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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

 ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʪʝʧʝʥʴ ʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ. ʍʠʤʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʧʦʜʛʨʫʧʧʳ ʤʝʜʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʩʠʣʫ 

ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I), ʩʝʨʝʙʨʘ(I) ʠ ʟʦʣʦʪʘ(I) ʚ 

ʢʘʯʝʩʪʚʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʠʣʠ ʘʢʪʠʚʘʮʠʠ ʤʘʣʳʭ ʤʦʣʝʢʫʣ (H2, N2, CO2). 

ɹʦʛʘʪʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ ʤʝʪʘʣʣʦʚ 11 ʛʨʫʧʧʳ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʙʦʨʦʤ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʯʠʩʝʣ ʦʪ 2 ʜʦ 4, ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʘʣʣʦʬʠʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʩʘʤʦʩʙʦʨʢʠ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʚ ʩʪʨʫʢʪʫʨʝ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʷʜʨʘ ʩʦʯʝʪʘʶʪʩʷ 3 ʠʣʠ ʙʦʣʝʝ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʢʘʪʠʦʥʘ 

ʤʝʪʘʣʣʘ. ʂʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʧʦʜʛʨʫʧʧʳ ʤʝʜʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʷʚʣʷʶʪ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʧʝʨʝʭʦʜʘʤʠ ʩ 

ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʩ ʤʝʪʘʣʣʘ ʥʘ ʣʠʛʘʥʜ ʣʠʙʦ ʚʥʫʪʨʠʣʠʛʘʥʜʥʳʤ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ, ʘ 

ʪʘʢʞʝ ʢʣʘʩʪʝʨʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ. ʕʪʠ ʵʣʝʢʪʨʦʥʥʳʝ ʧʨʦʮʝʩʩʳ 

ʟʘʪʨʘʛʠʚʘʶʪ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ ʣʠʛʘʥʜʘ ʠ ʘʪʦʤʘʨʥʳʝ ʦʨʙʠʪʘʣʠ ʢʘʪʠʦʥʦʚ 

ʤʝʪʘʣʣʘ, ʯʪʦ ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʫ ʩʠʥʪʝʟʘ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʣʠʛʘʥʜʦʚ, 

ʟʘʜʘʶʱʠʭ ʛʝʦʤʝʪʨʠʶ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ, ʩ ʣʝʛʢʦ ʚʘʨʴʠʨʫʝʤʳʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʘʩʪʨʘʠʚʘʪʴ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

 ʇʦʩʢʦʣʴʢʫ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ ʧʦʜʛʨʫʧʧʳ ʤʝʜʠ ʚ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ +1 

ʦʪʥʦʩʷʪʩʷ ʢ çʤʷʛʢʠʤè ʢʠʩʣʦʪʘʤ ʃʴʶʠʩʘ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ Cu(I), Ag(I) ʠ 

Au(I) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʬʦʩʬʠʥʦʚʳʝ ʣʠʛʘʥʜʳ, ʚʢʣʶʯʘʶʱʠʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʪʨʝʪʠʯʥʳʭ ʬʦʩʬʠʥʦʚ (Ph3P ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ), ʙʠʩʬʦʩʬʠʥʳ (dppm, 

dppe, POP, XantPhos ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʬʦʩʬʠʥʳ, ʩʦʜʝʨʞʘʱʠʝ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ 

ʛʨʫʧʧʳ, ʚʳʩʪʫʧʘʶʱʠʝ ʢʘʢ P,N-ʭʝʣʘʪʠʨʫʶʱʠʝ ʠʣʠ ʤʦʩʪʠʢʦʚʳʝ ʣʠʛʘʥʜʳ. ɺ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʬʦʩʬʠʥʳ ʚʳʩʪʫʧʘʶʪ ʠ ʢʘʢ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʝ 

ʣʠʛʘʥʜʳ, ʠ ʢʘʢ ʘʢʮʝʧʪʦʨʳ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ, 

ʨʝʘʣʠʟʫʶʱʠʭʩʷ ʧʨʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʄʦʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(I) ʥʘ ʦʩʥʦʚʝ 

ʙʠʩʬʦʩʬʠʥʦʚ, ʧʨʦʷʚʣʷʶʱʠʝ ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʫʶ ʟʘʜʝʨʞʘʥʥʫʶ 

ʬʣʫʦʨʝʩʮʝʥʮʠʶ (TADF) ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʣʶʤʠʥʦʬʦʨʦʳ ʚ 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʘ ʩʯʝʪ ʵʤʠʩʩʠʠ ʢʘʢ ʩ ʩʠʥʛʣʝʪʥʦʛʦ, ʪʘʢ ʠ ʩ 

ʪʨʠʧʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʟʦʣʦʪʘ(I) ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʨʫʩʣʝ ʧʦʠʩʢʘ ʘʥʪʠʨʘʢʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ 

ʚʳʩʦʢʠʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ. ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʠ ʟʦʣʦʪʘ(I) ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʠʭ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʟʘ ʩʯʝʪ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʦʙʭʦʜʠʤʳʤ 

ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʷʜʨʘ 

ʢʦʤʧʣʝʢʩʘ ʠʣʠ ʠʟʤʝʥʝʥʠʠ ʢʦʥʬʦʨʤʘʮʠʠ, ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʭʨʦʤʦʬʦʨʥʳʝ ʛʨʫʧʧʳ 

ʣʠʛʘʥʜʦʚ.  

 ʎʠʢʣʠʯʝʩʢʠʝ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʳ ʚ ʦʙʱʝʤ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ, ʷʚʣʷʶʪʩʷ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ. ɺ ʩʪʨʫʢʪʫʨʫ ʮʠʢʣʠʯʝʩʢʦʛʦ ʦʩʪʦʚʘ ʪʘʢʠʭ ʣʠʛʘʥʜʦʚ 

ʚʢʣʶʯʝʥʳ ʬʦʩʬʠʥʦ- ʠ ʘʤʠʥʦʛʨʫʧʧʳ, ʯʪʦ ʩʦʟʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʢ ʛʝʪʝʨʦʘʪʦʤʘʤ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʮʝʣʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ ʦʪ ʣʠʛʘʥʜʦʚ, ʪʘʢ ʠ ʦʪ ʠʭ ʢʦʤʧʣʝʢʩʦʚ. 1,5-ɼʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ (ʚ ʣʠʪʝʨʘʪʫʨʝ ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʙʙʨʝʚʠʘʪʫʨʘ P2N2-

ʣʠʛʘʥʜʳ), ʷʚʣʷʷʩʴ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʢʣʘʩʩʘ ʮʠʢʣʠʯʝʩʢʠʭ 

ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚ, ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʢʘʢ ʣʠʛʘʥʜʳ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ 

ʢʘʪʠʦʥʳ ʨʘʟʣʠʯʥʳʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (Cr, Ni, Fe, Pt, Pd, Ru, Co ʠ ʜʨ.) ʚ 

ʢʦʤʧʣʝʢʩʘʭ ʟʘ ʩʯʝʪ P,P-ʭʝʣʘʪʠʨʫʶʱʝʛʦ ʩʚʷʟʳʚʘʥʠʷ. ʈʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ P2N2-

ʣʠʛʘʥʜʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʘʢʪʠʚʘʮʠʠ 

ʤʘʣʳʭ ʤʦʣʝʢʫʣ (ʥʘʧʨʠʤʝʨ, ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ ʠʣʠ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ CO2 ʠʣʠ N2) ʠʣʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ (ʛʠʜʨʠʨʦʚʘʥʠʝ ʥʠʪʨʠʣʦʚ ʠ 

ʘʣʢʠʥʦʚ, ʘʨʠʣʠʨʦʚʘʥʠʝ ʩʧʠʨʪʦʚ ʠ ʘʣʴʜʝʛʠʜʦʚ, ʦʢʠʩʣʝʥʠʝ ʘʣʴʜʝʛʠʜʦʚ, 

ʜʝʛʠʜʨʠʨʦʚʘʥʠʝ ʘʤʠʥʦʚ ʠ ʪ.ʜ.). ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʦʩʥʦʚʳʚʘʣʘʩʴ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦʙ ʵʪʦʤ ʢʣʘʩʩʝ ʣʠʛʘʥʜʦʚ ʢʘʢ 

ʦ ʭʝʣʘʪʠʨʫʶʱʠʭ, ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʟʦʚʳʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʤʦʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɺ 

ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʧʦʣʫʯʝʥʠʠ ʙʠ- ʠʣʠ 

ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʵʪʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʛʜʝ ʙʳ ʦʥʠ ʧʨʦʷʚʣʷʣʠ P,P-ʤʦʩʪʠʢʦʚʫʶ 

ʢʦʦʨʜʠʥʘʮʠʶ. ʈʘʚʥʦ ʢʘʢ ʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʨʘʙʦʪʳ ʧʦ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʶ P2N2-ʣʠʛʘʥʜʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʉʨʘʚʥʠʚʘʷ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ʩ ʘʮʠʢʣʠʯʝʩʢʠʤʠ ʙʠʩʬʦʩʬʠʥʘʤʠ, 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 2 ʚʘʞʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ɺʦ-ʧʝʨʚʳʭ, ʚʚʝʜʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ ʚ P2N2-ʣʠʛʘʥʜʘʭ ʚ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ ʠ ʘʟʦʪʘ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ 

ʫʧʨʘʚʣʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʫʯʘʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺʦ-ʚʪʦʨʳʭ, 

ʮʠʢʣʠʯʝʩʢʠʝ ʙʠʩʬʦʩʬʠʥʳ ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʢʘʨʢʘʩʥʳʝ ʣʠʛʘʥʜʳ, ʪʦ ʝʩʪʴ ʜʚʘ ʜʦʥʦʨʥʳʭ 

ʮʝʥʪʨʘ ʣʠʛʘʥʜʘ, ʩʚʷʟʘʥʥʳʝ ʚ ʮʠʢʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʦʙʣʘʜʘʶʪ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʧʦʜʚʠʞʥʦʩʪʴʶ ʠ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʨʦʜʫ ʩʚʷʟʳʚʘʥʠʷ ʩ ʧʝʨʝʭʦʜʥʳʤ ʤʝʪʘʣʣʘʤʠ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʭʝʣʘʪʥʳʭ ʠʣʠ ʤʦʩʪʠʢʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʡ ʫʧʨʘʚʣʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ 

ʢʦʤʧʣʝʢʩʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ, ʜʦ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʦʪʩʫʪʩʪʚʦʚʘʣʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʣʠʛʘʥʜʦʚ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʪʘʣʣʘʤ ʧʦʜʛʨʫʧʧʳ ʤʝʜʠ(I), ʚ ʯʘʩʪʥʦʩʪʠ ʥʝ ʙʳʣʘ ʠʟʫʯʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ P,P-ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʠ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʣʶʤʠʥʦʬʦʨʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʦʪʢʣʠʢʦʤ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʚʥʝʰʥʠʝ ʩʪʠʤʫʣʳ ʩ ʧʝʨʩʧʝʢʪʠʚʦʡ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʝʥʩʦʨʦʚ, ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʣʠ 

ʪʝʨʘʥʦʩʪʠʢʦʚ.  

 ʎʝʣʴ ʨʘʙʦʪʳ. ʉʦʟʜʘʥʠʝ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʢʘʢ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʣʠʛʘʥʜʦʚ ʩ 

ʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʦʡ  P,P-ʭʝʣʘʪʠʨʫʶʱʝʡ ʠ P,P-ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʚ ʩʠʥʪʝʟʝ 

ʤʦʥʦ-, ʙʠ- ʠ ʧʦʣʠʷʜʝʨʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʠ ʟʦʣʦʪʘ(I). 

 ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʂʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʩʝʭ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ 1,5-ʜʠʘʟʘ-

3,7-ʜʠʬʦʩʬʘʮʠʢʣʣʦʦʢʪʘʥʦʚ ʠ ʚʳʷʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʣʠʷʪʴ ʥʘ ʠʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʪʠʦʥʘʤ ʤʝʜʠ(I) ʠ ʟʦʣʦʪʘ(I), ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 
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2. ʉʠʥʪʝʟ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʭʨʦʤʦʬʦʨʥʳʝ 

ʧʠʨʠʜʠʣʴʥʳʝ ʠ ʧʠʨʠʜʠʣʵʪʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ ï 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʪʝʪʨʘʜʝʥʪʘʪʥʳʭ P,N-ʣʠʛʘʥʜʦʚ, ʘ ʪʘʢʞʝ ʪʠʦʬʝʥʠʣ, ʪʠʦʬʝʥʠʣʵʪʠʣ ʠ 

ʙʠʬʝʥʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ, ʢʘʢ ʙʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ, ʥʝʩʫʱʠʭ 

ʭʨʦʤʦʬʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ.  

3. ʉʠʥʪʝʟ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʣʠʛʘʥʜʦʚ ʠ ʩʪʨʫʢʪʫʨʦʡ ʦʙʨʘʟʫʶʱʠʭʩʷ: 

- ʤʦʥʦ- ʠ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʠ ʟʦʣʦʪʘ(I) ʥʘ ʦʩʥʦʚʝ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ; 

- ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ(I) ʥʘ ʦʩʥʦʚʝ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ; 

- ʧʦʣʠʷʜʝʨʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ Au/Cu ʠ Au/Ag ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ 1,5-ʜʠʘʟʘ-

3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ, 

ʚʦʟʙʫʞʜʝʥʠʷ, ʵʤʠʩʩʠʠ, ʚʨʝʤʝʥ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ) ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʠ ʟʦʣʦʪʘ(I) ʠ ʚʳʷʚʣʝʥʠʝ ʚʢʣʘʜʘ 

ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʣʠʛʘʥʜʦʚ ʚ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ çʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʦè. 

5. ʆʧʨʝʜʝʣʠʪʴ ʢʣʘʩʩʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʠ ʟʦʣʦʪʘ(I) ʩ 1,5-ʜʠʘʟʘ-

3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ, ʠʤʝʶʱʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ.  

 ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

- ɻʠʧʦʪʝʟʘ ʦʙ ʦʧʨʝʜʝʣʷʶʱʝʤ ʚʣʠʷʥʠʠ ʧʨʠʨʦʜʳ ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʛʦ ʫʛʣʘ ʘʪʦʤʦʚ ʘʟʦʪʘ 

1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʦʩʪʦʚʘ, 

ʝʛʦ ʢʦʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʣʠʛʘʥʜʦʚ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʪʠʦʥʘʤ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ; ʥʦʚʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʘʟʣʠʯʠʷʭ ʚ ʛʝʦʤʝʪʨʠʠ 

ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʦʩʪʦʚʘ, ʚʳʟʚʘʥʥʳʭ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʘʪʦʤʦʚ 

ʘʟʦʪʘ.  

- ʉʠʥʪʝʟ ʥʦʚʳʭ ʧʝʨʚʠʯʥʳʭ ʬʦʩʬʠʥʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʭʨʦʤʦʬʦʨʥʳʝ ʧʠʨʠʜʠʣʴʥʳʝ, ʧʠʨʠʜʠʣʵʪʠʣʴʥʳʝ, 
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ʪʠʦʬʝʥʠʣʴʥʳʝ, ʪʠʦʬʝʥʠʣʵʪʠʣʴʥʳʝ ʠ ʙʠʬʝʥʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ 

ʠ ʘʨʠʣʴʥʳʝ ʠʣʠ ʘʣʢʠʣʘʨʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ.  

- ʉʠʥʪʝʟ ʠ ʩʪʨʫʢʪʫʨʘ ʥʦʚʳʭ ʤʦʥʦ-, ʙʠ- ʠ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʠ ʟʦʣʦʪʘ(I) 

ʩ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ 

ʘʪʦʤʘʭ ʘʟʦʪʘ ʥʘ ʨʝʘʣʠʟʘʮʠʶ P,P-ʤʦʩʪʠʢʦʚʦʡ ʠʣʠ P,P-ʭʝʣʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ 

ʣʠʛʘʥʜʦʚ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʠʨʠʜʠʣʩʦʜʝʨʞʘʱʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ N-ʜʦʥʦʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ P,N-ʭʝʣʘʪʥʳʭ ʠʣʠ P,N-

ʤʦʩʪʠʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ.  

- ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʧʨʠʨʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʠ 

ʟʦʣʦʪʘ(I) ʩ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʣʠʷʥʠʝ ʩʦʧʨʷʞʝʥʠʷ 

ʅʕʇ ʵʥʜʦʮʠʢʣʠʯʝʩʢʠʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ 

ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ; ʚʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ ʣʠʛʘʥʜʦʚ, 

ʘ ʪʘʢʞʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʣʠʛʘʥʜʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ ï ʢʘʢ ʢʣʶʯʝʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʨʦʷʚʣʝʥʠʝ ʦʪʢʣʠʢʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘ ʚʥʝʰʥʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ.  

 ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʘʪʠʦʥʘʤ ʤʝʜʠ(I) ʠ ʟʦʣʦʪʘ(I) 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʨʘʟʣʠʯʥʳʝ ʧʦ ʧʨʠʨʦʜʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʛʝʪʝʨʦʘʪʦʤʘʭ:  

- ʘʣʢʠʣʴʥʳʝ ʠ ʘʨʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʧʣʦʩʢʦʪʨʠʛʦʥʘʣʴʥʫʶ ʠʣʠ ʧʠʨʘʤʠʜʘʣʴʥʫʶ ʛʝʦʤʝʪʨʠʶ ʘʪʦʤʦʚ ʘʟʦʪʘ 

- ʧʠʨʠʜʠʣ-, ʪʠʦʬʝʥʠʣʩʦʜʝʨʞʘʱʠʝ ʠ ʙʠʬʝʥʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ 

ʢʘʢ ʭʨʦʤʦʬʦʨʥʳʝ ʛʨʫʧʧʳ. 

 ɹʳʣ ʧʨʦʚʝʜʝʥ ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʩʝʭ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʂʵʤʙʨʠʜʞʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ 1,5-ʜʠʘʟʘ-

3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ (P2N2-ʣʠʛʘʥʜʦʚ), ʧʦʟʚʦʣʠʚʰʠʡ ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʅʕʇ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʘʪʦʤʦʚ ʘʟʦʪʘ, ʠʛʨʘʶʱʫʶ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʘʣʠʟʘʮʠʠ ʤʦʩʪʠʢʦʚʦʡ ʠʣʠ ʭʝʣʘʪʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʦʚ. ʅʘ ʦʩʥʦʚʝ ʚʳʷʚʣʝʥʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʢʦʥʬʠʛʫʨʘʮʠʝʡ 

ʘʪʦʤʘ ʘʟʦʪʘ ʠ ʛʝʦʤʝʪʨʠʠ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʦʩʪʦʚʘ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ 3 ʪʠʧʘ 
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ʩʪʨʫʢʪʫʨ. ɺʧʝʨʚʳʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʛʠʧʦʪʝʟʘ, ʧʨʝʜʩʢʘʟʳʚʘʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʘʣʠʟʘʮʠʠ ʢʘʢ P,P-ʭʝʣʘʪʥʦʡ, ʪʘʢ ʠ P,P-ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʜʣʷ ʣʠʛʘʥʜʦʚ ʪʠʧʘ 

I (N-ʘʨʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ), ʦʪʢʨʳʚʘʶʱʝʡ ʧʫʪʴ ʢ ʧʦʣʫʯʝʥʠʶ ʧʦʣʠʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʫʶ ʨʝʘʣʠʟʘʮʠʶ P,P-ʭʝʣʘʪʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʠ ʜʣʷ ʣʠʛʘʥʜʦʚ ʪʠʧʘ II  (N-ʘʣʢʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ) ʠ ʪʠʧʘ III  (N-ʘʨʠʣʴʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ ʩʦ ʩʪʝʨʠʯʝʩʢʠ ʟʘʛʨʫʞʝʥʥʳʤ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ), ʘ ʚ ʩʣʫʯʘʝ ʚʳʥʫʞʜʝʥʥʦʡ 

P,P-ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʤʝʪʘʣʣʦʬʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

 ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥ ʰʠʨʦʢʠʡ ʨʷʜ ʥʦʚʳʭ ʧʝʨʚʠʯʥʳʭ ʬʦʩʬʠʥʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʭʨʦʤʦʬʦʨʥʳʝ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ 

ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ, ʘ ʪʘʢʞʝ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʣʠʛʘʥʜʘʤ ʊʠʧʘ I ʠ ʊʠʧʘ II. ɺʧʝʨʚʳʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʦʥʦ-, ʙʠ- ʠ ʧʦʣʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(I) 

ʠ ʟʦʣʦʪʘ(I), ʘ ʪʘʢʞʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ Au/Cu ʠ Au/Ag ʢʦʤʧʣʝʢʩʳ ʩ P2N2-

ʣʠʛʘʥʜʘʤʠ, ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʩʦʢʫʶ 

ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʛʠʧʦʪʝʟʳ ʚʣʠʷʥʠʷ ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʛʦ ʚʘʣʝʥʪʥʦʛʦ 

ʫʛʣʘ ʘʪʦʤʦʚ ʘʟʦʪʘ ʥʘ ʦʨʠʝʥʪʘʮʠʶ ʅʕʇ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʠ ʥʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ 

ʭʠʤʠʶ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʘʨʴʠʨʦʚʘʥʠʝ 

ʩʪʝʭʠʦʤʝʪʨʠʠ ʨʝʘʢʮʠʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʣʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʩ P,P-

ʭʝʣʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʣʠʛʘʥʜʦʚ (ʩʦʦʪʥʦʰʝʥʠʝ ʣʠʛʘʥʜ:ʤʝʪʘʣʣ 2:1) ʠ ʢʦʤʧʣʝʢʩʦʚ 

ʤʝʜʠ(I) ʠ ʟʦʣʦʪʘ(I) ʩ P,P-ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ (ʩʦʦʪʥʦʰʝʥʠʝ ʣʠʛʘʥʜ:ʤʝʪʘʣʣ 1:1, 

1:2 ʠ 1:3). ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʦʣʴʢʦ 

ʣʠʛʘʥʜʳ ʩ ʧʠʨʠʜʠʣʵʪʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʢʘʢ ʪʝʪʨʘʜʝʥʪʘʪʥʳʝ, ʧʨʦʷʚʣʷʷ P,P,N,N-ʢʦʦʨʜʠʥʘʮʠʶ. ʇʦʢʘʟʘʥʦ, ʯʪʦ P2N2-ʣʠʛʘʥʜʳ 

ʪʠʧʘ I ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ ʨʝʘʢʮʠʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʤʦʥʦ-, ʙʠ- ʠ 

ʛʝʢʩʘʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(I) ʢʘʢ ʩ P,P-ʭʝʣʘʪʥʦʡ, P,P-ʤʦʩʪʠʢʦʚʦʡ, P,N-ʭʝʣʘʪʥʦʡ 

ʠ P,P,N,N-ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ, ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʤʝʜʠ(I) P2N2-

ʣʠʛʘʥʜʳ ʪʠʧʘ II  ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʟʫʶʪ ʢʦʤʧʣʝʢʩʳ ʩ P,P-ʭʝʣʘʪʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʝʡ. ɺʧʝʨʚʳʝ ʩ ʭʣʦʨʠʜʦʤ, ʠʦʜʠʜʦʤ ʠ ʘʮʝʪʠʣʝʥʠʜʘʤʠ ʟʦʣʦʪʘ(I) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ LAu2R2 (ʛʜʝ R ï 

ʭʣʦʨʠʜ ʠʣʠ ʘʮʝʪʠʣʝʥʠʜ), L2Au2I2 ʠʣʠ [L2Au2]2+
 ʩ P,P-ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ 

ʣʠʛʘʥʜʦʚ ʢʘʢ ʪʠʧʘ I, ʪʘʢ ʠ ʪʠʧʘ II. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 
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ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʦʩʪʦʚʘ ʣʠʛʘʥʜʦʚ ʪʠʧʘ I ʚ ʢʦʨʦʥʦʚʠʜʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ ʩ 

ʤʘʣʳʤ ʠ ʙʦʣʴʰʠʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ, ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ(I) ʩ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤʠ ʘʫʨʦʬʠʣʴʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʠ ʙʝʟ ʥʠʭ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ, ʜʣʷ ʣʠʛʘʥʜʦʚ ʪʠʧʘ II  ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʨʝʘʣʠʟʫʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʩ ʘʫʨʦʬʠʣʴʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ, ʘ ʫʚʝʣʠʯʝʥʠʝ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ ʟʦʣʦʪʘ ʧʨʠʚʦʜʠʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʩʭʦʜʥʦʡ 

ʢʦʥʬʦʨʤʘʮʠʠ ʣʠʛʘʥʜʦʚ ʚ ʪʚʠʩʪ-ʢʦʥʬʦʨʤʘʮʠʶ. 

 ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʝʜʠ(I) ʠ ʟʦʣʦʪʘ(I) ʩ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ, ʠ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʛʝʪʝʨʦʘʪʦʤʘʭ ʣʠʛʘʥʜʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʠʨʦʜʫ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʚ ʢʘʞʜʦʤ ʠʟ ʢʣʘʩʩʦʚ ʢʦʤʧʣʝʢʩʦʚ. ɺʧʝʨʚʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʢʦʤʧʣʝʢʩʦʚ ʧʦʢʘʟʘʥʦ 

ʫʯʘʩʪʠʝ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʦʩʪʦʚʘ ʠ ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ 

ʛʝʪʝʨʦʘʪʦʤʘʭ ʣʠʛʘʥʜʦʚ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʚʥʫʪʨʠʣʠʛʘʥʜʥʳʭ 

ʧʝʨʝʥʦʩʦʚ ʟʘʨʷʜʘ ʠ ʧʝʨʝʥʦʩʦʚ ʟʘʨʷʜʘ ʩ ʤʝʪʘʣʣʘ ʥʘ ʣʠʛʘʥʜ, ʤʝʪʘʣʣʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ˊ-ˊ*-

ʧʝʨʝʭʦʜʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʬʣʫʦʨʝʩʮʝʥʮʠʶ. ɼʣʷ 

ʙʠʷʜʝʨʥʳʭ ʤʝʪʘʣʣʦʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ(I) c P2N2-ʣʠʛʘʥʜʘʤʠ 

ʚʧʝʨʚʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʜʭʦʜʦʚ ñpump-probeò ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʪʠʧʘ çʣʘʟʝʨ ʥʘ 

ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭè ʧʦʢʘʟʘʥʦ ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ 

ʟʦʣʦʪʘ(I) ʠ ʨʝʘʣʠʟʘʮʠʷ ʘʫʨʦʬʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ.  

 ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʭʣʦʨʠʜʥʳʝ ʠ ʘʣʢʠʥʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʟʦʣʦʪʘ(I) ʩʦʩʪʘʚʘ 

ʣʠʛʘʥʜ ʤʝʪʘʣʣ 1:2 ʩʧʦʩʦʙʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʤʦʣʝʢʫʣ 

ʘʮʝʪʦʥʘ, ʘʮʝʪʦʥʠʪʨʠʣʘ, ɼʄʌɸ ʠʣʠ ɼʄʉʆ ʧʦ ʪʠʧʫ çʛʦʩʪʴ-ʭʦʟʷʠʥè ʟʘ ʩʯʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʘʨʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ 

ʘʪʦʤʘʭ ʘʟʦʪʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʩʦʟʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʦʚ ʥʘ 

ʣʝʛʢʦʣʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʘ ʜʚʫʭʧʦʣʦʩʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʛʝʢʩʘʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʧʝʨʝʭʦʜʘʤʠ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʩ ʤʝʜʴ-

ʛʘʣʦʛʝʥʠʜʥʦʛʦ ʷʜʨʘ ʥʘ ʣʠʛʘʥʜ ʠ ʢʣʘʩʪʝʨʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ. ʆʙʥʘʨʫʞʝʥ 

ʪʝʨʤʦʭʨʦʤʠʟʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʚʳʟʳʚʘʶʱʠʡ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
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ʜʚʫʭ ʧʦʣʦʩ ʵʤʠʩʩʠʠ, ʯʪʦ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʪʝʨʤʦʤʝʪʨʦʚ.  

 ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʩʦʟʜʘʥʠʝʤ ʛʠʧʦʪʝʟʳ ʚʣʠʷʥʠʷ ʵʥʜʦʮʠʢʣʠʯʝʩʢʠʭ 

ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ ʘʪʦʤʦʚ ʘʟʦʪʘ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ, ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʘ ʦʨʠʝʥʪʘʮʠʶ ʅʕʇ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʠ ʥʘ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʣʠʛʘʥʜʦʚ. ɼʘʥʥʘʷ ʛʠʧʦʪʝʟʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʘʪʴ 

ʧʦʣʫʯʝʥʠʝ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝ ʪʦʣʴʢʦ ʩ ʪʘʢʠʤʠ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʢʘʢ 

ʤʝʜʴ(I) ʠ ʟʦʣʦʪʦ(I), ʥʦ ʠ ʩ ʜʨʫʛʠʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʯʪʦ ʥʝʩʦʤʥʝʥʥʦ ʜʦʣʞʥʦ 

ʫʯʠʪʳʚʘʪʴʩʷ ʠ ʚ ʩʠʥʪʝʟʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ, ʠ ʧʨʠ ʦʙʩʫʞʜʝʥʠʠ ʤʝʭʘʥʠʟʤʦʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɺʘʞʥʳʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʘʩʧʝʢʪʦʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʠ ʧʨʠʨʦʜʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʢʘʢ ʘʪʦʤʘʨʥʳʝ ʦʨʙʠʪʘʣʠ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʪʘʢ ʠ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʦʩʪʦʚʘ, ʚʢʣʶʯʘʷ ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʝ 

ʟʘʤʝʩʪʠʪʝʣʠ ʣʠʛʘʥʜʦʚ, ʯʪʦ ʩʣʫʞʠʪ ʚʘʞʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚʢʣʶʯʘʷ 

ʦʪʢʣʠʢ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘ ʚʥʝʰʥʠʝ ʩʪʠʤʫʣʳ. ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥ ʰʠʨʦʢʠʡ ʥʘʙʦʨ 

ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ(I) ʠ ʤʝʜʠ(I), ʧʨʦʷʚʣʷʶʱʠʤʠ ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʪʦʨʦʡ ʤʝʥʷʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʯʪʦ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʝʥʩʦʨʦʚ. ʇʦʣʫʯʝʥʳ ʧʦʣʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(I), 

ʧʨʦʷʚʣʷʶʱʠʝ ʜʚʫʭʧʦʣʦʩʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʫʩʪʘʥʦʚʣʝʥʦ ʪʝʨʤʦʭʨʦʤʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ, ʩʚʷʟʘʥʥʦʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʫʭ ʧʦʣʦʩ ʵʤʠʩʩʠʠ, ʠ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʦʚ. ʈʷʜ ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʟʠʪʦʚ (ʥʘʥʦʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ) ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʪʨʝʢʢʠʥʛʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ʪʝʨʘʥʦʩʪʠʢʦʚ).   

 ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʥʘʣʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 
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ʈʉɸ (ʜʣʠʥ ʩʚʷʟʝʡ, ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ ʘʪʦʤʦʚ, ʧʣʦʩʢʦʩʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʩʚʷʟʠ ʧʨʠ 

ʛʝʪʝʨʦʘʪʦʤʘʭ, ʠ ʨʘʩʯʝʪʘ ʫʛʣʦʚ ʤʝʞʜʫ ʅʕʇ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ). ʅʘ ʦʩʥʦʚʝ ʧʘʨʘʤʝʪʨʦʚ 

ʣʠʛʘʥʜʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʚʢʣʶʯʘʚʰʘʷ ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʧʦ 

ʣʫʯʰʝʡ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ ʠ ʚʘʨʠʘʪʠʚʥʦʩʪʠ, ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ, ʧʦʩʪʨʦʝʥʠʝ 

ʜʝʥʜʨʦʛʨʘʤʤ, ʨʘʩʧʨʝʜʝʣʷʶʱʠʭ ʩʪʨʫʢʪʫʨʳ ʧʦ ʪʠʧʘʤ ʠʜʝʥʪʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʠ 

ʧʦʩʪʨʦʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ɼʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʦʚʳʭ 

ʧʝʨʚʠʯʥʳʭ ʬʦʩʬʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʭʨʦʤʦʬʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʩ 

ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʠ 

ʟʦʣʦʪʘ(I) ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʨʝʘʢʮʠʝʡ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠʣʠ ʣʠʛʘʥʜʥʦʛʦ ʦʙʤʝʥʘ 1,5-ʜʠʘʟʘ-

3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʩ ʩʦʣʷʤʠ ʤʝʪʘʣʣʦʚ ʠʣʠ ʠʭ ʢʦʤʧʣʝʢʩʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 

ʣʝʛʢʦʫʭʦʜʷʱʠʝ ʣʠʛʘʥʜʳ (ʥʘʧʨʠʤʝʨ, ʘʮʝʪʦʥʠʪʨʠʣ ʠʣʠ ʪʝʪʨʘʛʠʜʨʦʪʠʦʬʝʥ). ɼʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʩʦʝʜʠʥʝʥʠʡ, 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʥʘʙʦʨ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʵʣʝʤʝʥʪʥʳʡ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ 

ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʡ ʠ ʧʦʨʦʰʢʦʚʳʡ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘʭ ʠ ʤʦʜʫʣʴʥʳʭ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʘʭ (Fluorolog 3, 

Fluorolog QM). ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʤʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) ʠ 

ʚʨʝʤʷ ʟʘʚʠʩʠʤʦʡ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (TDDFT). ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʝʪʘʣʣʦʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ 

ʫʩʪʘʥʦʚʢʘʭ ʪʠʧʘ çʤʝʛʘ-scienceè: ESRF (ʛ. ɻʨʝʥʦʙʣʴ, ʌʨʘʥʮʠʷ) ʠ XFEL (ʛ. ɻʘʤʙʫʨʛ, 

ɻʝʨʤʘʥʠʷ). 

 ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨ ʣʠʯʥʦ ʫʯʘʩʪʚʦʚʘʣ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʧʨʘʚʣʝʥʠʡ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʙʦʨʝ ʦʙʲʝʢʪʦʚ, ʧʦʩʪʘʥʦʚʢʠ ʮʝʣʠ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʪʦʜʦʣʦʛʠʡ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʥʘʣʠʟʝ ʠ ʦʙʦʙʱʝʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʚ ʬʦʨʤʫʣʠʨʦʚʢʝ ʚʳʚʦʜʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʩʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ, ʚʢʣʶʯʘʷ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʣʠʙʦ ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʣʣʝʛʘʤʠ ʠ ʩʪʫʜʝʥʪʘʤʠ, 

ʚʳʧʦʣʥʷʶʱʠʤʠ ʅʀʈ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʌʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʀʥʩʪʠʪʫʪʘ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʚʪʦʨʘ. 
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ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʢʦʣʣʝʛʘʤʠ ʠʟ ʎʂʇ ʉɸʎ ʌʀʎ ʂʘʟʅʎ ʈɸʅ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩʪʫʜʝʥʪʦʤ ʅʀʋ ɺʐʕ ʂʘʨʘʩʠʢ ʂ.ɸ., ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʘʚʪʦʨʦʤ, ʧʦʩʪʨʦʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʠʭ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʘʚʪʦʨʦʤ ʣʠʯʥʦ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʣʠʙʦ ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʣʣʝʛʘʤʠ 

ʠʟ ʈʝʩʫʨʩʥʦʛʦ ʮʝʥʪʨʘ ʉʇʙɻʋ ʠʣʠ ʂʌʊʀ ʌʀʎ ʂʘʟʅʎ ʈɸʅ. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʨʘʩʯʝʪʳ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ ʠ ʚʳʷʚʣʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʦʨʙʠʪʘʣʝʡ, 

ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʦʚʦʜʠʣʠʩʴ ʩ.ʥ.ʩ., ʢ.ʬ.-ʤ.ʥ. ʣʘʙ. ʌʍɸ 

ʀʆʌʍ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ɻʝʨʘʩʠʤʦʚʦʡ ʊ.ʇ. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʚʳʜʚʠʞʝʥʠʝ ʪʝʦʨʠʡ ʦ ʨʦʣʠ ʣʠʛʘʥʜʦʚ ʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʘʚʪʦʨʦʤ.  

 ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʥʘ ʩʣʝʜʫʶʱʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: XXII 

ʄʝʥʜʝʣʝʝʚʩʢʠʡ ʩʲʝʟʜ ʧʦ ʦʙʱʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ (ʛ. ʉʦʯʠ, 2024 ʛ.), 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʣʶʤʠʥʝʩʮʝʥʮʠʠ çLUMOS-2024è (ʛ. ʄʦʩʢʚʘ, 2024 

ʛ.), ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʸʞʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʪʫʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠè (ʛ.ʅʦʚʦʩʠʙʠʨʩʢ, 2022 ʛ.), III  ʅʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çɼʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʭʠʤʠʠ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡè (ʛ. ʂʘʟʘʥʴ, 

2022 ʛ.), ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʠ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʢʣʘʩʪʝʨʦʚ çʂʣʘʩʪʝʨ-2022è (ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2022 ʛ.), XXVIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʏʫʛʘʝʚʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ (ʛ. ʊʫʘʧʩʝ, 2021 ʛ.), XXI 

ʄʝʥʜʝʣʝʝʚʩʢʠʡ ʩʲʝʟʜ ʧʦ ʦʙʱʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2019 ʛ.), 

ʖʙʠʣʝʡʥʳʝ ʣʦʤʦʥʦʩʦʚʩʢʠʝ ʯʪʝʥʠʷ (ʛ. ʄʦʩʢʚʘ, 2019 ʛ.), 7-th School-Conference on 

Atomistic Simulation of Functional Materials (ʛ. ʂʘʟʘʥʴ, 2018 ʛ.), 22nd International 

Conference on Phosphorus Chemistry (ʛ. ɹʫʜʘʧʝʰʪ, 2018 ʛ.), XXVII ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʏʫʛʘʝʚʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ (ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2017 ʛ.), 

XX ʄʦʣʦʜʝʞʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʛ. ʂʘʟʘʥʴ, 2017 ʛ.), X 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çʄʝʥʜʝʣʝʝʚ-2017è (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2017 

ʛ.), ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ XXI-ʛʦ ʚʝʢʘ (ʛ. ʄʦʩʢʚʘ, 2016 ʛ.), II  

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʄʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ 21ʚʝʢʘè (ʛ. ʂʘʟʘʥʴ, 2016 ʛ.), ʂʣʘʩʪʝʨ ʢʦʥʬʝʨʝʥʮʠʡ ʧʦ 
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ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ çʆʨʛʭʠʤ ï 2016è (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2016 ʛ.), 21st International 

Conference on Phosphorus Chemistry (ʛ. ʂʘʟʘʥʴ, 2016 ʛ.), 12 European Congress on 

Catalysis (ʛ. ʂʘʟʘʥʴ, 2015 ʛ.), VI ʈʘʟʫʚʘʝʚʩʢʠʝ ʯʪʝʥʠʷ (ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2015 ʛ.), 

XXVI  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʏʫʛʘʝʚʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ (ʛ. 

ʂʘʟʘʥʴ, 2014 ʛ.), 20th International Conference on Phosphorus Chemistry (ʛ. ɼʫʙʣʠʥ, 

2014 ʛ.), 19th International Conference on Phosphorus Chemistry (ʛ. ʈʦʪʪʝʨʜʘʤ, 2012 ʛ.), 

VII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʠ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʣʘʩʪʝʨʦʚ 

çʂʣʘʩʪʝʨ-2012è (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 2012 ʛ.), III  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʜʣʷ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ "ʄʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʝ ʥʘʥʦʦʙʲʝʢʪʳ ʠ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʪʳ" (ʛ. 

ʄʦʩʢʚʘ, 2011 ʛ.), 8th European Workshop on Phosphorus Chemistry (ʛ. ʄʶʥʩʪʝʨ, 2011 

ʛ.) 

 ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʥʦʚʘʥʘ ʥʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ, ʦʪʩʫʪʩʪʚʠʷ çʦʪʨʠʮʘʪʝʣʴʥʳʭè ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʜʘʥʥʳʭ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ, ʧʨʦʪʠʚʦʨʝʯʘʱʠʭ ʥʘʙʣʶʜʘʝʤʳʤ 

ʷʚʣʝʥʠʷʤ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʤ ʚʳʚʦʜʘʤ, ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʵʢʩʧʝʨʪʦʚ 

ʚʳʩʦʢʦʨʝʡʪʠʥʛʦʚʳʭ ʞʫʨʥʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʥʦʛʦʯʠʩʣʝʥʥʦʡ ʘʧʨʦʙʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ.  

 ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʨʘʙʦʪʳ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʦʧʫʙʣʠʢʦʚʘʥʦ 32 ʩʪʘʪʴʠ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ, ʠʟ ʢʦʪʦʨʳʭ 22 

ʚ ʞʫʨʥʘʣʘʭ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʢʚʘʨʪʠʣʝʡ ʠ 4 ʦʙʟʦʨʥʳʝ ʩʪʘʪʴʠ. ʉʦʘʚʪʦʨʳ ʧʫʙʣʠʢʘʮʠʡ 

ʥʝ ʚʦʟʨʘʞʘʶʪ ʧʨʦʪʠʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩʦʚʤʝʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ. 

 ɻʨʘʥʪʳ ʠ ʧʨʦʛʨʘʤʤʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ 

ʃʘʙʦʨʘʪʦʨʠʠ ʌʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʀʆʌʍ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʌʀʎ ʂʘʟʅʎ 

ʈɸʅ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʅʀʈ (ʛʦʩʟʘʜʘʥʠʝ) ʠ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʈʦʩʩʠʡʩʢʦʛʦ ʌʦʥʜʘ ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʀʩʩʣʝʜʦʚʘʥʠʡ (15-43-02292, 13-03-00563), 

ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ 

ʨʦʩʩʠʡʩʢʠʭ ʫʯʸʥʳʭ - ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ, ʜʦʢʪʦʨʦʚ ʥʘʫʢ ʠ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣ 
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ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʄʂ-2721.2017.3) ʠ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ (15-13-

30031, 19-43-04119, 22-13-00147).  

 ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ 

ʢʦʥʩʫʣʴʪʘʥʪʫ ʯʣ.-ʢʦʨʨ. ʈɸʅ, ʧʨʦʬ. ʂʘʨʘʩʠʢʫ ɸ.ɸ.; ʜ.ʭ.ʥ. ʄʫʩʠʥʦʡ ʕ.ʀ. ʟʘ 

ʧʦʩʪʦʷʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʠ ʫʯʘʩʪʠʝ ʚ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ; ʢ.ʬ-ʤ.ʥ ɻʝʨʘʩʠʤʦʚʦʡ 

ʊ.ʇ. ʟʘ ʧʦʩʪʦʷʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʜʝʥʠʝʤ ʩʣʦʞʥʳʭ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʩʥʦʚʥʳʭ ʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʜʦʣʛʦʩʨʦʯʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ; ʜ.ʭ.ʥ., ʧʨʦʬ. ʃʠʪʚʠʥʦʚʫ ʀ.ɸ. ʟʘ 

ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʨʫʢʪʫʨ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʘʤʠ ʈʉɸ; ʜ.ʭ.ʥ. 

ʄʫʩʪʘʬʠʥʦʡ ɸ.ʈ. ʠ ʢ.ʭ.ʥ. ʌʘʡʟʫʣʣʠʥʫ ɹ.ɸ. ʟʘ ʩʦʚʤʝʩʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʠ ʨʘʩʰʠʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ; ʢ.ʭ.ʥ. ɼʘʷʥʦʚʦʡ ʀ.ʈ., ʢ.ʭ.ʥ. ʂʫʨʝʥʢʦʚʫ ɸ.ɺ., 

ʘʩʧʠʨʘʥʪʫ ɸʭʤʘʜʛʘʣʝʝʚʫ ʂ.ɼ. ʟʘ ʧʦʤʦʱʴ ʚ ʩʠʥʪʝʟʝ ʠʩʭʦʜʥʳʭ ʠ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

ʜ.ʬ-ʤ.ʥ. ʂʦʣʝʩʥʠʢʦʚʫ ʀ.ɽ. ʠ ʢ.ʬ-ʤ.ʥ. ʐʤʝʣʝʚʫ ɸ.ɻ. ʟʘ ʧʦʤʦʱʴ ʚ ʠʟʫʯʝʥʠʠ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚʢʣʶʯʘʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ; ʜ.ʭ.ʥ. 

ɻʨʘʯʝʚʦʡ ɽ.ɺ. ʟʘ ʧʣʦʜʦʪʚʦʨʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠ ʩʦʚʤʝʩʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʟʦʣʦʪʦ-ʘʣʢʠʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; ʩʦʪʨʫʜʥʠʢʘʤ ʎʂʇ ʉɸʎ ʌʀʎ ʂʘʟʅʎ ʈɸʅ 

ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚ; 

ʩʦʪʨʫʜʥʠʢʘʤ ʈʎ  ʉʇʙɻʋ çʆʧʪʠʯʝʩʢʠʝ ʠ ʣʘʟʝʨʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘè 

ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ɻʃɸɺɸ 1. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

1.1. ʉʠʥʪʝʟ ʠ ʢʦʥʬʦʨʤʘʮʠʠ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ 

1,5-ɼʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ (ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ 

ʩʦʢʨʘʱʝʥʠʝ PR
2NR

2-ʮʠʢʣʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ ʠʣʠ ʧʨʦʩʪʦ PR
2NR

2) ï ʵʪʦ 8-ʯʣʝʥʥʳʝ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʜʚʝ ʬʦʩʬʠʥʦʚʳʭ ʠ ʜʚʝ 

ʘʤʠʥʦʛʨʫʧʧʳ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʤʝʪʠʣʝʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. ɺʧʝʨʚʳʝ 

ʩʦʦʙʱʝʥʠʷ ʦʙ ʵʪʦʤ ʢʣʘʩʩʝ ʩʦʝʜʠʥʝʥʠʡ ʧʦʷʚʠʣʦʩʴ ʚ 1980-81 ʛʦʜʫ ʚ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʨʘʙʦʪʘʭ ʘʢʘʜʝʤʠʢʘ ɹ.ɸ. ɸʨʙʫʟʦʚʘ ʠ ʧʨʦʬ. Markl [1-5]. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ 

ʢ ʩʠʥʪʝʟʫ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʨʝʘʢʮʠʠ ʙʠʩ(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʬʦʩʬʠʥʦʚ ʩ ʧʝʨʚʠʯʥʳʤʠ 

ʘʤʠʥʘʤʠ ʧʦ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʪʠʧʘ ʄʘʥʥʠʭʘ ʠ ʨʝʘʢʮʠʷ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ 

ʵʬʠʨʦʚ ʙʦʨʥʳʭ ʢʠʩʣʦʪ ʩ ʘʤʠʥʘʤʠ (ʉʭʝʤʘ 1.1.). 

 

ʉʭʝʤʘ 1.1.  ʉʠʥʪʝʟ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ 

ɼʣʷ ʩʠʥʪʝʟʘ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʚ ʧʝʨʚʳʭ ʨʘʙʦʪʘʭ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʙʠʩ(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)-ʧʨʦʠʟʚʦʜʥʳʝ ʤʝʪʠʣ-, ʵʪʠʣ-, ʮʠʢʣʦʛʝʢʩʠʣ-, ʚʠʥʠʣ- 

ʠʣʠ ʬʝʥʠʣʬʦʩʬʠʥʘ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ ʧʝʨʚʠʯʥʳʝ ʘʤʠʥʳ 

(ʉʭʝʤʘ 1). ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʜʘʥʥʳʤʠ ʗʄʈ- ʠ ʀʂ- 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ [3-5]. ɸʚʪʦʨʘʤʠ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ PCH2N-ʬʨʘʛʤʝʥʪʘ, ʢʦʪʦʨʳʝ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʢʘʢ ʜʚʝ ʛʨʫʧʧʳ ʜʫʧʣʝʪ ʜʫʧʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ ʦʢ. 3-5 ʤ.ʜ. ʚ ʩʠʣʫ 

ʘʩʩʠʤʝʪʨʠʯʥʦʩʪʠ ʵʥʜʦʮʠʢʣʠʯʝʩʢʠʭ ʘʢʩʠʘʣʴʥʳʭ ʠ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʧʨʦʪʦʥʦʚ, ʘ ʪʘʢʞʝ 

ʩʦ ʩʧʝʮʠʬʠʯʥʳʤ ʩʧʠʥ-ʩʧʠʥʦʚʤr ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʨʦʪʦʥʦʚ ʩ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ. 

ʇʨʠʯʝʤ ʢʦʥʩʪʘʥʪʘ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʧʨʦʪʦʥʦʚ ʩ ʘʪʦʤʘʤʠ 

ʬʦʩʬʦʨʘ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 12-15 ɻʮ ʜʣʷ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ 

ʧʨʦʪʦʥʦʚ ʠ 4-6 ɻʮ ʜʣʷ ʘʢʩʠʘʣʴʥʳʭ ʧʨʦʪʦʥʦʚ. ʊʘʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘʷ ʢʘʨʪʠʥʘ 1,5-
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ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʧʦʟʚʦʣʷʝʪ ʩ ʣʝʛʢʦʩʪʴʶ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ.  

ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʘʢʮʠʷ ʢʦʥʜʝʥʩʘʮʠʠ ʪʠʧʘ ʄʘʥʥʠʭʘ ʧʝʨʚʠʯʥʳʭ 

ʬʦʩʬʠʥʦʚ, ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʘ ʠ ʧʝʨʚʠʯʥʳʭ ʘʤʠʥʦʚ ʟʘʯʘʩʪʫʶ ʢʨʦʤʝ 8-ʯʣʝʥʥʳʭ 

ʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚ ʧʨʠʚʦʜʠʪ ʪʘʢʞʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 6-ʯʣʝʥʥʳʭ 

ʮʠʢʣʠʯʝʩʢʠʭ ʠʣʠ ʘʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʫʶ N-H ʛʨʫʧʧʫ. ʇʨʦʬ. Markl ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ [3] ʠʩʧʦʣʴʟʦʚʘʣ 

ʘʮʠʢʣʠʯʝʩʢʠʝ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʳ ʜʣʷ ʩʠʥʪʝʟʘ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʚʝ ʨʘʟʣʠʯʥʦʟʘʤʝʱʝʥʥʳʝ ʬʦʩʬʠʥʦʛʨʫʧʧʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʤʫ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʩʦʝʜʠʥʝʥʠʝ 1.10 ʩ ʬʝʥʠʣʴʥʳʤ ʠ 

ʮʠʢʣʦʛʝʢʩʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʧʨʠ ʜʚʫʭ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ (ʉʭʝʤʘ 1.2). 

 

ʉʭʝʤʘ 1.2. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʷ 1.10 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʩʠʥʪʝʟʫ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ 

ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʦʨʘʣʢʦʢʩʠʬʦʩʬʠʥʦʚ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ, ʢʦʪʦʨʳʡ 

ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʙʩʫʞʜʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ 

(ʉʭʝʤʘ 1) [6,7]. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʙʦʨʘʣʢʦʢʩʠʬʦʩʬʠʥʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʪʦʤʫ ʞʝ ʩʠʥʪʝʪʠʯʝʩʢʦʤʫ ʧʫʪʠ, ʯʪʦ ʠ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚ, ʪʦʣʴʢʦ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʤʝʩʪʦ ʧʝʨʚʠʯʥʳʭ ʘʤʠʥʦʚ ʚ ʨʝʘʢʮʠʠ ʩ 

ʙʠʩ(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʬʦʩʬʠʥʘʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʘʤʝʱʝʥʥʳʝ ʙʦʨʥʳʝ ʢʠʩʣʦʪʳ. 

ɹʦʨʘʣʢʦʢʩʠʬʨʘʛʤʝʥʪʳ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ 

ʷʚʣʷʶʪʩʷ ʫʭʦʜʷʱʠʤʠ ʛʨʫʧʧʘʤʠ. ʊʝʤ ʩʘʤʳʤ, ʵʪʦʪ ʧʦʜʭʦʜ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʤʥʦʛʦʩʪʘʜʠʡʥʳʤ, ʯʝʤ ʧʨʷʤʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʙʠʩ(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʬʦʩʬʠʥʦʚ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝ ʥʘʰʝʣ 

ʩʚʦʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʥʪʝʟʝ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ. ʅʦ ʚ ʪʦʞʝ 

ʚʨʝʤʷ, ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʥʝʦʙʭʦʜʠʤ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʙʨʘʟʦʚʘʥʠʶ 
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ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚ ʧʨʝʧʷʪʩʪʚʫʝʪ ʥʘʣʠʯʠʝ ʩʚʦʙʦʜʥʳʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, 

ʢʦʪʦʨʳʝ ʚʳʜʝʣʷʶʪʩʷ ʚ ʧʝʨʚʦʤ ʩʠʥʪʝʪʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ.  

ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʬʝʥʠʣʬʦʩʬʠʥʘ [8-20]. P-ʌʝʥʠʣʟʘʤʝʱʝʥʥʳʝ P,N-ʛʝʪʝʨʦʮʠʢʣʳ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ çʤʦʜʝʣʴʥʳʤʠè ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʘʥʦʚ. ʅʘ ʦʩʥʦʚʝ ʬʝʥʠʣʬʦʩʬʠʥʘ 

ʧʦʣʫʯʝʥʳ 8-ʯʣʝʥʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʳ ʩ ʘʨʠʣ- ʠʣʠ 

ʙʝʥʟʠʣʟʘʤʝʱʝʥʥʳʤʠ ʘʤʠʥʘʤʠ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ (ʉʭʝʤʘ 1.3).  

 

ʉʭʝʤʘ 1.3.  ʉʠʥʪʝʟ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ 1.1 ï 1.59 

ʂʨʦʤʝ ʬʝʥʠʣʬʦʩʬʠʥʘ ʜʣʷ ʩʠʥʪʝʟʘ ʠ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʝʪ-ʙʫʪʠʣʬʦʩʬʠʥ, ʮʠʢʣʦʛʝʢʩʠʣʬʦʩʬʠʥ, 
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ʤʝʪʠʣ ʠ ʵʪʠʣʬʦʩʬʠʥʳ, ʬʝʨʨʦʮʝʥʠʣʬʦʩʬʠʥ ʠ ʜʨ., ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʩʭʝʤʝ 3 

[8,11,17,21-30].  

ɺ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʣʫʯʝʥʠʷ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ, ʤʠʥʫʷ ʧʝʨʚʠʯʥʳʝ ʬʦʩʬʠʥʳ. ɼʣʷ 

ʵʪʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʝʪʨʘʢʠʩ(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʬʦʩʬʦʥʠʡ ʭʣʦʨʠʜ [26, 31-33]. ʇʨʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʪʨʠʵʪʠʣʘʤʠʥʦʤ ʦʙʨʘʟʫʝʪʩʷ ʪʨʠʩ(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʬʦʩʬʠʥ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʢʚʘʪʝʨʥʠʟʫʝʪʩʷ ʭʣʦʨʘʣʢʠʣʘʤʠ, ʦʙʨʘʟʫʷ ʪʨʠʩ(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʘʣʢʠʣʬʦʩʬʦʥʠʝʚʫʶ 

ʩʦʣʴ (ʉʭʝʤʘ 1.3). ʇʦʩʣʝʜʫʶʱʘʷ ʦʙʨʘʙʦʪʢʘ ʩʦʣʠ ʪʨʠʵʪʠʣʘʤʠʥʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ʙʠʩ(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʘʣʢʠʣʬʦʩʬʠʥʫ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʠʩʭʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʜʣʷ 

ʩʠʥʪʝʟʘ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ 1.35 ʠ 1.58.  

ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [27,34] ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ 4-ʙʨʦʤʬʝʥʠʣ ʠʣʠ 4-ʵʪʠʥʠʣʬʝʥʠʣ (ʉʭʝʤʘ 

4). ʊʘʢ, ʚ ʨʘʙʦʪʝ [27] ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʷ 1.61, ʩʦʜʝʨʞʘʱʝʛʦ 

ʬʦʩʬʦʨʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ ʢ ʬʦʩʬʠʥʦʛʨʫʧʧʝ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ 

ʩʠʥʪʝʟʠʨʦʚʘʥ 4-ʙʨʦʤʬʝʥʠʣʬʦʩʬʠʥ ʠ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ (ʉʭʝʤʘ 1.4). ʇʦʩʣʝʜʫʶʱʝʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʨʝʘʢʮʠʠ ʩ 

ʙʫʪʠʣʣʠʪʠʝʤ ʠ ʭʣʦʨʬʦʩʬʠʪʦʤ.  

 

ʉʭʝʤʘ 1.4. ʉʠʥʪʝʟ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ 1.60 ʠ 1.61 
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ɼʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ 1.22 (PPh
2Np-(C2H)C6H4

2) ʯʝʨʝʟ ʘʣʢʠʥ-ʘʟʠʜ 

ʢʣʠʢ-ʨʝʘʢʮʠʶ ʘʚʪʦʨʘʤʠ ʧʨʠʰʣʦʩʴ ʟʘʱʠʱʘʪʴ ʬʦʩʬʠʥʦʛʨʫʧʧʫ ʙʦʨʛʠʜʨʠʜʦʤ [34]. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʣʠʢ-ʨʝʘʢʮʠʷ ʩ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʤ ʠʣʠ ʝʛʦ 

ʥʠʢʝʣʝʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʥʝ ʧʨʦʪʝʢʘʝʪ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʷʚʣʷʣʦʩʴ 

ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʘ ʩ ʙʦʨʛʠʜʨʠʜʦʤ 1.22ʙ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

1.22ʙ ʩ ʙʝʥʟʠʣʘʟʠʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʫʣʴʬʘʪʘ ʤʝʜʠ(II) ʠ ʘʩʢʦʨʙʘʪʘ ʥʘʪʨʠʷ, ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʩʥʷʪʠʝ ʟʘʱʠʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1,4-ʜʠʘʟʘʙʠʮʠʢʣʦ[2.2.2]ʦʢʪʘʥʘ 

(DABCO) ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘ 1.62 (ʉʭʝʤʘ 

1.5).  

 

ʉʭʝʤʘ 1.5.  ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ 1.62 

1,5-ɼʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ʩʧʦʩʦʙʥʳ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʚʠʜʝ ʜʚʫʭ 

ʠʟʦʤʝʨʦʚ ʩ ʩʠʥ- ʠ ʘʥʪʠ- ʦʨʠʝʥʪʘʮʠʝʡ ʅʕʇ ʘʪʦʤʦʚ ʬʦʩʬʦʨʦʚ (ʫʩʣʦʚʥʦ ʮʠʩ- ʠ ʪʨʘʥʩ-

ʠʟʦʤʝʨʳ, ʈʠʩʫʥʦʢ 1.1.) [35-39]. ɺ ʗʄʈ 31P ʩʧʝʢʪʨʘʭ ʩʠʛʥʘʣʳ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʮʠʩ-

ʠʟʦʤʝʨʦʚ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʦʙʣʘʩʪʠ -40 ï -50 

ʤ.ʜ., ʚ ʩʣʫʯʘʝ ʘʨʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ, ʠ ʚ ʦʙʣʘʩʪʠ -50 ï -60 ʤ.ʜ. ʚ 

ʩʣʫʯʘʝ ʙʝʥʟʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ. ʉʠʛʥʘʣʳ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʪʨʘʥʩ-

ʠʟʦʤʝʨʦʚ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʩʠʣʴʥʳʭ ʧʦʣʷʭ ʧʨʠ -27 ï -30 ʤ.ʜ.  

ʎʠʩ-ʠʟʦʤʝʨʳ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʷʚʣʷʶʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ. 

ʀʤʝʥʥʦ ʜʣʷ ʵʪʠʭ ʠʟʦʤʝʨʦʚ ʠʟʫʯʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 1,5-ʜʠʘʟʘ-
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3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ. ɼʣʷ ʮʠʩ-ʠʟʦʤʝʨʦʚ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 4 ʫʩʪʦʡʯʠʚʳʝ ʢʦʥʬʦʨʤʘʮʠʠ (ʈʠʩʫʥʦʢ 1): çʢʨʝʩʣʦ-ʢʨʝʩʣʦè (ʯʘʩʪʦ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʦʙʦʟʥʘʯʝʥʦ ʢʘʢ ñcrownò ʠʣʠ çʢʦʨʦʥʘè), çʢʨʝʩʣʦ-ʚʘʥʥʘè, çʪʚʠʩʪ-ʢʨʝʩʣʦ-

ʚʘʥʥʘè ʠ çʚʘʥʥʘ-ʚʘʥʥʘè (ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʥʘʟʚʘʥʠʝ 

çʩʝʜʝʣʴʥʘʷè (ñsaddleò) ʢʦʥʬʦʨʤʘʮʠʷ).  

 

ʈʠʩʫʥʦʢ 1.1. ɺʦʟʤʦʞʥʳʝ ʢʦʥʬʦʨʤʘʮʠʠ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ 

ʅʘʭʦʞʜʝʥʠʝ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʚ ʵʪʠʭ ʢʦʥʬʦʨʤʘʮʠʷʭ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʙʱʠʤʠ ʢʦʥʮʝʧʮʠʷʤʠ ʩʪʝʨʝʦʭʠʤʠʠ 8-ʯʣʝʥʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɺ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ ʢʘʢ ʚ ʪʚʝʨʜʦʡ, ʪʘʢ ʠ ʚ ʞʠʜʢʦʡ ʬʘʟʘʭ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ʥʘʭʦʜʷʪʩʷ ʚ ʢʦʥʬʦʨʤʘʮʠʠ çʢʦʨʦʥʘè, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʜʘʥʥʳʤʠ ʈʉɸ ʠ ʢʦʤʧʣʝʢʩʦʤ ʤʝʪʦʜʦʚ ʗʄʈ-ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʜʢʨʝʧʣʝʥʥʳʤʠ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ [35-37]. 

ɺ ʨʘʙʦʪʘʭ ʃʘʪʳʧʦʚʘ ʐ.ʂ. ʠ ʩʦ-ʘʚʪʦʨʦʚ [35,37] ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʦ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʢʘʢ ʚ 

ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ, ʪʘʢ ʠ ʚʥʫʪʨʠ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ. ɼʣʷ ʘʥʘʣʠʟʘ 

ʢʦʥʬʦʨʤʘʮʠʡ ʠ ʚʦʟʤʦʞʥʳʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʙʳʣʠ ʚʳʙʨʘʥʳ 

1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʬʝʥʠʣʴʥʳʝ, ʙʝʥʟʠʣʴʥʳʝ ʠ 

ʤʝʥʪʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʘʪʥʦʚ ʩ ʤʝʪʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ. ɼʣʷ 



22 
 

ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ ʥʘ ʢʦʥʬʦʨʤʘʮʠʠ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩ ʬʝʥʠʣʴʥʳʤʠ ʠ 

ʙʝʥʟʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ. ʆʩʥʦʚʳʚʘʷ ʥʘ ʪʦʤ, ʯʪʦ ʚ ʗʄʈ-

ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ, ʪʘʢ ʠ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʩʠʛʥʘʣʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʚʳʩʦʢʦ ʩʠʤʤʝʪʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʘ ʪʘʢʞʝ ʥʘ ʥʘʣʠʯʠʠ ʵʬʬʝʢʪʦʚ ʆʚʝʨʭʘʫʟʝʨʘ ʤʝʞʜʫ 

ʧʨʦʪʦʥʘʤʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ ʠ PCH2N ʬʨʘʛʤʝʥʪʦʚ, ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʘʭ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ʥʘʭʦʜʷʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʉ2-ʩʠʤʤʝʪʨʠʯʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ çʢʨʝʩʣʦ-ʢʨʝʩʣʦè. ɺ ʪʦʞʝ ʚʨʝʤʷ, 

ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩʦʜʝʨʞʘʱʠʭ ʙʝʥʟʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʥʘʙʣʶʜʘʣʦʩʴ ʫʰʠʨʝʥʠʝ 

ʩʠʛʥʘʣʦʚ ʚ ʗʄʈ 31P ʩʧʝʢʪʨʘʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʨʘʩʱʝʧʣʝʥʠʝ ʩʠʛʥʘʣʦʚ 

ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʝʨʝʭʦʜʦʚ. ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʗʄʈ ʩʧʝʢʪʨʦʚ ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʷʚʣʷʝʪʩʷ çʢʨʝʩʣʦ-ʢʨʝʩʣʦè ʢʦʥʬʦʨʤʝʨ, ʘ 

ʤʠʥʦʨʥʳʤ ï çʢʨʝʩʣʦ-ʚʘʥʥʘè ʢʦʥʬʦʨʤʝʨ. ʇʨʠ ʵʪʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʧʝʨʝʭʦʜʘ 

ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʥʬʦʨʤʘʮʠʷʤʠ ʦʢʘʟʘʣʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʠ ʩʦʩʪʘʚʣʷʣ ʦʢʦʣʦ 12-

15 ʢʢʘʣ/ʤʦʣʴ. ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʢʦʤʧʣʝʢʩʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ʜʦʣʞʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʚʠʜʝ ʮʠʩ-ʠʟʦʤʝʨʦʚ 

ʚ ʢʦʥʬʦʨʤʘʮʠʠ çʢʦʨʦʥʘè ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ 

ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ ʠ ʘʢʩʠʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ, 

ʧʨʠʯʝʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʅʕʇ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ 

ʦʪʥʦʩʠʪʝʣʴʥʦ çʧʣʦʩʢʦʩʪʠè ʮʠʢʣʘ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʧʦʜ ʩʣʦʚʦʤ çʧʣʦʩʢʦʩʪʴè 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʘʣʴʥʦ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʅʕʇ çʚʚʝʨʭè ʠʣʠ çʚʥʠʟè), ʘ 

ʅʕʇ ʘʪʦʤʦʚ ʘʟʦʪʘ, ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʩʦʧʨʷʞʝʥʠʷ ʩ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ 

ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʜʨʫʛ ʜʨʫʛʫ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʪʨʘʥʩ-ʠʟʦʤʝʨʦʚ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʥʝʜʘʚʥʦ ʜʘʥʥʳʤʠ ʈʉɸ [38], ʭʦʪʷ ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʩ ʩʘʤʳʭ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʦʙʩʫʞʜʘʣʠʩʴ ʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ, ʥʦ ʘʚʪʦʨʳ ʥʝ ʘʢʮʝʥʪʠʨʦʚʘʣʠ ʚʥʠʤʘʥʠʷ ʥʘ 

ʵʪʦʤ. ɺʧʝʨʚʳʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʪʦʨʦʛʦ ʠʟʦʤʝʨʘ ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ 

ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʃʘʪʳʧʦʚʘ ʐ.ʂ. [35], ʢʦʪʦʨʳʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʢʚʘʥʪʦʚʦ-
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ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʫʢʘʟʘʣ, ʯʪʦ ʚʪʦʨʦʡ ʤʠʥʦʨʥʳʡ ʩʠʛʥʘʣ ʤʦʞʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ 

ʠʤʝʥʥʦ ʪʨʘʥʩ-ʠʟʦʤʝʨʫ, ʪʦʛʜʘ ʢʘʢ ʨʘʥʝʝ ʚ ʨʘʙʦʪʘʭ D. Dubois ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ 

ʵʪʦʤʫ ʩʠʛʥʘʣʫ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʘʥʥʘ-ʚʘʥʥʘ ʢʦʥʬʦʨʤʝʨ. ɺ ʨʘʙʦʪʝ [38]  ʠ ʜʨ. 

ʧʦʜʪʚʝʨʜʠʣʠ ʩʪʨʫʢʪʫʨʫ ʪʨʘʥʩ-ʠʟʦʤʝʨʘ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

(ʈʠʩʫʥʦʢ 1.2).  

 

ʈʠʩʫʥʦʢ 1.2. ʉʪʨʫʢʪʫʨʘ ʪʨʘʥʩ-ʠʟʦʤʝʨʘ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ. (ʈʠʩʫʥʦʢ 

ʟʘʠʤʩʪʚʦʚʘʥ ʠʟ ʩʪʘʪʴʠ [38] ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʦʪ ʧʨʘʚʦʦʙʣʘʜʘʪʝʣʝʡ. Copyright Wiley 

GMBH, 2024)  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʢʪʫʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ 1,5-ʜʠʘʟʘ-

3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʦʩʪʘʝʪʩʷ ʨʝʘʢʮʠʷ ʢʦʥʜʝʥʩʘʮʠʠ ʪʠʧʘ ʄʘʥʥʠʭʘ ʚ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʤʝʩʠ: ʧʝʨʚʠʯʥʳʡ ʬʦʩʬʠʥ, ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜ ʠ ʧʝʨʚʠʯʥʳʡ 

ʘʤʠʥ. ɺʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʢ ʛʝʪʝʨʦʘʪʦʤʘʤ 

ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʮʠʢʣʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʜʦʩʪʫʧʥʦʩʪʴʶ 

ʧʝʨʚʠʯʥʳʭ ʬʦʩʬʠʥʦʚ ʠ ʘʤʠʥʦʚ. ɺ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʚʠʜʝ ʜʚʫʭ ʠʟʦʤʝʨʦʚ, ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʮʠʩ-ʠʟʦʤʝʨʘ ʩ çʢʨʝʩʣʦ-ʢʨʝʩʣʦè ʢʦʥʬʦʨʤʘʮʠʝʡ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʮʠʢʣʘ. 

ʅʘʣʠʯʠʝ ʜʚʫʭ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʚ ʮʠʢʣʝ, ʫ ʢʦʪʦʨʳʭ ʅʕʇ ʥʘʧʨʘʚʣʝʥʳ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ, 

ʜʝʣʘʝʪ ʠʭ ʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʳʤʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʍʦʪʷ, ʢʘʢ 

ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚ ɻʣʘʚʝ 2, ʧʨʝʜʦʨʛʘʥʠʟʘʮʠʷ ʢ ʭʝʣʘʪʠʨʦʚʘʥʠʶ ʩʚʦʡʩʪʚʝʥʥʘ ʥʝ ʚʩʝʤ 

1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤ.  

1.2. ʂʦʤʧʣʝʢʩʳ ʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚ 

ʇʨʠ ʦʙʩʫʞʜʝʥʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʠʟʫʯʝʥʠʝ ʙʳʣʦ ʩʦʩʨʝʜʦʪʦʯʝʥʦ 

ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʟʜʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [39,40]. ɺ ʩʚʷʟʠ ʩ 
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ʵʪʠʤ, ʢʦʤʧʣʝʢʩʳ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩ ʪʘʢʠʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʢʘʢ V[41], Cr [42,43] , Mo [14,15,44], W 

[45], Mn [46,47], Fe [23,28,32,33,48-60], Ru [9, 61-66], Co [25,30,67-71], Rh [72], Ir [73], 

Ni [10,11,16,20,24,26,27,29,31,45,74-94], Pd [8,15,19,21,22,37,45,95], Pt 

[19,21,22,45,95]. ʕʪʠ ʤʝʪʘʣʣʳ ʬʦʨʤʠʨʫʶʪ ʧʦʣʠʵʜʨʳ ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʯʠʩʣʘʤʠ 

(ʢ.ʯ.) 4 ʠʣʠ 6, ʠ ʧʨʠ ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʭ ʠʩʭʦʜʥʳʝ ʩʦʣʠ ʠʤʝʶʪ ʫʭʦʜʷʱʠʝ ʣʠʛʘʥʜʳ 

ʚ ʧʦʣʦʞʝʥʠʷʭ ʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ.  

1.2.1. ʂʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʧʦʜʛʨʫʧʧʳ ʥʠʢʝʣʷ (Ni, Pd, Pt) 

ʇʝʨʚʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʩ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 1980ʤ ʛʦʜʫ ʧʨʦʬʝʩʩʦʨʦʤ Markl [3]. ɺ 

ʨʘʙʦʪʝ [3] ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʢʘʨʙʦʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni ʠ Mo, ʚ ʢʦʪʦʨʳʭ 1,5-ʜʠʘʟʘ-

3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ 1.1 ʠ 1.2 ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʭʝʣʘʪʠʨʫʶʱʠʝ ʣʠʛʘʥʜʳ (ʉʭʝʤʘ 

1.6). 

 

ʉʭʝʤʘ 1.6. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ Ni ʠ Mo 1.63-1.66 ʥʘ ʦʩʥʦʚʝ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ 

ʇʠʦʥʝʨʩʢʠʤʠ ʨʘʙʦʪʘʤʠ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ  ʷʚʣʷʶʪʩʷ ʨʘʙʦʪʳ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɻ.ʅ. ʅʠʢʦʥʦʚʘ ʠ ɸ.ɸ. 

ʂʘʨʘʩʠʢʘ [12,13,21,22,96,97], ʚ ʢʦʪʦʨʳʭ ʠʟʫʯʘʣʠʩʴ ʩʪʨʫʢʪʫʨʳ ʭʝʣʘʪʥʳʭ ʠ 

ʙʠʩʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni(II ), Pd(II ), Co(II ), Pt(II ) ʠ Cu(I) (ʉʭʝʤʘ 1.7). 
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ʉʭʝʤʘ 1.7. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ Ni, Co, Pt, Pd, Cu 1.67-1.75 

ɺ ʨʘʙʦʪʘʭ [13,96,97] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʣʠʛʘʥʜ ʚ ʩʣʫʯʘʝ ʬʦʨʤʠʨʦʚʘʥʠʷ P,P-ʭʝʣʘʪʘ 

ʦʙʨʘʟʫʝʪ ʙʠʮʠʢʣʦ[3.3.1]ʥʦʥʘʥ ʩ ʚʘʥʥʘ-ʢʨʝʩʣʦ ʢʦʥʬʦʨʤʘʮʠʝʡ (ʠʣʠ ʢʨʝʩʣʦ-ʚʘʥʥʘ, ʝʩʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʦʥʬʦʨʤʘʮʠʶ 8-ʯʣʝʥʥʦʛʦ ʮʠʢʣʘ, ʘ ʥʝ ʤʝʪʘʣʣʦʙʠʮʠʢʣʘ). ʊʘʢʞʝ ʚ ʵʪʠʭ 

ʨʘʙʦʪʘʭ ʦʪʤʝʯʝʥ ʚʘʞʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʣ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʚ ʨʘʟʚʠʪʠʠ ʭʠʤʠʠ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ï ʵʪʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʙʣʠʟʦʩʪʴ ʘʪʦʤʘ ʘʟʦʪʘ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʢ 

ʢʘʪʠʦʥʫ ʤʝʪʘʣʣʘ ʚ ʢʦʤʧʣʝʢʩʝ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʘʪʠʦʥʦʤ ʤʝʪʘʣʣʘ ʠ ʙʣʠʞʘʡʰʠʤ 

ʘʪʦʤʦʤ ʘʟʦʪʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3.4 ï 3.5 ¡. ʕʪʦʪ ʬʘʢʪʦʨ ʩʪʘʣ ʧʨʠʯʠʥʦʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʪʦʚ ʢʘʢ P,P-ʭʝʣʘʪʠʨʫʶʱʠʭ 

ʣʠʛʘʥʜʦʚ, ʥʝʩʫʱʠʭ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ çʧʦʜʚʝʰʝʥʥʦʝè ʦʩʥʦʚʘʥʠʝ ʠʣʠ ʞʝ ʠʤʝʶʱʠʭ 

ʦʩʥʦʚʥʳʡ ʮʝʥʪʨ ʚʦ ʚʪʦʨʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʤʝʪʘʣʣʘ, ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʚʦʜʦʨʦʜʘ (hydrogen evolution reactions 

(HER)). ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʠ ʥʝʧʦʜʪʚʝʨʞʜʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʪʨʘʥʩ-ʢʦʤʧʣʝʢʩʘ 

ʧʣʘʪʠʥʳ, ʚ ʢʦʪʦʨʳʭ ʣʠʛʘʥʜ ʧʨʦʷʚʣʷʣ P,P-ʤʦʩʪʠʢʦʚʫʶ ʢʦʦʨʜʠʥʘʮʠʶ (ʉʭʝʤʘ 1.8) [97]. 

ɼʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʜʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʜʘʪʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʭʦʪʷ ʠ ʥʝ 

ʥʘʰʝʣ ʦʜʥʦʟʥʘʯʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ, ʥʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʚ ʨʘʤʢʘʭ ʪʝʢʫʱʝʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ.  
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ʉʭʝʤʘ 1.8. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʙʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Pt 1.76 

ʀʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʢʘʢ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʙʠʩʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʥʝʩʫʱʠʭ ʦʩʥʦʚʥʳʡ ʮʝʥʪʨ, ʜʣʷ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʙʳʣʘ ʨʘʟʚʠʪʘ D. 

Dubois [77]. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʠʥʮʠʧʘʭ ʧʨʠʨʦʜʦʧʦʜʦʙʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʝʛʦ 

ʨʘʙʦʪʘʭ ʩʪʨʫʢʪʫʨʘ ʙʠʩʭʝʣʪʘʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni ʩʨʘʚʥʠʚʘʣʘʩʴ ʩ ʘʢʪʠʚʥʦʤ ʩʘʡʪʦʤ 

ʛʠʜʨʦʛʝʥʘʟʳ. ɼʣʷ ʨʘʙʦʪʳ ʬʝʨʤʝʥʪʘ ʛʠʜʨʦʛʝʥʘʟʳ ʥʝʦʙʭʦʜʠʤʳʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

çʧʦʜʚʝʰʝʥʥʦʛʦè ʦʩʥʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʠ ʚ ʢʦʤʧʣʝʢʩʘʭ Ni ʩ 1,5-

ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ (ʈʠʩʫʥʦʢ 1.3) [40,59,98].  

 

ʈʠʩʫʥʦʢ 1.3. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʘʢʪʠʚʥʦʛʦ ʩʘʡʪʘ ʛʠʜʨʦʛʝʥʘʟʳ ʠ  

ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ Ni ʩ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʢʦʤʧʣʝʢʩʳ Ni(II) ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ 

[10,11,16,18,20,24,36,27,29,31,45,74-78,80,82-94,99,100]. ɺ ʩʪʨʫʢʪʫʨʥʦʡ ʙʘʟʝ 

ʂʵʤʙʨʠʜʞʘ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʧʫʙʣʠʢʦʚʘʥʦ 64 ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʣʝʢʩʦʚ Ni(II) ʩ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʨʘʟʣʠʯʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ ʠ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ (ʈʠʩʫʥʦʢ 1.4).  
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ʈʠʩʫʥʦʢ 1.4. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ 1.71-1.105 

ʂʘʪʠʦʥʳ ʥʠʢʝʣʷ(II) ʚ ʢʦʤʧʣʝʢʩʘʭ ʠʤʝʶʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʛʝʦʤʝʪʨʠʶ 

ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʢʦʦʨʜʠʥʘʮʠʝʡ ʜʚʫʭ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʜʚʫʭ 

1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ 

[11,16,18,20,24,26,29,31,45,69,74,76,82,84,85,92,99,101,102]. ʃʠʛʘʥʜʳ ʚ ʢʦʤʧʣʝʢʩʘʭ 

ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʢʦʥʬʦʨʤʘʮʠʷʭ çʢʦʨʦʥʘè, ʢʨʝʩʣʦ-ʚʘʥʥʘ ʠʣʠ ʩʝʜʝʣʴʥʦʡ, ʧʨʠ 

ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʩ ʢʨʝʩʣʦ-ʚʘʥʥʘ ʢʦʥʬʦʨʤʘʮʠʝʡ 

ʣʠʛʘʥʜʘ. ʋʛʦʣ ʟʘʭʚʘʪʘ ʤʝʪʘʣʣʘ ʚ ʢʦʤʧʣʝʢʩʘʭ ʥʠʢʝʣʷ(II) ʩ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 81 ʜʦ 86ʦ ʠ ʥʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʢʦʥʬʦʨʤʘʮʠʝʡ 

ʣʠʛʘʥʜʘ. ɺ ʨʷʜʝ ʨʘʙʦʪ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ ʥʠʢʝʣʷ ʩ ʢ.ʯ. ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ 

5, ʛʜʝ ʧʷʪʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʟʘʥʠʤʘʝʪ ʤʦʣʝʢʫʣʘ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʛʘʣʦʛʝʥʘ, ʢʘʨʙʦʥʠʣʘ 

ʠʣʠ ʧʨʦʪʦʥʘ [10,24,27,29,45,75,77-80,85-87,90,93,103]. ɺ ʜʘʥʥʳʭ ʩʣʫʯʘʷʭ ʢʘʪʠʦʥ 

ʥʠʢʝʣʷ ʠʤʝʝʪ ʪʨʝʫʛʦʣʴʥʫʶ ʙʠʧʠʨʘʤʠʜʘʣʴʥʫʶ ʛʝʦʤʝʪʨʠʶ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʠ 

ʥʝ ʩʤʦʪʨʷ ʥʘ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ, ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʣʠʛʘʥʜʥʦʚ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʦʤʧʣʝʢʩʦʚ Ni(II) ʩ ʢ.ʯ. 4. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʧʦʜʯʝʨʢʥʫʪʴ, 

ʯʪʦ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʟʫʶʪ ʙʠʩ-P,P-

ʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ Ni(II), ʠ ʥʘʤʥʦʛʦ ʨʝʞʝ ʤʦʥʦ-P,P-ʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʉʭʝʤʘ 

1.9) [24,69,73,80]. ɸʥʘʣʦʛʠ ʤʦʥʦʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ 1,5-

ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʠʬʝʥʠʣʬʦʩʬʠʥʦʵʪʠʣʴʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ [29]. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʠʭ ʣʠʛʘʥʜʦʚ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʤʝʪʘʣʣʘ ʜʦʩʪʨʘʠʚʘʝʪʩʷ 

ʢʦʦʨʜʠʥʘʮʠʝʡ ʜʠʬʝʥʠʣʬʦʩʬʠʥʦʛʨʫʧʧ.  
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ʉʭʝʤʘ 1.9. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.106-1.111 

ɺ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʩ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʳ(II) ʠ ʧʘʣʣʘʜʠʷ(II) 

[8,19,21,22,37,45,95,96,104]. ʉ ʩʦʣʷʤʠ ʵʪʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ʦʙʨʘʟʫʶʪ ʢʘʢ ʙʠʩ-, ʪʘʢ ʠ ʤʦʥʦʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʉʭʝʤʘ 

1.10).  

 

ʉʭʝʤʘ 1.10. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ Pd ʠ Pt 1.112-1.126 

ɺ ʢʦʤʧʣʝʢʩʘʭ ʧʣʘʪʠʥʳ(II) ʠ ʧʘʣʣʘʜʠʷ(II) ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ ʠʤʝʶʪ 

ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʫʶ ʛʝʦʤʝʪʨʠʶ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʚ ʙʠʩ-P,P-

ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʩʦʟʜʘʝʪʩʷ ʩʪʝʨʠʯʝʩʢʠʝ ʧʨʝʧʷʪʩʪʚʠʝ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 1,5-ʜʠʘʟʘ-

3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʚ ʢʦʥʬʦʨʤʘʮʠʠ ʢʦʨʦʥʘ, ʧʦʩʢʦʣʴʢʫ ʘʢʩʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ ʜʚʫʭ ʣʠʛʘʥʜʦʚ ʥʘʧʨʘʚʣʷʝʪ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʩʪʦʨʦʥʫ 
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ʜʨʫʛ ʢ ʜʨʫʛʫ. ɺ ʩʠʣʫ ʩʪʝʨʠʯʝʩʢʠʭ ʧʨʝʧʷʪʩʪʚʠʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʜʚʫʤʷ ʣʠʛʘʥʜʘʤʠ, 1,5-

ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ʚ ʢʦʤʧʣʝʢʩʘʭ ʧʣʘʪʠʥʳ(II) ʠ ʧʘʣʣʘʜʠʷ(II) ʥʘʭʦʜʷʪʩʷ 

ʚ ʢʦʥʬʦʨʤʘʮʠʠ ʢʨʝʩʣʦ-ʚʘʥʥʘ. ʂʦʥʬʦʨʤʘʮʠʷ çʢʦʨʦʥʘè 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʜʚʫʭ ʤʦʥʦʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

ʧʘʣʣʘʜʠʷ(II) 1.112 ʠ 1.114.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʨʦʤʝ ʩʪʝʨʠʯʝʩʢʠʭ ʧʨʝʧʷʪʩʪʚʠʡ, ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ 

ʵʥʪʘʣʴʧʠʡʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʚʳʛʦʜʝ ʥʘʭʦʞʜʝʥʠʷ 

ʣʠʛʘʥʜʦʚ ʚ ʢʦʥʬʦʨʤʘʮʠʠ çʢʦʨʦʥʘè ʚ ʢʦʤʧʣʝʢʩʘʭ. ʗʄʈ-ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʦʜʢʨʝʧʣʝʥʥʳʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ, ʧʨʦʠʟʚʝʜʸʥʥʳʝ ʛʨʫʧʧʦʡ 

ʃʘʪʳʧʦʚʘ ʐ.ʂ. ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʘʢʠʤʠ ʤʝʪʘʣʣʘʤʠ ʢʘʢ Pd, 

Pt ʠ Mo ʥʘʭʦʞʜʝʥʠʝ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʚ ʢʦʥʬʦʨʤʘʮʠʠ ʢʨʝʩʣʦ-

ʚʘʥʥʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤ [36]. ʇʨʠ ʵʪʦʤ ʚ ʨʘʩʪʚʦʨʘʭ ʢʦʤʧʣʝʢʩʘʭ 

ʨʝʘʣʠʟʫʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʢʨʝʩʣʦ-ʚʘʥʥʘ ʢʦʥʬʦʨʤʘʮʠʷʤʠ, ʚ ʢʦʪʦʨʳʭ 

ʯʝʨʝʜʫʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʦʜʥʦʡ ʘʤʠʥʦʛʨʫʧʧʳ ʚ ʢʨʝʩʣʦ- ʠʣʠ ʚʘʥʥʘ-ʬʨʘʛʤʝʥʪʝ 

ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʮʠʢʣʘ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʚ ʵʪʠʭ ʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʜʣʷ ʤʦʥʦʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʷʚʣʷʝʪʩʷ 

ʢʦʥʬʦʨʤʘʮʠʷ çʢʦʨʦʥʘè.  

ʂʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʝʨʝʭʦʜʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʢʦʤʧʣʝʢʩʘʭ ʤʝʪʘʣʣʦʚ, 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʘʢʪʠʚʘʮʠʠ ʤʘʣʳʭ ʤʦʣʝʢʫʣ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʚʦʜʦʨʦʜʘ [39,40,105]. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʚʘʞʥʳʤ 

ʩʪʨʫʢʪʫʨʥʳʤ ʘʩʧʝʢʪʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʵʬʬʝʢʪʠʚʥʦʤʫ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ, 

ʷʚʣʷʝʪʩʷ ʙʣʠʟʦʩʪʴ ʘʤʠʥʦʛʨʫʧʧʳ ʢ ʤʝʪʘʣʣʦʮʝʥʪʨʫ ʢʦʤʧʣʝʢʩʘ. ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʩʫʙʩʪʨʘʪʘ ʧʦ ʢʘʪʠʦʥʫ ʤʝʪʘʣʣʘ, ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩ ʘʤʠʥʦʛʨʫʧʧʦʡ ʠ ʜʘʣʴʥʝʡʰʠʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʨʘʟʨʳʚ ʩʚʷʟʠ (ʈʠʩʫʥʦʢ 1.5). ʇʨʠ 

ʵʪʦʤ ʢʦʥʬʦʨʤʘʮʠʷ ʣʠʛʘʥʜʘ ʚ ʭʦʜʝ ʢʘʪʘʣʠʟʘ ʤʝʥʷʝʪʩʷ ʠʟ ʢʨʝʩʣʦ-ʚʘʥʥʳ ʚ ʢʨʝʩʣʦ-

ʢʨʝʩʣʦ ʠ ʦʙʨʘʪʥʦ, ʘ ʣʦʚʫʰʢʦʡ, ʜʝʟʘʢʪʠʚʠʨʫʶʱʝʡ ʢʘʪʘʣʠʟʘʪʦʨ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʦʪʦʥʘ ʩ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ 

ʧʝʨʝʭʦʜʦʤ ʣʠʛʘʥʜʘ ʚ ʢʦʥʬʦʨʤʘʮʠʶ ʚʘʥʥʘ-ʚʘʥʥʘ.   
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ʈʠʩʫʥʦʢ 1.5. ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʠʣʠ 

ʩʠʥʪʝʟʘ ʚʦʜʦʨʦʜʘ ʩ ʫʯʘʩʪʠʝʤ ʢʦʤʧʣʝʢʩʦʚ Ni ʩ P2N2-ʣʠʛʘʥʜʘʤʠ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʘʭ [39,40,105], ʠʩʩʣʝʜʫʶʱʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʦʤʧʣʝʢʩʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʨʦʮʝʩʩʘʭ. ʂʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʣʠʛʘʥʜʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ ʪʘʢʞʝ ʚʘʞʥʘ ʠ 

ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʣʶʤʠʥʝʩʮʝʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 

2.  

1.2.2. ʂʦʤʧʣʝʢʩʳ ʩ ʜʨʫʛʠʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʩ ʢ.ʯ. 4 (Co, Rh, Ru) 

ʉ ʪʘʢʠʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʢʘʢ Co [25,30,67-71], Rh [25,72] ʠ Ru [9,61-

64] 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪ ʭʝʣʘʪʥʳʝ ʠʣʠ ʙʠʩʭʝʣʘʪʥʳʝ 

ʢʦʤʧʣʝʢʩʳ. ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ Co ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʧʨʦʠʟʚʦʜʥʳʝ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʘ ʩ ɖ5-ʢʦʦʨʜʠʥʘʮʠʝʡ ʧʦ ʢʘʪʠʦʥʫ ʢʦʙʘʣʴʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʩʦ-ʣʠʛʘʥʜʦʚ (ʉʭʝʤʘ 1.11) [70,71]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ P-ʜʠʬʝʥʠʣʵʪʠʣ ʟʘʤʝʱʝʥʥʳʭ 1,5-

ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ LCo 

ʩ P,P,P,P-ʪʝʪʨʘʜʝʥʪʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʣʠʛʘʥʜʘ [30]. ɺ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʦʥʦ-[68,69] ʠ ʙʠʩ-P,P-ʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ [68,84].   
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ʉʭʝʤʘ 1.11. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ Co 1.127-1.141 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 

ʢʦʤʧʣʝʢʩʘʭ ʢʦʙʘʣʴʪʘ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ʥʘʭʦʜʷʪʩʷ ʚ ʢʦʥʬʦʨʤʘʮʠʠ 

ʢʨʝʩʣʦ-ʚʘʥʥʘ, ʠʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 1.141, ʚ ʢʦʪʦʨʦʤ ʣʠʛʘʥʜ ʥʘʭʦʜʠʪʩʷ ʚ 

ʫʧʣʦʱʝʥʥʦʡ ʢʦʨʦʥʦʚʠʜʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ. ʋʛʣʳ ʟʘʭʚʘʪʘ ʤʝʪʘʣʣʘ ʣʠʛʘʥʜʘʤʠ ʚ 

ʢʦʤʧʣʝʢʩʘʭ ʢʦʙʘʣʴʪʘ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 79 ʦ ʜʦ 87ʦ , ʧʨʠʯʝʤ ʥʘʠʤʝʥʴʰʠʝ ʫʛʣʳ 

ʟʘʭʚʘʪʘ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʢʦʤʧʣʝʢʩʘʭ 1.127 ʠ 1.128 ʩ P,P,P,P-ʪʝʪʨʘʜʝʥʪʘʪʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʝʡ ʣʠʛʘʥʜʘ. ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʫʛʣʳ ʟʘʭʚʘʪʘ, ʢʘʢ ʠ ʚ ʚʳʰʝʦʧʠʩʘʥʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʥʠʢʝʣʷ, ʧʘʣʣʘʜʠʷ ʠ ʧʣʘʪʠʥʳ, ʩʦʩʪʘʚʣʷʶʪ 82-87 ʦ. 

ʂʦʤʧʣʝʢʩʳ ʨʦʜʠʷ ʩ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʪʨʫʢʪʫʨʘʤʠ ʩ ʙʠʩ-P,P-ʭʝʣʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʣʠʛʘʥʜʘ [72], ʦʙʝʩʧʝʯʝʥʥʦʡ ʣʠʙʦ 
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ʜʚʫʤʷ ʣʠʛʘʥʜʘʤʠ, ʣʠʙʦ ʦʜʥʠʤ ʣʠʛʘʥʜʦʤ, ʥʝʩʫʱʠʤ ʜʠʬʝʥʠʣʧʨʦʧʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ 

[25] ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ (ʉʭʝʤʘ 1.12). ʂʦʤʧʣʝʢʩʳ 1.143, 1.144 ʠ 1.149 ʷʚʣʷʶʪʩʷ 

ʛʠʜʨʠʜʥʳʤʠ, ʛʜʝ ʧʷʪʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʟʘʥʠʤʘʝʪ ʛʠʜʨʠʜ ʠʦʥ.  

 

 

ʉʭʝʤʘ 1.12. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ Rh ʩ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʢʣʦʦʢʪʘʥʘʤʠ 

ɺ ʢʦʤʧʣʝʢʩʘʭ ʨʦʜʠʷ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ 

ʢʘʢ ʚ ʢʦʥʬʦʨʤʘʮʠʠ ʢʨʝʩʣʦ-ʚʘʥʥʘ (ʢʦʤʧʣʝʢʩʳ 1.142-1.149), ʪʘʢ ʠ ʚ ʢʦʥʬʦʨʤʘʮʠʠ 

çʢʦʨʦʥʘè (1.150). ʋʛʣʳ ʟʘʭʚʘʪʘ ʤʝʪʘʣʣʘ ʚ ʢʦʤʧʣʝʢʩʘʭ 1.142-1.150 ʥʠʞʝ, ʯʝʤ ʚ 

ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʩ ʜʨʫʛʠʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʠ ʩʦʩʪʘʚʣʷʶʪ 79-80ʦ.  

ʉ ʢʘʪʠʦʥʘʤʠ ʨʫʪʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪʩʷ P,P-ʭʝʣʘʪʥʘʷ 

ʢʦʦʨʜʠʥʘʮʠʷ ʣʠʛʘʥʜʘ, ʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʤʝʪʘʣʣʘ ʜʦʩʪʨʘʠʚʘʝʪʩʷ ɖ5-

ʢʦʦʨʜʠʥʘʮʠʝʡ ʧʝʥʪʘʜʠʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ ʠ ʩʦ-ʣʠʛʘʥʜʦʤ, ʢʦʪʦʨʳʤ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʘʮʝʪʦʥʠʪʨʠʣ ʠ ʜʨʫʛʠʝ N-ʜʦʥʦʨʥʳʝ ʣʠʛʘʥʜʳ, ʣʠʙʦ ʤʘʣʳʝ ʤʦʣʝʢʫʣʳ, ʪʘʢʠʝ ʢʘʢ O2, 

NH3, Cl, N2 (ʉʭʝʤʘ 1.13) [9,61-64,66]  .  
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ʉʭʝʤʘ 1.13. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ Ru ʩ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʢʣʦʦʢʪʘʥʘʤʠ 

ɺ ʢʦʤʧʣʝʢʩʘʭ 1.151-1.160 ʠ 1.163 ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʳʡ ʦʩʪʦʚ ʣʠʛʘʥʜʘ ʥʘʭʦʜʠʪʩʷ 

ʚ ʢʦʥʬʦʨʤʘʮʠʠ ʢʨʝʩʣʦ-ʚʘʥʥʘ, ʘ ʚ ʢʦʤʧʣʝʢʩʝ 1.161 ʠ 1.162 ï ʚ ʢʦʥʬʦʨʤʘʮʠʠ çʢʦʨʦʥʘè. 

ʋʛʦʣ ʟʘʭʚʘʪʘ ʤʝʪʘʣʣʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 77 ʦ ʜʦ 80ʦ , ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʢʦʤʧʣʝʢʩʦʚ 1.161, ʛʜʝ ʵʪʦʪ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʫʛʣʘ ʩʦʩʪʘʚʣʷʝʪ 85 ʦ .  

ɸʥʘʣʠʟʠʨʫʷ ʨʷʜʳ ʢʦʤʧʣʝʢʩʦʚ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ ʤʦʞʥʦ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʵʪʦʪ ʢʣʘʩʩ ʣʠʛʘʥʜʦʚ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʭʝʣʘʪʠʨʫʶʱʠʝ ʣʠʛʘʥʜʳ, ʠ, ʚ ʩʚʷʟʠ 

ʩ ʵʪʠʤ, ʟʘ ʥʠʤ ʫʩʪʘʥʦʚʠʣʦʩʴ ʧʦʥʷʪʠʝ ʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʠ ʢ ʭʝʣʘʪʠʨʦʚʘʥʠʶ. ɺ 

ʢʦʤʧʣʝʢʩʘʭ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʫʱʝʩʪʚʫʶʪ ʚ 

ʢʦʥʬʦʨʤʘʮʠʠ ʢʨʝʩʣʦ-ʚʘʥʥʘ ʟʘ ʨʝʜʢʠʤ ʠʩʢʣʶʯʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʫʛʣʘ ʟʘʭʚʘʪʘ ʤʝʪʘʣʣʘ ʜʣʷ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʷʚʣʷʝʪʩʷ 

ʟʥʘʯʝʥʠʝ 78-85ʦ. ɺʦ ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʬʦʨʤʘʮʠʠ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 2.87-3.0 ¡, ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ 

ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʟʘʚʠʩʠʪ ʦʪ ʨʝʘʣʠʟʫʶʱʝʡʩʷ ʢʦʥʬʦʨʤʘʮʠʠ. ɺ ʩʣʫʯʘʝ ʢʦʥʬʦʨʤʘʮʠʠ 

ʢʨʝʩʣʦ-ʚʘʥʥʘ NéN ʨʘʩʩʪʦʷʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 3.5-3.8 ¡, ʚ ʩʣʫʯʘʷʭ 

ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʬʦʨʤʘʮʠʠ ʢʨʝʩʣʦ-ʢʨʝʩʣʦ ï 4.3-4.4 ¡. ʇʨʠ ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʫʛʣʘ 

ʟʘʭʚʘʪʘ ʤʝʪʘʣʣʘ ʦʪ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ, ʦʪ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ 

ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ ʠʣʠ ʘʟʦʪʘ ʠʣʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʦʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʦʪ ʫʛʦʣ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʢʘʪʠʦʥʘ 

ʤʝʪʘʣʣʘ.   

1.2.3. ʂʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʧʦʜʛʨʫʧʧʳ ʞʝʣʝʟʘ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʚʳʟʚʘʣʦ ʙʫʨʥʳʡ ʨʦʩʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʠʤʠʠ ʵʪʠʭ ʣʠʛʘʥʜʦʚ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʠ ʢ ʜʨʫʛʠʤ ʤʝʪʘʣʣʘʤ. ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʩʪʨʫʢʪʫʨ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ 
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ʂʵʤʙʨʠʜʞʩʢʦʡ ʙʘʟʝ ʜʘʥʥʳʭ, ʢʦʤʧʣʝʢʩʳ Fe ʥʘʭʦʜʷʪʩʷ ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ, ʫʩʪʫʧʘʷ 

ʢʦʤʧʣʝʢʩʘʤ ʥʠʢʝʣʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʧʳʪʢʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʦʩʧʨʦʠʟʚʝʩʪʠ 

ʩʪʨʫʢʪʫʨʫ ʘʢʪʠʚʥʦʛʦ ʩʘʡʪʘ ʛʠʜʨʦʛʝʥʘʟʳ, ʢʦʪʦʨʳʤ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʩ Fe-Fe ʷʜʨʦʤ.  

ʈʝʘʢʮʠʠ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʩ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʤʠ 

ʨʝʘʛʝʥʪʘʤʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʤʦʥʦ- [23,28,32,33,48,50-52,54,56,58,106] ʠ ʙʠʩ-

ʭʝʣʘʪʥʳʤ ʢʦʤʧʣʝʢʩʘʤ [49,55,59,60,107]. ʇʦʩʢʦʣʴʢʫ Fe(II) ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ 

ʨʝʘʣʠʟʫʝʪ ʢ.ʯ. 6, ʪʦ ʦʩʪʘʚʰʠʝʩʷ ʚʘʢʘʥʪʥʳʝ ʩʘʡʪʳ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ ʜʦʩʪʨʘʠʚʘʶʪʩʷ ʩʦ-

ʣʠʛʘʥʜʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʩʦ-ʣʠʛʘʥʜʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʛʘʣʦʛʝʥʠʜ ʘʥʠʦʥʳ, ʢʘʨʙʦʥʠʣʳ, 

ʧʨʦʠʟʚʦʜʥʳʝ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ, ʘʮʝʪʦʥʠʪʨʠʣ, ʘʟʦʪ, ʚʦʜʘ ʠ ʜʨʫʛʠʝ ʤʘʣʳʝ ʤʦʣʝʢʫʣʳ 

(ʉʭʝʤʘ 1.14). ʆʪʜʝʣʴʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ Fe-Fe ʚ ʢʦʤʧʣʝʢʩʳ, ʚ ʢʦʪʦʨʳʭ ʦʜʠʥ ʢʘʪʠʦʥ 

ʞʝʣʝʟʘ ʩʚʷʟʘʥ ʩ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ ʠʭ P,P-ʭʝʣʘʪʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʝʡ, ʘ ʜʨʫʛʦʡ ʫʜʝʨʞʠʚʘʝʪʩʷ ʩʫʣʴʬʠʜʥʳʤ ʩʦ-ʣʠʛʘʥʜʦʤ ʠ ʩʚʷʟʴʶ Fe-Fe.  

 

ʉʭʝʤʘ 1.14. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ Fe ʩ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʢʣʦʦʢʪʘʥʘʤʠ 

ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʪʨʫʢʪʫʨ, 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ʚ ʢʦʤʧʣʝʢʩʘʭ ʠʤʝʶʪ ʠʜʝʥʪʠʯʥʫʶ ʛʝʦʤʝʪʨʠʶ, ʘ ʟʥʘʯʠʪ ʠʭ 
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ʢʦʥʬʦʨʤʘʮʠʠ ʩʣʘʙʦ ʟʘʚʠʩʪ̫ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʘ ʚ ʢʦʤʧʣʝʢʩʝ, ʩʦ-

ʣʠʛʘʥʜʦʚ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʠʨʦʜʳ ʩʘʤʦʛʦ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʢʦʥʬʦʨʤʘʮʠʠ ʢʨʝʩʣʦ-ʚʘʥʥʘ. ʀʩʢʣʶʯʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ 1.164-H+, 1.167-H+, 

1.178-H+, ʚ ʢʦʪʦʨʳʭ ʣʠʛʘʥʜ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʪʠʧʠʯʥʦʡ ʜʣʷ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʢʦʥʬʦʨʤʘʮʠʠ çʚʘʥʥʘ-ʚʘʥʥʘè (ʢʦʥʬʦʨʤʘʮʠʷ ʫʢʘʟʘʥʘ ʧʦ 

ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʤʫ ʮʠʢʣʫ, ʘ ʥʝ ʧʦ ʤʝʪʘʣʣʦʮʠʢʣʘʤ). ʇʨʠʯʝʤ, ʝʩʣʠ ʚ 

ʢʦʤʧʣʝʢʩʘʭ 1.164-H+ ʠ 1.167-H+ ʜʘʥʥʘʷ ʢʦʥʬʦʨʤʘʮʠʷ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ, ʪʦ ʚ ʢʦʤʧʣʝʢʩʝ 1.178-H 

+ʢʦʥʬʦʨʤʘʮʠʷ çʚʘʥʥʘ-ʚʘʥʥʘè ʨʝʘʣʠʟʫʝʪʩʷ ʜʣʷ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʣʠʛʘʥʜʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʳʝ ʢʦʥʬʦʨʤʘʮʠʠ ʣʠʛʘʥʜʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ ʚ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2.8 ʜʦ 3.0 ¡, ʘ ʫʛʦʣ ʟʘʭʚʘʪʘ ʤʝʪʘʣʣʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 79 ʦ ʜʦ 81ʦ.  

ɺ ʨʘʙʦʪʝ [33] ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʩʘʤʦʩʙʦʨʢʠ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘ 

ʠʟ ʩʫʣʴʬʘʪʘ ʪʝʪʨʘʢʠʩ(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʬʦʩʬʦʥʠʷ ʥʘ ʤʘʪʨʠʮʝ ʢʘʪʠʦʥʘ ʞʝʣʝʟʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ (ʉʭʝʤʘ 17). ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩʘ 1.205 ʠ 1.206, 

ʩʪʨʫʢʪʫʨʳ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʤʦʥʦʤʝʨʥʦʡ ʠ ʜʠʤʝʨʥʦʡ ʬʦʨʤʝ (ʉʭʝʤʘ 1.15).   

ʉʭʝʤʘ 1.15.  ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.205 ʠ 1.206 

ɺ ʩʠʣʫ ʢʦʦʨʜʠʥʘʮʠʠ ʬʦʩʬʠʥʦʚʳʭ ʛʨʫʧʧ ʚ ʟʘʤʝʩʪʠʪʝʣʷʭ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ ʧʦ 

ʢʘʪʠʦʥʫ ʞʝʣʝʟʘ ʣʠʛʘʥʜ ʚ ʥʝʤ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʥʬʦʨʤʘʮʠʠ ʢʨʝʩʣʦ-ʢʨʝʩʣʦ, ʢʦʪʦʨʘʷ, 

ʦʯʝʚʠʜʥʦ, ʥʝ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʙʝʟ ʜʠʩʩʦʮʠʘʮʠʠ ʩʚʷʟʠ P-Fe. ʆʩʪʘʣʴʥʳʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʧʦʤʷʥʫʪʳʤʠ ʚʳʰʝ ʜʠʘʧʘʟʦʥʘʤʠ.  
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ɺ ʨʘʙʦʪʝ [108] ʦʧʫʙʣʠʢʦʚʘʥʦ 2 ʧʨʠʤʝʨʘ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ (II) ʩ 1,5-ʜʠʘʟʘ-

3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ, ʧʨʦʷʚʣʷʶʱʠʤʠ P,P-ʤʦʩʪʠʢʦʚʫʶ ʢʦʦʨʜʠʥʘʮʠʶ 

(ʈʠʩʫʥʦʢ 6). ʉʨʝʜʠ ʚʩʝʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ ʢʦʤʧʣʝʢʩʳ 1.207 ʠ 1.208 ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤʠ 

ʧʨʠʤʝʨʘʤʠ ʩ ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʣʠʛʘʥʜʦʚ.  

 

ʈʠʩʫʥʦʢ 1.6. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ 1.207 ʠ 1.208 

ɺ ʢʦʤʧʣʝʢʩʝ 1.207 ʣʠʛʘʥʜ ʥʘʭʦʜʠʪʩʷ ʚ ʪʚʠʩʪ ʢʦʥʬʦʨʤʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʚʩʝ 

ʛʝʪʝʨʦʘʪʦʤʳ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʦʩʪʦʚʘ ʣʝʞʘʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʘ ʚ 

ʢʦʤʧʣʝʢʩʝ 1.208 ʣʠʛʘʥʜ ʥʘʭʦʜʠʪʩʷ ʚ ʪʚʠʩʪ-ʢʨʝʩʣʦ-ʚʘʥʥʘ ʢʦʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ 

ʢʦʤʧʣʝʢʩ 1.207 ʦʙʨʘʟʦʚʘʥ ʩ ʘʥʪʠ-ʠʟʦʤʝʨʦʤ ʣʠʛʘʥʜʘ, ʘ 1.208 ï ʩ ʩʠʥ-ʠʟʦʤʝʨʦʤ. ɺ 

ʢʦʤʧʣʝʢʩʝ 1.207 ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ ʟʘʥʠʤʘʶʪ ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ, ʟʘʤʝʩʪʠʪʝʣʠ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʠ FeFe ʷʜʨʦ ʟʘʥʠʤʘʶʪ ʘʢʩʠʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ. ɺ ʢʦʤʧʣʝʢʩʝ 1.208 ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ ʥʘʭʦʜʷʪʩʷ ʚ 

ʘʢʩʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʘ FeFe ʷʜʨʘ ï ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʤ. ɺ ʢʦʤʧʣʝʢʩʘʭ 1.207 ʠ 1.208 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 4.0 ʠ 4.4 ¡, ʯʪʦ ʷʚʣʷʝʪʩʷ ʘʥʦʤʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʩʨʝʜʠ ʚʩʝʭ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ. ɺʝʨʦʷʪʥʦ, ʪʘʢʦʝ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ ʥʝ ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʚ ʢʦʥʬʦʨʤʘʮʠʠ 

çʢʦʨʦʥʘè ʠʣʠ ʢʨʝʩʣʦ-ʚʘʥʥʘ ʠ ʪʨʝʙʫʝʪ ʠʩʢʘʞʝʥʠʷ ʛʝʦʤʝʪʨʠʠ 

ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʦʩʪʦʚʘ.   

1.2.4. ʂʦʤʧʣʝʢʩʳ Cr, Cu, Mn ʠ V 
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ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʤʠ ʠʤʝʶʪ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʫʢʪʫʨ, ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʤʝʪʦʜʦʤ ʈʉɸ. ʅʘʤʥʦʛʦ ʨʝʞʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʮʠʠ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʚʝʣʠʩʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ Cr, Cu, Mn ʠ V. ʉ ʢʘʪʠʦʥʘʤʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ, ʢʨʦʤʝ ʫʧʦʤʷʥʫʪʳʭ ʚ 

ʵʪʦʤ ʦʙʟʦʨʝ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʚʝʣʠʩʴ ʚʦʚʩʝ. ɼʘʥʥʘʷ ʛʣʘʚʘ ʦʙʲʝʜʠʥʷʝʪ ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʣʝʢʩʦʚ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʤʝʪʘʣʣʦʚ. 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʤʝʪʘʣʣʘʤʠ ʧʦʜʛʨʫʧʧʳ ʥʠʢʝʣʷ ʠʣʠ ʞʝʣʝʟʘ, ʩ ʢʘʪʠʦʥʦʤ Cr(III ) 

ʦʙʨʘʟʫʶʪʩʷ ʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ [42,43], ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ 

ʨʝʘʢʮʠʠ (ʉʭʝʤʘ 1.16). ɺ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ ʈʉɸ ʢʦʤʧʣʝʢʩʘʭ ʣʠʛʘʥʜʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʢʦʥʬʦʨʤʘʮʠʠ ʢʨʝʩʣʦ-ʚʘʥʥʘ, ʘ ʫʛʦʣ ʟʘʭʚʘʪʘ ʩʦʩʪʘʚʣʷʝʪ 77-80ʦ. 

 

ʉʭʝʤʘ 1.16. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ Cr(III ) ʩ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ 

ʅʝʪʠʧʠʯʥʦʡ ʦʢʘʟʘʣʘʩʴ ʨʝʘʢʮʠʷ ʩ ʭʨʦʤʦʤ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥ ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʨʝʚʨʘʱʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʮʠʢʣʘ, ʠ 

ʦʙʨʘʟʫʶʪʩʷ 12- ʠ 16-ʯʣʝʥʥʳʝ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʳ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʪʝʤʧʣʘʪʝ ʭʨʦʤʘ (ʉʭʝʤʘ 1.17). ʂʦʤʧʣʝʢʩʳ 1.212 ʠ 1.213 ̫ʚʣʷʶʪʩʷ 

ʧʝʨʚʳʤʠ ʧʨʠʤʝʨʘʤʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʨʘʩʰʠʨʝʥʠʷ ʮʠʢʣʘ [109].  
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ʉʭʝʤʘ 1.17. ʈʝʘʢʮʠʷ ʨʘʩʰʠʨʝʥʠʷ ʮʠʢʣʘ, ʧʨʦʪʝʢʘʶʱʘʷ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ Cr( 

III) 

ɺ ʨʘʙʦʪʘʭ ɸ.ɸ. ʂʘʨʘʩʠʢʘ ʠ ʩʦ-ʘʚʪʦʨʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ 

ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(I) ʩ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ, ʩʦʜʝʨʞʘʱʠʝ 

ʩʝʤʠʭʠʥʦʥʦʚʳʝ [12] ʠʣʠ ʧʠʨʠʜʠʥʦʚʳʡ [13] ʩʦ-ʣʠʛʘʥʜʳ (ʉʭʝʤʘ 1.18). ɺ ʩʪʨʫʢʪʫʨʘʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʣʠʙʦ ʢʨʝʩʣʦ-ʚʘʥʥʘ (1.210, 1.75), ʣʠʙʦ ʢʦʥʬʦʨʤʘʮʠʷ 

çʢʦʨʦʥʘè (1.211). ʋʛʦʣ ʟʘʭʚʘʪʘ ʢʘʪʠʦʥʘ ʤʝʜʠ(I) ʜʣʷ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʨʫʛʠʤʠ ʤʝʪʘʣʣʘʤʠ ʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 87 ʦ ʜʦ 90ʦ .  

 

ʉʭʝʤʘ 1.18. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ Cu(I) 1.75, 1.214 ʠ 1.215 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʩ ʩʦʣʷʤʠ Mn ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʙʠʩ(ʜʠ(R)ʬʦʩʬʠʥʦ)ʤʝʪʘʥʘ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ (ʉʭʝʤʘ 1.19) [41,46,47,110], ʚ ʢʦʪʦʨʳʭ ʢʨʦʤʝ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ 

ʣʠʛʘʥʜʦʚ ʚ ʧʝʨʚʠʯʥʫʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʤʝʪʘʣʣʘ ʚʭʦʜʷʪ ʤʘʣʳʝ ʤʦʣʝʢʫʣʳ, 

ʪʘʢʠʝ ʢʘʢ CO, H- ʠʣʠ Br. ɸʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʳʡ ʦʩʪʦʚ ʣʠʛʘʥʜʘ ʚ ʢʦʤʧʣʝʢʩʘʭ 

ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʥʬʦʨʤʘʮʠʠ ʢʨʝʩʣʦ-ʚʘʥʥʘ, ʘ ʫʛʦʣ ʟʘʭʚʘʪʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 79ʦ ʜʦ 86ʦ.  
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ʉʭʝʤʘ 1.19. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ Mn ʩ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʫʙʣʠʢʦʚʘʥ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʠʤʝʨ ʢʦʤʧʣʝʢʩʘ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘ ʩ ʚʘʥʘʜʠʝʤ (ʉʭʝʤʘ 1.20), ʛʜʝ ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ 

ʭʝʣʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ, ɖ5 ï ʢʦʦʨʜʠʥʘʮʠʝʡ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʘ ʠ ʠʦʜʠʜ ʘʥʠʦʥʦʤ [41]. ʃʠʛʘʥʜ ʚ ʢʦʤʧʣʝʢʩʝ 1.219 ʥʘʭʦʜʠʪʩʷ ʚ 

ʢʦʥʬʦʨʤʘʮʠʠ ʢʨʝʩʣʦ-ʚʘʥʥʘ, ʘ ʫʛʦʣ ʟʘʭʚʘʪʘ ʩʦʩʪʘʚʣʷʝʪ 75ʦ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʚʩʝʭ ʦʙʦʟʨʝʚʘʝʤʳʭ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʢʦʤʧʣʝʢʩʦʚ.  

 

ʉʭʝʤʘ 1.20. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 1.219 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʠʨʘʷʩʴ ʥʘ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʘʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ʜʣʷ 

ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚʳʩʪʫʧʘʶʪ ʢʘʢ P,P-ʭʝʣʘʪʠʨʫʶʱʠʝ, ʪʝʤ 

ʩʘʤʳʤ ʩʦʟʜʘʚʘʷ ʟʘʢʦʥʦʤʝʨʥʦʝ ʠʭ ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʢ ʣʠʛʘʥʜʦʚ ʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʢ 

ʭʝʣʘʪʠʨʦʚʘʥʠʶ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʘʚʪʦʨʳ, ʠʩʩʣʝʜʦʚʘʚʰʠʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʭʠʤʠʶ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʪʘʚʠʣʠ ʧʝʨʝʜ ʩʦʙʦʡ ʟʘʜʘʯʫ ʧʦʣʫʯʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʯʪʦ ʦʧʨʝʜʝʣʠʣʦ 

ʚʳʙʦʨ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʟʘʜʘʯʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʧʦʜʦʙʥʳʭ 
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ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʬʝʨʤʝʥʪʦʚ, ʛʜʝ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʦʩʥʦʚʘʥʠʝ, 

ʥʘʭʦʜʷʱʝʝʩʷ ʚʦ ʚʪʦʨʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʤʝʪʘʣʣʘ. ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ 

ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʩʦʟʜʘʣʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ ʦʰʠʙʢʫ, ʠʛʥʦʨʠʨʫʶʱʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ʚʳʩʪʫʧʘʣʠ ʙʳ ʢʘʢ ʤʦʩʪʠʢʦʚʳʝ ʣʠʛʘʥʜʳ ʤʝʞʜʫ ʜʚʫʤʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʮʝʥʪʨʘʤʠ. ʀʟ ʚʩʝʭ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʦʪʜʝʣʴʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʢʦʤʧʣʝʢʩʘʭ ʨʝʘʣʠʟʫʝʪʩʷ ʢʨʝʩʣʦ-ʚʘʥʥʘ 

ʢʦʥʬʦʨʤʘʮʠʷ ʣʠʛʘʥʜʦʚ ʠ ʨʝʞʝ ʢʦʥʬʦʨʤʘʮʠʷ çʢʦʨʦʥʘè. ʇʦʧʳʪʢʠ ʚʳʷʚʠʪʴ 

ʢʦʨʨʝʣʷʮʠʠ ʚʥʫʪʨʠ ʜʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʧʨʠʤʝʨ, ʟʘʚʠʩʠʤʦʩʪʴ 

ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ ʠ ʘʪʦʤʘʤʠ ʘʟʦʪʘ, ʫʛʣʘʤʠ ʟʘʭʚʘʪʘ ʤʝʪʘʣʣʘ ʠʣʠ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʦʤ ʘʟʦʪʘ ʠ ʤʝʪʘʣʣʦʚ, ʥʝ ʧʨʠʚʝʣʠ ʢ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ. ʊʦ ʝʩʪʴ ʩʨʝʜʠ ʚʩʝʭ ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʨʨʝʣʷʮʠʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʣʠʛʘʥʜʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʝʩʣʠ ʨʘʟʙʠʚʘʪʴ ʚʩʝ ʠʤʝʶʱʠʝʩʷ 

ʜʘʥʥʳʝ ʧʦ ʢʣʘʩʩʘʤʠ (ʧʦ ʢʘʪʠʦʥʫ ʤʝʪʘʣʣʘ ʠʣʠ ʧʦ ʢʦʥʬʦʨʤʘʮʠʠ ʣʠʛʘʥʜʘ). ʇʨʠ ʵʪʦʤ 

ʚʘʞʥʦ ʚʳʜʝʣʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʪʨʫʢʪʫʨʘʭ ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2.8 ʜʦ 3.3 ¡, ʩ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʟʥʘʯʝʥʠʡ 2.9 ¡ (ʈʠʩʫʥʦʢ 1.7). ʋʛʣʳ ʟʘʭʚʘʪʘ ʤʝʪʘʣʣʘ 

ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 70 ʦ ʜʦ 87ʦ, ʧʨʠ ʵʪʦʤ ʧʨʝʦʙʣʘʜʘʶʪ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ 81-83ʦ. 
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ʈʠʩʫʥʦʢ 1.7.  ɼʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ ʩ P2N2-ʣʠʛʘʥʜʘʤʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ PéP ʨʘʩʩʪʦʷʥʠʷʤʠ ʠ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ PMP   
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1.2.5. ʂʦʤʧʣʝʢʩʳ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʝʡ ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ 

ɺʦ ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ, 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ 

ʚʳʩʪʫʧʘʣʠ ʢʘʢ P,P-ʜʦʥʦʨʥʳʝ ʣʠʛʘʥʜʳ. ʇʨʠ ʵʪʦʤ ʚ ʩʪʨʫʢʪʫʨʘʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʝʘʣʠʟʫʝʪʩʷ ʢʦʨʦʪʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʜʥʠʤ ʠʟ ʵʥʜʦʮʠʢʣʠʯʝʩʢʠʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʠ 

ʢʘʪʠʦʥʦʤ ʤʝʪʘʣʣʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ, ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʢʦʤʧʣʝʢʩʦʚ ʘʪʦʤ ʘʟʦʪʘ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʚʩʪʫʧʘʣ ʚ ʢʦʦʨʜʠʥʘʮʠʶ 

ʩ ʤʝʪʘʣʣʦʮʝʥʪʨʦʤ (ʉʭʝʤʘ 1.21) [43,44,110].  

 

ʉʭʝʤʘ 1.21. ʂʦʤʧʣʝʢʩʳ Mo, Mn ʠ Cr, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʷ 

ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʥʝʙʦʣʴʰʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ ʜʦ 3.1-3.3 ¡ ʠ ʫʛʣʦʚ ʟʘʭʚʘʪʘ ʤʝʪʘʣʣʘ ʜʦ 84-87ʦ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ 
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ʧʣʦʭʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚ ʦʙʱʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ, ʥʦ ʭʦʨʦʰʦ 

ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚ ʨʷʜʫ ʢʦʤʧʣʝʢʩʦʚ ʢʦʥʢʨʝʪʥʳʭ ʤʝʪʘʣʣʦʚ. ɽʩʣʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ Mo 

ʙʝʟ ʢʦʦʨʜʠʥʘʮʠʠ ʘʪʦʤʘ ʘʟʦʪʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 

2.9 ï 3.0 ¡, ʘ PMP ʫʛʦʣ ï 74-77ʦ, ʪʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ Mo ʩ ʢʦʦʨʜʠʥʘʮʠʝʡ ʘʪʦʤʘ ʘʟʦʪʘ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ ʩʦʩʪʘʚʣʷʝʪ ï 3.2-3.3 ¡, ʘ ʫʛʦʣ PMP ï 86-87ʦ . 

ɸʥʘʣʦʛʠʯʥʘʷ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʨʷʜʫ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʦʤ ʘʟʦʪʘ ʠ ʢʘʪʠʦʥʦʤ ʤʝʪʘʣʣʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ ʢʦʨʨʝʣʷʮʠʠ ʦʪ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ ʠ ʫʛʣʦʤ 

ʟʘʭʚʘʪʘ ʤʝʪʘʣʣʘ. ʕʪʦʪ ʚʘʞʥʳʡ ʬʘʢʪʦʨ ʦʯʝʥʴ ʩʣʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚ ʦʙʱʝʡ ʤʘʩʩʝ 

ʢʦʤʧʣʝʢʩʦʚ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʦʡ ʘʥʘʣʠʟ ʥʝʠʟʙʝʞʥʦ ʚʢʣʶʯʘʝʪ ʣʠʛʘʥʜʳ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʛʝʪʝʨʦʘʪʦʤʘʭ, ʨʘʟʣʠʯʥʳʝ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʨʘʟʣʠʯʥʳʝ ʧʦ 

ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʳ (ʙʠʩʭʝʣʘʪʥʳʝ, ʤʦʥʦʭʝʣʘʪʥʳʝ, ʩ ʢ.ʯ. 4 ʠʣʠ ʢ.ʯ.6). ʂʨʦʤʝ ʪʦʛʦ, 

ʥʘ ʩʦʚʦʢʫʧʥʳʡ ʘʥʘʣʠʟ ʚʩʝʭ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʠ ʫʟʢʠʡ ʜʠʘʧʘʟʦʥ 

ʟʥʘʯʝʥʠʡ ʨʘʩʩʪʦʷʥʠʡ ʠ ʫʛʣʦʚ, ʯʪʦ ʥʘ ʨʷʜʫ ʩ ʙʦʣʴʰʠʤ ʥʘʙʦʨʦʤ ʜʘʥʥʳʭ ʜʝʣʘʝʪ 

ʧʨʦʙʣʝʤʘʪʠʯʥʦʡ ʧʨʘʚʠʣʴʥʫʶ ʚʳʙʦʨʢʫ ʩʪʨʫʢʪʫʨ. ɼʣʷ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 1.8 

ʧʨʠʚʝʜʝʥ ʨʘʟʙʨʦʩ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʦʤ ʘʟʦʪʘ ʠ ʤʝʪʘʣʣʘ ʦʪ 

ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ ʠ ʦʪ ʫʛʣʦʚ ʟʘʭʚʘʪʘ ʤʝʪʘʣʣʘ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʭ 

ʩʣʦʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ.  
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ʈʠʩʫʥʦʢ 1.8. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ (ʘ) ʠ PMP ʫʛʣʘ 

ʟʘʭʚʘʪʘ (ʙ) ʦʪ N-M ʨʘʩʩʪʦʷʥʠʷ ʚ ʢʦʤʧʣʝʢʩʘʭ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ. 

1.2.6. ʂʦʤʧʣʝʢʩʳ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʘʪʥʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ 
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ɻʣʘʚʳ 1.2.1 ï 1.2.5 ʚʢʣʶʯʘʣʠ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ ʩʪʨʫʢʪʫʨ 

ʢʦʤʧʣʝʢʩʦʚ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ, ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʜʘʥʥʳʤʠ ʈʉɸ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʠʟ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʣʠʛʘʥʜʦʚ, ʘʚʪʦʨʘʤʠ ʫʜʘʚʘʣʦʩʴ ʧʦʜʪʚʝʨʜʠʪʴ 

ʜʘʥʥʳʤʠ ʈʉɸ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʝʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ 

ʛʝʪʝʨʦʘʪʦʤʘʭ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʪʦ ʣʠʛʘʥʜʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʬʝʥʠʣʴʥʳʝ, ʪʨʝʪ-ʙʫʪʠʣʴʥʳʝ, ʮʠʢʣʦʛʝʢʩʠʣʴʥʳʝ ʠʣʠ ʙʝʥʟʠʣʴʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ ʠ ʬʝʥʠʣʴʥʳʝ, ʙʝʥʟʠʣʴʥʳʝ, ʪʨʝʪ-ʙʫʪʠʣʴʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʥʝʩʦʤʥʝʥʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ 1,5-ʜʠʘʟʘ-

3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ 

ʛʝʪʝʨʦʘʪʦʤʘʭ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʟʘʜʘʚʘʷ ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʦʡʩʪʚʘ ʢʘʢ ʣʠʛʘʥʜʘʤ, 

ʪʘʢ ʠ ʢʦʤʧʣʝʢʩʘʤ. ɺ ʵʪʦʡ ʛʣʘʚʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʥʪʝʟʳ ʢʦʤʧʣʝʢʩʦʚ 1,5-ʜʠʘʟʘ-

3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ, ʩʪʨʫʢʪʫʨʳ ʢʦʪʦʨʳʭ ʥʝ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʜʘʥʥʳʤʠ 

ʈʉɸ, ʥʦ ʚ ʪʦʞʝ ʚʨʝʤʷ ʠʭ ʦʙʟʦʨ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ 

ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ.  

ɺ ʨʘʙʦʪʝ [111] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 1,5-

ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ 4-ʬʝʥʠʣʧʨʦʧʠʦʥʦʚʫʶ ʢʠʩʣʦʪʫ, 

ʨʘʟʣʠʯʥʳʤʠ ʧʝʧʪʠʜʘʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʣʫʯʝʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ Ni(II ) (ʉʭʝʤʘ 1.22). 

ʍʦʪʷ ʚʳʭʦʜʳ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʣʷʣʠ 40-50%, ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʤ, 

ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʚʥʝʰʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʩʬʝʨʳ ʤʝʪʘʣʣʘ ʠ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ.  
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 ʉʭʝʤʘ 1.22. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ Ni ʩ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʨʘʟʣʠʯʥʳʝ ʧʝʧʪʠʜʳ ʚ ʟʘʤʝʩʪʠʪʝʣʷʭ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ 

ɺ 2009 ʛʦʜʫ ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʧʝʨʚʳʡ ʧʨʠʤʝʨ ʢʦʚʘʣʝʥʪʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʢʦʤʧʣʝʢʩʘ [Ni(P2N2)2]2+ 1.232, ʩʦʜʝʨʞʘʱʝʛʦ  ʟʘʱʠʱʝʥʥʫʶ ʢʘʨʙʦʢʩʠʣʘʪʥʫʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʛʨʫʧʧʫ ʚ ʟʘʤʝʩʪʠʪʝʣʷʭ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ (ʈʠʩʫʥʦʢ 1.9) [112]. ʕʪʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʛʨʫʧʧʘ ʟʘʪʝʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʠʜʥʦʡ ʩʚʷʟʠ ʩ 

ʘʤʠʥʦʟʘʤʝʱʝʥʥʳʤʠ ʤʥʦʛʦʩʣʦʡʥʳʤʠ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʚʥʝʜʨʷʣʠʩʴ ʚ ʩʣʦʡ ʛʘʟʦʜʠʬʬʫʟʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʅaʬʠʦʥa.  
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ʈʠʩʫʥʦʢ 1.9. ʉʪʨʫʢʪʫʨʳ Ni(P2N2)2 ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʥʘ ʥʘʥʦʪʨʫʙʢʠ (ʘ) ʠʣʠ ʥʘ 

ʩʠʣʠʢʘʪʥʫʶ ʧʦʜʣʦʞʢʫ (ʙ) 

ʇʦʣʫʯʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʘʪʘʣʠʟʘʪʦʨ ʧʨʦʷʚʣʷʣ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ 

ʚʳʜʝʣʝʥʠʠ ʚʦʜʦʨʦʜʘ (ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ >100 000) ʧʨʠ ʥʠʟʢʦʤ ʧʝʨʝʥʘʧʨʷʞʝʥʠʠ (20 

ʤɺ), ʘ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʦʙʨʘʪʠʤʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʦʢʠʩʣʷʷ 

ʚʦʜʦʨʦʜ, ʭʦʪʷ ʠ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʧʝʨʝʥʘʧʨʷʞʝʥʠʠ. ɺ 2016 ʛʦʜʫ ʙʳʣʠ 

ʦʧʫʙʣʠʢʦʚʘʥr ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠ ̫ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʪɻʦʛʦ ʞʝ 

ʢʦʤʧʣʝʢʩʘ ʥʘ ʪʨʝʭʤʝʨʥʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʵʣʝʢʪʨʦʜʳ [113]. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʦʧʦʩʪʘʚʠʤʳʭ ʩ 

ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʧʣʘʪʠʥʳ.  

ʂʦʤʧʣʝʢʩ [Ni(P2N2)2]2+ 1.233, ʩʦʜʝʨʞʘʱʠʡ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʛʨʫʧʧʳ ʚ 

ʟʘʤʝʩʪʠʪʝʣʷʭ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ ʙʳʣʠ ʪʘʢʞʝ ʠʤʤʦʙʠʣʠʟʦʚʘʥʳ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʫʶ 

ʩʠʣʠʢʘʪʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʠʜʥʦʡ ʩʚʷʟʠ (ʈʠʩʫʥʢʦʢ 1.9) [114]. 

ʆʜʥʘʢʦ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʢʦʤʧʦʟʠʪʦʚ ʥʝ ʠʟʫʯʘʣʘʩʴ.  

ɺ ʦʜʥʦʤ ʠʟ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

[Ni(P2N2)2]2+ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʠʨʝʥʦʟʘʤʝʱʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 1.234 (ʈʠʩʫʥʦʢ 1.10) 

[115]. ʂʘʪʘʣʠʟʘʪʦʨ ʙʳʣ ʠʤʤʦʙʠʣʠʟʦʚʘʥ ʥʘ ʤʥʦʛʦʩʣʦʡʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʢʘʭ, 
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ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʚ ʩʣʦʡ ʅaʬʠʦʥa ʥʘ ʛʘʟʦʜʠʬʬʫʟʠʦʥʥʦʤ ʩʣʦʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʘʟʘʣʠʩʴ ʩʭʦʞʠʤʠ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʦʚʘʣʝʥʪʥʦ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʘʥʘʣʦʛʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʚʳʩʦʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

 

ʈʠʩʫʥʦʢ 1.10. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ 1.234 

ʂʦʤʧʣʝʢʩ  [Ni(P2N2)2]2+ 1.235, ʩʦʜʝʨʞʘʱʠʝ ʵʬʠʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ 

ʘʟʦʪʘ, ʙʳʣʠ ʩʦʝʜʠʥʝʥʳ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʫʛʣʝʨʦʜʘ, ʜʝʢʦʨʠʨʦʚʘʥʥʦʛʦ 1,2,3-

ʪʨʠʘʟʦʣʠʣʣʠʪʠʝʚʦʡ ʛʨʫʧʧʦʡ (ʈʠʩʫʥʦʢ 1.11) [116]. ʇʦʣʫʯʝʥʥʳʝ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʢʘʟʘʣʠ ʘʢʪʠʚʥʦʩʪʴ, ʘʥʘʣʦʛʠʯʥʫʶ ʨʘʩʪʚʦʨʠʤʳʤ ʘʥʘʣʦʛʘʤ, ʥʦ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʨʘʟʣʦʞʝʥʠʶ ʚ ʢʠʩʣʳʭ ʫʩʣʦʚʠʷʭ ʢʘʪʘʣʠʟʘ.  

 

ʈʠʩʫʥʦʢ 1.11. ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ 1.235 ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʫʛʣʝʨʦʜʘ 

ɺ ʨʘʙʦʪʘʭ [27, 117] ʬʦʩʬʦʥʦʚʳʝ ʢʠʩʣʦʪʥʳʝ ʛʨʫʧʧ rʙʳʣʠ ʚʚʝʜʝʥʳ ʚ 

ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ ʠʣʠ ʘʟʦʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ  ʢʦʤʧʣʝʢʩʦʚ [Ni(P2N2)2]2+ 

1.236 ʠ 1.237 ʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʝʛʦ ʥʘ ʧʦʜʣʦʞʢʝ ʠʥʜʠʡ-ʦʣʦʚʦ ʦʢʩʠʜʝ (ITO)  ʯʝʨʝʟ 
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ʢʠʩʣʦʪʥʳʝ ʛʨʫʧʧʳ (ʈʠʩʫʦʥʢ 1.12). ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʙʦʠʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʧʨʠʰʠʪʳʭ ʢ ʦʢʩʠʜʫ ʠʥʜʠʷ-ʦʣʦʚʘ (ITO), ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ/ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʚʦʜʦʨʦʜʘ, ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʭʦʞʠʝ ʧʦʢʘʟʘʪʝʣʠ ʘʢʪʠʚʥʦʩʪʠ. 

  

 

ʈʠʩʫʥʦʢ 1.12. ʂʦʤʧʣʝʢʩʳ [Ni(P2N2)2]2+ 1.236 ʠ 1.237 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟʠʨʫʷ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʵʪʦʪ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʭʝʣʘʪʠʨʫʶʱʠʤʠ ʣʠʛʘʥʜʘʤʠ ʢʘʢ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʢʘʪʠʦʥʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʪʘʢ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʰʠʨʦʢʦʡ ʚʘʨʠʘʮʠʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʛʝʪʝʨʦʘʪʦʤʘʭ ʢʘʢ ʥʘ ʩʪʘʜʠʠ 

ʩʠʥʪʝʟʘ ʣʠʛʘʥʜʦʚ, ʪʘʢ ʠ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʮʠʢʣʦʚ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʥʘʠʙʦʣʝʝ 

ʠʟʫʯʝʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʬʝʥʠʣʴʥʳʝ ʠ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ ʠ 

ʬʝʥʠʣʴʥʳʝ, ʙʝʥʟʠʣʴʥʳʝ ʠ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ. ɺʘʞʥʦ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ 1,5-ʜʠʘʟʘ-

3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ï ɻ ʪʦ ʣʠʛʘʥʜʳ ʭʝʣʘʪʠʨʫʶʱʝʛʦ ʪʠʧʘ, ʢʦʦʨʜʠʥʠʨʫʶʱʠʭ 

ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʘ ʯʝʨʝʟ ʘʪʦʤʳ ʬʦʩʬʦʨʘ. ɽʩʪʴ ʪʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʧʨʠʤʝʨʦʚ, 

ʛʜʝ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʢʦʦʨʜʠʥʘʮʠʶ ʘʪʦʤʦʚ 

ʘʟʦʪʘ, ʠ ʪʦʣʴʢʦ 2 ʧʨʠʤʝʨʘ P,P-ʤʦʩʪʠʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ. ʆʙʱʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ 1,5-

ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ - ʵʪʦ ʩʦʟʜʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʣʠʛʘʥʜʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʮʠʢʣʦʚ ʩʦʟʜʘʶʪ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʘ ʧʨʠʥʠʤʘʷ 
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ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʵʪʦ ʙʠʩʬʦʩʬʠʥʦʚʳʝ ʣʠʛʘʥʜʳ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʦʟʜʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʥʠʟʢʠʭ ʩʪʝʧʝʥʷʭ 

ʦʢʠʩʣʝʥʠʷ (ʤʷʛʢʠʝ ʢʠʩʣʦʪʳ ʧʦ ʇʠʨʩʦʥʫ), ʪ.ʝ. ʩ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʧʦʜʛʨʫʧʧʳ ʤʝʜʠ.   

1.3. ʂʦʤʧʣʝʢʩʳ ʟʦʣʦʪʘ ʠ ʤʝʜʠ ʩ ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʈʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʝʜʠ(I) ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʙʦʛʘʪʳʤʠ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʪʠʚʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʚ 

ʩʝʙʝ ʤʦʥʦ-, ʙʠ- ʠ ʧʦʣʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ [118-126]. 

ʉʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʷʚʣʷʪʴ ʠʥʪʝʥʩʠʚʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ OLED [127]. ʀʟʤʝʥʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʩʪʠʤʫʣʦʚ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʜʚʫʭʧʦʣʦʩʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʝʥʩʦʨʦʚ [122, 128, 129]. ʂʨʦʤʝ ʪʦʛʦ, ʷʚʣʷʷʩʴ 

ʙʠʦʛʝʥʥʳʤ ʤʝʪʘʣʣʦʚ, ʢʘʪʠʦʥ ʤʝʜʠ(I) ʚ ʢʦʤʧʣʝʢʩʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʧʨʦʪʠʚʦʨʘʢʦʚʳʡ ʘʛʝʥʪ, ʨʝʘʣʠʟʫʶʱʠʡ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʥʘ ʢʣʝʪʢʠ 

ʯʝʨʝʟ ʛʝʥʝʨʘʮʠʶ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ [130-135]. ɼʦʙʘʚʣʷʷ ʢ ʵʪʦʤʫ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I), ʤʦʞʥʦ ʜʦʙʠʚʘʪʴʩʷ ʧʨʦʷʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʘʤʠ 

ʜʫʘʣʴʥʦʡ ʬʫʥʢʮʠʠ, ʩʦʯʝʪʘʶʱʠʤʠ ʧʨʦʪʠʚʦʨʘʢʦʚʦʝ ʜʝʡʩʪʚʠʝ ʠ ʜʠʘʛʥʦʩʪʠʢʫ 

(ʥʘʧʨʠʤʝʨ, ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ).  

1.3.1. ʉʪʨʫʢʪʫʨʳ ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʩ 

ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ɺ ʢʦʤʧʣʝʢʩʘʭ ʤʝʜʠ(I), ʦʙʣʘʜʘʶʱʠʭ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ dĭ , 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʢʘʢ ʧʨʘʚʠʣʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʝʨʝʭʦʜʘʤʠ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʤʦʣʝʢʫʣʳ [123,127,136-141]. ʆʪʩʫʪʩʪʚʠʝ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʝʪʘʣʣ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʦʟʚʦʣʷʝʪ 

ʤʝʜʠ(I) ʫʯʘʩʪʚʦʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʝʨʝʭʦʜʘʭ, ʚʦʚʣʝʢʘʶʱʠʭ ʢʘʢ ʘʪʦʤ ʤʝʪʘʣʣʘ, 

ʪʘʢ ʠ ʣʠʛʘʥʜʳ, ʘ ʩʘʤʘ ʧʨʠʨʦʜʘ ʵʪʠʭ ʧʝʨʝʭʦʜʦʚ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʘ [142,143]. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ ʙʦʛʘʪʳʡ ʥʘʙʦʨ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I), ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʥʘʙʦʨʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʯʠʩʝʣ 3 ʠ 4, ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʘ ʪʘʢʞʝ ʫʯʘʩʪʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʢʘʢ 

ʤʦʩʪʠʢʦʚʳʭ, ʩʚʷʟʳʚʘʶʱʠʭ ʥʝʩʢʦʣʴʢʦ ʢʘʪʠʦʥʦʚ ʤʝʜʠ(I). 

ʉ ʙʠ- ʠʣʠ ʪʨʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʦʠʟʚʦʜʥʳʝ ʤʝʜʠ(I), ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʙʨʘʟʫʶʪ ʤʦʥʦ-, ʙʠ- ʠʣʠ ʪʝʪʨʘʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʈʠʩʫʥʦʢ 1.13) [136,141]. 

ʉʪʨʫʢʪʫʨʘ ʷʜʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʭʠʦʤʝʪʨʠʝʡ ʨʝʘʢʮʠʠ, ʥʘʣʠʯʠʝʤ ʢʦʦʨʜʠʥʠʨʫʶʱʠʭ 

ʛʘʣʦʛʝʥʠʜ ʘʥʠʦʥʦʚ ʠʣʠ ʜʨʫʛʠʭ ʩʦ-ʣʠʛʘʥʜʦʚ.   

 

ʈʠʩʫʥʦʢ 1.13. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʫʧʦʤʠʥʘʝʤʳʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʩ 

ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I), ʷʚʣʷʝʪʩʷ ʤʝʪʘʣʣïʣʠʛʘʥʜʥʳʡ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ 

(MLCT), ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʱʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʩ ʘʪʦʤʘʨʥʦʡ ʦʨʙʠʪʘʣʠ 

ʤʝʜʠ(I) ʥʘ ʩʚʦʙʦʜʥʫʶ ʦʨʙʠʪʘʣʴ ʣʠʛʘʥʜʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ˊ*-ʭʘʨʘʢʪʝʨʘ [127,144-151]. 

ʊʘʢʠʝ ʧʝʨʝʭʦʜʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠʣʠ 

ʵʣʝʢʪʨʦʥʥʦ-ʜʝʬʠʮʠʪʥʳʝ ʣʠʛʘʥʜʳ. ʕʪʠ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʯʘʩʪʦ ʥʘʭʦʜʷʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦ ʧʦ ʵʥʝʨʛʠʠ, ʦʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʢʦʤʧʣʝʢʩ ʦʙʣʘʜʘʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʞʸʩʪʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʨʝʣʘʢʩʘʮʠʶ ʚ 
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ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʝʨʝʭʦʜʳ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʵʬʬʝʢʪʠʚʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʚʳʩʦʢʠʤʠ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ. ʇʨʠ ʥʘʣʠʯʠʠ 

ʛʘʣʦʛʝʥʠʜ-ʘʥʠʦʥʦʚ ʥʘʨʷʜʫ ʩ MLCT ʧʝʨʝʭʦʜʘʤʠ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʧʝʨʝʭʦʜʦʚ ʩ 

ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʩ ʛʘʣʦʛʝʥʠʜʘ ʥʘ ʤʝʪʘʣʣ (XLCT), ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʤʝʰʘʥʥʫ  ʁ(M+X)LCT ʵʤʠʩʩʠʶ [126,149,152-159]. ʇʝʨʝʭʦʜʳ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʚʩʝʭ ʪʠʧʦʤ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʩ ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʩʠʣʫ 

ʨʝʜʦʢʩ-ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʠʦʥʘ ʤʝʜʠ(I). ʆʯʝʚʠʜʥʳʤ ʷʚʣʷʝʪʩʷ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ, ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʬʨʘʛʤʝʥʪʳ ʣʠʛʘʥʜʘ, ʧʦʩʣʝʜʥʠʝ ʩʪʘʥʦʚʷʪʩʷ 

ʚʘʞʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʮʚʝʪʥʦʩʪʴ ʵʤʠʩʩʠʠ ʠ ʝʝ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ. 

ʇʨʠ ʵʪʦʤ, ʚʣʠʷʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʘ ʢʘʢ ʯʝʨʝʟ ʤʝʪʘʣʣ-ʛʘʣʣʦʛʝʥʠʜʥʦʝ ʷʜʨʦ, ʪʘʢ 

ʠ ʯʝʨʝʟ ʣʠʛʘʥʜ, ʤʦʞʥʦ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʠ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʟʘʚʠʩʠʤʘʷ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ.  

ɺ ʨʷʜʝ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(I) ʨʝʘʣʠʟʫʝʪʩʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʩ ʢʣʘʩʪʝʨ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʦʩʪʦʷʥʠʡ (CC) [142, 160-165]. ʈʝʘʣʠʟʘʮʠʷ ʪʘʢʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʚʥʫʪʨʠ ʚʩʝʛʦ ʤʝʪʘʣʣ-ʛʘʣʦʛʝʥʠʜʥʦʛʦ ʷʜʨʘ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʚʦʟʙʫʞʜʸʥʥʳʝ 

ʩʦʩʪʦʷʥʠʷ, ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʘʪʦʤʘʭ ʤʝʜʠ. ʊʘʢʠʝ ʧʝʨʝʭʦʜʳ ʦʙʳʯʥʦ 

ʚʳʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʫʢʦʨʦʯʝʥʠʝ 

ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʷʜʨʝ ʢʦʤʧʣʝʢʩʘ) ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ 

ʵʥʝʨʛʠʝʡ, ʯʪʦ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʚʠʜʝ ʷʨʢʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʙʦʣʴʰʠʤ 

ʉʪʦʢʩʦʚʳʤ ʩʜʚʠʛʦʤ ʠ ʜʣʠʪʝʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʆʯʝʥʴ ʯʘʩʪʦ ʚ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʤʝʜʠ(I) ʩʠʥʛʣʝʪʥʦʝ ʠ ʪʨʠʧʣʝʪʥʦʝ 

ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʭʦʜʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʧʦ ʵʥʝʨʛʠʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʫʝʤʦʡ ʟʘʜʝʨʞʘʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (TADF) [158, 166-175]. ʕʪʦ 

ʷʚʣʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʦʙʨʘʪʥʦʤ ʪʝʧʣʦʚʦʤ ʧʝʨʝʭʦʜʝ ʠʟ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʩʠʥʛʣʝʪʥʦʝ. ʂʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʝʥʠʝ TADF ʚʦʟʥʠʢʘʝʪ ʚ ʢʦʤʧʣʝʢʩʘʭ ʤʝʜʠ(I) ʚ ʭʦʜʝ 

MLCT ʚʦʟʙʫʞʜʝʥʠʷ, ʢʦʪʦʨʦʝ ʚʳʟʳʚʘʝʪ ʧʩʝʚʦʜ-ʧʝʨʝʭʦʜ Cu(I)-Cu(II), ʪʝʤ ʩʘʤʳʤ 

ʬʦʨʤʠʨʫʷ ʥʝʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʳʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ (ʈʠʩʫʥʦʢ 1.14), 

ʦʪʚʝʯʘʶʱʠʭ ʧʨʠʥʮʠʧʘʤ ʌʨʘʥʢʘ-ʂʦʥʜʦʥʘ ʠ ʧʩʝʚʦʜ-ʠʩʢʘʞʝʥʠʶ ʗʥʘ-ʊʝʣʣʝʨʘ.   
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ʈʠʩʫʥʦʢ 1.14.  ʉʭʝʤʳ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʚ ʢʦʤʧʣʝʢʩʘʭ 

ʤʝʜʠ(I) 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʨʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʷʜʨʘ 

ʢʦʤʧʣʝʢʩʘ, ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʣʠʛʘʥʜʘ, ʩʪʝʧʝʥʠ ʩʦʧʨʷʞʸʥʥʦʩʪʠ ʠ ʘʢʮʝʧʪʦʨʥʳʭ 

ʩʚʦʡʩʪʚ ʝʛʦ ˊ*-ʦʨʙʠʪʘʣʝʡ, ʥʘʣʠʯʠʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʛʘʣʦʛʝʥʦʚ ʠ ʨʷʜʘ ʜʨʫʛʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. ɺʩʝ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʵʥʝʨʛʠʶ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ 

ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʪʘʢ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ. ʀʤʝʥʥʦ ʵʪʠ ʬʘʢʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ 

ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ ʦʙʣʘʜʘʶʪ ʙʦʛʘʪʳʤʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

1.3.2. ʄʦʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(I) c ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʀʥʪʝʨʝʩ ʢ ʤʦʥʦʷʜʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʤʝʜʠ(I) ʩ ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʚʳʟʚʘʥ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʣʶʤʠʥʦʬʦʨʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʝʪʦʵʤʠʩʩʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ [167,169,173,174]. ʅʝʩʤʦʪʨʷ ʥʘ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ, ʦʥʠ ʩʧʦʩʦʙʥʳ ʧʨʦʷʚʣʷʪʴ ʠʥʪʝʥʩʠʚʥʫʶ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʚʳʟʚʘʥʥʫʶ MLCT ɻ ʣʝʢʪʨʦʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ 

ʚ OLED ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʷʚʣʷʪʴ ʵʤʠʩʩʠʶ ʢʘʢ ʩ 

ʩʠʥʛʣʝʪʥʦʛʦ, ʪʘʢ ʠ ʩ ʪʨʠʧʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʝʥʥʳʭ ʫʨʦʚʥʝʡ ʟʘ ʩʯʝʪ ʷʚʣʝʥʠʷ ʪʝʨʤʠʯʝʩʢʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʟʘʜʝʨʞʘʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (thermally activated delayed 

fluorescence ï TADF). ʕʪʦ ʷʚʣʝʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʠʣʫ ʥʘʣʠʯʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʩʙʣʠʞʝʥʥʳʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʪʨʠʧʣʝʪʥʦʛʦ ʠ ʩʠʥʛʣʝʪʥʦʛʦ ʫʨʦʚʥʷ ʢʦʤʧʣʝʢʩʘ, ʠ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʤʝʭʘʥʠʟʤ ʚʢʣʶʯʘʝʪ ʢʘʢ ʧʝʨʝʭʦʜ S1-T1, ʪʘʢ ʠ ʦʙʨʘʪʥʳʡ ʧʝʨʝʭʦʜ T1-S1.  
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ɺʩʝ ʤʦʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ 2 ʪʠʧʘ ï 

ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʝ ʠ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʣʠʛʘʥʜʘ ʚʳʩʪʫʧʘʶʪ N-

N ʜʠʠʤʦʥʦʚʳʝ ʣʠʛʘʥʜʳ.  

ʄʦʥʦʷʜʝʨʥʳʝ ʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(I) 1.238 ʠ 1.239, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ 

ʚʭʦʜʠʪ 1,2-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʙʝʥʟʦʣ (DPPB) ʚ ʢʘʯʝʩʪʚʝ ʙʠʩʬʦʩʬʠʥʦʚʦʛʦ 

ʣʠʛʘʥʜʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ 

ʘʥʠʦʥʳ ʨʘʟʣʠʯʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ð ʠʦʜʠʜ (ʢʦʦʨʜʠʥʠʨʫʶʱʠʡ) ʠ 

ʛʝʢʩʘʬʪʦʨʦʬʦʩʬʘʪ (ʥʝʢʦʦʨʜʠʥʠʨʫʶʱʠʡ) [176]. ɼʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʘ 1.238 

ʧʨʦʚʦʜʠʣʘʩʴ ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʜʠʤʝʨʥʦʡ ʬʦʨʤʦʡ [CuI(DPPB)]2 ʠ ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ 

ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʚ ʪʦʣʫʦʣʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʦʚʘʣʩʷ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ 

[176]. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ 

ʪʝʪʨʘʘʮʝʪʦʥʠʪʨʠʣ ʤʝʜʠ(I) ʛʝʢʩʘʬʪʦʨʦʬʦʩʬʘʪʘ, [Cu(MeCN) ]PF , ʠ ʜʚʫʭ ʵʢʚʠʚʘʣʝʥʪʘ 

DPPB ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʷʜʝʨʥʦʛʦ ʭʝʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [177] (ʈʠʩʫʥʦʢ 

1.15).  

 

ʈʠʩʫʥʦʢ 1.15. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ 1.238 ʠ 1.239 

ɺ ʪʚʝʨʜʦʡ ʬʘʟʝ ʢʦʤʧʣʝʢʩ 1.238 ʧʨʦʷʚʣʷʝʪ ʚʳʨʘʞʝʥʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ 

ʩʠʥʝ-ʟʝʣʝʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʩʦʭʨʘʥʷʶʱʫʶʩʷ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ð ʦʪ 77 ʂ (ɚem = 503 ʥʤ) ʜʦ 298 ʂ (ɚem = 492 ʥʤ), ʧʨʠ ʵʪʦʤ ʚʨʝʤʝʥʘ ʞʠʟʥʠ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʤʠʢʨʦʩʝʢʫʥʜʥʦʤ ʜʠʘʧʘʟʦʥʝ. ɼʣʷ ʢʦʤʧʣʝʢʩʘ 

1.239, ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʦʛʦ ʦʪʩʫʪʩʪʚʫʝʪ ʛʘʣʦʛʝʥʠʜʥʳʡ ʩʦ-ʣʠʛʘʥʜ, ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʩʦʧʦʩʪʘʚʠʤʘʷ ʧʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩ ʵʤʠʩʩʠʝʡ ʢʦʤʧʣʝʢʩʘ 1.238. ʍʘʨʘʢʪʝʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʦʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥ ʧʝʨʝʭʦʜʘʤʠ ʪʠʧʘ 3MLCT, ʧʨʠ ʵʪʦʤ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 1.238 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚʢʣʘʜ ʧʝʨʝʭʦʜʦʚ 3XLCT, ʩʚʷʟʘʥʥʳʡ ʩ ʫʯʘʩʪʠʝʤ 

ʠʦʜʠʜʥʦʛʦ ʣʠʛʘʥʜʘ. 

ʅʘ ʦʩʥʦʚʝ 2,2ô-(ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʬʝʥʠʣʦʚʦʛʦ ʵʬʠʨʘ (POP), 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʫʚʝʣʠʯʝʥʥʳʤ ʫʛʣʦʤ ʟʘʭʚʘʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ 
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ʪʨʘʜʠʮʠʦʥʥʳʭ ʙʠʩʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʢʦʤʧʣʝʢʩ ʤʝʜʠ(I) 1.240, 

ʚ ʢʦʪʦʨʦʤ ʦʜʠʥ ʠʟ ʣʠʛʘʥʜʦʚ POP ʭʝʣʘʪʠʨʫʝʪ ʢʘʪʠʦʥ ʤʝʜʠ(I), ʪʦʛʜʘ ʢʘʢ ʚʪʦʨʦʡ 

ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢʘʢ ʤʦʥʦʜʝʥʪʘʪʥʳʡ ʣʠʛʘʥʜ (ʉʭʝʤʘ 1.23). ʇʦ ʜʘʥʥʳʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʚʦʙʦʜʥʳʤ ʜʦʥʦʨʥʳʤ ʘʪʦʤʦʤ 

ʚʪʦʨʦʛʦ ʣʠʛʘʥʜʘ ʠ ʢʘʪʠʦʥʦʤ ʤʝʜʠ(I) ʩʦʩʪʘʚʣʷʝʪ 3,96 ¡, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [178]. 

 

ʉʭʝʤʘ 123. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 1.240 

ɼʣʷ ʢʦʤʧʣʝʢʩʘ 1.240 ʚ ʪʚʸʨʜʦʡ ʬʘʟʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʵʤʠʩʩʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ 

ʧʦʣʦʩʳ ʧʨʠ 469 ʥʤ. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʦʙʫʩʣʦʚʣʝʥʘ ʧʝʨʝʭʦʜʘʤʠ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʥʘ ʣʠʛʘʥʜʝ, ʧʨʠʚʦʜʷʱʠʤʠ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʨʠʧʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʊʘʢʘʷ ʧʨʠʨʦʜʘ ʵʤʠʩʩʠʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʘʢ ʤʘʣʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʉʪʦʢʩʦʚʦʛʦ ʩʜʚʠʛʘ, ʪʘʢ ʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ 

ʚ ʤʠʢʨʦʩʝʢʫʥʜʥʦʤ ʜʠʘʧʘʟʦʥʝ [178].  

ʇʫʪʸʤ ʨʝʘʢʮʠʠ ʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ POP ʩ ʘʤʠʥʦʟʘʤʝʱʸʥʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʧʠʨʠʜʠʥʘ ð 4-ʘʤʠʥʦ- ʠ 4-ʜʠʤʝʪʠʣʘʤʠʥʦʧʠʨʠʜʠʥʦʤ ð ʚ ʧʨʠʩʫʪʩʪʚʠʠ CuI ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ 1.241 ʠ 1.242 (ʈʠʩʫʥʦʢ 1.16) [179]. 

 

ʈʠʩʫʥʦʢ 1.16. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ 1.241 ʠ 1.242 
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ɺʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʢʦʤʧʣʝʢʩʦʚ ʠʦʥ ʤʝʜʠ(I) ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʚ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ, ʬʦʨʤʠʨʫʝʤʦʡ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ ʙʠʩʬʦʩʬʠʥʦʚʦʛʦ 

ʣʠʛʘʥʜʘ, ʘʪʦʤʦʤ ʘʟʦʪʘ ʧʠʨʠʜʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʠʦʜʠʜ-ʘʥʠʦʥʦʤ [179]. ʇʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʤʧʣʝʢʩʳ 1.241 ʠ 1.242 ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʦʷʚʣʷʶʪ 

ʵʤʠʩʩʠʶ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʦʣʦʩ ʚ ʩʠʥʝʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ð 464 ʥʤ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 

1.241 ʠ 448 ʥʤ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 1.242. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʩʪʘʚʣʷʶʪ 25% ʠ 20%. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 77 ʂ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʙʘʪʦʭʨʦʤʥʳʤ 

ʩʜʚʠʛʦʤ ʤʘʢʩʠʤʫʤʦʚ ʜʦ 472 ʥʤ (1.241) ʠ 465 ʥʤ (1.242). ʇʦʜʦʙʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʤʝʭʘʥʠʟʤʘ 

ʪʝʨʤʦʘʢʪʠʚʠʨʫʝʤʦʡ ʟʘʜʝʨʞʘʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (TADF) ʚ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʣʫʯʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʨʝʣʘʢʩʘʮʠʝʡ ʠʟ ʩʠʥʛʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʸʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʳ 1(M+X)LCT, ʪʦʛʜʘ ʢʘʢ ʧʨʠ 77 ʂ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʫʯʘʩʪʠʝʤ 3(M+X)LCT ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [179] . 

ɺ ʨʘʙʦʪʝ [180] ʦʧʠʩʘʥ ʨʝʜʢʠʡ ʧʨʠʤʝʨ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ(I), ʩʦʜʝʨʞʘʱʝʛʦ 

ʪʨʠʜʝʥʪʘʪʥʳʡ ʬʦʩʬʠʥʦʚʳʡ ʣʠʛʘʥʜ. ʊʨʠʩ((2-ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʬʝʥʠʣ)ʬʦʩʬʠʥ ʚ 

ʵʢʚʠʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʦʣʠʤʝʨʥʳʤ ʬʝʥʠʣʘʮʝʪʠʣʠʜʦʤ 

ʤʝʜʠ, (CuC2Ph)n, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʥʦʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 1.243 (ʉʭʝʤʘ 1.24). 

 

ʉʭʝʤʘ 1.24. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 1.243 

ɺ ʩʪʨʫʢʪʫʨʝ ʤʦʥʦʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 1.243  ʠʦʥ ʤʝʜʠ(I) ʦʙʣʘʜʘʝʪ ʠʩʢʘʞʸʥʥʦʡ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʬʦʨʤʠʨʫʝʤʦʡ 

ʪʨʠʜʝʥʪʘʪʥʳʤ ʬʦʩʬʠʥʦʚʳʤ ʣʠʛʘʥʜʦʤ, ʢʦʦʨʜʠʥʠʨʫʶʱʠʤʩʷ ʢ ʤʝʪʘʣʣʦʮʝʥʪʨʫ 

ʧʦʩʨʝʜʩʪʚʦʤ ʪʨʸʭ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ. ʏʝʪʚʸʨʪʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʝʪ ʬʨʘʛʤʝʥʪ 

ʬʝʥʠʣʘʮʝʪʠʣʝʥʠʜʘ, ʟʘʚʝʨʰʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʠʦʥʘ ʤʝʜʠ [180]. 
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ɼʣʷ ʢʦʤʧʣʝʢʩʘ 1.243  ʭʘʨʘʢʪʝʨʥʘ ʩʣʘʙʦʚʳʨʘʞʝʥʥʘʷ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʵʤʠʩʩʠʠ 

ʚ ʦʨʘʥʞʝʚʦ-ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (ɚem = 635 ʥʤ). ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 3%. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʘʥʘʣʦʛʠʯʥʳʤ 

ʘʣʢʠʥʠʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʤʝʜʠ, ʩʦʜʝʨʞʘʱʠʤ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ ʙʠʩ(2-

ʜʠʬʝʥʠʣʬʦʩʬʠʥʦʬʝʥʠʣ)ʬʝʥʠʣʬʦʩʬʠʥ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʟʥʘʯʝʥʠʷ 

ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ 6% ʠ ʵʤʠʩʩʠʷ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 602 ʥʤ [180,181]. 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 1.244, ʩʦʜʝʨʞʘʱʝʛʦ ʪʨʠʜʝʥʪʘʪʥʳʡ P,P,N-ʣʠʛʘʥʜ, 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʫʪʸʤ ʜʦʙʘʚʣʝʥʠʷ ʩʫʩʧʝʥʟʠʠ ʜʠʬʝʥʠʣʬʦʩʬʠʜʘ ʢʘʣʠʷ ʠ 2,6-

ʙʠʩ(ʭʣʦʨʤʝʪʠʣ)ʧʠʨʠʜʠʥʘ ʚ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ ʢ ʨʘʩʪʚʦʨʫ CuI ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʙʳʣ ʚʳʜʝʣʝʥ ʢʦʤʧʣʝʢʩ 1.244 ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ 

ʚʳʭʦʜʦʤ [153]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ 1.244 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʥʦʷʜʝʨʥʳʡ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩ ʤʝʜʠ(I), ʚ ʢʦʪʦʨʦʤ ʠʦʥ ʤʝʪʘʣʣʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʜʚʫʤʷ ʘʪʦʤʘʤʠ 

ʬʦʩʬʦʨʘ ʠ ʦʜʥʠʤ ʘʪʦʤʦʤ ʘʟʦʪʘ ʪʨʠʜʝʥʪʘʪʥʦʛʦ ʣʠʛʘʥʜʘ. ʏʝʪʚʸʨʪʫʶ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʝʪ ʠʦʜʠʜ-ʘʥʠʦʥ, ʟʘʚʝʨʰʘʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʢʦʤʧʣʝʢʩʘ (ʈʠʩʫʥʦʢ 1.17). 

 

ʈʠʩʫʥʦʢ 1.17. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʘ 1.244 

ʂʦʤʧʣʝʢʩ ʧʨʦʷʚʣʷʝʪ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʪʚʸʨʜʦʡ ʬʘʟʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʣʦʩʦʡ ʵʤʠʩʩʠʠ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 564 ʥʤ 

ʠ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ, ʩʦʩʪʘʚʣʷʶʱʠʤ 16,2%. ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʝʞʘʪ 

ʚ ʤʠʢʨʦʩʝʢʫʥʜʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʪʨʠʧʣʝʪʥʫʶ ʧʨʠʨʦʜʫ. ʇʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʜʦ 77 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʜʦ 598 ʥʤ, 

ʢʦʩʚʝʥʥʦ ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʧʨʦʷʚʣʝʥʠʝ TADF [182]. 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʨʠʸʤʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ 

ʤʝʪʘʣʣʦʮʝʥʪʨʘ ʭʨʦʤʦʬʦʨʥʦʛʦ ʩʦ-ʣʠʛʘʥʜʘ ʩ ʚʳʨʘʞʝʥʥʦʡ ˊ-ʩʦʧʨʷʞʸʥʥʦʡ ʩʠʩʪʝʤʦʡ. 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʚ ʵʪʦʤ ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʴʟʫʶʪʩʷ N,N-ʜʦʥʦʨʥʳʝ ʣʠʛʘʥʜʳ 
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ʙʠʧʠʨʠʜʠʥʦʚʦʛʦ ʠ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʪʠʧʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ 1,3-

ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʧʨʦʧʘʥʘ (DPPP) ʠʣʠ DPPB ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʟʘʤʝʱʸʥʥʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʝʥʘʥʪʨʦʣʠʥʘ ð 4,7-ʜʠʬʝʥʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ 2,9-ʜʠʤʝʪʠʣ-

1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ð ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(I) 1.245-1.252 (ʉʭʝʤʘ 

25) [183]. 

 

ʉʭʝʤʘ 1.25. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.245-1.252 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʤʧʣʝʢʩʳ 1.245-1.252 

ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʚʠʜʝ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ [183], ʚ 

ʢʦʪʦʨʦʡ ʢʘʪʠʦʥ ʤʝʜʠ(I) ʥʘʭʦʜʠʪʩʷ ʚ ʠʩʢʘʞʸʥʥʦʤ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ 

ʦʢʨʫʞʝʥʠʠ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʢʣʶʯʝʚʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ P,PïN,N-ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʝʜʠ(I) [183-185]. ɺ ʯʘʩʪʥʦʩʪʠ, ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ NïCuïN ʠ PïCuïP ʚʘʨʴʠʨʫʶʪ ʚ 

ʜʠʘʧʘʟʦʥʘʭ 80ï82Á ʠ 91ï105Á, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʋʌ-ʚʠʜʠʤʳʭ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 1.245-1.252 ʥʘʙʣʶʜʘʶʪʩʷ 

ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ ʧʨʠ 280 ʥʤ ʠ 410 ʥʤ. ɺ ʪʚʸʨʜʦʬʘʟʥʳʭ ʩʧʝʢʪʨʘʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʜʠʘʧʘʟʦʥʝ 520ï620 ʥʤ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʉʪʦʢʩʦʚ ʩʜʚʠʛ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʠʢʨʦʩʝʢʫʥʜʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʨʠʧʣʝʪʥʦʡ ʧʨʠʨʦʜʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʊʘʙʣʠʮʘ 1.1), ʯʪʦ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʊʘʙʣʠʮʘ 1.1. ʄʘʢʩʠʤʫʤʳ ʜʣʠʥ ʚʦʣʥ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ 1.245-1.252. 

ˉ Y R Rô X ɚmax, ʥʤ 

1.245 (CH2)3 Ph H Br 605 

1.246 (CH2)3 Ph H I 615 

1.247 (CH2)3 H Me I 529 

1.248 (CH2)3 H Me ClO4 542 

1.249 1,2-C6H4 Ph H Cl 610 

1.250 1,2-C6H4 Ph H Br 610 

1.251 1,2-C6H4 Ph H I 602 

1.252 1,2-C6H4 Ph H SCN 598 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ 1.245, 1.246 ʠ 1.249-1.252 ɻ ʤʠʩʩʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʙʣʘʩʪʠ 600ï

610 ʥʤ ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʦʚ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ MLCT-ʪʠʧʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʦʢʘʣʠʟʦʚʘʥʘ ʤʝʞʜʫ ʢʘʪʠʦʥʦʤ ʤʝʜʠ(I) ʠ ʜʠʠʤʠʥʦʚʳʤ 

ʣʠʛʘʥʜʦʤ. ʇʨʠ ʦʙʩʫʞʜʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʘʚʪʦʨʳ ʦʪʜʝʣʴʥʦ 

ʧʦʜʯʸʨʢʠʚʘʶʪ ʚʣʠʷʥʠʝ ʟʘʤʝʱʘʶʱʠʭ ʛʨʫʧʧ ʚ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʤ ʬʨʘʛʤʝʥʪʝ: ʚ 

ʯʘʩʪʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʬʝʥʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʦʟʠʮʠʷʭ 4 ʠ 7 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʅʉʄʆ, ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʨʘʟʨʳʚ 

ʤʝʞʜʫ ɺɿʄʆ ʠ ʅʉʄʆ. 

ʉʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʣʠʛʘʥʜʘ POP, ʚ ʯʘʩʪʥʦʩʪʠ ʝʛʦ ʫʚʝʣʠʯʝʥʥʳʡ ʫʛʦʣ 

ʟʘʭʚʘʪʘ, ʩʪʘʣʠ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʨʦʜʩʪʚʝʥʥʳʭ ʙʠʩʬʦʩʬʠʥʦʚʳʭ ʩʠʩʪʝʤ. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʠʩʬʦʩʬʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʚʝ ʘʨʠʣʬʦʩʬʠʥʦʚʳʝ ʛʨʫʧʧʳ, ʩʦʝʜʠʥʸʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ 

ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʤʝʪʠʣʝʥʦʚʳʤʠ ʤʦʩʪʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(I) 1.253-1.256 [186, 187]. ɺ 

ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʚ ʢʘʯʝʩʪʚʝ ʩʦ-ʣʠʛʘʥʜʘ ʚʳʩʪʫʧʘʝʪ 5-(2-ʧʠʨʠʜʠʣ)ʪʝʪʨʘʟʦʣʘʪ 

(ʈʠʩʫʥʦʢ 1.18). 
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ʈʠʩʫʥʦʢ 1.18. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ 1.253 ʠ 1.256 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʤʧʣʝʢʩʦʚ 1.253a ʠ 

1.253ʙ, ʩʦʜʝʨʞʘʱʠʭ ʜʚʘ ʣʠʛʘʥʜʘ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ, ʠʦʥ ʤʝʜʠ(I) ʨʝʘʣʠʟʫʝʪ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʛʝʦʤʝʪʨʠʶ [186]. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ 

ʠ ʢʘʪʠʦʥʥʳʭ ʬʦʨʤ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳʷʚʣʷʝʪ ʨʷʜ ʩʪʨʫʢʪʫʨʥʳʭ ʨʘʟʣʠʯʠʡ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʨʘʩʩʪʦʷʥʠʷ CuĿĿĿN ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʦʢʘʟʳʚʘʶʪʩʷ ʟʘʤʝʪʥʦ 

ʢʦʨʦʯʝ, ʯʝʤ ʚ ʢʘʪʠʦʥʥʳʭ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ ʧʨʦʯʥʫʶ ʢʦʦʨʜʠʥʘʮʠʶ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ N^N-ʣʠʛʘʥʜʘ ʩ ʮʝʥʪʨʦʤ ʤʝʜʠ. ʕʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʘʢ 

ʩʦʢʨʘʱʝʥʠʝʤ ʜʣʠʥʳ ʩʚʷʟʝʡ CuïN, ʪʘʢ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʫʛʣʘ PïCuïP. ɺ ʢʦʤʧʣʝʢʩʘʭ 

1.254ʙï1.256ʙ ʜʣʠʥʳ ʩʚʷʟʝʡ CuïN ʠ CuïP, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ NïCuïN 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ, ʙʣʠʟʢʠʭ ʢ ʘʥʘʣʦʛʠʯʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʥʘʙʣʶʜʘʝʤʳʤ ʚ 

ʢʦʤʧʣʝʢʩʝ 1.253ʙ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ PïCuïP ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʪʦ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʤʝʥʴʰʠʭ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ, ʩʦʟʜʘʚʘʝʤʳʭ 

ʙʠʩʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʛʨʦʤʦʟʜʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ PPh3 

[187]. 

ɼʣʷ ʥʝʡʪʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 1.253ʙï1.256ʙ ʚ ʩʧʝʢʪʨʘʭ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʧʦʣʦʩʳ ʚ ʟʝʣʸʥʦʡ ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩ ʤʘʢʩʠʤʫʤʘʤʠ, 

ʚʘʨʴʠʨʫʶʱʠʤʠʩʷ ʦʪ 502 ʜʦ 545 ʥʤ. ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʜʦʩʪʠʛʘʶʪ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ð ʦʪ 76 ʜʦ 89 %, ʧʨʠ ʚʨʝʤʝʥʘʭ ʞʠʟʥʠ 

ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ 17,8ï26,6 ʤʢʩ. ɺ ʩʣʫʯʘʝ ʢʘʪʠʦʥʥʳʭ ʬʦʨʤ 

1.253ʘï1.256ʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʨʘʞʝʥʥʳʡ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʦʚ ʵʤʠʩʩʠʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʝʡʪʨʘʣʴʥʳʤʠ ʘʥʘʣʦʛʘʤʠ: ʧʦʣʦʩʳ ʩʤʝʱʘʶʪʩʷ ʚ 
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ʦʙʣʘʩʪʴ 518ï569 ʥʤ. ʇʨʠ ʵʪʦʤ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʶʪʩʷ, ʥʘʭʦʜʷʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 4 ʜʦ 46 % [186, 187] . 

ɸʥʘʣʦʛʠʯʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʙʠʩ-ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I), ʚʢʣʶʯʘʶʱʠʭ 

ʦʜʠʥ ʦʙʲʸʤʥʳʡ ʙʠʩʬʦʩʬʠʥʦʚʳʡ ʠ ʦʜʠʥ N,N-ʜʦʥʦʨʥʳʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʣʠʛʘʥʜ, 

ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚ ʨʘʙʦʪʝ [188]. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 2-(2-ʥʘʬʪʠʣ)-1H-

ʠʤʠʜʘʟʦ[4,5-f][1,10]ʬʝʥʘʥʪʨʦʣʠʥʘ (nimpH) ʩ ʦʜʥʠʤ ʠʟ ʭʝʣʘʪʥʳʭ ʜʠʬʦʩʬʠʥʦʚʳʭ 

ʣʠʛʘʥʜʦʚ ð ʙʠʩ[(2-ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʬʝʥʠʣʦʚʳʤ] ʵʬʠʨʦʤ (POP), 9,9-ʜʠʤʝʪʠʣ-4,5-

ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)-9H-ʢʩʘʥʪʝʥʦʤ (Xantphos) ʠʣʠ 2,2ǋ-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)-

1,1ǋ-ʙʠʥʘʬʪʘʣʠʥʦʤ (BINAP) ð ʠ [Cu(MeCN)4]PF6 ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1:1 ʚ 

ʜʠʭʣʦʨʤʝʪʘʥʦʚʦʡ ʩʨʝʜʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʪʠʦʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ 1.257a, 1.258a ʠ 1.259a (ʉʭʝʤʘ 1.26). ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʘʥʘʣʦʛʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʥʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ NaOH, ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʝʡʪʨʘʣʴʥʳʭ ʬʦʨʤ ð ʢʦʤʧʣʝʢʩʦʚ 1.257ʙ, 1.258ʙ ʠ 1.259ʙ [188]. 

 

ʉʭʝʤʘ 1.26. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.257-1.259 

ʉʪʨʫʢʪʫʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ 1.257a, 1.258ʙ ʠ 1.259ʙ ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʠʧʠʯʥʦʡ 

ʜʣʷ ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʤʦʜʝʣʴʶ, ʠʦʥ ʤʝʜʠ(I) ʬʦʨʤʠʨʫʝʪ 

ʠʩʢʘʞʸʥʥʫʶ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʛʝʦʤʝʪʨʠʶ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʢʦʦʨʜʠʥʘʮʠʝʡ ʜʚʫʭ 

ʘʪʦʤʦʚ ʘʟʦʪʘ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʥʝʡʪʨʘʣʴʥʦʤʫ ʠʣʠ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤʫ ʬʨʘʛʤʝʥʪʫ 
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nimpH, ʘ ʪʘʢʞʝ ʜʚʫʭ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʙʠʩʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ. 

ɼʣʠʥʳ ʩʚʷʟʝʡ CuïN (2.04ï2.08 ¡) ʠ CuïP (2.21ï2.29 ¡) ʦʩʪʘʶʪʩʷ ʙʣʠʟʢʠʤʠ ʚʦ ʚʩʝʭ 

ʪʨʸʭ ʩʪʨʫʢʪʫʨʘʭ ʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʨʘʥʝʝ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 1.253-1.256 [189]. 

ʅʝʡʪʨʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ 1.257ʙ, 1.258ʙ ʠ 1.259ʙ ʧʨʦʷʚʣʷʶʪ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʵʤʠʩʩʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ 

ʜʠʘʧʘʟʦʥʝ 579ï637 ʥʤ. ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 3.6ï4.8 %, ʯʪʦ ʦʪʨʘʞʝʥʦ ʚ ʊʘʙʣʠʮʝ 1.2. 

ʊʘʙʣʠʮʘ 1.2. ʄʘʢʩʠʤʫʤʳ ʜʣʠʥ ʚʦʣʥ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ 1.257-1.259. 

ˉ ʃʠʛʘʥʜ ɚmax, ʥʤ 

1.257ʘ POP 579 

1.257ʙ POP 589 

1.258ʘ Xantphos 595 

1.258ʙ Xantphos 587 

1.259ʘ BINAP 598 

1.259ʙ BINAP 637 

ɼʣʷ ʢʦʤʧʣʝʢʩʘ 1.259ʙ ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʵʤʠʩʩʠʠ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 10 ʥʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʣʝʢʩʘʤʠ 1.257ʙ ʠ 1.258ʙ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʤ ʫʯʘʩʪʠʠ ʜʠʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʊʘʢʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʪʨʠʧʣʝʪʥʦʝ ʚʦʟʙʫʞʜʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʤʝʝʪ ʩʤʝʰʘʥʥʫʶ 

ʧʨʠʨʦʜʫ ʩ ʚʢʣʘʜʦʤ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ nimp-ʘʥʠʦʥʘ, ʪʘʢ ʠ ʩʦ ʩʪʦʨʦʥʳ ʬʦʩʬʠʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 3MLCT/3LLCT ʭʘʨʘʢʪʝʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ [188]. 

ʆʜʠʥ ʠʟ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʠʛʘʥʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʦʜʥʦʡ 

ʤʦʣʝʢʫʣʝ ʢʘʢ ʬʦʩʬʠʥʦʚʳʡ, ʪʘʢ ʠ ʠʤʠʥʝʚʳʡ ʪʠʧʳ ʜʦʥʦʨʥʳʭ ʮʝʥʪʨʦʚ. ɺ ʵʪʦʤ 

ʢʦʥʪʝʢʩʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʦʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ [CuX(dpqu)(dpna)] (ʛʜʝ 

dpqu ð 8-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʭʠʥʦʣʠʥ, dpna ð 1-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʥʘʬʪʘʣʠʥ, X = I, 

Br, Cl), ʦʙʦʟʥʘʯʝʥʥʳʝ ʢʘʢ 1.260ï1.262. ʉʠʥʪʝʟ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʚʳʭʦʜʦʤ 72ï78 % 

ʧʫʪʸʤ ʚʚʝʜʝʥʠʷ dpna ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, ʩʦʜʝʨʞʘʱʫʶ CuX ʠ dpqu, ʚ ʩʨʝʜʝ 

ʜʠʭʣʦʨʤʝʪʘʥʘ (ʉʭʝʤʘ 1.27) [190] . 
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ʉʭʝʤʘ 1.27. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.260-1.262 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʦʝʜʠʥʝʥʠʷ 1.260ï1.262 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʥʦʷʜʝʨʥʳʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(I), ʚ ʢʦʪʦʨʳʭ 

ʤʝʪʘʣʣʦʮʝʥʪʨ ʦʢʨʫʞʸʥ ʯʝʪʳʨʴʤʷ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ ð ʜʚʫʤʷ ʬʦʩʬʦʨʥʳʤʠ, ʦʜʥʠʤ 

ʘʟʦʪʥʳʤ ʠ ʦʜʥʠʤ ʛʘʣʦʛʝʥʦʤ ð ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʨʘʞʝʥʥʦ ʠʩʢʘʞʸʥʥʦʡ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ. ʋʛʣʳ NïCuïP ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 84.60Áï85.70Á, 

ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʠʜʝʘʣʴʥʦʛʦ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ. ʇʦʜʦʙʥʦʝ 

ʠʩʢʘʞʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʪʨʳʤ ʫʛʣʦʤ ʟʘʭʚʘʪʘ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʣʠʛʘʥʜʘ 8-

(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʭʠʥʦʣʠʥʘ, ʠ ʘʥʘʣʦʛʠʯʥʦ ʥʘʙʣʶʜʘʝʤʦʤʫ ʚ ʢʦʤʧʣʝʢʩʘʭ ʤʝʜʠ(I) ʩ 

ʙʠʧʠʨʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ [176,191,192].  

ɺ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʤʧʣʝʢʩʳ 1.260ï1.262 

ʧʨʦʷʚʣʷʶʪ ʢʨʘʩʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʵʤʠʩʩʠʠ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤʠ ʧʨʠ 691 ʥʤ (1.260), 685 ʥʤ (1.261) ʠ 669 ʥʤ (1.262), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʝʞʘʪ ʚ ʤʠʢʨʦʩʝʢʫʥʜʥʦʤ 

ʜʠʘʧʘʟʦʥʝ (Ű = 0.46ï1.80 ʤʢʩ). ʇʦʨʷʜʦʢ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʵʤʠʩʩʠʠ (ɚem) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 1.262 < 1.261 < 1.260, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʠʣʦʡ ʣʠʛʘʥʜʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʛʘʣʦʛʝʥʠʜ-ʘʥʠʦʥʘʤʠ ʚ ʨʷʜʫ I  

< Br  < Cl [176]. ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʝ ʚʨʝʤʝʥʘ ʟʘʪʫʭʘʥʠʷ ʵʤʠʩʩʠʠ ʧʨʠ 293 ʂ (ʥʘ 

1ï2 ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ 77 ʂ) ʫʢʘʟʳʚʘʶʪ ʥʘ ʫʯʘʩʪʠʝ ʤʝʭʘʥʠʟʤʘ 

ʪʝʨʤʦʘʢʪʠʚʠʨʫʝʤʦʡ ʟʘʜʝʨʞʘʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (TADF). ʇʨʠ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 77 ʂ ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʵʤʠʩʩʠʠ: 686 

ʥʤ (1.260), 682 ʥʤ (1.261) ʠ 712 ʥʤ (1.262). ɼʣʷ ʢʦʤʧʣʝʢʩʘ 1.262 ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʟʘʩʝʣʝʥʠʷ ʥʠʟʰʝʛʦ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (T1) ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 1.260 ʠ 1.261 ʭʘʨʘʢʪʝʨʝʥ ʛʠʧʩʦʭʨʦʤʥʳʡ 
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ʩʜʚʠʛ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʜʘʚʣʝʥʠʝʤ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦʟʙʫʞʜʸʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʳʤʠ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʠ 

ʚʨʘʱʘʪʝʣʴʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ [193].  

ʅʝʙʦʣʴʰʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʩʠʥʛʣʝʪʥʳʤ ʠ ʪʨʠʧʣʝʪʥʳʤ 

ʚʦʟʙʫʞʜʸʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ (S1ïT1), ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʪʚʸʨʜʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ 1.260ï1.262, ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʩʠʥʛʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʉʦʛʣʘʩʥʦ 

ʩʦʚʦʢʫʧʥʳʤ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʘʤ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ, ʵʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʩʥʦʚʥʦʤ 

ʦʙʫʩʣʦʚʣʝʥʳ ʧʝʨʝʭʦʜʘʤʠ ʤʝʪʘʣïʣʠʛʘʥʜʥʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ (MLCT) [190]. 

ɻʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ 1.263ï1.268 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʫʪʸʤ 

ʧʨʷʤʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ CuI, P^N-ʣʠʛʘʥʜʘ ʠ 

ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʚ ʩʤʝʩʠ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʜʠʭʣʦʨʤʝʪʘʥʘ (CH3CN/CH2Cl2) ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʉʭʝʤʘ 1.28) [194].  

 

ʉʭʝʤʘ 1.28. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.263-1.268 

ɺʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʩʪʨʫʢʪʫʨʫ P^N-ʣʠʛʘʥʜʦʚ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨ ʢʦʦʨʜʠʥʘʮʠʠ: ʚʦ ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ ʮʝʥʪʨʘʣʴʥʳʡ 

ʠʦʥ Cu+ ʦʩʪʘʸʪʩʷ ʯʝʪʳʨʸʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ, ʧʨʠ ʵʪʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʸʪ ʙʠʜʝʥʪʘʪʥʦʛʦ P^N-ʣʠʛʘʥʜʘ, ʤʦʣʝʢʫʣʳ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʠ 

ʠʦʜʠʜ-ʘʥʠʦʥʘ. ɺʘʣʝʥʪʥʳʝ ʫʛʣʳ IïCuïP (ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ) ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

106.14Á ʜʦ 111.75Á, ʪʦʛʜʘ ʢʘʢ ʫʛʣʳ NïCuïP (P^N-ʣʠʛʘʥʜ) ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 86.77Á ʜʦ 

89.77Á [194]. 
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ɺ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ 293 K ʢʦʤʧʣʝʢʩʳ 1.263ï1.268 ʧʨʦʷʚʣʷʶʪ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʦʣʦʩ, ʣʝʞʘʱʠʤʠ ʚ ʜʠʘʧʘʟʦʥʝ 529ï577 

ʥʤ. ʐʠʨʦʢʠʡ ʭʘʨʘʢʪʝʨ ʧʦʣʦʩ ʵʤʠʩʩʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʠʩʧʫʩʢʘʥʠʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʝʨʝʭʦʜʘʤʠ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʦʪ ʤʝʪʘʣʣʘ ʠ/ʠʣʠ ʛʘʣʦʛʝʥʠʜʘ ʢ ʣʠʛʘʥʜʫ 

(MLCT/XLCT). ɺʚʝʜʝʥʠʝ ʤʝʪʦʢʩʠʛʨʫʧʧ ʚ ʬʝʥʠʣʝʥʦʚʳʡ ʤʦʩʪʠʢ, ʩʦʝʜʠʥʷʶʱʠʡ 

ʬʦʩʬʠʥʦʚʳʡ ʠ ʙʝʥʟʠʤʠʜʘʟʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪʳ P^N-ʣʠʛʘʥʜʘ, ʧʦʟʚʦʣʷʝʪ ʪʦʥʢʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʮʚʝʪ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʊʘʢ, ʚ ʢʦʤʧʣʝʢʩʝ 1.264 ʩʦʜʝʨʞʘʱʝʤ 4'-

ʤʝʪʦʢʩʠʛʨʫʧʧʫ, ʤʘʢʩʠʤʫʤ ʵʤʠʩʩʠʠ (529 ʥʤ) ʩʤʝʱʸʥ ʚ ʩʠʥʶʶ ʦʙʣʘʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʢʦʤʧʣʝʢʩʦʤ 1.263 (559 ʥʤ). ɺʚʝʜʝʥʠʝ ʤʝʪʦʢʩʠʛʨʫʧʧʳ ʚ 5-ʝ ʧʦʣʦʞʝʥʠʝ (ʢʦʤʧʣʝʢʩ 

1.265) ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦʤʫ ʛʠʧʩʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ: ʤʘʢʩʠʤʫʤ ʩʦʩʪʘʚʣʷʝʪ 

556 ʥʤ. ʉʭʦʜʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʢʘʨʙʘʟʦʣ-ʩʦʜʝʨʞʘʱʠʭ 

ʢʦʤʧʣʝʢʩʦʚ: 1.267  (533 ʥʤ) < 1.268  (564 ʥʤ) < 1.266 (577 ʥʤ). ɼʣʷ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ 

ʜʘʥʥʦʡ ʩʝʨʠʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚʳʩʦʢʠʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 31.1 % ʜʦ 88.3 % [194]. 

1.3.3. ɹʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu (I ) 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʣʘʩʩʦʚ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) 

ʷʚʣʷʶʪʩʷ ʙʠʷʜʝʨʥʳʝ ʛʘʣʦʛʝʥʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʮʝʥʪʨʘʣʴʥʦʝ Cu2X2-ʷʜʨʦ 

ʧʨʠʥʠʤʘʝʪ ʣʠʙʦ ʧʣʦʩʢʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʣʠʙʦ ʛʝʦʤʝʪʨʠʶ ʪʠʧʘ çʙʘʙʦʯʢʠè. ɺ ʪʘʢʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʠʦʥʦʚ ʤʝʜʠ(I) ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʢʘʢ ʪʨʠ, ʪʘʢ ʠ 

ʯʝʪʳʨʝ. 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʠʷʜʝʨʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) 1.269ï1.271, ʩʦʜʝʨʞʘʱʠʭ 

ʭʝʣʘʪʠʨʫʶʱʠʡ ʣʠʛʘʥʜ 1,2-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʙʝʥʟʦʣ (DPPB). ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʜʚʘ ʮʝʥʪʨʘ Cu(I), ʦʙʨʘʟʫʶʱʠʝ 

ʯʝʪʳʨʝʭʯʣʝʥʥʦʝ ʷʜʨʦ Cu2X2, ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʜʚʫʤʷ ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

(ʈʠʩʫʥʦʢ 1.19) [176]. 
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ʈʠʩʫʥʦʢ 1.19. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ 1.269 ʠ 1.271 

ɺ ʢʦʤʧʣʝʢʩʘʭ 1.269ï1.271 ʠʦʥʳ ʤʝʜʠ(I) ʥʘʭʦʜʷʪʩʷ ʚ ʙʣʠʟʢʦʡ ʢ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʨʘʞʝʥʥʳʤ ʠʩʢʘʞʝʥʠʝʤ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʫʛʣʳ PïCuïP ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 87.50Áï89.20Á, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʠʜʝʘʣʴʥʦʛʦ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ. ʕʪʦ ʦʪʢʣʦʥʝʥʠʝ ʩʚʷʟʘʥʦ ʩ 

ʤʘʣʳʤ ʫʛʣʦʤ ʟʘʭʚʘʪʘ ʣʠʛʘʥʜʘ DPPB. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʛʘʣʦʛʝʥʠʜʥʳʝ ʤʦʩʪʠʢʦʚʳʝ 

ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ ʩ ʙʠʩʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʣʦʩʢʦʡ ʛʝʦʤʝʪʨʠʝʡ ʬʨʘʛʤʝʥʪʘ Cu2X2 [195,196], ʚ ʩʪʨʫʢʪʫʨʘʭ ʢʦʤʧʣʝʢʩʦʚ 1.269ï

1.271 ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʤʝʪʘʣ-ʛʘʣʣʦʠʜʥʦʛʦ ʷʜʨʘ ʚʜʦʣʴ ʦʩʠ XĿĿĿX 

[196]. ɼʣʠʥʳ ʩʚʷʟʝʡ CuïX ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʦʛʦ 

ʨʘʜʠʫʩʘ ʘʪʦʤʘ ʛʘʣʦʛʝʥʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʩʩʪʦʷʥʠʷ CuĿĿĿCu ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʠʟʤʝʥʥʳʤʠ ʠ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 2.83ï2.90 ¡. ʇʦʩʣʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʙʣʠʟʢʠ ʢ ʩʫʤʤʝ 

ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ ʜʚʫʭ ʘʪʦʤʦʚ ʤʝʜʠ (2.8 ¡), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ 

ʩʣʘʙʦʛʦ ʤʝʪʘʣʣ-ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ Cu(I) [176] [183]. 

ɺ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʢʦʤʧʣʝʢʩʳ 1.269ï1.271 ʧʨʦʷʚʣʷʶʪ ʷʨʢʫʶ ʩʠʥʝ-ʟʝʣʸʥʫʶ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (298 K), ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ 

ʤʠʢʨʦʩʝʢʫʥʜʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ. ʄʘʢʩʠʤʫʤʳ ʵʤʠʩʩʠʠ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 492ï

533 ʥʤ, ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʩʦʩʪʘʚʣʷʶʪ 60 ï 80%, ʘ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ð ʦʪ 4.0 ʜʦ 10.4 ʤʢʩ. ʍʘʨʘʢʪʝʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʢʨʠʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʝ 

ʦʙʫʩʣʦʚʣʝʥ ʧʝʨʝʭʦʜʘʤʠ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʦʪ ʤʝʪʘʣʣʘ ʠ ʛʘʣʦʛʝʥʠʜʥʦʛʦ ʣʠʛʘʥʜʘ ʢ 

ʘʢʮʝʧʪʦʨʥʦʡ ʦʨʙʠʪʘʣʠ, ʪʦ ʝʩʪʴ (M + X)LCT-ʧʝʨʝʭʦʜʘʤʠ [176]. 

ʂʦʤʧʣʝʢʩʳ 1.272-1.274 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩ ʚʳʭʦʜʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ 78ï88 % 

ʧʫʪʸʤ ʜʦʙʘʚʣʝʥʠʷ ʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ 3,4-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)-2,5-

ʜʠʤʝʪʠʣʪʠʦʬʝʥʘ (dmpt) ʢ ʩʫʩʧʝʥʟʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʘʣʦʛʝʥʠʜʘ ʤʝʜʠ(I) (X = I ʜʣʷ 

1.272, Br ʜʣʷ 1.273, Cl ʜʣʷ 1.274) ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ (ʉʭʝʤʘ 1.29) [197]. 



65 
 

 

ʉʭʝʤʘ 1.29. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.272-1.274 

ɺ ʢʦʤʧʣʝʢʩʘʭ 1.272-1.274 ʠʦʥ ʤʝʜʠ(I) ʠʤʝʝʪ ʠʩʢʘʞʝʥʥʫʶ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ. ʋʛʣʳ PïCuïP ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 88.51Áï92.63Á, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʠʜʝʘʣʴʥʦʛʦ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʩʚʷʟʘʥʦ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤ ʫʛʣʦʤ ʟʘʭʚʘʪʘ ʣʠʛʘʥʜʘ dmpt. ʄʝʞʲʷʜʝʨʥʳʝ ʨʘʩʩʪʦʷʥʠʷ CuĿĿĿCu 

ʩʦʩʪʘʚʣʷʶʪ 2.84 ¡ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 35, 2.89ï2.96 ¡ ʜʣʷ 36 ʠ 2.91 ¡ ʜʣʷ 37, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʩʣʘʙʦʛʦ ʢʫʧʨʦʬʠʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ 

ʤʝʜʠ(I). 

ʂʦʤʧʣʝʢʩʳ 1.272-1.274 ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʨʦʷʚʣʷʶʪ ʠʥʪʝʥʩʠʚʥʫʶ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʦʪ ʛʦʣʫʙʦʚʘʪʦ-ʟʝʣʸʥʦʛʦ ʜʦ ʞʸʣʪʦ-

ʟʝʣʸʥʦʛʦ ʮʚʝʪʘ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʵʤʠʩʩʠʠ ʚ ʠʥʪʝʨʚʘʣʝ 490ï543 ʥʤ ʠ ʢʚʘʥʪʦʚʳʤʠ 

ʚʳʭʦʜʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ 0.26ï0.35 % (ʧʨʠ ɚex = 377 ʥʤ ʜʣʷ 1.272, 426 ʥʤ ʜʣʷ 1.273 ʠ 

406 ʥʤ ʜʣʷ 1.274). ʇʦʨʷʜʦʢ ʩʤʝʱʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʵʤʠʩʩʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 1.272 < 1.273  å 1.274, ʧʨʠ ʵʪʦʤ ʧʦʣʦʩʘ ɻ ʤʠʩʩʠʠ  ʢʦʤʧʣʝʢʩʘ 1.272 

ʩʜʚʠʥʫʪʘ ʧʨʠʤʝʨʥʦ ʥʘ 52ï53 ʥʤ ʚ ʩʠʥʶʶ ʦʙʣʘʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʣʝʢʩʘʤʠ 1.273 

ʠ 1.274 [208]. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 77 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ 

ʤʘʢʩʠʤʫʤʦʚ ʜʦ 496 ʥʤ (1.272), 546 ʥʤ (1.273) ʠ 547 ʥʤ (1.274) (ɚex = 377 ʥʤ ʜʣʷ 1.272, 

369 ʥʤ ʜʣʷ 1.273 ʠ 1.274), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʟʘʩʝʣʸʥʥʦʩʪʴʶ 

ʥʠʞʥʝʛʦ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (T1) ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ 

ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ 293 ʂ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 3.9 ʜʦ 13.6 ʤʢʩ, 

ʯʪʦ ʥʘ 1ï2 ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʧʨʠ 77 ʂ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʨʝʘʣʠʟʘʮʠʶ ʤʝʭʘʥʠʟʤʘ ʪʝʨʤʦʘʢʪʠʚʠʨʫʝʤʦʡ ʟʘʜʝʨʞʘʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (TADF) 

[197]. 

ʇʫʪʸʤ ʨʝʘʢʮʠʠ ʠʦʜʠʜʘ ʤʝʜʠ(I) ʩ ʣʠʛʘʥʜʘʤʠ 1-(ʧʠʨʠʜʠʥ-2-ʠʣ)ʬʦʩʬʦʣʘʥʦʤ ʠ 1-

(4-ʤʝʪʠʣʧʠʨʠʜʠʥ-2-ʠʣ)ʬʦʩʬʦʣʘʥʦʤ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 3:2 ʚ ʜʠʭʣʦʨʤʝʪʘʥʦʚʦʡ 
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ʩʨʝʜʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ 1.275 ʠ 1.276, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʉʭʝʤʘ 1.30) 

[149]. 

 

ʉʭʝʤʘ 1.30. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.275 ʠ 1.276 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʤʧʣʝʢʩ 1.275  

ʩʦʜʝʨʞʠʪ ʮʝʥʪʨʘʣʴʥʦʝ ʷʜʨʦ Cu2I2, ʧʨʠʥʠʤʘʶʱʝʝ ʛʝʦʤʝʪʨʠʶ ʪʠʧʘ çʙʘʙʦʯʢʘè, 

ʢʦʪʦʨʦʝ ʦʢʨʫʞʝʥʦ ʪʨʝʤʷ ʣʠʛʘʥʜʘʤʠ. ɺʩʝ ʬʦʩʬʦʣʘʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ ʚ ʩʦʩʪʘʚʝ 

ʢʦʤʧʣʝʢʩʘ ʥʘʭʦʜʷʪʩʷ ʚ ʢʦʥʬʦʨʤʘʮʠʠ çʢʨʝʩʣʦè. ʆʜʠʥ ʠʟ ʣʠʛʘʥʜʦʚ ʜʝʡʩʪʚʫʝʪ ʢʘʢ 

ʤʦʩʪʠʢʦʚʳʡ, ʢʦʦʨʜʠʥʠʨʫʷ ʦʙʘ ʠʦʥʘ ʤʝʜʠ, ʪʦʛʜʘ ʢʘʢ ʜʚʘ ʦʩʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʩ ʤʝʪʘʣʣʦʮʝʥʪʨʘʤʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʯʝʨʝʟ ʘʪʦʤʳ ʬʦʩʬʦʨʘ. ʊʘʢʘʷ ʩʭʝʤʘ ʢʦʦʨʜʠʥʘʮʠʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʢʘʞʜʦʛʦ ʠʦʥʘ ʤʝʜʠ. 

ʂʦʤʧʣʝʢʩʳ 1.275 ʠ 1.276 ʧʨʦʷʚʣʷʶʪ ʟʝʣʸʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʩ 

ʤʘʢʩʠʤʫʤʘʤʠ ʵʤʠʩʩʠʦʥʥʳʭ ʧʦʣʦʩ ʧʨʠ 555 ʥʤ ʠ 550 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʉʪʦʢʩʦʚʳ ʩʜʚʠʛʠ ʧʦʨʷʜʢʘ 200 ʥʤ, ʘ ʪʘʢʞʝ ʤʠʢʨʦʩʝʢʫʥʜʥʳʝ ʚʨʝʤʝʥʘ 

ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʨʠʧʣʝʪʥʫʶ ʧʨʠʨʦʜʫ ʵʤʠʩʩʠʠ. ʍʘʨʘʢʪʝʨ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʧʨʦʠʩʭʦʜʷʱʠʡ ʠʟ 

ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʪʠʧʘ 3(X+M)LCT [149]. 

ɺ ʨʘʙʦʪʘʭ ʎʠʥʢʘ ʠ ʩʦ-ʘʚʪʦʨʦʚ [154, 198-200] ʦʧʠʩʘʥ ʩʠʥʪʝʟ ʨʷʜʘ ʙʠʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʥʘ ʦʩʥʦʚʝ ʥʘ ʜʦʩʪʫʧʥʳʭ ʜʠʬʝʥʠʣʬʦʩʬʠʥʦʧʠʨʠʜʠʥʦʚʳʭ 

ʣʠʛʘʥʜʘʭ P^N-ʪʠʧʘ. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ 

ʭʝʣʘʪʠʨʫʶʱʝʛʦ ʣʠʛʘʥʜʘ. ʀʤʝʥʥʦ ʪʘʢʠʝ ʣʠʛʘʥʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I), 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʝʭʦʜʦʚ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʦʪ ʤʝʪʘʣʣʘ ʢ 

ʣʠʛʘʥʜʫ (MLCT), ʠ ʪʝʤ ʩʘʤʳʤ ʫʩʠʣʠʚʘʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ [201].  
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ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʭʚʘʪʳʚʘʶʪ ʚʝʩʴ ʚʠʜʠʤʳʡ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ð ʦʪ ʩʠʥʝʡ ʜʦ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ, ʧʨʠ ʵʪʦʤ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ 

ʚʳʩʦʢʠʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ, ʜʦʩʪʠʛʘʶʱʠʝ 96 %. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ, ɺɿʄʆ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʦʢʘʣʠʟʦʚʘʥʘ ʥʘ ʦʨʙʠʪʘʣʷʭ ʤʝʪʘʣʣ-

ʛʘʣʣʦʠʜʥʦʛʦ ʷʜʨʘ, ʪʦʛʜʘ ʢʘʢ ʅʉʄʆ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʬʨʘʛʤʝʥʪʘʭ ʤʦʩʪʠʢʦʚʳʭ P^N-ʣʠʛʘʥʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʨʦʜʘ ʠʩʧʫʩʢʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʘʤ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʦʪ ʤʝʪʘʣʣʘ ʠ ʛʘʣʦʛʝʥʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʢ ʣʠʛʘʥʜʫ ð (M+X)LCT. 

ʂʦʤʧʣʝʢʩʳ 1.277ï1.299 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʫʪʸʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʜʠʜʘ 

ʤʝʜʠ(I) ʩ ʜʠʬʝʥʠʣʬʦʩʬʠʥʦʟʘʤʝʱʸʥʥʳʤʠ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʚ 

ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 3:2. (ʉʭʝʤʘ 1.31) [154]. 

 

ʉʭʝʤʘ 1.31. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.277-1.299 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʤʧʣʝʢʩʳ ʜʘʥʥʦʡ ʩʝʨʠʠ 

ʩʦʜʝʨʞʘʪ ʭʘʨʘʢʪʝʨʥʦʝ ʷʜʨʦ Cu I , ʧʨʠʥʠʤʘʶʱʝʝ ʛʝʦʤʝʪʨʠʶ ʪʠʧʘ çʙʘʙʦʯʢʘè ʠ 

ʦʢʨʫʞʸʥʥʦʝ ʪʨʝʤʷ P^N-ʣʠʛʘʥʜʘʤʠ. ʆʜʠʥ ʠʟ ʣʠʛʘʥʜʦʚ ʢʦʦʨʜʠʥʠʨʫʝʪ ʦʙʘ ʮʝʥʪʨʘ ʤʝʜʠ 

ʢʘʢ ʤʦʩʪʠʢʦʚʳʡ ʣʠʛʘʥʜ, ʪʦʛʜʘ ʢʘʢ ʜʚʘ ʦʩʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʠʦʥʘʤʠ ʤʝʜʠ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʯʝʨʝʟ ʘʪʦʤʳ ʬʦʩʬʦʨʘ. ɺʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʧʠʨʠʜʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʣʠʛʘʥʜʦʚ ʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʤʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ 

ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʦʚ [154]. 

ʄʦʜʠʬʠʢʘʮʠʠ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʥʝʨʛʠʶ ʅʉʄʆ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ ʦʪʯʸʪʣʠʚʦ ʦʪʨʘʞʘʝʪʩʷ ʚ 

ʧʦʣʦʞʝʥʠʠ ʤʘʢʩʠʤʫʤʦʚ ʠʭ ʧʦʣʦʩ ʵʤʠʩʩʠʠ (ʊʘʙʣʠʮʘ 1.3). ɸʚʪʦʨʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʚʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʠʨʠʜʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʧʨʠʚʦʜʠʪ ʢ 
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ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʠʠ ʅʉʄʆ, ʚʳʟʳʚʘʷ ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʵʤʠʩʩʠʠ. ʅʘʧʨʦʪʠʚ, 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʛʨʫʧʧʳ ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʅʉʄʆ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʙʘʪʦʭʨʦʤʥʳʤ ʩʤʝʱʝʥʠʝʤ ʧʦʣʦʩʳ ʠʟʣʫʯʝʥʠʷ. ʉʭʦʜʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʘʨʦʤʘʪʠʯʥʦʩʪʠ ʣʠʛʘʥʜʦʚ: ʨʘʩʰʠʨʝʥʠʝ ˊ-ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʥʠʞʝʥʠʶ ʵʥʝʨʛʠʠ ʅʉʄʆ, ʩʧʦʩʦʙʩʪʚʫʷ ʩʤʝʱʝʥʠʶ ʵʤʠʩʩʠʠ ʚ ʩʪʦʨʦʥʫ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ. ʕʪʠ ʪʝʥʜʝʥʮʠʠ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʨʘʩʯʸʪʘʤʠ, 

ʚʳʧʦʣʥʝʥʥʳʤʠ ʚ ʨʘʤʢʘʭ ʚʨʝʤʝʥʥʦ-ʨʘʟʨʝʰʸʥʥʦʡ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

(TD-DFT), ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʥʝʨʛʠʷ ɺɿʄʆ ʦʩʪʘʸʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ 

(ʦʢʦʣʦ ï4.5 ʵɺ) ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʣʠʛʘʥʜʘ, ʪʦʛʜʘ ʢʘʢ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ 

ʅʉʄʆ ʠʤʝʶʪ ʚʳʨʘʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʦʧʨʝʜʝʣʷʶʪ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʦʤʧʣʝʢʩʦʚ[154]. 

ʊʘʢ, ʚ ʢʦʤʧʣʝʢʩʘʭ 1.278, 1.286, 1.290-1.292 ʚ ʧʦʣʦʞʝʥʠʠ 4 ʧʠʨʠʜʠʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʨʘʟʣʠʯʥʦʡ ʩʠʣʳ ð ʦʪ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʩʣʘʙʳʭ ʘʣʢʠʣʴʥʳʭ ʛʨʫʧʧ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ (1.286, 1.290-1.292) ʜʦ 

ʩʠʣʴʥʦ ʚʳʨʘʞʝʥʥʦʛʦ ʜʦʥʦʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ð ʜʠʤʝʪʠʣʘʤʠʥʦʛʨʫʧʧʳ (1.278). ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʨʝʥʥʦʤʫ ʛʠʧʩʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ ʤʘʢʩʠʤʫʤʦʚ ʵʤʠʩʩʠʠ ʚ ʢʦʤʧʣʝʢʩʘʭ 

1.286 ʠ 1.291 (ʧʨʠʤʝʨʥʦ ʥʘ 15 ʥʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʣʝʢʩʦʤ 1.277) ʠ ʢ ʧʦʷʚʣʝʥʠʶ 

ʛʦʣʫʙʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʤʘʢʩʠʤʫʤʦʤ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 481 ʥʤ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ 

1.278 (ʊʘʙʣʠʮʘ 1.3). ɺʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʛʨʫʧʧ, ʪʘʢʠʭ ʢʘʢ ʬʪʦʨ 

(ʢʦʤʧʣʝʢʩ 1.279), ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʅʉʄʆ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʤ ʩʜʚʠʛʦʤ 

ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 1.277. ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ 1.280ï1.282, ʩʦʜʝʨʞʘʱʠʭ 

ʭʠʥʦʣʠʥʦʚʳʡ ʠ ʠʟʦʭʠʥʦʣʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪʳ, ʪʘʢʞʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʩʤʝʱʝʥʠʝ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ (ɚem = 572ï657 ʥʤ). ʇʨʠ ʵʪʦʤ, ʚ ʢʦʤʧʣʝʢʩʘʭ 1.281  

ʠ 1.282, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʟʦʭʠʥʦʣʠʥʝ, ʭʘʨʘʢʪʝʨ ʩʤʝʱʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʜʠʬʝʥʠʣʬʦʩʬʠʥʦʚʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ: ʬʦʩʬʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʚ ʧʦʣʦʞʝʥʠʠ 1 

ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʅʉʄʆ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʯʝʤ ʧʨʠ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʠ ʚ ʧʦʟʠʮʠʠ 3. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʥʟʦʪʠʘʟʦʣʠʣ-ʟʘʤʝʱʸʥʥʳʭ ʬʦʩʬʠʥʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʣʠʛʘʥʜʦʚ (ʢʦʤʧʣʝʢʩʳ 1.284 ʠ 1.285) ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʤʝʱʝʥʠʶ 

ʵʤʠʩʩʠʠ (558 ʠ 546 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʦʜʥʘʢʦ ʵʪʠ ʟʥʘʯʝʥʠʷ ʦʩʪʘʶʪʩʷ ʢʦʨʦʯʝ 

ʚʦʣʥʦʚʳʭ ʤʘʢʩʠʤʫʤʦʚ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʜʣʷ ʭʠʥʦʣʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 
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ʊʘʙʣʠʮʘ 1.3. ʄʘʢʩʠʤʫʤʳ ʜʣʠʥ ʚʦʣʥ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ 1.277ï1.299. 

ˉ ʃʠʛʘʥʜ ɚmax, ʥʤ ˉ ʃʠʛʘʥʜ ɚmax, ʥʤ 

1.277 
 

537 1.288 
 

546 

1.278 

 

481 1.289 

 

509 

1.279 
 

553 1.290 

 

497 

1.280 

 

605 1.291 

 

522 

1.281 
 

572 1.292 

 

507 

1.282 

 

657 1.293 

 

545 

1.283 
 

713 1.294 

 

485 

1.284 
 

558 1.295 

 

485 

1.285 
 

546 1.296 

 

458 

1.286 

 

523 1.297 

 

496 
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1.287 
 

 1.298 
 

544 

   1.299 
 

548 

ʂʦʤʧʣʝʢʩʳ 1.294ï1.297, ʩʦʜʝʨʞʘʱʠʝ 1,2,4-ʪʨʠʘʟʦʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʚ 

ʩʪʨʫʢʪʫʨʝ ʣʠʛʘʥʜʦʚ, ʧʨʦʷʚʣʷʶʪ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʩʠʥʝʡ ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ 

ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʵʤʠʩʩʠʠ ʧʨʠ 485 ʥʤ (1.294 ʠ 1.295), 458 ʥʤ (1.296) ʠ 496 ʥʤ (1.297). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ, ʢʦʤʧʣʝʢʩʳ 1.298 ʠ 1.299 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʩʧʫʩʢʘʥʠʝʤ ʚ ʞʸʣʪʦ-

ʟʝʣʸʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 544 ʠ 548 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [198]. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʊʘʙʣʠʮʝ 3, ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʪʨʠʘʟʦʣʴʥʳʭ ʢ ʦʢʩʘʜʠʘʟʦʣʴʥʳʤ ʣʠʛʘʥʜʘʤ ʚ ʢʦʤʧʣʝʢʩʘʭ 1.294ï1.299 ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʦʚ ʵʤʠʩʩʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʩʥʠʞʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ɺɿʄʆ ʠ ʅʉʄʆ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ ʅʉʄʆ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʥʝʨʛʠʝʡ ʅʉʄʆ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʙʱʝʡ 

ʩʪʨʫʢʪʫʨʳ: ʣʠʛʘʥʜʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʅʉʄʆ ʬʦʨʤʠʨʫʶʪ ʢʦʤʧʣʝʢʩʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʘʥʘʣʦʛʠʯʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʵʥʝʨʛʠʠ ʅʉʄʆ. ʇʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ 

ɺɿʄʆ ʦʩʪʘʸʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʵʥʝʨʛʠʷ 

ʅʉʄʆ ʧʨʠʚʦʜʠʪ ʢ ʛʠʧʩʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʤʘʢʩʠʤʫʤʘ [198]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʰʠʨʦʢʦʤ ʨʷʜʝ ʧʨʠʤʝʨʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʘʨʴʠʨʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʤʦʩʪʠʢʦʚʳʭ P^N-ʣʠʛʘʥʜʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʠ ʜʣʠʥʳ ʚʦʣʥʳ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʇʫʪʸʤ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʘ ʠ ʩʪʝʧʝʥʠ ʘʨʦʤʘʪʠʯʥʦʩʪʠ N-

ʛʝʪʝʨʦʮʠʢʣʦʚ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʸʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠʭ 

ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʠʣʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʦʤʧʣʝʢʩʳ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʢʩʠʤʫʤʦʚ 

ð ʦʪ 458 ʜʦ 713 ʥʤ. 

ʂʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʚ ʩʪʨʫʢʪʫʨʘʭ ʢʦʤʧʣʝʢʩʦʚ 1.277ï1.299 ʣʠʰʴ ʦʜʠʥ ʠʟ 

ʪʨʸʭ P^N-ʣʠʛʘʥʜʦʚ ʨʝʘʣʠʟʫʝʪ ʭʝʣʘʪʥʫʶ ʢʦʦʨʜʠʥʘʮʠʶ, ʚʦʚʣʝʢʘʷ ʦʙʘ ʜʦʥʦʨʥʳʭ 

ʮʝʥʪʨʘ, ʪʦʛʜʘ ʢʘʢ ʜʚʘ ʦʩʪʘʚʰʠʭʩʷ ʣʠʛʘʥʜʘ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʮʝʥʪʨʘʤ ʤʝʜʠ(I) ʪʦʣʴʢʦ 

ʯʝʨʝʟ ʘʪʦʤ ʬʦʩʬʦʨʘ, ʧʨʦʷʚʣʷʷ ʤʦʥʦʜʝʥʪʘʪʥʦʝ ʧʦʚʝʜʝʥʠʝ. ʇʨʠ ʩʠʥʪʝʟʝ ʧʦʣʠʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʩʪʨʘʪʝʛʠʷ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 
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ʪʨʝʪʠʯʥʦʛʦ ʬʦʩʬʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ, ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ N-ʜʦʥʦʨʥʦʛʦ ʮʝʥʪʨʘ [156, 

199-202]. ʊʘʢʠʝ ʪʨʝʪʠʯʥʳʝ ʬʦʩʬʠʥʳ, ʭʦʪʷ ʠ ʥʝ ʧʨʠʥʠʤʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʫʯʘʩʪʠʷ ʚ MLCT-ʧʝʨʝʭʦʜʘʭ [203], ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʩʨʝʜʳ ʤʝʪʘʣʣʦʮʝʥʪʨʘ ʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʘʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʨʘʩʯʸʪʦʚ, ʜʚʘ ʤʦʥʦʜʝʥʪʘʪʥʳʭ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ 

ʧʝʨʠʬʝʨʠʠ Cu2I2-ʢʣʘʩʪʝʨʘ, ʥʝ ʚʦʚʣʝʯʝʥʳ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʘʥʠʯʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʦʨʙʠʪʘʣʝʡ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʣʶʤʠʥʝʩʮʝʥʮʠʶ. ʀʭ ʦʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʭʝʣʘʪʥʳʡ P^N-ʣʠʛʘʥʜ, 

ʩʦʝʜʠʥʷʶʱʠʡ ʜʚʘ ʠʦʥʘ ʤʝʜʠ ʚ ʩʦʩʪʘʚʝ Cu2I2-ʷʜʨʘ, ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʝʪ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʅʉʄʆ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʦʣʠʨʦʚʘʥʥʦ 

ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʤʦʩʪʠʢʦʚʦʛʦ P^N-ʣʠʛʘʥʜʘ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʂʦʤʧʣʝʢʩʳ 1.300ï1.315 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʫʪʸʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʨʘʟʣʠʯʥʳʭ P^N-ʣʠʛʘʥʜʦʚ ʩ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʤ ʠ ʛʘʣʦʛʝʥʠʜʘʤʠ ʤʝʜʠ(I) ʚ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:2:2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  (ʉʭʝʤʘ 1.32) [199]. 

 

ʉʭʝʤʘ 1.32. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.300-1.315 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʦʝʜʠʥʝʥʠʷ 1.300ï1.315 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʠʷʜʝʨʥʳʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(I), ʩʦʜʝʨʞʘʱʠʝ ʤʝʪʘʣʣ-

ʛʘʣʦʛʝʥʠʜʥʦʝ ʷʜʨʦ Cu2X2, ʧʨʠʥʠʤʘʶʱʝʝ ʛʝʦʤʝʪʨʠʶ ʪʠʧʘ çʙʘʙʦʯʢʘè, ʠ ʜʚʘ 

ʨʘʟʣʠʯʥʳʭ ʣʠʛʘʥʜʘ.  

ʉʧʝʢʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ 1.300ï1.315 ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 

ʞʸʣʪʦ-ʟʝʣʸʥʦʛʦ (558 ʥʤ) ʜʦ ʪʸʤʥʦ-ʩʠʥʝʛʦ (451 ʥʤ) ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʤʦʩʪʠʢʦʚʦʛʦ 
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ʣʠʛʘʥʜʘ (ʊʘʙʣʠʮʘ 1.4) [199]. ʊʘʢ, ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʣʢʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ 

ʧʠʨʠʜʠʥʦʚʦʤ ʢʦʣʴʮʝ (1.301ï1.304), ʘ ʪʘʢʞʝ ʦʢʩʘʜʠʘʟʦʣʴʥʳʤʠ (1.309, 1.310) ʠ 

ʪʠʘʜʠʘʟʦʣʴʥʳʤʠ (1.311) ʣʠʛʘʥʜʘʤʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʵʤʠʩʩʠʦʥʥʳʭ 

ʧʦʣʦʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʣʝʢʩʦʤ 1.300, ʩʦʜʝʨʞʘʱʠʤ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʧʠʨʠʜʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ. ʅʘʧʨʦʪʠʚ, ʢʦʤʧʣʝʢʩʳ, ʚ ʢʦʪʦʨʳʭ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʚʳʩʪʫʧʘʶʪ ʧʨʦʠʟʚʦʜʥʳʝ ʠʤʠʜʘʟʦʣʘ (1.312ï1.315) ʠ ʪʨʠʘʟʦʣʘ (1.306ï1.308), 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ, ʦʪʨʘʞʘʶʱʠʡ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʥʝʨʛʠʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʅʉʄʆ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʠʨʠʜʠʥʦʤ [199].  

ʊʘʙʣʠʮʘ 1.4. ʄʘʢʩʠʤʫʤʳ ʜʣʠʥ ʚʦʣʥ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ 1.300ï1.315. 

ˉ ʃʠʛʘʥʜ ɚmax, ʥʤ ˉ ʃʠʛʘʥʜ ɚmax, ʥʤ 

1.300 
 

514 1.308 

 

506 

1.301 

 

515 1.309 
 

556 

1.302 

 

522 1.310 
 

558 

1.303 

 

540 1.311 

 

545 

1.304 

 

552 1.312 

 

468 

1.305 

 

498 1.313 

 

451 
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1.306 

 

499 1.314 

 

478 

1.307 

 

506 1.315 

 

481 

ʈʝʟʫʣʴʪʘʪʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʤʝʪʦʜʦʤ DFT ʠ TD-DFT, 

ʚʳʧʦʣʥʝʥʥʳʭ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 1.301, 1.311ï1.313 ʠ 1.315, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʥʘʙʣʶʜʘʝʤʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ (M+X)LCT-

ʭʘʨʘʢʪʝʨ. ɺɿʄʆ ʣʦʢʘʣʠʟʦʚʘʥʘ ʥʘ ʤʝʪʘʣʣ-ʛʘʣʦʛʝʥʠʜʥʦʤ ʷʜʨʝ Cu2I2, ʪʦʛʜʘ ʢʘʢ ʅʉʄʆ 

ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʤʦʩʪʠʢʦʚʦʤ P^N-ʣʠʛʘʥʜʝ, ʯʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʧʦʩʣʝʜʥʝʛʦ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[199]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠʨʦʜʘ ʤʦʥʦʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ, ʢʦʦʨʜʠʥʠʨʫʶʱʠʭ ʠʦʥʳ 

ʤʝʜʠ, ʩʧʦʩʦʙʥʘ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʛʝʦʤʝʪʨʠʶ Cu2X2-ʷʜʨʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ 

ʨʷʜʝ ʨʘʙʦʪ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʘʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ ʤʦʥʦʜʝʥʪʘʪʥʦʛʦ ʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʥʘ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ [156,200,202]. 

ʇʫʪʸʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʜʠʜʘ ʤʝʜʠ(I) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 2-

(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʧʠʨʠʜʠʥʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʦʥʦʜʝʥʪʘʪʥʳʤʠ ʬʦʩʬʠʥʦʚʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ 1.316ï1.337 [156,200,202]  (ʉʭʝʤʘ 1.33, 

ʊʘʙʣʠʮʘ 1.5).  
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ʉʭʝʤʘ 1.33. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.316-1.337 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʤʧʣʝʢʩʳ 1.316ï1.337 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʠʷʜʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʤʝʪʘʣʣ-ʛʘʣʦʛʝʥʠʜʥʳʤ ʷʜʨʦʤ Cu2I2, 

ʧʨʠʥʠʤʘʶʱʠʤ ʭʘʨʘʢʪʝʨʥʫʶ ʛʝʦʤʝʪʨʠʶ ʪʠʧʘ çʙʘʙʦʯʢʘè. ʇʨʦʠʟʚʦʜʥʳʝ 2-

(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʧʠʨʠʜʠʥʘ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚʳʭ P^N-ʣʠʛʘʥʜʦʚ, 

ʢʦʦʨʜʠʥʠʨʫʷ ʦʙʘ ʮʝʥʪʨʘ ʤʝʜʠ. ʊʝʪʨʘʵʜʨʠʯʝʩʢʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʛʝʦʤʝʪʨʠʷ 

ʢʘʞʜʦʛʦ ʠʦʥʘ Cu(I) ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʸʪ ʢʦʦʨʜʠʥʘʮʠʠ ʘʪʦʤʦʚ 

ʬʦʩʬʦʨʘ ʜʚʫʭ ʤʦʥʦʜʝʥʪʘʪʥʳʭ ʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʠ ʘʪʦʤʦʚ ʠʦʜʘ [156,200,202]. 

ʊʘʙʣʠʮʘ 1.5. ʄʘʢʩʠʤʫʤʳ ʜʣʠʥ ʚʦʣʥ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ 1.316ï1.337 R = H 

(1.316, 1.317  ), Me (1.318-1.321), tBu (1.322, 1.323), CH2-ʮʠʢʣʦʧʝʥʪʠʣ (1.324, 1.325), 

4-Me (1.326-1.331, 1.333-1.336), 4-ʙʫʪʠʥʠʣ (1.332), 4-Bui (1.337).  

ˉ Rô Rôô ɚmax, ʥʤ ˉ Rô Rôô ɚmax, ʥʤ 

1.316 4-ClC6H4 4-ClC6H4 547 1.327 4-ClC6H4 4-ClC6H4 552 

1.317 4-CF3C6H4 4-CF3C6H4 549 1.328 4-FC6H4 4-FC6H4 555 

1.318 Ph Ph 524 1.329 2-ʬʫʨʠʣ 2-ʬʫʨʠʣ 500 

1.319 4-FC6H4 4-FC6H4 519 1.330 n-C8H17 n-C8H17 555 

1.320 4-CF3C6H4 4-CF3C6H4 539 1.331 Cy Cy 547 

1.321 4-ClC6H4 4-ClC6H4 519 1.332 OEt OEt 507 

1.322 C6H4 C6H4 541 1.333 iOPr iOPr 534 

1.323 4-FC6H4 4-FC6H4 524 1.334 Ph OEt 537 
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1.324 Ph Ph 528 1.335 OEt Ph 548 

1.325 4-FC6H4 4-FC6H4 524 1.336 Ph Et 555 

1.326 Ph Ph 510 1.337 Ph Bu 545 

ʄʘʢʩʠʤʫʤʳ ʵʤʠʩʩʠʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 1.316ï1.337 ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 519 

ʥʤ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ 4-ʬʪʦʨʟʘʤʝʱʸʥʥʳʤʠ ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

(1.319 ʠ 1.325), ʜʦ 549 ʥʤ ð ʟʥʘʯʝʥʠʷ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 1.322, 

ʩʦʜʝʨʞʘʱʝʛʦ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʣʠʛʘʥʜʘ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ 1.323 ʠ 1.325, ʚʢʣʶʯʘʶʱʠʝ 

ʬʪʦʨʩʦʜʝʨʞʘʱʠʝ ʬʦʩʬʠʥʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ 

ʘʥʘʣʦʛʘʤʠ 1.322 ʠ 1.324, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʥ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʜʘʥʥʦʝ ʩʤʝʱʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ ʚ 

ʪʚʸʨʜʦʡ ʬʘʟʝ [200]. 

ʂʦʤʧʣʝʢʩʳ 1.326ï1.337 ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʦʷʚʣʷʶʪ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ 

ʚ ʞʸʣʪʦ-ʟʝʣʸʥʦʡ ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʵʤʠʩʩʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 

500ï555 ʥʤ (ʊʘʙʣʠʮʘ 1.5). ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 28% 

ʜʣʷ ʢʦʤʧʣʝʢʩʘ 96 ʜʦ 99% ʜʣʷ ʢʦʤʧʣʝʢʩʘ 1.326, ʧʨʠ ʵʪʦʤ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʧʨʝʚʳʰʘʶʱʠʡ 50% [156]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʩʦʩʪʘʚʘ L3Cu2I2, ʩʦʜʝʨʞʘʱʠʭ ʦʜʠʥ 

ʤʦʩʪʠʢʦʚʳʡ P,N-ʣʠʛʘʥʜ ʠ ʜʚʘ ʤʦʥʦʜʝʥʪʘʪʥʳʭ ʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʘ, ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʦʙʫʩʣʦʚʣʝʥʘ ʧʝʨʝʭʦʜʘʤʠ ʪʠʧʘ (X+M)LCT, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʤʝʞʜʫ ʤʝʪʘʣʣ-

ʛʘʣʦʛʝʥʠʜʥʳʤ ʷʜʨʦʤ Cu2I2 ʠ ʭʝʣʘʪʥʳʤ P,N-ʣʠʛʘʥʜʦʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʣʶʯʝʚʳʤ 

ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʷʚʣʷʝʪʩʷ 

ʧʨʠʨʦʜʘ ʙʠʜʝʥʪʘʪʥʦʛʦ ʣʠʛʘʥʜʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʢʣʘʜ ʤʦʥʦʜʝʥʪʘʪʥʳʭ P-ʜʦʥʦʨʦʚ ʚ 

ʵʣʝʢʪʨʦʥʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʤʠʥʠʤʘʣʝʥ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʘʟʣʠʯʥʳʝ ʬʦʩʬʠʥʦʚʳʝ 

ʣʠʛʘʥʜʳ, ʥʝ ʧʨʠʥʠʤʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʫʯʘʩʪʠʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʨʘʥʠʯʥʳʭ 

ʦʨʙʠʪʘʣʝʡ, ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʢʦʩʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʣʠʷʷ ʥʘ ʧʣʦʪʥʦʩʪʴ ʫʧʘʢʦʚʢʠ ʚ ʪʚʸʨʜʦʡ ʬʘʟʝ ʠʣʠ ʩʧʦʩʦʙʩʪʚʫʷ 

ʧʦʜʘʚʣʝʥʠʶ ʢʘʥʘʣʦʚ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ [154, 199]. 

ɼʨʫʛʠʤ ʪʠʧʦʤ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʩ ʷʜʨʦʤ Cu2X2 ʷʚʣʷʶʪʩʷ 

ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ L Cu I , ʚ ʢʦʪʦʨʳʭ ʜʚʘ ʠʜʝʥʪʠʯʥʳʭ P^N-ʣʠʛʘʥʜʘ ʢʦʦʨʜʠʥʠʨʫʶʪ 

ʠʦʥʳ ʤʝʜʠ(I) ʧʦ ʭʝʣʘʪʥʦʤʫ ʪʠʧʫ, ʩʚʷʟʳʚʘʷ ʢʘʞʜʳʡ ʮʝʥʪʨ ʯʝʨʝʟ ʘʪʦʤʳ ʬʦʩʬʦʨʘ ʠ 
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ʘʟʦʪʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 8-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʭʠʥʦʣʠʥʘ ʩ ʠʦʜʠʜʦʤ 

ʤʝʜʠ(I) ʙʳʣ ʧʦʣʫʯʝʥ ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Cu I (L) ] (1.327), ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 1.20 [182]. 

 

ʈʠʩʫʥʦʢ 1.20. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʘ 1.327 

ɼʚʘ ʠʦʥʘ ʤʝʜʠ(I) ʚ ʢʦʤʧʣʝʢʩʝ 1.327 ʩʦʝʜʠʥʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʫʭ ʤʦʩʪʠʢʦʚʳʭ 

ʠʦʜʠʜ-ʘʥʠʦʥʦʚ, ʬʦʨʤʠʨʫʷ ʷʜʨʦ Cu2I2 ʩ ʛʝʦʤʝʪʨʠʝʡ ʪʠʧʘ çʙʘʙʦʯʢʘè. ʂʘʞʜʳʡ ʢʘʪʠʦʥ 

ʤʝʜʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʧʦ ʭʝʣʘʪʥʦʤʫ ʪʠʧʫ ʦʜʥʠʤ ʠʟ ʜʚʫʭ P^N-ʣʠʛʘʥʜʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʠʦʥʳ Cu(I) ʠʤʝʶʪ ʠʩʢʘʞʸʥʥʫʶ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʛʝʦʤʝʪʨʠʶ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʤʧʣʝʢʩ ʧʨʦʷʚʣʷʝʪ ʵʤʠʩʩʠʶ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 664 ʥʤ, ʢʚʘʥʪʦʚʳʡ 

ʚʳʭʦʜ ʩʦʩʪʘʚʣʷʝʪ 1.6 %, ʘ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʝʞʘʪ ʚ ʤʠʢʨʦʩʝʢʫʥʜʥʦʤ 

ʜʠʘʧʘʟʦʥʝ. ʉʦʛʣʘʩʥʦ ʨʘʩʯʸʪʘʤ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʦʨʙʠʪʘʣʝʡ 

ʘʥʘʣʦʛʠʯʥʦ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʤ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I): ɺɿʄʆ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʣʦʢʘʣʠʟʦʚʘʥʘ ʥʘ ʤʝʪʘʣʣ-ʛʘʣʦʛʝʥʠʜʥʦʤ ʷʜʨʝ, ʪʦʛʜʘ ʢʘʢ ʅʉʄʆ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ N-

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʘʭ P^N-ʣʠʛʘʥʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʢʦʤʧʣʝʢʩʘ 1.327 ʦʙʫʩʣʦʚʣʝʥʘ ʧʝʨʝʭʦʜʘʤʠ ʠʟ ʩʤʝʰʘʥʥʳʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʢʣʘʜʦʤ ʢʘʢ XLCT-, ʪʘʢ ʠ MLCT-ʧʨʠʨʦʜʳ [182].  

ɺ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ 1.328-1.331 (ʉʭʝʤʘ 1.34), ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [204] 

ʧʫʪʸʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦ-ʬʦʩʬʠʥʦʘʥʠʣʠʥʘ ʩ ʛʘʣʦʛʝʥʠʜʘʤʠ ʤʝʜʠ(I), ʙʳʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʤʝʪʘʣʣ-

ʛʘʣʦʛʝʥʠʜʥʦʛʦ ʷʜʨʘ [204]. 
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ʉʭʝʤʘ 1.34. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.328-1.331 

ɺ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ 1.328 ʘʪʦʤʳ ʤʝʜʠ ʠ ʛʘʣʦʛʝʥʘ ʚ ʩʦʩʪʘʚʝ Cu2X2-ʷʜʨʘ (X 

= Cl) ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʯʪʦ ʢʦʥʪʨʘʩʪʠʨʫʝʪ ʩ ʢʦʤʧʣʝʢʩʘʤʠ 1.329ï

1.331 (X = Br, I), ʚ ʢʦʪʦʨʳʭ ʷʜʨʦ ʧʨʠʥʠʤʘʝʪ ʪʠʧʠʯʥʫʶ ʜʣʷ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ 

ʛʝʦʤʝʪʨʠʶ çʙʘʙʦʯʢʠè ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʘʪʦʤʦʚ ʦʪ ʧʣʦʩʢʦʩʪʠ. ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʚ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʷʜʨʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʨʘʟʣʠʯʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʚ ʜʚʫʭ ʪʠʧʘʭ ʩʪʨʫʢʪʫʨ. ʇʣʦʩʢʘʷ ʛʝʦʤʝʪʨʠʷ ʢʦʤʧʣʝʢʩʘ 104 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʠʤ ʤʝʞʲʷʜʝʨʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ CuĿĿĿCu ð 2.98 ¡. ʂʘʢ ʠ 

ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʜʣʠʥʳ ʩʚʷʟʝʡ CuïX ʚʦʟʨʘʩʪʘʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʨʘʜʠʫʩʘ ʛʘʣʦʛʝʥʘ: 2.37 ¡ (1.328, Cl), 2.42 ¡ (1.329, Br), 2.58 ¡ (1.330, I), ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʫʜʣʠʥʝʥʠʶ ʨʘʩʩʪʦʷʥʠʡ CuĿĿĿCu ð ʦʪ 2.56 ¡ ʚ ʢʦʤʧʣʝʢʩʝ 1.329 ʜʦ 2.57 ¡ ʚ 1.330. 

ɿʘʤʝʥʘ ʜʠʤʝʪʠʣʘʤʠʥʦʛʨʫʧʧ ʥʘ ʙʦʣʝʝ ʛʨʦʤʦʟʜʢʠʡ ʧʠʨʨʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʚ ʢʦʤʧʣʝʢʩʝ 

1.331 ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ CuĿĿĿCu ʨʘʩʩʪʦʷʥʠʷ ʜʦ 2.69 ¡, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʚʳʨʘʞʝʥʥʳʤ ʩʪʝʨʠʯʝʩʢʠʤ ʚʣʠʷʥʠʝʤ ʮʠʢʣʠʯʝʩʢʦʡ ʟʘʤʝʩʪʠʪʝʣʴʥʦʡ ʛʨʫʧʧʳ. 

ʂʦʤʧʣʝʢʩʳ 1.328-1.331 ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʦʷʚʣʷʶʪ ʷʨʢʫʶ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʩʠʥʝʡ ʠ ʟʝʣʸʥʦʡ ʦʙʣʘʩʪʷʭ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ. ʊʘʢ, ʤʘʢʩʠʤʫʤʳ 

ʧʦʣʦʩ ʵʤʠʩʩʠʠ ʩʦʩʪʘʚʣʷʶʪ 464 ʥʤ (1.330) ʠ 465 ʥʤ (1.331), ʘ ʪʘʢʞʝ 506 ʥʤ (1.328) ʠ 

490 ʥʤ (1.329). ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʜʦʩʪʠʛʘʶʪ 65 %, ʘ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 4.1 ʤʢʩ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʜʦ å60 K ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʸʥ ʟʘʪʫʭʘʥʠʷ ʵʤʠʩʩʠʠ ð ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʠʢʨʦʩʝʢʫʥʜ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʨʠʧʣʝʪʥʫʶ ʧʨʠʨʦʜʫ ʠʩʧʫʩʢʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʧʝʨʝʭʦʜʘʤʠ ʠʟ ʩʦʩʪʦʷʥʠʡ ʪʠʧʘ 3(M+X)LCT [204]. 
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ʇʫʪʸʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 8-(ʜʠʬʝʥʠʣʬʦʩʬʘʥʠʣʦʢʩʠ)ʭʠʥʦʣʠʥʘ (POQ) ʩ 

ʛʘʣʦʛʝʥʠʜʘʤʠ ʤʝʜʠ(I) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ 1.332-1.334 (ʉʭʝʤʘ 1.35) 

[205]. 

 

ʉʭʝʤʘ 1.35. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.332-1.334 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ ʢʦʤʧʣʝʢʩʦʚ 1.333 ʠ 1.334, ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʣʠʯʠʝ ʤʝʪʘʣʣ-ʛʘʣʦʛʝʥʠʜʥʦʛʦ ʷʜʨʘ Cu2X2, ʦʢʨʫʞʸʥʥʦʛʦ ʜʚʫʤʷ 

ʤʦʣʝʢʫʣʘʤʠ POQ, ʢʦʦʨʜʠʥʠʨʫʶʱʠʤʠ ʘʪʦʤʳ ʤʝʜʠ ʚ ʭʝʣʘʪʥʦʡ ʤʘʥʝʨʝ. ʂʦʤʧʣʝʢʩ 

1.333 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʧʣʦʩʢʠʤ ʬʨʘʛʤʝʥʪʦʤ 

Cu2Br2, ʘʥʘʣʦʛʠʯʥʦ ʢʦʤʧʣʝʢʩʫ 1.334. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 1.332, 

ʩʦʜʝʨʞʘʱʝʛʦ ʷʜʨʦ Cu2Cl2, ʨʝʘʣʠʟʫʝʪʩʷ ʘʥʘʣʦʛʠʯʥʘʷ ʧʣʦʩʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʢʦʤʧʣʝʢʩ 1.334 ʥʘ ʦʩʥʦʚʝ ʠʦʜʠʜʘ ʤʝʜʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʝʨʢʘʣʴʥʦʡ 

ʩʠʤʤʝʪʨʠʝʡ ʠ ʦʙʣʘʜʘʝʪ ʠʟʦʛʥʫʪʳʤ çʙʘʙʦʯʢʦʦʙʨʘʟʥʳʤè ʷʜʨʦʤ Cu2I2. ʌʦʨʤʠʨʦʚʘʥʠʝ 

P^N-ʣʠʛʘʥʜʦʤ ʢʘʢ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʜʦʙʥʳʭ 1.333, ʪʘʢ ʠ 

ʟʝʨʢʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʭ, ʧʦʜʦʙʥʳʭ 1.334, ʨʘʥʝʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʁʝʨʩʝʥʦʤ ʠ 

ɺʝʟʝʤʘʥʦʤ [204]. 

ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ 1.332ï1.334 ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ 

ʪʚʸʨʜʦʡ ʬʘʟʝ. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʤʝʨʝʥʥʫʶ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʳ 1.332 ʠ 1.333, ʪʦʛʜʘ ʢʘʢ ʢʦʤʧʣʝʢʩ 1.334 ʧʨʦʷʚʣʷʝʪ 

ʢʨʘʡʥʝ ʩʣʘʙʫʶ ʵʤʠʩʩʠʶ. ɼʣʷ ʢʦʤʧʣʝʢʩʘ 1.333 ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʧʦʣʦʩʘ ʵʤʠʩʩʠʠ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 590 ʥʤ (293 K) ʠ 610 ʥʤ (77 K), ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 1.332 ʧʨʠ 

77 K ʤʘʢʩʠʤʫʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 625 ʥʤ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʚʘʥʪʦʚʳʡ 

ʚʳʭʦʜ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʩʪʘʚʠʣ ʤʝʥʝʝ 1 % ʜʣʷ 108 ʠ ʦʢʦʣʦ 10 % ʜʣʷ 1.333 [204]. 

ɺʳʨʘʞʝʥʥʦʝ ʢʨʘʩʥʦʚʦʣʥʦʚʦʝ ʩʤʝʱʝʥʠʝ ʵʤʠʩʩʠʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ 1.333 

ʧʦʟʚʦʣʠʣʠ ʘʚʪʦʨʘʤ ʦʪʥʝʩʪʠ ʝʛʦ ʢ ʯʠʩʣʫ TADF-ʵʤʠʪʪʝʨʦʚ, ʘʥʘʣʦʛʠʯʥʦ ʜʨʫʛʠʤ ʨʘʥʝʝ 

ʦʧʠʩʘʥʥʳʤ ʙʠʷʜʝʨʥʳʤ ʩʠʩʪʝʤʘʤ Cu(I) [204,205]. ʉʪʘʙʠʣʠʟʘʮʠʷ ʅʉʄʆ ʟʘ ʩʯʸʪ ˊ-
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ʩʠʩʪʝʤʳ ʭʠʥʦʣʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʤʝʱʝʥʠʶ ʵʤʠʩʩʠʠ ʚ ʛʣʫʙʦʢʫʶ 

ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ, ʯʪʦ ʤʦʞʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʪʴʩʷ ʟʘ ʩʯʸʪ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ 

ɺɿʄʆ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʙʨʦʤʠʜʥʦʛʦ ʢ ʭʣʦʨʠʜʥʦʤʫ ʠʦʥʫ [205-207]. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʘʟʦʪʩʦʜʝʨʞʘʱʝʛʦ ʬʨʘʛʤʝʥʪʘ P^N-ʣʠʛʘʥʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʪʨʫʜʥʝʥʠʝ ʨʝʘʣʠʟʘʮʠʠ ʭʝʣʘʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʣʠʛʘʥʜʦʤ ʢʘʪʠʦʥʘ 

ʤʝʜʠ(I), ʟʘ ʩʯʝʪ ʯʝʛʦ ʫʜʘʣʦʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩʳ 1.335-1.336, ʚ ʢʦʪʦʨʳʭ ʠʦʥʳ 

ʤʝʜʠ(I) ʧʨʦʷʚʣʷʶʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 3 [208]. 

ʂʦʤʧʣʝʢʩʳ [CuX(DPPC)]2 (1.335-1.337), ʛʜʝ DPPC ï 3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-9-[2-

(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʬʝʥʠʣ]ʢʘʨʙʘʟʦʣ, ʘ X ï I (1.335), Br (1.336) ʠ Cl (1.337), ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (85ï92 %) ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʷʤʦʛʦ ʩʤʝʰʠʚʘʥʠʷ 

ʩʫʩʧʝʥʟʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʘʣʦʛʝʥʠʜʘ ʤʝʜʠ(I) ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʩ ʵʢʚʠʤʦʣʷʨʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ DPPC (ʉʭʝʤʘ 1.36) [208]. 

 

ʉʭʝʤʘ 1.36. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.335-1.337 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʤʧʣʝʢʩʳ 1.335-1.337 

ʦʙʣʘʜʘʶʪ ʧʣʦʩʢʦʡ ʨʦʤʙʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʝʡ Cu2X2-ʷʜʨʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʘʪʦʤʥʦʛʦ ʨʘʜʠʫʩʘ ʛʘʣʦʛʝʥʠʜʥʦʛʦ ʣʠʛʘʥʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʝ 

ʫʜʣʠʥʝʥʠʝ ʢʘʢ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ CuĿĿĿX, ʪʘʢ ʠ ʨʘʩʩʪʦʷʥʠʡ CuĿĿĿCu. ɼʣʷ ʚʩʝʭ 

ʪʨʸʭ ʢʦʤʧʣʝʢʩʦʚ ʭʘʨʘʢʪʝʨʥʘ ʙʣʠʟʢʘʷ ʢ ʧʣʦʩʢʦ-ʪʨʠʛʦʥʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʷ ʠʦʥʦʚ 

ʤʝʜʠ(I), ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʜʚʫʤʷ ʛʘʣʦʛʝʥʠʜ ʘʥʠʦʥʘʤʠ ʠ ʘʪʦʤʦʤ ʬʦʩʬʦʨʘ ʦʪ P,N-

ʣʠʛʘʥʜʘ. ʉʫʤʤʘʨʥʳʝ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʚʦʢʨʫʛ ʘʪʦʤʦʚ ʤʝʜʠ ʩʦʩʪʘʚʣʷʶʪ 358.3Ü (1.336), 

352.9Ü (1.336) ʠ 352.5Ü (1.337), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢ 

ʠʜʝʘʣʴʥʦʡ ʧʣʦʩʢʦʡ ʛʝʦʤʝʪʨʠʠ [208] . 

ʂʦʤʧʣʝʢʩʳ 1.335-1.337 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʚ ʩʠʥʝ-ʟʝʣʸʥʦʡ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʵʤʠʩʩʠʠ ʚ ʠʥʪʝʨʚʘʣʝ 492ï495 ʥʤ, ʜʣʷ ʢʦʪʦʨʦʡ 
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ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʤʠʢʨʦʩʝʢʫʥʜʥʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʠ ʥʠʟʢʠʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ (ū 

< 0.01%). ʇʦ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʧʨʠʨʦʜʘ ʵʤʠʩʩʠʠ 

ʦʙʫʩʣʦʚʣʝʥʘ ʩʦʚʦʢʫʧʥʳʤ ʚʢʣʘʜʦʤ MLCT-, XLCT- ʠ IL-ʧʝʨʝʭʦʜʦʚ [208]. ʇʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 77 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʵʤʠʩʩʠʦʥʥʳʭ 

ʤʘʢʩʠʤʫʤʦʚ ʜʦ 501 ʥʤ (1.335), 514 ʥʤ (1.336) ʠ 507 ʥʤ (1.337). ʉʨʘʚʥʝʥʠʝ ʚʨʝʤʸʥ 

ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʚʦʟʤʦʞʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʤʝʭʘʥʠʟʤʘ TADF [208]. 

ɼʠʤʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 1.338-1.340 [Cu2(Py3P)2X2] (X = Cl, Br, I) ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʨʝʘʢʮʠʝʡ ʪʨʠʩ(2-ʧʠʨʠʜʠʣ)ʬʦʩʬʠʥʘ ʩ ʛʘʣʦʛʝʥʠʜʦʤ ʤʝʜʠ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ (ʉʭʝʤʘ 1.37) [158] [225]. 

 

ʉʭʝʤʘ 1.37. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.338-1.340 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʤʧʣʝʢʩʳ 1.338-1.340 

ʷʚʣʷʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ ʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʚʠʜʝ ʜʠʤʝʨʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʮʝʥʪʨʦʤ ʠʥʚʝʨʩʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʤʦʣʝʢʫʣʳ. ɺ ʢʘʞʜʦʤ 

ʢʦʤʧʣʝʢʩʝ ʜʚʘ ʢʘʪʠʦʥʘ ʤʝʜʠ(I) ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʜʚʫʤʷ ʣʠʛʘʥʜʘʤʠ Py3P ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʢʘʞʜʳʡ ʘʪʦʤ ʤʝʪʘʣʣʘ ʩʚʷʟʘʥ ʩ ʘʪʦʤʦʤ ʬʦʩʬʦʨʘ ʦʜʥʦʛʦ ʣʠʛʘʥʜʘ ʠ ʜʚʫʤʷ 

ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʜʨʫʛʦʛʦ. ʏʝʪʚʸʨʪʫʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʝʪ ʛʘʣʦʛʝʥʠʜ-

ʘʥʠʦʥ, ʬʦʨʤʠʨʫʷ ʠʩʢʘʞʸʥʥʫʶ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʛʝʦʤʝʪʨʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ ʤʝʜʠ [158]. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ ʢʦʤʧʣʝʢʩʳ 1.338-1.340 ʧʨʦʷʚʣʷʶʪ ʚʳʨʘʞʝʥʥʫʶ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʩ ʚʳʩʦʢʠʤʠ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ, ʜʦʩʪʠʛʘʶʱʠʤʠ ~53%. ʉ 

ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 77 ʂ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʤʠʩʩʠʠ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 

ʧʨʘʢʪʠʯʝʩʢʠ 100%, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʜʘʚʣʝʥʠʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. ɺ ʩʝʨʠʠ ʦʪ 1.338 ʢ 1.340 ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 
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ʛʠʧʩʦʭʨʦʤʥʦʝ ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʵʤʠʩʩʠʠ ʦʪ 550 ʜʦ 520 ʥʤ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʫʤʝʥʴʰʝʥʠʝʤ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʦ ʤʝʨʝ ʟʘʤʝʥʳ ʭʣʦʨʠʜʘ ʥʘ 

ʙʨʦʤʠʜ ʠ ʜʘʣʝʝ ʥʘ ʠʦʜʠʜ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʣʠʛʘʥʜʥʦʛʦ ʧʦʣʷ ʚ ʨʷʜʫ Cl  

> Br  > I [176,193]. ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʩʪʘʚʣʷʶʪ 14.5, 18.3 ʠ 20.0 ʤʢʩ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 1.338, 1.339 ʠ 1.340 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʚʝʣʠʯʠʚʘʷʩʴ ʜʦ 36, 48 ʠ 91 ʤʢʩ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 77 ʂ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʨʠʧʣʝʪʥʦʡ ʧʨʠʨʦʜʝ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [158]. 

ʂʦʤʧʣʝʢʩʳ 1.341-1.346 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʸʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʬʝʥʠʣ(2-

ʧʠʨʠʤʠʜʠʣ)ʬʦʩʬʠʥʘ ʩ ʛʝʢʩʘʬʪʦʨʦʬʦʩʬʘʪʦʤ ʪʝʪʨʘʘʮʝʪʦʥʠʪʨʠʣ ʤʝʜʠ(I) 

[Cu(MeCN)4]PF6. ɺ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʢʘʪʠʦʥ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʠʤʝʨʥʳʡ ʢʣʘʩʪʝʨ, ʚʢʣʶʯʘʶʱʠʡ ʜʚʘ ʠʦʥʘ Cu(I), ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʪʨʝʤʷ P^N-

ʣʠʛʘʥʜʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ ʢ ʭʚʦʩʪʫè. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʢʦʦʨʜʠʥʘʮʠʷ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ ʩʯʸʪ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʩʚʷʟʳʚʘʥʥʦʡ ʩ 

ʦʜʥʠʤ ʠʣʠ ʦʙʦʠʤʠ ʢʘʪʠʦʥʘʤʠ ʤʝʜʠ (ʉʭʝʤʘ 1.38) [157]. 

 

ʉʭʝʤʘ 1.38. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.341-1.346 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ 1.341-1.346 ʚ ʪʚʸʨʜʦʡ ʬʘʟʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʠʥʪʝʥʩʠʚʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʚ 

ʦʙʣʘʩʪʠ 560ï563 ʥʤ. ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʧʝʨʝʭʦʜʘʤʠ ʠʟ 
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ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ 1(M+L+Ls)LCT-ʧʨʠʨʦʜʦʡ (ʛʜʝ Ls ï ʤʦʣʝʢʫʣʘ 

ʨʘʩʪʚʦʨʠʪʝʣʷ), ʚ ʢʦʪʦʨʦʤ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʘ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ 

ʤʝʪʘʣʣʘ, ʣʠʛʘʥʜʦʤ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʦʡ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʂʠʥʝʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʠʢʨʦʩʝʢʫʥʜʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ 

(ʚ ʠʥʪʝʨʚʘʣʝ 9.6ï27 ʤʢʩ). ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ 

ʜʦʩʪʠʛʘʶʪ 85% ʧʨʠ 300 K [157]. 

ʂʦʤʧʣʝʢʩʳ 1.347-1.350 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʫʪʸʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʠʨʠʜʠʣʬʦʩʬʦʣʘʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʩ ʭʣʦʨʠʜʦʤ, ʙʨʦʤʠʜʦʤ ʠʣʠ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʦʤ 

ʤʝʜʠ(I) ʚ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 3:2 (ʣʠʛʘʥʜ : ʤʝʪʘʣʣ) ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʫʩʣʦʚʠʷʭ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʳ (ʉʭʝʤʘ 1.39) [209]. 

 

ʉʭʝʤʘ 1.39. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.347-1.350 HH ʠ HT 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʤʧʣʝʢʩʳ 1.347HH ʠ 

1.348HH ʦʙʣʘʜʘʶʪ ʢʘʪʠʦʥʥʳʤ ʷʜʨʦʤ [Cu2L3X] , ʚ ʢʦʪʦʨʦʤ ʪʨʠ 
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ʧʠʨʠʜʠʣʬʦʩʬʦʣʘʥʦʚʳʭ ʣʠʛʘʥʜʘ ʢʦʦʨʜʠʥʠʨʫʶʪ ʦʙʘ ʘʪʦʤʘ ʤʝʜʠ ʤʦʩʪʠʢʦʚʦʡ 

ʢʦʦʨʜʠʥʘʮʠʝʡ, ʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʢʘʪʠʦʥʘ ʤʝʜʠ ʜʦʧʦʣʥʷʝʪʩʷ ʦʜʥʠʤ 

ʛʘʣʦʛʝʥʠʜʥʳʤ ʣʠʛʘʥʜʦʤ (X = Cl ʠʣʠ Br) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʦʪʠʚʦʠʦʥʦʤ. ɺ 

ʩʪʨʫʢʪʫʨʘʭ 1.348HT, 1.349HT ʠ 1.350HT ʢʘʞʜʳʡ ʘʪʦʤ ʤʝʜʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʪʨʠʛʦʥʘʣʴʥʦ-ʧʠʨʘʤʠʜʘʣʴʥʫʶ ʛʝʦʤʝʪʨʠʶ: ʦʜʠʥ ʮʝʥʪʨ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʜʚʫʤʷ ʘʪʦʤʘʤʠ 

ʬʦʩʬʦʨʘ ʠ ʦʜʥʠʤ ʘʪʦʤʦʤ ʘʟʦʪʘ, ʪʦʛʜʘ ʢʘʢ ʚʪʦʨʦʡ ð ʦʜʥʠʤ ʘʪʦʤʦʤ ʬʦʩʬʦʨʘ ʠ ʜʚʫʤʷ 

ʘʪʦʤʘʤʠ ʘʟʦʪʘ. ɺ ʢʦʤʧʣʝʢʩʝ 1.348HT ʛʘʣʦʛʝʥʠʜʥʳʡ ʣʠʛʘʥʜ ʧʨʝʜʩʪʘʚʣʝʥ ʙʨʦʤʠʜʦʤ 

(ʜʣʠʥʘ ʩʚʷʟʠ CuïBr ʩʦʩʪʘʚʣʷʝʪ 2.53 ¡). ɺ 1.349HT ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʠʦʥʦʤ ʤʝʜʠ ʠ ʬʪʦʨʦʤ ʠʟ BF  (CuỄF 2.43 

¡ ʩʫʤʤʘ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ Cu ʠ F ʨʘʚʥʘ 2.8¡ [210]), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 

1.350HT ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʥʝʝ ʚʳʨʘʞʝʥʦ (CuỄF 2.67 ¡), ʚʝʨʦʷʪʥʦ, ʚʩʣʝʜʩʪʚʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʟʘʪʨʫʜʥʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʤʝʪʠʣʴʥʦʡ ʟʘʤʝʩʪʠʪʝʣʴʥʦʡ ʛʨʫʧʧʦʡ ʚ 

ʧʠʨʠʜʠʣʴʥʦʤ ʬʨʘʛʤʝʥʪʝ. ɺʦ ʚʩʝʭ ʪʨʸʭ ʢʦʤʧʣʝʢʩʘʭ ʛʝʦʤʝʪʨʠʷ ʠʦʥʦʚ ʤʝʜʠ 

ʩʦʭʨʘʥʷʝʪʩʷ ʢʘʢ ʪʨʠʛʦʥʘʣʴʥʦ-ʧʠʨʘʤʠʜʘʣʴʥʘʷ. ʆʪʤʝʯʝʥʥʳʝ ʢʦʨʦʪʢʠʝ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʤʝʜʠ (2.71 ¡ ʜʣʷ 1.348HT, 2.60 ¡ ʜʣʷ 1.349HT ʠ 2.56 ¡ ʜʣʷ 1.350HT) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʤʝʪʘʣʣʦʬʠʣʴʥʳʭ CuĿĿĿCu ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʙʣʠʟʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʜʦʥʦʨʥʳʭ ʮʝʥʪʨʦʚ P^N-ʣʠʛʘʥʜʦʚ. 

ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʤʧʣʝʢʩʳ 1.347HHï1.350HH ʧʨʦʷʚʣʷʶʪ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʞʝʣʪʦʚʘʪʦ-ʟʝʣʸʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʦʣʦʩ 

ʵʤʠʩʩʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 521ï552 ʥʤ. ʅʘʙʣʶʜʘʝʤʳʝ ʙʦʣʴʰʠʝ ʉʪʦʢʩʦʚʳ ʩʜʚʠʛʠ (~140ï

200 ʥʤ), ʘ ʪʘʢʞʝ ʤʠʢʨʦʩʝʢʫʥʜʥʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʨʠʧʣʝʪʥʫʶ ʧʨʠʨʦʜʫ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʉʦʛʣʘʩʥʦ ʩʦʚʦʢʫʧʥʳʤ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʜʘʥʥʳʤ ʠ ʜʘʥʥʳʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʠʟʣʫʯʝʥʠʝ ʚ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʭʦʜʘʤʠ ʪʠʧʘ 3(M+X)LCT, ʚʢʣʶʯʘʶʱʠʤʠ ʚʢʣʘʜ ʢʘʢ ʦʪ 

ʤʝʪʘʣʣ-ʛʘʣʣʦʠʜʥʦʛʦ ʷʜʨʘ, ʪʘʢ ʠ ʦʪ ʣʠʛʘʥʜʦʚ [209,211]. 

ʉʦʝʜʠʥʝʥʠʷ 1.351-1.353 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʜʢʠʝ ʧʨʠʤʝʨʳ ʙʠʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʩ ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʜʠʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ. ʕʪʠ 

ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ 

ʪʝʪʨʘʘʮʝʪʦʥʠʪʨʠʣʘʪʘ ʤʝʜʠ(I) Cu(CH CN) , 1,4-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʙʫʪʘʥʘ (DPPB) 

ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 3-(2'-ʧʠʨʠʜʠʣ)ʧʠʨʘʟʦʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʤʦʣʴʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1:1. ɺ ʦʙʨʘʟʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʜʠʬʦʩʬʠʥʦʚʳʡ ʣʠʛʘʥʜ DPPB 
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ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʤʦʩʪʠʢʘ ʤʝʞʜʫ ʜʚʫʤʷ ʮʝʥʪʨʘʤʠ ʤʝʜʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʪʘʙʠʣʴʥʦʛʦ Cu2-ʷʜʨʘ (ʈʠʩʫʥʦʢ 1.21) [212]. 

 

ʈʠʩʫʥʦʢ 1.21. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ 1.351-1.353 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ 1.351-1.353 ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʂʘʪʠʦʥʳ ʢʦʤʧʣʝʢʩʦʚ ʚʩʝʭ ʪʨʸʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʯʝʪʳʨʥʘʜʮʘʪʠʯʣʝʥʥʳʡ ʤʝʪʘʣʣʦʤʘʢʨʦʮʠʢʣ, ʦʙʨʘʟʦʚʘʥʥʳʡ 

ʜʚʫʤʷ ʠʦʥʘʤʠ ʤʝʜʠ(I), ʩʚʷʟʘʥʥʳʤʠ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʜʠʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʶʪʩʷ ʮʠʢʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʨʝʘʣʠʟʫʶʱʠʝ ʜʚʝ ʨʘʟʣʠʯʥʳʝ 

ʢʦʥʬʦʨʤʘʮʠʠ: ʜʣʷ ʢʦʤʧʣʝʢʩʘ 1.351 ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʩʣʦʥʸʥʥʘʷ ʢʦʥʬʦʨʤʘʮʠʷ, ʪʦʛʜʘ 

ʢʘʢ ʜʣʷ 1.352 ʠ 1.353 ʭʘʨʘʢʪʝʨʥʘ ʩʪʫʧʝʥʯʘʪʘʷ ʢʦʥʬʦʨʤʘʮʠʷ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ 

ʢʘʞʜʦʛʦ ʘʪʦʤʘ ʤʝʜʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʢʣʶʯʘʝʪ ʘʪʦʤʳ ʘʟʦʪʘ ʭʝʣʘʪʠʨʫʶʱʝʛʦ 3-(2'-

ʧʠʨʠʜʠʣ)ʧʠʨʘʟʦʣʴʥʦʛʦ ʣʠʛʘʥʜʘ, ʜʦʧʦʣʥʷʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʛʝʦʤʝʪʨʠʶ 

ʤʝʪʘʣʣʦʮʝʥʪʨʘ (ʈʠʩʫʥʦʢ 21) [212]. 

ʂʦʤʧʣʝʢʩʳ 1.351-1.353 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʰʠʨʦʢʠʝ, ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ 

ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 500, 505 ʠ 494 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ð 74% ʜʣʷ 1.351, 6% ʜʣʷ 1.352 ʠ 85% 

ʜʣʷ 1.353 ð ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ ʚ 

ʧʠʨʘʟʦʣʴʥʦʤ ʬʨʘʛʤʝʥʪʝ ʥʘ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʧʨʠʩʫʪʩʪʚʠʝ ʪʨʠʬʪʦʨʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʩʪʨʫʢʪʫʨʝ ʣʠʛʘʥʜʘ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ [212]. 

1.3.4. ʂʣʘʩʪʝʨʳ Cu (I ) 

ɻʘʣʦʛʝʥʠʜʳ ʤʝʜʠ(I) ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʟʘ ʩʯʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʘʣʦʛʝʥʠʜʥʳʭ ʤʦʩʪʠʢʦʚ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ ʤʝʜʠ, ʘ ʪʘʢʞʝ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʢʦʦʨʜʠʥʘʮʠʝʡ ʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ [213]. 

ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʛʘʣʦʛʝʥʠʜʦʚ ʤʝʜʠ(I) ʩ ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʷʚʣʷʝʪʩʷ 
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ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʪʨʘʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ. ʆʙʨʘʟʦʚʘʥʠʝ ʪʨʸʭʲʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ 

ʛʘʣʦʛʝʥʠʜʦʚ ʤʝʜʠ(I) ʩ ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʨʝʘʣʠʟʫʝʪʩʷ ʨʝʜʢʦ. ʌʦʨʤʠʨʫʝʤʳʝ 

ʪʝʪʨʘʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 3 ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ ï ʵʪʦ ʢʣʘʩʪʝʨʳ ʩ 

ʢʫʙʘʥʦʧʦʜʦʙʥʦʡ, ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʠʣʠ ʣʝʩʪʥʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʝʜʴ-ʛʘʣʦʛʝʥʠʜʥʦʛʦ 

ʷʜʨʘ (ʈʠʩʫʥʦʢ 1.22). 

  

ʈʠʩʫʥʦʢ 1.22. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ Cu4X4 ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʢʫʙʘʥʦʧʦʜʦʙʥʳʤ, ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʠ ʣʝʩʪʥʠʯʥʳʤ ʪʠʧʦʤ ʷʜʨʘ 

ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʘʩʪʝʨʦʚ ʤʝʜʠ (I) ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ 

ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʪʘʢ ʠ ʦʪ ʛʝʦʤʝʪʨʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ [128,151,152,184,214-

216], ʧʦʩʢʦʣʴʢʫ ʧʨʠʨʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 

ʢʣʘʩʪʝʨʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ 3CC ʩʦʩʪʦʷʥʠʷʤʠ [165,217,218] ʠ ʩʦʩʪʦʷʥʠʷʤʠ ʩ 

ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʩ ʤʝʜʴ-ʛʘʣʦʛʝʥʠʜʥʦʛʦ ʷʜʨʘ ʥʘ ʣʠʛʘʥʜ. ɿʘʯʘʩʪʫʶ ʪʝʪʨʘʷʜʝʨʥʳʝ 

ʢʣʘʩʪʝʨʳ ʤʝʜʠ(I) ʩ ʢʫʙʘʥʦʧʦʜʦʙʥʦʡ ʠʣʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ̫ ʜʨʘ ʧʨʦʷʚʣʷʶʪ 

ʜʚʫʭʧʦʣʦʩʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʦʧʨʝʜʝʣʷʶʱʫʶʩʷ ʩʦʯʝʪʘʥʠʝʤ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ 

ʧʝʨʝʭʦʜʦʚ. ɼʣʷ ʥʠʭ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʧʨʦʷʚʣʝʥʠʝ ʪʝʨʤʦʭʨʦʤʠʟʤʘ ʠ ʤʝʭʘʥʦʭʨʦʤʠʟʤʘ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ [128,164,219-223], ʚʳʟʚʘʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʛʝʦʤʝʪʨʠʠ ʢʣʘʩʪʝʨʘ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʠʩʢʘʞʝʥʠʶ ʛʝʦʤʝʪʨʠʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ [139].  

1.3.4.1. ʊʨʝʭʲʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu (I ) 

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʨʝʭʲʷʜʝʨʥʳʝ ʢʣʘʩʪʝʨʳ ʤʝʜʠ(I) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʛʨʘʥʠʯʝʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ ʦ ʥʝʪʠʧʠʯʥʦʩʪʠ ʪʨʝʭʲʷʜʝʨʥʳʭ 

ʩʪʨʫʢʪʫʨ ʜʣʷ ʛʘʣʦʛʝʥʠʜʦʚ ʤʝʜʠ(I). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʦʜʠʜʘ ʤʝʜʠ (I) ʩ 2-[2-

(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʵʪʠʣ]ʧʠʨʠʜʠʥʦʤ ʚ ʵʢʚʠʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʸʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 1.354  (ʈʠʩʫʥʦʢ 1.23) [182]. 
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ʈʠʩʫʥʦʢ 1.23. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ 1.354 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʪʨʠ ʠʦʥʘ ʤʝʜʠ ʚ ʢʦʤʧʣʝʢʩʝ 

1.354   ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʬʦʨʤʠʨʫʷ ʪʨʝʫʛʦʣʴʥʦʝ ʷʜʨʦ Cu . ɼʚʘ 

ʤʦʩʪʠʢʦʚʳʭ ʠʦʜʠʜ-ʠʦʥʘ ʥʘʭʦʜʷʪʩʷ ʚʳʰʝ ʠ ʥʠʞʝ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʪʨʝʪʠʡ 

ʠʦʜʠʜ ʣʦʢʘʣʠʟʦʚʘʥ ʚ ʧʣʦʩʢʦʩʪʠ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʃʠʛʘʥʜʳ 

ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʷʜʨʦ ʯʝʨʝʟ P,N-ʤʦʩʪʠʢʦʚʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʧʦ ʜʚʫʤ ʢʘʪʠʦʥʘʤ ʤʝʜʠ ʧʦ 

ʩʦʩʝʜʥʠʤ ʩʪʦʨʦʥʘʤ ʪʨʝʫʛʦʣʴʥʠʢʘ Cu3 [182]. 

ɺ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʤʧʣʝʢʩ 1.354   ʧʨʦʷʚʣʷʝʪ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʧʨʠ 468 ʥʤ (ū - 22,2%). ɺʨʝʤʝʥʘ 

ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʤʠʢʨʦʩʝʢʫʥʜʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ 

ʪʨʠʧʣʝʪʥʫʶ ʧʨʠʨʦʜʫ ʵʤʠʩʩʠʠ [182]. ʈʘʩʩʯʠʪʘʥʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ 

ʛʨʘʥʠʯʥʳʭ ʦʨʙʠʪʘʣʝʡ ʘʥʘʣʦʛʠʯʥʳ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ ʢʦʤʧʣʝʢʩʘʤ Cu (I), ʛʜʝ ɺɿʄʆ ʚ 

ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʤʝʪʘʣʣ-ʛʘʣʦʛʝʥʠʜʥʦʤ ʷʜʨʝ, ʘ ʅʉʄʆ - ʥʘ N-

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʝʭʦʜʘʤʠ ʠʟ ʩʤʝʰʘʥʥʳʭ XLCT ʠ MLCT ʚʦʟʙʫʞʜʝʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ [182].  

ʇʝʨʚʳʡ ʧʨʠʤʝʨ ʫʥʠʢʘʣʴʥʦʡ ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ 

ʧʦ ʪʠʧʫ ɛ3-P ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚ ʢʦʨʦʥʦʦʙʨʘʟʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʩʦʩʪʘʚʘ 1.355-1.357  131-

133, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʠʩ[2-(2-

ʧʠʨʠʜʠʣ)ʵʪʠʣ]ʬʦʩʬʠʥʘ (L) ʩ ʪʨʝʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ ʛʘʣʦʛʝʥʠʜʦʚ ʤʝʜʠ(I) (ʉʭʝʤʘ 1.40) 

[224].  
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ʉʭʝʤʘ 1.40. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.355-1.357 

ɼʘʥʥʳʝ ʈʉɸ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ 1.355-1.357 ʦʙʣʘʜʘʶʪ 

ʧʩʝʚʜʦʩʠʤʤʝʪʨʠʯʥʦʡ ʢʦʨʦʥʦʦʙʨʘʟʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʂʣʘʩʪʝʨ Cu3(ɛ2-X)3 ʬʦʨʤʠʨʫʝʪ 

ʢʦʣʴʮʝʚʦʝ ʷʜʨʦ, ʚ ʢʦʪʦʨʦʤ ʠʦʥʳ ʤʝʜʠ ʩʚʷʟʘʥʳ ʤʦʩʪʠʢʦʚʳʤʠ ʛʘʣʦʛʝʥʠʜʘʤʠ, ʘ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʜʦʧʦʣʥʷʝʪʩʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʧʠʨʠʜʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ 

ʦʜʥʠʤ ʪʨʸʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʘʪʦʤʦʤ ʬʦʩʬʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ɛ3-P ʤʦʩʪʠʢʦʚʫʶ 

ʢʦʦʨʜʠʥʘʮʠʶ. ʅʘʣʠʯʠʝ ʢʦʨʦʪʢʠʭ ʤʝʞʲʷʜʝʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ CuĿĿĿCu ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʥʘʣʠʯʠʠ ʤʝʪʘʣʣʦʬʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʧʨʝʜʝʣʘʭ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʷʜʨʘ [224]. 

ʂʦʤʧʣʝʢʩʳ 1.355-1.357  ʧʨʦʷʚʣʷʶʪ ʠʥʪʝʥʩʠʚʥʫʶ ʩʠʥʶʶ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʩ 

ʤʘʢʩʠʤʫʤʘʤʠ ʧʦʣʦʩ ʵʤʠʩʩʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 442ï465 ʥʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ 

ʚʳʩʦʢʠʤʠ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ, ʜʦʩʪʠʛʘʶʱʠʤʠ 99%. ɼʣʷ ʢʦʤʧʣʝʢʩʘ 1.357   ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʚʳʨʘʞʝʥʥʳʝ ʪʝʨʤʦ- ʠ ʤʝʭʘʥʦʭʨʦʤʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʠʟʤʝʥʝʥʠʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʘʪʠʦʥʥʦʛʦ ʣʠʛʘʥʜʘ [1,4-C6H4(CH2PPy3)2]Cl2 ʩ ʠʦʜʠʜʦʤ 

ʤʝʜʠ (I) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʦʙʨʘʟʫʝʪʩʷ ʘʥʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ 1.358, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.24 [225].  
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ʈʠʩʫʥʦʢ 1.24. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʘʥʠʦʥʘ ʢʦʤʧʣʝʢʩʘ 1.358 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʢʦʤʧʣʝʢʩʘ 1.358 ʧʦʢʘʟʘʣ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ 

ʢʦʤʧʣʝʢʩʘ ʩʦʜʝʨʞʘʪ ʢʘʪʠʦʥʥʫʶ ʯʘʩʪʴ [C6H4(CH2PPy3)2]2+ ʠ ʘʥʠʦʥʥʫʶ ð 

[C6H4(CH2PPy3Cu3I5)2]2-, ʘ ʪʘʢʞʝ ʤʦʣʝʢʫʣʳ ʩʦʣʴʚʘʪʘ, ʫʜʝʨʞʠʚʘʝʤʳʝ ʚ ʩʪʨʫʢʪʫʨʝ ʟʘ 

ʩʯʸʪ ʩʣʘʙʳʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʪʠʧʘ CïHỄN, CïHỄI ʠ CïHỄC. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʪʘʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʬʦʨʤʠʨʫʝʪ ʪʨʸʭʤʝʨʥʫʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʫʶ 

ʘʨʭʠʪʝʢʪʫʨʫ. ʀ ʢʘʪʠʦʥ, ʠ ʘʥʠʦʥ ʦʙʣʘʜʘʶʪ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, 

ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʮʝʥʪʨʦʤ ʠʥʚʝʨʩʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʮʝʥʪʨʝ ʬʝʥʠʣʝʥʦʚʦʛʦ ʟʚʝʥʘ. ɺ 

ʢʘʪʠʦʥʥʦʡ ʯʘʩʪʠ ʬʨʘʛʤʝʥʪʳ CH2PPy3 ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʬʝʥʠʣʝʥʦʚʦʛʦ ʢʦʣʴʮʘ. ʂʦʥʬʦʨʤʘʮʠʷ ʢʘʞʜʦʛʦ PPy3-

ʬʨʘʛʤʝʥʪʘ ʥʘʧʦʤʠʥʘʝʪ ʘʩʠʤʤʝʪʨʠʯʥʫʶ ʧʨʦʧʝʣʣʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ: ʜʚʘ ʧʠʨʠʜʠʥʦʚʳʭ 

ʢʦʣʴʮʘ ʟʘʢʨʫʯʝʥʳ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ, ʪʨʝʪʴʝ ð ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ [248]. 

ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʢʦʤʧʣʝʢʩ 1.358 ʧʨʦʷʚʣʷʝʪ 

ʪʨʠʧʣʝʪʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʪʸʤʥʦ-ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʩ ʤʘʢʩʠʤʫʤʦʤ 

ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʧʨʠ 680 ʥʤ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 77 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʛʠʧʩʦʭʨʦʤʥʦʝ 

ʩʤʝʱʝʥʠʝ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʜʦ 670 ʥʤ. ʍʘʨʘʢʪʝʨ ʵʤʠʩʩʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʘʤ 

ʪʠʧʘ (M+X)LCT, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʦʪ ʤʝʪʘʣʣ-ʛʘʣʣʦʠʜʥʦʛʦ ʷʜʨʘ ʢ 

ʧʠʨʠʜʠʣʴʥʳʤ ʛʨʫʧʧʘʤ ʣʠʛʘʥʜʘ [225].  

ʅʘ ʦʩʥʦʚʝ ʪʝʪʨʘʜʝʥʪʘʪʥʦʛʦ ʣʠʛʘʥʜʘ ï ʪʨʠʩ(2-ʜʠʬʝʥʠʣʬʦʩʬʠʥʦʬʝʥʠʣ)ʬʦʩʬʠʥʘ 

ï ʙʳʣ ʧʦʣʫʯʝʥ ʪʨʝʭʲʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 1.359 ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʣʠʛʘʥʜʘ ʩ 

ʬʝʥʠʣʘʮʝʪʠʣʠʜʦʤ ʤʝʜʠ(I) ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ.  

(ʉʭʝʤʘ 1.41) [180]. 
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ʉʭʝʤʘ 1.41. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 1.359 

ʂʦʤʧʣʝʢʩ 1.359 ʩʦʜʝʨʞʠʪ ʧʦʯʪʠ ʨʘʚʥʦʩʪʦʨʦʥʥʝʝ ʪʨʝʫʛʦʣʴʥʦʝ ʷʜʨʦ Cu , 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʝ ʤʦʩʪʠʢʦʚʳʤʠ ʬʝʥʠʣʘʮʝʪʠʣʠʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʊʝʪʨʘʜʝʥʪʘʪʥʳʡ ʬʦʩʬʠʥʦʚʳʡ ʣʠʛʘʥʜ ʢʦʦʨʜʠʥʠʨʫʝʪ ʢʘʞʜʳʡ ʠʟ ʪʨʸʭ ʠʦʥʦʚ ʤʝʜʠ 

ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ, ʬʦʨʤʠʨʫʷ ʢʫʧʦʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʥʘʜ ʢʣʘʩʪʝʨʦʤ 

[180]. 

ʂʦʤʧʣʝʢʩ 1.359 ʧʨʦʷʚʣʷʝʪ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʩ ʤʘʢʩʠʤʫʤʦʤ ʵʤʠʩʩʠʠ ʧʨʠ 635 

ʥʤ ʠ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ 5%. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʘʚʪʦʨʘʤʠ ʙʳʣʦ 

ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʵʤʠʩʩʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʢʣʘʩʪʝʨ-ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʩ 

ʥʝʙʦʣʴʰʠʤ ʚʢʣʘʜʦʤ MLCT-ʭʘʨʘʢʪʝʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʘ d(Cu) Ÿ 

ˊ*(CſCPh). ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 77 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʩʠʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʠʙʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (ɜ ~ 1730 

ʩʤ ĭ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʘʤʝʪʥʦʝ ʫʯʘʩʪʠʝ ʬʝʥʠʣʘʮʝʪʠʥʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʨʘʥʠʯʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ [180]. 

1.3.4.2. ʏʝʪʳʨʝʭʲʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu (I ) 

ʊʝʪʨʘʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(I) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʦʙʳʡ ʢʣʘʩʩ 

ʩʦʝʜʠʥʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʰʠʨʦʢʠʤ ʩʪʨʫʢʪʫʨʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠ ʙʦʛʘʪʳʤʠ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʢʣʶʯʘʷ ʪʦʥʢʦ ʥʘʩʪʨʘʠʚʘʝʤʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ. 

ʄʝʪʘʣʣ-ʛʘʣʦʠʜʥʳʝ ʢʣʘʩʪʝʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʯʝʪʳʨʸʭ ʘʪʦʤʦʚ ʤʝʜʠ ʠ ʤʦʩʪʠʢʦʚʳʭ 

ʣʠʛʘʥʜʦʚ (ʛʘʣʦʛʝʥʠʜʦʚ, ʬʦʩʬʠʥʦʚ ʠ ʜʨ.), ʩʧʦʩʦʙʥʳ ʬʦʨʤʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪ ʭʘʨʘʢʪʝʨ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ [149,161,164,226-

238]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʪʘʢʠʭ ʢʣʘʩʪʝʨʦʚ: 
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ʢʫʙʘʥʦʧʦʜʦʙʥʳʡ (L4Cu4I4), ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ (L2Cu4I4) ʠ ʣʝʩʪʥʠʯʥʳʡ (L2Cu4I4), 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʈʠʩʫʥʢʝ 25 [128,163,229,232,239-241]. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʢʣʘʩʪʝʨʦʚ ʩʦʩʪʘʚʘ LxCu4I4 (x = 2 ʠʣʠ 

4), ʦʙʣʘʜʘʶʱʠʭ ʜʚʫʭʧʦʣʦʩʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ. ʂʫʙʘʥʦʧʦʜʦʙʥʳʡ ʢʣʘʩʪʝʨ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʤʝʜʠ, ʦʢʨʫʞʸʥʥʦʛʦ ʪʨʝʤʷ ʜʨʫʛʠʤʠ 

ʘʪʦʤʘʤʠ ʤʝʜʠ, ʬʦʨʤʠʨʫʶʱʠʤʠ ʩʪʨʫʢʪʫʨʫ, ʥʘʧʦʤʠʥʘʶʱʫʶ ʢʫʙ. ʂʘʞʜʳʡ ʠʦʥ ʤʝʜʠ 

ʩʦʝʜʠʥʸʥ ʩ ʪʨʝʤʷ ʜʨʫʛʠʤʠ ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʝ ʩʚʷʟʠ CuïXïCu, ʧʨʠ ʵʪʦʤ ʫʛʦʣ CuïXï

Cu ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 90Á. ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʨʝʜʘ ʢʘʞʜʦʛʦ ʠʦʥʘ ʤʝʜʠ(I) ʜʦʧʦʣʥʷʝʪʩʷ 

ʯʝʪʳʨʴʤʷ ʤʦʥʦʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʢʫʙʘʥʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʪʝʨʤʦʭʨʦʤʥʦʝ ʧʦʚʝʜʝʥʠʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.25.  

 

ʈʠʩʫʥʦʢ 1.25. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʫʙʘʥʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ 

ɽʱʸ ʚ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʢʫʙʘʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʷʚʣʷʶʪ ʜʚʫʭʧʦʣʦʩʥʫʶ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ 

ʧʝʨʝʭʦʜʘʤʠ ʠʟ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ: ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʧʦʣʦʩʘ ʩʚʷʟʘʥʘ ʩ 

ʧʝʨʝʭʦʜʘʤʠ 3(X+M)LCT, ʪʦʛʜʘ ʢʘʢ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ð ʩ ʧʝʨʝʭʦʜʘʤʠ 3CC 

[165,217,234,240]. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʚʫʭʧʦʣʦʩʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʪʘʢʠʭ 
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ʢʣʘʩʪʝʨʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʣʦʩʘʤʠ. 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʵʪʠʭ ʧʦʣʦʩ ʣʝʞʠʪ ʚ 

ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʪʝʨʤʦʤʝʪʨʦʚ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʟʤʝʨʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ.   

ɹʦʣʴʰʠʥʩʪʚʦ ʢʫʙʘʥʦʧʦʜʦʙʥʳʭ ʢʣʘʩʪʝʨʦʚ Cu4X4 (ʩʤ. ʨʠʩʫʥʦʢ 25), ʜʣʷ ʢʦʪʦʨʳʭ 

ʫʩʪʘʥʦʚʣʝʥʳ ʪʝʨʤʦʭʨʦʤʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʚʫʭʧʦʣʦʩʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʪʠʯʥʳʭ ʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʥʳʭ Ph3P (ʢʦʤʧʣʝʢʩʳ 1.360-1.364) [161,242], Ph2PR (ʛʜʝ R ð ʧʨʦʧʠʣ (1.365) 

[243-245], ʘʣʣʠʣ (1.366) [235], ʜʠʤʝʪʠʣʘʥʠʣʠʥ (1.367) [231], (CH2)2Si(OCH2CH3)3 

(1.368) ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ (1.369) [246], 4-ʬʝʥʠʣʤʝʪʘʥʦʣ (1.370) ʠ ʝʛʦ ʧʨʦʩʪʳʭ 

ʵʬʠʨʦʚ (1.371, 1.372) [232,247,248]). ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʭʘʨʘʢʪʝʨʥʘ ʩʭʦʞʘʷ ʜʚʫʭʧʦʣʦʩʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʠ ʘʥʘʣʦʛʠʯʥʦʝ ʪʝʨʤʦʭʨʦʤʥʦʝ 

ʧʦʚʝʜʝʥʠʝ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ (HE) ʠ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ (LE) 

ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʦʢʦʣʦ 400ï450 ʥʤ ʠ 500ï

630 ʥʤ. ʇʦʩʢʦʣʴʢʫ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʤʠʩʩʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʧʝʨʝʭʦʜʦʤ 3CC, 

ʪʨʝʙʫʶʱʠʤ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʤʝʜʥʦ-ʛʘʣʦʠʜʥʦʛʦ ʢʣʘʩʪʝʨʘ, ʧʦʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʟʘʩʝʣʸʥʥʦʩʪʠ ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ 

ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩʳ LE ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʦʛʜʘ 

ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩʳ HE ʚʦʟʨʘʩʪʘʝʪ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʛʨʫʧʧʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ S. Perruchas ʚʥʝʩʣʘ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʨʘʙʦʪʢʫ ʪʝʨʤʦʭʨʦʤʥʳʭ ʢʣʘʩʪʝʨʦʚ L4Cu4X4 ʩ ʜʚʫʭʧʦʣʦʩʥʦʡ 

ʵʤʠʩʩʠʝʡ [151,226,232,247-250]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʘʢʮʝʧʪʦʨʥʳʡ ʭʘʨʘʢʪʝʨ 

ʣʠʛʘʥʜʦʚ ʚʳʟʳʚʘʝʪ ʧʦʥʠʞʝʥʠʝ ʵʥʝʨʛʠʠ ʥʝʟʘʩʝʣʸʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʚ 

ʢʦʤʧʣʝʢʩʘʭ 1.360-1.363, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʣʠʷʝʪ ʥʘ ʧʦʣʦʞʝʥʠʝ ʚʳʩʦʢʦ- ʠ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʣʦʩ ʵʤʠʩʩʠʠ (ʈʠʩʫʥʢʠ 1.26aïc) [242]. ʇʦʣʫʯʝʥʥʳʝ 

ʵʤʠʩʩʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ 

ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 75ï200 ʂ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʝ 

ʧʦʣʦʩʳ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʯʘʩʪʠʯʥʦ, ʥʘʙʣʶʜʘʝʤʳ. ɸʥʘʣʦʛʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʠ ʜʣʷ ʢʣʘʩʪʝʨʦʚ 1.365-1.367  [231,235,243-245]. 
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ʈʠʩʫʥʦʢ 1.26. ʉʧʝʢʪʨʳ ɻ ʤʠʩʩʠʠ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 1.360 (a), 1.361  (b), 1.362  

(c) ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 8-285 K.  

ɺ ʨʘʙʦʪʝ X-M Zhang ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʢʣʘʩʪʝʨ Cu4I4 1.364, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪ 

ʜʚʫʭʧʦʣʦʩʥʫʶ ʵʤʠʩʩʠʶ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 425 ʠ 500 ʥʤ ʠ ʪʝʨʤʦʭʨʦʤʠʟʤ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 5ï300 ʂ (ʩʤ. ʈʠʩʫʥʦʢ 1.27a) 

[161]. ʉʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 5-300 ʂ ʧʦʢʘʟʳʚʘʶʪ ʧʦʩʪʝʧʝʥʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʝʠʭ ʵʤʠʩʩʠʦʥʥʳʭ ʧʦʣʦʩ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʩʢʣʶʯʝʥʠʝ ʠʟ ʦʙʱʝʛʦ ʧʦʚʝʜʝʥʠʷ ʢʫʙʘʥʦʧʦʜʦʙʥʳʭ ʢʣʘʩʪʝʨʦʚ Cu4X4. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʙʣʠʟʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʣʦʩ IHE/ILE ʥʘ ʚʩʸʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʚ ʢʘʯʝʩʪʚʝ ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ. 

 

ʈʠʩʫʥʦʢ 1.27. a) ʉʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 1.364, 1.368 ʠ 1.369 ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 20-290  K. 

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʢʣʘʩʪʝʨʘ Cu4I4L4 ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ 1.368, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʛʘʥʜʘ PPh2(CH2)2Si(OCH2CH3)3, ʩʧʝʮʠʘʣʴʥʦ 

ʚʚʝʜʸʥʥʦʛʦ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʟʘ ʩʯʸʪ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ 

ʘʣʢʦʢʩʠʩʠʣʘʥʦʚʳʭ ʛʨʫʧʧ [246]. ɺ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʜʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʦʷʚʣʷʝʪ 

ʦʜʥʦʧʦʣʦʩʥʫʶ ʵʤʠʩʩʠʶ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 570 ʥʤ (ʨʠʩʫʥʦʢ 1.27b). ʍʦʪʷ ʠʟʣʫʯʝʥʠʝ 
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ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦ, ʚʪʦʨʘʷ ʵʤʠʩʩʠʦʥʥʘʷ ʧʦʣʦʩʘ ʧʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʜʦ 80 ʂ ʠ ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ɺ ʨʘʩʪʚʦʨʝ ɼʄʌɸ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʘʙʦʝ 

ʠʟʣʫʯʝʥʠʝ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 595 ʥʤ, ʪʦʛʜʘ ʢʘʢ ʜʚʫʭʧʦʣʦʩʥʘʷ ʵʤʠʩʩʠʷ ʬʠʢʩʠʨʫʝʪʩʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120 ʂ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʣʘʩʪʝʨʘ 1.368 ʩ ʪʝʪʨʘʤʝʪʦʢʩʠʩʠʣʘʥʦʤ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʠʟʚʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 1.369, ʩʦʭʨʘʥʷʶʱʝʛʦ 

ʘʥʘʣʦʛʠʯʥʦʝ ʣʶʤʠʥʝʩʮʝʥʪʥʦʝ ʧʦʚʝʜʝʥʠʝ (ʨʠʩʫʥʦʢ 1.27c), ʦʜʥʘʢʦ 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʛʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʤʠʩʩʠʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʩʥʠʞʝʥʠʝʤ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʦʪʝʨʴ. 

ʂʦʤʧʣʝʢʩ 1.371, ʦʙʣʘʜʘʶʱʠʡ ʜʚʦʡʥʦʡ ʵʤʠʩʩʠʝʡ, ʙʳʣ ʧʝʨʝʚʝʜʸʥ ʚ 

ʛʝʣʝʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʫʪʸʤ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʚ ʮʠʢʣʦʛʝʢʩʘʥʝ [247]. ɺ ʧʦʣʫʯʝʥʥʦʤ 

ʤʘʪʝʨʠʘʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʵʤʠʩʩʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 540 

ʥʤ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 8 ʂ ʵʤʠʩʩʠʦʥʥʳʡ ʩʧʝʢʪʨ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ: 

ʩʦʭʨʘʥʷʝʪʩʷ ʪʦʣʴʢʦ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʧʦʣʦʩʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 425 ʥʤ 

(ʨʠʩʫʥʦʢ 1.28a). ʇʨʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 125 ʂ ʬʠʢʩʠʨʫʝʪʩʷ ʩʦʠʟʤʝʨʠʤʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʝʠʭ ʧʦʣʦʩ. 

 

ʈʠʩʫʥʦʢ 1.28. a) ʉʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 1.371 ʠ 1.372 ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʂʣʘʩʪʝʨʳ ʣʝʩʪʥʠʯʥʦʛʦ ʪʠʧʘ ʩʦʜʝʨʞʘʪ ʯʝʪʳʨʝ ʘʪʦʤʘ ʤʝʜʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʫʧʝʥʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʛʜʝ ʢʘʞʜʳʡ ʠʦʥ Cu(I) ʩʦʝʜʠʥʸʥ ʩ ʩʦʩʝʜʥʠʤʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʩʪʠʢʦʚʳʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʰʠʨʦʢʦ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʫʙʘʥʦʧʦʜʦʙʥʳʭ ʢʣʘʩʪʝʨʦʚ [Cu4I4], ʪʝʨʤʦʭʨʦʤʥʳʝ ʩʚʦʡʩʪʚʘ 

ʩʪʫʧʝʥʯʘʪʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟʫʯʝʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʧʦʜʨʦʙʥʦ. ɽʱʸ ʚ 2014 ʛʦʜʫ 

Yuan ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʣʝʩʪʥʠʯʥʳʡ ʢʣʘʩʪʝʨ [Cu4I4], ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʢʫʙʘʥʦʧʦʜʦʙʥʳʭ ʘʥʘʣʦʛʦʚ, ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʨʘʞʝʥʥʦʛʦ ʪʝʨʤʦʭʨʦʤʥʦʛʦ 
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ʧʦʚʝʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ [251]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ 

ʧʫʙʣʠʢʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʣʝʩʪʥʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ, 

ʢʘʢ ʤʠʥʠʤʫʤ, ʜʚʫʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʦʯʢʘʭ (ʢʦʤʥʘʪʥʦʡ ʠ 77 ʂ), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʥʘʣʠʯʠʠ ʦʜʥʦʡ ʧʦʣʦʩʳ ʠʟʣʫʯʝʥʠʷ, ʤʘʢʩʠʤʫʤ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʩʤʝʱʘʪʴʩʷ, ʤʝʥʷʪʴʩʷ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʣʠ ʩʫʞʘʪʴʩʷ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

[151,226,227,251,252]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʦʪʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʦʦʙʱʘʝʪʩʷ ʦ 

ʥʘʣʠʯʠʠ ʜʚʦʡʥʦʡ ʵʤʠʩʩʠʠ ʚ ʣʝʩʪʥʠʯʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʠʭ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ɺ ʨʘʙʦʪʝ S. Perruchas ʠ ʩʦʘʚʪʦʨʦʚ ʙʳʣ ʦʧʠʩʘʥ ʣʝʩʪʥʠʯʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʜʠ(I) 

1.373, ʦʙʣʘʜʘʶʱʠʡ ʟʝʣʸʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ, ʤʘʢʩʠʤʫʤ ʢʦʪʦʨʦʡ ʩʤʝʱʘʝʪʩʷ ʚ 

ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʈʠʩʫʥʢʠ 1.29a,b) [226]. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ð ʠʟʤʝʣʴʯʝʥʠʠ ð ʜʘʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʪʨʫʢʪʫʨʥʫʶ ʧʝʨʝʩʪʨʦʡʢʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʫʙʘʥʦʧʦʜʦʙʥʦʛʦ 

ʢʣʘʩʪʝʨʘ 1.360. ʇʦʩʣʝʜʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʨʘʞʝʥʥʫʶ ʜʚʦʡʥʫʶ ʵʤʠʩʩʠʶ ʩ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʣʦʩ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʤʝʪʦʜʘʭ. 

 

ʈʠʩʫʥʦʢ 1.29. a) ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 1.373; ʪʚʝʨʜʦʬʘʟʥʘʷ ɻ ʤʠʩʩʠʷ ʢʦʤʧʣʝʢʩʘ 1.373 

ʜʦ (b) ʠ ʧʦʩʣʝ (c) ʧʝʨʝʪʠʨʘʥʠʷ.  

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ Cu4X4 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʦʙʫʶ ʨʘʟʥʦʚʠʜʥʦʩʪʴ 

ʪʝʪʨʘʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I), ʚ ʢʦʪʦʨʳʭ ʯʝʪʳʨʝ ʘʪʦʤʘ ʤʝʜʠ ʦʙʨʘʟʫʶʪ 

ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʫʶ ʤʦʩʪʠʢʦʚʳʤʠ ʛʘʣʦʛʝʥʠʜʘʤʠ ʚ 

ɛ2- ʠ ɛ3-ʢʦʦʨʜʠʥʘʮʠʠ. ɼʚʦʡʥʘʷ ʵʤʠʩʩʠʷ ʜʣʷ ʪʘʢʠʭ ʢʣʘʩʪʝʨʦʚ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʠʩʪʝʤʘʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʙʠʜʝʥʪʘʪʥʳʭ P,P- ʠʣʠ P,N-
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ʣʠʛʘʥʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʜʦʥʦʨʥʳʝ ʮʝʥʪʨʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 1,3-ʧʦʣʦʞʝʥʠʷʭ (ʈʠʩʫʥʦʢ 

1.30). ʅʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʜʝʣʝʥʦ ʢʦʤʧʣʝʢʩʘʤ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʥʘ ʦʩʥʦʚʝ ʧʠʨʠʜʠʣʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. 

 

ʈʠʩʫʥʦʢ 1.30. ʉʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ 1.374-1.381 ʩ ʦʪʢʘʵʜʨʠʯʝʩʢʠʤ ʪʠʧʦʤ Cu4X4 

ʷʜʨʘ 

ʉʝʨʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ Cu4X4(6-MePy) (1.374ï1.376), 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ Braese ʩ ʩʦʘʚʪʦʨʘʤʠ [253],  ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʜʚʦʡʥʫʶ 

ʵʤʠʩʩʠʶ: ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ (HE) ʧʦʣʦʩʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 480ï505 ʥʤ, 

ʪʦʛʜʘ ʢʘʢ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ (LE) ð ʚ ʦʙʣʘʩʪʠ 600ï620 ʥʤ (ʈʠʩʫʥʦʢ 1.31). 

ʇʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʧʦʣʦʩ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʛʘʣʦʛʝʥʠʜʘ ʚ ʤʦʩʪʠʢʦʚʦʤ 

ʧʦʣʦʞʝʥʠʠ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʢʦʤʥʘʪʥʦʡ ʜʦ 77 ʂ ʦʪʤʝʯʘʝʪʩʷ ʨʝʟʢʠʡ 

ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ HE-ʢʦʤʧʦʥʝʥʪʳ ʠ ʫʤʝʨʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ LE-ʧʦʣʦʩʳ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʠʧʠʯʥʦʤʫ ʪʝʨʤʦʭʨʦʤʥʦʤʫ ʦʪʢʣʠʢʫ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʜʘʥʥʦʛʦ ʪʠʧʘ. 
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ʈʠʩʫʥʦʢ 1.31. ʉʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ 1.374 (a), 1.375 (b), 1.376  (c) ʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 10 ʜʦ 290ʂ.  

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ Cu4I4 ʩ ʧʠʨʠʜʠʣʬʦʩʬʦʣʘʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

(1.377, 1.378) ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʚʫʭʧʦʣʦʩʥʫʶ ʵʤʠʩʩʠʶ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʦʣʦʩ 

ʧʨʠʤʝʨʥʦ ʧʨʠ 500 ʠ 615 ʥʤ (ʈʠʩʫʥʦʢ 1.32) [147,149]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʥʘʣʦʛʦʚ ʩ 

ʣʠʛʘʥʜʘʤʠ 6-MePy, ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʧʨʠ 77 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ (LE) ʧʦʣʦʩʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ ʧʦʰʘʛʦʚʦʤ ʠʟʤʝʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʝʠʭ ʵʤʠʩʩʠʦʥʥʳʭ ʧʦʣʦʩ. 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʵʚʦʣʶʮʠʷ ʩʧʝʢʪʨʘ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʘ 1.377 ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ï175 ʜʦ 

+125 Áʉ (ʈʠʩʫʥʦʢ 1.32a) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʠʤ ʪʫʰʝʥʠʝʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ HE ʠ LE ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʚʠʟʫʘʣʴʥʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʮʚʝʪʘ ʩʚʝʯʝʥʠʷ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʦʨʜʠʥʘʪʳ ʭʨʦʤʘʪʠʯʥʦʩʪʠ CIE, ʧʦʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʢʘʯʝʩʪʚʝʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʦʮʝʥʢʫ: ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʦʦʨʜʠʥʘʪʳ CIE ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟʤʝʥʷʶʪʩʷ ʦʪ (0.5785, 0.3875) ʧʨʠ ï175 Áʉ ʜʦ 

(0.4603, 0.4226) ʧʨʠ +125 Áʉ (ʈʠʩʫʥʦʢ 1.32b). ɹʦʣʝʝ ʪʦʯʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʤʦʥʠʪʦʨʠʥʛ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʠʡ ʧʦʜʭʦʜ: ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʣʦʩ (LIR) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʦʥʦʪʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʠ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʈʠʩʫʥʦʢ 1.32c). ʈʘʩʯʸʪʥʘʷ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ Sr ʧʨʠ 300 ʂ ʩʦʩʪʘʚʣʷʝʪ 0,5 % K ĭ (ʈʠʩʫʥʦʢ 

32d), ʯʪʦ ʜʝʣʘʝʪ ʪʘʢʠʝ ʢʣʘʩʪʝʨʳ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʪʝʨʤʦʤʝʪʨʠʠ. 
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ʈʠʩʫʥʦʢ 1.32. a) ʉʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʘ 1.377 ʧʨʠ -175-125 ʦʉ (ɚex = 355 nm); 

b) ʂʦʦʨʜʠʥʘʪʳ ʮʚʝʪʘ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʘ 1.377 ʥʘ ʜʠʘʛʨʘʤʤʝ ʮʚʝʪʥʦʩʪʠ CIE; 

evolution of c) ʩʦʦʪʥʦʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ ʵʤʠʩʩʠʠ and d) 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʘ 1.377. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ L2Cu4X4 ʩʧʦʩʦʙʥʳ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʪʝʨʤʦʭʨʦʤʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩ ʜʚʫʤʷ ʪʠʧʘʤʠ ʜʚʦʡʥʦʡ ʵʤʠʩʩʠʦʥʥʦʡ 

ʦʪʢʣʠʢʘ: 1) ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ (HE) ʧʦʣʦʩʳ 

ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ (LE) 

ʧʦʣʦʩʳ; 2) ʧʨʝʦʙʣʘʜʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ LE-ʧʦʣʦʩʳ ʥʘʜ HE-ʧʦʣʦʩʦʡ. ʆʙʘ ʪʠʧʘ 

ʧʦʚʝʜʝʥʠʷ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʪʘʢʞʝ ʜʣʷ ʜʚʫʭ ʩʪʨʫʢʪʫʨʥʦ ʩʭʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

1.379 ʠ 1.380 ʩ ʣʠʛʘʥʜʘʤʠ PCP ʠ PNP ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [227,233]. ʋ ʢʦʤʧʣʝʢʩʘ Cu4X4 

ʩ PNP-ʣʠʛʘʥʜʦʤ (51) [227] ʧʨʠ 77 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ HE-ʧʦʣʦʩʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ð ʠʩʢʣʶʯʠʪʝʣʴʥʦ LE-ʧʦʣʦʩʘ. ɼʣʷ ʢʦʤʧʣʝʢʩʘ 1.379 ʩ 

PCP-ʣʠʛʘʥʜʦʤ [233] ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʤʝʯʝʥ ʣʠʰʴ ʫʤʝʨʝʥʥʳʡ ʨʦʩʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ HE-ʧʦʣʦʩʳ. 

ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʜʚʫʭʧʦʣʦʩʥʦʡ ʵʤʠʩʩʠʠ ʚ ʢʦʤʧʣʝʢʩʘʭ L2Cu4X4 ʦʩʪʘʸʪʩʷ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʥʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ. ɺ ʨʷʜʝ ʨʘʙʦʪ ʚʳʩʢʘʟʳʚʘʣʦʩʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʜʚʝ ʧʦʣʦʩʳ ʦʙʫʩʣʦʚʣʝʥʳ ʧʝʨʝʭʦʜʘʤʠ ʠʟ ʚʦʟʙʫʞʜʸʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 3MLCT ʠ 3CC 

[253] ð ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʢʫʙʘʥʦʧʦʜʦʙʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 
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ʪʝʨʤʦʭʨʦʤʥʦʝ ʧʦʚʝʜʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ Cu4X4 ʥʘʧʦʤʠʥʘʝʪ 

ʧʦʚʝʜʝʥʠʝ ʢʫʙʘʥʦʚʳʭ ʘʥʘʣʦʛʦʚ, ʦʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʝʠʭ ʵʤʠʩʩʠʦʥʥʳʭ ʧʦʣʦʩ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʯʪʦ 

ʥʝʪʠʧʠʯʥʦ ʜʣʷ ʩʦʩʪʦʷʥʠʷ 3CC. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ 1.377 ʠ 1.378 [253], ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʝ ʧʦʣʦʩʳ ʩʚʷʟʘʥʳ ʩ ʩʦʩʪʦʷʥʠʷʤʠ 

3(X+M)LCT, ʧʨʠ ʵʪʦʤ ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ Cu4X4-ʷʜʨʘ ʚ ʵʪʠʭ ʩʦʩʪʦʷʥʠʷʭ 

ʠʩʧʳʪʳʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ ʞʸʩʪʢʦʛʦ ʣʠʛʘʥʜʘ ð 1,3-ʙʠʩ(ʙʝʥʟʛʠʜʨʠʣ)-5-

(ʧʠʨʠʜʠʥ-2-ʠʣ)-1,3-ʜʠʘʟʘ-5-ʬʦʩʬʘʮʝʢʣʦʛʝʢʩʘʥʘ ð ʧʨʠ ʩʠʥʪʝʟʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʦʟʚʦʣʠʣʦ ʠʟʦʣʠʨʦʚʘʪʴ ʜʚʘ ʠʟʦʤʝʨʘ ʩʦʝʜʠʥʝʥʠʷ L2Cu4I4 (1.381) [237]. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʜʠʥ ʠʟʦʤʝʨʦʚ ʧʨʦʷʚʣʷʝʪ ʟʝʣʸʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʪʦʛʜʘ 

ʢʘʢ ʜʨʫʛʦʡ ð ʢʨʘʩʥʫʶ. ʉʦʛʣʘʩʥʦ ʨʘʩʯʸʪʘʤ TDDFT, ʦʙʝ ʵʤʠʩʩʠʦʥʥʳʝ ʧʦʣʦʩʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʩʪʦʷʥʠʷʤ 3(X+M)LCT ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʠʩʢʘʞʝʥʠʷ ʤʝʜʥʦ-

ʛʘʣʦʛʝʥʜʠʥʦʛʦ ʷʜʨʘ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʜʠʣʦ ʨʘʥʝʝ ʧʨʝʜʣʦʞʝʥʥʫʶ ʛʠʧʦʪʝʟʫ 

[147]. ʀʟʦʤʝʨ ʩ ʢʨʘʩʥʦʚʦʣʥʦʚʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʧʨʦʷʚʣʷʝʪ ʪʝʨʤʦʭʨʦʤʥʫʶ 

ʜʚʫʭʧʦʣʦʩʥʫʶ ʵʤʠʩʩʠʶ ʩ ʧʦʷʚʣʝʥʠʝʤ HE-ʧʦʣʦʩʳ ʧʨʠ ï50 ÁC. 

1.4. ʉʪʨʫʢʪʫʨʳ ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ(I) ʩ 

ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ɿʦʣʦʪʦ(I) ʦʪʥʦʩʠʪʩʷ ʢ ʤʷʛʢʠʤ ʘʢʮʝʧʪʦʨʥʳʤ ʠʦʥʘʤ ʠ ʬʦʨʤʠʨʫʝʪ ʫʩʪʦʡʯʠʚʳʝ 

ʢʦʤʧʣʝʢʩʳ ʩ ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʣʠʥʝʡʥʦʡ (ʢ.ʯ. 2) ʠʣʠ 

ʪʨʠʛʦʥʘʣʴʥʦʡ (ʢ.ʯ. 3) ʊ-ʦʙʨʘʟʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʟʘ ʩʯʝʪ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʬʬʝʢʪʦʚ ʠʦʥʘ ʟʦʣʦʪʘ(I) ʠ ʨʝʘʣʠʟʘʮʠʠ sp-ʛʠʙʨʠʜʠʟʘʮʠʠ ʩ ʚʢʣʘʜʦʤ d-

ʦʨʙʠʪʘʣʝʡ (ʈʠʩʫʥʦʢ 1.33) [254-256]. ɹʠʜʝʥʪʘʪʥʳʝ ʬʦʩʬʠʥʦʚʳʝ ʣʠʛʘʥʜʳ ʩ ʢʘʪʠʦʥʘʤʠ 

ʟʦʣʦʪʘ(I), ʢʘʢ ʧʨʘʚʠʣʦ, ʬʦʨʤʠʨʫʶʪ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ LAu2X2, [L2Au2]2+ 

ʠʣʠ L2Au2X2 (ʛʜʝ X ï ʛʘʣʦʛʝʥ ʠʣʠ P-, N-, S-ʛʝʪʝʨʦʣʠʛʘʥʜ, ʠʣʠ ʘʮʝʪʠʣʝʥʠʜ) [257].  
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ʈʠʩʫʥʦʢ 1.33. ʊʠʧʳ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ(I) ʩ ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ.  

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʘʪʠʦʥʘ ʟʦʣʦʪʘ(I) ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʘʫʨʦʬʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ [254,255,258]. ɸʫʨʦʬʠʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ (ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦ) ʜʣʷ ʙʠ- ʠ 

ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦ, ʦʙʨʘʟʫʷ ʥʝʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʝ 

ʜʠʤʝʨʳ ʠʣʠ ʧʦʣʠʤʝʨʳ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ (ʈʠʩʫʥʦʢ 1.34). 

 

ʈʠʩʫʥʦʢ 1.34. ɺʦʟʤʦʞʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʘʫʨʦʬʠʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ.  

ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ (I) ʩ ʬʦʩʬʠʥʦʚʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʚʥʫʪʨʠʣʠʛʘʥʜʥʳʤʠ ʠ ʤʝʪʘʣʣʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʦʪ ʣʠʛʘʥʜʘ ʢ ʤʝʪʘʣʣʫ [259-265], ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʢʦʤʧʣʝʢʩʘ, ʥʘʣʠʯʠʝʤ ʭʨʦʤʦʬʦʨʥʳʭ ʮʝʥʪʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʢʘʪʠʦʥʦʤ ʟʦʣʦʪʘ(I) ʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʘʤʠʭ ʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ.  

ɼʣʷ ʜʠʤʝʨʥʳʭ ʤʝʪʘʣʣʦʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ(I) ʩ ʙʠʩʬʦʩʬʠʥʦʚʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʭʘʨʘʢʪʝʨʥʦ ʧʨʦʷʚʣʝʥʠʝ ʤʝʪʘʣʣʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʛʜʝ 
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ʛʨʘʥʠʯʥʳʝ ʦʨʙʠʪʘʣʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʥʘ ʜʚʫʭ ʢʘʪʠʦʥʘʭ ʤʝʪʘʣʣʘ. ʇʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʠʤʝʨʥʦʛʦ ʤʝʪʘʣʣʦʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ [Au2(m-

dppm)2]2+ (dppm - ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʤʝʪʘʥ) ʙʳʣʠ ʥʝʟʘʚʠʩʠʤʦ ʦʧʫʙʣʠʢʦʚʘʥʳ 

Fackler [266]  ʠ Che [267]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʢʦʤʧʣʝʢʩ 

ʧʨʦʷʚʣʷʝʪ ʠʥʪʝʥʩʠʚʥʫʶ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʧʨʠ |ɚmax=593 ʥʤ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤʠ 

ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ (Ű=21 ʤʩ). ʕʪʘ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʙʳʣʘ ʧʨʠʧʠʩʘʥʘ ʩʚʷʟʘʥʥʦʤʫ 

ʤʝʪʘʣʣʮʝʥʪʨʠʨʦʚʘʥʥʦʤʫ ʚʦʟʙʫʞʜʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʶʪʩʷ 

ʘʫʨʦʬʠʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʄʝʪʘʣʣʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʧʨʠʨʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʤʝʪʘʣʣʦʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʩʚʝʨʭʙʳʩʪʨʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ [268-270]. ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʠʟ ʥʝʚʦʟʙʫʞʜʝʥʥʦʛʦ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ ʟʦʣʦʪʘ(I) ʚʧʣʦʪʴ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʘʫʨʦʬʠʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʕʪʠʤ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝ ʙʦʣʴʰʠʭ ʉʪʦʢʩʦʚʳʭ ʩʜʚʠʛʦʚ ʚ 

ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʛʝʦʤʝʪʨʠʠ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ.  

ɺ ʮʝʣʦʤ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ Au(I) ʦʙʫʩʣʦʚʣʝʥʳ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚʙʣʠʟʠ ʢʘʪʠʦʥʘ ʟʦʣʦʪʘ(I) [122,271,272]. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ 

ʩʚʷʟʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʛʨʫʧʧ ʚ ʤʦʥʦʤʝʨʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

Au(I) ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ˊ-ˊ* ʧʝʨʝʭʦʜʳ ʠʣʠ ʧʝʨʝʭʦʜʳ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʤʝʞʜʫ d-

ʦʨʙʠʪʘʣʷʤʠ ʢʘʪʠʦʥʘ Au ʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ ʣʠʛʘʥʜʘ, ʯʪʦ ʤʦʞʝʪ 

ʩʦʟʜʘʚʘʪʴ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʧʫʪʠ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʵʤʠʩʩʠʠ (ʈʠʩʫʥʦʢ 1.35). ɺ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʩ ʤʝʪʘʣʣʘ ʥʘ ʣʠʛʘʥʜ (MLCT) ʚʦ ʚʨʝʤʷ ʚʦʟʙʫʞʜʝʥʠʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʠ ʣʠʛʘʥʜʘ ʠʟ-ʟʘ ʧʨʷʤʦʛʦ ʧʝʨʝʢʨʳʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʦʨʙʠʪʘʣʝʡ ʘʪʦʤʘ Au(I) ʠ ʣʠʛʘʥʜʦʚ. ʇʨʠ ʥʘʣʠʯʠʠ ʘʫʨʦʬʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ-

ʣʠʛʘʥʜ (MMLCT), ʚʳʟʳʚʘʷ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʠʣʠ ʵʤʠʩʩʠʠ ʚ ʢʨʘʩʥʫʶ 

ʦʙʣʘʩʪʴ (ʈʠʩʫʥʦʢ 1.35). ʂʨʦʤʝ ʪʦʛʦ, ʘʫʨʦʬʠʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɺ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ(I) ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʛʝʦʤʝʪʨʠʠ ʢʦʤʧʣʝʢʩʘ, ʪʘʢ ʠ ʦʪ ʚʥʝʰʥʝʛʦ ʚʣʠʷʥʠʷ, ʧʨʦʚʦʮʠʨʫʶʱʠʭ ʪʘʢʠʝ ʠʟʤʝʥʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 1.35. ʉʭʝʤʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʚʳʟʳʚʘʶʱʠʭ 

ʵʤʠʩʩʠʶ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ(I) 

1.4.3. ʄʦʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Au (I ) 

ʂʘʪʠʦʥʳ ʟʦʣʦʪʘ (I) ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʧʨʦʷʚʣʷʶʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 2 ʠʣʠ 3, ʥʘʤʥʦʛʦ ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʯʝʪʳʨʝʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʟʦʣʦʪʘ (I) ʩ ʭʝʣʘʪʠʨʫʶʱʠʤʠ ʬʦʩʬʠʥʦʚʳʤʠ 

ʣʠʛʘʥʜʘʤʠ. ʄʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʟʦʣʦʪʘ (I) ʠʥʪʝʨʝʩʥʳ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʢʘʢ 

ʣʶʤʠʥʦʬʦʨʳ, ʩʧʦʩʦʙʥʳʝ ʧʨʦʷʚʣʷʪʴ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ, ʪʦ ʝʩʪʴ ʦʪʢʣʠʢ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ, ʠ ʢʘʢ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʘʛʝʥʪʳ ʜʣʷ ʫʥʠʯʪʦʞʝʥʠʷ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. ɺ ʪʝʢʫʱʝʡ ʛʣʘʚʝ ʙʫʜʫʪ ʦʙʦʟʨʝʚʘʪʴʩʷ ʠʤʝʥʥʦ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʟʦʣʦʪʘ (I) ʩ ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʂʘʪʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ ʟʦʣʦʪʘ [Au(Ph2PCH2Py)2]BF4 (1.382) ʦʙʨʘʟʫʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ Au(tht)Cl (tht ï ʪʝʪʨʘʛʠʜʨʦʪʠʦʬʝʥ) ʩ ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ 

2-((ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʤʝʪʠʣ)ʧʠʨʠʜʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ NaBF4 ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ 

(ʉʭʝʤʘ 1.42) [273]. 
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ʉʭʝʤʘ 1.42. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 1.382 

ʂʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ 1.382 ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʜʠʵʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ 1.382 ʚ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ. ɺ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʷʯʝʡʢʝ ʜʚʝ 

ʤʦʣʝʢʫʣʳ 1.382, ʥʦ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʧʦʣʦʞʝʥʠʝʤ ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ. ʀʦʥ 

ʟʦʣʦʪʘ (I) ʩʚʷʟʘʥ ʩ ʜʚʫʤʷ ʬʦʩʬʠʥʦʧʠʨʠʜʠʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʯʝʨʝʟ ʘʪʦʤʳ ʬʦʩʬʦʨʘ. 

ɻʝʦʤʝʪʨʠʷ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʟʦʣʦʪʘ ʧʦʯʪʠ ʣʠʥʝʡʥʘ (ʫʛʦʣ P1 ï Au1 ï P2 178.67Á, 

P3 ï Au2 ï P4 175.97Á] ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ Au ï P ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2.29 ʜʦ 2.30¡ [318]. 

ʉʦʝʜʠʥʝʥʠʝ 1.382 ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʦʷʚʣʷʝʪ ʵʤʠʩʩʠʶ ʚ ʩʠʥʝʡ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ ʩ ɚem = 367 ʥʤ [273]. 

ɻʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ [Au(C6Cl2F3)(PPh2Py)] (1.383) ʙʳʣ ʧʦʣʫʯʝʥ 

ʨʝʘʢʮʠʝʡ ʦʙʤʝʥʘ ʣʠʛʘʥʜʦʚ [Au(C6Cl2F3)(tht)] (tht = ʪʝʪʨʘʛʠʜʨʦʪʠʦʬʝʥ) ʩ 2-

ʜʠʬʝʥʠʣʬʦʩʬʠʥʦʧʠʨʠʜʠʥʦʤ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ (ʉʭʝʤʘ 1.43) [274]. 

 

ʉʭʝʤʘ 1.43. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 1.383 

ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʚ ʢʦʤʧʣʝʢʩʝ 1.383 ʠʦʥ ʟʦʣʦʪʘ ʷʚʣʷʝʪʩʷ 

ʜʚʫʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʩ ʣʠʥʝʡʥʳʤ ʦʢʨʫʞʝʥʠʝʤ (ʫʛʦʣ P ï Au ï C ʨʘʚʝʥ 174.55Á). 

ʈʘʩʩʪʦʷʥʠʝ Au ï C ʪʠʧʠʯʥʦ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʠ ʟʦʣʦʪʦ ï ʘʨʠʣ ʠ ʩʦʩʪʘʚʣʷʝʪ 2.05¡. 

ʈʘʩʩʪʦʷʥʠʝ Au ï P ʩʦʩʪʘʚʣʷʝʪ 2.28 ¡, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʬʦʩʬʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʂʦʤʧʣʝʢʩ 1.383 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʤʠʩʩʠʶ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 465 ʥʤ (ɚex = 310 ʥʤ), 

ʢʦʪʦʨʘʷ ʩʤʝʱʘʝʪʩʷ ʜʦ 425 ʥʤ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 77 K. ʉʦʛʣʘʩʥʦ 
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ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ, ʵʤʠʩʩʠʷ ʢʦʤʧʣʝʢʩʘ 1.383 ʦʙʫʩʣʦʚʣʝʥʘ 

ʚʥʫʪʨʠʣʠʛʘʥʜʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ [274]. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʘ ʭʣʦʨʠʜʘ ʟʦʣʦʪʘ [Au(tht)Cl] ʩ N-ʛʝʪʝʨʦʮʠʢʣ-

ʩʦʜʝʨʞʘʱʠʤʠ ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 2-ʜʠʬʝʥʠʣʬʦʩʬʠʥʦʧʠʨʠʜʠʥ, 

2-ʜʠʬʝʥʠʣʬʦʩʬʠʥʦʵʪʠʣʧʠʨʠʜʠʥ ʠʣʠ ʜʠʧʠʨʠʜʠʣʬʝʥʠʣʬʦʩʬʠʥʦʤ ʚ ʵʢʚʠʤʦʣʷʨʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ 1.384-1.386 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʉʭʝʤʘ 1.44) [275]. 

 

ʉʭʝʤʘ 1.44. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.384-1.386 

ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 1.386 ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ. ʂʦʤʧʣʝʢʩ 1.386 

ʥʝʡʪʨʘʣʴʥʳʡ, ʚ ʢʦʪʦʨʦʤ ʠʦʥ ʟʦʣʦʪʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʘʪʦʤʦʤ ʬʦʩʬʦʨʘ 

ʜʠʧʠʨʠʜʠʣʬʝʥʠʣʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʠ ʘʪʦʤʦʤ ʭʣʦʨʘ ʠ ʠʤʝʝʪ ʣʠʥʝʡʥʫʶ 

ʛʝʦʤʝʪʨʠʶ ʩ ʫʛʣʦʤ Cl ï Au - P ʨʘʚʥʳʤ 178.40Ü. ɼʣʠʥʳ ʩʚʷʟʝʡ Au-P ʠ Au-Cl ʠʤʝʶʪ 

ʟʥʘʯʝʥʠʷ, ʨʘʚʥʳʝ 2.23¡ ʠ 2.29¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʢʦʤʧʣʝʢʩʳ 1.384-1.386 ʥʝ ʣʶʤʠʥʝʩʮʠʨʫʶʪ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ 77ʂ ʢʦʤʧʣʝʢʩʳ 1.384 ʠ 

1.386 ʧʨʦʷʚʣʷʶʪ ʵʤʠʩʩʠʶ ʧʨʠ 499 ʥʤ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʦʢʦʣʦ 300 ʥʤ [275]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʙʠʜʝʥʪʘʪʥʳʭ P,N-ʩʦʜʝʨʞʘʱʠʭ ʣʠʛʘʥʜʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʟʦʣʦʪʘ (I) ʪʦʣʴʢʦ ʘʪʦʤ 

ʬʦʩʬʦʨʘ ʢʦʦʨʜʠʥʠʨʫʝʪ ʠʦʥ ʤʝʪʘʣʣʘ, ʪʦʛʜʘ ʢʘʢ ʘʪʦʤ ʘʟʦʪʘ ʦʩʪʘʝʪʩʷ ʩʚʦʙʦʜʥʳʤ. ʇʨʠ 

ʵʪʦʤ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʦʩʪʘʪʦʯʥʦ 

ʙʣʠʟʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʭʨʦʤʦʬʦʨʥʦʛʦ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʢ ʠʦʥʫ 

ʤʝʪʘʣʣʘ. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʠʜʝʥʪʘʪʥʳʭ ʙʠʩ-ʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ï 1,2-ʙʠʩ-

ʜʠʘʨʠʣʬʦʩʬʠʥʦʙʝʥʟʦʣʦʚ ʩ ʜʠʤʝʪʠʣʩʫʣʴʬʠʜʭʣʦʨʠʜʦʤ ʟʦʣʦʪʘ (I) ʚ ʵʢʚʠʤʦʣʷʨʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʦʙʨʘʟʫʝʪʩʷ ʜʚʘ ʪʠʧʘ ʢʦʤʧʣʝʢʩʦʚ - ʤʦʥʦʷʜʝʨʥʳʝ 

ʪʨʝʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʟʦʣʦʪʘ (I) 1.387-1.389 ʠ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

1.390, 1.391 (ʉʭʝʤʘ 1.45) [276]. ʇʦʧʳʪʢʠ ʘʚʪʦʨʦʚ ʨʘʟʜʝʣʠʪʴ ʢʦʤʧʣʝʢʩʳ 1.387, 1.388 
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ʠ 1.390, 1.391 ʠʣʠ ʩʜʚʠʥʫʪʴ ʨʘʚʥʦʚʝʩʠʝ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ʤʦʥʦʷʜʝʨʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʦʢʘʟʘʣʠʩʴ ʙʝʟʫʩʧʝʰʥʳʤʠ. 

 

ʉʭʝʤʘ 1.45. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 1.387-1.392 

ʇʨʠ ʵʪʦʤ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʦʙʲʝʤʥʦʛʦ ʠʟʦʧʨʦʧʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ 

ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʘʨʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʝ ʬʦʩʬʦʨʘ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʠ ʢʦʤʧʣʝʢʩ 1.388 ʙʳʣ ʚʳʜʝʣʝʥ ʚ ʯʠʩʪʦʤ ʚʠʜʝ 

ʠ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ. ʆʙʲʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʢʦʤʧʣʝʢʩʝ 1.388   ʥʝ ʦʢʘʟʘʣ ʚʣʠʷʥʠʷ ʥʘ 

ʟʘʤʝʥʫ ʭʣʦʨʠʜʥʦʛʦ ʣʠʛʘʥʜʘ ʥʘ ʠʦʜʠʜʥʳʡ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ KI ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʦʤʧʣʝʢʩʘ 1.392 (ʉʭʝʤʘ 45). ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ 

1.388 ʠ 1.392 ʦʙʣʘʜʘʶʪ ʩʠʣʴʥʦ ʠʩʢʘʞʝʥʥʦʡ ʧʣʦʩʢʦ-ʪʨʠʛʦʥʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʝʡ; ʩʫʤʤʘ 

ʫʛʣʦʚ ʚʦʢʨʫʛ ʠʦʥʦʚ Au (I) ʩʦʩʪʘʚʣʷʝʪ 359.91 Á ʠ 360.00 Á ʜʣʷ 1.388 ʠ 1.392, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʚʘ ʘʪʦʤʘ ʬʦʩʬʦʨʘ ʜʠʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʚ 1.387  

ʥʝʵʢʚʠʚʘʣʝʥʪʥʳ: ʦʜʥʘ ʜʣʠʥʘ ʩʚʷʟʠ P ï Au (å 2.24¡) ʪʠʧʠʯʥʘ ʜʣʷ ʘʨʠʣʬʦʩʬʠʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Au (I). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʨʫʛʦʝ ʨʘʩʩʪʦʷʥʠʝ PïAu (å 3.07¡) ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝ ʩʫʤʤʳ ʢʦʚʘʣʝʥʪʥʳʭ ʨʘʜʠʫʩʦʚ (Au P å 2.43¡), ʥʦ ʤʝʥʴʰʝ ʩʫʤʤʳ ʚʘʥ-ʜʝʨ-

ʚʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ (AuïP å 3.46¡). ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ 

ʛʝʦʤʝʪʨʠʷ 1.387 ʙʣʠʟʢʘ ʢ ʣʠʥʝʡʥʦʡ ʜʚʫʭʢʦʦʨʜʠʥʠʨʦʚʘʥʦʡ ʩʪʨʫʢʪʫʨʝ. ʊʘʢʠʤ 
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ʦʙʨʘʟʦʤ, ʜʣʷ ʠʦʥʘ Au (I) ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʜʚʘ ʩ 

ʣʠʥʝʡʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ PïAuïP ʠʣʠ P-Au-X (X = ʘʪʦʤ ʛʘʣʦʛʝʥʠʜʘ) [276]. 

ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʢʦʤʧʣʝʢʩʳ 1.388 ʠ 

1.392 ʧʨʦʷʚʣʷʶʪ ʞʝʣʪʦ-ʟʝʣʝʥʫʶ ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʫʶ ʟʘʜʝʨʞʘʥʥʫʶ 

ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʜʣʠʥ ʚʦʣʥ ʵʤʠʩʩʠʠ ʧʨʠ 558 ʠ 549 ʥʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [276].  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 1,2-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʙʝʥʟʦʣʘ ʩ Au(PPh3)Cl ʚ ʠʟʙʳʪʢʝ 

ʣʠʛʘʥʜʘ ʧʨʠʚʦʜʠʣʦ ʢ ʟʘʤʝʱʝʥʠʶ ʤʦʥʦʜʝʥʪʘʪʥʦʛʦ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʛʦ ʣʠʛʘʥʜʘ ʥʘ 

ʭʝʣʘʪʥʳʡ ʙʠʩ-ʬʦʩʬʠʥʦʚʳʡ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʪʠʦʥʥʦʛʦ ʙʠʩ-ʭʝʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

1.393. ʆʙʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʘ 1.393 ʠʟʙʳʪʢʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʣʠ ʧʨʠʚʦʜʠʣʘ ʢ 

ʟʘʤʝʥʝ ʧʨʦʪʠʚʦʠʦʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ 1.394-1.399 157-

162 (ʉʭʝʤʘ 1.46) [277,278]. 

 

ʉʭʝʤʘ 1.46. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.393-1.399 

ʕʪʠ ʢʦʤʧʣʝʢʩʳ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʪʠʧʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʂʦʤʧʣʝʢʩʳ 1.393-1.397 156-160 ʩ ʥʝʙʦʣʴʰʠʤʠ ʧʨʦʪʠʚʦʠʦʥʘʤʠ ʠʤʝʶʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʜʚʫʤʷ ʙʠʩ-ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, 

ʩʠʤʤʝʪʨʠʯʥʦ ʭʝʣʘʪʠʨʫʱʠʤʠ ʠʦʥ ʟʦʣʦʪʘ. ɺ ʢʦʤʧʣʝʢʩʘʭ 1.398 ʠ 1.399 ʩ ʦʙʲʝʤʥʳʤʠ 

ʘʥʠʦʥʘʤʠ, ʘ ʪʘʢʞʝ ʚ ʵʪʘʥʦʣʴʥʳʭ ʠ ʤʝʪʘʥʦʣʴʥʳʭ ʘʜʜʫʢʪʘʭ ʥʠʪʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

1.397-EtOH ʠ 1.397-MeOH ʜʚʘ ʜʠʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʘ ʘʩʠʤʤʝʪʨʠʯʥʦ ʢʦʦʨʜʠʥʠʨʫʶʪ 

ʠʦʥ Au (I), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʨʝʘʣʠʟʫʝʪʩʷ ʩʠʣʴʥʦ ʠʩʢʘʞʝʥʥʘʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʘʷ 

ʛʝʦʤʝʪʨʠʷ ʢʦʤʧʣʝʢʩʘ. ɿʘʤʝʪʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʦʚ 

1.393-1.399 ʦʪʨʘʟʠʣʠʩʴ ʥʘ ʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚʘʭ. ʊʘʢ, ʢʦʤʧʣʝʢʩʳ 1.393-

1.397 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʥʪʝʥʩʠʚʥʫʶ ʩʠʥʶʶ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 

478 ï 494 ʥʤ ʠ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ū = 0.82ï0.98). ʂʦʤʧʣʝʢʩʳ 
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1.398, 1.399 ʠ 1.397-EtOH ʠ 1.397-MeOH ʧʨʦʷʚʣʷʶʪ ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʫʶ ʞʝʣʪʦ-

ʦʨʘʥʞʝʚʫʶ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʵʤʠʩʩʠʠ ʧʨʠ 550 - 596 ʥʤ ʠ 

ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ ū = 0.04ï0.55. ʂʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʝ, 

ʚʳʟʚʘʥʥʳʝ ʠʟʤʝʥʝʥʠʝʤ ʧʨʦʪʠʚʦʘʥʠʦʥʘ ʠʣʠ ʥʘʣʠʯʠʝʤ ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʨʝʟʢʦ ʠʟʤʝʥʷʶʪ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʟʦʣʦʪʘ (I) ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ [277,278]. ʉʦʛʣʘʩʥʦ DFT-ʨʘʩʯʝʪʘʤ, ʩʥʠʞʝʥʠʝ 

ʩʠʤʤʝʪʨʠʠ, ʚʳʟʚʘʥʥʦʝ ʙʦʣʴʰʠʤʠ ʧʨʦʪʠʚʦʘʥʠʦʥʘʤʠ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʠʚʦʜʠʪ ʢ 

ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʫʨʦʚʥʝʡ ɺɿʄʆ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʨʘʩʥʦʚʦʣʥʦʚʦʤʫ ʩʤʝʱʝʥʠʶ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ POP ʚ ʢʘʯʝʩʪʚʝ ʙʠʩ-ʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʚ ʨʝʘʢʮʠʠ ʩ 

[Au(SMe2)]Cl ʚ CH2Cl2, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʝʡ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʩ NaBF4, 

ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ 1.400, ʚ ʢʦʪʦʨʦʤ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ 1.240 [178], 

ʪʦʣʴʢʦ ʦʜʠʥ ʣʠʛʘʥʜ POP ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʭʝʣʘʪʠʨʫʶʱʘʷ ʝʜʠʥʠʮʘ, ʪʦʛʜʘ ʢʘʢ ʚʪʦʨʦʡ 

ʣʠʛʘʥʜ POP ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʦʜʥʠʤ ʘʪʦʤʦʤ ʬʦʩʬʦʨʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʦʥʳ ʟʦʣʦʪʘ ʠʤʝʶʪ ʪʨʠʛʦʥʘʣʴʥʫʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʛʝʦʤʝʪʨʠʶ 

(ʉʭʝʤʘ 1.47).  

 

ʉʭʝʤʘ 1.47. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 1.400 

ɼʨʫʛʦʡ ʘʪʦʤ ʬʦʩʬʦʨʘ POP-ʣʠʛʘʥʜʘ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʥʝʩʚʷʟʳʚʘʶʱʝʤ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ (AuéP 3.98¡). ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʦʥ ʟʦʣʦʪʘ (I) 

ʧʨʠʥʠʤʘʝʪ ʪʨʠʛʦʥʘʣʴʥʫʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʛʝʦʤʝʪʨʠʶ ʩ ʚʘʣʝʥʪʥʳʤʠ ʫʛʣʘʤʠ 

P - M - P, ʙʣʠʟʢʠʤʠ ʢ 120Á. ʂʦʤʧʣʝʢʩ ʟʦʣʦʪʘ 1.400 ʧʨʦʷʚʣʷʝʪ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʵʤʠʩʩʠʠ ʧʨʠ 529 ʥʤ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ MLCT ʧʝʨʝʭʦʜʦʤ [178]. 

ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʤʦʥʦʷʜʝʨʥʳʭ ʙʠʩ-ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʟʦʣʦʪʘ (I) c ʜʠʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʠʤʝʶʱʠʤʠ ʙʦʣʴʰʦʡ ʫʛʦʣ ʟʘʭʚʘʪʘ, ʷʚʣʷʝʪʩʷ 

ʜʦʙʘʚʣʝʥʠʝ ʣʠʛʘʥʜʘ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʙʠʷʜʝʨʥʦʤʫ ʢʦʤʧʣʝʢʩʫ. ʊʘʢ, ʢʦʤʧʣʝʢʩʳ 

1.404-1.406 ʥʘ ʦʩʥʦʚʝ POP ʠ ʝʛʦ ʮʠʢʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʦʦʪʚʝʪʩʚʫʶʱʠʭ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 1.401-1.403 ʩ ʠʟʙʳʪʢʦʤ 

ʙʠʩ-ʬʦʩʬʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʚʫʭ ʵʢʚʠʚʘʣʝʥʪʦʚ NaSbF6 (ʉʭʝʤʘ 48) [279]. 

 

ʉʭʝʤʘ 1.48. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.404-1.406 

ɻʝʦʤʝʪʨʠʷ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ - ʧʩʝʚʜʦʪʝʪʨʘʵʜʨʠʯʝʩʢʘʷ ʩ ʫʛʣʘʤʠ PïAuïP 

ʚ ʜʠʘʧʘʟʦʥʝ 106.57 ï115.79Á. ʋʛʣʳ ʟʘʭʚʘʪʘ ʣʠʛʘʥʜʦʚ ʚ ʢʦʤʧʣʝʢʩʝ ʩʦʩʪʘʚʣʷʶʪ 106.57Á 

ʠ 109.56Á. ɺ ʮʝʣʦʤ, ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʣʠʛʘʥʜ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʣʠʰʴ ʥʝʙʦʣʴʰʦʝ ʠʩʢʘʞʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʦʨʜʠʥʘʮʠʠ ʩ ʠʦʥʦʤ ʟʦʣʦʪʘ. 

ʏʝʪʳʨʝʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 1.404-1.406 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʣʘʙʫʶ 

ʪʚʝʨʜʦʪʝʣʴʥʫʶ ʵʤʠʩʩʠʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʠ 77ʂ, ʩ ʰʠʨʦʢʦʡ ʧʦʣʦʩʦʡ 

ʚ ʦʙʣʘʩʪʠ 458ï491 ʥʤ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʧʨʠ 300ï335 ʥʤ [279].  

1.4.4. ɹʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Au (I ) 

ɹʠʜʝʥʪʘʪʥʳʝ ʬʦʩʬʠʥʦʚʳʝ ʣʠʛʘʥʜʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʟʦʣʦʪʘ (I) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʠ ʩʪʨʦʝʥʠʷ ʣʠʛʘʥʜʘ 

ʦʙʨʘʟʫʶʪ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʜʚʫʭ ʪʠʧʦʚ: ʩʦʩʪʘʚʘ L(AuX)2 ʠ ʥʝʡʪʨʘʣʴʥʳʝ ʠʣʠ 

ʢʘʪʠʦʥʥʳʝ ʩʦʩʪʘʚʘ L2Au2X2 (L = P,P-ʤʦʩʪʠʢʦʚʳʡ ʣʠʛʘʥʜ, X ï ʩʦ-ʣʠʛʘʥʜ).  

ʂʦʤʧʣʝʢʩʳ ʧʝʨʚʦʛʦ ʪʠʧʘ ʙʳʣʠ ʣʝʛʢʦ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʙʠʩ-ʬʦʩʬʠʥʦʚ ʩ ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ 

[Au(tht)]Cl ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ (ʉʭʝʤʘ 1.49) [279]. 
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ʉʭʝʤʘ 1.49. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.401-1.403 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʦʚ 1.401 ʠ 1.402 ʩʭʦʞʘ. ɺ ʦʙʦʠʭ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʘʫʨʦʬʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʠʦʥʘʤʠ ʟʦʣʦʪʘ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3¡. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʥʘʙʣʶʜʘʝʪʩʷ ʣʝʛʢʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʣʠʥʝʡʥʦʡ ʛʝʦʤʝʪʨʠʠ ï ʫʛʣʳ PïAuïCl ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʤʝʨʥʦ 170Á. ɺ 

ʢʦʤʧʣʝʢʩʝ 1.401 ʣʠʛʘʥʜ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʢʦʥʬʦʨʤʘʮʠʶ, ʪʦʛʜʘ ʢʘʢ 

ʮʠʢʣʠʯʝʩʢʠʡ ʣʠʛʘʥʜ ʚ ʢʦʤʧʣʝʢʩʝ 1.402 ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʦʨʜʠʥʘʮʠʠ ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʩʢʨʫʯʠʚʘʥʠʝ ʠ ʩʢʣʘʜʳʚʘʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ.   

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 1.403 ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʩʪʨʫʢʪʫʨʳ 1.401 ʠ 1.402. ɼʚʘ ʬʨʘʛʤʝʥʪʘ AuïCl ʥʘʭʦʜʷʪʩʷ ʚ ʘʥʪʠ-ʧʦʣʦʞʝʥʠʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʟʦʣʦʪʘ (7.21¡). 

ʃʠʥʝʡʥʘʷ ʛʝʦʤʝʪʨʠʷ ʚʦʢʨʫʛ ʤʝʪʘʣʣʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʘ, ʩ ʫʛʣʘʤʠ PïAuïCl 

179.24 ʠ 179.20Á. ʂʦʥʬʦʨʤʘʮʠʷ ʣʠʛʘʥʜʘ ʩ ʧʣʦʩʢʠʤ ʮʝʥʪʨʘʣʴʥʳʤ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤ 

ʬʨʘʛʤʝʥʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʙʦʜʥʳʤ ʣʠʛʘʥʜʦʤ.  

ʉʧʝʢʪʨʳ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ 1.401 ʠ 1.402 ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʭʦʞʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 300 ʥʤ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ ʵʤʠʩʩʠʠ ʧʨʠ 620 ʥʤ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʢʣʘʩʪʝʨ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʠ ʧʣʝʯʦ ʦʢʦʣʦ 450 ʥʤ, ʩʚʷʟʘʥʥʦʝ ʩ ʚʥʫʪʨʠʣʠʛʘʥʜʥʳʤ 

ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ. ʇʨʠ 77ʂ ʩʧʝʢʪʨ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʘ 1.401 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ, ʪʦʛʜʘ ʢʘʢ ʚ ʢʦʤʧʣʝʢʩʝ 1.402 ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʧʦʣʦʩʘ ʧʨʠ 450 ʥʤ 
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ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ [279]. ʕʤʠʩʩʠʷ ʢʦʤʧʣʝʢʩʘ 1.403 ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʵʤʠʩʩʠʠ 1.401 ʠ 1.402 ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʘʢ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʘʢ 

ʠ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʧʦʣʦʩʫ ʚ ʦʙʣʘʩʪʠ 420ï500 ʥʤ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʢʦʪʦʨʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

ɺ ʢʘʯʝʩʪʚʝ ʩʦ-ʣʠʛʘʥʜʘ, ʜʦʩʪʨʘʠʚʘʶʱʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʠʦʥʘ ʟʦʣʦʪʘ 

ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʥʝ ʪʦʣʴʢʦ ʭʣʦʨʠʜʥʳʝ ʣʠʛʘʥʜʳ, ʥʦ ʠ 2,4,6-ʪʨʠʬʪʦʨ-3,5-

ʜʠʭʣʦʨʬʝʥʠʣʴʥʳʡ ʣʠʛʘʥʜ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ [Au(C6Cl2F3)(tht)] ʩ ʦʜʥʠʤ 

ʵʢʚʠʚʘʣʝʥʪʦʤ 2,9-ʙʠʩ-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)-1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ 

1.407 (ʉʭʝʤʘ 1.50) [274]. 

 

ʉʭʝʤʘ 1.50. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 1.407 

ɺ ʢʦʤʧʣʝʢʩʝ 1.407 ʠʦʥʳ ʟʦʣʦʪʘ (I) ʧʨʠʥʠʤʘʶʪ ʣʠʥʝʡʥʫʶ 

ʜʚʫʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʫʶ ʛʝʦʤʝʪʨʠʶ - ʫʛʦʣ PïAuïC ʩʦʩʪʘʚʣʷʝʪ 174.88Á. ʈʘʩʩʪʦʷʥʠʷ 

AuïC ʠ AuïP ʩʦʩʪʘʚʣʷʶʪ 2.05 ʠ 2.28 ¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʥʬʦʨʤʘʮʠʷ 

ʜʠʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʞʝʩʪʢʦʡ ʧʣʦʩʢʦʡ 

ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʡ ʧʣʘʪʬʦʨʤʝ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʦʥʳ ʟʦʣʦʪʘ ʨʘʩʧʦʣʦʞʝʥʳ ʜʦʩʪʘʪʦʯʥʦ 

ʜʘʣʝʢʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʘʫʨʦʬʠʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝ 

ʨʝʘʣʠʟʫʶʪʩʷ. ʊʘʢʞʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʘʫʨʦʬʠʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠʟ-ʟʘ ʟʘʛʨʫʞʝʥʥʳʭ ʬʝʥʠʣʴʥʳʭ ʣʠʛʘʥʜʦʚ [274]. 

ʉʚʦʙʦʜʥʳʡ ʣʠʛʘʥʜ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ ʵʤʠʩʩʠʠ ʩ ʤʘʢʩʠʤʫʤʦʤ 

ʧʨʠ 472 ʥʤ, ʢʦʪʦʨʘʷ ʩʤʝʱʘʝʪʩʷ ʜʦ 530 ʥʤ ʧʨʠ 77ʂ. ɺ ʩʧʝʢʪʨʝ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʘ 

1.407 ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʘʷ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʧʦʣʦʩʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 535 ʥʤ. 

ɺʝʨʦʷʪʥʦ, ʵʤʠʩʩʠʷ ʚ ʢʦʤʧʣʝʢʩʝ 1.407 ʥʦʩʠʪ ʚʥʫʪʨʠʣʠʛʘʥʜʥʳʡ ʭʘʨʘʢʪʝʨ [274].  
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ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʠʩ-ʬʦʩʬʠʥʦʬʝʥʘʥʪʨʦʣʠʥʘ, ʛʜʝ ʜʚʝ ʬʦʩʬʠʥʦʚʳʝ ʛʨʫʧʧʳ, 

ʢʦʦʨʜʠʥʠʨʫʶʱʠʝ ʠʦʥʘ ʟʦʣʦʪʘ, ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ, 

ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʘʫʨʦʬʠʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʢʦʤʧʣʝʢʩʦʦʨʙʘʟʦʚʘʥʠʠ ʩ ʠʦʥʘʤʠ ʟʦʣʦʪʘ (I) ʜʠʬʦʩʬʠʥʦʚ, ʛʜʝ ʬʦʩʬʠʥʦʛʨʫʧʧʳ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʚʳʩʦʢʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 1.408, 1.409. ʂʦʤʧʣʝʢʩʳ 1.408 ʠ 1.409  ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʪʝʪʨʘʛʠʜʨʦʪʠʦʬʝʥ (4-(2ô,3ô,5ô,6ô-ʪʝʪʨʘʬʪʦʨʦ-4ô-

ʙʨʦʤʬʝʥʠʣ)-2,3,5,6-ʪʝʪʨʘʬʪʦʨʬʝʥʠʣ ʟʦʣʦʪʘ (I) c ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʤʝʪʘʥʦʤ ʠʣʠ 

1,2-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʙʝʥʟʦʣʦʤ ʚ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 2 : 1 ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ 

(ʉʭʝʤʘ 1.51) [280]. 

 

ʉʭʝʤʘ 1.51. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.408 ʠ 1.409 

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ 1.409 ʧʦʷʚʣʷʶʪʩʷ ʢʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ 

AuỄAu, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦʙ ʘʫʨʦʬʠʣʴʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. ʂʘʞʜʳʡ ʠʦʥ ʟʦʣʦʪʘ 

ʩʚʷʟʘʥ ʩ ʠʧʩʦ-ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʘ ʬʝʥʠʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʦʜʥʠʤ ʘʪʦʤʦʤ 

ʬʦʩʬʦʨʘ ʜʠʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʠ AuïC ʠ AuïP ʤʝʞʜʫ 2.05 ʠ 2.06 

¡, ʠ ʤʝʞʜʫ 2.27 ʠ 2.30 ¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʢʨʫʞʝʥʠʝ ʠʦʥʦʚ ʟʦʣʦʪʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʣʠʥʝʡʥʦʡ ʛʝʦʤʝʪʨʠʠ ʩ ʫʛʣʘʤʠ CïAuïP ʚ ʜʠʘʧʘʟʦʥʝ 173.83ï169.33Á, 

ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʘʫʨʦʬʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 

ʢʦʪʦʨʳʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʞʝʩʪʢʦʩʪʴ ʣʠʛʘʥʜʘ 1,2-C6H4(PPh2)2. 
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ɺ ʪʚʝʨʜʦʡ ʬʘʟʝ ʢʦʤʧʣʝʢʩʳ 1.408 ʠ 1.409 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʥʪʝʥʩʠʚʥʫʶ 

ʟʝʣʝʥʫʶ ʠ ʦʨʘʥʞʝʚʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʩ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ 58 ʠ 14% ʜʣʷ 1.408 

ʠ 1.409, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʧʝʢʪʨʘʭ ʵʤʠʩʩʠʠ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʰʠʨʦʢʠʝ ʠ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʧʦʣʦʩʳ ʠʟʣʫʯʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 496 (1.408) ʠ 593 ʥʤ 

(1.409) [280]. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʧʝʨʝʭʦʜʘʤʠ ʟʘʨʷʜʘ 

ʩ ʤʝʪʘʣʣʦʮʝʥʪʨʠʨʦʚʘʥʥʦʡ Au-Au ʦʨʙʠʪʘʣʠ ʥʘ ʦʨʙʠʪʘʣʴ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ 

ʜʠʬʦʩʬʠʥʦʚʦʤ ʣʠʛʘʥʜʝ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ P,N-ʙʠʜʝʥʪʘʪʥʦʛʦ ʣʠʛʘʥʜʘ ʩ ʙʣʠʟʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʜʦʥʦʨʥʳʭ ʮʝʥʪʨʦʚ - 1-ʤʝʪʠʣʙʝʥʟʠʤʠʜʘʟʦʣʜʠʬʝʥʠʣʬʦʩʬʠʥʘ ʩ Au(tht)Cl ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1: 1 ʙʳʣ ʧʦʣʫʯʝʥ ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʟʦʣʦʪʘ 1.410 (ʉʭʝʤʘ 1.52) [281]. 

 

ʉʭʝʤʘ 1.52. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 1.410 

ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʚ ʢʦʤʧʣʝʢʩʝ 1.410 ʜʚʘ ʘʪʦʤʘ ʟʦʣʦʪʘ ʩʚʷʟʘʥʳ ʜʚʫʤʷ 

ʤʦʩʪʠʢʦʚʳʤʠ P᷈ N-ʣʠʛʘʥʜʘʤʠ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ ʢ ʭʚʦʩʪʫè ʬʦʨʤʠʨʫʶʪʩʷ 

ʚʦʩʴʤʠʯʣʝʥʥʳʡ ʤʝʪʘʣʣʦʮʠʢʣ. ɻʝʦʤʝʪʨʠʷ ʦʢʨʫʞʝʥʠʷ ʠʦʥʦʚ ʟʦʣʦʪʘ ʙʣʠʟʢʘ ʢ 

ʣʠʥʝʡʥʦʡ ʩ ʚʘʣʝʥʪʥʳʤ ʫʛʣʦʤ P-Au-N ʨʘʚʥʳʤ 178.3Ü. ɸʪʦʤʳ ʟʦʣʦʪʘ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 2.80¡, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʫʨʦʬʠʣʴʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ [281]. 

ʄʘʢʩʠʤʫʤ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʚ ʩʧʝʢʪʨʝ ʵʤʠʩʩʠʠ 1.410 ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʨʠ 454 

ʥʤ, ʯʪʦ ʧʦʯʪʠ ʠʜʝʥʪʠʯʥʦ ʧʦ ʧʦʣʦʞʝʥʠʶ, ʥʘʙʣʶʜʘʝʤʦʤʫ ʚ ʩʚʦʙʦʜʥʦʤ ʣʠʛʘʥʜʝ (445 

ʥʤ), ʠ ʦʙʫʩʣʦʚʣʝʥʦ ʣʠʛʘʥʜ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ [281]. 

1.4.5. ʇʦʣʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Au (I)  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʟʦʣʦʪʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ. ʇʨʠ 



112 
 

ʵʪʦʤ ʙʣʠʟʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʦʥʦʨʥʳʭ ʮʝʥʪʨʦʚ ʣʠʛʘʥʜʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʘʣʠʟʘʮʠʠ 

ʘʫʨʦʬʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ.  

ʊʨʝʭʲʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 1.411 ʙʳʣ ʧʦʣʫʯʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ Au(tht)ʉl ʩʦ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʨʠʜʝʥʪʘʪʥʦʛʦ 

ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦʤʝʪʠʣ)ʬʝʥʠʣʬʦʩʬʠʥʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʝʡ ʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ (ʉʭʝʤʘ 1.53) [282]. 

 

ʉʭʝʤʘ 1.53. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 1.411 

ɺ ʢʦʤʧʣʝʢʩʝ 1.411 ʚʩʝ ʪʨʠ ʘʪʦʤʘ ʬʦʩʬʦʨʘ ʜʚʫʭ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʘ 

ʢʦʦʨʜʠʥʠʨʫʶʪ ʪʨʠ ʘʪʦʤʘ ʟʦʣʦʪʘ, ʬʦʨʤʠʨʫʷ ʣʠʥʝʡʥʫʶ ʮʝʧʴ (ʫʛʦʣ Au-Au-Au ʨʘʚʝʥ 

180Á). ʂʘʞʜʳʡ ʠʦʥ ʟʦʣʦʪʘ ʠʤʝʝʪ ʣʠʥʝʡʥʦʝ ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ [282]  . 

ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʝʪʳʨʝʭʲʷʜʝʨʥʦʛʦ 

ʢʣʘʩʪʝʨʘ 1.412  ʥʘ ʦʩʥʦʚʝ ʨʘʟʚʝʪʚʣʝʥʥʦʛʦ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʝʪʨʘʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ 

(ʉʭʝʤʘ 1.54) [282]. 

 

ʉʭʝʤʘ 1.54. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 1.412 

ʉʪʨʫʢʪʫʨʘ 1.412 ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʂʘʞʜʳʡ ʘʪʦʤ ʬʦʩʬʦʨʘ ʜʚʫʭ ʪʝʪʨʘʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʢʦʦʨʜʠʥʠʨʫʝʪ ʘʪʦʤ ʟʦʣʦʪʘ, 

ʬʦʨʤʠʨʫʷ ʧʣʦʩʢʦʩʪʴ Au4. ʊʨʠ ʘʪʦʤʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʫʛʣʘʭ ʨʘʚʥʦʩʪʦʨʦʥʥʝʛʦ 

ʪʨʝʫʛʦʣʴʥʠʢʘ, ʚ ʮʝʥʪʨʝ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʯʝʪʚʝʨʪʳʡ ʘʪʦʤ ʟʦʣʦʪʘ. ʄʝʞʜʫ ʘʪʦʤʘʤʠ 

ʟʦʣʦʪʘ ʨʝʘʣʠʟʫʶʪʩʷ ʘʫʨʦʬʠʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [282]. 
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ɺ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʢʦʤʧʣʝʢʩ 1.412 ʧʨʦʷʚʣʷʝʪ ʩʠʥʶʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 460 ʥʤ (ū = 64%) ʠ ʩ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʤʠʢʨʦʩʝʢʫʥʜʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʨʠʧʣʝʪʥʳʡ ʭʘʨʘʢʪʝʨ ʥʘʙʣʶʜʘʝʤʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ [328]. ʄʘʢʩʠʤʫʤ ʜʣʠʥʳ ʚʦʣʥʳ ʢʦʤʧʣʝʢʩʘ 1.412 ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʨʠ 

460 ʥʤ, ʩ ʧʣʝʯʦʤ ʧʨʠ 550 ʥʤ (ū = 30%), ʩ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ ʪʘʢʞʝ ʚ ʤʠʢʨʦʩʝʢʫʥʜʥʦʤ 

ʜʠʘʧʘʟʦʥʝ. ʅʘʙʣʶʜʘʝʤʘʷ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʚʦʟʥʠʢʘʝʪ ʠʟ ʪʨʠʧʣʝʪʥʳʭ ʚʦʟʙʫʞʜʝʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʣʘʩʪʝʨ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ dů* Ÿ pů ʧʝʨʝʭʦʜʘʤʠ [282]. 

ʏʝʪʳʨʝʭʲʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʟʦʣʦʪʘ 1.413 ʙʳʣ ʧʦʣʫʯʝʥ ʥʘ ʦʩʥʦʚʝ 

ʪʝʪʨʘʜʝʥʪʘʪʥʦʛʦ N,N,N',N'-ʪʝʪʨʘʢʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʢʩʠʣʠʣʝʥʜʠʘʤʠʥʘ ʠ 

Au(tht)Cl] (ʉʭʝʤʘ 1.55) [283]. 

 

ʉʭʝʤʘ 1.55. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 1.413 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ, ʢʘʞʜʳʡ ʘʪʦʤ ʬʦʩʬʦʨʘ ʢʦʦʨʜʠʥʠʨʫʝʪ ʠʦʥ ʟʦʣʦʪʘ, 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʢʦʪʦʨʦʛʦ ʜʦʩʪʨʘʠʚʘʝʪʩʷ ʘʪʦʤʘʤʠ ʭʣʦʨʘ. ɻʝʦʤʝʪʨʠʷ ʫ ʘʪʦʤʘ 

ʟʦʣʦʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʘʷ. ɼʣʷ ʘʪʦʤʦʚ ʟʦʣʦʪʘ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʬʦʩʬʠʥʦʛʨʫʧʧʘʤʠ ʧʨʠ ʦʜʥʦʤ ʘʪʦʤʝ ʘʟʦʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ 

ʘʫʨʦʬʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ [283]. 

ʂʦʤʧʣʝʢʩ 1.413  ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʩʪʦʛʦ 

ʤʝʪʠʣʝʥʘ ʠ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 77ʂ ʤʘʢʩʠʤʫʤ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ 

ʥʘʭʦʜʠʪʩʷ ʧʨʠ ~ 470 ʥʤ. ɺʨʝʤʷ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʭʦʜʠʪʩʷ ʚ ʥʘʥʦʩʝʢʫʥʜʥʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 293ʂ ʤʘʢʩʠʤʫʤ ʧʦʣʦʩʳ 

ʵʤʠʩʩʠʠ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʨʠ ~ 700 ʥʤ. ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʠʟʣʫʯʘʶʱʠʭ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɺʨʝʤʷ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʭʦʜʠʪʩʷ ʚ 

ʤʠʢʨʦʩʝʢʫʥʜʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʢ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ [283].  
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28-ʏʣʝʥʥʳʝ ʧʠʨʠʜʠʣʵʪʠʣ ʟʘʤʝʱʝʥʥʳʝ ʮʠʢʣʦʦʢʪʘʬʘʥʳ ʣʝʛʢʦ ʨʝʘʛʠʨʫʶʪ ʩ 4 

ʵʢʚʠʚʘʣʝʥʪʘʤʠ Au(tht)Cl ʚ ʭʣʦʨʦʬʦʨʤʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʤʥʦʪʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ (I) 1.414 ʠ 1.415 (ʉʭʝʤʘ 1.56) [284]. 

 

ʉʭʝʤʘ 1.56. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1.414 ʠ 1.415 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʦʙʦʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ɼʄʌɸ. ʆʙʘ ʢʦʤʧʣʝʢʩʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʠʩʪʘʣʣʦʩʦʣʴʚʘʪʳ ʩ 3 ʤʦʣʝʢʫʣʘʤʠ ɼʄʌɸ ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʫ 

ʢʦʤʧʣʝʢʩʘ 1.414 ʠʣʠ 1.415. ʄʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ 1.414 ʠ 1.415 ʧʦʭʦʞʠ. ʆʙʝ 

ʤʦʣʝʢʫʣʳ ʚ ʢʨʠʩʪʘʣʣʘʭ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳ. ʂʦʥʬʦʨʤʘʮʠʠ ʣʠʛʘʥʜʦʚ ʚ ʵʪʠʭ 

ʢʦʤʧʣʝʢʩʘʭ ʯʘʩʪʠʯʥʦ ʠʟʤʝʥʝʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʬʦʨʤʘʮʠʷʤʠ ʩʚʦʙʦʜʥʳʭ PN᷈-

ʩʦʜʝʨʞʘʱʠʭ ʮʠʢʣʦʬʘʥʦʚ. ʀʭ ʜʠʬʦʩʬʠʥʦʚʳʝ ʮʠʢʣʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʧʨʠʥʠʤʘʶʪ 

ʢʦʥʬʦʨʤʘʮʠʠ ʩ ʪʚʠʩʪʦʚʘʥʥʳʤ ʢʨʝʩʣʦʤ ʚʤʝʩʪʦ ʠʩʭʦʜʥʳʭ ʢʦʥʬʦʨʤʘʮʠʡ ʢʨʝʩʣʦ-

ʢʨʝʩʣʦ, ʩʦʩʝʜʥʠʝ ʬʝʥʠʣʝʥʦʚʳʝ ʢʦʣʴʮʘ ʩʠʣʴʥʦ ʩʢʨʫʯʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʢʦʣʴʮʘ ʢʦʤʧʣʘʥʘʨʥʳ, ʪʘʢ ʯʪʦ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʘʷ ʧʦʣʦʩʪʴ 

ʯʘʩʪʠʯʥʦ ʩʭʣʦʧʳʚʘʝʪʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʚʘ ʠʟ ʯʝʪʳʨʝʭ ʠʦʥʘ ʟʦʣʦʪʘ (I) ʥʘʭʦʜʷʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʥʫʪʨʠ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ, ʘ ʜʚʘ ʜʨʫʛʠʭ ʠʦʥʘ ʟʦʣʦʪʘ - ʚʥʝ ʝʝ.  

ɺ ʩʧʝʢʪʨʘʭ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ 1.414 ʠ 1.415 ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʦʜʥʘ ʧʦʣʦʩʘ ʩ 

ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 505 ʠ 520 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʪʦʢʩʦʚʳ ʩʜʚʠʛʠ ʩʦʩʪʘʚʣʷʶʪ ~180 

ʥʤ, ʘ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʬʦʪʦʣʶʤʠʥʩʮʝʥʮʠʠ ʩʦʩʪʘʚʣʷʶʪ ʩʦʪʥʠ ʥʘʥʦʩʝʢʫʥʜ ʠ ʧʦʟʚʦʣʷʪʁ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʪʨʠʧʣʝʪʥʫʶ ʧʨʠʨʦʜʫ ʵʤʠʩʩʠʠ. ʉʭʦʜʩʪʚʦ ʵʤʠʩʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʤʧʣʝʢʩʦʚ 1.414 ʠ 1.415 ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚʳʭ ʢʦʣʝʮ ʚ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʡ ʢʘʨʢʘʩ, ʥʝʩʤʦʪʨʷ ʥʘ 
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ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʣʦʨʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ (I) [285], ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʥʫʪʨʠʣʠʛʘʥʜʥʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ 

ʵʤʠʩʩʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʤʠʩʩʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʘʤ ɺɿʄʆ-ʅʉMO, ɺɿʄʆ ʠ ʅʉMO ʣʦʢʘʣʠʟʦʚʘʥʳ ʥʘ 

ʬʝʥʠʣʝʥʦʚʦʤ ʠ ʧʠʨʠʜʠʥʦʚʦʤ ʢʦʣʴʮʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʟʣʫʯʝʥʠʝ ʙʫʜʝʪ ʥʦʩʠʪʴ ʭʘʨʘʢʪʝʨ ʚʥʫʪʨʠʣʠʛʘʥʜʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʟʘʨʷʜʘ (3ILCT) [284]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʠʪʝʨʘʪʫʨʥʳʡ ʧʦʠʩʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʠ- ʠ ʧʦʣʠʜʝʥʪʘʪʥʳʝ 

ʬʦʩʬʠʥʦʚʳʝ ʣʠʛʘʥʜʳ ʷʚʣʷʶʪʩʷ ʧʨʝʢʨʘʩʥʳʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu (I) ʠ Au (I), ʚʳʧʦʣʥʷʷ ʧʨʠ ʵʪʦʤ ʢʘʢ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʫʶ ʨʦʣʴ, ʪʘʢ ʠ ʥʘʩʪʨʘʠʚʘʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʦʤʧʣʝʢʩʦʚ, ʫʯʘʩʪʚʫʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʨʘʥʠʯʥʳʭ ʦʨʙʠʪʘʣʝʡ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʝʨʝʭʦʜʳ. ɿʥʘʯʠʤʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚ ʜʠʟʘʡʥʝ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʶʪʩʷ 

ʢʘʢ ʩʪʨʫʢʪʫʨʘ ʣʠʛʘʥʜʘ (ʚ ʯʘʩʪʥʦʩʪʠ, ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʦʥʦʨʥʳʭ ʮʝʥʪʨʦʚ, ʝʛʦ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʛʠʙʢʦʩʪʴ), ʪʠʧ ʠʩʭʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʪʘʢ ʠ ʫʩʣʦʚʠʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ï ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʚʳʙʦʨ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʩʦ-

ʣʠʛʘʥʜʘ. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ʩ ʧʠʨʠʜʠʣʵʪʠʣʴʥʳʤʠ ʠ ʪʠʦʬʝʥʠʣʵʪʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʜʭʦʜʷʱʫʶ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Cu (I) ʠ Au (I). ʆʥʠ ʩʦʜʝʨʞʘʪ ʜʚʘ ʩʧʦʩʦʙʥʳʭ ʢ ʢʦʦʨʜʠʥʘʮʠʠ ʬʦʩʬʦʨʥʳʭ 

ʜʦʥʦʨʥʳʭ ʮʝʥʪʨʘ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʚʦʩʴʤʠʯʣʝʥʥʳʡ ʛʝʪʝʨʦʮʠʢʣ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʪʘʙʠʣʴʥʦʝ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʦʨʜʠʥʠʨʫʶʱʠʭ ʮʝʥʪʨʦʚ, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʚʦʙʦʜʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʦʨʤʘʮʠʠ ʮʠʢʣʘ 

ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ ʠʦʥʘ ʤʝʪʘʣʣʘ. ʅʘʣʠʯʠʝ ʧʝʨʠʬʝʨʠʡʥʳʭ ʜʦʥʦʨʥʳʭ 

ʮʝʥʪʨʦʚ - ʘʪʦʤʦʚ ʘʟʦʪʘ ʠʣʠ ʩʝʨʳ ï ʨʘʩʰʠʨʷʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʠʭ 

ʣʠʛʘʥʜʦʚ ʠ ʚʣʠʷʝʪ ʥʘ ʧʘʨʘʤʝʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ. ʅʘʩʪʨʦʡʢʘ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ 

ʘʪʦʤʘʭ ʘʟʦʪʘ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. 
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ɻʣʘʚʘ 2. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

2.1. ʉʠʥʪʝʟ ʠ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ (ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʵʪʦʪ ʢʣʘʩʩ 

ʣʠʛʘʥʜʦʚ ʦʙʦʟʥʘʯʝʥ ʢʘʢ P2N2-ʣʠʛʘʥʜʳ), ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʜʘʥʥʳʤʠ ʈʉɸ, ʧʦʢʘʟʘʣ,  ʯʪʦ 

P2N2-ʣʠʛʘʥʜʳ ʚʳʩʪʫʧʘʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʘʢ P,P-ʭʝʣʘʪʠʨʫʶʱʠʝ ʣʠʛʘʥʜʳ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʝʭʦʜʥʳʤ ʤʝʪʘʣʣʘʤ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ʟʘʥʷʣʠ ʤʝʩʪʦ ʚ ʨʷʜʫ çʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʭè (ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʪʝʨʤʠʥʦʤ ʠʟ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ çʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʝè ʬʘʨʤʘʢʦʬʦʨʥʳʝ ʛʨʫʧʧʳ)   

ʣʠʛʘʥʜʦʚ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʟʘ ʩʯʝʪ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ 

ʩʦʜʝʡʩʪʚʠʷ ʵʥʜʦʮʠʢʣʠʯʝʩʢʠʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʧʨʦʪʝʢʘʶʱʠʤ 

ʚʦ ʚʪʦʨʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʤʝʪʘʣʣʘ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʠʤʝʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʠʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʠʭ ʩʠʥʪʝʟʘ. ʊʘʢʞʝ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʙʳʣʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ P2N2-

ʣʠʛʘʥʜʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʵʪʦʤ ʢʣʶʯʝ ʥʝʦʙʭʦʜʠʤʳʤ 

ʷʚʣʷʣʦʩʴ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʙʳ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʥʦ ʚʘʞʥʝʝ ʙʳʣʦ ʚʳʷʚʠʪʴ ʧʨʠʯʠʥʳ ʚʦʟʤʦʞʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʩʠʥʪʝʟʘ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʠ ʟʦʣʦʪʘ(I). ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʢʨʠʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ, ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʜʘʥʥʳʤʠ ʈʉɸ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʩʠʥʪʝʟʫ ʠʩʭʦʜʥʳʭ ʬʦʩʬʠʥʦʚ ʠ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, 

ʚʢʣʶʯʘʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʩʪʚʦʨʘʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ 

ʩʦʩʪʦʷʥʠʠ.  

2.1.1. ʅʦʚʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ 

 ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ P2N2-ʣʠʛʘʥʜʦʚ ʚ 

ʨʝʘʢʮʠʷʭ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʤʝʜʠ(I) ʠ ʟʦʣʦʪʘ(I) ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʨʠʪʠʯʝʩʢʠʡ 

ʤʥʦʛʦʧʘʨʘʤʝʪʨʦʚʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʩʝʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ 1,5-ʜʠʘʟʘ-

3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʙʘʟʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʂʵʤʙʨʠʜʞʘ 

(CCDC), ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ [286]. ɺʩʝ 
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ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʳ ï ʵʪʦ 8-ʯʣʝʥʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ 

ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʳ (ʈʠʩʫʥʦʢ 1), ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʢʦʥʬʦʨʤʘʮʠʠ ʢʨʝʩʣʦ-ʢʨʝʩʣʦ 

(ʜʘʣʝʝ ʢʦʥʬʦʨʤʘʮʠʷ çʢʦʨʦʥʘè ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʦʙʩʫʞʜʝʥʠʷ), ʩ ʩʠʥ-ʦʨʠʝʥʪʘʮʠʝʡ ʅʕʇ 

ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ, ʘʢʩʠʘʣʴʥʳʤ ʠʣʠ ʧʩʝʚʜʦʘʢʩʠʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ 

ʘʪʦʤʘʭ ʘʟʦʪʘ ʠ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤ ï ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ. ɼʣʷ ʘʥʘʣʠʟʘ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʦʩʪʦʚʘ, ʚʢʣʶʯʘʚʰʠʝ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʠ ʜʣʠʥʳ 

ʩʚʷʟʝʡ ʘʪʦʤʦʚ, ʘ ʪʘʢʞʝ ʙʳʣʠ ʚʚʝʜʝʥʳ ʚʘʞʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʛʝʦʤʝʪʨʠʶ 

ʮʠʢʣʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʶ ʛʝʪʝʨʦʘʪʦʤʦʚ: ʩʫʤʤʘ ʫʛʣʦʚ C-N-C ʠ C-P-C (×C᷁NC ʠ 

×᷁ CPC), ʫʛʣʳ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ C-P-C ʮʠʢʣʘ (C᷁PCPl), 

ʫʛʦʣ ʤʝʞʜʫ ʥʝʧʦʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʠ ʬʦʩʬʦʨʘ (L᷁PPP), ʨʘʩʩʪʦʷʥʠʷ NéN ʠ PéP (dNN 

ʠ dPP).  

 

ʈʠʩʫʥʦʢ 1. ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʙʘʟʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʂʵʤʙʨʠʜʞʘ (CCDC) 

ʩʪʨʫʢʪʫʨʳ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ 
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ʊʘʢ ʢʘʢ ʥʝʧʦʜʝʣʝʥʥʳʝ ʧʘʨʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʠʭ ʧʦʣʦʞʝʥʠʷ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥ.r ɺʦ-ʧʝʨʚʳʭ, ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʮʝʥʪʨʦʠʜʳ P-C ʩʚʷʟʝʡ ʚʦʢʨʫʛ ʦʙʦʠʭ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ. ʉʦʛʣʘʩʥʦ 

ʧʠʨʘʤʠʜʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʘʪʦʤʘ ʬʦʩʬʦʨʘ ʥʝʧʦʜʝʣʝʥʥʘʷ ʧʘʨʘ ʬʦʩʬʦʨʘ ʟʘʥʠʤʘʝʪ 

ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʠʨʘʤʠʜʳ. ʆʨʠʝʥʪʘʮʠʷ ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʳ 

ʬʦʩʬʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʣʠʥʠʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʯʝʨʝʟ ʮʝʥʪʨʦʠʜ ʚʩʝʭ ʩʚʷʟʝʡ 

P-C ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʪʦʤ ʬʦʩʬʦʨʘ. ʋʛʦʣ ʤʝʞʜʫ ʜʚʫʤʷ ʣʠʥʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

L᷁PPP ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʜʚʫʤʷ ʮʝʥʪʨʦʠʜʘʤʠ 

ʠ ʧʝʨʝʩʝʯʝʥʠʝʤ ʧʨʷʤʳʭ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʘʪʦʤ ʬʦʩʬʦʨʘ ʠ ʮʝʥʪʨʦʠʜ ʝʛʦ P-C ʩʚʷʟʝʡ 

(ʈʠʩʫʥʦʢ 2). 

 

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʨʘʩʯʝʪʘ ʫʛʣʘ ʤʝʞʜʫ ʅʕʇ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3, ʜʚʝ ʥʝʧʦʜʝʣʝʥʥʳʝ ʧʘʨʳ ʤʦʛʫʪ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʳ 

ʜʨʫʛ ʢ ʜʨʫʛʫ ʠʣʠ ʤʦʛʫʪ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ; ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʚʚʝʜʝʥʦ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʅʕʇ ʘʪʦʤʦʚ 

ʬʦʩʬʦʨʘ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠʣʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʫʛʣʳ ʤʝʞʜʫ ʅʕʇ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʦʩʥʦʚʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʦʩʪʦʚʘ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. ɼʣʷ ʪʦʛʦ ʯʪʦ ʙʳ ʚʳʙʦʨʢʘ ʙʳʣʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦʡ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʥʘʯʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʩʝʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʙʘʟʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʂʵʤʙʨʠʜʞʘ. ɺ ʨʷʜ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʪʨʫʢʪʫʨ ʚʭʦʜʠʣʠ ʩʦʝʜʠʥʝʥʠʷ ʩ ʬʝʥʠʣʴʥʳʤʠ, ʧʠʨʠʜʠʣʴʥʳʤʠ, 

ʬʝʨʨʦʮʝʥʦʚʳʤʠ, ʙʝʥʟʠʣʴʥʳʤʠ ʤʝʟʠʪʠʣʴʥʳʤʠ, ʪʨʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣʴʥʳʤʠ 

ʧʠʨʠʜʠʣʵʪʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʘʪʦʤʘʟʭ ʬʦʩʬʦʨʘ ʠ ʬʝʥʠʣʴʥʳʤʠ, 

ʙʝʥʟʠʣʴʥʳʤʠ, ʬʝʨʨʦʮʝʥʠʣʴʥʳʤʠ, ʧʠʨʠʜʠʣʴʥʳʤʠ, ʙʝʥʟʛʠʜʠʨʠʣʴʥʳʤʠ, ʘ ʪʘʢʞʝ 
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ʨʷʜʦʤ ʜʨʫʛʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʘʥʘʣʠʟ ʙʳʣʠ ʚʟʷʪʳ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʟʥʘʯʝʥʠʷ ʜʣʷ 27 ʩʦʝʜʠʥʝʥʠʡ (ʈʠʩʫʥʦʢ 1) [286].  

ʉ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ, 

ʜʣʷ ʧʦʠʩʢʘ ʢʦʨʨʝʣʷʮʠʡ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ ʢ ʘʥʘʣʠʟʫ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ. ɺʳʙʨʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʥʘ ʜʠʩʧʝʨʩʠʶ, ʢʦʪʦʨʘʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʷʚʣʷʶʪʩʷ C᷁PCPl, L᷁PPP ʠ ×C᷁NC. ʄʝʪʦʜ ʋʦʨʜʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʪʦʯʥʳʭ ʤʝʪʦʜʦʚ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ P2N2-ʮʠʢʣʦʚ. ɸʥʘʣʠʟ ʜʘʣ ʜʝʥʜʨʦʛʨʘʤʤʫ (ʨʠʩʫʥʦʢ 3ʘ), ʢʦʪʦʨʘʷ 

ʧʦʢʘʟʳʚʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʜʨʫʛ ʢ ʜʨʫʛʫ ʥʘʙʣʶʜʝʥʠʷ ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʧʦʣʫʯʝʥ ʦʜʠʥ ʙʦʣʴʰʦʡ ʢʣʘʩʪʝʨ. ɹʳʣʘ ʧʦʩʪʨʦʝʥʘ ʜʠʘʛʨʘʤʤʘ 

ʦʙʲʷʩʥʝʥʥʦʡ ʚʘʨʠʘʮʠʠ ʢʘʢ ʬʫʥʢʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʢʣʘʩʪʝʨʦʚ (ʨʠʩʫʥʦʢ 3ʙ). ʀʟʛʠʙ 

ʢʨʠʚʦʡ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʯʢʝ 3, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʘʟʙʠʝʥʠʝ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʢʣʘʩʪʝʨʳ 

ʥʝ ʫʣʫʯʰʠʪ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ [286].  

 

ʈʠʩʫʥʦʢ 3. ʂʣʘʩʪʝʨʥʘʷ ʜʝʥʜʨʦʛʨʘʤʤʘ ʧʦ ʠʟʚʝʩʪʥʳʤ ʩʪʨʫʢʪʫʨʘ P2N2-ʮʠʢʣʦʚ (ʘ), 

ʨʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʪʝʨʦʚ (ʙ) 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ ʢʣʘʩʪʝʨʥʦʤʫ ʘʥʘʣʠʟʫ ʚʩʝ P2N2-ʮʠʢʣʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʪʨʠ ʪʠʧʘ ʠʩʭʦʜʷ ʠʟ ʨʘʟʣʠʯʠʡ ʚ ʧʘʨʘʤʝʪʨʘʭ C᷁PCPl, L᷁PPP ʠ ×C᷁NC. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʟʜʝʣʝʥʠʝ ʥʘ 3 ʪʠʧʘ ʢʦʨʨʝʣʠʨʫʝʪ ʠ ʩ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʛʝʪʝʨʦʘʪʦʤʘʭ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʚʩʝʭ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʧʦ ʧʨʠʟʥʘʢʫ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ 
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ʛʝʪʝʨʦʘʪʦʤʘʭ ʢʘʢ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦʡ ʦʮʝʥʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ 3 ʪʠʧʘ ʣʠʛʘʥʜʦʚ: N-

ʘʨʠʣʟʘʤʝʱʝʥʥʳʝ ʮʠʢʣʳ (ʪʠʧ I), N-ʘʣʢʠʣʟʘʤʝʱʝʥʥʳʝ ʮʠʢʣʳ (ʪʠʧ II) ʠ N-

ʘʨʠʣʟʘʤʝʱʝʥʥʳʝ ʮʠʢʣʳ ʩ ʦʙʲʝʤʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʫ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ (ʪʠʧ III). ɺ 

ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʙʨʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʮʠʢʣʠʯʝʩʢʠʭ ʜʠʬʦʩʬʠʥʦʚ ʪʠʧʦʚ I-

III .  

ʊʘʙʣʠʮʘ 1. ʅʝʢʦʪʦʨʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ 

P2N2-ʣʠʛʘʥʜʦʚ 

ʊʠʧ  N-

ʟʘʤʝʩʪ

. 

P- ʟʘʤ. dPP dNN* В᷁ CNC ʕʥʜʦʮʠʢ

ʣ. C᷁NC 

L᷁PPP 

ʊʠʧ I  ɸʨʠʣ ʅʝ ʦʙʲʝʤʥʳʡ 3.63 ï 

4.46 ¡ 

4.07 ï 

3.36 ¡ 

358.83 ï 

359.96  ↔ 

115.66 ï 

118.49  ↔ 

-28.52 ï 

27.24  ↔ 

ʊʠʧ 

II  

ɸʣʢʠʣ ʅʝ ʦʙʲʝʤʥʳʡ 3.13 ï 

3.54 ¡ 

4.42 ï 

4.36 ¡ 

340.58 ï 

343.77  ↔ 

112.29 ï 

115.20  ↔ 

24.98 ï 

52.12  ↔ 

ʊʠʧ 

II I  

ɸʨʠʣ ʉʪʝʨʠʯʝʩʢʠ 

ʟʘʛʨʫʞʝʥʥʳʡ 

3.47 ï 

3.74 ¡ 

4.17 ï 

4.05 ¡ 

356.66 ï 

358.64  ↔ 

115.22 ï 

117.56  ↔ 

26.62 ï 

40.09  ↔ 

 

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʩʚʦʙʦʜʥʳʭ P2N2-ʮʠʢʣʦʚ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʢʦʥʬʦʨʤʘʮʠʷ 

çʢʦʨʦʥʘè, ʜʘʣʴʥʝʡʰʝʝ ʦʙʩʫʞʜʝʥʠʝ ʙʫʜʝʪ ʧʦʩʚʷʱʝʥʦ ʧʘʨʘʤʝʪʨʘʤ ʠ ʧʦʚʝʜʝʥʠʶ P2N2-

ʣʠʛʘʥʜʦʚ ʚ ʵʪʦʡ ʢʦʥʬʦʨʤʘʮʠʠ ʢʘʢ ʩʪʘʨʪʦʚʦʡ ʧʦʟʠʮʠʠ ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ. 

ɼʣʷ ʪʠʧʘ I  ʣʠʛʘʥʜʦʚ ʢʘʢ dPP, ʪʘʢ ʠ dNN ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 3,6ï4,4 ¡. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʜʣʷ ʙʠʩʬʦʩʬʠʥʦʚ ʪʠʧʘ II  ʟʥʘʯʝʥʠʝ dPP ʤʝʥʴʰʝ ʠ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 3,1ï3,5 

¡, ʘ dNN ʩʦʩʪʘʚʣʷʶʪ 4,3ï4,4 ¡. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʮʠʢʣʘ 

ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚ ʪʠʧʘ II I  ʠʤʝʶʪ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʤʝʞʜʫ 

ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʘʤʠ ʪʠʧʘ II  ʠ ʪʠʧʘ I , ʚʝʨʦʷʪʥʦ ʚ ʩʠʣʫ ʙʠʩʝʢʪʦʨʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʦʙʲʝʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʭ ʩʙʣʠʟʠʪʴʩʷ ʘʪʦʤʘʤ 

ʘʟʦʪʘ. ɺʦʟʤʦʞʥʦ, ʦʙʲʝʤʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʫ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʚ ʮʠʢʣʘʭ ʪʠʧʘ II  ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʜʚʫʤ ʘʪʦʤʘʤ ʘʟʦʪʘ ʩʙʣʠʟʠʪʴʩʷ. ʉʫʤʤʘ dNN ʠ dPP ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳ 

(7,6-7,9 ¡) ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʙʠʩʬʦʩʬʠʥʦʚ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ dNN ʧʨʠʚʦʜʠʪ 

ʢ ʫʤʝʥʴʰʝʥʠʶ dPP ʠ ʥʘʦʙʦʨʦʪ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʥʝʠʟʤʝʥʥʦʩʪʴ ʚʘʣʝʥʪʥʳʭ 
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ʫʛʣʦʚ ʘʪʦʤʦʚ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʪʠʧʘ P2N2-ʮʠʢʣʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ 

ʦʜʠʥʘʢʦʚʳʤʠ ʠʣʠ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʳʤʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʥʬʦʨʤʘʮʠʡ, ʘ ʪʘʢʞʝ 

ʥʘʭʦʞʜʝʥʠʝ ʜʚʫʭ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʚ ʞʝʩʪʢʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ, ʠʟʤʝʥʝʥʠʝ dPP 

ʜʦʣʞʥʦ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʚʨʘʱʝʥʠʝʤ ʬʦʩʬʠʥʦʚʦʡ ʛʨʫʧʧʳ, ʚʣʠʷʶʱʠʤ ʥʘ L᷁PPP 

(ʉʭʝʤʘ 1). 

 

ʉʭʝʤʘ 1. ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʤ 

ʮʠʢʣʝ ʧʨʠ ʟʠʤʝʥʝʥʠʠ dPP ʠʣʠ dNN. 

ʈʘʩʩʯʠʪʘʥʥʳʝ L᷁PPP ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ -5 ʜʦ 27o ʜʣʷ ʮʠʢʣʦʚ ʪʠʧʘ I, ʦʪ 

25 ʜʦ 52o ʜʣʷ ʮʠʢʣʦʚ ʪʠʧʘ II ʠ III . ɿʥʘʯʝʥʠʷ ʫʛʣʦʚ ʤʝʞʜʫ ʥʝʧʦʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʠ 

ʜʚʫʭ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ PéP (ʈʠʩʫʥʦʢ 4): ʫʤʝʥʴʰʝʥʠʝ 

ʨʘʩʩʪʦʷʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʛʣʘ. 
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ʈʠʩʫʥʦʢ 4. ʘ) 3d-ʨʘʩʧʨʝʜʝʣʝʥʠʝ P2N2-ʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʥʘ ʪʨʠ ʪʠʧʘ ʧʦ L᷁PPP, 

×᷁ CNC ʠ ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʤʫ C᷁NC. ʊʠʧ I (ʩʠʥʠʡ), ʊʠʧ II (ʟʝʣʝʥʳʡ), ʊʠʧ III 

(ʢʨʘʩʥʳʡ), ʙ) ʢʦʨʨʝʣʷʮʠʷ dPP-dNN, ʚ) ʢʦʨʨʝʣʷʮʠʷ dPP - L᷁PPP, ʛ) ʨʘʟʙʨʦʩ C᷁NC ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ L᷁PPP 

ɸʥʘʣʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ 

ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʚʘʞʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ ʚ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʤ 

ʦʩʪʦʚʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʠʨʘʤʠʜʘʣʴʥʦʩʪʠ ʵʥʜʦʮʠʢʣʠʯʝʩʢʠʭ ʘʪʦʤʦʚ ʘʟʦʪʘ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʤʝʩʪʠʪʝʣʝʤ ʧʨʠ ʛʝʪʝʨʦʘʪʦʤʝ. ɺ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʭ, 

ʩʦʜʝʨʞʘʱʠʭ ʘʨʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ, ʛʝʪʝʨʦʘʪʦʤʳ ʠʤʝʶʪ 

ʧʣʦʩʢʦʪʨʠʛʦʥʘʣʴʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʚ ʩʠʣʫ ʩʦʧʨʷʞʝʥʠʷ ʅʕʇ ʘʪʦʤʦʚ ʘʟʦʪʘ ʩ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʮʠʢʣʦʤ ʟʘʤʝʩʪʠʪʝʣʝʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʥʜʦʮʠʢʣʠʯʝʩʢʠʡ ʫʛʦʣ C-N-C 

ʘʤʠʥʦʤʝʪʠʬʦʩʬʠʥʦʚʦʛʦ ʦʩʪʦʚʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 115-118ʦ. ɺ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʘʣʢʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ, 

ʛʝʪʝʨʦʘʪʦʤ ʠʤʝʝʪ ʧʠʨʘʤʠʜʘʣʴʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʘ ʚʥʫʪʨʝʥʥʠʡ C-N-C ʫʛʦʣ 

ʩʦʩʪʘʚʣʷʝʪ 112-115 ʦ.  ʕʪʦʪ ʫʛʦʣ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʚʦʨʦʪ ʜʚʫʭ C-P-C ʧʣʦʩʢʦʩʪʝʡ ʜʨʫʛ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʦʩʪʦʚʘ, ʠ 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʅʕʇ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ. ɼʣʷ 1,5-ʜʠʘʟʘ-

3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʪʠʧʘ I  ʅʕʇ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʘʨʘʣʣʝʣʴʥʦ 

ʜʨʫʛ ʜʨʫʛʫ ʣʠʙʦ ʦʪʢʣʦʥʝʥʳ ʦʪ ʧʘʨʘʣʣʝʣʠ ʚ ʩʪʦʨʦʥʫ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʘ ʜʣʷ 1,5-ʜʠʘʟʘ-

3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʪʠʧʘ II  ʅʕʇ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʩʪʦʨʦʥʫ 

ʜʨʫʛ ʢ ʜʨʫʛʫ [286]. ɺʘʞʥʦ ʪʘʢʞʝ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚʘʣʝʥʪʥʳʝ ʫʛʣ rʘʪʦʤʦʚ ʬʦʩʬʦʨʘ 

ʩʣʘʙʦ ʟʘʚʠʩʷʪ ʦʪ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʥʠʭ, ʘ ʠʤʝʶʱʠʝʩʷ ʨʘʟʣʠʯʠʷ ʥʝ ʠʤʝʶʪ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʘʟʙʨʦʩ ʧʦ ʟʥʘʯʝʥʠʷʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʦʩʪʦʚʘ. ʕʪʦ ʚʳʟʚʘʥʦ ʦʪʩʫʪʩʪʚʠʝʤ ʩʦʧʨʷʞʝʥʠʷ ʅʕʇ ʘʪʦʤʦʚ 

ʬʦʩʬʦʨʘ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʠʟ-ʟʘ ʚʳʨʘʞʝʥʥʦʛʦ s-ʭʘʨʘʢʪʝʨʘ ʅʕʇ. ɺ 

ʩʠʣʫ ʵʪʦʛʦ, ʘʪʦʤ ʬʦʩʬʦʨʘ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʟʘʤʝʩʪʠʪʝʣʝʡ ʠʤʝʝʪ ʚʩʝʛʜʘ 

ʧʠʨʘʤʠʜʘʣʴʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʣʘʙʦ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ 

ʛʝʦʤʝʪʨʠʶ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʦʩʪʦʚʘ.  

ʇʦʩʢʦʣʴʢʫ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʜʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʝʨʝʭʦʜʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʘʩʪʚʦʨʘʭ, ʥʝʦʙʭʦʜʠʤʳʤ ʷʚʣʷʣʦʩʴ ʧʦʢʘʟʘʪʴ, ʯʪʦ 

ʦʙʥʘʨʫʞʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʤʝʶʪ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ ʜʣʷ ʤʦʣʝʢʫʣ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʜʣʷ ʦʪʜʝʣʴʥʳʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʘʞʜʦʛʦ ʪʠʧʘ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʨʘʩʯʝʪʳ DFT1. PPyNp-Tol ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʘʢ ʧʨʠʤʝʨ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ I, PPyNBn ï ʢʘʢ 

ʤʦʜʝʣʴ ʪʠʧʘ II, ʘ ʜʣʷ ʪʠʧʘ III  ʙʳʣ ʠʟʫʯʝʥ PMesNPy (ʈʠʩʫʥʦʢ 5). ɼʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʛʝʦʤʝʪʨʠʠ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʟʥʘʯʝʥʠʝ dPP ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʩ ʰʘʛʦʤ 0,1 ¡ ʠ ʬʠʢʩʠʨʦʚʘʣʦʩʴ, 

ʪʦʛʜʘ ʢʘʢ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʣʝʢʫʣ ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʧʨʦʬʠʣʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠʠ ʬʦʩʬʦʨʘ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʣʠʛʘʥʜʦʚ. 

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʣʠʛʘʥʜʘ ʪʠʧʘ I ʠʤʝʝʪ ʜʚʘ ʤʠʥʠʤʫʤʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩ dPP 3,6 ¡ ʠ 4,3 ¡, ʣʠʛʘʥʜ ʪʠʧʘ II ʩ dPP 3,4 ¡ ʠʤʝʝʪ ʩʘʤʫʶ 

ʥʠʟʢʫʶ ʵʥʝʨʛʠʶ, ʘ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ III  ʷʚʣʷʝʪʩʷ 

ʩʪʨʫʢʪʫʨʘ ʩ dPP 3,5 ¡, ʢʦʪʦʨʘʷ ʙʣʠʟʢʘ ʢ ʣʠʛʘʥʜʫ ʪʠʧʘ II. 

 
1 ˴ ͍͍͊ͤͭͦͦ-ͻ͙͙ͣ;͔͙͔ͫ͟ ͪ͊ͫ;͔ͭ· ͋·͙͡ ͍͔͔ͨͪͦ͒ͤ· ͍ ͙͙͊͋ͦͪ͊ͭͦͪ͡ ̅̆ˢ ˮ͙ͤͫͭͭͯͭ͊ ͎͙ͦͪ͊ͤ;͔͚ͫͦ͟ ͙ ͺ͙͙͘;͔͚ͫͦ͟ 
ͻ͙͙͙ͣ ͙ͣΦ ˢΦ˩Φ ˢ͍ͪ͋ͯͦ͊͘ ͫΦͤΦͫΦΣ ͟Φͺ-ͣΦͤΦ ˥͔͙͍͚ͪ͊ͫͣͦͦ ́Φ˽Φ 
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ʈʠʩʫʥʦʢ 5. ɿʘʚʠʩʠʤʦʩʪʴ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ P2N2-ʣʠʛʘʥʜʦʚ ʪʠʧʦʚ I-III  ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʣʠʛʘʥʜʦʚ ʪʠʧʘ I 

ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʤʠʥʠʤʫʤ, ʘ ʠʟʤʝʥʝʥʠʷ dPP ʚ ʜʠʘʧʘʟʦʥʝ 3,1 ï 4,6 ¡ 

ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʠʠ ʧʨʠʤʝʨʥʦ ʥʘ Ḑ1 ʢʢʘʣ/ʤʦʣʴ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʚʦʟʤʦʞʥʫʶ ʛʠʙʢʦʩʪʴ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʮʠʢʣʘ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʩʩʪʦʷʥʠʡ 

(ʨʠʩʫʥʦʢ 4). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʨʦʬʠʣʝ ʣʠʛʘʥʜʦʚ ʪʠʧʘ I ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ 

ʨʘʩʩʪʦʷʥʠʡ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 2 ʤʠʥʠʤʫʤʘ ʵʥʝʨʛʠʠ ʜʣʷ ʤʦʣʝʢʫʣ ʩ dPP 3.4 ʠ 3.8 ¡.  ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʜʣʷ ʣʠʛʘʥʜʦʚ ʪʠʧʘ II ʠ ʪʠʧʘ III ʪʘʢʠʝ ʞʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʵʥʝʨʛʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʨʫʢʪʫʨʘʤ ʩ ʙʦʣʝʝ ʫʟʢʠʤ ʜʠʘʧʘʟʦʥʦʤ dPP: 3,1 ï 3,7 ʠ 3,2 ï 3,9 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʛʣʘʩʥʦ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ, ʫʚʝʣʠʯʝʥʠʝ dPP 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ L᷁PPP, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʝʛʦ ʫʤʝʥʴʰʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ L᷁PPP, ʯʪʦ ʪʘʢʞʝ ʙʳʣʦ ʧʨʝʜʩʢʘʟʘʥʦ ʧʨʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʥʥʳʭ 

ʈʉɸ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʘʞʜʦʝ ʠʟʤʝʥʝʥʠʝ dPP ʥʘ 0,1 ¡ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʫʛʣʘ ʧʨʠʤʝʨʥʦ ʥʘ 5-6o. ʇʨʠ ʟʥʘʯʝʥʠʷʭ dPP 4.00 ¡ ʫʛʦʣ ʤʝʞʜʫ ʅʕʇ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 0 o (ʧʘʨʘʣʣʝʣʴʥʘʷ ʦʨʠʝʥʪʘʮʠʷ), ʘ ʧʨʠ ʟʥʘʯʝʥʠʷʭ dPP 3.4 ¡ ʫʛʦʣ ʤʝʞʜʫ 

ʅʕʇ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʩʪʘʥʦʚʠʪʩʷ 35-37 o, ʯʪʦ ʜʝʣʘʝʪ ʩʪʨʫʢʪʫʨʫ ʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʦʡ 

ʢ ʭʝʣʘʪʠʨʦʚʘʥʠʶ.  
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ʂʨʘʡʥʠʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʪʦʯʢʘʤʠ ʜʣʷ ʣʠʛʘʥʜʦʚ ʪʠʧʘ I ʠ ʪʠʧʘ II 

ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʠ ʩʦʝʜʠʥʝʥʠʡ ʩ dPP 4,6 ʠ 2,8 ¡. ʇʨʠ dPP 4,6 ¡ ʘʪʦʤʳ ʘʟʦʪʘ ʩʪʘʥʦʚʷʪʩʷ 

ʧʦʯʪʠ ʧʣʦʩʢʠʤʠ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʣʴʮʘ C᷁NC. ʇʣʦʩʢʦʝ ʦʢʨʫʞʝʥʠʝ 

ʘʪʦʤʦʚ ʘʟʦʪʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ I , ʠ ʷʚʣʷʝʪʩʷ ʥʝʚʳʛʦʜʥʳʤ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ II ʩ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʚ ʧʠʨʘʤʠʜʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʅʘʧʨʦʪʠʚ, ʧʨʠ 

dPP 2,8 ¡ ʚʥʫʪʨʝʥʥʠʡ C᷁NC ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʘʪʦʤ r ʘʟʦʪʘ ʩʪʘʥʦʚʪ̫ʩʷ 

ʧʠʨʘʤʠʜʘʣʴʥʳʤʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʚʳʛʦʜʥʳʤ ʜʣʷ ʘʨʠʣʟʘʤʝʱʝʥʥʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ 

ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ I, ʥʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʘʣʢʠʣʟʘʤʝʱʝʥʥʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ ʩʦʝʜʠʥʝʥʠʡ 

ʪʠʧʘ II. ɺʦʟʤʦʞʥʦ, ʜʣʷ ʩʥʷʪʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʷʭ, ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʢʦʥʬʦʨʤʘʮʠʠ ʮʠʢʣʘ ʩ çʢʦʨʦʥʘè ʥʘ ʢʦʥʬʦʨʤʘʮʠʠ 

ʢʨʝʩʣʦ-ʚʘʥʥʘ ʠʣʠ ʢʨʝʩʣʦ-ʪʚʠʩʪ-ʚʘʥʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʫʪʨʝʥʥʷʷ C᷁NC ʮʠʢʣʘ 

ʢʦʥʪʨʦʣʠʨʫʝʪ L᷁PPP ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʠʞʫʱʫʶ ʩʠʣʫ ʜʣʷ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʢʦʥʬʦʨʤʘʮʠʷʤʠ çʢʦʨʦʥʘè, ʢʨʝʩʣʦ-ʚʘʥʥʘ ʠ 

ʢʨʝʩʣʦ-ʪʚʠʩʪ-ʚʘʥʥʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʯʝʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʦʤ ʜʘʥʥʳʭ ʈʉɸ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʳʙʨʘʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ 

ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʣʠʛʘʥʜʦʚ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʞʜʦʛʦ ʪʠʧʘ ʣʠʛʘʥʜʘ ʤʝʥʷʪʴ ʢʦʥʬʦʨʤʘʮʠʶ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʜʣʷ ʢʦʥʬʦʨʤʘʮʠʡ ʢʨʝʩʣʦ-ʚʘʥʥʘ ʠ ʢʨʝʩʣʦ-

ʪʚʠʩʪ-ʚʘʥʥʘ ʣʠʛʘʥʜʦʚ ʪʠʧʘ I  ʠ ʪʠʧʘ II  ʩ dPP 2,8 - 4,2 ¡. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ II  ʷʚʣʷʝʪʩʷ 

ʩʪʨʫʢʪʫʨʘ ʩ ʢʦʥʬʦʨʤʘʮʠʝʡ ʢʦʨʦʥʘ ʠ dPP ï 3,4 ¡. ʂʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ (ʜʣʷ ʤʦʣʝʢʫʣʳ ʩ dPP 3,4 ¡) ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ (3 ï 6 ʢʢʘʣ/ʤʦʣʴ, ʪʘʙʣʠʮʘ 3). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʳ ʩ 

ʢʦʥʬʦʨʤʘʮʠʝʡ ʢʨʝʩʣʦ-ʪʚʠʩʪ-ʚʘʥʥʘ ʠ dPP 2,8 ¡ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʢʦʥʬʦʨʤʘʮʠʶ 

ʢʨʝʩʣʦ-ʚʘʥʥʘ ʢʘʢ ʜʣʷ ʪʠʧʘ I, ʪʘʢ ʠ ʜʣʷ ʪʠʧʘ II  1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʝʨʝʭʦʜ ʧʨʝʜʩʢʘʟʳʚʘʝʪʩʷ ʜʣʷ ʣʠʛʘʥʜʦʚ ʪʠʧʘ I  ʩ 

dPP 2,8 ï 3,8 ¡. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʦʥʬʦʨʤʘʮʠʷ ʢʨʝʩʣʦ-ʚʘʥʥʘ ʣʠʛʘʥʜʘ ʪʠʧʘ II  ʥʘʯʠʥʘʝʪ 

ʩʢʨʫʯʠʚʘʪʴʩʷ ʚ ʭʦʜʝ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ dPP ʜʦ 3,8 ʠ 4.6 ¡. ɺ ʮʝʣʦʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʢʦʥʬʦʨʤʘʮʠʷʤʠ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ dPP ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ I  ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʧʦʤ II. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʠʛʘʥʜʳ ʪʠʧʘ I  

ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʛʠʙʢʠʤʠ ʯʝʤ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ II  ʢʘʢ ʚ ʨʘʤʢʘʭ ʠʟʤʝʥʝʥʠʡ dPP, ʪʘʢ ʠ 

ʠʟʤʝʥʝʥʠʡ ʢʦʥʬʦʨʤʘʮʠʠ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʛʦ ʦʩʪʦʚʘ.  
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ʊʘʙʣʠʮʘ 2. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʵʥʝʨʛʠʡ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ 

ʪʠʧʘ I  ʠ ʪʠʧʘ II  ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʦʨʤʘʮʠʷʭ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ dPP (ʟʥʘʯʝʥʠʷ 

ʵʥʝʨʛʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʢʂʘʣ/ʤʦʣʴ)  

 ʊʠʧ I  ʊʠʧ II  

dPP çʂʦʨʦʥʘè ʂʨʝʩʣʦ- ʪʚʠʩʪ-

ʚʘʥʥʘ 

ʂʨʝʩʣʦ-

ʚʘʥʥʘ 

çʂʦʨʦʥʘè ʂʨʝʩʣʦ- 

ʪʚʠʩʪ-ʚʘʥʥʘ 

ʂʨʝʩʣʦ-

ʚʘʥʥʘ 

2.8 7.22 ʊʨʘʥʩʬʦʨʤʠʨʫʝ

ʪʩʷ ʚ ʢʨʝʩʣʦ-

ʚʘʥʥʘ  

6.73 5.66 ʊʨʘʥʩʬʦʨʤʠ

ʨʫʝʪʩʷ ʚ 

ʢʨʝʩʣʦ-ʚʘʥʥʘ 

7.78 

3.4 1.33 ʊʨʘʥʩʬʦʨʤʠʨʫʝ

ʪʩʷ ʚ ʢʨʝʩʣʦ-

ʚʘʥʥʘ 

0.72 0 5.74 3.13 

(ʩʢʨʫʯʠʚʘʝʪ

ʩ)̫ 

3.8 1.46 ʊʨʘʥʩʬʦʨʤʠʨʫʝ

ʪʩʷ ʚ ʢʨʝʩʣʦ-

ʚʘʥʥʘ 

0.41 1.46 3.72 ʊʨʘʥʩʬʦʨʤ

ʠʨʫʝʪʩʷ ʚ 

ʢʨʝʩʣʦ-

ʪʚʠʩʪ-ʚʘʥʥʘ 

4.2 1.68 0 0.49 5.61 6.40 ʊʨʘʥʩʬʦʨʤ

ʠʨʫʝʪʩʷ ʚ 

ʢʨʝʩʣʦ-

ʪʚʠʩʪ-ʚʘʥʥʘ 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʚʳʰʝʠʟʣʦʞʝʥʥʦʤʫ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʷʩʥʠʪʴ, ʯʪʦ ʣʠʛʘʥʜʳ ʪʠʧʘ I  

ʩ ʘʨʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʫ ʘʪʦʤʦʚ ʘʟʦʪʘ ʩʧʦʩʦʙʥʳ ʥʘʭʦʜʠʪʴʩʷ ʚ ʢʦʥʬʦʨʤʘʮʠʠ 

çʢʦʨʦʥʘè ʩ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ dPP (3,2ï4,6 ¡), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʣʠʛʘʥʜʳ ʪʠʧʘ II  ʩ 

ʘʣʢʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʫ ʘʪʦʤʦʚ ʘʟʦʪʘ ʷʚʣʷʶʪʩʷ ʤʝʥʝʝ ʛʠʙʢʠʤʠ ʠ ʤʦʛʫʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʢʦʥʬʦʨʤʘʮʠʠ çʢʦʨʦʥʘè ʩ dPP ʚ ʜʠʘʧʘʟʦʥʝ 3,1ï3,7 ¡. ʆʪʢʣʦʥʝʥʠʝ dPP 

ʦʪ ʫʢʘʟʘʥʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʥʬʦʨʤʘʮʠʠ ʣʠʛʘʥʜʦʚ, 

ʯʪʦ ʚʝʨʦʷʪʥʦ, ʦʪʨʘʞʘʝʪʩʷ ʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʧʨʠʤʝʨʘʭ P,P-ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʛʜʝ 

ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʫʤʝʥʴʰʝʥʠʠ dPP ʜʦ 3.0-3.2 

¡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʢʦʥʬʦʨʤʘʮʠʷ ʢʨʝʩʣʦ-ʚʘʥʥʘ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʦʩʪʦʚʘ ʪʠʧʘ I  1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʘ ʜʣʷ ʤʦʩʪʠʢʦʚʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʢʘʪʠʦʥʦʚ 
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ʤʝʪʘʣʣʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʥʦ ʚ ʪʦʞʝ ʚʨʝʤʷ ʭʝʣʘʪʠʨʦʚʘʥʠʝ 

ʣʠʛʘʥʜʘʤʠ ʵʪʦʛʦ ʪʠʧʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʚ ʩʠʣʫ ʠʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ. 

ɼʣʷ ʪʠʧʦʚ II  ʠ III  ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʳʡ ʦʩʪʦʚ ʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥ ʜʣʷ 

ʭʝʣʘʪʠʨʫʶʱʝʛʦ ʩʚʷʟʳʚʘʥʠʷ, ʠ ʢʦʦʨʜʠʥʘʮʠʷ ʣʠʛʘʥʜʦʚ ʧʦ ʤʦʩʪʠʢʦʚʦʤʫ ʪʠʧʫ 

ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʚʳʥʫʞʜʝʥʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʢʘʪʠʦʥʳ ʟʦʣʦʪʘ(I), ʠʤʝʶʱʠʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʝ ʢ.ʯ. 2 ʠʣʠ 3), ʧʨʠ ʵʪʦʤ ʚ ʩʣʫʯʘʝ P,P-ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʠ 

ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʚʳʥʫʞʜʝʥʥʦʝ ʩʙʣʠʞʝʥʠʝ ʜʚʫʭ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʘ ʠʟ-ʟʘ ʥʠʟʢʦʡ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ çʧʦʜʚʠʞʥʦʩʪʠè ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʦʩʪʦʚʘ [286]. 

2.1.2. ʉʠʥʪʝʟ ʥʦʚʳʭ ʧʝʨʚʠʯʥʳʭ ʬʦʩʬʠʥʦʚ ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 

ʭʨʦʤʦʬʦʨʥʳʝ ʛʨʫʧʧʳ 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ɻʣʘʚʝ 1, ʬʦʩʬʠʥʳ ʚ ʢʦʤʧʣʝʢʩʘʭ ʤʝʜʠ(I) ʠ ʟʦʣʦʪʘ(I) ʥʝ 

ʪʦʣʴʢʦ ʟʘʜʘʶʪ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʦʚ, ʥʦ ʠ ʷʚʣʷʶʪʩʷ ʘʢʮʝʧʪʦʨʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʠ ʟʦʣʦʪʘ(I) ʩ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʚʚʝʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʢʮʝʧʪʦʨʥʳʝ 

ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʙʳ ʧʝʨʝʭʦʜʘʤ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʩ ʤʝʪʘʣʣʘ ʥʘ 

ʣʠʛʘʥʜ, ʷʚʣʷʶʱʠʤʩʷ ʧʨʝʦʙʣʘʶʱʠʤ ʤʝʭʘʥʠʟʤʦʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ 

ʤʝʜʠ(I) ʠ ʟʦʣʦʪʘ(I) c ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʬʨʘʛʤʝʥʪʳ: ʧʠʨʠʜʠʥ-2-ʠʣ, ʧʠʨʠʜʠʥ-2-ʠʣʵʪʠʣ, ʪʠʦʬʝʥ-2-

ʠʣ, ʪʠʦʬʝʥ-2-ʠʣʵʪʠʣ ʠ 4-ʙʠʬʝʥʠʣ. ɼʘʥʥʳʡ ʚʳʙʦʨ ʦʙʫʩʣʦʚʣʝʥ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: 1) 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʠ ʧʠʨʠʜʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʪʠʦʥʘʤ 

ʤʝʜʠ(I); 2) ʫʯʘʩʪʠʝ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʩʦʧʨʷʞʝʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ ʚ 

ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) 

ʠ ʟʦʣʦʪʘ(I).  

ʇʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʳʤ ʠ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ ʩʠʥʪʝʟʘ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʢʦʥʜʝʥʩʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʧʝʨʚʠʯʥʳʡ ʬʦʩʬʠʥ, 

ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜ ʠ ʧʝʨʚʠʯʥʳʡ ʘʤʠʥ, ʪʦ ʜʣʷ ʩʠʥʪʝʟʘ ʮʝʣʝʚʳʭ ʣʠʛʘʥʜʦʚ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʧʝʨʚʠʯʥʳʭ ʬʦʩʬʠʥʦʚ. ʇʝʨʚʠʯʥʳʝ 

ʬʦʩʬʠʥʳ 5-8 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʘʢʮʠʝʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʬʦʩʬʦʥʘʪʦʚ 1-4 ʣʠʪʠʡ ʘʣʶʤʠʥʠʡ ʛʠʜʨʠʜʦʤ [45, 287-289] ˸͔ͫͭͦ ͒͡Ύ ͍͍ͦ͒͊ ͔ͭͫͭ͊͟Φ, ʚ 
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ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʨʝʘʢʮʠʷʤʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʚ ʩʣʫʯʘʝ 

ʨʝʘʢʮʠʡ 1, 2 ʠ 4 ʠʣʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʨʝʘʢʮʠʠ ʇʫʜʦʚʠʢʘ ʚ ʩʣʫʯʘʝ 

ʨʝʘʢʮʠʠ 3, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʥʫʢʣʝʦʬʠʣʘ ʚʳʩʪʫʧʘʣ ʜʠʵʪʠʣʬʦʩʬʠʪ (ʉʭʝʤʘ 2). 

 

ʉʭʝʤʘ 2. ʉʠʥʪʝʟ ʬʦʩʬʦʥʘʪʦʚ 1-4 ʠ ʧʝʨʚʠʯʥʳʭ ʬʦʩʬʠʥʦʚ 5-8 

 ʉʠʥʪʝʟ ʙʠʬʝʥʠʣ- ʠ ʧʠʨʝʥʠʣ-ʆ,ʆ-ʜʠʵʪʠʣʬʦʩʬʦʥʘʪʘ [287] ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ 

ʨʝʘʢʮʠʝʡ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʉʫʜʟʫʢʠ-ʄʠʷʫʨʘ ʤʝʞʜʫ 4-ʠʦʜʬʝʥʠʣ-ʆ,ʆ-

ʜʠʵʪʠʣʬʦʩʬʦʥʘʪʦʤ ʠ ʬʝʥʠʣ- ʠʣʠ ʧʠʨʝʥʠʣʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ (ʉʭʝʤʘ 3). ʉʣʝʜʫʝʪ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ 4-ʠʦʜʬʝʥʠʣʬʦʩʬʦʥʘʪ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʨʝʘʛʝʥʪ ʜʣʷ ʩʠʥʪʝʟʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʵʬʠʨʦʚ ʬʦʩʬʦʨʠʩʪʳʭ ʢʠʩʣʦʪ 

ʧʫʪʝʤ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʡ C-C ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ. 

 

ʉʭʝʤʘ 3. ʉʠʥʪʝʟ 4-ʡʦʜʬʝʥʠʣʬʦʩʬʦʥʘʪʘ 9 ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ 10, 11, ʘ ʪʘʢʞʝ 

ʧʝʨʚʠʯʥʳʭ ʬʦʩʬʠʥʦʚ 12, 13 
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ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʬʦʩʬʦʥʘʪʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ 

(50-70%), ʘ ʜʘʣʴʥʝʡʰʝʝ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʣʠʪʠʡ ʘʣʣʶʤʠʥʠʡ ʛʠʜʨʠʜʦʤ ʧʨʠʚʦʜʠʣʦ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʝʨʚʠʯʥʳʭ ʬʦʩʬʠʥʦʚ (ʉʭʝʤʘ 3). ʇʝʨʚʠʯʥʳʝ ʬʦʩʬʠʥʳ 5-8 ʷʚʣʷʶʪʩʷ 

ʞʠʜʢʦʩʪʷʤʠ ʙʝʟ ʮʚʝʪʘ (6 ʠ 8) ʠʣʠ ʦʨʘʥʞʝʚʦ-ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ (ʬʦʩʬʠʥʳ 5 ʠ 7), ʘ 

ʧʝʨʚʠʯʥʳʝ ʬʦʩʬʠʥʳ 12 ʠ 13 ̫ ʚʣʷʶʪʩʷ ʪʚʝʨʜʳʤʠ ʣʝʛʢʦʧʣʘʚʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʧʝʨʚʠʯʥʳʝ ʬʦʩʬʠʥʳ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʦʤ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 1H ʠ 31P. ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʭʠʤ.ʩʜʚʠʛʠ ʠ 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʚʠʯʥʳʤ ʬʦʩʬʠʥʘʤ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ. ʂʣʶʯʝʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʩʠʛʥʘʣʘ ʚ ʗʄʈ 31P 

ʩʧʝʢʪʨʝ (ʦʢ. -110 ï -130 ʤ.ʜ.) ʠ ʢʦʥʩʪʘʥʪʘ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 1JPH (ʦʢ. 

200 ɻʮ), ʢʦʪʦʨʘʷ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʢʘʢ ʚ ʗʄʈ 31P ʩʧʝʢʪʨʘʭ, ʪʘʢ ʠ ʚ ʗʄʈ 1H ʩʧʝʢʪʨʘʭ 

ʧʝʨʚʠʯʥʳʭ ʬʦʩʬʠʥʦʚ 5-8 ʠ 12, 13. 

2.1.3. ʇʦʣʫʯʝʥʠʝ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʠ ʘʥʘʣʠʟ ʠʭ ʩʪʨʫʢʪʫʨ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʝ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʝʨʚʠʯʥʳʭ ʬʦʩʬʠʥʦʚ ʩ ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ 

ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ ʦʪʩʫʪʩʪʚʠʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʨʠ 110-120 oC ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʩ(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʬʦʩʬʠʥʦʚ 14-19 (ʉʭʝʤʘ 4) ʚ ʢʘʯʝʩʪʚʝ 

ʝʜʠʥʩʪʚʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ, 

ʧʦʵʪʦʤʫ ʜʣʷ ʩʠʥʪʝʟʘ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʦʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʟ 

ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ. 

 

ʉʭʝʤʘ 4. ʉʠʥʪʝʟ ʙʠʩ(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʬʦʩʬʠʥʦʚ 14-19 ʠ ʭʠʨʘʣʴʥʳʭ ʬʦʩʬʠʥʦʢʩʠʜʦʚ 

20, 21 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʛʨʝʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʦ 170-180 ʦʉ ʧʨʠʚʦʜʠʪ ʢ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʝ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ 

ʙʠʩ(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʬʦʩʬʠʥʦʚ 14 ʠ 16 [290], ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʠʨʘʣʴʥʳʭ 

ʬʦʩʬʠʥʦʢʩʠʜʦʚ 20, 21 (ʉʭʝʤʘ 3). ʊʘʢʘʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʧʨʦʪʝʢʘʝʪ ʥʝʩʝʣʝʢʪʠʚʥʦ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ, ʯʪʦ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʗʄʈ 31P 

ʩʧʝʢʪʨʘʭ.  

ʉʠʛʥʘʣ ʬʦʩʬʠʥʦʢʩʠʜʦʚ 20 ʠ 21 ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 31P ʚ CDCl3 ʙʳʣ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʧʨʠ 34,5 ʠ 48,5 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 1H ʧʨʦʪʦʥʳ 

ʵʪʠʣʝʥʦʚʦʛʦ ʩʧʝʡʩʝʨʘ ʬʦʩʬʠʥʦʢʩʠʜʘ 21 ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʢʘʢ ʯʝʪʳʨʝ ʤʫʣʴʪʠʧʣʝʪʘ ʚ 

ʜʠʘʧʘʟʦʥʘʭ 2,1-2,5 ʤ.ʜ. ʠ 3,1-3,4 ʤ.ʜ., ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʚʩʝʭ 

ʧʨʦʪʦʥʦʚ ʚ ʛʨʫʧʧʝ P-CH2-CH2-. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ 21 ʠʟ ʩʤʝʩʠ ʪʦʣʫʦʣʘ ʠ ʵʪʘʥʦʣʘ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 10:1 ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʜʘʥʥʳʝ ʈʉɸ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʠʩʫʥʦʢ 6), 

ʩʦʝʜʠʥʝʥʠʝ 21 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʭʠʨʘʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P212121 ʠ 

ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ R-ʠʟʦʤʝʨ ʭʠʨʘʣʴʥʦʛʦ ʬʦʩʬʠʥʦʢʩʠʜʘ. ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʨʘʩʪʚʦʨʘ 

ʩʦʝʜʠʥʝʥʠʷ 21 ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʙʳʣʦ 

ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʜʝʨʘʮʝʤʠʟʘʮʠʷ, 

ʧʨʠʚʦʜʷʱʘʷ ʢ ʢʨʠʩʪʘʣʣʘʤ R- ʠ S-ʠʟʦʤʝʨʦʚ. ʄʦʣʝʢʫʣʳ ʚ ʢʨʠʩʪʘʣʣʝ ʠʤʝʶʪ 

ʢʦʤʧʘʢʪʥʫʶ ʫʧʘʢʦʚʢʫ, ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʛʠʜʨʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʠ ʢʠʩʣʦʨʦʜʘ ʬʨʘʛʤʝʥʪʘ P=O. ɺʝʨʦʷʪʥʦ, ʵʪʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʦʜʦʨʦʜʥʳʝ 

ʩʚʷʟʠ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʬʦʩʬʠʥʦʢʩʠʜ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ. 

 

ʈʠʩʫʥʦʢ 6. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 21, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 
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ɺʝʨʦʷʪʥʦ, ʪʝʨʤʠʯʝʩʢʘʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʥʘʯʠʥʘʝʪʩʷ ʚ ʭʦʜʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠʦʥʘ ʤʝʪʠʣʝʥʬʦʩʬʦʥʠʷ (ʩʭʝʤʘ 5). 

 

ʉʭʝʤʘ 5. ʄʝʭʘʥʠʟʤ ʪʝʨʤʠʯʝʩʢʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ 

ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʌʨʘʥʢʦʤ ʜʣʷ ʪʨʠʩ(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʬʦʩʬʠʥʦʚ 

[291]. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʡ ʤʝʭʘʥʠʟʤ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʪʘʢʞʝ ʉʚʦʨʦʤ ʠ 

ʩʦ-ʘʚʪʦʨʘʤʠ [292] ʜʣʷ ʨʝʘʢʮʠʡ ʛʠʜʨʦʢʩʠʤʝʪʠʣʬʦʩʬʠʥʦʚ ʩ ʘʤʠʥʘʤʠ. ʉʦʛʣʘʩʥʦ 

ʨʘʙʦʪʘʤ ʌʨʘʥʢʘ ʠ ʉʚʦʨʘ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʪʱʝʧʣʝʥʠʷ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠʦʥʘ ʤʝʪʠʣʝʥʬʦʩʬʦʥʠʷ ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ 

ʩʧʦʩʦʙʥʘ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʬʦʩʬʦʥʠʝʚʳʤ ʮʝʥʪʨʦʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʬʦʩʬʠʥʦʢʩʠʜʘ ʢʘʢ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ.  

 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʝʨʚʠʯʥʳʭ ʬʦʩʬʠʥʦʚ ʩ ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠ ʧʝʨʚʠʯʥʳʤʠ 

ʘʤʠʥʘʤʠ, ʙʳʣ ʧʦʣʫʯʝʥ ʰʠʨʦʢʠʡ ʥʘʙʦʨ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ (ʉʭʝʤʘ 

6) [45,287-289,293-301], ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʨʘʩʪʚʦʨʘʭ 

ʤʝʪʦʜʘʤʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 1H ʠ 31P, ʘ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʝʜʠʥʝʥʠʡ 22, 24, 27-29, 35, 37, 38, 42, 46, 48, 49, 51. 

ʂʘʢ ʠ ʚ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʠʥʪʝʟ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʧʨʦʪʝʢʘʝʪ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʜʥʦʛʦ ʩʠʥ-ʠʟʦʤʝʨʘ ʚ ʢʦʥʬʦʨʤʘʮʠʠ çʢʦʨʦʥʘè, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʢʘʢ ʜʘʥʥʳʤʠ ʈʉɸ, ʪʘʢ ʠ ʜʘʥʥʳʤʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʭʦʜʝ 

ʨʝʘʢʮʠʡ 4-ʧʠʨʝʥʠʣʬʝʥʠʣʬʦʩʬʠʥʘ ʩ ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠ ʧ-ʪʦʣʫʠʜʠʥʦʤ ʠʣʠ 

ʙʝʥʟʛʠʜʨʠʣʘʤʠʥʦʤ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ. ɺʳʷʚʠʪʴ ʧʨʠʯʠʥʫ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ 

ʢʦʥʜʝʥʩʘʮʠʠ ʧʠʨʝʥʠʣʬʝʥʠʣʬʦʩʬʠʥʘ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʫʜʘʣʦʩʴ.   
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ʉʭʝʤʘ 6.  ʉʠʥʪʝʟ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ 22-59 

ʇʦʣʫʯʝʥʥʳʝ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʷʚʣʷʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ʊʠʧʘ I  ʠ ʊʠʧʘ II  ʣʠʛʘʥʜʦʚ ʩʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʛʣʘʚʝ 2.1.1 ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʭ ʚ ʨʝʘʢʮʠʷʭ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʫʶ ʛʠʧʦʪʝʟʫ ʦ ʚʣʠʷʥʠʠ ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʛʦ ʚʘʣʝʥʪʥʦʛʦ ʫʛʣʘ ʘʪʦʤʦʚ 

ʘʟʦʪʘ ʠ ʛʝʦʤʝʪʨʠʠ ʘʤʠʥʦʤʝʪʠʣʬʦʩʬʠʥʦʚʦʛʦ ʦʩʪʦʚʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʢʦʤʧʣʝʢʩʦʚ.   

ʀʟ ʜʘʥʥʳʭ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. ɺʦ-ʧʝʨʚʳʭ, ʩʠʛʥʘʣʳ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʠʨʠʜʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ 

ʚ ʗʄʈ 31P ʩʧʝʢʪʨʘʭ, ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʙʦʣʝʝ ʩʣʘʙʳʭ ʧʦʣʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʛʥʘʣʦʚ 

1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʠʦʬʝʥʠʣʴʥʳʝ, 

ʧʠʨʠʜʠʣʵʪʠʣʴʥʳʝ, ʪʠʦʬʝʥʠʣʵʪʠʣʴʥʳʝ ʠʣʠ ʙʠʬʝʥʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ 

ʬʦʩʬʦʨʘ.  ɺʦ-ʚʪʦʨʳʭ, ʩʠʛʥʘʣʳ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ 

ʪʠʧʘ II  ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʙʦʣʝʝ ʩʠʣʴʥʳʭ ʧʦʣʷʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʛʥʘʣʘʤʠ 1,5-ʜʠʘʟʘ-

3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʪʠʧʘ I . ʉʠʛʥʘʣʳ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ 1,5-ʜʠʘʟʘ-3,7-

ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʦʚ ʚ ʗʄʈ 31P ʩʧʝʢʪʨʘʭ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʦʙʣʘʩʪʠ -40 ï -53 ʤ.ʜ. 

ʜʣʷ N-ʘʨʠʣ, P-ʘʨʠʣʟʘʤʝʱʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʠ -60 - -73 ʤ.ʜ. ʜʣʷ N-ʘʣʢʠʣ, P-
































































































































































































































































































































































