
ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʥʘʫʢ ʋʢʨʘʾʥʠ 

ɯʥʩʪʠʪʫʪ ʢʦʣʦʾʜʥʦʾ ʭʽʤʽʾ ʪʘ ʭʽʤʽʾ ʚʦʜʠ ʽʤ. ɸ.ɺ. ɼʫʤʘʥʩʴʢʦʛʦ 

 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ  

ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ 

 

ʇʋɿʀʈʅɸ ʃʖɹʆɺ ʄʀʂʆʃɸɰɺʅɸ 

 

ʋɼʂ 504.4.062.2:[504.4.054+544.723] 

 

ɼʀʉɽʈʊɸʎɯʗ 

 

ʇʆʃɯʌʋʅʂʎɯʆʅɸʃʔʅɯ ɺʀʉʆʂʆʉɽʃɽʂʊʀɺʅɯ  

ʉʆʈɹʎɯʁʅɯ ʄɸʊɽʈɯɸʃʀ ɼʃʗ ʆʏʀʑɽʅʅʗ ɺʆɼ ɺɯɼ ʈɸɼɯʆʅʋʂʃɯɼɯɺ 

ʊɸ ɯʅʐʀʍ ʅɽʆʈɻɸʅɯʏʅʀʍ ɽʂʆʊʆʂʉʀʂɸʅʊɯɺ 

 

21.06.01 ï ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ 

ʇʨʠʨʦʜʥʠʯʽ ʥʘʫʢʠ 

 

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʭʽʤʽʯʥʠʭ ʥʘʫʢ 

 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʡ, 

ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪʝʢʩʪʽʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ 

_____________ ʃ.ʄ. ʇʫʟʠʨʥʘ 

 

ʅʘʫʢʦʚʠʡ ʢʦʥʩʫʣʴʪʘʥʪ: ʇʰʠʥʢʦ ɻʘʣʠʥʘ ʄʠʢʦʣʘʾʚʥʘ, ʜʦʢʪʦʨ ʭʽʤʽʯʥʠʭ ʥʘʫʢ, 

ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ 

 

 

ʂʠʾʚ ï 2020 



 2 

ɸʅʆʊɸʎɯʗ 

 

ʇʫʟʠʨʥʘ ʃ.ʄ. ʇʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʩʦʢʦʩʝʣʝʢʪʠʚʥʽ ʩʦʨʙʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ 

ʦʯʠʱʝʥʥʷ ʚʦʜ ʚʽʜ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʭʽʤʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 21.06.01 ï ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ. ï ɯʥʩʪʠʪʫʪ ʢʦʣʦʾʜʥʦʾ ʭʽʤʽʾ ʪʘ ʭʽʤʽʾ 

ʚʦʜʠ  ʽʤ. ɸ.ɺ. ɼʫʤʘʥʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2020. 

 

ɼʠʩʝʨʪʘʮʽʶ ʧʨʠʩʚʷʯʝʥʦ ʚʠʨʽʰʝʥʥʶ ʚʘʞʣʠʚʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ï 

ʩʪʚʦʨʝʥʥʶ ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʫʢʦʚʠʭ ʟʘʩʘʜ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ 

ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʰʘʨʫʚʘʪʠʭ ʧʦʜʚʽʡʥʠʭ ʛʽʜʨʦʢʩʠʜʽʚ 

(ʐʇɻ), ʾʭ ʤʘʛʥʽʪʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʪʘ ʤʘʛʥʽʪʥʦʛʦ ʢʘʣʽʡʮʠʥʢʦʚʦʛʦ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʫ ʟ 

ʚʠʩʦʢʦʩʝʣʝʢʪʠʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʣʷ ʦʯʠʱʝʥʥʷ (ʜʦʦʯʠʱʝʥʥʷ) ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ï U(VI), 137Cs, 90Sr, ʪʘ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ï Cu(II), Co(II), Cd(II), Ni(II), Pb(II), Zn(II) ʪʘ Mn(II), ʭʨʦʤʘʪ- ʽ 

ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʩʬʦʨʤʫʚʘʪʠ ʨʝʟʝʨʚʥʠʡ ʟʘʧʘʩ ʩʦʨʙʝʥʪʽʚ ï ʟʘʩʦʙʽʚ 

ʰʚʠʜʢʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʫ ʚʠʧʘʜʢʫ ʚʠʥʠʢʥʝʥʥʷ ʧʦʟʘʰʪʘʪʥʠʭ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘ 

ɸɽʉ ʪʘ ʥʘ ʽʥʰʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ 

ʝʢʦʩʠʩʪʝʤ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʾʭ ʷʢʦʩʪʽ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʘʥʪʨʦʧʦʛʝʥʥʦʾ ʪʘ ʪʝʭʥʦʛʝʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʪʘ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʜʣʷ ʨʝʛʽʦʥʽʚ, ʩʫʤʽʞʥʠʭ ʟ ɸɽʉ ʪʘ ʊɽʉ, ʫʨʘʥʦʚʠʜʦʙʫʚʥʠʤʠ ʪʘ 

ʧʝʨʝʨʦʙʥʠʤʠ ʽ ʽʥ. ʭʽʤʽʯʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, ʟʦʥʦʶ ʚʽʜʯʫʞʝʥʥʷ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ 

ɸɽʉ. ʅʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʯʠʥʥʠʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʦʪʨʠʤʘʥʥʷ 

ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʠʩʦʢʦʩʝʣʝʢʪʠʚʥʠʭ ʩʦʨʙʝʥʪʽʚ ʰʘʨʫʚʘʪʦʾ ʪʘ ʢʘʥʘʣʴʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʐʇɻ ʪʘ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ, ʘ ʪʘʢʦʞ ʾʭ 

ʢʦʤʧʦʟʠʪʽʚ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʢʘʪʽʦʥʥʦʾ ʪʘ ʘʥʽʦʥʥʦʾ 
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ʧʨʠʨʦʜʠ: ʨʘʜʽʦʥʫʢʣʽʜʽʚ ï U(VI), 137Cs, 90Sr, ʪʘ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ 

ï Cu(II), Co(II), Cd(II), Ni(II), Pb(II), Zn(II) ʪʘ Mn(II), ʭʨʦʤʘʪ- ʽ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ. 

ʅʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʣʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʩʠʥʪʝʟʫ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʪʘ ʩʝʣʝʢʪʠʚʥʠʭ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʐʇɻ, ʾʭ ʤʘʛʥʽʪʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʪʘ ʤʘʛʥʽʪʥʦʛʦ ʢʘʣʽʡʮʠʥʢʦʚʦʛʦ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʫ ʜʣʷ ʦʯʠʱʝʥʥʷ 

(ʜʦʦʯʠʱʝʥʥʷ) ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ, ʦʧʠʨʘʶʯʠʩʴ ʥʘ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʛʽʧʦʪʝʟʠ ʘʥʘʣʦʛʽʡ 

ʂʫʟʥʻʮʦʚʘ ɺ.ɯ., ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʚʢʘʟʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʨʘʭʦʚʫʶʯʠ ʚʧʣʠʚ ʧʨʠʨʦʜʠ ʪʘ ʬʦʨʤ ʽʩʥʫʚʘʥʥʷ 

ʝʢʦʪʦʢʩʠʢʘʥʪʫ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʚʠʣʫʯʝʥʥʷ, ʪʘ ʫʪʚʦʨʝʥʠʭ ʧʨʠ 

ʦʪʨʠʤʘʥʥʽ ʘʙʦ ʚʚʝʜʝʥʠʭ ʚ ʩʪʨʫʢʪʫʨʫ ʩʦʨʙʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʠʭ ʫʛʨʫʧʦʚʘʥʴ (ʾʭ ʪʠʧ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʘʙʦ ʫ ʚʥʫʪʨʽʰʥʽʡ 

ʯʘʩʪʠʥʽ ʤʘʪʨʠʮʽ ʟʘ ʨʘʭʫʥʦʢ), ʧʨʠʨʦʜʫ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʘʪʽʦʥʽʚ ʙʨʫʩʠʪʦʧʦʜʽʙʥʠʭ 

ʰʘʨʽʚ, ʤʦʞʥʘ ʫʩʧʽʰʥʦ ʨʝʛʫʣʶʚʘʪʠ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʦʨʙʝʥʪʫ ʱʦʜʦ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ, ʘ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʤʘʛʥʽʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ï 

ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʘʭ 

ʚʦʜʦʦʯʠʱʝʥʥʷ. 

ʈʝʥʪʛʝʥʦʛʨʘʬʽʯʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʩʠʥʪʝʟʦʚʘʥʽ Zn,Al- ʪʘ Mg,Al-ʐʇɻ, 

ʽʥʪʝʨʢʘʣʴʦʚʘʥʽ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʪʘ ʦʨʛʘʥʽʯʥʠʤʠ ʘʥʽʦʥʘʤʠ, ʪʘ ʾʭ ʤʘʛʥʽʪʥʽ ʬʦʨʤʠ, 

ʢʘʣʴʮʠʥʦʚʘʥʽ ʧʨʠ 400 Áʉ Zn,Al- ʪʘ Mg,Fe-ʐʇɻ, ʘ ʪʘʢʦʞ ʤʘʛʥʽʪʥʠʡ ʢʘʣʽʡʮʠʥʢʦʚʠʡ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ (ɯɯ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʪʘʙʽʣʴʥʠʤ ʩʢʣʘʜʦʤ ʪʘ ʦʜʥʦʨʽʜʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ. 

ʉʠʩʪʝʤʘʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ 

ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʪʘ ʦʨʛʘʥʽʯʥʠʤʠ ʘʥʽʦʥʘʤʠ Zn,Al- ʪʘ Mg,Al-ʐʇɻ, ʾʭ ʢʘʣʴʮʠʥʦʚʘʥʠʭ 

ʪʘ ʤʘʛʥʽʪʥʠʭ ʬʦʨʤ, ʘ ʪʘʢʦʞ ʤʘʛʥʽʪʥʦʛʦ ʢʘʣʽʡʮʠʥʢʦʚʦʛʦ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʫ (ɯɯ), 

ʧʦʢʘʟʘʣʦ, ʱʦ ʧʨʠʨʦʜʘ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʚʠʙʨʘʥʠʭ ʟʛʽʜʥʦ ʛʽʧʦʪʝʟʠ ʘʥʘʣʦʛʽʡ 

ʂʫʟʥʻʮʦʚʘ ɺ.ɯ. ʩʦʨʙʮʽʡʥʠʭ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ, ʨʅ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʪʘ ʨʅ ʪʦʯʢʠ 

ʥʫʣʴʦʚʦʛʦ ʟʘʨʷʜʫ  ʧʦʚʝʨʭʥʽ ʩʦʨʙʝʥʪʽʚ (ʨʅʊʅɿ), ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʪʽʦʥʥʠʭ ʪʘ ʘʥʽʦʥʥʠʭ 

ʬʦʨʤ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ, ʘ ʪʘʢʦʞ 

ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʽʚ ʚʦʜ, ʪʨʠʚʘʣʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʪʘ ʚʠʪʨʘʪʘ ʚʢʘʟʘʥʠʭ ʩʦʨʙʝʥʪʽʚ 
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ʚʠʨʽʰʘʣʴʥʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʽʚ ʦʯʠʱʝʥʥʷ ʥʠʟʴʢʦʘʢʪʠʚʥʠʭ 

ʨʽʜʢʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ (ʈʈɺ), ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʩʦʢʠʡ ʚʤʽʩʪ  

ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʽʚ ʚʦʜ (ʟʘʛʘʣʴʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ 1,5 ʛ/ʜʤ3), ʚʽʜ U(VI) 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ Zn,Al-ʐʇɻ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ ʢʘʨʙʦʢʩʠʣʴʥʠʤʠ 

ʢʦʤʧʣʝʢʩʦʥʘʤʠ, ʪʘ ʩʪʘʥʦʚʣʷʪʴ 93 õ 95 %. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʦʯʠʱʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʟʦʢʨʝʤʘ 

ʧʨʠʨʦʜʥʠʭ ʚʦʜ ʪʘ ʈʈɺ, ʚʽʜ U(Vɯ) ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʤʠ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʪʘ ʦʨʛʘʥʽʯʥʠʤʠ 

ʘʥʽʦʥʘʤʠ Zn,Al- ʪʘ Mg,Al-ʐʇɻ ʽ ʾʭ ʤʘʛʥʽʪʥʠʤʠ ʬʦʨʤʘʤʠ ʦʙʫʤʦʚʣʝʥʦ ʩʫʢʫʧʥʽʩʪʶ 

ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚʠʣʫʯʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʨʅ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, 

ʬʦʨʤʠ ʽʩʥʫʚʘʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʐʇɻ, 

ʥ̔ʪʝʨʢʘʣʴʦʚʘʥʠʭ ʢʘʨʙʦʢʩʠʣʘʪ- ʪʘ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ (ɯɯ)-ʘʥʽʦʥʘʤʠ, ʧʝʨʝʚʘʞʘʶʯʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʚʠʣʫʯʝʥʥʷ ʻ ʫʪʚʦʨʝʥʥʷ ʩʧʦʣʫʢ U(Vɯ) ʟ ʤʽʞʰʘʨʦʚʠʤʠ 

ʢʦʤʧʣʝʢʩʦʪʚʽʨʥʠʤʠ ʣʽʛʘʥʜʘʤʠ, ʱʦ ʧʦʚʥʽʩʪʶ ʢʦʨʝʣʶʻ ʟʽ  ʩʪʽʡʢʽʩʪʶ ʾʭ ʢʦʤʧʣʝʢʩʽʚ ʫ 

ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ. ɺʠʣʫʯʝʥʥʷ ʢʘʪʽʦʥʥʠʭ ʬʦʨʤ U(Vɯ), ʱʦ ʜʦʤʽʥʫʶʪʴ ʫ ʢʠʩʣʽʡ ʪʘ 

ʩʣʘʙʢʦʢʠʩʣʽʡ ʦʙʣʘʩʪʽ ʨʅ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʽʟʦʤʦʨʬʥʦʛʦ ʟʘʤʽʱʝʥʥʷ UO2
2+ 

ʥʘ Zn2+ ʫ ʩʢʣʘʜʽ ʩʦʨʙʝʥʪʽʚ ʪʘ ʚʟʘʻʤʦʜʽʾ ʟ ʆʅ-ʛʨʫʧʘʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣ-

ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʰʘʨʽʚ ʐʇɻ. ʉʦʨʙʮʽʷ ʘʥʽʦʥʥʠʭ ʬʦʨʤ U(Vɯ) ʫ ʥʝʡʪʨʘʣʴʥʽʡ ʪʘ ʣʫʞʥʽʡ 

ʦʙʣʘʩʪʷʭ ʨʅ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʟ ʣʽʛʘʥʜʦʤ ʚ 

ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘ  ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʽʚ U(Vɯ) ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘ 

ʟʚôʷʟʫʚʘʥʥʷ ʟ ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣ-ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʰʘʨʽʚ, ʘ 

ʪʘʢʦʞ ʽʟʦʤʦʨʬʥʦʛʦ ʟʘʤʽʱʝʥʥʷ UO2
2+-ʽʦʥʘ ʥʘ Mg(II) ʚ ʩʢʣʘʜʽ ʩʦʨʙʝʥʪʽʚ ʪʘ ʽʦʥʥʠʡ 

ʦʙʤʽʥ ʘʥʽʦʥʥʠʭ ʬʦʨʤ U(VI) (çʝʬʝʢʪ ʩʪʨʫʢʪʫʨʥʦʾ ʧʘʤôʷʪʽè) ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʩʦʨʙʮʽʡʥʝ ʚʠʣʫʯʝʥʥʷ U(Vɯ) ʢʘʣʴʮʠʥʦʚʘʥʠʤʠ Mg,Fe-ʐʇɻ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʙʽʣʴʰʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [Mg(II)]/[ Fe(III)] ʫ ʩʪʨʫʢʪʫʨʽ ʢʘʣʴʮʠʥʦʚʘʥʠʭ Mg,Fe-

ʐʇɻ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʱʦʜʦ 

ʘʥʽʦʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ U(Vɯ) ʫ ʨʝʟʫʣʴʪʘʪʽ ʟʤʽʥʠ ʨʅʊʅɿ ʧʦʚʝʨʭʥʽ ʚʢʘʟʘʥʠʭ ʩʦʨʙʝʥʪʽʚ, 

ʷʢʘ ʥʘʙʫʚʘʻ ʙʽʣʴʰ ʥʝʛʘʪʠʚʥʦʛʦ ʟʥʘʯʝʥʥʷ. 
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ʅʘ ʧʽʜʩʪʘʚʽ ʜʝʩʦʨʙʮʽʾ ʨʽʟʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʰʣʘʤʽʚ 

ʚʠʷʚʣʝʥʦ, ʱʦ ʪʝʨʤʽʯʥʦ ʦʙʨʦʙʣʝʥ ̔ʧʨʠ 600 ʪʘ 800 Áʉ ʢʘʣʴʮʠʥʦʚʘʥʽ Mg,Fe-ʐʇɻ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ ʬʽʢʩʘʮʽʾ U(VI) ʫ ʩʪʨʫʢʪʫʨʽ ʧʽʩʣʷ ʡʦʛʦ 

ʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʚʤʽʩʥʠʭ Zn,Al-ʐʇɻ ɦʦʜʦ 

ʚʠʣʫʯʝʥʥʷ 137Cs (Cs+) ʦʙʫʤʦʚʣʶʶʪʴ ʽʦʥʥʦ-ʩʠʪʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʨʦʟʤʽʨ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ˇʨʘʪʢʠ) ʪʘ ʨʅ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʩʦʨʙʮʽʾ 

ʚʢʘʟʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ ʜʦʩʷʛʘʶʪʴʩʷ ʥʘ ʟʨʘʟʢʘʭ Zn,Al-ʐʇɻ ʟ ʤʽʞʰʘʨʦʚʠʤʠ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ (ɯɯ)-ʽʦʥʦʤ (Kd(
137Cs) ʩʪʘʥʦʚʣʷʪʴ (3,9 õ 5,5)Ā10-2 ʩʤ3/ʛ) ʪʘ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʦʤ ʤʽʜʽ (ɯɯ) (Kd(
137Cs) ï (7,9 õ 8,5)Ā10-2 ʩʤ3/ʛ) ʚ ʦʙʣʘʩʪʽ 

ʨʅ0 = 5,0õ9,0 (ʨʅʨ = 6,8 õ 7,3), ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʘʨʙʦʥʘʪʥʦʾ ʬʦʨʤʠ ʜʘʥʠʭ ʩʦʨʙʝʥʪʽʚ  

(Kd(
137Cs) ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 52 ʩʤ3/ʛ). ɿôʷʩʦʚʘʥʦ, ʱʦ ʜʦʟʘ 4 ʛ/ʜʤ3 ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʦʤ ʤʽʜʽ (ɯɯ) Zn,Al-ʐʇɻ ʟʘʙʝʟʧʝʯʫʻ ʚʠʣʫʯʝʥʥʷ ʜʦ 99,8 % 137Cs ʽʟ 

ʧʦʚʝʨʭʥʝʚʦʾ ʚʦʜʠ (ʧʨʠ ʚʠʭʽʜʥʽʡ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ ʟʘ 137Cs ʚ 1000 ɹʢ/ʜʤ3 

ʜʦʩʷʛʘʶʪʴʩʷ ʥʦʨʤʘʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ ʧʠʪʥʦʾ ʚʦʜʠ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ ¢ 2 ɹʢ/ʜʤ3). 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ 

ʜʠʝʪʠʣʝʥʪʨʠʘʤʽʥʧʝʥʪʘʘʮʝʪʘʪ- ʪʘ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ (ɯɯ)-ʘʥʽʦʥʘʤʠ, ʘ ʪʘʢʦʞ 

ʢʘʣʴʮʠʥʦʚʘʥʠʭ Zn,Al- ʪʘ Mg,Fe-ʐʇɻ ʱʦʜʦ ʢʘʪʽʦʥʥʠʭ ʬʦʨʤ Cu(II ), Co(II ), Cd(II ), 

Ni(II), Pb(II), Zn(II) ʪʘ Mn(II) ʧʝʨʝʚʘʞʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʟʥʦʶ ʩʪʽʡʢʽʩʪʶ 

ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʟ ʤʽʞʰʘʨʦʚʠʤ ʣʽʛʘʥʜʦʤ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʪʘ ʢʦʥʩʪʘʥʪʘʤʠ ʫʪʚʦʨʝʥʥʷ ʦʩʘʜʽʚ ʛʽʜʨʦʢʩʠʜʽʚ ʪʘ ʛʽʜʨʦʢʩʦʢʘʨʙʦʥʘʪʽʚ 

ʤʝʪʘʣʽʚ. ɽʬʝʢʪʠʚʥʝ ʚʠʣʫʯʝʥʥʷ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʫ ʢʠʩʣʽʡ ʪʘ 

ʩʣʘʙʢʦʢʠʩʣʽʡ ʦʙʣʘʩʪʽ ʨʅ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʚʢʘʟʫʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʙʽʣʴʰ ʤʽʮʥʦʛʦ ʾʭ 

ʢʦʤʧʣʝʢʩʫ ʟ ʤʽʞʰʘʨʦʚʠʤ ʥʝʦʨʛʘʥʽʯʥʠʤ ʘʙʦ ʦʨʛʘʥʽʯʥʠʤ ʣʽʛʘʥʜʦʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʛʽʧʦʪʝʟʠ ʘʥʘʣʦʛʽʡ ʂʫʟʥʻʮʦʚʘ ɺ.ɯ. ɺʠʩʦʢʘ ʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʐʇɻ ʪʘʢʦʞ 

ʦʙʫʤʦʚʣʝʥʘ ʟʩʫʚʦʤ ʚʠʭʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʨʅ ʚ ʦʙʣʘʩʪʴ, ʩʧʨʠʷʪʣʠʚʫ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʡ ʛʽʜʨʦʣʽʟʫ ʤʘʣʦʨʦʟʯʠʥʥʠʭ ʩʧʦʣʫʢ (ʄ(ʆʅ)2, ʄ2ʉO3(OH)2) ʥʘ 

ʧʦʚʝʨʭʥʽ ʚʢʘʟʘʥʠʭ ʩʦʨʙʝʥʪʽʚ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʦʾ ʬʘʟʠ. ʄʝʪʦʜʦʤ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʘ 

ʪʘʢʦʞ ʟʤʽʥʦʶ ʟʘʙʘʨʚʣʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʩʚʽʪʣʦʟʝʣʝʥʠʡ ʢʦʣʽʨ, ʚʣʘʩʪʠʚʠʡ ʛʽʜʨʦʢʩʦʢʘʨʙʦʥʘʪʫ ʤʽʜʽ (ɯɯ), ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ 



 6 

ʧʝʨʝʚʘʞʘʶʯʠʤ ʤʝʭʘʥʽʟʤʦʤ ʚʠʣʫʯʝʥʥʷ Cu(II) ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʭʘʨʘʢʪʝʨʥʠʤ ʻ 

ʦʩʘʜʞʝʥʥʷ ʾʾ ʤʘʣʦʨʦʟʯʠʥʥʠʭ ʩʧʦʣʫʢ ï Cu(ʆʅ)2 ʪʘ Cu2ʉO3(OH)2, 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʩʦʨʙʮʽʾ ʥʘ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ 

ʭʨʦʤʘʪ- ʪʘ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ ʢʘʣʴʮʠʥʦʚʘʥʠʤʠ Zn,Al-, Mg,Al- ʪʘ Mg,Fe-ʐʇɻ. 

ʆʪʨʠʤʘʥʦ ʽʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ ʧʨʠ ʨʅ0 = 6,0 ʪʘ ʭʨʦʤʘʪ-ʘʥʽʦʥʽʚ ʧʨʠ 

ʨʅ0 = 5,0 ʟ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʢʘʣʴʮʠʥʦʚʘʥʠʭ Zn,Al- ʪʘ Mg,Fe-ʐʇɻ (ʟʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [Mg(II )]/[ Fe(III)] 2:1, 3:1 ʪʘ 4:1), ʘ ʪʘʢʦʞ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʥʘ 

ʚʠʭʽʜʥʠʭ ʢʘʨʙʦʥʘʪʥʠʭ Mg,Fe-ʐʇɻ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʢʘʣʴʮʠʥʦʚʘʥʠʭ ʟʨʘʟʢʽʚ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʢʘʨʙʦʥʘʪʥʠʭ, ʧʨʠ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʬʦʩʬʘʪ- ʪʘ ʭʨʦʤʘʪ-ʘʥʽʦʥʽʚ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʝ ʾʭ ʧʦʛʣʠʥʘʥʥʷ. ɺʠʷʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʠʭ ʩʦʨʮʽʡʥʠʭ ʮʝʥʪʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʜʦʟʠ 

ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʦʯʠʱʝʥʥʽ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟʘʙʝʟʧʝʯʫʻ 

ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʢʦʥʢʫʨʫʶʯʠʭ ʘʥʽʦʥʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʣʫʯʝʥʥʷ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʦʨʙʮʽʷ ʭʨʦʤʘʪ- ʪʘ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʨʝʛʽʜʨʘʪʘʮʽʾ ʢʘʣʴʮʠʥʦʚʘʥʠʭ ʬʦʨʤ ʐʇɻ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʾʭ ʧʝʨʚʠʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ (çʝʬʝʢʪʫ ʩʪʨʫʢʪʫʨʥʦʾ ʧʘʤôʷʪʽè), ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟʘʟʥʘʯʝʥʠʭ 

ʘʥʽʦʥʽʚ ʟ ʟʦʚʥʽʰʥʴʦʶ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ʤʝʪʘʣ-ʛʽʜʨʦʢʩʠʣʴʥʠʭ 

ʰʘʨʽʚ ʟʘʟʥʘʯʝʥʠʭ ʩʦʨʙʝʥʪʽʚ. ʋ ʚʠʧʘʜʢʫ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ ʦʯʝʚʠʜʥʠʤ ʻ ʫʪʚʦʨʝʥʥʷ 

ʟʦʚʥʽʰʥʴʦʩʬʝʨʥʠʭ ʤʦʥʦ- ʪʘ ʙʽʜʝʥʪʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟ ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʥʘ 

ʧʦʚʝʨʭʥʽ ʚʢʘʟʘʥʠʭ ʩʦʨʙʝʥʪʽʚ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʤʝʪʦʜʦʤ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ. 

ʆʪʨʠʤʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʛʥʽʪʥʦʛʦ 

ʢʘʣʽʡʮʠʥʢʦʚʦʛʦ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʫ (ɯɯ), ʱʦ ʤʽʩʪʠʪʴ ʬʝʨʠʥʦʣʴʥʽ ʪʘ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʥʽ ʛʨʫʧʠ, ʟʜʘʪʥʽ ʜʦ ʚʟʘʻʤʦʜʽʾ ʟ ʙʽʣʴʰʽʩʪʶ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʟʛʽʜʥʦ 

ʧʦʣʦʞʝʥʥʷ ʛʽʧʦʪʝʟʠ ʘʥʘʣʦʛʽʡ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʂʫʟʥʻʮʦʚʠʤ ɺ.ɯ., ʜʣʷ ʩʦʨʙʮʽʡʥʦʛʦ 

ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʢʘʪʽʦʥʥʠʭ ʪʘ ʘʥʽʦʥʥʠʭ ʬʦʨʤ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ 

ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʨʽʟʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʠʣʫʯʝʥʥʷ U(Vɯ) ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʨʅ = (2,8 õ 8,3) ʤʘʛʥʽʪʥʠʤ ʢʘʣʽʡʮʠʥʢʦʚʠʤ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʦʤ (ɯɯ). ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʩʦʨʙʮʽʷ ʜʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ 
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ʤʦʥʦ- ʪʘ ʙʽʜʝʥʪʘʪʥʠʭ ([(ſSO)2-UO2], [ſSO-UO2OH]), ʘ ʪʘʢʦʞ ʧʦʣʽʷʜʝʨʥʠʭ ([ſSO-

(UO2)3(OH)5]) ʢʦʤʧʣʝʢʩʽʚ, ʘ ʪʘʢʦʞ ʢʦʤʧʣʝʢʩʽʚ ʟ [Fe(CN)6]
4--ʘʥʽʦʥʘʤʠ. ɺʠʷʚʣʝʥʦ, 

ʱʦ ʚʢʘʟʘʥʠʡ ʤʘʛʥʽʪʥʠʡ ʩʦʨʙʝʥʪ ʻ ʚʠʩʦʢʦ ʝʬʝʢʪʠʚʥʠʤ ʱʦʜʦ ʘʥʽʦʥʥʠʭ ʬʦʨʤ U(VI) 

(ʨʅ Ó 7,0), ʧʨʠ ʮʴʦʤʫ ʜʦʩʷʛʘʶʪʴʩʷ Kd(U(VI)) Ó 6,7Ŀ103 ʩʤ3/ʛ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ 

ʫʪʚʦʨʝʥʥʷʤ ʤʦʥʦ-, ʙʽ- ʪʘ ʪʨʠʜʝʥʪʘʪʥʠʭ ʫʨʘʥʽʣʢʘʨʙʦʥʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ U(VI) ʥʘ 

ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ ʪʠʧʫ [ſSO-UO2CO3
-], [(ſSO)2UO2CO3]

2-, [ſSOUO2(CO3)2]
3-, 

[ſSOʅ2-(UO2)2CO3(ʆʅ)3]
0, [ſSOʅ2-UO2(CO3)3

4-]3-.  ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʜʦʟʽ 6 ʛ/ʜʤ3 

ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʥʠʟʴʢʦʘʢʪʠʚʥʠʭ ʈʈɺ ʚ̔ ʜ ʜʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ ʩʢʣʘʜʘʻ 87 %. 

ʈʦʟʛʣʷʥʫʪʦ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚ ʦʙʣʘʩʪʽ ʨʅ0 = 3,5 · 9,0 ʚʽʜ 137Cs 

(Cs+) ʪʘ 90Sr (Sr2+) ʤʘʛʥʽʪʥʠʤ ʢʘʣʽʡʮʠʥʢʦʚʠʤ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʦʤ (ɯɯ). ɿôʷʩʦʚʘʥʦ, ʱʦ 

ʤʘʛʥʽʪʥʠʡ ʢʘʣʽʡʮʠʥʢʦʚʠʡ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ (ɯɯ) ʻ ʟʥʘʯʥʦ ʝʬʝʢʪʠʚʥʽʰʠʤ ʪʘ 

ʩʝʣʝʢʪʠʚʥʽʰʠʤ ʱʦʜʦ 137Cs (Cs+) (Kd(
137Cs) (0,5 · 2,5)Ā105 ʩʤ3/ʛ) ʧʦʨʽʚʥʷʥʦ ʟʽ 90Sr 

(Sr2+) (Kd(
90Sr) 0,8 · 2,9Ā102 ʩʤ3/ʛ). ʆʪʨʠʤʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʧʦʜʽʣʫ 137Cs ʜʦʩʷʛʘʶʪʴ 

ʟʥʘʯʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʚʥʶ ʪʘ ʚʠʱʝ ʧʦʰʠʨʝʥʠʭ ʩʚʽʪʦʚʠʭ ʧʨʦʤʠʩʣʦʚʠʭ 

ʘʥʘʣʦʛʽʚ. ʉʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʜʘʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʩʦʨʙʝʥʪʫ ʱʦʜʦ 137Cs (Cs+) 

ʦʙʫʤʦʚʣʝʥʘ ʧʝʨʝʚʘʞʥʦ ʽʦʥʦʦʙʤʽʥʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʚʠʣʫʯʝʥʥʷ ʪʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʶ 

ʚʟʘʻʤʦʜʽʻʶ ʢʘʪʽʦʥʫ ʜʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ ʟ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʥʘ 

ʢʦʤʧʦʟʠʪʥʽʡ ʧʦʚʝʨʭʥʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿôʷʩʦʚʘʥʦ, ʱʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ Sr2+ ʜʘʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʩʦʨʙʝʥʪʦʤ 

ʙʽʣʴʰ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ K+, Na+ ʪʘ ʉʘ2+, ʥʽʞ ʧʨʠ ʚʠʣʫʯʝʥʥʽ Cs+. 

ʆʪʨʠʤʘʥʦ ʽʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ Cu(ɯɯ), ʉo(II), Ni(II) ʪʘ Cd(II) ʫ ʰʠʨʦʢʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʾʭ ʚʠʭʽʜʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ (50 õ 600) ʤʢʤʦʣʴ/ʜʤ3 ʟ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ 

(ʨʅ0 = 4,0) ʥʘ ʤʘʛʥʽʪʥʠʤʫ ʢʘʣʽʡʮʠʥʢʦʚʠʤʫ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽ (ɯɯ). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʨʦʩʪʘʻ ʚ ʨʷʜʫ: 

Cu(II ) > Cd(II) > Ni(II)  > ʉo(II), ʱʦ ʦʙʫʤʦʚʣʝʥʦ, ʡʤʦʚʽʨʥʦ, ʩʧʝʮʠʬʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʙʫʜʦʚʠ 

ʾʭ ʟʦʚʥʽʰʥʴʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʦʙʦʣʦʥʢʠ ʪʘ ʧʨʠʨʦʜʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʥʘ ʧʦʚʝʨʭʥʽ 

ʩʦʨʙʝʥʪʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʣʫʯʝʥʥʷ Cu(ɯɯ), Co(II), Ni(II) ʪʘ Cd(II) ʟ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʤʘʛʥʽʪʥʠʤ ʢʘʣʽʡʮʠʥʢʦʚʠʤ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʦʤ (ɯɯ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʽʟ [Fe(CN)6]
4--ʘʥʽʦʥʘʤʠ ʫ ʡʦʛʦ 
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ʩʪʨʫʢʪʫʨʽ ʪʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʢʘʪʽʦʥʥʠʭ ʬʦʨʤ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʽʟ 

ʜʝʧʨʦʪʦʥʦʚʘʥʠʤʠ ʧʦʚʝʨʭʥʝʚʠʤʠ ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʪʘ ʬʝʨʠʥʦʣʴʥʠʤʠ ʛʨʫʧʘʤʠ, ʘ 

ʪʘʢʦʞ ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʫʚʘʥʥʷ ʽʟʦʤʦʨʬʥʦ-ʟʘʤʽʱʝʥʠʭ ʩʧʦʣʫʢ ʤʝʪʘʣʽʚ ʪʠʧʫ ʬʝʨʠʪʽʚ. 

ɿôʷʩʦʚʘʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ 

ʚʽʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʜʘʥʠʤ ʤʘʛʥʽʪʥʠʤ ʩʦʨʙʝʥʪʦʤ ʻ 

ʙʽʣʴʰ ʥʠʟʴʢʦʶ, ʥʽʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ ʦʨʛʘʥʽʯʥʠʤʠ ʪʘ 

ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʣʽʛʘʥʜʘʤʠ Zn,Al-ʐʇɻ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠʢʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʪʘ ʨʘʜʽʦʤʝʪʨʠʯʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʚʤʽʩʪʫ ʫ ʚʦʜʘʭ ʨʽʟʥʦʛʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ 

ʢʘʪʽʦʥʥʠʭ ʽ ʘʥʽʦʥʥʠʭ ʬʦʨʤ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʟ ʧʦʧʝʨʝʜʥʽʤ ʾʭ 

ʩʦʨʙʮʽʡʥʠʤ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷʤ ʥʘ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ: ʤʘʛʥʽʪʥʠʡ 

ʢʘʣʽʡʮʠʥʢʦʚʠʡ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ ï ʜʣʷ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ 137Cs, ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ (ɯɯ)-ʽʦʥʠ, ï ʜʣʷ Cu(II), ʢʘʣʴʮʠʥʦʚʘʥʽ Zn,Al- 

ʪʘ Mg,Fe-ʐʇɻ ï ʜʣʷ ʭʨʦʤʘʪ- ʪʘ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʯʫʪʣʠʚʽʩʪʴ 

ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦ ʟʥʘʯʝʥʥʷ ʨʅ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ 

ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʠʩʣʦʪʥʦʾ ʜʝʩʪʨʫʢʮʽʾ, ʱʦ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ ʤʦʥʽʪʦʨʠʥʛʫ 

ʧʨʠʨʦʜʥʠʭ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʣʶʯʝʥʥʷ ʩʪʘʜʽʾ ʜʝʩʦʨʙʮʽʾ 

ʝʢʦʪʦʢʩʠʢʘʥʪʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʽ ʩʦʨʙʝʥʪʠ, ʫʨʘʥ (VI), ʮʝʟʽʡ-137, 

ʩʪʨʦʥʮʽʡ-90, ʚʘʞʢʽ ʤʝʪʘʣʠ, ʭʨʦʤʘʪ-ʘʥʽʦʥʠ, ʬʦʩʬʘʪ-ʘʥʽʦʥʠ, ʝʢʦʪʦʢʩʠʢʘʥʪʠ, 

ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ. 
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The dissertation is devoted to the solution of an important ecological problem ï 

creation on the basis of the carried out systematic researches of scientific bases of 

purposeful reception of ecologically safe highly effective polyfunctional materials on 

the basis of layered double hydroxides (LDHs), their magnetic composites and magnetic 

potassium-zinc hexacyanoferate with highly selective properties for purification 

(additional purification) of aqueous media from radionuclides ï U(VI), 137Cs, 90Sr, and 

other inorganic ecotoxicants ï Cu(II), Co(II), Cd(II), Ni(II), Pb(II), Zn(II) and Mn(II), 

chromate and phosphate anions, which will form a reserve stock of sorbents ï means of 

rapid response in case of occurrence emergencies at nuclear power plants and other 

nuclear power plants, to prevent pollution of ecosystems and restore their quality. 

It is shown that as a result of anthropogenic and technogenic activity the high 

level of radioactive and chemical pollution of water environments for the regions 

adjacent to NPPs and HPPs, uranium mining and processing and other chemical 

factories, the Chernobyl Exclusion Zone. The main factors are given influencing the 

production of multifunctional highly selective sorbents of layered and channel structure 

based on LDH and hexacyanoferates of transition metals, as well as their composites for 

removal of a wide range of ecotoxicants of cationic and anionic nature: radionuclides - 

U(VI), 137Cs, 90Sr inorganic ecotoxicants ï Cu(II), Co(II), Cd(II), Ni(II), Pb(II), Zn(II) 

and Mn(II), chromate and phosphate anions. 

A new approach for the targeted synthesis of highly efficient and selective 

polyfunctional LDH, their magnetic composites and magnetic potassium-zinc 

hexacyanoferate for purification (additional purification) of aqueous media from 

radionuclides and other inorganic ecotoxicants has been scientifically substantiated 

based on the basic provisions of the hypothesis of analogies by Kuznetsov V.I., which 

can offer a high sorption capacity of these materials. It is shown that taking into account 

the influence of nature and forms of existence of ecotoxicant in the aquatic 

environment, which requires removal, and formed upon receipt or introduced into the 

structure of sorption material functional-analytical groups (their type and location on the 

surface or inside the matrix due), nature and the ratio of cations of brucite-like layers, it 

is possible to successfully regulate the multifunctional properties of the sorbent in 
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relation to inorganic ecotoxicants, and due to the presence of a magnetic component - to 

significantly increase the manufacturability of its application in water treatment. 

Radiographically confirmed that the synthesized Zn,Al- and Mg,Al-LDHs 

intercalated with inorganic and organic anions, and their magnetic forms, calcined at 

400 ÁC Zn,Al- and Mg,Fe-LDHs, as well as magnetic potassium-zinc 

hexacyanoferate (II ) are characterized by a stable composition and homogeneous 

structure. 

A systematic study of the sorption properties of Zn,Al- and Mg,Al-LDHs 

intercalated by inorganic and organic anions, their calcined and magnetic forms, as well 

as magnetic potassium-zinc hexacyanoferate (II), showed that the nature and location of 

selected sorption active centers, pH of aqueous media and ʨʅ of point of zero charge 

surface of sorbents (ʨʅpzc), concentrations of cationic and anionic forms of 

radionuclides and other inorganic ecotoxicants, as well as macrocomponents of water, 

the duration of removal and consumption of these sorbents according to the hypothesis 

of the analogies by Kuznetsov V.I. decisively affect the sorption capacity of the studied 

materials. 

It was found that the highest values of the stages of purification of low-level 

liquid radioactive waste (LRW), despite the high content of macrocomponents of water 

(total mineralization 1,5 g/dm3), from U(VI) are observed on Zn,Al-LDHs intercalated 

with carboxyl complexes, and are 93 õ 95 %. 

It is determined that the purification of the studied aquatic environments, in 

particular natural waters and LRW, from U(VI) intercalated inorganic and organic 

anions Zn,Al- and Mg,Al-LDHs and their magnetic forms due to a combination of 

different removal mechanisms depending on the pH of the aquatic environment and, 

accordingly, the forms of existence of the specified radionuclide. When using LDHs 

intercalated with carboxylate and hexacyanoferate(II) anions, the predominant 

mechanism of removal is the formation of compounds U(VI) with interlayer 

complexing ligands, which fully correlates with the stability of their complexes in 

aqueous solution. The removal of cationic forms of U(VI), which dominate in the acidic 

and weakly acidic pH range, is carried out as a result of isomorphic substitution of 
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UO2
2+ for Zn2+ in sorbents and interaction with OH-groups on the surface of LDHs 

metal-hydroxyl layers. Sorption of anionic forms of U(VI) in the neutral and alkaline 

pH regions occurs due to complexation with the ligand in the interlayer space and ion 

exchange. 

It is shown that the formation of U(VI) complexes in the interlayer space and 

binding to hydroxyl groups on the surface of metal-hydroxyl layers, as well as 

isomorphic substitution of UO2
2+-ion by Mg(II) in sorbents and ion exchange of anionic 

forms of U(VI) (çstructural memory effectè) provide sorption removal of U(VI) by 

calcined Mg,Fe-LDHs. It is established that the increase in the ratio [Mg(II)]/[Fe(III)] in 

the structure of calcined Mg,Fe-LDHs leads to a decrease in the sorption capacity of 

these materials relative to anionic complexes of U(VI) as a result of changes in surface 

ʨʅpzc of these sorbents, which becames more negative value. 

Based on the desorption of various reagents from spent sludge, it was found that 

heat-treated at 600 and 800 ÁC calcined Mg,Fe-LDHs are characterized by high strength 

of fixation of U(VI) in the structure after its sorption removal from aqueous media. 

It is determined that the efficiency of hexacyanoferate-containing Zn,Al-LDHs in 

the removal of 137Cs (Cs+) is determined by the ionic-sieve properties (size of the crystal 

lattice) and the pH of the aqueous solution. It was found that the maximum values of 

sorption of this radionuclide are achieved on samples of Zn,Al-LDH with interlayer 

hexacyanoferate(II) -ion (Kd(
137Cs) are (3,9 õ 5,5)Ā10-2 cm3/g) and copper 

hexacyanoferate(II) (Kd(
137Cs) ï (7,9 õ 8,5)Ā10-2 cm3/g) in the region of pH0 = 5,0 õ 9,0 

(pH = 6,8 õ 7,3), on in contrast to the carbonate form of these sorbents (Kd(
137Cs) do not 

exceed 52 cm3/g). It was found that a dose of 4 g/dm3 intercalated with hexacyanoferate 

copper(II) Zn,Al-LDHs provides removal of up to 99,8% 137Cs from surface water (at 

the initial activity of water at 137Cs in 1000 Bq/dm3 normative indicators for drinking 

water are achieved, which are ¢2 Bq/dm3). 

It was found that the sorption capacity of intercalated diethylenetriamine-

pentaacetate- and hexacyanoferate (II) -anions, as well as calcined Zn,Al- and Mg,Fe-

LDHs relative to the cationic forms of Cu(II), Co(II), Cd(II), Ni(II), Pb(II), Zn(II) and 

Mn(II) are mainly determined by the different stability of complex compounds of metal 
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ions with the interlayer ligand of polyfunctional material, and the constants of formation 

of precipitates of hydroxides and hydroxocarbonates of metals. Effective removal of 

inorganic ecotoxicants in the acidic and weakly acidic regions of the pH of the aqueous 

solution indicates the formation of a stronger complex with an interlayer inorganic or 

organic ligand in accordance with the hypothesis of analogies by Kuznetsov V.I. The 

high sorption capacity of LDHs is also due to the shift of the initial pH value to the 

region favorable for the formation as a result of hydrolysis reactions of sparingly 

soluble compounds (ʄ(ʆʅ)2, ʄ2ʉO3(OH)2) on the surface of these sorbents as a 

separate phase. The method of IR spectroscopy, as well as the change of color of the 

solid phase of polyfunctional materials to the light green color inherent in copper(II) 

hydroxocarbonate, confirmed that the predominant mechanism of removal of Cu(II) 

from aqueous media is characterized by precipitation of its insoluble compounds ï 

Cu(OH)2 and Cu2CO3(OH)2. 

The influence of sorption parameters on the purification of aqueous media from 

chromate and phosphate anions by calcined Zn,Al-, Mg,Al- and Mg,Fe-LDHs was 

studied. The sorption isotherms of phosphate anions at pH0 = 6,0 and chromate anions 

at pH0 = 5,0 were obtained from model solutions on calcined Zn,Al and Mg,Fe-LDHs 

(with the ratio [Mg(II)]/[Fe(III)] 2:1, 3:1 and 4:1), as well as for comparison on the 

original carbonate Mg,Fe-LDHs. It was determined that for calcined samples, in 

contrast to carbonate samples, at low concentrations of phosphate and chromate anions, 

their almost complete absorption is observed. It was found that increasing the 

concentration of active sorption centers by increasing the dose of polyfunctional 

materials in the purification of aqueous media reduces the impact of competing anions 

and increases the efficiency of removal of inorganic ecotoxicants. 

It was found that the sorption of chromate and phosphate anions occurs as a result 

of rehydration of calcined forms of LDHs and restoration of their primary structure 

(çstructural memory effectè), electrostatic interaction of these anions with the outer 

positively charged surface of metal-hydroxyl layers of these sorbents. In the case of 

phosphate anions, the formation of extraspherical mono- and bidentate complexes with 
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hydroxyl groups on the surface of these sorbents is obvious, which is confirmed by IR- 

spectroscopy. 

The results of the study of the sorption properties of magnetic potassium-zinc 

hexacyanoferate(II) containing ferinol and hexacyanoferate groups capable of 

interacting with most metal ions according to the hypothesis of analogies proposed by 

Kuznetsov V.I. for sorption purification of aqueous media and cations other inorganic 

ecotoxicants from aquatic environments of different chemical composition. 

The removal of U(VI) from aqueous media in a wide range of pH = (2,8 õ 8,3) by 

magnetic potassium-zinc hexacyanoferate(II) was studied. It is established that the 

sorption of this radionuclide occurs due to the formation of surface mono- and bidentate 

([(ſSO)2-UO2], [ſSO-UO2OH]) as well as polynuclear ([ſSO-(UO2)3(OH)5]) 

complexes, as well as complexes with [Fe(CN)6]
4--anions. It was found that this 

magnetic sorbent is highly effective against anionic forms of U(VI) (ʨʅ Ó 7,0), while 

achieving Kd(U(VI))  Ó 6,7Ŀ103 cm3/g, due to the formation of mono-, bi- and tridentate 

uranyl carbonate complexes U(VI) on the surface of the material type [ſSO-UO2CO3
-], 

[(ſSO)2UO2CO3]
2-, [ſSOUO2(CO3)2]

3-, [ſSOʅ2-(UO2)2CO3(ʆʅ)3]
0, [ſSOʅ2-

UO2(CO3)3
4-]3-. It was determined that at a dose of 6 g/dm3 the degree of purification of 

low-activity LRW from this radionuclide is 87 %. 

Purification of aqueous media in the region of pH0 = 3,5 · 9,0 from 137Cs (Cs+) ʪʘ 

90Sr (Sr2+) by magnetic potassium-zinc hexacyanoferate (II) is considered. It was found 

that magnetic potassium-zinc hexacyanoferate (II) is much more efficient and selective 

for 137Cs (Cs+) (Kd(
137Cs) (0,5 · 2,5)Ā105 cm3/g) compared to 90Sr (Sr2+) (Kd(

90Sr) 

(0,8 · 2,9)Ā102 ʩʤ3/ʛ). The obtained distribution coefficients of 137Cs reach values 

corresponding to the level and above of the most widespread world industrial analogues. 

The sorption capacity of this magnetic sorbent relative to 137Cs (Cs+) is mainly due to 

the ion exchange mechanism of removal and electrostatic interaction of the cation of 

this radionuclide with negatively charged areas on the composite surface of the 

magnetic multifunctional material. It was found that the efficiency of Sr2+ removal by 

this magnetic polyfunctional sorbent depends more significantly on the content of K+, 

Na+ and ʉʘ2+, than in the removal of Cs+. 
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Sorption isotherms of Cu(II), Co(II), Ni(II) and Cd(II) in a wide range of their 

initial concentrations (50 õ 600) ɛmol/dm3 were obtained from model solutions (pH = 

4,0) on magnetic potassium-zinc hexacyanoferate(II). It is established that the sorption 

capacity of this material increases in a number: Cu(II)>Cd(II)>Ni(II)>Co(II), which is 

probably due to specific processes of complexation of inorganic ecotoxicants depending 

on the structure of their outer electronic shell and nature functional groups on the 

surface of the sorbent. It is shown that the removal of Cu(II), Co(II), Ni(II) and Cd(II) 

from aqueous media by magnetic potassium-zinc hexacyanoferate(II) occurs as a result 

of complexation of these metal ions with [Fe(CN)6]
4--anions in its structure and as a 

result of interaction of cationic forms of inorganic ecotoxicants with deprotonated 

surface hydroxyl and ferinol groups, as well as due to the formation of isomorphically 

substituted compounds of metals such as ferrites. It was found that the efficiency of 

purification of highly mineralized aqueous media from the studied inorganic 

ecotoxicants by this magnetic sorbent is lower than when using intercalated organic and 

inorganic ligands Zn,Al-LDHs. 

Effective methods of analytical and radiometric control of the content in the 

waters of different physicochemical composition of radionuclides and cationic and 

anionic forms of inorganic ecotoxicants with their preliminary sorption concentration on 

the polyfunction are proposed: magnetic potassium-zinc hexacyanoferrate ï for the 

concentration of 137Cs, multifunctional materials that form hexacyanoferrate (II) -ions, 

 for Cu(II), calcined Zn,Al- and Mg,Fe-LDHs ï for chromate and  phosphate-anions. It 

is shown that the sensitivity of the structure of these multifunctional materials to the pH 

value of aqueous solutions allow the use of acid degradation, which provokes the 

process of monitoring natural aquatic environments by choosing the stages of 

desorption of the ecotoxicant. 

Keywords: polyfunctional sorbents, uranium (VI), cesium-137, strontium-90, 

heavy metals, chromate  and phosphate-ions, ecotoxicants, water purification. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ, ʉʀʄɺʆʃɯɺ, ʉʂʆʈʆʏɽʅʔ 

 

ɸɽC 

ɻʈ 

ʌʂ 

ɯʏ 

ʄʉ-ɯɿʇ 

ʈʈɺ 

ʊʅɿ 

ʐʇɻ 

Zn,Al-ʐʇɻ 

Mg,Fe-ʐʇɻ 

Mg,Al-ʐʇɻ 

Zn,Al-CO3 

 

Zn,Al-FeCN 

 

Zn,Al-CuFeCN 

 

Zn,Al-Cit 

 

Mg,Al-Cit 

 

Fe3O4/Zn,Al-Cit 

 

Fe3O4/Mg,Al-Cit 

 

Zn,Al-ɻʄɼʊɸ 

 

 

ʘʪʦʤʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ 

ʛʫʤʽʥʦʚʽ ʨʝʯʦʚʠʥʠ 

ʬʫʣʴʚʦʢʠʩʣʦʪʠ 

ʽʥʬʨʘʯʝʨʚʦʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ 

ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʷ ʟ ʽʥʜʫʢʪʠʚʥʦ ʟʚôʷʟʘʥʦʶ ʧʣʘʟʤʦʶ 

ʨʽʜʢʽ ʨʘʜʽʦʘʢʪʠʚʥʽ ʚʽʜʭʦʜʠ 

ʪʦʯʢʘ ʥʫʣʴʦʚʦʛʦ ʟʘʨʷʜʫ 

ʰʘʨʫʚʘʪʠʡ ʧʦʜʚʽʡʥʠʡ ʛʽʜʨʦʢʩʠʜ 

ʰʘʨʫʚʘʪʠʡ ʧʦʜʚʽʡʥʠʡ ʛʽʜʨʦʢʩʠʜ ʮʠʥʢʫ ʪʘ ʘʣʶʤʽʥʽʶ 

ʰʘʨʫʚʘʪʠʡ ʧʦʜʚʽʡʥʠʡ ʛʽʜʨʦʢʩʠʜ ʤʘʛʥʽʶ ʪʘ ʟʘʣ̔ʟʘ (ɯɯɯ) 

ʰʘʨʫʚʘʪʠʡ ʧʦʜʚʽʡʥʠʡ ʛʽʜʨʦʢʩʠʜ ʤʘʛʥʽʶ ʪʘ ʘʣʶʤʽʥʽʶ 

ʢʘʨʙʦʥʘʪʥʘ ʬʦʨʤʘ ʰʘʨʫʚʘʪʦʛʦ ʧʦʜʚʽʡʥʦʛʦ ʛʽʜʨʦʢʩʠʜʫ ʮʠʥʢʫ 

ʪʘ ʘʣʶʤʽʥʽʶ 

ʰʘʨʫʚʘʪʠʡ ʧʦʜʚʽʡʥʠʡ ʛʽʜʨʦʢʩʠʜ ʮʠʥʢʫ ʪʘ ʘʣʶʤʽʥʽʶ, 

ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʡ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ (ɯɯ)-ʽʦʥʦʤ 

ʰʘʨʫʚʘʪʠʡ ʧʦʜʚʽʡʥʠʡ ʛʽʜʨʦʢʩʠʜ ʮʠʥʢʫ ʪʘ ʘʣʶʤʽʥʽʶ, 

ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʡ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʦʤ ʤʽʜʽ (ɯɯ) 

ʰʘʨʫʚʘʪʠʡ ʧʦʜʚʽʡʥʠʡ ʛʽʜʨʦʢʩʠʜ ʮʠʥʢʫ ʪʘ ʘʣʶʤʽʥʽʶ, 

ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʡ ʘʥʽʦʥʘʤʠ ʣʠʤʦʥʥʦʾ ʢʠʩʣʦʪʠ  

ʰʘʨʫʚʘʪʠʡ ʧʦʜʚʽʡʥʠʡ ʛʽʜʨʦʢʩʠʜ ʤʘʛʥʽʶ ʪʘ ʘʣʶʤʽʥʽʶ, 

ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʡ ʘʥʽʦʥʘʤʠ ʣʠʤʦʥʥʦʾ ʢʠʩʣʦʪʠ  

ʤʘʛʥʽʪʥʘ ʬʦʨʤʘ ʰʘʨʫʚʘʪʦʛʦ ʧʦʜʚʽʡʥʦʛʦ ʛʽʜʨʦʢʩʠʜʫ ʮʠʥʢʫ ʪʘ 

ʘʣʶʤʽʥʽʶ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ ʘʥʽʦʥʘʤʠ ʣʠʤʦʥʥʦʾ ʢʠʩʣʦʪʠ 

ʤʘʛʥʽʪʥʘ ʬʦʨʤʘ ʰʘʨʫʚʘʪʦʛʦ ʧʦʜʚʽʡʥʦʛʦ ʛʽʜʨʦʢʩʠʜʫ ʤʘʛʥʽʶ 

ʪʘ ʘʣʶʤʽʥʽʶ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ ʘʥʽʦʥʘʤʠ ʣʠʤʦʥʥʦʾ ʢʠʩʣʦʪʠ 

ʰʘʨʫʚʘʪʠʡ ʧʦʜʚʽʡʥʠʡ ʛʽʜʨʦʢʩʠʜ ʮʠʥʢʫ ʪʘ ʘʣʶʤʽʥʽʶ, 

ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʡ ʘʥʽʦʥʘʤʠ ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʘʤʽʥʪʝʪʨʘʦʮʪʦʚʦʾ 

ʢʠʩʣʦʪʠ  
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Zn,Al-ɼʊʇɸ 

 

 

KZnHCFe 

Fe3O4/KZnHCFe 

ɸ0 

ɸʨ  

ʉɼ 

R 

a 

ao 

a/ao 

as 

aÐ 

Ŭ 

 

ɆŬ-ʘʢʪʠʚʥʽʩʪʴ 

Ɇɓ-ʘʢʪʠʚʥʽʩʪʴ 

ʉ0 

 

ʉʨ 

 

ʂd  

ɯ 

ʨʅ0 

ʨʅʨ 

m 

V 

t 

ʊ1/2 

ʰʘʨʫʚʘʪʠʡ ʧʦʜʚʽʡʥʠʡ ʛʽʜʨʦʢʩʠʜ ʮʠʥʢʫ ʪʘ ʘʣʶʤʽʥʽʶ, 

ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʡ ʘʥʽʦʥʘʤʠ ʜʠʝʪʠʣʝʥʪʨʠʘʤʽʥʧʝʥʪʘʦʮʪʦʚʦʾ 

ʢʠʩʣʦʪʠ  

ʢʘʣʽʡʮʠʥʢʦʚʠʡ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ (ɯɯ) 

ʤʘʛʥʽʪʥʠʡ ʢʘʣʽʡʮʠʥʢʦʚʠʡ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ (ɯɯ) 

ʘʢʪʠʚʥʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʜʦ ʩʦʨʙʮʽʾ 

ʘʢʪʠʚʥʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʽʩʣʷ ʩʦʨʙʮʽʾ 

ʩʪʫʧʽʥʴ ʜʝʩʦʨʙʮʽʾ 

ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ 

ʚʤʽʩʪ ʝʢʦʪʦʢʩʠʢʘʥʪʫ ʫ ʟʨʘʟʢʫ ʧʽʩʣʷ ʜʝʩʦʨʙʮʽʾ 

ʚʠʭʽʜʥʠʡ ʚʤʽʩʪ ʝʢʦʪʦʢʩʠʢʘʥʪʫ ʫ ʟʨʘʟʢʫ 

ʟʘʣʠʰʢʦʚʠʡ ʚʤʽʩʪ ʝʢʦʪʦʢʩʠʢʘʥʪʫ ʥʘ ʩʦʨʙʝʥʪʽ ʧʽʩʣʷ ʜʝʩʦʨʙʮʽʾ  

ʚʝʣʠʯʠʥʘ ʘʜʩʦʨʙʮʽʾ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʝʢʦʪʦʢʩʠʢʘʥʪʫ 

ʛʨʘʥʠʯʥʘ ʚʝʣʠʯʠʥʘ ʘʜʩʦʨʙʮʽʾ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʝʢʦʪʦʢʩʠʢʘʥʪʫ 

ʯʘʩʪʢʘ ʬʦʨʤʠ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʝʢʦʪʦʢʩʠʢʘʥʪʫ ʚ ʚʦʜʥʦʤʫ 

ʨʦʟʯʠʥʽ 

ʩʫʤʘʨʥʘ ʧʠʪʦʤʘ ʘʣʴʬʘ-ʨʘʜʽʦʘʢʪʠʚʥʽʩʪʴ 

ʩʫʤʘʨʥʘ ʧʠʪʦʤʘ ʙʝʪʘ-ʨʘʜʽʦʘʢʪʠʚʥʽʩʪʴ 

ʚʠʭʽʜʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʝʢʦʪʦʢʩʠʢʘʥʪʫ 

(ʩʦʨʙʘʪʫ) 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʝʢʦʪʦʢʩʠʢʘʥʪʫ (ʩʦʨʙʘʪʫ) ʧʽʩʣʷ 

ʩʦʨʙʮʽʾ 

ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ  

ʽʦʥʥʘ ʩʠʣʘ ʨʦʟʯʠʥʫ 

ʨʅ ʚʠʭʽʜʥʦʛʦ ʨʦʟʯʠʥʫ  

ʨʅ ʨʦʟʯʠʥʫ ʧʽʩʣʷ ʩʦʨʙʮʽʾ 

ʤʘʩʘ ʥʘʚʘʞʢʠ ʩʦʨʙʝʥʪʫ 

ʦʙô̒ ʤ ʨʦʟʯʠʥʫ 

ʪʨʠʚʘʣʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʝʢʦʪʦʢʩʠʢʘʥʪʫ 

ʧʝʨʽʦʜ ʥʘʧʽʚʨʦʟʧʘʜʫ ʨʘʜʽʦʥʫʢʣʽʜʫ 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ. ʅʘ ʩʴʦʛʦʜʥʽ ʛʦʣʦʚʥʦʶ ʫʤʦʚʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʜʝʨʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ʻ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʟʘʛʨʦʟ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʫ, ʧʽʜʚʠʱʝʥʠʡ ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʷʢʠʭ ʻ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʋʢʨʘʾʥʠ ʫ 

ʟʚôʷʟʢʫ ʟ ʧʨʦʜʦʚʞʝʥʥʷʤ ʩʪʨʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʦʙʣʦʢʽʚ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ 

(ɸɽʉ) ʪʘ ʧʨʠʨʦʩʪʫ ʚʠʜʦʙʫʪʢʫ ʫʨʘʥʫ ʥʘ ʧʽʜʩʪʘʚʽ çɽʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ 

ʥʘ ʧʝʨʽʦʜ ʜʦ 2035 ʨ.è, ʘ ʪʘʢʦʞ ʥʝʧʦʜʦʣʘʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ 

ʢʘʪʘʩʪʨʦʬʠ.  

ʅʘʜʟʚʠʯʘʡʥʦ ʛʦʩʪʨʦʶ ʻ ʧʨʦʙʣʝʤʘ ʥʘʢʦʧʠʯʝʥʥʷ ʟʥʘʯʥʠʭ ʦʙôʻʤʽʚ ʨʽʜʢʠʭ 

ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ (ʈʈɺ), ʟʦʢʨʝʤʘ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʘʢʪʠʚʥʦʩʪʽ, ʷʢ ʥʘʡʙʽʣʴʰ 

ʥʝʙʝʟʧʝʯʥʠʡ ʪʝʭʥʦʛʝʥʥʠʡ ʥʘʩʣʽʜʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʜʣʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʫ 

ʥʦʨʤʘʣʴʥʦʤʫ (ʰʪʘʪʥʦʤʫ) ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʥʘ ɸɽʉ ʟʘʚʞʜʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷʤ ʈʈɺ, ʷʢʽ ʧʝʨʝʚʘʞʥʦ ʤʽʩʪʷʪʴ ʧʨʦʜʫʢʪʠ ʧʦʜʽʣʫ ʪʘ ʘʢʪʠʚʘʮʽʾ (234,235,238U, 

134,137Cs, 90Sr, 60Co, 54Mn, 210Pb ʪʘ ʽʥ.), ʽ ʥʘʚʽʪʴ ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ʽʟ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʦʩʦʙʣʠʚʦ ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʜʦʙʫʪʢʦʤ 

ʪʘ ʧʝʨʝʨʦʙʢʦʶ ʫʨʘʥʦʚʠʭ ʨʫʜ, ʥʝʙʝʟʧʝʢʘ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ʋʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩʠ ʦʯʠʱʝʥʥʷ 

(ʜʦʦʯʠʱʝʥʥʷ) ʈʈɺ ʥʘʷʚʥʽʩʪʴ ʫ ʥʠʭ ʟʥʘʯʥʦ ʙʽʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʝʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ (Na+, K+, Ca2+, Mg2+ ʪʘ HCO3
-, Cl-, ʉO3

2-, SO4
2-, PO4

3-) ʧʦʨʽʚʥʷʥʦ ʟ 

ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ. 

ʊʦʤʫ ɸɽʉ ʪʘ ʧʨʦʤʠʩʣʦʚʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʧʦʚʠʥʥʽ ʤʘʪʠ 

ʨʝʟʝʨʚʥʠʡ ʬʦʥʜ ʝʢʦʣʦʛʽʯʥʦ ʜʦʮʽʣʴʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʧʨʠʡʥʷʪʥʠʭ ʩʦʨʙʝʥʪʽʚ ʜʣ̫ 

ʦʯʠʱʝʥʥʷ ʟʥʘʯʥʠʭ ʦʙôʻʤʽʚ ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʨʽʟʥʦʛʦ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʷʢ ʟʘʩʦʙʽʚ ʰʚʠʜʢʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʡ, ʱʦ ʤʦʛʣʠ ʙ ʟʘʧʦʙʽʛʪʠ ʛʣʦʙʘʣʴʥʦʤʫ ʟʘʙʨʫʜʥʝʥʥʶ ʝʢʦʩʠʩʪʝʤ ʚ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʪʘ ʜʣʷ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʤʦʥʽʪʦʨʠʥʛʫ 

ʝʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʦʛʦ ʩʪʘʥʫ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʜʦʚʢʽʣʣʷ. 
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ɿ ʙʝʟʣʽʯʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʥʘ ʩʴʦʛʦʜʥʽ ʜʣʷ ʜʝʟʘʢʪʠʚʘʮʽʾ ʈʈɺ ʩʦʨʙʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘʡʢʨʘʱʽ ʷʢʦʩʪʽ (ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʜʦ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ, 

ʤʝʭʘʥʽʯʥʘ, ʭʽʤʽʯʥʘ ʪʘ ʨʘʜʽʘʮʽʡʥʘ ʩʪʽʡʢʽʩʪʴ, ʧʝʨʝʚʘʞʥʦ ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ) ʚʣʘʩʪʠʚʽ 

ʥʝʦʨʛʘʥʽʯʥʠʤ ʩʦʨʙʝʥʪʘʤ ʰʘʨʫʚʘʪʦʾ ʪʘ ʢʘʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ 

ʰʘʨʫʚʘʪʽ ʧʦʜʚʽʡʥʽ ʛʽʜʨʦʢʩʠʜʠ (ʐʇɻ) ʪʘ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʠ ʤʝʪʘʣʽʚ. 

ʎʽʣʝʩʧʨʷʤʦʚʘʥʠʡ ʩʠʥʪʝʟ ʪʘ ʤʦʜʠʬʽʢʘʮʽʷ ʩʪʨʫʢʪʫʨʠ ʚʢʘʟʘʥʠʭ ʩʦʨʙʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʫʛʨʫʧʦʚʘʥʥʷʤʠ, ʚʨʘʭʦʚʫʶʯʠ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ, ʥʘ ʦʩʥʦʚʽ ʧʦʣʦʞʝʥʴ ʛʽʧʦʪʝʟʠ ʘʥʘʣʦʛʽʡ ʂʫʟʥʻʮʦʚʘ ɺ.ɯ. ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʾʭ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʱʦʜʦ ʢʘʪʽʦʥʥʠʭ ʽ ʘʥʽʦʥʥʠʭ ʬʦʨʤ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ 

ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʪʘ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʫ ʧʨʦʮʝʩʘʭ ʚʦʜʦʦʯʠʱʝʥʥʷ/ʜʦʦʯʠʱʝʥʥʷ. ʅʘʜʘʥʥʷ ʜʘʥʠʤ ʩʦʨʙʝʥʪʘʤ ʤʘʛʥʽʪʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ ʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʪʘ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʤʝʭʘʥʽʯʥʦʛʦ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʩʦʨʙʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʦʯʠʱʝʥʦʛʦ 

ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʂʨʽʤ ʪʦʛʦ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʩʦʨʙʝʥʪʽʚ 

ʟʘʧʦʙʽʛʘʻ ʚʪʦʨʠʥʥʦʤʫ ʟʘʙʨʫʜʥʝʥʥʶ ʜʦʚʢʽʣʣʷ ʪʘ ʟʤʝʥʰʝʥʥʶ ʝʢʦʥʦʤʽʯʥʠʭ ʚʠʪʨʘʪ 

ʟʘ ʨʘʭʫʥʦʢ ʟʥʘʯʥʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʦʙôʻʤʽʚ ʈʈɺ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʧʦʜʘʣʴʰʦʛʦ 

ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʙʝʟʧʝʯʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʰʣʷʭʦʤ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʢʽʥʮʝʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ʩʦʨʙʮʽʡʥʦʛʦ ʚʦʜʦʦʯʠʱʝʥʥʷ.  

ʉʘʤʝ ʪʦʤʫ ʜʘʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʥʘʫʢʦʚʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʛʽʧʦʪʝʟʽ ʘʥʘʣʦʛʽʡ ʂʫʟʥʻʮʦʚʘ ɺ.ɯ, ʜʦ ʦʪʨʠʤʘʥʥʷ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʚʠʩʦʢʦʩʝʣʝʢʪʠʚʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʾʭ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʚʠʣʫʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ, ʦʩʦʙʣʠʚʦ ʾʭ 

ʤʽʢʨʦʢʽʣʴʢʦʩʪʝʡ, ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʨʽʟʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʱʦ ʻ ʦʜʥʠʤ ʽʟ 

ʚʘʞʣʠʚʠʭ ʪʘ ʘʢʪʫʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʫ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ɯʥʩʪʠʪʫʪʫ 

ʢʦʣʦʾʜʥʦʾ ʭʽʤʽʾ ʪʘ ʭʽʤʽʾ ʚʦʜʠ ʽʤ. ɸ.ɺ. ɼʫʤʘʥʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ ʟʘ ʪʝʤʘʤʠ: 

çɼʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤ ʽʩʥʫʚʘʥʥʷ ʫ ʚʦʜʽ ʧʨʽʦʨʠʪʝʪʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʪʘ ʨʝʘʢʮʽʡ ʟ ʾʭ ʫʯʘʩʪʶ ʫ ʟʚôʷʟʢʫ ʟ ʦʮʽʥʢʦʶ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ 
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ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚè (2010-2014 ʨʨ., ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0110U005403); çʈʦʟʚʠʪʦʢ 

ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʢʠ ʽ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠè (2012-2016 ʨʨ., 

 ̄ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0112U000040); çʉʝʣʝʢʪʠʚʥʝ ʚʠʣʫʯʝʥʥʷ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʪʦʢʩʠʢʘʥʪʽʚ ʩʦʨʙʮʽʡʥʠʤʠ ʪʘ ʛʽʙʨʠʜʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʴ ʬʦʨʤ ʾʭ 

ʟʥʘʭʦʜʞʝʥʥʷ ʫ ʚʦʜʥʠʭ ʩʠʩʪʝʤʘʭè (2013-2017 ʨʨ., ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0113U000833); 

çʈʦʟʨʦʙʢʘ ʤʝʪʦʜʦʣʦʛʽʾ ʘʥʘʣʽʟʫ ʽ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʦʨʛʘʥʽʯʥʠʭ ʽ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʤʽʢʨʦʢʦʤʧʦʥʝʥʪʽʚ ï ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚʦʜʥʠʭ ʩʠʩʪʝʤè (2017-2021 ʨʨ., 

 ̄ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0117U000015); çʅʦʚʽ ʩʦʨʙʝʥʪʠ, ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʽ ʪʘ 

ʤʦʜʠʬʽʢʦʚʘʥʽ  ʥʘʥʦʤʘʪʝʨʽʘʣʠ ʟ ʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʜʣʷ ʚʠʜʘʣʝʥʥʷ 

ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱè (2018-2022 ʨʨ., ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

0118U003018); çʈʦʟʚʠʪʦʢ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʭʽʤʽʾ, ʬʽʟʠʢʠ ʪʘ ʙʽʦʣʦʛʽʾ ʚʦʜʠè (2017-

2021ʨʨ., ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0117U000014), ʘ ʪʘʢʦʞ ʢʦʥʢʫʨʩʫ ɼʝʨʞʘʚʥʦʛʦ ʬʦʥʜʫ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʋʢʨʘʾʥʠ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʽʚ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʟʘ ʪʝʤʦʶ: çʈʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ 

ʩʦʨʙʝʥʪʽʚ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʫʨʘʥʫ(VI) ʪʘ ʽʥʰʠʭ ʪʦʢʩʠʯʥʠʭ 

ʤʝʪʘʣʽʚè (2015 ʨ., ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0115U004701). 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʥʘʫʢʦʚʠʭ ʟʘʩʘʜ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʰʘʨʫʚʘʪʠʭ ʧʦʜʚʽʡʥʠʭ ʛʽʜʨʦʢʩʠʜʽʚ (ʐʇɻ), ʾʭ ʤʘʛʥʽʪʥʠʭ ʬʦʨʤ ʪʘ ʤʘʛʥʽʪʥʦʛʦ 

ʢʘʣʽʡʮʠʥʢʦʚʦʛʦ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʫ ʟ ʚʠʩʦʢʦʩʝʣʝʢʪʠʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ 

ʥʘʫʢʦʚʦʤʫ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʫʤʦʚ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ 

ʚʽʜ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ï U(VI), 137Cs, 90Sr, ʪʘ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ï 

Cu(II), Co(II), Cd(II), Ni(II), Pb(II), Zn(II) ʽ Mn(II), ʭʨʦʤʘʪ- ʪʘ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʥʘʫʢʦʚʽ ʪʘ 

ʧʨʘʢʪʠʯʥʽ ʟʘʜʘʯʽ: 

- ʚʠʟʥʘʯʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʽʚ ʩʠʥʪʝʟʫ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʧʦʢʨʘʱʝʥʠʤʠ ʩʦʨʙʮʽʡʥʠʤʠ ʪʘ ʢʽʥʝʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʐʇɻ, ʾʭ 

ʤʘʛʥʽʪʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʪʘ ʤʘʛʥʽʪʥʦʛʦ ʢʘʣʽʡʮʠʥʢʦʚʦʛʦ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʫ, ʟʦʢʨʝʤʘ 

ʚʨʘʭʦʚʫʶʯʠ ʧʦʣʦʞʝʥʥʷ ʛʽʧʦʪʝʟʠ ʘʥʘʣʦʛʽʡ ʂʫʟʥʻʮʦʚʘ ɺ.ɯ. ʧʨʠ ʽʥʪʝʨʢʘʣʷʮʽʾ ʨʽʟʥʠʤʠ 

ʦʨʛʘʥʽʯʥʠʤʠ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʣʽʛʘʥʜʘʤʠ ʤʽʞʰʘʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʩʠʥʪʝʟʦʚʘʥʠʭ 
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ʐʇɻ, ʾʭ ʢʘʣʴʮʠʥʘʮʽʾ, ʘ ʪʘʢʦʞ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʥʽ ʐʇɻ ʪʘ ʢʘʣʽʡʮʠʥʢʦʚʦʛʦ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʫ (ɯɯ) ʤʘʛʥʝʪʠʪʦʤ; ʧʨʦʚʝʩʪʠ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʦʜʥʦʨʽʜʥʦʩʪʽ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʦʨʙʝʥʪʽʚ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʪʘ 

ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ; ʚʩʪʘʥʦʚʠʪʠ ʾʭ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ; 

- ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʦʨʙʝʥʪʽʚ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ï U(VI), 137Cs, 90Sr, ʪʘ 

ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ï Cu(II), Co(II), Cd(II), Ni(II), Pb(II), Zn(II) ʽ 

Mn(II), ʭʨʦʤʘʪ- ʪʘ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ ʟ ʤʦʜʝʣʴʥʠʭ ʪʘ ʧʨʠʨʦʜʥʠʭ ʚʦʜ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʪʘ 

ʥʠʟʴʢʦʘʢʪʠʚʥʠʭ ʈʈɺ ʥʘ ʦʩʥʦʚʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ 

ʩʦʨʙʝʥʪ-ʨʦʟʯʠʥ, ʘ ʩʘʤʝ: ʩʪʘʥʫ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʢʽʥʝʪʠʯʥʠʭ ʪʘ ʨʽʚʥʦʚʘʞʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʩʦʨʙʮʽʾ; 

- ʚʩʪʘʥʦʚʠʪʠ ʚʧʣʠʚ ʥʝʦʨʛʘʥʽʯʥʠʭ ʪʘ ʦʨʛʘʥʽʯʥʠʭ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʽʚ, ʪʠʧʦʚʠʭ 

ʜʣʷ ʧʨʠʨʦʜʥʠʭ ʚʦʜ, ʥʘ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʦʨʙʝʥʪʽʚ ʱʦʜʦ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ; 

- ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʝʭʘʥʽʟʤʠ ʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ï U(VI) , 

137Cs, 90Sr, ʪʘ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ï Cu(II), Co(II), Cd(II), Ni(II), 

Pb(II), Zn(II) ʽ Mn(II), ʭʨʦʤʘʪ- ʪʘ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʩʦʨʙʝʥʪʘʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʦʨʤ ʽʩʥʫʚʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʫ 

ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʽ ʙʫʜʦʚʠ ʜʘʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

- ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ ʨʘʜʽʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 137Cs ʪʘ 

ʘʥʘʣʽʪʠʯʥʦʛʦ - ʢʘʪʽʦʥʥʠʭ ʽ ʘʥʽʦʥʥʠʭ ʬʦʨʤ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ï Cu(II), 

ʭʨʦʤʘʪ- ʪʘ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ ʧʽʩʣʷ ʾʭ ʩʦʨʙʮʽʡʥʦʛʦ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ 

ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʩʦʨʙʮʽʡʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʚʠʣʫʯʝʥʥʽ 

U(VI), 137Cs, 90Sr ʪʘ Cu(II), Co(II), Cd(II), Ni(II), Pb(II), Zn(II) ʽ Mn(II), ʘ ʪʘʢʦʞ 

ʭʨʦʤʘʪ- ʪʘ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ ʟ ʤʦʜʝʣʴʥʠʭ ʪʘ ʧʨʠʨʦʜʥʠʭ ʚʦʜ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʪʘ 

ʥʠʟʴʢʦʘʢʪʠʚʥʠʭ ʈʈɺ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʐʇɻ, ʾʭ 

ʤʘʛʥʽʪʥʽ ʢʦʤʧʦʟʠʪʠ ʪʘ ʤʘʛʥʽʪʥʠʡ ʢʘʣʽʡʮʠʥʢʦʚʠʡ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 
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ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʦʨʙʝʥʪʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʘʢʽ ʤʝʪʦʜʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ: 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʡ, ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʠʡ ʪʘ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʡ ʟ 

ʽʥʜʫʢʪʠʚʥʦ ʟʚôʷʟʘʥʦʶ ʧʣʘʟʤʦʶ (ʄʉ-ɯɿʇ), ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʠʡ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʘʢʪʠʚʥʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʘʜʽʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ. 

ʈʝʥʪʛʝʥʦʛʨʘʬʽʯʥʠʡ ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʜʥʦʬʘʟʥʦʩʪʽ ʩʦʨʙʝʥʪʽʚ. ʄʝʪʦʜʦʤ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʜʦʩʣʽʜʞʫʚʘʣʠ 

ʩʪʨʫʢʪʫʨʫ ʩʦʨʙʝʥʪʽʚ ʜʦ ʪʘ ʧʽʩʣʷ ʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ. ʄʝʪʦʜ ʨʅ-ʽʦʥʦʤʝʪʨʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʅ 

ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʨʅ ʪʦʯʢʠ ʥʫʣʴʦʚʦʛʦ ʟʘʨʷʜʫ (ʨʅʊʅɿ) ʧʦʚʝʨʭʥʽ 

ʩʦʨʙʝʥʪʽʚ. ɺʠʣʫʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ 

ʧʨʦʚʦʜʠʣʠ ʩʦʨʙʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʫ ʩʪʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ. ɼʣʷ ʦʮʽʥʢʠ 

ʪʦʯʥʦʩʪʽ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʾʭ 

ʦʙʨʦʙʢʠ, ʘ ʜʣʷ ʧʝʨʝʚʽʨʢʠ  ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ī ʤʝʪʦʜ ʜʦʙʘʚʦʢ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʥʘʫʢʦʚʦ 

ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʫ ʩʢʣʘʜʽ ʦʨʛʘʥʽʯʥʽ ʪʘ ʥʝʦʨʛʘʥʽʯʥʽ ʣʽʛʘʥʜʠ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʠʤʠ ʫʛʨʫʧʦʚʘʥʥʷʤʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʛʽʧʦʪʝʟʠ ʘʥʘʣʦʛʽʡ ʂʫʟʥʻʮʦʚʘ ɺ.ɯ., ʥʘ 

ʦʩʥʦʚʽ ʐʇɻ, ʾʭ ʤʘʛʥʽʪʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʪʘ ʤʘʛʥʽʪʥʦʛʦ ʢʘʣʽʡʮʠʥʢʦʚʦʛʦ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʫ ʟ ʚʠʩʦʢʦʩʝʣʝʢʪʠʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʷʢʦʩʪʽ 

ʛʽʜʨʦʩʬʝʨʠ ʰʣʷʭʦʤ ʦʯʠʱʝʥʥʷ (ʜʦʦʯʠʱʝʥʥʷ) ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟ ʨʽʟʥʠʤ 

ʩʦʣʝʚʤʽʩʪʦʤ ʚʽʜ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʢʘʪʽʦʥʥʦʾ 

ʪʘ ʘʥʽʦʥʥʦʾ ʧʨʠʨʦʜʠ: ʨʘʜʽʦʥʫʢʣʽʜʽʚ ï U(VI), 137Cs, 90Sr, ʪʘ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ï Cu(II), Co(II), Cd(II), Ni(II), Pb(II), Zn(II) ʪʘ Mn(II), ʭʨʦʤʘʪ- ʽ 

ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ. 

ʇʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʩʦʨʙʝʥʪʽʚ ʜʦ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʰʣʷʭʦʤ ʚʘʨʽʶʚʘʥʥʷ ʧʨʠʨʦʜʠ ʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʘʪʽʦʥʽʚ ʄ(II)/M(III) ʙʨʫʩʠʪʦʧʦʜʽʙʥʠʭ ʰʘʨʽʚ ʪʘ ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ 

ʣʽʛʘʥʜʫ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʟʤʽʥʫ ʨʦʟʤʽʨʽʚ ʤʽʞʰʘʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ (ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʩʪʘʥʽ 

ʤʽʞ ʙʨʫʩʠʪʦʧʦʜʽʙʥʠʤʠ ʰʘʨʘʤʠ) ʪʘ ʟʘʨʷʜʫ ʧʦʚʝʨʭʥʽ ʩʦʨʙʝʥʪʽʚ (ʨʅʊʅɿ). ʊʘʢʦʞ 
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ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʤʽʞʰʘʨʦʚʦʛʦ ʣʽʛʘʥʜʫ 

ʐʇɻ ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʨʦʜʠ ʪʘ ʬʦʨʤ ʽʩʥʫʚʘʥʥʷ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʫ ʚʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʚʢʘʟʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʱʦʜʦ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ, ʘ ʥʘʷʚʥʽʩʪʴ ʤʘʛʥʽʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ï 

ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʘʭ ʚʦʜʦʦʯʠʱʝʥʥʷ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʘʭʦʚʘʥʠʭ ʬʦʨʤ 

ʟʥʘʭʦʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʘ ʪʘʢʦʞ ʭʨʦʤʘʪ- ʪʘ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ 

ʧʨʠ ʨʽʟʥʠʭ ʨʅ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʾʭ ʩʦʨʙʮʽʷ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʩʦʨʙʝʥʪʘʤʠ ʥʘ ʦʩʥʦʚʽ ʐʇɻ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ ʦʨʛʘʥʽʯʥʠʤʠ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʤʠ 

ʣʽʛʘʥʜʘʤʠ, ʢʘʣʴʮʠʥʦʚʘʥʠʭ ʪʘ ʤʘʛʥʽʪʥʠʭ ʬʦʨʤ, ʦʙʫʤʦʚʣʝʥʘ ʜʝʢʽʣʴʢʦʤʘ 

ʤʝʭʘʥʽʟʤʘʤʠ: ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷʤ ʟ ʣʽʛʘʥʜʘʤʠ ʚ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

ʩʦʨʙʝʥʪʽʚ ʪʘ ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ ʟ ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʪʘ ʬʝʨʠʥʦʣʴʥʠʤʠ ʛʨʫʧʘʤʠ, ʘʥʽʦʥʥʠʤ 

ʦʙʤʽʥʦʤ, ʽʟʦʤʦʨʬʥʠʤ ʟʘʤʽʱʝʥʥʷʤ ʪʘ ʦʩʘʜʞʝʥʥʷʤ ʛʽʜʨʦʢʩʠʜʽʚ ʪʘ 

ʛʽʜʨʦʢʩʦʢʘʨʙʦʥʘʪʽʚ ʤʝʪʘʣʽʚ. 

ʄʝʭʘʥʽʟʤ ʚʠʣʫʯʝʥʥʷ 137Cs (Cs+) ʤʘʛʥʽʪʥʠʤ ʢʘʣʽʡʮʠʥʢʦʚʠʤ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʦʤ (ɯɯ) ʦʙʫʤʦʚʣʝʥʠʡ ʧʝʨʝʚʘʞʥʦ ʽʦʥʦʦʙʤʽʥʥʠʤ ʭʘʨʘʢʪʝʨʦʤ 

ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʢʘʪʽʦʥʫ ʜʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ ʟ 

ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʤʠ ʮʝʥʪʨʘʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣ̔ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ; ʚʠʣʫʯʝʥʥʷ Cu(ɯɯ), Co(II), Ni(II) ʪʘ Cd(II) ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʾʭ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʽʟ [Fe(CN)6]
4--ʘʥʽʦʥʘʤʠ ʫ ʩʪʨʫʢʪʫʨʽ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʩʦʨʙʝʥʪʫ ʪʘ ʚʟʘʻʤʦʜʽʾ ʟ ʜʝʧʨʦʪʦʥʦʚʘʥʠʤʠ ʧʦʚʝʨʭʥʝʚʠʤʠ ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʪʘ 

ʬʝʨʠʥʦʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʚʢʘʟʘʥʦʛʦ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʦʨʙʝʥʪʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʐʇɻ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ 

ʦʨʛʘʥʽʯʥʠʤʠ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʣʽʛʘʥʜʘʤʠ, ʘ ʪʘʢʦʞ ʾʭ ʢʘʣʴʮʠʥʦʚʘʥʠʭ ʬʦʨʤ ʜʣʷ 

ʚʠʣʫʯʝʥʥʷ ʘʥʽʦʥʥʠʭ ʬʦʨʤ U(VI) ʽʟ ʥʠʟʴʢʦʘʢʪʠʚʥʠʭ ʈʈɺ ï ʰʘʭʪʥʠʭ ʚʦʜ 

ʫʨʘʥʦʧʝʨʝʨʦʙʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ɺʠʩʦʢʦʩʝʣʝʢʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʱʦʜʦ ʚʠʣʫʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 137Cs ʪʘ 90Sr, 

ʢʘʪʽʦʥʥʠʭ ʪʘ ʘʥʽʦʥʥʠʭ ʬʦʨʤ U(VI), ʉu(II), ʉo(II), Ni(II) ʪʘ Cd(II) ʤʘʛʥʽʪʥʦʛʦ 

ʢʘʣʽʡʮʠʥʢʦʚʦʛʦ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʫ (II) ʜʦʟʚʦʣʷʶʪʴ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʡʦʛʦ ʜʣʷ 
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ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʘʭ ʚʦʜʦʦʯʠʱʝʥʥʷ (ʜʦʦʯʠʱʝʥʥʷ) ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʚʦʜ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʫʥʽʢʘʣʴʥʽ ʐʇɻ ʟ ʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʤʘʛʥʽʪʥʠʡ 

ʢʘʣʽʡʮʠʥʢʦʚʠʡ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ (ɯɯ) ʜʣʷ ʦʯʠʱʝʥʥʷ ʈʈɺ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʤʘʛʥʽʪʥʦʾ ʩʝʧʘʨʘʮʽʾ ʜʣʷ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʾ 

ʪʚʝʨʜʦʾ ʬʘʟʠ ʩʦʨʙʝʥʪʽʚ, ʱʦ ʩʧʨʠʷʻ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʚʦʜʦʦʯʠʱʝʥʥʷ ʪʘ 

ʧʽʜʚʠʱʝʥʥʶ ʙʝʟʧʝʢʠ ʨʦʙʦʪʠ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʩʠʥʪʝʟʦʚʘʥʽ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠ ʩʦʨʙʮʽʡʥʦʤʫ ʢʦʥʮʝʥʪʨʫʚʘʥʥʽ 137Cs, Cu(II), ʭʨʦʤʘʪ- ʪʘ ʬʦʩʬʘʪ-

ʘʥʽʦʥʽʚ ʽʟ ʧʨʠʨʦʜʥʠʭ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟ ʧʦʜʘʣʴʰʠʤ ʾʭ ʘʥʘʣʽʪʠʯʥʠʤ 

ʚʠʟʥʘʯʝʥʥʷʤ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʚ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʽʜʝʾ ʪʘ ʥʘʧʨʷʤʢʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯ ʨʦʙʦʪʠ, ʚʠʙʦʨʽ ʦʙôʻʢʪʽʚ ʪʘ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʢʨʠʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʜʘʥʠʭ ʣʽʪʝʨʘʪʫʨʠ, ʧʣʘʥʫʚʘʥʥʽ ʚʩʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʾʭ ʧʨʦʚʝʜʝʥʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʘʤʠʤ ʟʜʦʙʫʚʘʯʝʤ ʘʙʦ ʧʽʜ ʡʦʛʦ 

ʥʘʫʢʦʚʠʤ ʩʫʧʨʦʚʦʜʦʤ, ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, 

ʬʦʨʤʫʣʶʚʘʥʥʽ ʧʦʣʦʞʝʥʴ ʪʘ ʚʠʩʥʦʚʢʽʚ ʜʠʩʝʨʪʘʮʽʾ, ʷʢʽ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ. 

ɿʘʛʘʣʴʥʫ ʧʦʩʪʘʥʦʚʢʫ ʜʝʷʢʠʭ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʴ, ʦʙʛʦʚʦʨʝʥʥʷ ʦʢʨʝʤʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʪʘ ʚʠʩʥʦʚʢʽʚ ʜʠʩʝʨʪʘʮʽʾ ʟʜʽʡʩʥʝʥʦ ʩʧʽʣʴʥʦ ʟ ʘʢʘʜʝʤʽʢʦʤ ʅɸʅ ʋʢʨʘʾʥʠ, ʜ.ʭ.ʥ., 

ʧʨʦʬ. ɻʦʥʯʘʨʫʢʦʤ ɺ.ɺ. ʪʘ ʜ.ʭ.ʥ., ʩ.ʥ.ʩ. ʇʰʠʥʢʦ ɻ.ʄ. ʉʠʥʪʝʟ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʩʦʨʙʝʥʪʽʚ, ʨʝʥʪʛʝʥʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ ʩʦʨʙʝʥʪʽʚ ʪʘ ʾʭ 

ʪʨʘʢʪʫʚʘʥʥʷ ʟʜʽʡʩʥʝʥʦ ʨʘʟʦʤ ʟ ʢ.ʭ.ʥ. ʂʦʩʦʨʫʢʦʚʠʤ ʆ.ʆ. ʆʢʨʝʤʽ ʜʦʩʣʽʜʞʝʥʥʷ  ʟ 

ʩʦʨʙʮʽʾ ʧʨʦʚʦʜʠʣʠʩʴ ʩʧʽʣʴʥʦ ʟ ʘʩʧʽʨʘʥʪʘʤʠ ʪʘ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ɯʥʩʪʠʪʫʪʫ 

ʢʦʣʦʾʜʥʦʾ ʭʽʤʽʾ ʪʘ ʭʽʤʽʾ ʚʦʜʠ ʽʤ. ɸ.ɺ. ɼʫʤʘʥʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ ʗʮʠʢʦʤ ɹ.ʇ., 

ʐʫʥʢʦʚʠʤ ɺ.ʉ., ʌʝʜʦʨʦʚʦʶ ɺ.ʄ. ʪʘ ʢ.ʭ.ʥ. ʂʦʙʝʮʴ ʉ.ʆ.; ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʧʨʦʚʝʜʝʥʦ ʨʘʟʦʤ ʟ 

ʢ.ʭ.ʥ., ʩ.ʥ.ʩ. ɼʝʤʯʝʥʢʦʤ ɺ.ʗ.; ʚʠʟʥʘʯʝʥʥʷ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʤ  

ʤʝʪʦʜʦʤ ʟʜʽʡʩʥʝʥʦ ʟʘ ʫʯʘʩʪʽ ʢ.ʭ.ʥ., ʩ.ʥ.ʩ. ɼʝʤʫʮʴʢʦʾ ʃ.ʄ. ɯʏ-ʩʧʝʢʪʨʠ ʟʨʘʟʢʽʚ 

ʩʦʨʙʝʥʪʽʚ ʦʪʨʠʤʘʥʦ ʫ ʩʧʽʚʧʨʘʮʽ ʟ ʢ.ʭ.ʥ., ʜʦʮ. ɿʫʙ ɺ.ʗ. (ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ). ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 
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ʧʽʜʛʦʪʦʚʢʘ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦ ʜʨʫʢʫ, ʚʠʢʦʥʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʦʪʨʠʤʘʥʽ 

ʟʘ ʫʯʘʩʪʶ ʟʜʦʙʫʚʘʯʘ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʨʦʙʦʪʠ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʥʘʫʢʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʥʘʧʨʷʤʢʦʤ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ 

ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ: 9-ʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ WasteECo-

2012 çʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʪʭʦʜʦʚè (ʍʘʨʴʢʦʚ, 2012); 

ʅʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚ ʨʘʤʢʘʭ ʤʽʞʥʘʨʦʜʥʦʛʦ ʬʦʨʫʤʫ çɼʦʚʢʽʣʣʷ 

ʋʢʨʘʾʥʠè çʈʘʜʽʦʝʢʦʣʦʛʽʷ-2013. ʏʦʨʥʦʙʠʣʴ-ʌʫʢʫʩʽʤʘ. ʅʘʩʣʽʜʢʠè (ʂʠʾʚ, 2013); 

çʂʦʣʦʾʜʥʦ-ʭʽʤʽʯʥʽ ʧʨʦʙʣʝʤʠ ʦʭʦʨʦʥʠ ʜʦʚʢʽʣʣʷ ʪʘ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʚʦʜʠè (ʂʠʾʚ, 

2013); ɯʍ ɺʩʝʫʢʨʘʠʥʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ (ɼʦʥʝʮʢ, 2013); 

IX ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʵʢʦʣʦʛʠʠ ï 2013è (ɻʨʦʜʥʦ, ɹʝʣʦʨʫʩʩʠʷ, 2013); XII , XIII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʍʠʤʠʷ ʠ ʞʠʟʥʴè (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2013, 2014); 

Vɯ, VɯI ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʚʢʽʣʣʷè (ʉʫʤʠ, 2015, 2017); ʂʠʾʚʩʴʢʘ ʢʦʥʬʝʨʝʥʮʽʷ ʟ ʘʥʘʣʽʪʠʯʥʦʾ 

ʭʽʤʽʾ çʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ï 2016è ʪʘ çʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ï 2018è (ʂʠʾʚ, 2016, 2018);  

IV ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ 

çʌʽʟʠʢʘ ʽ ʭʽʤʽʷ ʪʚʝʨʜʦʛʦ ʪʽʣʘ: ʩʪʘʥ, ʜʦʩʷʛʥʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠè  (ʃʫʮʴʢ, 2016); VIɯ 

ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ ʽ 

ʩʪʫʜʝʥʪʽʚ çɺʦʜʘ ʚ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽè (ʆʜʝʩʘ, 2016); ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʍʽʤʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ ʪʘ ʽʥʞʝʥʝʨʽʷè (ʃʴʚʽʚ, 2017); ɯɯ 

ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʢʦʥʬʝʨʝʥʮʽʷ ʩʪʫʜʝʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ çʊʝʦʨʝʪʠʯʥʽ ʪʘ 

ʧʨʠʢʣʘʜʥʽ ʘʩʧʝʢʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟ ʙʽʦʣʦʛʽʾ, ʛʝʦʛʨʘʬʽʾ ʪʘ ʭʽʤʽʾè (ʉʫʤʠ, 2018); 

çVinSmartEcoè: ɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ (ɺʽʥʥʠʮʷ, 2019); 

Ukrainian conference with international participation çChemistry, physics and 

technology of surfaceè and Workshop çMetal-based biocompatible nanoparticles: 

synthesis and applicationsè (Kyiv, 2019); çʇʝʨʩʧʝʢʪʠʚʠ ʤʘʡʙʫʪʥʴʦʛʦ ʪʘ ʨʝʘʣʽʾ 

ʩʴʦʛʦʜʝʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠè: ɯɯɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ (ʂʠʾʚ, 2019). 
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ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ 44 ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʽ, ʫ ʪʦʤʫ ʯʠʩʣʽ 25 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ (22 ï ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ 

ʋʢʨʘʾʥʠ (ʢʘʪʝʛʦʨʽʷ çɸè) ʪʘ ʽʥʦʟʝʤʥʠʭ ʜʝʨʞʘʚ, 3 ï ʫ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ), ʟ 

ʥʠʭ 21 ʽʥʜʝʢʩʫʻʪʴʩʷ ʫ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʤʝʪʨʠʯʥʽʡ ʙʘʟʽ Scopus, ʘ ʪʘʢʦʞ 1 ʧʘʪʝʥʪ 

ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ʪʘ ʪʝʟʠ 18 ʜʦʧʦʚʽʜʝʡ ʫ ʟʙʽʨʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ 

ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 

6 ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʽʚ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʣʽʪʝʨʘʪʫʨʠ ʪʘ 2 ʜʦʜʘʪʢʽʚ. 

ʈʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 337 ʩʪʦʨʽʥʢʘʭ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ ʪʘ ʤʽʩʪʠʪʴ 73 ʨʠʩʫʥʢʠ ʪʘ 

43 ʪʘʙʣʠʮ.̔ 
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ʈʆɿɼɯʃ 1 

ʉʆʈɹɽʅʊʀ ʅɸ ʆʉʅʆɺɯ ʐʇɻ ʊɸ ɻɽʂʉɸʎɯɸʅʆʌɽʈɸʊɯɺ ʄɽʊɸʃɯɺ ɼʃʗ 

ɺʀʃʋʏɽʅʅʗ ʈɸɼɯʆʅʋʂʃɯɼɯɺ ɯ ɯʅʐʀʍ ʅɽʆʈɻɸʅɯʏʅʀʍ ʊʆʂʉʀʏʅʀʍ 

ʂʆʄʇʆʅɽʅʊɯɺ 

 

1.1. ʉʫʯʘʩʥʽ ʘʩʧʝʢʪʠ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʪʘ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ 

ʏʝʨʝʟ ʝʢʩʪʝʥʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʪʘʢʠʭ ʩʫʯʘʩʥʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʷʢ 

ʷʜʝʨʥʘ ʝʥʝʨʛʝʪʠʢʘ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ ʪʘ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤ ʟʘʟʥʘʶʪʴ 

ʩʝʨʡʦʟʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʟʘʛʨʦʟ ʫ ʨʝʟʫʣʴʪʘʪʽ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʽ ʭʽʤʽʯʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʥʘʜʭʦʜʞʝʥʥʷ ʫ ʜʦʚʢʽʣʣʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʘ 

ʪʘʢʦʞ ʪʝʧʣʦʚʦʛʦ ʪʘ ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ, ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ ʛʽʜʨʦʣʦʛʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʨʠʪʦʨʽʡ ʧʦʙʣʠʟʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʷʜʝʨʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʮʠʢʣʫ [1,2]. ʆʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʧʨʦʙʣʝʤ ʙʝʟʧʝʢʠ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʻ 

ʙʝʟʧʝʢʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʾʾ ʦʙôʻʢʪʽʚ ʪʘ ʙʝʟʧʝʢʘ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ʽ ʥʘʩʝʣʝʥʥʷ 

ʫ ʮʽʣʦʤʫ [1]. ʆʜʥʘʢ ʥʘ ʩʴʦʛʦʜʥʽ ʷʜʝʨʥʘ ʝʥʝʨʛʝʪʠʢʘ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʻʜʠʥʠʤ 

ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ, ʟʜʘʪʥʠʤ ʨʝʘʣʴʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʧʦʪʨʝʙ ʣʶʜʩʪʚʘ ʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʽ ʪʘ ʟʘʧʦʙʽʛʪʠ ʩʚʽʪʦʚʽʡ ʝʥʝʨʛʝʪʠʯʥʽʡ ʢʨʠʟʽ [3]. 

ɸʜʞʝ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʧʦʧʠʪ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʚ ʧʝʨʰʽ 30 ʨʦʢʽʚ ʍʍɯ ʩʪ. 

ʟʨʦʩʪʘʪʠʤʝ ʱʦʨʽʯʥʦ ʥʘ 1,5 % [1]. 

ɺʠʥʠʢʥʝʥʥʷ ʧʨʦʙʣʝʤ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ 

ʋʢʨʘʾʥʠ ʫ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʜʦ 2035 ʨ. ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ~ 80 % 

ʧʦʪʦʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ (~ 20-25 ɻɺʪ) ʙʫʜʫʪʴ ʚʠʚʝʜʝʥʽ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʝʟ 

ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʦʚʞʝʥʥʷ ʩʪʨʦʢʫ ʨʦʙʦʪʠ [4]. ʊʘʢʠʡ ʧʦʧʠʪ ʧʦʪʨʝʙʫʚʘʪʠʤʝ 

ʥʘʨʦʱʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ ʧʽʜʧʨʠʻʤʩʪʚ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ï ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʽʶʯʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ (ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʝʨʽʦʜʠʯʥʦʾ ʧʝʨʝʦʮʽʥʢʠ 

ʙʝʟʧʝʢʠ) ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʚʠʜʦʙʫʪʢʫ ʫʨʘʥʦʚʦʾ ʩʠʨʦʚʠʥʠ ʰʣʷʭʦʤ ʦʩʚʦʻʥʥʷ ʥʦʚʠʭ 

ʨʦʜʦʚʠʱ [4]. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʋʢʨʘʾʥʘ ʥʘʣʝʞʠʪʴ ʜʦ ʜʝʨʞʘʚ, ʚ ʷʢʠʭ ʜʦʤʽʥʫʶʯʽ 

ʧʦʟʠʮʽʾ ʟʘʡʤʘʻ ʷʜʝʨʥʘ ʝʥʝʨʛʝʪʠʢʘ, ʟʘʙʝʟʧʝʯʫʶʯʠ > 50 % ʥʝʦʙʭʽʜʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

ʢʨʽʤ ʪʦʛʦ, ʧʦ ʩʠʨʦʚʠʥʥʠʤ ʨʝʩʫʨʩʘʤ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʠʤ ʟʘʧʘʩʘʤ U ʻ ʧʨʦʚʽʜʥʦʶ ʫ 
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ɭʚʨʦʧʽ (235 ʪʠʩ. ʪ) [1]. ʗʢ ʟʘʟʥʘʯʘʻʪʴʩʷ [5], ʅʦʚʦʢʦʩʪʷʥʪʠʥʽʚʩʴʢʝ ʨʫʜʥʝ ʧʦʣʝ 

(ʂʽʨʦʚʦʛʨʘʜʩʴʢʘ ʦʙʣ.), ʷʢʝ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʠʟʢʠ ʨʦʜʦʚʠʱ ʥʘʪʨʽʡ-ʫʨʘʥʦʚʦʾ ʬʦʨʤʘʮʽʾ, 

ʤʘʻ ʟʘʧʘʩʠ ʫʨʘʥʦʚʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʝʥʝʨʛʦʙʣʦʢʽʚ ʫʢʨʘʾʥʩʴʢʠʭ 

ɸɽʉ, ʜʦʩʪʘʪʥʽ ʜʣʷ ʾʭ ʨʦʙʦʪʠ ʥʘ ʨʽʚʥʽ ʽʩʥʫʶʯʠʭ ʥʠʥʽ ʧʦʪʫʞʥʦʩʪʝʡ ʚʧʨʦʜʦʚʞ 

ʜʝʩʷʪʠʣʽʪʴ. ʅʘ ʙʘʟʽ ʉʘʬʦʥʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ (ʄʠʢʦʣʘʾʚʩʴʢʘ ʦʙʣ.) ʧʣʘʥʫʻʪʴʩʷ 

ʘʧʨʦʙʘʮʽʷ ʤʝʪʦʜʫ ʢʠʩʥʝʚʦ-ʩʦʜʦʚʦʛʦ ʟʙʘʛʘʯʝʥʥʷ ʫʨʘʥʦʚʦʾ ʩʠʨʦʚʠʥʠ (ʟʘ ʧʨʦʛʨʘʤʦʶ 

ʨʦʟʚʠʪʢʫ ʤʽʥʝʨʘʣʴʥʦʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʋʢʨʘʾʥʠ ʜʦ 2030 ʨʦʢʫ), ʘ ʨʝʟʫʣʴʪʘʪʠ 

ʧʦʰʫʢʦʚʠʭ ʨʦʙʽʪ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʨʝʩʫʨʩʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʥʘ 40 % [6]. ʆʜʥʘʢ, ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʰʘʭʪʥʠʭ ʚʦʜ 

ʫʨʘʥʦʧʝʨʝʨʦʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʩʢʠʜʘʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʶ, ʤʦʞʝ ʜʦʩʷʛʘʪʠ 

ʢʽʣʴʢʦʭ ʪʠʩʷʯ ʢʫʙʽʯʥʠʭ ʤʝʪʨʽʚ ʟʘ ʜʦʙʫ ʧʨʠ ʚʤʽʩʪʽ U ʫ ʥʠʭ ʙʽʣʴʰʝ 1Ā10-3 ʛ/ʜʤ3 [7]. 

ʊʦʤʫ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʻ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ 

ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ ʪʘ ʫʨʘʥʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʜʦ ʪʘ ʧʽʩʣʷ ʚʠʚʝʜʝʥʥʷ ʾʭ ʟ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʦʪʝʥʮʽʡʥʦ ʧʨʦʜʫʢʫʶʪʴ ʨʽʟʥʽ ʚʠʜʠ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʦʢʨʝʤʘ ʦʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʽ ï ʨʘʜʽʦʘʢʪʠʚʥʽ. 

ʋ ʪʝʧʝʨʽʰʥʽʭ ʫʤʦʚʘʭ ʚʥʘʩʣʽʜʦʢ ʪʝʭʥʦʛʝʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʻ ʚʞʝ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʨʝʛʽʦʥʽʚ, ʩʫʤʽʞʥʠʭ ʟ ɸɽʉ ʪʘ 

ʊɽʉ, ʫʨʘʥʦʚʠʜʦʙʫʚʥʠʤʠ ʪʘ ʧʝʨʝʨʦʙʥʠʤʠ ʽ ʽʥ. ʭʽʤʽʯʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, ʟʦʥʦʶ 

ʚʽʜʯʫʞʝʥʥʷ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ɸɽʉ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʘʩʰʪʘʙʥʦʾ (ʩʴʦʤʠʡ (ʥʘʡʚʠʱʠʡ) 

ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ʟʘ ʄʽʞʥʘʨʦʜʥʦʶ ʰʢʘʣʦʶ ʷʜʝʨʥʠʭ ʧʦʜʽʡ (INES)) ʘʚʘʨʽʾ, ʥʘ ʷʢʽʡ 

ʋʢʨʘʾʥʘ ʧʦʩʽʣʘ ʪʨʝʪʻ ʤʽʩʮʝ ʫ ʩʚʽʪʽ ʟʘ ʦʙôʻʤʘʤʠ ʥʘʷʚʥʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ [4]. 

ɿʘ ʜʘʥʠʤʠ [8] ʥʘʚʽʪʴ ʥʘ ʩʴʦʛʦʜʥʽ ʧʦʢʘʟʥʠʢʠ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʦʢʨʝʤʠʭ ʨʘʡʦʥʽʚ, ʙʣʠʟʴʢʠʭ ʜʦ ʜʘʥʦʾ ɸɽʉ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʚʥʶ 

ʨʽʜʢʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ (ʈʈɺ), ʦʩʦʙʣʠʚʦ ʟʘ 90Sr ï ʚʽʜ (2,8ï4,8) ʜʦ (120ï330) 

ɹʢ/ʜʤ3. ʋ ʨʦʙʦʪʽ [9] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʚʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʫ ï  

çɸʨʢʠè (2016 ʨ.), ʛʽʜʨʦʭʽʤʽʯʥʽ ʫʤʦʚʠ ʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʟʤʽʥʠʣʠʩʷ ʚʥʘʩʣʽʜʦʢ 

ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʬʽʣʴʪʨʘʮʽʾ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʪʘ ʧʨʠʧʠʥʝʥʥʷ ʥʘʜʭʦʜʞʝʥʥʷ 

ʙʣʦʢʦʚʠʭ ʚʦʜ ʫ ʜʦʚʢʽʣʣʷ. ɼʣʷ ʦʢʨʝʤʠʭ ʩʚʝʨʜʣʦʚʠʥ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ 

ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʚ 1,4ï5 ʨʘʟʽʚ, ʷʢʝ ʦʙʫʤʦʚʣʝʥʦ ʡʤʦʚʽʨʥʠʤ 

ʚʧʣʠʚʦʤ ʢʦʥʪʘʢʪʫ ʙʝʪʦʥʫ ʧʘʣʴʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʧʽʜʟʝʤʥʠʤʠ 
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ʚʦʜʘʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʩʠʣʴʥʦʣʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʨʅ > 9,5 ʪʘ, 

ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʽʜʚʠʱʫʻ ʤʽʛʨʘʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ, 

ʭʦʯʘ ʦʙôʻʤʥʽ ʘʢʪʠʚʥʦʩʪʽ 90Sr ʪʘ ʪʨʘʥʩʫʨʘʥʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʣʠʰʠʣʠʩʷ ʥʝʟʤʽʥʥʠʤʠ. 

ɼʣʷ ʧʨʦʙ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʧʦʙʣʠʟʫ ʦʙôʻʢʪʘ çʋʢʨʠʪʪʷè ʚ ʫʤʦʚʘʭ ʩʠʣʴʥʦʣʫʞʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ U ʫ 2ï12 ʨʘʟʽʚ.  

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʨʠ ʨʅ, ʚʣʘʩʪʠʚʠʤ ʧʨʠʨʦʜʥʠʤ ʚʦʜʘʤ, ʪʘ ʾʭ ʙʽʣʴʰʠʭ ʟʥʘʯʝʥʥʷʭ, 

ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʫʪʚʦʨʝʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʪʽʡʢʠʭ ʨʦʟʯʠʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ U(VI) 

ʘʥʽʦʥʥʦʾ ʧʨʠʨʦʜʠ, ʟʦʢʨʝʤʘ ʫ ʧʨʠʩʫʪʥʦʩʪʽ HCO3
--ʽʦʥʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʩʫʚʫ 

ʚʫʛʣʝʢʠʩʣʦʪʥʦʾ ʨʽʚʥʦʚʘʛʠ ʬʦʨʤʫʶʪʴʩʷ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʽ ʜʠ- ʪʘ 

ʪʨʠʢʘʨʙʦʥʘʪʫʨʘʥʽʣʴʥʽ ʬʦʨʤʠ ((UO2)2CO3(ʆʅ)3]
-, [UO2(CO3)2]

2- ʪʘ [UO2(CO3)3]
4-) 

[10-12]. ʎʝ ʫʪʨʫʜʥʶʻ ʚʠʣʫʯʝʥʥʷ U(VI) ʪʘ ʩʧʨʠʯʠʥʷʻ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʫ ʤʽʛʨʘʮʽʶ ʟʘ 

ˇʨʫʥʪʦʚʠʤ ʚʝʨʪʠʢʘʣʴʥʠʤ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʧʨʦʬʽʣʷʤʠ, ʱʦ ʥʘʜʟʚʠʯʘʡʥʦ 

ʥʝʙʝʟʧʝʯʥʦ ʜʣʷ ʪʝʨʠʪʦʨʽʡ ʧʦʙʣʠʟʫ ʧʽʜʧʨʠʻʤʩʪʚ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚʥʘʩʣʽʜʦʢ 

ʚʠʥʠʢʥʝʥʥʷ ʨʠʟʠʢʽʚ ʧʦʪʨʘʧʣʷʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʰʘʭʪ ʪʘ 

ʭʚʦʩʪʦʩʭʦʚʠʱ ʫ ʧʦʚʝʨʭʥʝʚʽ ʪʘ ʧʽʜʟʝʤʥʽ ʚʦʜʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ 

ʜʞʝʨʝʣ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ [13-15]. ʊʘʢ, ʨʘʜʽʦʥʫʢʣʽʜʠ ʚʽʜ ʦʙôʻʢʪʘ çʋʢʨʠʪʪʷè, 

ʱʦ ʥʝ ʩʦʨʙʫʶʪʴʩʷ ˇʨʫʥʪʘʤʠ, ʟ ʧʦʪʦʢʦʤ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʤʦʞʫʪʴ ʜʦʩʷʛʥʫʪʠ ʨʫʩʣʘ 

ʨ. ʇʨʠʧôʷʪʴ, ʱʦ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʙʘʩʝʡʥʫ ʨ. ɼʥʽʧʨʦ, ʚʧʨʦʜʦʚʞ 40 ʨʦʢʽʚ, ʘ ʜʽʣʷʥʢʠ ʾʾ 

ʟʘʧʣʘʚʠ ï ʯʝʨʝʟ 20 ʨʦʢʽʚ, ʱʦ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʥʝʙʝʟʧʝʯʥʠʤ, ʦʩʢʽʣʴʢʠ ʚʢʘʟʘʥʽ ʚʦʜʥʽ 

ʦʙôʻʢʪʠ ʻ ʜʞʝʨʝʣʦʤ ʧʠʪʥʦʾ ʚʦʜʠ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʦʞʣʠʚʠʤ ʻ ʧʦʜʘʣʴʰʝ 

ʟʨʦʩʪʘʥʥʷ ʘʢʪʠʚʥʦʩʪʝʡ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʩʧʨʠʯʠʥʝʥʝ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷʤ ʨʦʟʯʠʥʥʦʩʪʽ ʙʣʦʢʦʚʠʭ ʚʦʜ, ʱʦ ʚʠʢʣʠʯʝ ʫʪʚʦʨʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦ 

ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜʥʠʭ ʤʘʩ, ʷʢʽ ʟʘ ʨʽʚʥʷʤʠ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʚʠʩʦʢʦʘʢʪʠʚʥʠʤ ʈʈɺ [9].  

ʂʨʽʤ ʪʦʛʦ, ʯʘʩʪʠʥʽ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʷʢʘ ʣʦʢʘʣʽʟʦʚʘʥʘ ʥʘ ʋʢʨʘʾʥʩʴʢʦʤʫ 

ʱʠʪʽ, ʫ ʟʚôʷʟʢʫ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʪʝʢʪʦʥʽʯʥʦʾ ʙʫʜʦʚʠ ʚʣʘʩʪʠʚʠʡ ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ 

ʧʨʠʨʦʜʥʦʾ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʫ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʦʜʘʭ 

ʧʨʠʨʦʜʥʠʭ ʨʘʜʽʦʽʟʦʪʦʧʽʚ ï 40K, 234,235,238U, 232Th, 210Pb, 226,228Rʘ, 222Rn [8]. ʋʩʽ 

ʛʽʜʨʦʛʝʥʥʽ ʫʨʘʥʦʚʽ ʨʦʜʦʚʠʱʘ ʚ ʦʩʘʜʦʚʦʤʫ ʯʦʭʣʽ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ ʨʦʟʤʽʱʫʶʪʴʩʷ 

ʥʘ ʰʣʷʭʫ ʧʨʷʤʫʚʘʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʘ ʟʘ ʨʘʜʽʦʛʝʦʭʽʤʽʯʥʠʤʠ ʜʘʥʠʤʠ ʚʦʜʠ 
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ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʫ ʩʪʝʧʦʚʽʡ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʽʡ ʟʦʥʽ ʤʽʩʪʷʪʴ U ʫ 

ʧʽʜʚʠʱʝʥʽʡ ʢʽʣʴʢʦʩʪʽ (ʚ ʩʝʨʝʜʥʴʦʤʫ 1,2Ā10-5 ʛ/ʜʤ3) [6].  

ʋ ʨʦʙʦʪʽ [16] ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʦʢʠʩʣʶʚʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʢʪʠʚʥʘ 

ʤʽʛʨʘʮʽʷ 238U, 226Ra ʪʘ 222Rn ʟ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ, ʷʢʠʤ ʧʨʠʪʘʤʘʥʥʽ ʩʦʨʙʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʫ ʧʽʜʟʝʤʥʽ ʚʦʜʠ. ɼʘʥʽ, ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʘʤʠ [5], ʩʚʽʜʯʘʪʴ ʷʢ ʧʨʦ 

ʪʝʭʥʦʛʝʥʥʽ (ʚʧʣʠʚ ʚʠʜʦʙʫʪʢʫ ʫʨʘʥʦʚʦʾ ʨʫʜʠ), ʪʘʢ ʽ ʧʨʠʨʦʜʥʽ ʬʘʢʪʦʨʠ 

(ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʨʦʜʦʚʠʱʘʭ ʪʘ ʨʫʜʦʧʨʦʷʚʘʭ ʪʨʽʱʠʥʥʠʤʠ ʚʦʜʘʤʠ) ʟʘʙʨʫʜʥʝʥʥʷ 

U ʧʦʚʝʨʭʥʝʚʠʭ (ʩʪʘʚʢʠ, ʩʪʨʫʤʢʠ) ʪʘ ʢʦʣʦʜʷʟʥʠʭ ʚʦʜ ʅʦʚʦʢʦʩʪʷʥʪʠʥʽʚʩʴʢʦʛʦ 

ʫʨʘʥʦʚʦʨʫʜʥʦʛʦ ʧʦʣʷ ʪʘ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʡ. ʊʘʢʦʞ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʝʨʩʧʝʢʪʠʚʥʘ 

ʧʨʦʤʠʩʣʦʚʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʩʫʩʽʜʥʽʭ ʨʦʜʦʚʠʱ (ʃʽʩʦʚʦʛʦ, ʃʽʪʥʴʦʛʦ ʪʘ 

ɼʦʢʫʯʘʻʚʩʴʢʦʛʦ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʰʪʨʝʢʫ ʪʘ ʧʽʜʥʷʪʪʷʤ ʛʽʨʥʠʯʦʾ 

ʤʘʩʠ ʥʘ ʧʦʚʝʨʭʥʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ʛʽʨʥʠʯʦ-ʚʠʜʦʙʫʚʥʠʤ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ çʅʦʚʦʢʦʩʪʷʥʪʠʥʽʚʩʴʢʘ ʰʘʭʪʘè ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʠʪʴ ʥʘʜʭʦʜʞʝʥʥʷ U ʫ 

ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ ʪʘ ʧʝʨʰʠʡ ʚʽʜ ʧʦʚʝʨʭʥʽ ʛʦʨʠʟʦʥʪ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʽʥʬʽʣʴʪʨʘʮʽʾ. 

ʋ ʟʚôʷʟʢʫ ʟ ʧʦʪʨʝʙʦʶ ʨʦʟʰʠʨʝʥʥʷ ʫʨʘʥʦʚʦʾ ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʋʢʨʘʾʥʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʚʠʜʘʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ U, ʟʦʢʨʝʤʘ 

ʫʨʘʥʦʚʦʬʦʩʬʦʨʥʠʭ ʨʫʜ. ʋ ʉʐɸ 25 % ʚʠʨʦʙʣʝʥʦʛʦ ʚ ʢʨʘʾʥʽ U ʦʪʨʠʤʫʶʪʴ ʽʟ 

ʨʦʜʦʚʠʱ ʬʦʩʬʘʪʽʚ [1,17,18]. ʆʜʥʘʢ, ʚʽʜʦʤʦ [19-21], ʱʦ ʟʥʘʯʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʫ 

ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʩʧʦʣʫʢ ʬʦʩʬʦʨʫ (ʦʨʪʦ-, ʧʽʨʦ-, ʧʦʣʽʬʦʩʬʘʪʽʚ ʪʘ ʽʥ.), ʷʢʽ ʻ 

çʙʽʦʛʝʥʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠè, ʤʘʻ ʩʫʪʪʻʚʠʡ ʜʝʛʨʘʜʘʮʽʡʥʠʡ ʚʧʣʠʚ ʥʘ ʛʽʜʨʦʝʢʦʩʠʩʪʝʤʠ, 

ʦʩʢʽʣʴʢʠ ʚʠʢʣʠʢʘʻ ʝʚʪʨʦʬʽʢʘʮʽʶ ʧʨʠʨʦʜʥʠʭ ʚʦʜʦʡʤ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʽʚ ʪʦʢʩʠʯʥʠʭ ʚʠʢʠʜʽʚ ʪʘ ʩʢʠʜʽʚ 

ʧʽʜʧʨʠʻʤʩʪʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʩʢʣʘʜʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʟʨʦʩʪʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʝʨʦʟʽʡʥʽ ʷʚʠʱʘ ʚ ʧʨʠʨʦʜʥʠʭ ʧʦʨʦʜʘʭ ʪʘʢʦʞ 

ʩʧʨʠʯʠʥʷʶʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ. ʉʝʨʝʜ ʥʠʟʢʠ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚʠʦʢʨʝʤʣʶʶʪʴʩʷ ʚʘʞʢʽ ʤʝʪʘʣʠ, ʷʢʠʤ ʭʘʨʘʢʪʝʨʥʽ ʚʠʩʦʢʽ ʪʝʤʧʠ 

ʙʽʦʘʢʫʤʫʣʷʮʽʾ ʪʘ ʙʽʦʤʘʛʥʽʬʽʢʘʮʽʾ ʫ ʜʦʚʢʽʣʣʽ ʫ ʟʚôʷʟʢʫ ʟ ʾʭ ʙʽʦʣʦʛʽʯʥʦʶ ʜʦʩʪʫʧʥʽʩʪʶ 

ʪʘ ʩʪʽʡʢʽʩʪʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ ʜʣʷ ʝʢʦʩʠʩʪʝʤ ʥʘʚʽʪʴ 

ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʜʘʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ [22-27]. 
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ʅʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʥʘʜʭʦʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ (ʦʩʦʙʣʠʚʦ ʧʨʠʨʦʜʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ, ʷʢʠʤ ʭʘʨʘʢʪʝʨʥʝ ʩʧʦʥʪʘʥʥʝ ʩʘʤʦʚʠʚʽʣʴʥʝʥʥʷ) ʜʦ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ 

ï ʜʞʝʨʝʣ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʚʠʢʣʠʢʘʻ ʦʩʦʙʣʠʚʝ ʟʘʥʝʧʦʢʦʻʥʥʷ, ʘʜʞʝ 

ʧʽʜʚʠʱʝʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʾʭ ʤʽʛʨʘʮʽʾ ʟʘ ʩʧʨʠʷʪʣʠʚʠʭ ʛʝʦʣʦʛʦ-ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ 

ʩʧʨʠʯʠʥʷʻ ʚʠʩʦʢʽ ʨʠʟʠʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʱʦ 

ʦʙʫʤʦʚʣʶʻ ʟʦʚʥʽʰʥʻ ʪʘ ʚʥʫʪʨʽʰʥʻ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ [28].  

ɺʽʜʦʤʦ [29], ʱʦ ʥʘʡʙʽʣʴʰ ʨʘʜʽʦʣʦʛʽʯʥʦ ʨʠʟʠʢʦʚʦʶ ʻ ʩʘʤʝ ʜʦʟʘ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʦʧʨʦʤʽʥʝʥʥʷ, ʷʢʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʽʜ ʚʞʠʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ (ʫ ʪ.ʯ. 

ʧʠʪʥʦʾ ʚʦʜʠ) ʽʟ ʚʤʽʩʪʦʤ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʽ 

ʥʦʨʤʘʪʠʚʠ. ɸʜʞʝ ʚʠʙʽʨʢʦʚʘ ʘʢʫʤʫʣʷʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʣʶʜʩʴʢʦʤʫ ʦʨʛʘʥʽʟʤʽ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʥʝʙʝʟʧʝʯʥʦʶ ʫ ʟʚôʷʟʢʫ ʟ ʜʦʚʛʦʪʨʠʚʘʣʠʤ ʧʝʨʽʦʜʦʤ ʾʭ ʥʘʧʽʚʨʦʟʧʘʜʫ 

(ʊ1/2): 
233,234,235,238U ï Ŭ-ʚʠʧʨʦʤʽʥʶʚʘʯʽ ʟ ʊ1/2 å 1,62Ŀ10

5, 2,48Ŀ105, 7,13Ŀ108, 4,49Ŀ109 

ʨʦʢʽʚ, ʚʽʜʧʦʚʽʜʥʦ, [30], 137Cs ï ɓ-ʚʠʧʨʦʤʽʥʶʚʘʯ ʟ ʊ1/2 å 30,2 ʨʦʢʠ, [31], ʡʦʛʦ 

ʜʦʯʽʨʥʽʡ ʧʨʦʜʫʢʪ 137ɺʘ ï ɔ- ʚʠʧʨʦʤʽʥʶʚʘʯ, 90Sr ï ɓ-ʚʠʧʨʦʤʽʥʶʚʘʯ ʟ ʊ1/2 å 28 ʨʦʢʽʚ 

[32]. ʂʨʽʤ ʪʦʛʦ, ʨʘʜʽʦʥʫʢʣʽʜʠ Cs ʪʘ Sr ʻ ʛʝʦʭʽʤʽʯʥʠʤʠ ʘʥʘʣʦʛʘʤʠ ʂ ʪʘ ʉʘ ʫ ʟʚôʷʟʢʫ 

ʟ ʙʣʠʟʴʢʽʩʪʶ ʨʘʜʽʫʩʽʚ ʾʭ ʽʦʥʽʚ (rCs=0,165 ʥʤ ʪʘ rK=0,133 ʥʤ [33], rSr=0,127 ʥʤ ʪʘ 

rCa=0,106 ʥʤ [33]), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʥʘʚʽʪʴ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʢʘʟʘʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ 

ʜʫʞʝ ʥʝʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʜʦ ʦʧʨʦʤʽʥʝʥʥʷ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʫ ʨʝʟʫʣʴʪʘʪʽ ʾʭ 

ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʚʟʘʻʤʦʟʘʤʽʱʝʥʥʷ ʫ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ [8,15,34-36]. 

ʇʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (Cu(II), 

Co(II ), Cd(II ), Ni(II ), Mn(II ), Pb(II ), Zn(II) ʪʘ ʦʩʦʙʣʠʚʦ ʘʥʽʦʥʥʠʭ ʬʦʨʤ Cr(VI)) ʫ 

ʚʦʜʘʭ ʧʠʪʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚʠʢʣʠʢʘʻ ʢʘʥʮʝʨʦʛʝʥʥʠʡ, ʤʫʪʘʛʝʥʥʠʡ ʪʘ ʪʝʨʘʪʦʛʝʥʥʠʡ 

ʚʧʣʠʚ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ, ʯʦʤʫ ʧʨʠʩʚʷʯʝʥʘ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ [34,37-45]. 

ɺʽʜʧʦʚʽʜʥʽ ʜʦʧʫʩʪʠʤʽ ʨʽʚʥʽ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʧʠʪʥʠʭ ʚʦʜʘʭ 

ʜʝʪʘʣʴʥʦ ʥʘʚʝʜʝʥʦ ʫ ʚʠʤʦʛʘʭ ɺʩʝʩʚʽʪʥʴʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ [46] 

(ʪʘʙʣ. 1.1). ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ɆŬ-ʘʢʪʠʚʥʽʩʪʴ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,5 

ɹʢ/ʜʤ3, ʘ Ɇɓ-ʘʢʪʠʚʥʽʩʪʴ ï 1 ɹʢ/ʜʤ3.  
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ʊʘʙʣʠʮʷ 1.1 ï ɼʦʧʫʩʪʠʤʽ ʨʽʚʥʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʧʠʪʥʽʡ ʚʦʜʽ ʟʛʽʜʥʦ [46] 

ʈʘʜʽʦʥʫʢʣʽʜ 

ɼʦʧʫʩʪʠʤʠʡ 

ʨʽʚʝʥʴ [46],  

ɹʢ/ʜʤ3 

ʈʘʜʽʦʥʫʢʣʽʜ 

ɼʦʧʫʩʪʠʤʠʡ 

ʨʽʚʝʥʴ [46],  

ɹʢ/ʜʤ3 

3H 10000 137Cs 10 

14C 100 203Pb 1 000 

33P 1000 210Pb 0,1 

32P 100 223Ra 1 

51Cr 10000 224Ra 1 

52Mn 100 225Ra 1 

53Mn 10000 226Ra 1 

54Mn 100 228Ra 0.1 

56Co 100 227Th 10 

57Co 1000 228Th 1 

58Co 100 229Th 0,1 

60Co 100 230Th 1 

59Ni 1000 231Th 1 000 

63Ni 1000 232Th 1 

65Zn 100 234Th 100 

85Sr 100 230U 1 

89Sr 100 231U 1000 

90Sr 10 232U 1 

109Cd 100 233U 1 

115Cd 100 234U 1 

129Cs 1000 235U 1 

131Cs 1000 236U 1 

132Cs 100 237U 100 

134Cs 10 238U 10 

135Cs 100 241Am 1 

136Cs 100 243Am 1 
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ʇʨʠ ʮʴʦʤʫ ʜʦʧʫʩʪʠʤʠʡ ʚʤʽʩʪ (ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ) 

ʨʘʜʽʦʽʟʦʪʦʧʫ 238U ʫ ʧʠʪʥʽʡ ʚʦʜʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʡʦʛʦ ʭʽʤʽʯʥʦʶ 

ʪʦʢʩʠʯʥʽʩʪʶ (ʜʣʷ ʥʠʨʦʢ), ʱʦ ʻ ʧʝʨʝʚʘʞʘʶʯʦʶ ʥʘʜ ʨʘʜʽʦʣʦʛʽʯʥʦʶ, ʪʘ ʩʪʘʥʦʚʠʪʴ 

Ò 30 ʤʢʛ/ʜʤ3 [46], ʦʩʢʽʣʴʢʠ U ʥʘʣʝʞʠʪʴ ʜʦ ʥʘʜʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʘʢʪʠʥʦʾʜʥʦʛʦ 

ʨʷʜʫ [30]. 

ɺʠʤʽʨʶʚʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʨʠʩʫʪʥʽʭ ʫ ʚʦʜʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ʪʘ ʾʭ ʜʝʪʘʣʴʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʣʠʰʝ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʩʢʨʠʥʽʥʛʦʚʠʭ 

ʨʽʚʥʽʚ ɆŬ- ʪʘ Ɇɓ-ʘʢʪʠʚʥʦʩʪʝʡ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʠʤ ʻ ʚʨʘʭʫʚʘʥʥʷ ʚʤʽʩʪʫ ʽʦʥʽʚ 

ʢʘʣʽʶ ʫ ʚʦʜʽ, ʦʩʢʽʣʴʢʠ Ɇɓ-ʘʢʪʠʚʥʽʩʪʴ ʦʙʫʤʦʚʣʝʥʘ, ʢʨʽʤ ʪʝʭʥʦʛʝʥʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, 

ʱʝ ʽ ʧʨʠʨʦʜʥʠʤ ʽʟʦʪʦʧʦʤ 40ʂ: 1 ɹʢ Ɇɓ-ʘʢʪʠʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ 35,4 ʤʛ ʂ+/ʜʤ3, ʪʦʙʪʦ, 

ʫ ʧʨʠʨʦʜʥʽʡ ʩʫʤʽʰʽ ʽʟʦʪʦʧʽʚ ʢʘʣʽʶ ʯʘʩʪʢʘ 40ʂ ʩʢʣʘʜʘʻ 0,0119 %. ɿʘʫʚʘʞʠʤʦ, ʱʦ 

ʩʘʤʝ ʚʢʘʟʘʥʠʡ ʨʘʜʽʦʽʟʦʪʦʧ ʬʦʨʤʫʻ ʙʽʣʴʰʝ 90 % Ɇɓ-ʘʢʪʠʚʥʦʩʪʽ ʤʦʨʩʴʢʠʭ ʚʦʜ [47]. 

ʆʮʽʥʢʫ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʱʦʜʦ ʥʘʷʚʥʦʩʪʽ ʚ ʥʠʭ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʚ ʋʢʨʘʾʥʽ ʟʜʽʡʩʥʶʶʪʴ ʥʘ 

ʧʽʜʩʪʘʚʽ ʜʽʶʯʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ [48-51], ʟʛʽʜʥʦ ʷʢʠʭ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʘ ɆŬ-ʘʢʪʠʚʥʽʩʪʴ ʫ ʚʦʜʘʭ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,1 ɹʢ/ʜʤ3, Ɇɓ-

ʘʢʪʠʚʥʽʩʪʴ ï 1 ɹʢ/ʜʤ3, ʘ ʯʘʩʪʢʘ ʧʨʠʨʦʜʥʦʛʦ U ï Ò 40 ʤʢʛ/ʜʤ3, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

1 ɹʢ/ʜʤ3 (ʪʘʙʣ. 1.2). ʋ ʪʘʙʣ. 1.2 ʪʘʢʦʞ ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʽ ʟʥʘʯʝʥʥʷ ʜʦʧʫʩʪʠʤʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟʛʽʜʥʦ [48-50].  

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʘʞʢʽ ʤʝʪʘʣʠ ʟʘ ʩʪʫʧʝʥʝʤ ʥʝʙʝʟʧʝʯʥʦʩʪʽ ʟʛʽʜʥʦ [22] 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʢʣʘʩʠ (ʜʣʷ ʧʨʠʢʣʘʜʫ: Cd, Hg, Pb, Zn ʥʘʣʝʞʘʪʴ ʜʦ 1 ʢʣʘʩʫ, 

Co, Ni, Cu ï ʜʦ 2 ʢʣʘʩʫ, Mn, Sr ï ʜʦ 3 ʢʣʘʩʫ), ʪʦʤʫ ʚʦʥʠ ʻ ʧʨʽʦʨʠʪʝʪʥʠʤʠ 

ʟʘʙʨʫʜʥʶʚʘʣʴʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʷʢʽ ʧʽʜʣʷʛʘʶʪʴ ʦʙʦʚôʷʟʢʦʚʦʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʫ 

ʚʦʜʥʠʭ ʪʘ ʽʥ. ʩʝʨʝʜʦʚʠʱʘʭ. 

ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʫ ʚʦʜʥʠʭ ʦʙôʻʢʪʘʭ ʚʘʞʣʠʚʠʤ ʻ ʚʨʘʭʫʚʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʾʭ ʨʫʭʣʠʚʽʩʪʴ 

ʫ ʜʦʚʢʽʣʣʽ ʪʘ ʬʦʨʤʠ ʽʩʥʫʚʘʥʥʷ. ʋ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʨʦʙʽʪ [6,14,52-59] 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʽʛʨʘʮʽʡʥʫ ʧʦʚʝʜʽʥʢʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʾʾ ʭʘʨʘʢʪʝʨ ʦʙʫʤʦʚʣʶʻʪʴʩʷ 

ʧʨʠʨʦʜʥʠʤʠ (ʢʣʽʤʘʪʠʯʥʠʤʠ, ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʤʠ, ʣʘʥʜʰʘʬʪʥʦ-
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ʛʝʦʭʽʤʽʯʥʠʤʠ) ʪʘ ʪʝʭʥʦʛʝʥʥʠʤʠ (ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ, ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʽʥʜʫʩʪʨʽʘʣʽʟʘʮʽʾ) ʬʘʢʪʦʨʘʤʠ. 

 

ʊʘʙʣʠʮʷ 1.2 ï ɼʦʧʫʩʪʠʤʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʟʛʽʜʥʦ [48], [49], [50] 

ʂʦʤʧʦʥʝʥʪ 

ɼʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

[48], ʤʢʛ/ʜʤ3 (ɹʢ/ʜʤ3*)  
[49], 

ʤʛ/ʜʤ3 

[50], 

ʤʛ/ʜʤ3 
1 ʢʣʘʩ ʷʢʦʩʪʽ 

ʚʦʜ 

4 ʢʣʘʩ ʷʢʦʩʪʽ 

ʚʦʜ 

3H < 3Ā104* < 3Ā104* ï ï 

226Ra < 1* < 1* ï Ò 1* 

228Ra < 1* < 1* ï Ò 1* 

90Sr < 2* < 10* ï Ò 2 

137Cs < 2* < 100* ï Ò 2 

234,235,238U < 40 (< 1*) < 40 (< 1*) ï Ò  1* 

Cr(VI) < 4,0 > 50 ï ï 

Cr(III)  < 100 > 500 ï ʤ 

Crʟʘʛ ï ï < 0,05 Ò 0,05 

Cu < 1,0 > 50 < 1,0 Ò 1,0 

Co < 10 > 50 < 0,1 Ò 0,1 

Cd < 0,1 > 5,0 < 0,001 Ò 0,001 

Ni < 20 > 100 < 0,02 Ò 0,02 

Zn < 10 > 1000 < 1,0 Ò 1,0 

Pb < 5,0 > 100 < 0,01 Ò 0,01 

Mn < 10 > 1000 < 0,05 Ò 0,05 

ʈ < 15 > 200 ï ï 

ʈʆ4
3- ï ï ï Ò 3,5 
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ɺʠʟʥʘʯʘʣʴʥʠʤʠ ʻ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʷʢ ʟ 

ʥʝʦʨʛʘʥʽʯʥʠʤʠ, ʪʘʢ ʽ ʟ ʦʨʛʘʥʽʯʥʠʤʠ, ʟʦʢʨʝʤʘ ʛʫʤʽʥʦʚʠʤʠ ʨʝʯʦʚʠʥʘʤʠ (ɻʈ), 

ʩʢʣʘʜʦʚʠʤʠ ʧʨʠʨʦʜʥʠʭ ʚʦʜ ʪʘ ˇʨʫʥʪʽʚ [14]. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʛʽʜʨʦʝʢʦʩʠʩʪʝʤ 

ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʨʦʟʧʦʜʽʣ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʦ ʘʙʽʦʪʠʯʥʠʭ ʪʘ ʙʽʦʪʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ 

[15].  

ʇʠʪʘʥʥʷ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʻ ʧʨʦʚʽʜʥʠʤ ʫ ʩʬʝʨʽ ʝʢʦʣʦʛʽʯʥʦʾ 

ʙʝʟʧʝʢʠ ʜʦʚʢʽʣʣʷ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʫ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʨʘʜʽʦʥʫʢʣʽʜʘʤ ʪʘ ʽʥʰʠʤ 

ʥʝʦʨʛʘʥʽʯʥʠʤ ʝʢʦʪʦʢʩʠʢʘʥʪʘʤ ʚʣʘʩʪʠʚʽ ʦʜʥʘʢʦʚʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʬʦʨʤʠ, ʱʦ ʽʩʪʦʪʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʽʜʝʥʪʠʯʥʽ ʤʝʪʦʜʠ ʾʭ ʚʠʣʫʯʝʥʥʷ ï ʤʝʭʘʥʽʯʥʽ, ʭʽʤʽʯʥʽ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ 

ʙʽʦʣʦʛʽʯʥʽ [47]. ɸʢʪʠʚʥʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʦʯʘʣʘʩʷ ʱʝ ʟ 50 ʨʦʢʽʚ ʍʍ ʩʪ. [47]. ɼʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ 

ʩʠʩʪʝʤʘʪʠʯʥʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʘʚʪʦʨʽʚ [47,60-78] ʪʘ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʪʨʘʜʠʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʦʜʦʦʯʠʱʝʥʥʷ - ʝʢʩʪʨʘʢʮʽʷ, 

ʜʠʩʪʠʣʷʮʽʷ (ʚʠʧʘʨʶʚʘʥʥʷ), ʭʽʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ, ʚʽʜʥʦʚʣʝʥʥʷ, ʩʦʨʙʮʽʷ/ʽʦʥʥʠʡ ʦʙʤʽʥ, 

ʪʘ ʙʽʣʴʰ ʩʫʯʘʩʥʽ - ʤʝʤʙʨʘʥʥʝ ʨʦʟʜʽʣʝʥʥʷ, ʝʣʝʢʪʨʦʜʽʘʣʽʟ, ʬʣʦʪʘʮʽʷ ʪʘ ʙʽʦʣʦʛʽʯʥʝ 

ʚʠʣʫʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʨʽʟʥʘ ʢʦʤʙʽʥʘʮʽʷ ʚʢʘʟʘʥʠʭ ʤʝʪʦʜʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʦʙʤʝʞʝʥʴ (ʧʦʪʨʝʙʘ ʚ ʧʦʩʪʽʡʥʽʡ ʨʝʛʝʥʝʨʘʮʽʾ, ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʨʝʘʛʝʥʪʽʚ, ʫʩʢʣʘʜʥʝʥʘ ʫʪʠʣʽʟʘʮʽʷ ʚʽʜʭʦʜʽʚ, ʚʠʩʦʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʪʘ ʢʘʧʽʪʘʣʴʥʽ 

ʚʠʪʨʘʪʠ). 

ʗʢ ʧʦʢʘʟʘʚ ʘʥʘʣʽʟ ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ ʜʞʝʨʝʣ ʣʽʪʝʨʘʪʫʨʠ, ʚʩʝ ʙʽʣʴʰʫ ʫʚʘʛʫ 

ʧʨʠʚʝʨʪʘʻ ʜʦ ʩʝʙʝ ʩʦʨʙʮʽʡʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʤʘʻ ʨʷʜ ʭʘʨʘʢʪʝʨʥʠʭ ʧʝʨʝʚʘʛ ʧʝʨʝʜ 

ʚʠʱʝ ʚʢʘʟʘʥʠʤʠ, ʪʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʫ ʷʢʦʩʪʽ ʬʽʥʽʰʥʦʛʦ (ʥʘ ʧʨʠʢʽʥʮʝʚʽʡ 

ʩʪʘʜʽʾ ʛʣʠʙʦʢʦʛʦ ʦʯʠʱʝʥʥʷ/ʜʦʦʯʠʱʝʥʥʷ ʧʨʠ ʟʘʣʠʰʢʦʚʦʤʫ ʚʤʽʩʪʽ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ), 

ï ʮʝ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʱʦʜʦ ʚʠʣʫʯʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʤʽʥʽʤʘʣʴʥʘ ʨʝʩʫʨʩʦ- ʪʘ ʝʥʝʨʛʦʟʘʪʨʘʪʥʽʩʪʴ, ʪʝʭʥʦʣʦʛʽʯʥʘ ʜʦʩʪʫʧʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʨʦʮʝʩʘʭ ʚʦʜʦʦʯʠʱʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʫ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, 

ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʰʚʠʜʢʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʜʣʷ ʫʩʫʥʝʥʥʷ ʧʦʰʠʨʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʟʘʛʨʦʟ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʪʫʯʥʠʭ 

ʛʝʦʭʽʤʽʯʥʠʭ ʙʘʨôʻʨʽʚ, ʷʢ ʧʨʝʚʝʥʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ. 
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ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʜʝʟʘʢʪʠʚʘʮʽʾ ʈʈɺ, 

ʦʩʦʙʣʠʚʦ ʧʨʠ ʟʥʘʯʥʦʤʫ ʚʤʽʩʪʽ ʚ ʥʠʭ 134Cs ʪʘ 137Cs, ʩʦʨʙʮʽʡʥʠʡ ʤʝʪʦʜ ʤʦʞʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʚʞʝ ʥʘ ʧʝʨʰʠʭ ʩʪʘʜʽʷʭ ʦʯʠʱʝʥʥʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʟʘʛʘʣʴʥʦʾ 

ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʧʦʩʣʘʙʣʝʥʥʷ ʾʾ ʚʧʣʠʚʫ ʥʘ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ 

ʧʝʨʩʦʥʘʣ ʧʨʠ ʧʦʜʘʣʴʰʽʡ ʦʙʨʦʙʮʽ ʚʢʘʟʘʥʠʭ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ. ʇʨʠ ʮʴʦʤʫ ʪʠʧ 

ʩʦʨʙʝʥʪʫ, ʱʦ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʫ ʬʽʣʴʪʨ ʦʯʠʱʝʥʥʷ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʫ ʈʈɺ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʧʝʨʝʜʥʴʦʛʦ ʭʽʤʽʯʥʦʛʦ ʪʘ ʨʘʜʽʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʚʢʘʟʘʥʠʭ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ [66]. 

ʊʦʤʫ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʨʦʟʨʦʙʢʘ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʪʘ ʚʠʩʦʢʦʩʝʣʝʢʪʠʚʥʠʭ, ʘ ʪʘʢʦʞ ʝʢʦʥʦʤʽʯʥʦ ʜʦʩʪʫʧʥʠʭ (ʽʟ 

ʦʛʣʷʜʫ ʥʘ ʚʠʪʨʘʪʠ ʥʘ ʨʦʟʨʦʙʢʫ, ʩʠʥʪʝʟ, ʚʠʭʽʜʥʽ ʨʝʘʛʝʥʪʠ) ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ 

(ʫʥʠʢʥʝʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ) ʩʦʨʙʝʥʪʽʚ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʽ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʽʟ ʟʥʘʯʥʠʭ ʦʙôʻʤʽʚ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʨʽʟʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʟʦʢʨʝʤʘ ʈʈɺ. 

 

1.2. ʅʘʫʢʦʚʽ ʦʩʥʦʚʠ ʛʽʧʦʪʝʟʠ ʘʥʘʣʦʛʽʡ ʂʫʟʥʻʮʦʚʘ ɺ.ɯ. ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ 

ʩʦʨʙʝʥʪʽʚ ʟ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

 

ɺʽʜʦʤʦ [79], ʱʦ ʥʝʦʨʛʘʥʽʯʥʠʤ ʝʢʦʪʦʢʩʠʢʘʥʪʘʤ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʚʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚʣʘʩʪʠʚʽ ʨʽʟʥʽ ʩʪʫʧʝʥʽ ʦʢʠʩʥʝʥʥʷ, ʬʦʨʤʠ ʽʩʥʫʚʘʥʥʷ ʫ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ ʪʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʛʽʜʨʦʣʽʟʫ, ʛʽʜʨʦʣʽʪʠʯʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʪʘ ʟʚôʷʟʫʚʘʥʥʷ 

ʟ ʦʨʛʘʥʽʯʥʠʤʠ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ, ʱʦ ʟʫʤʦʚʣʶʻ ʾʭ ʰʠʨʦʢʫ ʤʽʛʨʘʮʽʡʥʫ 

ʟʜʘʪʥʽʩʪʴ ʚ ʛʽʜʨʦʝʢʦʩʠʩʪʝʤʘʭ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʟʘʙʨʫʜʥʶʚʘʣʴʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʢʘʟʘʥʽ ʯʠʥʥʠʢʠ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʩʦʨʙʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʠʥʮʠʧʠ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʩʦʨʙʝʥʪʽʚ ʜʣʷ ʦʯʠʱʝʥʥʷ 

ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʪʦʢʩʠʢʘʥʪʽʚ ʪʘ ʤʝʪʦʜʠ 

ʨʝʛʫʣʶʚʘʥʥʷ ʾʭ ʩʦʨʙʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʨʠʨʦʜʽ 

ʩʪʨʫʢʪʫʨʠ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʾʭ ʘʢʪʠʚʥʠʭ 

ʩʦʨʙʮʽʡʥʠʭ ʮʝʥʪʨʽʚ ï ʭʽʤʽʯʥʦ ʘʢʪʠʚʥʠʭ ʛʨʫʧ. ʊʦʤʫ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 
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ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʩʦʨʙʝʥʪʽʚ, ʩʝʣʝʢʪʠʚʥʠʭ ʜʦ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʘʙʦ 

ʩʧʝʮʠʬʽʯʥʠʭ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʙʨʫʜʥʶʶʯʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʜʦʮʽʣʴʥʠʤ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʛʽʧʦʪʝʟʠ ʘʥʘʣʦʛʽʡ, 

ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʚ 50-ʭ ʨʦʢʘʭ ʍʍ ʩʪ. ʂʫʟʥʻʮʦʚʠʤ ɺ.ɯ. [80].  

ɼʘʥʘ ʛʽʧʦʪʝʟʘ ʜʦʟʚʦʣʷʻ, ʚʨʘʭʦʚʫʶʯʠ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʦʨʙʮʽʡʥʦʛʦ 

ʤʘʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʥʘʧʨʠʢʣʘʜ, ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʦʢʩʠʜʥʦʛʦ/ʛʽʜʨʦʢʩʠʜʥʦʛʦ), 

ʟʦʢʨʝʤʘ ʭʘʨʘʢʪʝʨ ʫʪʚʦʨʝʥʠʭ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʩʠʥʪʝʟʫ ʘʙʦ ʚʚʝʜʝʥʠʭ ʚ ʩʪʨʫʢʪʫʨʫ 

ʩʦʨʙʝʥʪʫ ʭʽʤʽʯʥʦ ʘʢʪʠʚʥʠʭ ʛʨʫʧ ï ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʘʪʦʤʥʠʭ ʫʛʨʫʧʦʚʘʥʴ 

(ʩʧʝʮʠʬʽʯʥʠʭ ʫʛʨʫʧʦʚʘʥʴ), ʟʘʚʙʘʯʣʠʚʦ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʥʘ ʧʽʜʩʪʘʚʽ ʾʭ ʚʟʘʻʤʥʦʛʦ 

ʚʧʣʠʚʫ ʩʪʫʧʽʥʴ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʩʦʨʙʝʥʪʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʝʣʝʤʝʥʪʫ, ʷʢʠʡ 

ʧʽʜʣʷʛʘʻ ʚʠʣʫʯʝʥʥʶ ʟ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʘʥʘʣʦʛʽʾ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʟ 

ʦʨʛʘʥʽʯʥʠʤʠ ʘʙʦ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʚ ʨʦʟʯʠʥʽ, ʱʦ ʤʽʩʪʷʪʴ ʟʘʟʥʘʯʝʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʘʪʦʤʥʽ ʫʛʨʫʧʦʚʘʥʥʷ ʩʦʨʙʝʥʪʫ. 

ɺ ʦʩʥʦʚʫ ʛʽʧʦʪʝʟʠ ʘʥʘʣʦʛʽʡ ʧʦʢʣʘʜʝʥʦ ʥʘʩʪʫʧʥʽ ʧʨʠʧʫʱʝʥʥʷ [80]: 

1) ʚʣʘʩʪʠʚʦʩʪʽ ʦʨʛʘʥʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʘʪʦʤʥʠʭ ʫʛʨʫʧʦʚʘʥʴ (ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʘʪʦʤʥʽ ʫʛʨʫʧʦʚʘʥʥʷ), ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʾʭ 

ʩʢʣʘʜʫ; 

2) ʭʘʨʘʢʪʝʨ ʜʽʾ ʝʣʝʤʝʥʪʘʨʥʠʭ ʘʪʦʤʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʧʣʠʚʦʤ 

ʨʽʟʥʠʭ ʟʘʤʽʩʥʠʢʽʚ, ʧʨʠ ʮʴʦʤʫ ʦʢʨʝʤʽ ʫʛʨʫʧʦʚʘʥʥʷ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʚʟʘʻʤʥʠʤ 

ʚʧʣʠʚʦʤ; 

3) ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʟ ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʘʪʦʤʥʽ ʫʛʨʫʧʦʚʘʥʥʷ ʨʽʟʥʠʭ ʢʠʩʣʦʪ ʪʘ ʦʩʥʦʚ, ʧʦʜʽʙʥʘ ʜʦ ʨʝʘʢʮʽʡ 

ʘʥʘʣʦʛʽʚ ʾʭ ʧʨʦʩʪʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ (ʨʝʘʢʮʽʾ ʛʽʜʨʦʣʽʟʫ, ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ, 

ʫʪʚʦʨʝʥʥʷ ʤʘʣʦʨʦʟʯʠʥʥʠʭ ʦʩʘʜʽʚ). ʅʘʧʨʠʢʣʘʜ, ʦʨʛʘʥʽʯʥʽ ʨʝʘʛʝʥʪʠ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʘʤʽʥʥʫ, ʛʽʜʨʦʢʩʠʣʴʥʫ, ʩʫʣʴʬʛʽʜʨʠʣʴʥʫ ʛʨʫʧʠ, ʨʝʘʛʫʚʘʪʠʤʫʪʴ ʟ ʪʠʤʠ ʽʦʥʘʤʠ 

ʤʝʪʘʣʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʘʤʽʘʢʘʪʠ ʪʘ ʤʘʣʦʜʠʩʦʮʽʡʦʚʘʥʽ ʩʧʦʣʫʢʠ (ʥʝʨʦʟʯʠʥʥʽ ʘʙʦ 

ʤʘʣʦʨʦʟʯʠʥʥʽ ʛʽʜʨʦʢʩʠʜʠ, ʩʫʣʴʬʽʜʠ). 

ʆʯʝʚʠʜʥʦ, ʱʦ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʜʽʾ ʩʦʨʙʝʥʪʫ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʘʪʠʤʫʪʴ ʫ ʩʢʣʘʜʽ 



 48 

ʩʦʨʙʮʽʡʥʽ ʘʢʪʠʚʥʽ ʮʝʥʪʨʠ ï ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʫʛʨʫʧʦʚʘʥʥʷ, ʱʦ ʨʝʘʛʫʶʪʴ ʟ 

ʥʘʡʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ. 

ʊʠʧʠ ʦʩʥʦʚʥʠʭ ʩʧʝʮʠʬʽʯʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʘʪʦʤʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʥʘʚʝʜʝʥʦ 

ʚ ʪʘʙʣ. 1.3. ɼʣʷ ʩʦʣʝʪʚʦʨʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʭʘʨʘʢʪʝʨʥʦʶ ʻ ʚʟʘʻʤʦʜʽʷ ʟ ʽʦʥʘʤʠ ʤʝʪʘʣʽʚ 

ʽʟ ʟʘʤʽʱʝʥʥʷʤ ʚʦʜʥʶ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʾʭ ʩʪʨʫʢʪʫʨʠ, ʜʣʷ ʢʦʤʧʣʝʢʩʦʪʚʽʨʥʠʭ ï ʟʘ 

ʨʘʭʫʥʦʢ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʘʪʦʤʽʚ, ʷʢʽ 

ʤʘʶʪʴ ʥʝʧʦʜʽʣʝʥʽ ʝʣʝʢʪʨʦʥʥʽ ʧʘʨʠ.  

 

ʊʘʙʣʠʮʷ 1.3 ï ʆʩʥʦʚʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʫʛʨʫʧʦʚʘʥʥʷ [80] 

ʉʦʣʝʪʚʦʨʥʽ ʂʦʤʧʣʝʢʩʦʪʚʽʨʥʽ 

             O 
              || 

ïʉïOH 

ſCïSH 

ſCïOH 

ſCïAsO3H2 

ſCïPO3H2 

ſCïSeH 

=C=NOH 

=C=NïCſ 

=C=NH 

ſCïNH2 

ſCïNO 

ſCïNO2 

=C=O 

=C=S 

ſCïNO2 

ſCïN=NïCſ 

 

ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʟʜʝʙʽʣʴʰʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʫʛʨʫʧʦʚʘʥʥʷ ʤʽʩʪʷʪʴ ʫ 

ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ ʨʽʟʥʽ ʜʦʥʦʨʥʽ ʘʪʦʤʠ. ʗʢ ʟʘʟʥʘʯʝʥʦ [80], ʢʦʤʧʣʝʢʩʦʪʚʽʨʥʠʤ 

ʫʛʨʫʧʦʚʘʥʥʷʤ ʧʨʠʪʘʤʘʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʦʣʝʪʚʦʨʥʠʭ ʽ ʥʘʚʧʘʢʠ  (ʢʘʨʙʦʢʩʠʣʴʥʘ ʽ 

ʽʥʰʽ ʢʠʩʣʦʪʥʽ ʛʨʫʧʠ). ʅʘʷʚʥʽʩʪʴ ʦʜʥʦʯʘʩʥʦ ʩʦʣʝʪʚʦʨʥʠʭ ʪʘ ʢʦʤʧʣʝʢʩʦʪʚʽʨʥʠʭ 

ʫʛʨʫʧʦʚʘʥʴ ʚ ʦʨʛʘʥʽʯʥʦʤʫ ʨʝʘʛʝʥʪʽ ʩʧʨʠʷʻ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʟ ʙʘʛʘʪʴʤʘ ʽʦʥʘʤʠ 

ʤʝʪʘʣʽʚ, ʪʦʙʪʦ ʥʘʜʽʣʷʻ ʡʦʛʦ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʎʝ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʨʝʘʛʝʥʪʽʚ ʜʣʷ ʩʠʥʪʝʟʫ 

ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʚʠʣʫʯʝʥʥʷ ʪʘ ʧʨʠʨʦʜʠ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ. 

ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʨʝʘʛʝʥʪʠ, ʷʢʽ ʤʘʶʪʴ ʫ ʩʢʣʘʜʽ ʫʛʨʫʧʦʚʘʥʥʷ ʦʙʦʭ ʪʠʧʽʚ, ʧʨʠ 

ʨʝʘʢʮʽʾ ʟ ʽʦʥʘʤʠ ʤʝʪʘʣʽʚ ʟʜʘʪʥʽ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦ ʩʪʽʡʢʠʭ ʢʦʤʧʣʝʢʩʥʠʭ 
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ʩʧʦʣʫʢ ï ʤʝʪʘʣʦʮʠʢʣʽʚ (ʥʘʡʙʽʣʴʰ ʩʪʽʡʢʽ ï ʧôʷʪʠ- ʪʘ ʰʝʩʪʠʯʣʝʥʥʽ). ʋʛʨʫʧʦʚʘʥʥʷ, 

ʟʜʘʪʥʽ ʜʦ ʫʪʚʦʨʝʥʥʷ ʭʝʣʘʪʥʠʭ ʮʠʢʣʽʚ, ʧʝʨʝʚʘʞʥʦ ʤʽʩʪʷʪʴ ʘʪʦʤʠ ʘʟʦʪʫ, ʢʠʩʥʶ ʪʘ 

ʩʽʨʢʠ [81]. ʊʦʤʫ ʦʜʥʦʯʘʩʥʘ ʥʘʷʚʥʽʩʪʴ ʟʘʟʥʘʯʝʥʠʭ ʘʪʦʤʽʚ ʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʫʛʨʫʧʫʚʘʥʥʷʭ ʫ ʩʪʨʫʢʪʫʨʽ ʩʦʨʙʝʥʪʽʚ ʩʧʨʠʷʻ ʾʭ ʤʽʮʥʽʡ ʭʽʤʽʯʥʽʡ ʚʟʘʻʤʦʜʽʾ ʟ ʽʦʥʘʤʠ 

ʤʝʪʘʣʽʚ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʭʝʣʘʪʽʚ. 

ʉʪʽʡʢʽʩʪʴ ʫʪʚʦʨʝʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟ ʽʦʥʘʤʠ ʤʝʪʘʣʽʚ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ 

ʷʢ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʘʪʦʤʥʠʭ ʫʛʨʫʧʦʚʘʥʴ, ʪʘʢ ʽ ʚʽʜ ʽʦʥʽʚ ʤʝʪʘʣʽʚ, 

ʱʦ ʟʚôʷʟʫʶʪʴʩʷ (ʪʘʙʣ. 1.4, 1.5) [82]). ʂʨʽʤ ʪʦʛʦ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʨʝʘʛʝʥʪʽʚ ʟ 

ʽʦʥʘʤʠ ʤʝʪʘʣʽʚ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʴ ʷʢ ʨʦʟʯʠʥʥʽ ʩʪʽʡʢʽ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ, ʪʘʢ ʽ 

ʚʘʞʢʦʨʦʟʯʠʥʥʽ, ʥʘ ʛʽʜʨʦʣʽʟ ʷʢʠʭ ʚʧʣʠʚʘʻ ʟʥʘʯʝʥʥʷ ʾʭ ʜʦʙʫʪʢʫ ʨʦʟʯʠʥʥʦʩʪʽ  ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʦʥʽʚ ʤʝʪʘʣʫ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ (ʪʘʙʣ. 1.5). ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʠʭ 

ʜʘʥʠʭ, ʛʽʜʨʦʣʽʟ ʩʦʣʝʡ ʨʽʟʥʠʭ ʽʦʥʽʚ ʤʝʪʘʣʽʚ-ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ, ʟʦʢʨʝʤʘ U(VI) ʪʘ Cu(II ), 

ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʚʘʞʢʦʨʦʟʯʠʥʥʽ ʘʙʦ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ ʟ ʦʜʥʠʤ ʽ ʪʠʤ ʩʘʤʠʤ 

ʘʥʽʦʥʦʤ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʜʦʙʫʪʢʫ ʨʦʟʯʠʥʥʦʩʪʽ/ʢʦʥʩʪʘʥʪʠ ʩʪʽʡʢʦʩʪʽ 

ʢʦʤʧʣʝʢʩʫ ʪʘ ʜʦʙʫʪʢʫ ʨʦʟʯʠʥʥʦʩʪʽ ʛʽʜʨʦʢʩʠʜʫ ʤʝʪʘʣʫ. 

ʇʨʠ ʫʪʚʦʨʝʥʥʽ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ: ʩʪʫʧʽʥʴ 

ʦʢʠʩʣʝʥʥʷ, ʙʫʜʦʚʘ ʝʣʝʢʪʨʦʥʥʦʾ ʦʙʦʣʦʥʢʠ, ʨʦʟʤʽʨʠ ʝʢʦʪʦʢʩʠʢʘʥʪʫ ʷʢ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʽʦʥʘ, ʛʥʫʯʢʽʩʪʴ, ʚʝʣʠʯʠʥʘ ʟʘʨʷʜʫ, ʧʨʠʨʦʜʘ ʪʘ ʯʠʩʣʦ ʜʦʥʦʨʥʠʭ ʮʝʥʪʨʽʚ ʪʘ ʩʧʦʩʦʙʠ ʾʭ 

ʚʟʘʻʤʦʜʽʾ ï ʜʣʷ ʣʽʛʘʥʜʘ [83]. ɯʦʥʠ ʤʝʪʘʣʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʤʧʣʝʢʩʦʪʚʽʨʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʛʨʫʧʠ [82]. ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʩʣʘʙʢʽ ʢʦʤʧʣʝʢʩʦʪʚʽʨʥʽ 

ʽʦʥʠ ʤʝʪʘʣʽʚ ʟ ʝʣʝʢʪʨʦʥʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʽʥʝʨʪʥʦʛʦ ʛʘʟʫ, ʟʜʘʪʥʽ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʢʦʤʧʣʝʢʩʽʚ ʽʟ ʟʚôʷʟʢʘʤʠ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ: ʣʫʞʥʽ, ʣʫʞʥʦʟʝʤʝʣʴʥʽ, 

ʘʢʪʠʥʦʾʜʠ ʪʘ ʣʘʥʪʘʥʦʾʜʠ. ɺʘʞʣʠʚʫ ʨʦʣʴ ʧʨʠ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʽ ʜʘʥʠʭ ʽʦʥʽʚ 

ʤʝʪʘʣʽʚ ʚʽʜʽʛʨʘʶʪʴ ʟʘʨʷʜ ʪʘ ʽʦʥʥʠʡ ʨʘʜʽʫʩ. ɯʦʥʠ ʪʘʢʠʭ ʤʝʪʘʣʽʚ ʧʝʨʝʚʘʞʥʦ 

ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʘʥʽʦʥʘʤʠ ʥʝʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ ʪʘ ʣʽʛʘʥʜʘʤʠ, ʜʦʥʦʨʥʠʤʠ ʘʪʦʤʘʤʠ 

ʷʢʠʭ ʻ ʘʪʦʤʠ ʢʠʩʥʶ. ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʽʦʥʠ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʟ d10- ʘʙʦ 

d8-ʝʣʝʢʪʨʦʥʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ, ʩʭʠʣʴʥʽ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʦʚʘʣʝʥʪʥʠʭ ʟʚôʷʟʢʽʚ ʪʘ, ʥʘ 

ʧʨʦʪʠʚʘʛʫ ʧʝʨʰʽʡ ʛʨʫʧʽ ʽʦʥʽʚ ʤʝʪʘʣʽʚ, ʜʫʞʝ ʩʪʽʡʢʠʭ ʢʦʤʧʣʝʢʩʽʚ.  
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ʊʘʙʣʠʮʷ 1.4 ï ɿʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ ʩʪʽʡʢʦʩʪʽ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʪʦʢʩʠʯʥʠʭ 

ʽʦʥʽʚ ʤʝʪʘʣʽʚ (lgɓ) ʟ ʜʝʷʢʠʤʠ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʪʘ ʦʨʛʘʥʽʯʥʠʤʠ ʣʽʛʘʥʜʘʤʠ [82] 

ɽʢʦʪʦʢʩʠ-

ʢʘʥʪ 

lgɓ 

OH- ʉʆ3
2- H5dtpa H3Cit 

Sr(ɯɯ) SrL 0,8 - 
SrL 9,7 

SrHL 15,1 
SrHL 18,4 

U(VI) 
(Uʆ2)2L 10,3 

(Uʆ2)2(L)2 22,0 

Uʆ2L 15,57 

Uʆ2L2 20,7 
- Uʆ2HL 24,5 

Cu(ɯɯ) 
CuL  6,0 

Cu2L2  17,1 
- 

CuL 20,5 

CuHL 24,5 

Cu2L 26,0 

CuL 18,0 

CuHL 22,3 

CuH3L  28,3 

Co(ɯɯ) 
CoL  4,1 

CoL2 9,2 
- 

CoL 19,0 

CoHL 23,8 

Co2L 22,5 

CoHL 20,8 

CoH2L 25,3 

Cd(ɯɯ) 

CdL 4,3 

CdL2 7,7 

CdL3 10,3 

CdL4 12,0 

- 

CdL 19,0 

CdHL 22,9 

Cd2L 22 

CdHL 20,0 

CdH2L 24,4 

Ni(ɯɯ) NiL  4,6 - 

NiL 20,0 

NiHL 25,6 

Ni2L 25,4 

NiL  14,3 

NiHL  21,1 

NiH2L  25,3 

Zn(ɯɯ) 

ZnL 4,9 

ZnL4 13,3 

Zn2L  6,5 

Zn2L6  26,8 

- 

ZnL 18,0 

ZnHL 23,6 

Zn2L 22,4 

ZnL  11,4 

ZnHL  20,8 

ZnH2L  25,0 

Pb(ɯɯ) 

PbL  6,2 

PbL2 10,3 

PbL3 13,3 

Pb2L  7,6 

Pb4L4  36,1 

Pb6L8 69,3 

- 

PbL 18,9 

PbHL 23,4 

Pb2L 22,3 

PbHL 19,0 

PbH2L 27,8 

Mn(ɯɯ) MnL  3,4 - 

MnL 15,5 

MnHL 20,0 

Mn2L 17,6 

MnHL 19,7 

MnH2L2 24,2 

ʇʨʠʤʽʪʢʘ. L ï ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʣʽʛʘʥʜʽʚ OH-, ʉʆ3
2-, H5-ʭdtpax-, H3-ʭCitx-. 
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ʇʨʦʚʽʜʥʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʽ ʟʘʟʥʘʯʝʥʦʾ ʛʨʫʧʠ ʽʦʥʽʚ 

ʤʝʪʘʣʽʚ ʻ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʽʩʪʴ: ʯʠʤ ʥʠʞʯʘ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʽʩʪʴ ʜʦʥʦʨʥʦʛʦ ʘʪʦʤʫ 

ʣʽʛʘʥʜʫ, ʪʠʤ ʤʽʮʥʽʰʽ ʟʚôʷʟʢʠ, ʫʪʚʦʨʶʚʘʥʽ ʽʦʥʘʤʠ ʤʝʪʘʣʽʚ ʜʨʫʛʦʾ ʛʨʫʧʠ. 

ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʠʤʠ ʻ ʩʪʽʡʢʽ ʢʦʤʧʣʝʢʩʠ ʟ ʣʽʛʘʥʜʘʤʠ (ʥʘʧʨʠʢʣʘʜ, S(II), 

As(III ), P(ɯɯɯ)), ʷʢʽ ʤʽʩʪʷʪʴ ʚʘʢʘʥʪʥʽ p- ʪʘ d-ʦʨʙʽʪʘʣʽ, ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ -́

ʟʚôʷʟʢʽʚ. ɽʣʝʢʪʨʦʥʥʘ ʛʫʩʪʠʥʘ ʤʝʪʘʣʫ ʧʦʪʨʝʙʫʻ ʧʝʨʝʭʦʜʫ ʥʘ ʚʢʘʟʘʥʽ ʚʽʣʴʥʽ ʦʨʙʽʪʘʣʽ 

ʣʽʛʘʥʜʫ, ʷʢʱʦ ʽʥʰʽ d-ʦʨʙʽʪʘʣʽ ʤʝʪʘʣʫ ʟʘʧʦʚʥʝʥʽ. ɼʦ ʪʨʝʪʴʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʽʦʥʠ 

ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʟ ʯʘʩʪʢʦʚʦ ʟʘʧʦʚʥʝʥʠʤʠ d-ʦʨʙʽʪʘʣʷʤʠ. ʅʘ ʩʪʽʡʢʽʩʪʴ ʢʦʤʧʣʝʢʩʽʚ 

ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʜʘʥʦʾ ʛʨʫʧʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʟʘʨʷʜ, ʨʘʜʽʫʩ ʽʦʥʽʚ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʷ, 

ʟʫʤʦʚʣʝʥʘ ʨʦʟʱʝʧʣʝʥʥʷʤ d-ʦʨʙʽʪʘʣʝʡ. ʋ ʧʝʨʰʫ ʯʝʨʛʫ ʽʦʥʠ ʪʘʢʠʭ ʤʝʪʘʣʽʚ 

ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʘʟʦʪ- ʪʘ ʢʠʩʥʝʚʤʽʩʥʠʤʠ ʣʽʛʘʥʜʘʤʠ. 

 

ʊʘʙʣʠʮʷ 1.5 ï ɿʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ ʩʪʽʡʢʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʦʩʘʜʽʚ ʜʝʷʢʠʭ 

ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ (lg ʂs) [82,85] 

ɽʢʦʪʦʢʩʠ-

ʢʘʥʪ 

lgʂs 

OH- CO3
2- [Fe(CN)6]

4- 

U(VI)  UO2(ʆʅ)2  23,7 - (UO2)2[Fe(CN)6] 13,15 

Sr(II)  - Srʉʆ3  9,03 - 

Cu(II)  Cu(OH)2 18,2 

CuCO3  9,63 

Cu2(OH)2CO3  42,96 

Cu3(OH)2(CO3)2  54,69 

Cu2[Fe(CN)6]  17,0 

Co(II)  Co(OH)2 15,4 Cʦʉʆ3  12,84 Co2[Fe(CN)6] 14,74 

Cd(II)  Cd(ʆʅ)2 14,61 Cdʉʆ3 11,28 Cd2[Fe(CN)6] 16,46 

Ni(II)  Ni(ʆʅ)2 14,5 Niʉʆ3  6,87 Ni2[Fe(CN)6] 14,89 

Zn(II)  Zn(ʆʅ)2 15,0 Znʉʆ3  10,78 Zn2[Fe(CN)6] 16,8 

Pb(II)  Pb(ʆʅ)2 31,0 Pbʉʆ3 13,14 Pb2[Fe(CN)6] 15,5 

Mn(II)  Mn(ʆʅ)2 12,9 Mnʉʆ3 9,3 Mn2[Fe(CN)6] 12,1 

ʇʨʠʤʽʪʢʘ. lgʂs = 1/ɼʈ, ʜʝ ɼʈ ï ʜʦʙʫʪʦʢ ʨʦʟʯʠʥʥʦʩʪʽ. 
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ɿʛʽʜʥʦ ʛʽʧʦʪʝʟʠ ʘʥʘʣʦʛʽʡ ʩʦʣʝʫʪʚʦʨʝʥʥʷ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʽʟ ʨʝʘʛʝʥʪʘʤʠ, ʜʦ 

ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʠʪʴ ʝʥʦʣʴʥʠʡ ʛʽʜʨʦʢʩʠʣ, ʻ ʧʦʜʽʙʥʠʤ ʜʦ ʫʪʚʦʨʝʥʥʷ ʟʚôʷʟʢʫ ʄïʆR, 

ʜʝ R ï ʦʨʛʘʥʽʯʥʠʡ ʟʘʣʠʰʦʢ. ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʷʚʫ ʪʝʥʜʝʥʮʽʾ ʫʪʚʦʨʝʥʥʷ ʟʚôʷʟʢʫ ʄï

ʆʅ ʧʨʠ ʛʽʜʨʦʣʽʟʽ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʟʘ ʨʘʭʫʥʦʢ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ ʚʦʜʦʶ (ʅïʆʅ), ʷʢʘ 

ʩʧʨʠʯʠʥʷʻ ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʘʪʽʚ, ʛʽʜʨʦʢʩʦʢʦʤʧʣʝʢʩʽʚ ʘʙʦ ʛʽʜʨʦʣʽʪʠʯʥʠʭ ʧʦʣʽʤʝʨʽʚ 

[80,84]. ʇʨʠʨʦʜʘ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʩʚʦʻʨʽʜʥʦ ʚʧʣʠʚʘʻ ʥʘ ʟʚôʷʟʫʚʘʥʥʷ ʟ ʆʅ-ʛʨʫʧʘʤʠ 

ʨʝʘʛʝʥʪʽʚ. ʊʘʢ, ʧʦʜʽʙʥʽʩʪʴ ʤʽʞ ʫʤʦʚʘʤʠ ʛʽʜʨʦʣʽʟʫ ʪʘ ʩʦʣʝʫʪʚʦʨʝʥʥʷʤ ʚʠʷʚʣʷʻʪʴʩʷ 

ʜʣʷ ʚʠʩʦʢʦʟʘʨʷʜʥʠʭ ʽʦʥʽʚ, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʘ ʚʝʣʠʢʘ ʝʥʝʨʛʽʷ ʟʚôʷʟʢʫ ʟ 

ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʽʦʥʘʤʠ ʪʘ ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʩʪʽʡʢʽ ʢʦʤʧʣʝʢʩʠ ʟ ʦʨʛʘʥʽʯʥʠʤʠ 

ʨʝʘʛʝʥʪʘʤʠ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʠʪʴ ʆʅ-ʛʨʫʧʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʜʽʣʫ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʥʘ ʘʥʘʣʽʪʠʯʥʽ ʛʨʫʧʠ Cs(ɯ) ʪʘ Sr(ɯɯ) 

ʥʘʣʝʞʘʪʴ ʜʦ ʢʘʪʽʦʥʽʚ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʘʥʘʣʽʪʠʯʥʠʭ ʛʨʫʧ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʥʝ 

ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʦʨʛʘʥʽʯʥʠʤʠ ʘʤʽʥʘʤʠ, ʘʣʝ ʨʝʘʛʫʶʪʴ ʫ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ 

ʨʝʘʛʝʥʪʘʤʠ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ ʆʅ-ʛʨʫʧʠ, ʪʘ ʧʨʠ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʥʷʭ ʨʅ 

ʛʽʜʨʦʣʽʟʫʶʪʴ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʜʣʷ ʘʤʽʘʢʘʪʽʚ ʢʘʪʽʦʥʽʚ ʜʨʫʛʦʾ ʘʥʘʣʽʪʠʯʥʦʾ ʛʨʫʧʠ 

ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʧʦʚʥʠʡ ʛʽʜʨʦʣʽʟ ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ. 

ʊʘʢʽ ʥʝʦʨʛʘʥʽʯʥʽ ʝʢʦʪʦʢʩʠʢʘʥʪʠ ʷʢ Co(II ), Ni(II), Zn(II ), Mn(II) ʻ ʢʘʪʽʦʥʘʤʠ 

ʪʨʝʪʴʦʾ ʘʥʘʣʽʪʠʯʥʦʾ ʛʨʫʧʠ [86]. ɺʦʥʠ ʚʘʞʯʝ ʛʽʜʨʦʣʽʟʫʶʪʴ ʪʘ ʫʪʚʦʨʶʶʪʴ ʢʦʤʧʣʝʢʩʠ 

ʟ ʨʝʯʦʚʠʥʘʤʠ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ ʆʅ-ʛʨʫʧʠ, ʪʽʣʴʢʠ ʚ ʥʝʡʪʨʘʣʴʥʦʤʫ ʘʙʦ 

ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʠʚʘʣʝʥʪʥʠʭ ʽʦʥʽʚ ʤʝʪʘʣʽʚ (Cr(III ), La(III )), 

ʷʢʽ ʪʝʞ ʚʭʦʜʷʪʴ ʜʦ ʜʘʥʦʾ ʛʨʫʧʠ, ʪʘ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʚʢʘʟʘʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʚʞʝ ʫ 

ʩʣʘʙʢʦʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ Co(II ), Ni(II), Zn(II) ʪʘ Cr(III) ʪʘʢʦʞ 

ʚʣʘʩʪʠʚʽ ʩʪʽʡʢʽ ʢʦʤʧʣʝʢʩʠ ʟ ʨʝʘʛʝʥʪʘʤʠ, ʱʦ ʤʽʩʪʷʪʴ ʘʤʽʥʥʠʡ ʘʟʦʪ. 

ɼʚʦʚʘʣʝʥʪʥʽ ʢʘʪʽʦʥʠ ʯʝʪʚʝʨʪʦʾ ʘʥʘʣʽʪʠʯʥʦʾ ʛʨʫʧʠ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ ʪʘʢʽ 

ʝʢʦʪʦʢʩʠʢʘʥʪʠ ʷʢ Cu(II ), Cd(II ), Pb(II), Hg(II), ʪʘʢʦʞ ʘʢʪʠʚʥʦ ʨʝʘʛʫʶʪʴ ʫ 

ʥʝʡʪʨʘʣʴʥʦʤʫ ʘʙʦ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ 

ʚʭʦʜʷʪʴ ʆʅ-ʛʨʫʧʠ,  ʪʘ ʫʪʚʦʨʶʶʪʴ ʩʪʽʡʢʽ ʢʦʤʧʣʝʢʩʠ ʟ ʘʤʽʥʘʤʠ. 

ʊʠʧ ʪʘ ʩʪʽʡʢʽʩʪʴ ʚʟʘʻʤʦʜʽʾ  ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʝʢʦʪʦʢʩʠʢʘʥʪʫ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ 

ʫʛʨʫʧʦʚʘʥʥʷʤ, ʷʢʝ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʩʦʨʙʝʥʪʫ, ʻ ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʧʨʠ 

ʨʝʛʫʣʶʚʘʥʥʽ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠʨʦʜʘ ʩʦʨʙʮʽʡʥʦʛʦ 
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ʤʘʪʝʨʽʘʣʫ, ʥʘʷʚʥʽʩʪʴ ʽʥʰʠʭ ʘʢʪʠʚʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʮʝʥʪʨʽʚ, ʩʪʫʧʽʥʴ ʾʭ ʦʜʥʦʨʽʜʥʦʩʪʽ 

ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʛʣʷʥʫʪʠʡ ʧʽʜʭʽʜ ʥʘ ʦʩʥʦʚʽ ʛʽʧʦʪʝʟʠ ʘʥʘʣʦʛʽʡ ʂʫʟʥʻʮʦʚʘ ɺ.ɯ. 

ʜʦʟʚʦʣʷʻ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʮʽʣʝʩʧʨʷʤʦʚʘʥʝ ʦʜʝʨʞʘʥʥʷ 

ʩʦʨʙʝʥʪʽʚ ʟ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʦʙʫʤʦʚʣʝʥʠʤʠ ʾʭ ʚʠʭʽʜʥʠʤ 

ʩʢʣʘʜʦʤ ʪʘ ʭʘʨʘʢʪʝʨʦʤ ʩʧʝʮʠʬʽʯʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʘʪʦʤʥʠʭ ʫʛʨʫʧʦʚʘʥʴ. ʇʨʠ 

ʮʴʦʤʫ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʷʢ ʚʠʙʽʨ ʪʠʧʫ, ʪʘʢ ʽ ʨʦʟʤʽʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʫʛʨʫʧʦʚʘʥʴ ʫ ʩʪʨʫʢʪʫʨʽ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʥʘ ʧʦʚʝʨʭʥʽ ʘʙʦ ʫ ʚʥʫʪʨʽʰʥʽʡ 

ʯʘʩʪʠʥʽ ʤʘʪʨʠʮʽ). ɸʜʞʝ ʟʘʤʽʩʥʠʢʠ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ ʩʪʚʦʨʶʶʪʴ ʧʨʦʩʪʦʨʦʚʽ 

ʫʪʨʫʜʥʝʥʥʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʚʢʘʟʘʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʪʘ ʽʦʥʽʚ ʤʝʪʘʣʽʚ-ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ 

ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʟʦʚʥʽʰʥʴʦ- ʘʙʦ ʚʥʫʪʨʽʰʥʴʦʩʬʝʨʥʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ. ʂʨʽʤ 

ʪʦʛʦ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʩʦʨʙʝʥʪʽʚ ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ ʰʣʷʭʦʤ 

ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʚʥʫʪʨʽʰʥʽʭ çˇʨʘʪʦʢè, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʟʤʽʨʘʤ ʣʠʰʝ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʜʣʷ ʫʥʠʢʥʝʥʥʷ 

ʩʧʽʣʴʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠʨʦʜʥʠʭ ʚʦʜ, ʱʦ ʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ 

ʧʨʠ ʦʯʠʱʝʥʥʽ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʟʦʢʨʝʤʘ 

ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ, ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʾ ʬʽʢʩʘʮʽʾ ʝʢʦʪʦʢʩʠʢʘʥʪʫ ʚ ʤʘʪʨʠʮʽ 

ʩʦʨʙʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʩʦʨʙʝʥʪʠ ʰʘʨʫʚʘʪʦʾ ʪʘ ʢʘʥʘʣʴʥʦʾ 

ʙʫʜʦʚʠ, ʟʦʢʨʝʤʘ ʥʘ ʦʩʥʦʚʽ ʐʇɻ ʪʘ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ, 

ʩʪʨʫʢʪʫʨʦʶ ʷʢʠʭ ʤʦʞʥʘ ʣʝʛʢʦ ʚʘʨʽʶʚʘʪʠ ʪʘ ʤʦʜʠʬʽʢʫʚʘʪʠ ʟʘʤʽʩʥʠʢʘʤʠ ʦʨʛʘʥʽʯʥʦʾ 

ʪʘ ʥʝʦʨʛʘʥʽʯʥʦʾ ʧʨʠʨʦʜʠ. 

 

1.3. ʇʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʫ ʩʦʨʙʮʽʡʥʠʭ ʤʝʪʦʜʘʭ ʚʦʜʦʦʯʠʱʝʥʥʷ 

 

1.3.1. ʐʇɻ ʫ ʩʦʨʙʮʽʡʥʠʭ ʤʝʪʦʜʘʭ ʚʦʜʦʦʯʠʱʝʥʥʷ 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʦʨʷʜ ʟ ʪʘʢʠʤʠ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʩʦʨʙʝʥʪʘʤʠ ʜʣʷ ʚʠʣʫʯʝʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʥʰʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ, ʷʢ ʛʽʜʨʘʪʦʚʘʥʽ ʦʢʩʠʜʠ, ʪʠʪʘʥʦʩʠʣʽʢʘʪʠ, 

ʚʘʞʢʦʨʦʟʯʠʥʥʽ ʩʦʣʽ ʧʦʣʽʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ, ʦʢʩʠʜʠ ʛʨʘʬʝʥʫ ʪʘ ʽʥʰʽ ʽʦʥʦʦʙʤʽʥʥʠʢʠ 

[66,87-91], ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ ʧʨʠʩʚʷʯʝʥʘ ʐʇɻ ï ʜʚʦʭʤʽʨʥʠʤ (2D) 



 54 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʠʤ ʤʘʪʝʨʽʘʣʘʤ [92-106], ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʨʠʨʦʜʥʠʭ ʪʘ 

ʩʠʥʪʝʪʠʯʥʠʭ ʟʤʽʰʘʥʠʭ ʛʽʜʨʦʢʩʠʜʽʚ ʤʝʪʘʣʽʚ (ʘʥʽʦʥʦʦʙʤʽʥʥʽ ʛʣʠʥʠ, 

ʛʽʜʨʦʪʘʣʴʢʽʪʦʧʦʜʽʙʥʽ ʩʧʦʣʫʢʠ). 

ʐʇɻ - ʮʝ ʫʥʽʚʝʨʩʘʣʴʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʦʚʦʛʦ ʢʣʘʩʫ ʝʢʦʣʦʛʽʯʥʦ 

ʙʝʟʧʝʯʥʠʭ [103] ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ, ʷʢʠʤ ʦʜʥʦʯʘʩʥʦ 

ʚʣʘʩʪʠʚʽ ʬʫʥʢʮʽʾ ʢʘʪʽʦʥʦ- ʪʘ ʘʥʽʦʥʦʦʙʤʽʥʥʠʢʽʚ, ʜʝʤʦʥʩʪʨʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʚʠʩʦʢʫ 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʪʘ ʧʦʢʨʘʱʝʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʨʘʭʫʥʦʢ ʫʥʽʢʘʣʴʥʦʾ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʾ ʙʫʜʦʚʠ. ɼʣʷ ʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʣʘʩʪʠʚʠʤʠ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʘʪʽʦʥʽʚ ʫ ʤʝʪʘʣ-ʛʽʜʨʦʢʩʠʣʴʥʠʭ (ʙʨʫʩʠʪʦʧʦʜʽʙʥʠʭ) ʰʘʨʘʭ 

ʪʘ ʟʜʘʪʥʽʩʪʴ ʚʢʣʶʯʘʪʠ ʨʽʟʥʦʪʠʧʥʽ ʘʥʽʦʥʠ ʪʘ ʣʝʛʢʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʾʭ ʢʽʣʴʢʽʩʪʴ ʫ 

ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʥʘʷʚʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʠʭ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʪʘ ʧʦʟʠʪʠʚʥʦ 

ʟʘʨʷʜʞʝʥʦʾ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ, ʛʥʫʯʢʘ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʩʪʨʫʢʪʫʨʠ ʚʥʘʩʣʽʜʦʢ 

çʝʬʝʢʪʫ ʧʘʤôʷʪʽè [96,97,99], ʩʧʨʷʤʦʚʘʥʝ ʚʠʚʽʣʴʥʝʥʥʷ ʤʽʞʰʘʨʦʚʠʭ ʘʥʽʦʥʽʚ ʫ 

ʚʠʟʥʘʯʝʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ [100], ʭʽʤʽʯʥʘ ʪʘ ʨʘʜʽʘʮʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʨʝʛʫʣʴʦʚʘʥʦʾ 

ʚʥʫʪʨʽʰʥʴʦʾ ʘʨʭʽʪʝʢʪʫʨʠ (ʙʽʣʴʰʘ ʧʦʨʽʚʥʷʥʦ ʟ ʽʦʥʦʦʙʤʽʥʥʠʤʠ ʩʤʦʣʘʤʠ) 

[92,93,104], ʘ ʪʘʢʦʞ ʚʝʣʠʢʘ ʧʣʦʱʘ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ (100õ300 ʤ2/ʛ) [103,105], 

ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ [103]. 

ʐʘʨʫʚʘʪʘ ʩʪʨʫʢʪʫʨʘ ʐʇɻ ʩʬʦʨʤʦʚʘʥʘ ʟ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ, ʚʥʘʩʣʽʜʦʢ 

ʽʟʦʤʦʨʬʥʦʛʦ ʟʘʤʽʱʝʥʥʷ M(II) ʥʘ M(III), ʰʘʨʽʚ, ʩʪʨʫʢʪʫʨʥʦ ʧʦʜʽʙʥʠʭ ʜʦ ʙʨʫʩʠʪʫ 

[Mg(OH)2] (ʽʦʥʠ ʤʘʛʥʽʶ, ʦʢʪʘʝʜʨʠʯʥʦ ʦʪʦʯʝʥʽ ʆʅ-ʽʦʥʘʤʠ), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʠʧʫ 

CdI2, ʤʽʞ ʷʢʠʤʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʝʦʨʛʘʥʽʯʥʽ ʪʘ ʦʨʛʘʥʽʯʥʽ ʘʥʽʦʥʠ, ʘ ʪʘʢʦʞ 

ʤʦʣʝʢʫʣʠ ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʾ ʚʦʜʠ [93,94,96,99], ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.1 [99]. 

ɿʘʛʘʣʴʥʘ ʬʦʨʤʫʣʘ ʐʇɻ ʤʘʻ ʚʠʛʣʷʜ: [(M(II ))1-x(M(IIɯ))x(OH)2]
x+Ŀ[(An-)x/nĿmH2O], ʜʝ 

MeII ʪʘ MeIII  ï ʜʚʦʭ- ʪʘ ʪʨʴʦʭʟʘʨʷʜʥʽ ʢʘʪʽʦʥʠ ʚ ʨʽʟʥʽʡ ʢʦʤʙʽʥʘʮʽʾ, ʚʽʜʧʦʚʽʜʥʦ, An- ï 

ʥʝʦʨʛʘʥʽʯʥʠʡ/ʦʨʛʘʥʽʯʥʠʡ ʢʦʤʧʝʥʩʫʶʯʠʡ ʘʥʽʦʥ (ʘʥʽʦʥʥʘ ʛʨʫʧʘ), ʟʘʤʽʱʝʥʥʷ ʷʢʦʛʦ ʚ 

ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʧʝʨʚʠʥʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʤʘʪʝʨʽʘʣʫ, n ï ʚʘʣʝʥʪʥʽʩʪʴ ʘʥʽʦʥʘ, ʭ ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʧʦʟʥʘʯʘʻ ʤʦʣʴʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [M(II)]/[ M(II)  + M(IIɯ)], mH2O ï ʤʦʣʝʢʫʣʠ ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʾ ʚʦʜʠ ʚ 

ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ [94-97]. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʜʣʷ ʬʦʨʤʫʣʠ ʐʇɻ ʤʦʞʣʠʚʠʤ ʻ ʽ 

ʽʥʰʠʡ ʚʠʛʣʷʜ: [(M(I)) 1-x(M(IɯI))x(OH)2]
(2x-1)+Ŀ[(An-)(2x-1)/nĿmH2O], ʜʝ M(I)ï 
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ʦʜʥʦʟʘʨʷʜʥʠʡ ʢʘʪʽʦʥ (ʧʝʨʝʚʘʞʥʦ Li+, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʽʦʥʥʠʡ ʨʘʜʽʫʩ ʻ ʙʣʠʟʴʢʠʤ ʜʦ 

M(II)) [94]. ɽʣʝʢʪʨʦʩʪʘʪʠʯʥʘ ʚʟʘʻʤʦʜʽʷ ʪʘ ʚʦʜʥʝʚʽ ʟʚôʷʟʢʠ ʤʽʞ ʰʘʨʘʤʠ ʪʘ ʾʭ 

ʚʤʽʩʪʦʤ ʦʙʫʤʦʚʣʶʶʪʴ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʐʇɻ [104]. 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʦʪʨʠʤʘʥʥʷ ʐʇɻ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʩʫʯʘʩʥʠʭ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʦʨʙʮʽʡʥʠʭ 2D-ʤʘʪʝʨʽʘʣʽʚ, ʻ ʜʦʩʪʫʧʥʽ ʧʽʜʭʦʜʠ ʜʦ ʾʭ ʩʠʥʪʝʟʫ (ʫ ʪ.ʯ. ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʾʭ ʧʦʚʝʨʭʥʽ ʫ ʟʥʘʯʥʠʭ ʤʘʩʰʪʘʙʘʭ) ʪʘ ʧʨʦʩʪʘ 

ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ (ʝʢʦʣʦʛʽʯʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ï 

çeco-friendlyè, çgreen synthesisè [106]). 

 
 

 

ʈʠʩʫʥʦʢ 1.1 ï ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʐʇɻ, ʚʽʜʪʚʦʨʝʥʘ ʟʛʽʜʥʦ [99]: MeII ʪʘ 

MeIII  ï ʜʚʦʭ- ʪʘ ʪʨʴʦʭʟʘʨʷʜʥʽ ʢʘʪʽʦʥʠ, An- ï ʢʦʤʧʝʥʩʫʶʯʠʡ ʘʥʽʦʥ 

 

ʐʇɻ ʩʠʥʪʝʟʫʶʪʴ ʟ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʩʦʣʝʡ ʜʚʦʭ- ʪʘ ʪʨʴʦʭʟʘʨʷʜʥʠʭ ʢʘʪʽʦʥʽʚ 

(ʧʨʠ ʫʤʦʚʽ, ʱʦ ʨʦʟʤʽʨʠ ʨʘʜʽʫʩʽʚ M(II) ʪʘ M(IɯI) ʙʣʠʟʴʢʽ ʜʦ Mg(Iɯ) ʪʘ Al(Iɯɯ) 

[96,104]), ʘ ʪʘʢʦʞ ʢʘʪʽʦʥʥʠʭ ʧʘʨ M(I)/M(IɯI) (ʥʘʧʨʠʢʣʘʜ, Li/Al) ʟ ʨʽʟʥʠʤʠ 

ʢʦʤʧʝʥʩʫʶʯʠʤʠ ʘʥʽʦʥʘʤʠ ʚ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ [94,96,104,107]. ɿʘʫʚʘʞʠʤʦ, 

ʱʦ ʨʦʟʤʽʨʠ ʨʘʜʽʫʩʽʚ ʢʘʪʽʦʥʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʤʝʪʘʣ-ʛʽʜʨʦʢʩʠʣʴʥʦʛʦ ʰʘʨʫ, ʻ 
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ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʐʇɻ [96,107]. ɿʛʽʜʥʦ [107] ʩʪʨʫʢʪʫʨʘ 

ʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʝʩʪʘʙʽʣʴʥʘ ʧʨʠ ʽʦʥʥʦʤʫ ʨʘʜʽʫʩʽ M(II) < 0,06 ʥʤ, ʪʦʤʫ ʫ 

ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʧʦʟʥʘʯʘʻ ʤʦʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

[M(II)]/[M(II)  + M(IIɯ)], ʜʣʷ ʐʇɻ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 0,1 Ò x Ò 0,33, ʪʦʙʪʦ 

[M(II)]/[M(IIɯ)] ʩʪʘʥʦʚʠʪʴ 2:1, 3:1, 4:1. ʗʢ ʙʘʯʠʤʦ, ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʜʘʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʫ x, ʧʨʠ ʷʢʦʤʫ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʐʇɻ ʦʜʥʦʨʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ, 

ʧʦʨʽʚʥʷʥʦ ʚʫʟʴʢʠʡ, ʘ ʦʪʞʝ ʙʘʛʘʪʦ ʤʘʪʝʨʽʘʣʽʚ, ʨʦʟʛʣʷʥʫʪʠʭ ʚ ʣʽʪʝʨʘʪʫʨʽ, ʟ ʥʝʟʚʠʯʥʦ 

ʚʠʩʦʢʠʤʠ ʘʙʦ ʥʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʡʤʦʚʽʨʥʦ, ʥʝ ʻ ʦʜʥʦʬʘʟʥʠʤʠ. ʇʨʠ ʟʥʘʯʝʥʥʷʭ 

ʭ > 0,33 ʭʘʨʘʢʪʝʨʥʦʶ ʻ ʧʦʷʚʘ ʫ ʩʪʨʫʢʪʫʨʽ ʐʇɻ ʟʚôʷʟʢʽʚ M(IIɯ)ïOï M(IIɯ), ʱʦ ʻ 

ʥʝʩʧʨʠʷʪʣʠʚʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʦʜʥʦʡʤʝʥʥʠʭ ʟʘʨʷʜʽʚ [108]. ʂʘʪʽʦʥʠ 

M(II) ʪʘ M(IɯI) ʫ ʤʝʪʘʣ-ʛʽʜʨʦʢʩʠʣʴʥʦʤʫ (ʙʨʫʩʠʪʦʧʦʜʽʙʥʦʤʫ) ʰʘʨʽ ʚʢʘʟʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʨʦʟʤʽʱʫʶʪʴʩʷ ʨʦʟʫʧʦʨʷʜʢʦʚʘʥʦ (ʦʜʥʘ ʧʦʟʠʮʽʷ ʟʘʡʥʷʪʘ ʷʢ M(II), ʪʘʢ ʽ 

M(IɯI)) ʘʙʦ ʫʧʦʨʷʜʢʦʚʘʥʦ ʟ ʫʪʚʦʨʝʥʥʷʤ ʥʘʜʩʪʨʫʢʪʫʨ [94]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʩʠʥʪʝʟʫ ʐʇɻ ʚʣʘʩʥʝ ʢʘʪʽʦʥʽʚ ʤʝʪʘʣʽʚ, ʷʢʽ ʤʘʶʪʴ ʚʝʣʠʢʽ (Ca(Iɯ), Cd(Iɯ)) ʘʙʦ 

ʤʘʣʝʥʴʢʽ ʽʦʥʥʽ ʨʘʜʽʫʩʠ (Be(Iɯ)) ʦʙʤʝʞʝʥʝ, ʦʩʢʽʣʴʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʽʥʰʠʭ 

ʪʠʧʽʚ ʩʧʦʣʫʢ, ʚʽʜʤʽʥʥʠʭ ʚʽʜ ʛʽʜʨʦʪʘʣʴʢʽʪʦʧʦʜʽʙʥʠʭ [94]. ʆʜʥʘʢ ʐʇɻ ʥʝ ʣʽʤʽʪʦʚʘʥʽ 

ʪʽʣʴʢʠ ʙʽʥʘʨʥʠʤʠ ʢʦʤʙʽʥʘʮʽʷʤʠ ʢʘʪʽʦʥʽʚ ʤʝʪʘʣʽʚ. ɺʽʜʦʤʦ [107] ʧʨʦ ʩʠʥʪʝʟ ʜʘʥʦʛʦ 

ʢʣʘʩʫ ʩʧʦʣʫʢ ʟ ʧʦʪʨʽʡʥʠʤ, ʯʝʪʚʝʨʪʠʥʥʠʤ ʪʘ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʠʤ ʢʘʪʽʦʥʥʠʤ 

ʩʢʣʘʜʦʤ ʪʘ ʾʭ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ ʟʤʽʰʘʥʠʭ ʦʢʩʠʜʽʚ ʟ 

ʦʜʥʦʨʽʜʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʤʝʪʘʣʽʚ. ɺʝʣʠʢʽ ʢʘʪʽʦʥʠ ï Mn(Iɯ), Pd(Iɯ), Cd(Iɯ), Ca(Iɯ), 

Y(Iɯɯ), ʘ ʪʘʢʦʞ ʽʦʥʠ ʛʨʫʧʠ ʣʘʥʪʘʥʦʾʜʽʚ, ʽʦʥʥʠʡ ʨʘʜʽʫʩ ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ 

0,086õ0,103 ʥʤ, ʤʦʞʫʪʴ ʙʫʪʠ ʽʥʢʦʨʧʦʨʦʚʘʥʽ ʚ ʙʨʫʩʠʪʦʧʦʜʽʙʥʽ ʰʘʨʠ ʟʘʟʥʘʯʝʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʫ ʢʦʤʙʽʥʘʮʽʾ ʟ ʜʚʦʭ- ʪʘ ʪʨʴʦʭʚʘʣʝʥʪʥʠʤʠ ʢʘʪʽʦʥʘʤʠ (ʥʘʧʨʠʢʣʘʜ, 

ʩʠʩʪʝʤʠ Mg/Cd/Al ʪʘ Mg/Al/La). ʂʨʽʤ ʪʦʛʦ, ʤʦʞʣʠʚʠʤ ʚʠʜʘʻʪʴʩʷ ʚʢʣʶʯʝʥʥʷ ʫ 

ʩʪʨʫʢʪʫʨʫ ʐʇɻ ʯʦʪʠʨʴʦʭʚʘʣʝʥʪʥʠʭ ʢʘʪʽʦʥʽʚ (V(IV), Ti(IV), Zr(IV), Sn(IV)) 

ʰʣʷʭʦʤ ʯʘʩʪʢʦʚʦʛʦ ʟʘʤʽʱʝʥʥʷ ʪʨʴʦʭʚʘʣʝʥʪʥʠʭ (ʩʠʩʪʝʤʠ Mg/Al/Zr(IV), 

Mg/Al/Sn(IV), Mg/Al/Ti(IV))  [96]. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ-

ʢʘʪʽʦʥʦʦʙʤʽʥʥʠʢʽʚ ʰʘʨʫʚʘʪʦʾ ʙʫʜʦʚʠ, ʢʽʣʴʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ-ʘʥʽʦʥʦʦʙʤʽʥʥʠʢʽʚ 

ʟʘʟʥʘʯʝʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʦʩʠʪʴ ʥʝʟʥʘʯʥʘ [109]. ʐʇɻ ʚʣʘʩʪʠʚʝ ʧʨʠ ʩʠʥʪʝʟʽ 
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ʚʢʣʶʯʝʥʥʷ ʫ ʤʽʞʰʘʨʦʚʠʡ ʧʨʦʩʪʽʨ ʟʘ ʧʨʠʥʮʠʧʦʤ çʛʽʩʪʴ-ʛʦʩʧʦʜʘʨè ʨʽʟʥʠʭ ʘʥʽʦʥʥʠʭ 

ʛʨʫʧ (ʥʘʚʽʪʴ ʾʭ ʤʽʢʨʦʢʽʣʴʢʦʩʪʝʡ), ʟʦʢʨʝʤʘ ʦʨʛʘʥʽʯʥʠʭ, ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ 

ʧʦʟʠʪʠʚʥʦʛʦ ʟʘʨʷʜʫ ʤʝʪʘʣ-ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʰʘʨʽʚ [97,107,109-113]. ɺʢʘʟʘʥʽ 

ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʧʠʪʦʤʫ ʻʤʥʽʩʪʴ ï 3 ʤ-ʝʢʚ/ʛ [112]. ʊʝʦʨʝʪʠʯʥʦ ʥʝ ʽʩʥʫʻ 

ʦʙʤʝʞʝʥʴ ʱʦʜʦ ʽʥʪʝʨʢʘʣʷʮʽʾ ʚʩʽʭ ʪʠʧʽʚ ʘʥʽʦʥʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʨʦʟʤʽʨʽʚ, ʬʦʨʤʠ 

ʪʘ ʟʘʨʷʜʫ ʫ ʩʪʨʫʢʪʫʨʫ ʐʇɻ [107,111]. ʂʽʣʴʢʽʩʪʴ ʫʨʽʚʥʦʚʘʞʫʚʘʣʴʥʠʭ ʘʥʽʦʥʽʚ ʫ 

ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʛʽʜʨʦʪʘʣʴʢʽʪʦʧʦʜʽʙʥʠʭ ʩʧʦʣʫʢ ʪʝʞ ʥʝ ʣʽʤʽʪʫʻʪʴʩʷ, ʦʜʥʘʢ ʟʘ 

ʫʤʦʚʠ, ʱʦ ʜʘʥʽ ʘʥʽʦʥʠ ʥʝ ʫʪʚʦʨʶʶʪʴ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʟ ʢʘʪʽʦʥʘʤʠ ʤʝʪʘʣʽʚ, ʷʢʽ 

ʬʦʨʤʫʶʪʴ ʦʢʪʘʝʜʨʠʯʥʽ ʤʝʪʘʣ-ʛʽʜʨʦʢʩʠʣʴʥʽ ʰʘʨʠ [114]. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʤʽʞ 

ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʤʠ ʚʢʘʟʘʥʠʤʠ ʧʨʦʰʘʨʢʘʤʠ ʤʦʞʫʪʴ ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʙʫʚʘʪʠ 

ʘʥʽʦʥʠ ʨʽʟʥʦʛʦ ʟʘʨʷʜʫ [115]. ʍʦʯʘ, ʙʝʟʩʫʤʥʽʚʥʦ, ʙʘʟʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʯʫʪʣʠʚʘ ʜʦ 

ʘʥʽʦʥʫ, ʷʢʠʡ ʟʘʧʦʚʥʶʻ ʤʽʞʰʘʨʦʚʠʡ ʧʨʦʩʪʽʨ [110]. ʂʨʽʤ ʪʦʛʦ, ʨʘʟʦʤ ʟ ʘʥʽʦʥʘʤʠ ʫ 

ʤʽʞʰʘʨʦʚʠʡ ʧʨʦʩʪʽʨ ʤʦʞʫʪʴ ʙʫʪʠ ʪʘʢʦʞ ʚʢʣʶʯʝʥʽ ʥʝʡʪʨʘʣʴʥʽ ʤʦʣʝʢʫʣʠ, 

ʫʪʚʦʨʶʶʯʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʦʩʥʦʚʽ ʐʇɻ [107]. 

ɼʦ ʦʩʥʦʚʥʠʭ ʛʨʫʧ ʘʥʽʦʥʽʚ ʪʘ ʤʦʣʝʢʫʣ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʚʢʘʟʘʥʠʡ ʧʨʦʩʪʽʨ ʐʇɻ, 

ʥʘʣʝʞʘʪʴ [93,94,99,107,110]: ʥʝʦʨʛʘʥʽʯʥʽ ʘʥʽʦʥʠ (F-, Cl-, Br-, I-, CO3
2-, NO3

-, ClO4
-, 

SO4
2- , S2O3

2- , CrO4
2- ʪʘ ʽʥ.); ʘʥʽʦʥʥʽ ʢʦʤʧʣʝʢʩʠ ([PdCl4]

2-, NiCl4
2-, CoCl4

2-, 

[Fe(CN)6]
3-, [Fe(CN)6]

4- ʪʘ ʽʥ.); ʦʨʛʘʥʽʯʥʽ ʘʥʽʦʥʠ (ʢʘʨʙʦʢʩʠʣʘʪ-, ʬʦʩʬʦʥʘʪ-, 

ʘʣʢʽʣʩʫʣʴʬʘʪ-, ʙʝʥʟʦʘʪ- ʪʘ ʽʥ.); ʘʥʽʦʥʥʽ ʧʦʣʽʤʝʨʥʽ ʩʧʦʣʫʢʠ; ʙʽʦʤʦʣʝʢʫʣʠ (ɼʅʂ, 

ʘʤʽʥʦʢʠʩʣʦʪʠ, ʚʽʪʘʤʽʥʠ, ʧʝʧʪʠʜʠ, ʥʫʢʣʝʦʪʠʜʠ ʪʘ ʽʥ.); ʤʦʣʝʢʫʣʠ ʅ2ʆ. 

ɸʥʽʦʥʠ ʪʘ ʤʦʣʝʢʫʣʠ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʨʦʟʤʽʱʫʶʪʴʩʷ ʫ ʤʽʞʰʘʨʦʚʽʡ ʦʙʣʘʩʪʽ 

ʪʘ ʤʘʶʪʴ ʟʤʦʛʫ ʚʽʣʴʥʦ ʧʝʨʝʤʽʱʫʚʘʪʠʩʴ ʫ ʥʽʡ, ʨʦʟʨʠʚʘʶʯʠ ʥʘʷʚʥʽ ʭʽʤʽʯʥʽ ʟʚôʷʟʢʠ ʪʘ 

ʫʪʚʦʨʶʶʯʠ ʥʦʚʽ, ʙʝʟ ʨʫʡʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʫ [94]. ɸʚʪʦʨʘʤʠ [96,112] 

ʥʘʚʝʜʝʥʦ ʨʷʜ ʚʟʘʻʤʦʟʘʤʽʱʝʥʥʷ ʘʥʽʦʥʽʚ ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʚʢʘʟʘʥʠʭ ʩʧʦʣʫʢ 

(ʤʽʞʰʘʨʦʚʠʡ ʘʥʽʦʥʥʠʡ ʦʙʤʽʥ): NO3
- < Br- < CI- < F- < < OH- < MoO4

2- < SO4
2- < 

CrO4
2- < HAsO4

2- < HPO4
2- < CO3

2-. ʅʘ ʧʦʨʷʜʦʢ ʚʢʣʶʯʝʥʥʷ ʘʥʽʦʥʽʚ, ʦʯʝʚʠʜʥʦ, 

ʚʧʣʠʚʘʻ ʷʢ ʨʦʟʤʽʨ ʪʘ ʟʘʨʷʜ ʘʥʽʦʥʫ, ʪʘʢ ʽ ʟʘʨʷʜ ʪʘ ʡʦʛʦ ʛʫʩʪʠʥʘ ʤʝʪʘʣ-ʛʽʜʨʦʢʩʠʣʴʥʠʭ 

ʰʘʨʽʚ, ʘ ʪʘʢʦʞ ʚʦʜʥʝʚʽ ʟʚôʷʟʢʠ ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ [94,96,107,112,116,117]. 

ʄʝʪʦʜʘʤʠ ɯʏ- ʪʘ ʨʘʤʘʥʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʜʦʩʣʽʜʞʝʥʦ ʚʢʣʶʯʝʥʥʷ CO3
2-, NO3

-, 

SO4
2-  ʪʘ ClO4

- ʫ ʤʽʞʰʘʨʦʚʠʡ ʧʨʦʩʪʽʨ Mg,Al-ʐʇɻ [118]. ʇʦʢʘʟʘʥʦ, ʱʦ ʤʽʞ 
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ʘʥʽʦʥʘʤʠ, ʟʦʢʨʝʤʘ CO3
2--ʘʥʽʦʥʘʤʠ, ʪʘ ʤʦʣʝʢʫʣʘʤʠ ʅ2ʆ ʽ ʆʅ-ʛʨʫʧʘʤʠ ʤʝʪʘʣ-

ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʰʘʨʽʚ ʫʪʚʦʨʶʶʪʴʩʷ ʤʦʩʪʠʢʦʚʽ ʚʦʜʥʝʚʽ ʟʚôʷʟʢʠ: ʆʅ--CO3--ʅʆ ʘʙʦ 

ʆʅ--ʅ2ʆ--CO3--ʅʆ [94]. ʇʨʦ ʮʝ ʩʚʽʜʯʠʪʴ ʥʘʷʚʥʘ ʰʠʨʦʢʘ ʩʤʫʛʘ ʭʚʠʣʴʦʚʠʭ 

ʢʦʣʠʚʘʥʴ ʚ ʦʙʣʘʩʪʽ 3000ï3100 ʩʤ-1 [118].  

ʋ ʨʦʙʦʪʘʭ [93,115-117,119] ʟʥʘʯʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʚʧʣʠʚʫ ʢʘʪʽʦʥʥʦʛʦ 

ʩʢʣʘʜʫ ʙʨʫʩʠʪʦʧʦʜʽʙʥʠʭ ʰʘʨʽʚ ʐʇɻ ʥʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʘʥʽʦʥʽʚ ʫ 

ʤʽʞʰʘʨʦʚʠʡ ʧʨʦʩʪʽʨ. ʅʘ ʚʟʘʻʤʦʜʽʶ ʘʥʽʦʥʽʚ ʟ ʙʨʫʩʠʪʦʧʦʜʽʙʥʠʤʠ ʰʘʨʘʤʠ ʚʧʣʠʚʘʻ 

ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʾʭ ʢʘʪʽʦʥʥʦʛʦ ʩʢʣʘʜʫ [107]. 

ʄʝʭʘʥʽʟʤ ʚʟʘʻʤʦʜʽʾ ʘʥʽʦʥʽʚ ʟ ʧʦʚʝʨʭʥʝʶ ʙʨʫʩʠʪʫ (Mg(OH)2), ʷʢ ʘʥʘʣʦʛʦʤ 

ʧʦʚʝʨʭʥʽ ʐʇɻ, ʥʘʚʝʜʝʥʦ ʘʚʪʦʨʘʤʠ [120]. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʧʦʨʽʜʥʝʥʽʩʪʴ Mg(OH)2 ʜʦ 

ʘʥʽʦʥʽʚ ʦʙʫʤʦʚʣʝʥʘ ʾʭ ʽʦʥʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ. ɼʦʩʣʽʜʞʫʚʘʥʠʤ ʘʥʽʦʥʘʤ ʚʣʘʩʪʠʚʝ 

ʬʦʨʤʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʩʬʝʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʥʘ ʙʨʫʩʠʪʦʚʽʡ ʧʦʚʝʨʭʥʽ. 

ʉʝʣʝʢʪʠʚʥʽʩʪʴ Mg(OH)2 ʜʦ ʘʥʽʦʥʽʚ ʟʤʽʥʶʻʪʴʩʷ ʫ ʥʘʩʪʫʧʥʦʤʫ ʧʦʨʷʜʢʫ:  NO3
- < 

< SO4
2- < ʈO4

3- < AsO4
3-.ʅʘ ʧʨʠʢʣʘʜʽ ʚʢʣʶʯʝʥʥʷ PO4

3--ʘʥʽʦʥʽʚ ʫ ʤʽʞʰʘʨʦʚʠʡ 

ʧʨʦʩʪʽʨ ʐʇɻ ʧʦʢʘʟʘʥʦ [121], ʱʦ ʩʝʨʝʜ ʨʽʟʥʠʭ ʪʠʧʽʚ ʘʥʽʦʥʽʚ (Cl-, NO3
-, SO4

2- ʪʘ 

SeO3
2-) ʪʘ ʧʨʠ ʾʭ ʨʽʚʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ (50 ʤʛ/ʜʤ3), ʥʘʡʙʽʣʴʰʠʡ ʢʦʥʢʫʨʫʶʯʠʡ 

ʚʧʣʠʚ ʚʣʘʩʪʠʚʠʡ SeO3
2--ʘʥʽʦʥʘʤ (ʪʘʙʣ. 1.6 [121]). ɿʘʛʘʣʦʤ ʚʢʣʶʯʝʥʥʷ ʘʥʽʦʥʽʚ (ʟʘ 

ʚʠʥʷʪʢʦʤ ʩʣʘʙʢʦʫʪʨʠʤʫʚʘʣʴʥʠʭ, ʟʦʢʨʝʤʘ ʡʦʜʠʜ- ʪʘ ʧʝʨʭʣʦʨʘʪ-ʘʥʽʦʥʽʚ) ʫ ʐʇɻ 

ʧʝʨʝʚʘʞʥʦ ʥʝ ʧʦʪʨʝʙʫʻ ʦʩʦʙʣʠʚʠʭ ʟʫʩʠʣʴ: ʙʽʣʴʰ ʩʣʘʙʰʠʡ ʘʥʽʦʥ ʤʦʞʝ ʙʫʪʠ 

ʚʠʪʽʩʥʝʥʠʡ ʟ ʤʽʞʰʘʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʩʠʣʴʥʽʰʠʤ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʩʫʩʧʝʥʟʽʾ, ʱʦ 

ʤʽʩʪʠʪʴ ʐʇɻ ʪʘ ʧʝʨʝʥʘʩʠʯʝʥʠʡ ʨʦʟʯʠʥ ʘʥʽʦʥʫ-ʟʘʤʽʩʥʠʢʘ [96]. 

 

ʊʘʙʣʠʮʷ 1.6 ï ɺʧʣʠʚ ʝʢʚʽʤʦʣʷʨʥʠʭ ʢʽʣʴʢʦʩʪʝʡ ʨʽʟʥʠʭ ʪʠʧʽʚ ʘʥʽʦʥʽʚ ʥʘ 

ʚʢʣʶʯʝʥʥʷ ʬʦʩʬʘʪʫ ʚ ʤʽʞʰʘʨʦʚʠʡ ʧʨʦʩʪʽʨ ʐʇɻ [121] 

ɸʥʽʦʥʠ ʉʪʫʧʽʥʴ ʚʢʣʶʯʝʥʥʷ ʬʦʩʬʘʪʽʚ, % 

PO4
3- 84,4 

PO4
3- + NO3

- 72,5 

PO4
3- + Cl- 69,6 

PO4
3- + SO4

2- 59,7 

PO4
3- + SeO3

2- 48,5 



 59 

ɺʽʜʦʤʦ, ʱʦ ʛʽʜʨʦʪʘʣʴʢʽʪʦʧʦʜʽʙʥʽ ʩʧʦʣʫʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʦʶ 

ʩʧʦʨʽʜʥʝʥʽʩʪʶ ʜʦ ʜʚʦʭʟʘʨʷʜʥʠʭ ʘʥʽʦʥʽʚ [93,95,112,121-123]. ʅʘ ʜʫʤʢʫ ʘʚʪʦʨʚ̔ 

[123] ʟʜʘʪʥʽʩʪʴ ʘʥʽʦʥʽʚ ʟʘʤʽʱʫʚʘʪʠ ʦʜʠʥ ʦʜʥʦʛʦ ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʐʇɻ 

ʟʘʣʝʞʠʪʴ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʚʽʜ ʩʪʫʧʝʥʶ ʨʦʟʯʠʥʥʦʩʪʽ ʩʦʣʝʡ, ʷʢʽ ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠ 

ʢʦʥʢʨʝʪʥʠʡ ʘʥʽʦʥ ʟ ʢʘʪʽʦʥʘʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʤʝʪʘʣ-ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʰʘʨʽʚ. 

ʏʠʤ ʙʽʣʴʰ ʤʘʣʦʜʠʩʦʮʽʡʦʚʘʥʫ ʩʧʦʣʫʢʫ ʫʪʚʦʨʶʻ ʘʥʽʦʥ, ʪʠʤ ʩʠʣʴʥʽʰʝ ʚʽʥ ʚʠʪʽʩʥʷʻ 

ʽʥʰʽ ʘʥʽʦʥʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʐʇɻ ʜʦ ʘʥʽʦʥʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʨʷʜʫ 

SO4
2- > CrO4

2- > ʦʜʥʦʟʘʨʷʜʥʠʡ ʘʥʽʦʥ (CI-). 

ʅʘʡʙʽʣʴʰʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʐʇɻ ʤʘʶʪʴ ʜʦ CO3
2--ʘʥʽʦʥʽʚ [93,94,112,122,123]. 

ɸʚʪʦʨʠ [122,123] ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʨʦʟʤʽʱʝʥʥʷ ʚʢʘʟʘʥʠʭ ʘʥʽʦʥʽʚ ʤʽʞ ʤʝʪʘʣ-

ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʰʘʨʘʤʠ ʧʝʨʝʰʢʦʜʞʘʻ ʧʦʚʥʦʤʫ ʽʦʥʥʦʤʫ ʦʙʤʽʥʫ, ʪʦʙʪʦ ʟʘʚʘʞʘʻ 

ʩʦʨʙʮʽʾ ʽʥʰʠʭ ʘʥʽʦʥʽʚ. ʇʦʢʘʟʘʥʦ [117], ʱʦ ʆʅ-ʛʨʫʧʠ ʙʨʫʩʠʪʦʧʦʜʽʙʥʠʭ ʰʘʨʽʚ 

Zn,Al-ʐʇɻ ʫʪʚʦʨʶʶʪʴ ʙʽʣʴʰ ʤʽʮʥʽ ʚʦʜʥʝʚʽ ʟʚôʷʟʢʠ ʟ CO3
2--ʘʥʽʦʥʘʤʠ ʧʦʨʽʚʥʷʥʦ ʟ 

ClO4
--ʘʥʽʦʥʘʤʠ. 

ʂʨʽʤ ʫʥʽʢʘʣʴʥʠʭ ʘʥʽʦʥʦʦʙʤʽʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ ʐʇɻ ʚʣʘʩʪʠʚʠʡ çʝʬʝʢʪ 

ʩʪʨʫʢʪʫʨʥʦʾ ʧʘʤôʷʪʽè (çʝʬʝʢʪ ʧʘʤôʷʪʽè) [94,97,107]. ʊʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ (ʘʢʪʠʚʘʮʽʷ) 

ʘʙʦ ʢʘʣʴʮʠʥʘʮʽʷ ʐʇɻ, ʷʢʘ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʦʢʘʣʶʚʘʥʥʷʤ ʾʭ ʤʘʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʧʨʠ 300õ500 Áʉ ʫ ʘʪʤʦʩʬʝʨʽ ʧʦʚʽʪʨʷ, ʩʧʨʠʯʠʥʷʻ ʜʝʩʦʨʙʮʽʶ ʣʝʪʢʠʭ ʘʥʽʦʥʽʚ 

(ʥʘʧʨʠʢʣʘʜ, CO3
2-) ʪʘ ʤʦʣʝʢʫʣ ʚʦʜʠ ʟ ʤʽʞʰʘʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʐʇɻ ʪʘ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʫʪʚʦʨʝʥʥʷ ʟʤʽʰʘʥʠʭ ʦʢʩʠʜʽʚ ʤʝʪʘʣʽʚ (ʪʝʨʤʽʯʥʦ ʘʢʪʠʚʦʚʘʥʠʭ ʐʇɻ, 

ʢʘʣʴʮʠʥʦʚʘʥʠʭ ʐʇɻ), ʚ ʷʢʠʭ ʦʢʩʠʜʠ ʜʚʦʭ- ʪʘ ʪʨʴʦʭʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ 

ʜʠʩʧʝʨʛʦʚʘʥʽ ʥʝ ʷʢ ʯʘʩʪʢʠ, ʘ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨʽʚʥʽ (ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʟʤʽʰʘʥʠʭ 

ʦʢʩʠʜʽʚ ʤʝʪʘʣʽʚ) [124,125]. ʂʨʽʤ ʪʦʛʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʝʥʪʨʽʚ ʥʘ 

ʧʦʚʝʨʭʥʽ ʐʇɻ, ʾʭ ʩʠʣʠ ʪʘ ʧʨʠʨʦʜʠ ï ɹʨʝʥʩʪʝʜʽʚʩʴʢʽ ʮʝʥʪʨʠ ʧʨʠ ʧʨʦʢʘʣʶʚʘʥʥʽ 

ʧʝʨʝʭʦʜʷʪʴ ʫ ʃʴʶʽʩʽʚʩʴʢʽ [126]. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʽʩʣʷ ʢʘʣʴʮʠʥʘʮʽʾ ʚʩʝ ʪʘʢʠ ʧʝʚʥʘ 

ʯʘʩʪʠʥʘ CO3
2--ʘʥʽʦʥʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʐʇɻ [107,127]. 

ʇʽʜ çʝʬʝʢʪʦʤ ʧʘʤôʷʪʽè ʨʦʟʫʤʽʶʪʴ ʧʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ ʧʝʨʚʠʥʥʦʾ ʰʘʨʫʚʘʪʦʾ 

ʩʪʨʫʢʪʫʨʠ ʢʘʣʴʮʠʥʦʚʘʥʠʭ ʐʇɻ ʫ ʨʝʟʫʣʴʪʘʪʽ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʽʩʣʷ ʩʦʨʙʮʽʾ ʨʽʟʥʠʭ 

ʘʥʽʦʥʽʚ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʘʙʦ ʟ ʘʪʤʦʩʬʝʨʠ ʧʦʚʽʪʨʷ [94,122,125], ʷʢ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 1.2 [125]. ʅʘ ʟʜʘʪʥʽʩʪʴ ʢʘʣʴʮʠʥʦʚʘʥʠʭ ʐʇɻ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʧʝʨʚʠʥʥʦʾ 
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ʩʪʨʫʢʪʫʨʠ ʚʧʣʠʚʘʻ ʭʽʤʽʯʥʘ ʧʨʠʨʦʜʘ ʢʘʪʽʦʥʽʚ ʤʝʪʘʣʽʚ ʙʨʫʩʠʪʦʧʦʜʽʙʥʠʭ ʰʘʨʽʚ, ʱʦ 

ʧʦʚôʷʟʘʥʦ ʟ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤ ʝʬʝʢʪʦʤ ʨʝʘʢʮʽʾ ʛʽʜʨʘʪʘʮʽʾ ʫʪʚʦʨʶʚʘʥʠʭ ʦʢʩʠʜʽʚ 

ʤʝʪʘʣʽʚ [94]. ʂʘʣʴʮʠʥʦʚʘʥʽ ʐʇɻ ʥʘ ʦʩʥʦʚʽ Mg,Al-, Mg,Fe-, Zn,Al- ʩʧʨʦʤʦʞʥʽ 

ʨʝʢʦʥʩʪʨʫʶʚʘʪʠ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʜʦ ʧʝʨʚʠʥʥʦʾ ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ. ʂʘʣʴʮʠʥʦʚʘʥʽ ʐʇɻ ʥʘ ʦʩʥʦʚʽ Co,Al, Ni,Fe ʪʘ Ni,Al ʥʝ ʟʜʘʪʥʽ ʜʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʟʘ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚ [94,107]. ɰʭ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ 

ʟʫʩʠʣʴ, ʟʦʢʨʝʤʘ ʘʚʪʦʨʘʤ [125] ʚʜʘʣʦʩʷ ʚʽʜʥʦʚʠʪʠ ʢʘʣʴʮʠʥʦʚʘʥʠʡ Ni,Al-ʐʇɻ 

ʪʽʣʴʢʠ ʰʣʷʭʦʤ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

 
 

 

ʈʠʩʫʥʦʢ 1.2 ï ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʨʦʮʝʩʫ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʩʪʨʫʢʪʫʨʠ 

ʢʘʣʴʮʠʥʦʚʘʥʦʛʦ Mg,Al-ʐʇɻ, ʚʽʜʪʚʦʨʝʥʝ ʟʛʽʜʥʦ [125]: An- ï ʢʦʤʧʝʥʩʫʶʯʠʡ ʘʥʽʦʥ 

 

ʗʢ ʧʦʢʘʟʘʥʦ ʘʚʪʦʨʘʤʠ [107], ʪʝʨʤʽʯʥʝ ʨʦʟʢʣʘʜʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʐʇɻ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ. ʉʧʝʨʰʫ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʟʨʘʟʢʽʚ ʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʚʽʜ 140õ180 Áʉ ʜʦ 250 Áʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʪʨʘʪʘ ʤʽʞʰʘʨʦʚʠʭ ʤʦʣʝʢʫʣ ʚʦʜʠ ï ʬʘʟʘ 

ʜʝʛʽʜʨʘʪʘʮʽʾ. ʇʦʪʽʤ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 240õ260 Áʉ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʬʘʟʘ ʜʝʛʽʜʨʦʢʩʠʣʶʚʘʥʥʷ ʪʘ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ï ʦʜʥʦʯʘʩʥʦʾ ʚʪʨʘʪʠ 

ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʪʘ ʢʘʨʙʦʥʘʪʫ ʫ ʚʠʛʣʷʜʽ ʅ2ʆ ʪʘ ʉʆ2. ɺ ʦʙʣʘʩʪʽ 250õ500 Áʉ 

ʩʪʨʫʢʪʫʨʘ ʨʫʡʥʫʻʪʴʩʷ ʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʟʤʽʰʘʥʦʾ ʦʢʩʠʜʥʦʾ ʬʘʟʠ ʟʽ 

ʟʙʝʨʝʞʝʥʥʷʤ ʰʘʨʫʚʘʪʦʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ. ʆʧʪʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʣʴʮʠʥʘʮʽʾ 

ʐʇɻ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ Ò500 Áʉ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ 

[97,124].  

ʋ ʟʚôʷʟʢʫ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʛʦʤʦʛʝʥʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʪʘ ʰʠʨʦʢʠʤʠ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʽʥʪʝʨʢʘʣʷʮʽʾ ʘʥʽʦʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʫ ʤʽʞʰʘʨʦʚʫ ʦʙʣʘʩʪʴ 
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ʢʘʣʴʮʠʥʦʚʘʥʽ ʐʇɻ ʟʥʘʡʰʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʢʘʪʘʣʽʟʽ [125,128,129]. ʂʨʽʤ ʪʦʛʦ, 

ʫʩʫʥʝʥʥʷ ʤʦʣʝʢʫʣ ʚʦʜʠ ʪʘ ʘʥʽʦʥʽʚ ʟ ʤʽʞʰʘʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʢʘʣʴʮʠʥʦʚʘʥʠʭ ʐʇɻ ʫ 

ʧʦʻʜʥʘʥʥʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʢʠ ʤʝʪʘʣ-ʢʠʩʥʝʚʤʽʩʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ 

ʩʧʨʠʷʶʪʴ ʟʙʽʣʴʰʝʥʥʶ ʢʽʣʴʢʦʩʪʽ ʘʢʪʠʚʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʮʝʥʪʨʽʚ, ʱʦ ʨʦʟʰʠʨʶʻ 

ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʷʢʦʩʪʽ ʩʦʨʙʝʥʪʽʚ [107,126]. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ  >800õ900 Áʉ ʟʤʽʰʘʥʽ ʦʢʩʠʜʠ ʫʪʚʦʨʶʶʪʴ ʰʧʽʥʝʣʝʧʦʜʽʙʥʽ 

ʩʧʦʣʫʢʠ ʪʠʧʫ ʄ(ɯɯ)(ʄ(ɯɯɯ))2ʆ4 ʟ ʦʜʥʦʨʽʜʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʢʘʪʽʦʥʽʚ ʤʝʪʘʣʽʚ 

[94,107,126,130-135]. ʇʨʦʚʝʜʝʥʽ ʘʚʪʦʨʘʤʠ [131] ʨʝʥʪʛʝʥʦʬʘʟʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʩʣʷ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (800 Áʉ) ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ Cd/(Al+Fe)-ʐʇɻ ʟ ʤʽʞʰʘʨʦʚʠʤʠ 

NO3
--, [FeCN6]

3-- ʪʘ [FeCN6]
4--ʘʥʽʦʥʘʤʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʬʦʨʤʫʚʘʥʥʷ ʰʧʽʥʝʣʝʧʦʜʽʙʥʠʭ 

ʬʘʟ ʩʢʣʘʜʫ CdAl2O4 ʪʘ Cd1-xFe2+xO4 ʘʙʦ CdxFe2.66O4 (ʟʘʣʝʞʥʦ ʚʽʜ ʚʤʽʩʪʫ ʚʠʭʽʜʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ). 

ɺʢʘʟʘʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʚʝʜʽʥʢʠ ʐʇɻ ʧʨʠ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʻ ʚʘʞʣʠʚʦʶ 

ʧʝʨʝʚʘʛʦʶ ʫ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʭ ʷʢ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʽʥʰʠʤʠ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʩʠʥʪʝʪʠʯʥʠʤʠ ʩʦʨʙʝʥʪʘʤʠ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʥʝʦʙʦʨʦʪʥʦ 

ʟʚôʷʟʫʚʘʪʠ ʨʘʜʽʦʥʫʢʣʽʜʠ ʪʘ ʽʥʰʽ ʝʢʦʪʦʢʩʠʢʘʥʪʠ ʚ ʢʨʠʩʪʘʣʽʯʥʫ ʬʘʟʫ ʜʘʥʠʭ 

ʩʦʨʙʝʥʪʽʚ; ʧʨʦʚʦʜʠʪʠ ʾʭ ʙʝʟʧʝʯʥʝ ʟʘʭʦʨʦʥʝʥʥʷ ʟ ʫʥʝʤʦʞʣʠʚʣʝʥʥʷʤ ʜʝʩʦʨʙʮʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ; ʫʪʠʣʽʟʫʚʘʪʠ ʫ ʚʠʛʣʷʜʽ ʥʘʥʦʧʽʛʤʝʥʪʽʚ, ʘ 

ʪʘʢʦʞ ʫ ʙʫʜʽʚʝʣʴʥʠʭ ʪʘ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʘʭ [126,134,135].  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐʇɻ, ʟʦʢʨʝʤʘ ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ 

ʧʝʨʝʭʽʜʥʽ ʤʝʪʘʣʠ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʩʫʩʧʝʥʟʽʡ ʥʘʥʦʧʽʛʤʝʥʪʽʚ [134,135]. 

ʇʦʢʘʟʘʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʧʽʥʝʣʽ NiAl 2ʆ4, ʦʪʨʠʤʘʥʦʾ ʰʣʷʭʦʤ 

ʪʝʨʤʦʦʙʨʦʙʢʠ Ni,Al-ʐʇɻ, ʜʣʷ ʢʦʣʦʨʫʚʘʥʥʷ ʢʝʨʘʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʢʣʘ, 

ʧʦʣʽʤʝʨʽʚ ʪʘ ʽʥʰʠʭ ʧʨʦʜʫʢʪʽʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [135]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ 

ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʜʣʷ ʩʠʥʪʝʟʫ ʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʛʘʨʘʥʪʫʻ ʛʦʤʦʛʝʥʥʠʡ ʦʢʩʠʜʥʠʡ 

ʩʢʣʘʜ ʧʽʩʣʷ ʾʭ ʪʝʨʤʦʦʙʨʦʙʢʠ. ʈʝʛʫʣʶʚʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ (ʤʦʣʴʥʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [Ni(ɯɯ)]/[Al(ɯɯɯ)]) ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʢʘʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʰʧʽʥʝʣʝʧʦʜʽʙʥʽ ʥʘʥʦʧʽʛʤʝʥʪʠ ʟ ʛʘʤʦʶ ʚʽʜʪʽʥʢʽʚ ʚʽʜ ʙʣʘʢʠʪʥʦʛʦ, 

ʙʽʨʶʟʦʚʦʛʦ ʜʦ ʛʦʣʫʙʦʛʦ ʢʦʣʴʦʨʽʚ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʰʣʷʭʠ ʧʝʨʝʨʦʙʢʠ ʐʇɻ 

ʨʦʟʛʣʷʥʫʪʦ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ ʜʠʩʝʨʪʘʮʽʾ. 
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ʐʇɻ ʻ ʢʣʘʩʦʤ ʩʧʦʣʫʢ, ʷʢʽ ʣʝʛʢʦ ʩʠʥʪʝʟʫʚʘʪʠ. ɼʣʷ ʮʴʦʛʦ ʧʝʨʝʚʘʞʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʧʨʦʩʪʦʛʦ ʩʧʽʚʦʩʘʜʞʝʥʥʷ, ʘʥʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʪʘ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʝʨʚʠʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʥʘʩʣʽʜʦʢ çʝʬʝʢʪʫ ʧʘʤôʷʪʽè [93-

97,107,114,136-139]. ʂʨʽʤ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʽ ʽʥʰʽ ʙʽʣʴʰ ʩʢʣʘʜʥʽ 

ʤʝʪʦʜʠ ï ʟʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʽʷ, ʪʝʤʧʣʘʪʥʠʡ ʩʠʥʪʝʟ, ʫʨʘʪʥʠʡ (ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʘʨʙʘʤʽʜʫ ʷʢ ʦʩʘʜʞʫʚʘʣʴʥʦʛʦ ʨʝʘʛʝʥʪʫ) ʪʘ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʡ ʤʝʪʦʜ, ʤʝʪʦʜ 

ʚʪʦʨʠʥʥʦʾ ʽʥʪʝʨʢʘʣʷʮʽʾ (ʧʦʻʜʥʘʥʥʷ ʤʝʪʦʜʽʚ ʨʦʟʯʠʥʝʥʥʷ ʪʘ ʧʦʚʪʦʨʥʦʛʦ 

ʩʧʽʚʦʩʘʜʞʝʥʥʷ), ʧʦʚʝʨʭʥʝʚʠʡ ʩʠʥʪʝʟ (ʦʩʘʜʞʝʥʥʷ ʐʇɻ ʥʘ ʧʦʚʝʨʭʥʽ ʤʘʪʨʠʮʽ ʽʥʰʠʭ 

ʤʘʪʝʨʽʘʣʽʚ), ʤʽʢʨʦʭʚʠʣʴʦʚʫ ʪʘ ʫʣʴʪʨʘʟʚʫʢʦʚʫ ʦʙʨʦʙʢʫ, ʝʣʝʢʪʨʦʩʠʥʪʝʟ [138,140-

147].  

ʆʜʥʘʢ ʜʘʥʽ ʤʝʪʦʜʠ ʧʦʪʨʝʙʫʶʪʴ ʦʩʦʙʣʠʚʠʭ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ (ʚʠʩʦʢʽ 

ʪʝʤʧʝʨʘʪʫʨʠ) ʪʘ ʜʦʜʘʪʢʦʚʦʛʦ ʘʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ. ʊʦʤʫ, ʥʘʧʨʠʢʣʘʜ, 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʡ ʩʧʦʩʽʙ ʻ ʤʝʪʦʜʦʤ ʚʠʙʦʨʫ ʣʠʰʝ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʩʧʽʚʦʩʘʜʞʝʥʥʷ 

ʪʘ ʘʥʽʦʥʥʠʡ ʦʙʤʽʥ ʻ ʥʝʧʨʠʜʘʪʥʠʤʠ, ʪʦʙʪʦ ʚ ʫʤʦʚʘʭ ʥʝʦʙʭʽʜʥʦʩʪʽ ʽʥʪʝʨʢʘʣʷʮʽʾ ʫ 

ʩʪʨʫʢʪʫʨʫ ʐʇɻ ʦʨʛʘʥʽʯʥʦʛʦ ʘʥʽʦʥʫ ʟ ʥʠʟʴʢʦʶ ʩʧʦʨʽʜʥʝʥʽʩʪʶ ʜʦ ʨʦʟʤʽʱʝʥʥʷ ʫ 

ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ [140,141,144]. ʇʨʠ ʮʴʦʤʫ ʛʽʜʨʦʪʝʨʤʘʣʴʥʘ ʦʙʨʦʙʢʘ ʟʘ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (100õ120 Áʉ) ʦʙʫʤʦʚʣʶʻ ʟʨʦʩʪʘʥʥʷ ʧʨʘʚʠʣʴʥʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ʬʦʨʤ ʫ ʨʝʟʫʣʴʪʘʪʽ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʘʪʽʦʥʽʚ ʫ ʤʝʪʘʣ-ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʰʘʨʘʭ. 

ʇʽʜʚʠʱʝʥʥʶ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʐʇɻ (ʟʦʢʨʝʤʘ, ʩʪʘʜʽʾ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ ʪʘ ʾʭ 

ʜʦʟʨʽʚʘʥʥʶ [107]) ʪʘʢʦʞ ʩʧʨʠʷʶʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʘ ʪʘ ʤʽʢʨʦʭʚʠʣʴʦʚʘ ʦʙʨʦʙʢʘ, ʟʘ 

ʨʘʭʫʥʦʢ ʯʦʛʦ ʧʦʢʨʘʱʫʻʪʴʩʷ ʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [142,143]. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʦʪʨʠʤʘʥʽ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ Ni,Al-ʐʇɻ ʤʘʣʠ ʤʝʥʰʫ 

ʢʨʠʩʪʘʣʽʯʥʽʩʪʴ ʪʘ ʙʽʣʴʰʫ ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ (ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʧʨʠ ʩʠʥʪʝʟʽ 

ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʤʝʟʦʧʦʨ) ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʥʘʣʦʛʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʪʨʠʤʘʥʠʭ 

ʤʝʪʦʜʦʤ ʩʧʽʚʦʩʘʜʞʝʥʥʷ [138].  

ʊʘʢʦʞ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʐʇɻ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʭʘʥʦʭʽʤʽʯʥʠʡ ʤʝʪʦʜ, ʩʫʪʴ 

ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʧʦʜʨʽʙʥʝʥʥʽ (ʤʝʭʘʥʦʭʽʤʽʯʥʽʡ ʘʢʪʠʚʘʮʽʾ) ʚʠʭʽʜʥʠʭ 

ʨʝʘʛʝʥʪʽʚ ʜʣʷ ʩʠʥʪʝʟʫ ʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʧʨʝʢʫʨʩʦʨʽʚ) ï ʛʽʜʨʦʢʩʠʜʽʚ, ʦʢʩʠʜʽʚ ʘʙʦ 

ʩʦʣʝʡ ʤʝʪʘʣʽʚ ʫ ʧʣʘʥʝʪʘʨʥʦʤʫ ʢʫʣʴʦʚʦʤʫ ʤʣʠʥʽ [148-151]. ʇʨʦʪʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 
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ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʩʠʥʪʝʟʫ ʐʇɻ ʥʝ ʛʘʨʘʥʪʫʻ ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʨʽʜʥʦʛʦ ʧʨʦʜʫʢʪʫ ʙʝʟ 

ʚʢʣʶʯʝʥʥʷ ʜʦʤʽʰʦʢ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʊʨʘʜʠʮʽʡʥʦ ʜʣʷ ʩʠʥʪʝʟʫ ʐʇɻ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ï ʧʨʷʤʠʡ ʤʝʪʦʜ 

ʦʪʨʠʤʘʥʥʷ, ʷʢʠʡ, ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ, ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʟʥʘʯʥʽ ʢʽʣʴʢʦʩʪʽ ʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʨʽʟʥʠʤ ʢʘʪʽʦʥʥʠʤ ʪʘ ʘʥʽʦʥʥʠʤ 

ʩʢʣʘʜʦʤ [93-97,99,107,152]. ʋ ʜʘʥʦʤʫ ʤʝʪʦʜʽ ʷʢ ʧʨʝʢʫʨʩʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʦʜʥʽ 

ʨʦʟʯʠʥʠ ʄ(ɯɯ) ʪʘ ʄ(ɯɯɯ), ʱʦ ʤʽʩʪʷʪʴ ʘʥʽʦʥ, ʷʢʠʡ ʤʘʻ ʙʫʪʠ ʚʢʣʶʯʝʥʠʡ ʫ 

ʙʨʫʩʠʪʦʧʦʜʽʙʥʠʡ ʰʘʨ ʐʇɻ. ʉʫʪʴ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʢʦʥʜʝʥʩʘʮʽʾ 

ʛʝʢʩʘʘʢʚʘʢʦʤʧʣʝʢʩʽʚ ʄ(II) ʪʘ M(III) ʫ ʨʦʟʯʠʥʽ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʤʝʪʘʣ-

ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʰʘʨʽʚ ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʷʢ ʢʘʪʽʦʥʽʚ, ʪʘʢ ʽ ʩʦʣʴʚʘʪʦʚʘʥʠʭ 

ʤ̔ ʞʰʘʨʦʚʠʭ ʘʥʽʦʥʽʚ. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʦʜʥʦʯʘʩʥʝ ʦʩʘʜʞʝʥʥʷ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ 

ʢʘʪʽʦʥʽʚ, ʩʠʥʪʝʟ ʧʨʦʚʦʜʷʪʴ ʚ ʫʤʦʚʘʭ ʧʝʨʝʥʘʩʠʯʝʥʥʷ. ɯʩʥʫʶʪʴ ʜʚʘ ʦʩʥʦʚʥʽ ʪʠʧʠ 

ʫʤʦʚ ʩʧʽʚʦʩʘʜʞʝʥʥʷ: ʧʨʠ ʥʠʟʴʢʦʤʫ ʪʘ ʧʨʠ ʚʠʩʦʢʦʤʫ ʧʝʨʝʥʘʩʠʯʝʥʥʽ. 

ʉʧʽʚʦʩʘʜʞʝʥʥʷ ʧʨʠ ʥʠʟʴʢʦʤʫ ʧʝʨʝʥʘʩʠʯʝʥʥʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʚʽʣʴʥʦʛʦ 

ʜʦʜʘʚʘʥʥʷ ʟʤʽʰʘʥʦʛʦ ʨʦʟʯʠʥʫ ʩʦʣʝʡ ʄ(ɯɯ) ʪʘ ʄ(ɯɯɯ) ʚ ʟʘʜʘʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʦ 

ʨʦʟʯʠʥʫ, ʱʦ ʤʽʩʪʠʪʴ ʙʘʞʘʥʠʡ ʤʽʞʰʘʨʦʚʠʡ ʘʥʽʦʥ. ʆʜʥʦʯʘʩʥʦ ʜʦʜʘʻʪʴʩʷ ʨʦʟʯʠʥ 

ʣʫʛʫ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʨʅ, ʩʧʨʠʷʪʣʠʚʦʛʦ ʩʧʽʚʦʩʘʜʞʝʥʥʶ ʩʦʣʝʡ ʜʚʦʭ ʤʝʪʘʣʽʚ. 

ɿʥʘʯʝʥʥʷ ʨʅ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ 

ʦʙʫʤʦʚʣʶʻ ʭʽʤʽʯʥʽ ʪʘ ʩʪʨʫʢʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʫʪʚʦʨʶʚʘʣʴʥʠʭ ʬʘʟ [107]. 

ʅʝʦʙʭʽʜʥʠʤ ʻ ʦʩʘʜʞʝʥʥʷ ʧʨʠ ʟʥʘʯʝʥʥʽ ʨʅ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʘʙʦ ʜʦʨʽʚʥʶʻ ʪʦʤʫ, ʧʨʠ 

ʷʢʦʤʫ ʦʩʘʜʞʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʨʦʟʯʠʥʥʠʡ ʛʽʜʨʦʢʩʠʜ ʤʝʪʘʣʫ. ɸʚʪʦʨʠ [152] 

ʧʦʨʽʚʥʶʚʘʣʠ ʚʣʘʩʪʠʚʦʩʪʽ ʐʇɻ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʨʅ ʪʘ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʢʨʘʱʘ 

ʢʨʠʩʪʘʣʽʯʥʽʩʪʴ ʪʘ ʙʽʣʴʰ ʚʠʩʦʢʘ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʚʣʘʩʪʠʚʘ ʜʣʷ ʐʇɻ, ʦʪʨʠʤʘʥʠʭ 

ʧʨʠ ʥʝʟʤʽʥʥʦʤʫ ʨʅ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʝʨʰʦʛʦ ʩʧʦʩʦʙʫ, ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʧʨʠ ʚʠʩʦʢʠʭ 

ʧʝʨʝʥʘʩʠʯʝʥʥʷʭ ʧʦʪʨʝʙʫʻ ʜʦʜʘʚʘʥʥʷ ʟʤʽʰʘʥʦʛʦ ʨʦʟʯʠʥʫ ʩʦʣʝʡ ʜʦ ʣʫʞʥʦʛʦ 

ʨʦʟʯʠʥʫ, ʱʦ ʤʽʩʪʠʪʴ ʙʘʞʘʥʠʡ ʤʽʞʰʘʨʦʚʠʡ ʘʥʽʦʥ. ʉʧʽʚʦʩʘʜʞʝʥʥʷ ʧʨʠ ʚʠʩʦʢʦʤʫ 

ʧʝʨʝʥʘʩʠʯʝʥʥʽ ʟʘʟʚʠʯʘʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʤʝʥʰ ʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʦʮʝʩʦʤ ʥʠʟʴʢʦʛʦ ʧʝʨʝʥʘʩʠʯʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ (ʰʚʠʜʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 
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ʧʝʨʝʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ). ʊʦʤʫ ʡʤʦʚʽʨʥʠʤ ʻ ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʧʦʙʽʯʥʠʭ ʬʘʟ. 

ʇʨʦʮʝʩ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʱʦ ʧʨʦʚʦʜʠʪʴʩʷ ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ ʪʘ ʧʝʨʽʦʜʫ 

ʜʦʟʨʽʚʘʥʥʷ (çʩʪʘʨʽʥʥʷè), ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

[94,138]. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʯʠʩʪʦʪʠ ʐʇɻ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʩʧʽʚʦʩʘʜʞʝʥʥʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʝʢʘʨʙʦʥʽʟʦʚʘʥʫ ʚʦʜʫ ʪʘ ʽʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʫ ʧʦʻʜʥʘʥʥʽ ʟ 

ʧʨʦʜʫʚʢʦʶ N2 ʫ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ. 

ʐʇɻ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ ʘʥʽʦʥʥʦʛʦ ʦʙʤʽʥʫ, ʧʨʠ ʷʢʦʤʫ 

ʟʘʤʽʱʫʚʘʣʴʥʽ ʘʥʽʦʥʠ (çʛʽʩʪʴè) ʦʙʤʽʥʶʶʪʴʩʷ ʟ ʘʥʽʦʥʘʤʠ, ʧʨʠʩʫʪʥʽʤʠ ʚ 

ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʧʦʧʝʨʝʜʥʴʦ ʩʬʦʨʤʦʚʘʥʦʛʦ ʐʇɻ (çʛʦʩʧʦʜʘʨè). ʎʝʡ ʤʝʪʦʜ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʄ(ɯɯ) ʪʘ ʄ(ɯɯɯ) ʘʙʦ ʘʥʽʦʥʠ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ʦʙʤʽʥʽ, ʻ ʥʝʩʪʘʙʽʣʴʥʠʤʠ ʫ ʣʫʞʥʦʤʫ ʨʦʟʯʠʥʽ, ʘʙʦ ʢʦʣʠ ʧʨʷʤʘ ʨʝʘʢʮʽʷ ʤʽʞ ʘʥʽʦʥʘʤʠ 

ʻ ʙʽʣʴʰ ʜʦʮʽʣʴʥʦʶ [93,107,112]. ʉʭʝʤʘʪʠʯʥʦ ʤʝʪʦʜ ʘʥʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʚʠʛʣʷʜʘʻ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [138]:  

ʐʇɻ-ɸn- + Xm-Ÿ ʐʇɻ-(Xm-)n/m + ɸn-; 

ʐʇɻ-ɸn- + Xm- + nH+ Ÿ ʐʇɻ-(Xm-)n/m + ʅnɸ. 

ʄʝʪʦʜ ʘʥʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʧʝʨʝʚʘʞʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 

ʥʝʢʘʨʙʦʥʘʪʥʠʭ ʬʦʨʤ ʐʇɻ, ʟʦʢʨʝʤʘ ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʤʠ 

ʦʜʥʦʚʘʣʝʥʪʥʠʤʠ ʘʥʽʦʥʘʤʠ ʪʘ ʦʨʛʘʥʽʯʥʠʤʠ ʘʥʽʦʥʘʤʠ [107].  

ʋʤʦʚʠ ʘʥʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʧʘʜʢʫ ʐʇɻ 

ʟʘʣʝʞʘʪʴ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʽʜ ʥʘʩʪʫʧʥʠʭ ʬʘʢʪʦʨʽʚ [99,138]:  

- ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʚʭʽʜʥʦʛʦ ʘʥʽʦʥʫ (ʦʙʤʽʥʥʘ ʟʜʘʪʥʽʩʪʴ ʚʭʽʜʥʠʭ ʘʥʽʦʥʽʚ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʟʘʨʷʜʫ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʽʦʥʥʦʛʦ ʨʘʜʽʫʩʫ); 

- ʦʙʤʽʥʥʝ ʩʝʨʝʜʦʚʠʱʝ (ʤʽʞʰʘʨʦʚʠʡ ʧʨʦʩʪʽʨ ʐʇɻ ʤʦʞʝ ʙʫʪʠ ʧʝʚʥʦʶ ʤʽʨʦʶ 

ʨʦʟʰʠʨʝʥʠʡ ʟʘ ʚʽʜʧʦʚʽʜʥʠʭ ʫʤʦʚ ʨʦʟʯʠʥʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʩʧʨʠʷʻ 

ʽʦʥʦʦʙʤʽʥʥʦʤʫ ʧʨʦʮʝʩʫ); 

- ʟʥʘʯʝʥʥʷ ʨʅ (ʟʥʘʯʝʥʥʷ ʨʅ ʜʦ Ó 4,0, ʘʣʝ ʥʝ ʤʝʥʰʝ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʨʦʟʯʠʥʝʥʥʷ ʤʝʪʘʣ-ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʰʘʨʽʚ, ʱʦ ʩʧʨʠʷʻ ʚʠʚʽʣʴʥʝʥʥʶ ʘʥʽʦʥʫ ʟ 

ʤʽʞʘhʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʚʢʣʶʯʝʥʥʶ ʽʥʰʦʛʦ ʘʥʽʦʥʫ ʟ ʨʦʟʯʠʥʫ); 

- ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʰʘʨʽʚ (ʟʘʨʷʜ ʧʦʚʝʨʭʥʽ ʰʘʨʽʚ ʪʘ ʡʦʛʦ ʛʫʩʪʠʥʘ); 
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- ʪʝʤʧʝʨʘʪʫʨʘ (ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʝʨʝʙʽʛ ʘʥʽʦʥʦʦʙʤʽʥʥʦʾ ʨʝʘʢʮʽʾ 

ʧʨʠʰʚʠʜʰʫʻʪʴʩʷ). 

ɯʥʰʠʤ ʧʦʰʠʨʝʥʠʤ ʤʝʪʦʜʦʤ ʦʪʨʠʤʘʥʥʷ ʐʇɻ ʻ ʨʝʛʽʜʨʘʪʘʮʽʷ/ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ çʝʬʝʢʪʫ ʧʘʤôʷʪʽè [93,94,97,107,108,153]. ʎʝʡ ʤʝʪʦʜ ʚʢʣʶʯʘʻ ʫ ʩʝʙʝ 

ʧʦʻʜʥʘʥʥʷ ʢʘʣʴʮʠʥʘʮʽʾ ʐʇɻ (ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʤʽʞʰʘʨʦʚʠʭ ʘʥʽʦʥʽʚ, ʤʦʣʝʢʫʣ ʚʦʜʠ ʪʘ 

ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʟʤʽʰʘʥʠʭ ʦʢʩʠʜʽʚ 

ʤʝʪʘʣʽʚ) ʪʘ ʨʝʛʝʥʝʨʘʮʽʶ ʰʘʨʫʚʘʪʦʾ ʩʪʨʫʢʪʫʨʠ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ, ʱʦ ʤʽʩʪʠʪʴ 

ʘʥʽʦʥʠ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚʭʽʜʥʽ ʘʥʽʦʥʠ ʥʝ ʧʦʚʠʥʥʽ ʙʫʪʠ ʪʘʢʠʤʠ ʞ, ʷʢ ʚʢʣʶʯʝʥʽ 

ʩʧʦʯʘʪʢʫ ʚ ʤʽʞʰʘʨʦʚʠʡ ʧʨʦʩʪʽʨ ʩʠʥʪʝʟʦʚʘʥʠʭ ʐʇɻ [93]. 

ʂʨʽʤ ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʫʛʨʫʧʦʚʘʥʴ (ʟʦʢʨʝʤʘ ʬʝʨʠʥʦʣʴʥʠʭ ʛʨʫʧ) ʫ ʩʢʣʘʜʽ ʐʇɻ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʤʘʪʨʠʮʽ ʘʙʦ ʧʦʻʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʤʝʪʦʜʽʚ 

(ʙʘʛʘʪʦʩʪʘʜʽʡʥʽʩʪʴ ʧʨʦʮʝʩʽʚ), ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʥʘʥʦʤʘʪʝʨʽʘʣʠ ʟ ʟʘʜʘʥʠʤʠ 

ʩʝʣʝʢʪʠʚʥʠʤʠ ʪʘ/ʘʙʦ ʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [154-160]. ʊʘʢ, ʘʚʪʦʨʘʤʠ [154] 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʪʨʠʤʘʥʥʷ ʤʘʛʥʽʪʥʦʛʦ Mg,Al-ʐʇɻ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ ʮʠʪʨʘʪ-

ʘʥʽʦʥʘʤʠ, ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʤʝʪʦʜʽʚ ʦʩʘʜʞʝʥʥʷ, ʘʥʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʪʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ. ʄʘʛʥʽʪʥʠʡ ʥʘʥʦʢʦʤʧʦʟʠʪ Fe3O4@C@Ni,Al-ʐʇɻ 

ʦʪʨʠʤʘʥʦ ʫ ʨʝʟʫʣʴʪʘʪʽ ʜʚʦʩʪʘʜʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʩʠʥʪʝʟʫ: ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʦʜʫ 

ʪʘ ʟʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʽʾ [155]. 

ɺʠʙʽʨ ʤʝʪʦʜʫ ʩʠʥʪʝʟʫ ʐʇɻ ʪʘ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʠʤʠ ʧʦʚʠʥʥʽ ʚʦʣʦʜʽʪʠ ʦʪʨʠʤʘʥʽ ʤʘʪʝʨʽʘʣʠ 

ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ ʯʘʩʫ ʽʥʪʝʨʝʩ ʜʦ ʐʇɻ ʧʦʩʠʣʠʚʩʷ ʚ ʦʙʣʘʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʭ ʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [99,154-167], ʟʦʢʨʝʤʘ ʚ ʘʥʘʣʽʪʠʯʥʠʭ 

ʤʝʪʦʜʘʭ ʨʦʟʜʽʣʝʥʥʷ [168-177]. ʇʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʐʇɻ ʷʢ ʩʦʨʙʝʥʪʽʚ ʜʣʷ ʚʠʣʫʯʝʥʥʷ 

ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʨʽʟʥʦʾ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʦʙʫʤʦʚʣʝʥʘ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʚʠʱʝ, ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʾʭ ʙʫʜʦʚʠ: 1) ʛʥʫʯʢʠʤ ʤʽʞʰʘʨʦʚʠʤ ʧʨʦʩʪʦʨʦʤ 

(ʚʠʩʦʢʦʶ ʧʦʨʠʩʪʽʩʪʶ ï ʥʘʷʚʥʽʩʪʴ ʜʫʞʝ ʜʨʽʙʥʠʭ ʤʽʢʨʦʧʦʨ ʪʘ ʚʝʣʠʢʠʭ ʤʝʟʦʧʦʨ 

[113]) ʪʘ ʟʥʘʯʥʦʶ ʚʝʣʠʯʠʥʦʶ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ (ʤʘʣʠʡ ʨʦʟʤʽʨ ʯʘʩʪʦʢ ʢʨʠʩʪʘʣʽʚ); 
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2) ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʦʙʤʽʥʥʠʭ ʘʥʽʦʥʽʚ ʤʽʞ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʤʠ ʰʘʨʘʤʠ; 

3) ʚʦʜʦʩʪʽʡʢʽʩʪʶ [104, 110]. 

ɸʥʘʣʽʟ ʜʞʝʨʝʣ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

[154,155,159,162,164,165,178-202] ʪʘ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ 

[156,157,163,166,167,203-284] ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟʘʩʪʦʩʦʚʫʶʪʴ ʐʇɻ ʘʙʦ 

ʥʘʥʦʢʦʤʧʦʟʠʪʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʨʽʟʥʦʛʦ ʢʘʪʽʦʥʥʦʛʦ ʩʢʣʘʜʫ ʤʝʪʘʣ-ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʰʘʨʽʚ 

ʪʘ ʟ ʨʽʟʥʠʤʠ (ʥʝʦʨʛʘʥʽʯʥʠʤʠ/ʦʨʛʘʥʽʯʥʠʤʠ) ʤʽʞʰʘʨʦʚʠʤʠ ʘʥʽʦʥʘʤʠ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʨʦʩʣʘ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʜʦ ʚʠʣʫʯʝʥʥʷ 

U(VI) ʚʢʘʟʘʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ [154,155,159,162,164,165,178-202]. ʇʫʙʣʽʢʘʮʽʡ, 

ʧʨʠʩʚʷʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʤ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʐʇɻ ʪʘ ʾʭ ʢʦʤʧʦʟʠʪʽʚ ʜʣʷ ʩʦʨʙʮʽʾ 

ʪʘʢʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʷʢ 137Cs (Cs+) ʪʘ 90Sr (Sr2+), ʷʢʽ ʪʘʢʦʞ ʩʢʣʘʜʥʦ ʧʽʜʜʘʶʪʴʩʷ 

ʧʦʚʥʦʤʫ ʚʠʣʫʯʝʥʥʶ ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʚʠʷʚʠʣʘʩʷ ʟʥʘʯʥʦ ʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ 

[183,185,187,203-208]. 

ɸʚʪʦʨʘʤʠ [178] ʨʦʟʛʣʷʥʫʪʦ ʚʠʣʫʯʝʥʥʷ U(VI) ʩʦʨʙʝʥʪʦʤ ʥʘ ʦʩʥʦʚʽ 

ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ L-ʮʠʩʪʝʾʥʦʤ Mg,Al-ʐʇɻ (Mg/Al-ʐʇɻ-Cys), ʦʪʨʠʤʘʥʦʛʦ 

ʤʝʪʦʜʦʤ ʩʧʽʚʦʩʘʜʞʝʥʥʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʣʫʯʝʥʥʷ ʚʢʘʟʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟʘ ʨʘʭʫʥʦʢ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

ï U(VI) ʟʚôʷʟʫʻʪʴʩʷ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʩʫʣʴʬʛʽʜʨʠʣʴʥʠʤʠ, ʢʘʨʙʦʢʩʠʣʴʥʠʤʠ ʪʘ 

ʘʤʽʥʦʛʨʫʧʘʤʠ L-ʮʠʩʪʝʾʥʫ. ʇʨʠ ʮʴʦʤʫ ʥʘʷʚʥʽʩʪʴ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʦʟʯʠʥʘʭ NO3
-, 

Cl, ClO4
- ʪʘ SO4

2-ʥʝ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʦʨʙʮʽʾ. ʇʨʦʪʝ ʚ ʦʙʣʘʩʪʽ ʨʅ=6,0õ11,0 

CO3
2--ʘʥʽʦʥʠ ʩʫʪʪʻʚʦ ʫʧʦʚʽʣʴʥʶʶʪʴ ʚʠʣʫʯʝʥʥʷ U(VI) ʥʘ ʟʨʘʟʢʘʭ Mg/Al-ʐʇɻ-Cys 

ʫ ʨʝʟʫʣʴʪʘʪʽ ʫʪʚʦʨʝʥʥʷ ʘʥʽʦʥʥʠʭ ʜʠ- ʪʘ ʪʨʠʢʘʨʙʦʥʘʪʫʨʘʥʽʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ.  

ʋ ʨʦʙʦʪʽ [179] ʜʦʩʣʽʜʞʝʥʦ Ca,Mg,Al-ʐʇɻ ʪʘ ʾʭ ʢʘʣʴʮʠʥʦʚʘʥʽ ʬʦʨʤʠ 

(ʰʘʨʫʚʘʪʽ ʧʦʜʚʽʡʥʽ ʦʢʩʠʜʠ ï ʐʇʆ). ɸʜʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʤ ʤʝʪʦʜʦʤ Ca,Mg,Al-ʐʇɻ ʟ NO3
--ʘʥʽʦʥʘʤʠ ʚ ʤʽʞʰʘʨʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ ʪʘ ʾʭ ʢʘʣʴʮʠʥʦʚʘʥʠʭ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (200, 300, 400, 500 ʪʘ 

600 ÁC) ʬʦʨʤ ʜʦ U(VI) ʟʤʽʥʶʚʘʣʘʩʴ ʫ ʥʘʩʪʫʧʥʦʤʫ ʨʷʜʫ (ʥʠʞʥʽʡ ʽʥʜʝʢʩ ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʣʴʮʠʥʘʮʽʾ ʟʨʘʟʢʘ ʩʦʨʙʝʥʪʫ): Ca-Mg-Al-ʐʇO500 (486,8 ʤʛ/ʛ) > Ca-

Mg-Al-ʐʇO600 (373,4 ʤʛ/ʛ) > Ca-Mg-Al-ʐʇO400 (292,5 ʤʛ/ʛ) > Ca-Mg-Al-ʐʇO300 

(260,0 ʤʛ/ʛ)> Ca-Mg-Al-ʐʇO200 (223,5 ʤʛ/ʛ)> Ca-Mg-Al-ʐʇɻ (132,5 ʤʛ/ʛ), ʱʦ 
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ʦʙʫʤʦʚʣʝʥʦ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʤʝʪʘʣ-ʢʠʩʥʝʚʠʭ ʟʚôʷʟʢʽʚ (CaïO, MgïO ʪʘ AlïO) ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʢʘʣʶʚʘʥʥʷ ʪʘ ʫʪʚʦʨʝʥʥʷʤ ʤʽʮʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ 

ʢʦʤʧʣʝʢʩʽʚ U(VI) ʪʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʶ ʚʟʘʻʤʦʜʽʻʶ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʩʪʘʥʦʚʣʝʥʽ 

ʚʠʩʦʢʽ ʚʝʣʠʯʠʥʠ ʛʨʘʥʠʯʥʦʾ ʩʦʨʙʮʽʾ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ ʩʪʫʧʝʥʶ 

ʚʠʣʫʯʝʥʥʷ U(VI) ʚ ʫʤʦʚʘʭ 5,0 < pH < 11,0 ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ CO3
2--ʘʥʽʦʥʽʚ ʫ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʘʭ 0,01õ0,2 ʤʦʣʴ/ʜʤ3. ʎʝ, ʦʯʝʚʠʜʥʦ, ʦʙʫʤʦʚʣʝʥʦ ʜʦʤʽʥʫʚʘʥʥʷʤ ʫ ʚʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʧʨʠ ʟʘʟʥʘʯʝʥʠʭ ʫʤʦʚʘʭ ʘʥʽʦʥʥʠʭ ʜʠ- ʪʘ ʪʨʠʢʘʨʙʦʥʘʪʫʨʘʥʽʣʴʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ, ʷʢʽ ʩʣʘʙʦ ʩʦʨʙʫʶʪʴʩʷ ʜʘʥʠʤʠ ʩʦʨʙʝʥʪʘʤʠ. 

ʇʝʨʩʧʝʢʪʠʚʥʫ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʱʦʜʦ Uʆ2
2+-ʽʦʥʽʚ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ 

Mg,Al-ʐʇɻ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʡ ʧʦʣʽʩʫʣʴʬʽʜʘʤʠ (Sx-ʐʇɻ, ʜʝ [Sx]
2- ï ʧʦʣʽʩʫʣʴʬʽʜ-

ʘʥʽʦʥ, x=2, 4), ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʢʦʚʘʣʝʥʪʥʦʶ ʚʟʘʻʤʦʜʽʻʶ Uʆ2
2+-ʽʦʥʽʚ ʟ S2--

ʣʽʛʘʥʜʘʤʠ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʫʪʚʦʨʝʥʥʷʤ ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʜʘʥʦʛʦ ʩʦʨʙʝʥʪʫ 

ʘʥʽʦʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ [UO2(S4)2]
2- ʪʘ ʩʧʦʣʫʢ UO2S4 [180]. ɺʩʪʘʥʦʚʣʝʥʘ ʛʨʘʥʠʯʥʘ 

ʚʝʣʠʯʠʥʘ ʩʦʨʙʮʽʾ ʜʣʷ Uʆ2
2+-ʽʦʥʽʚ ʩʢʣʘʜʘʻ 330,0 ʤʛ/ʛ. ʆʜʥʘʢ ʥʘʚʝʜʝʥʽ ʚʠʩʦʢʽ 

ʟʥʘʯʝʥʥʷ Kd(Uʆ2
2+) ʥʘ ʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ: 2,9Ā102õ8,4Ā105 ʥʘ S2-

ʐʇɻ (ʧʨʠ ʨʅ=3,5õ5,8) ʪʘ 2,9Ā102õ3,4Ā106 ʩʤ3/ʛ ʥʘ S4-ʐʇɻ (ʧʨʠ ʨʅ=3,5õ6,2), 

ʜʦʩʷʛʘʶʪʴʩʷ ʣʠʰʝ ʫ ʢʠʩʣʦʤʫ ʪʘ ʥʝʡʪʨʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʘʭ ʚʧʨʦʜʦʚʞ ʪʨʠʚʘʣʦʛʦ 

ʯʘʩʫ ʢʦʥʪʘʢʪʫ ʩʦʨʙʝʥʪ-ʨʦʟʯʠʥ ï 3 ʜʦʙʠ. ɼʘʥʽ ʩʦʨʙʝʥʪʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚ ʜʝʢʽʣʴʢʘ 

ʩʪʘʜʽʡ: ʩʠʥʪʝʟ ʚʠʭʽʜʥʦʛʦ ʨʝʘʛʝʥʪʫ ʧʦʣʽʩʫʣʴʬʽʜʫ ʢʘʣʽʶ (K2S4) ʟ ʝʣʝʤʝʥʪʽʚ ʫ ʨʽʜʢʦʤʫ 

ʘʤʽʘʢʫ ʪʘ ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʠʡ ʘʥʽʦʥʥʠʡ ʦʙʤʽʥ (ʢʘʨʙʦʥʘʪʥʘ ʬʦʨʤʘ Mg,Al-ʐʇɻ Ÿ 

ʥʽʪʨʘʪʥʘ ʬʦʨʤʘ Mg,Al-ʐʇɻ Ÿ Sx-ʐʇɻ). ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʘʨʙʦʥʘʪʥʦʾ ʬʦʨʤʠ Mg,Al-ʐʇɻ, ʷʢ ʧʦʧʝʨʝʜʥʠʢʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ Mg,Al-ʐʇɻ ʟ 

ʤʽʞʰʘʨʦʚʠʤʠ NO3
--ʘʥʽʦʥʘʤʠ, ʚʠʜʘʻʪʴʩʷ ʩʫʤʥʽʚʥʠʤ ʟ ʦʛʣʷʜʫ ʥʘ ʨʷʜ ʩʧʦʨʽʜʥʝʥʦʩʪʽ 

ʘʥʽʦʥʽʚ ʜʦ ʙʨʫʩʠʪʦʧʦʜʽʙʥʠʭ ʰʘʨʽʚ, ʥʘʚʝʜʝʥʦʛʦ ʫ ʨʦʙʦʪʘʭ [96,112].  

ɺʘʛʦʤʠʡ ʚʥʝʩʦʢ ʫ ˇʨʫʥʪʦʚʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʘʤʠ 

ʩʧʽʚʦʩʘʜʞʝʥʥʷ, ʢʘʣʴʮʠʥʘʮʽʾ/ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʘʥʽʦʥʥʦʛʦ ʦʙʤʽʥʫ 

ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʐʇɻ-ʄ(ɯɯ)- ʄ(ɯɯɯ)-ɸn- (ʄ(ɯɯ) ï Mg(ɯɯ), Sr(ɯɯ), Ba(ɯɯ), Cu(ɯɯ), 

Ni(ɯɯ), Zn(ɯɯ); ʄ(ɯɯɯ) ï Al(ɯɯɯ), Nd(ɯɯɯ), Fe(ɯɯɯ); ɸn- ï ʉʆ3
2-, SO4

2-, NO3
-, Cl-, OH--, 

FeCN6
4-, C2O4

2-, H2ɽɼʊɸ
2-) ʪʘ ʐʇʆ-Mg-Al ʜʣʷ ʚʠʣʫʯʝʥʥʷ U(Vɯ) ʪʘ ʽʥʰʠʭ 
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ʨʘʜʽʦʽʟʦʪʦʧʽʚ ï 85,90Sr, 90Y, 137Cs, 131I, 60Co, ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ, 

ʟʦʢʨʝʤʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʟʨʦʙʠʣʠ ʘʚʪʦʨʠ [181-188]. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ ʩʦʨʙʮʽʾ 24 ʛʦʜ ʪʘ V/m=50 ʩʤ3/ʛ ʐʇʆ-Mg-Al ʪʘ 

ʥʽʪʨʘʪʥʽ ʬʦʨʤʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʐʇɻ ʥʝʝʬʝʢʪʠʚʥʽ ʜʣʷ ʚʠʣʫʯʝʥʥʷ U(Vɯ) ʟ 

ʥʽʪʨʘʪʥʠʭ ʨʦʟʯʠʥʽʚ ï Kd(Uʆ2
2+) Ò 1 ʩʤ3/ʛ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʐʇɻ ʟ ʉʆ3

2--ʘʥʽʦʥʘʤʠ ʚ 

ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ï Kd(Uʆ2
2+) > 5Ā103 ʩʤ3/ʛ (ʧʨʠ ʨʅ0=3,11) [181-183]. ʆʢʨʝʤʦ 

ʜʦʩʣʽʜʞʝʥʦ ʩʦʨʙʮʽʶ ʘʥʽʦʥʥʠʭ ʢʘʨʙʦʥʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ U(Vɯ) ʥʘ ʐʇʆ-Mg-Al  

[181,182]. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ (Kd U(VI) 0,9 ʩʤ3/ʛ ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ ʩʦʨʙʮʽʾ 24 ʛʦʜ 

ʪʘ V/m=50 ʩʤ3/ʛ) ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʠʟʴʢʫ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʜʘʥʠʭ ʩʦʨʙʝʥʪʽʚ. ʊʘʢʦʞ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʐʇɻ-Mg-Al, ʽʥʪʝʨʢʘʣʴʦʚʘʥʽ ʦʨʛʘʥʽʯʥʠʤʠ ʣʽʛʘʥʜʘʤʠ ï C2O4
2-, 

H2ɽɼʊɸ
2-, ʧʨʘʢʪʠʯʥʦ ʥʝ ʩʦʨʙʫʶʪʴ U(VI)  ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ: Kd(U(VI)) ʜʣʷ ʐʇɻ-

Mg-Al-C2O4
2- ʙʣʠʟʴʢʽ ʜʦ ʥʫʣʷ, Kd ʐʇɻ-Mg-Al-H2ɽɼʊɸ

2- ʩʢʣʘʜʘʶʪʴ 120 ʩʤ3/ʛ 

(ʪʨʠʚʘʣʽʩʪʴ ʩʦʨʙʮʽʾ 15 ʭʚ, V/m=50 ʩʤ3/ʛ). Mg-Al ʪʘ ʥʽʪʨʘʪʥʽ ʬʦʨʤʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʐʇɻ ʥʝʝʬʝʢʪʠʚʥʽ ʜʣʷ ʚʠʣʫʯʝʥʥʷ U(Vɯ) ʟ ʥʽʪʨʘʪʥʠʭ ʨʦʟʯʠʥʽʚ ï Kd(Uʆ2
2+) Ò 1 ʩʤ3/ʛ, 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʐʇɻ ʟ ʉʆ3
2--ʘʥʽʦʥʘʤʠ ʚ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ï Kd(Uʆ2

2+) > 5Ā103 

ʩʤ3/ʛ (ʧʨʠ ʨʅ0=3,11) [181-183]. 

ɺʠʣʫʯʝʥʥʷ 60Co ʟ ʚʦʜʥʠʭ ʥʽʪʨʘʪʥʠʭ ʨʦʟʯʠʥʽʚ ʪʘʢʦʞ ʻ ʦʙʤʝʞʝʥʠʤ ʥʘ ʐʇɻ-

Mg-Al-OH ï Kd ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 50 ʩʤ3/ʛ (ʪʨʠʚʘʣʽʩʪʴ ʩʦʨʙʮʽʾ 15 ʭʚ, V/m=50 ʩʤ3/ʛ). 

ʆʜʥʘʢ ʐʇɻ-Mg-Al-ʉʆ3
2- ʪʘ ʐʇɻ-Mg-Nd-ʉʆ3

2- ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰʦʶ 

ʩʦʨʙʮʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ ʱʦʜʦ 60Co ï Kd = 2Ŀ104õ5Ŀ103 ʩʤ3/ʛ [181,184]. ɿʘʫʚʘʞʠʤʦ, 

ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐʇɻ-Mg-Nd-ʉʆ3
2- ʜʣʷ ʚʠʣʫʯʝʥʥʷ 60Co ʟ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ 

ʪʨʘʧʥʠʭ ʚʦʜ ɸɽʉ (ʨʅ=9,0), ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʷʪʴ ʪʘʢʽ ʢʦʤʧʦʥʝʥʪʠ ʷʢ ɽɼʊɸ 

(15,0 ʤʛ/ʜʤ3) ʪʘ NaNO3 (4,0 ʤʛ/ʜʤ
3), ʚʠʷʚʠʣʦʩʷ ʥʝʝʬʝʢʪʠʚʥʠʤ ï ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ 

ʩʪʘʥʦʚʠʪʴ 12,5 % (ʪʨʠʚʘʣʽʩʪʴ ʩʦʨʙʮʽʾ 2 ʛʦʜ, V/m=500 ʩʤ3/ʛ) [184]. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʨʠʚʘʣʦʩʪʽ ʢʦʥʪʘʢʪʫ ʩʦʨʙʝʥʪ-ʨʦʟʯʠʥ ʜʦ 24 ʛʦʜ ʚʠʣʫʯʝʥʥʷ 60Co ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ (ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,5 %), ʱʦ ʩʧʨʠʯʠʥʝʥʦ, ʥʘ ʜʫʤʢʫ 

ʜʘʥʠʭ ʘʚʪʦʨʽʚ,  ʜʝʩʦʨʙʮʽʡʥʠʤ ʚʧʣʠʚʦʤ ʥʘʷʚʥʠʭ ʫ ʚʢʘʟʘʥʦʤʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʘʥʽʦʥʽʚ ɽɼʊɸ.  

ʇʦʢʘʟʘʥʦ [181,183,186], ʱʦ ʩʦʨʙʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʐʇɻ-Mg-Al-ɸn- 

(ɸn- ï ʉʆ3
2-, SO4

2-, NO3
-, Cl-, OH--, C2O4

2-, H2ɽɼʊɸ
2-) ʪʘ ʐʇʆ-Mg-Al ʧʨʘʢʪʠʯʥʦ ʥʝ 
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ʩʦʨʙʫʶʪʴ 137Cs ʪʘ 85,90Sr, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ U(VI): ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ ʩʦʨʙʮʽʾ 24 ʛʦʜ ʪʘ 

V/m=50 ʩʤ3/ʛ ʟʥʘʯʝʥʥʷ Kd ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 3 ʪʘ 10 ʩʤ
3/ʛ, ʚʽʜʧʦʚʽʜʥʦ. ʉʪʫʧʽʥʴ 

ʚʠʣʫʯʝʥʥʷ 90Y ʧʨʠ ʜʘʥʠʭ ʫʤʦʚʘʭ ʩʪʘʥʦʚʠʪʴ 30 %. ʗʢ ʩʪʚʝʨʜʞʫʶʪʴ ʘʚʪʦʨʠ, 

ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ ʐʇɻ-Mg-Al ʟ ʨʽʟʥʠʤʠ ʤʽʞʰʘʨʦʚʠʤʠ ʘʥʽʦʥʘʤʠ ʪʘ ʐʇʆ-Mg-Al 

ʟʫʤʦʚʣʝʥʘ ʥʠʟʴʢʦʶ ʟʜʘʪʥʽʩʪʶ Mg(ɯɯ) ʫ ʩʪʨʫʢʪʫʨʽ ʙʨʫʩʠʪʦʧʦʜʽʙʥʠʭ ʰʘʨʽʚ ʜʦ 

ʦʙʤʽʥʫ ʟ ʽʥʰʠʤʠ ʢʘʪʽʦʥʘʤʠ.  ʅʘʷʚʥʽʩʪʴ ʦʨʛʘʥʽʯʥʠʭ ʣʽʛʘʥʜʽʚ ï H2ɽɼʊɸ
2- ʪʘ C2O4

2-, 

ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʐʇɻ-Mg-Al ʪʘʢʦʞ ʥʝ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʾʭ ʩʦʨʙʮʽʡʥʫ 

ʟʜʘʪʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʡʤʦʚʽʨʥʦʛʦ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʚʢʘʟʘʥʠʭ ʘʥʽʦʥʽʚ 

ʟ 137Cs ʪʘ 85,90Sr. ʇʨʠ ʮʴʦʤʫ Kd(
137Cs) ʩʪʘʥʦʚʣʷʪʴ ʣʠʰʝ 1,4 ʪʘ 1,5 ʩʤ3/ʛ,  Kd(

85,90Sr) ï 

120 ʪʘ 150 ʩʤ3/ʛ. ʇʨʦʪʝ ʟʘʤʽʥʘ Al(ɯɯɯ) ʥʘ Nd(ɯɯɯ) ʫ ʩʪʨʫʢʪʫʨʽ ʙʨʫʩʠʪʦʧʦʜʽʙʥʠʭ 

ʰʘʨʽʚ ʧʦʢʨʘʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʘʨʙʦʥʘʪʥʠʭ ʬʦʨʤ ʐʇɻ ʱʦʜʦ ʜʘʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ: 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ Kd(
137Cs) ʜʦ 25,0  ʩʤ3/ʛ ʪʘ ʙʽʣʴʰ ʩʫʪʪʻʚʝ ʧʽʜʚʠʱʝʥʥʷ 

Kd(
85,90Sr) ï ʜʦ 4,4Ț103 ʩʤ3/ʛ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʟʘʟʥʘʯʝʥʽ ʘʚʪʦʨʠ ʟʚʝʨʪʘʶʪʴ ʥʘ ʜʝʟʘʢʪʠʚʘʮʽʶ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʚʽʜ 137Cs ʩʦʨʙʝʥʪʘʤʠ ʥʘ ʦʩʥʦʚʽ ʐʇɻ ʨʽʟʥʦʛʦ ʢʘʪʽʦʥʥʦʛʦ ʩʢʣʘʜʫ (ʄ(ɯɯ) ï 

Mg(ɯɯ), Cu(ɯɯ), Ni(ɯɯ), Zn(ɯɯ), ʄ(ɯɯɯ) ï Al( Iɯɯ), Fe(ɯIɯ)) ʟ ʤʽʞʰʘʨʦʚʠʤʠ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ (II)-ʽʦʥʘʤʠ [187]. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʤʽʥʘ ʢʘʪʽʦʥʽʚ Mg(ɯɯ) ʫ ʩʪʨʫʢʪʫʨʽ 

ʙʨʫʩʠʪʦʚʦʛʦ ʰʘʨʫ ʐʇɻ ʥʘ ʢʘʪʽʦʥʠ Cu(ɯɯ), Ni(ɯɯ) ʪʘ Zn(ɯɯ) ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʱʦʜʦ ʜʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ. ʇʨʠ ʚʠʣʫʯʝʥʥʽ137Cs 

ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʥʘ ʩʦʨʙʝʥʪʘʭ ʐʇɻ-ʄ(ɯɯ)-ʄ(ɯɯɯ)-Fe(CN)6, ʜʝ ʄ(ɯɯ) ï Cu, Ni, 

Zn, ʄʝ(ɯɯɯ) ï Al, Fe, ʜʦʩʷʛʘʶʪʴʩʷ ʟʥʘʯʥʦ ʚʠʱʽ Kd ʜʣʷ 
137Cs (3Ŀ102ï3Ŀ104 ʩʤ3/ʛ), ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʐʇɻ-ʄg-Al-Fe(CN)6 ʪʘ ʐʇɻ-ʄg-Fe-Fe(CN)6, ʱʦ, ʡʤʦʚʽʨʥʦ, 

ʦʙʫʤʦʚʣʝʥʦ ʬʦʨʤʫʚʘʥʥʷʤ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ d-ʝʣʝʤʝʥʪʽʚ, ʷʢʠʤ 

ʚʣʘʩʪʠʚʘ ʚʠʩʦʢʘ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʟʚôʷʟʫʚʘʥʥʷ ʟ Cs+ . 

ʋ ʧʨʦʜʦʚʞʝʥʥʷ ʥʘʚʝʜʝʥʠʭ ʨʦʙʽʪ ʜʘʥʠʤʠ ʘʚʪʦʨʘʤʠ [188] ʨʦʟʛʣʷʥʫʪʦ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʐʇɻ-Mg-Al, ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ, 

(ʐʇɻ-Mg-Al-ʎɼ) ʜʣʷ ʚʠʣʫʯʝʥʥʷ U(VI). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʢʘʟʘʥʽ ʩʦʨʙʝʥʪʠ, ʷʢ ʽ 

ʚʠʱʝ ʥʘʚʝʜʝʥʽ, ʥʝ ʩʦʨʙʫʶʪʴ [UO2(ʉʆ3)3]
4- (ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ ʯʝʨʝʟ 24 ʛʦʜ 

ʢʦʥʪʘʢʪʫ ʪʚʝʨʜʦʾ ʪʘ ʨʽʜʢʦʾ ʬʘʟ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 0,001 %). ʋ ʪʦʡ ʞʝ ʯʘʩ ʧʦʢʘʟʘʥʦ, 

ʱʦ ʟʘʟʥʘʯʝʥʠʡ ʩʦʨʙʝʥʪ ʜʦʟʚʦʣʷʻ ʜʦʩʠʪʴ ʰʚʠʜʢʦ (ʚʧʨʦʜʦʚʞ 30 ʪʘ 60 ʭʚ) ʪʘ 
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ʝʬʝʢʪʠʚʥʦ (99,9 %) ʧʨʦʚʦʜʠʪʠ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚʽʜ ʫʨʘʥʽʣ-ʽʦʥʽʚ 

(UO2(NO3)2). 

ʋ ʨʦʙʦʪʽ [189] ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʠʩʦʢʫ ʘʜʩʦʨʙʮʽʡʥʫ 

ʟʜʘʪʥʽʩʪʴ Zn,Al-ʐʇɻ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ ʘʥʽʦʥʘʤʠ ɽɼʊɸ, ʜʦ U(VI) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʢʘʨʙʦʥʘʪʥʦʶ ʪʘ ʪʝʨʤʦʦʙʨʦʙʣʝʥʦʶ ʬʦʨʤʘʤʠ. ɿʥʠʞʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʜʘʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʜʦʤʽʥʫʚʘʥʥʷ 

ʘʥʽʦʥʥʠʭ ʬʦʨʤ U(VI). ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʫʪʚʦʨʝʥʥʷʤ ʭʝʣʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ U(VI)-

ɽɼʊɸ ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ Zn,Al-ʐʇɻ. 

ʉʣʘʙʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ U(Vɯ) ʪʝʨʤʦʦʙʨʦʙʣʝʥʦʶ ʬʦʨʤʦʶ Mg,Al-

ʐʇɻ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ3
2--ʘʥʽʦʥʽʚ ʚʽʜ 10 ʜʦ 50 ʛ/ʜʤ3 ʘʚʪʦʨʠ [190] 

ʧʦʚôʷʟʫʶʪʴ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʟʥʘʯʝʥʥʷ ʨʅ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʢʽʣʴʢʽʩʪʶ 

ʫʪʚʦʨʶʚʘʥʠʭ ʘʥʽʦʥʥʠʭ ʢʘʨʙʦʥʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚʢʘʟʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ. ʇʨʠ 

ʩʦʨʙʮʽʾ ʢʘʪʽʦʥʥʠʭ ʬʦʨʤ U(Vɯ) ʥʘ ʟʘʟʥʘʯʝʥʦʤʫ ʩʦʨʙʝʥʪʽ (ʨʅ0=5,0 V/m=50 ʩʤ3/ʛ) 

ʛʨʘʥʠʯʥʘ ʚʝʣʠʯʠʥʘ ʩʦʨʙʮʽʾ ʩʪʘʥʦʚʠʪʴ 70 ʤʛ/ʛ. 

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʫ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʣʫʯʝʥʥʷ U(Vɯ) ʟ ʧʦʚʝʨʭʥʝʚʠʭ 

ʚʦʜ (ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʽ ʦʟʝʨʘ) ʩʠʥʪʝʟʦʚʘʥʠʤʠ ʤʝʪʦʜʦʤ ʩʧʽʚʦʩʘʜʞʝʥʥʷ 

ʙʽʥʘʨʥʠʤʠ ï ʥʘ ʦʩʥʦʚʽ ʢʘʪʽʦʥʽʚ Mg(II)/Al(III ), ʪʘ ʧʦʪʨʽʡʥʽ ï ʥʘ ʦʩʥʦʚʽ ʢʘʪʽʦʥʽʚ 

Mg(II)/Al(III )+Fe(III ), ʐʇɻ ʟ ʤʞ̔ʰʘʨʦʚʠʤʠ ʢʘʨʙʦʥʘʪ-ʘʥ̔ʦʥʘʤʠ [191]. 

ʇʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʙʨʫʩʠʪʦʧʦʜʽʙʥʠʭ ʰʘʨʽʚ Fe(III) ʦʙʫʤʦʚʣʶʻ 

ʨʦʟʰʠʨʝʥʥʷ ʤʽʞʰʘʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʢʨʘʱʫ ʢʨʠʩʪʘʣʽʯʥʽʩʪʴ ʟʨʘʟʢʽʚ MgAlFe-

ʐʇɻ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʥʝʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʦ U(Vɯ), ʥʽʞ 

MgAl-ʐʇɻ. ʇʦʢʘʟʘʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʩʦʨʙʮʽʾ U(Vɯ) ʥʘ ʦʙʦʭ ʩʦʨʙʝʥʪʘʭ 

ʜʦʩʷʛʘʶʪʴʩʷ ʧʨʠ ʨʅ=6,0 ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʢʘʪʽʦʥʥʠʭ 

ʬʦʨʤ ʜʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ, ʟʦʢʨʝʤʘ (UO2)3(OH5)
+, ʷʢʽ ʻ ʜʦʤʽʥʫʶʯʠʤʠ ʧʨʠ 

ʚʢʘʟʘʥʦʤʫ ʨʅ, ʟ ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʙʨʫʩʠʪʦʧʦʜʽʙʥʠʭ ʰʘʨʽʚ ʪʘ ʚʟʘʻʤʦʜʽʾ ʟ 

ʤ̔ ʞʰʘʨʦʚʠʤʠ CO3
2--ʘʥʽʦʥʘʤʠ ʟʘ ʩʭʝʤʦʶ: 

ſMīOH + (UO2)3(OH5)
+ Ÿ ſMO(UO2)3(OH)5

+ + ʅ+     (ʦʩʥʦʚʥʠʡ ʤʝʭʘʥʽʟʤ), 

ſMīOCO2
- + (UO2)3(OH5)

+ Ÿ ſMOCO2(UO2)3(OH)5    (ʜʦʜʘʪʢʦʚʠʡ ʤʝʭʘʥʽʟʤ). 

ɿʤʝʥʰʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʐʇɻ ʧʨʠ ʨʅ >6,0 ʜʘʥʽ 

ʜʦʩʣʽʜʥʠʢʠ ʧʦʚôʷʟʫʶʪʴ ʟ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʤ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷʤ ʘʥʽʦʥʥʠʭ ʬʦʨʤ 
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U(Vɯ), ʱʦ ʧʦʯʠʥʘʶʪʴ ʧʝʨʝʚʘʞʘʪʠ ʫ ʚʢʘʟʘʥʽʡ ʦʙʣʘʩʪʽ ʨʅ, ʪʘ ʚʽʜʧʦʚʽʜʥʦʶ ʟʤʽʥʦʶ 

ʟʘʨʷʜʫ ʧʦʚʝʨʭʥʽ ʦʙʦʭ ʩʦʨʙʝʥʪʽʚ. ɯʦʥʠ Na+, K+, Mg2+ ʥʝ ʟʥʠʞʫʶʪʴ ʩʦʨʙʮʽʡʥʫ 

ʟʜʘʪʥʽʩʪʴ ʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʉʘ2+. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʨʘʟʦʢ 

MgAlFe-ʐʇɻ ʚʠʷʚʣʷʻ ʙʽʣʴʰʫ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʱʦʜʦ U(Vɯ) ʫ ʧʨʠʩʫʪʥʦʩʪʽ 

5000 ʤʛ/ʜʤ3 ʽʦʥʽʚ ʉʘ2+ ï ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ U(Vɯ) ʩʢʣʘʜʘʻ 90 %, ʧʦʨʽʚʥʷʥʦ ʟ MgAl-

ʐʇɻ (ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ U(Vɯ) 70 %), ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʡʦʛʦ ʤʝʥʰ ʨʦʟʚʠʥʝʥʦʶ 

ʧʦʚʝʨʭʥʝʶ. 

ʇʦʜ̔ʙʥʠʡ ʜʦ ʚʠʱʝ ʥʘʚʝʜʝʥʦʛʦ ʤʝʭʘʥʽʟʤ ʚʠʣʫʯʝʥʥʷ U(Vɯ) ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʧʦʪʨʽʡʥʠʭ ʢʘʨʙʦʥʘʪʥʠʭ ʬʦʨʤ ʐʇɻ ʥʘ ʦʩʥʦʚʽ Mg,Fe,Al ʪʘ Ni,Fe,Al, ʦʪʨʠʤʘʥʠʭ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʤ ʤʝʪʦʜʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʚʪʦʨʘʤʠ [192]. ʉʦʨʙʮʽʷ U(Vɯ) ʟ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʥʘ ʚʢʘʟʘʥʠʭ ʩʦʨʙʝʥʪʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟʘ ʨʘʭʫʥʦʢ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ 

ʟ ʧʦʚʝʨʭʥʝʚʠʤʠ ʛʨʫʧʘʤʠ Mgïʆʅ+ ʪʘ Niïʆʅ+ ʪʘ ʤʽʞʰʘʨʦʚʠʤʠ CO3
2--ʘʥʽʦʥʘʤʠ. 

ɺʠʟʥʘʯʝʥʦ ʛʨʘʥʠʯʥʽ ʚʝʣʠʯʠʥʠ ʩʦʨʙʮʽʾ U(Vɯ) ʥʘ ʜʘʥʠʭ ʩʦʨʙʝʥʪʘʭ ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ 

ʩʦʨʙʮʽʾ 24 ʛʦʜ ʪʘ ʜʦʟʽ ʩʦʨʙʝʥʪʽʚ 0,2 ʛ/ʜʤ3 ʪʘ ʨʅ=5,0 ʪʘ 8,0, ʱʦ ʩʪʘʥʦʚʣʷʪʴ ʜʣʷ 

ʟʨʘʟʢʘ Mg,FeAl-ʐʇɻ 167,61 (ʨʅ=5,0) ʪʘ 161,39 ʤʛ/ʛ (ʨʅ=8,0); ʜʣʷ Ni,FeAl-ʐʇɻ ï 

51,6 (ʨʅ=5,0) ʪʘ 61,16 (ʨʅ=8,0) ʤʛ/ʛ. ʅʘ ʜʫʤʢʫ, ʘʚʪʦʨʽʚ ʧʨʠʚʝʜʝʥʘ ʩʦʨʙʮʽʡʥʘ 

ʻʤʥʽʩʪʴ ʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʟʥʠʮʽ ʟʘʨʷʜʫ ʾʭ ʧʦʚʝʨʭʥʽ ʧʨʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʨʅ, ʘʜʞʝ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʘ ʚʟʘʻʤʦʜʽʷ ʢʘʪʽʦʥʥʠʭ ʪʘ 

ʘʥʽʦʥʥʠʭ ʬʦʨʤ U(Vɯ) ʟ ʤʝʪʘʣ-ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʰʘʨʘʤʠ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ 

ʧʨʦʮʝʩʫ ʩʦʨʙʮʽʾ. 

ɯʥʰʽ ʘʚʪʦʨʠ [165] ʨʝʢʦʤʝʥʜʫʶʪʴ ʜʣʷ ʚʠʣʫʯʝʥʥʷ U(Vɯ) ʩʦʨʙʝʥʪ ʥʘ ʦʩʥʦʚʽ Fe-

Al-ʐʇɻ ʟ ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʤʠ ʩʫʣʴʬʘʪ-ʘʥʽʦʥʘʤʠ, ʦʪʨʠʤʘʥʠʡ ʤʝʪʦʜʦʤ 

ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʤʘʢʩʠʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʩʦʨʙʮʽʾ ʜʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ ʜʦʩʷʛʘʶʪʴʩʷ ʧʨʠ ʨʅ0=6,0 

(ʛʨʘʥʠʯʥʘ ʚʝʣʠʯʠʥʘ ʩʦʨʙʮʽʾ ʩʪʘʥʦʚʠʪʴ 113,64 ʤʛ/ʛ, ʪʨʠʚʘʣʽʩʪʴ ʩʦʨʙʮʽʾ 120 ʭʚ), ʱʦ 

ʧʦʚôʷʟʘʥʦ ʟ ʤʝʭʘʥʽʟʤʘʤʠ ʩʦʨʙʮʽʾ U(Vɯ) (ʦʯʝʚʠʜʥʦ, ʫ ʚʠʛʣʷʜʽ UO2
2+) ʥʘ ʟʦʚʥʽʰʥʽʡ 

ʧʦʚʝʨʭʥʽ ʐʇɻ ʪʘ ʤʦʞʣʠʚʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ U(Vɯ) ʜʦ U(ɯV) ʟʘ ʨʘʭʫʥʦʢ Fe(II), ʱʦ 

ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʤʝʪʘʣ-ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʰʘʨʽʚ. ʆʜʥʘʢ ʟ ʧʦʜʘʣʴʰʠʤ ʧʽʜʚʠʱʝʥʥʷʤ 

ʚʝʣʠʯʠʥʠ ʨʅ > 6,0õ9,0 ʚʠʣʫʯʝʥʥʷ  U(Vɯ) ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ.  
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ʉʠʥʪʝʟ ʰʘʨʫʚʘʪʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʐʇɻ ʪʘ ʤʘʛʥʝʪʠʪʫ [154], 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʥʘʥʦʚʦʣʦʢʦʥ ʪʘ ʩʬʝʨ [155,193-195], ʤʝʟʦʧʦʨʠʩʪʦʛʦ 

ʚʫʛʣʝʮʶ [196], ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ [197,198], ʧʦʣʽʤʝʨʽʚ (ʧʦʣʽʧʽʨʦʣʫ) [199], SiO2 [200] 

ʪʘ ʽʥʰʠʭ ʤʘʪʨʠʮʴ [159,201,202] ʦʙʫʤʦʚʣʶʻ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʠʭ 

ʩʦʨʙʮʽʡʥʠʭ ʮʝʥʪʨʽʚ ʱʦʜʦ U(VI). 

ʗʢ ʩʪʚʝʨʜʞʫʶʪʴ ʘʚʪʦʨʠ [154], ʧʨʠ ʨʅ=6,0 ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʛʥʽʪʥʦʛʦ 

Mg,Alʐʇɻ ʟ ʤʽʞʰʘʨʦʚʠʤʠ ʮʠʪʨʘʪ-ʘʥʽʦʥʘʤʠ ʱʦʜʦ U(VI) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʠʤ 

ʤʘʛʥʽʪʥʠʤ Mg,Al-ʐʇɻ ʟ ʤʽʞʰʘʨʦʚʠʤʠ NO3
--ʘʥʽʦʥʘʤʠ ʻ ʟʥʘʯʥʦ ʚʠʱʦʶ ʟʘ ʨʘʭʫʥʦʢ 

ʤʦʞʣʠʚʦʛʦ ʟʚôʷʟʫʚʘʥʥʷ ʜʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ ʟ C6H5O7
3--ʘʥʽʦʥʘʤʠ ʪʘ ʫʪʚʦʨʝʥʥʷʤ 

ʭʝʣʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ U(VI)-ʮʠʪʨʘʪ ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʨʠ 

ʨʅ > 6,0 ʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʜʦ U(Vɯ) ʤʘʛʥʽʪʥʦʛʦ Mg,Al-ʐʇɻ ʟ ʤʽʞʰʘʨʦʚʠʤʠ 

ʮʠʪʨʘʪ-ʘʥʽʦʥʘʤʠ, ʷʢ ʽ ʜʣʷ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʩʦʨʙʝʥʪʽʚ, ʟʤʝʥʰʫʻʪʴʩʷ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ 

ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ UO2(CO3)3
4-, (UO2)2CO3(OH)3

-, UO2(OH)3
- ʪʘ ʽʥʰʠʭ ʘʥʽʦʥʥʠʭ 

ʬʦʨʤ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ, ʱʦ ʧʦʛʘʥʦ ʩʦʨʙʫʶʪʴʩʷ, ʪʘ ʟʤʽʥʦʶ ʟʘʨʷʜʫ ʧʦʚʝʨʭʥʽ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʦʨʙʝʥʪʫ ʫ ʨʝʟʫʣʴʪʘʪʽ ʜʝʧʨʦʪʦʥʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ 

ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʋ ʨʦʙʦʪʘʭ [155,193] ʜʦʩʣʽʜʞʝʥʦ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʡ ʢʦʤʧʦʟʠʪ ʥʘ ʦʩʥʦʚʽ 

ʤʘʛʥʝʪʠʪʫ, ʐʇɻ ʪʘ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ï Fe3O4@C@Ni,-Al-ʐʇɻ, ʦʪʨʠʤʘʥʠʡ 

ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʠʤ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʤ ʤʝʪʦʜʦʤ (çʰʘʨ ʟʘ ʰʘʨʦʤè), ʪʘ 

ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʠʡ ʢʦʤʧʦʟʠʪ ʥʘ ʦʩʥʦʚʽ ʐʇɻ ʪʘ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ï Ca/Al-

ʐʇɻ@ɺʅʊ, ʩʠʥʪʝʟʦʚʘʥʠʡ ʫ ʜʝʢʽʣʴʢʘ ʩʪʘʜʽʡ ï ʩʧʽʚʦʩʘʜʞʝʥʥʷʤ ʪʘ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʤ ʤʝʪʦʜʦʤ. ʄʘʢʩʠʤʘʣʴʥʘ ʩʦʨʙʮʽʷ U(Vɯ) ʜʦʩʷʛʘʻʪʴʩʷ ʥʘ ʜʘʥʠʭ 

ʢʦʤʧʦʟʠʪʘʭ ʧʨʠ ʨʅ=6,0 ʪʘ ʩʪʘʥʦʚʠʪʴ 174,1 ʤʛ/ʛ ʜʣʷ Fe3O4@C@Ni-Al-ʐʇɻ ʪʘ 

382,89 ʤʛ/ʛ ʜʣʷ Ca,Al-ʐʇɻ@ɺʅʊ ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʟ ʢʠʩʥʝʚʤʽʩʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ. ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʘʷʚʥʽʩʪʴ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʦʟʯʠʥʘʭ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 0,001õ0,1 ʤʦʣʴ/ʜʤ3 

ʪʠʧʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠʨʦʜʥʠʭ ʚʦʜ, ʟʦʢʨʝʤʘ ʉʆ3
2-- ʪʘ SO4

2-, Mg2+ ʪʘ Ca2+, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʉl-, Br-,ClO4
- ʪʘ NO3

-, Na+ ʪʘ K+, ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ 

Ca,Al-ʐʇɻ@ɺʅʊ. ʎʝ ʧʦʚôʷʟʘʥʦ ʢʦʥʢʫʨʝʥʮʽʻʶ ʟʘ ʘʜʩʦʨʙʮʽʡʥʽ ʮʝʥʪʨʠ Mg2+ ʪʘ Ca2+ 

ʟ UO2
2+ ʪʘ ʟ ʫʪʚʦʨʝʥʥʷʤ ʘʥʽʦʥʥʠʭ ʬʦʨʤ U(Vɯ) ʪʘ ʥʘʙʫʪʪʷʤ ʟʘʨʷʜʫ ʧʦʚʝʨʭʥʽ 
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ʥʝʛʘʪʠʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʉʆ3
2-- ʪʘ SO4

2--ʘʥʽʦʥʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʤʽʞ ʚʢʘʟʘʥʠʤʠ ʬʦʨʤʘʤʠ ʜʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ 

ʪʘ ʤʝʪʘʣ-ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʰʘʨʘʤʠ. 

ɺʢʘʟʘʥʠʤʠ ʘʚʪʦʨʘʤʠ [193] ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʦ ʧʦʰʫʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʦʨʙʝʥʪʫ Ca,Al-ʐʇɻ@ɺʅʊ ʜʣʷ ʚʠʣʫʯʝʥʥʷ 241Am ʧʨʠ ʨʅ=3,0, 5,0, 

8,0 ʪʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚʽʜ ʜʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ 

ʩʪʘʥʦʚʠʪʴ 13 %, 84 %, 92 %, ʚʽʜʧʦʚʽʜʥʦ, ʪʘ ʦʙʫʤʦʚʣʝʥʠʡ ʚʟʘʻʤʦʜʽʻʶ 241Am ʟ 

ʢʘʨʙʦʢʩʠʣʴʥʠʤʠ, ʦʢʩʠʜʥʠʤʠ ʪʘ ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʤʝʪʘʣʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʩʢʣʘʜʫ ʚʢʘʟʘʥʦʛʦ ʐʇɻ. 

ɺʠʩʦʢʘ ʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʥʘ ʦʩʥʦʚʽ ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ ʪʘ 

Ni,Al-ʐʇɻ ʜʦ U(Vɯ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʫʟʴʢʽʡ ʦʙʣʘʩʪʽ ʨʅ=4,0õ6,0 ʪʘ ʧʨʠ 

ʪʨʠʚʘʣʦʩʪʽ ʩʦʨʙʮʽʾ 120 ʭʚ [198]. ʈʝʟʫʣʴʪʘʪʠ ʚʠʣʫʯʝʥʥʷ U(Vɯ) ʟ ʨʘʜʽʦʘʢʪʠʚʥʦ 

ʟʘʙʨʫʜʥʝʥʦʛʦ ʽʤʽʪʘʪʫ ʤʦʨʩʴʢʦʾ ʚʦʜʠ, ʷʢʠʡ ʤʽʩʪʠʚ 25õ100 ʤʛ/ʜʤ3 ʜʘʥʦʛʦ 

ʨʘʜʽʦʥʫʢʣʽʜʫ, ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʟʥʘʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʽʥʰʠʭ ʽʦʥʽʚ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʢʨʘʥʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʚʢʘʟʘʥʦʛʦ ʩʦʨʙʝʥʪʫ ʪʘ ʟʥʠʞʝʥʥʷ ʩʦʨʙʮʽʾ, 

ʦʩʢʽʣʴʢʠ ʤʝʭʘʥʽʟʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ UO2
2+ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʛʨʫʧʘʤʠ (ïCïH, ïOH, ïCOOH) ʻ ʧʝʨʝʚʘʞʘʶʯʠʤ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʘʥʦʛʦ 

ʰʘʨʫʚʘʪʦʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʫ.  

ʂʦʤʧʦʟʠʪʥʠʡ ʩʦʨʙʝʥʪ ʥʘ ʦʩʥʦʚʽ Ni,Al-ʐʇɻ ʪʘ ʧʦʣʽʤʝʨʫ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ 

ʚʠʣʫʯʝʥʥʷ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ U(Vɯ) (3õ30 ʤʢʛ/ʜʤ3) ʟ ʤʦʨʩʴʢʦʾ ʚʦʜʠ ʪʘ ʽʥʰʠʭ 

ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ [198]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʨʅ=6,0õ8,0 ʩʦʨʙʮʽʡʥʘ 

ʟʜʘʪʥʽʩʪʴ ʚʢʘʟʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦ U(Vɯ) ʟʤʝʥʰʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʨʅÒ6,0 

(ʪʨʠʚʘʣʽʩʪʴ ʩʦʨʙʮʽʾ 360 ʭʚ, ʜʦʟʘ ʩʦʨʙʝʥʪʫ 0,05 ʛ/ʜʤ3), ʱʦ, ʦʯʝʚʠʜʥʦ, ʧʦʚôʷʟʘʥʦ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʥʽʦʥʥʠʭ ʬʦʨʤ ʜʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ ʜʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ ʟ ʤʦʨʩʴʢʠʭ ʚʦʜ ʩʢʣʘʜʘʻ ʙʽʣʴʰʝ 50 %. 

ʆʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʪʨʠʚʘʣʽʩʪʴ ʩʦʨʙʮʽʾ ʩʪʘʥʦʚʠʪʴ 12 ʛʦʜ. ɿʘʫʚʘʞʠʤʦ, ʱʦ 

ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʩʦʨʙʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʩʢʣʘʜʥʦʛʦ 

ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʦʛʦ ʩʠʥʪʝʟʫ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʛʽʜʨʦʪʝʨʤʘʣʴʥʫ ʩʪʘʜʽʶ. ʎʝ ʻ 

ʦʙʤʝʞʫʚʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʦʛʦ ʩʦʨʙʝʥʪʫ ʜʣʷ 

ʦʯʠʱʝʥʥʷ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ ʚʦʜ, ʟʦʢʨʝʤʘ ʤʦʨʩʴʢʠʭ. 
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ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 1.7, ʥʘʚʝʜʝʥʽ ʐʇɻ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʽʞʰʘʨʦʚʦʛʦ ʘʥʽʦʥʫ ʪʘ 

ʤʝʪʦʜʫ ʩʠʥʪʝʟʫ, ʧʝʨʝʚʘʞʥʦ ʚʠʷʚʣʷʶʪʴ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʱʦʜʦ U(VI) ʪʽʣʴʢʠ 

ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʨʅ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʨʽʚʥʠʤ 4,0ï6,0 ï ʚ ʦʙʣʘʩʪʽ ʽʩʥʫʚʘʥʥʷ ʚʢʘʟʘʥʦʛʦ 

ʨʘʜʽʦʥʫʢʣʽʜʫ ʫ ʚʠʛʣʷʜʽ ʢʘʪʽʦʥʥʠʭ ʬʦʨʤ, ʱʦ ʥʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʨʠʨʦʜʥʠʭ ʚʦʜ ʪʘ 

ʙʽʣʴʰʦʩʪʽ ʈʈɺ, ʪʦʙʪʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʚʠʣʫʯʝʥʥʷ ʘʥʽʦʥʥʠʭ ʬʦʨʤ U(VI) ʧʨʘʢʪʠʯʥʦ ʻ ʥʝ ʜʦʮʽʣʴʥʠʤ. 

ɼʣʷ ʚʠʣʫʯʝʥʥʷ Sr2+ (90Sr) ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʐʇɻ ʨʽʟʥʦʛʦ 

ʢʘʪʽʦʥʥʦʛʦ ʩʢʣʘʜʫ (Li,Al-, Cu,Al-, Zn,Al-, Mg,Al-) ʪʘ ʟ ʤʽʞʰʘʨʦʚʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ 

ʣʽʛʘʥʜʘʤʠ ï ʝʪʠʣʝʥʜʠʘʤʽʥʪʝʪʨʘʘʮʝʪʘʪ-, ʪʨʠʝʪʠʣʝʥʪʝʪʨʘʘʤʽʥʛʝʢʩʘʘʮʝʪʘʪ- (ʊʊɻɸ), 

ʮʠʪʨʘʪ-, ʤʘʣʘʪ- ʪʘ ʪʘʨʪʨʘʪ-ʘʥʽʦʥʘʤʠ [203-205]. ʂʨʽʤ ʪʦʛʦ, ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ 

ʜʦʩʣʽʜʥʠʢʠ [206-208] ʟʚʝʨʪʘʶʪʴ ʥʘ ʢʦʤʧʦʟʠʪʥʽ ʩʦʨʙʝʥʪʠ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜ ʚʽʜ Cs+ 

ʪʘ Sr2+, ʟʦʢʨʝʤʘ ʥʘ ʦʩʥʦʚʽ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʪʘ ʢʘʧʩʫʣʴʦʚʘʥʠʭ ʘʣʴʛʽʥʘʪʦʤ 

ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ ʽ ʥʽʪʨʘʪʥʦʾ ʬʦʨʤʠ Mg,Al-ʐʇɻ.  

ɼʣʷ ʩʦʨʙʮʽʾ Cs+ ʫ ʧʨʠʩʫʪʥʦʩʪʽ SeO4
2- ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʘʚʪʦʨʘʤʠ [206] 

ʩʠʥʪʝʟʦʚʘʥʦ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʫ ʧʦʻʜʥʘʥʥʽ ʟʽ ʩʧʽʚʦʩʘʜʞʝʥʥʷʤ ʥʦʚʠʡ 

ʢʦʤʧʦʟʠʪʥʠʡ ʤʘʪʝʨʽʘʣ, ʱʦ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ Mg,Al-ʐʇɻ ʟ ʤʽʞʰʘʨʦʚʠʤʠ NO3
--

ʘʥʽʦʥʘʤʠ ʪʘ ʛʝʦʧʦʣʽʤʝʨ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʠʪʴ SiO2, ʮʝʦʣʽʪʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ɺʝʣʠʯʠʥʠ ʩʦʨʙʮʽʾ Cs+ ʜʦʩʷʛʘʶʪʴ 84,14 ʤʛ/ʛ ʧʨʠ ʡʦʛʦ ʚʠʭʽʜʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 100 

ʤʛ/ʜʤ3, ʨʅ=8,0 ʪʘ ʜʦʟʽ ʩʦʨʙʝʥʪʫ 1 ʛ/ʜʤ3. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟʘʙʝʟʧʝʯʫʻ ʽʦʥʦʦʙʤʽʥʥʝ ʚʠʣʫʯʝʥʥʷ ʚʢʘʟʘʥʦʛʦ ʽʦʥʫ ʤʝʪʘʣʫ. 

ʇʝʨʝʚʘʛʦʶ ʢʦʤʧʦʟʠʪʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʩʦʨʙʝʥʪʫ ʥʘ ʦʩʥʦʚʽ Mg,Al-ʐʇɻ [207] 

ʻ ʟʙʽʣʴʰʝʥʘ ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʛʨʫʧ, ʱʦ, ʚʽʜʧʦʚʽʜʥʦ, ʩʧʨʠʷʻ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʩʦʨʙʮʽʾ Sr2+. ʍʘʨʘʢʪʝʨ ʧʦʛʣʠʥʘʥʥʷ ʜʘʥʦʛʦ ʽʦʥʫ ʤʝʪʘʣʫ 

ʦʙʫʤʦʚʣʝʥʠʡ ʡʦʛʦ ʚʟʘʻʤʦʜʽʻʶ ʟ īCOO--ʛʨʫʧʘʤʠ ʜʘʥʦʛʦ ʥʘʥʦʤʘʪʝʨʽʘʣʫ.ɺʘʨʪʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʨʅÓ10,0) ʧʽʜʚʠʱʝʥʘ ʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʩʦʨʙʝʥʪʫ ʜʦ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʽʦʥʫ ʤʝʪʘʣʫ ʩʧʨʠʯʠʥʝʥʘ ʧʨʦʮʝʩʘʤʠ 

ʡʦʛʦ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʟ Mg(II ) ʥʘ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ ʫ ʚʠʛʣʷʜʽ Mg{ Sr}( OH)2.  
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ʊʘʙʣʠʮʷ 1.7 ï ʉʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʐʇɻ ʨʽʟʥʦʛʦ ʢʘʪʽʦʥʥʦʛʦ ʪʘ ʘʥʽʦʥʥʦʛʦ ʩʢʣʘʜʫ ʜʦ U(VI)  

 

ʉʦʨʙʝʥʪ 

ʂʘʪʽʦʥʥʠʡ ʩʢʣʘʜ 

ʤʝʪʘʣ-ʛʽʜʨʦʢʩʠʣʴʥʠʭ 

ʰʘʨʽʚ 

ʄʽʞʰʘʨʦʚʠʡ 

ʘʥʽʦʥ 
ʄʝʪʦʜ ʩʠʥʪʝʟʫ 

aÐ, 

ʤʛ/ʛ 
ʨʅ 

ɼʦʟʘ ʩʦʨʙʝʥʪʫ 

(m/V), 

ʛ/ʜʤ3 

ɼʞʝʨʝʣʦ 

1 2 3 4 5 6 7 8 

ʄʘʛʥʽʪʥʠʡ 

Mg,Al-ʐʇɻ-

ʮʠʪʨʘʪ 

Mg, Al  C6H5O7
3- 

ʉʧʽʚʦʩʘʜʞʝʥʥʷ, 

ʫʣʴʪʨʘʟʚʫʢ, 

ʘʥʽʦʥʥʠʡ ʦʙʤʽʥ 

180,0 6,0 0,1 [154] 

Fe,Al-ʐʇɻ Fe(II), Al SO4
2- 

ʉʧʽʚʦʩʘʜʞʝʥʥʷ, 

ʫʣʴʪʨʘʟʚʫʢ 
113,64 6,0 1,0 [165] 

Mg,Al-ʐʇɻ-Cys Mg, Al  L-ʮʠʩʪʝʾʥ ʉʧʽʚʦʩʘʜʞʝʥʥʷ 211,58 5,0 0,1 [178] 

CaMg,Al-ʐʇʆ500 Ca, Mg, Al - 
ɻʽʜʨʦʪʝʨʤʘʣʴʥʠʡ, 

ʢʘʣʴʮʠʥʘʮʽʷ 
486,8 5,0 0,1 [179] 

CaMg,Al-ʐʇɻ Ca, Mg, Al NO3
- ɻʽʜʨʦʪʝʨʤʘʣʴʥʠʡ 132,5 5,0 0,1 [179] 

Sx-ʐʇɻ Mg, Al  [Sx]
2- 

ʉʠʥʪʝʟ ʚ ʨʽʜʢʦʤʫ 

ʘʤʽʘʢʫ, 

ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʠʡ 

ʘʥʽʦʥʥʠʡ ʦʙʤʽʥ 

330,0 5,0 0,1 [180] 

Mg4Al2ʆ7 Mg, Al  - ʂʘʣʴʮʠʥʘʮʽʷ 70 5,0 0,2 [190] 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 1.7 

1 2 3 4 5 6 7 8 

Mg,Al-ʐʇɻ Mg, Al ʉO3
2- ʉʧʽʚʦʩʘʜʞʝʥʥʷ 243,9 6,0 0,01 [191] 

Mg,AlFe-ʐʇɻ Mg, Al, Fe(III) ʉO3
2- ʉʧʽʚʦʩʘʜʞʝʥʥʷ 263,16 6,0 0,01 [191] 

Mg,FeAl-ʐʇɻ Mg, Fe(ɯɯ), Al ʉO3
2- ɻʽʜʨʦʪʝʨʤʘʣʴʥʠʡ 

167,61 

161,39 

5,0 

8,0 
0,2 [192] 

Ni,FeAl-ʐʇɻ Ni, Fe(ɯɯ), Al ʉO3
2- ɻʽʜʨʦʪʝʨʤʘʣʴʥʠʡ 

51,6 

61,16 

5,0 

8,0 
0,2 [192] 

Fe3O4@C@Ni,Al-ʐʇɻ Ni, Al NO3
- 

ɻʽʜʨʦʪʝʨʤʘʣʴʥʠʡ, 

ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʠʡ 

ʩʠʥʪʝʟ 

174,1 6,0 0,05 [155] 

Ca,Al-ʐʇɻ@ɺʅʊ ʉʘ, Al NO3
- 

ʉʧʽʚʦʩʘʜʞʝʥʥʷ, 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʡ 
382,89 6,0 1,0 [193] 

ɻʆ/ʐʇɻ Ni, Al NO3
- 

ɻʽʜʨʦʪʝʨʤʘʣʴʥʠʡ, 

ʫʣʴʪʨʘʟʚʫʢ, 

ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʠʡ 

ʩʠʥʪʝʟ 

277,8 4,0 0,05 [198] 

Ni,Al -ʐʇɻ/PPy Ni, Al NO3
- 

ɹʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʠʡ 

ʩʠʥʪʝʟ 
373,1 6,0 0,05 [199] 
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʠ ʛʨʘʥʠʯʥʦʾ ʘʜʩʦʨʙʮʽʾ Sr2+ ʥʘ ʢʦʤʧʦʟʠʪʥʦʤʫ 

ʤʘʪʝʨʽʘʣʽ ʟʥʘʯʥʦ ʚʠʱʽ (38,9 ʤʛ/ʛ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 0,444 ʤʤʦʣʴ/ʛ, ʧʨʠ ʜʦʟʽ ʩʦʨʙʝʥʪʫ 

0,2 ʛ/ʜʤ3), ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʭʽʜʥʦʶ ʥʽʪʨʘʪʥʦʶ ʬʦʨʤʦʶ Mg,Al-ʐʇɻ (0,35 ʤʛ/ʛ (0,004 

ʤʤʦʣʴ/ʛ) ʧʨʠ ʜʦʟʽ ʩʦʨʙʝʥʪʫ 1 ʛ/ʜʤ3). 

ʆʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʩʦʨʙʮʽʾ Sr2+ ʥʘ ʐʇɻ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ 

ʢʦʤʧʣʝʢʩʦʥʘʤʠ, ʻ ʭʝʣʘʪʦʫʪʚʦʨʝʥʥʷ ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. ʊʘʢ, ʘʚʪʦʨʘʤʠ [205] 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʭʽʜʥʽ ʥʽʪʨʘʪʥʽ ʬʦʨʤʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʙʝʥʪʽʚ, ʷʢ ʽ Zn,Al-ʐʇɻ 

ʟ ʤʽʞʰʘʨʦʚʠʤʠ ʊʊɻɸ-ʘʥʽʦʥʘʤʠ, ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʠʣʫʯʘʶʪʴ Sr2+ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ, 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ Li,Al-ʐʇɻ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ ʚʢʘʟʘʥʠʤʠ ʣʽʛʘʥʜʘʤʠ, ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʷʢʦʛʦ ʦʙʫʤʦʚʣʝʥʘ ʟʚôʷʟʫʚʘʥʥʷʤ ʜʘʥʦʛʦ ʽʦʥʫ ʤʝʪʘʣʫ ʚ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ ʟʘ 

ʩʭʝʤʦʶ: 

Sr2+ + [LiïC18H26N4O12]
3- ź [SrïC18H26N4O12]

2- + Li+. 

ʉʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʟʨʘʟʢʫ Zn,Al-ʐʇɻ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ ʊʊɻɸ-ʘʥʽʦʥʘʤʠ, 

ʚʠʨʘʞʝʥʘ ʟʥʘʯʥʦ ʩʣʘʙʰʝ, ʱʦ ʩʧʨʠʯʠʥʝʥʦ ʦʙʤʝʞʝʥʦʶ ʤʦʞʣʠʚʽʩʪʶ Sr2+ (ʟʘ ʨʘʭʫʥʦʢ 

ʥʠʞʯʦʛʦ ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʢʦʤʧʣʝʢʩʽʚ) ʜʦ ʚʠʪʽʩʥʝʥʥʷ Zn2+ ʟ ʢʦʤʧʣʝʢʩʫ, 

ʧʦʜʽʙʥʦʛʦ ʜʦ ʫʪʚʦʨʶʚʘʥʦʛʦ Li + ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʘʚʪʦʨʘʤʠ 

ʚʝʣʠʯʠʥʘ ʛʨʘʥʠʯʥʦʾ ʘʜʩʦʨʙʮʽʾ ʚʠʟʥʘʯʝʥʘ ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ ʢʦʥʪʘʢʪʫ ʩʦʨʙʝʥʪ-ʨʦʟʯʠʥ 

7 ʜʥʽʚ ʪʘ ʜʦʟʽ ʩʦʨʙʝʥʪʫ 0,5 ʛ/ʜʤ3 ʪʘ ʩʪʘʥʦʚʠʪʴ 0,5 ʤʤʦʣʴ/ʜʤ3. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ 

ʩʦʨʙʝʥʪʽʚ ʟ ʤʽʞʰʘʨʦʚʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ ʘʥʽʦʥʘʤʠ ʘʚʪʦʨʠ [209-211] ʜʦʩʣʽʜʞʫʚʘʣʠ 

ʪʘʢʦʞ ʾʭ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʱʦʜʦ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ï Cu(ɯɯ) ʪʘ Cd(ɯɯ). 

ʇʦʢʘʟʘʥʦ, ʱʦ ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ ʩʧʽʚʦʩʘʜʞʝʥʥʷ Mg,Al-ʐʇɻ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʽ 

ʮʠʪʨʘʪ-, ʤʘʣʘʪ- ʪʘ ʪʘʨʪʨʘʪ-ʘʥʽʦʥʘʤʠ, ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ (ʧʨʠ ʨʅ=5,0) ʜʣʷ 

ʚʠʣʫʯʝʥʥʷ Cu(ɯɯ), ʧʦʨʽʚʥʷʥʦ ʟ Cd(ɯɯ) [209,210]. ʅʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʢʽʥʝʪʠʢʠ 

ʩʦʨʙʮʽʾ ʜʘʥʠʭ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʭʽʤʽʯʥʘ ʧʨʠʨʦʜʘ ʫʪʚʦʨʶʚʘʥʠʭ 

ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʰʚʠʜʢʽʩʪʴ ʩʦʨʙʮʽʾ [210]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʮʠʪʨʘʪʥʘ ʬʦʨʤʘ Ni,Al-ʐʇɻ ʚʠʷʚʣʷʻ ʙʽʣʴʰʫ ʩʦʨʙʮʽʡʥʫ 

ʟʜʘʪʥʽʩʪʴ ʜʦ Cu(ɯɯ), ʥʽʞ ʦʪʨʠʤʘʥʽ ʧʦʜʽʙʥʽ ʰʘʨʫʚʘʪʽ ʩʦʨʙʝʥʪʠ ʟ ʽʥʰʠʤʠ 

ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ ʪʘ ʢʘʨʙʦʥʘʪ-ʘʥʽʦʥʘʤʠ [211], ʱʦ ʦʙʫʤʦʚʣʝʥʦ 

ʬʦʨʤʫʚʘʥʥʷʤ ʮʠʪʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʤʽʜʽ (ɯɯ) [211]: 
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Ni,Al(OH)2[Ni(C6H5O7)] + Cu2+ ź Ni,Al(OH)2[Cu(C6H5O7)] + Ni2+. 

ʉʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʨʦʟʛʣʷʥʫʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʪʘ ʩʪʽʡʢʦʩʪʽ 

ʫʪʚʦʨʶʚʘʥʦʛʦ ʚ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʭʝʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʽʦʥʫ ʤʝʪʘʣʫ, ʷʢʠʡ 

ʚʠʣʫʯʘʻʪʴʩʷ [209-211]. 

ʇʦʨʷʜ ʟ ʥʘʚʝʜʝʥʠʤʠ ʚʠʱʝ ʩʦʨʙʝʥʪʘʤʠ ʦʪʨʠʤʘʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʩʦʨʙʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ Mg,Al-, Zn,Al-, Ca,Al-, Co,Mo-, Fe,Mg,Al-, Mn,Mg,Fe-, Mg,Zn,Fe-ʐʇɻ 

ʟ ʥʘʩʪʫʧʥʠʤʠ ʤʽʞʰʘʨʦʚʠʤʠ ʣʽʛʘʥʜʘʤʠ: ʢʘʨʙʦʥʘʪ- [98,211,212-214], ʥʽʪʨʘʪ- 

[98,213], ʭʣʦʨʠʜ- [166,215-217], ʝʪʠʣʝʥʜʠʘʤʽʥʪʝʪʨʘʘʮʝʪʘʪ- [218-221], 

ʜʠʝʪʠʣʝʥʪʨʠʘʤʽʥʧʝʥʪʘʘʮʝʪʘʪ-ʘʥʽʦʥ (ɼʊʇɸ) [222,223], ʘʥʽʦʥʠ ʤʝʟʦ-2,3-

ʜʠʪʽʦʙʫʨʰʪʠʥʦʚʦʾ ʢʠʩʣʦʪʠ [222], ʛʫʤʘʪʠ [224], ʬʝʥʽʣʘʣʘʥʽʥ, ʪʠʨʦʟʠʥ ʪʘ ʩʝʨʠʥ [225], 

ʘʨʛʽʥʽʥ ʪʘ ʣʽʟʠʥ [226], ʣʽʛʥʽʥ ʩʫʣʴʬʦʥʘʪ [227], ʛʣʫʪʘʤʘʪ [228] ʪʘ ʧʦʣʽʩʫʣʴʬʽʜ 

[98,213,229], ʘ ʪʘʢʦʞ ʢʘʣʴʮʠʥʦʚʘʥʽ [167,230] ʪʘ ʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ 

ʭʽʪʦʟʘʥʫ [231], ʤʘʛʥʝʪʠʪʫ [232,233], ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ [233,234] ʪʘ ʽʥʰʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ [235] ʱʦʜʦ ʢʘʪʽʦʥʥʠʭ ʬʦʨʤ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ, ʟʦʢʨʝʤʘ 

Cu(II ), Cd(II ), Co(II ), Ni(II ), Pb(II), Zn(II ), Ag(I), Hg(II ). 

ʈʘʥʽʰʝ ʧʦʢʘʟʘʥʦ [180] ʤʦʞʣʠʚʽʩʪʴ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ U(VI) 

Mg,Al-ʐʇɻ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʤ ʧʦʣʽʩʫʣʴʬʽʜʘʤʠ. ɼʘʥʠʤʠ ʘʚʪʦʨʘʤʠ [213] ʪʘʢʦʞ 

ʧʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʢʘʟʘʥʦʛʦ ʩʦʨʙʝʥʪʫ ʽ ʜʣʷ 

ʽʥʰʠʭ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ ʨʷʜ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʚʘʞʢʠʭ 

ʤʝʪʘʣʽʚ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʧʨʠ ʨʅ~3,0, ʜʦʟʽ ʩʦʨʙʝʥʪʫ ~0,12 ʛ/ʜʤ3 ʪʘ 

ʪʨʠʚʘʣʦʩʪʽ ʩʦʨʙʮʽʾ 3 ʛʦʜ: Ni(ɯɯ),Co(ɯɯ) < < Zn(ɯɯ), Cd(ɯɯ) < < Cu(ɯɯ), Pb(ɯɯ) < < Hg(ɯɯ), 

Ag(ɯ). ʅʘʡʚʠʱʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʧʦʜʽʣʫ ʧʨʠ ʩʦʨʙʮʽʾ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ 

ʟ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʠʭ ʨʦʟʯʠʥʽʚ ʪʘ ʜʦʟʽ ʩʦʨʙʝʥʪʫ 0,007õ0,12 ʛ/ʜʤ3 ʜʦʩʷʛʘʶʪʴʩʷ 

ʜʣʷ Hg(ɯɯ) ï 3,3Ā105õ1,1Ā107 ʩʤ3/ʛ, ʘ ʪʘʢʦʞ ʜʣʷ Ag(ɯ) ʪʘ Cu(ɯɯ) ï 4,1Ā105õ9,8Ā106 ʪʘ 

3,8Ā103õ9,5Ā106 ʩʤ3/ʛ, ʚʽʜʧʦʚʽʜʥʦ. ʂʨʽʤ ʪʦʛʦ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʩʦʨʙʝʥʪʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʨʽʤʢʝ ʟʨʦʩʪʘʥʥʷ Kd ʜʣʷ Cd(II ) ï ʚʽʜ 788 ʜʦ 6,9Ā106 ʩʤ3/ʛ. 

ʄʝʭʘʥʽʟʤ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ Mg,Al-ʐʇɻ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʤ 

ʧʦʣʽʩʫʣʴʬʽʜʘʤʠ, ʧʝʨʝʚʘʞʥʦ ʦʙʫʤʦʚʣʝʥʠʡ ʚʟʘʻʤʦʜʽʻʶ ʄïS ʫ ʤʽʞʰʘʨʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ ʚʢʘʟʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʤʝʪʦʜʘʤʠ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ. 



 79 

ʈʦʟʚʠʚʘʶʯʠ ʚʠʱʝ ʥʘʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʘʚʪʦʨʘʤʠ [229] ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʢʣʶʯʝʥʥʷ ʪʽʦʤʦʣʽʙʜʘʪ-ʘʥʽʦʥʽʚ ï ʄʦS4
2-, ʰʣʷʭʦʤ ʘʥʽʦʥʦʦʙʤʽʥʥʦʾ ʨʝʘʢʮʽʾ ʫ ʚʠʭʽʜʥʽ 

ʥʽʪʨʘʪʥʽ ʬʦʨʤʠ Mg,Al-ʐʇɻ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʨʦʟʰʠʨʝʥʥʷ ʙʘʟʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ ʜʘʥʠʭ 

ʰʘʨʫʚʘʪʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʚʽʜ 0,89 ʜʦ 1,07 ʥʤ). ʎʝ ʧʽʜʚʠʱʫʻ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ 

ʦʪʨʠʤʘʥʠʭ ʚʢʘʟʘʥʠʤ ʯʠʥʦʤ ʩʦʨʙʝʥʪʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ Mg,Al-ʐʇɻ ʟ 

ʤ̔ ʞʰʘʨʦʚʠʤʠ ʄʦS4
2--ʘʥʽʦʥʘʤʠ ʚʠʷʚʣʷʻ ʚʠʩʦʢʫ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʜʦ Hg(ɯɯ) (ʚʠʣʫʯʘʻ ʟ 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʜʦ 99,7 % ʚʧʨʦʜʦʚʞ 30 ʭʚ). ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʟʥʘʯʝʥʦ ʨʷʜ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʟ 

ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʠʭ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ: Co(ɯɯ), Ni(ɯɯ), Zn(ɯɯ) < Cd(ɯɯ) < < Pb(ɯɯ) < 

< Cu(ɯɯ), Hg(ɯɯ), Ag(ɯ). 

ʇʨʦʙʣʝʤʽ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʢʘʪʽʦʥʥʠʭ ʬʦʨʤ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʩʦʨʙʝʥʪʘʤʠ ʥʘ ʦʩʥʦʚʽ ʐʇɻ ʧʨʠʩʚʷʯʝʥʦ ˇʨʫʥʪʦʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʘʚʪʦʨʽʚ [163,235]. ʋ ʜʘʥʠʭ ʦʛʣʷʜʘʭ ʜʦʢʣʘʜʥʦ ʦʧʠʩʘʥʦ ʤʝʭʘʥʽʟʤʠ ʩʦʨʙʮʽʾ ʢʘʪʽʦʥʽʚ 

ʤʝʪʘʣʽʚ ʥʘ ʐʇɻ ʽ ʛʽʙʨʠʜʥʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʘʭ ʥʘ ʾʭ ʦʩʥʦʚʽ (ʟʦʢʨʝʤʘ, ʢʦʤʧʦʟʠʪʘʭ ʟ 

ʤʘʛʥʝʪʠʪʦʤ) ʪʘ ʥʘʚʝʜʝʥʦ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ (ʨʅ, ʪʝʤʧʝʨʘʪʫʨʘ, ʜʦʟʘ ʩʦʨʙʝʥʪʫ ʪʘ ʽʦʥʥʘ 

ʩʠʣʘ). ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʘʚʪʦʨʘʤʠ ʨʝʟʫʣʴʪʘʪʽʚ ʩʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦ 

ʦʩʥʦʚʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʩʦʨʙʮʽʾ ʻ ʦʩʘʜʞʝʥʥʷ/ʩʧʽʚʦʩʘʜʞʝʥʥʷ, ʧʦʚʝʨʭʥʝʚʘ 

ʘʜʩʦʨʙʮʽʷ ʪʘ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ (ʭʝʣʘʪʫʚʘʥʥʷ). 

ʐʇɻ, ʟʚʘʞʘʶʯʠ ʥʘ ʩʚʦʾ ʫʥʽʢʘʣʴʥʽ ʘʥʽʦʥʦʦʙʤʽʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʟʥʘʡʰʣʠ 

ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʦʨʙʮʽʡʥʦʤʫ ʦʯʠʱʝʥʥʽ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʘʥʽʦʥʥʠʭ 

ʬʦʨʤ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ [112,115-117,123,124,236]. ʋ ʨʦʙʦʪʘʭ [106,119,121-

123,152,166,237-284] ʫʟʘʛʘʣʴʥʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʣʫʯʝʥʥʷ ʭʨʦʤʘʪ- ʪʘ ʬʦʩʬʘʪ-

ʘʥʽʦʥʽʚ ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʐʇɻ ʪʘ ʢʦʤʧʦʟʠʪʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʨʽʟʥʦʛʦ ʢʘʪʽʦʥʥʦʛʦ ʩʢʣʘʜʫ (Mg,Al, Zn,Al, Ni,Al, Co,Al-, Li ,Al, Zn,Cr) ʪʘ ʤʦʣʴʥʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʄ(ɯɯ)/ʄ(ɯɯɯ), ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʘʤʠ ʩʧʽʚʦʩʘʜʞʝʥʥʷ, ʢʘʣʴʮʠʥʘʮʽʾ, 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʤ, ʫʨʘʪʥʠʤ ʪʘ ʤʝʭʘʥʦʭʽʤʽʯʥʠʤ ʩʠʥʪʝʟʦʤ, ʟʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʽʾ, ʘ 

ʪʘʢʦʞ ʢʦʤʙʽʥʫʚʘʥʥʷʤ ʮʠʭ ʩʧʦʩʦʙʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʐʇɻ ʱʦʜʦ 

ʘʥʽʦʥʽʚ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʘ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ 

ʢʘʪʽʦʥʽʚ ʤʝʪʘʣ-ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʰʘʨʽʚ ʪʘ ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ ʘʥʽʦʥʽʚ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʫ 

ʦʪʨʠʤʘʥʥʷ ʩʦʨʙʝʥʪʽʚ. 
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ɹʽʣʴʰʽʩʪʴ ʘʚʪʦʨʽʚ [119,121-123,237-247] ʜʦʩʣʽʜʞʫʚʘʣʠ ʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʘʣʴʮʠʥʦʚʘʥʠʭ ʬʦʨʤ ʐʇɻ, ʘʜʞʝ ʨʝʢʦʥʩʪʨʫʢʮʽʷ (ʚʽʜʥʦʚʣʝʥʥʷ) ʾʭ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʤʦʞʣʠʚʽʩʪʴ ʘʥʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʻ ʦʩʥʦʚʥʠʤʠ ʧʝʨʝʜʫʤʦʚʘʤʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʣʫʯʝʥʥʷ ʘʥʽʦʥʥʠʭ ʬʦʨʤ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ. ʊʘʢ, ʫ ʨʦʙʦʪʽ [238] ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʣʫʯʝʥʥʷ ʭʨʦʤʘʪ-ʘʥʽʦʥʽʚ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʢʘʨʙʦʥʘʪʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʤʝʪʦʜʦʤ 

ʩʧʽʚʦʩʘʜʞʝʥʥʷ, ʪʘ ʢʘʣʴʮʠʥʦʚʘʥʠʤʠ ʧʨʠ 500 Áʉ Mg,Al-ʐʇɻ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ 

ʟʚôʷʟʢʫ ʟ ʤʽʮʥʦʶ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʉʆ3
2--ʘʥʽʦʥʽʚ ʟ ʤʝʪʘʣ-

ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʰʘʨʘʤʠ ʢʘʨʙʦʥʘʪʥʦʾ ʬʦʨʤʠ Mg,Al-ʐʇɻ ʘʥʽʦʥʥʠʡ ʦʙʤʽʥ ʚʠʭʽʜʥʠʭ 

ʘʥʽʦʥʽʚ ʥʘ ʭʨʦʤʘʪ-ʘʥʽʦʥʠ ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ʎʝ 

ʦʙʫʤʦʚʣʶʻ ʤʝʥʰʫ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʟ ʤʽʞʰʘʨʦʚʠʤʠ ʉʆ3
2--ʘʥʽʦʥʘʤʠ 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʘʣʴʮʠʥʦʚʘʥʠʤ: ʤʘʢʩʠʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʩʦʨʙʮʽʾ ʭʨʦʤʘʪ-ʘʥʽʦʥʽʚ ʧʨʠ 

ʜʦʟʽ ʩʦʨʙʝʥʪʽʚ 2 ʛ/ʜʤ3 ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʢʦʥʪʘʢʪʫ ʩʦʨʙʝʥʪ-ʨʦʟʯʠʥ 1 ʛʦʜ ʩʪʘʥʦʚʠʪʴ 

128 ʤʛ/ʛ ʪʘ 16,3 ʤʛ/ʛ, ʚʽʜʧʦʚʽʜʥʦ. 

ʗʢ ʘʣʴʪʝʨʥʘʪʠʚʫ ʪʨʘʜʠʮʽʡʥʠʤ ʩʦʨʙʝʥʪʘʤ ʧʨʠ ʦʯʠʱʝʥʥʽ ʧʦʙʫʪʦʚʠʭ ʩʪʽʯʥʠʭ 

ʚʦʜ, ʘʚʪʦʨʘʤʠ [264] ʟʘʧʨʦʧʦʥʦʚʘʥʦ Mg,Fe-ʐʇɻ ʟ ʤʽʞʰʘʨʦʚʠʤʠ Cl--ʘʥʽʦʥʘʤʠ, 

ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ ʩʧʽʚʦʩʘʜʞʝʥʥʷ, ʪʘ ʾʭ ʢʘʣʴʮʠʥʦʚʘʥʽ ʧʨʠ 450 Áʉ ʚʧʨʦʜʦʚʞ 2 ʛʦʜ 

ʬʦʨʤʠ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʚʠʣʫʯʝʥʥʷ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʦʙʣʘʩʪʽ 

ʨʅ=3,0õ7,5. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʨʅ Ó 8,0 ʩʦʨʙʮʽʷ ʜʘʥʠʭ ʘʥʽʦʥʽʚ ʩʫʪʪʻʚʦ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʢʦʥʢʫʨʫʶʯʠʤ ʚʧʣʠʚʦʤ ʟʨʦʩʪʘʶʯʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʆʅ--

ʽʦʥʽʚ, ʦʩʢʽʣʴʢʠ ʚʠʣʫʯʝʥʥʷ ʚʢʘʟʘʥʠʭ ʘʥʽʦʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʽʦʥʥʦʛʦ 

ʦʙʤʽʥʫ, ʟʦʢʨʝʤʘ ʟ ʭʣʦʨʠʜ-ʘʥʽʦʥʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʡʤʦʚʽʨʥʠʤ ʻ ʚʠʣʫʯʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ 

ʘʥʽʦʥʽʚ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʭʣʦʨʠʜʥʦʾ ʪʘ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʬʦʨʤ 

Mg,Fe-ʐʇɻ ʜʦʩʷʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ ʟ 10 ʤʛ/ʜʤ3 ʜʦ 

0,1 ʤʛ/ʜʤ3 ʚʧʨʦʜʦʚʞ  2 ʪʘ 3 ʛʦʜ, ʚʽʜʧʦʚʽʜʥʦ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ [166] ʩʦʨʙʮʽʾ ʢʘʪʽʦʥʥʠʭ ʪʘ ʘʥʽʦʥʥʠʭ ʬʦʨʤ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʤʘʪʝʨʽʘʣʦʤ ʥʘ ʦʩʥʦʚʽ Ca,Al-ʐʇɻ ʟʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [Ca(ɯɯ)]/[Al(ɯɯɯ)] ʚʽʜ 2:1 ʜʦ 6:1 ʪʘ ʤʽʞʰʘʨʦʚʠʤʠ Cl--ʘʥʽʦʥʘʤʠ, 

ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʤʝʪʦʜʦʤ ʩʧʽʚʦʩʘʜʞʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʚʠʱʘ ʩʦʨʙʮʽʡʥʘ 

ʟʜʘʪʥʽʩʪʴ ʱʦʜʦ Cu(II ), Ni(II), Zn(II), ʘ ʪʘʢʦʞ ʭʨʦʤʘʪ- ʪʘ ʬʦʩʬʘʪ-ʽʦʥʽʚ ʟ ʚʦʜʥʠʭ 
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ʨʦʟʯʠʥʽʚ ʚʣʘʩʪʠʚʘ Ca,Al-ʐʇɻ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [Ca(ɯɯ)]/[Al(ɯɯɯ)], ʨʽʚʥʠʤ 4:1. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʜʦʟʽ ʩʦʨʙʝʥʪʫ 1 ʛ/ʜʤ3, ʚʠʭʽʜʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʚʘʞʢʠʭ 

ʤʝʪʘʣʽʚ 200 ʤʛ/ʜʤ3 ʪʘ ʨʅ0=3,0 (ʨʅʨå7,0) ʜʦʩʷʛʘʻʪʴʩʷ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʚʦʜʥʦʛʦ 

ʨʦʟʯʠʥʫ ʚʽʜ Cu(ɯɯ) 90 %, Zn(ɯɯ) ʪʘ Nʽ(ɯɯ) ï 50 %. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʢʘʟʘʥʦʛʦ 

ʩʦʨʙʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʨʷʜʫ Cu(ɯɯ) >> Zn(ɯɯ) å Nʽ(ɯɯ) ʪʘ ʢʦʨʝʣʶʻ ʟ 

ʚʝʣʠʯʠʥʘʤʠ ʢʦʥʩʪʘʥʪ ʫʪʚʦʨʝʥʥʷ ʾʭ ʛʽʜʨʦʢʩʦʢʦʤʧʣʝʢʩʽʚ. ʗʢ ʩʪʚʝʨʜʞʫʶʪʴ ʜʘʥʽ 

ʘʚʪʦʨʠ, ʚʠʣʫʯʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʘʪʽʦʥʥʠʭ ʬʦʨʤ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʦʙʫʤʦʚʣʝʥʦ 

ʽʟʦʤʦʨʬʥʠʤ ʟʘʤʽʱʝʥʥʷʤ Ca(ɯɯ) ʫ ʩʪʨʫʢʪʫʨʽ ʤʝʪʘʣ-ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʰʘʨʽʚ ʪʘ 

ʚʽʜʧʦʚʽʜʥʠʤ ʫʪʚʦʨʝʥʥʷʤ ʥʦʚʠʭ ʩʪʨʫʢʪʫʨ Cu,Al-, Zn,Al- ʪʘ Nʽ,Al-ʐʇɻ. ʋ 

ʧʨʠʩʫʪʥʦʩʪʽ ʚʢʘʟʘʥʠʭ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʚʝʣʠʯʠʥʠ ʩʦʨʙʮʽʾ ʭʨʦʤʘʪ-ʘʥʽʦʥʽʚ 

ʥʘʚʽʪʴ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʶʪʴʩʷ: ʧʨʠ ʥʘʷʚʥʦʩʪʽ Cu(ɯɯ) ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʩʪʘʥʦʚʣʷʪʴ 

2,30 ʤʤʦʣʴ/ʛ, Nʽ(ɯɯ) ï 2,17 ʤʤʦʣʴ/ʛ, Zn(ɯɯ) ï 1,98 ʤʤʦʣʴ/ʛ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚʢʘʟʘʥʠʭ 

ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ï 0,54 ʤʤʦʣʴ/ʛ. ʉʦʨʙʮʽʷ ʚʢʘʟʘʥʠʭ ʘʥʽʦʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʾʭ ʚʢʣʶʯʝʥʥʷ ʫ ʤʽʞʰʘʨʦʚʠʡ ʧʨʦʩʪʽʨ ʐʇɻ, ʱʦ ʤʽʩʪʷʪʴ Cu(ɯɯ), Zn(ɯɯ) ʪʘ Nʽ(ɯɯ). ɼʣʷ 

ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ ʫ ʧʨʠʩʫʪʥʦʩʪʽ Zn(ɯɯ) ʪʘ Nʽ(ɯɯ) ʧʝʨʝʚʘʞʘʶʯʠʤ ʤʝʭʘʥʽʟʤʦʤ 

ʚʠʣʫʯʝʥʥʷ ʻ ʦʩʘʜʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʩʧʦʣʫʢ Zn3(ʈʆ4)2 ʪʘ Nʽ3(ʈʆ4)2, ʘ ʧʨʠ 

ʦʜʥʦʯʘʩʥʦʤʫ ʚʤʽʩʪʽ Cu(ɯɯ) ï ʘʥʽʦʥʥʠʡ ʦʙʤʽʥ ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

ʩʬʦʨʤʦʚʘʥʦʛʦ Cu,Al-ʐʇɻ. 

ʆʜʥʽʻʶ ʟ ʝʢʦʥʦʤʽʯʥʦ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʧʨʠʡʥʷʪʥʠʭ ʩʪʨʘʪʝʛʽʡ ʧʦʜʘʣʴʰʦʾ 

ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʬʦʩʬʘʪʚʤʽʩʥʠʭ ʐʇɻ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʷʢ ʧʦʪʝʥʮʽʡʥʠʭ 

ʬʦʩʬʘʪʥʠʭ ʜʦʙʨʠʚ ʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ [264,280-284]. ʐʘʨʫʚʘʪʘ ʩʪʨʫʢʪʫʨʘ 

ʜʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʪʘ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ 

ʚʠʚʽʣʴʥʝʥʥʷ ʬʦʩʬʦʨʫ ï ʙʽʦʛʝʥʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʚ ˇʨʫʥʪʘʭ [280,283]. ʊʘʢ, ʧʨʦʚʝʜʝʥʘ 

ʘʚʪʦʨʘʤʠ [283] ʧʦʨʽʚʥʷʣʴʥʘ ʘʛʨʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʦʩʬʦʨʚʤʽʩʥʠʭ Mg,Al-

ʐʇɻ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʚʠʜʘʤʠ ʜʦʙʨʠʚ ʜʘʥʦʛʦ ʪʠʧʫ ï ʤʦʥʦʘʤʦʥʽʡʬʦʩʬʘʪʦʤ 

ʪʘ ʩʪʨʫʚʽʪʦʤ, ʧʦʢʘʟʘʣʘ, ʱʦ ʜʣʷ ʛʨʘʥʫʣʴʦʚʘʥʠʭ Mg,Al-ʐʇɻ ʪʘ ʩʪʨʫʚʽʪʫ 

ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʙʽʣʴʰ ʧʦʚʽʣʴʥʝ ʚʠʚʽʣʴʥʝʥʥʷ ʬʦʩʬʦʨʫ ʚ ˇʨʫʥʪ, ʥʽʞ ʜʣʷ 

ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ ʾʭ ʬʦʨʤ ʪʘ ʤʦʥʦʘʤʦʥʽʡʬʦʩʬʘʪʫ. ʂʨʽʤ ʪʦʛʦ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ 

ʢʠʩʣʠʭ ˇʨʫʥʪʘʭ ʟʙʽʣʴʰʝʥʥʷ ʙʽʦʜʦʩʪʫʧʥʦʩʪʽ ʬʦʩʬʦʨʫ ʟ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ Mg,Al-
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ʐʇɻ ʦʙʫʤʦʚʣʝʥʦ ʟʜʘʪʥʽʩʪʶ ʚʢʘʟʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦ ʯʘʩʪʢʦʚʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʠʚʽʣʴʥʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʚʢʘʟʘʥʝ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. 

 

1.3.2. ʄʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʤʝʪʘʣʽʚ ʫ ʩʦʨʙʮʽʡʥʠʭ ʤʝʪʦʜʘʭ 

ʚʦʜʦʦʯʠʱʝʥʥʷ 

ɺʧʨʦʜʦʚʞ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʚʝʣʠʢʫ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ ʜʣʷ ʦʯʠʱʝʥʥʷ 

ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʦʩʦʙʣʠʚʦ ʈʈɺ, ʚʠʢʣʠʢʘʶʪʴ ʥʝʦʨʛʘʥʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʢʘʥʘʣʴʥʦʾ 

(ʮʝʦʣʽʪʦʧʦʜʽʙʥʦʾ) ʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʩʧʦʣʫʢ ʚʘʞʢʦʨʦʟʯʠʥʥʠʭ ʩʦʣʝʡ 

ʧʦʣʽʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ ï ʟʤʽʰʘʥʠʭ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʣʫʞʥʠʭ ʪʘ ʧʝʨʝʭʽʜʥʠʭ 

ʤʝʪʘʣʽʚ (ʨʦʟʯʠʥʥʽʩʪʴ 1Ā10-5ï1Ā10-6 ʤʦʣʴ/ʜʤ3) ʟ ʟʘʛʘʣʴʥʦʶ ʬʦʨʤʫʣʦʶ  

ʄ(ɯɯ)2[Fe(CN)6], ʄ(ɯ)2ʄ(ɯɯ)[Fe(CN)6], ʄ(ɯ)2ʪʄ(ɯɯ)1-ʪ[ʍ(ɯI)Fe(CN)6]2 ʘʙʦ 

ʄ(ɯ)2ʄ(ɯɯ)[Fe(CN)6], ʜʝ  ʄ(ɯ) ʪʘ ʄ(ɯɯ), ʍ(ɯI) ï ʽʦʥʠ ʦʜʥʦ- ʪʘ ʜʚʦʭʚʘʣʝʥʪʥʠʭ (ʘʙʦ 

ʧʦʣʽʚʘʣʝʥʪʥʠʭ) ʤʝʪʘʣʽʚ, ʟʦʢʨʝʤʘ ʢʘʪʽʦʥʠ UO2
2+ ʪʘ TiO2+, ʢʦʝʬʽʮʽʻʥʪ ʪ ʤʘʻ 

ʟʥʘʯʝʥʥʷ 0õ1 [47,69,70,89,285-317]. ɯʦʥʠ ʄ(ɯ) ʪʘ ʄ(ɯɯ) ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʫ ʚʽʣʴʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʩʪʨʫʢʪʫʨʥʦʾ ˇʨʘʪʢʠ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʪʘ ʻ ʦʙʤʽʥʥʠʤʠ ʢʘʪʽʦʥʘʤʠ, ʍ(ɯI) ʪʘ 

Fe(ɯɯɯ) ʟʚôʷʟʘʥʽ ʟ CN-ʛʨʫʧʘʤʠ [287]. 

ɻʝʢʩʘʮʽʘʥʦʬʝʨʘʪʠ ʤʝʪʘʣʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʦʶ ʽʦʥʦʦʙʤʽʥʥʦʶ 

ʻʤʥʽʩʪʶ ʪʘ ʚʠʩʦʢʠʤʠ ʩʝʣʝʢʪʠʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [285]. ʊʝʨʤʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʽʚʥʽ ʦʨʛʘʥʽʯʥʠʭ ʩʤʦʣ, ʘ ʟʘ ʜʝʷʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʽʦʥʦʦʙʤʽʥʥʦʾ ʟʜʘʪʥʦʩʪʽ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʠ ʥʘʚʽʪʴ ʾʭ ʧʝʨʝʚʝʨʰʫʶʪʴ. ɿʘʫʚʘʞʠʤʦ, ʱʦ 

ʫ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʠ ʤʝʪʘʣʽʚ ʩʪʽʡʢʽ ʫ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ 

ʧʨʠ ʮʴʦʤʫ ʟʙʝʨʽʛʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʽ ʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʣʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʄʝʪʦʜʠ ʚʠʣʫʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʙʽʨʢʦʚʽʡ ʟʜʘʪʥʦʩʪʽ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʧʦʣʽʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ 

ʟʘʭʦʧʣʶʚʘʪʠ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʽʦʥʠ ʣʫʞʥʠʭ ʪʘ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ [285,287]. 

ɻʦʣʦʚʥʠʤ ʯʠʥʦʤ ʪʘʢʽ ʩʦʨʙʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ, 

ʚʠʜʽʣʝʥʥʷ, ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ ï ʤʽʢʨʦʢʽʣʴʢʦʩʪʝʡ 

ʨʘʜʽʦʽʟʦʪʦʧʽʚ Cs, ʦʩʢʽʣʴʢʠ ʟ ʫʩʽʭ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ Cs+ ʚʣʘʩʪʠʚʘ ʤʘʢʩʠʤʘʣʴʥʘ 

ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʚʢʣʶʯʝʥʥʷ ʫ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʥʫ ˇʨʘʪʢʫ ʰʣʷʭʦʤ ʣʝʛʢʦʛʦ ʯʘʩʪʢʦʚʦʛʦ 
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ʚʠʪʽʩʥʝʥʥʷ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʟ ʧʨʦʩʪʦʛʦ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʫ, ʘ ʪʘʢʦʞ K+ ʪʘ Na+ ʟ 

ʾʭ ʟʤʽʰʘʥʠʭ ʩʦʣʝʡ [47,285,287,288]. ʇʨʠ ʮʴʦʤʫ Cs+ ʤʦʞʝ ʩʦʨʙʫʚʘʪʠʩʷ ʷʢ ʧʨʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʦʩʘʜʞʝʥʥʽ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʤʝʪʘʣʽʚ ʫ ʨʦʟʯʠʥʽ, ʪʘʢ ʽ ʚʞʝ ʥʘ ʾʭ 

ʩʬʦʨʤʦʚʘʥʠʭ ʦʩʘʜʘʭ.  

ʉʢʣʘʜʦʚʽ ʝʣʝʤʝʥʪʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʠ (ʜʽʘʤʝʪʨ ʢʘʥʘʣʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ˇʨʘʪʢʠ) ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʤʝʪʘʣʽʚ ʦʙʫʤʦʚʣʶʶʪʴ ʜʦʩʠʪʴ ʩʧʝʮʠʬʽʯʥʽ ʤʝʭʘʥʽʟʤʠ 

ʧʦʛʣʠʥʘʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʟ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ, ʟʦʢʨʝʤʘ ʧʦʨʷʜ ʟ ʽʦʥʥʦʦʙʤʽʥʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʚʠʣʫʯʝʥʥʷ ʤʦʞʝ ʤʘʪʠ ʤʽʩʮʝ 

ʤʦʣʝʢʫʣʷʨʥʘ ʩʦʨʙʮʽʷ [47,285,289]. 

ɼʝʪʘʣʴʥʦ ʩʢʣʘʜ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʪʚʝʨʜʦʾ ʬʘʟʠ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʨʦʟʛʣʷʥʫʪʦ ʚ 

ʨʦʙʦʪʘʭ [285-287]. ɸʚʪʦʨʠ [285] ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʥʝʨʦʟʯʠʥʥʽ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʠ ʻ 

ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʧʨʦʪʦʪʠʧʘʤʠ ʽʦʥʦʦʙʤʽʥʥʠʭ ʩʤʦʣ, ʦʩʢʽʣʴʢʠ ʨʝʘʢʮʽʾ ʦʙʤʽʥʫ ʢʘʪʽʦʥʽʚ 

ʟʦʚʥʽʰʥʴʦʾ ʩʬʝʨʠ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʧʨʦʪʽʢʘʶʪʴ ʫ ʪʚʝʨʜʽʡ ʬʘʟʽ ʙʝʟ ʧʝʨʝʭʦʜʫ ʽʦʥʽʚ 

[Fe(CN)6]
4-

 ʫ ʨʦʟʯʠʥ, ʘ ʪʘʢʦʞ ʙʘʛʘʪʦʷʜʝʨʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʟʤʽʰʘʥʠʭ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʟʘʙʝʟʧʝʯʫʻ ʝʢʚʽʚʘʣʝʥʪʥʽʩʪʴ ʾʭ ʜʽʾ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʤ 

ʽʦʥʦʦʙʤʽʥʥʠʤ ʩʤʦʣʘʤ. 

ɯʦʥʦʦʙʤʽʥʥʘ ʟʜʘʪʥʽʩʪʴ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʤʝʪʘʣʽʚ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʨʠʨʦʜʠ ʽʦʥʽʚ ʤʝʪʘʣʽʚ, ʫʤʦʚ ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʨʽʘʣʫ (ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʨʝʘʛʝʥʪʽʚ, ʧʦʨʷʜʢʫ ʾʭ ʟʤʽʰʫʚʘʥʥʷ, ʢʠʩʣʦʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ) ʪʘ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ 

ʦʪʨʠʤʘʥʠʭ ʦʩʘʜʽʚ [285-287]. ʉʠʥʪʝʟ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʤʝʪʘʣʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʝʢʽʣʴʢʦʭ ʧʨʦʩʪʠʭ ʝʪʘʧʽʚ: ʟʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʽʚ ʩʦʣʝʡ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʪʘ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ, ʬʽʣʴʪʨʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʦʩʘʜʫ, ʧʨʦʤʠʚʘʥʥʷ, 

ʚʠʩʫʰʫʚʘʥʥʷ ʪʘ ʧʦʜʨʽʙʥʝʥʥʷ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʬʨʘʢʮʽʾ [285,287]. ʆʜʥʘʢ ʫʤʦʚʠ 

ʦʪʨʠʤʘʥʥʷ ʦʩʘʜʫ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʤʝʪʘʣʽʚ ʪʘ ʾʭ ʧʦʜʘʣʴʰʘ ʦʙʨʦʙʢʘ ʤʘʶʪʴ 

ʚʠʟʥʘʯʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʩʭʠʣʴʥʦʩʪʽ ʚʘʞʢʦʨʦʟʯʠʥʥʠʭ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʫ ʚʦʜʽ ʢʦʣʦʾʜʥʠʭ ʨʦʟʯʠʥʽʚ. ɺʠʩʦʢʘ ʟʜʘʪʥʽʩʪʴ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʤʝʪʘʣʽʚ 

ʜʦ ʣʝʛʢʦʾ ʧʝʧʪʠʟʘʮʽʾ, ʩʧʨʠʯʠʥʝʥʘ ʘʜʩʦʨʙʮʽʻʶ ʚʠʩʦʢʦʟʘʨʷʜʥʠʭ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ-

ʘʥʽʦʥʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʦʢ ʦʩʘʜʫ, ʱʦ ʥʘʜʘʻ ʾʤ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ, ʷʢʠʡ 

ʧʝʨʝʰʢʦʜʞʘʻ ʧʦʜʘʣʴʰʦʤʫ ʟʣʠʧʘʥʥʶ ʯʘʩʪʦʢ, ʣʽʤʽʪʫʻ ʾʭ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʷʢʦʩʪʽ ʩʦʨʙʝʥʪʽʚ ʫ ʧʨʦʮʝʩʘʭ ʜʝʟʘʢʪʠʚʘʮʽʾ ʪʘ ʦʯʠʱʝʥʥʷ ʟʥʘʯʥʠʭ ʦʙôʻʤʽʚ ʚʦʜʥʠʭ 
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ʩʝʨʝʜʦʚʠʱ [47,285]. ʏʫʪʣʠʚʽʩʪʴ ʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʣʘʩʥʝ ʜʦ ʫʤʦʚ ʦʪʨʠʤʘʥʥʷ ʥʝ 

ʟʘʚʞʜʠ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʥʫʪʠ ʜʦʙʨʦʾ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʪʨʠʤʘʥʠʭ 

ʤʘʣʦʨʦʟʯʠʥʥʠʭ ʦʩʘʜʽʚ ʪʘ ʻ ʾʭ ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ [47,291]. ʊʦʤʫ ʩʪʚʦʨʝʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʣʷʭʦʤ ʬʽʢʩʘʮʽʾ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʤʝʪʘʣʽʚ ʥʘ 

ʤʘʪʨʠʯʥʠʭ ʥʦʩʽʷʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ (ʚʝʨʤʠʢʫʣʽʪʽ [298], ʪʨʝʧʝʣʽ [299], ʮʝʦʣʽʪʽ [300], 

ʽʦʥʦʦʙʤʽʥʥʠʭ ʩʤʦʣʘʭ [301-306], ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʽ [307], ʣʘʪʝʢʩʽ [308], 

ʜʽʦʢʩʠʜʽ ʪʠʪʘʥʫ [309], ʐʇɻ [187], ʤʘʛʥʝʪʠʪʽ [310-317], ʮʝʣʶʣʦʟʥʠʭ [318,319], 

ʙʘʚʦʚʥʷʥʠʭ [320] ʪʘ ʧʦʣʽʤʝʨʥʠʭ ʚʦʣʦʢʥʘʭ [321,322], ʩʠʣʽʢʘʛʝʣʽ [323-325], 

ʤʝʟʦʧʦʨʠʩʪʦʤʫ ʢʨʝʤʥʽʾ [326] ʪʘ ʽʥ.) ʧʽʜʚʠʱʫʻ ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ, ʥʘʜʘʻ ʙʽʣʴʰʫ 

ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ ʪʘ ʧʦʢʨʘʱʫʻ ʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [285]. ʆʜʥʘʢ ʦʪʨʠʤʘʥʥʷ 

ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʰʣʷʭʦʤ ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʦʛʦ 

ʩʠʥʪʝʟʫ ʪʘ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʽ ʩʧʝʮʠʬʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ. 

ʋ ʨʦʙʦʪʽ [309] ʚ ʷʢʦʩʪʽ ʪʚʝʨʜʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʥʦʩʽʷ ʜʣʷ ʤ̔ʤʦʙʽʣʽʟʘʮʽʾ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʫ ʥʽʢʝʣʶ-ʢʘʣʽʶ ʟʘʩʪʦʩʦʚʘʥʦ ʧʨʦʤʠʩʣʦʚʠʡ ʛʽʜʨʘʪʦʚʘʥʠʡ ʜʽʦʢʩʠʜ 

ʪʠʪʘʥʫ. ʆʪʨʠʤʘʥʠʡ ʫ ʨʝʟʫʣʴʪʘʪʽ ʪʝʨʤʽʯʥʦʛʦ ʪʘ ʧʦʚʝʨʭʥʝʚʦ ʭʽʤʽʯʥʦʛʦ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʩʦʨʙʝʥʪ ʤʽʩʪʠʚ ʬʘʟʠ ʚʘʞʢʦʨʦʟʯʠʥʥʠʭ ʩʧʦʣʫʢ ï 

K2Ni[Fe(CN)6], K2Ni3[Fe(CN)6]2, ʂ2(TiO)[Fe(CN)6] ʪʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʩʦʨʙʦʚʘʥʠʡ 

ʂ4Fe(CN)6. ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʩʦʨʙʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʜʝʟʘʢʪʠʚʘʮʽʾ 

ʨʘʜʽʦʘʢʪʠʚʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ 90Sr, 137Cs, U(VI) ʪʘ Th(IV). 

ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʣʫʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟʘ ʨʘʭʫʥʦʢ 

ʦʩʘʜʞʝʥʥʷ ʟʤʽʰʘʥʠʭ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʤʝʪʘʣʽʚ ʫ ʧʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʩʦʨʙʝʥʪʫ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʚʢʘʟʘʥʦʛʦ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʱʦʜʦ 137Cs ʪʘ 90Sr ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʟʥʘʯʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʢʦʥʢʫʨʫʶʯʠʭ ʽʦʥʽʚ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ Ó 0,01 ʤʦʣʴ/ʜʤ3 NH4
+, ʷʢʠʡ 

ʤʘʻ ʙʣʠʟʴʢʽ ʨʦʟʤʽʨʠ ʽʦʥʥʦʛʦ ʨʘʜʽʫʩʫ ʜʦ Cs+, ʧʨʠʛʥʽʯʫʻ ʩʦʨʙʮʽʶ 137Cs, ʦʩʢʽʣʴʢʠ 

ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʾʭ ʩʧʽʣʴʥʝ ʧʦʛʣʠʥʘʥʥʷ ʫ ʨʝʟʫʣʴʪʘʪʽ ʫʪʚʦʨʝʥʥʷ ʟʤʽʰʘʥʠʭ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ. ɯʦʥʠ Ca2+ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ Ó 2 ʛ/ʜʤ3 ʽʥʛʽʙʫʶʪʴ ʚʠʣʫʯʝʥʥʷ 90Sr. 

ʂʨʽʤ ʪʦʛʦ, ʥʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ 90Sr ʥʘ ʬʦʥʽ Ca2+ ʚʧʣʠʚʘʻ ʨʅ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: ʧʨʠ 

ʨʅ = 5,0õ6,0 ʩʦʨʙʮʽʷ ʚʢʘʟʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʝʣʝʢʪʠʚʥʦ, ʘ ʧʨʠ ʨʅ = 
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7,0õ8,0 ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʧʦʛʣʠʥʘʥʥʷ Ca2+. ʋ ʩʠʣʴʥʦ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʢʦʤʧʦʟʠʪʥʠʡ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʥʠʡ ʩʦʨʙʝʥʪ ʥʝʩʪʽʡʢʠʡ. 

ʆʢʨʝʤʝ ʤʽʩʮʝ ʚ ʷʢʦʩʪʽ ʩʦʨʙʝʥʪʽʚ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟʘʡʤʘʶʪʴ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ 

ʙʝʨʣʽʥʩʴʢʦʾ ʣʘʟʫʨʽ (ʤʘʣʦʨʦʟʯʠʥʥʦʛʦ ʦʩʘʜʫ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʟʘʣʽʟʘ (ɯɯɯ) ʩʠʥʴʦʛʦ 

ʢʦʣʴʦʨʫ) ï Fe4[Fe(CN)6]3 [285,310-312,320,327-331]. ɿʘʧʨʦʧʦʥʦʚʘʥʦ [328] 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʨʣʽʥʩʴʢʦʾ ʣʘʟʫʨʽ ʚ ʛʨʘʥʫʣʴʦʚʘʥʽʡ ʬʦʨʤʽ ʜʣʷ ʦʯʠʱʝʥʥʷ ʧʠʪʥʠʭ ʚʦʜ 

ʫ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ʚʽʜ ʤʽʢʨʦʢʽʣʴʢʦʩʪʝʡ ʨʘʜʽʦʽʟʦʪʦʧʽʚ Cs. ʉʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦ 

ʤʘʢʩʠʤʘʣʴʥʘ ʩʦʨʙʮʽʷ Cs+ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʨʅ = 7,0 ʪʘ ʥʝ ʟʘʣʝʞʠʪʴ ʩʫʪʪʻʚʦ ʚʽʜ 

ʥʘʷʚʥʦʩʪʽ (100õ200 ʤʢʛ/ʜʤ3) ʢʦʥʢʫʨʫʶʯʠʭ ʽʦʥʽʚ (Ca2+, Mg2+, ʂ+ ʪʘ Na+) ʪʘ NaOCl. 

ʉʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ Cs+ ʩʪʘʥʦʚʠʪʴ 99,9 % ʧʨʠ pH = 7,5 ʪʘ 

ʧʦʯʘʪʢʦʚʽʡ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ 30 ʤʢʛ/ʜʤ3. 

ʉʦʨʙʝʥʪʘʤ ʟ ʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʘ ʦʩʥʦʚʽ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ 

ʚʣʘʩʪʠʚʽ ʚʠʩʦʢʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʜʦ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʚʠʣʫʯʘʶʪʴʩʷ, ʪʘ ʧʦʢʨʘʱʝʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʘ ʨʘʭʫʥʦʢ ʤʦʞʣʠʚʦʩʪʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʚʦʜʦʦʯʠʱʝʥʥʷ. ʊʦʤʫ ʪʘʢ̔ ʩʦʨʙʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʚʩʝ ʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ 

ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʨʘʜʽʦʥʫʢʣʽʜʽʚ [310-317]. 

ɺʽʜʦʤʦ [311] ʧʨʦ ʦʪʨʠʤʘʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʩʦʨʙʝʥʪʫ ʥʘ ʦʩʥʦʚʽ 

ʙʝʨʣʽʥʩʴʢʦʾ ʣʘʟʫʨʽ, ʷʢʠʡ ʝʬʝʢʪʠʚʥʦ ʚʠʣʫʯʘʻ ʨʘʜʽʦʽʟʦʪʦʧʠ Cs (> 99,7 %). 

ʅʘʥʦʯʘʩʪʢʠ ʤʘʛʥʝʪʠʪʫ ʩʠʥʪʝʟʦʚʘʥʦ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʤ ʩʧʦʩʦʙʦʤ, ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʶ 

ʤʘʛʥʝʪʠʪʫ ʩʧʦʣʫʢʘʤʠ K4[Fe(CN)6] (ʫ ʥʘʜʣʠʰʢʫ) ʧʨʦʚʦʜʠʣʠ ʚ ʩʠʣʴʥʦ ʢʠʩʣʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ (ʨʅ å 2,0). ɿʘʚʜʷʢʠ ʤʘʛʥʽʪʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʚʢʘʟʘʥʠʡ ʢʦʤʧʦʟʠʪʥʠʡ 

ʩʦʨʙʝʥʪ ʤʦʞʥʘ ʰʚʠʜʢʦ ʚʽʜʦʢʨʝʤʣʶʚʘʪʠ ʚʽʜ ʨʽʜʢʦʾ ʬʘʟʠ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʇʨʠ ʜʦʟʽ ʩʦʨʙʝʥʪʫ 0,01 ʛ/ʜʤ3, ʪʨʠʚʘʣʦʩʪʽ ʢʦʥʪʘʢʪʫ 

ʩʦʨʙʝʥʪ-ʨʦʟʯʠʥ 6 ʛʦʜ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 3000 ʤʛ/ʜʤ3 ʪʘʢʠʭ ʢʦʥʢʫʨʫʶʯʠʭ ʽʦʥʽʚ ʷʢ K+, 

Na+, Ca2+ ʪʘ Mg2+ ʜʦʩʷʛʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ Kd ʜʣʷ 
137Cs, ʩʤ3/ʛ: 239, 166, 2334 ʪʘ 2489, 

ʚʽʜʧʦʚʽʜʥʦ. ʅʠʟʴʢʽ ʟʥʘʯʝʥʥʷ Kd ʜʣʷ 
137Cs ʚ ʧʨʠʩʫʪʥʦʩʪʽ K+ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ 

ʽʦʥʘʤʠ ʤʝʪʘʣʽʚ ʦʙʫʤʦʚʣʝʥʽ ʙʣʠʟʴʢʽʩʪʶ ʨʦʟʤʽʨʽʚ ʨʘʜʽʫʩʽʚ ʾʭ ʛʽʜʨʘʪʦʚʘʥʠʭ ʽʦʥʽʚ (Cs+ 

ï 3,25 Ȕ, ʂ+ ï 3,3 Ȕ, Na+ï 3,6 Ȕ, Ca2+ï 4,1 Ȕ, Mg2+ ï 4,25 Ȕ). 

ʇʦʜʽʙʥʠʡ ʩʦʨʙʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ, ʱʦ ʧʦʻʜʥʫ ̒ʫ ʩʦʙʽ ʤʘʛʥʝʪʠʪ ʪʘ ʙʝʨʣʽʥʩʴʢʫ 

ʣʘʟʫʨ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʚʪʦʨʘʤʠ [312]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʧʨʦʮʝʩ ʚʠʣʫʯʝʥʥʷ Cs+ 
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ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʨʅ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʠʷʚʣʝʥʦ ʥʝʛʘʪʠʚʥʠʡ ʝʬʝʢʪ ʣʫʞʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʩʪʽʡʢʽʩʪʴ ʩʦʨʙʝʥʪʫ ʫ ʨʝʟʫʣʴʪʘʪʽ ʨʫʡʥʫʚʘʥʥʷ ʟʚôʷʟʢʽʚ FeïCNïFe. 

ʄʘʢʩʠʤʘʣʴʥʘ ʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʜʦ Cs+ (280 ʤʛ/ʛ) ʜʣʷ ʚʢʘʟʘʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʨʅ = 7,0, ʧʦʯʘʪʢʦʚʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʢʘʟʘʥʦʛʦ ʽʦʥʫ 

ʤʝʪʘʣʫ 50 ʤʤʦʣʴ/ʜʤ3, ʜʦʟʽ ʩʦʨʙʝʥʪʫ 0,02 ʛ/ʜʤ3 ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʩʦʨʙʮʽʾ 24 ʛʦʜ. 

ʋ ʨʦʙʦʪʽ [316] ʜʦʩʣʽʜʞʝʥʦ ʤʘʛʥʽʪʥʠʡ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʡ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ 

ʢʘʣʽʶ-ʮʠʥʢʫ (Fe3O4@K2ZnFe(CN)6 ʟʽ ʩʪʨʫʢʪʫʨʦʶ çʷʜʨʦ-ʦʙʦʣʦʥʢʘè)  ʪʘ ʘʥʘʣʦʛʽʯʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʽʤʤʦʙʽʣʽʟʦʚʘʥʽ ʥʘ ʧʦʣʽʤʝʨʥʦʤʫ ʥʘʥʦʢʦʤʧʦʟʠʪʽ (ʧʦʣʽʘʢʨʠʣʦʥʽʪʨʠʣʽ) 

ʰʣʷʭʦʤ ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʦʛʦ ʩʠʥʪʝʟʫ, ʟʽ ʩʪʨʫʢʪʫʨʦʶ çʷʜʨʦ-ʦʙʦʣʦʥʢʘè ï 

[Fe3O4@K2ZnFe(CN)6]-ʇɸʅ, ʪʘ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʪʚʝʨʜʠʭ ʬʘʟ 1:1 ï 

[Fe3O4+K2ZnFe(CN)6]-ʇɸʅ. ʇʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʨʘʟʢʽʚ ʩʦʨʙʝʥʪʽʚ ʱʦʜʦ 

Cs(ɯ) ʫ ʜʽʘʧʘʟʦʥʽ ʨʅ = 1,0 õ 11,0 ʧʦʢʘʟʘʣʦ, ʱʦ ʥʘʡʙʽʣʴʰʽ Kd ʜʦʩʷʛʘʶʪʴʩʷ ʥʘ 

ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʟʽ ʩʪʨʫʢʪʫʨʦʶ çʷʜʨʦ-ʦʙʦʣʦʥʢʘè: [Fe3O4@K2ZnFe(CN)6]-

ʇɸʅ ï ~ (1,5õ2)Ā103 ʩʤ3/ʛ, Fe3O4@K2ZnFe(CN)6  ï ~ (4,8õ6,8)Ā103 ʩʤ3/ʛ.  ʅʘ ʧʽʜʩʪʘʚʽ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʚʠʟʥʘʯʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʚʠʣʫʯʝʥʥʷ Cs+ ʻ ʽʦʥʥʠʡ ʦʙʤʽʥ ʟ ʂ+. ʎʝ ʦʙʫʤʦʚʣʶʻ ʬʦʨʤʫʚʘʥʥʷ ʩʧʦʣʫʢ 

ʪʠʧʫ Cs2ZnFe(CN)6. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʦʨʙʝʥʪʽʚ Fe3O4@K2ZnFe(CN)6 ʪʘ [Fe3O4+K2ZnFe(CN)6]-ʇɸʅ ʧʨʠ ʾʭ ʜʦʟʽ 10 ʛ/ʜʤ
3 

ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʩʦʨʙʮʽʾ 3 ʛʦʜ ʱʦʜʦ ʚʠʣʫʯʝʥʥʷ 134Cs, 60ʉʦ ʪʘ 152+154Eu ʟ ʨʝʘʣʴʥʠʭ 

ʥʠʟʴʢʦʘʢʪʠʚʥʠʭ ʈʈɺ (ʨʅ = 8,01). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʢʘʟʘʥʽ ʢʦʤʧʦʟʠʪʥʽ ʩʦʨʙʝʥʪʠ 

ʚʠʷʚʣʷʶʪʴ ʨʽʟʥʫ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʱʦʜʦ ʥʘʚʝʜʝʥʠʭ ʨʘʜʽʦʽʟʦʪʦʧʽʚ. ʄʘʛʥʽʪʥʠʡ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ ʢʘʣʽʶ-ʮʠʥʢʫ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ (ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ 134Cs 

ʩʪʘʥʦʚʠʪʴ 99 %, 60ʉʦ ï ~ 28 %, 152+154Eu ï ~ 45 %) ʧʦʨʽʚʥʷʥʦ ʟ ʡʦʛʦ ʧʦʣʽʤʝʨʥʠʤ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʤ (134Cs ʩʪʘʥʦʚʠʪʴ 78 %, 60ʉʦ ï ~ 15 %, 152+154Eu ï ~ 25 %). 

ʗʢ ʙʘʯʠʤʦ, ʧʠʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ 

ʤʝʪʘʣʽʚ ʪʘ ʐʇɻ, ʘ ʪʘʢʦʞ ʾʭ ʢʦʤʧʦʟʠʪʽʚ ʜʣʷ ʦʯʠʱʝʥʥʷ ʟʥʘʯʥʠʭ ʦʙôʻʤʽʚ 

ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʠʭ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʟʦʢʨʝʤʘ ʈʈɺ, ʚʽʜ ʢʘʪʽʦʥʥʠʭ ʪʘ ʘʥʽʦʥʥʠʭ 

ʬʦʨʤ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʚʠʨʽʰʝʥʠʤ ʪʘ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʥʘʧʨʷʤʢʫ ʧʦʰʫʢʫ ʥʦʚʠʭ 

ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦ ʜʦʩʪʫʧʥʠʭ ʤʝʪʦʜʽʚ 
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ʦʪʨʠʤʘʥʥʷ ʪʘ ʨʘʮʽʦʥʘʣʴʥʠʭ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʩʦʨʙʝʥʪʽʚ, ʧʦʢʨʘʱʝʥʥʷ ʾʭ 

ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʰʠʨʝʥʠʭ ʫʷʚʣʝʥʴ ʧʨʦ 

ʤʝʭʘʥʽʟʤʠ ʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

ʈʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʽ ʘʩʧʝʢʪʠ ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʘ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʘʥʪʨʦʧʦʛʝʥʥʦʾ ʪʘ ʪʝʭʥʦʛʝʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʥʘʷʚʥʠʤ ʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʝʢʦʣʦʛʽʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʛʽʜʨʦʩʬʝʨʠ ʜʣʷ ʨʝʛʽʦʥʽʚ, 

ʩʫʤʽʞʥʠʭ ʟ ɸɽʉ ʪʘ ʊɽʉ, ʫʨʘʥʦʚʠʜʦʙʫʚʥʠʤʠ ʪʘ ʧʝʨʝʨʦʙʥʠʤʠ ʽ ʽʥ. ʭʽʤʽʯʥʠʤʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, ʟʦʥʦʶ ʚʽʜʯʫʞʝʥʥʷ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ɸɽʉ. ʅʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ 

ʧʝʨʝʚʘʛʠ ʩʦʨʙʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʷʢ ʥʘʡʙʽʣʴʰ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʪʘ ʜʦʩʪʫʧʥʦʛʦ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʦʚʝʜʝʥʥʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʩʠʥʪʝʟʫ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʪʘ 

ʩʝʣʝʢʪʠʚʥʠʭ ʩʦʨʙʝʥʪʽʚ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽ ʽʥʰʠʭ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ, ʚʨʘʭʦʚʫʶʯʠ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʛʽʧʦʪʝʟʠ ʘʥʘʣʦʛʽʡ 

ʂʫʟʥʻʮʦʚʘ ɺ.ɯ., ʜʦʟʚʦʣʷʻ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʦʨʙʝʥʪʫ ʥʘ ʧʽʜʩʪʘʚʽ 

ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʫʪʚʦʨʝʥʠʭ ʚ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʘʙʦ ʚʚʝʜʝʥʠʭ ʚ ʩʪʨʫʢʪʫʨʫ ʩʦʨʙʝʥʪʫ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʘʪʦʤʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʪʘ ʝʣʝʤʝʥʪʫ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʚʠʣʫʯʝʥʥʷ ʟ 

ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʇʨʦʚʝʜʝʥʠʡ ʢʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ ʜʞʝʨʝʣ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, 

ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʦʩʦʙʣʠʚʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʦʯʠʱʝʥʥʷ (ʜʦʦʯʠʱʝʥʥʷ) ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ, ʟʦʢʨʝʤʘ ʈʈɺ, ʚʽʜ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ 

ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʘʨʫʚʘʪʦʾ ʪʘ 

ʢʘʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ï ʐʇɻ ʪʘ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʪʘ 

ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʷʢʠʤ ʚʣʘʩʪʠʚʘ ʚʠʩʦʢʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ. ʂʨʽʤ ʪʦʛʦ, ʟʘʚʜʷʢʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤ ʙʫʜʦʚʠ ʜʣʷ ʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʣʘʩʪʠʚʦʶ ʻ ʤʦʞʣʠʚʽʩʪʴ ʫʪʠʣʽʟʘʮʽʾ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʧʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʩʦʨʙʝʥʪʽʚ ʫ ʚʠʛʣʷʜʽ 

ʜʦʙʨʠʚ (ʧʨʠ ʚʠʣʫʯʝʥʥʽ ʙʽʦʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ) ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ 

ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʽ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʧʨʠ ʚʠʣʫʯʝʥʥʽ ʚʘʞʢʠʭ ʽ 

ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ), ʘ ʧʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ï ʧʝʨʝʨʦʙʢʠ ʰʣʷʭʦʤ 
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ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʫ ʚʠʛʣʷʜʽ ʧʨʦʜʫʢʪʽʚ ʙʝʟʧʝʯʥʦʛʦ ʟʘʭʦʨʦʥʝʥʥʷ, ʱʦ ʤʽʥʽʤʽʟʫʻ 

ʢʽʣʴʢʽʩʪʴ ʚʽʜʭʦʜʽʚ ʪʘ ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʜʦʚʢʽʣʣʷ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʘʚʪʦʨʽʚ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣ ʦʪʨʠʤʫʚʘʣʠ 

ʚʢʘʟʘʥʽ ʤʘʪʝʨʽʘʣʠ ʩʢʣʘʜʥʠʤʠ ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʫ ʫ ʜʝʢʽʣʴʢʘ ʩʪʘʜʽʡ (Ó 3), ʷʢʽ ʥʝ 

ʟʘʚʞʜʠ ʧʽʜʜʘʶʪʴʩʷ ʚʽʜʪʚʦʨʝʥʥʶ ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʨʝʘʛʝʥʪʽʚ, ʘ 

ʪʘʢʦʞ ʩʧʝʮʠʬʽʯʥʠʭ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʩʠʥʪʝʟʫ, ʱʦ ʣʽʤʽʪʫʻ ʾʭ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʫ ʧʨʦʮʝʩʘʭ ʦʯʠʱʝʥʥʷ/ʜʦʦʯʠʱʝʥʥʷ ʟʥʘʯʥʠʭ ʦʙôʻʤʽʚ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ. ʂʨʽʤ ʪʦʛʦ, 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʶ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʚʢʘʟʘʥʠʭ ʩʦʨʙʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʱʦʜʦ ʚʠʣʫʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ 

ʢʘʪʽʦʥʥʦʾ ʪʘ ʘʥʽʦʥʥʦʾ ʧʨʠʨʦʜʠ ʧʨʠʩʚʷʯʝʥʘ ʥʝʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ.  

ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʐʇɻ ʪʘ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʪʘ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʟ ʤʝʪʦʶ 

ʦʪʨʠʤʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʩʦʨʙʝʥʪʽʚ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ 

ʨʽʟʥʠʭ ʬʦʨʤ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʫʤʦʚ ʾʭ ʩʠʥʪʝʟʫ, 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʥʽ ʪʘ ʽʥʪʝʨʢʘʣʷʮʽʾ ʨʽʟʥʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ ʪʘ 

ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʤʽʞʰʘʨʦʚʠʤʠ ʢʦʤʧʣʝʢʩʦʪʚʽʨʥʠʤʠ ʘʥʽʦʥʘʤʠ.  
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ʈʆɿɼɯʃ 2 

ʆɹôɭʂʊʀ ʊɸ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʅʗ 

 

2.1. ʆʙôʻʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

2.1.1. ʇʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʽ ʩʦʨʙʝʥʪʠ ʪʘ ʤʝʪʦʜʠ ʾʭ ʦʪʨʠʤʘʥʥʷ 

ʋ ʨʦʙʦʪʽ ʩʠʥʪʝʟʦʚʘʥʦ ʟʨʘʟʢʠ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï  

ʢʘʨʙʦʥʘʪʥʠʭ, ʢʘʣʴʮʠʥʦʚʘʥʠʭ ʪʘ ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ ʢʘʨʙʦʢʩʠʣʘʪ-, 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ (ɯɯ)-ʽʦʥʘʤʠ ʪʘ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʦʤ ʤʽʜʽ (ɯɯ), ʘ ʪʘʢʦʞ ʤʘʛʥʽʪʥʽ 

ʬʦʨʤʠ ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ ʮʠʪʨʘʪ-ʽʦʥʘʤʠ Zn,Al-, Mg,Fe- ʪʘ Mg,Al-ʐʇɻ. ʂʨʽʤ ʪʦʛʦ, 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ ʤʘʛʥʝʪʠʪ, ʢʘʣʽʡ-ʮʠʥʢʦʚʠʡ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ (ɯɯ) ʪʘ 

ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʢʘʣʽʡʮʠʥʢʦʚʠʡ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ (ɯɯ) ʟ  ʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ (ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʡ, ʤʝʭʘʥʦʭʽʤʽʯʥʠʡ, ʟʦʣʴ-

ʛʝʣʴ ʪʝʭʥʦʣʦʛʽʷ) ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʦʨʙʝʥʪʽʚ, ʟʦʢʨʝʤʘ ʐʇɻ ʪʘ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ 

ʤʝʪʘʣʽʚ, ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʧʽʚʦʩʘʜʞʝʥʥʷ, ʱʦ ʻ ʪʝʭʥʦʣʦʛʽʯʥʦ 

ʧʨʦʩʪʠʤ ʪʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʟʥʘʯʥʽ ʢʽʣʴʢʦʩʪʽ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʾʭ 

ʦʜʥʦʩʪʘʜʽʡʥʦʤʫ ʧʨʷʤʦʤʫ ʩʠʥʪʝʟʽ [1-3]. 

ʉʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʐʇɻ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʤʽʞʰʘʨʦʚʠʭ 

ʘʥʽʦʥʽʚ ʪʘ ʚʝʣʠʯʠʥʠ/ʱʽʣʴʥʦʩʪʽ ʟʘʨʷʜʫ, ʪʦʙʪʦ ʤʦʣʷʨʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

[ʄ(II)]/[ʄ(III)] ʫ ʙʨʫʩʠʪʦʧʦʜʽʙʥʠʭ ʰʘʨʘʭ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʷʢʦʩʪʽ 

ʚʠʭʽʜʥʠʭ ʨʝʘʛʝʥʪʽʚ (ʧʨʝʢʫʨʩʦʨʽʚ) ʚʦʜʥʽ ʨʦʟʯʠʥʠ M(II) ʪʘ M(IɯI), ʘ ʪʘʢʦʞ ʨʦʟʯʠʥʠ, 

ʱʦ ʤʽʩʪʷʪʴ ʘʥʽʦʥ (ʦʨʛʘʥʽʯʥʠʡ/ʥʝʦʨʛʘʥʽʯʥʠʡ), ʷʢʠʡ ʤʘʻ ʙʫʪʠ ʚʢʣʶʯʝʥʠʡ ʫ 

ʤʽʞʰʘʨʦʚʠʡ ʧʨʦʩʪʽʨ ʐʇɻ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʦʯʘʩʥʦʩʪʽ ʦʩʘʜʞʝʥʥʷ ʜʚʦʭ ʘʙʦ 

ʙʽʣʴʰʝ ʢʘʪʽʦʥʽʚ, ʩʠʥʪʝʟ ʤʘʻ ʚʽʜʙʫʚʘʪʠʩʴ ʚ ʫʤʦʚʘʭ ʧʝʨʝʥʘʩʠʯʝʥʥʷ, ʱʦ ʜʦʩʷʛʘʶʪʴʩʷ 

ʰʣʷʭʦʤ ʢʦʥʪʨʦʣʶ ʨʅ ʨʦʟʯʠʥʫ. ɿʦʢʨʝʤʘ, ʥʝʦʙʭʽʜʥʠʤ ʻ ʦʩʘʜʞʝʥʥʷ ʧʨʠ ʟʥʘʯʝʥʥʽ 

ʨʅ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʘʙʦ ʜʦʨʽʚʥʶʻ ʪʦʤʫ, ʧʨʠ ʷʢʦʤʫ ʥʘʡʙʽʣʴʰ ʨʦʟʯʠʥʥʠʡ ʛʽʜʨʦʢʩʠʜ 

ʦʩʘʜʞʫʻʪʴʩʷ [1]. ʇʽʩʣʷ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʦʪʨʠʤʘʥʦʾ 

ʩʫʩʧʝʥʟʽʾ (çʧʨʦʮʝʩ ʩʪʘʨʽʥʥʷè) ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ/ʘʙʦ 

ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʘʤʦʨʬʥʦʛʦ ʘʙʦ ʧʦʛʘʥʦ ʦʢʨʠʩʪʘʣʽʟʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʽʚ. 
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ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʦʪʨʠʤʫʚʘʣʠ Zn,Al-, Mg,Fe- ʪʘ Mg,Al-ʐʇɻ ʟ ʨʽʟʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʢʘʪʽʦʥʽʚ ʽ ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʽʯʥʠʭ ʤʽʞʰʘʨʦʚʠʭ ʘʥʽʦʥʽʚ ʫ ʩʚʦʾʡ 

ʩʪʨʫʢʪʫʨʽ ʪʘ ʤʘʛʥʝʪʠʪ, ʢʘʣʽʡ-ʮʠʥʢʦʚʠʡ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ (ɯɯ) ʪʘ ʤʘʛʥʽʪʥʠʡ 

ʢʘʣʽʡʮʠʥʢʦʚʠʡ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ (ɯɯ) ʧʝʨʝʚʘʞʥʦ ʤʝʪʦʜʦʤ ʧʨʦʩʪʦʛʦ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʟ 

ʧʦʜʘʣʴʰʠʤ ʧʦʻʜʥʘʥʥʷʤ ʩʧʦʩʦʙʫ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʣʘʩʠʯʥʦʤʫ ʧʨʦʮʝʩʽ ʦʙʤʽʥʫ 

ʽʦʥʽʚ, ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʨʝʢʦʥʩʪʨʫʢʮʽʶ, ʱʦ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʘʢ ʟʚʘʥʦʤʫ 

çʝʬʝʢʪʽ ʩʪʨʫʢʪʫʨʥʦʾ ʧʘʤôʷʪʽè. 

ɯʜʝʥʪʠʬʽʢʘʮʽʶ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʦʨʙʝʥʪʽʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ 

ʭʽʤʽʯʥʦʛʦ ʪʘ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ. ɺʤʽʩʪ ʄ(II) ʪʘ ʄ(III) ʚ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʘʭ 

ʚʠʟʥʘʯʘʣʠ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʠʤ ʤʝʪʦʜʦʤ, ʢʽʣʴʢʽʩʪʴ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʶ ï 

ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ. ɺʤʽʩʪ ʆʅ-ʽʦʥʽʚ ʚʠʟʥʘʯʘʣʠ, ʚʠʭʦʜʷʯʠ ʟ ʥʝʡʪʨʘʣʴʥʦʩʪʽ 

ʩʦʨʙʝʥʪʫ, ʘ ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʢʫʣ ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʾ ʚʦʜʠ ï ʟ ʨʽʟʥʠʮʽ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ 

ʩʦʨʙʝʥʪʫ ʪʘ ʡʦʛʦ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʽʚ ʥʘʚʘʞʦʢ 

ʩʦʨʙʝʥʪʽʚ ʜʦʟʚʦʣʷʣʠ ʚʩʪʘʥʦʚʠʪʠ ʪʦʯʥʫ ʭʽʤʽʯʥʫ ʬʦʨʤʫʣʫ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʦʨʙʝʥʪʽʚ. 

ʉʠʥʪʝʟ ʢʘʨʙʦʥʘʪʥʠʭ ʪʘ ʢʘʣʴʮʠʥʦʚʘʥʠʭ Zn,Al-, Mg,Al- ʪʘ Mg,Fe-ʐʇɻ. ɼʣ̫ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʟʨʘʟʢʽʚ Zn,Al- ʪʘ Mg,Al-ʐʇɻ ʢʘʨʙʦʥʘʪʥʦʾ (Zn2Al-ʐʇɻ) ʪʘ Mg,Al-

ʐʇɻ (Mg2Al-ʐʇɻ) ʪʘ ʢʘʣʴʮʠʥʦʚʘʥʠʭ (Zn2Al-ʂʐʇɻ, Mg2Al-ʂʐʇɻ) ʬʦʨʤ ʽʟ 

ʤʦʣʴʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [Zn(II)]/[ Al(III)] ʫ ʩʪʨʫʢʪʫʨʽ ʙʨʫʩʠʪʦʧʦʜʽʙʥʦʛʦ ʰʘʨʫ, 

ʨʽʚʥʠʤ 2:1, ʘ ʪʘʢʦʞ Mg,Fe-ʐʇɻ ʢʘʨʙʦʥʘʪʥʦʾ (Mg2Fe-ʐʇɻ, Mg3Fe-ʐʇɻ, Mg4Fe-

ʐʇɻ) ʪʘ ʢʘʣʴʮʠʥʦʚʘʥʦʾ (Mg2Fe-ʂʐʇɻ, Mg3Fe-ʂʐʇɻ, Mg4Fe-ʂʐʇɻ) ʬʦʨʤʠ ʟʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [ʄg(II)]/[ Fe(III)] ʫ ʩʪʨʫʢʪʫʨʽ ʙʨʫʩʠʪʦʧʦʜʽʙʥʦʛʦ ʰʘʨʫ, ʨʽʚʥʠʤ 2:1, 

3:1 ʪʘ 4:1, ʚʽʜʧʦʚʽʜʥʦ, ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʤʝʪʦʜ ʩʧʽʚʦʩʘʜʞʝʥʥʷ. 

ʂʘʨʙʦʥʘʪʥʽ Zn,Al-, Mg,Al- ʪʘ Mg,Fe-ʐʇɻ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʨʠ 

ʨʅ = (9,5 õ 10,5) ʟ ʨʦʟʯʠʥʽʚ ZnCl2 ʪʘ AlCl3, MgCl2 ʪʘ AlCl3, Mg(NO3)2 ʪʘ Fe(NO3)3, 

ʢʽʣʴʢʦʩʪʽ ʷʢʠʭ ʚʟʷʪʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʤʦʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

[ʄ(II)]/[ʄ(III)]), ʪʘ ʩʫʤʽʰʽ ʨʦʟʯʠʥʽʚ 2 ʤʦʣʴ/ʜʤ3 NaOH ʪʘ 0,9 ʤʦʣʴ/ʜʤ3 Na2CO3, ʷʢʽ  

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʠʩʪʘʣʴʪʠʯʥʦʛʦ ʥʘʩʦʩʫ ʜʦʙʘʚʣʷʣʠ ʫ ʢʦʣʙʫ, ʱʦ ʤʽʩʪʠʣʘ ~ 0,5 ʜʤ3 

ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ, ʪʘ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʫʚʘʣʠ. ʋʪʚʦʨʝʥʽ ʦʩʘʜʠ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ 

ʪʘ ʚʽʜʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʜʦ ʥʝʛʘʪʠʚʥʦʾ ʨʝʘʢʮʽʾ ʥʘ ʭʣʦʨʠʜ- (ʷʢʽʩʥʘ 
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ʧʨʦʙʘ ʟ AgNO3) ʪʘ ʥʽʪʨʘʪ-ʽʦʥ (ʷʢʽʩʥʘ ʧʨʦʙʘ ʟ ʜʠʬʝʥʽʣʘʤʽʥʦʤ) ʪʘ ʚʠʪʨʠʤʫʚʘʣʠ 24 

ʛʦʜ ʧʨʠ (65Ñ5) Üʉ.  

ʂʘʣʴʮʠʥʦʚʘʥʽ Zn,Al-, Mg,Al- ʪʘ Mg,Fe-ʐʇɻ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʢʘʣʴʮʠʥʘʮʽʾ) ʚʠʭʽʜʥʠʭ ʢʘʨʙʦʥʘʪʥʠʭ ʬʦʨʤ ʚʽʜʧʦʚʽʜʥʠʭ 

ʩʦʨʙʝʥʪʽʚ ʚʧʨʦʜʦʚʞ 2 ʛʦʜ ʧʨʠ 400 ÁC ʫ ʤʫʬʝʣʴʥʽʡ ʧʝʯʽ, ʱʦ ʚʠʢʣʠʢʘʻ ʫʪʚʦʨʝʥʥʷ 

ʦʜʥʦʨʽʜʥʦʾ ʩʫʤʽʰʽ ʧʦʜʚʽʡʥʠʭ ʦʢʩʠʜʽʚ ʪʘ ʧʽʜʚʠʱʫʻ ʾʭ ʩʦʨʙʮʽʡʥʫ ʻʤʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʢʪʠʚʥʠʭ ʦʩʥʦʚʥʠʭ ʮʝʥʪʨʽʚ, ʱʦ ʩʭʝʤʘʪʠʯʥʦ ʚʠʛʣʷʜʘʻ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

     400 ÁC 

[M(II )4M(ɯII)2(OH)12]ĿCO3ĿnH2O  ­  M(II )4M(III )2O7  + ʉʆ2 + (6+n)ʅ2ʆ    (2.1). 

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʘʚʪʦʨʘʤʠ [4], ʧʨʠ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʐʇɻ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʤʽʥʘ ʧʨʠʨʦʜʠ (ʮʝʥʪʨʠ ɹʨʝʥʩʪʝʜʘ ­ ʮʝʥʪʨʠ ʃʴʶʾʩʘ), ʩʠʣʠ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʥʘ ʧʦʚʝʨʭʥʽ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʦ ʩʢʣʘʜʫ ʦʪʨʠʤʘʥʠʭ ʪʘʢʠʤ ʯʠʥʦʤ ʟʨʘʟʢʽʚ ʚʭʦʜʠʪʴ 

ʥʝ ʪʽʣʴʢʠ ʦʜʥʦʨʽʜʥʘ ʩʫʤʽʰ ʧʦʜʚʽʡʥʠʭ ʦʢʩʠʜʽʚ, ʘ ʡ ʥʝʟʥʘʯʥʠʡ ʚʤʽʩʪ ʢʘʨʙʦʥʘʪ-ʽʦʥʽʚ 

ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʝʧʦʚʥʦʛʦ ʾʭ ʚʠʜʘʣʝʥʥʷ ʧʨʠ ʪʝʨʤʽʯʥʽʡ 

ʦʙʨʦʙʮʽ ʢʘʨʙʦʥʘʪʥʠʭ ʬʦʨʤ ʐʇɻ ʪʘ ʚʥʘʩʣʽʜʦʢ ʢʦʥʪʘʢʪʫ ʩʦʨʙʝʥʪʽʚ ʟ ʘʪʤʦʩʬʝʨʦʶ 

ʧʦʚʽʪʨʷ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ, ʱʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʚ ʥʘʩʪʫʧʥʠʭ 

ʨʦʟʜʽʣʘʭ. 

ʉʠʥʪʝʟ ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ ʢʘʨʙʦʢʩʠʣʘʪ-ʽʦʥʘʤʠ Zn,Al- ʪʘ Mg,Al-ʐʇɻ. 

ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʐʇɻ, ʱʦ ʤʽʩʪʷʪʴ ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʽʦʥʠ ï ʮʝ ʤʝʪʦʜ ʩʧʽʚʦʩʘʜʞʝʥʥʷ, ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʛʽʜʨʦʪʘʣʴʢʽʪʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [5]. ʅʘʡʯʘʩʪʽʰʝ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʐʇɻ, 

ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʽʦʥʘʤʠ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʦʩʘʜʞʝʥʥʷ ʧʨʠ 

ʧʦʩʪʫʧʦʚʦʤʫ ʜʦʜʘʚʘʥʥʽ ʟʤʽʰʘʥʦʛʦ ʨʦʟʯʠʥʫ ʜʝʷʢʠʭ ʩʦʣʝʡ ʄ(II) ʪʘ M(III) ʜʦ 

ʣʫʞʥʦʛʦ ʨʦʟʯʠʥʫ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʨʅ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʢʘʨʙʦʥʘʪ-ʽʦʥʘʤʠ ʥʝʦʙʭʽʜʥʦ ʯʝʨʝʟ ʨʝʘʢʮʽʡʥʫ 

ʩʫʤʽʰ ʧʨʦʧʫʩʢʘʪʠ ʟʘʭʠʩʥʠʡ ʛʘʟ (N2). ʇʨʦʜʫʢʪʠ ʨʝʘʢʮʽʾ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʙʨʫʜʥʝʥʽ ʘʥʽʦʥʘʤʠ ʚʠʭʽʜʥʠʭ ʩʦʣʝʡ ʤʝʪʘʣʽʚ. ʄʝʪʦʜ ʘʥʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʜʣʷ ʩʠʥʪʝʟʫ 

ʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʘʡʞʝ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʯʝʨʝʟ ʥʝ ʧʦʚʥʠʡ ʦʙʤʽʥ 
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ʥʝʦʨʛʘʥʽʯʥʠʭ ʤʽʞʰʘʨʦʚʠʭ ʘʥʽʦʥʽʚ ʟ ʦʨʛʘʥʽʯʥʠʤʠ [6]. ʇʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʐʇɻ 

ʧʨʠ (400õ500) Áʉ ʫʪʚʦʨʶʻʪʴʩʷ ʟʤʽʰʘʥʠʡ ʦʢʩʠʜ, ʷʢʠʡ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʚʦʜʦʶ ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʩʦʣʝʡ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʧʝʨʝʭʦʜʠʪʴ ʫ ʐʇɻ ʟ ʤʽʞʰʘʨʦʚʠʤʠ 

ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʽʦʥʘʤʠ. ɺʘʞʣʠʚʠʤʠ ʚ ʩʧʦʩʦʙʽ ʚʽʜʥʦʚʣʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʐʇɻ ʻ ʫʤʦʚʠ 

ʨʦʟʢʣʘʜʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʧʦʛʣʠʥʘʥʥʷ ʉʆ2 ʧʨʦʤʽʞʥʠʤʠ ʩʧʦʣʫʢʘʤʠ 

ʩʠʥʪʝʟʫ ʟ ʩʠʣʴʥʦʦʩʥʦʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ), ʫʪʚʦʨʝʥʥʷ ʥʝʨʦʟʯʠʥʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ 

ʧʦʛʘʥʦ ʦʢʨʠʩʪʘʣʽʟʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʐʇɻ [7]. 

ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʜʘʥʠʭ ʟʨʘʟʢʽʚ ʩʦʨʙʝʥʪʽʚ ʚ ʷʢʦʩʪʽ ʧʨʝʢʫʨʩʦʨʽʚ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʪʘʣʠ Zn ʪʘ Al (çʯʜʘè), ʘ ʪʘʢʦʞ ʅCl, NaOH ʪʘ NH4OH, Na2CO3 ʪʘ 

ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʘʤʽʥʪʝʪʨʘʦʮʪʦʚʘ (ɻʄɼʊɸ, H4hmdta) ʪʘ ʣʠʤʦʥʥʘ (Cit) ʢʠʩʣʦʪʠ 

(çʯè), ʘ ʪʘʢʦʞ ʨʦʟʯʠʥ 99 % ʜʠʝʪʠʣʝʥʪʨʠʘʤʽʥʧʝʥʪʘʦʮʪʦʚʦʾ (ɼʊʇɸ, H5dtpa) (çʭʯè, 

ʬʽʨʤʘ çMerckè). 

ɻʄɼʊɸ ï ʧʨʝʜʩʪʘʚʥʠʢ ʧʦʣʽʤʝʪʠʣʝʥʜʠʘʤʽʥʪʝʪʨʘʦʮʪʦʚʠʭ ʢʠʩʣʦʪ, ʦʪʨʠʤʘʥʠʭ 

ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʘʮʽʾ ʝʪʠʣʝʥʜʠʘʤʽʥʪʝʪʨʘʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ (ɽɼʊɸ) ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʚʫʛʣʝʮʝʚʦʜʥʝʚʠʭ ʣʘʥʦʢ ʤʽʞ ʘʪʦʤʘʤʠ ʘʟʦʪʫ [8]: 

          O                                    O 
    ||                                      || 

   HO ï C ï CH2              CH2 ï C ï OH 
|                     | 

N ï (CH2)6 ï N 
|                     | 

    HOï C ï CH2              CH2 ï C ï OH 
   ||                                      || 
   O                                   O . 

ɼʊʇɸ ï ʭʝʣʘʥʪ ʟ ʚʠʩʦʢʦʶ ʜʝʥʪʘʪʥʽʩʪʶ (ʧʦʪʝʥʮ̔ ʡʥʦ ʚʦʩʴʤʠʜʝʥʪʘʪʥʠʡ 

ʣ̔ʛʘʥʜ) [8]: 

     O                                                       O 
     ||                                                                         || 

     HOïCïCH2                                      CH2ïCïOH 
            |                                                              | 

NïCH2ïCH2ïNïCH2ïCH2ïN 
            |                              |                               | 

     HOïCïCH2               CH2ïCïOʅ    CH2ïCïOH 
     ||                                                ||                               || 

   O                                 O                     O . 

ʎʝ ʩʧʨʠʷʻ ʧʨʠ ʧʝʚʥʠʭ ʫʤʦʚʘʭ (ʥʘʧʨʠʢʣʘʜ, ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʪʽʦʥʽʚ) 

ʫʪʚʦʨʝʥʥʶ ʙʽʷʜʝʨʥʠʭ M2L ʪʘ ʧʦʣʽʷʜʝʨʥʠʭ MxL ʢʦʤʧʣʝʢʩʦʥʘʪʽʚ. 
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ɺʠʙʽʨ ɻʄɼʊɸ ʪʘ ɼʊʇɸ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʢʘʨʙʦʢʩʠʣʚʤʽʩʥʽ ʢʦʤʧʣʝʢʩʦʥʠ 

ʘʣʽʬʘʪʠʯʥʦʛʦ ʨʷʜʫ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʣʽʛʘʥʜʘʤʠ. ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʘʤʽʥʦ- ʪʘ ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ, ʘ ʪʘʢʦʞ ʜʦʚʞʠʥʠ ʧʦʣʽʤʝʪʠʣʝʥʦʚʦʛʦ ʣʘʥʮʶʛʘ ʚ 

ʛʦʤʦʣʦʛʘʭ ɽɼʊɸ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʩʧʝʮʠʬʽʯʥʦʩʪʽ ʢʦʤʧʣʝʢʩʦʥʘ, 

ʦʩʦʙʣʠʚʦ ʜʦ ʢʘʪʽʦʥʽʚ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ (ʟʦʢʨʝʤʘ, ʢʘʪʽʦʥʽʚ ʘʢʪʠʥʦʾʜʽʚ ʪʘ 

ʣʘʥʪʘʥʦʾʜʽʚ). ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʧʦʣʽʤʝʪʠʣʝʥʦʚʦʛʦ 

ʣʘʥʮʶʛʘ ʚ ʛʦʤʦʣʦʛʘʭ ɽɼʊɸ, ʟʦʢʨʝʤʘ ɻʄɼʊɸ, ʜʦ nÓ6 (n ï ʯʠʩʣʦ ʤʝʪʠʣʝʥʦʚʠʭ 

ʛʨʫʧ) ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʭʝʣʘʪʥʦʛʦ ʝʬʝʢʪʫ ʪʘ ʚʽʨʦʛʽʜʥʽʩʪʽ ʟʘʤʠʢʘʥʥʷ ʮʠʢʣʽʚ. ʎʝ 

ʚʠʷʚʣʷʻʪʴʩʷ ʫ ʧʽʜʚʠʱʝʥʥʽ ʚʽʜʥʦʩʥʦʾ ʩʪʽʡʢʦʩʪʽ ʢʦʤʧʣʝʢʩʽʚ ʟ ʜʝʷʢʠʤʠ ʤʝʪʘʣʘʤʠ ʟʘ 

ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʙʽʣʴʰʠʡ ʟʘ ʨʦʟʤʽʨʦʤ ʮʠʢʣ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʥʘʧʨʫʛʦʶ ʟʘʜʦʚʦʣʴʥʷʻ 

ʧʨʘʛʥʝʥʥʷ ʜʦ ʪʨʘʥʩ-ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʪʦʤʽʚ ʘʟʦʪʫ ʚ ʢʦʦʨʜʠʥʘʮʽʡʥʽʡ ʩʬʝʨʽ ʢʘʪʽʦʥʫ. 

ʇʨʠ ʥʘʜʣʠʰʢʫ ʢʘʪʽʦʥʽʚ ʥʝʚʠʛʽʜʥʽʩʪʴ ʟʘʤʢʥʝʥʥʷ ʮʠʢʣʽʚ ʟ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʣʘʥʦʢ 

ʧʽʜʩʠʣʶʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʙʽʷʜʝʨʥʠʭ ʢʦʤʧʣʝʢʩʦʥʘʪʽʚ ʟ ʨʽʚʥʦʮʽʥʥʦ 

ʟʚôʷʟʘʥʠʤʠ ʢʘʪʽʦʥʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʘʤʽʥʦʚʠʡ ʬʨʘʛʤʝʥʪ ʚʠʢʦʥʫʻ 

ʤʦʩʪʠʢʦʚʫ ʬʫʥʢʮʽʶ [8]. 

ʆʪʨʠʤʘʥʥʷ Zn,Al-ʐʇɻ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʘʤʽʥʪʝʪʨʘʘʮʝʪʘʪ- 

(ɻʄɼʊɸ, H4hmdta) ï [Zn4Al2(ʆʅ)12]Ŀɻʄɼʊɸ)Ŀnʅ2ʆ (Zn,Al_ɻʄɼʊɸ) ʪʘ 

ʜʠʝʪʠʣʝʥʪʨʠʘʤʽʥʧʝʥʪʘʘʮʝʪʘʪ-ʘʥʽʦʥʦʤ (ɼʊʇɸ, H5dtpa) ï 

[Zn4Al2(ʆʅ)12]Ŀɼʊʇɸ)Ŀnʅ2ʆ (Zn,Al-ɼʊʇɸ) ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ [9, 10] ʫ ʜʝʢʽʣʴʢʘ 

ʝʪʘʧʽʚ: 

1) ʩʠʥʪʝʟ ʢʘʨʙʦʥʘʪʥʦʾ ʬʦʨʤʠ Zn,Al-ʐʇɻ (ʩʠʥʪʝʟ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʚʠʱʝ);  

2) ʦʪʨʠʤʘʥʥʷ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʬʦʨʤʠ Zn,Al-ʐʇɻ ʰʣʷʭʦʤ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʧʨʠ 400 Üʉ ʚʧʨʦʜʦʚʞ 2 ʛʦʜ ʢʘʨʙʦʥʘʪʥʦʾ ʬʦʨʤʠ Zn,Al-ʐʇɻ; 

3) ʦʪʨʠʤʘʥʥʷ ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʾ ʢʘʨʙʦʢʩʠʣʘʪ-ʽʦʥʘʤʠ Zn,Al-ʐʇɻ ʧʨʠ ʚʟʘʻʤʦʜʽʾ 

ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʬʦʨʤʠ Zn,Al-ʐʇɻ ʟ ʚʦʜʥʠʤʠ ʨʦʟʯʠʥʘʤʠ, ʷʢʽ ʤʽʩʪʠʣʠ ɻʄɼʊɸ ʪʘ 

ɼʊʇɸ, ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʛʽʜʨʦʢʩʠʜʫ ʘʤʦʥʽʶ. ʉʭʝʤʘʪʠʯʥʦ ʦʪʨʠʤʘʥʥʷ Zn,Al_ɻʄɼʊɸ 

ʪʘ Zn,Al-ɼʊʇɸ ʤʦʞʥʘ ʟʦʙʨʘʟʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

Zn4Al2ʆ7  + H4hmdta + (5+n)H2O ­ [Zn4Al2(ʆH)12]ĿH2hmdtaĿnH2O     (2.2), 

Zn4Al2ʆ7 + H5dtpa + (5+n)H2O ­ [Zn4Al2(ʆH)12]ĿH3dtpaĿnH2O         (2.3). 
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ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʢʘʨʙʦʥʘʪʥʦʾ ʬʦʨʤʠ Zn,Al-ʐʇɻ ʛʦʪʫʚʘʣʠ ʨʦʟʯʠʥʠ 1 ʪʘ 2.  

ʇʝʨʰʠʡ ʨʦʟʯʠʥ ʤʽʩʪʠʚ 2 ʤʦʣʴ/ʜʤ3 NaOH ʪʘ 1 ʤʦʣʴ/ʜʤ3 Na2CO3. ɼʨʫʛʠʡ ʨʦʟʯʠʥ 

ʛʦʪʫʚʘʣʠ ʰʣʷʭʦʤ ʨʦʟʯʠʥʝʥʥʷ ʥʘʚʘʞʢʠ ʤʝʪʘʣʽʚ Zn ʪʘ Al ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚ 20 % ʅCl, 

ʚʟʷʪʦʾ ʫ ʥʝʚʝʣʠʢʦʤʫ ʥʘʜʣʠʰʢʫ ʚʽʜ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʦʛʦ, ʪʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ NaOH ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʨʅ = 2, ʨʦʟʙʘʚʣʷʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʜʦ 

1 ʜʤ3. ɼʘʥʠʡ ʨʦʟʯʠʥ ʤʽʩʪʠʚ 0,67 ʤʦʣʴ/ʜʤ3 ZnCl2 ʪʘ 0,33 ʤʦʣʴ/ʜʤ
3 AlCl3. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʧʝʨʠʩʪʘʣʴʪʠʯʥʦʛʦ ʥʘʩʦʩʫ ʧʨʠʛʦʪʦʚʣʝʥʽ ʨʦʟʯʠʥʠ 1 ʪʘ 2 ʜʦʜʘʚʘʣʠ ʽʟ 

ʰʚʠʜʢʽʩʪʶ 1 ʩʤ3/ʭʚ ʧʦ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʣʽʥʽʷʭ ʫ ʧʦʣ̔ʧʨʦʧʣ̔ʝʥʦʚʫ ʻʤʥʽʩʪʴ ʟ 

400 ʩʤ3 ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ. ʇʨʠ ʮʴʦʤʫ ʚ 

ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʟʥʘʯʝʥʥʷ ʨʅ ʧʽʜʚʠʱʫʚʘʣʦʩʴ ʚʽʜ 9,25 ʜʦ 10. ʇʽʩʣʷ ʟʤʽʰʫʚʘʥʥʷ 

ʨʦʟʯʠʥʽʚ ʢʦʣʙʫ ʟ ʨʝʘʢʮʽʡʥʦʶ ʩʫʤʽʰʰʶ ʚʠʪʨʠʤʫʚʘʣʠ ʚʧʨʦʜʦʚʞ 1 ʜʦʙʠ ʧʨʠ                   

80ï85 Üʉ ʫ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ. ʆʩʘʜ ʚʽʜʦʢʨʝʤʣʶʚʘʣʠ ʥʘ ʮʝʥʪʨʠʬʫʟʽ ʪʘ ʧʨʦʤʠʚʘʣʠ 

ʛʘʨʷʯʦʶ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʜʦ ʥʝʛʘʪʠʚʥʦʾ ʨʝʘʢʮʽʾ ʥʘ Cl--ʽʦʥʠ ʪʘ ʩʫʰʠʣʠ ʧʨʠ 60 

Üʉ. ʂʘʣʴʮʠʥʦʚʘʥʠʡ Zn,Al-ʐʇɻ ʦʪʨʠʤʫʚʘʣʠ ʰʣʷʭʦʤ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʢʘʨʙʦʥʘʪʥʦʾ ʬʦʨʤʠ Zn,Al-ʐʇɻ ʧʨʠ 400 Üʉ ʚʧʨʦʜʦʚʞ 2 ʛʦʜ ʫ ʢʚʘʨʮʝʚʠʭ ʪʠʛʣʷʭ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʩʠʥʪʝʟʦʤ ʩʦʨʙʝʥʪʽʚ Zn,Al-ɻʄɼʊɸ ʪʘ Zn,Al-ɼʊʇɸ. 

ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʩʠʥʪʝʟʽ ʟʛʽʜʥʦ 

ʚʠʱʝʥʘʚʝʜʝʥʦʾ ʩʭʝʤʠ ʨʘʟʦʤ ʟ Zn,Al-ɻʄɼʊɸ ʪʘ Zn,Al-ɼʊʇɸ ʫʪʚʦʨʶʻʪʴʩʷ 

ʢʨʠʩʪʘʣʽʯʥʠʡ ʥʝʨʦʟʯʠʥʥʠʡ ʧʨʦʜʫʢʪ ʥʝʚʩʪʘʥʦʚʣʝʥʦʾ ʧʨʠʨʦʜʠ. ʈʝʛʫʣʶʚʘʥʥʷ ʨʅ 

ʧʦʯʘʪʢʦʚʦʛʦ ʨʦʟʯʠʥʫ ɻʄɼʊɸ ʪʘ ɼʊʇɸ 20 % ʘʤʽʘʢʦʤ ʚ ʦʙʣʘʩʪʽ ʨʅ = (2,5õ8,0) 

ʧʝʨʝʜ ʚʚʝʜʝʥʥʷʤ ʢʘʣʴʮʠʥʦʚʘʥʦʛʦ Zn,Al-ʐʇɻ ʧʝʨʝʰʢʦʜʞʘʻ ʫʪʚʦʨʝʥʥʶ ʮʴʦʛʦ 

ʧʦʙʽʯʥʦʛʦ ʧʨʦʜʫʢʪʫ. ʊʘʢʦʞ ʧʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʘʤʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʟʨʘʟʢʽʚ Zn,Al-ɻʄɼʊɸ ʪʘ Zn,Al-ɼʊʇɸ ʙʝʟ ʜʦʤʽʰʦʢ ʥʝʦʙʭʽʜʥʠʡ 

ʥʘʜʣʠʰʦʢ ɻʄɼʊɸ ʪʘ ɼʊʇɸ ʩʢʣʘʜʘʻ 1,2 ʨʘʟʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦ 

ʥʝʦʙʭʽʜʥʠʤ ʟʘ ʚʠʱʝʟʛʘʜʘʥʠʤʠ ʩʭʝʤʘʤʠ ʨʝʘʢʮʽʾ 2.2, 2.3. 

ʉʠʥʪʝʟ Zn,Al-ɻʄɼʊɸ ʪʘ Zn,Al-ɼʊʇɸ ʧʨʦʚʦʜʠʣʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʫ 3-

ʛʦʨʣʫ ʢʦʣʙʫ ʟ 100 ʩʤ3 ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ, ʱʦ ʥʝ ʤʽʩʪʠʪʴ ʉʆ2, ʜʦʜʘʚʘʣʠ 2,0475 ʛ 

ɻʄɼʊɸ/ɼʊʇɸ ʪʘ 1,2 ʩʤ3 20 % ʨʦʟʯʠʥʫ ʘʤʽʘʢʫ. ʉʫʤʽʰ ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʪʘ ʢʠʧôʷʪʠʣʠ ʚʧʨʦʜʦʚʞ 6 ʭʚ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʤʦʞʣʠʚʠʭ ʟʘʣʠʰʢʽʚ ʉʆ2. ɼʦ 

ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʯʠʥʫ ʟ ʨʅ = 2,5 ʜʦʜʘʚʘʣʠ 2,090 ʛ ʩʚʽʞʦʧʨʠʛʦʪʦʚʣʝʥʦʛʦ 



 129 

ʢʘʣʴʮʠʥʦʚʘʥʦʛʦ Zn,Al-ʐʇɻ ʪʘ 150 ʩʤ3 ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ. ʆʪʨʠʤʘʥʫ ʨʝʘʢʮʽʡʥʫ 

ʩʫʤʽʰ, ʥʘʛʨʽʪʫ ʜʦ 60 Üʉ, ʧʝʨʝʤʽʰʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʥʦʾ ʤʽʰʘʣʢʠ, ʧʨʠ 

ʮʴʦʤʫ ʯʝʨʝʟ ʥʝʾ ʧʨʦʧʫʩʢʘʣʠ N2 ʽʟ ʰʚʠʜʢʽʩʪʶ 3-10 ʩʤ3/ʭʚ ʚʧʨʦʜʦʚʞ ʚʩʴʦʛʦ ʩʠʥʪʝʟʫ 

(8 ʛʦʜ). ʆʪʨʠʤʘʥʠʡ ʧʨʦʜʫʢʪ ʧʝʨʝʥʦʩʠʣʠ ʥʘ ʩʢʣʷʥʠʡ ʬʽʣʴʪʨ ˉ 4, ʚʽʜʤʠʚʘʣʠ ʚʽʜ 

ʨʦʟʯʠʥʥʠʭ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʛʘʨʷʯʦʶ ʜʠʩʪʠʣʶʚʘʥʦʶ ʚʦʜʦʶ ʪʘ ʩʫʰʠʣʠ ʧʨʠ 

50 Üʉ ʚ ʤʫʬʝʣʴʥʽʡ ʰʘʬʽ ʚʧʨʦʜʦʚʞ 12 ʛʦʜ. 

ʊʘʢʦʞ ʫ ʨʦʙʦʪʽ ʦʪʨʠʤʘʥʦ Zn,Al- ʪʘ Mg,Al-ʐʇɻ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʽ ʮʠʪʨʘʪ-

ʘʥʽʦʥʘʤʠ ï [Zn4Al2(ʆʅ)11]ĿCitĿ8ʅ2ʆ (Zn,Al-ʉit) ʪʘ [Mg4Al2(ʆʅ)11]ĿCitĿ8ʅ2ʆ 

(Mg,Al-ʉit).  

ɺʽʜʦʤʦ [11], ʱʦ ʮʠʪʨʘʪ-ʽʦʥʠ ʟʜʘʪʥʽ ʫʪʚʦʨʶʚʘʪʠ ʜʦʩʠʪʴ ʩʪʘʙʽʣʴʥʽ ʤʦʥʦ- ʪʘ 

ʧʦʣʽʷʜʝʨʥʽ ʢʦʤʧʣʝʢʩʠ ʟ ʢʘʪʽʦʥʘʤʠ ʙʘʛʘʪʴʦʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʭʝʣʘʪʫʶʯʠʤ ʝʬʝʢʪʦʤ ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʙʦʢʦʚʠʭ ʚʽʜʛʘʣʫʞʝʥʴ (ʛʽʜʨʦʢʩʠʣʴʥʦʾ ʪʘ 

ʪʨʴʦʭ ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ) ʫ ʾʭ ʩʪʨʫʢʪʫʨʽ: 

CH2 ï COO-
 

  ƅ 

 HO ï C ï COO- 

 ƅ 

CH2 ï COO-. 

ʎʠʪʨʘʪ-ʘʥʽʦʥʠ ʻ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʭ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ ʭʘʨʯʦʚʽʡ 

ʪʘ ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʫ ʧʨʦʮʝʩʘʭ ʜʝʟʘʢʪʠʚʘʮʽʾ. ʊʘʢʦʞ ʚʦʥʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ, ʛʨʫʥʪʘʭ, ʨʦʩʣʠʥʘʭ) ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʟʨʘʟʢʽʚ Zn,Al-ʉit ï [Zn4Al2(ʆʅ)11]ĿCitĿ8ʅ2ʆ, ʪʘ Mg,Al-ʉit ï 

[Mg4Al2(ʆʅ)11]ĿCitĿ8ʅ2ʆ, ʥʘʤʠ ʚʠʢʦʨʠʩʪʘʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʚʪʦʨʘʤʠ [12] 

ʧʨʦʩʪʠʡ ʤʝʪʦʜ, ʱʦ ʚʢʣʶʯʘʻ ʨʦʟʯʠʥʝʥʥʷ ʢʘʨʙʦʥʘʪʥʦʾ ʬʦʨʤʠ Mg,Al- ʘʙʦ Zn,Al-

ʐʇɻ ʫ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪʘʭ ʪʘ ʧʦʜʘʣʴʰʝ ʦʩʘʜʞʝʥʥʷ ʣʫʞʥʠʤʠ ʨʦʟʯʠʥʘʤʠ. ʇʨʠ 

ʮʴʦʤʫ ʥʝ ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʨʝʘʢʮʽʾ ʚ ʟʘʭʠʩʥʽʡ ʘʪʤʦʩʬʝʨʽ ʪʘ ʦʜʝʨʞʫʚʘʥʽ 

ʧʨʦʜʫʢʪʠ ʤʽʩʪʷʪʴ ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʪʽʣʴʢʠ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʽʦʥʠ. ɺʽʜʩʫʪʥʽʩʪʴ 

ʩʪʦʨʦʥʥʽʭ ʘʥʽʦʥʽʚ, ʡʤʦʚʽʨʥʦ, ʦʙʫʤʦʚʣʝʥʦ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʦʨʛʘʥʽʯʥʠʭ 

ʣʽʛʘʥʜʽʚ ʫ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʥʠʟʴʢʠʭ ʨʅ ʢʘʪʽʦʥʠ ʟʽ ʩʢʣʘʜʫ ʐʇɻ 

ʟʚôʷʟʫʶʪʴʩʷ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʽʦʥʘʤʠ ʚ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ, ʦʜʥʘʢ ʧʽʜʚʠʱʝʥʥʷ 
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ʢʦʥʮʝʥʪʨʘʮʽʾ ʆʅ--ʽʦʥʽʚ ʚʠʢʣʠʢʘʻ ʾʭ ʨʫʡʥʫʚʘʥʥʷ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʢʘʪʽʦʥʠ ʤʝʪʘʣʽʚ 

ʧʦʛʣʠʥʘʶʪʴʩʷ ʙʨʫʩʠʪʦʧʦʜʽʙʥʠʤʠ ʰʘʨʘʤʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʚʽʣʴʥʽ 

ʦʨʛʘʥʽʯʥʽ ʘʥʽʦʥʠ ʟʘʧʦʚʥʶʶʪʴ ʤʽʞʰʘʨʦʚʫ ʦʙʣʘʩʪʴ ʩʪʨʫʢʪʫʨ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ, ʪʘ ʥʝ 

ʜʦʟʚʦʣʷʶʪʴ ʪʘʢʠʤ ʯʠʥʦʤ ʽʥʰʠʤ ʥʘʷʚʥʠʤ ʘʥʽʦʥʘʤ ʫ ʨʦʟʯʠʥʽ ʧʨʦʥʠʢʘʪʠ ʫ 

ʤʽʞʰʘʨʦʚʠʡ ʧʨʦʩʪʽʨ ʐʇɻ. 

ɼʣʷ ʩʠʥʪʝʟʫ Zn,Al-ʉit ʧʦʧʝʨʝʜʥʴʦ ʛʦʪʫʚʘʣʠ ʢʘʨʙʦʥʘʪʥʫ ʬʦʨʤʫ ʐʇɻ (Zn,Al-

CO3) ʟ ʤʦʣʴʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [Zn(II)]/[Al(IIɯ)] ʨʽʚʥʠʤ 2. ɿʨʘʟʦʢ Zn,Al-CO3 

ʦʪʨʠʤʫʚʘʣʠ ʦʩʘʜʞʝʥʥʷʤ ʟ ʨʦʟʯʠʥʽʚ ʭʣʦʨʠʜʽʚ Zn(II) ʪʘ Al(III) ʧʨʠ pH = 9,0. ɼʣʷ 

ʮʴʦʛʦ ʛʦʪʫʚʘʣʠ ʜʚʘ ʨʦʟʯʠʥʠ ʧʦ 1 ʜʤ3: ʧʝʨʰʠʡ ʨʦʟʯʠʥ ʤʽʩʪʠʚ 2 ʤʦʣʴ NaOH ʪʘ 

1 ʤʦʣʴ Na2CO3, ʪʘ ʜʨʫʛʠʡ (pH = 2) ï 0,67 ʤʦʣʴ ZnCl2 ʪʘ 0,33 ʤʦʣʴ AlCl3, ʦʪʨʠʤʘʥʽ 

ʨʦʟʯʠʥʝʥʥʷʤ ʪʦʯʥʠʭ ʥʘʚʘʞʦʢ ʤʝʪʘʣʽʚ Zn ʪʘ Al ʫ HCl ʚ ʢʦʣʙʽ ʟʽ ʟʚʦʨʦʪʥʠʤ 

ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʪʨʘʪ ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʧʝʨʠʩʪʘʣʴʪʠʯʥʦʛʦ ʥʘʩʦʩʫ ʦʙʠʜʚʘ ʨʦʟʯʠʥʠ ʧʦ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʣʽʥʽʷʭ ʧʦʜʘʚʘʣʠ ʟʽ 

ʰʚʠʜʢʽʩʪʶ 5 ʩʤ3/ʭʚ ʚ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʫ ʻʤʥʽʩʪʴ ʟ 400 ʩʤ3 ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ. ʇʨʠ 

ʮʴʦʤʫ ʟʜʽʡʩʥʶʚʘʣʠ ʽʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ʋ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʧʽʜʪʨʠʤʫʚʘʣʠ 

pH = 8,0õ9,0, ʜʦʜʘʶʯʠ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ HCl ʘʙʦ NaOH. ʇʽʩʣʷ ʟʤʽʰʫʚʘʥʥʷ 

ʨʦʟʯʠʥʽʚ ʻʤʥʽʩʪʴ ʟ ʨʝʘʢʮʽʡʥʦʶ ʩʫʤʽʰʰʶ ʟʘʢʨʠʚʘʣʠ ʪʘ ʚʠʪʨʠʤʫʚʘʣʠ ʚʧʨʦʜʦʚʞ 3 

ʜʽʙ ʧʨʠ 60õ70 Áʉ ʫ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ. ʇʽʩʣʷ ʩʪʘʨʽʥʥʷ ʦʩʘʜ ʚʽʜʦʢʨʝʤʣʶʚʘʣʠ 

ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʪʘ ʧʨʦʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʜʦ ʥʝʛʘʪʠʚʥʦʾ ʧʨʦʙʠ ʟ 

ʨʦʟʯʠʥʦʤ AgNO3, ʩʫʰʠʣʠ ʧʨʠ 60 Áʉ ʚʧʨʦʜʦʚʞ ʜʦʙʠ, ʚʠʟʥʘʯʘʣʠ ʡʦʛʦ ʩʢʣʘʜ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʷʢ ʚ ʷʢʦʩʪʽ ʩʦʨʙʝʥʪʫ, ʪʘʢ ʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʩʦʨʙʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʎʠʪʨʘʪʥʫ ʬʦʨʤʫ Zn,Al-ʐʇɻ ʦʪʨʠʤʫʚʘʣʠ ʧʨʠ ʨʦʟʯʠʥʝʥʥʽ Zn,Al-CO3 ʚ 

ʨʦʟʯʠʥʽ ʣʠʤʦʥʥʦʾ ʢʠʩʣʦʪʠ ʟ ʧʦʜʘʣʴʰʠʤ ʦʩʘʜʞʝʥʥʷʤ ʣʫʛʦʤ [13]. ɼʦ ʩʫʩʧʝʥʟʽʾ, ʷʢʘ 

ʤʽʩʪʠʣʘ 26,05 ʛ Zn,Al-CO3 ʪʘ 300 ʩʤ3 ʪʝʧʣʦʾ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ, ʧʨʠ 

ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʥʦʾ ʤʽʰʘʣʢʠ ʧʦʩʪʫʧʦʚʦ ʜʦʜʘʚʘʣʠ 44,125 ʛ 

ʩʫʭʦʾ ʥʘʚʘʞʢʠ ʣʠʤʦʥʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʧʝʨʝʤʽʰʫʚʘʣʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʧʨʦʟʦʨʦʛʦ 

ʨʦʟʯʠʥʫ (~0,5 ʛʦʜ). ʆʪʨʠʤʘʥʠʡ ʨʦʟʯʠʥ ʧʝʨʠʩʪʘʣʴʪʠʯʥʠʤ ʥʘʩʦʩʦʤ ʟʽ ʰʚʠʜʢʽʩʪʶ 7 

ʩʤ3/ʭʚ ʜʦʜʘʚʘʣʠ ʜʦ 300 ʩʤ3 ʨʦʟʯʠʥʫ, ʱʦ ʤʽʩʪʠʚ 20 ʛ NaOH. ʇʨʠ ʮʴʦʤʫ pH ʨʦʟʯʠʥʫ 

ʧʽʩʣʷ ʨʝʘʢʮʽʾ ʩʪʘʥʦʚʠʚ 9,2 õ 9,5. ɼʘʣʽ ʢʦʣʙʫ ʟʘʢʨʠʚʘʣʠ ʧʨʦʙʢʦʶ ʪʘ ʚʠʪʨʠʤʫʚʘʣʠ 
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ʧʨʠ 60 Áʉ 24 ʛʦʜ. ʆʩʘʜ ʚʽʜʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ, ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ ʪʘ 

ʩʫʰʠʣʠ ʧʨʠ 60 õ 70 Áʉ ʚʧʨʦʜʦʚʞ 12 ʛʦʜ. 

ɼʣʷ ʩʠʥʪʝʟʫ Mg,Al-ʉit ʧʦʧʝʨʝʜʥʴʦ ʛʦʪʫʚʘʣʠ ʢʘʨʙʦʥʘʪʥʫ ʬʦʨʤʫ ʐʇɻ 

(Mg,Al-CO3) ʟ ʤʦʣʴʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [Mg(II)]/[Al(IIɯ)], ʨʽʚʥʠʤ 2, ʧʨʠ 

ʩʧʽʣʴʥʦʤʫ ʦʩʘʜʞʝʥʥʽ 1 ʤʦʣʴ/ʜʤ3 ʭʣʦʨʠʜʽʚ Mg(II) ʪʘ Al(III), ʦʪʨʠʤʘʥʠʭ ʟ MgO ʪʘ Al 

ʫ HCl, ʨʦʟʯʠʥʘʤʠ NaOH ʪʘ Na2ʉʆ3 ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ [14]. ʎʠʪʨʘʪʥʫ ʬʦʨʤʫ Mg,Al-

ʐʇɻ ʩʠʥʪʝʟʫʚʘʣʠ ʰʣʷʭʦʤ ʨʦʟʯʠʥʝʥʥʷ Mg,Al-CO3 ʫ ʨʦʟʯʠʥʽ ʣʠʤʦʥʥʦʾ ʢʠʩʣʦʪʠ ʟ 

ʧʦʜʘʣʴʰʠʤ ʦʩʘʜʞʝʥʥʷʤ ʣʫʛʦʤ [12]. ɼʦ 400 ʩʤ3 ʛʘʨʷʯʦʾ ʚʦʜʠ (50 Áʉ), ʱʦ ʤʽʩʪʠʣʘ 

20 ʛ Mg,Al-CO3, ʧʦʩʪʫʧʦʚʦ ʜʦʜʘʚʘʣʠ 44,1 ʛ (0,21 ʤʦʣʴ) ʣʠʤʦʥʥʦʾ ʢʠʩʣʦʪʠ ʧʨʠ 

ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʥʘ ʤʘʛʥʽʪʥʽʡ ʤʽʰʘʣʮʽ ʜʦ ʧʦʚʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʐʇɻ. ʆʪʨʠʤʘʥʠʡ 

ʧʨʦʟʦʨʠʡ ʨʦʟʯʠʥ, ʧʝʨʝʤʽʰʫʶʯʠ, ʧʨʠʢʘʧʫʚʘʣʠ ʚ ʩʣʘʙʢʦʤʫ ʧʦʪʦʮʽ ʘʟʦʪʫ ʟʽ 

ʰʚʠʜʢʽʩʪʶ 5 ʩʤ3/ʭʚ ʜʦ 300 ʩʤ3 ʨʦʟʯʠʥʫ, ʷʢʠʡ ʤʽʩʪʠʚ 20 ʛ NaOH (0,5 ʤʦʣʴ). 

ʇʨʠʛʦʪʦʚʣʝʥʫ ʩʫʤʽʰ (ʨʅ = (8,5 õ 9,0)) ʢʠʧô̫ ʪʠʣʠ ʟʽ ʟʚʦʨʦʪʥʠʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ 

ʚʧʨʦʜʦʚʞ 10 ʛʦʜ. ʇʦʪʽʤ ʦʩʘʜ ʧʝʨʝʥʦʩʠʣʠ ʥʘ ʩʢʣʷʥʠʡ ʬʽʣʴʪʨ ˉ 4 ʪʘ ʚʽʜʤʠʚʘʣʠ 

ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ. ʆʪʨʠʤʘʥʠʡ ʧʨʦʜʫʢʪ ʩʫʰʠʣʠ ʧʨʠ (60õ70) Áʉ ʚʧʨʦʜʦʚʞ 

(8õ10) ʛʦʜ, ʚʠʟʥʘʯʘʣʠ ʡʦʛʦ ʩʢʣʘʜ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʡʦʛʦ ʷʢ ʚ ʷʢʦʩʪʽ ʩʦʨʙʝʥʪʫ, 

ʪʘʢ ʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʩʦʨʙʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʉʠʥʪʝʟ ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ(ɯɯ)-ʽʦʥʦʤ Zn,Al-ʐʇɻ. ʄʝʪʦʜʠ 

ʦʪʨʠʤʘʥʥʷ ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ (ɯɯ)-ʽʦʥʘʤʠ Zn,Al-ʐʇɻ ˇʨʫʥʪʫʶʪʴʩʷ 

ʥʘ ʘʥʽʦʥʥʦʤʫ ʦʙʤʽʥʽ Cl--ʘʥʽʦʥʽʚ ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʐʇɻ ʥʘ ʘʥʽʦʥʠ 

[Fe(CN)6]
4- [15, 16], ʘ ʪʘʢʦʞ ʥʘ ʧʨʷʤʦʤʫ ʦʩʘʜʞʝʥʥʽ ʟ ʨʦʟʯʠʥʽʚ ʩʫʤʽʰʝʡ ZnCl2 ʪʘ 

AlCl3 ʧʨʠ ʨʅ = 9,0 õ 10,0 ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʂ4[Fe(CN)6] (ʚ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ 

ʢʽʣʴʢʦʩʪʷʭ), ʱʦ ʚʚʦʜʠʪʴʩʷ ʫ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʧʘʨʘʣʝʣʴʥʦ ʯʠ ʧʝʨʝʜ ʜʦʜʘʚʘʥʥʷʤ 

NaOH [17, 18]. ʉʠʥʪʝʟ ʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʚʦʜʷʪʴ ʫ ʘʪʤʦʩʬʝʨʽ ʛʘʟʫ, ʦʯʠʱʝʥʦʛʦ 

ʚʽʜ ʉʆ2, ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʢʘʨʙʦʥʽʟʦʚʘʥʦʾ ʚʦʜʠ ʪʘ ʣʫʛʫ ʯʝʨʝʟ ʟʥʘʯʥʫ 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʐʇɻ ʱʦʜʦ ʢʘʨʙʦʥʘʪ-ʽʦʥʽʚ. ɼʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʟʤʽʰʘʥʠʭ 

ʩʦʣʝʡ (ʢʘʣʽʡʮʠʥʢʦʚʠʭ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ) ʨʝʢʦʤʝʥʜʦʚʘʥʝ ʤʦʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʚʠʭʽʜʥʠʭ ʨʝʘʛʝʥʪʽʚ ï ʂ4[Fe(CN)]6 ʪʘ ɸl, ʩʪʘʥʦʚʠʪʴ 1:4 [15]. 

ɼʣʷ ʩʠʥʪʝʟʫ ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ(ɯɯ)-ʽʦʥʦʤ Zn,Al-ʐʇɻ 

Zn4Al2(ʆʅ)12[Fe(CN)6]0,5Ŀnʅ2ʆ (Zn,Al-FeCN) ʰʣʷʭʦʤ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʟʛʽʜʥʦ 
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ʤʝʪʦʜʠʢ [18, 19] ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 5-ʪʠ ʛʦʨʣʦʚʫ ʢʦʣʙʫ ʦʙô̒ ʤʦʤ 0,5 ʜʤ3, ʚ ʷʢʫ 

ʜʦʜʘʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʧʝʪʢʠ 10 ʩʤ3 2 ʤʦʣʴ/ʜʤ3 ʨʦʟʯʠʥʫ Zn(NO3)2, 1 ʤʦʣʴ/ʜʤ3 

Al(NO3)3 ʪʘ 200 ʩʤ
3 ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ ʙʝʟ ʉʆ2, ʘ ʪʘʢʦʞ 50 ʩʤ

3 ʛʘʨʷʯʦʛʦ ʚʦʜʥʦʛʦ 

ʨʦʟʯʠʥʫ ʂ4[Fe(CN)6], ʷʢʠʡ ʤʽʩʪʠʚ 1,1616 ʛ ʚʢʘʟʘʥʦʾ ʩʦʣʽ. ʆʪʨʠʤʘʥʫ ʨʝʘʢʮʽʡʥʫ 

ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʚʘʣʠ ʤʘʛʥʽʪʥʦʶ ʤʽʰʘʣʢʦʶ ʚʧʨʦʜʦʚʞ 1 ʛʦʜ ʫ ʧʦʪʦʮʽ N2 (ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʉʆ2). ʇʽʩʣʷ ʾʾ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʚʦʜʠʣʠ ʧʝʨʠʩʪʘʣʴʪʠʯʥʠʤ ʥʘʩʦʩʦʤ ʟʽ ʰʚʠʜʢʽʩʪʶ 0,4 ʩʤ3/ʭʚ 5 % ʚʦʜʥʠʡ ʨʦʟʯʠʥ 

NaOH. ʇʨʠ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʫʪʚʦʨʝʥʥʷ ʦʩʘʜʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʟʥʘʯʝʥʥʷ ʨʅ. ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʨʅ=10,2 ʜʦʜʘʚʘʥʥʷ NaOH ʧʨʠʧʠʥʷʣʠ, ʘ ʩʫʤʽʰ 

ʧʝʨʝʤʽʰʫʚʘʣʠ ʱʝ ʚʧʨʦʜʦʚʞ 12 ʛʦʜ ʫ ʧʦʪʦʮʽ N2. ʇʦʪʽʤ ʢʦʣʙʫ ʟ ʨʝʘʢʮʽʡʥʦʶ 

ʩʫʤʽʰʰʶ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʠʚʘʣʠ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʽʥʝʨʪʥʦʾ ʘʪʤʦʩʬʝʨʠ ʪʘ 

ʚʠʪʨʠʤʫʚʘʣʠ ʫ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ 24 ʛʦʜ ʧʨʠ 60 Üʉ. ʆʪʨʠʤʘʥʠʡ ʦʩʘʜ ʨʝʪʝʣʴʥʦ 

ʚʽʜʤʠʚʘʣʠ 5-7 ʨʘʟʽʚ ʥʘ ʩʢʣʷʥʦʤʫ ʬʽʣʴʪʨʽ ˉ4 ʪʘ ʩʫʰʠʣʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʚʧʨʦʜʦʚʞ ʜʝʢʽʣʴʢʦʭ ʜʽʙ. 

ʉʠʥʪʝʟ ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʦʤ ʤʽʜʽ (ɯɯ) Zn,Al-ʐʇɻ. 

ʇʨʠʛʦʪʫʚʘʥʥʷ ʟʨʘʟʢʘ Zn,Al-ʐʇɻ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʦʤ ʤʽʜʽ (ɯɯ), 

(Zn,Al-CuFeCN) ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʘ ʝʪʘʧʠ: 

1) ʦʪʨʠʤʘʥʥʷ ʟʨʘʟʢʘ Zn,Al-FeCN ʟʘ ʚʠʱʝ ʥʘʚʝʜʝʥʦʶ ʤʝʪʦʜʠʢʦʶ; 

2) ʦʪʨʠʤʘʥʥʷ Zn,Al-CuFeCN ʫ ʨʝʟʫʣʴʪʘʪʽ ʩʦʨʙʮʽʾ Cu(II) ʟ ʾʾ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʧʝʨʝʜʥʴʦ ʥʘʤʠ [20, 21] ʚʠʟʥʘʯʝʥʦ ʚʠʩʦʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ (99,7 %) ʚʠʣʫʯʝʥʥʷ ʉu(II) ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ Zn,Al-FeCN (ʨʅ = 4,0). 

ɼʘʥʠʡ ʧʨʦʮʝʩ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ. 

ɼʣʷ ʩʠʥʪʝʟʫ ʟʨʘʟʢʘ Zn,Al-CuFeCN ʫ ʢʦʥʽʯʥʫ ʢʦʣʙʫ ʟʽ ʰʣʽʬʦʤ ʻʤʥʽʩʪʶ 2 ʜʤ3 

ʚʥʦʩʠʣʠ ʧʦʚʽʪʨʷʥʦ-ʩʫʭʫ ʥʘʚʘʞʢʫ Zn,Al-FeCN ʪʘ ʜʦʜʘʚʘʣʠ ʚʦʜʥʠʡ ʨʦʟʯʠʥ 

(ʨʅ = 4,0) Cu(II) ʟ ʢʦʥʮʝʥʪʨʘʮʽʻ  ʁ 2,5Ŀ10-4 ʤʦʣʴ/ʜʤ3 ʧʨʠ V/m = 100. ʉʫʩʧʝʥʟʽʶ 

ʧʝʨʽʦʜʠʯʥʦ ʩʪʨʫʰʫʚʘʣʠ ʚʧʨʦʜʦʚʞ 2 ʛʦʜ ʥʘ ʘʧʘʨʘʪʽ çɸɺʋ-6ʉè. ʇʽʩʣʷ ʩʦʨʙʮʽʾ 

ʪʚʝʨʜʫ ʬʘʟʫ ʚʽʜʦʢʨʝʤʣʶʚʘʣʠ ʚʽʜ ʨʽʜʢʦʾ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʧʨʠ 5000 ʦʙ/ʭʚ. 

ʆʪʨʠʤʘʥʠʡ ʦʩʘʜ ʩʫʰʠʣʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʧʨʦʜʦʚʞ ʜʝʢʽʣʴʢʦʭ ʜʽʙ. 

ʅʘʦʯʥʠʤ ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ Cu(II) ʟ 

[Fe(CN)6]
4--ʽʦʥʘʤʠ ʚ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ Zn,Al-FeCN ʻ ʟʤʽʥʘ ʙʽʣʦʛʦ 
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ʟʘʙʘʨʚʣʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʩʦʨʙʝʥʪʫ ʥʘ ʯʝʨʚʦʥʦ-ʙʫʨʝ, ʭʘʨʘʢʪʝʨʥʝ ʜʣʷ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʫ ʤʽʜʽ (II) [22], ʱʦ ʚʢʘʟʫʻ ʥʘ ʤʽʮʥʫ ʬʽʢʩʘʮʽʶ ʚʢʘʟʘʥʦʛʦ ʽʦʥʫ 

ʤʝʪʘʣʫ ʫ ʩʪʨʫʢʪʫʨʽ ʐʇɻ. ʂʨʽʤ ʪʦʛʦ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʨʦʟʯʠʥʘʭ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʦʾ 

ʜʝʩʦʨʙʮʽʾ Cu(II) ʟʽ ʟʨʘʟʢʘ Zn,Al-CuFeCN ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʨʅ = 3,0õ9,0 ʽʦʥʫ ʚʢʘʟʘʥʦʛʦ ʤʝʪʘʣʫ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʠʷʚʣʝʥʦ. 

ʉʠʥʪʝʟ ʤʘʛʥʝʪʠʪʫ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʛʥʝʪʠʪʫ (Fe3O4) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʦʩʥʘʱʝʥʫ ʝʣʝʢʪʨʦʜʘʤʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʅ ʢʦʣʙʫ ʦʙôʻʤʦʤ 1 ʜʤ3 ʟ 300 ʩʤ3 

ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ, ʚ ʷʢʫ ʫ ʧʨʦʪʦʯʥʽʡ ʘʪʤʦʩʬʝʨʽ ʘʟʦʪʫ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʜʦʜʘʚʘʣʠ ʟʽ ʰʚʠʜʢʽʩʪʶ 2,5 ʤ3/ʭʚ 200 ʩʤ3 ʧʽʜʢʠʩʣʝʥʦʛʦ 2 ʩʤ3 H2SO4 

ʨʦʟʯʠʥʫ, ʱʦ ʤʽʩʪʠʚ ʧʦ 0,05 ʤʦʣʴ Fe2(SO4)3Ŀ9H2O ʪʘ FeSO4Ŀ7H2O. ɼʘʣʽ 

ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʜʦʜʘʚʘʥʥʷʤ 50 % ʨʦʟʯʠʥʫ NaOH pH ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ (10,0 Ñ 0,5). 

ʋʪʚʦʨʝʥʠʡ ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ ʯʦʨʥʠʡ ʦʩʘʜ ʚʽʜʩʪʦʶʚʘʣʠ ʫ ʤʘʪʢʦʚʦʤʫ ʨʦʟʯʠʥʽ ʧʨʠ 

70 Áʉ ʚʧʨʦʜʦʚʞ 2 ʛʦʜ ʪʘ ʟʘʣʠʰʘʣʠ ʥʘ ʥʽʯ ʫ ʩʣʘʙʢʦʤʫ ʧʦʪʦʮʽ ʘʟʦʪʫ. ʇʦʪʽʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʫ ʦʩʘʜ ʚʽʜʦʢʨʝʤʣʶʚʘʣʠ, ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʧʨʦʤʠʚʘʣʠ 

ʚʦʜʦʶ ʜʦ ʧʦʩʪʽʡʥʦʛʦ ʨʅ = 7,0 ʪʘ ʚʠʩʫʫhʚʘʣʠ ʚ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʧʨʠ 70 Áʉ. ʇʽʩʣʷ 

ʮʴʦʛʦ ʦʩʘʜ ʨʦʟʪʠʨʘʣʠ ʚ ʘʛʘʪʦʚʽʡ ʩʪʫʧʮʽ ʪʘ ʦʪʨʠʤʘʥʠʡ ʩʦʨʙʝʥʪ ʟʙʝʨʽʛʘʣʠ ʚ 

ʟʘʢʨʠʪʦʤʫ ʧʦʣʽʝʪʠʣʝʥʦʚʦʤʫ ʧʦʩʫʜʽ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʉʠʥʪʝʟ ʤʘʛʥʽʪʥʠʭ Mg,Al- ʪʘ Zn,Al-ʐʇɻ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ ʮʠʪʨʘʪ-ʽʦʥʘʤʠ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʛʥʽʪʥʦʛʦ Mg,Al-ʐʇɻ, ̔ʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ ʮʠʪʨʘʪ-ʽʦʥʘʤʠ, ï  

[Mg4Al2(ʆʅ)11]ĿCitĿ8ʅ2ʆĿFe3O4, (Fe3O4/Mg,Al-Cit) ʜʠʩʧʝʨʩʽʶ Fe3O4 (5,6 ʛ) ʫ 200 ʩʤ
3 

ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ ʪʘ ʩʫʩʧʝʥʟʽʶ Mg,Al-Cit (24,3 ʛ) ʫ 400 ʩʤ3 ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ 

ʦʙʨʦʙʣʷʣʠ ʚʧʨʦʜʦʚʞ 1 ʛʦʜ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʽʡ ʚʘʥʥʽ çʋɿɺ-28è (ʯʘʩʪʦʪʘ 40 ʢɻʮ, 

ʧʦʪʫʞʥʽʩʪʴ 100 ɺʪ). ʇʦʪʽʤ ʨʦʟʯʠʥʠ ʦʙô̒ ʜʥʫʚʘʣʠ, ʧʝʨʝʤʽʰʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʘʛʥʽʪʥʦʾ ʤʽʰʘʣʢʠ ʚʧʨʦʜʦʚʞ 10 ʭʚ ʪʘ ʟʥʦʚʫ ʦʙʨʦʙʣʷʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ 30 ʭʚ. ʇʨʠ 

ʮʴʦʤʫ ʫʪʚʦʨʶʚʘʚʩʷ ʧʦʚʽʣʴʥʦ ʩʪʘʨʽʶʯʠʡ ʢʦʣʦʾʜ, ʱʦ ʚʠʜʽʣʷʚ ʙʣʠʟʴʢʦ 5 % ʚʦʜʠ ʥʘ 

ʜʦʙʫ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ  ʚʠʜʽʣʝʥʥʷ ʦʩʘʜʫ ʧʦʙʣʠʟʫ ʧʦʣʶʩʽʚ ʩʠʣʴʥʦʛʦ Nd-ʤʘʛʥʽʪʫ 

ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ, ʮʝ ʚʢʘʟʫʚʘʣʦ ʥʘ ʩʪʽʡʢʫ ʩʪʨʫʢʪʫʨʫ ʜʘʥʦʛʦ ʢʦʣʦʾʜʫ. ʋ ʧʦʪʫʞʥʦʤʫ 

ʛʨʘʚʽʪʘʮʽʡʥʦʤʫ ʧʦʣʽ ʮʝʡ ʢʦʣʦʾʜ ʨʫʡʥʫʻʪʴʩʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʦʩʘʜʫ, ʱʦ 

ʚʽʜʦʢʨʝʤʣʶʚʘʣʠ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʧʨʠ 4500 ʦʙ/ʭʚ. ʆʩʘʜ ʚʠʪʨʠʤʫʚʘʣʠ ʚ 

ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʧʨʠ 70 Áʉ ʚʧʨʦʜʦʚʞ 16 ʛʦʜ. 
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ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʛʥʽʪʥʦʛʦ Zn,Al-ʐʇɻ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ ʮʠʪʨʘʪ-ʽʦʥʘʤʠ, ï 

[Zn4Al2(ʆʅ)11]ĿCitĿ8ʅ2ʆĿFe3O4, (Fe3O4/Zn,Al-Cit) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʠʱʝʟʘʟʥʘʯʝʥʫ 

ʩʭʝʤʫ. ʂʦʣʙʠ, ʱʦ ʤʽʩʪʠʣʠ ʩʫʩʧʝʥʟʽʶ 24,3 ʛ Zn,Al-Cit ʫ 400 ʩʤ3 ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ 

ʪʘ 5,8 ʛ ʜʠʩʧʝʨʩʽʶ Fʝ3O4 ʫ 200 ʩʤ
3 ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ, ʦʙʨʦʙʣʷʣʠ ʚʧʨʦʜʦʚʞ 1 ʛʦʜ 

ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʽʡ ʚʘʥʥʽ (40 ʢɻʮ, 100 ɺʪ). ʆʪʨʠʤʘʥʽ ʩʫʩʧʝʥʟʽʾ ʟʤʽʰʫʚʘʣʠ 10 ʭʚ ʥʘ 

ʤʘʛʥʽʪʥʽʡ ʤʽʰʘʣʮʽ ʪʘ ʟʥʦʚʫ ʧʨʦʚʦʜʠʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʫ ʦʙʨʦʙʢʫ ʚʧʨʦʜʦʚʞ 30 ʭʚ. 

ɺʠʜʽʣʝʥʠʡ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʧʨʠ 4500 ʦʙ/ʭʚ ʦʩʘʜ ʩʫʰʠʣʠ ʧʨʠ 60 Áʉ ʚʧʨʦʜʦʚʞ 

16 ʛʦʜ. ʆʪʨʠʤʘʥʽ ʚʢʘʟʘʥʠʤ ʩʧʦʩʦʙʦʤ ʤʘʛʥʽʪʥʽ ʐʇɻ ʤʽʩʪʠʣʠ 18,79 % Fe3O4. 

ʉʠʥʪʝʟ ʢʘʣʽʡʮʠʥʢʦʚʦʛʦ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʫ (ɯɯ). ɼʣʷ ʦʪʨʠʤʘʥʥʷ 

ʢʘʣʽʡʮʠʥʢʦʚʦʛʦ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʫ (ɯɯ) ï ʂ2Zn3[Fe(CN)6]2ĿxH2O (KZnHCFe) 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʦʩʘʜʞʝʥʥʷ ʮʠʥʢʫ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʦʤ (ɯɯ) ʢʘʣʽʶ. ɼʦ ʨʦʟʯʠʥʫ, ʷʢʠʡ 

ʤʽʩʪʠʚ 0,01 ʤʦʣʴ Zn(NO3)2 ʫ 100 ʩʤ3 ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ, ʧʦʚʽʣʴʥʦ ʧʨʠ 

ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 0,4 ʩʤ3/ʭʚ ʜʦʜʘʚʘʣʠ 100 ʩʤ3 ʨʦʟʯʠʥʫ, ʱʦ ʤʽʩʪʠʪʴ 0,07 

ʤʦʣʷ ʂ4Fe(CN)6Ŀ3H2O. ʇʦʪʽʤ ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʚʘʣʠ ʱʝ 2 ʛʦʜ ʪʘ ʟʘʣʠʰʘʣʠ ʥʘ ʥʽʯ 

ʜʣʷ ʧʦʚʥʦʛʦ ʦʩʘʜʞʝʥʥʷ. ʋʪʚʦʨʝʥʠʡ ʙʽʣʠʡ ʦʩʘʜ 5 ʨʘʟʽʚ ʚʽʜʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ 

ʚʦʜʦʶ ʥʘ ʚʦʨʦʥʮʽ ɹʶʭʥʝʨʘ ʟ ʬʽʣʴʪʨʦʤ çʩʠʥʷ ʩʪʨʽʯʢʘè ʪʘ ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʠ 70 Áʉ ʫ 

ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ. 

ʉʠʥʪʝʟ ʤʘʛʥʽʪʥʦʛʦ ʢʘʣʽʡʮʠʥʢʦʚʦʛʦ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʫ (ɯɯ). ʆʪʨʠʤʘʥʥʷ 

ʤʘʛʥʽʪʥʦʛʦ ʢʘʣʽʡʮʠʥʢʦʚʦʛʦ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʫ (ɯɯ) ï Fe3O4/ʂ2Zn3[Fe(CN)6]2ĿxH2O 

(Fe3O4/KZnHCFe) ʧʨʦʚʦʜʠʣʠ ʟʘ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ. ʉʧʝʨʰʫ ʩʠʥʪʝʟʫʚʘʣʠ Fe3O4 

ʰʣʷʭʦʤ ʦʩʘʜʞʝʥʥʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʩʫʤʽʰʽ ʟ ʝʢʚʽʤʦʣʷʨʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

Fe2(SO4)3Ŀ9H2O ʪʘ FeSO4Ŀ7H2O ʟ NaOH ʧʨʠ ʨʅ = (10 Ñ 0,5) ʚ ʘʪʤʦʩʬʝʨʽ ʘʟʦʪʫ. 

ʇʦʪʽʤ ʚʽʜʤʠʚʘʣʠ ʦʪʨʠʤʘʥʠʡ ʯʦʨʥʠʡ ʦʩʘʜ ʫ ʨʝʘʢʮʽʡʥʽʡ ʢʦʣʙʽ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ 

ʦʭʦʣʦʜʞʝʥʦʶ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ, ʱʦ ʥʝ ʤʽʩʪʠʣʘ ʢʠʩʝʥʴ, ʪʘ ʚʽʜʦʢʨʝʤʣʶʚʘʣʠ 

ʡʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʫ ʽ ʜʦʜʘʚʘʣʠ 250 ʩʤ3 ʨʦʟʯʠʥʫ ʟ 10,92 ʛ ʂ4Fe(CN)6Ŀ3H2O. 

ɼʘʣʽ ʦʪʨʠʤʘʥʫ ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʚʘʣʠ ʫ ʧʦʪʦʮʽ ʘʟʦʪʫ ʚʧʨʦʜʦʚʞ 4 ʛʦʜ. ʇʦʪʽʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʝʨʠʩʪʘʣʴʪʠʯʥʦʛʦ ʥʘʩʦʩʫ ʚʚʦʜʠʣʠ ʚ ʥʝʾ ʟ̔ ʰʚʠʜʢʽʩʪʶ 0,4 ʩʤ3/ʭʚ 38,75 

ʩʤ3 ʨʦʟʯʠʥʫ 1 ʤʦʣʴ/ʜʤ3 Zn(NO3)2 ʪʘ ʧʝʨʝʤʽʰʫʚʘʣʠ ʱʝ ʚʧʨʦʜʦʚʞ 3 ʛʦʜ. ʆʪʨʠʤʘʥʠʡ 

ʦʩʘʜ ʚʽʜʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ, ʚʽʜʦʢʨʝʤʣʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʫ, 
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ʩʫʰʠʣʠ ʧʨʠ 70 Áʉ ʪʘ ʟʙʝʨʽʛʘʣʠ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʟʘʢʨʠʪʦʤʫ ʧʦʩʫʜʽ. ʆʪʨʠʤʘʥʠʡ 

ʚʢʘʟʘʥʠʤ ʩʧʦʩʦʙʦʤ ʩʦʨʙʝʥʪ ʤʽʩʪʠʚ ʧʦ ~ 50 ʤʘʩ. % Fe3O4 ʪʘ ʂ2Zn3[Fe(CN)6]2. 

 

2.1.2. ʄʦʜʝʣʴʥʽ ʚʦʜʥʽ ʩʝʨʝʜʦʚʠʱʘ 

ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʜʝʣʴʥʽ ʨʘʜʽʦʘʢʪʠʚʥʽ ʨʦʟʯʠʥʠ 137Cs ʪʘ 90Sr ʟ 

ʧʠʪʦʤʦʶ ʘʢʪʠʚʥʽʩʪʶ 5Ö103 ɹʢ/ʜʤ3, ʱʦ ʛʦʪʫʚʘʣʠ ʟʽ ʟʨʘʟʢʦʚʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʨʦʟʯʠʥʽʚ (ɿʈʈ) ʚʢʘʟʘʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ (ʩʝʨʝʜʥʷ ʝʥʝʨʛʽʷ ɓ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ 

137Cs ʩʪʘʥʦʚʠʪʴ 1,87Ŀ10-1 ʄʝɺ/ɹʢĿʩ, ʜʣʷ 90Sr ï 1,96Ŀ10-1 ʄʝɺ/ɹʢĿʩ [23]). ʊʘʢʠʡ 

ʨʽʚʝʥʴ ʘʢʪʠʚʥʦʩʪʽ ʛʘʨʘʥʪʫʚʘʚ ʥʘʜʽʡʥʝ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. 

ʄʦʜʝʣʴʥʽ ʚʦʜʥʽ ʨʦʟʯʠʥʠ U(VI), Cs(I), Sr(II ), Cu(II), Co(II), Cd(II), Ni(II), 

Pb(II), Mn(II ), Zn(II ), ʭʨʦʤʘʪ- ʪʘ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ ʟ ʟʘʜʘʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 

ʛʦʪʫʚʘʣʠ ʰʣʷʭʦʤ ʨʦʟʯʠʥʝʥʥʷ ʫ ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ ʚʽʜʧʦʚʽʜʥʠʭ ʥʘʚʘʞʦʢ ʾʭ ʩʦʣʝʡ: 

UO2SO4Ŀ3H2O, CsCl, SrCl2, K2CrO4, KH2PO4 ʢʚʘʣʽʬʽʢʘʮʽʾ çʭ.ʯ.è ʪʘ CuSO4Ŀ5H2O, 

CoSO4Ŀ7H2O, NiSO4Ŀ7H2O, CdSO4Ŀ8H2O, Pb(NO3)2, MnSO4Ŀ5H2O, ZnSO4 

ʢʚʘʣʽʬʽʢʘʮʽʾ çʯ.ʜ.ʘ.è. 

ɺʦʜʥʽ ʨʦʟʯʠʥʠ Na+, K+, Ca2+ ʪʘ SO4
2-, Cl-, HCO3

-, NO3
--ʽʦʥʽʚ ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 

(20ï200) ʤʛ/ʜʤ3 ʛʦʪʫʚʘʣʠ ʨʦʟʯʠʥʝʥʥʷʤ ʫ ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ ʾʭ ʚʽʜʧʦʚʽʜʥʠʭ ʩʦʣʝʡ: 

NaCl, KCl, CaCl2Ŀ6H2O, Na2SO4, NaHCO3, NaNO3 ʢʚʘʣʽʬʽʢʘʮʽʾ çʭ.ʯ.è. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʫ ʤʦʜʝʣʴʥʠʭ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʽʦʥʥʦʾ ʩʠʣʠ (INaCl, INaClO4)  

0,01 ʜʦʜʘʚʘʣʠ ʚ ʥʝʦʙʭʽʜʥʽʡ ʢʽʣʴʢʦʩʪʽ 1 ʤʦʣʴ/ʜʤ3 NaCl/NaClO4. 

ɼʝʩʦʨʙʫʶʯʽ ʚʦʜʥʽ ʨʦʟʯʠʥʠ NaOH, Na2CO3 ʪʘ H2SO4 ʛʦʪʫʚʘʣʠ ʟ ʚʽʜʧʦʚʽʜʥʠʭ 

ʬʽʢʩʘʥʘʣʽʚ. 

 

2.1.3. ʈʝʘʣʴʥʽ ʚʦʜʥʽ ʩʝʨʝʜʦʚʠʱʘ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʫ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʝʘʣʴʥʽ ʚʦʜʥʽ ʩʝʨʝʜʦʚʠʱʘ: 

ʧʨʠʨʦʜʥʽ (ʧʦʚʝʨʭʥʝʚʽ, ʧʽʜʟʝʤʥʽ) ʚʦʜʠ ʨʽʟʥʦʛʦ ʩʦʣʴʦʚʦʛʦ ʚʤʽʩʪʫ, ʚ ʷʢʽ ʜʦʜʘʪʢʦʚʦ 

ʚʚʦʜʠʣʠ ʨʘʜʽʦʥʫʢʣʽʜʠ ʪʘ ʽʥʰʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʥʝʦʨʛʘʥʽʯʥʽ ʪʦʢʩʠʢʘʥʪʠ, ʘ ʪʘʢʦʞ 

ʥʠʟʴʢʦʘʢʪʠʚʥʽ ʈʈɺ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʨʝʘʣʴʥʠʭ ʧʨʠʨʦʜʥʠʭ ʚʦʜ, ʚʨʘʭʦʚʫʶʯʠ ʽʩʥʫʶʯʠʡ ʨʠʟʠʢ 

ʾʭ ʟʘʙʨʫʜʥʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʪʦʢʩʠʢʘʥʪʘʤʠ, ʦʩʦʙʣʠʚʦ ʚ 
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ʨʝʛʽʦʥʘʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦʙʣʠʟʫ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ (ʥʘʧʨʠʢʣʘʜ, 

ʫʨʘʥʦʚʠʜʦʙʫʚʥʠʭ ʰʘʭʪ), ɸɽʉ, ʫ ʤʝʞʘʭ ʨʦʟʚʠʪʢʫ ʟʦʥ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʜʝʩʦʨʙʮʽʾ ʪʦʢʩʠʢʘʥʪʽʚ ʟ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʙʝʥʪʽʚ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʦʯʠʱʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ. 

ɺʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ U(VI) ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʟʨʘʟʢʫ ʥʠʟʴʢʦʘʢʪʠʚʥʠʭ ʈʈɺ ï ʩʪʽʯʥʦʾ ʰʘʭʪʥʦʾ ʚʦʜʠ ʫʨʘʥʦʧʝʨʝʨʦʙʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ɼʇ çʉʭʽʜɻɿʂè (ʤ. ɾʦʚʪʽ ɺʦʜʠ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ ʦʙʣ., ʋʢʨʘʾʥʘ), 

ʩʢʣʘʜ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ɸ (ʪʘʙʣ. ɸ.1). 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ 137Cs ʟʘʩʪʦʩʦʚʫʚʘʣʠ 

ʧʨʠʨʦʜʥʫ ʧʦʚʝʨʭʥʝʚʫ ʚʦʜʫ, ʩʢʣʘʜ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ɸ (ʪʘʙʣ. ɸ.2), ʚ ʷʢʫ 

ʜʦʜʘʪʢʦʚʦ ʚʚʦʜʠʣʠ 137Cs ʟʽ ɿʈʈ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ Cu(II ), Co(II) ʪʘ Cd(II) ʜʦʩʣʽʜʞʫʚʘʣʠ 

ʥʘ ʟʨʘʟʢʘʭ ʧʨʠʨʦʜʥʠʭ ʚʦʜ, ʩʢʣʘʜ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ɸ (ʪʘʙʣ. ɸ.3). 

ʋ ʜʦʩʣʽʜʞʫʚʘʥʽ ʧʨʦʙʠ ʚʦʜ ʜʦʜʘʪʢʦʚʦ ʚʚʦʜʠʣʠ ʽʦʥʠ ʚʢʘʟʘʥʠʭ ʤʝʪʘʣʽʚ ʫ ʢʽʣʴʢʦʩʪʽ 

1Ŀ10-4 ʤʦʣʴ/ʜʤ3 ʪʘ ʚʠʪʨʠʤʫʚʘʣʠ ʾʭ 24 ʛʦʜ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ 

ʨʽʚʥʦʚʘʛʠ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʽʚ ʩʦʨʙʮʽʾ ʭʨʦʤʘʪ-ʽʦʥʽʚ ʫ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʠʨʦʜʥʫ ʧʽʜʟʝʤʥʫ ʚʦʜʫ, ʩʢʣʘʜ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ɸ 

(ʪʘʙʣ. ɸ.4).  

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʦʨʙʮʽʡʥʦʛʦ ʦʯʠʱʝʥʥʷ ʚʽʜ ʬʦʩʬʘʪ-ʽʦʥʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʠʨʦʜʥʽ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ (ʨ. ʆʩʪʝʨ, ʏʝʨʥʽʛʽʚʩʴʢʘ ʦʙʣ. ʪʘ ʨ. 

ʃʠʙʽʜʴ, ʤ. ʂʠʾʚ) ʩʢʣʘʜ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ɸ (ʪʘʙʣ. ɸ.5). 

ʉʦʨʙʮʽʡʥʝ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ 137Cs ʥʘ ʤʘʛʥʽʪʥʦʤʫ ʢʘʣʽʡʮʠʥʢʦʚʦʤʫ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽ (ɯɯ) ʧʨʦʚʦʜʠʣʠ ʟ ʧʨʠʨʦʜʥʠʭ ʚʦʜ, ʩʢʣʘʜ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʚ 

ɼʦʜʘʪʢʫ ɸ (ʪʘʙʣ. ɸ.6). ʋ ʜʦʩʣʽʜʞʫʚʘʥʽ ʟʨʘʟʢʠ ʚʦʜ ʜʦʜʘʪʢʦʚʦ ʚʚʦʜʠʣʠ 137Cs ʫ 

ʢʽʣʴʢʦʩʪʽ (0,05ï1)Ö103 ɹʢ/ʜʤ3 ʪʘ ʩʪʘʙʽʣʴʥʠʡ ʽʟʦʪʦʧ Cs+ ï 1Ŀ10-4 ʤʦʣʴ/ʜʤ3. 

ʇʽʜʛʦʪʦʚʣʝʥʽ ʟʨʘʟʢʠ ʚʦʜ ʚʠʪʨʠʤʫʚʘʣʠ ʚʧʨʦʜʦʚʞ 24 ʛʦʜ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʽʟʦʪʦʧʥʦʾ ʨʽʚʥʦʚʘʛʠ. 
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ʉʦʨʙʮʽʡʥʝ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ Cu(II) ʥʘ ʤʘʛʥʽʪʥʦʤʫ ʢʘʣʽʡʮʠʥʢʦʚʦʤʫ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽ (ɯɯ) ʪʘ Zn,Al-ʐʇɻ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʤʫ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ (ɯɯ)-ʽʦʥʦʤ, 

ʧʨʦʚʦʜʠʣʠ ʟ ʧʨʠʨʦʜʥʠʭ ʚʦʜ, ʩʢʣʘʜ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ɸ (ʪʘʙʣ. ɸ.7).  

ʉʦʨʙʮʽʡʥʝ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʬʦʩʬʘʪ-ʽʦʥʽʚ ʧʨʦʚʦʜʠʣʠ ʟ ʧʨʠʨʦʜʥʠʭ 

ʧʦʚʝʨʭʥʝʚʦʾ (ʨ. ʍʦʤʦʨʘ, ʍʤʝʣʴʥʠʮʢɹʘ ʦʙʣ.) ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ (ʤ. ʂʠʾʚ), ʩʢʣʘʜ ʷʢʠʭ 

ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ɸ (ʪʘʙʣ. ɸ.8). 

 

2.2. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

2.2.1. ʄʝʪʦʜʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ɺʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ɺʠʟʥʘʯʝʥʥʷ Ɇɓ-ʘʢʪʠʚʥʦʩʪʽ 137Cs ʪʘ 

90Sr, ʘ ʪʘʢʦʞ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʦʨʙʮʽʡʥʦʛʦ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʟ ʧʨʠʨʦʜʥʠʭ ʚʦʜ ï 40ʂ, 

ʟʜʽʡʩʥʶʚʘʣʠ ʨʘʜʽʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʥʘ ɓ-ʨʘʜʽʦʤʝʪʨʽ çʂʈʂ-1-01ɸè ʟʘ 

ʘʢʪʠʚʥʽʩʪʶ ʩʫʭʦʛʦ ʟʘʣʠʰʢʫ ʘʣʽʢʚʦʪʠ ʨʦʟʯʠʥʫ ʘʙʦ ʩʫʭʦʾ ʥʘʚʘʞʢʠ ʩʦʨʙʝʥʪʫ ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʟ ʩʦʨʙʮʽʡʥʦʛʦ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʟ ʧʨʠʨʦʜʥʠʭ ʚʦʜ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʚʢʘʟʘʥʦʛʦ ʤʝʪʦʜʫ ʚʽʜʙʠʨʘʣʠ ʘʣʽʢʚʦʪʫ ʨʦʟʯʠʥʫ 3 ʩʤ3 (ʜʦ ʪʘ ʧʽʩʣʷ ʩʦʨʙʮʽʡʥʦʛʦ 

ʦʯʠʱʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ) ʘʙʦ 0,5000 ʤʛ ʥʘʚʘʞʢʠ ʧʦʚʽʪʨʷʥʦ-

ʩʫʭʦʾ ʪʚʝʨʜʦʾ ʬʘʟʠ, ʷʢʫ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʪʠʨʘʣʠ, ʨʦʟʤʽʱʫʚʘʣʠ ʾʾ ʥʘ ʘʣʶʤʽʥʽʻʚʽʡ 

ʯʘʰʮʽ ʦʜʥʘʢʦʚʦʾ ʩʪʘʥʜʘʨʪʥʦʾ ʛʝʦʤʝʪʨʽʾ (Sʯʘʰʢʠ = 9,07 ʩʤ2), ʫʧʘʨʶʚʘʣʠ ʥʘʩʫʭʦ ʪʘ 

ʧʨʦʚʦʜʠʣʠ ʚʠʤʽʨʶʚʘʥʥʷ Ɇɓ-ʘʢʪʠʚʥʦʩʪʽ 5 ʨʘʟʽʚ ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, 

ʪʨʠʚʘʣʽʩʪʴ ʦʜʥʦʛʦ ʚʠʤʽʨʫ ï 1000 ʩ.  

ʂʘʣʽʙʨʫʚʘʥʥʷ ɓ-ʨʘʜʽʦʤʝʪʨʘ çʂʈʂ-1-01ɸè ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʠʨʦʜʥʠʭ ʚʦʜ 

ʧʨʦʚʦʜʠʣʠ ʟʘ ʽʟʦʪʦʧʦʤ 40ʂ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʪʝʨʪʫ ʩʽʣʴ KCl 

ʢʚʘʣʽʬʽʢʘʮʽʾ çʭ.ʯ.è ʪʘ ʚʠʭʦʜʷʯʠ ʟ ʨʦʟʨʘʭʫʥʢʫ, ʱʦ ʥʘʚʘʞʢʘ 1,000 ʛ KCl ʚʽʜʧʦʚʽʜʘʻ 

ʘʢʪʠʚʥʦʩʪʽ 14,77 ɹʢ.  

ɺʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ 137Cs ʧʨʦʚʦʜʠʣʠ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, 90Sr ï ʯʝʨʝʟ 18 ʜʽʙ ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʽʚʥʦʚʘʛʠ 90Srī90Y, ʙʝʟ 

ʨʘʜʽʦʭʽʤʽʯʥʦʛʦ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʧʨʝʧʘʨʘʪʫ Sr-90. 
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ʇʨʠ ʦʙʨʦʙʮʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʫʪʦʯʥʝʥʽ ʥʘ 

ʤʦʤʝʥʪ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʘʢʪʠʚʥʦʩʪʽ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʽʪʦʢ, 

ʨʦʟʨʘʭʦʚʘʥʽ ʟʛʽʜʥʦ ʥʘʩʪʫʧʥʦʾ ʬʦʨʤʫʣʠ: 

teAA l-= 0 ,                                              (2.1) 

ʜʝ ɸ0 ʪʘ ɸ ï ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʨʦʟʯʠʥʫ (ʟʘ ʧʘʩʧʦʨʪʦʤ) 

ʪʘ ʥʘ ʤʦʤʝʥʪ ʟʘʩʪʦʩʫʚʘʥʥʷ, ɹʢ/ʜʤ3, 

ɚ = 0,693/ʊ1/2, 

ʊ1/2 ï ʧʝʨʽʦʜ ʥʘʧʽʚʨʦʟʧʘʜʫ, ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʽʚʨʦʟʤʽʨʥʽ ʟ ʯʘʩʦʤ 

t ï ʯʘʩ, ʱʦ ʧʨʦʡʰʦʚ ʚʽʜ ʚʠʤʽʨʶʚʘʥʥʷ ɸ0 ʜʦ ɸ [24, 25]. 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ U(VI). ʌʦʪʦʤʝʪʨʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

U(VI) ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ [26], ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʫʪʚʦʨʝʥʥʽ ʟʘʙʘʨʚʣʝʥʦʾ 

ʢʦʤʧʣʝʢʩʥʦʾ ʩʧʦʣʫʢʠ ʫʨʘʥʽʣ-ʽʦʥʽʚ ʟ ʘʨʩʝʥʘʟʦ ɯɯɯ ï ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʠʤ ʪʘ 

ʩʝʣʝʢʪʠʚʥʠʤ ʨʝʘʛʝʥʪʦʤ. ɼʣʷ ʮʴʦʛʦ ʘʣʽʢʚʦʪʫ ʨʦʟʯʠʥʫ 10 ʩʤ3 ʧʦʤʽʱʘʣʠ ʫ ʤʽʨʥʫ 

ʢʦʣʙʫ ʻʤʥʽʩʪʶ 25 ʩʤ3, ʜʦʜʘʚʘʣʠ 10,0 ʩʤ3 12 ʤʦʣʴ/ʜʤ3 ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ, ʧʦʧʝʨʝʜʥʴʦ 

ʦʙʨʦʙʣʝʥʦʾ ʩʝʯʦʚʠʥʦʶ (10 ʛ (NH2)2CO ʜʦʜʘʚʘʣʠ ʜʦ 1 ʜʤ3 HNO3), ʜʦʣʠʚʘʣʠ 3 ʩʤ
3 

0,25 % ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʘʨʩʝʥʘʟʦ III, ʜʠʩʪʠʣʴʦʚʘʥʫ ʚʦʜʫ ʜʦ ʤʽʪʢʠ ʪʘ  

ʧʝʨʝʤʽʰʫʚʘʣʠ. ɺʠʤʽʨʶʚʘʥʥʷ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʯʠʥʫ ʟʜʽʡʩʥʶʚʘʣʠ 

ʯʝʨʝʟ 20 ʭʚ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ çʂʌʂ-3-01è ʫ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ ʧʨʠ 

ɚ=656 ʥʤ, ʪʦʚʱʠʥʽ ʢʶʚʝʪʠ 3 ʩʤ ʚʽʜʥʦʩʥʦ çʭʦʣʦʩʪʦʛʦè ʨʦʟʯʠʥʫ. ʄʝʞʘ ʚʠʟʥʘʯʝʥʥʷ 

ʩʢʣʘʜʘʣʘ 5 ʤʢʛ U(VI)/ʜʤ3. 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ Cs+, Sr2+, ʂ+, ʉu(II), ʉʦ(II), Cd(II ), Ni(II ), Zn(ɯɯ), 

Mn(II ), Pb(II ), Al(ɯɯɯ), Mg(ɯɯ), Fe(ɯɯ,ɯɯɯ). ɸʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʢʘʟʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ çʉ-115-ʄ1è ʧʨʠ ʥʘʩʪʫʧʥʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ (ɚ, ʥʤ): 852,1 (Cs),  

 460,7 (Sr), 324,7 (Cu), 240,7 (Co), 228,8 (Cd), 232,0 (Ni), 213,9 (Zn), 280,1 (Mn), 

283,3 (Pb), 285,2 (Mg), 309,3 (Al), 248,3 (Fe). ɼʣʷ ʧʦʣʫʤôʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʫʤʽʰʽ 

ʛʘʟʽʚ (ʧʦʚʽʪʨʷ/ʘʮʝʪʠʣʝʥ ʪʘ ʘʮʝʪʠʣʝʥ/ʦʢʩʠʜ ʘʟʦʪʫ (ɯ)) ʟʘʣʝʞʥʦ ʚʽʜ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʝʣʝʤʝʥʪʫ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʢʘʣʽʙʨʫʚʘʣʴʥʦʛʦ ʛʨʘʬʽʢʘ ʫ ʧʦʣʫʤôʷ ʧʘʣʴʥʠʢʘ ʧʦ ʯʝʨʟʽ 

ʚʚʦʜʠʣʠ ʯʦʪʠʨʠ ʩʪʘʥʜʘʨʪʥʽ ʨʦʟʯʠʥʠ ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʱʦ 
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ʚʢʣʘʜʘʶʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥ ʚʠʟʥʘʯʝʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʢʦʥʮʝʥʪʨʘʮʽʶ, ʙʣʠʟʴʢʫ ʜʦ ʪʽʻʾ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ. ʆʧʪʠʤʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʘʚ (0,7 õ 7,0) ʤʛ/ʜʤ3. 

ʄʝʪʦʜʦʤ ʄʉ-ɯɿʇ ʚʠʟʥʘʯʘʣʠ ʢʦʥʮʝʥʪʨʘʮʽʾ Cu(II) ʫ ʧʨʠʨʦʜʥʠʭ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ ʙʝʟ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʘʭ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʧʝʢʪʨʦʤʝʪʨ çICP-MS Agilent 7500 

ʩʝè. ɻʨʘʜʫʶʚʘʣʴʥʽ ʨʦʟʯʠʥʠ ʛʦʪʫʚʘʣʠ ʟ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʨʘʟʢʘ 

2.74473.0100 çICP Multi Element Standard Solution XXI CertiPURÈè. ʄʝʞʘ 

ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʘʣʘ (0,01 ï 0,05) ʤʢʛ/ʜʤ3. 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʭʨʦʤʘʪ-ʘʥʽʦʥʽʚ. ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʨʦʤʘʪ-

ʘʥʽʦʥʽʚ ʫ ʨʦʟʯʠʥʽ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʟʛʽʜʥʦ 

ʤʝʪʦʜʠʢʠ [27] ʟ ʜʠʬʝʥʽʣʢʘʨʙʘʟʠʜʦʤ ʫ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʻ ʥʘʡʙʽʣʴʰ 

ʯʫʪʣʠʚʠʤ, ʩʝʣʝʢʪʠʚʥʠʤ ʪʘ ʩʧʝʮʠʬʽʯʥʠʤ ʜʣʷ Cr(VI). ʄʦʣʷʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʚ ʪʘʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʩʢʣʘʜʘʻ 4,17Ā104. ʅʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʙʘʨʚʣʝʥʥʷ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʷʢʽʩʪʴ ʨʝʘʛʝʥʪʫ ʜʠʬʝʥʽʣʢʘʨʙʘʟʠʜʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ ʜʦʟʚʦʣʷʻ ʤʘʩʢʫʚʘʪʠ ʥʘʚʽʪʴ ʟʥʘʯʥʽ ʢʽʣʴʢʦʩʪʽ 

Fe(ɯɯɯ), ʧʨʠʩʫʪʥʽ ʚ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ. ʄʝʞʘ ʚʠʟʥʘʯʝʥʥʷ ʭʨʦʤʘʪ-ʘʥʽʦʥʽʚ ʩʪʘʥʦʚʠʪʴ 

15 ʤʢʛ/ʜʤ3, ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ °5 %. 

ʄʝʪʦʜʠʢʘ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ: ʘʣʽʢʚʦʪʫ ʨʦʟʯʠʥʫ ʭʨʦʤʘʪ-ʘʥʽʦʥʽʚ ʫ ʢʽʣʴʢʦʩʪʽ 

2 õ 10 ʩʤ3 ʚʥʦʩʠʣʠ ʫ ʤʽʨʥʫ ʢʦʣʙʫ ʻʤʥʽʩʪʶ 25 ʩʤ3, ʜʦʜʘʚʘʣʠ 3 ʩʤ3 0,05 ʤʦʣʴ/ʜʤ3 

H2SO4, 1,5 ʩʤ3 H3PO4 (1:10), 1 ʩʤ3 0,25 % ʩʚʽʞʦʧʨʠʛʦʪʦʚʣʝʥʦʛʦ ʰʣʷʭʦʤ 

ʨʦʟʯʠʥʝʥʥʷ 0,25 ʛ ʜʠʬʝʥʽʣʢʘʨʙʘʟʠʜʫ ʚ 100 ʩʤ3 ʘʮʝʪʦʥʫ (ʘʙʦ ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ) ʟ 

ʜʦʜʘʚʘʥʥʷʤ 1 ʩʤ3 H2SO4 (1:9) ʨʦʟʯʠʥʫ ʚʢʘʟʘʥʦʛʦ ʨʝʘʛʝʥʪʫ, ʜʠʩʪʠʣʴʦʚʘʥʫ ʚʦʜʫ ʜʦ 

ʤʽʪʢʠ. ʇʝʨʝʤʽʰʫʚʘʣʠ ʪʘ ʚʠʤʽʨʶʚʘʣʠ ʦʧʪʠʯʥʫ ʛʫʩʪʠʥʫ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ çʂʌʂ-3-01è ʫ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ ʧʨʠ l=546 ʥʤ, ʪʦʚʱʠʥʽ 

ʢʶʚʝʪʠ l=3 ʩʤ ʚʽʜʥʦʩʥʦ ʨʦʟʯʠʥʫ ʧʦʨʽʚʥʷʥʥʷ, ʷʢʠʤ ʻ ʩʫʤʽʰ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʢʨʽʤ 

Cr(VI). 

ʂʦʥʮʝʥʪʨʘʮʽʶ ʭʨʦʤʘʪ-ʘʥʽʦʥʽʚ ʫ ʨʦʟʯʠʥʘʭ ʚʠʟʥʘʯʘʣʠ ʟ ʢʘʣʽʙʨʫʚʘʣʴʥʦʛʦ 

ʛʨʘʬʽʢʘ. ʇʦʙʫʜʦʚʘ ʢʘʣʽʙʨʫʚʘʣʴʥʦʛʦ ʛʨʘʬʽʢʘ: ʚ ʦʢʨʝʤʽ ʤʽʨʥʽ ʢʦʣʙʠ ʻʤʥʽʩʪʶ 25 ʩʤ3 

ʚʽʜʙʠʨʘʣʠ ʧʦ 10, 20, 25, 30, 40, 50 ʪʘ 100 ʤʢʛ Cr(VI), ʚʽʜʧʦʚʽʜʥʦ. ʋ ʢʦʞʥʫ ʢʦʣʙʫ 

ʜʦʜʘʚʘʣʠ 3 ʩʤ3 0,1 N H2SO4, 1,5 ʩʤ3 H3PO4 (1:10), 1 ʩʤ
3 0,25 % ʨʦʟʯʠʥʫ 
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ʜʠʬʝʥʽʣʢʘʨʙʘʟʠʜʫ, ʜʠʩʪʠʣʴʦʚʘʥʫ ʚʦʜʫ ʜʦ ʤʽʪʢʠ. ʇʝʨʝʤʽʰʫʚʘʣʠ ʪʘ ʚʠʤʽʨʶʚʘʣʠ 

ʦʧʪʠʯʥʽ ʛʫʩʪʠʥʠ ʨʦʟʯʠʥʽʚ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ çʂʌʂ-3-01è ʫ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ 

ʩʧʝʢʪʨʘ ʧʨʠ l=546 ʥʤ, ʪʦʚʱʠʥʽ ʢʶʚʝʪʠ l=3 ʩʤ ʚʽʜʥʦʩʥʦ ʨʦʟʯʠʥʫ ʧʦʨʽʚʥʷʥʥʷ. 

ʄʝʪʦʜ ɯɿʇ-ʄʉ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʨʦʤʘʪ-

ʘʥʽʦʥʽʚ ʧʨʠ ʥʠʟʴʢʦʤʫ ʾʭ ʚʤʽʩʪʽ (< 15 ʤʢʛ/ʜʤ3) ʫ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʘʭ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽ çICP-MS Agilent 7500 ʩʝè. ɻʨʘʜʫʶʚʘʣʴʥʽ ʨʦʟʯʠʥʠ 

ʛʦʪʫʚʘʣʠ ʟ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʨʘʟʢʘ 2.74473.0100 çICP Multi Element 

Standard Solution XXI CertiPURÈè. 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ. ʌʦʪʦʤʝʪʨʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ [28], ʟʘʩʪʦʩʦʚʫʶʯʠ ʨʝʘʢʮʽʶ 

ʫʪʚʦʨʝʥʥʷ ʛʝʪʝʨʦʧʦʣʽʢʦʤʧʣʝʢʩʥʦʾ ʩʧʦʣʫʢʠ ʬʦʩʬʘʪʫ ʟ ʤʦʣʽʙʜʘʪʦʤ ʘʤʦʥʽʶ ʫ 

ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʩʦʣʝʡ ʩʪʠʙʽʶ): 

H3PO4 +12(NH4)2MoO4 + 24HNO3 ź H3[P(Mo3O10)4] + 24NH4NO3 + 12H2O    (2.4). 

ʇʽʜ ʜʽʻʶ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʄʦ(VI) ʫ ʛʝʪʝʨʦʧʦʣʽʢʦʤʧʣʝʢʩʥʽʡ ʩʧʦʣʫʮʽ 

ʬʦʩʬʘʪʫ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʩʪʫʧʝʥʷ ʦʢʠʩʣʝʥʥʷ +5,5, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ 

ʩʫʤʽʰʽ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʢʽʣʴʢʦʩʪʝʡ ʄʦ(VI) ʪʘ ʄʦ(V). ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʫʪʚʦʨʶʻʪʴʩʷ 

ʩʧʦʣʫʢʘ, ʟʘʙʘʨʚʣʝʥʘ ʫ ʩʠʥʽʡ ʢʦʣʽʨ ï çʤʦʣʽʙʜʝʥʦʚʘ ʩʠʥʴè. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ ʘʣʽʢʚʦʪʫ ʨʦʟʯʠʥʫ 25 ʩʤ3 

ʧʦʤʽʱʘʣʠ ʫ ʤʽʨʥʫ ʢʦʣʙʫ ʻʤʥʽʩʪʶ 50 ʩʤ3, ʜʦʜʘʚʘʣʠ 5,0 ʩʤ3 ʧʦʧʝʨʝʜʥʴʦ 

ʧʨʠʛʦʪʦʚʣʝʥʦʛʦ ʟʤʽʰʘʥʦʛʦ ʨʝʘʢʪʠʚʫ, ʷʢʠʡ ʟʙʝʨʽʛʘʣʠ  < 24 ʛʦʜ, ʜʠʩʪʠʣʴʦʚʘʥʫ ʚʦʜʫ 

ʜʦ ʤʽʪʢʠ ʪʘ  ʧʝʨʝʤʽʰʫʚʘʣʠ. ɿʤʽʰʘʥʠʡ ʨʝʘʢʪʠʚ ʛʦʪʫʚʘʣʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 125 ʩʤ3 

5 ʤʦʣʴ-ʝʢʚ/ʜʤ3 ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʟʤʽʰʫʚʘʣʠ ʟ 37,5 ʩʤ3 ʨʦʟʯʠʥʫ ʤʦʣʽʙʜʘʪʫ ʘʤʦʥʽʶ 

(20 ʛ (NH4)6Mo7O24Ŀ4H2O ʨʦʟʯʠʥʷʣʠ ʫ 500 ʩʤ3 ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ), ʜʦʣʠʚʘʣʠ 75 

ʩʤ3 1 ʤʦʣʴ/ʜʤ3 ʨʦʟʯʠʥʫ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ 12,5 ʩʤ3 ʨʦʟʯʠʥʫ 

ʩʪʠʙʽʡ(ɯɯɯ)ʪʘʨʪʨʘʪʫ ʢʘʣʽʶ (0,274 ʛ K(SbO)C4H4O6Ŀ0,5 H2O ʨʦʟʯʠʥʷʣʠ ʫ 100 ʩʤ3 

ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ). ɺʠʤʽʨʶʚʘʥʥʷ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ 

ʟʜʽʡʩʥʶʚʘʣʠ ʯʝʨʝʟ 10 ʭʚ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ çʉʌ-16è ʫ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ 

ʧʨʠ ɚ=720 ʥʤ, ʪʦʚʱʠʥʽ ʢʶʚʝʪʠ 3ï5 ʩʤ ʚʽʜʥʦʩʥʦ çʭʦʣʦʩʪʦʛʦè ʨʦʟʯʠʥʫ. 

ɻʨʘʜʫʶʚʘʣʴʥʠʡ ʛʨʘʬʽʢ ʣʽʥʽʡʥʠʡ ʚ ʽʥʪʝʨʚʘʣʽ (0,02ï2,5) ʤʛ/ʜʤ3 (ʟʘ ʤʦʣʷʨʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʦʛʣʠʥʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʶʚʝʪ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ), ʱʦ ʜʦʟʚʦʣʷʣʦ 
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ʚʠʟʥʘʯʘʪʠ ʚʤʽʩʪ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ ʫ ʨʝʘʣʴʥʠʭ ʟʨʘʟʢʘʭ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. 

ʇʦʤʠʣʢʘ ʚʠʟʥʘʯʝʥʥʷ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ ʧʨʠ ʾʭ ʚʤʽʩʪʽ ʫ ʚʦʜʽ ʥʘ ʨʽʚʥʽ Ò 0,02 ʤʛ/ʜʤ3 

ʩʪʘʥʦʚʠʣʘ 30 %, ʘ ʧʨʠ ² 0,2 ʤʛ/ʜʤ3 ï ʥʝ ʙʽʣʴʰʝ ° (2ï3) %. 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʶ. ɺʤʽʩʪ ʢʘʨʙʦʢʩʠʣʘʪ-ʽʦʥʽʚ ʫ 

ʩʪʨʫʢʪʫʨʽ ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ɻʄɼʊɸ ʪʘ ɼʊʇɸ Zn,Al-ʐʇɻ 

ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʥʘ ʧʽʜʩʪʘʚʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʛʘʣʴʥʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ 

ʚʫʛʣʝʮʶ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ [29]. 

 

2.2.2 ʄʘʪʝʤʘʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʨʦʟʧʦʜʽʣʫ ʬʦʨʤ ʟʥʘʭʦʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ, ʭʨʦʤʘʪ- ʪʘ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ  

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʚʽʜʥʦʩʥʦʾ ʯʘʩʪʢʠ ʬʦʨʤ ʟʥʘʭʦʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ, ʭʨʦʤʘʪ- ʪʘ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ ʫ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʟ 

ʨʽʟʥʠʤ ʟʥʘʯʝʥʥʷʤ ʨʅ ʟʜʽʡʩʥʶʚʘʣʠ ʨʦʟʨʘʭʫʥʦʢ ʨʦʟʧʦʜʽʣʫ ʾʭ ʬʦʨʤ ʜʣʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʥʘʯʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʡ ʫ ʤʦʜʝʣʴʥʠʭ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ. ʇʨʠ ʮʴʦʤʫ 

ʙʨʘʣʠ ʜʦ ʫʚʘʛʠ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʫʤʦʚʠ (ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʣʴʥʠʭ ʣʽʛʘʥʜʽʚ ʪʘ ʽʦʥʽʚ 

ʤʝʪʘʣʽʚ ʯʠ ʥʝʤʝʪʘʣʽʚ) ʥʘʩʪʫʧʥʽ ʧʨʦʮʝʩʠ: ʛʽʜʨʦʣʽʟ (ʟʦʢʨʝʤʘ, ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʧʦʣʽʤʝʨʥʠʭ ʬʦʨʤ), ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʟ ʣʽʛʘʥʜʘʤʠ ʚ ʨʦʟʯʠʥʽ ʟʘ ʫʯʘʩʪʶ 

ʤʦʥʦʤʝʨʥʦʾ ʬʦʨʤʠ ʝʢʦʪʦʢʩʠʢʘʥʪʫ, ʫʯʘʩʪʴ ʣʽʛʘʥʜʽʚ ʫ ʨʦʟʯʠʥʽ ʚ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ 

ʨʝʘʢʮʽʷʭ (ʧʨʦʪʦʥʫʚʘʥʥʷ), ʦʩʘʜʞʝʥʥʷ (ʟʘ ʜʦʙʫʪʢʘʤʠ ʨʦʟʯʠʥʥʦʩʪʽ ʪʘ ʢʦʥʩʪʘʥʪʘʤʠ 

ʫʪʚʦʨʝʥʥʷ ʥʝʨʦʟʯʠʥʥʠʭ ʩʧʦʣʫʢ). ɼʣʷ ʦʙʯʠʩʣʝʥʴ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ MEDUSA [30] ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʢʦʥʩʪʘʥʪʠ ʛʽʜʨʦʣʽʟʫ ʬʦʨʤ ʽʩʥʫʚʘʥʥʷ 

ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ, ʩʪʽʡʢʦʩʪʽ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʪʘ ʜʠʩʦʮʽʘʮʽʾ (ʧʨʦʪʦʥʫʚʘʥʥʷ) 

ʚʽʜʧʦʚʽʜʥʠʭ ʣʽʛʘʥʜʽʚ, ʥʘʚʝʜʝʥʠʭ ʘʚʪʦʨʘʤʠ [31]. 

 

2.2.3. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ 

ʉʦʨʙʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʦʨʙʮʽʡʥʝ ʚʠʣʫʯʝʥʥʷ 137Cs (Cs(I)), 90Sr (Sr(II )), 

U(VI), Cu(II ), Co(II), Cd(II ), Ni(II ), Pb(II), Mn(II ), Zn(II ), ʭʨʦʤʘʪ- ʪʘ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ 

ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʧʨʦʚʦʜʠʣʠ ʫ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ɼʣʷ ʮʴʦʛʦ ʫ ʢʦʥʽʯʥʽ ʧʣʦʩʢʦʜʦʥʥʽ ʢʦʣʙʠ ʟʽ ʰʣʽʬʦʤ ʻʤʥʽʩʪʶ 100 ʩʤ3 ʧʦʤʽʱʘʣʠ 

ʩʠʥʪʝʟʦʚʘʥʠʡ ʩʦʨʙʝʥʪ ʤʘʩʦʶ 0,0250ï0,3000 ʛ ʪʘ ʜʦʜʘʚʘʣʠ 50 ʩʤ3 ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ 
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ʟ ʧʠʪʦʤʦʶ ʘʢʪʠʚʥʽʩʪʶ 137Cs ʪʘ 90Sr 5Ö103 ɹʢ/ʜʤ3 ʘʙʦ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʩʪʘʙʽʣʴʥʠʭ 

ʽʟʦʪʦʧʽʚ Cs+ ʪʘ Sr2+, ʘ ʪʘʢʦʞ U(VI), Cu(II), Co(II ), Cd(II), Ni(II ), Pb(II ), Mn(II), Zn(II ) 

ï 1Ŀ10-4 ʤʦʣʴ/ʜʤ3, ʫ ʚʠʧʘʜʢʫ ʭʨʦʤʘʪ-ʽʦʥʽʚ ï 5,2 ʤʛ/ʜʤ3, ʬʦʩʬʘʪ-ʽʦʥʽʚ ï 50 ʤʛ/ʜʤ3. 

ʆʪʨʠʤʘʥʫ ʩʫʩʧʝʥʟʽʶ ʧʝʨʝʤʽʰʫʚʘʣʠ ʥʘ ʘʧʘʨʘʪʽ ʜʣʷ ʩʪʨʫʰʫʚʘʥʥʷ çɸɺʋ-6ʉè 

(ʤʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʥʷ ʧʣʘʪʬʦʨʤʠ ï 160 ʨʘʟʽʚ/ʭʚ) ʚʧʨʦʜʦʚʞ ʯʘʩʫ, 

ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ ʢʦʥʢʨʝʪʥʦʛʦ ʪʦʢʩʠʢʘʥʪʫ. 

ʇʽʩʣʷ ʩʦʨʙʮʽʾ ʟʜʽʡʩʥʶʚʘʣʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʚʥʝ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚʽʜ 

ʚʦʜʥʦʾ, ʚ ʷʢʽʡ ʚʠʟʥʘʯʘʣʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʪʦʢʩʠʢʘʥʪʽʚ ʧʽʩʣʷ ʩʦʨʙʮʽʾ ʤʝʪʦʜʘʤʠ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʧʥ. 2.2.1. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʙʽʨ 

ʩʧʦʩʦʙʫ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʚʦʜʥʦʾ ʬʘʟʠ ʟʘʣʝʞʘʚ ʚʽʜ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʪʠʧʫ ʩʦʨʙʝʥʪʫ ʪʘ ʡʦʛʦ ʜʠʩʧʝʨʩʥʦʩʪʽ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʷ ʙʽʣʴʰʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʧʝʨʝʚʘʞʥʦ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ ʧʨʠ 5000 ʦʙ/ʭʚ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʩʦʨʙʮʽʡʥʦʛʦ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʬʦʩʬʘʪ-ʽʦʥʽʚ ʪʘ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʘʣʽʡʮʠʥʢʦʚʦʛʦ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʫ (ɯɯ) ï ʬʽʣʴʪʨʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʽʣʴʪʨʫ çʩʠʥʷ 

ʩʪʨʽʯʢʘè, ʤʘʛʥʽʪʥʠʭ ʩʦʨʙʝʥʪʽʚ ï ʤʘʛʥʽʪʥʫ ʩʝʧʘʨʘʮʽʶ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʝʣʠʯʠʥʠ ʩʦʨʙʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ (as, ʤʢʤʦʣʴ/ʛ ʘʙʦ ʤʛ/ʛ), ʾʭ ʩʪʫʧʝʥʶ ʚʠʣʫʯʝʥʥʷ (R, %) ʪʘ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʧʦʜʽʣʫ (Kd, ʩʤ
3/ʛ) ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʥʘʩʪʫʧʥʽ ʬʦʨʤʫʣʠ: 
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ʜʝ C0 ʪʘ Cp ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʝʦʨʛʘʥʽʯʥʠʭ ʪʦʢʩʠʢʘʥʪʽʚ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʨʦʟʯʠʥʘʭ ʜʦ ʪʘ ʧʽʩʣʷ ʩʦʨʙʮʽʾ, ʤʢʤʦʣʴ/ʜʤ3 ʘʙʦ ʤʛ/ʜʤ3;  

ɸ0 ʪʘ ɸʨ ï ʘʢʪʠʚʥʽʩʪʴ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʜʦ ʪʘ ʧʽʩʣʷ ʩʦʨʙʮʽʾ, ɹʢ/ʜʤ
3; V ï ʦʙôʻʤ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ, ʜʤ3 (ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ Kd  ʚ  ʩʤ
3); 

m ï ʥʘʚʘʞʢʘ ʩʦʨʙʝʥʪʫ, ʛ. 

ʉʦʨʙʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʦʨʙʮʽʾ 

ʭʨʦʤʘʪ-ʽʦʥʽʚ ʚʠʚʯʘʣʠ ʫ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ. ʅʘʚʘʞʢʫ ʩʦʨʙʝʥʪʫ 0,5000ï1,000 ʛ 

(ʬʨʘʢʮʽʷ Ò0,25 ʤʤ) ʧʦʤʽʱʘʣʠ ʚ ʩʢʣʷʥʫ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʫ ʢʦʣʦʥʢʫ ʟ ʚʥʫʪʨʽʰʥʽʤ 

ʜʽʘʤʝʪʨʦʤ 5 ʤʤ, ʚʥʠʟʫ ʷʢʦʾ ʟʥʘʭʦʜʠʣʦʩʷ ʩʢʣʦʚʦʣʦʢʥʦ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʥʦʩʫ 

ʩʦʨʙʝʥʪʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʩʦʨʙʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ʋ ʨʦʟʯʠʥʽ, ʱʦ ʧʨʦʡʰʦʚ ʯʝʨʝʟ ʰʘʨ 

ʩʦʨʙʝʥʪʫ, ʚʠʟʥʘʯʘʣʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʭʨʦʤʘʪ-ʽʦʥʽʚ. ʐʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʫʚʘʥʥʷ 

ʧʽʜʪʨʠʤʫʚʘʣʘʩʷ ʧʦʩʪʽʡʥʦʶ ʽ ʩʪʘʥʦʚʠʣʘ 1 ʩʤ3/ʭʚ ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʦʟʯʠʥʽʚ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʭʨʦʤʘʪ-ʽʦʥʽʚ ʫ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ ʦʮʽʥʶʚʘʣʠ ʟʘ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʦʯʠʱʝʥʥʷ (ʂʦʯ): 
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ʜʝ C0 ʪʘ Cp ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʨʦʤʘʪ-ʽʦʥʽʚ ʫ ʨʦʟʯʠʥʽ ʚʠʭʽʜʥʦʤʫ ʪʘ ʧʽʩʣʷ ʩʦʨʙʮʽʾ, 

ʤʛ/ʜʤ3. 

ɯʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ʩʦʨʙʮʽʾ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʦʨʙʝʥʪʽʚ ʪʘ ʚʩʪʘʚʣʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʚʠʣʫʯʝʥʥʷ ʪʦʢʩʠʢʘʥʪʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʫʚʘʣʠ ʽʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʽʟʦʪʝʨʤ ʩʦʨʙʮʽʾ 

ʫ ʢʦʥʽʯʥʽ ʧʣʦʩʢʦʜʦʥʥʽ ʢʦʣʙʠ ʟʽ ʰʣʽʬʦʤ ʻʤʥʽʩʪʶ 100 ʩʤ3 ʧʦʤʽʱʘʣʠ ʩʝʨʽʶ 

ʦʜʥʘʢʦʚʠʭ ʧʦʚʽʪʨʷʥʦ-ʩʫʭʠʭ ʥʘʚʘʞʦʢ ʩʠʥʪʝʪʠʯʥʦʛʦ ʩʦʨʙʝʥʪʫ (0,050ï0,100 ʛ) ʪʘ 

ʜʦʜʘʚʘʣʠ ʧʦ 50 ʩʤ3 ʤʦʜʝʣʴʥʦʛʦ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʥʝʦʨʛʘʥʽʯʥʠʭ ʪʦʢʩʠʢʘʥʪʽʚ (ʫ 

ʚʠʧʘʜʢʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ï ʾʭ ʩʪʘʙʽʣʴʥʠʭ ʽʟʦʪʦʧʽʚ) ʟ ʜʽʘʧʘʟʦʥʦʤ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʭʨʦʤʘʪ-ʽʦʥʽʚ ï 5õ500 ʤʛ/ʜʤ3, ʬʦʩʬʘʪ-ʽʦʥʽʚ ï 10õ120 ʤʛ/ʜʤ3, ʽʥʰʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʪʦʢʩʠʢʘʥʪʽʚ ï (0,5õ6)Ö10-4 ʤʦʣʴ/ʜʤ3, ʪʘ ʦʧʪʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʨʅ. ʆʪʨʠʤʘʥʫ 

ʩʫʩʧʝʥʟʽʶ ʧʝʨʝʤʽʰʫʚʘʣʠ ʚʧʨʦʜʦʚʞ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ ʢʦʥʢʨʝʪʥʦʛʦ ʪʦʢʩʠʢʘʥʪʫ. ʇʽʩʣʷ ʩʦʨʙʮʽʾ ʚʦʜʥʫ ʬʘʟʫ 
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ʚʽʜʦʢʨʝʤʣʶʚʘʣʠ ʩʧʦʩʦʙʘʤʠ, ʦʧʠʩʘʥʠʤʠ ʚʠʱʝ, ʪʘ ʤʝʪʦʜʘʤʠ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʟʘʣʠʰʢʦʚʠʡ ʚʤʽʩʪ ʪʦʢʩʠʢʘʥʪʫ.  

ʄʘʪʝʤʘʪʠʯʥʫ ʦʙʨʦʙʢʫ ʽʟʦʪʝʨʤ ʩʦʨʙʮʽʾ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʭ ʪʘ ʧʨʦʩʪʠʭ ʨʽʚʥʷʥʴ ʤʦʜʝʣʝʡ ʃʝʥʛʤʶʨʘ ʪʘ ʌʨʝʡʥʜʣʽʭʘ [32, 33], 

ʚʽʜʧʦʚʽʜʥʦ:  

pL

pL

s
CK

CaK
a

Ö+

ÖÖ
=

¤

1
,                                                     (2.8) 

n

pFs CKa /1Ö= ,                                                       (2.9) 

ʜʝ as ï ʨʽʚʥʦʚʘʞʥʘ ʚʝʣʠʯʠʥʘ ʩʦʨʙʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ (ʤʢʤʦʣʴ/ʛ ʘʙʦ ʤʛ/ʛ); 

aÐ ï ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʩʦʨʙʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ (ʤʢʤʦʣʴ/ʛ ʘʙʦ ʤʛ/ʛ); 

Cp ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʦʟʯʠʥʘʭ 

ʧʽʩʣʷ ʩʦʨʙʮʽʾ, ʤʢʤʦʣʴ/ʜʤ3 ʘʙʦ ʤʛ/ʜʤ3; 

KL ï ʢʦʥʩʪʘʥʪʘ ʽʟʦʪʝʨʤʠ ʃʝʥʛʤʶʨʘ; 

KF ʪʘ 1/n ï ʢʦʥʩʪʘʥʪʠ ʽʟʦʪʝʨʤʠ ʌʨʝʡʥʜʣʽʭʘ. 

ʂʽʥʝʪʠʯʥʽ ʤʦʜʝʣʽ ʩʦʨʙʮʽʾ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʢʽʥʝʪʠʢʠ ʩʦʨʙʮʽʾ ʚ ʧʨʦʮʝʩʽ 

ʧʨʦʚʝʜʝʥʥʷ ʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ 

ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟʜʽʡʩʥʶʚʘʣʠ ʚʽʜʙʽʨ ʧʨʦʙ ʨʽʜʢʦʾ ʬʘʟʠ ʯʝʨʝʟ ʨʽʟʥʽ ʧʨʦʤʽʞʢʠ 

ʯʘʩʫ ʪʘ ʘʥʘʣʽʟʫʚʘʣʠ ʾʭ ʚʤʽʩʪ. ʊʨʠʚʘʣʽʩʪʴ ʩʦʨʙʮʽʡʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟʘʣʝʞʘʣʘ ʚʽʜ 

ʧʦʚʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʩʦʨʙʝʥʪʫ ʚʽʜʧʦʚʽʜʥʠʤ ʝʢʦʪʦʢʩʠʢʘʥʪʦʤ (ʪʨʠʚʘʣʦʩʪʽ ʜʦʩʷʛʥʝʥʥʷ 

ʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ).  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʦʨʙʮʽʾ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʢʽʥʝʪʠʯʥʽ 

ʨʽʚʥʷʥʴ ʤʦʜʝʣʝʡ ʧʩʝʚʜʦʧʝʨʰʦʛʦ ʪʘ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʘʚʪʦʨʘʤʠ [34, 35]: 

)(1 tp aak
dt

da
-= .                                          (2.10) 

 

2

2 )( tp aak
dt

da
-= .                                        (2.11) 
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ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʣʽʥʽʡʥʠʭ ʬʦʨʤ ʟʘʟʥʘʯʝʥʠʭ ʨʽʚʥʷʥʴ ʧʨʦʚʦʜʠʣʠ ʾʭ 

ʽʥʪʝʛʨʫʚʘʥʥʷ: 

t
k

aaa ptp
303,2

log)log( 1-=- ,                                (2.12) 

2

2
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ppt ak
t
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+= ,                                          (2.13) 

ʜʝ t ï ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʩʦʨʙʮʽʾ, ʭʚ; ʘʨ ï ʨʽʚʥʦʚʘʞʥʘ ʚʝʣʠʯʠʥʘ ʩʦʨʙʮʽʾ, 

ʤʤʦʣʴ/ʛ (ʤʛ/ʛ);  

at ï ʚʝʣʠʯʠʥʘ ʩʦʨʙʮʽʾ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʯʘʩ t, ʤʤʦʣʴ/ʛ (ʤʛ/ʛ);  

k1 ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ, ʭʚ
-1;   

k2 ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ, ʭʚ
-1ĿʛĿʤʤʦʣʴ-1 ( ʭʚ-1ĿʛĿʤʛ-1). 

ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʦʨʙʮʽʾ U(VI) ʥʘ ʟʨʘʟʢʫ Zn,Al-ɼʊʇɸ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʡ ʧʽʜʭʽʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʨʙʮʽʾ [36, 37], ʚʠʭʦʜʷʯʠ ʟ ʥʘʩʪʫʧʥʠʭ ʫʤʦʚ: 

ʘ) ʚʠʭʽʜʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ U(VI) ï M0, ʤʦʣʴ/ʜʤ
3 ʜʦʨʽʚʥʶʻ ʚʠʭʽʜʥʽʡ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʩʦʨʙʝʥʪʘ ï S0, ʤʦʣʴ/ʜʤ3. ɺʢʘʟʘʥʠʡ ʧʨʦʮʝʩ 

ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 

2

22 ttt CkSMk
dt

dx
Ö=ÖÖ= ,                                 (2.14) 

ʜʝ ʭ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʦʨʙʦʚʘʥʦʛʦ ʫʨʘʥʫ (VI), ʤʦʣʴ/ʜʤ3; 

t ï ʯʘʩ, ʭʚ; 

k2 ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ, ʜʤ
3/(ʤʦʣʴĿʭʚ); 

St ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʩʦʨʙʝʥʪʫ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʯʘʩ t, 

ʤʦʣʴ/ʜʤ3; 

Mt ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʦʥʽʚ ʫʨʘʥʫ (VI), ʜʦʩʷʛʥʫʪʘ ʟʘ ʯʘʩ t, ʤʦʣʴ/ʜʤ3; 

Ct ï ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ, ʜʦʩʷʛʥʫʪʘ ʟʘ ʯʘʩ t, ʤʦʣʴ/ʛ. 

ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʤʘʻʤʦ: 
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t
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2 ,                                        (2.15) 

ʜʝ ʉ0 ï ʚʠʭʽʜʥʘ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ, ʤʦʣʴ/ʛ. 

ʙ) ʚʠʭʽʜʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ U(VI) ʪʘ ʚʠʭʽʜʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ 

ʩʦʨʙʝʥʪʘ ʨʽʟʥʽ, ʘʣʝ ʾʭ ʤʦʞʥʘ ʩʧʽʚʩʪʘʚʠʪʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʮʝʩ ʦʧʠʩʫʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 

))(( 0022 xSxMkSMk
dt

dx
tt --=ÖÖ= .                      (2.16) 

ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʤʘʻʤʦ: 

00

00

00

2
)(

)(
ln

)(

1

SxM

MxS

MSt
k

-

-

-D
= .                                 (2.17) 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʦʨʙʮʽʾ U(VI) ʥʘ ʦʩʥʦʚʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʢʽʥʝʪʠʢʠ 

ʨʝʘʢʮʽʡ ʫ ʨʦʟʯʠʥʘʭ ʟʜʽʡʩʥʶʚʘʣʠ, ʚʠʭʦʜʷʯʠ ʟ ʫʤʦʚʠ, ʱʦ ʚʠʭʽʜʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

U(Vɯ)0 ([U(Vɯ)0]) ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʢʽʥʝʪʠʢʠ ʩʦʨʙʮʽʾ ʦʙʨʘʥʽ ʨʽʚʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤ 

ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʩʦʨʙʝʥʪʽʚ ([R0]) ʘʙʦ ʙʫʣʠ ʙʽʣʴʰ ʥʠʟʴʢʠʤʠ.  

ʇʨʠ ʨʽʚʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ U(Vɯ)0 ʪʘ ʘʢʪʠʚʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʮʝʥʪʨʽʚ 

ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʥʥʷ ʢʽʥʝʪʠʢʠ ʩʦʨʙʮʽʾ ʟ ʚʽʜʦʤʠʤʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ ʢʽʥʝʪʠʢʠ 

ʟʚʠʯʘʡʥʠʭ ʨʝʘʢʮʽʡ ʫ ʨʦʟʯʠʥʘʭ [36, 37] ʚʟʘʻʤʦʜʽʷ U(VI) ʟ ʩʦʨʙʝʥʪʦʤ ʚʽʜʧʦʚʽʜʘʻ 

ʨʝʘʢʮʽʾ ʜʨʫʛʦʛʦ ʢʽʥʝʪʠʯʥʦʛʦ ʧʦʨʷʜʢʫ: 
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ÖÖ= .                                  (2.18) 

ɿʛʽʜʥʦ [36, 37], ʦʪʨʠʤʘʻʤʦ ʨ̔h ʝʥʥ ̫ʨʽʚʥʷʥʥʷ (2.18): 
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ʜʝ [U(Vɯ)t] ï ʧʦʪʦʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ U(VI) ʫ ʨʦʟʯʠʥʽ; 

[U(Vɯ)0] ï ʚʠʭʽʜʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ U(VI) ʫ ʨʦʟʯʠʥʽ; 

t ï ʪʨʠʚʘʣʽʩʪʴ ʩʦʨʙʮʽʾ, ʭʚ; 

k ï ʢʦʥʩʪʘʥʪʘ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. 




