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1 

 

ɼʠʩʝʨʪʘʮʽʻʶ ʻ ʨʫʢʦʧʠʩ 

ʈʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʥʘ ʢʘʬʝʜʨʽ ʟʘʛʘʣʴʥʦʾ ʭʽʤʽʾ ʪʘ ʧʦʣʽʤʝʨʽʚ ʆʜʝʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯ.ɯ. ʄʝʯʥʠʢʦʚʘ 

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʜʦʢʪʦʨ ʭʽʤʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʉʝʡʬʫʣʣʽʥʘ ɯʥʥʘ ʁʦʩʠʧʽʚʥʘ, 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

ʽʤʝʥʽ ɯ.ɯ. ʄʝʯʥʠʢʦʚʘ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ  

ʟʘʛʘʣʴʥʦʾ ʭʽʤʽʾ ʪʘ ʧʦʣʽʤʝʨʽʚ 

 

ʆʬʽʮʽʡʥʽ ʦʧʦʥʝʥʪʠ: ʜʦʢʪʦʨ ʭʽʤʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ɻʝʣʴʤʙʦʣʴʜʪ ɺʦʣʦʜʠʤʠʨ ʆʣʝʛʦʚʠʯ, 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʭʽʤʽʾ 

 

 

 ʜʦʢʪʦʨ ʭʽʤʽʯʥʠʭ ʥʘʫʢ,  

ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ 

ʈʫʩʘʢʦʚʘ ʅʘʪʘʣʽʷ ɺʦʣʦʜʠʤʠʨʽʚʥʘ, 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ʆ.ɺ. ɹʦʛʘʪʩʴʢʦʛʦ 

ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʆʜʝʩʘ, ʧʨʦʚʽʜʥʠʡ  ʥʘʫʢʦʚʠʡ 

ʩʧʽʚʨʦʙʽʪʥʠʢ ʚʽʜʜʽʣʫ ʭʽʤʽʾ ʣʘʥʪʘʥʽʜʽʚ 
 

  

 

ɿʘʭʠʩʪ ʜʠʩʝʨʪʘʮʽʾ ʚʽʜʙʫʜʝʪʴʩʷ ç 10 è  ʞʦʚʪʥʷ  2018 ʨ. ʦ  13:00  ʛʦʜʠʥʽ ʥʘ ʟʘʩʽʜʘʥʥʽ 
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ʜʦʨʦʛʘ, 86. 
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1 

 

ɿɸɻɸʃʔʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈʆɹʆʊʀ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚ 

ʙʽʦʥʝʦʨʛʘʥʽʯʥʽʡ ʭʽʤʽʾ ʻ ʩʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ  ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʭ 3d-

ʤʝʪʘʣʽʚ (ʤʘʥʛʘʥ, ʢʦʙʘʣʴʪ, ʥʽʢʝʣʴ, ʢʫʧʨʫʤ, ʮʠʥʢ) ʟ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʤʠ 

ʧʦʣʽʥʫʢʣʝʘʪʠʚʥʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ ʣʽʛʘʥʜʘʤʠ, ʟʦʢʨʝʤʘ ʛʽʜʨʘʟʠʜ-ʛʽʜʨʘʟʦʥʦʚʦʛʦ ʪʠʧʫ. 

ʉʝʨʝʜ ʥʠʭ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʩʢʦʥʩʪʨʫʡʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʧʽʨʠʜʠʥʫ ʘʙʦ ʽʥʰʠʭ 

ʥʽʪʨʦʛʝʥʚʤʽʩʥʠʭ ʛʝʪʝʨʦʮʠʢʣʽʚ. ʆʙʫʤʦʚʣʝʥʦ ʮʝ ʪʠʤ, ʱʦ ʩʧʦʣʫʢʠ ʪʘʢʦʛʦ ʪʠʧʫ 

ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ. ɺʦʥʠ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʩʠʥʪʝʟʽ 

ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ, ʧʨʦʮʝʩʘʭ ʽʤʫʥʽʪʝʪʫ ʽ ʨʝʛʝʥʝʨʘʮʽʾ, ʤʘʶʪʴ ʤʽʥʽʤʘʣʴʥʠʡ ʩʧʝʢʪʨ 

ʧʦʙʽʯʥʦʾ ʜʽʾ, ʘ ʪʘʢʦʞ ʚʠʷʚʣʷʶʪʴ ʢʣʽʥʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʪʘʢʠʭ ʟʘʭʚʦʨʶʚʘʥʥʷʭ, ʷʢ 

ʦʥʢʦʣʦʛʽʯʥʽ, ʧʩʠʭʦʥʝʚʨʦʣʦʛʽʯʥʽ, ʪʨʘʚʤʘʪʠʯʥʽ ʩʪʘʥʠ ʪʦʱʦ. 

ʐʝʩʪʠʯʣʝʥʥʽ ʛʝʪʝʨʦʮʠʢʣʠ, ʟʦʢʨʝʤʘ ʧʽʨʠʜʠʥ ʽ ʡʦʛʦ ʛʽʜʨʦʚʘʥʽ ʘʥʘʣʦʛʠ, 

ʟʘʡʤʘʶʪʴ ʜʝʩʷʪʫ ʯʘʩʪʢʫ ʚʩʴʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ. ʅʘ ʾʭ ʦʩʥʦʚʽ 

ʩʪʚʦʨʝʥʦ ʙʘʛʘʪʦ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʟ ʙʽʦʤʝʪʘʣʘʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʩʢʣʘʜʫ, ʙʫʜʦʚʠ, ʚʣʘʩʪʠʚʦʩʪʝʡ, ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʽʦʣʦʛʽʯʥʦʾ ʜʽʾ, 

ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʝʜʠʮʠʥʽ. ʇʨʦ ʮʝ ʩʚʽʜʯʠʪʴ 

ʯʠʩʝʣʴʥʘ ʥʘʫʢʦʚʘ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʻ ʚ ʣʽʪʝʨʘʪʫʨʽ, ʷʢʘ ʥʘ ʞʘʣʴ ʻ ʥʝʜʦʩʪʘʪʥʴʦʶ ʟʘ 

ʦʙô̒ ʤʦʤ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ  ʢʦʤʧʣʝʢʩʽʚ Co(II), Ni(II), Cu(II) ʟ ʧʽʨʠʜʠʥʦʾʣʛʽʜʨʘʟʦʥʘʤʠ 

ʧʨ̔ʦʚʠʥʦʛʨʘʜʥʦʾ ʢʠʩʣʦʪʠ ʽ ʟʦʚʩʽʤ ʚʽʜʩʫʪʥʷ ʜʣʷ ʧʦʭʽʜʥʠʭ ʙʝʥʟʜʽʘʟʝʧʽʥʫ ʛʽʜʨʘʟʠʜ-

ʛʽʜʨʘʟʦʥʦʚʦʛʦ ʪʠʧʫ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʠʪʴʩʷ çʜʝʥʥʠʡè ʪʨʘʥʢʚʽʣʽʟʘʪʦʨ ʛ̔ ʜʘʟʝʧʘʤ ï 2-(7-

ʙʨʦʤʦ-2-ʦʢʩʦ-5-ʬʝʥʽʣ-3H-1,4-ʙʝʥʟʜʽʘʟʝʧʽʥ-1- ʣ̔)ʘʮʝʪʦʛʽʜʨʘʟʠʜ. ʁʦʛʦ ʤʦʣʝʢʫʣʘ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʧʦʭʽʜʥʠʭ ʙʝʥʟʜʽʘʟʝʧʽʥʫ ʧʦʨʷʜ ʟ ʢʽʣʴʢʦʤʘ ʜʦʥʦʨʥʠʤʠ ʮʝʥʪʨʘʤʠ (N ʽ 

O), ʤʽʩʪʠʪʴ ʛʽʜʨʘʟʠʜʥʫ ʛʨʫʧʫ, ʷʢʘ ʷʢ ʘʥʘʣʦʛ ʧʝʧʪʠʜʥʦʾ ʉ(ʆ)NH, ʟʘ ʜʫʤʢʦʶ ʙʘʛʘʪʴʦʭ 

ʜʦʩʣʽʜʥʠʢʽʚ, ʦʙʫʤʦʚʣʶʻ ʧʨʦʷʚ ʩʧʦʣʫʢʦʶ ʧʝʚʥʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ʎʝ ʚʽʜʢʨʠʚʘʻ 

ʧʝʨʩʧʝʢʪʠʚʫ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʣʽʛʘʥʜʘ ʚ ʨʝʘʢʮʽʷʭ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʟ ʡʦʥʘʤʠ 

ʤʝʪʘʣʽʚ ,̔ ʙʽʣʴʰ ʪʦʛʦ, ʷʢ ʦʩʥʦʚʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʘʢʮʽʻʶ ʢʦʥʜʝʥʩʘʮʽʾ ʟ 

ʢʘʨʙʦʥʽʣʚʤʽʩʥʠʤʠ ʙʽʦʦʨʛʘʥʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʨʽʟʥʠʭ ʢʣʘʩʽʚ, ʟʦʢʨʝʤʘ: ʘʣʴʜʝʛʽʜʽʚ 

(ʩʘʣʽʮʠʣʦʚʠʡ), ʽʥʜʦʣʽʚ (ʽʟʘʪʠʥ), ʢʝʪʦʢʠʩʣʦʪ (ʧʽʨʦʚʠʥʦʛʨʘʜʥʘ) ʚʽʜʧʦʚʽʜʥʠʭ ʛʽʜʨʘʟʦʥʽʚ, 

ʘ ʪʘʢʦʞ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʟ ʥʠʤʠ. ɼʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʪʘʢʽ ʢʦʤʧʣʝʢʩʠ ʥʝ 

ʙʫʣʦ ʦʜʝʨʞʘʥʦ. ɺʘʞʣʠʚʦ ʧʨʦʚʝʩʪʠ ʾʭ ʧʦʨʽʚʥʷʥʥʷ ʥʝ ʪʽʣʴʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʘʨʙʦʥʽʣʚʤʽʩʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʚ ʤʦʣʝʢʫʣʽ ʣʽʛʘʥʜʫ, ʘ ʽ ʚʽʜ ʟʘʤʽʥʠ ʚ ʥʽʡ 

ʙʝʥʟʜʽʘʟʝʧʽʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʫ ʧʽʨʠʜʠʥʦʚʠʤ ʥʘ ʧʨʠʢʣʘʜʽ ʢʦʤʧʣʝʢʩʽʚ Co(II), Ni(II), 

Cu(II) ʟ ʛʽʜʨʘʟʦʥʘʤʠ ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʾ ʢʠʩʣʦʪʠ. ʊʦʤʫ ʨʦʙʦʪʘ, ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ 

ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ, ʜʦʩʣʽʜʞʝʥʥʶ ʙʫʜʦʚʠ, ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʦʢʨʝʤʘ, ʙʽʦʣʦʛʽʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ 3d-ʤʝʪʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʙʝʥʟʜʽʘʟʝʧʽʥ- ʪʘ 

ʧʽʨʠʜʠʥʦʚʠʭ ʣʽʛʘʥʜʽʚ ʛʽʜʨʘʟʠʜ-ʛʽʜʨʘʟʦʥʦʚʦʛʦ ʪʠʧʫ ʻ ʘʢʪʫʘʣʴʥʦʶ ʚ ʧʣʘʥʽ ʩʪʚʦʨʝʥʥʷ 

ʨʷʜʫ ʩʧʦʣʫʢ, ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʚ ʷʢʦʩʪʽ ʝʬʝʢʪʦʨʽʚ ʬʝʨʤʝʥʪʽʚ, ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ 

ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʟ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦʾ ʜʽʾ. 

ɿʚô̫ ʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ɼʠʩʝʨʪʘʮʽʡʥʫ 

ʨʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʥʘ ʢʘʬʝʜʨʽ ʟʘʛʘʣʴʥʦʾ ʭʽʤʽʾ ʪʘ ʧʦʣʽʤʝʨʽʚ ʆʜʝʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯ.ɯ. ʄʝʯʥʠʢʦʚʘ ʽ ʧʦʚô̫ ʟʘʥʦ ʟ ʪʝʤʘʪʠʯʥʠʤʠ ʧʣʘʥʘʤʠ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʭ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʪʝʤ: çʌʦʨʤʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʦʩʥʦʚʽ ʤʝʪʘʣʦʭʝʣʘʪʽʚ ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ ʪʘ ʾʭ ʧʦʭʽʜʥʠʭè (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 



2 

 

0113U003069), çʈʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʢʠ ʙʽʦʢʦʦʨʜʠʥʘʮʽʡʥʦʾ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʾ 

ʭʽʤʽʾ ʤʝʪʘʣʦʢʦʤʧʣʝʢʩʽʚ ʧʦʣʽʜʝʥʪʘʪʥʠʭ ʣʽʛʘʥʜʽʚ ʷʢ ʩʧʦʩʽʙ ʚʠʨʽʰʝʥʥʷ ʤʝʜʠʢʦ-

ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤè (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0115U003206), çʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴ-

ʥʽ ʧʨʠʥʮʠʧʠ ʛʝʥʝʨʘʮʽʾ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʪʝʭʥʽʯʥʦʛʦ ʪʘ ʙʽʦʤʝʜʠʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʘʣʦʢʦʤʧʣʝʢʩʽʚ ʦʨʛʘʥʽʯʥʠʭ ʭʝʣʘʥʪʽʚè (ˉ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0116U001493). 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʦʟʨʦʙʠʪʠ ʧʽʜʭʦʜʠ ʜʦ ʩʧʨʷʤʦʚʘʥʦʛʦ ʩʪʚʦʨʝʥʥʷ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ Co(II), Ni(II), Cu(II), Mn(II), Zn(II) ʟ ʙʝʥʟʜʽʘʟʝʧʽʥ- ʽ 

ʧʽʨʠʜʠʥʦʚʠʤʠ ʣʽʛʘʥʜʘʤʠ ʛʽʜʨʘʟʠʜ-ʛʽʜʨʘʟʦʥʦʚʦʛʦ ʪʠʧʫ. ɺʩʪʘʥʦʚʠʪʠ ʾʭ ʩʢʣʘʜ, ʙʫʜʦʚʫ, 

ʚʣʘʩʪʠʚʦʩʪʽ, ʙʽʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

 ʟʥʘʡʪʠ ʩʠʥʪʝʪʠʯʥʽ ʨʽʰʝʥʥʷ ʦʜʝʨʞʘʥʥʷ ʤʝʪʘʣʦʭʝʣʘʪʽʚ ʽʦʥʽʚ Co(II), Ni(II), Cu(II), 

Mn(II), Zn(II) ʟ 2-(7-ʙʨʦʤʦ-2-ʦʢʩʦ-5-ʬʝʥʽʣ-3H-1,4-ʙʝʥʟʜʽʘʟʝʧʽʥ-1-

ʣ̔)ʘʮʝʪʦʛʽʜʨʘʟʠʜʦʤ ʽ ʧʨʦʜʫʢʪʘʤʠ ʡʦʛʦ ʢʦʥʜʝʥʩʘʮʽʾ ʟ ʩʘʣʽʮʠʣʦʚʠʤ ʘʣʴʜʝʛʽʜʦʤ, 

ʽʟʘʪʠʥʦʤ, ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʶ ʢʠʩʣʦʪʦʶ; 

 ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ, ʪʠʧʠ ʝʣʝʢʪʨʦʣʽʪʽʚ, ʪʝʨʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ, ʤʘʛʥʽʪʥʽ, ʩʧʝʢʪʨʘʣʴʥʽ 
ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʙʫʜʦʚʫ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʢ; 

 ʧʨʦʚʝʩʪʠ ʤʦʜʠʬʽʢʘʮʽʶ ʤʦʣʝʢʫʣ ʧʽʨʠʜʠʥʦʾʣʛʽʜʨʘʟʠʜʽʚ ʢʦʥʜʝʥʩʘʮʽʻʶ ʟ 

ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʶ ʢʠʩʣʦʪʦʶ, ʩʠʥʪʝʟʫʚʘʪʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʠ Co(II), Ni(II), 

Cu(II) ʪʘ ʧʦʨʽʚʥʷʪʠ ʾʭ ʩʢʣʘʜ, ʙʫʜʦʚʫ, ʬʦʨʤʫ ʽ ʩʧʦʩʽʙ ʢʦʦʨʜʠʥʘʮʽʾ ʣʽʛʘʥʜʽʚ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʙʝʥʟʜʽʘʟʝʧʽʥʚʤʽʩʥʠʤʠ ʛʽʜʨʘʟʦʥʦʚʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ;  

 ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʷʜʫ ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʝʪʘʣʦʭʝʣʘʪʽʚ ʚ ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʘʪʦʨʽʚ 

ʬʝʨʤʝʥʪʽʚ, ʧʨʦʪʠʤʽʢʨʦʙʥʠʭ ʪʘ ʘʥʘʣʴʛʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ. 

ʆʙô̒ʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʦʣʽʥʫʢʣʝʘʪʠʚʥʽ ʙʝʥʟʜʽʘʟʝʧʽʥ- ʪʘ ʧʽʨʠʜʠʥʦʚʽ ʣʽʛʘʥʜʠ 

ʛʽʜʨʘʟʠʜ-ʛʽʜʨʘʟʦʥʦʚʦʛʦ ʪʠʧʫ ʪʘ ʾʭ ʢʦʤʧʣʝʢʩʠ ʟ Co(II), Ni(II), Cu(II), Mn(II), Zn(II).  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʫʤʦʚʠ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʧʦʣʽʥʫʢʣʝʘʪʠʚʥʠʭ 

ʙʝʥʟʜʽʘʟʝʧʽʥ- ʪʘ ʧʽʨʠʜʠʥʦʚʠʭ ʣʽʛʘʥʜʽʚ ʛʽʜʨʘʟʠʜ-ʛʽʜʨʘʟʦʥʦʚʦʛʦ ʪʠʧʫ ʟ ʩʦʣʷʤʠ Co(II), 

Ni(II), Cu(II), Mn(II), Zn(II), ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʙʫʜʦʚʠ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʧʝʨʰʝ ʩʠʥʪʝʟʦʚʘʥʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʝʣʝʤʝʥʪʥʠʡ ʘʥʘʣʽʟ, ɯʏ, ʗʄʈ, ɽʇʈ, ʉɼɺ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, 

ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʷ, ʨʝʥʪʛʝʥʽʚʩʴʢʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʧʦʛʣʠʥʘʥʥʷ (EXAFS), ʚʠʤʽʨʶʚʘʥʥʷ 

ʤʘʛʥʽʪʥʦʾ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʘ ʤʦʣʷʨʥʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʈʉɸ, 

ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺʧʝʨʰʝ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʩʦʣʝʡ Co(II), Ni(II), Cu(II), Mn(II), 

Zn(II) ʟ 2-(7-ʙʨʦʤʦ-2-ʦʢʩʦ-5-ʬʝʥʽʣ-3H-1,4-ʙʝʥʟʜʽʘʟʝʧʽʥ-1- ʣ̔)ʘʮʝʪʦʛʽʜʨʘʟʠʜʦʤ 

ʨʝʘʣʽʟʦʚʘʥʦ ʽʜʝʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʚ ʷʢʦʩʪʽ ʛʽʜʨʘʟʠʜʥʦʛʦ ʭʝʣʘʪʫʶʯʦʛʦ ʣʽʛʘʥʜʫ ʽ 

ʚʠʭʽʜʥʦʾ ʤʦʣʝʢʫʣʠ ʫ ʩʠʥʪʝʟʽ ʧʨʦʜʫʢʪʽʚ ʢʦʥʜʝʥʩʘʮʽʾ ʟ ʩʘʣʽʮʠʣʦʚʠʤ ʘʣʴʜʝʛʽʜʦʤ, 

ʽʟʘʪʠʥʦʤ, ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʶ ʢʠʩʣʦʪʦʶ. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʠ, ʟʦʢʨʝʤʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʦʥʪʘʥʥʦʾ ʩʘʤʦʟʙʽʨʢʠ, ʟʘ ʷʢʠʤʠ ʩʠʥʪʝʟʦʚʘʥʦ 39 ʩʧʦʣʫʢ, ʟ ʥʠʭ 24 

ʥʦʚʠʭ ʙʝʥʟʜʽʘʟʝʧʽʥʚʤʽʩʥʠʭ ʪʘ 12 ʧʽʨʠʜʠʥʚʤʽʩʥʠʭ ʤʝʪʘʣʦʭʝʣʘʪʽʚ. ɼʦʩʣʽʜʞʝʥʦ ʾʭ 

ʩʧʝʢʪʨʘʣʴʥʽ, ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ 

ʧʦʛʣʠʥʘʥʥʷ ʪʘ ɽʇʈ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʚʠʟʥʘʯʝʥʦ ʩʢʣʘʜ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʚʫʟʣʽʚ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʯʽʚ ʪʘ ʾʭ ʛʝʦʤʝʪʨʽʶ.  
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ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ 

ʧʦʛʣʠʙʣʶʶʪʴ ʽ ʨʦʟʚʠʚʘʶʪʴ ʫʷʚʣʝʥʥʷ ʧʨʦ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʩʦʣʝʡ Co(II), Ni(II), 

Cu(II), Mn(II), Zn(II) ʟ ʙʝʥʟʜʽʘʟʝʧʽʥʦʚʠʤʠ ʪʘ ʧʽʨʠʜʠʥʦʚʠʤʠ ʣʽʛʘʥʜʘʤʠ ʛʽʜʨʘʟʠʜ-

ʛʽʜʨʘʟʦʥʦʚʦʛʦ ʪʠʧʫ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʦʢʨʝʤʽ ʨʦʟʜʽʣʠ ʣʝʢʮʽʡʥʠʭ ʢʫʨʩʽʚ ʽ 

ʧʨʘʢʪʠʢʫʤʽʚ ʟ ʥʝʦʨʛʘʥʽʯʥʦʾ, ʢʦʦʨʜʠʥʘʮʽʡʥʦʾ, ʙʽʦʢʦʦʨʜʠʥʘʮʽʡʥʦʾ ʭʽʤʽʾ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ Cu(II)  ʟ ʛʽʜʘʟʝʧʘʤʦʤ ʽ ʧʨʦʜʫʢʪʦʤ ʡʦʛʦ 

ʢʦʥʜʝʥʩʘʮʽʾ ʟ ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʶ ʢʠʩʣʦʪʦʶ ʻ ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ ʢʘʪʘʣʽʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʧʪʠʜʘʟ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʝʬʝʢʪ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʘʢʪʠʚʫʚʘʥʥʽ 

ʧʝʧʪʠʜʘʟʠ Bacillus thuringiensis var. israelensis ɯʄɺ ɺ-7465 ʟ ʝʣʘʩʪʘʟʥʦʶ ʽ 

ʢʦʣʘʛʝʥʘʟʥʦʶ ʘʢʪʠʚʥʦʩʪʷʤʠ. ʂʦʤʧʣʝʢʩʠ Cu(II) ʟ ʧʽʨʠʜʠʥʦʾʣʛʽʜʨʘʟʦʥʘʤʠ 

ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʾ ʢʠʩʣʦʪʠ ʽʥʛʽʙʫʶʪʴ ʨʽʩʪ ʪʝʩʪ-ʰʪʘʤʽʚ Staphylococcus aureus ɸʊʉʉ 

25923. ʉʧʦʣʫʢʠ  Mn(II), Ni(II) ʟ ʛʽʜʘʟʝʧʘʤʦʤ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʧʝʨʝʚʠʱʫʶʪʴ 

ʘʥʘʣʛɹʝʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚʽʜʦʤʦʛʦ ʧʨʝʧʘʨʘʪʫ ʜʠʢʣʦʬʝʥʘʢʫ ʥʘʨʪʽʶ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʊʝʦʨʝʪʠʯʥʫ ʽ ʩʠʥʪʝʪʠʯʥʫ ʨʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʥʘ 

ʢʘʬʝʜʨʽ ʟʘʛʘʣʴʥʦʾ ʭʽʤʽʾ ʪʘ ʧʦʣʽʤʝʨʽʚ ʆʅʋ ʽʤʝʥʽ ɯ.ɯ. ʄʝʯʥʠʢʦʚʘ. ʆʩʥʦʚʥʠʡ ʦʙʩʷʛ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʙʨʦʙʢʫ ʪʘ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʘʚʪʦʨ 

ʚʠʢʦʥʘʚ ʦʩʦʙʠʩʪʦ. ʆʩʥʦʚʥʽ ʽʜʝʾ, ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ 

ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ, ʜ.ʭ.ʥ., ʧʨʦʬ. ʉʝʡʬʫʣʣʽʥʦʶ ɯ.ʁ. ʇʦʩʪʘʥʦʚʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʽ 

ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʦ ʩʧʽʣʴʥʦ ʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ. 

ʇʝʨʚʠʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ 

ʧʦʛʣʠʥʘʥʥʷ ʚʠʢʦʥʘʥʦ ʚ ʅɼʎ çʂʫʨʯʘʪʦʚʩʴʢʠʡ ʽʥʩʪʠʪʫʪè (ʄʦʩʢʚʘ) ʜ.ʬ.-ʤ.ʥ. 

ɿʫʙʘʚʽʯʫʩʦʤ ʗ.ɺ., ʘ ɽʇʈ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ï ʚ ɯʥʩʪʠʪʫʪ ̔ʟʘʛʘʣʴʥʦʾ ʪʘ ʥʝʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ 

ʽʤ. ʄ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ (ʄʦʩʢʚʘ) ʟʘ ʫʯʘʩʪʶ ʜ.ʭ.ʥ. ʄʽʥʽʥʘ ɺ.ɺ.; ʽʥʪʝʨʧʨʝʪʘʮʽʶ 

ʨʝʟʫʣʴʪʘʪʽʚ ʟʨʦʙʣʝʥʦ ʩʧʽʣʴʥʦ ʟ ʢ.ʬ.-ʤ.ʥ. ɺʣʘʩʝʥʢʦʤ ɺ.ɻ. (ʅɼɯʌ ʇʌʋ, ʈʦʩʪʦʚ-ʥʘ-

ɼʦʥʫ), ʢ.ʭ.ʥ. ʉʢʦʨʦʭʦʜ ʃ.ʉ. (ʆʅʋ ʽʤʝʥʽ ɯ.ɯ. ʄʝʯʥʠʢʦʚʘ) ʪʘ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ. 

ʄʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʩʧʽʣʴʥʦ ʟ ʢ.ʭ.ʥ. ʈʘʢʽʧʦʚʠʤ ɯ.ʄ. 

(ʆʅʇʋ, ʆʜʝʩʘ), ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʚʠʢʦʥʘʥʦ ʢ.ʬ.-ʤ.ʥ. ʂʨʘʚʮʦʚʠʤ ɺ.ʍ. 

(ɯʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʾ ʬʽʟʠʢʠ ɸʅ ʄʦʣʜʦʚʠ, ʂʠʰʠʥʽʚ), ʗʄʈ ʩʧʝʢʪʨʠ ʟʥʷʪʦ ʜ.ʭ.ʥ. 

ɹʦʛʟʦʶ ʉ.ʃ. (ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ ʚʫʛʣʝʭʽʤʽʾ ʽʤ. ʃ.ʄ. ʃʠʪʚʠʥʝʥʢʘ 

ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ). ɺʠʟʥʘʯʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

ʧʨʦʚʝʜʝʥʦ ʟʘ ʫʯʘʩʪʶ ʢ.ʙ.ʥ. ɿʽʥʯʝʥʢʦ ʆ.ʉ. (ʆʅʋ ʽʤʝʥʽ ɯ.ɯ. ʄʝʯʥʠʢʦʚʘ), 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʧʝʧʪʠʜʘʟ ʜʦʩʣʽʜʞʝʥʦ ʚ ɯʥʩʪʠʪʫʪʽ ʤʽʢʨʦʙʽʦʣʦʛʽʾ ʪʘ 

ʚʽʨʫʩʦʣʦʛʽʾ ʽʤʝʥʽ ɼ.ʂ. ɿʘʙʦʣʦʪʥʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ (ʂʠʾʚ) ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʜ.ʙ.ʥ. 

ɺʘʨʙʘʥʝʮʴ ʃ.ɼ., ʩʢʨʠʥʽʥʛ ʨʷʜʫ ʩʧʦʣʫʢ ʥʘ ʧʨʦʷʚ ʘʥʘʣʛɹʝʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʨʦʚʝʜʝʥʦ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʜ.ʭ.ʥ. ʇʘʚʣʦʚʩʴʢʦʛʦ ɺ.ɯ. (ʌʽʟʠʢʦ-ʭʽʤʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

ʽʤ. ʆ.ɺ. ɹʦʛʘʪʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ). 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ ʽ 

ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: ʍɯ ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ ʽ ʘʩʧʽʨʘʥʪʽʚ ñʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʭʽʤʽʾò (ʂʠʾʚ, 2010), XIII ʥʘʫʢʦʚʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʃʴʚʽʚʩʴʢʽ ʭʽʤʽʯʥʽ ʯʠʪʘʥʥʷ ï 2011è (ʃʴʚʽʚ, 2011), XVIɯɯ ʋʢʨʘʾʥʩʴʢʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʥʝʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ (ʍʘʨʢʽʚ, 2011), Iʍ, X, XI, XII, XIII, XIV 

ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʉʧʝʢʪʨʦʩʢʦʧʠʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡè (ʊʫʘʧʩʝ, 2012, 2013, 2014, 2015, 2016, 2017), XIX 

ʋʢʨʘʾʥʩʴʢʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʥʝʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ (ʆʜʝʩʘ, 2014), XXVI ʄʽʞʥʘʨʦʜʥʽʡ 
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ʏʫʛʘʻʚʩʴʢʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʢʦʦʨʜʠʥʘʮʽʡʥʦʾ ʭʽʤʽʾ (ʂʘʟʘʥʴ, 2014), 27th International 

Chugaev Conference on Coordination Chemistry (Nizhny Novgorod, 2017). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 13 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ 

ʞʫʨʥʘʣʘʭ ʽ ʪʝʟʠ 12 ʜʦʧʦʚʽʜʝʡ ʥʘ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 4 

ʦʩʥʦʚʥʠʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʣʽʪʝʨʘʪʫʨʠ (167 ʜʞʝʨʝʣ). ʈʦʙʦʪʫ ʚʠʢʣʘʜʝʥʦ ʥʘ 

164 ʩʪʦʨʽʥʢʘʭ, ʚʦʥʘ ʤʽʩʪʠʪʴ 17 ʪʘʙʣʠʮʴ ʽ 57 ʨʠʩʫʥʢʽʚ. 

 

ʆʉʅʆɺʅʀʁ ɿʄɯʉʊ ʈʆɹʆʊʀ 

ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʽ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʚʽʜʦʙʨʘʞʝʥʦ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʽ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

ʇʝʨʰʠʡ ʨʦʟʜʽʣ ʤʽʩʪʠʪʴ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʚʠʚʯʝʥʠʭ ʩʧʦʣʫʢ 3d-

ʤʝʪʘʣʽʚ ʟ ʛʽʜʨʘʟʦʥʘʤʠ ʥʽʪʨʦʛʝʥʚʤʽʩʥʠʭ ʛʝʪʝʨʦʮʠʢʣʽʚ. ʅʘ ʾʭ ʦʩʥʦʚʽ ʩʪʚʦʨʝʥʦ ʙʘʛʘʪʦ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʟ ʙʽʦʤʝʪʘʣʘʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ 

ʩʢʣʘʜʫ, ʙʫʜʦʚʠ, ʚʣʘʩʪʠʚʦʩʪʝʡ, ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʽʦʣʦʛʽʯʥʦʾ ʜʽʾ, ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʝʜʠʮʠʥʽ. ʇʨʦ ʮʝ ʩʚʽʜʯʠʪʴ ʽʩʥʫʶʯʘ ʯʠʩʝʣʴʥʘ 

ʥʘʫʢʦʚʘ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʥʝʜʦʩʪʘʪʥʷ ʟʘ ʦʙô̒ ʤʦʤ ʜʣʷ  ʢʦʤʧʣʝʢʩʽʚ Co(II), Ni(II), Cu(II) ʟ 

ʧʽʨʠʜʠʥʦʾʣʛʽʜʨʘʟʦʥʘʤʠ ʧʨ̔ʦʚʠʥʦʛʨʘʜʥʦʾ ʢʠʩʣʦʪʠ, ʘ ʙʝʥʟʜʽʘʟʝʧʽʥʚʤʽʩʥʽ ʛʽʜʨʘʟʠʜʠ ʽ 

ʛʽʜʨʘʟʦʥʠ ʚʟʘʛʘʣʽ ʥʝ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʷʢ ʘʢʪʠʚʥʽ ʭʝʣʘʪʫʶʯʽ ʣʽʛʘʥʜʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ ʙʽʦʤʝʪʘʣʽʚ. ɺʠʟʥʘʯʝʥʦ ʚʠʙʽʨ ʦʙôʻʢʪʽʚ ʪʘ ʥʘʧʨʷʤ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ, ʤʝʪʦʜʠʢʠ 

ʩʠʥʪʝʟʫ ʧʽʨʠʜʠʥ- ʪʘ ʙʝʥʟʜʽʘʟʝʧʽʥʦʚʠʭ ʣʽʛʘʥʜʽʚ (ʪʘʙʣ. 1) ʪʘ ʾʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ 

ʟ ʩʦʣʷʤʠ Co(II ), Ni(II ), Cu(II ), Mn(II ), Zn(II ), ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʨʦʙʦʪʽ ʤʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

ʊʘʙʣʠʮʷ 1 

ʃʽʛʘʥʜʠ ʪʘ ʨʝʘʛʫʶʯʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʜʦʩʣʽʜʞʝʥʦ ʚ ʨʦʙʦʪʽ  

 
2-(7-ʙʨʦʤʦ-2-ʦʢʩʦ-5-ʬʝʥʽʣ-3H-1,4-ʙʝʥʟʜʽʘʟʝʧʽʥ-

1-ʽʣ)ʘʮʝʪʦʛʽʜʨʘʟʠʜ (ʛʽʜʘʟʝʧʘʤ), Hydr 

 
ʩʘʣʽʮʠʣʦʚʠʡ ʘʣʴʜʝʛʽʜ, HSal 

 
ʧ̔ʨʦʚʠʥʦʛʨʘʜʥʘ ʢʠʩʣʦʪʘ, HPv  

1ʅ-ʽʥʜʦʣ-2,3-ʜʽʦʥ (ʽʟʘʪʠʥ), HIz 

 
ʥʽʢʦʪʠʥʦʾʣʛʽʜʨʘʟʦʥ ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʾ ʢʠʩʣʦʪʠ, 

H2NPv 

 
ʽʟʦʥʽʢʦʪʠʥʦʾʣʛʽʜʨʘʟʦʥ ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʾ 

ʢʠʩʣʦʪʠ, H2ɯPv 
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ɺʧʝʨʰʝ ʩʠʥʪʝʟʦʚʘʥʦ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʪʫ ʢʦʥʜʝʥʩʘʮʽʾ 

ʛ̔ ʜʘʟʝʧʘʤʫ (Hydr) ʟ ʩʘʣʽʮʠʣʦʚʠʤ ʘʣʴʜʝʛʽʜʦʤ (HSal) [HydrʅSal]Āʅ2ʆ ʤʝʪʦʜʘʤʠ ʗʄʈ ʚ 

ʨʦʟʯʠʥʥʠʢʫ ɼʄʉʆ ï D6 (ʨʠʩ. 1) ʪʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ (ʨʠʩ. 2).  

 

 

ʈʠʩ. 1. ʌʨʘʛʤʝʥʪ COSY ʩʧʝʢʪʨʫ, 

ʪʝʤʧʝʨʘʪʫʨʘ 23.5 Áʉ 
ʈʠʩ. 2. ʄʦʣʝʢʫʣʷʨʥʘ ʩʪʨʫʢʪʫʨʘ 

[HydrHSal]Āʅ2ʆ 
 

ɺʠʟʥʘʯʝʥʦ ʫʤʦʚʠ (ʨʅ ʩʝʨʝʜʦʚʠʱʘ, ʪʝʤʧʝʨʘʪʫʨʫ, ʤʦʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ ʪʘ ʾʭʥ  ʁ ʢʦʥʮʝʥʪʨʘʮʽ,ʁ ʨʦʟʯʠʥʥʠʢ) ʨʝʘʢʮʽʡ ʚʟʘʻʤʦʜʽʾ ʩʦʣʝʡ 

Co(II ), Ni(II ), Cu(II ), Mn(II ), Zn(II) ʟ 2-(7-ʙʨʦʤʦ-2-ʦʢʩʦ-5-ʬʝʥʽʣ-3H-1,4-ʙʝʥʟʜʽʘʟʝʧʽʥ-

1- ʣ̔)ʘʮʝʪʦʛʽʜʨʘʟʠʜʦʤ ʪʘ ʧʨʦʜʫʢʪʘʤʠ ʡʦʛʦ ʢʦʥʜʝʥʩʘʮʽʾ ʟ ʩʘʣʽʮʠʣʦʚʠʤ ʘʣʴʜʝʛʽʜʦʤ, 

ʽʟʘʪʠʥʦʤ, ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʶ ʢʠʩʣʦʪʦʶ, ʘ ʪʘʢʦʞ ʟ ʥʽʢʦʪʠʥʦʾʣ- ʪʘ ʽʟʦʥʠʢʦʪʠʥʦʾʣ-

ʛʽʜʨʘʟʦʥʘʤʠ ʦʩʪʘʥʥʴʦʾ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʦʧʠʩʘʥʦ ʩʪʨʫʢʪʫʨʫ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ 3d-ʤʝʪʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʙʝʥʟʜʽʘʟʝʧʽʥ- ʪʘ ʧʽʨʠʜʠʥʦʚʠʭ ʣʽʛʘʥʜʽʚ 

ʛʽʜʨʘʟʠʜ-ʛʽʜʨʘʟʦʥʦʚʦʛʦ ʪʠʧʫ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʤʧʣʝʢʩʽʚ Co(II ), Ni(II ), Cu(II ), Mn(II ), Zn(II) ʟ  

2-(7-ʙʨʦʤʦ-2-ʦʢʩʦ-5-ʬʝʥʽʣ-3H-1,4-ʙʝʥʟʜʽʘʟʝʧʽʥ-1- ʣ̔)ʘʮʝʪʦʛʽʜʨʘʟʠʜʦʤ ʪʘ 

ʧʨʦʜʫʢʪʘʤʠ ʡʦʛʦ ʢʦʥʜʝʥʩʘʮʽʾ ʟ ʩʘʣʽʮʠʣʦʚʠʤ ʘʣʴʜʝʛʽʜʦʤ, ʽʟʘʪʠʥʦʤ, 

ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʶ ʢʠʩʣʦʪʦʶ 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʛʽʜʘʟʝʧʘʤʫ ʟ ʭʣʦʨʠʜʘʤʠ Co
2+

, Ni
2+

, Cu
2+

, Mn
2+

, 

Zn
2+

 ʫʪʚʦʨʶʶʪʴʩʷ ʤʦʣʝʢʫʣʷʨʥʽ ʢʦʤʧʣʝʢʩʠ ï ʥʝʝʣʝʢʪʨʦʣʽʪʠ: [Co(Hydr)Cl2]ĀH2O  (1), 

[Ni(Hydr)2Cl2] (2), [Cu(Hydr)(H2O)Cl2] (3), [Mn(Hydr)2Cl2] (4), [Zn(Hydr)2Cl2] (5).  

 ɺ ɯʏ ʩʧʝʢʪʨʘʭ 1-5 ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ Hydr ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʩʫʚ ʫ ʥʠʟʴʢʦʯʘʩʪʦʪʥʫ 

ʦʙʣʘʩʪʴ ʢʦʣʠʚʘʥʴ ɜ(NH), ɜ(NH2), ʚʠʢʣʠʢʘʥʝ ʟʚô̫ ʟʫʚʘʥʥʷʤ ʟ ʄ
2+

 (Hydr ï 3337 ʩʤ
-1
, 

3429 ʩʤ
-1
; 1 ï 3267 ʩʤ

-1
, 3392 ʩʤ

-1
; 2 ï 3261 ʩʤ

-1
, 3408 ʩʤ

-1
;  3 ï 3238 ʩʤ

-1
, 3420 ʩʤ

-1
; 4 

ï 3292 ʩʤ
-1
, 3353 ʩʤ

-1
; 5 ï 3238 ʩʤ

-1
, 3419 ʩʤ

-1
  ʚʽʜʧʦʚʽʜʥʦ). ɺʽʜʙʫʚʘʻʪʴʩʷ ʟʩʫʚ ʽ ʟʤʽʥʘ 

ʚʠʜʫ ʩʤʫʛ ʧʦʛʣʠʥʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʢʦʣʠʚʘʥʴ ɜ(ʉ=ʆ), ʦʙʫʤʦʚʣʝʥʽ ʥʘʷʚʥʽʩʪʶ ʚ ʾʭ 

ʤʦʣʝʢʫʣʘʭ ʥʝʨʽʚʥʦʮʽʥʥʠʭ ʢʘʨʙʦʥʽʣʴʥʠʭ ʛʨʫʧ (ʚʘʢʘʥʪʥʘ ʪʘ ʢʦʦʨʜʠʥʦʚʘʥʘ): Hydr ï 

ɜ(ʉ=ʆ) = 1655 ʩʤ
-1
 (ʧʣʝʯʝ), 1678 ʩʤ

-1
; 1 ï 1664 ʩʤ

-1
; 2 ï 1663 ʩʤ

-1
, 3 ï 1684 ʩʤ

-1
, 4 ï

1667 ʩʤ
-1
, 5 ï 1664 ʩʤ

-1
. ɺʽʜʤʽʯʝʥʦ ʚ ʩʧʝʢʪʨʘʭ 1-5 ʧʦʷʚʫ ʜʚʦʭ ʥʦʚʠʭ ʩʤʫʛ ɜ(ʄïʆ) ï 

545 ʩʤ
-1
 (1), 545 ʩʤ

-1
 (2), 515 ʩʤ

-1
 (3),  523 ʩʤ

-1
  (4), 511 ʩʤ

-1
 (5) ʪʘ ɜ(MïN) ï 

420 ʩʤ
-1
 (1), 458 ʩʤ

-1
 (2), 458 ʩʤ

-1
 (3), 448 ʩʤ

-1
 (4), 430 ʩʤ

-1
 (5). ɺʢʘʟʘʥʽ ʟʤʽʥʠ 
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ʨʦʟʮʽʥʝʥʦ ʷʢ ʨʝʟʫʣʴʪʘʪ ʟʚô̫ ʟʫʚʘʥʥʷ ʛʽʜʘʟʝʧʘʤʫ ʟ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʯʘʤʠ ʙʽʜʝʥʪʘʪʥʦ 

ʟʘ ʫʯʘʩʪʽ ʛʽʜʨʘʟʠʜʥʦʾ ʘʤʽʥʦʛʨʫʧʠ ʽ ʦʢʩʠʛʝʥʫ ʢʘʨʙʦʥʽʣʫ.  

ɹʽʣʴʰ ʧʦʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʙʫʜʦʚʫ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʚʫʟʣʽʚ ʚ ʩʧʦʣʫʢʘʭ 1, 3-5 

ʦʜʝʨʞʘʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʧʦʛʣʠʥʘʥʥʷ (EXAFS ʽ XANES). 

ʂʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʡʙʣʠʞʯʦʛʦ ʦʪʦʯʝʥʥʷ ʘʪʦʤʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2. 
 

ʊʘʙʣʠʮʷ 2 

ʉʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʡʙʣʠʞʯʦʛʦ ʦʪʦʯʝʥʥʷ ʘʪʦʤʽʚ ʉo, Cu, Mn, 

Zn, ʦʪʨʠʤʘʥʽ ʟ ʧʽʜʛʦʥʢʠ EXAFS-ʜʘʥʠʭ (R ï ʤʽʞʘʪʦʤʥʽ ʚʽʜʩʪʘʥʽ, N ï 

ʢʦʦʨʜʠʥʘʮʽʡʥʝ ʯʠʩʣʦ, ů
2
 ï ʬʘʢʪʦʨ ɼʝʙʘʷ-ʋʦʣʣʝʨʘ, Q ï ʬʫʥʢʮʽʷ ʷʢʦʩʪʽ ʧʽʜʛʦʥʢʠ) 

ʉʧʦʣʫʢʠ N R, ¡ ů
2
, ¡

2
 ɸʪʦʤ Q, % 

1 
2 

2 

2.02 

2.24 

0.0040 

0.0045 

O/N 

Cl 
0.9

*
 

3 

2 

1 

2 

1.97 

2.21 

2.23 

0.0030 

0.0030 

0.0050 

O/N 

O(H2O) 

Cl 

0.4
*
 

4 
4 

2 

2.28 

2.46 

0.0050 

0.0060 

N/O 

Cl 
0.5

*
 

5 

2 

2 

2 

2.06 

2.27 

2.60 

0.0035 

0.0043 

0.0035 

N 

Cl 

O 

2.0
**

 

ʇʽʜʛʦʥʢʘ ʟ ʨʘʜʽʫʩʦʤ 
*
ær = 0.4-1.0 ¡; 

**
ær = 1.0-2.0 ¡ 

ɺ ʢʦʤʧʣʝʢʩʘʭ ʨʝʘʣʽʟʫʶʪʴʩʷ ʨʽʟʥʽ ʧʦʣʽʝʜʨʠ (1 ï ʪʝʪʨʘʝʜʨ, 2, 4, 6 ï ʦʢʪʘʝʜʨʠ, 3 ï 

ʪʨʠʛʦʥʘʣʴʥʘ ʙʽʧʽʨʘʤʽʜʘ) ʟ  ʦʜʥʘʢʦʚʦʶ ʙʽʜʝʥʪʘʪʥʦʶ ʢʦʦʨʜʠʥʘʮʽʻʶ ʣʽʛʘʥʜʫ.  

ɼʣʷ ʢʦʤʧʣʝʢʩʽʚ 3 ʽ 4 ʥʘʚʝʜʝʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʘʥʠʤʠ ɽʇʈ ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ʨʠʩ. 3). 

ʈʦʟʨʘʭʦʚʘʥʦ ʧʘʨʘʤʝʪʨʠ ʩʧʽʥ-ʛʘʤʽʣʴʪʦʥʽʘʥʫ: gz = 

2.276, gx = 2.030, gy = 2.146 (3); g = 2.00, ɸ = 

0.0332 ʩʤ
-1
, ɺ = 0.0021 ʩʤ

-1
, ʉ = 0.0023 ʩʤ

-1
, D = 

0.0030 ʩʤ
-1
, E = 0.0086 ʩʤ

-1 
(4). ɺʝʣʠʯʠʥʠ gz Í gx Í gy 

ʨʽʟʥʷʪʴʩʷ, ʢʦʤʧʣʝʢʩ 3 ʤʘʻ ʥʠʟʴʢʫ ʩʠʤʝʪʨʽʶ, ʱʦ ʻ 

ʩʪʝʨʝʦʭʽʤʽʯʥʠʤ ʥʘʩʣʽʜʢʦʤ ʝʬʝʢʪʫ ʗʥʘ-ʊʝʣʣʝʨʘ ʜʣʷ 

ʡʦʥʫ Cu
2+

 (ʢʦʥʬʽʛʫʨʘʮʽʷ d
9
). ʂʦʤʧʣʝʢʩ 4 ʤʽʩʪʠʪʴ ʽʦʥ 

ʤʘʥʛʘʥʫ ʚ ʩʪʘʥʽ d
5
. ʎʝ ʪʘʢ ʟʚʘʥʠʡ S ï ʩʪʘʥ ʽʦʥʫ ʟ L = 

0, g-ʬʘʢʪʦʨ ʜʦʨʽʚʥʶʻ 2. ʉʧʝʢʪʨ ɽʇʈ 4 ʤʦʜʝʣʶʻʪʴʩʷ 

 
ʈʠʩ. 3. ʉʧʝʢʪʨ ɽʇʈ    

ʧʦʣ̔ʢʨʠʩʪʘʣʯ̔ʥʦʾ ʩʧʦʣʫʢʠ 3, 

1 ï ʝʢʩʧʝʨʠʤʝʥʪ; 2 ï ʪʝʦʨʽ̫.  

ʊ = 293 ʂ 

ʩʧʽʥʦʚʠʤ ʛʘʤʽʣʴʪʦʥʽʘʥʦʤ ʟ ʪʦʥʢʦʶ ʽ ʥʘʜʪʦʥʢʦʶ ʚʟʘʻʤʦʜʽʷʤʠ, ʱʦ ʤʘʶʪʴ ʨʦʤʙʽʯʥʫ 

ʩʠʤʝʪʨʽʶ. ʈʝʟʫʣʴʪʘʪʠ ɽʇʈ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ 3 ʽ 4 ʢʦʨʝʣʶʶʪʴ ʟ ʜʘʥʠʤʠ, 

ʦʪʨʠʤʘʥʠʤʠ ʤʝʪʦʜʦʤ EXAFS ʩʧʝʢʪʨʦʩʢʦʧʽʾ.  

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʢʦʤʧʣʝʢʩʽʚ Co(II ), Ni(II ), Cu(II ), Mn(II ), Zn(II ) ʟ ʧʨʦʜʫʢʪʦʤ 

ʢʦʥʜʝʥʩʘʮʽʾ ʛʽʜʘʟʝʧʘʤʫ ʽ ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ ʚʠʢʦʨʠʩʪʘʥʦ ʜʚʘ ʚʘʨʽʘʥʪʠ ʩʠʥʪʝʟʫ: 

ʧʦʩʪʘʜʽʡʥʠʡ ʟ ʧʦʧʝʨʝʜʥʴʦ ʦʪʨʠʤʘʥʠʤ ʛʽʜʨʘʟʦʥʦʤ HydrHSal; ʩʘʤʦʟʙʽʨʢʘ ʚ ʩʠʩʪʝʤʘʭ 

ʄʍ2 ï Hydr ï HSal ï ʽʟʦʧʨʦʧʘʥʦʣ/ʝʪʘʥʦʣ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʝʪʦʜʫ ʩʠʥʪʝʟʫ ʟ Co(Oɸʩ)2, ʉu(Oɸʩ)2, 

ʄn(ʆɸʩ)2, Zn(ʆɸʩ)2 ʫʪʚʦʨʶʶʪʴʩʷ ʩʧʦʣʫʢʠ [Co(HydrSal)2] (6), 
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[Cu2(HydrSal)2(Õ-Oɸʩ)] (8), [Cu(HydrSal)2] (9), [Mn(HydrSal)(Oɸʩ)(ʉ2ʅ5ʆʅ)2] (11), 

[Zn(HydrSal)(Oɸʩ)(H2O)] (13), ʘ ʟ NiCl2, ʄnCl2, ZnCl2 ï [Ni(HydrSal)2] (7), 

[Mn(HydrSal)2] (10), [Zn(HydrHSal)Cl2] (12).  

          ʋ ʚʩʽʭ ɯʏ ʩʧʝʢʪʨʘʭ 6-13 ʚʽʜʩʫʪʥ ̔ ʩʤʫʛʠ ɜ(NH2) ʽ ʟôʷʚʣʷʻʪʴʩʷ ʥʦʚʘ ï 

ʘʟʦʤʝʪʠʥʦʚʦʾ ʛʨʫʧʠ ɜ(ʉ=N) ~ 1617 ʩʤ
-1
, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʘʟʦʥʫ. 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʩʫʚ ʽ ʟʤʽʥʘ ʚʠʜʫ ʩʤʫʛ ʧʦʛʣʠʥʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ɜ(ʉ=ʆ) ʪʘ ʧʦʷʚʘ ɜ(ʄïʆ) 

ʽ ɜ(ʄïN), ʧʦʜʽʙʥʦ ʜʦ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʢʦʤʧʣʝʢʩʽʚ 1-5. ɿô̫ ʚʣʷʻʪʴʩʷ ʩʤʫʛʘ ʬʝʥʦʣʷʪʥʦʾ 

ʛʨʫʧʠ ɜ(ʉïʆ) ~ 1154 ʩʤ
-1
, ʣʽʛʘʥʜ ʢʦʦʨʜʠʥʫʻʪʴʩʷ ʪʨʠʜʝʥʪʘʪʥʦ. ɺʠʥʷʪʦʢ ʩʪʘʥʦʚʠʪʴ 12; 

ʚ ʡʦʛʦ ʩʧʝʢʪʨʽ ʧʨʠʩʫʪʥʷ ʩʤʫʛʘ ʛʽʜʨʦʢʩʠʣʴʥʦʾ ʛʨʫʧʠ ɜ(OH) = 3447 ʩʤ
-1
, ʣʽʛʘʥʜ 

ʢʦʦʨʜʠʥʦʚʘʥʠʡ ʙʽʜʝʥʪʘʪʥʦ.  

ʆʩʦʙʣʠʚʽʩʪʶ ʩʧʝʢʪʨʫ ɽʇʈ ʢʦʤʧʣʝʢʩʫ 8 ʚ ʧʦʣʢ̔ʨʠʩʪʘʣʯ̔ʥʦʤʫ ʩʪʘʥʽ (ʨʠʩ. 4) ʻ 

ʧʦʷʚʘ çʟʘʙʦʨʦʥʝʥʦʛʦè ʧʝʨʝʭʦʜʫ ʚ ʧʦʣʦʚʠʥʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ, æms = Ñ 2. ʊʘʢʽ 

ʧʝʨʝʭʦʜʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʘʨʘʤʘʛʥʽʪʥʠʭ ʩʠʩʪʝʤ ʟʽ ʩʧʽʥʦʤ S Ó 1 ʪʠʧʫ ʦʙʤʽʥʥʦ-

ʟʚô̫ ʟʘʥʦʛʦ ʜʠʤʝʨʫ. ʉʧʝʢʪʨ ʦʧʠʩʫʻʪʴʩʷ ʩʫʤʦʶ ʜʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟ ʧʦʚʥʠʤ ʩʧʽʥʦʤ 

S = 1 (1) ʽ ʤʦʥʦʤʝʨʥʦʛʦ ʟ ̔ʩʧʽʥʦʤ S = İ (2): 

,  (1) 

                              ,  (2) 

ʜʝ Sx, Sy, Sz ï ʧʨʦʝʢʮʽʷ ʧʦʚʥʦʛʦ ʩʧʽʥʫ ʥʘ ʚʽʩʽ x, y, z ʚʽʜʧʦʚʽʜʥʦ; D, E ï ʢʦʤʧʦʥʝʥʪʠ 

ʪʝʥʟʦʨʫ ʪʦʥʢʦʾ ʚʟʘʻʤʦʜʽʾ, gx, gy, gz ï ʢʦʤʧʦʥʝʥʪʠ  g-ʪʝʥʟʦʨʫ; H ï ʧʨʠʢʣʘʜʝʥʝ ʤʘʛʥʽʪʥʝ 

ʧʦʣʝ. 

ɼʠʤʝʨʥʫ ʙʫʜʦʚʫ 8 ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʜʘʥʠʤʠ ʤʘʛʥʝʪʦʭʽʤʽʾ (ɛʝʬ. = 1.53 ʄ.ɹ.) ʪʘ 

ɯʏ ʩʧʝʢʪʨʦʩʢʦʧʽʾ (æɜ = ɜas(COOĖ) ï 

ɜs(COOĖ) = 172 ʩʤ
-1
): 

            

 
ʈʠʩ. 4. ʉʧʝʢʪʨ ɽʇʈ ʧʦʣʢ̔ʨʠʩʪʘʣʯ̔ʥʦʛʦ 

ʟʨʘʟʢʘ 8. ʊ = 293 ʂ. 1 ï ʝʢʩʧʝʨʠʤʝʥʪ 

(ʢʨʫʛʠ), 2 ï ʪʝʦʨʽʷ (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ)   

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 8, ʢʦʤʧʣʝʢʩ 9, ʷʢʠʡ ʦʪʨʠʤʘʥʦ ʚ ʽʥʰʠʭ ʫʤʦʚʘʭ ʩʠʥʪʝʟʫ, ʻ 

ʤʦʥʦʤʝʨʦʤ. ʎʝ ʜʦʚʝʜʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʡʦʛʦ EXAFS ʩʧʝʢʪʨʫ. 

ʆʩʥʦʚʥʝ ʨʦʟʩʽʶʚʘʥʥʷ ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʾ ʭʚʠʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʥʘʡʙʣʠʞʯʠʭ ʣʝʛʢʠʭ 

ʘʪʦʤʘʭ N/O, ʧʦʜʘʣʴʰʝ ï ʥʘ ʣʝʛʢʠʭ ʘʪʦʤʘʭ ʣʽʛʘʥʜʥʦʛʦ ʦʪʦʯʝʥʥʷ ʽ 

ʚ̔ ʜʩʫʪʥʻ ï ʥʘ ʚʘʞʢʠʭ ʘʪʦʤʘʭ Cu
2+

. ɽʬʝʢʪʠʚʥʠʡ ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ 9 

(1.87 ʄ.ɹ.) ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ (77,4 ʂ), ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʤʦʥʦʤʝʨʥʫ ʙʫʜʦʚʫ ʢʦʤʧʣʝʢʩʫ:  
ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ʣʦʢʘʣʴʥʦʛʦ ʘʪʦʤʥʦʛʦ ʦʪʦʯʝʥʥʷ ʚ 

ʢʦʤʧʣʝʢʩʘʭ (6 ʘʪʦʤʽʚ O/N ʜʣʷ 6, 7, 10, 11; 4 ï O/N ʜʣʷ 9; 1 ï O, 1 ï N, 2 ï Cl ʜʣʷ 12; 5  

ï ʆ/N ʜʣʷ 13), ʘ ʪʘʢʦʞ ʚʠʤʽʨʶʚʘʥʥʷ ʾʭʥʽʭ ʝʬʝʢʪʠʚʥʠʭ ʤʘʛʥʽʪʥʠʭ ʤʦʤʝʥʪʽʚ 

(ɛʝʬ., ʄ.ɹ = 4.68 (6), 3.02 (7), 5.94 (10), 6.00 (11)) ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ (ɚ(ɼʄʉʆ) = 8.0 

)()3/)1(()(Ĕ 222

1 yxzzzzyyyxxx SSESSSDSHgHSgHSgH

)(Ĕ
2/1 zzzyyyxxx SHgHSgHSgH
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ï 20.2 ʆʤ
-1
Țʩʤ

2
Țʤʦʣʴ

-1
) ʚʩʪʘʥʦʚʣʝʥʦ ʙʫʜʦʚʫ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʧʦʣʽʝʜʨʽʚ (6, 7, 10, 11 ï 

ʦʢʪʘʝʜʨʠ, 9, 12 ï ʪʝʪʨʘʝʜʨʠ, 13 ï ʪʨʠʛʦʥʘʣʴʥʘ ʙʽʧʽʨʘʤʽʜʘ):  

  
  

M = Co (6), Ni (7), Mn (10) 11 12 13 
 

ʅʘ ʧʨʠʢʣʘʜʽ ʢʦʤʧʣʝʢʩʽʚ Mn(II ) (10, 11) ʽ Zn(II ) (12, 13) ʧʨʦʩʪʝʞʝʥʦ ʚʧʣʠʚ 

ʘʥʽʦʥʽʚ ʚʠʭʽʜʥʠʭ ʩʦʣʝʡ ʥʘ ʩʢʣʘʜ ʪʘ ʙʫʜʦʚʫ ʢʦʤʧʣʝʢʩʽʚ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʪʨʠʜʝʥʪʘʪʥʦʾ 

ʢʦʦʨʜʠʥʘʮʽʾ ʣʽʛʘʥʜʫ  (10, 11, 13) ʽ ʧʦʷʚʦʶ ï ʙʽʜʝʥʪʘʪʥʦʾ (12).  

ɺ ʢʦʤʧʣʝʢʩʘʭ Cu(II ) 8, 9 ʢʘʨʙʦʥʽʣʴʥʘ ʛʨʫʧʘ ʥʝ ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʢʦʦʨʜʠʥʘʮʽʶ, ʱʦ 

ʻ ʥʘʩʣʽʜʢʦʤ ʚʠʩʦʢʦʾ ʩʪʝʨʝʦʭʽʤʽʯʥʦʾ ʥʘʧʨʫʛʠ, ʪʠʧʦʚʦʾ ʜʣʷ Cu
2+

 (ʢʦʥʬʽʛʫʨʘʮʽʷ d
9
).   

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʤʧʣʝʢʩʠ ʟʘʛʘʣʴʥʦʾ ʬʦʨʤʫʣʠ [ʄ(HydrʅIz)2] (14-18) ʟ 

ʧʨʦʜʫʢʪʦʤ ʢʦʥʜʝʥʩʘʮʽʾ ʛʽʜʘʟʝʧʘʤʫ ʪʘ ʽʟʘʪʠʥʫ ʫʪʚʦʨʶʶʪʴʩʷ ʪʽʣʴʢʠ ʚ ʫʤʦʚʘʭ 

ʩʧʦʥʪʘʥʥʦʾ ʩʘʤʦʟʙʽʨʢʠ ʫ ʩʠʩʪʝʤʘʭ M(ʆɸʩ)2 ï Hydr ï HIz (M = Co, Ni, Cu, Mn, Zn) ʚ 

ʽʟʦʧʨʦʧʘʥʦʣ-ʝʪʘʥʦʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɺ ʤʘʩ-ʩʧʝʢʪʨʘʭ 14-18 ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʽʢʠ ʤʦʣʝʢʫʣʷʨʥʠʭ ʡʦʥʽʚ [2L + ʄ]
+
, ʜʝ L 

ï ʧʨʦʜʫʢʪ ʢʦʥʜʝʥʩʘʮʽʾ ʛʽʜʘʟʝʧʘʤʫ ʟ ʽʟʘʪʠʥʦʤ.  

ɺ ɯʏ ʩʧʝʢʪʨʘʭ ʚʠʭʽʜʥʦʛʦ ʽʟʘʪʠʥʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʘ ʩʤʫʛʘ ɜ(C=O) = 

1728 ʩʤ
-1
 ʟ ʧʣʝʯʝʤ 1748 ʩʤ

-1
, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʘʷʚʥʦʩʪʽ ʚ ʡʦʛʦ ʤʦʣʝʢʫʣʽ ʜʚʦʭ 

ʢʘʨʙʦʥʽʣʴʥʠʭ (C=O) ʛʨʫʧ. ɺ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʠʤ ʚ ɯʏ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʽʚ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ: ʦʜʥʘ ʽʥʪʝʥʩʠʚʥʘ ʩʤʫʛʘ ɜ(C=ʆ) = 1678-1683 ʩʤ
-1
 (14-18), ʷʢʫ 

ʟʤʽʱʝʥʦ ʚ ʥʠʟʴʢʦʯʘʩʪʦʪʥʫ ʦʙʣʘʩʪʴ ʽ ʥʦʚʽ ʩʤʫʛʠ ʘʟʦʤʝʪʠʥʦʚʠʭ ɜ(C=N) ~ 1613 ʩʤ
-1
  ̔

ɜ(ʉïʆ) ~ 1187 ʩʤ
-1
, ʱʦ ʚʽʜʥʝʩʝʥʦ ʜʦ ʛʽʜʨʘʟʦʥʫ, ʷʢʠʡ ʢʦʦʨʜʠʥʦʚʘʥʠʡ ʚ ʻʥʦʣʴʥʽʡ 

ʬʦʨʤʽ. ʎʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʧʦʷʚʦʶ ʥʦʚʠʭ ʩʤʫʛ ɜ(ʄïʆ) ~ 551 ʩʤ
-1
 ʽ ɜ (ʄïN) ~ 460 ʩʤ

-1
.    

ʄʦʜʫʣʽ ʌʫʨô-̒ʧʝʨʝʪʚʦʨʝʥʴ (ʄʌʇ) 

EXAFS ʩʧʝʢʪʨʽʚ 14-18 ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʦʩʥʦʚʥʦʛʦ ʧʽʢʫ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʩʽʷʥʥʶ ʥʘ 

ʥʘʡʙʣʠʞʯʠʭ ʘʪʦʤʘʭ N/O ʽ ʢʽʣʴʢʦʭ ʧʽʢʽʚ ʟ 

ʥʠʟʴʢʦʶ ʘʤʧʣʽʪʫʜʦʶ ʧʨʠ ʙʽʣʴʰʠʭ ʨʘʜʽʫʩʘʭ, ʷʢʽ 

ʚʽʜʥʝʩʝʥʦ ʜʦ ʽʥʰʠʭ ʘʪʦʤʽʚ ʣʽʛʘʥʜʫ (ʨʠʩ. 5). ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ʣʦʢʘʣʴʥʦʛʦ 

ʘʪʦʤʥʦʛʦ ʦʪʦʯʝʥʥʷ ʤʝʪʘʣʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʘʚʢʦʣʦ ʥʠʭ ʟʥʘʭʦʜʷʪʴʩʷ 6 ʘʪʦʤʽʚ N/O ʚ 

ʦʢʪʘʝʜʨʠʯʥʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ. ɹʫʜʦʚʘ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʧʦʣʽʝʜʨʽʚ ʢʦʤʧʣʝʢʩʽʚ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʚʝʣʠʯʠʥʘʤʠ ʾʭʥʽʭ ʤʘʛʥʽʪʥʠʭ 

ʤʦʤʝʥʪʽʚ (ɛʝʬ., ʄ.ɹ = 5.16 (14), 3.04 (15), 

1.92 (16), 6.00 (17)). 
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   ʈʠʩ. 5. ʄʌʇ EXAFS ʢʦʤʧʣʝʢʩʫ       

[Mn(HydrʅIz)2]Ā2ʅ2ʆ (17) (ʣʽʥʽʷ ï 

ʝʢʩʧʝʨʠʤʝʥʪ, ʢʨʫʛʠ ï ʪʝʦʨʽʷ) 

ɼʣʷ ʢʦʤʧʣʝʢʩʽʚ 16 ʽ 17 ʽʥʬʦʨʤʘʮʽ ʁʧʨʦ ʙʫʜʦʚʫ ʢʦʦʨʜʠʥʘʮʽʡʥʦʛʦ ʧʦʣʽʝʜʨʫ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʘʥʠʤʠ ɽʇʈ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʉʧʝʢʪʨ ɽʇʈ 16 (ʧʦʣʽʢʨʠʩʪʘʣʠ) ʦʧʠʩʫʻʪʴʩʷ 

ʩʫʤʦʶ ʜʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟ ʧʦʚʥʠʤ ʩʧʽʥʦʤ S = 1 (1) (ʨʦʟʨʘʭʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ: C1 = 

13%; gz = 2.24, gx = 2.10, gy = 2.10, D = 0.154 cʤ
-1
, E = 0.009 cʤ

-1
) ʽ ʤʦʥʦʤʝʨʥʦʛʦ ʟ 

S = İ (2) (ʨʦʟʨʘʭʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ: C1/2 = 87%; gz = 2.24, gx = 2.06, gy = 2.07). 
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ʉʧʝʢʪʨ ʢʦʤʧʣʝʢʩʫ 17 ʚ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʤʫ 

ʩʪʘʥʽ ʧʨʠ 293 ʂ ʦʧʠʩʫʻʪʴʩʷ ʩʧʽʥʦʚʠʤ 

ʛʘʤʽʣʴʪʦʥʽʘʥʦʤ (1) ʟ S = 5/2 (g = 2.0, D = 

0.0281 cʤ
-1
, E = 0.0047 cʤ

-1
), ʘ ʚ ʝʪʘʥʦʣʽ (ʨʠʩ. 6) ï 

ʽʟʦʪʨʦʧʥʠʤ ʩʧʽʥʦʚʠʤ ʛʘʤʽʣʴʪʦʥʽʘʥʦʤ, ʷʢʠʡ 

ʚʢʣʶʯʘʻ ʟʝʻʤʘʥʽʚʩʴʢʫ ʪʘ ʥʘʜʪʦʥʢʫ ʚʟʘʻʤʦʜʽʾ: 

aISHSgHĔ   (7), 

ʜʝ g ï ʢʦʤʧʦʥʝʥʪʘ g-ʪʝʥʟʦʨʫ, ʘ ï ʢʦʤʧʦʥʝʥʪʘ 

ʅʊʉ-ʪʝʥʟʦʨʫ, S = 5/2, I = 5/2 (g = 1.99, a = 

8.062Ā10
-3
 ʩʤ

-1
). 
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ʈʠʩ. 6. ʉʧʝʢʪʨ ɽʇʈ ʩʧʦʣʫʢʠ 17 ʚ 

ʝʪʘʥʦʣʽ. 1 ï ʝʢʩʧʝʨʠʤʝʥʪ, 2 ï 

ʪʝʦʨʽʷ. ʊ = 293 ʂ 

ʂʦʤʧʣʝʢʩʠ ʟ ʧʨʦʜʫʢʪʦʤ ʢʦʥʜʝʥʩʘʮʽʾ ʛʽʜʘʟʝʧʘʤʫ ʽ ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʾ ʢʠʩʣʦʪʠ 

[Co(HydrHPv)Cl2]Ā2H2O (19), [Ni(HydrPv)2] (20), [Cu(HydrHPv)(H2O)Cl2] (21), 

[Cu(HydrPv)2] (22), [Mn(HydrʅPv)2Cl2] (23), [Zn(HydrʅPv)2Cl2] (24), (ʜʝ HydrHPv 

ʧʨʦʜʫʢʪ ʢʦʥʜʝʥʩʘʮʽʾ) ʦʜʝʨʞʘʥʦ ʩʘʤʦʟʙʽʨʢʦʶ ʚ ʩʠʩʪʝʤʘʭ MCl2 ï Hydr ï HPv ï 

ʝʪʘʥʦʣʴʥʦ-ʽʟʦʧʨʦʧʘʥʦʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ. 

ʅʘʷʚʥʽʩʪʴ ʚ ʤʦʣʝʢʫʣʘʭ 19-24 ʥʦʚʦʛʦ ʣʽʛʘʥʜʫ HydrHPv ʜʦʚʝʜʝʥʦ ʥʘ ʧʽʜʩʪʘʚʽ 

ʟʤʽʥ ʚ ʾʭʥʽʭ ɯʏ ʩʧʝʢʪʨʘʭ ʧʦʜʽʙʥʦ ʜʦ ï 6-18 (ʚʽʜʩʫʪʥʽ ɜ(NH2), ʧʦʷʚʘ ɜ(ʉ=N) ~ 1574 ʩʤ
-1
, 

ʟʤʽʥʘ ʚʠʜʫ ʩʤʫʛʠ ɜ(ʉ=ʆ) ~ 1636 ʩʤ
-1
). ɺ ʢʦʤʧʣʝʢʩʘʭ 20, 22 ʣʽʛʘʥʜ ʻ ʪʨʠʜʝʥʪʘʪʥʠʤ, ʚ 

ʢʦʦʨʜʠʥʘʮʽʶ ʟʘʣʫʯʘʻʪʴʩʷ ʢʘʨʙʦʢʩʠʣʴʥʘ ʛʨʫʧʘ ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʾ ʢʠʩʣʦʪʠ, ʟôʷʚʣʷʶʪʴʩʷ 

ɜas(COOĖ)/ɜs(COʆĖ) ~ 1607/1357 ʩʤ
-1
, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 19, 21, 23, 24 (ɜ(ʉ=ʆ)ʉʆʆʅ = 1681-

1693 ʩʤ
-1
), ʚ ʷʢʠʭ ʚʦʥʘ ʥʝ ʟʚôʷʟʘʥʘ ï ʣʽʛʘʥʜ ʙʽʜʝʥʪʘʪʥʠʡ.  

ʉʫʢʫʧʥʽʩʪʶ ʜʘʥʠʭ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʽʾ (ʝʥʜʦʝʬʝʢʪʠ: ʊ = 85-100 Áʉ ï ʜʝʛʽʜʨʘʪʘʮʽʷ 

(19), ʊ = 115-125 Áʉ ï ʚʠʜʘʣʝʥʥʷ ʢʦʦʨʜʠʥʦʚʘʥʦʾ ʤʦʣʝʢʫʣʠ ʅ2ʆ (21), ʊ = 130-350 Áʉ ï 

ʝʣʽʤʽʥʘʮʽʷ ʚ ʛʘʟʦʚʫ ʬʘʟʫ ʜʚʦʭ ʅCl (19, 21, 23, 24)); ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ 

ʧʦʛʣʠʥʘʥʥʷ (ʣʦʢʘʣʴʥʝ ʘʪʦʤʥʝ ʦʪʦʯʝʥʥʷ ʤʝʪʘʣʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 2 ʘʪʦʤʽʚ O/N ʽ 2 ï Cl 

ʜʣʷ 19; ʟ 6 ï O/N ʜʣʷ 20; ʟ 2 ï O/N, 1 ï O(ʅ2ʆ), 2 ï Cl ʜʣʷ 21; ʟ 2 ï N, 2 ï Cl, 2 ï O ʜʣʷ 

24); ɽʇʈ ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ʧʘʨʘʤʝʪʨʠ  ʩʧʽʥ-ʛʘʤʽʣʴʪʦʥʽʘʥʫ 21: gz = 2.236, gx = 2.042, gy = 

2.135; 22(ɼʄʌɸ): gz = 2.145, gx = 2.128, gy = 2.124, A = 6.10Ā10
-3
 ʩʤ

-1
, B = 5.81Ā10

-3
 ʩʤ

-1
, C 

= 6.27Ā10
-3 
ʩʤ

-1
; 23: g = 2.00, D = 0.0184 ʩʤ

-1
, E = 0.0095 ʩʤ

-1
); ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʛʥʽʪʥʦʾ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ (ɛʝʬ., ʄ.ɹ = 4.20 (19), 3.26 (20), 1.81 (21), 1.96 (22), 5.94 (23)) ʪʘ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ (ɚ(ɼʄʉʆ) = 13.0 ï 28.0 ʆʤ
-1
Țʩʤ

2
Țʤʦʣʴ

-1
) ʚʩʪʘʥʦʚʣʝʥʦ ʙʫʜʦʚʫ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʧʦʣʽʝʜʨʽʚ ʢʦʤʧʣʝʢʩʽʚ (19 ï ʪʝʪʨʘʝʜʨ, 20, 22-24 ï ʦʢʪʘʝʜʨʠ, 21 ï 

ʪʨʠʛʦʥʘʣʴʥʘ ʙʽʧʽʨʘʤʽʜʘ): 

 
   

19 M = Ni (20), Cu (22) 21 M = Mn (23), Zn (24) 

ʉʢʣʘʜ ʪʘ ʪʠʧ ʢʦʦʨʜʠʥʘʮʽʡʥʦʛʦ ʧʦʣʽʝʜʨʫ ʚ ʢʦʤʧʣʝʢʩʘʭ ʚʠʟʥʘʯʘʻ ʽʦʥ ʤʝʪʘʣʫ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʤʧʣʝʢʩʽʚ Co(II ), Ni(II ), Cu(II) ʟ ʥʽʢʦʪʠʥʦʾʣ- ʪʘ 

ʽʟʦʥʽʢʦʪʠʥʦʾʣʛʽʜʨʘʟʦʥʘʤʠ ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʾ ʢʠʩʣʦʪʠ 

ɺʧʣʠʚ ʟʘʤʽʥʠ ʙʝʥʟʜʽʘʟʝʧʽʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʫ ʧʽʨʠʜʠʥʦʚʠʤ ʧʨʦʩʪʝʞʝʥʦ ʥʘ 

ʧʨʠʢʣʘʜʽ ʢʦʤʧʣʝʢʩʽʚ ʟ ʧʨʦʜʫʢʪʘʤʠ ʢʦʥʜʝʥʩʘʮʽʾ ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʾ ʢʠʩʣʦʪʠ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʭʣʦʨʠʜʽʚ Ni(II ), Co(II ), Cu(II) ʟ ʥʽʢʦʪʠʥʦʾʣ- ʽ 

ʽʟʦʥʽʢʦʪʠʥʦʾʣʛʽʜʨʘʟʦʥʘʤʠ ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʾ ʢʠʩʣʦʪʠ (H2Nʈv, H2Iʈv) ʚ ʤʝʪʘʥʦʣʽ 

ʧʦʢʘʟʘʣʦ, ʱʦ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʯʘ, ʧʦʣʦʞʝʥʥʷ ʧʽʨʠʜʠʥʦʚʦʛʦ ʘʪʦʤʫ 

ʥʽʪʨʦʛʝʥʫ ʚ ʤʦʣʝʢʫʣʽ ʛʽʜʨʘʟʦʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʩʧʦʣʫʢ: 

[NiCl(HNʈv)(H2O)2] (25), [NiCl(HIʈv)(H2O)2] (26), [CoCl(HNʈv)(H2O)2] (27), 

[CoCl(HIʈv)(H2O)2] (28), [CuCl(HNʈv)]ĀH2O (29), [CuCl(HIʈv)]ĀH2O (30). ʇʨʠ ʟʘʤʽʥʽ ʫ 

ʚʠʭʽʜʥʠʭ ʩʦʣʷʭ ʤʝʪʘʣʽʚ ʭʣʦʨʠʜʥʦʛʦ ʽʦʥʫ ʥʘ ʘʮʝʪʘʪʥʠʡ ʘʙʦ ʥʽʪʨʘʪʥʠʡ ʟ Ni(II) ʽ Co(II) 

ʦʪʨʠʤʘʥʦ ʩʧʦʣʫʢʠ: [Ni(HNʈv)2]Ā2CH3OH (31), [Ni(HIʈv)2]Ā2CH3OH (32), 

[Co(HNʈv)2]ĀCH3OH (33), [Co(HIʈv)2]ĀCH3OH (34), ʷʢʽ ʥʝ ʤʽʩʪʷʪʴ ʘʥʽʦʥ, ʘ ʟ Cu(II ) 

ʽʥʰʦʛʦ ʩʢʣʘʜʫ: [Cu(Oɸʩ)(HNʈv)] (35), [Cu(Oɸʩ)(HIʈv)] (36), [Cu(NO3)(HNʈv)] (37), 

[Cu(NO3)(HIʈv)] (38). 

ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ɯʏ ʩʧʝʢʪʨʽʚ ʛʽʜʨʘʟʦʥʽʚ ʪʘ ʢʦʤʧʣʝʢʩʽʚ ʚʽʜʤʽʯʝʥʦ ʟʤʽʱʝʥʥʷ ʪʨʴʦʭ 

çʘʤʽʜʥʠʭè ʩʤʫʛ ~ 1690 ʩʤ
-1
 (I), ~ 1548 ʩʤ

-1
 (II), ~ 1269 ʩʤ

-1
 (III): ʥʠʟʴʢʦʯʘʩʪʦʪʥʝ ï I 

(~ 60 ʩʤ
-1
), II  (35-40 ʩʤ

-1
) ʽ ʚʠʩʦʢʦʯʘʩʪʦʪʥʝ ï III  (~ 20 ʩʤ

-1
); ʟʘʤʽʩʪʴ ɜ(ʉ=ʆ)ʉʆʆʅ ~ 

1721 ʩʤ
-1
 ʟô̫ʚʣʷʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʩʤʫʛʠ  ɜas(COOĖ)/ɜs(COʆĖ) ~ 1620/1382 ʩʤ

-1
. ɼʘʥʽ 

ʟʤʽʥʠ ʚʢʘʟʫʶʪʴ ʥʘ ʟʚôʷʟʫʚʘʥʥʷ ʟ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʯʝʤ ʤʦʥʦʜʝʧʨʦʪʦʥʦʚʘʥʦʾ ʬʦʨʤʠ 

ʣʽʛʘʥʜʽʚ ʯʝʨʝʟ ʦʢʩʠʛʝʥ ʢʘʨʙʦʢʩʠʣʘʪʥʦʾ ʛʨʫʧʠ ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʾ ʢʠʩʣʦʪʠ ʽ ʢʘʨʙʦʥʽʣʴʥʦʾ 

ï ʛʽʜʨʘʟʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʫ. ɺʠʭʦʜʷʯʠ ʟ ʝʥʝʨʛʝʪʠʯʥʦʾ ʚʠʛʽʜʥʦʩʪʽ ʫʪʚʦʨʝʥʥʷ 

ʩʫʧʨʷʞʝʥʠʭ ʧôʷʪʠʯʣʝʥʥʠʭ ʮʠʢʣʽʚ, ʚ ʢʦʦʨʜʠʥʘʮʽʶ ʪʘʢʦʞ ʟʘʣʫʯʘʻʪʴʩʷ ʘʟʦʤʝʪʠʥʦʚʠʡ 

ʥʽʪʨʦʛʝʥ. ɿʘʬʽʢʩʫʚʘʪʠ ʟʤʽʱʝʥʥʷ ʩʤʫʛʠ (ʉ=N) ʥʝ ʚʜʘʣʦʩʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ 

ʥʘʢʣʘʜʘʻʪʴʩʷ ʥʘ as(ʉʆʆĖ) ʚ ʦʙʣʘʩʪʽ 1610-1620 ʩʤ
-1
. ʇʦʷʚʘ ʧʦʨʷʜ ʟ (ʄïʆ) (510-

540 ʩʤ
-1
) ʩʤʫʛʠ (ʄïN) (422-450 ʩʤ

-1
) ʚʢʘʟʫʻ ʥʘ ʩʧʨʘʚʝʜʣʠʚʽʩʪʴ ʜʘʥʦʛʦ ʧʨʠʧʫʱʝʥʥʷ.  

ʇʦʣʦʞʝʥʥʷ ʤʘʢʩʠʤʫʤʽʚ ʩʤʫʛ ʧʦʛʣʠʥʘʥʥʷ ʚ ʩʧʝʢʪʨʘʭ ʜʠʬʫʟʥʦʛʦ ʚʽʜʙʠʪʪʷ 

ʢʦʤʧʣʝʢʩʽʚ ʉo(II ), Ni(II ), ʘ ʪʘʢʦʞ ʚʝʣʠʯʠʥʠ ʾʭ ʝʬʝʢʪʠʚʥʠʭ ʤʘʛʥʽʪʥʠʭ ʤʦʤʝʥʪʽʚ 

ʚʢʘʟʫʶʪʴ ʥʘ ʦʢʪʘʝʜʨʠʯʥʫ ʙʫʜʦʚʫ (25-28, 31-34) (ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʷ 3 

ɽʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ, ʩʧʝʢʪʨʦʭʽʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʝʬʝʢʪʠʚʥʽ 

ʤʘʛʥʽʪʥʽ ʤʦʤʝʥʪʠ ʢʦʤʧʣʝʢʩʽʚ ʉo(II ), Ni(II ) 

ʂʦʤʧʣʝʢʩ 

ɽʣʝʢʪʨʦʥʥʠʡ ʧʝʨʝʭʽʜ, ʩʤ
-1 

10Dq, 

ʩʤ
-1

 

B, 

ʩʤ
-1

 
, 

ʩʤ
-1

 

ʝʬ., 

ʄ.ɹ.    
1 2 3 

3
A2g 

3
T2g(F) 3

A2g 
3
T1g(F) 3

A2g 
3
T1g(P)     

N
i(

II
) 

25 9433 14947 25000 943.3 776.0 0.75 3.20 

26 9434 14952 25012 943.4 774.8 0.73 3.34 

31 9433 14951 25011 943.3 731.1 0.75 3.08 

32 9434 14949 25010 943.4 730.8 0.73 2.97 

 4
T1g(F) 

4
T2g 

4
T1g(F) 

4
A2g 

4
T1g(F)

4
T1g(P)     

C
o(

II
) 

27 8415 18864 20678 841.5 896.0 0.80 4.48 

28 8415 18847 20677 841.5 896.0 0.80 4.60 

33 8413 18853 20676 841.3 896.0 0.80 4.54 

34 8415 18849 20678 841.5 896.0 0.80 4.70 
  

ʆʢʪʘʝʜʨʠʯʥʘ ʙʫʜʦʚʘ 27, 31, 33 ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟ ʘʥʘʣʽʟʫ 

EXAFS ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ʪʘʙʣ. 4).  



11 

 

ʊʘʙʣʠʮʷ 4 

ʉʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʡʙʣʠʞʯʦʛʦ ʦʪʦʯʝʥʥʷ ʘʪʦʤʽʚ ʉo, Ni,  

ʦʪʨʠʤʘʥʽ ʟ ʧʽʜʛʦʥʢʠ EXAFS-ʜʘʥʠʭ 

 

ʂʦʤʧʣʝʢʩ N R, ¡ ů
2
, ¡

2
 ɸʪʦʤ Q, % 

27 [CoCl(HNʈv)(H2O)2] 

1 

4 

1 

1.98 

2.09 

2.29 

0.0034 

0.0034 

0.0040 

ʆ/N 

O/N 

Cl 

2.1
*
 

31 [Ni(HNʈv)2]Ā2CH3OH 
2 

4 

1.98 

2.07 

0.0040 

0.0040 

ʆ/N 

O/N 
0.7

**
 

33 [Co(HNʈv)2]ĀCH3OH 
2 

4 

1.97 

2.11 

0.0040 

0.0040 

ʆ/N 

O/N 
2.8

*
 

ʇʽʜʛʦʥʢʘ ʟ ʨʘʜʽʫʩʦʤ 
*
ær = 1.00-2.20 ¡; 

**
ær = 1.00-2.03 ¡ 

ɺ XANES 35-38 ʧʨʠʩʫʪʥʷ ʩʣʘʙʢʘ ʧʝʨʝʜʢʨʘʡʦʚʘ ʩʪʨʫʢʪʫʨʘ ɸ, ʦʙʫʤʦʚʣʝʥʘ p-d 

ʟʤʽʰʫʚʘʥʥʷʤ ɸʆ Cu
2+
, ʚʥʘʩʣʽʜʦʢ ʷʢʦʛʦ ʟʥʠʢʘʻ ʮʝʥʪʨ ʽʥʚʝʨʩʽʾ ʚ ʩʠʤʝʪʨʽʾ 

ʢʦʦʨʜʠʥʘʮʽʡʥʦʛʦ ʚʫʟʣʘ. ʅʘ ʩʭʠʣʽ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ ʯʽʪʢʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʣʝʯʝ ɺ, ʱʦ ʻ 

ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʧʣʦʩʢʦ-ʢʚʘʜʨʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ ʥʘ ʚʘʢʘʥʪʥʫ 4pz
*
 ʦʨʙʽʪʘʣʴ, ʨʦʟʪʘʰʦʚʘʥʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ 

ʧʣʦʱʠʥʠ ʢʦʦʨʜʠʥʘʮʽʡʥʦʛʦ ʚʫʟʣʘ. ʆʩʥʦʚʥʠʡ ʧʽʢ ʧʦʛʣʠʥʘʥʥʷ ʉ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʭʦʜʘʤ 

ʥʘ ʚʘʢʘʥʪʥʽ 4ʨʭ
*
 ʽ 4ʨʫ

*
 ʦʨʙʽʪʘʣʽ. ʇʝʨʰʽ ʧʦʭʽʜʥʽ CuK-ʢʨʘʾʚ ʤʽʩʪʷʪʴ ʢʽʣʴʢʘ ʤʘʢʩʠʤʫʤʽʚ, 

ʱʦ ʚʢʘʟʫʶʪʴ ʥʘ ʨʦʟʱʝʧʣʝʥʥʷ 4ʨ
*
 ɸʆ Cu

2+
 ʚ ʣʦʢʘʣʴʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ 

ʥʘʡʙʣʠʞʯʦʛʦ ʦʪʦʯʝʥʥʷ ʧʦʛʣʠʥʘʶʯʠʭ ʘʪʦʤʽʚ. ʉʫʢʫʧʥʽʩʪʴ ʧʝʨʝʨʘʭʦʚʘʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ XANES, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʠ ʣʦʢʘʣʴʥʦʛʦ ʘʪʦʤʥʦʛʦ ʦʪʦʯʝʥʥʷ ʜʣʷ 

ʦʙʨʘʥʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʷʢʽʩʥʠʡ ʚʠʩʥʦʚʦʢ ʧʨʦ ʚʠʢʨʠʚʣʝʥʝ ʢʚʘʜʨʘʪʥʝ 

ʦʪʦʯʝʥʥʷ Cu
2+

 ʚ ʢʦʤʧʣʝʢʩʘʭ 35-38 (ʨʠʩ. 7, 8). 

  
ʈʠʩ. 7. ʅʦʨʤʦʚʘʥʽ XANES CuK-ʢʨʘʶ 

ʧʦʛʣʠʥʘʥʥʷ (ʾʭ ʧʝʨʰʽ ʧʦʭʽʜʥʽ dɛ/dE ʥʘ 

ʚʩʪʘʚʢʘʭ) ʢʦʤʧʣʝʢʩʽʚ 35-38 

ʈʠʩ. 8. ʄʌʇ EXAFS CuK-ʢʨʘʶ 

ʧʦʛʣʠʥʘʥʥʷ ʢʦʤʧʣʝʢʩʽʚ 35-38 (ʣʽʥʽʷ ï 

ʝʢʩʧʝʨʠʤʝʥʪ, ʢʨʫʛʠ ï ʪʝʦʨʽʷ) 

ɹʫʜʦʚʫ 36, 38 ʧʽʜʪʚʝʨʜʞʝʥʦ ʤʝʪʦʜʦʤ ɽʇʈ ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ʨʠʩ. 9). ʉʧʝʢʪʨʠ ʾʭ 

ʧʦʣ̔ʢʨʠʩʪʘʣʽʯʥʠʭ ʟʨʘʟʢʽʚ ʦʧʠʩʫʶʪʴʩʷ ʨʦʤʙʽʯʥʦ ʚʠʢʨʠʚʣʝʥʠʤ ʩʧʽʥ-ʛʘʤʽʣʴʪʦʥʽʘʥʦʤ 

ʩʧʽʥʫ S = İ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʟʝʻʤʘʥʚ̔ʩʴʢʫ ʚʟʘʻʤʦʜʽʶ (ʧʘʨʘʤʝʪʨʠ ʩʧʽʥ-ʛʘʤʽʣʴʪʦʥʽʘʥʫ 

36: gz = 2.213, gx = 2.053, gy = 2.045; 38: gz = 2.216, gx = 2.054, gy = 2.043). ɺ ʩʧʝʢʪʨʽ 36 
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ʚ ʩʫʤʽʰʽ ɼʄʌɸ + ʈy ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʥʘʜʪʦʥʢʘ ʚʟʘʻʤʦʜʽʷ ʟ ʷʜʝʨʥʠʤ ʩʧʽʥʦʤ ʘʪʦʤʘ 

ʥʽʪʨʦʛʝʥʫ I
N
 = 1 (ʧʘʨʘʤʝʪʨʠ ʩʧʽʥ-ʛʘʤʽʣʴʪʦʥʽʘʥʫ: gz = 2.132; gx = 2.091; gy = 2.118; a = 

5.47Ā10
-3
 ʩʤ

-1
; b = 2.94Ā10

-3
 ʩʤ

-1
; c = 4.61Ā10

-3
 ʩʤ

-1
; az(N) = 12.76 Gs, ax(N) = 12.11 Gs, 

aʫ(N) = 13.34 Gs).  

ʇʦʨʷʜ ʟ ʤʦʥʦʷʜʝʨʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʚʠʜʽʣʝʥʦ ʙʽʷʜʝʨʥʠʡ ï          

[Cu2(HNPv)2(Õ-Cl)]ĀH2O (39), ʚ ʷʢʦʤʫ ʭʣʦʨʠʜʥʠʡ ʘʥʽʦʥ ʚʠʢʦʥʫʻ ʨʦʣʴ ʤʽʩʪʢʘ. ʎʝ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʡʦʛʦ ɛʝʬ. = 1.51 ʄ.ɹ. ʧʨʠ 293 ʂ, ʷʢʘ ʩʫʪʪʻʚʦ ʟʘʥʠʞʝʥʘ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʦʥʦʤʝʨʥʠʤ ʢʦʤʧʣʝʢʩʦʤ 29 (ɛʝʬ.=1.87 ʄ.ɹ. ʧʨʠ 293 ʂ), ʘ ʪʘʢʦʞ ʜʘʥʠʤʠ 

ɽʇʈ ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ʨʠʩ. 8). ɺ ʩʧʝʢʪʨʽ ʢʦʤʧʣʝʢʩʫ 39 ʚ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʤʫ ʩʪʘʥʽ 

(ʨʠʩ. 9) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ çʟʘʙʦʨʦʥʝʥʠʡè ʧʝʨʝʭʽʜ ʚ ʧʦʣʦʚʠʥʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ȹms = Ñ 2. ʉʧʝʢʪʨ 39 ʦʧʠʩʫʻʪʴʩʷ ʩʧʽʥʦʚʠʤ ʛʘʤʽʣʴʪʦʥʽʘʥʦʤ ʜʠʤʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʟ ʧʦʚʥʠʤ ʩʧʽʥʦʤ S = 1 (1). ʇʘʨʘʤʝʪʨʠ ʩʧʽʥ-ʛʘʤʽʣʴʪʦʥʽʘʥʫ: gz = 2.24, gx = 

2.07, gy = 2.11, D = 0.014 cʤ
-1
, E = 0.0047 cʤ

-1
.  
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ʈʠʩ. 9. ʉʧʝʢʪʨʠ ɽʇʈ ʢʦʤʧʣʝʢʩʽʚ 36 (ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʛʦ) ï ʘ; 36 (ɼʄʌɸ + ʈʫ) ï ʙ; 39 

(ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʛʦ) ï ʚ. ʊ = 293 ʂ. 1 ï ʝʢʩʧʝʨʠʤʝʥʪ (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ), 2 ï ʪʝʦʨʽʷ 

(ʧʦʨʦʞʥʽ ʢʨʫʛʠ), 3 ï ʜʨʫʛʘ ʧʦʭʽʜʥʘ ʩʧʝʢʪʨʫ 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʪʘ ʙʽʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ Co(II ), Ni(II ), Cu(II ), Mn(II ), Zn(II ) ʟ ʙʝʥʟʜʽʘʟʝʧʽʥ- ʪʘ 

ʧʽʨʠʜʠʥʚʤʽʩʥʠʤʠ ʣʽʛʘʥʜʘʤʠ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʨʷʜʫ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʥʘ ʝʣʘʩʪʘʟʥʫ, ʢʦʣʘʛʝʥʘʟʥʫ, 

ʬʽʙʨʠʥʦʣʽʪʠʯʥʫ ʘʢʪʠʚʥʦʩʪʽ ʧʝʧʪʠʜʘʟ Bacillus thuringiensis var. israelensis ɯʄɺ ɺ-

7465. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʶʪʴ (~ ʚ 3,5 ʨʘʟʠ) ʝʣʘʩʪʘʟʥʫ ʘʢʪʠʚʥʽʩʪʴ 

ʧʝʧʪʠʜʘʟʠ 1 [CuCl(HNʈv)]ĀH2O (3) ʽ [CuCl(HIʈv)]ĀH2O (21). ʉʢʣʘʜ ʢʦʦʨʜʠʥʘʮʽʡʥʦʛʦ 

ʚʫʟʣʘ ʉu(II) ʫ ʥʠʭ ʦʜʥʘʢʦʚʠʡ, ʜʝʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʣʽʛʘʥʜʥʽ ʩʠʩʪʝʤʠ ï Hydr (3), 

HydrHʈv (21). ʊʨʦʭʠ ʚʠʱʘ ʘʢʪʠʚʥʽʩʪʴ ʦʩʪʘʥʥʴʦʛʦ ï 380% (ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ), ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʚʘʢʘʥʪʥʦʾ ʢʘʨʙʦʢʩʠʣʴʥʦʾ ʛʨʫʧʠ HPv, ʷʢʘ 

ʜʦʜʘʪʢʦʚʦ ʟʘ ʨʘʭʫʥʦʢ ʚʦʜʥʝʚʠʭ ʟʚô̫ ʟʢʽʚ ʟʤʽʮʥʶʻ ʢʘʪʘʣʽʪʠʯʥʦ ʘʢʪʠʚʥʫ ʢʦʥʬʦʨʤʘʮʽʶ 

ʧʝʧʪʠʜʘʟʠ 1, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʝʬʝʢʪʦʨʘ. ʂʦʤʧʣʝʢʩ ʉu
2+

 9, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 3 ʽ 

21, ~ ʥʘ 50% ʟʤʝʥʰʫʻ ʝʣʘʩʪʘʟʥʫ ʘʢʪʠʚʥʽʩʪʴ ʧʝʧʪʠʜʘʟʠ 1 (ʨʠʩ. 10). ʎʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, 

ʱʦ ʥʝ ʪʽʣʴʢʠ ʡʦʥ-ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʯ, ʘʣʝ ʽ ʤʦʣʝʢʫʣʠ ʢʦʤʧʣʝʢʩʽʚ ʚ ʮʽʣʦʤʫ ʙʝʨʫʪʴ 

ʫʯʘʩʪʴ ʚ ʧʨʦʮʝʩʽ ʘʢʪʠʚʫʚʘʥʥʷ ʘʙʦ ʽʥʛʽʙʫʚʘʥʥʷ ʬʝʨʤʝʥʪʫ. ɯʥʛʽʙʫʶʯʫ ʘʢʪʠʚʥʽʩʪʴ ʚ 

ʤʝʞʘʭ 70% ï 30% ʧʨʦʷʚʠʣʠ ʢʦʤʧʣʝʢʩʠ Zn
2+

 12 ʽ 13, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʢʣʘʜʦʤ ʽ 

ʙʫʜʦʚʦ.ʁ ʆʩʥʦʚʥʘ ʨʦʣʴ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʣʝʞʠʪʴ Zn
2+
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ʈʠʩ. 10. ɺʧʣʠʚ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʥʘ ʝʣʘʩʪʘʟʥʫ ʘʢʪʠʚʥʽʩʪʴ ʧʝʧʪʠʜʘʟʠ 1 

B. thuringiensis var. israelensis ɯʄɺ ɺ-7465 
 

ɺ ʦʩʥʦʚʥʦʤʫ ʢʘʨʪʠʥʘ ʚʧʣʠʚʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʥʘ ʢʦʣʘʛʝʥʘʟʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʧʝʧʪʠʜʘʟʠ 1 B. thuringiensis var. israelensis ɯʄɺ ɺ-7465 ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʪʘʢʦʶ ʞ, ʷʢ ʽ ʥʘ ʝʣʘʩʪʘʟʥʫ, 3 ʽ 21 ʟʙʽʣʴʰʫʶʪʴ ʢʦʣʘʛʝʥʘʟʥʫ ʘʢʪʠʚʥʽʩʪʴ ~ ʚ 3 ʨʘʟʠ. 

ʇʨʠ ʟʘʤʽʥʽ ʧʝʧʪʠʜʘʟʠ 1 ʧʝʧʪʠʜʘʟʦʶ 2 ʟʘʛʘʣʴʥʘ ʢʘʨʪʠʥʘ ʽ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ 

ʝʬʝʢʪʦʨʽʚ (1-4, 6-7, 9-13, 19-21, 23) ʥʘ ʝʣʘʩʪʘʟʥʫ ʽ ʢʦʣʘʛʝʥʘʟʥʫ ʘʢʪʠʚʥʦʩʪʽ 

ʟʤʽʥʶʶʪʴʩʷ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʨʠʨʦʜʘ ʝʥʟʠʤʫ ʚʥʦʩʠʪʴ ʩʚʽʡ ʚʥʝʩʦʢ ʚ ʟʤʽʥʫ 

ʤʝʭʘʥʽʟʤʫ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʟ ʩʫʙʩʪʨʘʪʦʤ ʽ ʝʬʝʢʪʦʨʦʤ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ ʚʠʷʚʠʚ ʦʩʦʙʣʠʚʦʩʪʽ ʚʧʣʠʚʫ ʨʦʟʛʣʷʥʫʪʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʥʘ ʬʽʙʨʠʥʦʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʧʝʧʪʠʜʘʟʠ 2: ʟʙʽʣʴʰʝʥʥʷ ʜʦ 145%, 138%, 

112% ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 3, 21, 7 ʚʽʜʧʦʚʽʜʥʦ. ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʤʘʣʴʥʠʤ ʫʤʦʚʘʤ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʪʨʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ: ʬʝʨʤʝʥʪ-ʝʬʝʢʪʦʨ-ʩʫʙʩʪʨʘʪ ʽ ʨʝʘʣʽʟʘʮʽʾ 

ʢʘʪʘʣʽʪʠʯʥʦ ʘʢʪʠʚʥʦʾ ʢʦʥʬʦʨʤʘʮʽʾ ʝʥʟʠʤʫ. 

ɺʠʟʥʘʯʝʥʥʷ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʨʦʚʝʜʝʥʦ ʥʘ ʢʦʤʧʣʝʢʩʘʭ  

[CuCl(HNʈv)]ĀH2ʆ (29)  ̔ [CuCl(HIʈv)]ĀH2O (30). ʅʘʡʙʽʣʴʰʦʶ ʯʫʪʣʠʚʽʩʪʶ ʜʦ ʥʠʭ 

ʚʦʣʦʜʽʣʠ ʢʣʽʪʠʥʠ S. aureus. ʄʘʢʩʠʤʘʣʴʥʝ ʽʥʛʽʙʫʚʘʥʥʷ ʨʦʩʪʫ ʩʪʘʥʦʚʠʣʦ 88,3% ʽ 

76,2% ʜʣʷ ʨʝʯʦʚʠʥ 29 ʽ 30 ʚʽʜʧʦʚʽʜʥʦ (ʨʠʩ. 11). 

 
ʈʠʩ. 11. ʅʘʢʦʧʠʯʝʥʥʷ ʙʽʦʤʘʩʠ ʪʝʩʪ-ʰʪʘʤʽʚ S. aureus ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʩʧʦʣʫʢ 

[CuCl(HNʈv)]ĀH2ʆ (29)  ̔[CuCl(HIʈv)]ĀH2O (30) 

ʆʙʠʜʚʽ ʩʧʦʣʫʢʠ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʦ ʟʘʪʨʠʤʫʶʪʴ ʨʦʟʤʥʦʞʝʥʥʷ P. ʘeruginosa 

78,4% (29) ʽ 58,6% (30). ɺʠʩʦʢʘ ʘʢʪʠʚʥʽʩʪʴ 29 ʪʘ ʽʩʪʦʪʥʘ ʧʨʠʨʦʜʥʘ ʩʪʽʡʢʽʩʪʴ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʫ ʜʦ ʘʥʪʠʤʽʢʨʦʙʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ  

ʚʠʚʯʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʘʥʠʭ ʩʧʦʣʫʢ. 
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ʉʢʨʠʥʽʥʛ ʨʷʜʫ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʥʘ ʧʨʦʷʚ ʘʥʘʣʛɹʝʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʧʨʦʚʝʜʝʥʦ ʫ ʜʦʟʽ 1 ʤʛ/ʢʛ ʫ ʜʦʩʣʽʜʘʭ in vivo ʥʘ ʤʠʰʘʭ ʟʘ ʤʝʪʦʜʦʤ çʢʦʨʯʽʚè, 

ʚʠʢʣʠʢʘʥʠʭ ʚʥʫʪʨʽʰʥʴʦʯʝʨʝʚʥʠʤ ʚʚʝʜʝʥʥʷʤ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ. ʅʘʡʙʽʣʴʰʫ ʘʢʪʠʚʥʽʩʪʴ 

ʧʨʦʷʚʠʣʠ ʩʧʦʣʫʢʠ HydrHSal (50,7%) [Ni(Hydr)2Cl2] (70%) ʽ [Mn(Hydr)2Cl2] (72%) 

ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʧʨʝʧʘʨʘʪ ʧʦʨʽʚʥʷʥʥʷ ï ʥʘʪʨʽʡ ʜʠʢʣʦʬʝʥʘʢ (51,7% 

ʫ ʜʦʟʽ 10 ʤʛ/ʢʛ). ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʨʦʷʚ ʘʥʘʣʛɹʝʪʠʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʦʥʫ ʤʝʪʘʣʫ, ʩʢʣʘʜʫ ʢʦʤʧʣʝʢʩʽʚ, ʪʘ ʣʽʛʘʥʜʽʚ.  

ɺʀʉʅʆɺʂʀ 

1. ʈʝʘʣʽʟʦʚʘʥʦ ʽʜʝʶ ʥʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʦʤʦʛʦ ʣʽʢʘʨʩʴʢʦʛʦ ʧʨʝʧʘʨʘʪʫ 2-(7-

ʙʨʦʤʦ-2-ʦʢʩʦ-5-ʬʝʥʽʣ-3H-1,4-ʙʝʥʟʜʽʘʟʝʧʽʥ-1-ʽʣ)ʘʮʝʪʦʛʽʜʨʘʟʠʜʫ (çʛʽʜʘʟʝʧʘʤʫè) ʷʢ 

ʚʠʭʽʜʥʦʛʦ ʨʝʘʛʝʥʪʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʽʜʨʘʟʦʥʽʚ ʢʦʥʜʝʥʩʘʮʽʻʶ ʟ ʢʘʨʙʦʥʽʣʚʤʽʩʥʠʤʠ 

ʙʽʦʦʨʛʘʥʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʨʽʟʥʠʭ ʢʣʘʩʽʚ, ʟʦʢʨʝʤʘ: ʘʣʴʜʝʛʽʜʽʚ (ʩʘʣʽʮʠʣʦʚʠʡ), ʽʥʜʦʣʽʚ 

(ʽʟʘʪʠʥ), ʢʝʪʦʢʠʩʣʦʪ (ʧʽʨʦʚʠʥʦʛʨʘʜʥʘ), ʘ ʪʘʢʦʞ ʜʣʷ ʩʧʨʷʤʦʚʘʥʦʛʦ ʩʠʥʪʝʟʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʛʽʜʨʘʟʠʜʥʠʭ ʽ ʛʽʜʨʘʟʦʥʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟ çʤʝʪʘʣʘʤʠ ʞʠʪʪʷè. ɺʩʽ 

ʩʠʥʪʝʟʦʚʘʥʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʤʝʪʦʜʘʤʠ ʝʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʽʾ, ɯʏ, ɽʇʈ, ɽXAFS, ʉɼɺ ʩʧʝʢʪʨʦʩʢʦʧʽʡ, ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ,  

ʤʘʛʥʝʪʦʭʽʤʽʾ ʪʘ ʢʦʥʜʫʢʪʦʤʝʪʨʽʾ. 

2. ʆʜʝʨʞʘʥʦ ʤʦʣʝʢʫʣʷʨʥʽ ʢʦʤʧʣʝʢʩʠ ʟ ʛʽʜʘʟʝʧʘʤʦʤ: [Co(Hydr)Cl2]ĀH2O  (1), 

[Ni(Hydr)2Cl2] (2), [Cu(Hydr)(H2O)Cl2] (3), [Mn(Hydr)2Cl2] (4), [Zn(Hydr)2Cl2] (5) ï 

ʥʝʝʣʝʢʪʨʦʣʽʪʠ, ʚ ʷʢʠʭ ʛʽʜʨʘʟʠʜ ʧʨʦʷʚʣʷʻ ʩʝʙʝ ʷʢ ʭʝʣʘʪʫʶʯʠʡ ʙʽʜʝʥʪʘʪʥʠʡ ʣʽʛʘʥʜ, 

ʟʚô̫ʟʫʻʪʴʩʷ ʯʝʨʝʟ ʦʢʩʠʛʝʥ ʢʘʨʙʦʥʽʣʫ ʪʘ ʥʽʪʨʦʛʝʥ ʘʤʽʥʦʛʨʫʧʠ ʚ ʢʝʪʦʥʥʽʡ ʬʦʨʤʽ. 

ʂʦʦʨʜʠʥʘʮʽʡʥʝ ʯʠʩʣʦ ʽ ʪʠʧ ʧʦʣʽʝʜʨʫ ʚʠʟʥʘʯʘʻ ʽʦʥ ʤʝʪʘʣʫ (ʉʦ ï ʪʝʪʨʘʝʜʨ, Ni, Mn, Zn 

ï ʦʢʪʘʝʜʨʠ, Cu ï ʪʨʠʛʦʥʘʣʴʥʘ ʙʽʧʽʨʘʤʽʜʘ). 

3. ɺʧʝʨʰʝ ʚʟʘʻʤʦʜʽʻʶ 2-(7-ʙʨʦʤʦ-2-ʦʢʩʦ-5-ʬʝʥʽʣ-3H-1,4-ʙʝʥʟʜʽʘʟʝʧʽʥ-1-

ʽʣ)ʘʮʝʪʦʛʽʜʨʘʟʠʜʫ ï ʛʽʜʘʟʝʧʘʤʫ ʟ ʩʘʣʽʮʠʣʦʚʠʤ ʘʣʴʜʝʛʽʜʦʤ ʩʠʥʪʝʟʦʚʘʥʦ ʛʽʜʨʘʟʦʥ 

[HydrHSal]Āʅ2ʆ. ʁʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ ʽ ʯʠʩʪʦʪʫ, ʘ ʪʘʢʦʞ ʤʦʣʝʢʫʣʷʨʥʫ ʽ ʢʨʠʩʪʘʣʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ ʜʦʚʝʜʝʥʦ ʤʝʪʦʜʘʤʠ: ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʽʾ, ɯʏ, ʋʌ, ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʽʡ, ʤʘʩ-

ʩʧʝʢʪʨʦʤʝʪʨʽʾ, ʈʉɸ.   

4.  ʈʦʟʨʦʙʣʝʥʦ ʩʠʥʪʝʪʠʯʥʽ ʧʽʜʭʦʜʠ, ʟʦʢʨʝʤʘ ʤʝʪʦʜ ʩʧʦʥʪʘʥʥʦʾ ʩʘʤʦʟʙʽʨʢʠ, ʪʘ 

ʦʜʝʨʞʘʥʦ ʥʦʚʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ Co(II ), Ni(II ), Cu(II ), Mn(II), Zn(II) ʟ 2-(7-

ʙʨʦʤʦ-2-ʦʢʩʦ-5-ʬʝʥʽʣ-3H-1,4-ʙʝʥʟʜʽʘʟʝʧʽʥ-1-ʽʣ)ʘʮʝʪʦʛʽʜʨʘʟʠʜʦʤ ʽ ʧʨʦʜʫʢʪʘʤʠ ʡʦʛʦ 

ʢʦʥʜʝʥʩʘʮʽʾ ʟ ʩʘʣʽʮʠʣʦʚʠʤ ʘʣʴʜʝʛʽʜʦʤ, ʽʟʘʪʠʥʦʤ, ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʶ ʢʠʩʣʦʪʦʶ, ʘ 

ʪʘʢʦʞ ʟ ʥʽʢʦʪʠʥʦʾʣ- ʪʘ ʽʟʦʥʽʢʦʪʠʥʦʾʣʛʽʜʨʘʟʦʥʘʤʠ ʦʩʪʘʥʥʴʦʾ. 

5. ʈʝʘʣʽʟʘʮʽʶ ʥʦʚʦʛʦ ʣʽʛʘʥʜʫ ʚ ʩʢʣʘʜʽ ʢʦʤʧʣʝʢʩʽʚ ʟ ʙʝʥʟʜʽʘʟʝʧʽʥʚʤʽʩʥʠʤʠ 

ʛʽʜʨʘʟʦʥʘʤʠ ʽʟʘʪʠʥʫ, ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʾ ʢʠʩʣʦʪʠ, ʦʜʝʨʞʘʥʠʭ ʩʘʤʦʟʙʽʨʢʦʶ, 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʤʝʪʦʜʘʤʠ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ, ɯʏ, ɽʇʈ, ɽXAFS ʩʧʝʢʪʨʦʩʢʦʧʽʡ. 

6. ɺʠʷʚʣʝʥʦ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʘʨʙʦʥʽʣʚʤʽʩʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʙʝʥʟʜʽʘʟʝʧʽʥʦʚʽ 
ʛʽʜʨʘʟʦʥʠ ʧʨʦʷʚʣʷʶʪʴ ʨʽʟʥʫ ʜʝʥʪʘʪʥʽʩʪʴ, ʟʤʽʥʶʻʪʴʩʷ ʩʧʦʩʽʙ ʾʭ ʢʦʦʨʜʠʥʘʮʽʾ ʪʘ ʬʦʨʤʘ 

ï ʢʝʪʦʥʥʘ (ʩʘʣʽʮʠʣʦʚʠʡ ʘʣʴʜʝʛʽʜ, ʧʽʨʦʚʠʥʦʛʨʘʜʥʘ ʢʠʩʣʦʪʘ) ʪʘ ʻʥʦʣʴʥʘ (ʽʟʘʪʠʥ) ʟʘ 

ʫʯʘʩʪʽ ʦʢʩʠʘʟʠʥʦʚʦʾ ʛʨʫʧʠ ʚ ʢʦʦʨʜʠʥʘʮʽʾ. 

7. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʭʝʣʘʪʫʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʙʝʥʟʜʽʘʟʝʧʽʥʦʚʠʭ ʽ 
ʧʽʨʠʜʠʥʦʚʠʭ ʛʽʜʨʘʟʦʥʽʚ ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʾ ʢʠʩʣʦʪʠ ʧʦ ʚʽʜʥʦʰʝʥʶ ʜʦ Co(II), Ni(II), 

Cu(II); ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ  ʫ ʚʩʽʭ ʢʦʤʧʣʝʢʩʘʭ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʽʨʠʜʠʥʦʚʦʛʦ ʘʙʦ 

ʙʝʥʟʜʽʘʟʝʧʽʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʫ ʚ ʤʦʣʝʢʫʣʘʭ ʣʽʛʘʥʜʽʚ ʾʭ ʢʦʦʨʜʠʥʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 
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ʢʝʪʦ-ʬʦʨʤʽ ʪʘ ʚʠʷʚʣʝʥʦ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʬʦʨʤʫʚʘʥʥʽ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʧʦʣʽʝʜʨʽʚ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʥʘ ʤʝʪʘʣʫ.   

8. ɺʠʷʚʣʝʥʦ ʦʩʦʙʣʠʚʽʩʪʴ Cu(II) ʷʢ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʯʘ, ʱʦ ʧʨʦʷʚʠʣʘʩʴ ʥʘ 
ʧʨʠʢʣʘʜʽ ʢʦʤʧʣʝʢʩʽʚ ʟ ʙʝʥʟʜʽʘʟʝʧʽʥʚʤʽʩʥʠʤ ʛʽʜʨʘʟʦʥʦʤ ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ ʪʘ ʟ 

ʥʽʢʦʪʠʥʦʾʣʛʽʜʨʘʟʦʥʦʤ ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʾ ʢʠʩʣʦʪʠ: ʫʪʚʦʨʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ 

ʩʠʥʪʝʟʫ ʤʦʥʦʷʜʝʨʥʦʾ ʘʙʦ ʙʽʷʜʝʨʥʦʾ ʩʧʦʣʫʢʠ ʟ ʤʽʩʪʢʦʚʠʤʠ ʘʮʝʪʘʪʥʠʤʠ ʽ ʭʣʦʨʠʜʥʠʤʠ 

ʽʦʥʘʤʠ. 

9. ʇʦʢʘʟʘʥʦ ʧʨʠʥʮʠʧʦʚʫ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʤʝʪʘʣʦʭʝʣʘʪʽʚ ʷʢ ʝʬʝʢʪʦʨʽʚ ʬʝʨʤʝʥʪʽʚ, ʧʨʦʪʠʤʽʢʨʦʙʥʠʭ ʽ ʘʥʘʣʴʛʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ. 

ʉʇʀʉʆʂ ʆʇʋɹʃɯʂʆɺɸʅʀʍ ʇʈɸʎʔ ɿɸ ʊɽʄʆʖ ɼʀʉɽʈʊɸʎɯɰ 

1. ʇʫʣʷ ɸ. ɺ. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Co(II) ʠ Ni(II) 

ʩ ʧʠʨʠʜʠʥʦʠʣʛʠʜʨʘʟʦʥʘʤʠ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ / ɸ. ɺ. ʇʫʣʷ, 

ʀ. ʀ. ʉʝʡʬʫʣʣʠʥʘ, ʅ. ɺ. ʐʤʘʪʢʦʚʘ  // ɺʽʩʥ. ʆʜʝʩ. ʥʘʮ. ʫʥ-ʪʫ. ʍʽʤʽʷ. ï 2011. ï ʊ. 16, 

 ̄4. ï ʉ. 32-41. 

2. ʉʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Cu(II) ʩ 

ʥʠʢʦʪʠʥʦʠʣ- ʠ ʠʟʦʥʠʢʦʪʠʥʦʠʣʛʠʜʨʘʟʦʥʘʤʠ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ / ɸ. ɺ. ʇʫʣʷ, 

ʀ. ʀ. ʉʝʡʬʫʣʣʠʥʘ, ʃ. ʉ. ʉʢʦʨʦʭʦʜ, ɺ. ɻ. ɺʣʘʩʝʥʢʦ // ɾʫʨʥ. ʦʙʱ. ʭʠʤʠʠ. ï 2013. ï ʊ. 

83. ˉ 9. ï ʉ. 1447-1451. 

3. ʉʠʥʪʝʟ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Mn(II) ʩ 2-(7-

ʙʨʦʤʦ-2ʦʢʩʦ-5-ʬʝʥʠʣ-3ʅ-1,4-ʙʝʥʟʜʠʘʟʝʧʠʥ-1-ʠʣ)ʘʮʝʪʦʛʠʜʨʘʟʠʜʦʤ ʠ ʧʨʦʜʫʢʪʦʤ ʝʛʦ 

ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʦʡ / ɸ. ɺ. ʇʫʣ,̫ ʀ. ʀ. ʉʝʡʬʫʣʣʠʥʘ, 

ʃ. ʉ. ʉʢʦʨʦʭʦʜ, ʅ. ʅ. ɽʬʠʤʦʚ, ɽ. ɸ. ʋʛʦʣʢʦʚʘ, ɺ. ɺ. ʄʠʥʠʥ // ɾʫʨʥ. ʥʝʦʨʛ. ʭʠʤʠʠ. ï 

2015. ï ʊ. 60, ˉ 1. ï ʉ. 54-57. 

4. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Co(II ), Ni(II) ʩ 2-(7-ʙʨʦʤ-2-

ʦʢʩʦ-5-ʬʝʥʠʣ-3ʅ-1,4-ʙʝʥʟʜʠʘʟʝʧʠʥ-1-ʠʣ)ʘʮʝʪʦʛʠʜʨʘʟʠʜʦʤ ʠ ʧʨʦʜʫʢʪʦʤ ʝʛʦ 

ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʦʡ / ɸ. ɺ. ʇʫʣ,̫ ʀ. ʀ. ʉʝʡʬʫʣʣʠʥʘ, 

ʃ. ʉ. ʉʢʦʨʦʭʦʜ, ɺ. ɻ. ɺʣʘʩʝʥʢʦ, ʉ. ʀ. ʃʝʚʯʝʥʢʦʚ, ɺ. ʀ. ʇʘʚʣʦʚʩʢʠʡ // ɾʫʨʥ. ʦʙʱ. 

ʭʠʤʠʠ. ï 2015. ï ʊ. 85, ˉ 1. ï ʉ. 105-111. 

5. ʉʘʤʦʩʙʦʨʢʘ ʚ ʩʠʩʪʝʤʘʭ MnX2 ï 2-(7-ʙʨʦʤ-2-ʦʢʩʦ-5-ʬʝʥʠʣ-3ʅ-1,4-

ʙʝʥʟʜʠʘʟʝʧʠʥ-1-ʠʣ)ʘʮʝʪʦʛʠʜʨʘʟʠʜ ï ʩʘʣʠʮʠʣʦʚʳʡ ʘʣʴʜʝʛʠʜ. ʉʦʩʪʘʚ, ʩʪʨʦʝʥʠʝ ʠ 

ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ / ɸ. ɺ. ʇʫʣ,̫ ʀ. ʀ. ʉʝʡʬʫʣʣʠʥʘ, 

ʃ. ʉ. ʉʢʦʨʦʭʦʜ, ɺ. ɻ. ɺʣʘʩʝʥʢʦ, ʗ. ɺ. ɿʫʙʘʚʠʯʫʩ, ʉ. ʀ. ʃʝʚʯʝʥʢʦʚ // ɾʫʨʥ. ʦʙʱ. 

ʭʠʤʠʠ. ï 2015. ï ʊ. 85, ˉ 5. ï ʉ. 831-837. 

6. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ Cu(II) ʩ 2-(7-ʙʨʦʤʦ-2-ʦʢʩʦ-5-ʬʝʥʠʣ-3ʅ-1,4-

ʙʝʥʟʜʠʘʟʝʧʠʥ-1-ʠʣ)ʘʮʝʪʦʛʠʜʨʘʟʠʜʦʤ ʠ ʧʨʦʜʫʢʪʦʤ ʝʛʦ ʢʦʥʜʝʥʩʘʮʠʠ ʩ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʦʡ / ɸ. ɺ. ʇʫʣ,̫ ʀ. ʀ. ʉʝʡʬʫʣʣʠʥʘ, ʃ. ʉ. ʉʢʦʨʦʭʦʜ, 

ʅ. ʅ. ɽʬʠʤʦʚ, ɽ. ɸ. ʋʛʦʣʢʦʚʘ, ɺ. ɺ. ʄʠʥʠʥ // ɾʫʨʥ. ʥʝʦʨʛ. ʭʠʤʠʠ. ï 2016. ï ʊ. 61, 

 ̄1. ï ʉ. 41-45.  

7. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʉu(II ) ʩ 2-(7-ʙʨʦʤ-2-ʦʢʩʦ-5-

ʬʝʥʠʣ-2,3-ʜʠʛʠʜʨʦ-1ʅ-1,4-ʙʝʥʟʦʜʠʘʟʝʧʠʥ-1-ʠʣ)ʘʮʝʪʦʛʠʜʨʘʟʠʜʦʤ ʠ ʧʨʦʜʫʢʪʦʤ ʝʛʦ 

ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʦʡ / ɸ. ɺ. ʇʫʣ,̫ ʀ. ʀ. ʉʝʡʬʫʣʣʠʥʘ, 

ʃ. ʉ. ʉʢʦʨʦʭʦʜ, ɺ. ɻ. ɺʣʘʩʝʥʢʦ, ʗ. ɺ. ɿʫʙʘʚʠʯʫʩ, ʉ. ʀ. ʃʝʚʯʝʥʢʦʚ // ɾʫʨʥ. ʦʙʱ. 
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