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ʅʆɺʓʍ ʄɸʊɽʈʀɸʃʆɺ 

ɺ.ʊ. ʇʘʥʶʰʢʠʥ 

ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ 
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ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʚʘʨʠʘʥʪʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʂʉ) ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʙʘʚʦʢ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 

ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʟʘʱʠʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʠʦʥʠʟʠʨʫʶʱʠʭ 

ʠʟʣʫʯʝʥʠʡ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʠʭ ʵʥʝʨʛʦʙʘʟʳ), ʨʘʙʦʪʘʶʱʠʭ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ, ʷʚʣʷʝʪʩʷ ʠʭ ʟʘʱʠʪʘ ʦʪ 

ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ. ʆʩʥʦʚʥʳʤ ʚʠʜʦʤ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʘʭ ʷʚʣʷʝʪʩʷ ʧʦʪʦʢ ʧʨʦʪʦʥʦʚ, 

ʢʨʦʤʝ ʪʦʛʦ, ʥʘ ʣʝʪʘʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚʦʟʜʝʡʩʪʚʫʝʪ ʩʦʣʥʝʯʥʦʝ 

ʞʝʩʪʢʦʝ ʠʟʣʫʯʝʥʠʝ (ʧʦʪʦʢ ʵʣʝʢʪʨʦʥʦʚ ʠ ʥʝʡʪʨʦʥʦʚ). 

ʉʧʝʢʪʨʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʵʥʝʨʛʠʷʤ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʠʟʜʝʣʠʷ. ɼʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʵʣʝʤʝʥʪʳ 

ʵʥʝʨʛʦʙʘʟʳ ʫʩʪʨʦʡʩʪʚ ʟʘʱʠʱʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʩʪʝʢʦʣ, 

ʧʨʠʢʨʝʧʣʷʝʤʳʭ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʜʥʘʢʦ ʵʪʦ ʠʤʝʝʪ ʨʷʜ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʢʣʶʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ. ʆʜʥʘʢʦ ʠ ʦʥʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʠʩʯʝʨʧʳʚʘʶʪ ʩʚʦʠ ʚʦʟʤʦʞʥʦʩʪʠ; ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʠʭ 

ʤʦʜʠʬʠʢʘʮʠʷ. 

ʅʘʤʠ [1] ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʜʠʘʮʠʦʥʥʦ-ʩʪʦʡʢʠʝ 

(500ï10000 ʄʨʘʜ) ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʠʦʥʘʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʕ). ʇʨʝʜʣʦʞʝʥʘ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʙʲʷʩʥʷʶʱʘʷ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʠʦʥʳ ʈɿʕ 

ʧʫʪʝʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʧʦʩʦʙʥʳ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʪʦʥʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʚ ʙʦʣʝʝ ʤʷʛʢʦʝ. ɺ ʩʧʝʢʪʨʘʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ, ʩʦʜʝʨʞʘʱʠʭ Eu3+, ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʣʠʥʠʡ, ʢʦʪʦʨʦʝ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʤʠ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʮʝʥʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ 

ʟʘʜʝʨʞʘʥʥʳʭ ʩʧʝʢʪʨʦʚ ʠ ʢʠʥʝʪʠʢʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʧʦʤʠʤʦ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʝʚʨʦʧʠʷ(III) ʥʘʙʣʶʜʘʝʪʩʷ ʠ 
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ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ 

(ʦʨʛʘʥʠʯʝʩʢʠʭ ʭʨʦʤʦʬʦʨʦʚ). ɺʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʥʘʣʠʯʠʠ ʤʥʦʞʝʩʪʚʘ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʮʝʥʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʠʤʤʝʪʨʠʠ ʠʦʥʘ Eu3+ ʚ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʝ, ʘ ʪʘʢʞʝ, ʚʦʟʤʦʞʥʦ, ʩ ʥʘʣʠʯʠʝʤ ʚʠʙʨʘʮʠʦʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʇʨʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʠʟʫʯʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ ʢ ʧʨʦʪʦʥʥʦʤʫ ʠ ʞʝʩʪʢʦʤʫ 

ʵʣʝʢʪʨʦʥʥʦʤʫ ʦʙʣʫʯʝʥʠʶ ʦʙʥʘʨʫʞʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʚ 

ʦʙʣʘʩʪʠ 38000ï30000 ʩʤï1, ʢʦʪʦʨʳʡ ʤʳ ʩʚʷʟʳʚʘʝʤ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʦʝʥʠʷ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ. ʇʨʠ ʵʪʦʤ ʧʨʠ 

ʋʌ-ʦʙʣʫʯʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʰʠʚʢʘ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ, ʘ ʧʨʠ ʢʦʨʧʫʩʢʫʣʷʨʥʦʤ ʦʙʣʫʯʝʥʠʠ, ʥʘʧʨʦʪʠʚ, 

ʨʘʟʨʫʰʝʥʠʝ ʧʦʩʣʝʜʥʠʭ. ʆʙʥʘʨʫʞʝʥʥʳʡ ʵʬʬʝʢʪ ʧʦʟʚʦʣʠʣ ʥʘʡʪʠ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘʤʠ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʚʝʪʦʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ. ʀʟʫʯʝʥʠʝ 

ʩʚʝʪʦʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʉʕ). ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʩʧʦʩʦʙʦʚ ʜʦʩʪʠʞʝʥʠʷ ʪʘʢʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʷʚʣʷʝʪʩʷ ʥʘʥʝʩʝʥʠʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʉʕ ʩʚʝʪʦʧʨʝʦʙʨʘʟʫʶʱʠʭ ʧʦʢʨʳʪʠʡ, ʦʪʚʝʯʘʶʱʠʭ 

ʨʷʜʫ ʪʨʝʙʦʚʘʥʠʡ. ʅʘʤʠ [2] ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʞʥʦʛʦ ʧʦʣʠʚʘ 

(spin coating) ʧʦʣʫʯʝʥʳ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʝʨʙʠʷ(III), ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʚ 

ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ. ʀʟʫʯʝʥʠʝ ʩʧʝʢʪʨʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʠ 

ʠʩʧʫʩʢʘʥʠʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʣʝʥʢʠ, 

ʧʦʛʣʦʱʘʶʱʠʝ ʩʚʝʪ ʚ ʦʙʣʘʩʪʠ 240ï330 ʥʤ, ʧʝʨʝʠʟʣʫʯʘʶʪ ʚ 

ʦʙʣʘʩʪʠ 480ï640 ʥʤ, ʛʜʝ ʠʤʝʝʪʩʷ ʩʝʨʠʷ ʤʘʢʩʠʤʫʤʦʚ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʝʨʝʭʦʜʦʚ ʠʦʥʘ ʪʝʨʙʠʷ(III ). 

ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ 

ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ ʥʘ ʩʪʝʢʣʝ, ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʥʘʢʦʧʣʝʥʠʝ ʩʦ ʩʧʝʢʪʨʦʤ ʧʨʦʧʫʩʢʘʥʠʷ ʯʠʩʪʦʛʦ ʩʪʝʢʣʘ (ʧʦʩʢʦʣʴʢʫ 

ʦʪʜʝʣʴʥʦ ʦʪ ʧʦʜʣʦʞʢʠ ʧʣʝʥʢʫ ʧʦʣʫʯʠʪʴ ʥʝʚʦʟʤʦʞʥʦ). 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʣʝʥʢʘ ʜʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʩʚʝʪʣʷʶʱʠʡ 

ʵʬʬʝʢʪ (ʧʦʚʳʰʝʥʠʝ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ ʥʘ 0,3%). ʀʟʫʯʝʥʠʝ 

ʚʣʠʷʥʠʷ ʧʣʝʥʦʢ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʪʨʝʭʢʘʩʢʘʜʥʳʭ ʉʕ 

ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʡ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʠʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
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ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʧʝʨʝʠʟʣʫʯʝʥʠʝ ʚ ʟʝʣʝʥʫʶ 

ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ. 

ʅʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ: ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʝʩʴʤʘ 

ʠʥʪʝʨʝʩʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʚʢʣʶʯʝʥʠʝʤ ʠʦʥʦʚ d- ʠ f-ʵʣʝʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʚ ʤʦʣʝʢʫʣʘʭ ʂʉ 

ʘʤʬʠʬʠʣʴʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ (ɓ-ʜʠʢʝʪʦʥʳ). 

ʀʩʧʦʣʴʟʫʷ ʪʝʭʥʦʣʦʛʠʶ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ ʫʜʘʝʪʩʷ ʧʦʣʫʯʘʪʴ 

ʜʚʫʤʝʨʥʳʝ ʤʦʥʦ- ʠ ʤʫʣʴʪʠʩʣʦʠ [3, 4]. ʇʦʣʫʯʝʥʠʝ ʵʪʠʤ ʤʝʪʦʜʦʤ 

ʦʜʥʦʨʦʜʥʳʭ ʧʣʝʥʦʢ ʩ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʠ ʪʦʣʱʠʥʦʡ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʣʦʝʚ ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ 

ʦʙʲʝʢʪʦʚ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ, ʦʧʪʠʢʝ, ʤʠʢʨʦʤʝʭʘʥʠʢʝ ʠ 

ʜʨ. ʊʘʢ, ʠʟʫʯʘʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʢʦʙʘʣʴʪʘ(II) ʠ ʥʠʢʝʣʷ(II) ʚ 

ʤʦʥʦʩʣʦʷʭ ʃʝʥʛʤʶʨʘ, ʥʘʤ ʫʜʘʣʦʩʴ [3] ʧʦʣʫʯʠʪʴ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʧʣʝʥʢʠ, ʩʦʜʝʨʞʘʱʠʝ 2D-ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʘʥʩʘʤʙʣʠ ʥʘʥʦʯʘʩʪʠʮ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ ʦʙʣʘʜʘʶʪ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʤʘʛʥʠʪʥʦʡ ʟʘʧʠʩʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʤʘʛʥʠʪʥʳʭ ʩʝʥʩʦʨʦʚ. 

ʂʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʣʘʥʪʘʥʦʠʜʦʚ ʥʘ ʦʩʥʦʚʝ 

4-ʘʟʠʣ-5-ʧʠʨʠʟʦʣʦʥʘʪʦʚ [5], ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 

ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʚʷʟʘʥʦ ʩ ʧʦʜʘʚʣʝʥʠʝʤ 

ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʀʟʫʯʝʥʠʝ 

ʇʃɹ ʤʝʪʦʜʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʧʣʝʥʢʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩʝʥʩʦʨʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʄʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʠʟʫʯʘʝʤʳʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʥʠʤʘʶʪ ʤʘʛʥʠʪʥʳʝ ʧʦʣʠʤʝʨʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʚ 

ʥʝʤʘʛʥʠʪʥʦʡ ʤʘʪʨʠʮʝ. ʂʘʢ ʥʘʤʠ ʧʦʢʘʟʘʥʦ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʚʢʣʶʯʝʥʠʡ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʠʛʨʘʝʪ ʦʩʦʙʦ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʧʨʠʤʝʨʝ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʦʙʨʘʟʮʦʚ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʢʦʙʘʣʴʪ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʫʪʝʤ ʠʟʫʯʝʥʠʷ ʠʭ ʤʝʪʦʜʦʤ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʌʄʈ), 

ʠʟʤʝʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʘʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʚ ʦʙʨʘʟʮʘʭ ʙʦʣʝʝ 30%, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʡʢʘʭ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ [6] ʧʦʣʫʯʝʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʷʭ. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ˉ 20/65ʪ-6. 
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ɾʫʨʥʘʣ ʧʨʠʢʣʘʜʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 2019., ʊ. 86., ˉ 5, ʉ. 826ï830. 

3. Repina I.N., Sokolov M.E., Panyushkin V.T. Investigation 

of complex formation of cobalt(II) with molecular Langmuir layers of 

octadecane-2,4-dione // Journal of Physical Chemistry C. 2012., 

V. 116., ̄  9., P. 5554ï5557. 

4. Devterova J., Sokolov M., Buzôko V., Repina I., Rudnov P., 

Panyushkin V. Subphase pH effect on the limiting molecular area of 

amphiphilic ɓ-diketones in Langmuir monolayers // Mendeleev 

Communications. 2020., V. 30., P. 505ï506. 

5. Shulôgin V., Gusev A., Sokolov M., Panyushkin V., 

Devterova J., Kirilov K. Tb(III) complexes with 1-phenyl-3-methyl-4-

stearoylpyrazol-5-one as a material for luminescence Langmuir-

Bladgett films // Journal of Coord. Chem. 2018., ˉ 44., P. 1181. 

6. ʉʦʢʦʣʦʚ ʄ.ɽ., ɺʦʡʮʝʭʦʚʩʢʘʷ ʉ.ɸ., ʇʘʥʶʰʢʠʥ ɺ.ʊ. 

ʇʦʣʠʤʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʦʜʝʨʞʘʱʠʡ ʥʘʥʦʯʘʩʪʠʮʳ 

ʢʦʙʘʣʴʪʘ. ʇʘʪʝʥʪ ʈʌ. ˉ 2475878, ʧʨʠʦʨʠʪʝʪ ʦʪ 04.08.2011 ʛ. 
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ʈɸɿʅʆʃʀɻɸʅɼʅʓɽ ʂʆʄʇʃɽʂʉʓ ʄɽɼʀ(II ) 

ʉ ʇʈʆʀɿɺʆɼʅʓʄʀ ʊɽʊʈɸɿʆʃɸ ʀ ʇʆʃʀʇʀʈʀɼʀʅɸ 

ʂɸʂ ʇʆʊɽʅʎʀɸʃʔʅʓɽ ɸɻɽʅʊʓ 

ɼʃʗ ʇʈʆʊʀɺʆʆʇʋʍʆʃɽɺʆʁ ʊɽʈɸʇʀʀ 

ɽ.ɺ. ʃʠʜʝʨ1, ʖ.ɸ. ɽʨʝʤʠʥʘ1,2, ʃ.ʉ. ʂʣʶʰʦʚʘ2 
1ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ.ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 
2ʅʀʀ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʬʠʟʠʢʠ ï ʩʪʨʫʢʪʫʨʥʦʝ 

ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʌʀʎ ʌʊʄ, ʛ.ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

lisalider@ngs.ru 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʪʝʪʨʘʟʦʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʧʨʠʚʣʝʢʘʶʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʣʘʛʦʜʘʨʷ ʦʛʨʦʤʥʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʩʪʨʫʢʪʫʨʥʳʭ 

ʪʦʧʦʣʦʛʠʡ ʧʦʣʫʯʘʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ, ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʷ ʧʦʪʝʥʮʠʘʣʴʥʦʤʫ 

ʧʨʠʤʝʥʝʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʦʝʤʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʘʪʘʣʠʟʝ ʠ 

ʧʨʠ ʭʨʘʥʝʥʠʠ ʚʦʜʦʨʦʜʘ. ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʪʨʘʟʦʣʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʤʝʜʠʮʠʥʝ: ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 20 ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ 

ʪʝʪʨʘʟʦʣʴʥʳʡ ʮʠʢʣ (ʛʠʧʦʪʝʥʟʠʚʥʘʷ, ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ, 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʘʷ, ʧʨʦʪʠʚʦʘʣʣʝʨʛʠʯʝʩʢʘʷ, ʮʠʪʦʩʪʘʪʠʯʝʩʢʘʷ ʠ 

ʜʨʫʛʠʝ). 

ʈʘʟʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(II) ʥʘ ʦʩʥʦʚʝ 

1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʰʠʨʦʢʦ ʠʩʩʣʝʜʫʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʩʝʨʠʠ Casiope²nas 

([Cu(NN)(A)]NO3, N-N ï ʧʨʦʠʟʚʦʜʥʳʝ ʧʦʣʠʧʠʨʠʜʠʥʘ, 

A ï ʘʤʠʥʦʢʠʩʣʦʪʘ/ʘʮʝʪʠʣʘʮʝʪʦʥ) ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʘʜʠʠ 

ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʟʚʝʩʪʥʦ ʣʠʰʴ 

ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) ʩ 

ʪʝʪʨʘʟʦʣʘʤʠ, ʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʝʥʳ ʜʣʷ ʝʱʝ 

ʤʝʥʴʰʝʛʦ ʯʠʩʣʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʠʥʪʝʟʠʨʦʚʘʥ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʨʷʜ 

ʮʠʪʦʪʦʢʩʠʯʥʳʭ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʪʝʪʨʘʟʦʣʘ (5-ʤʝʪʠʣʪʝʪʨʘʟʦʣ, 5-ʙʝʥʟʠʣʪʝʪʨʘʟʦʣ, 
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5-(4-ʭʣʦʨʬʝʥʠʣ)ʪʝʪʨʘʟʦʣ) ʠ ʧʦʣʠʧʠʨʠʜʠʥʘ (2,2ô-ʙʠʧʠʨʠʜʠʥ 

(bipy), 1,10-ʬʝʥʘʥʪʨʦʣʠʥ (phen), 4,4ô-ʜʠʤʝʪʠʣ-2,2ô-ʙʠʧʠʨʠʜʠʥ 

(dmbipy), 4,7-ʜʠʤʝʪʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ (dmphen)). ʇʦʣʫʯʝʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʥʦʛʦ ʠ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʀʩʩʣʝʜʦʚʘʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʩʪʚʦʨʝ ɼʄʉʆ ʤʝʪʦʜʦʤ 

ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) 

ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʪʝʪʨʘʟʦʣʘ ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʦʣʠʤʝʨʥʳʭ ʠ ʙʠʷʜʝʨʥʳʭ ʩʪʨʫʢʪʫʨ (ʩʤ. ʨʠʩʫʥʦʢ 1). 

  
ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ(II ) c 5-(4-ʭʣʦʨʬʝʥʠʣ)-ʪʝʪʨʘʟʦʣʦʤ/ 

5-ʤʝʪʠʣʪʝʪʨʘʟʦʣʦʤ ʠ 2,2ô-ʙʠʧʠʨʠʜʠʥʦʤ 

 

ɺʣʠʷʥʠʝ ʣʠʛʘʥʜʦʚ ʠ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʦʮʝʥʠʚʘʣʠ ʥʘ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ Hep2 

(ʢʘʨʮʠʥʦʤʘ ʛʦʨʪʘʥʠ ʯʝʣʦʚʝʢʘ) ʠ MCF-7 (ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ 

ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ). ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

0,5ï50 ʤʢʄ ʚʳʷʚʣʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʟʦʟʘʚʠʩʠʤʘʷ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ 

ʤʝʜʠʮʠʥʝ ʧʨʝʧʘʨʘʪʘ (ʮʠʩʧʣʘʪʠʥ). ʊʦʢʩʠʯʥʦʩʪʴ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʠʧʠʨʠʜʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʨʷʜʫ: bipy < dmbipy < phen < dmphen. 

 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 20-73-10207). 
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ʇʈʀʄɽʅɽʅʀɽ ʆʂʉɸʃɸʊʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ɾɽʃɽɿɸ 

ʂ ʌʆʊʆɼɽɻʈɸɼɸʎʀʀ ʕʂʆʊʆʂʉʀʂɸʅʊʆɺ 

ɺ ɺʆɼʅʓʍ ʈɸʉʊɺʆʈɸʍ 

ʀ.ʇ. ʇʦʟʜʥʷʢʦʚ1,2, ʖ.ɽ. ʊʶʪʝʨʝʚʘ1,2, ʇ.ʉ. ʐʝʨʠʥ2,3 
1ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʠ ʛʦʨʝʥʠʷ ʠʤ. ɺ.ɺ. ɺʦʝʚʦʜʩʢʦʛʦ 

ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 
2ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 
3ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʡ ʮʝʥʪʨ ʉʆ ʈɸʅ, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

ipozdnyak@kinetics.nsc.ru 

ʂʦʤʧʣʝʢʩʳ Fe(III) c ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʢʠʩʣʦʪʘʤʠ (ʚ ʪʦʤ ʯʠʩʣʝ, 

ʦʢʩʘʣʘʪʥʳʝ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʩʚʷʟʠ ʘʢʪʠʚʥʦʡ ʛʝʥʝʨʘʮʠʝʡ 

ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʠʭ ʚʦʟʙʫʞʜʝʥʠʠ. ʆʜʥʘʢʦ ʜʦ ʩʠʭ 

ʧʦʨ ʤʘʣʦ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʣʦʩʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʧʨʝʜʝʣʦʚ ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʬʦʪʦʭʠʤʠʠ. ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʜʘʚʥʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦ ʠʟʫʯʝʥʠʶ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʨʷʜʘ ʧʨʠʦʨʠʪʝʪʥʳʭ ʵʢʦʪʦʢʩʠʢʘʥʪʦʚ 

(ʛʝʨʙʠʮʠʜʳ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ) ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʦʢʩʘʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʘ [1].  

ʀʩʧʦʣʴʟʫʷ ʢʦʤʙʠʥʘʮʠʶ ʤʝʪʦʜʦʚ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʠ ʠʤʧʫʣʴʩʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʬʦʪʦʣʠʟʘ, ɺʕɾʍ ʩ ʋʌ- 

ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʜʝʪʝʢʮʠʝʡ ʫʜʘʣʦʩʴ ʟʘʬʠʢʩʠʨʦʚʘʪʴ 

ʦʩʥʦʚʥʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ ʠ ʢʦʥʝʯʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʧʨʝʜʣʦʞʠʪʴ 

ʤʝʭʘʥʠʟʤʳ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢ ʞʝ ʫʜʘʣʦʩʴ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʩʪʠʞʠʤʘ ʧʦʣʥʘʷ 

ʜʝʛʨʘʜʘʮʠʷ ʠ ʮʝʣʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʠ ʝʛʦ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʧʨʦʜʫʢʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʚʦʜʦʦʯʠʩʪʢʠ ʦʪ ʫʩʪʦʡʯʠʚʳʭ ʵʢʦʪʦʢʩʠʢʘʥʪʦʚ.  
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ˉ 18-13-00246).  

 

1. Pozdnyakov I.P. et al. [Fe(Ox)3]3- complex as a 

photodegradation agent at neutral pH: advances and limitations // 

Chemosphere. 2018., V. 195., P. 839ï846.  
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ʇɽʈʉʇɽʂʊʀɺʓ ʇʈʀʄɽʅɽʅʀʗ ʌʆʊʆɸʂʊʀɺʅʓʍ 

ʆʂʊɸʕɼʈʀʏɽʉʂʀʍ ʄɽʊɸʃʃʆʂʃɸʉʊɽʈʅʓʍ 

ʂʆʄʇʃɽʂʉʆɺ ɺ ɹʀʆʃʆɻʀʀ ʀ ʄɽɼʀʎʀʅɽ 

ʄ.ɸ. ʐʝʩʪʦʧʘʣʦʚ, ʖ.ɸ. ɺʦʨʦʪʥʠʢʦʚ, ʅ.ɸ. ɺʦʨʦʪʥʠʢʦʚʘ,  

ɼ.ɺ. ɽʚʪʫʰʦʢ, ɸ.ɸ. ʀʚʘʥʦʚ 

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

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

shtopy@niic.nsc.ru 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ 

ʚʦʣʴʬʨʘʤʘ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{M6X8}L 6], ʛʜʝ M ï Mo, W; X ï Cl, 

Br, I; L ï ʪʝʨʤʠʥʘʣʴʥʳʡ ʣʠʛʘʥʜ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠʣʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʧʨʦʷʚʣʷʶʪ ʚʝʩʴʤʘ ʠʥʪʝʨʝʩʥʳʝ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʜʘʥʥʳʡ ʢʣʘʩʩ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ/ʩʠʥʝʛʦ ʩʚʝʪʘ 

ʧʨʦʷʚʣʷʝʪ ʷʨʢʦ-ʚʳʨʘʞʝʥʥʫʶ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʚ 

ʢʨʘʩʥʦʤ/ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ. ɹʦʣʝʝ ʪʦʛʦ, 

ʚʦʟʙʫʞʜʝʥʥʦʝ ʪʨʠʧʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩʧʦʩʦʙʥʦ 

ʚʩʪʫʧʘʪʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʪʨʠʧʣʝʪʥʳʤ ʢʠʩʣʦʨʦʜʦʤ, ʧʝʨʝʚʦʜʷ 

ʝʛʦ ʚ ʘʢʪʠʚʥʫʶ ʩʠʥʛʣʝʪʥʫʶ ʬʦʨʤʫ ï 
1O2 (1ȹg). 

ɼʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ 

ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʛʝʥʪʦʚ ʜʣʷ 

ʙʦʣʴʰʦʛʦ ʨʷʜʘ ʧʨʠʤʝʥʝʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ 

(ʩʤ. ʨʠʩʫʥʦʢ 1). ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʚʢʣʶʯʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʚ ʧʦʣʠʤʝʨʥʳʝ ʢʠʩʣʦʨʦʜ-

ʧʨʦʥʠʮʘʝʤʳʝ ʤʘʪʨʠʮʳ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ 

ʬʦʪʦ-ʠʥʜʫʮʠʨʫʝʤʳʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ 

ʧʣʝʥʢʠ (bacteria PDI), ʘ ʚʢʣʶʯʝʥʠʝ ʚ 

ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ 

ʪʘʨʛʝʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʘʛʝʥʪʦʚ ʜʣʷ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʪʘʢ ʠ ʘʛʝʥʪʦʚ 

ʈʠʩ. 1. ʇʝʨʩʧʝʢʪʠʚʥʳʝ 

ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 
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ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʥʢʦʟʘʙʦʣʝʚʘʥʠʡ 

(PDT). 

ʅʝʜʘʚʥʝʝ ʦʪʢʨʳʪʠʝ ʝʱʝ ʦʜʥʦʛʦ ʚʘʞʥʦʛʦ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʘ ʠʤʝʥʥʦ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ [1], ʪ.ʝ. 

ʧʨʦʷʚʣʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʥʦʚʦʤ, ʪʦʣʴʢʦ ʨʘʟʚʠʚʘʶʱʝʤʩʷ ʥʘʧʨʘʚʣʝʥʠʠ ï 

ʛʣʫʙʠʥʥʦʡ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ (ʦʪ ʘʥʛʣ. Deep-PDT). 

ɹʦʣʝʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʡ ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʪʷʞʸʣʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ Mo, W, Br, I, ʚ ʩʦʩʪʘʚʝ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʛʘʨʘʥʪʠʨʫʝʪ ʚʳʩʦʢʦʝ ʧʦʛʣʦʱʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʝʱʸ ʦʜʥʠʤ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʦʥʮʝʧʮʠʠ Deep-PDT. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ 

ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʜʠʟʘʡʥʝ 

ʬʦʪʦʠʥʜʫʮʠʨʫʝʤʳʭ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʘʛʝʥʪʦʚ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ, ʚʢʣʶʯʘʷ Deep-PDT 

(ʩʤ. ʨʠʩʫʥʦʢ 2). 

 
ʈʠʩ. 2. ʇʨʠʤʝʨʳ ʚʢʣʶʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʟʣʠʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ: ʬʪʦʨʦʧʣʘʩʪ ʌ-32ʃ (ʩʣʝʚʘ), ʯʘʩʪʠʮʳ SiO2 (ʩʧʨʘʚʘ) 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ ˉ 19-53-12019). 

 

1. Evtushok D.V., Melnikov A.R., Vorotnikova N.A., Vorotnikov 

Y.A., Ryadun A.A., Kuratieva N.V., Kozyr K.V., Obedinskaya N.R., 

Kretov E.I., Novozhilov I.N., Mironov Y.V., Stass D.V., Efremova 

O.A., Shestopalov M.A. Comparative study of optical properties and 

X-ray induced luminescence of octahedral molybdenum and tungsten 

cluster complexes // Dalton Trans. 2017., V. 46, P. 11738ï11747.   
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ʌʊʆʈʆʇʃɸʉʊɸ ʌ-32, ɼʆʇʀʈʆɺɸʅʅʆɻʆ 

ʃʖʄʀʅɽʉʎɽʅʊʅʓʄ ʆʂʊɸʕɼʈʀʏɽʉʂʀʄ 

ʂʃɸʉʊɽʈʅʓʄ ʂʆʄʇʃɽʂʉʆʄ ʄʆʃʀɹɼɽʅɸ 

ɺ.ɸ. ɹʘʨʜʠʥ, ʅ.ɸ. ɺʦʨʦʪʥʠʢʦʚʘ, ʖ.ɸ. ɺʦʨʦʪʥʠʢʦʚ, 

ʄ.ɸ.ʐʝʩʪʦʧʘʣʦʚ 

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

ʛ.ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

bardin@niic.nsc.ru 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʩ ʦʙʱʝʡ 

ʬʦʨʤʫʣʦʡ [{Mo6X8} L6]n (ʛʜʝ X ï ʛʘʣʦʛʝʥ, L ï ʪʝʨʤʠʥʘʣʴʥʳʡ 

ʣʠʛʘʥʜ) ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ 

ʢʨʘʩʥʦʡ/ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ 

ʩʧʦʩʦʙʥʳ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʧʨʦʮʝʩʩʘ 

ʛʝʥʝʨʘʮʠʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʠʭ ʥʠʟʢʘʷ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ï ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʦʥʠ ʧʦʜʚʝʨʞʝʥʳ 

ʛʠʜʨʦʣʠʟʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[Mo6X8(OH)m(H2O)6ïm]4+m, ʦʙʣʘʜʘʶʱʠʭ ʥʠʟʢʦʡ ʬʦʪʦʘʢʪʠʚʥʦʩʪʴʶ. 

ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʥʝʦʙʭʦʜʠʤʦ 

ʵʢʨʘʥʠʨʦʚʘʪʴ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ 

ʫʩʣʦʚʠʡ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠʣʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʨʠʮ (ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ, SiO2 ʠ ʜʨ). 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʣʝʥʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ 

ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ (Bu4N)2[Mo6I8(OTs)6] 

(OTs ï ʦʩʪʘʪʦʢ ʧ-ʪʦʣʫʦʣʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ) ʠ ʬʪʦʨʦʧʣʘʩʪʘ 

ʌ32ʃ. ɼʘʥʥʳʡ ʬʪʦʨʧʦʣʠʤʝʨ ʦʙʣʘʜʘʝʪ ʢʠʩʣʦʨʦʜʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʘ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ, ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʦʥʥʳʭ, ʘ ʪʘʢʞʝ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʥʘ ʥʝʢʦʪʦʨʳʭ 

ʚʦʟʙʫʜʠʪʝʣʷʭ ʚʥʫʪʨʠʙʦʣʴʥʠʯʥʳʭ (ʥʦʟʦʢʦʤʠʘʣʴʥʳʭ) ʟʘʙʦʣʝʚʘʥʠʡ. 

 
ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 19-53-12019.  
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ɺʆʃʆʂʅʀʉʊʓɽ ʄɸʊɽʈʀɸʃʓ ʅɸ ʆʉʅʆɺɽ 

ʆʈɻɸʅʀʏɽʉʂʀʍ ʇʆʃʀʄɽʈʆɺ ʀ ʃʖʄʀʅɽʉʎɽʅʊʅʓʍ 

ʆʂʊɸʕɼʈʀʏɽʉʂʀʍ ʂʃɸʉʊɽʈʅʓʍ ʂʆʄʇʃɽʂʉʆɺ 

ʄʆʃʀɹɼɽʅɸ 

ʖ.ɸ. ɺʦʨʦʪʥʠʢʦʚ, ʅ.ɸ. ɺʦʨʦʪʥʠʢʦʚʘ, ʄ.ɸ. ʐʝʩʪʦʧʘʣʦʚ 

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

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

vorotnikov@niic.nsc.ru 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʤʦʣʠʙʜʝʥʘ, ʦʧʠʩʳʚʘʝʤʳʝ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{Mo 6X8}L 6], 

ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʠʥʪʝʨʝʩʘ ʫʯʝʥʳʭ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʙʣʘʛʦʜʘʨʷ ʠʭ ʧʨʝʚʦʩʭʦʜʥʳʤ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʠ 

ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʚ ʧʨʦʮʝʩʩʘʭ 

ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʧʦʟʚʦʣʷʪʁ 

ʧʨʝʜʧʦʣʘʛʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠ ̫ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʧʘʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʦʪʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʙʣʘʛʦʜʘʨʷ ʪʘʢʠʤ ʩʚʦʡʩʪʚʘʤ ʢʘʢ ʦʧʪʠʯʝʩʢʘ ̫

ʧʨʦʟʨʘʯʥʦʩʪ,ɹ ʚʳʩʦʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪ ɹ ʠ ʥʝʚʳʩʦʢʘ ̫ ʮʝʥʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʦʣʴʰʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ 

ʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ: ʧʦʣʠʩʪʠʨʦʣ, 

ʧʦʣʠʫʨʝʪʘʥ, ʬʪʦʨʦʧʣʘʩʪ, ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ ʠ ʪ.ʜ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʜʦʙʥʳʝ ʤʘʪʨʠʮ rʧʨʝʢʨʘʩʥʦ ʟʘʱʠʱʘʪʁ ʜʦʧʘʥʪ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʌʦʪʦʘʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʭʦʜʷʪ ʨʷʜ ʧʨʠʤʝʥʝʥʠʡ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ ʢʘʢ 

ʣʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʚʝʪʦʚʦʜʳ, ʩʦʣʥʝʯʥʳʝ ʢʦʥʮʝʥʪʨʘʪʦʨʳ, 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʚʦʜʥʳʝ ʠ ʚʦʟʜʫʰʥʳʝ ʬʠʣʴʪʨʳ ʠ ʜʨ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʦʤʧʣʝʢʩ rʤʦʣʠʙʜʝʥʘ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚ 

ʪʘʢʠʝ ʤʘʪʨʠʮ rʢʘʢ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ (ʇʄʄɸ) ʠ ʬʪʦʨʦʧʣʘʩʪ 

(ʌ-32ʃ). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʜʚʘ ʧʦʜʭʦʜʘ: (I) ʜʣʷ ʇʄʄɸ ï ʧʦʣʫʯʝʥʠʝ 

ʚʳʩʦʢʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʧʦʣʠʤʝʨʠʟʫʶʱʠʤʩʷ 

ʢʘʪʠʦʥʦʤ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʝ ʚʩʪʨʘʠʚʘʥʠʝ ʚ ʨʘʩʪʫʱʫʶ ʮʝʧʴ 

ʧʦʣʠʤʝʨʘ ʠ (II ) ʜʣʷ ʌ-32ʃ ï ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʩ ʣʠʛʘʥʜʘʤʠ, 

ʧʦʜʦʙʥʳʤʠ ʮʝʧʷʤ ʧʦʣʠʤʝʨʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ 

ʩʣʦʞʥʳʭ ʵʬʠʨʘʭ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʪʚʦʨʷʝʪʩʷ ʧʦʣʠʤʝʨ, ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʧʫʪʝʤ ʩʤʝʰʠʚʘʥʠʷ (ʩʤ. 
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ʨʠʩʫʥʦʢ 1). 

 

 

ʈʠʩ. 1. ʇʦʜʭʦʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʛʦʤʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʩʧʠʥʥʠʥʛʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʦʣʦʢʥʠʩʪʳʝ ʧʣʝʥʢʠ. 

ʄʦʨʬʦʣʦʛʠʷ ʚʦʣʦʢʦʥ ʙʳʣʘ ʠʟʫʯʝʥʘ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ) (ʩʤ. ʨʠʩʫʥʦʢ 2). ʊʘʢʞʝ ʙʳʣʠ 

ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʣʦʢʥʘ ʥʘ ʦʩʥʦʚʝ ʌ-32ʃ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʚʦʣʦʢʦʥ ʥʘ ʦʩʥʦʚʝ ʇʄʄɸ, ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʦʡ 

ʢʠʩʣʦʨʦʜʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʧʦʣʠʤʝʨʦʚ. 

 

ʈʠʩ. 2. ʀʟʦʙʨʘʞʝʥʠʷ ʚʦʣʦʢʦʥ ʥʘ ʦʩʥʦʚʝ ʇʄʄɸ (ʩʣʝʚʘ) ʠ 

ʌ-32ʃ (ʩʧʨʘʚʘ), ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʉʕʄ 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʬʪʦʨʦʧʣʘʩʪʘ ʙʳʣʘ 

ʠʟʫʯʝʥʘ ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʘʜʛʝʟʠʷ ʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʝ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʣʦʢʥʠʩʪʳʝ 

ʧʣʝʥʢʠ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ19-53-12019.  

(i) 

(ii ) 
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ʆʎɽʅʂɸ ʇɽʈʉʇɽʂʊʀɺ ʇʈʀʄɽʅɽʅʀʗ 

ɺʆɼʆʈɸʉʊɺʆʈʀʄʓʍ ʆʂʊɸʕɼʈʀʏɽʉʂʀʍ 

ʂʆʄʇʃɽʂʉʆɺ ɺʆʃʔʌʈɸʄɸ ɺ ʆɹʃɸʉʊʀ 

ɹʀʆʄɽɼʀʎʀʅʓ 

ʅ.ɸ. ɺʦʨʦʪʥʠʢʦʚʘ, ɸ.ɸ. ʇʝʪʫʥʠʥ, ʖ.ɸ. ɺʦʨʦʪʥʠʢʦʚ, 

ʄ.ɸ. ʐʝʩʪʦʧʘʣʦʚ 

ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ 

ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

vorotnikova@niic.nsc.ru 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝʦʜʥʦʢʨʘʪʥʦ ʙʳʣʘ 

ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʚ ʦʙʣʘʩʪʷʭ ʙʠʦʣʦʛʠʠ ʠ 

ʤʝʜʠʮʠʥʳ, ʥʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ, 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʨʘʢʘ, ʜʦʙʘʚʦʢ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʜʨ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʯʘʩʪʦ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ ʠ/ʠʣʠ ʠʤʝʶʪ 

ʩʢʣʦʥʥʦʩʪʴ ʢ ʯʘʩʪʠʯʥʦʤʫ ʠʣʠ ʧʦʣʥʦʤʫ ʛʠʜʨʦʣʠʟʫ, ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʙʠʦ-ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʷʭ ʟʘʪʨʫʜʥʝʥʦ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʦʡ ʧʨʦʙʣʝʤʦʡ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʚʢʣʶʯʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʟʣʠʯʥʳʝ 

ʤʘʪʨʠʮʳ. ʂ ʪʘʢʠʤ ʤʘʪʨʠʮʘʤ ʦʪʥʦʩʷʪʩʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ (ʜʠʦʢʩʠʜ 

ʢʨʝʤʥʠʷ ʠ ʧʨ.) ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ (ʧʦʣʠʩʪʠʨʦʣ, ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ, 

ʨʘʟʣʠʯʥʳʝ ʬʪʦʨʠʨʦʚʘʥʥʳʝ ʧʦʣʠʤʝʨʳ ʠ ʜʨ.). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʘʢʪʠʚʥʦʝ ʠʟʫʯʝʥʠʝ ʩʭʦʞʠʭ ʧʦ ʩʪʨʦʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ ʩ 

ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{W 6I8} L6]2ï ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥʠ, ʢʘʢ ʠ ʢʦʤʧʣʝʢʩʳ 

ʤʦʣʠʙʜʝʥʘ, ʷʚʣʷʶʪʩʷ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, 

ʧʨʦʷʚʣʷʶʪ ʠʥʪʝʥʩʠʚʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ ʩ ʙʦʣʴʰʠʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ ʠ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʘʢʮʠʷʭ 

ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʠʭ ʙʦʣʴʰʠʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʥʘʧʨʷʤʫʶ ʚ 

ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʠʭ ʙʦʣʴʰʠʡ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ 

ʘʥʠʦʥʥʳʭ ʚʦʣʴʬʨʘʤʦʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ A2[{W 6I8} L6], 
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ʛʜʝ L ï SCNï, N3
ï (ʩʤ. ʨʠʩʫʥʦʢ), Clï, A = Na+ ʠʣʠ Bu4N+, ʠ 

ʢʘʪʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ [{W 6I8}(ɼʄʉʆ)6](NO3)4 (ʩʤ. ʨʠʩʫʥʦʢ). 

 
ʉʪʨʫʢʪʫʨʳ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [{ W6I8}( NCS)6]2ï (ʩʣʝʚʘ) ʠ 

[{ W6I8}( N3)6]2ï (ʩʧʨʘʚʘ) 

 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʘ ʠʟʫʯʝʥʘ ʩʪʘʙʠʣʴʥʦʩʪ ɹʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ɹʳʣʦ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʟʘʤʝʥʘ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʪʦʤʦʚ ʡʦʜʘ ʚ ʠʩʭʦʜʥʦʤ ʢʦʤʧʣʝʢʩʝ [{W 6I8} I6]2ï ʥʘ 

ʜʨʫʛʠʝ ʣʠʛʘʥʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʚʦʜʝ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 

ʙʳʣʘ ʠʟʫʯʝʥʘ ʚ ʨʝʘʢʮʠʠ ʩʝʣʝʢʪʠʚʥʦʡ ʣʦʚʫʰʢʠ 

(1,5-ʜʠʛʠʜʨʦʢʩʠʥʘʬʪʘʣʠʥ) ʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʩʠʥʛʣʝʪʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ. ʇʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʚʠʜʝʥ ʥʘ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʭ 

ʧʦʛʣʦʱʝʥʠʷ ʧʦ ʧʦʷʚʣʷʶʱʝʤʫʩʷ ʧʠʢʫ ʥʘ 410 ʥʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ 

ʧʨʝʚʨʘʱʝʥʠʷ ʤʦʣʝʢʫʣʳ-ʣʦʚʫʰʢʠ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,013ï

0,059. ʊʘʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʷʨʢʦ-ʚʳʨʘʞʝʥʥʳʭ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. ʊʘʢʞʝ ʙʳʣʠ ʟʘʧʠʩʘʥʳ 

ʩʧʝʢʪʨʳ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʠ ʨʝʥʪʛʝʥʠʥʜʫʮʠʨʦʚʘʥʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʧʨʦʚʝʜʝʥʦ ʠʭ ʩʨʘʚʥʝʥʠʝ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʚʳʚʝʜʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʣʠʛʘʥʜʥʦʛʦ ʠ ʢʘʪʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ. 

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʙʳʣʘ ʠʟʫʯʝʥʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʥʘ 

ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ Hep-2 ʜʣʷ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʦʢʘʟʘʥʘ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʜʣʷ 

ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ. 
 

ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 19-73-00223.  
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ʌʆʊʆʂɸʊɸʃʀʊʀʏɽʉʂʆɽ ʈɸɿʃʆɾɽʅʀɽ ʈʆɼɸʄʀʅɸ ɹ 

ɺ ʇʈʀʉʋʊʉʊɺʀʀ ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʆʉʅʆɺɽ 

ɼʀʆʂʉʀɼɸ ʊʀʊɸʅɸ ʀ ʆʂʊɸʕɼʈʀʏɽʉʂʀʍ 

ʂʃɸʉʊɽʈʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ʄʆʃʀɹɼɽʅɸ 

ʀ ɺʆʃʔʌʈɸʄɸ 

ʄ.ɺ. ʄʘʨʯʫʢ, ʖ.ɸ. ɺʦʨʦʪʥʠʢʦʚ 

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

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

marchuk@niic.nsc.ru 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʦʙʩʫʞʜʘʝʤʳʭ 

ʧʨʦʙʣʝʤ ʚ ʤʠʨʝ ʷʚʣʷʝʪʩʷ ʠʩʪʦʱʝʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ, ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ 

ʚʦʟʨʦʩʣʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʪʘʢ ʢʘʢ ʵʪʠ ʚʝʱʝʩʪʚʘ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚʦʜʳ. ʉʨʝʜʠ ʦʧʘʩʥʳʭ ʧʨʠʤʝʩʝʡ 

ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʢʨʘʩʠʪʝʣʠ: ʜʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʦʧʘʩʥʳ ʠʟ-ʟʘ ʩʚʦʠʭ ʢʘʥʮʝʨʦʛʝʥʥʳʭ 

ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʭʠʤʠʯʝʩʢʠʤ ʠ ʬʠʟʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ 

ʧʦʜʦʙʥʳʭ ʧʨʠʤʝʩʝʡ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʭ 

ʫʜʘʣʝʥʠʷ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ ʚʦʜʫ ʧʨʠʛʦʜʥʦʡ ʜʣʷ 

ʧʦʪʨʝʙʣʝʥʠʷ ʯʝʣʦʚʝʢʦʤ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʤʥʦʛʦ 

ʧʨʝʠʤʫʱʝʩʪʚ: ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʭ ʨʝʘʢʮʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʘʷ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʜʘʞʝ ʧʨʠ ʥʠʟʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ; ʦʥ ʫʥʠʚʝʨʩʘʣʝʥ ʠ ʤʦʞʝʪ ʩʦʯʝʪʘʪʴʩʷ ʩ ʜʨʫʛʠʤʠ 

ʤʝʪʦʜʘʤʠ. 

ɺʳʙʨʘʥʥʳʡ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʜʦʣʞʝʥ ʙʳʪʴ 

ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʳʤ, ʩʪʘʙʠʣʴʥʳʤ, ʥʝʪʦʢʩʠʯʥʳʤ, ʥʝʜʦʨʦʛʠʤ, 

ʣʝʛʢʠʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʠʤʝʪʴ ʤʠʥʠʤʘʣʴʥʳʝ ʯʝʣʦʚʝʯʝʩʢʠʝ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʭ ʢʘʥʜʠʜʘʪʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ, ʧʨʠʤʝʥʷʶʱʠʡʩʷ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʆʜʥʘʢʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʝʛʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʪʦʢʘʪʘʣʠʟʘ ʧʨʠ ʝʛʦ ʦʙʣʫʯʝʥʠʠ ʩʦʣʥʝʯʥʳʤ 
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ʩʚʝʪʦʤ ʥʝʚʳʩʦʢʘ ʠʟ-ʟʘ ʥʠʟʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ. ɺʚʠʜʫ ʵʪʦʛʦ ʦʩʥʦʚʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʤʦʜʠʬʠʢʘʮʠʠ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ 

ʨʘʟʣʠʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʯʘʩʪʠʮʘʤʠ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʝʛʦ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʅʝ ʪʘʢ ʜʘʚʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʢʪʘʵʜʨ ʠʟ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ Mo ʠʣʠ W, 

ʚʧʠʩʘʥʥʳʭ ʚ ʢʫʙ ʠʟ ʘʪʦʤʦʚ X (Cl, Br, I). ʂʨʦʤʝ ʪʦʛʦ, ʢ ʢʘʞʜʦʤʫ 

ʘʪʦʤʫ ʤʝʪʘʣʣʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʦʜʠʥ ʘʧʠʢʘʣʴʥʳʡ ʣʠʛʘʥʜ L, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ. ʆʜʥʘʢʦ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʷʚʣʷʝʪʩʷ ʠʭ ʩʣʘʙʘʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ ʵʪʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʤʘʪʨʠʮʫ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʤʘʪʝʨʠʘʣʳ ʙʫʜʫʪ ʠʤʝʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ 

ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ TiO2, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʪʦʢʘʪʘʣʠʟʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʳ [{M6I8}(DMSO)6](NO3)4, (M = Mo, 

W). ɺʩʝ ʤʘʪʝʨʠʘʣʳ ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʧʨʦʧʠʪʢʠ ʤʘʪʨʠʮʳ TiO2 

ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʤʘʩʩʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ TiO2-ʢʦʤʧʣʝʢʩ 1:1,5; 1:1; 1:0,5; 1:0,1; 

1:0,05. 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʢʨʘʩʠʪʝʣʷ ʙʳʣ ʚʳʙʨʘʥ ʨʦʜʘʤʠʥ ɹ, 

ʧʨʦʷʚʣʷʶʱʠʡ ʚʳʩʦʢʫʶ ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʡ 

ʚ ʚʦʜʝ. ʅʘʠʙʦʣʝʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʦʢʘʟʘʣʠʩʴ 

ʤʘʪʝʨʠʘʣʳ, ʧʨʦʧʠʪʘʥʥʳʝ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

[{Mo 6I8}(DMSO)6](NO3)4 ʠ [{W6I8}(DMSO)6](NO3)4 ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:0,1, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʣʥʦʝ 

ʨʘʟʣʦʞʝʥʠʝ ʢʨʘʩʠʪʝʣʷ ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ 20 ʤʠʥʫʪ ʦʙʣʫʯʝʥʠʷ. 

ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩ ʯʠʩʪʳʤ TiO2 ʧʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʝʝ ʧʦʚʳʰʝʥʠʝ ʧʦʩʣʝ ʜʦʧʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ˉ19-53-12019.   



ʉʇɽʂʊʈʆʉʂʆʇʀʗ ʂʆʆʈɼʀʅɸʎʀʆʅʅʓʍ ʉʆɽɼʀʅɽʅʀʁ 

21 

ɸʅʊʀʆʂʉʀɼɸʅʊʅʓɽ/ʇʈʆ-ʆʂʉʀɼɸʅʊʅʓɽ ʉɺʆʁʉʊɺɸ 

ʇʈɽʇɸʈɸʊʆɺ-ʍɽʃɸʊʆʈʆɺ 

ɺ.ɸ. ʊʠʤʦʰʥʠʢʦʚ, ʆ.ʖ. ʉʝʣʶʪʠʥʘ, ʊ.ɺ. ʂʦʙʟʝʚʘ, ʅ.ʕ. ʇʦʣʷʢʦʚ 
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ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʭʝʣʘʪʦʨʳ ʠ ʠʭ ʢʦʤʧʣʝʢʩʳ ʩ ʠʦʥʘʤʠ 

ʤʝʪʘʣʣʦʚ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ. ʇʨʠʯʝʤ ʧʨʠʤʝʥʝʥʠʝ 

ʥʘʭʦʜʷʪ ʢʘʢ ʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ, ʪʘʢ ʠ ʧʨʦ-ʦʢʩʠʜʘʥʪʥʳʝ 

ʩʚʦʡʩʪʚʘ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʣʝʯʝʥʠʝ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʙʳʪʢʦʤ ʤʝʪʘʣʣʦʚ ʚ ʦʨʛʘʥʠʟʤʝ. ʂ 

ʪʘʢʠʤ ʧʨʝʧʘʨʘʪʘʤ ʦʪʥʦʩʷʪʩʷ ʜʝʬʝʨʠʧʨʦʥ (L1, 1,2-ʜʠʤʝʪʠʣ-3-

ʛʠʜʨʦʢʩʠ-4-ʧʠʨʠʜʠʥʦʥ) ʠ ʜʝʬʝʨʘʟʠʨʦʢʩ (DFRX, 4-[(3Z,5E)-3,5-

ʙʠʩ(5-ʦʢʩʦ-1-ʮʠʢʣʦʛʝʢʩʘ-2,4-ʜʠʝʣʠʥʠʜʠʥ)-1,2,4-ʪʨʠʘʟʦʣʠʜʠʥ-1-

ʠʣ]ʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ), ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʜʣʷ ʣʝʯʝʥʠʷ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʙʳʪʢʦʤ ʞʝʣʝʟʘ: ʪʘʣʘʩʩʝʤʠʷ, 

ʛʝʤʦʩʠʜʝʨʦʟ, ʛʝʤʦʭʨʦʤʘʪʦʟ ʠ ʜʨ. [1, 2]. ʀʟʙʳʪʦʢ ʞʝʣʝʟʘ ʠ ʜʨʫʛʠʭ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠʚʦʜʠʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʢ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ 

ʩʪʨʝʩʩʫ ʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʘʢʪʠʚʥʳʭ 

ʢʠʩʣʦʨʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʡ 

ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʩʦʝʜʠʥʝʥʠʡ ʭʝʣʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʦʜʨʦʙʥʦ ʥʝ ʠʟʫʯʝʥ, ʠ ʧʨʦʜʦʣʞʘʝʪ ʧʨʠʚʣʝʢʘʪʴ ʚʥʠʤʘʥʠʝ ʫʯʝʥʳʭ 

ʠʟ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ. 

ʇʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦ-ʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʡ ʭʝʣʘʪʦʨʦʚ ʚ ʤʝʜʠʮʠʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʪʠʚʦʨʘʢʦʚʘʷ 

ʪʝʨʘʧʠʷ. ɺʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ 

ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ: ʚʩʪʨʘʠʚʘʥʠʝ ʚ ʤʦʣʝʢʫʣʳ ɼʅʂ ʠ 

ʈʅʂ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʝ ʨʝʧʣʠʢʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ 

ʪʘʢʞʝ ʫʯʘʩʪʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʤʥʦʚʳʭ ʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ 

ʨʝʘʢʮʠʷʭ ʩ ʛʝʥʝʨʘʮʠʝʡ ʘʢʪʠʚʥʳʭ ʢʠʩʣʦʨʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ. 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʤʝʭʘʥʠʟʤʘ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʨʦʪʠʚʦʨʘʢʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʭʝʣʘʪʦʨʳ: Dp44mT 

(ʜʠ-2-ʧʠʨʠʜʠʣʢʝʪʦʥ 4,4-ʜʠʤʝʪʠʣ-3-ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ), 

ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʛʨʫʧʧʝ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ, ʘ ʪʘʢʞʝ ʦʤʘʜʠʥ 

(OM, 1-ʛʠʜʨʦʢʠʩ-2(1H)-ʧʠʨʠʜʠʥʪʠʦʥ). 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʦʧʪʠʯʝʩʢʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʘ ʪʘʢʞʝ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʠʥʦʚʳʭ ʣʦʚʫʰʝʢ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ/ 

ʧʨʦʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʭʝʣʘʪʦʨʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʦʥʘʤʠ 

ʞʝʣʝʟʘ ʠ ʤʝʜʠ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʨʝʘʢʮʠʷ ʌʝʥʪʦʥʘ, ʦʢʠʩʣʝʥʠʝ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʧʝʨʝʢʠʩʥʦʝ 

ʦʢʠʩʣʝʥʠʝ ʣʠʧʠʜʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʭʝʣʘʪʦʨʳ 

DFRX ʠ L1 ʩʧʦʩʦʙʥʳ ʠʥʛʠʙʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ 

ʢʠʩʣʦʨʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʨʝʜʦʢʩ-ʥʝʘʢʪʠʚʥʳʭ 

ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [1, 2]. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʘʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ ʩʧʦʩʦʙʥʘ ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ ʭʝʣʘʪʥʳʡ ʢʦʤʧʣʝʢʩ Fe(III )L13, 

ʦʙʨʘʟʫʷ ʩʤʝʰʘʥʥʳʡ ʨʝʜʦʢʩ-ʥʝʘʢʪʠʚʥʳʡ ʢʦʤʧʣʝʢʩ FeAscL12 [2]. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʦʪʩʫʪʩʪʚʠʝ ʜʨʫʛʠʭ ʭʝʣʘʪʦʨʦʚ ʘʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ ʧʨʦʷʚʣʷʝʪ ʧʨʦ-ʦʢʩʠʜʘʥʪʥʳʡ ʵʬʬʝʢʪ ʚ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ 

ʌʝʥʪʦʥʘ ʩ ʫʯʘʩʪʠʝʤ ʠʦʥʦʚ ʞʝʣʝʟʘ ʠ ʤʝʜʠ [2]. ʍʝʣʘʪʥʳʝ 

ʢʦʤʧʣʝʢʩʳ [Fe(III )OM3] ʠ [Cu(II )OM2] ʷʚʣʷʶʪʩʷ ʨʝʜʦʢʩ-

ʘʢʪʠʚʥʳʤʠ: ʟʘʢʦʤʧʣʝʢʩʦʚʘʥʥʳʝ ʤʝʪʘʣʣʳ ʩʧʦʩʦʙʥʳ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ, ʧʝʨʝʭʦʜʷ ʚ ʚʳʩʦʢʦ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ ʯʘʩʪʠʮʳ Fe(II) ʠ Cu(I). ʇʨʦʠʩʭʦʜʠʪ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʨʘʟʨʳʚʦʤ NïO ʩʚʷʟʠ ʥʘ ʚʦʟʙʫʞʜʝʥʥʦʤ OM ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʢʪʠʚʥʳʭ ʢʠʩʣʦʨʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ. 
 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ 

(20-33-70019). 
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ʀʥʪʝʨʝʩ ʢ ʨʘʟʚʠʪʠʶ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʡ 

ʤʦʨʬʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ CdMn2O4 ʦʙʫʩʣʦʚʣʝʥ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʘʯʝʩʪʚʝ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʩʝʥʩʦʨʦʚ ʛʘʟʦʚ [1] ʠ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ [2]. ʆʜʥʠʤ 

ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ CdMn2O4 

(ʠ ʩʣʦʞʥʳʭ ʦʢʩʠʜʦʚ ʚ ʮʝʣʦʤ) ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ï 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʚ 

ʥʝʦʙʭʦʜʠʤʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʤʦʛʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

(ʜʦ 2ï3 ʯ) ʩʥʠʟʠʪʴ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʢʝʨʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ. 

ɼʨʫʛʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʝʢʫʨʩʦʨʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʣʫʯʘʝʤʳʭ ʩʣʦʞʥʦʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʥʦʚʳʭ 

ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʮʠʤʘʥʪʨʝʥʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cd, ʘ 

ʠʤʝʥʥʦ [Cd2(OOCCym)4(EtOH)4)] (1), [Cd(OOCCym)2(bpy)(H2O)] 

(2) ʠ [Cd(OOCCym)2(phen)2]ĀEtOH (3) (Cym = (ɖ5-C5H4)Mn(CO)3). 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ ʘïʚ. 

ɺʘʞʥʝʡʰʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

(ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʢʦʦʨʜʠʥʘʮʠʠ CymCOO-) ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʩʤ. ʨʠʩʫʥʦʢ, ʛ). 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 1ï3 ʥʝ ʷʚʣʷʶʪʩʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʦʥʠʤʘʥʠʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚʳʩʪʫʧʘʶʪ ʪʦʣʴʢʦ ʠʦʥʳ Cd2+, ʘ Mn 

ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʭʠʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʦʛʦ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʬʨʘʛʤʝʥʪʘ Cym, ʦʩʪʘʶʱʝʛʦʩʷ ʥʝʠʟʤʝʥʥʳʤ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ 
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1ï3 ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʘʢʮʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. 

 
ʄʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ 1ï3 (ʘïʚ, ʘʪʦʤʳ H ʣʠʛʘʥʜʦʚ 

CymCOO- ʥʝ ʧʦʢʘʟʘʥʳ) ʠ ʀʂ-ʩʧʝʢʪʨʳ 1ï3 ʚ ʠʥʪʝʨʚʘʣʝ 1600ï1280 ʩʤ-1 (ʛ) 
 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ 1ï3 ʘʪʦʤʦʚ Cd ʠ Mn ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:2 ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʢʘʢ 

ʚʦʟʤʦʞʥʳʝ ʧʨʝʢʫʨʩʦʨʳ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ CdMn2O4. ʇʦʵʪʦʤʫ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ (ɼʉʂ, ʊɻ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ) ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ 1ï3 ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ (ʚ Ar ʠ ʚʦʟʜʫʭʝ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʥʘʛʨʝʚʘ 10 ʂ/ʤʠʥ). ɺ Ar ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʦʞʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ Cym 

ʦʙʨʘʟʫʝʪʩʷ Mn, ʘ ʬʨʘʛʤʝʥʪʦʚ {Cdï(OOC)2} ï ʩʤʝʩʴ Cd ʠ CdO. 

ʇʦʩʣʝʜʫʶʱʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʠʚʦʜʠʪ ʢ 

ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʘʤ ʩʦʩʪʘʚʘ (Cd1-x,Mnx)O, Mn ʠ (Cd1-y,Mny). 

ʄʝʪʘʣʣʠʯʝʩʢʠʡ Cd ʥʘʯʠʥʘʝʪ ʠʩʧʘʨʷʪʴʩʷ ʧʨʠ ~750 ÁC. ʏʘʩʪʠʯʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʦ Cd ʧʨʦʠʩʭʦʜʠʪ ʜʘʞʝ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʥʘ ʚʦʟʜʫʭʝ. ɺ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ Cd ʜʘʣʝʝ ʦʢʠʩʣʷʝʪʩʷ ʜʦ CdO, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʦʜʥʦʬʘʟʥʦʛʦ ʦʙʨʘʟʮʘ CdMn2O4. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʣʫʯʝʥʠʝ ʠʟ 1ï3 ʯʠʩʪʦʛʦ CdMn2O4 ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʫʩʣʦʚʠʡ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ï ʈʅʌ 16-13-10407. 
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ʈʘʟʨʘʙʦʪʢʘ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʰʝʩʪʠʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʜʦʩʪʘʪʦʯʥʦ ʧʝʨʩʧʝʢʪʠʚʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʥʘʣʠʯʠʝ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʚ ʢʨʘʩʥʦʡ/ʀʂ-ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʢʘʢ ʋʌ ʠ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ, ʪʘʢ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʚ ʢʦʤʙʠʥʘʮʠʠ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʚ 

ʢʦʥʚʝʥʮʠʦʥʘʣʴʥʦʡ ʠ ʛʣʫʙʠʥʥʦʡ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ. ɹʦʣʝʝ 

ʪʦʛʦ, ʚʳʩʦʢʘʷ ʣʦʢʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʛʘʨʘʥʪʠʨʫʝʪ ʚʳʩʦʢʫʶ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʴ ʪʘʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʚʦʣʴʬʨʘʤʘ ʠ ʨʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʦʩʬʠʥʘʤʠ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʳ ʠʭ 

ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʝ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ (ʩʤ. ʨʠʩʫʥʦʢ). 

ɼʣʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟʫʯʝʥʦ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 

 

ʈʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʝ (ʩʣʝʚʘ) ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ (ʩʧʨʘʚʘ) 

ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ 

(ʛʨʘʥʪ ˉ19-73-20109).  
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ʂʆʄʇʃɽʂʉʆɺ ʂʆɹɸʃʔʊɸ(II)  ʉ 2-ɻʀɼʈʆʂʉʀ-5-

ʅʀʊʈʆʊʀʆʌɽʅʆʃʆʄ ʀ ɻɽʊɽʈʆʎʀʂʃʀʏɽʉʂʀʄʀ 

ɼʀɸʄʀʅɸʄʀ 
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ʂʦʙʘʣʴʪ(II ) ʦʙʨʘʟʫʝʪ ʩ 2-ʛʠʜʨʦʢʩʠ-5-ʥʠʪʨʦʪʠʦʬʝʥʦʣʦʤ 

(ɻʅʊʌ) ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʜʠʘʤʠʥʘʤʠ (ɻɼ) ʨʘʟʥʦʣʠʛʘʥʜʥʳʝ 

ʩʦʝʜʠʥʝʥʠ ̫ (ʈʃʂ). ʉʧʦʩʦʙʥʦʩʪʴ Ŭ,Ŭó-ʜʠʧʠʨʠʜʠʣʘ (ɼʇ) ʠ 

1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ (ʌʝʥ) ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ 

ʦʙʣʘʩʪʷʭ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʈʃʂ ʧʨʦʪʝʢʘʝʪ ʧʨʠ pH 5,5ï6,5. ɺʦʟʨʘʩʪʘʥʠʝ 

ʩʪʝʧʝʥʠ ʵʢʩʪʨʘʢʮʠʠ ʚ ʠʥʪʝʨʚʘʣʝ ʨʅ 5ï7 ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʦʛʦ ɻɼ. ʋʤʝʥʴʰʝʥʠʝ 

ʵʢʩʪʨʘʢʮʠʠ ʧʨʠ ʨʅ Ó 7, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʛʠʜʨʦʣʠʟʘ ʥʠʢʝʣʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. 

ɺ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ 

ʭʣʦʨʦʬʦʨʤʦʤ ʠʟʚʣʝʢʘʝʪʩʷ 98,1% ʉʦ(II) ʚʚʠʜʝ ʈʃʂ. 

ʄʘʢʩʠʤʫʤʳ ʚ ʩʧʝʢʪʨʝ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʉʦ-ɻʅʊʌ-ʌʝʥ ʠ ʉʦ-ɻʅʊʌ-ɼʇ ʥʘʭʦʜʷʪʩʷ ʧʨʠ 470 (Ů = 3,3Ā104) ʠ 

485 ʥʤ (Ů = 3,7Ā104) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʚʥʦʚʝʩʠʝ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ 

ʈʃʂ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʤʠʥʫʪ. ʕʢʩʪʨʘʢʪʳ 

ʫʩʪʦʡʯʠʚʳ ʙʦʣʝʝ ʜʝʩʷʪʠ ʩʫʪʦʢ. ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʚʦʜʥʦʡ ʬʘʟʳ 

ʜʦ 100 ʤʣ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʝ ʵʢʩʪʨʘʢʪʦʚ. ɼʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ ʥʝʦʙʭʦʜʠʤʳ ʩʣʝʜʫʶʱʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ: 5,2Ā10-4 ʄ ɻʅʊʌ ʠ (6,0ï6,3)Ā10-4 ʄ ɻɼ. 

ʉʦʙʣʶʜʝʥʠʝ ʟʘʢʦʥʘ ɹʝʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʠʢʝʣʷ 0,2ï20 ʤʢʛ/ʤʣ. 

ʄʦʣʷʨʥʳʝ ʩʦʦʪʥʦʰʝʥʠ ̫ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʤʦʣʝʢʫʣʘʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʤʝʪʦʜʘʤʠ ʧʨʷʤʦʡ ʣʠʥʠʠ, ʩʜʚʠʛʘ 

ʨʘʚʥʦʚʝʩʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʳʭʦʜʘ (ʉʦ(II ):ɻʅʊʌ:ɻɼ = 1:2:2). 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʤ ʠʦʥʦʤ ʷʚʣʷʝʪʩʷ ʉʦ2+. 



ʉʇɽʂʊʈʆʉʂʆʇʀʗ ʂʆʆʈɼʀʅɸʎʀʆʅʅʓʍ ʉʆɽɼʀʅɽʅʀʁ 

27 

ɻʅʊʌ ʠʩʩʣʝʜʦʚʘʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ: 

ʀʂ(ʂBr): 3455 ʩʤ-1 ɜ(OH), 2564 ʩʤ-1 ɜ(SH) ʠ ʗʄʈ (300,18 ʄɻʮ, 

C6D6) 1ʅ: ŭ 5,61 (s, 1HïOH), ŭ 3,34(s, 1Hï1SH),  

ŭ 6,86 (s, 1H ArïH), ŭ 7,17 (s, 2H ArïH) ʩʧʝʢʪʨʦʩʢʦʧʠʷ.  

ʉʠʥʪʝʟʠʨʦʚʘʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʤʝʪʦʜʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʧʣʝʢʩ ʉʦ(II) ʩ ɻʅʊʌ 

ʠ ʌʝʥ. ʀʩʯʝʟʥʦʚʝʥʠʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʧʦʣʦʩʳ ʧʨʠ 2580 ʩʤ-1, 

ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʩʧʝʢʪʨʝ ɻʅʊʌ ʠ ʧʦʷʚʣʝʥʠʝ ʚ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʘ 

ʉʦ(II )-ɻʅʊʌ-ʌʝʥ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʩʤʝʱʝʥʥʳʭ ʚ ʩʪʦʨʦʥʫ 

ʤʝʥʴʰʠʭ ʯʘʩʪʦʪ, ʦʟʥʘʯʘʝʪ, ʯʪʦ ïSH ʛʨʫʧʧʘ ʫʯʘʩʪʚʫʝʪ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ. ʗʨʢʦ ʚʳʨʘʞʝʥʥʘʷ ʧʦʣʦʩʘ ʚʘʣʝʥʪʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ïOH ʛʨʫʧʧʳ ʚ ʦʙʣʘʩʪʠ 3200ï3600 ʩʤ-1 ʩ ʤʘʢʩʠʤʫʤʦʤ 

ʧʨʠ 3460 ʩʤ-1 ʩʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ  ʜʦ 

3050ï3140 ʩʤ-1 ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʯʘʩʪʠʠ ʵʪʦʡ ʛʨʫʧʧʳ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʚʷʟʠ. ʆʙʥʘʨʫʞʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 

1390 ʩʤ-1 ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʌʝʥ. 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʨʦʪʝʢʘʝʪ ʚ ʪʨʠ ʩʪʘʜʠʠ: 

ʧʨʠ 60ï125 Üʉ ʫʣʝʪʫʯʠʚʘʝʪʩʷ ʚʦʜʘ, ʧʨʠ 350ï540 Üʉ ʨʘʟʣʘʛʘʝʪʩʷ 

ɻʅʊʌ, ʘ ʧʨʠ 640ï650 Üʉ ï ʌʝʥ. ʂʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʪʝʨʤʦʣʠʟʘ 

ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʉʦO. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ɻʅʊʌ ʦʢʨʘʰʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʨʘʟʫʶʪ 

ʪʘʢʞʝ ʠʦʥʳ V(IV), Cu(II ), Mo(VI), Fe(II ), Pt(II ), Pd(II ), Ti(IV) ʠ 

Ni(II). ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʩʢʠʨʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ʠʣʠ ʞʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ pH 

ʩʨʝʜʳ.  

ʈʘʟʨʘʙʦʪʘʥʘ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ 

ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ ʚ cʪʘʣʷʭ. 
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ʘʥʘʣʠʟʘ. ʃ.: ʍʠʤʠʷ. 1986., 432c.  
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ɸ.ɿ. ɿʘʣʦʚ, ɻ.ʀ. ʀʙʨʘʛʠʤʦʚ, ʅ.ɸ. ʅʦʚʨʫʟʦʚʘ, ʐ.ɸ. ʄʘʤʝʜʦʚʘ 

ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ 
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zalov1966@mail.ru  

ʄʝʜʴ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʪʝʭ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ 

ʭʨʦʤʦʬʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʵʪʦʤʫ ʩʨʝʜʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʠʤʝʶʪʩʷ ʢʘʢ 

ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʢʨʘʰʝʥʥʳʭ ʨʝʘʛʝʥʪʦʚ  ʩ 

ʭʨʦʤʦʬʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʪʘʢ ʠ ʤʝʪʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʶʪ 

ʙʝʩʮʚʝʪʥʳʝ ʨʝʘʛʝʥʪʳ. ʄʝʜʴ ʧʨʦʷʚʣʷʝʪ ʩʠʣʴʥʦʝ ʩʨʦʜʩʪʚʦ ʢ 

ʦʙʳʯʥʳʤ ʜʦʥʦʨʥʳʤ ʘʪʦʤʘʤ (O, N, S). ʂʨʦʤʝ ʘʤʠʥʦʚ, ʬʝʥʦʣʴʥʳʭ 

ʠʣʠ ʩʧʠʨʪʦʚʳʭ ʦʢʩʦʩʦʝʜʠʥʝʥʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʨʢʘʧʪʘʥʳ, 

ʪʠʦʢʠʩʣʦʪʳ ʠ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ. S-ʘʥʘʣʦʛʠ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʠʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʜʠ. Cʦʛʣʘʩʥʦ ʛʠʧʦʪʝʟʝ ʘʥʘʣʦʛʠʡ, ʨʝʘʢʮʠʠ ʩ 

ʨʝʘʛʝʥʪʘʤʠ ʪʠʧʘ RïSH ʚʦʟʤʦʞʥʳ ʜʣʷ ʠʦʥʦʚ ʵʣʝʤʝʥʪʦʚ, 

ʦʙʨʘʟʫʶʱʠʭ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʩʫʣʴʬʠʜʳ. ʇʨʝʜʩʪʘʚʣʷʣʦ 

ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʜʠ ʩ 2-ʛʠʜʨʦʢʩʠ-5-

ʥʠʪʨʦʪʠʦʬʝʥʦʣʦʤ (ɻʅʊʌ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ 

(ɸʤ). ʀʟ ɸʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʠʬʝʥʠʣʘʤʠʥ ʠ ʪʨʠʬʝʥʠʣʘʤʠʥ.  

ɻʅʊʌ ʠʩʩʣʝʜʦʚʘʥ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ: ʀʂ(ʂBr): 

3455 ʩʤ-1  ɜ(OH), 2564 ʩʤ-1 ɜ(SH) ʠ ʗʄʈ (300,18 ʄɻʮ, C6D6) 1ʅ:  

ŭ 5,61 (s, 1HïOH), ŭ 3,34 (s, 1Hï1SH), ŭ 6,86 (s, 1H ArïH), 

ŭ 7,17 (s, 2H ArïH) ʩʧʝʢʪʨʦʩʢʦʧʠʷ.  

ʆʧʪʠʤʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʢʠʩʣʦʪʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘ ʠ ʧʦʩʪʦʷʥʥʘ, ʥʘʭʦʜʠʪʩʷ ʧʨʠ 

ʨʅ = 4,1ï7,6. ʆʧʪʠʤʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ 

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ (0,6ï1,2)Ā10-3 ʄ ʢʦʥʮʝʥʪʨʘʮʠʷ  ɻʅʊʌ ʠ 

(1,0ï1,2)Ā10-3 ʄ ï ɸʤ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʈʃʂ) ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

542ï565 ʥʤ (Ů = (3,1ï3,9)Ā104). ʇʨʠ ʦʜʥʦʢʨʘʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ 

ʭʣʦʨʦʬʦʨʤʦʤ ʠʟʚʣʝʢʘʝʪʩʷ 97,8ï98,4% ʤʝʜʠ ʚ ʚʠʜʝ ʈʃʂ. 

ʇʨʠ ʵʢʩʪʨʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ ʩ ɻʅʊʌ ʤʦʣʝʢʫʣʳ ʭʣʦʨʦʬʦʨʤʘ 

 ¶ 
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ʥʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʵʢʩʪʨʘʛʠʨʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʦʧʪʠʯʝʩʢʘʷ  ʧʣʦʪʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ. ʈʃʂ 

ʫʩʪʦʡʯʠʚʳ ʚ ʚʦʜʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ ʥʝ 

ʨʘʟʣʘʛʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʫʪʦʢ, ʘ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ï ʙʦʣʴʰʝ 

ʤʝʩʷʮʘ. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʡ ʬʦʨʤʦʡ ʤʝʜʠ ʷʚʣʷʝʪʩʷ Cu2+. 

ʄʦʣʷʨʥʳʝ ʩʦʦʪʥʦʰʝʥʠ ̫ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʤʦʣʝʢʫʣʘʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʤʝʪʦʜʘʤʠ ʧʨʷʤʦʡ ʣʠʥʠʠ, ʩʜʚʠʛʘ ʨʘʚʥʦʚʝʩʠʷ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʳʭʦʜʘ (Cu(II):ɻʅʊʌ:Aʤ = 1:2:2).  

ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʘ ʠʩʯʝʟʥʦʚʝʥʠʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ 

ʧʦʣʦʩʳ ʧʨʠ 2564 ʩʤ-1, ʥʘʙʣʶʜʘʝʤʦʡ ʚ ʩʧʝʢʪʨʝ ɻʅʊʌ ʛʦʚʦʨʠʪ ʦ 

ʪʦʤ, ʯʪʦ ïSH-ʛʨʫʧʧʘ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ. 

ʅʘʙʣʶʜʘʝʤʦʝ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ 3200ï3600 ʩʤ-1 ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 3455 ʩʤ-1 ʠ ʧʦʷʚʣʝʥʠʝ 

ʰʠʨʦʢʦʡ ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ 3050ï3160 ʩʤ-1 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ïʆʅ-ʛʨʫʧʧʘ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʩʚʷʟʠ ʚ ʠʦʥʠʟʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʆʙʥʘʨʫʞʝʥʠʝ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 1370 ʩʤ-1 ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ɸʤ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʱʝʣʦʯʥʳʭ, 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʈɿʕ ʥʝ ʤʝʰʘʶʪ ʦʧʨʝʜʝʣʝʥʠʶ 

ʤʝʜʠ. ʄʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ Fʝ(III) ʫʩʪʨʘʥʷʣʠ ʱʘʚʝʣʦʚʦʡ ʢʠʩʣʦʪʦʡ; 

Ti(IV)  ï ʬʪʦʨʠʜʦʤ ʥʘʪʨʠʷ ʠʣʠ ʪʘʡʨʦʥʦʤ; Hg(II) ï ʩʫʣʴʬʠʪ ʠʦʥʦʤ; 

Nb(V) ʠ Ta(V) ï ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʦʡ, ʘ Mo(VI) ʠ W(VI) ï 

ʬʪʦʨʠʜʦʤ ʥʘʪʨʠʷ ʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʦʡ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 1% 

ʨʘʩʪʚʦʨʘ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝ ʤʝʰʘʶʪ 

Mn(VII ), V(IV), Nb(V), Cr(VI ), Mo(VI) ʠ Fe(III). ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ 0,01 ʄ ʨʘʩʪʚʦʨʘ ʱʘʚʝʣʦʚʦʡ ʢʠʩʣʦʪʳ ʦʧʨʝʜʝʣʝʥʠʶ 

ʥʝ ʤʝʰʘʶʪ V(IV), Nb(V), Ta(V), Cr(II I), Mo(VI), W(VI) ʠ Fe(III ). 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  ʤʝʜʠ ʚ 

ʨʘʟʥʳʭ ʦʙʲʝʢʪʘʭ. 
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ʉʇɽʂʊʈʆʉʂʆʇʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ 

ʂʆʄʇʃɽʂʉʆɺ ʍʈʆʄɸ(VI) 

ɸ.ɿ. ɿʘʣʦʚ1, ʅ.ʉ. ɻʘʩʘʥʦʚʘ2, ʅ.ɸ. ɺʝʨʜʠʟʘʜʝ1, ʉ.ʄ. ʐʠʨʘʣʠʝʚʘ1 
1ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ 
2ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛ. ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ  

Zalov1966@mail.ru 

ɺ ʮʝʣʷʭ ʧʦʠʩʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʭʨʦʤʘ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

2-ʛʠʜʨʦʢʩʠ-5-ʛʘʣʦʛʝʥʪʠʦʬʝʥʦʣʳ (ɻɻʊʌ): { 2-ʛʠʜʨʦʢʩʠ-5-

ʭʣʦʨʪʠʦʬʝʥʦʣ (ɻʍʊʌ), 2-ʛʠʜʨʦʢʩʠ-5-ʙʨʦʤʪʠʦʬʝʥʦʣ (ɻɹʊʌ) ʠ  

2-ʛʠʜʨʦʢʩʠ-5-ʠʦʜʪʠʦʬʝʥʦʣ (ɻʀʊʌ). ɺʧʝʨʚʳʝ ʠʟʫʯʝʥʳ ʠʭ 

ʥʝʢʦʪʦʨʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɻɻʊʌ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʜʚʫʭʦʩʥʦʚʥʫʶ ʩʣʘʙʫʶ ʢʠʩʣʦʪʫ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ 

ʩʨʝʜʳ ʤʦʛʫʪ ʩʫʝɦʩʪʚʦʚʘʪʴ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʘʥʠʦʥʥʦʡ ʬʦʨʤʘʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʘʛʝʥʪʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʀʂ- ʠ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 
ɻʍʊʌ.  ʀʂ: 3460 ʩʤ-1  ɜ (OH), 2570ʩʤ-1 ɜ(SH); 1ʅ ʗʄʈ: ŭ 5,70 

(s,1HïOH), ŭ 3,40(s, 1HïSH), ŭ 7,05 (s, 2H ArïH), ŭ 6,25 (s, 2H ArïH). 

ɻɹʊʌ. ʀʂ: 3458 ʩʤ-1  ɜ(OH), 2568 ʩʤ-1 ɜ(SH);  1ʅ ʗʄʈ:  ŭ 5,60 

(s,1HïOH), ŭ 3,35(s, 1Hï1SH), ŭ 6,85(s, 1H ArïH), ŭ 7,15(s, 2H ArïH). 

ɻʀʊʌ. ʀʂ: 3456 ʩʤ-1  ɜ(OH), 2564 ʩʤ-1 ɜ(SH); 1ʅ ʗʄʈ: ŭ 5,52 

(s,1HïOH), ŭ 3,30(s, 1Hï1SH), ŭ 6,81(s, 1H ArïH), ŭ 7,12(s, 2H ArïH). 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʨʘʟʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʈʃʂ) ʠʦʥʦʚ ʭʨʦʤʘ ʩ ɻɻʊʌ ʠ 

ʘʥʠʣʠʥʦʤ (ɸʥ). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʠʥʪʝʨʚʘʣ pHʦʧʪ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ Cr(VI) ʠ Cr(III ) 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ. ʀʜʝʥʪʠʯʥʦʩʪʴ ʩʧʝʢʪʨʦʚ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ɻɻʊʌ Cr(VI ) 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ Cr(III) ʠ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʙʨʘʟʫʝʪʩʷ ʦʜʥʦ ʠ 

ʪʦ ʞʝ ʩʦʝʜʠʥʝʥʠʝ Cr(III ).  

ʈʃʂ ʭʨʦʤʘ ʩ ɻɻʊʌ ʠ ɸʥ ʦʙʨʘʟʫʶʪʩʷ ʠ ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ ʚ 

ʢʠʩʣʦʡ ʩʨʝʜʝ (ʨʅ = 1,2ï6,9). ʂʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʤʦʣʷʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ 

(3,1ï3,8)Ā104. ʆʢʨʘʰʝʥʥʳʝ ʭʣʦʨʦʬʦʨʤʥʳʝ ʵʢʩʪʨʘʢʪʳ ʈʃʂ 
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ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʛʣʦʱʘʶʪ ʧʨʠ 450ï470 ʥʤ. ɹʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ 

ʤʘʢʩʠʤʫʤʦʚ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʦʙʨʘʟʫʶʱʠʝʩʷ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʠʦʥʥʳʤʠ ʘʩʩʦʮʠʘʪʘʤʠ, ʫ 

ʢʦʪʦʨʳʭ ʚʥʝʰʥʝʩʬʝʨʥʳʡ ʣʠʛʘʥʜ ʚʣʠʷʝʪ ʥʘ ʩʚʦʡʩʪʚʘ 

ʚʥʫʪʨʠʩʬʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ɸʥ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʦʣʷʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʘ, ʙʘʪʦʭʨʦʤʥʦ ʩʜʚʠʛʘʝʪʩʷ 

ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ, ʨʅ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩʤʝʱʘʝʪʩʷ ʚ ʙʦʣʝʝ 

ʢʠʩʣʫʶ ʦʙʣʘʩʪʴ.  

ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʘʢʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠ 

ʤʝʪʦʜʘʤʠ ʧʨʷʤʦʡ ʣʠʥʠʠ ɸʩʤʫʩʘ, ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʳʭʦʜʘ ʠ ʩʜʚʠʛʘ 

ʨʘʚʥʦʚʝʩʠʷ (Cr(III):ɻɻʊʌ:Aʥ = 1:3:3). 

ɺʳʭʦʜ ʢʦʤʧʣʝʢʩʦʚ ʤʘʢʩʠʤʘʣʝʥ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 8Ö10-4 ʤʦʣʴ /ʣ 

ɻɻʊʌ ʠ 6Ö10-4  ʤʦʣʴ/ʣ ï ɸʥ. ʅʘʠʣʫʯʰʠʤʠ ʵʢʩʪʨʘʛʝʥʪʘʤʠ 

ʦʢʘʟʘʣʠʩʴ CHCl3 ʠ C2H4Cl2. ʇʨʠ ʦʜʥʦʢʨʘʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ 

ʭʣʦʨʦʬʦʨʤʦʤ ʠʟʚʣʝʢʘʝʪʩʷ 97ï98% ʭʨʦʤʘ ʚ ʚʠʜʝ ʈʃʂ. 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ Cr(III) -

ɻʀʊʌ-Aʥ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥ ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʝʥ ʜʦ 380 ʦʉ. 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʨʦʪʝʢʘʝʪ ʚ ʜʚʝ ʦʪʜʝʣʴʥʳʝ 

ʩʪʘʜʠʠ: ʧʨʠ 415ï540ʦ ʉ ʨʘʟʣʘʛʘʝʪʩʷ ɸʥ, ʘ ʧʨʠ 540ï690 ʦʉ ï ɻʅʊʌ. 

ʂʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʪʝʨʤʦʣʠʟʘ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ Cr2O3.  

 ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʦʥʳ ʭʨʦʤʘ ʩʚʷʟʘʥʳ ʩ ʤʦʣʝʢʫʣʘʤʠ ɻɻʊʌ ʧʦʩʨʝʜʩʪʚʦʤ ʘʪʦʤʘ 

ʩʝʨʳ ïSH ʛʨʫʧʧʳ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʘʪʦʤʦʤ 

ʢʠʩʣʦʨʦʜʘ ïOH-ʛʨʫʧʧʳ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ʈʝʘʢʮʠʠ Cr(III) ʩ ɻɻʊʌ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɸʥ ʦʙʣʘʜʘʶʪ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ ʧʨʝʜʝʣʘʤʠ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ. ʄʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʨʷʜʘ 

ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʫʩʪʨʘʥʷʣʠ ʧʨʠʤʝʥʝʥʠʝʤ ʵʢʩʪʨʘʢʮʠʠ, 

ʠʟʤʝʥʝʥʠʝʤ ʨʅ ʩʨʝʜʳ ʠʣʠ ʞʝ ʩ ʧʦʤʦʱʴʶ ʤʘʩʢʠʨʫʶʱʠʭ 

ʨʝʘʛʝʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʚʥʦʚʝʩʠʡ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʭʨʦʤʘ ʚ ʚʦʜʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʚʳʢʘʯʠʚʘʥʠʠ ʥʝʬʪʠ ( X  = 0,79Ñ0,015 ʤʢʛ/ʤʣ, Sr = 0,028).   
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ʕʂʉʊʈɸʂʎʀʆʅʅʆ-ʌʆʊʆʄɽʊʈʀʏɽʉʂʆɽ 

ʆʇʈɽɼɽʃɽʅʀɽ ɾɽʃɽɿɸ(II, III ) ɺ ɺʆɼɸʍ, 

ʇʆʃʋʏɽʅʅʓʍ ʇʈʀ ɺʓʂɸʏʀɺɸʅʀʀ ʅɽʌʊʀ 

ɸ.ɿ. ɿʘʣʦʚ, ʋ.ɹ. ɸʙʘʩʢʫʣʠʝʚʘ 

ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ 
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ʉʝʣʝʢʪʠʚʥʳʤʠ ʥʘ Fe(III) ʷʚʣʷʶʪʩʷ ʨʝʘʛʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʬʝʥʦʣʴʥʳʝ ʆʅïʛʨʫʧʧʳ. ʈʝʘʢʮʠʠ Fe(III ) ʩ ʜʠʬʝʥʦʣʘʤʠ ʷʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ, ʯʝʤ ʨʝʘʛʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʜʥʫ 

ʠʟʦʣʠʨʦʚʘʥʥʫʶ ʆʅïʛʨʫʧʧʫ. ʇʨʠ ʟʘʤʝʥʝ ʦʜʥʦʡ OH-ʛʨʫʧʧʳ ʥʘ 

SH-ʛʨʫʧʧʫ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʩ SH-ʩʦʜʝʨʞʘʱʠʤʠ 

ʨʝʘʛʝʥʪʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʵʣʝʤʝʥʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʩʨʦʜʩʪʚʦʤ ʢ 

ʩʝʨʝ [1]. 

ʅʘʤʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʟʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʈʃʂ)  

Fe(II , III) ʩ ʛʠʜʨʦʢʩʠʪʠʦʬʝʥʦʣʘʤʠ  (ɻʊʌ): 2-ʛʠʜʨʦʢʩʠ-5-

ʥʠʪʨʦʪʠʦʬʝʥʦʣ (ɻʅʊʌ), 2-ʛʠʜʨʦʢʩʠ-5-ʘʤʠʥʪʠʦʬʝʥʦʣ (ɻɸʊʌ) ʠ 

ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ (ɸʤ). ɺ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʬʦʙʥʦʛʦ ʘʤʠʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥ,r ʘʥʠʣʠʥ (Aʥ) ʠ N,N-ʜʠʤʝʪʠʣʘʥʠʣʠʥ (ɼAʥ). 

ʆʧʳʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʈʃʂ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʩ ʠʩʭʦʜʥʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ Fe(II) ʠ Fe(III), ʚʝʜʫʪ ʩʝʙʷ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ 

ʩʦʚʝʨʰʝʥʥʦ ʘʥʘʣʦʛʠʯʥʦ: ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʥʪʝʨʚʘʣ ʨʅ 

ʦʧʪʠʤʘʣʴʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ. ʕʪʦ ʜʘʝʪ 

ʦʩʥʦʚʘʥʠʝ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ Fe(III)  ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʛʠʜʨʦʢʩʠʪʠʦʬʝʥʦʣʘʤʠ ʠ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʙʨʘʟʫʝʪʩʷ ʦʜʥʦ ʠ ʪʦ ʞʝ 

ʩʦʝʜʠʥʝʥʠʝ ʞʝʣʝʟʘ(II) . ɻʊʌ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʠʟʚʝʩʪʥʦʡ 

ʤʝʪʦʜʠʢʝ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʀʂ- ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ɻʅʊʌ. ʀʂ (ʂBr): 3470 ʩʤ-1  ɜ (OH), 2580 ʩʤ-1 ɜ(SH). 
 1ʅ ʗʄʈ (300,18 ʄɻʮ, C6D6): ŭ 5,48 (s, 1HïOH),  

ŭ 3,47 (s, 2Hï2SH ), ŭ 7,28 (s, 2H ArïH), ŭ 6,95 (s, 1HïAr-H). 

ɻɸʊʌ. ʀʂ (ʂBr): 3460 ʩʤ-1  ɜ (OH), 2570ʩʤ-1 ɜ(SH).  
 1ʅ ʗʄʈ (300,18 ʄɻʮ, C6D6) ŭ 5,24 (s, 1HïOH), 

ŭ 3,38 (s, 2Hï2SH), ŭ 7,11 (s, 2H ArïH), ŭ 2,38 (s, 3HïCH3). 

ʇʨʠ ʦʜʥʦʢʨʘʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʭʣʦʨʦʬʦʨʤʦʤ ʠʟʚʣʝʢʘʝʪʩʷ 

97,1ï98,4% ʞʝʣʝʟʘ ʚ ʚʠʜʝ ʈʃʂ. ʄʘʢʩʠʤʫʤ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ 
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ʨʘʩʧʦʣʦʞʝʥ ʚ ʦʙʣʘʩʪʠ ʨʅ = 5,0ï7,4. ʄʘʢʩʠʤʘʣʴʥʳʡ 

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʠ 548ï574 ʥʤ (e = (3,3ï3,8)Ā104). ɺʳʭʦʜ ʈʃʂ ʤʘʢʩʠʤʘʣʝʥ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (8,1ï9,5)Ā10-4  ʄ ɻʊʌ ʠ (6,4ï8,3)Ā10-4  ʄ ï ɸʤ. 

ʕʢʩʪʨʘʢʪʳ ʈʃʂ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ɹʝʨʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

0,06ï2,8 ʤʢʛ/ʤʣ. ʈʃʂ ʫʩʪʦʡʯʠʚʳ ʚ ʚʦʜʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ ʥʝ ʨʘʟʣʘʛʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʫʪʦʢ, ʘ ʧʦʩʣʝ 

ʵʢʩʪʨʘʢʮʠʠ ï ʙʦʣʴʰʝ ʤʝʩʷʮʘ. ʉʪʝʭʠʦʤʝʪʨʠʶ ʠʩʩʣʝʜʫʝʤʳʭ ʈʃʂ 

(Fe:ɻʊʌ:ɸʤ = 1:2:2) ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʤʝʪʦʜʘʤʠ ʩʜʚʠʛʘ ʨʘʚʥʦʚʝʩʠʷ 

ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʳʭʦʜʘ [2]. ʈʃʂ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ ʥʘʭʦʜʷʪʩʷ 

ʚ ʤʦʥʦʤʝʨʥʦʡ ʬʦʨʤʝ (ɔ = 1,02ï1,08).  

ʀʩʯʝʟʥʦʚʝʥʠʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʧʦʣʦʩʳ ʧʨʠ 2580 ʩʤ-1, 

ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʩʧʝʢʪʨʝ ɻʊʌ ʠ ʧʦʷʚʣʝʥʠʝ ʚ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʘ 

Fe(II)-ɻʊʌ-Aʥ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʢʦʪʦʨʳʭ ʩʤʝʱʝʥʘ ʚ ʩʪʦʨʦʥʫ 

ʤʝʥʴʰʠʭ ʯʘʩʪʦʪ, ʦʟʥʘʯʘʝʪ, ʯʪʦ ïSH ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʢʦʤʧʣʝʢʩʘ. ʀʩʯʝʟʥʦʚʝʥʠʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ 3200ï3600 ʩʤ-1 ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 3460 ʩʤ-1, 

ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʩʧʝʢʪʨʝ ɻʊʌ, ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ïʆH-ʛʨʫʧʧʘ 

ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ. ʆʙʥʘʨʫʞʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 

ʧʨʠ 1390 ʩʤ-1 ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ɸʥ.  

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʨʦʪʝʢʘʝʪ ʚ ʜʚʝ 

ʦʪʜʝʣʴʥʳʝ ʩʪʘʜʠʠ: ʧʨʠ 400ï541 ʦʉ ʨʘʟʣʘʛʘʝʪʩʷ Aʥ, ʘ ʧʨʠ 441ï695 ʦʉ 

ï ɻʅʊʌ. ʂʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʪʝʨʤʦʣʠʟʘ ʷʚʣʷʝʪʩʷ Fe2O3.  

ʆʧʨʝʜʝʣʝʥʠʶ ʞʝʣʝʟʘ ʥʝ ʤʝʰʘʶʪ ʠʦʥʳ ʱʝʣʦʯʥʳʭ, 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ  ʈɿʕ, ʘ ʪʘʢʞʝ Al(III ), Ga(III), 

Tl(III), Pb(II), Ti(IV), Nb(V)  ʠ Ta(V). ʄʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ Zn(II), 

Mn(II), Co(II), Ni(II), Cd(II)  ʠ  Ag(I)  ʫʩʪʨʘʥʷʣʠ  ʦʩʘʞʜʝʥʠʝʤ 

Fe(III) ʘʤʤʠʘʢʦʤ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ  ʚ ʚʦʜʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʚʳʢʘʯʠʚʘʥʠʠ 

ʥʝʬʪʠ ( X  = 0,85Ñ0,024 ʤʢʛ/ʤʣ, Sr = 0,031). 
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ʂʆʄʇʃɽʂʉʅʓɽ ʉʆɽɼʀʅɽʅʀʗ ʅʀʂɽʃʗ(II ) 

ʀ ʆʃʆɺɸ(II) ɺ ʕʊʀʃɽʅɻʃʀʂʆʃɽɺʆʄ ʕʃɽʂʊʈʆʃʀʊɽ, 

ʀʉʇʆʃʔɿʋɽʄʆʄ ɼʃʗ ʕʃɽʂʊʈʆʆʉɸɾɼɽʅʀʗ ʉʇʃɸɺɸ 

ʅʀʂɽʃʔ-ʆʃʆɺʆ 

ɸ.ɸ. ʂʫʜʘʢʦ1, ʊ.ʅ. ɺʦʨʦʙʴʝʚʘ1,2 
1ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʠʥʩʢ, ɹʝʣʦʨʫʩʩʠʷ 

2ʅʀʀ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ɹɻʋ, ʛ. ʄʠʥʩʢ, ɹʝʣʦʨʫʩʩʠʷ 

kudako.anton@gmail.com 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʠʟ 

ʥʝʚʦʜʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʚʦʜʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʟʘʤʝʜʣʝʥʳ ʧʨʦʮʝʩʩʳ 

ʛʠʜʨʦʣʠʟʘ ʠ ʦʢʠʩʣʝʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ 

ʨʘʩʪʚʦʨʳ. ʇʨʠʯʠʥʦʡ ʧʦʜʘʚʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʥʝʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʠʦʥʦʚ 

ʤʝʪʘʣʣʦʚ ʩ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʪʘʢʞʝ ʢ 

ʠʟʤʝʥʝʥʠʶ ʵʣʝʢʪʨʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʦʪʢʨʳʚʘʝʪ ʧʫʪʠ ʢʦʥʪʨʦʣʷ 

ʩʦʦʪʥʦʰʝʥʠ ̫ʤʝʪʘʣʣʦʚ ʚ ʦʩʘʞʜʘʝʤʳʭ ʩʧʣʘʚʘʭ. 

ʆʧʠʩʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʣʝʥʛʣʠʢʦʣʷ (ʕɻ) ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʵʣʝʢʪʨʦʣʠʪʘʭ ʦʩʘʞʜʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠʟ ʩʧʣʘʚʦʚ [1]. 

ʀʤʝʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʕɻ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʢʦʤʧʣʝʢʩʳ ʩ ʠʦʥʘʤʠ Ni2+ ʠ Sn4+ [1, 2]. ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʩʚʝʜʝʥʠʡ 

ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʕɻ ʵʣʝʢʪʨʦʣʠʪ, ʩʦʜʝʨʞʘʱʠʡ ʭʣʦʨʠʜʳ ʥʠʢʝʣʷ ʠ 

ʦʣʦʚʘ(II), ʣʠʤʦʥʥʫʶ ʢʠʩʣʦʪʫ (ʃʂ) ʠ ʥʝʙʦʣʴʰʦʝ (ʜʦ 10%) 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʦʩʘʞʜʝʥʠʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʝ ʧʦʢʨʳʪʠʡ ʩʧʣʘʚʦʤ NiïSn. ʕʣʝʢʪʨʦʣʠʪ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟʚʝʩʪʥʦʛʦ ʚʦʜʥʦʛʦ ʬʪʦʨʠʜʥʦ-ʭʣʦʨʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʛʠʜʨʦʣʠʟʫ ʠ ʦʢʠʩʣʝʥʠʶ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ 

ʧʦʣʫʯʝʥʠʝʤ ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʙʝʟ ʠʟʙʳʪʢʘ 

ʦʣʦʚʘ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʝʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

ʄʝʪʦʜʦʤ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʟʘʤʝʥʝ 

ʚʦʜʥʦʛʦ ʬʪʦʨʠʜʥʦ-ʭʣʦʨʠʜʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ɻʪʠʣʝʥʛʣʠʢʦʣʝʚʳʡ 

ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ Sn(II) ʙʦʣʝʝ ʟʘʤʝʪʥʦ, ʯʝʤ 

ʜʣʷ Ni(II). ʀʟʤʝʥʝʥʠʝ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʩʧʣʘʚʝ, ʪʘʢ ʠ 

ʧʘʨʮʠʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʩʚʝʥʥʦ ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʪʦ, ʯʪʦ ʚ ʚʦʜʥʦʤ ʠ ʕɻ ʨʘʩʪʚʦʨʘʭ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ 

ʧʦ ʩʦʩʪʘʚʫ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩ rʠʦʥʦʚ ʤʝʪʘʣʣʦʚ. 
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ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʦʣʫʯʠʚ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ 

ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʕɻ ʵʣʝʢʪʨʦʣʠʪʝ. 

ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʭʣʦʨʠʜʦʚ 

ʥʠʢʝʣʷ ʠ ʦʣʦʚʘ(II ) ʚ ʕɻ, ʩʦʜʝʨʞʘʱʝʤ ʃʂ, ʧʦʣʦʩʳ ʚʘʣʝʥʪʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʆïʅ, ʉïʅ, ʉïʆ, ʉïʉ, ʘ ʪʘʢʞʝ ʚʨʘʱʘʪʝʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʉʅ2 ʩʤʝʱʘʶʪʩʷ ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ ʯʘʩʪʦʪ. ʇʦʩʢʦʣʴʢʫ 

ʵʪʠ ʛʨʫʧʧʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʕɻ ʠ ʃʂ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʫʯʘʩʪʠʷ 

ʦʙʝʠʭ ʤʦʣʝʢʫʣ ʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. 

ʆʜʥʘʢʦ ʟʘʤʝʪʥʦʝ ʦʩʣʘʙʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ ʚʘʣʝʥʪʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʉ=ʆ (ʚ ʩʦʩʪʘʚʝ ʛʨʫʧʧʳ ʉʆʆʅ ʤʦʣʝʢʫʣʳ ʃʂ) ʧʨʠ 

ʨʘʩʪʚʦʨʝʥʠʠ SnCl2 ʠ ʦʪʩʫʪʩʪʚʠʝ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʚʚʝʜʝʥʠʠ 

NiCl2 ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ, ʯʪʦ ʪʦʣʴʢʦ Sn(II) ʩʚʷʟʳʚʘʝʪʩʷ ʚ 

ʢʦʤʧʣʝʢʩ ʩ ʃʂ, ʚʦʟʤʦʞʥʦ, ʭʝʣʘʪʥʦʛʦ ʪʠʧʘ. ʆʪʩʫʪʩʪʚʠʝ ʚ ʀʂ-

ʩʧʝʢʪʨʘʭ ʭʘʨʘʢʪʝʨʥʳʭ ʧʦʣʦʩ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʛʨʫʧʧʳ ʉʆʆï 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʚ ʕɻ ʨʘʩʪʚʦʨʘʭ ʤʦʣʝʢʫʣ ʃʂ ʚ 

ʥʝʠʦʥʠʟʦʚʘʥʥʦʡ ʬʦʨʤʝ. 

ʋʯʠʪʳʚʘʷ ʜʘʥʥʳʝ [3], ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ Ni(II ) ʚ ʕɻ 

ʨʘʩʪʚʦʨʝ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʦʚ Ni(ʕɻ)2(ʅ2ʆ)22+ 

ʠʣʠ Ni(ʕɻ)(ʅ2ʆ)42+ ʩ ʙʠʜʝʥʪʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʤʦʣʝʢʫʣʘʤʠ ʕɻ. 

Sn(II), ʩʫʜʷ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʥʘʤʠ ʜʘʥʥʳʤ ʠ ʦʪʩʫʪʩʪʚʠʶ ʩʚʝʜʝʥʠʡ 

ʚ ʣʠʪʝʨʘʪʫʨʝ, ʧʦʜʦʙʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝ ʦʙʨʘʟʫʝʪ. ʆʪʩʫʪʩʪʚʠʝ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ Ni(II ) ʩ ʃʂ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʘʥʘʣʠʟʦʤ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ NiCl2: ʚʚʝʜʝʥʠʝ ʚ 

ʥʠʭ ʃʂ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩ ʚ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ 320ï800 ʥʤ. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ (ʛʨʘʥʪ ˉ 606/45). 

 

1. ɺʦʨʦʙʴʝʚʘ ʊ.ʅ., ʄʘʣʴʪʘʥʦʚʘ ɸ.ʄ., ɺʨʫʙʣʝʚʩʢʘʷ ʆ.ʅ. 

ʉʧʣʘʚʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ 

ʦʩʘʞʜʝʥʠʠ ʟʦʣʦʪʘ ʠ ʦʣʦʚʘ ʠʟ ʵʪʠʣʝʥʛʣʠʢʦʣʝʚʦʛʦ ʠ ʚʦʜʥʦʛʦ 

ʵʣʝʢʪʨʦʣʠʪʦʚ // ɾʫʨʥ. ʬʠʟ. ʭʠʤ. 2016., ʊ. 90., ˉ 5., ʉ. 800ï807. 

2. Knetsch D., Groeneveld W.L. Alcohols as ligands. III. 

Complexes of ethylene glycol with some divalent metal halides // 

Inorg. Chim. Acta. 1973., V. 7., ˉ 1., P. 81ï87.   
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ʏ.ɸ. ʄʘʤʝʜʦʚʘ, ʌ.ʉ. ɸʣʠʝʚʘ, ʌ.ʄ. ʏʳʨʘʛʦʚ, ʅ.ɻ. ʐʳʭʘʣʠʝʚ 

ɹʘʢʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ 
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ʉʠʥʪʝʟʠʨʦʚʘʥ ʥʦʚʳʡ ʨʝʘʛʝʥʪ ʥʘ ʦʩʥʦʚʝ ʩʘʣʠʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ 3-((ɽ)-2-ʛʠʜʨʦʢʩʠʙʝʥʟʠʣʠʜʝʥ)ʛʠʜʨʦʟʦʥʦ)ʠʥʜʦ-ʣʠʥ-2-ʦʥ (R) 

ʠ ʠʟʫʯʝʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʵʪʦʛʦ ʨʝʘʛʝʥʪʘ ʩ Cu(II) ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʬʝʥʠʣʛʫʘʥʠʜʘ (ʊʌɻ). ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ(II)  ʚ ʛʦʨʥʳʭ 

ʧʦʨʦʜʘʭ. 

ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ. ɼʣʷ ʘʥʘʣʠʟʘ ʚʟʷʣʠ ʪʨʠ ʨʘʟʥʳʭ ʦʙʨʘʟʮʘ 

ʧʠʨʠʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʠʟʤʝʥʝʥʥʳʡ ʢʚʘʨʮʝʚʳʡ ʜʠʦʨʠʪ. ʉʦʜʝʨʞʘʥʠʝ 

ʤʝʜʠ(II) ʚ ʦʙʨʘʟʮʘʭ ʦʧʨʝʜʝʣʷʣʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʠ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤʠ (ʩʤ. ʪʘʙʣʠʮʫ). 

2 ʛ ʦʙʨʘʟʮʘ ʨʘʩʪʚʦʨʷʣʠ ʚ ʯʘʰʢʝ ʠʟ ʩʪʝʢʣʦʫʛʣʝʨʦʜʘ, ʚ ʩʤʝʩʠ 

8 ʤʣ HF + 3ʤʣ HCl + 6ʤʣ HNO3. ʇʦʣʫʯʝʥʥʫʶ ʧʘʩʪʫ ʦʙʨʘʙʘʪʳʚʘʣʠ 

3ï4 ʤʣ HNO3 ʧʨʠ 50ï60 ʦʉ ʜʦ ʧʦʣʥʦʡ ʦʪʛʦʥʢʠ HF. ʇʦʣʫʯʝʥʥʳʡ 

ʦʩʘʜʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ, ʬʠʣʴʪʨʦʚʘʣʠ ʚ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 100 ʤʣ ʠ 

ʨʘʟʙʘʚʣʷʣʠ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʜʠ(II ) 

ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʘʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʧʦʤʝʱʘʣʠ ʚ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 25 ʤʣ, ʜʦʙʘʚʣʷʣʠ 3,5 ʤʣ 2Ŀ10-3 ʄ 

ʨʘʩʪʚʦʨʘ ʨʝʘʛʝʥʪʘ ʠ 1 ʤʣ 1Ö10-2 ʊʌɻ, ʨʘʟʙʘʚʣʷʣʠ ʜʦ ʤʝʪʢʠ ʨʘʩʪʚʦʨʦʤ 

ʩ pH = 6. ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʠʟʤʝʨʷʣʠ ʧʨʠ 400 ʥʤ ʚ 

ʢʶʚʝʪʝ 

ʩ ǎ = 1 ʩʤ ʥʘ KʌK-2 ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʧʳʪʘ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ(II) ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ 

(n = 5, P = 0,95) 

ʆʙʨʘʟʝʮ 
ʌʦʪʦʤʝʪʨʠʯʝʩʢʠʡ 

ʤʝʪʦʜ 

ɸʪʦʤʥʦ-

ʘʙʩʦʨʙʮʠʦʥʥʳʡ 

ʤʝʪʦʜ 

1 0,57°0,10 0,579°0,014 

2 0,89°0,12 0,900°0,013 

3 4,09°0,18 4,060°0,016 
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ʉʆɽɼʀʅɽʅʀʁ ʄɽɼʀ ʅɸ ʉʄɸɿʆʏʅʓɽ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʕʂʆʃʆɻʀʏɽʉʂʀ ʏʀʉʊʓʍ ʄɸʉɽʃ 

ɸ.ɻ. ʇʦʥʦʤʘʨʝʥʢʦ1, ʄ.ɺ. ɹʦʡʢʦ2, ʄ.ʉ. ɹʘʭʠʣʦʚ1, ɸ.ɸ. ɹʠʯʝʨʦʚ1, 

ʄ.ɺ. ʅʠʢʦʛʦʩʦʚ3, ʊ.ɸ. ʐʠʨʷʝʚʘ3 
1ʅʀʀ ʬʠʟʠʯʝʩʢʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʖʌʋ, 

ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ  
2 ʈʦʩʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ, 

ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ 
3 ʅʇʂ ʆʆʆ çɼʦʥ-ʀʥʚʝʢè, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ 

invec@mail.ru 

ʊʝʥʜʝʥʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʩʤʘʟʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʚʷʟʘʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʠʭ 

ʩʦʩʪʘʚʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʨʷʜʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʠ ʠʭ ʢʦʤʧʦʟʠʮʠʡ ʩ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʩʤʘʟʦʯʥʳʤʠ ʤʘʩʣʘʤʠ. 

ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ ʨʘʟʣʠʯʘʶʪʩʷ 

ʩʪʨʦʝʥʠʝʤ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʠ ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʧʠʨʪʦʚ ʚ ʩʦʩʪʘʚʝ 

ʪʨʠʛʣʠʮʝʨʠʜʦʚ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ ʤʘʩʣʘ. 

ʊʨʠʙʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 

ʦʪ 20 ʜʦ 70% ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʚ ʢʦʤʧʦʟʠʮʠʷʭ ʩ 

ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʤ ʤʘʩʣʦʤ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡʩʪʚʘ ʚʦʟʨʘʩʪʘʶʪ 

ʥʘ 18ï50%, ʘ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ï ʥʘ 40ï70%. ʕʬʬʝʢʪ 

ʦʙʲʷʩʥʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʪʨʠʙʦʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʝʥʠʷ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʧʨʠ ʚʚʝʜʝʥʠʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ ʚ ʩʤʘʟʦʯʥʳʝ ʩʨʝʜʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʩʣʦʞʥʳʝ ʵʬʠʨʳ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. 

ʈʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ, ʩʦʜʝʨʞʘʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʶʪʩʷ ʢʘʢ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ, ʪʘʢ ʠ ʥʘʛʨʫʟʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺʚʝʜʝʥʠʝ 

ʚ ʩʠʩʪʝʤʫ ʠʥʠʮʠʘʪʦʨʦʚ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʫʩʠʣʠʚʘʝʪ 

ʥʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ. 
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ɸ.ɸ. ʈʫʩʩʢʠʭ1, ɺ.ɺ. ɼʦʮʝʥʢʦ1,2 

1ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ 
2ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ʉʪʘʚʨʦʧʦʣʴ, ʈʦʩʩʠʷ 

alena.russkih.19988@gmail.com 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʠʢʦʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʝ 

(ʧʠʨʠʜʠʥ-3-ʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʥʠʘʮʠʥ, ʚʠʪʘʤʠʥ ʈʈ, ʚʠʪʘʤʠʥ 

ɺ3) ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʊʘʢ, ʥʠʢʦʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠ ʥʠʢʦʪʠʥʘʪʳ ʦʙʥʘʨʫʞʠʚʘʶʪ 

ʛʠʧʦʭʦʣʝʩʪʝʨʠʥʝʤʠʯʝʩʢʠʡ, ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʳʡ ʠ ʜʨ. ʵʬʬʝʢʪʳ. 

2-ʆʢʩʦ-1,2-ʜʠʛʠʜʨʦʧʠʨʠʜʠʥ-3-ʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʤʝʥʝʝ ʠʟʫʯʝʥʘ; 

ʦʜʥʘʢʦ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʢʘʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʡ 

ʘʛʝʥʪ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ [1].  

ʅʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʟʘʤʝʱʝʥʥʳʭ  

2-ʦʢʩʦʥʠʢʦʪʠʥʦʚʳʭ ʢʠʩʣʦʪ 3 ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ 

ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʢʠʩʣʦʪʳ 

ʄʝʣʴʜʨʫʤʘ 1 ʩ ʮʠʘʥʦʘʮʝʪʘʤʠʜʘʤʠ 2. 
 

 
 

ʀʩʭʦʜʥʳʝ ʮʠʘʥʦʘʮʝʪʘʤʠʜʳ 2 ʧʦʣʫʯʘʣʠ ʨʝʘʢʮʠʝʡ 

ʮʠʘʥʦʘʮʝʪʠʣʧʠʨʘʟʦʣʘ 4 ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʚ ʢʠʧʷʱʝʤ 

ʪʦʣʫʦʣʝ. 

 
 

1. Fossa P., Menozzi G., Dorigo P., Floreani M., Mosti L. 

Synthesis and pharmacological characterization of functionalized 2-

pyridones structurally related to the cardiotonic agent milrinone // 

Bioorg. Med. Chem. 2003., V. 11., P. 4749ï4759.  
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ʊ.ɺ. ʉʘʤʦʬʘʣʦʚʘ, ɺ.ʅ. ʉʝʤʝʥʦʚ 

ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ 

TSamofalova@bk.ru 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʣʝʡ ʢʘʜʤʠʷ ʠ ʮʠʥʢʘ ʩ 

ʪʠʦʢʘʨʙʘʤʠʜʦʤ (thio, N2H4CS) ʠʟʚʝʩʪʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ 

ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʣʝʥʦʢ ʩʫʣʴʬʠʜʦʚ ʤʝʪʘʣʣʦʚ. ʆʙʨʘʟʦʚʘʥʠʝ ʪʚʝʨʜʦʡ 

ʬʘʟʳ ʩʫʣʴʬʠʜʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ 

ʪʠʦʢʘʨʙʘʤʠʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʊʂʉ) ʚ ʧʨʦʮʝʩʩʝ 

ʧʠʨʦʣʠʟʘ ʘʵʨʦʟʦʣʷ ʠʭ ʨʘʩʪʚʦʨʦʚ ʠʣʠ ʧʫʪʝʤ ʨʘʩʧʘʜʘ ʊʂʉ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ. ʇʨʠ ʦʩʘʞʜʝʥʠʠ ʩʫʣʴʬʠʜʦʚ ʤʝʪʦʜʦʤ ʧʠʨʦʣʠʟʘ ʘʵʨʦʟʦʣʷ 

ʨʘʩʪʚʦʨʦʚ ʊʂʉ ʭʠʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʨʝʢʫʨʩʦʨʦʚ (ʚʠʜ ʘʮʠʜʦʣʠʛʘʥʜʦʚ, ʩʪʝʨʠʯʝʩʢʠʝ ʟʘʪʨʫʜʥʝʥʠʷ ʚʦ 

ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ, ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ) ʦʧʨʝʜʝʣʷʝʪ 

ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʠʨʦʣʠʪʠʯʝʩʢʠʭ ʧʣʝʥʦʢ [1, 2]. 

ʇʨʠʤʝʥʝʥʠʝ ʊʂʉ ʩ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʳ 

ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʩʫʣʴʬʠʜʳ ʢʘʜʤʠʷ ʠ ʮʠʥʢʘ ʩ ʟʘʜʘʥʥʳʤ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʚʦʜʠʪʴ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʩʠʥʪʝʟ ʢʘʢ ʦʛʨʘʥʠʯʝʥʥʳʭ, ʪʘʢ ʠ ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʠʩʪʝʤʳ CdSïZnS. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟ ʨʘʩʪʚʦʨʦʚ ʧʨʝʢʫʨʩʦʨʦʚ [M(thio)2Cl2] 

(M = Cd, Zn) ʧʨʠ  ʪʝʤʧʝʨʘʪʫʨʝ ʦʩʘʞʜʝʥʠʷ 350 ʉ̄ ʦʙʨʘʟʫʝʪʩʷ 

ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʚʶʨʪʮʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ w-CdxZn1-xS ʚʙʣʠʟʠ 

ʩʫʣʴʬʠʜʘ ʢʘʜʤʠʷ ʠ ʩʬʘʣʝʨʠʪʥʦʡ s-CdxZn1-xS ï ʩʦ ʩʪʦʨʦʥʳ 

ʩʫʣʴʬʠʜʘ ʮʠʥʢʘ, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 400ï500 Üʉ ï 

ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʚʶʨʪʮʠʪʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ w-

CdxZn1-xS. ʇʨʠʤʝʥʝʥʠʝ ʊʂʉ [M(thio)2(ʉH3COO)2] ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʝʧʨʝʨʳʚʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ s-CdxZn1-xS 

ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʩʘʞʜʝʥʠʷ (350ï

400 Üʉ) ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ï ʧʨʠ ʚʳʩʦʢʠʭ (450ï500 Üʉ). ʀʟ 

ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ [M(thio)2Br2] ʦʙʨʘʟʫʶʪʩʷ ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ w-CdxZn1-xS ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ  

350ï500 Üʉ.  
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ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ CdxZn1-xS 

ʚʶʨʪʮʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʘʞʜʝʥʠʷ 

(450ï500 Üʉ) ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʥʜʝʥʮʠʝʡ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʣʘʩʪʠ 

ʛʦʤʦʛʝʥʥʦʩʪʠ ʚʶʨʪʮʠʪʥʦʡ ʬʘʟʳ ʩʦʛʣʘʩʥʦ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ 

ʩʠʩʪʝʤʳ CdSïZnS.  

ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʩʤʝʰʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

[Cd(thio)2(NCS)2] ʠ [Cd(thio)2(bi-S2O3)] ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

S-ʢʦʦʨʜʠʥʘʮʠʷ ʪʠʦʢʘʨʙʘʤʠʜʘ, ʪʦʛʜʘ ʢʘʢ ʨʦʜʘʥʠʜ-ʠʦʥ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʢ ʘʪʦʤʫ ʢʘʜʤʠʷ ʤʦʥʦʜʝʥʪʘʪʥʦ ʯʝʨʝʟ ʘʪʦʤ ʘʟʦʪʘ, ʘ 

ʪʠʦʩʫʣʴʬʘʪ-ʠʦʥ ï ʙʠʜʝʥʪʘʪʥʦ ʯʝʨʝʟ ʘʪʦʤʳ ʩʝʨʳ ʠ ʢʠʩʣʦʨʦʜʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʘʢʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʣʠʛʘʥʜʦʚ NCSï ʠ S2O3
2ï ʧʨʠ 

ʨʘʩʧʳʣʝʥʠʠ ʨʘʩʪʚʦʨʦʚ ʫʢʘʟʘʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʦʠʩʭʦʜʠʪ ʦʩʘʞʜʝʥʠʝ ʩʣʦʝʚ CdS ʚʶʨʪʮʠʪʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʢʘʢ 

ʠ ʚ ʩʣʫʯʘʝ ʨʦʜʘʥʠʜʘ ʢʘʜʤʠʷ Cd(SCN)2 [3].   

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ 

ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʣʝʥʦʢ ʩʠʩʪʝʤʳ CdSïZnS 

ʦʪʨʘʞʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʪʠʦʢʘʨʙʘʤʠʜʥʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʘʞʜʝʥʠʷ. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 18-33-01215 ʤʦʣ_ʘ.  

 

1. ʉʘʤʦʬʘʣʦʚʘ ʊ.ɺ., ʉʝʤʝʥʦʚ ɺ.ʅ.ʇʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʩʠʩʪʝʤʳ CdSïZnS ʠʟ ʪʠʦʤʦʯʝʚʠʥʥʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʩʚʦʡʩʪʚʘ // ɾʫʨʥʘʣ 

ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ. 2013., ʊ. 86., ˉ 12., ʉ. 1863ï1871.  

2. ʅʘʫʤʦʚ ɸ.ɺ., ʅʝʯʘʝʚ ʀ.ɺ., ʉʘʤʦʬʘʣʦʚʘ ʊ.ɺ., ʉʝʤʝʥʦʚ ɺ.ʅ. 

ʉʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʪʠʦʢʘʨʙʘʤʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʘʜʤʠʷ ʠ 

ʮʠʥʢʘ ʧʦ ʜʘʥʥʳʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ // ɾʫʨʥʘʣ 

ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ. 2010., ʊ. 83., ɺ. 6., ʉ. 922ï925.  

3. ʉʝʤʝʥʦʚ ɺ.ʅ., ʉʘʤʦʬʘʣʦʚʘ ʊ.ɺ., ʅʘʫʤʦʚ ɸ.ɺ., ʆʚʝʯʢʠʥʘ ʅ.ʄ. 

ʆʩʘʞʜʝʥʠʝ ʩʣʦʝʚ ʩʫʣʴʬʠʜʦʚ ʢʘʜʤʠʷ ʠ ʩʚʠʥʮʘ ʠʟ ʪʠʦʩʫʣʴʬʘʪʥʦ-

ʪʠʦʤʦʯʝʚʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʚʦʡʩʪʚ // 

ʂʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʩʨʝʜʳ ʠ ʤʝʞʬʘʟʥʳʝ ʛʨʘʥʠʮʳ. 2019., ʊ. 21., 

ˉ 2., ʉ. 240ï248.  
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ʇɽʈʉʇɽʂʊʀɺʓ ʇʈʀʄɽʅɽʅʀʗ 

ʉʋʇʈɸʄʆʃɽʂʋʃʗʈʅʓʍ ʉʆɽɼʀʅɽʅʀʁ 

ɺ ʉʆɺʈɽʄɽʅʅʆʁ ʌɸʈʄɸʂʆʃʆɻʀʀ 

ʕ.ʈ. ɸʩʣʘʤʙʝʢʦʚʘ, ʕ.ʃ. ʀʩʘʝʚʘ  

ʏʝʯʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɻʨʦʟʥʳʡ, ʈʦʩʩʠʷ 

elina6868@mail.ru  

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʦʯʝʚʠʜʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʜʠʮʠʥʝ ʠ ʬʘʨʤʘʮʝʚʪʠʢʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ ʮʝʣʷʭ ʨʘʟʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ 

ʚʝʢʪʦʨʥʦʡ (ʥʘʧʨʘʚʣʝʥʥʦʡ) ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ.  

ɺʝʢʪʦʨʥʘʷ ʜʦʩʪʘʚʢʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʞʠʚʳʝ ʩʠʩʪʝʤʳ 

ï ʚʦʧʨʦʩ, ʢʦʪʦʨʦʤʫ ʫʜʝʣʷʝʪʩʷ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ï ʬʘʨʤʠʥʜʫʩʪʨʠʠ. ʇʦʵʪʦʤʫ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤ 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʧʨʦʩ ʦ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ d-ʵʣʝʤʝʥʪʦʚ (Cu, Zn), ʢʦʪʦʨʳʝ 

ʠʛʨʘʶʪ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚʦ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʘʭ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʃʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʙʠʦʛʝʥʥʳʤʠ ʤʝʪʘʣʣʘʤʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʘʨʠʪʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, 

ʧʦʵʪʦʤʫ ʤʦʜʠʬʠʢʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʠʢ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʠʤʝʝʪ ʮʝʣʴʶ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ 

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʢʦʤʧʣʝʢʩʘ ʛʣʠʮʠʥʘʪʘ 

ʤʝʜʠ(II), ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʤʝʜʠ(II ) 

ʩ ʛʣʠʮʠʥʦʤ [C2H4O2N]2CuĀ2H2O.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷ: ʛʣʠʮʠʥ, ʧʝʥʪʘʛʠʣʨʘʪ ʩʫʣʴʬʘʪʘ ʤʝʜʠ(II ), 

ʛʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ, ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ, ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ. ʂ 

ʨʘʩʪʚʦʨʫ ʛʣʠʮʠʥʘ ʧʨʠʣʠʣʠ ʨʘʩʪʚʦʨ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ, 

ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʚʳʜʝʨʞʘʣʠ 10 ʤʠʥʫʪ ʠ ʥʘʛʨʝʣʠ ʜʦ 60 Üʉ. 

ɼʘʣʝʝ ʢ ʛʦʤʦʛʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʠʣʠ ʧʦ ʯʘʩʪʷʤ ʩʫʣʴʬʘʪ ʤʝʜʠ 

ʠ ʚʳʜʝʨʞʘʣʠ 20ï25 ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 55ï60 Üʉ, ʧʦʩʣʝ 

ʦʭʣʘʞʜʝʥʠʷ ʩʤʝʩʠ ʜʦ 10 Üʉ ʚʳʧʘʣ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʷʨʢʦ-

ʩʠʥʝʛʦ ʮʚʝʪʘ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʩʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨ ʙʳʣ 
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ʧʨʦʬʠʣʴʪʨʦʚʘʥ ʠ ʪʚʝʨʜʳʡ ʦʩʪʘʪʦʢ ʧʨʦʤʳʪ ʘʙʩʦʣʶʪʥʳʤ ʵʪʘʥʦʣʦʤ 

ʠ ʚʳʩʫʰʝʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

ʄʝʪʘʣʣʦʢʦʤʧʣʝʢʩ ʙʳʣ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʤʝʪʦʜʦʤ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ (ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ) ʥʘ ʧʨʠʙʦʨʝ Shimadzu 8000. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ (%) ʩʦʩʪʘʚʣʷʝʪ 

34,654, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʢʦʤʧʣʝʢʩʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ ʛʣʠʮʠʥʘʪʘ 

ʤʝʜʠ(II) ʜʠʛʠʜʨʘʪʘ [C2H4O2N]2CuĀ2H2O, ʚʳʜʝʣʝʥʠʝ ʠʭ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚ ʚʠʜʝ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [1]. 

ʕʪʠ ʩʠʩʪʝʤʳ ʩʣʘʙʦ ʠʟʫʯʝʥʳ, ʥʝʩʦʤʥʝʥʥʦ, ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʳ 

ʢʘʢ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ʇʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʜʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ, ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ, ʘ ʪʘʢʞʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʙʠʥʘʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

 

1. ʂʘʜʳʨʦʚʘ ʈ.ɻ., ʂʘʙʠʨʦʚ ɻ.ʌ., ʄʫʣʣʘʭʤʝʪʦʚ ʈ.ʈ. 

ʉʠʥʪʝʟ ʠ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ ʙʠʦʛʝʥʥʳʭ ʢʠʩʣʦʪ ʤʘʢʨʦ- 

ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ʂʘʟʘʥʴ: ʂʘʟʘʥ. ʛʦʩ. ʵʥʝʨʛ. ʫʥ-ʪ. 2016., 115 ʩ. 
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ɸ.ɼ. ɼʫʙʦʥʦʩʦʚ1, ɺ.ɸ. ɹʨʝʥʴ2, ʆ.ɻ. ʅʠʢʦʣʘʝʚʘ2, ʆ.ʖ.ʂʘʨʣʫʪʦʚʘ2 
1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʖʅʎ ʈɸʅ,  

ʛ.ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ 
2ʅʀʀ ʬʠʟʠʯʝʩʢʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʖʌʋ, 

ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ 

aled@ipoc.sfedu.ru 

2ʅ-ʍʨʦʤʝʥ-2-ʦʥʦʚʳʡ (ʢʫʤʘʨʠʥʦʚʳʡ) ʬʨʘʛʤʝʥʪ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʢʘʨʢʘʩʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ, ʠʦʥʦʭʨʦʤʥʳʭ ʠ ʭʝʤʦʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ [1, 2]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʩʠʥʪʝʟ ʙʠʩ-ʘʨʦʠʣʛʠʜʨʘʟʦʥʦʚ  

1,3-ʜʠʛʠʜʨʦʢʩʠ-6-ʦʢʩʦ-6H-ʙʝʥʟʦ[c]ʭʨʦʤʝʥ-2,4-ʜʠʢʘʨʙʘʣʴʜʝʛʠʜʘ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʩʝʥʩʦʨʥʳʭ ʠ ʩʧʝʢʪʨʘʣʴʥʦ-

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ (ʩʤ. ʩʭʝʤʫ). 

 

 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʭʣʦʨʠʜʦʚ Na+, Ca2+, Zn2+, Hg2+, Cu2+, Cd2+, 

Ni2+, Co2+, Pb2+ ʢ ʨʘʩʪʚʦʨʘʤ ʛʠʜʨʘʟʦʥʦʚ 4 ʚ ɼʄʉʆ ʥʘʙʣʶʜʘʝʪʩʷ 
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ʧʦʷʚʣʝʥʠʝ ʫʰʠʨʝʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ  

390ï440 ʥʤ (ʩʤ. ʨʠʩʫʥʦʢ) ʠ ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʩʦ ʩʚʝʪʣʦ-ʞʝʣʪʦʡ 

ʥʘ ʦʨʘʥʞʝʚʫʶ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʠʦʥʦʚ ʥʠʢʝʣʷ(II), ʢʦʙʘʣʴʪʘ(II) ʠ 

ʮʠʥʢʘ(II ) ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ in situ ʢʦʤʧʣʝʢʩʦʚ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʪʫʰʝʥʠʝ ʠʩʭʦʜʥʦʡ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʚʳʟʚʘʥʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ESIPT ʧʨʦʮʝʩʩʘ 

ʚʩʣʝʜʩʪʚʠʝ ʟʘʤʝʱʝʥʠʷ ʧʨʦʪʦʥʦʚ ʛʨʫʧʧ OH ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. 
 

 
ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʘʨʦʠʣʛʠʜʨʘʟʦʥʘ 4c ʚ ɼʄʉʆ  

(ʩ = 2,5Ā10-5 ʤʦʣʴ/ʣ) ʜʦ (1) ʠ ʧʦʩʣʝ ʧʨʠʙʘʚʣʝʥʠʷ ʢʘʪʠʦʥʦʚ Co2+ (2), 

Zn2+ (3) ʠ Ni2+ (4), (ʩ = 5,0Ā10-5 ʤʦʣʴ/ʣ). 

 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʧʨʦʝʢʪ 0852-2020-00-19. 

ɸ.ɼ. ɼʫʙʦʥʦʩʦʚ ʨʘʙʦʪʘʣ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʖʅʎ ʈɸʅ ˉ 01201354239. 
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ʇʨʠʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʭ ʭʠʤʠʯʝʩʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʰʠʨʦʢʠʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʆʜʥʘʢʦ, 

ʜʣʷ ʨʷʜʘ ʧʨʦʠʟʚʦʜʥʳʭ ʧʣʦʭʘʷ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʠ ʧʦʥʠʞʝʥʥʘʷ 

ʙʠʦʘʢʪʠʚʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʣʦʭʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, 

ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʤʠ ʠʭ 

ʜʘʣʴʥʝʡʰʝʤʫ ʧʨʦʜʚʠʞʝʥʠʶ [1]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʚʢʣʶʯʘʶʱʠʝ ʢʦʤʧʣʝʢʩʳ 

ʚʢʣʶʯʝʥʠʷ ʩʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ, ʧʨʠʚʝʣʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʜʦʩʪʠʞʝʥʠʷʤ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʧʨʝʧʘʨʘʪʦʚ [2]. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 

ʚʢʣʶʯʝʥʠʷ ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʝʧʘʨʘʪʦʚ ʩ 

ʨʝʛʫʣʠʨʫʝʤʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʘʢʪʠʚʥʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ, 

ʫʣʫʯʰʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ, ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ, ʘʙʩʦʨʙʮʠʠ ʠ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʷ 

ʧʦʙʦʯʥʦʛʦ ʵʬʬʝʢʪʘ ʠ ʪʦʢʩʠʯʥʦʩʪʠ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ [3]. 

 ʈʘʥʝʝ, ʥʘ ʦʩʥʦʚʝ 1,2,4-ʪʨʠʛʠʜʨʦʢʩʠʘʥʪʨʘʭʠʥʦʥʘ (ʧʫʨʧʫʨʠʥ), 

ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʝʛʦ ʙʨʦʤʬʝʥʘʮʠʣʴʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ, 

ʩʦʜʝʨʞʘʱʝʝ ʟʘʤʝʩʪʠʪʝʣʴ ʚ b-ʧʦʣʦʞʝʥʠʠ ʠ  ʧʦʣʫʯʝʥ ʝʛʦ ʢʦʤʧʣʝʢʩ 

ʩ ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ (ɓ-ʎɼ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʩʦʠʩʧʘʨʝʥʠʷ  

ʧʨʠ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 1:1 [4]. 

ʆʮʝʥʢʘ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʦʪʥʦʰʝʥʠʠ ʰʪʘʤʤʦʚ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʙʘʢʪʝʨʠʡ Bacillus subtilis ɸʊʉʉ 66333, ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʰʪʘʤʤʦʚ Pseudomonas aeruginosa ɸʊʉʉ 27853, ʘ ʪʘʢʞʝ 

ʜʨʦʞʞʝʚʦʛʦ ʛʨʠʙʢʘ ʉandida  albicans ɸʊʉʉ 10231 ʤʝʪʦʜʦʤ 

ʜʠʬʬʫʟʠʠ ʚ ʘʛʘʨ [5]. ʂʫʣʴʪʫʨʳ ʚʳʨʘʱʠʚʘʣʠʩʴ  ʥʘ ʞʠʜʢʦʡ ʩʨʝʜʝ ʩ 

ʨʅ = 7,3°0,2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 30 ʜʦ 35 Áʉ ʚ ʪʝʯʝʥʠʝ 18ï

20ʯʘʩʦʚ. ʂʫʣʴʪʫʨʫ ʨʘʟʚʦʜʠʣʠ 1:1000 ʚ ʩʪʝʨʠʣʴʥʦʤ 0,9% ʨʘʩʪʚʦʨʝ 
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ʥʘʪʨʠʷ ʭʣʦʨʠʜʘ ʠʟʦʪʦʥʠʯʝʩʢʦʤ, ʚʥʦʩʠʣʠ ʧʦ 1 ʤʣ ʚ ʯʘʰʢʠ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʝʣʝʢʪʠʚʥʳʤʠ ʧʠʪʘʪʝʣʴʥʳʤʠ ʩʨʝʜʘʤʠ ʜʣʷ 

ʠʟʫʯʘʝʤʳʭ 

ʪʝʩʪ-ʰʪʘʤʤʦʚ ʠ ʟʘʩʝʚʘʣʠ ʧʦ ʤʝʪʦʜʫ çʩʧʣʦʰʥʦʛʦ ʛʘʟʦʥʘè. ʇʦʩʣʝ 

ʧʦʜʩʫʰʠʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʛʘʨʘ ʬʦʨʤʠʨʦʚʘʣʠ ʣʫʥʢʠ 

ʨʘʟʤʝʨʦʤ 6,0 ʤʤ, ʚ ʢʦʪʦʨʳʝ ʚʥʦʩʠʣʠ ʨʘʩʪʚʦʨ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ ʠʣʠ ʧʨʝʧʘʨʘʪʘ ʩʨʘʚʥʝʥʠʷ. ʇʦʩʝʚʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 37 

Áʉ, ʫʯʝʪ ʨʘʩʪʫʱʠʭ ʢʫʣʴʪʫʨ ʧʨʦʚʦʜʠʣʠ ʯʝʨʝʟ 24 ʯʘʩʘ. ʆʙʨʘʟʝʮ 

ʠʩʧʳʪʳʚʘʣʠ ʚ ʪʨʝʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʳʪʘʭ. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʢʦʤʧʣʝʢʩ ʦʙʣʘʜʘʝʪ ʫʤʝʨʝʥʥʦ 

ʚʳʨʘʞʝʥʥʳʤ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʤ ʜʝʡʩʪʚʠʝʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

in vitro ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ Bacillus 

subtilis ɸʊʉʉ 66333 ʠ ʩʣʘʙʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ 

ʜʨʦʞʞʝʚʦʛʦ ʛʨʠʙʢʘ ʉandida  albicans ɸʊʉʉ 10231. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʂʦʤʠʪʝʪʘ ʥʘʫʢʠ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (ʜʦʛʦʚʦʨ ˉ 83 

(ʧʨʠʣʦʞʝʥʠʝ 1.7) ʦʪ 02 ʤʘʨʪʘ 2018 ʛ.) (ʀʈʅ ʧʨʦʝʢʪʘ  AP05131788). 
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