
 

ɼʦʨʦʛʠʝ ʢʦʣʣʝʛʠ! 

ʆʪ ʣʠʮʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ ʨʘʜ ʧʨʠʚʝʪʩʪʚʦʚʘʪʴ ɺʘʩ ʚ ʩʪʝʥʘʭ ʈʦʩʩʠʡʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ ʩʨʝʜʠ ʫʯʘʩʪʥʠʢʦʚ 3-ʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

(ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) "ʋʩʧʝʭʠ ʩʠʥʪʝʟʘ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ". ʕʪʘ 

ʢʦʥʬʝʨʝʥʮʠʷ, ʚʧʝʨʚʳʝ ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʚ 2011 ʛʦʜʫ, ʩʪʘʥʦʚʠʪʩʷ ʨʝʛʫʣʷʨʥʳʤ ʩʦʙʳʪʠʝʤ ʚ 

ʥʘʫʯʥʦʡ ʞʠʟʥʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʧʦʩʪ - ʩʦʚʝʪʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ 2014 ʛʦʜʫ 

ʢʦʥʬʝʨʝʥʮʠʷ ʧʦʩʚʷʱʘʝʪʩʷ 55-ʣʝʪʠʶ ʈʦʩʩʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ. 

ʉʦʟʜʘʥʥʳʡ ʚ 1960 ʛʦʜʫ, ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʝʪ ʦʙʰʠʨʥʳʝ ʠ ʧʨʦʯʥʳʝ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʚʷʟʠ 

ʢʘʢ ʩ ʦʪʜʝʣʴʥʳʤʠ ʟʘʨʫʙʝʞʥʳʤʠ ʚʫʟʘʤʠ, ʪʘʢ ʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. ʈʋɼʅ 

ð ʯʣʝʥ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʯʣʝʥ ɽʚʨʘʟʠʡʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ 

ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʠʤʝʝʪ ʙʦʣʝʝ 160 ʜʦʛʦʚʦʨʦʚ ʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʟʘʨʫʙʝʞʥʳʤʠ 

ʫʥʠʚʝʨʩʠʪʝʪʘʤʠ ʠ ʥʘʫʯʥʳʤʠ ʮʝʥʪʨʘʤʠ, ʩʦʪʨʫʜʥʠʯʘʝʪ ʩ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ 

ʌʨʘʥʢʦʬʦʥʠʠ, ɸʩʩʦʮʠʘʮʠʝʡ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʩʪʦʣʠʮ ɽʚʨʦʧʳ, ʝʚʨʦʧʝʡʩʢʦʡ ɸʩʩʦʮʠʘʮʠʝʡ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʧʨʦʛʨʘʤʤʘʭ ʠ ʬʦʨʫʤʘʭ ʆʆʅ, 

ʖʅɽʉʂʆ, ʉʦʚʝʪʘ ɽʚʨʦʧʳ ʠ ʠʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʤʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. 

ʗʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʫʯʨʝʜʠʪʝʣʝʡ ʉʝʪʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ɽʚʨʦʧʳ ʠ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ɸʢʘʜʝʤʠʯʝʩʢʦʡ ʩʝʪʠ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʩʪʨʘʥ ɺʦʩʪʦʯʥʦʡ ʠ ʖʞʥʦʡ 

ɽʚʨʦʧʳ, ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʩʪʨʘʥ 

ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʫʯʘʩʪʥʠʢ ɿʘʣʴʮʙʫʨʛʩʢʠʭ ʩʝʤʠʥʘʨʦʚ (ɸʚʩʪʨʠʷ) ʨʘʙʦʪʥʠʢʦʚ 

ʚʳʩʰʝʡ ʰʢʦʣʳ. ɿʘ 55 ʣʝʪ ʋʥʠʚʝʨʩʠʪʝʪ ʧʦʣʫʯʠʣ ʚʩʝʤʠʨʥʫʶ ʠʟʚʝʩʪʥʦʩʪʴ ʠ ʟʘʚʦʝʚʘʣ 

ʟʘʩʣʫʞʝʥʥʳʡ ʘʚʪʦʨʠʪʝʪ ʢʘʢ ʢʨʫʧʥʳʡ ʫʯʝʙʥʦ-ʥʘʫʯʥʳʡ ʮʝʥʪʨ, ʤʥʦʛʠʝ ʛʦʜʳ ʟʘʥʠʤʘʶʱʠʡ 

ʤʝʩʪʦ ʚ ʧʷʪʝʨʢʝ ʣʫʯʰʠʭ ʨʦʩʩʠʡʩʢʠʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ. 

ʉʪʘʪʠʩʪʠʢʘ ʫʯʘʩʪʠʷ ʚ ʥʘʰʝʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʥʪʝʨʝʩ ʢ ʥʝʡ ʥʝʫʢʣʦʥʥʦ 

ʨʘʩʪʝʪ: ʝʩʣʠ ʚ 2011 ʛʦʜʫ ʜʣʷ ʫʯʘʩʪʠʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ 230 ʫʯʘʩʪʥʠʢʦʚ, ʚ 2012 ʛʦʜʫ - 

375, ʪʦ ʚ 2014 ʛʦʜʫ - ʫʞʝ 520 ʯʝʣʦʚʝʢ! 

 



ʃ.ɻ. ɺʦʩʢʨʝʩʝʥʩʢʠʡ 

ɻʝʦʛʨʘʬʠʷ ʫʯʘʩʪʠʷ - ʚʩʷ ʈʦʩʩʠʷ ʦʪ ɺʣʘʜʠʚʦʩʪʦʢʘ ʜʦ ʂʘʣʠʥʠʥʛʨʘʜʘ, ɸʨʤʝʥʠʷ, ɻʨʫʟʠʷ, 

ɸʟʝʨʙʘʡʜʞʘʥ, ʋʢʨʘʠʥʘ, ɹʝʣʘʨʫʩʴ, ʉʐɸ, ɻʝʨʤʘʥʠʷ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ ʠ ɺʴʝʪʥʘʤ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʥʘʰʝʡ ʢʦʥʬʝʨʝʥʮʠʠ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʤʦʣʦʜʳʭ ʫʯʘʩʪʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʚʳʩʪʫʧʘʶʪ ʩ ʫʩʪʥʳʤʠ 

ʠ ʧʦʩʪʝʨʥʳʤʠ ʜʦʢʣʘʜʘʤʠ ʥʘʨʷʜʫ ʩ ʧʨʠʟʥʘʥʥʳʤʠ ʧʨʦʬʝʩʩʠʦʥʘʣʘʤʠ. ʂʘʢ ʠ ʨʘʥʴʰʝ, ʨʘʙʦʪʘ 

ʢʦʥʬʝʨʝʥʮʠʠ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʧʦ ʪʨʝʤ ʩʝʢʮʠʷʤ: ʆʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʅʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ 

ʌʠʟʠʯʝʩʢʦʡ ʠ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ. ʄʳ ʧʦʩʪʘʨʘʣʠʩʴ ʧʨʠʛʣʘʩʠʪʴ ʠʥʪʝʨʝʩʥʳʭ ʣʝʢʪʦʨʦʚ (ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʜʝʢʘʥ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʘʢʘʜʝʤʠʢ ʈɸʅ ɺ.ɺ. ʃʫʥʠʥ, 

ʜ.ʭ.ʥ., ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ, ʟʘʚ. ʣʘʙ. ʀʆʍ ʈɸʅ ɺ.ʇ. ɸʥʘʥʠʢʦʚ, ʜ.ʭ.ʥ., ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ 

ʈɸʅ, ʟʘʚ. ʣʘʙ. ʎʝʥʪʨʘ ʌʦʪʦʭʠʤʠʠ ʈɸʅ ʉ.ʇ.ɻʨʦʤʦʚ ʠ ʜ.ʭ.ʥ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ, ʜʠʨʝʢʪʦʨ 

ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʋʨʌʋ, ɺ. ʃ. ʈʫʩʠʥʦʚ) ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʝʜʘʢʮʠʡ ʞʫʨʥʘʣʦʚ, 

ʚ ʢʦʪʦʨʳʭ ʚʩʝ ʚʳ ʧʫʙʣʠʢʫʝʪʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʝʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ. 

ɾʝʣʘʶ ɺʘʤ ʧʣʦʜʦʪʚʦʨʥʦʡ ʨʘʙʦʪʳ, ʠʥʪʝʥʩʠʚʥʦʛʦ ʦʙʤʝʥʘ ʤʥʝʥʠʷʤʠ ʠ ʥʦʚʳʭ ʢʨʝʘʪʠʚʥʳʭ ʥʘʫʯʥʳʭ 

ʠʜʝʡ. 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ, 

ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʘ ʌʄʠɽʅ ʈʋɼʅ 
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ɸɼɸʇʊʀɺʅʓʁ ʂɸʊɸʃʀɿ ʂʆʄʇʃɽʂʉɸʄʀ ʀ ʅɸʅʆʏɸʉʊʀʎɸʄʀ 

ʄɽʊɸʃʃʆɺ ɺ ʉʆɺʈɽʄɽʅʅʆʁ ʆʈɻɸʅʀʏɽʉʂʆʁ ʍʀʄʀʀ 

 

ɺ.ʇ. ɸʥʘʥʠʢʦʚ 

 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ɼ. ɿʝʣʠʥʩʢʦʛʦ, ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 

ʃʝʥʠʥʩʢʠʡ ʧʨ. 47, ʄʦʩʢʚʘ. ʵʣ.ʧʦʯʪʘ: val@ioc.ac.ru 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʪʦʥʢʠʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʷʚʣʷʝʪʩʷ ʢʨʘʝʫʛʦʣʴʥʳʤ ʢʘʤʥʝʤ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʬʘʨʤʘʮʝʚʪʠʢʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʅʝ ʩʤʦʪʨʷ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʫʶ ʠ ʦʯʝʥʴ ʷʨʢʫʶ 

ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ, ʚʩʝ ʙʘʟʦʚʳʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʥʦʚʘʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʯʠʩʣʝ ʠʩʭʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʨʫʧʥʳʝ ʧʨʠʨʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʤʝʩʠ (ʙʠʦʤʘʩʩʘ, ʥʝʬʪʴ, 

ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʠ ʧʨ.). ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʬʦʨʤʝ, ʦʙʷʟʘʪʝʣʴʥʦʡ 

ʦʯʠʩʪʢʠ ʠ ʵʢʩʪʝʥʩʠʚʥʳʝ ʤʥʦʛʦʰʘʛʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʥʪʝʟʘ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʦʣʝʢʫʣ ʧʨʠʚʦʜʷʪ ʢ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ, ʙʦʣʴʰʠʤ ʟʘʪʨʘʪʘʤ ʵʥʝʨʛʠʠ, 

ʧʦʪʝʨʷʤ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʝ-ʬʘʢʪʦʨ) ʠ ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʠʥʪʝʟʘ - ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʮʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʠʟ 

ʩʤʝʩʝʡ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʂʣʶʯʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʜʠʟʘʡʥ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʘʜʘʧʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [1].  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʨʦʜʫʢʪʦʚ ʠʟ ʜʝʰʝʚʦʛʦ ʠ ʣʝʛʢʦʜʦʩʪʫʧʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʴʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ 

ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʦʙʣʘʜʘʶʱʠʝ ʫʥʠʢʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ: ʩʪʝʨʝʦ- ʠ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʦʪʜʝʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʩʤʝʩʠ ʩʪʘʨʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

[1] Ananikov V.P. et al. J. Am. Chem. Soc. 2013, 135, 3550; Chem. Eur. J., 2013, 19, 17640; 

J. Org. Chem., 2013, 78, 11117; J. Am. Chem. Soc. 2012, 134, 6637; Organometallics 2012, 31, 

1595; Organometallics 2012, 31, 2302; Chem. Rev. 2011, 111, 1596; Chem. Eur. J., 2011 17, 

12623; Chem. Sci., 2011, 2, 2332. 
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ʂɸʊɸʃʀʊʀʏɽʉʂʀʁ ʕʅɸʅʊʀʆʉɽʃɽʂʊʀɺʅʓʁ ʉʀʅʊɽɿ 

ɻɽʊɽʈʆʎʀʂʃʀʏɽʉʂʀʍ ʉʆɽɼʀʅɽʅʀʁ 

 

ɸ.ʇ. ɸʥʪʦʥʯʠʢ 

 

Max-Planck Institut f¿r Molekulare Physiologie, Chemische Biologie, Otto-Hahn-Strasse 11, 

Dortmund 44227, Germany 

Technische Universitªt Dortmund, Fakultªt f¿r Chemie und Chemische Biologie, Chemische 

Biologie, Otto-Hahn-Strasse 6, Dortmund 44227, Germany 

e-mail: andrey.antonchick@mpi-dortmund.mpg.de 

 

ʈʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʘʞʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʩʣʦʞʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʝʘʢʮʠʡ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʦʩʥʦʚʘʥʦ ʥʘ ʪʦʤ ʬʘʢʪʝ, ʯʪʦ ʞʝʣʘʝʤʳʝ ʧʨʦʜʫʢʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ 

ʠ ʩʪʝʨʝʦʢʦʥʪʨʦʣʠʨʫʝʤʦ. ʅʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʯʝʨʪʦʡ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʟʦʤʝʪʠʥʦʚʳʭ ʠʣʠʜʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʧʠʨʨʦʣʠʜʠʥʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʝʨʝʦʮʝʥʪʨʘʤʠ ʚ ʦʜʠʥ ʰʘʛ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʪʘʣʘ ʧʨʝʜʤʝʪʦʤ ʠʥʪʝʥʩʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʠ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʠʤʝʥʝʥʠʷ 1,3-

ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʤ ʩʠʥʪʝʟʝ.[1-5] 

 
 

ʃʠʪʝʨʘʪʫʨʘ 

 

[1] M. Potowski, J. O. Bauer, C. Strohmann, A. P. Antonchick, H. Waldmann, Angew. Chem. 

Int. Ed. 2012, 51, 9512-9516. 

[2] M. Potowski, M. Schurmann, H. Preut, A. P. Antonchick, H. Waldmann, Nat. Chem. Biol. 

2012, 8, 428-430. 

[3] R. Narayan, J. O. Bauer, C. Strohmann, A. P. Antonchick, H. Waldmann, Angew. Chem. Int. 

Ed. 2013, 52, 12892-12896. 

[4] M. Potowski, A. P. Antonchick, H. Waldmann, Chem. Commun. 2013, 49, 7800-7802. 

[5] H. Takayama, Z. J. Jia, L. Kremer, J. O. Bauer, C. Strohmann, S. Ziegler, A. P. Antonchick, 

H. Waldmann, Angew. Chem. Int. Ed. 2013, 52, 12404-12408. 
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ʂɸʏɽʉʊɺʆ ʆɹʈɸɿʆɺɸʅʀʗ ï ʆʉʅʆɺɸ ʕʂʆʅʆʄʀʏɽʉʂʆɻʆ ʇʈʆʎɺɽʊɸʅʀʗ 

ʈʆʉʉʀʀ 
 

ɺ.ɺ. ʃʫʥʠʥ 

 

ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

e-mail: dekanat@chem.msu.ru 

 

ʍʠʤʠʷ - ʵʪʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʥʘʫʯʥʘʷ ʜʠʩʮʠʧʣʠʥʘ, ʠʤʝʶʱʘʷ ʯʝʪʢʠʡ ʧʨʝʜʤʝʪ 

ʠ ʩʠʩʪʝʤʫ ʟʘʢʦʥʦʚ ʠ ʧʨʘʚʠʣ. ʉʦʭʨʘʥʝʥʠʝ ʪʨʘʜʠʮʠʡ ʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʰʢʦʣʴʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʩʘʤʦʤ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʧʨʝʧʦʜʘʚʘʥʠʷ 

ʭʠʤʠʠ ʚʦ ʚʩʝʭ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʨʝʜʥʠʭ ʰʢʦʣʘʭ. ʆʯʝʚʠʜʥʦ, ʯʝʤ ʚʳʰʝ ʫʨʦʚʝʥʴ 

ʧʦʜʛʦʪʦʚʢʠ ʘʙʠʪʫʨʠʝʥʪʦʚ, ʪʝʤ ʚʳʰʝ ʠ ʙʫʜʫʱʠʡ ʫʨʦʚʝʥʴ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʫʜʝʥʪʦʚ, ʪʝʤ ʚʳʰʝ 

ʂɸʏɽʉʊɺʆ ʆɹʈɸɿʆɺɸʅʀʗ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʶʪ ʥʘʰʠ ʚʳʧʫʩʢʥʠʢʠ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʧʨʦʝʢʪʦʨʳ ʤʥʦʛʠʭ ɺʋɿʦʚ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʦʨʛʘʥʠʟʘʮʠʶ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʙʝʩʧʦʢʦʝʥʳ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʧʦʜʛʦʪʦʚʢʠ ʚʳʧʫʩʢʥʠʢʦʚ 

ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʨʝʜʥʠʭ ʰʢʦʣ ʈʦʩʩʠʠ. 

ʇʦ ʜʘʥʥʳʤ ɼʝʧʘʨʪʘʤʝʥʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʛʦʨʦʜʘ ʄʦʩʢʚʳ (http://www.educom.ru/) ʚ 

ʵʪʦʤ ʛʦʜʫ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ, ʙʦʣʝʝ 55% ʚʳʧʫʩʢʥʠʢʦʚ ʰʢʦʣ ʚʳʙʨʘʣʠ ʚ 

ʢʘʯʝʩʪʚʝ ɽɻʕ ʵʢʟʘʤʝʥ ʧʦ ʦʙʱʝʩʪʚʦʟʥʘʥʠʶ, 20% ʵʢʟʘʤʝʥ ʧʦ ʠʩʪʦʨʠʠ, 22% ʧʦ 

ʠʥʦʩʪʨʘʥʥʦʤʫ ʷʟʳʢʫ. ʃʠʰʴ 10% ʚʳʧʫʩʢʥʠʢʦʚ ʚʳʙʨʘʣʠ ʵʢʟʘʤʝʥ ʧʦ ʭʠʤʠʠ, 15% ʧʦ ʬʠʟʠʢʝ 

ʠ 2% ʧʦ ʛʝʦʛʨʘʬʠʠ. 

ʍʠʤʠʷ - ʢʣʶʯʝʚʘʷ ʦʙʣʘʩʪʴ ʵʢʦʥʦʤʠʢʠ ʠ ʪʨʝʙʫʝʪ ʩʝʨʴʝʟʥʦʛʦ ʧʨʝʧʦʜʘʚʘʥʠʷ 

ʧʨʝʜʤʝʪʘ ʚ ʰʢʦʣʝ. ɽʩʪʝʩʪʚʝʥʥʦ - ʥʘʫʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʈʦʩʩʠʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʦ 

ʥʘ ʦʙʷʟʘʪʝʣʴʥʦʝ ʠ ʥʝʦʙʷʟʘʪʝʣʴʥʦʝ, ʦʜʠʥ ʯʘʩ ʭʠʤʠʠ ʚ ʥʝʜʝʣʶ, ʢʦʪʦʨʳʡ ʚʳʜʝʣʷʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʙʘʟʠʩʥʳʤ ʫʯʝʙʥʳʤ ʧʣʘʥʦʤ ʈʦʩʩʠʠ, ʥʝ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʤʦʪʠʚʘʮʠʶ ʫ 

ʰʢʦʣʴʥʠʢʦʚ ʢ ʠʟʫʯʝʥʠʶ ʭʠʤʠʠ, ʪʦ ʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʝʧʦʜʘʚʘʥʠʶ ʬʠʟʠʢʠ ʠ ʙʠʦʣʦʛʠʠ. 

ʅʘʮʠʦʥʘʣʴʥʦʝ ʜʦʩʪʦʷʥʠʝ ʈʦʩʩʠʠ ʥʝ ʆɸʆ ñɻʘʟʧʨʦʤò, ʘ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʥʘʫʢʘ, ʙʝʟ 

ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʮʚʝʪʘʶʱʝʡ ʩʪʨʘʥʳ. 

mailto:dekanat@chem.msu.ru
http://www.educom.ru/
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ʉʀʅʊɽɿ ɹɽʅɿʆɸɿɸʂʈɸʋʅ-ʉʆɽɼʀʅɽʅʀʁ 

ʊʈɸʅʉʌʆʈʄɸʎʀɽʁ ʄɸʂʈʆʎʀʂʃɸ ɹɽʅɿʆʂʈɸʋʅ-ʕʌʀʈʆɺ 

ʀ ʉʆɿɼɸʅʀɽ ʂʆʄʇʃɽʂʉʆʆɹʈɸɿʆɺɸʊɽʃɽʁ ʅɸ ʀʍ ʆʉʅʆɺɽ 
 

ʉ.ʇ. ɻʨʦʤʦʚ1, ʉ.ʅ. ɼʤʠʪʨʠʝʚʘ1, ɸ.ʀ. ɺʝʜʝʨʥʠʢʦʚ1, ɽ.ʅ. ʋʰʘʢʦʚ1,2, ʃ.ɻ. ʂʫʟʴʤʠʥʘ3 
1ʎʝʥʪʨ ʬʦʪʦʭʠʤʠʠ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

e-mail: spgromov@mail.ru 
2ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʈʦʩʩʠʷ 

3ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʨʘʛʤʝʥʪʦʚ 

ʘʟʘʢʨʘʫʥ-ʵʬʠʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤ ʘʟʦʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʝʜʠʥʝʥ ʩ ʙʝʥʟʦʣʴʥʳʤ ʮʠʢʣʦʤ, ʚ 

ʩʦʩʪʘʚʝ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʭʨʦʤʦʛʝʥʥʳʭ, ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʠ 

ʬʦʪʦʭʨʦʤʥʳʭ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 1-ʘʟʘ-2,3-ʙʝʥʟʦʢʨʘʫʥ-

ʵʬʠʨʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʜʦʩʪʫʧʥʳ ʦʧʠʩʘʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʘʤʠ.  

ʅʘʤʠ ʦʪʢʨʳʪʘ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʥʦʚʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʩʠʥʪʝʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʘʟʘʢʨʘʫʥ-ʵʬʠʨʦʚ ʤʝʪʦʜʦʤ ʩʪʫʧʝʥʯʘʪʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʘʢʨʦʮʠʢʣʘ 

ʙʝʥʟʦʢʨʘʫʥ-ʵʬʠʨʦʚ.  

 
ɺʩʝʩʪʦʨʦʥʥʝ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʢ ʠʩʭʦʜʥʳʭ ʙʝʥʟʦʢʨʘʫʥ-ʵʬʠʨʦʚ, ʪʘʢ ʠ ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʥʠʭ ʙʝʥʟʦʘʟʘʢʨʘʫʥ-

ʵʬʠʨʦʚ ʠ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ 

N-ʘʣʢʠʣʙʝʥʟʦʘʟʘʢʨʘʫʥ-ʵʬʠʨʦʚ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʩ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʠ ʘʤʤʦʥʠʷ 

ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʪʘʢʦʚʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ N-ʬʝʥʠʣʘʟʘʢʨʘʫʥ-ʵʬʠʨʦʚ, ʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠ ʙʝʥʟʦʢʨʘʫʥ-ʵʬʠʨʦʚ, ʩ ʪʝʤ ʞʝ ʨʘʟʤʝʨʦʤ ʤʘʢʨʦʮʠʢʣʘ. ʇʨʠʯʠʥʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʧʨʝʜʦʨʛʘʥʠʟʘʮʠʠ ʤʘʢʨʦʮʠʢʣʘ N-ʘʣʢʠʣʙʝʥʟʦʘʟʘʢʨʘʫʥ-

ʵʬʠʨʦʚ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʠ ʘʤʤʦʥʠʷ, ʚ ʢʦʪʦʨʫʶ 

ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚʥʦʩʠʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʘʷ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʩʪʴ ʘʪʦʤʘ ʘʟʦʪʘ.  

ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʥʝʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ ʜʠʥʠʪʨʦʜʠʙʝʥʟʦʜʠʘʟʘʢʨʘʫʥ-

ʵʬʠʨʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʜʥʦʩʪʘʜʠʡʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʘʢʨʦʮʠʢʣʘ ʮʠʩ-ʠʟʦʤʝʨʘ 

ʜʠʥʠʪʨʦʜʠʙʝʥʟʦ-18-ʢʨʘʫʥ-6-ʵʬʠʨʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʜʠʘʤʠʥʦʚ.  

 
ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʩʪʠʨʠʣʦʚʳʝ ʢʨʘʩʠʪʝʣʠ, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪ 

N-ʤʝʪʠʣʙʝʥʟʦʘʟʘʢʨʘʫʥ-ʵʬʠʨʘ. ɼʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ, ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʈʉɸ ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ 

ʦʧʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʢʘʪʠʦʥʳ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 

ʤʝʪʘʣʣʦʚ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 
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ɾʋʈʅɸʃ ñʀɿɺɽʉʊʀʗ ɸʂɸɼɽʄʀʀ ʅɸʋʂ. ʉɽʈʀʗ ʍʀʄʀʏɽʉʂɸʗò  

(ñRUSSIAN CHEMICAL  BULLETIN ò) ï ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ 

 

ɻ.ʅ. ʂʦʥʥʦʚʘ 

 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

e-mail: izvan@ioc.ac.ru 

 

ɾʫʨʥʘʣ "ʀʟʚʝʩʪʠʷ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. ʉʝʨʠʷ ʭʠʤʠʯʝʩʢʘʷò ʦʩʥʦʚʘʥ ʚ 1936 ʛʦʜʫ ʠ, 

ʥʘʯʠʥʘʷ ʩ 1952 ʛʦʜʘ, ʧʫʙʣʠʢʫʝʪʩʷ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ ʧʦʜ ʥʘʟʚʘʥʠʝʤ Russian Chemical 

Bulletin.. ɺ 2014 ʛʦʜʫ ʞʫʨʥʘʣʫ ʠʩʧʦʣʥʷʝʪʩʷ 78-ʣʝʪ. ɿʘ ʵʪʠ ʛʦʜʳ ʞʫʨʥʘʣ ʩʪʘʣ ʦʜʥʠʤ ʠʟ 

ʚʝʜʫʱʠʭ ʨʦʩʩʠʡʩʢʠʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʜʘʥʠʡ ʧʦ ʭʠʤʠʠ. ʅʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʞʫʨʥʘʣ 

ʠʟʜʘʝʪʩʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʝʡ ʥʘʫʢ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʥʛʣʦʷʟʳʯʥʘʷ ʚʝʨʩʠʷ ʧʫʙʣʠʢʫʝʪʩʷ 

ʠʟʜʘʪʝʣʴʩʪʚʦʤ Springer. ɺ ʨʝʜʢʦʣʣʝʛʠʶ ʞʫʨʥʘʣʘ ʚʭʦʜʷʪ ʠʟʚʝʩʪʥʳʝ ʫʯʝʥʳʝ-ʭʠʤʠʢʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʪʨʠʥʘʜʮʘʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʣʝʥʦʚ ʠ ʜʝʩʷʪʴ ʯʣʝʥʦʚ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʚ ʈɸʅ. 

ʉʨʝʜʠ ʚʩʝʭ ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʦʚ ʠʤʝʝʪ ʥʘʠʚʳʩʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʯʠʩʣʘ 

ʩʢʘʯʠʚʘʥʠʡ ʧʦʣʥʦʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ ʩʪʘʪʝʡ: 173221 ʚ 2008 ʛ., 290849 ʚ 2009 ʛ. ʠ ʩ 2010 ʛ. ʚ 

ʩʨʝʜʥʝʤ ʙʦʣʝʝ 1000 ʩʢʘʯʠʚʘʥʠʡ ʝʞʝʜʥʝʚʥʦ (ʜʘʥʥʳʝ ʠʟʜʘʪʝʣʴʩʪʚʘ Springer). ʏʠʩʣʦ 

ʩʢʘʯʠʚʘʥʠʡ ʟʘ ʪʨʠ ʤʝʩʷʮʘ: 

 

ʆʙʝ ʚʝʨʩʠʠ ʞʫʨʥʘʣʘ ʨʝʬʝʨʠʨʫʶʪʩʷ ʠ ʮʠʪʠʨʫʶʪʩʷ ʚʝʜʫʱʠʤʠ ʨʝʬʝʨʘʪʠʚʥʳʤʠ 

ʞʫʨʥʘʣʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ, Chemical Abstracts, Chemical Titles, Current Contents/Physical, 

Chemical and Earth Sciences, Reaction Citation Index, Science Citation Index, Science Citation 

Index Expanded, The ISI Alerting Services, Chemistry Citation Index, Energy Research 

Abstracts ʠ ʜʨ., ʠ ʚʢʣʶʯʝʥʳ ʚ ʵʣʝʢʪʨʦʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ: Web of Science, Scopus ʠ ʜʨ. 

ɾʫʨʥʘʣ ʧʫʙʣʠʢʫʝʪ ʤʘʪʝʨʠʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʨʠʛʠʥʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʚʠʜʝ ʧʦʣʥʳʭ ʩʪʘʪʝʡ, ʢʨʘʪʢʠʭ ʩʦʦʙʱʝʥʠʡ ʠ ʧʠʩʝʤ ʨʝʜʘʢʪʦʨʫ, ʘ ʪʘʢʞʝ 

ʘʚʪʦʨʩʢʠʝ ʦʙʟʦʨʳ ʠ ʧʨʦʛʥʦʟʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʪʘʪʴʠ ʧʦ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʘʤ 

ʭʠʤʠʯʝʩʢʦʡ ʥʘʫʢʠ. 

ʂ ʧʫʙʣʠʢʘʮʠʠ ʧʨʠʥʠʤʘʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʭʠʤʠʯʝʩʢʦʡ ʥʘʫʢʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʭʠʤʠʯʝʩʢʦʡ ʥʘʫʢʠ, ʘ ʪʘʢʞʝ ʩʪʘʪʴʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ. ʂʨʦʤʝ ʦʙʳʯʥʳʭ ʥʦʤʝʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʳ ʧʦ ʨʘʟʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʭʠʤʠʯʝʩʢʦʡ ʥʘʫʢʠ, ʞʫʨʥʘʣ ʚʳʧʫʩʢʘʝʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʥʦʤʝʨʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʦʜʛʦʪʦʚʣʝʥʳ ʚʳʧʫʩʢʠ ʧʦ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ((ˉ 4 2014), ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ 

(ˉ 5 2014), ʭʠʤʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʝ. 

ɾʫʨʥʘʣ ʧʫʙʣʠʢʫʝʪ ʨʘʙʦʪʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠ ʚʝʜʦʤʩʪʚʝʥʥʦʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʘʚʪʦʨʦʚ (ʥʝ ʪʦʣʴʢʦ ʈʌ, ʥʝ ʪʦʣʴʢʦ ʈɸʅ, ʨʝʢʦʤʝʥʜʘʮʠʠ ʘʢʘʜʝʤʠʢʘ ʥʝ 

ʪʨʝʙʫʝʪʩʷ). 

ɾʫʨʥʘʣ ʠʤʝʝʪ ʥʝʣʠʤʠʪʠʨʦʚʘʥʥʳʡ ʦʙʲʝʤ ʥʦʤʝʨʘ. ɺʩʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʩʪʘʪʴʠ ʩʨʘʟʫ 

ʠʜʫʪ ʚ ʪʝʢʫʱʠʡ ʥʦʤʝʨ. ʍʦʨʦʰʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʩʪʘʪʴʠ ʚʳʭʦʜʷʪ ʚ ʩʚʝʪ ʯʝʨʝʟ 2ï4 ʤʝʩʷʮʘ 

(ʩʪʘʪʴʠ ʩ ʫʯʘʩʪʠʝʤ ʘʩʧʠʨʘʥʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ). 

ɺʩʝʭ ʘʚʪʦʨʦʚ, ʠʤʝʶʱʠʭ ʥʦʚʳʡ ʠʥʪʝʨʝʩʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʨʠʛʣʘʰʘʝʤ ʧʨʠʥʷʪʴ ʫʯʘʩʪʠʝ 

ʚ ʧʦʜʛʦʪʦʚʢʝ ʚʳʧʫʩʢʦʚ ʞʫʨʥʘʣʘ çʀʟʚʝʩʪʠʷ ɸʅ. ʉʝʨʠʷ ʭʠʤʠʯʝʩʢʘʷè. 

ɸʜʨʝʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ: incoming@ioc.ac.ru (ʜʣʷ ʥʦʚʳʭ ʩʪʘʪʝʡ), ʪʝʣʝʬʦʥ: 8 (499) 

137-69-97.

mailto:incoming@ioc.ac.ru
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CATALYTIC ASYMMETRIC CROTYLATION: METHOD  DEVELOPMENT AND 

APPLICATION IN TOTAL SYNTHESIS 
 

P. S. OôHora, C. A. Incerti-Pradillos, M. A. Kabeshov, S. A. Shipilovskikh, A. E. Rubtsov, and 

A. V. Malkov*   

 

Loughborough University, Loughborough, LE11 3TU, UK; Perm State University, Russia 

e-mail: a.malkov@lboro.ac.uk 

 

Secondary metabolites 1-4 isolated from marine soft coral Pseudopterogorgia elisabethae 

exhibit a wide range of useful biological properties, which include anti-tubercular, anti-

inflammatory, antimicrobial and analgesic activities [1]. The analgesic properties are superior to 

industry standards such as Indomethacin. As a result, partially purified gorgonian extracts are 

used in commercial skin care products [2].  
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Herein, we present a novel general strategy for a scalable enantioselective total synthesis 

of diterpenes 1 and 2. Synthetically, a major challenge associated with the synthesis of these 

compounds is the control of the three stereocentres. Our principal strategy is based on the 

asymmetric crotylation of cinnamyl-type aldehyde 10 with Z-crotyltrichlorosilane 9 to produce 

homoallylic alcohol 8 with a set of stereogenic centers that will be used to control the 

stereochemistry of oxy-Cope rearrangement (8 Ÿ 7) and the subsequent transformations towards 

the advanced intermediate 6. Development of the asymmetric crotylation method, completion of 

the total synthesis of (ï)-elisabethadione and (ï)-erogorgiaene and preliminary biological 

evaluation of these compounds will be discussed in detail. 
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USING RING STRAIN TO CONQUER TRANSANNULAR STRAIN: SMALL RING -

TEMPLATED CYCLIZATION S EN ROUTE TO MEDIUM HETEROCYCLES  
 

Marina Rubina, Pavel Ryabchuk, Andrew Edwards, Michael Rubin 

 

Department of Chemistry, University of Kansas,  

1251 Wescoe Hall Drive, Lawrence, KS 66045, USA  

e-mail: mrubin@ku.edu 

An efficient and highly diastereocenvergent reaction of bromocyclopropanes with various 

nucleophiles have been developed in our laboratories [1-7].  This reaction involves a base-

assisted dehydrohalogenation to produce a highly reactive cyclopropene intermediate, which 

undergoes subsequent nucleophilic addition across the strained C=C bond.   Different 

intramolecular modes of this reaction will be presented.  Possibilities for assembly of 

heterocyclic scaffolds with various ring sizes, including enantiomerically pure medium 

heterocycles, will be demonstrated. The mechanism and the factors responsible for the high 

diastereoselectivity of this transformation will be discussed. 
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ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʨʦʩʪʫ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʪʦʣʦʛʠʡ, 

ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʟʘʙʦʣʝʚʘʥʠʡ XXI  ʚʝʢʘ, ʩʪʠʤʫʣʠʨʫʶʪ ʧʦʠʩʢ 

ʥʦʚʳʭ ʧʫʪʝʡ ʙʦʨʴʙʳ ʩ ʵʪʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʠʩʢ ʥʦʚʳʭ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʧʦʠʩʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ  ʪʦʢʩʠʯʝʩʢʠʤ 

ʜʝʡʩʪʚʠʝʤ ʥʘ ʦʧʫʭʦʣʴ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʥʘ ʦʨʛʘʥʠʟʤ. ʇʘʪʦʣʦʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ 

ʩʦʣʝʡ ʧʣʘʪʠʥʳ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ  ʚ 1896 ʛ. ʙʳʣʦ ʦʧʠʩʘʥʦ ʉ. ʍʘʨʜʤʘʥʦʤ, ʘ ʚ 1951 ʛ. ɸ. 

ʈʦʙʝʨʪʩ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʘʣʣʝʨʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʡ ʧʣʘʪʠʥʳ, ʥʘʟʚʘʥʥʦʝ 

çʧʣʘʪʠʥʦʟʦʤè. ɺ 1969 ʛ. ɹ. ʈʦʟʝʥʙʝʨʛ ʦʪʢʨʳʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʫ ʮʠʩ-Pt(NH3)2Cl2. ɿʘ ʧʨʦʰʝʜʰʠʝ 50 ʣʝʪ ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʚ ʦʥʢʦʣʦʛʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ 

ʢʘʨʙʦʧʣʘʪʠʥ ʠ ʦʢʩʘʣʠʧʣʘʪʠʥ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʘʩʰʠʨʝʥʠʶ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʘʤʠʥʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʣʘʪʠʥʳ. ʇʦʠʩʢ ʥʦʚʳʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʨʝʜʠ ʩʦʝʜʠʥʝʥʠʡ ʧʘʣʣʘʜʠʷ, ʦʙʣʘʜʘʶʱʠʭ ʙʦʣʝʝ ʯʝʤ ʚ 10 ʨʘʟ ʥʠʟʢʦʡ  

ʪʦʢʩʠʯʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʣʘʪʠʥʳ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚʳʩʦʢʘʷ ʣʘʙʠʣʴʥʦʩʪʴ 

ʩʦʝʜʠʥʝʥʠʡ ʧʘʣʣʘʜʠʷ ʚ 105 ʨʘʟ ʧʨʝʚʳʰʘʝʪ  ʩʢʦʨʦʩʪʴ ʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʦʚ ʫ ʩʦʝʜʠʥʝʥʠʡ 

ʧʣʘʪʠʥʳ. ʋʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʚʩʝʛʦ 2 ʩʪʘʙʠʣʴʥʳʭ ʘʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʘ ʧʘʣʣʘʜʠʷ, 

ʘʥʘʣʦʛʠʯʥʳʭ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʮʠʩʧʣʘʪʠʥʫ, ʦʢʘʟʘʚʰʠʭʩʷ ʤʘʣʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʧʣʘʥʝ 

ʚʥʝʜʨʝʥʠʷ ʚ ʦʥʢʦʣʦʛʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ. 

ʎʝʣʴʶ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʢʣʘʩʩʦʚ  ʩʦʝʜʠʥʝʥʠʡ ʧʘʣʣʘʜʠʷ ʠ ʚʳʷʚʣʝʥʠʝ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʧʨʠʥʮʠʧʦʚ ʩʦʟʜʘʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ  ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʝʡʩʪʚʠʷ: 

ʠʤʤʫʥʦʩʪʠʤʫʣʠʨʫʶʱʝ ʘʢʪʠʚʥʦʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ  ʥʝ ʪʦʣʴʢʦ ʚ 

ʭʠʤʠʦʪʝʨʘʧʠʠ, ʟʘʤʝʜʣʷʷ ʠʣʠ ʧʨʝʢʨʘʱʘʷ ʧʨʦʮʝʩʩʳ ʦʧʫʭʦʣʝʦʙʨʘʟʦʚʘʥʠʷ, ʥʦ ʠ ʚ 

ʨʘʜʠʦʪʝʨʘʧʠʠ ʦʧʫʭʦʣʝʡ ï ʘʢʪʠʚʠʟʠʨʫʷ ʠʤʤʫʥʥʳʝ ʢʣʝʪʢʠ ʩʫʙʣʝʪʘʣʴʥʦ ʧʦʚʨʝʞʜʝʥʥʳʝ  ʧʨʠ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʤʝʪʦʜʘʭ ʣʝʯʝʥʠʷ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʜʚʘ 

ʢʣʘʩʩʘ ʣʠʛʘʥʜʦʚ: ʧʨʦʠʟʚʦʜʥʳʝ ʢʘʪʝʭʦʣʘʤʠʥʦʚ (I) ʠ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ (II ): 

L   =                   

C

R2

R1

CH

R3

NH

R4

R6

R5

(I)                   ʠ             
O NR

 (II ). 

 

ɼʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʵʪʠʤʠ ʣʠʛʘʥʜʘʤʠ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ 

(LH)2[PdCl4] ʤʦʨʬʦʟʦʣ   ʠ ʵʬʘʟʦʣ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʦʡ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ (ʧʦ 

ʜʘʥʥʳʤ ʈʉɸ), ʯʪʦ ʩʦʭʨʘʥʷʶʪ ʥʝʠʟʤʝʥʥʳʤ ʩʪʨʦʝʥʠʝ ʠ ʘʢʪʠʚʥʦʩʪʴ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ 

ʨʘʩʪʚʦʨʝ  ʥʘ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʝʩʪʦʚ. ʄʦʨʬʦʟʦʣ ï ʢʦʤʧʣʝʢʩ 

ʧʘʣʣʘʜʠʷ ʩ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʤʦʨʬʦʣʠʥʘ ʧʦʢʘʟʘʣ ʧʨʝʚʦʩʭʦʜʷʱʫʶ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ ʧʣʘʪʠʥʳ ʥʘ 8 ʰʪʘʤʤʘʭ ʦʧʫʭʦʣʝʡ, ʘ ʵʬʘʟʦʣ ï 

ʩ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤ 1-ʬʝʥʠʣ-2-ʤʝʪʠʣʘʤʠʥʦʧʨʦʧʘʥʦʣʦʤ ï ʚʳʩʦʢʫʶ 

ʠʤʤʫʥʦʩʪʠʤʫʣʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʧʦʟʚʦʣʷʶʱʫʶ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʧʨʦʮʝʩʩʳ 

ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ ʠ ʟʘʱʠʪʫ ʦʨʛʘʥʠʟʤʘ ʦʪ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ. ʆʙʘ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʦʰʣʠ ʧʨʝʜʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʨʘʟʥʳʭ ʚʠʜʘʭ ʞʠʚʦʪʥʳʭ. 

mailto:ines@igic.ras.ru


18  ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ 

ʇɽʈʉʇɽʂʊʀɺʅʓɽ ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʌʆʉʌɸʊʓ ʀ ɺɸʅɸɼɸʊʓ ɺ 

ʉʊʈʋʂʊʋʈʅʆʄ ʊʀʇɽ ɺʀʊʃʆʂʀʊɸ 

 
ʉ.ʖ. ʉʪʝʬʘʥʦʚʠʯ, ɹ.ʀ. ʃʘʟʦʨʷʢ 

 

ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ,  ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

e-mail: stefan@tech.chem.msu.ru 
 

ʇʦʪʨʝʙʥʦʩʪʠ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ ʚ ʤʘʪʝʨʠʘʣʘʭ ʜʣʷ ʠʥʪʝʛʨʘʣʴʥʦ-ʦʧʪʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʩʪʠʤʫʣʠʨʫʝʪ ʠʥʪʝʨʝʩ ʢ ʩʣʦʞʥʳʤ ʚʘʥʘʜʘʪʘʤ ʠ ʬʦʩʬʘʪʘʤ ʢʘʢ ʢ ʚʦʟʤʦʞʥʳʤ 

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʨʝʜʘʤ, ʩʦʯʝʪʘʶʱʠʤ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʠ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʇʝʨʚʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ʵʪʦʛʦ ʢʣʘʩʩʘ ʘʢʪʠʚʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʚʳʩʪʫʧʠʣʠ ʪʠʪʘʥʠʣ-ʬʦʩʬʘʪ ʢʘʣʠʷ ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʝ 

ʘʥʘʣʦʛʠ ï ʩʠʣʠʢʘʪ,r ʘʨʩʝʥʘʪʳ, ʛʝʨʤʘʥʘʪʳ ʠ ʬʦʩʬʘʪʳ. ɺ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʟ ʬʦʩʬʘʪʦʚ ʠ ʚʘʥʘʜʘʪʦʚ ʩ ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʤ  ʩʪʨʦʝʥʠʝʤ ʤʠʥʝʨʘʣʘ 

ʚʠʪʣʦʢʠʪʘ ʩʬʦʨʤʠʨʦʚʘʥʦ ʩʝʤʝʡʩʪʚʦ ʘʢʪʠʚʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ, ʚʢʣʶʯʘʶʱʝʝ ʩʝʡʯʘʩ ʙʦʣʝʝ 

ʪʨʝʭ ʜʝʩʷʪʢʦʚ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʦʩʪʘʚʘ (Ca,M)3(XO4)7, ʛʜʝ X=P, V; M = ʦʜʥʦ-, ʜʚʫʭ- ʠ 

ʪʨʝʭʚʘʣʝʥʪʥʳʝ ʢʘʪʠʦʥʳ. 

ʇʫʪʝʤ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʢʘʪʠʦʥʦʚ ʚ ʠʤʝʶʱʠʭʩʷ ʚ ʩʪʨʫʢʪʫʨʝ 

ʚʠʪʣʦʢʠʪʘ ʰʝʩʪʠ ʩʪʨʫʢʪʫʨʥʦ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʟʠʮʠʷʭ, ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ 

ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʳʝ ʢʦʤʧʦʟʠʮʠʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʚʷʟʠ ʩʪʨʦʝʥʠʝ-ʩʚʦʡʩʪʚʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ ʪʠʧʘ ʚʠʪʣʦʢʠʪʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ ʚ ʠʥʪʝʨʚʘʣʝ 500 ï 1100 ʦʉ, 

ʚʳʷʚʣʝʥʳ ʬʘʢʪʦʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʡ ʦʧʪʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʫ ʩʦʝʜʠʥʝʥʠʡ c 

ʚʠʩʤʫʪʦʤ [1] ʠ ʩʚʠʥʮʦʤ [2,3], ʨʝʘʣʠʟʦʚʘʥʳ ʣʶʤʠʥʦʬʦʨʳ ʩ ʟʘʜʘʥʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʦʙʣʘʩʪʴʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ.  

ʉʨʝʜʠ ʧʝʨʚʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʪʦʛʦ ʢʣʘʩʩʘ, ʦʙʥʘʨʫʞʠʚʰʠʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ï Ca3(VO4)2. ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʚʫʭʚʘʣʝʥʪʥʳʝ ʠ ʪʨʝʭʚʘʣʝʥʪʥʳʝ ʢʘʪʠʦʥʳ-

ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʩʪʨʫʢʪʫʨʝ Ca3(VO4)2 ʟʘʤʝʪʥʦ ʚʣʠʷʶʪ ʥʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʥʝʣʠʥʝʡʥʦ-

ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʝʤʫ ʜʚʦʡʥʳʭ ʠ ʪʨʦʡʥʳʭ ʬʦʩʬʘʪʦʚ ʠ ʚʘʥʘʜʘʪʦʚ. ʂ 

ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʠʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʪʘʢʠʭ ʚʠʪʣʦʢʠʪʦʧʦʜʦʙʥʳʭ ʬʦʩʬʘʪʦʚ ʠ 

ʚʘʥʘʜʘʪʦʚ ʩʦʩʪʘʚʦʚ Ca9R(ʍO4)7 (R = ʈɿʕ, Y, Bi, Al , Sc, Cr, Fe, Ga, In ʠ ʜʨ., ʜʣʷ ʍ = P, V), 

ʉa8MBi(VO4)7 (M = Sr, Zn, Cd). ɼʣʷ ʤʥʦʛʠʭ ʠʟ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ 

ʥʘʣʠʯʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦ ʢʘʪʠʦʥʘʤ ʢʘʣʴʮʠʷ. ʉʦʝʜʠʥʝʥʠʷ ʉʘ8MR(PO4)7 (M = Mg, Zn, Cd; 

R = ʈ.ɿ.ʕ., Bi) ʠʤʝʶʪ ʮʝʥʪʨ ʩʠʤʤʝʪʨʠʠ ʠ ʧʨʦʷʚʣʷʶʪ ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʷʨʢʠʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʠ ʠʦʥʥʦ-

ʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ ʫ ʤʥʦʛʠʭ ʠʟ ʥʠʭ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʵʪʠʭ ʚʝʱʝʩʪʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɺʳʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ 

ʜʣʷ ʧʦʟʚʦʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʬʦʩʬʘʪʦʚ ʠ ʚʘʥʘʜʘʪʦʚ ʵʪʦʛʦ ʪʠʧʘ ʚ 

ʚʠʜʝ ʵʬʬʝʢʪʠʚʥʳʭ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠ ʩʪʝʢʣʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʪʦʚ ʜʣʷ ʩʚʝʪʦʜʠʦʜʥʳʭ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
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ʀʥʪʝʨʝʩ ʢ ʢʦʤʧʣʝʢʩʘʤ ʧʘʣʣʘʜʠʷ ʩ ʥʝʧʨʝʜʝʣʴʥʳʤʠ ʩʚʷʟʷʤʠ ʚ ʢʘʨʙʦʢʩʠʣʘʪʥʦʤ 

ʣʠʛʘʥʜʝ ʦʙʫʩʣʦʚʣʝʥ ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʚʷʟʝʡ ʧʨʦʷʚʣʷʪʴ ʩʚʦʡʩʪʚʘ ʦʣʝʬʠʥʦʚ, 

ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʦʣʠʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʟʚʝʩʪʥʦ ʦ ʩʠʥʪʝʟʝ ʢʨʦʪʦʥʘʪʘ ʧʘʣʣʘʜʠʷ Pd3(Õ-

CH3CH=CHCO2)6 ʠ ʪʠʛʣʘʪʘ ʧʘʣʣʘʜʠʷ Pd3(Õ-CH3CH=C(CH3)CO2)6 (1), ʩʪʨʫʢʪʫʨʘ 

ʧʦʩʣʝʜʥʝʛʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ, ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʪʨʝʭʲʷʜʝʨʳʡ ʤʝʪʘʣʣʦʦʩʪʦʚ ʩ 

ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ [1]. ʆʧʠʩʘʥ ʩʠʥʪʝʟ ʦʜʥʦʛʦ 

ʢʘʨʙʦʥʠʣʢʘʨʙʦʢʩʠʣʘʪʘ ʧʘʣʣʘʜʠʷ ʥʝʧʨʝʜʝʣʴʥʦʡ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ Pdn(Õ-CO)n(Õ-

CH3CH=C(CH3)CO2)n. ʉʚʝʜʝʥʠʷ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʝʧʨʝʜʝʣʴʥʳʭ ʙʠʥʘʨʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʦʚ 

ʠ ʢʘʨʙʦʥʠʣʢʘʨʙʦʢʩʠʣʘʪʦʚ ʧʘʣʣʘʜʠʷ ʩ ʛʝʪʝʨʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʦʪʩʫʪʩʪʚʫʶʪ.  

ʅʘʤʠ ʙʳʣ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥ ʨʷʜ ʙʠʥʘʨʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʦʚ Pd3(Õ-RCO2)6, ʘ ʪʘʢʞʝ 

ʢʘʨʙʦʥʠʣʢʘʨʙʦʢʩʠʣʘʪʦʚ ʧʘʣʣʘʜʠʷ Pd4(Õ-CO)4(Õ-RCO2)4, ʛʜʝ R= CH2=CH, CH2=C(CH3), 

PhCH=CH. ʉʪʨʦʝʥʠʝ Pd4(Õ-CO)4(Õ-CH3CH=CHCO2)4 (2) ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʈʉɸ. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʙʠʥʘʨʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʩ 

L= ʤʦʨʬʦʣʠʥʦʤ 

(ʆʉ4ʅ8NH), 

ʤʝʪʠʣʤʦʨʬʦʣʠʥʦʤ ʠ 

ʪʠʦʤʦʨʬʦʣʠʥʦʤ 

ʦʙʨʘʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ 

trans-Pd(L)2(RCO2)2. 

ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ c R= 

CH3CH=CH ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʤʝʪʦʜʦʤ ʈʉɸ. 

ɺʩʝ ʢʦʤʧʣʝʢʩʳ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʜʘʥʥʳʤʠ ʀʂ- ʠ ʂʈ- 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʢʦʪʦʨʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʩʦʧʨʷʞʝʥʠʠ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ ʩ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

ʅʘ ʧʨʠʤʝʨʝ trans-(ʆʉ4ʅ8NH)2Pd(CH3CH=CHCO2)2 ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʭʘʨʘʢʪʝʨ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʬʦʨʤ ʢʦʤʧʣʝʢʩʦʚ ʟʘ ʩʯʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʅ-ʩʚʷʟʝʡ. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʘʨʙʦʥʠʣʢʘʨʙʦʢʩʠʣʘʪʦʚ ʧʘʣʣʘʜʠʷ ʩ ʤʦʨʬʦʣʠʥʦʤ ʧʦʣʫʯʝʥ 

ʧʝʨʚʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʢʘʨʙʦʤʦʠʣʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ ʥʝʥʘʩʳʱʝʥʥʳʭ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ï ʢʘʨʙʦʤʦʠʣʢʨʦʪʦʥʘʪ ʧʘʣʣʘʜʠʷ (ʩʭʝʤʘ). 

[1] T.A. Stromnova et al. Inorganica Chimica Acta. 2007, 360 (15), 4111ï4116. 
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ɾɽʃɽɿɸ(III ) ʀ ɸʃʖʄʀʅʀʗ(III ) ɺ ɺʆɼʅʆʄ ʈɸʉʊɺʆʈɽ 
 

ʉ.ɻ. ɹʝʟʨʷʜʠʥ1, ɺ.ɺ. ʏʝʚʝʣʘ2, ɺ.ʖ. ʀʚʘʥʦʚʘ2, ʃ.ʀ. ʄʫʭʘʤʝʜʴʷʨʦʚʘ1, 

ʆ.ʇ. ɸʡʩʫʚʘʢʦʚʘ1, ɼ.ɺ. ʂʫʟʷʢʠʥ1 
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ʇʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨ ʦʢʩʠʢʘʨʙʦʢʩʠʣʘʪʦʚ ʮʠʨʢʦʥʠʷ(IV), ʪʠʪʘʥʘ(IV), 

ʞʝʣʝʟʘ(III) ʠ ʘʣʶʤʠʥʠʷ(III) ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ DFT [1,2] ʩ ʬʫʥʢʮʠʦʥʘʣʦʤ ʧʣʦʪʥʦʩʪʠ ʈɺɽ ʚ ʙʘʟʠʩʝ 

3z, ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʤʦʜʝʣʠ ʤʦʥʦʮʠʪʨʘʪʘ ʮʠʨʢʦʥʠʷ(IV) ZrCit0 ʠ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʮʠʪʨʘʪʘ ZrHCit+. ʈʝʟʫʣʴʪʘʪʳ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ ʩʪʨʫʢʪʫʨ ʩ ʫʯʝʪʦʤ 

ʧʝʨʚʦʡ ʛʠʜʨʘʪʥʦʡ ʩʬʝʨʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʜʥʦʟʥʘʯʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʨʝʜʧʦʯʪʝʥʠʠ 

ʩʪʨʫʢʪʫʨ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʯʝʪʝ ʚʪʦʨʦʡ ʛʠʜʨʘʪʥʦʡ ʩʬʝʨʳ ʚ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ ʠ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ ʤʦʥʦʮʠʪʨʘʪʝ ʮʠʨʢʦʥʠʷ(IV) ʨʝʘʣʠʟʫʝʪʩʷ ʂʏ = 8 ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ 

ʧʦʣʠʵʜʨʦʤ - ʢʚʘʜʨʘʪʥʘʷ ʘʥʪʠʧʨʠʟʤʘ. ʈʘʩʩʯʠʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʪʝʪʨʘʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Zr4(OH)8Cit4(H2O)8]
8-Ŀ8Na+Ŀ(H2O)n ʩ ʫʯʝʪʦʤ ʚʪʦʨʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ. ʆʩʪʦʚʦʤ 

ʷʚʣʷʝʪʩʷ ʯʘʩʪʠʮʘ [Zr4(OH)8]
8+, ʛʠʜʨʘʪʥʦʝ ʦʢʨʫʞʝʥʠʝ ʜʦʧʦʣʥʷʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ 

ʮʠʨʢʦʥʠʷ(IV) ʜʦ  ʢʚʘʜʨʘʪʥʦʡ ʘʥʪʠʧʨʠʟʤʳ. 

ʄʝʪʦʜʦʤ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʚ 

ʪʠʪʘʥʘ(IV) ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʢʘʢ ʚ ʚʠʜʝ ʜʠʛʠʜʨʦʢʩʦʪʠʪʘʥʘ(IV), ʪʘʢ ʠ ʚ ʚʠʜʝ 

ʦʢʩʦʪʠʪʘʥʘ(IV) (ʪʠʪʘʥʠʣʘ). ʈʘʩʩʤʦʪʨʝʥʳ ʤʦʜʝʣʠ ʩʦʩʪʦʷʥʠʷ ʜʠʤʝʨʥʳʭ d- ʠ dl- ʪʘʨʪʨʘʪʦʚ 

ʞʝʣʝʟʘ(III) ʠ ʘʣʶʤʠʥʠʷ(III). ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʦʣʴʟʘʨʷʜʥʘʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʘʷ 

ʝʜʠʥʠʮʘ [M2T2(H2O)4]
2-Ŀ2Na+Ŀ(H2O)n, ʛʜʝ H4T ï d, dl-ʚʠʥʥʘʷ ʢʠʩʣʦʪʘ, M - Al 3+, Fe3+. 

ʈʘʩʩʯʠʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʟʘʨʷʜʳ (ʧʦ ʄʘʣʣʠʢʝʥʫ) ʥʘ ʮʝʥʪʨʘʣʴʥʦʤ ʠʦʥʝ ʠ ʜʦʥʦʨʥʳʭ 

ʘʪʦʤʘʭ ʧʝʨʚʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʩʪʨʫʢʪʫʨ ZrCitr0, ZrHCitr+ ʠ ZrTart0. 

ʇʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ-ʥʝʞʝʩʪʢʠʭ ʩʪʨʫʢʪʫʨ ʫʯʝʪʘ 

ʚʪʦʨʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
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ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ 23 

ʃʖʄʀʅɽʉʎʀʈʋʖʑʀɽ ʂʆʄʇʃɽʂʉʓ ʌʊʆʈʀʈʆɺɸʅʅʓʍ 

ɻɽʊɽʈʆʎʀʂʃʀʏɽʉʂʀʍ ɓ-ɼʀʂɽʊʆʅʆɺ ʉ ʃɸʅʊɸʅʆʀɼɸʄʀ ɺ ɺʆɼʅʓʍ 

ʈɸʉʊɺʆʈɸʍ 
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ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʪʦʨʠʨʦʚʘʥʥʳʭ ɓ-

ʜʠʢʝʪʦʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʤʝʜʠʢʦ-

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʘʪʦʛʝʥʦʚ ʠ ʚʨʦʞʜʝʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ï ʣʘʥʪʘʥʠʜʥʳʡ 

ʠʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ (ʃʀʌɸ). ʇʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ 

ʵʢʩʧʨʝʩʩʥʦʩʪʠ ʤʝʪʦʜʘ ʜʦʩʪʠʛʘʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ 2-

ʥʘʬʪʦʠʣʪʨʠʬʪʦʨʘʮʝʪʦʥʘ ʩ ʠʦʥʘʤʠ Eu3+. ʇʝʨʩʧʝʢʪʠʚʳ ʤʝʪʦʜʦʚ ʠʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ ʩʚʷʟʳʚʘʶʪ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʙʠʦʯʠʧʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦ- ʠ ʤʠʢʨʦʯʘʩʪʠʮ, ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʙʠʦʦʙʲʝʢʪʦʚ ʢʦʣʝʙʣʶʪʩʷ 

ʦʪ ʪʳʩʷʯ ʜʦ ʝʜʠʥʠʯʥʳʭ ʢʦʧʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʣʶʤʠʥʝʩʮʝʥʪʥʦ-ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʤʝʥʷʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝ ʷʚʣʷʶʪʩʷ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʤʧʣʝʢʩʦʥʳ ʜʣʷ ʠʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʩʚʦʠʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦ-ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʦʥʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ [1-3].  

Rf

ʍ

Rf

O O OHOH

 
X: O, S, NH, NR

Rf: (CF2)nY, ʛʜʝ Y: H, F, Cl, COOAlk, OR; n:1-6 
ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʝʪʨʘʜʝʥʪʘʪʥʳʝ ʢʦʤʧʣʝʢʩʦʥʳ ʥʘ ʦʩʥʦʚʝ 

ʢʘʨʙʘʟʦʣʘ (X=NH, NR) [3]. ɼʣʠʥʳ ʚʦʣʥ ʧʦʛʣʦʱʝʥʠʷ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ Eu3+ ʩʦʩʪʘʚʣʷʶʪ 380-

400 ʥʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʚʦʟʙʫʞʜʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʦʩʪʳʤʠ ʩʚʝʪʦʜʠʦʜʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ. ɼʣʠʥʘ ʚʦʣʥʳ ʵʤʠʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ 615 ʥʤ, ʪʦ ʝʩʪʴ ʧʨʠ ʤʘʢʩʠʤʫʤʝ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʭʘʨʘʢʪʝʨʥʦʤ ʜʣʷ ʝʚʨʦʧʠʷ. ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʠʥʝʨʛʠʯʝʩʢʦʛʦ ʨʝʘʛʝʥʪʘ ï ʪʨʠʦʢʪʠʣʬʦʩʬʠʥʦʢʩʠʜʘ ʠ 

ʥʝʠʦʥʦʛʝʥʥʦʛʦ ʇɸɺ  ï ʊʨʠʪʦʥʘ ʍ-100. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʜʦʩʪʠʛʘʶʪʩʷ ʚ ʤʠʮʝʣʣʷʨʥʦʤ 

ʨʘʩʪʚʦʨʝ. ʆʧʨʝʜʝʣʝʥ ʩʦʩʪʘʚ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʠ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 
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24 ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ 

ʂʆʄʇʃɽʂʉʅʓɽ ʉʆɽɼʀʅɽʅʀʗ ʈʆɼʀʗ, ʇɸʃʃɸɼʀʗ ʀ ʇʃɸʊʀʅʓ 

ʉ 4,6-ɼʀʅʀʊʈʆ-1-ʆʂʉʆɹɽʅɿ[6,5-ʉ]-2,1,3-ʆʂʉɸɼʀɸɿʆʃɼʀʆʃʆʄ-5,7 

 

ɽ.ɺ. ɻʫʩʝʚʘ 

ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʂʘʟʘʥʴ, 420015, ʂ. ʄʘʨʢʩʘ, 68, ʈʦʩʩʠʷ, e-mail: leylaha@mail.ru 

 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʮʝʥʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ. ɺʘʞʥʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʣʠʛʘʥʜʦʚ ʟʘʥʠʤʘʶʪ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. 4,6-ʜʠʥʠʪʨʦ-1-ʦʢʩʦʙʝʥʟ[6,5-ʩ]-2,1,3-

ʦʢʩʘʜʠʘʟʦʣʜʠʦʣ-5,7 (H2DODNBF) ʠ ʢʦʤʧʣʝʢʩʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʧʨʦʷʚʣʷʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʬʫʥʛʠʮʠʜʥʦʡ, ʘʢʘʨʠʮʠʜʥʦʡ, ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ) [1-2]. 

ʂʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ (ʇʄ) ʠ H2DODNBF ʠʣʠ ʝʛʦ 

ʥʘʪʨʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (Na2DODNBF) ʚʘʞʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʠʥʪʝʟ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʦʜʠʷ, ʧʘʣʣʘʜʠʷ ʠ ʧʣʘʪʠʥʳ ʩ 

4,6-ʜʠʥʠʪʨʦ-1-ʦʢʩʦʙʝʥʟ[6,5-ʩ]-2,1,3-ʦʢʩʘʜʠʘʟʦʣʜʠʦʣʦʤ-5,7 ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝʢʦʪʦʨʳʭ 

ʩʚʦʡʩʪʚ. 
ʍʣʦʨʠʜʳ ʇʄ ʷʚʣʷʶʪʩʷ ʢʠʥʝʪʠʯʝʩʢʠ ʠʥʝʨʪʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʧʦʵʪʦʤʫ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʦʤ 

ʤʦʣʷʨʥʳʭ ʦʪʥʦʰʝʥʠʡ (ʤʝʪʦʜʦʤ ʥʘʩʳʱʝʥʠʷ) ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʠʟʤʝʨʝʥʠʝʤ ʨʅ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʚʥʦʚʝʩʥʳʭ ʨʘʩʪʚʦʨʦʚ ʫʩʪʘʥʦʚʣʝʥ 

ʬʘʢʪ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ çʪʝʪʨʘʭʣʦʨʠʜ ʧʣʘʪʠʥʳ ï Na2DODNBF ï H2Oè, 

çʜʠʭʣʦʨʠʜ ʧʘʣʣʘʜʠʷ - Na2DODNBF - H2Oè, çʘʢʚʘʪʨʠʭʣʦʨʠʜ ʨʦʜʠʷ - Na2DODNBF - H2Oè. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʠʥʪʝʟʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ; ʜʣʷ ʩʠʥʪʝʟʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʨʝʘʢʮʠʷ ʟʘʤʝʱʝʥʠʷ 

ʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʜʨʫʛʠʤ. ʅʘʠʣʫʯʰʠʤʠ ʫʩʣʦʚʠʷʤʠ ʩʠʥʪʝʟʘ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

(50-550C), ʩʤʝʰʘʥʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ (ʚʦʜʘ+ʘʮʝʪʦʥ) ʠ ʩʦʦʪʥʦʰʝʥʠʝ M: L = 1: 4 ï 1: 3, 

ʦʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʦʩʪʘʪʦʯʥʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ 

ʚʳʜʝʣʷʶʪʩʷ ʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ (90-950C). ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʨʦʜʠʷ, 

ʧʘʣʣʘʜʠʷ ʠ ʧʣʘʪʠʥʳ ʩ DODNBF2-- ʠʦʥʘʤʠ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʤʝʪʦʜʘʤʠ 

ʭʠʤʠʯʝʩʢʦʛʦ, ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʦʚ, ʊɻ/ɼʉʂ, ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ʄɸʃɼʀ), ʀʂ-, ʕʇʈ, ʗʄʈ13ʉ-, ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʣʘʪʠʥʳ ʩ DODNBF2-- 

ʠʦʥʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʡʪʨʘʣʴʥʳʡ ʜʠʘʤʘʛʥʠʪʥʳʡ ʢʦʤʧʣʝʢʩ Pt(II) , ʚ ʢʦʪʦʨʦʤ ʦʪ ʣʠʛʘʥʜʘ ʚ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʠʝ ʚʦʚʣʝʢʘʶʪʩʷ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʥʠʪʨʦʛʨʫʧʧʳ ʠ ʘʪʦʤ ʘʟʦʪʘ ʬʫʨʦʢʩʘʥʦʚʦʛʦ 

ʮʠʢʣʘ ʠ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʚʷʟʠ PtïCl ʠ Ptïʆʢʦʦʨ.ʚʦʜʘ. ʈʝʜʦʢʩ-ʧʨʦʮʝʩʩʫ Pt(IV)ŸPt(II ), 

ʚʝʨʦʷʪʥʦ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʟʙʳʪʦʢ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʣʠʛʘʥʜʝ. ʉʦʝʜʠʥʝʥʠʷ ʨʦʜʠʷ ʩ 

DODNBF2-- ʠʦʥʦʤ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʦʣʠʛʦʤʝʨʳ ʩʣʦʞʥʦʛʦ 

ʧʦʣʠʷʜʝʨʥʦ-ʧʦʣʠʣʠʛʘʥʜʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʛʜʝ ʚ ʢʦʦʨʜʠʥʘʮʠʶ ʚʦʚʣʝʢʘʶʪʩʷ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ 

ʦʢʩʠʛʨʫʧʧʳ ʠ ʘʪʦʤ ʘʟʦʪʘ ʬʫʨʦʢʩʘʥʦʚʦʛʦ ʮʠʢʣʘ. ʇʨʦʮʝʩʩʘʤ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ, 

ʚʝʨʦʷʪʥʦ, ʚʳʩʦʢʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʦʜʠʷ.  

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ 25 

ʅʆɺʓʁ ʊʀʇ ɸʅʊʀɼʆʊʆɺ ʎʀɸʅʀɼʆɺ. ʂʆʄʇʃɽʂʉʓ ʂʆɹɸʃʔʊɸ(II ) 

ʉ ʂɽʊʆ- ʀ ʄɽʈʂɸʇʊʆʂɸʈɹʆʅʆɺʓʄʀ ʂʀʉʃʆʊɸʄʀ 
 

ɺ.ʖ. ʂʦʚʪʫʥ1, ʖ.ɸ. ɼʘʚʠʜʦʚʠʯ 1, ɺ.ɼ. ɻʣʘʜʢʠʭ1, ʀ.ɽ. ʏʠʢʫʥʦʚ1, ʄ.ɺ. ʄʝʣʠʭʦʚʘ2, 

ʉ.ɺ. ʂʦʣʙʘʩʦʚ2, ʉ.ʇ. ʅʝʯʠʧʦʨʝʥʢʦ2 

 
1ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʥʠʪʘʨʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʝʥʪʨ 

çʌʘʨʤʟʘʱʠʪʘè ʌʝʜʝʨʘʣʴʥʦʛʦ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ, ʍʠʤʢʠ, ʈʦʩʩʠʷ, 
2ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ çʀʥʩʪʠʪʫʪ ʪʦʢʩʠʢʦʣʦʛʠʠè 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

e-mail: kovtun@atompharm.ru 

ʀʟʚʝʩʪʥʳ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʘʥʪʠʜʦʪʦʚ ʮʠʘʥʠʜʦʚ [1]: 

1. ɸʥʪʠʜʦʪʳ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʙʠʦʭʠʤʠʯʝʩʢʦʤʫ ʤʝʭʘʥʠʟʤʫ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʥʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʪʦʢʩʠʢʘʥʪʦʤ, ʥʦ ʧʦʩʪʘʚʣʷʶʪ ʝʤʫ ʣʦʞʥʳʡ ʩʫʙʩʪʨʘʪ 

(ʦʢʠʩʣʷʶʪ ʜʦ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʦ ʮʠʪʦʭʨʦʤʦʢʩʠʜʘʟʳ) ï ʤʝʪʛʝʤʦʛʣʦʙʠʥʦʦʙʨʘʟʦʚʘʪʝʣʠ; 

2. ʍʠʤʠʯʝʩʢʠʝ ʜʝʪʦʢʩʠʢʘʥʪʳ: ʘ) ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʠʝ ʢʝʪʦʛʨʫʧʧʫ (ʛʣʶʢʦʟʘ, Ŭ-

ʢʝʪʦʛʣʫʪʘʨʦʚʘʷ ʢʠʩʣʦʪʘ), ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳʝ ʮʠʘʥʛʠʜʨʠʥʳ; ʙ) ʩʦʝʜʠʥʝʥʠʷ 

ʢʦʙʘʣʴʪʘ (ʢʦʙʘʣʴʪ ʕɼʊɸ), ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʧʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʮʠʘʥʠʜ-ʠʦʥʦʤ; ʩ) 

ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ (ʪʠʦʩʫʣʴʬʘʪ ʥʘʪʨʠʷ, ʛʣʫʪʘʪʠʦʥ, ʤʝʨʢʘʧʪʦʩʦʝʜʠʥʝʥʠʷ), ʩʚʷʟʳʚʘʶʱʠʝ 

ʮʠʘʥʠʜ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʦʜʘʥʠʜʘ ʠ ʘʢʪʠʚʠʨʫʶʱʠʝ ʬʝʨʤʝʥʪ ʨʦʜʦʥʦʟʫ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʪʦʣʴʢʦ ʦʜʥʦ ʩʨʝʜʩʪʚʦ, ʢʦʪʦʨʦʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ 

ʧʝʨʦʨʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʘ ʠʤʝʥʥʦ Ŭ-ʢʝʪʦʛʣʫʪʘʨʦʚʘʷ ʢʠʩʣʦʪʘ, ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʝʝ 

ʩʦʯʝʪʘʥʠʷ ʩ ʜʨʫʛʠʤʠ ʘʥʪʠʜʦʪʘʤʠ, ʚ ʦʩʥʦʚʥʦʤ, ʪʠʦʩʫʣʴʬʘʪʦʤ ʠ ʥʠʪʨʠʪʦʤ ʥʘʪʨʠʷ. 

ʆʧʠʩʘʥ ʩʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ 3-ʤʝʨʢʘʧʪʦʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ [2] 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʩ ʩʝʨʥʠʩʪʳʤ ʥʘʪʨʠʝʤ. ʅʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʟʘ 30 ʤʠʥ ʜʦ ʜʝʡʩʪʚʠʷ ʮʠʘʥʠʜʘ ʠʤʝʶʪ ʧʨʦʪʝʢʪʦʨʥʳʡ ʠʥʜʝʢʩ 3,8 ï 4,3. ɺ ʵʪʦʡ ʨʘʙʦʪʝ 

ʚʧʝʨʚʳʝ ʫʜʘʣʦʩʴ ʩʦʯʝʪʘʪʴ ʚ ʦʜʥʦʤ ʩʦʝʜʠʥʝʥʠʠ 2 ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ: çʩʢʨʳʪʘʷè ʢʝʪʦʢʠʩʣʦʪʘ 

ʠ ʩʝʨʦʩʦʜʝʨʞʘʱʝʝ ʩʦʝʜʠʥʝʥʠʝ, ʦʜʥʘʢʦ ʧʨʝʜʣʦʞʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʘʣʦʫʩʪʦʡʯʠʚʳ ʥʘ ʚʦʟʜʫʭʝ. 

ʇʦʣʫʯʝʥ ʨʷʜ ʥʦʚʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʩʤʝʰʘʥʥʳʝ 

ʢʦʙʘʣʴʪ(II)ʦʚʳʝ ʩʦʣʠ ʢʝʪʦʢʘʨʙʦʥʦʚʳʭ ʠ ʤʝʨʢʘʧʪʦʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʦʙʱʝʡ ʬʦʨʤʫʣʳ: 

HSCHR(CHRǋ)mCOOľ             Co++          ľOOCCO(CH2)nRǌ, 

ʛʜʝ R = Alk , Rǋ = H, Alk , NH2, NHCOCH3, m = 0-3, Rǌ = H, Alk , COOH, n = 0-3, ʛʜʝ 

Alk  = ʘʣʢʠʣ ʉ1 ï ʉ3, ʠʣʠ ʠʭ ʛʠʜʨʘʪʳ, ʠʣʠ ʠʭ ʩʦʣʴʚʘʪʳ, ʢʦʪʦʨʳʝ ʩʦʯʝʪʘʶʪ ʪʨʠ ʤʝʭʘʥʠʟʤʘ 

ʜʝʡʩʪʚʠʷ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʩʠʥʪʝʟ ʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʘ ʢʦʙʘʣʴʪʦʚʘʷ(2+) ʩʦʣʴ ʤʝʨʢʘʧʪʦʫʢʩʫʩʥʦʡ ʠ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ 

ʢʠʩʣʦʪ (1), ʢʦʪʦʨʘʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʦʨʘʣʴʥʦʛʦ ʘʥʪʠʜʦʪʘ ʮʠʘʥʠʜʦʚ. 

ɺ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʢʦʙʘʣʴʪʘ(2+) ʚ ʦʧʳʪʘʭ ʥʘ ʤʳʰʘʭ ʠ ʢʨʳʩʘʭ ʧʨʠ 

ʧʝʨʦʨʘʣʴʥʦʤ ʩʧʦʩʦʙʝ ʚʚʝʜʝʥʠʷ ʪʦʢʩʠʯʥʦʩʪʴ ʚ ʨʘʩʯʝʪʝ ʥʘ ʠʦʥ ʢʦʙʘʣʴʪʘ ʩʦʩʪʘʚʣʷʝʪ 30 õ 80 

ʤʛ/ʢʛ, ʚ ʩʦʣʷʭ ʘʤʠʥʦʢʠʩʣʦʪ ï ʜʦ 150 ʤʛ/ʢʛ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʪʦʢʩʠʯʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʧʳʪʘʭ ʥʘ ʢʨʳʩʘʭ ʩʦʩʪʘʚʣʷʝʪ 3000 ʤʛ/ʢʛ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʘʥʪʠʜʦʪʘ 1 

255, ʪʦ ʥʘ ʠʦʥ ʢʦʙʘʣʴʪʘ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʤʝʨʥʦ - 700 ʤʛ/ʢʛ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʢʩʠʯʥʦʩʪʴ 

ʩʦʝʜʠʥʝʥʠʷ 1 ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ ʢʦʙʘʣʴʪʘ. 

ʃʠʪʝʨʘʪʫʨʘ 
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26 ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ 
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ʄʘʛʥʠʪʦʛʨʘʥʫʣʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢ-ʬʝʨʨʦʤʘʛʥʝʪʠʢ ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʩʧʠʥʪʨʦʥʠʢʠ [1]. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʛʦ ʪʠʧʘ 

ʤʘʪʝʨʠʘʣʦʚ ʧʝʨʝʜ ʧʘʨʘʤʠ: çʥʝ ʤʘʛʥʠʪʥʳʡ ʤʝʪʘʣʣ-ʬʝʨʨʦʤʘʛʥʝʪʠʢè ʠ çʜʠʘʵʣʝʢʪʨʠʢ-

ʬʝʨʨʦʤʘʛʥʝʪʠʢè, ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʥʪʝʨʬʝʡʩʘ (ʥʝʪ ʭʠʤʠʟʤʘ ʤʝʞʜʫ ʤʘʪʝʨʠʘʣʘʤʠ) ʠ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ. ʇʦʵʪʦʤʫ, ʨʘʟʨʘʙʦʪʢʘ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ. ɺ ʧʨʝʜʳʜʫʱʠʭ ʥʘʰʠʭ ʨʘʙʦʪʘʭ ʥʘʥʦʛʨʘʥʫʣʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʦʙʣʘʜʘʶʱʠʝ 

ʵʬʬʝʢʪʦʤ ɻʄʉ ʙʳʣʠ ʩʦʟʜʘʥʳ ʥʘ ʦʩʥʦʚʝ ʭʘʣʴʢʦʧʠʨʠʪʦʚ CdGeAs2 ʠ ZnGeAs2 

ʜʦʧʠʨʦʚʘʥʥʳʭ ʤʘʨʛʘʥʮʝʤ. ɺ ʩʣʫʯʘʝ ʩ CdGeAs2 ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ, ʘ ʚ ʩʣʫʯʘʝ 

ʩ ZnGeAs2 ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ɻʄʉ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʠʨʦʜʳ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ 

(ʄʉ) ʚ ʩʠʩʪʝʤʝ A IIGeAs2-MnAs ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʠʟʫʯʝʥʳ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʨʩʝʥʠʜʘ ʤʘʨʛʘʥʮʘ. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ZnGeAs2-CdGeAs2 ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʢʦʤʧʣʝʢʩʦʤ ʤʝʪʦʜʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ: ɼʊɸ, ʈʌɸ, ʈʌʣɸ, 

ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʉʕʄ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ ʦʙʨʘʟʫʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚʳʰʝ 440Áʉ, ʥʠʞʝ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʧʘʜ ʪʚʝʨʜʳʭ 
ʨʘʩʪʚʦʨʦʚ Zn1-xCdxCdAs2 ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ  0,19-0,92 ʘʪ.% Cd. ɼʣʷ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʢʘʢ ʠ ʜʣʷ ʦʙʨʘʟʮʦʚ ZnGeAs2 ʠ CdGeAs2 ʩ ʤʘʨʛʘʥʮʝʤ ʪʝʥʜʝʥʮʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʄʉ ʩʦʭʨʘʥʠʣʘʩʴ. ɺ ʦʙʨʘʟʮʘʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦ ʩʪʦʨʦʥʳ Zn ʥʘʙʣʶʜʘʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

MC, ʘ ʚ ʦʙʨʘʟʮʘʭ ʩʦ ʩʪʦʨʦʥʳ Cd ʧʦʣʦʞʠʪʝʣʴʥʦʝ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʪʥʦʡ 

ʬʘʟʳ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʄʉ. ɺ ʩʥʠʞʝʥʠʠ ʄʉ ʧʦ ʤʦʜʫʣʶ ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʦʡʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʢʦʨʨʝʣʷʮʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ. ʀʟʤʝʥʝʥʠʝ ʟʥʘʢʘ ʄʉ ʛʦʚʦʨʠʪ ʦ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ MnAs ʚ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ. ʅʘʣʠʯʠʝ ʆʄʉ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʘʣʠʯʠʠ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʩʪʨʫʢʪʫʨʝ. ʇʨʠ ʥʘʣʠʯʠʝ ʇʄʉ, ʦʯʝʚʠʜʥʦ, 

ʧʨʠʨʦʜʘ ʵʬʬʝʢʪʘ ʥʦʩʠʪ ʜʨʫʛʦʡ ʭʘʨʘʢʪʝʨ. ɺ ʣʠʪʝʨʘʪʫʨʝ [2] ʇʄʉ ʚ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ ʦʙʲʷʩʥʷʶʪ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. ʄʘʛʥʠʪʥʳʡ 

ʜʠʧʦʣʴ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ, ʦʙʣʘʜʘʝʪ ʩʚʦʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʙʳʪʴ ʫʩʠʣʝʥʦ ʩʦʩʝʜʥʠʤ ʜʠʧʦʣʝʤ. ɺ ʪʘʢʦʡ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʪʢʣʦʥʷʝʪ ʪʨʘʝʢʪʦʨʠʶ 

ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. 

ʅʘʙʣʶʜʘʝʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʪ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ 

ʨʘʟʣʠʯʥʦʡ ʜʠʥʘʤʠʢʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʘʩʪʝʨʦʚ ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ 

ʤʘʪʨʠʮʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʘʛʦʜʘʨʷ ʚʳʷʚʣʝʥʥʦʡ ʪʝʥʜʝʥʮʠʠ, ʚʦʟʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ 

ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʪʨʫʢʪʫʨ ʬʝʨʨʦʤʘʛʥʝʪʠʢ-ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʠʟʤʝʥʷʷ ʩʦʩʪʘʚ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ12-03-31203). 
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ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ 29 

ʀɿʋʏɽʅʀɽ ʈɸɺʅʆɺɽʉʀʁ ʈɽɸʂʎʀʁ ʂʆʄʇʃɽʂʉʆʆɹʈɸɿʆɺɸʅʀʗ 

ʊʀʊɸʅɸ(IV ) ʉ ʃʀʄʆʅʅʆʁ ʂʀʉʃʆʊʆʁ ɺ ɺʆɼʅʓʍ ʈɸʉʊɺʆʈɸʍ 
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ʅʘʤʠ ʠʟʫʯʝʥʳ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʪʠʪʘʥ(IV) - ʣʠʤʦʥʥʘʷ 

ʢʠʩʣʦʪʘ ʤʝʪʦʜʘʤʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʫʣʴʬʘʪ ʪʠʪʘʥʠʣʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʧʦ 

ʤʝʪʦʜʠʢʝ [1] ʠ ʣʠʤʦʥʥʘʷ ʢʠʩʣʦʪʘ, ʤʘʨʢʠ ʯ.ʜ.ʘ. ɼʣʷ ʧʦʜʘʚʣʝʥʠʷ ʛʠʜʨʦʣʠʟʘ ʪʠʪʘʥʘ(IV) ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʨʘʩʪʚʦʨʝʥʠʝ TiOSO4 ʧʨʦʚʦʜʠʣʠ ʚ 1ʄ ʨʘʩʪʚʦʨʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ɼʣʷ 

ʚʳʷʚʣʝʥʠʷ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ 1,5-10,5 ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʝʪʘʣʣʘ ʠ ʣʠʛʘʥʜʘ ʚʘʨʴʠʨʦʚʘʣʠ ʚ ʧʨʝʜʝʣʘʭ 0,001-0,02ʄ ʠ 0,001-0,06ʄ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣ:ʣʠʛʘʥʜ ʧʦʜʜʝʨʞʠʚʘʣʠ ʨʘʚʥʳʤ 1:1, 1:2, 1:3, 2:3. ʈʘʩʯʝʪ ʢʦʥʩʪʘʥʪ 

ʨʘʚʥʦʚʝʩʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʮʠʪʨʘʪʦʚ ʪʠʪʘʥʘ(IV) ʠ ʦʙʣʘʩʪʝʡ ʠʭ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʦ 

ʧʨʦʛʨʘʤʤʝ CPESS [2]. 

ʆʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʯʘʣʠ ʩ ʤʦʜʝʣʠ, ʩʦʜʝʨʞʘʱʝʡ ʪʦʣʴʢʦ 

ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ 1:1 ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʜʝʧʨʦʪʦʥʠʟʘʮʠʠ. ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʤʘʪʨʠʮ 

ʩʪʝʭʠʦʤʝʪʨʠʠ ʫʯʠʪʳʚʘʣʘʩʴ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʜʨʦʣʠʟʘ ʠʦʥʦʚ ʪʠʪʘʥʘ(IV) ʠ ʚʣʠʷʥʠʷ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʛʠʜʨʦʢʩʦ-ʬʦʨʤ ʥʘ ʩʭʝʤʫ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʧʦʜʦʙʥʘʷ 

ʤʦʜʝʣʴ ʧʣʦʭʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʤʘʪʨʠʮʫ ʩʪʝʭʠʦʤʝʪʨʠʠ ʥʘʤʠ ʪʘʢʞʝ 

ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʬʦʨʤʳ 2:2. ʊʘʢʘʷ ʤʦʜʝʣʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪ ʨʘʚʥʦʚʝʩʠʝ ʚ 

ʩʣʫʯʘʝ ʵʢʚʠʤʦʣʷʨʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʠʣʠ ʥʝʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ ʣʠʛʘʥʜʘ. ɺ ʢʠʩʣʦʡ 

ʦʙʣʘʩʪʠ ʜʦ ʨʅ 5,5 ʜʦʤʠʥʠʨʫʶʪ ʤʦʥʦʤʝʨʳ, ʘ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʠ ʱʝʣʦʯʥʦʡ ï ʜʠʤʝʨʳ. ɼʣʷ 

ʫʣʫʯʰʝʥʠʷ ʩʭʦʜʠʤʦʩʪʠ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʩʣʫʯʘʝ ʜʚʫʭ- ʠʣʠ 

ʪʨʝʭʢʨʘʪʥʦʛʦ ʠʟʙʳʪʢʘ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʤʦʜʝʣʠ, ʩʦʜʝʨʞʘʱʠʝ 

ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ 1:2 ʠ 1:3. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʜʪʚʝʨʜʠʣʘ ʨʘʥʝʝ ʚʳʩʢʘʟʘʥʥʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ [3], ʯʪʦ ʚ ʪʠʪʘʥ-ʮʠʪʨʘʪʥʳʭ ʨʘʩʪʚʦʨʘʭ ʬʦʨʤʳ 1:2 ʥʝ ʦʙʨʘʟʫʶʪʩʷ, ʘ 

ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʝ ʤʝʪʘʣʣ:ʣʠʛʘʥʜ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʬʦʨʤʘʤʠ 1:1 ʠ 1:3. 

ʈʘʚʥʦʚʝʩʠʝ ʚ ʩʠʣʴʥʦʢʠʩʣʦʡ ʦʙʣʘʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʥʘʙʦʨʦʤ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʬʦʨʤ (ʨʅ<3,5), ʪʦʛʜʘ ʢʘʢ ʩ ʨʦʩʪʦʤ ʨʅ ʦʙʨʘʟʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʯʘʩʪʠʮʳ ʩʦʩʪʘʚʘ 1:3. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʶʱʘʷ 

ʩʦʩʪʦʷʥʠʝ ʠʦʥʦʚ ʪʠʪʘʥʘ(IV) ʚ ʨʘʩʪʚʦʨʘʭ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ 

ʟʥʘʯʝʥʠʡ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʨʘʩʩʯʠʪʘʥʳ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʜʦʣʠ 

ʥʘʢʦʧʣʝʥʠʷ ʪʨʠʩ-ʮʠʪʨʘʪʦʪʠʪʘʥʘʪʦʚ(IV). 
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30  ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ 

1,2,4-ʊʈʀɸɿʆʃ-ʉʆɼɽʈɾɸʑʀɽ ʃʀɻɸʅɼʓ ɺ ʉʊʈʋʂʊʋʈʅʆʄ ɼʀɿɸʁʅɽ 
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ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʪʦʨʠʯʥʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʚ ʢʦʪʦʨʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʮʝʥʪʨʳ ʩʦʝʜʠʥʷʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʦʨʦʪʢʠʭ ʤʦʩʪʠʢʦʚ, ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʢʘʪʘʣʠʟʘ, ʤʘʛʥʝʪʠʟʤʘ, ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʥʦʚʳʡ ʧʫʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ AgI/VV ʠ CuII/VV. ʀʜʝʷ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʝʜʠʥʝʥʠʠ ʢʘʪʠʦʥʦʚ Ag+ ʠʣʠ Cu2+ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʨʦʪʢʠʭ 1,2,4-

ʪʨʠʘʟʦʣʴʥʳʭ ʤʦʩʪʠʢʦʚ ʚ ʘʥʩʘʤʙʣʠ [Cu3(h2-tr)4]
6+ ʠʣʠ [Ag2(h2-tr)4]

2+ c ʦʜʥʦʚʨʝʤʝʥʥʤr 

ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʢ ʥʠʤ ʚʘʥʘʜʠʡ-ʦʢʩʦʬʪʦʨʠʜ ʘʥʠʦʥʦʚ (ʈʠʩ.1). ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ AgI-VV ʠ CuII-VV ʬʨʘʛʤʝʥʪoʚ ʪʨʠʘʟʦʣʴʥʳʝ ʣʠʛʘʥʜʳ (L) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʚʷʟʚrʘʶʪ ʠʦʥʳ ʨʘʟʥʦʛʦ ʪʠʧʘ ʤʝʞʜʫ ʩʦʙʦʡ, ʠʩʧʦʣʴʟʫʷ ʢʦʨʦʪʢʠʡ [-N-N-] ʤʦʩʪʠʢ. 

ʆʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ ʚ 

ʩʠʩʪʝʤʘʭ AgOAc (ʠʣʠ ʉu(OAc)2)/V2O5/L/(ʚʦʜʥʳʡ HF). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʠʛʘʥʜʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʜʚʝ ʪʨʠʘʟʦʣʴʥʳʭ ʬʫʥʢʮʠʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʦʣʠʷʜʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ 

ʦʨʛʘʥʠʟʫʶʪʩʷ ʚ ʧʣʦʩʢʠʝ ʩʝʪʢʠ ʠʣʠ ʦʙʲʸʤʥʳʝ ʢʘʨʢʘʩʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʦʙʥʘʨʫʞʠʚʘʶʪ ʚʳʩʦʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ. ʂ ʧʨʠʤʝʨʫ, ʢʘʨʢʘʩʳ ʤʝʜʥʦ-ʚʘʥʘʜʠʝʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʝ 

ʧʨʝʪʝʨʧʝʚʘʶʪ ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 230ʦʉ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʨʤʦʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

 

 
 

ʈʠʩ.1 ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ 

[Cu3(VO2F2)2(L)4(H2O)2](VO2F2)0,5(F)3,5ĿH2O 



ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ 31 

ʂʆʄʇʃɽʂʉʅʓɽ ʉʆɽɼʀʅɽʅʀʗ ɻɸʃʆɻɽʅʀɼʆɺ ʃɸʅʊɸʅʆʀɼʆɺ ʉ 

ɸʎɽʊʀʃʂɸʈɹɸʄʀɼʆʄ. ʉʀʅʊɽɿ ʀ ʉʊʈʆɽʅʀɽ 

 

ɸ.C. ɹʫʰʤʝʣʝʚʘ1, ʃ.ʖ. ɸʣʠʢʙʝʨʦʚʘ1, ɼ.ɺ. ɸʣʴʙʦʚ2 

 
1ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ (ʄʀʊʍʊ) 
2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 
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ʂʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʨʝʢʫʨʩʦʨʘʤʠ ʚ ʧʨʦʮʝʩʩʘʭ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʥʳʭ ʫʨʝʠʜʦʚ ï ʘʮʠʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʢʘʨʙʘʤʠʜʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʩʪʝʡʰʝʛʦ 

ʫʨʝʠʜʘ ï ʘʮʝʪʠʣʢʘʨʙʘʤʠʜʘ (AcUr) ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ, ʪ.ʢ. ʧʦʟʚʦʣʷʶʪ 

ʧʨʝʜʩʢʘʟʘʪʴ ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʫʨʝʠʜʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʦʣʷʤʠ ʈɿʕ ʥʘʯʘʣʦʩʴ ʙʦʣʝʝ 30 ʣʝʪ ʥʘʟʘʜ. ɹʳʣʠ 

ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ YbBr3Ŀ3AcUr ʠ LaBr3Ŀ2AcUrĿ4H2O, ʦʜʥʘʢʦ 

ʠʭ ʩʪʨʫʢʪʫʨʘ ʥʝ ʠʟʫʯʘʣʘʩʴ. 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʚʝʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʤʝʰʠʚʘʷ ʛʘʣʦʛʝʥʠʜʳ 

ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʘʮʝʪʠʣʢʘʨʙʘʤʠʜʦʤ ʚ ʨʘʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ, ʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʡ ʩʨʝʜʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʨʘʟʫʶʪ ʙʝʩʮʚʝʪʥʳʝ (La), ʩʚʝʪʣʦ-ʟʝʣʝʥʳʝ (Pr), ʩʠʨʝʥʝʚʳʝ (Nd), 

ʩʚʝʪʣʦ-ʞʝʣʪʳʝ (Sm) ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ. ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʩʪʘʚ 

ʚʳʜʝʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʪʚʝʯʘʝʪ ʬʦʨʤʫʣʘʤ: LaBr3Ö2AcUrÖ5H2O (I), PrBr3Ö2AcUrÖ5H2O (II), 

NdCl3Ö2AcUrÖ5H2O (III) ʠ SmCl3Ö2AcUrÖ5H2O (IV). ʀʂ-ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʦʚ ʦʢʘʟʘʣʠʩʴ 

ʦʜʥʦʪʠʧʥʳ. ʉʤʝʱʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ n(CO) + d(NH2) ʧʨʠ 1709, 

1691 ʠ 1668 ʩʤ-1 ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪ (1715ï1719, 1674ï1677, 1617ï1630) 

ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʘʮʝʪʠʣʢʘʨʙʘʤʠʜ ʢʦʦʨʜʠʥʠʨʦʚʘʣʩʷ ʯʝʨʝʟ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ. 

ʄʝʪʦʜʦʤ ʈʉɸ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʘʭ IïIV  ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʦʤʧʣʝʢʩʥʳʝ 

ʢʘʪʠʦʥʳ ʩʦʩʪʘʚʘ [Ln(H2O)5(AcUr)2]
3+ (ʂʏ = 9) ʠ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʛʘʣʦʛʝʥʠʜ-ʠʦʥʳ. 

ʌʦʨʤʘ ʧʦʣʠʵʜʨʘ ʚ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʡ I ʠ IV ï ʦʜʥʦʰʘʧʦʯʥʘʷ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʘʥʪʠʧʨʠʟʤʘ, 

ʘ ʚ ʩʣʫʯʘʝ II  ʠ III  ï ʪʨʝʭʰʘʧʦʯʥʘʷ ʪʨʠʛʦʥʘʣʴʥʘʷ ʧʨʠʟʤʘ. ʄʦʣʝʢʫʣʳ ʘʮʝʪʠʣʢʘʨʙʘʤʠʜʘ 

ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʙʠʜʝʥʪʘʪʥʦ ʯʝʨʝʟ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, ʧʨʠ ʵʪʦʤ ʦʥʠ ʧʝʨʝʭʦʜʷʪ ʠʟ ʠʩʭʦʜʥʦʡ 

ʪʨʘʥʩ- ʚ ʮʠʩ-ʢʦʥʬʠʛʫʨʘʮʠʶ. ʇʝʨʝʭʦʜ ʘʮʝʪʠʣʢʘʨʙʘʤʠʜʘ ʚ ʮʠʩ-ʬʦʨʤʫ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ 

ʘʪʦʤʦʤ ʣʘʥʪʘʥʦʠʜʘ ʦʙʫʩʣʦʚʣʝʥ ʚʨʘʱʝʥʠʝʤ ʬʨʘʛʤʝʥʪʘ [ïC(O)ðNH2] ʚʦʢʨʫʛ ʘʪʦʤʘ ʘʟʦʪʘ 

ʠʤʠʥʦ-ʛʨʫʧʧʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʣʝʢʫʣʘ ʣʠʛʘʥʜʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʣʦʩʢʦʡ: ʫʛʣʳ ʤʝʞʜʫ 

ʧʣʦʩʢʦʩʪʷʤʠ CïO(1)ïN ʠ NïO(2)ïC ʚ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣʘʭ ʘʮʝʪʠʣʢʘʨʙʘʤʠʜʘ 

ʨʘʚʥʳ 14.30Á (ʚ I), 5.70Á ʠ 8.97Á (ʚ II), 6.02Á ʠ 7.37Á (ʚ III), 13.39Á (ʚ IV). ɸʥʘʣʦʛʠʯʥʳʝ 

ʠʩʢʘʞʝʥʠʷ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʘ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʣʘʥʪʘʥʦʠʜʘʤʠ ʤʦʣʝʢʫʣ 

ʙʠʫʨʝʪʘ [1], ʦʜʥʘʢʦ ʙʠʫʨʝʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʝʥʴʰʠʤ 

ʟʥʘʯʝʥʠʝʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ (ʂʏ = 8, ʠʩʢʘʞʝʥʥʘʷ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʘʥʪʠʧʨʠʟʤʘ). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʧʣʝʢʩʦʚ ʛʘʣʦʛʝʥʠʜʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʜʨʫʛʠʤʠ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʘʤʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (ʢʘʨʙʘʤʠʜ, ʘʮʝʪʘʤʠʜ) [2], ʚ ʩʣʫʯʘʝ AcUr 

ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʣʘʥʪʘʥʦʠʜʦʤ ʘʤʠʜʥʦʛʦ ʣʠʛʘʥʜʘ ʚʤʝʩʪʦ ʚʦʜʳ.  

 

ʃʠʪʝʨʘʪʫʨʘ 
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32  ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ 

ʀɿʋʏɽʅʀɽ ʂʆʄʇʃɽʂʉʆʆɹʈɸɿʆɺɸʅʀʗ 3,5ɹʀʉ(ʊʈʀʌʊʆʈʄɽʊʀʃ) 

ʇʀʈɸɿʆʃɸʊʅʓʍ ʄɸʂʈʆʎʀʂʃʆɺ ʉɽʈɽɹʈɸ ʀ ʄɽɼʀ ʉ ɻɸʃʆɻɽʅʀɼʅʓʄʀ 
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ɽ.ɸ. ɻʫʩʝʚʘ1, ɸ.ɸ. ʊʠʪʦʚ2, ʆ.ɸ. ʌʠʣʠʧʧʦʚ2 
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ʇʠʨʘʟʦʣʘʪʥʳʝ ʤʘʢʨʦʮʠʢʣʳ ʤʝʪʘʣʣʦʚ 11 ʛʨʫʧʧʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʝʨʩʧʝʢʪʠʚʥʳʡ 

ʢʣʘʩʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ 

ʘʥʩʘʤʙʣʝʡ, ʩʠʩʪʝʤ ʪʠʧʘ ʭʦʟʷʠʥ ï ʛʦʩʪʴ ʠ ʵʢʩʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʥʪʝʨʝʩʥʳʤʠ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [1]. ʈʘʥʝʝ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣʦ ʠʟʫʯʝʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʠʨʘʟʦʣʘʪʥʳʭ ʤʘʢʨʦʮʠʢʣʦʚ ʩʝʨʝʙʨʘ(I) ʠ ʤʝʜʠ(I) ʩ ʘʥʠʦʥʥʳʤʠ ʠ 

ʥʝʡʪʨʘʣʴʥʳʤʠ ʛʠʜʨʠʜʘʤʠ ʙʦʨʘ (BH3NEt3 ʠ [ɺ12H12]
2ï ʠ [B10H10]

2ï) ʠ ʧʦʢʘʟʘʥʦ ʚʳʩʦʢʦʝ 

ʩʨʦʜʩʪʚʦ ʢ ʛʠʜʨʠʜʥʦʤʫ ʘʪʦʤʫ [2, 3]. ɻʘʣʦʛʝʥʠʜʥʳʝ ʠ ʛʠʜʨʠʜʥʳʝ ʣʠʛʘʥʜʳ ʦʙʣʘʜʘʶʪ 

ʥʝʢʦʪʦʨʳʤʠ  ʙʣʠʟʢʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʵʪʦʤʫ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʛʘʣʦʛʝʥʠʜʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

             
M = Ag, Cu                                                     Hal = Cl, Br                                   

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʩʣʦʞʥʳʝ ʘʣʣʠʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ, ʩʦʜʝʨʞʘʱʠʝ ʛʘʣʦʛʝʥʠʜʥʳʝ ʘʪʦʤʳ. 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʧʠʨʘʟʦʣʘʪʦʚ ʤʝʜʠ ʠ ʩʝʨʝʙʨʘ ʠʟʫʯʠʣʠ ʩ 

ʧʦʤʦʱʴʶ ʀʂ ð ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʛʝʢʩʘʥʝ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʠʣʠ ʩʦʩʪʘʚ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʮʝʥʪʨ ʢʦʦʨʜʠʥʘʮʠʠ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʮʝʥʪʨʦʤ ʢʦʦʨʜʠʥʘʮʠʠ ʷʚʣʷʝʪʩʷ ʘʪʦʤ 

ʛʘʣʦʛʝʥʘ. ʇʨʦʯʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʤʝʜʥʦʛʦ ʤʘʢʨʦʮʠʢʣʘ ʢ 

ʩʝʨʝʙʨʷʥʦʤʫ. ʉʦʩʪʘʚ ʢʦʤʧʣʝʢʩʦʚ ʦʧʨʝʜʝʣʝʥ ʢʘʢ 1:1. ʉʝʨʝʙʨʷʥʳʡ ʤʘʢʨʦʮʠʢʣ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ 2:1, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʧʨʝʜʝʣʝʥʳ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʨʘʩʪʚʦʨʝ (ʢʦʥʩʪʘʥʪʳ ʦʙʨʘʟʦʚʘʥʠʷ, ʵʥʪʘʣʴʧʠʷ, 

ʵʥʪʨʦʧʠʷ). 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ 12-03-00872 ʈʦʩʩʠʷ) 
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ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ 33 

ʉʃʆʀʉʊʓɽ ʇʈʆɺʆɼʅʀʂʀ ʅɸ ʆʉʅʆɺɽ ʂɸʊʀʆʅ-ʈɸɼʀʂɸʃʔʅʓʍ ʉʆʃɽʁ ET 

ʉ ɸʅʀʆʅɸʄʀ [ZnBr 4] 
 

ʂ.ɸ. ɼʟʶʙʘ1,2, ɽ.ʀ. ɾʠʣʷʝʚʘ1, ɸ.ʄ. ʌʣʘʢʠʥʘ1, ɻ.ɺ. ʐʠʣʦʚ1, ʂ.ɺ. ɺʘʥ3, ʈ.ʅ. ʃʶʙʦʚʩʢʘʷ1 

 
1ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 

2ʄɻʋ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ, ʬʘʢʫʣʴʪʝʪ ʌʌʍʀ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  
3ʀʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 

e-mail: zhilya@icp.ac.ru 

ʈʘʥʝʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭʟʘʨʷʜʥʳʭ ʘʥʠʦʥʦʚ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ [MIIBr4]
2Ȥ, MII=Hg,Cd,Co ʧʨʠ ʩʠʥʪʝʟʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʨʦʚʦʜʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ ʩʦʣʝʡ ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥʦʚ, ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʩʣʦʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʪʦʧʦʢ ʚ ʩʦʩʝʜʥʠʭ ʧʨʦʚʦʜʷʱʠʭ 

ʩʣʦʷʭ [1, 2] ʠ ʩ ʨʘʟʣʠʯʥʳʤ ʩʪʨʦʝʥʠʝʤ ʩʦʩʝʜʥʠʭ ʧʨʦʚʦʜʷʱʠʭ ʩʣʦʝʚ [3]. ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ 

ʢʚʘʟʠʜʚʫʤʝʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʚʦʜʥʠʢʘʭ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʩʣʦʠʩʪʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʤʠ ʩʣʦʷʤʠ ʠ ʨʘʟʣʠʯʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ 

ʧʨʦʚʦʜʷʱʠʭ ʩʣʦʝʚ ʥʘ ʦʩʥʦʚʝ ʙʠʩ(ʵʪʠʣʝʥʜʠʪʠʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥʘ (ET), ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʝʚ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ.  

S

S S

S

S

S

S

S

     ET 

 

ʅʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥ  r ʥʦʚʳʝ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʝ ʩʦʣʠ ʥʘ ʦʩʥʦʚʝ ET ʩ 

ʜʚʫʭʟʘʨʷʜʥʳʤʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʤʠ ʘʥʠʦʥʘʤʠ [ZnBr4]
2Ƅ ʠ [CdBr4]

2Ƅ ʚ ʨʘʟʣʠʯʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ (C6H5X, X=F,Cl,Br; C6H4Y2, Y=Cl,Br; ʭʣʦʨʮʠʢʣʦʘʣʢʘʥʳ, 2-ʛʘʣʦʛʝʥʪʦʣʫʦʣʳ, 

CH2Br2), ʠʟʤʝʨʝʥʘ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʧʝʢʪʨʳ ʕʇʈ, ʠʟʫʯʝʥʳ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʧʨʦʚʦʜʷʱʠʭ ʩʣʦʝʚ. 

ʂʘʪʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʝ ʩʦʣʠ ʧʦʣʫʯʝʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʦʢʠʩʣʝʥʠʝʤ ET ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʬʦʥʦʚʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ [Bu4N]2ZnBr4 ʠ [Ph4P]2CdBr4. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʤʝʥʝʥʳ ʤʝʪʦʜ rʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ, 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʕʇʈ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʦʩʣʝʜʠʪʴ ʚʣʠʷʥʠʝ 

ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʩʪʨʦʝʥʠʝ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʚʦʜʥʠʢʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ8. 
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34  ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ 

ʊɽʈʄʀʏɽʉʂʆɽ ɼɽɿʆʂʉʀɻɽʅʀʈʆɺɸʅʀɽ ɼʄʉʆ ɺ [H(dmso)2]2[Osʍ6].  

ʉʊʈʆɽʅʀɽ ʇʈʆɼʋʂʊʆɺ ʊɽʈʄʆʃʀɿɸ trans-[Os(dms)2X4] 
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ʆʜʥʠʤ ʠʟ ʠʥʪʝʨʝʩʥʳʭ ʩʚʦʡʩʪʚ ʢʘʢ ʩʚʦʙʦʜʥʦʛʦ, ʪʘʢ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʜʝʟʦʢʩʠʛʝʥʠʨʦʚʘʥʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʜʠʤʝʪʠʣʩʫʣʴʬʠʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʛʝʥʪʦʚ (HX, PCl3, SOCl2 ʠ ʜʨ.) ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʧʝʨʚʘʷ ʩʪʘʜʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʦʩʤʠʷ(IV) [H(dmso)2]2[Osɺr6] (1), ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʩʬʝʨʥʦʛʦ ʢʘʪʠʦʥʘ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ɼʄʉʆ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʝʨʤʦʣʠʟʘ ʚ ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʥʘʛʨʝʚʘ ʩʦʝʜʠʥʝʥʠʷ 1 ʠ 

ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʤʠ ʨʘʥʝʝ ʭʣʦʨʦʘʥʘʣʦʛʘ - [H(dmso)2]2[OsCl6] (2) [1], ʧʦʢʘʟʘʣ ʘʥʘʣʦʛʠʯʥʳʡ 

ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʢʨʠʚʳʭ ʊɻ, ɼʊɸ ʠ ɼʊɻ. ʈʘʟʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 1 ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʙʦʣʝʝ 

ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (~55Áʉ), ʯʝʤ ʢʦʤʧʣʝʢʩʘ 2 (~70Áʉ) ʠ ʤʘʢʩʠʤʫʤ ʧʝʨʚʦʛʦ ʵʥʜʦ-ʵʬʬʝʢʪʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 80Áʉ (ʨʠʩ. 1), ʚ ʦʪʣʠʯʠʝ ʦʪ 104Áʉ ʜʣʷ 2. 

ʅʘʛʨʝʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 1 ʧʨʠ 80Áʉ ʯʝʨʝʟ 35 ʤʠʥ ʧʨʠʚʦʜʠʣʦ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ ʞʠʜʢʦʡ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʚʳʜʝʣʝʥʠʶ ʛʘʟʦʦʙʨʘʟʥʦʛʦ HBr. ʇʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʚʳʜʝʣʝʥʠʷ HBr (2,5 ʯ) ʧʦʪʝʨʷ ʤʘʩʩʳ ʩʦʩʪʘʚʠʣʘ ~30%. 

ʆʩʪʘʪʦʢ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʫʶ 

ʧʘʩʪʦʦʙʨʘʟʥʫʶ ʤʘʩʩʫ, ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʣʠ ʥʘ ʢʦʣʦʥʢʝ ʩ SiO2 

(ʵʣʶʝʥʪ ʵʪʠʣʘʮʝʪʘʪ:ʛʝʢʩʘʥ = 1:10). ʀʟ ʧʝʨʚʦʡ ʬʨʘʢʮʠʠ (ʨʘʩʪʚʦʨ 

ʷʨʢʦ-ʤʘʣʠʥʦʚʦʛʦ ʮʚʝʪʘ) ʧʦʩʣʝ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʧʦʣʫʯʝʥʳ ʪʝʤʥʦ-ʬʠʦʣʝʪʦʚʳʝ ʢʨʠʩʪʘʣʣʳ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʢʘʢ ʜʠʤʝʪʠʣʩʫʣʴʬʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʦʩʤʠʷ(IV) [Os(dms)2Br4] (3). 

ʀʂ ʩʧʝʢʪʨ 3 ʚ ʦʙʣʘʩʪʠ 4000-400 ʩʤ-1 ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ 

ʩ ʀʂ ʩʧʝʢʪʨʦʤ [Os(Me2S)2Cl4] (4), ʚ ʥʠʭ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ 

ʜʠʤʝʪʠʣʩʫʣʴʬʠʜʘ ʧʨʠ 977, 1035 ʩʤ-1 ɟ(CH3) ʠ 1319, 1413, 1420 

ʩʤ-1 ŭ(ʉH3); ʚ ʇʄʈ ʩʧʝʢʪʨʝ 3 ʚ ʨʘʩʪʚʦʨʝ CDCl3 ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʩʠʥʛʣʝʪ ʧʨʠ 4,96 ʤ.ʜ. (5,75 ʤ.ʜ. ʜʣʷ 4).  

ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 3 ʠ 4 ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ 

(ʨʠʩ. 2, ʪʘʙʣʠʮʘ). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʪʝʨʤʦʣʠʟʘ ʩʦʝʜʠʥʝʥʠʡ 1 ʠ 2 ʧʨʦʠʩʭʦʜʠʪ 

ʜʝʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ, ʜʝʟʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ ɼʄʉʆ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʤʝʪʠʣʩʫʣʴʬʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ trans-[Os(dms)2X4] (ʍ = Cl, Br). 

ʃʠʪʝʨʘʪʫʨʘ 

[1] ɽ.ɺ. ɼʦʙʨʦʭʦʪʦʚʘ, ɽ.ʂ. ʂʫʣʪʳʰʢʠʥʘ, ʆ.ɺ. ʈʫʜʥʠʮʢʘʷ, ɽ.ɸ. ʌʦʨʪʘʣʴʥʦʚʘ. II  ɺʩʝʨʦʩʩ. 

ʥʘʫʯʥ. ʢʦʥʬ. ʩ ʤʝʞʜʫʥʘʨ. ʫʯ. çʋʩʧʝʭʠ ʩʠʥʪʝʟʘ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷè. ʊʝʟ. ʜʦʢ. ʄ.: 

ʈʋɼʅ, 2012, 52. 

ʉʦʝʜʠʥʝʥʠʝ 3 4 

ʇʨ. ʛʨ. P 21/n P 21/c 

Z 2 2 

a, ¡ 7.1617(4) 7.1748(14) 

b, ¡ 7.1779(4) 7.1462(14) 

c, ¡ 11.4702(7) 12.811(3) 

Ŭ, Á 90 90 

ɓ, Á 92.5330(10) 103.074(4) 

ɔ, Á 90 90 

ʊG 

DʊA 

ʈʠʩ. 1. ʊʝʨʤʦʛʨʘʤʤʘ 1  

(Q ʨʝʞʠʤ) 

mailto:orion379@mail.ru


ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ 35 

ɺʃʀʗʅʀɽ ʂɸʊʀʆʅʆɺ Fe(III ), Cr(III ) ʀ Tb(III ) ʅɸ ʌɸɿʆʆɹʈɸɿʆɺɸʅʀɽ, 

ʉʊʈʋʂʊʋʈʋ ʀ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʊɺɽʈɼʓʍ ʈɸʉʊɺʆʈʆɺ 

ʅɸ ʆʉʅʆɺɽ ʊʀʊɸʅɸʊɸ ɺʀʉʄʋʊɸ 

 

ʄ.ʆ. ɼʫʜʘʨʝʚʘ1, ʄ.ɻ. ʉʘʬʨʦʥʝʥʢʦ1, ɽ.ɸ. ʌʦʨʪʘʣʴʥʦʚʘ1, ɽ.ɼ ʇʦʣʠʪʦʚʘ2 

 
1ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

2ʅʀʌʍʀ ʠʤ. ʂʘʨʧʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

e-mail: modudareva@yandex.ru 

 

ʊʠʪʘʥʘʪ ʚʠʩʤʫʪʘ Bi4Ti3O12 (BIT) ï ʠʟʚʝʩʪʥʳʡ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢ. BIT ʧʨʦʷʚʣʷʝʪ ʨʷʜ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʘʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʯʥʦʡ ʠ ʠʥʞʝʥʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʚʦʡʩʪʚʘ ʪʠʪʘʥʘʪʘ 

ʚʠʩʤʫʪʘ ʤʦʛʫʪ ʙʳʪʴ ʫʣʫʯʰʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ï ʚʚʝʜʝʥʠʷ ʚ 

ʧʦʟʠʮʠʠ Bi3+ ʠ/ʠʣʠ Ti4+ ʢʘʪʠʦʥʦʚ La3+, Nd3+, Nb5+ ʠ ʜʨ. ʃʝʛʠʨʦʚʘʥʠʝ ʦʪʨʘʞʘʝʪʩʷ ʥʘ 

ʩʪʨʫʢʪʫʨʝ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʩʝʨʠʠ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Bi4[Ti1-x(Cr0.5Fe0.5)x]3O12-ŭ ʩ ʭ=0.00 ï 

0.30 (I) ʠ [Bi1ïyTby]4[Ti0.9(Cr0.5Fe0.5)0.1]3O12-ŭ ʩ y=0.00 ï 0.20 (II ), Dx = Dy = 0.05, ʧʦʣʫʯʝʥʥrʝ 

ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʠʟ ʦʢʩʠʜʦʚ ɺi2ʆ3, TiO2, Cr2O3, Fe2O3 ʠ Tb4O7. ʉʠʥʪʝʟ 

ʧʨʦʚʦʜʠʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 650 ï 900ʦʉ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʧʝʨʝʰʠʭʪʦʚʢʘʤʠ. 

ʉʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʦʪʞʠʛʘ ʩʦʩʪʘʚʠʣʦ 40 ʯ. 

ʌʘʟʦʦʙʨʘʟʦʚʘʥʠʝ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʢʝʨʘʤʠʢ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ I ʠ II  ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ (ʈʌɸ), ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ (ɼʊɸ), ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ ʠ ʤʝʪʦʜʦʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʚʳʙʨʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ ʤʦʥʦʬʘʟʥʳʝ ʦʙʨʘʟʮʳ I ʠ II , 

ʩʦʜʝʨʞʘʱʠʝ ʪʚʸʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ BIT, ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

0.00 ¢ x, y ¢ 0.15. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ I, II  ʦʪʥʦʩʠʪʩʷ ʢ ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ. 

ʈʘʩʯʪy ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚ ʦʙʝʠʭ ʩʝʨʠʷʭ (I, II ) ʫʢʘʟʘʣ ʥʘ ʫʤʝʥʴʰʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ʩ ʠ ʦʙʲʤyʘ ʩ ʨʦʩʪʦʤ ʭ ʠ y, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʯʘʩʪʠʯʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ʠʦʥʦʚ Bi3+ ʠ/ʠʣʠ Ti4+ ʢʘʪʠʦʥʘʤʠ ʩ ʤʝʥʴʰʠʤ ʨʘʜʠʫʩʦʤ. ʉʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʩ ʨʦʩʪʦʤ y ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ ʜʣʠʥ ʚʦʣʥ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʦʙʨʘʟʮʦʚ ʩʝʨʠʠ II  

ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʪʠ ʚʳʚʦʜʳ. 

ʅʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʝʨʘʤʠʢ I ʠ II  

ʧʨʦʷʚʣʷʶʪʩʷ ʜʚʝ ʘʥʦʤʘʣʠʠ: ʦʜʥʘ ï ʯʘʩʪʦʪʥʦ ʟʘʚʠʩʠʤʘʷ, ʚ ʦʙʣʘʩʪʠ ~25 ï 530̄ʉ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʠ ʠʦʥʥʳʡ ʪʨʘʥʩʧʦʨʪ; ʜʨʫʛʘʷ ï ʚ 

ʜʠʘʧʘʟʦʥʝ ~625 ï 700̄ʉ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʪʨʫʢʪʫʨʥʦʤʫ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ I ʨʦʜʘ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʝʨʝʭʦʜʘ ʧʦʥʠʞʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʢʘʢ ʭ, ʪʘʢ ʠ y ʚ ʩʝʨʠʷʭ ʪʚyʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ I ʠ II . 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʢʘʪʠʦʥʦʚ Tb3+ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ II . ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʫʤʝʥʴʰʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʵʬʬʝʢʪʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʥʘ 

ʢʨʠʚʳʭ ɼʊɸ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩ ʨʦʩʪʦʤ y. 



36  ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ 

ʇʆʃʋʏɽʅʀɽ ʅʆɺʓʍ ʌʆʊʆʍʈʆʄʅʓʍ ʉʀʉʊɽʄ ʅɸ ʆʉʅʆɺɽ ʎʀʄɸʅʊʈɽʅɸ 

ʉ ʌʃʋʆʈɽʉʎɽʅʊʅʓʄʀ ʉɺʆʁʉʊɺɸʄʀ 

 

ɽ.ɸ. ɽʨʰʦʚʘ, ɽ.ʉ. ʂʝʣʙʳʰʝʚʘ, ʄ.ɻ. ɽʟʝʨʥʠʮʢʘʷ, ʅ.ʄ. ʃʦʡʤ, ʊ.ɺ. ʉʪʨʝʣʢʦʚʘ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ 

ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

(ʀʅʕʆʉ ʈɸʅ), 119991, ɻʉʇ-1, ʄʦʩʢʚʘ, ʫʣ. ɺʘʚʠʣʦʚʘ, 28, ʈʦʩʩʠʷ, 
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ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʙʦʣʝʝ 50 ʢʣʘʩʩʦʚ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʭ, ʪʘʢ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ, ʧʨʦʷʚʣʷʶʱʠʭ ʬʦʪʦʭʨʦʤʥʳʝ ʩʚʦʡʩʪʚʘ. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ, ʵʣʝʤʝʥʪʦʚ 

ʧʘʤʷʪʠ ʠ ʭʝʤʦʩʝʥʩʦʨʦʚ [1,2]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʩʪʦʷʥʥʦ ʚʝʜʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʬʦʪʦʭʨʦʤʥʳʭ 

ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʧʦʤʠʤʦ ʠʟʤʝʥʝʥʠʷ ʦʢʨʘʩʢʠ ʦʙʣʘʜʘʶʪ ʠ ʜʨʫʛʠʤʠ ʧʦʣʝʟʥʳʤʠ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ. ʉ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʬʦʪʦʭʨʦʤʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʮʠʤʘʥʪʨʝʥʘ ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʘʤʠ ʚʧʝʨʚʳʝ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ ʭʠʥʘʟʦʣʠʥʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʝ ʮʠʤʘʥʪʨʝʥʠʣʴʥʳʡ ʦʩʪʘʪʦʢ ʚʦ 2 

ʠ 3 ʧʦʣʦʞʝʥʠʷʭ ʠ ʠʟʫʯʝʥʘ ʠʭ ʬʦʪʦʭʠʤʠʷ.  

 
ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʪʦʣʠʟ ʨʘʩʪʚʦʨʦʚ 1 ʠ 2 ʚ ʙʝʥʟʦʣʝ ʠ ʊɻʌ Hg-ʣʘʤʧʦʡ ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʣʫʯʝʥʠʶ ʭʝʣʘʪʥʳʭ ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʟʘ ʩʯʝʪ ʢʦʦʨʜʠʥʘʮʠʠ 

Nʉ=ʆ ʛʨʫʧʧʳ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʭʠʥʘʟʦʣʠʥʦʥʘ ʩ ʘʪʦʤʦʤ Mn, ʩ ʚʨʝʤʝʥʘʤʠ 

ʧʦʣʫʧʨʝʚʨʘʱʝʥʠʷ ʭʝʣʘʪʦʚ 3 ʠ 25 ʤʠʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ 2 ʩʚʷʟʘʥʘ ʩ ʥʘʣʠʯʠʝʤ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-1 ʟʘʤʝʩʪʠʪʝʣʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʣʫʯʝʥʠʷ 4 ʚ ʙʝʥʟʦʣʝ ʠ ʊɻʌ ʦʙʨʘʟʫʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʣʝʬʠʥʦʚʳʡ 

ʜʠʢʘʨʙʦʥʠʣʴʥʳʡ ʭʝʣʘʪ ʩ t1/2=20 ʯʘʩʦʚ, ʢʦʪʦʨʳʡ ʙʳʣ ʚʳʜʝʣʝʥ. ʌʦʪʦʣʠʟ 5 ʚ ʙʝʥʟʦʣʝ, 

ʘʥʘʣʦʛʠʯʥʦ 4, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʣʝʬʠʥʦʚʦʛʦ ʭʝʣʘʪʘ, ʢʦʪʦʨʳʡ ʚ 

ʩʠʣʫ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ (t1/2=1 ʤʠʥ) ʧʝʨʝʭʦʜʠʪ ʚ ʠʩʭʦʜʥʳʡ 

ʪʨʠʢʘʨʙʦʥʠʣ. ʆʜʥʘʢʦ ʬʦʪʦʣʠʟ 5 ʚ ʊɻʌ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ 

ʩʪʘʙʠʣʴʥʦʛʦ ʠʤʠʥʦʚʦʛʦ ʭʝʣʘʪʥʦʛʦ ʜʠʢʘʨʙʦʥʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ t1/2=40 ʤʠʥ. 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʜʠʢʘʨʙʦʥʠʣʴʥʳʝ ʭʝʣʘʪʳ ʚ ʟʘʢʨʳʪʳʭ ʩʠʩʪʝʤʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʉʆ ʦʙʨʘʪʥʦ 

ʪʝʨʤʠʯʝʩʢʠ ʠʟʦʤʝʨʠʟʫʶʪʩʷ ʚ ʠʩʭʦʜʥʳʝ ʪʨʠʢʘʨʙʦʥʠʣʳ 1-5, ʧʦʩʣʝʜʫʶʱʝʝ ʦʙʣʫʯʝʥʠʝ 

ʢʦʪʦʨʳʭ ʩʥʦʚʘ ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʭʝʣʘʪʥʳʤ ʢʦʤʧʣʝʢʩʘʤ. ɿʘ ʭʦʜʦʤ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʨʘʩʪʚʦʨʦʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʣʝʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʀʂ-, ʋʌ-, 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʡ. 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩʦʝʜʠʥʝʥʠʡ 4 ʠ 5 ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʦʙʣʘʜʘʶʪ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ [3], ʠʟ ʯʝʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʮʠʤʘʥʪʨʝʥʠʣʴʥʳʡ 

ʬʨʘʛʤʝʥʪ ʷʚʣʷʝʪʩʷ ʪʫʰʠʪʝʣʝʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. 

ʃʠʪʝʨʘʪʫʨʘ 

[1] V.I. Mincin, V.N. Komissarov. Organic Photochromic and thermochromic compounds. 

1999, 1, 315. 
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ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ 37 

ʂʆʄʇʃɽʂʉʆʆɹʈɸɿʆɺɸʅʀɽ ɻɸʃʆɻɽʅʀɼʆɺ ʎʀʅʂɸ ʀ ʂɸɼʄʀʗ ʉ 

ɸʅʊʀʇʀʈʀʅʆʄ: ʉʀʅʊɽɿ, ʉʊʈʆɽʅʀɽ, ɹʀʆʃʆɻʀʏɽʉʂɸʗ ɸʂʊʀɺʅʆʉʊʔ 
 

ʅ.ʉ. ʈʫʢʢ,1, ʃ.ɻ. ʂʫʟʴʤʠʥʘ2, ɺ.ɺ. ɿʘʤʘʣʶʪʠʥ1, ɼ.ɺ. ɸʣʴʙʦʚ3, ʉ.ʅ. ʄʫʜʨʝʮʦʚʘ3,  

ʈ.ʉ. ʐʘʤʩʠʝʚ1, ɻ.ɸ. ɼʘʚʳʜʦʚʘ4, ɺ.ɸ. ɻʨʘʤʤʘ1, ɽ.ɸ. ʄʠʨʦʥʦʚʘ4, ɸ.ʖ. ʉʢʨʷʙʠʥʘ1 

 
1ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʙʣʘʜʘʶʱʠʝ ʘʥʘʣʴʛʝʟʠʨʫʶʱʠʤ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʘʟʦʣʦʥʘ ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʩʪʝʨʦʠʜʥʳʤ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʧʨʝʧʘʨʘʪʘʤ, 

ʙʣʦʢʠʨʫʶʱʠʤ ʩʠʥʪʝʟ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ ʧʫʪʸʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʬʝʨʤʝʥʪʘ ʮʠʢʣʦʦʢʩʠʛʝʥʘʟʳ 

[1]. ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʮʠʥʢʘ ʩ 

ʥʝʢʦʪʦʨʳʤʠ 4-ʘʮʠʣʟʘʤʝʱʝʥʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʘʟʦʣʦʥʘ [2]. 

ʅʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ (ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, 

ʈʌɸ, ʈʉɸ, ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ) ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʮʠʥʢʘ ʠ ʢʘʜʤʠʷ ʩʦʩʪʘʚʘ 

[Zn(AP)2I2] (1)  ʠ [Cd(AP)6][Cd(AP)I3]2 (2) (AP: 1-ʬʝʥʠʣ-2,3-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʦʥ-5, 

ʘʥʪʠʧʠʨʠʥ). ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʜʣʷ ʘʥʪʠʧʠʨʠʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ IIB  ʛʨʫʧʧʳ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʘ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) 

(ʦʙʤʝʥʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ PBE [3]) ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ çʇʨʠʨʦʜʘè [4], 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʫʤʝʥʴʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʘ ʢʘʜʤʠʷ (2) ʚ ʩʨʘʚʥʝʥʠʠ ʩ (1). 

ʕʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʢʘʢ ʩ ʜʘʥʥʳʤʠ ʈʉɸ (ʧʝʨʝʭʦʜ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʮʠʥʢʘ 

(1) ʢ ʠʦʥʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ (2)), ʪʘʢ ʠ ʩ ʦʩʥʦʚʥʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʪʝʦʨʠʠ ɾʄʂʆ. 

ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʄʊʊ-ʪʝʩʪʘ ʥʘ 

ʬʠʙʨʦʙʣʘʩʪʘʭ ʣʠʥʠʠ NCTC clone L929, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʢʣʝʪʦʢ ʧʦʜʢʦʞʥʦʡ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ 

ʪʢʘʥʠ ʤʳʰʝʡ ʉ3H/An. ʇʦʢʘʟʘʥʦ ʜʦʟʦʟʘʚʠʩʠʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 

ʚʳʞʠʚʘʝʤʦʩʪʴ ʢʣʝʪʦʢ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 1.10ï3 ʤʦʣʴ/ʣ ʦʙʘ ʩʦʝʜʠʥʝʥʠʷ ʦʢʘʟʘʣʠʩʴ 

ʪʦʢʩʠʯʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ L929, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʉ = 1.10ï4 ʤʦʣʴ/ʣ ʥʘʙʣʶʜʘʣʘʩʴ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ: ʩʦʝʜʠʥʝʥʠʝ (1) ʦʢʘʟʘʣʦʩʴ ʙʦʣʝʝ ʪʦʢʩʠʯʥʳʤ (ʚʳʞʠʚʘʝʤʦʩʪʴ: 20-30%) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʠʦʜʠʜʦʤ ʮʠʥʢʘ (ʚʳʞʠʚʘʝʤʦʩʪʴ: 40-50%) ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʪʦʢʩʠʯʥʳʤ ʣʠʛʘʥʜʦʤ. ʉʦʝʜʠʥʝʥʠʝ (2) ʦʢʘʟʘʣʦʩʴ ʪʦʢʩʠʯʥʳʤ ʧʨʠ ʉ = 1.10ï3ï1.10ï5 ʤʦʣʴ/ʣ. 

ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʉ = 1.10ï6ï1.10ï7 ʤʦʣʴ/ʣ ʦʙʘ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʦʢʘʟʳʚʘʣʠ ʪʦʢʩʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʣʝʪʢʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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38  ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ 

ɹʀʉ(ɸʈɽʅʆ)ɸɿɸ-14-ʂʈɸʋʅ-4-ʕʌʀʈʓ ʂɸʂ ʃʀɻɸʅɼʓ ɺ 

ʂʆʆʈɼʀʅɸʎʀʆʅʅʆʁ ʍʀʄʀʀ 
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ʂʨʘʫʥ-ʵʬʠʨʳ, ʢʘʢ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʣʷʣʠ ʠʥʪʝʨʝʩ ʜʣʷ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʚ ʨʝʘʢʮʠʷʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʘʤʦʩʙʦʨʢʠ ʜʠʩʢʨʝʪʥʳʭ 

ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʵʥʜʚʠʯʝʚʦʛʦ ʠ ʤʥʦʛʦʧʘʣʫʙʥʦʛʦ ʩʪʨʦʝʥʠʷ. 

ɿʘʤʝʱʝʥʥʳʝ 14-ʘʟʘʢʨʘʫʥ-4- ʬɻʠʨʳ - ʵʪʦ ʥʦʚʳʡ ʢʣʘʩʩ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʘʟʘʢʨʘʫʥʬʘʥʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʴʶ ʢ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʠ ʚʘʨʴʠʨʫʝʤʦʡ ʜʝʥʪʘʪʥʦʩʪʴʶ. 

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʠʥʪʝʟʫ, ʠʟʫʯʝʥʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠ ʩʪʨʦʝʥʠʶ ʩʝʨʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ d-ʤʝʪʘʣʣʦʚ (Co(II) Cu(II) Ni(II) ʠ 

ʜʨ.) ʩ ʨʷʜʦʤ ʟʘʤʝʱʝʥʥʳʭ ʙʠʩ(ʘʨʝʥʦ)ʘʟʘ-14-ʢʨʘʫʥ-4-ʵʬʠʨʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʤʝʪʘʣʣʦʮʠʢʣʘʤ, ʚ ʩʦʩʪʘʚ ʤʦʣʝʢʫʣ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ 

ʟʘʤʝʩʪʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʜʠʘʟʘʙʠʮʠʢʣʦ[3.3.1]ʥʦʥʘʥʦʚʳʡ ʠ ʧʠʨʠʜʠʣʴʥʳʝ 

ʬʨʘʛʤʝʥʪʳ. 

 

 

 
                                  ʘ                                                           ʙ 

 

ʈʠʩ 1. ʉʪʨʦʝʥʠʝ ʙʠʷʜʝʨʥʳʭ  ʘʩʩʦʮʠʘʪʦʚ  ʚ ʢʦʤʧʣʝʢʩʘʭ ʉu(II) (ʘ) ʠ Zn(II) (ʙ) c 

ʙʠʩʧʠʜʠʥʦ-ʘʟʘ-14-ʢʨʘʫʥ-4-ʵʬʠʨʦʤ. 

 

ʈʘʙʦʪʘ ʚʝʜʝʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʢʘʬʝʜʨʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʈʋɼʅ ʠ ʀʆʅʍ ʈɸʅ ʠʤ.ʅ.ʉ. 

ʂʫʨʥʘʢʦʚʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

[1] P. Comba, C. Haaf, and H. Wadepohl. Universitat Heidelberg, Anorganisch-Chemisches 

Institut, INF 270, D-69120 Heidelberg, Germany, March 24, 2009. 

[2] ʅ.ʄ. ʂʦʣʷʜʠʥʘ, ɺ.ʀ. ʉʦʢʦʣ, ɺ.ɹ. ʂʚʘʨʪʘʣʦʚ, ʠ ʜʨ. ɾʫʨʥʘʣ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ/ 2013, 

58 (6), 762ï768. 



ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ 39 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʆʄʇʃɽʂʉʆʆɹʈɸɿʆɺɸʅʀʗ ɸɼɽʅʆɿʀʅʊʈʀʌʆʉʌʆʈʅʆʁ 

ʂʀʉʃʆʊʓ ʉ ʂɸʊʀʆʅʅʓʄʀ ʉɽʈɸ-ʅʀʊʈʆɿʀʃʔʅʓʄʀ ʂʆʄʇʃɽʂʉɸʄʀ 

ɾɽʃɽɿɸ - ɼʆʅʆʈɸʄʀ NO 
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ɹʠʷʜʝʨʥʳʝ ʥʠʪʨʦʟʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘʤʠ ʷʚʣʷʶʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ 

ʥʠʪʨʦʟʠʣʴʥʳʭ [2Fe-2S] ʬʝʨʨʝʜʦʢʩʠʥʦʚ - ʜʦʥʦʨʦʚ ʤʦʥʦʦʢʩʠʜʘ ʘʟʦʪʘ (NO) in vivo [1]. ʀʭ 

ʨʝʘʢʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʣʝʪʦʯʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ ʵʪʠʭ ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʢʘʢ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ɸʜʝʥʦʟʠʥʪʨʠʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ (ɸʊʌ) ʠʛʨʘʝʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʤʝʥʝ ʵʥʝʨʛʠʠ ʠ ʚʝʱʝʩʪʚ ʚ ʦʨʛʘʥʠʟʤʘʭ. ʈʘʥʝʝ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʠʪʨʦʟʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʞʝʣʝʟʘ ʩ ʪʠʦʩʫʣʴʬʘʪʦʤ (ʊʅʂɾ) ʦʙʨʘʟʫʝʪ 

ʢʦʤʧʣʝʢʩ ʩ ɸʊʌ: ʢʦʥʩʪʘʥʪʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ Kʢ/ʦʙʨ = ʢ1/ʢ2= (9,2Ñ0,7)Ŀ10
4 

ʤ/ʣ) [2]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠ ʨʝʘʢʮʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɸʊʌ ʩ ʙʠʷʜʝʨʥʳʤʠ 

ʢʘʪʠʦʥʥʳʤʠ ʥʠʪʨʦʟʠʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʞʝʣʝʟʘ ñÕ-Sò ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ, ʩʦʜʝʨʞʘʱʠʤʠ: 

ʧʝʥʠʮʠʣʣʘʤʠʥʦʚʳʡ (ʇɽʅ) ʠ ʮʠʩʪʝʘʤʠʥʦʚʳʡ (ʎɸʂ) ʣʠʛʘʥʜʳ. ʉʪʨʫʢʪʫʨʳ ʜʠʢʘʪʠʦʥʦʚ 

ʩʦʣʝʡ ʎɸʂ ʠ ʇɽʅ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ: 

 
 

 
 

 
ʎɸʂ - [Fe2(S(CH2)2NH3)2(NO)4]SO4Ā2.5H2O ʇɽʅ ï [Fe[S(C5H11NO2]2(NO)4]SO4Ā5H2O 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʋʩʪʘʥʦʚʣʝʥʳ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʨʘʩʩʯʠʪʘʥʳ ʢʦʥʩʪʘʥʪʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. ɸʥʘʣʠʟ 

ʗʄʈ ʠ ʀʂ ʩʧʝʢʪʨʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʙʨʘʟʫʝʪʩʷ ʥʦʚʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʟʘ ʩʯʸʪ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʩ ʘʜʝʥʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ɸʊʌ; ʬʦʩʬʦʨʥʳʝ 

ʦʩʪʘʪʢʠ ɸʊʌ ʦʩʪʘʶʪʩʷ ʥʝ ʟʘʪʨʦʥʫʪʳʤʠ ʠ ʩʦʭʨʘʥʷʶʪ çʵʥʝʨʛʝʪʠʯʝʩʢʠʡè ʧʦʪʝʥʮʠʘʣ 

ʤʘʢʨʦʵʨʛʠʯʝʩʢʠʭ ʩʚʟ̫ʝʡ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

[1] ʅ.ɸ. ʉʘʥʠʥʘ, ʉ.ʄ. ɸʣʜʦʰʠʥ. ʀʟʚ. ɸʅ. ʉʝʨ.ʭʠʤ., 2011. 7, 1199-1227. 

[2] E.A. Saratovskikh, B.L. Psikha, N.A. Sanina. Natural Science, 2013. 5, 7, 800-810. 



40  ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ 

ʉʇɽʂʊʈʆʌʆʊʆʄɽʊʈʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʀɽ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ 

ʅʆɺʆɻʆ ʂʈɸʋʅ-ʇʆʈʌʀʈʀʅɸ ʉ ʅɽʂʆʊʆʈʓʄʀ d-ʄɽʊɸʃʃɸʄʀ 

 

ɺ.ɽ. ʂʦʮʶʙʘ, ʅ.ʄ. ʂʦʣʷʜʠʥʘ, ɸ.ʊ. ʉʦʣʜʘʪʝʥʢʦʚ 

 

ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

e-mail: vasilyk@yandex.ru 

 

ʇʦʨʬʠʨʠʥʦʚʳʝ ʤʘʢʨʦʮʠʢʣʳ ʠ ʦʩʦʙʝʥʥʦ ʠʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ 

ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʘʢ ʢʨʘʩʠʪʝʣʠ, ʢʘʪʘʣʠʟʘʪʦʨʳ ʠ ʧʝʨʝʥʦʩʯʠʢʠ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ [1]. ʇʦʨʬʠʨʠʥ 1, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ, 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʘʟʘʢʨʘʫʥʦʬʘʥʦʚ, ʩʦʜʝʨʞʘʱʝʛʦ ʢʨʘʫʥ-ʵʬʠʨʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ. 

 

 
 

ʄʝʪʦʜʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʝʛʦ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ (Bu4NOH ʚ DMSO) ʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ (CF3COOH ʚ ʩʤʝʩʠ H2O-MeCN), 

ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʩ ʢʘʪʠʦʥʘʤʠ Cu2+, Co2+, Zn2+, Ag2+ ʠ Hg2+, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ 

ʩʦʩʪʦʷʥʠʠ ʧʦʨʬʠʨʠʥ 1 ʥʘʛʨʝʚʘʣʠ ʩ ʘʮʝʪʘʪʘʤʠ (ʠʣʠ ʥʠʪʨʘʪʘʤʠ) Cu(II), Co(II), Zn(II ), Ag(I). 

ʇʦ ʜʘʥʥʳʤ LCMS-ʘʥʘʣʠʟʘ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣ-ʣʠʛʘʥʜ ʚ ʚʳʜʝʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

ʩʦʩʪʘʚʣʷʝʪ 1:1. ɺ ʩʣʫʯʘʝ Hg(II), ʜʘʥʥʳʝ ʕʉʇ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ñʩʵʥʜʚʠʯʝʚʦʛʦò ʢʦʤʧʣʝʢʩʘ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣ-ʣʠʛʘʥʜ 3:2, ʩʦʜʝʨʞʘʱʝʛʦ ʘʮʝʪʘʪ-ʠʦʥʳ 

ʚ ʢʘʯʝʩʪʚʝ ʘʢʩʠʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ [2]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʚʦʙʦʜʥʦʤ ʣʠʛʘʥʜʝ 1 ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʪʨʘʥʩ-

ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʨʘʫ-ʵʬʠʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʡ ʧʣʦʩʢʦʩʪʠ ʧʦʨʬʠʨʠʥʦʚʦʛʦ 

ʮʠʢʣʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʈʉɸ [3]. ʉʤʝʥʘ ʢʦʥʬʦʨʤʘʮʠʠ ʢʨʘʫʥ-ʬʨʘʛʤʝʥʪʦʚ ʚ 1 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʠʣʠ ʤʘʣʳʭ ʤʦʣʝʢʫʣ, ʥʘʧʨʠʤʝʨ ʘʤʠʥʦʢʠʩʣʦʪ 

(ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʕʉʇ), ʤʦʞʝʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʧʨʠʤʝʥʝʥʠʷ 1 ʚ ʢʘʯʝʩʪʚʝ 

ʭʝʤʦʩʝʥʩʦʨʘ. 
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ʍʠʤʠʷ ʛʘʟʦʬʘʟʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʵʣʝʤʝʥʪʦʚ 13-15 ʛʨʫʧʧ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ ʠʭ ʧʨʠʤʝʥʝʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʩʠʥʪʝʟʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʥʘʥʦ- ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʫʪʝʡ, ʚʝʜʫʱʠʭ ʢ ʪʘʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʷʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ 

ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ (ɼɸ) ʢʦʤʧʣʝʢʩʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ MR3 ʠ YH3 (M ï 

ʵʣʝʤʝʥʪʳ 13 ʛʨʫʧʧʳ, Y ï ʵʣʝʤʝʥʪʳ 15 ʛʨʫʧʧʳ, R ï H, ʛʘʣʦʛʝʥ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʟʘʤʝʩʪʠʪʝʣʴ). ʆʙʱʘʷ ʩʭʝʤʘ ʨʝʘʢʮʠʡ ʤʝʞʜʫ ʪʨʠʤʝʪʠʣʘʣʶʤʠʥʠʝʤ ʠ ʘʤʤʠʘʢʦʤ ʚ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ [1]: 

 

 
 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʤʝʪʘʥʘ ʧʨʠʚʦʜʠʪ ʢ ʘʤʠʜʦ- ʠ ʠʤʠʜʦʩʦʝʜʠʥʝʥʠʷʤ 

ʠ ʚ ʠʪʦʛʝ ï ʢ ʥʠʪʨʠʜʫ ʘʣʶʤʠʥʠʷ. 

ʆʜʥʘʢʦ ʠʥʪʝʨʤʝʜʠʘʪʳ ʛʘʟʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ ʤʘʣʦ ʠʟʫʯʝʥʳ, ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ ʥʝ 

ʠʟʚʝʩʪʝʥ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʢʮʠʡ ʤʝʞʜʫ ʪʨʠʤʝʪʠʣʘʣʶʤʠʥʠʝʤ ʠ ʘʤʤʠʘʢʦʤ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ. ʄʝʪʦʜʦʤ 

B3LYP/TZVPP ʧʦʣʫʯʝʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ ʧʨʦʮʝʩʩʦʚ ʜʠʩʩʦʮʠʘʮʠʠ, 

ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ ʠ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʝʡ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʦʣʠʛʦʤʝʨʥʳʭ ʬʦʨʤ ʚ ʧʘʨʘʭ ʷʚʣʷʝʪʩʷ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʤʝʪʘʥʘ ʦʪ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ Al(CH3)3NH3. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʳ ʛʘʟʦʬʘʟʥʳʝ ʨʝʘʢʮʠʠ 

ʤʝʞʜʫ ʪʨʠʤʝʪʠʣʘʣʶʤʠʥʠʝʤ ʠ ʘʤʤʠʘʢʦʤ (ʜʝʡʪʝʨʦʘʤʤʠʘʢʦʤ). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 388 ʂ ʚ ʧʘʨʘʭ ʧʨʦʪʝʢʘʝʪ ʩʧʦʥʪʘʥʥʘʷ ʨʝʘʢʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʣʠʛʦʤʝʨʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ [(CH3)2AlNH2]2,3. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪ [2,3] ʥʘʤʠ 

ʚʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʦʣʠʛʦʤʝʨʦʚ ʥʝ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʘʢʪʠʚʘʮʠʠ ʠ ʧʨʦʪʝʢʘʝʪ ʜʘʞʝ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʜʘʚʣʝʥʠʷʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪʢʨʳʚʘʶʪ ʧʫʪʴ ʜʣʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ 

ʥʠʪʨʠʜʘ ʘʣʶʤʠʥʠʷ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʤʝʪʦʜʦʤ CVS (chemical vapor synthesis) [4]. 

 

ɺʳʨʘʞʘʝʤ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʈʝʩʫʨʩʥʦʤʫ ʮʝʥʪʨʫ çɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʮʝʥʪʨ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘè (ʈʎɺʎ ʉʇʙɻʋ). ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ 

ʨʘʤʢʘʭ ʪʝʤʧʣʘʥʘ ʉʇʙɻʋ ˉ 12.37.139.2011, ˉ 12.50.1563.2013 ʠ ˉ 12.38.255.2014. 
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42  ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ 

ʀɿʋʏɽʅʀɽ ʉʊʈʆɽʅʀʗ ʀ ʊʆʂʉʀʏʅʆʉʊʀ ʄɽɼʔ-ʉʆɼɽʈɾɸʑʀʍ 

ʉʆɽɼʀʅɽʅʀʁ ɻʃʋʊɸʊʀʆʅɸ 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʝ ʪʠʦʣʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʟʘʱʠʱʘʶʪ ʥʘʰ 

ʦʨʛʘʥʠʟʤ ʦʪ ʪʦʢʩʠʯʥʦʛʦ ʜʝʡʩʪʚʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ʆʥʠ ʩʚʷʟʳʚʘʶʪ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʚ 

ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʧʦʣʝʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʪʘʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʢʦʤʧʣʝʢʩ ʛʣʫʪʘʪʠʦʥʘ ʩ ʠʦʥʘʤʠ ʤʝʜʠ. ʂ ʩʦʞʘʣʝʥʠʶ, 

ʩʚʝʜʝʥʠʷ ʦ ʩʦʩʪʘʚʝ ʠ ʩʪʨʫʢʪʫʨʝ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠ ̫ʝʜʠʥʠʯʥʳʝ, ʠ ʠʥʦʛʜʘ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ, ʘ 

ʜʘʥʥʳʝ ʧʦ ʚʣʠʷʥʠʶ ʩʦʩʪʘʚʘ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ (II) ʩ ʛʣʫʪʘʪʠʦʥʦʤ ʥʘ ʠʭ ʪʦʢʩʠʯʥʦʩʪʴ ʦʯʝʥʴ 

ʤʘʣʦʯʠʩʣʝʥʥʳ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ 

ʤʝʜʴ-ʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʚʳʷʚʣʝʥʠʝ ʠʭ ʪʦʢʩʠʯʥʦʩʪʠ. 

ʉʠʥʪʝʟ ʤʝʜʴ-ʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʛʣʫʪʘʪʠʦʥʘ ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʤʝʰʠʚʘʣʠ ʨʘʩʪʚʦʨʳ ʩʫʣʴʬʘʪʘ ʤʝʜʠ (II ) ʠ ʛʣʫʪʘʪʠʦʥʘ 

(ʢʦʥʮʝʥʪʨʘʮʠʠ 33 ʤʤʦʣʴ/ʜʤ3) ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1, 1:2, 1:3, 1:4, 1:5, 1:6. 

ʄʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʠ ʠʩʩʣʝʜʦʚʘʣʠ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʩʪʚʦʨʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚ ʢʦʤʧʣʝʢʩ ʤʝʜʠ ʩ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ʛʣʫʪʘʪʠʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ, 

ʣʦʛʘʨʠʬʤ ʝʛʦ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ 5,8. 

ʄʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʣʠ 

ʩʚʦʡʩʪʚʘ ʚʳʜʝʣʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʤʝʜʠ ʢ ʤʘʩʩʝ ʩʝʨʳ ʚ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦʚʦʛʦ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʪʨʠ ʚʠʜʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʵʣʝʤʝʥʪʦʚ Cu ʢ S: 5:2, 7:4, 1:1. 

ʆʧʨʝʜʝʣʠʣʠ, ʯʪʦ ʩʚʷʟʴ ʩ ʠʦʥʘʤʠ ʤʝʜʠ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʪʠʦʣʦʚʫʶ 

ʛʨʫʧʧʫ, ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʜʨʫʛʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʛʣʫʪʘʪʠʦʥʘ ʥʝ 

ʦʜʥʦʟʥʘʯʥʦ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʦʢʩʠʯʥʦʩʪʠ ʚʳʜʝʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣʠ ʧʦ  ʤʝʪʦʜʠʢʝ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʠʟʤʝʥʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʛʝʥʥʦ-ʠʥʞʝʥʝʨʥʦʛʦ ʰʪʘʤʤʘ 

ʙʘʢʪʝʨʠʡ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʩʳʱʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʚʝʱʝʩʪʚ 

ʩʠʣʴʥʦ ʪʦʢʩʠʯʥʳ. ɺ ʩʣʫʯʘʝ ʧʦʩʪʫʧʣʝʥʠʷ ʵʪʠʭ ʚʝʱʝʩʪʚ ʚ ʦʙʲʝʢʪ rʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ 

ʢʦʣʠʯʝʩʪʚʘʭ ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʟʜʘʜʫʪʩʷ 

ʛʫʙʠʪʝʣʴʥʳʝ ʜʣʷ ʙʠʦʪʳ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ʇʨʠ ʨʘʟʙʘʚʣʝʥʠʠ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʚ 1,5 ʨʘʟʘ ʠʥʜʝʢʩ ʪʦʢʩʠʯʥʦʩʪʠ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʜʘʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʠʤʫʣʷʮʠʷ 

ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɺʘʨʠʘʥʪ r 1:5 ʠ 1:6 ʦʩʪʘʶʪʩʷ ʪʦʢʩʠʯʥʳʤʠ. ʇʨʠ ʨʘʟʙʘʚʣʝʥʠʠ 

ʥʘʩʳʱʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʜʚʘ ʨʘʟʘ ʠʥʜʝʢʩ ʪʦʢʩʠʯʥʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʝʱʝ ʩʠʣʴʥʝʝ, ʠʜʝʪ 

ʩʪʠʤʫʣʷʮʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʚʝʱʝʩʪʚ, ʢʨʦʤʝ ʚʘʨʠʘʥʪʘ 1:3. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʧʨʦʜʦʣʞʝʥʳ. ʅʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʬʦʨʤʫʣʫ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʟʫʯʠʪʴ ʪʦʢʩʠʯʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʤʝʪʦʜʦʤ 

ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʥʦ ʠ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. 
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ʇʣʘʪʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ (ʮʠʩʧʣʘʪʠʥ, ʢʘʨʙʦʧʣʘʪʠʥ ʠ ʦʢʩʘʣʠʧʣʘʪʠʥ) ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʧʨʠ ʣʝʯʝʥʠʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʣʘʪʠʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʷʚʣʷʝʪʩʷ ʠʭ ʥʠʟʢʘʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ, ʚʳʩʦʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʦʧʫʭʦʣʝʡ. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʨʫʪʝʥʠʷ, ʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʨʫʪʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʩʝʙʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʢʘʥʜʠʜʘʪʳ ʜʣʷ 

ʣʝʯʝʥʠʷ ʦʧʫʭʦʣʝʚʳʭ ʟʘʙʦʣʝʚʘʥʠʠ ʣʠʰʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʦʚ ʠʭ ʧʣʘʪʠʥʦʚʳʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʩʠʩʪʝʤʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʫʪʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʢʣʝʪʦʯʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʨʘʢʦʚʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʪʘʢʠʝ ʢʘʢ ʛʣʠʢʦʣʠʟ ʠ ʘʥʛʠʦʛʝʥʝʟ, ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ ʚ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʣʝʪʢʘʭ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʨʘʢʦʚʳʭ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vitro ʠ ʷʚʣʷʶʪʩʷ 

ʭʦʨʦʰʠʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʘʥʛʠʦʛʝʥʝʟʘ, ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vivo. 

 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ 

13-03-00513-ʘ, 14-03-01101-ʘ ʠ 13-03-12460 ʦʬʠ-ʤ. 
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ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʦʙʳʯʥʦ ʧʦʣʫʯʘʶʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʦʣʝʡ ʤʝʜʠ ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ,  ʥʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠ ʧʨʷʤʳʤ 

ʤʝʪʦʜʦʤ [1]. ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʫʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʤʝʩʝʡ 

ʘʤʠʥʦʢʠʩʣʦʪ ʠ ɻʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʝʜʠ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ Ŭ-ʘʤʠʥʦʢʠʩʣʦʪʳ H2NCHRCOOH [ʛʣʠʮʠʥ (R = 

H), ʘʣʘʥʠʥ (R = CH3), ʘʩʧʘʨʘʛʠʥ (R = H2NOCCH2)] ʠ ɓ-ʘʣʘʥʠʥ (H2NCH2CH2COOH). ɺ 

ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ (ɼʄʌɸ) ʠ ʚʦʜʘ. ʈʝʘʢʮʠʠ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʜʴ : ʘʤʠʥʦʢʠʩʣʦʪʘ 1 : ʘʤʠʥʦʢʠʩʣʦʪʘ 2, 1 : 1 : 

1 (ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʞʜʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ 0,5 ʤʦʣʴ/ʣ); ʤʝʜʴ : ʘʤʠʥʦʢʠʩʣʦʪʘ 1 : 

ʘʤʠʥʦʢʠʩʣʦʪʘ 2, 1 : 2 : 1 (ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʨʚʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ 1 ʤʦʣʴ/ʣ, ʚʪʦʨʦʡ ï 0,5 

ʤʦʣʴ/ʣ). ʕʢʩʧʝʨʠʤʝʥʪʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (20 0ʉ) ʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʢʠʧʝʥʠʷ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ. ʂʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ ʤʝʜʠ(II ), ʧʝʨʝʰʝʜʰʠʭ ʚ 

ʨʘʩʪʚʦʨ, ʦʧʨʝʜʝʣʷʣʠ ʠʦʜʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [2]. 

ʇʨʠ ʩʦʚʤʝʩʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʘʤʠʥʦʢʠʩʣʦʪ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʜʠ ʚ 2-7 ʨʘʟ. ɺ ʩʠʩʪʝʤʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʛʣʠʮʠʥ ʠ ɓ-ʘʣʘʥʠʥ, 

ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ. ɺ ʜʨʫʛʠʭ ʩʠʩʪʝʤʘʭ ʠʟʤʝʥʝʥʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʤʝʜʴʶ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʸ ʨʘʩʪʚʦʨʝʥʠʷ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʠʭ ʤʝʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ɼʄʌɸ ʠ ʙʣʦʢʠʨʦʚʘʥʠʝʤ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʝʜʠ ʠʟʫʯʘʣʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ  ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʠʭ 

ʩʤʝʩʝʡ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 10ï4, 10ï3, 10ï2 ʠ 10ï1 ʤʦʣʴ/ʣ. 

ɺ ʨʘʩʪʚʦʨʘʭ ɓ-ʘʣʘʥʠʥʘ ʩ ʛʣʠʮʠʥʦʤ ʠʣʠ Ŭ-ʘʣʘʥʠʥʦʤ, ʦʙʨʘʟʫʶʱʠʤʠ ʫʩʪʦʡʯʠʚʳʝ 

ʢʦʤʧʣʝʢʩʳ ʚ ʦʙʲʸʤʝ ʵʣʝʢʪʨʦʣʠʪʘ, ʘʥʦʜʥʦʝ ʦʢʠʩʣʝʥʠʝ ʤʝʜʠ ʫʩʢʦʨʷʝʪʩʷ, ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʘ ʜʝʡʩʪʚʠʶ ʢʘʞʜʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ. 

ɺ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʘʩʧʘʨʘʛʠʥʘ ʜʚʫʭʩʪʘʜʠʡʥʦʝ ʦʢʠʩʣʝʥʠʝ ʤʝʜʠ ʧʨʦʪʝʢʘʝʪ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ 10ï4 ʠ 10ï1 ʤʦʣʴ/ʣ; ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 10ï3 ʠ 10ï2 ʤʦʣʴ/ʣ ʨʘʟʜʝʣʝʥʠʝ ʩʪʘʜʠʡ 

ʦʪʩʫʪʩʪʚʫʝʪ. ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʟʘʪʨʫʜʥʝʥʠʷ ʚʦʟʨʘʩʪʘʶʪ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 

10ï1  ʜʦ 10ï3 ʤʦʣʴ/ʣ ʠ, ʚʦʟʤʦʞʥʦ, ʦʙʫʩʣʦʚʣʝʥʳ ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʘ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ 

ʘʩʧʘʨʘʛʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʘʤʠʥʦʢʠʩʣʦʪ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚ 

ʥʝʡʪʨʘʣʴʥʳʭ ʩʨʝʜʘʭ ɓ-ʘʣʘʥʠʥ ʦʢʘʟʳʚʘʝʪ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ 

ʥʝʟʘʧʘʩʩʠʚʠʨʦʚʘʥʥʫʶ ʤʝʜɹ, ʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʣʝʢʫʣ ʘʩʧʘʨʘʛʠʥʘ ʩ ʤʝʜʴʶ ʧʨʠ 

ʥʘʣʦʞʝʥʠʠ ʪʦʢʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʠʥʦʢʠʩʣʦʪʳ. 
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ɻʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʘʣʠʮʠʣʦʚʘʷ (2-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʘʷ) 

ʢʠʩʣʦʪʘ ʠ ʝʝ ʟʘʤʝʱʝʥʥʳʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ ʚ ʢʘʯʝʩʪʚʝ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʠ ʘʥʪʠʤʠʢʨʦʙʥʳʭ ʘʛʝʥʪʦʚ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ, ʷʚʣʷʝʪʩʷ pKa, ʛʜʝ Ka ï ʢʦʥʩʪʘʥʪʘ 

ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʠ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ. ɺʝʣʠʯʠʥʘ pKa ʠʛʨʘʝʪ ʦʯʝʥʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʪʘʢʠʭ ʢʘʯʝʩʪʚ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʢʘʢ ʘʜʩʦʨʙʮʠʷ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʤʝʪʘʙʦʣʠʟʤ ʠ ʚʳʜʝʣʝʥʠʝ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʭʦʨʦʰʝʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʜʣʷ 

ʛʘʟʦʚʦʡ ʬʘʟʳ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʜʝʩʢʨʠʧʪʦʨʘʤʠ ʤʦʣʝʢʫʣ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʢʠʩʣʦʪʥʦʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʧʫʩʪʠʤʘ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʵʥʝʨʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʣʝʢʫʣʳ, ʪʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʨʂʘ ʢʘʢ ʣʠʥʝʡʥʫʶ ʬʫʥʢʮʠʶ ʦʪ ʚʝʣʠʯʠʥʳ 

ȹʅ: pKa = a*æH0
r + b. ɼʣʷ ʢʠʩʣʦʪʳ ʅɸ ʨʝʘʢʮʠʶ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʫʩʣʦʚʥʦ 

ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʅɸ Ӱ ʅ+ + ɸ-, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ȹʅ0
r ʜʣʷ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘʭʦʜʠʪʩʷ ʢʘʢ 

ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʡ (ɽ(ɸ-) + ɽ(ʅ+)) ï ɽ (ʅɸ), ʨʘʩʩʯʠʪʘʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʧʦʣʫʯʝʥʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʥʘʯʝʥʠʷʤʠ ʚʝʣʠʯʠʥ ʨʂʘ ʠ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʥʪʘʣʴʧʠʠ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʢʠʩʣʦʪʘʭ. ʕʣʝʢʪʨʦʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʠ ʛʝʦʤʝʪʨʠʷ ʤʦʣʝʢʫʣ ʢʠʩʣʦʪ ʨʘʩʩʯʠʪʘʥʳ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ Firefly v. 8.0.  

ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣʳ ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [1]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʤʝʪʦʜʳ 

ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʣʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ çʦʩʪʦʚʘè.  

ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʵʥʝʨʛʠʷʤʠ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʠ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤ ʢʠʩʣʦʪ (ʩ ʫʯʝʪʦʤ ʵʤʧʠʨʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ 

ʧʨʦʪʦʥʘ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ) ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʢʦʥʩʪʘʥʪʘʭ 

ʜʠʩʩʦʮʠʘʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʵʤʧʠʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 3-21G(d,p) 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʫʶ ʢʦʨʨʝʣʷʮʠʶ (R2 = 0,97) ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʢʠʩʣʦʪ ʠ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʵʥʝʨʛʠʡ ʠʭ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪʘʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʴʚʘʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʈʉʄ, ʧʨʠʤʝʥʝʥʠʝ DFT-ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ, ʫʯʝʪ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦ-ʦʙʤʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʄʈ2), ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʙʘʟʠʩʥʦʛʦ ʥʘʙʦʨʘ ʥʝ 

ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʘʯʝʩʪʚʘ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʘʧʨʠʦʨʥʦʡ ʦʮʝʥʢʠ 

ʨʅ ʨʘʟʣʠʯʥʳʭ ʟʘʤʝʱʝʥʥʳʭ ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

[1] Y. Kwon. Journal of Molecular Structure (Theochem). 2000, 532, 227-237. 



46  ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ 
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ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʝʧʘʨʘʪʳ ʠʟ ʥʘʥʦʯʘʩʪʠʮ ʨʘʟʣʠʯʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʨʠʚʣʝʢʘʶʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʧʨʘʢʪʠʢʦʚ ʠʟ-ʟʘ 

ʩʚʦʠʭ ʫʥʠʢʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʀʟʚʝʩʪʥʦ, ʦʜʥʘʢʦ, ʯʪʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʵʥʝʨʛʠʠ ʢʘʢ ʧʨʠʛʦʪʦʚʣʝʥʠʝ, ʪʘʢ ʠ ʩʦʭʨʘʥʝʥʠʝ ʪʘʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʦʩʪʘʪʁʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʧʦʠʩʢʠ ʥʦʚʳʭ 

ʵʬʬʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʠʝʤʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʙʨʘʱʘʶʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ 

ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʣʣʝʢʪʠʚʘ ʫʣʴʪʨʘʤʠʢʨʦʨʝʘʢʪʦʨʦʚ. ʅʘʧʨʠʤʝʨ, 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʦʪʦʥʥʳʭ ʰʘʨʠʢʦʚ ʧʨʝʜʣʦʞʝʥ ʜʚʫʭʰʘʛʦʚʳʡ ʪʝʤʧʣʘʪʥʳʡ ʤʝʪʦʜ [1]. 

ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʢʦʚʳʭ ʤʝʤʙʨʘʥ [2], ʢʘʥʘʣʳ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʢʘʢ ʤʠʢʨʦʨʝʘʢʪʦʨʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʘʩʪʠʮ ʪʨʝʙʫʝʤʳʭ ʨʘʟʤʝʨʦʚ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʠʭ ʠ 

ʜʨʫʛʠʭ ʩʭʦʜʥʳʭ ʧʨʠʝʤʦʚ ʚʦʟʥʠʢʘʝʪ, ʦʜʥʘʢʦ, ʨʷʜ ʧʨʦʙʣʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ: ʧʨʦʙʣʝʤʘ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ (ʧʦʩʪʦʷʥʥʦʩʪʠ) ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʨʠʮʳ ʠ ʧʨʦʙʣʝʤʘ ʠʟʚʣʝʯʝʥʠʷ ʠʟ 

ʤʘʪʨʠʮʳ ʧʦʣʫʯʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʙʝʟ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʚ ʧʦʨʘʭ ʧʨʝʩʩʦʚʘʥʥʦʡ ʩʘʭʘʨʦʟʳ. ʉʘʭʘʨʦʟʘ ʩʣʫʞʠʣʘ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʡ ʤʘʪʨʠʮʝʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚ ʝʝ ʦʙʲʝʤʝ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʨʝʘʢʮʠʠ ʦʩʘʞʜʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʙʳʣ ʚʳʙʨʘʥ ʩʫʣʴʬʘʪ ʙʘʨʠʷ, 

ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ ʠ ʭʣʦʨʠʜʘ ʙʘʨʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʨʝʧʘʨʘʪʦʚ ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʭʣʦʨʠʜʘ ʙʘʨʠʷ ʠ ʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʤʝʱʘʣʠ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ ʥʝʙʦʣʴʰʦʛʦ ʢʫʩʢʘ 

ʩʘʭʘʨʦʟʳ, ʚʥʦʩʠʣʠ ʩʘʭʘʨʦʟʫ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ ʚ ʚʦʜʫ ʠ ʜʘʚʘʣʠ ʨʘʩʪʚʦʨʘʤ ʧʝʨʝʤʝʱʘʪʴʩʷ 

ʚ ʦʙʲʝʤ ʩʘʭʘʨʦʟʳ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʥʘʩʳʱʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʩʘʭʘʨʦʟʳ 

ʚʦʟʥʠʢʘʣʠ ʪʚʝʨʜʳʝ ʤʠʢʨʦʯʘʩʪʠʮʳ, ʬʦʨʤʘ ʢʦʪʦʨʳʭ ʟʘʜʘʚʘʣʘʩʴ ʬʦʨʤʦʡ ʪʦʡ ʧʦʣʦʩʪʠ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʣ ʨʦʩʪ ʯʘʩʪʠʮʳ. ʇʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʚʦʜʝ ʚʩʝʛʦ ʢʫʩʢʘ ʩʘʭʘʨʦʟʳ ʦʩʘʜʦʢ BaSO4 

ʦʪʜʝʣʷʣʠ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʯʝʨʝʟ ʪʨʝʢʦʚʳʝ ʬʠʣʴʪʨʳ (ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʆʀʗʀ, ɼʫʙʥʘ), 

ʜʠʘʤʝʪʨ ʧʦʨ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣ 0,18 ʤʢʤ. ʆʪʬʠʣʴʪʨʦʚʘʥʥʳʝ ʯʘʩʪʠʮʳ ʩʫʰʠʣʠ ʠ ʜʘʣʝʝ ʚ 

ʩʫʭʦʤ ʚʠʜʝ ʭʨʘʥʠʣʠ ʚ ʧʣʦʪʥʦ ʫʢʫʧʦʨʝʥʥʳʭ ʙʶʢʩʘʭ. ʇʨʝʧʘʨʘʪʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʧʦ 

ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ) ʠ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʫʢʘʟʘʥʥʳʤ ʧʫʪʝʤ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʳ BaSO4 ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʥʠʪʝʡ, ʧʨʦʪʷʞʝʥʥʳʭ 

ʧʣʦʩʢʠʭ ʯʘʩʪʠʮ ʠ ʤʠʢʨʦʯʘʩʪʠʮ ʠʥʦʡ ʬʦʨʤʳ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

[1] Yi G.-R., Moon J.H., Manoharan V.N. et al. Packings of Uniform Microspheres with 

Ordered Macropores Fabricated by Double Templating, J. Amer. Chem. Soc. 2002, 124, 13354. 

[2] C. Charcosset, R. Kieffer, D.Mangin et al. Coupling between Membrane Processes and 

Crystallization Operations. Ind. Eng. Chem. Res. 2010, 124, 5489. 

mailto:berd@radio.chem.msu.ru


ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ. ʋʩʪʥʳʝ ʜʦʢʣʘʜʳ 47 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʠʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ (ʑʂ, ʄʂ, ʗʂ), ʘ ʪʘʢʞʝ ʘʤʠʥʦʩʧʠʨʪʳ (ʄʕɸ, 

ɼʕɸ, ʊʕɸ), ʘʤʠʥʳ (ʕɼɸ, ɻʄʊɸ, ɻʄɼɸ) ʦʙʣʘʜʘʶʪ ʤʥʦʛʠʤʠ ʧʦʣʝʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ï ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʧʦʠʩʢʘ ʥʦʚʳʭ ʙʠʦʛʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʤʝʪʦʜʘʤʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʠʟʦʤʦʣʷʨʥʳʭ ʩʝʨʠʡ, ʤʦʣʷʨʥʳʭ 

ʦʪʥʦʰʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʝʥʩʠ-, ʨʝʬʨʘʢʪʦ- ʠ ʨʅ-ʤʝʪʨʠʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʪʨʦʡʥʘʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ ï ʤʦʥʦʵʪʘʥʦʣʘʤʠʥ ï ʚʦʜʘ ʧʨʠ 25 Áʉ. 

ʇʨʠ ɻʪʦʤ ʤʝʪʦʜʘʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʍʠʤʠʯʝʩʢʠʤ ʠ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʘʤʠ ʦʧʨʝʜʝʣʝʥ 

ʩʦʩʪʘʚ, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʝ C2H4(COOH)2ĿNH2C2H4OH. 

ɼʚʦʡʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚʳʜʝʣʝʥʦ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʚ, ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ, 

ʧʨʦʚʝʜʝʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʭʠʤʠʯʝʩʢʠʤ, ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʝʩʢʠʤ ʘʥʘʣʠʟʘʤʠ ʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. ʅʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪ ʧʦʛʣʦʱʝʥʠʷ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʫʢʘʟʳʚʘʶʪ 

ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʫʪʝʤ ʧʝʨʝʭʦʜʘ ʧʨʦʪʦʥʘ ʦʪ ʢʘʨʙʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʢʠʩʣʦʪ ʢ ʘʪʦʤʫ ʘʟʦʪʘ ʘʤʠʥʦʛʨʫʧʧʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʣʝʡ ɸʨʨʝʥʠʫʩʘ 

[ʅʆC2H4(N
+H3)]Ŀ[H5C4ʆ4]

ï. 

ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʭ ʩʧʝʢʪʨʦʚ, ʩʥʷʪʳʭ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-7, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 

C2H4(COOH)2ĿNH2C2H4OH ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʳʡ ʥʘʙʦʨ ʤʝʞʧʣʦʩʢʦʩʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ (d, ¡), 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ (Iʦʪʥ, %) ʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʩʠʤʚʦʣʦʚ (HKL). ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ: a = 5,8114 (40) ¡; b = 8,4527 (44) ¡;     

c = 9,0993 (49) ¡; Ŭ = 87,70 (73)ʦ; ɓ = 73,95 (24)ʦ; ɔ = 80,57 (11)ʦ; V = 423,74 (36) ¡3. 

ʊʨʠʢʣʠʥʥʘʷ ʩʠʥʛʦʥʠʷ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ 

ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʩ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʛʠʜʨʦʩʫʢʮʠʥʘʪʘ ʤʦʥʦʵʪʘʥʦʣʘʤʤʦʥʠʷ 

C2H4(COOH)2ĿNH2C2H4OH ʥʘ ʩʝʤʝʥʘʭ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʩʦʨʪʘ çʄʦʩʢʦʚʩʢʘʷ 35è, ʷʯʤʝʥʷ 

ʩʦʨʪʘ çʕʣʴʬè, ʦʚʩʘ ʩʦʨʪʘ çɸʜʘʤʦè. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ  0,001%-ʛʦ ʨʘʩʪʚʦʨʘ 

ʫʢʘʟʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʫʚʝʣʠʯʠʚʘʝʪ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ, ʩʢʦʨʦʩʪʴ ʧʨʦʨʘʩʪʘʥʠʷ, ʩʦʜʝʨʞʘʥʠʝ 

ʭʣʦʨʦʬʠʣʣʘ ʚ ʣʠʩʪʴʷʭ ʠ ʫʨʦʞʘʡʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ[1, 2].  
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