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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʪʝʧʝʥʴ ʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ 

ʆʩʥʦʚʥʦʡ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʥʘʫʢʠ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʧʦʣʝʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʈʘʩʪʫʱʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʦʙʱʝʩʪʚʘ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʠʤʝʶʱʠʭʩʷ ʠ ʩʦʟʜʘʥʠʝʤ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʨʘʟʚʠʪʠʝʤ ʩʠʩʪʝʤ ʧʦʣʫʯʝʥʠʷ, ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʵʥʝʨʛʠʠ, ʫʣʫʯʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ 

ʞʠʟʥʠ ʠ ʨʘʟʚʠʪʠʝʤ ʤʝʜʠʮʠʥʳ. ɺʩʝ ʵʪʦ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʛʨʝʩʩʦʤ ʚ 

ʜʠʟʘʡʥʝ ʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʨʝʘʣʠʟʦʚʘʪʴ ʟʘʧʨʦʩ ʥʘ ʪʦ ʠʣʠ ʠʥʦʝ ʩʚʦʡʩʪʚʦ ʟʘ ʩʯʝʪ ʧʦʜʙʦʨʘ ʩʦʩʪʘʚʘ ʠ 

ʚʥʫʪʨʝʥʥʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʦʠʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʘʪʦʤʘʨʥʦʤ, ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ ʥʘʥʦʨʘʟʤʝʨʥʦʤ ʫʨʦʚʥʷʭ 

ʦʨʛʘʥʠʟʘʮʠʠ ʤʘʪʝʨʠʠ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʩʚʦʡʩʪʚʘ ʣʶʙʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʇʨʝʮʠʟʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ ʠ ʥʘʧʨʘʚʣʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʝʞʘʪ ʚ 

ʦʩʥʦʚʝ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʫʣʫʯʰʝʥʥʳʤʠ ʠʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʚʠʪʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʚ ʤʝʜʠʮʠʥʝ ʠ 

ʙʠʦʘʥʘʣʠʟʝ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ, ʚʳʧʦʣʥʷʶʱʠʭ 

ʩʠʛʥʘʣʴʥʦ-ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʠʣʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʠ, ʦʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤʠ ʤʘʛʥʠʪʥʦ-ʨʝʣʘʢʩʘʮʠʦʥʥʳʤʠ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʦ ʦʙʦʠʤ 

ʫʢʘʟʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ 

ʢʦʤʧʣʝʢʩʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʕ). 

ʄʝʪʦʜʳ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʩʝʥʩʦʨʠʢʠ ʠ ʦʧʪʠʯʝʩʢʦʡ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ ʩ 

ʫʯʘʩʪʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʙʦʣʴʰʠʤ ʫʩʧʝʭʦʤ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʠʤʤʫʥʦʘʥʘʣʠʟʝ ʜʣʷ ʜʝʪʝʢʮʠʠ ʤʘʨʢʝʨʦʚ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʙʝʣʢʦʚ, 

ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʛʦʨʤʦʥʦʚ, ʠʥʪʝʨʣʝʡʢʠʥʦʚ ʠ ʜʨʫʛʠʭ ʤʦʣʝʢʫʣ (DELFIA, 

TRET, LANCE). ʄʘʛʥʠʪʥʦ-ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʜʦʣʠʥʠʷ 
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ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʚʟʦʡʜʝʥʥʳʤʠ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʩʝʤʠ ʥʝʩʧʘʨʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʛʘʜʦʣʠʥʠʝʚʳʭ ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʄʘʛʥʝʚʠʩʪ, ɻʘʜʦʚʠʩʪ, ɼʦʪʘʨʝʤ ʠ ʜʨʫʛʠʝ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʘʛʥʠʪʥʦ-

ʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ (ʄʈʊ), ʠʟʚʝʩʪʥʦʡ ʩʚʦʝʡ ʥʝʠʥʚʘʟʠʚʥʦʩʪʴʶ ʠ 

ʪʦʯʥʦʩʪʴʶ, ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʳʤ ʧʨʝʜʧʠʩʘʥʠʝʤ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʩʣʦʞʥʳʭ 

ʦʧʫʭʦʣʝʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʢʦʥʪʨʘʩʪʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʈɿʕ ʠ ʠʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʦʙʭʦʜʠʤʳʤ ʠ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ, ʟʘʯʘʩʪʫʶ, 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ, ʚ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʥʘʢʦʧʣʝʥʠʝ ʯʠʩʣʘ ʥʦʩʠʪʝʣʷ ʬʫʥʢʮʠʠ, ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʩʠʛʥʘʣʘ 

ʬʠʟʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʢʦʥʢʨʝʪʥʳʤ ʤʝʪʦʜʦʤ, ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʠʥʪʝʨʬʝʡʩ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ-ʘʥʘʣʠʪ. ʀʤʝʥʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʘʥʪʘʥʦʠʜʥʦʡ ʛʝʪʝʨʦʬʘʟʳ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʥʫʪʨʠ ʧʝʨʚʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʠʦʥʘ ʣʘʥʪʘʥʦʠʜʘ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʦʟʜʘʚʘʝʤʦʛʦ ʩʝʥʩʦʨʘ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʩʫʙʩʪʨʘʪʫ ʠ 

ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ. ɼʠʩʢʨʝʪʥʦʩʪʴ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʘʜʨʝʩʥʦʛʦ ʜʦʩʪʫʧʘ ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʩʫʙʩʪʨʘʪʘ ʢ ʢʘʞʜʦʡ ʯʘʩʪʠʮʝ, 

ʢʘʢ ʝʜʠʥʠʮʝ ʥʦʩʠʪʝʣʷ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʠʩʧʝʨʩʥʦʩʪʴ ʥʘ ʤʠʢʨʦ- 

ʠ ʥʘʥʦʨʘʟʤʝʨʥʦʤ ʫʨʦʚʥʝ ʧʦʟʚʦʣʷʝʪ ʩʝʥʩʦʨʫ ʧʨʝʜʣʦʞʠʪʴ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʤʝʩʪ 

ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʥʘʣʠʪʦʤ ʟʘ ʩʯʝʪ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ 

ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʥʘ ʩʚʦʝʡ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɹʝʟʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʟʫʯʘʝʤʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʝʥʩʦʨʘ ʚʘʞʝʥ ʢʦʥʪʘʢʪ ʠʣʠ ʩʦʩʝʜʩʪʚʦ 

ʚʝʱʝʩʪʚʘ ɸ ʠ ɹ, ʙʫʜʴ ʪʦ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʛʘʜʦʣʠʥʠʝʚʳʡ ʤʝʪʘʣʣʦʮʝʥʪʨ ʚ ʩʦʩʪʘʚʝ 

ʥʘʥʦʯʘʩʪʠʮʳ, ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʧʨʦʪʦʥʦʚ ʤʦʣʝʢʫʣ ʚʦʜʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʄʈʊ ʠʣʠ 

ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʡ ʣʘʥʪʘʥʦʠʜʥʳʡ ʢʦʤʧʣʝʢʩ, ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʮʝʣʝʚʳʤ ʩʫʙʩʪʨʘʪʦʤ ʧʨʠ ʝʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʢʘʢ ʢʣʶʯʝʚʦʝ ʧʦʥʷʪʠʝ ʬʠʟʠʯʝʩʢʦʡ ʠ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ, 

ʢʘʢ ʠʟʚʝʩʪʥʦ, ʩʦʜʝʨʞʠʪ ʦʩʦʙʝʥʥʳʝ ʤʦʣʝʢʫʣʳ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʤʦʣʝʢʫʣ ʚ ʦʙʲʝʤʝ. ʅʘʥʦʯʘʩʪʠʮʘ ʢʘʢ ʤʘʣʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, 
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ʟʘʤʢʥʫʪʘʷ ʩʘʤʘ ʥʘ ʩʝʙʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʘʢʦʡ ʦʙʲʝʢʪ, ʚ ʢʦʪʦʨʦʤ ʜʦʣʷ 

ʦʩʦʙʝʥʥʳʭ ʤʦʣʝʢʫʣ ʚʝʣʠʢʘ ʠ ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʪʨʦʣʷ 

ʜʠʩʧʝʨʩʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ, ʢʘʞʜʘʷ ʥʘʥʦʯʘʩʪʠʮʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʜʠʩʢʨʝʪʥʦʛʦ ʥʦʩʠʪʝʣʷ ʠʥʬʦʨʤʘʮʠʠ: ʧʠʢʩʝʣʷ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʣʠʙʦ ʚʦʢʩʝʣʷ ï ʪʨʝʭʤʝʨʥʦʛʦ ʧʠʢʩʝʣʷ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʪʦ ʝʩʪʴ 

ʥʘʠʤʝʥʴʰʝʛʦ ʟʝʨʥʘ ʠʟʦʙʨʘʞʝʥʠʷ ʄʈʊ ʠʣʠ ʞʝ ʠʭ ʢʦʤʙʠʥʘʮʠʶ ʚ ʩʣʫʯʘʝ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʯʘʩʪʠʮ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʥʦʘʨʭʠʪʝʢʪʫʨ, ʥʝʩʫʱʠʭ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʣʘʥʪʘʥʦʠʜʥʦʝ, ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʠʚʘʞʥʝʡʰʫʶ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʟʘʜʘʯʫ ʬʠʟʠʯʝʩʢʦʡ ʠ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ ʥʘ ʧʫʪʠ ʢ ʩʦʟʜʘʥʠʶ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʠ 

ʤʘʛʥʠʪʥʦ-ʨʝʣʘʢʩʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ 

ʣʘʥʪʘʥʦʠʜʥʳʭ ʢʦʣʣʦʠʜʦʚ ʠ ʜʦʧʠʨʦʚʘʥʠʶ ʥʘʥʦʯʘʩʪʠʮ ʣʘʥʪʘʥʦʠʜʘʤʠ. ʂʘʞʜʳʡ 

ʠʟ ʥʠʭ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ, ʥʦ ʠ ʥʝ ʣʠʰʝʥ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʥʝʜʦʩʪʘʪʢʦʚ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʥʘʥʦʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ, 

ʬʪʦʨʠʜʦʚ ʠ ʬʦʩʬʘʪʦʚ ʣʘʥʪʘʥʦʠʜʦʚ(III). ʉʝʨʴʝʟʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʪʘʢʠʭ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʧʨʠ ʵʪʦʤ ʷʚʣʷʶʪʩʷ ʥʠʟʢʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʪʨʫʜʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʝʥʩʦʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ 

ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʢʦʪʦʨʳʝ, 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤʫ ʦʢʨʫʞʝʥʠʶ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʶ ʧʦʜʚʠʞʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ, ʩʤʝʱʘʝʤʦʛʦ ʠʟʤʝʥʝʥʠʝʤ ʚʥʝʰʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ, 

ʨʅ, ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, 

ʫʜʦʙʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʝʥʩʦʨʦʚ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʠ ʙʠʦʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. 

ʈʝʘʣʠʟʘʮʠʷ ʢʦʣʦʩʩʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʣʘʥʪʘʥʦʠʜʥʳʭ ʭʝʣʘʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʯʘʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʙʠʦʤʝʜʠʮʠʥʳ, 

ʵʢʦʣʦʛʠʠ, ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʟʘʯʘʩʪʫʶ ʦʛʨʘʥʠʯʝʥʘ ʠʭ ʤʘʣʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ. ʀʭ ʠʩʢʣʶʯʠʪʝʣʴʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤʠ ʣʠʰʴ ʚ ʩʣʫʯʘʝ ʧʝʨʝʚʦʜʘ ʚ 

ʛʠʜʨʦʬʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʯʪʦ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʣʠ ʩʦʟʜʘʥʠʝʤ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʬʠʟʠʯʝʩʢʦʡ ʠ ʢʦʣʣʦʠʜʥʦʡ 

ʭʠʤʠʠ. 

ʐʠʨʦʢʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʦʠʜʦʚ ʩ 

ʙʝʪʘʜʠʢʝʪʦʥʥʳʤʠ, ʬʦʩʬʠʥʦʢʩʠʜʥʳʤʠ, ʮʠʢʣʦʬʘʥʦʚʳʤʠ, ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʤʠ ʠ 

ʜʨʫʛʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʧʨʦʜʚʠʥʫʪʳʝ ʦʧʪʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʪʦʨʳʭ ʟʘʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʳ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ, ʦʢʘʟʘʣʠʩʴ 

ʚʳʢʣʶʯʝʥʥʳʤʠ ʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʩʝʥʩʦʨʠʢʝ 

ʠʣʠ ʧʦʢʘʟʳʚʘʶʪ ʩʚʦʶ ʦʛʨʘʥʠʯʝʥʥʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʩʠʣʫ ʩʚʦʝʡ 

ʛʠʜʨʦʬʦʙʥʦʩʪʠ. ʆʛʨʦʤʥʳʡ ʧʦʪʦʢ ʚʦʜʦʥʝʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ ʠ ʣʘʥʪʘʥʦʠʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʞʠʜʘʝʪ ʩʚʦʝʛʦ ʤʦʤʝʥʪʘ 

ʧʝʨʝʭʦʜʘ ʥʘ ʢʦʥʪʨʦʣʴʥʦ-ʧʨʦʧʫʩʢʥʦʤ ʧʫʥʢʪʝ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢ ʢʦʣʣʦʠʜʥʦʤʫ 

ʫʨʦʚʥʶ ʦʨʛʘʥʠʟʘʮʠʠ ʤʘʪʝʨʠʠ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʜʘʥʥʦʤʫ 

ʧʝʨʝʭʦʜʫ, ʥʫʞʥʦ ʣʠʰʴ ʧʦʜʦʙʨʘʪʴ ʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ ʥʘʥʦʨʘʟʤʝʨʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʭʨʘʥʷʶʱʫʶ ʠʣʠ ʨʘʩʢʨʳʚʘʶʱʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʝʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʣʘʥʪʘʥʦʠʜʘ ʚ ʝʝ ʩʦʩʪʘʚʝ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʩʦʚʨʝʤʝʥʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʥʘʫʢʘ ʚ ʧʣʘʥʝ 

ʟʘʜʝʡʩʪʚʦʚʘʥʠʷ ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʜʣʷ 

ʩʝʥʩʦʨʠʢʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʘʥʘʣʠʪʦʚ ʧʨʝʜʣʘʛʘʝʪ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʳʡ ʢʨʫʛ 

ʚʦʟʤʦʞʥʦʩʪʝʡ. ʉʨʝʜʠ ʥʠʭ: 

1. ʭʝʣʘʪʳ ʣʘʥʪʘʥʦʠʜʦʚ ʤʦʛʫʪ ʙʳʪʴ ʚʚʝʜʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʣʠ ʚ 

ʦʙʲʝʤ ʧʦʣʠʤʝʨʥʳʭ, ʩʠʣʠʢʘʪʥʳʭ ʠ ʜʨʫʛʠʭ ʛʨʘʥʫʣ ʠʣʠ ʢʘʨʙʦʥʘʪʥʳʭ ʩʬʝʨʦʣʠʪʦʚ. 

ʊʘʢʠʝ ʯʘʩʪʠʮʳ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʠʣʠ ʤʘʪʨʠʮʳ ʜʣʷ 

ʣʘʥʪʘʥʦʠʜʥʳʭ ʭʝʣʘʪʦʚ. ʇʨʦʙʣʝʤʦʡ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʙʦʣʴʰʘʷ 

ʟʘʛʨʫʟʢʘ ʭʝʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʄʘʪʨʠʯʥʳʡ ʵʬʬʝʢʪ ʪʘʢʞʝ ʤʦʞʝʪ ʥʘʢʣʘʜʳʚʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʙʠʦʩʝʥʩʦʨʠʢʝ ʟʘ ʩʯʝʪ ʙʣʦʢʠʨʦʚʘʥʠʷ ʧʦʜʭʦʜʘ ʘʥʘʣʠʪʘ ʢ ʯʫʚʩʪʚʠʪʝʣʴʥʦʤʫ 

ʮʝʥʪʨʫ ʩʝʥʩʦʨʘ; 
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2. ʥʘʥʦMOʂʉ (nanoMOF). ʊʘʢʠʝ ʢʦʣʣʦʠʜʥʳʝ ʩʠʩʪʝʤʳ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʣʥʦʩʪʴʶ ʩʦʙʨʘʥʳ ʠʟ ʣʘʥʪʘʥʦʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʣʶʤʠʥʝʩʮʠʨʫʶʪ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ 

ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʝʣʘʢʩʠʚʥʦʩʪʠ. ʉʣʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ 

ʨʘʟʤʝʨʘʤʠ ʪʘʢʠʭ ʯʘʩʪʠʮ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʠʟʢʘʷ ʢʦʣʣʦʠʜʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʥʝ ʧʦʟʚʦʣʷʶʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʮʝʣʷʭ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ ʢʘʢ in vivo, ʪʘʢ ʠ in 

vitro ʠʣʠ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʙʠʦʤʝʜʠʮʠʥʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʥʦʘʨʭʠʪʝʢʪʫʨ, ʧʦʩʪʨʦʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ in situ 

ʛʝʥʝʨʘʮʠʶ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʷʜʨʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʠʟ ʣʘʥʪʘʥʦʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʘʜʩʦʨʙʮʠʝʡ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ (in situ LbL). ʕʪʦʪ ʤʝʪʦʜ 

ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ (ñlayer-by-layerò, LbL) ʠ ʧʦʟʚʦʣʷʝʪ ʚʦʚʣʝʯʴ ʰʠʨʦʢʠʡ ʢʨʫʛ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʦʠʜʦʚ (III), ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ, ʥʦ 

ʥʝʩʫʱʠʭ ʧʨʝʚʦʩʭʦʜʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʨʝʰʝʥʠʝ ʟʘʜʘʯ 

ʙʠʦʤʝʜʠʮʠʥʳ ʠ ʙʠʦʘʥʘʣʠʪʠʢʠ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ̫ʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʘ 

ʧʦʩʣʦʡʥʦʡ ʘʜʩʦʨʙʮʠʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʩʘʤʦʛʝʥʝʨʠʨʫʶʱʠʭʩʷ ʪʝʤʧʣʘʪʘʭ 

(in situ LbL), ʦʙʣʘʜʘʶʱʠʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤʠ ʩʧʝʢʪʨʘʣʴʥʦ-

ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʠ ʤʘʛʥʠʪʥʦ-ʨʝʣʘʢʩʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʳʷʚʣʝʥʠʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʩʥʦʚ ʩʦʟʜʘʥʠʷ ʚʦʜʥʳʭ ʜʠʩʧʝʨʩʠʡ ʥʘʥʦʯʘʩʪʠʮ ʩ ʚʳʩʦʢʦʡ 

ʢʦʣʣʦʠʜʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʚʳʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚ, 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʭʝʤʦ- ʠ 

ʪʝʨʤʦʩʝʥʩʦʨʦʚ, ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʄʈʊ ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ʉʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʙʳʣʠ ʨʝʰʝʥʳ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʮʝʣʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ: 
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- ʩʠʥʪʝʟ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʝʚʨʦʧʠʷ(III), ʪʝʨʙʠʷ(III), ʩʘʤʘʨʠʷ(III), 

ʠʪʪʝʨʙʠʷ(III) ʠ ʛʘʜʦʣʠʥʠʷ(III) ʩ ʙʝʪʘʜʠʢʝʪʦʥʥʳʤʠ, ʮʠʢʣʦʬʘʥʦʚʳʤʠ, 

ʬʦʩʬʠʥʦʢʩʠʜʥʳʤʠ ʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʨʘʩʪʚʦʨʘʭ DMF/DMSO; 

- ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʩʪʚʦʨʘʭ DMF/DMSO ʠ ʠʭ 

ʩʦʩʪʘʚʘ, ʠ ʩʪʨʫʢʪʫʨʳ; 

- ʛʠʜʨʦʬʠʣʠʟʘʮʠʷ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʝʚʨʦʧʠʷ(III), ʪʝʨʙʠʷ(III), ʩʘʤʘʨʠʷ(III), ʠʪʪʝʨʙʠʷ(III) ʠ ʛʘʜʦʣʠʥʠʷ(III) ʩ 

ʙʝʪʘʜʠʢʝʪʦʥʥʳʤʠ, ʮʠʢʣʦʬʘʥʦʚʳʤʠ, ʬʦʩʬʠʥʦʢʩʠʜʥʳʤʠ ʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʥʘʥʝʩʝʥʠʷ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʦʙʨʘʟʦʚʘʥʥʳʝ ʯʘʩʪʠʮʳ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ; 

- ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʥʘʥʦʘʨʭʠʪʝʢʪʫʨ, 

ʩʦʜʝʨʞʘʱʠʭ ʜʦ ʧʷʪʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʩʣʦʝʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʷʜʝʨ ʠʟ 

ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ, ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʨʦʣʠ ʩʘʤʦʛʝʥʝʨʠʨʫʶʱʠʭʩʷ 

ʪʝʤʧʣʘʪʦʚ ʧʨʠ ʟʘʤʝʥʝ ʨʘʩʪʚʦʨʠʪʝʣʷ; 

- ʚʳʷʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʩʣʦʝʚ ʠ ʧʨʠʨʦʜʳ 

ʚʥʝʰʥʝʛʦ ʩʣʦʷ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʯʘʩʪʠʮ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ; 

- ʧʦʠʩʢ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʯʘʩʪʠʮ. 

ɺʳʷʚʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʣʠʛʘʥʜʘ ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʠ 

ʢʦʣʣʦʠʜʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʷʜʝʨ ʠ ʠʭ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʡ ʦʙʦʣʦʯʢʠ; 

- ʚʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ in situ LbL 

ʣʘʥʪʘʥʦʠʜʥʳʭ ʯʘʩʪʠʮ ʜʣʷ ʮʝʣʝʡ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ, ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ 

ʪʝʨʤʦʤʝʪʨʠʠ ʠ ʩʝʥʩʦʨʠʢʠ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʩʠʛʥʘʣ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ; 

- ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ ʠ ʚʳʷʚʣʝʥʠʝ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʝʣʘʢʩʠʚʥʦʩʪʴ in situ LbL ʛʘʜʦʣʠʥʠʝʚʳʭ 

ʯʘʩʪʠʮ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʄʈʊ ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ; 
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- ʦʮʝʥʢʘ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ in situ LbL ʣʘʥʪʘʥʦʠʜʥʳʭ ʯʘʩʪʠʮ ʥʘ ʫʨʦʚʥʝ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠ ʛʝʤʦʩʦʚʤʝʩʪʠʤʦʩʪʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʂʣʶʯʝʚʳʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʚʠʪʠʷ ʬʠʟʠʯʝʩʢʦʡ ʠ 

ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ, ʘʩʧʝʢʪʦʤ ʥʘʫʯʥʦʡ ʥʦʚʠʟʥʳ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ ʷʜʨʦ-ʦʙʦʣʦʯʢʘ ʟʘ ʩʯʝʪ ʧʦʩʣʦʡʥʦʡ ʩʙʦʨʢʠ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʩʣʦʝʚ ʥʘ ʩʘʤʦʛʝʥʝʨʠʨʫʶʱʝʤʩʷ ʪʝʤʧʣʘʪʝ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʠʟ ʣʘʥʪʘʥʦʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (in situ LbL). ʈʘʟʨʘʙʦʪʘʥʥʳʡ 

ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʚʝʭʦʡ ʥʘ ʧʫʪʠ ʢ ʧʦʣʫʯʝʥʠʶ ʣʘʥʪʘʥʦʠʜʥʳʭ, ʠ ʚ ʮʝʣʦʤ 

ʤʝʪʘʣʦʢʦʤʧʣʝʢʩʥʳʭ, ʥʘʥʦʯʘʩʪʠʮ ʩ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʥʝʝ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʠ ʚʧʝʨʚʳʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ 

ʀʆʌʍ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ï ʦʙʦʩʦʙʣʝʥʥʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʌʀʎ 

ʂʘʟʅʎ ʈɸʅ ʚ 2010 ʛʦʜʫ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʨʘʩʰʠʨʷʝʪ ʛʨʘʥʠʮʳ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ ʧʦʩʣʦʡʥʦʡ ʘʜʩʦʨʙʮʠʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ (LbL), 

ʦʙʦʛʘʱʘʝʪ ʥʦʤʝʥʢʣʘʪʫʨʫ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʣʘʥʪʘʥʦʠʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʠ ʷʚʣʷʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʢʣʘʜʦʤ ʚ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʄʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʚʝʩʪʠ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ 

ʚ ʛʠʜʨʦʬʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʩʦʟʜʘʪʴ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʥʦʚʳʡ ʪʠʧ ʦʧʪʠʯʝʩʢʠʭ ʠ 

ʨʝʣʘʢʩʦʤʝʪʨʠʯʝʩʢʠʭ ʟʦʥʜʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʙʠʦʤʝʜʠʮʠʥʳ ʠ ʙʠʦʘʥʘʣʠʪʠʢʠ. ʄʝʪʦʜ ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʜʣʷ ʧʝʨʝʚʦʜʘ ʤʥʦʛʠʭ ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ d- ʠ f-ʤʝʪʘʣʣʦʚ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʭʨʦʤʦʬʦʨʥʳʝ ʠ 

ʭʝʣʘʪʠʨʫʶʱʠʝ ʛʨʫʧʧʠʨʦʚʢʠ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʙʠʥʘʮʠʠ ʤʝʪʦʜʘ ʟʘʤʝʥʳ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ in situ ʬʦʨʤʠʨʫʝʪʩʷ ʪʝʤʧʣʘʪ ʜʠʩʧʝʨʩʥʦʡ 

ʬʘʟʳ, ʠ ʤʝʪʦʜʘ ʧʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ, ʟʘʢʣʶʯʘʶʱʝʛʦʩʷ ʚ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʣʘʪʘ ʟʘ ʩʯʝʪ ʠʭ ʘʜʩʦʨʙʮʠʠ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʘʥʥʘʷ 

ʤʦʨʬʦʣʦʛʠʷ ʥʘʥʦʯʘʩʪʠʮ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʟʘʜʝʡʩʪʚʦʚʘʥʠʝ ʥʦʚʳʭ ʢʣʘʩʩʦʚ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʤʝʜʠʮʠʥʩʢʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ, ʦʧʪʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʩʝʥʩʦʨʠʢʠ, 
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ʨʘʟʜʚʠʛʘʷ ʨʘʤʢʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʣʣʦʠʜʥʳʭ 

ʩʠʩʪʝʤ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʷ ʠʭ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʭ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʚ ʦʜʠʥ 

ʵʪʘʧ ʧʦʣʫʯʠʪʴ ʢʦʣʣʦʠʜʥʦ ʩʪʘʙʠʣʴʥʳʝ ʦʜʥʦʩʣʦʡʥʳʝ ʯʘʩʪʠʮʳ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʚʘʪʴ ʧʨʝʜʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʪʝʤʧʣʘʪ. ʉʨʦʜʩʪʚʦ ʢ ʜʨʫʛʠʤ 

ʧʦʚʝʨʭʥʦʩʪʷʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʣʝʪʦʯʥʳʤ ʤʝʤʙʨʘʥʘʤ, ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʤʦʛʫʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʚʥʝʰʥʝʛʦ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʛʦ 

ʩʣʦʷ, ʦʩʪʘʚʣʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʛʦ ʷʜʨʘ ʜʦʩʪʫʧʥʳʤ ʜʣʷ 

ʧʦʜʭʦʜʘ ʠ ʧʨʝʜʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʘʥʘʣʠʪʦʚ.  

ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʝʚʨʦʧʠʷ, ʪʝʨʙʠʷ, ʩʘʤʘʨʠʷ, ʠʪʪʝʨʙʠʷ ʩ ʙʝʪʘʜʠʢʝʪʦʥʥʳʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʮʠʢʣʦʬʘʥʦʚʳʤʠ, ʠ ʬʦʩʬʠʥʦʢʩʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʨʘʩʪʚʦʨʘʭ DMF/DMSO. 

ɺʧʝʨʚʳʝ, ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟ ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʣʘʥʪʘʥʦʠʜʦʚ ʷʜʨʘ, ʧʦʣʫʯʝʥʳ ʛʠʜʨʦʬʠʣʴʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ. ɺʳʷʚʣʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. 

ʀʟʫʯʝʥʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢ ʧʨʠʩʫʪʩʪʚʠʶ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʤʘʣʳʭ ʢʦʦʨʜʠʥʠʨʫʶʱʠʭ ʤʦʣʝʢʫʣ. ʉ 

ʫʯʘʩʪʠʝʤ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʩʦʟʜʘʥʳ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʘʥʪʠʙʠʦʪʠʢʦʚ ʬʪʦʨʭʠʥʦʣʦʥʦʚʦʛʦ ʨʷʜʘ, ʪʝʪʨʘʮʠʢʣʠʥʦʚ, ʮʝʬʪʨʠʘʢʩʦʥʘ, ʠʦʥʦʚ 

ʤʝʜʠ(II), ʥʫʢʣʝʦʪʠʜʦʚ ʠ ʛʣʠʬʦʩʘʪʘ. ɼʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʵʥʝʨʛʠʠ ʩ ʣʠʛʘʥʜʘ ʥʘ ʣʘʥʪʘʥʦʠʜʥʳʡ ʤʝʪʘʣʣʦʮʝʥʪʨ ʚ ʩʦʩʪʘʚʝ ʷʜʨʘ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʧʘʨʦʡ ʤʝʪʘʣʣʦʮʝʥʪʨʦʚ Eu-Yb 

ʚ ʩʦʩʪʘʚʝ ʷʜʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘʩʪʨʦʡʢʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʣʘʥʪʘʥʦʠʜʥʳʭ ʯʘʩʪʠʮ ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ ʣʠʛʘʥʜʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʝʪʝʨʦʣʘʥʪʘʥʦʠʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ. ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʪʝʨʤʦʩʝʥʩʦʨʳ ʠ ʥʘʥʦʪʝʨʤʦʤʝʪʨʳ ʩ ʨʝʢʦʨʜʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ (ʜʦ 8,32% ʦʉ-1) ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, 

ʚ ʢʦʪʦʨʳʭ ʷʜʨʦ ʧʦʣʥʦʩʪʴʶ ʩʦʩʪʘʚʣʝʥʦ ʠʟ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. 
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ɺʧʝʨʚʝr ʫʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʢʦʣʣʦʠʜʥʳʤʠ ʠ 

ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ ʚ ʩʦʩʪʘʚʝ ʥʘʥʦʷʜʝʨ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʘʩʪʠʯʥʦʝ ʜʝʭʝʣʘʪʠʨʦʚʘʥʠʝ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʷʜʝʨ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʠʭ ʚʳʩʦʢʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʥʘʥʦʷʜʝʨ ʠ ʠʭ ʩʝʥʩʦʨʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. 

ʄʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʡ ʘʜʩʦʨʙʮʠʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ in situ ʧʦʣʫʯʝʥʥʦʤ 

ʪʝʤʧʣʘʪʝ ʠʟ ʛʘʜʦʣʠʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʣʫʯʝʥʳ ʚʦʜʥʳʝ ʜʠʩʧʝʨʩʠʠ 

ʥʘʥʦʯʘʩʪʠʮ. ɺʳʩʦʢʠʝ, ʚʧʣʦʪʴ ʜʦ r1=22,5 ʤʄ-1ʩ-1, r2=25,5 ʤʄ-1ʩ-1, ʟʥʘʯʝʥʠʷ 

ʨʝʣʘʢʩʠʚʥʦʩʪʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʛʘʜʦʣʠʥʠʝʚʳʭ ʯʘʩʪʠʮ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʄʈʊ ʜʠʘʛʥʦʩʪʠʢʠ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʟʜʘʥʠʷ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʣʶʤʠʥʝʩʮʝʥʪʥʫʶ ʠ ʤʘʛʥʠʪʥʦ-ʨʝʣʘʢʩʘʮʠʦʥʥʫʶ ʬʫʥʢʮʠʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʅʘʫʯʥʘʷ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʦʛʦ ʤʝʪʦʜʘ 

ʧʦʣʫʯʝʥʠʷ ʣʘʥʪʘʥʦʠʜʥʳʭ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʝʨʝʚʦʜʠʪʴ 

ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ f-ɻ ʣʝʤʝʥʪʦʚ ʚ ʛʠʜʨʦʬʠʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ (in situ LbL). ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʤʝʪʦʜʘ 

ʟʘʤʝʥʳ ʨʘʩʪʚʦʨʠʪʝʣʷ (solvent exchange) ʠ ʘʜʩʦʨʙʮʠʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ 

ʯʘʩʪʠʮʘʭ ʦʙʨʘʟʫʶʱʝʡʩʷ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ (LbL). ʇʦʢʘʟʘʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʢ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʣʘʥʪʘʥʦʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʙʝʪʘʜʠʢʝʪʦʥʥʳʤʠ, ʮʠʢʣʦʬʘʥʦʚʳʤʠ, 

ʬʦʩʬʠʥʦʢʩʠʜʥʳʤʠ ʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʀʟʫʯʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ, 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʦ-ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʯʘʩʪʠʮ, 

ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʛʣʫʙʦʢʦʝ 

ʧʦʥʠʤʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʣʣʦʠʜʥʳʭ 

ʯʘʩʪʠʮ, ʧʦʣʫʯʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ. ɼʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʦʣʣʦʠʜʳ ʠʤʝʶʪ ʩʪʨʦʝʥʠʝ ʷʜʨʦ-ʦʙʦʣʦʯʢʘ. ʗʜʨʘ ʧʦʩʪʨʦʝʥʳ ʠʟ ʛʠʜʨʦʬʦʙʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʠʤʝʶʪ ʥʝʚʳʩʦʢʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʟʘ ʩʯʝʪ 
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ʯʘʩʪʠʯʥʦʛʦ ʜʝʭʝʣʘʪʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʥʘ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɿʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʷʜʝʨ 

ʯʘʩʪʠʮ ʠʥʠʮʠʠʨʫʝʪʩʷ ʘʜʩʦʨʙʮʠʷ ʠʦʥʦʚ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ 

ʟʘʨʷʜʘ, ʩʦʧʨʦʚʦʞʜʘʝʤʘʷ ʩʚʝʨʭʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʝʨʝʟʘʨʷʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦʤʠʤʦ ʭʝʣʘʪʦʚ ʣʘʥʪʘʥʦʠʜʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʫʩʧʝʰʥʦ 

ʘʧʨʦʙʠʨʦʚʘʥ ʥʘ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ Au+ ʠ Mn2+, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʥʘ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ d-ʤʝʪʘʣʣʦʚ. ɺ ʨʘʙʦʪʝ ʚʳʷʚʣʝʥʳ 

ʢʦʨʨʝʣʷʮʠʠ ʩʪʨʫʢʪʫʨʘ ʣʠʛʘʥʜʘ ʠʣʠ ʢʦʤʧʣʝʢʩʘ ï ʩʚʦʡʩʪʚʦ ʢʦʣʣʦʠʜʥʦʡ ʯʘʩʪʠʮʳ 

ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʣʘʚʥʦ ʫʧʨʘʚʣʷʪʴ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʈʘʩʢʨʳʪʦ ʚʣʠʷʥʠʝ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʣʠʛʘʥʜʘ 

ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʭʝʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʩʦʩʪʘʚʝ ʢʦʣʣʦʠʜʥʦʡ ʯʘʩʪʠʮʳ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ ʩʦʩʪʘʚʘ ʧʝʨʚʦʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʠʦʥʘ ʤʝʪʘʣʣʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʦʩʣʦʡʥʦʡ 

ʘʜʩʦʨʙʮʠʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʧʨʝʜʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʪʝʤʧʣʘʪʘʭ, ʙʣʘʛʦʜʘʨʷ 

ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʥʦʡ in situ ʛʝʥʝʨʘʮʠʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʷʜʝʨ, ʧʦʩʪʨʦʝʥʥʳʭ ʠʟ 

ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʥʦʩʷʪʩʷ ʩʣʦʠ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʠʦʥʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʡ 

ʣʘʥʪʘʥʦʠʜʥʦʡ ʥʘʥʦʧʣʘʪʬʦʨʤʳ, ʦʪʢʨʳʚʘʶʱʝʡ ʧʝʨʩʧʝʢʪʠʚʳ ʩʦʟʜʘʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʩʝʣʝʢʪʠʚʥʳʭ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʠʦʥʥʳʭ ʘʥʘʣʠʪʦʚ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʩʦʟʜʘʥʳ ʤʝʪʦʜʠʢʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʪʠʙʠʦʪʠʢʦʚ ʬʪʦʨʭʠʥʦʣʦʥʦʚʦʛʦ ʪʝʪʨʘʮʠʢʣʠʥʦʚʦʛʦ ʠ ʙʝʪʘ-

ʣʘʢʪʘʤʥʦʛʦ ʨʷʜʦʚ. ʉ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʦʟʜʘʥʳ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʝʥʩʦʨʳ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ ʤʝʜʠ(II), 

ʥʫʢʣʝʦʪʠʜʦʚ, ʧʝʩʪʠʮʠʜʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʜʝʡʩʪʚʠʷ ï ʛʣʠʬʦʩʘʪʘ. ɹʣʘʛʦʜʘʨʷ 

ʪʦʤʫ, ʯʪʦ ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʩʠʛʥʘʣ ʧʦʣʫʯʝʥʥʳʭ ʢʦʣʣʦʠʜʦʚ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʨʤʦʩʝʥʩʦʨʳ ʠ ʥʘʥʦʪʝʨʤʦʤʝʪʨʳ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 
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ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʦʢʦʣʦʨʝʢʦʨʜʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ (ʜʦ SI 

=8,32% oC-1 ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ SI =6,2% 
oC-1 ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ) ʚ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. ɺʳʩʦʢʠʝ, ʚʧʣʦʪʴ ʜʦ r1=22,5 ʤʄ-1ʩ-1, 

r2=25,5 ʤʄ-1ʩ-1, ʟʥʘʯʝʥʠʷ ʨʝʣʘʢʩʠʚʥʦʩʪʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʛʘʜʦʣʠʥʠʝʚʳʭ 

ʯʘʩʪʠʮ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʤ ʧʦʪʝʥʮʠʘʣʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʄʈʊ ʜʠʘʛʥʦʩʪʠʢʠ. ʀʥʪʝʥʩʠʚʥʘʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʩʳʣʢʦʡ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ 

ʤʘʨʢʝʨʦʚ, ʯʝʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠ ʠʭ ʥʠʟʢʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. ɼʠʩʩʝʨʪʘʮʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.4. ï ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

(ʭʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠ) ʚ ʧʫʥʢʪʘʭ: ʧ.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ; ʧ.4. ʊʝʦʨʠʷ ʨʘʩʪʚʦʨʦʚ, ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʤʝʞʯʘʩʪʠʯʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʦʝʥʠʷ, ʩʚʦʡʩʪʚ ʠ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʣʝʢʫʣ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʦʩʪʳʭ ʠ ʥʝʧʨʦʩʪʳʭ 

ʞʠʜʢʦʩʪʷʭ, ʘ ʪʘʢʞʝ ʨʘʥʥʠʭ ʩʪʘʜʠʡ ʧʨʦʮʝʩʩʦʚ ʨʘʩʪʚʦʨʝʥʠʷ ʠ 

ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ; ʧ.5. ʀʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ 

ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʧʦʪʦʢʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ 

ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʭ/ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʭ ʤʥʦʛʦʢʨʘʪʥʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ 

ʨʘʟʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʟʘʨʫʙʝʞʥʳʭ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʠʪʩʷ ñlayer-by-

layerò ʧʨʠʥʮʠʧ ʧʦʣʫʯʝʥʠʷ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʷʜʨʦ-ʦʙʦʣʦʯʢʘ ʟʘ ʩʯʝʪ 

ʧʦʩʣʦʡʥʦʡ ʘʜʩʦʨʙʮʠʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʩʘʤʦʛʝʥʝʨʠʨʫʶʱʝʤʩʷ ʪʝʤʧʣʘʪʝ, 
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ʬʦʨʤʠʨʫʶʱʠʤʩʷ ʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʭʝʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʣʘʥʪʘʥʦʠʜʘ (in situ 

LbL). 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʷʜʝʨ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ 

ʯʘʩʪʠʮ ʠʟ ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʝʚʨʦʧʠʷ(III), ʪʝʨʙʠʷ(III), 

ʩʘʤʘʨʠʷ(III), ʠʪʪʝʨʙʠʷ(III) ʠ ʛʘʜʦʣʠʥʠʷ(III) ʩ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʠ 

ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʠʣʠ 

ʤʘʛʥʠʪʥʦ-ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʡ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʢʘʯʝʩʪʚʝ ʪʝʤʧʣʘʪʦʚ ʜʣʷ 

ʩʙʦʨʢʠ ʩʣʦʝʚ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. 

ɼʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʯʘʩʪʠʮ in situ 

LbL ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠ ʚ ʚʳʩʫʰʝʥʥʦʤ ʚʠʜʝ ʥʘ ʧʦʜʣʦʞʢʘʭ, ʠʭ ʤʦʨʬʦʣʦʛʠʷ, 

ʩʧʝʢʪʨʘʣʴʥʦ-ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ, ʧʦʚʝʨʭʥʦʩʪʥʦ-ʟʘʨʷʜʦʚʳʝ ʠ ʭʠʤʠʢʦ-ʩʝʥʩʦʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʠ, ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, ʩʧʝʢʪʨʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʠʠ.  

ʇʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʤʘʣʳʝ 

ʢʦʦʨʜʠʥʠʨʫʶʱʠʝ ʤʦʣʝʢʫʣʳ-ʘʥʘʣʠʪʳ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʨʬʦʣʦʛʠʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʠʭ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠ 

ʩʝʥʩʦʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʌʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʤʘʛʥʠʪʥʦ-ʨʝʣʘʢʩʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʦʜʘ ñlayer-by-

layerò ʩ in situ ʛʝʥʝʨʘʮʠʝʡ ʷʜʨʘ ʠʟ ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʛʘʜʦʣʠʥʠʷ(III).  

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʦʜʥʦʮʝʥʪʨʦʚʦʡ ʠ ʜʚʫʭʮʝʥʪʨʦʚʦʡ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʪʝʨʤʦʤʝʪʨʠʠ ʥʘ ʦʩʥʦʚʝ 

ʤʦʥʦʷʜʝʨʥʳʭ (ʪʝʨʙʠʡ, ʝʚʨʦʧʠʡ) ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ (ʝʚʨʦʧʠʡ/ʩʘʤʘʨʠʡ) 

ʣʘʥʪʘʥʦʠʜʥʳʭ ʩʠʩʪʝʤ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʚʳʩʦʢʫʶ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, ʠʟ ʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʦ ʤʝʪʦʜʫ in situ LbL. 

ʇʦʣʫʯʝʥʠʝ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʛʥʠʪʥʦ-ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʯʘʩʪʠʮ ʟʘ 

ʩʯʝʪ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʜʚʫʭ ʪʠʧʦʚ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʩʦʩʪʘʚʝ ʷʜʨʘ. 
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ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: Recent Advances 

Safety and Toxicology Issues BIONANOTOX2011 (4-13 ʤʘʷ 2011, ʀʨʘʢʣʠʦʥ, 

ɻʨʝʮʠʷ); ʏʝʪʚʝʨʪʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʣʝʪʥʷʷ ʰʢʦʣʘ çSupramolecular systems in 

Chemistry and Biologyè (8-17 ʩʝʥʪʷʙʨʷ 2011, ʈʝʛʝʥʩʙʫʨʛ, ɻʝʨʤʘʥʠʷ); 

ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çColloids and Nanomedicineè (15-17 ʠʶʣʷ 2012, 

ɸʤʩʪʝʨʜʘʤ, ʅʠʜʝʨʣʘʥʜʳ); ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ICCC40 (9-13 

ʩʝʥʪʷʙʨʷ 2012 ʛʦʜʘ, ɺʘʣʝʥʩʠʷ, ʀʩʧʘʥʠʷ); Russian-French Symposium on 

Supramolecular and Coordination Chemistry (23-24 ʘʧʨʝʣʷ 2013 ʛ., ʂʘʟʘʥʴ, 

ʈʦʩʩʠʷ); 15 ɸʟʠʘʪʩʢʠʡ ʭʠʤʠʯʝʩʢʠʡ ʢʦʥʛʨʝʩʩ (19-23 ʘʚʛʫʩʪʘ 2013 ʛʦʜʘ, 

ʉʠʥʛʘʧʫʨ); XXIV International Conference on Coordination and Bioinorganic 

Chemistry (2-7 ʠʶʥʷ 2013 ʛ., ʉʤʦʣʝʥʠʮʝ, ʉʣʦʚʘʮʢʘʷ ʈʝʩʧʫʙʣʠʢʘ); 9th and 12th 

International Conference on Surfaces, Coatings and Nanostructured Materials 

(NANOSMAT2014, 8ï11 ʩʝʥʪʷʙʨʷ 2014 ʛ., ɼʫʙʣʠʥ, ʀʨʣʘʥʜʠʷ, 

NANOSMAT2017, 11-13 ʩʝʥʪʷʙʨʷ 2017 ʛ., ʇʘʨʠʞ, ʌʨʘʥʮʠʷ); XXVI International 

Chugaev Conference on coordination chemistry (6-10 ʦʢʪʷʙʨʷ 2014, ʂʘʟʘʥʴ, 

ʈʦʩʩʠʷ); VII International symposium çDesign and synthesis of supramolecular 

architecturesè (6-10 ʦʢʪʷʙʨʷ 2014, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ); ʐʝʩʪʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʂʦʥʬʝʨʝʥʮʠʷ ʧʦ ʅʘʥʦʪʝʭʥʦʣʦʛʠʷʤ: çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʆʩʥʦʚʳ ʠ 

ʇʨʠʤʝʥʝʥʠʝè ICNFA15 (15-17 ʠʶʣʷ 2015 ʛʦʜʘ, ɹʘʨʩʝʣʦʥʘ, ʀʩʧʘʥʠʷ); 8th 

International Conference on Nanomaterials - Research & Application 

NANOCON2016 (19-21 ʦʢʪʷʙʨʷ, 2016, ɹʨʥʦ, ʏʝʭʠʷ), 7th Szeged international 

workshop on advances in nanoscience 2016 SIWAN7 (12-15 ʦʢʪʷʙʨʷ 2016 ʛ., 

ʉʝʛʝʜ, ɺʝʥʛʨʠʷ); 16th International Seminar on Inclusion Compounds (29 ʠʶʥʷ 

2017 ʛ., ʂʘʟʘʥʴ, ʈʦʩʩʠʷ); 16th Conference of the International Association of 

Colloid and Interface Scientists IACIS2018 (21-25 ʤʘʷ 2018 ʛ., ʈʦʪʪʝʨʜʘʤ, 

ʅʠʜʝʨʣʘʥʜʳ); The International Conference on Pure and Applied Chemistry 

ICPAC2018 (2-6 ʠʶʣʷ 2018 ʛ., ʄʘʚʨʠʢʠʡ); First Russian-Chinese workshop on 

organic and supramolecular chemistry (10-13 ʘʚʛʫʩʪʘ 2018 ʛ., ʂʘʟʘʥʴ, ʈʦʩʩʠʷ); 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ V ʠ VII ʈʦʩʩʠʡʩʢʠʡ 
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ʜʝʥʴ ʨʝʜʢʠʭ ʟʝʤʝʣʴ, (14-15 ʬʝʚʨʘʣʷ 2019 ʛʦʜʘ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, 14-

16 ʬʝʚʨʘʣʷ 2022 ʛ., ʂʘʟʘʥʴ, ʈʦʩʩʠʷ); 2021 International chemical congress of 

pacific basin societies, Virtual Congress (16-21 ʜʝʢʘʙʨʷ 2021 ʛ., ɻʦʥʦʣʫʣʫ, ʉʐɸ); 

12th and 13th International Advances in Applied Physics & Materials Science 

Congress & Exhibition (APMAS2022, 13-19 ʦʢʪʷʙʨʷ 2022 ʛ., ʄʫʛʣʘ, ʊʫʨʮʠʷ; 

APMAS2023, 11-17 ʦʢʪʷʙʨʷ 2023 ʛ., ʄʫʛʣʘ, ʊʫʨʮʠʷ); 8th and 9th International 

Congress on Biomaterials and Biosensors (BIOMATSEN2023, 13-19 ɸʧʨʝʣʷ, 

2023, ʄʫʛʣʘ, ʊʫʨʮʠʷ, BIOMATSEN2024, 18-24 ɸʧʨʝʣʷ, 2024, ʄʫʛʣʘ, ʊʫʨʮʠʷ); 

5th and 6th International Chemistry Conference on çRecent Trends in Chemistryè, 

(15-16 ʤʘʨʪʘ, ʀʩʣʘʤʘʙʘʜ, ʇʘʢʠʩʪʘʥ (ʦʥʣʘʡʥ), 14-15 ʬʝʚʨʘʣʷ, ʀʩʣʘʤʘʙʘʜ, 

ʇʘʢʠʩʪʘʥ (ʦʥʣʘʡʥ)); The 4th International Conference on Advanced Functional 

Materials (CAFM 2023), August 11-13, 2023 in Xiamen, China; International 

Conference çNew Emerging Trends in Chemistryè (NETC-2023, 24-28 ʩʝʥʪʷʙʨʷ 

2023 ʛ., ɽʨʝʚʘʥ, ɸʨʤʝʥʠʷ); ʅʘʫʯʥʳʡ ʩʝʤʠʥʘʨ çʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè (21 ʠʶʥʷ 2023 ʛ., ʂʘʟʘʥʴ, ʈʦʩʩʠʷ); 

ʚʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çVIII ʈʦʩʩʠʡʩʢʠʡ ʜʝʥʴ ʨʝʜʢʠʭ ʟʝʤʝʣʴè, 14-16 

ʬʝʚʨʘʣʷ 2024, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ; ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʅʘʫʢʘ, ʪʝʭʥʠʢʘ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʝʨʠʦʜ 

ɺʦʟʨʦʞʜʝʥʠʷ ʥʦʚʦʡ ʵʧʦʭʠ ʤʦʛʫʱʝʩʪʚʝʥʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘè, (12-13 ʠʶʥʷ 2024 ʛ., 

ɸʰʭʘʙʘʜ, ʊʫʨʢʤʝʥʠʩʪʘʥ); ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʢʦʥʛʨʝʩʩ ʦʙʱʝʩʪʚ 

ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ (PACIFICHEM2025, 15-20 ʜʝʢʘʙʨʷ 2025 ʛ., ɻʦʥʦʣʫʣʫ, 

ʉʐɸ). ʀʪʦʛʦ, ʜʦʢʣʘʜʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 4 ʧʨʠʛʣʘʰʝʥʥʳʭ ʠ 3 ʧʣʝʥʘʨʥʳʭ, ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʥʘ 33 ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʠ ʰʠʨʦʢʦ ʦʙʩʫʞʜʘʣʠʩʴ ʚ ʨʘʤʢʘʭ 

11 ʧʨʠʛʣʘʰʝʥʥʳʭ ʣʝʢʮʠʡ ʚ: Linkoping University (17 ʬʝʚʨʘʣʷ 2016), ʃʠʥʯʝʧʠʥʛ, 

ʐʚʝʮʠʷ; Lulea University of Technology (30 ʥʦʷʙʨʷ 2018), ʃʫʣʝʦ, ʐʚʝʮʠʷ; 

ICCOM-CNR ʠ University of Pisa (11 ʦʢʪʷʙʨʷ 2018), ʇʠʟʘ, ʀʪʘʣʠʷ; ʀʅʍ ʠʤ. 

ʅʠʢʦʣʘʝʚʘ (ʬʝʚʨʘʣʴ 2019), ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ; FZU (ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ 

ʏʝʰʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 29 ʥʦʷʙʨʷ 2019), ʇʨʘʛʘ, ʏʝʭʠʷ; ʂɻɸɺʄ (ʂʘʟʘʥʩʢʘʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ ʠʤʝʥʠ ʅ.ʕ. ɹʘʫʤʘʥʘ, 20 
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ʄʘʷ 2021 ʛʦʜʘ), ʂʘʟʘʥʴ, ʈʦʩʩʠʷ; Southwest Petroleum University (17 ʘʚʛʫʩʪʘ 

2023 ʛʦʜʘ) ʏʝʥʛʜʫ, ʂʠʪʘʡ; University of Peradeniya (14 ʜʝʢʘʙʨʷ 2023 ʛʦʜʘ), 

ʇʝʨʘʜʝʥʠʷ, ʐʨʠ-ʃʘʥʢʘ; ʍʠʤʠʯʝʩʢʠʡ ʂʦʣʣʝʜʞ ʫʥʠʚʝʨʩʠʪʝʪʘ ʏʞʝʥʯʞʦʫ (18 

ʜʝʢʘʙʨʷ 2024 ʛʦʜʘ) ʏʞʝʥʯʞʦʫ, ʂʠʪʘʡ; ʆʙʲʝʜʠʥʝʥʥʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʅʀʃ 

ʟʝʣʝʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʍʵʥʘʥʴ ñʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʠ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʠʦʘʥʘʣʠʟʝò ʫʥʠʚʝʨʩʠʪʝʪʘ ʏʞʵʥʯʞʦʫ (19 ʜʝʢʘʙʨʷ 2024 ʛʦʜʘ), 

ʏʞʝʥʯʞʦʫ, ʂʠʪʘʡ; ʏʘʥʯʫʥʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ (23 ʘʧʨʝʣʷ 2025 

ʛʦʜʘ), ʏʘʥʯʫʥʴ, ʂʠʪʘʡ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 56 ʨʘʙʦʪ, ʚ ʪʦʤ 

ʯʠʩʣʝ 31 ʪʝʟʠʩʘ ʜʦʢʣʘʜʦʚ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʠʤʧʦʟʠʫʤʘʭ ʠ 25 ʩʪʘʪʝʡ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʩ 91 ʫʯʝʥʳʤ ʠʟ 9 ʩʪʨʘʥ. ʀʟ 

25 ʩʪʘʪʝʡ 18 ʚʳʧʫʱʝʥʳ ʚ ʠʟʜʘʥʠʷʭ ʧʝʨʚʦʛʦ ʢʚʘʨʪʠʣʷ ʧʦ ʜʘʥʥʳʤ Scimago 

Journal & Country Rank (2024). ʇʝʨʝʯʝʥʴ ʞʫʨʥʘʣʦʚ ʩʦʩʪʦʠʪ ʠʟ: ʉolloids and 

Surfaces B: Biointerfaces (3 ʩʪʘʪʴʠ), Journal of Nanoparticle Research (2 ʩʪʘʪʴʠ), 

Analytica Chimica Acta, New Journal of Chemistry, ɾʫʨʥʘʣ ʆʨʛʘʥʠʯʝʩʢʦʡ 

ʍʠʤʠʠ, Colloids and Surfaces A: Physicochemical and Engineering Aspects, 

Surface and Coatings Technology, Chemistry Select, ʀʟʚʝʩʪʠʷ ʅʘʫʢ: ʉʝʨʠʷ 

ʍʠʤʠʯʝʩʢʘʷ, Tetrahedron, Scientific Reports (3 ʩʪʘʪʴʠ), Mikrochimica Acta, 

Matʝrials Science and Engineering C (2 ʩʪʘʪʴʠ), Journal of Physical Chemistry C, 

Molecules (2 ʩʪʘʪʴʠ, ʦʜʥʘ ʠʟ ʥʠʭ ʦʙʟʦʨʥʘʷ), Nanomaterials (2 ʩʪʘʪʴʠ), Sensors 

and Actuators: Chemical.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 371 ʩʪʨ., 

ʩʦʜʝʨʞʠʪ 53 ʪʘʙʣʠʮʳ, 127 ʨʠʩʫʥʢʦʚ, 453 ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʩʩʳʣʦʢ. ʈʘʙʦʪʘ 

ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ (ɻʣʘʚʘ 1), ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

(ɻʣʘʚʘ 2), ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ (ɻʣʘʚʘ 3), ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʫʩʣʦʚʥʳʭ 

ʦʙʦʟʥʘʯʝʥʠʡ ʠ ʩʦʢʨʘʱʝʥʠʡ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʠʩʪʝʤ ʀʆʌʍ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ï ʦʙʦʩʦʙʣʝʥʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʌʀʎ ʂʘʟʅʎ ʈɸʅ ʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʫʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʀʥʩʪʠʪʫʪʘ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 
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ʙʶʜʞʝʪʥʳʤ ʪʝʤʘʤ. ʏʘʩʪʴ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʜʜʝʨʞʘʥʘ ʈʦʩʩʠʡʩʢʠʤ ʥʘʫʯʥʳʤ 

ʬʦʥʜʦʤ (22-23-00853; 21-13-00115; 22-13-00010; 17-13-01013), ʈʦʩʩʠʡʩʢʠʤ 

ʬʦʥʜʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (12-03-31089_ʤʦʣ_ʘ; 12-03-

33122_ʤʦʣ_ʘ_ʚʝʜ), ʛʨʘʥʪʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʢʨʫʧʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʝʢʪʦʚ ʚ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ (075-15-2024-646), 

ʧʨʝʟʠʜʝʥʪʩʢʠʤʠ ʛʨʘʥʪʘʤʠ ʄʦʣʦʜʳʝ ʢʘʥʜʠʜʘʪʳ (4456.2015.3; 4617.2012.3) ʠ 

ʛʨʘʥʪʦʤ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʊ (64/2024-ʇɼ). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɺʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʷʣ ʚ ʚʳʙʦʨʝ ʥʘʧʨʘʚʣʝʥʠʡ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʠ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘʥʘʣʠʟʝ, 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʦʙʦʙʱʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʛʦʪʦʚʢʝ ʤʘʪʝʨʠʘʣʦʚ ʢ 

ʧʫʙʣʠʢʘʮʠʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʘ ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ 

ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ 

ʀʆʌʍ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʢ.ʭ.ʥ. ɸ.ʇ. ɼʦʚʞʝʥʢʦ (ʟʘʱʠʪʠʣʩʷ ʚ ʬʝʚʨʘʣʝ 2025 ʛʦʜʘ 

ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʈ.ʈ. ɿʘʠʨʦʚʘ), ʢ.ʭ.ʥ. ʅ.ɸ. ʐʘʤʩʫʪʜʠʥʦʚʦʡ, ʚʳʧʫʩʢʥʠʢʘʤʠ 

ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ ʂʌʋ, ʨʘʙʦʪʘʚʰʠʤʠ ʧʦʜ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʘʚʪʦʨʘ ʠ ʟʘʱʠʪʠʚʰʠʤʠ ʜʠʧʣʦʤʥʳʝ ʠ ʤʘʛʠʩʪʝʨʩʢʠʝ ʨʘʙʦʪʳ, ɻ.ɼ. 

ʍʘʢʠʤʫʣʣʠʥʦʡ, ʄ.ɽ. ɾʠʣʢʠʥʳʤ, ʂ.ɸ. ʉʘʨʢʘʥʠʯʝʤ ʠ ʘʩʧʠʨʘʥʪʦʤ ʂʌʋ ʊ.ɸ. 

ʂʦʨʥʝʚʳʤ. 

ʏʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʘʷ ʤʘʛʥʠʪʥʦ-ʨʝʣʘʢʩʘʮʠʦʥʥʳʤ 

ʠʟʤʝʨʝʥʠʷʤ, ʦʩʫʱʝʩʪʚʣʝʥʘ ʩʦʚʤʝʩʪʥʦ ʩ ʜ.ʭ.ʥ. ʈ.ʈ. ɸʤʠʨʦʚʳʤ (ʂʌʋ) ʠ ʃʶʯʠʝʡ 

ʂʘʣʫʯʯʠ (Lucia Calucci, CNR-ICCOM, ʛ. ʇʠʟʘ, ʀʪʘʣʠʷ). ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ 

ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʜ.ʭ.ʥ. ɸ.ʊ. ɻʫʙʘʡʜʫʣʣʠʥʳʤ, ʢ.ʭ.ʥ. ʈ.ʈ. ʌʘʡʟʫʣʣʠʥʳʤ ʠ 

ʄʠʭʘʣʦʤ ɼʫʰʝʢʦʤ (Michal Dusek, FZU, ʇʨʘʛʘ, ʏʝʭʠʷ). ʗʄʈ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʢ.ʭ.ʥ. ɺ.ɺ. ʉʷʢʘʝʚʘ, ʜ.ʭ.ʥ. ʐ.ʂ. 

ʃʘʪʳʧʦʚʘ ʠ ʜʦʢʪʦʨʘ ʄ. ɻʨʶʥʝʨ (ʊʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʨʝʟʜʝʥ, 

ɻʝʨʤʘʥʠ)̫. ʄʘʩʩ-ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʙʳʣ ʚʳʧʦʣʥʝʥ ʢ.ʭ.ʥ. ɺ.ʄ. ɹʘʙʘʝʚʳʤ ʠ 

ʀ.ʍ. ʈʠʟʚʘʥʦʚʳʤ. ʆʧʪʠʯʝʩʢʘʷ ʵʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʨʦʚʝʜʝʥʘ ʂ.ɺ. 

ʍʦʣʠʥʳʤ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʦʛʨʦʤʥʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʉ.ʅ. ʇʦʜʴʷʯʝʚʫ, ʉ.ʅ. 
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ʉʫʜʘʢʦʚʦʡ, ɺ.ɺ. ʂʦʚʘʣʝʚʫ, ʀ.ʄ. ɺʘʮʫʨʦ, ɺ.ʌ. ʄʠʨʦʥʦʚʫ ʠ ɼ.ɸ. ʊʘʪʘʨʠʥʦʚʫ ʟʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʣʠʛʘʥʜʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʀ.ʈ. 

ʅʠʟʘʤʝʝʚʘ ʠ ɺ.ɻ. ɽʚʪʶʛʠʥʘ ʟʘ ʢʘʯʝʩʪʚʝʥʥʳʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ, 

ɸ.ɼ. ɺʦʣʦʰʠʥʫ ʟʘ ʠʟʫʯʝʥʠʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠ ʩʦʚʤʝʩʪʥʳʝ ʨʘʙʦʪʳ ʧʦ 

ʢʣʝʪʦʯʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ɹʦʣɹh ʘ̫ ʧʦʤʦʱʴ ʚ ʜʦʩʪʫʧʝ ʢ 

ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʙʳʣʘ ʦʢʘʟʘʥʘ ʂ.ɸ. ʇʝʪʨʦʚʳʤ, ɸ.ɻ. 

ʐʤʝʣʝʚʳʤ ʠ ɺ.ɸ. ɹʫʨʠʣʦʚʳʤ. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʥʘ ʢʘʬ. ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʌɻɹʆʋ ɺʆ ʂʅʀʊʋ ɸ.ʅ. ʄʘʩʣʠʝʤ 

ʠ ʜ.ʭ.ʥ. ɸ.ʄ. ʂʫʟʥʝʮʦʚʳʤ. 

ɸʚʪʦʨ ʚrʨʘʞʘʝʪ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʟʘʨʫʙʝʞʥʳʤ ʢʦʣʣʝʛʘʤ: ʜʦʢʪʦʨʫ 

ɸʣʴʙʝʨʪʦ ɺʦʤʠʝʨʦ (Alberto Vomiero, University CaôFoscari, ɺʝʥʝʮʠʷ, ʀʪʘʣʠʷ) ʠ 

ʌʨʘʥʯʝʩʢʦ ʕʥʨʠʯʠ (Francesco Enrichi, University of Verona, ɺʝʨʦʥʘ, ʀʪʘʣʠʷ) ʟʘ 

ʦʙʩʫʞʜʝʥʠʝ ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʠʠ ʠ ʧʦʤʦʱʴ ʚ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʝʥ ʢ.ʭ.ʥ. ɿ.ɸ. ʉʘʧʨʳʢʦʚʦʡ ʟʘ ʧʨʠʛʣʘʰʝʥʠʝ ʚ ʥʘʫʢʫ, ʘ ʪʘʢʞʝ ʢ.ʭ.ʥ. 

ɿʫʣʝʡʭʝ ʄʘʢʄʠʣʣʘʥ, ʜ.ʭ.ʥ. ʈ.ʈ. ɸʤʠʨʦʚʫ ʠ ʢ.ʭ.ʥ. ʖ.ɻ. ɽʣʠʩʪʨʘʪʦʚʦʡ ʟʘ ʧʦʤʦʱʴ 

ʚ ʦʩʚʦʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʨʠʝʤʦʚ. ʅʝʦʮʝʥʠʤʘʷ ʧʦʤʦʱʴ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠ ʚʩʝʩʪʦʨʦʥʥʷʷ ʧʦʜʜʝʨʞʢʘ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ 

ʥʘʫʯʥʦʛʦ ʧʫʪʠ ʙʳʣʘ ʦʢʘʟʘʥʘ ʥʘʫʯʥʳʤ ʢʦʥʩʫʣʴʪʘʥʪʦʤ ʜ.ʭ.ʥ. ɸ.ʈ. ʄʫʩʪʘʬʠʥʦʡ 

ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʦʩʦʙʫ ʁʙʣʘʛʦʜʘʨʥʦʩʪʴ. ɸʚʪʦʨ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʝʥ 

ʚʩʝʤʫ ʢʦʣʣʝʢʪʠʚʫ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ 

ʀʆʌʍ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʟʘ ʜʨʫʞʝʩʢʫʶ ʧʦʤʦʱʴ. 
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ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1 ʄʝʪʦʜ ʧʦʩʣʦʡʥʦʡ ʘʜʩʦʨʙʮʠʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ (Layer-by-layer, LbL) 

1.1.1 ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʣʝʥʦʢ ʦʪ ʃʝʥʛʤʶʨ-ɹʣʦʜʞʝʪʪ ʜʦ 

ʧʦʩʣʦʡʥʦʡ ʘʜʩʦʨʙʮʠʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ 

ʉʦʟʜʘʥʠʝ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʫʣʴʪʨʘʪʦʥʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʣʦʝʚ ʠʣʠ ʧʣʝʥʦʢ, 

ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʪʦʯʥʦʝ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ. ɼʦʤʠʥʠʨʫʶʱʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʩʚʝʨʭʫ-ʚʥʠʟ ʚ ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ ʩʪʦʣʢʥʝʪʩʷ ʩ ʬʠʟʠʯʝʩʢʠʤ 

ʧʨʝʜʝʣʦʤ ʚʩʣʝʜʩʪʚʠʝ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ ʋʌ-, 

ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʠʦʥʥʦʡ ʣʠʪʦʛʨʘʬʠʠ. ɺ ʵʪʦʤ ʧʣʘʥʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʩʥʠʟʫ-ʚʚʝʨʭ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠʤʝʶʪ 

ʙʦʣʴʰʫʶ ʧʝʨʩʧʝʢʪʠʚʫ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʟʚʦʣʷʪʁ ʜʦʩʪʠʯʴ ʬʠʟʠʯʝʩʢʠ 

ʜʦʩʪʠʞʠʤʳʭ ʧʨʝʜʝʣʦʚ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʚ ʦʜʠʥ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʡ ʩʣʦʡ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʘʤʝʣʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʦʙʣʘʜʘʶʱʠʭ ʘʥʠʟʦʪʨʦʧʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. in situ 

ʉ 30-ʭ ʛʦʜʦʚ XX ʚʝʢʘ ʪʝʭʥʦʣʦʛʠʷ ʃʝʥʛʤʶʨ-ɹʣʦʜʞʝʪʪ ʟʘʥʠʤʘʣʘ 

ʘʙʩʦʣʶʪʥʦ ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʣʫʯʝʥʠʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ [1]. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʤʦʥʦʩʣʦʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʧʝʨʝʥʦʩʷʪʩʷ ʥʘ ʪʚʝʨʜʫʶ 

ʧʦʜʣʦʞʢʫ [2,3]. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʦʟʜʘʥʠʶ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʃʝʥʛʤʶʨ-ɹʣʦʜʞʝʪʪ 

ʧʠʦʥʝʨʩʢʦʡ ʩʪʘʣʘ ʨʘʙʦʪʘ, ʧʨʦʚʝʜʝʥʥʘʷ ʀʥʘʢʝʨʦʤ ʠ ʝʛʦ ʢʦʣʣʝʛʘʤʠ ʚ ʢʦʥʮʝ 1960-

ʭ ʛʦʜʦʚ. ʀʭ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʜʦʥʦʨʥʳʤʠ ʠ ʘʢʮʝʧʪʦʨʥʳʤʠ ʢʨʘʩʠʪʝʣʷʤʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʣʦʷʭ ʧʣʸʥʦʢ ʃʝʥʛʤʶʨ-ɹʣʦʜʞʝʪʪ ʧʨʝʜʦʩʪʘʚʠʣʠ ʧʨʷʤʦʝ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʜʠʩʪʘʥʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʦʛʦ ʬʸʨʩʪʝʨʦʚʩʢʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ 

ʥʘ ʥʘʥʦʨʘʟʤʝʨʥʦʤ ʫʨʦʚʥʝ. ʕʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʪʘʢʞʝ ʩʪʘʣʠ ʧʝʨʚʳʤʠ 

ʠʩʪʠʥʥʳʤʠ ʥʘʥʦʤʘʥʠʧʫʣʷʮʠʷʤʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʟʚʦʣʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠ 
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ʫʧʨʘʚʣʷʪʴ ʦʪʜʝʣʴʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʣʦʷʤʠ, ʥʘʧʨʠʤʝʨ, ʨʘʟʜʝʣʷʪʴ ʠʭ ʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʢʦʥʪʘʢʪʳ ʩ ʥʘʥʦʤʝʪʨʦʚʦʡ ʪʦʯʥʦʩʪʴʶ [4].  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠ ʚʩʝʭ ʩʚʦʠʭ ʧʣʶʩʘʭ, ʪʝʭʥʦʣʦʛʠʷ ʃʝʥʛʤʶʨ-ɹʣʦʜʞʝʪʪ 

ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʞʝʩʪʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ 

ʨʘʟʤʝʨʘʤ ʠ ʧʨʠʨʦʜʝ ʧʦʜʣʦʞʢʠ, ʘ ʪʘʢʞʝ ʧʨʦʙʣʝʤʳ ʩ ʢʘʯʝʩʪʚʦʤ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ 

ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ. ʇʦ ɻʪʦʡ ʧʨʠʯʠʥʝ ʠʤʝʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ 

ʟʘʧʨʦʩ ʚ ʨʘʟʨʘʙʦʪʢʝ ʙʦʣʝʝ ʫʜʦʙʥʦʛʦ ʠ ʧʨʦʩʪʦʛʦ ʤʝʪʦʜʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʙʳ 

ʧʦʣʫʯʘʪʴ ʥʘʥʦʩʣʦʠ ʩ ʪʦʯʥʳʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ. 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʠʪʷʞʝʥʠʝ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʟʘʨʷʞʝʥʥʳʤʠ 

ʧʦʣʠʤʝʨʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʦʢʘʟʘʣʦʩʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ 

ʜʣʷ ʧʦʩʣʦʡʥʦʡ ʩʙʦʨʢʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʧʨʝʜʲʷʚʣʷʝʪ ʥʘʠʤʝʥʴʰʠʝ ʩʪʝʨʠʯʝʩʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ, ʜʘ ʠ, ʚʦʦʙʱʝ, ʢʘʢʫʶ-ʣʠʙʦ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʴ ʧʦʤʠʤʦ 

ʨʘʟʥʦʠʤʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʟʘʨʷʜʦʚ, ʩʨʝʜʠ ʚʩʝʭ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʭ ʪʠʧʦʚ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʉ ʥʘʯʘʣʘ 1990-ʭ ʛʦʜʦʚ 

ɻʝʨʦ ɼʝʯʝʨ, ʨʘʙʦʪʘʶʱʠʡ ʩʥʘʯʘʣʘ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʀʦʛʘʥʥʘ ɻʫʪʝʥʙʝʨʛʘ ʚ 

ʄʘʡʥʮʝ, ʘ ʟʘʪʝʤ ʚ ʉʪʨʘʩʙʫʨʛʩʢʦʤ ʋʥʠʚʝʨʩʠʪʝʪʝ ʃʫʠ ʇʘʩʪʝʨʘ, ʨʘʟʨʘʙʘʪʳʚʘʣ 

ʤʝʪʦʜʠʢʫ ʩʦʟʜʘʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʣʝʥʦʢ ʠʟ ʩʪʝʨʞʥʝʦʙʨʘʟʥʳʭ ʤʦʣʝʢʫʣ 

ʩ ʠʦʥʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ ʦʙʦʠʭ ʢʦʥʮʘʭ [5], ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ [6] ʠʣʠ ʜʨʫʛʠʭ 

ʟʘʨʷʞʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʫʪʝʤ ʧʦʩʣʦʡʥʦʡ ʘʜʩʦʨʙʮʠʠ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, 

[7,8], ʯʝʤ ʧʦʜʛʦʪʦʚʠʣ ʩʦʣʠʜʥʳʡ ʬʫʥʜʘʤʝʥʪ ʢ ʬʦʨʤʫʣʠʨʦʚʘʥʠʶ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ LbL ʢʘʢ ʤʝʪʦʜʘ. ʇʦ ʩʚʦʝʡ ʩʫʪʠ, ʚ ʩʚʦʝʤ ʪʨʫʜʝ [9] ɼʝʯʝʨʦʤ 

ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʡ, ʧʝʨʝʦʩʤʳʩʣʝʥʥʳʡ ʠ ʦʬʦʨʤʣʝʥʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʝʛʦ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ 1991 ʛʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʚʥʠʤʘʥʠʶ ʥʘʫʯʥʦʡ 

ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʙʳʣʠ ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʩʦʟʜʘʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʥʘ ʥʘʥʦʨʘʟʤʝʨʥʦʤ ʫʨʦʚʥʝ 

ʤʫʣʴʪʠʢʦʤʧʦʟʠʪʦʚ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ, ʯʪʦ 

ʦʪʢʨʳʣʦ ʥʦʚʫʶ ʵʧʦʭʫ ʚ ʨʘʟʚʠʪʠʠ ʢʦʣʣʦʠʜʥʦʡ, ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ 

ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ. 
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1.1.2 ɿʘʨʦʞʜʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʘ ʧʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʧʣʦʩʢʦʡ ʧʦʜʣʦʞʢʝ  

ʈʦʜʦʥʘʯʘʣʴʥʠʢʦʤ ʧʦʩʣʦʡʥʦʡ ʘʜʩʦʨʙʮʠʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʠʣʠ òlayer-

by-layerò (LbL) ʢʘʢ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʳʭ ʩʪʨʫʢʪʫʨ ʠ ʧʣʝʥʦʢ, ʢʘʢ ʫʞʝ 

ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʨʘʥʝʝ, ̫ ʚʣʷʝʪʩʷ ɻʝʨʦ ɼʝʯʝʨ. ɺ ʩʚʦʝʡ ʧʫʙʣʠʢʘʮʠʠ ʚ Science ʦʪ 

1997 ʛʦʜʘ, ʢʦʪʦʨʘʷ ʚ ʧʝʨʠʦʜ c 1997 ʧʦ 2007 ʛʦʜ ʚʦʰʣʘ ʚ ʩʧʠʩʦʢ ʜʝʩʷʪʠ ʩʘʤʳʭ 

ʮʠʪʠʨʫʝʤʳʭ ʩʪʘʪʝʡ ʧʦ ʚʩʝʤ ʭʠʤʠʯʝʩʢʠʤ ʥʘʫʢʘʤ ʧʦʜ ʥʦʤʝʨʦʤ 8 ʧʦ ʚʝʨʩʠʠ ISI 

Web of Knowledge, ʦʥ, ʥʘʨʷʜʫ ʩ ʚʘʞʥʦʩʪʴʶ ʙʦʣʝʝ ʯʝʤ 60-ʣʝʪʥʝʛʦ ʦʧʳʪʘ ʧʦ 

ʩʦʟʜʘʥʠʶ, ʜʦʩʣʦʚʥʦ, ñʤʫʣʴʪʠʢʦʤʧʦʟʠʪʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʘʥʩʘʤʙʣʝʡ ʩ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡò, ʦʪʤʝʯʘʣ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʜʚʫʭ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ ʤʝʪʦʜʦʚ - ʃʝʥʛʤʶʨ-ɹʣʦʜʞʝʪʪ ʠ ʭʝʤʦʩʦʨʙʮʠʠ. 

ʆʥ ʩʦʢʨʫʰʘʣʩʷ, ʯʪʦ ʦʙʘ ʵʪʠʭ ʤʝʪʦʜʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʣʠʰʴ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʢʣʘʩʩʘʤʠ ʤʦʣʝʢʫʣ. ʅʘʧʨʦʪʠʚ, LbL ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʩʣʦʝʚ 

ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʠʤ ʢʘʢ ʤʥʦʛʦ ʙʦʣʝʝ ʦʙʱʝʡ ʠ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʘʣʴʪʝʨʥʘʪʠʚʦʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ʪʘʢʠʝ ʪʠʧʳ ʤʘʪʝʨʠʘʣʦʚ 

ʢʘʢ ʙʝʣʢʠ ʠʣʠ ʢʦʣʣʦʠʜʳ. ʇʦʩʢʦʣʴʢʫ ʧʦʣʠʤʝʨʳ ʦʙʳʯʥʦ ʷʚʣʷʶʪʩʷ ʧʦʜʚʠʞʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʝ ʘʨʭʠʪʝʢʪʫʨ rʷʚʣʷʶʪʩʷ 

ʥʝʯʝʪʢʠʤʠ (fuzzy), ʘ ʦʪʩʫʪʩʪʚʠʝ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʪʘʢʠʭ ʧʣʝʥʦʢ ʦʞʠʜʘʝʪʩʷ 

ʧʦʣʝʟʥʳʤ ʜʣʷ ʤʥʦʛʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʠʤʝʥʝʥʠʡ [9]. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ, ʤʝʪʦʜ LbL ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʦʯʝʨʝʜʥʦʝ ʥʘʥʝʩʝʥʠʝ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʠʦʥʦʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʟʘʨʷʜʘ ʥʘ ʟʘʨʷʞʝʥʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ (ʈʠʩʫʥʦʢ 1). ʂʘʞʜʳʡ ʰʘʛ ʦʧʝʨʘʮʠʠ ʧʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʨʦʩʪʦʤ ʧʦʛʨʫʞʝʥʠʠ ʧʣʘʩʪʠʥʳ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʚʝʨʭʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʝʨʝʟʘʨʷʜʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ ʩʣʦʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ ʥʘ 

ʝʜʠʥʠʮʫ. ʄʥʦʛʦʢʨʘʪʥʦʝ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʦ ʩʦʪʥʠ ʩʣʦʝʚ, ʧʦʚʪʦʨʝʥʠʝ 

ʜʘʥʥʦʡ ʤʘʥʠʧʫʣʷʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʘʱʠʚʘʥʠʶ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʧʣʝʥʦʢ, 

ʟʘʨʷʜʦʤ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʪʨʦʣʷ ʟʘʨʷʜʘ ʧʦʣʠʤʝʨʘ 

ʚʥʝʰʥʝʛʦ ʩʣʦʷ. ʉʠʣʴʥʦʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʮʝʣʦʩʪʥʦʩʪʴ ʧʦʜʦʙʥʳʭ ʧʦʣʠʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ ʩʮʝʧʣʝʥʠʝ ʩ 
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ʧʦʜʣʦʞʢʦʡ, ʥʘ ʢʦʪʦʨʫʶ ʥʘʥʦʩʠʪʩʷ ʧʝʨʚʳʡ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʡ ʩʣʦʡ. ʀʪʦʛʦ, 

ʦʩʥʦʚʥʳʤʠ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʯʝʨʪʘʤʠ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʩʣʦʝʚ ʷʚʣʷʪʁʩʷ: (1) 

ʩʪʨʦʛʘʷ ʤʦʥʦʩʣʦʡʥʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʢʘʞʜʦʛʦ ʠʟ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ; (2) 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʠʣʠ ʯʘʩʪʠʮ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʟʘʨʷʜʘ ʚʜʦʣʴ 

ʟʘʨʷʞʝʥʥʦʡ ʥʦʨʤʘʣʠ ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ ʧʦʣʠʠʦʥʘ; (3) ʧʝʨʝʟʘʨʷʜʢʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʝʪ ʘʜʩʦʨʙʮʠʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʧʦʣʠʠʦʥʘ. 

ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʘʢʠʭ ʧʦʣʠʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ ʦʙʫʩʣʦʚʣʝʥʳ 

ʩʘʤʦʨʝʛʫʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʘʤʦʚʳʩʪʨʘʠʚʘʥʠʶ ʚ ʤʦʥʦʩʣʦʡ ʟʘ ʩʯʝʪ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ ʦʜʥʦʠʤʝʥʥʦ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʝʡ ʧʦʣʠʠʦʥʘ, 

ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʧʨʠʪʷʛʠʚʘʥʠʝʤ ʤʦʣʝʢʫʣ ʠʣʠ ʯʘʩʪʠʮ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʟʘʨʷʜʘ.  

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʘʜʩʦʨʙʮʠʠ ʙʠʧʦʣʷʨʥʳʭ 

ʘʤʬʠʬʠʣʦʚ ʥʘ ʧʦʜʣʦʞʢʝ. (ʘ) ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ ʧʣʸʥʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʤʝʪʥʳʭ ʩʪʸʢʦʣ ʠ ʩʪʘʢʘʥʦʚ. ʐʘʛʠ 1 ʠ 3 ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʘʜʩʦʨʙʮʠʠ ʧʦʣʠʘʥʠʦʥʘ ʠ ʧʦʣʠʢʘʪʠʦʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʰʘʛʠ 2 ʠ 4 ï 

ʧʨʦʤʳʚʢʝ. ʕʪʠ ʯʝʪʳʨʝ ʵʪʘʧʘ ʩʦʩʪʘʚʣʷʶʪ ʙʘʟʦʚʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʙʦʨʢʠ 

ʧʨʦʩʪʝʡʰʝʡ ʩʪʨʫʢʪʫʨʳ ʧʣʸʥʢʠ (A/B)n. ɼʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ 

ʪʨʝʙʫʶʪʩʷ ʣʠʰʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʪʘʢʘʥʳ ʠ ʠʟʤʝʥʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʦʩʘʞʜʝʥʠʷ. (ʙ) ʋʧʨʦʱʸʥʥʦʝ ʤʦʣʝʢʫʣʷʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʝʨʚʳʭ ʜʚʫʭ ʵʪʘʧʦʚ 

ʘʜʩʦʨʙʮʠʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʝ ʥʘʯʘʣʦ ʦʩʘʞʜʝʥʠʷ ʧʣʸʥʢʠ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʦʡ ʧʦʜʣʦʞʢʝ. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʦʪʠʚʦʠʦʥʳ ʥʝ ʧʦʢʘʟʘʥʳ. 
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ʂʦʥʬʦʨʤʘʮʠʷ ʧʦʣʠʠʦʥʦʚ ʠ ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʝ ʩʣʦʸʚ ʩʭʝʤʘʪʠʯʥʦ 

ʠʣʣʶʩʪʨʠʨʫʶʪ ʦʙʨʘʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʨʷʜʘ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʵʪʘʧʘ 

ʘʜʩʦʨʙʮʠʠ. (ʚ) ʍʠʤʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʚʫʭ ʪʠʧʠʯʥʳʭ ʧʦʣʠʠʦʥʦʚ: ʥʘʪʨʠʝʚʦʡ 

ʩʦʣʠ ʧʦʣʠ(ʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪʘ) ʠ ʧʦʣʠ(ʘʣʣʠʣʘʤʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜʘ) [9]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ñlayer-by-layerò ʜʘʝʪ ʥʘʯʘʣʦ ʦʙʱʝʡ ʢʦʥʮʝʧʮʠʠ 

ʘʜʘʧʪʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʶʙʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ 

ʙʣʘʛʦʩʢʣʦʥʥʦ ʚʦʩʧʨʠʥʷʣʦ ʧʦʜʭʦʜ LbL, ʠ ʚʩʢʦʨʝ ʦʥ ʩʪʘʣ ʪʨʝʥʜʦʚʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʝ ʪʦʣʴʢʦ ʚ ʬʠʟʠʯʝʩʢʦʡ ʠ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ, ʥʦ ʠ ʚ ʭʠʤʠʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ. ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʘʚʛʫʩʪ 

2025 ʛʦʜʘ ʩʪʘʪʴʷ ɻʝʨʦ ɼʝʯʝʨʘ ʚ Science ʧʨʦʮʠʪʠʨʦʚʘʥʘ 9998 ʨʘʟ. ʇʦ ʤʥʝʥʠʶ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʞʫʨʥʘʣʘ ñʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʌʨʘʥʮʠʷ)ò, ʨʘʙʦʪʘ ɼʝʯʝʨʘ ñʚʳʟʚʘʣʘ ʥʝʙʦʣʴʰʫʶ ʨʝʚʦʣʶʮʠʶ ʚ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠò [10] ʠ ʧʨʠʚʣʝʢʣʘ ʤʥʦʛʠʝ ʥʘʫʯʥʳʝ ʛʨʫʧʧʳ ʩʦ ʚʩʝʛʦ ʤʠʨʘ. 

ʇʦ ʟʘʧʨʦʩʫ ñlayer-by-layerò ʨʝʬʝʨʘʪʠʚʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ Scopus ʚʳʜʘʝʪ 46276 

ʩʪʘʪʝʡ ʠ ʠʤʝʝʪ ʥʝ ʩʧʘʜʘʶʱʠʡ ʪʨʝʥʜ ʧʦ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʢʦʣʦʩʩʘʣʴʥʦʤ ʚʢʣʘʜʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʘʨʭʠʪʝʢʪʫʨ ʚ ʨʘʟʚʠʪʠʝ 

ʭʠʤʠʯʝʩʢʦʡ ʥʘʫʢʠ ʠ ʩʦʭʨʘʥʷʶʱʝʡʩʷ ʘʢʪʫʘʣʴʥʦʩʪʠ ʩʧʫʩʪʷ ʧʦʯʪʠ 30 ʣʝʪ ʦʪ ʜʥʷ 

ʝʛʦ ʟʘʨʦʞʜʝʥʠʷ. 

ʅʘ ʟʘʨʝ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʠʢʠ LbL ʚʥʠʤʘʥʠʝ ɻʝʨʦ ɼʝʯʝʨʘ ʙʳʣʦ 

ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʠʟʫʯʝʥʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʣʴʪʨʘʪʦʥʢʠʭ 

ʧʦʣʠʩʣʦʝʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʟʘʨʷʞʝʥʥʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʠʟ ʠʭ 

ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʟʘʨʷʞʝʥʥʳʭ ʪʚʝʨʜʳʭ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʧʦʜʣʦʞʢʘʭ: ʢʨʝʤʥʠʝʚʳʭ ʧʣʘʩʪʠʥʢʘʭ, ʩʪʝʢʣʝ, ʟʦʣʦʪʳʭ ʧʣʘʩʪʠʥʘʭ ʠ ʜʨ. [5,8]. 

ɼʘʣʝʝ ʵʪʦʪ ʧʦʜʭʦʜ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʝʛʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʝʡ 

ʧʦʣʫʯʠʣ ʨʘʟʚʠʪʠʝ ʧʨʠ ʠʥʢʦʨʧʦʨʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ, ʇɸɺ, ʥʘʥʦʯʘʩʪʠʮʳ, ʢʨʘʩʠʪʝʣʠ ʠ ʜʨ. ʚ 

ʤʝʞʩʣʦʡʥʦʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʈʠʩʫʥʦʢ 2) [11ï16]. ɼʣʷ ʵʪʦʛʦ 

ʦʜʠʥ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʡ ʩʣʦʡ ʟʘʤʝʱʘʣʩʷ ʩʣʦʝʤ, ʚʳʩʪʨʦʝʥʥʳʤ ʤʦʣʝʢʫʣʘʤʠ 

ʩʦʝʜʠʥʝʥʠʷ ʠʣʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʚ ʧʦʣʠʤʝʨʥʳʡ 



30 

ʩʣʦʡ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʚʚʦʜʠʤʦʤʫ ʜʦʧʘʥʪʫ ʙʳʣʦ ʥʘʣʠʯʠʝ 

ʦʜʥʦʠʤʝʥʥʦʛʦ ʟʘʨʷʜʘ ʩ ʫʜʘʣʝʥʥʳʤ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʤ. 

 

 

ʈʠʩʫʥʦʢ 2 ï Cʭʝʤʘʪʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʙʝʣʢʦʚʳʭ ʧʣʝʥʦʢ: (ʘ) 

ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʣʝʥʢʠ ʤʠʦʛʣʦʙʠʥ(Mb)/PSS/Lys/PSS ʠ (ʙ) ʤʥʦʛʦʩʣʦʡʥʳʝ 

ʧʣʝʥʢʠ ʛʣʶʢʦʟʦʢʩʠʜʘʟʘ(GOD)/PEI/ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ/PEI (ʚ) [14]; ʤʦʜʝʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʣʸʥʢʠ ʃʝʥʛʤʶʨ-ɹʣʦʜʞʝʪʪ, ʩʦʙʨʘʥʥʦʡ ʠʟ ʢʦʤʧʣʝʢʩʘ 

ʥʫʢʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤ ʘʤʠʥʦʤ. ɸʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ 

ʧʦʢʘʟʘʥʳ ʥʘ ʧʝʨʝʜʥʝʤ ʧʣʘʥʝ, ʘ ʠʭ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ NH+-ʛʨʫʧʧʘʤʠ ʙʠʩʣʦʸʚ 

ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʘʤʠʥʘ ʦʙʦʟʥʘʯʝʥʳ ʞʠʨʥʳʤʠ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ. 

ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʘʣʠʬʘʪʠʯʝʩʢʠʤ ʘʤʠʥʦʤ ʠ ʬʦʩʬʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ 

(ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʟʘʜʥʝʤ ʧʣʘʥʝ) ʧʦʢʘʟʘʥʳ ʪʦʥʢʠʤʠ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ 

[11]. 

ʄʝʪʦʜ ʧʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʧʦʟʚʦʣʠʣ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʤʝʥʷʪʴ ʩʚʦʡʩʪʚʘ ʣʶʙʦʡ ʟʘʨʷʞʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʝʛʫʣʠʨʫʷ 

ʝʝ ʩʨʦʜʩʪʚʦ ʢ ʪʨʝʪʴʝʤʫ ʢʦʤʧʦʥʝʥʪʫ. ʕʪʦ ʦʪʢʨʳʣʦ ʧʫʪʴ ʢ ʩʦʟʜʘʥʠʶ ʨʝʛʫʣʷʨʥʳʭ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʣʦʠʩʪʳʭ ʘʨʭʠʪʝʢʪʫʨ, ʚ ʢʦʪʦʨʳʭ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʥʝ ʧʨʦʩʪʦ 
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ʧʨʠʜʘʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʥʦʘʣʴʥʫʶ ʤʦʜʘʣʴʥʦʩʪʴ, ʥʦ ʫʧʨʘʚʣʷʪʴ ʠʭ 

ʩʪʨʦʝʥʠʝʤ ʥʘ ʥʘʥʦʨʘʟʤʝʨʥʦʤ ʫʨʦʚʥʝ. 

1.1.3 LbL ʢʘʢ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʬʝʨʠʯʝʩʢʠʭ ʢʘʧʩʫʣ ʠ ʠʭ 

ʤʦʜʠʬʠʢʘʮʠʠ 

ɻʦʜʦʤ ʧʦʟʜʥʝʝ, ʚ 1998 ʛʦʜʫ, ɻʣʝʙ ʉʫʭʦʨʫʢʦʚ ʠ ʕʜʚʠʥ ɼʦʥʘʪ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʍʝʣʴʤʫʪʘ ʄʝʚʘʣʴʜʘ ʚ ʩʚʦʝʡ ʧʫʙʣʠʢʘʮʠʠ ʚ ʞʫʨʥʘʣʝ Colloids and 

Surfaces A ʧʨʝʜʣʦʞʠʣʠ ʧʨʦʩʪʫʶ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʛʝʥʠʘʣʴʥʫʶ ʠʜʝʶ ʥʘʥʝʩʪʠ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʳ ʥʝ ʥʘ ʧʣʦʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʢʘʢ ʜʝʣʘʣʦʩʴ ʨʘʥʝʝ, ʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ [17]. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʬʝʨʘ ʚ ʣʶʙʦʤ ʩʝʯʝʥʠʠ 

ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʣʦʩʢʦʩʪʴ ʟʘʤʢʥʫʪʘʷ ʩʘʤʘ ʥʘ ʩʝʙʷ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʫʩʧʝʭ ʙʳʣ ʧʨʝʜʨʝʰʝʥ ʠ ʘʚʪʦʨʘʤʠ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ 

ʦʙʦʣʦʯʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʝʨʝʤʝʞʘʶʱʠʭʩʷ ʩʣʦʝʚ ʧʦʣʠʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪʘ (PSS) 

ʠ ʧʦʣʠʘʣʣʠʣʘʤʠʥʛʠʜʨʦʭʣʦʨʠʜʘ (PAH), ʩʦʙʨʘʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʠʩʪʠʨʦʣʴʥʳʭ ʣʘʪʝʢʩʥʳʭ ʯʘʩʪʠʮʘʭ ʩʫʙʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ. ɺ ʨʘʙʦʪʝ ʪʘʢʠʤ 

ʩʧʦʩʦʙʦʤ ʙʳʣʦ ʥʘʥʝʩʝʥʦ ʜʦ 14 ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʩʣʦʝʚ. ʇʦ ʜʘʥʥʳʤ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʦʜʥʫ ʧʘʨʫ PSS/PAH ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 0,5 ʄ NaCl ʧʨʠʭʦʜʠʣʩʷ ʧʨʠʨʦʩʪ ʪʦʣʱʠʥʳ ʦʙʦʣʦʯʢʠ ʚ 2-3 

ʥʘʥʦʤʝʪʨʘ (ʈʠʩʫʥʦʢ 3). ɺ ʨʘʙʦʪʝ ʜʝʪʘʣʴʥʦ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʵʬʬʝʢʪ ʧʝʨʝʟʘʨʷʜʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʟʤʝʨʥʳʝ ʵʬʬʝʢʪʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʘʞʥʳʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ 

ʩʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʁʦʙʦʣʦʯʢʠ, ʪʝʨʤʦʜʠʥʘʤʠʢʦʡ ʘʜʩʦʨʙʮʠʠ ʠ ʣʦʢʘʣʴʥʦʡ 

ʜʠʥʘʤʠʢʦʡ ʚʥʫʪʨʠ ʧʦʣʠʤʝʨʥʳʭ ʩʣʦʝʚ ʝʱʝ ʪʦʣʴʢʦ ʧʨʝʜʩʪʦʷʣʦ ʠʟʫʯʠʪʴ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ñlayer-by-layerò ʙʳʣ ʚʧʝʨʚʳʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ.  
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ʈʠʩʫʥʦʢ 3 ï (ʘ) ɿʘʚʠʩʠʤʦʩʪʴ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʸʚ ʥʘ 

ʣʘʪʝʢʩʥʳʭ ʯʘʩʪʠʮʘʭ ʧʦʣʠʩʪʠʨʦʣʩʫʣʴʬʘʪʘ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 640 ʥʘʥʦʤʝʪʨʦʚ ʜʣʷ 

ʪʨʝʭ ʢʦʤʙʠʥʘʮʠʡ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ: PDADMAC/PSS (ʪʦʯʢʠ), PAH/PSS 

(ʢʨʫʞʢʠ) ʠ PDADMAC/ɼʅʂ (ʪʨʝʫʛʦʣʴʥʠʢʠ). (ʙ) ʀʟʤʝʥʝʥʠʝ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ ʯʘʩʪʠʮ PDADMAC/PSS ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ 

ʩʣʦʸʚ, ʠʟʤʝʨʝʥʥʦʛʦ ʙʝʟ ʦʙʨʘʙʦʪʢʠ (ʪʦʯʢʠ), ʧʦʩʣʝ 2 ʤʠʥʫʪ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ (ʢʚʘʜʨʘʪ)r ʠ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ ʤʝʤʙʨʘʥʳ ʩ ʧʦʨʘʤʠ 200 ʠ 400 

ʥʘʥʦʤʝʪʨʦʚ (ʪʨʝʫʛʦʣʴʥʠʢʠ). (ʚ) ʊʦʣʱʠʥʘ ʩʣʦʷ, ʠʟʤʝʨʝʥʥʘʷ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʚʝʪʘ, ʨʘʩʩʝʷʥʥʦʛʦ ʦʜʠʥʦʯʥʦʡ ʯʘʩʪʠʮʝʡ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʡ ʢʣʘʩʩ 

ʢʦʣʣʦʠʜʦʚ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʦʩʪʘʚʦʤ ʧʦʚʝʨʭʥʦʩʪʠ. ɸʚʪʦʨʘʤʠ 

ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʤʠʢʨʦʯʘʩʪʠʮʳ ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʨʝʘʢʪʦʨʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʢʣʶʯʸʥʥʳʭ ʤʝʞʜʫ 

ʩʣʦʷʤʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ, ʦʪʢʨʳʚʘʝʪ ʠʥʪʝʨʝʩʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ. 



33 

ʉʪʘʣʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʙʳʣʦ ʥʘʱʫʧʘʥʦ ʥʦʚʦʝ ʤʥʦʛʦʦʙʝʱʘʶʱʝʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʬʠʟʠʢʦ-ʭʠʤʠʠ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ. ɺʣʠʚʘʥʠʝ ʥʦʚʳʭ ʫʤʦʚ ʚ 

ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʢʘʢ ʵʪʦ, ʥʘʧʨʠʤʝʨ, ʩʪʘʣʦ ʩ ʌʨʘʥʢʦʤ ʂʘʨʫʟʦ, 

ʧʨʠʩʦʝʜʠʥʠʚʰʠʤʩʷ ʢ ʍʝʣʴʤʫʪʫ ʄʝʚʘʣʴʜʫ ʚ ʀʥʩʪʠʪʫʪ ʢʦʣʣʦʠʜʦʚ ʠ 

ʠʥʪʝʨʬʝʡʩʦʚ ʄʘʢʩʘ ʇʣʘʥʢʘ, ʧʨʝʜʦʧʨʝʜʝʣʠʣʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʝʨʠʠ ʙʣʝʩʪʷʱʠʭ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ, ʧʦʩʳʧʘʚʰʠʭʩʷ ʩʣʦʚʥʦ ʠʟ ʨʦʛʘ 

ʠʟʦʙʠʣʠʷ. ʊʘʢ, ʙʫʢʚʘʣʴʥʦ ʩʣʝʜʦʤ ʚʳʰʝʣ ʥʘʫʯʥʳʡ ʪʨʫʜ, ʚ ʢʦʪʦʨʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʩʪʚʦʨʝʥʠʷ ʢʦʣʣʦʠʜʥʦ ʜʠʩʧʝʨʩʥʦʛʦ ʪʝʤʧʣʘʪʘ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʦʣʣʦʠʜʦʚ 

ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʳʝ ʧʦʣʠʤʝʨʥʳʝ ʦʙʦʣʦʯʢʠ [18]. ʊʫʪ ʞʝ ʙʳʣʠ 

ʧʨʠʚʝʜʝʥʳ ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʤʝʣʘʤʠʥʬʦʨʤʘʣʴʜʝʛʠʜʥʳʭ ʯʘʩʪʠʮ, ʧʦʢʨʳʪʳʭ 

ʜʝʚʷʪʴʶ ʧʘʨʥʳʤʠ ʩʣʦʷʤʠ PSS/PAH ʜʦ ʠ ʧʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʷʜʨʘ (ʈʠʩʫʥʦʢ 4). 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʩʣʘʙʦʩʰʠʪʳʡ ʤʝʣʘʤʠʥʬʦʨʤʘʣʴʜʝʛʠʜʥʳʡ ʪʝʤʧʣʘʪ ʣʝʛʢʦ 

ʨʘʩʪʚʦʨʷʣʩʷ ʚ ʢʠʩʣʦʡ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠ ʨʅ ʥʠʞʝ 1,6, ʦʩʪʘʚʣʷʷ ʚʝʩʴʤʘ 

ʫʩʪʦʡʯʠʚʫʶ ʢ ʭʠʤʠʯʝʩʢʠʤ ʠ ʬʠʟʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʮʝʣʦʩʪʥʫʶ, ʥʦ ʣʝʛʢʦ 

ʜʝʬʦʨʤʠʨʫʝʤʫʶ ʦʙʦʣʦʯʢʫ. 

 

 

ʈʠʩʫʥʦʢ 4 ï ʉʕʄ-ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʤʝʣʘʤʠʥʬʦʨʤʘʣʴʜʝʛʠʜʥʳʭ ʯʘʩʪʠʮ, 

ʧʦʢʨʳʪʳʭ ʜʝʚʷʪʴʶ ʩʣʦʷʤʠ (PSS ʠ PAH), ʜʦ ʨʘʩʪʚʦʨʝʥʠʷ ʷʜʨʘ (ʘ) ʠ ʦʩʪʘʚʰʝʡʩʷ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʷʜʨʘ ʧʨʠ pH 1,3 (ʙ). 

ʉʧʫʩʪʷ ʥʝʩʢʦʣʴʢʦ ʤʝʩʷʮʝʚ ʚ ʨʘʟʚʠʪʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʚʳʰʣʘ 

ʩʪʘʪʴʷ, ʚ ʢʦʪʦʨʦʡ ʵʪʘ ʞʝ ʛʨʫʧʧʘ ʘʚʪʦʨʦʚ ʧʨʝʜʩʪʘʚʠʣʘ ʠʟʦʙʨʘʞʝʥʠʷ ɸʉʄ 

PSS/PAH ʦʙʦʣʦʯʢʠ ʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ ʪʦʣʱʠʥʦʡ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʦ ʜʝʩʷʪʢʦʚ 
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ʥʘʥʦʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʩʦʙʠʨʘʣʠʩʴ ʥʘ ʩʬʝʨʠʯʝʩʢʦʤ ʤʝʣʘʤʠʥʬʦʨʤʘʣʴʜʝʛʠʜʥʦʤ 

ʪʝʤʧʣʘʪʝ ʫʥʠʬʦʨʤʥʦʛʦ ʨʘʟʤʝʨʘ ʚ 2 ʤʢʤ [19]. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ, ʧʝʨʚʳʝ 

ʵʪʘʧʳ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʧʦʣʳʭ ʢʦʣʣʦʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʚʢʣʶʯʘʶʪ ʩʪʫʧʝʥʯʘʪʦʝ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʝʥʢʠ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʢʦʣʣʦʠʜʥʳʭ 

ʯʘʩʪʠʮ ʚ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʳ ʩ ʯʝʨʝʜʫʶʱʠʤʩʷ ʟʘʨʷʜʦʤ (ʈʠʩʫʥʦʢ 5a). ʀʟʙʳʪʦʢ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ ʫʜʘʣʷʣʩʷ ʮʠʢʣʘʤʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʠ ʧʨʦʤʳʚʢʠ ʧʝʨʝʜ 

ʥʘʥʝʩʝʥʠʝʤ ʩʣʝʜʫʶʱʝʛʦ ʩʣʦʷ. ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʩʣʦʝʚ, ʧʦʢʨʳʪʳʝ ʯʘʩʪʠʮʳ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ 100 ʤʄ HCl. ʗʜʨʦ ʙʳʩʪʨʦ 

ʨʘʟʣʘʛʘʣʦʩʴ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣ ʧʝʨʝʭʦʜ ʠʟ ʤʫʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʡ ʟʘ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ. ʊʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʤʳʚʢʠ 

100 ʤʄ HCl ʦʙʝʩʧʝʯʠʚʘʣʠ ʫʜʘʣʝʥʠʝ ʨʘʩʪʚʦʨʝʥʥʳʭ ʦʣʠʛʦʤʝʨʦʚ 

ʤʝʣʘʤʠʥʬʦʨʤʘʣʴʜʝʛʠʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʣʘʩʴ ʩʫʩʧʝʥʟʠ ̫ʩʚʦʙʦʜʥʳʭ ʧʦʣʳʭ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʦʙʦʣʦʯʝʢ. ʅʘ ʠʟʦʙʨʘʞʝʥʠʠ ʇʕʄ ʯʝʪʢʦ ʨʘʟʣʠʯʠʤ 

ʦʢʨʘʰʝʥʥʳʡ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʡ ʩʣʦʡ, ʦʢʨʫʞʘʶʱʠʡ ʚʥʫʪʨʝʥʥʶʶ ʧʦʣʦʩʪʴ 

ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ (ʈʠʩʫʥʦʢ 5ʚ). ɿʘʤʝʪʥʦ, ʯʪʦ ʪʦʣʱʠʥʘ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʛʦ 

ʩʣʦʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 20 ʥʤ, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʘʷ h ʝʨʦʭʦʚʘʪʦʩʪʴ 

ʚʥʝʰʥʝʛʦ ʩʣʦʷ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʙʦʣʴʰʦʡ ʧʨʦʜʦʣʴʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ (ʘʨʪʝʬʘʢʪ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʩʨʝʟʦʚ), ʦʙʦʣʦʯʢʠ ʩʦʭʨʘʥʷʶʪ 

ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ. ʅʘ ʠʟʦʙʨʘʞʝʥʠʠ ʉʕʄ ʚʠʜʥʘ ʩʪʨʫʢʪʫʨʘ ʦʙʦʣʦʯʢʠ, 

ʧʦʩʪʨʦʝʥʥʦʡ ʠʟ PSS (ʈʠʩʫʥʦʢ 5ʛ). ʉʠʣʴʥʦʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʠʪʷʞʝʥʠʝ 

ʦʙʦʣʦʯʝʢ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʢʣʘ, ʧʦʢʨʳʪʦʛʦ PEI, 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʤʫ ʨʘʩʧʣʶʱʠʚʘʥʠʶ ʦʙʦʣʦʯʝʢ ʚ ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ ʠ 

ʚʳʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʢʣʘʜʦʢ ʠ ʤʦʨʱʠʥ. 

ɿʜʝʩʴ ʞʝ ʧʨʠʚʝʜʝʥʦ ʢʦʥʬʦʢʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʦʣʦʯʢʠ ʩ ʫʯʘʩʪʠʝʤ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ, ʤʘʨʢʠʨʦʚʘʥʥʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥr ʤ ʢʨʘʩʠʪʝʣʝʤ 

ʠʟʦʪʠʘʮʠʘʥʘʪʦʤ ʬʣʫʦʨʝʩʮʝʠʥʘ (ʈʠʩʫʥʦʢ 5ʙ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ 

ʢʘʢ ʮʝʣʦʩʪʥʦʩʪʴ, ʪʘʢ ʠ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ ʩʪʝʥʦʢ ʧʦʣʫʯʝʥʥʳʭ ʢʘʧʩʫʣ. ɺ ʵʪʦʡ 

ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʜʯʝʨʢʥʫʪʦ, ʯʪʦ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʜʣʷ ʤʘʣʳʭ ʧʦʣʷʨʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʠ 

ʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʣʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ 
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ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʦʙʣʘʩʪʠ ʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʠ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ, ʘ ʪʘʢʞʝ 

ʜʝʣʘʝʪ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʠ 

ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤʠ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʧʦʣʳʤʠ ʯʘʩʪʠʮʘʤʠ ʷʜʨʦ-

ʦʙʦʣʦʯʢʘ ʠ ʣʠʧʦʩʦʤʘʤʠ.  

 

 

ʈʠʩʫʥʦʢ 5 ï (ʘ) ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʣʦʞʝʥʠʷ ʷʜʨʘ; (ʙ) ʢʦʥʬʦʢʘʣʴʥʘʷ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʦʙʦʣʦʯʢʠ ʜʠʘʤʝʪʨʦʤ 8 ʤʢʤ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʝʚʷʪʠ ʩʣʦʝʚ; (ʚ) 

ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʜʝʚʷʪʠʩʣʦʡʥʳʭ ʦʙʦʣʦʯʝʢ [(PSS/PAH)4/PSS]; (ʛ) ʉʕʄ-

ʠʟʦʙʨʘʞʝʥʠʝ ʜʝʚʷʪʠʩʣʦʡʥʳʭ ʦʙʦʣʦʯʝʢ [(PSS/PAH)4/PSS] ʧʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ 

ʤʝʣʘʤʠʥʬʦʨʤʘʣʴʜʝʛʠʜʥʦʛʦ ʷʜʨʘ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʧʦʜʪʚʝʨʜʠʣʦ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʧʦʜʦʙʥʳʭ ʦʙʦʣʦʯʝʢ ʠʣʠ ʢʘʧʩʫʣ ʜʣʷ ʟʘʛʨʫʟʢʠ ʨʘʟʣʠʯʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʤʝʞʩʣʦʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʷ ʦʙ 

ʫʜʦʙʩʪʚʝ ʠ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʩʣʦʠʩʪʳʭ ʩʪʨʫʢʪʫʨ. ʊʘʢ, ʩ 

ʫʩʧʝʭʦʤ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʚʚʝʜʝʥʠʝ ʜʝʢʩʘʤʝʪʘʟʦʥʘ [20], ʜʦʢʩʦʨʫʙʠʮʠʥʘ 

[21,22], ʛʣʫʪʘʪʠʦʥʘ [23] ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʢʘʢ ʵʪʦ 

ʦʧʠʩʘʥʦ ʚ ʦʙʟʦʨʘʭ, ʥʘʧʨʠʤʝʨ ʦʪ ʃʠʩʙʝʪ ɼʝ ʂʦʢ ʠ ʗʥ ʗʥʘ [24,25]. ʋʜʠʚʠʪʝʣʴʥʦ, 
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ʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʝʣʢʦʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʚʚʝʜʝʥʥʳʝ ʤʝʞʜʫ ʧʦʣʠʤʝʨʥʳʤʠ 

ʩʣʦʷʤʠ ʩʧʦʩʦʙʥʳ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ ʵʥʟʠʤʘʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ [26], ʘ 

ʧʦʣʠʤʝʨʥʳʝ ʩʣʦʠ ʩʧʦʩʦʙʥʳ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʥʝʰʥʠʝ ʩʪʠʤʫʣʳ, ʚʳʩʚʦʙʦʞʜʘʷ 

ʢʘʨʛʦ ʚ ʢʘʯʝʩʪʚʝ ʦʪʢʣʠʢʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ [27ï30]. 

ɺ ʩʚʦʝʤ ʦʙʟʦʨʝ ʃʠʢʣʝʤʘ ʠ ɼʝʰʸʥ ʧʨʝʜʩʪʘʚʠʣʠ ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʧʨʝʜʧʦʩʳʣʦʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʩʫʙʩʪʨʘʪʘ ʜʣʷ ʧʦʩʣʦʡʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʛʦ ʩʣʦ ̫

[31]. ʂʘʢ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʨʦʣʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʠ ʥʝʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʩʪʘʶʪʩʷ ʥʝ ʜʦ ʢʦʥʮʘ ʷʩʥʳʤʠ, ʠ ʚʢʣʘʜ ʥʝʢʫʣʦʥʦʚʩʢʠʭ ʩʠʣ ʚ 

ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʛʥʦʨʠʨʦʚʘʪʴ ʥʝʣʴʟʷ. ʀʤʝʥʥʦ ʥʝʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʦʞʝʪ ʙʳʪʴ ʦʪʚʝʪʩʪʚʝʥʥʘ ʟʘ ʷʚʣʝʥʠʝ ʠʥʚʝʨʩʠʠ ʟʘʨʷʜʘ 

ʧʦʚʝʨʭʥʦʩʪʠ.  

ʂʚʠʥʥ, ʂʘʨʫʟʦ ʠ ʠʭ ʢʦʣʣʝʛʠ ʠʩʩʣʝʜʦʚʘʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʘʤʝʪʨʦʚ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʫʧʘʢʦʚʢʠ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʚ LbL-ʧʣʸʥʢʘʭ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʩʠʣʴʥʳʭ ʠ ʩʣʘʙʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ, ʧʦʣʠʤʝʨʦʚ ʩ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ, ʘ 

ʪʘʢʞʝ ʚ ʩʤʝʰʘʥʥʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʤʫʣʴʪʠʩʣʦʷʭ. ɼʣʷ ɻ ʪʦʛʦ ʦʥʠ 

ʧʨʦʚʦʜʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʘʥʥʠʛʠʣʷʮʠʠ ʧʦʟʠʪʨʦʥʦʚ 

[32]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʣʸʥʢʠ, ʩʦʙʨʘʥʥʳʝ ʠʟ ʩʠʣʴʥʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ, 

ʩʦʜʝʨʞʘʪ ʤʝʥʴʰʝ ʧʦʣʦʩʪʝʡ. ʇʨʠ ʵʪʦʤ ʧʦʣʦʩʪʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʸʥʢʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ ʩʣʘʙʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ. ɹʳʣʘ 

ʜʦʢʘʟʘʥʘ ʚʘʞʥʘʷ ʨʦʣʴ ʠʦʥʥʦʡ ʩʠʣʳ ʨʘʩʪʚʦʨʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʥʘʥʦʩʠʪʩʷ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪ. ʊʘʢ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʚ ʘʜʩʦʨʙʮʠʦʥʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʜʣʷ ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʩʠʣʴʥʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ, ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʵʪʠ ʧʣʝʥʢʠ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʩʥʠʞʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʦʙʦʜʥʦʛʦ 

ʦʙʲʝʤʘ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ. ʉʣʦʠʩʪʳʝ ʧʣʸʥʢʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʟʘ ʩʯʸʪ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʴʰʠʡ ʨʘʟʤʝʨ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʵʣʝʤʝʥʪʦʚ ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʸʤʘ, ʯʝʤ ʠʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ. ɼʘʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʸʤʘ LbL-ʧʣʸʥʦʢ ʥʘ 

ʥʘʥʦʤʝʪʨʦʚʦʤ ʫʨʦʚʥʝ ʤʦʞʥʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ, ʚʳʙʠʨʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʠʧ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ ʠ ʠʦʥʥʫ ʁʩʠʣʫ ʨʘʩʪʚʦʨʦʚ.  
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ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʢʠʥʝʪʠʢʘ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʘ ʧʦʩʪʨʦʝʥʠʷ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʩʣʦʝʚ ʦʪʦʙʨʘʞʝʥʳ ʚ ʩʝʨʠʠ ʨʘʙʦʪ ʉʚʝʪʣʘʥʳ ʉʫʭʠʰʚʠʣʠ 

[33,34]. ʇʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʣʠʷʥʠʷ ʨʷʜʘ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʮʝʧʝʡ, ʩʦʦʪʥʦʰʝʥʠʝ ʠʭ ʜʣʠʥ, ʠʦʥʥʘʷ ʩʠʣʘ ʠ pH 

ʦʩʘʞʜʘʶʱʠʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʨʘʩʪʚʦʨʦʤ ʚ 

ʢʦʥʪʝʢʩʪʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʤʫʣʴʪʠʩʣʦʝʚ. ʅʘʡʜʝʥʦ, ʯʪʦ ʧʦʣʠʢʘʪʠʦʥʳ ʩ 

ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʝʨʚʠʯʥʳʭ ʘʤʠʥʦʛʨʫʧʧ ʠ ʧʦʣʠʘʥʠʦʥʳ ʩ ʛʨʫʧʧʘʤʠ SO3- 

ʠʣʠ SO4
- ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʤʝʞʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʝ 

ʩʚʷʟʳʚʘʥʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ ʦʙʤʝʥʘ ʮʝʧʷʤʠ ʚʥʫʪʨʠ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ/ʠʣʠ ʤʫʣʴʪʠʩʣʦʷ. ɺ ʩʣʫʯʘʝ ʩʣʘʙʦʩʚʷʟʘʥʥʳʭ 

ʧʘʨ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ, ʥʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʱʠʭ ʯʝʪʚʝʨʪʠʯʥʳʝ ʘʤʤʦʥʠʝʚʳʝ 

ʛʨʫʧʧʳ, ʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʧʦʣʠʘʥʠʦʥʳ, ʣʝʛʢʦ ʦʙʨʘʟʫʶʪʩʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʯʪʦ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʵʨʦʟʠʠ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʛʦ ʤʫʣʴʪʠʩʣʦʷ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ LbL 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ, ʨʘʩʪʚʦʨʷʶʱʠʤʠʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʧʨʦʪʦʥʦʦʙʤʝʥʥʳʤʠ ʤʝʤʙʨʘʥʘʤʠ ʜʣʷ ʪʦʧʣʠʚʥʳʭ ɻʣʝʤʝʥʪʦʚ ʠ ʜʨ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʧʦʩʣʦʡʥʳʭ ʩʙʦʨʦʢ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʭʠʤʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ, ʩʝʥʩʦʨʠʢʘ, ʭʨʘʥʝʥʠʝ ʠ ʜʦʩʪʘʚʢʘ ʠ 

ʩʪʠʤʫʣ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ (ʪʝʤʧʝʨʘʪʫʨʘ, ʨʅ) ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʚʝʱʝʩʪʚ. 

1.1.4 ʇʨʠʜʘʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʤʦʜʘʣʴʥʦʩʪʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʤ 

ʩʣʦʷʤ ʠ ʯʘʩʪʠʮʘʤ 

ʌʨʘʥʢ ʂʘʨʫʟʦ, ʥʳʥʝ ʧʨʦʬʝʩʩʦʨ ʫʥʠʚʝʨʩʠʪʝʪʘ ʄʝʣʴʙʫʨʥʘ, ʜʦʣʛʦʝ ʚʨʝʤʷ 

ʟʘʥʠʤʘʚʰʠʡʩʷ ʧʣʝʥʢʘʤʠ ʃʝʥʛʤʶʨ-ɹʣʦʜʞʝʪʪ, ʭʠʤʠʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, [35] ʠ, 

ʦʩʦʙʝʥʥʦ, ʙʠʦʘʩʧʝʢʪʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ [36], ʚ ʧʦʠʩʢʝ ʩʚʦʝʡ 

ʠʜʝʥʪʠʯʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʛʦ LbL ʥʘʧʨʘʚʣʝʥʠʷ ʚʩʝ ʙʦʣʴʰʝ 

ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʣ ʚʚʝʜʝʥʠʶ ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʤʝʞʜʫ ʩʣʦʷʤʠ 
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ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʦʙʦʣʦʯʢʘ ʧʦʤʠʤʦ ʟʘʛʨʫʟʢʠ ʣʝʢʘʨʩʪʚ ʚ ʩʦʩʪʘʚ 

ʥʘʥʦʯʘʩʪʠʮ [37,38] ʠ ʪʘʨʛʝʪʥʦʩʪʠ ʧʦʣʫʯʘʣʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ [39], 

ʧʣʘʟʤʦʥʥʦʨʝʟʦʥʘʥʩʥʳʝ [40] ʠ ʜʨ. ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [40] ʤʝʪʦʜ 

ʧʦʩʣʦʡʥʦʡ ʘʜʩʦʨʙʮʠʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʙʳʣ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʦʟʜʘʥʠʶ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʟʦʣʦʪʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʧʨʠʩʫʱʠʤ ʠʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʧʣʘʟʤʦʥʥʳʤ ʨʝʟʦʥʘʥʩʦʤ 

(ʈʠʩʫʥʦʢ 6). 

 

 

ʈʠʩʫʥʦʢ 6 ï ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʯʘʩʪʠʮ PS-(PAH/PSS)4/AuNP/(PEI/PSS) 

ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʦʣʦʯʝʥʠʷ, ʥʘʥʝʩʝʥʠʷ ʩʣʦʝʚ PEI/PSS ʠ 

ʫʜʘʣʝʥʠʷ ʷʜʨʘ ʤʝʪʦʜʦʤ ʢʘʣʴʮʠʥʘʮʠʠ (ʘ, ʙ). ʀʟʦʙʨʘʞʝʥʠʷ ʯʘʩʪʠʮ PS-

(PAH/PSS)4/AuNP/(PEI/PSS) ʧʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʷʜʨʘ ʚ THF ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʟʦʣʦʯʝʥʠʷ (ʚ) ʠ ʯʘʩʪʠʮ PS-(PAH/PSS)2/AuNP/(PEI/PSS) ʧʦʩʣʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʟʦʣʦʯʝʥʠʷ, ʥʘʥʝʩʝʥʠʷ ʩʣʦʝʚ PEI/PSS ʠ ʨʘʩʪʚʦʨʝʥʠʷ ʷʜʨʘ ʚ THF 

(ʛ). ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʟʦʣʦʪʦʛʦ ʟʦʣʷ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ DMAP (1); ʯʘʩʪʠʮ 

ʪʠʧʘ "ʷʜʨʦ-ʦʙʦʣʦʯʢʘ" PS-(PAH/PSS)2/AuNP/(PEI/PSS) ʜʦ ʫʜʘʣʝʥʠʷ ʷʜʨʘ PS (2); 

ʪʝʭ ʞʝ ʯʘʩʪʠʮ "ʷʜʨʦ-ʦʙʦʣʦʯʢʘ" ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʷʜʨʘ PS (3); ʠ ʜʣʷ ʪʘʢʠʭ ʞʝ 

ʯʘʩʪʠʮ "ʷʜʨʦ-ʦʙʦʣʦʯʢʘ" ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʟʦʣʦʯʝʥʠʷ (4) (ʜ) [40]. 

ʈʘʥʝʝ, ʦʪʜʝʣʴʥʳʤ ʧʨʦʨʳʚʥʳʤ ʫʩʧʝʭʦʤ ʧʨʠʤʝʥʝʥʠʷ LbL ʧʦʜʭʦʜʘ ʩʪʘʣʦ 

ʩʦʟʜʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʩʣʦʝʚ ʠ ʯʘʩʪʠʮ, 

ʤʘʨʢʠʨʦʚʘʥʥʳʭ ʢʚʘʥʪʦʚʳʤʠ ʪʦʯʢʘʤʠ (ʂʊ). ɺ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʝ ɸʥʜʨʝʷ 
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ʈʦʛʘʯʘ, ʌʨʘʥʢʘ ʂʘʨʫʟʦ, ɻʣʝʙʘ ʉʫʭʦʨʫʢʦʚʘ ʠ ʍʝʣʴʤʫʪʘ ʄʝʚʘʣʴʜʘ ʩ ʢʦʣʣʝʛʘʤʠ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʫʙʤʠʢʨʦʤʝʪʨʦʚʳʝ ʯʘʩʪʠʮʳ ʧʦʣʠʩʪʠʨʦʣʴʥʦʛʦ ʣʘʪʝʢʩʘ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʢʨʳʪʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʤʠ 

ʦʙʦʣʦʯʢʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʥʘʥʦʢʨʠʩʪʘʣʣʳ CdTe ʠ CdTe(S) (ʈʠʩʫʥʦʢ 7) [41].  

ɼʣʷ ʵʪʦʛʦ ʩʧʝʨʚʘ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ CdTe ʠ CdTe(S) 

ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʨʘʟʣʠʯʥʳʤʠ ʪʠʦʣʘʤʠ, ʨʘʟʤʝʨʘʤʠ ʦʪ 2,5 

ʜʦ 5 ʥʤ (ʈʠʩʫʥʦʢ 7ʜ) [41]. ʆʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʠʡ, ʩ ʰʠʨʠʥʦʡ ʥʘ ʧʦʣʫʚʳʩʦʪʝ 

(FWHM=60 ʥʤ), ʠ ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ ʢʚʘʥʪʦʚʦʡ ɻ ʬʬʝʢʪʠʚʥʦʩʪʴ ʁ6-18% 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʜʘʤʠʥʘ 6G, ʩʠʛʥʘʣ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʢʘʢ ʙʳʣʦ ʟʘʷʚʣʝʥʦ ʘʚʪʦʨʘʤʠ, ʤʦʞʝʪ ʙʳʪʴ ʥʘʩʪʨʦʝʥ ʚ 

ʜʠʘʧʘʟʦʥʝ 530-680 ʥʤ. ɼʘʣʝʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʥʘʥʦʢʨʠʩʪʘʣʣʳ CdTe(S) ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 1-ʤʝʨʢʘʧʪʦ-2,3-

ʧʨʦʧʘʥʜʠʦʣʦʤ ʠ 1,2-ʜʠʤʝʨʢʘʧʪʦ-3-ʧʨʦʧʘʥʦʣʦʤ, ʧʦʜʭʦʜʷʪ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʚ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ ʩʣʦʠ ʙʣʘʛʦʜʘʨʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ 

ʤʝʞʜʫ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ -OH ʠ -SH ʛʨʫʧʧʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ -NH3+ ʛʨʫʧʧʘʤʠ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ ʧʦʣʠ(ʘʣʣʠʣʘʤʠʥ ʛʠʜʨʦʭʣʦʨʠʜʘ). ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ 

ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʙʦʨʢʠ ʪʨʝʭʤʝʨʥʳʭ ʢʦʣʣʦʠʜʥʳʭ 

ʬʦʪʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʫʪʝʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ 

ʩʫʙʤʠʢʨʦʥʥʳʭ ʣʘʪʝʢʩʥʳʭ ʩʬʝʨ ʧʦʣʠʩʪʠʨʦʣʘ (PS). ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʚʪʦʨʘʤʠ 

ʧʦʜʭʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʩʧʦʩʦʙ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʧʦʢʨʳʪʠʡ ʥʘ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮʘʭ: ʢʘʢ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʁ ʤʠʥʝʩʮʝʥʪʥʳʭ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ, ʪʘʢ ʠ ʦʧʪʠʯʝʩʢʠ ʧʘʩʩʠʚʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ, 

ʥʘʧʨʠʤʝʨ, ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʩ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ PbS 

ʠʣʠ PbTe, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ. 
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ʈʠʩʫʥʦʢ 7 ï ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʠʩʪʠʨʦʣʴʥʳʭ ʣʘʪʝʢʩʥʳʭ ʩʬʝʨ, 

ʧʦʢʨʳʪʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʤʠ/ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʦʙʦʣʦʯʢʘʤʠ (a); 

ʢʦʥʬʦʢʘʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʡ/ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʦʙʦʣʦʯʢʠ CdTe(S), ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʩʬʝʨʳ ʧʦʣʠʩʪʠʨʦʣʘ (ʙ); ʩʧʝʢʪʨʳ 

ʧʨʦʧʫʩʢʘʥʠʷ 3D ʢʦʣʣʦʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʥʝʧʦʢʨʳʪʳʭ ʣʘʪʝʢʩʥʳʭ ʩʬʝʨ 

ʧʦʣʠʩʪʠʨʦʣʘ ʜʠʘʤʝʪʨʦʤ 0.2 ʤʢʤ ʠ ʪʝʭ ʞʝ ʩʬʝʨ ʩ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʡ/ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʦʡ CdTe(S) (ʚ); ʚʩʪʘʚʢʘ: 

ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ CdTe(S) ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʢʦʣʣʦʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʟ 

ʢʦʤʧʦʟʠʪʥʳʭ ʯʘʩʪʠʮ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) (ʛ); ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ 3D 

ʢʦʣʣʦʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʢʦʤʧʦʟʠʪʥʳʭ ʯʘʩʪʠʮ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʚʝʣʠʯʝʥʠʷʭ ʠ 

ʫʛʣʘʭ ʥʘʙʣʶʜʝʥʠʷ (ʜ) [41].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʥʘʥʦʢʨʠʩʪʘʣʣʳ CdTe(S) ʙʳʣʠ ʚʧʝʨʚʳʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʩʦʩʪʘʚ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʦʙʦʣʦʯʝʢ ʧʫʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʘʜʩʦʨʙʮʠʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ PAH/PSS 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʢʨʦʤʝʪʨʦʚʳʭ ʣʘʪʝʢʩʥʳʭ ʯʘʩʪʠʮ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʪʝʤ ʞʝ ʩʦʩʪʘʚʦʤ ʧʦʣʛʦʜʘ ʩʧʫʩʪʷ ʙʳʣʘ ʚʳʧʫʱʝʥʘ ʩʪʘʪʴʷ ʥʘ 

ʪʝʭ ʞʝ ʦʙʲʝʢʪʘʭ ʚ ʞʫʨʥʘʣʝ Colloids and Surfaces A: Physicochem. Eng. Aspects 

[42]. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʧʘʢʦʚʢʠ ʚ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʩʣʦʷʭ 
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ʠ ʩʤʝʥʳ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʩʤʝʱʝʥʠʝ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʧʝʢʪʨʘ 

ʥʘʥʦʯʘʩʪʠʮ CdTe(S) ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʩ 590 ʜʦ 600 ʥʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʪʝʭ ʞʝ ʥʘʥʦʯʘʩʪʠʮ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ (ʈʠʩʫʥʦʢ 8). 

 

 

ʈʠʩʫʥʦʢ 8 ï ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ: (a) ʣʘʪʝʢʩʥʳʭ ʧʦʣʠʩʪʠʨʦʣʴʥʳʭ ʯʘʩʪʠʮ, 

ʧʦʢʨʳʪʳʭ ʪʨʝʭʩʣʦʡʥʦʡ ʦʙʦʣʦʯʢʦʡ ʠʟ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ/ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ 

CdTe(S), ʠ (ʙ) ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ CdTe(S), ʚʥʝʜʨʝʥʥʳʭ ʚ 

ʤʫʣʴʪʠʩʣʦʡʥʫʶ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʫʶ ʦʙʦʣʦʯʢʫ. ʉʧʝʢʪʨ ʦʧʪʠʯʝʩʢʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʠ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ 

CdTe(S) ʚ ʨʘʩʪʚʦʨʝ (ʰʪʨʠʭ-ʣʠʥʠʷ) ʠ ʚʥʝʜʨʝʥʥʳʭ ʚ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʫʶ 

ʤʫʣʴʪʠʩʣʦʡʥʫʶ ʦʙʦʣʦʯʢʫ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) (ʚ). ʀʟʦʙʨʘʞʝʥʠʝ ʢʦʥʬʦʢʘʣʴʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʯʝʪʳʨʝʭʩʣʦʡʥʦʡ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʩ 

ʥʘʥʦʢʨʠʩʪʘʣʣʘʤʠ CdTe(S), ʩʦʙʨʘʥʥʦʡ ʥʘ ʣʘʪʝʢʩʥʳʭ 

ʤʝʣʘʤʠʥʬʦʨʤʘʣʴʜʝʛʠʜʥʳʭ ʯʘʩʪʠʮʘʭ ʜʠʘʤʝʪʨʦʤ 1,5 ʤʢʤ (ʛ) [42]. 

ʇʘʨʘʣʣʝʣʴʥʦ, ɸʥʜʨʝʡ ʈʦʛʘʯ ʨʘʙʦʪʘʣ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʰʠʨʝʥʠʷ 

ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʩʚʦʠʭ ʪʨʘʜʠʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, ʟʘ ʩʯʝʪ 

ʩʦʟʜʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ 2D ʤʘʪʝʨʠʘʣʦʚ. ʀʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʥʦʢʨʠʩʪʘʣʣʳ 
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HgTe, ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʢʦʪʦʨʳʭ ʚ ʨʘʩʪʚʦʨʘʭ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

1000 ʥʤ ʜʦ 1700 ʥʤ ʠ ʚʳʰʝ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʦʙʨʘʟʮʘ) ʩ 

ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʦ 50% (ʈʠʩʫʥʦʢ 9ʘ, ʙ). ʇʣʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ 

ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʡ ʩʙʦʨʢʠ (LbL), ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʠʥʪʝʥʩʠʚʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʚ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩ ʤʘʢʩʠʤʫʤʦʤ ʦʢʦʣʦ 1600 ʥʤ 

(ʈʠʩʫʥʦʢ 9ʚ), ʦʭʚʘʪʳʚʘʷ ʚʝʩʴ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ 

ʠʥʪʝʨʝʩ ʜʣʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ [43]. ɽʛʦ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʠʥʬʨʘʢʨʘʩʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʫʞʝ ʚ ʜʚʫʭʩʣʦʡʥʳʭ LbL-

ʩʪʨʫʢʪʫʨʘʭ ʥʘʥʦʯʘʩʪʠʮ. 

 

 

ʈʠʩʫʥʦʢ 9 ï ʉʊʄ ʠʟʦʙʨʘʞʝʥʠʷ ʩʣʦʷ PDDA/HgTe, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ 

ʧʦʩʣʦʡʥʦʡ ʩʙʦʨʢʠ (ʘ); ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ LbL ʧʣʝʥʢʠ ʠʟ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ 

HgTe ʠ ʇʦʣʠ(ʜʠʘʣʣʠʣʜʠʤʝʪʠʣʘʤʤʦʥʠʷ ʭʣʦʨʠʜ) (PDDA) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʦʩʘʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠ 

450 ʥʤ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʞʜʝʥʥʳʭ ʩʣʦʝʚ HgTe (ʚʩʪʘʚʢʘ) (ʙ); ʩʧʝʢʪʨ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʥʦʯʘʩʪʠʮ HgTe ʚ ʤʫʣʴʪʠʩʣʦʡʥʦʡ (PDDA/HgTe)20 LbL 

ʧʣʝʥʢʝ (ʚ). 

ʀʤʝʥʥʦ ʪʘʢʠʤ ʞʝ, ʦʧʦʩʨʝʜʦʚʘʥʥʳʤ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘʤʠ, ʩʧʦʩʦʙʦʤ 

ʫʜʘʣʦʩʴ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʧʨʠʨʫʯʝʥʠʷ ʂʊ ʥʘ ʙʣʘʛʦ ʙʠʦʤʝʜʠʮʠʥʳ ʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʥʝ ʫʜʘʚʘʣʦʩʴ ʨʘʥʝʝ ʧʨʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦʧʳʪʢʘʭ [39]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʂʊ ʩʘʤʠ ʧʦ ʩʝʙʝ ʤʦʛʫʪ ʙʳʪʴ ʢʨʘʡʥʝ ʪʦʢʩʠʯʥʳʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʂʊ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʢ ʪʨʝʙʫʝʪ ʢʦʥʲʶʛʘʮʠʠ ʂʊ-

ʙʝʣʦʢ. ʂʘʢ ʧʨʘʚʠʣʦ, ʨʘʟʤʝʨʳ ʂʊ ʠ ʙʝʣʢʘ ʩʦʧʦʩʪʘʚʠʤʳ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʧʦʧʳʪʢʠ ʧʨʷʤʦʛʦ ʩʦʯʝʪʘʥʠʷ ʂʊ-ʙʝʣʦʢ, ʧʨʝʜʧʨʠʥʠʤʘʝʤʳʝ ʨʘʥʝʝ 
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ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʟʘʥʠʤʘʶʱʠʤʠʩʷ ʂʊ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟʚʝʩʪʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ 

ʤʠʨʦʚʦʡ ʚʝʣʠʯʠʥʳ ɸʥʜʨʝʷ ʈʦʛʘʯʘ ʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʝʛʦ ʥʦʙʝʣʝʚʩʢʦʛʦ ʣʘʫʨʝʘʪʘ 

ʄʫʥʛʠ ɹʘʚʝʥʜʠ [44,45] ʠ ʘʢʪʠʚʥʦ ʧʨʦʙʠʚʘʶʱʠʤ ʜʦʨʦʛʫ ʢʚʘʥʪʦʚʳʤ ʪʦʯʢʘʤ ʚ 

ʦʙʣʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ, ʧʨʠʥʦʩʠʣʠ 

ʣʠʰʴ ʯʘʩʪʠʯʥʳʡ ʫʩʧʝʭ, ʧʨʠʯʝʤ, ʚ ʩʚʦʝʤ ʙʦʣʴʰʠʥʩʪʚʝ, ʚ ʧʣʘʥʝ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ, ʘ ʥʝ ʢʦʣʣʦʠʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʲʶʛʘʪʦʚ. ʀʤʝʥʥʦ 

ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʚ ʨʘʟʤʝʨʘʭ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘʪʨʫʜʥʷʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʜʥʦʨʦʜʥʦʛʦ ʩʣʦʷ ʙʝʣʢʘ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʥʘʥʦʢʨʠʩʪʘʣʣʘʭ ʠ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʢʦʥʲʶʛʘʪʦʚ ʂʊ-ʙʝʣʦʢ, ʯʪʦ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʢʣʦʥʥʦʩʪʠ ʢ ʘʛʨʝʛʘʮʠʠ ʠ ʚʳʩʦʢʦʡ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ 

ʧʦʣʫʯʘʝʤʳʭ ʯʘʩʪʠʮ.  

ʇʨʠʜʘʥʠʝ ʙʠʦʩʧʝʮʠʬʠʯʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʤ 

ʥʘʥʦʯʘʩʪʠʮʘʤ ʜʣʷ ʨʝʰʝʥʠʷ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʙʳʣʦ ʫʩʧʝʰʥʦ 

ʨʝʘʣʠʟʦʚʘʥʦ ʚ 2002 ʛʦʜʫ ʥʘ 925 ʥʘʥʦʤʝʪʨʦʚʳʭ ʧʦʣʠʩʪʠʨʦʣʴʥʳʭ ʯʘʩʪʠʮʘʭ, 

ʧʦʢʨʳʪʳʭ ʪʨʝʤʷ ʩʣʦʷʤʠ PAH/PSS/PAH, ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʧʨʘʡʤʝʨʘ ʠʣʠ 

ʛʨʫʥʪʦʚʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ [39]. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʦʜʛʦʪʦʚʢʫ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʠ ʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʘʜʩʦʨʙʮʠʠ 

ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ. ʆʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʥʘʥʦʢʨʠʩʪʘʣʣʳ CdTe, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʪʠʦʛʣʠʢʦʣʝʚʦʡ ʢʠʩʣʦʪʦʡ, ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 4 ʥʤ ʚ ʜʠʘʤʝʪʨʝ 

ʫʩʧʝʰʥʦ ʫʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʧʨʘʡʤʝʨ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ CdTe ʠ ʢʘʪʠʦʥʥʳʤʠ ʘʤʠʥʦʛʨʫʧʧʘʤʠ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ PAH. ʇʨʠ ʵʪʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ PAH-PSS ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʯʝʨʝʟ -NH3
- PAH ʠ ʩʫʣʴʬʦʛʨʫʧʧʳ (-SO3

-) PSS. ʏʪʦ 

ʥʝʤʘʣʦʚʘʞʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʠʦʩʧʝʮʠʬʠʯʥʦʩʪʠ, ʚʥʝʰʥʠʡ ʩʣʦʡ ʪʘʢʠʭ ʯʘʩʪʠʮ 

ʬʦʨʤʠʨʦʚʘʣʩʷ ʠʟ ʙʝʣʢʘ (FITC-anti-IgG - ʧʦʣʠʢʣʦʥʘʣʴʥʦʝ ʘʥʪʠʪʝʣʦ, ʤʝʯʝʥʥʦʝ 

ʠʟʦʪʠʘʮʠʘʥʘʪʦʤ ʬʣʫʦʨʝʩʮʝʠʥʘ), ʢʦʪʦʨʳʡ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʙʫʜʫʯʠ ʥʘʥʝʩʝʥʥʳʤ ʥʘ PAH/PSS ʧʦʚʝʨʭʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʩʦʟʜʘʥʳ ʢʦʣʣʦʠʜʥʦ-ʩʪʘʙʠʣʴʥʳʝ ʧʦʣʠʩʪʠʨʦʣʴʥʳʝ 

ʯʘʩʪʠʮʳ, ʧʦʢʨʳʪʳʝ 17 ʩʣʦʷʤʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʠ ʨʝʛʫʣʷʨʥʳʤ ʦʙʨʘʟʦʤ 
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ʫʣʦʞʝʥʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ (ʈʠʩʫʥʦʢ 10ʘ). ɹʦʣʝʝ ʪʦʛʦ, ʪʘʢʠʝ ʯʘʩʪʠʮʳ 

ʧʦʢʨʳʚʘʣʠʩʴ ʪʘʨʛʝʪʥʳʤʠ ʛʨʫʧʧʠʨʦʚʢʘʤʠ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʜʦʩʪʘʚʢʠ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 10 ï ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʠʩʪʠʨʦʣʴʥʳʭ ʛʨʘʥʫʣ ʜʠʘʤʝʪʨʦʤ 925 

ʥʤ ʩ ʧʦʢʨʳʪʠʝʤ (PE3/CdTe QD)3/PE4/FITC-anti-IgG (ʘ), ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʠ ʥʘʣʠʯʠʝ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ CdTe (ʚʩʪʘʚʢʘ). 

ʄʘʩʰʪʘʙʥʘʷ ʣʠʥʝʡʢʘ ʚʦ ʚʩʪʘʚʢʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 5 ʥʤ; ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʣʠʩʪʠʨʦʣʴʥʳʭ ʰʘʨʠʢʦʚ ʜʠʘʤʝʪʨʦʤ 925 ʥʤ ʩ ʤʥʦʛʦʩʣʦʡʥʳʤ 

ʧʦʢʨʳʪʠʝʤ (PE3/CdTe QD)3/PE4/FITC-anti-IgG (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ); ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ: ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ CdTe ʚ ʨʘʩʪʚʦʨʝ 

(ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) FITC-anti-IgG ʚ ʨʘʩʪʚʦʨʝ (ʪʦʯʝʯʥʳʝ ʣʠʥʠʠ) (ʙ). ʉʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʨʝʞʠʤʝ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʩʩʝʷʥʠʷ ʦʪ ʧʦʣʠʩʪʠʨʦʣʴʥʳʭ ʛʨʘʥʫʣ [39]. 

ʈʠʩʫʥʦʢ 10ʙ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʠʧʠʯʥʳʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ 

ʧʦʣʠʩʪʠʨʦʣʴʥʳʭ ʯʘʩʪʠʮ, ʧʦʢʨʳʪʳʭ PE/CdTe ʢʚʘʥʪʦʚʳʤʠ ʪʦʯʢʘʤʠ ʠ 

ʘʥʪʠʪʝʣʘʤʠ anti-IgG (ʈʠʩʫʥʦʢ 10ʙ). ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʠʮ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʢʘʢ CdTe ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ, ʪʘʢ ʠ ʘʥʪʠʪʝʣ FITC anti-IgG. 

ʇʣʝʯʦ ʧʦʛʣʦʱʝʥʠʷ ʦʢʦʣʦ 590 ʥʤ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʛʣʦʱʝʥʠʝʤ CdTe 

ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ, ʘ ʧʣʝʯʦ ʚ ʦʙʣʘʩʪʠ 495 ʥʤ ʩʚʷʟʘʥʦ ʩ ʧʦʛʣʦʱʝʥʠʝʤ FITC ʚ 

ʤʝʯʝʥʦʤ ʙʝʣʢʝ. ʅʘ ʩʧʝʢʪʨʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʯʘʩʪʠʮ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ ʧʨʠ 

608 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʟʣʫʯʝʥʠʶ CdTe ʂʊ, ʘ ʪʘʢʞʝ ʧʣʝʯʦ ʧʨʠ 525 ʥʤ, 
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ʚʳʟʚʘʥʥʦʝ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ FITC. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʥʠʡ 

ʩʜʚʠʛ ʚ ʧʠʢʝ ʠʟʣʫʯʝʥʠʷ CdTe ʂʊ ʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʦʙʦʣʦʯʢʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʝʤʠ ʞʝ ʥʘʥʦʢʨʠʩʪʘʣʣʘʤʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ (622 ʥʤ). 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʘʪʴʷʭ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʯʘʩʪʠʮ ʥʘʙʣʶʜʘʝʪʩʷ ʪʨʝʥʜ ʢ ʨʘʟʨʘʙʦʪʢʝ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥr ʭ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʝʙʝ ʣʶʤʠʥʝʩʮʝʥʪʥʫʶ 

ʢʦʤʧʦʥʝʥʪʫ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʫʶ ʯʘʩʪʴ. ʊʘʢ, ʚ ʨʘʙʦʪʝ ʢʠʪʘʡʩʢʠʭ ʫʯʝʥʳʭ 

ɼʝ ʠ ʃʠ ʧʦʣʫʯʝʥʘ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʘʷ ʩʙʦʨʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʭ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ (NaYF:20%Yb3+,2%Er3+) [46]. ɺ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʫʶ ʦʙʦʣʦʯʢʫ ʙʳʣ ʚʥʝʜʨʝʥ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʙʝʣʦʢ. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ɻ ʪʘ ʥʘʥʦʨʘʟʤʝʨʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ 

ʘʛʨʝʛʘʮʠʠ ʙʝʣʢʦʚ ʥʘ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʝ. ʆʥʘ ʪʘʢʞʝ ʟʘʱʠʪʠʣʘ ʙʝʣʦʢ ʦʪ 

ʜʝʥʘʪʫʨʘʮʠʠ, ʚʳʟʚʘʥʥʦʡ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʦʪʝʠʥʘʟʳ ʂ ʠ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʡ (ʜʦ 60 ÁC) ʪʝʤʧʝʨʘʪʫʨʳ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʥʦʯʘʩʪʠʮʳ ʚ 

ʦʩʥʦʚʝ ʥʘʥʦʥʦʩʠʪʝʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʟʦʥʜʘ, ʘʢʪʠʚʠʨʫʝʤʦʛʦ 

ʙʣʠʞʥʠʤ ʠʥʬʨʘʢʨʘʩʥʳʤ ʠʟʣʫʯʝʥʠʝʤ (980 ʥʤ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʦʜʠʪʴ 

ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʫʶ ʪʨʸʭʤʝʨʥʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʚ ʧʨʦʮʝʩʩʝ ʜʦʩʪʘʚʢʠ ʙʝʣʢʘ. ʂʘʢ 

ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʫʛʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ, ʚʥʝʰʥʠʡ ʧʦʣʠʤʝʨʥʳʡ ʩʣʦʡ 

ʠʛʨʘʣ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʟʘʱʠʪʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʥʘʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ ʦʪ 

ʜʝʥʘʪʫʨʘʮʠʠ. 

ʇʦʤʠʤʦ ʫʩʣʦʞʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ LbL ʯʘʩʪʠʮ, ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʨʘʙʦʪʘʭ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ ʦʪʯʝʪʣʠʚʦ ʥʘʙʣʶʜʘʝʪʩʷ ʢʨʝʥ ʢ ʙʦʣʝʝ ʛʣʫʙʦʢʦʡ 

ʠʥʪʝʛʨʘʮʠʠ ʚ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʙʠʦʤʝʜʠʮʠʥʳ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ ʇʘʫʣʳ 

ʍʵʤʤʦʥʜ ʙʳʣʠ ʩʦʟʜʘʥʳ ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʟʦʥʜʦʚ ʚʪʦʨʦʛʦ ʙʣʠʞʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʦʢʥʘ (NIR-II), 

ʚʢʣʶʯʘʷ ʥʘʥʦʯʘʩʪʠʮʳ, ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ, ʦʜʥʦʩʣʦʡʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ 

ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʨʘʩʠʪʝʣʠ [47]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʷʤʦʝ 

ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʦʥʜʦʚ NIR-II ʩ ʠʜʝʥʪʠʯʥʳʤ LbL-

ʧʦʢʨʳʪʠʝʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʙʠʦʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʠ ʠ 

ʪʦʢʩʠʯʥʦʩʪʠ. ɺ ʮʝʣʦʤ, ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʥʠʩʭʦʜʷʱʝʡ ʢʦʥʚʝʨʩʠʝʡ ʥʘ ʦʩʥʦʚʝ 
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ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʧʪʠʤʘʣʴʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳ ʚ ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ 

ʟʦʥʜʘ ʜʣʷ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʩʝʨʦʟʥʦʡ ʢʘʨʮʠʥʦʤʳ ʷʠʯʥʠʢʦʚ, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ 

ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʥʘ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ. ʋʩʧʝʰʥʦʝ ʚʳʷʚʣʝʥʠʝ ʦʨʪʦʪʦʧʠʯʝʩʢʠʭ 

ʦʧʫʭʦʣʝʡ ʷʠʯʥʠʢʦʚ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʩ ʧʦʤʦʱʴʶ in vivo ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʨʝʞʠʤʝ 

NIR-II ʠ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʦʤ ex vivo ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. ɺ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʟʦʥʜʳ NIR-

II ʥʘ ʦʩʥʦʚʝ LbL ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʪʝʨʘʥʦʩʪʠʯʝʩʢʫʶ 

ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʥʝʠʥʚʘʟʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ 

ʠ ʣʝʯʝʥʠʷ ʩʝʨʦʟʥʦʡ ʢʘʨʮʠʥʦʤʳ ʷʠʯʥʠʢʦʚ. 

1.1.5 ʆʪ ʪʝʤʧʣʘʪʘ-ʞʝʨʪʚʳ ʢ ʪʝʤʧʣʘʪʫ-ʥʦʩʠʪʝʣʶ ʬʫʥʢʮʠʠ 

ɼʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʦʤʝʥʪʘ, ʚʩʝ ʪʝʤʧʣʘʪʳ, ʢʘʢ ʵʪʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʝʨʚʦʦʪʢʨʳʚʘʪʝʣʷʤʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ 

(ʥʘʥʦ/ʤʠʢʨʦ)ʯʘʩʪʠʮ ʠ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʷʤʠ ʣʠʰʴ ʚ ʢʘʯʝʩʪʚʝ ʩʬʝʨʠʯʝʩʢʦʡ 

ʧʦʜʣʦʞʢʠ, ʩʣʫʞʘʱʝʡ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʦʟʜʘʥʠʷ ʦʙʦʣʦʯʢʠ. ʊʘʢ, ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʤʧʣʘʪʥʳʭ ʯʘʩʪʠʮ ʙʳʣʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʤʠʢʨʦʯʘʩʪʠʮʳ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ 

[48,49], ʧʦʣʠʤʝʨʥʳʝ PLA-PLGA ʯʘʩʪʠʮʳ [50], ʤʝʟʦʧʦʨʠʩʪʳʝ ʩʠʣʠʢʘʪʥʳʝ 

ʯʘʩʪʠʮʳ [51], ʢʦʪʦʨʳʝ, ʢʩʪʘʪʠ, ʚʧʝʨʚʳʝ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʧʨʝʜʣʦʞʠʣ ʌʨʘʥʢ 

ʂʘʨʫʟʦ [42]. ʉ ʧʦʤʦʱʴʶ ʚʘʨʴʠʨʦʚʘʥʠʷ ʨʘʟʤʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʬʝʨʠʯʝʩʢʦʛʦ 

ʪʝʤʧʣʘʪʘ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʜʠʘʤʝʪʨʦʤ ʪʨʝʭʤʝʨʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʘʧʩʫʣ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʟʘʨʷʜ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʧʦʜʙʦʨ ʧʝʨʚʦʛʦ ʩʣʦʷ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʵʣʝʢʪʨʦʩʪʘʪʠʢʠ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʩʦ ʩʬʝʨʦʣʠʪʘʤʠ CaCO3 - ʤʠʢʨʦʯʘʩʪʠʮʘʤʠ ʢʘʨʙʦʥʘʪʘ 

ʢʘʣʴʮʠʷ, ʷʜʨʦ, ʧʦʤʠʤʦ ʪʝʤʧʣʘʪʥʦʡ ʬʫʥʢʮʠʠ, ʤʦʛʣʦ ʩʦʜʝʨʞʘʪʴ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ 

(ʘʣʴʬʘ-ʣʘʢʪʘʣʴʙʫʤʠʥ, ʣʠʟʦʮʠʤ, ʧʝʨʦʢʩʠʜʘʟʘ ʭʨʝʥʘ ʠ ʘʣʴʬʘ-ʭʠʤʦʪʨʠʧʩʠʥ), 

ʟʘʛʨʫʞʝʥʥʳʝ ʚ ʥʠʭ ʟʘʨʘʥʝʝ ʧʨʠ ʩʠʥʪʝʟʝ, ʠ ʚʳʧʦʣʥʷʣʦ ʬʫʥʢʮʠʶ ʟʘʛʨʫʟʯʠʢʦʚ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʘʧʩʫʣ (ʈʠʩʫʥʦʢ 11) [49]. ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʪʝʤʧʣʘʪʳ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʨʘʟʣʦʞʝʥʠʶ, ʦʩʪʘʚʣʷʣʠ ʦʙʦʣʦʯʢʫ, ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʥʘ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʯʝʟʘʣʠ ʠʟ ʧʦʣʷ ʟʨʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 



47 

ʆʜʥʘʢʦ ʠ ʟʜʝʩʴ ʥʝ ʦʙʦʰʣʦʩʴ ʙʝʟ ʚʢʣʘʜʘ ʌʨʘʥʢʘ ʂʘʨʫʟʦ, ʢʦʪʦʨʳʡ ʠ ʜʦ ʵʪʦʛʦ 

ʫʜʝʣʷʣ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ ʚʘʨʴʠʨʦʚʘʥʠʶ ʤʘʪʝʨʠʘʣʘ ʪʝʤʧʣʘʪʘ, ʩʝʨʴʝʟʥʳʤ 

ʦʙʨʘʟʦʤ ʦʙʦʛʘʪʠʚ ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʥʦ ʠ ʩʤʦʛ ʧʨʝʜʣʦʞʠʪʴ ʝʤʫ ʥʝʯʪʦ 

ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʝ, ʯʝʤ ʧʨʦʩʪʦ ʚʳʧʦʣʥʝʥʠʝ ʞʝʨʪʚʝʥʥʦʡ ʬʫʥʢʮʠʠ. 

 

 

ʈʠʩʫʥʦʢ 11 ï ʂʦʥʬʦʢʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʤʠʢʨʦʢʘʧʩʫʣ ʩ ʚʢʣʶʯʝʥʠʝʤ 

ʣʘʢʪʘʣʴʙʫʤʠʥʘ, ʤʝʯʝʥʦʛʦ ʨʦʜʘʤʠʥʦʤ ɹ (ʘ), ʠ ʧʦʢʨʳʪʳʝ ʈɸʅ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʠʟʦʪʠʦʮʠʘʥʘʪʦʤ ʬʣʫʦʨʝʩʮʝʠʥʘ (ʙ), ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʧʨʦʬʠʣʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʧʨʠʚʷʟʢʝ ʢ ʢʦʦʨʜʠʥʘʪʘʤ (ʚ). 

ʊʘʢ, ʚ 2001 ʛʦʜʫ, ʌʨʘʥʢʦʤ ʂʘʨʫʟʦ ʙʳʣʦ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʦ ʥʝ 

ʠʟʙʘʚʣʷʪʴʩʷ ʦʪ ʪʝʤʧʣʘʪʘ, ʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʢʘʢ ʷʜʨʦ, ʚʳʩʪʫʧʘʶʱʝʝ ʥʦʩʠʪʝʣʝʤ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʫʥʢʮʠʠ, ʠ ʥʝʦʪʲʝʤʣʝʤʫʶ ʯʘʩʪʴ ʧʦʣʫʯʘʝʤʳʭ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʯʘʩʪʠʮ. ʕʪʦ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʧʣʘʟʤʦʥʥʦ-

ʨʝʟʦʥʘʥʩʥʦʡ ʬʫʥʢʮʠʠ, ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʟʦʣʦʪʦʤʫ ʷʜʨʫ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʷʜʨʘ-ʬʫʥʢʮʠʠ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ 

ʧʝʨʝʭʦʜ ʨʘʟʤʝʨʥʦʩʪʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʯʘʩʪʠʮ ʥʘ ʥʘʥʦʫʨʦʚʝʥʴ. ʅʝʦʙʭʦʜʠʤʦ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʦ ʦʪʥʶʜʴ ʥʝ ʧʨʦʩʪʳʤ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʟʥʘʥʠʡ ʥʘʤʝʪʠʣʩʷ ʫʩʪʦʡʯʠʚʳʡ ʪʨʝʥʜ ʥʘ ʩʥʠʞʝʥʠʝ 

ʩʨʝʜʥʝʛʦ ʜʠʘʤʝʪʨʘ ʩʬʝʨʠʯʝʩʢʦʛʦ ʪʝʤʧʣʘʪʘ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʅʏ, ʙʳʣʦ 

ʩʜʝʣʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʧʦʧʳʪʦʢ, ʧʨʝʞʜʝ ʯʝʤ ʫʜʘʣʦʩʴ ʵʪʦʛʦ ʜʦʩʪʠʛʥʫʪʴ. 

ʅʝʫʩʪʘʥʥʳʝ ʧʦʧʳʪʢʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʤʝʪʦʜʠʢʫ ʧʦʩʣʦʡʥʦʛʦ 

ʥʘʥʝʩʝʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʜʦ ʫʨʦʚʥʷ ʜʝʩʷʪʢʦʚ ʥʘʥʦʤʝʪʨʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʫʥʠʬʦʨʤʥʳʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʦʢʨʳʪʠʡ ʙʳʣʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʝʨʝ ʦʩʣʦʞʥʝʥʳ, ʩʨʝʜʠ ʧʨʦʯʝʛʦ, ʪʘʢʠʤ ʬʘʢʪʦʨʦʤ, ʢʘʢ ʚʳʩʦʢʘʷ ʢʨʠʚʠʟʥʘ 
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ʧʦʚʝʨʭʥʦʩʪʠ [52,53]. ʅʝ ʚʟʠʨʘʷ ʥʘ ʵʪʦ, ʚ ʨʘʙʦʪʘʭ ʂʘʨʫʟʦ, ʩʥʘʯʘʣʘ ʦʪ 1999 ʛʦʜʘ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʣʣʦʠʜʥʳʝ LbL ʯʘʩʪʠʮʳ ʤʝʥʝʝ 100 ʥʘʥʦʤʝʪʨʦʚ (ʈʠʩʫʥʦʢ 12ʘ, 

ʙ) [54]. ɼʘʣʝʝ, ʚ 2001 ʛʦʜʫ ʙʳʣʦ ʩʦʦʙʱʝʥʦ ʦ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʤ ʧʦʢʨʳʪʠʠ 

ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʥʦʜʠʩʧʝʨʩʥʦʩʪʴʶ ʠ ʜʠʘʤʝʪʨʦʤ ʦʪ 10 ʜʦ 50 

ʥʤ (ʈʠʩʫʥʦʢ 12ʚ, ʛ) [55]. ɿʘʪʝʤ, ʚ 2003 ʛʦʜʫ ʚ ʨʘʙʦʪʝ [56] ʚʧʝʨʚʳʝ ʜʣʷ 

ʢʦʣʣʦʠʜʥʳʭ ʪʝʤʧʣʘʪʦʚ ʙʳʣ ʧʨʝʦʜʦʣʝʥ ʙʘʨʴʝʨ ʚ 10 ʥʘʥʦʤʝʪʨʦʚ. ɻʦʤʦʛʝʥʥʳʝ 

ʤʦʥʦ- ʠ ʤʫʣʴʪʠʩʣʦʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʚʧʝʨʚʳʝ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʝʤʠʥʘʥʦʤʝʪʨʦʚʳʭ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ 

ʤʝʨʢʘʧʪʦʫʥʜʝʢʘʥʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʂʘʞʜʳʡ ʵʪʘʧ ʥʘʥʝʩʝʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ 

ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʠʥʚʝʨʩʠʝʡ ʟʘʨʷʜʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʢʨʘʩʥʳʤ 

ʩʜʚʠʛʦʤ ʧʦʣʦʩʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦʙ ʫʩʧʝʰʥʦʩʪʠ ʘʜʩʦʨʙʮʠʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ. ɹʳʣ ʚʧʝʨʚʳʝ 

ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥ ʵʬʬʝʢʪ ʠʦʥʥʦʡ ʩʠʣʳ ʠ ʜʣʠʥʳ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ ʥʘ 

ʫʩʧʝʰʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʧʦʣʠʠʦʥʘʤʠ. ʅʘʠʣʫʯʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʦʙʣʘʜʘʣʠ ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1-20 ʤʄ NaCl ʩ 

ʥʝʙʦʣʴʰʦʡ ʜʣʠʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ, 

ʢʦʪʦʨʳʝ ʚ ʚʳʪʷʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʜʣʠʥʝ 

ʦʢʨʫʞʥʦʩʪʠ ʟʦʣʦʪʳʭ ʥʘʥʦʯʘʩʪʠʮ (ʦʢʦʣʦ 15 ʥʤ, ʈʠʩʫʥʦʢ 12ʜ, ʝ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʦʙʨʝʪʝʥʥʳʡ ʤʝʪʦʜ ʦʪʢʨʳʣ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ 

ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʳʭ ʥʘʥʦʯʘʩʪʠʮ ʠ, ʢʘʢ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʜʘʣʴʥʦʚʠʜʥʦ 

ʟʘʷʚʠʣʠ ʩʘʤʠ ʘʚʪʦʨʳ, ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʙʱʝʥ ʥʘ ʮʝʣʳʡ ʨʷʜ ʜʨʫʛʠʭ ʥʘʥʦʯʘʩʪʠʮ, 

ʥʘʧʨʠʤʝʨ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, ʬʦʩʬ·ʨʦʚ, ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ 

ʠ ʜʨ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʜʦ 100 ʥʤ ʠ ʥʠʞʝ 

ʚʦʟʥʠʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʠ ʚʩʣʝʜʩʪʚʠʝ 

ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʷʜʨʘ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʘʷ ʩʢʣʦʥʥʦʩʪʴ ʢ 

ʘʛʨʝʛʘʮʠʠ ʠʟ-ʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʥʘʥʦʯʘʩʪʠʮ, ʚʩʢʦʨʝ 

ʜʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʠ ʦʪʪʦʯʝʥ [57]. 



49 

 

ʈʠʩʫʥʦʢ 12 ï ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʥʝʧʦʢʨʳʪʳʭ ʧʦʣʠʩʪʠʨʦʣʴʥʳʭ 

ʣʘʪʝʢʩʥʳʭ ʯʘʩʪʠʮ ʜʠʘʤʝʪʨʦʤ 70 ʥʤ (a, ʙ); ʇʕʄ-ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʥʘʥʦʯʘʩʪʠʮ 

ʟʦʣʦʪʘ (ʚ, ʛ), ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʜʚʫʤ ̫

ʩʣʦ̫ʤʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʟʘʨʷʞʝʥʥʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ (PDADMAC/PSS). 

ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʟʦʣʦʪʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʧʦʢʨʳʪʳʭ ʤʝʨʢʘʧʪʦʫʥʜʝʢʘʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʜʚʫʤʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʤʠ ʩʣʦʷʤʠ 

PDADMAC/PSS (ʜ, ʝ) [56]. 

1.1.6 ɹʝʩʪʝʤʧʣʘʪʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ 

ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ɸʠʰʘ ʎʠ ʩʦʦʙʱʠʣʘ ʦ ʧʨʦʩʪʦʡ ʤʝʪʦʜʠʢʝ ʙʝʩʪʝʤʧʣʘʪʥʦʛʦ 

ʩʠʥʪʝʟʘ ʤʥʦʛʦʩʣʦʡʥʳʭ ʥʘʥʦʢʘʧʩʫʣ ʥʘ ʦʩʥʦʚʝ ʘʵʨʦʟʦʣʠʟʘʮʠʠ [58]. ʕʪʦʪ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʨʘʜʠʮʠʦʥʥʦʡ LbL ʩʙʦʨʢʠ, ʥʦ ʫʩʪʨʘʥʷʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʣʣʦʠʜʥʦ ʜʠʩʧʝʨʩʥʦʛʦ ʪʝʤʧʣʘʪʘ. ʂʘʢ ʠ ʚ 

ʪʨʘʜʠʮʠʦʥʥʦʤ LbL ʤʝʪʦʜʝ, ʩʪʫʧʝʥʯʘʪʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ 

ʩʣʦʝʚ ʧʦʟʚʦʣʷʝʪ ʚʚʦʜʠʪʴ ʣʝʢʘʨʩʪʚʘ, ʘʜʲʶʚʘʥʪʳ, ʙʝʣʢʠ ʠ ɼʅʂ ʚ ʧʦʣʠʤʝʨʥʫʶ 

ʦʙʦʣʦʯʢʫ. ʉ ʧʦʤʦʱʴʶ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʜʦʚʦʣʴʥʦ ʣʝʛʢʦ ʧʦ ʫʪʚʝʨʞʜʝʥʠʶ ʘʚʪʦʨʦʚ 

ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʢʘʧʩʫʣʳ ʭʠʪʦʟʘʥʘ ʠ ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʳ ʨʘʟʤʝʨʦʤ 100 

ʥʤ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ. ʉʫʪʴ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʪʦʤʠʟʘʮʠʠ 
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ʢʘʧʣʠ ʨʘʩʪʚʦʨʘ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʨʘʟʤʝʨʘ ʟʘ ʩʯʝʪ ʙʳʩʪʨʦʡ 

ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 

ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʚʦʣʥʘʤʠ (ʇɺ) ʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ (ʈʠʩʫʥʦʢ 13) c 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʪʫʤʘʥʘ. ʈʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʧʦʜʘʸʪʩʷ ʠʟ ʨʝʟʝʨʚʫʘʨʘ ʥʘ ʇɺ-

ʧʦʜʣʦʞʢʫ ʟʘ ʩʯʸʪ ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʬʬʝʢʪʘ ʙʫʤʘʞʥʦʡ ʧʦʣʦʩʢʠ, ʟʘʢʨʝʧʣʸʥʥʦʡ ʥʘ 

ʢʦʥʮʝ ʫʢʦʨʦʯʝʥʥʦʡ ʢʘʧʠʣʣʷʨʥʦʡ ʪʨʫʙʢʠ. ɼʘʣʝʝ ʘʵʨʦʟʦʣʴ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʩʧʠʨʘʣʴʥʫʶ ʪʨʫʙʢʫ, ʧʦʛʨʫʞʝʥʥʫʶ ʚ ʛʦʨʷʯʫʶ ʚʦʜʷʥʫʶ ʙʘʥʶ. ʇʦ ʤʝʨʝ 

ʜʚʠʞʝʥʠʷ ʚ ʪʨʫʙʢʝ ʧʨʦʠʩʭʦʜʠʪ ʠʩʧʘʨʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʟ ʢʘʧʝʣʴ ʘʵʨʦʟʦʣʷ. 

ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʪʚʸʨʜʳʝ ʧʦʣʠʤʝʨʥʳʝ ʥʘʥʦʥʦʩʠʪʝʣʠ ʟʘʪʝʤ ʧʦʩʪʫʧʘʶʪ ʚ 

ʢʦʣʣʝʢʪʦʨʥʳʡ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʡ ʧʦʣʠʤʝʨ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʩʣʦʷ. ʇʦʣʫʯʝʥʥʘʷ ʩʫʩʧʝʥʟʠʷ ʩʥʦʚʘ ʧʦʜʘʸʪʩʷ ʥʘ 

ʫʩʪʨʦʡʩʪʚʦ, ʛʝʥʝʨʠʨʫʶʱʝʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ, ʜʣʷ 

ʧʦʚʪʦʨʥʦʡ ʘʪʦʤʠʟʘʮʠʠ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʩʭʝʤʝ. ʅʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʸʚ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʫʪʸʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʦʚʪʦʨʝʥʠʷ ʜʘʥʥʦʛʦ ʮʠʢʣʘ. 

 

ʈʠʩʫʥʦʢ 13 ï ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʘʪʦʤʠʟʘʮʠʠ ʢʘʧʣʠ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʝʨʘ (a). 

ʌʦʪʦʛʨʘʬʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʛʝʥʝʨʘʮʠʠ ʪʫʤʘʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦ 

ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʚʦʣʥʘʤʠ (ʙ). ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʩʠʥʪʝʟʘ ʦʜʥʦʩʣʦʡʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʘʧʩʫʣ (ʚ). ʀʣʣʶʩʪʨʘʮʠʷ 
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ʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʤʝʞʜʫ ʭʠʪʦʟʘʥʦʤ ʠ 

ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʦʡ (ʛ). 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʘʥʦʥʦʩʠʪʝʣʠ ʩ ʚʦʩʝʤʴʶ 

ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʤʠ ʩʣʦʷʤʠ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʦʟʤʦʞʥʦ ʥʘʥʝʩʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʣʦʝʚ ʧʫʪʝʤ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʦʚʪʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʘʪʦʤʠʟʘʮʠʠ-ʠʩʧʘʨʝʥʠʷ-

ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʥʠʷ. ʈʘʟʤʝʨʳ ʢʘʧʩʫʣ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 200 ʥʤ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ. 

ʀʪʦʛʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʘʧʩʫʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʢʫʩʪʠʯʝʩʢʦʡ ʘʪʦʤʠʟʘʮʠʠ 

ʧʦʟʚʦʣʠʣ ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʩʘʞʜʝʥʠʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 

ʟʘʨʷʞʝʥʥʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʠ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ (pDNA), ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʤʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʷ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʘ, 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ ʠ ʢʦʥʬʦʢʘʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ 

ʤʠʢʨʦʩʢʦʧʠʝʡ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʠʢ, ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʣʘʛʘʝʪ 

ʵʢʦʥʦʤʠʯʥʳʡ, ʙʳʩʪʨʳʡ ʠ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʠ ʤʠʢʨʦʬʣʶʠʜʥʦʡ LbL 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʚʠʜʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʝʜʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʢʦʣʣʦʠʜʥʳʭ 

ʪʝʤʧʣʘʪʦʚ. 

ɺʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʢʘʧʩʫʣʷʮʠʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʚ 

ʤʥʦʛʦʩʣʦʡʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʙʝʩʪʝʤʧʣʘʪʥʳʤ ʤʝʪʦʜʦʤ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ pDNA ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ ʩʣʦʠ, ʢʘʞʜʳʡ ʧʦʩʣʝʜʫʶʱʠʡ ʠʟ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʤʝʜʣʷʝʪ ʩʢʦʨʦʩʪʴ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʜʦʧʘʥʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʵʪʦʪ 

ʧʨʦʮʝʩʩ, ʠʟʤʝʥʷʷ ʢʦʣʠʯʝʩʪʚʦ ʥʘʥʝʩʝʥʥʳʭ ʩʣʦʝʚ. ɹʦʣʝʝ ʪʦʛʦ, ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ in vitro ʪʨʘʥʩʬʝʢʮʠʷ ʛʝʥʦʚ ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʯʝʥʥʳʭ 

ʧʦʣʠʩʣʦʡʥʳʭ ʘʨʭʠʪʝʢʪʫʨ, ʩʦʜʝʨʞʘʱʠʭ pDNA, ʚ ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ 

ʧʨʦʛʝʥʠʪʦʨʥʳʝ ʢʣʝʪʢʠ ʯʝʣʦʚʝʢʘ ʠ ʢʣʝʪʢʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ COS-7. ʕʢʩʧʨʝʩʩʠʷ 
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ʛʝʥʦʚ ʚ ʵʪʠʭ ʢʣʝʪʢʘʭ ʥʝ ʪʦʣʴʢʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʦʭʨʘʥʝʥʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ pDNA ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ, ʥʦ ʠ ʜʦʢʘʟʳʚʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ, ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʚ ʤʥʦʛʦʩʣʦʡʥʳʝ ʥʘʥʦʥʦʩʠʪʝʣʠ, 

ʢ ʪʨʘʥʩʬʝʢʮʠʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʠʤʝʥʝʥʠʡ ʚ ʛʝʥʥʦʡ ʪʝʨʘʧʠʠ. 

1.1.7 ɺʚʝʜʝʥʠʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʚ ʩʦʩʪʘʚ LbL ʯʘʩʪʠʮ  

ɺʚʠʜʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʠ, d-ʤʝʪʘʣʣʳ 

ʷʚʣʷʶʪʩʷ ʥʦʩʠʪʝʣʷʤʠ ʧʦʣʝʟʥʳʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ, ʤʘʛʥʠʪʥʳʭ 

ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [59ï63]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʚʚʝʜʝʥʠʝ d-ʤʝʪʘʣʣʦʚ ʚ ʣʶʙʳʝ 

ʘʨʭʠʪʝʢʪʫʨʳ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʣʦʩʩʘʣʴʥʳʡ ʠʥʪʝʨʝʩ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʚ ʢʘʪʘʣʠʟʝ, ʩʝʥʩʦʨʠʢʝ ʠ ʤʥʦʛʠʭ 

ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ [64ï66]. 

ʇʠʦʥʝʨʩʢʦʡ ʧʦ ʚʚʝʜʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ d-ʤʝʪʘʣʣʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʣʠʛʘʥʜʘʤʠ ʚ ʩʦʩʪʘʚ LbL ʩʪʨʫʢʪʫʨ ʩʪʘʣʘ ʨʘʙʦʪʘ ʐʫʪʪʝ ʠ ʂʫʨʪʘ. ʇʨʠʯʝʤ 

ʨʝʘʣʠʟʦʚʘʥʦ ʵʪʦ ʙʳʣʦ ʩʨʘʟʫ ʥʘ ʚʝʩʴʤʘ ʩʣʦʞʥʳʭ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʧʣʘʥʝ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʦʙʲʝʢʪʘʭ. ʊʘʢ, ʚ 1998 ʛʦʜʫ ʦʥʠ ʩʦʦʙʱʠʣʠ, ʚʦ-ʧʝʨʚʳʭ, ʦ 

ʧʦʣʫʯʝʥʠʠ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʤʝʪʘʣʣʦʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʢʘʢ 

ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ 1,4-ʙʠʩ(2,2':6',2''-ʪʝʨʧʠʨʠʜʠʥ-4'-ʠʣ)ʙʝʥʟʦʣʘ ʩ ʠʦʥʘʤʠ ʞʝʣʝʟʘ 

ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʪʝʨʧʠʨʠʜʠʥ ʩ 

ʙʦʣʴʰʠʥʩʪʚʦʤ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʦʙʨʘʟʫʝʪ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠ ʦʧʨʝʜʝʣʸʥʥʳʝ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʩ ʩʠʤʤʝʪʨʠʝʡ D2d [67]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʙʳʣʦ 

ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʘʣʣʦʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ, ʧʨʠʯʸʤ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ 

ʨʘʩʧʨʝʜʝʣʝʥ ʚ ʥʝʤ ʚʜʦʣʴ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʩʠ (ʈʠʩʫʥʦʢ 14ʘ). ɺʦ-ʚʪʦʨʳʭ, ʠʤ 

ʫʜʘʣʦʩʴ ʫʩʧʝʰʥʦ ʚʚʝʩʪʠ ʧʦʣʫʯʝʥʥʳʡ ʛʠʙʨʠʜʥʳʡ ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪ ʚ ʩʣʦʠʩʪʳʝ ʜʚʫʤʝʨʥʳʝ ʧʣʝʥʢʠ, ʩʦʙʨʘʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʝʤʥʠʝʚʦʡ ʧʣʘʩʪʠʥʢʠ (ʈʠʩʫʥʦʢ 14ʙ) [68]. 
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ʈʠʩʫʥʦʢ 14 ï 1,4-ʙʠʩ(2,2':6',2''-ʪʝʨʧʠʨʠʜʠʥ-4'-ʠʣ)ʙʝʥʟʦʣ ʠ ʠʦʥʳ Fe2+ ʚ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʦʙʨʘʟʫʶʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪ 2 (a). ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ ʤʝʪʦʜʦʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ 

ʟʘʨʷʜʘʤʠ ʥʘ ʧʣʦʩʢʦʩʪʠ (ʙ). 

ɻʦʜʦʤ ʩʧʫʩʪʷ, ʫʞʝ ʚ ʢʦʣʣʘʙʦʨʘʮʠʠ ʩ ʌʨʘʥʢʦʤ ʂʘʨʫʟʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʪʦʛʦ ʞʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦʤʧʣʝʢʩʘ d-

ʤʝʪʘʣʣʘ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʣʠʛʘʥʜʦʤ, ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʣʣʦʠʜʥʳʝ 

ʯʘʩʪʠʮʳ [54]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʚʦʠʭ ʧʨʦʪʷʞʸʥʥʳʭ ʜʚʫʤʝʨʥʳʭ ʘʥʘʣʦʛʦʚ, 

ʤʝʪʘʣʣʦʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ ʢʦʣʣʦʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʦʙʨʘʟʫʶʪ ʟʘʤʢʥʫʪʳʝ ʤʠʢʨʦʥʥʳʝ ʠ ʩʫʙʤʠʢʨʦʥʥʳʝ ʘʥʩʘʤʙʣʠ, ʩʦʭʨʘʥʷʶʱʠʝ 

ʩʚʦʶ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʚ ʨʘʩʪʚʦʨʝ. ʄʝʪʘʣʣʦʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ ʢʦʣʣʦʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ Fe(II)-MEPE ʠ PSS ʥʘ ʷʜʨʘ ʠʟ ʣʘʪʝʢʩʘ 

ʧʦʣʠʩʪʠʨʦʣʘ ʠ ʥʘ ʯʘʩʪʠʮʘʭ ʩʣʘʙʦʩʰʠʪʦʛʦ ʤʝʣʘʤʠʥʬʦʨʤʘʣʴʜʝʛʠʜʘ. ʉʣʦʠ 

ʥʘʥʦʩʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ Fe(II)-MEPE ʠ PSS ʥʝʩʣʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ 

ʟʘʨʷʜʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ ʟʘ ʩʯʝʪ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʠʪʷʞʝʥʠʷ (ʈʠʩʫʥʦʢ 15). ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʧʝʨʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʝʪʘʣʣʦʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ 

ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ. 
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ʈʠʩʫʥʦʢ 15 ï ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʥʝʧʦʢʨʳʪʳʭ ʧʦʣʠʩʪʠʨʦʣʴʥʳʭ 

ʣʘʪʝʢʩʥʳʭ ʯʘʩʪʠʮ ʩ ʧʦʢʨʳʪʠʝʤ [(PSS/Fe(II)-MEPE)7/PSS] (15 ʩʣʦʝʚ) (ʙ, ʛ). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʯʘʩʪʠʮʳ ʩ ʧʦʢʨʳʪʠʝʤ Fe(II)-

MEPE/PSS ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʰʝʨʦʭʦʚʘʪʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʧʦʢʨʳʪʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʯʘʩʪʠʮʘʤʠ, ʧʦʢʨʳʪʳʤʠ ʜʨʫʛʠʤʠ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʤʠ ʤʫʣʴʪʠʩʣʦʷʤʠ (PAH/PSS). ɼʘʥʥʳʡ ʵʬʬʝʢʪ, ʚʝʨʦʷʪʥʦ, 

ʦʙʫʩʣʦʚʣʝʥ ʙʦʣʝʝ ʣʠʥʝʡʥʦʡ ʩʪʨʫʢʪʫʨʦʡ Fe(II)-MEPE ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘʤʠ. 

ʇʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ ʢʘʢ ʥʦʩʠʪʝʣʠ ʧʦʣʝʟʥʦʡ ʬʫʥʢʮʠʠ ʤʦʛʫʪ ʚʚʦʜʠʪʴʩʷ ʚ 

ʩʦʩʪʘʚ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʚ ʚʠʜʝ ʠʦʥʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʰʠʚʘʥʠʷ 

ʚ ʨʘʩʪʚʦʨʝ ʧʦʣʠʵʪʠʣʝʥʠʤʠʥʘ, ʠʤʝʶʱʝʛʦ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ 

ʠʦʥʳ Ag+ ʠ ʧʦʣʠʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʯʘʩʪʠʮʳ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʩʬʝʨʠʯʝʩʢʠʝ 

ʯʘʩʪʠʮʳ PEI-Ag ʧʦʦʯʝʨʝʜʥʦ ʦʩʘʞʜʘʣʠʩʴ ʩ PAA ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʫʣʴʪʠʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ [69]. ɼʘʣʝʝ, ʤʥʦʛʦʩʣʦʡʥʘʷ ʧʣʝʥʢʘ, ʩʦʜʝʨʞʘʱʘʷ 

ʠʦʥʳ ʩʝʨʝʙʨʘ ʚ ʩʦʩʪʘʚʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʙʳʣʘ ʧʦʜʚʝʨʛʥʫʪʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʥʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʳ. ɹʳʣʠ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʧʣʝʥʢʠ, ʦʙʦʛʘʱʝʥʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ (ʅʏ), ʧʫʪʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʘʜʩʦʨʙʮʠʠ ʧʨʝʢʫʨʩʦʨʦʚ ʥʘ PEI 

ʚʥʫʪʨʠ ʧʣʝʥʦʢ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠʚʝʣ ʢ ʫʣʫʯʰʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʦʢ. 
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ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʧʦʟʜʥʝʝ, ʧʦʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ ʚ ʤʝʞʩʣʦʡʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʛʫʪ ʙʳʪʴ ʚʚʚʝʜʝʥʳ ʠʦʥʳ Cu2+ [70], Co2+ [71], Mn2+ [72]. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʧʨʠʤʝʨʳ ʚʚʝʜʝʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʭʝʣʘʪʦʚ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʩʦʩʪʘʚ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʯʘʩʪʠʮ, ʦʜʥʘʢʦ ʚʦ ʚʩʝʭ 

ʩʪʘʪʴʷʭ ɻ ʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʜʠʬʠʢʘʮʠʠ ʦʙʦʣʦʯʢʠ ʠʣʠ ʦʙʲʝʤʘ 

ʤʘʪʨʠʮʳ ʪʝʤʧʣʘʪʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ɺʠʚʠʘʥʳ ɺʝʨʛʘʨʦ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʯʘʩʪʠʮʳ CaCO , ʧʦʢʨʳʪʳʝ ʩʠʣʘʥʠʟʠʨʦʚʘʥʥʦʡ ʦʙʦʣʦʯʢʦʡ ʠ 

ʦʙʦʣʦʯʢʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ LbL, ʢʦʪʦʨʳʝ ʙʳʣʠ ʟʘʛʨʫʞʝʥʳ ʮʠʩʧʣʘʪʠʥʦʤ 

[73]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʛʨʫʟʢʠ ʮʠʩʧʣʘʪʠʥʘ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʚʦʟʨʘʩʪʘʣʘ ʩ 

10% ʜʣʷ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ CaCO  ʜʦ 25% ʜʣʷ ʩʠʣʘʥʠʟʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ. 

ʇʦʣʠʵʣʝʢʪʨʦʣʠʪʥʘʷ ʦʙʦʣʦʯʢʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʠʟ ʩʣʦʝʚ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ ʠ 

ʧʨʦʪʘʤʠʥʘ ʩʫʣʴʬʘʪʘ (ALG/PRM) ʧʦʟʚʦʣʠʣʘ ʫʚʝʣʠʯʠʪʴ ʧʦʢʘʟʘʪʝʣʴ ʟʘʛʨʫʟʢʠ 

ʮʠʩʧʣʘʪʠʥʘ ʜʦ ʚʥʫʰʠʪʝʣʴʥʳʭ 60%. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦ ʪʦʤ, ʯʪʦ ʩʦʟʜʘʥʠʝ LbL ʥʘʥʦʢʘʧʩʫʣ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ CaCO  ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʨʘʟʨʘʙʦʪʢʠ ʵʢʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ ʜʦʩʪʘʚʢʠ ʮʠʩʧʣʘʪʠʥʘ. 

ɼʘʥʥʘʷ ʢʦʣʣʦʠʜʥʘʷ ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʚʳʩʚʦʙʦʞʜʘʪʴ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʧʨʝʧʘʨʘʪʘ 

ʚ ʧʝʨʠʥʫʢʣʝʘʨʥʦʡ ʦʙʣʘʩʪʠ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʠ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. 

ʊʘʢʞʝ, ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʡ ʩʘʤʦʩʙʦʨʢʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʦʨʛʘʥʦï

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʦʢ, ʩʦʜʝʨʞʘʱʠʭ ʬʝʥʜʠʦʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [M(ʬʝʥʜʠʦʥ)3]
2+ (M=Fe2+, Co2+, ʬʝʥʜʠʦʥ=1,10-

ʬʝʥʘʥʪʨʦʣʠʥ-5,6-ʜʠʦʥ) ʠ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʨʘʞʝʥʥʦʡ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʢʨʘʩʥʦʡ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʧʨʠ 672 ʥʤ [74]. 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʚʚʝʜʝʥʠʷ d-ʤʝʪʘʣʣʘ ʚ ʷʜʨʦ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ 

ʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ʍʫ ɺʵʷ, ʚ ʢʦʪʦʨʦʡ ʦʥ ʩ ʢʦʣʣʝʛʘʤʠ ʦʧʠʩʘʣ ʧʦʣʫʯʝʥʠʝ 

ʩʠʣʠʢʘʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʜʦʧʠʨʦʚʘʥʥʳʭ ʢʘʪʠʦʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʨʫʪʝʥʠʷ 

([Ru(bpy)3]
2+) ʧʦʢʨʳʪʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʤʠ ʤʫʣʴʪʠʩʣʦʷʤʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʚʥʝʜʨʝʥʠʷ ʚ ʤʝʞʩʣʦʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʙʠʦʤʦʣʝʢʫʣ [75]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʨʠʤʝʨʦʚ, ʧʦʩʪʨʦʝʥʠʝ ʷʜʨʘ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʯʘʩʪʠʮ ʠʟ ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 
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ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʙʝʟ ʫʯʘʩʪʠʷ ʤʘʪʨʠʮʳ ʠʟ ʪʨʝʪʴʝʛʦ ʤʘʪʝʨʠʘʣʘ ʥʠ ʜʣʷ 

d-, ʥʠ ʜʣʷ f-ɻ ʣʝʤʝʥʪʦʚ ʨʘʥʝʝ ʥʝ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ 

ʦʯʝʚʠʜʥʫʶ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ. 

1.1.8 ɺʚʝʜʝʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʯʘʩʪʠʮ 

ʇʝʨʚʳʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ ʤʠʢʨʦʢʘʧʩʫʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 2003 ʛʦʜʫ ʚ ʨʘʙʦʪʝ ʑʫʢʠʥʘ ʠ 

ʉʫʭʦʨʫʢʦʚʘ [76]. ɸʚʪʦʨʘʤʠ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʜʦʚʦʣʴʥʦ ʫʜʦʙʥʳʡ ʤʝʪʦʜ 

ʧʦʣʫʯʝʥʠʷ ʢʘʧʩʫʣ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ PAH/PSS 

ʥʘ ʪʝʤʧʣʘʪ ʠʟ MnCO3 ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʯʘʩʪʠʮ YF3, Fe3O4 ʠ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ ʢʘʣʴʮʠʷ Ca10(PO4)6(OH)2 

(ʈʠʩʫʥʦʢ 16ʘ-ʛ). ʂʘʢ ʠʟʚʝʩʪʥʦ, ʢʦʤʧʣʝʢʩ PAH/PSS ʥʝʩʪʘʙʠʣʝʥ ʚ 

ʩʠʣʴʥʦʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʇʨʠ ʧʦʜʱʝʣʘʯʠʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ʜʦ pH 12 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʡ ʢʦʤʧʣʝʢʩ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʦʩʪʦʡ ʦʙʨʘʙʦʪʢʦʡ ʦʨʛʘʥʦʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʘʧʩʫʣ, ʤʝʩʪʘʤʠ ʩʰʠʪʳʭ ʤʝʞʜʫ ʩʦʙʦʡ, 0.2 ʄ ʨʘʩʪʚʦʨʦʤ 

NaOH ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʤʦʞʥʦ ʣʝʛʢʦ ʜʦʙʠʪʴʩʷ ʫʜʘʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʙʦʣʦʯʢʠ (ʈʠʩʫʥʦʢ 16ʛ). ʇʦʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ ʫʩʪʨʘʥʷʶʪʩʷ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʦʩʪʠʢʠ, ʠʩʢʣʶʯʘʶʪʩʷ ʤʝʞʯʘʩʪʠʯʥʳʝ ʢʦʥʪʘʢʪʳ, ʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʛʠʙʨʠʜʥʳʭ ʢ ʯʠʩʪʦ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʧʦʣʳʤ 

ʩʪʨʫʢʪʫʨʘʤ, ʧʦʣʥʦʩʪʴʶ ʧʦʩʪʨʦʝʥʥʳʤ ʠʟ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʕʄ 

ʠʟʦʙʨʘʞʝʥʠʷ ʢʘʧʩʫʣ ʧʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ PAH/PSS ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʪʜʝʣʴʥʳʝ 

ʩʬʝʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʩ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʙʝʟ ʧʝʨʝʢʨʳʪʠʷ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʢʘʧʩʫʣʘʤʠ (ʈʠʩʫʥʦʢ 16ʜ).  
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ʈʠʩʫʥʦʢ 16 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ 

ʦʨʛʘʥʦʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʳʭ ʢʘʧʩʫʣ (ʘ-ʛ) ʠ ʩʢʘʥʠʨʫʶʱʠʝ ʵʣʝʢʪʨʦʥʥʦ-

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʢʘʧʩʫʣ YF3 ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ (ʜ) [76]. 

ʇʦʣʫʯʝʥʠʝ ʧʝʨʚʳʭ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ ʣʘʥʪʘʥʦʠʜʥʳʭ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʯʘʩʪʠʮ ʥʝ ʟʘʩʪʘʚʠʣʦ ʩʝʙʷ ʜʦʣʛʦ ʞʜʘʪʴ [77]. ʊʝʤ ʞʝ 

ʢʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʚ ʚ 2004 ʛʦʜʫ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ ʤʠʢʨʦʯʘʩʪʠʮʳ ʜʠʘʤʝʪʨʦʤ 2,4 ʤʢʤ, ʦʙʣʘʜʘʶʱʠʝ 

ʠʥʪʝʥʩʠʚʥʦʡ ʵʤʠʩʩʠʝʡ ʚ ʟʝʣʝʥʦʡ ʠ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʷʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʩʧʝʢʪʨʘ (ʈʠʩʫʥʦʢ 17). ʕʪʦ ʜʦʩʪʠʛʘʣʦʩʴ ʟʘ ʩʯʝʪ in situ ʧʦʣʫʯʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʪʝʨʞʥʝʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʥʘʥʦʬʦʩʬʘʪʦʚ 

La0,95Eu0,05PO4, Ce0,9Tb0,1PO4 ʠ La0,4Ce0,45Tb0,15PO4 ʜʣʠʥʦʡ 15 ʥʤ ʠ ʜʠʘʤʝʪʨʦʤ 4 

ʥʤ ʚʥʫʪʨʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʘʧʩʫʣ ʠʟ 

ʧʦʣʠ(ʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪʘ)/ʧʦʣʠ(ʘʣʣʠʣʘʤʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜʘ), ʩʦʙʨʘʥʥʳʭ ʥʘ 

ʪʝʤʧʣʘʪʝ ʢʘʨʙʦʥʘʪʘ ʤʘʨʛʘʥʮʘ. ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʵʪʠʭ ʥʘʥʦʯʘʩʪʠʮ, ʢʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʩʪʘʙʠʣʴʥʘ ʚ ʢʠʩʣʦʡ ʠ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʘʭ. 



58 

 

ʈʠʩʫʥʦʢ 17 ï ʀʟʦʙʨʘʞʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʘʧʩʫʣ, ʤʝʯʝʥʥʳʭ ʜʚʫʤʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʬʦʩʬʘʪʘʤʠ: 

(ʢʨʘʩʥʳʡ) La0,95Eu0,05PO4 ʠ (ʟʝʣʝʥʳʡ) La0,4Ce0,45Tb0,15PO4 (ʘ). ɚʚʦʟʙ <390 ʥʤ; 

ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʥʦʯʘʩʪʠʮ La0,95Eu0,05PO4, Ce0,9Tb0,1PO4 ʠ 

La0,4Ce0,45Tb0,15PO4, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʥʫʪʨʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʘʧʩʫʣ (ɚʚʦʟʙ 

= 260 ʥʤ) (ʙ). ʀʟʦʙʨʘʞʝʥʠʷ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʣʳʭ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʘʧʩʫʣ (ʚ) ʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʘʧʩʫʣ ʩ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤʠ ʚʥʫʪʨʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ La0,95Eu0,05PO4 (ʛ) [77]. 

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʢʦʤʧʣʝʢʩʘʭ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, 

ʧʦʩʢʦʣʴʢʫ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʤʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ 

ʠʤʝʥʥʦ ʦʥʠ, ʪʦ ʠʭ ʠʩʪʦʨʠʷ ʥʘ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʪʝʤʘʪʠʢʠ LbL ʥʘʯʘʣʘʩʴ ʚ 2004 ʛʦʜʫ 

ʨʘʙʦʪʦʡ ʢʠʪʘʡʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [78]. ʄʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʡ ʩʘʤʦʩʙʦʨʢʠ ʚ ʠʭ 

ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʣʝʥʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʣʦʝʚ ɼʅʂ ʠ 

ʠʦʥʦʚ Eu3+ ʥʘ ʢʚʘʨʮʝʚʦʡ ʧʦʜʣʦʞʢʝ, ʜʝʢʦʨʠʨʦʚʘʥʥʦʡ ʩʣʦʝʤ ʧʦʣʠʵʪʠʣʝʥʠʤʠʥʘ 

(ʈʠʩʫʥʦʢ 18). ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ɼʅʂ, ʚʢʣʶʯʝʥʥʦʡ ʚ [ɼʅʂ/Eu]n ʧʣʝʥʢʠ, ʢʘʢ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʩʪʘʪʴʝ, ʟʘʚʠʩʝʣʦ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʬʘʢʪʦʨʦʚ: ʯʠʩʣʘ ʩʣʦʝʚ, 

ʚʨʝʤʝʥʠ ʧʦʛʨʫʞʝʥʠʷ, pH ʨʘʩʪʚʦʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʡ ɼʅʂ ʠ Eu3+, ʘ ʪʘʢʞʝ ʠʦʥʥʦʡ 
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ʩʠʣʳ ʨʘʩʪʚʦʨʘ. ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʝʥʢʠ ʦʢʘʟʳʚʘʣʠ ʧʘʨʘʤʝʪʨʳ ʨʘʩʪʚʦʨʘ ɼʅʂ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ pH 

ʠ ʠʦʥʥʘʷ ʩʠʣʘ. ɽʚʨʦʧʠʡ ʜʦʙʘʚʣʷʣʩʷ ʥʘ ʩʣʦʡ ɼʅʂ ʚ ʚʠʜʝ EuCl3, ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ 

ʨʘʩʪʚʦʨʘ ʦʢʩʠʜʘ ʝʚʨʦʧʠʷ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʫʧʘʨʠʚʘʥʠʝʤ. ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʝʚʨʦʧʠʷ ʟʘʞʠʛʘʣʘʩʴ ʯʝʨʝʟ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ɼʅʂ ʧʨʠ 260 ʥʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʧʣʝʥʢʠ 

ʩʧʦʩʦʙʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʪʘʢʠʤʠ ʤʘʣʳʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʢʘʢ 

ʪʝʥʦʠʣʪʨʠʬʪʦʨʘʮʝʪʠʣʘʮʝʪʦʥʘʪ (TTA), Hoechst 33258 ʠ ʙʨʦʤʠʜʦʤ ʵʪʠʜʠʷ. TTA 

ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩ ʩ Eu3+ ʚ ʧʣʝʥʢʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʩʠʣʝʥʠʶ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʦʥʦʚ ʝʚʨʦʧʠʷ. Hoechst 33258 ʠ ʙʨʦʤʠʜ ʵʪʠʜʠʷ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ɼʅʂ ʚ ʧʣʝʥʢʝ, ʧʨʠ ʵʪʦʤ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʚʳʟʳʚʘʝʪ ʚʦʟʚʨʘʱʝʥʠʝ ʢʦʥʬʦʨʤʘʮʠʠ ɼʅʂ ʢ ʝʝ ʥʘʪʠʚʥʦʡ ʬʦʨʤʝ. ʀʥʪʝʨʝʩʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʠʣʦʩʴ ʪʦ, ʯʪʦ ʪʝʪʨʘʮʠʢʣʠʥ ʙʳʣ ʥʝ ʩʧʦʩʦʙʝʥ ʧʨʦʥʠʢʘʪʴ ʚ 

[ɼʅʂ/Eu]n ʧʣʝʥʢʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ɼʅʂ ʠʣʠ Eu3+ ʙʳʣʦ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʧʣʝʥʦʢ ʢ ʠʟʙʠʨʘʪʝʣʴʥʦʤʫ 

ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʠ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʦʣʝʢʫʣ. 

ʇʦʟʜʥʝʝ, ʚ 2007 ʛʦʜʫ ɾʘʥʛ ʩ ʢʦʣʣʝʛʘʤʠ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʥʘʥʝʩʝʥʠʷ PSS, PAH ʠ ʢʦʤʧʣʝʢʩʘ Eu(III) ʥʘ ʢʦʣʣʦʠʜʥʳʡ 

ʤʝʣʘʤʠʥʬʦʨʤʘʣʴʜʝʛʠʜʥʳʡ ʰʘʙʣʦʥ ʧʦʣʫʯʠʣ ʤʠʢʨʦʢʘʧʩʫʣʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʝʚʨʦʧʠʡ-ɓ-ʜʠʢʝʪʦʥʘʪʥrʡ ʢʦʤʧʣʝʢʩ [79]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʘ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ 

ʧʝʨʚʳʤ ʫʧʦʤʠʥʘʥʠʝʤ ʧʦʣʫʯʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ 3D 

ʢʘʧʩʫʣ ʧʦʩʨʝʜʩʪʚʦʤ ʜʝʧʦʥʠʨʦʚʘʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʠʣʠ, ʧʦ-ʜʨʫʛʦʤʫ, 

ʤʦʣʝʢʫʣʨ̫ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʝʚʨʦʧʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ ʧʦʣʠʤʝʨʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʥʘʣʠʯʠʝ ʚʩʝʛʦ ʦʜʥʦʛʦ ʩʣʦʷ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Eu(DBM)3(Phen) 

(ʛʜʝ Phen - 1,10-ʬʝʥʘʥʪʨʦʣʠʥ, ʘ HDBM - ɓ-ʜʠʢʝʪʦʥ ʜʠʙʝʥʟʦʠʣʤʝʪʘʥ), 

ʧʦʣʫʯʝʥʥʳʝ ʤʠʢʨʦʢʘʧʩʫʣʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʥʪʝʥʩʠʚʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ, 

ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʙʣʶʜʘʪʴ ʚʠʟʫʘʣʴʥʦ ʧʦʜ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ 

ʠʟʣʫʯʝʥʠʝʤ. 
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ʈʠʩʫʥʦʢ 18 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʣʝʥʦʢ LbL [ɼʅʂ/Eu]n, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʢʚʘʨʮʝʚʫʶ ʧʦʜʣʦʞʢʫ 

[78]. 

 

ʈʠʩʫʥʦʢ 19 ï ʀʟʦʙʨʘʞʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʘ) ʘ ʪʘʢʞʝ 

ʧʨʦʬʠʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚʜʦʣʴ ʣʠʥʠʠ (ʙ) ʜʣʷ 

[(PSS/PAH)3/PSS/EuC/PAH/EuC], ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʩʘʤʦʩʙʦʨʢʠ ʥʘ 

ʤʝʣʘʤʠʥʬʦʨʤʘʣʴʜʝʛʠʜʥʦʤ (MF) hʘʙʣʦʥʝ (ɚʚʦʟʙ=350 ʥʤ); ʩʧʝʢʪʨʳ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʠʢʨʦʢʘʧʩʫʣ [(PSS/PAH)3/PSS/EuC/PAH/EuC], 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʡ ʩʘʤʦʩʙʦʨʢʠ ʥʘ ʤʝʣʘʤʠʥʬʦʨʤʘʣʴʜʝʛʠʜʥʦʤ 

ʰʘʙʣʦʥʝ (MF) (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ), ʠ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ EuC 

(ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) (ʚ);. ɿʘʚʠʩʠʤʦʩʪʴ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʥʦʤʝʨʘ ʩʣʦʷ ʧʨʠ 

ʧʦʩʣʦʡʥʦʡ ʩʘʤʦʩʙʦʨʢʝ PSS, PAH ʠ EuC ʥʘ MF-ʯʘʩʪʠʮʘʭ. ʅʝʯʝʪʥʳʝ ʩʣʦʠ ʩ 

ʥʦʤʝʨʘʤʠ 1, 3, 5 ʠ 7 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʩʘʞʜʝʥʠʶ PSS, ʪʦʛʜʘ ʢʘʢ ʯʝʪʥʳʝ ʩʣʦʠ 2, 4 

ʠ 6 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʜʩʦʨʙʮʠʠ PAH. ʉʣʦʠ ʩ ʥʦʤʝʨʘʤʠ 8 ʠ 10 ʦʙʨʘʟʦʚʘʥʳ ʧʨʠ 

ʦʩʘʞʜʝʥʠʠ EuC, ʪʦʛʜʘ ʢʘʢ ʩʣʦʡ 9 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʩʘʞʜʝʥʠʶ PAH. ʅʫʣʝʚʦʡ ʩʣʦʡ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʭʦʜʥʳʤ MF-ʯʘʩʪʠʮʘʤ [79]. 
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ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ (ʈʠʩʫʥʦʢ 19ʘ) ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʫʩʧʝʰʥʦʝ ʚʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʝʚʨʦʧʠʷ ʚ ʤʠʢʨʦʢʘʧʩʫʣʳ, ʛʜʝ ʦʥ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʟʘʨʷʜʦʚʦ-ʜʠʧʦʣʴʥʦʛʦ ʠ ɺʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɸʥʘʣʠʟ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʝ ʩʬʝʨʳ ʠʤʝʶʪ ʢʦʣʴʮʝʦʙʨʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʆʙʦʣʦʯʢʘ 

ʤʠʢʨʦʢʘʧʩʫʣ ʩʚʝʪʠʪʩʷ ʷʨʯʝ, ʯʝʤ ʠʭ ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ. ʈʠʩʫʥʦʢ 19ʙ, ʥʘ ʢʦʪʦʨʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʬʠʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚʜʦʣʴ 

ʜʠʘʤʝʪʨʘ ʤʠʢʨʦʢʘʧʩʫʣʳ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʚʘ ʙʦʢʦʚʳʭ ʧʠʢʘ, ʢʦʪʦʨʳʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʣʘʥʪʘʥʦʠʜʘ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʦʙʦʣʦʯʢʝ 

ʤʠʢʨʦʢʘʧʩʫʣ. 

ʇʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʣʘʤʠʥʬʦʨʤʘʣʴʜʝʛʠʜʥʦʛʦ ʷʜʨʘ ʧʦʣʳʝ 

ʤʠʢʨʦʢʘʧʩʫʣʳ ʩ Eu(DBM)3(Phen) ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʷʨʢʦʝ ʢʦʣʴʮʝʚʦʝ ʩʚʝʯʝʥʠʝ 

ʧʨʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʞʜʫ ʧʦʣʳʤʠ 

ʤʠʢʨʦʢʘʧʩʫʣʘʤʠ ʠ ʤʠʢʨʦʢʘʧʩʫʣʘʤʠ ʩ ʩʦʭʨʘʥʝʥʥʳʤ ʷʜʨʦʤ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʈʠʩʫʥʦʢ 19ʚ). 

ɺ ʩʚʦʝʡ ʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʝ ʵʪʦʡ ʞʝ ʛʨʫʧʧʦʡ ʘʚʪʦʨʦʚ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʤʦʨʬʦʣʦʛʠʶ 

ʤʠʢʨʦʢʘʧʩʫʣ, ʜʦʧʠʨʦʚʘʥʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ [80]. ʂʘʢ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠ 70ÁC ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʚʳʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ, ʩʦʢʨʘʱʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʝʤʘ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʩʪʝʥʦʢ ʢʘʧʩʫʣ. ʋʩʘʜʢʘ, ʚʳʟʚʘʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ, ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʪʠʤʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʵʪʘʥʦʣʦʤ ʠ ʦʙʲʷʩʥʷʝʪʩʷ 

ʧʝʨʝʩʪʨʦʡʢʦʡ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Eu(DBM)3(Phen) ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ 

ʠʟʤʝʥʝʥʠʡ ʢʘʢ ʜʦ, ʪʘʢ ʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʪʦʣʱʠʥʳ ʩʣʦʝʚ ʧʨʦʠʩʭʦʜʠʪ ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʤʠʢʨʦʢʘʧʩʫʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʤʠʢʨʦʢʘʧʩʫʣʳ ʩ 

ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʜʠʘʤʝʪʨʦʤ ʠ ʪʦʣʱʠʥʦʡ ʩʪʝʥʦʢ ʦʙʣʘʜʘʶʪ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʨʘʩʠʪʝʣʝʡ. 
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ʈʠʩʫʥʦʢ 20 ï ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʩʝʥʩʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʦʚ [81]. 

ʉ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʣʘʥʪʘʥʦʠʜʥʳʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ ʯʘʩʪʠʮʳ ʩʪʘʣʠ 

ʘʢʪʠʚʥʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. ʂʘʢ, ʥʘʧʨʠʤʝʨ, ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʚ ʨʘʙʦʪʘʭ ɻʘʨʨʠ ʍʘʨʤʳ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ ʊʫʨʢʫ (ʌʠʥʣʷʥʜʠʷ). ʉʚʦʠʤ 

ʢʦʣʣʝʢʪʠʚʦʤ ʦʥ ʩʤʦʛ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʡ ʤʝʪʦʜ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʙʝʣʢʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʦʤʙʠʥʘʮʠʠ ʜʚʫʭ ʠʟʚʝʩʪʥʳʭ ʷʚʣʝʥʠʡ: ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʘʜʩʦʨʙʮʠʠ ʠ TR-FRET (ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʩ 

ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ) (ʈʠʩʫʥʦʢ 20) [81]. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʤʝʪʦʜ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

BSA, ʥʝ ʪʨʝʙʫʝʪ ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ ʧʨʦʮʝʜʫʨ ʘʥʘʣʠʟʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʦʧʘʩʥʳʭ 

ʚʝʱʝʩʪʚ. ɼʦʩʪʠʛʥʫʪʳʡ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʩʦʧʦʩʪʘʚʠʤ ʩ ʥʘʠʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ɺʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ 

ʩʦʩʪʘʚʠʣʦ 5 ʤʠʥʫʪ, ʯʪʦ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʤʝʪʦʜʠʢʠ, ʪʨʝʙʫʶʱʠʝ ʦʪ 30 ʜʦ 60 ʤʠʥʫʪ. ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʦʪ ʠʟʚʝʩʪʥʳʭ ʘʥʘʣʦʛʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʚʝʨʰʝʥʥʦ 

ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ, 

ʚʢʣʶʯʘʷ ʤʝʯʝʥʳʝ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʥʝʜʦʩʪʫʧʥʳ ʜʣʷ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ.  
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1.1.9 ʆʧʪʠʯʝʩʢʘʷ ʠ ʤʘʛʥʠʪʥʦ-ʨʝʣʘʢʩʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ 

ʋʥʠʢʘʣʴʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʦʥʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʦʙʲʷʩʥʷʶʪʩʷ 

ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ ʠʭ 4f-ʦʨʙʠʪʘʣʝʡ. ʀʭ f-f ʧʝʨʝʭʦʜʳ ʟʘʧʨʝʱʝʥʳ ʧʦ ʃʘʧʦʨʪʫ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʵʢʩʪʠʥʢʮʠʠ (ʧʦʨʷʜʢʘ 1 ʄ-1Ŀʩʤ-1), ʯʪʦ 

ʟʘʪʨʫʜʥʷʝʪ ʠʣʠ ʚʦʚʩʝ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʷʤʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʦʥʦʚ 

ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʝʥʩʦʨʦʚ [82]. ɺʚʝʜʝʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʭʨʦʤʦʬʦʨʥʳʝ ʠ 

ʧʦʣʠʜʝʥʪʘʪʥʳʝ ʭʝʣʘʪʠʨʫʶʱʠʝ ʛʨʫʧʧʠʨʦʚʢʠ, ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ. 

ʇʦʜʦʙʥʳʝ ʣʠʛʘʥʜʳ ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʪʴ ʠʦʥʳ ʣʘʥʪʘʥʦʠʜʦʚ ʠ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ, ʚʳʧʦʣʥʷʪʴ ʨʦʣʴ ʘʥʪʝʥʥʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʩʦ 

ʩʚʦʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʥʘ ʨʝʟʦʥʘʥʩʥʳʝ ʫʨʦʚʥʠ ʣʘʥʪʘʥʦʠʜʦʚ. 

ʂʦʤʧʣʝʢʩʳ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʩʧʦʩʦʙʥʳ ʧʦʛʣʦʱʘʪʴ ʩʚʝʪ ʚ ʜʠʘʧʘʟʦʥʝ 

300-450 ʥʤ ʠ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʥʘ ʜʚʘ ʠ ʙʦʣʝʝ ʧʦʨʷʜʢʦʚ ʚʳʰʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʠʦʥʦʤ [83]. 

ʕʤʠʩʩʠʦʥʥʳʝ ʩʧʝʢʪʨʳ ʠʦʥʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʟʢʠʤʠ 

ʣʠʥʠʷʤʠ ʚ ʚʠʜʠʤʦʡ ʠ/ʠʣʠ ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ. 

ʂʣʶʯʝʚʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʘʥʪʘʥʦʠʜʦʚ ʜʣʷ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠ ʙʠʦʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʷʚʣʷʶʪʩʷ: (1) 

ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʦʪ ʦʢʨʫʞʘʶʱʠʭ ʮʝʥʪʨʘʣʴʥʳʡ 

ʠʦʥ ʣʠʛʘʥʜʦʚ; (2) ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʥʥʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ; (3) ʙʦʣʴʰʦʡ ʉʪʦʢʩʦʚ 

ʩʜʚʠʛ; (4) ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʶʪ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʣʘʥʪʘʥʦʠʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʦʷʚʣʷʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʬʦʥʦʚʫʶ ʬʣʫʦʨʝʩʮʝʥʮʠʶ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʦʪʩʝʯʝʥʘ ʧʦ ʜʣʠʥʝ ʩʧʝʢʪʨʘ ʦʧʪʠʯʝʩʢʠʤʠ ʬʠʣʴʪʨʘʤʠ ʠʣʠ ʚʦ ʚʨʝʤʝʥʠ ʟʘ ʩʯʝʪ 

ʟʘʜʝʨʞʢʠ ʟʘʧʠʩʠ ʩʧʝʢʪʨʦʚ ʚʦ ʚʨʝʤʝʥʠ [84,85]. 
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ʇʦʤʠʤʦ ʦʧʪʠʯʝʩʢʦʡ, ʣʘʥʪʘʥʦʠʜʥʳʝ ʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʥʦʩʠʪʴ 

ʤʘʛʥʠʪʥʦ-ʨʝʣʘʢʩʘʮʠʦʥʥʫʶ ʤʦʜʘʣʴʥʦʩʪʴ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ 

ʤʘʛʥʠʪʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ (ʄʈʊ) - h ʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʠʥʚʘʟʠʚʥʦʛʦ ʤʝʪʦʜʘ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ.  

ʄʈʊ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳʭ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʤʝʜʠʮʠʥʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʧʨʠʤʝʥʝʥʠʷ, ʚʢʣʶʯʘʷ ʚʳʷʚʣʝʥʠʝ ʦʧʫʭʦʣʝʡ ʠ ʦʮʝʥʢʫ ʦʪʚʝʪʘ ʥʘ ʭʠʤʠʦʪʝʨʘʧʠʶ. 

ʄʈʊ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʩʪʘʥʜʘʨʪʥʳʤ ʢʣʠʥʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʣʘʛʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʚʢʣʶʯʘʷ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʷ, ʠ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʪʨʝʭʤʝʨʥʦʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʤʷʛʢʠʭ ʪʢʘʥʝʡ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʦʡ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʦʪʦʥʦʚ ʚʦʜʳ - ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʠʛʥʘʣʘ ʚ 

ʤʷʛʢʠʭ ʪʢʘʥʷʭ ʯʝʣʦʚʝʢʘ. 

ɸʙʩʦʣʶʪʥʦʝ ʙʦʣʴʰʠʥʩʪʚʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ 

ʣʘʥʪʘʥʦʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʙʠʦʤʝʜʠʮʠʥʩʢʦʝ ʠ ʙʠʦʘʥʘʣʠʪʠʯʝʩʢʦʝ, 

ʦʩʥʦʚʘʥʦ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʧʪʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦ-ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʝʡ. ʆʪʜʝʣʴʥʳʝ ʛʣʘʚʳ ʣʠʪʦʙʟʦʨʘ ʙʫʜʫʪ ʧʦʩʚʷʱʝʥʳ ʭʝʤʦ- ʠ 

ʪʝʨʤʦʩʝʥʩʦʨʠʢʝ ʠ ʨʘʟʨʘʙʦʪʢʝ ʛʘʜʦʣʠʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʥʘʥʦʯʘʩʪʠʮ, 

ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʨʝʣʘʢʩʠʚʥʦʩʪʠ. 

1.2 ʃʶʤʠʥʝʩʮʝʥʪʥʘʷ ʭʝʤʦ- ʠ ʪʝʨʤʦʩʝʥʩʦʨʠʢʘ 

1.2.1 ʃʶʤʠʥʝʩʮʝʥʪʥʘʷ ʭʝʤʦʩʝʥʩʦʨʠʢʘ  

ʍʠʤʠʯʝʩʢʠʤ ʩʝʥʩʦʨʦʤ, ʩʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ IUPAC, ʥʘʟʳʚʘʝʪʩʷ 

ʫʩʪʨʦʡʩʪʚʦ, ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʝʝ ʭʠʤʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʪʘʢʫʶ ʢʘʢ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪʜʝʣʴʥʦʛʦ ʘʥʘʣʠʪʘ, ʨʅ, ʫʨʦʚʝʥʴ ʦʙʱʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʜʨ. ʚ 

ʧʦʣʝʟʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʩʠʛʥʘʣʦʤ, 

ʩʯʠʪʳʚʘʝʤʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʤ ʩ ʠʟʫʯʘʝʤʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʨʝʯʴ ʠʜʝʪ ʦ ʣʶʤʠʥʝʩʮʝʥʪʥʦʤ ʭʠʤʠʯʝʩʢʦʤ ʩʝʥʩʦʨʝ ʠʣʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʤ ʭʝʤʦʩʝʥʩʦʨʝ. ʉʝʥʩʦʨʠʢʘ ï ɻ ʪʦ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʘʷ ʦʙʣʘʩʪʴ 

ʥʘʫʢʠ, ʟʘʥʠʤʘʶʱʘʷʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʩʝʥʩʦʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
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ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʢʪʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʧʪʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʚʝʪʦʚʳʭ ʢʦʤʧʦʥʝʥʪ ʚʠʜʠʤʦʡ ʯʘʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʩʧʝʢʪʨʘ ʚ ʧʨʠʚʷʟʢʝ ʢ ʢʦʦʨʜʠʥʘʪʘʤ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʨʝʤʝʥʠ, ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ 

ʩʝʥʩʦʨʠʢʠ ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝʜʠʪʴ ʩʠʩʪʝʤʫ ʚ ʜʠʥʘʤʠʢʝ. ʉʪʘʪʠʯʝʩʢʘʷ ʢʘʨʪʠʥʢʘ 

ʦʧʪʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʣʝʪʢʠ, ʩʪʨʦʠʪʩʷ ʥʘʣʦʞʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʨʘʟʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ ʠ 

ʣʦʢʘʣʠʟʫʶʱʠʭʩʷ ʚ ʨʘʟʥʳʭ ʢʣʝʪʦʯʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ, ʜʨʫʛ ʥʘ ʜʨʫʛʘ (ʈʠʩʫʥʦʢ 

21). ʉʝʥʩʦʨʠʢʘ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʜʦʙʘʚʠʪʴ ʯʝʪʚʝʨʪʦʝ ʠʟʤʝʨʝʥʠʝ, ʪʝʤ ʩʘʤʳʤ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʦʛʘʱʘʷ ʧʫʣ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦʯʝʨʧʥʫʪʴ ʠʟ 

ʩʦʩʪʦʷʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʆʪʩʣʝʞʠʚʘʥʠʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʩʪʝʤʳ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʭʝʤʦʩʝʥʩʦʨʦʚ. ʉʪʝʧʝʥʴ ʚʣʠʷʥʠʷ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʪʝʨʤʦʩʝʥʩʦʨʘʤʠ ʠʣʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ 

ʪʝʨʤʦʤʝʪʨʘʤʠ. ɽʜʠʥʠʮʘ ʠʟʤʝʥʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ, 

ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʝʜʠʥʠʮʫ ʠʟʤʝʥʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʧʘʨʘʤʝʪʨʦʤ ʩʝʥʩʦʨʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʝʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ. ʇʦʤʠʤʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʩʝʥʩʦʨ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʘʥʘʣʠʪʫ, ʰʠʨʦʪʦʡ ʣʠʥʝʡʥʦʛʦ ʦʪʢʣʠʢʘ, 

ʪʦʯʥʦʩʪʴʶ, ʚʨʝʤʝʥʝʤ ʦʪʢʣʠʢʘ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʠ ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʝʩʴʤʘ ʪʨʫʜʥʦ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʡ ʙʘʣʘʥʩ. 

ʀʤʝʥʥʦ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʘʟʨʘʙʦʪʢʘ ʭʝʤʦʩʝʥʩʦʨʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʚʳʟʦʚʦʤ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʜʘʥʥʦʤ ʥʘʫʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
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ʈʠʩʫʥʦʢ 21 ï ɹʠʦʚʠʟʫʘʣʠʟʘʮʠʷ ʢʣʝʪʢʦʢ ʧʦʯʝʢ ʩʦʙʘʢʠ ʄʘʜʠʥʘ-ɼʘʨʙʠ 

(MDCK) (ʛ): ʷʜʨʘ ʢʣʝʪʦʢ, ʦʢʨʘʰʝʥʥʳʝ ʢʨʩʠʪʝʣʝʤ Hoechst (ʩʠʥʠʡ) (ʘ), 

ʤʠʪʦʭʦʥʜʨʠʠ, ʦʢʨʘʰʝʥʥʳʝ ʢʨʘʩʠʪʝʣʝʤ Alexa 488 (ʟʝʣʝʥʳʡ) (ʙ); ʠ 

ʤʠʢʨʦʪʨʫʙʦʯʢʠ, ʦʢʨʘʰʝʥʥʳʝ ʢʨʘʩʠʪʝʣʝʤ Alexa 555 (ʢʨʘʩʥʳʡ) (ʚ) [86]. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠ ʙʠʦʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ 

ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠ ʦʙʱʝʫʧʦʪʨʝʙʠʤʳʤʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʭʝʤʦʩʝʥʩʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʨʘʩʠʪʝʣʠ [87,88]. 

ʂʨʫʧʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʘʥʠʠ ʠʤʝʶʪ ʚ ʩʚʦʝʡ 

ʥʦʤʝʥʢʣʘʪʫʨʝ ʮʝʣʳʝ ʨʷʜʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʢʨʘʩʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ 

ʚʦʰʣʠ ʚ ʝʞʝʜʥʝʚʥʳʡ ʦʙʠʭʦʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʢ ʠ 

ʩʝʥʩʦʨʦʚ ʚ ʙʠʦʭʠʤʠʠ, ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ. ʅʘʧʨʠʤʝʨ, 

ʩʝʨʠʷ Alexa Fluor, LysoTracker ʠ MitoTracker ʦʪ Thermo Fisher Scientific 

ʷʚʣʷʝʪʩʷ ʟʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʠʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʤʠʢʨʦʩʢʦʧʠʠ 

[89,90]. ʂʨʘʩʠʪʝʣʠ: Lumogen F ʦʪ BASF, DyLight ʦʪ Dyomics, Cy Dyes ʦʪ GE 

Healthcare ï ʠʟʤʝʥʷʶʪ ʩʚʦʠ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʜʣʠʥʫ 

ʚʦʣʥʳ) ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʠʦʥʘʤʠ Na+, K+, Ca2+, ʧʨʠ ʠʟʤʝʥʝʥʠʠ pH ʠʣʠ 

ʩʚʷʟʳʚʘʥʠʠ ʩ ʩʫʙʢʣʝʪʦʯʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʪʘʢʠʤ ʢʘʢ ʤʠʪʦʭʦʥʜʨʠʠ, ʣʠʟʦʩʦʤʳ 

ʠ ʪ.ʧ. [91,92]. 

ʉ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʢʨʘʩʠʪʝʣʝʡ 

ʨʝʰʘʝʪʩʷ ʰʠʨʦʢʠʡ ʢʨʫʛ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʆʩʥʦʚʥʦʡ ʤʘʩʩʠʚ ʨʘʙʦʪ ʩʚʷʟʘʥ ʩ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʠ ʩʝʥʩʦʨʠʢʠ ʨʅ [93ï98]. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʚʷʟʳʚʘʥʠʝ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ, ʨʘʚʥʦ ʢʘʢ ʠ ʠʟʤʝʥʝʥʠʝ 

ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ, ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʚ ʩʦʩʪʘʚʝ ʭʨʦʤʦʬʦʨʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʨʘʩʠʪʝʣʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʵʤʠʩʩʠʦʥʥʳʭ ʧʦʣʦʩ ʠʣʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʩʤʝʱʝʥʠʶ 
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ʤʘʢʩʠʤʫʤʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɺʦʟʤʦʞʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʝʥʩʦʨʠʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ, ʝʩʣʠ 

ʨʝʯʴ ʥʝ ʠʜʝʪ ʦ ʧʨʷʤʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʥʘʣʠʪ-ʢʨʘʩʠʪʝʣʴ, ʢʘʢ ʵʪʦ ʙʳʚʘʝʪ ʧʨʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʠʣʠ ʦʪʨʳʚʝ/ʧʨʠʩʦʝʜʠʥʝʥʠʠ 

ʧʨʦʪʦʥʦʚ. ʈʘʟʚʠʪʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʝʥʩʦʨʠʢʠ ʥʘ ʘʥʠʦʥʥʳʝ ʘʥʘʣʠʪʳ ʠʣʠ 

ʩʣʦʞʥʳʝ ʙʝʣʢʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʩʪʘʚʘʣʦ ʦʪ ʩʝʥʩʦʨʠʢʠ ʥʘ ʢʘʪʠʦʥʳ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʩʠʣʴʥʦʡ ʛʠʜʨʘʪʘʮʠʝʡ ʘʥʠʦʥʦʚ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʩʪʨʦʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʩʝʥʩʦʨʦʚ. ɽʩʣʠ ʨʘʥʴʰʝ ʢʨʫʛ ʪʘʢʠʭ ʩʝʥʩʦʨʦʚ ʦʛʨʘʥʠʯʠʚʘʣʩʷ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʦʪʢʣʠʢʦʤ ʟʘ ʩʯʝʪ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʪʦ ʩʝʡʯʘʩ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʘʛʨʝʛʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʩʝʥʩʦʨʠʢʫ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʦʩʪʴ-

ʭʦʟʷʠʥ, ʛʜʝ ʦʙʤʝʥ ʵʥʝʨʛʠʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʌʸʨʩʪʝʨʦʚʩʢʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ (FRET). ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʝʥʩʦʨʘ ʟʘ ʩʯʝʪ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʠʦʥʦʚ Fϖ (ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʨʘʩʱʝʧʣʝʥʠʷ 

ʩʚʷʟʠ SiïO ʠʣʠ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʘʤʠʜʥʦʡ ʛʨʫʧʧʳ) [99]. ɼʝʪʝʢʮʠʷ 

ʩʫʧʝʨʢʦʢʩʠʜ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ ʠ ʛʠʧʦʭʣʦʨʠʪ ʘʥʠʦʥʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʵʪʦʤʫ 

ʪʠʧʫ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʝʥʩʦʨʠʢʠ [100,101]. ʇʦʤʠʤʦ ʘʥʠʦʥʦʚ, ʩ ʧʦʤʦʱʴʶ 

ʘʛʨʝʛʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʩʝʥʩʦʨʠʢʠ ʠ FRET ʧʦʜʭʦʜʘ ʚʦʟʤʦʞʥʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʠ ʙʝʣʢʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʯʪʦ ʷʨʢʦ 

ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʧʠʨʝʥʦʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ [102,103], ʛʝʤʠʮʠʘʥʠʥʦʚʳʤʠ 

ʢʨʘʩʠʪʝʣʷʤʠ [104], ʘʥʪʨʠʣʧʦʣʠʘʤʠʥʘʤʠ [105] ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ 

ʭʝʤʦʩʝʥʩʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʩʢʚʘʨʝʡʥʘ [106]. 

1.2.1.1 ʆʩʦʙʝʥʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʭʝʤʦʩʝʥʩʦʨʠʢʠ ʥʘ 

ʣʘʥʪʘʥʦʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ 

ʍʠʤʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʦʠʜʦʚ 

ʟʘʯʘʩʪʫʶ ʦʙʣʘʜʘʶʪ ʟʘʚʝʜʦʤʦ ʣʫʯʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʨʘʩʠʪʝʣʷʤʠ [107,108]. ʅʘ ʵʪʦ ʠʤʝʝʪʩʷ ʨʷʜ ʧʨʠʯʠʥ, ʢʦʪʦʨʳʝ ʧʦ 

ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ.  
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ɹʦʣʴʰʠʝ ʚʝʣʠʯʠʥʳ ʉʪʦʢʩʦʚʘ ʩʜʚʠʛʘ (ʜʦ 200-250 ʥʤ), ʥʝʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦʣʦʞʝʥʠʷ ʵʤʠʩʩʠʦʥʥʳʭ ʧʦʣʦʩ ʦʪ ʧʦʣʷ ʣʠʛʘʥʜʘ ʠ ʠʭ ʫʟʦʩʪʴ (ʰʠʨʠʥʘ ʥʘ 

ʧʦʣʫʚʳʩʦʪʝ ʩʦʩʪʘʚʣʷʝʪ 10-20 ʥʤ), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ 

ʣʘʥʪʘʥʦʠʜʥʦʡ ʵʤʠʩʩʠʠ ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʩʧʝʢʪʨʘʣʴʥʦ ʦʪʜʝʣʷʪʴ ʩʠʛʥʘʣ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʩʝʥʩʦʨʘ ʦʪ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʬʦʥʘ ʠ 

ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʙʳ, ʦʪʥʦʩʷʪ ʢ ʬʠʟʠʯʝʩʢʦʡ ʛʨʫʧʧʝ ʧʨʠʯʠʥ (ʈʠʩʫʥʦʢ 22) 

[109]. ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʘʥʪʘʥʦʠʜʦʚ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 

ʩʦʪʝʥ ʤʠʣʣʠʩʝʢʫʥʜ ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ (Ű ʧʦʨʷʜʢʘ ʩʦʪʝʥ 

ʥʘʥʦʩʝʢʫʥʜ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʩʝʢʫʥʜ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʷʪʴ ʧʦʣʝʟʥʳʡ 

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʦʪ ʢʦʨʦʪʢʦʞʠʚʫʱʝʡ ʬʦʥʦʚʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

(ʥʘʥʦʩʝʢʫʥʜʳ) ʠ ʨʘʩʩʝʷʥʠʷ, ʨʘʜʠʢʘʣʴʥʦ ʧʦʚʳʰʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʘʥʘʣʠʟʘ. ʕʪʦ ʷʚʣʝʥʠʝ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʨʘʟʨʝʰʝʥʥʳʭ ʧʦ ʚʨʝʤʝʥʠ 

ʤʝʪʦʜʦʚ ʟʘʧʠʩʠ ʩʧʝʢʪʨʦʚ (TRPL, TR-FREʊ) ʠʣʠ ʚʨʝʤʝʥ ʞʠʟʥʠ (TCSPS) [110] ʠ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʟʘʙʦʣʝʚʘʥʠʡ 

[111,112]. 

ʍʠʤʠʯʝʩʢʘʷ ʛʨʫʧʧʘ ʧʨʠʯʠʥ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʦʚ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʩʫʙʩʪʨʘʪʳ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʚʩʝʭ ʪʨʝʭ ʚʦʟʤʦʞʥʳʭ 

ʩʮʝʥʘʨʠʝʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʥʘʣʠʪʘʤʠ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʘ ʢʘʪʠʦʥʳ 

ʦʙʫʩʣʦʚʣʝʥʘ ʟʘʤʝʥʦʡ ʠʦʥʘ ʣʘʥʪʘʥʦʠʜʘ ʚ ʠʩʭʦʜʥʦʛʦʤ ʣʶʤʠʥʝʩʮʝʥʪʥʦʤ 

ʢʦʤʧʣʝʢʩʝ. ɸʥʠʦʥʳ ʤʦʛʫʪ ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ ʙʣʠʞʘʡʰʝʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʦʢʨʫʞʝʥʠʝ ʠʦʥʘ ʣʘʥʪʘʥʦʠʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʠʣʠ ʟʘʤʝʱʘʪʴ ʠʩʭʦʜʥʳʡ ʣʠʛʘʥʜ ʧʦʣʥʦʩʪʴʶ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ, ʢʘʢ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʪʘʢ ʠ ʧʘʜʘʪʴ. ʋʨʦʚʥʠ ʣʘʥʪʘʥʦʠʜʘ ʪʘʢʞʝ 

ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʦʙʤʝʥʝ ʧʦʩʨʝʜʩʪʚʦʤ FRET.  
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ʈʠʩʫʥʦʢ 22 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʚʝʣʠʯʠʥ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʦʣʦʩ (ʘ, ʛ), 

ʉʪʦʢʩʦʚʘ ʩʜʚʠʛʘ (ʙ, ʚ), ʠ ʚʨʝʤʝʥ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʝ) 

ʣʘʥʪʘʥʦʠʜʦʚ (ʘ, ʙ, ʝ) ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ (ʚ, ʛ, ʝ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʦʥ ʣʘʥʪʘʥʦʠʜʘ ʢʘʢ ʥʦʩʠʪʝʣʴ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʬʫʥʢʮʠʠ 

ʷʚʣʷʝʪʩʷ ʟʦʥʜʦʤ, ʢʨʘʡʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʩʦʩʪʦʷʥʠʶ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ. ʃʠʛʘʥʜ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʘʩʢʨʳʪʠʠ ʬʦʪʦʬʠʟʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʣʘʥʪʘʥʦʠʜʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʵʬʬʝʢʪʠʚʥʫʶ ʧʝʨʝʜʘʯʫ ɻ ʥʝʨʛʠʠ ʥʘ 

ʟʣʫʯʘʪʝʣʴʥʳʝ (ʨʝʟʦʥʘʥʩʥʳʝ) ʫʨʦʚʥʠ Ln(III). ʂʦʦʨʜʠʥʠʨʫʷʩʴ ʢ ʣʘʥʪʘʥʦʠʜʫ 

ʭʝʣʘʪʠʨʫʶʱʠʤʠ ʛʨʫʧʧʘʤʠ ʣʠʛʘʥʜ ʯʘʩʪʠʯʥʦ ʵʢʨʘʥʠʨʫʝʪ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ 

ʩʬʝʨʫ, ʩʥʠʞʘʷ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʥʘ ʢʦʣʝʙʘʥʠʷ O-H ʠ N-H ʠ 

ʜʨʫʛʠʭ ʦʩʮʠʣʷʪʦʨʦʚ ʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪ Ln(III) ʚ ʩʨʝʜʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ 

ʩʪʨʫʢʪʫʨʝ ʵʪʦʡ ʣʠʛʘʥʜʥʦʡ ñʰʫʙʳò, ʯʪʦ ʦʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩʚʦʝʦʙʨʘʟʥʳʝ ʢʘʨʤʘʥʳ. ʇʦ 

ʥʠʤ, ʢʘʢ ʧʦ ʢʘʥʘʣʘʤ, ʚʦʟʤʦʞʥʦ ʧʨʦʭʦʞʜʝʥʠʝ ʘʥʘʣʠʪʦʚ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ 

ʠ ʩʪʨʦʝʥʠʷ ʢ ʠʦʥʫ ʣʘʥʪʘʥʦʠʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʬʦʪʦʬʠʟʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʭʝʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ ʤʝʪʘʣʣʘ. 

ʀʪʦʛʦ, ʩʦʟʜʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʩʝʥʩʦʨʘ ʥʘ ʘʥʘʣʠʪ ʠʣʠ ʛʨʫʧʧʫ ʘʥʘʣʠʪʦʚ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʚʷʟʘʥʦ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʣʠʛʘʥʜʘ ʩʚʷʟʳʚʘʪʴ ʠ ʫʜʝʨʞʠʚʘʪʴ ʠʦʥ 

ʈɿʕ, ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʝʛʦ ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʦʩʪʘʚʣʷʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʠʣʠ ʘʜʜʠʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʥʘʣʠʪʦʤ. 
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1.2.1.2 ʂʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʥʘʥʦʧʦʜʭʦʜʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʣʘʥʪʘʥʦʠʜʥʳʭ ʭʝʤʦʩʝʥʩʦʨʦʚ 

ʉ ʫʯʝʪʦʤ ʚʳʩʦʢʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ ʠ ʣʘʙʠʣʴʥʦʩʪʠ ʈɿʕ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʠ ʩʝʥʩʠʙʠʣʠʟʘʮʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʨʝʘʣʠʟʫʝʪʩʷ ʣʠʰʴ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʫʟʢʠ ʩʪʨʫʢʪʫʨʳ ʣʠʛʘʥʜʘ ʥʝʩʢʦʣʴʢʠʤʠ ʭʝʣʘʪʠʨʫʶʱʠʤʠ 

ʛʨʫʧʧʘʤʠ ʠ ʫʩʣʦʞʥʝʥʠʝʤ ʠʭ ʩʪʨʫʢʪʫʨʳ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʛʠʜʨʦʬʦʙʥʳʭ 

ʭʨʦʤʦʬʦʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ [113,114]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ 

Ln3+ ʟʘʨʷʜ ʣʠʛʘʥʜʘ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ, ʠ ʥʝʡʪʨʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʞʝʪ ʚʳʧʘʜʘʪʴ 

ʚ ʦʩʘʜʦʢ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʜʘʣʴʥʝʡʰʝʝ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʘʥʘʣʠʪʘ ʩʠʩʪʝʤʳ ʠʣʠ ʚʦʚʩʝ ʝʛʦ ʠʩʢʣʶʯʘʝʪ. 

ʇʨʦʜʚʠʥʫʪʳʤ ʩʯʠʪʘʝʪʩʷ ʪʘʢʦʡ ʩʝʥʩʦʨ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʠʣʠ ʙʦʣʴʰʘʷ ʜʦʣʷ ʠʟ 

ʦʧʪʠʯʝʩʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ ʷʚʣʷʪʁʩʷ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʦʙʤʝʥʘ 

ʵʥʝʨʛʠʝʡ ʩ ʮʝʣʝʚʳʤ ʩʫʙʩʪʨʘʪʦʤ [115]. ʈʘʟʫʤʝʝʪʩʷ, ʚʳʧʘʜʝʥʠʝ 

ʛʨʫʙʦʜʠʩʧʝʨʩʥʦʛʦ ʦʩʘʜʢʘ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʘʟʚʠʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ. ʂʦʣʠʯʝʩʪʚʦ ñʘʢʪʠʚʥʳʭò ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʭʝʣʘʪʦʚ ʈɿʕ 

ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʥʝʚʝʣʠʢʦ, ʧʦʩʢʦʣʴʢʫ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʭ ʫʭʦʜʠʪ ʥʘ ʟʘʩʪʨʦʡʢʫ 

ʦʙʲʝʤʘ ʛʝʪʝʨʦʬʘʟʳ. 

ɽʜʠʥʩʪʚʝʥʥʦʡ ʨʘʙʦʯʝʡ ʩʪʨʘʪʝʛʠʝʡ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʥʘʠʣʫʯʰʠʝ ʚ ʧʣʘʥʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʥʦ ʛʠʜʨʦʬʦʙʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʈɿʕ ʚ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʙʠʦʩʝʥʩʦʨʠʢʠ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʥʪʨʦʣʷ 

ʜʠʩʧʝʨʩʥʦʩʪʠ ʣʘʥʪʘʥʦʠʜʥʦʡ ʛʝʪʝʨʦʬʘʟʳ ʥʘ ʥʘʥʦʜʠʩʧʝʨʩʥʦʤ ʫʨʦʚʥʝ. 

ʇʦʩʣʝʜʥʝʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʚʚʝʜʝʥʠʝʤ ʛʠʜʨʦʬʦʙʥʦʛʦ ʭʝʣʘʪʘ 

ʣʘʥʪʘʥʦʠʜʘ ʚ ʥʘʥʦʨʘʟʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʥʘ ʵʪʘʧʝ ʝʝ ʩʠʥʪʝʟʘ ʠʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʩʪʦʙʨʘʙʦʪʢʠ. ʇʦʩʪʦʙʨʘʙʦʪʢʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʠʥʪʝʟʘ 

ʥʘʥʦʤʘʪʨʠʮʳ ʠ ʚʚʝʜʝʥʠʝ ʜʦʧʘʥʪʘ ʚʦ ʚʨʝʤʝʥʠ. ʉʥʘʯʘʣʘ ʧʦʣʫʯʘʶʪ ʤʘʪʨʠʯʥʫʶ 

ʛʨʘʥʫʣʫ, ʟʘʪʝʤ ʚ ʥʝʝ ʠʣʠ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʴ ʚʚʦʜʠʪʩʷ ʢʦʤʧʣʝʢʩ. ɺ ʭʦʜʝ ʩʠʥʪʝʟʘ, 

ʥʘʧʨʠʤʝʨ, ʨʝʘʣʠʟʫʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʚ ʩʦʩʪʘʚ ʩʠʣʠʢʘʪʥʳʭ, 

ʧʦʣʠʤʝʨʥʳʭ, ʣʠʧʠʜʥʳʭ ʠ ʜʨʫʛʠʭ ʥʘʥʦʯʘʩʪʠʮ [116,117]. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʣʘʥʪʘʥʦʠʜʥʳʡ ʟʦʥʜ ʷʚʣʷʝʪʩʷ ʛʦʩʪʝʤ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ 

ʩʨʦʜʩʪʚʦʤ ʢ ʤʘʪʨʠʮʝ-ʭʦʟʷʠʥʫ ʠ ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʚ ʝʝ ʦʙʲʝʤʝ. 
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ʄʘʪʨʠʮʘ ʥʘʥʦʯʘʩʪʠʮ, ʧʨʠ ʵʪʦʤ, ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʣʣʦʠʜʥʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ Ln(III) ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ, ʥʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʫʩʣʦʚʠʷ ʜʣʷ 

ʚʢʣʶʯʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʨʫʛʠʤʠ ʯʘʩʪʠʮʘʤʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʝʥʩʦʨʠʢʘ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʩʫʙʩʪʨʘʪʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʚʝʟʠʢʫʣʘʭ ʠʣʠ 

ʣʠʧʠʜʥʳʭ ʯʘʩʪʠʮʘʭ (solid lipid nanoparticles) ʧʦ ʧʨʦʩʪʦʡ ʧʨʠʯʠʥʝ ʦʪʩʫʪʩʪʚʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʢʣʶʯʸʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʘʥʘʣʠʪʦʤ. ʊʦʯʥʦ 

ʪʘʢʞʝ ʩʠʣʠʢʘʪʥʘʷ ʤʘʪʨʠʮʘ ʩ ʧʦʨʘʤʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʠʘʤʝʪʨʘ, ʧʨʦʧʫʩʢʘʝʪ 

ʤʦʣʝʢʫʣʳ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʘʟʤʝʨʘ [118]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʣʶʙʦʛʦ ʩʝʥʩʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ 

ʪʱʘʪʝʣʴʥʦ ʧʦʜʦʙʨʘʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʥʘ ʥʝʪ ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʜʭʦʜʷʱʝʡ ʛʠʜʨʦʬʠʣʠʟʠʨʫʶʱʝʡ 

ʤʘʪʨʠʮʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ 

ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦ ʧʨʠʨʦʜʝ ʜʦʥʦʨʦʚ ʠ 

ʘʢʮʝʧʪʦʨʦʚ ʦʯʝʥʴ ʚʘʞʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʦʛʨʝʩʩʘ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʚ ʤʝʜʠʮʠʥʝ, ʘʛʨʦʭʦʟʷʡʩʪʚʝ, ʢʨʠʤʠʥʘʣʠʩʪʠʢʝ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʠ ʪ.ʜ.  

1.2.1.3 In situ LbL ʥʘʥʦʧʦʜʭʦʜ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʣʘʥʪʘʥʦʠʜʥʳʭ ʭʝʤʦʩʝʥʩʦʨʦʚ 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʧʦʜʭʦʜ ʧʨʠʤʝʯʘʪʝʣʝʥ ʪʝʤ, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʝʪ ʚʣʠʷʥʠʝ ʤʘʪʨʠʮʳ. 

ʂʦʤʧʣʝʢʩ ʣʘʥʪʘʥʦʠʜʘ, ʚ ʢʦʪʦʨʦʤ ʨʘʮʠʦʥʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʜʣʷ ʩʚʟ̫ʳʚʘʥʠʷ ʠʦʥʘ 

ʤʝʪʘʣʣʘ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʘʥʘʣʠʪʘ ʧʦʜʦʙʨʘʥ ʣʠʛʘʥʜ, ʩʘʤ ʜʣʷ ʩʝʙʷ ʷʚʣʷʝʪʩʷ 

ʤʘʪʨʠʮʝʡ, ʧʦʩʢʦʣʴʢʫ ʧʦʣʥʦʩʪʴʶ ʬʦʨʤʠʨʫʝʪ ʦʙʲʝʤ ʷʜʨʘ ʥʘʥʦʯʘʩʪʠʮʳ. ʇʨʠ 

ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʠʩʢʣʶʯʘʝʪʩʷ ʚʣʠʷʥʠʝ ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʠ ʚʩʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʭʝʣʘʪʥr ʤ ʢʦʤʧʣʝʢʩʦʤ. ʊʘʢʠʝ ʷʜʨʘ ʙʝʟ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʙʳʩʪʨʦ ʪʝʨʷʶʪ ʘʛʨʝʛʘʮʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʢʦʘʛʫʣʠʨʫʶʪ ʠ 

ʚʳʧʘʜʘʶʪ ʚ ʦʩʘʜʦʢ. ʆʪ ʵʪʦʛʦ ʩʠʩʪʝʤʫ ʩʧʘʩʘʝʪ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪ, ʠʦʥʳ ʢʦʪʦʨʦʛʦ 

ʩʘʜʷʪʩʷ ʥʘ ʷʜʨʘ, ʢʦʪʦʨʳʝ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʚʳʩʪʫʧʘʶʪ ʪʝʤʧʣʘʪʦʤ ʜʣʷ ʧʝʨʚʦʛʦ ʠ 

ʧʦʩʣʝʜʫʶʱʠʭ ʩʣʦʝʚ ʧʦʣʠʤʝʨʘ, ʠ ʧʨʠʜʘʶʪ ʠʤ ʟʘʨʷʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʠʭ 
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ʢʦʣʣʦʠʜʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. ɺʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʠ 

ʜʦʩʪʫʧʥʦʩʪʴ ʧʦʣʠʠʦʥʦʚ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʧʨʦʮʝʩʩʘ 

ʟʘʤʝʥʳ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺʚʦʜʠʤʳʝ ʢʘʧʝʣʴʥʳʝ ʧʦʨʮʠʠ ʨʘʩʪʚʦʨʘ ʭʝʣʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʣʘʥʪʘʥʦʠʜʘ ʚ ʩʤʝʰʠʚʘʶʱʝʤʩʷ ʩ ʚʦʜʦʡ ʦʨʛʘʥʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ 

ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʢʦʨʦʪʢʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ ʦʙʨʘʟʫʶʪ 

ʪʦʥʢʫʶ ʵʤʫʣʴʩʠʶ. ʆʨʛʘʥʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨʠʪʝʣʴ ʠʟ ʤʠʢʨʦʢʘʧʝʣʴ ʤʛʥʦʚʝʥʥʦ 

ʧʝʨʝʭʦʜʠʪ ʚ ʚʦʜʫ. ʀʟʥʘʯʘʣʴʥʦ ʨʘʩʪʚʦʨʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩʪʨʝʤʠʪʝʣʴʥʦ 

ʛʠʜʨʘʪʠʨʫʝʪʩʷ ʠ, ʚ ʩʠʣʫ ʩʚʦʝʡ ʛʠʜʨʦʬʦʙʥʦʩʪʠ, ʧʳʪʘʝʪʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʢʦʥʪʘʢʪ ʩ ʚʦʜʦʡ, ʯʪʦ ʚʳʣʠʚʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʨʦʜʳʰʘ ʢʨʠʩʪʘʣʣʘ 

ʥʘʥʦʨʘʟʤʝʨʥʦʡ ʛʝʪʝʨʦʬʘʟʳ. ɺʳʩʦʢʘʷ ʠʟʙʳʪʦʯʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʪʘʢʦʡ 

ʥʘʥʦʩʠʩʪʝʤʳ ʩʥʠʞʘʝʪʩʷ ʟʘ ʩʯʝʪ ʘʜʩʦʨʙʮʠʠ ʠʦʥʦʚ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ. 

1.2.1.4 ʂʦʤʤʝʨʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʥʘʣʠʟʘ ʟʘʚʠʩʠʤʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʦʪʢʣʠʢʘ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʫʞʝʥʠʷ ʥʘ ʣʘʥʪʘʥʦʠʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʜʦʩʪʫʧʥʳʭ, ʪʦʯʥʳʭ ʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʨʷʜʘ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʦʨʤʦʥʦʚ, ʚʠʨʫʩʥʳʭ ʘʥʪʠʛʝʥʦʚ ʠ ʜʨʫʛʠʭ ʙʠʦʤʘʨʢʝʨʦʚ ʷʚʣʷʝʪʩʷ 

ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (ʀʌɸ) [119]. ɺ ʘʥʛʣʦʷʟʳʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʠ 

ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʵʪʦʪ ʤʝʪʦʜ ʠʟʚʝʩʪʝʥ ʢʘʢ Enzyme-Linked Immunosorbent 

Assay (ELISA). ʀʌɸ ʷʚʣʷʝʪʩʷ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ 

ʩʦʩʪʘʚʣʷʝʪ ʨʝʘʢʮʠʷ ʘʥʪʠʛʝʥ-ʘʥʪʠʪʝʣʦ. ɸʥʪʠʪʝʣʦ, ʤʝʯʝʥʥʦʝ ʧʝʨʦʢʩʠʜʘʟʦʡ 

ʭʨʝʥʘ ʠʣʠ ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʦʡ, ʚ ʭʦʜʝ ʠʤʤʫʥʥʦʡ ʨʝʘʢʮʠʠ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʘʥʪʠʛʝʥʦʤ, ʝʩʣʠ ʪʘʢʦʚʦʡ ʠʤʝʝʪʩʷ ʚ ʣʫʥʢʝ, ʠ ʧʦʩʣʝ ʦʪʤʳʚʢʠ ʠ ʜʦʙʘʚʣʝʥʠʷ 

ʩʫʙʩʪʨʘʪʘ ʥʘʯʠʥʘʝʪ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʝʛʦ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʦʢʨʘʰʝʥʥʳʡ ʧʨʦʜʫʢʪ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʨʘʩʢʠ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʚ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʬʝʨʤʝʥʪʘ. ʀʌɸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʨʠʤʝʨ 

ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɹʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʠʤʤʫʥʦʬʝʨʤʝʥʪʳʭ ʘʥʘʣʠʟʦʚ (DELFIA, TRET) ʦʩʥʦʚʘʥʳ ʥʘ ʩʯʠʪʳʚʘʥʠʠ 
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ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʦʪʢʣʠʢʘ ʠ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʫʯʘʩʪʠʝʤ ʣʘʥʪʘʥʦʠʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ [120]. 

ɺʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʳʡ ʬʣʫʦʨʦʠʤʤʫʥʦʘʥʘʣʠʟ (Time-Resolved 

Fluoroimmunoassay, TRFIA) ʠʣʠ ʜʠʩʩʦʮʠʘʮʠʦʥʥʦ-ʫʩʠʣʝʥʥʳʡ ʣʘʥʪʘʥʦʠʜʥʳʡ 

ʬʣʫʦʨʦʠʤʤʫʥʦʘʥʘʣʠʟ (Dissociation-Enhanced Lanthanide FluoroImmunoAssay, 

DELFIA) [121], ʩʪʘʚʰʠʡ ʝʛʦ ʩʠʥʦʥʠʤʦʤ ʠ ʩʘʤʦʡ ʠʟʚʝʩʪʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʦʤʤʝʨʯʝʩʢʠ ʫʩʧʝʰʥʳʤ ʚʦʧʣʦʱʝʥʠʝʤ 

ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (TRF/TRPL). DELFIA ̫ ʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʢʣʠʥʠʯʝʩʢʦʡ ʠ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʛʦʨʤʦʥʦʚ, ʦʥʢʦʤʘʨʢʝʨʦʚ, ʘʥʪʠʪʝʣ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ ʩʚʝʨʭʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʧʠʢʦ- ʠ ʬʝʤʪʦʤʦʣʴʥʦʤ ʜʠʘʧʘʟʦʥʘʭ. ʆʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʚ ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʢ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʭʝʣʘʪʳ Eu3+ ʠ ʨʝʞʝ ʜʨʫʛʠʭ ʣʘʥʪʘʥʦʠʜʦʚ. ɸʥʪʠʪʝʣʦ, ʤʝʯʝʥʥʦʝ 

ʭʝʣʘʪʦʤ ʣʘʥʪʘʥʦʠʜʘ, ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʮʝʣʝʚʳʤ ʘʥʪʠʛʝʥʦʤ, ʜʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʦʪʤʳʚʢʘ ʥʝʩʚʷʟʘʚʰʠʭʩʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʙʘʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

ʫʩʠʣʠʚʘʶʱʠʡ ʨʝʘʛʝʥʪ ʥʘ ʦʩʥʦʚʝ ʪʨʠʦʢʪʠʣʬʦʩʬʠʥʦʢʩʠʜʘ (TOPO), 1,3-

ʜʠʢʝʪʦʥʦʚ (ʯʘʱʝ ʚʩʝʛʦ 2-ʥʘʬʪʦʠʣʪʨʠʬʪʦʨʘʮʝʪʦʥ (NTA) ʠʣʠ 

ʪʝʥʦʠʣʪʨʠʬʪʦʨʘʮʝʪʠʣʘʮʝʪʦʥ) ʠ ʥʝʠʦʥʦʛʝʥʥʳʡ ʇɸɺ (Triton X-100), 

ʜʦʚʝʜʝʥʥʳʡ ʜʦ ʨʅ 3,5-4 ʘʮʝʪʘʪʥʳʤ ʙʫʬʝʨʦʤ. ʇʨʠ ʵʪʦʤ ʨʅ ʠʦʥ ʣʘʥʪʘʥʦʠʜʘ 

ʚʳʪʝʩʥʷʝʪʩʷ ʠʟ ʠʩʭʦʜʥʦʛʦ ʭʝʣʘʪʘ ʠ ʬʦʨʤʠʨʫʝʪ ʥʦʚʳʡ ʚʳʩʦʢʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʡ ʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ ʩʦʣʶʙʠʣʠʟʠʨʫʝʪʩʷ ʚ ʤʠʮʝʣʣʳ ʇɸɺ 

(ʈʠʩʫʥʦʢ 23ʘ). ʃʶʤʠʥʝʩʮʝʥʪʥʳʡ ʩʠʛʥʘʣ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʙʝʪʘʜʠʢʝʪʦʥʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʝʚʨʦʧʠʷ (III) ʙʦʣʝʝ, ʯʝʤ ʥʘ 6 ʧʦʨʷʜʢʦʚ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɽʛʦ ʩʠʛʥʘʣ ʠʟʤʝʨʷʶʪ ʩ 

ʟʘʜʝʨʞʢʦʡ ʧʦ ʚʨʝʤʝʥʠ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪ ɹʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʬʦʥʘ. 

DELFIA ʙʳʣ ʩʦʟʜʘʥ ʚ ʥʘʯʘʣʝ 1980-ʭ ʛʦʜʦʚ ʬʠʥʩʢʠʤʠ ʫʯʝʥʳʤʠ ʊʠʤʦ 

ʃʸʚʛʨʝʥ ʠ ʀʣʢʢʘ ʍʝʤʤʠʣʷ [122], ʨʘʙʦʪʘʚʰʠʤʠ ʚ ʋʥʠʚʝʨʩʠʪʝʪʝ ʊʫʨʢʫ ʠ 

ʢʦʤʤʝʨʮʠʘʣʠʟʠʨʦʚʘʥ ʢʦʤʧʘʥʠʝʡ Wallac Oy, ʢʦʪʦʨʘʷ ʩʪʘʣʘ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʚ 
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ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʠʙʦʨʦʚ ʠ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʦʡ ʬʣʫʦʨʠʤʝʪʨʠʠ, ʠ 

ʢʦʪʦʨʘʷ ʥʳʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʢʦʤʧʘʥʠʠ PerkinElmer.  

ɼʣʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʘʥʪʘʥʦʠʜʦʚ 

ʪʘʢʞʝ ʩ ʙʦʣʴʰʠʤ ʫʩʧʝʭʦʤ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʚ ʘʥʘʣʠʟʝ ʩ ʚʨʝʤʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʧʝʨʝʥʦʩʦʤ ʵʥʝʨʛʠʠ (Time-Resolved Energy Transfer, TRET). ʇʦ 

ʩʚʦʝʡ ʩʫʪʠ TRET ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴ FRET, ʛʜʝ ʜʦʥʦʨʦʤ 

ʵʥʝʨʛʠʠ ʚʳʩʪʫʧʘʝʪ ʢʦʤʧʣʝʢʩ ʣʘʥʪʘʥʦʠʜʘ, ʘ ʘʢʮʝʧʪʦʨʦʤ ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʬʣʫʦʨʦʬʦʨ, ʥʘʧʨʠʤʝʨ, ʘʣʣʦʬʠʢʦʮʠʘʥʠʥ (XL665), Cy5 ʠ ʜʨ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʙʠʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʙʣʠʞʝʥʠʝ 

ʜʦʣʛʦʞʠʚʫʱʝʛʦ ʜʦʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ, ʧʨʦʠʩʭʦʜʠʪ FRET, ʧʦʩʣʝ ʯʝʛʦ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʜʝʨʞʢʦʡ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʩʠʛʥʘʣ ʘʢʮʝʧʪʦʨʘ 

(ʈʠʩʫʥʦʢ 23ʙ).  

 

 

ʈʠʩʫʥʦʢ 23 ï ʆʙʱʘʷ ʩʭʝʤʘ ʤʝʭʘʥʠʟʤʦʚ ʜʠʩʩʦʮʠʘʮʠʦʥʥʦ-ʫʩʠʣʝʥʥʳʡ 

ʣʘʥʪʘʥʦʠʜʥʳʡ ʬʣʫʦʨʦʠʤʤʫʥʦʘʥʘʣʠʟ (DELFIA) (ʘ) ʠ ʘʥʘʣʠʟʘ ʩ ʚʨʝʤʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʧʝʨʝʥʦʩʦʤ ʵʥʝʨʛʠʠ (TRET) (ʙ). 

ʂʘʢ ʠ DELFIA, TRET ʢʘʢ ʪʝʭʥʦʣʦʛʠʷ ʠʤʤʫʥʦʭʠʤʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʟʘʙʦʣʝʚʘʥʠʡ ʩ ʫʩʧʝʭʦʤ ʚʦʰʣʘ ʚ ʢʦʤʤʝʨʯʝʩʢʠʡ ʦʙʠʭʦʜ. ʊʝʭʥʦʣʦʛʠʷ TRET ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʢʦʤʤʝʨʮʠʘʣʠʟʠʨʦʚʘʥʘ ʬʨʘʥʮʫʟʩʢʦʡ ʢʦʤʧʘʥʠʝʡ Cisbio Bioassays 

ʚ 1990-ʭ ʛʦʜʘʭ ʧʦʜ ʥʘʟʚʘʥʠʝʤ HTRF (Homogeneous Time-Resolved Fluorescence, 

ʛʦʤʦʛʝʥʥʘʷ ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ). HRTF ʚ 2019 ʛʦʜʫ ʚʳʢʫʧʣʝʥʘ 

ʢʦʤʧʘʥʠʝʡ PerkinElmer, ʢʦʪʦʨʘʷ ʫʞʝ ʠʤʝʣʘ ʚ ʩʚʦʝʤ ʘʢʪʠʚʝ ʧʦʭʦʞʫʶ 

ʪʝʭʥʦʣʦʛʠʶ LANCE (LANthanide Chelate Excitation, ʣʘʥʪʘʥʦʠʜʥʦʝ ʭʝʣʘʪʥʦʝ 

ʚʦʟʙʫʞʜʝʥʠʝ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʦʜʥʦʡ 

ʢʦʤʧʘʥʠʠ, ʦʙʝ ʪʝʭʥʦʣʦʛʠʠ, HTRF ʠ LANCE, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʝʙʦʣʴʰʠʝ 
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ʪʝʭʥʠʯʝʩʢʠʝ ʦʪʣʠʯʠʷ ʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʭʝʣʘʪʘʭ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʘʢʮʝʧʪʦʨʘʭ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘ ʨʳʥʢʝ ʠ ʥʘʧʨʷʤʫʶ ʢʦʥʢʫʨʠʨʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ.  

1.2.2 ʃʶʤʠʥʝʩʮʝʥʪʥʘʷ ʪʝʨʤʦʤʝʪʨʠʷ  

ʊʝʤʧʝʨʘʪʫʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʦʩʪʦʷʥʠʝ ʢʘʢ ʞʠʚʳʭ, ʪʘʢ ʠ ʥʝʞʠʚʳʭ ʦʙʲʝʢʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʝʤʧʝʨʘʪʫʨʘ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʚʩʝ ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʇʨʝʮʠʟʠʦʥʥʦʝ ʠʟʤʝʨʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʳʤ ʜʣʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʤʝʥʝʥʠʡ ʦʪ ʢʘʪʘʣʠʟʘ, ʜʦ ʙʠʦʭʠʤʠʠ ʠ ʪʝʨʘʧʠʠ ʦʧʫʭʦʣʝʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʢʦʥʪʘʢʪʥʳʝ ʪʝʨʤʦʤʝʪʨʳ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʷʚʣʷʶʪʩʷ 

ʠʥʚʘʟʠʚʥʳʤʠ. ʂ ʪʦʤʫ ʞʝ, ʦʥʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʜʠʩʪʘʥʮʠʦʥʥʳʡ 

ʤʦʥʠʪʦʨʠʥʛ ʣʦʢʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʚ 

ʪʝʭ ʩʣʫʯʘʷʭ, ʛʜʝ ʠʤʝʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʨʘʜʠʝʥʪʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʤʠʢʨʦ- ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʤ ʦʙʲʝʢʪʘʤ 

ʧʨʝʜʲʷʚʣʷʝʪ ʚʩʸ ʙʦʣʝʝ ʩʪʨʦʛʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʝʪʦʜʘʤ ʪʝʨʤʦʤʝʪʨʠʠ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʦʪʢʣʠʢʘ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʪʦʢʩʠʯʥʳʭ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ 

ʫʩʪʨʦʡʩʪʚ ʚʳʚʦʜʠʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʥʘʥʦʪʝʨʤʦʤʝʪʨʠʠ ʥʘ ʧʝʨʝʜʥʠʡ ʬʨʦʥʪ ʥʘʫʢʠ, 

ʦʪ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʪʝʨʘʧʠʠ ʦʧʫʭʦʣʝʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʊʘʢ, ʤʦʥʠʪʦʨʠʥʛ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ in vivo ʠ in vitro ʚ ʞʠʚʳʭ 

ʢʣʝʪʢʘʭ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʦʡ ʛʠʧʝʨʪʝʨʤʠʠ ʠʣʠ ʬʦʪʦʪʝʨʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ - ʜʚʫʭ 

ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʪʝʨʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʨʘʢʘ [123,124]. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʢʣʝʪʦʯʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʦʚ, 

ʥʘʧʨʠʤʝʨ, ʤʠʪʦʭʦʥʜʨʠʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʝʪʦʯʥʦʡ 

ʙʠʦʣʦʛʠʠ, ʙʠʦʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʳ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʟʚʝʩʪʥʦʝ 

ʢʘʢ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ʥʘʥʦʪʝʨʤʦʤʝʪʨʠʷ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʥʠʢʘʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʢʣʝʪʢʠ, ʢʦʪʦʨʘʷ ʥʝʜʦʩʪʫʧʥʘ ʧʨʠ ʠʟʤʝʨʝʥʠʠ 

ʦʙʱʝʡ ʢʣʝʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ [125]. ʃʦʢʘʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ 
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ʚʥʫʪʨʠ ʤʠʪʦʭʦʥʜʨʠʠ ʠʣʠ ʥʘ ʝʝ ʤʝʤʙʨʘʥʝ ʤʦʞʝʪ ʙʳʪʴ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʝʥ ʜʣʷ 

ʨʘʙʦʪʳ ʬʝʨʤʝʥʪʦʚ ʠ ʧʝʨʝʥʦʩʘ ʧʨʦʪʦʥʦʚ, ʥʘʧʨʷʤʫʶ ʚʣʠʷʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʊʌ. ɸʥʦʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʠʪʦʭʦʥʜʨʠʡ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʥʥʠʭ ʧʨʠʟʥʘʢʦʚ ʜʠʩʬʫʥʢʮʠʡ, ʠʛʨʘʶʱʠʭ ʦʧʨʝʜʝʣʷʶʱʫʶ 

ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʤʥʦʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ: ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ (ʙʦʣʝʟʥʠ 

ɸʣʴʮʛʝʡʤʝʨʘ, ʇʘʨʢʠʥʩʦʥʘ), ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʩʠʥʜʨʦʤʦʚ, ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʨʘʢʘ 

ʠ ʧʨʦʮʝʩʩʦʚ ʩʪʘʨʝʥʠʷ, ʩʠʛʥʘʣʠʟʠʨʫʷ ʦ ʩʙʦʷʭ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʮʝʧʠ, 

ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʩʪʨʝʩʩʝ ʠʣʠ ʥʘʨʫʰʝʥʠʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʤʙʨʘʥ. 

ʅʘʥʦʪʝʨʤʦʤʝʪʨʠʷ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʣʦʞʥʦʡ 

ʦʙʣʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʢʦʪʦʨʦʡ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳ [126ï128]. 

ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʤʝʪʦʜʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʥʝʦʩʧʦʨʠʤʳʤʠ 

ʦʙʣʘʜʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʥʝʠʥʚʘʟʠʚʥʦʩʪʠ, ʜʦʩʪʘʪʦʯʥʦʡ 

ʧʨʦʩʪʦʪʝ, ʚʳʩʦʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ ʪʦʯʥʦʩʪʠ [129,130]. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʫʜʝʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ [131], ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʣʘʥʪʘʥʦʠʜʦʚ 

[132,133], ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ [134] ʠ ʫʛʣʝʨʦʜʥʳʭ ʪʦʯʝʢ 

[135,136] ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʢʘʨʪʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ 

ʘʥʠʟʦʪʨʦʧʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʃʶʤʠʥʝʩʮʝʥʪʥʘʷ ʪʝʨʤʦʤʝʪʨʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʢʦʨʨʝʣʷʮʠʠ 

ʠʟʤʝʥʝʥʠʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚʝʱʝʩʪʚʘ, 

ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠʟ 

ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ [137]. 

ʕʤʠʩʩʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘʤʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʛʝʥʝʨʘʮʠʠ ʬʦʪʦʥʦʚ. 

ʋʢʘʟʘʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʷʪ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʦʵʪʦʤʫ ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʪʝʨʤʦʤʝʪʨʠʷ ʠʩʧʦʣʴʟʫʝʪ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʨʝʜʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʣʦʢʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʉʫʱʝʩʪʚʫʝʪ ʰʝʩʪʴ ʦʩʥʦʚʥʳʭ 
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ʧʘʨʘʤʝʪʨʦʚ ʦʧʨʝʜʝʣʷʶʱʠʭ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʤʘʪʝʨʠʘʣʦʚ: ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʣʫʯʝʥʠʷ, ʬʦʨʤʘ ʩʧʝʢʪʨʘ, ʧʦʣʦʞʝʥʠʝ ʩʧʝʢʪʨʘ, ʰʠʨʠʥʘ ʧʠʢʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, 

ʧʦʣʷʨʠʟʘʮʠʷ ʠ ʢʠʥʝʪʠʢʘ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʚʨʝʤʝʥʘ ʞʠʟʥʠ). 

ʀʟʤʝʥʝʥʠʝ ʢʘʞʜʦʛʦ ɻʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʩʠʛʥʘʣʦʤ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (ʈʠʩʫʥʦʢ 24) [137]. 

 

ʈʠʩʫʥʦʢ 24 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ ʧʦʚʳʰʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʰʝʩʪʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʂʨʘʩʥʳʝ 

ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ [137]. 

ʊʝʨʤʦʤʝʪʨʠʷ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʚʷʟʘʥʘ ʩ 

ʠʟʤʝʨʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʬʦʪʦʥʦʚ, ʠʩʧʫʩʢʘʝʤʳʭ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʯʪʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʫʤʝʥʴʰʝʥʠʷ ʠʣʠ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʦʪʢʣʠʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʦʙʫʩʣʦʚʣʝʥ ʪʝʨʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ. ʊʘʢʦʡ ʤʝʪʦʜ ʙʳʣ 

ʫʩʧʝʰʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʜʣʷ ʰʠʨʦʢʦʛʦ ʪʠʧʘ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʥʘʥʦʢʨʠʩʪʘʣʣʳ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʢʨʘʩʠʪʝʣʠ, ʠʦʥʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʦʥʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ I(T) 

ʦʪʜʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʪʝʭʥʠʯʝʩʢʦʡ 

ʧʨʦʩʪʦʪʦʡ. ʆʜʥʘʢʦ ʚʝʣʠʯʠʥʘ I(T) ʧʦʜʚʝʨʞʝʥʘ ʚʣʠʷʥʠʶ ʬʘʢʪʦʨʦʚ, ʥʝ ʩʚʷʟʘʥʥʳʭ 
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ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ: ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʟʦʥʜʦʚ, 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʩʨʝʜʳ, ʦʩʦʙʝʥʥʦ ʵʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʚ ʩʣʫʯʘʝ ʩʣʦʞʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʩʠʩʪʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʤʥʦʛʠʭ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 

ʪʝʨʤʦʤʝʪʨʦʚ ʪʘʢʠʭ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ, ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ, 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʙʝʣʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʪʘʢʞʝ ʤʦʜʫʣʠʨʫʝʪʩʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ, ʚʢʣʶʯʘʷ pH, ʚʷʟʢʦʩʪʴ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚ. ʇʦʩʢʦʣʴʢʫ ʫʢʘʟʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʧʦʩʦʙʥʳ 

ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʪʴʩʷ ʚ ʞʠʚʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʙʩʦʣʶʪʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ I(T) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʧʦʛʨʝʰʥʦʩʪʷʤ [138].  

ʊʝʨʤʦʤʝʪʨʠʷ ʧʦ ʬʦʨʤʝ ʧʦʣʦʩ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʫʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʩʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʊʝʨʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʧʦʣʦʩ 

ʚʦʟʥʠʢʘʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʠʟʣʫʯʝʥʠʝ, ʨʘʩʧʦʣʦʞʝʥʳ ʙʣʠʟʢʦ ʧʦ ʵʥʝʨʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʭ 

ʪʝʨʤʠʯʝʩʢʦʝ ʩʚʷʟʳʚʘʥʠʝ. ɼʘʥʥʳʡ ʬʝʥʦʤʝʥ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʤʝʰʘʥʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʠʟʣʫʯʘʶʱʠʭ ʮʝʥʪʨʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʝ 

ʦʩʥʦʚʥʳʝ ʩʭʝʤʳ ʨʝʘʣʠʟʘʮʠʠ. ɺ ʧʝʨʚʦʡ ʩʭʝʤʝ ʨʘʟʣʠʯʥʳʝ ʧʦʣʦʩʳ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʛʝʥʝʨʠʨʫʶʪʩʷ ʨʘʟʥʳʤʠ ʠʟʣʫʯʘʶʱʠʤʠ ʮʝʥʪʨʘʤʠ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʦʝ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʩʧʝʢʪʨʘ ʦʙʫʩʣʦʚʣʝʥʦ ʣʠʙʦ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʫʰʝʥʠʷ ʢʘʞʜʦʛʦ ʮʝʥʪʨʘ, ʣʠʙʦ 

ʪʝʨʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ 

ʤʝʞʜʫ ʥʠʤʠ [139]. ɺʦ ʚʪʦʨʦʡ ʩʭʝʤʝ ʚʩʝ ʧʦʣʦʩʳ ʚ ʩʧʝʢʪʨʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʛʝʥʝʨʠʨʫʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʮʝʥʪʨʦʤ [140]. ʀʟʤʝʥʝʥʠʝ 

ʬʦʨʤʳ ʧʦʣʦʩʳ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʚʳʟʳʚʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʨʤʠʯʝʩʢʠ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʘʩʝʣʝʥʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʵʪʦʛʦ ʮʝʥʪʨʘ. ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦ, ʯʪʦ ʚ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʟʘʚʠʩʠʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 
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ʠʟʣʫʯʘʶʱʠʭ ʮʝʥʪʨʦʚ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʪʝʨʤʦʤʝʪʨʠʠ ʧʦ ʬʦʨʤʝ ʧʦʣʦʩʳ ʧʝʨʝʜ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ 

ʪʝʨʤʦʤʝʪʨʠʝʡ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʪʘʢ ʢʘʢ 

ʧʦʢʘʟʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʬʣʫʢʪʫʘʮʠʷʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʟʦʥʜʦʚ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʤʥʦʞʝʩʪʚʦ 

ʧʨʠʤʝʨʦʚ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʦ ʬʦʨʤʝ ʧʦʣʦʩʳ ʚ ʨʘʤʢʘʭ ʦʙʝʠʭ ʩʭʝʤ, ʚʢʣʶʯʘʷ ʩʠʩʪʝʤʳ ʥʘ 

ʦʩʥʦʚʝ ʠʦʥʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʨʘʩʠʪʝʣʝʡ [141]. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʠʝ ʪʝʨʤʦʤʝʪʨʳ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʤʝʨʝʥʠʠ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʜʚʫʭ ʧʦʣʦʩ ʵʤʠʩʩʠʠ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ, ʦʧʪʠʤʘʣʴʥʦ 

ʩʦʯʝʪʘʶʱʠʤ ʢʘʯʝʩʪʚʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʩʪʦʠʤʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. 

ʂʣʶʯʝʚʦʝ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʙʱʠʝ ʬʣʫʢʪʫʘʮʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʚʦʟʙʫʞʜʝʥʠʷ ʠʣʠ ʣʦʢʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʟʦʥʜʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʚʣʠʷʶʪ ʥʘ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʜʥʘʢʦ ʥʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʥʝʝ ʠʛʥʦʨʠʨʫʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʘʨʪʝʬʘʢʪʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʚʳʟʳʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʠʟʣʫʯʝʥʠʷ ʪʝʨʤʦʤʝʪʨʘ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʦʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ, ʣʦʢʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ [142ï144], ʤʦʛʫʪ 

ʩʪʘʥʦʚʠʪʴʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʦʰʠʙʦʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʢʘʟʘʥʠʡ. ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʦʜʥʦʟʥʘʯʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʪʨʦʛʦʛʦ 

ʩʦʙʣʶʜʝʥʠʷ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʜʫʨ ʠʟʤʝʨʝʥʠʡ ʜʘʞʝ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʪʝʨʤʦʤʝʪʨʦʚ. 

ʊʝʨʤʦʤʝʪʨʠʷ ʧʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʝʪʦʜ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Ű [145]. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʦʮʝʩʩʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʚʝʨʦʷʪʥʦʩʪʴ ʨʝʣʘʢʩʘʮʠʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʤʫʣʴʪʠʬʦʥʦʥʥʘʷ 
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ʨʝʣʘʢʩʘʮʠʷ ʠʣʠ ʪʫʰʝʥʠʝ ʥʘ ʜʝʬʝʢʪʘʭ), ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ. ʀʤʝʥʥʦ ʟʘʚʠʩʠʤʦʩʪʴ Ű(T) ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʤʝʨʝʥʠʝ 

ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚ ʢʘʯʝʩʪʚʝ ʪʦʯʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʝʥʩʦʨʘ. ɿʥʘʯʠʪʝʣʴʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʪʝʨʤʦʤʝʪʨʠʠ ʧʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʧʝʨʝʜ ʩʧʝʢʪʨʘʣʴʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʪʝʨʤʦʤʝʪʨʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʫʱʝʩʪʚʝʥʥʦʤ ʩʦʢʨʘʱʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ 

ʢ ʚʨʝʤʝʥʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ ʠ ʘʧʧʘʨʘʪʫʨʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ. ʕʪʦ ʠʩʢʣʶʯʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʣʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥ ʵʢʩʧʦʟʠʮʠʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʠʝʤʣʝʤʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʧʨʠ ʩʧʝʢʪʨʘʣʴʥʦʤ ʘʥʘʣʠʟʝ. ʇʦʩʢʦʣʴʢʫ ʜʣʠʪʝʣʴʥʦʝ 

ʣʘʟʝʨʥʦʝ ʦʙʣʫʯʝʥʠʝ ʤʦʞʝʪ ʠʥʜʫʮʠʨʦʚʘʪʴ ʣʦʢʘʣʴʥʳʡ ʥʘʛʨʝʚ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ ʟʘ ʩʯʝʪ ʘʢʪʠʚʘʮʠʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʤʫʣʴʪʠʬʦʥʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʠʩʢʘʞʘʷ ʪʝʤ ʩʘʤʳʤ ʠʟʤʝʨʷʝʤʫʶ ʪʝʤʧʝʨʘʪʫʨʫ. ʊʝʨʤʦʤʝʪʨʠʷ ʧʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 

ʧʨʝʦʜʦʣʝʚʘʝʪ ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ: ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʠʟʚʣʝʢʘʝʪʩʷ ʥʝ ʠʟ ʩʧʝʢʪʨʘ, ʘ ʠʟ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʩʧʘʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʢʨʠʚʦʡ ʩʧʘʜʘ ʪʨʝʙʫʝʪ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʩʦʧʦʩʪʘʚʠʤʦʛʦ ʩ Ű 

(ʪʠʧʠʯʥʦ ʦʪ ʥʘʥʦʩʝʢʫʥʜ ʜʦ ʤʠʣʣʠʩʝʢʫʥʜ), ʯʪʦ ʥʘ ʧʦʨʷʜʢʠ ʩʦʢʨʘʱʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʝ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʠ ʤʠʥʠʤʠʟʠʨʫʝʪ ʨʠʩʢ ʣʘʟʝʨʥʦ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʥʘʛʨʝʚʘ. 

ɺ ʦʩʥʦʚʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʪʝʨʤʦʤʝʪʨʠʠ ʣʝʞʠʪ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʩʜʚʠʛ ʧʦʣʦʞʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʅʘʨʷʜʫ ʩ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʪʝʨʤʦʤʝʪʨʠʝʡ 

ʠ ʪʝʨʤʦʤʝʪʨʠʝʡ ʧʦ ʰʠʨʠʥʝ ʧʦʣʦʩʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʪʝʨʤʦʤʝʪʨʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʞʝ ʠʣʠ ʚʦʚʩʝ ʥʝʧʨʠʤʝʥʠʤʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʣʘʥʪʘʥʦʠʜʥʳʤ ʩʠʩʪʝʤʘʤ. 

ɺ ʮʝʣʦʤ, ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ 

ʧʦʩʨʝʜʩʪʚʦʤ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʦʪʢʣʠʢʘ, ʥʦ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʫʛʠʭ 

ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ, 

ʧʦʣʷʨʠʟʘʮʠʷ ʦʪʨʘʞʸʥʥʦʛʦ ʩʚʝʪʘ, ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʜʨ. [146]. ɸʙʩʦʣʶʪʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ Sa ʢʦʥʢʨʝʪʥʦʛʦ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʇ ʬʦʨʤʘʣʴʥʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʵʪʦʛʦ 
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ʧʘʨʘʤʝʪʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʨʘʞʘʝʤʫʶ ʯʝʨʝʟ ʯʘʩʪʥʫʶ 

ʧʨʦʠʟʚʦʜʥʫʶ: 

Ὓ  
˜
  (1) 

ɼʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʪʢʣʠʢ ʧʘʨʘʤʝʪʨʘ ʥʘ ʝʜʠʥʠʯʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʠʟʤʝʨʝʥʠʡ. ɸʙʩʦʣʶʪʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʩʪʝʧʝʥʠ ʪʝʨʤʠʯʝʩʢʠ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʇ. ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ 

ʪʝʨʤʦʤʝʪʨʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ ʠʣʠ ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʦʜʥʦʤ ʧʨʠʥʮʠʧʝ, ʥʦ ʩʦʩʪʦʷʱʠʭ ʠʟ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ 

ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʜʦʙʥʳʭ ʪʝʨʤʦʤʝʪʨʦʚ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʘʨʘʤʝʪʨ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ: 

Ὓ  
˜
Ͻ
˜
Ͻρππ  (2) 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʙʳʯʥʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʨʦʮʝʥʪʘʭ 

ʠʟʤʝʥʝʥʠʷ ʥʘ ʛʨʘʜʫʩ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (% ʦʉī1). ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʙʳʣ 

ʚʚʝʜʸʥ ʚ 1998 ʛʦʜʫ ʂʦʣʣʠʥʟʦʤ ʠ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʨʤʦʤʝʪʨʦʚ [147]. 

ʏʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ. ɺ ʥʝʡ 

ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (I), ʘ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʪʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ (SI) ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

Ὓ  Ͻ ϽρππϷ  (3) 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʟʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʝʥʩʦʨʘ, ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʠ ʜʨʫʛʠʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, 

ʚʳʟʳʚʘʶʱʠʭ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʧʦ ʬʦʨʤʝ ʧʦʣʦʩ ʠʣʠ 

ʩʦʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʥʘʟʳʚʘʝʪʩʷ 

ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʠʤ [148]. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠʩʧʦʣʴʟʫʶʪ ʩʦʦʪʥʦʰʝʥʠʝ ʧʠʢʦʚ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʚʫʭ ʩʝʥʩʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ 
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ʧʝʨʝʭʦʜʘʤʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʘ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʆʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ 

ʪʝʨʤʦʤʝʪʨʠʠ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʜʝʣʘʶʪ ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ 

ʘʥʘʣʠʟʘ ʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʝʥʩʦʨʦʚ [149,150]. 

1.2.2.1 ɺʘʞʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʪʝʨʤʦʩʝʥʩʦʨʠʢʠ ʜʣʷ ʪʝʨʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʨʘʢʘ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʤʦʥʠʪʦʨʠʥʛ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

in vivo ʠ in vitro ʚ ʢʣʝʪʢʘʭ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʦʡ ʛʠʧʝʨʪʝʨʤʠʠ (ʄɻʊ) ʠʣʠ 

ʬʦʪʦʪʝʨʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ (ʌʊʊ) - ʜʚʫʭ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ 

ʨʘʢʘ. ʆʯʝʥʴ ʚʘʞʥʦ ʥʝ ʧʨʦʩʪʦ ʧʨʷʤʦʣʠʥʝʡʥʦ ʧʨʠʤʝʥʠʪʴ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʄɻʊ 

ʠ/ʠʣʠ ʌʊʊ ʜʣʷ ʨʘʟʦʛʨʝʚʘ ʦʧʫʭʦʣʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʢʦʪʦʨʳʭ ʟʘʧʫʩʢʘʶʪʩʷ 

ʤʝʭʘʥʠʟʤʳ ʘʧʦʧʪʦʟʘ/ʥʝʢʨʦʟʘ, ʥʦ ʠ ʧʦʣʫʯʘʪʴ ʦʙʨʘʪʥʳʡ ʦʪʢʣʠʢ ʦʪ ʦʧʝʨʠʨʫʝʤʦʡ 

ʦʙʣʘʩʪʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʟʜʦʨʦʚʳʝ ʪʢʘʥʠ [123,151]. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʢʣʝʪʦʯʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ, 

ʤʠʪʦʭʦʥʜʨʠʡ, ʥʝʟʘʤʝʥʠʤʦ ʧʨʠ ʧʦʥʠʤʘʥʠʠ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʵʪʦʡ 

ʢʣʝʪʦʯʥʦʡ ʦʨʛʘʥʝʣʣʝ ʚʦ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ʠ ʪʝʯʝʥʠʷ ʪʘʢʠʭ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʢʘʢ ʵʥʮʝʬʘʣʦʤʠʦʧʘʪʠʷ, ʩʠʥʜʨʦʤ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʜʝʣʝʮʠʠ ʤʪɼʅʂ, 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʜʠʘʙʝʪ ʠ ʜʨʫʛʠʝ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʦʨʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʢʣʝʪʦʢ ʤʦʞʝʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʘʜʫʩʦʚ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʝʣʘ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʄʦʥʠʪʦʨʠʥʛ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʥʝʨʛʠʠ, ʚʳʜʝʣʷʶʱʝʡʩʷ ʚ ʭʦʜʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʚ ʞʠʚʳʭ 

ʢʣʝʪʢʘʭ HeLa ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʨʦʚʝʜʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ 

ʧʦʣʠʤʝʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʢʫʤʘʨʠʥʦʚʳʡ ʢʨʘʩʠʪʝʣʴ, ʚʧʝʨʚʳʝ ʧʦʟʚʦʣʠʣ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʥʘ 2,4 ÁC 

(ʈʠʩʫʥʦʢ 25ʘ) [152]. ɹʦʣʝʝ ʪʦʯʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ 
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ʤʠʪʦʭʦʥʜʨʠʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ HeLa ʙʳʣ ʧʨʦʚʝʜʸʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ ʥʘ ʦʩʥʦʚʝ ʛʠʙʨʠʜʥʦʛʦ 

ʢʨʘʩʠʪʝʣʷ, ʚʢʣʶʯʘʶɦ ʝʛʦ ʚ ʩʝʙʷ ʬʨʘʛʤʝʥʪʳ BODIPY ʠ ʈʦʜʘʤʠʥʘ ɹ [153]. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʥʫʪʨʠ ʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʝʣʣ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʜʦ 48 ʦʉ (ʧʨʠ ʣʘʟʝʨʥʦʤ 

ʦʙʣʫʯʝʥʠʠ). ʊʘʢʞʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʙʳʣʘ ʦʧʪʠʯʝʩʢʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʠ ʧʝʯʝʥʠ ʨʳʙʦʢ ʜʘʥʠʦ-ʨʝʨʠʦ (Zebrafish) ʚ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠ ʧʨʠ ʚʦʩʧʘʣʝʥʠʠ, ʠʥʠʮʠʠʨʦʚʘʥʥʳʤ ʚʚʝʜʝʥʠʝʤ ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜʘ 

(LPS). ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʢʣʝʪʦʢ ʧʝʯʝʥʠ ʤʦʞʝʪ 

ʧʦʚʳʰʘʪʴʩʷ ʜʦ 43 ʦʉ ʥʘ ʪʨʝʪʠʡ ʜʝʥʴ ʚʦʩʧʘʣʝʥʠʷ (ʈʠʩʫʥʦʢ 25ʚ, ʛ). 

 

ʈʠʩʫʥʦʢ 25 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʙʦʪʳ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ ʥʘ ʦʩʥʦʚʝ ʢʫʤʘʨʠʥʦʚʦʛʦ ʢʨʘʩʠʪʝʣʷ (ʘ) [152]; 

ʠʣʣʶʩʪʨʘʮʠʷ ʩʪʨʦʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ MTT-

AuNP ʟʦʣʦʪʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ (ʙ) [153]; ʩʭʝʤʘ ʛʠʙʨʠʜʥʦʛʦ ʢʨʘʩʠʪʝʣʷ ʥʘ ʦʩʥʦʚʝ 

BODIPY ʠ ʈʦʜʘʤʠʥʘ ɹ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʘ ʝʛʦ ʣʦʢʘʣʠʟʘʮʠʠ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ (ʚ); 

ʤʦʥʠʪʦʨʠʥʛ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʫ ʜʘʥʠʦ-

ʨʝʨʠʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜʘ (LPS) ʠ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ Iʢʨʘʩʥ/Iʟʝʣʸʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ LPS (ʛ) [154]. 
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ɺ ʨʘʙʦʪʝ ɺʘʥʛʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ ʥʘʧʨʘʚʣʝʥʥʳʝ ʟʦʣʦʪʳʝ 

ʥʘʥʦʯʘʩʪʠʮʳ (MTT-AuNP), ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʳʭ ʜʝʢʦʨʠʨʦʚʘʥʘ ʧʦʣʠʤʝʨʘʤʠ, 

ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʤʠ ʩ ʢʨʘʩʠʪʝʣʷʤʠ: PEG-FITC (ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ-

ʬʣʫʦʨʝʩʮʝʠʥ ʠʟʦʪʠʦʮʠʘʥʘʪ) ʠ PNIPAM-Cy5 (ʧʦʣʠ(N-ʠʟʦʧʨʦʧʠʣʘʢʨʠʣʘʤʠʜ)- 

ʩʫʣʴʬʦʥʠʨʦʚʘʥʥʳʡ ʮʠʘʥʠʥ), ʩ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʚ ʟʝʣʸʥʦʡ ʠ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 25ʙ). ɸʚʪʦʨʳ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʪʘʢʠʝ ʯʘʩʪʠʮʳ 

ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ MB49, HUVEC, ʠ RAW 264.7, 

ʠ, ʠʩʧʦʣʴʟʫʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʠʭ ʪʝʨʤʦʤʝʪʨʦʚ, ʧʦʜʪʚʝʨʜʠʣʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʤʠʪʦʭʦʥʜʨʠʡ ʚ ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ MB49, 

ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʣʘ 48 ʦʉ [154]. 

ʕʪʠ ʜʘʥʥʳʝ ʧʝʨʝʢʣʠʢʘʶʪʩʷ ʩ ʪʝʤʠ, ʯʪʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʨʫʧʧʦʡ 

ʝʚʨʦʧʝʡʩʢʠʭ ʫʯʝʥʳʭ [155]. ɼʦʤʠʥʠʢ ʂʨʝʪʴʝʥ ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʚʥʝʰʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 38ÁC ʤʠʪʦʭʦʥʜʨʠʠ ʢʣʝʪʦʢ ʵʤʙʨʠʦʥʘʣʴʥʳʭ 

ʧʦʯʝʢ ʯʝʣʦʚʝʢʘ (HEK 293), ʠ ʧʝʨʚʠʯʥʳʭ ʬʠʙʨʦʙʣʘʩʪʦʚ ʢʦʞʠ ʦʢʘʟʘʣʠʩʴ ʙʦʣʝʝ 

ʯʝʤ ʥʘ 10ÁC ʪʝʧʣʝʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʢʣʦʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʠʪʦʭʦʥʜʨʠʠ ʦʪ ʩʪʘʥʜʘʨʪʥʦʡ 

ʜʣʷ ʜʘʥʥʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʜʠʩʬʫʥʢʮʠʠ, ʢʦʪʦʨʘʷ 

ʪʨʝʙʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʪʝʨʘʧʠʠ. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʘ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ʪʝʨʘʧʠʷ [156ï158].  

1.2.2.2 ʃʶʤʠʥʝʩʮʝʥʪʥʘʷ ʣʘʥʪʘʥʦʠʜʥʘʷ ʪʝʨʤʦʩʝʥʩʦʨʠʢʘ  

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, 

ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʥʘʥʦʯʘʩʪʠʮʳ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʠʚʣʝʢʘʶʪ ʚʩʝ ʙʦʣʴʰʝ ʢ ʩʝʙʝ ʚʥʠʤʘʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʥʘʫʯʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ. ʋʟʢʠʝ ʠʥʪʝʥʩʠʚʥʳʝ ʵʤʠʩʩʠʦʥʥʳʝ ʧʦʣʦʩʳ ʠ ʜʣʠʪʝʣʴʥʳʝ ʚʨʝʤʝʥʘ 

ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʝʛʢʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʠʭ 

ʩʠʛʥʘʣʦʚ ʟʘ ʩʯʝʪ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʧʦʣʦʞʝʥʠʷ ʚ ʩʧʝʢʪʨʝ, ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʨʝʤʷʨʘʟʨʝʰʝʥʥʦʡ ʟʘʧʠʩʠ ʩʧʝʢʪʨʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ, ʪʘʢʠʤʠ ʢʘʢ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʨʘʩʠʪʝʣʠ ʠ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ [159ï161]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 



85 

ʧʦʣʦʞʝʥʠʝ ʵʤʠʩʩʠʦʥʥʳʭ ʧʦʣʦʩ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʭʦʜʘʤʠ ʤʝʞʜʫ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ ʣʘʥʪʘʥʦʠʜʘ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, 

ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʦʪʢʣʠʢʘ ʣʘʥʪʘʥʦʠʜʦʚ ʧʨʠ 

ʤʘʣʝʡʰʝʤ ʠʟʤʝʥʝʥʠʠ ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ ʠʦʥʘ ʤʝʪʘʣʣʘ ʦʩʪʘʝʪʩʷ ʪʝʤ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʢʦʪʦʨʳʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʣʘʥʪʘʥʦʠʜʥʳʭ ʩʠʩʪʝʤ ʚ ʭʝʤʦ- ʠ ʪʝʨʤʦʩʝʥʩʦʨʠʢʝ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʘ ʠʤʝʥʥʦ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ 

ʤʠʢʨʦʪʝʨʤʦʧʘʨʘʤ, ʧʦʩʢʦʣʴʢʫ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʩʢʦʥʪʘʢʪʥʦʩʪʴ ʠ 

ʜʠʩʪʘʥʮʠʦʥʥʦʩʪʴ. ɹʝʩʢʦʥʪʘʢʪʥʦʩʪʴ ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʤʝʰʠʚʘʪʴʩʷ ʠ 

ʥʘʨʫʰʘʪʴ ʠʩʩʣʝʜʫʝʤʫʶ ʩʠʩʪʝʤʫ, ʪʦ ʝʩʪʴ ʛʘʨʘʥʪʠʨʫʝʪ ʧʦ ʩʚʦʝʡ ʩʫʪʠ 

ʥʝʠʥʚʘʟʠʚʥʦʩʪʴ. ɼʠʩʪʘʥʮʠʦʥʥʦʩʪʴ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦʪ 

ʦʧʪʠʯʝʩʢʦʛʦ ʟʦʥʜʘ ʦʙ ʦʙʲʝʢʪʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʟʘʯʘʩʪʫʶ, ʧʦ ʜʨʫʛʫʶ ʩʪʦʨʦʥʫ 

ʦʙʲʝʢʪʠʚʘ ʢʘʤʝʨʳ ʠʣʠ ʦʢʫʣʷʨʘ ʤʠʢʨʦʩʢʦʧʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʨʘʟʨʘʙʦʪʢʘ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʪʝʨʤʦʩʝʥʩʦʨʦʚ ʠ ʥʘʥʦʪʝʨʤʦʤʝʪʨʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʦʧʠʩʘʥʥʳʤ 

ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʦʪʨʘʩʣʝʡ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʀʤʝʥʥʦ ʣʘʥʪʘʥʦʠʜʳ, ʠʭ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʥʘʥʦʯʘʩʪʠʮʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʦʙʲʝʢʪʘʤʠ, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [162ï166].  

ʂʦʥʮʝʧʮʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʪʝʨʤʦʤʝʪʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ 

ʥʘ ʦʩʥʦʚʝ ʣʘʥʪʘʥʦʠʜʦʚ ʙʳʣʘ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ ɺʘʥʦʤ ʠ ʩʦʘʚʪ. ʚ ʥʘʯʘʣʝ 

2000-ʭ ʛʦʜʦʚ [167]. ɺ ʫʢʘʟʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʥʘʥʦʪʝʨʤʦʤʝʪʨʠʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ 

ZnS, ʜʦʧʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ Mn2+ ʠ ʧʘʨʦʡ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ Mn2+/Eu3+ ʚ ʤʘʪʨʠʮʫ 

ZnS, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʫ BaFBr:Eu2+ ʚ ʤʘʪʨʠʮʝ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ 

MCM-41. ʆʜʥʠʤ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʩʪʘʣʦ ʥʘʙʣʶʜʝʥʠʝ ʜʣʷ ʩʠʩʪʝʤʳ BaFBr:Eu2+ ʚ 

MCM-41 ʣʠʥʝʡʥʦʡ ʠ ʦʙʨʘʪʠʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʧʨʠ 611 ʥʤ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 30ï150 ÁC ʩ ʚʝʣʠʯʠʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʘʚʥʦʡ 0,207 Ñ 0,006 % ÁC-1. ʅʝʩʤʦʪʨʷ ʥʘ ʥʠʟʢʫʶ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʣʶʤʠʥʝʩʮʝʥʪʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʧʨʠ ʥʘʣʠʯʠʠ ʙʦʣʝʝ 
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ʩʦʚʝʨʰʝʥʥʳʭ ʧʨʠʤʝʨʦʚ, ʛʜʝ SI ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʚʝʣʠʯʠʥ ʙʦʣʝʝ 8% ÁC-1, 

ʭʦʨʦʰʘʷ ʦʙʨʘʪʠʤʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʦʪʢʣʠʢʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ r

ʧʦʜʯʝʨʢʠʚʘʝʪ ʧʦʪʝʥʮʠʘʣ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʛʜʝ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʢʨʠʪʠʯʥʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ in 

vivo.  

ʊʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʘʥʪʘʥʦʠʜʦʚ ʦʮʝʥʠʚʘʝʪʩʷ 

ʨʷʜʦʤ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ: ʧʦ ʠʟʤʝʥʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ ʠʩʧʫʩʢʘʥʠʷ, 

ʧʦ ʚʘʨʠʘʮʠʷʤ ʩʦʦʪʥʦʰʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʦʩ ʠ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʇʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨ ʵʤʠʩʩʠʠ ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ ʦʜʥʦʮʝʥʪʨʦʚʦʡ ʜʦ ʤʥʦʛʦʮʝʥʪʨʦʚʦʡ. 

1.2.2.3 ʃʶʤʠʥʝʩʮʝʥʪʥʘʷ ʪʝʨʤʦʩʝʥʩʦʨʠʢʘ ʣʘʥʪʘʥʦʠʜʦʚ ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʦʜʥʦʡ ʧʦʣʦʩʳ 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠʦʥʦʚ 

ʣʘʥʪʘʥʦʠʜʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʨʷʜʦʤ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʠʤʝʝʪ ʤʝʩʪʦ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ. ʉʢʦʨʦʩʪʴ ʵʪʠʭ ʧʝʨʝʭʦʜʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ, 

ʩʨʝʜʠ ʧʨʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʪ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ 

ʠʟʣʫʯʘʶʱʠʤ ʚʦʟʙʫʞʜʸʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠ ʙʣʠʞʘʡʰʝʤ ʥʠʞʝʣʝʞʘʱʠʤ 

ʩʦʩʪʦʷʥʠʝʤ. ʇʦʩʢʦʣʴʢʫ ʨʘʜʠʘʮʠʦʥʥʳʝ ʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʝ ʢʘʥʘʣʳ 

ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʦʥʢʫʨʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʜʝʘʢʪʠʚʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʩʥʠʞʝʥʠʶ 

ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʣʠʯʥʳʝ ʧʝʨʝʭʦʜʳ ʚ 

ʩʧʝʢʪʨʝ ʣʘʥʪʘʥʦʠʜʦʚ ʙʫʜʫʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʨʘʟʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʪʢʣʠʢ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ ʵʥʝʨʛʠʝʡ ʠʩʭʦʜʥʦʛʦ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʪʘʢ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʠʥʪʝʨʚʘʣʦʤ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʥʠʞʝʣʝʞʘʱʝʛʦ ʩʦʩʪʦʷʥʠʷ 

[168,169]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʵʬʬʝʢʪʳ ʚ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʦʥʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʠʦʥʦʚ, ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʤʘʪʨʠʮʝ ʠ ʧʨʠʨʦʜʳ ʩʘʤʦʡ ʤʘʪʨʠʮʳ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʦʞʝʪ ʠʥʜʫʮʠʨʦʚʘʪʴ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʧʨʦʮʝʩʩʳ 
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ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʣʘʥʪʘʥʦʠʜʘʤʠ, ʘʢʪʠʚʘʮʠʶ ʠʣʠ ʫʩʠʣʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʥʘ ʪʫʰʘʱʠʝ ʮʝʥʪʨʳ, ʘ ʪʘʢʞʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʬʦʥʦʥʥʳʭ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ [170]. 

ʆʙʠʣʠʝ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʜʝʟʘʢʪʠʚʘʮʠʠ ʚʦʟʙʫʞʜʝʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʤʦʞʝʪ ʧʦ-ʨʘʟʥʦʤʫ ʚʣʠʷʪʴ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠʦʥʦʚ ʣʘʥʪʘʥʦʠʜʦʚ. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʵʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʩʣʦʞʥʫʶ ʠ ʪʨʫʜʥʦ ʧʨʝʜʩʢʘʟʫʝʤʫʶ ʢʘʨʪʠʥʫ 

ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʪʝʤ ʩʘʤʳʤ ʟʘʪʨʫʜʥʷʷ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʜʘʥʥʳʭ ʠ 

ʧʦʥʠʤʘʥʠʝ ʩʠʩʪʝʤʳ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʷʚʣʷʶʪʩʷ 

ʚʦʟʤʦʞʥʳʝ ʢʦʣʝʙʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʣʘʥʪʘʥʦʠʜʦʚ ʠʣʠ ʤʦʱʥʦʩʪʠ 

ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʚʳʟʳʚʘʪʴ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʝ 

ʠʟʤʝʥʝʥʠʷʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ɼʘʥʥʳʡ ʘʩʧʝʢʪ ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʝʥ ʜʣʷ 

ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʛʜʝ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʝʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ. ʕʪʦ ʩʦʟʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ, ʚ 

ʢʦʪʦʨʳʭ ʧʫʪʴ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʧʨʦʡʪʠ ʚʦʟʙʫʞʜʘʶʱʠʡ ʣʫʯ, ʥʝ ʧʦʣʥʦʩʪʴʶ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʚʝʪ ʤʦʞʝʪ ʨʘʩʩʝʠʚʘʪʴʩʷ ʠʣʠ ʧʦʛʣʦʱʘʪʴʩʷ ʚ 

ʥʝʠʟʚʝʩʪʥʦʡ ʩʪʝʧʝʥʠ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʙʠʦʧʨʠʣʦʞʝʥʠʡ. ɺ ʧʦʜʦʙʥʳʭ ʩʮʝʥʘʨʠʷʭ 

ʥʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʦʛʫʪ ʥʝʩʪʠ ʥʝ ʪʝʤʧʝʨʘʪʫʨʥʫʶ, ʘ 

ʘʨʪʝʬʘʢʪʥʫʶ ʧʨʠʨʦʜʫ, ʧʨʠʚʦʜʷ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ 

ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʄʦʞʥʦ ʥʘʡʪʠ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʧʨʠʤʝʥʝʥʠʷ 

ʵʪʦʛʦ ʤʝʪʦʜʘ, ʪʘʢ ʚ ʨʘʙʦʪʝ [171] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʥʘʥʦʢʨʠʩʪʘʣʳ Y2O3, 

ʜʦʧʠʨʦʚʘʥʥʳʝ ʠʦʥʘʤʠ Eu3+. ɹʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ Eu3+ 

ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʦʣʴʢʦ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʩʚʝʪʦʤ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ 580 ʥʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

488 ʥʤ ʦʥʘ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʧʨʠ 280 oC. ʇʨʠʯʠʥʦʡ ʵʪʠʭ ʨʘʟʣʠʯʠʡ 

ʩʯʠʪʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʜʠʥʘʤʠʢʠ, ʧʣʦʪʥʦʩʪʠ ʟʘʩʝʣʸʥʥʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʩʦʩʪʦʷʥʠʷʤ, ʚʳʟʚʘʥʥʦʝ ʜʣʠʥʦʡ 

ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʫʢʘʟʘʥʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʘʢʪʦʨʦʚ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʠ ʦʛʨʘʥʠʯʝʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʘʥʪʘʥʦʠʜʦʚ ʚ 
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ʥʘʥʦʪʝʨʤʦʤʝʪʨʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ, 

ʜʦʧʫʩʢʘʶʱʠʭ ʩʪʨʦʛʫʶ ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʤʦʱʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʪʦʯʥʳʡ 

ʢʦʥʪʨʦʣʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʦʥʜʦʚ, ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʟʤʝʨʝʥʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʘʥʪʘʥʦʠʜʦʚ, ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʧʨʠʤʝʥʠʤʦʩʪʴ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [172] ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʘʚʪʦʨʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʢʦʤʧʣʝʢʩ Eu(TTA)3 ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ 

ʤʘʢʩʠʤʫʤ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 355 ʥʤ ʠ ʤʘʢʩʠʤʫʤ ʵʤʠʩʩʠʠ 612 ʥʤ. 

ʋʢʘʟʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʙʳʣ ʜʦʧʠʨʦʚʘʥ ʚ ʤʘʪʨʠʮʫ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ 

(PMMA) ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ (ʊʏʇ). 

ʅʘʥʝʩʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʊʏʇ ʥʘ ʢʨʝʤʥʠʝʚʫʶ ʧʦʜʣʦʞʢʫ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʩ ʜʘʣʴʥʝʡʰʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʫʰʢʦʡ ʚ ʧʝʯʠ ʜʣʷ 

ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʊʦʣʱʠʥʘ ʚʳʩʫʰʝʥʥʦʛʦ ʩʣʦʷ ʊʏʇ 

ʩʦʩʪʘʚʠʣʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 500 ʥʤ. ɼʣʷ ʥʝʛʦ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 27 ʜʦ 

60 ʦʉ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɸʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ ʩʦʩʪʘʚʠʣʘ 2,3 % ʦʉ-1. 

1.2.2.4 ʃʶʤʠʥʝʩʮʝʥʪʥʘʷ ʪʝʨʤʦʩʝʥʩʦʨʠʢʘ ʣʘʥʪʘʥʦʠʜʦʚ ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʜʚʫʭ ʧʦʣʦʩ 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʚ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ 

ʪʝʨʤʦʤʝʪʨʠʠ ʥʘ ʦʩʥʦʚʝ ʠʦʥʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʷʚʣʷʝʪʩʷ ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʟʤʝʨʝʥʠʠ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʩ 

ʠʟʣʫʯʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʘʙʩʦʣʶʪʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʜʠʥʦʯʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʡ 

ʧʦʣʦʩʳ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʝʥʩʦʨʘ, ʘ ʚʪʦʨʦʡ ï ʚ ʢʘʯʝʩʪʚʝ 

ʵʪʘʣʦʥʘ. ʕʪʘ ʩʪʨʘʪʝʛʠʷ ʧʦʟʚʦʣʷʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʘʨʪʝʬʘʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʢʦʥʮʝʥʪʨʘʮʠʡ ʣʘʥʪʘʥʦʠʜʦʚ ʠʣʠ 

ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʜʦʩʪʠʛʘʶʱʝʡ ʦʙʨʘʟʮʘ. 

ʆʜʥʘʢʦ ʩʣʦʞʥʘʷ ʜʠʥʘʤʠʢʘ ʜʝʟʘʢʪʠʚʘʮʠʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠʦʥʦʚ 
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ʣʘʥʪʘʥʦʠʜʦʚ ʯʘʩʪʦ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʟʘʚʠʩʠʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʝʨʝʟʦʥʘʥʩʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʠ 

ʤʫʣʴʪʠʬʦʥʦʥʥʘʷ ʨʝʣʘʢʩʘʮʠʷ. ʇʦʩʢʦʣʴʢʫ ʵʪʠ ʤʝʭʘʥʠʟʤʳ ʧʦ-ʨʘʟʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʥʘʩʝʣʝʥʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʫʨʦʚʥʝʡ, ʠʭ ʩʦʚʦʢʫʧʥʦʝ ʚʣʠʷʥʠʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʥʝʣʠʥʝʡʥʦʡ ʠ ʪʨʫʜʥʦ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʦʪʢʣʠʢʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʢʘʣʠʙʨʦʚʢʫ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʜʘʥʥʳʭ. 

ʇʨʠʤʝʥʝʥʠʝ ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ 

ʧʨʷʤʦʤ ʦʧʪʠʯʝʩʢʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʠʦʥʦʚ ʣʘʥʪʘʥʦʠʜʦʚ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʚʦʟʙʫʞʜʘʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʙʫʜʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʩʪʨʘʥʝʥʦ. ʊʘʢ ʚ ʨʘʙʦʪʝ [173] ʘʚʪʦʨʳ 

ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʤʠʢʨʦʩʬʝʨʳ ʠʟ ʪʷʞʸʣʦʛʦ ʬʪʦʨʠʜʥʦʛʦ ʩʪʝʢʣʘ ʥʦʚʦʛʦ ʪʠʧʘ 

Er:ZBLALiP. ʀʩʧʦʣʴʟʫʷ ʵʬʬʝʢʪʳ ʪʝʨʤʘʣʠʟʘʮʠʠ ʤʝʞʜʫ ʚʝʨʭʥʠʤʠ ʫʨʦʚʥʷʤʠ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʟʝʣʸʥʫʶ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʧʨʠ 522 ʠ 546 ʥʤ ʚ Er:ZBLALiP, 

ʠʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʪʦʯʝʯʥʳʡ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʟʝʣʸʥʦʤ 

ʠʟʣʫʯʝʥʠʠ. ʂʘʣʠʙʨʦʚʢʘ ʩʧʝʢʪʨʦʚ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʧʦʟʚʦʣʠʣʘ ʠʤ ʦʪʢʘʣʠʙʨʦʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʟʝʣʸʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʤʠʢʨʦʩʬʝʨʳ, ʧʦʩʣʝ ʯʝʛʦ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʟʝʣʸʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʠʢʨʦʩʬʝʨʳ ʜʣʷ ʚʳʩʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 150 ʜʦ 850 

ʦʉ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦʨʷʜʢʘ 1 ʦʉ.  

ɺ ʨʘʙʦʪʝ ʘʚʪʦʨʦʚ [174] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʘʥʦʯʘʩʪʠʮʳ LaF3:Nd
3+ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʘʢ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʘʛʝʥʪʳ, ʩʦʯʝʪʘʶʱʠʝ ʩʚʦʡʩʪʚʘ 

ʥʘʥʦʥʘʛʨʝʚʘʪʝʣʝʡ ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʥʘʥʦʪʝʨʤʦʤʝʪʨʦʚ ʧʨʠ ʦʜʥʦʣʫʯʝʚʦʤ (808 

ʥʤ) ʠʥʬʨʘʢʨʘʩʥʦʤ ʣʘʟʝʨʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ. ʊʘʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʫʩʣʦʚʣʝʥʳ 

ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʥʚʝʨʩʠʠ ʧʦʛʣʦʱʸʥʥʦʡ ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ ʚ 

ʪʝʧʣʦʚʫʶ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʧʦʣʦʩ ʠʟʣʫʯʝʥʠʷ. ʂʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ (ʈʠʩʫʥʦʢ 26), ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʣʦʩ ʩ 

ʤʘʢʩʠʤʫʤʘʤʠ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 887 ʠ 866 ʥʤ. 
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ʈʠʩʫʥʦʢ 26 ï ʉʧʝʢʪʨʳ ɻ ʤʠʩʩʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 4F3/2 Ÿ 
4I9/2 ʧʝʨʝʭʦʜʫ, 

ʦʧʨʝʜʝʣʷʶʱʝʤʫʩʷ LaF3:Nd
3+ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ 

ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʅʘ ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʤʝʞʜʫ ʧʦʣʦʩʘʤʠ 887 ʠ 866 ʥʤ. 

ʊʦʯʢʠ ï ɻ ʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʘ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʣʠʥʝʡʥʘʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ [174]. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʨʝʣʝʚʘʥʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ (20ï60 ÁC) ʟʘʚʠʩʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ. ʊʘʢʦʝ ʪʝʨʤʦʟʘʚʠʩʠʤʦʝ ʧʦʚʝʜʝʥʠʝ 

ʦʙʴʷʩʥʷʝʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʨʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʩʝʣʸʥʥʦʩʪʝʡ ʧʦʜʫʨʦʚʥʝʡ ʐʪʘʨʢʘ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ 4F3/2. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʥʘʥʦʯʘʩʪʠʮ ʘʚʪʦʨʘʤʠ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ.  

1.2.2.5 ʃʶʤʠʥʝʩʮʝʥʪʥʘʷ ʪʝʨʤʦʩʝʥʩʦʨʠʢʘ ʦʜʥʦʮʝʥʪʨʦʚʳʤʠ 

ʣʘʥʪʘʥʦʠʜʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʀʦʥʳ ʣʘʥʪʘʥʦʠʜʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʛʘʪʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʭʝʤʫ 

ʫʨʦʚʥʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʥʝʧʦʣʥʳʤ ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ 4f-ɻ ʣʝʢʪʨʦʥʦʚ. ɹʣʘʛʦʜʘʨʷ 

ʵʪʦʤʫ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʨʦʚʥʝʡ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ 

ʦʩʪʘʸʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ ʦʪ ʤʘʪʨʠʮʳ ʢ ʤʘʪʨʠʮʝ. ɺʝʨʦʷʪʥʦʩʪʠ 

ʦʧʪʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ 

ʬʘʢʪʦʨʦʚ, ʥʦ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ 
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ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʤʝʞʜʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ ʩ ʙʣʠʟʢʦʡ 

ʵʥʝʨʛʠʝʡ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʩʨʘʚʥʠʤʦ ʩ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʝʡ kBT (kB ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ) ʵʬʬʝʢʪʠʚʥʦʝ ʟʘʩʝʣʝʥʠʝ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʫʨʦʚʥʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ɹʦʣʴʮʤʘʥʘ ʥʘʩʝʣʝʥʥʦʩʪʴ ʙʫʜʝʪ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʤʝʞʜʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ ʩ ʙʣʠʟʢʦʡ ʵʥʝʨʛʠʝʡ. ɺ 

ʪʘʢʦʤ ʩʣʫʯʘʝ, ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʡ ʥʘʩʝʣʸʥʥʦʩʪʴ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʳʨʘʞʝʥʠʝʤ:  

N2=N1Țexp(-ȹE/kBT)  (4) 

ɻʜʝ N1 ï ʥʘʩʝʣʸʥʥʦʩʪʴ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, N2 ï ʥʘʩʝʣʸʥʥʦʩʪʴ 

ʚʩrʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ȹE ï ɻ ʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʤʝʞʜʫ 

ʫʨʦʚʥʷʤʠ. 

ʇʦʩʢʦʣʴʢʫ ʦʙʘ ʩʦʩʪʦʷʥʠʷ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʩʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʚʠʜʝ 

ʜʚʫʭ ʣʠʥʠʡ ʵʤʠʩʩʠʠ ʩ ʨʘʟʥʳʤʠ ʵʥʝʨʛʠʷʤʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʝʨʝʭʦʜʫ ʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ N1 

ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ, I1 ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ: 

I1 = f1N1  (5) 

ɻʜʝ f1 ï ʢʦʥʩʪʘʥʪʘ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʚʥʫʪʨʝʥʥʠʭ ʩʚʦʡʩʪʚ ʠʟʣʫʯʘʶʱʝʛʦ ʫʨʦʚʥʷ. 

ɸʥʘʣʦʛʠʯʥʦ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʧʝʨʝʭʦʜʫ ʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ N2 ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ, I2 ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ:  

I2 = f2N2  (6) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʦʙʝʠʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

I2/I1 = (f2/f1)(N2/N1) = (f2/f1)*exp(-ȹE/kBT) (7) 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ʆʜʥʘʢʦ ʟʘʤʝʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʣʠʰʴ ʧʨʠ 

ʫʩʣʦʚʠʠ ʤʘʣʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ (ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ 
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ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ) ʤʝʞʜʫ ʠʟʣʫʯʘʶʱʠʤʠ ʫʨʦʚʥʷʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʦʥʦʚ. ʊʘʢʦʝ 

ʨʘʟʜʝʣʝʥʠʝ, ʩʦʧʦʩʪʘʚʠʤʦʝ ʩ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʝʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʘʞʝ ʥʝʙʦʣʴʰʠʭ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʪʝʨʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝ ʚʩʝ ʠʦʥʳ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʠʭ ʪʝʨʤʦʤʝʪʨʦʚ, ʘ ʪʦʣʴʢʦ ʪʝ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʠʟʣʫʯʘʶʱʠʤʠ 

ʩʦʩʪʦʷʥʠʷʤʠ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ 

ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ, ʪ.ʝ. ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʜʝʣʝʥʠʝʤ, ʩʨʘʚʥʠʤʳʤ ʩ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʝʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʅʘʧʨʠʤʝʨ: ʥʝʦʜʠʤ (Nd3+), ʪʫʣʠʡ (Tm3+), 

ʝʚʨʦʧʠʡ (Eu3+), ʵʨʙʠʡ (Er3+) ʠ ʜʠʩʧʨʦʟʠʡ (Dy3+) [173,175ï179], ʩʭʝʤʳ ʫʨʦʚʥʝʡ 

ʵʥʝʨʛʠʡ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʣʝʝ (ʈʠʩʫʥʦʢ 27). 

 

ʈʠʩʫʥʦʢ 27 ï ɼʠʘʛʨʘʤʤʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʪʨʸʭʚʘʣʝʥʪʥʳʭ ʠʦʥʦʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʥʝʦʜʠʤʘ, ʜʠʩʧʨʦʟʠʷ, ʵʨʙʠʷ ʠ ʝʚʨʦʧʠʷ [137]. 

ɼʝʪʘʣʴʥʳʡ ʨʘʟʙʦʨ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʠʦʥʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʙʳʣ ʧʨʦʚʝʜʸʥ ʚ ʨʘʙʦʪʘʭ [180,181]. ʊʘʢ 

ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʢʘʟʘʣʦʩʴ ʜʣ ̫ʩʠʩʪʝʤʳ 

ʪʝʣʣʫʨʠʪʦʚʳʭ ʩʪʸʢʣ ʜʦʧʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ Eu3+ [182]. ɸʚʪʦʨʘʤʠ ʙʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʚʫʭ ʧʦʣʦʩ 5D1 Ÿ 
7F1 ʠ 

5D0 Ÿ 
7F1 ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 25ï

275 ʦʉ ʩʦʩʪʘʚʠʚʰʘʷ 2,75 % ʦʉ-1. 
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1.2.2.6 ʄʥʦʛʦʮʝʥʪʨʦʚʳʝ ʣʘʥʪʘʥʦʠʜʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʪʝʨʤʦʩʝʥʩʦʨʠʢʠ 

ʄʥʦʛʦʮʝʥʪʨʦʚʘʷ ʪʝʨʤʦʤʝʪʨʠʷ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʥʘʥʦʪʝʨʤʦʤʝʪʨʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʧʫʪʸʤ ʚʥʝʜʨʝʥʠʷ 

ʣʁ ʤʠʥʝʩʮʝʥʪʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʜʚʘ ʨʘʟʥʳʭ ʠʦʥʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʦʜʥʦʛʦ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʚ 

ʠʩʩʣʝʜʫʝʤʫʶ ʩʨʝʜʫ. ʊʘʢ ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʘʞʜʦʛʦ ʮʝʥʪʨʘ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʟʣʠʯʘʶʱʫʶʩʷ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʪʦ ʦʪʥʦʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠʭ ʠʟʣʫʯʝʥʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʚʳʨʘʞʝʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʝʭʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʪʝʨʤʠʯʝʩʢʠ 

ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠʣʠ ʦʙʣʘʜʘʪʴ ʢʦʩʚʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ, ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʩʪʨʦʝʥʠʝʤ ʤʘʪʨʠʮʳ. ʆʙʘ ʤʝʭʘʥʠʟʤʘ ʰʠʨʦʢʦ 

ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʘ ʪʨʝʙʫʝʤʘʷ ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʪʝʨʤʦʟʦʥʜʘ. ʊʘʢ ʚ ʨʘʙʦʪʝ [183] ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳ ʜʚʘ ʩʤʝʰʘʥʥʳʭ ʤʝʪʘʣʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʘ (LnMOF) ʥʘ 

ʦʩʥʦʚʝ Tb, Eu, ʘ ʪʘʢʞʝ 6-(4-ʢʘʨʙʦʢʩʠʬʝʥʠʣ)ʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

(Tb0,95Eu0,05cpna) ʠ [2,2ǋ-ʙʠʧʠʨʠʜʠʥ]-5,5ǋ-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

(Tb0,95Eu0,05bpydc) ʚ ʨʦʣʠ ʣʠʛʘʥʪʦʚ. ʆʙʝ ʩʠʩʪʝʤʳ ʙʳʣʠ ʧʨʠʥʷʪʳ ʜʣʷ ʘʥʘʣʠʟʘ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʪʝʨʤʦʤʝʪʨʦʚ. ɹʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʘʶʪ ʤʥʦʛʦʦʙʝʱʘʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ 

ʪʝʤʧʝʨʘʪʫʨʳ; ʚ ʯʘʩʪʥʦʩʪʠ, Tb0,95Eu0,05cpna ʧʦʢʘʟʳʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ SI 2,55 % 

ʦʉ-1, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Tb0,95Eu0,05bpydc ʧʦʢʘʟʳʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ SI 2,59 % 
ʦʉ-1 

(ʈʠʩʫʥʦʢ 28ʘ).  

ɺ ʨʘʙʦʪʝ [184] ʘʚʪʦʨʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʥʘʥʦʩʪʝʨʞʥʠ ɓ-NaYF4:Yb
3+ï

Er3+@SiO2 ʪʠʧʘ ʷʜʨʦ@ʦʙʦʣʦʯʢʘ. ʀʩʧʦʣʴʟʫʷ ʩʧʝʢʪʨʘʣʴʥʦ ʨʘʟʜʝʣʸʥʥʳʝ 

Yb3+/Er3+ 1010/810 ʥʤ ʙʳʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʳ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʪʦ ʝʩʪʴ SI = 1,64 % ʦʉï1 ʧʨʠ 337 ʦʉ (ʈʠʩʫʥʦʢ 

28ʙ). 
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ʈʠʩʫʥʦʢ 28 ï ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ Tb0,95Eu0,05cpna ʠ 

Tb0,95Eu0,05bpydc ʚ ʜʠʘʧʘʟʦʥʝ 25ï300 ʦʉ [183] (ʘ); ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (SI), ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʧʦʣʦʩ Yb3+/Er3+ ʜʣʷ ʥʘʥʦʩʪʨʫʢʪʫʨ NaYF4:Yb
3+/Er3+@SiO2; ɚex = 

975 ʥʤ (ʙ) [184]. 

1.2.2.7 ʊʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʣʘʥʪʘʥʦʠʜʦʚ ʧʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ.  

ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʷʚʣʷʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ 

ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʥʝ ʪʨʝʙʫʝʪ ʚʥʝʰʥʝʛʦ 

ʨʝʬʝʨʝʥʩʘ. ʆʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ I ʜʦ ʟʥʘʯʝʥʠʷ I/e ʠ ʦʙʳʯʥʦ 

ʜʣʷ ʣʘʥʪʘʥʦʠʜʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʤʠʢʨʦʩʝʢʫʥʜ ʜʦ ʤʠʣʣʠʩʝʢʫʥʜ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʚʨʝʤʷ ʞʠʟʥʠ, Űexp, ʠʣʠ, ʙʦʣʝʝ ʪʦʯʥʦ, ʦʙʨʘʪʥʘʷ ʚʝʣʠʯʠʥʘ 

1/Űexp, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʚʢʣʘʜʦʚ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʜʝʟʘʢʪʠʚʘʮʠʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ:  

 (8) 

ɻʜʝ Űrad ï ʨʘʜʠʘʮʠʦʥʥʳʡ ʚʢʣʘʜ, ŰNR ï ʥʝʨʘʜʠʘʮʠʦʥʥʳʡ ʚʢʣʘʜ ʠʣʠ 

ʤʫʣʴʪʠʬʦʪʦʥʥʳʡ ʚʢʣʘʜ, ʘ ŰQ - ʯʣʝʥ, ʩʚʷʟʘʥʥʳʡ ʩ ʚʢʣʘʜʦʤ ʜʨʫʛʠʭ ʤʝʭʘʥʠʟʤʦʚ 

ʪʫʰʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʢ ʜʨʫʛʠʤ ʠʦʥʘʤ ʣʘʥʪʘʥʦʠʜʦʚ ʠʣʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʪʫʰʠʪʝʣʷʤ. 

ʂʘʢ ʦʙʩʫʞʜʘʣʦʩʴ ʨʘʥʝʝ, ʚʢʣʘʜ, ʚʥʦʩʠʤʳʡ ʤʫʣʴʪʠʬʦʪʦʥʥʦʡ ʨʝʣʘʢʩʘʮʠʝʡ. 

ʙʫʜʝʪ ʫʩʠʣʠʚʘʪʴʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠʚʦʜʷ ʢ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ 

ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʊʨʝʪʠʡ ʯʣʝʥ ŰQ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʢʘʥʘʣ ʜʝʟʘʢʪʠʚʘʮʠʠ, ʪʘʢʞʝ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ. 
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ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʨʝʤʷ ʞʠʟʥʠ ʦʞʠʜʘʝʪʩʷ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʝʩʣʠ ʪʫʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʨʝʟʦʥʘʥʩʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ, ʧʨʦʪʝʢʘʥʠʝ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ 

ʬʦʥʦʥʦʚ. ʊʘʢ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ï ɻ ʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 

(ʈʠʩʫʥʦʢ 29). ʕʪʦʪ ʜʠʘʧʘʟʦʥ ʟʘʚʠʩʠʪ ʦʪ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʧʨʦʮʝʩʩʦʚ, ʘ 

ʪʘʢʞʝ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʪʠʧʘ ʦʢʨʫʞʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 29 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥ ʞʠʟʥʠ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʩʦʩʪʘʚʝ 

ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ [185]. 

1.2.2.8 ʆʙʨʘʪʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʤʝʪʘʣʣ-ʣʠʛʘʥʜ ʠ ʨʝʣʘʢʩʘʮʠʷ ʥʘ 

ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʫʨʦʚʥʠ 

ʂʦʤʧʣʝʢʩʳ Ln3+ ʠʟʚʝʩʪʥʳ ʩʚʦʝʡ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. ʆʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʦ 

ʧʝʨʝʭʦʜʦʚ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʣʘʥʪʘʥʦʠʜʦʤ ʠ ʣʠʛʘʥʜʘʤ ʚ ʧʨʦʮʝʩʩʝ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʇʨʦʮʝʩʩʳ ʧʝʨʝʭʦʜʘ ʵʥʝʨʛʠʠ ʩ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʤʦʣʝʢʫʣʳ ʨʝʘʣʠʟʫʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʢ ʨʘʜʠʘʮʠʦʥʥʳʭ, ʪʘʢ ʠ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ 

ʧʨʦʪʝʢʘʥʠʷ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʜʠʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʤʦʣʝʢʫʣʳ, ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʝ ʞʝ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ 

ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʩʝʥʩʦʨʥʦʡ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʘʢʠʭ 
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ʤʦʣʝʢʫʣ. ɹʝʟʳʟʣʫʯʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʨʝʘʣʠʟʫʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʥʦʩʘ 

ʵʥʝʨʛʠʠ, ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ. ʋʚʝʣʠʯʝʥʠʝ ʞʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ ʩʤʝʱʘʪʴ ʨʘʚʥʦʚʝʩʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʪʫʰʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ.  

ʊʝʧʣʦʚʦʝ ʪʫʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʢʦʣʝʙʘʪʝʣʴʥʦʡ 

ʨʝʣʘʢʩʘʮʠʠ ʦʩʥʦʚʘʥʦ ʥʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ O-H, N-

H, C-H ʛʨʫʧʧ ʚ ʦʢʨʫʞʝʥʠʠ ʣʘʥʪʘʥʦʠʜʘ. ʕʥʝʨʛʠʷ ʜʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʙʣʠʟʢʘ ʢ 

ʵʥʝʨʛʠʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʫʨʦʚʥʷ ʣʘʥʪʘʥʦʠʜʘ, ʘ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʨʝʣʘʢʩʘʮʠʠ ʵʥʝʨʛʠʠ ʧʦ ʜʘʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ (ʈʠʩʫʥʦʢ 

30ʘ). ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʭʦʨʦʰʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʥʘ ʧʨʠʤʝʨʝ ʭʦʨʦʰʦ 

ʠʟʫʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Eu3+ ʩ TTA (ʪʝʥʦʠʣʪʨʠʬʪʦʨʘʮʝʪʠʣʘʮʝʪʦʥʘʪ) ʚ ʩʨʝʜʝ 

ʜʝʡʪʝʨʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ, ʛʜʝ ʢʦʣʝʙʘʥʠʷ ʉ-ʅ ʛʨʫʧʧ ʷʚʣʷʶʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʟʥʘʯʠʤʳʤ ʬʘʢʪʦʨʦʤ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʘ 

[185,186]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʵʢʨʘʥʠʨʦʚʘʥʠʷ Ln3+ ʦʪ ʤʦʣʝʢʫʣ, 

ʚʢʣʶʯʘʶʱʠʭ ʜʘʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʜʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʤʦʞʝʪ 

ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. 

 

ʈʠʩʫʥʦʢ 30 ï ʉʭʝʤʘ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʵʥʝʨʛʠʠ (ʘ), ʩʪʦʢ ʵʥʝʨʛʠʠ 

ʥʘ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʣʠʛʘʥʜ-ʤʝʪʘʣʣ (ʙ), ʦʙʨʘʪʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʤʝʪʘʣʣ-

ʣʠʛʘʥʜ (ʚ), ʘ ʪʘʢʞʝ ʧʨʠʤʝʨʳ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʶʪʩʷ ʜʘʥʥʳʝ 

ʤʝʭʘʥʠʟʤʳ [187]. 
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ʊʫʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʘ ʩʯʸʪ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʥʘ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ 

ʟʘʨʷʜʘ ʤʝʞʜʫ -́ʦʨʙʠʪʘʣʷʤʠ ʢʦʤʧʣʝʢʩʘ ʠ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʨʝʜʢʠʤ ʤʝʭʘʥʠʟʤʦʤ, 

ʦʜʥʘʢʦ ʙʳʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʠ ʜʦʢʘʟʘʥ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʦʚ Eu(III) ʩ 

ʣʠʛʘʥʜʘʤʠ 2,2,6,6-ʪʝʪʨʘʤʝʪʠʣ-3,5-ʛʝʧʪʘʥʜʠʦʥʘʪ, 1,1,1,2,2,3,3-ʛʝʧʪʘʬʪʦʨ-7,7-

ʜʠʤʝʪʠʣ-4,6-ʦʢʪʘʥʜʠʦʥʘʪ ʩ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʢʩʠʜʦʤ, ʛʜʝ ʨʝʘʣʠʟʦʚʳʚʘʣʩʷ 

ʧʨʦʮʝʩʩ ʪʫʰʝʥʠʷ ʟʘ ʩʯʸʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ˊ ï ́* ʧʝʨʝʭʦʜʦʚ ʚʥʫʪʨʠ ʢʦʤʧʣʝʢʩʘ 

(ʈʠʩʫʥʦʢ 30ʙ) [188]. 

ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʪʫʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʦʞʝʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴʩʷ 

ʦʙʨʘʪʥʳʤ ʧʝʨʝʥʦʩʦʤ ʵʥʝʨʛʠʠ ʩ ʠʦʥʘ ʣʘʥʪʘʥʦʠʜʘ ʥʘ ʪʨʠʧʣʝʪʥʳʡ ʫʨʦʚʝʥʴ 

ʣʠʛʘʥʜʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʟʘʟʦʨ ʤʝʞʜʫ 

ʪʨʠʧʣʝʪʥʳʤ ʫʨʦʚʥʝʤ ʵʥʝʨʛʠʠ ʣʠʛʘʥʜʘ L(T1) ʠ ʨʝʟʦʥʘʥʩʥʳʤ ʫʨʦʚʥʝʤ ʵʥʝʨʛʠʠ 

ʣʘʥʪʘʥʦʠʜʘ ʜʦʣʞʝʥ ʙʳʪʴ ʤʝʥʝʝ 1850 ʩʤ-1 [189]. ʊʘʢ ʚ ʨʘʙʦʪʝ [190] ʘʚʪʦʨʘʤʠ 

ʙʳʣʘ ʠʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ ʩʣʝʜʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ 

Tb(NO3)3, Tb(acac)3(H2O)2, Tb(hfa)3(H2O)2 ʠ Tb(hfa)3(TPPO)2 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

(ʈʠʩʫʥʦʢ 31).  

 

ʈʠʩʫʥʦʢ 31 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɻʤʠʩʩʠʠ ʩʦʝʜʠʥʝʥʠʡ Tb(NO3)3 

(+), Tb(acac)3(H2O)2 (ǒ), Tb(hfa)3(H2O)2 (Ǐ) ʠ Tb(hfa)3(TPPO)2 (ȹ) ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʠʛʘʥʜʘʤʠ hfa ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʦʩʪʘʣʴʥʳʤʠ. ʇʨʠʯʠʥʘ ʵʪʫ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʨʘʟʨʳʚʝ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʠʛʘʥʜʦʤ hfa, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 1700 ʩʤ-1. ʊʝʤʧʝʨʘʪʫʨʥʘʷ 
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ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ Tb(hfa)3(TPPO)2 ʟʘ ʩʯʸʪ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʪʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʠʣʘ 2,0% C-1. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʜʣʷ ʢʦʤʧʣʝʢʩʘ Tb(acac)3(H2O)2 ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʳʚʦʤ ʚ 4000 ʩʤ-1, 

ʜʦʩʪʠʛʘʝʪ ʪʦʣʴʢʦ 0,45 % ʦʉ-1. 

1.3 ʄʘʛʥʠʪʥʦ-ʨʝʣʘʢʩʦʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ in situ LbL ʥʘʥʦʯʘʩʪʠʮ 

1.3.1 ʄʈʊ ʢʦʥʪʨʘʩʪʥʳʝ ʘʛʝʥʪʳ ʠ ʧʦʥʷʪʠʝ ʨʝʣʘʢʩʠʚʥʦʩʪʠ 

ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 40% ʚʩʝʭ ʄʈʊ-ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 60% ʩʣʫʯʘʝʚ ʄʈʊ-

ʥʝʡʨʦʛʨʘʬʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʥʪʨʘʩʪʥʳʝ ʚʝʱʝʩʪʚʘ. ʏʘʱʝ ʚʩʝʛʦ ʚ 

ʠʭ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʠʦʥʳ ʤʝʪʘʣʣʦʚ (Gd3+, Mn2+ ʠ ʜʨ.), ʢʦʪʦʨʳʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʶʪ ʨʝʣʘʢʩʘʮʠʶ ʧʨʦʪʦʥʦʚ ʚʦʜʳ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʛʨʘʜʠʝʥʪʥʳʭ ʧʦʣʝʡ ʠ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ [191]. 

ʂʦʥʪʨʘʩʪʥʳʝ ʘʛʝʥʪʳ ʤʘʛʥʠʪʥʦʡ ʧʨʠʨʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʶʪ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʤʝʞʜʫ ʧʘʪʦʣʦʛʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʤʠ ʠ ʟʜʦʨʦʚʳʤʠ ʪʢʘʥʷʤʠ 

ʥʘ ʄʈ-ʠʟʦʙʨʘʞʝʥʠʷʭ. ɹʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʧʘʩʩʠʚʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʠʣʠ 

ʥʘʧʨʘʚʣʝʥʥʦʤʫ ʪʘʨʛʝʪʠʥʛʫ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʢʘʥʷʭ, ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʯʝʪʢʦʝ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʦʯʘʛʦʚ ʠ ʥʦʨʤʘʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨ. 

ʀʤʝʷ ʩʝʤʴ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʛʘʜʦʣʠʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʥʪʨʘʩʪ ʤʝʞʜʫ ʟʜʦʨʦʚʳʤʠ ʠ ʦʧʫʭʦʣʝʚʳʤʠ ʪʢʘʥʷʤʠ, ʥʘ ʯʝʤ 

ʦʩʥʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʤʝʜʠʮʠʥʩʢʠʭ 

ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ [192]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʨʝʛʫʣʷʪʦʨʥʳʤʠ ʦʨʛʘʥʘʤʠ 9 

ʛʘʜʦʣʠʥʠʝʚʳʭ ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤ ʢʦʤʧʣʝʢʩʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʛʘʜʦʣʠʥʠʷ(III) ʩ ʣʠʥʝʡʥʳʤʠ 

(ʛʘʜʦʜʠʘʤʠʜ, ʛʘʜʦʧʝʥʪʝʪʦʚʘʷ ʢʠʩʣʦʪʘ, ʛʘʜʦʚʝʨʩʝʪʘʤʠʜ ʠ ʜʨ.) ʠʣʠ 

ʮʠʢʣʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ (ʛʘʜʦʪʝʨʠʜʦʣ, ʛʘʜʦʪʝʨʘʪ ʤʝʛʣʫʤʠʥ, ʛʘʜʦʙʫʪʨʦʣ) 

[193ï195]. ʄʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʛʘʜʦʣʠʥʠʝʚʳʝ ʢʦʥʪʨʘʩʪʥʳʝ ʘʛʝʥʪʳ ʧʨʠ 

ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ logK ʜʦ 25,8 ʫ ʛʘʜʦʪʝʨʘʪʘ ʤʝʛʣʫʤʠʥʘ ʧʦ 
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ʩʨʘʚʥʝʥʠʶ ʩ logK ʜʦ 23,5 ʫ ʛʘʜʦʢʩʝʪʘʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʭʦʞʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʨʝʣʘʢʩʠʚʥʦʩʪʠ r1 = 3,6-7,0.  

ʈʝʣʘʢʩʠʚʥʦʩʪʴ ï ɻʪʦ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʚʢʣʘʜ ʚ ʩʢʦʨʦʩʪʴ ʨʝʣʘʢʩʘʮʠʠ 

ʧʨʦʪʦʥʦʚ ʚʦʜʳ ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʠʦʥʘ.  

ɿʥʘʯʝʥʠʷ ʨʝʣʘʢʩʠʚʥʦʩʪʠ r (i = 1 ʠʣʠ 2) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʸʤ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ R ʦʪ [Gd] ʫʨʘʚʥʝʥʠʝʤ: 

Ri = Ri,0+ri[Gd] (9) 

ʛʜʝ Ri,0 ð ʜʠʘʤʘʛʥʠʪʥʳʡ ʚʢʣʘʜ ʚ ʩʢʦʨʦʩʪʴ ʨʝʣʘʢʩʘʮʠʠ. 

ʀʦʥʳ Gd(III) ʤʦʛʫʪ ʠʥʜʫʮʠʨʦʚʘʪʴ ʫʩʠʣʝʥʠʝ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ 

ʧʨʦʪʦʥʦʚ ʚʦʜʳ ʧʦʩʨʝʜʩʪʚʦʤ ʚʥʫʪʨʠʩʬʝʨʥʦʛʦ ʠ ʚʥʝʰʥʝʩʬʝʨʥʦʛʦ ʤʝʭʘʥʠʟʤʦʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʩʚʷʟʳʚʘʥʠʷ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʠʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʠʣʠ 

ʫʚʝʣʠʯʝʥʠʝ R1 ʠ R2 ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʠʮʳ, ʝʝ 

ʨʘʟʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ. ʊʘʢ, ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ 

ʥʝʙʦʣʴʰʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʣʠʛʘʥʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʧʨʦʪʦʥʦʚ ʚʦʜʳ ʚ 

ʧʝʨʚʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʘʢʚʘʠʦʥʘ ʥʘ ʜʦʥʦʨʥʳʝ ʛʨʫʧʧʳ ʣʠʛʘʥʜʘ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ R1 ʠ R2. ʆʜʥʘʢʦ ʪʘʢ ʧʨʦʠʩʭʦʜʠʪ ʥʝ 

ʚʩʝʛʜʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ R1 ʠ R2, ʩʚʷʟʘʥʥʳʡ ʩ 

ʟʘʤʝʜʣʝʥʠʝʤ ʚʨʘʱʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʠʮʳ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʠʦʥʘ ʩ ʢʨʫʧʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʠ ʯʘʩʪʠʮʘʤʠ (ʧʦʣʠʤʝʨʘʤʠ, ʙʝʣʢʘʤʠ, ʤʠʮʝʣʣʘʤʠ, 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ). ʊʘʢʦʝ ʟʘʤʝʜʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ 

ʚʨʝʤʝʥʠ ŰR, ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʟʥʘʯʝʥʠʝ R1,2. 

ʇʨʦʜʦʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʝʣʘʢʩʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ Gd(III), (R1,para = R1 ī 

R1,0), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʚʢʣʘʜʦʚ IS ʠ OS ʤʝʭʘʥʠʟʤʦʚ: 

R1,para = R1
IS+R1

OS  (10) 

ɺʥʫʪʨʝʥʥʝʩʬʝʨʥʳʡ ʤʝʭʘʥʠʟʤ (IS) ʩʚʷʟʘʥ ʩ ʬʣʫʢʪʫʘʮʠʷʤʠ ʜʠʧʦʣʴ-

ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʧʠʥʘʤʠ ʧʨʦʪʦʥʦʚ ʤʦʣʝʢʫʣ ʚʦʜʳ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʦʥʘʤʠ Gd(III), ʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʧʠʥʘʤʠ ʥʘ ʤʝʪʘʣʣʝ (S=7/2). 

ɺʢʣʘʜ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚ ʩʢʦʨʦʩʪʴ ʨʝʣʘʢʩʘʮʠʠ, R1IS, ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʦʥʦʚ Gd(III) (CM), ʯʠʩʣʘ ʛʠʜʨʘʪʘʮʠʠ q, ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʤʦʣʝʢʫʣ 

ʚʦʜʳ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ Űm, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ Gd ʠ ʧʨʦʪʦʥʘʤʠ ʚʦʜʳ rGdH, 
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ʚʨʝʤʝʥʠ ʚʨʘʱʘʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʚʝʢʪʦʨʘ Gd(III)-H, ŰR, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥ 

ʨʝʣʘʢʩʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʧʠʥʘ Tie (ʛʜʝ i=1 ʠʣʠ 2). ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ PRE 

(paramagnetic relaxation enhancement, ʫʩʠʣʝʥʠʝ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ), 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʫʨʘʚʥʝʥʠʷʭ ʉʦʣʦʤʦʥʘïɹʣʦʤʙʝʨʛʝʥʘïʄʦʨʛʘʥʘ (SBM), R1IS 

ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ: 

 (11) 

ʛʜʝ CM ʚʳʨʘʞʝʥʘ ʚ ʤʠʣʣʠʤʦʣʷʭ, 55,55 ï ʤʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʳ, ʘ 

T1m ï ʚʨʝʤʷ ʧʨʦʜʦʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʧʨʦʪʦʥʦʚ ʚʦʜʳ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ. T1m 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

 (12) 

ʛʜʝ ɔH ï ʛʠʨʦʤʘʛʥʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʨʦʪʦʥʘ, g ï ʬʘʢʪʦʨ ʃʘʥʜʝ, ɛB ï 

ʤʘʛʥʝʪʦʥ ɹʦʨʘ, ɛ0 ï ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, ɤH ʠ ɤS ï ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ 

ʧʨʦʪʦʥʘ ʠ ʵʣʝʢʪʨʦʥʘ (ɤS å 658 ɤH) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, 

ʨʝʣʘʢʩʘʮʠʷ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʦʙʤʝʥ ʚʦʜʳ ʦʧʨʝʜʝʣʷʶʪ ʚʨʝʤʝʥʘ 

ʢʦʨʨʝʣʷʮʠʠ Űdi (ʛʜʝ i = 1 ʠʣʠ 2) ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ: 

 (13) 

ɺʨʝʤʝʥʘ ʵʣʝʢʪʨʦʥʥʦʡ ʨʝʣʘʢʩʘʮʠʠ Tie ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ: 

 (14) 

 (15) 

ʛʜʝ ȹ2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʚ ʥʫʣʝʚʦʤ 

ʧʦʣʝ (ZFS, zero-field splitting) ʜʣʷ Gd(III), ʘ Űv ð ʚʨʝʤʷ ʢʦʨʨʝʣʷʮʠʠ, ʩʚʷʟʘʥʥʦʝ 

ʩ ʤʦʜʫʣʷʮʠʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ZFS. 

ɺʥʝʰʥʝʩʬʝʨʥʳʡ ʤʝʭʘʥʠʟʤ (OS) ʦʙʫʩʣʦʚʣʝʥ ʤʦʜʫʣʷʮʠʝʡ ʜʠʧʦʣʴ-

ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʧʠʥʘʤʠ ʧʨʦʪʦʥʦʚ ʚʦʜʳ ʠ ʵʣʝʢʪʨʦʥʥʳʤʠ 
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ʩʧʠʥʘʤʠ Gd ʟʘ ʩʯʸʪ ʜʠʬʬʫʟʠʠ ʚʦʜʳ. ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʢʦʨʦʩʪʴ ʨʝʣʘʢʩʘʮʠʠ 

R1
OS ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʙʣʠʞʘʡʰʝʛʦ ʧʦʜʭʦʜʘ ʤʝʞʜʫ ʚʦʜʦʡ ʠ ʠʦʥʘʤʠ 

Gd(III), aGdH, ʠ ʢʦʥʩʪʘʥʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʚʦʜʳ ʠ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʮʝʥʪʨʘ DGdH, ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ: 

 (16) 

ʛʜʝ NA ð ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ, ʘ ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʤʝʶʪ ʪʦʪ ʞʝ ʩʤʳʩʣ, ʯʪʦ ʠ 

ʚ ʫʨʘʚʥʝʥʠʷʭ (11) ʠ (12). ʅʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʍʫʘʥʛʘ ʠ ʌʨʠʜʘ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʧʣʦʪʥʦʩʪʠ J(ɤH) ʠ J(ɤS) ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʢʘʢ: 

 (17) 

ʛʜʝ 

 (18) 

 (19) 

ʘ ʚʨʝʤʷ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʜʠʬʬʫʟʠʠ: 

ŰGdH=aGdH
2/DGdH (20) 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ (SBM), ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ ʚʨʝʤʷ ʚʨʘʱʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʧʘʨʘʤʘʛʥʝʪʠʢʘ (Űr) ʦʧʨʝʜʝʣʷʝʪ 

ʩʢʦʨʦʩʪʴ ʨʝʣʘʢʩʘʮʠʠ ʧʨʦʪʦʥʦʚ ʚʦʜʳ. ʊʘʢ, ʩʚʷʟʳʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ Gd3+ ʩ 

ʢʨʫʧʥʦʡ ʯʘʩʪʠʮʝʡ (ʤʦʣʝʢʫʣʦʡ) ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʟʘʤʝʜʣʝʥʠʝ ʝʛʦ ʚʨʘʱʝʥʠʷ ʠ 

ʫʩʢʦʨʝʥʠʝ ʧʨʦʪʦʥʥʦʡ ʨʝʣʘʢʩʘʮʠʠ.  

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʘʜʩʦʨʙʮʠʠ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʠ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʳʭ ʦʩʘʜʢʦʚ Gd[L]. ʈʦʩʪ 

ʨʝʣʘʢʩʠʚʥʦʩʪʠ ʦʙʲʷʩʥʷʝʪʩʷ ʩʚʷʟʳʚʘʥʠʝʤ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʠʦʥʘ ʩ 
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ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʫʶʱʠʭʩʷ ʘʛʨʝʛʘʪʦʚ, ʝʛʦ ʜʦʩʪʫʧʥʦʩʪʴʶ ʜʣʷ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ 

ʟʘʤʝʜʣʝʥʠʝʤ ʝʛʦ ʚʨʘʱʝʥʠʷ.  

ʏʘʩʪʦʪʥʘʷ ʠʣʠ ʧʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʣʘʢʩʠʚʥʦʩʪʠ ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ, ʢʘʢ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ, ʪʘʢ ʠ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ. 

ʀʟʤʝʨʝʥʠʝ ʚʨʝʤʝʥ ʧʨʦʜʦʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʷʞʝʥʥʦʩʪʷʭ 

ʧʦʣʷ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʤʦʣʝʢʫʣʷʨʥʳʝ ʚʨʝʤʝʥʘ ʢʦʨʨʝʣʷʮʠʠ (Űc). ʂʨʦʤʝ ʪʦʛʦ, 

ʠʟʤʝʨʝʥʠʷ ʚ ʩʠʣʴʥʳʭ ʧʦʣʷʭ (2,9 ʊʣ ʠ ʚʳʰʝ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʥʦʚʫ 

ʢʣʠʥʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʄʈʊ-ɻ ʢʩʧʝʨʠʤʝʥʪʦʚ ʙʣʘʛʦʜʘʨʷ ʫʣʫʯʰʝʥʥʦʤʫ 

ʦʪʥʦʰʝʥʠʶ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʗʄʈ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ ʣʫʯʰʝʡ ʜʝʪʘʣʠʟʘʮʠʠ. ʏʝʤ ʤʝʥʴʰʝ ʚʦʢʩʝʣʴ (ʧʠʢʩʝʣʴ ʚ ʦʙʲʝʤʝ), 

ʪʝʤ ʣʫʯʰʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʥʠʤʢʘ ʄʈʊ. 

ʇʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʢʦʨʨʝʣʷʮʠʠ Űc ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʜʘʥʥʳʭ T1 ʧʫʪʝʤ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʟʤʝʨʝʥʥʳʭ ʚʨʝʤʝʥ T1 ʜʣʷ ʚʩʝʭ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʧʦʣʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ: 

Ὕ ὅ   (21) 

ʛʜʝ C-ʢʦʥʩʪʘʥʪʘ, ʘ ɤ - ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʧʨʦʪʦʥʦʚ [196]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʢʘʟʘʥʥʫʶ ʢʣʠʥʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ Gd-DTPA, Gd-

DOTA ʠ ʜʨʫʛʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʄʈʊ-ʘʛʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʛʘʜʦʣʠʥʠʷ, ʦʥʠ 

ʧʦʜʚʝʨʞʝʥʳ ʧʨʦʮʝʩʩʘʤ ʜʝʭʝʣʘʪʠʨʦʚʘʥʠʷ ʠ ʪʨʘʥʩʤʝʪʘʣʣʷʮʠʠ, ʢʦʪʦʨʳʝ 

ʧʨʦʠʩʭʦʜʷʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʝʣʘʪʠʨʫʶʱʠʭ ʘʥʠʦʥʦʚ ʠ ʵʥʜʦʛʝʥʥʳʭ ʢʘʪʠʦʥʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʥʠʞʝʥʠʝ ʜʦʟʠʨʦʚʢʠ ʛʘʜʦʣʠʥʠʷ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʂɸ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʝʣʘʪʦʚ ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ (ʄʈʊ ʂɸ) ʧʦʟʚʦʣʠʣʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʠʣʠʪʴ ʢʦʥʪʨʘʩʪ ʤʝʞʜʫ ʙʦʣʴʥʦʡ ʠ ʟʜʦʨʦʚʦʡ ʪʢʘʥʴʶ, ʪʝʤ ʩʘʤʳʤ 

ʧʨʝʜʦʧʨʝʜʝʣʠʚ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʢʘʯʦʢ ʚ ʨʘʟʚʠʪʠʠ ʤʝʪʦʜʘ ʄʈʊ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ 

ʘʛʝʥʪʦʚ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʠʦʥ ʤʝʪʘʣʣʘ ʠʣʠ ʥʘʥʦʯʘʩʪʠʮʘ, 

ʩʧʦʩʦʙʥʳʡ ʵʬʬʝʢʪʠʚʥʦ ʩʥʠʞʘʪʴ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʧʨʦʪʦʥʦʚ ʚʦʜʳ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʣʝ ʜʝʡʩʪʚʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠ ʚʥʝʰʥʠʭ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʠʤʧʫʣʴʩʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ 
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ʧʦʣʫʯʝʥʥʳʭ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ ʧʨʦʪʦʥʦʚ ʚʦʜʳ ʚ ʧʨʠʚʷʟʢʝ ʢ ʢʦʦʨʜʠʥʘʪʘʤ 

ʩʪʨʦʠʪʩʷ ʢʘʨʪʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʝʯʝʥʠʠ. ʆʪʩʶʜʘ ʠ ʙʝʨʝʪ 

ʥʘʯʘʣʦ ʪʝʨʤʠʥ ʪʦʤʦʛʨʘʬʠʷ (ʩ ʜʨʝʚʥʝʛʨʝʯʝʩʢʦʛʦ Űɞɛɐ ð ʩʝʯʝʥʠʝ, ʨʘʟʨʝʟ ʠ 

ɔɟɎűɤ ð ʧʠʰʫ). ʅʘʢʣʘʜʳʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʝʯʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʪʨʝʭʤʝʨʥʫʶ ʢʘʨʪʠʥʫ, ʥʘʧʨʠʤʝʨ, ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʥʘ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ 

ʨʘʟʛʣʷʜʝʪʴ ʤʝʣʴʯʘʡʰʠʝ ʘʥʘʪʦʤʠʯʝʩʢʠʝ ʧʦʜʨʦʙʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʚʧʣʦʪʴ ʜʦ 100 

ʤʠʢʨʦʤʝʪʨʦʚ. ʕʪʠ ʘʛʝʥʪʳ ʩʧʦʩʦʙʥʳ ʧʘʩʩʠʚʥʦ ʠʣʠ ʪʘʨʛʝʪʥʦ (ʥʘʧʨʘʚʣʝʥʥʦ) 

ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʫʯʘʩʪʢʘʭ ʦʨʛʘʥʠʟʤʘ ʠ ʧʦʟʚʦʣʷʶʪ ʦʙʣʝʛʯʘʪʴ 

ʨʘʟʣʠʯʠʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʦʯʘʛʦʚ ʦʪ ʟʜʦʨʦʚʳʭ ʪʢʘʥʝʡ. 

1.3.2 ʌʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʝʣʘʢʩʠʚʥʦʩʪ ɹ

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʨʘʟʤʝʨ Gd(III)-ʩʦʜʝʨʞʘʱʠʭ ʷʜʝʨ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʨʝʣʘʢʩʠʚʥʦʩʪʴ [195,197ï200]. ʇʦ 

ʂʘʨʘʚʘʥʫ, ʥʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʪʝʤʧʣʘʪʦʚ [Gd(L)] ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʠʭ ʤʝʜʣʝʥʥʦʝ 

ʚʨʘʱʝʥʠʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʩʦʢʦʡ ʨʝʣʘʢʩʠʚʥʦʩʪʠ ʚʦʜʥʳʭ ʢʦʣʣʦʠʜʦʚ ʥʘ 

ʦʩʥʦʚʝ Gd(III) ʚ ʩʣʘʙʳʭ ʧʦʣʷʭ (<1,5 ʊʣ). ʈʘʟʤʝʨ ʷʜʝʨ ʚʣʠʷʝʪ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʮʝʥʪʨʦʚ Gd(III) ʠ ʪʝʭ, ʯʪʦ ʨʘʩʧʦʣʦʞʝʥʳ ʚʥʫʪʨʠ 

ʯʘʩʪʠʮ. ʇʨʠ ʵʪʦʤ ʧʝʨʚʳʝ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʚʳʩʦʢʫʶ ʨʝʣʘʢʩʠʚʥʦʩʪʴ, ʘ ʚʪʦʨʳʝ ʥʝ 

ʚʥʦʩʷʪ ʚʢʣʘʜʘ ʚ ʨʝʣʘʢʩʘʮʠʶ [194,201]. ʀʪʦʛʦ, ʯʝʤ ʤʝʥʴʰʝ ʨʘʟʤʝʨ ʷʜʨʘ, ʪʝʤ 

ʙʦʣʴʰʝ ʛʘʜʦʣʠʥʠʝʚʳʭ ʮʝʥʪʨʦʚ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɸʛʨʝʛʘʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ 

ʥʘ ʟʥʘʯʝʥʠʷ ʨʝʣʘʢʩʠʚʥʦʩʪʠ ʘʛʝʥʪʦʚ. ʇʨʠ ʧʦʚʳʰʝʥʥʦʡ ʘʛʨʝʛʘʮʠʠ 

ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʠʦʥʳ ʩʪʘʥʦʚʷʪʩʷ ʥʝʜʦʩʪʫʧʥʳ ʜʣʷ ʦʙʤʝʥʘ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜ,r 

ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʨʝʣʘʢʩʠʚʥʦʩʪʠ. 

ʈʝʣʘʢʩʠʚʥʦʩʪʴ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʠʩʣʫ ʤʦʣʝʢʫʣ ʚʦʜʳ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʢ ʠʦʥʫ ʛʘʜʦʣʠʥʠʷ ʚ ʩʦʩʪʘʚʝ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠʮʳ ʠ 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʝʛʦ ʧʝʨʚʦʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ [202]. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʛʠʜʨʘʪʘʮʠʠ (q) ʧʨʠʚʦʜʠʪ ʢ 

ʫʩʠʣʝʥʠʶ ʨʝʣʘʢʩʠʚʥʦʩʪʠ, ʥʦ ʚʤʝʩʪʝ ʩ ʵʪʠʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʝ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ. 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʯʠʩʣʘ ʛʠʜʨʘʪʘʮʠʠ ʚ ʨʘʩʪʚʦʨʘʭ ʷʚʣʷʝʪʩʷ 

ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ ʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʭ 

ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʍʦʨʨʦʢʩʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʚʨʝʤʝʥ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʭʝʣʘʪʦʚ Ln(III) ʚ H2O ʠ D2O 

[203ï207]. ʀʟʣʫʯʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʭʝʣʘʪʘʭ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʢʦʥʢʫʨʠʨʫʶʪ ʩ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʝʡ, ʧʨʦʠʩʭʦʜʷʱʝʡ ʚ 

ʩʚʦʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʟʘ ʩʯʝʪ ʩʪʦʢʘ ʵʥʝʨʛʠʠ ʥʘ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʫʨʦʚʥʠ O-H ʛʨʫʧʧ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ ʩʚʷʟʘʥʥʳʭ ʤʦʣʝʢʫʣ H2O. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ 

ʞʠʟʥʠ Ű ʠ ʩʥʠʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʭʝʣʘʪʦʚ ʣʘʥʪʘʥʦʠʜʦʚ. ɿʘʤʝʥʘ O-

H ʦʩʮʠʣʣʷʪʦʨʦʚ ʥʘ O-D ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʳ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ 

ʨʝʣʘʢʩʘʮʠʠ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʸʥ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʢʦʤʧʣʝʢʩʦʚ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʭʝʣʘʪʦʚ ʛʘʜʦʣʠʥʠʷ ʭʘʨʘʢʪʝʨʥʘ ʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʚ 

ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʪʨʠʧʣʝʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʣʠʛʘʥʜʘ-ʘʥʪʝʥʥʳ (ʧʦʩʪʘʚʱʠʢʘ 

ʬʦʪʦʥʦʚ) ʠ ʨʝʟʦʥʘʥʩʥʳʤ ʫʨʦʚʥʝʤ Gd(III). ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʟʘʪʨʫʜʥʷʝʪ ʚʦʟʙʫʞʜʝʥʠʝ ʭʝʣʘʪʦʚ ʛʘʜʦʣʠʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʩʢʣʶʯʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʷʤʦʛʦ ʠʟʫʯʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ Gd(III) ʚ ʩʦʩʪʘʚʝ 

ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʮʝʥʪʨʳ Gd(III) 

ʟʘʤʝʥʷʶʪ ʥʘ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʮʝʥʪʨ rEu(III) ʠ 

Tb(III), ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʢʦʪʦʨʳʭ ʩʝʥʩʠʙʠʣʠʟʠʨʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʣʝʛʯʝ [208].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Eu(III) ʠ Tb(III) ʧʦʟʚʦʣʷʶʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʍʦʨʨʦʢʩʘ ʦʧʨʝʜʝʣʷʪʴ ʯʠʩʣʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʤʦʣʝʢʫʣ ʚʦʜʳ q ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ Ñ 0,5 [203]: 

qLn = ALnĿ(1/ŰH2O - 1/ŰD2O) (22) 

ɺ ʜʘʥʥʦʤ ʫʨʘʚʥʝʥʠʠ qLn ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʚʦʜʳ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʢ ʣʘʥʪʘʥʦʠʜʫ, ALn ð ɻ ʪʦ ʢʦʥʩʪʘʥʪʘ, ʩʧʝʮʠʬʠʯʥʘʷ ʜʣʷ 

ʢʘʞʜʦʛʦ Ln(III), ʦʧʨʝʜʝʣʝʥʥʘʷ ʵʤʧʠʨʠʯʝʩʢʠ ʜʣʷ ʭʝʣʘʪʦʚ Ln(III) ʩ ʠʟʚʝʩʪʥʳʤ q, 

ʘ 1/Ű ð ʦʙʨʘʪʥʳʝ ʚʝʣʠʯʠʥʳ ʚʨʝʤʝʥ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ Ln(III) ʚ 

H2O ʠʣʠ D2O. ɺ ʯʘʩʪʥʦʩʪʠ ALn ʜʣʷ Eu(III) ʠ Tb(III) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʨʝʤʸʥ 
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ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʤʩ ʩʦʩʪʘʚʣʷʝʪ 1,05 ʠ 4,2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

[203,207]. 

ɽʱʸ ʦʜʥʠʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʠʪʦʛʦʚʫʶ ʨʝʣʘʢʩʠʚʥʦʩʪʴ, ̫ʚʣʷʝʪʩʷ 

ʬɻʬʝʢʪʠʚʥʦʩʪʴ ʦʙʤʝʥʘ ʩ ʧʨʦʪʦʥʘʤʠ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʂʘʢ ʢʦʤʧʣʝʢʩʳ Gd(III), ʪʘʢ 

ʠ ʥʘʥʦʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ Gd(III) ʦʪʥʦʩʷʪʩʷ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ T1-ʟʦʥʜʘʤ. ʏʝʤ 

ʚʳʰʝ ʧʨʦʜʦʣʴʥʘʷ ʨʝʣʘʢʩʠʚʥʦʩʪʴ, ʪʝʤ ʷʨʯʝ ʦʙʣʘʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ, ʛʜʝ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʟʦʥʜ, ʠ ʪʝʤ ʥʠʞʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʥʪʨʘʩʪʥʦʛʦ ʘʛʝʥʪʘ, 

ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʷ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʛʣʘʚʥʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ T1-ʟʦʥʜʦʚ. ʈʝʣʘʢʩʠʚʥʦʩʪʴ 

ʤʦʥʦʷʜʝʨʥʳʭ ʠʣʠ ʥʘʥʦʯʘʩʪʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Gd(III) ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 

ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʫʩʠʣʝʥʠʝ ʨʝʣʘʢʩʘʮʠʠ ʧʨʦʪʦʥʦʚ 

ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ, ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʥʘ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʶ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʉʦʣʦʤʦʥʘ-ɹʣʦʤʙʝʨʛʝʥʘ-ʄʦʨʛʘʥʘ (SBM), 

ʢʦʪʦʨʘʷ ʚʳʚʝʜʝʥʘ ʜʣʷ ʛʦʤʦʛʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʨʝʣʘʢʩʠʚʥʦʩʪʴ (r1) ʚ ʦʩʥʦʚʥʦʤ ʦʙʫʩʣʦʚʣʝʥʘ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʳ ʩ ʧʘʨʘʤʘʛʥʠʪʥʳʤ ʠʦʥʦʤ 

ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ (20ï60 ʄɻʮ) [209]. 

ɺʨʝʤʷ ʚʨʘʱʝʥʠʷ ʛʘʜʦʣʠʥʠʝʚʦʡ ʯʘʩʪʠʮʳ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʚ ʚʠʜʝ ʨʦʪʘʮʠʦʥʥʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʚʨʝʤʝʥʠ 

Űr. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʠʥʝʪʠʢʘ ʚʨʘʱʝʥʠʷ ʟʘʤʝʜʣʷʝʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʭʝʣʘʪʦʚ 

Gd ʚ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʘʛʨʝʛʘʪʳ. ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʥʝʩʢʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʪʘʢʦʛʦ ʚʢʣʶʯʝʥʠʷ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʨʝʣʘʢʩʠʚʥʦʩʪʠ. ʉʨʝʜʠ ʥʠʭ: (1) 

ʥʝʢʦʚʘʣʝʥʪʥʦʝ ʚʢʣʶʯʝʥʠʝ ʭʝʣʘʪʦʚ Gd ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʳ [210,211]; (2) 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʙʝʣʢʘʤʠ [212,213]; (3) ʜʦʧʠʨʦʚʘʥʠʝ ʭʝʣʘʪʦʚ Gd ʚ ʪʚʝʨʜʳʝ 

ʥʘʥʦʯʘʩʪʠʮʳ [214,215]; (4) ʛʠʜʨʦʛʝʣʠ [215]; (5) ʩʠʣʠʢʘʪʳ [202,216]. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʦʩʘʞʜʝʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ 

ʩʦʝʜʠʥʝʥʠʡ Gd [217]. 
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1.3.3 ʄʘʛʥʠʪʥʦ-ʨʝʣʘʢʩʦʤʝʪʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ 

LbL 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʝʪʦʜʫ LbL, ʚʩʝ ʥʘʯʘʣʦʩʴ ʩ ʞʝʣʝʟʦʦʢʩʠʜʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʳʚʘʶʪʩʷ 

ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ (SPIONs). ʊʝʨʤʠʥ 

"ʩʫʧʝʨʧʘʨʘʤʘʛʥʝʪʠʟʤ" ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʘʪʦʤʦʚ, ʪʦ ʝʩʪʴ ʥʝʢʦʪʦʨʦʡ ʢʦʦʧʝʨʘʪʠʚʥʦʩʪʴʶ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʧʘʨʘʤʘʛʥʝʪʠʟʤʦʤ ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʦʚ. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʧʦʯʪʠ ʫʨʦʚʥʷ ʥʘʩʳʱʝʥʠʷ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʦʢʩʠʜʘ ʞʝʣʝʟʘ, ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʞʝʣʝʟʘ ʯʘʩʪʠʮʳ ʥʝ ʧʨʦʷʚʣʷʶʪ 

ʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʩʣʝ ʫʩʪʨʘʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʩʣʝʜʫʝʪ ʟʘ ʚʥʝʰʥʠʤ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʙʝʟ ʛʠʩʪʝʨʝʟʠʩʘ. ʅʘʥʦʯʘʩʪʠʮʳ ʤʦʞʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʚ 

ʛʨʘʜʠʝʥʪʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʯʪʦ ʧʦʣʝʟʥʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʮʝʣʝʚʦʡ ʜʦʩʪʘʚʢʠ 

ʣʝʢʘʨʩʪʚ, ʠ ʥʘʛʨʝʚʘʪʴ, ʧʦʩʣʝʜʥʝʝ ʦʩʥʦʚʘʥʦ ʥʘ ʨʝʣʘʢʩʘʮʠʠ ʅʝʝʣʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʤʘʛʥʠʪʥʦʡ ʛʠʧʝʨʪʝʨʤʠʠ ʧʨʠ ʣʝʯʝʥʠʠ ʨʘʢʘ ʤʦʟʛʘ. 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʥʘ ʧʫʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʞʝʣʝʟʘ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʝʡ 

ʷʚʣʷʝʪʩʷ ʠʭ ʩʪʘʙʠʣʠʟʘʮʠʷ ʩ ʧʦʤʦʱʴʶ ʧʦʣʠʤʝʨʦʚ ʩ ʮʝʣʴʶ ʧʦʜʘʚʣʝʥʠʷ ʨʝʘʢʮʠʠ 

ʩʦ ʩʪʦʨʦʥʳ ʨʝʪʠʢʫʣʦʵʥʜʦʪʝʣʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ ʵʪʦʛʦ ʧʦʚʝʨʭʥʦʩʪʴ SPIONs 

ʧʦʢʨʳʚʘʝʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʧʦʣʠʤʝʨʘʤʠ (ʧʦʣʠʘʣʢʠʣʮʠʘʥʦʘʢʨʠʣʘʪʳ, ʧʦʣʠ-Ů-

ʢʘʧʨʦʣʘʢʪʦʥ, ʧʦʣʠʣʘʢʪʠʜʳ, ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ) ʠʣʠ ʧʨʠʨʦʜʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ 

(ʧʦʣʠʩʘʭʘʨʠʜʳ, ʙʝʣʢʠ). ʇʝʨʚʦʡ ʨʘʙʦʪʦʡ, ʚ ʢʦʪʦʨʦʡ ʥʝ ʪʦʣʴʢʦ ʚʧʝʨʚʳʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʤʘʛʛʝʤʠʪʘ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʤʠ ʩʣʦʷʤʠ, ʥʦ ʠ ʧʦʣʫʯʝʥʳ ʄʈʊ ʠʟʦʙʨʘʞʝʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʨʘʙʦʪʘ ɸʥʜʨʝʘʩʘ ʊʶʥʝʤʘʥʥʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʪʦʛʦ ʞʝ ʍʝʣʴʤʫʪʘ ʄʸʚʘʣʴʜʘ 

[218]. ʉ ʧʦʤʦʱʴʶ ʜʚʫʭʵʪʘʧʥʦʡ ʧʦʩʣʦʡʥʦʡ ʤʝʪʦʜʠʢʠ ʠʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʥʘʥʦʯʘʩʪʠʮʳ ʤʘʛʛʝʤʠʪʘ ʙʝʟ ʧʨʠʤʝʩʥʳʭ ʬʘʟ ʩ ʨʘʟʤʝʨʦʤ ʜʦʤʝʥʦʚ 12 ʥʤ. 

ɺʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʩʣʘʙʦʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ɕ-ʧʦʪʝʥʮʠʘʣʘ, ʧʝʨʚʳʤ ʥʘʥʦʩʠʣʩʷ 
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ʧʦʣʠʵʪʠʣʝʥʠʤʠʥ (PEI). ɺ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʩʣʦʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨ ʧʦʣʠʵʪʠʣʝʥʦʢʩʠʜʘ-ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (PEO-PGA). 

 

ʈʠʩʫʥʦʢ 32 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʤʘʛʛʝʤʠʪʘ ʩ 

ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠʝʤ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʦʚ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʠʛʥʘʣʘ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʧʘʨʝʥʭʠʤʳ ʧʝʯʝʥʠ ʢʨʳʩ ʚ ʊ2-ʚʟʚʝʰʝʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʜʦ ʚʚʝʜʝʥʠʷ ʢʦʥʪʨʘʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʯʝʨʝʟ 10 ʤʠʥʫʪ 

ʧʦʩʣʝ ʚʥʫʪʨʠʚʝʥʥʦʡ ʠʥʲʝʢʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʤʘʛʛʝʤʠʪʘ ʚ ʜʦʟʠʨʦʚʢʝ 0,6 ʤʛ 

ʞʝʣʝʟʘ ʥʘ ʢʠʣʦʛʨʘʤʤ ʤʘʩʩʳ ʪʝʣʘ [218]. 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚ ʨʘʙʦʪʝ ʢʠʪʘʡʩʢʠʭ ʫʯʝʥʳʭ [219]. ɺ ʥʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʤʧʣʘʪʘ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʩʣʦʝʚ ʩʣʫʞʘʪ ʧʦʣʳʝ ʩʬʝʨʳ Fe O . ɺ 

ʩʘʤʦʡ ʩʪʘʪʴʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʣʳʤ ʩʬʝʨʘʤ ʥʝ ʩʦʚʩʝʤ ʦʙʦʩʥʦʚʘʥʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥ ʷʜʨʦ. ʇʦ ʬʘʢʪʫ ʷʜʨʦ ʫ ʧʦʣʫʯʝʥʥʳʭ ʯʘʩʪʠʮ ʧʦʣʥʦʩʪʴʶ 

ʦʪʩʫʪʩʪʚʫʝʪ ʠ ʙʦʣʝʝ ʧʨʘʚʠʣʴʥʦ ʩʬʝʨʫ ʠʟ ʦʢʩʠʜʘ ʞʝʣʝʟʘ ʥʘʟʳʚʘʪʴ ʪʝʤʧʣʘʪʦʤ. 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʩʘʞʜʝʥʠʝ ʩʝʤʠ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʩʣʦʝʚ, ʩʦʩʪʦʷʱʠʭ ʠʭ ʭʠʪʦʟʘʥʘ ʠ ʧʦʣʠʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ 

(ʈʠʩʫʥʦʢ 33ʘ). ʇʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʚʥʝʰʥʝʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʙʳʣʠ ʩʦʨʙʠʨʦʚʘʥʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʪʝʣʣʫʨʠʜʘ ʢʘʜʤʠʷ, 

ʧʨʠʜʘʶʱʠʝ ʵʪʦʡ ʛʠʙʨʠʜʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʚʪʦʨʫʶ, ʘ ʠʤʝʥʥʦ ʦʧʪʠʯʝʩʢʫʶ, 

ʤʦʜʘʣʴʥʦʩʪʴ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ (ʈʠʩʫʥʦʢ 33ʙ), ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ CdTe, 

ʦʪʤʝʯʝʥʥʳʝ ʢʨʘʩʥʳʤʠ ʩʪʨʝʣʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʤ ʩʣʦʝ 

(ʧʦʢʘʟʘʥ ʤʝʥʝʝ ʵʣʝʢʪʨʦʥʦʧʣʦʪʥʦʡ ʦʙʣʘʩʪʴʶ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ), 

ʦʙʨʘʤʣʷʶʱʝʡ ʩʬʝʨʳ Fe3O4. 
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ʈʠʩʫʥʦʢ 33 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ (CS ï ʭʠʪʦʟʘʥ, PAA - 

ʧʦʣʠʘʢʨʠʣʦʚʘʷ ʢʠʩʣʦʪʘ) (ʘ); ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʛʦ 

ʥʘʥʦʢʦʤʧʦʟʠʪʘ Fe3O4/PE5/CdTe/PE1 (ʙ) [219]. 

ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ CdTe, ʧʦʣʫʯʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ 

ʧʨʠʦʙʨʝʣʠ ʠʥʪʝʥʩʠʚʥʫʶ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʩ ʧʠʢʦʤ 582 ʥʤ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʩʬʝʨʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʩʣʦʷʤʠ Fe3O4 ʠ ʢʚʘʥʪʦʚʳʤʠ ʪʦʯʢʘʤʠ CdTe 

ʨʝʛʫʣʠʨʦʚʘʣʦʩʴ ʟʘ ʩʯʝʪ ʯʠʩʣʘ ʥʘʥʦʩʠʤʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʣʦʝʚ ʤʝʞʜʫ ʥʠʤʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʣʦ ʫʧʨʘʚʣʷʪʴ ʠʭ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʠʟʙʝʞʘʪʴ ʛʘʰʝʥʠʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʣʳʭ ʩʬʝʨ Fe3O4. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʠʭ ʧʦʣʳʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʤʘʛʥʠʪʥʳʝ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʢʦʤʧʦʟʠʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʚʳʩʦʢʫʶ ʝʤʢʦʩʪʴ ʟʘʛʨʫʟʢʠ ʧʨʝʧʘʨʘʪʦʚ 

ʠ pH-ʟʘʚʠʩʠʤʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ (ʈʠʩʫʥʦʢ 34ʘ, ʙ). ʅʘ ʧʨʠʤʝʨʝ 

ʮʝʬʘʣʦʩʧʦʨʠʥʦʚʦʛʦ ʘʥʪʠʙʠʦʪʠʢʘ ʮʝʬʨʘʜʠʥʘ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʠʪʥʳʭ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʩʧʦʩʦʙʥʘ: (1) ʪʘʨʛʝʪʠʨʦʚʘʪʴ ʧʨʝʧʘʨʘʪ ʚ 

ʟʘʜʘʥʥʫʶ ʦʙʣʘʩʪʴ; ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʤʝʪʦʜʘʤʠ: (2) ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʠ (3) ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʈʠʩʫʥʦʢ 34ʚ-ʟ). 



109 

 

ʈʠʩʫʥʦʢ 34 ï ʀʟʦʙʨʘʞʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʤʘʛʥʠʪʥʳʭ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ (MF-CSNPs) (ɚʚʦʟʙ. = 480 ʥʤ) (ʘ); ʉʧʝʢʪʨʳ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ɚʚʦʟʙ. = 400 ʥʤ) ʥʘʥʦʢʦʤʧʦʟʠʪʘ Fe3O4/PE5/CdTe/PE1 ʧʨʠ pH 2 

(ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ pH 7.4 (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) (ʙ); ʢʨʠʚʘʷ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʚ) ʠ ʬʦʪʦʛʨʘʬʠʠ ʦʙʨʘʟʮʦʚ: Fe3O4/PE5/CdTe/PE1 ʧʨʠ 

ʩʦʣʥʝʯʥʦʤ ʩʚʝʪʝ (ʝ), ʧʨʠ ʋʌ-ʦʙʣʫʯʝʥʠʠ ʙʝʟ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʞ) ʠ 

ʧʨʠ ʋʌ-ʦʙʣʫʯʝʥʠʠ ʩ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ (ʟ); T2- (ʛ) ʠ T1-ʢʦʥʪʨʘʩʪʥʳʝ 

(ʜ) ʄʈʊ-ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ: (1) ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ (ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ 

ʩʦʣʝʚʦʡ ʨʘʩʪʚʦʨ), (2) ʧʦʣʳʭ ʩʬʝʨ Fe3O4 (100 ʤʢʛ/ʤʣ), (3) Fe3O4/PE7 (100 ʤʢʛ/ʤʣ) 

ʠ (4) Fe3O4/PE5/CdTe/PE1 (100 ʤʢʛ/ʤʣ) [219]. 

ɺ ʵʪʦʤ ʞʝ 2009 ʛʦʜʫ ʢʦʣʣʝʢʪʠʚ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟ ɸʥʴʭʦʡʩʢʦʛʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʂʠʪʘʡ) ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʃʫʥʴ ɺʘʥʘ ʫʩʧʝʰʥʦ 

ʨʝʘʣʠʟʦʚʘʣʘ ʧʦʜʭʦʜ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʠ ʷʜʨʦ ʠ ʦʙʦʣʦʯʢʘ ʥʘʥʦʯʘʩʪʠʮ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ, ʚʳʩʪʫʧʠʣʠ 

ʥʦʩʠʪʝʣʷʤʠ ʤʘʛʥʠʪʥʦʡ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʬʫʥʢʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [220]. 

ʊʘʢ, ʤʝʪʦʜʦʤ LbL ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ 

ʥʘʥʦʯʘʩʪʠʮʳ Fe3O4@LaF3:Ce
3+-Tb3+. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʤʘʛʥʠʪʥʳʝ (Fe3O4) ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

(LaF3:Ce
3+-Tb3+) ʥʘʥʦʯʘʩʪʠʮʳ ʙʳʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘʤʠ PAH 

ʠ PSS ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʆʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ LaF3:Ce
3+-
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Tb3+@(PAH/PSS)2 ʘʜʩʦʨʙʠʨʦʚʘʣʠʩʴ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ Fe3O4@(PAH/PSS)2/PAH ʟʘ ʩʯʝʪ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

 

ʈʠʩʫʥʦʢ 35 ï ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ Fe3O4@LaF3:Ce
3+,Tb3+ 

(ʘ). ʉʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ LaF3:Ce
3+,Tb3+, ʥʘʥʦʯʘʩʪʠʮ Fe3O4 ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ 

Fe3O4@LaF3:Ce
3+,Tb3+ ʥʘʥʦʯʘʩʪʠʮ (PAH/PSS ʩʣʦʠ ʚ ʥʘʟʚʘʥʠʷʭ ʢʦʣʣʦʠʜʦʚ 

ʦʧʫʱʝʥʳ ʜʣʷ ʧʨʦʩʪʦʪʳ ʚʦʩʧʨʠʷʪʠʷ ʤʘʪʝʨʠʘʣʘ) (ʙ) [220]. 

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʧʝʨʚʦʤ ʧʨʠʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʜʦʣʠʥʠʷ, ʢʘʢ ʥʦʩʠʪʝʣʷ 

ʤʘʛʥʠʪʥʦ-ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ, ʪʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʝʨʤʠʥʦʤ LbL ʦʥ 

ʚʧʝʨʚʳʝ ʫʧʦʤʠʥʘʝʪʩʷ ʚ ʨʘʙʦʪʝ ʫʯʝʥʳʭ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ ʉʝʚʝʨʥʦʡ ʂʘʨʦʣʠʥʳ 

[221]. ɺ 2007 ʛʦʜʫ ʦʥʠ ʦʩʫʱʝʩʪʚʠʣʠ ʧʦʩʣʦʡʥʫʶ ʩʙʦʨʢʫ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ 

ʪʝʤʧʣʘʪʝ ʠʟ ʩʠʣʠʢʘʪʥʳʭ ʯʘʩʪʠʮ, ʩʦʜʝʨʞʘʱʠʡ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʡ ʢʦʤʧʣʝʢʩ 

ʪʨʠʙʠʧʠʨʠʜʠʣʘ ʨʫʪʝʥʠʷ [Ru(bpy)3]Cl2 ʠ ʧʘʨʘʤʘʛʥʠʪʥʦʝ ʤʦʥʦʩʣʦʡʥʦʝ 

ʧʦʢʨʳʪʠʝ ʥʘ ʦʩʥʦʚʝ Gd-(ʩʠʣʦʢʩʠʧʨʦʧʠʣ)-ʜʠʵʪʠʣʝʥʪʨʠʘʤʠʥʪʝʪʨʘʘʮʝʪʘʪʘ (Gd-

DTTA) (ʈʠʩʫʥʦʢ 36). ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʪʘʢʠʭ ʯʘʩʪʠʮ ʦʙʫʩʣʘʚʣʠʚʘʣ ʣʝʛʢʦʝ 

ʜʝʧʦʥʠʨʦʚʘʥʠʝ ʢʘʪʠʦʥʥʦʛʦ ʦʣʠʛʦʤʝʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʬʨʘʛʤʝʥʪ 

Gd(III)-DOTA ʩ ʜʘʣʴʥʝʡʰʠʤ ʥʘʥʝʩʝʥʠʝʤ ʩʣʦʷ PSS. 
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ʈʠʩʫʥʦʢ 36 ï ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʛʘʜʦʣʠʥʠʝʚʳʭ ʛʠʙʨʠʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ (ʘ). 

ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʨʝʣʘʢʩʘʪʠʚʥʦʩʪʠ r1 ʠ r2 ʥʘ ʯʘʩʪʠʮʫ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʦʩʘʞʜʝʥʥʦʛʦ ʦʣʠʛʦʤʝʨʘ Gd-DOTA (1) ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʠʣʠʢʘʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. 

(ʙ) T1-ʚʟʚʝʰʝʥʥʳʝ ʄʈ-ʠʟʦʙʨʘʞʝʥʠʷ ʢʣʝʪʦʢ HT-29, ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ 

ʧʦʣʫʯʝʥʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ (ʚ) [221]. 

ɸʚʪʦʨʳ ʧʦʣʫʯʠʣʠ ʩʪʨʫʢʪʫʨʳ ʩ ʯʠʩʣʦʤ ʩʣʦʝʚ ʜʦ ʩʝʤʠ ʠ ʦʧʨʝʜʝʣʠʣʠ 

ʧʨʦʜʦʣʴʥʫʶ (r1) ʠ ʧʦʧʝʨʝʯʥʫʶ (r2) ʨʝʣʘʢʩʘʪʠʚʥʦʩʪʴ ʜʣʷ ʧʦʩʣʦʡʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʨʝʣʘʢʩʘʪʠʚʥʦʩʪʠ ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʜʠʥ 

ʘʪʦʤ Gd ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʤʠ: r=19,0 Ñ 1,7 ʤʄ-1Ŀʩ-1 ʠ r=55,0 Ñ 

5,0 ʤʄ-1Ŀʩ-1, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʞʜʝʥʥʳʭ ʩʣʦʝʚ. 

ɺʦ ʚʪʦʨʦʡ ʥʘʠʙʦʣʝʝ ʨʘʥʥʝʡ ʨʘʙʦʪʝ ʧʦ ʵʪʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʭʦʞʠʡ ʧʦʜʭʦʜ. ʊʘʢ, ʚ 2010 ʛʦʜʫ ʚ ʩʪʘʪʴʝ ʢʠʪʘʡʩʢʦʛʦ ʢʦʣʣʝʢʪʠʚʘ 

ʛʘʜʦʣʠʥʠʡ ʚʚʦʜʠʣʩʷ ʚ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʫʶ ʦʙʦʣʦʯʢʫ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʲʶʛʘʪʘ 

ʧʦʣʠʵʪʠʣʝʥʠʤʠʥʘ ʩ ʛʘʜʦʧʝʥʪʝʪʦʚʦʡ ʢʠʩʣʦʪʦʡ (Gd-DTPA) ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʛʘʜʦʣʠʥʠʡ-ʩʦʜʝʨʞʘʱʝʛʦ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ (Gd-DTPA-PEI) [222]. ɺ ʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʡ ʩʘʤʦʩʙʦʨʢʠ ʩ ʧʦʣʠʘʥʠʦʥʘʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʤʫʣʴʪʠʩʣʦʠ Gd-
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DTPA-PEI. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʩʪʨʫʢʪʫʨ 

ʪʠʧʘ ʷʜʨʦ-ʦʙʦʣʦʯʢʘ SiO /(Gd-DTPA-PEI/ʧʦʣʠʘʥʠʦʥ)n (ʧʦʣʠʘʥʠʦʥʘʤʠ 

ʚʳʩʪʫʧʘʣʠ ʘʥʠʦʥʳ ʧʦʣʠʘʥʝʪʦʣʩʫʣʴʬʦʢʠʩʣʦʪʳ ʠʣʠ ʜʝʢʩʪʨʘʥʩʫʣʴʬʘʪ-ʘʥʠʦʥʳ) ʚ 

ʢʣʠʥʠʯʝʩʢʦʤ ʄʈʊ-ʩʢʘʥʝʨʝ ʧʨʠ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 1,5 ʊʣ ʧʦʢʘʟʘʣʦ 

ʪʨʝʭʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʝʣʘʢʩʘʪʠʚʥʦʩʪʠ T  ʜʦ 15,1 ʤʄ ĭʩ ĭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʦʣʝʢʫʣʷʨʥʳʤ Gd-DTPA. ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʚʪʦʨʘʤʠ ʬʦʨʤʫʣʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʩʠʣʝʥʠʝ ʩʠʛʥʘʣʘ ʚ ʧʝʯʝʥʠ ʤʳʰʝʡ in vivo ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʩʝʛʦ 1/25 ʜʦʟʳ ʢʣʠʥʠʯʝʩʢʦʛʦ ʩʪʘʥʜʘʨʪʘ, ʯʪʦ ʥʘʙʣʶʜʘʣʦʩʴ ʯʝʨʝʟ 30 ʠ 60 ʤʠʥʫʪ 

ʧʦʩʣʝ ʚʥʫʪʨʠʚʝʥʥʦʛʦ ʚʚʝʜʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 37 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʩʣʦʡʥʦʡ ʩʘʤʦʩʙʦʨʢʠ (LbL) 

Gd-DTPA-PEI ʠ ʧʦʣʠʘʥʠʦʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ 

(ʘ); ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ SiO2 ʩ ʧʦʢʨʳʪʠʝʤ (Gd-DTPA-PEI/PAS)2 + 

(Gd-DTPA-PEI/ʜʝʢʩʪʨʘʥ ʩʫʣʴʬʘʪ) (ʙ); ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʝʣʘʢʩʘʮʠʠ T1 

(1/T1, ʩ ĭ) ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ Gd (ʤʄ) ʜʣʷ ʩʠʩʪʝʤ SiO2/(Gd-DTPA-

PEI/PEI)n (Gd-SiO2) ʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʩʪʚʦʨʘ Gd-DTPA, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 1,5 ʊʣ (ʚ); T-ʢʦʥʪʨʘʩʪʥʳʝ ʄʈʊ-ʠʟʦʙʨʘʞʝʥʠʷ 

ʜʣʷ ʨʘʩʪʚʦʨʦʚ Gd-DTPA ʠ Gd-SiO2 (ʛ) [222]. 
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1.3.4 ɻʘʜʦʣʠʥʠʝʚʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʄʈʊ 

ʢʦʥʪʨʘʩʪʥʳʝ ʘʛʝʥʪʳ 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʫʧʦʤʠʥʘʝʤʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʥʘ ʦʩʥʦʚʝ Gd ̫ʚʣʷʶʪʩʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʦʢʩʠʜʳ, ʬʪʦʨʠʜʳ, 

ʬʦʩʬʘʪʳ. ɼʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʚʘʨʴʠʨʦʚʘʥʠʶ 

ʨʘʟʤʝʨʦʚ, ʥʘʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʦʙʦʣʦʯʢʠ ʠ ʩʦʩʪʘʚʦʚ ʩ 

ʮʝʣʴʶ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʨʝʣʘʢʩʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʙʳʣʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ T1-ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ. ʊʘʢ, ʠʩʩʣʝʜʦʚʘʣʠʩʴ 

ʥʘʥʦʯʘʩʪʠʮʳ ʦʢʩʠʜʘ ʛʘʜʦʣʠʥʠʷ (Gd2O3) [223,224], ʬʪʦʨʠʜʘ ʛʘʜʦʣʠʥʠʷ (GdF3 

ʠʣʠ GdF3:CeF3) [200,225] ʠ ʬʦʩʬʘʪʘ ʛʘʜʦʣʠʥʠʷ (GdPO4) [226]. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʥʘʥʦʯʘʩʪʠʮʳ Gd2O3 ʩʦ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʦʙʦʣʦʯʢʦʡ, ʪʘʢʦʡ ʢʘʢ ʧʦʣʠʩʠʣʦʢʩʘʥ 

[223] ʠ D-ʛʣʶʢʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ [224], ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

Gd3+-ʩʦʜʝʨʞʘʱʠʭ ʧʨʝʢʫʨʩʦʨʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ Gd2O3 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ r1 (9,9 ʩ-1Ŀʤʄ-1) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Gd3+-

ʭʝʣʘʪʘʤʠ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ r1 ʟʘʚʠʩʝʣʠ ʦʪ ʜʠʘʤʝʪʨʘ (d) ̫ʜʨʘ ʥʘʥʦʯʘʩʪʠʮʳ 

[224]. ʆʧʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ d ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ r1 ʩʦʩʪʘʚʠʣ 1-2,5 

ʥʤ, ʯʪʦ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʠʟ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʝʪ 

ʦʙʲʷʩʥʷʪʴʩʷ ʚʳʩʦʢʠʤ ʦʪʥʦʰʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʦʙʲʝʤʫ ʠ ʢʦʦʧʝʨʘʪʠʚʥʳʤ 

ʵʬʬʝʢʪʦʤ ʠʥʜʫʢʮʠʠ ʨʝʣʘʢʩʘʮʠʠ ʧʨʦʪʦʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʦʥʳ Gd3+ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʚʢʣʘʜ ʚ ʧʨʦʜʦʣʴʥʫʶ ʨʝʣʘʢʩʘʮʠʶ ʧʨʦʪʦʥʦʚ ʚʦʜʳ. 

ʉʪʨʘʪʝʛʠʷ ʧʝʨʝʭʦʜʘ ʢ ʬʦʨʤʝ ʥʘʥʦʯʘʩʪʠʮ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʣʠʪʝʨʘʪʫʨʥʳʝ 

ʜʘʥʥʳʝ, ʦʧʨʘʚʜʘʣʘ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʫʩʠʣʝʥʠʷ ʨʝʣʘʢʩʠʚʥʦʩʪʠ 

[226,227]. ʆʩʥʦʚʥʳʝ ʫʩʠʣʠʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʂɸ ʩʦʩʨʝʜʦʪʦʯʝʥʳ 

ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʥʘʥʦʯʘʩʪʠʮ ʤʦʨʬʦʣʦʛʠʠ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè, ʛʜʝ çʞʝʩʪʢʠʝ ʷʜʨʘè 

ʥʘ ʦʩʥʦʚʝ Gd(III) ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʳ ʛʠʜʨʦʬʠʣʴʥʳʤ ʧʦʢʨʳʪʠʝʤ [199,228]. ʍʦʪʷ 

ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʚ ʢʦʣʣʦʠʜʘʭ ʥʘ ʦʩʥʦʚʝ Gd(III) ʦʪʩʫʪʩʪʚʫʝʪ, ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʨʝʣʘʢʩʘʮʠʶ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ [195,229]. 

ʆʛʨʘʥʠʯʝʥʥʦʝ ʤʦʣʝʢʫʣʷʨʥʦʝ ʜʚʠʞʝʥʠʝ ʮʝʥʪʨʦʚ Gd(III) ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ 
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[216,230,231], ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʥʘʷ ʪʦʢʩʠʯʥʦʩʪʴ [201,232] ̫ ʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʥʘʥʦʯʘʩʪʠʯʥʳʭ ʂɸ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʘʥʘʣʦʛʘʤʠ. ʈʘʟʤʝʨ ʷʜʝʨ ʥʘ ʦʩʥʦʚʝ Gd(III) ʦʛʨʘʥʠʯʝʥ ʨʘʟʤʝʨʘʤʠ ʚ 2ï5 ʥʤ, 

ʧʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʜʦʣʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʪʦʤʦʚ ʛʘʜʦʣʠʥʠʷ ʠ ʦʛʨʘʥʠʯʠʚʘʶʪ ʜʦʩʪʫʧʥʦʩʪʴ ʮʝʥʪʨʦʚ 

Gd(III) ʢ ʛʠʜʨʘʪʘʮʠʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ 

ʫʩʠʣʝʥʠʷ ʨʝʣʘʢʩʘʮʠʠ ʧʨʦʪʦʥʦʚ ʚʦʜʳ [197,198]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʣʴʪʨʘʤʘʣʳʝ 

(2ï5 ʥʤ) çʞʝʩʪʢʠʝ ʷʜʨʘè ʥʘ ʦʩʥʦʚʝ Gd(III) ʷʚʣʷʶʪʩʷ ʠʜʝʘʣʴʥʳʤʠ ʟʘʛʦʪʦʚʢʘʤʠ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʂɸ ʩ ʚʳʩʦʢʠʤ ʦʪʥʦʰʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʢ 

ʦʙʲʝʤʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʵʬʬʝʢʪʠʚʥʳʡ ʜʦʩʪʫʧ ʧʨʦʪʦʥʦʚ ʚʦʜʳ ʢ 

ʧʘʨʘʤʘʛʥʠʪʥʳʤ ʮʝʥʪʨʘʤ Gd(III). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʘʛʨʝʛʘʮʠʷ ʥʘʥʦʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʦʤ, ʩʥʠʞʘʶʱʠʤ ʧʨʦʜʦʣʴʥʫʶ ʨʝʣʘʢʩʘʮʠʶ ʧʨʦʪʦʥʦʚ 

ʚʦʜʳ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʷ çʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠè ʥʘʥʦʯʘʩʪʠʮ, ʯʪʦ ʫʭʫʜʰʘʝʪ 

ʛʠʜʨʘʪʘʮʠ ʁʮʝʥʪʨʦʚ Gd(III) ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ [233]. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʦʙʤʝʥ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ ʩʚʷʟʘʥʥʳʭ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ 

Gd(III), ʩ ʤʦʣʝʢʫʣʘʤʠ ʚ ʦʙʲʝʤʝ ʨʘʩʪʚʦʨʘ ʪʨʝʙʫʝʪ ʠʭ ʜʠʬʬʫʟʠʠ ʯʝʨʝʟ 

ʧʦʣʠʤʝʨʥʫʶ ʦʙʦʣʦʯʢʫ. ʕʪʘ ʜʠʬʬʫʟʠʷ ʤʦʞʝʪ ʙʳʪʴ ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʝʡ ʜʣʷ 

ʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʚ ʚʦʜʥʳʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʢʦʣʣʦʠʜʘʭ. ɼʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ 

ʭʦʨʦʰʦ ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʘ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ Gd(III), ʧʦʢʨʳʪʳʭ ʩʠʣʠʢʘʪʥʦʡ 

ʤʘʪʨʠʮʝʡ [234,235]. 

ʄʈʊ-ʢʦʥʪʨʘʩʪʥʳʝ ʘʛʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ, ʩʦʜʝʨʞʘʱʠʭ 

ʛʘʜʦʣʠʥʠʡ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʣʫʯʰʝʥʥʳʝ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʦʙʨʘʟʮʘʤʠ ʠ ʤʦʥʦʷʜʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

ʛʘʜʦʣʠʥʠʷ ʚ ʮʝʣʦʤ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʟʘʤʝʜʣʝʥʠʷ 

ʚʨʘʱʘʪʝʣʴʥʦʡ ʜʠʬʬʫʟʠʠ, ʫʩʠʣʝʥʠʷ ʚʥʝʰʥʝʩʬʝʨʥʦʛʦ ʚʢʣʘʜʘ ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʤʫʣʴʪʠʚʘʣʝʥʪʥʦʛʦ 

ʵʬʬʝʢʪʘ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʚʝʜʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ ʥʘ 

ʯʘʩʪʠʮʫ. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʥʦ [235], ʯʪʦ ʧʘʨʘʤʘʛʥʠʪʥʦʝ ʫʩʠʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ 

ʨʝʣʘʢʩʘʮʠʠ ʤʦʣʝʢʫʣ ʚʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ Gd3+ ʚ 
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ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʦʥʝ ʩʠʣʠʢʘʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʩʣʘʙʦʛʦ 

ʫʩʠʣʝʥʠʷ ʨʝʣʘʢʩʘʮʠʠ ʧʨʠ ʣʦʢʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ Gd3+ ʚ ʟʦʥʝ ʷʜʨʘ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʝʣʘʶʪ ʥʘʥʦʘʛʝʥʪʳ ʤʦʱʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʥʪʨʘʩʪʘ ʄʈʊ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʟʚʦʣʷʷ ʩʥʠʞʘʪʴ ʜʦʟʳ 

ʚʚʦʜʠʤʦʛʦ ʤʝʪʘʣʣʘ, ʫʣʫʯʰʘʪʴ ʚʠʟʫʘʣʠʟʘʮʠʶ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʠʰʝʥʝʡ ʠ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ. ʇʨʠʤʝʥʝʥʠʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʘʛʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʣʝʛʢʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠ ʜʦ 100 ʨʘʟ ʙʦʣʝʝ 

ʚʳʩʦʢʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʚ ʦʧʫʭʦʣʝʚʳʭ ʪʢʘʥʷʭ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ EPR (Enhanced 

Permeability and Retention ï ʧʦʚʳʰʝʥʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʫʜʝʨʞʠʚʘʶʱʠʡ 

ʵʬʬʝʢʪ) [236]. EPR ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʥʘʥʦʧʨʝʧʘʨʘʪʘʤ ʠ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤ ʠʟʙʠʨʘʪʝʣʴʥʦ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʦʧʫʭʦʣʝʚʳʭ 

ʪʢʘʥʷʭ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʫʥʠʢʘʣʴʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʦʧʫʭʦʣʝʚʳʭ ʩʦʩʫʜʦʚ ʚ ʚʠʜʝ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʥʘʨʫʰʝʥʠʷʭ ʨʘʙʦʪʳ ʣʠʤʬʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʆʜʥʘʢʦ ʧʨʠ ʠʭ ʨʘʟʨʘʙʦʪʢʝ ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʫʯʠʪʳʚʘʪʴ ʢʦʤʧʨʦʤʠʩʩʳ 

ʤʝʞʜʫ ʨʝʣʘʢʩʠʚʥʦʩʪʴʶ, ʙʠʦʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ. 

ʈʘʟʣʠʯʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʚʢʣʶʯʘʷ ʣʠʧʦʩʦʤʳ, ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʜʝʥʜʨʠʤʝʨʳ, ʵʤʫʣʴʩʠʠ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʝ ʙʝʣʢʠ, ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʠ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ Gd3+ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ [237ï239]. ʆʜʥʘʢʦ, 

ʚʚʠʜʫ ʪʘʢʠʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʢʘʢ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʠʦʥʦʚ Gd3+, ʘ 

ʩʚʦʙʦʜʥʳʝ ʠʦʥʳ ʣʘʥʪʘʥʦʠʜʦʚ ʠʟʚʝʩʪʥʳ ʩʚʦʝʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʜʘʞʝ ʚ ʤʘʣʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ, ʪʨʫʜʥʦʩʪʠ ʜʠʬʬʫʟʠʠ ʤʦʣʝʢʫʣ ʚʦʜʳ ʢ ʤʝʪʘʣʣʦʮʝʥʪʨʫ ʠ 

ʦʛʨʘʥʠʯʝʥʥʘʷ ʢʦʣʣʦʠʜʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʥʘʥʦʧʣʘʪʬʦʨʤ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɺ ʮʝʣʦʤ, ʥʘʥʦʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ Gd ̫ʚʣʷʶʪʩʷ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʢʘʥʜʠʜʘʪʘʤʠ ʚ ʢʘʯʝʩʪʚʝ T1-ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ, ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʧʨʦʯʥʦʤʫ 

ʫʜʝʨʞʠʚʘʥʠʶ ʚ ʩʦʩʪʘʚʝ ʢʦʣʣʦʠʜʥʦʡ ʧʣʘʪʬʦʨʤʳ ʟʘ ʩʯʝʪ ʜʦʩʪʨʘʠʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚ ʩʦʩʪʘʚʝ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ. ʇʦʜʦʙʥʦʝ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ ʩʧʦʩʦʙʥʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʠʦʥʦʚ Gd3+, ʩʧʦʩʦʙʥʦʝ ʧʨʠʚʝʩʪʠ ʢ ʥʝʞʝʣʘʪʝʣʴʥʳʤ 

ʦʪʣʦʞʝʥʠʷʤ ʛʘʜʦʣʠʥʠʷ ʚ ʪʢʘʥʷʭ, ʘ ʪʘʢʞʝ ʚʝʩʴʤʘ ʧʘʛʫʙʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʚ 

ʚʠʜʝ ʩʠʩʪʝʤʥʦʛʦ ʥʝʬʨʦʛʝʥʥʦʛʦ ʬʠʙʨʦʟʘ. ɹʦʣʝʝ ʪʦʛʦ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʦʥʦʚ ʤʝʪʘʣʣʘ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ ʧʨʦʪʦʥʦʚ ʚʦʜʳ [240], ʯʪʦ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʨʝʣʘʢʩʠʚʥʦʩʪʴ 

ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʘ, ʙʠʦʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ 

ʪʦʢʩʠʯʥʦʩʪʴ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʘʥʘʣʦʛʦʚ [241]. 

1.4 ʇʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʥʘ in situ ʛʝʥʝʨʠʨʫʝʤʦʤ ʪʝʤʧʣʘʪʝ ʚ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʘ 

LbL  

ɺ ʥʘʰʝʡ ʛʨʫʧʧʝ ʚ 2010 ʛʦʜʫ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʙʦʪ, ʚʧʝʨʚʳʝ 

ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʪʝʤʧʣʘʪ, ʘ ʩʦʟʜʘʚʘʪʴ 

ʝʛʦ in situ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʤʝʪʦʜʦʤ ʟʘʤʝʥʳ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʈʠʩʫʥʦʢ 38). 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ 

ʢʦʤʙʠʥʘʮʠʝʡ ʜʚʫʭ ʠʟʚʝʩʪʥʳʭ ʚ ʬʠʟʠʯʝʩʢʦʡ ʠ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ ʤʝʪʦʜʦʚ: ʘ) 

ʤʝʪʦʜ ʟʘʤʝʥʳ ʨʘʩʪʚʦʨʠʪʝʣʷ; ʙ) ʤʝʪʦʜ ʧʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ 

(ñlayer-by-layerò, LbL). ɽʩʣʠ ʧʝʨʚʳʡ ʤʝʪʦʜ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ ʠʟʚʝʩʪʝʥ ʠ 

ʦʙʱʝʫʧʦʪʨʝʙʠʤ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʠʟ ʨʘʟʥʳʭ ʦʪʨʘʩʣʝʡ ʥʘʫʢʠ ʠ 

ʧʨʦʤrhʣʝʥʥʦʩʪʠ, ʪʦ ʚʪʦʨʦʡ, ʢʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ ʙʦʣʝʝ ʨʘʥʥʠʭ ʛʣʘʚʘʭ 

ʣʠʪʦʙʟʦʨʘ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʥʝʝ 30 ʣʝʪ ʥʘʟʘʜ ʠ ʧʦʣʫʯʠʣ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʚ 

ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ, ʧʦʨʦʜʠʚ ʥʦʚʦʝ ʚʝʩʴʤʘ ʧʣʦʜʦʪʚʦʨʥʦʝ 

ʚʳʩʦʢʦʮʠʪʠʨʫʝʤʦʝ ʠ ʧʨʦʜʫʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʭʠʤʠʠ.  

ʀʩʪʦʨʠʯʝʩʢʠʝ ʚʝʭʠ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʘ ʧʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʩ ʠʣʣʶʩʪʨʘʮʠʝʡ ʤʝʩʪʘ in situ ʛʝʥʝʨʘʮʠʠ ʪʝʤʧʣʘʪʘ ʪʘʢʞʝ 

ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 38ʚ. ʂʘʢ ʚʠʜʥʦ, ʥʘʨʷʜʫ ʩ ʙʝʩʪʝʤʧʣʘʪʥʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ, 

in situ LbL ʧʦʷʚʠʣʩʷ ʢʘʢ ʙʦʣʝʝ ʧʦʟʜʥʷʷ ʚʝʪʚʴ ʤʝʪʦʜʘ ʧʦʩʣʦʡʥʦʡ ʘʜʩʦʨʙʮʠʠ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʠ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʩʚʝʞʠʤ ʠ ʜʦʚʦʣʴʥʦ 

ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ. 
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ʈʠʩʫʥʦʢ 38 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʦʜʦʤ in situ LbL (ʘ); ʠʩʪʦʨʠʯʝʩʢʠʝ ʚʝʭʠ 

ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʘ ʧʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ (ʙ). Cʭʝʤʘ ʙʣʦʯʥʦʡ 

ʩʙʦʨʢʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʚ). 

ɻʝʥʝʨʘʮʠʷ ʷʜʨʘ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʯʘʩʪʠʮ in situ ʦʙʣʝʛʯʘʝʪ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʜʫʨʳ, ʧʦʩʢʦʣʴʢʫ ʠʟʙʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʦʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʝʜʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʷʜʝʨ-ʪʝʤʧʣʘʪʦʚ. ʗʜʨʘ ʬʦʨʤʠʨʫʶʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʟʘʤʝʥʳ ʧʦʣʷʨʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʩʤʝʰʠʚʘʶʱʝʛʦʩʷ ʩ ʚʦʜʦʡ ʠ ʚ ʢʦʪʦʨʦʤ ʨʘʩʪʚʦʨʝʥ ʠʩʭʦʜʥʳʡ ʣʘʥʪʘʥʦʠʜʥʳʡ 

ʢʦʤʧʣʝʢʩ, ʥʘ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ. ʇʦʩʣʝʜʥʠʡ, ʚʝʜʦʤʳʡ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʠ ʥʝʢʦʚʘʣʝʥʪʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ, ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ in situ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʷʜʨʘ, ʧʝʨʝʟʘʨʷʞʘʝʪ ʝʝ, ʠ, ʟʘ ʩʯʝʪ ʵʪʦʛʦ, 

ʧʨʠʜʘʝʪ ʢʦʣʣʦʠʜʥʦʡ ʯʘʩʪʠʮʝ ʘʛʨʝʛʘʮʠʦʥʥʫʶ ʠ ʩʝʜʠʤʝʥʜʘʮʠʦʥʥʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ. 
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1.5 ʆʩʦʙʝʥʥʦʩʪʠ ʜʠʟʘʡʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ in situ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʯʘʩʪʠʮ 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ in situ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʯʘʩʪʠʮ 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʜʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʭ ʞʝʣʘʝʤʳʭ ʩʚʦʡʩʪʚ 

ʠ ʧʦʟʚʦʣʷʶʪ ʧʣʘʚʥʦ ʫʧʨʘʚʣʷʪʴ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʪʦ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦ ʟʘ ʩʯʝʪ ʚʘʨʴʠʨʦʚʘʥʠʷ ʪʨʝʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʙʣʦʢʦʚ: ʠʦʥʘ ʤʝʪʘʣʣʘ, ʣʠʛʘʥʜʘ, ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ. ʀʦʥ ʤʝʪʘʣʣʘ ʦʪʚʝʯʘʝʪ ʟʘ 

ʜʣʠʥʫ ʚʦʣʥʳ ʵʤʠʩʩʠʠ ʠʣʠ ʥʘʣʠʯʠʝ ʤʘʛʥʠʪʥʦ-ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ. 

ʃʠʛʘʥʜ ʩ ʝʛʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷ ʦʧʨʝʜʝʣʷʝʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʣ ʤʁʠʥʝʩʮʝʥʮʠʠ. ʏʝʨʝʟ ʯʠʩʣʦ ʛʠʜʨʘʪʘʮʠʠ, ʩʪʝʭʠʦʤʝʪʨʠʶ ʩʚʷʟʳʚʘʥʠʷ ʠ ʩʧʦʩʦʙ 

ʢʦʦʨʜʠʥʘʮʠʠ ʢ ʠʦʥʫ ʤʝʪʘʣʣʘ ʣʠʛʘʥʜ ʦʧʨʝʜʝʣʷʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʜʦʩʪʠʞʠʤʫʶ 

ʚʝʣʠʯʠʥʫ ʨʝʣʘʢʩʠʚʥʦʩʪʠ, ʘ ʝʛʦ ʩʪʨʦʝʥʠʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ 

ʦʧʨʝʜʝʣʷʶʪ ʩʠʣʫ ʩʚʷʟʳʚʘʥʠʷ ʠʦʥʘ ʤʝʪʘʣʣʘ ʠ ʝʛʦ ʩʢʣʦʥʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʫʶ ʛʝʪʝʨʦʬʘʟʫ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʯʝʨʝʟ ʛʠʜʨʦʬʦʙʥʦʩʪʴ. ʀ, 

ʥʘʢʦʥʝʮ, ʧʦʜʙʦʨ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʩʨʦʜʩʪʚʘ ʦʙʨʘʟʫʝʤʦʡ ʢʦʣʣʦʠʜʥʦʡ ʯʘʩʪʠʮʳ ʢ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ, 

ʘʥʘʣʠʪʘʤ ʚ ʨʘʩʪʚʦʨʝ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʷʤ ʢʦʥʲʶʛʘʮʠʠ. Cʭʝʤʘ ʙʣʦʯʥʦʡ 

ʩʙʦʨʢʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 38ʙ. ʉʠʥʪʝʟ-

ʩʙʦʨʢʘ ʧʦʜʦʙʥʳʭ ʢʦʣʣʦʠʜʥʦ-ʜʠʩʧʝʨʩʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʘ ʢʘʢ ʢʦʤʙʠʥʘʮʠ ̫ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʘʩʪʚʦʨʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʠ ʬʠʟʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʜʘʥʥʦʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʪʘʢ ʠ ʚ ʙʫʜʫʱʝʤ ʨʝʘʣʠʟʦʚʘʥʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʤʠʢʨʦʬʣʶʠʜʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ. 

 

1.6 ʂʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʧʠʩʦʢ ʣʠʛʘʥʜʦʚ, ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ 

ʦʙʦʟʥʘʯʝʥʠʷ 

ɺ ʭʦʜʝ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʝʚʨʦʧʠʷ, ʪʝʨʙʠʷ, ʩʘʤʘʨʠʷ, ʛʘʜʦʣʠʥʠʷ, ʠʪʪʝʨʙʠʷ, 
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ʣʘʥʪʘʥʘ, ʣʶʪʝʮʠʷ ʩ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʮʠʢʣʦʬʘʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, 

ʬʦʩʬʠʥʦʢʩʠʜʘʤʠ ʠ ʙʝʪʘʜʠʢʝʪʦʥʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʩʪʚʦʨʝ ʢʦʤʧʣʝʢʩʳ 

ʧʝʨʝʚʦʜʠʣʠʩʴ ʚ ʩʦʩʪʘʚ ʛʠʜʨʦʬʠʣʴʥʳʭ ʢʦʣʣʦʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ï 

ʦʙʨʘʟʫʶʱʠʭʩʷ in situ ̫ ʜʝʨ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʜʥʦʩʣʦʡʥʳʭ ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʦʣʣʦʠʜʦʚ. ɿʘ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʘ in situ LbL 

ʧʦʜʦʙʨʘʥʳ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʠ ʠʟʫʯʝʥʳ ʠʭ 

ʩʧʝʢʪʨʘʣʴʥʳʝ, ʤʘʛʥʠʪʥʦ-ʨʝʣʘʢʩʦʤʝʪʨʠʯʝʩʢʠʝ, ʢʦʣʣʦʠʜʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʥʦ-ʮʠʪʦ, ʥʘʥʦ-ʙʠʦ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ 

ʭʝʤʦ- ʠ ʪʝʨʤʦʩʝʥʩʦʨʠʢʘ. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʭʝʣʘʪʠʨʫʶʱʠʤʠ ʣʠʛʘʥʜʘʤʠ ʜʣʷ ʫʜʦʙʩʪʚʘ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʨʘʟʜʝʣʝʥʳ ʥʘ 23 ʛʨʫʧʧʳ (ʊʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1 ï ʉʪʨʫʢʪʫʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʣʠʛʘʥʜʦʚ, ʘ 

ʪʘʢʞʝ ʦʙʨʘʟʫʶʱʠʝʩʷ ʥʘ ʦʩʥʦʚʝ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʘʥʪʘʥʦʠʜʘʤʠ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ ʢʦʣʣʦʠʜʳ.  

 ̄ ʉʪʨʫʢʪʫʨʘ ʣʠʛʘʥʜʘ ʅʘʟʚʘʥʠʝ (ʦʙʦʟʥʘʯʝʥʠʝ) ʉʪʨʫʢʪʫʨʘ 

ʥʘʥʦʯʘʩʪʠʮ 

L(T 1), 

ʩʤ-1 

ʀʩʪʦʯʥʠʢ 

1.  

 

ʊʝʥʦʠʣʪʨʠʬʪʦʨʘʮʝʪʦʥʘʪ 

(TTA ) 

PSSï{Eu(TTA)3}  

PEIï PSSï

{Eu(TTA)3}  

PSSïPEIïPSSï

{Eu(TTA)3}  

(PEIïPSS)2ï

{Eu(TTA)3}  

PSSï(PEIïPSS)2ï

{Eu(TTA)3}  

20600 [242] 
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2.  

 
(1ʘ):  

R1 = 2-MeOC6H4, R2 = 

C6H5, R3 = Me; 

(1b):  

R1 = Me, R2 = C6H5, R3 

= H; 

(1c):  

R1 = o-MeOC6H4, R2 = 

C6H5, R3 = H; 

(1d): 

R1 = 3,4-(MeO)2C6H3, 

R2 = C6H5, R3 = Me; 

(1e): 

R1 = 3,4,5-(MeO)3C6H2, 

R2 = C6H5, R3 = Me; 

 

(Z)-[2-(5-ʍʣʦʨ-2-

ʛʠʜʨʦʢʩʠ-4-

ʤʝʪʠʣʬʝʥʠʣ)-2-

ʬʝʥʠʣʚʠʥʠʣ]ʙʠʩ(2-

ʤʝʪʦʢʩʠʬʝʥʠʣ)ʬʦʩʬʠʥʦ

ʢʩʠʜ (1a)  

(Z)-[2-(5-ʍʣʦʨ-2-

ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-2-

ʬʝʥʠʣʚʠʥʠʣ]ʜʠʤʝʪʠʣʬʦ

ʩʬʠʥ ʦʢʩʠʜ (1b) 

(Z)-[2-(5-ʍʣʦʨ-2-

ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-2-

ʬʝʥʠʣʚʠʥʠʣ]ʙʠʩ(2-

ʤʝʪʠʣʬʝʥʠʣ)ʬʦʩʬʠʥ 

ʦʢʩʠʜ (1ʩ) 

(Z)-[2-(5-ʍʣʦʨ-2-

ʛʠʜʨʦʢʩʠ-4-

ʤʝʪʠʣʬʝʥʠʣ)- 

2-ʬʝʥʠʣʚʠʥʠʣ]ʙʠʩ(3,4-

ʜʠʤʝʪʦʢʩʠʬʝʥʠʣ)ʬʦʩʬʠ

ʥ 

ʦʢʩʠʜ (1d) 

(Z)-[2-(5-ʍʣʦʨ-2-

ʛʠʜʨʦʢʩʠ-4-

ʤʝʪʠʣʬʝʥʠʣ)-2-

ʬʝʥʠʣʚʠʥʠʣ]ʙʠʩ (3,4,5-

ʪʨʠʤʝʪʦʢʩʠʬʝʥʠʣ)ʬʦʩʬ

ʠʥ ʦʢʩʠʜ (1e) 

PSSï{Eu(TTA)3 (1a)} 

PEIïPSSï{Eu(TTA)3 

(1a)} 

PSSïPEIïPSSï

{Eu(TTA)3 (1a)} 

(PEIïPSS)2ï

{Eu(TTA)3 (1a)} 

PSSï(PEIïPSS)2ï

{Eu(TTA)3 (1a)} 

 

PSSï{Eu(TTA)3 (1d)} 

PSS-{Yb(TTA)  (1d)}  

 

PSSï{Eu(TTA)3 (1e)} 

PSS-{Gd(TTA)3Ŀ(1a)} 

 

- [242ï249] 

3.  

 

 

 

N-(ʜʠʬʝʥʠʣʬʦʩʬʦʨʠʣ)-

P,P-

ʜʠʬʝʥʠʣʬʦʩʬʠʥʦʚʳʡ 

ʘʤʠʜ, (2a); 

2-(ʜʠʬʝʥʠʣʬʦʩʬʦʨʠʣ)-

1-ʬʝʥʠʣʵʪʘʥ-1-ʦʥ, (2b); 

((4-ʤʝʪʦʢʩʠʬʝʥʠʣ) 

ʤʝʪʠʣʝʥ)ʙʠʩ(ʜʠʬʝʥʠʣ 

ʬʦʩʬʠʥʦʢʩʠʜ), (2c);  

N-(ʜʠʬʝʥʠʣʬʦʩʬʦʨʠʣ)-

N-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-

P,ʇ- 

ʜʠʬʝʥʠʣʬʦʩʬʠʥʘʤʠʜ. 

(2d) 

PSS-{ Eu(2a)3}  

PSS-{ Eu(2b)2(NO3)3}  

PSS-

{ Eu(2c)(NO3)3(H2O)}  

 

- [250] 
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4.  

 
 

5,11,17,23-ʪʝʪʨʘʢʠʩ 

[(ʘʮʝʪʠʣʘʮʝʪʦʥ-3-

ʠʣ)ʤʝʪʠʣ] -25,26,27,28-

ʪʝʪʨʘʛʠʜʨʦʢʩʠ 

ʢʘʣʠʢʩ[4]ʘʨʝʥ (3a) 

PSSï{Gd(3a)} 

PEI-PSS-{Gd(3a)} 

PSS-PEI-PSS-

{Gd(3a)} 

PSSï{Gd(3a)} 

PSSï{Tb(3a)} 

PSSï{Tb(3a)-Gd(3a)} 

PSSï{Tb(3a)} 

PSSï{CD-Tb(3a)} 

21882 [251,217,

252,253]  

5.  

 
 

5,11,17,23-

ʪʝʪʨʘʢʠʩ[(ʘʮʝʪʠʣʘʮʝʪʦʥ-

3-ʠʣ)ʤʝʪʠʣ]-25,26,27,28-

ʪʝʪʨʘʧʨʦʧʦʢʩʠʢʘʣʠʢʩ[4]

ʘʨʝʥ (3b) 

PSSï{ Gd(3b)}  

PEI-PSS-{ Gd(3b)}  

PSS-PEI-PSS-

{ Gd(3b)}  

PSS-{ Gd(3b)}  

PSS-{ Tb(3b)}  

PEI-PSS-{ Tb(3b)}  

- [248,251,

252,254] 

6.  

 
 

 

5,11,17,23-

ʊʝʪʨʘ[(ʘʮʝʪʠʣʘʮʝʪʦʥ-3-

ʠʣ)ʤʝʪʠʣ)]-25,26,27,28-

ʪʝʪʨʘ(1-ʥʦʥʠʣʦʢʩʠ)-

ʢʘʣʠʢʩ[4]ʘʨʝʥ (3c) 

PSSï{ Tb(3c)}  22624 [255] 
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7.  

 
 

5,17-ɹʠʩ[(ʘʮʝʪʠʣʘʮʝʪʦʥ-

3-ʠʣ)ʤʝʪʠʣ)]-

25,26,27,28-

ʪʝʪʨʘʛʠʜʨʦʢʩʠ-

ʢʘʣʠʢʩ[4]ʘʨʝʥ (4a) 

 

PSSï{Tb(4a)} 

PSSï{Gd(4a)} 

 

22670 [256] 

8.  

 
 

5,17-

ɹʠʩ[(ʙʝʥʟʦʠʣʘʮʝʪʦʥ-3-

ʠʣ)ʤʝʪʠʣ)]-25,26,27,28-

ʪʝʪʨʘʛʠʜʨʦʢʩʠ-

ʢʘʣʠʢʩ[4]ʘʨʝʥ (4b) 

PSSï{ Tb(4b)}  

PSSï{ Gd(4b)}  

 

- [256] 

9.  

 
 

 

5,17-ʜʠʙʨʦʤ-11,23-ʙʠʩ-

[(ʘʮʝʪʠʣʘʮʝʪʦʥ-3-ʠʣ) 

ʤʝʪʠʣ)]-25,26,27,28-

ʪʝʪʨʘʛʠʜʨʦʢʩʠ-

ʢʘʣʠʢʩ[4]ʘʨʝʥ (4c) 

PSSï{ Tb(4c)}  

PSSï{ Gd(4c)}  

 

22830 [256] 

10.  

 
 

5,17-ʜʠʙʨʦʤ-11,23-ʙʠʩ-

[(ʘʮʝʪʠʣʘʮʝʪʦʥ-3-

ʠʣ)ʤʝʪʠʣ)]-25,26,27,28-

ʪʝʪʨʘ(1-ʧʨʦʧʠʣʦʢʩʠ)-

ʢʘʣʠʢʩ[4]ʘʨʝʥ (4d) 

PSSï{Tb(4d)}  23250 [257] 

11.  

 

5,17-ʜʠʙʨʦʤ-11,23-ʙʠʩ-

[(ʘʮʝʪʠʣʘʮʝʪʦʥ-3-

ʠʣ)ʤʝʪʠʣ)]-25,27-ʙʠʩ-(1-

ʧʨʦʧʠʣʦʢʩʠ)-26,28-ʙʠʩ-

(2-ʧʠʢʦʣʠʥʠʣʦʢʩʠ)-

ʢʘʣʠʢʩ[4]ʘʨʝʥ (4e) 

PSSï{Tb(4e)} 23095 [257] 
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12.  

 

5,17-ʜʠʙʨʦʤ-11,23-ʙʠʩ-

[(ʘʮʝʪʠʣʘʮʝʪʦʥ-3-

ʠʣ)ʤʝʪʠʣ)]-25,27-ʙʠʩ-(1-

ʧʨʦʧʠʣʦʢʩʠ)-26,28-ʙʠʩ-

(2-ʭʠʥʦʣʠʥʠʣʤʝʪʦʢʩʠ)-

ʢʘʣʠʢʩ[4]ʘʨʝʥ (4f) 

PSSï{Tb(4f)}  22124 [257] 

13.  

  

5,11,17,23-ʊʝʪʨʘ-ʪʨʝʪ-

ʙʫʪʠʣ-25,27-

ʜʠʧʨʦʧʦʢʩʠ-26,28-(4-

ʤʝʪʠʣ-

ʙʝʥʟʦʠʣʢʘʨʙʦʥʠʣʧʨʦʧʦʢ

ʩʠ)-ʢʘʣʠʢʩ[4]ʘʨʝʥ, (5a); 

5,11,17,23-ʪʝʪʨʘ- ʪʨʝʪ -

ʙʫʪʠʣ-25,27-

ʜʠʧʨʦʧʦʢʩʠ-26,28-

(ʙʝʥʟʦʠʣʢʘʨʙʦʥʠʣʧʨʦʧʦ

ʢʩʠ)-ʢʘʣʠʢʩ[4]ʘʨʝʥ, (5b);  

5,11,17,23-ʪʝʪʨʘ-ʪʨʝʪ-

ʙʫʪʠʣ-25,27-

ʜʠʧʨʦʧʦʢʩʠ-26,28-(4-

ʬʪʦʨ-

ʙʝʥʟʦʠʣʢʘʨʙʦʥʠʣʧʨʦʧʦʢ

ʩʠ)-ʢʘʣʠʢʩ[4]ʘʨʝʥ ï (5c)  

PSS-{Eu(5a)}  

PSS-{Eu(5b)}  

PSS-{Eu(5c)}  

PSS-{Sm(5b)}  

PSS-{Sm(5a)}  

PSS-{Sm(5c)}  

PSS-{Eu/Sm(5b) 

(1:8)} 

 

5ʘ: 

21227 

5b: 

21186 

5c: 

21367 

[258] 

14.  

 
 

5,11,17,23-

ʊʝʪʨʘ[(ʘʮʝʪʠʣʘʮʝʪʦʥ-3-

ʠʣ)ʤʝʪʠʣ)]-25,26,27,28-

ʪʝʪʨʘ(1-ʙʫʪʠʣʦʢʩʠ)-

ʢʘʣʠʢʩ[4]ʘʨʝʥ (1,3-

ʘʣʴʪʝʨʥʘʪ), (6a) 

PSSï{Tb(6ʘ)}  23041 [255] 

15.  

 
 

5,11,17,23-

ʊʝʪʨʘ[(ʘʮʝʪʠʣʘʮʝʪʦʥ-3-

ʠʣ)ʤʝʪʠʣ)]-25,26,27,28-

ʪʝʪʨʘ(1-ʜʦʜʝʢʘʥʠʣʦʢʩʠ)-

ʢʘʣʠʢʩ[4]ʘʨʝʥ (1,3-

ʘʣʴʪʝʨʥʘʪ), (6b) 

 

PSSï{Tb(6b)}  23148 [255] 
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16.  

 
 

5,17-ʙʠʩ[(ʘʮʝʪʠʣʘʮʝʪʦʥ-

3-ʠʣ)ʤʝʪʠʣ)]-11,23-

ʜʠʙʨʦʤ-25,26,27,28-

ʪʝʪʨʘ(1-ʙʫʪʠʣʦʢʩʠ)-

ʢʘʣʠʢʩ[4]ʘʨʝʥ (1,3-

ʘʣʴʪʝʨʥʘʪ), (6c) 

PSSï{Tb(6c)}  23148 [255] 

17.  

 

25,26,27,28-

ʪʝʪʨʘʛʠʜʨʦʢʩʠ-2,8,14,20-

ʪʝʪʨʘʪʠʘʢʘʣʠʢʩ[4]ʘʨʝʥ, 

(7a) 

PSSï{Tb(7a)}  

PSSï{Gd(7a)}  

23981 [256,259,

260] 

18.  

 

5,11,17,23-ʊʝʪʨʘ(ʪʨʝʪ-

ʙʫʪʠʣ)-25,26,27,28-

ʪʝʪʨʘʛʠʜʨʦʢʩʠ-2,8,14,20-

ʪʝʪʨʘʪʠʘʢʘʣʠʢʩ[4]ʘʨʝʥ, 

(7b) 

PSSï{ Tb(7b)}  

PSSï{ Gd(7b)}  

- [256,260] 

19.  

 

5,17-ɼʠʙʨʦʤ-

25,26,27,28-

ʪʝʪʨʘʛʠʜʨʦʢʩʠ-2,8,14,20-

ʪʝʪʨʘʪʠʘʢʘʣʠʢʩ[4]ʘʨʝʥ, 

(7c) 

 

PSSï{ Tb(7c)}  

PSSï{ Gd(7c)}  

 

22727 [256,259,

260] 

20.  

 
 

5,11,17,23-ʊʝʪʨʘʙʨʦʤ-

25,26,27,28-

ʪʝʪʨʘʛʠʜʨʦʢʩʠ-2,8,14,20-

ʪʝʪʨʘʪʠʘʢʘʣʠʢʩ[4]ʘʨʝʥ, 

(7d) 

PSSï{ Tb(7d)}  21834 [260] 

21.  

 
 

5,11,17,23-ʊʝʪʨʘʥʠʪʨʦ-

25,26,27,28-

ʪʝʪʨʘʛʠʜʨʦʢʩʠ-2,8,14,20-

ʪʝʪʨʘʪʠʘʢʘʣʠʢʩ[4]ʘʨʝʥ, 

(7e) 

Yb(7e) 17637 [259] 
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22.  

  
 

7,11,15,28-

ʪʝʪʨʘʢʠʩ[(ʘʮʝʪʠʣʘʮʝʪʦʥ-

3-

ʠʣ)ʤʝʪʠʣ]ʢʘʣʠʢʩ[4]ʨʝʟʦ

ʨʮʠʥʘʨʝʥʦʚʳʡ ʢʘʚʠʪʘʥʜ, 

(8) 

PSSï{ Tb(8)} 

PEI-PSSï{ Tb(8)} 

PSS-PEI-PSSï

{ Tb(8)} 

PSSï{ Tb2(8)} 

PSS-PEIï{ Tb2(8)} 

PSS-PEI-PSSï

{ Tb2(8)} 

 

PSSï{ Gd(8)} 

PEI-PSSï{ Gd(8)} 

PSS-PEI-PSSï

{ Gd(8)} 

PSSï{ Gd2(8)} 

PEI-PSSï{ Gd2(8)} 

PSS-PEI-PSSï

{ Gd2(8)} 

- [252,261ï

263] 

23.  

 

ʆʢʪʘ-

2,3,9,10,16,17,23,24-n-

ʙʫʪʦʢʩʠʬʪʘʣʦʮʠʘʥʠʥ, 

(9) 

 

PSSï{ Gd(9)OAc}  - [264] 
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ɻʃɸɺɸ 2. ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 

2.1 ʂʦʣʣʦʠʜʥʳʝ ʩʚʦʡʩʪʚʘ in situ LbL ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ 

2.1.1 ʅʘʥʦʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ Ln 3+ ʩ 

ʪʝʥʦʠʣʪʨʠʬʪʦʨʘʮʝʪʠʣʘʮʝʪʦʥʦʤ (TTA ) 

ɺʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ 

ʢʘʧʩʫʣʳ ʠʣʠ ʘʛʨʝʛʘʪʳ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʝʥʩʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʠ ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ. ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ 

ʢʘʧʩʫʣ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʡ ʩʙʦʨʢʠ (LbL) ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ, 

ʷʚʣʷʶʪʩʷ ʣʝʛʢʦʩʪʴ ʧʦʣʫʯʝʥʠʷ, ʛʠʙʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʘʟʤʝʨʘʤʠ ʠ ʟʘʨʷʜʦʤ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʣʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʩʪʠʤʫʣʘʤ (pH, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʪ.ʜ.) ʠ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ [265ï270]. ɺʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʠ ʟʘʨʷʜʘ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʩʣʦʝʚ, ʦʩʦʙʝʥʥʦ ʚʥʝʰʥʝʛʦ, ʧʦʟʚʦʣʷʝʪ ʧʨʠʜʘʚʘʪʴ ʪʘʢʠʤ 

ʩʠʩʪʝʤʘʤ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ, ʤʘʛʥʠʪʥʳʝ, ʘʥʪʠʤʠʢʨʦʙʥʳʝ ʠ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ 

[271], ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʩʪʠʤʫʣʘʤ [272ï

274], ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʙʠʦʩʝʥʩʦʨʠʢʠ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ, 1,3-ʜʠʢʝʪʦʥʳ 

ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʨʝʰʝʥʠʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ, ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʨʘʟʜʝʣʝʥʠʷ ʙʣʠʟʢʠʭ ʧʦ ʩʚʦʡʩʪʚʘʤ ʵʣʝʤʝʥʪʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, ʘʢʪʠʥʦʠʜʦʚ ʠ 

ʣʘʥʪʘʥʦʠʜʦʚ), ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʤʠʢʨʦʧʨʠʤʝʩʝʡ ʵʣʝʤʝʥʪʦʚ. ʃʘʥʪʘʥʦʠʜʥʳʝ 

ʢʦʤʧʣʝʢʩʳ 1,3-ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʩʜʚʠʛʘʶʱʠʭ 

ʨʝʘʛʝʥʪʦʚ ʠ ʨʝʣʘʢʩʘʥʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʪʨʫʢʪʫʨ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʂʦʤʧʣʝʢʩʳ 1,3-ʜʠʢʝʪʦʥʦʚ ʩ ʠʦʥʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ 

ʪʘʢʞʝ ʫʥʠʢʘʣʴʥʳʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ 

ʢ çʚʩʧʦʤʦʛʘʪʝʣʴʥʦʤʫè ʣʠʛʘʥʜʥʦʤʫ ʦʢʨʫʞʝʥʠʶ ʮʝʥʪʨʘʣʴʥʳʭ ʠʦʥʦʚ, ʯʪʦ 

ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʙʠʦʤʘʨʢʝʨʦʚ ʠ 
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ʩʝʥʩʦʨʦʚ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʥʠʢʘʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʥʝʦʙʭʦʜʠʤʳʤ ʠ ʦʙʷʟʘʪʝʣʴʥʳʤ 

ʫʩʣʦʚʠʝʤ, ʟʘʯʘʩʪʫʶ, ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ, ʚ ʢʦʪʦʨʳʭ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʢʦʧʣʝʥʠʝ ʯʠʩʣʘ ʥʦʩʠʪʝʣʷ ʬʫʥʢʮʠʠ, 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʩʠʛʥʘʣʘ ʬʠʟʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʢʦʥʢʨʝʪʥʳʤ 

ʤʝʪʦʜʦʤ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ-ʘʥʘʣʠʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʦʠʩʢ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ 

ʩʦʟʜʘʥʠ ̫ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʥʦʘʨʭʠʪʝʢʪʫʨ, ʥʝʩʫʱʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʠʣʠ 

ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʢʦʤʧʣʝʢʩ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʠʚʘʞʥʝʡʰʫʶ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʟʘʜʘʯʫ ʬʠʟʠʯʝʩʢʦʡ ʠ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ ʥʘ ʧʫʪʠ ʢ ʩʦʟʜʘʥʠʶ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʠ 

ʤʘʛʥʠʪʥʦ-ʨʝʣʘʢʩʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʊʨʠʩ-ʪʝʥʦʠʣʪʨʠʬʪʦʨʘʮʝʪʠʣʘʮʝʪʦʥʘʪ ʝʚʨʦʧʠʷ (Eu(TTA)3) ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʠʟʫʯʝʥʥʳʤ ʙʝʪʘʜʠʢʝʪʦʥʘʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. ɽʱʝ ʚ 60-ʭ 

ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʦʪʤʝʯʘʣʠʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʳʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Eu(TTA)3. ʏʘʨʣʴʟ ʠ ʆʣʤʘʥʥ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʜʦʢʘʟʘʣʠ ʙʦʣʝʝ ʯʝʤ 

ʚ 45 ʨʘʟ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Eu(TTA)3Ŀ2H2O 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Eu(DBM)3ĿH2O ʚ ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ [275]. ɺ ʨʘʙʦʪʝ [276] ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʫʯʝʥʠʝ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʩʨʝʜʝ ʘʮʝʪʦʥʘ, ʵʪʘʥʦʣʘ ʠ ʪʦʣʫʦʣʘ. ɹʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

56%. ʀʜʝʷ ʧʝʨʝʚʦʜʘ ʩʪʦʣʴ ʬʦʪʦʬʠʟʠʯʝʩʢʠ ʩʦʚʝʨʰʝʥʥʦʛʦ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʵʪʘʣʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʘʩʪʚʦʨʠʤʦʛʦ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʚ 

ʛʠʜʨʦʬʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʩʣʫʞʠʣʘ ʚʳʟʦʚʦʤ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

ʉʠʥʪʝʟ ʛʠʜʨʦʬʠʣʴʥʳʭ ʢʦʣʣʦʠʜʦʚ ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʫʪʝʤ ʧʝʨʝʦʩʘʞʜʝʥʠʷ 

ʢʦʤʧʣʝʢʩʘ Eu(TTA)3 ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ (CH3CN) ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ 

ʘʥʠʦʥʥʦʛʦ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ (PSS) (ʈʠʩʫʥʦʢ 39). ɺ ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ 

ʢʦʤʧʣʝʢʩ Eu(TTA)3 ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʚʦʜʫ ʢʦʘʛʫʣʠʨʫʝʪ ʠ ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ. 

ʀʟʤʝʨʝʥʠʝ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʘʛʨʝʛʘʪʳ ʛʝʪʝʨʦʬʘʟʳ ʦʙʣʘʜʘʶʪ ʥʝʙʦʣʴʰʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ. ɺ 
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ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʠʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪʘ ʥʘʪʨʠʷ, ʥʘʧʨʦʪʠʚ, ʬʦʨʤʠʨʫʝʪʩʷ 

ʢʦʣʣʦʠʜʥʦ ʩʪʘʙʠʣʴʥʘʷ ʜʠʩʧʝʨʩʥʘʷ ʩʠʩʪʝʤʘ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʥʘʥʦʘʛʨʝʛʘʪʳ 

ʢʦʤʧʣʝʢʩʘ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ ʠ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʪʝʤʧʣʘʪʘ-̫ ʜʨʘ ʜʣʷ ʘʜʩʦʨʙʮʠʠ 

ʘʥʠʦʥʥʦʛʦ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ. ʇʦʣʫʯʘʝʤʳʝ PSS-ʢʦʣʣʦʠʜʳ ʦʪʜʝʣʷʶʪʩʷ ʦʪ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʨʠʤʝʩʝʡ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʠ ʟʘʤʝʥʳ 

ʩʫʧʝʨʥʘʪʘʥʪʘ. 

ʈʝʜʠʩʧʝʨʩʠʷ ʦʩʘʞʜʘʶʱʠʭʩʷ ʧʨʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʠ ʥʘʥʦʯʘʩʪʠʮ ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʢʘʪʠʦʥʥʦʛʦ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ, ʧʦʣʠʵʪʠʣʝʥʠʤʠʥʘ (PEI), 

ʧʨʠʚʦʜʠʪ ʢ ʥʘʥʝʩʝʥʠʶ ʚʪʦʨʦʛʦ ʩʣʦʷ ʧʦʣʠʤʝʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʚʝʨʭʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʝʨʝʟʘʨʷʜʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʶʪʩʷ ʜʚʫʭʩʣʦʡʥʳʝ 

ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ 

ʦʪʤʳʚʘʶʪʩʷ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ ʣʝʛʢʦ ʨʝʜʠʩʧʝʨʛʠʨʫʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʦʙʨʘʙʦʪʢʠ ʫʣʴʪʨʘʟʚʫʢʦʤ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʥʘʥʦʩʠʪʴ ʧʦʩʣʝʜʫʶʱʠʝ ʩʣʦʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ, ʧʦʣʫʯʘʷ 

ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ ʢʦʣʣʦʠʜʥʳʝ ʩʠʩʪʝʤʳ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʯʝʨʝʜʦʚʘʥʠʝʤ ʩʣʦʝʚ PSS ʠ PEI ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʷʪʠʩʣʦʡʥʳʝ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʠʭ ʢʦʣʣʦʠʜʥʳʝ ʩʚʦʡʩʪʚʘ 

ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ NaCl (0,5 M) (ʊʘʙʣʠʮʘ 1). ʇʦʪʝʨʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʥʘʥʝʩʝʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʡ ʦʙʦʣʦʯʢʠ, 

ʦʮʝʥʝʥʥʳʝ ʧʦ ʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʠʟʤʝʨʝʥʠʷʤ ʨʘʩʪʚʦʨʦʚ ʩʫʧʝʨʥʘʪʘʥʪʦʚ, 

ʩʦʩʪʘʚʠʣʠ ʤʝʥʝʝ 1%. ʂʦʥʮʝʥʪʨʘʮʠʶ ʚʩʝʭ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʢʦʣʣʦʠʜʦʚ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʨʘʚʥʦʡ 4,8 Ñ 0,4 ʛĿʣ-ĭ ʠʣʠ 0,75 ʤʄ ʧʦ ʢʦʤʧʣʝʢʩʫ Ln(III). 

 

ʈʠʩʫʥʦʢ 39 ï ʩʭʝʤʘ ʩʠʥʪʝʟʘ PSS-ʥʘʥʦʯʘʩʪʠʮ: ʧʝʨʝʦʩʘʞʜʝʥʠʝ ʚ ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ PSS (ʘ), ʘʜʩʦʨʙʮʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ (ʙ), ʦʯʠʩʪʢʘ ʤʝʪʦʜʦʤ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʠ ʟʘʤʝʥʳ ʩʫʧʝʨʥʘʪʘʥʪʘ (ʚ) [242,258].  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʦʜʥʳʝ ʢʦʣʣʦʠʜʳ ʧʦ ʤʝʪʦʜʠʢʝ 

ʧʦʩʣʦʡʥʦʡ ʘʜʩʦʨʙʮʠʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʦʙʨʘʟʫʶʱʠʝʩʷ in situ ʥʘʥʦʘʛʨʝʛʘʪʳ 

ʢʦʤʧʣʝʢʩʘ Eu(TTA)3. ɹʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʜʠʫʩ 

ʧʦʣʫʯʝʥʥʳʭ ʯʘʩʪʠʮ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 416-829 ʥʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʩʣʦʝʚ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʠ ʩʦ ʚʨʝʤʝʥʝʤ ʥʘʙʣʶʜʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺ ʪʝʯʝʥʠʝ 

6 ʜʥʝʡ ʥʘʙʣʶʜʝʥʠʷ d ʜʦʩʪʠʛʘʝʪ 432-1237 ʥʤ, ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ 

ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ 0,30-0,62 ʜʦ 0,45-0,92, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʥʠʟʢʦʡ ʢʦʣʣʦʠʜʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ {Eu(TTA)3} ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ. ɺʳʩʦʢʠʝ, ʦʪ 36 ʜʦ -61 ʤɺ (ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 30 ʤɺ ʧʦ 

ʤʦʜʫʣʶ), ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ 

ʩʧʘʩʘʶʪ ʦʙʨʘʟʫʶʱʠʝʩʷ ʥʘʥʦʯʘʩʪʠʮʳ ʦʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ (ʊʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2 ï ʋʩʨʝʜʥʝʥʥʳʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ (d Ñ 1), ʜʟʝʪʘ-

ʧʦʪʝʥʮʠʘʣ (ɕ) ʠ ʠʥʜʝʢʩ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ (PDI) ʢʦʣʣʦʠʜʦʚ Eu(TTA)3 ʩ 

ʨʘʟʣʠʯʥʦʡ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʡ ʦʙʦʣʦʯʢʦʡ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ (C = 4,8 ʛĿʣī1) ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ pH ʠ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʠʭ ʧʨʠʛʦʪʦʚʣʝʥʠʷ [242]. 

ʅʘʥʦʯʘʩʪʠʮʳ d, ʥʤ PDI ɕ, ʤɺ pH 

 ʚ ʜʝʥʴ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

PSSï{Eu(TTA)3}  535 0,34 ī43 6,9 

PEIïPSSï{Eu(TTA)3}  829 0,60 +41 9,8 

PSSïPEIïPSSï{Eu(TTA)3}  652 0,30 ī56 7,0 

(PEIïPSS)2ï{Eu(TTA)3}  416 0,40 +36 9,8 

PSSï(PEIïPSS)2ï{Eu(TTA)3}  479 0,62 ī61 7,1 

 ʯʝʨʝʟ 6 ʜʥʝʡ ʭʨʘʥʝʥʠʷ 

PSSï{Eu(TTA)3}  730 0,84 C 7,18 

PEIïPSSï{ Eu(TTA)3}  437 0,75 C 10,07 

PEIïPSSï{Eu(TTA)3}  432 0,45 C 7,32 

PSSïPEIïPSSï{Eu(TTA)3}  734,2 0,88 C 7,16 

(PEIïPSS)2ï{Eu(TTA)3}  626,7 0,92 C 9,47 

PSSï(PEIïPSS)2ï{Eu(TTA)3}  1237 0,9a C 7,53 

C - ʢʘʯʝʩʪʚʦ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʩʣʠʰʢʦʤ ʥʠʟʢʦʝ. 
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ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ Eu(III) ʚ ʧʦʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʩʤʝʰʠʚʘʶʱʠʭʩʷ ʩ ʚʦʜʦʡ, ʠ ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʥʦʡ 

ʩʨʝʜʝ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʢʘʯʝʩʪʚʦ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʣʣʦʠʜʦʚ. ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʝʪʘʜʠʢʝʪʦʥʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ, ʠ Eu(TTA)3, ʚ ʯʘʩʪʥʦʩʪʠ, ̫ʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ 

ʤʦʜʠʬʠʢʘʮʠʠ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʤʝʰʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʨʠʩ-ʜʠʢʝʪʦʥʘʪʦʚ Eu(III) ʩ 

ʬʦʩʬʠʥʦʢʩʠʜʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʵʬʬʝʢʪʫ ʘʥʪʝʥʥʳ 

ʬʦʩʬʠʥʦʢʩʠʜʦʚ ʠ ʚʳʪʝʩʥʝʥʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠʟ ʧʝʨʚʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʩʬʝʨʳ ʤʝʪʘʣʣʘ [277,278]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʣʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʩʝʨʠʷ ʥʝ ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ 

ʬʦʩʬʠʥʦʢʩʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ (1a)-(1e). ʊʘʢʠʝ 

ʣʠʛʘʥʜʳ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ, ʥʦ ʠ, ʦʙʣʘʜʘʷ ʜʦʩʪʘʪʦʯʥʦ ʥʝʧʦʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʛʠʜʨʦʬʦʙʥʦʩʪʴ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ, ʪʝʤ 

ʩʘʤʳʤ ʩʥʠʞʘʷ ʠʭ ʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʩʧʦʩʦʙʩʪʚʫʷ ʦʙʨʘʟʦʚʘʥʠ ʁ

ʥʘʥʦʘʛʨʝʛʘʪʦʚ ʜʣʷ ʘʜʩʦʨʙʮʠʠ ʧʝʨʚʦʛʦ ʩʣʦʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ. ɼʘʥʥrʝ 

ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʠʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʣʠʛʘʥʜʦʚ ʩ ʤʦʥʦ-, ʜʠ- ʠ ʪʨʠʤʝʪʦʢʩʠʬʝʥʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʘʪʦʤʝ 

ʬʦʩʬʦʨʘ (1a, 1d, 1e ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʥʘʠʙʦʣʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʘ Eu3+ ʩ 

ʪʝʥʦʠʣʪʨʠʬʪʦʨʘʮʝʪʦʥʦʤ ʚ ʩʨʝʜʝ ʘʮʝʪʦʥʠʪʨʠʣʘ (ʈʠʩʫʥʦʢ 40), ʯʪʦ ʜʝʣʘʝʪ 

ʜʘʥʥʳʝ ʢʦʤʧʣʝʢʩ rʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣ ̫ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʚ ʩʦʩʪʘʚ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʦʣʣʦʠʜʦʚ.  
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ʈʠʩʫʥʦʢ 40 ï ʉʧʝʢʪʨʳ ʵʤʠʩʩʠʠ (ɚex=343 ʥʤ) ʢʦʤʧʣʝʢʩʦʚ Eu(TTA)3 (1), 

Eu(TTA)3(1a) (2), Eu(TTA)3(1b) (3) ʠ Eu(TTA)3(1c) (4), Eu(TTA)3(1d) (5), 

Eu(TTA)3(1e) (6) ʚ ʪʨʠʭʣʦʨʤʝʪʘʥʝ (C=6Ŀ10ï4 ʄ) (ʘ) ʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (C=2,5Ŀ10ï

5 M) (ʙ) [242,245]. 

ʄʝʪʦʜʦʤ in situ LbL ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʥʘ 

ʦʩʥʦʚʝ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Eu(TTA)3(1ʘ). ʇʦ ʜʘʥʥʳʤ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ, PSS-ʢʦʣʣʦʠʜʳ Eu(TTA)3(1ʘ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʨʘʟʤʝʨʦʤ 180 ʥʤ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʤʦʥʦʜʠʩʧʝʨʩʥʦʩʪʴʶ (PDIå0.14) ʠ 

ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ (ɕ) ʦʢʦʣʦ -34,2 ʤɺ (ʪʘʙʣʠʮʘ 2). ʇʨʠ 

ʚʢʣʶʯʝʥʠʠ ʚ ʩʦʩʪʘʚ PSS-ʥʘʥʦʯʘʩʪʠʮ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʠ- ʠ 

ʪʨʠʤʝʪʦʢʩʠʬʝʥʠʣʟʘʤʝʱʸʥʥʳʤʠ ʬʦʩʬʠʥʦʢʩʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (1d ʠ 1e 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠʭ ʜʠʘʤʝʪʨ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 180ï275 ʥʤ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʤʝʪʨʘʤ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʘʧʩʫʣ ʚʤʝʩʪʝ ʩ ʠʭ ʛʠʜʨʘʪʥʳʤʠ 

ʦʙʦʣʦʯʢʘʤʠ (ʊʘʙʣʠʮʘ 4). ʇʦʩʣʝʜʫʶʱʝʝ ʥʘʥʝʩʝʥʠʝ PEI ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ɕ-ʧʦʪʝʥʮʠʘʣʘ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʡ. ɿʥʘʯʝʥʠʷ ɕ ʜʣʷ 

PSSï(PEIïPSS)2ï{Eu(TTA)3(1a)} (n = 0, 1, 2) ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ (-34) ï (-

64) ʤɺ ʠ ʩʣʘʙʦ ʟʘʚʠʩʷʪ ʦʪ pH. ɿʥʘʯʝʥʠʷ ɕ ʜʣʷ ʢʦʣʣʦʠʜʦʚ (PEIïPSS)2ï

{Eu(TTA)3(1a)} (n = 1, 2) ʟʘʚʠʩʷʪ ʦʪ pH, ʫʚʝʣʠʯʠʚʘʷʩʴ ʩ +23ï25 ʧʨʠ pH 10,2 ʜʦ 

+34ï41 ʧʨʠ pH 7,21, ʛʜʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʘʤʠʥʦʛʨʫʧʧ PEI ʙʦʣʝʝ ʚʳʨʘʞʝʥʦ. 

ʂʦʣʣʦʠʜʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ Eu(TTA)3(1a) ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʸʚ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ, ʜʦʩʪʠʛʘʷ ʨʘʟʤʝʨʦʚ 370ï460 

ʥʤ ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʭʨʘʥʝʥʠʷ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʥʠʟʢʠʡ ʠʥʜʝʢʩ 

ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ (ʊʘʙʣʠʮʘ 3). ɼʘʥʥʳʝ ɼʈʉ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳ ʧʨʠ ʧʦʚʪʦʨʥʦʤ 
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ʩʠʥʪʝʟʝ ʢʦʣʣʦʠʜʦʚ PSSï(PEIïPSS)2ï{Eu(TTA)3(1ʘ)} (n = 0, 1, 2) ʠ (PEIïPSS)2ï

{Eu(TTA)3(1ʘ)} (n = 1, 2).  

ʊʘʙʣʠʮʘ 3 ï ʋʩʨʝʜʥʝʥʥʳʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ (dÑ1), ʜʟʝʪʘ-

ʧʦʪʝʥʮʠʘʣ (ɕ) ʠ ʠʥʜʝʢʩ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ (PDI) ʢʦʣʣʦʠʜʦʚ Eu(TTA)3(1a) ʩ 

ʨʘʟʣʠʯʥʦʡ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʡ ʦʙʦʣʦʯʢʦʡ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ (C = 4,8 ʛĿʣī1) ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ pH ʠ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʠʭ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. 

ʅʘʥʦʯʘʩʪʠʮ r d, ʥʤ PDI ɕ, ʤɺ pH 

 ʚ ʜʝʥʴ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

PSSï{Eu(TTA)3 (1ʘ)} (1ʘ) 180,4°10 0,14 -34,2 6,54 

PEI-PSSï{Eu(TTA)3 (1ʘ)} 1026 0,27 +42 6,70 

PSSïPEIïPSSï{Eu(TTA)3 (1ʘ)} 611 0,29 ī60 6,16 

(PEI-PSS)2 ï{Eu(TTA)3 (1ʘ)} 698 0,26 +33 6,86 

PSS-(PEI-PSS)2ï{Eu(TTA)3(1ʘ)} 1200 0,23 ī64 6,50 

 ʯʝʨʝʟ 6 ʜʥʝʡ ʭʨʘʥʝʥʠʷ 

PSSï{Eu(TTA)3 (1ʘ)} 435 0,07 ī50 6,88 

PEIïPSSï{Eu(TTA)3 (1ʘ)} 374 0,13 +23 10,20 

PEIïPSSï{Eu(TTA)3 (1ʘ)} 410 0,20 +35 7,21 

PSSïPEIïPSSï{Eu(TTA)3 (1ʘ)} 457 0,08 ī51 7,67 

(PEIïPSS)2ï{Eu(TTA)3 (1ʘ)} 434 0,21 +25 9,55 

PSS-(PEI-PSS)2ï{Eu(TTA)3(1ʘ)} 411 0,13 ī59 7,10 

 

ʊʘʙʣʠʮʘ 4 - ɼʠʘʤʝʪʨ (d), ɻ ʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ (ɕ) ʠ ʠʥʜʝʢʩ 

ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ (PDI) ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ Eu(III). 

 d, ʥʤ PDI ɕ, ʤɺ 

PSS-{Eu(TTA)3} 535 0,34 -43 ° 0.7 

PSS-{Eu(TTA)3(1a)} 180,4°10 0,14 -34,2 °0,2 

PSS-{Eu(TTA)3(1d)} 179,1°8 0,14 -48,0 °0,1 

PSS-{Eu(TTA)3(1e)} 275,5°20 0,297 -46,8 °0,2 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʚ ʚʳʩʫʰʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʘʟʤʝʨʦʚ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʥʘʥʝʩʝʥʠʷ LbL ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ 
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ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ). ʀʟʦʙʨʘʞʝʥʠ ̫ɸʉʄ ʦʜʥʦʩʣʦʡʥʳʭ ʚʦʜʥʳʭ ʢʦʣʣʦʠʜʦʚ PSS-

{Eu(TTA)3(1n)} (n= a,b,c,d,e) ʚʳʷʚʠʣʠ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʫʶ ʩʢʣʦʥʥʦʩʪʴ ʯʘʩʪʠʮ ʢ 

ʘʛʨʝʛʘʮʠʠ (ʈʠʩʫʥʦʢ 41), ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʯʘʩʪʠʮ. ʉʦʛʣʘʩʥʦ ʛʠʩʪʦʛʨʘʤʤʘʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ 

ʧʦ ʨʘʟʤʝʨʘʤ (ʈʠʩʫʥʦʢ 42), ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʚʳʩʫʰʝʥʥʳʭ PSS-ʥʘʥʦʯʘʩʪʠʮ 

ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 35ï55 ʥʤ. ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʪʨʝʭʩʣʦʡʥʳʭ ʢʦʣʣʦʠʜʦʚ 

PSSïPEIïPSSï{Eu(TTA)3(1a)} ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩʫʥʢʝ (ʈʠʩʫʥʦʢ 41ʙ). 

ʅʘ ʧʦʣʫʯʝʥʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʨʝʭʩʣʦʡʥʳʝ ʢʦʣʣʦʠʜʳ 

PSSïPEIïPSSï{Eu(TTA)3(1a)} ʧʨʠ ʚʳʩʫʰʠʚʘʥʠʠ ʥʘ ʧʦʜʣʦʞʢʝ ʠʤʝʶʪ 

ʜʠʩʢʦʙʨʘʟʥʫʶ ʬʦʨʤʫ ʜʠʘʤʝʪʨʦʤ 70ï100 ʥʤ ʩ ʥʝʢʦʪʦʨʳʤʠ ʚʳʧʫʢʣʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʮʝʥʪʨʝ ʚʳʩʦʪʦʡ 4ï5 ʥʤ. ʊʘʢʘʷ ʥʝʦʙʳʯʥʘʷ ʤʦʨʬʦʣʦʛʠʷ ʯʘʩʪʠʮ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʷʛʢʦʡ ʠ ʩʧʣʶʱʝʥʥʦʡ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʧʦʜʜʝʨʞʢʠ ʩʦ ʩʪʦʨʦʥʳ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʡ ʦʙʦʣʦʯʢʝ, ʦʢʨʫʞʘʶʱʝʡ ʪʚʝʨʜʦʝ ʷʜʨʦ 

ʢʦʤʧʣʝʢʩʘ ʣʘʥʪʘʥʦʠʜʘ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʩʦʛʣʘʩʥʦ ɸʉʄ, ʢʘʢ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 70 ʜʦ 100 ʥʤ, ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʘʥʥʳʝ 

ɼʈʉ ʧʦʢʘʟrʚʘʶʪ ʟʘʤʝʪʥʦ ʙʦʣʴʰʠʝ ʩʨʝʜʥʠʝ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ (ʙʦʣʝʝ 150 ʥʤ). 

ʅʘʙʣʶʜʘʝʤʘʷ ʨʘʟʥʠʮʘ ʚ ʨʘʟʤʝʨʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ɼʈʉ ʠ 

ɸʉʄ, ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʜʠʩʧʝʨʩʥʳʭ 

ʩʠʩʪʝʤ ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʬʠʟʠʢʝ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ. 

ʅʘʣʠʯʠʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ, ʪʝʥʜʝʥʮʠ ̫ʢ ʘʛʨʝʛʘʮʠʠ ʠ ʥʘʙʫʭʘʥʠʶ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʘʧʩʫʣ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ̫ ʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʚʦʟʤʦʞʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʙ·ʣʴʠhʭ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʘʤʝʪʨʦʤ ʯʘʩʪʠʮ ʚ ʩʫʭʦʤ ʚʠʜʝ. ʊʦʣʱʠʥʘ ʥʘʥʝʩʝʥʠʷ LbL 

ʟʘʨʷʞʝʥʥʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʧʦ ʜʘʥʥʳʤ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 5-5,5 ʥʤ ʥʘ ʦʜʠʥ ʙʠʩʣʦʡ [270,271,279]. 
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ʈʠʩʫʥʦʢ 41 ï ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʩʫʰʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚʦʜʥʳʭ 

ʢʦʣʣʦʠʜʦʚ PSS-{Eu(TTA)3 (1e)} (a) ʠ PSSïPEIïPSSï{Eu[(TTA)3(1ʘ)} (ʙ) 

[246,248].  

 

ʈʠʩʫʥʦʢ 42 - ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʚʳʩʫʰʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʚʦʜʥʳʭ ʢʦʣʣʦʠʜʦʚ PSS-{Eu(TTA)3L}, L = 1ʘ (ʘ), 1d (ʙ), 1e (ʚ). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʦʣʦʞʝʥʠʷ ʧʦʣʦʩ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʤʠʩʩʠʦʥʥʳʭ ʧʦʣʦʩ 

ʢʦʤʧʣʝʢʩʦʚ Eu(III) ʚʝʩʴʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʠʟʤʝʥʝʥʠʷʤ ʣʠʛʘʥʜʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴʩʷ ʪʘʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʢʘʢ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ, ʛʠʜʨʦʣʠʟ ʠʣʠ ʩʦʣʴʚʘʪʘʮʠʷ [280]. ʇʦʵʪʦʤʫ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ in situ LbL ʙʳʣʠ ʠʟʫʯʝʥʳ ʵʬʬʝʢʪʳ 

ʥʘʥʝʩʝʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʠ ʠʟʤʝʥʝʥʠʷ pH ʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʢʦʤʧʣʝʢʩʦʚ 

Eu(TTA)3(1ʘ) ʠ Eu(TTA)3 ʚ ʩʦʩʪʘʚʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʯʘʩʪʠʮ. ɼʦ ʧʝʨʝʚʦʜʘ ʚ 

ʩʦʩʪʘʚ ʛʠʜʨʦʬʠʣʴʥʳʭ ʢʦʣʣʦʠʜʦʚ, ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Eu3+ ʩ ʣʠʛʘʥʜʘʤʠ 1aïc ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ 

ʨʘʩʪʚʦʨʘʭ CH3CN. ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ Eu3+ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʘʣʠʯʠʝʤ ʧʪ̫ʠ ʪʠʧʠʯʥʳʭ ʧʝʨʝʭʦʜʦʚ: 
5D0Ÿ 

7F0, 
5D0Ÿ 

7F1, 
5D0Ÿ 

7F2, 
5D0Ÿ 

7F3 ʠ 

5D0Ÿ 
7F4, ʛʜʝ 

5D0Ÿ 
7F2 ʦʪʚʝʯʘʝʪ ʟʘ ʦʩʥʦʚʥʦʡ ʧʠʢ ʧʨʠ 612 ʥʤ [281]. ɼʘʥʥʳʝ 
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ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ Eu(TTA)3(1ʘ) ʙʦʣʴʰʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʣʣʦʠʜʦʚ ʪʠʧʘ "ʷʜʨʦïʦʙʦʣʦʯʢʘ", ʯʝʤ Eu(TTA)3. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ PSSï{Eu(TTA)3(1ʘ)} 

ʚʳʰʝ, ʯʝʤ ʜʣʷ PSSï{Eu(TTA)3} ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʈʠʩʫʥʦʢ 43). 

 

ʈʠʩʫʥʦʢ 43 - ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʦʣʣʦʠʜʦʚ ʥʘ 

ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ Eu(TTA)3 (ʘ) ʠ Eu(TTA)3(1ʘ) (ʙ) (C=4,84 ʛĿʣī1) ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʵʪʘʧʘʭ LbL ʩʙʦʨʢʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ: 1 ï PSS; 2 ï PEI-PSS; 3 ï PSS-PEI-PSS; 

4 ï (PEIïPSS)2; 5 ï PSSï(PEIïPSS)2; ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʢʦʣʣʦʠʜʦʚ PSS-

{Eu(TTA)3(1a)} (C=4,84 ʛĀʣ-1) ʧʨʠ pH 7,4 (1) ʠ pH 9,8 (2) (ʚ). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ PEIïPSSï

{Eu(TTA)3(1ʘ)} ʟʘʤʝʪʥʦ ʚʳʰʝ, ʯʝʤ ʫ PSSï{Eu(TTA)3(1ʘ)}, ʠ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʦʡ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʥʝʩʝʥʠʠ ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ 

(PSSïPEIïPSS, (PEIïPSS)2 ʠ PSSï(PEIïPSS)2) (ʈʠʩʫʥʦʢ 43ʙ), ʪʦʛʜʘ ʢʘʢ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Eu(III) ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʧʦʩʣʝ 

ʥʘʥʝʩʝʥʠʷ ʩʣʦʷ PEI ʥʘ ʥʘʥʦʯʘʩʪʠʮʳ PSSï{Eu(TTA)3} (ʈʠʩʫʥʦʢ 43a). 

ʇʦʩʣʝʜʫʶʱʝʝ ʥʘʥʝʩʝʥʠʝ PSS ʧʨʠʚʦʜʠʪ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ Eu(TTA)3. ʃʶʤʠʥʝʩʮʝʥʪʥʳʡ ʦʪʢʣʠʢ ʥʘ ʥʘʥʝʩʝʥʠʝ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪ ɹʥʘ ʧʨʦʪʝʢʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ 

Eu(TTA)3 ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʢʦʣʣʦʠʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. ɺʝʨʦʷʪʥʦʡ 

ʧʨʠʯʠʥʦʡ ʥʘʙʣʶʜʘʝʤʳʭ ʠʟʤʝʥʝʥʠʡ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʠʟʤʝʥʝʥʠʷ pH ʩ 7,3 ʜʦ 9,8, 

ʚʳʟʚʘʥʥʦʝ ʜʦʙʘʚʣʝʥʠʝʤ PEI, ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ pH (7,6) ʧʦʩʣʝ 

ʥʘʥʝʩʝʥʠʷ ʪʨʝʪʴʝʛʦ ʩʣʦʷ PSS. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠʯʠʥʦʡ ʪʫʰʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ Eu(TTA)3 ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʩʣʦʷ PEI ʤʦʞʝʪ ʷʚʣʷʪʩɹʷ ʦʙʨʘʪʠʤʘʷ 

ʜʝʛʨʘʜʘʮʠʷ Eu(TTA)3, ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʫʚʝʣʠʯʝʥʠʝʤ pH. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 
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ʧʦʜʱʝʣʘʯʠʚʘʥʠʝ ʢʦʣʣʦʠʜʦʚ PSSï{Eu(TTA)3(1ʘ)}  ʜʦ pH 9,8 ʩ ʧʦʤʦʱʴʶ NaOH 

ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʈʠʩʫʥʦʢ 43ʚ), 

ʪʦʛʜʘ ʢʘʢ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʫʣʴʪʠʩʣʦʡʥʳʭ ʯʘʩʪʠʮ (ʯʠʩʣʦ ʩʣʦʝʚ 2-5) 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ pH. ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʘʥʘʣʠʟʘ ʢʦʣʣʦʠʜʥʳʭ ʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʚʦʜʥʳʭ ʜʠʩʧʝʨʩʠʡ, ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʤʦʤʝʥʪʳ: (I) ʧʝʨʝʦʩʘʞʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʣʠʛʘʥʜʦʤ 

Eu(TTA)3(1ʘ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʛʠʜʨʦʬʦʙʥʦʛʦ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʷʜʨʘ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʡ ʩʣʦʡ; (II) ʣʶʤʠʥʝʩʮʝʥʮʠʷ PSSï{Eu(TTA)3(1ʘ)}  ʟʘʚʠʩʠʪ ʦʪ 

pH; (III) ʜʣʷ ʧʨʠʜʘʥʠʷ ʢʦʣʣʦʠʜʘʤ Eu(TTA)3(1ʘ) ʨʅ ʩʪʘʙʠʣʴʥʦʩʪʠ 

(ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʠʟʤʝʥʝʥʠʷʤ pH) ʪʨʝʙʫʝʪʩʷ ʥʘʥʝʩʝʥʠʝ ʢʘʢ ʤʠʥʠʤʫʤ 

ʜʚʫʭ ʩʣʦʝʚ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ.  

2.1.2 ʅʘʥʦʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ Ln 3+ ʩ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʢʝʪʦ- ʠ ʙʠʩʬʦʩʬʠʥʦʢʩʠʜʦʚ 

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʫʩʧʝʭʘ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ 

Ln(III) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʩʬʠʥʦʢʩʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʣʠʛʘʥʜʦʚ, ʦʧʠʩʘʥʥʦʝ ʚ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ 1,3-ʜʠʢʝʪʦʥʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʦʥʦʚ Tb3+ ʠ Eu3+ c 

ʘʨʠʣʟʘʤʝʱʸʥʥʳʤʠ ʙʠʩʬʦʩʬʠʥʦʢʩʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (2ʘ)-(2ʩ) ʠ ʠʟʫʯʝʥʳ ʠʭ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʨʘʩʪʚʦʨʘʭ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ 

ʤʦʩʪʠʢʦʚʦʡ ʛʨʫʧʧʳ ʤʝʞʜʫ ʜʚʫʤʷ ʬʦʩʬʠʥʦʢʩʠʜʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʥʘ ʨʝʞʠʤ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʦʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʭʝʣʘʪʠʨʦʚʘʥʠʝ ʠʦʥʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʠʤʠʜʦ-ʙʠʩ(ʬʦʩʬʠʥʦʢʩʠʜʘʤʠ) 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ [282ï284], ʪʦʛʜʘ ʢʘʢ ʙʠʩ(ʬʦʩʬʠʥʦʢʩʠʜʳ), 

ʩʚʷʟʘʥʥʳʝ ʤʝʪʠʣʝʥʦʚʦʡ ʛʨʫʧʧʦʡ, ʦʙʨʘʟʫʶʪ ʩʪʘʙʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʠʦʥʘʤʠ 

ʣʘʥʪʘʥʦʠʜʦʚ ʙʝʟ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ [285,286]. ɺ ʩʨʝʜʝ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ Tb3+ 

ʩ ʣʠʛʘʥʜʘʤʠ 2ʘ, 2b, 2c ʦʩʘʞʜʘʶʪʩʷ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʩʪʝʭʠʦʤʝʪʨʠʠ 1:3, 1:2 ʠ 1:1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʤʝʥʘ N-H ʥʘ N-

R ʚ ʩʪʨʫʢʪʫʨʝ (2d) (ʊʘʙʣʠʮʘ 1) ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ. 
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ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʣʠʛʘʥʜʘ d 

ʦʙʲʷʩʥʷʝʪ ʝʛʦ ʧʣʦʭʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʬʦʩʬʠʥʦʢʩʠʜʘ (2ʘ) ʩ ʤʦʩʪʠʢʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ N-

H ʢ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʝʛʦ ʚʳʩʦʢʫʶ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ. ʄʝʥʴʰʠʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʢ ʙʠʩ(ʬʦʩʬʠʥʦʢʩʠʜʘ) 

(2ʩ), ʪʘʢ ʠ ʢʝʪʦʬʦʩʬʠʥʦʢʩʠʜʘ (2b) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʠʦʥʥʦʡ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʦʡ ʣʠʛʘʥʜʘ (2a) ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʥʘʩʳʱʝʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʟʘ ʩʯʝʪ ʢʦʦʨʜʠʥʘʮʠʠ ʥʠʪʨʘʪʦʚ ʠ 

ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚʤʝʩʪʝ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. ɺʳʰʝʫʢʘʟʘʥʥʦʝ ʨʘʟʣʠʯʠʝ 

ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʘʭ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʥʝʢʦʪʦʨʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʣʘʥʪʘʥʦʠʜ-ʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʢʦʤʧʣʝʢʩʦʚ. ʊʘʢʞʝ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʥʠʮʘ ʚ ʩʪʝʭʠʦʤʝʪʨʠʠ ʢʦʤʧʣʝʢʩʘ (1:2 ʠ 1:1 ʜʣʷ ʣʠʛʘʥʜʦʚ (2b) 

ʠ (2c), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʩʪʝʨʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʠʟ-ʟʘ ʚʚʝʜʝʥʠʷ ʦʙʲʝʤʥʦʛʦ 

ʤʝʪʦʢʩʠʬʝʥʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʣʠʛʘʥʜ (2c). 

ʉʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʦʚ Tb3+ ʠ Eu3+ ʩ ʣʠʛʘʥʜʘʤʠ (2a), (2b), (2c) ʚ CH3CN 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʣʠʛʘʥʜʳ (2a) ʠ (2b) ɻ ʬʬʝʢʪʠʚʥʝʝ ʩʝʥʩʠʙʠʣʠʟʠʨʫʶʪ ʪʝʨʙʠʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ (2c) (ʈʠʩʫʥʦʢ 44). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ ʚ ʢʦʤʧʣʝʢʩʝ Tb(2a)3 ʦʪ ʤʦʣʝʢʫʣ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʆʜʥʘʢʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ (Űʠʟʤ), ʨʘʩʩʯʠʪʘʥʥʳʝ ʠʟ ʢʠʥʝʪʠʢʠ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

(ʊʘʙʣʠʮʘ 5), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʧʨʦʪʠʚ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ [Tb(2b)2(NO3)3] 

ʠ [Tb(2c)(NO3)3(H2O)]. 

ɺ ʜʘʥʥʦʡ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Eu(III), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ 

ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ. ʉʠʤʤʝʪʨʠʷ ʠ ʩʠʣʘ ʣʠʛʘʥʜʥʦʛʦ 

ʧʦʣʷ ʚʦʢʨʫʛ ʠʦʥʦʚ Eu3+ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʝʨʝʭʦʜʦʚ 
5D0Ÿ

7F2 / 
5D0Ÿ

7F1 (R-ʟʥʘʯʝʥʠʝ). ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ 
5D0Ÿ

7F2 

ʩʥʠʞʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʩʠʤʤʝʪʨʠʠ ʦʢʨʫʞʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 



138 

ʤʘʛʥʠʪʥʳʡ ʜʠʧʦʣʴʥʳʡ ʧʝʨʝʭʦʜ 
5D0 Ÿ 

7F1 ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ 

ʚʦʢʨʫʛ, ʪʘʢ ʢʘʢ ʦʥ ʨʘʟʨʝʰʝʥ ʧʦ ʯʝʪʥʦʩʪʠ, ʠ ʝʛʦ ʠʟʣʫʯʝʥʠʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ [287]. ʉʦʦʪʥʦʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʠʢʦʚ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ (R) ʜʣʷ ʢʦʤʧʣʝʢʩʘ [Eu(2a)3] ̫ʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʠʟʢʫʶ ʩʠʤʤʝʪʨʠʶ ʦʢʨʫʞʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ. 

ʇʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

[Eu(2b)2(NO3)3] ʠ [Eu(2c)(NO3)3(H2O)], ʛʜʝ ʟʥʘʯʝʥʠʷ R ʝʜʚʘ ʧʨʝʚʳʰʘʶʪ 1,0, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʢʘʟʳʚʘʷ ʥʘ ʪʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ 

ʘʥʘʣʦʛʠʯʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʠʧʦʣʴʥʦʡ. 

 

 

ʈʠʩʫʥʦʢ 44 - ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʣʠʛʘʥʜʘ (2ʩ) (1) ʚ ʋʌ-ʜʠʘʧʘʟʦʥʝ, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʵʪʠʣʘʤʠʥʘ (2) ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʵʪʠʣʘʤʠʥʘ ʠ ʵʢʚʠʤʦʣʷʨʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʪʝʨʙʠʷ (III) (3) (ʉ = 10-5 ʄ) (ʘ); ʩʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʵʤʠʩʩʠʠ 

[Ln(2a)3] (1), [Ln(2b)2(NO3)3] (2), [Ln(2c) (NO3)3(H2O)] (3), (Ln = Tb3+ (ʙ); Ln = 

Eu3+ (ʚ)) (CLn = 10
-5 ʄ) [250]. 

ʂʠʥʝʪʠʢʘ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʝʚʨʦʧʠʷ ʪʘʢʞʝ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʦʥʦʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʟʘʪʫʭʘʥʠʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʦʚʦʣʴʥʦ ʧʣʦʭʦʡ ʜʠʩʩʦʮʠʘʮʠʠ 

ʢʦʤʧʣʝʢʩʦʚ (ʈʠʩʫʥʦʢ 45). ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ (ʊʘʙʣʠʮʘ 5) 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʨʘʩʩʫʞʜʝʥʠʷʤʠ. ʀʟ-ʟʘ ʟʘʧʨʝʱʝʥʥʦʡ ʧʨʠʨʦʜʳ 

ʚʥʫʪʨʝʥʥʠʭ 4f-ʧʝʨʝʭʦʜʦʚ ʚʝʨʦʷʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʠʧʦʣʴʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʠʟʢʘʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʚʨʝʤʝʥʘʤ ʞʠʟʥʠ ʚ 

ʤʠʣʣʠʩʝʢʫʥʜʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ [Eu(b)2(NO3)3] 
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ʠ [Eu(c)(NO3)3(H2O)]. ʆʜʥʘʢʦ, ʢʦʛʜʘ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ʚʥʦʩʠʪ ʘʩʠʤʤʝʪʨʠʯʥʦʝ 

ʚʦʟʤʫʱʝʥʠʝ ʚ ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ, ʵʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʜʠʧʦʣʴʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʠ ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʠʧʦʣʴʥʦʡ ʵʤʠʩʩʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʵʪʦ 

ʫʤʝʥʴʰʘʝʪ ʚʨʝʤʷ ʞʠʟʥʠ ʠʟʣʫʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʯʝʪʥʦʝ ʚʨʝʤʷ ʞʠʟʥʠ 

ʠʟʣʫʯʝʥʠʷ, ʫʢʘʟʘʥʥʦʝ ʚ ʊʘʙʣʠʮʝ (ʊʘʙʣʠʮʘ 5), ʢʦʨʦʯʝ ʜʣʷ ʢʦʤʧʣʝʢʩʘ [Eu(a)3] ʠ 

ʜʣʠʥʥʝʝ ʜʣʷ ʜʚʫʭ ʜʨʫʛʠʭ. ʀʟʤʝʨʝʥʥʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʩʣʝʜʫʶʪ ʪʦʡ ʞʝ 

ʪʝʥʜʝʥʮʠʠ. 

 
ʈʠʩʫʥʦʢ 45 - ʂʠʥʝʪʠʢʘ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

[Eu(L)x] (ʘ) ʠ PSS-[Eu(L)x] (ʙ) ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ (L = 2a (1), 2b (2), 

2c (3)) ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ (ʊʘʙʣʠʮʘ 5) [250].  

ʊʘʙʣʠʮʘ 5 - ʇʘʨʘʤʝʪʨʳ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʜʣʠʥʳ ʚʦʣʥ 

ʚʦʟʙʫʞʜʝʥʠʷ (ɚʚʦʟʙ.) ʜʣʷ [Eu(L)x] ʚ CH3CN ʠ ʚ ʩʦʩʪʘʚʝ PSS-ʢʦʣʣʦʠʜʦʚ. 

 R Űʨʘʩʩʯʸʪ., ʤʩ ɚʚʦʟʙ., ʥʤ Űɻʢʩʧ., ʤʩ PL Efficiency 

[Tb(2a)3] - -  2,2  

[Tb(2b)2(NO3)3] - -  4,79  
[Tb(2c)(NO3)3(H2O)] - -  3,05  

[Eu(2a)3] 11,22 1,49 275 1,5 1 

[Eu(2b)2(NO3)3] 1,52 6,86 271 3,9 0,57 

[Eu(2c)(NO3)3(H2O)] 1,38 7,4 271 4,2 0,57 

PSS-{Eu(2a)3} 12,18 1,41 273 0,46 0,33 

PSS-{Eu(2b)2(NO3)3} 1,17 8,1 271 3,5 0,43 

PSS-{Eu(2c)(NO3)3(H2O)} 0,86 10,13 271 3,33 0,33 

 

ɼʣʷ ʜʘʥʥʦʡ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ 

ʟʘʨʷʜʘ (ɕ-ʧʦʪʝʥʮʠʘʣʘ) ʦʩʘʞʜʘʶʱʠʭʩʷ ʪʝʤʧʣʘʪʦʚ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. 

ɿʘʨʷʜ ʦʩʘʞʜʝʥʥʳʭ ʯʘʩʪʠʮ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
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ʠʭ ʚʢʣʶʯʝʥʠʷ ʚ ʩʦʩʪʘʚ PSS-ʢʦʣʣʦʠʜʦʚ. ʇʦʩʪʝʧʝʥʥʦʝ ʜʦʙʘʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 

ʠʟ ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʚʦʜʫ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʣʣʦʠʜʦʚ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʟʥʘʯʝʥʠʷʤ ɕ-ʧʦʪʝʥʮʠʘʣʘ 

(ʊʘʙʣʠʮʘ 6). ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ɕ-ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʢʦʣʣʦʠʜʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʦʚ [Eu(2b)2(NO3)3] ʠ [Eu(2c)(NO3)3(H2O)] ʦʞʠʜʘʝʤʳ, ʧʦʩʢʦʣʴʢʫ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ɻ ʢʩʧʦʥʠʨʦʚʘʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ʢʦʤʧʣʝʢʩʦʚ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ 

ʯʘʩʪʠʯʥʦʡ ʜʝʛʨʘʜʘʮʠʠ, ʚʝʨʦʷʪʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʜʠʩʩʦʮʠʘʮʠʠ ʥʠʪʨʘʪ-ʘʥʠʦʥʦʚ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʢʦʣʣʦʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩ Eu(a)3, 

ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʯʘʩʪʠʯʥʦʤ ʨʘʟʨʫʰʝʥʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʳʩʦʢʘʷ 

ʦʩʥʦʚʥʦʩʪʴ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ 

ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ.  

ʊʘʙʣʠʮʘ 6 - ɼʘʥʥʳʝ ɼʈʉ (ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ (d), ʠʥʜʝʢʩ 

ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ (PDI) ʠ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ (ɕ)) ʜʣʷ ʦʩʘʜʢʦʚ 

[Eu(L)x] ʠ ʢʦʣʣʦʠʜʦʚ PSS-{Ln(L)x} ʚ ʚʦʜʝ. 

ʅʘʟʚʘʥʠʝ d, ʥʤ PDI ɕ, ʤɺ 

Eu(2a)3 1305 Ñ 63 0,199 Ñ 0,182 ï33Ñ0,6 

Eu(2b)2(NO3)3 879 Ñ 29 0,659 Ñ 0,016 36Ñ0,5 

Eu(2c)(NO3)3(H2O) 1922 Ñ 134 0,27 Ñ 0,16 28Ñ1,2 

PSS-{Eu(2a)3} 315 Ñ 11 0,272 Ñ 0,006 ï27Ñ0,7 

PSS-{Eu(2b)2(NO3)3} 522 Ñ 58 0,55 Ñ 0,04 ï67Ñ0,8 

PSS-{Eu(2c)(NO3)3(H2O)} 647 Ñ 69 0,56 Ñ 0,04 ï62Ñ2 

 

ʂʦʤʧʣʝʢʩʳ ʚ ʩʦʩʪʘʚʝ PSS-ʥʘʥʦʯʘʩʪʠʮ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ 

ʢʦʣʣʦʠʜʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʭ ʥʝʧʦʢʨʳʪʳʝ ʘʥʘʣʦʛʠ ʘʛʨʝʛʠʨʫʶʪ 

ʠ ʦʩʘʞʜʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ʕʬʬʝʢʪʠʚʥʦʝ ʚʢʣʶʯʝʥʠʝ 

ʥʘʥʦʧʨʝʮʠʧʠʪʘʪʦʚ ʚ ʘʛʨʝʛʘʪʳ ʥʘ ʦʩʥʦʚʝ PSS ʜʦʚʦʣʴʥʦ ʦʞʠʜʘʝʤʦ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʣʠʛʘʥʜʘʤʠ 2b ʠ 2c, ʧʦʩʢʦʣʴʢʫ ʠʭ ʥʘʥʦʧʨʝʮʠʧʠʪʘʪʳ 

ʟʘʨʷʞʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʢʣʶʯʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ 

ʥʘʥʦʧʨʝʮʠʧʠʪʘʪʦʚ ʢʦʤʧʣʝʢʩʘ [Eu(2a)3] ʚ PSS ʯʘʩʪʠʮʳ ʚʳʙʠʚʘʝʪʩʷ ʠʟ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʆʜʥʘʢʦ ʚʳʩʦʢʘ ̫ ʢʦʥʮʝʥʪʨʘʮʠ ̫ ʧʨʦʪʠʚʦʠʦʥʦʚ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʨʘʩʪʚʦʨʝ ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ PSS, ʤʦʞʝʪ ʦʙʣʝʛʯʠʪʴ ʚʢʣʶʯʝʥʠʝ ʥʘʥʦʧʨʝʮʠʧʠʪʘʪʦʚ ʥʘ ʦʩʥʦʚʝ 
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Eu(2a)3 ʚ PSS-ʢʘʧʩʫʣʳ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʚʝʨʪʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʠʟ 

ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʢʦʣʣʦʠʜʳ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ PSS, ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʧʦ ʯʘʩʪʠʯʥʦʤʫ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʠʦʥʦʚ ʣʘʥʪʘʥʦʠʜʦʚ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ 

ʠʟʤʝʨʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʚʦʜʥʳʭ ʢʦʣʣʦʠʜʘʭ ʠ ʜʚʫʭ 

ʧʝʨʚʳʭ ʩʫʧʝʨʥʘʪʘʥʪʘʭ ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ ʠ ʧʨʦʤʳʚʢʠ (ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʩʤ. ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʯʘʩʪʴ). ʇʨʦʮʝʥʪ ʢʦʥʚʝʨʩʠʠ ʢʦʤʧʣʝʢʩʦʚ 

ʣʘʥʪʘʥʦʠʜʦʚ Eu(L)x ʚ ʩʦʩʪʘʚ ʢʦʣʣʦʠʜʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ 

ʧʨʠʚʝʜʝʥ ʚ (ʊʘʙʣʠʮʘ 7). ʂʘʢ ʚʠʜʥʦ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʢʦʥʚʝʨʩʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ Eu(2a)3, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʣʦʭʦʤ ʚʳʤʳʚʘʥʠʠ ʠʦʥʦʚ Eu3+ 

ʠʟ ʥʘʥʦʧʨʝʮʠʧʠʪʘʪʦʚ. ɺʳʱʝʣʘʯʠʚʘʥʠʝ ʙʦʣʝʝ ʚʳʨʘʞʝʥʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

[Eu(b)2(NO3)3] ʠ [Eu(2c)(NO3)3(H2O)], ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʤʝʥʝʝ ʧʨʦʯʥʳʤ 

ʩʚʷʟʳʚʘʥʠʝʤ ʠʦʥʦʚ Eu3+ ʣʠʛʘʥʜʘʤʠ 2b ʠ 2c, ʯʝʤ ʣʠʛʘʥʜʦʤ 2a. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʣʠʛʘʥʜʳ 2b ʠ 2c ʠʤʝʁʪ ʪʝʥʜʝʥʮʠʶ ʢ ʢʦʦʨʜʠʥʘʮʠʠ ʙʝʟ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ, 

ʪʦʛʜʘ ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʦʝ ʩʚʷʟʳʚʘʥʠʝ Eu3+ ʣʠʛʘʥʜʦʤ a ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʚʷʟʠ ʚ [Eu(2a)3]. 

ʊʘʙʣʠʮʘ 7 - ʈʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Eu3+ ʚ ʚʦʜʥʳʭ ʢʦʣʣʦʠʜʘʭ ʠ 

ʩʫʧʝʨʥʘʪʘʥʪʘʭ ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ ʠ ʧʨʦʮʝʜʫʨʳ ʧʨʦʤʳʚʢʠ, ʘ ʪʘʢʞʝ 

ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Eu3+ ʚ ʢʦʣʣʦʠʜʘʭ ʠ ʩʫʧʝʨʥʘʪʘʥʪʘʭ. 

ʆʙʨʘʟʝʮ 
ɺʚʝʜ

ʝʥʦ 

ʆʩʪʘʶʪʩʷ ʚ 

ʩʦʩʪʘʚʝ 

ʢʦʣʣʦʠʜʦʚ 

CLn ʚ 

ʩʫʧʝʨʥʘʪʘʥʪʝ 

1 

CLn ʚ 

ʩʫʧʝʨʥʘʪʘʥʪʝ 

2 

ʉʫʤʤʘʨʥʳʝ 

ʧʦʪʝʨʠ Ln(III)  

 ʤM ʤM % ʤM % ʤM % ʤM % 

PSS-{ Eu(2a)3}  0,5 0,344 68,94 0,13 26,50 0,023 4,55 0,155 31,05 

PSS-{ Eu(2b)2(NO3)3}  0,5 0,108 21,69 0,37 73,49 0,024 4,82 0,392 78,31 

PSS-{ Eu(2c)(NO3)3}  0,5 0,116 23,29 0,38 37,67 0,007 1,38 38,36 76,71 

 

ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʩʫʰʝʥʥʳʭ ʦʙʨʘʟʮʦʚ PSS-ʥʘʥʦʯʘʩʪʠʮ ʩʦʧʦʩʪʘʚʠʤʳ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɼʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ ʥʘʣʠʯʠʠ ʜʠʩʢʨʝʪʥʳʭ 

ʩʬʝʨʠʯʝʩʢʠʭ ʠʣʠ ʢʚʘʟʠʩʬʝʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩ ʚʳʨʘʞʝʥʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʷʜʨʘ 

ʠ ʦʙʦʣʦʯʢʠ. ʊʘʢʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ɸʉʄ, ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ, ʦʧʨʝʜʝʣʸʥʥʳʡ 

ʤʝʪʦʜʦʤ ʇʕʄ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ, 

ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʤʝʪʦʜʦʤ ɼʈʉ, ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 30-50 ʥʤ ʜʣʷ PSS-

ʢʦʣʣʦʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ Eu(2a)3 ʠ Eu(2b)2(NO3)3. ʇʨʠ ʵʪʦʤ ʜʣʷ 
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ʢʦʤʧʣʝʢʩʦʚ Eu(2c)(NO3)3(H2O) ʚ ʩʦʩʪʘʚʝ PSS-ʢʦʣʣʦʠʜʦʚ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʚ 

ʚʳʩʫʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʦʩʪʠʛʘʝʪ 100 ʥʤ, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʩʢʣʦʥʥʦʩʪʴ ʢ ʘʛʨʝʛʘʮʠʠ ʜʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴʩʷ 

ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʤ ʟʘʨʷʜʦʤ ʷʜʝʨ ʢʦʤʧʣʝʢʩʦʚ Eu3+ ʚ 

ʩʦʩʪʘʚʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʡ ʦʙʦʣʦʯʢʠ. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ, ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʙʳʣʠ ʦʪʩʥʷʪʳ ʜʣʷ PSS ʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʦʚ Gd(TTA)3(1d), ʢʦʪʦʨʳʝ ʙʣʘʛʦʜʘʨʷ ʩʦʧʦʩʪʘʚʠʤʦʡ ʚʥʝʰʥʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʝ ʣʘʥʪʘʥʦʠʜʦʚ, ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʨʘʥʝʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ 

ʢʦʤʧʣʝʢʩʘʤ Eu(TTA)3(1d). ɹʦʣʝʝ ʚʳʩʦʢʠʡ ʢʦʥʪʨʘʩʪ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʯʘʩʪʠʮ 

PSS-{Gd(TTA)3(1d)} ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤ 

ʚʢʣʶʯʝʥʠʠ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʦʩʪʘʚ ʥʘʥʦʯʘʩʪʠʮ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦ ʩʚʦʠʤ 

ʨʘʟʤʝʨʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʜʘʥʥʳʝ ʢʦʣʣʦʠʜʳ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʢʦʣʣʦʠʜʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ Eu3+ ʩ ʙʠʩʬʦʩʬʠʥʦʢʩʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ.  

 

 

ʈʠʩʫʥʦʢ 46 ï ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʩʫʰʝʥʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ PSS-{Eu(2a)3} (a), PSS-{Eu(2b)2(NO3)3} (b), PSS-

{Eu(2c)(NO3)3(H2O)}, PSS-{Gd(TTA)3(1d)} [250]. 

ɺʳʩʫʰʝʥʥʳʝ ʢʦʣʣʦʠʜʳ PSS-{Eu(2a)3} ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ (ʇʈɼ). ʇʈɼ 

ʩʧʝʢʪʨʳ ʢʦʣʣʦʠʜʦʚ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʩ ʦʯʝʥʴ 

ʩʣʘʙʳʤ, ʚʢʣʘʜʦʤ ʘʤʦʨʬʥʦʡ ʬʘʟʳ (ʈʠʩʫʥʦʢ 47). ʉʧʝʢʪʨ ʇʈɼ, ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʡ 

ʠʟ ʜʘʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘ Eu(2a)3, ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ (ʈʠʩʫʥʦʢ 47ʘ) ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʢʦʣʣʦʠʜʦʚ PSS-{Eu(2a)3} ʩ ʮʝʣʴʶ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ 

ʠʭ ʩʦʩʪʘʚʘ. ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʬʣʝʢʩʦʚ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ 

Eu(2a)3 ʠ PSS-{Eu(2a)3} ʩʦʚʧʘʜʘʶʪ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 
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ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʦʨʦʰʢʦʚʳʭ ʦʙʨʘʟʮʦʚ ʢʦʣʣʦʠʜʦʚ PSS-{Eu(2a)3} ʠ ʣʠʛʘʥʜʘ (2a) 

(ʈʠʩʫʥʦʢ 47ʙ), ʥʝ ʧʦʢʘʟʳʚʘʝʪ ʩʦʚʧʘʜʝʥʠʡ ʤʝʞʜʫ ʢʘʨʪʠʥʘʤʠ ʇʈɼ ʣʠʛʘʥʜʘ (2a) 

ʠ PSS-{Eu(2a)3}. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ ʩʦʜʝʨʞʘʪ 

ʯʠʩʪʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ ʢʦʤʧʣʝʢʩʘ ʙʝʟ ʧʨʠʤʝʩʠ ʦʪʜʝʣʴʥʦ ʦʩʘʞʜʝʥʥʦʡ 

ʣʠʛʘʥʜʥʦʡ ʬʘʟʳ. 

 

 

ʈʠʩʫʥʦʢ 47 - ʉʤʦʜʝʣʠʨʦʚʘʥʥʳʡ ʩʧʝʢʪʨ ʇʈɼ ʠʟ ʜʘʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘ 

[Eu(2a)3] (2) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʇʈɼ ʩʧʝʢʪʨʦʤ ʚʳʩʫʰʝʥʥʳʭ PSS-{Eu(2a)3} (1) (ʘ); 

ʉʧʝʢʪʨʳ ʇʈɼ ʚʳʩʫʰʝʥʥʦʛʦ PSS-{Eu(2a)3} (1) ʠ ʣʠʛʘʥʜʘ a (2) (ʙ); ʉʧʝʢʪʨʳ 

ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʣʣʦʠʜʦʚ PSS-[Eu(L)x] (L = a, b, c, x = 3,2,1, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʚ) [250]. 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʣʣʦʠʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʯʝʪʳʨʴʤʷ ʧʦʣʦʩʘʤʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʠʦʥʦʚ Eu3+ (ʈʠʩʫʥʦʢ 47ʚ). ɿʥʘʯʝʥʠʷ R ʜʣʷ 

ʢʦʣʣʦʠʜʦʚ ʩʣʝʜʫʶʪ ʪʦʡ ʞʝ ʪʝʥʜʝʥʮʠʠ, ʯʪʦ ʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʩʪʚʦʨʘʭ 

(ʊʘʙʣʠʮʘ 5). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʦʪʥʦʰʝʥʠʝ ʟʥʘʯʝʥʠʡ R [Eu(2a)3] ʚ ʨʘʩʪʚʦʨʝ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʚ ʢʦʣʣʦʠʜʘʭ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ PSS, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʩʭʦʜʩʪʚʝ ʚʥʫʪʨʠʩʬʝʨʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠʦʥʘ Eu3+ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʚ ʢʦʣʣʦʠʜʥʦʡ 

ʬʦʨʤʝ. ɿʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʣʣʦʠʜʦʚ 

(ʊʘʙʣʠʮʘ 5) ʠʟʤʝʥʷʶʪʩʷ ʩʠʤʙʘʪʥʦ ʚʨʝʤʝʥʘʤ ʞʠʟʥʠ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʩʪʚʦʨʘʭ. 

ɺʳʰʝʠʟʣʦʞʝʥʥʦʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʙʝʟʦʧʘʩʥʳʤ ʧʨʝʚʨʘʱʝʥʠʝʤ 

ʢʦʤʧʣʝʢʩʦʚ [Eu(a)3] ʚ ʩʦʩʪʘʚ PSS-ʢʦʣʣʦʠʜʦʚ (ʊʘʙʣʠʮʘ 7). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʘʨʠʣʟʘʤʝʱʸʥʥʳʭ ʙʠʩʬʦʩʬʠʥʦʢʩʠʜʥʳʭ ʣʠʛʘʥʜʦʚ (2ʘ) 

- (2ʩ) ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʷ ʣʠʛʘʥʜʦʚ ʩ ʠʦʥʘʤʠ Ln3+ ʧʨʠʚʦʜʠʪ ʢ 

ʵʬʬʝʢʪʠʚʥʦʡ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʢʘʢ Tb3+-, ʪʘʢ ʠ Eu3+-ʮʝʥʪʨʦʚʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

ʃʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ ʚ ʢʦʤʧʣʝʢʩʘʭ [Ln(a)3] ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʫʶ 
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ʩʠʤʤʝʪʨʠʶ ʣʠʛʘʥʜʥʦʛʦ ʧʦʣʷ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʢʘʨʪʠʥʝ ʠ ʟʥʘʯʝʥʠʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [Eu(a)3]. ɹʦʣʝʝ 

ʪʦʛʦ, ʚʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ [Ln(a)3] ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʙʝʟʦʧʘʩʥʫʶ 

ʢʦʥʚʝʨʩʠʶ ʚ ʢʦʣʣʦʠʜʳ PSS-{Ln(a)3}, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ ʩ 

ʣʠʛʘʥʜʘʤʠ ʢʘʨʙʘʤʦʠʣʬʦʩʬʠʥʦʢʩʠʜʘ ʠ ʙʠʩ(ʬʦʩʬʠʥʦʢʩʠʜʘ) ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʯʘʩʪʠʯʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʧʨʠ ʩʠʥʪʝʟʝ PSS-ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʣʣʦʠʜʦʚ.  

2.1.3 ʅʘʥʦʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ Ln3+ c ʣʠʛʘʥʜʘʤʠ 

ʟʘʤʝʱʸʥʥʳʤʠ ʧʦ ʚʝʨʭʥʝʤʫ ʦʙʦʜʫ ʪʝʪʨʘ- ʠ ʙʠʩ-1,3-ʜʠʢʝʪʦʥ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʢʘʣʠʢʩ[4]ʘʨʝʥʦʚ (3ʘ-ʩ) ʠ (4a-f). 

1,3-ɼʠʢʝʪʦʥʳ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʣʠʛʘʥʜʳ-

ʘʥʪʝʥʥʳ ʜʣʷ Ln(III)-ʮʝʥʪʨʦʚʦʡ ɻ ʤʠʩʩʠʠ [288,289], ʛʜʝ ʞʝʩʪʢʦʩʪʴ ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʣʝʢʩʘ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ [290ï293]. 

ʅʘʧʨʠʤʝʨ, ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʙʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Ln(III) ʩ ʙʠʩ(1,3-

ʜʠʢʝʪʦʥʘʤʠ) ʦʢʘʟʘʣʘʩʴ ʚ 11 ʨʘʟ ʠʥʪʝʥʩʠʚʥʝʝ, ʯʝʤ ʫ ʤʦʥʦ̫ ʜʝʨʥʳʭ ʘʥʘʣʦʛʦʚ. 

ʀʤʤʦʙʠʣʠʟʘʮʠʷ 1,3-ʜʠʢʝʪʦʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʥʘ ʮʠʢʣʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʝ 

ʢʘʣʠʢʩ[4]ʨʝʟʦʨʮʠʥʘʨʝʥʦʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʙʳʣʘ ʦʧʠʩʘʥʘ ʢʘʢ ʧʦʜʭʦʜ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ Tb(III)-ʮʝʥʪʨʦʚʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʣʘʛʦʜʘʨʷ 

ʞʝʩʪʢʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ ʠ/ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʘʥʪʝʥʥʦʤʫ ʵʬʬʝʢʪʫ 

ʮʠʢʣʦʬʘʥʦʚʦʡ ʧʣʘʪʬʦʨʤʳ [261]. ɹʦʣʝʝ ʪʦʛʦ, ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ 

ʢʘʣʠʢʩ[4]ʘʨʝʥʦʚ ʧʦʟʚʦʣʷʝʪ ʪʦʥʢʦ ʥʘʩʪʨʘʠʚʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʩʪʝʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʣʠʛʘʥʜʘ, ʪʝʤ ʩʘʤʳʤ ʧʨʝʜʦʩʪʘʚʣʷʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʵʥʝʨʛʠʠ 

ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʣʘʥʪʘʥʦʠʜʦʚ, 

ʫʚʝʣʠʯʠʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ [294,295]. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, 

ʣʠʛʘʥʜʳ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʢʘʣʠʢʩ[4]ʘʨʝʥʦʚ ʩ 1,3-ʜʠʢʝʪʦʥʦʚʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʝʥʩʦʨʦʚ.  

ʆʜʥʘʢʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʢʘʣʠʢʩ[4]ʘʨʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʢʘʢ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʷʚʣʷʶʪʩʷ ʥʝ ʨʘʩʪʚʦʨʠʤʳʤʠ ʚ ʚʦʜʝ ʩʦʝʜʠʥʝʥʠʷʤʠ ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʢʨʫʛ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺʦʟʤʦʞʥʦʩʪʴ ʠʥʢʘʧʩʫʣʷʮʠʠ ʜʘʥʥʳʭ 
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ʢʦʤʧʣʝʢʩʦʚ ʧʫʪʸʤ ʧʝʨʝʦʩʘʞʜʝʥʠʷ ʚ ʨʘʩʪʚʦʨ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʫʜʦʙʥʳʭ ʩʧʦʩʦʙʦʚ ʢʦʥʚʝʨʪʘʮʠʠ ʚ ʛʠʜʨʦʬʠʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. ɼʘʥʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʩʝʨʠʠ ʣʠʛʘʥʜʦʚ 

ʧʨʦʠʟʚʦʜʥʳʭ ʢʘʣʠʢʩ[4]ʘʨʝʥʦʚ ʚ ʢʦʥʬʦʨʤʘʮʠʠ ʢʦʥʫʩ ʩ ʯʝʪʳʨʴʤʷ (3ʘ-ʩ) ʠ ʜʚʫʤʷ 

(4a-f) 1,3-ʜʠʢʝʪʦʥʥr ʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʦ ʚʝʨʭʥʝʤʫ ʦʙʦʜʫ, ʘ ʪʘʢʞʝ ʩ 

ʙʝʥʟʦʠʣʘʮʝʪʦʥʥr ʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʦ ʥʠʞʥʝʤʫ ʦʙʦʜʫ (5a-c); ʚ ʢʦʥʬʦʨʤʘʮʠʠ 

1,3-ʘʣʴʪʝʨʥʘʪ (6a-c).  

ʉʦʛʣʘʩʥʦ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʧʨʦʠʟʚʦʜʥʳʝ ʢʘʣʠʢʩ[4]ʘʨʝʥʦʚ ʩ 1,3-

ʜʠʢʝʪʦʥʦʚʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʦ ʚʝʨʭʥʝʤʫ ʦʙʦʜʫ ʚ ʢʦʥʬʦʨʤʘʮʠʠ ʢʦʥʫʩ (3ʘ-ʩ) 

ʠ (4a-f) ʚ ʩʨʝʜʝ DMF ʦʙʨʘʟʫʶʪ ʩ ʣʘʥʪʘʥʦʠʜʘʤʠ ʢʦʤʧʣʝʢʩʳ ʚ ʩʪʝʭʠʦʤʝʪʨʠʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 1:1 [251,296,297]. ɹʦʣʝʝ ʪʦʛʦ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ʣʘʥʪʘʥʦʠʜʘʤʠ 

ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʸʤ ʢʦʦʨʜʠʥʘʮʠʠ ʪʦʣʴʢʦ ʜʚʫʭ ʜʠʢʝʪʦʥʘʪʥʳʭ ʛʨʫʧʧ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʤʝʪʠʣʘʤʠʥʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ 1,3-ʜʠʢʝʪʦʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ɹʠʩ-ʭʝʣʘʪʠʨʦʚʘʥʠʝ ʣʘʥʪʘʥʦʠʜʘ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʠ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʦʣʝʢʫʣ 

ʚʦʜʳ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ ʣʘʥʪʘʥʦʠʜʘ (ʜʦ 4-5 ʤʦʣʝʢʫʣ H2O), ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʳʝ 

ʩʠʩʪʝʤʳ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʘʜʦʣʠʥʠʝʚʳʭ (Gd(III)) ʤʘʛʥʠʪʥʦ-

ʨʝʣʘʢʩʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ, ʛʜʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ 

ʧʝʨʚʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʥʘʭʦʜʠʪʩʷ ʚ ʯʠʩʣʠʪʝʣʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ 

ʨʝʣʘʢʩʠʚʥʦʩʪʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʪʨʠʧʣʝʪʥʳʝ ʫʨʦʚʥʠ ʣʠʛʘʥʜʦʚ ʜʘʥʥʦʛʦ ʨʷʜʘ 

ʨʘʩʧʦʣʘʛʘʶʪ ʢ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Tb(III), ʯʪʦ ʪʘʢʞʝ ʦʩʪʘʚʣʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʟʦʥʜʦʚ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʵʤʠʩʩʠʦʥʥʳʤʠ ʧʦʣʦʩʘʤʠ ʚ ʦʙʣʘʩʪʠ 500-640ʥʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʦʤ in situ LbL ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʤʝʥʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʘʥʝʩʝʥʠʷ ʘʥʠʦʥʥʦʛʦ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ 

PSS ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ Gd(III) ʠ Tb(III) ʩ ʙʠʩ- ʠ ʪʝʪʨʘ-1,3-

ʜʠʢʝʪʦʥʟʘʤʝʱʸʥʥʳʤʠ ʧʦ ʚʝʨʭʥʝʤʫ ʦʙʦʜʫ ʣʠʛʘʥʜʘʤʠ (4a-f ʠ 3a-c, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʠʥʪʝʟʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʪʘʣʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ DMF ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʊʘʢʞʝ ʢʘʢ ʠ ʚ DMSO, DMF 
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ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʢʘʢ ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʣʠʛʘʥʜʦʚ, ʪʘʢ ʠ ʠʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʇʨʠ ʵʪʦʤ, ʩʦʭʨʘʥʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʰʠʚʘʥʠʷ DMF ʨʘʩʪʚʦʨʘ 

ʢʦʤʧʣʝʢʩʘ ʣʘʥʪʘʥʦʠʜʘ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ, ʛʜʝ ʢʦʤʧʣʝʢʩʳ ʥʝ 

ʨʘʩʪʚʦʨʠʤʳ. ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ Gd(3a) ʠ Gd(3b) ʙʳʣʠ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʜʚʫʭ ʠ 

ʪʨʸʭʩʣʦʡʥʳʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʧʫʪʸʤ ʧʦʰʘʛʦʚʦʛʦ ʥʘʥʝʩʝʥʠʷ 

PEI ʠ PSS.  

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɼʈʉ (ʊʘʙʣʠʮʘ 8), ʦʙʨʘʟʫʶʱʠʝʩʷ ʢʦʣʣʦʠʜʳ ʦʙʣʘʜʘʶʪ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (25-57 

ʤɺ ʧʦ ʘʙʩʦʣʶʪʥʦʤʫ ʟʥʘʯʝʥʠʶ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʢʦʣʣʦʠʜʥʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ. ʀʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʨʨʝʣʷʮʠʠ ʩ 

ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʦʸʚ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ, ʦʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʠʩʪʝʤ ʩ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (1a-ʝ) ʨʘʟʤʝʨ ʜʘʥʥʳʭ ʢʦʣʣʦʠʜʦʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 300ʥʤ, ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʤ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʡ 

ʩʝʨʠʠ ʥʘʥʦʯʘʩʪʠʮ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʨʨʝʣʷʮʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʜʠʘʤʝʪʨʘ ʠ ʜʣʠʥʳ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ. ʊʘʢ ʚ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʣʠʛʘʥʜʘʤʠ (3a)-(3b)-(3c) ʜʣʠʥʘ ʯʝʪʳʨʸʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦ 

ʥʠʞʥʝʤʫ ʦʙʦʜʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 0 ʜʦ 9, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 114 ʜʦ 200 ʥʤ. ɼʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ 

ʷʚʣʷʪʴʩʷ ʩʣʝʜʩʪʚʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʷʜʝʨ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ-ʟʘʨʷʞʝʥʥʦʡ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʡ ʦʙʦʣʦʯʢʠ, ʯʪʦ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʘʨʠʘʪʠʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ 

ʢʦʣʣʦʠʜʦʚ. ʆʜʥʘʢʦ ʥʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ ʥʘʨʘʩʪʘʶʱʝʝ ʧʨʦʷʚʣʝʥʠʝ ʛʠʜʨʦʬʦʙʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʘʤʠ. ʊʘʢ, ʨʘʥʝʝ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ 

Tb(3ʩ) ʧʨʠ ʧʝʨʝʦʩʘʞʜʝʥʠʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʟʘ ʩʯʸʪ ʛʠʜʨʦʬʦʙʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦ ʥʠʞʥʝʤʫ ʦʙʦʜʫ (-C9H19) 

ʦʙʨʘʟʫʶʪ ʤʠʮʝʣʦʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʈʠʩʫʥʦʢ 48) ʩʦ ʩʨʝʜʥʠʤ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʤʝʪʨʦʤ ʧʦʨʷʜʢʘ 100 ʥʤ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ (ʦʢʦʣʦ 30 ʤɺ). ɹʦʣʝʝ ʚʳʛʦʜʥʘʷ 

ʧʨʝʜʦʨʛʘʥʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʢʣʶʯʝʥʠʶ ʚ ʩʦʩʪʘʚ 



147 

ʯʘʩʪʠʮ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ Ln(III), ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʡ ʦʙʦʣʦʯʢʠ. 

 

ʈʠʩʫʥʦʢ 48 - ʀʣʣʶʩʪʨʘʮʠʷ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ Tb(3ʩ) ʚ ʩʨʝʜʝ 

ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ DMF-ʚʦʜʘ (ʘ); ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ, ʘ ʪʘʢʞʝ 

ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʩʘʞʜʘʶʱʠʭʩʷ ʥʘʥʦʧʨʝʮʠʧʠʪʘʪʦʚ 

ʙʝʟ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʡ ʦʙʦʣʦʯʢʠ (ʙ) [298].  

ɼʘʥʥʳʝ ɼʈʉ ʢʦʣʣʦʠʜʦʚ PSS-{Tb(4a-f)} ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʢʦʣʣʦʠʜʘʤʠ PSS-

{Gd(3a)}, PSS-{Gd(3b)}, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʨʘʟʤʝʨʦʤ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦ ʥʠʞʥʝʤʫ ʦʙʦʜʫ, ʢʦʪʦʨʳʝ ʣʠʙʦ ʦʪʩʫʪʩʪʚʫʝʪ (4a-c), ʣʠʙʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ï ʧʨʦʧʠʣʴʥʳʝ (4d), ʧʠʨʠʜʠʥʦʚʳʝ (4e), ʭʠʥʦʣʠʥʦʚʳʝ 

(4f). ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (-42ï(-57) ʤɺ) 

ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʨʘʟʥʠʮʝʡ ʚ ʫʧʘʢʦʚʢʝ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʦʩʪʘʚʝ PSS-ʢʦʣʣʦʠʜʦʚ, ʯʪʦ 

ʦʧʨʝʜʝʣʠʣʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʥʘʤʦʪʢʫ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ. ʄʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 1,3-ʜʠʢʝʪʦʥʥʳʭ 

ʛʨʫʧʧ ʚʝʨʭʥʝʛʦ ʦʙʦʜʘ ʢʘʣʠʢʩ[4]ʘʨʝʥʘ ʨʘʩʧʦʣʘʛʘʝʪ ʢ ʣʫʯʰʝʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ.  

ʊʘʙʣʠʮʘ 8 - ɼʘʥʥʳʝ ɼʈʉ (ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ (d), ʠʥʜʝʢʩ 

ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ (PDI) ʠ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ (ɕ)) ʜʣʷ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʦʣʣʦʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ Ln(III) ʩ ʣʠʛʘʥʜʘʤʠ 3a-c 

ʠ 4a-f. 

 d, ʥʤ PDI ɕ, ʤɺ 

PSSï{Gd(3a)} 114 Ñ1,6 0,168 -29,9Ñ0,1 

PEI-PSS-{Gd(3a)} 235 Ñ 20 0,22 +38 Ñ 2 

PSS-PEI-PSS-{Gd(3a)} 286 Ñ 20 0,31 -25 Ñ 2 

PSS -{Gd(3b)} 155 Ñ 20 0,22 -28 Ñ 2 

PEI-PSS-{Gd(3b)} 204 Ñ 20 0,28 +38 Ñ 2 



148 

PSS-PEI-PSS-{Gd(3b)} 294 Ñ 20 0,32  -27 Ñ 2 

PSSï{Tb(3c)} 200,0Ñ10,5 0,190Ñ0,030 -35,9Ñ0,4 

PSS-{Tb(4a)} 124,6 Ñ0,5 0,195Ñ0,006 ī57Ñ2,7 

PSS-{Tb(4b)} 101,9 Ñ2,0 0,185Ñ0,025 ī46Ñ1,8 

PSS-{Tb(4ʩ)} 135,6 Ñ1,2 0,226Ñ0,017 ī48Ñ3,9 

PSSï{Tb(4d)} 135,9 Ñ2,7 0,206 -52Ñ3,96 

PSSï{Tb(4e)} 133,6 Ñ2,2 0,199 -44,5 

PSSï{Tb(4f)} 134 Ñ1,4 0,194 -42Ñ0,7 

 

 

ʈʠʩʫʥʦʢ 49 ï ʀʟʦʙʨʘʞʝʥʠʷ ʇʕʄ ʚʳʩʫʰʝʥʥʳʭ ʢʦʣʣʦʠʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʠʟ ʢʦʤʧʣʝʢʩʦʚ Tb3+ ʩ ʣʠʛʘʥʜʘʤʠ 3a (a), 3b (ʙ) ʠ 3c (ʚ). 

 

PSS-ʢʦʣʣʦʠʜʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ Tb3+ c ʪʝʪʨʘʢʠʩ-1,3-

ʜʠʢʝʪʦʥʟʘʤʝʱʸʥʥʳʤʠ ʢʘʣʠʢʩ[4]ʘʨʝʥʘʤʠ (3ʘ-ʩ) ʚ ʚʳʩʫʰʝʥʥʦʤ ʚʠʜʝ ʬʦʨʤʠʨʫʶʪ 

ʢʚʘʟʠʩʬʝʨʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ ʧʦʨʷʜʢʘ 30-40 ʥʤ, 

ʘʥʘʣʦʛʠʯʥʦ ʨʘʥʝʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʩʠʩʪʝʤʘʤ ʩ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

(TTA ʠ 2a-c) (ʈʠʩʫʥʦʢ 49). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʦʤʧʣʝʢʩʳ Tb3+ ʩ ʙʠʩ-1,3-

ʜʠʢʝʪʦʥʟʘʤʝʱʸʥʥʳʤʠ ʢʘʣʠʢʩ[4]ʘʨʝʥʘʤʠ (4ʘ-f) ʬʦʨʤʠʨʫʶʪ ʩʪʨʫʢʪʫʨʳ ʩ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʷʜʨʘʤʠ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʷʜʢʘ 2-6 ʥʤ (ʈʠʩʫʥʦʢ 50, ʈʠʩʫʥʦʢ 51). ʆʧʨʝʜʝʣʸʥʥʳʝ ʦʪʣʠʯʠʷ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʷʜʝʨ ʢʦʤʧʣʝʢʩʦʚ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ 

ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ, ʢʦʪʦʨʳʡ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʘʛʨʝʛʘʮʠʠ ʷʜʝʨ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʳʩʫʰʠʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ʜʘʥʥʳʝ ʦʪʣʠʯʠʷ ʥʠʚʝʣʠʨʫʶʪʩʷ, ʦ ʯʸʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʠʝ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʪʣʠʯʠʡ ʚ ʜʘʥʥʳʭ ɼʈʉ (ʊʘʙʣʠʮʘ 8). 
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ʈʠʩʫʥʦʢ 50 ï ʀʟʦʙʨʘʞʝʥʠʷ ʇʕʄ ʚʳʩʫʰʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢʦʣʣʦʠʜʦʚ PSS-

{TbL} (L=4a (ʘ), 4b (ʙ), 4c (ʚ)) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʘʟʤʝʨʦʚ (ʛ-ʝ). 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ (ʈʠʩʫʥʦʢ 52), ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 1,3-

ʜʠʢʝʪʦʥʟʘʤʝʱʸʥʥʳʝ ʢʘʣʠʢʩ[4]ʘʨʝʥʦʚʳʝ ʣʠʛʘʥʜʳ ʵʬʬʝʢʪʠʚʥʦ 

ʩʝʥʩʠʙʠʣʠʟʠʨʫʶʪ ʣʶʤʠʥʝʩʮʝʥʮʠʶ Tb3+, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʧʝʮʠʬʠʯʥʳʤ ʜʣʷ ʜʘʥʥʦʛʦ ʣʘʥʪʘʥʦʠʜʘ ʩʧʝʢʪʨʦʤ, ʩʦʩʪʘʚʣʝʥʥʳʤ ʠʟ 

ʢʦʤʙʠʥʘʮʠʠ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ: 5D4Ÿ
7F6 (490 ʥʤ), 5D4Ÿ

7F5 (545 ʥʤ), 

5D4Ÿ
7F4 (586 ʥʤ), 5D4Ÿ

7F3 (622 ʥʤ) (ʈʠʩʫʥʦʢ 52). ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʦʥʦʚ Eu3+, 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʝʨʝʭʦʜʳ Tb3+ ʷʚʣʷʶʪʩʷ ʩʤʝʰʘʥʥʳʤʠ. ʆʜʥʘʢʦ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʭʦʜ 5D4Ÿ
7F6 ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʘʛʥʠʪʥʳʡ 

ʜʠʧʦʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ 5D4Ÿ
7F5 ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʵʣʝʢʪʨʠʯʝʩʢʠ ʜʠʧʦʣʴʥʳʡ ʠ 

ʙʦʣʴʰʝ ʟʘʚʠʩʠʪ ʦʪ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʤʝʪʘʣʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʦʦʪʥʦʰʝʥʠʝ ʧʠʢʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ 545 ʠ 490 ʥʤ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ 

ʩʠʤʤʝʪʨʠʠ ʣʠʛʘʥʜʥʦʛʦ ʧʦʣʷ ʢʦʤʧʣʝʢʩʦʚ ʠ ʦ ʝʛʦ ʠʟʤʝʥʝʥʠʷʭ ʚ ʧʨʦʮʝʩʩʝ 

ʢʦʥʚʝʨʪʘʮʠʠ ʚ ʩʦʩʪʘʚ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʦʣʣʦʠʜʦʚ [299].  
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ʈʠʩʫʥʦʢ 51 ï ʀʟʦʙʨʘʞʝʥʠʷ ʇʕʄ ʚʳʩʫʰʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢʦʣʣʦʠʜʦʚ PSS-

{TbL} (L = 4d (ʘ), 4e (ʙ), 4f (ʚ)) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʘʟʤʝʨʦʚ (ʛ-ʝ). 

ʊʘʢ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʧʠʢʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʫ 

ʢʦʤʧʣʝʢʩʦʚ Tb3+ ʩ ʪʝʪʨʘ-1,3-ʜʠʢʝʪʦʥʟʘʤʝʱʸʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (3ʘ) ʠ (3ʩ) 

ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʩʠʩʪʝʤʦʡ ʩ ʪʝʪʨʘ-1,3-ʜʠʢʝʪʦʥʟʘʤʝʱʸʥʥʳʤ 

ʣʠʛʘʥʜʦʤ (4ʘ) (ʊʘʙʣʠʮʘ 9). ɼʘʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʜʘʥʥʳʤʠ ʦ ʢʦʦʨʜʠʥʘʮʠʠ ʣʘʥʪʘʥʦʠʜʦʚ ʪʦʣʴʢʦ ʧʦ ʜʚʫʤ 1,3-ʜʠʢʝʪʦʥʦʚʳʤ 

ʛʨʫʧʧʘʤ ʠʟ ʯʝʪʳʨʸʭ ʚʦʟʤʦʞʥʳʭ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʩʭʦʞʫʶ ʩʠʤʤʝʪʨʠʶ 

ʣʠʛʘʥʜʥʦʛʦ ʧʦʣʷ ʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ [251]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚʚʝʜʝʥʠʝ 

ʙʨʦʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦ ʚʝʨʭʥʝʤʫ ʦʙʦʜʫ ʥʘʨʫʰʘʶʪ ʩʠʤʤʝʪʨʠʶ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ Tbį , ʦ ʯʸʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʧʠʢʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ 545 ʠ 490 ʥʤ (Iʣʶʤ(545ʥʤ)/ Iʣʶʤ(490ʥʤ) 

å 3) (ʊʘʙʣʠʮʘ 9). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʙʨʦʤʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʥʘ ʪʨʠʧʣʝʪʥʳʡ ʫʨʦʚʝʥʴ ʣʠʛʘʥʜʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ 

ʣʠʛʘʥʜ-ʤʝʪʘʣʣ, ʯʪʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠ ʜʠʧʦʣʴʥʳʡ 

5D4Ÿ
7F5 ʧʝʨʝʭʦʜ. ʆʜʥʘʢʦ ʚʦʧʨʝʢʠ ʩʢʘʟʘʥʥʦʤʫ, ʜʣʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Tb3+ ʩ ʜʠʙʨʦʤ- ʜʠ-1,3-ʜʠʢʝʪʦʥʟʘʤʝʱʸʥʥʳʤ ʢʘʣʠʢʩ[4]ʘʨʝʥʦʤ ʚ ʢʦʥʬʦʨʤʘʮʠʠ 

1,3 ʘʣʴʪʝʨʥʘʪ Tb(6c), ʦʩʦʙʝʥʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ 
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ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ, ʩʦʦʪʥʦʰʝʥʠʝ ʧʠʢʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʙʝʟ ʙʨʦʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ Tb(3a), Tb(4a) (å 2,2). 

ɹʦʣʝʝ ʪʦʛʦ, ʧʦʩʣʝ ʢʦʥʚʝʨʪʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ Tb3+ ʩ ʙʨʦʤʟʘʤʝʱʸʥʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ (4d-f) ʚ ʩʦʩʪʘʚ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʩʦʦʪʥʦʰʝʥʠʝ ʠʭ 

ʧʠʢʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 3,5 ï 3,8 (ʊʘʙʣʠʮʘ 9), ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʩʠʤʤʝʪʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʧʨʠ ʢʦʥʚʝʨʪʘʮʠʠ ʚ ʩʦʩʪʘʚ 

ʷʜʨʘ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʠ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʫʧʘʢʦʚʢʠ.  

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʨʘʟʫʶʱʠʭʩʷ PSS-ʢʦʣʣʦʠʜʦʚ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʣʣʦʠʜʦʚ ʚ ʨʘʩʪʚʦʨʘʭ DMF 

(ʈʠʩʫʥʦʢ 52ʘ) ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʫʭ 

ʥʝʜʝʣʴ.  

 

ʊʘʙʣʠʮʘ 9 ï ʉʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʦʚ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ (Iʣʶʤ(545ʥʤ)/Iʣʶʤ(490ʥʤ)) ʠ ʚʨʝʤʝʥʘ ʞʠʟʥʠ (Űʩʨ) ʜʣʷ 1,3-

ʜʠʢʝʪʦʥʟʘʤʝʱʸʥʥʳʭ ʢʘʣʠʢʩ[4]ʘʨʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Tb3+ ʚ ʩʨʝʜʝ DMF ʠ ʚ 

ʩʦʩʪʘʚʝ PSS-ʢʦʣʣʦʠʜʦʚ. 

ʉʠʩʪʝʤʘ DMF PSS-ʢʦʣʣʦʠʜʳ 

Iʣʶʤ(545 ʥʤ)/ 

Iʣʶʤ(490 ʥʤ) 
Űʩʨ, ʤʩ 

Iʣʶʤ(545 ʥʤ)/ 

Iʣʶʤ(490 ʥʤ) 
Űʩʨ, ʤʩ 

Tb(3a) 2,21 0,896 2,53 0,231 

Tb(3c) 2,17 1,25  2,20 0,399 

Tb(4a) 2,20 0,889 2,06 0,351 

Tb(4d) 3,00 0,743 3,81 0,418 

Tb(4e) 3,05 0,850 3,75 0,358 

Tb(4f) 2,97 0,746 3,50 0,233 

Tb(6ʩ) 2,18 0,480 2,11 0,317 

 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʨʝʤʝʥ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʢʦʣʣʦʠʜʦʚ PSS-{LnL} ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʦʪ ʢʦʤʧʣʝʢʩʦʚ {LnL} ʚ DMF 

ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʚʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ 

ʢʠʥʝʪʠʢʠ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʊʘʙʣʠʮʘ 10). ʇʝʨʚʦʦʯʝʨʝʜʥʳʤ ʬʘʢʪʦʨʦʤ 

ʧʦʜʦʙʥʳʭ ʠʟʤʝʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ TbL ʩ ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʴʶ ʛʠʜʨʘʪʘʮʠʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʠ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʦʙʣʘʩʪʠ ʷʜʝʨ 

ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ. ɿʥʘʯʝʥʠʷ ʫʩʨʝʜʥʸʥʥʳʭ ʚʨʝʤʸʥ ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ (Űʩʨ.) PSS-ʢʦʣʣʦʠʜʦʚ ʚʳʷʚʣʷʶʪ ʨʘʟʣʠʯʠ ̫ʤʝʞʜʫ ʠʩʧʦʣʴʟʫʝʤʳʤʠ 
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ʣʠʛʘʥʜʘʤʠ. ʅʘʥʦʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ Tb(3a) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ 

ʥʠʟʢʠʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʦʣʷʨʥʳʭ ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʝ ʣʠʛʘʥʜʘ (ʯʝʪʳʨʝ -OH ʛʨʫʧʧʳ ʥʘ ʥʠʞʥʝʤ ʦʙʦʜʝ ʠ 

ʯʝʪʳʨʝ 1,3-ʜʠʢʝʪʦʥʥr ʭ ʛʨʫʧʧʳ ʥʘ ʚʝʨʭʥʝʤ), ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʩʪʘʙʠʣʠʟʘʮʠʶ 

ʢʦʤʧʣʝʢʩʘ ʚ ʩʦʩʪʘʚʝ PSS ʥʘʥʦʯʘʩʪʠʮ.  

ʈʘʩʩʤʘʪʨʠʚʘʷ ʩʝʨʠʶ ʢʦʤʧʣʝʢʩʦʚ ʩ ʙʨʦʤʟʘʤʝʱʸʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ Tb(4e-

f) ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʩ ʭʠʥʦʣʠʣ-ʟʘʤʝʱʝʥʥʳʤ ʣʠʛʘʥʜʦʤ 4f ʚ 

ʛʠʜʨʦʬʠʣʴʥʳʭ ʢʦʣʣʦʠʜʘʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʝʥʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ Űʩʨ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʣʝʢʩʘʤʠ Tb(4d), Tb(4f), ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʈʠʩʫʥʦʢ 52ʚ). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ 

ʚʳʩʦʢʦʤ ʚʣʠʷʥʠʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʜʝʘʢʪʠʚʘʮʠʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ ʩ ʣʠʛʘʥʜʦʤ 4f ʧʨʠ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʚ ʛʠʜʨʦʬʠʣʴʥʳʝ 

ʢʦʣʣʦʠʜʳ. ʇʦʩʢʦʣʴʢʫ ʚ ʨʘʩʪʚʦʨʘʭ DMF ʢʦʤʧʣʝʢʩʳ Tb(4e-f) ʥʝ ʧʨʦʷʚʣʷʶʪ 

ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʈʠʩʫʥʦʢ 52ʙ), ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʥʘʙʣʶʜʘʝʤʳʝ ʵʬʬʝʢʪʳ ʦʙʫʩʣʦʚʣʝʥʳ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. 

 

 

ʈʠʩʫʥʦʢ 52 ï ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ {Tb(4e)} ʚ DMF ʠ PSS-{Tb(4e)} ʚ 

H2O (C=0.5 ʤʄ) ɚex=330 ʥʤ (a); ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʣʣʦʠʜʦʚ (PSS-

{Tb(4d)}, PSS-{Tb(4e)}, PSS-{Tb(4f)}). 

ʊʘʙʣʠʮʘ 10 ï ɺʨʝʤʷ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [TbL] (C=0,5 ʤʄ) 

ʚ DMF, PSS-{TbL} ʚ H2O (L = 4d, 4e, 4f). 

 ɸ1 Ű1, ʤʩ ɸ2 Ű2, ʤʩ Űʩʨ., ʤʩ ʉʢʦʨʨ. R2 

PSS-{Tb(4d)}  3,7 0,147Ñ 0,001 4,0 0,492 Ñ 0,010 0,418 0,99996 

PSS-{Tb(4e)} 1,8 0,109 Ñ 0,001 2,0 0,416 Ñ 0,010 0,358 0,99998 

PSS-{Tb(4f)}  10,4 0,089 Ñ 0,001 4,1 0,332 Ñ 0,010 0,233 0,99996 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʙʨʦʤʟʘʤʝʱʝʥʥʳʝ ʙʠʩ-1,3-ʜʠʢʝʪʦʥʥr ʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʢʘʣʠʢʩ[4]ʘʨʝʥʦʚ ʩ ʧʠʨʠʜʠʥʦʚʳʤʠ ʠ ʭʠʥʦʣʠʥʦʚʳʤʠ ʛʨʫʧʧʘʤʠ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ ʨʝʢʦʤʝʥʜʫʶʪ ʩʝʙʷ ʚ ʨʦʣʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʝʥʩʦʨʦʚ ʥʘ d-ʤʝʪʘʣʣʳ. ɺ ʮʝʣʦʤ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʢʘʣʠʢʩ[4]ʘʨʝʥʦʚ (3a-c, 4a-f) ʚ ʩʨʝʜʝ DMF ʬʦʨʤʠʨʫʶʪ ʩ ʣʘʥʪʘʥʦʠʜʘʤʠ 

ʢʦʤʧʣʝʢʩʳ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʧʣʘʪʬʦʨʤ rʜʣʷ 

ʩʦʟʜʘʥʠʷ ʤʘʛʥʠʪʥʦ-ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ Gd3+ ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ ʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʝʥʩʦʨʦʚ.  

 

2.1.4 ʅʘʥʦʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ Ln3+ c ʣʠʛʘʥʜʘʤʠ 

ʟʘʤʝʱʸʥʥʤrʠ ʧʦ ʥʠʞʥʝʤʫ ʦʙʦʜʫ ʙʠʩ-1,3-ʜʠʢʝʪʦʥ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʢʘʣʠʢʩ[4]ʘʨʝʥʦʚ (5ʘ) - (5c). 

ɹʠʩ-ʙʝʥʟʦʠʣʘʮʝʪʦʥʟʘʤʝʱʸʥʥʳʝ ʧʦ ʥʠʞʥʝʤʫ ʦʙʦʜʫ ʧʨʦʠʟʚʦʜʥʳʝ 

ʢʘʣʠʢʩ[4]ʘʨʝʥʦʚ (5ʘ) - (5c), ʘʥʘʣʦʛʠʯʥʦ ʩʝʨʠʠ ʢʘʣʠʢʩ[4]ʘʨʝʥʦʚ (4a-f) ʦʙʨʘʟʫʶʪ 

ʢʦʤʧʣʝʢʩʳ ʩ Ln3+ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʪʝʭʠʦʤʝʪʨʠʠ 1:1. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʜʘʥʥʳʝ ʗʄʈ-DOSY ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʚ ʩʠʩʪʝʤʝ 

ʥʘʣʠʯʠʝ ʜʠʤʝʨʥʦʡ (2:2) ʬʦʨʤʳ ʢʦʤʧʣʝʢʩʘ. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, 

ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʘʤʦʜʠʬʬʫʟʠʠ Ds ʥʘ 25% ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʜʠʤʝʨʠʟʘʮʠʠ ʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʘʭ [300ï302]. ɿʥʘʯʝʥʠʷ Ds ʠ rH (ʊʘʙʣʠʮʘ 11) 

ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʗʄʈ, ʠʟʤʝʨʝʥʥʳʭ ʜʣʷ ʜʠʘʤʘʛʥʠʪʥʳʭ 

ʠʦʥʦʚ La3+, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʧʘʨʘʤʘʛʥʠʪʥʦʝ ʫʰʠʨʝʥʠʝ ʩʠʛʥʘʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʪʝʧʝʥʴ ʥʘʢʦʧʣʝʥʠʷ ʜʠʤʝʨʥʦʡ ʬʦʨʤʳ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʣʷʝʪ 

72 %, 65 % ʠ 88 % ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʘ ʩ ʣʠʛʘʥʜʘʤʠ 5a, 5b ʠ 5c, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʊʘʙʣʠʮʘ 11 ï ʂʦʵʬʬʠʮʠʝʥʪ ʩʘʤʦʜʠʬʬʫʟʠʠ (Ds), ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʨʘʜʠʫʩ (rH) ʜʣʷ ʣʠʛʘʥʜʦʚ 1a-c (3,0 ʤʄ) ʚ ʨʘʩʪʚʦʨʘʭ DMSO-d6 ʜʦ ʠ ʧʦʩʣʝ 

ʜʦʙʘʚʣʝʥʠʷ La3+ (3,0 ʤʄ) ʠ TEA (18 ʤʄ) ʧʨʠ 303 ʂ. 

ʉʠʩʪʝʤʘ (ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ) Ds, 10
-10 m2s-1 rH, ¡ 

5a  1,82 7,1 

5a-TEA (1:6) 1,80 7,1 

5a-La3+-TEA (1:1:6) 1,55 8,3 

5b  1,80 7,1 

5b-TEA (1:6) 1,76 7,3 

5b-La3+-TEA (1:1:6) 1,56 8,2 

5c  1,78 7,1 

5c-TEA (1:6) 1,80 7,1 

5c-La3+-TEA (1:1:6) 1,47 8,7 

 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ʣʠʛʘʥʜʘʤʠ ʚ ʜʘʥʥʦʡ ʩʝʨʠʠ 

ʨʘʩʩʤʦʪʨʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʧʨʠʤʝʨʝ 

ʣʠʛʘʥʜʘ 5b. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʩʪʫʧʝʥʯʘʪʳʤ 

ʧʨʦʮʝʩʩʦʤ, ʛʜʝ ʧʝʨʚʳʡ ʰʘʛ ð ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦ̫ ʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ 

ʥʘ ʚʪʦʨʦʤ ʰʘʛʝ ʧʨʦʮʝʩʩʘ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʩʦʙʠʨʘʶʪʩʷ ʚ ʜʠʤʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʝʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʦʣʴʢʦ 8-

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ Eu3+ ʩ ʢʘʣʠʢʩ[4]ʘʨʝʥʦʤ (5b), ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ 

ʩʬʝʨʘ ʣʘʥʪʘʥʦʠʜʘ ʙʳʣʘ ʟʘʧʦʣʥʝʥʘ ʤʦʣʝʢʫʣʘʤʠ DMF (ʈʠʩʫʥʦʢ 53).  

ʆʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦ̫ ʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Eu3+ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʯʝʨʝʟ 

ʭʝʣʘʪʠʨʦʚʘʥʠʝ ʠʦʥʘ Eu3+ ʦʜʥʦʡ ʛʨʫʧʧʦʡ 1,3-ʜʠʢʝʪʦʥʘʪʘ ʣʠʛʘʥʜʘ (ʈʠʩʫʥʦʢ 53ʙ) 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ [EuHL(DMF)6]
2+-(I): 

[Eu(H2O)8]
3+ + H2L + Et3N + 6DMF ᵰ  

ᵰ [EuHL(DMF)6]
2+-(I)+ 8H2O + Et3NH

+  1 

ɹʠʩ-ʭʝʣʘʪʠʨʦʚʘʥʠʝ ʠʦʥʘ Eu3+ ʣʠʛʘʥʜʦʤ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʜʚʫʭ 1,3-ʜʠʢʝʪʦʥʥʳʭ ʛʨʫʧʧ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʦʤʧʣʝʢʩʘ [EuL(DMF)4]
+-(II) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʚʥʦʚʝʩʠʝʤ 2: 

[Eu(H2O)8]
3+ + H2L + 2Et3N + 4DMF ᵰ 

ᵰ [EuL(DMF)4]
+-(II)+ 8 H2O + 2Et3NH+  2 
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ [EuHL(DMF)6]
2+-(I) ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʣʠʙʦ [EuL(DMF)4]
+-(II), ʣʠʙʦ [Eu2L2(DMF)8]

2+-(III): 

[EuHL(DMF)6]
2+ + Et3N ᵰ  

[EuL(DMF)4]
+-(II) + 2DMF + Et3NH

+ 3  

2[EuHL(DMF)6]
2+-(I) + 2Et3N ᵰ  

ᵰ [Eu2L2(DMF)8]
2+-(III) + 2Et3NH+ + 4DMF  4  

ʆʜʥʘʢʦ ʦʙʨʘʟʦʚʘʥʠʝ [Eu2L2(DMF)8]
2+-(III) ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʟ-ʟʘ 

ʜʠʤʝʨʠʟʘʮʠʠ II ʯʝʨʝʟ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʜʝʭʝʣʘʪʠʨʦʚʘʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʭʝʣʘʪʠʨʦʚʘʥʠʝʤ 1,3-ʜʠʢʝʪʦʥʘʪʥʳʭ ʛʨʫʧʧ ʠʟ-ʟʘ ʨʘʚʥʦʚʝʩʠʷ 

5: 

2[EuL(DMF)4]
+-(II) ᵰ [Eu2L2(DMF)8]

2+-(III) (5) 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʤʧʣʝʢʩʦʚ (I-III) ʠʟ 

[Eu(H2O)8]
3+ ʠ ʣʠʛʘʥʜʘ (5b) (H2L) ʚ ʧʨʠʩʫʪʩʪʚʠʠ TEA ʩʦʙʨʘʥʳ ʚ ʪʘʙʣʠʮʝ 

(ʊʘʙʣʠʮʘ 12). ɿʥʘʯʝʥʠʷ ȹGǓ298 ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 

[EuHL(DMF)6]
2+-(I) ʠ [EuL(DMF)4]+-(II) ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦ ʚ 

ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ. ɹʦʣʴʰʠʡ ʵʥʪʨʦʧʠʡʥʳʡ ʚʢʣʘʜ ʜʝʣʘʝʪ ʢʦʤʧʣʝʢʩ II ʙʦʣʝʝ 

ʚr ʛʦʜʥʳʤ, ʯʝʤ I, ʭʦʪʷ ʟʥʘʯʝʥʠʝ ȹHǓ298 ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ I 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ II. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʚʨʘʱʝʥʠʝ I ʚ II ʯʝʨʝʟ ʨʘʚʥʦʚʝʩʠʝ (3) 

ʷʚʣʷʝʪʩʷ ʵʥʪʨʦʧʠʡʥʦ ʦʙʫʩʣʦʚʣʝʥʥʳʤ (ʊʘʙʣʠʮʘ 12). 

ʆʙʨʘʟʦʚʘʥʠʝ [Eu2L2(DMF)8]
2+-(III) ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʦ, 

ʢʦʛʜʘ ʦʥʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ [EuHL(DMF)6]
2+-(I), ʯʝʤ ʠʟ [EuL(DMF)4]

+-(II) ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʘʢʮʠʷʤʠ (4) ʠ (5) (ʊʘʙʣʠʮʘ 12). ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ 

ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʨʝʘʢʮʠʠ (5) ȹGǓ298 (ī 13,9 ʢɼʞ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʘʤʠ II ʠ III, ʧʦʜʪʚʝʨʞʜʘʷ ʜʘʥʥʳʝ 

ʜʠʬʬʫʟʠʦʥʥʦʡ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ 

ʨʘʩʪʚʦʨʠʪʝʣʝ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʪʝʭʠʦʤʝʪʨʠʠ 2:2 ʠ 1:1. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʣʝʝ 

ʢʦʤʧʣʝʢʩʳ ʜʘʥʥʦʡ ʩʝʨʠʠ ʙʫʜʫʪ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ [Ln(5a-c)]. 
































































































































































































































































































































