑̆ ̐̑̉̋́̈́̎̆ ̎́ ̒̌̉̋́̍́ 45̂ ̉ τυȢ̃ ˚́ ̍́̐̉ ̆̎̆̑̄̆̓̒̋̏̄ 
̗̪̐̏̓̆̎̉́̌́ȟ ̆̎̆̑̄̆̓̒̋̆ ̪̂́̑̉̆̑̆ ̣̉̈̍̆̔ ̖̐̑̆̌́̈̎̉  ̮̒̓́́ (SP1 ̉  SP2) ̉ ̪̯̏̅̄̏̃́̑́̔̆̄ 
̍̉̎̉̍̔̍́ ̒̔ 5,6 ̉ 3,3 kcal/molȟ ̙̓̏ ̪̔̋́̈̔̆ ̎́ ̘̒̌̉̎̆ ̗̪̓̆̎̅̆̎̉̆ ̋́ ̒̔̒̆̅̎̉̍ 
̍̉̎̉̍̔̍̉̍́. ̃ ̑̆̌́̈ ̉̈ trans,cis- ̔  cis,cis-̉̈̏̍̆̑ ̣̓́̋̏̆ ̖̈́̓̆̃́ ̪̆̎̆̑̄̉̔ ̏̅ ψσȟρ kcal/mol  
ɉ̅̑̔̄́ ̪̆̎̆̑̄̉́ ̗̪́̋̓̉̃́̉̆ȟ ̒̌̉̋́ τ5́ɊȢ 

˚́ ̏̒̎̏̃̔ ̐̑̆̅̌̏̇̆̎̏̄ ̖̍̆́̎̉̈̍́ ̪̋̏̎̃̆̑̈̉̆ ɉ̒̌̉̋́ 45́Ɋȟ ̍̏̇̆ ̒̆ ̘̏̆̋̉̃́̓̉ ̅́ 
̯̆ trans,trans-̉̈̏̍̆̑ȟ ̋́̅́ ̒̆ ̉̈̌̏̇̉ ̘̮̈̑́̆̔ȟ ̯̐̑̆̉ ̔ ̋́̑̂̆̎ ̒́ ̒̓̑̔̋̓̔̑̏̍ ̘̏̈̎́̆̎̏̍ 
̋́̏ SP1. ˗́̑̂̆̎ ̒̆ ̎́̌́̈̉ ̔ ̐̌̉̓̋̏̍ ̍̉̎̉̍̔̍̔, ̒́ ̘̒̌̉̎̉̍ ̃̑̆̅̎̏̒̓̉̍́ ̗̖̑̆́̋̉̏̎̉ 
̪̂́̑̉̆̑́ ̈́ ̐̑̆̌́̈́̋ ̔ trans,trans- ̉ ̌̉ trans,cis-̉̈̏̍̆̑ (̗̄̑́̎̉̆ ̒̔ ̏̋̏ 4,7 ̉  5,6 kcal/mol).  
˚́̋̏̎ ̙̈́̃̑̆̓̋́ ̘̮̈̑́̆́ ̍̏̇̆ ̒̆ ̘̏̆̋̉̃́̓̉ ̅́ ̯̆ ̣̏̅̑̆̆̎́ ̘̋̏̌̉̉̎́ SP1 ̋ ́̑̂̆̎́ 
̯̐̑̆̉ ̔ trans,cis-̉̈̏̍̆̑ȟ ̙̐̏̓̏ ̪̆ trans,trans-̉̈̏̍̆̑ ̪̒̓́̂̉̌̎̉̉ [131] . 
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˞̌̉̋́ 45. a) ̇ ̖̆́̎̉̈́̍ ̐̑̆̌́̒̋́ trans,trans- ̔  cis,cis-̉̈̏̍̆̑ ̐ ̘̑̏̔́̃́̎̏̄ ̪̮̮̆̅̉̆́ Ia  ̉  
̪̯̏̅̄̏̃́̑́̔̆ ̪̆̎̆̑̄̉̆ ̗̪́̋̓̉̃́̉̆ ̔ kcal/mol . ̂ )  ̉̃ ) ˛̐̓̉̍̉̈̏̃́̎̆ ̒̓̑̔̋̓̔̑̆ ̖̐̑̆̌́̈̎̉ 

̮̒̓́́ (TS) ̉  ̅̃́ ̋́̑̂̆̎́, ̋ ̪̏̉ ̭̪̐̑̆̅̒̓́̃́̔ ̒̆̅̌́̒̓̆ ̘̓́̋̆ (SP) ̔  ̣̐̑̆̅̃̉̆̎̏̍ 
̖̍̆́̎̉̈̍̔ ̪̋̏̎̃̆̑̈̉̆. 
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˟́̂̆̌́ 3. ̃ ̪̏̌̏̇́ (ʇ ̔  nmɊȟ ̉̎̓̆̎̈̉̓̆̓ f ̉  ̐̑̉̑̏̅́ ̪̪̖̎́̉̎̓̆̎̈̉̃̎̉̉ ̐̑̆̌́̈́ ̘̖̔̏̆̎̉ ̔ ̪̓̆̏̑̉̒̋̉̍ ̒̐̆̋̓̑̉̍́ ̒̃́ ̓̑̉ 
̉̈̏̍̆̑̎́ ̏̂̌̉̋́ ̘̐̑̏́̃́̎̏̄ ̪̮̮̆̅̉̆́ Ia. 

ᴺ ʇ f ː̌́̃̎̉ ˙˛ ̅̏̐̑̉̎̏̒̉ 
trans,trans 
386 
270 
256 
228 

 
2,347 
0,379 
0,396 
0,199 

 
Hɀρ ᴼ ,5-/ ɉτςϷɊ 
Hɀρ ᴼ , Ϲ σ ɉσςϷɊ 
Hɀσ ᴼ , Ϲ ρ ɉρχϷɊ 
Hɀυ ᴼ , Ϲ ρ ɉστϷɊ 

 
(/-/ ᴼ , Ϲ ρ ɉτςϷɊ 
(/-/ ᴼ , Ϲ ς ɉσςϷɊ 
Hɀς ᴼ ,5-/ ɉρψϷɊ 
(/-/ ᴼ L + 6 (22%) 

 
 
 
Hɀρ ᴼ , Ϲ σ ɉρρϷɊ 
Hɀτ ᴼ ,5-/ ɉρφϷɊ 

trans,cis 
373 
250 
248 
247 

 
1,220 
0,243 
0,189 
0,088 

 
(/-/ ᴼ ,5-/ ɉψψϷɊ 
Hɀρ ᴼ , Ϲ σ ɉφωϷɊ 
Hɀσ ᴼ ,5-/ ɉυςϷɊ 
Hɀρ ᴼ , Ϲ χ ɉςυϷɊ 

 
 
 
(/-/ ᴼ , Ϲ ς ɉςπϷɊ 
Hɀτ ᴼ , Ϲ ρ ɉρφϷɊ 

 
 
 
(/-/ ᴼ ,5-/ ɉρπϷɊ 
Hɀρ ᴼ , Ϲ τ (14%) 

cis,cis 
357 
265 
265 
251 

 
0,936 
0,125 
0,289 
0,478 

 
(/-/ ᴼ , Ϲ ρ ɉτςϷɊ 
Hɀς ᴼ ,5-/ ɉφτϷɊ 
Hɀσ ᴼ , Ϲ ρ ɉφτϷɊ 
Hɀρ ᴼ , Ϲ σ ɉσπϷɊ 

Hɀρ ᴼ ,5-/ ɉσψϷɊ 
Hɀτ ᴼ ,5-/ ɉρπϷɊ 
Hɀυ ᴼ , Ϲ ρ ɉρπϷɊ 
(/-/ ᴼ , Ϲ ς ɉσωϷɊ 
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3.2. ˟ ̘̆̎̏̋̑̉̒̓́̌̎́ ̪̒̃̏̒̓̃́ ̪ ̮̮̆̅̉̆́ ̒ ̪́̃̉̆̎̆ ̍̏̌̆̋̔̌̒̋̆ ̪̄̆̏̍̆̓̑̉̆ 

̒́ ̗̉̎́̍̏̉̌-̄̑̔̐̏̍ ̔ ̘̂̏̎̉̍ ̋̑̉̌̉̍́, IIa -IIe  

˗̮̏̍̂̉̎̏̃́̆̍ ̑̆̈̔̌̓́̓́ ̪̖̅̏̂̉̆̎̉ ̮̉̒̐̉̓̉̃́̆̍ ̎́ POM, DSC ̉ XRDȟ ̣̔̓̃̑ ̆̎̆ ̒̔ 
́̈̎̆̕ ̗̒̆̋̃̆̎̆ ̪̮̮̆̅̉̆́ II -́ .̆ ˟̆̍̐̆̑́̓̔̑̆ ̖́̈̎̉̕ ̐̑̆̌́̈́ ̉ ̪̯̏̅̄̏̃́̑́̔̆ ̐̑̏̍̆̎̆ 
̪̆̎̓́̌̐̉̆ ̐̑̉̋́̈́̎̆ ̒̔ ̔ ̓́̂̆̌̉ 4 [132] . 

˟́̂̆̌́ 4. ˟̆̍̐̆̑́̓̔̑̆ ́̈̎̏̄̕ ̐̑̆̌́̈́ ɉ̐̑̏̍̆̎̆ ̪̆̎̓́̌̐̉̆Ɋ ̉ ̓̉̐ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ 
̖̉̒̐̉̓̉̃́̎̉ ̪̮̮̆̅̉̆́ II -́ .̆ 
ˎ̪̑̏ Ô˟ȟ 4 Ⱦ Ј# ɉɝ( Ⱦ * ÇɀρɊ ˡ́̈̎́ ̗̒̆̋̃̆̎́ ̐̑̉ ̖̣̮̌́̆̔ȟ 4 Ⱦ Ј# ɉɝ( Ⱦ * ÇɀρɊ 

))Á ρυωȟπ ɉρτȟχɊ )ÓÏ ρυρȟπ ɉςυȟψɊ #Ò 

))̵ ρχφȟυ ɉςφȟφɊ )ÓÏ ρφψȟφ ɉσυȟυɊ #Ò 

))̃ ρφσȟυ ɉσπȟσɊ )ÓÏ ρφπȟτ ɉρψȟπɊ "χ ρρφȟς ɉρπȟπɊ #Ò 

))̄ ρτςȟτ ɉσωȟρɊ )ÓÏ ρστȟτ ɉτςȟυɊ #Ò 

))̅ ρτςȟς ɉυφȟυɊ )ÓÏ ρτφȟψ ɉρȟπɊ . ρσρȟσ ɉωȟψɊ 3Í# ρρςȟσ ɉσπȟχɊ #Ò 

))̣ ρσυȟυ ɉτψȟψɊ )ÓÏ ρψπȟςπ ɉσȟφɊ . ρςωȟσ ɉρȟρɊ 3Í# ωςȟπ ɉτχȟτɊ #Ò 

))̆ ωχȟτ ɉςπȟυɊ )ÓÏ ρφωȟφ ɉυȟσɊ 3Í# φςȟτ ɉςτȟσɊ #Ò 
Iso ɀ ̉ ̈̏̓̑̏̐̎́ ̘̓̆̎̏̒̓, Cr ɀ ̋ ̑̉̒̓́̌̎̏ ̮̒̓́̆, SmC ɀ ̒ ̘̍̆̋̓̉̋́ ˞ ́̈́̕, N ɀ ̎ ̘̆̍́̓̉̋́ ́̈́̕ 

˶̮̮̆̅̉̆́ IIa, II  ̂  ̉ II  ̄̎̆ ̪̐̏̋́̈̔̔ ̘̓̆̎̏̋̑̉̒̓́̌̎́ ̪̒̃̏̒̓̃́ȟ ̅̉̑̆̋̓̎̏ ̒̆ ̓̏̐̆ ̔ 
̉̈̏̓̑̏̐̎̔ ̘̓̆̎̏̒̓Ȣ ˜̑̉ ̖̣̮̌́̆̔ ̙̋̑̉̒̓́̌̉̔ ̒́ ̍́̌̉̍ ̖̉̒̓̆̑̆̈̉̒̏̍ȟ ̘̪̯̒̐̑̆́̃́̔̉ 
̮̏̂̑́̈̏̃́̆ ̖̍̏̎̏̓̑̏̐̎̉ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ́̈́̕Ȣ 

˶̮̮̆̅̉̆̆ II  ̃̒ ́̎̉̓̑̏-̄̑̔̐̏̍ ̔ ̪̐̏̌̏̇́̔ ς ̗̆̎̓̑́̌̎̏̄ ̐̑̒̓̆̎́ ̒̆ ̣̓́̋̏̆ ̅̉̑̆̋̓̎̏ 
̓̏̐̉ ̅̏ ̉̈̏̓̑̏̐̎̆ ̘̓̆̎̏̒̓̉ȟ ̣̍̆̔̓̉̍ȟ ̐̑̉̌̉̋̏̍ ̮̆̎̏̄ ̖̣̮̌́̆́ ̘̔̏́̃́ ̒̆ ̘̓̆̎̏̋̑̉̒̓́̌̎̏ 
̙̮̐̏̎́́̆Ȣ ˚́ ̏̒̎̏̃̔ ̘̏̐̓̉̋̆ ̒̓̑̔̋̓̔̑̆ ̪̋̏̔ ̙̋́̑́̋̓̆̑̉̔ ̒̐̉̑́̌̎̉ ̗̏̂̌̉̉ȟ ̋̑̔̇̎̉ 
̅̏̍̆̎̉ ̉ ̑́̄̍̆̎̓̏̃́̎̆̕ ̌̆̐̆̈̆ ɉ̒̌̉̋́ τχɊ ́̈́̕ ̒̆ ̍̏̇̆ ̉̅̆̎̓̉̉̋̏̃́̓̉̕ ̋́̏ B7 [114] , 
̪̆̅̎́ ̏̅ ́̈́̕ ̘̖̋́̑́̋̓̆̑̉̒̓̉̎̉ ̈́ ̘̓̆̎̆ ̋̑̉̒̓́̌̆ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆Ȣ ˛̃̏ ̒̆ ̍̏̇̆ ̉ 
̘̏̆̋̉̃́̓̉ȟ ̋́̅́ ̒̆ ̔̈̍̔ ̔ ̏̂̈̉̑ ̐̑̉̍̆̑̉ ̉̈ ̌̉̓̆̑́̓̔̑̆ ̪̋̏̉ ̪̐̏̋́̈̔̔ ̅́ ̣̮̔̃̏̆̆ ̪́̋̆ 
̆̌̆̋̓̑̏̎-̗́̋̆̐̓̏̑̒̋̆ ̎̉̓̑̏-̄̑̔̐̆ ̣̉̈̍̆̔ ̋̑̉̌́ ̍̏̌̆̋̔̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̅̏̃̏̅̉ ̅̏ 
̮̏̑̍̉̑́́̕ B7 ́̈̆̕Ȣ ˛̃́ ́̈́̕ ̪̆ȟ ̈́̐̑́̃̏ȟ ̘̔̏̆̎́ ̋̏̅ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ ̪̋̏̉ ̪̉̍́̔ ̆̒̓́̑̒̋̆ 
̪̯̐̏̃̆̈̔̔̆ ̄̑̔̐̆ ̣̉̈̍̆̔ ̘̖́̑̏̍́̓̉̎̉ ̐̑̒̓̆̎̏̃́ [133]  ̉  ̋̏̅ ̖̏̎̉ ̋̏̅ ̪̖̋̏̉ ̒̔ ̘́̑̏̍́̓̉̎̉ 
̐̑̒̓̆̎̏̃̉ ̐̏̃̆̈́̎̉ ̆̒̓́̑̒̋̉̍ ̉̌̉ ́̈̏̍̆̓̉̎̒̋̉̍ ̄̑̔̐́̍́ ɉ̒̌̉̋́ τφɊ[134] . 

 
 



 

58 

 

 

 

˞̌̉̋́ 46. ̃ ̑̉̍̆̑ ̪̉ ̮̮̆̅̉̆́ ̪̋̏ ́̏ ̪̂̑́̈̔ ̔B7 ̓ ̘̆̎̏̋̑̉̒̓́̌̎̔ ́̈̔̕Ȣ 

 
˞̌̉̋́ τχ. ̨ ̘̐̓̉̋́ ̒̓̑̔̋̓̔̑́ ̘̔̏̆̎́ ̈́ ̪̮̮̆̅̉̆̆ Ic  ̉ ̣̈̍̆̔ ̔ ̙̖̋̑̓̆̎̉ ̐̏̌́̑̉̈́̓̏̑́ ̐̑̉ 

Iso-B7 ̕ ́̈̎̏̍ ̐̑̆̌́̈̔ [132] . 

ˡ́̈̎́ ̗̪̉̅̆̎̓̉̉̋́̉́̕ ̔̓ ̣̃̑̆̎́ ̪̆ ̑̆̎̅̄̆̎̒̋̏̍ ̒̓̑̔̋̓̔̑̎̏̍ ́̎́̌̉̈̏̍ ɉXRD). ˚́ 
̅̉̑́̋̓̏̄̑́̍̔̕ ̈́ B7 ́̈̔̕ ɉ̒̌̉̋́ τψ̂Ɋ ̘̔̏̆̎̉ ̒̔ ̪̂̑̏̎̉ ̙̏̓̑̉ ̐̉̋̏̃̉ ̐̑̉ ̍́̌̉̍ 
̃̑̆̅̎̏̒̓̉̍́ ̔̄̌̏̃́ 2ʃ ̉ ̃̆̏̍́ ̙̉̑̏̋ ̐̉̋ ̎́ ̃̑̆̅̎̏̒̓̉̍́ ̔̄̌̏̃́ ςʃ ̯̃̆̉̍ ̏̅ ςπ Ј ̪̋̏̉ 
̪̔̋́̈̔̆ ̎́ ̘̓̆̎̏̋̑̉̒̓́̌̎̉ ̋́̑́̋̓̆̑ ́̈̆̕Ȣ ˟́̋́̃ ̪̅̉́̄̑́̍ ̖̐̑́́ ̪̆ ̑̆̈̔̌̓́̓ 
̖̅̃̏̅̉̍̆̎̈̉̏̎̉ ̗̪̍̏̅̔̌́̉́ ̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆ ɀ ̒ ̓̑̔̋̓̔̑́ ́̈̆̕ B7 ̍ ̏̇̆ ̒  ̆̐ ̑̆̅̒̓́̃̉̓̉ 
̋́̏ ̘̐̆̑̉̏̅̉̎̏ ̓́̌́̒́̒̓̉ ɉ̉̌̉ ̭̉̈̌̏̍̆̎̉Ɋ ̪̒̌̏̆̃̉ȟ ̒́ ̒̔̒̆̅̎̉̍ ̍̏̌̆̋̔̌̉̍́ ̔̎̔̓́̑ 
̪̒̌̏̆̃́ ̪̋̏̉ ̪̐̏̋́̈̔̔ ̒́̍̏ ̗̐̏̈̉̉̏̎̆ ̗̪̋̏̑̆̌́̉̆ ̋̑́̓̋̏̄ ̅̏̍̆̓́Ȣ ˞̖̏̅̎̏ ̓̏̍̆ȟ ̐̑̉̒̔ ̒̓̃̏ 
̃̆̌̉̋̏̄ ̪̂̑̏́ ̐̉̋̏̃́ ̎́ ̔̄̌̏̃̉̍́ ςʃ ̔ ̏̐̒̆̄̔ ̏̅ πɀ5 Ј˞ ̣̪̐̏̓̃̑̔̆ ̅́ ̪̆ ̋̑̉̒̓́̌̎́ ̙̑̆̆̓̋́ 
̅̃̏̅̉̍̆̎̈̉̏̎́̌̎́ȟ ̐̑̏̒̓̏̑̎́ ̄̑̔̐́ P2 ̒́ ̐́̑́̍̆̓̑̉̍́ ̪̘̆̅̉̎̉̎̆ ̯̪̆̌̉̆ȡ a = 116,9 Å, b = 
43,5 Å ̉  ɾ = 113,5 ° (̒̌ ̉̋́ τψ̂). 
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˞̌̉̋́ ψό. a) ˑ ̗̉̑́̋̉̏̎́̕ ̒̌̉̋́ ̈ ́ ̪̮̮̆̅̉̆̆ II  ̃̔  B7 ̕ ́̈̉ ̎́ T = 150 °C.  
)̂ ˑ ̉̑́̋̓̏̄̑́̍̕ ̪̮̮̆̅̉̆́ II .̃ ɣ  ̔̍̆̓̎̔̓̏̍ ̄̑́̉̋̔̕ ̐̑̉̋́̈́̎ ̪̆ ̔ ̯̃̆́̎ ̪̅̉́̄̑́̍ ̔ ̏ ̐̒̆̄̔ 

0-υ Ј ςʃ ̒ ́ ̪̯̏̅̄̏̃́̑́̔̉̍ (hkl)  ̉ ̎̅̆̋̒̉̍́ ̈́ ̐̉̋̏̃̆. 

˶̮̮̆̅̉̆́ II -̅e ̪̐̏̋́̈̔̔ ̆̎́̎̓̉̏̓̑̏̐̎́ ̍̆̈̏̍̏̑̎́̕ ̪̒̃̏̒̓̃́ ̉ ̒̃́ ̪̏̑̍̉̑́̔̕ 
̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ ̘̋́̑́̋̓̆̑̉̒̓̉̎̆ ̈́ ̙̯̓́̐̉́̒̓̆ ̍̏̌̆̋̔̌̆. II  ̅  ̉ II  ̣̭̪̉̒̐̏́̃́̔ 
̗̒̆̋̃̆̎̔ ̘̎̆̍́̓̉̋́ ɀ ̘̒̍̆̋̓̉̋́ ́̈́̕ȟ ̅̏̋ ̪̆ ̋̏̅ IIe ̘̎̆̍́̓̉̋́ ́̈́̕ ̅̆̒̓́̂̉̌̉̒́̎́ ̉ 
̘̒̍̆̋̓̉̋́ ́̈́̕ ̒̆ ̏̑̍̉̑́̕ ̅̉̑̆̋̓̎̏ ̉̈ ̉̈̏̓̑̏̐̎̆ ̘̓̆̎̏̒̓̉Ȣ ˜̏̓̑̆̂̎̏ ̪̆ ̎́̐̏̍̆̎̔̓̉ ̅́ ̪̆ 
̔ ̪̮̮̆̅̉̆̉̍́ II  ̅  ̉ II  ̣̘̒̍̆̋̓̉̋́ ́̈́̕ ̍̏̎̏̓̑̏̐̎́ ̉ ̍̏̇̆ ̒̆ ̘̔̏̉̓̉ ̒́̍̏ ̔ ̃̆̏̍́ 
̖̣̐̏̓̌́̆̎̉̍ ̗̔̈̏̑̉̍́Ȣ ˚́ ̏̒̎̏̃̔ ̖̍̉̋̑̏̒̋̏̐̒̋̉ ̪̒̓̔̅̉́ȟ ̘̒̍̆̋̓̉̋́ ́̈́̕ ̪̆ 
̉̅̆̎̓̉̉̋̏̃́̎́̕ ̔ ̒̃̉̍ ̪̮̮̆̅̉̆̉̍́ II -̅e ̋́̏ ̎́̄̎̔̓́ ˞ ́̈́̕ȡ ̘̋́̑́̋̓̆̑̉̒̓̉̎́ ̓̆̋̒̓̔̑́ 
̏̓̉̒̋́ ̐̑̒̓́ ̯̐̑̉̍̆̆̎́ ̪̆ ̋̏̅ ̔̈̏̑́̋́ ̒́ ̪̆̅̎̏̍ ̒̌̏̂̏̅̎̏̍ ̙̐̏̃̑̉̎̏̍ ̎́ ̐̑̆̌́̈̔ ̉̈ 
̘̎̆̍́̓̉̋̆ ́̈̆̕ ɉ̒̌̉̋́ 49́Ɋ. 
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˞̌̉̋́ ψύ. ̨ ̘̐̓̉̋̆ ̓̆̋̒̓̔̑̆ ̪̅̏̂̉̆̎̆ ̈ ́ a) ̪ ̮̮̆̅̉̆̆ II  ̅̔  ̔̈̏̑̋̔ ̒́ ̪̆̅̎̏̍ ̒̌̏̂̏̅̎̏̍ 
̙̐̏̃̑̉̎̏̍ ̐̑̉ N-SmC ̕ ́̈̎̏̍ ̐̑̆̌́̈̔ ̉ -̂ )̄ ̪̮̮̆̅̉̆̆ II  ̣̔  SmC ̕ ́̈̉ ̔ ̯̪̆̌̉̉ ̒́ 

̐̌́̎́̑̎̉̍ ̮̐̏̃̆̈̉̃́̆̍, ̯ ̪̆̌̉́ ̪̆ ̑̏̓̉̑́̎́ ̈́ ±7 ° ̔  ̏̅̎̏̒̔ ̎́ ̙̔̋̑̓̆̎̆ ̐̏̌́̑̉̈́̓̏̑̆ 
[132] . 

˞̘̍̆̋̓̉̋́ ́̈́̕ ̪̆ ̣̐̏̓̃̑̆̎́ ̑̆̎̅̄̆̎̒̋̏̍ ̗̪̅̉̑́̋̉̏̍̕Ȣ ˞̪̆̑̉́ ̖̔̒̋̉ ̪̯̖̏̅̄̏̃́̑́̔̉ 
̐̉̋̏̃́ ̐̑̉ ̍́̌̉̍ ̔̄̌̏̃̉̍́ ςʃ ̐̑ ̯̉̍̆̆̎̉ ̒̔ ̎́ ̅̉̑́̋̓̏̄̑́̍̔̕ȟ ̙̓̏ ̪̔̋́̈̔̆ ̎́ ̅̏̂̑̏ 
̅̆̉̎̉̒́̎̔̕ ̪̒̌̏̆̃̉̓̔ ̒̓̑̔̋̓̔̑̔Ȣ ˞́ ̅̑̔̄̆ ̒̓̑́̎̆ȟ ̙̉̑̏̋̉ ̐̉̋ ̎ ́ ̃̆̌̉̋̉̍ ̔̄̌̏̃̉̍́ ̔ ̪̋́̈̔̆ 
̎́ ̣̮̔̑̆̆̆ ̍̏̌̆̋̔̌́ ̔̎̔̓́̑ ̪̒̌̏̆̃́ ̎́̌̉̋ ̘̓̆̎̏̒̓̉ ɉ̒̌ ̉̋́ 50ɊȢ ˝́̈̍́̋ ̣̉̈̍̆̔ ̪̒̌̏̆̃́ȟ d, ̔  
SmC ̕ ́̈̉ ̏̐́̅́ ̐̑̉ ̖̣̮̌́̆̔ ɉ̒̌̉̋́ υ1Ɋȟ ̈̂̏̄ ̍̏̌̆̋̔̌̒̋̏̄ ̎́̄̉̂́ ̔ ̏̅̎̏̒̔ ̎́ ̎̏̑̍́̌̔ ̪̒̌̏́Ȣ 
˔́ ̪̮̮̆̅̉̆̆ II  ̪̅̎̉̆ ̂̉̌̏ ̯̍̏̄̔̆ ̅̏̂̉̓̉ d(T) ̈́̃̉̒̎̏̒̓ ̔̒̌̆̅ ̃̆̌̉̋̆ ̂̑̈̉̎̆ ́̈̎̆̕ 
̗̪̓̑́̎̒̏̑̍́̉̆̕ȟ ̃̑̆̅̎̏̒̓ d = 40 Å ̣̏̅̑̆̆̎́ ̪̆ ̎́ ρσπ Ј˞Ȣ ˔̭́̎̉̍̉̃̏ ̪̆ ̅́ ̪̆ ̭̅̆̂̉̎́ ̪̒̌̏́ 
̂̉̌́ ̘̪̅̑̔̄́̉́ ̈́ ̪̮̮̆̅̉̆́ II -̅II ȟ̆ ̔̐̑̋̏̒ ̘̪̒̌̉̎̏ ̪̍̏̌̆̋̔̌̒̋̏ ̒̓̑̔̋̓̔̑̉Ȣ ˚̪̪́̃̆̑̏̃́̓̎̉̆ 
̮̃̆̈̉̃́̆ ̘̖̑́̈̌̉̉̓̉ ̒̔̐̒̓̉̓̔̆̎́̓́ ̎́ ̗̆̎̓̑́̌̎̏̍ ̐̑̒̓̆̎̔ ̉̍́ ̉̈̑́̇̆̎ ̗̪̔̓̉́ ̎́ 
̍̏̌̆̋̔̌̒̋̔ ̗̪̋̏̎̏̑̍́̉̔̕ ɉ̔̄́̏ ̍̏̌̆̋̔̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ɊȢ ˝̘́̈̌̉̉̓̆ ̍̏̌̆̋̔̌̒̋̆ 
̗̪̋̏̎̏̑̍́̉̆̕ ̍̏̄̔ȟ ̣̓́̋̏̆ȟ ̂̉̓̉ ̏̅̄̏̃̏̑̎̆ ̈́ ̑́̈̌̉̋̔ ̘̏̐̓̉̋̏̄ ̅̃̏̒̓̑̔̋̏̄ ̮̐̑̆̌́̍́́ 
̋̏̅ ̘̎̆̍́̓̉̋̉  ̖́̈́̕ ̪̋̏̆ ̪̏̑̍̉̑́̔̕ II  ̅  ̉II  ̣̪̮̮̆̅̉̆́ ɉ̒̌ ̉̋́ 52Ɋȟ ̐̑̉ ̘̆̍̔ ̒̔ ̃̑̆̅̎̏̒̓̉ 
ɝn ̋ ̪́̒̎̉̆ ̍̆̑̆̎̆ ̂̉̌̆ ̙̃̉̆ ̈́ ~  20 %. 
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˞̌̉̋́ 50. (a) ˑ̗̉̑́̋̉̏̎́̕ ̒̌̉̋́ ̔  SmC ̕ ́̈̉ ̪̮̮̆̅̉̆́ II  ̆̎  ́T = 150 °C. (̂ ) ˑ ̉̑́̋̓̏̄̑́̍̕ 
̪̮̮̆̅̉̆́ II .̆ ˥ ̉̑̏̋̉ ̐̉̋ ̒ ́ ̗̆̎̓̑̏̍ ̎́ ~  4,5 Å ̔ ̪̋́̈̔̆ ̎́ ̍̏̌̆̋̔̌̒̋̉ ̑̆̅ ̘̒̌̉́̎ 

̘̓̆̎̏̒̓̉ ̔̎̔̓́̑ ̘̖̒̍̆̋̓̉̋̉ ̪̒̌̏̆̃́ [132] . 

˟̑̆̂́ ̎́̐̏̍̆̎̔̓̉ ̅́ SmC ́̈́̕ ̪̮̮̆̅̉̆́ II -̅II ȟ̆ ̉́̋̏ ̪̆ ̭̒́̒̓́̃̆̎́ ̏̅ ̍̏̌̆̋̔̌́ 
̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ȟ ̪̎̉̆ ̐̏̋́̈́̌́ ̐̏̌́̑̎́ ̪̒̃̏̒̓̃́ȟ ̎̉̓̉ ̪̆ ̯̐̑̉̍̆̆̎́ ̗̪̑̆̐̏̌́̑̉̈́̉́ 
̐̑̉̍̆̎̏̍ ̘̆̌̆̋̓̑̉̎̏̄ ̭̐̏́Ȣ ˟̣́̋̏̆ȟ ̮̍̆̑̆́ ̘̅̉̆̌̆̋̓̑̉̎̆ ̋̏̎̒̓́̎̓̆ ̒̔ ̔̋́̈́̌́ ̎́ 
̎̆̐̏̌́̑̎̉ ̋́̑́̋̓̆̑ ́̈̆̕Ȣ 

 

˞̌̉̋́ 51. ˟ ̆̍̐̆̑́̓̔̑̎́ ̈́̃̉̒̎̏̒̓ ̪̮̑́̒̓̏́́ ̣̉̈̍̆̔ ̪̒̌̏̆̃́ ̔ SmC ̕ ́̈̉ ̈́ ̪̮̮̆̅̉̆́ II  ̣
(̐̌́̃̏)  ̉II  ̆(̗̑̎̏). 



 

62 

 

 

˞̌̉̋́ 52. ̨ ̘̐̓̉̋̏ ̅̃̏̒̓̑̔̋̏ ̐̑̆̌́̍ ̮́̆ ̍ ̆̑̆̎ ̏̈ ̆̌̆̎̏̍ ̙̯̒̃̆̓̌̏̔ (ʇ = 532 nm) ̔  
̘̪̎̆̍́̓̉̋̏ ́̈̉̕ ̪̮̮̆̅̉̆́ II  ̅(̐̌́̃̏)  ̉II  ̣(̗̑̎̏). 

3.2.1. ̃ ̣̮̏̑̆̆̆ ̖̒̉̎̓̆̓̉̒́̎̉ ̘̖̓̆̎̉ ̋̑̉̒̓́̌́ IIa -II e ̒ ́ ̂̆̎̈̏̉̌- ́ ̎́̌̏̈̉̍́ 

̪̒́̃̉̆̎̆ ̍̏̌̆̋̔̌̒̋̆ ̪̄̆̏̍̆̓̑̉̆ 

˟̆̍̐̆̑́̓̔̑̆ ̖́̈̎̉̕ ̐̑̆̌́̈́ ̉ ̓̉̐̏̃̉ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ́̈́̕ ̂̆̎̈̏̉̌-́̎́̌̏̄́ 
̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̒́ ̉̒̓̉̍ ̉̌̉ ̅̔̇̉̍ ́̌̋̉̌-̗̌́̎̉̍́ ̪̋̏̉ ̪̉̍́̔ ̉̒̓̉ ̒̔̐̒̓̉̓̔̆̎̓ ̔ 
̗̆̎̓̑́̌̎̏̍ ̐̑̒̓̆̎̔ȟ ̉̈ ̌̉̓̆̑́̓̔̑̆, ̎ ́̃̆̅̆̎̉ ̒̔ ̔ ̓́ ̂̆̌̉ 5. 

˟́̂̆̌́ 5. ˟̆̍̐̆̑́̓̔̑̆ ̖́̈̎̉̕ ̐̑̆̌́̈́ ̉ ̓̉̐̏̃̉ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ́̈́̕ ́̎́̌̏̄́ ̂̆̎̈̏̉̌́ 
̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆. 

 

ˎ̪̑̏ X1 X2 X3 X4 R  l ́̈̎́ ̗̒̆̋̃̆̎́, T [°C] ˝̆̕Ȣ 

IIIa H H H H C12H25 I 136,2 Cr [30]  

II I  ̂ CH3 H H H C16H33 ɀa [30]  

II I  ̃ NO2 H H H C16H33 ɀa [30]  

II I  ̄ H Cl H H C12H25 Iso 94 N 78 Cr [31]  

II I  ̅ H Br H H C12H25 Iso 89 N 83 Cr [31]  

II I  ̣ H Cl Cl H C12H25 Iso 122 N 107 Cr [32]  

II I  ̆ H Cl Cl F C16H23 I 105 Cr [32]  
 ́˶̮̮̆̅̉̆́ ̎̉̒̔ ̘̓̆̎̉ ̋̑̉̒̓́̌̉ȟ ́̌̉ ̓̆̍̐̆̑́̓̔̑̆ ̖́̈̎̉̕ ̐̑̆̌́̈́ ̎̉̒̔ ̅́̓̆Ȣ 
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˜̏̋́̈́̎̏ ̪̆ ̅́ ρȟσ-̆̎̉̌̆̎̕-̂̉̒-(4-(4-̗̅̏̅̆̉̌̏̋̒̉̆̎̉̌́̈̏̕Ɋ̂̆̎̈̏́̓Ɋ, II Ia ̋́̏ ̉ 
̙̃̉̉ ̖̏̍̏̌̏̈̉ ̖̏̎̉ ̒́ ̍̆̓̉̌- (II I )̂ ̉̌̉ ̎̉̓̑̏-̄̑̔̐̏̍ (II I )̃ ̔ ̪̐̏̌̏̇́̔ ς ̗̆̎̓̑́̌̎̏̄ 
̐̑̒̓̆̎́ȟ ̎̆ ̪̐̏̋́̈̔̔ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕ [135] . ˔́ ̑́̈̌̉̋̔ ̏̅ ̪̮̮̆̅̉̆́ III ,̃ ̔ ̣̮̃̏̆̆ ̪́̋̆ 
̆̌̆̋̓̑̏̎-̗́̋̆̐̓̏̑̒̋̆ NO2-̄̑ ̔̐̆ ̣̉̈̍̆̔ ̋̑̉̌́ ̔ ̗̆̎̓̑́̌̎̏̍ ̐̑̒̓̆̎̔ ̂̆̎̈̏̉̌-́̎́̌̏̄́ 
̘̒̐̑̆́̃́ ̮̏̂̑́̈̏̃́̆ ̘̓̆̎̏̋̑̉̒̓́̌̎̆ ́̈̆̕Ȣ  

ˠ ̣̮̐̏̑̆̆̔ ̒́ ̪̮̮̆̅̉̆̉̍́ ̪̋̏́ ̪̉̍́̔ ̖́̌̏̄̆̎̆ ̒̔̐̒̓̉̓̔̆̎̓̆ ̔ ̗̆̎̓̑́̌̎̏̍ ̐̑̒̓̆̎̔ 
̭̐̑̆̅̒̓́̃̆̎̉̍ ̏̃̅̆ȟ ̘̓̆̎̏̋̑̉̒̓́̌̎́ ̪̒̃̏̒̓̃́ ̂̆̎̈̏̉̌-́̎́̌̏̄́ ̒̆ ̣̓́̋̏̆ ̪̑́̈̌̉̋̔̔Ȣ ˗̏̅ 
̪̮̮̆̅̉̆́ II I  ̄̉ II I ȟ̅ ̪̋̏́ ̪̉̍́̔ ́̓̏̍̆ Cl ̉  Br ̔ ̪̐̏̌̏̇́̔ τ ̗̆̎̓̑́̌̎̏̄ ̐̑̒̓̆̎́ȟ ̘̔̏̆̎́ ̪̆ 
̍̏̎̏̓̑̏̐̎́ ̘̎̆̍́̓̉̋́ ́̈́̕ [66]Ȣ ˞̗̪̔̐̒̓̉̓̔̉́ ́ ̓̏̍́ H ́ ̓̏̍̏̍ Cl ̔  ̪̐̏̌̏̇́̔ φ ̗̆̎̓̑́̌̎̏̄ 
̐̑̒̓̆̎́ȟ ̋̏̅ ̪̮̮̆̅̉̆́ II I  ̄ȟ ̅̏̃̆̌́ ̪̆ ̅̏ ̪̮̮̆̅̉̆́ II I  ̣̪̋̏̆ ̣̓́̋̏̆ ̭̉̒̐̏́̃́ ̍̏̎̏̓̑̏̐̎̔ 
̘̎̆̍́̓̉̋̔ ́̈̔̕ȟ ́̌̉ ̒́ ̙̎̆̓̏ ̙̃̉̏̍ ̓̆̍̐̆̑́̓̔̑̏̍ ̮̂̉̒̓̑̆́ [72]Ȣ ˛̘̪̆̋̔̆ ̒̆ ̅́ ̯̆ 
̘̎̆̍́̓̉̋̆ ́̈̆̕ ̔ ̏̃́ ̓̑̉ ̪̮̮̆̅̉̆́ ̂̉̓̉ ̘̋̔̂̏̓́̋̓̉̋̆ ̘̎̆̍́̓̉̋̆ ́̈̆̕ȟ ̪̋̏̆ ̒̔ ̘̪̔̏̂̉́̆̎̆ 
̈́ ̘̓̆̎̆ ̋̑̉̒̓́̌̆ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ [66, 72]. 

˗̗̪̏̎̏̑̍́̉́̕ ̐̏̌̏̃̉̎̆ ̍̏̌̆̋̔̌́ ̪̒́̃̉̆̎̆ ̪̄̆̏̍̆̓̑̉̆ ̪̆ ̐̑̆̓̆̇̎̏ ̣̏̅̑̆̆̎́ 
̪̄̆̏̍̆̓̑̉̏̍ ̆̒̓́̑̒̋̆ ̄̑̔̐̆ ̣̉̈̍̆̔ ̗̆̎̓̑́̌̎̏̄ ̐̑̒̓̆̎́ ̉ ̘̖̂̏̎̉ ̋̑̉̌́ [136]Ȣ ˜̑̉̌̉̋̏̍ 
̮̏̐̉̒̉̃́́ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ̪̒̃̏̒̓́̃́ τȟφ-̖̅̉̌̏̑̏-1,3-̆̎̉̌̆̎̕ ̂̉̒ɉτ-(4- n-́̌̋̉̌̏̋̒̉-
̆̎̉̌̉̍̉̎̏̍̆̓̉̌̕Ɋ̂̆̎̈̏́̓́ȟ ˏ̪́̒̌̏̄̕ ɉ̎̆̍Ȣ WeissflogɊ ̪̆ ̒́ ̗̒́̑́̅̎̉̉̍́ ̔̋́̈́̏ ̅́ ̋́̅́ ̒̆ 
̪̂̑̏ ̒̔̐̒̓̉̓̔̆̎́̓́ ̔ ̗̆̎̓̑́̌̎̏̍ ̐̑̒̓̆̎̔ ̔ orto- ̐ ̪̏̌̏̇́̔ ̐ ̯̏̃̆́̃́ ̔ ̏̅̎̏̒̔ ̎́ ̪̯̐̏̃̆̈̔̔̆ 
̆̒̓́̑̒̋̆ ̄̑̔̐̆ȟ ̍̏̌̆̋̔̌ ̪̐̏̒̓́̆ ̙̃̉̆ ̌̉̎̆́̑́̎ ̔ ̒̌̆̅ ̪̖́̋̉ ̗̪̅̆̏̑̍́̉́̕ ̖̆̒̓́̑̒̋̉ ̄̑̔̐́ ̔ 
̐̑̒̓̆̎̔ [137]Ȣ ˒̃̉̅̆̎̓̎̏ ̪̆ ̅́ ̆̓̉̌̆̎̒̋́ ̄̑̔̐́ ̣̉̈̍̆̔ ̆̎̉̌̎̏̄̕ ̐̑̒̓̆̎́ ̉ ̋́̑̂̏̋̒̉̌́̓̎̆ 
̄̑̔̐̆ ̔ ̗̉̎́̍̏̉̌-̪̗̆̅̉̎̉́̍́ ̅̏̅́̓̎̏ ̮̍̆́ ̏̂̌̉̋ ̍̏̌̆̋̔̌́ȟ ̓́̋̏ ̅́ ̪̯̑̆̈̔̌̓̔̔̉ ̘̓̆̎̉ 
̋̑̉̒̓́̌̉ ̪̪̎́̃̆̑̏̃́̓̎̉̆ ̪̉̍́̔ ̒̋̏̑̏ ̉̒̓̆̄̎̔̓̔ ̗̪̋̏̎̏̑̍́̉̔̕Ȣ ˚́ ̪̏̃́ ̘̎́̉̎ ̒̆ ̍̏̇̆ 
̪̏̂́̒̎̉̓̉ ̮̏̂̑́̈̏̃́̆ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ́̈́̕ ̘̪̖̔̏̂̉́̆̎̉ ̈́ ̙̯̓́̐̉́̒̓̆ ̘̓̆̎̆ ̋̑̉̒̓́̌̆ȟ 
̏̅̎̏̒̎̏ ̘̎̆̍́̓̉̋̆ ̉̌̉ ̘̪̔̏̂̉́̆̎̆ ̘̒̍̆̋̓̉̋̆ ́̈̆̕Ȣ ˠ ̣̮̐̏̑̆̆̔ ̒́ ̂̆̎̈̏̉̌-́̎́̌̏̈̉̍́ȟ ̏̃́ 
̉̒̓̆̄̎̔̓́ ̗̪̋̏̎̏̑̍́̉́̕ ̅̏̃̏̅̉ ̅̏ ̙̖̃̉̉ ̓̆̍̐̆̑́̓̔̑́ ̮̂̉̒̓̑̆́ ̉ ̙̖̉̑̉ ̏̐̒̆̄́ 
̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ́̈́̕Ȣ 

˗́̅́ ̒̆ ̪̑́̈̍́̓̑́̔ ̆̆̋̓̉̕ ̒̔̐̒̓̉̓̔̆̎́̓́ ̔ ̭̙̮̒̐̏́̉̍ ̐̑̒̓̆̎̏̃̉̍́ȟ ̣̮̔̃̏̆̆ ́ ̓̏̍́ 
̌̔̏̑́̕ ̔ ̒̓̑̔̋̓̔̑̔ II  ̆̒̎̉̇́̃́ ̘̓́̋̔ ̮̂̉̒̓̑̆́ ̉ ̪̅̆̒̓́̂̉̌̉̈̔̆ ̘̎̆̍́̓̉̋̔ ́̈̔̕ȟ ̅̏̋ ̔ 
̘̪̒̌̔́̔ ̂̆̎̈̏̉̌-́̎́̌̏̄́ II I ,̆ ̅ ̏̌́̈̉ ̅̏ ̐̏̓̐̔̎̏̄ ̄̔̂̉̓̋́ ̘̖̓̆̎̏̋̑̉̒̓́̌̎̉ ̪̒̃̏̒̓́̃́Ȣ 

3.2.2. ̃ ̑̏̍̆̎̆ ̔ ̘̓̆̎̏̋̑̉̒̓́̌̎̏̍ ̣̮̔̑̆̆̔ ̉̈́̈̃́̎ ̆UV-̘̮̈̑́̆̆̍ 

˜̑̉̌̉̋̏̍ ̘̮̏̈̑́̉̃́́ ̔̈̏̑́̋́ UV-̗̈̑́̉̍́ (365 nm) ̅̏̌́̈̉ ̅̏ ̗̪̏̓̏̉̈̏̍̆̑̉̈́̉̆̕ 
́̈̏-̄̑̔̐́ ̔ ̋̑̉̌̉̍́ ̘̖̐̑̏̔́̃́̎̉ ̍̏̌̆̋̔̌́Ȣ ˏ̘̆̌̉̉̎́ ̪̯̖̏̅̄̏̃́̑́̔̉ ̐̑̏̍̆̎́ ̔ 
̘̓̆̎̏̋̑̉̒̓́̌̎̏̍ ̘̎́̉̎̔ ̮̐́̋̏̃́́ ̪̔̋́̈̔̆ ̅́ ̏̃̆ ̐̑̏̍̆̎̆ ̘̔̓̉̔ ̎́ ̘̓̆̎̏̋̑̉̒̓́̌̎̔ ́̈̔̕Ȣ 
˚̪̯́̃̆́ ̐̑̏̍̆̎́ ̪̆ ̯̐̑̉̍̆̆̎́ ̔ SmC ́̈̉̕ ̪̮̮̆̅̉̆́ II  ̅  ̉II ḥ̌ ̐̑̉̍̆̑̉ ̒̔ ̐̑̉̋́̈́̎̉ ̎́ 
̗̒̌̉̉ 53Ȣ ˗̘́̑́̋̓̆̑̉̒̓̉̎́ ̪̘̎̆̔̆̅̎́̆̎́ ̒̓̑̔̋̓̔̑́ SmC ̕ ́̈̆ ̔ ̪̐̌́̎́̑̎̏ ̪̗̆̅̉̎̉̉ ̐̏̎̏̃̏ 
̪̆ ̐̏̑́̃̎́̓́ ̎́̋̏̎ ̭̮̏̒̃̆̓́̃́́ȟ ̓́̋̏ ̅́ ̪̆ ̗̐̑́̃́ ̘̏̐̓̉̋̆ ̏̒̆ ̐̏̒̓́̏ ̪̘̔̆̅̎́̆̎ ̔ ̗̪̆̌̏ 
̪̐̏̒̍́̓̑́̎̏ ̏̂̌́̒̓̉Ȣ ˔̉̅̏̃̉ ̅̏̍̆̎́ ̒̔ȟ ̣̍̆̔̓̉̍ȟ ̏̒̓́̌̉ ̭̃̉̅̉̃̉Ȣ ˛̃̆ ̐̑̏̍̆̎̆ ̒̔ ̂̉̌̆ 
̂̑̈̆ ɉswitching-on time 160 ms, switching-off time 380 msɊ ̉ ̑̆̃̆̑̈̉̂̉̌̎̆ȟ ̙̓̏ ̪̔̋́̈̔̆ ̎́ 
̘̏̐̓̉̋̉ ̐̑̆̌́̈Ȣ ˛̃́ ̪̐̏́̃́ ̪̆ ̯̐̑̉̍̆̆̎́ ̒́̍̏ ̋̏̅ ̪̮̮̆̅̉̆́ ̪̋̏́ ̪̏̂̑́̈̔̔ ̅̃̆ ̗̒̔̋̆̒̉̃̎̆ 
́̈̆̕ ɉ̘̎̆̍́̓̉̋̔ ̉ ̘̒̍̆̋̓̉̋̔ɊȢ 
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˞̌̉̋́ 53. ̃ ̑̏̍̆̎̆ ̓̆̋̒̓̔̑̆ ̐̏̅ ̗̪̔̓̉́̆̍ UVɀ̘̮̈̑́̆́ȟ ̘̔̏̆̎̆ POM ̒ ̮̎̉̍́̆̍ ̈ ́ 
̪̮̮̆̅̉̆́ II  ̅̉  II Ȣ̣ ː̏̑̆ȡ POM ̒ ̌̉̋̆ ̐̏̒̍́̓̑́̎̆ ̂̆̈ ̉ ̒́ UV-̘̮̈̑́̆̆ .̍ ˑ ̏̌̆ȡ ̐̑̏̍̆̎̆ ̋̏̅ 

̘̏̐̓̉̋̆ ̓̑́̎̒̍̉̓́̎̒̆ ̓̏̋̏̍ ̃̑̆̍̆̎́ [132] . 

3.3. ̇ ̏̌̆̋̔̌̒̋́ ̉ ̒̔̐̑́̍̏̌̆̋̔̌̒̋́ ̒̓̑̔̋̓̔̑́ ̋ ̏̍̐̌̆̋̒́ [Zn(NO3)2(L1)2], 

Kρ ̉ [Zn(CH3CO2)6(L2)2], K2 

˗̏̍̐̌̆̋̒ [Zn(NO3)2(L1)2], K1 ̋ ̙̑̉̒̓́̌̉̆ ̔ ̗̘̪̆̎̓̑̏̒̉̍̆̓̑̉̎̏ ̪̐̑̏̒̓̏̑̎̏ ̄̑̔̐̉ C2/ c 
̐̑̉ ̘̆̍̔ Zn2+-̪̏̎ ̌ ̆̇̉ ̎́ ̏̒̉ ̒ ̪̉̍̆̓̑̉̆ ̅ ̑̔̄̏̄ ̑̆̅́Ȣ ˑ̃́ azpm ̌ ̉̄́̎̅́ ̒̔ ̋̏̏̑̅̉̎̉̑́ ̎́ ̈́ 
̪̏̎ ̗̉̎̋́ɉIIɊ ̎́ ̂̉̅̆̎̓̎̉ ̘̎́̉̎ ̒́ ̐̉̑̉̍̉̅̉̌-̄̑̔̐́̍́ ̔ trans-̪̐̏̌̏̇́̔ ̉ ́̓̏̍̉̍́ N  
́̈̏-̄̑̔̐ ̆̔ cis-̪̐̏̌̏̇́̔ ɉ̒̌̉̋́ υ4)Ȣ ˗̏̏̑ ̗̅̉̎́̉̏̎́ ̒̆̑́̕ Zn ̪̆ ̋̏̍̐̌̆̓̉̑́̎́ ̒́ ̪̙̏ ̅̃́ 
̎̉̓̑́̓̏ ̪́̎̏̎́ ̔ cis-̪̐̏̌̏̇́̔Ȣ ˔́ ̪̏̃́ ̓̉̐ Ma2b2c2 ̋̏̍̐̌̆̋̒́ȟ ̯̍̏̄̔̆ ̪̆ ̐̆̓ ̉̈̏̍̆̑́ȟ ̓̑̉ 
̉̈̏̍̆̑́ ̒́ ̖̏̍̏̌̉̄́̎̅̉̍́ ̔ trans-̪̐̏̌̏̇́̔ ɉ̪̓Ȣ trans-pm, trans-́̈̏  ̉ 
trans-̎̉̓̑́̓̏-̉̈̏̍̆̑̉Ɋȟ ̪̆̅́̎ ̉̈̏̍̆̑ ̒́ ̒̃̉̍ ̖̏̍̏̌̉̄́̎̅̉̍́ ̔ cis- ̉ ̮̐̏̒̌̆̅̉ ̒́ ̒̃̉̍ 
̖̏̍̏̌̉̄́̎̅̉̍́ ̔ trans-̪̐̏̌̏̇́̔Ȣ ˔̖̭̪̯́̃́̔̔̉ ̖̪̆̌́̓̎̏ ̗̪̋̏̏̑̅̉̎́̉̉ L1ȟ ̪̋̏a ̅̏̃̏̅̉ ̅̏ 
̙̮̎́̑̔́̃́́ ̪̒̉̍̆̓̑̉̆ȟ ̓̑̉ ̏̅ ̖̏̃̉ ̐̆̓ ̉̈̏̍̆̑́ ̒̔ ̖̉̑́̌̎,̉ ̐̑̉ ̘̆̍̔ cis-̎̉̓̑́̓̏-,  
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trans-̐̉̑̉̍̉̅̉̌-, cis-́̈̏-̉̈̏̍̆̑ ̪̅̏̂̉̆̎ ̔ ̋̏̍̐̌̆̋̒̔ K1 ̭̐̑̆̅̒̓́̃́ ̪̆̅́̎ ̏̅ ̓̑̉ ̯̍̏̄̔́ 
̉̈̏̍̆̑̎́ ̏̂̌̉̋́ (̙̆̍́ 4). ̠ ̑̉̒̓́̌̏̄̑́̒̋̉̕ ̗̐̏̅́̉ ̉ ̐́̑́̍̆̓̑̉ ̘̮̮̔̓́́̃́́ ̪̮̮̆̅̉̆́ K1 
̉ K2 ̅ ́̓̉ ̒̔ ̔ ̓́̂̆̌̉ φ [138] . 

 

˞̌̉̋́ ω4. ORTEP ̐ ̑̉̋́̈ ̋̏̍̐̌̆̋̒́ K1Ȣ ˒̌̉̐̒̏̉̅̉ ̒̔ ̐̑̉̋́̈́̎̉ ̒́ ̯̃̆̑̏̃́̓̎̏̏̍ ̏̅ σπϷȟ 
́ ́̓̏̍̉ H ̉  ̏̈̎́̋̆ ̈́ ́̓̏̍̆ ̆̋̃̉̃́̌̆̎̓̎̆ ̪̒̉̍̆̓̑̉̉ (( i): ɀx + 2, y, ɀz + 1,5) ̒ ̔ ̭̉̈̏̒̓́̃̆̎̉ 

̈̂̏̄ ̪̪́̒̎̉̆̄ ̐̑̉̋́̈́Ȣ 

 

 

˥̆̍́ 4. ̇ ̯̏̄̔̉ ̉̈̏̍̆̑̉ ̈́ ̋̏̍̐̌̆̋̒ K1. 
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˟́̂̆̌́ 6Ȣ ˗̑̉̒̓́̌̏̄̑́̒̋̉̕ ̗̐̏̅́̉ ̉ ̐́̑́̍̆̓̑̉ ̘̮̮̔̓́́̃́́ ̪̮̮̆̅̉̆́ K1 ̉  K2. 

˶̮̮̆̅̉̆̆ K1 K2 

ˡ̏̑̍̔̌́ C44 H64 N10 O8 Zn2 C58H84N6O14Zn3 

Mr, g/ mol 926,44 1285,48 

ˑ̪̉̍̆̎̈̉̆ ̋̑̉̒̓́̌́, mm3 0,26 × 0,25 × 0,10 0,12 × 0,09 × 0,05 

˗̑̉̒̓́̌̎̉ ̒̉̒̓̆̍ ˙̘̏̎̏̋̌̉̎̉̎̉ ˟̘̑̉̋̌̉̎̉̎̉ 

˜̑̏̒̓̏̑̎́ ̄̑̔̐́ C2/ c Pρ 

a, Å 15,459(2) 9,8122(12) 

b, Å 10,6509(13) 10,5321(13) 

c, Å 30,001(4) 14,9799(17) 

ɻ, ° 90 87,605(4) 

ɼ, ° 103,017(6) 87,231(4) 

ɾ, ° 90 86,746(4) 

V, Å3 4812,8(11) 1542,6(3) 

Z 4 1 

F(000) 1968 676 

ʈ, mmɀ1 0,57 1,223 

ʍc, g/ cm3 1,279 1,384 

T, K 295(2) 150(2) 

ʃ ̏ ̐̒̆̄, º 2,35ɀ27,18 2,33ɀ27,02 

˛̐̒̆̄ 
h, k, l ̃ ̑̆̅̎̏̒̓̉ 

ɀςπᴼςπ 
ɀρσᴼρσ 
ɀσψᴼσψ 

ɀρςᴼρς 
ɀρσᴼρσ 
ɀρψᴼρω 

ˎ̪̑̏ ̖̉̈̍̆̑̆̎̉ ̪̑̆̌̆̋̒̉́̕Ⱦ̪̂̑̏ 
̖̎̆̈́̃̉̒̎̉ ̪̑̆̌̆̋̒̉́̕ 

30275/5492  23386/7060  

ˎ̪̑̏ ̐̑ ̯̖̉̍̆̆̎̉ 
̪̑̆̌̆̋̒̉́̕/̘̮̏̄̑́̎̉̆́/̪̂̑̏ 
̘̮̖̔̓́̆̎̉ ̐́̑́̍̆̓́̑́ 

4483/0/285  5577/0/371  

R [I Є ςʎɉI)]  R = 0,062, Rw = 0,1695* R = 0,0343, Rw = 0,864** 

R (̒̃̉ ̗̐̏̅́̉) R = 0,0751, Rw = 0,1788 R = 0,0506, Rw = 0,096 

ˡ́̋̓̏̑ ̮̒̌́̄́́ȟ s 1,088 0,948 

Rint 0,0646 0,0488 

ɝʍmaxȟ ɝʍmin, e Åɀ3 0,7 ɀ0,467 0,4 ɀ0,44 
*w = 1 / [ʎ2(Fo2Ɋ Ϲ ɉπȟπψυφ Ͻ P)2 Ϲ υȟσωχς Ͻ P] ̄̅̆ ̪̆ P = (Fo2 Ϲ ς Ͻ Fc2) / 3, 
**w = 1 / [ʎ2(Fo2Ɋ Ϲ ɉπȟπφππ Ͻ P)2] ̄̅̆ ̪̆ P = (Fo2 Ϲ ς Ͻ Fc2) / 3  

ˠ ̋̏̍̐̌̆̋̒̔ K1ȟ ̮̏̋̑̔̇̆̆ Zn ̪̆ ̃̆̏̍́ ̅̆̏̑̍̉̒́̎̏̕ ̏̋̓́̆̅́̑̒̋̏ ̙̓̏ ̪̐̏̋́̈̔̔ 
̘̆̓̉̑̉ ̋̑́̓̋e ̃̆̈̆ MɀL ̒́ ̎̉̓̑́̓̏ O(2)  ̉ ̐̉̑̉̍̉̅̉̎̏ ́̓̏̍̉̍́ N(1)  
(d(Zn(1)ɀO(2)NO3) = 2,0327(3) Å, d(Zn(1)ɀN(1)pm = 2,0646(3) Å). ̨ ̃́̋́̃ ̑ ́̒̐̏̑̆̅ ̗̗̋̌́̋́̌̉̆ȟ 
̮̪̔̐̏̓̐̔́̃́̔ ̅̔̇̆ ̃̆̈̆ ̒́ ́̓̏̍̉̍́ N ́̈̏-̄̑̔̐̆ (d(Zn(1)ɀN(4)azo = 2,493 Å) (̓́ ̂̆̌́ 7). ˛̃́ 
̘̪̈̎́́̎́ ̑́̈̌̉̋́ ̣̉̈̍̆̔ ZnɀNazo ̃̆̈́  ̉ ZnɀNpm ̃̆̈́ ̯̐̑̉̍̆̆̎́ ̪̆ ̔ Zn-̒̓̑̔̋̓̔̑́̍́ ̉̈ 
̌̉̓̆̑́̓̔̑̆ ɉ̒̌̉̋́ 55). ˜̏̑̆̅ ̓̏̄́ȟ ̯̪̐̑̉̍̆̔̆ ̒̆ ̗̪̋̏̑̆̌́̉́ ̣̉̈̍̆̔ ̔̏ ̘̆̎̆ ̑́̈̌̉̋̆ ̔ 
̅̔̇̉̎́̍́ ̃̆̈́ ɝd(ZnɀNazo, ZnɀNpm) ̉ ̖̆̌́̓̎̏̄ ̔̄̌́ (NazoɀZnɀNpm)Ȣ ˗́̏ ̙̓̏ ̪̆ ̐̑̉̋́̈́̎̏ ̎́ 
̗̒̌̉̉ 53, ̯̮̐̏̃̆́̆ ̑́̈̌̉̋̆ ̔ ̅̔̇̉̎́̍́ ̃̆̈́ (ɝdɊ ̅̏̃̏̅̉ ̅̏ ̮̮̒̍́̆́ ̖̆̌́̓̎̏̄ ̔̄̌́  
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(NazoɀZnɀNpm). ̃ ̭́̇̉̃̏̍ ́̎́̌̉̈̏̍ ̣̔̓̃̑̆̎̏ ̪ ̆ ̅́ ̒̔ ̪̗̪̃́̑̉́̉̆ ̖̆̌́̓̎̏̄ ̔ ̄̌́ ̐ ̑̃̆̎̒̓̃̆̎̏ 
̔ ̗̪̋̏̑̆̌́̉̉ ̒́ ̐̑̏̍̆̎́̍́ ZnɀNazo ̪̮̑́̒̓̏́́ ɉ̒̌̉̋́ 56), ̙̓̏ ̘̈̎́̉ ̅́ ̅̔̇́ ZnɀNazo 
̪̮̑́̒̓̏́́ ̮̪̒̍́̔̔ ̖ ̆̌́̓̎̉ ̔ ̄́̏Ȣ ̠ ̏̅ ̋̏̍̐̌̆̋̒́ 1, ̖ ̆̌́̓̎̉ ̔̄́̏ ̏  ̅68,58(1)° ̪ ̆ ̪̮̎́̍́̉ ̔ ̄́̏ 
̘̔̏̆̎ ̅̏ ̒́̅́ȟ ̅̏̋ ̪̆ ZnɀNazo ̪̮̑́̒̓̏́̆ ̪̎́̅̔̇̆ ̔ ̣̮̐̏̑̆̆̔ ̒́ ̅̑̔̄̉̍ ̒̓̑̔̋̓̔̑́̍́ 
̋̏̍̐̌̆̋̒́ Zn ̒ ́ azpm ̉ ̌̉ azpy ̌ ̉̄́̎̅̉̍́Ȣ ˕̒̓̏̃̑̆̍̆̎̏ ̒  ̆N=N ̃ ̆̈́ ̯̪̒̋̑́̔̆ (1,2482(2) Å). 

˟́̂̆̌́ 7. ̨ ̅́̂̑́̎̆ ̅̔̇̉̎̆ ̃̆̈́ (Å) ̉ ̔̄̌̏̃̉ ̃̆̈́ (°) ̈́ ̋̏̍̐̌̆̋̒̆ K1 ̉  K2. 
˗̏̍̐̌̆̋̒ K1 
ˏ̆̈́   ˠ̄́̏  
Zn1ɀO2, O2_a 2,0327(3)       O2ɀZn1ɀN1_a, 

90,12(1) 
Zn1ɀN1, N1_a    2,0646(3)       N1ɀZn1ɀO2_a 
Zn1ɀN4, N4_a 2,4923(3)       O2ɀZn1ɀN4_a, 

152,70(1) 
ˠ̄́̏   N4ɀZn1ɀO2_a 
O2ɀZn1ɀN1, 

105,15(1) 
 N1ɀZn1ɀN4, 

68,58(1) 
O2_aɀZn1ɀN1_a  N1_aɀZn1ɀN4_a 
O2ɀZn1ɀN4, 

88,27(1) 
 N1ɀZn1ɀN4_a, 

88,76(1) 
O2_aɀZn1ɀN4_a  N4ɀZn1ɀN1_a 
O2ɀZn1ɀO2_a       114,54(1)  N1ɀZn1ɀN1_a 151,80(1)        
   N4ɀZn1ɀN4_a        74,89(1) 
˗̏̍̐̌̆̋̒ K2 
ˏ̆̈́   ˠ̄́̏  
Zn1ɀO1        2,0023(17)       O4ɀZn1ɀN1         147,79(6)        
Zn1ɀO3        2,4600(17)       O4ɀZn1ɀN3          93,23(6) 
Zn1ɀO4        2,0211(15)  O5ɀZn1ɀN1         102,46(7)  
Zn1ɀO5        1,9805(16)  O5ɀZn1ɀN3          88,49(6)        
Zn1ɀN1        2,0813(18)       N1ɀZn1ɀN3          71,90(7) 
Zn1ɀN3        2,3486(18)       O2ɀZn2ɀO4, 

91,18(6) 
Zn2ɀO2, O2_a             2,1201(15)       O2_aɀZn2ɀO4_a 
Zn2ɀO4, O4_a             2,0936(14)  O2ɀZn2ɀO6, 

91,55(6) 
Zn2ɀO6, O6_a             2,0846(15)       O2_a ɀZn2ɀO6_a 
ˠ̄́̏   O2ɀZn2ɀO2_a, 

180,00 O1ɀZn1ɀO3          95,03(6)         O4ɀZn2ɀO4_a,      
O1ɀZn1ɀO4          97,39(6)  O6ɀZn2ɀO6_a               
O1ɀZn1ɀO5         101,24(7)  O2ɀZn2ɀO4_a,                          

88,82(6) 
O1ɀZn1ɀN1          92,31(7)         O4ɀZn2ɀO2_a 
O1ɀZn1ɀN3         163,05(6)         O2ɀZn2ɀO6_a, 

88,45(6) 
O3ɀZn1ɀO4          57,31(5)  O6ɀZn2ɀO2_a 
O3ɀZn1ɀO5         158,08(6)         O4ɀZn2ɀO6, 

88,94(6) 
O3ɀZn1ɀN1          91,37(6)         O4_aɀZn2ɀO6_a 
O3ɀZn1ɀN3          79,64(6)  O4ɀZn2ɀO6_a, 

91,06(6) 
O4ɀZn1ɀO5         105,61(6)         O6ɀZn2ɀO4_a 

 



 

68 

 

 

˞̌̉̋́ ω5. ̃ ̑̏̍̆̎́ ̖̆̌́̓̎̏̄ ̔ ̄̌́ ̒́ :ÎϺ. ̪̮̑́̒̓̏́̆̍ ɉ̌̆̃̏Ɋ ̉ ̐̑̏̍̆̎́ .Ѐ. ̪̮̑́̒̓̏́́ ̒́ 
̖̆̌́̓̎̉̍ ̔̄̌̏̍ ɉ̅̆̒̎̏Ɋ ̔ :Î ̋̏̍̐̌̆̋̒̉̍́ Á̒ ÁÚÐÍ ̉ ÁÚÐÙ ̌ ̉̄́̎̅̉̍́ ̉ ̈ ˗̘̆̍̂̑̉̋̆ ̂́̈̆ 

̖̋̑̉̒̓́̌̏̄̑́̒̋̉̕ ̐̏̅́̓́̋́ (Cambridge Crystallographic Data Centre, CCDC). 

 
˞̌̉̋́ ω6. ̃ ̑̏̍̆̎́ .Ѐ. ̪̮̑́̒̓̏́́ ̒́ :ÎϺ.azo ̉  :ÎϺ.py ̑ ̪̮́̒̓̏́́ ̔ :Î ̋̏̍̐̌̆̋̒̉̍́ a̒ azpm 

̉ ÁÚÐÙ ̌ ̉̄́̎̅̉̍́ ̉ ̈ ˗̘̆̍̂̑̉̋̆ ̂́̈̆ ̋ ̖̑̉̒̓́̌̏̄̑́̒̋̉̕ ̐̏̅́̓́̋́ (Cambridge 

Crystallographic Data Centre, CCDC). 

ˤ̉̎̉ ̒̆ ̅́ ̪̆ ̒́̍ azpm ̌̉̄́̎̅ ̌̆̋̒̉̂̉̌́̎̕ ̙̓ ̘̏̒̃̆̅̏̉ ̉ ̃̑̆̅̎̏̒̓ ̔̄̌ ́29,11(1)° 
̣̉̈̍̆̔ ̑́̃̎̉ ̐̉̑̉̍̉̅̉̎̒̋̏̄ ̉ ̆̎̉̌̎̏̄̕ ̐̑̒̓̆̎́. ̃ ̪̏̒̓̏̉  ̘̪̉̈̎́́̎́ ̒̓̆̑̎́ ̗̪̉̎̓̆̑́̋̉́ 
̣̉̈̍̆̔ ̆̎̉̌̎̏̄̕ ̐̑̒̓̆̎́ ̪̆̅̎̏̄ azpm ̌̉̄́̎̅́ ̉ ̐̉̑̉̍̉̅̉̌̎̏̄ ̐̑̒̓̆̎́ ̅̑̔̄̏̄ȟ ̙̓̏ ̪̆ 
̉̌̔̒̓̑̏̃́̎̏ ̉̎̓̆̑̍̏̌̆̋̔̌̒̋̏̍ C10ɀ(ρπϽϽϽʌ ̉ ̗̪̎̓̆̑́̋̉̏̍ (d(H(10)ϽϽϽCgi) = 3,127 Åȟ ̄̅̆ ̪̆ Cg 
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̗̆̎̓̑̏̉̅ ̐ ̉̑̉̍̉̅̉̎̒̋̏̄ ̐̑̒̓̆̎́ȟ iȡ Ϻx + 2, yȟ Ϻz + 1,5). ˑ ̗̏̅̆̉̌-̗̌́̎̉ ̒̆ ̎́̌́̈̆ ̔ ̪̐̏̓̐̔̎̏ 
̪́̎̓̉̐̆̑̉̐̌́̎́̑̎̏ ̪̗̪̏̑̆̎̓́̉̉ȟ ̐̑̉ ̘̆̍̔ ̏̒̆ ̗̌́̎́́ ̣̍̆̔̒̏̂̎̏ ̪̈́̋̌́̐́̔ ̔̄́̏ σπȟψω(8)°. 

˝̆̎̅̄̆̎̒̋́ ̒̓̑̔̋̓̔̑̎́ ́̎́̌̉̈́ ̐̏̋́̈́̌́ ̪̆ ̅́ ̪̆ ̎̆̔̓̑́̌̎̏̍ ̋̏̍̐̌̆̋̒̔ 
[Zn(CH3CO2)6(L2)2], K2 ̪̒̃̏̒̓̃̆̎ ̌̉̎̆́̑̎̉ ̑́̒̐̏̑̆̅ ̓̑̉ ́̓̏̍́ ̗̉̎̋́ ɉ̒̌̉̋́ 57). ˛̪̃́ 
̋̏̍̐̌̆̋̒ ̙̋̑̉̒̓́̌̉̆ ̔ ̘̪̓̑̉̋̌̉̎̉̎̏ Pρ ̪̐̑̏̒̓̏̑̎̏ ̄̑̔̐̉ ̐̑̉ ̘̆̍̔ ̪̆ Z = 1. ˍ̘̒̉̍̆̓̑̉̎ ̔
̪̗̆̅̉̎̉ ̘̔ ̉̎̉ ̐̏̌̏̃̉̎́ ̍̏̌̆̋̔̌́ȟ ̅̏̋ ̅̑̔̄́ ̐̏̌̏̃̉̎́ ̪̎́̒̓́̆ ̉ ̪̎̃̆̑̈̉̏̍ ̏̋̏ ̗ ̆̎̓̑́̌̎̏ ̄
́̓̏̍́ Zn2. Zn2 ̪̆ ̐̏̃̆̈́̎ ̒́ ̅̃́ ̭̙̮̒̐̏́́ Zn1 ̐ ̑̆̋̏ ̅̃́ ̖̆̌́̓̎́ ̍̏̒̓́ ̉ ̘̆̓̉̑̉ syn-syn 
̂̉̅̆̎̓̎́ ̙̯̪̯̐̑̆̍̏̔̔́ ̗́̆̓́̓̏ ̌̉̄́̎̅́Ȣ ˕̎̓̑́̍̏̌̆̋̔̌̒̋̏ ̪̮̑́̒̓̏́̆ ̣̉̈̍̆̔ Zn1 ̉ Zn2 
̉̈̎̏̒̉ 3,3775 Å, ̙̓̏ ̪̆ ̔ ̘̏̆̋̉̃́̎̏̍ ̏̐̒̆̄̔ ̈́ ̍̆̓́̌-̍̆̓́̌ ̒̆̄̍̆̎̓ ̙̯̐̑̆̍̏̆̎ 
̋́̑̂̏̋̒̉̌́̓̏̍ [139ɀ141]. 

ˣ̆̎̓̑́̌̎̉ Zn(II) ̒̆ ̎́̌́̈̉ ̔ ̒̋̏̑̏ ̉̅̆́̌̎̏̍ ̏̋̓́̆̅́̑̒̋̏̍ ̮̏̋̑̔̇̆̔ (̓́̂̆̌́ 7). 
˞̭̙̮̐̏́̉ ̪̏̎̉ ̗̉̎̋́ ̪̉̍́̔ ̅̆̏̑̍̉̒́̎̔̕ ̏̋̓́̆̅́̑̒̋̔ ̪̄̆̏̍̆̓̑̉̔ ̒́ ̘̆̓̉̑̉ ́̓̏̍́ O(5)ac, 
O(1)ac, O(4)ac  ̉ N(1)py, ̎́ ̋̑́̓̋̉̍ ̪̮̑́̒̓̏́̉̍́ 1,981; 2,002; 2,021 ̉ 2,081 Å ̑̆̅̏̍, ̔ 
̪̄̆̏̍̆̓̑̉̉ ̗̗̋̌́̋́̌̉̆ ̉  ̅̃́ ́̓̏̍́ N(3)azo ̉  O(3)ac, ̎ ́ ̅̔ ̇̉̍ ̑ ̪̮́̒̓̏́̉̍́ (2,349 ̉  2,461 Å). 
ˎ̉̅̆̎̓́̓̎̉ ̗́̆̓́̓̎̉ ̪̏̎ ̙̯̐̑̆̍̏́̃́ ́̓̏̍̆ Zn, ̐ ̑̉ ̘̆̍̔ ̒̔ ̅̔̇̉̎̆ ̃̆̈́ CɀO ̐̑̉̂̌̉̇̎̏ 
̪̆̅̎́̋̆ ɉ̏̋̏ 1,25 Å). ˙̣̆̔̓̉̍ȟ ̑̆̌́̓̉̃̎̏ ̋̑́̓̋́ C(26)acɀO(3)ac ̃̆̈́ (1,234 Å) ̉ ̑́̈̌̉̋́ ̔ 
̅̔̇̉̎́̍́ ̃̆̈́ C(26)acɀO(3)ac  ̉C(26)acɀO(4)ac ̏  ̅0,06 Å ̪̔̋́̈̔̔ ̎́ ̗̪̌̏̋́̌̉̈́̉̔ ̅̃̏̒̓̑̔̋̆ 
̃̆̈̆ ̋̏̅ ̖̆̌́̓̎̏̄ȟ ̍̏̒̓̏̃̎̏̄ ̗́̆̓́̓-̪̏̎́. ˝́̈̌̉̋́ ̣̉̈̍̆̔ Zn(2)ɀO(4)acɀC(26)ac  ̉ Zn(1)ɀ
O(4)acɀC(26)ac ̔̄̌̏̃́ ̪̆ 37,3°ȟ ̙̓̏ ̪̔̋́̈̔̆ ̎́ ̉̈̑́̇̆̎ ̎́̄̉̂ ̏̃̏̄ ̗́̆̓́̓̎̏̄ ̪̏̎́ ̋ ́́̓̏̍̔ 
Zn(1). ˝̪̮́̒̓̏́̆ Zn(1)ɀN(3)azo ̔ ̋̏̍̐̌̆̋̒̔ 2 ̪̆ ̯̃̆̆ ̔ ̣̮̐̏̑̆̆̔ ̒́ ̋̏̍̐̌̆̋̒̏̍ K1ȟ ̙̓̏ ̪̆ 
̗̐̏̒̌̆̅̉́ ̃̆̌̉̋̏̄ ̖̆̌́̓̎̏̄ ̔ ̄̌́ ̏  ̅71,90° ̉  ̅̔ ̇̆ N=N ̃ ̆̈̆ (1,261 Å). 

ẕpy ̌̉̄́̎̅ ̪̆ ̘̐̑̉̌̉̎̏ ̐̌́̎́̑́̎ ̐̑̉ ̘̆̍̔ ̔̄́̏ ̣̉̈̍̆̔ ̐̉̑̉̅̉̎̒̋̏̄ ̉ ̆̎̉̌̎̏̄̕ 
̐̑̒̓̆̎́ ̉̈̎̏̒̉ 6,79°. ˗́̏ ̉ ̋̏̅ ̋̏̍̐̌̆̋̒́ K1ȟ ̗̅̏̅̆̉-̗̌̌́̎̉ ̒̆ ̎́̌́̈̆ ̔ ̐̏̓̐̔̎̏ 
̪̉̈̅̔̇̆̎̏ ́ ̎̓̉̐̆̑̉̐̌́̎́̑̎̏ ̪̋ ̗̪̏̎̏̑̍́̉̉̕ȟ ́  ̏̒̆ ̗̌́̎́ ̒̔ ̣̍̆̔̒̏̂̎̏ ̐́̑́̌̆̌̎̆ [138] . 

 

˞̌̉̋́ 57. ORTEP ̐ ̑̉̋́̈ ̋ ̏̍̐̌̆̋̒́ K2. ˒ ̌̉̐̒̏̉̅̉ ̒̔ ̐̑̉̋́̈́̎̉ ̒́ ̯̃̆̑̏̃́̓̎̏̏̍ ̏̅ σπϷȟ 
́ ́̓ ̏̍̉ H ̉  ̏̈̎́̋̆ ̈́ ́̓̏̍̆ ̆̋̃̉̃́̌̆̎̓̎̆ ̪̒̉̍̆̓̑̉̉ ɉɉÉɊȡ ɀx, ɀy + 1, ɀz Ϲ ςɊ ̒̔ ̭̉̈̏̒̓́̃̆̎̉ 

̈̂̏̄ ̪̪́̒̎̉̆̄ ̐̑̉̋́̈́Ȣ 
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3.3.1. ˞ ̉̍̔̌̉̑́̎́ ̍̏̌̆̋̔̌̒̋́ ̒̓̑̔̋̓̔̑́ 

˞̓ ̑̔̋̓̔̑̆ ̋ ̏̍̐̌̆̋̒́ K1 ̉ K2ȟ ̪̋̏̆ ̒̔ ̣̏̅̑̆̆̎̆ ̑̆̎̅̄̆̎̒̋̏̍ ̒̓̑̔̋̓̔̑̎̏̍ ́̎́̌̉̈̏̍, 
̙̯̋̏̑̉̆̎̆ ̒̔ ̋́̏ ̘̐̏̆̓̎ ̆̄ ̪̆̏̍̆̓̑̉ ̆̓ ̏̋̏̍ DFT ̏ ̗̪̐̓̉̍̉̈́̉̆Ȣ ˗́̏ ̙̓̏ ̪̆ ̪̑́̎̉̆ ̐̏̍̆̎̔̓̏ȟ 
̋̏̍̐̌̆̋̒ K1 ̪̐̏̋́̈̔̆ ̘̪̈̎́́̎̏ ̅̆̏̑̍̉̒́̎̔̕ ̏̋̓́̆̅́̑̒̋̔ ̪̄̆̏̍̆̓̑̉̔ ̔̒̌̆̅ ̐̑̉̒̔̒̓̃́ L1  ̉ 
̎̉̓̑̏-̌̉̄́̎́̅́, ́ ̏̃̆ ̌̉̄́̎̅̆ ̙̋́̑́̋̓̆̑̉̔ ̘̑́̈̌̉̉̓̆ ̌̆̋̒̉̂̉̌̎̏̒̓̉̕ ̉ ̅̏̎̏̑̒̋̆ 
̒̐̏̒̏̂̎̏̒̓̉ ̔̎̔̓́̑ ̗̋̏̏̑̅̉̎́̉̏̎̆ ̒̆̑̆̕Ȣ ˞̓̏̄́ ̪̆ ̋̏̍̐̌̆̋̒ K1 ̉̈́̂̑́̎ ̋́̏ ̍̏̅̆̌ ̈́ 
̗̐̑̏̆̎̔ ̪̯̏̅̄̏̃́̑́̔̆̄ ̎̉̃̏́ ̪̓̆̏̑̉̆Ȣ ˠ̐̏̑̆̅̎́ ̪̒̓̔̅̉́ ̪̆ ̙̭̏̒̍̉̆̎́ ̓́̋̏ ̅́ ̐̑ ̗̮̪̏̆̔̆ 
̪̮̑́̒̓̏́́ ̣̉̈̍̆̔ ̌̉̄́̎́̅́ ̉ Zn ̗̆̎̓̑́ȟ ̐̑̉ ̘̆̍̔ ̒̆ ̙̆̌̉̍̉̎̉̔ ̪̄̆̏̍̆̓̑̉̆ ̋̏̅ ̪̖̋̏̉ 
̪̐̏̒̓̏̆ ̃̆̌̉̋ ̮́̏̅̒̓̔̐́ ́̏̅ ̖̆̋̒̐̆̑̉̍̆̎̓́̌̎̉ ̃̑̆̅̎̏̒̓̉Ȣ ˑ́ ̂̉ ̒̆ ̗̐̑̏̆̎̉̏ ̗̪̔̓̉́ 
̗̔̎̋̉̏̎́̌́̕ ̎ ́ ̒̉̍̔̌̉̑́̎̔ ̪̄̆̏̍̆̓̑̉̔ ̋̏̍̐̌̆̋̒́ K1, ̐ ̮̑̉̍̆̆̎̏ ̪̆ ̙̃̉̆ ̗̔̎̋̉̏̎́̌́̕ ̒́ 
̘̑́̈̌̉̉̓̉̍ ̗̪́̐̑̏̋̒̉̍́̉́̍́ ̈́ ̆̆̋̓̆̕ ̉̈̍̆̎̆ ̉ ̗̪̋̏̑̆̌́̉̆ ̆̌̆̋̓̑̏̏̎́: B3LYP, PBEh1PBE 
ɉ̣̓́̋̏̆ ̐̏̈̎́̓ ̋́̏ 0"%π ̉̌̉ 0"%ÈɊȟ "60ψφȟ "σ07ωρȟ ,#-wPBE, CAM-"σ,90 ̉ 7"ωχ8$ȟ 
40334033ȟ Í07ρ07ωρ ̉ -πφ-ς8ȟ ̋́̏ ̙̓̏ ̒̔ ̉̍̐̌̆̍̆̎̓̉̑́̎̉ ̔ 'ÁÕÓÓÉÁÎ ρφ ̐̑̏̄̑́̍̒̋̏̍ 
̐́̋̆̓̔ [122] . ˜̗̑̏̆̎́ ̗̪̔̓̉́́ ̒̋̔̐́ ̗̪̔̎̋̉́̕ ̈́ ̒̓̑̔̋̓̔̑̔ ̋̏̍̐̌̆̋̒́ K1 ̪̆ ̣̓́̋̏̆ 
̓̆̒̓̉̑́̎́ ̐̑̉̍̆̎̏̍ ̎̆̋̏̌̉̋̏ ̒̋̔̐̏̃́ ̗̪̔̎̋̉́̕ ̘̑́̈̌̉̉̓̆ ̋̏̍̐̌̆̋̒̎̏̒̓̉Ȣ ˗́̏ ̙̓̏ 
̪̐̏̋́̈̔̔ ̑̆̈̔̌̓ ́̓̉ ̔ ̓́̂̆̌̉ 8, ̯̐̑̉̍̆̆̎́ ̪̆ ̗̪̓̆̎̅̆̎̉́ ̯̮̐̏̃̆́́ ̅̔̇̉̎̆ ̃̆̈̆ ̒́ 
̙̯̋̏̍̐̌̆̋̒̎̏̔ ̏̒̎̏̃̎̏̄ ̒̉̒̓̆̍́ȟ ̘̒̌̉̎̏ ̏̋̓́̆̅́̑̒̋̉̍ Co(III) ̋̏̍̐̌̆̋̒̉̍́ ̒́ ̖̆̌́̓̎̉̍ 
̌̉̄́̎̅̉̍́ [142, 143]. ˚́̋̏̎ ̐̑̉̍̆̎̆ ̪̋̑̉̓̆̑̉̔̍́ ̈́ ̅̔ ̇̉̎̆ ̃̆̈ȟ́ ̭̅́̉ ̏̅́̂̉̑ 
̖̒̉̍̔̌̉̑́̎̉ ̪̄̆̏̍̆̓̑̉́ ̈́̒̎̉̃́̏ ̒̆ ̎ ́ ̆̋̒̐̆̑̉̍̆̎̓́̌̎̉̍ ̃̑̆̅̎̏̒̓̉̍́ ̔̄̌̏̃́ (̓́ ̂̆̌́ 9). 
˔̂̏̄ ̒̋̏̑̏ ̉̅̆́̌̎̆ ̏̋̓́̆̅́̑̒̋̆ ̪̄̆̏̍̆̓̑̉̆ ̋̏̍̐̌̆̋̒́ K2 ̉ ̯̃̆̆ ̒̓̑̔̋̓̔̑̎̆ ̑̉̄̉̅̎̏̒̓̉, 
̒́ ̅̑̔̄̆ ̒̓̑́̎̆ȟ ̂̉̌̏ ̪̆ ̐̏̓̑̆̂̎̏ ̒́̍̏ ̎̆̋̏̌̉̋̏ ̖̐̑̏̂̎̉ ̗̪̏̐̓̉̍̉̈́̉́ ̅́ ̂̉ ̒̆ ̏̅́̂̑́̏ 
̪̓̆̏̑̉̒̋̉ ̎̉̃̏ ̈́ ̗̪̒̉̍̔̌́̉̔ ̒̓̑̔̋̓̔̑̆ ̏̃̏̄ ̋̏̍̐̌̆̋̒́ (̓́ ̂̆̌́ 10ɊȢ ˠ̪̯̈̉̍́̔̉ ̔ ̏̂̈̉̑ 
̅̏̂̑̔ ̙̔̒́̄̌́̆̎̏̒̓ ̣̉̈̍̆̔ ̖̒̉̍̔̌̉̑́̎̉ ̉ ̋̑̉̒̓́̌̏̄̑́̒̋̉̕ ̣̖̏̅̑̆̆̎̉ ̒̓̑̔̋̓̔̑́ȟ 
̯̍̏̄̔̎̏̒̓ ̮̖̉̏̃̏̄ ̣̮̐̏̑̆̆́ ̉ ̐̏̓̑̆̂̔ ̈́ ̗̪̋̏̑̆̋̉́̍́ ̅̔̄̏̄ ̅̏̍̆̓́ ̔̒̌̆̅ ̪̮̐̏̒̓̏́́ 
̘̪̈̎́́̎̆ ̗̪̅̆̌̏̋́̌̉̈́̉̆ ̔ ̒̉̒̓̆̍̉̍́, CAM-B3LYP ̪̆ ̏̅́̂̑́̎ ̈́ ̭̅́̆ ̘̐̑̏̑́̔̎̆ ̋́̏ ̅̏̂̑̏ 
̉̈̂́̌́̎̒̉̑́̎̏ ̙̮̑̆̆̆Ȣ 
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˟́̂̆̌́ 8. ˑ̔̇̉̎̆ ̖̏̅́̂̑́̎̉ ̃̆̈́ (Å) ̖̏̐̓̉̍̉̈̏̃́̎̉ ̪̄̆̏̍̆̓̑̉́ ̋̏̍̐̌̆̋̒́ K1 ̎́ 
̘̑́̈̌̉̉̓̉̍ ̎̉̃̏̉̍́ ̪̓̆̏̑̉̆ ̣̔̐̏̑̆̆̎e ̒́ ̗̐̏̅́̉̍́ ̪̅̏̂̉̆̎̉̍ ̉̈ ̋̑̉̒̓́̌̎̆ ̒̓̑̔̋̓̔̑̆ 
̋́̏ ̑̆̆̑̆̎̓̎̉̍̕ ̃̑̆̅̎̏̒̓̉̍́.́ 

 ˟̪̆̏̑̉̒̋̉ ̎̉̃̏ Ⱦ ̃̆ ̈́ 
:Îρɀ/ς  :Îρɀ.ρ  :Îρɀ.τ 
ςȟπσςχÁ  ςȟπφτφÁ  ςȟτωςσÁ 

ρ 0"%ρ0"% Ⱦ φȤσρ' ςȟπρσω  ςȟπωωρ  ςȟττψχ 

ς 0"%ρ0"% Ⱦ φȤσρρ' ςȟπτυσɕ  ςȟρρτπɕ  ςȟςχχψɕ 

σ 0"%ρ0"% Ⱦ ÄÅÆς4:60 ςȟππψυ  ςȟρτυυ  ςȟυψπψ 

τ "σ,90 Ⱦ φȤσρ' ςȟπςπυ  ςȟρρψχ  ςȟτωως 

υ "σ,90 Ⱦ φȤσρρ' ςȟπυυυɕ  ςȟρςφυɕ  ςȟσςωςɕ 

φ "σ,90 Ⱦ ÌÁÎÌςÄÚ ςȟπχπρɕ  ςȟρχρχɕ  ςȟσψψωɕ 

χ "σ,90 Ⱦ 

φȤσρ'ɉÄȟÐɊ ̈́ #ȟ /ȟ .ȟ ( 

,ÁÎ,ς$: ̈ ́:Î 

ςȟρσφφɕ 

 

ςȟςυπψɕ 

 

ςȟχωφχɕ 

ψ "σ,90 Ⱦ 

φȤσρϹ'ɉÄȟÐɊ ̈ ́/ 

φȤσρ'ɉÄɊ ̈ ́#ȟ . 

φȤσρ' ̈ ́( 

φȤσρρϹ'ɉÄȟÐɊ ̈ ́:Î 

ςȟπςτπ 

 

ςȟρσψχɕ 

 

ςȟυςυτɕ 

ω "σ,90 Ⱦ 

φȤσρϹ'ɉÄȟÐɊ ̈ ́/ȟ . 

φȤσρ'ɉÄɊ ̈ ́# 

φȤσρ' ̈ ́( 

φȤσρρϹ'ɉÄȟÐɊ ̈ ́:Î 

ςȟπρωω 

 

ςȟρυττ 

 

ςȟφπωσ 

ρπ "σ07ωρ Ⱦ φȤσρρ'ɉÄȟÐɊ ςȟππρφ  ςȟρςψσ  ςȟτςπσ 

ρρ "60ψφ Ⱦ φȤσρ' ςȟπςυτɕ  ςȟρπυψɕ  ςȟτυχωɕ 

ρς 40334033 Ⱦ φȤσρ' ςȟπρχς  ςȟπωωπ  ςȟττρωɕ 

ρσ 7"ωχ8$ Ⱦ φȤσρ' ςȟππψπɕ  ςȟρπυςɕ  ςȟτυρχɕ 

ρτ Í07ρ07ωρ Ⱦ φȤσρ' ςȟπρπς  ςȟπωχφ  ςȟτυσπ 

ρυ ,#Ȥ×0"% Ⱦ φȤσρ' ρȟωωυυ  ςȟπψςτ  ςȟττπχ 

ρφ ,#Ȥ×0"% Ⱦ φȤσρρ'ɉÄȟÐɊ ρȟωψυσ  ςȟρρσω  ςȟσωπχ 

ρχ -πφȤς8 Ⱦ φȤσρ' ςȟπφπφɕ  ςȟρςωυɕ  ςȟτσψσɕ 

ρψ #!-Ȥ"σ,90 Ⱦ φȤσρ' ςȟππσσɕ  ςȟπωψπɕ  ςȟτυτυɕ 

ρω #!-Ȥ"σ,90 Ⱦ φȤσρρ' ςȟπσυς  ςȟρρρυ  ςȟςψωπɕ 

ςπ #!-Ȥ"σ,90 Ⱦ φȤσρρ'ɉÄȟÐɊ ρȟωωπς  ςȟρςτφ  ςȟτρττ 
* ̮̒̑̆̅́ ̃̑̆̅̎̏̒̓ 

 

 

 

 

 



 

72 

 

˟́̂̆̌́ 9. ˏ̑̆̅̎̏̒̓̉ ̖̏̅́̂̑́̎̉ ̔̄̌̏̃́ (Å) ̖̏̐̓̉̍̉̈̏̃́̎̉ ̪̄̆̏̍̆̓̑̉́ ̋̏̍̐̌̆̋̒́ K1 ̎́ 
̘̑́̈̌̉̉̓̉̍ ̎̉̃̏̉̍́ ̪̓̆̏̑̉̆ ̣̔̐̏̑̆̆̎  ̆̒́ ̗̐̏̅́̉̍́ ̪̅̏̂̉̆̎̉̍ ̉̈ ̋̑̉̒̓́̌̎  ̆̒̓̑̔̋̓̔̑ ̆̋́̏ 
̑̆̆̑̆̎̓̎̉̍̕ ̃̑̆̅̎̏̒̓̉̍́.́ 

ˠ̄́̏ Ⱦ ˟̆ ̪̏̑̉̒̋̉ ̎̉̃̏ 

-07ρ07
ωρ 

φȤσρ' 

"σ,90 

φȤσρ' 

"60ψφ 

φȤσρ' 

40334033 

φȤσρ' 

#!-Ȥ"σ,90 

φȤσρρ'ɉÄȟÐɊ 

.ρɀ:Îρɀ.τȟ  

.ρͺÁɀ:Îρɀ.τͺÁ 
ÃÉÓ φψȟυψÁ   φωȟρς   φψȟχπ   φωȟτχ   φωȟυς   φψȟυφ 

.τɀ:Îρɀ.τͺÁ   ÃÉÓ χτȟψωÁ   χχȟχω   ψρȟςσ   ψρȟχπ   χχȟπχ   χφȟωφ 
/ςɀ:Îρɀ.τȟ 
/ςͺÁɀ:Îρɀ.τͺÁ  

ÃÉÓ ψψȟςχÁ   ψψȟςπ   ψχȟχρ   ψχȟσπ   ψχȟςψ   ψυȟως 

.ρɀ:Îρɀ.τͺÁȟ 

.τɀ:Îρɀ.ρͺÁ 
ÃÉÓ ψψȟχφÁ   ψωȟσπ   ψωȟςπ   ψψȟψφ   ψψȟχτ   ωςȟχπ 

/ςɀ:Îρɀ.ρͺÁȟ 
.ρɀ:Îρɀ/ςͺÁ  

ÃÉÓ ωπȟρςÁ   ψτȟωω   ψυȟρυ   ψτȟςπ   ψτȟρπ   ψφȟωχ 

/ςɀ:Îρɀ.ρͺÁȟ 
.ρɀ:Îρɀ/ςͺÁ              

ÃÉÓ ρπυȟρυÁ ρρπȟπς ρρρȟπφ ρρρȟχυ ρρπȟτχ ρπτȟψυ 

/ςɀ:Îρɀ/ςͺÁ      ÃÉÓ ρρτȟυτÁ ρρτȟψπ ρρςȟψυ ρρσȟςω ρρχȟττ ρρωȟχρ 

.ρɀ:Îρɀ.ρͺÁ   ÔÒÁÎÓ ρυρȟψπÁ      ρυςȟφπ ρυρȟςσ ρυρȟφσ ρυςȟυπ ρυφȟφσ 

/ςɀ:Îρɀ.τͺÁȟ 
.τɀ:Îρɀ/ςͺÁ            

ÔÒÁÎÓ ρυςȟχπÁ       ρυπȟτσ ρυρȟυω ρυρȟυς ρτωȟσρ ρτωȟπς 

 

˟́̂̆̌́ 10. ˑ̔̇̉̎̆ ̖̏̅́̂̑́̎̉ ̃̆̈́ (Å) ̖̏̐̓̉̍̉̈̏̃́̎̉ ̪̄̆̏̍̆̓̑̉́ ̋̏̍̐̌̆̋̒́ K2 ̎́ 

̘̑́̈̌̉̉̓̉̍ ̎̉̃̏̉̍́ ̪̓̆̏̑̉̆ ̣̔̐̏̑̆̆̎ ̆̒ ́ ̗̐̏̅́̉̍́ ̵̪̅̏̉̆̎̉̍ ̉̈ ̋̑̉̒̓́̌̎̆ ̒̓̑̔̋̓̔̑̆ ̋́̏ 

̑̆̆̑̆̎̓̎̉̍̕ ̃̑̆̅̎̏̒̓̉̍́Ȣ́ 

ˏ̆̈́ Ⱦ ˟̆ ̪̏̑̉̒̋̉ ̎̉̃̏ 

 "σ,90 

φȤσρ' 

"σ,90 

φȤσρρ' 

"σ,90 

φȤσρρ'ɉÄȟÐɊ 

"σ,90 

φȤσρρ'ȟ 
ÌÁÎÌςÄÚ 

#!-Ȥ"σ,90 

φȤσρρ'ɉÄȟÐɊ 

:Îρɀ/ρ        ςȟππςσÁ       ςȟπτψ ςȟπσχ ςȟπσς ςȟπυω ςȟπρς 
:Îρɀ/σ        ςȟτφππÁ       ςȟχτψ ςȟυχψ ςȟσσπ ςȟτπρ ςȟτρρ 
:Îρɀ/τ        ςȟπςρρÁ  ςȟπρς ςȟπσω ςȟπχφ ςȟρςω ςȟπςπ 
:Îρɀ/υ        ρȟωψπυÁ  ρȟωψψ ρȟωωφ ρȟωωω ςȟπσχ ρȟωχω 
:Îρɀ.ρ        ςȟπψρσÁ       ςȟπφχ ςȟπφσ ςȟρπσ ςȟρτρ ςȟπχυ 
:Îρɀ.σ        ςȟστψφÁ       ςȟσσσ ςȟσρω ςȟστφ ςȟσψσ ςȟσρυ 
:Îςɀ/ςȟ /ςͺÁ             ςȟρςπρÁ      ςȟρςχ ςȟρρσ ςȟρπτ ςȟρυς ςȟπωψ 
:Îςɀ/τȟ /τͺÁ             ςȟπωσφÁ  ςȟπρρ ςȟπσω ςȟπχχ ςȟρςω ςȟπςπ 
:Îςɀ/φȟ /φͺÁ             ςȟπψτφÁ      ςȟρρσ ςȟρρρ ςȟρπτ ςȟρσφ ςȟπψσ 

 

3.3.2. ̠ ̗̪̃́̎̓̉̉̋́̉́̕ ̖̋̏̃́̌̆̎̓̎̉ ̗̪̉̎̓̆̑́̋̉́ 

˜̑̉̑̏̅̎́ ̗̐̏̐̔̌́̉̏̎́ ́̎́̌̉̈́ (̆̎̄̌. Natural Population Analysis, NPA) ̙̉̈̃̑̆̎́ ̪̆ ̔ ̗̭̉̔ 
̘̮̐̑̏̔́̃́́ ̪̘́̉̎̆ ̉ ̐̑̉̑̏̅̆ ̗̪̅̆̌̏̋́̌̉̈́̉̆ ̮̎́̆̌̆̋̓̑̉̒́́ ̉ ̓̆̎̅ ̗̪̆̎̉̆ ̮̅̏̎̉̑́́ 
̆̌̆̋̓̑̏̎́ ̘̖̑́̈̌̉̉̓̉ ̌̉̄́̎́̅́Ȣ ˕̘̈̑́̔̎́̓́ ̐̑̉̑̏̅̎́ ́̓̏̍̒̋́ ̮̎́̆̌̆̋̓̑̉̒́́ (̆̎̄̌Ȣ 
Natural Atomic Charges, NAC) ̉  ̐̑̉̑̏̅̎̆ ̆̌̆̋̓̑̏̎̒̋̆ ̗̪̋̏̎̉̄̔̑́̉̆̕ (̆̎̄̌Ȣ Natural Electron 
Configurations, NEC) ̈́ ̖̪̯̆̌̉̑́̔ ̆́̓̏̍̆ ̌̉̄́̎̅́ N ̉  O ɉ̉ ̔ ̒̌̏̂̏̅̎̉̍ ̉ ̔ ̋̏̏̑̅̉̎̉̑́ ̎̉̍ 
̍̏̌̆̋̔̌̉̍Ɋ́ ̋́̏ ̉ ̈́ Zn ̋ ̪́̓̏̎ ̈́ ̋̏̍̐̌̆̋̒̆ 1 ̉  2 ̒ ̔̍̉̑́̎̉ ̒̔ ̔ ̓́̂̆̌́̍́ 11 ̉  12, ̑ ̆̅̏̍. 
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ˠ ̒̌̏̂̏̅̎̉̍ ̌̉̄́̎̅̉̍́ȟ ̮̐̏̐̔̆̎̏̒̓ p-̏̑̂̉̓́̌́ ̋̏̅ N ̉  O ́ ̓̏̍́ ̪ ̆ ̯̃̆́ ̏̅ ̘̏̆̋̉̃́̎̆ 
ɉ̎̐̑Ȣ ̘̏̆̋̉̃́̎́ ̆̌̆̋̓̑̏̎̒̋́ ̗̪̋̏̎̉̄̔̑́̉́̕ N ̪̆ 1s2 2s2 2p3Ɋ ̈̂̏̄ ̗̪̅̆̌̏̋́̌̉̈́̉̆ 
̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆ ̔̎̔̓́̑ ̍̏̌̆̋̔̌́Ȣ ˚́̋̏̎ ̗̪̋̏̏̑̅̉̎́̉̆ ̒́ Zn(II)  ̪̋́̓̏̎̏̍ ̅̏̌́̈̉ ̅  ̏
̂̌́̄̏̄ ̮̮̒̍́̆́ ̮̐̏̐̔̆̎̏̒̓̉ 2s-̏̑̂̉̓́̌́ ̉ ̯̮̐̏̃̆́  ̮́̐̏̐̔̆̎̏̒̓̉ 2p-̏̑̂̉̓́̌́ ́̓̏̍́ N 

 ̉ O, ̙̓̏ ̯̏̍̏̄̔́̃́ ̭̮̅̆̆̆ ̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆ ̒́ Zn(II)  ̪̋́̓̏̎̏̍Ȣ ˜̑̏̍̆̎̆ ̔ 
̮̎́̆̌̆̋̓̑̉̒́̔ ̪̯̖̃̆̈̔̔̉ ́̓̏̍́ ̎̉̒̔ ̘̅̑́̒̓̉̎̆ȟ ́̌̉ ̒̔ ̭̅̏̃̏̎̆ ̅́ ̔̋́̇̔ ̎́ ̮̖̉̏̃̔ 
̪̯̏̐́̅́̔̔ ̒̐̏̒̏̂̎̏̒̓ ̮̅̏̎̉̑́́ ̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆ Zn(II)  ̪̋́̓̏̎ ̔ ̐̑̆̍́ ̑̆̅̏̒̌̆̅̔ 
O(2)NO3 > N(1)pm > N(4)azo, ̙̓̏ ̪̆ ̔ ̒̋̌́̅̔ ̒́ ̪̘́̉̎̏̍ ̃̆̈̆ ̣̉̈̍̆̔ ́̓̏̍́ Zn ̉ ̖̌̉̄́̓̏̑̒̋̉ 
́̓̏̍́. ˒ ̌̆̋̓̑̏̎̒̋́ ̗̪̋̏̎̉̄̔̑́̉́̕ Zn(II) ̪̏̎́ ̪̆ 4s0 3d10. ˚́̋̏̎ ̮̏̑̍̉̑́́̕ ̋̏̍̐̌̆̋̒́ K1, 
̮̐̏̐̔̆̎̏̒̓ s-̏̑̂̉̓́̌̆ ̎̆̈̎́̓̎̏ ̑́̒̓̆ ̎́ 4s0,33, ʜʦʢ ʿʝ ʧʨʦʤʝʥʘ ʢʦʜ d-̏̑̂̉̓́̌́ ̭̈́̎̆̍́̑̉̃́ 
̒́ ̙̯̃̑̆̅̎̏̔ 3d9,96 (̓́̂̆̌́ ρρ). ˜̏̑̆̅ ̓̏̄́ȟ ̏̑̍́̌̎̏̕ ̮̎́̆̌̆̋̓̑̉̒́̆ Zn(II)  ̪̋́̓̏̎́ je 
+2,000e ̉ ̪̎̉̆ ̒̆ ̘̅̑́̒̓̉̎̏ ̐̑̏̍̆̎̉̌̏ ̔̒̌̆̅ ̮̋̏̍̐̌̆̋̒̉̑́́ (̓́ ̂̆̌́ 11ȟ ̃̑̆̅̎̏̒̓ 
+1,6907eɊȟ ̙̓̏ ̪̔̋́̈̔̆ ̎́ ̑̆̌́̓̉̃̎̏ ̒̌́̂ ̓̑́̎̒̆̑̕ ̎ ̮́̆̌̆̋̓̑̉̒́́ ̒ ́ ̌̉̄́̎̅́ [144, 145]. 

˟́̂̆̌́ 11. ˕̘̈̑́̔̎́̓́ ̐̑̉̑̏̅̎́ ́̓̏̍̒̋́ ̮̎́̆̌̆̋̓̑̉̒́́ (NAC) ̉  ̐̑̉̑̏̅̎̆ ̆̌̆̋̓̑̏̎̒̋̆ 
̗̪̋̏̎̉̄̔̑́̉̆̕ (NEC) ̔  ̒̌̏̂̏̅̎̉̍ ̍̏̌̆̋̔̌̉̍́Ⱦ̪̏̎̉̍́ ̔ ̋̏̍̐̌̆̋̒̔ K1. 
ˍ̓̏̍̉ ˞̌̏̂̏̅́̎ ̍̏̌̆̋̔̌Ⱦ̪̏̎ ˗̏̍̐̌̆̋̒ 1* 
NACs   
L1: N(1)pm  ɀ0,4826 Ϻ0,6421 
L1: N(4)azo  ɀ0,1445 Ϻ0,2181 
O(2)NO3  ɀ0,5852 Ϻ0,7625 
Zn(1)       /  +1,6907 
NECs**   
L1: N(1)pm  [He]2s1,37 2p4,10 3p0,01 3d0,01 [He]2s1,35 2p4,27 3p0,02 
L1: N(4)azo  [He]2s1,40 2p3,72 3s0,01 3p0,01 3d0,01 [He]2s1,37 2p3,81 3s0,01 3p0,02 3d0,01 
O(2)NO3  [He]2s1,76 2p4,81 [He]2s1,77 2p4,98 3p0,01 
Zn(1)            /  [Ar]4s0,33 3d9,96 4p0,01 5s0,01 
* ʇʦʣʦʚʠʥʘ ʧʦʜʘʪʘʢʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʩʠʤʝʪʨʠʯʥʦʩʪ ʢʦʤʧʣʝʢʩʘ ʠʣʠ ʤʦʣʝʢʫʣʘ 

˚̆̋̏̏̑̅̉̎̉̑́̎̉ ̌̉̄́̎̅ L2 ̉̍́ ̘̒̌̉̎̆ ̃̑̆̅̎̏̒̓̉ ̮̎́̆̌̆̋̓̑̉̒́́ ̈ ́́̓̏̍̆ N ̋́̏ L1, 
̐̑̉ ̘̆̍̔ ́̓̏̍ N ̐ ̉̑̉̅̉̎́ ̎̏̒̉ ̙̎̆̓̏ ̯̃̆̆ ̎̆̄́̓̉̃̎̏ ̮̎́̆̌̆̋̓̑̉̒́̆ ɉ̓́ ̂̆̌́ 12ɊȢ ˟̣́̋̏̆ȟ 
̗́̆̓́̓̎̉ ́̓̏̍̉ ˛ ̪̉̍́̔ ̯̃̆̆ ̮̎́̆̌̆̋̓̑̉̒́̆ ̔ ̏̅̎̏̒̔ ̎́ ̎̉̓̑́̓̎̆  
́̓̏̍̆ Ȣ̨ ˡ̮̏̑̍̉̑́̆ ̓̑̉̎̔̋̌̆́̑̎̏̄ ̋̏̍̐̌̆̋̒́ K2 ̅̏̃̏̅̉ ̅̏ ̐̑̏̍̆̎́ ̔ ̮̐̏̐̔̆̎̏̒̓̉ s-  ̉
p-̏̑̂̉̓́̌́ ̪̯̖̃̆̈̔̔̉ ́̓̏̍́ ̒ ̘̖̌̉̎̉ ̏̎̉̍́ ̪̋̏̉ ̒̔ ̘̔̏̆̎̉ ̔ ̋̏̍̐̌̆̋̒̔ K1Ȣ ˠ ̋̏̍̐̌̆̋̒̔ K2 
̒̆ ̪̑́̈̌̉̋̔̔ ̅̃́ Zn(II) ̗̆̎̓̑́ȟ ̐̑̉ ̘̆̍̔ ̎́ ̒̃́̋̉ ̘̔̓̉̔ ̘̑́̈̌̉̉̓́ ̌̉̄́̎̅̎́ ̭̐̏́. Zn(II)  
̗̆̎̓́̑ ̋̏̏̑̅̉̎̉̑́ ̎ ̒́ L2 ̉ ̗́̆̓́̓̎̉̍ ̪́̎̏̎̉̍́ ̉̍́ ̙̎̆̓̏ ̮̍́̆ ̐̏̈̉̓̉̃̎̏ 
̮̎́̆̌̆̋̓̑̉̒́̆ ̔ ̏̅̎̏̒̔ ̎́ Zn(II)  ̗̆̎̓́̑ ̏̋̑̔̇̆̎ ̒́̍̏ ̗́̆̓́̓-̪̏̎̉̍́. ˟̑́̎̒̆̑̕ 
̮̎́̆̌̆̋̓̑̉̒́́ ̪̆ȟ ̙̙̓́̃̉̆ȟ ̯̃̆̉ ̈́ Zn(II)  ̗̆̎̓̑̆ ̏̋̑̔̇̆̎̆ ̘̑́̈̌̉̉̓̉̍ ̌̉̄́̎̅̉̍́ ̔ ̏̂́ 
̋̏̍̐̌̆̋̒́Ȣ ˙̣̆̔̓̉̍ȟ ̘̒̌̉̎̏ ̋̏̍̐̌̆̋̒̔ K1ȟ ̮̮̒̍́̆̆ ̮̎́̆̌̆̋̓̑̉̒́́ ̗̆̎̓̑́̌̎̏̄ ̪̏̎́ 

̍̆̓́̌ ́̒ ́+2,000e ̎́ ̐̑̉̂̌̉̇̎̏ +1,7e ̪̔̋́̈̔̆ ̎́ ̑̆̌́̓̉̃̎̏ ̒̌́̂ ̓̑́̎̒̆̑̕ ̮̎́̆̌̆̋̓̑̉̒́́ 
̒́ ̌̉̄́̎̅́ ̎́ ̪̏̎ ̍̆̓́̌ ́(LMCT). 

ˍ̎́̌̉̈́ ̖̐̑̉̑̏̅̎̉ ̖̃̆̈̉̃̎̉ ̏̑̂̉̓́̌́ ɉ̆̎̄̌Ȣ Natural Bond Analysis, NBO) ̐ ̮̑̉̍̆̆̎́ 
̪̆ ̔ ̗̭̉̔ ̮̋̃́̎̓̉̉̋̏̃́́̕ ̗̪̅̆̌̏̋́̌̉̈́̉̆ ̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆ ̣̉̈̍̆̔ ̌̉̄́̎́̅́ ̉ ̪̏̎́ 
̍̆̓́̌́Ȣ 

 

 



 

74 

 

˟́̂̆̌́ 12. ˕̘̈̑́̔̎́̓́ ̐̑̉̑̏̅̎́ ́̓̏̍̒̋́ ̮̎́̆̌̆̋̓̑̉̒́́ (NAC) ̉  ̐̑̉̑̏̅̎̆ ̆̌̆̋̓̑̏̎̒̋̆ 
̗̪̋̏̎̉̄̔̑́̉̆̕ (NEC) ̔  ̒̌̏̂̏̅̎̉̍ ̍̏̌̆̋̔̌̉̍́Ⱦ̪̏̎̉̍́ ̔ ̋̏̍̐̌̆̋̒̔ K2. 
ˍ̓̏̍̉ ˞̌̏̂̏̅́̎ ̍̏̌̆̋̔̌Ⱦ̪̏̎ ˗̏̍̐̌̆̋̒ 2* 
NACs   
L2: N(1)py Ϻ0,4506 Ϻ0,6140 
L2: N(3)azo Ϻ0,1461 Ϻ0,2156 
O(3)ac Ϻ0,7979 Ϻ0,7135 
O(5)ac Ϻ0,8084 Ϻ0,8696 
O(4)ac Ϻ0,8084 Ϻ0,9814 
Zn(1)      /  +1,6826 
O(6)ac  Ϻ0,8298 
O(2)ac  Ϻ0,8160 
Zn(2)     /  +1,7313 
NECs**   
L2: N(1)py [He]2s1,35 2p4,08 3p0,01 3d0,01 [He]2s1,34 2p4,25 3p0,02 
L2: N(3)azo [He]2s1,39 2p3,73 3s0,01 3p0,01 3d0,01 [He]2s1,36 2p3,81 3s0,01 3p0,02 3d0,01 
O(4)ac  [He]2s1,71 2p5,08 [He]2s1,70 2p5,16 3p0,01 
O(3)ac  [He]2s1,71 2p5,07 [He]2s1,70 2p5,00 
O(5)ac  [He]2s1,71 2p5,08 [He]2s1,70 2p5,16 3p0,01 
Zn(1)           /  [Ar]4s0,33 3d9,97 4p0,01 
Zn(2)           /  [Ar]4s0,28 3d9,98 4p0,01 

* ̃ ̏̌̏̃̉̎́ ̐̏̅́̓́̋́ ̪̆ ̭̐̑̆̅̒̓́̃̆̎́ ̪̯̔̈̉̍́̔̉ ̔ ̏̂̈̉̑ ̘̒̉̍̆̓̑̉̎̏̒̓ ̋̏̍̐̌̆̋̒́ ̉̌̉ ̍̏̌̆̋̔̌́ 

 
˚́ ̏̒̎̏̃̔ ̘̐̑̏̑́̔̎́ ̪̋̏̉ ̒̔ ̅́̓̉ ̔ ̓́ ̂̆̌̉ 13ȟ ̒̃̆ ̃̆̈̆ ̣̉̈̍̆̔ Zn(II)  ̗̆̎̓̑́ ̉ 

̌̉̄́̎́̅́ ̔ ̋̏̍̐̌̆̋̒̔ K1 ̍̏̄̔ ̒̆ ̏̐̉̒́̓̉ ̋́̏ ̆̌̆̋̓̑̏̎-̅̏̎̏̑̒̋̆ȟ ̐̑̉ ̘̆̍̔ ̒̆ ̐̑̆̎̏̒ 
̮̎́̆̌̆̋̓̑̉̒́́ ̪̏̅̃̉́ ̒́ ̏̑̂̉̓́̌̆ ̒̌̏̂̏̅̎̏̄ ̆̌̆̋̓̑̏̎̒̋̏̄ ̐́̑́ (LP) ̋ ̖̏̏̑̅̉̎̉̑́̎̉ ́ ̓̏̍́ 
̌̉̄́̎̅́ (LP*) ̔ ̐̑́̈̎̔ ̏̑̂̉̓́̌̔ Zn ̗̆̎̓̑́. ˛̑̂̉̓́̌̆ N(1)pm  ̉O(2)NO3 ́̓̏̍́ ̒̔ ̎́̒̓́̌̆ 
̮̋̏̍̂̉̎̏̃́̆̍ ̐̑̉̂̌̉̇̎̏ 24% s-  ̉76% p-̖́̓̏̍̒̋̉ ̏̑̂̉̓́̌́. N(4)azo ́̓̏̍̉ ̘̪̔̆̒̓̃̔̔ ̔ 
̍̆̓́̌-̌̉̄́̎̅ ̗̪̉̎̓̆̑́̋̉́̍́ ̒́ ̐̑̉̂̌̉̇̎̏ σ3% s ̉  67% p-̖́̓̏̍̒̋̉ ̏̑̂̉̓́̌́, ̅ ̏̋ ́ ̓̏̍ Zn 
̅̏̐̑̉̎̏̒̉ ̒́ (99,85%) ́̓̏̍̒̋̆ ̏̑̂̉̓́̌̆ ̅̏̍̉̎́̎̓̎̏ s-̋́̑́̋̓̆̑́Ȣ ˶̘́̉̎́ ̪̆̎̆̑̄̉́ 
̗̪̉̎̓̆̑́̋̉̆ (E2, ̓́ ̂̆̌́ 13) ̣̉̈̍̆̔ ̅̏̎̏̑-̗́̋̆̐̓̏̑ ̏̑̂̉̓́̌́ ̣̪̐̏̓̃̑̔̆ ̓̑̆̎̅̏̃̆ ̔ 
̆̋̒̐̆̑̉̍̆̎̓́̌̎̏ ̣̏̅̑̆̆̎̉̍ ̅̔̇̉̎́̍  ́̃̆̈́ (̓́ ̂̆̌́ 7) ̉ ̘̉̈̑́̔̎́̓̆ ̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆ 
(̓́̂̆̌́ 14). 

˞̘̌̉̎̏ ̓̏̍̆ȟ Zn(II)  ̗̆̎̓̑̉ ̒̔ ̋̏̏̑̅̉̎̉̑́̎̉ ̒́ ́̓̏̍̉̍́ ́̈̏̓́ ̉ ̋̉̒̆̏̎̉̋́ ̐̑̆̋̏ 
̉̒̓̏̄ ̓̉̐́ ̆̌̆̋̓̑̏̎-̖̅̏̎̏̑̒̋̉ ̏̑̂̉̓́̌́ ̪̯̖̃̆̈̔̔̉ ́̓̏̍́ (LP) ̉ ̆̌̆̋̓̑̏̎-̗̖́̋̆̐̓̏̑̒̋̉ 
̏̑̂̉̓́̌́ ́̓̏̍́ ̍̆̓́̌́ (LP*). ̊ ̪̯́̃̆́ ̑́̈̌̉̋́ ̣̉̈̍̆̔ Zn ̗ ̆̎̓́̑́ ̔ ̋̏̍̐̌̆̋̒̉̍́ K1 ̉ K2 ̪ ̆ 
̯̃̆̉ ̪̂̑̏ ̌̉̄́̎́̅́ ̋̉̒̆̏̎̉̋́ ̪̋̏̉ ̪̏̋̑̔̇̔̔ Zn ̗̆̎̓̑̆ ̔ ̋̏̍̐̌̆̋̒̔ K2Ȣ ˜̑̆̍́ ̓́ ̂̆̌̉ 13, 
̪̆̎̆̑̄̉̆ ̉̎̓̆̑́ ̗̪̋̉́ ̣̉̈̍̆̔ ́̓̏̍́ Zn ̉  ̋̉ ̒̆̏̎̉̋́ ̉̈ ̗̖́̆̓́̓̎̉ ̌̉̄́̎́̅́ ̒̔ ̙̎̆̓̏ ̎̉̇̆Ȣ 

˕́̋̏ ̅̆̌̏̋́̌̉̈̏̃́̎̆ȟ ʌ* a̎ ̪̯̓̉̃̆̈̔̔̆ ̏̑̂̉̓́̌̆ ̐̉̑̉̅̉̎Ⱦ̐̉̑̉̍̉̅̉̎̒̋̏̄ ̐̑̒̓̆̎́ 
̍̏̄̔ ̅̆̌̏̃́̓̉ ̋́̏ ̗́̋̆̐̓̏̑̉ ̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆ ̍̆̓́̌́ ̉ ̏̑̍̉̑́̓̉̕ ̗̪̉̎̓̆̑́̋̉̆ ̒́ 
̪̏̎̉̍́ ̍̆̓́̌́ ̐̑̆̋̏ ʌ-̐̏̃̑́̓̎̏̄ ̮̃̆̈̉̃́́Ȣ ˙̣̆̔̓̉̍ȟ ̪̆̎̆̑̄̉̆ ̖̏̃̉ ̗̪̉̎̓̆̑́̋̉́ ̒̔ ̔ ̏̂́ 
̋̏̍̐̌̆̋̒́ ̭̈́̎̆̍́̑̉̃̏ ̍́̌̆. 

˝̘́̈̌̉̉̓́ ̆̌̆̋̓̑̏̎̒̋́ ̄̔̒̓̉̎́ ̪̋̏̔ ̪̅̏̎̉̑́̔ ̌̉̄́̓̏̑̒̋̉ ́̓̏̍̉ ̉ ̪̮̑́̒̓̏́̆ ̣̉̈̍̆̔ 
́̓̏̍́ ̗̉̎̋́ ̉ ̪̯̖̐̏̃̆̈̔̔̉ ́̓̏̍́ ̒̔ ̗̐̏̒̌̆̅̉̆ ̖̒̓̆̑̎̉ ̮̒̍̆̓̉ȟ ̗̪̅̆̏̑̍́̉̆̕ ̖̆̌́̓̎̏̄ 
̐̑̒̓̆̎́ȟ ̪̆̎̆̑̄̉̆ ̗̪̒̓́̂̉̌̉̈́̉̆ ̉ ̘̆̌̆̋̓̑̏̒̓́̓̉̋̆ ̪̆̎̆̑̄̉̆Ȣ ˛̃̉ ̋̏̍̂̉̎̏̃́̎̉ ̅̏̐̑̉̎̏̒̉ 
̅̆̉̎̉̒́̌̉̕ ̒̔ ̙̏̐̓̉ ̖̪̆̍̉̒̋̉ ̐̑̏̉̌̕ ̖̋̏̏̑̅̉̎́̓̉̃̎̉ ̃̆̈́Ȣ 
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˟́̂̆̌́ υχ. ˛̅́̂̑́̎̆ ̅̏̎̏̑̒̋̆ NBO(i) ̉  ̗́̋̆̐̓̏̑̒̋̆ NBO(j) ̏ ̑̂̉̓́̌̆ ̔ ̋̏̍̐̌̆̋̒̉̍́ ˗ρ ̉ 
˗ς, ̐ ̮̏̐̔̆̎̏̒̓ ̏̑̂̉̓́̌̆ (Occ.), ̐ ̗̑̏̆̎́̓ ̖́̓̏̍̒̋̉ ̏̑̂̉̓́̌́ ̪̋̏̆ ̅̏̐̑̉̎̏̒̆ NBOs (AO%) 
̗̐̆̑̓̔̑̂́̉̏̎̆ ̪̆̎̆̑̄̉̆ ̅̑̔̄̏̄ ̑̆̅́ E2 (kcal/ mol) ̪̋̏̆ ̪̏̅̄̏̃́̑́̔ ̅̏̎̏̑-̗́̋̆̐̓̏̑ 
̗̪̉̎̓̆̑́̋̉́̍́ ̔ ̋̏̍̐̌̆̋̒̉̍́. 
 ˑ̏̎̏̑   ˍ̗̋̆̐̓̏̑  

E2 
NBO(i) Occ. AO% NBO(j) Occ. AO% 
̋̏̍̐̌̆̋̒ 1       
LP(2) O(2)NO3 1,9075 s(24,00)p(75,98) LP*(6)Zn 0,3293 s(99,85)p(0,01)d(0,13) 38,67 
LP(1) O(2)NO3  1,9665 s(54,29)p(45,69) LP*(6)Zn 0,3293 s(99,85)p(0,01)d(0,13) 9,89 
LP(1) N(1)pm  1,8941 s(24,33)p(75,65) LP*(6)Zn 0,3293 s(99,85)p(0,01)d(0,13) 30,14 
LP(1) N(4)azo   1,9277 s(33,21)p(66,76) LP*(6)Zn 0,3293 s(99,85)p(0,01)d(0,13) 17,88 
       
̋̏̍̐̌̆̋̒ 2    Zn(1) ̗̆̎̓́̑  
LP(1) N(1)py 1,8891 s(23,69)p(76,29) LP*(6)Zn 0,3330 s(99,90)p(0,07)d(0,03) 32,83 
LP(1) N(3)azo   1,9273 s(32,68)p(67,29) LP*(6)Zn 0,3330 s(99,90)p(0,07)d(0,03) 21,22 
LP(1) O(1)ac   1,9516 s(48,54)p(51,43) LP*(6)Zn 0,3330 s(99,90)p(0,07)d(0,03) 13,10 
LP(2) O(4)ac   1,8911 s(10,26)p(89,72) LP*(6)Zn 0,3330 s(99,90)p(0,07)d(0,03) 30,61 
LP(2) O(4)ac   1,8955 s(16,33)p(83,65) LP*(6)Zn 0,3330 s(99,90)p(0,07)d(0,03) 30,95 
LP(1) O(4)ac   1,9381 s(44,41)p(55,58) LP*(6)Zn 0,3330 s(99,90)p(0,07)d(0,03) 4,63 
LP(1) O(3)ac   1,9684 s(56,03)p(43,95) LP*(6)Zn 0, 3330 s(99,90)p(0,07)d(0,03) 4,68 
LP(2) O(5)ac   1,8871 s(12,37)p(87,61) LP*(6)Zn 0, 3330 s(99,90)p(0,07)d(0,03) 34,10 
LP(1) O(5)ac   1,9540 s(46,32)p(53,66) LP*(6)Zn 0, 3330 s(99,90)p(0,07)d(0,03) 12,51 
    Zn(2) ̗̆̎̓́̑  
LP(1) O(2)ac   1,9493 s(53,05)p(46,93) LP*(6)Zn 0,2827 s(99,99)d(0,01) 17,32 
LP(2) O(2)ac   1,8950 s(4,76)p(95,21) LP*(6)Zn 0,2827 s(99,99)d(0,01) 16,17 
LP(1) O(4)ac   1,9381 s(44,41)p(55,58) LP*(6)Zn 0,2827 s(99,99)d(0,01) 23,79 
LP(1) O(6)ac   1,9490 s(52,38)p(47,60) LP*(6)Zn 0,2827 s(99,99)d(0,01) 17,50 
LP(2) O(6)ac   1,8963 s(5,17)p(94,81) LP*(6)Zn 0,2827 s(99,99)d(0,01) 16,45 

LP(1) ̉  (2) ̘̪̏̈̎́́̃́̔ ̐̑̃̔ ̉ ̅̑̔̄̔ ̏̑̂̉̓́̌̔ ̒̌̏̂̏̅̎̏̄ ̆̌̆̋̓̑̏̎̒̋̏̄ ̐́̑́  
LP*(6) ̏ ̘̪̈̎́́̃́̔ ̏̑̂̉̓́̌̔ ̙̆̒̓̏-̗̆̎̓̑̉̑́̎̔ ̏̑̂̉̓́̌̔ ̒ ́ ̪̯́̎̓̉̃̆̈̔̔̉̍ ̋́̑́̋̓̆̑̏̍Ȣ 

3.3.3. K̃́̎̓̎́ ̓̆̏̑̉ ̪́ ́̓̏̍́ ̔ ̍̏̌̆̋̔̌̔ ɉQTAIM)  

ˎ́̅̆̑̏̃́ ɉ̆̎̄.̌ Bader) ́̎́̌̉̈́ ̋̃́̎̓̎̆ ̪̓̆̏̑̉̆ ́̓̏̍́ ̔ ̍̏̌̆̋̔̌̉̍́ (̆̎̄̌Ȣ Quantum 
Theory of Atoms in Molecules, QTAIM) ̪̆ ̏̅ ̃̆̌̉̋̏̄ ̘̪̈̎́́́ ̈́ ̘̮̐̑̏̔́̃́̆ ̘̖̑́̈̌̉̉̓̉ ̃̑̒̓́ 
̖̪̖̆̍̉̒̋̉ ̗̪̉̎̓̆̑́̋̉́ ̖̈́̒̎̏̃́̎̉ ̎́ ̪̓̏̐̏̌̏̄̉̉ ̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆ [146ɀ149]Ȣ ˠ 
̮̐̏̒̌̆̅̆ ̃̑̆̍̆ QTAIM ̒̆ ̒̃̆ ̙̃̉̆ ̮̪̐̑̉̍̆̔̆ ̈́ ́̎́̌̉̈̔ ̘̖̑́̈̌̉̉̓̉ ̃̑̒̓́ ̗̪̉̎̓̆̑́̋̉́ ̔ 
̋̑̉̒̓́̌̎̏̍ ̮̐́̋̏̃́̔ ̋ ̪̏̆ ̒̔ ̒̌́̂̆ ̉ ̋̏̍̐̌̉̋̏̃́̎̆ ̈́ ̣̮̏̅̑̆̉̃́̆ȟ ́̌̉, ̋ ́̅́ ̒ ̔ ̐̑̉̒̔̓̎̆ ̔ 
̃̆̌̉̋̏̍ ̪̂̑̏̔ȟ ̘̪̈̎́́̎̏ ̘̔̓̉̔ ̎́ ̋ ̑̉̒̓́̌̎̏ ̮̐́̋̏̃́̆ [150ɀ152]. 

˗́̋̏ ̂̉ ̒̆ ̏̅̑̆̅̉̌̆ ̒̌́̂̆ ̗̪̉̎̓̆̑́̋̉̆ȟ ̘̪̔̏̂̉́̆̎̉ ̪̋̑̉̓̆̑̉̔̍ ̪̆ ̣̮̐̏̑̆̆̆ 
̭̔̅́̆̎̏̒̓̉ ̣̉̈̍̆̔ ́̓̏̍́ ̉ ̈̂̉̑́ ̮̖̖̉̏̃̉ ˏ́̎ ̅̆̑ ˏ̖́̌̒̏̃̉ ̪̑́̅̉̔̒́Ȣ ˗́̅́ ̪̆ ̪̮̑́̒̓̏́̆ 
̮̍́̆ ̏̅ ̈̂̉̑́ ˏ́̎ ̅̆̑ ˏ̖́̌̒̏̃̉ ̪̑́̅̉̔̒́, ̪̐̏̒̓̏̉ ̉̈̃̆̒̎́ ̯̍̏̄̔̎̏̒̓ ̅́ ̯̆ ̒̆ ̗̪̉̎̓̆̑́̋̉́ 
̔̒̐̏̒̓́̃̉̓̉ȟ ̍́̅́ ̪̆ ̏̃́ ̗̐̑̏̆̎́ ̋̃́̌̉̓́̓̉̃̎́Ȣ QTAIM ̎̔̅̉ ̗̪̐̑̆̉̈̎̉̉ ̋̃́̎̓̉̓́̓̉̃̎̉ 
̏̐̉̒ ̗̘̖̒̐̆̉̉̎̉̕ ̗̪̉̎̓̆̑́̋̉́ȟ ̙̃̑̉ ̗̐̑̏̆̎̔ ̐̑̉̑̏̅̆ ̖̪̖̆̍̉̒̋̉ ̃̆̈́ ̉ ̗̪̉̎̓̆̑́̋̉́ 
̙̯̮̋̏̑̉̆̆̍ ̐́̑́̍̆̓́̑́ ̋́̏ ̙̓̏ ̒̔ ̆̌̆̋̓̑̏̎̒̋́ ̄̔̒̓̉̎́ ʍ(r), ˘̪́̐̌́̒̉́̎ ̆̌̆̋̓̑̏̎̒̋̆ 
̄̔̒̓̉̎̆Ð 2ʍ(r) , ̄̔̒̓̉̎́ ̐̏ ̗̪̓̆̎̉́̌̎̆ ̪̆̎̆̑̄̉̆ V(r), ̄̔̒̓̉̎́ ̘̋̉̎̆̓̉̋̆ ̪̆̎̆̑̄̉̆ G(r), ̉ 
̄̔̒̓̉̎́ ̔̋̔̐̎̆ ̪̆̎̆̑̄̉̆ ̆̌̆̋̓̑̏̎́ H(r)  ̎ ́ ̘̪̋̑̉̓̉̎̏ ̘̓́̋̉ ̮̃̆̈̉̃́́ (BCP).  

ˏ̑̆̅̎̏̒̓ ̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆ ʍ(r) ̎  ́ BCP ̒̆ ̘̏̂̉̎̏ ̋̏̑̉̒̓̉ ̋́̏ ̍̆̑́ ̪̘́̉̎̆ 
̗̪̉̎̓̆̑́̋̉̆ ̃̆̈̆ȟ ̐̏̒̆̂̎̏ ̈́ ʎ-̗̪̉̎̓̆̑́̋̉̔Ȣ ˏ̯̆́ ̆̌̆̋̓̑̏̎̒̋́ ̄̔̒̓̉̎́ ̎́ BCP ̪̔̋́̈̔̆ ̎́ 
̯̃̆̔ ̒̓̑̔̋̓̔̑̎̔ ̒̓́̂̉̌̎̏̒̓Ȣ ˘̪́̐̌́̒̉́̎ ̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆ȟ Ð 2ʍ(r)  ̘̏̈̎́́̃́ ̏̂̌́̒̓̉ ̔ 
̪̋̏̉̍́ ̪̆ ̆̌̆̋̓̑̏̎̒̋́ ̄̔̒̓̉̎́ ̮̒̍́̆̎́ ̉̌̉ ́̋̔̍̔̌̉̑́̎́Ȣ ˛̪̃́ ̏̐̆̑́̓̏̑ ̉̍́ ̎̆̄́̓̉̃̎̔ 
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̃̑̆̅̎̏̒̓ ̎́ BCP ̈́ ̗̪̉̎̓̆̑́̋̉̆ ̒́ ̐̏̅̆̌̏̍ ̖̆̌̆̋̓̑̏̎̒̋̉ ̘̏̍̏̓́́ ɉ̋́̏ ̙̓̏ ̒̔ ̋̏̃́̌̆̎̓̎̆ 
̗̪̉̎̓̆̑́̋̉̆Ɋȟ ̅̏̋ ̪̆ ̮̆̄̏̃́ ̃̑̆̅̎̏̒̓ ̐̏̈̉̓̉̃̎́ ̈́ ̗̪̉̎̓̆̑́̋̉̆ ̣̉̈̍̆̔ ̖̉̈̌̏̃́̎̉ 
̖̆̌̆̋̓̑̏̒̋̉ ̘̏̍̏̓́́ ɉ̋́̏ ̙̓̏ ̒̔ ̪̏̎̒̋̆ ̃̆̈̆ȟ ̘̃̏̅̏̎̉̎̆ ̃̆̈̆ȟ ˏ́ ̎ ̅̆̑ ˏ́̌̒̏̃̆ ̗̪̉̎̓̆̑́̋̉̆ɊȢ 

˗̏̍̂̉̎̏̃́̎̏ ̣̮̐̏̑̆̆̆ ̄̔̒̓̉̎́ ̔̋̔̐̎̆ ̪̆̎̆̑̄̉̆ ̆̌̆̋̓̑̏̎́, H(r) ̉ ̪̆́̐̌́̒̉́̎́ 
̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆ȟ Ð 2ʍ(r)  ̭̐̑̆̅̒̓́̃́ ̘̐̑́̋̓̉́̎ ̐̑̉̒̓̔̐ ̐̑̉̌̉̋̏̍ ̗̪̋́̑́̋̓̆̑̉̈́̉̆ 
̐̑̉̑̏̅̆ ̖̪̖̆̍̉̒̋̉ ̃̆̈́Ȣ ˠ̙̏̐̓̆̎̏ȟ ̋̏̅ ̖̋̏̃́̌̆̎̓̎̉ ̗̪̉̎̓̆̑́̋̉́ȟ ̆̌̆̋̓̑̏̎̉ ̒̔ ̙̃̉̆ 
̌̏̋́̌̉̈̏̃́̎̉ ̒́ ̑̆̌́̓̉̃̎̏ ̯̃̆̉̍ ̄̔̒̓̉̎́̍́ ̗̪̐̏̓̆̎̉́̌̎̆ ̪̆̎̆̑̄̉̆ V(r), ̒̓̏̄́ ̪̆ |V(r)| > 
G(r), ̙̓̏ ̑̆̈̔̌̓̉̑́ ̎̆̄́̓̉̃̎̏̍ ̙̯̃̑̆̅̎̏̔ ̈́ H(r).  ˞̔̐̑̏̓̎̏ ̓̏̍̆ȟ ̗̪̉̎̓̆̑́̋̉̆ ̣̉̈̍̆̔ 
̖̉̈̏̌̏̃́̎̉ ̖̆̌̆̋̓̑̏̎̒̋̉ ̘̏̍̏̓́́ ɉ̈́̓̃̏̑̆̎̆ ̭̔̒̋̆) ̙̋́̑́̋̓̆̑̉̆ ̂̑̇̆ ̮̋̑̆̓́̆ 
̆̌̆̋̓̑̏̎́ȟ ̙̓̏ ̅̏̃̏̅̉ ̅̏ V(r)| < G(r) ̉ ̐̏̈̉̓̉̃̎̆ ̃̑̆̅̎̏̒̓̉ H(r)  [153, 154]. ˎ̭̏̆ 
̮̑́̈̔̍̆̃́̆ ̗̪̉̎̓̆̑́̋̉́ ̔ ̑́̒̐̏̎̔ ̏̅ ̖̒̌́̂̉ ̅̏ ̪̖́̋̉ ̐̏̒̓̉̇̆ ̒̆ ̮̑́̈̍́̓̑́̆̍ ̏̅̎̏̒́ |V(r)| 

 ̉G(r) (̘̏̈̎́̆̎̏ ̋́̏ k(r) = |V(r)| / G(r))  [154, 155]. ˏ ̯̆́ ̃̑̆̅̎̏̒̓ k(r) ̪̔̋́̈̔̆ ̎́ ̯̃̆̉ ̗̪̔̓̉́ 
V(r) ̔ ̏̅̎̏̒̔ ̎́ G(r). ˔ ́k(r) > 2, ̑̆̄̉̏̎ ̭̖̅̆̆̎̉ ̖̆̌̆̋̓̑̏̎̒̋̉ ̘̏̍̏̓́́ ̪̆ ̉̎̅̉̋́̓̉̃́̎ȟ 
̘̓̉̐̉́̎ ̈́ ̋̏̃́̌̆̎̓̎̆ ̃̆̈̆Ȣ ˏ̑̆̅̎̏̒̓ k(r) < 1, ̘̏̈̎́́̃́ ̏̂̌́̒̓ ̖̉̈̏̌̏̃́̎̉ ̖̆̌̆̋̓̑̏̎̒̋̉ 
̘̏̍̏̓́́ȟ ̙̓̏ ̪̆ ̘̋́̑́̋̓̆̑̉̒̓̉̎̏ ̈́ ̪̏̎̒̋̆ ̃̆̈̆Ȣ ˏ̑̆̅̎̏̒̓̉ ̣̉̈̍̆̔ ρ ̉ ς ̪̔̋́̈̔̔ ̎́ ̪̏̎̒̋̆ 
̃̆̈̆ ̒́ ̣̏̅̑̆̆̎̉̍ ̒̓̆̐̆̎̏̍ ̋̏̃́̌̆̎̓̎̏̒̓̉ ɉ̐̑̆̌́̈̎́ ̏̂̌́̒̓ȟ ̘̐̏̆̓̎̏ ̮̏̑̍̉̑́̆̕ 
̋̏̃́̌̆̎̓̎̆ ̃̆̈̆Ɋȟ ̭̘̪̯̔̋̔̔̔̉ ̋̏̏̑̅̉̎́̓̉̃̎̆ ̃̆̈̆Ȣ 

˔́ ̏̂́ ̒̌̏̂̏̅̎́ ̌̉̄́̎̅́ȟ L1  ̉L2ȟ ̘̔̏̆̎̆ ̒̔ ̃̆̏̍́ ̘̒̌̉̎̆ ̃̑̆̅̎̏̒̓̉ ̉ ̓̏ ̔ ̏̐̒̆̄̔ ̏̅ 
0,3458ɀ0,3537 a.u. ̈ ́ C=N ̖̗̘̆̓̆̑̏̉̋̌̉̎ ̉ ̐̑̒̓̆̎, 0,2983ɀ0,3046 a.u. ̈ ́ CɀN  
́̈̏-̄̑̔̐̆, 0,3136ɀ0,3159 a.u. ̈  ́C=C ̃ ̆̈̆  ̉0,4765ɀ0,4767 a.u. ̈  ́N=N ̃ ̆̈̔. ˛̃̆ ̃̑̆̅̎̏̒̓̉ ̒̔ 
̔ ̒̋̌́̅̔ ̒́ ̃̑̆̅̎̏̒̓̉̍́ ̈́ ̅̔̇̉̎̆ ̃̆̈́ ̔ ̒̉̍̔̌̉̑́̎̉̍ ̒̓̑̔̋̓̔̑́̍́ L1 ̉  L2Ȣ ˞̃̉ ̑̆̌̆̃́̎̓̎̉ 
̐́̑́̍̆̓̑̉ ɉ̎̆̄́̓̉̃̎́ ̃̑̆̅̎̏̒̓ ˘̪́̐̌́̒̉́̎́ ̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆, |V(r)| > G(r) ̉ ̎̆̄́̓̉̃̎́ 
̃̑̆̅̎̏̒̓ ̈́ H(r),  ̉ k(r) > 2Ɋ ̈́ ̗̪̋̌́̒̉̉̋́̉̔̕ ̗̪̉̎̓̆̑́̋̉́ ̎̆̅̃̏̒̍̉̒̌̆̎̏ ̪̔̋́̈̔̔ ̎́ 
̗̪̉̎̓̆̑́̋̉̆ ̒́ ̐̏̅̆̌̏̍ ̖̆̌̆̋̓̑̏̎̒̋̉ ̘̏̍̏̓́́, ̘̓̉̐̉́̎ ̋̏̃́̌̆̎̓̎̉ ̋́̑́̋̓̆̑ ̃̆̈́ ̔ 
̌̉̄́̎̅̉̍́Ȣ ˚́̋̏̎ ̗̪̋̏̏̑̅̉̎́̉̆ ̒́ ̗̆̎̓̑́̌̎̉̍ ̪̏̎̉̍́ ̍̆̓́̌́ȟ ̗̐̏̌́̑̉̈́̉̏̎̉ ̆̆̋́̓̕ 
Zn(II)  ̪ ̏̎́ ̉̈́̈̉̃́ ̐̑̆̑́̒̐̏̅̆̌̔ ̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆ ̔ ̘̋̑̉̓̉̎̉̍ ̘̓́̋́̍́ ̔ ̌̉̄́̎̅̉̍́Ȣ 

˜̑̆̍́ ʍ(r)  ̃̑̆̅̎̏̒̓̉̍́ȟ ̪̋̏̆ ̒̔ ̎́̃̆̅̆̎̆ ̔ ̓́ ̂̆̌̉ 14 ̈́ ̋̏̍̐̌̆̋̒ K1ȟ ̪̘́̉̎́ ̃̆̈̆ 
̏̐́̅́ ̔ ̎̉̈̔ :ÎɉρɊϺ/ɉςɊNO3 Є :ÎɉρɊϺ.ɉρɊpm Є :ÎɉρɊϺ.ɉτɊazo, ̙ ̓̏ ̪̆ ̔ ̒́̄̌́̒̎̏̒̓̉ ̒́ ̅̔̇̉̎́̍́ 
̃̆̈́ ɉ̓́̂̆̌́ 14). ˑ ̭́̆ȟ ̈̎́̋ ˘̪́̐̌́̒̉́̎́ ̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆ ̔  BCP ̔ ̪̋́̈̔̆ ̎́ ̗̪̉̎̓̆̑́̋̉̔ 
̪̏̎̒̋̆ ̐̑̉̑̏̅̆ ɉ̐̏̈̉̓̉̃̎̆ ̃̑̆̅̎̏̒̓̉Ɋȟ ̅̏̋ ̄̔̒̓̉̎́ ̔̋̔̐̎̆ ̪̆̎̆̑̄̉̆ ̆̌̆̋̓̑̏̎́, H(r)  
ɉ̎̆̄́̓̉̃̎̆ ̃̑̆̅̎̏̒̓̉Ɋ ̪̔̋́̈̔̆ ̎́ ̋̏̃́̌̆̎̓̎̉ ̋́̑́̋̓̆̑Ȣ ˞̓̏̄́ȟ Zn(II)  ̃̆̈̆ ̒́ ̌̉̄́̎̅̉̍́ 
̪̐̏̋́̈̔̔ ̎̉̒̋̔ ̆̌̆̋̓̑̏̎̒̋̔ ̄̔̒̓̉̎̔ȟ ̘̅̆̌̉̍̉̎̏ ̪̏̎̒̋̏̄ȟ ̘̅̆̌̉̍̉̎̏ ̋̏̃ ́̌̆̎̓̎̏̄ 
̋́̑́̋̓̆̑́ȟ ̙̓̏ ̪̆ ̘̪̔̏̂̉́̆̎̏ ̈́ ̋̏̏̑̅̉̎́̓̉̃̎̆ ̃̆̈̆Ȣ ˚́ ̏̒̎̏̃̔ ̪̘̖̐̏̆̅̉̎́̎̉ ̃̑̆̅̎̏̒̓̉ Ð 
2ʍ(r)   ̉ H(r) ̈́ ̒̃́̋̉ ̓̉̐ ̃̆̈̆ ̔ ̋̏̍̐̌̆̋̒̔ K1, ̪̏̎̒̋́ ̐̑̉̑̏̅́ ̏̐́̅́ ̐̑̆̍́ ̯̒̌̆̅̆̆̍ 
̑̆̅̏̒̌̆̅̔ȡ :ÎɉρɊϺ/ɉςɊNO3 Є :ÎɉρɊϺ.ɉρɊpm Є :ÎɉρɊϺ.ɉτɊazo. ˜̑̆̍́ ̃̑̆̅̎̏̒̓̉̍́ k(r), ̒̃̆ 
̗̪̉̎̓̆̑́̋̉̆ ̣̉̈̍̆̔ Zn2+ ̪̏̎́ ̉ ̌̉̄́̎́̅́ ̐̏̋́̈́̌̆ ̒̔ 1 < k(r) < 2, ̙̓̏ ̪̔̋́̈̔̆ ̎́ ̐̑̆̌́̈̎̔ 
̏̂̌́̒̓ ̉  ̘̐̏̆̓̎̏ ̮̏̑̍̉̑́̆̕ ̋̏̃́̌̆̎̓̎̆ ̃̆̈̆Ȣ 

ˠ ̍̏̌̆̋̔̌̔ 2ȟ ̯̐̑̉̍̆̆̎̏ ̪̆ ̮̮̒̍́̆̆ ̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆ ̎́ ̒̃̉̍ BCPȟ ̅̏̋ N=N ̉  
N(4)azoϺC(5)ph ̃̆̈̆ ̪̐̏̋́̈̔̔ ̉̒̓́ ̪̒̃̏̒̓̃́ ɉ̓́ ̂̆̌́ 15). ˏ̆̈̉̃̎̆ ̗̪̉̎̓̆̑́̋̉̆ ̣̉̈̍̆̔ Zn1 
̗̆̎̓̑́ ̉ ̖̋̏̏̑̅̉̎̉̑́̎̉ ́̓̏̍́ ̌̉̄́̎́̅́ ̔ ̋̏̍̐̌̆̋̒̔ K2 ̪̉̍́̔ ̘̒̌̉̎̆ ̃̑̆̅̎̏̒̓̉ QTAIM 
̐́̑́̍̆̓́̑́ ̋́̏ ̔ ̋̏̍̐̌̆̋̒̔ K1Ȣ ˞́̍̏ :ÎɉρɊϺ/ɉσɊac ̃̆̈́ ̉̍́ ̘̪̈̎́́̎̏ ̎̉̇̔ ̆̌̆̋̓̑̏̎̒̋̔ 
̄̔̒̓̉̎̔ȟ ̙̓̏ ̪̆ ̔ ̒̋̌́̅̔ ̒́ ̘̔̏̆̎̉̍ ̯̮̐̏̃̆́̆̍ ̮̆̎̆ ̅̔̇̉̎̆Ȣ ˒̌̆̋̓̑̏̎̒̋́ ̄̔̒̓̉̎́ ̎́ BCP 
̏̋̏ Zn(2) ̪ ̆ ̪̉̈̑́̇̆̎̉́ ̒́ ̮̒̍́̆̎̏̍ ̑́̈̌̉̋̏̍ ̣̉̈̍̆̔ ̐́̑́̍̆̓́̑́ V(r)  ̉G(r) (| VɉÒɊȿ І G(r)).  
˚́ ̏̒̎̏̃̔ ̃̑̆̅̎̏̒̓̉ k(r),  ̗̪̉̎̓̆̑́̋̉̆ ̣̉̈̍̆̔ Zn ̉ ̗́̆̓́̓̎̏̄ ̌̉̄́̎̅́ ̒̔ ̘̒̌̉̎̆ ̏̎̉̍́ 
̣̉̈̍̆̔ Zn ̉ ̎̉̓̑́̓́ ̋̏̏̑̅̉̎̉̑́ ̖̎̉ ̐̑̆̋̏ ́̓̏̍́ ̋̉̒̆̏̎̉̋́Ȣ ˙̣̆̔̓̉̍ȟ ̑́̒̐̏̅̆̌́ 
̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆ȟ ̗̪̐̏̓̆̎̉́̌̎́ ̪̆̎̆̑̄̉́ ̉ ̘̋̉̎̆̓̉̋̉ ̐̑̏̉̌̉̕ ̒̆ ̪̑́̈̌̉̋̔̔ ̣̉̈̍̆̔ 
̖̏̃̉ ̗̪̉̎̓̆̑́̋̉́Ȣ 
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˟́̂̆̌́ 14. ˟̙̏̐̏̌̏̋̉ ̐́̑́̍̆̓̑̉ ̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆ ̈́ ̒̌̏̂̏̅̎̉ ̌̉̄́̎̅ L1 ̉ ̋̏̍̐̌̆̋̒ 
K1: ̆̌̆̋̓̑̏̎̒̋́ ̄̔̒̓̉̎́ (ʍ(r)), ˘̪́̐̌́̒̉́̎ ̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆ (Ð 2 (́r)), ̄̔̒̓̉̎́ 
̗̪̐̏̓̆̎̉́̌̎̆ ̪̆̎̆̑̄̉̆ (V(r)), ̄̔̒̓̉̎́ ̘̋̉̎̆̓̉̋̆ ̪̆̎̆̑̄̉̆ (G(r)), ̉ ̄̔̒̓̉̎́ ̔̋̔̐̎̆ ̪̆̎̆̑̄̉̆ 
̆̌̆̋̓̑̏̎́ (H(r)) ̎́ ̘̋̑̉̓̉̎̉̍ ̘̓́̋́̍́ ̃̆̈̆ ɉσȟ ϺρɊȢ ˞̃̉ ̐́̑́̍̆̓̑̉ ̒̔ ̉̈̑́̇̆̎̉ ̔ ́̓̏̍̒̋̉̍ 
̪̗̆̅̉̎̉́̍́ (a.u) ̏ ̒̉̍ k(r) = |V(r)| / G(r).  

ˏ̆̈́ (́r) Ð 2 (́r) H(r)  V(r)  G(r)  k(r)  

L1 

C(1)pmϺN(1)pm 0,3536 Ϻ1,0811 Ϻ0,5044 Ϻ0,7384 0,2341 3,1547 
N(1)pmϺ C(2)pm 0,3472 Ϻ1,0032 Ϻ0,5059 Ϻ0,7609 0,2551 2,9833 
C(2)pmϺC(3)pm 0,3173 Ϻ0,9158 Ϻ0,3325 Ϻ0,4361 0,1036 4,2101 
C(3)pmϺC(4)pm 0,3173 Ϻ0,9162 Ϻ0,3326 Ϻ0,4361 0,1035 4,2129 
C(4)pmϺN(2)pm 0,3479 Ϻ1,0044 Ϻ0,5077 Ϻ0,7643 0,2566 2,9786 
N(2)pmϺC(1)pm 0,3537 Ϻ1,0927 Ϻ0,5055 Ϻ0,7377 0,2323 3,1760 
C(1)pmϺN(3)azo 0,3046 Ϻ0,9296 Ϻ0,3474 Ϻ0,4624 0,1150 4,0212 
N(3)azoϺN(4)azo 0,4767 Ϻ1,2475 Ϻ0,6052 Ϻ0,8984 0,2933 3,0634 
N(4)azoϺC(5)ph 0,2991 Ϻ0,8885 Ϻ0,3708 Ϻ0,5195 0,1487 3,4936 

̋̏̍̐̌̆̋̒ 1 

:ÎɉρɊϺ.ɉρɊpm 0,0654 0,2469 Ϻ0,0134 Ϻ0,0885 0,0751 1,1781 
:ÎɉρɊϺ.ɉτɊazo 0,0348 0,1170 Ϻ0,0049 Ϻ0,0391 0,0342 1,1435 
Zn(1)ϺO(2)NO3 0,0779 0,4021 Ϻ0,0091 Ϻ0,1188 0,1097 1,0834 
C(1)pmϺN(1)pm 0,3488 Ϻ1,0233 Ϻ0,5032 Ϻ0,7507 0,2474 3,0339 
N(1)pmϺ C(2)pm 0,3375 Ϻ0,8770 Ϻ0,4963 Ϻ0,7733 0,2770 2,7915 
C(2)pmϺC(3)pm 0,3190 Ϻ0,9307 Ϻ0,3360 Ϻ0,4394 0,1034 4,2505 
C(3)pmϺC(4)pm 0,3186 Ϻ0,9247 Ϻ0,3350 Ϻ0,4389 0,1039 4,2255 
C(4)pmϺN(2)pm 0,3458 Ϻ1,0010 Ϻ0,5038 Ϻ0,7573 0,2535 2,9872 
N(2)pmϺC(1)pm 0,3612 Ϻ1,1293 Ϻ0,5217 Ϻ0,7611 0,2394 3,1794 
C(1)pmϺN(3)azo 0,3023 Ϻ0,9026 Ϻ0,3405 Ϻ0,4553 0,1148 3,9652 
N(3)azoϺN(4)azo 0,4736 Ϻ1,2308 Ϻ0,5969 Ϻ0,8861 0,2892 3,0640 
N(4)azoϺC(5)ph 0,2964 Ϻ0,8378 Ϻ0,3879 Ϻ0,5664 0,1785 3,1734 
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˟́̂̆̌́ 15. ˟̙̏̐̏̌̏̋̉ ̐́̑́̍̆̓̑̉ ̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆ ̈́ ̒̌̏̂̏̅̎̉ ̌̉̄́̎̅ L2 ̉ ̋̏̍̐̌̆̋̒ 
K2: ̆̌̆̋̓̑̏̎̒̋́ ̄̔̒̓̉̎́ (ʍ(r)), ˘̪́̐̌́̒̉́̎ ̆̌̆̋̓̑̏̎̒̋̆ ̄̔̒̓̉̎̆ (Ð 2ʍ(r) ), ̄̔̒̓̉̎́ 
̗̪̐̏̓̆̎̉́̌̎̆ ̪̆̎̆̑̄̉̆ (V(r)), ̄̔̒̓̉̎́ ̘̋̉̎̆̓̉̋̆ ̪̆̎̆̑̄̉̆ (G(r)), ̉ ̄̔̒̓̉̎́ ̔̋̔̐̎̆ ̪̆̎̆̑̄̉̆ 
̆̌̆̋̓̑̏̎́ (H(r)) ̎́ ̘̋̑̉̓̉̎̉̍ ̘̓́̋́̍́ ̃̆̈̆ ɉσȟ ϺρɊȢ ˞̃̉ ̐́̑́̍̆̓̑̉ ̒̔ ̉̈̑́̇̆̎̉ ̔ ́̓̏̍̒̋̉̍ 
̪̗̆̅̉̎̉́̍́ (a.u) ̏ ̒̉̍ k(r) = |V(r)| / G(r).  

ˏ̆̈́ (́r) Ð 2 (́r) H(r)  V(r)  G(r)  k(r)  

L2 

C(1)pyϺN(1)py 0,3502 Ϻ1,0395 Ϻ0,5045 Ϻ0,7491 0,2446 3,0624 
N(1)pyϺC(5)py 0,3458 Ϻ0,9559 Ϻ0,5074 Ϻ0,7759 0,2685 2,8901 
C(5)pyϺC(4)py 0,3146 Ϻ0,8999 Ϻ0,3262 Ϻ0,4275 0,1012 4,2220 
C(4)pyϺC(3)py 0,3136 Ϻ0,8961 Ϻ0,3259 Ϻ0,4279 0,1019 4,1977 
C(3)pyϺC(2)py 0,3158 Ϻ0,9085 Ϻ0,3306 Ϻ0,4341 0,1035 4,1949 
C(2)pyϺC(1)py 0,3159 Ϻ0,9091 Ϻ0,3280 Ϻ0,4287 0,1007 4,2562 
C(1)pyϺN(2)azo 0,2983 Ϻ0,8915 Ϻ0,3432 Ϻ0,4635 0,1203 3,8522 
N(2)azoϺN(3)azo 0,4765 Ϻ1,2491 Ϻ0,6039 Ϻ0,8956 0,2917 3,0707 
N(3)azoɀC(6)ph 0,2995 Ϻ0,8911 Ϻ0,3689 Ϻ0,5149 0,1461 3,5251 

̋̏̍̐̌̆̋̒ 2 

Zn(1)       

Zn(1)ϺN(1)py 0,0725 0,2930 Ϻ0,0015 Ϻ0,1027 0,0880 1,1672 

Zn(1)ϺN(3)azo 0,0436 0,1457 Ϻ0,0078 Ϻ0,0520 0,0442 1,1763 

Zn(1)ϺO(3)ac 0,0304 0,1203 Ϻ0,0022 Ϻ0,0345 0,0323 1,0681 

Zn(1)ϺO(4)ac 0,0740 0,3603 Ϻ0,0102 Ϻ0,1105 0,1003 1,1017 

Zn(1)ϺO(5)ac 0,0785 0,4154 Ϻ0,0092 Ϻ0,1222 0,1130 1,0810 

Zn(1)ϺO(1)ac 0,0727 0,3683 Ϻ0,0087 Ϻ0,1094 0,1007 1,0859 

Zn(2)        

Zn(2)ϺO(6)ac 0,0592 0,2840 Ϻ0,0068 Ϻ0,0847 0,0779 1,0879 

Zn(2)ϺO(4)ac 0,0597 0,2912 Ϻ0,0071 Ϻ0,0871 0,0799 1,0893 

Zn(2)ϺO(2)ac 0,0571 0,2704 Ϻ0,0066 Ϻ0,0807 0,0742 1,0886 

Zn(2)ϺO(2)ac 0,0570 0,2693 Ϻ0,0066 Ϻ0,0804 0,0739 1,0888 

Zn(2)ϺO(6)ac 0,0590 0,2828 Ϻ0,0068 Ϻ0,0844 0,0775 1,0882 

Zn(2)ϺO(4)ac 0,0598 0,2920 Ϻ0,0071 Ϻ0,0873 0,0801 1,0891 

L2       

C(1)pyϺN(1)py 0,3440 Ϻ0,9760 Ϻ0,4988 Ϻ0,7535 0,2548 2,9577 
N(1)pyϺC(5)py 0,3359 Ϻ0,8367 Ϻ0,4943 Ϻ0,7795 0,2852 2,7336 
C(5)pyϺC(4)py 0,3166 Ϻ0,9148 Ϻ0,3305 Ϻ0,4323 0,1018 4,2460 
C(4)pyϺC(3)py 0,3143 Ϻ0,9015 Ϻ0,3273 Ϻ0,4291 0,1019 4,2124 
C(3)pyϺC(2)py 0,3158 Ϻ0,9101 Ϻ0,3303 Ϻ0,4331 0,1028 4,2136 
C(2)pyϺC(1)py 0,3192 Ϻ0,9314 Ϻ0,3359 Ϻ0,4390 0,1031 4,2588 
C(1)pyϺN(2)azo 0,3042 Ϻ0,9171 Ϻ0,3539 Ϻ0,4786 0,1247 3,8392 
N(2)azoϺN(3)azo 0,4697 Ϻ1,2062 Ϻ0,5866 Ϻ0,8717 0,2851 3,0578 
N(3)azoɀC(6)ph 0,2966 Ϻ0,8260 Ϻ0,3912 Ϻ0,5758 0,1847 3,1181 
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3.3.4. ̱ ̎́̌̉̈́ ˢ̙̖̉̑̉̌̅̏̃̉̕ ̙̐̏̃̑̉̎́ 

ˍ̎́̌̉̈́ ˢ̙̖̉̑̉̌̅̏̃̉̕ ̙̐̏̃̑̉̎́ ̋̏̑̉̒̓̉ ̒̆ ̈́ ̗̪̉̅̆̎̓̉̉̋́̉̔̕ ̭̐̑̏̉̈̃̏̎̏̄ 
̂̌̉̒̋̏̄ ̋̏̎̓́̋̓́ ̔ ̋̑̉̒̓́̌̎̏̍ ̮̐́̋̏̃́̔ ̖̉̒̐̉̓̉̃́̎̉ ̪̮̮̆̅̉̆́ ̐̔̓̆̍ ̮̍́̐̉̑́́ dnorm. 
˛̃̏ ̮̍́̐̉̑́̆ ̒̆ ̐ ̏̒̓̉̇̆ ̮̔̈̉̍́̆̍ ̔ ̏̂̈̉̑ ̖̎̏̑̍́̌̉̈̏̃́̎̉ ̪̮̑́̒̓̏́́ de ̉  di ̏ ̅ ̅́̓̆ ̘̓́̋̆ 
̎́ ̙̐̏̃̑̉̎̉ ̅̏ ̪̎́̂̌̉̇̆̄ ̭̙̮̒̐̏́̆̄ ̉̌̉ ̙̮̔̎̔̓̑́̆̄ ́̓̏̍́ȟ ̑̆̅̏̍ [156]Ȣ ˗̃́̌̉̓́̓̉̃̎́ 
̗̐̑̏̆̎́ ̪̘́̉̎̆ ̖̂̌̉̒̋̉ ̋̏̎̓́̋́̓́ ̍̏̇̆ ̒̆ ̙̉̈̃̑̉̓̉ ̐̑̆̋̏ ̉̎̓̆̎̈̉̓̆̓́ ̗̖̑̃̆̎̉ ̘̓́́̋́ 
̘̖̔̏̆̎̉ ̎́ ̙̐̏̃̑̉̎̉ ɉ̒̌̉̋ ̆ 58 ̉ 59Ɋ ̉̌̉ ̐̔̓̆̍ ̋̏̎̓́̋̓̎̏̄ ̪̮̑́̒̓̏́́ de + diȟ ̪̋̏̆ ̪̆ 
̐̑̉̋́̈́̎̏ ̎́ ̑́̈̌̏̇̆̎̉̍ ̪̅̉́̄̑́̍̉̍́ ȵ̏̓̉̒̋́ ̐̑̒̓́Ȱ ̈́ ̪̘̐̏̆̅̉̎́̎̆ ̃̑̒̓̆ ̋̏̎̓́̋́̓́ 
(̒̌̉̋̆ 60 ̉  φ1). 

˶̗́̑̋̏̑̃̆̎̆ ̘̓́̋̆ ̘̏̈̎́̆̎̆ ̋́̏ A ̉ !ȭ ̎́  dnorm ̙̐̏̃̑̉̎̉ ̋̏̍̐̌̆̋̒́ K1 (̒̌̉̋́ 57) 
̭̪̐̑̆̅̒̓́̃́̔ H···N/N···H ̋̏̎̓́̋̓̆ ̐̑̉̐̉̒́̎̆ C(sp2ɊϺ(ɇɇɇ. ̘̃̏̅̏̎̉̎̉̍ ̃̆̈́̍́ ̪̋̏̆ 
̭̘̪̔̋̔̔̔ ̎̆̋̏̏̑̅̉̎̉̑́ ̎̉ ́̓̏̍ N(2)pm ̋́̏ ̗́̋̆̐̓̏̑Ȣ ˞̃ ̗̆̓̌̏̑̃̆̎̆ ̘̓́̋̆ ̘̏̈̎́̆̎̆ ̋́̏ ˏ 
̭̪̐̑̆̅̒̓́̃́̔ H···O/O···H ̋ ̏̎̓́̋̓̆ ̪̋̏̉ ̒̆ ̪̐̑̉̐̉̒̔̔ #Ϻ(ɇɇɇ/ ̘̃̏̅̏̎̉̎̉̍ ̃̆̈́̍́ ̄̅̆ 
̎̆̋̏̏̑̅̉̎̉̑́ ̎̉ ́̓̏̍̉ ˛ ̎̉̓̑́̓̏ ̌̉̄́̎́̅́ ̪̅̆̌̔̔ ̋́̏ ̗́̋̆̐̓̏̑̉Ȣ 

ˠ̋̔̐̎̉ ̪̅̉́̄̑́̍ ȵ̏ ̓̉̒̋́ ̐̑̒̓́Ȱ ̉ ̑́̈̌̏̇̆̎̉ ̪̅̉́̄̑́̍̉ ̈́ ̗̘̒̐̆̉̉̎̆̕ ̋̏̎̓́̋̓̆ 
̐̑̉̋́̈́̎̉ ̒̔ ̎́ ̒̌̉̋́̍́ υ9 ̉  φ0 ̈ ́ ̪̮̮̆̅̉̆́ K1 ̉  K2Ȣ ˗̑́̓̋̉ ̣̍̆̔́̓̏̍̒̋̉ H···H ̋ ̏̎̓́̋̓̉ 
̍̏̄̔ ̒̆ ̘̔̏̉̓̉ ̔ ̙̒̑̆̅̉̓̔ ̖̑́̒̔̓̉  ̘̓́́̋́ ̎́ ̪̅̉́̄̑́̍̔ ȵ̏ ̓̉̒̋́ ̐̑̒̓́Ȱ ̒́ ̍̉̎̉̍̔̍̏̍ de + 
di o  ̅ 2,0ɀ2,2 Å. ˗́̏ ̙̓̏ ̪̆ ̘̏̆̋̉̃́̎̏ȟ ̗́̆̓́̓̎̉ ̍̏̒̓̏̃̉ ̋̏̅ ̋̏̍̐̌̆̋̒́ K2 ̅̏̃̏̅̆ ̅̏ 
̯̮̐̏̃̆́́ ̔̅̆̌́ HỄH ̋ ̏̎̓́̋́̓́ ̔ ̣̮̐̏̑̆̆̔ ̒́ ̋̏̍̐̌̆̋̒̏̍ K1. ̝ ̘̪̎́́̎̏ ̪̒̃̏̒̓̃̏ ̅ ̪̉́̄̑́̍́ 
ȵ̏̓̉̒̋́ ̐̑̒̓́Ȱ ̒̔ ̙̏̓̑̉ ̐̉̋̏̃̉ ̎́ de + di = 2,6 Å ̪̋̏̉ ̘̐̏̓̉̔ ̏̅ (ϽϽϽ/Ⱦ/ϽϽϽ( ̋̏̎̓́̋̓́. 
˕̎̓̆̑̍̏̌̆̋̔̌̒̋̆ CɂHỄʌ ̉ ̗̪̎̓̆̑́̋̉̆ ̒̔ ̐̑̉̋́̈́̎̆ ̋́̏ ̋̑̉̌́ ̑́̒̔̓́ ̔ ̏̐̒̆̄̔ (de, di) Ḑ(1,2 
Å, 1,8Å)  ̉Ḑ(1,8 Å, 1,2 Å). (ϽϽϽ.Ⱦ.ϽϽϽ( ̉ CỄC ̋̏̎̓́̋̓̉ ̣̓́̋̏̆ ̪̅́̔ ̣̏̅̑̆̆̎̉ ̅̏̐̑̉̎̏̒ ̉ 
̐̑̉̋́̈́̎̉ ̒̔ ̋́̏ ̂̌̆̅̏̐̌́̃̆ ̏̂̌́̒̓̉ ̎́ ̪̅̉́̄̏̎́̌̉ ̎́ de = di Ђ ρ,7ɀ2,3 Å ̈  ́K1 ̉  de = di Ђ ρ,7ɀ
2,0 Å ̈  ́2 ̋ ̪̏̆ ̪̏̅̄̏̃́̑́̔ ʌỄʌ ̉ ̗̪̎̓̆̑́̋̉́̍́ ̮̒̌́̄́́ [138] . 

 
˞̌̉̋́ ω8. ̃ ̑̉̋́̈̉ ˢ̙̖̉̑̉̌̅̏̃̉̕ ̙̐̏̃̑̉̎́ ̍ ́̐̉̑́̎̉ ̐̑̆̋̏ dnorm ̈  ́K1. ̨ ̈̎́̋̆ A ̉  B 
̪̏̅̄̏̃́̑́̔ ̘̓́̋́̍́ ̋̏̎̓́̋̓́ ̪̋̏̆ ̪̔̋́̈̔̔ ̎́ ̘̑́̈̌̉ ̉̓̆ ̣̍̆̔̍̏̌̆̋̔̌̒̋̆ ̗̪̉̎̓̆̑́̋̉̆Ȣ 
˛̈̎́̋̆ A ̉  !ᴂ ̭̪̐̑̆̅̒̓́̃́̔ ̋̏̎̓́̋̓̆ ̣̉̈̍̆̔ ̐́̑́ ̍̏̌̆̋̔̌́ ɉ̭̖̐̏̒̓́̃̆̎̉ ̒́ ̘̖̑́̈̌̉̉̓̉ 

̒̓̑́̎́ ̔ ̏̅̎̏̒̔ ̎́ ̗̆̎̓̑́̌̎̉ ̍̏̌̆̋̔̌). 
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˞̌̉̋́ ω9. ̃ ̑̉̋́̈̉ ˢ̙̖̉̑̉̌̅̏̃̉̕ ̙̐̏̃̑̉̎́ ̍́̐̉̑́̎̉ ̐̑̆̋̏ dnorm ̈  ́K2. ̨ ̈̎́̋̆ AɀC 
̪̏̅̄̏̃́̑́̔ ̘̓́̋́̍́ ̋̏̎̓́̋̓́ ̪̋̏̆ ̪̔̋́̈̔̔ ̎́ ̘̑́̈̌̉ ̉̓̆ ̣̍̆̔̍̏̌̆̋̔̌̒̋̆ ̗̪̉̎̓̆̑́̋̉̆. 
˛̈̎́̋̆ A ̉  !ᴂȟ "  ̉"ȭȟ #  ̉#ȭ ̭̪̐̑̆̅̒̓́̃́̔ ̋̏̎̓́̋̓̆ ̣̉̈̍̆̔ ̐́̑́ ̍̏̌̆̋̔̌́ ɉ̭̖̐̏̒̓́̃̆̎̉ ̒́ 

̘̖̑́̈̌̉̉̓̉ ̒̓̑́̎́ ̔ ̏̅̎̏̒̔ ̎́ ̗̆̎̓̑́̌̎̉ ̍̏̌̆̋̔̌. 

 

˞̌̉̋́ 60. ː ̘̑́̉̋̉̕ ̐̑̉̋́̈̉ ̏̓̉̒̋́ ̪̮̮̆̅̉̆́, ̑ ́̈̌̏̇̆̎̉ ̎́ ̅̏̐̑̉̎̏̒̆ ̗̘̖̒̐̆̉̉̎̉̕ 

̖̉̎̓̆̑̍̏̌̆̋̔̌̒̋̉ ́̓̏̍-́̓̏̍ ̋̏̎̓́̋́̓́ ̈ ́ K1Ȣ ˚́ ̒̃́̋̏̍ ̄̑́̉̋̔̕ȟ ̒̉̃́ ̙̐̏̃̑̉̎́ 

̘̏̈̎́́̃́ ̔̋̔̐̎̉ ̏̓̉̒́̋. 
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˞̌̉̋́ ϊ1. ː ̘̑́̉̋̉̕ ̐̑̉̋́̈̉ ̏̓̉̒̋́ ̪̮̮̆̅̉̆́, ̑ ́̈̌̏̇̆̎̉ ̎́ ̅̏̐̑̉̎̏̒̆ ̗̘̖̒̐̆̉̉̎̉̕ 
̖̉̎̓̆̑̍̏̌̆̋̔̌̒̋̉ ́̓̏̍-́̓̏̍ ̋̏̎̓́̋́̓́ ̈ ́ K2Ȣ ˚́ ̒̃́̋̏̍ ̄̑́̉̋̔̕ȟ ̒̉̃́ ̙̐̏̃̑̉̎́ 

̘̏̈̎́́̃́ ̔̋̔̐̎̉ ̏̓̉̒́̋. 

3.3.5. ˞ ̔̐̑́̍̏̌̆̋̔̌̒̋̏ ̮̐́̋̏̃́̆ 

˞̔̐̑́̍̏̌̆̋̔̌̒̋̉ ̑́̒̐̏̑̆̅ ̖̏̃̉ ̪̮̮̆̅̉̆́ ̣̪̏̅̑̆̔̆ ̮̐́̋̏̃́̆ ̗̅̏̅̆̉̌-̗̌́̎́́Ȣ 
˗̃́̎̓̉̓́̓̉̃̎́ ́̎́̌̉̈́ ̪̆ ̙̉̈̃̑̆̎́ ̈́ ̅̉̍̆̑̎̆ ̍̏̓̉̃̆ ɉ̒̌̉̋̆ φς ̉ φτɊ ̪̋̏̉ ̪̏̐̉̒̔̔ 
̘̑́̈̌̉̉̓̆ ̘̎́̉̎̆ ̮̐̑̆̐̏̈̎́̃́́ ̔ ̪̋̑̉̒̓́̌̎̏ ̒̓̑̔̋̓̔̑̉ ̋̏̍̐̌̆̋̒́ K1 ̉ K2. ˜̑̏̄̑́̍ 
CrystalExplorer 21.5 ̪̆ ̙̯̋̏̑̉̆̎ ̈́ ̗̪̉̎̉̉́̌ ̎̉ ̐̑̆̄̌̆̅ ̑́̒̐̏̅̆̌̆ ̪̆̎̆̑̄̉ ̗̪́̉̎̓̆̑́̋̉ ́
̣̉̈̍̆̔ ̐́̑̏̃́ ̍̏̌̆̋̔̌́Ȣ ˜̙̏̓̏ ̍̏̌̆̋̔̌̉ ̒́̅̑̇̆ ̅̔̄̆ ́̌̋̉̌-̗̌́̎̆ȟ ̄̅̆ ̒̆ ̘̪̏̆̋̔̆ ̉̈̑́̇̆̎ 
̗̪̔̓̉́ ̪̯̖̎̆̃̆̈̔̔̉ȟ ̖̅̉̒̐̆̑̈̉̏̎̉ ̒̉̌́ȟ ̘̋̏̎́̎̆ ̃̑̆̅̎̏̒̓̉ ̪̆̎̆̑̄̉́ ̗̪̉̎̓̆̑́̋̉ ̪́̅̏̂̉̆̎̆ 
̒̔ ̐̑̉̍̆̎̏̍ ̙̃̉̆̄ ̎̉̃̏́ ̪̓̆̏̑̉̆ ̪̋̏̉ ̒́̅̑̇̉ ̗̪̋̏̑̆̋̉̆ ̅̔̄̏̄ ̅̏̍̆̓́ ̔̈ ̅̏̅́̓̎̔ ̔̐̏̓̑̆̂̔ 
̅̉̒̐̆̑̈̉̏̎̆ ̗̪̔̎̋̉̆̕ CAM-B3LYP-GD3BJ/6-311G(d,p). ˑ̗̪̆̋̏̍̐̏̈̉̉́ ̪̆̎̆̑̄̉̆ 
̗̪̉̎̓̆̑́̋̉ ́ɉЎE) ̣̏̅̑̆̆̎́ ̪̆ ̐̑̉̍̆̎̏̍ EDA-FF ́ ̎́̌̉̈̆ (̓́ ̂̆̌̆ 16 ̉  17). 

˟́̂̆̌́ 16. A̎́̌̉̈́ ̗̪̅̆̋̏̍̐̏̈̉̉̆ ̔̋̔̐̎̆ ̪̆̎̆̑̄̉̆ ̗̪̉̎̓̆̑́̋̉́ ɉЎE) ̐ ̑̉̍̆̎̏̍ ̭̐̏́ ̒̉̌́ 
(EDA-FFɊ ̈́ ̋̏̍̐̌̆̋̒ K1Ȣ ˞̃̆ ̪̆̎̆̑̄̉̆ ̒̔ ̉̈̑́̇̆̎̆ ̔ kcal/ mol. ЎE ̪̆ ̘̉̈̑́̔̎́̓́ ̐̑̉̍̆̎̏̍ 
CAM-B3LYP ̕ ̗̔̎̋̉̏̎́̌́ȟ 6-311G(d,p) ̒ ̋̔̐́ ̗̪̔̎̋̉́̕ ̉  GD3BJ ̋ ̗̪̏̑̆̋̉̆Ȣ 
ˑ̉̍̆̑̎̉ 
̍̏̓̉̃ 

R, Å 
˒̘̌̆̋̓̑̏̒̓́̓̉̋̏ 
̘̮̐̑̉̃̌́̆̆ 

˛̪̮̅̂̉́̆ ˑ̪̉̒̐̆̑̈̉́ ETotal ЎE 

D1_1 9,39 -10,63 12,85 ɀ29,60 ɀ27,38 ɀ26,37 

D2_1 24,64 0,54 6,99 ɀ23,33 ɀ15,80 ɀ14,77 

D3_1 19,99 ɀ3,52 4,75 ɀ15,96 ɀ14,73 ɀ12,31 

D4_1 27,24 ɀ4,99 4,78 ɀ7,01 ɀ7,22 ɀ8,64 

D5_1 10,65 ɀ0,39 1,87 ɀ9,55 ɀ8,07 ɀ6,45 

D6_1 19,44 ɀ2,56 1,89 ɀ5,02 ɀ5,69 ɀ5,37 
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˟́̂̆̌́ 17. A̎́̌̉̈́ ̗̪̅̆̋̏̍̐̏̈̉̉̆ ̔̋̔̐̎̆ ̪̆̎̆̑̄̉̆ ̗̪̉̎̓̆̑́̋̉́ ɉЎE) ̐ ̑̉̍̆̎̏̍ ̭̐̏́ ̒̉̌́ 
(EDA-FFɊ ̈́ ̋̏̍̐̌̆̋̒ K2Ȣ ˞̃̆ ̪̆̎̆̑̄̉̆ ̒̔ ̉̈̑́̇̆̎̆ ̔ kcal/ mol. ЎE ̪̆ ̘̉̈̑́̔̎́̓́ ̐̑̉̍̆̎̏̍ 
CAM-B3LYP ̕ ̗̔̎̋̉̏̎́̌́ȟ 6-311G(d,p) ̒ ̋̔̐́ ̗̪̔̎̋̉́̕ ̉  GD3BJ ̋ ̗̪̏̑̆̋̉̆Ȣ 
ˑ̉̍̆̑̎̉ 
̍̏̓̉̃ 

R, Å ˒̘̌̆̋̓̑̏̒̓́̓̉̋̏ 
̘̮̐̑̉̃̌́̆̆ 

˛̪̮̅̂̉́̆ ˑ̪̉̒̐̆̑̈̉́  ETotal ЎE 

D1_2 9,81 Ϻ9,86 27,57 Ϻ73,08 Ϻ55,37 Ϻ49,00 

D2_2 13,98 Ϻ16,38 11,05 Ϻ17,47 Ϻ22,80 Ϻ20,61 

D3_2 24,11 Ϻ2,70 7,83 Ϻ20,12 Ϻ14,99 Ϻ12,81 

D4_2 20,39 0,01 6,42 Ϻ14,00 Ϻ7,58 Ϻ8,52 

D5_2 10,53 1,77 6,31 Ϻ16,57 Ϻ8,48 Ϻ9,28 

D6_2 26,50 Ϻ0,03 2,32 Ϻ8,81 Ϻ6,52 Ϻ6,00 

D7_2 17,51 0,00 3,62 Ϻ9,83 Ϻ6,22 Ϻ5,98 

 

˶̮̮̆̅̉̆́ ̒̆ ̪̐́̋̔̔ ̔ ̪̒̌̏̆̃̆ȟ ̄̅̆ ̑̉̄̉̅̎̆ ̋̏̏̑̅̉̎̉̑́ ̎̆ ̪̆̅̉̎̋̆  ̉ ̌̆̋̒̉̂̉̌̎̉̕ 
̗̅̏̅̆̉̌-̗̌́̎̉ ̓̆̇̆ ̅́ ̒̆ ̪̏̑̄́̎̉̈̔̔ ̔ ̘̑́̈̌̉̉̓̉̍ ̏̂̌́̒̓̉̍́ ɉ̒̌̉̋́ 62́ɊȢ ˞̓̑̔̋̓̔̑̆ 
̖̅̉̍̆̑̎̉ ̍̏̓̉̃́ ̖̉̈̃̆̅̆̎̉ ̉̈ ̋̑̉̒̓́̌̎̏̄ ̮̐́̋̏̃́́ ̪̮̮̆̅̉̆́ K1 ̉ ̮̖̉̏̃̆ ̪̆̎̆̑̄̉̆ 
̗̪̉̎̓̆̑́̋̉ ́ɉɝE) ̐̑̉̋́̈́̎̉ ̒̔ ̎́ ̒̌ ̗̉̉ 63Ȣ ˛̃̅̆ ̒̆ ̆̎́̎̓̉̏̍̆̑̉ ̗̪̅̆̑́̆̍̉̈̔̔ȟ ̐́ 
̗̋̏̏̑̅̉̎́̉̏̎̆ ̪̆̅̉̎̋̆  ̪̏̂̑́̈̔̔ ̖̖̏̍̏̉̑́̌̎̆ ̓̑́̋̆ ̐̏̃̆̈́̎̆ ̯̐̏̍̏̔ C(sp2)ɀ(ϽϽϽ/ 
̗̪̉̎̓̆̑́̋̉́ ̄̅̆ ̎̆̋̏̏̑̅̉̎̉̑́̎̉ ́ ̓̏̍ O(3)NO3 ̉ ̍́ ̔̌̏̄̔ ̗́̋̆̐̓̏̑́ ̘̃̏̅̏̎̉̎̆ ̃̆̈̆ ɉ̍̏̓̉̃ 
D4_1, B ̐ ̪̏̌̏̇́ ̎́ ̒̌ ̗̉̉ 58 ̪̆ ̉̎̅̉̋́̓̉̃́̎ ̈́ ̏̃̆ ̗̪̉̎̓̆̑́̋̉̆Ƞ ЎE = ɀ8,64 kcal/mol ). 
ˍ̎̓̉̐̆̑̉̐̌́̎́̑̎́ ̗̪̋̏̎̏̑̍́̉́̕ ̗̅̏̅̆̉̌-̗̌́̎́́ ̏̍ ̯̏̄̔́̃́ ̂̌̉̇̉ ̋̏̎̓́̋̓ ̣̉̈̍̆̔ ̮̖̉Ȣ 
˜̑̃̆̎̒̓̃̆̎̏ ̔̒̌̆̅ ̖̉̅̑̏̏̂̎̏̄̕ ̆̆̋̓́̕ȟ ̗̌́̎̉ ̉̈ ̖̒̔̒̆̅̎̉ ̓̑́̋́ ̒̔ ̣̍̆̔̒̏̂̎̏ 
̉̒̐̑̆̐̌̆̓ ́̎̉ ̔ ̃̉̅̔ ̗̔̋̏̒̎̉̆ȟ ̐̑̉ ̘̆̍̔ ̪̏̑̍̉̑́̔̕ ̪̒̌̏̆̃̆ ̔ ̍̏̌̆̋̔̌̔ ɉ̍̏̓̉̃̉ D3_1 ̉   D5_1 
̒ ́ЎE ̏  ̅ɀ12,31  ̉ɀ6,45 kcal/mol ). ˙́̅́ ̏̃̉ ̍̏̓̉̃̉ ̅̏̅́̓̎̏ ̭̘̪̔̋̔̔̔ ̔̐́̑̆̎̆ CɀHỄO 
̗̪̉̎̓̆̑́̋̉̆ȟ ̖̉̅̑̏̏̂̎̆̕ ̗̪̉̎̓̆̑́̋̉̆ ̪̐̑̆̏̃̌́̅́̃́̔. ˠ̎̔̓́̑ ̪̒̌̏̆̃́ ̒̆ ̘̎́̉̈̍̆̎̉̎̏ 
̮̪̒̍̆̔̔ ̓̑́̋̆ ̪̋̏̆ ̘̉̎̆ ̋̏̏̑̅̉̎̉̑́ ̎̆ ̪̆̅̉̎̋̆  ̘̑́̈̌̉̉̓̆ ̖̉̑́̌̎̏̒̓̉ ̉ ̓̏ Ў-ɤ-Ў-ɤ (̒̌ ̉̋́ 
62́ɊȢ ˛̃̉ ̪̒̌̏̆̃̉ ̎̉̒̔ ̑́̃̎̉ȟ ̯̃̆ ̪̉̍́̔ ̘̒̓̆̐̆̎̉́̒̓̔ ̖́̑̉̓̆̋̓̔̑̔ ɉ̒̌ ̉̋́ 62̂ɊȢ 

˞̪̌̏̆̃̉ ̒̆ ̒̌́̇̔ ̐̑̉̂̌̉̇̎̏ ̅̔̇ (101) ̗̐̑́̃́ ̗̪̋̏̍̂̉̎́̉̏̍ ̍̏̓̉̃́ D1_1, D2_1 ̉ 
D6_1 ̐ ̑̉ ̘̆̍̔ ̪̮̑́̒̓̏́̆ ̉ ̈̎̏̒̉ 4,59 Å ̉ ̣̈̍̆̔ ̮̖̔̒̑̆̅̆̎̉ ̑ ́̃̎̉ ̖̔̈́̒̓̏̐̎̉ ̪̒̌̏̆̃́ ɉ˞̌̉̋́ 
62 Ɋ̂Ȣ ˗̏̅ D1_1 ̉  D2_1 ̍̏̓̉̃́ȟ ̘̪̈̎́́́̎ ̅̏̐̑̉̎̏̒ ̪̉̍́̔ ̖̉̅̑̏̏̂̎̆̕ ̗̪̉̎̓̆̑́̋̉̆ ̣̉̈̍̆̔ 
̗̅̏̅̆̉̌-̗̌́̎́́ ɉЎE ̏  ̅ɀ26,37 kcal/mol  ̉ɀ14,77 kcal/mol).  ˙̏̓̉̃ D1_1 ̭̅́̆ ̭̘̪̔̋̔̔̆ 
̂̉̔̑̋̏̃́̎̆̕ ̘̃̏̅̏̎̉̎̆ ̃̆̈̆ ̄̅̆ ̎̆̋̏̏̑̅̉̎̉̑́̎̉ ́̓̏̍ O(4)NO3 ̪̅̆̌̔̆ ̋́̏ ̗́̋̆̐̓̏̑ ̈́ 
̗̅̏̅̆̉̌ C(sp3)ɀH ̉  ̐̉ ̑̉̍̉̅̉̌ C(sp2)ɀH ̄ ̑̔̐́ ̋́̏ ̅̏̎̏̑ȟ̆ ̋́̏ ̉ C(sp2)ɀ(ϽϽϽ. ̗̪̉̎̓̆̑́̋̉̆ ̒́ 
̎̆̋̏̏̑̅̉̎̏̃́̎̉̍ ́̓̏̍̉̍́ N(2)pm  ̉N(3)azo ̪̋̏̉ ̪̅̆̌̔̔ ̋́̏ ̗́̋̆̐̓̏̑̉ (A  ̉!ᴂ ̏̌̐ ̪̏̇́̉ ̎́ 
̗̒̌̉̉ υ4 ̒̔ ̉̎̅̉̋́̓̉̃̎̉ ̈́ ̏̃̆ ̗̪̉̎̓̆̑́̋̉̆). ˛̒̉̍ ̓̏̄́ȟ CÇρϽϽϽCg2 ̪̮̑́̒̓̏́̆ ̣̉̈̍̆̔ 
̐̉̑̉̍̉̅̉̌ ̐̑̒̓̆̎́ ̪̆̅̎̏̄ ̍̏̌̆̋̔̌́ ̉ ̆̎̉̌̎̏̄̕ ̐̑̒̓̆̎́ ̒̔̒̆̅̎̏̄ ̍̏̌̆̋̔̌́ ̏̅ 4,56 Å 
̪̈́̆̅̎̏ ̒́ ̔̄̌̏̍ ̏̅ 28,95° ̣̉̈̍̆̔ ̑́̃̎̉ ̐̑̒̓̆̎́ ̪̔̋́̈̔̆ ̎́ ̓̏ ̅́ ̒̆ ̏̃̉ ʌ-̒̉̒̓̆̍̉ ̎̆ 
̪̐̑̆̋̌́̐́̔ ̔ ̐̏̓̐̔̎̏̒̓̉Ȣ ˗̏̅ D2_1 ̍̏̓̉̃́, ̍̏̌̆̋̔̌̉ ̒̔ ̔̐́̑̆̎̉ ̐̑̆̋̏ C(sp2)ɀ(ϽϽϽ. 
̗̪̉̎̓̆̑́̋̉́ ̄̅̆ ̎̆̋̏̏̑̅̉̎̉̑́̎̉ ́̓̏̍̉ N(2)pm ̉ N(3)azo ̐̏̎̏̃̏ ̪̉̍́̔ ̔̌̏̄̔ ̗́̋̆̐̓̏̑́Ȣ 
˜̘̑̏̒̆̎̏ ̣̍̆̔̍̏̌̆̋̔̌̒̋̏ ̪̮̑́̒̓̏́̆ ̣̉̈̍̆̔ ̗̅̏̅̆̉̌ ̍̆̓̉̌̆̎̒̋̆ ̄̑̔̐̆ ̉ ̆̎̉̌̎̏̄̕ 
̐̑̒̓̆̎́ ̪̆ 3,35 Å, ̓́̋̏ ̅́ ̒̔ ̅̏̅́̓̎̆ C(sp2)ɀH···ʌ ̗̪̉̎̓̆̑́̋̉̆ ̒̌́̂̆Ȣ ˙̏̓̉̃ D6_1 ̭̘̪̔̋̔̔̆ 
̐́̑ ̑̆̌́̓̉̃̎̏ ̖̒̌́̂̉ C(sp2)ɀHỄO ̉ ̗̪̎̓̆̑́̋̉́ ɉЎE = ɀ5,37 kcal/mol).  
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˞̌̉̋́ 62. ˑ ̆̏ ̋̑̉̒̓́̌̎̆ ̒̓̑̔̋̓̔̑̆ K1 ̋ ̪̏̉ ̪̐̏̋́̈̔̆ ̮̏̑̍̉̑́̆̕ ̪̒̌̏́ ̮̐̑̆̐̌̉̓́̆̍ 

̗̅̏̅̆̉̌-̗̌́̎́́ ɉ́Ɋ ̉ ̮̒̌́̄́̆̍ ̪̒̌̏̆̃́ ɉ̂ɊȢ 
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˞̌̉̋́ 63. ˑ ̉̍̆̑̎̉ ̍̏̓̉̃̉ ̉̈̏̌̏̃́̎̉ ̉̈ ̋̑̉̒̓́̌̎̏̄ ̮̐́̋̏̃́́ ̪̮̮̆̅̉̆́ K1 ̒ ́ ̮̖̉̏̃̉̍ 
̪̆̎̆̑̄̉́̍́ ̗̪̉̎̓̆̑́̋̉́ (kcalmol); Cg1 (̗ ̑̃̆̎̏): C5ɀC10, Cg2 (̐ ̌́̃̏): N1/C1/N2/C4/C3/C2  

[138] . 



 

85 

 

 

˶̮̮̆̅̉̆̆ K2 ̪̐̏̋́̈̔̆ ̘̒̌̉̎̏ ̪̒̌̏̆̃̉̓̏ ̮̐́̋̏̃́̆ ̋́̏ ̑̆̈̔̌̓́̓ ̮̒́̍̏̏̑̄́̎̉̈̏̃́́ 
̗̅̏̅̆̉̌-̗̌́̎́́ ɉ̒̌ ̉̋́ 64́ ̉ ̂ɊȢ ˞̓̑̔̋̓̔̑̆ ̖̅̉̍̆̑̎̉ ̍̏̓̉̃́ ̖̐̑̆̔̈̆̓̉ ̉̈ ̋̑̉̒̓́̌̎̏̄ 
̮̐́̋̏̃́́ K2 ̉ ̏̅̄̏̃ ̪̯́̑́̔̆ ̪̆̎̆̑̄̉̆ ̗̪̉̎̓̆̑́̋̉́ ̭̐̑̆̅̒̓́̃̆̎̆ ̒̔ ̎́ ̒̌ ̉̋́̍́ 65 ̉ 66. 
˗̏̏̑̅̉̎̉̑́̎̆ ̪̆̅̉̎̋̆  ̐̏̃̆̈́̎̆ ̒̔ ̔ ̓̑́̋̆ ̅̔̇ b-̏̒̆ ̪̋̏̆ ̒̆ ̪̐̑̔̇́̔ ̯̐̏̍̏̔ ̍̏̓̉̃́ D5_2 
̄̅̆ ̗́̆̓́̓̎  ́̍̆̓̉̌-̄̑̔̐́ ̪̅̆̌̔̆ ̋́̏ ̅̏̎̏̑ ̅̃̆ ̒̌́̂̆ ̘̃̏̅̏̎̉̎̆ ̃̆̈̆ ̉ ̓̏ȡ ˞(sp3)ɀH···N ̉  
C(sp3)ɀH···O ̉ ̗̪̎̓̆̑́̋̉̆ ̉ ̭̘̔̋̔̆̎ ̪́ ̆ ̔ C(sp3)ɀH···ʌ ̉ ̗̪̎̓̆̑́̋̉̔ ̒́ ̆̎̉̌̎̉̍̕ ̐̑̒̓̆̎̏̍ ɉC 

 ̉#ᴂ ̪̐̏̌̏̇́̉ ̎́ ̗̒̌̉̉ υψ ̪̐̏̋́̈̔̔ ̗̪̉̎̓̆̑́̋̉̆Ƞ ЎE = ɀ9,28 kcal/molɊȢ ˞́ ̅̑̔̄̆ ̒̓̑́̎̆ȟ 
̖̉̅̑̏̏̂̎̆̕ ̗̪̉̎̓̆̑́̋̉̆ ̒̔ ̅̏̍̉̎́̎̓̎̆ ̣̉̈̍̆̔ ̖̉̒̐̑̆̐̌̆̓̆̎̉ ̗̅̏̅̆̉̌-̗̌́̎́́ ɉ̍̏̓̉̃̉ 
D3_2 ̉  D7_2 ̒  ́ЎE ̏  ̅Ϻρς,81 ̉  ɀ5,98 kcal/molɊȠ ̏̎̉ ̪̪̑́̈̅̃́́̔ ̓̑́̋̆ ̪̋̏̆ ̄̑́̅̆ ̋̏̏̑̅̉̎̉̑́ ̎̆ 
̪̆̅̉̎̋̆ȟ ̪̯̏̑̍̉̑́̔̉̕ ̪̒̌̏ ̎́ ̪̓́ ̘̎́̉̎Ȣ ˛̂́ ̍̏̓̉̃́ ̭̘̪̔̋̔̔̔ ̅̏̅́̓̎̆ C(sp3)ɀH···O 
̗̪̉̎̓̆̑́̋̉̆Ȣ 

˞̪̌̏̆̃̉ ̒̆ ̭̅́̆ ̒̌́̇̔ ̗̪̓̑́̎̒̌́̉̏  ̍̐ ̑̉̂̌̉̇̎̏ ̔ ̗̐̑́̃̔ c-̏̒̆ ̐̑̉ ̘̆̍̔ ̪̆ ̪̮̑́̒̓̏́̆ 
̣̉̈̍̆̔ ̮̖̔̒̑̆̅̆̎̉ ̑́̃̎̉ ̖̔̈́̒̓̏̐̎̉ ̪̒̌̏̆̃́ ̐̑̉̂̌̉̇̎̏ 6,08 ÅȢ ˕́̋̏ ̒̆ ̪̮̑́̒̓̏́̆ ̣̉̈̍̆̔ 
̪̒̌̏̆̃́ ̯̐̏̃̆́̃́ ̔ ̣̮̐̏̑̆̆̔ ̒́ K1, ʌɀʌ ̗̪̉̎̓̆̑́̋̉̆ ̒̆ ̣̓́̋̏̆ ̯̪̐̏̃̆́̃́̔Ȣ ˟̑̆̂́ ̔̈̆̓̉ ̔ 
̏̂̈̉̑ ̯̃̆̔ ̐̌́̎́̑̎̏̒̓ azpy ̌̉̄́̎̅́Ȣ ˗̏̅ ̍̏̓̉̃́ D1_2 ̪̅̏̍̉̎̉̑́̔ ̖̉̅̑̏̏̂̎̆̕ 
̗̪̉̎̓̆̑́̋̉̆Ȣ ˑ̏ ̐̑̉̎̏̒ ̂̉̕ ̖̔̑̋̏̃́̎̉ C(sp3)ɀHỄO ̘̖̃̏̅̏̎̉̎̉ ̃̆̈́ ̖̔̒̍̆̑̆̎̉ ̋́ ́̓̏̍̔ 
O(5)ac ̪̆ ̘̪̈̎́́́̎ȟ ̅̏̋ ̒̔ ̑̆̌́̓̉̃̎̉ ̪̐̏̌̏̇́̉ ̆̎̉̌̎̏̄̕ ̉ ̐̉̑̉̅̉̌ ̐̑̒̓̆̎́ ̓́̋̃̉ ̅́ ̒̆ 
̭̪̔̒̐̏̒̓́̃́̔ ̙̎̆̓̏ ̪̘́̆ ʌɀʌ ̗̪̉̎̓̆̑́̋̉̆ ̉ C(sp3)ɀH···ʌ ̗̪̉̎̓̆̑́̋̉̆ ̣̉̈̍̆̔ ̖̒̔̒̆̅̎̉ 
̍̏̌̆̋̔̌́ ɉЎE = ɀ49,00 kcal/mol).  ˙̏̓̉̃ D2_2 ̒̆ ̪̏̂̑́̈̔̆ ̗̪̋̏̍̂̉̎́̉̏̍ ̅̃̆ ̪̑́̈̅̃̏̆̎̆ 
C(sp2)ɀHỄO ̘̃̏̅̏̎̉̎̆ ̃̆̈̆ ̒́ ́̓̏̍̏̍ O(3)ac ̋́̏ ̪̘̈́̆̅̎̉̋̉̍ ̗́̋̆̐̓̏̑̏̍ ̉ ʌɀʌ 
̗̪̉̎̓̆̑́̋̉́̍́ ̮̒̌́̄́́ ̣̉̈̍̆̔ ̐̉̑̉̅̉̌ ̐̑̒̓̆̎́ȟ ̋́̏ ̉ ̣̉̈̍̆̔ ̐̉̑̉̅̉̌ ̉ ̖̆̌́̓̎̏̄ ̐̑̒̓̆̎́ 
(A  ̉!ᴂ ̗̪̐̏̈̉̉̆ ̎́ ̗̒̌̉̉ 59 ̒̔ ̉̎̅̉̋́̓̉̃̎̆ ̈́ ̏̃̆ ̗̪̉̎̓̆̑́̋̉̆Ƞ ЎE = ɀ20,61 kcal/mol ). 
ˢ̉̅̑̏̏̂̎̆̕ ̗̪̉̎̓̆̑́̋̉̆ ̣̉̈̍̆̔ ̅ ̗̏̅̆̉̌-̗̌́̎́́ ̒ ̔ ́̋̓̉̃̎̆ ̔̎̔̓́̑ ̍̏̓̉̃́ D4_2 ̉  $φͺς ɉЎE 
̏̅ Ϻ8,52 ̉  ɀ6,00 kcal/mol, ̑̆̅̏̍; B ̉  "ᴂ ̪̐̏̌̏̇́̉ ̎́ ̒̌ ̗̉̉ 58 ̐ ̪̑̉̋́̈̔̔ ̍̏̓̉̃ D4_2). 
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˞̌̉̋́ 64. ˑ ̆̏ ̋̑̉̒̓́̌̎̆ ̒̓̑̔̋̓̔̑̆ K2 ̋ ̪̏̉ ̪̐̏̋́̈̔̆ ̮̏̑̍̉̑́̆̕ ̪̒̌̏́ ̮̐̑̆̐̌̉̓́̆̍ 
̗̅̏̅̆̉̌-̗̌́̎́́ ɉ́Ɋ ̉ ̮̒̌́̄́̆̍ ̪̒̌̏̆̃́ ɉ̂Ɋ. 

 




























