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1. ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ.  

ɸʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ - ɻ ʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʡ ʩʧʦʩʦʙ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ. ɺ ʈʦʩʩʠʠ ʝʝ ʜʦʣʷ ʚ ʦʙʱʝʤ ʦʙʲʸʤʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʜʦʩʪʠʛʣʘ 18.4%, ʠ ʢ 2040 ʛʦʜʫ ʧʣʘʥʠʨʫʝʪʩʷ ʝʸ ʫʚʝʣʠʯʝʥʠʝ ʜʦ 25%. ɻʣʘʚʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʥʘ 

ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʶʪʩʷ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ (ɺɸʆ), ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ (ʆʗʊ). ɺ ʦʩʥʦʚʝ ʩʪʨʘʪʝʛʠʠ ʟʘʤʢʥʫʪʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ 

ʮʠʢʣʘ, ʧʨʠʥʷʪʦʛʦ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʣʝʞʠʪ ʧʨʠʥʮʠʧ ʩʝʣʝʢʪʠʚʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʆʗʊ ʥʘʠʙʦʣʝʝ 

ʦʧʘʩʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʪʘʢʠʭ ʢʘʢ çʤʠʥʦʨʥʳʝ ʘʢʪʠʥʠʜʳè Am, Cm ʠ Np, ʩ ʮʝʣʴʶ ʠʭ 

ʚʦʟʚʨʘʱʝʥʠʷ ʚ ʪʦʧʣʠʚʥʳʡ ʮʠʢʣ ʠʣʠ ʪʨʘʥʩʤʫʪʘʮʠʠ ʚ ʨʝʘʢʪʦʨʘʭ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʩʥʠʟʠʪʴ ʨʘʜʠʦʪʦʢʩʠʯʥʦʩʪʴ ʠ ʦʙʲʝʤ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ, 

ʧʦʜʣʝʞʘʱʠʭ ʜʣʠʪʝʣʴʥʦʤʫ ʟʘʭʦʨʦʥʝʥʠʶ.  

ɾʠʜʢʦʩʪʥʘʷ ʵʢʩʪʨʘʢʮʠʷ ʚ ʜʚʫʭʬʘʟʥʳʭ ʩʠʩʪʝʤʘʭ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ/ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ, ʨʝʘʣʠʟʫʝʤʳʤ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʤʘʩʰʪʘʙʘʭ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ-

ʵʢʩʪʨʘʛʝʥʪʘ, ʢʦʪʦʨʳʡ ʧʦʤʠʤʦ ʚʳʩʦʢʦʡ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ 

ʨʘʟʜʝʣʝʥʠʠ f-ɻ ʣʝʤʝʥʪʦʚ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʨʷʜʦʤ ʜʨʫʛʠʭ ʪʨʫʜʥʦ ʩʦʚʤʝʩʪʠʤʳʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ 

ʨʘʜʠʘʮʠʦʥʥʘʷ, ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʠ ʦʢʩʠʜʘʪʠʚʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʚ 

ʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ ʨʅ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʵʢʩʪʨʘʢʮʠʠ ʠʟʚʣʝʢʘʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʉʦʟʜʘʥʠʝ ʪʘʢʠʭ ʵʢʩʪʨʘʛʝʥʪʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ 

ʪʨʝʙʦʚʘʥʠʡ, ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ.  

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ.  

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʠʧʦʚ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ 

ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʦʚ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ f-ɻ ʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʜʠʘʤʠʜʳ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ-2,9-

ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (DAPhen). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʤʝʪʦʜʳ ʠʭ ʩʠʥʪʝʟʘ, 

ʠʟʫʯʘʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ ʚ ʦʪʥʦʰʝʥʠʠ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʘʢʪʠʥʦʠʜʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʘʩʧʝʢʪʳ ʠʭ ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʘʣʴʥʳʭ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. ʇʨʠ ʵʪʦʤ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʳʷʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ çʩʪʨʫʢʪʫʨʘ ʣʠʛʘʥʜʘ ï 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ ï ɻ ʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘè, ʥʦʩʷʪ ʬʨʘʛʤʝʥʪʘʨʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ 

ʵʪʦʤ ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʟʘʜʘʯ, ʦʪʩʫʪʩʪʚʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʢʦʪʦʨʳʭ 

ʩʜʝʨʞʠʚʘʣʦ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʆʗʊ. ʅʘʧʨʠʤʝʨ, ʥʝ ʫʜʘʚʘʣʦʩʴ ʩʦʟʜʘʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʩʝʣʝʢʪʠʚʥʳʝ ʵʢʩʪʨʘʛʝʥʪʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʘʤʝʨʠʮʠʷ ʠ ʣʘʥʪʘʥʦʠʜʦʚ 
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ʥʘʯʘʣʘ ʨʷʜʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʘʤʝʨʠʮʠʷ ʠ ʢʶʨʠʷ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʠ ʜʨʫʛʠʭ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʟʘʜʘʯ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ çʩʪʨʫʢʪʫʨʘ ï ʩʚʦʡʩʪʚʘè. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʅʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʜʠʘʤʠʜʦʚ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ-2,9-ʜʠʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʘʥʪʘʥʦʠʜʘʤʠ, ʚʳʷʚʣʝʥʠʝ ʠ ʦʙʲʷʩʥʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

çʩʪʨʫʢʪʫʨʘ ʣʠʛʘʥʜʘ ï ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ï ɻʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘè ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ:  

1. ʆʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ ʰʠʨʦʢʦʛʦ ʥʘʙʦʨʘ ʥʦʚʳʭ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʦʚ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 

ʚʘʨʴʠʨʫʷ ʩʪʨʫʢʪʫʨʫ ʘʤʠʜʥʳʭ ʛʨʫʧʧ ʚ ʥʠʭ ʚʚʝʜʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʣʢʠʣʴʥʳʭ ʠ ʘʨʠʣʴʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ. ʀʩʩʣʝʜʦʚʘʪʴ ʩʪʨʦʝʥʠʝ ʵʪʠʭ ʣʠʛʘʥʜʦʚ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ ʠ ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʧʦʤʦʱʴʶ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʤʝʪʦʜʦʚ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

2. ʀʟʫʯʠʪʴ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʠʘʤʠʜʦʚ ʩ ʧʦʣʥʳʤ ʥʘʙʦʨʦʤ ʣʘʥʪʘʥʦʠʜʦʚ (ʠʩʢʣʶʯʘʷ 

ʧʨʦʤʝʪʠʡ). ɺʳʜʝʣʠʪʴ ʢʦʤʧʣʝʢʩʳ ʵʪʠʭ ʣʠʛʘʥʜʦʚ ʨʘʟʥʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ ʠ ʠʟʫʯʠʪʴ 

ʠʭ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ ʈʉɸ.  

3. ʇʦʣʫʯʠʪʴ ʧʝʨʚʳʝ ʧʨʠʤʝʨʳ ʜʠʘʩʪʝʨʝʦʤʝʨʥʦ ʯʠʩʪʳʭ ʜʠʘʤʠʜʦʚ ʠ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʣʠʛʘʥʜʦʚ ʥʘ ʠʭ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢʦ ʚʩʝʤʫ ʨʷʜʫ 

ʣʘʥʪʘʥʦʠʜʦʚ.  

4. ʀʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʚ ʧʦʣʦʞʝʥʠʷʭ 4 ʠ 7 ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ 

ʷʜʨʘ ʥʘ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʣʠʛʘʥʜʦʚ, ʠʩʧʦʣʴʟʫʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ.  

5. ʉʠʥʪʝʟʠʨʦʚʘʪʴ ʜʠʘʤʠʜʳ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʪʴ ʠʭ ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʩ f-ɻ ʣʝʤʝʥʪʘʤʠ.   

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ̫ ʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʝ ʠ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ-

2,9-ʜʠʢʘʨʙʦʢʩʘʤʠʜʳ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʥʠʪʨʘʪʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ̫ ʚʣʷʶʪʩʷ ʩʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʠʥʝʡʥʳʭ 

ʠ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ-2,9-ʜʠʢʘʨʙʦʢʩʘʤʠʜʦʚ, ʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʥʠʪʨʘʪʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ ʵʪʠʭ ʣʠʛʘʥʜʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ f-ɻ ʣʝʤʝʥʪʘʤ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ.  

ʇʦʣʫʯʝʥʘ ʙʠʙʣʠʦʪʝʢʘ ʠʟ ʙʦʣʝʝ ʯʝʤ 60 ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʦʚ, ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʩʪʨʫʢʪʫʨʳ. ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʠʠ ʣʠʛʘʥʜʦʚ ʥʘ ʠʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʭʠʤʠʶ ʠ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʦʪʥʦʰʝʥʠʠ ʩʚʷʟʳʚʘʥʠʷ ʠ ʨʘʟʜʝʣʝʥʠʷ 

f-ɻ ʣʝʤʝʥʪʦʚ. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ 

ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʢʘʢ ʦʜʠʥ, ʪʘʢ ʠ ʜʚʘ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʭ ʦʩʪʦʚʘ, ʠʟʫʯʝʥʘ ʠʭ ʵʢʩʪʨʘʢʮʠʦʥʥʘʷ 
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ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʥʠʪʨʘʪʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʘʤʝʨʠʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ 

ʭʠʤʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ. ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʚʦʟʤʦʞʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʨʘʚʥʦʚʝʩʠʡ, 

ʫʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʳʤʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʦʤ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʜʠʟʘʡʥʫ ʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ 

ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʠʭ ʚʦʟʤʦʞʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ f-

ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʘʤʝʨʠʮʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʈɿʕ, ʘ ʪʘʢʞʝ 

ʨʘʟʜʝʣʝʥʠʷ ʧʘʨʳ ʘʤʝʨʠʮʠʡ/ʢʶʨʠʡ. ɿʥʘʯʠʤʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʚʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

çʩʪʨʫʢʪʫʨʘ ï ʩʚʦʡʩʪʚʘè, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʳʙʠʨʘʪʴ ʩʪʨʘʪʝʛʠʶ ʤʦʜʠʬʠʢʘʮʠʠ 

ʣʠʛʘʥʜʦʚ, ʘ ʠʤʝʥʥʦ ʥʘʧʨʘʚʣʝʥʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʩʪʨʦʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʠ ʚʣʠʷʪʴ ʚ ʢʦʥʝʯʥʦʤ ʩʯʸʪʝ 

ʥʘ ʩʚʦʡʩʪʚʘ ʣʠʛʘʥʜʦʚ ʟʘ ʩʯʸʪ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʵʪʦʤ ʵʣʝʢʪʨʦʥʥʳʤʠ ʠ 

ʩʪʝʨʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ.  

ʄʝʪʦʜʦʣʦʛʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʩʠʥʪʝʟʝ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ, 

ʜʝʪʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʩʪʨʫʢʪʫʨʳ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʠ 

ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʚ ʦʪʥʦʰʝʥʠʠ f-ɻ ʣʝʤʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʚʳʷʚʣʝʥʠʝ ʠ ʦʙʲʷʩʥʝʥʠʝ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʚʳʙʨʘʥʥʳʭ ʨʷʜʘʭ ʣʠʛʘʥʜʦʚ ʟʘʜʘʚʘʣʦ ʚʝʢʪʦʨ ʜʘʣʴʥʝʡʰʝʤʫ 

ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʜʠʟʘʡʥʫ ʮʝʣʝʚʳʭ ʦʙʲʝʢʪʦʚ, ʧʨʝʩʣʝʜʫʷ ʚ ʢʘʯʝʩʪʚʝ ʮʝʣʠ ʜʦʩʪʠʞʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʚʳʩʦʢʠʭ ʬʘʢʪʦʨʦʚ ʨʘʟʜʝʣʝʥʠʷ ʥʠʪʨʘʪʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʠ 

ʘʢʪʠʥʦʠʜʦʚ ʠʟ ʘʟʦʪʥʦʢʠʩʣʳʭ ʩʨʝʜ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʨʛʘʥʦʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ:  

1. 4,7-ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʦʚ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʠʭ 

ʦʩʥʦʚʥʦʩʪʴ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. 

ɺʚʝʜʝʥʠʝ ʚ ʵʪʠ ʧʦʣʦʞʝʥʠʷ ʮʠʘʥʦʛʨʫʧʧ ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʩʝʣʝʢʪʠʚʥʳʤ ʣʠʛʘʥʜʘʤ ʜʣʷ 

ʨʘʟʜʝʣʝʥʠʷ Am(III)/Cm(III), ʦʙʣʘʜʘʶʱʠʤ ʚʳʩʦʢʦʡ ʨʘʜʠʦʣʠʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ. 

2. ɿʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʤʠʜʥʳʭ ʘʪʦʤʘʭ ʘʟʦʪʘ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʣʠʛʘʥʜʦʚ. ʅʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ 

ʷʚʣʷʶʪʩʷ ʣʠʛʘʥʜʳ ʩ ʧʠʨʨʦʣʠʜʠʥʦʚʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʘʤʠʜʥʦʡ ʬʫʥʢʮʠʠ. ɺʚʝʜʝʥʠʝ 

ʘʨʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 2-ʧʦʣʦʞʝʥʠʝ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʵʢʩʪʨʘʢʮʠʠ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ. ɸʥʘʣʦʛʠʯʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʣʠʛʘʥʜʦʚ ʥʘ ʦʩʥʦʚʝ ʧʠʧʝʨʠʜʠʥʘ 

ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

3. ɺ ʩʣʫʯʘʝ ʣʠʛʘʥʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ, ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. ʄʝʟʦ-ʬʦʨʤʳ ʘʨʠʣʧʠʨʨʦʣʠʜʠʥʦʚʳʭ 

ʣʠʛʘʥʜʦʚ ʧʦʢʘʟʳʚʘʶʪ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʫʶ ʵʢʩʪʨʘʢʮʠʦʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 
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ʨʘʮʝʤʠʯʝʩʢʠʤʠ ʬʦʨʤʘʤʠ. ɼʘʣʴʥʝʡʰʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʠʭ ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ 

ʛʨʫʧʧʦʚʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ Am(III) ʠʟ ʘʟʦʪʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ. 

4. ʋʧʨʘʚʣʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʨʘʚʥʦʚʝʩʠʷʤʠ ʧʦʟʚʦʣʷʝʪ ʚʣʠʷʪʴ ʥʘ ʵʢʩʪʨʘʢʮʠʦʥʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʦʚ. Cʪʨʦʝʥʠʝ ʠ ʩʪʝʭʠʦʤʝʪʨʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʦʨʛʘʥʦʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʘʤʠʜʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʥʘʣʠʯʠʝʤ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʤ ʷʜʨʝ ʠ ʠʦʥʥʳʤ ʨʘʜʠʫʩʦʤ ʤʝʪʘʣʣʘ. ʃʠʛʘʥʜʳ ʩ 

ʬʝʥʠʣʧʠʨʨʦʣʠʜʠʥʦʚʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʦʙʨʘʟʫʶʪ ʩ ʪʷʞʝʣʳʤʠ Ln(III) ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ 

[L2M(NO3)x]
(3-x)+[M(NO3)y]

(3-y)- ʚ ʚʠʜʝ ʠʦʥʥʳʭ ʧʘʨ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩ ʣʝʛʢʠʤʠ Ln(III) ï  ʢʦʤʧʣʝʢʩʳ 

ʩʦʩʪʘʚʘ 1:1 . 

5. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʭʣʦʨʘʥʛʠʜʨʠʜʦʚ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ-2,9-ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ 

Ŭ,ɤ-ʘʣʢʘʥʜʠʘʤʠʥʘʤʠ (C3ïC8) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 13ï18-ʯʣʝʥʥʳʭ ʤʘʢʨʦʮʠʢʣʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʦʜʠʥ ʬʨʘʛʤʝʥʪ ʬʝʥʘʥʪʨʦʣʠʥʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʝʘʢʮʠʷ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʵʪʠʣʝʥʜʠʘʤʠʥʘ ï ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 24-ʯʣʝʥʥʳʭ ʤʘʢʨʦʮʠʢʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʚʘ ʬʨʘʛʤʝʥʪʘ 

ʬʝʥʘʥʪʨʦʣʠʥʘ. 

6. ɻʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʘʪʦʤʳ ʘʟʦʪʘ ʤʘʢʨʦʮʠʢʣʦʚ c ʬʝʥʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʘʤʠʜʥʦʡ 

ʬʫʥʢʮʠʠ ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʩ f-ɻ ʣʝʤʝʥʪʘʤʠ. ʅʘʙʣʶʜʘʝʤʘʷ 

ʵʢʩʪʨʘʢʮʠʷ ʜʘʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʦʙʫʩʣʦʚʣʝʥʘ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʢʨʦʤʝʪʘʣʣʦʮʠʢʣʦʚ 

ʩʪʝʭʠʦʤʝʪʨʠʠ L2M2 ʟʘ ʩʯʝʪ ʫʯʘʩʪʠʷ ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʪʦʣʴʢʦ ʘʤʠʜʥʳʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ.   

ɺ ʧʫʙʣʠʢʘʮʠʷʭ 1-12 ʚʢʣʘʜ ʜʠʩʩʝʨʪʘʥʪʘ ʩʦʩʪʦʷʣ ʚ ʩʠʥʪʝʟʝ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʣʠʛʘʥʜʦʚ ʠ 

ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʚ ʘʢʪʠʚʥʦʤ ʦʙʩʫʞʜʝʥʠʠ, ʘʥʘʣʠʟʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʨʘʙʦʪʝ 8 ʚʢʣʘʜ ʜʠʩʩʝʨʪʘʥʪʘ ʪʘʢʞʝ ʩʦʩʪʦʷʣ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʨʘʟʜʝʣʝʥʠʷ 

ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʬʦʨʤ ʣʠʛʘʥʜʦʚ. ɺ ʨʘʙʦʪʘʭ 5, 6, 11 ʠ 12 ʚʢʣʘʜ ʜʠʩʩʝʨʪʘʥʪʘ ʪʘʢʞʝ ʩʦʩʪʦʷʣ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ. ɺ ʨʘʙʦʪʘʭ 4-12 ʜʠʩʩʝʨʪʘʥʪ 

ʫʯʘʩʪʚʦʚʘʣ ʚ ʥʘʧʠʩʘʥʠʠ ʪʝʢʩʪʘ ʩʪʘʪʝʡ ʠ ʧʦʜʛʦʪʦʚʢʝ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʇʫʙʣʠʢʘʮʠʠ.  

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ 12 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʜʣʷ ʟʘʱʠʪʳ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʩʦʚʝʪʝ ʄɻʋ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.3. 
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10. Petrov V.G., Matveev P.I., Nenajdenko V.G., Ustynyuk Y.A., Gloriozov I.P., Evsiunina M.V., 

Lemport P.S., Avagyan N.A., Petrov V.S., Krot A.D., Kalle P., Khrustalev V.N., Goletskiy N.D., 

Naumov A.A., Kalmykov S.N. A highly efficient extraction system for Am(III)ïCm(III) pair 

separation in spent nuclear fuel reprocessing // Inorganic Chemistry Frontiers ï 2025.ï V. 13. ï ˉ2. 

ï P.555-563. EDN: RGWEVC. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 6.4 (JIF). ʆʙʲʝʤ 1.33 ʧ.ʣ. 

11. Petrov V. S., Evsiunina M. V., Zonov R. V., Matveev P. I., Lemport P. S., Nelyubina Y. V., 

Averin A. D., Roznyatovsky V. A., Tafeenko V. A., Ustynyuk Y. A., Petrov V. G., Nenajdenko V. 

G. A Case of Macrocyclic N,Nǋ-Diphenyl-Substituted Phenanthrolinediamides: Molecular Dynamics 

and Eu3+/Am3+ Binding Affinity // Inorganic Chemistry ï 2026.ï V. 65. ï ̄ 12. ï P.6521-6533. DOI: 

10.1021/acs.inorgchem.5c05526. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 4.7 (JIF). ʆʙʲʝʤ 1.41 ʧ.ʣ. 

12. ʇʝʪʨʦʚ ɺ.ʉ., ɿʦʥʦʚ ʈ.ɺ., ɸʚʘʢʷʥ ʅ.ɸ., ʃʝʤʧʦʨʪ ʇ.ʉ., ɺʦʢʫʝʚ ʄ.ʌ., ʈʦʜʠʥ ʀ.ɸ., 

ʈʦʟʥʷʪʦʚʩʢʠʡ ɺ.ɸ., ʋʩʪʳʥʶʢ ʖ.ɸ., ʍʨʫʩʪʘʣʝʚ ɺ.ʅ., ʅʝʥʘʡʜʝʥʢʦ ɺ.ɻ. ʄʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ 

ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʳ: ʩʠʥʪʝʟ, ʩʪʨʫʢʪʫʨʘ ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʚʷʟʳʚʘʥʠʷ 

ʘʥʠʦʥʦʚ // ʄʘʢʨʦʛʝʪʝʨʦʮʠʢʣʳ ï 2025. ï ʊ. 18. ï ̄ 4. ï ʉ. 141-150. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 1.02 (ʈʀʅʎ). 

EDN: KJULYN. ʆʙʲʝʤ 0.75 ʧ.ʣ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʫʩʪʥʳʭ ʠ ʩʪʝʥʜʦʚʳʭ ʜʦʢʣʘʜʦʚ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʃʦʤʦʥʦʩʦʚ 2021è (ʄʦʩʢʚʘ, 2021), çʃʦʤʦʥʦʩʦʚ-

2023è (ʄʦʩʢʚʘ, 2023), çʃʦʤʦʥʦʩʦʚ-2024è (ʄʦʩʢʚʘ, 2024); ʤʦʣʦʜʝʞʥʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚè (ʉʦʯʠ, 2022); 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çʄʘʨʢʦʚʥʠʢʦʚʩʢʠʝ ʯʪʝʥʠʷè (ʄʆ, ʂʨʘʩʥʦʚʠʜʦʚʦ, 

2024). 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ.  

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʝʤʠ ʨʘʟʜʝʣʦʚ: ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʦʙʩʫʞʜʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʚʳʚʦʜʦʚ, ʧʨʠʣʦʞʝʥʠʷ ʠ ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʣʠʪʝʨʘʪʫʨʳ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 151 ʩʪʨʘʥʠʮʝ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʚʢʣʶʯʘʝʪ 151 ʨʠʩʫʥʦʢ, 

17 ʪʘʙʣʠʮ ʠ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 179 ʥʘʠʤʝʥʦʚʘʥʠʡ. 
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ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʯʣ.-ʢʦʨʨ. ʈɸʅ, 

ʜ.ʭ.ʥ., ʧʨʦʬ. ʅʝʥʘʡʜʝʥʢʦ ɺ.ɻ. ʟʘ ʯʫʪʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ, ʧʦʣʝʟʥʳʝ ʩʦʚʝʪʳ ʠ ʚʩʝʩʪʦʨʦʥʥʶʶ 

ʧʦʜʜʝʨʞʢʫ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʦʪʜʝʣʴʥʫʶ 

ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢ.ʭ.ʥ. ʃʝʤʧʦʨʪʫ ʇ.ʉ. ʠ ʜ.ʭ.ʥ., ʧʨʦʬ. ʋʩʪʳʥʶʢʫ ʖ.ɸ. ʟʘ 

ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ, ʧʣʦʜʦʪʚʦʨʥʳʝ ʥʘʫʯʥʳʝ ʦʙʩʫʞʜʝʥʠʷ ʠ ʮʝʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʣʫʯʰʝʥʠʶ 

ʨʘʙʦʪʳ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʘʤ ʢʘʬʝʜʨʳ ʨʘʜʠʦʭʠʤʠʠ, 

ʦʩʦʙʝʥʥʦ ʢ.ʭ.ʥ. ʇʝʪʨʦʚʫ ɺ.ɻ., ʢ.ʭ.ʥ. ʄʘʪʚʝʝʚʫ ʇ.ʀ., ʢ.ʭ.ʥ. ɽʚʩʶʥʠʥʦʡ ʄ.ɺ. ʟʘ ʧʨʦʚʝʜʝʥʠʝ 

ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʮʝʥʥʳʝ ʦʙʩʫʞʜʝʥʠʷ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ 

ʢ.ʬ.-ʤ.ʥ. ʈʦʟʥʷʪʦʚʩʢʦʤʫ ɺ.ɸ. (ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ), ʢ.ʭ.ʥ. ʊʘʨʘʩʝʚʠʯʫ ɹ.ʅ. (ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ), ʜ.ʭ.ʥ. ʅʝʣʶʙʠʥʦʡ ʖ.ɺ., ʜ.ʭ.ʥ., ʧʨʦʬ. ʍʨʫʩʪʘʣʝʚʫ ɺ.ʅ. ʠ ʢ.ʭ.ʥ. ʊʘʬʝʝʥʢʦ ɺ.ɸ. 

(ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ), ʢ.ʭ.ʥ. ɻʣʦʨʠʦʟʦʚʫ ʀ.ʇ. ʠ ʘʩʧ. ɿʦʥʦʚʫ ʈ.ɺ. (ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ). ɸʚʪʦʨ ʧʨʠʟʥʘʪʝʣʝʥ ʚʩʝʤʫ ʢʦʣʣʝʢʪʠʚʫ ʣʘʙʦʨʘʪʦʨʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʠʥʪʝʟʘ, ʦʩʦʙʝʥʥʦ ʢ.ʭ.ʥ. ɸʚʘʢʷʥ ʅ.ɸ., ʢ.ʭ.ʥ. ɸʣʜʦʰʠʥʫ ɸ.ʉ., ʘʩʧ. ʐʘʤʙʘʣʦʚʦʡ ɺ.ʕ., ʘʩʧ. ʉʦʥʠʥʫ 

ʀ.ɺ. 

  



10 

2. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ (ʊʝʪʨʘʜʝʥʪʘʥʪʳʝ ʣʠʛʘʥʜʳ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʨʷʜʘ. 

ʉʠʥʪʝʟ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ ʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʵʢʩʪʨʘʢʮʠʦʥʥʦʤ ʨʘʟʜʝʣʝʥʠʠ) 

ɺ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʧʦʣʠʜʝʥʪʘʪʥʳʤ ʣʠʛʘʥʜʘʤ, 

ʩʦʜʝʨʞʘʱʝʤ ʚ ʩʚʦʸʤ ʩʪʨʦʝʥʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʦʩʪʦʚ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʩ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ-ʘʢʪʠʚʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ 2,9-ʧʦʣʦʞʝʥʠʷʭ. ʉʪʨʫʢʪʫʨʥʳʝ ʪʠʧʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʤ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʣʠʛʘʥʜʦʚ ʦʪʦʙʨʘʞʝʥʳ ʥʘ ʈʠʩ. 1. 

ʉʨʘʚʥʝʥʠʝ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʪʠʧʫ ʙʦʢʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ 

ʣʠʛʘʥʜʳ ʩ ʢʦʤʙʠʥʘʮʠʝʡ ʟʘʤʝʩʪʠʪʝʣʝʡ. ʆʪʜʝʣʴʥʦ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ 

ʚʳʩʦʢʦʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʣʠʥʝʡʥʳʝ ʠ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ.  

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʳʝ ʪʠʧʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʣʠʛʘʥʜʦʚ. 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʣʘʩʩʦʚ ʣʠʛʘʥʜʦʚ ʙʫʜʝʪ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʧʦ ʢʣʶʯʝʚʳʤ ʧʘʨʘʤʝʪʨʘʤ: 

ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʢʮʠʠ. ɺ ʦʙʟʦʨʝ ʪʘʢʞʝ ʙʫʜʝʪ ʧʨʠʚʝʜʸʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʢʠʭ ʣʠʛʘʥʜʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʟʜʝʣʝʥʠʷ f-ɻ ʣʝʤʝʥʪʦʚ, ʘ 

ʪʘʢʞʝ ʦʪʜʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ-2,9-ʜʠʢʘʨʙʦʢʩʘʤʠʜʦʚ 

(DAPhen). 
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2.1. ʉʠʥʪʝʟ ʣʠʛʘʥʜʦʚ 

2.1.1. ʉʠʥʪʝʟ ʢʣʶʯʝʚʳʭ ʩʠʥʪʦʥʦʚ ʠ ʦʙʱʠʝ ʧʦʜʭʦʜʳ ʢ ʧʦʣʠʜʝʥʪʘʪʥʳʤ ʣʠʛʘʥʜʘʤ 

ʂʣʶʯʝʚʳʤʠ ʠʩʭʦʜʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʬʝʥʘʥʪʨʦʣʠʥʩʦʜʝʨʞʘʱʠʭ ʣʠʛʘʥʜʦʚ 

ʷʚʣʷʶʪʩʷ 2,9-ʜʠʭʣʦʨ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ 1, ʭʣʦʨʘʥʛʠʜʨʠʜ 2 ʠ ʙʠʩ-ʘʤʠʜʨʘʟʦʥ 3 (ʨʠʩ. 2). 

 

ʈʠʩ. 2. ʂʣʶʯʝʚʳʝ ʩʠʥʪʦʥʳ 1-3. 

ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʧʦʜʭʦʜʦʤ ʢ ʜʠʭʣʦʨʬʝʥʘʥʪʨʦʣʠʥʫ 1 ̫ ʚʣʷʝʪʩʷ 

ʪʨʝʭʩʪʘʜʠʡʥʘʷ ʩʭʝʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʟʘʤʝʱʸʥʥʦʛʦ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ ʧʦʣʫʯʘʶʪ 

ʩʦʣʴ 5 ʩ ʜʠʙʨʦʤʧʨʦʧʘʥʦʤ, ʢʦʪʦʨʫʶ ʟʘʪʝʤ ʦʢʠʩʣʷʶʪ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʚ ʦʩʥʦʚʥʦʡ ʩʨʝʜʝ ʚ 

2,9-ʜʠʦʢʩʦʧʨʦʠʟʚʦʜʥʥʦʝ 6, ʠ ʟʘʪʝʤ ʧʨʦʚʦʜʷʪ ʨʝʘʢʮʠʶ ʟʘʤʝʱʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ PCl5 ʚ 

ʩʨʝʜʝ ʢʠʧʷʱʝʛʦ ʦʢʩʠʭʣʦʨʠʜʘ ʬʦʩʬʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʢʦʤʳʡ ʧʨʦʜʫʢʪ 1 ʧʦʣʫʯʘʝʪʩʷ ʩ ʦʙʱʠʤ 

ʚʳʭʦʜʦʤ 67% (ʨʠʩ. 3). [1,2] 

 

ʈʠʩ. 3. ʉʠʥʪʝʟ 2,9-ʜʠʭʣʦʨʬʝʥʘʥʪʨʦʣʠʥʘ 1. 

ʍʣʦʨʘʥʛʠʜʨʠʜ 2 ʠ ʙʠʩ-ʘʤʠʜʨʘʟʦʥ 3 ʤʦʛʫʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʩʭʦʜʷ ʠʟ ʢʦʤʤʝʨʯʝʩʢʠ 

ʜʦʩʪʫʧʥʦʛʦ 2,9-ʜʠʤʝʪʠʣʬʝʥʘʥʪʨʦʣʠʥʘ (ʥʝʦʢʫʧʨʦʠʥʘ) 7 (ʨʠʩ. 4). [3-5] ʊʘʢ, ʥʝʦʢʫʧʨʦʠʥ 7 ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʚʨʘʱʝʥ ʚ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ-2,9-ʜʠʢʘʨʙʦʥʦʚʫʶ ʢʠʩʣʦʪʫ 12 ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ: 1) ʭʣʦʨʠʨʦʚʘʥʠʝʤ N-ʭʣʦʨʩʫʢʮʠʥʠʤʠʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʠʮʠʘʪʦʨʘ ʨʘʜʠʢʘʣʴʥʦʡ 

ʨʝʘʢʮʠʠ AIBN ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʛʠʜʨʦʣʠʟʦʤ ʛʝʢʩʘʭʣʦʨʧʨʦʠʟʚʦʜʥʦʛʦ 11; 2) ʦʢʠʩʣʝʥʠʝʤ ʧʨʠ 

ʧʦʤʦʱʠ SeO2 ʩ ʧʦʣʫʯʝʥʠʝʤ ʜʠʘʣʴʜʝʛʠʜʘ 8, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʪʘʢʞʝ ʦʢʠʩʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ H2O2 

ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ. ʈʝʘʢʮʠʷ ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 12 ʩ SOCl2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʢʦʣʠʯʝʩʪʚ DMF ʧʨʠʚʦʜʠʪ ʢ ʭʣʦʨʘʥʛʠʜʨʠʜʫ 2, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʩʠʥʪʝʟʘ ʣʠʛʘʥʜʦʚ, ʣʠʙʦ ʚʚʦʜʠʪʴʩʷ ʚ ʨʝʘʢʮʠʶ ʩ ʤʝʪʘʥʦʣʦʤ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 13. ɺʩʝ ʵʪʠ ʧʨʝʚʨʘʱʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʳ ʩ ʚʳʩʦʢʠʤʠ 

ʚʳʭʦʜʘʤʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ ʩʠʥʪʝʟʦʚ ʮʝʣʝʚʳʭ ʣʠʛʘʥʜʦʚ. 

ɼʠʘʣʴʜʝʛʠʜ 8 ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʞʝʥ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʜʠʦʣʘ 14, ʨʝʘʢʮʠʷ ʢʦʪʦʨʦʛʦ ʩ HBr ʧʨʠʚʦʜʠʪ ʢ ʜʠʙʨʦʤʠʜʫ 15. ɹʠʩ-ʘʤʠʜʨʘʟʦʥ 3 
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ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʠʟ ʜʠʘʣʴʜʝʛʠʜʘ 8 ʚ ʪʨʠ ʩʪʘʜʠʠ, ʚʢʣʶʯʘʷ ʧʦʣʫʯʝʥʠʝ ʦʢʩʠʤʘ 9 ʠ ʝʛʦ 

ʜʝʛʠʜʨʘʪʘʮʠʶ ʚ ʜʠʥʠʪʨʠʣ 10. 

 
ʈʠʩ. 4. ʇʨʝʚʨʘʱʝʥʠʷ ʥʝʦʢʫʧʨʦʠʥʘ 7. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʥʪʝʟʘ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʥʝʩʢʦʣʴʢʦ ʦʙʱʠʭ ʧʦʜʭʦʜʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʩʭʝʤʘʭ ʥʘ ʨʠʩ. 5-7. ɼʨʫʛʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ 

ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʢʦʥʪʝʢʩʪʝ ʩʠʥʪʝʟʘ ʢʦʥʢʨʝʪʥʳʭ ʣʠʛʘʥʜʦʚ ʧʦ ʭʦʜʫ 

ʦʙʩʫʞʜʝʥʠʷ. 

1) cʠʥʪʝʟ ʠʟ 2,9-ʜʠʭʣʦʨʬʝʥʘʥʪʨʦʣʠʥʘ ʧʫʪʝʤ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ (ʨʠʩ. 5). 

 
ʈʠʩ. 5. Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʝ. 

2) ʈʝʘʢʮʠʷ ʭʣʦʨʘʥʛʠʜʨʠʜʘ 2 ʣʠʙʦ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 13 ʩ ʘʤʠʥʘʤʠ (ʨʠʩ. 6). 

 
ʈʠʩ. 6. ʉʠʥʪʝʟ DAPhen. 

3) ʇʦʣʫʯʝʥʠʝ ʙʠʩ-ʪʨʠʘʟʠʥʠʣʴʥʳʭ ʣʠʛʘʥʜʦʚ (BTPhen) ʠʟ ʙʠʩ-ʘʤʠʜʨʘʟʦʥʘ 3 (ʨʠʩ. 7). 

 
ʈʠʩ. 7. ʉʠʥʪʝʟ BTPhen. 
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2.1.2. ʇʦʣʠʜʝʥʪʘʥʪʥʳʝ ʣʠʛʘʥʜʳ ʥʘ ʦʩʥʦʚʝ ʜʠʭʣʦʨʬʝʥʘʥʪʨʦʣʠʥʘ  

ʅʘ ʨʠʩ. 8 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʢʣʘʩʩʳ 2,9-ʜʠʟʘʤʝʱʝʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ 2,9-ʜʠʭʣʦʨ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ 1. ʂ ʵʪʦʤʫ ʢʨʫʛʫ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʦʪʥʦʩʷʪʩʷ ʙʠʩ-(2-ʧʠʨʠʜʠʥʠʣ)-ʟʘʤʝʱʸʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʙʠʩ-ʠʤʠʜʘʟʦʣʠʣ ʠ ʙʠʩ-

ʪʨʠʘʟʦʣʠʣʟʘʤʝʱʸʥʥʳʝ ʣʠʛʘʥʜʳ, 2,9-ʙʠʩ-ʬʦʩʬʦʨʠʣʟʘʤʝʱʸʥʥʳʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʳ, ʘ ʪʘʢʞʝ 

ʘʤʠʜʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʩʠʥʪʦʥʘ 1 ʥʘʧʨʷʤʫʶ ʣʠʙʦ ʯʝʨʝʟ 

ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʩʪʘʜʠʶ ʩʠʥʪʝʟʘ 2,9-ʜʠʘʤʠʥʦ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʫʶ 

ʨʝʘʢʮʠʶ ʩ ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. 

 

ʈʠʩ. 8. ʇʦʣʠʜʝʥʪʘʪʥʳʝ ʣʠʛʘʥʜʳ ʥʘ ʦʩʥʦʚʝ ʜʠʭʣʦʨʬʝʥʘʥʪʨʦʣʠʥʘ 1. 

ʀʩʭʦʜʷ ʠʟ 2,9-ʜʠʭʣʦʨʬʝʥʘʥʪʨʦʣʠʥʘ 1 ʧʦʣʫʯʝʥ ʣʠʛʘʥʜ 16, ʩʦʜʝʨʞʘʱʠʡ ʚ 2,9-ʧʦʣʦʞʝʥʠʷʭ 

ʧʠʨʠʜʠʥʦʚʳʝ ʟʘʤʝʩʪʠʪʝʣʠ (ʨʠʩ. 9). [6] ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʝʘʢʮʠʷ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ 

ʩʦʯʝʪʘʥʠʷ ʩ 2-(ʪʨʠʙʫʪʠʣʩʪʘʥʥʠʣ)ʧʠʨʠʜʠʥʦʤ, ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 62%. ʃʠʛʘʥʜ 16 

ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʢ ʠʦʥʘʤ ʤʝʪʘʣʣʦʚ ʩ ʠʦʥʥʳʤ ʨʘʜʠʫʩʦʤ, ʙʣʠʟʢʠʤ ʢ 1 ¡, ʚ ʯʘʩʪʥʦʩʪʠ 

Cd(II), Gd(III) ʠ Bi(III). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʥ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

Cd(II) ʚ ʨʘʩʪʚʦʨʘʭ. [7] 

ɹr ʣʠ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʣʠʛʘʥʜʳ 16-19, ʩʦʜʝʨʞʘʱʠʝ ʚ ʬʨʘʛʤʝʥʪʘʭ ʧʠʨʠʜʠʥʘ ʟʘʤʝʩʪʠʪʝʣʠ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ (ʨʠʩ. 9). [8] ʂʦʤʧʣʝʢʩʳ ʵʪʠʭ ʣʠʛʘʥʜʦʚ ʩ Ru(II) ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʜʦ ʢʠʩʣʦʨʦʜʘ. ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʠʣʠ ʩʭʦʞʫʶ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʠʨʠʜʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʘʭ 

ʣʠʛʘʥʜʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʣʠʛʘʥʜʘ 18, ʧʨʦʷʚʠʚʰʝʛʦ ʤʝʥʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ 

ʵʪʦ ʩ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ ʜʠʤʝʪʠʣʘʤʠʥʦ-ʛʨʫʧʧ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ. 

 
ʈʠʩ. 9. ʉʠʥʪʝʟ ʣʠʛʘʥʜʦʚ 16-19. 
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ɿʘʩʣʫʞʠʚʘʝʪ ʚʥʠʤʘʥʠʷ ʩʠʥʪʝʟ ʥʘ ʦʩʥʦʚʝ ʜʠʭʣʦʨʬʝʥʘʥʪʨʦʣʠʥʘ 1 ʣʠʛʘʥʜʦʚ 21 ʠ 22, ʛʜʝ ʚ 

ʢʘʯʝʩʪʚʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 2 ʠ 9 ʧʦʣʦʞʝʥʠʷʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʦʩʪʦʚʘ ʚʳʩʪʫʧʘʶʪ 1,8-

ʥʘʬʪʠʨʠʜʠʥ-2-ʠʣ ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ-2-ʠʣ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩ. 10). [9] 

 
ʈʠʩ. 10. ʉʠʥʪʝʟ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʩ ʧʦʣʠʧʠʨʠʜʠʥʦʚʳʤʠ ʙʦʢʦʚʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʭʦʜʷ ʠʟ 2,9-ʜʠʭʣʦʨʬʝʥʘʥʪʨʦʣʠʥʘ 1 ʚ ʜʚʝ ʩʪʘʜʠʠ ʩ ʦʙʱʠʤ ʚʳʭʦʜʦʤ 38% 

ʧʦʣʫʯʝʥʦ 2,9-ʜʠʘʮʝʪʠʣʴʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ 20, ʢʦʪʦʨʦʝ ʟʘʪʝʤ ʚʚʦʜʠʣʠ ʚ ʢʦʥʜʝʥʩʘʮʠʶ 

ʌʨʠʜʣʝʥʜʝʨʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʨʪʦ-ʘʤʠʥʦʘʣʴʜʝʛʠʜʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʙʱʠʝ 

ʚʳʭʦʜʳ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʚʳʩʦʢʠ, ʘ ʠʩʭʦʜʥʳʝ ʘʤʠʥʦ-ʘʣʴʜʝʛʠʜʳ ʪʘʢʞʝ ʥʝ ʷʚʣʷʶʪʩʷ 

ʰʠʨʦʢʦʜʦʩʪʫʧʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʯʸʨʢʠʚʘʝʪ ʠʥʪʝʨʝʩ ʢ ʩʦʟʜʘʥʠʶ 

ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʛʘʪʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ. ʃʠʛʘʥʜ 22 ʦʙʨʘʟʫʝʪ ʩ ʠʦʥʘʤʠ ʦʜʥʦʚʘʣʝʥʪʥʦʡ ʤʝʜʠ ʢʦʤʧʣʝʢʩʳ ʥʝʦʙʳʯʥʦʛʦ 

ʩʪʨʦʝʥʠʷ (ʨʠʩ. 11). [10] ɺ ʵʪʦʤ ʢʦʤʧʣʝʢʩʝ ʪʨʠ ʢʘʪʠʦʥʘ ʤʝʜʠ ʨʘʩʧʦʣʦʞʝʥʳ ʣʠʥʝʡʥʦ ʠ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʣʠʛʘʥʜʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʜʚʦʡʥʫʶ 

ʩʧʠʨʘʣʴ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʫʶ ʩʪʵʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʢʦʣʴʮʘʤʠ.  

 
ʈʠʩ. 11. ʈʉɸ-ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ [(22)2Cu3]

3+. 

ʇʦ ʨʝʘʢʮʠʠ ʌʨʠʜʣʝʥʜʝʨʘ ʠʩʭʦʜʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 1,2-ʜʠʢʝʪʦʥʦʚ ʠ 8-ʘʤʠʥʦʭʠʥʦʣʠʥ-

7-ʢʘʨʙʘʣʴʜʝʛʠʜʘ ʙʳʣʠ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʣʠʛʘʥʜʳ 23-25 ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʭʠʤʠʠ ʚ ʦʪʥʦʰʝʥʠʠ ʦʜʥʦʚʘʣʝʥʪʥʦʡ ʤʝʜʠ (ʨʠʩ. 12). [11] 
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ʈʠʩ. 12. ʉʠʥʪʝʟ ʣʠʛʘʥʜʦʚ 23-25. 

ɺ ʵʪʠʭ ʣʠʛʘʥʜʘʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʦ 2 ʧʦʣʦʞʝʥʠʶ, ʚ 3 ʧʦʣʦʞʝʥʠʠ ʞʝ ʩʚʷʟʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ 

ʮʝʧʦʯʝʢ ʨʘʟʥʦʡ ʜʣʠʥʳ. ɼʣʷ ʣʠʛʘʥʜʘ 23 ʜʚʫʛʨʘʥʥʳʡ ʫʛʦʣ N-C-C-N ʤʝʞʜʫ ʬʨʘʛʤʝʥʪʘʤʠ 

ʬʝʥʘʥʪʨʦʣʠʥʘ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 16Á, ʪʦʛʜʘ ʢʘʢ ʜʣʷ 24 ʠ 25 ʦʥ ʩʦʩʪʘʚʣʷʝʪ 44Á ʠ 60Á 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʨʠʩ. 13 ʧʨʠʚʝʜʝʥʘ ʈʉɸ-ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ [(23)2Cu2]
2+. ʂʘʢ 

ʠ ʚ ʩʣʫʯʘʝ 22, ʢʦʤʧʣʝʢʩʳ ʵʪʠʭ ʣʠʛʘʥʜʦʚ ʦʙʨʘʟʫʶʪ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʜʥʦʚʘʣʝʥʪʥʦʡ ʤʝʜʠ, 

ʚ ʢʦʪʦʨʳʭ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩʪʵʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. 

 
ʈʠʩ. 13. ʈʉɸ-ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ [(23)2Cu2]

2+. 

ʀʟ ʜʠʭʣʦʨʬʝʥʘʥʪʨʦʣʠʥʘ 1 ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʦʣʠʜʝʥʪʘʥʪʥʳʝ ʣʠʛʘʥʜʳ ʠ ʩ ʜʨʫʛʠʤʠ 

N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʧʦʣʦʞʝʥʠʷʭ 2 ʠ 9 ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʷʜʨʘ. ʊʘʢ, ʧʫʪʸʤ 

ʨʝʘʢʮʠʠ ʉʪʠʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʪʨʘʢʠʩ-ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʧʘʣʣʘʜʠʷ ʧʦʣʫʯʝʥʦ ʩʦʝʜʠʥʝʥʠʝ 

26, ʚ ʢʦʪʦʨʦʤ ʨʦʣʴ ʙʦʢʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʠʛʨʘʶʪ ʧʨʦʠʟʚʦʜʥʳʝ ʠʤʠʜʘʟʦʣʘ. ʇʨʦʠʟʚʦʜʥʦʝ 

ʙʝʥʟʠʤʠʜʘʟʦʣʘ 27 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 12 ʩ 2-ʘʤʠʥʦ-N-

ʤʝʪʠʣʘʥʠʣʠʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʠʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ (ʨʠʩ. 14). [8] ʀʩʩʣʝʜʦʚʘʥʳ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʵʪʠʭ ʣʠʛʘʥʜʦʚ ʩ Ru(II). ʂʨʦʤʝ ʪʦʛʦ, 

ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʧʦʢʘʟʘʣʠ ʟʘʤʝʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʚ 

ʢʠʩʣʦʨʦʜ, ʦʜʥʘʢʦ ʤʝʭʘʥʠʟʤ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʘʚʪʦʨʳ ʥʝ ʠʩʩʣʝʜʦʚʘʣʠ. 

 
ʈʠʩ. 14. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 26 ʠ 27.  
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ɼʣʷ ʩʠʥʪʝʟʘ ʙʠʩ-ʪʨʠʘʟʦʣʠʣʟʘʤʝʱʸʥʥʳʭ ʣʠʛʘʥʜʦʚ ʩʦʝʜʠʥʝʥʠʝ 1 ʚʚʦʜʷʪ ʚ Pd-

ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʨʝʘʢʮʠʶ ʩ (ʪʨʝʪ-ʙʫʪʠʣʜʠʤʝʪʠʣʩʠʣʠʣ)ʘʮʝʪʠʣʝʥʦʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʥʷʪʠʝʤ 

ʟʘʱʠʪʳ, ʘ ʦʙʨʘʟʫʶʱʠʡʩʷ ʜʠʘʮʝʪʠʣʝʥ 28 ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʶʪ Cu-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ [3+2] 

ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʥ-ʛʝʢʩʠʣ-1-ʘʟʠʜʦʤ ʣʠʙʦ ʙʝʥʟʠʣʘʟʠʜʦʤ, ʧʦʣʫʯʘʷ ʩ 

ʫʤʝʨʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʠʜʝʥʪʘʪʥʳʝ ʣʠʛʘʥʜʳ 29 ʠ 30 (ʈʠʩ. 15). [12]  

 
ʈʠʩ. 15. ʉʠʥʪʝʟ ʣʠʛʘʥʜʦʚ 29 ʠ 30. 

ɿʘʤʝʩʪʠʪʝʣʠ ʚ ʪʨʠʘʟʦʣʴʥʳʭ ʬʨʘʛʤʝʥʪʘʭ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʣʠʧʦʬʠʣʴʥʦʩʪʠ 

ʪʘʢʠʭ ʣʠʛʘʥʜʦʚ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʜʣʷ ʨʝʘʢʮʠʡ CuAAC, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʳ ʩ 

ʪʝʤ, ʯʪʦ ʤʝʜʴ ʦʙʨʘʟʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ, 

ʦʜʥʘʢʦ, ʜʦʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʠʩʢʦʤʳʭ ʣʠʛʘʥʜʦʚ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʵʪʠ 

ʟʥʘʯʝʥʠʷ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʵʪʦʪ ʪʠʧ ʣʠʛʘʥʜʦʚ ʧʦʢʘʟʳʚʘʝʪ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʩʪʝʧʝʥʠ 

ʠʟʚʣʝʯʝʥʠʷ Am(III) ʚ ʧʨʦʮʝʩʩʘʭ ʞʠʜʢʦʩʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ (ʩʤ. ʧʦʜʨʘʟʜʝʣ 2.2).  

ɹʳʣʠ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʧʨʠʤʝʨʳ ʙʠʩ-ʪʨʠʘʟʦʣʠʣʟʘʤʝʱʸʥʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, 

ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʚ ʙʦʢʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʷʭ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ. ʀʭ ʩʠʥʪʝʟ 

ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ ʥʘ ʨʠʩ. 15 ʧʦ ʨʝʘʢʮʠʠ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʮʝʪʠʣʝʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʬʝʥʘʥʪʨʦʣʠʥʘ 28 ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʟʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʷʨʥʳʝ ʛʨʫʧʧʳ (ʈʠʩ. 16). [13,14] 

 
ʈʠʩ. 16. ɻʠʜʨʦʬʠʣʴʥʳʝ ʤʘʩʢʠʨʫʶʱʠʝ ʘʛʝʥʪʳ 31-34. 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʣʠʛʘʥʜʦʚ ʵʪʦʛʦ ʪʠʧʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʙʠʩ(ʝʥʘʤʠʥ)ʘ 35 

ʧʦ ʨʝʘʢʮʠʠ ʥʝʦʢʫʧʨʦʠʥʘ 7 ʠ ʪʨʝʪ-ʙʫʪʦʢʩʠʙʠʩ(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʘʥʘ. ɹʠʩ(ʝʥʘʤʠʥ) 35 ʟʘʪʝʤ 

ʚʚʦʜʷʪ ʚ ʨʝʘʢʮʠʶ [2+3] ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʘʟʠʜʘʤʠ, ʧʦʣʫʯʘʷ ʩʦʝʜʠʥʝʥʠʷ 36 ʠ 37 (ʨʠʩ. 17). 

[15] 

 
ʈʠʩ. 17. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 36 ʠ 37 ʠʩʭʦʜʷ ʠʟ ʥʝʦʢʫʧʨʦʠʥʘ. 
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ʈʝʘʢʮʠʷ ʜʠʘʣʴʜʝʛʠʜʘ 8 ʩ ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʤ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʠʟʚʦʜʥʦʤʫ ʙʝʥʟʠʤʠʜʘʟʦʣʘ 

38. [16] ɺʚʝʜʝʥʠʝ ʞʝ ʜʠʘʣʴʜʝʛʠʜʘ 8 ʚ ʨʝʘʢʮʠʶ ʩ ʦ-ʘʤʠʥʦʤʝʪʠʣʘʥʠʣʠʥʦʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʜʝʛʠʜʨʠʨʦʚʘʥʠʝʤ ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʨʘʤ ʧʦʣʫʯʠʪʴ ʣʠʛʘʥʜ ʥʘ ʦʩʥʦʚʝ ʭʠʥʘʟʦʣʠʥʘ 39 (ʨʠʩ. 18). [17] 

ʉʦʝʜʠʥʝʥʠʝ 38 ʠʩʩʣʝʜʦʚʘʣʠ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʣʠʛʘʥʜ, ʩʧʝʮʠʬʠʯʥʳʡ ʢ D-(-)-ʨʠʙʦʟʝ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʩʪʘʭ. ʉʦʝʜʠʥʝʥʠʝ 39 ʞʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚ 

ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ f-ɻ ʣʝʤʝʥʪʦʚ. ɸʚʪʦʨʘʤʠ ʧʨʠ ʧʦʤʦʱʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʚʷʟʳʚʘʥʠʷ ʠʦʥʦʚ An(III) ʵʪʠʤ ʣʠʛʘʥʜʦʤ. 

 
ʈʠʩ. 18. ʉʠʥʪʝʟ ʣʠʛʘʥʜʦʚ ʥʘ ʦʩʥʦʚʝ ʙʝʥʟʠʤʠʜʘʟʦʣʘ ʠ ʭʠʥʘʟʦʣʠʥʘ. 

ʂʦʥʜʝʥʩʘʮʠʷ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 13 ʩ ʤʝʪʠʣʘʣʢʠʣʢʝʪʦʥʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʠʜʘ 

ʥʘʪʨʠʷ ʧʨʠʚʦʜʠʪ ʢ ɓ-ʜʠʢʝʪʦʥʘʤ 40-42, ʨʝʘʢʮʠʷ ʢʦʪʦʨʳʭ ʩ ʛʠʜʨʘʟʠʥʛʠʜʨʘʪʦʤ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʧʠʨʘʟʦʣʩʦʜʝʨʞʘʱʠʝ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʝ ʣʠʛʘʥʜʳ 43-45 (ʨʠʩ. 19). [18] ɸʚʪʦʨʳ 

ʩʦʦʙʱʘʶʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʠʭ ʣʠʛʘʥʜʦʚ ʚ ʨʘʟʜʝʣʝʥʠʠ Am(III)/Eu(III), ʦʜʥʘʢʦ ʫʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʩʣʦʞʥʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ 2-ʙʨʦʤʛʝʢʩʘʥʦʚʦʡ ʢʠʩʣʦʪʳ.  

 
ʈʠʩ. 19. ʉʠʥʪʝʟ ʧʠʨʘʟʦʣʩʦʜʝʨʞʘʱʠʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ 43-45. 

ɹʦʣʴʰʠʤ ʢʣʘʩʩʦʤ ʛʠʙʨʠʜʥʳʭ N,O-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʠʩʭʦʜʷ ʠʟ 2,9-

ʜʠʭʣʦʨʬʝʥʘʥʪʨʦʣʠʥʘ 1, ʷʚʣʷʶʪʩʷ 2,9-ʙʠʩ-ʬʦʩʬʦʨʠʣʟʘʤʝʱʸʥʥʳʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʳ. ʉʠʥʪʝʟ 

ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʩʪʘʜʠʡʥʫʶ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʨʝʘʢʮʠʶ CïP 

ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ (ʨʠʩ. 20). [19-22] 

 
ʈʠʩ. 20. ʉʠʥʪʝʟ ʣʠʛʘʥʜʦʚ 46-51. 
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ʃʠʛʘʥʜʳ 46-51 ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ f-ɻ ʣʝʤʝʥʪʦʚ, ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʣʝʝ ʚ ʧʦʜʨʘʟʜʝʣʝ 2.2. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʧʨʦʚʝʩʪʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʪʘʢʠʭ 

ʣʠʛʘʥʜʦʚ (ʨʠʩ. 21) ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ f-ɻ ʣʝʤʝʥʪʘʤʠ. 

a) 

 
 

b) 

 
ʈʠʩ. 21. ʈʉɸ-ʩʪʨʫʢʪʫʨʳ (a) ʣʠʛʘʥʜʘ 48 ʚ ʜʚʫʭ ʧʨʦʝʢʮʠʷʭ, (b) ʢʦʤʧʣʝʢʩʘ 48 ʩ ʥʠʪʨʘʪʦʤ 

ʝʚʨʦʧʠʷ. 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʈʉɸ-ʩʪʨʫʢʪʫʨʝ 48 ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʮʝʥʪʨʳ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 2,9-ʧʦʣʦʞʝʥʠʷʭ ʬʝʥʘʥʪʨʦʣʠʥʘ ʥʘʧʨʘʚʣʝʥʳ ʚ ʩʪʦʨʦʥʫ ʦʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʧʦʣʦʩʪʠ ʣʠʛʘʥʜʘ. ʇʨʠ ʧʦʧʳʪʢʝ ʚʳʨʘʩʪʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣ ʣʠʛʘʥʜʘ 48 ʩ ʥʠʪʨʘʪʦʤ ʝʚʨʦʧʠʷ, ʦʜʥʘ 

ʠʟ ʬʦʩʬʦʥʘʪʥʳʭ ʛʨʫʧʧ ʧʨʝʪʝʨʧʝʣʘ ʛʠʜʨʦʣʠʟ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʷʜʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (ʨʠʩ. 21b). ɸʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢʘʪʠʦʥʘ 

ʣʘʥʪʘʥʦʠʜʘ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʶ ʛʠʜʨʦʣʠʟʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʦʚ f-ɻ ʣʝʤʝʥʪʦʚ ʠʩʩʣʝʜʫʶʪʩʷ ʠ ʙʠʩ-ʬʦʩʬʠʥʦʢʩʠʜʳ 

ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʨʷʜʘ (ʈʠʩ. 22). ɿʘʤʝʥʘ ʘʣʢʦʢʩʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʥʘ ʘʣʢʠʣʴʥʳʡ ʠʣʠ 

ʘʨʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪʳ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʬʨʘʛʤʝʥʪʝ P=O 

ʤʦʣʝʢʫʣʳ ʵʢʩʪʨʘʛʝʥʪʘ. ʉʠʥʪʝʟ ʧʦʜʦʙʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʜʚʫʤʷ 

ʦʩʥʦʚʥʳʤʠ ʧʫʪʷʤʠ: 1) ʤʝʪʦʜ CïP ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʡ ʦʧʠʩʘʥʥʦʤʫ ʨʘʥʝʝ [19, 23-26]; 

2) ʨʝʘʢʮʠʷ 2,9-ʜʠʭʣʦʨʬʝʥʘʥʪʨʦʣʠʥʘ ʩ ʜʠʬʝʥʠʣʬʦʩʬʠʜʦʤ ʥʘʪʨʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʦʢʠʩʣʝʥʠʝ 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʧʨʦʠʟʚʦʜʥʦʛʦ 5% ʨʘʩʪʚʦʨʦʤ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ. [27] 

 
ʈʠʩ. 22. ʉʠʥʪʝʟ ʣʠʛʘʥʜʦʚ 52-60. 

ɼʣʷ ʣʠʛʘʥʜʘ 55 ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʠ ʧʨʦʚʝʩʪʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʨʠʩ. 23). ɺ ʈʉɸ-ʩʪʨʫʢʪʫʨʝ 55 ʣʠʛʘʥʜ ʧʨʠʥʠʤʘʝʪ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʫʶ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʢʦʥʬʦʨʤʘʮʠʶ: ʜʚʫʛʨʘʥʥʳʝ ʫʛʣʳ ʤʝʞʜʫ 

P=O ʛʨʫʧʧʘʤʠ ʠ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ʜʦʩʪʠʛʘʶʪ ʧʦʯʪʠ 180ʦ.  
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ʈʠʩ. 23. ʈʉɸ-ʩʪʨʫʢʪʫʨʘ ʣʠʛʘʥʜʘ 55 ʚ ʜʚʫʭ ʧʨʦʝʢʮʠʷʭ. 

ɺ ʮʝʣʦʤ ʞʝ ʚ ʥʘʧʨʘʚʣʝʥʥʦʤ ʩʠʥʪʝʟʝ ʣʠʛʘʥʜʦʚ ʵʪʦʛʦ ʢʣʘʩʩʘ ʜʦʩʪʠʛʥʫʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʧʨʦʛʨʝʩʩ, ʦʜʥʘʢʦ ʧʨʠʩʫʪʩʪʚʠʝ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʥʝʠʟʙʝʞʥʦ ʚʳʟʳʚʘʝʪ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʣʠʛʘʥʜʦʚ ʚ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʨʘʟʜʝʣʝʥʠʷ. 

ɼʨʫʛʠʤ ʪʠʧʦʤ ʣʠʛʘʥʜʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʠʟ 2,9-ʜʠʭʣʦʨʬʝʥʘʥʪʨʦʣʠʥʘ, ʷʚʣʷʶʪʩʷ ʙʠʩ-ʘʤʠʜʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʜʦʥʦʨʥʳʝ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʚʦ ʬʨʘʛʤʝʥʪʘʭ Phen-NR-CORô. ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ 

ʣʠʰʴ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʠ ʤʦʛʫʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʊʘʢ, ʩ 

ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʤʠʜʳ 62 ʠ 63 (ʨʠʩ. 24). [28,29] 

 
ʈʠʩ. 24. ʉʠʥʪʝʟ ʙʠʩ-ʘʤʠʜʦʚ 62 ʠ 63. 

ʉʦʝʜʠʥʝʥʠʝ 62 ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʘ ʨʦʩʪʘ ʙʘʢʪʝʨʠʡ ʨʦʜʘ 

Mycoplasma. ʍʦʪʷ ʩʘʤʦ ʩʦʝʜʠʥʝʥʠʝ 62 ʠ ʥʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʪʘʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʪʦʢʩʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ (40 ʤʢʤʦʣʴ/ʣ) ʦʥʦ ʘʢʪʠʚʥʦ ʧʦʜʘʚʣʷʣʦ ʨʦʩʪ 

ʙʘʢʪʝʨʠʡ. ʉʦʝʜʠʥʝʥʠʝ 63 ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʡ ʵʢʩʪʨʘʢʮʠʠ LiCl. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʞʠʜʢʠʭ ʤʝʤʙʨʘʥ, ʩʦʜʝʨʞʘʱʠʭ 63, ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʨʘʤ ʵʬʬʝʢʪʠʚʥʦ ʠʟʚʣʝʢʘʪʴ 

LiCl ʠʟ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʭʣʦʨʠʜʳ ʨʘʟʣʠʯʥʳʭ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. ʄʝʭʘʥʠʟʤʳ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠʟʫʯʘʣʠʩʴ ʘʚʪʦʨʘʤʠ ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ.  

ʉʦʝʜʠʥʝʥʠʷ 62 ʠ 63 ʥʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʦʚ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ f-

ʵʣʝʤʝʥʪʦʚ. ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʫʷ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʨʝʘʢʮʠʶ C-N ʩʦʯʝʪʘʥʠʷ ʙʳʣ ʧʦʣʫʯʝʥ 

ʣʠʛʘʥʜ 64 ʥʘ ʦʩʥʦʚʝ ʧʠʨʨʦʣʠʜʦʥʘ, ʢʦʪʦʨʳʡ ʠʩʩʣʝʜʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

UO2(NO3)2 (ʨʠʩ. 25). [30] ʇʦʤʠʤʦ ʵʬʬʝʢʪʠʚʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʫʨʘʥʠʣ-ʢʘʪʠʦʥʘ, ʦʪʤʝʯʝʥʘ ʪʘʢʞʝ 

ʚʳʩʦʢʫʶ ʨʘʜʠʘʮʠʦʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʣʠʛʘʥʜʘ.  

 
ʈʠʩ. 25. ʉʠʥʪʝʟ ʙʠʩ-ʣʘʢʪʘʤʥʦʛʦ ʣʠʛʘʥʜʘ 64. 
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2.1.3 ɹʠʩ-ʪʨʠʘʟʠʥʠʣʴʥʳʝ ʣʠʛʘʥʜʳ (BTPhen) 

ɺ ʨʷʜʫ N-ʜʦʥʦʨʥʳʭ ʵʢʩʪʨʘʛʝʥʪʦʚ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ f-ɻ ʣʝʤʝʥʪʦʚ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ 

ʟʘʩʣʫʞʠʚʘʶʪ ʙʠʩ-ʪʨʠʘʟʠʥʠʣʴʥʳʝ ʣʠʛʘʥʜʳ BTPhen, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʫʪʸʤ 

ʨʝʘʢʮʠʠ ʧʨʝʢʫʨʩʦʨʘ 3 ʩ ʨʘʟʣʠʯʥʳʤʠ Ŭ-ʜʠʢʝʪʦʥʘʤʠ (ʈʠʩ. 26). ʇʨʠ ʵʪʦʤ ʚʘʨʴʠʨʦʚʘʥʠʝ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ Ŭ-ʜʠʢʝʪʦʥʘʭ ʧʨʠʚʦʜʠʪ ʢ ʣʠʛʘʥʜʘʤ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʪʨʠʘʟʠʥʦʚʳʭ 

ʬʨʘʛʤʝʥʪʘʭ. 

 
ʈʠʩ. 26. Cʠʥʪʝʟ ʣʠʛʘʥʜʦʚ ʢʣʘʩʩʘ BTPhen. 

ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ ʥʘ ʨʠʩ. 26 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʣʠʛʘʥʜ 65, ʷʚʣʷʶʱʠʡʩʷ ʢʣʶʯʝʚʳʤ ʣʠʛʘʥʜʦʤ 

ʩʨʘʚʥʝʥʠʷ ʩʨʝʜʠ ʣʠʛʘʥʜʦʚ ʵʪʦʛʦ ʢʣʘʩʩʘ (ʨʠʩ. 27). [31] ɹr ʣ ʪʘʢʞʝ ʩʠʥʪʝʟʠʨʦʚʘʥ ʣʠʛʘʥʜ 66, 

ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ 65 ʨʘʟʤʝʨʦʤ ʮʠʢʣʘ ʚ ʪʨʠʘʟʠʥʦʚʦʤ ʬʨʘʛʤʝʥʪʝ. [32] ʅʘ ʨʠʩ. 28ʘ ʧʨʠʚʝʜʝʥʳ 

ʜʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʣʠʛʘʥʜʘ 65. 

 
ʈʠʩ. 27. ʃʠʛʘʥʜʳ BTPhen 65 ʠ 66.  

a) 

 

b) 

 

ʈʠʩ. 28. ʈʉɸ-ʩʪʨʫʢʪʫʨʘ (a) ʣʠʛʘʥʜʘ 65 ʠ (b) ʝʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʥʠʪʨʘʪʦʤ ʝʚʨʦʧʠʷ. ɺ (b) 

ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʪʨʠʘʟʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʘʭ ʥʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʪʘʢʞʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʦʦʨʜʠʥʠʨʫʶʱʠʝ ʘʪʦʤʳ ʘʟʦʪʘ 

ʪʨʠʘʟʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʨʘʟʚʝʨʥʫʪʳ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʦʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ 

ʩʪʦʨʦʥʫ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʥʘ ʨʠʩ. 28b ʧʨʠʚʝʜʝʥʘ ʈʉɸ-ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 65 ʩ ʥʠʪʨʘʪʦʤ 

ʝʚʨʦʧʠʷ.  
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ʇʦ ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʣʠʛʘʥʜʦʚ BTPhen 67-99 ʥʘ ʦʩʥʦʚʝ 1,2-

ʜʠʢʝʪʦʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʠʭ ʧʨʠʨʦʜʳ ʥʘ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʵʢʩʪʨʘʢʮʠʦʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ Am(III) (ʈʠʩ. 29). [33-35] 

 
ʈʠʩ. 29. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [33-35] BTPhen. 

ʈʷʜ ʣʠʛʘʥʜʦʚ BTPhen 104-106 ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʩʭʝʤʦʡ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 1,2-ʜʠʢʝʪʦʥʦʚ (ʨʠʩ. 30). [36] ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʦʙʨʘʟʫʶʪʩʷ 6,6ô-ʟʘʤʝʱʝʥʥʳʝ BTPhen. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ 4-ʟʘʤʝʱʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʘʮʝʪʦʬʝʥʦʥʘ, ʦʜʥʘʢʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʠʥʪʝʟʘ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʢʝʪʦʥʦʚ ʘʚʪʦʨʘʤʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ. ʊʘʢʞʝ ʢ ʥʝʜʦʩʪʘʪʢʘʤ ʩʧʦʩʦʙʘ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʠʟʢʠʝ ʚʳʭʦʜʳ ʥʘ ʩʪʘʜʠʷʭ ʧʦʣʫʯʝʥʠʷ 102a-c (ʦʙʱʠʡ ʚʳʭʦʜ ʤʝʥʝʝ 25%).  

 

ʈʠʩ. 30. ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ BTPhen. 

ʅʘ ʨʠʩ. 31 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʣʠʛʘʥʜʘ 104. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʣʠʛʘʥʜʘ 65, ʢʦʦʨʜʠʥʠʨʫʶʱʠʝ ʘʪʦʤʳ ʘʟʦʪʘ ʚ ʢʨʠʩʪʘʣʣʝ 104 ʨʘʟʚʝʨʥʫʪʳ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʦʪ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ ʩʪʦʨʦʥʫ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʣʠʛʘʥʜ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʘ ʩ f-ɻ ʣʝʤʝʥʪʦʤ ʜʦʣʞʝʥ ʟʘʪʨʘʪʠʪʴ ʵʥʝʨʛʠʶ ʜʣʷ ʧʨʦʚʦʨʦʪʘ ʙʦʢʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, 

ʯʪʦʙʳ ʧʨʠʥʷʪʴ ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʜʣʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʬʦʨʤʘʮʠʶ. 
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ʈʠʩ. 31. ʈʉɸ-ʩʪʨʫʢʪʫʨʘ ʣʠʛʘʥʜʘ 104. 

ʇʦʤʠʤʦ ʣʠʧʦʬʠʣʴʥʳʭ ʵʢʩʪʨʘʛʝʥʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʝʨʝʚʦʜʘ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ 

ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ, ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʩʪʨʘʪʝʛʠʷ ʠʭ ʫʜʝʨʞʘʥʠʷ ʚ ʚʦʜʥʦʡ ʬʘʟʝ ʩ ʧʦʤʦʱʴʶ 

ʛʠʜʨʦʬʠʣʴʥʳʭ ʤʘʩʢʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ 

ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʉʠʥʪʝʟ ʪʘʢʠʭ ʘʛʝʥʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʣʠʧʦʬʠʣʴʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʧʦʣʷʨʥʳʤʠ 

ʛʨʫʧʧʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʩʫʣʴʬʦ-, ʢʘʨʙʦʢʩʠ- ʠʣʠ ʛʠʜʨʦʢʩʠʣʴʥʳʝ, ʣʠʙʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʩʭʦʜʥʳʭ ʛʠʜʨʦʬʠʣʴʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ. ʊʘʢ, ʩʫʣʴʬʠʨʦʚʘʥʠʝ ʪʝʪʨʘʬʝʥʠʣʟʘʤʝʱʝʥʥʦʛʦ 

BTPhen 97 ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʛʠʜʨʦʬʠʣʴʥʳʝ BTPhen 107 ʠ 109 (ʨʠʩ. 32). [37] 

 

ʈʠʩ. 32. ʉʠʥʪʝʟ ʛʠʜʨʦʬʠʣʴʥʳʭ BTPhen.  

ʅʝʩʤʦʪʨʷ ʥʘ ʞʝʩʪʢʠʝ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ (ʦʣʝʫʤ ʠʣʠ ʭʣʦʨʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, 170Áʉ), 

ʘʚʪʦʨʳ ʟʘʷʚʣʷʶʪ, ʯʪʦ ʮʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʦʪʢʨʳʪʳʤ ʦʩʪʘʸʪʩʷ ʚʦʧʨʦʩ ʦ ʨʝʘʣʴʥʦʡ ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʮʝʥʢʘ 

ʣʠʧʦʬʠʣʴʥʦʩʪʠ/ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ ʣʠʛʘʥʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʨʘʩʯʝʪʘ 

ʧʦʢʘʟʘʪʝʣʷ LogP, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʦʛʘʨʠʬʤ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʩʦʝʜʠʥʝʥʠʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ (ʦʢʪʘʥʦʣ-1) ʠ ʚʦʜʥʦʡ ʬʘʟʘʭ. ʉʫʣʴʬʠʨʦʚʘʥʥʳʡ BTPhen 107 ʠʤʝʝʪ 

ʨʘʩʯʝʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ LogP, ʨʘʚʥʳʡ 0.71, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʝʛʦ ʢ ʛʠʜʨʦʬʠʣʴʥʳʤ 



23 

ʩʦʝʜʠʥʝʥʠʷʤ. ʆʜʥʘʢʦ, ʢʘʢ ʩʦʦʙʱʘʶʪ ʘʚʪʦʨʳ, ʩʦʝʜʠʥʝʥʠʷ 107 ʠ 109 ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʘʟʦʪʥʦʢʠʩʣʳʭ ʩʨʝʜʘʭ (ʙʦʣʝʝ 0.11 ʤʦʣʴ/ʣ) ʠ ʧʨʦʷʚʣʷʶʪ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʤʘʩʢʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ. 

ɻʠʜʨʦʬʠʣʴʥʳʝ ʤʘʩʢʠʨʫʶʱʠʝ ʘʛʝʥʪʳ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʠ ʤʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʝʯʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. [38] ʊʘʢ, ʥʘ ʨʠʩ. 33 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʛʠʜʨʦʬʠʣʴʥʦʛʦ 

BTPhen 110. ɸʚʪʦʨʳ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʠ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ 110 ʩ ʥʠʪʨʘʪʘʤʠ Am(III) ʠ 

Eu(III), ʘ ʪʘʢʞʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʢʮʠʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʦʜʥʦʡ 

ʩʨʝʜʝ. ʇʨʦʚʝʜʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʫʶ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʦʪʥʦʰʝʥʠʠ ʧʘʨʳ Am(III)/Eu(III), ʦʜʥʘʢʦ ʧʨʷʤʦʛʦ ʩʨʘʚʥʝʥʠʷ 

110 ʩ ʝʛʦ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʳʤ ʘʥʘʣʦʛʦʤ 107 ʘʚʪʦʨʳ ʥʝ ʧʨʠʚʦʜʷʪ. 

 
ʈʠʩ. 33. ɻʠʜʨʦʬʠʣʴʥʳʡ BTPhen 110. 

ɹr ʣ ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʥʪʝʟ 4,7-ʟʘʤʝʱʝʥʥʳʭ ʙʠʩ-ʘʤʠʜʨʘʟʦʥʦʚ 125-127 (ʨʠʩ. 34). [39] ɿʘʪʝʤ, 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʡ ʞʝ ʤʝʪʦʜʠʢʠ, ʥʘ ʦʩʥʦʚʝ 4,7-ʟʘʤʝʱʝʥʥʳʭ ʙʠʩ-ʘʤʠʜʨʘʟʦʥʦʚ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ BTPhen 128-130 (ʨʠʩ. 35). 

 
ʈʠʩ. 34. ʉʠʥʪʝʟ 4,7-ʟʘʤʝʱʝʥʥʳʭ ʙʠʩ-ʘʤʠʜʨʘʟʦʥʦʚ 125-127. 

 
ʈʠʩ. 35. ʉʠʥʪʝʟ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ BTPhen 128-130. 

ɸʚʪʦʨʳ ʧʨʦʚʝʣʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʣʠʛʘʥʜʘ 128 (ʈʠʩ. 36). 

ʉʪʨʫʢʪʫʨʘ 128 ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʪʨʫʢʪʫʨʳ ʥʝʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ 65 
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(ʩʤ. ʨʠʩ. 28). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʣʠʛʘʥʜ ʠʤʝʝʪ ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʜʣʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʥʬʦʨʤʘʮʠʶ, ʧʦʩʢʦʣʴʢʫ ʢʦʦʨʜʠʥʠʨʫʶʱʠʝ ʘʪʦʤʳ ʘʟʦʪʘ ʪʨʠʘʟʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʥʘʭʦʜʷʪʩʷ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ ʣʠʛʘʥʜʘ. ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʢʦʥʬʦʨʤʘʮʠʷ ʣʠʛʘʥʜʘ 

ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʪʘʢʦʚʦʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ. 

 
ʈʠʩ. 28. ʈʉɸ-ʩʪʨʫʢʪʫʨʘ ʣʠʛʘʥʜʘ 128.  

ɺʘʞʥʦ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ BTPhen ʧʦʤʠʤʦ ʩʣʦʞʥʦʩʪʝʡ 

ʩʠʥʪʝʟʘ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ ʠ ʤʘʣʫʶ ʜʦʩʪʫʧʥʦʩʪʴ Ŭ-ʜʠʢʝʪʦʥʦʚ, 

ʢʦʛʜʘ ʨʝʯʴ ʠʜʸʪ ʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʣʠʛʘʥʜʘʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʜʝʣʝʥʠʷ f-ɻ ʣʝʤʝʥʪʦʚ. 

2.1.4. ʉʠʥʪʝʟ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ-2,9-ʜʠʢʘʨʙʦʢʩʘʤʠʜʦʚ (DAPhen) 

ʕʢʩʪʨʘʛʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʦʚ (DAPhen) ʧʨʠʚʣʝʢʘʶʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʣʘʛʦʜʘʨʷ ʫʜʘʯʥʦʤʫ ʩʦʯʝʪʘʥʠʶ ʚʳʩʦʢʦʡ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 

ʦʪʥʦʰʝʥʠʠ f-ɻ ʣʝʤʝʥʪʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʙʦʣʴʰʠʥʩʪʚʫ ʢʣʶʯʝʚʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ 

ʣʠʛʘʥʜʘʤ ʜʣʷ ʞʠʜʢʦʩʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ, ʚʢʣʶʯʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ ʠ ʨʘʜʠʦʣʠʟʫ ʚ 

ʫʩʣʦʚʠʷʭ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. ʊʘʢ, ʨʘʟʣʠʯʥʳʤʠ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʳ 131-160 ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ (ʨʠʩ. 29). [40-58] 

 
ʈʠʩ. 29. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [40-58] ʣʠʛʘʥʜʳ DAPhen. 

ʅʘ ʨʠʩ. 30 ʧʨʠʚʝʜʝʥʘ ʈʉɸ-ʩʪʨʫʢʪʫʨʘ ʣʠʛʘʥʜʘ 144. ɺ ʈʉɸ-ʩʪʨʫʢʪʫʨʝ ʣʠʛʘʥʜ ʪʘʢʞʝ 

ʟʘʥʠʤʘʝʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʫʶ ʜʣʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʬʦʨʤʘʮʠʶ. ʆʜʥʘʢʦ, ʜʚʫʛʨʘʥʥʳʡ 
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ʫʛʦʣ ʤʝʞʜʫ ʉ=ʆ ʛʨʫʧʧʘʤʠ ʩʪʘʥʦʚʠʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ 180ʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʨʘʥʝʝ ʈʉɸ-ʩʪʨʫʢʪʫʨ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʦʥʬʦʨʤʘʮʠʷ ʣʠʛʘʥʜʘ ʚ ʨʘʩʪʚʦʨʝ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʢʦʥʬʦʨʤʘʮʠʠ ʣʠʛʘʥʜʘ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ. 

 
144 

  
ʈʠʩ. 30. ʈʉɸ-ʩʪʨʫʢʪʫʨʘ ʣʠʛʘʥʜʘ 144 ʚ ʜʚʫʭ ʧʨʦʝʢʮʠʷʭ. 

ʉʠʥʪʝʟ DAPhen ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ð ʨʝʘʢʮʠʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʘʤʠʥʦʚ ʩ ʭʣʦʨʘʥʛʠʜʨʠʜʦʤ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ-2,9-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 2. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʬʦʨʤʘʣʴʥʦʝ ʩʭʦʜʩʪʚʦ ʩʪʨʦʝʥʠʷ, ʵʪʠ ʣʠʛʘʥʜʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʨʘʟʣʠʯʠʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʧʦʚʝʜʝʥʠʠ ʠ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʧʨʠʨʦʜʦʡ ʘʤʠʜʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ. ɸʥʘʣʠʟ ʵʪʠʭ ʨʘʟʣʠʯʠʡ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ f-ɻ ʣʝʤʝʥʪʘʤʠ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥ ʚ ʨʘʟʜʝʣʘʭ 2.2 ʠ 2.3. 

ʌʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʳ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʬʠʣʴʥʳʭ 

ʤʘʩʢʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ. ʊʘʢ, ʧʦ ʨʝʘʢʮʠʠ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 13 ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʝʜʠʥʝʥʠʷ 161-172 (ʈʠʩ. 31). [59-64] ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʛʠʜʨʦʬʠʣʴʥʳʭ 

DAPhen ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʘʛʝʥʪʦʚ ʧʝʧʪʠʜʥʦʛʦ ʩʠʥʪʝʟʘ (ʈʠʩ. 32). [65-66] 

 
ʈʠʩ. 31. ɻʠʜʨʦʬʠʣʴʥʳʝ DAPhen 161-172. 

 
ʈʠʩ. 32. ʉʠʥʪʝʟ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʦʚ 173-176. 
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ɺ ʮʝʣʦʤ, ʛʠʜʨʦʬʠʣʴʥʳʝ ʤʘʩʢʠʨʫʶʱʠʝ ʘʛʝʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ f-ɻ ʣʝʤʝʥʪʦʚ. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʥʘʩʪʦʷʱʘʷ 

ʨʘʙʦʪʘ ʩʬʦʢʫʩʠʨʦʚʘʥʘ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʣʠʧʦʬʠʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʜʣʷ ʞʠʜʢʦʩʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ, 

ʧʦʜʨʦʙʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʛʠʜʨʦʬʠʣʴʥʳʭ ʘʛʝʥʪʦʚ ʚʳʭʦʜʠʪ ʟʘ ʝʝ ʨʘʤʢʠ, ʠ ʜʘʣʝʝ ʦʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʣʠʧʦʬʠʣʴʥʳʤ ʵʢʩʪʨʘʛʝʥʪʘʤ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘʩʪʨʦʡʢʠ ʩʚʦʡʩʪʚ ʵʢʩʪʨʘʛʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʚ ʷʜʨʦ 

ʬʝʥʘʥʪʨʦʣʠʥʘ ʟʘʤʝʩʪʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ 

ʧʣʦʪʥʦʩʪʴ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʦʢʘʟʳʚʘʶʪ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʧʦʣʦʞʝʥʠʷʭ 4 ʠ 7, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʥʘʭʦʜʷʪʩʷ ʩ ʥʠʤʠ ʚ ʧʨʷʤʦʤ ʩʦʧʨʷʞʝʥʠʠ (ʧʘʨʘ-ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ 

ʘʪʦʤʘ ʘʟʦʪʘ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʤʝʟʦʤʝʨʥʳʝ ʵʬʬʝʢʪʳ ʟʘʤʝʩʪʠʪʝʣʝʡ. 

ɿʘʤʝʩʪʠʪʝʣʠ ʚ ʧʦʣʦʞʝʥʠʷʭ 3 ʠ 8 (ʤʝʪʘ-ʧʦʣʦʞʝʥʠʷ ʢ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʤʫ ʘʪʦʤʫ ʘʟʦʪʘ) ʪʘʢʞʝ 

ʩʧʦʩʦʙʥʳ ʚʣʠʷʪʴ ʥʘ ʝʛʦ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ, ʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʸʪ ʠʥʜʫʢʪʠʚʥʦʛʦ 

ʵʬʬʝʢʪʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʩʦʙʝʥʥʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʜʣʷ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ 

ʛʨʫʧʧ (ʥʘʧʨʠʤʝʨ, ʥʠʪʨʦʛʨʫʧʧ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʯʴ ʠʜʸʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦ ʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʥʘʣʠʯʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʜʨʫʛʠʭ ʧʦʣʦʞʝʥʠʷʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʦʩʪʦʚʘ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ 2 ʠ 9, ʢʘʢ ʧʨʘʚʠʣʦ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʛʝʦʤʝʪʨʠʶ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ ʣʠʛʘʥʜʘ. 

ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 4,7-ʧʦʣʦʞʝʥʠʡ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʦʩʪʦʚʘ 

ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʧʦʜʭʦʜ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʩʠʥʪʝʟʘ 

ʣʠʛʘʥʜʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʵʪʠʭ ʧʦʣʦʞʝʥʠʷʭ (ʨʠʩ. 33). ʊʘʢ, 

ʠʩʭʦʜʷ ʠʟ ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ ʧʦʣʫʯʝʥʳ 4,7-ʜʠʟʘʤʝʱʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 180 ʠ 181, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʜʘʣʴʥʝʡʰʠʤ ʧʨʝʚʨʘʱʝʥʠʷʤ. [67, 68] 

 
ʈʠʩ. 33. ʉʠʥʪʝʟ 4,7-ʜʠʟʘʤʝʱʝʥʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ 2,9-ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 
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ʉʨʝʜʠ ʣʠʛʘʥʜʦʚ DAPhen ʨʘʟʣʠʯʥʳʤʠ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʥʘ 

ʦʩʥʦʚʝ ʭʣʦʨʘʥʛʠʜʨʠʜʦʚ 182-186 ʙʳʣʠ ʧʦʣʫʯʝʥʳ 4,7-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʵʢʩʪʨʘʛʝʥʪʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʩʪʠʪʝʣʝʡ Cl, Ph ʠʣʠ ʘʣʢʦʢʩʠ- ʛʨʫʧʧʳ (ʨʠʩ. 34). [67-69] 

 
ʈʠʩ. 34. ʉʠʥʪʝʟ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ DAPhen 187-193. 

ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ DAPhen, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ 

ʨʘʜʠʢʘʣʴʥʦʤ ʢʘʨʙʘʤʦʠʣʠʨʦʚʘʥʠʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ ʝʛʦ 4,7-ʜʠʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

(ʨʠʩ. 35). [70] ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ 4,7-ʧʦʣʦʞʝʥʠʷʭ ʣʠʛʘʥʜʦʚ DAPhen, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ çʢʣʘʩʩʠʯʝʩʢʦʡè ʩʭʝʤʳ ʩʠʥʪʝʟʘ.  

 
ʈʠʩ. 35. ʇʨʷʤʦʝ C-H ʢʘʨʙʘʤʦʠʣʠʨʦʚʘʥʠʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ. 

ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʜʨʫʛʦʡ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ DAPhen, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʥʫʢʣʝʦʬʠʣʴʥʦʤ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʟʘʤʝʱʝʥʠʠ ʘʪʦʤʦʚ ʬʪʦʨʘ (ʈʠʩ. 36). [71-73] ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ 

ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʷʝʪ ʚʚʦʜʠʪʴ ʚ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʡ ʦʩʪʦʚ ʣʠʛʘʥʜʘ ʟʘʤʝʩʪʠʪʝʣʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

(ʨʠʩ. 37). 

 
ʈʠʩ. 36. ʇʦʣʫʯʝʥʠʝ 4,7-ʜʠʬʪʦʨʟʘʤʝʱʝʥʥʳʭ DAPhen ʠ ʠʭ ʚʦʟʤʦʞʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ.  
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ʈʉɸ-ʩʪʨʫʢʪʫʨʘ 215 

ʈʉɸ-ʩʪʨʫʢʪʫʨʘ 228 

ʈʠʩ. 37. DAPhen, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦ 4,7-ʧʦʣʦʞʝʥʠʷʤ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʘʪʦʤʳ F ʚ 

ʜʠʬʪʦʨʟʘʤʝʱʝʥʥʳʭ DAPhen ʤʦʞʥʦ ʟʘʤʝʱʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʫʯʘʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦ-

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʣʠʛʘʥʜʳ (ʈʠʩ. 38). ʆʪʜʝʣʴʥʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ 4,7-

ʧʦʣʦʞʝʥʠʷ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʷʜʨʘ ʘʟʠʜʦ-ʛʨʫʧʧ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʣʠʛʘʥʜʳ 238-244 ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ (ʨʠʩ. 39). 

 
ʈʠʩ. 38. ʅʝʩʠʤʤʝʪʨʠʯʥʦ-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ DAPhen. 
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ʈʠʩ. 39. ʇʨʝʚʨʘʱʝʥʠʷ 4,7-ʜʠʘʟʠʜʦʟʘʤʝʱʝʥʥʳʭ DAPhen. 

ʆʙʦʙʱʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʛʠʙʢʠʭ ʤʝʪʦʜʦʚ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʣʠʛʘʥʜʦʚ ʟʘʢʣʘʜʳʚʘʝʪ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʢʩʪʨʘʛʝʥʪʦʚ ʩ 

ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʉʪʨʫʢʪʫʨʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʪʦʥʢʘʷ ʥʘʩʪʨʦʡʢʘ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʩʪʝʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʣʠʛʘʥʜʘ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʨʘʟʜʝʣʝʥʠʷ 

ʘʢʪʠʥʠʜʦʚ ʠ ʣʘʥʪʘʥʠʜʦʚ. ɼʦʩʪʠʛʥʫʪʳʡ ʧʨʦʛʨʝʩʩ ʚ ʩʠʥʪʝʟʝ ʩʦʟʜʘʸʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ çʩʪʨʫʢʪʫʨʘïʩʚʦʡʩʪʚʦè ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʧʝʨʝʭʦʜʘ ʦʪ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʢ ʤʘʩʰʪʘʙʠʨʫʝʤʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. 

2.1.5. ʌʝʥʘʥʪʨʦʣʠʥʦʚʳʝ 2,9-ʙʠʩ-ʥʝʩʠʤʤʝʪʨʠʯʥʦʟʘʤʝʱʸʥʥʳʝ ʣʠʛʘʥʜʳ 

ɺʩʝ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʩʦʜʝʨʞʘʪ ʩʠʤʤʝʪʨʠʯʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ ʚ 2- ʠ 9-ʧʦʣʦʞʝʥʠʷʭ. ɺʚʝʜʝʥʠʝ ʚ ʵʪʠ ʧʦʟʠʮʠʠ ʦʪʣʠʯʘʶʱʠʭʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ ʧʦʟʚʦʣʠʣʦ ʙʳ ʩʦʟʜʘʪʴ ʛʠʙʨʠʜʥʳʝ ʣʠʛʘʥʜʳ, ʩʦʯʝʪʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʨʘʟʣʠʯʥʳʭ 

ʩʠʤʤʝʪʨʠʯʥʳʭ ʘʥʘʣʦʛʦʚ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʣʫʯʰʝʥʠʶ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʣʠʛʘʥʜʦʚ. 

ʆʜʥʘʢʦ ʩʠʥʪʝʟ ʪʘʢʠʭ ʥʝʩʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. 

[74-78]  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʦʩʥʦʚʝ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘ. [79] ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʙʦʨʢʫ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʷʜʨʘ. ʊʘʢ, ʥʝʩʢʦʣʴʢʠʤʠ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʣʠʛʘʥʜʳ 

245 ʠ 246, ʩʦʜʝʨʞʘʱʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʤʠʜʥʳʡ ʠ ʪʨʠʘʟʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪʳ (ʈʠʩ. 40). [78, 80] 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʨʘʟʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 2 ʠ 9 

ʧʦʣʦʞʝʥʠʷ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʷʜʨʘ. ʊʘʢ, ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʣʠʛʘʥʜʳ 130 ʠ 131, ʩʦʜʝʨʞʘʱʠʝ ʚ 2,9-

ʧʦʣʦʞʝʥʠʷʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʤʠʜʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʠ ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʘʟʦʣʘ (ʈʠʩ. 41). [77] 
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ʈʠʩ. 40. ʉʠʥʪʝʟ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʣʠʛʘʥʜʦʚ 245 ʠ 246. 

ʈʠʩ. 41. ʉʠʥʪʝʟ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʣʠʛʘʥʜʦʚ 252 ʠ 253. 

ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʪʘʢʞʝ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʣʠʛʘʥʜʳ 258 ʠ 259, ʩʦʜʝʨʞʘʱʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʘʤʠʜʥʫʶ ʠ ʢʘʨʙʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʳ (ʨʠʩ. 42). [74] ɼʣʷ ʵʪʦʛʦ ʧʨʦʚʦʜʠʣʠ ʯʘʩʪʠʯʥʳʡ ʛʠʜʨʦʣʠʟ 

ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 13 ʩ ʧʦʣʫʯʝʥʠʝʤ ʩ ʚʳʭʦʜʦʤ 85% ʤʦʥʦʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 254. ɿʘʪʝʤ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ ʧʦʣʫʯʘʣʠ ʭʣʦʨʘʥʛʠʜʨʠʜ 255, ʨʝʘʢʮʠʷ ʢʦʪʦʨʦʛʦ ʩʦ ʚʪʦʨʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʧʨʠʚʦʜʠʣʘ ʩ 

ʫʤʝʨʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ ʢ ʩʦʝʜʠʥʝʥʠʷʤ 256 ʠ 257. ɻʠʜʨʦʣʠʟ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʚ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʧʨʠʚʦʜʠʣ ʢ ʠʩʢʦʤʳʤ ʣʠʛʘʥʜʘʤ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʘ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʪʘʢʞʝ 

ʥʘʪʨʠʝʚʘ ̫ʩʦʣʴ ʣʠʛʘʥʜʘ 258. [76] 

 
ʈʠʩ. 42. ʅʝʩʠʤʤʝʪʨʠʯʥʳʝ ʣʠʛʘʥʜʳ 258 ʠ 259. 

ɺ 2024 ʛʦʜʫ ʠʩʭʦʜʷ ʠʟ ʩʦʝʜʠʥʝʥʠʡ 258 ʠ 259 ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʠʟ ʂʠʪʘʷ ʚʧʝʨʚʳʝ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ DAPhen 140 ʠ 141, ʩʦʜʝʨʞʘʱʠʝ ʚ ʦʜʥʦʡ ʘʤʠʜʥʦʡ ʬʫʥʢʮʠʠ 
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ʘʣʢʠʣ-ʘʨʠʣʴʥʳʝ, ʘ ʚ ʜʨʫʛʦʡ ʪʦʣʴʢʦ ʘʣʢʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ (ʨʠʩ. 43). [75] ɼʣʷ ʵʪʦʛʦ ʥʘ ʦʩʥʦʚʝ 

ʘʤʠʜʦʢʠʩʣʦʪ 258 ʠ 259 ʧʦʣʫʯʘʣʠ ʭʣʦʨʘʥʛʠʜʨʠʜʳ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʩ N-ɻ ʪʠʣ-

4-ʤʝʪʠʣʬʝʥʠʣʘʤʠʥʦʤ. ɼʘʥʥʘʷ ʩʪʨʘʪʝʛʠʷ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʪʦʥʢʦʡ 

ʥʘʩʪʨʦʡʢʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʛʘʥʜʦʚ.  

 
ʈʠʩ. 43. ʉʠʥʪʝʟ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ DAPhen 262 ʠ 263. 

ɺ 2025 ʛʦʜʫ ʵʪʘ ʞʝ ʛʨʫʧʧʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʝʜʩʪʘʚʠʣʘ ʩʠʥʪʝʟ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʘʤʠʜʦ-

ʣʘʢʪʘʤʦʚ 264 ʠ 265 (ʨʠʩ. 44). [81] ɼʣʷ ʵʪʦʛʦ 2,3-ʜʠʘʤʠʥʦʪʝʨʝʬʪʘʣʝʚʳʡ ʘʣʴʜʝʛʠʜ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʌʨʠʜʣʝʥʜʝʨʘ ʩ 2-ʦʢʩʦʧʨʦʧʠʦʥʘʤʠʜʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 

ʨʘʟʣʠʯʥʳʝ ʘʤʠʜʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ. ʅʘ ʬʠʥʘʣʴʥʦʡ ʩʪʘʜʠʠ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ CH-ʘʨʠʣʠʨʦʚʘʥʠʝ ʧʨʠʚʦʜʠʣʦ ʢ ʠʩʢʦʤʳʤ ʣʠʛʘʥʜʘʤ. ɸʤʠʜʦ-ʣʘʢʪʘʤʳ 264 

ʠ 265 ̫ ʚʣʷʶʪʩʷ ʧʨʠʤʝʨʘʤʠ ʯʘʩʪʠʯʥʦ ʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ. 

 
ʈʠʩ. 44. ʉʠʥʪʝʟ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʘʤʠʜʦ-ʣʘʢʪʘʤʦʚ 264 ʠ 265.  

2.1.6. ʇʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʣʠʛʘʥʜʳ 

ɺʧʝʨʚʳʝ ʪʝʨʤʠʥ çʧʨʝʜʦʨʛʘʥʠʟʘʮʠʷè ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʂʨʘʤʦʤ [82] ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʢʨʘʫʥ-ɻ ʬʠʨʦʚ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʚ 

ʢʦʤʧʣʝʢʩʳ çʭʦʟʷʠʥ-ʛʦʩʪʴè. ʇʨʠʥʮʠʧ ʧʨʝʜʦʨʛʘʥʠʟʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʂʨʘʤʦʤ, ʛʦʚʦʨʠʪ ʦ ʪʦʤ, 

ʯʪʦ "ʯʝʤ ʣʫʯʰʝ ʤʦʣʝʢʫʣʳ ʭʦʟʷʠʥʘ ʠ ʛʦʩʪʷ ʦʨʛʘʥʠʟʦʚʘʥʳ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʠ ʯʝʤ ʤʝʥʴʰʝ ʦʥʠ 

ʩʦʣʴʚʘʪʠʨʦʚʘʥʳ, ʪʝʤ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤʠ ʙʫʜʫʪ ʠʭ ʢʦʤʧʣʝʢʩʳ". ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ, ʯʪʦʙʳ ʣʠʛʘʥʜ ʧʨʠʥʠʤʘʣ ʥʝʦʙʭʦʜʠʤʫʶ ʢʦʥʬʦʨʤʘʮʠʶ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ, ʘ 

ʥʝ ʚ ʧʨʦʮʝʩʩʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʈʫʢʦʚʦʜʩʪʚʫʷʩʴ ʵʪʠʤ ʧʨʠʥʮʠʧʦʤ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠ ̫ʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ ʩ 

ʧʠʨʠʜʠʥʦʚʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ 2,9-ʧʦʣʦʞʝʥʠʷʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʦʩʪʦʚʘ (ʨʠʩ. 45). [83] ɼʣʷ 

ʵʪʦʛʦ 2,3-ʜʠʘʤʠʥʦʪʝʨʝʬʪʘʣʝʚʳʡ ʘʣʴʜʝʛʠʜ ʚʚʦʜʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʨʝʘʢʮʠʶ ʌʨʠʜʣʝʥʜʝʨʘ, 
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ʠʩʧʦʣʴʟʫʷ 6,7-ʜʠʛʠʜʨʦ-5ʅ-ʭʠʥʦʣʠʥ-8-ʦʥ ʠ 2-ʘʮʝʪʠʣʧʠʨʠʜʠʥ. ʆʜʠʥ ʧʠʨʠʜʠʥʦʚʳʡ ʟʘʤʝʩʪʠʪʝʣʴ 

ʚ 267 ʠ ʦʙʘ ʚ 268 ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʨʠ ʧʦʤʦʱʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʣʠʥʢʝʨʘ. 

 

ʈʠʩ. 45. ʉʠʥʪʝʟ ʣʠʛʘʥʜʦʚ 267 ʠ 268.  

ʗʥʩʦʥ-ʇʦʧʦʚʘ ʠ ʩʦʘʚʪʦʨʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʩʝʨʠʶ ʚʳʩʦʢʦʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʳʭ 

ʵʢʩʪʨʘʛʝʥʪʦʚ BLPhen (ʨʠʩ. 46). [84] ɼʣʷ ʵʪʦʛʦ ʩ ʚʳʭʦʜʦʤ 58% ʧʦʣʫʯʘʣʠ 

ʧʠʚʘʣʦʠʣʛʠʜʨʦʢʩʠʘʤʠʜʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ 269, ʢʦʪʦʨʦʝ ʚʚʦʜʠʣʠ ʚ Rh(II)-ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ 

ʨʝʘʢʮʠʶ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʦʩʪʦʚʘ ʩ ʜʠʘʤʠʜʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʟʘʪʝʤ ʘʣʢʠʣʠʨʦʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʥ-ʛʝʢʩʠʣʠʦʜʠʜʘ, ʧʦʣʫʯʘʷ ʠʩʢʦʤʳʝ 

ʣʠʛʘʥʜʳ. ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʩʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ 274. [61] ʕʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʠʤʝʨ 

ʠʟʚʝʩʪʥʦʛʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʙʠʩ-ʣʘʢʪʘʤʘ. 

 

ʈʠʩ. 46. ʉʠʥʪʝʟ ʣʠʛʘʥʜʦʚ BLPhen. 
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ʇʨʝʜʣʦʞʝʥ ʠ ʜʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʣʠʛʘʥʜʦʚ BLPhen (ʨʠʩ. 47). [85] ʉʥʘʯʘʣʘ ʠʩʭʦʜʷ ʠʟ 

ʭʣʦʨʘʥʛʠʜʨʠʜʘ 2 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʘʤʠʜʳ 275 ʠ 276, ʩʦʜʝʨʞʘʱʠʝ ʚ ʦ-ʧʦʣʦʞʝʥʠʠ ʘʨʠʣʴʥʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ ʘʪʦʤʳ ʙʨʦʤʘ. ɿʘʪʝʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ C-H ʘʨʠʣʠʨʦʚʘʥʠʝ 

ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠ ʁʠʩʢʦʤʳʭ ʣʠʛʘʥʜʦʚ 277 ʠ 278. ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʧʨʠʤʝʥʝʥ 

ʜʣʷ ʩʠʥʪʝʟʘ ʣʠʛʘʥʜʦʚ 279-285. [86] 

 

ʈʠʩ. 47. ʉʠʥʪʝʟ ʣʠʛʘʥʜʦʚ 277-286. 

ɺ ʮʝʣʦʤ, ʵʪʦʪ ʢʣʘʩʩ ʣʠʛʘʥʜʦʚ ʧʦʢʘʟʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚ 

ʨʘʟʜʝʣʝʥʠʠ An/Ln. ʆʜʥʘʢʦ, ʥʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʠʟʫʯʝʥʠʝ ʵʪʠʭ ʵʢʩʪʨʘʛʝʥʪʦʚ ʠ ʥʘʩʪʨʦʡʢʘ 

ʠʭ ʩʚʦʡʩʪʚ, ʧʦʩʢʦʣʴʢʫ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʣʠʛʘʥʜʘʭ ʩʝʣʝʢʪʠʚʥʦʩʪʴ SFAm(III)/Eu(III) ʭʦʪʴ ʠ ʜʦʩʪʠʛʘʝʪ 

ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ (ʚʧʣʦʪʴ ʜʦ 200-300), ʥʦ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ Eu(III) ʪʘʢʞʝ ʚʳʩʦʢʠ (ʚʧʣʦʪʴ ʜʦ 

20). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʵʢʩʪʨʘʢʮʠʠ Am(III) ʠ Eu(III) ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʚ ʨʘʟʜʝʣʝʥʠʠ. 

ʉʥʠʞʝʥʠʝ ʵʥʝʨʛʠʠ ʧʨʝʜʦʨʛʘʥʠʟʘʮʠʠ ʣʠʛʘʥʜʘ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ 

ʚʢʣʶʯʝʥʠʷ ʬʨʘʛʤʝʥʪʘ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʚ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʕʪʦ ʧʨʠʜʘʝʪ 

ʩʠʩʪʝʤʝ ʚʳʩʦʢʫʶ ʢʦʥʬʦʨʤʘʮʠʦʥʥʫʶ ʞʝʩʪʢʦʩʪʴ - ʭʘʨʘʢʪʝʨʥʦʝ ʩʚʦʡʩʪʚʦ ʤʘʢʨʦʮʠʢʣʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ. [87] ʇʝʨʚʳʡ ʩʠʥʪʝʟ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʧʦʣʠʵʬʠʨʦʚ, ʧʦʣʠʪʠʦʵʬʠʨʦʚ ʠ ʜʠʪʠʦʵʬʠʨʦʚ ʥʘ ʦʩʥʦʚʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʦʩʫʱʝʩʪʚʣʝʥ 

ʏʘʥʜʣʝʨʦʤ ʠ ʩʦʘʚʪʦʨʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʜʝʥʩʘʮʠʠ ʭʣʦʨʘʥʛʠʜʨʠʜʘ 2 ʩ ʜʠʦʣʘʤʠ ʠʣʠ ʜʠʪʠʦʣʘʤʠ 

(ʈʠʩ. 48). [88, 89] 

 

ʈʠʩ. 48. ʄʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʧʦʣʠʵʬʠʨʳ, ʧʦʣʠʪʠʦʵʬʠʨʳ ʠ ʜʠʪʠʦʵʬʠʨʳ 287-298. 

ʊʠʧ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʢʨʦʮʠʢʣʘ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʩʚʷʟʳʚʘʥʠʷ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʷʜʨʘ 

(ñPhenò) ʩ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʴʶ ʤʘʢʨʦʤʦʣʝʢʫʣʳ. ʆʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʪʠʧʳ ʚʢʣʶʯʘʶʪ: ñPhen-

Ar-O-ò, ñPhen-O-Ar-ò, ñPhen-CH2-S-ò, ñPhen-CH2-NH-ò, ñPhen-CH=N-ò ʠ ʜʨʫʛʠʝ. ɼʣʷ ʠʭ 
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ʧʦʩʪʨʦʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʳʭ ʨʝʘʛʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʩʘʤ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ, ʪʘʢ ʠ ʝʛʦ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʪʘʢʠʝ ʢʘʢ 2,9-ʜʠʛʘʣʦʛʝʥ-, 2,9-ʜʠʘʣʴʜʝʛʠʜ- ʠʣʠ 2,9-

ʙʠʩ(ʙʨʦʤʤʝʪʠʣ)ʟʘʤʝʱʝʥʥʳʝ ʘʥʘʣʦʛʠ. ʅʘʧʨʠʤʝʨ, ʠʩʭʦʜʥʳʡ ʬʨʘʛʤʝʥʪ Phen-Ar-OH ʜʣʷ ʩʠʥʪʝʟʘ 

ʤʘʢʨʦʮʠʢʣʦʚ ʪʠʧʘ çPhen-Ar-O-è ʧʦʣʫʯʘʶʪ ʨʝʘʢʮʠʝʡ ʬʝʥʘʥʪʨʦʣʠʥʘ ʩ 4-ʙʨʦʤʘʥʠʟʦʣʦʤ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʤʘʢʨʦʮʠʢʣʠʟʘʮʠʝʡ ʩ ʣʠʥʝʡʥʳʤ ʜʠʛʘʣʦʛʝʥʠʜʦʤ (ʈʠʩ. 49). [90-97] 

 
ʈʠʩ. 49. ʉʠʥʪʝʟ ʤʘʢʨʦʮʠʢʣʦʚ çPhen-Ar-O-è. 

ʉʦʝʜʠʥʝʥʠʷ ʪʠʧʘ çPhen-O-Ar-è, ʩʦʜʝʨʞʘʱʠʝ ʥʝʩʢʦʣʴʢʦ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʭ ʷʜʝʨ, 

ʩʠʥʪʝʟʠʨʫʶʪ ʧʫʪʝʤ ʨʝʘʢʮʠʠ 2,9-ʜʠʭʣʦʨ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ 2 ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʠʦʣʦʤ. ʊʘʢ, 

ʥʘ ʦʩʥʦʚʝ ʜʠʦʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʘʢʨʦʮʠʢʣʳ 305-311 (ʈʠʩ. 50). [98] 

 
ʈʠʩ. 50. ʉʠʥʪʝʟ ʤʘʢʨʦʮʠʢʣʦʚ çPhen-O-Ar-è. 

ʉʠʥʪʝʟ ʤʘʢʨʦʮʠʢʣʦʚ ʪʠʧʘ çPhen-CH2-S-è (ʨʠʩ. 51ʘ) [99-105] ʠ çPhen-CH2-NH-è [92, 106-

108] (ʨʠʩ. 51b) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʘʢʮʠʝʡ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʤʝʞʜʫ 2,9-

ʙʠʩ(ʙʨʦʤʤʝʪʠʣ)-1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ ʜʠʪʠʦʣʘʤʠ ʠʣʠ ʪʦʟʠʣʠʨʦʚʘʥʥʳʤʠ ʧʦʣʠʘʤʠʥʘʤʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʦʩʥʦʚʝ ʜʠʪʠʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʨʘʟʣʠʯʥʳʝ ʛʝʪʝʨʦʘʪʦʤʳ ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʢʨʦʮʠʢʣʳ 312-319. ɺʘʨʴʠʨʦʚʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʟʚʝʥʴʝʚ ʪʦʟʠʣʠʨʦʚʘʥʥʳʭ ʧʦʣʠʘʤʠʥʦʚ ʧʨʠʚʝʣʦ ʢ ʤʘʢʨʦʮʠʢʣʘʤ 323-325 ʩ ʨʘʟʣʠʯʥʳʤ ʨʘʟʤʝʨʦʤ 

ʮʠʢʣʘ. 

 
ʈʠʩ. 51. ʉʠʥʪʝʟ ʤʘʢʨʦʮʠʢʣʦʚ ñPhen-CH2-S-ò ʠ ñPhen-CH2-NH-ò. 
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ʆʜʥʦʡ ʠʟ ʩʪʨʘʪʝʛʠʡ ʧʦʣʫʯʝʥʠʷ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʪʝʤʧʣʘʪʥʳʡ 

ʩʠʥʪʝʟ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ ʦʨʛʘʥʠʟʫʝʪ ʚʦʢʨʫʛ ʩʝʙʷ ʨʝʘʛʝʥʪʳ ʠ ʪʝʤ 

ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʙʦʯʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ.ʊʘʢ, ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʪʠʧʘ çPhen-CH=N-è ʧʦʣʫʯʘʶʪ ʚ ʚʠʜʝ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʦʥʘʤʠ Cd2+ ʠʣʠ Mn2+ ʧʫʪʝʤ ʨʝʘʢʮʠʠ ʜʠʘʣʴʜʝʛʠʜʘ 8 ʩ ʧʦʣʠʘʤʠʥʘʤʠ (ʨʠʩ. 52). 

[109, 110] 

 
ʈʠʩ. 52. ʉʠʥʪʝʟ ʤʘʢʨʦʮʠʢʣʦʚ ñPhen-CH=N-ò. 

ʄʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʳ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʛʨʘʥʠʯʝʥʥʦ. ɺ 

ʠʟʚʝʩʪʥʳʭ ʨʘʙʦʪʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʰʴ ʦʪʜʝʣʴʥʳʝ ʧʨʠʤʝʨʳ: ʚ ʧʫʙʣʠʢʘʮʠʷʭ [111,112] 

ʧʨʠʚʝʜʝʥʳ 15- ʠ 18-ʯʣʝʥʥʳʝ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʳ (ʨʠʩ. 53a), ʚ ʩʪʘʪʴʝ [113] ʦʧʠʩʘʥ ʩʠʥʪʝʟ 22-

ʯʣʝʥʥʦʛʦ ʤʘʢʨʦʮʠʢʣʘ (ʨʠʩ. 53b), ʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ [114] ʩʦʦʙʱʘʝʪʩʷ ʦ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʤ 

ʬʝʥʘʥʪʨʦʣʠʥʩʦʜʝʨʞʘʱʝʤ ʜʠʧʝʧʪʠʜʝ (ʨʠʩ. 53c). ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʠʥʪʝʟ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʫʪʸʤ 

ʢʦʥʜʝʥʩʘʮʠʠ ʜʠʵʬʠʨʘ ʣʠʙʦ ʭʣʦʨʘʥʛʠʜʨʠʜʘ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ-2,9-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʠʘʤʠʥʘʤʠ. 

 
ʈʠʩ. 53. ʉʠʥʪʝʟ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʠʥʝʡʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ DAPhen ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʦʚ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ Ln/An, ʘ ʪʘʢʞʝ ʨʦʩʪ ʯʠʩʣʘ 

ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʢʣʘʜʥʦʡ 

ʨʘʜʠʦʭʠʤʠʠ, [115-121] ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʳ ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ ʚ 

ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ. [112] ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʠʩʢʘ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ. 
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2.2 ʕʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʙʫʜʫʪ ʟʘʪʨʦʥʫʪʳ ʪʦʣʴʢʦ ʢʣʶʯʝʚʳʝ ʪʝʥʜʝʥʮʠʠ, 

ʚʳʷʚʣʝʥʥʳʝ ʜʣʷ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʣʠʛʘʥʜʦʚ. ʇʦʜʨʦʙʥʝʝ ʩ ʥʠʤʠ 

ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʦʙʟʦʨʘʭ. [79, 122-126] ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʳʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʚ ʧʝʨʝʨʘʙʦʪʢʝ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ (ʆʗʊ) ʷʚʣʷʝʪʩʷ 

PUREX-ʧʨʦʮʝʩʩ (Plutonium and Uranium Recovery by EXtraction). ɽʛʦ ʮʝʣʴ ð ʩʝʣʝʢʪʠʚʥʦʝ 

ʚʳʜʝʣʝʥʠʝ ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ ʠʟ ʘʟʦʪʥʦʢʠʩʣʳʭ ʩʨʝʜ. [127-129] ʂʣʶʯʝʚʳʤ ʦʙʲʝʢʪʦʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʳʩʪʫʧʘʝʪ PUREX-ʨʘʬʠʥʘʪ - ʧʨʦʜʫʢʪ ʜʘʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʘʟʦʪʥʦʢʠʩʣʳʡ ʨʘʩʪʚʦʨ. ɺ ʝʛʦ ʩʦʩʪʘʚ 

ʚʭʦʜʷʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʵʣʝʤʝʥʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʠʥʦʨʥʳʝ ʘʢʪʠʥʠʜʳ (mAn) ʠ ʣʘʥʪʘʥʠʜʳ (Ln). 

ɼʘʣʴʥʝʡʰʘʷ ʪʨʘʥʩʤʫʪʘʮʠʷ ʘʤʝʨʠʮʠʷ ʧʦʟʚʦʣʷʝʪ ʚʦʚʣʝʯ ɹʝʛʦ ʚ ɻ ʥʝʨʛʝʪʠʯʝʩʢʠʡ ʮʠʢʣ ʚ ʩʦʩʪʘʚʝ 

ʄʆʂʉ-ʪʦʧʣʠʚʘ (Mixed-Oxide fuel), ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʨʝʘʢʪʦʨʘʭ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. [130] 

ʆʜʥʘʢʦ, ʪʨʘʥʩʤʫʪʘʮʠʠ ʘʤʝʨʠʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʦʞʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʣʘʥʪʘʥʠʜʦʚ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʝʯʝʥʠʷ ʟʘʭʚʘʪʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ. [131] ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʵʪʘʧ ʦʪʜʝʣʝʥʠʷ ʘʢʪʠʥʠʜʦʚ ʦʪ ʣʘʥʪʘʥʦʠʜʦʚ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

PUREX-ʨʘʬʠʥʘʪʘ. ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʩʭʦʜʩʪʚʘ ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʛʨʫʧʧ ʵʣʝʤʝʥʪʦʚ 

ʜʝʣʘʝʪ ʠʭ ʨʘʟʜʝʣʝʥʠʝ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʚ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʠ. [132-134] ɼʣʷ 

ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʪʨʫʜʥʦʩʪʝʡ ʚʝʜʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ 

ʧʨʦʮʝʩʩʦʚ, ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʚ ʢʦʪʦʨʳʭ ʟʘʥʠʤʘʶʪ ʧʦʣʠʜʝʥʪʘʪʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ 

(ʨʠʩ. 54). 

 

ʈʠʩ. 54. ʅʝʢʦʪʦʨʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʆʗʊ. 

ɺ ʧʨʦʮʝʩʩʘʭ ʞʠʜʢʦʩʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʦʩʥʦʚʥʳʝ ʩʪʨʘʪʝʛʠʠ: 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʧʦʬʠʣʴʥʳʭ ʵʢʩʪʨʘʛʝʥʪʦʚ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʠ 

ʧʨʠʤʝʥʝʥʠʝ ʛʠʜʨʦʬʠʣʴʥʳʭ ʤʘʩʢʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʜʣʷ ʠʭ ʩʝʣʝʢʪʠʚʥʦʛʦ ʫʜʝʨʞʘʥʠʷ ʚ ʚʦʜʥʦʡ 
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ʬʘʟʝ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʧʝʨʚʦʤ ʧʦʜʭʦʜʝ - ʣʠʧʦʬʠʣʴʥʳʭ ʧʦʣʠʜʝʥʪʘʪʥʳʭ 

ʣʠʛʘʥʜʘʭ. 

ʂʘʞʜʘʷ ʵʢʩʪʨʘʢʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʤʠʤʦ ʵʢʩʪʨʘʛʝʥʪʘ ʩʦʜʝʨʞʠʪ ʨʘʩʪʚʦʨʠʪʝʣʴ 

(ʨʘʟʙʘʚʠʪʝʣʴ), ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʪʘʢʞʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʠ ʠʥʳʝ ʜʦʙʘʚʢʠ. ʂʦ ʚʩʝʤ ʝʝ 

ʢʦʤʧʦʥʝʥʪʘʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʪʦʣʴ ʞʝ ʩʪʨʦʛʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʪʝʨʤʠʯʝʩʢʦʡ, ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʢʘʢ ʠ ʢ ʩʘʤʦʤʫ ʵʢʩʪʨʘʛʝʥʪʫ. ɺ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ. ʉʨʝʜʠ ʥʠʭ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʚʦʡʩʪʚ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ 3-ʥʠʪʨʦʙʝʥʟʦʪʨʠʬʪʦʨʠʜ çʌ-3è. [135] ʆʜʥʘʢʦ, 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʣʠʛʘʥʜʦʚ ʙʳʣ ʚʳʧʦʣʥʝʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʟʙʘʚʠʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʥ-ʦʢʪʘʥʦʣʘ, ʜʦʜʝʢʘʥʘ, 

ʮʠʢʣʦʛʝʢʩʘʥʦʥʘ, ʤʝʪʠʣʠʟʦʙʫʪʠʣʢʝʪʦʥʘ, ʪʦʣʫʦʣʘ, ʥʠʪʨʦʙʝʥʟʦʣʘ, ʬʝʥʠʣʪʨʠʬʪʦʨʤʝʪʠʣʩʫʣʴʬʦʥʘ 

ʠ ʜʨʫʛʠʭ. 

 ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʢʮʠʠ ʦʮʝʥʠʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ D ʮʝʣʝʚʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ, ʨʘʚʥʳʤ ʦʪʥʦʰʝʥʠʶ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʚʦʜʥʦʡ ʬʘʟʝ. 

ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʛʝʥʪʘ SF ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʚʫʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʪʘʢʞʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʚʦʜʥʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʨʛʘʥʦʨʘʩʪʚʦʨʠʤʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʣʠʛʘʥʜʘ ʩ ʥʠʪʨʘʪʘʤʠ f-ɻ ʣʝʤʝʥʪʦʚ (ʨʠʩ. 55). ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʢʦʤʧʣʝʢʩ ʤʠʛʨʠʨʫʝʪ ʚ 

ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ. 

 
ʈʠʩ. 55. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ.  

ʕʪʠ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʵʢʩʪʨʘʢʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʠ ʝʛʦ ʨʝʟʫʣʴʪʘʪ, 

ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ. ɼʣʷ ʦʮʝʥʢʠ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ ʣʠʛʘʥʜʦʚ ʚ ʦʪʥʦʰʝʥʠʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʘʢʪʠʥʠʜʦʚ ʠ ʣʘʥʪʘʥʠʜʦʚ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʨʝʧʝʨʥʦʡ ʧʘʨʳ ʢʘʪʠʦʥʦʚ Eu3+/Am3+. ʕʪʠ ʢʘʪʠʦʥʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʩʝʨʝʜʠʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʷʜʦʚ ʠ ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʠʦʥʥʳʝ ʨʘʜʠʫʩʳ.  

ʀʟ ʦʙʟʦʨʘ ɸʣʷʧʳʰʝʚʘ ʠ ʢʦʣʣʝʛ [122] ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2014 ʛʦʜ 

ʜʠʢʘʨʙʦʢʩʘʤʠʜʳ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ-2,9-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʷʚʣʷʣʠʩʴ ʤʘʣʦʠʟʫʯʝʥʥʳʤ 

ʢʣʘʩʩʦʤ ʩʦʝʜʠʥʝʥʠʡ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʩʠʥʪʝʟʘ, ʪʘʢ ʠ ʩ ʪʦʯʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʠ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ f-ʵʣʝʤʝʥʪʘʤ. ʊʝʤ ʥʝ 
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ʤʝʥʝʝ, ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʦʝʜʠʥʝʥʠʷ ʵʪʦʛʦ ʢʣʘʩʩʘ ʫʞʝ 

ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʘʢʪʠʥʦʠʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʘʤʝʨʠʮʠʷ. [67] ɻʦʚʦʨʷ ʦ ʩʨʘʚʥʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ N,O-ʛʠʙʨʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʩ ʨʘʟʥʳʤʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʦʩʪʦʚʘʤʠ, ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʨʘʙʦʪʫ [136], ʛʜʝ ʩʦʦʙʱʘʝʪʩʷ ʦ 

ʩʠʥʪʝʟʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʠ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʪʨʸʭ ʙʠʩ-ʘʤʠʜʦʚ 335, 

336 ʠ 155 (ʨʠʩ. 56). 

 

ʈʠʩ. 56. N,O-ʛʠʙʨʠʜʥʳʝ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʙʠʩ-ʘʤʠʜʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʞʠʜʢʦʩʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʚʳʷʚʠʣʠ ʥʘʠʙʦʣʴʰʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʬʘʢʪʦʨʳ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʨʘʟʜʝʣʝʥʠʠ ʧʘʨʳ Am(III)/Eu(III) 

ʠʤʝʥʥʦ ʜʣʷ ʣʠʛʘʥʜʘ 155. ʊʘʢ, ʜʣʷ ʣʠʛʘʥʜʘ 155 ʟʥʘʯʝʥʠʝ SF(Am/Eu) ʜʦʩʪʠʛʘʝʪ 12. ɼʣʷ ʣʠʛʘʥʜʦʚ 

335 ʠ 336 ɻ ʪʠ ʟʥʘʯʝʥʠʷ ʨʘʚʥʳ 0.5 ʠ 1.1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʘ ʨʘʙʦʪʘ ʦʢʘʟʳʚʘʝʪʩʷ ʮʝʥʥʦʡ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʙʦʨʘ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʢʘʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ N-

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʷʜʨʘ ʣʠʛʘʥʜʦʚ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʭ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʨʝʙʫʝʤʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ An(III )/Ln(III) ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʟʘ ʩʯʝʪ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʣʠʛʘʥʜʘ ʧʦʜʭʦʜʷʱʠʤʠ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ (ʨʠʩ. 57).  

 

ʈʠʩ. 57. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʣʠʛʘʥʜʳ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ Am(III) ʠ Eu(III).  

ʊʘʢ, ʣʠʛʘʥʜ 134 ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ ʩʠʣʴʥʦ-ʢʠʩʣʳʭ ʩʨʝʜʘʭ ʧʨʦʷʚʣʷʝʪ ʥʘʠʙʦʣʴʰʫʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʨʘʟʜʝʣʝʥʠʠ Am(III) ʠ Eu(III) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ 337-339. [137] 

2.2.1. ʕʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʣʠʛʘʥʜʦʚ 

ʌʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʵʢʩʪʨʘʛʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʛʨʫʧʧʳ P=O (ʥʘʧʨʠʤʝʨ, 

ʪʨʠʙʫʪʠʣʬʦʩʬʘʪ (ʨʠʩ. 58), ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ c 1950-ʭ ʛʦʜʦʚ ʚ PUREX-ʧʨʦʮʝʩʩʝ ʜʣʷ 

ʠʟʚʣʝʯʝʥʠʷ ʠ ʨʘʟʜʝʣʝʥʠʷ U(VI) ʠ Pu(IV). [138]  ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʩʪʝʧʝʥʷʤʠ 
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ʠʟʚʣʝʯʝʥʠʷ An(III), ʦʜʥʘʢʦ, ʠʭ ʩʝʣʝʢʪʠʚʥʦʩʪʴ An(III )/Ln(III) ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ. ʅʘʧʨʦʪʠʚ, N,O-ʛʠʙʨʠʜʥʳʝ ʜʦʥʦʨʥʳʝ ʵʢʩʪʨʘʛʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʬʝʥʘʥʪʨʦʣʠʥʘ 

ʦʙʣʘʜʘʶʪ ʣʫʯʰʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʨʘʟʜʝʣʝʥʠʷ An(III)/Ln(III), ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʠ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ.  

 

ʈʠʩ. 58. ʊʨʠʙʫʪʠʣʬʦʩʬʘʪ. 

ɺ ʧʦʧʳʪʢʝ ʦʙʲʝʜʠʥʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʭ ʵʢʩʪʨʘʛʝʥʪʦʚ ʠ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʦʨʛʘʥʦʬʦʩʬʦʨʥʳʭ ʵʢʩʪʨʘʛʝʥʪʦʚ ʨʘʟʣʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʛʨʫʧʧʘʤʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ 

ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʝ ʣʠʛʘʥʜʳ ʥʘ ʦʩʥʦʚʝ ʬʝʥʘʥʪʨʦʣʠʥʘ (ʨʠʩ. 59). ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʣʠʛʘʥʜ 52 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ DAm(III ) å 40 ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ SFAm(III)/Eu(III)  å 

7 ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʠʟ 2M HNO3. [21] ʋʜʣʠʥʝʥʠʝ ʘʣʢʠʣʴʥʦʡ ʮʝʧʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʣʦ ʩʪʝʧʝʥʠ 

ʠʟʚʣʝʯʝʥʠʷ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʣʠʛʘʥʜʘ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ (DAm(III)  > 200, SF å 7, 2M HNO3). [139] 

 

ʈʠʩ. 59. ʇʦʢʘʟʘʪʝʣʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ Am/Eu ʜʣʷ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʣʠʛʘʥʜʦʚ. 

ɺʚʝʜʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʣʠʛʘʥʜʘ ʠʟʦʧʨʦʧʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʩʪʝʧʝʥʝʡ ʠʟʚʣʝʯʝʥʠʷ DAm(III ) ʜʦ 500 ʠ SFAm(III )/Eu(III ) ʜʦ 50 ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʣʠʛʘʥʜʦʤ 56 ʠʟ 2M 

HNO3. ʃʠʛʘʥʜ 57 ʩ ʦʙʲʝʤʥʳʤʠ ʮʠʢʣʦʛʝʢʩʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʥʘʧʨʦʪʠʚ, ʥʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʫʚʝʣʠʯʝʥʥʦʡ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ Am(III), ʦʜʥʘʢʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʨʘʟʜʝʣʝʥʠʷ (SFAm(III )/Eu(III ) = 14) ʚʦʟʨʦʩʣʘ ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʛʘʥʜʦʤ 53. [20] 

ʃʠʛʘʥʜ 55 (ʨʠʩ. 60) ʧʨʦʷʚʣʷʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʫʶ, ʥʦ ʥʝʩʝʣʝʢʪʠʚʥʫʶ ʵʢʩʪʨʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ Am(III) ʠ Eu(III) ʠʟ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʤʘʢʩʠʤʫʤʦʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ 1 M HNO3 (DAm(III)  > 800, DEu(III) å 400, SF å 2). [19] ʇʦʩʣʝʜʫʶʱʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 55 ʪʘʢʞʝ ʭʦʨʦʰʦ ʵʢʩʪʨʘʛʠʨʫʝʪ U(VI) ʠ Th(IV) (D > 400, 4 M 

HNO3). [24] 

 
ʈʠʩ. 60. ʕʢʩʪʨʘʢʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʛʘʥʜʘ 55. 
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ɺ ʮʝʣʦʤ, ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʝʥʘʥʪʨʦʣʠʥʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʬʬʝʢʪʠʚʥʫʶ 

ʵʢʩʪʨʘʢʮʠʶ ʠ ʙʳʩʪʨʫʶ ʢʠʥʝʪʠʢʫ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ f-ʵʣʝʤʝʥʪʘʤ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ. ʆʜʥʘʢʦ ʠʭ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʨʘʟʜʝʣʝʥʠʠ Am(III)/Eu(III) ʦʩʪʘʝʪʩʷ ʫʤʝʨʝʥʥʦʡ ʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʡ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʘ ʥʘʣʠʯʠʝ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʚ ʩʪʨʫʢʪʫʨʝ ʣʠʛʘʥʜʦʚ ʥʘʢʣʘʜʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ..  

2.2.2. ʕʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʣʠʛʘʥʜʦʚ ʩ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ 

ʉʨʝʜʠ ʜʨʫʛʠʭ ʣʠʛʘʥʜʦʚ ʩ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʣʠʛʘʥʜʳ 43-45 ʥʘ ʦʩʥʦʚʝ ʧʠʨʘʟʦʣʘ (ʨʠʩ. 61). [18] ɺ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ, 

ʩʦʜʝʨʞʘʱʝʡ ʪʘʢʞʝ 2-ʙʨʦʤʛʝʢʩʘʥʦʚʫʶ ʢʠʩʣʦʪʫ, ʵʪʠ ʣʠʛʘʥʜʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

SFAm(III)/Eu(III)  å 100. ʆʜʥʘʢʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ 

ʵʢʩʪʨʘʢʮʠʠ ʠʟ 0.5 ʄ HNO3, ʠ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʦʥʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʭʫʜʰʘʝʪʩʷ. 

 
ʈʠʩ. 61. ʇʦʢʘʟʘʪʝʣʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ Am/Eu ʜʣʷ ʣʠʛʘʥʜʦʚ 43-45. 

ʃʠʛʘʥʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʦʠʟʚʦʜʥʳʝ 1,2,3-ʪʨʠʘʟʦʣʘ ʠʩʩʣʝʜʫʶʪʩʷ 

ʚ ʦʩʥʦʚʥʦʤ ʚ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʬʠʣʴʥʳʭ ʤʘʩʢʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ (ʈʠʩ. 62). [14] ʅʘʧʨʠʤʝʨ, 

ʩʦʝʜʠʥʝʥʠʝ 33 ʵʬʬʝʢʪʠʚʥʦ ʫʜʝʨʞʠʚʘʝʪ Eu(III) ʚ ʚʦʜʥʦʡ ʬʘʟʝ ʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ SFEu(III)/Am(III)  å 300 ʧʨʠ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ (0.05 M HNO3) ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʚʷʟʳʚʘʝʪ Am(III). ʉʦʝʜʠʥʝʥʠʝ 34, ʥʘʧʨʦʪʠʚ, ʧʦʢʘʟʳʚʘʝʪ ʨʦʩʪ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ, ʦʜʥʘʢʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʫʤʘ SFEu(III)/Am(III)  = 84 ʪʘʢʞʝ ʧʨʠ 0.05 M HNO3.  

 
ʈʠʩ. 62. ʇʦʢʘʟʘʪʝʣʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ Eu/Am ʜʣʷ ʤʘʩʢʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ 33 ʠ 34. 

ɺ ʮʝʣʦʤ, ʵʪʠ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʝ ʣʠʛʘʥʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ 2,9-ʧʦʣʦʞʝʥʠʷʭ ʢʘʢ 

ʣʠʧʦʬʠʣʴʥʳʝ, ʪʘʢ ʠ ʛʠʜʨʦʬʠʣʴʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʝʣʝʢʪʠʚʥʦʝ ʩʚʷʟʳʚʘʥʠʝ 

ʮʝʣʝʚʳʭ ʠʦʥʦʚ, ʥʦ ʠʭ ʵʢʩʪʨʘʢʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʪʫʧʘʝʪ BTPhen. ɹʦʣʝʝ ʪʦʛʦ, ʠʭ 

ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ pH ʦʛʨʘʥʠʯʝʥ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʟʦʪʥʦʡ ʢʩʠʣʦʪʳ 0.5 M ʠʣʠ ʥʠʞʝ, ʯʪʦ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʶ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʝʨʘʙʦʪʢʠ ɺɸʆ. 
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2.2.3 ʕʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ BTPhen 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ 2011 ʛʦʜʘ [31] ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚʘ ʣʠʛʘʥʜʘ 65 (ʈʠʩ. 63). ɼʘʥʥʳʡ ʵʢʩʪʨʘʛʝʥʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʢʮʠʠ Am(III) ʠ ʦʪʣʠʯʥʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ Eu(III) (DAm(III)  

å 1000, DEu(III) å 5, SFAm(III)/Eu(III)  > 200, 1 M HNO3). ʇʨʠ ʵʪʦʤ ʵʢʩʪʨʘʢʮʠʦʥʥʦʝ ʨʘʚʥʦʚʝʩʠʝ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 15 ʤʠʥʫʪ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʪʨʘʢʮʠʠ. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʣʘʶʪ ʣʠʛʘʥʜ 65 

ʢʣʶʯʝʚʳʤ ʣʠʛʘʥʜʦʤ ʩʨʘʚʥʝʥʠʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ BTPhen. 

 

ʈʠʩ. 63. ʃʠʛʘʥʜ BTPhen 65. 

ʃʠʛʘʥʜʳ ʩ ʦʪʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʪʨʠʘʟʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʘʭ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ 

ʥʠʟʢʠʝ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 64). [33] ʊʘʢ, ʥ-ʧʝʥʪʠʣʟʘʤʝʱʸʥʥʳʡ ʣʠʛʘʥʜ 96 

ʧʦʢʘʟʘʣ ʙʦʣʝʝ ʥʠʟʢʫʶ ʵʢʩʪʨʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ Am(III) 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 65 (DAm(III) < 100, DEu(III) å 1, SFAm(III)/Eu(III) < 100, 1 M HNO3). ɸʣʢʠʣ-ʟʘʤʝʱʸʥʥʳʝ 

ʣʠʛʘʥʜʳ 92 ʠ 93 ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʥʠʞʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

SFAm(III)/Eu(III) 122 ʠ 105 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʨʫʛʠʝ ʟʘʤʝʱʸʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ BTPhen ʪʘʢʞʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ Am(III) ʠ Eu(III).  

 

ʈʠʩ. 64. ɺʣʠʷʥʠʝ ʜʣʠʥʳ ʘʣʢʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ SFAm(III)/Eu(III) ʚ ʣʠʛʘʥʜʘʭ BTPhen. 

ʇʦʤʠʤʦ ʤʦʜʠʬʠʢʘʮʠʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʪʨʠʘʟʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʘʭ, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʪʘʢʞʝ 4,7-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ BTPhen 128-130. [39] ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʣʠʛʘʥʜ ʩ ʜʦʥʦʨʥʳʤʠ ʤʝʪʦʢʩʠ-ʟʘʤʝʩʪʠʪʝʷʤʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘ 

ʪʨʠ ʧʦʨʷʜʢʘ ʙʦʣʴʰʠʝ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ Am(III) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʣʦʨʟʘʤʝʱʝʥʥʳʤ 

ʣʠʛʘʥʜʦʤ(DAm(III) = 1800 ʠ 1.9 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʃʠʛʘʥʜ ʩ ʬʝʥʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʟʘʥʠʤʘʝʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩ DAm(III) ~ 900. 

ɺ ʮʝʣʦʤ, ʵʢʩʪʨʘʛʝʥʪʳ ʨʷʜʘ BTPhen, ʦʩʦʙʝʥʥʦ ʧʨʦʠʟʚʦʜʥʳʝ 65, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʵʪʘʣʦʥʥʳʡ ʢʣʘʩʩ ʣʠʛʘʥʜʦʚ, ʜʦʩʪʠʛʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ SFAm(III )/Eu(III ) ʜʦ 200 ʠ ʙʦʣʴʰʝ. ʆʜʥʘʢʦ, 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʣʠʛʘʥʜʦʚ ʦʛʨʘʥʠʯʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, 
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ʵʪʦ ʥʠʟʢʠʡ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ (ʥʝ ʙʦʣʝʝ 1ʄ HNO3). ɺʦ-ʚʪʦʨʳʭ, 

ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʝʵʢʩʪʨʘʢʮʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʵʢʩʪʨʘʛʝʥʪ ʧʦʚʪʦʨʥʦ. ɺ-ʪʨʝʪʴʠʭ, ʩʢʦʨʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʠʷ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (ʦʪ 15 

ʤʠʥ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ BTPhen ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ ʣʠʛʘʥʜʘʤ ʜʨʫʛʠʭ 

ʢʣʘʩʩʦʚ.  

2.2.4. ʕʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ 

ʇʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʣʠʛʘʥʜʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ DAPhen ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ D ʢʘʢ ʜʣʷ Am(III), ʪʘʢ ʠ ʜʣʷ Eu(III) (ʈʠʩ. 65). ʅʘʧʨʠʤʝʨ, 

ʩʦʝʜʠʥʝʥʠʝ 149 ʵʢʩʪʨʘʛʠʨʫʝʪ Am(III) ʠ Eu(III) ʙʝʟ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʨʘʟʜʝʣʝʥʠʷ (DAm(III),Eu(III)  > 

1000, 3.0 M HNO3), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʣʠʛʘʥʜ 150 ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ ʨʝʟʢʦ ʚʦʟʨʦʩʰʫʶ ʩʪʝʧʝʥʴ 

ʠʟʚʣʝʯʝʥʠʷ Am(III), ʥʦ ʩʦʭʨʘʥʷʝʪ ʥʝʢʦʪʦʨʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ (DAm(III)  > 3000, DEu(III) å 17, 

SFAm(III)/Eu(III)  > 200, 3.0 M HNO3). [84, 140] 

 

ʈʠʩ. 65. ʕʢʩʪʨʘʢʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ. 

ɺʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʧʨʝʜʦʨʛʘʥʠʟʘʮʠʠ ʣʠʛʘʥʜʘ ʯʘʩʪʦ ʩʦʧʫʪʩʪʚʫʝʪ ʝʛʦ ʥʠʟʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, 

ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʨʘʟʚʝʪʚʣʸʥʥʦʝ ʘʣʢʠʣ-ʟʘʤʝʱʸʥʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ 340. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʦ ʪʘʢʞʝ ʥʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʨʘʟʜʝʣʝʥʠʠ Am(III) ʠ Eu(III) (DAm(III),Eu(III) 

> 200, 3.0 M HNO3). [141, 142] ʇʦʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʚʳʩʦʢʦʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʣʠʛʘʥʜʳ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʢ ʣʝʛʢʠʤ ʣʘʥʪʘʥʠʜʘʤ ʩ 

ʙʦʣʴʰʠʤʠ ʠʦʥʥʳʤʠ ʨʘʜʠʫʩʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʢʩʪʨʘʛʝʥʪ 272 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʪʝʧʝʥʠ 

ʠʟʚʣʝʯʝʥʠʷ DLa(III )-Nd(III ) > 100 ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ SFLa(III)/Lu(III)  å 1700 ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʠʟ 0.9 M 

HNO3. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʧʨʝʜʦʨʛʘʥʠʟʘʮʠʠ ʣʠʛʘʥʜʘ ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʘʪʠʦʥʘʤʠ f-ʵʣʝʤʝʥʪʦʚ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʣʝʛʢʠʭ ʣʘʥʪʘʥʠʜʦʚ. 

2.2.5. ʕʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʣʠʛʘʥʜʦʚ 

ʃʠʛʘʥʜʳ 262 ʠ 263 ʙʳʣʠ ʩʦʟʜʘʥʳ ʩ ʮʝʣʴʶ ʦʙʲʝʜʠʥʝʥʠʷ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʪʝʪʨʘʘʣʢʠʣʟʘʤʝʱʝʥʥʳʭ DAPhen ʠ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 144 (ʈʠʩ. 66). [75] ʇʨʠ ʨʘʚʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʛʘʥʜ 262 ʧʨʦʷʚʣʷʣ ʙʦʣʴʰʫʶ ʵʢʩʪʨʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

262. ʇʨʠ ʵʪʦʤ 262 ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤ ʚ ʦʢʪʘʥʦʣʝ-1 ʠ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ 50 ʤʄ ʨʘʩʪʚʦʨʦʤ ʣʠʛʘʥʜʘ 

ʠʟ 3 ʄ HNO3 ʜʝʤʦʥʩʪʨʠʨʫʝʪ DAm(III)  å 10, DEu(III) å 0.4 ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ SFAm(III)/Eu(III) = 25. 
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ʈʠʩ. 66. ʊʨʠʘʣʢʠʣ-ʘʨʠʣʟʘʤʝʱʝʥʥʳʝ DAPhen 262 ʠ 263. 

C ʮʝʣʴʶ ʦʙʲʝʜʠʥʝʥʠʷ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʪʨʠʘʟʠʥʟʘʤʝʱʝʥʥʳʭ ʵʢʩʪʨʘʛʝʥʪʦʚ 

(ʥʘʧʨʠʤʝʨ, 65) ʠ ʙʳʩʪʨʦʡ ʩʢʦʨʦʩʪʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʵʢʩʪʨʘʢʮʠʠ DAPhen ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʥʝʩʠʤʤʝʪʨʠʯʥʳʡ ʣʠʛʘʥʜ 

246 (ʨʠʩ. 67). [143] ʕʪʦʪ ʣʠʛʘʥʜ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʜʘʶʱʠʝʩʷ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

(DAm(III ) > 40, SFAm(III )/Eu(III ) > 280, 2M HNO3). ɽʛʦ ʥʝʜʦʩʪʘʪʢʦʤ, ʦʜʥʘʢʦ, ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʘʷ ʩʭʝʤʘ 

ʩʠʥʪʝʟʘ (ʩʤ. ʨʠʩ. 40 ʚ ʨʘʟʜʝʣʝ 2.1.5). 

 
ʈʠʩ. 67. ʅʝʩʠʤʤʝʪʨʠʯʥʳʡ ʣʠʛʘʥʜ 124. 

2.2.6. ʕʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ DAPhen 

ʉʦʯʝʪʘʥʠʝ çʞʸʩʪʢʠʭè ʠ çʤʷʛʢʠʭè ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ DAPhen ʢʘʢ 

ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʮʝʣʝʚʳʭ ʢʘʪʠʦʥʦʚ, ʪʘʢ ʠ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠʭ 

ʨʘʟʜʝʣʝʥʠʷ. ʃʠʛʘʥʜʳ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ ʠʤʝʶʪ ʥʠʟʢʫʶ ʙʨʝʥʩʪʝʜʦʚʩʢʫʶ ʦʩʥʦʚʥʦʩʪʴ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩ ʠʭ ʧʦʤʦʱʴʶ ʵʢʩʪʨʘʢʮʠʶ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʠʟ ʢʠʩʣʳʭ ʩʨʝʜ. DAPhen 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʙʦʣʴʰʠʥʩʪʚʫ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʦʨʛʘʥʠʯʝʩʢʠʤ ʣʠʛʘʥʜʘʤ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʞʠʜʢʦʩʪʴ-ʞʠʜʢʦʩʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ. ɺʦʟʤʦʞʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʙʦʢʦʚʳʭ ʘʤʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ ʚʚʝʜʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ 

ʦʩʪʦʚ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʪʨʝʙʫʝʤʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʨʘʟʜʝʣʝʥʠʠ f-

ʵʣʝʤʝʥʪʦʚ, ʥʘʩʪʨʘʠʚʘʪʴ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʣʠʛʘʥʜʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. [122-123, 125-126, 144-145] ʂʣʶʯʝʚʳʤ ʣʠʛʘʥʜʦʤ ʩʨʘʚʥʝʥʠʷ 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ DAPhen ̫ ʚʣʷʝʪʩʷ 144 (ʨʠʩ. 68). [57] 

 

 

ʈʠʩ. 68. ʃʠʛʘʥʜ 144 ʠ ʝʛʦ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  
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ʆʥ ʩʦʯʝʪʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʩ ʚʳʩʦʢʦʡ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʠ ʙʳʩʪʨʳʤ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ɺ ʮʠʢʣʦʛʝʢʩʘʥʦʥʝ ʦʥ ʵʬʬʝʢʪʠʚʥʦ 

ʦʪʜʝʣʷʝʪ Am(III) ʦʪ Eu(III) (DAm(III) å 6, DEu(III) < 0.1, SF = 67, 1ʄ HNO3), ʘ ʚ ʌ-3 ʝʛʦ 

ʵʢʩʪʨʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ (DAm(III) å 20, 2M HNO3). ɺʘʞʥʦ, ʯʪʦ 144 ʪʘʢʞʝ 

ʵʬʬʝʢʪʠʚʥʦ ʵʢʩʪʨʘʛʠʨʫʝʪ U(VI) ʠ Pu(IV), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʛʨʫʧʧʦʚʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʘʢʪʠʥʠʜʦʚ. ʆʜʥʘʢʦ ʝʤʫ ʩʚʦʡʩʪʚʝʥʥʘ ʥʝʞʝʣʘʪʝʣʴʥʘʷ ʵʢʩʪʨʘʢʮʠʷ ʣʝʛʢʠʭ ʣʘʥʪʘʥʠʜʦʚ, 

ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ PUREX-ʨʘʬʠʥʘʪʘʭ. 

ɺ ʥʝʜʘʚʥʠʭ ʨʘʙʦʪʘʭ ʥʘʰʝʡ ʛʨʫʧʧʳ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʦʜʦʣʸʥ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚ ʙʦʢʦʚʳʭ ʘʤʠʜʥʳʭ ʟʘʤʝʩʪʠʪʝʣʷʭ 

ʣʠʛʘʥʜʦʚ. [146, 147] ʅʘ ʨʠʩ. 69 ʧʦʢʘʟʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʢʘʟʳʚʘʶʱʠʝ, ʢʘʢʠʤ 

ʦʙʨʘʟʦʤ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘʣʠʯʠʝ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʷʭ ʘʨʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ 

ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʪʨʝʥʜʳ. 

 
ʈʠʩ. 69. ɺʣʠʷʥʠʝ ʩʪʝʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ DAPhen. 

2,4,6-ʊʨʠʤʝʪʠʣʟʘʤʝʱʸʥʥʳʡ ʣʠʛʘʥʜ ʧʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙ·ʣʴʰʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ 

ʨʘʟʜʝʣʝʥʠʠ ʘʤʝʨʠʮʠʷ ʠ ʨʘʥʥʠʭ ʣʘʥʪʘʥʦʠʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʣʘʥʪʘʥʘ ʠ ʮʝʨʠʷ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʚʳʩʦʢʦʡ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʘʤʝʨʠʮʠʷ. [146] ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ 

ʟʘʤʝʥʘ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʷʭ ʘʨʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʥʘ ʙʦʣʝʝ ʦʙʲʸʤʥʳʝ 

ʵʪʠʣʴʥʳʝ ʠ ʜʘʣʝʝ ʠʟʦʧʨʦʧʠʣʴʥʳʝ ʛʨʫʧʧʳ (ʨʠʩ. 70) ʧʨʠʚʦʜʠʪ ʢ ʤʥʦʛʦʢʨʘʪʥʦʤʫ ʧʦʚʳʰʝʥʠʶ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʠʛʘʥʜʦʚ ʚ ʦʪʥʦʰʝʥʠʠ f-ɻ ʣʝʤʝʥʪʦʚ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʘʤʝʨʠʮʠʷ ʠ ʨʘʥʥʠʭ ʣʘʥʪʘʥʦʠʜʦʚ. 

 
ʈʠʩ. 70. ɺʣʠʷʥʠʝ ʘʣʢʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ ʵʢʩʪʨʘʢʮʠʶ Am(III) ʠ Ln(III) 
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ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʦʩʪʦʚʘ ʚ ʧʦʣʦʞʝʥʠʷʭ 4 ʠ 7 ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʩʪʨʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʣʠʛʘʥʜʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʤʦʜʫʣʷʮʠʝʡ ʠʭ ʙʨʸʥʩʪʝʜʦʚʩʢʦʡ ʦʩʥʦʚʥʦʩʪʠ (ʨʠʩ. 71). ʊʘʢ, ʚʚʝʜʝʥʠʝ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ Cl-ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʫʢʘʟʘʥʥʳʝ ʧʦʣʦʞʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʦʩʥʦʚʥʦʩʪʠ DAPhen. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ pH ʣʠʛʘʥʜʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʢʠʩʣʳʭ ʩʨʝʜ. 

 

 

ʈʠʩ. 71. ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Am ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʣʠʛʘʥʜʘʤʠ 134 ʠ 341 ʠʟ 

ʨʘʩʪʚʦʨʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ HNO3. 

ɼʨʫʛʦʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʧʦʣʦʞʝʥʠʷ 4 ʠ 7 DAPhen ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʬʪʦʨ- ʠ ʦʢʩʦʟʘʤʝʩʪʠʪʝʣʝʡ ʚʤʝʩʪʦ ʜʚʫʭ ʩʠʤʤʝʪʨʠʯʥʳʭ ʘʪʦʤʦʚ ʬʪʦʨʘ (ʨʠʩ. 72). [71] ʆʪʯʝʪʣʠʚʦ 

ʚʠʜʥʦ, ʚʚʝʜʝʥʠʝ ʦʢʩʦ-ʛʨʫʧʧʳ ʚ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʝ ʷʜʨʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʝʡ 

ʠʟʚʣʝʯʝʥʠʷ f-ɻ ʣʝʤʝʥʪʦʚ. ʇʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʦʚ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʪʦʨʘʤʠ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʦʝ ʩʥʠʞʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʪʘʫʪʦʤʝʨʥʳʡ 

ʧʝʨʝʭʦʜ ʥʝʢʦʦʨʜʠʥʠʨʫʶʱʝʡ ʦʢʩʦ-ʬʦʨʤʳ ʣʠʛʘʥʜʘ ʚ ʢʦʦʨʜʠʥʠʨʫʶʱʫʶ ʛʠʜʨʦʢʩʠ-ʬʦʨʤʫ. 

 

 

ʈʠʩ. 72. ɿʘʚʠʩʠʤʦʩʪʠ D ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʣʘʥʪʘʥʠʜʦʚ ʣʠʛʘʥʜʘʤʠ 342 ʠ 343. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ ʧʦʣʠʜʝʥʪʘʥʪʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ 

ʦʩʥʦʚʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ, ʘ ʪʘʢʞʝ ʠʭ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʟʚʦʣʷʝʪ ʩʦʧʦʩʪʘʚʠʪʴ 

ʣʠʛʘʥʜʳ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʠʧʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʟʚʠʪʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ (ʪʘʙʣʠʮʘ 1).  
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ʊʘʙʣʠʮʘ 1. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ DAPhen ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʣʠʛʘʥʜʦʚ 

ʂʣʘʩʩ ʣʠʛʘʥʜʦʚ ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

 
ʌʦʩʬʦʨʩʦʜʝʨʞʘʱʠʝ 

ɺʳʩʦʢʠʝ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ, 

ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʚ 

ʢʠʩʣʳʭ ʩʨʝʜʘʭ 

ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ çʧʨʠʥʮʠʧʫ 

CHONè, ʥʠʟʢʘʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ 

Am(III)/Ln(III) 

ʇʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʳʝ 

ʉʪʨʫʢʪʫʨʥʘʷ ʞʝʩʪʢʦʩʪʴ, 

ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʩʪʝʧʝʥʠ 

ʠʟʚʣʝʯʝʥʠʷ, ʩʧʦʩʦʙʥʦʩʪʴ 

ʨʘʙʦʪʘʪʴ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ 

ʉʣʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ, ʥʠʟʢʘʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ 

Am(III)/Ln(III), 

 

ʆʯʝʥʴ ʚʳʩʦʢʠʝ ʬʘʢʪʦʨʳ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ 

MA ʠ ʈɿʕ 

ʉʣʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ, ʥʝ 

ʨʘʙʦʪʘʶʪ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ, 

ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʵʢʩʪʨʘʢʮʠʠ ʤʝʪʘʣʣʦʚ 

ʅʝʩʠʤʤʝʪʨʠʯʥʳʝ 

ɺʳʩʦʢʠʝ ʬʘʢʪʦʨʳ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ 

MA ʠ ʈɿʕ, ʩʧʦʩʦʙʥʦʩʪʴ 

ʨʘʙʦʪʘʪʴ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ 

ʆʯʝʥʴ ʩʣʦʞʥʳʡ ʩʠʥʪʝʟ, 

ʤʝʥʴʰʘʷ ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʢ 

ʢʠʩʣʳʤ ʩʨʝʜʘʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ DAPhen 

 

ʉʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʚ 

ʢʠʩʣʳʭ ʩʨʝʜʘʭ, ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʦʙʨʘʱʝʥʠʷ ʩ 

ʇʋʈɽʂʉ-ʨʘʬʠʥʘʪʦʤ, 

ʚʳʩʦʢʠʝ ʬʘʢʪʦʨʳ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ 

MA ʠ ʈɿʕ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʢʨʝʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʠʥʪʝʟ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ 

ʊʘʢ, ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʝ ʠ ʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʣʠʛʘʥʜʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʠʝ 

ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ f-ɻ ʣʝʤʝʥʪʦʚ. ʆʜʥʘʢʦ ʚʳʩʦʢʠʝ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʥʠʟʢʫʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ Am(III)/Ln(III) ʠʟ-ʟʘ ʩʦʵʢʩʪʨʘʢʮʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. ʃʠʛʘʥʜʳ ʩ N-

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʚʢʣʶʯʘʷ BTPhen, ʥʘʧʨʦʪʠʚ, ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʠʝ 

ʬʘʢʪʦʨʳ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʤʠʥʦʨʥʳʭ ʘʢʪʠʥʠʜʦʚ ʠ ʣʘʥʪʘʥʠʜʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʥʠ 

ʩʢʣʦʥʥʳ ʢ ʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʘʟʦʪʥʦʢʠʩʣʳʤ ʇʋʈɽʂʉ-ʨʘʬʠʥʘʪʦʤ. 

ɺ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʣʠʛʘʥʜʘʭ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ 

ʪʠʧʦʚ, ʦʜʥʘʢʦ ʦʥʠ ʥʘʩʣʝʜʫʶʪ ʠ ʠʭ ʥʝʜʦʩʪʘʪʢʠ. ʊʘʢ, ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʣʠʛʘʥʜʳ ʩ ʦʜʥʠʤ N-

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝ ʧʨʦʷʚʣʷʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʠʭ ʩʠʥʪʝʟ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʝʡ ʩʣʦʞʥʦʩʪʴʶ ʠ 

ʟʘʯʘʩʪʫʶ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʚʳʭʦʜʘʤʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʦʜʙʦʨ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ 
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ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʣʘʩʩʦʤ ʣʠʛʘʥʜʦʚ ʷʚʣʷʶʪʩʷ DAPhen (ʨʠʩ. 73).  

 
ʈʠʩ. 73. ʇʨʝʠʤʫʱʝʩʪʚʘ DAPhen. 

2.3. ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʇʦʩʢʦʣʴʢʫ ʞʠʜʢʦʩʪʥʘʷ ʵʢʩʪʨʘʢʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʦʨʛʘʥʦʨʘʩʪʚʦʨʠʤʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ çʦʨʛʘʥʠʯʝʩʢʠʡ ʨʘʟʙʘʚʠʪʝʣʴ/ʘʟʦʪʥʦʢʠʩʣʳʡ ʨʘʩʪʚʦʨè, ʜʣʷ 

ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʵʢʩʪʨʘʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʭʠʤʠʠ ʣʠʛʘʥʜʦʚ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʨʦʜʳ ʢʦʤʧʣʝʢʩʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʜʚʠʞʫʱʫʶ ʩʠʣʫ 

ʞʠʜʢʦʩʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʚʣʠʷʪʴ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʆʙʩʫʞʜʘʝʤʳʝ ʚʳʰʝ ʣʠʛʘʥʜʳ ʦʙʨʘʟʫʶʪ ʩ f-ɻ ʣʝʤʝʥʪʘʤʠ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʢʦʤʧʣʝʢʩʦʚ, 

ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʦʪ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ (ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ, ʚʭʦʜʷʱʝʛʦ ʚ 

ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ, ʩʪʨʦʝʥʠʝ ʢʦʦʨʜʠʥʠʨʫʶʱʠʭ ʬʨʘʛʤʝʥʪʦʚ, ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʤ 

ʷʜʨʝ), ʘ ʪʘʢʞʝ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʨʘʩʪʚʦʨʠʪʝʣʷ, ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʜʨʫʛʠʭ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʥʘ ʧʨʠʤʝʨʝ 

ʦʙʩʫʞʜʘʝʤʳʭ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʣʠʛʘʥʜʦʚ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʠ ʚ ʨʘʩʪʚʦʨʝ. 

2.3.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ 

ʀʟʫʯʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʥʝʩʢʦʣʴʢʠʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ 

ʘʥʘʣʠʟʦʤ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʜʦʥʦʨʥʳʭ 

ʘʪʦʤʦʚ ʣʠʛʘʥʜʘ, ʥʘʧʨʠʤʝʨ, C=O ʛʨʫʧʧ DAPhen, ʘ ʪʘʢʞʝ ʥʠʪʨʘʪ-ʘʥʠʦʥʦʚ ʚ ʢʦʦʨʜʠʥʘʮʠʶ 

ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʦʚ. 

ʂʦʤʧʣʝʢʩʳ ʩʪʝʭʠʦʤʝʪʨʠʠ LM ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʩʨʝʜʠ 

ʦʙʩʫʞʜʘʝʤʳʭ ʣʠʛʘʥʜʦʚ. ʊʘʢ, ʜʣʷ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʦʚ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ LM, ʤʥʦʛʠʝ ʠʟ 

ʢʦʪʦʨʳʭ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʜʘʥʥʳʤʠ ʈʉɸ. ɺ ʥʠʭ ʢʘʪʠʦʥ ʦʙʨʘʟʫʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʚʷʟʠ ʩ 

ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʘʤʠʜʥʳʭ ʛʨʫʧʧ ʠ ʜʚʫʤʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʘʪʦʤʘʤʠ ʘʟʦʪʘ. ʇʨʠ 

ʵʪʦʤ ʠʦʥʥʳʡ ʨʘʜʠʫʩ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʘ. 
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ʊʘʢ, ʣʘʥʪʘʥ, ʠʤʝʶʱʠʡ ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʠʦʥʥʳʡ ʨʘʜʠʫʩ, ʩʧʦʩʦʙʝʥ ʚ ʢʦʤʧʣʝʢʩʘʭ LM 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 11, ʧʨʠʩʦʝʜʠʥʠʚ ʪʨʠ ʙʠʜʝʥʪʘʪʥʳʭ ʥʠʪʨʘʪʦ-ʛʨʫʧʧʳ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʣʝʢʫʣʫ ʚʦʜʳ [148] ʠʣʠ ʤʝʪʘʥʦʣʘ [136]. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 

[(144)La(NO3)3(H2O)] ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 74. ʂ ʩʦʞʘʣʝʥʠʶ, ʘʚʪʦʨʳ ʥʠ ʦʜʥʦʡ ʠʟ ʵʪʠʭ ʜʚʫʭ ʨʘʙʦʪ 

ʥʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

 

  
ʈʠʩ. 74. ʈʉɸ-ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [(144)La(NO3)3(H2O)] ʚ ʜʚʫʭ ʧʨʦʝʢʮʠʷʭ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʞʝ ʢʦʤʧʣʝʢʩʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʢʘʪʠʦʥʘʤʠ ʥʘʯʘʣʘ ʠ ʩʝʨʝʜʠʥʳ ʨʷʜʘ 

ʣʘʥʪʘʥʠʜʦʚ ʤʝʪʘʣʣ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 10. ʅʘ ʨʠʩ. 75a ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʈʉɸ-

ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ ʪʝʪʨʘʙʫʪʠʣʟʘʤʝʱʝʥʥʦʛʦ DAPhen 134 ʩ ʥʠʪʨʘʪʦʤ ʛʘʜʦʣʠʥʠʷ. [149] 

ʇʦʤʠʤʦ ʢʦʤʧʣʝʢʩʘ ʛʘʜʦʣʠʥʠʷ, ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʳ ʣʠʛʘʥʜʘ 134 ʜʣʷ ʚʩʝʛʦ ʨʷʜʘ 

ʣʘʥʪʘʥʠʜʦʚ. ʉʨʝʜʠ ʥʠʭ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ La-Dy.  

 
a) 

 
 

b) 

 

 

ʈʠʩ. 75. ʈʉɸ-ʩʪʨʫʢʪʫʨʳ (ʘ) (134)Gd(NO3)3 ʠ (b) (134)Yb(NO3)2(ONO2) ʚ ʜʚʫʭ ʧʨʦʝʢʮʠʷʭ. 
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ɺ ʦʪʣʠʯʠʝ ʦʪ ʣʘʥʪʘʥʘ, ʜʣʷ ʣʘʥʪʘʥʠʜʦʚ ʢʦʥʮʘ ʨʷʜʘ ʚʩʣʝʜʩʪʚʠʝ ʩʦʢʨʘʱʝʥʠʷ ʠʦʥʥʦʛʦ 

ʨʘʜʠʫʩʘ ʢʘʪʠʦʥʘ (ʣʘʥʪʘʥʠʜʥʦʝ ʩʞʘʪʠʝ) ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʥʠʞʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʯʠʩʣʘ ʢʘʪʠʦʥʘ ʜʦ 9 ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʦʜʠʥ ʠʟ ʥʠʪʨʘʪʦʚ ʩʪʘʥʦʚʠʪʩʷ ʤʦʥʦʜʝʥʪʘʪʥʳʤ. ʅʘ ʨʠʩ. 75b 

ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʈʉɸ-ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ ʪʝʪʨʘʙʫʪʠʣʟʘʤʝʱʝʥʥʦʛʦ DAPhen 134 ʩ ʥʠʪʨʘʪʦʤ 

ʠʪʪʝʨʙʠʷ (134)Yb(NO3)2(ONO2). ɸʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʦʝ ʩʪʨʦʝʥʠʝ ʠʤʝʶʪ ʢʦʤʧʣʝʢʩʳ 

ʣʠʛʘʥʜʘ 134 ʩ ʣʘʥʪʘʥʠʜʘʤʠ Y-Lu.  

ʀʂ-ʩʧʝʢʪʨʳ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʜʝʨʞʘʪ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ 

ʜʣʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʠʪʨʘʪ-ʘʥʠʦʥʦʚ (1460-1480 ʠ 1286-1325 ʩʤ-1). ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʘʤʠʜʥʳʭ C=O ʛʨʫʧʧ (1599-1608 ʩʤī1) ʪʘʢʞʝ ʩʤʝʱʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʠʭ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʚ ʢʦʦʨʜʠʥʘʮʠʶ ʤʝʪʘʣʣʘ. 

ʉʥʠʞʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ ʢʘʪʠʦʥʘ ʜʦ 9 ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʠʟ-ʟʘ ʟʘʤʝʱʝʥʠʷ 

ʥʠʪʨʘʪʦ-ʛʨʫʧʧ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʘ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʥʠʪʨʘʪʦ-ʛʨʫʧʧ ʦʢʘʞʟʳʚʘʶʪʩʷ ʚʦ ʚʥʝʰʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ. ʅʘ ʨʠʩ. 76 ʧʨʠʚʝʜʝʥ 

ʧʨʠʤʝʨ ʢʦʤʧʣʝʢʩʘ [(341)Lu(NO3)2(H2O)]
+(NO3)

-. [150] 

 

  

ʈʠʩ. 76. ʈʉɸ-ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [(341)Lu(NO3)2(H2O)]
+(NO3)

- ʚ ʜʚʫʭ ʧʨʦʝʢʮʠʷʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʨʘʤ ʦʙʲʷʩʥʠʪʴ 

ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʪʨʝʥʜʳ (ʨʠʩ. 77). [150] 

 

 

ʈʠʩ. 77. ɿʘʚʠʩʠʤʦʩʪʠ ʩʪʝʧʝʥʝʡ ʠʟʚʣʝʯʝʥʠʷ D ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʣʘʥʪʘʥʠʜʦʚ ʣʠʛʘʥʜʘʤʠ 134 ʠ 

341.  
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ʀʟ ʨʠʩ. 77 ʚʠʜʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ D ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʣʘʥʪʘʥʘ ʜʦ ʛʘʜʦʣʠʥʠʷ ʠ ʟʘʪʝʤ ʚʥʦʚʴ ʨʘʩʪʫʪ ʦʪ ʛʘʜʦʣʠʥʠʷ ʜʦ ʪʫʣʠʷ. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʦ ʩʤʝʥʦʡ ʤʝʭʘʥʠʟʤʘ ʵʢʩʪʨʘʢʮʠʠ: ʢʘʪʠʦʥʳ ʣʝʛʢʠʭ ʣʘʥʪʘʥʠʜʦʚ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʟʫʶʪ ʥʝʡʪʨʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ LLn(NO3)3 ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ 

ʯʠʩʣʦʤ 10, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʝʝ ʪʷʞʝʣʳʝ ʢʘʪʠʦʥʳ ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ ʚ ʚʠʜʝ ʪʝʩʥʳʭ ʠʦʥʥʳʭ ʧʘʨ 

[LLn(NO3)2H2O]
+NO3

-, ʚ ʢʦʪʦʨʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʢʘʪʠʦʥʘ ʧʦʥʠʞʘʝʪʩʷ ʜʦ 9. ɼʣʷ 

ʣʘʥʪʘʥʠʜʦʚ ʩʝʨʝʜʠʥʳ ʨʷʜʘ ʢʦʥʩʪʘʥʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʦʙʦʠʭ ʪʠʧʦʚ ʦʢʘʟʳʚʘʶʪʩʷ 

ʤʠʥʠʤʘʣʴʥʳʤʠ, ʯʪʦ ʠ ʦʙʲʷʩʥʷʝʪ V-ʦʙʨʘʟʥʫʶ ʬʦʨʤʫ ʟʘʚʠʩʠʤʩʪʠ.  

ʈʉɸ-ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ ʧʠʨʨʦʣʠʜʠʥʦʚʳʭ DAPhen c ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ 

4,7-ʧʦʣʦʞʝʥʠʷʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʷʜʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 78, ʠʣʣʶʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ 

ʣʘʙʠʣʴʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʣʶʪʝʮʠʷ. [151] 

 

 
  

   

[(155)Lu(NO3)2H2O]
+(NO3)

- 

(X = H) 

[(344)LuNO3(H2O)3]
2+(NO3)2

2- 

(X = Cl) 

(345)Lu(NO3)3 
(X = F) 

ʈʠʩ. 78. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʣʶʪʝʮʠʷ ʧʦ ʜʘʥʥʳʤ ʈʉɸ ʚ ʜʚʫʭ ʧʨʦʝʢʮʠʷʭ. 

ʊʘʢ, ʣʠʛʘʥʜ 155 ʙʝʟ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʦʣʦʞʝʥʠʷʭ 4 ʠ 7 ʜʘʝʪ ʢʦʤʧʣʝʢʩ 

[(120)Lu(NO3)2(H2O)]
+(NO3)

-. ʃʠʛʘʥʜ 344 ʩ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʭʣʦʨʘ ʚ ʧʦʣʦʞʝʥʠʷʭ 4 ʠ 7 ʦʙʨʘʟʫʝʪ 

ʢʦʤʧʣʝʢʩ [(344)LuNO3(H2O)3]
2+(NO3)2

2- , ʚ ʢʦʪʦʨʦʤ ʜʚʘ ʥʠʪʨʘʪ-ʘʥʠʦʥʘ ʚʳʪʝʩʥʝʥʳ ʚʦ ʚʥʝʰʥʶʶ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʢʘʪʠʦʥʘ ʪʨʝʤʷ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. ɺ ʩʣʫʯʘʝ ʜʠʘʤʠʜʘ (345) ʩ ʜʚʫʤʷ 

ʘʪʦʤʘʤʠ ʬʪʦʨʘ ʚ ʧʦʣʦʞʝʥʠʷʭ 4 ʠ 7 ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ (345)Lu(NO3)3, ʚ ʢʦʪʦʨʦʤ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ Lu ʨʘʚʥʦ 10. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʚ ʩʣʫʯʘʝ ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ 

ʜʠʘʤʠʜʘ 345 ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʷʜʝʨʥʦʛʦ ʦʢʩʦʢʦʤʧʣʝʢʩʘ (345)3Lu3O2(NO3)5, ʚ 
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ʢʦʪʦʨʦʤ ʪʨʠ ʤʦʥʦʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʘ (ʜʚʘ ʢʦʥʮʝʚʳʭ (345)Lu(NO3)2 ʠ ʮʝʥʪʨʘʣʴʥʳʡ 

(345)Lu(NO3)) ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩʚʷʟʷʤʠ Lu-O (ʨʠʩ. 79). [151] 

 

ʈʠʩ. 79. ʈʉɸ-ʩʪʨʫʢʪʫʨʘ ʧʦʣʠʷʜʝʨʥʦʛʦ ʦʢʩʦ-ʢʦʤʧʣʝʢʩʘ (345)3Lu3O2(NO3)5. 

ʇʦʤʠʤʦ ʣʘʥʪʘʥʠʜʦʚ, ʣʠʛʘʥʜʳ DAPhen ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʥʠʪʨʘʪʘʤʠ U(VI), Pu(IV) ʠ Th(IV) ʠ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. [57] ɺ ʂʝʤʙʨʠʜʞʩʢʦʤ ʙʘʥʢʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ DAPhen c ʫʨʘʥʠʣʥʠʪʨʘʪʦʤ. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʠ ʩʪʨʦʝʥʠʷ ʣʠʛʘʥʜʘ, ʚʦ 

ʚʥʝʰʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʘʥʠʦʥʳ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ (ʨʠʩ. 80).  

a) 

 
 

b) 

 
 

ʈʠʩ. 80. ʈʉɸ-ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ (a) [(344)UO2(NO3)]
+[HN2O6]

- ʠ (b) 

[(346)UO2(NO3)]
+[UO2(NO3)3]. 

ʅʘʧʨʠʤʝʨ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʈʉɸ-ʩʪʨʫʢʪʫʨʘ, ʚ ʢʦʪʦʨʦʡ ʟʘʨʷʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ 

[LUO2(NO3)]
+ ʫʨʘʚʥʦʚʝʰʝʥ ʚʦ ʚʥʝʰʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʘʥʠʦʥʦʤ [HN2O6]

- (ʨʠʩ. 80ʘ). 

[152] ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʈʉɸ-ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ, ʚ ʢʦʪʦʨʦʤ ʚʦ ʚʥʝʰʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʩʬʝʨʝ ʦʢʘʟʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʠʦʥ [UO2(NO3)3]
- (ʨʠʩ. 80b). [153] ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ [(346)UO2(NO3)]
+[UO2(NO3)3] ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʨʘʤ 

ʦʙʲʷʩʥʠʪʴ ʩʚʝʨʭʵʢʩʪʨʘʢʮʠʶ ʫʨʘʥʘ ʣʠʛʘʥʜʦʤ 346. ɸʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʣʠʛʘʥʜʘ ʧʝʨʝʥʦʩʠʪʴ ʚ 

ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʩʨʘʟʫ ʜʚʘ ʵʢʚʠʚʘʣʝʥʪʘ ʫʨʘʥʘ.  
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ɽʩʣʠ ʞʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʪʝʭʠʦʤʝʪʨʠʶ ʢʦʤʧʣʝʢʩʦʚ L2M, ʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʭʘʨʘʢʪʝʨʥʦ ʪʦʣʴʢʦ ʜʣʷ ʢʘʪʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ ʥʘʯʘʣʘ ʨʷʜʘ ʩ ʙʦʣʴʰʠʤʠ ʠʦʥʥʳʤʠ ʨʘʜʠʫʩʘʤʠ. ɺ 

ʥʠʭ ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ ʩʚʷʟʘʥ ʩ ʜʚʫʤʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ʜʚʫʤʷ ʙʠʜʝʥʪʘʪʥʳʤʠ ʥʠʪʨʘʪʦ-

ʛʨʫʧʧʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʨʝʪʴʷ ʥʠʪʨʘʪʦ-ʛʨʫʧʧʘ, ʢʦʤʧʝʥʩʠʨʫʶʱʘʷ ʟʘʨʷʜ ʢʘʪʠʦʥʘ, ʥʘʭʦʜʠʪʩʷ 

ʚʦ ʚʥʝʰʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʢʘʪʠʦʥʘ ʚ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʢʘʪʠʦʥʘʭ ʨʘʚʥʦ 12. ʉʪʨʫʢʪʫʨʘ ʦʜʥʦʛʦ ʠʟ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 81. [47] 

 

 
ʈʠʩ. 81. ʈʉɸ-ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [(145)2La(NO3)2]

+(NO3)
-. ɸʤʠʜʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʥʝ ʧʦʢʘʟʘʥʳ 

ʜʣʷ ʷʩʥʦʩʪʠ. 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʢʦʤʧʣʝʢʩʳ ʩʪʝʭʠʦʤʝʪʨʠʠ L2M2. ʈʉɸ-ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʣʝʢʩʦʚ ʵʪʦʛʦ ʪʠʧʘ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʣʷ 

ʣʠʛʘʥʜʦʚ BTPhen, ʘ ʥʝ DAPhen (ʨʠʩ. 82). ʕʪʠ ʢʦʤʧʣʝʢʩʳ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʳ ʧʦ ʧʨʠʥʮʠʧʫ 

ʪʝʩʥʳʭ ʠʦʥʥʳʭ ʧʘʨ. ɺ ʢʦʤʧʣʝʢʩʝ [(65)2Eu(NO3)]
2+[Eu(NO3)5]

2- ʦʜʠʥ ʠʦʥ Eu3+ (ʢ.ʯ. 10) ʩʚʷʟʘʥ ʩ 

ʜʚʫʤʷ ʦʙʲʝʤʥʳʤʠ ʪʝʪʨʘʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 65 ʠ ʦʜʥʠʤ ʙʠʜʝʥʪʘʪʥʳʤ ʥʠʪʨʘʪ-ʘʥʠʦʥʦʤ, 

ʦʙʨʘʟʫʷ ʢʦʤʧʣʝʢʩʥʳʡ ʢʘʪʠʦʥ [(65)2Eu(NO3)]
2+. ɺʪʦʨʦʡ ʠʦʥ Eu3+ (ʢ.ʯ. 10) ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ [Eu(NO3)5]
2-. 

 
 

ʈʠʩ. 82. ʈʉɸ-ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [(65)2Eu(NO3)]
2+[Eu(NO3)5]

2-. ɿʘʤʝʩʪʠʪʝʣʠ ʚ ʪʨʠʘʟʠʥʦʚʳʭ 

ʬʨʘʛʤʝʥʪʘʭ ʣʠʛʘʥʜʘ ʥʝ ʧʦʢʟʘʘʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʈʉɸ-ʩʪʨʫʢʪʫʨʘ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ L2M2 ʜʣʷ ʛʠʜʨʦʬʠʣʴʥʦʛʦ 

ʤʘʩʢʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ 173 ʠ ʥʠʪʨʘʪʘ ʝʚʨʦʧʠʷ (ʨʠʩ. 83). [154] ɺ ʵʪʦʡ ʩʪʨʫʢʪʫʨʝ ʢʘʞʜʳʡ ʘʪʦʤ 

ʝʚʨʦʧʠʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʜʚʫʤʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʘʪʦʤʘʤʠ ʘʟʦʪʘ, ʜʚʫʤʷ ʘʤʠʜʥʳʤʠ ʘʪʦʤʘʤʠ 

ʢʠʩʣʦʨʦʜʘ ʠ ʜʚʫʤʷ ʙʠʜʝʥʪʘʪʥʳʤʠ ʥʠʪʨʘʪʦ-ʛʨʫʧʧʘʤʠ. ɼʦʧʦʣʥʷʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʜʦ 10 

ʦʥ ʟʘ ʩʯʝʪ ʢʦʦʨʜʠʥʘʮʠʠ ʦʜʥʦʡ ʢʦʥʮʝʚʦʡ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʣʠʛʘʥʜʘ. ʇʨʠ ʵʪʦʤ ʚʪʦʨʘʷ 

ʢʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʥʝ ʫʯʘʩʪʚʫʝʪ. 
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ʈʠʩ. 83. ʈʉɸ-ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʣʠʛʘʥʜʘ 173 ʩ ʥʠʪʨʘʪʦʤ ʝʚʨʦʧʠʷ ʩʪʝʭʠʦʤʝʪʨʠʠ L2M2. 

2.3.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʚ ʨʘʩʪʚʦʨʝ 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʭʠʤʠʶ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʣʠʛʘʥʜʦʚ ʩ f-

ʵʣʝʤʝʥʪʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ, ʥʦ ʠ ʚ ʨʘʩʪʚʦʨʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ ʠʤʝʥʥʦ ʚ ʨʘʩʪʚʦʨʝ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʩ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʞʠʜʢʦʩʪʴ-ʞʠʜʢʦʩʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʢʦʤʧʣʝʢʩʳ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ 

çʦʨʛʘʥʠʯʝʩʢʠʡ ʨʘʟʙʘʚʠʪʝʣʴ/ʘʟʦʪʥʦʢʠʩʣʳʡ ʨʘʩʪʚʦʨè, ʠ ʠʭ ʩʪʨʦʝʥʠʝ ʚ ʨʘʩʪʚʦʨʝ ʤʦʞʝʪ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʪʘʢʦʚʦʛʦ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ.  

ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʩ ʜʠʘʤʘʛʥʠʪʥʳʤʠ 

ʢʘʪʠʦʥʘʤʠ La3+ ʠ Lu3+, ʘ ʪʘʢʞʝ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʣʘʥʪʘʥʠʜʦʚ ʚ ʨʘʩʪʚʦʨʘʭ 

ʠʩʩʣʝʜʦʚʘʥʦ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʘʶʪ ʩʧʝʢʪʨʳ 1ʅ 

ʠ 13ʉ-ʗʄʈ, ʘ ʪʘʢʞʝ 19F-ʗʄʈ ʠ 31P-ʗʄʈ ʧʨʠ ʥʘʣʠʯʠʠ ʵʪʠʭ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʣʠʛʘʥʜʘ. ʆʥʠ 

ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʠʪʴ ʠʣʠ ʧʦʜʪʚʝʨʜʠʪʴ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʨʘʩʪʚʦʨʝ, ʥʦ 

ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴ ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʩʤʝʩʷʭ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʷʪʴ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʡ, ʚʘʨʴʠʨʫʷ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʨʘʟʮʘ.  

ʊʘʢ, ʥʘ ʨʠʩ. 84 ʧʨʠʚʝʜʝʥʦ 1H ʗʄʈ-ʪʠʪʨʦʚʘʥʠʝ ʣʠʛʘʥʜʘ DAPhen 347 ʥʠʪʨʘʪʘʤʠ ʣʘʥʪʘʥʘ 

ʠ ʣʶʪʝʮʠʷ. [155] ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʗʄʈ-ʪʠʪʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʦʤʧʣʝʢʩʦʚ ʩʪʝʭʠʦʤʝʪʨʠʠ L2M, ʘ ʪʘʢʞʝ ʩʨʘʚʥʠʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʣʠʛʘʥʜʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʥʳʤ ʣʘʥʪʘʥʠʜʘʤ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʣʘʥʪʘʥ, ʦʙʣʘʜʘʷ ʙʦʣʴʰʠʤ 

ʠʦʥʥʳʤ ʨʘʜʠʫʩʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʚ ʨʘʩʪʚʦʨʝ ʚ ʚʠʜʝ ʩʤʝʩʠ ʢʦʤʧʣʝʢʩʦʚ ʩʪʝʭʠʦʤʝʪʨʠʠ LM ʠ L2M 

ʜʘʞʝ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 5 ʵʢʚʠʚʘʣʝʥʪʦʚ La(NO3)3. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʨʘʩʪʚʦʨʫ ʣʠʛʘʥʜʘ ʥʠʪʨʘʪʘ 

ʣʶʪʝʮʠʷ, ʦʙʣʘʜʘʶʱʝʛʦ ʤʝʥʴʰʠʤ ʠʦʥʥʳʤ ʨʘʜʠʫʩʦʤ, ʪʘʢʞʝ ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ ʩʪʝʭʠʦʤʝʪʨʠʠ 

L2M, ʦʜʥʘʢʦ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʫʞʝ 1 ʵʢʚʠʚʘʣʝʥʪʘ ʩʦʣʠ ʚ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʣʠʰʴ ʩʠʛʥʘʣʳ 

ʢʦʤʧʣʝʢʩʘ ʩʪʝʭʠʦʤʝʪʨʠʠ LM. ɸʥʘʣʦʛʠʯʥʳʝ ʷʚʣʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʚ ʩʧʝʢʪʨʘʭ 13ʉ-ʗʄʈ 

ʪʠʪʨʦʚʘʥʠʷ 
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ʈʠʩ. 84. 1ʅ ʗʄʈ-ʪʠʪʨʦʚʘʥʠʝ ʣʠʛʘʥʜʘ 347 ʥʠʪʨʘʪʘʤʠ ʣʘʥʪʘʥʘ ʠ ʣʶʪʝʮʠʷ. ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ 

ʦʙʦʟʥʘʯʝʥʳ ʩʠʛʥʘʣʳ ʢʦʤʧʣʝʢʩʦʚ L2M, ʩʠʥʠʤ ï ʢʦʤʧʣʝʢʩʦʚ LM. 

ʇʨʠʚʦʜʠʪʩʷ ʨʝʟʫʣʴʪʘʪ ʗʄʈ-ʪʠʪʨʦʚʘʥʠʷ DAPhen 157 ʥʠʪʨʘʪʦʤ ʫʨʘʥʠʣʘ (ʨʠʩ. 85). [156] 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʫʞʝ 0.1 ʵʢʚʠʚʘʣʝʥʪʘ ʩʦʣʠ ʤʝʪʘʣʣʘ ʚ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʛʥʘʣʳ ʢʦʤʧʣʝʢʩʘ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʉʠʛʥʘʣʳ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ ʧʦ ʤʝʨʝ ʜʦʙʘʚʣʝʥʠʷ ʩʦʣʠ ʤʝʪʘʣʣʘ 

ʫʰʠʨʷʶʪʩʷ ʠ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʶʪ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 0.6 ʵʢʚ. ɸʚʪʦʨʳ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʩʪʝʭʠʦʤʝʪʨʠʶ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʢʦʤʧʣʝʢʩʘ LM, ʦʜʥʘʢʦ, ʵʪʦ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ. 

 

ʈʠʩ. 85. ʇʨʠʤʝʨ 1ʅ-ʗʄʈ-ʪʠʪʨʦʚʘʥʠʷ DAPhen ʫʨʘʥʠʣʥʠʪʨʘʪʦʤ ʚ CDCl3/CD3CN 

ɹr ʣʦ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʦ ʗʄʈ-ʪʠʪʨʦʚʘʥʠʝ ʜʚʫʭ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʣʠʛʘʥʜʦʚ 262 ʠ 263 

ʥʠʪʨʘʪʦʤ ʣʘʥʪʘʥʘ (III) (ʨʠʩ. 86). [75]Шʀʟ ʧʨʠʚʝʜʸʥʥʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʗʄʈ-

ʪʠʪʨʦʚʘʥʠʠ ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ ʩʠʛʥʘʣʳ ʩ ʭʠʤ. ʩʜʚʠʛʘʤʠ 8.84, 8.41, 8.26, 8.15, 7.39 ʠ 7.33 ʤ.ʜ., 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʨʘʩʪʸʪ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʜʦʙʘʚʣʝʥʠʠ ʥʠʪʨʘʪʘ ʣʘʥʪʘʥʘ ʠ ʩʪʘʥʦʚʠʪʩʷ 
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ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ M/L = 2 (ƶ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʠʛʥʘʣʳ ʠʩʭʦʜʥʳʭ ʣʠʛʘʥʜʦʚ (ƴ) 

ʧʦʩʪʝʧʝʥʥʦ ʫʰʠʨʷʶʪʩʷ ʠ ʟʘʪʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʶʪ. 

 

ʈʠʩ. 86. 1H ʗʄʈ-ʪʠʪʨʦʚʘʥʠʝ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ DAPhen ʥʠʪʨʘʪʦʤ ʣʘʥʪʘʥʘ ʚ CD3OD 

ʅʘ ʨʠʩʫʥʢʝ 87 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʗʄʈ-ʪʠʪʨʦʚʘʥʠʷ ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ DAPhen ʥʠʪʨʘʪʦʤ 

ʣʶʪʝʮʠʷ ʚ CD3CN. [153] ɺ ʧʨʦʮʝʩʩʝ ʪʠʪʨʦʚʘʥʠʷ ʵʪʦʛʦ ʣʠʛʘʥʜʘ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʫʩʨʝʜʥʝʥʥʳʝ 

ʫʰʠʨʝʥʥʳʝ ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ ʩʤʝʱʘʶʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʪʘʣʣ/ʣʠʛʘʥʜ. 

ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʙʳʩʪʨʦʤ ʚ ʰʢʘʣʝ ʚʨʝʤʝʥʠ ʗʄʈ ʦʙʤʝʥʝ ʤʝʞʜʫ ʩʚʦʙʦʜʥʳʤ ʣʠʛʘʥʜʦʤ ʠ 

ʢʦʤʧʣʝʢʩʦʤ ʩʦʩʪʘʚʘ LM. 

 

 

 

ʈʠʩ. 87. 1ʅ ʠ 19F ʗʄʈ-ʪʠʪʨʦʚʘʥʠʝ ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ DAPhen ʥʠʪʨʘʪʦʤ ʣʶʪʝʮʠʷ ʚ CD3CN 

ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 1 ʵʢʚʠʚʘʣʝʥʪʘ ʩʦʣʠ ʣʶʪʝʮʠʷ ʩʠʛʥʘʣʳ ʩʥʦʚʘ ʩʪʘʥʦʚʷʪʩʷ ʧʦʣʥʦʩʪʴʶ 

ʨʘʟʨʝʰʝʥʥʳʤʠ. ʕʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʨʘʩʪʚʦʨʝ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʘ LM, ʯʪʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʣʠʛʘʥʜʦʚ DAPhen ʪʘʢʞʝ ʠ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ. ɹʦʣʝʝ ʪʦʛʦ, ʪʘʢʘʷ ʢʘʨʪʠʥʘ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ ʚ ʭʦʜʝ ʪʠʪʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʚʳʩʦʢʦʡ ʣʘʙʠʣʴʥʦʩʪʠ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʩʪʚʦʨʝ.  

ɼʨʫʛʠʤ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʚ 

ʨʘʩʪʚʦʨʝ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ ʚ ʚʠʜʠʤʦʡ ʠ ʋʌ-ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. ɺ 
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ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʦʣʫʯʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ. ʇʦʣʦʞʝʥʠʝ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʧʝʢʪʨʘʭ ʠʩʭʦʜʥʦʛʦ ʣʠʛʘʥʜʘ ʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ ʦʙʳʯʥʦ ʭʦʨʦʰʦ 

ʨʘʟʣʠʯʘʶʪʩʷ. ɺ ʢʘʯʝʩʪʚʝ ʪʠʧʠʯʥʦʛʦ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 88 ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʋʌ-ʪʠʪʨʦʚʘʥʠʠ ʨʘʩʪʚʦʨʦʤ ʥʠʪʨʘʪʘ ʣʘʥʪʘʥʘ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʠʨʨʦʣʠʜʠʥʟʘʤʝʱʝʥʥʦʛʦ DAPhen 

322 ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʦʙʨʘʙʦʪʢʠ ʚ ʧʨʦʛʨʘʤʤʝ Hypspec. [153] ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʪʘʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʙʨʘʙʦʪʢʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ 1:1 ʠ 1:2, ʫʨʘʚʥʝʥʠʷ (1) ʠ (2), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

L + Ln (NO3)3 = LLn (NO3)3 (1)  

2L + Ln (NO3)3 = [(L)2Ln(NO3)2]
+ NO3

- (2) 

 

(a) 

 

(b) 

 

(c) 

 

ʈʠʩ. 88. ʈʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʣʠʛʘʥʜʘ 345 ʥʠʪʨʘʪʦʤ La ʚ 

ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ:(ʘ) ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ; (b) ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ 

ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʤʝʪʦʜʦʤ ʜʝʢʦʥʚʦʣʶʮʠʠ ʩʧʝʢʪʨʦʚ; (ʩ) ʢʨʠʚʘʷ ʪʠʪʨʦʚʘʥʠʷ ʧʦ 

ʤʘʢʩʠʤʫʤʫ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 282 ʥʤ. 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʥʪʝʨʝʩʥʳʝ ʜʘʥʥʳʝ ʧʦ ʚʣʠʷʥʠʶ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʧʦʣʦʞʝʥʠʷʭ 4 ʠ 7 ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʷʜʨʘ ʥʘ ʢʦʥʩʪʘʥʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ. (ʪʘʙʣʠʮʘ 2) 

ɺʚʝʜʝʥʠʝ ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ ʵʪʠ ʧʦʣʦʞʝʥʠʷ ʩʥʠʞʘʝʪ ʢʦʥʩʪʘʥʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʚʩʝʭ ʯʝʪʳʨʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ. ʇʦ-ʠʥʦʤʫ ʚʝʜʝʪ ʩʝʙʷ ʬʪʦʨ, ʢʦʪʦʨʳʡ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ ů-ɻ ʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʦʤ, ʘ ʩ ʜʨʫʛʦʡ - ʩʠʣʴʥʳʤ -́ɻ ʣʝʢʪʨʦʥʦʜʦʥʦʨʦʤ. ɺ ʵʪʦʤ 

ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʜʦʤʠʥʠʨʫʶʱʠʤ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʷʤʦʝ ʧʦʣʷʨʥʦʝ ʩʦʧʨʷʞʝʥʠʝ ʘʪʦʤʦʚ ʬʪʦʨʘ ʩ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʮʝʥʪʨʘʤʠ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʢʦʥʩʪʘʥʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʜʚʫʭ ʘʪʦʤʦʚ ʬʪʦʨʘ ʨʘʩʪʫʪ. 

ʊʘʙʣʠʮʘ 2. ʂʦʥʩʪʘʥʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʘʪʦʚ ʣʘʥʪʘʥʘ, ʥʝʦʜʠʤʘ, ʝʚʨʦʧʠʷ ʠ ʣʶʪʝʮʠʷ 

ʩ ʣʠʛʘʥʜʘʤʠ 116, 307, 308 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. 
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ʃʠʛʘʥʜ ʄʝʪʘʣʣ log ɓ1 log ɓ2 

155 (X = H) 

La3+ 5.90 ± 0.02 11.64 ± 0.04 

Nd3+ 5.96 ± 0.02 11.78 ± 0.04 

Eu3+ 5.92 ± 0.02 11.62 ± 0.04 

Lu3+ 5.98 ± 0.03 11.78 ± 0.04 

344 (X = Cl) 

La3+ 5.82 ± 0.02 11.63 ± 0.05 

Nd3+ 5.85 ± 0.02 11.64 ± 0.05 

Eu3+ 5.90 ± 0.02 11.66 ± 0.05 

Lu3+ 6.06 ± 0.02 11.63 ± 0.04 

345 (X = F) 

La3+ 6.53 ± 0.02 11.81 ± 0.06 

Nd3+ 6.50 ± 0.01 11.70 ± 0.03 

Eu3+ 6.39 ± 0.02 11.62 ± 0.04 

Lu3+ 6.02 ± 0.02 12.04 ± 0.04 

ʄʝʪʦʜʦʤ ʋʌ-ʚʠʜ ʪʠʪʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥ rʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʣʠʛʘʥʜʘ 

144 ʩ ʥʠʪʨʘʪʘʤʠ ʣʘʥʪʘʥʘ, ʮʝʨʠʷ ʠ ʧʨʘʟʝʦʜʠʤʘ (ʪʘʙʣʠʮʘ 3). [148] ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ, ʢʘʢ ʠ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ ʷʩʥʦʡ ʪʝʥʜʝʥʮʠʠ ʚ ʠʟʤʝʥʝʥʠʷʭ 

ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ.  

ʊʘʙʣʠʮʘ 3. ʂʦʥʩʪʘʥʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʘʪʦʚ ʥʝʢʦʪʦʨʳʭ ʣʘʥʪʘʥʠʜʦʚ ʤʝʪʦʜʦʤ 

ʋʌ-ʚʠʜ ʪʠʪʨʦʚʘʥʠʷ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʃʠʛʘʥʜ ʀʦʥ log ɓ1 log ɓ2 

 

La3+ 4.56 Ñ 0.03 9.37 Ñ 0.09 

Ce3+ 4.63 Ñ 0.03 9.14 Ñ 0.07 

Pr3+ 4.75 Ñ 0.02 9.21 Ñ 0.08 

ʂʦʥʩʪʘʥʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ ʩ DAPhen ʤʦʛʫʪ ʙʳʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳ 

ʢ ʨʘʩʪʚʦʨʠʪʝʣʶ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʷʪʩʷ ʠʟʤʝʨʝʥʠʷ, ʩʦʜʝʨʞʘʥʠʶ ʚ ʥʝʤ ʚʣʘʛʠ, ʠʦʥʥʦʡ ʩʠʣʝ, ʨʅ, 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʛʘʥʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʜʸʞʥʳʭ 

ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʚ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʠ ʠʜʝʥʪʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʘʠʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʢ ʪʚʝʨʜʦʪʝʣʴʥʳʭ, ʪʘʢ ʠ 

ʨʘʩʪʚʦʨʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

2.4. ɺʳʚʦʜʳ ʧʦ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʙʟʦʨʫ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦʭʚʘʪʳʚʘʝʪ ʪʨʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʘʩʧʝʢʪʘ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʦʩʥʦʚʝ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʝʡʰʝʡ ʟʘʜʘʯʠ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʠ - ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 



58 

ʤʠʥʦʨʥʳʭ ʘʢʪʠʥʠʜʦʚ(III) ʠ ʣʘʥʪʘʥʠʜʦʚ(III): ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʜʦʩʪʫʧʥʦʩʪʴ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ 

ʭʠʤʠʶ ʠ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʆʙʟʦʨ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʭʠʤʠʷ 2,9-ʟʘʤʝʱʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʜʦʩʪʠʛʣʘ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ. ʂʣʶʯʝʚʳʝ ʩʠʥʪʦʥʳ - 2,9-

ʜʠʭʣʦʨʬʝʥʘʥʪʨʦʣʠʥ 1, ʭʣʦʨʘʥʛʠʜʨʠʜ 2 ʠ ʙʠʩ-ʘʤʠʜʨʘʟʦʥ 3 - ʦʪʢʨʳʚʘʶʪ ʧʫʪʴ ʢ ʧʦʣʫʯʝʥʠʶ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ʣʠʛʘʥʜʦʚ, ʚʢʣʶʯʘʷ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ɸʥʘʣʠʟ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ ʵʚʦʣʶʮʠʶ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʦʪ ʧʦʠʩʢʘ ʵʬʬʝʢʪʠʚʥʳʭ 

ʵʢʩʪʨʘʛʝʥʪʦʚ ʢ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʝ ʠʭ ʩʚʦʡʩʪʚ ʧʫʪʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʥʝʜʦʩʪʘʪʢʠ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʩʦʝʜʠʥʝʥʠʡ ʩʫʤʤʠʨʦʚʘʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

ʅʘʧʨʠʤʝʨ, ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʝ ʣʠʛʘʥʜʳ, ʥʘʩʣʝʜʫʷ ʚʳʩʦʢʫʶ ʵʢʩʪʨʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʪʠʧʘ ʪʨʠʙʫʪʠʣʬʦʩʬʘʪʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ Am(III)/Eu(III).  

ʃʠʛʘʥʜʳ ʩ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʚʢʣʶʯʘʷ ʵʪʘʣʦʥʥʳʝ BTPhen 

(ʥʘʧʨʠʤʝʨ, ʩʦʝʜʠʥʝʥʠʝ 65), ʧʦʢʘʟʳʚʘʶʪ ʚʳʜʘʶʱʫʶʩʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ SFAm(III)/Eu(III), ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ çʤʷʛʢʠʭè ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʘʟʦʪʘ. ʆʜʥʘʢʦ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʦʛʨʘʥʠʯʝʥʦ ʥʠʟʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ, ʷʚʣʷʶʱʠʭʩʷ ʦʩʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʆʗʊ, ʠʥʝʦʙʨʘʪʠʤʦʩʪʴʶ ʵʢʩʪʨʘʢʮʠʠ. ɺʳʩʦʢʦʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʣʠʛʘʥʜʳ, ʭʦʪʷ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʨʝʢʦʨʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠʣʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ ʩʣʦʞʥʦʩʪʠ 

ʩʠʥʪʝʟʘ. 

ʅʘ ʵʪʦʤ ʬʦʥʝ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʳ DAPhen ʚʳʜʝʣʷʶʪʩʷ ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʢʣʘʩʩ ʣʠʛʘʥʜʦʚ, ʩʦʯʝʪʘʶʱʠʡ ʚ ʩʝʙʝ ʢʦʤʧʣʝʢʩ ʮʝʥʥʳʭ ʩʚʦʡʩʪʚ: 

1. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʛʠʜʨʦʣʠʟʫ ʠ ʨʘʜʠʦʣʠʟʫ ʚ ʘʟʦʪʥʦʢʠʩʣʳʭ ʩʨʝʜʘʭ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ 

ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʨʝʘʣʴʥʳʭ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ. 

2. ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ Am(III) ʠ ʭʦʨʦʰʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ Am(III)/Eu(III), 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʘ ʟʘ ʩʯʝʪ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ. 

3. ɹʳʩʪʨʦʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʵʢʩʪʨʘʢʮʠʠ, ʯʪʦ 

ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʞʠʜʢʦʩʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʦʙʨʘʪʠʤʳʤ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ. 

4. ʐʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʘʨʠʘʮʠʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʢʘʢ ʚ ʘʤʠʜʥʳʭ ʛʨʫʧʧʘʭ, ʪʘʢ ʠ ʚ 4,7-

ʧʦʣʦʞʝʥʠʷʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʷʜʨʘ ʧʦʟʚʦʣʷʶʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʚʣʠʷʪʴ ʥʘ 

ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʀʤʝʥʥʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʝ ʩʚʦʡʩʪʚ ʜʝʣʘʝʪ DAPhen ʫʥʠʢʘʣʴʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ. ɺ ʦʙʟʦʨʝ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʪʘʢʦʡ ʥʘʩʪʨʦʡʢʠ: 

ʵʣʝʢʪʨʦʥʥʳʡ ʠ ʩʪʝʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪʳ. ɺʣʠʷʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʟʘ ʩʯʝʪ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 4,7-ʧʦʣʦʞʝʥʠʡ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʷʜʨʘ. ʅʘʧʨʠʤʝʨ, 

ʚʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʩʥʠʞʘʝʪ ʙʨʝʥʩʪʝʜʦʚʩʢʫʶ ʦʩʥʦʚʥʦʩʪʴ ʣʠʛʘʥʜʘ ʠ 
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ʧʦʟʚʦʣʷʝʪ ʩʤʝʩʪʠʪʴ ʝʛʦ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ pH ʚ ʙʦʣʝʝ ʢʠʩʣʫʶ ʦʙʣʘʩʪʴ. ɺʣʠʷʥʠʝ ʩʪʝʨʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʙʦʢʦʚʳʭ ʘʤʠʜʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ. 

ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʘʣʢʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʷʭ N-ʘʨʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʚʚʝʜʝʥʠʝ 

ʤʝʪʠʣʴʥʳʭ, ʵʪʠʣʴʥʳʭ, ʠʟʦʧʨʦʧʠʣʴʥʳʭ ʛʨʫʧʧ) ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʪʜʝʣʝʥʠʷ 

ʘʤʝʨʠʮʠʷ ʦʪ ʣʝʛʢʠʭ ʣʘʥʪʘʥʠʜʦʚ (ʣʘʥʪʘʥʘ, ʮʝʨʠʷ, ʧʨʘʟʝʦʜʠʤʘ). ʇʨʠ ʵʪʦʤ ʵʢʩʪʨʘʢʮʠʦʥʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ Am(III) ʥʝ ʪʦʣʴʢʦ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ. 

ʂʣʶʯʝʚʳʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʥʘʙʣʶʜʘʝʤʳʭ 

ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ. ɺ ʦʙʟʦʨʝ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʩʪʚʦʨʝ ʠ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʥʘʧʨʷʤʫʶ 

ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʤʝʪʘʣʣʘ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ. ʅʘʧʨʠʤʝʨ, ʩʤʝʥʘ ʤʝʭʘʥʠʟʤʘ 

ʵʢʩʪʨʘʢʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ LLn(NO3)3 ʥʘ ʪʝʩʥʳʝ ʠʦʥʥʳʝ ʧʘʨʳ 

[LLn(NO3)2H2O]
+NO3

- ʦʙʲʷʩʥʷʝʪ V-ʦʙʨʘʟʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʧʦ ʨʷʜʫ ʣʘʥʪʘʥʠʜʦʚ. ʈʉɸ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʦʚ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʤʝʪʘʣʣʘ, ʘ ʤʝʪʦʜʳ ʗʄʈ- ʠ ʋʌ-ʪʠʪʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʘʪʴ 

ʜʠʥʘʤʠʢʫ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʩʪʚʦʨʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʧʦʥʠʤʘʥʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ DAPhen, 

ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʷʤʫʶ ʩʚʷʟʳʚʘʶʱʠʝ ʜʝʪʘʣʴʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʦʚ ʩ ʵʢʩʪʨʘʢʮʠʦʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (D ʠ SF), ʚʩʝ ʝʱʝ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʪʘʢʠʭ ʨʘʙʦʪ, ʢʘʢ ʦʪʤʝʯʝʥʦ ʚ ʦʙʟʦʨʝ, ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʫʯʘʩʪʠʠ ʢʘʬʝʜʨ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʠ ʨʘʜʠʦʭʠʤʠʠ ʍʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ 

ʚʘʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʩʦʯʝʪʘʶʱʝʛʦ ʥʘʧʨʘʚʣʝʥʥʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʠʥʪʝʟ, ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʠ ʩʝʣʝʢʪʠʚʥʳʭ ʵʢʩʪʨʘʛʝʥʪʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʦʚʝʜʝʥʥʳʡ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʦʙʦʩʥʦʚʳʚʘʝʪ ʚʳʙʦʨ ʢʣʘʩʩʘ DAPhen ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʜʯʝʨʢʠʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʩʪʝʨʠʯʝʩʢʠʭ ʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʚʦʡʩʪʚʘ ɻʪʠʭ ʣʠʛʘʥʜʦʚ.  
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3. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

3.1. ʉʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʣʠʛʘʥʜʘʤ DAPhen 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʜʠʘʤʠʜʳ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ-2,9-ʜʠʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ (DAPhen) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʪʠʚʥʳʡ ʢʣʘʩʩ ʛʠʙʨʠʜʥʳʭ N,O-ʜʦʥʦʨʥʳʭ 

ʣʠʛʘʥʜʦʚ. ɿʘ ʩʯʸʪ ʚʘʨʠʘʮʠʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʢʘʢ ʫ ʘʤʠʜʥʳʭ ʘʪʦʤʦʚ ʘʟʦʪʘ, ʪʘʢ ʠ ʚ ʧʦʟʠʮʠʷʭ 4 ʠ 7 

ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʷʜʨʘ, ʤʦʞʥʦ ʛʠʙʢʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʘʤ ʩʚʷʟʳʚʘʥʠʷ ʠ ʨʘʟʜʝʣʝʥʠʷ f-ɻ ʣʝʤʝʥʪʦʚ. 

ɺʘʨɹʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʘʤʠʜʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʤʝʥʷʪʴ ʢʘʢ ʵʣʝʢʪʨʦʥʥʳʝ, ʪʘʢ 

ʠ ʩʪʝʨʠʯʝʩʢʠʝ ʬʘʢʪʦʨ.r ɺ ʩʣʫʯʘʝ 4,7-ʜʠʟʘʤʝʱʸʥʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʦʩʥʦʚʥʦʩʪʴ ʘʪʦʤʦʚ ʘʟʦʪʘ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ 

ʢʦʣʴʮʘ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʘʤʠʜʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʣʠʛʘʥʜʳ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʧʦʜʝʣʠʪʴ ʥʘ ʜʚʘ ʪʠʧʘ (ʨʠʩ.1). 

 
ʈʠʩ. 1. ʊʠʧʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʦʚ 

ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʣʠʛʘʥʜʘ, ʣʠʥʝʡʥʦʛʦ ʣʠʙʦ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʛʦ, ʩʠʥʪʝʟ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʦʩʥʦʚʝ ʭʣʦʨʘʥʛʠʜʨʠʜʦʚ 4 ʠ 12, ʢʦʪʦʨʳʝ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʭʝʤʘʤʠ ʥʘ ʨʠʩ. 2 ʠ 3. ʊʘʢ, ʭʣʦʨʘʥʛʠʜʨʠʜ 4 ʧʦʣʫʯʘʣʠ ʚ ʪʨʠ ʩʪʘʜʠʠ ʠʩʭʦʜʷ ʠʟ ʥʝʦʢʫʧʨʦʠʥʘ 1 

(ʨʠʩ. 2).  

 
ʈʠʩ. 2. ʉʠʥʪʝʟ ʭʣʦʨʘʥʛʠʜʨʠʜʘ 5. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʠʶ ʨʘʜʠʢʘʣʴʥʦʛʦ ʭʣʦʨʠʨʦʚʘʥʠʷ 2,9-

ʜʠʤʝʪʠʣʬʝʥʘʥʪʨʦʣʠʥʘ 1 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ N-ʭʣʦʨʩʫʢʮʠʥʠʤʠʜʘ. ʇʦʣʫʯʝʥʥʦʝ 

ʛʝʢʩʘʭʣʦʨʧʨʦʠʟʚʦʜʥʦʝ 2 ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʣʠ ʢʠʩʣʦʪʥʦʤʫ ʛʠʜʨʦʣʠʟʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩ ʧʦʯʪʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ ʦʙʨʘʟʦʚʳʚʘʣʘʩʴ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ-2,9-ʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 3. 

ʈʝʘʢʮʠʷ 3 ʩ ʭʣʦʨʠʩʪʳʤ ʪʠʦʥʠʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʧʨʠʚʦʜʠʪ ʢ ʮʝʣʝʚʦʤʫ ʭʣʦʨʘʥʛʠʜʨʠʜʫ 4. ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠ 

ʘʥʘʣʠʪʠʯʩʝʢʠʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ. ʍʣʦʨʘʥʛʠʜʨʠʜ 12 ʧʦʣʫʯʘʣʠ ʚ 

ʰʝʩʪʴ ʩʪʘʜʠʡ ʠʟ ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ (ʨʠʩ. 3). 
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ʈʠʩ. 3. ʉʠʥʪʝʟ ʭʣʦʨʘʥʛʠʜʨʠʜʘ 12. 

ʈʝʘʢʮʠʷ ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ 5 ʩ ʘʜʜʫʢʪʦʤ ʢʠʩʣʦʪʳ ʄʝʣʴʜʨʫʤʘ ʠ ʪʨʠʵʪʠʣʦʨʪʦʘʮʝʪʘʪʘ 6 

ʧʨʠʚʦʜʠʪ ʢ ʩʦʝʜʠʥʝʥʠʶ 7 ʩ ʚʳʭʦʜʦʤ 61%. ɽʛʦ ʮʠʢʣʠʟʘʮʠʷ ʧʨʠ 175ʦʉ ʚ ʜʠʬʝʥʠʣʦʚʦʤ ʵʬʠʨʝ 

ʧʨʠʚʦʜʠʪ ʢ ʩʦʝʜʠʥʝʥʠʶ 8 ʩ ʚʳʭʦʜʦʤ 75%. ʈʝʘʢʮʠʷ 8 ʩ POCl3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80
ʦʉ ʧʨʠʚʦʜʠʪ 

ʢ 2,9-ʜʠʤʝʪʠʣ-4,7-ʜʠʭʣʦʨ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʫ 9 ʩ ʚʳʭʦʜʦʤ 92%. ɼʘʣʴʥʝʡʰʠʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ʜʠʤʝʪʠʣʜʠʭʣʦʨʬʝʥʘʥʪʨʦʣʠʥʘ 9 ʘʥʘʣʦʛʠʯʥʳ ʧʨʝʚʨʘʱʝʥʠʷʤ ʥʝʦʢʫʧʨʦʠʥʘ (ʨʠʩ. 2) ʠ ʧʨʠʚʦʜʷʪ ʢ 

ʭʣʦʨʘʥʛʠʜʨʠʜʫ 12. ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʣʠʥʝʡʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʭʣʦʨʘʥʛʠʜʨʠʜʦʚ 4 ʣʠʙʦ 12 ʩʦ ʚʪʦʨʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʪʨʠʵʪʠʣʘʤʠʥʘ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʭʣʦʨʦʚʦʜʦʨʦʜʘ (ʨʠʩ. 4).  

 

ʈʠʩ. 4. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʣʠʥʝʡʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʦʚ.  

3.2. 4,7-ʌʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ DAPhen * 

ɺʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 4,7-ʧʦʣʦʞʝʥʠʷʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʷʜʨʘ ʥʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʠ 

ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʣʠʛʘʥʜʦʚ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʪʝʪʨʘʙʫʪʠʣʟʘʤʝʱʝʥʥʳʭ 

ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʦʚ. ʊʘʢ, ʨʝʘʢʮʠʝʡ ʭʣʦʨʘʥʛʠʜʨʠʜʦʚ 4 ʠ 12 ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʪʝʪʨʘʙʫʪʠʣʟʘʤʝʱʝʥʥʳʝ ʜʠʘʤʠʜʳ 13 ʠ 14 (ʨʠʩ. 5). ʈʝʘʢʮʠʷ 4,7-ʜʠʭʣʦʨʟʘʤʝʱʝʥʥʦʛʦ ʣʠʛʘʥʜʘ 14 

ʩ ʙʫʪʘʥʦʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʪʘʰʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 90ʦʉ ʩ ʚʳʭʦʜʦʤ 60% ʧʨʠʚʦʜʠʪ ʢ 

ʜʠʙʫʪʦʢʩʠʟʘʤʝʱʝʥʥʦʤʫ ʣʠʛʘʥʜʫ 15. ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʜʠʘʤʠʜʦʚ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʧʨʠʚʝʜʝʥʳ ʚ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ.  

 
* ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʘʚʪʦʨʦʤ 
ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ 

ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: Evsiunina M.V., Khult E.K., Matveev P.I., Kalle P., 

Lemport P.S., Petrov V.S. et al // Separation and Purification Technology ï 2024. ï V.339. ï P.126621. EDN: HFSHCM. 

ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 9.0 (JIF). ʆʙʲʝʤ 1.71 ʧ.ʣ. 
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ʈʠʩ. 5. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʜʠʢʘʨʙʦʢʩʘʤʠʜʦʚ 13-15. 

ɺ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʥʘ ʧʨʠʤʝʨʝ ʪʝʪʨʘʙʫʪʠʣʟʘʤʝʱʝʥʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʦʚ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠ ʣʠʛʘʥʜʳ ʦʙʨʘʟʫʶʪ ʩ ʢʘʪʠʦʥʘʤʠ ʣʘʥʪʘʥʠʜʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʤʧʣʝʢʩʳ 

ʩʪʝʭʠʦʤʝʪʨʠʠ 1:1. ʇʨʠ ʵʪʦʤ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʣʘʥʪʘʥʠʜʘʤʠ ʥʘʯʘʣʘ ʠ ʩʝʨʝʜʠʥʳ ʨʷʜʘ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʤʝʪʘʣʣʘ ʨʘʚʥʦ 10, ʪʨʠ ʥʠʪʨʘʪʦ-ʛʨʫʧʧʳ ʚ ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ ʚʳʩʪʫʧʘʶʪ 

ʚ ʢʘʯʝʩʪʚʝ ʙʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ. ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʷʞʝʣʳʤʠ ʣʘʥʪʘʥʠʜʘʤʠ (Er, Yb, Lu) 

ʣʘʥʪʘʥʦʠʜʥʦʝ ʩʞʘʪʠʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʂʏ ʘʪʦʤʘ ʤʝʪʘʣʣʘ ʜʦ 9, ʪʘʢ ʢʘʢ ʦʜʥʘ ʠʟ ʥʠʪʨʘʪʦ-

ʛʨʫʧʧ ʩʪʘʥʦʚʠʪʩʷ ʤʦʥʦʜʝʥʪʘʪʥʦʡ. ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʜʠʙʫʪʦʢʩʠ-

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʪʨʘʙʫʪʠʣʟʘʤʝʱʝʥʥʦʛʦ ʣʠʛʘʥʜʘ 15 (ʨʠʩ. 6). 

a) 

 

 

b) 

 

 

ʈʠʩ. 6. ʈʉɸ-ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ (ʘ) (15)La(NO3)3 ʠ (b) (15)Lu(NO3)2(ONO2). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 6, ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʥʠʪʨʘʪʦʤ ʣʘʥʪʘʥʘ ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ ʠʤʝʝʪ ʂʏ = 10, ʚʩʝ 

ʪʨʠ ʥʠʪʨʘʪʦ-ʛʨʫʧʧʳ ʷʚʣʷʶʪʩʷ ʙʠʜʝʥʪʘʪʥʳʤʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʥʠʪʨʘʪʦʤ 

ʣʶʪʝʮʠʷ ʣʘʥʪʘʥʠʜʥʦʝ ʩʞʘʪʠʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʂʏ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ ʜʦ 9, ʧʦʩʢʦʣʴʢʫ 

ʦʜʥʘ ʠʟ ʥʠʪʨʘʪʦ-ʛʨʫʧʧ ʩʪʘʥʦʚʠʪʩʷ ʤʦʥʦʜʝʥʪʘʪʥʦʡ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʢʦʥʩʪʘʥʪʳ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʝʪʨʘʙʫʪʠʣʟʘʤʝʱʝʥʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʦʚ 13-15 ʩ ʥʠʪʨʘʪʘʤʠ La, Eu ʠ Lu, 

ʠʟʤʝʨʝʥʥʳʝ ʤʝʪʦʜʦʤ ʋʌ-ʚʠʜ ʪʠʪʨʦʚʘʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ. 
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ʊʘʙʣʠʮʘ 1. ʂʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ 13, 14 ʠ 15 ʩ ʥʠʪʨʘʪʘʤʠ La, Eu ʠ Lu ʚ 

ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ. 

 
ʉʪʝʭʠʦʤʝʪʨʠʷ 

ʢʦʤʧʣʝʢʩʘ 
14 (X = Cl) 13 (X = H) 15 (X = OnBu) 

La(III)  

LM 6.64 ± 0.02 7.25 ± 0.03 7.18 ± 0.02 

L2M N/A 13.06 ± 0.04 12.52 ± 0.02 

L3M N/A N/A 18.36 ± 0.02 

Eu(III)  

LM 7.25 ± 0.02 7.52 ± 0.03 7.58 ± 0.03 

L2M N/A 13.20 ± 0.05 13.90 ± 0.04 

L3M N/A N/A 18.84 ± 0.04 

Lu(III)  

LM 7.10 ± 0.02 7.66 ± 0.03 8.49 ± 0.04 

L2M N/A 13.79 ± 0.05 15.21 ± 0.05 

L3M N/A N/A 21.19 ± 0.05 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʣʠʛʘʥʜ ʩ ʜʦʥʦʨʥʳʤʠ ʙʫʪʦʢʩʠ-ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ 

4,7-ʧʦʣʦʞʝʥʠʷʭ ʩʧʦʩʦʙʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʢʦʤʧʣʝʢʩʳ ʩʪʝʭʠʦʤʝʪʨʠʠ 

L3M. ʅʘ ʢʘʬʝʜʨʝ ʨʘʜʠʦʭʠʤʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ 

ʪʝʩʪʳ ʧʦʣʫʯʝʥʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʦʚ. ʇʝʨʚʠʯʥʳʤ ʪʝʩʪʦʤ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʣʠʛʘʥʜʦʚ ʚ ʨʘʟʜʝʣʝʥʠʠ ʘʤʝʨʠʮʠʷ ʠ ʣʘʥʪʘʥʠʜʦʚ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʨʝʧʝʨʥʦʡ ʧʘʨʳ 

Am(III )/Eu(III). ʉʭʝʤʘʪʠʯʥʦ ʧʨʦʮʝʩʩ ʞʠʜʢʦʩʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 7. 

 

ñʌ-3ò, 

3-ʥʠʪʨʦʙʝʥʟʦʪʨʠʬʪʦʨʠʜ   

ʈʠʩ. 7. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʞʠʜʢʦʩʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʠ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʢʮʠʠ ʦʮʝʥʠʚʘʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ D ʮʝʣʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʨʘʚʥʳʤ ʦʪʥʦʰʝʥʠʶ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʚʦʜʥʦʡ ʬʘʟʝ. ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʛʝʥʪʘ SF ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʚʫʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʮʝʩʩʘʤʠ ʞʠʜʢʦʩʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ, 

ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʵʢʩʪʨʘʛʝʥʪʘ ʠ ʝʛʦ 

ʩʚʦʡʩʪʚʘʤʠ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʧʦʢʘʟʘʪʝʣʴʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʘʤʠʜʦʚ 13-15, 

ʩʦʜʝʨʞʘʱʠʭ ʟʘʤʝʩʪʠʪʝʣʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʚ 4,7-ʧʦʣʦʞʝʥʠʷʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʦʩʪʦʚʘ. 

ʉʨʘʚʥʝʥʠʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʩʝʭ ʪʨʝʭ ʣʠʛʘʥʜʦʚ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ 

ʚʳʷʚʠʣʦ ʯʝʪʢʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʟʘʤʝʩʪʠʪʝʣʝʡ (ʨʠʩ. 8). 
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ʈʠʩ. 8. ɺʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʣʠʛʘʥʜʘʭ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ HNO3 ʥʘ ʵʢʩʪʨʘʢʮʠʶ 

Am(III) . 

ʊʘʢ, ʧʨʠ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʚ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ (0.5ʄ HNO3) 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʣʠʛʘʥʜ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʙʫʪʦʢʩʠ-ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʘ ʚ 

ʚʳʩʦʢʦʢʠʩʣʦʪʥʳʭ ʩʨʝʜʘʭ (6ʄ HNO3) ï ʩ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ. ʅʝʟʘʤʝʱʝʥʥʳʡ ʣʠʛʘʥʜ 

ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩ ʤʘʢʩʠʤʫʤʦʤ ʵʢʩʪʨʘʢʮʠʠ ʧʨʠ 3ʄ HNO3. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʣʠʛʘʥʜʦʚ 13-15 ʦʩʪʘʝʪʩʷ ʥʘ ʙʣʠʟʢʦʤ ʫʨʦʚʥʝ (SFAm(III )/Eu(III ) 

= 4-6) ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʠ ʩʘʤʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 

ʣʠʛʘʥʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʨʴʠʨʦʚʘʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 4,7-ʧʦʣʦʞʝʥʠʷʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ 

ʦʩʪʦʚʘ ʧʦʟʚʦʣʷʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʩʤʝʱʘʪʴ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ pH ʣʠʛʘʥʜʘ. 

3.3. N,Nô-ɼʠʘʣʢʠʣ-N,Nô-ʜʠʘʨʠʣʟʘʤʝʱʝʥʥʳʝ DAPhenÀ 

ʆʜʥʠʤʠ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ DAPhen ̫ ʚʣʷʶʪʩʷ N,Nô-ʜʠʘʣʢʠʣ-N,Nô-

ʜʠʘʨʠʣʟʘʤʝʱʸʥʥʳʝ ʣʠʛʘʥʜʳ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ ʢʘʪʠʦʥʦʚ Am3+. 

ɼʣʷ ʠʭ ʩʠʥʪʝʟʘ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ N-ɻ ʪʠʣ-ʘʨʠʣʘʤʠʥʦʚ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ ʥʘ ʨʠʩ. 9. ʅʘ ʧʝʨʚʦʡ 

ʩʪʘʜʠʠ ʧ-ʟʘʤʝʱʝʥʥʳʝ ʘʥʠʣʠʥʳ ʘʮʠʣʠʨʦʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʚ ʨʘʩʪʚʦʨʝ 

ʜʠʭʣʦʨʤʝʪʘʥʘ. ʆʙʨʘʟʫʶʱʠʡʩʷ ʘʮʝʪʘʥʠʣʠʜ ʟʘʪʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ 

NaBH4/I2 ʚ ʨʘʩʪʚʦʨʝ ʩʫʭʦʛʦ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ. [157] 

 
Ϟ ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʘʚʪʦʨʦʤ 
ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ 

ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʇʝʪʨʦʚ ɺ.ʉ. ʠ ʜʨ. // ʀʟʚʝʩʪʠʷ ɸʢʘʜʝʤʠʠ ʥʘʫʢ. ʉʝʨʠʷ 

ʭʠʤʠʯʝʩʢʘʷ ï 2023. ï ʊ.72. ï ˉ3. ï C.697-705. EDN: QWXXPA. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 1.406 (ʈʀʅʎ). ʆʙʲʝʤ 0.86 ʧ.ʣ. 

[Petrov V.S. et al. // Russian Chemical Bulletin ï 2023. ïV.72. ï ˉ3. ï P.697-705. EDN: ZIRISU. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 

1.704 (JIF). ʆʙʲʝʤ 0.86 ʧ.ʣ.]; Petrov V.G., Matveev P.I., Nenajdenko V.G., Ustynyuk Y.A., Gloriozov I.P., Evsiunina 

M.V., Lemport P.S., Avagyan N.A., Petrov V.S. et al. // Inorganic Chemistry Frontiers ï 2025.ï V. 13. ï ˉ2. ï P.555-

563. EDN: RGWEVC. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 6.4 (JIF). ʆʙʲʝʤ 1.33 ʧ.ʣ. 
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ʈʠʩ. 9. ʉʠʥʪʝʟ N-ɻ ʪʠʣ-ʘʨʠʣʘʤʠʥʦʚ 17a-h. 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʧʦʣʫʯʝʥʥʳʝ N,Nô-ʜʠʘʣʢʠʣ-N,Nô-ʜʠʘʨʠʣʟʘʤʝʱʸʥʥʳʝ 

ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʳ 18-32. ʇʦʣʫʯʝʥʥʳʝ ʜʠʘʤʠʜʳ ʦʪʣʠʯʘʶʪʩʷ ʩʪʨʦʝʥʠʝʤ ʠ ʧʦʣʦʞʝʥʠʝʤ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʘʨʠʣʴʥʦʤ ʬʨʘʛʤʝʥʪʝ ʘʤʠʜʥʦʡ ʬʫʥʢʮʠʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʝʣʳʝ ʣʠʙʦ 

ʩʚʝʪʣʦ-ʞʸʣʪʳʝ ʪʚʸʨʜʳʝ ʚʝʱʝʩʪʚʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʘʨʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʘʭ ʣʠʧʦʬʠʣʴʥʦʩʪʴ ʣʠʛʘʥʜʦʚ (LogP) ʦʞʠʜʘʝʤʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʣʠʛʘʥʜʘ 18 ʩ ʤʝʪʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʢ ʣʠʛʘʥʜʫ 26 ʩ 

ʛʝʢʩʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʟʥʘʯʝʥʠʝ LogP ʚʦʟʨʘʩʪʘʝʪ ʦʪ 4.87 ʜʦ 10.18. ʅʘʠʙʦʣʝʝ 

ʣʠʧʦʬʠʣʴʥʳʤ ʩʨʝʜʠ ʜʘʥʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʦʚ ʷʚʣʷʝʪʩʷ ʣʠʛʘʥʜ 27 (LogP = 11.98). 

ʊʘʙʣʠʮʘ 2. N,Nô-ʜʠʵʪʠʣ-N,Nô-ʜʠʘʨʠʣʟʘʤʝʱʝʥʥʳʝ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʳ. 

 
ʐʠʬʨ Ar  X ɺʳʭʦʜ, % ʐʠʬʨ Ar  X ɺʳʭʦʜ, % 

18 
4-MeC6H4 

H 74 26 
4-nHexC6H4 

H 72 

19 Cl 70 27 Cl 67 

20 
4-EtC6H4 

H 60 28 

 

H 75 

21 Cl 69 29 Cl 78 

22 
4-nBuC6H4 

H 72 30 

 

H 83 

23 Cl 67 31 Cl 86 

24 
4-tBuC6H4 

H 77 
32 4-CF3C6H4 H 73 

25 Cl 88 

ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʣʠʛʘʥʜʦʚ 18-32 ʚ çʌ-3è 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʘʩʯʸʪʥʳʭ ʟʥʘʯʝʥʠʡ ʣʠʧʦʬʠʣʴʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʧʨʠʤʝʯʘʪʝʣʴʥʳʤʠ 

ʬʘʢʪʘʤʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ çʌ-3è ʣʠʛʘʥʜʦʚ 20 ʠ 21 (0.02 ʠ 0.08 ʤʦʣʴ/ʣ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʣʠʛʘʥʜʘʤʠ 18 ʠ 19 (0.2 ʠ 0.13 

ʤʦʣʴ/ʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ çʌ-3è ʧʨʦʷʚʣʷʝʪ ʣʠʛʘʥʜ 23 ʩ ʥ-ʙʫʪʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʘʨʠʣʴʥʳʭ 

ʬʨʘʛʤʝʥʪʘʭ (0.9 ʤʦʣʴ/ʣ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʦʛʦʡ ʠ ʦʜʥʦʟʥʘʯʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʣʠʧʦʬʠʣʴʥʦʩʪʴʶ ʣʠʛʘʥʜʦʚ (LogP) ʠ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ çʌ-3è ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʠ ʧʦʣʫʯʝʥʠʝ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʦʟʤʦʞʥʳʤ ʧʦʜʭʦʜʦʤ. 

ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 29 ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠ ʧʦʤʦʱʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ɸʨʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʩʪʨʫʢʪʫʨʝ ʵʪʦʛʦ 
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ʣʠʛʘʥʜʘ (ʈʠʩ. 10) ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪ ʧʣʦʩʢʦʩʪʠ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʩ ʜʠʵʜʨʘʣʴʥʳʤ ʫʛʣʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʨʘʚʥʳʤ 145.9(3)Á. 

 

 

ʈʠʩ. 10. ʈʉɸ-ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 29 ʚ ʜʚʫʭ ʧʨʦʝʢʮʠʷʭ.  

ʉʪʝʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʙʨʘʟʫʝʤʳʝ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʩʦʝʜʠʥʝʥʠʷ 29 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩ ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʙʝʥʟʦʣʘ, ʟʘʥʠʤʘʶʱʠʤʠ ʚ ʢʨʠʩʪʘʣʣʝ ʦʙʱʝʝ 

ʧʦʣʦʞʝʥʠʝ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 3.474(3) ʠ 3.749(2) 

¡, ʩʜʚʠʛ ʧʣʦʩʢʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ï 0.823(5) ʠ 1.218(6) ¡, ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ 

ï 0.0(2) ʠ 15.56(11)Á), ʩʚʷʟʳʚʘʶʪ ʵʪʠ ʤʦʣʝʢʫʣʳ ʚ ʙʝʩʢʦʥʝʯʥʳʝ ʮʝʧʠ ʚʜʦʣʴ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ c (ʈʠʩ. 11). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʣʠʛʘʥʜʘ 29 ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦʙ ʦʜʥʦʟʥʘʯʥʦʤ ʧʦʜʪʚʝʨʞʜʝʥʠʠ 

ʩʪʨʫʢʪʫʨʳ ʣʠʛʘʥʜʦʚ 18-32. 

 
ʈʠʩ. 11. ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ ʩʦʝʜʠʥʝʥʠʷ 29. 

ʉʣʦʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʆʗʊ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ Am(III) ʠ 

Cm(III). ɺʚʝʜʝʥʠʝ ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ 4,7-ʧʦʣʦʞʝʥʠʷ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʦʩʪʦʚʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ SF(Am/Cm). ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʣʠʛʘʥʜ 27 ̫ʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʵʢʩʪʨʘʛʝʥʪʦʚ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʵʪʦʡ ʧʘʨʳ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ SF(Am/Cm) = 5.5, ʪʦʛʜʘ 
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ʢʘʢ ʜʣʷ ʥʝʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 26 ɻ ʪʦ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ~2. ʆʜʥʘʢʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʥʘʣʠʯʠʝ ʘʪʦʤʦʚ ʭʣʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʜʠʦʣʠʟʫ ʩʚʷʟʝʡ C-Cl ʚ ʫʩʣʦʚʠʷʭ ʞʠʜʢʦʩʪʥʦʡ 

ʵʢʩʪʨʘʢʮʠʠ, ʦʛʨʘʥʠʯʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ.  

ʈʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʭʣʦʨʘ ʥʘ ʜʨʫʛʠʝ ʟʘʤʝʩʪʠʪʝʣʠ. ɹʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ Am ʠ Cm ʣʠʛʘʥʜʦʚ 

DAPhen, ʩʦʜʝʨʞʘʱʠʭ ʚ 4,7-ʧʦʣʦʞʝʥʠʷʭ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʷʜʨʘ ʜʨʫʛʠʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ 

ʛʨʫʧʧʳ (ʪʘʙʣʠʮʘ 3, ʬʫʥʢʮʠʦʥʘʣ PBE, ʙʘʟʠʩʥʳʡ ʥʘʙʦʨ TZ-ʢʘʯʝʩʪʚʘ).  

ʊʘʙʣʠʮʘ 3. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ȹȹG(Am/Cm) ʚ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ 4,7-

ʟʘʤʝʱʝʥʥʳʭ DAPhen ʩ ʥʠʪʨʘʪʘʤʠ Am ʠ Cm, ʢʢʘʣ/ʤʦʣʴ. 

L + M(NO3)3 = LM(NO3)3 

4,7-X NH2 CH3 H Cl CF3 CN NO2 

ȹȹG(Am/Cm) -0.7 0.1 0.4 0.7 1.4 2.8 2.5 

ʕʥʝʨʛʠʠ ʩʚʷʟʳʚʘʥʠʷ ʜʣʷ ʧʘʨʳ Am/Cm ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʨʷʜʫ NH2 < CH3 < H < Cl < CF3 < 

CN å NO2. ʇʨʠ ʵʪʦʤ ʵʥʝʨʛʠʠ ʩʚʷʟʳʚʘʥʠʷ Cm ʧʘʜʘʶʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʵʥʝʨʛʠʠ ʩʚʷʟʳʚʘʥʠʷ Am, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ȹȹG(Am/Cm). ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ ʵʥʝʨʛʠʶ ʩʚʷʟʠ ʉ-ʉ, 

ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʨʘʜʠʘʮʠʦʥʥʦʡ ʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʤʳ 

ʚʳʙʨʘʣʠ ʮʠʘʥʦʛʨʫʧʧʫ ʚ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʪʠʧʘ ʟʘʤʝʩʪʠʪʝʣʷ ʜʣʷ ʩʠʥʪʝʟʘ. ʊʘʢ, 

ʧʫʪʝʤ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ ʙʳʣ ʧʦʣʫʯʝʥ 4,7-ʜʠʮʠʘʥʦʟʘʤʝʱʸʥʥʳʡ ʣʠʛʘʥʜ 33 ʩ 

ʚʳʭʦʜʦʤ 81% (ʨʠʩ. 12). ʅʘ ʨʠʩ. 13 ʧʨʠʚʝʜʝʥʘ ʈʉɸ-ʩʪʨʫʢʪʫʨʘ 33 ʚ ʜʚʫʭ ʧʨʦʝʢʮʠʷʭ. 

 

ʈʠʩ. 12. ʉʠʥʪʝʟ ʜʠʥʠʪʨʠʣʟʘʤʝʱʝʥʥʦʛʦ ʣʠʛʘʥʜʘ 33. 

  
ʈʠʩ. 13. ʈʉɸ-ʩʪʨʫʢʪʫʨʘ 33 ʚ ʜʚʫʭ ʧʨʦʝʢʮʠʷʭ. 

ɸʨʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʩʪʨʫʢʪʫʨʝ ʵʪʦʛʦ ʣʠʛʘʥʜʘ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪ 

ʧʣʦʩʢʦʩʪʠ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩ ʜʠʵʜʨʘʣʴʥʳʤ ʫʛʣʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʢʘʨʙʦʥʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ, ʨʘʚʥʳʤ 128.65Á. ʉʪʝʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʙʨʘʟʫʝʤʳʝ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʤʠ 
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ʬʨʘʛʤʝʥʪʘʤʠ ʩʦʝʜʠʥʝʥʠʷ 33 ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʩʚʷʟʳʚʘʶʪ ʤʦʣʝʢʫʣʳ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʝ ʜʠʤʝʨʳ 

ʩ ʨʘʩʩʪʦʷʥʠʝʤ 3.447 ¡ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʬʝʥʘʥʪʨʦʣʠʥʘ (ʈʠʩ. 14). 

 
ʈʠʩ. 14. ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ 33. 

ʂʣʶʯʝʚʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʩʝʭ ʣʠʛʘʥʜʦʚ ʢʣʘʩʩʘ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ-2,9-

ʜʠʢʘʨʙʦʢʩʘʤʠʜʦʚ ʷʚʣʷʝʪʩʷ ʟʘʪʨʫʜʥʸʥʥʦʝ ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʘʤʠʜʥʦʡ ʩʚʷʟʠ NïCO. ɺ ʩʣʫʯʘʝ 

N,Nô-ʜʠʘʣʢʠʣ-N,Nô-ʜʠʘʨʠʣʟʘʤʝʱʸʥʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʦʚ ʩ ʦʙʲʝʤʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ 

ʚʦʟʥʠʢʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʪʝʨʠʯʝʩʢʠʝ ʧʨʝʧʷʪʩʪʚʠʷ ʜʣʷ ʚʟʘʠʤʥʦʛʦ ʚʨʘʱʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ 

ʤʦʣʝʢʫʣʳ (ʨʠʩ. 15).  

 
ʈʠʩ. 15. ɿʘʪʨʫʜʥʸʥʥʦʝ ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʥʝʢʦʪʦʨʳʭ ʩʚʷʟʝʡ DAPhen. 

ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʪʘʢʠʭ ʣʠʛʘʥʜʦʚ ʚ 

ʨʘʩʪʚʦʨʝ. ɼʣʷ ʘʥʘʣʠʟʘ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʪʦʜʦʤ ʗʄʈ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ 

ʧʦʜʭʦʜʦʚ. ʆʜʠʥ ʠʟ ʥʠʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʩʢʦʨʝʥʠʶ ʚʨʘʱʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʤʦʣʝʢʫʣʳ ʠ ʫʟʢʠʤ ʩʠʛʥʘʣʘʤ ʚ ʩʧʝʢʪʨʘʭ (ʨʠʩ. 16).  

 
ʈʠʩ. 16. ʉʧʝʢʪʨ ʗʄʈ 1ʅ ʣʠʛʘʥʜʘ 33 (ʊʦʣʫʦʣ-d8, 70

ʦʉ).  

ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʩʦʣʷʤʠ 

ʪʘʢʠʭ ʣʘʥʪʘʥʦʠʜʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʜʘʶʪ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʫʰʠʨʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʥʠʪʨʘʪʦʚ ʣʘʥʪʘʥʘ ʠ ʣʶʪʝʮʠʷ. ʂʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʙʳʪʴ ʣʠʙʦ ʧʦʣʫʯʝʥʳ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ, 

ʣʠʙʦ ʨʝʘʢʮʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʘ in situ ʚ ʧʦʜʭʦʜʷʱʝʤ ʨʘʩʪʚʦʨʠʪʝʣʝ 
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ʧʫʪʸʤ ʜʦʙʘʚʣʝʥʠʷ ʨʘʩʪʚʦʨʘ ʩʦʣʠ ʤʝʪʘʣʣʘ ʢ ʨʘʩʪʚʦʨʫ ʣʠʛʘʥʜʘ.  

ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʨʦʪʘʤʝʨʳ ʚ ʩʚʦʙʦʜʥʦʤ ʣʠʛʘʥʜʝ ʩʧʦʩʦʙʥʳ ʢ ʚʟʘʠʤʥʦʤʫ 

ʧʨʝʚʨʘʱʝʥʠʶ, ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʩ ʢʘʪʠʦʥʦʤ ʤʝʪʘʣʣʘ ʨʝʘʣʠʟʫʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʘʷ 

ʢʦʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʫʶ ʣʠʛʘʥʜ ʧʨʠʥʠʤʘʝʪ ʟʘ ʩʯʸʪ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ. 

ʅʘ ʨʠʩʫʥʢʝ 17 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʗʄʈ 1ʅ ʠ 13ʉ ʢʦʤʧʣʝʢʩʘ ʣʠʛʘʥʜʘ 33 ʩ ʥʠʪʨʘʪʦʤ ʣʘʥʪʘʥʘ.  

 
ʈʠʩ. 17. ʉʧʝʢʪʨʳ ʗʄʈ 1ʅ (CD3CN, 25

oC) ʣʠʛʘʥʜʘ 33 (ʩʚʝʨʭʫ) ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʘ ʩ 

ʥʠʪʨʘʪʦʤ ʣʘʥʪʘʥʘ (ʩʥʠʟʫ). 

ʈʠʩ. 18 ʧʦʢʘʟʳʚʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ D(Am) ʠ D(Cm) ʜʣʷ 

ʜʠʮʠʘʥʦʟʘʤʝʱʝʥʥʦʛʦ ʣʠʛʘʥʜʘ 33. ʌʘʢʪʦʨʳ ʩʝʣʝʢʪʠʚʥʦʩʪʠ SF(Am/Cm) ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ 

ʜʠʘʤʠʜʦʤ 33 ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 5-6. ʇʨʠ ʵʪʦʤ ʢʣʶʯʝʚʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʧʦʚʳʰʝʥʥʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʥʦ ʠ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ ʧʨʦʪʠʚʦʪʦʯʥʦʡ ʵʢʩʪʨʘʢʮʠʠ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ D(Am) > 1 ʠ D(Cm) < 1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʤʝʱʝʥʠʝ 

ʭʣʦʨʘ ʥʘ ʮʠʘʥʦʛʨʫʧʧʳ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʨʘʜʠʦʣʠʟʘ ʚ ʵʪʠʭ ʣʠʛʘʥʜʘʭ ʠ ʩʦʟʜʘʸʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʜʝʣʝʥʠʠ Am(III) ʠ Cm(III ).  

 
ʈʠʩ. 18. ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Am/Cm ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʣʠʛʘʥʜʦʤ 30. 

ʅʘ ʧʨʠʤʝʨʝ ʣʠʛʘʥʜʦʚ 18 ʠ 32 ʪʘʢʞʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʵʢʩʪʨʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ (ʨʠʩ. 19). ʃʠʛʘʥʜ 18 ʩ ʤʝʪʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʘʨʠʣʴʥʳʭ 
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ʬʨʘʛʤʝʥʪʘʭ ʵʬʬʝʢʪʠʚʥʦ ʵʢʩʪʨʘʛʠʨʫʝʪ ʘʤʝʨʠʮʠʡ ʩʦ ʩʪʝʧʝʥʴʶ ʠʟʚʣʝʯʝʥʠʷ DAm(III) = 20. ʆʜʥʘʢʦ, 

ʝʛʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʟʘʤʝʪʥʘʷ ʵʢʩʪʨʘʢʮʠʷ ʣʝʛʢʠʭ ʣʘʥʪʘʥʦʠʜʦʚ. ʊʘʢ, DLa(III) 

ʨʘʚʥʦ 10, ʯʪʦ ʦʟʥʘʯʘʝʪ ʥʠʟʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ Am/La ʠ ʩʦʵʢʩʪʨʘʢʮʠʶ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. 

 

 

ʈʠʩ. 19. ʕʢʩʪʨʘʢʮʠʦʥʥʳʝ ʪʨʝʥʜʳ ʜʣʷ ʣʠʛʘʥʜʦʚ 18 ʠ 32 ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. 

ɺʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ CF3-ʛʨʫʧʧ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʪʝʧʝʥʝʡ ʠʟʚʣʝʯʝʥʠʷ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʛʘʥʜʦʤ 18 ʥʘ ʧʦʨʷʜʦʢ. ʉʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ DAm(III) ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʣʠʛʘʥʜʦʤ 

32 ʨʘʚʥʘ 2, ʪʦʛʜʘ ʢʘʢ DLa(III) = 1. ʇʨʠ ʵʪʦʤ, ʜʣʷ ʦʙʦʠʭ ʣʠʛʘʥʜʦʚ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʝʡ 

ʠʟʚʣʝʯʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ Am(III) ʠ ʣʝʛʢʠʭ ʣʘʥʪʘʥʦʠʜʦʚ, ʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʦʪ La 

ʢ Lu ɻʢʩʪʨʘʢʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʪʨʝʥʜʳ ʜʣʷ N,Nô-ʜʠʵʪʠʣ-N,Nô-ʜʠʘʨʠʣʟʘʤʝʱʝʥʥʳʭ DAPhen ʩʦʭʨʘʥʷʶʪʩʷ. 

ɺʳʚ̫ʣʝʥʥʳʝ ʪʨʝʥʜʳ ʥʘʭʦʜʷʪ ʦʪʨʘʞʝʥʠʝ ʠ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʵʪʠʭ ʣʠʛʘʥʜʦʚ. 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʗʄʈ-ʪʠʪʨʦʚʘʥʠʝ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʨʘʩʪʚʦʨʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʣʠʛʘʥʜʦʚ. 

ʀʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ, ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʩʠʛʥʘʣʦʚ ʠ ʠʟʤʝʥʝʥʠʷ ʩʠʤʤʝʪʨʠʠ ʩʠʛʥʘʣʦʚ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʘʚʝ ʠ ʩʪʝʭʠʦʤʝʪʨʠʠ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ. ʅʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 1ʅ ʠ 19F ʗʄʈ-ʪʠʪʨʦʚʘʥʠʝ ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ 

ʣʠʛʘʥʜʘ 32 ʥʠʪʨʘʪʦʤ ʣʘʥʪʘʥʘ ʠ ʥʠʪʨʘʪʦʤ ʣʶʪʝʮʠʷ. ʊʘʢ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 0.2 ʵʢʚ. ʥʠʪʨʘʪʘ 

ʣʘʥʪʘʥʘ ʢ ʣʠʛʘʥʜʫ 32 ʚ ʩʧʝʢʪʨʝ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʩʠʛʥʘʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʦʤʧʣʝʢʩʫ 

ʩʪʝʭʠʦʤʝʪʨʠʠ L2M (ʨʠʩ. 20). ɼʘʣʴʥʝʡʰʝʝ ʜʦʙʘʚʣʝʥʠʝ ʩʦʣʠ ʤʝʪʘʣʣʘ ʧʨʠʚʦʜʠʪ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ 

ʩʠʛʥʘʣʦʚ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ ʠ ʧʦʷʚʣʝʥʠʶ ʩʠʛʥʘʣʦʚ ʢʦʤʧʣʝʢʩʘ ʩʪʝʭʠʦʤʝʪʨʠʠ LM. 
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ʈʠʩ. 20. 1ʅ ʠ 19F ʗʄʈ-ʪʠʪʨʦʚʘʥʠʝ ʥʠʪʨʘʪʦʤ ʣʘʥʪʘʥʘ ʣʠʛʘʥʜʘ 32. 

ɺ ʩʣʫʯʘʝ ʪʠʪʨʦʚʘʥʠʷ ʥʠʪʨʘʪʦʤ ʣʶʪʝʮʠʷ (ʨʠʩ. 21), ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 0.2 ʵʢʚ. ʩʦʣʠ ʢ ʣʠʛʘʥʜʫ 

32 ʚ ʩʧʝʢʪʨʝ ʧʦʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʦʤʧʣʝʢʩʫ ʩʪʝʭʠʦʤʝʪʨʠʠ LM. ʇʨʠ ʵʪʦʤ 

ʧʦʣʥʦʝ ʠʩʯʝʟʥʦʚʝʥʠʝ ʩʠʛʥʘʣʦʚ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 1 ʵʢʚ. 

ʩʦʣʠ ʤʝʪʘʣʣʘ.  

 

ʈʠʩ. 21. 1ʅ ʠ 19F ʗʄʈ-ʪʠʪʨʦʚʘʥʠʝ ʥʠʪʨʘʪʦʤ ʣʶʪʝʮʠʷ ʣʠʛʘʥʜʘ 33. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʣʘʥʪʘʥʦʠʜʦʚ ʠ Am(III) ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʵʢʩʪʨʘʢʮʠʠ 32 ʧʨʦʷʚʣʷʝʪ ʚ ʦʪʥʦʰʝʥʠʠ ʪʝʭ ʵʣʝʤʝʥʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩʪʝʭʠʦʤʝʪʨʠʠ L2M, ʘ ʠʤʝʥʥʦ ʚ ʦʪʥʦʰʝʥʠʠ çʨʘʥʥʠʭè ʣʘʥʪʘʥʦʠʜʦʚ. 

çʇʦʟʜʥʠʝè ʣʘʥʪʘʥʦʠʜʳ, ʦʙʨʘʟʫʶʱʠʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʢʦʤʧʣʝʢʩʳ ʩʪʝʭʠʦʤʝʪʨʠʠ LM, 

ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ ʚ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. 


































































































































