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ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʧʠʥʪʨʦʥʠʢʠ ʩ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʆʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚ 

ʨʘʤʢʘʭ ʢʨʫʧʥʦʛʦ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʩʧʠʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ çʫʤʥʳʭè ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʩʧʠʥʪʨʦʥʠʢʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠè ʢʦʥʩʦʨʮʠʫʤʦʤ ʦʨʛʘʥʠʟʘʮʠʡ: ʌʝʜʝʨʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 

(ʨʘʥʝʝ ï ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʈɸʅ), ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ, ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʡ ʮʝʥʪʨ ʉʆ ʈɸʅ, 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ ʠʤ. ɸ.ʅ. ʌʨʫʤʢʠʥʘ ʈɸʅ ʠ ʖʞʥʳʡ 

ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ. 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʤʠʨʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʪʁʩʷ ʨʘʙʦʪʳ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ. ʄʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʪʨʝʤʷ ʚʘʞʥʳʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʣʷ ʩʧʠʥʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ: ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʜʝʥʪʠʯʥʦʩʪʴ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ, ʠʭ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʠʟʘʡʥʘ, ʠ 

ʦʥʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʣʦʞʥʳʝ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʠʩʪʝʤʳ ï 

ʜʚʫʤʝʨʥʳʝ ʠ ʪʨʝʭʤʝʨʥʳʝ ʨʝʰʝʪʢʠ ï ʧʫʪʝʤ ʩʘʤʦʩʙʦʨʢʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚ ʢʚʘʥʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʢ ʥʠʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʤʝʜʣʝʥʥʫʶ ʤʘʛʥʠʪʥʫʶ ʨʝʣʘʢʩʘʮʠʶ (ʪ.ʝ. 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʦʩʪʦʷʥʠʷ ʢʫʙʠʪʘ), ʧʦʜʭʦʜʷʱʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʫʙʠʪʘʤʠ, 

ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʚʘʥʪʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʚʦʟʤʦʞʥʦʩʪʴ ʚʨʝʤʝʥʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʩʦʟʜʘʥʠʷ ʤʥʦʛʦʮʝʥʪʨʦʚʳʭ ʩʠʩʪʝʤ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʘʤʝʪʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, 

ʜʦʩʪʠʛʥʫʪʳʡ ʟʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʬʘʟʦʚʦʡ 

ʧʘʤʷʪʠ ʩʠʩʪʝʤʳ ʙʳʣʦ ʫʚʝʣʠʯʝʥʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ, ʧʦʠʩʢ ʥʦʚʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʙʦʣʴʰʠʤʠ ʚʨʝʤʝʥʘʤʠ ʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʠ ʧʝʨʝʢʣʶʯʘʝʤʳʤʠ 

ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʚ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, 

ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʧʨʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 
ɺ ʦʙʟʦʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ, ʧʦʣʫʯʝʥʥʳʝ ʫʯʘʩʪʥʠʢʘʤʠ ʢʦʥʩʦʨʮʠʫʤʘ ʚ 

ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʦʚʳʭ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʤʦʥʦʠʦʥʥʳʭ ʤʘʛʥʠʪʦʚ, 

ʢʚʘʥʪʦʚʳʭ ʢʣʝʪʦʯʥʳʭ ʘʚʪʦʤʘʪʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʷʜʝʨʥʳʭ 

ʩʧʠʥʦʚ ʜʣʷ ʢʚʘʥʪʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʧʠʥʪʨʦʥʠʢʠ. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ (ʛʨʘʥʪ ˉ 075-15-2020-779). 

mailto:aldoshin@icp.ac.ru
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ʂɸʊɸʃʀɿ ɺ ʉʆɺʈɽʄɽʅʅʆʄ ʆʈɻɸʅʀʏɽʉʂʆʄ ʉʀʅʊɽɿɽ 

ɹʝʣʝʮʢʘʷ ʀ.ʇ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 

ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʜʳ 1, ʩʪʨ. 3 
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ʍʀʄʀʗ ʇʆʃʀʗɼɽʈʅʓʍ ʊɽʊʈɸʇʀʈʈʆʃʔʅʓʍ ʉʆɽɼʀʅɽʅʀʁ ï 

ʋʅʀɺɽʈʉɸʃʔʅʓʁ ʂʃʖʏ ʂ ʉʆɿɼɸʅʀʖ ʅʆɺʓʍ ʄɸʊɽʈʀɸʃʆɺ 

ɻʦʨʙʫʥʦʚʘ ʖ.ɻ. 1,2 

1 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʌ 
2ʀʥʩʪʠʪʫʪ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ ʠʤ. ɸ.ʅ. ʌʨʫʤʢʠʥʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʌ 

E-mail: yulia@igic.ras.ru 

 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʦʣʠʷʜʝʨʥʳʝ, ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ 

ʚ ʢʘʯʝʩʪʚʝ ʢʨʘʩʠʪʝʣʝʡ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʬʦʪʦ- ʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʝ, ʦʧʪʠʯʝʩʢʠʭ 

ʭʝʤʦʩʝʥʩʦʨʦʚ ʜʣʷ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʩʝʣʝʢʪʠʚʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʠʥʜʫʢʪʦʨʦʚ ʠ ʩʝʣʝʢʪʦʨʦʚ, ʚ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʝ, ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʝ, 

ʚ ʢʘʯʝʩʪʚʝ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʠʪʦʚ, ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʪʝʨʘʧʠʠ (ʌɼʊ) ʨʷʜʘ ʦʥʢʦʟʘʙʦʣʝʚʘʥʠʡ ʠ ʜʣʷ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʌɼʊ, ʵʣʝʢʪʨʦʭʨʦʤʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [1-4]. ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ 

ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʧʦʠʩʢ 

ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʜʣʷ ʤʝʜʠʮʠʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ [5-13].  

 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ ˉ 19-13-00410ʇ). 
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ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʟʚʝʩʪʥʳʭ ʥʘ ʜʘʥʥʳʭ ʤʦʤʝʥʪ ʧʦʨʠʩʪʳʭ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ (ʄʆʂʇ) ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʪʝʨʠʯʝʩʢʫʶ ʞʝʩʪʢʦʩʪʴ ʢʘʨʢʘʩʘ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʦʛʘʱʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʜʠʟʘʡʥʘ ʠ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʜʘʚʥʦ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦʨʠʩʪʳʝ ʄʆʂʇ ʩʝʤʝʡʩʪʚʘ 

NIIC-10/20-G (NIIC = Nikolaev Institute of Inorganic Chemistry) ʥʘ ʦʩʥʦʚʝ ʢʦʣʴʮʝʦʙʨʘʟʥʳʭ 

12-ʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʮʠʥʢʘ(II), ʩʙʦʨʢʘ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʫʩʣʦʚʠʷʭ [1,2]. ɻʝʦʤʝʪʨʠʷ ʫʛʣʦʚʦʛʦ ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʤʦʩʪʠʢʦʚʦʛʦ ʣʠʛʘʥʜʘ ʚʣʠʷʝʪ ʥʘ 

ʩʧʦʩʦʙ ʫʧʘʢʦʚʢʠ ʢʦʣʝʮ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʦʧʨʝʜʝʣʷʝʪ ʭʘʨʘʢʪʝʨ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ: 

ʤʠʢʨʦʧʦʨʠʩʪʳʡ ʚ NIIC-10 ʠʣʠ ʤʝʟʦʧʦʨʠʩʪʳʡ ʚ NIIC-20 (ʩʤ. ʨʠʩ.). ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʩʦʝʜʠʥʝʥʠʡ NIIC-10/20-G ʩʣʫʞʘʪ ʛʣʠʢʦʣʴʥʳʝ ʬʨʘʛʤʝʥʪ r (G), ʜʝʢʦʨʠʨʫʶʱʠʝ 

ʚʥʫʪʨʝʥʥʠʡ ʦʙʦʜ ʢʦʣʴʮʝʚʳʭ ʙʣʦʢʦʚ ʠ ʦʧʨʝʜʝʣʷʶʱʠʝ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʄʆʂʇ. 

ʇʦʣʫʯʝʥ ʰʠʨʦʢʠʡ ʨʷʜ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ NIIC-10/20-G, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ 

G ʚʳʩʪʫʧʘʶʪ ʨʘʟʣʠʯʥʳʝ ʛʣʠʢʦʣʠ, ʛʣʠʮʝʨʠʥ, ʢʘʪʝʭʦʣ. ʀʟʫʯʝʥʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪ.ʯ. ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʛʦʩʪʝʚʳʭ ʯʘʩʪʠʮ. 

ʇʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʘʟʘʤ, ʧʘʨ§ʤ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʠʦʥʘʤ ʠ ʚʳʷʚʣʝʥʳ ʠʥʪʝʨʝʩʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʠʨʦʜʳ ʠ ʨʘʟʤʝʨʘ G [1-3]. 

 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ 18-13-00203). 
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ʂʣʘʩʪʝʨʥʳʝ ʘʥʠʦʥʳ ʙʦʨʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʫʶ ʧʣʘʪʬʦʨʤʫ ʜʣʷ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʠ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʜʦʢʣʘʜʝ 

ʦʙʩʫʞʜʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʦʚ ʙʦʨʘ ʠ ʠʭ ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʢʦʪʦʨʳʝ ʩʪʘʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ɹʳʣʠ ʩʦʟʜʘʥ rʥʦʚʝr ʪʠʧr ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ 

ʘʥʠʦʥʦʚ ʙʦʨʘ ï ʢʘʢ ʢʘʨʢʘʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʢ ʩʝʣʝʢʪʠʚʥʦʤʫ ʠʥʛʠʙʠʨʦʚʘʥʠʶ 

ʰʪʘʤʤʦʚ ʚʠʨʫʩʘ ʛʨʠʧʧʘ, ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ɹʅɿʊ ʘʤʠʜʠʥʦʚʦʛʦ ʪʠʧʘ, ʦʙʣʘʜʘʶʱʠʭ ʤʠʥʠʤʘʣʴʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ (IC50 = 1 ï 10 

ʤʄʦʣʴ/ʣ) ʠ ʦʩʪʨʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ (ʃɼ50 = 350 - 400 ʤʛ/ʢʛ), ʯʪʦ ʥʘ ʧʦʨʷʜʢʠ ʥʠʞʝ 

ʪʦʢʩʠʯʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʥʘ ʧʨʘʢʪʠʢʝ ʙʦʨʢʘʧʪʘʪʘ ʥʘʪʨʠʷ (BSH). 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʙʦʨʩʦʜʝʨʞʘʱʠʭ ʫʣʴʪʨʘʣʝʛʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘ ʩʯʝʪ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ ʚ ʘʵʨʦʛʝʣʝʚʳʭ ʤʘʪʨʠʮʘʭ SiO2. ʊʘʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (~750 ʤ2/ʛ) ʠ ʧʦʨʠʩʪʦʩʪʴʶ (~95%), 

ʘ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʙʦʨʘ (ʜʦ ~1.2 ʤʦʣʴʥʳʭ %) ʘʵʨʦʛʝʣʝʚʳʡ ʤʘʪʝʨʠʘʣ 

ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʟʘʭʚʘʪʫ ʪʝʧʣʦʚʳʭ ʠ ʵʧʠʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ, 

ʧʨʝʚʦʩʭʦʜʷʱʫʶ ʠʟʚʝʩʪʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʘʥʘʣʦʛʠ. ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘʤʠ 

ʘʵʨʦʛʝʣʝʡ ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʠʟʜʝʣʠʷ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʧʘʮʠʝʥʪʦʚ ʠ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ 10ɺ-ʥʝʡʪʨʦʥʦʟʘʭʚʘʪʥʦʡ ʪʝʨʘʧʠʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʢʣʠʥʠʢʠ.  

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʚʝʱʝʩʪʚ 

- ʪʝʨʘʥʦʩʪʠʢʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʝʙʝ ʬʫʥʢʮʠʦʥʘʣ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʛʨʫʧʧʳ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ. ʉʦʯʝʪʘʥʠʝ ʇʕʊ ʤʝʪʦʢ ʩ ʙʦʨʥʳʤ ʦʩʪʦʚʦʤ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʥʦʚʳʝ ʧʨʝʧʘʨʘʪʳ ʜʣʷ 10ɺ-ʥʝʡʪʨʦʥʦʟʘʭʚʘʪʥʦʡ ʪʝʨʘʧʠʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʢʣʠʥʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʣʦʠʥʚʘʟʠʚʥʳʤʠ 

ʤʝʪʦʜʘʤʠ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ ʧʨʦʝʢʪ ˉ 21-13-00450 

mailto:zhizhin@igic.ras.ru


IX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʠ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʣʘʩʪʝʨʦʚ çʂʣʘʩʪʝʨ-2022è 

4-7 ʆʢʪʷʙʨʷ, 2022, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

 

21 

 

ʅʋʂʃɽʆʌʀʃʔʅʆʉʊʔ ʄɽʊɸʃʃʆɺ ɺ 

ʂʈʀʉʊɸʃʃʆʍʀʄʀʏɽʉʂʆʄ ɼʀɿɸʁʅɽ 

ʂʫʢʫʰʢʠʥ ɺ.ʖ.  

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

E-mail: v.kukushkin@spbu.ru  

 

ɺ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʙʣʶʜʘʝʪʩʷ ʣʘʚʠʥʦʦʙʨʘʟʥʳʡ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʧʫʙʣʠʢʘʮʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʤʘʪʠʢʦʡ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʚʳʩʦʢʫʶ ʵʥʝʨʛʠʶ 

ʥʝʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʦʥʠ ʜʝʡʩʪʚʫʶʪ ʢʦʣʣʝʢʪʠʚʥʦ, ʠ ʩʫʤʤʘ ʠʭ 

ʜʝʡʩʪʚʠʡ ʤʦʞʝʪ ʠʛʨʘʪʴ ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʠʥʪʝʟʝ ʠ ʢʘʪʘʣʠʟʝ, ʚʢʣʶʯʘʷ ʦʨʛʘʥʦʢʘʪʘʣʠʟ. ʅʘ ʷʚʣʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʣʘʙʳʭ 

ʥʝʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʦʩʥʦʚʘʥ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʸʪʝ, ʧʦʣʫʯʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʮʝʥʪʨʳ, ʥʝʩʫʱʠʝ ʥʘ ʩʝʙʝ ʥʝʧʦʜʝʣʸʥʥʳʝ ʧʘʨʳ, ʪʘʢʠʝ ʢʘʢ, ʥʘʧʨʠʤʝʨ, O, N, 

S, C ʠ ʪ.ʜ., ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʦʚ ʚ ʪʝʭ ʚʘʨʠʘʥʪʘʭ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʛʦ 

ʜʠʟʘʡʥʘ, ʛʜʝ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʦʥʦʨʘʤʠ ů- [1] ʠʣʠ ˊ-ʜʳʨʦʢ [2]. ɺ ʥʘʫʯʥʦʡ 

ʛʨʫʧʧʝ ʜʦʢʣʘʜʯʠʢʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʞʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʤʝʪʘʣʣʦʮʝʥʪʨʳ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʵʬʬʝʢʪʠʚʥʳʤʠ ʘʢʮʝʧʪʦʨʘʤʠ ů-ʜʳʨʦʢ [3], ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, NiII, PdII, PtII, RhI, AuI ʠ AuIII  ʩ 

ʦʧʨʝʜʝʣʸʥʥʳʤ ʣʠʛʘʥʜʥʳʤ ʦʢʨʫʞʝʥʠʝʤ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʥʫʢʣʝʦʬʠʣʳ. ɽʩʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʩ ʜʦʥʦʨʘʤʠ ů-ʜʳʨʦʢ ʜʘʞʝ ʜʦ ʥʘʩʪʦʷʱʝʛʦ 

ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʳʯʥʳʤ, ʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʦʥʦʨʥʳʤʠ ʮʝʥʪʨʘʤʠ ˊ-ʜʳʨʦʢ ʧʨʘʢʪʠʯʝʩʢʠ 

ʫʥʠʢʘʣʴʥʦ ʠ ʠʟʚʝʩʪʥʦ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʢʦʥʪʘʢʪʦʚ ˊ-ʜʳʨʦʯʥʦʛʦ ʪʠʧʘ. ɺ ʜʦʢʣʘʜʝ ʚʩʝ ʵʪʠ 

ʧʨʠʤʝʨʳ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʘʥʥʳʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ, ʧʨʦʝʢʪ 20-13-00144. 

ʉʩʳʣʢʠ 

[1] (a) A. S. Mikherdov, A. S. Novikov, V. P. Boyarskiy and V. Yu. Kukushkin, Nat. Commun., 2020, 

11, Article number 2921; (b) N. S. Soldatova, P. S. Postnikov, D. M. Ivanov, O. V. Semyonov, O. S. 

Kukurina, O. Guselnikova, Y. Yamauchi, T. Wirth, V. V. Zhdankin, M. S. Yusubov, R. M. Gomila, A. 

Frontera, G. Resnati, V. Yu. Kukushkin, Chem. Sci., 2022, 13, 5650; (c) A. V. Rozhkov, E. A. Katlenok, 

M. V. Zhmykhova, A. Yu. Ivanov, M. L. Kuznetsov, N. A. Bokach, V. Yu. Kukushkin, J. Am. Chem. 

Soc., 2021, 143, 15701. 

[2] (a) A. V. Rozhkov, M. A. Krykova, D. M. Ivanov, A. S. Novikov, A. A. Sinelshchikova, M. V. 

Volostnykh, M. A. Konovalov, M. S. Grigoriev, Y. G. Gorbunova and V. Yu. Kukushkin, Angew. Chem. 

Int. Ed., 2019, 58, 4164ï4168; (b) L. E. Zelenkov, A. A. Eliseeva, S. V. Baykov, D. M. Ivanov, A. I. 

Sumina, R. M. Gomila, A. Frontera, V. Yu. Kukushkin, N. A. Bokach, Inorg. Chem. Front., 2022, 9, 

2869. 

[3] D. M. Ivanov, N. A. Bokach, V. Yu Kukushkin, A. Frontera, Chem. Eur. J., 2022, 28, e202103173.  

mailto:v.kukushkin@spbu.ru


IX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʠ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʣʘʩʪʝʨʦʚ çʂʣʘʩʪʝʨ-2022è 

4-7 ʆʢʪʷʙʨʷ, 2022, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

 

22 

 

ʄʆʅʆʄʆʃɽʂʋʃʗʈʅʓɽ ʄɸɻʅɽʊʀʂʀ (SIM) ʅɸ ʆʉʅʆɺɽ 

ʂʆʆʈɼʀʅɸʎʀʆʅʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ʃɸʅʊɸʅʆʀɼʆɺ 

ʊʨʠʬʦʥʦʚ ɸ.ɸ.1,2, ʈʘʜʴʢʦʚʘ ʅ.ʖ.1,2, ʊʦʣʧʳʛʠʥ A.ʆ.1,2, ʉʝʣʠʭʦʚ ɸ.ʅ.1,2, 

ʃʶʙʦʚ ɼ.ʄ.1,2, ʃʦʥʛ ɾ.3, ʃʘʨʠʦʥʦʚʘ ʖ.3, 

1 ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʌ. 
2 ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʈɸʅ, ʄʦʩʢʚʘ, ʈʌ. 

3 Institut Charles Gerhardt, Universit® de Montpellier, Montpellier, France. 
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ʉʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʠ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ Dy, Tb, Er, Yb, 

ʦʙʣʘʜʘʶʱʠʭ ʩʚʦʡʩʪʚʘʤʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʝʪʠʢʦʚ (SIM), ʘ ʪʘʢʞʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʦʣʫʯʝʥ ʨʷʜ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʠʩʧʨʦʟʠʷ, ʠʤʝʶʱʠʭ 

ʣʠʥʝʡʥʫʶ ʠʣʠ ʢʚʘʟʠʣʠʥʝʡʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʘ ʤʝʜʣʝʥʥʘʷ ʨʝʣʘʢʩʘʮʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 100 ʂ, ʘ ʘʥʠʟʦʪʨʦʧʥʳʡ ʙʘʨʴʝʨ ʠʤʝʝʪ 

ʚʝʣʠʯʠʥʳ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʨʝʜʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʜʠʩʧʨʦʟʠʷ. 

ʂʦʤʧʣʝʢʩ [Dy{OCH(ʉ6F5)(Me)}2(THF)5][BPh4] ʥʘʨʷʜʫ ʩ ʥʘʠʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʙʘʨʴʝʨʘ (Ueff = 1469 ʩʤ-1) ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʙʣʦʢʠʨʦʚʢʠ (Td = 22 K) ʩʨʝʜʠ ʠʟʚʝʩʪʥʳʭ 

ʥʝʤʝʪʘʣʣʦʮʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Dy3+ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʚʦʡʥʫʶ ʣʠʛʘʥʜ- ʠ ʤʝʪʘʣʣʮʝʥʪʨʠʨʦʚʘʥʥʫʶ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ, ʧʨʦʝʢʪ ˉ 17-73-30036-ʇ. 

  

mailto:trif@iomc.ras.ru


IX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʠ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʣʘʩʪʝʨʦʚ çʂʣʘʩʪʝʨ-2022è 

4-7 ʆʢʪʷʙʨʷ, 2022, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

 

23 

 

ʇʆʃʀʀʆɼʆɺʀʉʄʋʊɸʊʓ ʎʀʂʃʀʏɽʉʂʀʍ ɼʀɸʄʄʀʅʆɺ: 

ʆʇʊʀʄʀɿɸʎʀʗ ɿɸʇʈɽʑɽʅʅʆʁ ɿʆʅʓ ʅɸ ʇʋʊʀ ʂ 

ɹɽʉʉɺʀʅʎʆɺʆʁ ʌʆʊʆɺʆʃʔʊɸʀʂɽ 

ʐʝʚʝʣʴʢʦʚ ɸ.ɺ.1, ʐʝʩʪʠʤʝʨʦʚʘ ʊ.ɸ.1, ɹʳʢʦʚ ɸ.ɺ.1, ɻʦʣʫʙʝʚ ʅ.ɸ.1 

1 ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 

ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʜʳ 1, ʩʪʨ. 3 

E-mail: shev@inorg.chem.msu.ru  

 

ʀʟʚʝʩʪʥʳʝ ʙʦʣʝʝ 10 ʣʝʪ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʠ ʛʠʙʨʠʜʥʳʭ ʛʘʣʦʛʝʥʧʣʶʤʙʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʯʪʠ 25%-ʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ [1]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʣʠʯʠʝ ʩʚʠʥʮʘ ʚ 

ʠʭ ʩʦʩʪʘʚʝ ʚʳʟʳʚʘʝʪ ʦʧʘʩʝʥʠʷ ʧʦ ʯʘʩʪʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʬʦʪʦʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʠʭ ʦʩʥʦʚʝ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʙʝʩʩʚʠʥʮʦʚʳʭ ʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʦʚ 

ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʷʯʝʝʢ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʤʘʪʝʨʠʘʣʘʤ-ʢʘʥʜʠʜʘʪʘʤ ʷʚʣʷʝʪʩʷ ʤʘʣʦʝ ʟʥʘʯʝʥʠʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

ʧʨʠ ʨʘʟʫʤʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ (~ 

100 0C). ɽʩʪʝʩʪʚʝʥʥʳʤ ʢʘʥʜʠʜʘʪʦʤ ʥʘ ʟʘʤʝʥʫ ʩʚʠʥʮʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʦʩʝʜ ʚ ʧʝʨʠʦʜʝ ï 

ʚʠʩʤʫʪ. ʆʜʥʘʢʦ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʛʘʣʦʛʝʥʚʠʩʤʫʪʘʪʦʚ ʩʣʠʰʢʦʤ 

ʚʝʣʠʢʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʬʦʪʦʚʦʣʴʪʘʠʢʝ [2]. ʄʳ ʧʨʝʜʣʦʞʠʣʠ ʧʦʜʭʦʜ ʢ ʨʝʛʫʣʠʨʦʚʘʥʠʶ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʩ ʧʦʤʦʱʴʶ ʚʥʝʜʨʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʣʝʢʫʣ I2 ʠʣʠ ʘʥʠʦʥʦʚ In
- (n 

= 3, 5, é), ʩʚʷʟʳʚʘʶʱʠʭ ʠʦʜʦʚʠʩʤʫʪʘʪʥʳʝ ʘʥʠʦʥʳ ʚ ʧʨʦʪʷʞʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ 

ʧʦʥʠʞʝʥʠʝʤ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʜʦ ʧʨʠʝʤʣʝʤʳʭ ʚʝʣʠʯʠʥ ʧʦʨʷʜʢʘ 1.5 ʵɺ ʠ ʥʠʞʝ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʧʦʣʠʠʦʜʦʚʠʩʤʫʪʘʪʦʚ ʮʠʢʣʠʯʝʩʢʠʭ 

ʜʠʘʤʤʦʥʠʡʥʳʭ ʢʘʪʠʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʭʦʜʥʳʭ ʧʦʣʠʠʦʜʠʜʦʚ, ʦʙʩʫʞʜʝʥʘ ʨʦʣʴ 

ʢʘʪʠʦʥʦʚ ʢʘʢ ʪʝʤʧʣʘʪʦʚ ʠ ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ 

ʠʦʜʦʚʠʩʤʫʪʘʪʥʳʝ ʘʥʠʦʥʳ ʥʘʙʦʨʦʤ ʩʣʘʙʳʭ ʢʦʚʘʣʝʥʪʥʳʭ ʠ ʥʝʢʦʚʘʣʝʥʪʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʇʦʢʘʟʘʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʠ ʵʣʝʢʪʨʦʥʥʳʤ 

ʩʪʨʦʝʥʠʝʤ ʧʦʣʠʠʦʜʦʚʠʩʤʫʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʢʦʤʧʣʝʢʩʦʚ ʩ ʚʳʩʦʢʦʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ. 

 
ʈʠʩʫʥʦʢ 1. ʌʨʘʛʤʝʥʪ ʘʥʠʦʥʘ ʚ ʩʪʨʫʢʪʫʨʝ (C5N2H14)2{[ Bi2I10](I2)}  

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛʨʘʥʪ ˉ 

21-53-50007.  

ʉʩʳʣʢʠ 
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ʉʀʅʊɽɿ ʂʆʅʒʖɻɸʊʆɺ ɹʀʉ(ɼʀʂɸʈɹʆʃʃʀɼɸ) ʂʆɹɸʃʔʊɸ ʉ 

ʍʆʃɽʉʊɽʈʀʅʆʄ ʂɸʂ ʇʆʊɽʅʎʀɸʃʔʅʓʍ ɸɻɽʅʊʆɺ ɼʃʗ ɹʅɿʊ 

ɹʨʝʛʘʜʟʝ ɺ.ʀ. 

ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ (ʀʅʕʆʉ ʈɸʅ), 

ʄʦʩʢʚʘ, ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, ʩʪʨ. 1. 

E-mail: bre@ineos.ac.ru  

 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʣʝʯʝʥʠʷ ʙʦʣʴʥʳʭ ʨʘʢʦʤ ʤʝʪʦʜʦʤ ʙʦʨ-ʥʝʡʪʨʦʥʦʟʘʭʚʘʪʥʦʡ 

ʪʝʨʘʧʠʠ ʨʘʢʘ (ɹʅɿʊ) ʷʚʣʷʝʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʚʚʝʜʝʥʠʝ ʚ ʨʘʢʦʚʳʝ ʢʣʝʪʢʠ ʣʠʧʦʩʦʤ, 

ʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʷ ʙʦʨʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʢʦʥʲʶʛʘʪʳ ʙʦʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩ ʭʦʣʝʩʪʝʨʠʥʦʤ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʣʠʧʦʩʦʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʨʥʳʝ 

ʧʦʣʠʵʜʨʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʪʦʤʦʚ ʙʦʨʘ ʚ ʤʦʣʝʢʫʣʝ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ 

ʢʣʘʩʪʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩ ɹ ʧʨʦʠʟʚʦʜʥʳʝ ʙʠʩ(ʜʠʢʘʨʙʦʣʣʠʜʘ) ʢʦʙʘʣʴʪʘ, ʩʦʜʝʨʞʘʱʠʝ ʚ 

ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ 18 ʘʪʦʤʦʚ ʙʦʨʘ. ʅʘ ʩʭʝʤʝ 1 ʧʨʠʚʝʜʸʥ ʩʠʥʪʝʟ ʮʝʣʝʚʳʭ ʙʦʨʩʦʜʝʨʞʘʱʠʭ 

ʣʠʧʠʜʦʚ ʠʟ ʜʠʦʢʩʘʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʙʠʩ(ʜʠʢʘʨʙʦʣʣʠʜʘ) ʢʦʙʘʣʴʪʘ ʠ ʘʤʠʥʦ- ʠʣʠ 

ʢʘʨʙʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʘ [1]. 

 
ʉʭʝʤʘ 1. ʉʠʥʪʝʟ ʢʦʥʲʶʛʘʪʦʚ ʙʠʩ(ʜʠʢʘʨʙʦʣʣʠʜʘ) ʢʦʙʘʣʴʪʘ ʩ ʭʦʣʝʩʪʝʨʠʥʦʤ. 

ʇʦʣʫʯʝʥʘ ʪʘʢʞʝ ʩʝʨʠ ̫ʢʦʥʲʶʛʘʪʦʚ ʙʦʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩ ʭʦʣʝʩʪʝʨʠʥʦʤ, ʩʦʜʝʨʞʘʱʠʭ 

ʨʘʟʥʳʝ ʪʠʧʳ ʙʦʨʥʳʭ ʧʦʣʠʵʜʨʦʚ ʠ ʨʘʟʣʠʯʥʦʝ ʩʪʨʦʝʥʠʝ ʩʧʝʡʩʝʨʘ [2]. ʅʘ ʦʩʥʦʚʝ 

ʙʦʨʩʦʜʝʨʞʘʱʠʭ ʣʠʧʠʜʦʚ ʩʦʚʤʝʩʪʥʦ ʩ ʠʥʜʠʡʩʢʠʤʠ ʢʦʣʣʝʛʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʙʦʨʩʦʜʝʨʞʘʱʠʝ ʣʠʧʦʩʦʤʳ [1,3]. 

ʉʩʳʣʢʠ 
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ʉʂʆʃʔʂʆ ʀɿʆʄɽʈʆɺ ʋ ʄɽʊɸʃʃʀʏɽʉʂʀʍ ʂʃɸʉʊɽʈʆɺ? 

ʀʛʥʘʪʦʚ ʉ.ʂ.1, ʇʘʥʪʝʣʝʝʚ ʉ.ɺ.2, ʉʪʝʰʠʥ ʀ.ʉ.1, ʈʘʟʫʚʘʝʚ ɸ.ɻ.1, Masunov A.2   

1 ʅʅɻʋ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʧʨ. ɻʘʛʘʨʠʥʘ 23  
2 University of Central Florida, Orlando, USA 

E-mail: skignatov@gmail.com  

 

ɸʪʦʤʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ ʥʘʥʦ- ʠ ʩʫʙʥʘʥʦʤʝʪʨʦʚʦʛʦ ʨʘʟʤʝʨʘ ʷʚʣʷʶʪʩʷ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʥʝ ʠʤʝʶʱʠʤʠ ʧʨʦʩʪʦʡ ʠ ʥʘʜʝʞʥʦʡ ʪʝʦʨʠʠ ʠʭ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʩʪʨʫʢʪʫʨʫ ʢʦʪʦʨʳʭ ʣʝʛʢʦ 

ʧʨʝʜʩʢʘʟʘʪʴ ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʳʭ ʧʨʠʥʮʠʧʦʚ, ʩʪʨʫʢʪʫʨʘ ʢʣʘʩʪʝʨʦʚ, ʧʨʝʜʩʢʘʟʳʚʘʝʤʘʷ, 

ʥʘʧʨʠʤʝʨ, ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʯʘʩʪʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʜʠʚʠʪʝʣʴʥʦʝ 

ʩʪʨʫʢʪʫʨʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʨʘʟʤʝʨʘ, ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʨʠʨʦʜʳ 

ʤʝʪʘʣʣʘ. ʂʘʢ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ, ʪʘʢ ʠ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ ʙʳʣʦ ʙʳ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʥʪʝʨʝʩʥʦ ʧʦʣʫʯʠʪʴ ʚʝʩʴ ʥʘʙʦʨ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ 

ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʤʝʪʘʣʣʘ ʠ ʨʘʟʤʝʨʘ ʢʣʘʩʪʝʨʘ n (ʥʫʢʣʝʘʨʥʦʩʪʠ), ʫʩʪʘʥʦʚʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʠʟʦʤʝʨʦʚ N ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ n, ʠ ʠʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʦʙʱʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʜʦʢʣʘʜʝ 

ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʤʝʪʦʜʘʤʠ ʛʣʦʙʘʣʴʥʦʡ DFT-

ʦʧʪʠʤʠʟʘʮʠʠ ʜʝʣʘʝʪʩʷ ʧʦʧʳʪʢʘ ʫʩʪʘʥʦʚʠʪʴ ʧʦʣʥʦʝ ʯʠʩʣʦ ʩʪʨʫʢʪʫʨʥʦ-ʫʥʠʢʘʣʴʥʳʭ 

ʠʟʦʤʝʨʦʚ ʩʫʙʥʘʥʦʨʘʟʤʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ Mg2-Mg55. ʉ ʵʪʦʡ ʮʝʣʴʶ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʛʝʥʝʨʠʨʫʶʪʩʷ ʦʙʰʠʨʥʳʝ ʥʘʙʦʨʳ ʠʩʭʦʜʥʳʭ ʩʪʨʫʢʪʫʨ (ʜʦ 9000 ʩʪʨʫʢʪʫʨ ʩ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ 

ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ), ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʦʚʝʜʝʥʘ DFT-ʦʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ (BP86/6-31G(d)), 

ʠ ʥʘʡʜʝʥʥʳʝ ʣʦʢʘʣʴʥʳʝ ʤʠʥʠʤʫʤʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʥʘʙʦʨʘ 

ʥʝʠʟʦʤʦʨʬʥʳʭ ʠʟʦʤʝʨʦʚ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʫʥʠʢʘʣʴʥʳʭ ʠʟʦʤʝʨʦʚ N 

ʙʳʩʪʨʦ ʨʘʩʪʝʪ ʩ ʯʠʩʣʦʤ ʘʪʦʤʦʚ n; ʦʜʥʘʢʦ ʦʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʢʦʣʠʯʝʩʪʚʦ 

ʚʦʟʤʦʞʥʳʭ ʥʝʠʟʦʤʦʨʬʥʳʭ ʛʨʘʬʦʚ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʫʶʪ ʜʣʷ ʜʘʥʥʦʛʦ n. ʏʠʩʣʦ ʠʟʦʤʝʨʦʚ 

Mg2-Mg13, ʥʘʡʜʝʥʥʳʭ ʤʝʪʦʜʦʤ DFT, ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 543 ʠ ʨʘʩʪʝʪ ʩ n ʧʨʠʤʝʨʥʦ ʢʘʢ n4, 

ʪʦʛʜʘ ʢʘʢ N ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥʥʦʝ ʢ ʙʝʩʢʦʥʝʯʥʦʤʫ ʯʠʩʣʫ ʩʪʘʨʪʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʨʘʩʪʝʪ ʢʘʢ 

n8. ɼʣʷ ʢʣʘʩʪʝʨʦʚ Mg2-Mg10 ʧʦʩʪʨʦʝʥʘ ʧʦʣʥʘʷ ʛʝʥʝʘʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʠʟʦʤʝʨʦʚ. ʉʪʨʫʢʪʫʨʳ, ʥʘʡʜʝʥʥʳʝ ʥʘ ʫʨʦʚʥʝ DFT, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ï ɻʫʧʪʳ (GP), ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʉʘʪʪʦʥʘ-ʏʝʥʘ (SCG3) ʠ ʧʦʪʝʥʮʠʘʣʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ MTP. ʉ ʧʦʤʦʱʴʶ  

ʧʦʪʝʥʮʠʘʣʦʚ GP ʠ SCG3 ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʩʪʨʫʢʪʫʨ rMg2ïMg55 (ʜʦ 30000 ʩʪʨʫʢʪʫʨ 

ʢʘʞʜʦʡ ʥʫʢʣʝʘʨʥʦʩʪʠ) ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ N(n) ʚ ʜʠʘʧʘʟʦʥʝ n = 2ï55. ʇʨʠ ʵʪʦʤ 

ʥʘ ʦʩʥʦʚʝ DFT-ʢʘʣʠʙʨʦʚʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ MTP ʫʜʘʝʪʩʷ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʩʪʨʫʢʪʫʨʳ 

ʢʣʘʩʪʝʨʦʚ Mg25-Mg35 ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʴʶ. DFT-ʨʘʩʯʝʪʳ 

ʵʣʝʢʪʨʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʥʳʝ ʜʣʷ ʚʩʝʭ 1322 ʥʘʡʜʝʥʥʳʭ ʠʟʦʤʝʨʦʚ Mg2-

Mg35, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦ-ʩʝʣʝʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ ʜʣʷ ʨʷʜʘ n, 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠʟʦʤʝʨʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʥʘʥʦʪʨʫʙʦʢ, ʘ ʪʘʢʞʝ ʨʷʜ ʥʝʦʙʳʯʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʧʨʦʩʪʠʪʴ ʧʦʠʩʢ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʭ 

ʠʟʦʤʝʨʦʚ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ 20-03-00282)  
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ʂʠʩʢʠʥ ʄ.ɸ. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ,  

ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ 31 

E-mail: mkiskin@igic.ras.ru  

 

ʑʝʣʦʯʥʳʝ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʥʝ ʷʚʣʷʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʦʙʲʝʢʪʘʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʭʠʤʠʠ, ʧʦʩʢʦʣʴʢʫ ʩʚʷʟʳʚʘʥʠʝ ʩ ʜʦʥʦʨʥʳʤʠ ʮʝʥʪʨʘʤʠ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʠʦʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʙʝʟ ʫʯʘʩʪʠʷ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʀʦʥʳ ʣʠʪʠʷ, ʥʘʪʨʠʷ, 

ʢʘʣʠʷ, ʮʝʟʠʷ ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʟʘʨʷʜʘ ʘʥʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʠʜʝ ʘʢʚʘʪʠʨʦʚʘʥʥʳʭ ʢʘʪʠʦʥʦʚ, 

ʢʘʪʠʦʥʦʚ ʩ ʢʨʘʫʥ ʵʬʠʨʘʤʠ, ʢʘʪʠʦʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʬʨʘʛʤʝʥʪʘʤʠ ʢʦʤʧʣʝʢʩʦʚ ʟʘ ʩʯʝʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʝʡ M O. ɺ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʘʭ ʱʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ 

ʨʦʣʴ, ʧʦʩʢʦʣʴʢʫ ʩ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ, ʚʟʘʠʤʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʜʦʙʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʤʦʞʝʪ ʙʳʪʴ ʥʘʩʪʨʦʡʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ. 

ʍʠʤʠʷ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦ ʤʥʦʛʦʤ ʩʚʷʟʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʝʡ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʢʘʪʠʦʥʘʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʦʩʥʦʚʥʦʤ ʨʝʘʢʮʠʠ ʦʙʤʝʥʘ ʩʦʣʝʡ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʩʦʣʷʤʠ d-ʤʝʪʘʣʣʦʚ ʧʨʦʪʝʢʘʶʪ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ, ʙʝʟ ʚʭʦʞʜʝʥʠʷ s-ʤʝʪʘʣʣʘ ʚ ʠʭ ʩʦʩʪʘʚ. ʅʦ ʝʩʪʴ ʠʩʢʣʶʯʝʥʠʷ - 

ʫʥʠʢʘʣʴʥʳʝ ʩʪʘʙʠʣʴʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ/ʧʦʣʠʤʝʨʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ d-ʩʦʝʜʠʥʝʥʠʷ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ s-ʢʘʪʠʦʥʦʚ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʤʝʪʘʣʣʦʦʩʪʦʚ 

ʩʬʦʨʤʠʨʦʚʘʥ ʦʙʦʠʤʠ ʪʠʧʘʤʠ ʤʝʪʘʣʣʦʚ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʪʘʢʠʭ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ 

ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʦʥʥʦʝ ʠ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʤʝʪʘʣʣʦʚ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʧʦʜʪʚʝʨʞʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʊʘʢʦʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʠ ʜʠʟʘʡʥʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʨʙʝʥʪʦʚ, ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʢʫʨʩʦʨʦʚ ʩʣʦʞʥʳʭ ʦʢʩʠʜʦʚ (ʨʠʩ. 1). 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ Li-d ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʈʦʩʩʠʡʩʢʦʤʫ ʥʘʫʯʥʦʤʫ ʬʦʥʜʫ (ʧʨʦʝʢʪ ˉ 19-13-00436) ʟʘ 

ʬʠʥʘʥʩʦʚʫʶ ʧʦʜʜʝʨʞʢʫ.  
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ʉʀʅʊɽɿ ɻɽʊɽʈʆ-d/f-ʄɽʊɸʃʃʀʏɽʉʂʀʍ ʂʃɸʉʊɽʈʆɺ ʉ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɻʀɼʈʆʉʋʃʔʌʀɼʅʓʍ ʂʆʄʇʃɽʂʉʆɺ 

d-ʄɽʊɸʃʃʆɺ 

ʂʦʥʯʝʥʢʦ ʉ.ʅ.1, ɸʬʦʥʠʥ ʄ.ʖ.1, ʂʦʥʦʭʦʚʘ ɸ.ʖ.1, ɼʸʤʢʠʥ ɸ.ɻ.1, ʉʫʭʠʭ ʊ.ʉ.1 

1 ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ,  

ʅʦʚʦʩʠʙʠʨʩʢ, 630090, ʧʨʦʩʧ. ɸʢʘʜʝʤʠʢʘ ʃʘʚʨʝʥʪʴʝʚʘ, 3  

E-mail: konch@niic.nsc.ru  

 

ɻʝʪʝʨʦ-d/f-ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʦʙʲʝʢʪʳ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʥʘʫʯʥʦʛʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʝʩʘ: ʢʘʪʘʣʠʟ, 

ʤʘʛʥʠʪʥʳʝ, ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ, ʤʘʛʥʝʪʦ- ʠ ʪʝʨʤʦʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʜʨ. 

ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʛʝʪʝʨʦ-d/f-ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʝʜʠʥʝʥʠʷ ʩ ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ 

ʤʦʩʪʠʢʘʤʠ, ʧʦʞʘʣʫʡ, ʦʜʥʠ ʠʟ ʩʘʤʳʭ ʤʘʣʦʯʠʩʣʝʥʥʳʭ ʠ ʤʘʣʦʠʟʫʯʝʥʥʳʭ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʩʦʯʝʪʘʥʠʝ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʠʦʥʦʚ d-ʤʝʪʘʣʣʦʚ (dM) ʩ ʠʦʥʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ (Ln), ʩʚʷʟʘʥʥʳʭ 

ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʝ ʘʪʦʤʳ ʭʘʣʴʢʦʛʝʥʦʚ, ʠʥʪʝʨʝʩʥʳ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʦʙʲʝʢʪʳ ʩ ʫʥʠʢʘʣʴʥʳʤʠ 

ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [1]. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʩʫʣʴʬʠʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʢʣʘʩʪʝʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ dM ʠ Ln ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʩʫʣʴʬʠʜʥʳʝ 

ʢʦʤʧʣʝʢʩʳ dM ʪʠʧʘ [Lx
dM(SH)y], ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʳʝ ʢʠʩʣʦʪʳ, 

ʩʧʦʩʦʙʥʳʝ ʨʝʘʛʠʨʦʚʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʘʣʢʠʣʴʥʳʤʠ, ʘʣʣʠʣʴʥʳʤʠ, ʘʤʠʜʥʳʤʠ ʠ ʜʨ. 

ʢʦʤʧʣʝʢʩʘʤʠ Ln, ʣʠʙʦ ʙʳʪʴ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤʠ ʩʠʣʴʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʠ ʚ ʚʠʜʝ 

ʘʥʠʦʥʦʚ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʩ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ Ln.  

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʜʚʫʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ. 

ɸ ʠʤʝʥʥʦ: ʥʘʙʦʨ ʠ ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ dM/Ln ʢʣʘʩʪʝʨʦʚ, ʥʘʙʣʶʜʘʝʤʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ. ʇʨʠʤʝʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʢʘʟʘʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 1. 

 
  

(1) (2) (3) 

ʈʠʩʫʥʦʢ 1. ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [(CpTi)3(Õ3-S)6(Cp*Ln)2] (1), 

[((dppe)Ni)2(Õ3-S)4(Cp*Dy)2] (2), [tBuCp2Zr(ɛ-S)(ɛ3-S)LnCp*]2 (3). 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨ. ˉ 16-13-10294) ʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ 

ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʧʨ. ˉ 121031700321-3, 121031700313-8). 

ʉʩʳʣʢʠ 

[1] L.E. Darago, M.D. Boshart, B.D. Nguyen et al., J. Amer. Chem. Soc., 2021, 143, 8465.  
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ReI3 ʂɸʂ ʇʈɽɼʐɽʉʊɺɽʅʅʀʂ ɼʃʗ ʇʆʃʋʏɽʅʀʗ 

ʇʅʀʂʊʆɻɽʅʀɼʆ- ʀ ʍɸʃʔʂʆɻɽʅʀɼʆʎʀɸʅʀɼʅʓʍ 

ʂʃɸʉʊɽʈʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ʈɽʅʀʗ 

ʄʠʨʦʥʦʚ ʖ.ɺ., ʇʨʦʥʠʥ ɸ.ʉ., ɻʘʡʬʫʣʠʥ ʗ.ʄ. 

ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ  

E-mail: yuri@niic.nsc.ru  

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ReI3 ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʠʥʪʝʟʘ (T = 350ï550ÁC) ʦʪʢʨʳʚʘʝʪ 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ 

ʮʠʘʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʩ ʪʘʢʠʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʢʘʢ CCN3ï 

(ʈʠʩ. 1ʘ), PO3ï, PO2
3ï, As3ï, AsO3ï, Sb3ï, Bi3ï, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʳ ʚʧʝʨʚʳʝ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʧʥʠʢʪʦʛʝʥ-ʩʦʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʚʦʡʩʪʚ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ. ʊʘʢ, ʥʘ ʧʨʠʤʝʨʝ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ɻ ʣʝʤʝʥʪʘʤʠ 15 ʛʨʫʧʧʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʦʜʠʬʠʢʘʮʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ. 

ʅʘʡʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʩʦʣʝʡ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [{Re2W2Se4}(CN)12]
6ï, [{ReW3Se4}(CN)12]

6ï, [{Mo 3ReQ4}(CN)12]
7ï, 

[{Mo 2Re2Q4}(CN)12]
6ï (Q = S, Se) ʚ ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʩʝʤʠʷʜʝʨʥʳʝ K8[{Re3Se4(CN)9}{Re 3MSe4}(CN)9] (M = Mo, W; 

ʈʠʩ. 1ʙ) ʠ K7[{Re3Q4(CN)9}{Re 4Q4}(CN)9] (Q = S, Se), ʚʦʩʴʤʠʷʜʝʨʥʳʡ K8[{Re8Se8(Õ-

O)3}(CN)18] (ʈʠʩ. 1ʚ) ʠ ʜʚʝʥʘʜʮʘʪʠʷʜʝʨʥʳʡ K9[{Re12S14}(CN)27] ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʨʝʥʠʷ. ʀʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʝʤʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʝʘʣʠʟʫʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʩ ʜʚʫʤʷ 

ʥʝʩʧʘʨʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ, ʘ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 

1,77 ʂ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢʦʤʧʣʝʢʩʦʚ ʚ ʜʠʘʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʈʠʩʫʥʦʢ 1. ʉʪʨʦʝʥʠʝ ʘʥʠʦʥʦʚ [{Re4(CCN)4}(CN)12]8ï (ʘ), {Re3Se4(CN)9}{Re 3MʦSe4}(CN)9]8ï (ʙ) ʠ 

[{Re8Se8(Õ-O)3}(CN)18]8ï (ʚ). 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ18-13-

00058).  
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ʂʃɸʉʊɽʈʓ ʄɽɼʀ ʅɸ ʆʉʅʆɺɽ ʎʀʂʃʀʏɽʉʂʀʍ ɸʈʉʀʅʆɺʓʍ ʀ 

ʌʆʉʌʀʅʆɺʓʍ ʃʀɻɸʅɼʆɺ ʀ ʀʍ ʃʖʄʀʅɽʉʎɽʅʎʀʗ 

ʄʫʩʠʥʘ ʕ.ʀ.1, ɻʘʣʠʤʦʚʘ ʄ.ʌ.1, ʉʪʨʝʣʴʥʠʢ ʀ.ɼ.1, ʄʫʩʠʥ ʈ.ʈ.2, ʂʘʨʘʩʠʢ ɸ.ɸ.3  

1 ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʌʀʎ ʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ 

ʮʝʥʪʨ ʈɸʅ, ʛ. ʂʘʟʘʥʴ, ʫʣ. ɸʢ. ɸʨʙʫʟʦʚʘ, 8 
2 ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʘʟʘʥʴ, ʫʣ. ʂ.ʄʘʨʢʩʘ, 68  

E-mail: elli@iopc.ru  

 

ʉʧʦʩʦʙʥʦʩʪʴ ʛʘʣʦʛʝʥʠʜʦʚ ʤʝʜʠ ʬʦʨʤʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʣʠʷʜʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʩʦʟʜʘʥʠʷ ʢʣʘʩʪʝʨʦʚ ʤʝʜʠ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤʠ ʢʣʘʩʪʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳ 

ʢʣʘʩʪʝʨʳ ʤʝʜʠ ʥʘ ʦʩʥʦʚʝ ʠʦʜʠʜʘ ʤʝʜʠ, ʦʙʣʘʜʘʶʱʝʛʦ ʙʦʣʴʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʛʘʣʦʛʝʥʠʜʘʤʠ, ʛʜʝ ʤʝʪʘʣʣ-ʠʦʜʠʜʥʦʝ ʷʜʨʦ ʤʦʞʝʪ ʠʤʝʪʴ ʩʪʨʫʢʪʫʨʫ 

ʢʫʙʘʥʘ, ʦʪʢʨʳʪʦʛʦ ʢʫʙʘʥʘ, ʦʢʪʘʵʜʨʘ, ʩʪʫʧʝʥʯʘʪʦʛʦ ʠʣʠ ʮʝʧʥʦʛʦ ʧʦʣʠʤʝʨʘ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʚʳʩʪʫʧʘʶʪ ʮʠʢʣʠʯʝʩʢʠʝ 

ʘʨʩʠʥʳ ʠʣʠ ʬʦʩʬʠʥʳ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʢʫʙʘʥʦʚʳʝ Cu4I4 ʢʦʤʧʣʝʢʩʳ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ 

ʤʦʥʦʜʝʥʪʘʪʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʘʨʩʠʥʦʚ ï 10-ʘʨʠʣʬʝʥʦʢʩʘʨʩʠʥʦʚ ʠ 5,10-

ʜʠʛʠʜʨʦʬʝʥʘʨʩʘʟʠʥʦʚ. 

  
ʈʠʩʫʥʦʢ 1. ʂʦʤʧʣʝʢʩʳ ʩ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤ Cu4I4-ʷʜʨʦʤ 

ʈʠʩʫʥʦʢ 2. ʂʦʤʧʣʝʢʩʳ ʩ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ Cu4I4-ʷʜʨʦʤ 

ɺʚʝʜʝʥʠʝ ʧʠʨʠʜʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʢ ʘʪʦʤʫ ʤʳʰʴʷʢʘ ʠʣʠ ʬʦʩʬʦʨʘ ʟʘ ʩʯʝʪ 

ʢʦʦʨʜʠʥʘʮʠʠ ʚʪʦʨʦʛʦ ʜʦʥʦʨʥʦʛʦ ʮʝʥʪʨʘ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ 

Cu4I4 ʷʜʨʘ. ʊʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʧʠʨʠʜʠʣʬʦʩʬʦʣʘʥʦʚ ʠ P-ʧʠʨʠʜʠʣ-

ʜʠʘʟʘʬʦʩʬʦʨʠʥʘʥʦʚ. ʅʦʚʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʷʜʨʘ ʩʦ ʩʤʝʞʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʠʦʜʠʜʥʳʭ ʤʦʩʪʠʢʦʚ ʚ ʧʣʦʩʢʦʩʪʠ Cu4 ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 10-(4ô-

ʤʝʪʠʣʧʠʨʠʜʠʣ)ʬʝʥʦʢʩʘʨʩʠʥʦʤ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ çʨʘʩʢʨʳʪʠʝè ʉu4I4 

ʷʜʨʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʝʩʪʥʠʯʥʳʭ ʤʦʥʦʤʝʨʥʳʭ ʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

 

ʈʠʩʫʥʦʢ 3. ʂʦʤʧʣʝʢʩʳ ʩ  

ʣʝʩʪʥʠʯʥʳʤ Cu4I4-ʷʜʨʦʤ 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʵʤʠʩʩʠʠ, ʧʨʠ ʵʪʦʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʫʙʘʥʦʚ ʥʘ ʦʩʥʦʚʝ 10-ʘʨʠʣʬʝʥʦʢʩʘʨʩʠʥʦʚ 

ʨʝʘʣʠʟʫʝʪʩʷ ʜʚʫʭʧʦʣʦʩʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʘʷ ʵʤʠʩʩʠʷ. 

ʉʩʳʣʢʠ 

[1] Javier Troyano, F®lix Zamora, Salom® Delgado, Chem. Soc. Rev., 2021, 50, 4606-4628  
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ʈɽɼʆʂʉ-ɸʂʊʀɺʅʓɽ O,N-ʃʀɻɸʅɼʓ ɺ ɼʀɿɸʁʅɽ ʂʆʄʇʃɽʂʉʆɺ 

ʇɽʈɽʍʆɼʅʓʍ ʀ ʅɽʇɽʈɽʍʆɼʅʓʍ ʄɽʊɸʃʃʆɺ 

ʇʠʩʢʫʥʦʚ ɸ.ɺ.1 

1 ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʊʨʦʧʠʥʠʥʘ, 49  

E-mail: pial@iomc.ras.ru  

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʠ ʵʣʝʤʝʥʪʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ [1]. ʅʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤʠ 

ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʷʚʣʷʶʪʩʷ ʦ-ʭʠʥʦʥʳ, ʘʣʴʬʘ-ʜʠʠʤʠʠʥʳ ʠ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʠʭ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʣʠʛʘʥʜʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʩ ʤʝʪʘʣʣʦʤ, ʥʘʭʦʜʷʩʴ ʚ ʘʥʠʦʥ-

ʨʘʜʠʢʘʣʴʥʦʡ ʬʦʨʤʝ. ʕʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤ ʩ 

ʵʬʬʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ 

ʮʝʥʪʨʘʤʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʢʨʳʚʘʝʪ ʧʫʪʠ ʢ ʧʦʣʫʯʝʥʠʶ ʩʧʠʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʠʪʦʚ. o-ɸʤʠʥʦʬʝʥʦʣʳ (o-ʠʤʠʥʦʭʠʥʦʥʳ) ï ʷʨʢʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʢʘʢ ʧʝʨʝʭʦʜʥʳʭ [2], ʪʘʢ ʠ ʥʝʧʝʨʝʭʦʜʥʳʭ [3,4] ʤʝʪʘʣʣʦʚ. ʊʘʢʠʝ 

O,N-ʣʠʛʘʥʜʥʳʝ ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʦ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʠʟʘʡʥʘ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʠʥʪʝʟʫ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʠ ʥʝʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦ-ʘʤʠʥʦʬʝʥʦʣʦʚ 

(ʉʭʝʤʘ 1). 

 
ʉʭʝʤʘ 1. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʧʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʅʐ-403.2022.1.3) 

ʉʩʳʣʢʠ 
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[2] K.I. Pashanova, A.I. Poddel'sky, A.V. Piskunov. Coord. Chem. Rev. 2022, 459, 214399. 

[3] M.G. Chegerev, A.V. Piskunov. Russ. J. Coord. Chem. 2018, 44, 258. 

[4]   I.V. Ershova, A.V. Piskunov. Russ. J. Coord. Chem. 2020, 46, 154.  
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ʇʆʃʀʗɼɽʈʅʓɽ ʇɽʈʆʂʉʆʂʆʄʇʃɽʂʉʓ ʈ-ʕʃɽʄɽʅʊʆɺ 

ʇʨʠʭʦʜʯʝʥʢʦ ʇ.ɺ. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ 

E-mail: prikhman@gmail.com  

 

ʇʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʚʠʜʝ ʷʚʣʷʝʪʩʷ ʩʣʘʙʳʤ ʣʠʛʘʥʜʦʤ, ʠ ʥʝ ʩʢʣʦʥʝʥ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʆʜʥʘʢʦ ʚ ʦʩʥʦʚʥʳʭ ʩʨʝʜʘʭ ʧʝʨʦʢʩʠʜ 

ʚʦʜʦʨʦʜʘ ʜʝʧʨʦʪʦʥʠʨʫʝʪʩʷ ʠ ʦʙʨʘʟʫʝʪ ʧʝʨʦʢʩʦ- ʠ ʛʠʜʨʦʧʝʨʦʢʩʦ ʢʦʤʧʣʝʢʩʳ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʪʠʧʘʤʠ ʢʦʦʨʜʠʥʘʮʠʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʢʦʦʨʜʠʥʘʮʠʝʡ ʚ ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤʘʭ ʩʦʝʜʠʥʝʥʠʡ 

ʨ-ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʧʨʦʪʝʢʘʶʪ ʨʝʘʢʮʠʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ, 

ʚʳʟʚʘʥʥʳʝ ʩʥʠʞʝʥʠʝʤ ʨʅ ʟʘ ʩʯʝʪ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ. ʈʝʘʢʮʠʠ 

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʚʘʪʴ ʚʚʝʜʝʥʠʝʤ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʨ-

ʵʣʝʤʝʥʪʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʷ ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʬʦʨʤʳ ʤʝʥʴʰʝʡ ʷʜʝʨʥʦʩʪʠ 

ʟʘ ʩʯʝʪ ʢʦʦʨʜʠʥʘʮʠʠ ʛʠʜʨʦʧʝʨʦʢʩʦʣʠʛʘʥʜʦʚ. ʅʘʤʠ ʧʦʣʫʯʝʥʳ ʠ ʩʪʨʫʢʪʫʨʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩʳ ʢʨʝʤʥʠʷ, ʛʝʨʤʘʥʠʷ, ʦʣʦʚʘ, ʩʫʨʴʤʳ, ʪʝʣʣʫʨʘ, 

ʩʚʠʥʮʘ [1-3]. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʧʝʨʦʢʩʦʧʦʣʠʤʝʨʳ ʦʣʦʚʘ(IV) ʠ ʩʚʠʥʮʘ(IV) (ʈʠʩʫʥʦʢ) [2,3]. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʩʚʝʜʝʥʠʡ ʦ ʭʠʤʠʠ ʧʦʣʠʷʜʝʨʥʳʭ ʧʝʨʦʢʩʦʩʦʝʜʠʥʝʥʠʡ ʨ-

ʵʣʝʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʘʥ çʧʝʨʦʢʩʠʜʥʳʡè ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 

 
ʈʠʩʫʥʦʢ. ʌʨʘʛʤʝʥʪ 1D ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʚ ʩʪʨʫʢʪʫʨʝ Ph3PbOOH. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 22-13-00426, 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʵʢʠʥʛ-

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʪʠʧʘ çʘʨʝʥ-ʧʝʨʬʪʦʨʘʨʝʥè ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʛʦʤʦ- ʠ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ, Cd- ʠ Cd-Ln, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʧʝʥʪʘʬʪʦʨʙʝʥʟʦʘʪʥʳʝ ʘʥʠʦʥʳ ʩʦʯʝʪʘʣʠʩʴ ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ N-ʜʦʥʦʨʥʳʤʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ: {Cd2(phen)2(O2CC6F5)4} n, {Cd2(2,4-Lut)2(O2CC6F5)4} n, 

{ Cd2Ln2(phen)2(O2CC6F5)10} n, {Cd2Ln2(phen)2(NO3)2(O2CC6F5)8} n ʠ ʜʨ. ʉʦʩʪʘʚ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʠʯʝʥ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʙʠʷʜʝʨʥʳʭ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʣʠ 

ʯʝʪʳʨʝʭʲʷʜʝʨʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʠʭ 

ʩʪʨʦʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʪʦʧʦʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʩʝʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʣʠʛʘʥʜʘʤ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ. ʇʝʨʝʭʦʜ ʢ 2,3,4,5-ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʘʪʘʤ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʪʨʦʝʥʠʝ ʬʨʘʛʤʝʥʪʘ {Cd2(phen)2(O2CC6F4ʅ)4} ʪʘʢʠʤ ʞʝ, ʢʘʢ ʚ 

ʧʝʥʪʘʬʪʦʨʙʝʥʟʦʘʪʥʦʤ ʧʦʣʠʤʝʨʝ {Cd2(phen)2(O2CC6F5)4} n. ʆʜʥʘʢʦ ʚʤʝʩʪʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʘʥʘʣʦʛʠʯʥʦʡ 1D ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʙʣʦʢʠʨʦʚʘʥʠʝ ʤʝʪʘʣʣʦʮʝʥʪʨʦʚ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ 

ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Cd2(ʅ2ʆ)2(phen)2(O2CC6F4ʅ)4]. ʇʦʧʳʪʢʘ 

ʧʦʣʫʯʠʪʴ ʘʥʘʣʦʛʠʯʥʳʡ ʧʝʥʪʘʬʪʦʨʙʝʥʟʦʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʩʠʥʪʝʟʦʤ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

ʥʝʦʞʠʜʘʥʥʦ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʤʝʨʘ {Cd2(phen)2(O2CC6F5)4} n, ʇʦʣʫʯʝʥʥʦʛʦ 

ʨʘʥʝʝ ʥʘʤʠ ʚ ʥʝʚʦʜʥʦʡ ʩʨʝʜʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ 

ʜʣʷ ʠʟʦʤʝʨʦʚ ʙʠʷʜʝʨʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʢʘʜʤʠʷ [1] ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʝʥʪʘʬʪʦʨʙʝʥʟʦʘʪʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʙʠʷʜʝʨʥʳʭ ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʘʪʦʚ ʧʦʟʚʦʣʠʣʦ ʜʘʪʴ 

ʦʙʲʷʩʥʝʥʠʝ ʥʘʙʣʶʜʘʝʤʳʤ ʷʚʣʝʥʠʷʤ. ɹʳʣʠ ʩʜʝʣʘʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʩʪʨʦʝʥʠʠ ʤʦʣʝʢʫʣ, 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʢʘʟʘʥʥʳʭ ʧʝʥʪʘʬʪʦʨʙʝʥʟʦʘʪʦʚ ʠ ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʘʪʦʚ. 

ʅʘʡʪʠ ʫʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʵʪʠʭ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʫʜʘʣʦʩʴ. ʆʜʥʘʢʦ ʙʳʣ 

ʧʦʣʫʯʝʥ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ [Cd2Ln2(phen)2(O2CC6F5)10], ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʙʳʪʴ ʤʦʣʝʢʫʣʷʨʥʳʤ ʧʨʝʢʫʨʩʦʨʦʤ ʧʦʣʠʤʝʨʘ ʪʘʢʦʛʦ ʞʝ ʩʦʩʪʘʚʘ.  çʇʦʣʥʳʡ ʥʘʙʦʨè ʚʩʝʭ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʝʥʪʘʬʪʦʨʙʝʥʟʦʘʪʥʳʭ ʧʦʣʠʤʝʨʦʚ ʪʠʧʦʚ ʤʦʣʝʢʫʣ 

ʙʳʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ, ʛʨʘʥʪ ˉ 22-73-
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ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʠʟʰʠʭ ʛʘʣʦʛʝʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʩʦ ʩʚʷʟʷʤʠ ʤʝʪʘʣʣïʤʝʪʘʣʣ ʨʘʟʣʠʯʥʦʡ 

ʢʨʘʪʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʳ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ 

{ M6X8}
4+ (M = Mo, W; X = Cl, Br, I). ʂʘʢ ʧʨʘʚʠʣʦ, ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʦʦʩʪʦʚʦʚ ʢʣʘʩʪʝʨʦʚ 

ʥʠʟʰʝʡ ʷʜʝʨʥʦʩʪʠ (3ï5 ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ) ʤʦʛʫʪ ʙʳʪʴ ʬʦʨʤʘʣʴʥʦ ʚʳʚʝʜʝʥʳ ʠʟ ʦʢʪʘʵʜʨʘ 

ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ ʦʜʥʦʡ (ʢʚʘʜʨʘʪʥʘʷ ʧʠʨʘʤʠʜʘ), ʜʚʫʭ (çʙʘʙʦʯʢʘè ʠʣʠ ʢʚʘʜʨʘʪ) ʠ ʪʨʝʭ 

ʚʝʨʰʠʥ (ʪʨʝʫʛʦʣʴʥʠʢ). ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʩʠʥʪʝʟʫ, ʩʪʨʦʝʥʠʶ ʠ 

ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʯʝʪʳʨʝʭ- ʠ ʧʷʪʠʷʜʝʨʥʳʭ ʦʢʩʦʙʨʦʤʠʜʥʳʭ ʠ ʦʢʩʦʠʦʜʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʧʨʠʤʝʨʘʤʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʩʣʫʞʠʪʴ [Mo4OI12]
2- ʩ 

ʤʝʪʘʣʣʦʦʩʪʦʚʦʤ ʪʠʧʘ ʙʘʙʦʯʢʠ [1], ʘ ʪʘʢʞʝ ʢʣʘʩʪʝʨʳ [M5OX13]
- (M = Mo, W; X = Br, I) ʩ 

ʤʝʪʘʣʣʦʦʩʪʦʚʦʤ ʪʠʧʘ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʳ [2]. ɹʫʜʫʪ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʨʝʘʢʮʠʠ ʪʨʝʫʛʦʣʴʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ Re3X9 (X = Br, I), ʘ ʪʘʢʞʝ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʦʛʦ 

ʠʦʜʦʙʨʦʤʠʜʘ Re3I3Br6 [3-5]. 

 

ʈʠʩʫʥʦʢ 1. ʅʝʢʦʪʦʨʳʝ ʨʝʘʢʮʠʠ Re3I9. 
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N.P., Sokolov M.N., Inorg. Chem., 2021, 60, 6746-6752.  
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ʅʆɺʓɽ ʈɽɿʋʃʔʊɸʊʓ ɺ ʍʀʄʀʀ ʍɸʃʔʂʆɻɽʅʀɼʅʓʍ 

ʂʃɸʉʊɽʈʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ʄʆʃʀɹɼɽʅɸ ʀ ɺʆʃʔʌʈɸʄɸ 

ʐʝʩʪʦʧʘʣʦʚ ʄ.ɸ.1, ɻʘʩʩʘʥ ɸ.ɼ.1,2, ʂʦʥʴʢʦʚʘ ɸ.ɺ.1, ʉʘʚʠʥʘ ʖ.ɺ.1, ʀʚʘʥʦʚ ɸ.ɸ.1 

1 ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ,  

ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ɸʢʘʜ. ʃʘʚʨʝʥʪʴʝʚʘ, 3. 
2 ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʩʠʙʠʨʩʢ, ʫʣ. ʇʠʨʦʛʦʚʘ, 1 

E-mail: shtopy@niic.nsc.ru  

 

ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ 

ʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʢʣʘʩʪʝʨʳ ʨʝʥʠʷ ʩ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʬʦʩʬʠʥʘʤʠ [{Re6Q8}(PR3)6]
nï (Q ï S, Se; PR3 ï 

P(CH2CH2CONH2)(CH2CH2COOH)2, P(CH2CH2COOH)3 ʠʣʠ PPh2CH2CH2COOH) ʭʦʨʦʰʦ 

ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʠʤʝʶʪ ʥʠʟʢʫʶ ʢʣʝʪʦʯʥʫʶ ʠ ʦʩʪʨʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ ʜʣʷ ʘʥʛʠʦʛʨʘʬʠʠ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʪʦʤʦʛʨʘʬʠʠ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ, ʥʠʟʢʦʝ 

ʤʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʝʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʝʛʦ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʜʘʶʪ ʪʦʣʯʦʢ ʢ 

ʠʟʫʯʝʥʠʶ ʙʣʠʞʘʡʰʠʭ ʘʥʘʣʦʛʦʚ Re6Q8-ʢʣʘʩʪʝʨʦʚ ï ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{M6Q8}L 6], ʛʜʝ M ï 

Mo, W; Q ï ʭʘʣʴʢʦʛʝʥ; L ï ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʨʝʜʠ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ M6Q8-ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ ʷʚʣʷʶʪʩʷ ʣʠʰʴ 4 ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘ ʩ 

ʮʠʘʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʘ ʠʤʝʥʥʦ [{ Mo6Q8}(CN)6]
6ï ʠ [{W 6S8}(CN)6]

6ï. ʇʦʵʪʦʤʫ, 

ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ 

M6Q8 ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʩʦʦʙʱʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʧʦʣʫʯʝʥʠʶ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ 

ʚʦʣʴʬʨʘʤʘ, ʘ ʪʘʢʞʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ï ʥʦʚʳʭ ʧʷʪʠʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʘ ʪʘʢʞʝ ʛʠʙʨʠʜʥʳʭ ʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʦʚ. 

 
ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʦʚ [{ M6Q8}( PPh2CH2CH2COOH)6] (ʩʣʝʚʘ),  

[{ M6Q5(pz)4}( pzH)5]2+ (ʮʝʥʪʨ) ʠ [Mo12O28(pz)8]4ï (ʩʧʨʘʚʘ). 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ ˉ 19-73-20109).  
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ɻɽʊɽʈʆʗɼɽʈʅʓɽ ʂɸʈɹʆʂʉʀʃɸʊʅʓɽ ʂʆʄʇʃɽʂʉʓ 

ʇʃɸʊʀʅʓ ʀ ʇɸʃʃɸɼʀʗ: ʇʋʊʔ ʆʊ ʍʀʄʀʏɽʉʂʀʍ 

ʉʆɽɼʀʅɽʅʀʁ ʂ ɻʆʄʆɻɽʅʅʓʄ ʀ ɻɽʊɽʈʆɻɽʅʅʓʄ 

ʂɸʊɸʃʀɿɸʊʆʈɸʄ 

ʗʢʫʰʝʚ ʀ.ɸ.1, ɺʘʨʛʘʬʪʠʢ ʄ.ʅ.1  

1ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: cs68@mail.ru, ilya.yakushev@igic.ras.ru  

 

ʇʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʣʘʪʠʥʳ ʠʣʠ 

ʧʘʣʣʘʜʠʷ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ï ʦʜʥʦ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ, ʠʤʝʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ, ʠ ʦʜʥʠʤ ʠʟ 

ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʟʘʨʘʥʝʝ ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʠʤʧʨʝʛʥʘʮʠʠ ʥʘ ʥʦʩʠʪʝʣʴ. ʅʘʡʜʝʥʦ, ʯʪʦ 

ʥʝʢʦʪʦʨʳʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʘʣʣʘʜʠʷ(II ) ʧʨʦʷʚʣʷʶʪ 

ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʩʝʣʝʢʪʠʚʥʦʤ ʛʠʜʨʠʨʦʚʘʥʠʠ ʥʝʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [1], ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʩʭʦʞʠʭ ʧʦ ʩʪʨʦʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʧʣʘʪʠʥʳ 

[2], ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʠʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ [3] (ʈʠʩ. 1ʘ), ʧʦʟʚʦʣʷʶʱʠʡ ʪʘʢʞʝ 

ʧʦʣʫʯʘʪʴ ʪʨʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ Pd-M-Fe ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ (ʈʠʩ. 1ʙ). 

           
ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʦʚ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [Pd(phen)(OAc)(FcCOO)] ʠ 

[PdZn(OOCFc)4(OH2)]Ĭ2THF. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 18-73-

10206) 
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ʇʈʆʀɿɺʆɼʅʓɽ ʂɸʊɽʍʆʃɸʃʔɼɽɻʀɼɸ ï ʅʆɺʓɽ ʈɽɼʆʂʉ-

ɸʂʊʀɺʅʓɽ ʃʀɻɸʅɼʓ ʀ ʌʆʊʆʀʅʀʎʀɸʊʆʈʓ ʈɸɼʀʂɸʃʔʅʆʁ 

ʇʆʃʀʄɽʈʀɿɸʎʀʀ 
ɸʨʩʝʥʴʝʚ ʄ.ɺ., ʏʝʩʥʦʢʦʚ ʉ.ɸ., ʐʫʨʳʛʠʥʘ ʄ.ʇ., ɾʝʨʝʙʮʦʚ ʄ.ɸ., ɾʠʛʘʥʰʠʥʘ ʕ.ʈ., 

ʊʘʨʘʢʘʥʦʚʘ ɸ.ɽ. 

ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ,  

ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʊʨʦʧʠʥʠʥʘ, ʜ.49 

E-mail: mars@iomc.ras.ru   

 

ɺ ʨʘʙʦʪʝ ʦʙʦʙʱʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠ ʣʝʪ ʧʦ ʤʝʪʦʜʘʤ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ ʧʠʨʦʢʘʪʝʭʠʥʦʚ ʠ ʦ-ʭʠʥʦʥʦʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʠʥʪʝʟʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ ʢʘʪʝʭʦʣʘʣʴʜʝʛʠʜʦʚ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ 

ʵʬʬʝʢʪʠʚʥʳʭ ʬʦʪʦʠʥʠʮʠʠʨʫʶʱʠʭ ʩʠʩʪʝʤ [1], ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʚʠʜʠʤʦʤʫ ʠʟʣʫʯʝʥʠʶ, 

ʘ ʪʘʢʞʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʢʦʦʨʜʠʥʠʨʫʶʱʠʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ [2, 3].  

ʉʭʝʤʘ 1 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʇʨʦʝʢʪ ʈʅʌ  ̄19-

73-10173-ʇ)  

ʉʩʳʣʢʠ 

[1] M. P. Shurygina, M. Yu. Zakharina, M. A. Baten'kin, A. N. Konev, A. S. Shavyrin, E. A. Chelnokov, 

N. Yu. Shushunova, M. V. Arsenyev, S. A. Chesnokov, Gleb A. Abakumov, Eur. Polym. J., 2020, 127, 

109573. 

[2] M. A. Zherebtsov, M. V. Arsenyev, E. V. Baranov, S. A. Chesnokov, V. K. Cherkasov, Mendeleev 

Commun., 2021, 31, 268-270. 

[3] S. K. Polyakova, T. V. Balashova, R. V. Rumyantcev, M. V. Arsenyev, G. K. Fukin, S. A. 

Chesnokov, Mendeleev Commun., 2021, 31, 262-264.  
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ʅʆɺʓɽ ʍɸʃʔʂʆɻɸʃʆɻɽʅʀɼʅʓɽ ʂʆʄʇʃɽʂʉʓ ʊʀʊɸʅɸ ʀ 

ɺɸʅɸɼʀʗ: ʉʀʅʊɽɿ ʀ ʉʊʈʆɽʅʀɽ 

ɸʨʪʝʤʢʠʥʘ ʉ.ɹ.1, ɻʘʣʠʝʚ ʈ.ʈ.1, ʇʦʣʪʘʨʘʢ ʇ.ɸ.1, ʇʦʣʪʘʨʘʢ ɸ.ɸ.1, ʌʝʜʦʨʦʚ ɺ.ɽ.1 

1 ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ,  

ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ-ʪ ɸʢʘʜ. ʃʘʚʨʝʥʪʴʝʚʘ, 3 

E-mail: artem@niic.nsc.ru  

 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ MxQyHalz ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʡ ʩʝʨʠʝʡ 

ʩʦʝʜʠʥʝʥʠʡ, ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦ ʩʪʨʦʝʥʠʶ ʠ ʩʚʦʡʩʪʚʘʤ. ʐʠʨʦʢʠʡ ʥʘʙʦʨ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʛʘʣʦʛʝʥʠʜ- ʠ ʭʘʣʴʢʦʛʝʥʠʜ-ʠʦʥʦʚ ʧʦ-

ʨʘʟʥʦʤʫ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʢ ʠʦʥʘʤ ʄ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʥʦʷʜʝʨʥʳʭ ʠʣʠ 

ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ ʧʨʦʪʷʞʝʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʤʘʩʩʠʚʦʚ. ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ʤʳ ʠʟʫʯʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ (ʍɻʇʄ) 4 ʠ 5 ʛʨʫʧʧʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʠʪʘʥʘ ʠ ʚʘʥʘʜʠʷ, ʪ.ʢ. ʠʭ ʍɻʇ 

ʤʘʣʦʯʠʩʣʝʥʥʳ. ʅʘʩʪʦʷʱʝʝ ʩʦʦʙʱʝʥʠʝ ʧʦʩʚʷʱʝʥʦ ʥʦʚʳʤ ʩʝʣʝʥʦʛʘʣʦʛʝʥʠʜʘʤ Ti ʠ V ï 

ʫʩʣʦʚʠʷʤ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʦʧʠʩʘʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʨʦʜʩʪʚʝʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʠ ʥʝʢʦʪʦʨʳʤ ʩʚʦʡʩʪʚʘʤ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚ ʘʤʧʫʣʴʥʦʤ ʩʠʥʪʝʟʝ ʧʨʠ ʫʤʝʨʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ ʦʜʥʫ ʩʪʘʜʠʶ. ɺ ʩʪʨʫʢʪʫʨʘʭ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʭʘʣʴʢʦʛʝʥʠʜ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʡ ʬʨʘʛʤʝʥʪ {M4(ɛ4-ʆ)(ɛ-Se2)4(ɛ-I)2} 

(M=Ti, V) ʠʣʠ {Ti4(ɛ4-Se)(ɛ-Se2)4} [1]. ɺ ʜʦʚʦʣʴʥʦ ʙʣʠʟʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʝʥʳ ʆ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʩʝʣʝʥʦʠʦʜʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʘʥʘʜʠʷ ʩ ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʤʘʩʩʠʚʘ ï 0D [2] (ʤʦʣʝʢʫʣʷʨʥʳʝ), 1D (ʮʝʧʦʯʝʯʥʳʡ), 2D (ʩʣʦʠʩʪʳʡ). 

ʅʘʰʘ ʨʘʙʦʪʘ ʪʘʢʞʝ ʧʦʧʦʣʥʷʝʪ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʙʝʩʢʦʥʝʯʥʳʝ ʮʝʧʠ 

{ M(Se2)2}Ð: ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ [TaSe4][TaCl6] ʩ ʮʝʧʴʶ {TaSe4}Ð ʠ 

[VSe4]4[V4OSe8I6]Ā2I2 ʩ ʮʝʧʴʶ  {VSe4}Ð, ʥʦʚʦʡ ʧʦ ʢʦʤʧʦʟʠʮʠʠ ñʤʝʪʘʣʣ-ʭʘʣʴʢʦʛʝʥò. 

 
ʈʠʩʫʥʦʢ 1. ʉʪʨʦʝʥʠʝ ʆ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʩʝʣʝʥʦʙʨʦʤʠʜʘ ʪʠʪʘʥʘ ʚ Ti4OSe8I6 [3]. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ 21-13-00274). 
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ʅɸʅʆʈɸɿʄɽʈʅʓɽ ʂʆʅʊʈɸʉʊʅʓɽ ɸɻɽʅʊʓ ʅɸ ʆʉʅʆɺɽ 

ɻɽʂʉɸʈɽʅʀɽɺʓʍ ʂʃɸʉʊɽʈʆɺ: Mn(II ) vs Gd(III ) 

ɸʭʤʘʜʝʝʚ ɹ.ʉ.1, ʅʠʟʘʤʝʝʚ ʀ.ʈ.1, ʍʦʣʠʥ ʂ.ɺ.1, ɺʦʣʦʰʠʥʘ ɸ.ɼ.1, ɻʫʙʘʡʜʫʣʣʠʥ ɸ.ʊ.1, 

ʄʫʩʪʘʬʠʥʘ ɸ.ʈ.1  

1 ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʌʀʎ ʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ 

ʮʝʥʪʨ ʈɸʅ, ʛ. ʂʘʟʘʥʴ, ʫʣ. ɸʢ. ɸʨʙʫʟʦʚʘ, 8 

E-mail: bulat_ahmadeev@mail.ru  

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʥʪʝʟ ʠ ʢʦʣʣʦʠʜʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ Mn(II) ʩ ʛʝʢʩʘʨʝʥʠʝʚʳʤʠ ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ 

ʢʣʘʩʪʝʨʘʤʠ [{Re6(ɛ3-Q)8}(CN)6]
4- (Re6Q8, Q = S2ï, Se2ï ʠʣʠ Te2ï). ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʜʯʝʨʢʠʚʘʶʪ ʚʣʠʷʥʠʝ ʣʠʛʘʥʜʘ ʠ ʧʣʶʨʦʥʠʢʘ ʥʘ ʢʦʣʣʦʠʜʥʦʝ ʧʦʚʝʜʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʠʭ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʬʘʟʦʚʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʨʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʠ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ K4-2xMnxRe6Se8, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ 

ʪʨʠʙʣʦʢ ʩʦʧʦʣʠʤʝʨʦʤ F-127, ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʛʥʠʪʥʦ-

ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ (r1=8.9 ʠ r2=10.9 ʤʄ-1ʩ-1 ʧʨʠ 0,47 ʊʣ), ʥʠʟʢʦʡ 

ʛʝʤʦʘʛʛʣʶʪʠʥʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ. 

ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʠʦʥʦʚ Mn(II) ʠʟ ʥʘʥʦʯʘʩʪʠʮ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʠʭ ʤʘʣʳʤ 

ʚʣʠʷʥʠʝʤ ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ M-HeLa ʠ Chang Liver. ʈʝʣʘʢʩʘʮʠʦʥʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ K4-2xMnxRe6Se8, ʧʦʢʨʳʪʳʭ F-127, ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʨʝʥʠʡ ʬʘʥʪʦʤʦʚ ʥʘ ʤʝʜʠʮʠʥʩʢʦʤ ʪʦʤʦʛʨʘʬʝ (1,5 ʊʣ) ʠ ʩʨʘʚʥʝʥʠʠ ʩ 

ʢʦʤʤʝʨʯʝʢʠʤ ʢʦʥʪʨʘʩʪʥʳʤ ʘʛʝʥʪʦʤ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʥʘ 

ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ  [{Re6(ɛ3-Q)8}(CN)6]
4- (Re6Q8, Q = S2ï, Se2ï ʠʣʠ Te2ï) ʩ Mn(II) ʠ Gd(III ). 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʷʪ ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʳʡ ʬʦʥʜ (ʛʨʘʥʪ ˉ 22-13-00010) ʟʘ ʬʠʥʘʥʩʦʚʫʶ ʧʦʜʜʝʨʞʢʫ.  
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ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 3d-4f 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʠʪʦʚ 

(single-molecule magnets, SMM) ï ʚʝʱʝʩʪʚ, ʦʙʣʘʜʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚ ʪʝʯʝʥʠʝ 

ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʩʦʭʨʘʥʷʪʴ ʧʨʠʦʙʨʝʪʝʥʥʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʫʩʪʨʦʡʩʪʚ 

ʩʚʝʨʭʧʣʦʪʥʦʡ ʟʘʧʠʩʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ [1]. ʉʦʯʝʪʘʥʠʝ ʠʦʥʦʚ 3d ʠ 4f-ʤʝʪʘʣʣʦʚ ʚ 

ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʷʚʣʷʝʪʩʷ ʥʝʧʨʦʩʪʦʡ ʟʘʜʘʯʝʡ ʠ ʪʨʝʙʫʝʪ ʧʦʜʙʦʨʘ ʧʦʜʭʦʜʷʱʠʭ ʣʠʛʘʥʜʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʩʚʷʟʳʚʘʪʴ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʤʦʛʫʪ ʙʳʪʴ 

ʫʜʦʙʥʳ ʜʠʘʥʠʦʥʳ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʭʝʣʘʪʠʨʦʚʘʥʠʝ 3d-

ʮʝʥʪʨʘ ʠ ʤʦʩʪʠʢʦʚʫʶ ʢʦʦʨʜʠʥʘʮʠʶ 4f-ʤʝʪʘʣʣʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 3d-4f (3d = V IV, CrIII ) 

ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʜʠʘʥʠʦʥʦʚ ʟʘʤʝʱʝʥʥʳʭ ʘʥʘʣʦʛʦʚ ʤʘʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʫʩʪʦʡʯʠʚʳʝ ʙʠʩ- ʠʣʠ ʪʨʠʩʭʝʣʘʪʥʳʝ çʙʣʦʢʠè ʩ ʘʪʦʤʦʤ 3d-ʵʣʝʤʝʥʪʘ.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ VOSO4Ŀ3H2O ʩ M2(cbdc) (M = Na, K, Rb, Cs; H2cbdc ï 

ʮʠʢʣʦʙʫʪʘʥ-1,1-ʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ) ʠ Ln(NO3)3ĿxH2O (Ln = LaïLu, Y) ʧʦʣʫʯʝʥʳ ʧʷʪʴ 

ʪʠʧʦʚ ʩʦʝʜʠʥʝʥʠʡ M-LnIII -V IV, ʚ ʢʦʪʦʨʳʭ ʨʘʜʠʫʩ ʠʦʥʘ s-ʵʣʝʤʝʥʪʘ (M) ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʥʝ ʪʦʣʴʢʦ ʥʘ ʩʪʨʫʢʪʫʨʫ ʚ ʮʝʣʦʤ, ʥʦ ʠ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʫʶʱʠʭ ʝʝ 

{ LnV2}
ï ʬʨʘʛʤʝʥʪʦʚ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʠʦʥʘ LnIII. ʇʦ ʜʘʥʥʳʤ 

ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 14 ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʩʝʨʠʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʤʝʜʣʝʥʥʫʶ ʨʝʣʘʢʩʘʮʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʧʨʠʣʦʞʝʥʥʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

ɺ ʨʝʘʢʮʠʷʭ Cr(NO3)3Ŀ9H2O ʩ Na2(ʩpdc) (H2cpdc ï ʮʠʢʣʦʧʨʦʧʘʥ-1,1-ʜʠʢʘʨʙʦʥʦʚʘʷ 

ʢʠʩʣʦʪʘ) ʠ Ln(NO3)3ĿxH2O (Ln = EuïYb, Y) ʧʦʣʫʯʝʥʳ ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ 3D-

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ LnIII-CrIII, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʝʜʣʝʥʥʘʷ ʤʘʛʥʠʪʥʘʷ ʨʝʣʘʢʩʘʮʠʷ 

ʥʘʙʣʶʜʘʣʘʩʴ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ EuIII - ʠ Y III-ʩʦʜʝʨʞʘʱʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʠ ʦʪʩʫʪʩʪʚʦʚʘʣʘ 

ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʠʠ. ɿʘʤʝʥʘ Na2(ʩpdc) ʥʘ Ba(cpdc) ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʩʠʥʪʝʟʘʭ 

ʧʦʟʚʦʣʠʣʘ ʚʳʜʝʣʠʪʴ ʢʨʠʩʪʘʣʣʳ ʪʨʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ Ba-LnIII -CrIII  

(Ln = GdïYb), ʚ ʨʷʜʫ ʢʦʪʦʨʳʭ ʤʝʜʣʝʥʥʘʷ ʨʝʣʘʢʩʘʮʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʙʳʣʘ ʥʘʡʜʝʥʘ 

ʪʦʣʴʢʦ ʜʣʷ ErIII -ʩʦʜʝʨʞʘʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ 19-73-10181-

ʇ). 
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ʄʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ (ʄʆʂʇ) - ʵʪʦ ʢʣʘʩʩ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦ ʤʥʦʛʠʤʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʠ ʨʝʘʣʴʥʳʤʠ 

ʧʨʠʤʝʥʝʥʠʷʤʠ. ʈʝʜʦʢʩ-ʘʢʪʠʚʥʳʝ ʄʆʂʇ ʦʪʢʨʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʫ ʜʦʩʪʫʧʘ ʢ ʤʥʦʞʝʩʪʚʫ 

ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʩʚʦʡʩʪʚ ʚʥʫʪʨʠ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʫʪʝʤ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʨʝʜʦʢʩ-

ʩʦʩʪʦʷʥʠʝʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʄʆʂʇ ʩ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ: 

1,2-ʙʠʩ[(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)ʠʤʠʥʦ]ʘʮʝʥʘʬʪʝʥʦʤ (dpp-bian) ʠ 4,4ô-ʙʠʧʠʨʠʜʠʥʦʤ 

(4,4ô-bipy). ʅʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʜʥʦʤʝʨʥʳʝ ʠ ʜʚʫʤʝʨʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʳ 

ʤʝʪʘʣʣʦʚ ʧʝʨʚʦʡ, ʚʪʦʨʦʡ, ʘ ʪʘʢʞʝ ʪʨʠʥʘʜʮʘʪʦʡ ʛʨʫʧʧ ʩ dpp-bian ʠ 4,4ô-bipy [1-3], ʚ 

ʢʦʪʦʨʳʭ ʢʘʞʜʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʮʝʥʪʨ ʢʦʦʨʜʠʥʠʨʫʝʪ ʦʙʘ ʣʠʛʘʥʜʘ. ɺ ʩʣʫʯʘʝ ʄʆʂʇ 

ʰʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʝʨʝʥʦʩʦʤ 

ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʜʠʘʥʠʦʥʘ dpp-bian ʢ 4,4ô-bipy. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤ ʫʜʘʣʦʩʴ ʨʘʩʧʦʣʦʞʠʪʴ ʜʚʘ ʪʠʧʘ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ 

ʦʜʥʦʤ ʧʦʣʠʤʝʨʝ - ʪʝʨʤʠʥʘʣʴʥʳʝ dpp-bian ʠ ʤʦʩʪʠʢʦʚʳʝ 4,4ô-bipy. ʊʘʢʠʝ ʦʙʲʝʢʪʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʩʪʨʦʝʥʠʷ ʥʦʚʳʭ 

ʙʠʩʪʘʙʠʣʴʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 19-13-00336-ʇ)  
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ɹʀʗɼɽʈʅʓɽ ʎʀʂʃʆʄɽʊɸʃʃʀʈʆɺɸʅʅʓɽ ʂʆʄʇʃɽʂʉʓ 

ʀʈʀɼʀʗ(III ): ʉʀʅʊɽɿ, ʉʊʈʆɽʅʀɽ ʀ ʉɺʆʁʉʊɺɸ 

ɹʝʟʟʫʙʦʚ ʉ.ʀ.1, ʊʘʪʘʨʠʥ ʉ.ɺ.1,2, ʂʠʩʝʣʝʚʘ ʄ.ɸ.1,2, ʅʳʭʨʠʢʦʚʘ ɽ.ɺ.1,2, ʂʘʣʣʝ ʇ.1 

1 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ,  

ʛ. ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, 31 
2 ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 

ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʜʳ 1, ʩʪʨ. 3 
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ʀʥʪʝʨʝʩ ʢ ʭʠʤʠʠ ʮʠʢʣʦʤʝʪʘʣʣʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(III) ʦʙʫʩʣʦʚʣʝʥ ʠʭ 

ʫʥʠʢʘʣʴʥʳʤʠ ʠ ʰʠʨʦʢʦ ʚʘʨʴʠʨʫʝʤʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʦʯʝʪʘʶʱʠʤʠʩʷ ʩ 

ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʠʥʪʝʟ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʦʪʝʢʘʝʪ ʚ ʜʚʝ ʩʪʘʜʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʠʟ ʛʠʜʨʘʪʘ ʪʨʠʭʣʦʨʠʜʘ ʠʨʠʜʠʷ 

ʙʠʜ̫ʝʨʥʳʭ ʙʠʩ-ʮʠʢʣʦʤʝʪʘʣʣʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʭʣʦʨʘ, 

ʢʦʪʦʨʳʝ ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʨʘʩʱʝʧʣʷʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʣʠʛʘʥʜʘ, 

ʜʘʚʘʷ ʛʦʤʦ- ʠʣʠ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʤʦʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʣʠʛʘʥʜʦʚ ʥʘ ʦʩʥʦʚʝ 2-ʘʨʠʣ-

ʠʤʠʜʘʟʦʣʦʚ ʥʘ ʩʚʦʡʩʪʚʘ ʮʠʢʣʦʤʝʪʘʣʣʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(III) ʦʙʥʘʨʫʞʠʣʦ 

ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ ʚ ʭʘʨʘʢʪʝʨʝ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʚʳʷʚʠʣʦ ʨʷʜ ʧʦʛʨʘʥʠʯʥʳʭ 

ʩʣʫʯʘʝʚ ï ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʦʚʘʥʠʝ ʩʪʨʦʝʥʠʷ ʠ/ʠʣʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʣʠʛʘʥʜʦʚ ʧʨʠʚʦʜʠʣʦ ʢ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʚʦʡʩʪʚ, ʘ ʧʦʨʦʡ ʠ ʢ ʢʘʨʜʠʥʘʣʴʥʦʡ 

ʧʝʨʝʩʪʨʦʡʢʝ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ [1 4]. ʉʤʝʱʝʥʠʝ ʬʦʢʫʩʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ IrCl3Ö3H2O ʩ 

ʮʠʢʣʦʤʝʪʘʣʣʠʨʫʝʤʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʦʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʧʦʟʚʦʣʠʣʦ 

ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(III). ʋʩʪʘʥʦʚʣʝʥʦ, ʜʦ ʢʘʢʠʭ ʧʨʝʜʝʣʦʚ ʚʦʟʤʦʞʥʦ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ 

ʩʦʧʨʷʞʝʥʥʦʡ ˊ-ʩʠʩʪʝʤʳ ʣʠʛʘʥʜʦʚ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʙʠʩ-

ʮʠʢʣʦʤʝʪʘʣʣʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʠ ʢʘʢ ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʷ 

ʛʝʦʤʝʪʨʠʠ ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʩʚʦʡʩʪʚʘʭ ʢʦʤʧʣʝʢʩʦʚ. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʠ ʩʪʨʫʢʪʫʨʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ(III) ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʠʦʜʘ, ʘ 

ʪʘʢʞʝ 1D-ʧʦʣʠʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʪʨʠʠʦʜʠʜʥʳʤʠ ʣʠʥʢʝʨʘʤʠ. ʀʟʫʯʝʥʦ ʩʪʨʦʝʥʠʝ 

ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(III), ʣʝʛʢʦ ʦʙʤʝʥʠʚʘʶʱʠʭ ʤʦʩʪʠʢʦʚʳʝ ʭʣʦʨʠʜ-ʘʥʠʦʥʳ ʥʘ 

ʤʦʥʦ- ʠ ʧʦʣʠʜʝʥʪʘʪʥʳʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʣʠʛʘʥʜʳ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʙʠʷʜʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. 
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ʉʇʀʅʆɺʓɽ ʇɽʈɽʍʆɼʓ ɺ [Cu(hfac)2LMe]n ʇʆɼ ɼɸɺʃɽʅʀɽʄ 
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ʉʦʝʜʠʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʠʥʜʫʮʠʨʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʩʧʠʥʦʚʳʭ ʩʦʩʪʦʷʥʠʡ 

ʧʨʠ ʚʥʝʰʥʝʤ ʚʦʟʜʝʡʩʪʚʠʠ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʰʠʨʦʢʠʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʅʝʜʘʚʥʦ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢʦ ʚʥʝʰʥʝʤʫ ʜʘʚʣʝʥʠʶ ʜʣʷ 

ʛʝʪʝʨʦʩʧʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(II) ʩ ʥʠʪʨʦʢʩʠʣʘʤʠ [1, 2], ʢʦʪʦʨʘʷ ʚ 5-10 ʨʘʟ ʧʨʝʚʳʰʘʝʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ, ʧʨʦʷʚʣʷʶʱʠʭ ʩʧʠʥ-ʢʨʦʩʩʦʚʝʨ. ʊʘʢ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 

[Cu(hfac)2L
Me]n ʩ ʤʝʪʠʣʧʠʨʘʟʦʣʠʣ ʟʘʤʝʱʝʥʥʳʤ ʥʠʪʨʦʥʠʣʥʠʪʨʦʢʩʠʣʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʩʦʩʪʘʚʣʷʝʪ 590 K/ɻʇʘ ʚ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ 0.03ï0.14 ɻʇʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠ ʤʝʥʴʰʠʭ 

ʜʘʚʣʝʥʠʷʭ ʧʨʦʙʣʝʤʘʪʠʯʥʦ, ʧʦʩʢʦʣʴʢʫ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʨʠ ʤʘʛʥʠʪʥʳʭ 

ʠʟʤʝʨʝʥʠʷʭ (ʧʦ ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ Sn ʠʣʠ Pb ʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʝ 

ʩʦʩʪʦʷʥʠʝ) ʥʝ ʧʨʝʚʳʰʘʝʪ 0.03ï0.05 ɻʇʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu(hfac)2L
Me]n ʚ ʷʯʝʡʢʝ 

ʜʣʷ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ ʜʦ 0.01 ɻʇʘ (0ï9 ʄʇʘ), ʩʦʟʜʘʚʘʝʤʳʭ 

ʛʘʟʦʦʙʨʘʟʥʳʤ ʛʝʣʠʝʤ (ʈʠʩ. 1ʘ). ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʦʪ ʚʝʣʠʯʠʥʳ 

ʧʨʠʣʦʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 0.462 K/ʄʇʘ ʜʣʷ 

ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ 0.428 K/ʄʇʘ ï ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ (ʈʠʩ. 1b). 
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ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʠ Õʵʬʬ(T) ʜʣʷ [Cu(hfac)2LMe]n ʧʨʠ ʚʥʝʰʥʝʤ ʜʘʚʣʝʥʠʠ (a) ʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʦʪ ʜʘʚʣʝʥʠʷ (b). 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ 18-13-00380). 

ʉʩʳʣʢʠ 

[1] K. Yu. Maryunina et al, J. Mater. Chem. C, 2015, 3, 7788ï7791. 

[2] N.A. Artiukhova et al, J. Mater. Chem. C, 2016, 4, 11157ï11163.  

mailto:bus@tomo.nsc.ru


IX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʠ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʣʘʩʪʝʨʦʚ çʂʣʘʩʪʝʨ-2022è 

4-7 ʆʢʪʷʙʨʷ, 2022, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

 

45 

 

ʈɽɸʂʎʀʀ TmI ʉ ʅɽʂʆʊʆʈʓʄʀ ɸʈʆʄɸʊʀʏɽʉʂʀʄʀ 
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E-mail: sv-4.4.1991@rambler.ru   

 

ʈʝʘʢʮʠʝʡ ʦʧʠʣʦʢ ʪʫʣʠʷ ʩ ʡʦʜʦʤ ʧʨʠ 680Áʉ ʧʦʣʫʯʝʥʘ ʪʨʫʜʥʦʨʘʟʜʝʣʠʤʘʷ ʩʤʝʩʴ 

ʧʨʦʜʫʢʪʦʚ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʫʣʠʷ (65%), TmI2 (14%) ʠ TmI (21%). ʁʦʜʠʜ 

ʦʜʥʦʚʘʣʝʥʪʥʦʛʦ ʪʫʣʠʷ ʥʝ ʫʜʘʝʪʩʷ ʚʳʜʝʣʠʪʴ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʥʦ ʝʛʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʧʨʦʜʫʢʪʘʭ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʘʢ ʤʘʛʥʠʪʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ, ʪʘʢ ʠ 

ʨʝʘʢʮʠʷʤʠ ʩ ʥʘʬʪʘʣʠʥʦʤ ʠ ʧʝʨʠʣʝʥʦʤ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʈʝʘʢʮʠʷ ʩ ʥʘʬʪʘʣʠʥʦʤ ʚ ʜʠʤʝʪʦʢʩʠʵʪʘʥʝ ʧʨʠ -40Áʉ ʧʨʠʚʦʜʠʪ ʢ ʥʝʤʝʜʣʝʥʥʦʤʫ 

ʦʙʨʘʟʦʚʘʥʠʶ ʟʝʣʝʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʆʩʪʘʶʱʠʡʩʷ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʳʩʪʨʦ ʩʚʝʪʣʝʝʪ, ʦʙʨʘʟʫʷ 

ʯʝʨʝʟ 15 ï 20 ʤʠʥʫʪ ʩʤʝʩʴ ʟʝʣʸʥʳʭ ʢʨʠʩʪʘʣʣʦʚ TmI2(DME)3 ʠ ʙʝʩʮʚʝʪʥʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ, ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʠ ʀʂ ʩʧʝʢʪʨ ʢʦʪʦʨʦʛʦ ʦʪʚʝʯʘʶʪ ʬʦʨʤʫʣʝ 

(C10H8)TmI(DME)3.  
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ʉʭʝʤʘ 1. 

ʇʝʨʠʣʝʥ ʪʘʢʞʝ ʣʝʛʢʦ ʨʝʘʛʠʨʫʝʪ ʩ TmI, ʥʦ ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʦʜʫʢʪʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʕʇʈ ʩʧʝʢʪʨ ʠʥʪʝʨʤʝʜʠʘʪʘ. 

ʆʩʪʘʶʱʝʝʩʷ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩʠʥʝ-ʟʝʣʸʥʦʝ ʚʝʱʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʤʝʩʴ ʟʝʣʸʥʳʭ ʢʨʠʩʪʘʣʣʦʚ TmI2(DME)3 ʠ ʩʠʥʝ-ʟʝʣʸʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ, 

ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʠ ʀʂ ʩʧʝʢʪʨ ʢʦʪʦʨʦʛʦ ʦʪʚʝʯʘʶʪ ʬʦʨʤʫʣʝ (C20H12)TmI(DME)3. 
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ʉʭʝʤʘ 2. 

ʀʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʜʥʦʚʘʣʝʥʪʥʦʛʦ TmI ʜʦʧʫʩʢʘʝ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʨʝʘʢʮʠʠ ʠʥʳʭ, ʢʨʦʤʝ ʫʢʘʟʘʥʥʳʭ, ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʦʜʥʘʢʦ ʵʪʦ ʥʝ ʦʪʨʘʞʘʝʪʩʷ 

ʥʘ ʦʙʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʝʚʨʘʱʝʥʠʡ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʧʨʦʜʫʢʪʘʭ 

ʨʝʘʢʮʠʠ ʩʦʝʜʠʥʝʥʠʷ ʦʜʥʦʚʘʣʝʥʪʥʦʛʦ ʪʫʣʠʷ.  

 

ɹʘʛʦʜʘʨʥʦʩʪʴ: 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 22-23-20149). 
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ɺʃʀʗʅʀɽ ʂʆʆʈɼʀʅɸʎʀʀ ʈɽɼʆʂʉ-ɸʂʊʀɺʅʓʍ 

ʆʈɻɸʅʀʏɽʉʂʀʍ ʃʀɻɸʅɼʆɺ ʅɸ ʕʃɽʂʊʈʆʅʅʋʖ ʉʊʈʋʂʊʋʈʋ 

ʂʃɸʉʊɽʈʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ʈɽʅʀʗ 

 
ɻʘʡʬʫʣʠʥ ʗ.ʄ.1, ʋʣʘʥʪʠʢʦʚ ɸ.ɸ.1, ʈʳʞʠʢʦʚ ʄ.ʈ.1, ʄʠʨʦʥʦʚ ʖ.ɺ.1 

1 ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ,  

ʅʦʚʦʩʠʙʠʨʩʢ, 630090, ʧʨʦʩʧʝʢʪ ʘʢʘʜʝʤʠʢʘ ʃʘʚʨʝʥʪʴʝʚʘ, 3 

E-mail: gayfulin@niic.nsc.ru  

 

ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʙʰʠʨʥʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʠʥʪʝʨʝʩʥʳ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʭʠʤʠʯʝʩʢʦʡ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʕʪʦʪ ʥʘʙʦʨ ʩʚʦʡʩʪʚ ʧʦʟʚʦʣʷʝʪ 

ʠʩʩʣʝʜʦʚʘʪʴ ʢʣʘʩʪʝʨʳ ʨʝʥʠʷ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʪʘʢ ʠ ʚ 

ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʅʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʷ ʢ ʢʣʘʩʪʝʨʥʳʤ 

ʢʦʤʧʣʝʢʩʘʤ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʠʨʠʜʠʥʘ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʵʥʝʨʛʠʠ ˊ* ʦʨʙʠʪʘʣʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ [1-2]. ɺ 

ʧʦʣʫʯʠʚʰʠʭʩʷ ʢʦʤʧʣʝʢʩʘʭ ʣʠʛʘʥʜ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʦʨʙʠʪʘʣʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʝʞʜʫ 

ʤʝʪʘʣʣ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʟʘʧʦʣʥʝʥʥʳʤʠ ʠ ʩʚʦʙʦʜʥʳʤʠ ʦʨʙʠʪʘʣʷʤʠ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʝʨʝʢʨʳʚʘʷʩʴ ʩ ʥʠʤʠ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʢʣʘʩʪʝʨʦʚ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʣʠʛʘʥʜ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʦʨʙʠʪʘʣʠ ʜʦʩʪʫʧʥʳ ʜʣʷ ʦʙʨʘʪʠʤʦʛʦ ʟʘʧʦʣʥʝʥʠʷ 

ʵʣʝʢʪʨʦʥʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʢ ʵʪʠʤ 

ʩʦʝʜʠʥʝʥʠʷʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦʙ ʵʣʝʢʪʨʦʥʥʦʤ ʩʪʨʦʝʥʠʠ ʢʣʘʩʪʝʨʦʚ 

ʨʝʥʠʷ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤʠ ʘʧʠʢʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ 

ʯʠʩʣʘ ʠ ʪʠʧʘ ʣʠʛʘʥʜʦʚ ï ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʜʠʥʘ ï ʥʘ ʚʝʣʠʯʠʥʫ ʩʤʝʱʝʥʠʷ ʣʠʛʘʥʜ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʟʨʳʭʣʷʶʱʠʭ ʦʨʙʠʪʘʣʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʵʪʠʭ ʦʨʙʠʪʘʣʝʡ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʣʠʛʘʥʜʦʚ ʠ ʠʭ ʯʠʩʣʦʤ, ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ Q ʠ ʜʨʫʛʠʭ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. ʈʘʩʯʝʪʥʳʝ 

ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 18-13-00058) 
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ʇʈʀʈʆɼɸ ɼɺʋʍʇʆʃʆʉʅʆʁ ʕʄʀʉʉʀʀ ʆʂʊɸʕɼʈʀʏɽʉʂʀʍ 

Cu4I 4 ʂʆʄʇʃɽʂʉʆɺ ʉ P,N-ʃʀɻɸʅɼɸʄʀ 
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ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(I) ʩ P,N-ʣʠʛʘʥʜʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʷʚʣʷʶʪ ʪʨʠʧʣʝʪʥʫʶ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣ-ʛʘʣʦʛʝʥʠʜʥʦʛʦ ʷʜʨʘ ʚʦʟʤʦʞʥʦ 

ʧʨʦʷʚʣʝʥʠʝ ʢʘʢ ʦʜʥʦʧʦʣʦʩʥʦʡ, ʪʘʢ ʠ ʜʚʫʭʧʦʣʦʩʥʦʡ ʵʤʠʩʩʠʠ (ʪʝʨʤʠʯʝʩʢʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʦʪʣʦʞʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (TADF), ʣʠʙʦ ʠʟʣʫʯʝʥʠʷ ʩ ʜʚʫʭ ʪʨʠʧʣʝʪʥʳʭ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ). ɼʚʫʭʧʦʣʦʩʥʘʷ ʪʨʠʧʣʝʪʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʭʦʨʦʰʦ ʠʟʫʯʝʥʘ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ ʪʝʪʨʘʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʩ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ çʢʫʙʘʥʦʚʳʤè ʪʠʧʦʤ 

ʷʜʨʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ (HE) ʧʦʣʦʩʘ ʚʳʟʚʘʥʘ ʧʝʨʝʥʦʩʦʤ 

ʟʘʨʷʜʘ ʩ ʤʝʪʘʣʣ-ʛʘʣʦʛʝʥʠʜʥʦʛʦ ʷʜʨʘ ʥʘ ʣʠʛʘʥʜ (3(X+M)LCT), ʘ ʥʠʟʢʦʵʥʝʨʛʝʥʪʠʯʝʩʢʘʷ 

(LE) ï ʢʣʘʩʪʝʨʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ (3CC). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʪʝʪʨʘʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʩ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʷʜʨʘ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ çʢʫʙʘʥʦʚʳʤʠè Cu4I4 ʢʦʤʧʣʝʢʩʘʤʠ. 

ʅʘʤʠ ʚʧʝʨʚʳʝ ʤʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʙʳʣʘ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʧʦʣʦʩʘ ʜʣʷ L2Cu4I4 ʢʦʤʧʣʝʢʩʘ ʩ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʷʜʨʘ, 

ʛʜʝ L ï ʧʠʨʠʜʠʥ-2-ʠʣʬʦʩʬʦʣʘʥ [1]. ʉʦʛʣʘʩʥʦ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ ʢʘʢ HE, ʪʘʢ 

ʠ LE ʧʦʣʦʩʳ ʠʤʝʶʪ 3(X+M)LCT ʭʘʨʘʢʪʝʨ, ʧʨʠ ʵʪʦʤ ʪʨʠʧʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ HE ʧʦʣʦcʝ, ʠʤʝʝʪ ʩʠʤʤʝʪʨʠʯʥʦʝ ʤʝʪʘʣʣ-ʛʘʣʦʛʝʥʠʜʥʦʝ ʷʜʨʦ ʩ ʙʣʠʟʢʠʤʠ 

ʨʘʩʩʪʦʷʥʠʷʤʠ Cu-Cu (2.62 ï 2.65 ¡), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ LE ʧʦʣʦʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʠʧʣʝʪʥʦʤʫ 

ʩʦʩʪʦʷʥʠʶ ʩ ʠʩʢʘʞʝʥʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʷʜʨʘ. ʇʦʜʦʙʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥʳ ʚʦʣʥʳ ʵʤʠʩʩʠʠ 

ʦʪ ʛʝʦʤʝʪʨʠʠ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʙʳʣʘ ʥʘʡʜʝʥʘ ʜʣʷ ʙʣʠʟʢʠʭ ʧʦ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʦʚ 

ʩ 1,3-ʜʠʘʟʘ-5-ʬʦʩʬʘʮʠʢʣʦʛʝʢʩʘʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʛʝʦʤʝʪʨʠʠ 

ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʣʠʥʳ ʚʦʣʥ ʵʤʠʩʩʠʠ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʩʪʨʫʢʪʫʨʦʡ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʣʝʢʩʦʚ, ʟʘʚʠʩʷʱʝʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʪ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʠʟ ʢʦʪʦʨʦʛʦ ʦʥʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ. ʊʘʢ, ʜʣʷ ʙʦʣʝʝ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʥʘʙʣʶʜʘʣʘʩʴ ʪʦʣʴʢʦ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʧʦʣʦʩʘ ʵʤʠʩʩʠʠ, ʘ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʩ ʙʦʣʝʝ 

ʠʩʢʘʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ï ʪʦʣʴʢʦ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ. ʉʦʛʣʘʩʥʦ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤ 

ʨʘʩʯʝʪʘʤ ʵʤʠʩʩʠʷ ʦʙʦʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʦʩʠʣʘ 3(X+M)LCT ʭʘʨʘʢʪʝʨ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 19-13-00163-ʧ. 
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ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʩ ʟʘʜʘʥʥʳʤ ʩʪʨʦʝʥʠʝʤ ʠ 

ʩʚʦʡʩʪʚʘʤʠ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʘʤʦʩʙʦʨʢʘ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʪʦʚʳʭ ʫʩʪʦʡʯʠʚʳʭ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʙʣʦʢʦʚ ʠʣʠ ʤʦʜʠʬʠʢʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʣʦʥʘʪ-ʘʥʠʦʥʳ ʩ ʘʪʦʤʘʤʠ ʤʝʜʠ(II) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʤʝʪʘʣʣʦʚ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʤʝʩʪʠʪʝʣʷ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ ʩʧʦʩʦʙʥʳ ʬʦʨʤʠʨʦʚʘʪʴ ʢʘʢ ʠʦʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ [1], ʪʘʢ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ [2]. ʆʜʥʘʢʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʭ 

ʩʪʨʦʝʥʠʝ ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʭʨʘʥʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʥʝ ʚʩʝʛʜʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ CuSO4 ʩ ʙʘʨʠʝʚʦʡ 

ʩʦʣʴʶ ʮʠʢʣʦʧʨʦʧʘʥ-1,1-ʜʠʢʘʨʙʦʥʦʚʦʡ ʠʣʠ ʜʠʤʝʪʠʣʤʘʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

18-ʢʨʘʫʥ-6 ʧʨʠʚʦʜʠʪ ʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʦʥʥʳʭ ʤʝʜʴ-ʙʘʨʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʛʜʝ ʘʪʦʤ 

ʙʘʨʠʷ ʠʟʦʣʠʨʦʚʘʥ ʤʦʣʝʢʫʣʦʡ ʢʨʘʫʥ-ʵʬʠʨʘ (ʨʠʩ. 1). ʇʨʠ ʵʪʦʤ ʜʦʙʘʚʣʝʥʠʝ ʥʠʪʨʘʪʘ 

ʪʝʨʙʠʷ(III) ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʚ ʩʣʫʯʘʝ cpdc ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʪʨʝʭʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʢʦʤʧʣʝʢʩ {CuBaTb}, ʘ ʚ ʜʠʤʝʪʠʣʤʘʣʦʥʘʪʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠʚʦʜʠʪ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʧʦʣʠʤʝʨʘ ʤʝʜʠ(II) (ʨʠʩ. 1). ɺ ʦʪʩʫʪʩʪʚʠʝ ʢʨʘʫʥ-ʵʬʠʨʘ ʚ ʘʥʘʣʦʛʠʯʥʦʡ ʨʝʘʢʮʠʠ ʩ cpdc 

ʚʳʜʝʣʷʝʪʩʷ ʢʘʨʢʘʩʥʳʡ ʧʦʣʠʤʝʨ [Cu3Tb2(cpdc)6(H2O)6]n. ʀʩʩʣʝʜʦʚʘʥʳ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʣʘʥʪʘʥʠʜ-ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʝʜʠʥʝʥʠʷ, ʚʳʷʚʣʝʥʳ ʢʦʤʧʣʝʢʩʳ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʩʚʦʡʩʪʚ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʠʪʦʚ. ʃʘʥʪʘʥʠʜʳ(III) (ʪʝʨʙʠʡ, ʝʚʨʦʧʠʡ) 

ʞʝ ʚ ʩʭʦʜʥʳʭ ʨʝʘʢʮʠʷʭ ʩ ʩʦʣʷʤʠ ʜʠʤʝʪʠʣʤʘʣʦʥʦʚʦʡ ʠ 1,1-ʮʠʢʣʦʙʫʪʘʥʜʠʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪ ʧʦʟʚʦʣʷʶʪ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴ ʩʣʦʠʩʪʳʝ ʧʦʣʠʤʝʨʳ [Ln2(mal)3(H2O)x]n ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ, ʛʜʝ ʤʝʪʘʣʣʦʮʝʥʪʨʳ ʩʚʷʟʘʥʳ ʤʦʩʪʠʢʦʚʳʤʠ ʠ ʭʝʣʘʪʥʦ-

ʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘʤʠ. ʇʦʜʦʙʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ N- ʠ O-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. 
CuSO4 + 2Ba(mal) +18-crown-6 

Źmal =cpdc      Źmal=Me2mal 

{[ BaCu(18-crown-6)(cpdc)2(H2O)2]Ŀ6(H2O)} 2  [BaCu(18-crown-6)(Me2mal)2(H2O)3]Ŀ4(H2O) 

ŹTb(NO3)3 

{[Ba(18-crown-6)][Tb(H2O)8]2[Cu(cpdc)2(H2O)2]4}Ŀ6H2O  [Cu(Me2mal)(H2O)]n 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʟʘʤʝʱʝʥʥʳʭ ʤʘʣʦʥʘʪʦʚ ʤʝʜʠ(II) 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʦʩʩʠʡʩʢʠʤ ʥʘʫʯʥʳʤ ʬʦʥʜʦʤ (ʧʨʦʝʢʪ ˉ 19-73-10181-ʇ).  
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ʂʆʄʇʃɽʂʉʓ ʉu(hfac)2 C ʇʀʈɸɿʆʃï5ïʀʃïɿɸʄɽʑɽʅʅʓʄʀ 

ʊʈɽʊï ɹʋʊʀʃɻʀɼʈʆʂʉʀʃɸʄʀʅɸʄʀ 

ɻʦʣʦʤʦʣʟʠʥʘ ʀ.ɺ.1, ʊʦʣʩʪʠʢʦʚ ʉ.ɽ.1,2, ʃʝʪʷʛʠʥ ɻ.ɸ.1, ʈʦʤʘʥʝʥʢʦ ɻ.ɺ.1, 

ɹʦʛʦʤʷʢʦʚ ɸ.ʉ.1,2, ʆʚʯʘʨʝʥʢʦ ɺ.ʀ.1 

1 ʀʥʩʪʠʪʫʪ çʄʝʞʜʫʥʘʨʦʜʥʳʡ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʡ ʮʝʥʪʨè ʉʆ ʈɸʅ, 

 ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʫʣ. ʀʥʩʪʠʪʫʪʩʢʘʷ, 3ɸ. 
2 ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, 47. 
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ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʸʥʥʳʤʠ 

ʛʠʜʨʦʢʩʠʣʘʤʠʥʘʤʠ ï ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ï ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʦ 

ʙʳʚʘʶʪ ʧʨʝʜʤʝʪʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [1ï3]. ʇʨʦʚʦʜʠʤʦʝ ʥʘʤʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ 

ʘʮʠʢʣʠʯʝʩʢʠʤʠ ʥʠʪʨʦʢʩʠʣʘʤʠ ʧʦʙʫʜʠʣʦ ʥʘʩ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠ 

ʠʩʩʣʝʜʦʚʘʪʴ ʢʦʤʧʣʝʢʩ r ʉu(hfac)2 c N-(ʪʨʝʪ-ʙʫʪʠʣ)-N-(1ïʘʣʢʠʣï1ʅïʧʠʨʘʟʦʣï5ï

ʠʣ)ʛʠʜʨʦʢʩʠʣʘʤʠʥʘʤʠ LʆʅR (R = Me, Et, n-Pr, i-Pr, n-Bu). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʉu(hfac)2 c LʆʅR ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʦʪʜʝʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ʩʚʷʟʘʥʳ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʚ ʜʠʤʝʨʳ ʠʣʠ ʩʪʨʫʢʪʫʨʳ ʚʳʩʦʢʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ (ʈʠʩʫʥʦʢ 1). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʨʝʘʢʮʠʠ LʆʅEt ʩ 

ʉu(hfac)2 ʚ ʩʤʝʩʠ Et2O/n-ʛʝʧʪʘʥ ʧʨʠ ï20Áʉ ʚ ʧʝʨʯʘʪʦʯʥʦʤ ʙʦʢʩʝ ʚ ʘʪʤʦʩʬʝʨʝ Ar (CO2<2 

ppm) ʧʨʦʪʝʢʘʝʪ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ LʆʅEt ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʘʮʠʢʣʠʯʝʩʢʠʡ ʥʠʪʨʦʢʩʠʣ LEt, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʨʘʩʪʚʦʨʘ ʩʤʝʩʠ 

ʢʦʤʧʣʝʢʩʦʚ [(ʉu(hfac)2)3(L
Et)2] ʠ [ʉu(hfac)2L

Et]2. 

 

 

 

(a) (ʙ) (ʚ) 

ʈʠʩʫʥʦʢ 1. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ: (a) [Cu(hfac)2(LOHMe)], (ʙ) [Cu(hfac)2LOHPr], (ʚ) 

[(Cu(hfac)2)3(LOHPr)2]. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ 19-29-08005. 
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ʅɸʊʈʀʁ-ʎʀʂʃʆʇʈʀʉʆɽɼʀʅʀɽ 
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ʈʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʘʪʦʤ 

ʵʢʦʥʦʤʠʠ, ʭʝʤʦ-, ʨʝʛʠʦ-, ʜʠʘʩʪʝʨʝʦ- ʠ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ 

ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʘʨʩʝʥʘʣʝ ʭʠʤʠʢʦʚ-ʦʨʛʘʥʠʢʦʚ, ʠʤʝʶʱʠʤ ʰʠʨʦʢʦʝ 

ʣʘʙʦʨʘʪʦʨʥʦʝ ʠ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʰʘʛʦʤ ʧʦ ʨʘʟʚʠʪʠʶ ʵʪʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʝʪʘʣʣʘʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ, ʪʦ ʝʩʪʴ ʨʝʘʢʮʠʠ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ 

ʘʪʦʤʳ ʤʝʪʘʣʣʦʚ ʩʪʘʥʦʚʷʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʦʦʙʱʘʝʪʩʷ ʦ ʧʝʨʚʦʤ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʠʟʦʩʝʣʝʥʦʮʠʘʥʘʪʦʚ ʢ ʥʘʪʨʠʡ-ʤʝʪʘʣʣʘʮʠʢʣʫ, ʦʙ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʩʪʨʦʝʥʠʠ ʧʨʦʜʫʢʪʦʚ, ʦ 

ʚʦʟʤʦʞʥʦʤ ʤʝʭʘʥʠʟʤʝ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ (ʧʦ ʜʘʥʥʳʤ DFT) ʠ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ. 

 
ʈʠʩʫʥʦʢ 1. [4+2] ʥʘʪʨʠʡ-ʮʠʢʣʦʧʨʠʩʦʝʜʠʝʥʠʝ ʠʟʦʩʝʣʝʥʦʮʠʘʥʘʪʘ 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 21-73-20153. 
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ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʙʦʨ-ʥʝʡʪʨʦʥʦʟʘʭʚʘʪʥʦʡ ʪʝʨʘʧʠʠ (ɹʅɿʊ) 

ʨʘʢʘ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʥʘʢʦʧʣʝʥʠʷ ʙʦʨʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ [1]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʩʧʝʰʥʦʩʪʴ ɹʅɿʊ ʢʨʠʪʠʯʝʩʢʠ 

ʟʘʚʠʩʠʪ ʦʪ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ 10B-ʩʦʜʝʨʞʘʱʝʛʦ ʧʨʝʧʘʨʘʪʘ ʠ ʫʩʠʣʠʚʘʝʪʩʷ, 

ʢʦʛʜʘ ʦʥ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʷʜʨʝ ʢʣʝʪʢʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʙʦʣʴʰʫʶ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ. ʕʪʦ ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ɼʅʂ-ʩʚʷʟʳʚʘʶʱʠʤ ʘʛʝʥʪʘʤ 

ɹʅɿʊ [2], ʚ ʯʘʩʪʥʦʩʪʠ ʢ ʙʦʨʩʦʜʝʨʞʘʱʠʤ ɼʅʂ-ʠʥʪʝʨʢʘʣʷʪʦʨʘʤ. ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʵʪʦʛʦ ʢʣʘʩʩʘ ʧʨʦʠʟʚʦʜʥʳʝ 9-ʘʤʠʥʦʘʢʨʠʜʠʥʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʛʨʫʧʧʫ ʛʠʜʨʦʬʦʙʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ 

ʧʣʦʩʢʠʤ ʩʪʨʦʝʥʠʝʤ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʦʥʠ ʩʧʦʩʦʙʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʙʠʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʤʠʰʝʥʷʤʠ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʚ ʦʩʥʦʚʥʦʤ ʠ ʦʧʨʝʜʝʣʷʶʪ ʩʝʣʝʢʪʠʚʥʦʝ 

ʥʘʢʦʧʣʝʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ 9-ʘʤʠʥʦʘʨʠʜʠʥʘ ʚ ʷʜʨʘʭ ʢʣʝʪʦʢ ʠ ʜʨʫʛʠʭ ʢʣʝʪʦʯʥʳʭ 

ʦʨʛʘʥʦʠʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʙʦʨʩʦʜʝʨʞʘʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʘʢʨʠʜʠʥʘ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ɹʅɿʊ-ʘʛʝʥʪʦʚ. ʊʘʢ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CuI-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ [3+2]-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʘʟʠʜʦ-ʘʢʨʠʜʠʥʘ ʩ ʘʣʢʠʥʠʣʴʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʙʠʩ(ʜʠʢʘʨʙʦʣʣʠʜʘ) ʢʦʙʘʣʴʪʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʥʦʚʳʭ ʙʦʨʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʘʢʨʠʜʠʥʘ, ʚ ʢʦʪʦʨʳʭ ʙʦʨʥʳʭ 

ʢʣʘʩʪʝʨ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʧʦ ʧʦʣʦʞʝʥʠʶ 9 ʘʢʨʠʜʠʥʘ (ʉʭʝʤʘ 1). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʦʚʦʜʷʪʩʷ ʧʝʨʚʠʯʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʮʝʣʴʶ 

ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʜʣʷ ɹʅɿʊ. 

 
ʉʭʝʤʘ 1. ʉʠʥʪʝʟ ʙʦʨʩʦʜʝʨʞʘʱʠʭ ʘʢʨʠʜʠʥʦʚ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ ˉ 22-73-00160). 

ʉʩʳʣʢʠ 

[1] R.F. Barth, P. Mi, W. Yang, ʉancer Commun., 2018, 38:35. 

[2] E.L. Crossley, E.J. Ziolkowski, J.A. Coderre, L.M. Rendina, Mini-Rev. Med. Chem., 2007, 7, 303.  
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ʉʀʅʊɽɿ ʀ ʀɿʋʏɽʅʀɽ ʉɺʆʁʉʊɺ ɺʆɼʆʈɸʉʊɺʆʈʀʄʓʍ 

ʆʂʊɸʕɼʈʀʏɽʉʂʀʍ ʂʃɸʉʊɽʈʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ɺʆʃʔʌʈɸʄɸ 

ʉ ɺʅɽʐʅʀʄʀ ɻɸʃʆɻɽʅʀɼʅʓʄʀ ʃʀɻɸʅɼɸʄʀ 

ɽʚʪʫʰʦʢ ɼ.ɺ.1, ʀʚʘʥʦʚ ɸ.ɸ.1, ʐʝʩʪʦʧʘʣʦʚ ʄ.ɸ.1 

1 ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ,  

ʅʦʚʦʩʠʙʠʨʩʢ, 630090, ʧʨʦʩʧʝʢʪ ʘʢʘʜʝʤʠʢʘ ʃʘʚʨʝʥʪʴʝʚʘ, 3 

E-mail: evtushok@niic.nsc.ru  

 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [{M6X8} L6]
mï (M = Re, Mo, W; X = Cl, Br, 

I, S, Se, Te; L ï ʦʨʛʘʥʠʯʝʩʢʠʡ ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʣʠʛʘʥʜ) ʤʦʛʫʪ ʥʘʡʪʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ ʢʘʢ ʙʠʦʣʦʛʠʷ ʠ ʤʝʜʠʮʠʥʘ, ʥʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ 

ʘʛʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ [1]. 

ʐʝʩʪʴ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩʚʷʟʷʤʠ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʚ ʦʢʪʘʵʜʨ, ʢʦʪʦʨʳʡ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ ʚʥʫʪʨʝʥʥʠʤʠ X ʠ ʚʥʝʰʥʠʤʠ L ʣʠʛʘʥʜʘʤʠ. ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦ ʧʦʛʣʦʱʘʶʪ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʤʫ ʩʢʦʧʣʝʥʠʶ 

ʪʷʞʝʣʳʭ ʘʪʦʤʦʚ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʶʪ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʘʭ ʛʝʥʝʨʘʮʠʠ 

ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʦʛʦ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʩʣʦʞʥʷʝʪʩʷ ʠʭ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠʣʠ 

ʥʝ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ, ʧʦʵʪʦʤʫ ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʧʦʠʩʢʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʠʭ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. 

ɺʦʣʴʬʨʘʤʦʚʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʟʫʯʝʥʳ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʘʥʘʣʦʛʘʤʠ ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʝ ʤʝʪʦʜʳ 

ʧʦʣʫʯʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʶʪʩʷ: ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʙʨʦʤʠʜʥʦʛʦ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʦʣʴʬʨʘʤʘ [{W6Br8} Br6]
2- ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ, 

ʧʦʣʫʯʝʥʠʝ ʠ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʙʨʦʤʠʜʥʳʭ ʠ ʠʦʜʠʜʥʳʭ ʚʦʣʴʬʨʘʤʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʱʝʥʥʳʤʠ ʚʥʝʰʥʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʩʠʥʪʝʟ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[W6X8Y6]
2- (X = Br, I; Y = Cl, Br), ʠʭ ʩʪʘʙʠʣʠʟʘʮʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʧʦʤʦʱʴʶ ʛʘʤʤʘ-

ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʭʘʦʪʨʦʧʥʦʛʦ ʵʬʬʝʢʪʘ ʜʣʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ, ʤʦʣʠʙʜʝʥʘ ʠ ʨʝʥʠʷ. 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ [{W6Br8} Cl6]2ï@(ɔ-CD)2. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ɻʨʘʥʪ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [ʛʨʘʥʪ ˉ ʄɼ-123.2022.1.3] 

ʉʩʳʣʢʠ 

[1] T. N. Pozmogova, N.A. Sitnikova, et.al., Mater. Chem. Front., 2021, 5, 7499.  
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ʂʃɸʉʊɽʈʅʓɽ ɸʅʀʆʅʓ ɹʆʈɸ ɺ ʉʀʅʊɽɿɽ ʅʆɺʓʍ 

ʊɽʈɸʅʆʉʊʀʏɽʉʂʀʍ ʇʈɽʇɸʈɸʊʆɺ ʆʅʂʆʃʆɻʀʏɽʉʂʀʍ 

ɿɸɹʆʃɽɺɸʅʀʁ 

ɾʜʘʥʦʚ ɸ.ʇ., ɾʠʞʠʥ ʂ.ʖ. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: zhdanov@igic.ras.ru  

 

ʅʝʠʥʚʘʟʠʚʥʘʷ in vivo ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʡʪʨʦʥ-ʟʘʭʚʘʪʥʦʡ ʪʝʨʘʧʠʷ (ʅɿʊ) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʣʠʤʠʪʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʣʝʯʝʥʠʷ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʢ ʤʝʪʦʜʘ ʚʳʙʦʨʘ ʧʝʨʚʦʡ ʣʠʥʠʠ ʣʝʯʝʥʠʷ. 

ɺʝʣʠʯʠʥʘ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ ʚ ʅɿʊ ʥʘ 50-80% ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʘʢʮʠʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʝʡʪʨʦʥʦʚ ʩ ʙʦʨ-ʩʦʜʝʨʞʘʱʠʤ ʧʨʝʧʘʨʘʪʦʤ, ʘ ʧʦʪʦʤʫ ʟʥʘʥʠʝ ʠʩʪʠʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʨʘ 

ʚ ʥʦʨʤʘʣʴʥʳʭ ʠ ʦʧʫʭʦʣʝʚʳʭ ʪʢʘʥʷʭ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʜʦʩʪʦʚʝʨʥʦʡ ʦʮʝʥʢʠ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ ʧʨʠ ʅɿʊ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ 

ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʘ ʅɿʊ ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜʳ ʄʈʊ ʠ ʂʊ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʙʦʨʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʚ ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ 

ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʝʙʝ ʥʝʩʢʦʣʴʢʦ ʬʫʥʢʮʠʡ ï ʚʝʢʪʦʨʥʫʶ, ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ 

ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ï ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʝʡʰʝʡ ʟʘʜʘʯʝʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʡ ʬʝʥʠʣʠʦʜʦʥʠʝʚʳʭ [BnHn-1IPh]1- ʠ ʥʠʪʨʠʣʠʝʚʳʭ [BnHn-1NCR]1- 

ʧʨʦʠʟʚʦʜʥʳʭ ʢʣʦʟʦ-ʜʝʢʘ ʠ ʜʦʜʝʢʘʙʦʨʘʪʥʳʭ ʘʥʠʦʥʦʚ (n = 10, 12; R = alk, aryl) ʠ ʨʷʜʘ 

ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ, ʥʘ ʦʩʥʦʚʝ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʦʚ ʠ ʠʭ 

ʤʝʪʘʣʣʦʢʦʤʣʝʢʩʦʚ) ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʟʘʤʝʱʝʥʥʳʝ ʢʣʦʟʦ-ʙʦʨʘʪʳ, ʜʘʣʴʥʝʡʰʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ʪʝʨʘʥʦʩʪʠʯʝʩʢʠʭ 

ʙʦʨʩʦʜʝʨʞʘʱʠʭ ʘʛʝʥʪʦʚ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ ʧʨʦʝʢʪ ˉ 21-73-10292  

mailto:zhdanov@igic.ras.ru
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ʂʆʆʈɼʀʅɸʎʀʆʅʅʓɽ ʉʆɽɼʀʅɽʅʀʗ ʃɸʅʊɸʅʀɼʆɺ ʉ 

ɸʎʀʃɻʀɼʈɸɿʆʅɸʄʀ ʅɸ ʆʉʅʆɺɽ ʀɿʆʅʀɸɿʀɼɸ 

ɿʦʨʠʥʘ-ʊʠʭʦʥʦʚʘ ɽ.ʅ., ʄʘʪʶʭʠʥʘ ɸ.ʂ., ʊʶʢʘʯʝʚʘ ɽ.ɸ., ɽʬʠʤʦʚ ʅ.ʅ., ʂʠʩʢʠʥ ʄ.ɸ., 

ɽʨʝʤʝʥʢʦ ʀ.ʃ. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: kamphor@mail.ru  

  

ɸʮʠʣʛʠʜʨʘʟʦʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʘʣʴʜʝʛʠʜʦʚ ʩ ʜʦʥʦʨʥʳʤ ʘʪʦʤʦʤ ʚ ʦʨʪʦ-

ʧʦʣʦʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʢʘʢ ʪʨʠʜʝʥʪʘʪʥʳʝ 

ʣʠʛʘʥʜʳ: N,N,O ʠʣʠ O,N,O-ʜʦʥʦʨʥʳʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʦʝʥʠʷ çʘʣʴʜʝʛʠʜʥʦʡè ʯʘʩʪʠ. 

ʇʦʜʦʙʥʳʝ ʣʠʛʘʥʜʳ ʩʧʦʩʦʙʥʳ ʧʨʦʷʚʣʷʪʴ ʢʝʪʦ-ʝʥʦʣʴʥʫʶ ʪʘʫʪʦʤʝʨʠʶ, ʢʦʦʨʜʠʥʠʨʫʷʩʴ ʢ 

ʘʪʦʤʘʤ ʤʝʪʘʣʣʘ ʣʠʙʦ ʚ ʝʥʦʣʴʥʦʡ, ʣʠʙʦ ʚ ʢʝʪʦ-ʬʦʨʤʝ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ (GdIII -

YbIII) ʩ ʘʮʠʣʛʠʜʨʘʟʦʥʘʤʠ ʥʘ ʦʩʥʦʚʝ ʠʟʦʥʠʘʟʠʜʘ ʠ ʝʛʦ ʘʥʘʣʦʛʦʚ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ. ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ, 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 2-300 K ʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ AC-ʨʝʞʠʤʝ. ʂʦʤʧʣʝʢʩʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʠʦʥʳ ʜʠʩʧʨʦʟʠʷ (III), ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ Ueff ʩʨʝʜʠ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʨʘʙʦʪʳ 

ʩʦʝʜʠʥʝʥʠʡ. 

ʇʦ ʜʘʥʥʳʤ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʨʝʜʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʢʦʤʧʣʝʢʩ [Dy(L)2(MeOH)(NO3)]ĿMeOH (ʨʠʩ. 1) ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʙʘʨʴʝʨʘ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ȹEeff/kB = 271 K ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʚʥʝʰʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (1500 ʕ). 

 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ [Dy(L)2(MeOH)(NO3)]ĿMeOH 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 22-73-10199.  
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ʆʂʊɸʕɼʈʀʏɽʉʂʀɽ ʂʃɸʉʊɽʈʅʓɽ ʂʆʄʇʃɽʂʉʓ ʈɽʅʀʗ ʉ 

ʆʈɻɸʅʀʏɽʉʂʀʄʀ ʃʀɻɸʅɼɸʄʀ: ʉʀʅʊɽɿ, ʉɺʆʁʉʊɺɸ ʀ 

ʇʆʊɽʅʎʀɸʃʔʅʆɽ ʇʈʀʄɽʅɽʅʀɽ 

ʀʚʘʥʦʚ ɸ.ɸ.1, ʅʦʚʠʢʦʚʘ ɽ.ɼ.1 

1 ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ,  

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʘʢʘʜ. ʃʘʚʨʝʥʪʴʝʚʘ 3 

E-mail: ivanov338@niic.nsc.ru  

 

ʍʠʤʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʢʣʘʩʪʝʨʥʳʭ, ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʚʦʡʩʪʚ 

(ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʴ, ʦʙʨʘʪʠʤʳʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

ʧʝʨʝʭʦʜʳ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʜʨ.), ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʪʨʫʢʪʫʨ ʠ ʩʧʦʩʦʙʦʚ ʠʭ 

ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʢʣʘʩʪʝʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ. ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ ʨʝʥʠʷ [Re6Q8L6] (Q = S, Se, Te; L = 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʣʠʛʘʥʜ) ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʟʘʩʣʫʞʠʚʘʶʱʠʭ 

ʦʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷʤʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʩʣʝʜʥʠʭ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʧʦ 

ʩʠʥʪʝʟʫ ʠ ʜʝʪʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ P- ʠ N-

ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (ʧʨʦʠʟʚʦʜʥʳʝ ʬʦʩʬʠʥʘ ʠ ʧʠʨʠʜʠʥʘ, ʘʟʦʣʳ ʠ ʜʨ.). ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʠʣʠ ʛʠʜʨʦʢʩʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Re6Q8X6]
3ï

/4ï (Q = S, Se; X = Cl, Br, OH) ʩ ʨʘʩʧʣʘʚʘʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʟʘʧʘʷʥʥʳʭ 

ʘʤʧʫʣʘʭ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʠʣʠ ʘʥʠʦʥʥʳʭ/ʢʘʪʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʣʠʛʘʥʜʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪ ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʩʘʤʦʠʦʥʠʟʘʮʠʠ. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʥʝʝ ʥʝ ʦʧʠʩʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʢʣʘʩʪʝʨʳ ʨʝʥʠʷ [Re6Te8L6]
n ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʠʛʘʥʜʘ ʠ 

ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʫʯʝʥʥʳʝ ʢʣʘʩʪʝʨʳ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ (ʈʠʩ. 1), ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʜʨ. 

ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ Ph2PCH2CH2COOH (ʩʣʝʚʘ) ʠ 1,2,3-ʪʨʠʘʟʦʣʦʤ 

(ʩʧʨʘʚʘ) ʠ ʠʭ ʢʣʝʪʦʯʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ ˉ22-23-20110).  
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ɸʅʀʆʅ-ʈɸɼʀʂɸʃʔʅʓɽ ɻʆʄʆʊʈɽʍʒʗɼɽʈʅʓɽ ʂʆʄʇʃɽʂʉʓ 

(M 3O, M=Ni, Cu) ɻɽʄʀɻɽʂʉɸʌʀʈɸɿʀʅɸ. ʉʀʅʊɽɿ, ʉʊʈʆɽʅʀɽ, 

ʉʇɽʂʊʈɸʃʔʅʓɽ ʀ ʄɸɻʅʀʊʅʓɽ ʉɺʆʁʉʊɺɸ 

ʀʩʣʷʡʢʠʥ ʄ.ʂ.1,2, ʀʚʘʥʦʚ ɽ.ʅ. 1,2, ʂʦʡʬʤʘʥ ʆ.ʀ. 1,2, ʂʦʥʘʨʝʚ ɼ.ɺ.3  

1ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʚʘʥʦʚʦ, 153000, ʛ. 

ʀʚʘʥʦʚʦ, ʧʨ. ʐʝʨʝʤʝʪʝʚʩʢʠʡ, ʜ.7 
2 ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʨʘʩʪʚʦʨʦʚ ʠʤ. ɻ.ɸ. ʂʨʝʩʪʦʚʘ ʈɸʅ, ʀʚʘʥʦʚʦ, 153045,  

ʛ. ʀʚʘʥʦʚʦ ʫʣ. ɸʢʘʜʝʤʠʯʝʩʢʘʷ, ʜ. 1 
3 ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ, 142432, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʧʨ. ʘʢʘʜʝʤʠʢʘ ʉʝʤʝʥʦʚʘ, 1 

E-mail: islyaikin@isuct.ru   

 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʛʦʤʦʪʨʝʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʛʝʤʠʛʝʢʩʘʬʠʨʘʟʠʥʘ (H3Hhp) 

{M II
3O(Hhp)}+(AcOī), M=Ni II, CuII [1] ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʩʦʣʠ {cryptand(Cs+)} 2{Ni II

2Ni I 

O(Hhp5ī)}2īĿ2C7H8 (1) and {cryptand(Cs+)} 2{CuII
3O(HhpÅ6ī)}2īĿC7H8 (2) ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʚ 

[2]. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʜʘʥʥʳʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʈʉɸ. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʘʛʥʠʪʦʤʝʪʨʘ SQUID. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ 1 ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʳ ʣʠʛʘʥʜʘ (Hhp5-) ʠ 

ʧʨʝʚʨʘʱʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʠʦʥʦʚ ʥʠʢʝʣʷ Ni II ʚ ʧʘʨʘʤʘʛʥʠʪʥʳʡ 

Ni I  ʠʦʥ (S=1/2). ʇʨʠʯʝʤ ʩʧʠʥʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʦʢʘʟʳʚʘʝʪʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʤʝʞʜʫ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʥʠʢʝʣʷ. ʄʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ 1, ʠʟʤʝʨʝʥʥʳʡ ʚ ʠʥʪʝʨʚʘʣʝ 20ī220K, ʨʘʚʝʥ 1.68 ɛB. 

ʉʦʣʴ 1 ʦʙʥʘʨʫʞʠʚʘʝʪ ʪʘʢʞʝ ʥʝʦʙʳʯʥʦʝ ʩʠʣʴʥʦ ʚʳʨʘʞʝʥʥʦʝ 

ʧʦʛʣʦʱʝʥʠʝ ʚ ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʠ (1000-2000 ʥʤ). ɺ 

ʩʣʫʯʘʝ 2 ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ 

ʮʝʥʪʨʦʚ (CuII
3O ʠ HhpÅ6ī) ʩ ʩʠʣʴʥʳʤ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʥʠʤʠ. ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ 2 ʨʘʚʝʥ 2.62 ɛB (300K). ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ [3] ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʚʦʜʷʪ ʢ ʚʳʨʘʚʥʠʚʘʥʠʶ ʜʣʠʥ ʩʚʷʟʝʡ C-

Nexocyclic, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʩʠʣʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʜʝʣʦʢʘʣʠʟʘʮʠʠ ʤʘʢʨʦʮʠʢʣʘ. 

ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʢʚʘʥʪʦʚʦʡ 

ʭʠʤʠʠ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ [ˉ 075-15-2021-579]. 

ʉʩʳʣʢʠ 

[1] Evgeny N. Ivanov, Olga N. Trukhina, Oskar I. Koifman, Mikhail K. Islyaikin. Macroheterocycles.  

2016. V 9. N 3. P. 225 ï 229.   

[2] Dmitry I. Nazarov, Mikhail K. Islyaikin, Evgenii N. Ivanov, Oskar I. Koifman, Mikhail S. Batov, 

Leokadiya V. Zorina, Salavat S. Khasanov, Alexander F. Shestakov, Evgeniya I. Yudanova, Yuriy A. 

Zhabanov, Dmitriy A. Vyalkin, Akihiro Otsuka, Hideki Yamochi, Hiroshi Kitagawa, Tomas Torres, 

Dmitri V. Konarev. Inorg. Chem. 2021, 60, 13, 9857ï9868. 

[3] Bacilla Ana C. C., Okada Yusuke, Yoshimoto Soichiro, Islyaikin Mikhail K., Koifman Oskar I. 

Kobayashi Nagao. BCSJ. 2021, Vol.94, No.1, 34 ï 43. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʕʃɽʂʊʈʆʅʅʆɻʆ ʉʊʈʆɽʅʀʗ 

ʃʖʄʀʅɽʉʎɽʅʊʅʓʍ ʂɸʊʀʆʅʅʓʍ ʏɽʊʓʈɽʍʗɼɽʈʅʓʍ 

ʂʆʄʇʃɽʂʉʆɺ ʄɽɼʀ(I) ʉ ʌʆʉʌʆʈʉʆɼɽʈɾɸʑʀʄʀ 

ʃʀɻɸʅɼɸʄʀ 

ʂʝʪʢʦʚ ʉ.ʖ., ʈʳʯʘʛʦʚʘ ɽ.ɸ. 

ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ  

E-mail: sketkov@iomc.ras.ru  

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʜʠʦʜʦʚ (OLED) ʧʨʠʚʝʣʠ ʢ 

ʨʝʚʦʣʶʮʠʠ ʚ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʠʩʧʣʝʝʚ. ʄʥʦʛʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ OLED 

ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʥʘ ʦʩʥʦʚʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (Ir, Pt, 

Ru). ʕʤʠʩʩʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʙʘʟʝ ʩʦʝʜʠʥʝʥʠʡ ʙʦʣʝʝ ʜʦʩʪʫʧʥʦʡ ʠ ʜʝʰʝʚʦʡ ʤʝʜʠ ʩ 

ʙʣʠʟʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʳʣʠ ʙʳ ʢʨʘʡʥʝ ʚʦʩʪʨʝʙʦʚʘʥʳ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʡ. ʅʝʜʘʚʥʦ ʙʳʣ ʧʦʣʫʯʝʥ ʥʦʚʳʡ ʢʘʪʠʦʥʥʳʡ ʤʝʜʴ-ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ 

[Cu4(PCP)3]
+ (PCP = 2,6-(PPh2)2C6H3), ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʝʣʝʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʩ ʚʳʩʦʢʠʤ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ (ʜʦ 93%) [1]. ʈʘʩʯʝʪʳ DFT ʠ ʘʥʘʣʠʟ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʥʢʮʠʡ (ELF, LOL, RDG), 

ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʵʪʦʛʦ ʢʘʪʠʦʥʘ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ʤʦʣʝʢʫʣ ʠ ʧʨʝʜʩʢʘʟʘʪʴ 

ʩʣʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʠʩʧʫʩʢʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʡ ʚʢʣʘʜʳ ʢʘʢ ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ 

ʟʘʤʝʜʣʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (TADF), ʪʘʢ ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ. 

         
ʈʠʩʫʥʦʢ. ɻʨʘʥʠʯʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʬʫʥʢʮʠʠ RDG (0.4) (ʩʣʝʚʘ) ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʫʨʦʚʥʠ ʵʥʝʨʛʠʠ 

ʜʣʷ ʨʘʚʥʦʚʝʩʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʩʦʩʪʦʷʥʠʷʭ S0, S1 ʠ T1 (ʩʧʨʘʚʘ) ʢʘʪʠʦʥʘ [Cu4(PCP)3]
+ 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ (ˉ18-13-00356). 

ʉʩʳʣʢʠ 

[1] Olaru M., Rychagova E., Ketkov S.,  Shynkarenko Y., Yakunin S., Kovalenko M.V., Yablonskiy 

A., Andreev B., Kleemiss F., Beckmann J., Vogt M., J. Am. Chem. Soc. 2020, 142, 373.  
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ʂʆʄʇʃɽʂʉʓ ʇɸʃʃɸɼʀʗ(II ) ʀ ʇʃɸʊʀʅʓ(II ) ʉ  

ʄɽʊɸʃʃʆ-N-ɻɽʊɽʈʆʎʀʂʃʀʏɽʉʂʀʄʀ ʂɸʈɹɽʅʆɺʓʄʀ 

ʃʀɻɸʅɼɸʄʀ: ʉʀʅʊɽɿ, ʍʀʄʀʏɽʉʂʀɽ ʇʈɽɺʈɸʑɽʅʀʗ ʀ 

ʇʈʀʄɽʅɽʅʀɽ 

ʂʠʥʞʘʣʦʚ ʄ. ɸ.1,2 

1 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ,  

ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʙ., ʜ. 7ï9. 
2 ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʰʢʦʣʘ ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ,  

ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, ʜ. 43-A. 

E-mail: m.kinzhalov@spbu.ru  

 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ 

ʜʠʘʤʠʥʦʢʘʨʙʝʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʟʘʥʷʣʠ ʢʣʶʯʝʚʦʝ ʤʝʩʪʦ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʠ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʤ ʢʘʪʘʣʠʟʝ [1]. ʆʜʥʠʤ ʠʟ ʪʠʧʦʚ ʚʳʩʦʢʦʜʦʥʦʨʥʳʭ 

ʜʠʘʤʠʥʦʢʘʨʙʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʷʚʣʷʶʪʩʷ ʤʝʪʘʣʣʦ-N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʢʘʨʙʝʥ r

(MNHC), ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʤʠʜʘʟʦʣ-2-ʠʣʠʜʝʥ, ʚ ʢʦʪʦʨʦʤ ʚʤʝʩʪʦ 

ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʚ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʥʘʭʦʜʠʪʩʷ ʘʪʦʤ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ 

ʧʦ ʭʠʤʠʠ ʜʠʘʤʠʥʦʢʘʨʙʝʥʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʧʘʣʣʘʜʠʷ(II) ʠ ʧʣʘʪʠʥʳ(II) ʩ 

MNHC ʣʠʛʘʥʜʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩʦʯʝʪʘʥʠʝʤ ʘʮʠʢʣʠʯʝʩʢʠʭ ʜʠʘʤʠʥʦʢʘʨʙʝʥʦʚʳʭ 

ʠ ʠʟʦʮʠʘʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʷʭ (ʉʭʝʤʘ 1, ʧʫʪʴ ɸ) [2, 3]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʪʦʥʢʘʷ ʥʘʩʪʨʦʡʢʘ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʘ (i) 

ʤʦʜʠʬʠʢʘʮʠʝʡ ʩʪʨʫʢʪʫʨʳ ʘʟʘʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ, (ii) ʟʘʤʝʥʦʡ ʘʨʠʣʴʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ, (iii) ʟʘʤʝʥʦʡ ʘʥʠʦʥʥʳʭ ʣʠʛʘʥʜʦʚ, (iv) ʠʟʦʤʝʨʠʟʘʮʠʝʡ MNHC ʬʨʘʛʤʝʥʪʘ 

(ʉʭʝʤʘ 1, ʧʫʪʴ ɺ). ɹʠʷʜʝʨʥʳʝ ʜʠʘʤʠʥʦʢʘʨʙʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʧʣʘʪʠʥʳ(II) ʧʨʦʷʚʣʷʶʪ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʘʮʠʠ 

ʩʚʝʪʦʤ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ. ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. 

 

 
ʉʭʝʤʘ 1. ʉʠʥʪʝʟ ʠ ʠʟʦʤʝʨʠʟʘʮʠʷ ʤʝʪʘʣʣʦ-N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ 21-73-10083) ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ ʉʇʙɻʋ.  
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2. Mikherdov A. S., Kinzhalov M. A., Kukushkin V. Y. et al., J. Am. Chem. Soc. 2016, 138, 

14129. 

3. Kashina M. V., Kinzhalov M. A. et al., Dalton Trans., 2022, 51, 6718  

mailto:m.kinzhalov@spbu.ru


IX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʠ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʣʘʩʪʝʨʦʚ çʂʣʘʩʪʝʨ-2022è 

4-7 ʆʢʪʷʙʨʷ, 2022, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

 

59 

 

ʇʈʆʊʆʅʀʈʆɺɸʅʅʓɽ ʂʆʄʇʃɽʂʉʓ ʂʃʆɿʆ-ɼɽʂɸɹʆʈɸʊʅʆɻʆ 

ɸʅʀʆʅɸ ʀ ʇʈʆʀɿɺʆɼʅʓʍ ʅɸ ʀʍ ʆʉʅʆɺɽ: ʉʀʅʊɽɿ, 

ʉʊʈʆɽʅʀɽ ʀ ʂɺɸʅʊʆɺʆ-ʍʀʄʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

ʂʣʶʢʠʥ ʀ.ʅ.1, ʂʦʣʙʫʥʦʚʘ ɸ.ɺ.1,2, ʅʦʚʠʢʦʚ ɸ.ʉ.3 

1 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ 

ʇʨʦʩʧʝʢʪ, 119991, ʈʦʩʩʠʷ  
2ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ "ɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠ", 

ʌʘʢʫʣʴʪʝʪ ʭʠʤʠʠ, ʄʦʩʢʚʘ, ʄʷʩʥʠʮʢʘʷ ʫʣ., 20, 101000, ʈʦʩʩʠʷ 
3ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʙ., 7/9, 199034, ʈʦʩʩʠʷ 

E-mail: klukinil@igic.ras.ru  

 

ʇʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʢʣʦʟʦ-ʜʝʢʘʙʦʨʘʪʥʦʛʦ ʘʥʠʦʥʘ ʠ ʧʨʦʠʟʚʦʜʥʳ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʦʡ ʩʪʘʨʪʦʚʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʦʨʠʣʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘʤʠ ʙʳʣ ʠʟʫʯʝʥ 

ʧʨʦʮʝʩʩ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʘʣʢʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʦʛʦ [2-B10H9OC2H5]
2- ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ CF3SO3H. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʙʦʨʥʦʤʫ ʦʩʪʦʚʫ, ʘ ʥʝ ʧʦ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ ʵʢʟʦ-

ʧʦʣʠʵʜʨʠʯʝʩʢʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʦʪʦʥ ʣʦʢʘʣʠʟʦʚʘʥ ʥʘ ʦʜʥʦʡ 

ʠʟ ʛʨʘʥʝʡ ʙʦʨʥʦʛʦ ʧʦʣʠʵʜʨʘ, ʘ ʥʝ ʤʠʛʨʠʨʫʝʪ ʧʦ ʦʜʥʦʤʫ ʠʟ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʧʦʷʩʦʚ ʢʘʢ ʚ 

ʩʣʫʯʘʝ ʘʥʠʦʥʘ [B10H11]
ï. 

 
ʈʠʩʫʥʦʢ 1. ʇʨʦʪʦʥʠʨʦʚʘʥʠʝ ʘʣʢʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʦʛʦ [B10H9OC2H5]2ï. 

ʅʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʘʥʘʣʦʛʠ ʧʨʦʠʟʚʦʜʥʳʭ ʢʣʦʟʦ-ʜʝʢʘʙʦʨʘʪʥʦʛʦ 

ʘʥʠʦʥʘ ʩ ʵʢʟʦ-ʧʦʣʠʵʜʨʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ ʙʦʨ-ʢʠʩʣʦʨʦʜ. ʇʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʪʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʦʩʥʦʚʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʨʙʦʢʩʦʥʠʝʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʢʣʦʟʦ-

ʜʝʢʘʙʦʨʘʪʥʦʛʦ ʘʥʠʦʥʘ [B10H8O2CCH3]
ï ʩ ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʠʝʚʦʡ ʢʠʩʣʦʪʦʡ CF3SO3H 

ʚ ʩʨʝʜʝ ʜʠʭʣʦʨʤʝʪʘʥʘ CH2Cl2. ʂʦʥʪʨʦʣʴ ʟʘ ʭʦʜʦʤ ʧʨʦʮʝʩʩʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ 11B, 1H, 13C ʗʄʈ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʮʝʣʝʚʳʭ ʚʝʱʝʩʪʚ ʙʳʣʦ 

ʚʳʧʦʣʥʝʥʦ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ.  

 
ʈʠʩʫʥʦʢ 2. ʇʨʦʪʦʥʠʨʦʚʘʥʠʝ ʢʘʨʙʦʢʩʦʥʠʝʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ [B10H8O2CCH3]ï. 
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ʂʈʀʉʊɸʃʃʀʏɽʉʂɸʗ ʉʊʈʋʂʊʋʈɸ ʀ ʉɺʆʁʉʊɺɸ 

ʂʆʆʈɼʀʅɸʎʀʆʅʅʓʍ ʉʆɽɼʀʅɽʅʀʁ ʃɸʅʊɸʅʆʀɼʆɺ ʉ 

ɻʃʀʎʀʅʆʄ ʀ ɸʃɸʅʀʅʆʄ 

ʂʥʷʟʝʚ ɸ.ɺ.1, ɼʠʘʘʣʜʘʠʥ ʍ.1, ʐʠʧʠʣʦʚʘ ɸ.ʉ.1, ʂʥʷʟʝʚʘ ʉ.ʉ.1, ɸʣʴ-ʂʘʨʘʚʠ ɸ.ʄ.1 

1 ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʧʨ. ɻʘʛʘʨʠʥʘ, 23 

E-mail: knyazevav@gmail.com  

 

ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʠ ʣʘʥʪʘʥʦʠʜʘʤʠ 

ʠʤʝʝʪ ʚʘʞʥʦʝ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʟʦʥʜʦʚ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʫʢʣʝʘʟ ʠ ʢʦʥʪʨʘʩʪʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʦʠʜʦʚ 

ʩ ʛʣʠʮʠʥʦʤ ʠ ʘʣʘʥʠʥʦʤ. ʇʨʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ [1] 

ʫʩʪʘʥʦʚʣʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʧʠʩʘʥʳ ʩʭʝʤʳ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ʄʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʡ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʚʧʝʨʚʳʝ ʠʟʫʯʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ [La(Gly)3Ŀ2H2O](ClO4)3 ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 6 ʜʦ 346 K. ʆʙʥʘʨʫʞʝʥʳ ʪʨʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 232,4, 262,3, 278,5K ʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʫʯʝʥʘ 

ʧʨʠʨʦʜʘ ʧʦʣʠʤʦʨʬʠʟʤʘ ʚ ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ. 

 
ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ [La(Gly)3Ŀ2H2O](ClO4)3 (i) ʜʚʦʡʥʦʡ ʙʠʜʝʥʪʘʪʥʳʡ ʤʦʩʪ, (ɛ2-ɖ2ɖ1)2, (ii ) 

ʯʝʪʚʝʨʥʦʡ ʭʝʣʘʪʥʳʡ ʤʦʩʪ, (ɛ2-ɖ2ɖ1)2 + (ɛ2-ɖ1ɖ1)2 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ (ʩʦʛʣʘʰʝʥʠʝ ˉ 075-15-2020-808). 

ʉʩʳʣʢʠ 

[1] Knyazev A.V., Alahmad A.K., Somov N.V., Knyazeva S.S., Markin A.V. Journal of Chemical 

Crystallography. 2021. V. 51. P.491ï496.  
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ʉʆʃʔɺɸʊɸʎʀʗ ʀ ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ɺʆɼʆʈɸʉʊɺʆʈʀʄʓʍ ʌʊɸʃʆʎʀɸʅʀʅɸʊʆɺ ʂʆɹɸʃʔʊɸ(II ), 

ʅʀʂɽʃʗ(II ) ʀ ʄɽɼʀ(II ) 

ʂʦʚʘʥʦʚʘ ʄ.ɸ., ɺʘʰʫʨʠʥ ɸ.ʉ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʚʘʥʦʚʦ, 153000, 

ʐʝʨʝʤʝʪʝʚʩʢʠʡ ʧʨ., 7 
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ʌʪʘʣʦʮʠʘʥʠʥʳ (Pcs) ʠ ʠʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ (MPcs) ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢʘʢ ʤʦʜʝʣʠ ʨʘʟʣʠʯʥʳʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʢʘʢ ʦʩʥʦʚʘ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ, ʬʦʪʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʩʢʦʨʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʤʦʣʝʢʫʣ ʯʝʨʝʟ ʢʣʝʪʦʯʥʳʝ ʤʝʤʙʨʘʥʳ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣʘ/ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʞʠʜʢʦʩʪʴ. ʇʨʠ ʵʪʦʤ 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʚʳʧʦʣʥʷʝʪ ʜʚʝ ʬʫʥʢʮʠʠ ï ʩʨʝʜʳ ʠ ʨʝʘʛʝʥʪʘ, ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʨʠʨʦʜʦʡ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʩʤʝʰʘʥʥʳʭ ʚʦʜʥʦ-

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʣʴʚʘʪʥʦʤ ʠ ʘʛʨʝʛʘʮʠʦʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ 

3(4),10(11),17(18),24(25)-ʪʝʪʨʘʩʫʣʴʬʦʬʪʘʣʦʮʠʘʥʠʥʘʪʦʚ ʢʦʙʘʣʴʪʘ(II), ʥʠʢʝʣʷ(II) ʠ 

ʤʝʜʠ(II). ʆʧʨʝʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʧʝʨʝʥʦʩʘ 

ʠʟʫʯʘʝʤʳʭ MPcs ʠʟ ʚʦʜʳ ʚ ʝʝ ʩʤʝʩʠ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ (ɢ = 0 õ 1 ʤʦʣ. ʜ.). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

(ʘʮʝʪʦʥʠʪʨʠʣ, ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ, N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ) ʚ ʙʠʥʘʨʥʦʡ ʩʤʝʩʠ ʚ 

ʦʩʥʦʚʥʦʤ ʧʨʠʚʦʜʠʪ ʢ ʜʝʩʦʣʴʚʘʪʘʮʠʠ MPcs. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʫʩʣʦʚʣʝʥʦ 

ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʤ ʵʬʬʝʢʪʦʤ ʤʝʞʜʫ ʚʢʣʘʜʘʤʠ ʦʪ ʧʝʨʝʩʦʣʴʚʘʪʘʮʠʠ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʠ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʮʝʥʪʨʦʚ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʚ ʠʟʤʝʥʝʥʠʝ ȹtrG
0 ʩ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚʢʣʘʜʘ ʦʪ ʜʝʩʦʣʴʚʘʪʘʮʠʠ ʘʪʦʤʦʚ ʘʟʦʪʘ ʠ ʢʠʩʣʦʨʦʜʘ, ʘ 

ʪʘʢʞʝ ʦʩʣʘʙʣʝʥʠʝʤ ʩʦʣʴʚʘʪʘʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʛʦ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘ. 

ʇʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʱʝʣʦʯʥʦʤ ʨʘʩʪʚʦʨʝ ʥʘ ʟʦʣʦʪʳʭ ʵʣʝʢʪʨʦʜʘʭ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ MPcs. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 3(4),10(11),17(18),24(25)-

ʪʝʪʨʘʩʫʣʴʬʦʬʪʘʣʦʮʠʘʥʠʥʘʪ ʥʠʢʝʣʷ(II), ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʣʫʯʰʠʤ ʤʝʜʠʘʪʦʨʦʤ 

ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ï ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʘʤʦʤ ʚʳʩʦʢʦʤ ʪʦʢʝ ʠ ʩʘʤʦʤ ʙʦʣʴʰʦʤ ʩʜʚʠʛʝ ʚ 

ʩʪʦʨʦʥʫ ʤʝʥʝʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʦʣʴʪʘʤʧʝʨʥʳʭ 

ʢʨʠʚʳʭ. ʇʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ ʛʠʜʨʦʢʩʠʜʘ, ʘ ʪʘʢʞʝ ʦʙʲʷʩʥʝʥʠʝ ʨʘʟʣʠʯʠʡ ʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʬʪʘʣʦʮʠʘʥʠʥʘʪʘʤʠ ʤʝʪʘʣʣʦʚ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

(ʧʨʦʝʢʪ ʄʂ-4839.2022.1.3).  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɽʍɸʅʀɿʄʆɺ ʊʈɸʅʉʌʆʈʄɸʎʀʀ  

ʂʆʆʈɼʀʅɸʎʀʆʅʅʆʁ ʉʌɽʈʓ ɺ ʈɸɼʀʂɸʃʔʅʓʍ 

ʂʆʄʇʃɽʂʉɸʍ ʇɽʈɽʍʆɼʅʓʍ ʄɽʊɸʃʃʆɺ ʇʈʀ ʇʆʄʆʑʀ 

ʂʆʄʇʔʖʊɽʈʅʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʉʇɽʂʊʈʆɺ ʕʇʈ 

ʂʦʞʘʥʦʚ ʂ.ɸ., ɹʫʙʥʦʚ ʄ.ʇ., ʏʝʨʢʘʩʦʚ ɺ.ʂ., ɸʙʘʢʫʤʦʚ ɻ.ɸ.  

ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ, 

603950, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʊʨʦʧʠʥʠʥʘ, ʜ. 49  
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ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʤʫʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʚ ʩʧʝʢʪʨʘʭ ʕʇʈ ʥʘ 

ʦʩʥʦʚʝ ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʘʣʛʦʨʠʪʤʘ ʍʘʡʥʮʝʨʘ [1]. 

ʅʦʚʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʥʝ ʜʦʩʪʫʧʥʳʤʠ 

ʚ ʦʨʠʛʠʥʘʣʴʥʦʤ ʘʣʛʦʨʠʪʤʝ: 

- ʈʘʙʦʪʘ ʩ ʧʨʠʨʦʜʥʳʤʠ ʩʤʝʩʷʤʠ ʠʟʦʪʦʧʦʚ ʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʩʤʝʩʷʤʠ 

(ʩʫʧʝʨʧʦʟʠʮʠʷ ʩʧʝʢʪʨʦʚ) 

- ʋʣʫʯʰʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʝʪʘ ʧʦʣʦʞʝʥʠʷ ʣʠʥʠʡ ʚ ʩʧʝʢʪʨʝ 

- ʋʯʝʪ ʫʰʠʨʝʥʠʷ ʣʠʥʠʡ ʚ ʨʝʞʠʤʝ çʙʳʩʪʨʦʛʦ ʚʨʘʱʝʥʠʷè 

- ʆʧʪʠʤʠʟʘʮʠʷ ʯʠʩʣʘ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʫʩʪʘʥʦʚʢʘ ʦʛʨʘʥʠʯʝʥʠʡ 

- ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʣʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʧʝʢʪʨʦʚ ʕʇʈ ʩ ʫʯʝʪʦʤ 

ʵʥʪʘʣʴʧʠʠ ʠ ʵʥʪʨʦʧʠʠ ʘʢʪʠʚʘʮʠʠ DH# ʠ DS#
 

 

ʈʠʩʫʥʦʢ 1. ʇʨʠʤʝʨ ʩʠʤʫʣʠʨʦʚʘʥʠʷ ʧʦʣʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʧʝʢʪʨʦʚ ʕʇʈ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʳʣʦ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʚ ʬʦʩʬʠʥʦʚʳʭ ʦ-ʩʝʤʠʭʠʥʦʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʤʝʜʠ. ɼʠʥʘʤʠʢʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʤʝʥʝ ʘʧʠʢʘʣʴʥʦʛʦ ʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʚ ʘʧʠʢʘʣʴʥʦʤ ʠ 

ʙʘʟʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʠʨʘʤʠʜʳ ʯʝʨʝʟ ʤʘʣʦʩʪʘʙʠʣʴʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ, 

ʠʤʝʶʱʠʡ ʩʪʨʫʢʪʫʨʫ ʠʩʢʘʞʝʥʥʦʛʦ ʪʝʪʨʘʵʜʨʘ. ʉʪʨʫʢʪʫʨʘ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʚ 

ʯʘʩʪʥʦʩʪʠ, ʫʛʦʣ P-Cu-P) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʦʡ ʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

çɸʥʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʀʄʍ ʈɸʅè ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ "ʆʙʝʩʧʝʯʝʥʠʝ ʨʘʟʚʠʪʠʷ ʤʘʪʝʨʠʘʣʴʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʮʝʥʪʨʦʚ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤè 

(ʅʦʤʝʨ ʉʦʛʣʘʰʝʥʠʷ 13.ʎʂʇ.21.0017) ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ. 

ʉʩʳʣʢʠ 
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ʅʆɺʓʁ ʂʃɸʉʉ ɼɺʋʍʇɸʃʋɹʅʓʍ ɻɽʊɽʈʆʇɽʅʊɸʃɽʅʆɺ, 

ʉʋʑɽʉʊɺʋʖʑʀʍ ɿɸ ʉʏɽʊ ɹɸʃɸʅʉɸ  ʅɽʂʆɺɸʃɽʅʊʅʓʍ 

PĿĿĿP, PĿĿĿɸʅʀʆʅ, ʠ ˊ-ˊ ɺɿɸʀʄʆɼɽʁʉʊɺʀʁ 

ʂʦʨʥʝʚ ɸ.ʅ., ʇʘʥʦʚʘ ʖ.ʉ., ʉʫʱʝʚ ɺ.ɺ., ɿʦʣʦʪʘʨʝʚʘ ʅ.ɺ., ʍʨʠʩʪʦʣʶʙʦʚʘ ɸ.ɺ. 

ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 603137, 

ʈʦʩʩʠʷ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʊʨʦʧʠʥʠʥʘ, ʜ. 49. 
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ɼʚʫʭʧʘʣʫʙʥʳʝ ʜʠʘʟʘʜʠʬʦʩʬʘʧʝʥʪʘʣʝʥʳ (DDP)2X2 ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚ ʨʝʘʢʮʠʠ 

3a,6a-ʜʠʘʟʘ-1,4-ʜʠʬʦʩʬʘʧʝʥʪʘʣʝʥʦʚ (DDP) [1] ʩ ʠʭ ʜʠʭʣʦʨʠʜʘʤʠ (DDPCl2) [2] ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ TMSOTf ʠʣʠ ʛʘʣʦʛʝʥʠʜʦʚ ʵʣʝʤʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʢʦʤʧʣʝʢʩʥʳʝ ʠʦʥʳ. ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʩʚʦʡʩʪʚʘ 

ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ DDP-ʢʘʨʢʘʩʝ ʠ 

ʨʘʟʣʠʯʥʳʝ ʧʨʦʪʠʚʦʠʦʥʳ: Cl ╖, Br, ╖  I ╖, GeCl3
 ╖,  ZnCl3

 ╖, ZnCl4
2 ╖,  BCl4

 ╖, CF3SO3
 ╖. 

 

ʂʘʞʜʘʷ DDP-ʧʘʣʫʙʘ ʠʤʝʝʪ 9ˊ-ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ ʚ ʩʫʤʤʝ ʜʘʝʪ 18-ʵʣʝʢʪʨʦʥʥʫʶ 

ʩʠʩʪʝʤʫ. ʇʦʢʘʟʘʪʝʣʴ ʘʨʦʤʘʪʠʯʥʦʩʪʠ NICS ʤʘʢʩʠʤʘʣʝʥ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʧʘʣʫʙʘʤʠ 

(-20.7), ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ PĀĀĀP  2.9 ¡, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʫʤʫ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ. 

ɼʚʫʭʧʘʣʫʙʥʳʝ ʜʠʘʟʘʜʠʬʦʩʬʘʧʝʥʪʘʣʝʥʳ ʩʧʦʩʦʙʥʳ ʧʦʣʠʤʝʨʠʟʦʚʘʪʴ ʊɻʌ, ʚʩʪʫʧʘʪʴ 

ʚ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʘʤʠʜʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, ʠ ʤʝʞʧʘʣʫʙʥʦʛʦ 

ʚʥʝʜʨʝʥʠʷ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ, ʧʨʦʝʢʪ 19-13-00400-ʇ. 
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ɺʃʀʗʅʀɽ ʆʉʆɹɽʅʅʆʉʊɽʁ ʕʃɽʂʊʈʆʅʅʆɻʆ ʉʊʈʆɽʅʀʗ 

ʃɽʊʋʏʀʍ ɻɽʊɽʈʆʄɽʊɸʃʃʀʏɽʉʂʀʍ ʉʆɽɼʀʅɽʅʀʁ ʅɸ ʀʍ 

ʊɽʈʄʀʏɽʉʂʋʖ ʋʉʊʆʁʏʀɺʆʉʊʔ 

ʂʨʠʩʶʢ ɺ.ɺ., ʂʨʶʯʢʦʚʘ ʅ.ɸ., ʊʫʨʛʘʤʙʘʝʚʘ ɸ.ɽ. 

ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ,  

ʅʦʚʦʩʠʙʠʨʩʢ, 630090, ʧʨʦʩʧ. ɸʢʘʜ. ʃʘʚʨʝʥʪʴʝʚʘ, 3 
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ʃʝʪʫʯʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ ɓ-ʜʠʢʝʪʦʥʘʪʦʚ ʠ ʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʠʟʘʡʥ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʝʙʫʝʪ 

ʧʦʜʭʦʜʦʚ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ ʪʝʨʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʊʘʢʠʝ ʧʦʜʭʦʜʳ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ 

ʤʦʥʦʤʝʪʘʣʴʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʠ ʚʳʷʚʣʝʥʠʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʪʝʨʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʄʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʵʤʠʩʩʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʌʕʉ ʠ ʈʕʉ) ʠʟʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʘʪʦʤʦʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟʣʘ ʜʣʷ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʟ ʘʥʘʣʠʟʘ ʤʝʞʘʪʦʤʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ (DFT), ʫʩʪʘʥʦʚʣʝʥʦ, ʢʘʢʦʡ ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʤʦʥʦʤʝʪʘʣʴʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ, ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʨʤʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʣʠʛʘʥʜʦʚ ʠ ʠʩʭʦʜʥʳʭ ʤʦʥʦʤʝʪʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʊɻ-ɼʊɸ, ɼʉʂ, ʪʝʥʟʠʤʝʪʨʠʠ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʠ ʜʘʥʥʳʭ 

ʈʌʕʉ ʠ ʈʕʉ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʨʘʩʯʝʪʥʳʤʠ ʧʨʝʜʣʦʞʝʥ ʥʘʙʦʨ ʨʘʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʝʪʝʨʦʢʦʤʧʣʝʢʩʘ ʚ ʨʷʜʫ ʦʜʥʦʪʠʧʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʪʝʨʤʦʣʠʟʝ ʨʘʟʨʳʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ 

ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʤʝʞʜʫ ʄʆ ʚ ʛʝʪʝʨʦʢʦʤʧʣʝʢʩʝ 

(ʛʝʪʝʨʦʢʦʤʧʣʝʢʩʳ ʪʠʧʘ [{M(acacen)}nPb(hfac)2]), ʪʘʢ ʠ ʦʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ ʣʠʛʘʥʜʦʚ (ʪʨʝʭʲʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [PbL2{M(hfa)2} 2], ʛʜʝ L= ʤʝʪʦʢʩʠ-

ʟʘʤʝʱʝʥʥʳʡ ʜʠʢʝʪʦʥ). ʇʝʨʝʥʦʩ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʤʝʞʜʫ ʤʦʥʦʤʝʪʘʣʴʥʳʤʠ 

ʝʜʠʥʠʮʘʤʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟ ɓ-ʜʠʢʝʪʦʥʘʪʦʚ 

ʤʝʪʘʣʣʦʚ ʟʘ ʩʯʝʪ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʩʚʷʟʝʡ, ʚʳʷʚʣʝʥʥʳʡ ʧʦ DFT ʨʘʩʯʝʪʘʤ, ʙʳʣ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ Cu(dik)2ML2, ʄ= Pd, Pt 

ʤʝʪʦʜʘʤʠ ʈʕʉ ʠ ʈʌʕʉ [1]. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ 20-03-00629. 

ʉʩʳʣʢʠ 

[1] Krisyuk V., Kryuchkova N., Stadnichenko A., Syrokvashin M., Appl. Surf. Sci., 2021, 547, 149068.  

mailto:kvv@niic.nsc.ru
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ɼʀʊʆʇʅʓɽ ɼʀʆʂʉʆʃɽʅʆɺʓɽ ʃʀɻɸʅɼʓ ʉ ʉʆʇʈʗɾɪʅʅʆʁ 

ʉʊʈʋʂʊʋʈʆʁ. ʉʀʅʊɽɿ ʀ ʂʆʆʈɼʀʅɸʎʀʆʅʅɸʗ ɸʂʊʀɺʅʆʉʊʔ 

ʂʫʨʦʧʘʪʦʚ ɺ.ɸ., ʄʘʨʪʴʷʥʦʚ ʂ.ɸ., ʅʦʨʢʦʚ ʉ.ɺ., ʏʝʨʢʘʩʦʚ ɺ.ʂ. 

ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ. ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ  

E-mail: viach@iomc.ras.ru  

 

ʂʣʶʯʝʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʦ-ʭʠʥʦʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ï ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʨʘʪʠʤʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʷ ʢʘʢ ʚ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ, ʪʘʢ ʠ ʩʦʩʪʘʚʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʧʨʠ ʰʠʨʦʢʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʚʦʟʤʦʞʥʳʭ ʪʠʧʦʚ ʢʦʦʨʜʠʥʘʮʠʠ. ʄʳ 

ʨʘʟʨʘʙʦʪʘʣʠ ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʤʝʪʦʜʠʢʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʵʢʠʧʠʨʦʚʘʪʴ ʤʦʣʝʢʫʣʫ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʵʢʨʘʥʠʨʦʚʘʥʥʦʛʦ ʦ-ʭʠʥʦʥʘ ʩʘʤʳʤʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʠʨʦʚʢʘʤʠ, ʚʢʣʶʯʘʷ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʝ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ-ʩʧʦʩʦʙʥʳʝ ʠ ʪ.ʜ., ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʙʘʟʦʚʳʡ ʬʫʥʢʮʠʦʥʘʣ ʦ-ʭʠʥʦʥʘ ʢʘʢ 

ʭʝʣʘʪʥʦʛʦ ʣʠʛʘʥʜʘ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ. ʄʝʪʦʜʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʘʥʥʝʣʠʨʦʚʘʥʠʠ ʢ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʤ 4,5-ʧʦʣʦʞʝʥʠʷʤ ʭʠʥʦʥʦʚʦʛʦ ʢʦʣʴʮʘ 1,3-ʜʠʪʠʦʣʴʥʦʛʦ ʮʠʢʣʘ, 2-

ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʰʠʨʦʢʦʡ ʛʘʤʤʳ 

ʟʘʤʝʩʪʠʪʝʣʝʡ.  ɸʥʥʝʣʠʨʦʚʘʥʥʘʷ ʙʠʮʠʢʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʦ-ʭʠʥʦʥ-1,3-ʜʠʪʠʦʣ ʦʧʨʝʜʝʣʷʝʪ 

ʞʸʩʪʢʫʶ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʦʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ, ʘ ʥʝʩʚʷʟʳʚʘʶʱʠʝ 

ʦʨʙʠʪʘʣʠ ʘʪʦʤʦʚ ʩʝʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʘʥʘʣ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ 

ʜʠʦʢʩʦʣʝʥʦʚʳʤ ʩʘʡʪʦʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ 2-ʧʦʣʦʞʝʥʠʠ 

1,3-ʜʠʪʠʦʣʴʥʦʛʦ ʮʠʢʣʘ. 

 

ʄʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʜʠʦʢʩʦʣʝʥʦʚʳʝ ʣʠʛʘʥʜʳ ʤʝʟʦʠʦʥʥʦʡ ʧʨʠʨʦʜʳ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʅʘʣʠʯʠʝ ʧʨʦʪʷʞʸʥʥʦʡ ˊ-ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʞʸʩʪʢʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦʟʜʘʸʪ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ çʩʪʦʧʦʯʥʦʡè ʫʧʘʢʦʚʢʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʘʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʜʠʪʦʧʥʳʭ ʣʠʛʘʥʜʦʚ, 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʥʠʤʠ ʠ ʥʝʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʥʝʥʠʷ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ˉ 19-29-08039-ʤʢ.  
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ʂʆʆʈɼʀʅɸʎʀʆʅʅʓɽ ʇʆʃʀʄɽʈʓ ʅɸ ʆʉʅʆɺɽ 

ʆʂʊɸʕɼʈʀʏɽʉʂʀʍ ʍɸʃʔʂʆʎʀɸʅʀɼʅʓʍ ʂʃɸʉʊɽʈʅʓʍ 

ʂʆʄʇʃɽʂʉʆɺ ʈɽʅʀʗ ʀ ʂɸʊʀʆʅʆɺ Ag+ ʉ ʇʈʆʀɿɺʆɼʅʓʄʀ 

ɹʀʇʀʈʀɼʀʅɸ 

ʃʠʪʚʠʥʦʚʘ ʖ.ʄ.1, ɻʘʡʬʫʣʠʥ ʗ.ʄ.1, ʄʠʨʦʥʦʚ ʖ.ɺ.1, ɹʨʳʣʝʚ ʂ.ɸ.1 

1ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ, ʉʆ ʈɸʅ, ʇʨʦʩʧʝʢʪ ɸʢʘʜʝʤʠʢʘ 

ʃʘʚʨʝʥʪʴʝʚʘ, 3, ʅʦʚʦʩʠʙʠʨʩʢ 630090, ʈʦʩʩʠʷ  

E-mail: litvjm@gmail.com  

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʨʝʩ ʢ ʩʦʝʜʠʥʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʨʘʩʪʚʦʨʦʚ 

ʤʝʪʦʜʦʤ ʩʘʤʦʩʙʦʨʢʠ ʠʟ ʧʨʝʜʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ. ʕʪʦʪ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʩ ʟʘʜʘʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʠʤ ʠʟ 

ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʭʠʤʠʠ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʦʤʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʨʘʟʣʠʯʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʟʘʜʘʯʘ 

ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ, ʩʪʘʙʠʣʴʥʳʭ ʠ ʧʨʦʩʪʳʭ ʚ ʧʦʣʫʯʝʥʠʠ ʵʤʠʪʪʝʨʦʚ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʠ ʧʦ ʩʝʡ ʜʝʥʴ. ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʭʘʣʴʢʦʮʠʘʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʨʝʥʠʷ [Re6Q8(CN)6]
4ï (Q = S, Se, Te), ʦʙʣʘʜʘʷ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʨʝʜʦʢʩ ʧʝʨʝʭʦʜʘʤ ʠ ʷʨʢʦʡ ʬʦʩʬʦʨʝʩʮʝʥʮʠʝʡ ʚ ʢʨʘʩʥʦʡ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʜʣʷ ʩʠʥʪʝʟʘ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʠ ʢʘʪʠʦʥʦʚ Ag+, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 2,2ǋ-ʙʠʧʠʨʠʜʠʥʦʤ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʩʠʣʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʦʥʥʳʭ ʩʦʣʝʡ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[1]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʪʠʦʥʦʚ Ag+ ʩ 

ʭʘʣʴʢʦʮʠʘʥʠʜʥʳʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʨʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʙʠʧʠʨʠʜʠʥʘ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʪʨʦʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ. 

ɺʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, 

ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʨʦʣʠ ʣʠʛʘʥʜʦʚ ʜʣʷ ʢʘʪʠʦʥʦʚ ʩʝʨʝʙʨʘ, ʧʦʟʚʦʣʠʪ ʢʦʥʪʨʦʣʠʨʫʝʤʦ ʧʦʣʫʯʘʪʴ 

ʥʦʚʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʵʤʠʪʪʝʨʳ ʚ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 19-73-20196 

ʉʩʳʣʢʠ 
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ʆ-ʍʀʅʆʅʆɺʓɽ ʉʆɽɼʀʅɽʅʀʗ ɻɸʃʃʀʗ ʂɸʂ ʂʆʄʇʃɽʂʉʓ 

ʅɽʇɽʈɽʍʆɼʅʓʍ ʄɽʊɸʃʃʆɺ ʉ ʇʆɻʃʆʑɽʅʀɽʄ ɹʃʀɾʅɽʁ 

ʀʂ-ʆɹʃɸʉʊʀ 

ʄʘʣʝʝʚʘ ɸ.ɺ., ʇʠʩʢʫʥʦʚ ɸ.ɺ.  

ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 

ʫʣ. ʊʨʦʧʠʥʠʥʘ, ʜ.49 
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ɺ ʨʘʤʢʘʭ ʪʨʝʥʜʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ ʧʦʠʩʢʫ ʠ ʠʟʫʯʝʥʠʶ LLôCT-ʭʨʦʤʦʬʦʨʦʚ 

(çligand-to-ligand charge transferè) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʦ-ʭʠʥʦʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ 

ʥʝʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ (ʛʘʣʣʠʷ) ʩ ʥʝʡʪʨʘʣʴʥʳʤʠ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ: 

ʢʘʪʝʭʦʣʘʪʥʳʝ ((R-Cat)GaI(NN)n, ʛʜʝ R = 3,5 ʠ 3,6-t-Bu, NN ï 2,2'-ʜʠʧʠʨʠʜʠʣ) ʠ ʢʘʪʝʭʦʣ-

ʩʝʤʠʭʠʥʦʥʦʚʳʝ ((R-Cat)Ga(R-SQ)(NN), ʛʜʝ R = 3,6-(t-Bu), 3,5-(C(Me)2Ph), 3,5-(C(Me)2(t-

Bu), NN ï 2,2'-ʜʠʧʠʨʠʜʠʣ ʠʣʠ ʧʠʨʠʜʠʥ) ʧʨʦʠʟʚʦʜʥʳʝ.  

ʉʝʨʠʷ ʢʦʤʧʣʝʢʩʦʚ ʛʘʣʣʠʷ (R-Cat)Ga(R-SQ)(NN) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʣʦʩʳ ʧʝʨʝʥʦʩʘ 

ʟʘʨʷʜʘ ʚ ʙʣʠʞʥʝʤ ʀʂ-ʜʠʘʧʘʟʦʥʝ. ʇʦ ʜʘʥʥʳʤ ʨʘʩʯʝʪʦʚ TD-DFT ʧʦʛʣʦʱʝʥʠʶ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʦʪʚʝʯʘʝʪ ʧʝʨʝʭʦʜ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ ʦ-

ʭʠʥʦʥʦʚʳʭ ʣʠʛʘʥʜʦʚ.  

ʅʘ ʧʨʠʤʝʨʝ ʢʘʪʝʭʦʣʘʪʦʚ ʛʘʣʣʠʷ (R-Cat)GaI(NN)n ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ 

ʛʝʦʤʝʪʨʠʠ ʢʦʤʧʣʝʢʩʘ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ çʣʠʛʘʥʜ-ʣʠʛʘʥʜè [1]. ʊʘʢ, ʢʦʤʧʣʝʢʩ ʛʘʣʣʠʷ ʩ ʢʚʘʜʨʘʪʥʦ-ʧʠʨʘʤʠʜʘʣʴʥʳʤ 

ʣʠʛʘʥʜʥʳʤ ʦʢʨʫʞʝʥʠʝʤ ʘʪʦʤʘ ʤʝʪʘʣʣʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʘʪʝʭʦʣʘʪʘ ʛʘʣʣʠʷ ʩ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʣʠʛʘʥʜʦʚ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʤʝʪʘʣʣʦʮʝʥʪʨʘ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʧʦʣʦʩʫ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʤʝʞʜʫ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʙʣʠʞʥʝʤ ʀʂ-ʜʠʘʧʘʟʦʥʝ. 

 

 

 

 

 

 

 

 

 

ʉʭʝʤʘ 1 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʇʨʦʝʢʪ ʈʅʌ ˉ 22-

13-00351) 
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ʇʆʃʀʗɼɽʈʅʓɽ ʇɽʈʆʂʉʆʂʆʄʇʃɽʂʉʓ ʈ-ʕʃɽʄɽʅʊʆɺ - 

ʀʉʍʆɼʅʓɽ ʉʀʉʊɽʄʓ ɼʃʗ ʇʆʃʋʏɽʅʀʗ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ 

ʅɸʅʆʄɸʊɽʈʀɸʃʆɺ 

ʄʝʜʚʝʜʝʚ ɸ.ɻ.1, ʄʠʭʘʡʣʦʚ ɸ.ɸ.1, ɽʛʦʨʦʚ ʇ.ɸ.1, ʊʨʠʧʦʣʴʩʢʘʷ ʊ.ɸ.1, ʄʝʣʴʥʠʢ ɽ.ɸ.1, 

ʃʝʚ ʆ.2, ʇʨʠʭʦʜʯʝʥʢʦ ʇ.ɺ.1 

1 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ,  

ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ. 31 
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ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʩʥʦʚ ʟʦʣʴ-ʛʝʣʴ ʧʨʦʮʝʩʩʘ ʚ 

ʧʝʨʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʶ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ʇʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʩʦʯʝʪʘʝʪ ʨʷʜ ʩʚʦʡʩʪʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʢʠʩʣʦʪʥʳʝ 

ʩʚʦʡʩʪʚʘ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʢʦʦʨʜʠʥʘʮʠʠ ʚ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ (ʛʠʜʨʦʧʝʨʦʢʩʦ ʠ 

ʧʝʨʦʢʩʦ ʣʠʛʘʥʜʳ) ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʯʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʘ ʪʘʢʞʝ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. ɼʦʙʘʚʣʝʥʠʝ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʚ ʠʩʭʦʜʥʳʝ ʩʠʩʪʝʤʳ 

ʩʦʝʜʠʥʝʥʠʡ ʨ- ʠ d-ʵʣʝʤʝʥʪʦʚ 4, 5 ʠ 12 ʛʨʫʧʧ, ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʝʢʘʥʠʶ ʢʦʥʢʫʨʠʨʫʶʱʠʭ 

ʧʨʦʮʝʩʩʦʚ: ʨʝʘʢʮʠʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʢʦʦʨʜʠʥʘʮʠʠ 

ʧʝʨʦʢʩʦʣʠʛʘʥʜʦʚ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ 

ʯʘʩʪʠʮʳ ʟʦʣʷ ʩ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ 

ʢʦʥʮʝʚʳʭ ʛʠʜʨʦʧʝʨʦʢʩʦʛʨʫʧʧ, ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʨʦʯʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ. 

ʊʘʢʠʝ ʯʘʩʪʠʮʳ ʟʦʣʷ ʷʚʣʷʶʪʩʷ ʩʪʨʦʠʪʝʣʴʥʳʤ ʙʣʦʢʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʬʝʨʠʯʝʩʢʠʭ ʤʠʢʨʦʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ 

ʜʠʦʢʩʠʜʘ ʦʣʦʚʘ, ʩʪʘʥʥʘʪʘ ʙʘʨʠʷ, ʦʢʩʠʜʘ ʮʠʥʢʘ ʠ 2D ʤʘʪʝʨʠʘʣʦʚ [1,2]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʦʛʦ ʠ ʥʝʪʦʢʩʠʯʥʦʛʦ ʨʝʘʛʝʥʪʘ, ʩʦʯʝʪʘʶʱʝʛʦ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʦʟʚʦʣʠʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʨʠʥʮʠʧʘʤ ʟʝʣʝʥʦʡ ʭʠʤʠʠ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʥʘʢʦʧʣʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʘʭ, ʙʘʢʪʝʨʠʮʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ [3-5]. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 22-13-00426. 
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ʂɸʊɽʍʆʃʉʆɼɽʈɾɸʑʀɽ ʆʉʅʆɺɸʅʀʗ ʐʀʌʌɸ ʅɸ ʆʉʅʆɺɽ 

ʊʀɸʂɸʃʀʂʉɸʈɽʅɸ: ʉʀʅʊɽɿ ʀ ʂʆʄʇʃɽʂʉʆʆɹʈɸɿʋʖʑʀɽ 

ʉɺʆʁʉʊɺɸ 

ʇʘʜʥʷ ʇ.ʃ.1, ʐʠʙʘʝʚʘ ʂ.ʉ.1, ɸʨʩʝʥʴʝʚ ʄ.ɺ.2, ʊʝʨʝʥʪʴʝʚʘ ʆ.ʉ.1, ʐʠʘʙʠʝʚ ʀ.ʕ.1, 

ʉʪʦʡʢʦʚ ʀ.ʀ.1 

1 ʂʘʟʘʥʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, 420008, ʫʣ. ʂʨʝʤʣʝʚʩʢʘʷ, 18 
2 ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 603137, ʫʣ. 

ʊʨʦʧʠʥʠʥʘ, 49 

E-mail: padnya.ksu@gmail.com 

ʆʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʥʠ ʠʥʪʝʨʝʩʥʳ ʧʦ ʨʷʜʫ ʧʨʠʯʠʥ: 1) ʜʦʩʪʫʧʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʧʫʪʝʤ ʢʦʥʜʝʥʩʘʮʠʠ ʘʣʴʜʝʛʠʜʦʚ ʠʣʠ ʢʝʪʦʥʦʚ ʩ ʧʝʨʚʠʯʥʳʤʠ 

ʘʤʠʥʘʤʠ; 2) ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʮʝʣʝʚʳʭ 

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʧʫʪʝʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʠʩʭʦʜʥʳʭ ʘʤʠʥʝ ʠ 

ʘʣʴʜʝʛʠʜʝ (ʢʝʪʦʥʝ). ʆʜʥʘʢʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠʣʠ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤʘʭ 

ʦʛʨʘʥʠʯʝʥʦ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʚʳʩʦʢʦʡ ʘʬʬʠʥʥʦʩʪʠ ʠ ʥʠʟʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ 

ʢʘʪʠʦʥʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢʠʝ 

ʢʘʢ ʢʘʣʠʢʩʘʨʝʥʳ, ʪʠʘʢʘʣʠʢʩʘʨʝʥʳ, ʨʝʟʦʨʮʠʥʘʨʝʥʳ, ʧʠʣʣʘʨʘʨʝʥʳ ʠ ʪ.ʜ., ʦʙʣʘʜʘʶʪ 

ʧʨʝʢʨʘʩʥʳʤʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ ʩʝʣʝʢʪʠʚʥʳʤʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʩʫʙʩʪʨʘʪʫ. ɺʚʝʜʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʚ 

ʩʪʨʫʢʪʫʨʫ (ʪʠʘ)ʢʘʣʠʢʩʘʨʝʥʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ, ʪʘʢ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʪʠʦʥʘʤ ʤʝʪʘʣʣʦʚ. 

ɺ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʨʘʙʦʪʳ ʚʧʝʨʚʳʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ 

ʩ ʢʘʪʝʭʦʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʪʠʘʢʘʣʠʢʩ[4]ʘʨʝʥʘ, ʟʘʤʝʱʝʥʥʦʛʦ ʧʦ ʥʠʞʥʝʤʫ 

ʦʙʦʜʫ, ʚ ʪʨʝʭ ʩʪʝʨʝʦʠʟʦʤʝʨʥʳʭ ʬʦʨʤʘʭ (ʢʦʥʫʩ, ʯʘʩʪʠʯʥʳʡ ʢʦʥʫʩ ʠ 1,3-ʘʣʴʪʝʨʥʘʪ) 

(ʨʠʩʫʥʦʢ 1), ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʨʷʜʦʤ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʉ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʋʌ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ 

ʢʘʪʠʦʥʦʚ ʤʝʜʠ (II) ʚ ʨʷʜʫ ʢʘʪʠʦʥʦʚ d-ʵʣʝʤʝʥʪʦʚ (ʤʝʜʴ (II), ʥʠʢʝʣʴ (II), ʢʦʙʘʣʴʪ (II) ʠ ʮʠʥʢ 

(II)). ʅʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʪʠʘʢʘʣʠʢʩʘʨʝʥʘ ʩ ʢʘʪʠʦʥʘʤʠ Cu(II) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʨʛʘʥʦ-

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʠʟʫʯʝʥʳ ʠʭ ʩʚʦʡʩʪʚʘ. 

 
ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʳ ʢʘʪʝʭʦʣʩʦʜʝʨʞʘʱʠʭ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʥʘ ʦʩʥʦʚʝ ʪʠʘʢʘʣʠʢʩʘʨʝʥʘ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ ˉ 19-73-10134).  

mailto:padnya.ksu@gmail.com
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ʄʆʃɽʂʋʃʗʈʅʓʁ ɼʀɿɸʁʅ ʍʈʆʄʆʌʆʈʆɺ çɼʀʀʄʀʅ-NiII -

ʂɸʊɽʍʆʃɸʊè: ʊʆʅʂɸʗ ʅɸʉʊʈʆʁʂɸ ʕʅɽʈɻʀʀ ʇɽʈɽʅʆʉɸ 

ɿɸʈʗɼɸ 

ʇʘʰʘʥʦʚʘ ʂ.ʀ., ʇʠʩʢʫʥʦʚ ɸ.ɺ. 

ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʊʨʦʧʠʥʠʥʘ 49 

E-mail: pashanova@iomc.ras.ru  

 

ʅʘ ʧʨʠʤʝʨʝ ʩʝʨʠʠ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ çʜʠʠʤʠʥ-Ni II-ʢʘʪʝʭʦʣʘʪè [1] 

(ʨʠʩ.1) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʠ ʵʥʝʨʛʠʠ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ çʣʠʛʘʥʜ-ʣʠʛʘʥʜè (LLôCT). 

ʇʫʪʝʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ (ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ 

ʜʦʥʦʨʥʳʤʠ/ʘʢʮʝʧʪʦʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ) ʠ ʩʪʨʦʝʥʠʷ ʣʠʛʘʥʜʥʳʭ ʩʠʩʪʝʤ (ʩʪʝʧʝʥʴ 

ʧʣʘʥʘʨʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ ʫʛʣʝʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ) ʜʦʩʪʠʛʥʫʪʦ ʩʤʝʱʝʥʠʝ 

ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʡ LLôCT ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʥʘ 430 ʥʤ ʠʟ ʚʠʜʠʤʦʡ ʚ ʙʣʠʞʥʶʶ ʀʂ-

ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ (ʨʠʩ.1). ɼʣʷ ʭʨʦʤʦʬʦʨʦʚ ʭʘʨʘʢʪʝʨʝʥ ʚʳʨʘʞʝʥʥʳʡ ʩʦʣʴʚʘʪʦʭʨʦʤʥʳʡ 

ʵʬʬʝʢʪ ʩ ʛʠʧʩʦʭʨʦʤʥʳʤ ʩʜʚʠʛʦʤ 120 ï 190 ʥʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʟʥʘʯʝʥʠʡ ʜʣʷ ʠʟʚʝʩʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢʦʛʦ ʨʦʜʘ. 

 

ʈʠʩʫʥʦʢ 1. ʍʨʦʤʦʬʦʨʳ çʜʠʠʤʠʥ-Ni II-ʢʘʪʝʭʦʣʘʪè (ʩʣʝʚʘ); ʩʤʝʱʝʥʠʝ LLôCT ʧʦʣʦʩʳ (ʚ 

ʨʘʩʪʚʦʨʝ ʊɻʌ) ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ (ʩʧʨʘʚʘ). 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 22-13-00351). 

ʉʩʳʣʢʠ 

[1] K.I. Pashanova, V.O. Bitkina, I.A. Yakushev, M.V. Arsenyev, A.V. Piskunov, Molecules, 2021, 26, 

4622.  

mailto:pashanova@iomc.ras.ru
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ɻɽʊɽʈʆʄɽʊɸʃʃʀʏɽʉʂʀɽ ʈɽʅʀʁ-ʄʆʃʀɹɼɽʅʆɺʓɽ ʀ ʈɽʅʀʁ-

ɺʆʃʔʌʈɸʄʆɺʓɽ ʂʋɹɸʅʆɺʓɽ ʂʃɸʉʊɽʈʅʓɽ ʂʆʄʇʃɽʂʉʓ 

ʇʨʦʥʠʥ ɸ.ʉ. 

ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ,  

ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨʦʩʧʝʢʪ ɸʢʘʜʝʤʠʢʘ ʃʘʚʨʝʥʪʴʝʚʘ, 3, 630090 

E-mail: pronin@niic.nsc.ru  

 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʥʘʡʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʩʦʣʝʡ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [{Re2W2Se4}(CN)12]
6ï, [{ReW3Se4}(CN)12]

6ï, 

[{Mo 3ReQ4}(CN)12]
7ï, [{Mo 2Re2Q4}(CN)12]

6ï (Q = S, Se) ʚ ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ [1]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʩʦʩʪʘʚ 

ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʥʪʝʟʘ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʅʘ 

ʧʨʠʤʝʨʝ ʯʘʩʪʠʯʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʨʝʥʠʷ ʚ ʢʣʘʩʪʝʨʥʳʭ ʷʜʨʘʭ {Re4Q4} (Q = S, Se) ʥʘ 

ʘʪʦʤʳ ʤʦʣʠʙʜʝʥʘ ʠʣʠ ʚʦʣʴʬʨʘʤʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʷʝʪ ʛʝʦʤʝʪʨʠʶ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʝʪ ʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʠ ʤʘʛʥʠʪʥʳʝ. 

ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʩʝʤʠʷʜʝʨʥʳʝ K8[{Re3Se4(CN)9}{Re 3MSe4}(CN)9] (M = Mo, W) ʠ 

K7[{Re3Q4(CN)9}{Re 4Q4}(CN)9] (Q = S, Se), ʚʦʩʴʤʠʷʜʝʨʥʳʡ K8[{ Re8Se8(Õ-O)3}( CN)18] ʠ 

ʜʚʝʥʘʜʮʘʪʠʷʜʝʨʥʳʡ K9[{ Re12S14}( CN)27] ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ. ʀʟʤʝʨʝʥʠʝ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʝʤʠʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʝʘʣʠʟʫʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʩ ʜʚʫʤʷ 

ʥʝʩʧʘʨʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ, ʘ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 

1,77 ʂ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢʦʤʧʣʝʢʩʦʚ ʚ ʜʠʘʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

 
ʈʠʩʫʥʦʢ 1. ʉʪʨʦʝʥʠʝ ʘʥʠʦʥʦʚ [{Re3Q4(CN)9}{Re 3MQ4}(CN)9]8ï (M = Re, Mo, W; Q = S, Se). 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ 18-13-00058). 

ʉʩʳʣʢʠ 

[1] Pronin A.S. et al., Inorg. Chem. Front., 2022, 9, 186.  
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ʂʆʆʈɼʀʅɸʎʀʆʅʅʓɽ ʇʆʃʀʄɽʈʓ ʅɸ ʆʉʅʆɺɽ Cu(hfac)2 C 

ɸʃʂʀʃʇʀʈɸɿʆʃʀʃ-ɿɸʄɽʑɽʅʅʓʄʀ ʅʀʊʈʆʂʉʀʃɸʄʀ 

ʈʦʤʘʥʝʥʢʦ ɻ.ɺ. 

ʀʥʩʪʠʪʫʪ çʄʝʞʜʫʥʘʨʦʜʥʳʡ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʡ ʮʝʥʪʨè ʉʆ ʈɸʅ,  

ʫʣ. ʀʥʩʪʠʪʫʪʩʢʘʷ 3ɸ, ʅʦʚʦʩʠʙʠʨʩʢ 630090, ʈʦʩʩʠʷ 

E-mail: romanenko@tomo.nsc.ru  

 

ʈʘʩʰʠʨʝʥʠʝ ʢʨʫʛʘ ʧʦʣʠʘʣʢʠʣʧʠʨʘʟʦʣʠʣ-ʟʘʤʝʱʝʥʥʳʭ 2-ʠʤʠʜʘʟʦʣʠʥʦʚʳʭ 

ʥʠʪʨʦʥʠʣʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ LR1 ʢ LR1/R2 ʠ LR1/R2/R3 (R = Me, Et, Pr, 

Bu) (ʨʠʩ. 1) ʧʦʟʚʦʣʠʣʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʛʝʪʝʨʦʩʧʠʥʦʚʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʙʠʩ(ʛʝʢʩʘʬʪʦʨʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘ) ʤʝʜʠ(II) 

Cu(hfac)2 ʩ ʜʘʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʣʝʢʩʘʤʠ Cu(hfac)2 ʩ ʤʦʥʦʘʣʢʠʣ-

ʟʘʤʝʱʝʥʥʳʤʠ ʥʠʪʨʦʢʩʠʣʘʤʠ ʩ ʤʦʩʪʠʢʦʚʦʡ m2-O,N ʢʦʦʨʜʠʥʘʮʠʝʡ LR1, ʚʚʝʜʝʥʠʝ ʚ 

ʧʠʨʘʟʦʣʴʥʳʡ ʮʠʢʣ ʚʪʦʨʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ï LR1/R2 ï ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ 

ʪʨʠʪʦʧʥʦʡ ʬʫʥʢʮʠʠ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʣʠʛʘʥʜʘ (m3-O,O,N) ʠ ʦʙʨʘʟʦʚʘʥʠʶ. 1D ʠ 2D 

ʧʦʣʠʤʝʨʦʚ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʫʟʣʦʚ {CuO6}, { CuO5N}, { CuO4N2} ʠ {CuO5}. ɺ ʩʣʫʯʘʝ LR1/R2/R3 ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʢʦʤʧʣʝʢʩʳ ʪʦʣʴʢʦ ʜʣʷ R1=R2=R3=Me, ʧʨʠʯʝʤ ʚʩʝ ʦʥʠ ʠʤʝʣʠ ʤʦʣʝʢʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʘʛʥʠʪʥʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ 

ʨʝʘʣʠʟʦʚʳʚʘʣʠʩʴ ʪʦʣʴʢʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ LR1 ʢ LR1/R2 [1-3]. ʀʟʫʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʜʠʥʘʤʠʢʠ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʧʨʷʞʝʥʥʦʛʦ ʩ ʥʝʡ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʢʘʢ R1, ʪʘʢ ʠ R2, ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʡ ʥʘ 

ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʦ ʠ ʥʘ ʝʸ ʚʠʜ. 

ʈʠʩʫʥʦʢ 1. ɸʣʢʠʣʧʠʨʘʟʦʣʠʣ-ʟʘʤʝʱʝʥʥʳʝ ʥʠʪʨʦʢʩʠʣʳ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 19-29-08005).  

ʉʩʳʣʢʠ 

[1] ʈʦʤʘʥʝʥʢʦ ɻ.ɺ. ʠ ʜʨ. ɾ. ʩʪʨʫʢʪ. ʭʠʤʠʠ, 2022, 62, 48. 

[2] ɹʦʛʦʤʷʢʦʚ ɸ.ʉ. ʠ ʜʨ. ʂʦʦʨʜ. ʭʠʤʠʷ, 2022, ʚ ʧʝʯʘʪʠ.  
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ʆʂʊɸɻʀɼʈʆʊʈʀɹʆʈɸʊʅʓʁ(1-) ɸʅʀʆʅ [B3H8]- ɺ ʈɽɸʂʎʀʗʍ ʉ 

ɻɸʃʆɻɽʅʀɼɸʄʀ ʇɽʈɽʍʆɼʅʓʍ ʄɽʊɸʃʃʆɺ 

ʉʝʣʠʚʘʥʦʚ ʅ.ɸ.1, ʐʫʣʷʢ ɸ.ʊ.1, ɹʳʢʦʚ ɸ.ʖ.1, ɾʠʞʠʥ ʂ.ʖ.1, ʂʫʟʥʝʮʦʚ ʅ.ʊ.1 

1 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ,  

ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʦʡ ʧʨʦʩʧʝʢʪ, 31 

E-mail: goovee@yandex.ru 

 

ʆʢʪʘʛʠʜʨʦʪʨʠʙʦʨʘʪʥʳʡ ʘʥʠʦʥ [B3H8]
- ʟʘ ʩʯʝʪ ʚʥʫʪʨʠʤʦʣʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʥʦʛʦ 

ʦʙʤʝʥʘ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʨʝʘʢʮʠʦʥʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ, ʦʙʲʝʜʠʥʷʷ ʚ ʩʝʙʝ 

ʩʚʦʡʩʪʚʘ, ʢʘʢ ʥʠʟʰʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʛʠʜʨʠʜʦʚ ʙʦʨʘ, ʪʘʢ ʠ ʧʦʣʠʵʜʨʠʯʝʩʢʠʭ ʢʣʦʟʦ-

ʙʦʨʦʚʦʜʦʨʦʜʦʚ [BnHn]
2- (n = 6 - 12). ɸʥʠʦʥ [B3H8]

- ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʦʙʨʘʟʫʷ ʩʚʷʟʴ MïHïB, ʦʜʥʘʢʦ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʪʦʛʦ ʞʝ ʘʥʠʦʥʘ [BH4]
-ʚ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʦʥ ʚʝʜʝʪ ʩʝʙʷ ʠ ʢʘʢ ʙʠ-, ʠ ʢʘʢ 

ʪʨʠʜʝʥʪʘʪʥʳʡ ʣʠʛʘʥʜ. ʇʦʤʠʤʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ 

ʦʢʪʘʛʠʜʨʦʪʨʠʙʦʨʘʪʥʳʡ ʘʥʠʦʥ ʩʧʦʩʦʙʝʥ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʠʥʜʫʮʠʨʫʝʤʦʛʦ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ (ɽʀʅɿ) ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʢʠʩʣʦʪ ʃʴʶʠʩʘ ʩʨʦʜʥʠ ʚʳʩʰʠʤ ʢʣʦʟʦ-ʙʦʨʘʪʥʳʤ ʘʥʠʦʥʘʤ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʣʘʙʠʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʘʥʠʦʥ [B3H8]
- ʤʦʞʝʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʜʝʩʪʨʫʢʮʠʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʥʜʝʥʩʘʮʠʠ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʙʦʨʦʚʦʜʦʨʦʜʳ, ʥʘʯʠʥʘʷ ʦʪ ʣʝʪʫʯʝʛʦ 

ʪʝʪʨʘʙʦʨʘʥʘ (10) ʠ ʟʘʢʘʥʯʠʚʘʷ ʚʳʩʰʠʤʠ ʧʦʣʠʵʜʨʠʯʝʩʢʠʤʠ ʢʣʘʩʪʝʨʘʤʠ [BnHn]
2- (n=6 - 12). 

[1ï4]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʥʘʤʠ ʙʳʣʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʩʦʣʝʡ ʘʥʠʦʥʘ 

[B3H8]
-, ʯʪʦ ʫʧʨʦʩʪʠʣʦ ʜʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʝʛʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʅʘʤ ʫʜʘʣʦʩʴ 

ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʤʘʣʦʫʩʪʦʡʯʠʚʳʭ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʩ ʫʯʘʩʪʠʝʤ ʘʥʠʦʥʘ [B3H8]
-. ʆʙʲʷʩʥʠʪʴ ʵʪʦʪ ʬʘʢʪ ʤʦʞʥʦ ʪʝʤ, ʯʪʦ ʛʘʣʦʛʝʥʠʜʳ 

ʤʝʪʘʣʣʦʚ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʩʠʣʴʥʦʛʦ ʵʣʝʢʪʨʦʬʠʣʘ ʠ ʠʥʜʫʮʠʨʫʶʪ ʧʨʦʮʝʩʩʳ 

ʟʘʤʝʱʝʥʠʷ ʚ ʙʦʨʥʦʤ ʦʩʪʦʚʝ ʠʣʠ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ 

ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: ʧʨʷʤʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʦʢʪʘʛʠʜʨʦʪʨʠʙʦʨʘʪʥʦʛʦ ʘʥʠʦʥʘ ʩ ʵʣʝʢʪʨʦʬʠʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʥʫʢʣʝʦʬʠʣʘ, ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʚ ʥʝʥʫʢʣʝʦʬʠʣʴʥʦʡ ʩʨʝʜʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʦʬʠʣʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʤ ʩʠʤʤʝʪʨʠʯʥʳʤ ʨʘʩʱʝʧʣʝʥʠʝʤ ʧʦʣʫʯʘʶʱʝʛʦʩʷ 

ʪʝʪʨʘʙʦʨʘʥʘ(10) ʠ ʨʝʘʢʮʠʝʡ ʦʙʤʝʥʘ ʣʠʛʘʥʜʦʚ ʚ ʟʘʤʝʱʝʥʥʦʤ ʧʨʦʠʟʚʦʜʥʦʤ 

ʦʢʪʘʛʠʜʨʦʪʨʠʙʦʨʘʪʥʦʛʦ ʘʥʠʦʥʘ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʆʅʍ ʈɸʅ ʚ ʦʙʣʘʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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ʊʈʀʉʇʀʈɸɿʆʃʀʃɹʆʈɸʊʅʓɽ ʂʆʄʇʃɽʂʉʓ ʈɽʅʀʗ. ʉʀʅʊɽɿ, 

ʉʊʈʆɽʅʀɽ ʀ ʇʈɽɺʈɸʑɽʅʀʗ ʃʀɻɸʅɼʆɺ 

ʉʢʘʙʠʮʢʠʡ ʀ.ɺ.1, ʀʣʴʠʥʘ ʖ.ʗ.1 

1 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ., 

ʄʦʩʢʚʘ,119991, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ 31  

E-mail: skabitskiy@gmail.com   

 

ʅʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʢʦʤʧʣʝʢʩʳ Re(III) ʥʘ ʦʩʥʦʚʝ 

TpReCl2(OPPh3) [1]. ʂʠʧʷʯʝʥʠʝ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʱʝʥʠʶ OPPh3 ʥʘ 

ʘʮʝʪʦʥʠʪʨʠʣ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ TpReCl2MeCN. ɸʮʝʪʦʥʠʪʨʠʣ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʱʝʥ ʥʘ ʭʣʦʨʠʜ-ʘʥʠʦʥ ʨʝʘʢʮʠʝʡ ʩ LiCl ʚ ʜʠʤʝʪʦʢʩʠʵʪʘʥʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʥʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ TpReCl3[Li (DME)1.5]. 

ʊʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʦ ʟʘʤʝʱʝʥʠʝ MeCN ʥʘ ʜʨʫʛʠʝ ʥʠʪʨʠʣʳ (PhCN, n-

C3H7CN). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʘʮʝʪʦʥʠʪʨʠʣʘ ʥʘ ʙʦʣʝʝ ʘʢʮʝʧʪʦʨʥʳʡ 

ʙʝʥʟʦʥʠʪʨʠʣ, ʪʘʢʞʝ ʦʙʨʘʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Re(IV), 

ʩʦʜʝʨʞʘʱʝʛʦ ʧʨʦʜʫʢʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʜʠʤʝʨʠʟʘʮʠʠ ʙʝʥʟʦʥʠʪʨʠʣʘ ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʩʪʠʢʦʚʦʛʦ ʣʠʛʘʥʜʘ. 

 
ʉʭʝʤʘ 1. ɼʠʤʝʨʠʟʘʮʠʷ ʙʝʥʟʦʥʠʪʨʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʪʠʦʣʘʪʥʳʭ ʦʢʩʦʢʦʤʧʣʝʢʩʦʚ Re(V) 

TpReO(SR)2 (R = tBu, n-C3H7). ʄʝʥʝʝ ʩʪʝʨʠʯʝʩʢʠ ʟʘʪʨʫʜʥʝʥʥʳʡ ʧʨʦʧʠʣʪʠʦʣʘʪʥʳʡ ʢʦʤʧʣʝʢʩ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʣʠʛʘʥʜ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ MX2 ʬʨʘʛʤʝʥʪʫ (M = Pd, X= Cl, I; M = Pt, 

X = I). ʈʝʘʢʮʠʷ ʪʨʝʪ-ʙʫʪʠʣʪʠʦʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ FeI2(CO)4 ʫʞʝ ʧʨʠ 60Áʉ ʧʨʠʚʦʜʠʪ ʢ 

ʦʪʱʝʧʣʝʥʠʶ ʚʩʝʭ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʝʥʠʡ ʞʝʣʝʟʥʦʛʦ ʪʝʪʨʘʷʜʝʨʥʦʛʦ 

ʢʣʘʩʪʝʨʘ ʩ ʩʫʣʴʬʠʜʥʳʤʠ ʤʦʩʪʠʢʘʤʠ. 

 
ʉʭʝʤʘ 2. ʆʙʨʘʟʦʚʘʥʠʝ ʨʝʥʠʡ ʞʝʣʝʟʥʦʛʦ ʢʣʘʩʪʝʨʘ ʩ ʩʫʣʴʬʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 18-73-10206. 

ʉʩʳʣʢʠ 

[1] Seymore, S. B., Brown, S. N. Inorganic Chemistry, 2000, 39, 325.  
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ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʂʆʄʇʃɽʂʉʆɺ 

ʅɽʇɽʈɽʍʆɼʅʓʍ ʄɽʊɸʃʃʆɺ ɼʃʗ ʊʈɸʅʉʌʆʈʄɸʎʀʀ 

ɼʀʆʂʉʀɼɸ ʋɻʃɽʈʆɼɸ ʀ ɽɻʆ ʀɿʆʕʃɽʂʊʈʆʅʅʓʍ ɸʅɸʃʆɻʆɺ 

ʉʢʘʪʦʚʘ ɸ.ɸ., ʂʦʧʮʝʚʘ ʊ.ʉ., ʄʦʩʢʘʣʝʚ ʄ.ɺ., ʉʦʢʦʣʦʚ ɺ.ɻ., ɼʦʜʦʥʦʚ ɺ.ɸ., ɹʘʟʘʥʦʚ ɸ.ɸ., 

ʌʝʜʶʰʢʠʥ ʀ.ʃ. 

ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ,  

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʌ. 

E-mail: skatova@iomc.ras.ru 

 

ʋʣʘʚʣʠʚʘʥʠʝ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʮʝʣʴʶ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʜʦʩʪʫʧʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ, ʧʨʠ ʵʪʦʤ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʥʠʤʘʥʠʝ ʫʯʝʥʳʭ ʚʩʝ ʙʦʣʴʰʝ 

ʧʨʠʚʣʝʢʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʮʝʣʝʡ ʤʦʜʠʬʠʢʘʮʠʠ CO2 ʠ ʝʛʦ ʠʟʦʵʣʝʢʪʨʦʥʥʳʭ ʘʥʘʣʦʛʦʚ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʛʣʘʚʥʳʭ ʧʦʜʛʨʫʧʧ.  

ʅʘʤʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʠʥʪʝʨʝʩʥʳʝ ʧʨʠʤʝʨʳ ʩʚʷʟʳʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʘʮʝʥʘʬʪʝʥ-1,2-ʜʠʠʤʠʥʦʚʳʤʠ (bian) ʢʦʤʧʣʝʢʩʘʤʠ 

ʥʝʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ [1], ʬʦʨʤʠʘʪʦʚ, 

ʜʠʦʣʷʪʦʚ, ʢʘʨʙʦʥʘʪʦʚ [2], ʢʘʨʙʘʤʘʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʙʦʨʠʨʦʚʘʥʠʷ. 

ʈʝʘʣʠʟʦʚʘʥʳ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠʟʦʵʣʝʢʪʨʦʥʥʳʭ ʘʥʘʣʦʛʦʚ CO2 ï 

ʠʟʦ(ʪʠʦ)ʮʠʘʥʘʪʦʚ ʠ ʢʝʪʝʥʦʚ ï ʢ bian ʢʦʤʧʣʝʢʩʘʤ [3], ʘ ʪʘʢʞʝ ʛʠʜʨʦʙʦʨʠʨʦʚʘʥʠʝ 

ʠʟʦʮʠʘʥʘʪʦʚ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ.  

ʈʠʩʫʥʦʢ 1. ʉʚʷʟʳʚʘʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʤʦʣʝʢʫʣʳ CO2 ʥʘ ʛʠʜʨʠʜʝ 

ʘʣʶʤʠʥʠʷ ʩ ʘʮʝʥʘʬʪʝʥ-1,2-ʜʠʠʤʠʥʦʚʳʤ ʣʠʛʘʥʜʦʤ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 20-13-

00052). 

ʉʩʳʣʢʠ 

[1] Koptseva T.S., Sokolov V.G., Ketkov S.Yu., Rychagova E.A., Cherkasov A.V., Skatova A.A., 

Fedushkin I.L., Chem. Eur. J., 2021, 27, 5745; 

[2] Koptseva T.S., Moskalev M.V., Skatova A.A., Rumyantcev R.V., Fedushkin I.L., Inorg. Chem. 

2022, 61, 206; 

[3] Dodonov V.A., Chen W., Liu L., Sokolov V.G., Baranov E.V., Skatova A.A., Zhao Y., Wu B., Yang 

X.-J., Fedushkin I.L., Inorg. Chem., 2021, 60, 14602.  
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ʂʆʄʇʃɽʂʉʓ Au(I), Sn(IV) ʉ ʈɽɼʆʂʉ-ɸʂʊʀɺʅʓʄʀ 

ʆʉʅʆɺɸʅʀʗʄʀ ʐʀʌʌɸ: ʉʀʅʊɽɿ, ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʀɽ 

ʇʈɽɺʈɸʑɽʅʀʗ, ɸʅʊʀ/ʇʈʆʆʂʉʀɼɸʅʊʅɸʗ ɸʂʊʀɺʅʆʉʊʔ 

ʉʤʦʣʷʥʠʥʦʚ ʀ.ɺ.1, ʇʦʜʜʝʣʴʩʢʠʡ ɸ.ʀ.2, ɹʝʨʙʝʨʦʚʘ ʅ.ʊ.1 

1 ɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɸʩʪʨʘʭʘʥʴ 
2 ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ. ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ, ʛ. ʅ.ʅʦʚʛʦʨʦʜ 

E-mail: ivsmolyaninov@gmail.com   

 

ʆʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʦʪʥʦʩʷʪ ʢ ʦʜʥʠʤ ʠʟ ʧʨʦʩʪʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʤʥʦʛʦʮʝʥʪʨʦʚʳʭ ʤʦʣʝʢʫʣ. ʅʘʤʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ, ʩʦʯʝʪʘʶʱʠʭ 

ʥʝʩʢʦʣʴʢʦ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʬʨʘʛʤʝʥʪʦʚ: (ʪʠʦ-)ʬʝʥʦʣʴʥʳʝ, ʧʠʨʦʢʘʪʝʭʠʥʦʚʳʝ. ʇʨʦʚʝʜʝʥʦ 

ʠʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘʥʪʠ/ʧʨʦʦʢʩʠʜʘʥʪʥʦʡ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʠ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ. ʅʘ ʦʩʥʦʚʝ ʪʠʦʩʦʜʝʨʞʘʱʠʭ ʦʩʥʦʚʘʥʠʡ 

ʐʠʬʬʘ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ(I), ʦʣʦʚʘ(IV). 

 

ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʦʡ ʧʠʨʦʢʘʪʝʭʠʥʦʚʦʡ (tBuCatH2) ʠʣʠ 

ʬʝʥʦʣʴʥʦʡ (tBuPhOH) ʛʨʫʧʧ, ʘ ʪʘʢʞʝ  ʤʝʪʘʣʣʦʮʝʥʪʨʘ ʥʘ ʨʝʜʦʢʩ-ʩʚʦʡʩʪʚʘ ʠ 

ʙʠʦʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʅʘ ʧʨʠʤʝʨʝ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ R2SnL, ʩʦʜʝʨʞʘʱʠʭ ʪʨʠʜʝʥʪʘʪʥʳʝ O,N,O-ʜʦʥʦʨʥʳʝ 

ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʦʡʯʠʚʳʭ ʤʦʥʦʢʘʪʠʦʥʥʳʭ, ʤʦʥʦʘʥʠʦʥʥʳʭ ʬʦʨʤ.  

 

ɼʣʷ ʜʘʥʥʦʡ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʦʣʦʚʘ(IV) ʦʙʩʫʞʜʘʝʪʩʷ ʚʣʠʷʥʠʝ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʦʛʦ 

ʣʠʛʘʥʜʘ ʥʘ ʘʥʪʠ/ʧʨʦʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʤʦʜʫʣʠʨʦʚʘʥʠʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ in vitro. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ˉ19-29-08003), ʈʅʌ (ˉ22-13-00118).  

mailto:ivsmolyaninov@gmail.com
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ʇʆʃʀʄɽʈʀɿɸʎʀʆʅʅʓʁ ʄɽʍɸʅʀɿʄ ʆɹʈɸɿʆɺɸʅʀʗ 

ʇʆʃʀʗɼɽʈʅʓʍ ʉʆɽɼʀʅɽʅʀʁ ʈɽɼʂʀʍ ʄɽʊɸʃʃʆɺ ɺ 

ɾʀɼʂʆʉʊʅʆʁ ʕʂʉʊʈɸʂʎʀʀ 

ʉʪʝʧʘʥʦʚ ʉ.ʀ., ʄʝʡʯʠʢ ʅ.ʈ.  

1 ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ,  

ʛ. ʄʦʩʢʚʘ, ʄʠʫʩʩʢʘʷ ʧʣ., ʜ. 9. 

E-mail: chao_step@mail.ru  

ʕʢʩʪʨʘʢʮʠʷ ʤʥʦʛʠʭ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ʍʘʨʘʢʪʝʨʥʳʤ 

ʧʨʠʤʝʨʦʤ ʭʠʤʠʠ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʭʠʤʠʷ ʦʢʩʠʘʥʠʦʥʦʚ ʨʝʜʢʠʭ 

ʵʣʝʤʝʥʪʦʚ V ʠ VI ʛʨʫʧʧ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʘ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ: ʚʘʥʘʜʘʪʦʚ, 

ʤʦʣʠʙʜʘʪʦʚ, ʚʦʣʴʬʨʘʤʘʪʦʚ, ʭʨʦʤʘʪʦʚ. ʍʦʪʷ ʭʨʦʤ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʘʤ, 

ʦʜʥʘʢʦ ʧʦʣʠʘʥʠʦʥʳ Cr(VI), ʦʪʢʨʳʚʘʶʪ ʨʷʜ ʧʦʣʠʘʥʠʦʥʦʚ ʰʝʩʪʠʚʘʣʝʥʪʥʳʭ ʵʣʝʤʝʥʪʦʚ VI 

ʛʨʫʧʧʳ: Cr(VI), Mo(VI) ʠ W(VI), ʠ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩ 

ʘʥʠʦʥʦʦʙʤʝʥʥʳʤʠ ʵʢʩʪʨʘʛʝʥʪʘʤʠ, ʪʘʢʠʤʠ, ʢʘʢ ʩʦʣʠ ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʤʤʦʥʠʝʚʳʭ 

ʦʩʥʦʚʘʥʠʡ (ʏɸʆ). ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʭʠʤʠʠ 

ʵʢʩʪʨʘʢʮʠʠ ʦʢʩʠʘʥʠʦʥʦʚ Cr(VI), Mo(VI), W(VI) ʠ V(V) ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʩʦʩʪʘʚʘ ʩʦʣʷʤʠ ʏɸʆ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʦʜʥʦʠʤʝʥʥʳʤ ʵʢʩʪʨʘʛʠʨʫʝʤʦʤʫ ʘʥʠʦʥʦʤ, ʧʦ 

ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ ʧʦʣʠʷʜʝʨʥʳʭ 

ʘʥʠʦʥʦʚ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ. ʇʦʣʠʤʝʨʠʟʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʚʢʣʶʯʘʝʪ 

ʩʪʘʜʠʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʦʢʩʠʘʥʠʦʥʦʚ ʧʨʦʪʦʥʦʤ ʤʠʥʝʨʘʣʴʥʦʡ ʢʠʩʣʦʪʳ, ʚʚʦʜʠʤʳʤ  ʚ 

ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʝʡ ʦʙʨʘʟʫʶʱʠʭʩʷ ʛʠʜʨʦʢʩʠʣʴʥʳʭ 

ʛʨʫʧʧ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʷʜʝʨʥʳʭ ʘʥʠʦʥʦʚ ʠ ʚʳʜʝʣʷʶʱʠʭʩʷ ʤʦʣʝʢʫʣ ʚʦʜʳ, 

ʧʝʨʝʭʦʜʷʱʠʭ ʚ ʚʦʜʥʫʶ ʬʘʟʫ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʧʦʣʠʷʜʝʨʥʳʝ ʘʥʠʦʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʛʠʜʨʘʪʘʮʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʪʝʩʥʝʥʠʶ ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʚʩʝʭ 

ʙʦʣʝʝ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʘʥʠʦʥʦʚ. ʊʘʢʘʷ ʵʢʩʪʨʘʢʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ çʭʠʤʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘè, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘʮʝʣʦ ʠʟʚʣʝʢʘʪʴ 

ʮʝʣʝʚʦʡ ʢʦʤʧʦʥʝʥʪ ʠʟ ʚʦʜʥʦʡ ʬʘʟʳ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ. ʈʝʵʢʩʪʨʘʢʮʠʶ ʧʦʣʠʷʜʝʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦ ʨʝʘʢʮʠʠ, ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ 

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʚ ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ ʚ ʠʟʙʳʪʢʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʘʥʠʦʥʦʚ. 

ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʨʝʵʢʩʪʨʘʢʮʠʠ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʢʘʢ  çʜʝʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʳʡè, ʧʨʠ 

ʢʦʪʦʨʦʤ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʷ ʧʦʣʠʦʢʩʠʘʥʠʦʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʥʦʦʢʩʠʘʥʠʦʥʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʩʪʘʚʘ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʚʦʜʥʫʶ ʬʘʟʫ, ʘ 

ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʯʘʩʪʴ ʦʙʨʘʟʫʝʪ ʩʦʣʴ ʩ ʯʝʪʚʝʨʪʠʯʥʳʤ ʘʤʤʦʥʠʝʚʳʤ ʢʘʪʠʦʥʦʤ. ʊʘʢʦʡ 

ʤʝʭʘʥʠʟʤ ʨʝʵʢʩʪʨʘʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʥʘʢʘʧʣʠʚʘʪʴ ʨʝʵʢʩʪʨʘʛʠʨʫʝʤʳʡ ʢʦʤʧʦʥʝʥʪ ʚ ʬʦʨʤʝ 

ʤʦʥʦʘʥʠʦʥʦʚ ʚ ʚʦʜʥʦʡ ʬʘʟʝ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʩʳʱʝʥʥʳʤ ʜʣʷ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ. ʅʘʨʷʜʫ ʩ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʵʢʩʪʨʘʢʮʠʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʵʣʝʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ 

ʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Cr(VI).  

mailto:chao_step@mail.ru
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ɿɸʄɽʑɽʅʀɽ ʄɽʊɸʃʃʆɺ ʂɸʂ ʄɽʊʆɼ ʎɽʃɽɺʆʁ 

ʄʆɼʀʌʀʂɸʎʀʀ ʕʃɽʂʊʈʆʅʅʓʍ ʉɺʆʁʉʊɺ ʇʆʃʀʗɼɽʈʅʓʍ 

ʄɽʊɸʃʃʆʆʈɻɸʅʀʏɽʉʂʀʍ ʂɸʈʂɸʉʆɺ 

ʉʳʟʛʘʥʮʝʚʘ ʆ.ɸ.1, ʉʳʟʛʘʥʮʝʚʘ ʄ.ɸ.1 

1 ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 

ʃʝʥʠʥʩʢʠʝ ɻʦʨʳ, ʜ.1, ʩʪʨ.3, 119992. 

E-mail: osyzgantseva@gmail.com 

 

ʄʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ (ʄʆʂ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʘʜʩʦʨʙʮʠʶ, ʨʘʟʜʝʣʝʥʠʝ, 

ʤʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʪʘʣʠʟ, ʬʦʪʦʚʦʣʴʪʘʠʢʫ ʠ ʩʝʥʩʦʨʠʢʫ, ʚʚʠʜʫ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʦʜʠʬʠʢʘʮʠʠ ʠʭ ʩʚʦʡʩʪʚ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ [1]. ʆʩʥʦʚʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʄʆʂ ʷʚʣʷʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ 

ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʫʟʣʳ, ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʠʷʜʝʨʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ 

ʦʢʩʠʜʦʚ, ʩʫʣʴʬʠʜʦʚ, ʛʘʣʦʛʝʥʠʜʦʚ, ʥʠʪʨʠʜʦʚ, ʠ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʣʶʙʳʭ ʭʘʣʴʢʦ- ʠ 

ʧʥʠʢʪʦʛʝʥʠʜʦʚ ʤʝʪʘʣʣʦʚ [2]. ɿʘʤʝʱʝʥʠʝ ʤʝʪʘʣʣʘ ʚ ʵʪʠʭ ʢʣʘʩʪʝʨʘʭ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʤʦʜʫʣʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʭʘʥʠʟʤ ʧʦʜʙʦʨʘ ʤʝʪʘʣʣʘ ʜʣʷ 

ʮʝʣʝʚʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʄʆʂ, ʚʢʣʶʯʘʷ ʟʦʥʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʦʧʪʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʜʝʣʝʥʠʷ ʟʘʨʷʜʘ ʚ 

ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʨʦʚʦʜʠʤʦʩʪʴ, ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ 

ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʝ ʧʫʪʠ [2,3], ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʳʩʪʨʘʠʚʘʥʠʷ ʝʛʦ 

ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʦʚʥʝʡ [1,2], ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʘʧʨʦʙʘʮʠʷ ʵʪʦʛʦ ʧʦʜʭʦʜʘ [2]. 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʧʦʜʙʦʨʘ ʢʦʤʧʦʥʝʥʪʦʚ ʢʣʘʩʪʝʨʘ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʄʆʂ [1] 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

ʩʚʝʨʭʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ. 
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ɺʃʀʗʅʀɽ ʅɸ ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ʌʆʊʆɸʂʊʀɺʅʆɻʆ ʎʀʄɸʅʊʈɽʅɸ ɺɺɽɼɽʅʀʗ ɺ ʄʆʃɽʂʋʃʋ 

ɺʊʆʈʆɻʆ ʄɽʊɸʃʃʆʎɽʅɸ 

ʊʝʣʝʛʠʥʘ ʃ.ʅ.1, ʂʝʣʙʳʰʝʚʘ ɽ.ʉ.1 

1 ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʥʠ ɸ.ʅ.ʅʝʩʤʠʷʥʦʚʘ, 

119991, ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ɺʘʚʠʣʦʚʘ, 28 
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ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʩʦʟʜʘʥʠʷ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʠ ʬʦʪʦʭʨʦʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ 

ʧʦʣʫʣʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ ʜʨʫʛʦʤʫ [1]. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʬʦʪʦʣʠʟ 

ʧʨʦʠʟʚʦʜʥʳʭ ʮʠʤʘʥʪʨʝʥʘ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʙʦʢʦʚʦʤ ʟʘʤʝʩʪʠʪʝʣʝ n-  ʠ ʨ-ʜʦʥʦʨʥʳʝ ʛʨʫʧʧʳ, 

ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ ʬʦʪʦʭʨʦʤʥʳʭ ʩʠʩʪʝʤ ʟʘ ʩʯʝʪ ʬʦʪʦʠʥʜʫʮʠʨʝʤʦʛʦ ʣʠʛʘʥʜʥʦʛʦ 

ʦʙʤʝʥʘ. ɺ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʧʨʦʠʩʭʦʜʠʪ ʩʠʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ, ʦʧʪʠʯʝʩʢʠʭ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [2]. 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʮʠʤʘʥʪʨʝʥʦʚʦʛʦ 

ʦʩʪʘʪʢʘ ʚʚʝʜʝʥʠʷ ʚʪʦʨʦʛʦ ʤʝʪʘʣʣʦʮʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʩʚʦʡʩʪʚ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʋʌ ʦʙʣʫʯʝʥʠʷ ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʝ ʩʝʨʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʮʠʤʘʥʪʨʝʥʘ ʩ 

ʜʚʫʤʷ ʪʠʧʘʤʠ ʣʠʥʢʝʨʦʚ (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1. ʎʠʤʘʥʪʨʝʥʠʣʠʤʠʥʳ ʠ ʮʠʤʘʥʪʨʝʥʠʣʘʣʢʠʣʢʝʪʦʥʳ 

ʀʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʦʜʦʤ ʎɺɸ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʮʠʤʝʥʪʨʝʥʠʣʘʣʢʠʣʢʝʪʦʥʦʚ ʠ ʮʠʤʘʥʪʨʝʥʠʣʠʤʠʥʦʚ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʤʘʨʛʘʥʮʘ 

ʧʨʦʪʝʢʘʝʪ ʧʨʠ 1.2 ɺ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʙʦʢʦʚʦʡ ʮʝʧʠ. ʇʦʩʣʝ 

ʦʙʣʫʯʝʥʠʷ ʮʠʤʘʥʪʨʝʥʠʣʭʘʣʢʦʥʦʚ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʥʦʚʳʡ ʧʠʢ ʦʢʠʩʣʝʥʠʷ ʧʨʠ 0.25 ɺ, 

ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʦʪʨʳʚʦʤ ʵʣʝʢʪʨʦʥʘ ʦʪ ʘʪʦʤʘ ʤʘʨʛʘʥʮʘ ʚ ʥʦʚʦʤ ʜʠʢʘʨʙʦʥʠʣʴʥʦʤ 

ʢʦʤʧʣʝʢʩʝ ʩʦ ʩʚʷʟʴʶ Mn-ʘʮʝʪʦʥʠʪʨʠʣʦʤ. ɺ ʩʣʫʯʘʝ ʮʠʤʘʥʪʨʝʥʠʣʠʤʠʥʦʚ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ 

ʧʦʣʦʞʝʥʠʝ ʧʝʨʚʦʛʦ ʧʠʢʘ ʦʢʠʩʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʟʘʤʝʥʝ 

ʬʝʨʨʦʮʝʥʠʣʴʥʦʛʦ ʦʩʪʘʪʢʘ ʥʘ ʮʠʤʘʥʪʨʝʥʠʣʴʥʳʡ, ʯʪʦ ʩʚʷʟʘʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʝʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦ ʩʚʷʟʴʶ Mn-N. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʘʤʠ ʀʂ ʠ ʋʌ-ʚʠʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ075-00697-22-00 ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 
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ʄɽʊʆɼʓ ʅɸʇʈɸɺʃɽʅʅʆɻʆ ʉʀʅʊɽɿɸ 

ɻɽʊɽʈʆʄɽʊɸʃʃʀʏɽʉʂʀʍ ʂɸʈɹʆʂʉʀʃɸʊ-ʄʆʉʊʀʂʆɺʓʍ 

ʂʆʄʇʃɽʂʉʆɺ ʇɽʈɽʍʆɼʅʓʍ ʄɽʊɸʃʃʆɺ 

ʋʚʘʨʦʚʘ ʄ.ɸ., ʃʫʮʝʥʢʦ ʀ.ɸ., ʅʝʬʝʜʦʚ ʉ.ɽ., ɽʨʝʤʝʥʢʦ ʀ.ʃ.  

ʀʥʩʪʠʪʫʪ ʆʙʱʝʡ ʠ ʅʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ.ʂʫʨʥʘʢʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ʇʦʠʩʢ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʦʡ ʤʝʪʘʣʣʦʮʝʥʪʨʦʚ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʫʥʠʢʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʩʙʦʨʢʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʘʨʙʦʢʩʠʣʘʪ-

ʤʦʩʪʠʢʦʚʳʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʤʦʥʦʷʜʝʨʥʳʭ ʤʦʣʝʢʫʣ PhenM(OOCR)2 c ʩʦʣʷʤʠ ʛʝʪʝʨʦʤʝʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʥʠʦʥʳ 

ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ (ʪʨʠʬʣʘʪʳ, ʪʨʠʬʪʦʨʘʮʝʪʘʪʳ): 

 
ʇʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʬʝʥʘʥʪʨʦʣʠʥ-ʪʨʠʬʣʘʪʘ ʧʘʣʣʘʜʠʷ ʩ PhenM(OOCR)2 (M =Cu, Zn, Co, Ni, R=But, Me) 

ʬʦʨʤʠʨʫʶʪʩʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʩ ʤʝʪʘʣʣʦʦʩʪʦʚʘʤʠ Pd-Cu, Pd-Zn, Pd-Co, 

Pd-Ni. ʇʦ ʘʥʘʣʦʛʠʯʥʦʡ ʩʭʝʤʝ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʯʝʪʳʨʝʭʲʷʜʝʨʥʳʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʢʦʤʧʣʝʢʩʳ [Phen2Zn2Eu2(Õ-OOCBut)8](Otf)2, [Phen2Zn2Gd2(Õ-Fur)8(OOCCF3)2]. 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʢʦʤʙʠʥʠʨʦʚʘʥʠʶ ʜʚʫʭ ʠ ʙʦʣʝʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ 

ʣʠʛʘʥʜʦʚ ʠ ʢʘʨʙʦʢʩʠʣʘʪʦʚ (ʮʠʤʝʥʪʨʝʥ-, ʬʝʨʨʦʮʝʥ- 

ʭʨʦʤʦʮʝʥ-ʢʘʨʙʦʢʩʠʣʘʪʦʚ). ʊʘʢ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʮʠʤʘʥʪʨʝʥ-ʢʘʨʙʦʢʩʠʣʘʪʦʚ 3d ʤʝʪʘʣʣʦʚ ʩ ʬʦʩʬʦʨʠʣ-

ʟʘʤʝʱʝʥʥʳʤ ʬʝʨʨʦʮʝʥʦʤ ʦʙʨʘʟʫʶʪʩʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʩ ʤʝʪʘʣʣʦʢʘʨʢʘʩʦʤ 

Mn(II)Fe(II )M(II), M=Cu (ʈʠʩ.1), Zn, Co, Ni. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦʣʫʯʝʥʦ 

ʙʦʣʝʝ 100 ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʙʠ- ʠ ʧʦʣʠʷʜʝʨʥʳʭ 

ʢʘʨʙʦʢʩʠʣʘʪ-ʤʦʩʪʠʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʈʠʩʫʥʦʢ 1. ʉʪʨʦʝʥʠʝ ʂʇ ʩ ʤʝʪʘʣʣʦʦʩʪʦʚʦʤ Mn(II )Fe(II )Cu(II ) 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ɻʨʘʥʪ 22-13-00175).  
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ʌʝʜʠʥ ɺ.ʇ., ʉʘʧʴʷʥʠʢ ɸ.ɸ., ʂʦʚʘʣʝʥʢʦ ʂ.ɸ., ʉʘʤʩʦʥʝʥʢʦ ɼ.ɻ. 

ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ,  

ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨʦʩʧʝʢʪ ɸʢʘʜʝʤʠʢʘ ʃʘʚʨʝʥʪʴʝʚʘ, 3, 630090 
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ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ ʩ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ, 

ʩʪʨʫʢʪʫʨʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ, ʧʦʩʪʦʷʥʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʨʝʛʫʣʠʨʫʝʤʦʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ ʚʳʜʝʣʷʶʪʩʷ ʢʘʢ ʫʥʠʢʘʣʴʥʳʡ ʪʠʧ ʜʘʪʯʠʢʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ [1]. 

ʊʨʠ ʥʦʚʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ (ʄʆʂʇ) ʩ 2,5-ʪʠʦʬʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʠ 2,5-ʬʫʨʘʥʜʠʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ (H2NMe2)[LiZn(dmf)(tdc)2]ĀDMFĀH2O, [{LiZn} 2Li 2Zn2(dmf)6(tdc)6]Ā6DMFĀH2O 

ʠ [Li2Zn2(dmf)2(fdc)3]Ā2DMFĀ2H2O ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʫʩʣʦʚʠʷʭ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ 

ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʠʚʘʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Li 2Zn2(py)2(piv)6]. ʉʪʨʦʝʥʠʝ ʵʪʠʭ ʄʆʂʇ ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ʤʳ ʧʦʢʘʟʘʣʠ ʚʘʞʥʦʩʪʴ ʪʦʯʥʦʛʦ ʚʳʙʦʨʘ ʫʩʣʦʚʠʡ 

ʩʠʥʪʝʟʘ ʠ ʛʝʦʤʝʪʨʠʠ ʣʠʛʘʥʜʘ ʜʣʷ ʧʦʣʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʪʝʪʨʘʷʜʝʨʥʦʛʦ ʙʣʦʢʘ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʣʫʯʝʥʥʳʭ ʄʆʂʇ. ʈʘʟʣʠʯʠʝ ʚ ʟʥʘʯʝʥʠʷʭ ʫʛʣʦʚ ʤʝʞʜʫ 

ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʚ ʬʫʨʘʥ- ʠ ʪʠʦʬʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʥʢʝʨʘʭ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠʩʭʦʜʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ ʢʘʨʢʘʩ [Li2Zn2(dmf)2(fdc)3] ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʝʨʤʘʥʝʥʪʥʫʶ 

ʧʦʨʠʩʪʦʩʪʴ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ɹʕʊ, ʨʘʚʥʳʤ 287 ʤ2/ʛ. 

ʕʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʳʝ ʢʘʨʢʘʩʳ ʩʧʦʩʦʙʥʳ ʩʦʨʙʠʨʦʚʘʪʴ ʠʦʥʳ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ Pb2+, Hg2+ 

ʠ Cd2+ ʠʟ ʨʘʩʪʚʦʨʘ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ (ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʧʦʨʷʜʦʢ) [2]. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʥʦʤʝʨ ʛʨʘʥʪʘ 19-73-

20087). 

ʉʩʳʣʢʠ 
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ʉʆʃʀ ʉ ɸʅʀʆʅ-ʈɸɼʀʂɸʃʆʄ ɼʀʌʋʈɸɿɸʅʆʇʀʈɸɿʀʅɸ 

ʌʦʢʠʥ ʉ.ɺ.1, ʆʚʯʘʨʝʥʢʦ ɺ.ʀ.1,2, ʈʦʤʘʥʝʥʢʦ ɻ.ɺ.1, ɹʦʛʦʤʷʢʦʚ ɸ.ʉ.1, ʐʝʨʝʤʝʪʝʚ ɸ.ɹ.2, 

ɽʛʦʨʦʚ ʄ.ʇ.2 

1 ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʡ ʮʝʥʪʨ ʉʆ ʈɸʅ, 630090, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
2 ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, 119991, ʛ. ʄʦʩʢʚʘ 
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ʉʠʥʪʝʟʠʨʦʚʘʥʦ ʥʦʚʦʝ ʩʝʤʝʡʩʪʚʦ ʩʪʘʙʠʣʴʥʳʭ 

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ MLÅ(H2O)n (M = Li, Na, K, 

Rb, Cs, NH4, NBu4; LÅ ï ʘʥʠʦʥ-ʨʘʜʠʢʘʣ 4H,8H ʙʠʩ(1,2,5 

ʦʢʩʘʜʠʘʟʦʣʦ)[3,4-b:3ǋ,4ǋ-e]ʧʠʨʘʟʠʥʘ). ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʦʥʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ 

ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʝʞʜʫ ʩʪʦʧʢʘʤʠ 

ʜʠʬʫʨʘʟʘʥʦʧʠʨʘʟʠʥʦʚ, ʬʦʨʤʠʨʫʷ ʢʘʨʢʘʩ (ʈʠʩ. 1ʘ). ʉʦʣʴ NaLÅ(H2O)3 ʥʠʞʝ 4ʂ ʧʝʨʝʭʦʜʠʪ 

ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʨʠʤʝʨʦʤ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʛʥʝʪʠʢʘ ʚ ʢʣʘʩʩʝ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʬʫʨʘʟʘʥʦʧʠʨʘʟʠʥʘ. ɼʣʷ 

CsLÅ(H2O)2 ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʝʦʙʳʯʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʩʣʦʞʥʳʤ 

ʧʝʨʝʭʦʜʦʤ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʬʘʟʳ ʚ ʩʪʘʙʠʣʴʥʫʶ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʮʠʢʣʦʚ ʦʭʣʘʞʜʝʥʠʷ-

ʥʘʛʨʝʚʘʥʠʷ (ʈʠʩ. 1ʙ). 

    
               ʘ                                                                         ʙ 

ʈʠʩʫʥʦʢ 1. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ NaLω(H2O)3 (ʘ); ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ Õʵʬʬ ʜʣʷ Cs(LÅ)(H2O)2 (ʙ) 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ (ʩʦʛʣʘʰʝʥʠʝ 

ʩ ʀʆʍ ʈɸʅ 075-15-2020-803).  
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ɺʃʀʗʅʀɽ ɺʅɽʐʅɽʉʌɽʈʅʆɻʆ ʇʈʆʊʀɺʆʀʆʅɸ ʅɸ ʉʇʀʅʆɺʓɽ 

ʇɽʈɽʍʆɼʓ ɺ ʂɸʊɽʍʆʃɸʊʅʓʍ ʂʆʄʇʃɽʂʉɸʍ ɾɽʃɽɿɸ(III)  

ʏʝʛʝʨʝʚ ʄ.ɻ.1, ʉʪʘʨʠʢʦʚ ɸ.ɻ.1, ɼʝʤʠʜʦʚ ʆ.ʇ.2, ɺʘʩʠʣʴʝʚ ʇ.ʅ.3, ɽʬʠʤʦʚ ʅ.ʅ.3, 

ʂʫʙʨʠʥ ʉ.ʇ.4, ʇʠʩʢʫʥʦʚ ɸ.ɺ.5, ʐʘʧʦʚʘʣʦʚʘ ʉ.ʆ.6, ɻʫʜʘ ɸ.ɸ.6 

1 ʅʀʀ ʌʠʟʠʯʝʩʢʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʖʌʋ, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʧʨ. ʉʪʘʯʢʠ, 194/2 
2 ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʪʘʚʨʦʧʦʣʴ, ʫʣ. ʇʫʰʢʠʥʘ, 1 

3 ʀʆʅʍ ʠʤ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨ. 31 
4 ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʖʌʋ, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʧʨ. ʉʪʘʯʢʠ, 194 

5 ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. 

ʊʨʦʧʠʥʠʥʘ 49 
6 ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʖʌʋ, 

ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʫʣ. ʉʣʘʜʢʦʚʘ, 178/24 

E-mail: mchegerev@sfedu.ru, chemax@iomc.ras.ru  

 

ʂʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʩ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʠʚʣʝʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʥʠʤʘʥʠʝ ʫʯʝʥʳʭ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 40 ʣʝʪ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʥʠʢʘʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʣʠʛʘʥʜʦʚ ʦʙʨʘʪʠʤʦ ʠʟʤʝʥʷʪʴ ʩʚʦʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ 

ʥʘʭʦʜʷʩʴ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʤʝʪʘʣʣʦʮʝʥʪʨʘ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʭʠʤʠʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʦʣʠʩʧʠʥʦʚʳʭ ʩʠʩʪʝʤ ï ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʠʪʦʚ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʠʦʥʥʳʭ ʢʘʪʝʭʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʞʝʣʝʟʘ(III), ʩʦʜʝʨʞʘʱʠʭ ʟʘʤʝʱʝʥʥʳʡ 3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʢʘʪʝʭʦʣʘʪʥʳʡ ʣʠʛʘʥʜ ʠ 

ʪʝʪʨʘʜʝʥʪʘʪʥʳʡ ʪʨʠʩ(2-ʧʠʨʠʜʠʣʤʝʪʠʣ)ʘʤʠʥ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʚʥʝʰʥʝʩʬʝʨʥʦʛʦ 

ʧʨʦʪʠʚʦʘʥʠʦʥʘ (PF6, BPh4, ClO4, BF4) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʣʷ ʚʩʝʭ ʢʦʤʧʣʝʢʩʦʚ ʭʘʨʘʢʪʝʨʥʦ ʧʨʦʪʝʢʘʥʠʝ 

ʪʝʨʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʩʧʠʥ-ʢʨʦʩʩʦʚʝʨʘ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʟʘʚʝʨʰʝʥʥʦʩʪʠ, 

ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʢʦʤʧʣʝʢʩʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ (ʕʇʈ, ʤʘʛʥʠʪʥʘʷ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ, ʄʝʩʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, XAS, DFT) ʚʳʜʝʣʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɺ ʢʦʤʧʣʝʢʩʝ c BF4 ʘʥʠʦʥʦʤ, ʥʘʨʷʜʫ ʩ ʬʝʥʦʤʝʥʦʤ ʩʧʠʥ-ʢʨʦʩʩʦʚʝʨʘ, 

ʦʙʥʘʨʫʞʝʥ ʚʘʣʝʥʪʥʦ-ʪʘʫʪʦʤʝʨʥʳʡ ʧʝʨʝʭʦʜ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ hs-FeII-

SQ ʨʝʜʦʢʩ-ʠʟʦʤʝʨʘ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʦʝʢʪ ˉ 0852-

2020-0031).  
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ɻɽʊɽʈʆʄɽʊɸʃʀʏɽʉʂʀɽ ʂɸʈɹʆʂʉʀʃɸʊʅʓɽ ʂʆʄʇʃɽʂʉʓ 

ɺʀʉʄʋʊɸ (III): ʉʀʅʊɽɿ, ʉʊʈʆɽʅʀɽ ʀ ʈɽɸʂʎʀʆʅʅɸʗ 

ʉʇʆʉʆɹʅʆʉʊʔ 

ʐʘʧʦʚʘʣʦʚ ʉ.ʉ.1, ʉʢʘʙʠʮʢʠʡ ʀ.ɺ.1, ʊʠʭʦʥʦʚʘ ʆ.ɻ.1  

1 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ, 

ʛ. ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨ., 31 

E-mail: schss@yandex.ru  

 

ʅʘ ʦʩʥʦʚʝ ʧʠʚʘʣʘʪʘ ʚʠʩʤʫʪʘ (III) [1] ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ ʠ ʢʦʙʘʣʴʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʠʚʘʣʘʪʘ ʚʠʩʤʫʪʘ (III)  ʠ ʧʠʚʘʣʘʪʘ ʥʠʢʝʣʷ (II) (ʨʠʩ.1) 

ʙʳʣ ʧʦʣʫʯʝʥ ʰʝʩʪʠʷʜʝʨʥʳʡ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ Ni4Bi2(m4-O)2(m2-OPiv)6(m3-

OPiv)4(PivOH)2, ʚ ʢʦʪʦʨʦʤ ʜʚʘ ʘʪʦʤʘ ʚʠʩʤʫʪʘ ʥʘʭʦʜʷʪʩʷ ʚ ʦʢʨʫʞʝʥʠʠ ʠʩʢʘʞʝʥʥʦʡ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʧʠʨʘʤʠʜʳ, ʘ ʘʪʦʤʳ ʥʠʢʝʣʷ ï ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ Ni4Bi2(m4-O)2(m2-OPiv)6(m3-OPiv)4(PivOH)2 ʩ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ N-

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʢʘʨʙʝʥʘ 1,3-ʜʠʤʝʪʠʣʠʤʠʜʘʟʦʣ-3-ʢʘʨʙʦʢʩʠʣʘʪʦʤ (Me2ImCO2) 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʥʦʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣʷ (II) Ni(Me2Im)2(OPiv)2 (ʮʠʩ-

ʠʟʦʤʝʨ) ʩ ʜʚʫʤʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʢʘʨʙʝʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʠʚʘʣʘʪʘ ʚʠʩʤʫʪʘ (III) ʩ ʧʠʚʘʣʘʪʦʤ ʢʦʙʘʣʴʪʘ (II) ʙʳʣ ʚʳʜʝʣʝʥ 

ʰʝʩʪʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ Co4Bi2(Õ-O)2(Õ2-OPiv)4(Õ3-OPiv)4Ŀ2THF. ɺ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ 

ʦʜʥʘ ʧʦʣʦʚʠʥʘ ʘʪʦʤʦʚ ʢʦʙʘʣʴʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ, ʘ ʜʨʫʛʘʷ ï ʚ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ. ʃʠʛʘʥʜʳ, ʦʢʨʘʞʘʶʱʠʝ ʘʪʦʤ ʚʠʩʤʫʪʘ, ʦʙʨʘʟʫʶʪ ʛʝʦʤʝʪʨʠʶ 

ʠʩʢʘʞʝʥʥʦʡ ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ ʧʠʨʘʤʠʜʳ. 

 
ʈʠʩʫʥʦʢ 1. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʝ ʧʠʚʘʣʘʪʦʚ ʚʠʩʤʫʪʘ (III) ʠ ʥʠʢʝʣʷ (II). 

ʉʩʳʣʢʠ 

[1] Blicke, F. F., Oakdale, U. O., Smith, F. D., J. Am. Chem. Soc., 1931, 53(3), 1025-1029  

mailto:schss@yandex.ru
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ʊʈɸʅʉ-ʕʌʌɽʂʊ ɺ ʇʆʃʀʗɼɽʈʅʓʍ ʂɸʈɹʆʂʉʀʃɸʊʅʓʍ 

ʂʆʄʇʃɽʂʉɸʍ ʇɸʃʃɸɼʀʗ ʉ ʄɸʃʓʄʀ ʄʆʃɽʂʋʃɸʄʀ 

ʐʠʰʠʣʦʚ ʆ.ʅ.1, ɸʭʤʘʜʫʣʣʠʥʘ ʅ.ʉ.2, ʂʦʥʴʢʦʚʘ ɽ.ʉ.1, ʌʣʠʜ ɺ.ʈ.1 

1 ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʧʨ. ɺʝʨʥʘʜʩʢʦʛʦ 86 
2 ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʘʡʢʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨ. 49 

E-mail: oshishilov@gmail.com, oleg.shishilov@yandex.ru  

 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʴ ʪʨʘʥʩ-ʵʬʬʝʢʪʘ (ʪʨʘʥʩ-ʚʣʠʷʥʠʷ) ʣʠʛʘʥʜʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʢʣʶʯʝʚʳʭ ʚ ʭʠʤʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɽʸ ʯʸʪʢʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʙʳʣʘ ʜʘʥʘ ʚ 

1952 ʛ., ʠ ʟʘ ʧʨʦʰʝʜʰʠʝ 70 ʣʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʫʜʦʚ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʳʣ ʧʦʩʪʨʦʝʥ 

ʨʷʜ ʪʨʘʥʩ-ʚʣʠʷʥʠʷ ʧʨʠʤʝʨʥʦ ʧʦʣʫʪʦʨʘ ʜʝʩʷʪʢʦʚ ʣʠʛʘʥʜʦʚ ʠ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʧʦʜʭʦʜʦʚ ʢ 

ʦʙʲʷʩʥʝʥʠʶ ʧʨʠʨʦʜʳ ʵʪʦʛʦ ʚʣʠʷʥʠʷ [1]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʶ 

ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʫʶ ʩʠʣʫ ʜʣʷ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʥʮʝʧʮʠʷ ʪʨʘʥʩ-ʵʬʬʝʢʪʘ 

ʦʩʪʘʸʪʩʷ ʥʝʨʘʟʨʘʙʦʪʘʥʥʦʡ ʜʣʷ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʣʘʩʪʝʨʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ. ʅʘʤʠ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥ ʪʨʘʥʩ-ʵʬʬʝʢʪ ʥʝʢʦʪʦʨʳʭ ʣʠʛʘʥʜʦʚ ʚ ʧʦʣʠʷʜʝʨʥʳʭ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʧʘʣʣʘʜʠʷ ʩ ʤʘʣʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ï CO ʠ NO (ʨʠʩ. 1). 

ʈʠʩʫʥʦʢ 1. ʉʪʨʦʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʪʠʧʠʯʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ ʩ ʉʆ ʠ NO. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʞʝ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ (Pdn(ɛ-CO)n(ɛ-RCO2)n, Pd4(ɛ-NO)2+x(RCO2)6ïx ʠ 

ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʦʧʠʩʳʚʘʶʱʠʭ ʪʨʘʥʩ-

ʵʬʬʝʢʪ ʤʦʩʪʠʢʦʚʳʭ RCOOï, CO ʠ NO-ʣʠʛʘʥʜʦʚ ʚ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʧʘʣʣʘʜʠʷ. 

ʕʪʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʊʨʘʥʩ-ʵʬʬʝʢʪ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʦʚ ʧʨʝʚʦʩʭʦʜʠʪ ʪʘʢʦʚʦʡ ʜʣʷ CO- ʠ NO-ʣʠʛʘʥʜʦʚ. 

2. ʊʨʘʥʩ-ʵʬʬʝʢʪ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʦʚ ʚ ʟʘʤʝʪʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʥʠʭ. 

3. ʊʨʘʥʩ-ʵʬʬʝʢʪ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʦʚ ʦʩʣʘʙʝʚʘʝʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ CO- ʠ NO-ʣʠʛʘʥʜʦʚ. 

ʉʩʳʣʢʠ 

[1] B.J. Coe, S. Glenwright, Coord. Chem. Rev., 2000, 203, ˉ 1, ʉ. 5. 

[2] O.N. Shishilov, R.E. Podobedov, Ya.N. Rezinkova et al., Dalton Trans., 2013, 42, P. 1338. 

[3] O.N. Shishilov, N.S. Akhmadullina, Ya.N. Rezinkova et al., Dalton Trans., 2013, 42, P. 3712. 

[3] O.N. Shishilov, P.V. Ankudinova, E.V. Nikitenko et al., J. Organomet. Chem., 2014, 767, P. 112. 

[3] ʆ.ʅ. ʐʠʰʠʣʦʚ, ʅ.ʉ. ɸʭʤʘʜʫʣʣʠʥʘ, ɺ.ʈ. ʌʣʠʜ, ʀʟʚ. ɸʢʘʜ. ʅʘʫʢ, ʩʝʨ. ʍʠʤ., 2020, 69, ˉ 2, 

ʉ. 229.  

mailto:oshishilov@gmail.com
mailto:oleg.shishilov@yandex.ru


IX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʠ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʣʘʩʪʝʨʦʚ çʂʣʘʩʪʝʨ-2022è 

4-7 ʆʢʪʷʙʨʷ, 2022, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

 

86 

 

ɺʃʀʗʅʀɽ ʅɽʂʆɺɸʃɽʅʊʅʓʍ ɺɿɸʀʄʆɼɽʁʉʊɺʀʁ ʅɸ 

ʉʊʈʋʂʊʋʈʋ ʀ ʃʖʄʀʅɽʉʎɽʅʊʅʓɽ ʉɺʆʁʉʊɺɸ ʇɽʅʊɸ- ʀ 

ʊɽʊʈɸʌʊʆʈɹɽʅɿʆɸʊʅʓʍ ʂʆʄʇʃɽʂʉʆɺ Cd(II) ʀ Ln(III) 

ʐʤʝʣʝʚ ʄ.ɸ.1, ɺʦʨʦʥʠʥʘ ʖ.ʂ.1, ʉʠʜʦʨʦʚ ɸ.ɸ.1, ɽʨʝʤʝʥʢʦ ʀ.ʃ.1  

1 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, 119991 

ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, 31 

E-mail: shmelevma@yandex.ru   

ʈʘʟʚʠʪʠʝ ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʜʠʟʘʡʥʘ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʟʘʜʘʥʥʳʤ 

ʥʘʙʦʨʦʤ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʩʣʫʞʠʪʴ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʤʘʪʝʨʠʘʣʦʚ (ʦʙʲʝʤʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʧʣʝʥʦʢ, ʧʦʢʨʳʪʠʡ ʠ ʜʨ.), ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʤʥʦʛʠʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʥʪʘ- ʠ ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ 

ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʦʟʚʦʣʷʝʪ ʟʘ ʩʯʝʪ 

ʫʧʨʘʚʣʝʥʠʷ ʥʝʢʦʚʘʣʝʥʪʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʥʘʧʨʘʚʣʝʥʥʦ ʚʣʠʷʪʴ ʢʘʢ ʥʘ ʩʪʨʦʝʥʠʝ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ, ʪʘʢ ʠ ʥʘ ʠʭ ʩʚʦʡʩʪʚʘ [1]. ɺ ʩʣʫʯʘʝ ʧʝʥʪʘʬʪʦʨʙʝʥʟʦʘʪʥʳʭ Cd-Ln 

(Ln(III) = Eu, Tb, Gd, Dy) ʢʦʤʧʣʝʢʩʦʚ ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ (phen) ʦʙʥʘʨʫʞʝʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʧʨʦʜʫʢʪʦʚ. ɺʧʝʨʚʳʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ ʠʜʝʥʪʠʯʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʣʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʣʠʤʝʨʘ 

{Cd2Ln2(phen)2(C6F5COO)10} n(1), ʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʠ 75
ʦʉ ï ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Cd2Tb2(phen)2(C6F5COO)10](2) [1].  

ʉʦʯʝʪʘʥʠʝ ʧʝʥʪʘʬʪʦʨʙʝʥʟʦʘʪʥʳʭ ʘʥʠʦʥʦʚ ʩ ʘʥʠʦʥʘʤʠ ʜʨʫʛʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʤʦʥʦʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʧʦʣʫʯʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʛʝʪʝʨʦʘʥʠʦʥʥʳʭ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʦʚʦʛʦ ʪʠʧʘ. ʇʦʜʦʙʥʳʝ ʧʦʧʳʪʢʠ ʚ ʭʠʤʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʤʦʥʦʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʨʘʥʝʝ ʥʝ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ, ʭʦʪʷ 

ʦʪʜʝʣʴʥʳʝ ʧʨʠʤʝʨʳ ʩʤʝʰʘʥʦʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʥʠʦʥʘʤʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ 

ʤʦʥʦʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠʣʠ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠʟʚʝʩʪʥʳ. ʇʦʣʫʯʝʥʳ ʛʝʪʝʨʦʘʥʠʦʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ [Ln2(phen)2(C6H5COO)2(C6F5COO)4] (3, Ln(III) = Eu, Tb, Er) ʠ 

[Cd2Eu2(phen)2(C6H5COO)2(C6F5COO)4](4). ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ 1-4 ʷʚʣʷʝʪʩʷ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʤʦʣʝʢʫʣ ʟʘ ʩʯʝʪ ʨʷʜʘ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ 

ʧʝʥʪʘʬʪʦʨʬʝʥʠʣʴʥʳʤʠ ʠ ʬʝʥʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʷʤʠ (ˊ-ˊ, C-F-ˊ, C-H-F, F- ˊ ʠ ʜʨʫʛʠʝ). 

ʂʦʤʧʣʝʢʩʳ (Ln(III) = Eu, Tb) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʷʨʢʫʶ ʤʝʪʘʣʣ-ʮʝʥʪʨʠʨʦʚʘʥʥʫʶ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʠʤʝʨʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ 1(Tb) ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

(ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʣʷʝʪ 63% ʜʣʷ 1(Tb), 33% ʜʣʷ 2 ʠ 45% ʜʣʷ 3).  ʂʘʢ ʧʦʢʘʟʘʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʪʝʨʦʘʥʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 3, ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʚʪʦʨʦʛʦ ʪʠʧʘ ʘʥʠʦʥʘ ʚʦʟʨʘʩʪʘʶʪ ʚ 1,5-2 

ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʦʤʦʘʥʠʦʥʥʳʤ ʘʥʘʣʦʛʦʤ ʠ ʜʦʩʪʠʛʘʶʪ 79% ʠ 92% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ, ʛʨʘʥʪ ˉ 22-73-
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ʅʆɺʓɽ ʉʆɽɼʀʅɽʅʀʗ ʅɸ ʆʉʅʆɺɽ ʊɽʊʈɸʕɼʈʀʏɽʉʂʆɻʆ  

ʂʃɸʉʊɽʈɸ {Re4S4}  
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ʍʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʨʝʥʠʷ ʠʟʫʯʘʶʪʩʷ ʜʘʚʥʦ ʠ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʳ. ɺ ʣʠʪʝʨʘʪʫʨʝ 

ʠʟʚʝʩʪʥʳ ʢʘʢ ʤʦʥʦʷʜʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʡ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ Re2, Re3, Re4 ʠ Re6 ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʦʚ. ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (>300oC) ʢʘʢ 

ʧʨʘʚʠʣʦ ʨʝʘʣʠʟʫʶʪʩʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʠʩʪʝʤʳ Re-S-Te-Br ʚ ʠʥʪʝʨʚʘʣʝ 350 ï 550 oC ʥʘʤʠ ʙʳʣ ʧʦʣʫʯʝʥ 

ʨʷʜ ʥʦʚʳʭ ʭʘʣʴʢʦʙʨʦʤʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʘ {Re4S4} ʦʙʱʝʛʦ 

ʩʦʩʪʘʚʘ {Re4S4}Br 8(TeBr2)n (n = 0, 3, 4). ʉʦʝʜʠʥʝʥʠʝ {Re4S4}Br 8(TeBr2)4 (1) - 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʚ ʢʦʪʦʨʦʤ ʘʪʦʤʳ ʨʝʥʠʷ ʚ ʷʜʨʝ {Re4S4} ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʜʚʫʤʷ 

ʘʪʦʤʘʤʠ ʙʨʦʤʘ ʠ ʣʠʛʘʥʜʦʤ TeBr2. ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʠʟʦʩʪʨʫʢʪʫʨʥʦ ʫʞʝ 

ʠʟʚʝʩʪʥʳʤ{Re4Q4}Cl8(TeCl2)4.[1] ʉʦʝʜʠʥʝʥʠʝ [({Re4S4}(TeBr2)3Br6)2(ɛ-Br)2/2] (2) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʤʝʨ, ʚ ʢʦʪʦʨʦʤ ʷʜʨʘ {Re4S4} ʩʚʷʟʘʥʳ ʯʝʨʝʟ ʜʚʘ m-Br ʤʦʩʪʠʢʘ. 

ʊʠʦʙʨʦʤʠʜ {Re4S4}Br 8 (3) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʝʜʝʣʴʥʳʡ ʩʣʫʯʘʡ çʢʦʥʜʝʥʩʘʮʠʠè 

ʢʣʘʩʪʝʨʦʚ Re4S4 ʚ ʙʝʩʢʦʥʝʯʥʳʝ ʩʣʦʠ (ʈʠʩ. 1). 

 
ʈʠʩ. 1 ʉʪʨʦʝʥʠʝ ʩʣʦʷ ʚ ʩʦʝʜʠʥʝʥʠʠ {Re4S4}Br 8 (1) 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 1, 2 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʤʝʨʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ {Re4S4}Br8 (1). 

ʆʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 1 ï 3 ʚ ʠʟʙʳʪʢʝ ʙʨʦʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʠʥʪʝʟʘ ʠ ʩʦʦʪʥʦʰʝʥʠʝʤ Re4S4 /TeBr2. ɺ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʳ ʛʨʘʥʠʮʳ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ 1 ï 3. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʷʪ ʛʨʘʥʪ ʈʅʌ ˉ 22-23-00626 ʟʘ ʬʠʥʘʥʩʦʚʫʶ ʧʦʜʜʝʨʞʢʫ. 

ʉʩʳʣʢʠ 

[1] Lang, E. S.; Abram, U.; Stahle, J.. Z. Anorg. Allg. Chem. 1996, 622, 251-253.  
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ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ 

(ʤʦʣʦʜʝʞʢʘ) 
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ʄɽʊɸʃʃʆ-ʉʋʇʈɸʄʆʃɽʂʋʃʗʈʅʓɽ ʂʆʆʈɼʀʅɸʎʀʆʅʅʓɽ 

ʇʆʃʀʄɽʈʓ ʅɸ ʆʉʅʆɺɽ ʇʀʈʀɼʀʅʆɺʓʍ ʇʀʃʃɸʈ[5]ɸʈɽʅʆɺ ʀ 

ʂɸʊʀʆʅʆɺ Cu(II) ʠ Pd(II) 

ɸʣʝʢʩʘʥʜʨʦʚʘ ʖ.ʀ., ʅʘʟʤʫʪʜʠʥʦʚʘ ɺ.ɸ., ʐʫʨʧʠʢ ɼ.ʅ., ʉʪʦʡʢʦʚ ʀ.ʀ. 

ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʍʠʤʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʄ. ɹʫʪʣʝʨʦʚʘ, ʂʘʟʘʥʴ, ʫʣ. ʂʨʝʤʣʸʚʩʢʘʷ, ʜ. 29/1. 

E-mail: a.julia.1996@mail.ru  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʘ ʠʤʝʥʥʦ 

ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʩʝʥʩʦʨʥʳʭ ʧʣʸʥʦʢ, ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʯʠʧʦʚ, ʧʨʠʤʝʥʷʶʪ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʧʣʘʪʬʦʨʤ. ʅʘʣʠʯʠʝ ʤʝʪʘʣʣʘ ʚ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʧʦʣʫʯʘʪʴ 

ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʟʘ ʩʯʝʪ ʧʦʷʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ, ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ ʠ 

ʪ.ʜ.), ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʞʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʩʪʨʫʢʪʫʨʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʨʟʘʤʝʱʸʥʥʳʝ ʧʠʣʣʘʨ[5]ʘʨʝʥʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʘʤʠʜʦʧʠʨʠʜʠʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʚʳʩʪʫʧʘʣʠ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦ-ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʣʠʤʝʨʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʉu2+, Pd2+. ʉʪʨʫʢʪʫʨʘ ʠ ʩʦʩʪʘʚ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʘʢʨʦʮʠʢʣʦʚ 

ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʝʪʦʜʘʤʠ: ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 1ʅ, 13ʉ, ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʄɸʃɼʀ-ʊʆʌ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ.  

ʄʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʠʣʣʘʨ[5]ʘʨʝʥʘ 1, ʩʦʜʝʨʞʘʱʝʛʦ 4-ʘʤʠʜʦʧʠʨʠʜʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʩ 

ʢʘʪʠʦʥʘʤʠ ʉu2+ ʠ Pd2+ ʚ ʤʝʪʘʥʦʣʝ ʩ ʢʦʥʩʪʘʥʪʘʤʠ ʘʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ 

ʂ2:1(1/Pd2+)=9827072 ʄ-1, ʂ2:1(1/ʉu
2+)=1133170 ʄ-1. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʤʝʩʠ 

1/ʉu2+ ʠ 1/Pd2+ (2:1) ʜʦ 10-2 ʄ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʛʝʣʠ ʤʝʪʘʣʣʦ-ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. 

ʄʦʨʬʦʣʦʛʠʷ ʛʝʣʝʚʦʡ ʤʘʪʨʠʮʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʦʪʥʫʶ 3D-ʩʝʪʴ ʥʘʥʦʚʦʣʦʢʦʥ ʩ 

ʜʠʘʤʝʪʨʦʤ ʥʠʪʠ ʦʢʦʣʦ 20 ʥʤ ʚ ʩʣʫʯʘʝ ʩʠʩʪʝʤʳ 1/ʉu2+ ʠ 30 ʥʤ - 1/Pd2+. ʉ ʧʦʤʦʱʴʶ ʟʦʣʴ-

ʛʝʣʴ ʧʨʦʮʝʩʩʘ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʛʝʣʠ ʙʳʣʠ ʧʝʨʝʚʝʜʝʥʳ ʚ ʘʤʦʨʬʥʳʝ ʧʦʨʦʰʢʠ. 

ʉʦʭʨʘʥʝʥʠʝ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʚʸʨʜʳʭ ʤʝʪʘʣʣʦ-ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ 1/ʉu2+ ʠ 1/Pd2+ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʘʤʠ ʉʕʄ, ʈʌʕʉ, 

ʤʝʪʦʜʦʤ ʵʣʝʤʝʥʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ, ʕʇʈ. ʇʦʣʫʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ 1/ʉu2+ ʠ 1/Pd2+ 

ʧʨʦʷʚʠʣʠ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʩʦʨʙʝʥʪʦʚ ʥʠʪʨʦʬʝʥʦʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 44-

46%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʠʝ ʣʠʛʘʥʜʦʚ ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʧʝʨʟʘʤʝʱʝʥʥʳʭ 

ʘʤʠʜʦʧʠʨʠʜʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʣʣʘʨ[5]ʘʨʝʥʦʚ, ʩʧʦʩʦʙʥʳʭ ʢ ʩʙʦʨʢʝ ʤʝʪʘʣʣʦ-

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ ʢʘʪʠʦʥʘʤʠ Cu2+, Pd2+ ʦʪʢʨʳʚʘʶʪ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʦʨʙʝʥʪʦʚ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ 

ʦʙʥʘʨʫʞʝʥʠʷ ʥʠʪʨʦʬʝʥʦʣʴʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 20-73-00161.  
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ɸʅʊʀʇʈʆʃʀʌɽʈɸʊʀɺʅʓɽ ʉʆɽɼʀʅɽʅʀʗ ʈʋʊɽʅʀʗ ʀ 

ʇʃɸʊʀʅʓ ʉ ʃʀɻɸʅɼɸʄʀ ʅɸ ʆʉʅʆɺɽ ɼʀɹʋʌɽʃʆʅɸ 

ɸʥʪʦʥʝʮ ɸ.ɸ., ɺʦʨʦʰʠʣʢʠʥʘ ʂ.ʄ., ʄʘʟʫʨ ɼ.ʄ., ʄʠʣʘʝʚʘ ɽ.ʈ., ʅʘʟʘʨʦʚ ɸ.ɸ. 

1 ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 

ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ 1, ʩʪʨ. 3 

E-mail: antonets.anastasia.a@gmail.com  

 

ʂʦʤʧʣʝʢʩʳ ʧʣʘʪʠʥʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʘʛʝʥʪʦʚ, ʦʜʥʘʢʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʚʳʩʦʢʦʡ 

ʥʝʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʠ ʪʦʢʩʠʯʥʦʩʪʴʶ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʣʷ ʧʦʥʠʞʝʥʠʷ ʦʙʱʝʡ 

ʪʦʢʩʠʯʥʦʩʪʴ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʜʠʟʘʡʥʘ, ʥʘʧʨʠʤʝʨ, 

ʚʘʨʴʠʨʦʚʘʥʠʝ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʤʝʪʘʣʣʘ 

ʠʣʠ ʧʝʨʝʭʦʜ ʢ ʜʨʫʛʦʤʫ ʤʝʥʝʝ ʪʦʢʩʠʯʥʦʤʫ ʤʝʪʘʣʣʫ, ʘ ʪʘʢʞʝ ʢʦʤʙʠʥʘʮʠʷ ʜʘʥʥʳʭ 

ʧʦʜʭʦʜʦʚ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ Ru(II) ʠ Ru(III), ʘ ʪʘʢʞʝ 

ʧʨʦʣʝʢʘʨʩʪʚʘ Pt(IV) ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʟʘʪʨʫʜʥʝʥʥʳʤ ʬʝʥʦʣʦʤ - ʣʝʢʘʨʩʪʚʝʥʥʳʤ 

ʧʨʝʧʘʨʘʪʦʤ ɼʠʙʫʬʝʣʦʥʦʤ - ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ. ɺʚʝʜʝʥʠʝ ʜʘʥʥʦʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʥʠʞʝʥʠʝ ʪʦʢʩʠʯʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʟʜʦʨʦʚʳʤ ʢʣʝʪʢʘʤ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɹʳʣʘ ʠʟʫʯʝʥʘ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ in vitro ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʊʊ-ʪʝʩʪʘ ʥʘ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ A549, MCF7, HCT116 ʠ WI38. 

ʂʦʤʧʣʝʢʩʳ ʧʣʘʪʠʥʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʘʢʪʠʚʥʦʩʪʴ, ʧʨʝʚʳʰʘʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʩʦʝʜʠʥʝʥʠʷ ʩʨʘʚʥʝʥʠʷ ʮʠʩʧʣʘʪʠʥʘ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʨʫʪʝʥʠʷ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʣʫʠʥʛʠʙʠʨʦʚʘʥʠʷ (IC50) ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ ʤʠʢʨʦʤʦʣʷʨʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʨʫʪʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʩʪʦʚ DPPH ʠ CUPRAC ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 19-53-26002).  
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ʉʀʅʊɽɿ, ʉʊʈʆɽʅʀɽ ʀ ʀɿʋʏɽʅʀɽ ʆʂʀʉʃʀʊɽʃʔʅʆ-

ɺʆʉʉʊɸʅʆɺʀʊɽʃʔʅʓʍ ʉɺʆʁʉʊɺ ʇʈʆʀɿɺʆɼʅʓʍ 

ʕʃɽʄɽʅʊʆɺ 14ʁ ɻʈʋʇʇʓ ɺ ʅʀɿʂʀʍ ʉʊɽʇɽʅʗʍ ʆʂʀʉʃɽʅʀʗ 

ʉ ʦ-ɸʄʀɼʆʌɽʅʆʃʗʊʅʓʄʀ ʈɽɼʆʂʉ-ɸʂʊʀɺʅʓʄʀ 

ʃʀɻɸʅɼɸʄʀ 

ɸʨʩʝʥʴʝʚʘ ʂ.ɺ.1, ʂʣʠʤʘʰʝʚʩʢʘʷ ɸ.ɺ.1, ʇʠʩʢʫʥʦʚ ɸ.ɺ.1 

1 ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ. ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ,  

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʊʨʦʧʠʥʠʥʘ,49 

E-mail: kselenia22@gmail.com  

 

ʈʝʜʦʢʩ-ʘʢʪʠʚʥʳʝ ʣʠʛʘʥʜʳ, ʪʘʢʠʝ ʢʘʢ ʦ-ʘʤʠʥʦʬʝʥʦʣʳ, ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʥʦʚ, ʢʘʢ ʜʣʷ ʨʝʘʢʮʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʨʝʘʢʮʠʡ ʨʘʟʨʳʚʘ ʩʚʷʟʠ. 

ʆʥʠ ʩʧʦʩʦʙʥʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ  ʫʩʢʦʨʠʪʴ 

ʨʝʘʢʮʠʠ ʩ ʧʝʨʝʥʦʩʦʤ ʛʨʫʧʧʳ ʠʣʠ ʘʪʦʤʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʣʠʛʘʥʜʳ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʠ ʢʠʥʝʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʠʟʘʮʠʶ ʘʪʦʤʦʚ 14ʡ ʛʨʫʧʧʳ ʚ 

ʠʭ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʯʘʩʪʠʮʘʭ. ʉʦʯʝʪʘʥʠʝ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʦʛʦ 

ʣʠʛʘʥʜʘ ʠ ʵʣʝʤʝʥʪʘ 14ʡ ʛʨʫʧʧʳ ʚ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʭ 

ʤʥʦʛʦʛʨʘʥʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʩʠʥʪʝʟ 

ʢʦʤʧʣʝʢʩʦʚ GeII, SnII ʠ PbII ʥʘ ʦʩʥʦʚʝ ʨʝʜʦʢʩïʘʢʪʠʚʥʳʭ ʙʠ- ʠ ʧʦʣʠʜʝʥʪʘʪʥʳʭ 4,6-ʜʠ-ʪʨʝʪ-

ʙʫʪʠʣ-N(R)-o-ʘʤʠʜʦʬʝʥʦʣʷʪʥʳʭ ʣʠʛʘʥʜʦʚ, ʘ ʪʘʢ ʞʝ ʠʭ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ. 

 
ʈʠʩʫʥʦʢ 1. 

ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʩʦʝʜʠʥʝʥʠʡ GeII, SnII ʠ PbII ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʘʤʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʪʝʦʨʠʠ ʧʨʠʨʦʜʳ ʩʚʷʟʠ, ʥʦ ʝʱʝ ʠ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʷʚʣʷʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, 

ʮʠʘʥʦʩʠʣʠʣʠʨʦʚʘʥʠʷ ʠ ʛʠʜʨʦʵʣʝʤʝʥʪʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʧʨʝʟʠʜʝʥʪʘ ʜʣʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʠ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʝ 

ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣ. ʇʨʦʝʢʪ ˉ ʅʐ-403.2022.1.3  
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ʌʆʊʆʂɸʊɸʃʀʊʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʅɸʅʆʈɸɿʄɽʈʅʓʍ 

ʏɸʉʊʀʎ ɼʀʆʂʉʀɼɸ ʊʀʊɸʅɸ, ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓʍ 

ʆʂʊɸʕɼʈʀʏɽʉʂʀʄ ʂʃɸʉʊɽʈʅʓʄ ʂʆʄʇʃɽʂʉʆʄ 

ʄʆʃʀɹɼɽʅɸ 

ɹʘʨʜʠʥ ɺ.ɸ., ɺʦʨʦʪʥʠʢʦʚʘ ʅ.ɸ., ʐʝʩʪʦʧʘʣʦʚ ʄ.ɸ. 

ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 

ʫʣ. ʘʢ. ʃʘʚʨʝʥʪʴʝʚʘ, 3. 

E-mail: bardin@niic.nsc.ru  

  

ɼʠʦʢʩʠʜ ʪʠʪʘʥʘ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʦʙʣʘʜʘʶʱʠʤ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʠʩʪʝʤʘʭ ʧʦ ʨʘʟʣʦʞʝʥʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʤʦʣʝʢʫʣ. ʆʜʥʘʢʦ, ʠʟ-ʟʘ ʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ, TiO2 ʠʤʝʝʪ ʫʟʢʦʝ ʧʦʛʣʦʱʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʯʠʩʪʦʤ ʚʠʜʝ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʤʦʜʠʬʠʮʠʨʫʶʪ 

ʨʘʟʣʠʯʥʳʤʠ ʘʪʦʤʘʤʠ ʠʣʠ ʤʦʣʝʢʫʣʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʦʛʣʦʱʝʥʠʷ 

ʠʟʣʫʯʝʥʠʷ ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ 

[1]. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʤʦʜʠʬʠʢʘʮʠʦʥʥʦʡ ʤʦʣʝʢʫʣʳ ʥʘʰʝʡ ʛʨʫʧʧʦʡ ʧʨʝʜʣʦʞʝʥʳ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ 

ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʴʶ ʧʦʛʣʦʱʝʥʠʷ ʠʟʣʫʯʝʥʠʷ (200-600 ʥʤ), ʬʦʪʦʩʝʥʩʠʙʠʣʟʘʮʠʦʥʥʳʤʠ ʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [2], ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʦʧʘʥʪʘʤʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʬʦʪʦʘʢʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩ ʚʦʟʤʦʞʥʳʤʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʤʠ 

ʵʬʬʝʢʪʘʤʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʥʦʯʘʩʪʠʮʳ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʬʦʨʤʝ ʘʥʘʪʘʟʘ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ [3]. ʄʦʜʠʬʠʢʘʮʠʷ ʯʘʩʪʠʮ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʠ TiO2 ʚ ʘʮʝʪʦʥʦʚʦʤ ʨʘʩʪʚʦʨʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(Bu4N)2[{Mo 6I8}(NO3)6] ʩ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʦʩʣʝʜʥʝʛʦ. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʢʘʢ ʈʌɸ, ʈʌʕʉ, ʇʕʄ, ʕɼʈʉ. 

ʌʦʪʦʢʘʪʘʣʠʯʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʘ ʧʨʠʤʝʨʝ ʨʘʟʣʦʞʝʥʠʷ ʤʦʜʝʣʴʥʦʡ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʳ-ʢʨʘʩʠʪʝʣʷ ʙʨʦʤʬʝʥʦʣʦʚʦʛʦ ʩʠʥʝʛʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ (365 ʥʤ), ʙʝʣʦʛʦ (400+ ʥʤ) ʠ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ. ʊʘʢʞʝ ʧʦ ʜʘʥʥʳʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʩ ʧʦʤʦʱʴʶ ʈʌʕʉ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʙʳʣʠ 

ʧʨʝʜʧʦʣʦʞʝʥʳ ʧʦʣʦʞʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʟʦʥ ʠ ʟʦʥ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʣʦʞʠʪʴ ʤʝʭʘʥʠʟʤ ʬʦʪʦʢʘʪʘʣʠʟʘ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ20-53-26008 
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ʅʆɺʓɽ ɹʀʆɸʂʊʀɺʅʓɽ ʂʆʄʇʃɽʂʉʓ Cu(II) ʠ Zn(II) ʉ 

ʀʄʀʅʆɺʓʄʀ ʇʈʆʀɿɺʆɼʅʓʄʀ 4-ɸʄʀʅʆ-1,2,4-ʊʈʀɸɿʆʃɸ 

ɹʦʚʢʫʥʦʚʘ ɸ.ɸ.1, ʐʤʝʣʝʚ ʄ.ɸ.1, ʂʦʥʦʥʝʥʢʦ ʂ.ʅ.2, ɿʫʙʝʥʢʦ ɸ.ɸ.2, ɹʘʞʠʥʘ ɽ.ʉ.1, 

ʂʠʩʢʠʥ ʄ.ɸ.1, ɽʨʝʤʝʥʢʦ ʀ.ʃ.1 

1 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ, 

ʛ. ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ. 31 
2 ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʟʦʥʘʣʴʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʚʝʪʝʨʠʥʘʨʥʳʡ ʠʥʩʪʠʪʫʪ, 

ʛ. ʅʦʚʦʯʝʨʢʘʩʩʢ, ʈʦʩʪʦʚʩʢʦʝ ʰʦʩʩʝ, ʜ. 0 
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ʀʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʨʠʘʟʦʣʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʠ 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [1, 2]. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠʤʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 4-

ʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʩʚʦʡʩʪʚʘʤʠ ʧʫʪʝʤ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʚʚʦʜʠʤʳʭ ʚ ʤʦʣʝʢʫʣʫ ʬʘʨʤʘʢʦʬʦʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʚʝʨʦʷʪʥʦʩʪʴ 

ʩʥʠʞʝʥʠʷ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʟʘ ʩʯʝʪ 

ʢʦʦʨʜʠʥʘʮʠʠ ʠʦʥʘʤʠ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ 3d-ʤʝʪʘʣʣʦʚ [3]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʨʘʟʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʢʦʤʧʣʝʢʩʦʚ CuII ʠ ZnII c ʨʘʟʣʠʯʥʳʤʠ ʠʤʠʥʦʚʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ 4-ʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʘ (ʩʭʝʤʘ 1) ʠ ʠʟʫʯʝʥʳ ʠʭ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʝ 

ʩʚʦʡʩʪʚʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ CuII ʩ L 1 ʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʡ ʩʨʝʜʝ ʧʨʠʚʦʜʠʪ ʢ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʣʠʛʘʥʜʘ (ʩʭʝʤʘ 2) ʠ ʦʙʨʘʟʦʚʘʥʠʶ 1D-ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ 

{[Cu3(L
1*)(atr)2(NO3)2(H2O)2](NO3)2Ŀ1.5H2O}n, ʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚ ʩʠʩʪʝʤʝ DMSO-EtOH ï 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ {Cu(L1)Cl2} n. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʮʝʪʘʪʦʚ Cu
II ʠ ZnII ʩ L 1ïL 3 ʚ 

MeCN ʧʦʣʫʯʝʥʳ 1D-ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ {[Cu2(OAc)4(L
2)]Ā2MeCN}n, 

[Zn(OAc)2(L
2)]n ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [Zn3(OAc)6(L

1)2], [Cu2(OAc)4(L
3)2]Ŀ2MeCN. 

ʀʟ ʩʠʩʪʝʤʳ ʨʘʩʪʚʦʨʠʪʝʣʝʡ MeCN-DMSO ʚʳʜʝʣʝʥʳ ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʡ [Cu(L4)2], 

{ Zn(L4)2} n ʠ [Zn(L5)2(H2O)2], ʘ ʠʟ ʨʝʘʢʮʠʡ ZnCl2 ʩ HL 4 ʠʣʠ HL 5 ʚ ʧʨʠʩʫʪʩʪʚʠʠ HCl ï 

ʢʦʤʧʣʝʢʩʳ [ZnCl2(HL)2]. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ (E. faecium, S. aureus) ʠ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ (P. 

aeruginosa, E. coli) ʙʘʢʪʝʨʠʡ, ʘ ʪʘʢʞʝ ʛʨʠʙʢʦʚ ʨʦʜʘ Candida ʠ Penicillium. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 22-73-

10199). 
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ɿɸʈʗɼʂʆʄʇɽʅʉʀʈʆɺɸʅʅʓɽ ʇʈʆʀɿɺʆɼʅʓɽ ʅʀɼʆ-

ʂɸʈɹʆʈɸʅɸ ɺ ʉʀʅʊɽɿɽ ʂʆʄʇʃɽʂʉʆɺ ɾɽʃɽɿɸ(II) 

ɹʦʛʜʘʥʦʚʘ ɽ.ɺ.1,2, ʉʪʦʛʥʠʡ ʄ.ʖ.1,2, ɻʦʨʦʜʝʮʢʘʷ ʅ.ɸ.1,2, ʉʠʚʘʝʚ ʀ.ɹ.1  

1 ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

119334, ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, ʩʪʨ. 1.  
2 ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ 

119571, ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ʇʨʦʩʧʝʢʪ ɺʝʨʥʘʜʩʢʦʛʦ, ʜ. 86 

E-mail: bogdanovakatte@mail.ru  

 

ɹʠʩ(ʜʠʢʘʨʙʦʣʣʠʜʥʳʝ) ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʤʝʪʘʣʣʘʢʘʨʙʦʨʘʥʳ ʩʵʥʜʚʠʯʝʚʦʛʦ ʪʠʧʘ ʩ ʜʠʢʘʨʙʦʣʣʠʜʥʳʤ ʜʠʘʥʠʦʥʦʤ [1,2-C2B9H11]
2ï ʚ 

ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʷʜʝʨʥʳʭ ʦʪʭʦʜʦʚ, ʘ ʪʘʢʞʝ, 

ʥʘʧʨʠʤʝʨ, ʚ ʤʝʜʠʮʠʥʝ ʠ ʨʘʜʠʦʜʠʘʛʥʦʩʪʠʢʝ. ɹʠʩ(ʜʠʢʘʨʙʦʣʣʠʜʥʳʡ) ʢʦʤʧʣʝʢʩ ʞʝʣʝʟʘ(II) 

ʚʧʝʨʚʳʝ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ 1960-ʭ ʛʦʜʘʭ [1], ʥʦ ʭʠʤʠʷ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʭ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʦʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʪʘʢʠʝ 

ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʤʘʣʦʫʩʪʦʡʯʠʚʳʤʠ ʠ ʣʝʛʢʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʢʠʩʣʝʥʠʶ ʜʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʠʩ(ʜʠʢʘʨʙʦʣʣʠʜʘ) ʞʝʣʝʟʘ(III ). ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʠʩ(ʜʠʢʘʨʙʦʣʣʠʜʘ) ʞʝʣʝʟʘ(II) ʥʘ ʦʩʥʦʚʝ N- ʠ O-

ʟʘʤʝʱʝʥʥʳʭ ʟʘʨʷʜʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʠʜʦ-ʢʘʨʙʦʨʘʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʠʜʦ-ʢʘʨʙʦʨʘʥʠʣʘʤʠʜʠʥʳ 1(ʘ-e) ʠ ʦʢʩʦʥʠʝʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʥʠʜʦ-

ʢʘʨʙʦʨʘʥʘ 1(f-i). ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 2(ʘ-i) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ  ʥʝʡʪʨʘʣʴʥʳʝ, 

ʩʠʤʤʝʪʨʠʯʥʦʟʘʤʝʱʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʠʩ(ʜʠʢʘʨʙʦʣʣʠʜʘ) ʞʝʣʝʟʘ(II), ʫʩʪʦʡʯʠʚʳʝ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʥʘ  ʚʦʟʜʫʭʝ (ʉʭʝʤʘ 1). 

 
ʉʭʝʤʘ 1. ʇʦʣʫʯʝʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʙʠʩ(ʜʠʢʘʨʙʦʣʣʠʜʘ) ʞʝʣʝʟʘ(II) 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ ˉ 21-73-10199. 

ʉʩʳʣʢʠ 

[1] M. F. Hawthorne, D. C. Young, P. A. Wegner. Carbametallic boron hydride derivatives. I. Apparent 

analogs of ferrocene and ferricinium ion // J. Am. Chem. Soc. ï 1965. ï V. 87. ï ˉ 8. ï P. 1818ï1819.  
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ʌʆʊʆʃʖʄʀʅɽʉʎɽʅʊʅʓɽ ʂʆʄʇʃɽʂʉʓ ʄɽɼʀ(I) ʉ 

ʇʀʈʀɼʀʃʊʈʀɸɿʆʃɸʄʀ 

ɹʨʘʛʘ ɽ.ɺ., ɻʫʩʝʚ ɸ.ʅ., ʐʫʣʴʛʠʥ ɺ.ʌ.1 

1 ʂʨʳʤʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ,  

ʛ. ʉʠʤʬʝʨʦʧʦʣʴ, ʧʨʦʩʧʝʢʪ ɺʝʨʥʘʜʩʢʦʛʦ, 4  

E-mail: braga.yelena@ya.ru   

 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʜʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʪʢʣʠʢ 

ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ (I), ʙʣʘʛʦʜʘʨʷ 

ʠʭ ʧʨʝʚʦʩʭʦʜʥʳʤ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʩʚʦʡʩʪʚʘʤ (ʚʳʩʦʢʠʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ, ʪʝʨʤʦ-, 

ʚʘʧʦ-, ʤʝʭʘʥʦʭʨʦʤʠʟʤ, ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʟʘʤʝʜʣʝʥʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ), ʤʦʛʫʪ 

ʩʪʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʤʘʪʝʨʠʘʣʘʤ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ ʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʉʪʨʫʢʪʫʨʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʤʝʜʠ (I) ʧʦʟʚʦʣʷʝʪ, ʤʝʥʷʷ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʧʦʣʫʯʘʪʴ 

ʤʘʪʝʨʠʘʣʳ, ʧʨʦʷʚʣʷʶʱʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʠ ʨʝʘʛʠʨʫʶʱʠʝ 

ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ʉʝʨʠʷ ʢʦʤʧʣʝʢʩʦʚ ʘʟʦʣ-Cu(I)-ʛʘʣʦʛʝʥʠʜ ʧʨʦʷʚʣʷʶʱʠʭ 

ʠʥʪʝʨʝʩʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʤʝʪʦʜʘʤʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʊɻɸ ʠ ɼʉʂ, ʈʉɸ, ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ DFT 

 

 

 

ʈʠʩʫʥʦʢ 1. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʈʅʌ 22-73-00043 çʄʦʣʝʢʫʣʷʨʥʳʡ 

ʜʠʟʘʡʥ ʥʦʚʳʭ ʬʦʪʦʘʢʪʠʚʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ ʠ ʤʘʨʛʘʥʮʘ ʩ 

ʧʠʨʠʜʠʣʪʨʠʘʟʦʣʘʤʠè. 

ʉʩʳʣʢʠ 
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2, 861ī890 
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ʀʆɼʆɺʀʉʄʋʊɸʊʓ ʇʈɽɼɽʃʔʅʓʍ ʎʀʂʃʀʏɽʉʂʀʍ 

ɼʀɸʄʄʀʅʆɺ ʉ ʇʆʃʀʗɼɽʈʅʓʄʀ ɸʅʀʆʅɸʄʀ 

ɹʳʢʦʚ ɸ.ɺ.1, ʐʝʩʪʠʤʝʨʦʚʘ ʊ.ɸ.1, ɹʝʩʧʘʣʦʚ ʀ.ɸ.1, ɻʦʥʯʘʨʝʥʢʦ ɺ.ɽ.1, ʃʳʩʝʥʢʦ ʂ.ɸ.1, 

ʐʝʚʝʣʴʢʦʚ ɸ.ɺ.1 

1 ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 

ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ 1, ʩʪʨ. 3 

E-mail: bykov.andrey.sw@gmail.com  

 

ʀʦʜʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʠʩʤʫʪʘ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʘʪʠʦʥʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʥʝʪʦʢʩʠʯʥʳʝ ʠ ʩʪʘʙʠʣʴʥʳʝ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ 

ʧʝʨʦʚʩʢʠʪʥʦʡ ʬʦʪʦʚʦʣʴʪʘʠʢʠ. [1] ʆʛʨʦʤʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʘʢ ʜʠʩʢʨʝʪʥʳʭ ʘʥʠʦʥʦʚ ʩ 

ʷʜʝʨʥʦʩʪʴʶ ʦʪ 1 ʜʦ 8, ʪʘʢ ʠ ʘʥʠʦʥʥʳʭ ʧʦʜʩʪʨʫʢʪʫʨ ʛʠʙʨʠʜʥʳʭ ʠʦʜʦʚʠʩʤʫʪʘʪʦʚ 

ʧʦʣʠʤʝʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʦʯʣʝʥʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʙʣʦʢʦʚ ï ʦʢʪʘʵʜʨʦʚ BiI6 ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. [2] ʆʜʥʘʢʦ ʧʨʦʙʣʝʤʦʡ ʜʠʟʘʡʥʘ 

ʠʦʜʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʠʩʤʫʪʘ, ʣʠʤʠʪʠʨʫʶʱʝʡ ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʝʘʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ, ʦʩʪʘʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʪʴ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʪʠʦʥʘ ʠ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʥʘ ʩʦʩʪʘʚ ʠ 

ʩʪʨʦʝʥʠʝ ʠʦʜʦʚʠʩʤʫʪʘʪʦʚ ʩʠʣʴʥʳʭ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ï ʛʦʤʦʧʠʧʝʨʘʟʠʥʠʷ (HpipeH2
2+) 

ʠ ʧʠʧʝʨʘʟʠʥʠʷ (PipeH2
2+), ʦʙʨʘʟʫʶʱʠʭ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ N-H...I ʠ ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʨʦʣʠ 

çʩʪʨʫʢʪʫʨʦʥʘʧʨʘʚʣʷʶʱʠʭ ʘʛʝʥʪʦʚè. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʫʤʝʥʴʰʝʥʠʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʘʪʠʦʥ/BiI3 

ʠ/ʠʣʠ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ HI ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ 

ʢʦʥʜʝʥʩʘʮʠʠ ʦʢʪʘʵʜʨʦʚ BiI6 ʚ ʢʦʤʧʣʝʢʩʥʳʭ ʘʥʠʦʥʘʭ: ʦʪ ʤʦʥʦʷʜʝʨʥʳʭ [BiI6]
3- ʜʦ 1D-

ʧʦʣʠʤʝʨʥʳʭ {BiI4}
-. ʇʨʠ ʵʢʚʠʤʦʣʷʨʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʢʘʞʜʳʡ 

ʢʘʪʠʦʥ ʦʙʨʘʟʫʝʪ ʩʦʝʜʠʥʝʥʠʝ ʩ ʙʠʷʜʝʨʥʳʤ ʘʥʠʦʥʦʤ [Bi2I10]
4-. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʠʦʜʠʜʘ 

ʛʦʤʦʧʠʧʝʨʘʟʠʥʘ (HpipeH2)I(I3) ʧʨʠ ʩʠʥʪʝʟʝ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʳʚʘʥʠʝ 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʘʥʠʦʥʦʚ [Bi2I10]
4- ʤʦʩʪʠʢʦʚʳʤʠ ʤʦʣʝʢʫʣʘʤʠ I2 ʚ ʧʩʝʚʜʦʮʝʧʠ 

{[ Bi2I10](I2)}
4- ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʘʙʳʭ ʩʚʷʟʝʡ I...I, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʫʤʝʥʴʰʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ HpipeH2
2+/BiI3 ʚ 

ʥʝʚʦʜʥʦʡ ʩʨʝʜʝ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʜʠʩʢʨʝʪʥʦʤʫ ʛʝʢʩʘʷʜʝʨʥʦʤʫ ʘʥʠʦʥʫ [Bi6I22]
4-. 

ɼʣʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʘ ʪʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, 

ʧʦʣʫʯʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʩʪʨʦʝʥʠʝ ʧʦʣʠʠʦʜʠʜʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʧʦʜʪʚʝʨʞʜʝʥʦ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛʨʘʥʪ 

 ̄20-03-00280. 

ʉʩʳʣʢʠ 

[1] Attique S. et al. Advanced Science. 2020, 7, 1903143 

[2] Adonin S.A., Sokolov M.N., Fedin V.P. Coordination Chemistry Reviews. 2016, 312, 1ï21  
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ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ɼʀɿɸʄɽʑɪʅʅʓʍ ʇʈʆʀɿɺʆɼʅʓʍ  

ʂʃʆɿʆ-ɼɽʂɸɹʆʈɸʊʅʆɻʆ ɸʅʀʆʅɸ ʉ ʅʋʂʃɽʆʌʀʃɸʄʀ 

ɺʦʠʥʦʚʘ ɺ.ɺ.1, ɾʜʘʥʦʚ ɸ.ʇ. 1, ɾʠʞʠʥ ʂ.ʖ.1 

1 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ,  

ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ 31  

E-mail: veravoinova@rx24.ru  

 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ ʙʦʨʦʚʦʜʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʤʝʱʸʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ï ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ 

ʦʙʲʝʜʠʥʷʪʴ ʚʝʢʪʦʨʥʳʝ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ. ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʠʝ 

ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʘʥʩʘʤʙʣʝʡ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʤʝʪʦʜʦʣʦʛʠʠ 

ʚʚʝʜʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʪʠʧʦʚ ʛʨʫʧʧ.  
 

 
ʈʠʩʫʥʦʢ 1. ʈʘʟʥʦʦʙʨʘʟʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʢʣʦʟʦ-ʜʝʢʘʙʦʨʘʪʥʦʛʦ ʘʥʠʦʥʘ,  

ʩʧʦʩʦʙʥʳʭ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʜʘʣʴʥʝʡʰʠʭ ʧʨʦʮʝʩʩʘʭ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʅʠʪʨʠʣʠʝʚʳʝ ʠ ʦʢʩʦʥʠʝʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʢʣʦʟʦ-ʜʝʢʘʙʦʨʘʪʥʦʛʦ ʘʥʠʦʥʘ ʷʚʣʷʶʪʩʷ 

ʫʜʦʙʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘ ʦʩʥʦʚʝ ʥʠʪʨʠʣʠʝʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ c ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ ʠ ʨʘʟʣʠʯʥʳʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʘʤʠʜʠʥ-ʢʣʦʟʦ-ʜʝʢʘʙʦʨʘʪʳ. ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʢʣʦʟʦ-ʜʝʢʘʙʦʨʘʪʥʦʛʦ ʘʥʠʦʥʘ ʩʧʦʩʦʙʥʳ ʚʩʪʫʧʘʪʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

PhI(OAc)2 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘ ʩʯʸʪ ʩʦʟʜʘʥʠʷ ʩʚʷʟʠ BïI. ʇʨʦʮʝʩʩ 

ʧʨʦʪʝʢʘʝʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

 

 
ʈʠʩʫʥʦʢ 2. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ. 

ɼʘʣʴʥʝʡʰʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʮʝʩʩʦʚ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʠʧʩʦ-

ʛʨʫʧʧ ʚ ʧʦʣʫʯʝʥʥʳʭ ʜʠʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦʟʚʦʣʷʝʪ ʚʚʦʜʠʪʴ ʨʷʜ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʜʦʚʦʣʴʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ï 8 ʯʘʩʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʤʝʪʘʥʦʣ, ʘʮʝʪʦʥʠʪʨʠʣ) ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʩ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 21-13-00450).  
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ɺʆɼʆʈɸʉʊɺʆʈʀʄʓɽ ʆʂʊɸʕɼʈʀʏɽʉʂʀɽ ʍɸʃʔʂʆɻɽʅʀɼʅʓɽ 

ʂʃɸʉʊɽʈʅʓɽ ʂʆʄʇʃɽʂʉʓ ɺʆʃʔʌʈɸʄɸ 

ɻʘʩʩʘʥ ɸ.ɼ.1,2, ʀʚʘʥʦʚ ɸ.ɸ.2, ʐʝʩʪʦʧʘʣʦʚ ʄ.ɸ.2  

1 ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʩʠʙʠʨʩʢ, ʫʣ. ʇʠʨʦʛʦʚʘ, 1  
2 ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʘʢ. 

ʃʘʚʨʝʥʪʴʝʚʘ, 3  

E-mail: alena@gassan.ru  

 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ, ʯʪʦ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ in vivo ʠ in vitro ʥʘ ʧʨʠʤʝʨʝ ʢʣʘʩʪʝʨʦʚ ʨʝʥʠʷ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ [Re6Q8L6]
n (Q = S, Se, L = Ph2PC2H4COOH, P(C2H4CONH2)(C2H4COOH)2). 

ʆʜʥʘʢʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʐʝʩʪʦʧʘʣʦʚ 

ʢʦʤ ʦʙʲʝʤʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʦʣʴʬʨʘʤʦʤ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʧʦʪʝʥʮʠʘʣ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʭʠʤʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ ʨʘʟʚʠʪʘ ʩʣʘʙʘ, ʘ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʷʚʣʷʝʪʩʷ [W6S8(CN)6]
6ï. ɺ ʩʚʷʟʠ ʩ ʯʝʤ 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦ ʧʦʣʫʯʝʥʠʠ ʠ ʧʨʠʤʝʥʝʥʠʠ ʚ ʦʧʠʩʘʥʥʦʡ ʦʙʣʘʩʪʠ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʦʚ ʚʦʣʴʬʨʘʤʘ ʠ ʧʦʣʫʯʝʥʳ ʜʚʘ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ [W6Q8(Ph2PC2H4COOH)6] 

(Q = S, Se). ɼʣʷ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʝʜʝʥʘ ʜʝʪʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʨʘʟʣʠʯʥʳʤʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ, ʚʢʣʶʯʘʷ ʈʉɸ ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʷʜʨʘʭ, ʠ ʠʟʫʯʝʥʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʪʦʜʦʤ ʎɺɸ. 

ʇʦʢʘʟʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʫʶ ʬʦʨʤʫ, ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʩʦʣʝʡ 

Na6[W6Q8(Ph2PC2H4COO)6] ʧʦʜʪʚʝʨʞʜʝʥ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩ ʧʦʤʦʱʴʶ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʘʥʠʦʥʥʳʭ ʬʦʨʤ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʥʘ ʢʣʝʪʦʯʥʦʡ 

ʣʠʥʠʠ Hep-2 ʤʝʪʦʜʦʤ ʜʚʦʡʥʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ. 

 
ʈʠʩʫʥʦʢ 1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʦʚ [W6Q8(Ph2PC2H4COOH)6] (Q = S, Se). 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 
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ɹʠʷʜʝʨʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʳ ʤʝʪʘʣʣʦʚ ʚʩʪʨʝʯʘʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʠ 

ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʗʚʣʷʷʩʴ 

ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʦʚ ʠ ʜʨʫʛʠʭ ʙʠʦʤʦʣʝʢʫʣ, ʪʘʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʧʦʣʥʝʥʠʝ ʚʘʞʥʝʡʰʠʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʦʧʨʝʜʝʣʷʶʪ ʩʧʝʮʠʬʠʢʫ ʧʦʚʝʜʝʥʠʷ 

ʤʥʦʛʠʭ ʬʝʨʤʝʥʪʦʚ ʠ ʘʥʪʠʪʝʣ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʬʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʥʫʪʨʠ- ʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ [1]. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜʦʙʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʘ ʪʘʢʞʝ ʩʦʨʙʝʥʪʦʚ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʠʟʦʤʝʨʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʬʝʥʠʣʩʦʜʝʨʘʥʠʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʘʥʪʠʙʠʦʪʠʢʘʤ [2] ʠ ʢʘʢ ɼʅʂ ʩʚʷʟʳʚʘʶʱʠʝ ʘʛʝʥʪʳ [3]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʦʥʦ- ʠ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ N-

ʘʮʝʪʠʣ-L-ʬʝʥʠʣʘʣʘʥʠʥʦʤ (N-Ac-L-phe) (1) ʠ N-ʙʝʥʟʦʠʣ-DL-ʬʝʥʠʣʘʣʘʥʠʥʦʤ (N-Benz-DL-

phe) (2) ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʩʦʩʪʘʚʘ [ʄ(N-Benz-DL-phe)2](H2O)2 (M = Cu(II), Zn(II ), 

Co(II ), Ni(II ), Mn(II)). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʥʦʜʝʥʪʘʥʪʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ 

ʩʯʝʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʣʠʛʘʥʜʦʚ ʢ ʤʝʪʘʣʣʫ ʧʦ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ [4-5] ʠ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʠʦʥʦʚ Cu(II ), Zn(II ), Mn(II), Co(II ), Ni(II). ɹʠʷʜʝʨʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ 

[Cu2(N-Ac-L-phe)4](H2O)2 ʠ [Cu2(N-Benz-DL-phe)4](H2O)2 ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʩ ʠʦʥʘʤʠ 

Cu(II). ʂʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠ ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʝ Cu(II )-Cu(II) ʩʦʩʪʘʚʠʣʦ 2.604 ¡. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʜʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʙʠʷʜʝʨʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ 

[Cu(N-Benz-DL-phe)2](H2O)2 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ [Cu2(N-Ac-L-

phe)4](DMSO)2 ʠ [Cu2(N-Benz-DL-phe)4](DMSO)2. ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʘʤʠ ʈʉɸ, ESI-MS, ʀʂ-, ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ, ʘ 

ʪʘʢʞʝ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ. 
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ɸʟʠʥʳ ʧʨʠʚʣʝʢʘʶʪ ʢ ʩʝʙʝ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʙʣʘʛʦʜʘʨʷ ʨʘʟʥʦʦʙʨʘʟʠʶ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. ʅʘʰ ʠʥʪʝʨʝʩ ʩʚʟ̫ʘʥ ʩ  ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʢʫʨʩʦʨʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ï ʜʠʘʟʘʜʠʬʦʩʬʦʧʝʥʪʘʣʝʥʦʚ 

(DDP), ʦʙʣʘʜʘʶʱʠʭ ʝʱʝ ʠ ʩʚʦʡʩʪʚʘʤʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʬʦʩʬʠʥʠʜʝʥʦʚ. ʆʜʥʠʤ ʠʟ 

ʩʧʦʩʦʙʦʚ ʠʭ ʧʦʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʝʪʘʣʣʠʨʦʚʘʥʠʝ ʘʟʠʥʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝʤ, ʥʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʠʥʪʝʟ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʞʝʣʘʝʤʳʤ ʧʨʦʜʫʢʪʘʤ ʠʟ-ʟʘ 

ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʘʟʠʥʦʚ 

ʦʧʨʝʜʝʣʷʶʪ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ DDP. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʝʨʠʠ ʘʟʠʥʦʚ ʤʝʪʦʜʦʤ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ [1] 
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ʈʠʩʫʥʦʢ 1. ʍʘʨʘʢʪʝʨʥʳʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ I-III  ʛʨʫʧʧ ʘʟʠʥʦʚ ʚ 0.1 ʄ 

TBAPF6 / ɼʄʌɸ (ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/Ag+), v = 100 ʤɺ/ʩ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʛʨʫʧʧ ʘʟʠʥʦʚ I (1-7) ʠ II  (8-10) ʭʘʨʘʢʪʝʨʥʳ ʧʨʦʮʝʩʩʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʚ (ʪʦʣʴʢʦ ʜʣʷ I) ʠ 

ʜʠʘʥʠʦʥʦʚ. ɸʟʠʥʳ III  ʛʨʫʧʧʳ (11-12) ʥʝ ʧʨʦʷʚʣʷʶʪ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʠʟʫʯʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ 

DDP. ɼʣʷ ʘʟʠʥʦʚ I-II  ʛʨʫʧʧ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʘʥʠʦʥʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʩʯʝʪʦʤ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 19-13-00400-ʇ). 

ʉʩʳʣʢʠ 

[1] Zolotareva N. V. et al. //Russian Journal of Electrochemistry,2022. V. 58(4). P. 303-310.  
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ɽʛʦʨʦʚ ʇ.ɸ.1, ʄʝʜʚʝʜʝʚ ɸ.ɻ.1, ʇʨʠʭʦʜʯʝʥʢʦ ʇ.ɺ.1  

1 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ,  

ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ 31  

E-mail: pavel-p1998@mail.ru   

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨ- ʠ d- ʵʣʝʤʝʥʪʦʚ ʩ ʧʝʨʦʢʩʦʣʠʛʘʥʜʘʤʠ 

(ʛʠʜʨʦʧʝʨʦʢʩʦ, ʧʝʨʦʢʩʦ, ʩʫʧʝʨʦʢʩʦ, ʠ ʜʨ.) ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʟʣʠʯʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʪʘʢʠʭ ʢʘʢ ʪʨʘʥʩʧʦʨʪ ʢʠʩʣʦʨʦʜʘ ʚ ʢʣʝʪʢʘʭ, ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ 

ʦʢʠʩʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʠ ʜʨ [1]. ʆʜʥʘʢʦ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʨ-

ʵʣʝʤʝʥʪʦʚ ʩ ʧʝʨʦʢʩʠʜʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘʤʠ ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʂʝʤʙʨʠʜʞʩʢʦʤ ʙʘʥʢʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ (CSD) ʠ ʙʘʟʝ ʜʘʥʥʳʭ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ (ICSD), ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ 5 

ʛʠʜʨʦʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩʘʭ ʨ-ʵʣʝʤʝʥʪʦʚ ʩ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʧʨʦʪʦʥʘʤʠ ʆʆʅ ʛʨʫʧʧ (B, Sn, 

Si, Ge ʠ Pb) [2,3]. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʯʠʩʣʦ ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 130. 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʛʠʜʨʦʧʝʨʦʢʩʠʜʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʘʭ ʦʢʠʩʣʝʥʠʷ ʠ ʢʘʢ 

ʠʥʠʮʠʘʪʦʨʳ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʠʩʣʦʪʘʤʠ ʃʴʶʠʩʘ ʢʘʢ 

ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ 48 ʢʦʤʧʣʝʢʩʦʚ ʨ-ʵʣʝʤʝʥʪʦʚ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʝʨʦʢʩʦʣʠʛʘʥʜʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʤʧʣʝʢʩʳ ʦʣʦʚʘ ʠ 

ʩʚʠʥʮʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʷʜʝʨʥʳʭ 

ʢʫʤʠʣ- ʠ ʪʨʝʪ-ʙʫʪʠʣ ʧʝʨʦʢʩʠʜʦʚ ʪʨʠʬʝʥʠʣ ʦʣʦʚʘ (Ph3SnOOCMe2Ph ʠ Ph3SnOOtBu, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʪʘʢʞʝ ʢʫʤʠʣʧʝʨʦʢʩʠʜ ʪʨʠʬʝʥʠʣʩʚʠʥʮʘ (Ph3PbOOCMe2Ph) [4]. 

ʆʙʨʘʟʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʦʩʣʝ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ 

ʠʩʭʦʜʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʛʠʜʨʦʧʝʨʦʢʩʠʜʘ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ʤʝʪʦʜʦʤ 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 119Sn. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʝʨʦʢʩʠʜʦʚ ʩ 

ʜʠʤʝʪʠʣʜʠʭʣʦʨʠʜʦʤ ʦʣʦʚʘ Me2SnCl2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʣʝʩʪʥʠʯʥʦʛʦè ʪʠʧʘ. ʇʨʠ ʵʪʦʤ ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʧʝʨʦʢʩʠʜ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢʘʢ ʩ ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ, ʪʘʢ ʠ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚʦʛʦ 

ʣʠʛʘʥʜʘ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʚʧʝʨʚʳʝ. 

ʉʦʝʜʠʥʝʥʠʷ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ, ʀʂ- ʠ ʈʘʤʘʥ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ ʈʅʌ ˉ22-13-

00426). 

ʉʩʳʣʢʠ 

[1] Ahmad, S. I. Reactive Oxygen Species in Biology and Human Health; CRC Press, 2016. 

[2] A. G. Medvedev [et. al], CrystEngComm, 2020, 22, 1922-1928. 

[3] A.G. Medvedev [et. al], Inorganic Chemistry, 2022, 61, 8193. 

[4] A. G. Medvedev [et. al], Mendeleev Communications, 2022, 32(1), 57ï59.  
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ɿʚʝʨʝʚʘ ʖ.ɺ., ʃʫʢʦʷʥʦʚ ɸ.ʅ., ʂʝʪʢʦʚ ʉ.ʖ. 

ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ  

E-mail: anton@iomc.ras.ru  

ʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʩʪʝʡʰʠʭ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʨʘʥʝʝ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʜʣʷ ʣʘʥʪʘʥʦʠʜʦʚ [1] ʠ ʥʝʢʦʪʦʨʳʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʅʘʤʠ ʙʳʣʦ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ 

ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʘʢʠʭ ʦʩʥʦʚʘʥʠʡ ʱʝʣʦʯʥʳʤʠ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ. N-ʙʝʥʟʠʣʠʜʝʥʘʥʠʣʠʥ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʤʘʛʥʠʝʤ ʜʘʝʪ 

ʙʠʩ-ʘʤʠʜ (PhCH-NPh)2Mg(THF)2
 (1), ʦʙʨʘʟʦʚʘʥʥʳʡ ʚ ʩʣʝʜʩʪʚʠʠ ʩʜʚʘʠʚʘʥʠʷ ʜʚʫʭ 

ʤʦʣʝʢʫʣ ʦʩʥʦʚʘʥʠʷ ʧʨʠ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ (ʉʭʝʤʘ 1). ɻʠʜʨʦʣʠʟ 

ʢʦʤʧʣʝʢʩʘ 1 ʜʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʠʩʘʤʠʥ PhNH-PhCH-PhCH-NHPh. 
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ʉʭʝʤʘ 1 

ɼʨʫʛʦʝ ʦʩʥʦʚʘʥʠʝ ʐʠʬʬʘ, Ph2C=N-dpp ʩ ʙʦʣʝʝ ʦʙʲʝʤʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʧʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʤʘʛʥʠʝʤ ʜʘʝʪ ʢʦʤʧʣʝʢʩ (Ph2C-N-dpp)2-Mg(THF)3 (2), ʚ 

ʢʦʪʦʨʦʤ ʦʩʥʦʚʘʥʠʝ ʧʨʠʥʠʤʘʝʪ ʜʚʘ ʵʣʝʢʪʨʦʥʘ ʦʪ ʤʝʪʘʣʣʘ ʠ ʦʙʨʘʟʫʝʪ ʜʠʘʥʠʦʥ (ʉʭʝʤʘ 2). 
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ʉʭʝʤʘ 2 

ʆʩʥʦʚʘʥʠʝ PhCH=N-dpp, ʠʤʝʶʱʝʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʟʤʝʨʦʚ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦʢʘʟʘʣʦ ʩʝʙʷ ʠʥʝʨʪʥʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʤʘʛʥʠʶ. ʊʦʛʜʘ 

ʢʘʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʥʘʪʨʠʝʤ ʠ ʢʘʣʠʝʤ ʧʨʦʪʝʢʘʝʪ ʜʚʫʭʩʪʘʜʠʡʥʦ, ʯʝʨʝʟ 

ʦʙʨʘʟʦʚʘʥʠʝ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʠʘʥʠʦʥʘ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʘ ʤʘʛʥʠʷ ʥʘ ʦʩʥʦʚʝ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʦʛʦ ʠʤʠʥʦ-

ʢʝʪʦʥʦʚʦʛʦ ʣʠʛʘʥʜʘ (dpp-MIAN )Mg(THF)2 ʩ N-ʙʝʥʟʠʣʠʜʝʥʘʥʠʣʠʥʦʤ ʧʨʦʪʝʢʘʝʪ 

ʦʙʨʘʪʠʤʦ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʮʠʢʣʦʘʜʜʫʢʪʘ {[(dpp-MIAN )(PhCH-NPh)]Mg(THF)} 2, 

ʢʦʪʦʨʳʡ ʙʳʣ ʪʘʢʞʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 20-03-00659). ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ (RF----2296.61321X0017, 075-15-2021-670). 
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ʉʀʅʊɽɿ ʀ ʈɽɸʂʎʀʆʅʅɸʗ ʉʇʆʉʆɹʅʆʉʊʔ ʂʃʆɿʆ-

ʈʋʊɽʅɸʂɸʈɹʆʈɸʅʆɺ ʅɸ ʆʉʅʆɺɽ ʄʆʅʆ- ʀ ɼʀɿɸʄɽʑɽʅʅʓʍ 

ʅʀɼʆ-ʂɸʈɹʆʈɸʅʆɺ 

ɿʠʤʠʥʘ ɸ.ʄ., ʂʦʣʧʘʢʦʚʘ ʊ.ɺ., ɻʨʠʰʠʥ ʀ.ɼ. 
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ʃʦʙʘʯʝʚʩʢʦʛʦ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʧʨ. ɻʘʛʘʨʠʥʘ 23. 

E-mail: Chem.asya.415@gmail.com  

 

ʂʣʘʩʪʝʨʳ ʨʫʪʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʠʜʦ-ʢʘʨʙʦʨʘʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʘʤʠ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʜʥʘʢʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʢʣʘʩʩʠʯʝʩʢʠʤ 

ʩʪʨʦʝʥʠʝʤ ʠ ʥʘʣʠʯʠʝʤ ʧʦʣʠʮʝʥʪʨʦʚʳʭ ʩʚʷʟʝʡ.  ɺʚʝʜʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʢ ʘʪʦʤʘʤ 

ʫʛʣʝʨʦʜʘ ʠ ʙʦʨʘ ʢʘʨʙʦʨʘʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʵʣʝʢʪʨʦʥʥʳʤʠ ʠ 

ʩʪʝʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʦʝʜʠʥʝʥʠʷ,  ʯʪʦ ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʠʭ ʫʩʧʝʰʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʢʘʪʘʣʠʟʘ ʠ ʤʝʜʠʮʠʥʳ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʨʷʜʘ ʢʣʦʟʦ-ʨʫʪʝʥʘʢʘʨʙʦʨʘʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ (II-IV), ʩʦʜʝʨʞʘʱʠʭ ʘʣʢʠʣʴʥʳʝ ʠ ʘʨʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ 9 ʠ/ʠʣʠ 

12 ʘʪʦʤʘʭ ʙʦʨʘ [1-2].  ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ ʚʳʜʝʣʝʥʳ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʀʂ-, ʗʄʈ ʠʣʠ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʄɸʃɼʀ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ɼʣʷ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʫʯʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ. 

 
ʈʠʩʫʥʦʢ 1. ʂʣʦʟʦ-ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʘʪʦʤʘʭ ʙʦʨʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʥʠʞʥʠʡ ʧʦʷʩ ʣʠʛʘʥʜʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʢʦʥʬʠʛʫʨʘʮʠʠ RuC2B3-ʬʨʘʛʤʝʥʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʝʪʦʜʦʤ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʘʣʢʠʣʴʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʟʥʘʯʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

Ru(II )-Ru(III) ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʥʝ 

ʠʤʝʶʱʠʤʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʫ ʘʪʦʤʦʚ ʙʦʨʘ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʩʦʚʝʪʘ ʧʦ ɻʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ʧʨʦʝʢʪ ʄɼ-1474.2022.1.3.) 
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I.B., Catalysts, 2021, 11, 1409  

mailto:Chem.asya.415@gmail.com


IX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʠ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʣʘʩʪʝʨʦʚ çʂʣʘʩʪʝʨ-2022è 

4-7 ʆʢʪʷʙʨʷ, 2022, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

 

104 

 

ʂʃʆɿʆ-/ʇʉɽɺɼʆʂʃʆɿʆ-ʈʋʊɽʅɸʂɸʈɹʆʈɸʅʓ. ʉʀʅʊɽɿ ʀ 

ʂɺɸʅʊʆɺʆ-ʍʀʄʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

ʂʘʣʴʪʝʥʙʝʨʛ ɸ.ɸ., ɹʘʰʠʣʦʚʘ ɸ.ɼ., ɻʨʠʰʠʥ ʀ.ɼ.  

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ  
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ʂʘʨʙʦʨʘʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʠʤʝʶʪ ʨʷʜ ʠʥʪʝʨʝʩʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ: ʜʠʢʘʨʙʦʣʣʠʜ-ʠʦʥ ʦʙʨʘʟʦʚʘʥ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ ʩʚʷʟʝʡ, ʠ, 

ʢʨʦʤʝ, ʪʦʛʦ, ʩʧʦʩʦʙʝʥ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʚʫʭ ʠʟʦʤʝʨʥʳʭ ʬʦʨʤʘʭ ï ʢʣʦʟʦ- ʠ ʧʩʝʚʜʦʢʣʦʟʦ-. ʕʪʠ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʪʣʠʯʘʶʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʘʣʠʯʠʝʤ (ʜʣʷ ʢʣʦʟʦ- ~1.6 ¡) ʠ ʦʪʩʫʪʩʪʚʠʝʤ (ʜʣʷ 

ʧʩʝʚʜʦʢʣʦʟʦ- ~2.4 ¡) ʩʚʷʟʠ ʤʝʞʜʫ ʫʛʣʝʨʦʜʘʤʠ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʦʝʜʠʥʝʥʠʷ 1-11. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʟʚʝʩʪʥʦʛʦ 3,3-ʙʠʩ(ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ)-3-ʛʠʜʨʠʜʦ-3-

ʭʣʦʨ-3,1,2-ʢʣʦʟʦ- ʜʠʢʘʨʙʦʣʣʠʣ-ʨʫʪʝʥʠʷ ʩ PNP (ʙʠʩ-(2-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʵʪʠʣ)ʘʤʠʥ), 

bpa, bpma, bpea, bpipa, bpta, bpBna ʚ ʨʘʩʪʚʦʨʝ ʙʝʥʟʦʣʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 60 Áʉ ʚ 

ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ 5-11.  

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 1-4 ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ [1]. 

 
ʈʠʩʫʥʦʢ 1. ɺʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʘʨʙʦʨʘʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ 1-11. 

ʇʦʣʫʯʝʥʥʳʝ ʨʫʪʝʥʘʢʘʨʙʦʨʘʥʳ 1-11 ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ: ʗʄʈ, ʀʂ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ 

ʧʣʦʪʥʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʥʠʮʘ ʚ ʵʥʝʨʛʠʷʭ ʧʩʝʚʜʦʢʣʦʟʦ- ʠ ʢʣʦʟʦ- ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʢʘʨʙʦʨʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 6-11 ʷʚʣʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ ʛʨʘʥʠʯʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ 

ʧʩʝʚʜʦʢʣʦʟʦ- ʠ ʢʣʦʟʦ- ʠʟʦʤʝʨʦʚ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ 1-5 ʦʧʪʠʤʠʟʠʨʫʶʪʩʷ 

ʪʦʣʴʢʦ ʚ ʢʣʦʟʦ-ʢʦʥʬʠʛʫʨʘʮʠʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʙʘʨʴʝʨʘ 

ʜʘʥʥʦʛʦ ʧʝʨʝʭʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʬʠʛʫʨʘʮʠʷ ʢʘʨʙʦʨʘʥʦʚʦʡ ʢʦʨʟʠʥʳ ʚ 

ʤʝʪʘʣʣʘʢʘʨʙʦʨʘʥʦʚʳʭ ʢʣʘʩʪʝʨʘʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʣʠʛʘʥʜʘ, 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ʧʨʦʝʢʪ ʄɼ-1474.2022.1.3). 
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Journal of Organometallic Chemistry, 2020, 917, 121291  
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ʈʆɼʀɽɺʓɽ ʄɽʊɸʃʃʆʎʀʂʃʓ ʂɸʂ ʇʀ-ʃʀɻɸʅɼʓ 

ʂʦʣʦʩ ɸ.ɺ., ʅʝʣʶʙʠʥʘ ʖ.ɺ., ʇʝʨʝʢʘʣʠʥ ɼ.ʉ. 

ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ, ʫʣ. ɺʘʚʠʣʦʚʘ 28 

E-mail: kolos.andreij@gmail.com  
 

ʎʠʢʣʠʟʘʮʠʷ ʘʣʢʠʥʦʚ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʤʝʪʘʣʣʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʣʠʛʘʥʜʳ, ʥʝʜʦʩʪʫʧʥʳʝ ʤʝʪʦʜʘʤʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ [1]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʙʠʩʵʪʠʣʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʦʜʠʷ 1 ʩ ʠʥʪʝʨʥʘʣʴʥʳʤʠ ʘʣʢʠʥʘʤʠ ʧʨʠʚʦʜʠʪ ʢ 

ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʤ ʜʠʤʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ 2. ʂʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʵʪʠʣʝʥ ʚ ʪʘʢʠʭ 

ʢʦʤʧʣʝʢʩʘʭ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥ ʥʘ ʉO ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʧʨʦʜʫʢʪʦʚ 3. 

ʈʝʘʢʮʠʷ 2 ʩ CpTl ʜʘʝʪ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 4, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ 

ʟʘʧʦʣʥʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʦʡ ʠ ʥʝ ʩʧʦʩʦʙʥʳ ʧʨʠʩʦʝʜʠʥʷʪʴ ʜʨʫʛʠʝ ʣʠʛʘʥʜʳ, 

ʦʜʥʘʢʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʢʠʩʣʝʥʠʶ ʥʘ ʩʠʣʠʢʘʛʝʣʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʧʦʢʩʠʜʥʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ 5. ʈʝʘʢʮʠʠ 4 ʩ ʯʘʩʪʠʮʘʤʠ [CpRh]2+ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʦʙʳʯʥʳʭ 

ʪʨʝʭʧʘʣʫʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 6, ʚ ʢʦʪʦʨʳʭ ʮʝʥʪʨʘʣʴʥʦʝ ʢʦʣʴʮʦ ʣʠʛʘʥʜʘ ʩʦʜʝʨʞʠʪ ʘʪʦʤ 

ʤʝʪʘʣʣʘ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ ˉ 17-73-30036 

ʉʩʳʣʢʠ 

[1] 2. Kolos, A. V.; Nelyubina, Y. V.; Sundararaju, B.; Perekalin, D. S., Organometallics, 2021, 40, 

3712.  
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ɻʀɹʈʀɼʅʓɽ ʇʆʃʀʆʂʉʆʄɽʊɸʃʃɸʊʓ ʄʆʃʀɹɼɽʅɸ ʉ 

ɻɽʊɽʈʆʎʀʂʃʀʏɽʉʂʀʄʀ N-ɼʆʅʆʈʅʓʄʀ ʃʀɻɸʅɼɸʄʀ 

ʂʦʥʴʢʦʚʘ ɸ.ɺ.1, ʉʘʚʠʥʘ ʖ.ɺ.1, ʀʚʘʥʦʚ ɸ.ɸ.1, ʐʝʩʪʦʧʘʣʦʚ ʄ.ɸ.1 

1ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, 

ʧʨ. ɸʢʘʜ. ʃʘʚʨʝʥʪʴʝʚʘ, 3 

E-mail: konkova@niic.nsʩ.ru  

 

ʆʜʥʠʤʠ ʠʟ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʭ ʠ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ 

ʷʚʣʷʶʪʩʷ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʳ ï ʧʦʣʠʷʜʝʨʥʳʝ ʦʢʩʦ-ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ 

ʚʳʩʰʠʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ. ʆʜʥʘʢʦ, ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʛʠʙʨʠʜʥʳʝ 

ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʳ ï ʩʦʝʜʠʥʝʥʠʷ ʢʦʚʘʣʝʥʪʥʦ-ʩʚʷʟʘʥʥʳʝ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ 

ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʨʘʩʪʚʦʨʘʭ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

pH. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʣʫʯʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʶ ʥʦʚʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʛʠʙʨʠʜʥʳʭ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʦʚ ï (NH4)4[Mo12O28L8], ʛʜʝ L = ʧʠʨʘʟʦʣʘʪ, 1,2,3-ʪʨʠʘʟʦʣʘʪ 

ʠʣʠ 1,2,4-ʪʨʠʘʟʦʣʘʪ ʠʦʥ (ʈʠʩ. 1). ʉʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʩʭʦʞʠʡ ʘʥʠʦʥʥʳʡ ʤʦʪʠʚ ʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʠʷʜʝʨʥʳʝ ʢʣʘʩʪʝʨʳ {Mo2O4}, ʩʚʷʟʘʥʥʳʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 

ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠ ʧʠʨʘʟʦʣʘʪ- ʠʣʠ ʪʨʠʘʟʦʣʘʪ-ʣʠʛʘʥʜʘʤʠ. 

ʇʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʠʷʜʝʨʥʦʛʦ ʢʣʘʩʪʝʨʘ 

(NH4)2[Mo2O4(C2O4)2] ʩ ʠʟʙʳʪʢʦʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ ʚ ʟʘʧʘʷʥʥʳʭ ʩʪʝʢʣʷʥʥʳʭ 

ʘʤʧʫʣʘʭ ʧʨʠ 200ÁC. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʤʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ (ʥʘʧʨʠʤʝʨ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʠ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ). 

 
ʈʠʩʫʥʦʢ 1. ɸʥʠʦʥʥʳʡ ʤʦʪʠʚ ʩʦʝʜʠʥʝʥʠʷ (NH4)4[Mo12O28(L)8]. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-23-00660.  
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ʉʀʅʊɽɿ ʇʆʃʀʗɼɽʈʅʓʍ ɹʀʄɽʊɸʃʃʀʏɽʉʂʀʍ ʂʆʄʇʃɽʂʉʆɺ 

ʇɸʃʃɸɼʀʗ(II) ʉ Mn, Zn, Ni 

ʄʘʢʘʨʝʚʠʯ ʖ.ɽ.1, ʉʦʩʫʥʦʚ ɽ.ɸ.1, ʅʝʩʪʝʨʝʥʢʦ ʄ.ʖ.1, ʄʘʢʩʠʤʦʚʘ ɸ.ɼ.1, ʗʢʫʰʝʚ ʀ.ɸ.1 

1 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤʝʥʠ ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ, 

ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ 31 

E-mail: jul.mcr@yandex.ru  

 

ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʘʣʣʘʜʠʷ ʩ ʥʝʙʣʘʛʦʨʦʜʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʥʘʥʝʩʝʥʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʥʳʡ ʤʦʪʠʚ 

çʢʠʪʘʡʩʢʦʛʦ ʬʦʥʘʨʠʢʘè ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ Pd ʠ ʘʪʦʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʪʘʣʣʘ ʢʘʢ 1 : 1, 

ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʜʣʷ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ, ʤʝʪʘʣʣ-ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ ʠʣʠ ʥʘʥʦʩʧʣʘʚʦʚ [1]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʥʪʝʟʳ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟ ʠʟʚʝʩʪʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʳ ʧʘʣʣʘʜʠʷ(II) [Pd(ɛïOOCMe)4M] (M = Mn, Ni, Zn), ʪʘʢʠʝ ʢʘʢ ʪʨʝʭʲʷʜʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʧʘʣʣʘʜʠʷ(II) [Pd(ɛïOOCMe)4Zn)](ɛïOOCMe)Pd(phen) ʠ ʧʷʪʠʷʜʝʨʥʳʝ 

ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ [Pd(ɛïOOCMe)4M]2(ɛïOOCMe)2Pd(py)2 ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʙʣʘʛʦʨʦʜʥʦʛʦ ʠ ʥʝʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʳ ʨʝʘʢʮʠʠ 

ʦʙʤʝʥʘ ʘʮʝʪʘʪʥʳʭ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ ʠ ʧʦʣʫʯʝʥʳ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʩ ʜʨʫʛʠʤʠ 

ʢʘʨʙʦʢʩʠʣʘʪʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʠ ʨʝʘʢʮʠʠ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʢʦʤʧʣʝʢʩʘ, ʘ ʦʩʥʦʚʥʦʡ ʩʪʨʫʢʪʫʨʥʳʡ ʤʦʪʠʚ ʩʦʭʨʘʥʷʝʪʩʷ. 

 
ʈʠʩʫʥʦʢ 1. ʄʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ ʌʄʀ ʀʆʅʍ ʈɸʅ. 
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ʇʆʃʋʏɽʅʀɽ ʀ ʀɿʋʏɽʅʀɽ ʆʇʊʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ pH-

ʏʋɺʉʊɺʀʊɽʃʔʅʆɻʆ ʉɽʄɽʁʉʊɺɸ ʂʆʄʇʃɽʂʉʆɺ {Mo6I 8} ʉ H2O 

ʀ OH-ʃʀɻɸʅɼɸʄʀ 
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ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʩʦʩʪʘʚʘ 

[{Mo 6X8} 6]
n (X = Cl, Br, I - ʚʥʫʪʨʝʥʥʠʝ ʣʠʛʘʥʜʳ; L = ʘʧʠʢʘʣʴʥʳʝ ʣʠʛʘʥʜʳ 

ʦʨʛʘʥʠʯʝʩʢʦʡ/ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ) ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʠʤʝʯʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʴ ʠ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ ʢʨʘʩʥʦʡ ʠ ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʧʦʩʣʝʜʥʝʤʫ 

ʩʚʦʡʩʪʚʫ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤʳ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʘʭ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʜʥʘʢʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʨʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʥʝʝ, ʠʟʫʯʝʥʳ ʚ ʤʘʣʦʡ ʩʪʝʧʝʥʠ. pH-

ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ {Mo6I8} ʩ H2O ʠ OH-ʣʠʛʘʥʜʘʤʠ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟ-ʟʘ ʠʭ 

ʩʭʦʞʝʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʪʦʥʦʨʦʚʘʪʴ/ʜʝʧʨʦʪʦʥʠʨʦʚʘʪʴ 

ʣʠʛʘʥʜʳ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʳ ʨʘʩʪʚʦʨʘ. 

ʊʘʢ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʢʘʪʠʦʥʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʩʦʩʪʘʚʘ [{Mo6I8}(H 2O)4(OH)2](An)2ĿnH2O (An = NO3
ï, n = 3; An = OTsï (ʧ-

ʪʦʣʫʦʣʩʫʣʴʬʦʥʘʪ), n = 2), [{Mo6I8}(H 2O)6](An)4ĿnH2O (An = NO3
ï, n = 2, An = OTsï n = 0, 

An = ClO4
- n = 2) ʠ ʥʝʡʪʨʘʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ [{Mo6I8}(H 2O)2(OH)4]Ŀ12H2O. ɼʣʷ 

ʨʘʩʰʠʨʝʥʠʷ ʨʷʜʘ ʥʝʡʪʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

[{Mo 6I8}(H 2O)2(OH)4]ĿnH2O (n = 2, 14) [1]. ʀʟʫʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʜʘʥʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʪʚʝʨʜʦʤ ʪʝʣʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʥʝʡʪʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢ ʢʘʪʠʦʥʥʳʤ 

ʥʘʙʣʶʜʘʶʪʩʷ ʩʜʚʠʛ ʧʨʦʬʠʣʝʡ ʩʧʝʢʪʨʦʚ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ ʚʝʱʝʩʪʚʘ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʨʘʩʪʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ OH-ʣʠʛʘʥʜʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ 

ʚʧʣʦʪʴ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʪʠʦʥʘ [{Mo6I8}(H 2O)6]
4+. ɺ ʩʣʫʯʘʝ ʩʦʟʜʘʥʠʷ ʱʝʣʦʯʥʦʡ ʩʨʝʜʳ ʚ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʦʙʨʘʟʫʝʪʩʷ ʢʣʘʩʪʝʨʥʳʡ ʘʥʠʦʥ [{Mo6I8}(ʆʅ)6]
2ï. ʀʟʤʝʥʝʥʠʝ ʣʠʛʘʥʜʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʨʘʩʪʚʦʨʘ: ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ H2O-

ʣʠʛʘʥʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʨʘʩʪʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʛʠʧʩʦʭʨʦʤʥʳʤ 

ʩʜʚʠʛʦʤ ʤʘʢʩʠʤʫʤʘ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ ˉ 19-73-20109 
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ɿɸɺʀʉʀʄʆʉʊʔ ʄɸɻʅʀʊʅʆʁ ɸʅʀɿʆʊʈʆʇʀʀ ʄɸʃʆʅɸʊʅʓʍ 

ʂʆʄʇʃɽʂʉʆɺ Co(II) ʆʊ ʂʆʆʈɼʀʅɸʎʀʆʅʅʆɻʆ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʛʥʝʪʠʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟ-ʟʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʭʨʘʥʷʪʴ ʦʩʪʘʪʦʯʥʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʯʪʦ 

ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʧʠʥʪʨʦʥʠʢʝ ʠ 

ʢʚʘʥʪʦʚʦʡ ʠʥʞʝʥʝʨʠʠ [1, 2]. 

ʄʘʛʥʠʪʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʝʝ ʘʢʩʠʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨ D, ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ ʵʬʬʝʢʪʠʚʥʦʛʦ ʙʘʨʴʝʨʘ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʝʛʦ ʧʝʨʝ-

ʦʨʠʝʥʪʘʮʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ [3]. ʇʦʩʢʦʣʴʢʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʧʦʣʝ ʦʧʨʝʜʝʣʷʝʪ ʟʥʘʯʝʥʠʝ 

ʠ ʟʥʘʢ D, ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʢʘʢ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʚʣʠʷʝʪ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʨʘʩʱʝʧʣʝʥʠʷ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ. ɼʣʷ ʵʪʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʟʘʤʝʱʝʥʥʳʝ 

ʤʘʣʦʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʥʘʣʠʯʠʝ ʚ ʢʦʪʦʨʳʭ ʯʝʪʳʨʝʭ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ [4]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ Co(II) ʩ ʘʥʠʦʥʘʤʠ 

ʟʘʤʝʱʝʥʥʳʭ ʤʘʣʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʦʧʠʩʘʥʦ ʩʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʠ ʨʘʩʩʯʠʪʘʥʳ ʠʭ 

ʤʘʛʥʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ 

ʦʢʨʫʞʝʥʠʝʤ ʤʝʪʘʣʣʦʮʝʥʪʨʘ ʠ ʚʝʣʠʯʠʥʦʡ D. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʩʦʣʝʡ Co(II) ʩ ʟʘʤʝʱʝʥʥʳʤʠ ʤʘʣʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʦʙʨʘʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʣʠ 36-ʷʜʝʨʥʳʝ çʰʘʨʳè, ʚ ʢʦʪʦʨʳʭ ʠʦʥʳ Co2+ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʙʣʠʟʢʦʤ ʨʘʩʩʪʦʷʥʠʠ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʨʝʘʣʠʟʫʶʪʩʷ ʬʝʨʨʦ- ʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʦʙʘʚʣʝʥʠʝ 1s- ʠʣʠ 2s-ʤʝʪʘʣʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʘʛʥʠʪʥʦ-

ʨʘʟʙʘʚʣʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʤʦʥʦʠʦʥʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʝʡ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ Co2+. ɺʚʝʜʝʥʠʝ ʞʝ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʭʝʣʘʪʠʨʫʶʱʠʭ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʤʦʥʦʷʜʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʭ ac ʠʟʤʝʨʝʥʠʡ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʰʝʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʝʪʠʢʦʚ ʚ ʧʨʠʣʦʞʝʥʥʦʤ 

ʧʦʣʝ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 19-73-10181-ʇ. 
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ʆʃʀɻʆʄɽʈʀɿɸʎʀʗ ɓ-ɼʀʂɽʊʀʄʀʅɸʊʅʓʍ ʀ 

ʌʆʈʄɸʄʀɼʀʅɸʊʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ʃɸʅʊɸʅʆʀɼʆɺ(II), 

ʆʇʈɽɼɽʃʗɽʄɸʗ ɼʆʅʆʈʅʓʄʀ ʄʆʃɽʂʋʃɸʄʀ ʊɻʌ 

ʄʠʨʦʥʦʚʘ ʆ.ɸ., ʉʫʭʠʭ ʊ.ʉ., ʂʦʥʯʝʥʢʦ ʉ.ʅ., ʇʫʰʢʘʨʝʚʩʢʠʡ ʅ.ɸ. 

ʀʥʩʪʠʪʫʪ ʅʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ;  

ʈʦʩʩʠʷ, ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨʦʩʧʝʢʪ ʘʢʘʜʝʤʠʢʘ ʃʘʚʨʝʥʪʴʝʚʘ, 3. 
E-mail: mironova@niic.nsc.ru  

 

ɺ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʣʘʥʪʘʥʦʠʜʦʚ ʛʝʦʤʝʪʨʠʷ ʢʦʤʧʣʝʢʩʘ ʠ ʜʦʩʪʫʧʥʦʩʪʴ 

ʤʝʪʘʣʣʦʮʝʥʪʨʘ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ 

ʠʣʠ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʣʠʛʘʥʜʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʦʜʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ. ʂʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ ʪʘʢʞʝ ʤʦʞʝʪ ʟʘʤʝʪʥʦ ʚʣʠʷʪʴ ʥʘ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʊʘʢ, ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ (ʊɻʌ) ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʝʛʦ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʩ ʨʘʩʢʨʳʪʠʝʤ ʮʠʢʣʘ ʚ ʚʠʜʝ ɛ-(O(CH2)4)
ï 

ʬʨʘʛʤʝʥʪʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʥʘʮʝʣʠʣʠʩʴ ʥʘ ʧʦʣʫʯʝʥʠʝ ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʊɻʌ 

ʬʦʨʤʘʤʠʜʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʚʫʭʚʘʣʝʥʪʥʳʭ Sm, Eu, Yb ʠ ʠʦʜʦ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Sm. 

ʉʪʫʧʝʥʯʘʪʘʷ ʜʝʩʦʣʴʚʘʪʘʮʠʷ ʠʟʚʝʩʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Sm(Nacnac)I(thf)2] (1) (Nacnac = 

CH(C(Me)(NDipp))2
ï, Dipp = 2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʚʫʭ- (2) 

ʠ ʪʨʸʭʲʷʜʝʨʥʦʛʦ (3) ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʜʥʠʤ ʊɻʌ ʚ ʢʘʞʜʦʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ 

ʩʦʝʜʠʥʸʥʥʳʝ ʤʦʩʪʠʢʦʚʳʤʠ ʠʦʜʠʜʘʤʠ ʬʨʘʛʤʝʥʪʳ {Sm(Nacnac)}. ʇʦʣʥʦʩʪʴʶ 

ʜʝʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʡ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʡ (4) ʢʦʤʧʣʝʢʩ ʥʝ ʩʦʜʝʨʞʠʪ ʊɻʌ, ʦʜʥʘʢʦ ʧʨʠ 

ʦʙʨʘʪʥʦʡ ʩʦʣʴʚʘʪʘʮʠʠ ʜʠʩʩʦʮʠʠʨʫʝʪ ʥʝ ʩʨʘʟʫ, ʘ ʩʥʘʯʘʣʘ ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩ 

[{ Sm(Nacnac)I(thf)2{ Sm(Nacnac)I} 2], ʚ ʢʦʪʦʨʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʩʢʝʣʝʪ ʪʷʞʸʣʳʭ ʘʪʦʤʦʚ. ɼʣʷ 

ʢʦʤʧʣʝʢʩʦʚ 3 ʠ 4 ʙʳʣʠ ʠʟʫʯʝʥʳ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʵʣʝʤʝʥʪʘʨʥʦʤʫ ʠʦʜʫ ʠ TePnBu3. 

ʌʦʨʤʘʤʠʜʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ [Ln(Fd)2(thf)2] (Ln = Sm, Eu, Yb; Fd = CH(NDipp)2
ï) 

ʧʨʠ ʜʝʩʦʣʴʚʘʪʘʮʠʠ ʦʙʨʘʟʫʶʪ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [{Ln(Fd)2} 2]. ɺ ʢʦʤʧʣʝʢʩʘʭ Sm, Eu 

ʢʘʞʜʳʡ ʬʦʨʤʘʤʠʜʠʥʘʪʥʳʡ ʣʠʛʘʥʜ, ʧʦʤʠʤʦ N,Nô-ʢʦʦʨʜʠʥʘʮʠʠ ʢ ʦʜʥʦʤʫ ʢʘʪʠʦʥʫ Ln, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʬʝʥʠʣʴʥʳʤ ʢʦʣʴʮʦʤ ʟʘʤʝʩʪʠʪʝʣʷ ʢ ʜʨʫʛʦʤʫ Ln, ʯʪʦ 

ʥʝʪʠʧʠʯʥʦ ʜʣʷ ʬʦʨʤʘʤʠʜʠʥʘʪʦʚ ʚ ʭʠʤʠʠ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ. ɺ ʩʣʫʯʘʝ Yb 

ʣʘʥʪʘʥʦʠʜʥʦʝ ʩʞʘʪʠʝ ʧʨʠʚʦʜʠʪ ʢ ʠʥʦʡ, ʤʦʩʪʠʢʦʚʦʡ, ʢʦʦʨʜʠʥʘʮʠʠ ʬʦʨʤʘʤʠʜʠʥʘʪʘ ʧʨʠ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʛʝʢʩʘʥʘ, ʠʣʠ ʞʝ ʢ ʤʦʥʦʤʝʨʠʟʘʮʠʠ ʠ ʰʘʧʦʯʥʦʡ ɖ6-ʢʦʦʨʜʠʥʘʮʠʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʪʦʣʫʦʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ 

[Yb(Fd)2(Tol)]. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 22-23-00983.  
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ʉʀʅʊɽɿ ʂɸʈɹʆʂʉʀʃɸʊʅʓʍ ʂʆʄʇʃɽʂʉʆɺ 

ʊɽʊʈɸʇʀʈʀɼʀʅʇʃɸʊʀʅʓ(II) ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊʈʋʂʊʋʈʓ 

ʇʈʆɼʋʂʊʆɺ ʀʍ ʊɽʈʄʀʏɽʉʂʆɻʆ ʇʈɽɺʈɸʑɽʅʀʗ 

ʅʝʩʪʝʨʝʥʢʦ ʄ.ʖ.1, ʄʘʢʩʠʤʦʚʘ ɸ.ɼ.1, ʄʘʢʘʨʝʚʠʯ ʖ.ɽ.1, ʗʢʫʰʝʚ ʀ.ɸ.1 

1 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: alena.gaverment@gmail.com  

 

ʂʘʨʙʦʢʩʠʣʘʪʥʳʝ ʧʣʘʪʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʟʘʯʘʩʪʫʶ ʷʚʣʷʶʪʩʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʚ ʩʠʣʫ ʥʠʟʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʧʣʘʪʠʥʳ ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʘʮʝʪʘʪʘ ʧʣʘʪʠʥʳ [Pt4(OOCMe)8] [1], ʧʦʵʪʦʤʫ ʜʣʷ ʠʭ 

ʧʦʣʫʯʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʦʙʭʦʜʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʫʪʠ. ʆʜʥʦʡ ʠʟ ʧʦʜʦʙʥʳʭ ʩʭʝʤ 

ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʘʮʝʪʘʪʘ ʪʝʨʘʧʠʨʠʜʠʥʧʣʘʪʠʥʳ(II) [PtPy4](OOCMe)2Ț6H2O ʧʫʪʝʤ 

ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʩʠʥʪʝʟʘ ʠʟ ʠʩʭʦʜʥʦʛʦ ʪʝʪʨʘʭʣʦʨʧʣʘʪʠʥʠʪʘ ʢʘʣʠʷ K2[PtCl4]ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʢʫʨʩʦʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʨʫʛʠʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʘʪʠʦʥʥʦ-ʘʥʠʦʥʥʦʛʦ 

ʩʪʨʦʝʥʠʷ [2]. 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʪʝʪʨʘʧʠʨʠʜʠʥʦʚʳʭ ʧʣʘʪʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʨʠʩ. 1.1) 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʢʦʚʘʣʝʥʪʥʳʭ ʩʪʨʫʢʪʫʨ, ʚ ʢʦʪʦʨʳʭ ʜʚʘ ʧʠʨʠʜʠʥʦʚʳʭ ʣʠʛʘʥʜʘ 

ʟʘʤʝʱʘʶʪʩʷ ʥʘ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ. ɼʘʥʥʘʷ ʨʝʘʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʤʧʣʝʢʩʳ trans-ʩʪʨʦʝʥʠʷ (ʨʠʩ. 1.2). 

 

 

ʈʠʩʫʥʦʢ 1. ʇʨʠʤʝʨʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʣʘʪʠʥʳ(II) ï 

[PtPy4](FcCOO)2Ț2AcOH (1.1) ʠ trans-[PtPy2](FcCOO)2. (1.2) 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 18-73-10206). 
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ʅʆɺʓʁ ʄɽʊʆɼ ʇʆʃʋʏɽʅʀʗ ʄʆʅʆʌʊʆʈɿɸʄɽʑɪʅʅʓʍ 

ɸʅʀʆʅʆɺ  [2-B10H9F]2- ɺ ʄʗɻʂʀʍ ʋʉʃʆɺʀʗʍ 

ʅʝʫʤʦʣʦʪʦʚ ʅ.ʂ.1, ɺʦʠʥʦʚʘ ɺ.ɺ., ɾʜʘʥʦʚ ɸ.ʇ., ɾʠʞʠʥ ʂ.ʖ. 

1 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ,  

ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ 31 

E-mail: neumolotovn@gmail.com  

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʩʚʷʟʠ B-F ʚ ʢʣʦʟʦ-ʜʝʢʘʙʦʨʘʪʥʦʤ 

ʘʥʠʦʥʝ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʣʠ ʘʥʠʦʥʘ [B10H10]
2- ʩ ʨʘʟʣʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʬʪʦʨʠʜ 

ʠʦʥʦʚ. ʀʟʚʝʩʪʥʳʝ ʤʝʪʦʜʠʢʠ ʬʪʦʨʠʨʦʚʘʥʠʷ ʙʦʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʝʟʚʦʜʥʦʡ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʳ ʠʣʠ ʬʪʦʨʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ F-TEDA 

(Selectfluor). ʆʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ ʢʣʦʟʦ-ʜʝʢʘʙʦʨʘʪʥʦʛʦ ʘʥʠʦʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʟʚʦʜʥʦʡ HF 

ʧʨʠʚʦʜʠʪ ʢ ʜʝʩʪʨʫʢʮʠʠ ʢʣʘʩʪʝʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʣʝʡ ʘʥʠʦʥʘ BF4
-, ʘ ʥʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʬʪʦʨʧʨʦʠʟʚʦʜʥʳʭ ʢʣʦʟʦ-ʜʝʢʘʙʦʨʘʪʥʦʛʦ ʘʥʠʦʥʘ [1]. F-TEDA, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʬʪʦʨ-ʧʨʦʠʟʚʦʜʥʳʝ ʢʣʦʟʦ-ʜʝʢʘʙʦʨʘʪʘ, ʦʜʥʘʢʦ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʨʝʛʠʦʠʟʦʤʝʨʦʚ [B10H10-nFn]
2-[1,2]. 

 

ʈʠʩ. 1. ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʡ ʬʪʦʨʠʨʦʚʘʥʠʷ ʘʥʠʦʥʘ [B10H10]
2-. 

ʆʧʨʦʙʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ (ʨʠʩ.1) ʥʘ ʦʩʥʦʚʝ Bu4NF, Me4NF, NH4HF2 ʠ C6F6 / 

Bu4NCN ʧʨʠʚʝʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʥʦ-ʬʪʦʨ ʧʨʦʠʟʚʦʜʥʦʛʦ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʢʠʩʣʦʡ 

ʩʨʝʜʝ. ʈʝʘʢʮʠʠ ʧʨʦʪʝʢʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʩʠʩʪʝʤʝ ʛʝʢʩʘʬʪʦʨʙʝʥʟʦʣ / 

ʮʠʘʥʠʜ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ ʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʦ ʚʩʝʭ ʜʨʫʛʠʭ ʩʠʩʪʝʤʘʭ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ 

ʯʘʩʦʚ ʚ ʩʨʝʜʝ ʮʠʢʣʠʯʝʩʢʠʭ ʵʬʠʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʇʨʦʜʫʢʪʳ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʤʝʪʦʜʘʤʠ ʗʄʈ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ESI-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ˉ 21-13-00450). 
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ʆʇʊʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʀ ʌʆʊʆʕʌʌɽʂʊ ɺ ʇʃɽʅʂɸʍ 

ʃɽʅɻʄʖʈɸ-ʐɽʌʌɽʈɸ ʀɿ ɹʀʉ-ʉɽʄʀʍʀʅʆʅʆɺʆɻʆ 

ʂʆʄʇʃɽʂʉɸ ʅʀʂɽʃʗ(II) ï ʇʈʆʀɿɺʆɼʅʆɻʆ 3,6-ɼʀ-ʊʈɽʊ-

ɹʋʊʀʃ-ɹɽʅɿʆʍʀʅʆʅɸ, ɸʅʅɽʃʀʈʆɺɸʅʅʆɻʆ 1,3-ɼʀʊʀʆʃ-2-

ʊʀʆʂɸʈɹʆʅʀʃʔʅʓʄ ʌʈɸɻʄɽʅʊʆʄ 

ʅʠʢʠʪʠʥ ʂ.ʉ.1, ʂʫʨʦʧʘʪʦʚ ɺ.ɸ.2, ʂʘʟʘʢ ɸ.ɺ.3, ʇʘʭʦʤʦʚ ɻ.ʃ.4, ʅʦʨʢʦʚ ʉ.ɺ.2,  

ʐʫʨʳʛʠʥʘ ʄ.ʇ.2, ʏʝʨʢʘʩʦʚ ɺ.ʂ.2 
1 ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʚʘʥʦʚʦ, 

ʐʝʨʝʤʝʪʝʚʩʢʠʡ ʧʨʦʩʧʝʢʪ 7  
2 ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʊʨʦʧʠʥʠʥʘ 49 
3 ʅʀʀ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʚʘʥʦʚʦ, ʫʣ. ɽʨʤʘʢʘ 39 

4 ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 

ʫʣ. ɸʢʘʜʝʤʠʯʝʩʢʘʷ 7 
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ʉʧʝʮʠʬʠʢʘ ʫʧʘʢʦʚʢʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʚ ʘʛʨʝʛʘʪʝ ʧʨʠʚʦʜʠʪ ʢ ʨʷʜʫ ʠʥʪʝʨʝʩʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ. ʇʦ ʘʛʨʝʛʘʪʘʤ ʢʨʘʩʠʪʝʣʝʡ ʵʢʩʠʪʦʥʥʳʝ 

ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ. ʆʩʦʙʝʥʥʳʡ ʠʥʪʝʨʝʩ 

ʚʳʟʳʚʘʶʪ ʧʦʣʠʷʜʝʨʥʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʘ 

ʧʝʨʠʬʝʨʠʠ ʘʪʦʤʳ ʩʝʨʳ, ʧʦʩʢʦʣʴʢʫ ʚ ʠʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʬʘʟʘʭ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʙʳʩʪʨʦʤʫ 

ʘʥʠʟʦʪʨʦʧʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫ ʥʦʩʠʪʝʣʝʡ. 

ɿʘʜʘʯʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʧʦʣʫʯʠʪʴ ʧʣʝʥʢʠ ʃʝʥʛʤʶʨʘ-ʐʝʬʬʝʨʘ (ʃʐ-ʧʣʝʥʢʘ) ʙʠʩ-

ʩʝʤʠʭʠʥʦʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣʷ (II) ï ʧʨʦʠʟʚʦʜʥʦʛʦ 3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-ʙʝʥʟʦʭʠʥʦʥʘ, 

ʘʥʥʝʣʠʨʦʚʘʥʥʦʛʦ 1,3-ʜʠʪʠʦʣ-2-ʪʠʦʢʘʨʙʦʥʠʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʠ ʠʟʫʯʠʪʴ ʠʭ ʦʧʪʠʯʝʩʢʠʝ 

ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɸʥʘʣʠʟ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʦʩʥʦʚʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʃʐ-ʧʣʝʥʢʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, 

ʷʚʣʷʶʪʩʷ J-ʘʛʨʝʛʘʪʳ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʫʯʘʩʪʠʝʤ ʢʦʥʮʝʚʳʭ ʘʪʦʤʦʚ ʩʝʨʳ. ʎʠʢʣ ʢʦʤʧʨʝʩʩʠʠ-ʜʝʢʦʤʧʨʝʩʩʠʠ 

ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʣʘʚʘʶʱʝʛʦ ʩʣʦʷ, ʘ ʤʘʣʝʥʴʢʠʝ ʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʠ ʥʘ 

ʤʦʣʝʢʫʣʫ ʫʢʘʟʳʚʘʶʪ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʬʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʣʝʢʫʣ. ʇʦʣʫʯʝʥʥʳʝ ʃʐ-

ʧʣʝʥʢʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʣʱʠʥʳ (30 ʩʣʦʝʚ, 120 ʥʤ) ʠ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʦʙʣʘʜʘʶʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠ ʦʩʚʝʱʝʥʠʠ ʃʐ-ʧʣʝʥʦʢ ʢʦʤʧʣʝʢʩʘ ʚ 

ʩʪʨʫʢʪʫʨʘʭ ʩ ʘʣʶʤʠʥʠʝʚʳʤ ʢʘʪʦʜʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ III-ʤ ʢʚʘʜʨʘʥʪʝ 

ɺɸʍ ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ, ʘ ʚ IV ʢʚʘʜʨʘʥʪʝ ʚʦʟʥʠʢʘʝʪ ʬʦʪʦ-ʵ.ʜ.ʩ. 0.7 ɺ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʧʨʦʛʨʘʤʤʦʡ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ FZZM-

2020-0006, ʈʌʌʀ (ɻʨʘʥʪʳ ˉ 20-07-00181a ʠ ˉ 19-29-08039-ʤʢ) ʠ ʀʚʘʥʦʚʩʢʦʡ ʦʙʣʘʩʪʴʶ (ɻʨʘʥʪ 

ˉ 20-47-370002). ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ çɸʥʘʣʠʪʠʯʝʩʢʠʡ 

ʮʝʥʪʨ ʀʄʍ ʈɸʅè ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ "ʆʙʝʩʧʝʯʝʥʠʝ ʨʘʟʚʠʪʠʷ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʮʝʥʪʨʦʚ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ" (ʋʥʠʢʘʣʴʥʳʡ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ RF----2296.61321X0017, ʅʦʤʝʨ ʉʦʛʣʘʰʝʥʠʷ 075-15-2021-670).  

mailto:nikitin_kost@mail.ru
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ʆʂʊɸʕɼʈʀʏɽʉʂʀɽ ʀʆɼʀɼʅʓɽ ʂʃɸʉʊɽʈʅʓɽ ʂʆʄʇʃɽʂʉʓ 

ʄʆʃʀɹɼɽʅɸ ʀ ɺʆʃʔʌʈɸʄɸ ʉ ʊʀʆʃʀɻɸʅɼɸʄʀ 

ʇʨʦʥʠʥʘ ɽ.ɺ., ɺʦʨʦʪʥʠʢʦʚ ʖ.ɸ., ʐʝʩʪʦʧʘʣʦʚ ʄ.ɸ. 

ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ,  

ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨʦʩʧʝʢʪ ɸʢʘʜʝʤʠʢʘ ʃʘʚʨʝʥʪʴʝʚʘ, 3, 630090 

E-mail: svezhentseva@niic.nsc.ru  

 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩ 

ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{M6X8} L6]
n (M = Mo, W; X = Cl, Br, I; L = 

ʦʨʛʘʥʠʯʝʩʢʠʝ/ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ) ʦʙʣʘʜʘʶʪ ʪʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʘʢ ʷʨʢʘʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʨʘʟʚʠʪʠʝ ʢʣʘʩʪʝʨʥʦʡ ʭʠʤʠʠ (ʩʠʥʪʝʟ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ) ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ Na2[{M 6I8}( RS)6] 

(M = Mo, W) ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʦʣʠʛʘʥʜʘʤʠ ï PhSï, BnSï, 4-tBuBnSï. ɼʣʷ ʚʩʝʭ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʠ ʦʧʨʝʜʝʣʝʥʘ ʩʪʨʫʢʪʫʨʘ 

ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʠʩ. 1). ʇʦʣʫʯʝʥʥʳʝ ʢʣʘʩʪʝʨʳ ʨʘʩʪʚʦʨʠʤʳ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʘ ʢʦʤʧʣʝʢʩʳ ʩ PhSï ʠ BnSï ʣʠʛʘʥʜʘʤʠ 

ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ. 

ʅʘ ʧʨʠʤʝʨʝ Na2[{M o6I8}( PhS)6] ʙʳʣʦ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝ ʪʠʦʢʦʤʧʣʝʢʩʦʚ ʚ 

ʘʮʝʪʦʥʝ ʠ ʚʦʜʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ 

ʪʠʦʬʝʥʦʣʷʪ-ʣʠʛʘʥʜʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʢʠʩʣʝʥʠʶ ʜʦ ʩʫʣʴʬʝʥʘʪʦʚ (RSOï) ʠ ʩʫʣʴʬʠʥʘʪʦʚ 

(RSO2
ï), ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʣʝʛʢʦ ʟʘʤʝʱʘʶʪʩʷ ʥʘ H2O/OHï. 

 
ʈʠʩʫʥʦʢ 1. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [{M6I8}(RS)6]2ï 

(M = Mo, W; R = Ph, Bn, 4-tBuBnS) 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ 19-73-20109).  

mailto:svezhentseva@niic.nsc.ru
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ʍɸʃʔʂʆɻɸʃʆɻɽʅʀɼʅʓɽ ʀ ʍɸʃʔʂʆɻɽʅʀɼʅʓɽ ʂʃɸʉʊɽʈʓ 

ʄʆʃʀɹɼɽʅɸ ʉ ʇʀʈɸɿʆʃʆʄ 

ʉʘʚʠʥʘ ʖ.ɺ.1, ʀʚʘʥʦʚ ɸ.ɸ.1, ʐʝʩʪʦʧʘʣʦʚ ʄ.ɸ.1 

1 ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ. ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, 

ʧʨ. ɸʢʘʜ. ʃʘʚʨʝʥʪʴʝʚʘ, 3  

E-mail: savina@niic.nsc.ru  

 

ʍʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ ʤʦʣʠʙʜʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʝʜʠʥʝʥʠʷʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ Mo3Q7, Mo3Q4, Mo4Q4, Mo6Q8 (Q = S, Se, Te). ʇʨʠ ʵʪʦʤ 

ʭʠʤʠʷ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʨʘʟʚʠʚʘʣʘʩʴ ʘʥʘʣʦʛʠʯʥʦ ʭʠʤʠʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ï 

ʩʥʘʯʘʣʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʠʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʟʘʯʘʩʪʫʶ ʥʝʨʘʩʪʚʦʨʠʤʳʝ, ʘ ʟʘʪʝʤ 

ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʩʧʦʩʦʙʳ ʠʭ ʧʝʨʝʚʦʜʘ ʚ ʤʦʣʝʢʫʣʷʨʥʳʝ ʨʘʩʪʚʦʨʠʤʳʝ ʬʦʨʤʳ. ʉʨʝʜʠ ʵʪʠʭ 

ʧʦʜʭʦʜʦʚ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʳʨʝʟʘʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʢʦʥʜʝʥʩʘʮʠʷ 

ʬʨʘʛʤʝʥʪʦʚ ʤʝʥʴʰʝʡ ʥʫʢʣʝʘʨʥʦʩʪʠ ʠ ʟʘʤʝʱʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʚ ʛʘʣʦʛʝʥʠʜʥʳʭ 

ʢʣʘʩʪʝʨʘʭ. ʇʦʣʫʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʠʭ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʦʜʠʬʠʢʘʮʠʠ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʧʷʪʠʷʜʝʨʥʳʭ 

ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ. ʉʝʣʝʥʠʜʥʳʡ ʢʣʘʩʪʝʨ 

[{ Mo5Se5pz4}( pzH)5]BrĿ4pzH ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʸʤ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʩʠʥʪʝʟʘ ʠʟ Mo6Br12. ɼʣʷ 

ʩʫʣʴʬʠʜʥʦʛʦ ʢʣʘʩʪʝʨʘ [{Mo5S5pz4}(pzH)5]BrĿ4pzH ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʦʜʥʦʩʪʘʜʠʡʥʳʡ ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Mo6Br12, Na2S, ʠ S ʚ ʨʘʩʧʣʘʚʝ ʧʠʨʘʟʦʣʘ. ʇʨʠ 

ʨʘʩʪʚʦʨʝʥʠʠ ʦʙʘ ʢʦʤʧʣʝʢʩʘ ʦʢʠʩʣʷʶʪʩʷ ʧʝʨʝʭʦʜʷ ʚ ʬʦʨʤʫ [{Mo5Q5pz4}(pzH)5]
2+. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʠʩʪʝʤʳ Mo6Br12, Na2S, S, ʧʠʨʘʟʦʣ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʥʝʡ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʦʛʦ ʢʣʘʩʪʝʨʘ [Mo6S2Br6(pzH)6]
2+, 

ʢʦʪʦʨʳʡ ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜʥʳʤ ʧʨʦʜʫʢʪʦʤ ʚ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

[{Mo 5S5pz4}(pzH)5]BrĿ4pzH. 

 
ʈʠʩʫʥʦʢ 1. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʘʪʠʦʥʦʚ ʘ) [{Mo5Q5pz4}(pzH)5]2+, Q = S, Se, 

ʙ) [Mo6S2Br6(pzH)6]2+. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 19-73-20109.  

mailto:savina@niic.nsc.ru
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ʉʀʅʊɽɿ ʇʆʃʋʉʕʅɼɺʀʏɽɺʓʍ ʂʆʄʇʃɽʂʉʆɺ ʅʀʂɽʃʗ(II) ʀ 

ʇɸʃʃɸɼʀʗ(II) ʅɸ ʆʉʅʆɺɽ ʋɻʃɽʈʆɼɿɸʄɽʑɽʅʅʓʍ 

ʇʈʆʀɿɺʆɼʅʓʍ ʅʀɼʆ-ʂɸʈɹʆʈɸʅɸ 

ʉʝʤʸʥʦʚ ɼ.ʂ.1,2, ʉʪʦʛʥʠʡ ʄ.ʖ.1,2, ɸʥʫʬʨʠʝʚ ʉ.ɸ.2, ʉʠʚʘʝʚ ʀ.ɹ.2 

1 ʈʊʋ ʄʀʈʕɸ, ʀʥʩʪʠʪʫʪ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ,  

ʄʦʩʢʚʘ, ʧʨ. ɺʝʨʥʘʜʩʢʦʛʦ 86 
2 ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ,  

ʄʦʩʢʚʘ, ʫʣ. ɺʘʚʠʣʦʚʘ 28 

E-mail: dksemyonov@mail.ru 
 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʥʝʦʙʳʯʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʥʠʜʦ-ʢʘʨʙʦʨʘʥ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʝ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ [1]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥ ʨʷʜ ʥʦʚʳʭ ʫʛʣʝʨʦʜʟʘʤʝʱʝʥʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʜʦ-

ʢʘʨʙʦʨʘʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʙʦʢʦʚʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ, ʠʤʝʶʱʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʦʥʦʨʥʳʝ 

ʛʨʫʧʧʳ, ʪʘʢʠʝ ʢʘʢ ʤʝʪʦʢʩʠ-ʛʨʫʧʧʘ ʠ ʧʠʨʠʜʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ (ʈʠʩ. 1). 
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ʈʠʩʫʥʦʢ 1. ʉʠʥʪʝʟ ʫʛʣʝʨʦʜʟʘʤʝʱʝʥʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʜʦ-ʢʘʨʙʦʨʘʥʘ 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʝʘʢʮʠʷʭ ʩ ʬʦʩʬʠʥʦʚʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʥʠʢʝʣʷ(II) [Ni(PR2R')2Cl2] (R=R'=Bu, Ph; R=Me, R'=Ph; R=Ph, R'=Me, Et) ʠ 

ʩ [Pd(PPh3)2Cl2]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʧʦʣʫʩʵʥʜʚʠʯʝʚʳʝ ʢʦʤʧʣʝʢʩʳ ʥʠʢʝʣʷ(II)  

ʠ ʧʘʣʣʘʜʠʷ(II) ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʙʦʢʦʚʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʩ ʤʝʪʘʣʣʦʤ-

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʤ (ʈʠʩ. 2). 
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ʈʠʩʫʥʦʢ 2. ʉʠʥʪʝʟ ʧʦʣʫʩʵʥʜʚʠʯʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ(II) ʠ ʧʘʣʣʘʜʠʷ(II) 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (21-73-10199) 

ʉʩʳʣʢʠ 

[1] Grimes R.N. Carboranes. - Academic Press, London, 2016, pp. 711-903.  
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IX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʠ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʣʘʩʪʝʨʦʚ çʂʣʘʩʪʝʨ-2022è 

4-7 ʆʢʪʷʙʨʷ, 2022, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

 

117 

 

ʇʆʃʀʗɼɽʈʅʓɽ ʂʆʄʇʃɽʂʉʓ ʃɸʅʊɸʅʆʀɼʆɺ (Sm, Eu, Yb) ʉ  

ʌɽʅɸʅʊʈɽʅʍʀʅʆʅʆɺʓʄ ʈɽɼʆʂʉ-ɸʂʊʀɺʅʓʄ ʃʀɻɸʅɼʆʄ 

ʉʠʥʠʮʘ ɼ.ʂ., ʉʫʭʠʭ ʊ.ʉ., ʂʦʥʯʝʥʢʦ ʉ.ʅ., ʇʫʰʢʘʨʝʚʩʢʠʡ ʅ.ɸ. 

ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ. ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ,  

ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ɸʢʘʜʝʤʠʢʘ ʃʘʚʨʝʥʪʴʝʚʘ 3  

E-mail: sinitsa@niic.nsc.ru  

 

ʂʦʤʧʣʝʢʩʳ ʩ ʦ-ʙʝʥʟʦʭʠʥʦʥʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ ʠʟʚʝʩʪʥʳ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ p- ʠ d-ʵʣʝʤʝʥʪʦʚ, ʥʦ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʠʟʫʯʝʥʳ ʜʣʷ ʪʘʢʠʭ ʪʠʧʠʯʥʳʭ 

ʦʢʩʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ ʣʘʥʪʘʥʦʠʜʳ. ʊʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ. ʀʭ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʨʝʜʦʢʩ-

ʘʢʪʠʚʥʦʩʪʠ. ʈʘʥʝʝ ʤʳ ʧʦʣʫʯʠʣʠ ʢʦʤʧʣʝʢʩʳ Sm, Eu ʠ Yb ʩ 3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-ʦ-

ʙʝʥʟʦʭʠʥʦʥʦʤ (3,6-Q) [1], ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʠʟʫʯʘʝʤ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤ ʣʠʛʘʥʜʦʤ ï 9,10-ʬʝʥʘʥʪʨʝʥʭʠʥʦʥʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʚʠʜʝ 

ʥʝʡʪʨʘʣʴʥʦʡ (phenQ), ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʡ (phenSQï) ʠ ʜʠʘʥʠʦʥʥʦʡ (phenCat2ï) ʬʦʨʤ. 

ʉʪʨʫʢʪʫʨʥʦʝ ʩʨʘʚʥʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʵʪʠʭ ʜʚʫʭ ʣʠʛʘʥʜʦʚ ʧʦʟʚʦʣʠʪ ʧʦʥʷʪʴ ʚʣʠʷʥʠʝ ʠʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʦʣʫʯʘʝʤʫʶ ʩʪʨʫʢʪʫʨʫ. ʈʝʘʢʮʠʷ [SmCp*2(thf)2] ʩ phenQ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʥʳʤ ʧʨʦʜʫʢʪʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʘʛʝʥʪʦʚ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ɹʫʜʫʯʠ ʚʟʷʪʳʤ ʚ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʩʘʤʘʨʦʮʝʥ ʚʳʩʪʫʧʘʝʪ ʢʘʢ 2Ǜ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ (ʟʘ ʩʯʸʪ Sm2+ ʠ Cp*ï), ʧʨʠʚʦʜʷ ʢ ʢʦʤʧʣʝʢʩʘʤ ʩ ʬʨʘʛʤʝʥʪʘʤʠ 

{SmIIICp*(PhenCat)} ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʥʫʢʣʝʘʨʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, 3-ʷʜʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ 1). ʊʘʢʠʝ ʬʨʘʛʤʝʥʪʳ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʜʣʷ ʢʘʪʠʦʥʦʚ 

{SmCp*2}+ ʠʣʠ Sm2+ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʷʜʝʨʥʳʭ (ʜʦ ʧʷʪʠ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ) ʢʦʤʧʣʝʢʩʦʚ. 

ʇʨʠ 2-ʢʨʘʪʥʦʤ ʠʟʙʳʪʢʝ ʩʘʤʘʨʦʮʝʥʘ ʦʥ ʚʳʩʪʫʧʘʝʪ ʢʘʢ 1Ǜ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ ʠ ʦʙʨʘʟʫʝʪ 2-

ʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [(SmCp*)2(PhenQ)2(thf)3]. ʆʙʩʫʞʜʘʝʪʩʷ ʤʘʨʰʨʫʪ ʨʝʘʢʮʠʡ, 

ʧʨʠʚʦʜʷʱʠʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʩʝʭ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʪʨʦʝʥʠʠ 

ʢʦʤʧʣʝʢʩʦʚ ʠʛʨʘʝʪ ʧʣʦʩʢʘʷ ʛʝʦʤʝʪʨʠʷ ʬʝʥʘʥʪʨʝʥʭʠʥʦʥʦʚʳʭ ʮʠʢʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʨʝʘʢʮʠʷ [LnCp*2(thf)2] ʩ phenQ (Ln = Eu, Yb) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 4-ʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤ ʩʦʩʪʘʚʦʤ (2, 3), ʥʦ ʨʘʟʥʳʭ ʧʦ ʩʪʨʦʝʥʠʶ; ʦʙʝ ʩʪʨʫʢʪʫʨʳ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʳ ʟʘ ʩʯʸʪ ʧʠ-ʩʪʵʢʠʥʛʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʮʠʢʣʦʚ phenQ. 

 
ʈʠʩʫʥʦʢ 1. ʂʦʤʧʣʝʢʩʳ [Sm3Cp* 3(phenCat)3] (1), [Eu4Cp* 4(phenCat)4] (2), [Yb4Cp* 4(phenCat)4] (3). 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 22-23-00983) 

ʉʩʳʣʢʠ 

[1] N. A. Pushkarevsky, S. N. Konchenko et al., Dalton Trans. 2016, 45, 1269ï1278.  
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ʋʇʈɸɺʃɽʅʀɽ ʉʊʈʋʂʊʋʈʆʁ, ʈɽɸʂʎʀʆʅʅʆʁ 

ʉʇʆʉʆɹʅʆʉʊʔʖ ʀ ʌʆʊʆʌʀɿʀʏɽʉʂʀʄʀ ʉɺʆʁʉʊɺɸʄʀ 

ʂʆʄʇʃɽʂʉʆɺ ʀʈʀɼʀʗ(III) ʇʋʊɽʄ ʀɿʄɽʅɽʅʀʗ 

ʉʊɽʈʀʏɽʉʂʆʁ ɿɸɻʈʋɾɽʅʅʆʉʊʀ ʀʄʀɼɸɿʆʃʔʅʓʍ 

ʃʀɻɸʅɼʆɺ 

ʊʘʪʘʨʠʥ ʉ.ɺ.1,2, ɹʝʟʟʫʙʦʚ ʉ.ʀ.1  

1 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ,  

ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ 31 
2 ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 

ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʜʳ 1, ʩʪʨ. 3 

E-mail: tatarin.sergei@yandex.ru  

 

ʈʘʩʰʠʨʝʥʠʝ ʩʦʧʨʷʞʝʥʥʦʡ ˊ-ʩʠʩʪʝʤʳ ʣʠʛʘʥʜʦʚ ʦʙʳʯʥʦ ʩʯʠʪʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(III). ʆʜʥʘʢʦ 

ʠʟʙʳʪʦʯʥʦʝ ʩʪʝʨʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, ʦʢʘʟʳʚʘʝʤʦʝ ʦʙʲʝʤʥʳʤʠ ʮʠʢʣʦʤʝʪʘʣʣʠʨʦʚʘʥʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʛʝʦʤʝʪʨʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʚʦʡʩʪʚ 

ʢʦʤʧʣʝʢʩʦʚ. 

ʈʘʥʝʝ ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʢʣʦʤʝʪʘʣʠʨʦʚʘʥʥʳʭ 2-ʘʨʠʣ-N-

ʬʝʥʠʣʬʝʥʘʥʪʨʦ[9,10-d]ʠʤʠʜʘʟʦʣʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ɓ-ʜʠʢʝʪʦʥʘʤʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʠʨʠʜʠʷ(III)[1]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 2,2'-ʙʠʧʠʨʠʜʠʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʩ 

ʪʝʤ ʞʝ ʮʠʢʣʦʤʝʪʘʣʣʠʨʦʚʘʥʥʳʤ ʷʜʨʦʤ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʩʥʷʪʠʶ ʩʪʝʨʠʯʝʩʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʷʨʢʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʙʦʣʝʝ ʪʦʥʢʘʷ ʥʘʩʪʨʦʡʢʘ ˊ-ʩʠʩʪʝʤʳ ʮʠʢʣʦʤʝʪʘʣʣʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ ʧʦʟʚʦʣʠʣʘ 

ʩʦʟʜʘʪʴ ʩʪʘʙʠʣʴʥʳʝ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʝ ʜʠʢʝʪʦʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʫʩʧʝʰʥʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʚ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʨʘʚʥʠʤʫʶ ʩ ʪʘʢʦʚʦʡ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ. 

ɹʦʣʝʝ ʪʦʛʦ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʞʝʩʪʢʦʛʦ 2-(9-ʘʥʪʨʘʮʝʥʠʣ)-N-

ʬʝʥʠʣʙʝʥʟʠʤʠʜʘʟʦʣʘ ʚ ʭʠʤʠʠ ʠʨʠʜʠʷ(III) (ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʧʪʠʤʠʟʘʮʠʝʡ ʫʩʣʦʚʠʡ 

ʨʝʘʢʮʠʠ ʠ ʠʟʤʝʥʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ) ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ 

ʢʘʢ ʤʦʥʦʮʠʢʣʦʤʝʪʘʣʣʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Ir(III) ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʠʦʥʦʤ ʚ 

ʥʝʭʘʨʘʢʪʝʨʥʦʡ ʛʝʦʤʝʪʨʠʠ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʳ, ʪʘʢ ʠ ʩʝʨʠʠ ʥʝʮʠʢʣʦʤʝʪʘʣʣʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤ ˊ-ʩʪʝʢʠʥʛʦʤ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʚʳʭʦʜʷʪ ʟʘ ʨʘʤʢʠ 

ʩʪʘʥʜʘʨʪʥʦʡ ʭʠʤʠʠ ʠʨʠʜʠʷ(III), ʙʫʜʫʯʠ ʠʥʪʝʨʝʩʥʳʤʠ ʥʝ ʪʦʣʴʢʦ ʩ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ, ʥʦ ʠ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʥʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʩ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ʧʨʦʝʢʪ ˉ 22-23-

01171 

ʉʩʳʣʢʠ 

[1] Tatarin, S.V., Kalle, P., Taydakov, I.V., Varaksina, E.A., Korshunov, V.M., Bezzubov, S.I., Dalt. 
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ʆʂʊɸʕɼʈʀʏɽʉʂʀɽ ʂʃɸʉʊɽʈʅʓɽ ʂʆʄʇʃɽʂʉʓ ʈɽʅʀʗ ʉ 

ʈɽɼʆʂʉ ɸʂʊʀɺʅʓʄʀ ʆʈɻɸʅʀʏɽʉʂʀʄʀ ʃʀɻɸʅɼɸʄʀ 

ʇʀʈʀɼʀʅʆɺʆɻʆ ʈʗɼɸ 

ʋʣʘʥʪʠʢʦʚ ɸ.ɸ.1, ʉʫʭʠʭ ʊ.ʉ.1, ʄʠʨʦʥʦʚ ʖ.ɺ.1, ɹʨʳʣʸʚ ʂ.ɸ.1, ɻʘʡʬʫʣʠʥ ʗ.ʄ.1 

1 ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, ʇʨʦʩʧʝʢʪ 

ɸʢʘʜʝʤʠʢʘ ʃʘʚʨʝʥʪʴʝʚʘ, 3  
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ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ ʠʥʪʝʨʝʩʘ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʚʚʠʜʫ ʧʨʦʷʚʣʷʝʤʦʡ 

ʠʤʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ [1], ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʙʨʘʪʠʤʦʤʫ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʦʢʠʩʣʝʥʠʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ [2]. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʷ 

ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʘ 

ʮʠʢʣʦʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʝ (ʎɺɸ) ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ [3], ʧʨʠʯʝʤ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʯʠʩʣʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʚʦ ʚʥʝʰʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ, ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ 

ʷʜʨʘ ʢʣʘʩʪʝʨʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʩʝʨʠʶ ʥʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʙʱʝʡ 

ʬʦʨʤʫʣʦʡ [Re6Q8(L)4Hal2] (Q = S, Se; Hal = Cl, Br; L = 4,4Ë-ʙʠʧʠʨʠʜʠʥ (bpy), 

ʬʝʥʠʣʧʠʨʠʜʠʥ (phpy), 1,2-ʙʠʩ(4-ʧʠʨʠʠʥ)ʵʪʠʣʝʥ (vbpy), 1,3-ʙʠʩ(4-ʧʠʨʠʜʠʥ)ʧʨʦʧʘʥ 

(tmbpy)), ʠʭ ʩʠʥʪʝʟ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʭ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʧʨʦʷʚʣʷʶʪ ʨʷʜ ʢʚʘʟʠʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ. ʇʦʪʝʥʮʠʘʣʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʩʠʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʚ ʘʥʦʜʥʫʶ ʦʙʣʘʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ. ɺʝʣʠʯʠʥʘ ʩʤʝʱʝʥʠʷ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʧʨʠʨʦʜʳ ʣʠʛʘʥʜʘ, ʧʨʠ ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʣʠʛʘʥʜʦʚ Q ʠ Hal ʤʘʣʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʦʝʜʠʥʝʥʠʷ ʩ L = phpy ʠ 

tmbpy, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʫʰʝʥʠʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʯʝʨʝʟ ʢʦʥʮʝʚʦʡ ʛʝʪʝʨʦʘʪʦʤ ʩʦʧʨʷʞʸʥʥʦʡ -́ʩʠʩʪʝʤʳ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʴ  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 19-73-
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ʂɸʈɹʆʂʉʀʃɸʊʓ ʎʀʅʂɸ(II) ʉ ʌʆʊʆɸʂʊʀɺʅʓʄʀ ʀ 

ʌʆʊʆʀʅɽʈʊʅʓʄʀ N-ɼʆʅʆʈʅʓʄʀ ʃʀɻɸʅɼɸʄʀ: ʉʀʅʊɽɿ, 

ʉʊʈʋʂʊʋʈɸ, ʌʆʊʆʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ʏʠʩʪʷʢʦʚ ɸ.ʉ.1, ɿʦʨʠʥʘ-ʊʠʭʦʥʦʚʘ ɽ.ʅ.1, ʐʤʝʣʝʚ ʄ.ɸ.1, ɺʦʣʦʛʞʘʥʠʥʘ ɸ.ɺ.2, 

ʉʠʜʦʨʦʚ ɸ.ɸ.1, ʂʠʩʢʠʥ ʄ.ɸ.1, ɽʨʝʤʝʥʢʦ ʀ.ʃ.1,2 

1 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ,  

ʈʦʩʩʠʷ, 119991, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, 31 
2 ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ,  

ʈʦʩʩʠʷ, 119334, ʄʦʩʢʚʘ, ʫʣ. ɺʘʚʠʣʦʚʘ, 28 
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ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ: 

ʛʝʪʝʨʦʛʝʥʥʳʡ ʢʘʪʘʣʠʟ, ʩʝʧʘʨʘʮʠʷ ʠ ʭʨʘʥʝʥʠʝ ʛʘʟʦʚ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ ʠ ʜʝʪʝʢʪʦʨʳ 

[1]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʦʣʠʤʝʨʳ, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʝʘʢʮʠʷʭ [2+2]-ʬʦʪʦʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʘʞʥʦ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʫʯʝʥʠʷ ʪʘʢʠʭ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ, ʢʘʢ ʬʦʪʦʩʠʥʪʝʟ ʠ ʬʦʪʦʪʘʢʩʠʩ, ʠ, ʢʨʦʤʝ 

ʪʦʛʦ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʟʘʧʠʩʠ ʠ ʭʨʘʥʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ [2]. 

 
ʈʠʩʫʥʦʢ 1. ʈʝʘʢʮʠʷ [2+2]-ʬʦʪʦʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ 

[Zn(H2O)4(bpe)2](HEt2Mal)2 (1). 

ɹʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʩʦʝʜʠʥʝʥʠʡ ʮʠʥʢʘ: ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

[Zn(H2O)4(bpe)2](HEt2Mal)2 (1) ʜʦ ʢʘʨʢʘʩʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

{[Zn(bpa)Et2Mal)]Ā0.38H2O}n (2) (ʛʜʝ Et2Mal2- ï ʜʠʘʥʠʦʥ ʜʠʵʪʠʣʤʘʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ). 

ʅʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ 1,2-ʙʠʩ(4-ʧʠʨʠʜʠʣ)ʵʪʠʣʝʥ 

ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚʦʛʦ N-ʜʦʥʦʨʥʦʛʦ ʣʠʛʘʥʜʘ, ʪʘʢ ʢʘʢ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʚʦʟʤʦʞʥʘ ʨʝʘʢʮʠʷ 

[2+2]-ʬʦʪʦʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ [3, 4], ʘ ʪʘʢʞʝ ʩʦʝʜʠʥʝʥʠʷ ʩ 4-ʘʣʣʠʣ-2,3,5,6-

ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ, ʢʦʪʦʨʘʷ ʠʥʪʝʨʝʩʥʘ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʚʝʨʜʦʬʘʟʥʳʭ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʠ, ʪʘʢ ʠ ʠʟʫʯʝʥʠʷ ʦʙʰʠʨʥʳʭ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ˉ 22-73-10192). 
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ʍʠʤʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ ʤʝʪʘʣʣʦʚ V ʛʨʫʧʧʳ ʠʤʝʝʪ 

ʩʪʦʣʝʪʥʶʶ ʠʩʪʦʨʠʶ ʠ ʜʦ ʩʠʭ ʧʦʨ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʢʘʢ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ, ʪʘʢ ʠ ʩ 

ʧʨʠʢʣʘʜʥʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ. ʕʪʠ ʢʣʘʩʪʝʨʳ ʩʦʩʪʦʷʪ ʠʟ ʦʢʪʘʵʜʨʘ ʄ6 ( Nb, Ta), ʦʢʨʫʞʝʥʥʦʛʦ 

12 ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʛʘʣʦʛʝʥʘ X, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʢ ʨʝʙʨʘʤ, ʠ 6 ʘʧʠʢʘʣʴʥʳʤʠ 

ʧʦʟʠʮʠʷʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʟʘʥʠʤʘʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ L, ʦʙʨʘʟʫʷ 

ʜʠʩʢʨʝʪʥʫʶ ʩʪʨʫʢʪʫʨʫ [{M6X12} L6]
z. ʂʣʘʩʪʝʨʥʳʡ ʠʦʜʠʜ ʥʠʦʙʠʷ ʫʥʠʢʘʣʝʥ ï ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

8 ʘʪʦʤʦʚ ʠʦʜʘ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʛʨʘʥʷʤ ʦʢʪʘʵʜʨʘ, ʦʙʨʘʟʫʷ ʢʣʘʩʪʝʨʳ ʚʠʜʘ [{Nb6I8} L6]
z. 

ʈʘʥʥʝʝ ʥʘʤʠ ʩʦʦʙʱʘʣʦʩʴ ʦ ʢʦʤʧʣʝʢʩʘʭ {Ta6I12}
2+ ʩ L = H2O, CNï, DMF ʚ ʢʘʯʝʩʪʚʝ 

ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ [1]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʦʣʥʳʡ ʨʷʜ ʮʠʘʥʦʧʨʦʠʟʚʦʜʥʳʭ 

[{ M6X12}( CN)6]
4- (ʨʠʩ. 1) ʧʦ ʨʝʘʢʮʠʠ K4[M6X18] (M=Nb, Ta; X = Cl, Br) ʩ Bu4NCN. 

ʎʠʘʥʦʛʨʫʧʧʳ ʵʪʠʭ ʢʣʘʩʪʝʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʚʨʘʱʝʥʳ  ʚ ʠʟʦʥʠʪʨʠʣʴʥʳʝ ʣʠʛʘʥʜʳ 

ʤʝʪʠʣʠʨʦʚʘʥʠʝʤ ʩ ʧʦʤʦʱʴʶ CF3SO3Me. ɺʧʝʨʚʳʝ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʤʝʰʘʥʥʦʛʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ [M6X12Y6]
z (Y = Cl, F) ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʩ ʧʦʤʦʱʴʶ SOCl2 ʠ Me4NF, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦ ʨʝʘʢʮʠʠ Nb6I11 c tBuNH2 ʧʦʣʫʯʝʥ ʢʣʘʩʪʝʨ [{Nb6I8}(
tBuNH2)6]. ʉʦʝʜʠʥʝʥʠʷ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʈʉɸ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʮʠʢʣʠʯʝʩʢʦʡ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. 

 

ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʪʝʨʘ (Bu4N)4[M6X12(CN)6] 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 

ʧʨʦʝʢʪ ˉ121031700313-8 ʠ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 20-33-90010). 
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ʉʋʇʈɸʄʆʃɽʂʋʃʗʈʅʓɽ ʉʄɽʐɸʅʅʆʃɸʅʊɸʅʆʀɼʅʓɽ 

ʂʆʆʈɼʀʅɸʎʀʆʅʅʓɽ ʇʆʃʀʄɽʈʓ ʉ ʂʋʂʋʈɹʀʊʋʈʀʃʆʄ 

ɸʥʜʨʠʝʥʢʦ ʀ.1, ʂʦʚʘʣʝʥʢʦ ɽ.1 
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ʀʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʠʪʨʘʪʦʚ ʣʘʥʪʘʥʦʠʜʦʚ(III ) (Ln = Pr(1), Nd(2), Sm(3), Eu(3), 

Gd(4), Tb(5), Dy(6), Ho(7), Er(8), Yb(9)) ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʤ ʢʘʚʠʪʘʥʜʦʤ 

ʢʫʢʫʨʙʠʪ[6]ʫʨʠʣʦʤ (C36H36N24O12, CB[6]) ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. ʅʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʚʠʜʝ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʘʜʜʫʢʪʦʚ ʩ CB[6] ʩ ʦʙʱʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

[{ Ln(H2O)5(NO3)} 2CB[6]](NO3)4ĿHNO3ĿnH2O ʜʣʷ ʣʘʥʪʘʥʦʠʜʦʚ ʥʘʯʘʣʘ ʨʷʜʘ Ln = Pr(1), 

Nd(2), Sm(3), Eu(3), Gd(4), Tb(5)) ʠ [Ln(H2O)8]2(NO3)3ĿCB[6]Ŀ2HNO3ĿmH2O ʜʣʷ 

ʣʘʥʪʘʥʦʠʜʦʚ ʢʦʥʮʘ ʨʷʜʘ Ln = Dy(6), Ho(7), Er(8), Yb(9). 

ʇʦ ʜʘʥʥʳʤ ʈʉɸ, ʚ ʩʪʨʫʢʪʫʨʘʭ 1-5 ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ çʥʘʧʨʘʚʣʝʥʥʳʭ 

ʮʝʧʦʯʝʢè, ʧʦʩʪʨʦʝʥʥʳʭ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠʟ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[{ Ln(H2O)5(NO3)} 2CB[6]]4+, ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ (ʈʠʩ. 1ʘ). ɺ 

ʩʦʝʜʠʥʝʥʠʷʭ 6-9 ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʥʳʭ ʮʝʧʦʯʝʢ, ʥʦ ʟʜʝʩʴ 

ʤʦʣʝʢʫʣʳ ʢʫʢʫʨʙʠʪʫʨʠʣʘ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʧʦʨʪʘʣʦʚ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʦʡ.  ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʘʢʨʦʮʠʢʣʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʨʫʛ ʥʘʜ ʜʨʫʛʦʤ ʪʘʢ, ʯʪʦ ʦʙʨʘʟʫʝʪʩ̫  ʢʦʣʦʥʥʘ. 

ɸʢʚʘʢʘʪʠʦʥʳ ʣʘʥʪʘʥʦʠʜʦʚ [Ln(H2O)8]
3+ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʮʝʧʷʤʠ ʠ 

ʥʝ ʠʤʝʶʪ ʥʠʢʘʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ ʢʫʢʫʨʙʠʪʫʨʠʣʦʤ (ʈʠʩ. 1ʙ). 

ʇʨʦʚʝʜʝʥʳ ʨʝʘʢʮʠʠ ʧʘʨ ʥʠʪʨʘʪʦʚ ʣʘʥʪʘʥʦʠʜʦʚ Pr-Eu, Nd-Eu, Nd-Tb, Dy-Er, Dy-Tb, 

Gd-Eu, Gd-Tb, Tb-Eu ʩ ʉɺ[6], ʣʘʥʪʘʥʦʠʜʳ ʙʨʘʣʠʩʴ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Ln1:Ln2 = 3:1, 

2:1, 1:1. ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ɸʕʉ ʀʉʇ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, 

ʯʪʦ Ln1:Ln2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʣʴʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ. ʀʟʫʯʝʥʳ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 1-9. ʇʨʠ ʋʌ ʦʙʣʫʯʝʥʠʠ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ ʩʦʝʜʠʥʝʥʠʡ 

1 ʠ 4 ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʚʝʯʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 1 ʠ 4 

ʥʠʪʨʘʪʦʚ ʝʚʨʦʧʠʷ ʠ ʪʝʨʙʠʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ Ln1:Ln2 = 3:1, 2:1, 1:1 ʥʘʙʣʶʜʘʝʪʩʷ ʢʨʘʩʥʦʝ ʠ 

ʟʝʣʝʥʦʝ ʩʚʝʯʝʥʠʝ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʘ)  ʙ)  

ʈʠʩʫʥʦʢ 1. ʉʪʨʦʝʥʠʝ çʥʘʧʨʘʚʣʝʥʥʳʭ ʮʝʧʦʯʝʢè ʚ ʩʪʨʫʢʪʫʨʘʭ (ʘ) 1-5, (ʙ) 6-9. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-23-00176.  
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ɻʀɼʈʀɼ ɸʃʖʄʀʅʀʗ ʉ ɸʎɽʅɸʌʊɽʅ-1,2-ɼʀʀʄʀʅʆɺʓʄ 

ʃʀɻɸʅɼʆʄ ɺ ʈɽɸʂʎʀʗʍ ɻʀɼʈʆɹʆʈʀʈʆɺɸʅʀʗ 

ʆʂʉʀɼɸ ʋɻʃɽʈʆɼɸ (IV) 

ɹʘʟʘʥʦʚ ɸ.ɸ.1, ʄʦʩʢʘʣʝʚ ʄ.ɺ.1, ʉʢʘʪʦʚʘ ɸ.ɸ.1, ʌʝʜʶʰʢʠʥ ʀ.ʃ.1  

1 ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ. ɸ. ʈʘʟʫʚʘʝʚʘ,  

603137, ʈʦʩʩʠʷ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʊʨʦʧʠʥʠʥʘ, ʜ. 49 

E-mail: B.Andrey2010@yandex.ru  

 

ɻʠʜʨʠʜʳ ʘʣʶʤʠʥʠʷ, ʭʝʣʘʪʠʨʦʚʘʥʥʳʝ ʦʙʲʝʤʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʧʨʠʚʣʝʢʘʶʪ ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ ʢʘʢ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ ʠ ʠʩʪʦʯʥʠʢʠ ʛʠʜʨʠʜ-ʠʦʥʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ ʥʝʥʘʩʳʱʝʥʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, EïH ʢʠʩʣʦʪʘʤʠ (E = C, N, O, P, S ʠ ʪ.ʧ.), ʘ ʪʘʢʞʝ ʤʘʣʳʤʠ ʤʦʣʝʢʫʣʘʤʠ. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʢʣʶʯʝʚʳʝ ʩʪʘʜʠʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ. ʊʘʢ, ʠʟʫʯʝʥʠʝ ʨʝʘʢʮʠʡ 

CO2 ʠʣʠ ʩʫʙʩʪʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪ C=O, ʩ  

ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʤʠ ʛʠʜʨʠʜʘʤʠ ʘʣʶʤʠʥʠʷ, ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʵʬʬʝʢʪʠʚʥʭr ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʝʘʢʮʠʡ ʛʠʜʨʦʙʦʨʠʨʦʚʘʥʠʷ ʠ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ [1]. 

ʈʘʥʝʝ ʤʳ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ CO2 ʧʦ ʩʚʷʟʷʤ AlïH 

ʣʠʪʠʡʘʣʶʤʦʛʠʜʨʠʜʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ [(ArBIG-bian)AlH2Li(thf)4] (1) (ArBIG-bian =  1,2-

ʙʠʩ[(2,6-ʜʠʙʝʥʟʛʠʜʨʠʣ-4-ʤʝʪʠʣʬʝʥʠʣ)ʠʤʠʥʦ]ʘʮʝʥʘʬʪʝʥ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʬʦʨʤʠʘʪʘ 

[(ArBIG-bian)Al(ɛ-OC(H)O)2Li(thf)2] (2) [2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʥʘʤʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʛʠʜʨʠʨʦʚʘʥʠʝ ʜʠʬʦʨʤʠʘʪʘ 2 ʙʦʨʘʥʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʠʤʝʪʠʣʩʫʣʴʬʠʜ ʙʦʨʘʥʦʚʳʤ 

ʢʦʤʧʣʝʢʩʦʤ (ʈʠʩ. 1). ʊʘʢʞʝ, ʚ ʨʘʙʦʪʝ ʠʟʫʯʝʥʘ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 1 ʠ 2 ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʢʦʪʦʨʳʤ ʠʟʦʵʣʝʢʪʨʦʥʥʳʤ ʘʥʘʣʦʛʘʤ ʜʠʦʢʩʠʜʘ CO2 (ʠʟʦʮʠʘʥʘʪʘʤ ʠ 

ʢʘʨʙʦʜʠʠʤʠʜʘʤ), ʘ ʪʘʢʞʝ ʘʤʤʠʘʢʫ. 

 
ʈʠʩʫʥʦʢ 1. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 2 ʜʠʤʝʪʠʣʩʫʣʴʬʠʜ ʙʦʨʘʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 20-13-

00052. 
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ʉʀʅʊɽɿ ʀ ʉʊʈʆɽʅʀɽ ʂʆʆʈɼʀʅɸʎʀʆʅʅʓʍ ʉʆɽɼʀʅɽʅʀʁ 

ɹɸʈʀʗ-ɾɽʃɽɿɸ(III) ʉ ɸʅʀʆʅɸʄʀ ʄɸʃʆʅʆɺʆʁ ʂʀʉʃʆʊʓ ʀ 

ɽɪ ɿɸʄɽʑɽʅʅʓʍ ɸʅɸʃʆɻʆɺ 

ɹʣʠʥʦʚ ɼ.ʆ., ɺʦʨʦʥʠʥʘ ʖ.ʂ., ɿʦʨʠʥʘ-ʊʠʭʦʥʦʚʘ ɽ.ʅ., ʂʠʩʢʠʥ ʄ.ɸ., ɽʨʝʤʝʥʢʦ ʀ.ʃ. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ s-3d ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʥʘʙʦʨʦʤ 

ʨʘʟʣʠʯʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʠʥʪʝʨʝʩʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʆʜʥʦʡ ʠʟ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʧʨʠ ʜʠʟʘʡʥʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʣʠʛʘʥʜʦʚ, ʠʟʤʝʥʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ çʥʘʩʪʨʘʠʚʘʪʴè ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ. ɺ 

ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʣʠʛʘʥʜʦʚ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʥʠʦʥʳ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʤʘʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʝ ʟʘʤʝʱʝʥʥʳʭ ʘʥʘʣʦʛʦʚ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʘʨʴʠʨʦʚʘʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʤʝʪʠʣʝʥʦʚʦʡ ʛʨʫʧʧʝ ʤʘʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʟʚʦʣʷʝʪ 

ʠʟʤʝʥʷʪʴ ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [1]. ɺʤʝʩʪʝ 

ʩ ʵʪʠʤ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʧʦ ʩʠʥʪʝʟʫ, ʩʪʨʫʢʪʫʨʥʳʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʠ ʤʘʛʥʠʪʥʳʤ ʩʚʦʡʩʪʚʘ ʤʘʣʦʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 3d ʤʝʪʘʣʣʦʚ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʞʝʣʝʟʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʠʥʪʝʟʫ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʯʝʪʳʨʝʭ ʥʦʚʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʙʘʨʠʷ-ʞʝʣʝʟʘ(III ): {[ Ba2Fe2(H2O)6(OH)2(Mal)4]Ŀ4H2O} n (1), {[ Ba2Fe2(H2O)6 

(OH)2(EtMal)4]Ŀ8H2O} n (2), [Ba2Fe2(H2O)8(OH)2(cpdc)4]n (3) ʠ 

{[Ba3Fe2(H2O)9(cbdc)6]Ā5H2O}n (4) (Mal2-, EtMal2-, cpdc2- ʠ cbdc2- ï ʘʥʠʦʥʳ ʤʘʣʦʥʦʚʦʡ, 

ʵʪʠʣʤʘʣʦʥʦʚʦʡ, ʮʠʢʣʦʧʨʦʧʘʥ-1,1-ʜʠʢʘʨʙʦʥʦʚʦʡ ʠ ʮʠʢʣʦʙʫʪʘʥ-1,1-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʉʦʝʜʠʥʝʥʠʷ 1ï4 ʧʦʣʫʯʝʥʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʠʪʨʘʪʘ 

ʞʝʣʝʟʘ(III) ʠ ʙʘʨʠʝʚʳʭ ʩʦʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʠʩʣʦʪ. ɺ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ 1ï3 

ʤʘʣʦʥʘʪ-ʘʥʠʦʥʳ ʦʙʨʘʟʫʶʪ ʙʠʩʭʝʣʘʪʥʳʝ ʬʨʘʛʤʝʥʪʳ {Fe(RMal)2} (ʛʜʝ R ï H ʠʣʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʘʤʝʩʪʠʪʝʣʴ), ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʙʠʷʜʝʨʥʳʡ ʪʝʪʨʘʘʥʠʦʥ {Fe2(ɛ-

OH)2(RMal)4}
4- ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ ʛʠʜʨʦʢʩʦʛʨʫʧʧʘʤʠ. ɼʘʥʥʳʝ ʪʝʪʨʘʘʥʠʦʥʳ 

ʩʚʷʟʳʚʘʶʪʩʷ ʚ 2D-ʧʦʣʠʤʝʨ (ʜʣʷ 1) ʠʣʠ 1D-ʧʦʣʠʤʝʨʳ (ʜʣʷ 2 ʠ 3) ʧʨʠ ʧʦʤʦʱʠ ʘʪʦʤʦʚ 

ʙʘʨʠʷ. ɺ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʷ 4 ʘʥʠʦʥʳ ʮʠʢʣʦʙʫʪʘʥ-1,1-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʦʙʨʘʟʫʶʪ 

ʩ ʘʪʦʤʘʤʠ ʞʝʣʝʟʘ ʪʨʠʩʭʝʣʘʪʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʘʪʦʤʘʤʠ 

ʙʘʨʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 2D-ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (19-73-10181-ʇ). 

ʉʩʳʣʢʠ 

[1] ɹʘʞʠʥʘ ɽ.ʉ., ɻʦʛʦʣʝʚʘ ʅ.ɺ., ɿʦʨʠʥʘ-ʊʠʭʦʥʦʚʘ ɽ.ʅ., ʂʠʩʢʠʥ ʄ.ɸ., ʉʠʜʦʨʦʚ ɸ.ɸ., ɽʨʝʤʝʥʢʦ 

ʀ.ʃ., ɾʫʨʥʘʣ ʩʪʨʫʢʪʫʨʥʦʡ ʭʠʤʠʠ, 2019, 60, 893.  
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ʉʀʅʊɽɿ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʆʃʀʗɼɽʈʅʓʍ 

ɻʀɼʈʆʂʉʆʊʈʀʌʊʆʈɸʎɽʊɸʊʆɺ ʈɿʕ ʉ ʂʋɹɸʅʆɺʓʄ ʆʉʊʆɺʆʄ 

ɹʫʨʣʘʢʦʚʘ ʄ.ɸ., ʎʳʤʙʘʨʝʥʢʦ ɼ.ʄ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 

ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʜʳ 1, ʩʪʨ. 3 

E-mail: mariia.burlakova@chemistry.msu.ru  

 

ʉʪʘʙʠʣʠʟʘʮʠʷ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ ʟʘʜʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʫʪʝʤ ʩʘʤʦʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʛʠʜʨʦʣʠʟʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʣʠ ʈɿʕ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʘʤʠʥʦʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʨʦʷʚʣʷʪʴ ʩʚʦʡʩʪʚʘ ʢʘʢ 

ʭʝʣʘʪʠʨʫʶʱʠʭ ʣʠʛʘʥʜʦʚ, ʪʘʢ ʠ ʩʣʘʙʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʙʣʘʛʦʜʘʨʷ ʙʣʠʟʦʩʪʴ 

ʢʦʥʩʪʘʥʪ ʦʩʥʦʚʥʦʩʪʠ ʜʣʷ ʘʤʠʥʘ ʠ ʢʠʩʣʦʪʥʦʩʪʠ ʜʣʷ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʥʘʧʨʠʤʝʨ, pKb 

= 3.8 ʜʣʷ ʜʠʵʪʠʣʝʥʪʨʠʘʤʠʥʘ ʠ pKa = 0.5 ʜʣʷ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ Htfa).  

ʉʧʦʩʦʙʥʦʩʪʴ ʠʦʥʦʚ ʈɿʕ ʚʩʪʫʧʘʪʴ ʚ ʩʘʤʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩ ʜʠʢʘʨʙʘʤʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ in situ ʧʫʪʝʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʢ ʠʦʥʫ ʈɿʕ ʘʤʠʥʘ ʩ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ [1]. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʩʘʤʦʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʛʠʜʨʦʣʠʟʘ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʪʨʠʬʪʦʨʘʮʝʪʘʪʦʚ ʈɿʕ ʩ ʨʘʩʪʚʦʨʦʤ ʜʠʵʪʠʣʝʥʪʨʠʘʤʠʥʘ (deta) ʥʘ ʚʦʟʜʫʭʝ 

ʧʦʣʫʯʝʥʳ ʧʦʣʠʷʜʝʨʥʳʝ ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʳ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ 

ʢʫʙʘʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ {Ln4(ɛ3-OH)4}
8+ (Ln = La-Dy). ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʈʉɸ, ʈʌɸ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʣʠʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʈɿʕ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʤʝʪʦʜ ʧʦʣʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩ ʘʥʘʣʠʟʦʤ ʬʫʥʢʮʠʠ ʧʘʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

(PDF). ʇʦʢʘʟʘʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʢ ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʛʠʜʨʦʢʩʦ-

ʢʣʘʩʪʝʨʘ (ʨʠʩ.1), ʘ ʪʘʢʞʝ ʝʛʦ ʵʣʝʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ [2]. 

 
ʈʠʩʫʥʦʢ 1. ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʧʘʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ G(r) 

ʜʣʷ ʢʦʤʧʣʝʢʩʘ [Dy4(OH)4(tfa)2(deta)4(detadcH)2](tfa)4ÖnH2O (ʩʣʝʚʘ) ʠ ʢʦʤʧʣʝʢʩʘ 

[Pr9(OH)12(tfa)11(deta)6(detadcH)2](tfa)2Ö(2+n)H2O (ʩʧʨʘʚʘ). 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ, ʛʨʘʥʪ ˉ 22-73-10089 

ʉʩʳʣʢʠ 

[1] ɼ.ʄ. ʎʳʤʙʘʨʝʥʢʦ, ɼ.ʀ. ɻʨʝʙʝʥʶʢ, ʄ.ɸ. ɹʫʨʣʘʢʦʚʘ, ɸ.ʉ. ʐʫʨʢʠʥʘ, ʂʦʦʨʜ. ʍʠʤʠʷ, 2022, 48, 

164-172 

[2] Tsymbarenko D., Grebenyuk D., Burlakova M., Zobel M., J. Appl. Cryst., 2022, 55, 890-900  
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ʀʆɼʀɼʅʓɽ ʀ ʇʆʃʀʀʆɼʀɼʅʓɽ ʂʆʄʇʃɽʂʉʓ Sb(III ) ʀ Bi(III ) ʉ 

ɻʀɼʈʆʂʉʀʇʀʇɽʈʀɼʀʅɸʄʀ 

ɺʘʩʠʣʴʝʚ ɸ.ɸ.1, ɹʳʢʦʚ ɸ.ɺ.1, ʐʝʩʪʠʤʝʨʦʚʘ ʊ.ɸ.1, ɻʦʥʯʘʨʝʥʢʦ ɺ.ɽ.1, ʃʳʩʝʥʢʦ ʂ.ɸ.1, 

ʐʝʚʝʣʴʢʦʚ ɸ.ɺ.1 

1ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 

ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ 1, ʩʪʨ.3 

E-mail: ArsAV2003@yandex.ru       

 

ɺ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 

ʛʠʙʨʠʜʥʳʭ ʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʦʚ. ʉʝʡʯʘʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʝʚʳʰʘʝʪ 25%. ɺ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʩʚʠʥʮʘ, ʢʦʪʦʨʳʝ, ʦʜʥʘʢʦ, 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ. ʈʝʰʝʥʠʝʤ ʵʪʠʭ ʧʨʦʙʣʝʤ 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʘ Pb(II) ʵʣʝʢʪʨʦʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ï Sb(III) ʠ Bi(III). 

ʀʦʜʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʫʨʴʤʳ ʠ ʚʠʩʤʫʪʘ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʘʪʠʦʥʘʤʠ, ʧʦʤʠʤʦ 

ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʭ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʚʦʡʩʪʚ, ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʥʝʣʠʥʝʡʥʦ-

ʦʧʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠʣʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ [1]. ʆʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ 

ʤʘʪʝʨʠʘʣʘʤ-ʢʘʥʜʠʜʘʪʘʤ ʷʚʣʷʝʪʩʷ ʥʝʙʦʣʴʰʘʷ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʢʦʪʦʨʘʷ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʘʥʠʦʥʘ. ʕʪʦʛʦ ʜʦʙʠʚʘʶʪʩʷ, 

ʚʘʨʴʠʨʫʷ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʠ ʧʦʜʙʠʨʘʷ ʢʘʪʠʦʥʳ, ʥʘʧʨʠʤʝʨ, ʦʨʛʘʥʠʟʫʶʱʠʝ ʩʪʨʫʢʪʫʨʫ ʟʘ 

ʩʯʝʪ ʪʝʤʧʣʘʪʥʦʛʦ ʵʬʬʝʢʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʤʠʥʦʩʧʠʨʪʦʚ ʚ ʩʠʥʪʝʟʝ ʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʦʚ 

ʧʦʟʚʦʣʷʝʪ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʚʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʥʝ ʫʚʝʣʠʯʠʚʘʷ ʟʘʨʷʜ ʢʘʪʠʦʥʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʠʦʥʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ 3- ʠ 4-ʛʠʜʨʦʢʩʠʧʠʧʝʨʠʜʠʥʳ (3- ʠ 4-HOPip). ʄʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʜʣʷ ʢʘʪʠʦʥʦʚ ʛʠʜʨʦʢʩʠʧʠʧʝʨʠʜʠʥʠʷ ʠʟ ʨʘʩʪʚʦʨʦʚ ʡʦʜʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʦʙʨʘʟʫʶʪʩʷ 

ʥʝ ʦʙʳʯʥʳʝ ʙʠʷʜʝʨʥʳʝ, ʘ ʩʨʘʟʫ ʪʝʪʨʷʜʝʨʥʳʝ ʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʳ (ʭ-HOPip)[M4I16] (M = Sb, 

Bi), ʚ ʢʦʪʦʨʳʭ ʧʦ ʯʝʪʳʨʝ ʦʢʪʘʵʜʨʘ MI6, ʩʦʯʣʝʥʝʥʳ ʦʙʱʠʤʠ ʛʨʘʥʷʤʠ. ɽʱʝ ʦʜʥʠʤ 

ʧʦʜʭʦʜʦʤ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʥʦʩʪʠ ʘʥʠʦʥʥʦʡ ʧʦʜʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʦʩʪʠʢʦʚʳʭ ʤʦʣʝʢʫʣ ʛʘʣʦʛʝʥʘ: ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʜʚʘ ʢʦʤʧʣʝʢʩʘ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ (3-

HOPipH)3{[M 2I9](I2)}, ʚ ʢʦʪʦʨʳʭ ʜʠʩʢʨʝʪʥʳʝ ʙʠʷʜʝʨʥʳʝ ʘʥʠʦʥʳ [M2I9]
3- ʩʚʷʟʘʥʳ 

ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʴʶ ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʤʦʣʝʢʫʣʘʤʠ I2, ʦʙʨʘʟʫʷ ʙʝʩʢʦʥʝʯʥʳʝ ʮʝʧʠ. ʈʦʩʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪʳ ʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ I2
 ʨʘʩʪʚʦʨʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ, 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢʘʢ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʤʦʥʦʷʜʝʨʥʳʝ [MI6]
3- ʠ 

I3
-, ʪʘʢ ʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʣʠʷʜʝʨʥʳʭ ʘʥʠʦʥʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʘ ʪʘʢʞʝ 1D-

ʘʥʠʦʥʦʚ {MI5}
2-. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩʪʨʫʢʪʫʨʥʦ, ʠʩʩʣʝʜʦʚʘʥʘ ʠʭ 

ʪʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ, ʩʪʨʦʝʥʠʝ ʧʦʣʠʠʦʜʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʂʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛʨʘʥʪ ˉ 

20-03-00280. 

ʉʩʳʣʢʠ 

[1] Dennington A.J., Weller M.T., Dalt. Trans., 2018. 47, 10, 3469-3484.  
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ʇʀʈɸɿʆʃʆ[1,5-a][1,10]ʌɽʅɸʅʊʈʆʃʀʅʓ ʀ ʌʆʉʌʀʅɸʊɸʄʀɼʓ ï 

ʅʆɺʓɽ ʃʀɻɸʅɼʓ ɼʃʗ ʉʀʅʊɽɿɸ ʂʆʄʇʃɽʂʉʆɺ Mn(II) 

ɺʠʥʦʛʨʘʜʦʚʘ ʂ.ɸ.1,2, ʄʘʣʘʭʦʚʘ ʖ.ɸ.1, ʇʝʨʚʫʭʠʥʘ ʅ.ɺ.1, ʅʘʫʤʦʚ ɼ.ʖ.1, 

ʉʘʥʥʠʢʦʚʘ ɺ.ɸ.3, ɺʦʨʦʙʴʸʚ ɸ.ʖ.3 

1 ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ. ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ,  

ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʘʢ. ʃʘʚʨʝʥʪʴʝʚʘ 3  
2 ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʩʠʙʠʨʩʢ, ʫʣ. ʇʠʨʦʛʦʚʘ  

3ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉʆ ʈɸʅ,  

ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʘʢ. ʃʘʚʨʝʥʪʴʝʚʘ 9 

E-mail: kiossarin@mail.ru, y.malakhova@g.nsu.ru 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚʦʟʨʘʩʪʘʝʪ ʠʥʪʝʨʝʩ ʢ ʩʠʥʪʝʟʫ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ 

ʤʘʨʛʘʥʮʘ(II). ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦʪ ʤʝʪʘʣʣ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʠʤ, ʘ, ʩ 

ʜʨʫʛʦʡ, ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫ ʦʙʣʘʜʘʪʴ ʠʥʪʝʨʝʩʥʳʤʠ ʤʘʛʥʠʪʥʳʤ ʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠ ʵʪʦʤ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ Mn(II) 

ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʝʛʦ ʦʢʨʫʞʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʢʦʤʧʣʝʢʩʳ ʩ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤ Mn2+ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʥʪʝʥʩʠʚʥʫʶ ʟʝʣʸʥʫʶ ʵʤʠʩʩʠʶ, ʧʷʪʠ- ʠ ʰʝʩʪʠʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ Mn2+ 

ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʛʦʣʫʙʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ, ʝʩʣʠ ʦʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʵʤʠʩʩʠʝʡ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ, ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ Mn2+ ï ʤʦʞʝʪ ʣʶʤʠʥʝʩʮʠʨʦʚʘʪʴ ʟʘ ʩʯʸʪ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ d-d ʧʝʨʝʭʦʜʦʚ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʢʨʘʩʥʦʡ 

ʦʙʣʘʩʪʠ. ʌʝʥʘʥʪʨʦʣʠʥ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ʷʚʣʷʶʪʩʷ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʢʣʘʩʩʦʤ ʭʝʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ 

ʦʜʥʦʷʜʝʨʥʳʭ ʠ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʦʚʘʷ ʜʚʫʭʩʪʘʜʠʡʥʘʷ ʤʝʪʦʜʠʢʘ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʘʟʦʣʦ[1,5-a][1,10]ʬʝʥʘʥʪʨʦʣʠʥʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ 

ʭʝʣʘʪʥʳʝ ʣʠʛʘʥʜʳ. ʇʨʠ ʵʪʦʤ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʘʷ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ 2 ʠ 3 ʧʦʣʦʞʝʥʠʷ ʚ ʧʠʨʘʟʦʣʴʥʦʤ ʮʠʢʣʝ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʥʝʧʨʝʜʝʣʴʥʦʛʦ ʢʝʪʦʥʘ [1] (ʨʠʩ.1). 

 
ʈʠʩʫʥʦʢ 1. ʉʠʥʪʝʟ ʧʠʨʘʟʦʣʦ[1,5-a][1,10]ʬʝʥʘʥʪʨʦʣʠʥʦʚ ʠ ʜʚʫʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Mn(II ) 

ʇʦ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʧʠʨʘʟʦʣʦ[1,5-a][1,10]ʬʝʥʘʥʪʨʦʣʠʥʦʚ ʩ ʛʘʣʦʛʝʥʠʜʘʤʠ 

ʤʘʨʛʘʥʮʘ(II) ʚ ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʫʭʲʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Mn(II ), ʚ 

ʢʦʪʦʨʳʭ ʠʦʥ ʤʘʨʛʘʥʮʘ ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ (ʨʠʩ.1). 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

"ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ, ʧʨʦʝʢʪ ˉ 22-73-00255" 

ʉʩʳʣʢʠ 

[1] Sannikova V.A., Filippov I.R., Karmatskikh O.Y., Panfilov M. ɸ., Andreev R.V., Vorob'ev A.Yu. 

Chemistry of Heterocyclic Compounds, 2020, 56, 1042.  
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ʉʀʅʊɽɿ, ʉʊʈʋʂʊʋʈɸ ʀ ʉɺʆʁʉʊɺɸ ʅʆɺʓʍ ʊɽʊʈɸʗɼɽʈʅʓʍ 

ʉɽʃɽʅʆʀʆɼʀɼʆɺ ɺɸʅɸɼʀʗ ʉ ʗɼʈʆʄ {V4OSe8I6} 

ɻʘʣʠʝʚ ʈ.ʈ.1 

1 ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ. ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ,  

ʅʦʚʦʩʠʙʠʨʩʢ, ʇʨʦʩʧʝʢʪ ɸʢʘʜʝʤʠʢʘ ʃʘʚʨʝʥʪʴʝʚʘ 3 

E-mail: galiev@niic.nsc.ru   

 

ʍʘʣʴʢʦʛʘʣʦʛʝʥʠʜʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘʟʳʚʘʶʪ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ 

MxQyHalz (M = ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ, Q = O, S, Se, Te, Hal = F, Cl, Br, I). ʍʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ 

ʦʧʠʩʘʥʳ ʜʣʷ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʨʘʟʥʳʭ ʩʦʯʝʪʘʥʠʡ ʭʘʣʴʢʦʛʝʥ-ʛʘʣʦʛʝʥ, 

ʨʘʟʣʠʯʥʦʡ ʥʫʢʣʝʘʨʥʦʩʪʠ ʠ ʨʘʟʤʝʨʥʦʩʪʠ. ʀʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʦʯʝʪʘʥʠʡ 

ʵʣʝʤʝʥʪʦʚ, ʪʠʧʦʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʥʫʢʣʝʘʨʥʦʩʪʝʡ, 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʙʦʣʴʰʠʤ ʢʣʘʩʩʦʤ ʩʦʝʜʠʥʝʥʠʡ 

ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ ʩʘʤʳʤʠ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʠ ʩʚʦʡʩʪʚʘʤʠ. ɼʣʷ 

ʨʘʟʥʳʭ ʤʝʪʘʣʣʦʚ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʠʟʫʯʝʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ ʜʣʷ ʚʘʥʘʜʠʷ ʜʦʣʛʦʝ ʚʨʝʤʷ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʤ ʦʩʪʘʚʘʣʩʷ ʢʦʤʧʣʝʢʩ V4S9Br4, ʫ 

ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʦʧʠʩʘʥʳ ʠʥʪʝʨʝʩʥʳʝ ʤʘʛʥʠʪʥʳʝ ʠ ʪʝʨʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [1]. 

ʉʣʘʙʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʚʘʥʘʜʠʷ ʧʨʠʚʣʝʢʣʘ ʥʘʰʝ ʚʥʠʤʘʥʠʝ ʠ ʤʳ 

ʥʘʯʘʣʠ ʨʘʙʦʪʳ ʧʦ ʧʦʠʩʢʫ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʩʠʩʪʝʤʝ V-O-Se-I ʥʘʤʠ ʙʳʣ ʧʦʣʫʯʝʥ 

ʧʝʨʚʳʡ ʤʦʣʝʢʫʣʷʨʥʳʡ O-ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʪʝʪʨʷʜʝʨʥʳʡ ʩʝʣʝʥʦʠʦʜʠʜ ʚʘʥʘʜʠʷ ʩ 

ʬʦʨʤʫʣʦʡ V4OSe8I6ĿI2 [2]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʈʉɸ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʚ ʮʝʥʪʨʝ ʪʝʪʨʘʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʭʦʜʠʪʩʷ ʷʜʨʦ V4O, ʚ ʢʦʪʦʨʦʤ ʘʪʦʤʳ ʚʘʥʘʜʠʷ 

ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʚʝʨʰʠʥʘʤ ʠʩʢʘʞʸʥʥʦʛʦ ʪʝʪʨʘʵʜʨʘ ʚʦʢʨʫʛ ʢʠʩʣʦʨʦʜʘ ʠ ʤʝʞʜʫ ʩʦʙʦʡ 

ʘʪʦʤʳ ʚʘʥʘʜʠʷ ʩʚʷʟʳʚʘʶʪʩʷ ʤʦʩʪʠʢʦʚʳʤʠ ɛ2-(Se2) ʠ ɛ2-I ʛʨʫʧʧʘʤʠ, ʦʩʪʘʚʰʠʝʩʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʤʝʩʪʘ ʟʘʧʦʣʥʷʶʪʩʷ ʪʝʨʤʠʥʘʣʴʥʳʤʠ I. ɺʧʦʩʣʝʜʩʪʚʠʠ  ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʩʝʨʠʷ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩʦʜʝʨʞʘʱʠʭ ʘʥʘʣʦʛʠʯʥʳʡ 

ʪʝʪʨʘʷʜʝʨʥʳʡ ʬʨʘʛʤʝʥʪ: 0D ï V4OSe8I6ĿI2 (ɓ), V4OSe8I6ĿC5N2H8, 1D ï V4OSe8I5, 2D ï 

V4OSe6I3 ʠ ʩʦʝʜʠʥʝʥʠʝ, ʩʦʚʤʝʱʘʶʱʝʝ ʜʚʘ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʘ ʩ ʛʠʙʨʠʜʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ï [VSe4]4[V4OSe8I6]Ŀ2I2. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʩʠʥʪʝʟʳ ʥʝʢʦʪʦʨʳʭ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʠʟʫʯʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʂʚʘʥʪʦʚʳʝ ʨʘʩʯʸʪʳ ʤʝʪʦʜʦʤ DFT ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʢʘʟʘʣʠ ʦʪʩʫʪʩʪʚʠʝ 

ʩʚʷʟʝʡ V-V ʚ ʪʝʪʨʘʷʜʝʨʥʦʤ ʬʨʘʛʤʝʥʪʝ, ʘ ʤʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ 

ʧʘʨʘʤʘʛʥʠʪʥʫʶ ʧʨʠʨʦʜʫ ʥʝʢʦʪʦʨʳʭ ʠʟ ʩʦʝʜʠʥʝʥʠʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ 21-13-00274). 
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ɸʄʀɼʀʅʓ ʅɸ ʆʉʅʆɺɽ ʅʀɼʆ-ʂɸʈɹʆʈɸʅɸ ɺ ʈɽɸʂʎʀʗʍ 

ʂʆʄʇʃɽʂʉʆʆɹʈɸɿʆɺɸʅʀʗ ʉ ʉʆʃʗʄʀ ɾɽʃɽɿɸ(II) 

ɻʦʨʦʜʝʮʢʘʷ ʅ.ɸ.1,2, ɹʦʛʜʘʥʦʚʘ ɽ.ɺ.1,2, ʉʪʦʛʥʠʡ ʄ.ʖ.1,2, ʉʠʚʘʝʚ ʀ.ɹ.2  

1 ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʀʥʩʪʠʪʫʪ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ 
2 ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ, ʈɸʅ, ʄʦʩʢʚʘ 
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ʥʠʜʦ-ʂʘʨʙʦʨʘʥ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʥʝʦʙʳʯʥʳʤ ʩʚʦʡʩʪʚʘʤ ʠ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʪʨʝʭʤʝʨʥʦʡ ˊ-ʘʨʦʤʘʪʠʯʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʜʣʷ ʩʠʥʪʝʟʘ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ [1]. ʇʨʠ ʵʪʦʤ ʙʦʢʦʚʦʡ 

ʟʘʤʝʩʪʠʪʝʣʴ, ʚʚʝʜʝʥʥʳʡ ʚ ʦʩʪʦʚ ʥʠʜʦ-ʢʘʨʙʦʨʘʥʘ, ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʢʘʢ ʩʚʦʡʩʪʚʘ 

ʩʘʤʦʛʦ ʣʠʛʘʥʜʘ, ʪʘʢ ʠ ʚʣʠʷʪʴ ʥʘ ʩʦʩʪʘʚ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘ.  

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʧʨʦʠʟʚʦʜʥʳʭ ʥʠʜʦ-

ʢʘʨʙʦʨʘʥʘ, ʩʦʜʝʨʞʘʱʠʭ ʘʤʠʜʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ, 

ʚ ʢʦʪʦʨʳʭ ʙʦʢʦʚʦʡ ʟʘʤʝʩʪʠʪʝʣʴ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʩ ʤʝʪʘʣʣʦʤ-ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʤ ʧʦ 

ɖ5:ə1-N- ʠʣʠ ʧʦ ɖ5:ə2-N,Nô-ʪʠʧʘʤ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʤʠ ʠʟʫʯʝʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʥʠʜʦ-ʢʘʨʙʦʨʘʥʩʦʜʝʨʞʘʱʠʭ 

ʘʤʠʜʠʥʦʚ ʩ ʩʦʣʷʤʠ ʞʝʣʝʟʘ(II) ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʫʶʪʩʷ ʪʦʣʴʢʦ 

ʫʩʪʦʡʯʠʚʳʝ ʙʠʩ(ʜʠʢʘʨʙʦʣʣʠʜʥʳʝ) ʢʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ(II). 

 
ʈʠʩʫʥʦʢ 1. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʘʤʠʜʠʥʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʦʨʘʥʘ ʩ ʩʦʣʷʤʠ ʞʝʣʝʟʘ(II)  

ʉʪʨʫʢʪʫʨʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ (ʛʨʘʥʪ ˉ21-73-

10199) 
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