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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

 

ɻɼʂ 

ɼʈ 

ʂʂʄ 

ʂʋʅʌ 

ʂʋʋʌ 

ʄr 

ʄʇʅʌ 

ʄʇʋʌ 

ʅʌ 

ʇɸɸ 

ʇɸɸ1,5 

ʇɸɸ10 

ʇɸʈ 

ɸʇɸʈ 

ʇɽɯ 

ʇɽɯ10   

ʇɽɯ60 

ʇʈ 

ʇʈ2530 

ʇʈ650TR 

ʉɼ 

ʉʆ 

ʉɺ 

ʋʌ 

ʐʇɻ 

Mg/Al -ʐʇɻ 

Mg/Fe-ʐʇɻ 

Zn/Al -ʐʇɻ 

ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʜʦʙʫʪʦʢ ʨʦʟʯʠʥʥʦʩʪʽ 

ʢʨʠʪʠʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʽʮʝʣʦʫʪʚʦʨʝʥʥʷ  

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ-ʥʘʥʦʬʽʣʴʪʨʘʮʽʷ  

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ-ʫʣʴʪʨʘʬʽʣʴʪʨʘʮʽʷ 

ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ 

ʤʽʮʝʣʷʨʥʦ-ʧʽʜʩʠʣʝʥʘ ʥʘʥʦʬʽʣʴʪʨʘʮʽʷ 

ʤʽʮʝʣʷʨʥʦ-ʧʽʜʩʠʣʝʥʘ ʫʣʴʪʨʘʬʽʣʴʪʨʘʮʽʷ 

ʥʘʥʦʬʽʣʴʪʨʘʮʽʷ 

ʧʦʣʽʘʢʨʠʣʘʤʽʜ 

ʧʦʣʽʘʢʨʠʣʘʤʽʜ ʟ ʄr 1,5 ʢɼʘ 

ʧʦʣʽʘʢʨʠʣʘʤʽʜ ʟ ʄr 10 ʢɼʘ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ 

ʘʥ̔ʦʥʥ̔ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ 

ʧʦʣʽʝʪʠʣʝʥʽʤʽʥ  

ʧʦʣʽʝʪʠʣʝʥʽʤʽʥ ʟ ʄr 10 ʢɼʘ 

ʧʦʣʽʝʪʠʣʝʥʽʤʽʥ ʟ ʄr 60 ʢɼʘ 

ʧʨʘʝʩʪʦʣ 

ʧʨʘʝʩʪʦʣ ʟ ʄr ~ 14 000 ʢɼʘ 

ʧʨʘʝʩʪʦʣ ʟ ʄr ~ 6 000 ʢɼʘ 

ʩʪʫʧʽʥʴ ʜʝʩʦʨʙʮʽʾ 

ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ 

ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ 

ʫʣʴʪʨʘʬʽʣʴʪʨʘʮʽʷ 

ʰʘʨʫʚʘʪʠʡ ʧʦʜʚʽʡʥʠʡ ʛʽʜʨʦʢʩʠʜ 

ʰʘʨʫʚʘʪʠʡ ʧʦʜʚʽʡʥʠʡ ʛʽʜʨʦʢʩʠʜ ʤʘʛʥʽʶ ʪʘ ʘʣʶʤʽʥʽʶ 

ʰʘʨʫʚʘʪʠʡ ʧʦʜʚʽʡʥʠʡ ʛʽʜʨʦʢʩʠʜ ʤʘʛʥʽʶ ʪʘ ʟʘʣ̔ʟʘ 

ʰʘʨʫʚʘʪʠʡ ʧʦʜʚʽʡʥʠʡ ʛʽʜʨʦʢʩʠʜ ʮʠʥʢʫ ʪʘ ʘʣʶʤʽʥʽʶ 
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Zn/Al-CO3 

Zn/Al-FeCN 

Naɼɼɹʉ 

Naɼɼʉ 

ʊʨʠʪʦʥ ʍ-100 

a 

ao 

a/ao 

as 

ʉ0 

ʉʨ 

ʂd  

ʂʦʯ 

Jv 

R 

ű 

Ŭ 

ɯ 

ʨʅ0 

ʨʅʨʽʚʥ 

mʩʦʨʙ 

Vʨ-ʥʫ 

tn 

ʢʘʨʙʦʥʘʪʥʘ ʬʦʨʤʘ Zn/Al -ʐʇɻ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʥʘ ʬʦʨʤʘ ʰʘʨʫʚʘʪʦʛʦ ʧʦʜʚʽʡʥʦʛʦ ʛʽʜʨʦʢʩʠʜʫ  

ʥʘʪʨʽʡʜʦʜʝʮʠʣʙʝʥʟʦʣʩʫʣʴʬʦʥʘʪ 

ʥʘʪʨʽʡʜʦʜʝʮʠʣʩʫʣʴʬʘʪ 

ʪʨʝʪʦʢʪʠʣʬʝʥʽʣʦʚʠʡ ʝʬʽʨ ʧʦʣʽʝʪʠʣʝʥʛʣʽʢʦʣʶ 

ʚʤʽʩʪ ʭʨʦʤʫ (VI) ʫ ʟʨʘʟʢʫ ʧʽʩʣʷ ʜʝʩʦʨʙʮʽʾ 

ʚʠʭʽʜʥʠʡ ʚʤʽʩʪ ʭʨʦʤʫ (VI) ʫ ʟʨʘʟʢʫ 

ʟʘʣʠʰʢʦʚʠʡ ʚʤʽʩʪ ʭʨʦʤʫ (VI) ʥʘ ʩʦʨʙʝʥʪʽ ʧʽʩʣʷ ʜʝʩʦʨʙʮʽʾ  

ʚʝʣʠʯʠʥʘ ʘʜʩʦʨʙʮʽʾ 

ʚʠʭʽʜʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʦʢʩʠʢʘʥʪʫ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʦʢʩʠʢʘʥʪʫ ʧʽʩʣʷ ʩʦʨʙʮʽʾ 

ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ  

ʢʦʝʬʽʮʽʻʥʪ ʦʯʠʱʝʥʥʷ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ 

ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʨʠʤʫʚʘʥʥʷ 

ʩʪʫʧʽʥʴ ʚʽʜʙʦʨʫ ʧʝʨʤʝʘʪʫ 

ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʬʦʨʤ ʤʝʪʘʣʽʚ 

ʽʦʥʥʘ ʩʠʣʘ ʨʦʟʯʠʥʫ 

ʨʅ ʚʠʭʽʜʥʦʛʦ ʨʦʟʯʠʥʫ  

ʨʅ ʨʦʟʯʠʥʫ ʧʽʩʣʷ ʩʦʨʙʮʽʾ 

ʤʘʩʘ ʥʘʚʘʞʢʠ ʩʦʨʙʝʥʪʫ 

ʦʙô̒ ʤ ʨʦʟʯʠʥʫ 

ʪʨʠʚʘʣʽʩʪʴ ʢʦʥʪʘʢʪʫ ʟʨʘʟʢʫ ʟ ʨʦʟʯʠʥʦʤ 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɯʥʪʝʥʩʠʚʥʘ ʽʥʜʫʩʪʨʽʘʣʽʟʘʮʽʷ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ 

ʩʧʨʦʚʦʢʫʚʘʣʘ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʧʣʘʥʝʪʠ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʪʦʢʩʠʢʘʥʪʘʤʠ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦ-

ʥʝʙʝʟʧʝʯʥʠʤʠ ʪʘ ʧʨʦʙʣʝʤʥʠʤʠ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʻ ʨʘʜʽʦʥʫʢʣʽʜʠ ʪʘ ʚʘʞʢʽ ʤʝʪʘʣʠ. 

ɺʢʘʟʘʥʽ ʟʘʙʨʫʜʥʶʶʯʽ ʢʦʤʧʦʥʝʥʪʠ ʯʝʨʝʟ ʾʭʥʶ ʟʥʘʯʥʫ ʨʦʟʯʠʥʥʽʩʪʴ ʫ ʚʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ ʤʽʛʨʘʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘ ʚʥʘʩʣʽʜʦʢ ʨʘʜʽʘʮʽʡʥʦʾ ʽ 

ʭʽʤʽʯʥʦʾ ʪʦʢʩʠʯʥʦʩʪʽ ʯʠʥʷʪʴ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ, ʱʦ ʚʠʢʣʠʢʘʻ 

ʩʝʨʡʦʟʥʫ ʝʢʦʣʦʛʽʯʥʫ ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɼʦ ʩʴʦʛʦʜʥʽ ʥʝ ʽʩʥʫʻ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʩʧʦʩʦʙʫ ʦʯʠʱʝʥʥʷ ʚʦʜ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʦʜʠʪʠ ʦʜʥʦʯʘʩʥʝ ʚʠʣʫʯʝʥʥʷ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ, ʧʨʠʩʫʪʥʽʭ ʷʢ ʫ ʚʠʛʣʷʜʽ 

ʢʘʪʽʦʥʽʚ, ʪʘʢ ʽ ʘʥʽʦʥʽʚ, ʪʦʤʫ ʧʨʦʚʽʜʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʩʪʘʥ ʾʭ 

ʟʥʘʭʦʜʞʝʥʥʷ ʫ ʛʽʜʨʦʦʙôʻʢʪʘʭ ʙʽʦʩʬʝʨʠ. ʇʨʠ ʮʴʦʤʫ ʥʘʷʚʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʟ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʦʶ ʟʜʘʪʥʽʩʪʶ, 

ʚʝʣʠʯʠʥʘ ʨʅ, ʘ ʪʘʢʦʞ ʟʘʛʘʣʴʥʠʡ ʩʦʣʝʚʤʽʩʪ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʪʦʢʩʠʢʘʥʪʫ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʨʦʟʨʦʙʢʘ ʪʘ ʚʠʙʽʨ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʚʠʣʫʯʝʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʜʘʣʴʰʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʽ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʛʽʜʨʦʝʢʦʩʠʩʪʝʤ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʩʫʯʘʩʥʦʩʪʽ, ʱʦ ʤʘʻ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʝ 

ʩʪʨʘʪʝʛʽʯʥʝ ʟʥʘʯʝʥʥʷ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʪʘ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤ, ʦʩʦʙʣʠʚʦ ʥʘ ʩʪʘʜʽʾ ʜʦʦʯʠʱʝʥʥʷ 

ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʻ ʩʦʨʙʮʽʡʥʠʡ ʤʝʪʦʜ. ʉʝʨʝʜ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʠʟʴʢʦʶ ʚʘʨʪʽʩʪʶ ʧʨʦʚʽʜʥʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʥʝʦʨʛʘʥʽʯʥʽ 

ʰʘʨʫʚʘʪʽ ʧʦʜʚʽʡʥʽ ʛʽʜʨʦʢʩʠʜʠ (ʐʇɻ) ʘʙʦ ʛʽʜʨʦʪʘʣʴʢʽʪʦʧʦʜʽʙʥʽ ʤʘʪʝʨʽʘʣʠ. ɺʘʨʪʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʘʞʣʠʚʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʚʢʘʟʘʥʠʭ ʩʦʨʙʝʥʪʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʩʦʨʙʮʽʡʥʦ ʘʢʪʠʚʥʠʤʠ ʰʘʨʫʚʘʪʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʜʽʡʩʥʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʢʘʪʽʦʥʦʦʙʤʽʥʥʠʭ, ʘ ʡ ʘʥʽʦʥʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ ʟʤʽʥʠ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʥʘ ʚʽʜʤʽʥʫ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜ ʧʨʠʨʦʜʥʠʭ 
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ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ, ʷʢʽ ʧʝʨʝʚʘʞʥʦ ʻ ʢʘʪʽʦʥʦʦʙʤʽʥʥʠʢʘʤʠ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʜʘʻ 

ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʐʇɻ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ 

ʘʥʽʦʥʥʠʭ ʪʘ ʢʘʪʽʦʥʥʠʭ ʬʦʨʤ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʫ ʧʨʦʮʝʩʘʭ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʻ ʙʘʨʦʤʝʤʙʨʘʥʥʽ ʤʝʪʦʜʠ, ʟʦʢʨʝʤʘ ʨʝʘʛʝʥʪʥʦ-

ʧʽʜʩʠʣʝʥʽ (ʤʽʮʝʣʷʨʥʦ-ʧʽʜʩʠʣʝʥʘ ʫʣʴʪʨʘ- (ʄʇʋʌ) ʘʙʦ ʥʘʥʦʬʽʣʴʪʨʘʮʽʷ (ʄʇʅʌ) 

ʪʘ ʧʦʻʜʥʘʥʥʷ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʟ ʫʣʴʪʨʘ- (ʂʋʋʌ) ʘʙʦ ʥʘʥʦʬʽʣʴʪʨʘʮʽʻʶ 

(ʂʋʅʌ)), ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʷʛʘʪʠ ʚʠʩʦʢʠʭ ʩʪʫʧʝʥʽʚ ʚʠʣʫʯʝʥʥʷ ʪʦʢʩʠʢʘʥʪʽʚ 

ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʪʘ ʬʦʨʤ ʽʩʥʫʚʘʥʥʷ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ. ʆʜʥʘʢ ʾʭʥʻ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʘʩʪʦ ʦʙʤʝʞʝʥʝ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʫʢʦʚʦʛʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʦʯʠʱʝʥʥʷ ʚʦʜ. 

ʉʘʤʝ ʪʦʤʫ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʰʣʷʭʠ ʚʠʣʫʯʝʥʥʷ 

ʫʨʘʥʫ (VI) ʪʘ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʽʟ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʪʘʢʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʷʢ ʩʦʨʙʮʽʡʥʠʡ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʬʦʨʤ ʐʇɻ, ʪʘ ʨʝʘʛʝʥʪʥʦ-

ʧʽʜʩʠʣʝʥʠʤʠ ʙʘʨʦʤʝʤʙʨʘʥʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʚʩʪʘʥʦʚʣʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘʟʥʘʯʝʥʠʭ ʩʧʦʩʦʙʽʚ ʫ ʧʨʦʮʝʩʘʭ ʦʯʠʱʝʥʥʷ ʚʦʜ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʘʥʫ 

ʟʥʘʭʦʜʞʝʥʥʷ ʪʦʢʩʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʚʦʜʥʠʭ ʦʙôʻʢʪʘʭ ʜʦʚʢʽʣʣʷ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʷ ʫ ʚʽʜʜʽʣʽ ʘʥʘʣʽʪʠʯʥʦʾ ʪʘ ʨʘʜʽʦʭʽʤʽʾ ɯʥʩʪʠʪʫʪʫ 

ʢʦʣʦʾʜʥʦʾ ʭʽʤʽʾ ʪʘ ʭʽʤʽʾ ʚʦʜʠ ʽʤ. ɸ.ɺ. ɼʫʤʘʥʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ ʚ ʨʘʤʢʘʭ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʟʘ ʪʝʤʘʤʠ: çʉʝʣʝʢʪʠʚʥʝ ʚʠʣʫʯʝʥʥʷ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʪʦʢʩʠʢʘʥʪʽʚ ʩʦʨʙʮʽʡʥʠʤʠ ʪʘ ʛʽʙʨʠʜʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʴ ʬʦʨʤ 

ʾʭ ʟʥʘʭʦʜʞʝʥʥʷ ʫ ʚʦʜʥʠʭ ʩʠʩʪʝʤʘʭè (2013-2017 ʨʨ., ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

0113U000833, ʚʠʢʦʥʘʚʝʮʴ), çʈʦʟʚʠʪʦʢ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʢʠ ʽ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠè (2012-2016 ʨʨ., ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0112U000040, 

ʚʠʢʦʥʘʚʝʮʴ), çɼʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤ ʽʩʥʫʚʘʥʥʷ ʫ ʚʦʜʽ ʧʨʽʦʨʠʪʝʪʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʪʘ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʪʘ ʨʝʘʢʮʽʡ ʟ ʾʭ ʫʯʘʩʪʶ ʫ ʟʚôʷʟʢʫ ʟ ʦʮʽʥʢʦʶ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚè (2010-2014 ʨʨ., ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

0110U005403, ʚʠʢʦʥʘʚʝʮʴ). 
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ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʥʘʫʢʦʚʦʤʫ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʦʨʙʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʐʇɻ, ʘ ʪʘʢʦʞ ʨʝʘʛʝʥʪʥʦ-ʧʽʜʩʠʣʝʥʦʾ 

ʫʣʴʪʨʘ- ʪʘ ʥʘʥʦʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʫʨʘʥʫ (VI) ʪʘ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʽʟ 

ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʛʘʣʴʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

ï ʜʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩ ʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ U(VI), Cu(II), Pb(II), Co(II), 

Ni(II) , Cd(II ), Zn(II) ʪʘ Mn(II) ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʥʦʾ ʬʦʨʤʠ Zn/Al-ʐʇɻ; 

ï ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʝʬʝʢʪʠʚʥʦʛʦ ʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ Cr(VI) ʟ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʟ ʨʽʟʥʠʤ ʟʥʘʯʝʥʥʷʤ ʨʅ ʪʘ ʩʦʣʝʚʤʽʩʪʫ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʢʘʣʴʮʠʥʦʚʘʥʠʭ ʬʦʨʤ Zn/Al-, Mg/Fe- ʪʘ Mg/Al-ʐʇɻ; 

ï ʜʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩʠ ʜʝʩʦʨʙʮʽʾ Cr(VI) ʥʘ ʢʘʣʴʮʠʥʦʚʘʥʽʡ ʬʦʨʤʽ Zn/Al-ʐʇɻ 

ʚʦʜʥʠʤʠ ʨʦʟʯʠʥʘʤʠ ʨʽʟʥʠʭ ʜʝʩʦʨʙʫʶʯʠʭ ʨʝʘʛʝʥʪʽʚ ʫ ʩʪʘʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ 

ʫʤʦʚʘʭ; 

ï ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʽʚ 

ʨʝʘʛʝʥʪʥʦ-ʧʽʜʩʠʣʝʥʦʾ ʫʣʴʪʨʘ- ʪʘ ʥʘʥʦʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʚʠʣʫʯʝʥʥʷ U(VI)  ʪʘ Cr(VI) ʟ 

ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ; 

ï ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʠʙʽʨ ʪʠʧʫ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʠʭ ʣʽʛʘʥʜʽʚ ʪʘ 

ʤʽʮʝʣʦʫʪʚʦʨʶʶʯʠʭ ʨʝʯʦʚʠʥ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʽʚ ʨʝʘʛʝʥʪʥʦ-ʧʽʜʩʠʣʝʥʦʾ 

ʫʣʴʪʨʘ- ʪʘ ʥʘʥʦʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʚʠʣʫʯʝʥʥʷ U(VI)  ʪʘ Cr(VI) ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ U(VI) ʪʘ Cr(VI), 

Cu(II ), Co(II ), Ni(II ), Cd(II ), Mn(II ), Pb(II ), Zn(II) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʥʪʝʪʠʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ Zn/Al -, Mg/Fe- ʪʘ Mg/Al -ʐʇɻ ʪʘ ʨʝʘʛʝʥʪʥʦ-ʧʽʜʩʠʣʝʥʦʛʦ 

ʙʘʨʦʤʝʤʙʨʘʥʥʦʛʦ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʩʧʦʣʫʢ ʫʨʘʥʫ (VI) ʪʘ 

ʭʨʦʤʫ (VI ). 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʥʝʦʨʛʘʥʽʯʥʽ ʝʢʦʪʦʢʩʠʢʘʥʪʠ ï ʩʧʦʣʫʢʠ U(VI) ʪʘ 

Cr(VI), Cu(II ), Co(II ), Ni(II ), Cd(II ), Mn(II ), Pb(II ), Zn(II) ʚ ʤʦʜʝʣʴʥʠʭ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʘʭ, ʟʘʙʨʫʜʥʝʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ, ʧʽʜʟʝʤʥʠʭ ʪʘ ʰʘʭʪʥʠʭ ʚʦʜʘʭ ʟ ʨʽʟʥʠʤ 

ʩʦʣʝʚʤʽʩʪʦʤ, ʩʠʥʪʝʪʠʯʥʽ ʩʦʨʙʝʥʪʠ ʥʘ ʦʩʥʦʚʽ Zn/Al -, Mg/Fe- ʪʘ Mg/Al -ʐʇɻ. 
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ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ï ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʡ, ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʠʡ, 

ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʷ ʟ ʽʥʜʫʢʪʠʚʥʦ ʟʚôʷʟʘʥʦʶ ʧʣʘʟʤʦʶ (ɯɿʇ-ʄʉ), 

ʨʝʥʪʛʝʥʦʛʨʘʬʽʯʥʠʡ, ʩʦʨʙʮʽʡʥʠʡ ʤʝʪʦʜ ʫ ʩʪʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ, 

ʤʘʪʝʤʘʪʠʯʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʡ, ʤʝʪʦʜʠ ʫʣʴʪʨʘ- ʪʘ ʥʘʥʦʬʽʣʴʪʨʘʮʽʾ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋʧʝʨʰʝ ʚʠʟʥʘʯʝʥʦ ʫʤʦʚʠ 

ʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ U(VI), Cu(II), Pb(II), Co(II), Ni(II) , Cd(II ), Zn(II) ʪʘ 

Mn(II) ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʥʦʾ ʬʦʨʤʠ      

Zn/Al-ʐʇɻ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʢʘʟʘʥʠʡ ʩʦʨʙʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ ʻ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤ 

ʧʨʠ ʚʠʣʫʯʝʥʥʽ U(VI) ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʅ=3,0÷9,0 ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟ 

ʨʽʟʥʠʤ ʩʦʣʝʚʤʽʩʪʦʤ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʥʘ ʬʦʨʤʘ Zn/Al-ʐʇɻ ʻ 

ʚʠʩʦʢʦ ʩʝʣʝʢʪʠʚʥʦʶ ʜʣʷ ʚʠʣʫʯʝʥʥʷ Cu(II) ʧʨʠ ʾʾ ʚʠʭʽʜʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʚʦʜʘʭ 

ʙʽʣʴʰʝ 300 ʤʢʛ/ʜʤ3, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʘʪʠ ʟʥʘʯʝʥʴ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʥʦʨʤʘʪʠʚʥʠʤ ʧʦʢʘʟʥʠʢʘʤ ʧʠʪʥʦʾ ʚʦʜʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʘʣʴʮʠʥʦʚʘʥʽ ʬʦʨʤʠ Zn/Al -, Mg/Fe- ʪʘ Mg/Al -ʐʇɻ ʜʣʷ 

ʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʘʥʽʦʥʥʠʭ ʩʧʦʣʫʢ Cr(VI). ɺʠʟʥʘʯʝʥʦ, 

ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʢʘʟʘʥʠʭ ʩʦʨʙʝʥʪʽʚ ʚʽʜʥʦʩʥʦ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʦʢʩʠʢʘʥʪʫ 

ʦʙʫʤʦʚʣʝʥʘ ʾʭ ʣʫʞʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʫʤʽʰ ʛʽʜʨʦʢʩʠʜʫ ʪʘ 

ʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʜʝʩʦʨʙʮʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ ʱʦʜʦ 

Cr(VI) ʟ ʧʦʚʝʨʭʥʽ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʬʦʨʤʠ Zn/Al -ʐʇɻ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʽ ʫʤʦʚʠ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʣʫʯʝʥʥʷ ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ U(VI) ʪʘ Cr(VI) ʤʝʪʦʜʘʤʠ ʨʝʘʛʝʥʪʥʦ-ʧʽʜʩʠʣʝʥʦʾ 

ʫʣʴʪʨʘ- ʪʘ ʥʘʥʦʬʽʣʴʪʨʘʮʽʾ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ 

ʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ U(VI) ʽʟ ʩʪʽʯʥʠʭ ʰʘʭʪʥʠʭ ʚʦʜ ʫʨʘʥʦʧʝʨʝʨʦʙʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʝʬʝʢʪʠʚʥʠʡ ʩʦʨʙʝʥʪ ï ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʥʫ ʬʦʨʤʫ Zn/Al-ʐʇɻ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʣʫʯʘʪʠ ʷʢ ʢʘʪʽʦʥʥʽ, ʪʘʢ ʽ ʘʥʽʦʥʥʽ ʬʦʨʤʠ ʝʢʦʪʦʢʩʠʢʘʥʪʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʦʨʙʝʥʪ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʪʘ ʧʨʠʨʦʜʥʠʭ 

ʚʦʜ ʚʽʜ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. 

ʇʦʢʘʟʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʬʦʨʤʠ Zn/Al -ʐʇɻ 

ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʪʘ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ Cr(VI) ʟ ʤʝʪʦʶ ʡʦʛʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʛʦ 
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ʚʠʟʥʘʯʝʥʥʷ ʥʘ ʨʽʚʥʽ, ʥʠʞʯʦʤʫ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ (ɻɼʂ) ʜʣʷ 

ʧʠʪʥʦʾ ʚʦʜʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʨʝʘʛʝʥʪʥʦ-ʧʽʜʩʠʣʝʥʦʾ 

ʫʣʴʪʨʘ- ʪʘ ʥʘʥʦʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ U(VI) ʪʘ Cr(VI). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʚ ʘʥʘʣʽʟʽ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ ʟʘ 

ʪʝʤʦʶ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʣʘʥʫʚʘʥʥʽ ʪʘ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʨʦʙʦʪʠ, 

ʤʘʪʝʤʘʪʠʯʥʽʡ ʦʙʨʦʙʮʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʛʘʣʴʥʦʾ ʟʘʜʘʯʽ 

ʜʦʩʣʽʜʞʝʥʴ, ʪʨʘʢʪʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʽʜʛʦʪʦʚʢʘ 

ʧʫʙʣʽʢʘʮʽʡ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ ʚʠʩʥʦʚʢʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʦʚʦʜʠʣʠʩʴ 

ʩʧʽʣʴʥʦ ʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ ï ʜ.ʭ.ʥ. ʇʰʠʥʢʦ ɻ.ʄ. ɼʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ Zn/Al -, Mg/Fe- ʪʘ Mg/Al -ʐʇɻ ʜʣʷ ʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ 

ʪʦʢʩʠʢʘʥʪʽʚ ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʨʦʙʦʪʠ, 

ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʧʽʜʛʦʪʦʚʢʫ ʤʘʪʝʨʽʘʣʽʚ 

ʜʦ ʜʨʫʢʫ ʟʜʽʡʩʥʝʥʦ ʩʧʽʣʴʥʦ ʟ ʢ.ʭ.ʥ. ʇʫʟʠʨʥʦʶ ʃ.ʄ. ʉʠʥʪʝʟ Zn/Al -, Mg/Fe- ʪʘ 

Mg/Al -ʐʇɻ ʽ ʨʝʥʪʛʝʥʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʩʦʨʙʝʥʪʽʚ ʟʜʽʡʩʥʝʥʦ ʨʘʟʦʤ 

ʟ ʢ.ʭ.ʥ. ʂʦʩʦʨʫʢʦʚʠʤ ʆ.ʆ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʟ ʙʘʨʦʤʝʤʙʨʘʥʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʣʫʯʝʥʥʷ 

U(VI) ʪʘ Cr(VI) ʽʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʠʢʦʥʘʥʦ ʨʘʟʦʤ ʟ ʢ.ʭ.ʥ. ʂʨʠʚʦʨʫʯʢʦ ɸ.ʇ. ʽ 

ʢ.ʭ.ʥ. ʖʨʣʦʚʦʶ ʃ.ʖ. ɼʨʫʢʦʚʘʥʽ ʨʦʙʦʪʠ ʧʽʜʛʦʪʦʚʣʝʥʦ ʧʨʠ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʫʯʘʩʪʽ 

ʘʚʪʦʨʘ ʨʘʟʦʤ ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʥʘʫʢʦʚʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ: ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʂʦʣʦʾʜʥʦ-ʭʽʤʽʯʥʽ ʧʨʦʙʣʝʤʠ 

ʦʭʦʨʦʥʠ ʜʦʚʢʽʣʣʷ ʪʘ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʚʦʜʠè (ʂʠʾʚ, ʋʢʨʘʾʥʘ, 2013); 

ɯʍ ɺʩʝʫʢʨʘʠʥʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ (ɼʦʥʝʮʢ, ʋʢʨʘʠʥʘ, 

2013); IX ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʪʫʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠ ï 2013è (ɻʨʦʜʥʦ, ɹʝʣʦʨʫʩʩʠʷ, 2013); XIII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʍʠʤʠʷ ʠ ʞʠʟʥʴè 

(ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2014); Vɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʚʢʽʣʣʷè (ʉʫʤʠ, ʋʢʨʘʾʥʘ, 2015). 
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ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 14 ʨʦʙʽʪ, ʫ ʪʦʤʫ ʯʠʩʣʽ 9 

ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʟ ʥʠʭ 8 ï ʫ ʬʘʭʦʚʠʭ, ʪʘ ʪʝʟʠ 5 ʜʦʧʦʚʽʜʝʡ ʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷʭ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 5 ʨʦʟʜʽʣʽʚ, 

ʚʠʩʥʦʚʢʽʚ ʪʘ ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ. ʈʦʙʦʪʫ ʚʠʢʣʘʜʝʥʦ ʥʘ 162 ʩʪʦʨʽʥʢʘʭ 

ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ, ʷʢʘ ʚʤʽʱʫʻ 48 ʨʠʩʫʥʢʽʚ, 18 ʪʘʙʣʠʮʴ. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʜʞʝʨʝʣ ʥʘʨʘʭʦʚʫʻ 246 ʥʘʡʤʝʥʫʚʘʥ.ɹ 
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ʈʆɿɼɯʃ 1 

ʆʏʀʑɽʅʅʗ ɺʆɼʅʀʍ ʆɹôɭʂʊɯɺ ɺɯɼ ɽʂʆʊʆʂʉʀʂɸʅʊɯɺ  

ʊɸ ɰʍ ʇʆɺɽɼɯʅʂɸ ɺ ʇʈʀʈʆɼʅʀʍ ʋʄʆɺɸʍ 

 

1.1 ʉʪʘʥ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʫ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ 

 

ʉʝʨʝʜ ʥʝʙʝʟʧʝʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʨʘʜʽʦʥʫʢʣʽʜʠ ʪʘ ʚʘʞʢʽ ʤʝʪʘʣʠ 

ʩʪʘʥʦʚʣʷʪʴ ʥʘʡʙʽʣʴʰʫ ʟʘʛʨʦʟʫ ʜʣʷ ʜʦʚʢʽʣʣʷ. ʇʦʪʨʘʧʠʚʰʠ ʫ ʚʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ, 

ʪʦʢʩʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʫʪʚʦʨʶʶʪʴ ʛʽʜʨʘʪʦʚʘʥʽ ʽʦʥʠ, ʦʢʩʠʛʽʜʨʘʪʠ, ʢʦʤʧʣʝʢʩʥʽ 

ʥʝʦʨʛʘʥʽʯʥʽ ʪʘ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ. ʇʨʠʨʦʜʘ ʽʦʥʽʚ (ʟʥʘʢ, ʚʝʣʠʯʠʥʘ ʟʘʨʷʜʫ ʽʦʥʫ, 

ʨʦʟʤʽʨ ʽʦʥʥʦʛʦ ʨʘʜʽʫʩʫ), ʥʘʷʚʥʽʩʪʴ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʠʭ ʣʽʛʘʥʜʽʚ, ʟʘʛʘʣʴʥʘ 

ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʩʝʨʝʜʦʚʠʱʘ, pH ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ [1] ʚʧʣʠʚʘʶʪʴ ʥʘ ʽʩʥʫʚʘʥʥʷ 

ʢʦʥʢʨʝʪʥʦʾ ʬʦʨʤʠ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ. ʊʦʤʫ ʧʨʠ ʨʦʟʨʦʙʮʽ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ 

ʦʯʠʱʝʥʥʷ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʜʦʚʢʽʣʣʷ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʥʝʦʙʭʽʜʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʭʽʤʽʯʥʫ ʧʨʠʨʦʜʫ ʟʘʙʨʫʜʥʶʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽ ʁʪʘ 

ʬʦʨʤʠ ʟʥʘʭʦʜʞʝʥʥʷ ʫ ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

 

1.1.1 ʉʪʘʥ ʫʨʘʥʫ (VI) ʫ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ 

 

ʋʨʘʥ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʪʦʢʩʠʯʥʠʭ ʪʘ ʧʨʦʙʣʝʤʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ 

ʟʚô̫ ʟʢʫ ʟ ʥʘʷʚʥʽʩʪʶ ʡʦʛʦ ʨʦʜʦʚʠʱ, ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʽ ʧʝʨʝʨʦʙʥʠʭ 

ʢʦʤʙʽʥʘʪʽʚ, ʘ ʪʘʢʦʞ ʽʥʰʠʭ ʦʙô̒ ʢʪʽʚ ʷʜʝʨʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʮʠʢʣʫ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʘʥʽʦʥʥʠʭ ʬʦʨʤ ʡʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʚ ʜʦʚʢʽʣʣʽ. 

ʋ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʫʨʘʥ ʫʪʚʦʨʶʻ ʽʦʥʠ ʟʽ ʩʪʫʧʝʥʷʤʠ ʦʢʠʩʥʝʥʥʷ +3, +4, +5 

ʪʘ +6. ʋ ʚʽʜʧʦʚʽʜʥʠʭ ʫʤʦʚʘʭ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʨʝʘʢʮʽʾ ʾʭ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ 

ʟ ʙʫʜʴ-ʷʢʠʤʠ ʽʦʥʘʤʠ (ʦʢʨʽʤ ClO4
¯), ʚ ʪ.ʯ. ʨʝʘʢʮʽʾ ʛʽʜʨʦʣʽʟʫ [2ï4], ʘ ʪʘʢʦʞ ʧʨʠ 

ʧʝʚʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʪʘ ʫʤʦʚʘʭ ʤʦʞʣʠʚʝ ʫʪʚʦʨʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʽʦʥʽʚ [5]. 

ʋ ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ ʫʨʘʥ ʽʩʥʫʻ ʧʝʨʝʚʘʞʥʦ ʫ ʰʝʩʪʠʚʘʣʝʥʪʥʦʤʫ ʩʪʘʥʽ, ʪʦʙʪʦ 

ʫ ʚʠʛʣʷʜʽ ʨʽʟʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʫʨʘʥʽʣʫ. ʄʦʞʣʠʚʽ ʪʘʢʽ ʬʦʨʤʠ ʫʨʘʥʫ ʫ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʘʭ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʅ: ʩʫʣʬɹʘʪʥʘ ï ʫ ʚʠʛʣʷʜʽ ʣʝʛʢʦʨʦʟʯʠʥʥʦʛʦ ʩʫʣʴʬʘʪʫ 
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ʫʨʘʥʽʣʫ UO2SO4; ʢʘʨʙʦʥʘʪʥ ̔ʬʦʨʤʠ ï ʫ ʚʠʛʣʷʜʽ ʣʝʛʢʦʨʦʟʯʠʥʥʠʭ ʢʦʤʧʣʝʢʩʥʠʭ 

ʬʦʨʤ [UO2(CO3)2]
2-, [UO2(CO3)3]

4-, ʣʝʛʢʦʨʦʟʯʠʥʥ ̔ʢʦʤʧʣʝʢʩʥ ̔ʛʫʤʘʪʥ ̔ʩʧʦʣʫʢʠ; 

ʛʽʜʨʦʢʩʠʫʨʘʥʽʣʩʠʣʽʢʘʪʥ ̔ʩʧʦʣʫʢʠ ʪʠʧʫ (UO2OH)(HSiO3) [6]. 

ɯʦʥʠ UO2
2+ ʟʜʘʪʥʽ ʽʩʥʫʚʘʪʠ ʣʠʰʝ ʚ ʢʠʩʣʠʭ ʨʦʟʯʠʥʘʭ (ʨʠʩ. 1.1) [7]. ʇʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʨʅ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʽʦʥʠ ʛʽʜʨʦʣʽʟʫʶʪʴ, ʫʪʚʦʨʶʶʯʠ ʤʦʥʦ- ʪʘ 

ʧʦʣʽʷʜʝʨʥʽ ʢʦʤʧʣʝʢʩʠ ʪʠʧʫ (UO2)m(OH)n
2m-n. ɼʝʷʢʽ ʘʚʪʦʨʠ [8] ʪʘʢʦʞ 

ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʠʭ ʨʝʘʛʝʥʪʽʚ ʫ ʜʽʘʧʘʟʦʥʽ 

ʨʅ=4,0÷9,0 ʧʝʨʝʚʘʞʥʦʶ ʬʦʨʤʦʶ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʝʣʝʤʝʥʪʫ ʻ ʡʦʛʦ ʧʦʣʽʤʝʨʥʠʡ 

ʦʜʥʦʟʘʨʷʜʥʠʡ ʢʦʤʧʣʝʢʩ ʩʢʣʘʜʫ (UO2)3(OH)5
+. 
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ʈʠʩʫʥʦʢ 1.1 ï ʈʦʟʧʦʜʽʣ ʦʩʥʦʚʥʠʭ ʬʦʨʤ U(VI) ʚʽʜ ʨʅ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ  

Ɇʉ(ʉʆ3
2-) 1·10-5 ʤʦʣʴ/ʜʤ3 [8] 

 

ɼʣʷ UO2
2+ ʭʘʨʘʢʪʝʨʥʝ ʪʘʢʦʞ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʟ ʣʽʛʘʥʜʘʤʠ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ [9], ʱʦ ʨʘʟʦʤ ʟ ʦʜʥʦʯʘʩʥʠʤ 

ʧʨʦʪʽʢʘʥʥʷʤ ʛʽʜʨʦʣʽʟʫ ʟʙʽʣʴʰʫʻ ʢʽʣʴʢʽʩʪʴ ʩʢʣʘʜʥʠʭ ʬʦʨʤ. 

ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʥʽʪʨʘʪʥʽ ʢʦʤʧʣʝʢʩʠ ʫʨʘʥʽʣʫ (UO2NO3
+) [10]; ʢʦʤʧʣʝʢʩʥʽ 

ʽʦʥʠ ʫʪʚʦʨʶʶʪʴʩʷ ʪʘʢʦʞ ʟ ʮʠʪʨʘʪʦʤ ʪʘ ʘʥʽʦʥʘʤʠ ʽʥʰʠʭ ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ. 
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ɺʽʜʦʤʽ ʢʘʪʽʦʥʠ ʪʠʧʫ UO2H2PO4
+, UO2H3PO3

4+, ʘ ʧʨʠ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ï ʽ 

ʘʥʽʦʥʥʽ ʢʦʤʧʣʝʢʩʠ [5, 10]. 

ʊʨʫʜʥʦʱʽ ʧʨʠ ʚʠʣʫʯʝʥʥʽ U(VI) ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʩʧʨʠʯʠʥʝʥʽ ʥʘʷʚʥʽʩʪʶ 

ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʡʦʛʦ ʘʥʽʦʥʥʠʭ ʬʦʨʤ, ʥʘ ʫʪʚʦʨʝʥʥʷ ʷʢʠʭ ʚʧʣʠʚʘʻ ʨʅ ʚʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʨʠʩʫʪʥʽʩʪʴ ʣʽʛʘʥʜʽʚ ʥʝʦʨʛʘʥʽʯʥʦʾ ʧʨʠʨʦʜʠ (ʢʘʨʙʦʥʘʪʽʚ, 

ʬʦʩʬʘʪʽʚ, ʬʪʦʨʠʜʽʚ) [11-13]. ʊʘʢ, ʥʘʷʚʥʽʩʪʴ ʢʘʨʙʦʥʘʪ-ʽʦʥʽʚ ʫ ʚʦʜʽ, ʷʢ ̔

ʚʠʢʣʠʢʘʶʪʴ ʚʠʤʠʚʘʥʥʷ U(VI) ʟ ʙʘʛʘʪʴʦʭ ʫʨʘʥʚʤʽʩʥʠʭ ʤʽʥʝʨʘʣʽʚ [14], ʟʫʤʦʚʣʶʻ 

ʧʽʜʚʠʱʝʥʫ ʨʫʭʣʠʚʽʩʪʴ U(VI) ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʘ ʨʘʭʫʥʦʢ 

ʫʪʚʦʨʝʥʥʷ ʫ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʘɦʭ ʨʦʟʯʠʥʥʠʭ ʘʥʽʦʥʥʠʭ ʬʦʨʤ  [UO2(CO3)2]
2- ʪʘ 

[UO2(CO3)3]
4-, ʥʘʡʙʽʣʴʰ ʩʪʽʡʢʠʭ ʚ ʦʙʣʘʩʪʽ ʨʅå7,0õ11,0. 

ɼʦʩʣʽʜʞʝʥʦ ʨʦʟʧʦʜʽʣ ʦʩʥʦʚʥʠʭ ʬʦʨʤ U(Vɯ) ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʧʨʠ 

ʢʦʥʪʘʢʪʽ ʾʭ ʟ ʘʪʤʦʩʬʝʨʥʠʤ ʧʦʚʽʪʨʷʤ (ʚʧʣʠʚ ʉʆ2), ʷʢʠʡ ʚʥʘʩʣʽʜʦʢ ʟʩʫʚʫ 

ʚʫʛʣʝʢʠʩʣʦʪʥʦ ʾ ʨʽʚʥʦʚʘʛʠ ʚ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʩʧʨʠʷʻ ʧʦʷʚʽ ʘʥʽʦʥʥʠʭ 

ʢʘʨʙʦʥʘʪʥʠʭ ʬʦʨʤ U(Vɯ) [8]. ɼʘʥʽ, ʥʘʚʝʜʝʥʽ ʫ ʨʦʙʦʪʽ, ʢʦʨʝʣʶʶʪʴ ʟ [7, 15]. ʋ 

ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʘʥʽʦʥʥʠʡ ʜʠʢʘʨʙʦʥʘʪʫʨʘʥʽʣʴʥʠʡ ʢʦʤʧʣʝʢʩ ʧʦʯʠʥʘʻ 

ʫʪʚʦʨʶʚʘʪʠʩʴ ʚʞʝ ʧʨʠ ʨʅå6,0, ʘ ʧʨʠ ʨʅ=7,0 ʚʽʥ ʻ ʜʦʤʽʥʫʶʯʠʤ [7]. ɸʚʪʦʨʠ [15] 

ʪʘʢʦʞ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʚ ʜʽʘʧʘʟʦʥʽ ʨʅ=7,0÷10,0 ʧʝʨʝʚʘʞʘʶʪʴ ʥʝʛʘʪʠʚʥʦ 

ʟʘʨʷʜʞʝʥʽ ʢʘʨʙʦʥʘʪʥʽ ʢʦʤʧʣʝʢʩʠ U(VI). 

ʋʨʘʥ ʫ ʙʫʜʴ-ʷʢʠʭ ʬʦʨʤʘʭ ʻ ʦʜʥʠʤ ʟ ʥʘʡʥʝʙʝʟʧʝʯʥʽʰʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʜʣʷ 

ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ ʷʢ ʯʝʨʝʟ ʪʦʢʩʠʯʥʽʩʪʴ, ʩʧʨʠʯʠʥʝʥʫ ʭʽʤʽʯʥʠʤ ʪʘ ʨʘʜʽʘʮʽʡʥʠʤ 

ʬʘʢʪʦʨʘʤʠ, ʪʘʢ ʽ ʤʽʛʨʘʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʾ ʩʭʠʣʴʥʦʩʪʽ ʜʦ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʟ ʣʽʛʘʥʜʘʤʠ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʪʝʭʥʦʛʝʥʥʦʛʦ   

ʧʦʭʦʜʞʝʥʥʷ [16ï18]. ʋʨʘʥ ʟʜʘʪʥʠʡ ʜʦ ʙʽʦʘʢʫʤʫʣʷʮʽʾ, ʧʦʪʨʘʧʣʷʶʯʠ ʜʦ 

ʢʨʦʚʦʪʦʢʫ, ʚʽʥ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʢʽʩʪʢʘʭ (ʯʝʨʝʟ ʩʭʠʣʴʥʩ̔ʪɹ ʫʪʚʦʨʶʚʘʪʠ ʬʦʩʬʘʪʥʽ 

ʢʦʤʧʣʝʢʩʠ ʯʠ ʩʦʣʽ), ʩʧʨʠʯʠʥʷʻ ʧʦʩʪʽʡʥʝ ʦʧʨʦʤʽʥʝʥʥʷ ʩʢʝʣʝʪʫ [19] ʪʘ ʚʠʢʣʠʢʘʻ 

ʛʽʧʝʨʪʦʥʽʶ [20]. 

ʊʦʤʫ ʜʣʷ ʛʘʨʘʥʪʽʾ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ U(VI) ʫ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ 

ʥʦʨʤʘʪʠʚʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ [21ï23]: ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʘʭ, ʷʢ ʜʞʝʨʝʣʽ 
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ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 

40 ʤʢʛ/ʜʤ3 [21, 23] (ʪʘʙʣ. 1.1). 

 

ʊʘʙʣʠʮʷ 1.1 ï ʅʦʨʤʘʪʠʚʥʽ ʪʦʢʩʠʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʥʝʰʢʽʜʣʠʚʦʩʪʽ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [21], [22], [23] 

ɯʦʥ 

ʤʝʪʘʣʫ 

ʅʦʨʤʘʪʠʚʥ ̔ʧʦʢʘʟʥʠʢʠ 

[21] * ,  

ʤʢʛ/ʜʤ3 

[22] ** , 

ʥʝ ʙʽʣʴʰʝ 

(ʤʛ/ʜʤ3) 

[23] ** , 

ʤʛ/ʜʤ3 

U** *  < 1 (< 40) - Ò 1 

Cr(VI) < 4,0 - - 

Cr(III)  < 100 - - 

Crʟʘʛ - 0,05 Ò 0,05 

Co(II) < 10 0,1 Ò 0,1 

Cu(II) < 1,0 1,0 Ò 1,0 

Cd(II) < 0,1 0,001 Ò 0,001 

Ni(II)  < 20 0,02 Ò 0,02 

Zn(II) < 10 1,0 Ò 1,0 

Pb(II) < 5,0 0,01 Ò 0,01 

Mn(II)  < 10 0,05 Ò 0,05 

*ʅʦʨʤʘʪʠʚʥ ̔ʧʦʢʘʟʥʠʢʠ ʚ [21] ʥʘʚʝʜʝʥʦ ʜʣʷ I ʢʣʘʩʫ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ 

ʚʦʜ. 

**ʋ [21], [22] ï ʜʣʷ ʚʦʜʥʠʭ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. 

*** ɼʣʷ ʫʨʘʥʫ ʚ ɹʢ/ʜʤ3 (ʚ ʜʫʞʢʘʭ ʤʢʛ/ʜʤ3). 

 

1.1.2 ʉʪʘʥ ʭʨʦʤʫ (VI) ʪʘ ʽʥʰʠʭ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ 

 

ʍʨʦʤ. ʋ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʜʣʷ ʭʨʦʤʫ ʭʘʨʘʢʪʝʨʥʽ ʜʚʘ ʦʩʥʦʚʥʽ ʩʪʽʡʢʽ ʩʪʫʧʝʥʽ 

ʦʢʠʩʥʝʥʥʷ: ʭʨʦʤ (III), ʬʦʨʤʘʤʠ ʟʥʘʭʦʜʞʝʥʥʷ ʷʢʦʛʦ ʻ Cr3+, Cr(OH)2+, Cr(OH)2
+, 
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Cr(OH)3 (ʫ ʨʦʟʙʘʚʣʝʥʠʭ ʨʦʟʯʠʥʘʭ), Cr2(OH)2
4+, Cr3(OH)4

5+ (ʫ ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ 

ʨʦʟʯʠʥʘʭ) ʪʘ ʭʨʦʤ (VI) ï H2CrO4, HCrO4
-, CrO4

2-, Cr2O7
2-, HCr2O7

- [1, 24ï26]. 

ʍʨʦʤ (III) ʽʩʥʫʻ ʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ, ʥʘʣʝʞʠʪʴ ʜʦ ʙʽʦʛʝʥʥʠʭ ʭʽʤʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʘ ʻ ʚʘʞʣʠʚʠʤ ʽ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ (ʚʧʣʠʚʘʻ ʥʘ 

ʤʝʪʘʙʦʣʽʟʤ ʙʽʣʢʽʚ, ʚʫʛʣʝʚʦʜʽʚ ʽ ʣʽʧʽʜʽʚ), ʪʘ ʚ ʥʝʟʥʘʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʥʝ ʟʘʚʜʘʻ 

ʰʢʦʜʠ ʞʠʚʠʤ ʦʨʛʘʥʽʟʤʘʤ [27]. 

ʋ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Cr(VI), ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ Cr(III), ʤʘʻ 

ʧʝʨʝʚʘʞʥʦ ʘʥʪʨʦʧʦʛʝʥʥʝ ʧʦʭʦʜʞʝʥʥʷ: ʩʪʽʯʥʽ ʚʦʜʠ ʤʝʪʘʣʫʨʛʽʡʥʠʭ (ʩʧʣʘʚʠ, 

ʣʝʛʫʶʯʽ ʜʦʙʘʚʢʠ), ʰʢʽʨʷʥʠʭ, ʣʘʢʦ-ʬʘʨʙʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ ʪʘ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

(ʤʝʪʘʣʝʚʽ ʛʘʣʴʚʘʥʽʯʥʽ ʧʦʢʨʠʪʪʷ). ʇʨʦʤʠʩʣʦʚʝ ʥʘʜʭʦʜʞʝʥʥʷ Cr(VI) ʫ ʩʪʽʯʥʽ ʚʦʜʠ 

ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʟʘʙʨʫʜʥʝʥʥʷ, ʚʠʢʣʠʢʘʥʽ ʪʘʢʠʤʠ ʥʝʙʝʟʧʝʯʥʠʤʠ ʪʦʢʩʠʢʘʥʪʘʤʠ, 

ʷʢ ʩʚʠʥʝʮʴ, ʨʪʫʪʴ ʽ ʢʘʜʤʽʡ.  

ɼʣʷ Cr(VI) ʭʘʨʘʢʪʝʨʥʠʡ ʟʘʛʘʣʴʥʦʪʦʢʩʠʯʥʠʡ, ʘ ʪʘʢʦʞ ʢʘʥʮʝʨʦʛʝʥʥʠʡ ʚʧʣʠʚ 

(I ʢʣʘʩ ʥʝʙʝʟʧʝʢʠ) ʥʘ ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ, ʦʩʦʙʣʠʚʦ ʥʘ ʰʢʽʨʥʽ ʧʦʢʨʠʚʠ ʪʘ ʜʠʭʘʣʴʥʫ 

ʩʠʩʪʝʤʫ [27, 28]. ɼʠʭʨʦʤʘʪʠ ʥʝʙʝʟʧʝʯʥʽʰʽ, ʥʽʞ ʭʨʦʤʘʪʠ. ʊʦʢʩʠʯʥʘ ʜʽʷ ʭʨʦʤʫ ʥʘ 

ʣ ʜʁʠʥʫ ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʦʙʤʽʥʫ ʨʝʯʦʚʠʥ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʋʢʨʘʾʥʠ ʪʘ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ [29ï31] 

ʦʙʤʝʞʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʢʩʠʯʥʠʭ ʩʧʦʣʫʢ Cr(VI). 

ɺʠʣʫʯʝʥʥʷ Cr(VI) ʫʩʢʣʘʜʥʝʥʦ ʟʥʘʭʦʜʞʝʥʥʷʤ ʝʢʦʪʦʢʩʠʢʘʥʪʫ ʫ ʧʨʠʨʦʜʥʠʭ  ̔

ʩʪʽʯʥʠʭ ʚʦʜʘʭ ʚʠʢʣʶʯʥʦ ʚ ʩʢʣʘʜʥʠʭ ʘʥʽʦʥʥʠʭ ʢʠʩʥʝʚʤʽʩʥʠʭ ʬʦʨʤʘʭ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʩʦʢʦʾ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʚʢʘʟʘʥʦʛʦ ʽʦʥʫ ʤʝʪʘʣʫ ʜʦ ʢʠʩʥʶ. ʎʝ ʟʫʤʦʚʣʶʻ ʡʦʛʦ 

ʽʥʝʨʪʥʽʩʪʴ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʢʦʤʧʣʝʢʩʽʚ ʟ ʽʥʰʠʤʠ ʣʽʛʘʥʜʘʤʠ ʪʘ ʩʧʨʠʷʻ ʡʦʛʦ 

ʤʽʛʨʘʮʽʡʥʽʡ ʟʜʘʪʥʦʩʪʽ ʚ ʝʢʦʩʠʩʪʝʤʘʭ. 

ɺʤʩ̔ʪ ʷʢ Cr(III), ʪʘʢ  ̔Cr(VI) ʫ ʜʞʝʨʝʣʘʭ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʩʫʚʦʨʦ 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʦ: ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ Cr(VI) ʫ ʧʦʚʝʨʭʥʝʚʠʭ 

ʚʦʜʘʭ ï ʜʞʝʨʝʣʘʭ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʥʝ ʧʦʚʠʥʥʘ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 4 ʤʢʛ/ʜʤ3, ʘ Cr(III) ï 100 ʤʢʛ/ʜʤ3 [21], Crʟʘʛ (ʭʨʦʤʫ ʟʘʛʘʣʴʥʦʛʦ) ï  

0,05 ʤʛ/ʜʤ3 [22, 23] (ʪʘʙʣ. 1.1). 

ʂʦʙʘʣʴʪ (ɯɯ). ʋ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʽʩʥʫʻ ʫ ʜʚʦʭ ʩʪʫʧʝʥʷʭ ʦʢʠʩʥʝʥʥʷ +2 ʪʘ 

+3 [1]. ʋ ʚʦʜʘʭ, ʥʘʩʠʯʝʥʠʭ ʢʠʩʥʝʤ, ʜʚʦʚʘʣʝʥʪʥʠʡ ʢʦʙʘʣʴʪ ʰʚʠʜʢʦ 
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ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʪʨʠʚʘʣʝʥʪʥʠʡ. ʅʘʡʙʽʣʴʰ ʩʪʽʡʢʠʤ ʫ ʧʨʦʩʪʠʭ ʩʧʦʣʫʢʘʭ ʻ ʉʦ2+, 

ʫ ʢʦʤʧʣʝʢʩʥʠʭ ï ʉʦ3+ [1]. ʉʧʦʣʫʢʠ ʉʦ3+ ʤʝʥʰ ʩʪʽʡʢʽ ʚ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ. 

ʈʘʜʽʦʘʢʪʠʚʥʠʡ 60ʉʦ ʤʘʻ ʩʪʫʧʽʥʴ ʦʢʠʩʥʝʥʥʷ +2. 

ʋ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʜʦ ʨʅ=9,0 ʢʦʙʘʣʴʪ ʽʩʥʫʻ ʫ ʚʠʛʣʷʜʽ ʉʦ2+. ʉʧʦʣʫʢʠ 

ʉʦ(ɯɯ) ʚ ʫʤʦʚʘʭ ʧʨʠʨʦʜʥʠʭ ʚʦʜ ʩʭʠʣʴʥʽ ʚ ʥʝʟʥʘʯʥʽʡ ʤʽʨʽ ʜʦ ʛʽʜʨʦʣʽʟʫ [32]. 

ɼʘʥʽ ʧʨʦ ʨʦʟʧʦʜʽʣ ʉʦ(II) ʤʽʞ ʩʧʽʚʽʩʥʫʶʯʠʤʠ ʡʦʛʦ ʬʦʨʤʘʤʠ ʚ ʧʦʚʝʨʭʥʝʚʠʭ 

ʚʦʜʘʭ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʦʨʛʘʥʽʯʥʠʭ ʣʽʛʘʥʜʽʚ ʧʝʨʝʚʘʞʥʘ ʯʘʩʪʠʥʘ 

ʤʝʪʘʣʫ ʟʚô̫ ʟʫʻʪʴʩʷ ʚ ʢʦʤʧʣʝʢʩʠ ʟ ʢʘʨʙʦʥʘʪ-ʘʥʽʦʥʘʤʠ [33]. ʇʨʠ ʥʘʷʚʥʦʩʪʽ 

ʦʨʛʘʥʽʯʥʠʭ ʣʽʛʘʥʜʽʚ ʙʽʣʴʰʝ ʧʦʣʦʚʠʥʠ ʟʚ'ʷʟʘʥʦʛʦ ʢʦʙʘʣʴʪʫ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʮʠʪʨʘʪʥʠʭ ʪʘ ʬʫʣʴʚʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʘʣʝ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʤʝʪʘʣʫ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʠʤʠ ʽ ʢʘʨʙʦʥʘʪʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ [6].  

ʉʧʦʣʫʢʠ ʢʦʙʘʣʴʪʫ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʚʦʜʥʽ ʩʝʨʝʜʦʚʠʱʘ ʚʥʘʩʣʽʜʦʢ ʜʽʷʣʴʥʦʩʪʽ 

ʤʝʪʘʣʫʨʛʽʡʥʠʭ, ʤʝʪʘʣʦʦʙʨʦʙʥʠʭ, ʥʘʬʪʦʧʝʨʝʨʦʙʥʠʭ ʪʘ ʽʥʰʠʭ ʭʽʤʽʯʥʠʭ 

ʚʠʨʦʙʥʠʮʪʚ, ʤʝʜʠʯʥʠʭ ʟʘʢʣʘʜʽʚ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 60ʉʦ, ʷʢ     

ɔ-ʚʠʧʨʦʤʽʥʶʚʘʯ, ʪʘ ʧʨʠ ʨʦʙʦʪʽ ɸɽʉ, ʜʝ ʚʽʥ ʫʪʚʦʨʶʻʪʴʩʷ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʚʪʦʨʠʥʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʦʭʦʣʦʜʞʫʶʯʠʭ ʢʦʥʪʫʨ̔ʚ [34] ʪʘ ʽʥ. 

ʂʦʙʘʣʴʪ ï ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʡ ʤʝʪʘʣ, ʷʢʠʡ ʟʘʚʞʜʠ ʤʽʩʪʠʪʴʩʷ ʚ ʦʨʛʘʥʽʟʤʽ 

ʪʚʘʨʠʥ ʪʘ ʨʦʩʣʠʥ (ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʚʽʪʘʤʽʥʫ ɺ12, ʧʦʢʨʘʱʫʻ ʙʽʦʩʠʥʪʝʟ ʪʘ 

ʧʽʜʚʠʱʫʻ ʚʤʽʩʪ ʙʽʣʢʦʚʦʛʦ ʘʟʦʪʫ ʚ ʨʦʩʣʠʥʘʭ [1, 35], ʩʧʨʠʷʻ ʘʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ 

ʬʝʨʤʝʥʪʽʚ), ʧʨʦʪʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʧʦʣʫʢ ʢʦʙʘʣʴʪʫ ʻ ʥʝʙʝʟʧʝʯʥʠʤ 

(ʚʠʢʣʠʢʘʻ ʢʦʥʪʘʢʪʥʠʡ ʜʝʨʤʘʪʠʪ, ʘʩʪʤʫ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʩʧʨʠʷʻ ʧʦʷʚʽ ʨʘʢʫ 

ʣʝʛʝʥʽʚ) [35, 36]. 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ Co(II) ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʘʭ ï 

ʜʞʝʨʝʣʘʭ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 

10 ʤʢʛ/ʜʤ3 [21]; ʽʥʰʽ ʥʦʨʤʘʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ Co(II) ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1.1. 

ʄʽʜʴ (ɯɯ). ɼʣʷ ʧʨʠʨʦʜʥʠʭ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʧʝʨʝʚʘʞʥʦ ʧʨʠʪʘʤʘʥʥʽ 

ʩʧʦʣʫʢʠ ʤʽʜʽ ʟʽ ʩʪʫʧʝʥʝʤ ʦʢʠʩʥʝʥʥʷ +2. ʋ ʧʦʚʝʨʭʥʝʚʠʭ ʧʨʽʩʥʠʭ ʚʦʜʘʭ ʤʽʜʴ (ɯ) 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʠʷʚʣʝʥʦ ʚʥʘʩʣʽʜʦʢ ʫʪʚʦʨʝʥʥʷ ʚʘʞʢʦʨʦʟʯʠʥʥʠʭ ʫ ʚʦʜʽ ʾʾ ʩʧʦʣʫʢ. 

ʉʧʦʣʫʢʠ ʤʽʜʽ (+3) ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʥʝʩʪʽʡʢʽ [1]. 
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ɺʘʞʣʠʚʠʤʠ ʯʠʥʥʠʢʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʪʘʥ ʤʽʜʽ ʚ ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ, ʻ 

ʧʨʦʮʝʩʠ ʛʽʜʨʦʣʽʟʫ ʪʘ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʛʽʜʨʦʣʽʟʫ ʜʣʷ ʧʨʠʨʦʜʥʠʭ 

ʚʦʜ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʽ [CuOH]+ ʪʘ Cu(OH)2 [1, 37, 38]. 

ɼʣʷ Cu(II ) ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʯʠʩʝʣ 4, 5, 6 ʭʘʨʘʢʪʝʨʥʘ 

ʧʽʜʚʠʱʝʥʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʟ ʙʘʛʘʪʴʤʘ ʦʨʛʘʥʽʯʥʠʤʠ ʣʽʛʘʥʜʘʤʠ; 

ʟʦʢʨʝʤʘ ʘʚʪʦʨʘʤʠ [1, 39ï41] ʜʦʩʣʽʜʞʝʥʦ ʛʫʤʘʪʥʽ ʪʘ ʬʫʣʴʚʘʪʥʽ ʢʦʤʧʣʝʢʩʠ Cu(II ). 

ʉʪʽʯʥʽ ʪʘ hʘʭʪʥʽ ʚʦʜʠ ʭʽʤʽʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ [42], ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ 

ʩʪʦʢʠ (ʦʩʦʙʣʠʚʦ ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ʨʦʟʚʠʪʢʫ ʚʠʥʦʛʨʘʜʘʨʩʪʚʘ) [1] ʩʧʨʠʷʶʪʴ 

ʟʘʙʨʫʜʥʝʥʥʶ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʩʧʦʣʫʢʘʤʠ ʤʽʜʽ. 

ʄʽʜʴ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʬʽʟʽʦʣʦʛʽʾ ʣʶʜʠʥʠ [43], ʦʩʢʽʣʴʢʠ ʻ 

ʥʝʚʽʜô̒ ʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʙʘʛʘʪʴʦʭ ʬʝʨʤʝʥʪʽʚ ʪʘ ʚʧʣʠʚʘʻ ʥʘ ʣʽʧʽʜʥʠʡ ʦʙʤʽʥ 

ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ, ʘ ʫ ʨʦʩʣʠʥ ï ʥʘ ʬʦʪʦʩʠʥʪʝʟ ʽ ʟʘʩʚʦʻʥʥʷ ʘʟʦʪʫ [1]. ʇʨʠ 

ʥʘʜʣʠʰʢʫ ʜʘʥʦʛʦ ʤʝʪʘʣʫ ʤʦʞʣʠʚʝ ʡʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʧʝʯʽʥʮʽ, ʱʦ ʚʠʢʣʠʢʘʻ 

ʽʥʪʦʢʩʠʢʘʮʽʶ ʦʨʛʘʥʽʟʤʫ. ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʝ ʜʦʙʦʚʝ ʥʘʜʭʦʜʞʝʥʥʷ ʤʽʜʽ ʚ 

ʦʨʛʘʥʽʟʤ ʩʪʘʥʦʚʠʪʴ 50 ʤʢʛ/ʢʛ [44, 45]. 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ Cu(II) ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʘʭ ï 

ʜʞʝʨʝʣʘʭ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 

1 ʤʢʛ/ʜʤ3 [21]; ʽʥʰʽ ʥʦʨʤʘʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ Cu(II) ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1.1. 

ʂʘʜʤʽʡ (ɯɯ). ʋ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʜʣʷ ʢʘʜʤʽʶ ʭʘʨʘʢʪʝʨʥʠʡ ʩʪʫʧʥ̔ɹ ʦʢʠʩʥʝʥʥʷ 

+2 [1, 46]. ʉʪʘʥ ʢʘʜʤʽʶ (ɯɯ) ʫ ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ ʜʦʩʠʪʴ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʚ 

ʨʦʙʦʪʽ [47]. ʇʨʠ ʨʅ<7,0 ʚ ʦʢʠʩʥʁ ʚʘʣʴʥʠʭ ʫʤʦʚʘʭ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʢʘʜʤʽʶ (ɯɯ) 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʠʛʣʷʜʽ Cd2+. ʄʦʥʦʷʜʝʨʥʽ ʧʨʦʜʫʢʪʠ ʛʽʜʨʦʣʽʟʫ ʢʘʜʤʽʶ ʟôʷʚʣʷʶʪʴʩʷ 

ʧʨʠ ʨʅÓ8,0. ʋ ʧʨʠʨʦʜʥʠʭ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ Cd(ɯɯ) ʽʩʥʫʻ ʧʝʨʝʚʘʞʥʦ ʫ ʚʠʛʣʷʜʽ 

[CdOH]+ [1]. 

ɯʦʥʠ ʢʘʜʤʽʶ (ɯɯ) ʫʪʚʦʨʶʪʁʴ ʜʦʩʠʪʴ ʩʪʽʡʢʽ ʢʦʤʧʣʝʢʩʠ ʟ ʩʧʦʣʫʢʘʤʠ, ʱʦ 

ʤʽʩʪʷʪʴ ʜʦʥʦʨʥʽ N- ʪʘ S-ʘʪʦʤʠ [48], ʦʜʥʘʢ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʜʣʷ Cd(ɯɯ) ʤʝʥʰ 

ʭʘʨʘʢʪʝʨʥʝ, ʥʽʞ ʜʣʷ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. 

ʇʨʦʮʝʩʠ ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʟ ʧʦʣʽʤʝʪʘʣʽʯʥʠʭ ʪʘ ʤʽʜʥʠʭ ʨʫʜ, ʚʠʨʦʙʥʠʮʪʚʦ 

ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʘ ʧʨʦʤʠʩʣʦʚʘ ʜʽʷʣʴʥʽʩʪʴ [1, 49] ʩʧʨʠʷʶʪʴ ʧʦʪʨʘʧʣʷʥʥʶ ʩʧʦʣʫʢ 

ʢʘʜʤʽʶ ʫ ʚʦʜʥʽ ʩʝʨʝʜʦʚʠʱʘ. 



 21 

ʉʧʦʣʫʢʠ ʢʘʜʤʽʶ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʘʥʫ, ʥʘʜʟʚʠʯʘʡʥʦ 

ʪʦʢʩʠʯʥʽ (ʘʥʘʣʦʛʽʯʥʦ ʩʧʦʣʫʢʘʤ ʨʪʫʪʽ ʪʘ ʤʠʰô̫ ʢʫ) [1]. ʄʝʥʰ ʨʦʟʯʠʥʥʽ ʩʧʦʣʫʢʠ 

ʚʢʘʟʘʥʦʛʦ ʪʦʢʩʠʢʘʥʪʫ ʚʨʘʞʘʶʪʴ ʜʠʭʘʣʴʥʽ ʰʣʷʭʠ [50] ʪʘ ʢʠʰʢʦʚʦ-ʰʣʫʥʢʦʚʠʡ 

ʪʨʘʢʪ, ʘ ʙʽʣʴʰ ʨʦʟʯʠʥʥʽ ï ʧʽʩʣʷ ʚʩʤʦʢʪʫʚʘʥʥʷ ʚ ʢʨʦʚ ï ʚʠʢʣʠʢʘʶʪʴ ʜʝʛʝʥʝʨʘʪʠʚʥʽ 

ʟʤʽʥʠ ʚ ʥʝʨʚʦʚʽʡ ʩʠʩʪʝʤʽ, ʧʝʯʽʥʮʽ, ʥʠʨʢʘʭ ʪʘ ʧʦʨʫʰʫʶʪʴ ʬʦʩʬʦʨʥʦ-ʢʘʣʴʮʽʻʚʠʡ 

ʦʙʤʽʥ (Cd(ɯɯ) ʟʜʘʪʝʥ ʚʠʢʨʠʚʣʷʪʠ ʚʪʦʨʠʥʥʫ ʩʪʨʫʢʪʫʨʫ ʧʝʧʪʠʜʫ ʟʘ ʨʘʭʫʥʦʢ ʨʝʘʢʮʽʾ 

ʟ ʩʫʣʴʬʛʽʜʨʠʣʴʥʠʤʠ (-SH) ʛʨʫʧʘʤʠ ʪʘ ʟʘʤʽʱʫʚʘʪʠ ʢʘʣʴʮʽʡ (ɯɯ), ʷʢʠʡ ʧʨʠʡʤʘʻ 

ʫʯʘʩʪʴ ʫ ʟʚôʷʟʫʚʘʥʥʽ ʤʦʣʝʢʫʣ ʧʝʧʪʠʜʽʚ [51]). 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ Cd(II ) ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʘʭ ï 

ʜʞʝʨʝʣʘʭ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 

0,1 ʤʢʛ/ʜʤ3 [21]; ʽʥʰʽ ʥʦʨʤʘʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ Cd(II ) ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1.1. 

ʅʽʢʝʣʴ (ɯɯ). ʋ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʩʧʦʣʫʢʠ ʥʽʢʝʣʶ ʤʘʶʪʴ ʩʪʫʧʥ̔ɹ  ʦʢʠʩʥʝʥʥʷ 

+2 [46]. ʉʪʘʥ Ni(ɯɯ) ʫ ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ ʚʠʚʯʝʥʦ ʥʝʜʦʩʪʘʪʥʴʦ. ɿʥʘʯʥʠʡ ʛʽʜʨʦʣʽʟ 

Ni(ɯɯ) ʤʦʞʣʠʚʠʡ ʣʠʰʝ ʧʨʠ ʨʅ>9,0, ʦʩʢʽʣʴʢʠ ʽʦʥʠ Ni2+ ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ 

ʧʽʜʣʷʛʘʶʪʴ ʛʽʜʨʦʣʽʟʫ ʤʝʥʰʝ, ʥʽʞ ʢʘʪʽʦʥʠ ʽʥʰʠʭ ʤʝʪʘʣʽʚ [52]. 

ʅʽʢʝʣʴʚʤʽʩʥʽ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ, ʩʫʣʴʬʽʜʥʽ ʨʦʜʦʚʠʱʘ ʪʘ ʩʪʽʯʥʽ ʚʦʜʠ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʩʚʦʾʡ ʨʦʙʦʪʽ ʩʧʦʣʫʢʠ ʥʽʢʝʣʶ, 

ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ [1, 53] ʚʠʢʣʠʢʘʶʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ 

ʩʧʦʣʫʢʘʤʠ ʥʽʢʝʣʶ. 

ʉʧʦʣʫʢʠ Ni(II ) ʻ ʦʜʥʠʤʠ ʟ ʚʘʞʣʠʚʠʭ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʜʣʷ ʣʶʜʠʥʠ, 

ʧʨʦʪʝ ʚ ʥʘʜʤʽʨʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʥʘʣʝʞʘʪʴ ʜʦ ʢʘʥʮʝʨʦʛʝʥʥʠʭ, ʦʩʢʽʣʴʢʠ ʟʤʽʥʶʶʪʴ 

ʩʠʥʪʝʟ ʛʝʥʝʪʠʯʥʦʛʦ ʧʨʦʜʫʢʪʫ ʧʽʜʚʠʱʝʥʠʤ ʤʝʪʠʣʫʚʘʥʥʷʤ ɼʅʂ [54ï56] ʪʘ 

ʧʦʨʫʰʫʶʪʴ ʽʥʰʽ ʢʣʽʪʠʥʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʘ ʪʘʢʦʞ ʽʤʫʥʥʫ ʬʫʥʢʮʽʶ. ʅʽʢʝʣʴ 

ʩʧʨʠʯʠʥʷʻ ʚʠʥʠʢʥʝʥʥʷ ʨʝʩʧʽʨʘʪʦʨʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʪʘ ʢʦʥʪʘʢʪʥʦʛʦ 

ʜʝʨʤʘʪʠʪʫ [57].  

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ Ni(II ) ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʘʭ ï 

ʜʞʝʨʝʣʘʭ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 

20 ʤʢʛ/ʜʤ3 [21]; ʽʥʰʽ ʥʦʨʤʘʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ Ni(II ) ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1.1. 

ʎʠʥʢ (ɯɯ). ɼʣʷ ʮʠʥʢʫ ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʭʘʨʘʢʪʝʨʥʠʡ ʧʦʩʪʽʡʥʠʡ ʩʪʫʧʽʥʴ 

ʦʢʠʩʥʝʥʥʷ +2 [46]. ɻʽʜʨʦʣʽʟ Zn(ɯɯ) ʨʦʟʛʣʷʥʫʪʦ ʜʝʪʘʣʴʥʦ ʫ ʨʦʙʦʪʽ [52]. ɼʣʷ ʫʤʦʚ 
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ʧʦʚʝʨʭʥʝʚʠʭ ʧʨʽʩʥʠʭ ʚʦʜ ʭʘʨʘʢʪʝʨʥʠʡ ʤʦʥʦʷʜʝʨʥʠʡ ʛʽʜʨʦʣʽʟ Zn(ɯɯ). ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʛʽʜʨʦʣʽʟʫ ʧʦʣʽʷʜʝʨʥʽ ʛʽʜʨʦʢʩʦʢʦʤʧʣʝʢʩʠ ʮʠʥʢʫ [Zn2OH]3+ ʪʘ [Zn2(OH)6]
2- 

ʩʢʣʘʜʘʶʪʴ ʥʝʟʥʘʯʥʫ ʜʦʣʶ (~2%) ʥʘʚʽʪʴ ʧʨʠ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ 0,1 ʤʦʣʴ/ʜʤ3 [1]. 

ɿʥʘʯʝʥʥʷ ʨʅ ʧʦʯʘʪʢʫ ʦʩʘʜʞʝʥʥʷ ʛʽʜʨʦʢʩʠʜʫ ʮʠʥʢʫ ~ 6,0, ʘ ʨʅ ʧʦʚʥʦʛʦ 

ʦʩʘʜʞʝʥʥʷ Zn(OH)2 ~ 8,0 [52]. 

ʉʪʽʯʥʽ ʚʦʜʠ ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʮʠʥʢʫ [57], ʢʦʨʦʟʽʷ ʚʠʨʦʙʽʚ, ʱʦ 

ʤʽʩʪʷʪʴ ʮʠʥʢ, ʧʨʦʮʝʩʠ ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʨʦʟʯʠʥʝʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʪʘ ʤʽʥʝʨʘʣʽʚ 

(ʩʬʘʣʝʨʠʪʫ), ʩʫʣʴʬʽʜʥʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʪʘ ʟʘʣʽʟʥʠʭ ʨʫʜ [1] ʚʠʢʣʠʢʘʶʪʴ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʩʧʦʣʫʢʘʤʠ ʮʠʥʢʫ. 

ʎʠʥʢ ï ʦʜʠʥ ʟ ʥʘʡʥʝʦʙʭʽʜʥʽʰʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʽʩʥʫʚʘʥʥʷ ʞʠʚʠʭ 

ʦʨʛʘʥʽʟʤʽʚ, ʦʩʢʽʣʴʢʠ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʘʢʨʦʤʦʣʝʢʫʣ, 

ʛʦʨʤʦʥʽʚ, ʝʥʟʠʤʽʚ ʪʘ ʬʝʨʤʝʥʪʽʚ [1]. ʆʜʥʘʢ ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʮʠʥʢʫ ʚʠʢʣʠʢʘʻ 

ʘʥʝʤʽʶ [58]. 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ Zn(ɯɯ) ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʘʭ ï 

ʜʞʝʨʝʣʘʭ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 

10 ʤʢʛ/ʜʤ3 [21];  ʽʥʰʽ ʥʦʨʤʘʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ Zn(ɯɯ) ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1.1. 

ʉʚʠʥʝʮʴ (ɯɯ). ʋ ʧʨʠʨʦʜʥʠʭ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʜʣʷ ʩʚʠʥʮʶ ʩʪʫʧʽʥʴ 

ʦʢʠʩʥʝʥʥʷ ʭʘʨʘʢʪʝʨʥʠʡ +2 [46], ʘ +4 ʥʝʩʪʽʡʢʠʡ ʯʝʨʝʟ ʚʠʩʦʢʫ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʛʽʜʨʦʣʽʟʫ ʪʘ ʦʢʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [1]. 

ʉʚʠʥʝʮʴ (ɯɯ) ʨʝʘʛʫʻ ʟ ʦʩʥʦʚʥʠʤʠ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʠʨʦʜʥʠʭ ʚʦʜ, 

ʫʪʚʦʨʶʶʯʠ ʚʘʞʢʦʨʦʟʯʠʥʥʽ ʩʧʦʣʫʢʠ (ʢʘʨʙʦʥʘʪ (PbCO3), ʛʽʜʨʦʢʩʦʢʘʨʙʦʥʘʪ 

(ʛʽʜʨʦʮʝʨʫʩʠʪ ï Pb3(OH)2(CO3)2), ʩʫʣʴʬʘʪ, ʩʫʣʴʬʽʜ (ʛʘʣʝʥʽʪ PbS), ʛʽʜʨʦʢʩʠʜ 

(Pb(OH)2)), ʚʽʜ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʢʦʥʮʝʥʪʨʘʮʽ ̫ʩʚʠʥʮʶ ʚ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ, ʧʨʦʪʝ 

ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʟʙʽʣʴʰʫʻ ʨʦʟʯʠʥʥʽʩʪʴ ʩʧʦʣʫʢ 

Pb(ɯɯ) [1]. 

ɸʚʪʦʨʘʤʠ [52, 59] ʜʦʩʣʽʜʞʝʥʦ ʛ̔ ʜʨʦʣʽʟ Pb(ɯɯ) ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ. ʇʨʠ 

ʨʅÒ6,0 ʦʩʥʦʚʥʦʶ ʬʦʨʤʦʶ ʚ ʨʦʟʯʠʥʽ ʻ ʛʽʜʨʘʪʦʚʘʥʽ ʽʦʥʠ Pb(ɯɯ). ɿʥʘʯʥʠʡ ʩʪʫʧʽʥʴ 

ʛʽʜʨʦʣʽʟʫ ʩʚʠʥʮʶ (ɯɯ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʞʝ ʧʨʠ ʨʅ>4,0. ʇʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʨʅ 

ʩʝʨʝʜʦʚʠʱʘ ʜʦʤʽʥʫʶʯʠʤʠ ʻ ʛʽʜʨʦʣʽʟʥʽ ʬʦʨʤʠ Pb(ɯɯ). ʆʩʥʦʚʥʦʶ ʛʽʜʨʦʢʩʦʬʦʨʤʦʶ 

ʜʣʷ ʧʦʚʝʨʭʥʝʚʠʭ ʧʨʽʩʥʠʭ ʚʦʜ ʻ [PbOH]+ [1]. 
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ʈʦʟʯʠʥʝʥʥʷ ʩʚʠʥʮʝʚʦʚʤʽʩʥʠʭ ʤʽʥʝʨʘʣʽʚ, ʩʪʽʯʥʽ ʚʦʜʠ ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʽʥʰʠʭ ʭʽʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʢʽʣʩʚʠʥʮʝʚʠʭ 

ʘʥʪʠʜʝʪʦʥʘʮʽʡʥʠʭ ʜʦʙʘʚʦʢ ʜʦ ʧʘʣʠʚʘ, ʩʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʣʷ [1, 60] ʚʠʢʣʠʢʘʶʪʴ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʩʧʦʣʫʢʘʤʠ Pb(ɯɯ). 

ʉʚʠʥʝʮʴ ʥʘʣʝʞʠʪʴ ʜʦ ʯʠʩʣʘ ʥʘʡʪʦʢʩʠʯʥʽʰʠʭ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ [61, 62]. 

ɼʦʚʛʦʪʨʠʚʘʣʝ ʩʧʦʞʠʚʘʥʥʷ ʚʦʜ ʥʘʚʽʪʴ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʚʢʘʟʘʥʦʛʦ 

ʝʢʦʪʦʢʩʠʢʘʥʪʫ ʚʠʢʣʠʢʘʻ ʛʦʩʪʨʝ ʦʪʨʫʻʥʥʷ ʦʨʛʘʥʽʟʤʫ [1]. ʅʘʡʙʽʣʴʰʫ ʟʘʛʨʦʟʫ ʜʣʷ 

ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʩʪʘʥʦʚʣʷʪʴ ʧʘʨʦ-ʛʘʟʦʚʽ ʪʘ ʘʝʨʦʟʦʣʴʥʽ ʬʦʨʤʠ ʩʚʠʥʮʶ [62]. 

ʊʦʢʩʠʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ ʩʚʠʥʮʶ ʧʨʦʷʚʣʷʻʪʴʩʷ ʨʦʟʚʠʪʢʦʤ ʧʘʪʦʤʦʨʬʦʣʦʛʽʯʥʠʭ 

ʟʤʽʥ ʨʽʟʥʠʭ ʦʨʛʘʥʽʚ, ʦʩʦʙʣʠʚʦ ʩʠʩʪʝʤʠ ʢʨʦʚʦʦʙʽʛʫ. 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ Pb(ɯɯ) ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʘʭ ï 

ʜʞʝʨʝʣʘʭ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 

5,0 ʤʢʛ/ʜʤ3 [21];  ʽʥʰʽ ʥʦʨʤʘʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ Pb(ɯɯ) ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1.1. 

ʄʘʨʛʘʥʝʮʴ (ɯɯ). ʄʘʨʛʘʥʝʮʴ ʧʝʨʝʚʘʞʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʫʧʝʥʽ ʦʢʠʩʥʝʥʥʷ +2 

(ʨʦʟʯʠʥʥʘ ʯʘʩʪʠʥʘ) ʪʘ +4 (ʫ ʩʫʩʧʝʥʟʽʾ) [46, 63, 64]. ʉʪʫʧʽʥʴ ʦʢʠʩʥʝʥʥʷ ʤʘʨʛʘʥʮʶ 

ʟʘʣʝʞʠʪʴ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʽʜ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʜʥʝʚʠʭ ʽʦʥʽʚ [1].  

ʇʨʠ ʚʝʣʠʯʠʥʘʭ pH ʧʦʚʝʨʭʥʝʚʠʭ ʧʨʽʩʥʠʭ ʚʦʜ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʦʨʛʘʥʽʯʥʠʭ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʠʭ ʣʽʛʘʥʜʽʚ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʨʦʟʯʠʥʥʦʛʦ ʤʘʨʛʘʥʮʶ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʚʽʣʴʥʠʭ ʽʦʥʽʚ Mn2+ [1]. ʅʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʟʚôʷʟʘʥʦʛʦ 

ʤʘʨʛʘʥʮʶ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʢʘʨʙʦʥʘʪʥʠʭ ʪʘ ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. 

ɿʥʘʯʥʽ ʢʽʣʴʢʦʩʪʽ ʤʘʨʛʘʥʮʶ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʚʦʜʥʽ ʩʝʨʝʜʦʚʠʱʘ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʚʠʢʠʜʽʚ ʩʪʽʯʥʠʭ  ̔ʰʘʭʪʥʠʭ ʚʦʜ ʧʽʜʧʨʠʻʤʩʪʚ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʨʠ 

ʡʦʛʦ ʚʠʜʦʙʫʪʢʫ ʟ ʨʫʜ [1, 63]. 

ʄʘʨʛʘʥʝʮʴ, ʷʢ ʞʠʪʪʻʚʦ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʦʨʛʘʥʽʟʤʫ ʤʽʢʨʦʝʣʝʤʝʥʪ, ʙʝʨʝ 

ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʫ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʥʴʦʤʫ [1]. ɺ 

ʦʨʛʘʥʽʟʤ ʤʘʨʛʘʥʝʮʴ ʧʦʪʨʘʧʣʷʻ ʯʝʨʝʟ ʜʠʭʘʣʴʥʽ ʰʣʷʭʠ, ʫ ʤʝʥʰʽʡ ʤʽʨʽ ð ʯʝʨʝʟ 

ʪʨʘʚʥʠʡ ʢʘʥʘʣ ʪʘ ʰʢʽʨʫ. ʄʘʨʛʘʥʝʮʴ ʜʦʩʠʪʴ ʪʦʢʩʠʯʥʠʡ, ʦʩʢʽʣʴʢʠ ʤʦʞʝ 

ʚʠʢʣʠʢʘʪʠ ʥʝʚʨʦʣʦʛʽʯʥʽ ʧʦʨʫʰʝʥʥʷ [65, 66]. 
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ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ Mn(II) ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʘʭ ï 

ʜʞʝʨʝʣʘʭ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥ ̫ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 

10 ʤʢʛ/ʜʤ3 [21]; ʽʥʰʽ ʥʦʨʤʘʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ Mn(II) ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1.1. 

 

1.2 ʄʝʪʦʜʠ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ 

 

1.2.1 ʉʦʨʙʮʽʡʥʠʡ ʤʝʪʦʜ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʫʨʘʥʫ (VI) ʽ 

ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ 

 

ʉʦʨʙʮʽʡʥʠʡ ʤʝʪʦʜ ʻ ʧʦʰʠʨʝʥʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ, ʦʩʦʙʣʠʚʦ ʥʘ ʩʪʘʜʽʾ 

ʜʦʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʨʽʟʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʜʦ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʡ. ɼʘʥʠʡ ʧʨʦʮʝʩ ʻ ʛʥʫʯʢʠʤ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʟʜʝʙʽʣʴʰʦʛʦ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʨʝʛʝʥʝʨʘʮʽʾ ʰʣʷʭʦʤ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʜʝʩʦʨʙʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʨʠʨʦʜʠ ʤʘʪʨʠʮʽ ʩʦʨʙʝʥʪʫ ʪʘ ʡʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ, ʘ ʪʘʢʦʞ ʩʪʘʥʫ 

ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʪʘ ʥʘʷʚʥʦʩʪʽ ʥʝʦʨʛʘʥʽʯʥʠʭ  ̔ʦʨʛʘʥʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʚʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ [67].  

ɼʣʷ ʚʠʣʫʯʝʥʥʷ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʨʽʟʥʽ ʩʦʨʙʮʽʡʥ ̔ʤʘʪʝʨʽʘʣʠ, ʚ ʪ.ʯ. ʧʨʠʨʦʜʥʽ ʪʘ ʩʠʥʪʝʪʠʯʥʽ ʩʦʨʙʝʥʪʠ ʦʨʛʘʥʽʯʥʦʛʦ ʪʘ 

ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʪʠʧʫ. 

ʇʨʠ ʦʪʨʠʤʘʥʥʽ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʧʽʜʭʦʜʠ: ʩʠʥʪʝʟ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʽʩʥʫʶʯʠʭ ʧʨʠʨʦʜʥʠʭ ʘʙʦ ʩʠʥʪʝʪʠʯʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʪʘ ʦʨʛʘʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʣʷʭʦʤ ʫʚʝʜʝʥʥʷ ʜʦ ʤʘʪʨʠʮ ̔ ʩʦʨʙʝʥʪʫ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʠʭ ʛʨʫʧ, ʦʪʨʠʤʘʥʥʷ ʩʝʣʝʢʪʠʚʥʠʭ ʪʦʥʢʦʰʘʨʦʚʠʭ, 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʪʘ ʛʽʙʨʠʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʥʘʷʚʥʠʭ ʪʘ ʜʝʰʝʚʠʭ 

ʧʨʠʨʦʜʥʠʭ  ̔ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ [68]. 
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ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, 

ʭʨʦʤʫ (VI) ʪʘ ʽʥʰʠʭ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟʨʦʙʣʝʥʦ ʚ 

ʨʦʙʦʪʘʭ [28, 68ï71]. ɸʚʪʦʨʘʤʠ ʨʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʩʠʥʪʝʟʫ ʪʘ ʧʨʦʚʝʜʝʥʦ 

ʧʦʨʽʚʥʷʥʥ ̫ʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʭʽʤʽʯʥʦʾ 

ʧʨʠʨʦʜʠ ʪʘ ʫʤʦʚ ʚʠʣʫʯʝʥʥʷ ʪʦʢʩʠʢʘʥʪʽʚ. 

ɽʢʦʥʦʤʽʯʥʦ ʦʙʨ̌ʫʥʪʦʚʘʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʩʦʨʙʝʥʪʽʚ ʜʣʷ 

ʦʯʠʱʝʥʥʷ ʟʥʘʯʥʠʭ ʦʙô̒ ʤʽʚ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ. ɻʦʣʦʚʥʦʶ 

ʧʝʨʝʚʘʛʦʶ ʚʢʘʟʘʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʾʭ ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʪʘ ʥʘʷʚʥʽʩʪʴ 

ʜʦʩʪʫʧʥʠʭ ʜʞʝʨʝʣ ʤʽʩʮʝʚʦʾ ʤʽʥʝʨʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ. 

ɺʽʜʦʤʦ [72, 73], ʱʦ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʨʝʜ ʧʨʠʨʦʜʥʠʭ 

ʩʦʨʙʝʥʪʽʚ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʥʰʠʭ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʥʘʙʫʣʠ 

ʘʣʶʤʦʩʠʣʽʢʘʪʠ ʜʚʦʤʽʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ï ʛʣʠʥʠʩʪʽ ʤʽʥʝʨʘʣʠ (ʤʦʥʪʤʦʨʠʣʦʥʽʪ (ʘʙʦ 

ʙʝʥʪʦʥʽʪ) [74ï77], ʢʘʦʣʽʥʽʪ [74], ʚʝʨʤʠʢʫʣʽʪ [78], ʩʘʧʦʥʽʪ [79] ʽ ʽʥ.) ʪʘ 

ʘʣʶʤʦʩʠʣʽʢʘʪʠ ʪʨʠʤʽʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ï ʮʝʦʣʽʪʠ [80, 81] ʪʘ ʽʥ. 

ɼʦʩʣʽʜʞʝʥʥʷ [79, 82, 83] ʧʦʢʘʟʘʣʠ, ʱʦ ʨʅ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʚʠʣʫʯʝʥʥʷ U(VI) ʧʨʠʨʦʜʥʠʤʠ ʩʦʨʙʝʥʪʘʤʠ: ʫ ʢʠʩʣʽʡ ʪʘ ʣʫʞʥʽʡ 

ʦʙʣʘʩʪʷʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ ʩʦʨʙʮʽʾ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʥʠʟʴʢʠʭ 

ʟʥʘʯʝʥʥʷʭ ʨʅ ʜʠʩʦʮʽʘʮʽʷ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʥʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʦʢ ʤʽʥʝʨʘʣʽʚ 

ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ ʚʽʜʩʫʪʥʷ. ɽʬʝʢʪʠʚʥʘ ʩʦʨʙʮʽʷ U(VI) ʥʘ ʤʦʥʪʤʦʨʠʣʦʥʽʪʽ, 

ʛʽʜʨʦʩʣʶʜ,̔ ʢʘʦʣʽʥʽʪʽ (ɻʣʫʭʦʚʝʮʴʢʝ ʨʦʜʦʚʠʱʝ), ʩʘʧʦʥʽʪʽ (ʊʘhʢʠʥʩʴʢʝ ʨʦʜʦʚʠʱʝ) 

ʮʝʦʣʽʪʽ [84, 85] ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʨʅ=4,0÷6,0, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʦʨʙʮʽʾ ʣʠʰʝ 

ʢʘʪʽʦʥʥʠʭ ʬʦʨʤ U(VI ).  

ɸʚʪʦʨʘʤʠ [84] ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʦʨʙʮʽʾ U(VI) ʥʘ 

ʢʣʠʥʦʧʪʠʣʦʣʽʪʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʝ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ (ʟʘ 

ʚ̔ ʜʩʫʪʥʦʩʪʽ ʉʆ2) ʚʽʜ U(VI) ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʨʅ=6,0, ʪʦʙʪʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʠʣʫʯʝʥʥʷ ʣʠʰʝ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ ʬʦʨʤ U(VI).  

ɼʦʩʣʽʜʞʝʥʦ ʩʦʨʙʮʽ ʁ U(VI ) ʥʘ ʩʘʧʦʥʽʪʽ [79]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʠ 

ʩʦʨʙʮʽʾ ʚʢʘʟʘʥʦʛʦ ʪʦʢʩʠʢʘʥʪʫ, ʷʢ ʽ ʥʘ ʽʥʰʠʭ ʧʨʠʨʦʜʥʠʭ ʤʽʥʝʨʘʣʘʭ, ʫ ʢʠʩʣʽʡ ʪʘ 

ʣʫʞʥʽʡ ʦʙʣʘʩʪʷʭ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʥʘʯʥʦ ʟʤʝʥʰʫʶʪʴʩʷ. 
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ʋ ʨʦʙʦʪʽ [86] ʟʨʦʙʣʝʥʦ ʦʮʽʥʢʫ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ Na-ʬʦʨʤʠ 

ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʚ ʷʢʦʩʪʽ ʧʨʠʨʦʜʥʦʛʦ ʙʘʨôʻʨʫ ʜʣʷ 

ʥʘʢʦʧʠʯʝʥʥʷ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʟ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʨ̌ʫʥʪʦʚʠʭ ʚʦʜ, 

ʜʣʷ ʩʦʨʙʮʽʾ Cd, Cr, Cu, Mn, Ni, Pb ʪʘ Zn ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʅ ʪʘ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʣʽʛʘʥʜʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʢʦʤʧʣʝʢʩʠ ʨʽʟʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʟ ʮʠʤʠ ʽʦʥʘʤʠ ʪʦʢʩʠʯʥʠʭ 

ʤʝʪʘʣʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʚʢʘʟʘʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʤʽʥʝʨʘʣʫ 

ʟʨʦʩʪʘʻ ʚ ʨʷʜʫ: Pb(II ) = Cd(II ) < Cu(II ) < Zn(II ) < Mn(II ) < Ni(II ) < Cr(III ). 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʚʝʣʠʯʠʥ ʩʦʨʙʮʽʾ ʜʣʷ Cd, Cr, Cu, Mn, Ni, Pb ʪʘ Zn ʟʽ 

ʟʤʝʥʰʝʥʥʷʤ ʨʅ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰ ʩʠʣʴʥʦʛʦ ʧʨʦʪʦʥʫʚʘʥʥʷ ʘʣʶʤʽʥʦʣʴʥʠʭ ʪʘ 

ʩʠʣʘʥʦʣʴʥʠʭ ʛʨʫʧ, ʱʦ ʻ ʘʢʪʠʚʥʠʤʠ ʩʦʨʙʮʽʡʥʠʤʠ ʮʝʥʪʨʘʤʠ ʥʘ ʧʦʚʝʨʭʥʽ Na-

ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ, ʱʦ ʦʙʤʝʞʫʻ ʾʭ ʜʦʩʪʫʧʥʽʩʪʴ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ 

ʤʝʪʘʣʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʤʝʭʘʥʽʟʤ ʢʘʪʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʪʘ ʨʝʘʢʮʽʾ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʤʽʥʝʨʘʣʫ ʚʠʟʥʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ 

Cd, Cr, Cu, Mn, Ni, Pb ʪʘ Zn ʚʢʘʟʘʥʠʤ ʩʦʨʙʝʥʪʦʤ. 

ɸʚʪʦʨʘʤʠ [87] ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʦʨʙʮʽʾ Mn(II), Co(II), 

Ni(II), Zn(II), Cd(II), Eu(III), Am(III), Sn(IV) ʪʘ Th(IV), Np(V), U(VI)  ʥʘ 

ʤʦʥʪʤʦʨʠʣʦʥʽʪʽ ʟʘ ʤʝʭʘʥʽʟʤʦʤ ʢʘʪʽʦʥʥʦʛʦ ʦʙʤʽʥʫ. 

ʉʦʨʙʝʥʪʠ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʝ ʟʘʚʞʜʠ ʜʦʟʚʦʣ̫ʁ ʪʴ ʜʦʩʷʛʘʪʠ 

ʥʝʦʙʭʽʜʥʠʭ ʩʪʫʧʝʥʽʚ ʦʯʠɦʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ, ʦʩʦʙʣʠʚʦ 

ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʾʭ ʘʥʽʦʥʥʠʭ ʬʦʨʤ, ʪʘ ʤʘʶʪʴ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʟʦʢʨʝʤʘ ʥʝʜʦʩʪʘʪʥʴʦ 

ʚʠʩʦʢʫ ʩʝʣʝʢʪʠʚʥʽʩʪʴ, ʩʢʣʘʜʥʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ. ʋ 

ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʨʠʨʦʜʥʠʭ ʤʽʥʝʨʘʣʽʚ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʾʭ ʜʦʜʘʪʢʦʚʝ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʰʣʷʭʦʤ ʬʫʥʢʮʦ̔ʥʘʣʽʟʘʮʽʾ ʧʦʚʝʨʭʥʽ 

ʦʨʛʘʥʽʯʥʠʤʠ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʚʦʜʦʨʦʟʯʠʥʥʠʤʠ ʧʦʣʽʤʝʨʘʤʠ, 

ʪʝʨʤʦʦʙʨʦʙʢʦʶ ʪʘ ʽʥ. 

ʈʷʜ ʧʫʙʣʽʢʘʮʽʡ [88ï90] ʧʨʠʩʚʷʯʝʥʦ ʜʦʩʣʽʜʞʝʥʥ ʁ ʩʦʨʙʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʽʤʽʥʦʤ (ʇɽɯ), ʜʣʷ 

ʚʠʣʫʯʝʥʥʷ U(VI) ʪʘ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʠ ʩʦʨʙʮʽʾ 

U(VI) ʥʘ ʧʨʠʨʦʜʥʽʡ ʬʦʨʤʽ ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ ʽʩʪʦʪʥʦ ʥʠʞʯ,̔ ʥʽʞ ʥʘ 

ʤʦʜʠʬʽʢʦʚʘʥ̔ ʡ ʇɽɯ, ʜʝ ʽʟʦʪʝʨʤʘ ʧʨʠ ʥʠʟʴʢʠʭ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʧʨʘʢʪʠʯʥʦ 
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ʧʨʷʤʦʣʽʥʽʡʥʘ ʽ ʩʪʫʧʽʥʴ ʩʦʨʙʮʽʾ U(VI) ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 97% (ʟʘʣʝʞʥʦ ʚʽʜ ʚʤʽʩʪʫ 

ʫʨʘʥʫ) ʧʨʠ ʨʅ=5,5 [88]. ʆʜʥʘʢ ʥʘʷʚʥʽʩʪʴ ʢʘʨʙʦʥʘʪ-ʽʦʥʽʚ ʟʤʝʥʰʫʻ ʚʝʣʠʯʠʥʠ 

ʩʦʨʙʮʽʾ U(VI) ʤʦʥʪʤʦʨʠʣʦʥʽʪʦʤ, ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʇɽɯ. ʊʦʤʫ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʣʫʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʫ ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʧʨʦʚʦʜʠʪʠ ʧʦʧʝʨʝʜʥʻ ʧʽʜʢʠʩʣʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ. 

ʆʮʽʥʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʇɽɯ, 

ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʽʟ ʩʣʘʙʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ [90]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʛʣʠʥʠʩʪʠʡ ʤʽʥʝʨʘʣ ʜʦʟʚʦʣʷʻ 

ʟʙʽʣʴʰʠʪʠ ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʧʨʠ 

ʨʅ>3,0 ʥʘ 15ï20 % (ʫ ʚʠʧʘʜʢʫ ʤʽʜʽ (ɯɯ) ʜʦ 45 %) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʠʨʦʜʥʦʶ 

ʬʦʨʤʦʶ ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ. ɸʜʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʦʥʽʚ ʜʚʦʭʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ ʟʨʦʩʪʘʻ ʚ ʨʷʜʫ: 

ʉu(II ) > Pb(II ) > Ni(II ) Ó Zn(II ) > Co(II ) Ó Cd(II), ʱʦ ʧʨʘʢʪʠʯʥʦ ʩʧʽʚʧʘʜʘʻ ʟ ʨʷʜʦʤ 

ʩʪʽʡʢʦʩʪʽ ʢʦʤʧʣʝʢʩʽʚ ML2 (ʜʝ ʄ ï ʦ̔ʥ ʤʝʪʘʣʫ, L ï ʝʣʝʤʝʥʪʘʨʥʘ ʣʘʥʢʘ ʇɽɯ) ʟʘ 

ʚʠʥʷʪʢʦʤ Pb(II ). ɼʣʷ Pb(II ) ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰʦʛʦ ʨʦʟʤʽʨʫ ʘʪʦʤʘ ʭʘʨʘʢʪʝʨʥʝ 

ʫʪʚʦʨʝʥʥʷ ʷʢ ʢʦʤʧʣʝʢʩʠ ʩʢʣʘʜʫ ML2, ʪʘʢ ʽ M2L3. 

ɸʚʪʦʨʘʤʠ [91] ʜʦʩʣʽʜʞʝʥʦ ʚʠʣʫʯʝʥʥʷ Pb(II) ʪʘ Cd(II ) ʙʝʥʪʦʥʽʪʦʤ, 

ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʮʠʩʪʝʾʥʦʤ. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʦʨʙʮʽʷ ʮʠʭ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ 

ʧʨʠ ʨʅ=2,0õ6,0 ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʢʘʪʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʥʘ ʧʦʚʝʨʭʥʽ 

ʙʝʥʪʦʥʽʪʫ ʪʘ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ Pb(II) ʪʘ Cd(II) ʟ ʪʽʦʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʮʠʩʪʝʾʥʫ. 

ɽʬʝʢʪʠʚʥʝ ʚʠʣʫʯʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʨʅ=4,0. 

ʋ ʨʦʙʦʪʽ [92] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʣʫʯʝʥʥʷ U(VI) ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʧʨʠ 

ʨʅ=2,0ï7,0 ʢʘʦʣʽʥʦʤ, ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʰʣʷʭʦʤ ʢʘʣʴʮʠʥʘʮʽʾ ʟ ʧʦʜʘʣʴʰʦʶ 

ʢʠʩʣʦʪʥʦʶ ʘʢʪʠʚʘʮʽʻʶ. ʉʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʦʙʨʦʙʣʝʥʦʛʦ ʪʘʢʠʤ ʯʠʥʦʤ ʢʘʦʣʽʥʫ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʨʅ. ɸʚʪʦʨʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ 

ʜʘ̔ʧʘʟʦʥʽ ʨʅ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʣʫʯʝʥʥʷ ʚʠʢʣʶʯʥʦ ʢʘʪʽʦʥʥʠʭ ʬʦʨʤ U(VI) ʫ ʚʠʛʣʷʜʽ 

ʫʨʘʥʽʣ-ʽʦʥʫ ʪʘ ʧʨʦʜʫʢʪʽʚ ʡʦʛʦ ʛʽʜʨʦʣʽʟʫ. 

ʆʪʨʠʤʘʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʩʦʨʙʝʥʪ ʥʘ ʦʩʥʦʚʽ ʪʝʨʤʽʯʥʦ ʘʢʪʠʚʦʚʘʥʦʛʦ (100ï

500 Üʉ) ʙʝʥʪʦʥʽʪʫ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ U(VI) ʫ ʜʽʘʧʘʟʦʥʽ ʨʅ=2,0ï9,0, ʜʝ ʜʣʷ 

ʤʘʪʝʨʽʘʣʫ ʧʨʠʪʘʤʘʥʥʘ ʭʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ [93]. ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ 
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ʚʠʣʫʯʝʥʥʷ U(VI) ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʨʅ=3,0ï4,0. ʎʝ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʚʠʩʦʢʫ ʩʦʨʙʮʽʡʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʪʝʨʤʽʯʥʦ ʘʢʪʠʚʦʚʘʥʦʛʦ ʙʝʥʪʦʥʽʪʫ ʣʠʰʝ ʜʦ 

UO2
2+, ʱʦ ʻ ʧʝʨʝʚʘʞʘʶʯʦʶ ʢʘʪʽʦʥʥʦʶ ʬʦʨʤʦʶ U(VI) ʫ ʚʢʘʟʘʥʽʡ ʦʙʣʘʩʪʽ ʨʅ. 

ɼʦʩʣʽʜʞʝʥʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ, ʘʣʝ ʡ ʮʝʦʣʽʪʽʚ 

ʟ ʤʝʪʦʶ ʚʠʣʫʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʟ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ, ʟʦʢʨʝʤʘ ʚʠʚʯʝʥʦ [94] ʩʪʨʫʢʪʫʨʫ ʪʘ ʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʦʣʽʘʢʨʠʣʘʤʽʜʦʢʩʠʤʦʤ ʙʝʥʪʦʥʽʪʫ ʪʘ ʮʝʦʣʽʪʫ ʚʽʜʥʦʩʥʦ ʢʘʪʽʦʥʥʦʾ 

ʬʦʨʤʠ U(VI)ïUO2
2+ ʪʘ Pb(II ). 

ʈʦʟʨʦʙʣʝʥʦ ʩʦʨʙʝʥʪ ʥʘ ʦʩʥʦʚʽ ʮʝʦʣʽʪʫ (ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ), ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʛʝʢʩʘʜʝʮʠʣʪʨʠʤʝʪʠʣʘʤʦʥʽʡ ʙʨʦʤʽʜʦʤ (ɻɼʊʄɸ), ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʘʥʽʦʥʽʚ Cr(VI) 

ʪʘ ʽʥʰʠʭ ʦʢʩʠʘʥʽʦʥʽʚ [95]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ Cr(VI) 

ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʽʥʝʨʘʣʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʥʝʤʦʜʠʬʽʢʦʚʘʥʠʤ, ʥʘ ʷʢʦʤʫ ʩʦʨʙʮʽʷ ʩʧʦʣʫʢ ʪʦʢʩʠʢʘʥʪʫ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ.  

ʋ ʧʨʦʜʦʚʞʝʥʥʷ ʧʦʰʫʢʫ ʝʬʝʢʪʠʚʥʠʭ ʩʦʨʙʝʥʪʽʚ ʘʚʪʦʨʘʤʠ [96] ʦʪʨʠʤʘʥʦ 

ʩʦʨʙʝʥʪʠ ʥʘ ʦʩʥʦʚʽ ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ ʪʘ ʢʘʦʣʽʥʽʪʫ, ʤʦʜʠʬʽʢʦʚʘʥʽ ɻɼʊʄɸ ʨʽʟʥʠʭ 

ʘʥʽʦʥʥʠʭ ʬʦʨʤ (Cl-, Br-, HSO4
-) ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʚʠʣʫʯʝʥʥʷ ʩʧʦʣʫʢ Cr(VI) 

ʚʢʘʟʘʥʠʤʠ ʩʦʨʙʮʽʡʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʦʨʙʮʽʷ Cr(VI) ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʠʧʫ ʘʥʽʦʥʫ ɻɼʊʄɸ. ʅʘʡʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʚʠʣʫʯʝʥʥʷ ʩʧʦʣʫʢ Cr(VI) ʦʪʨʠʤʘʥʦ ʥʘ 

ʢʣʠʥʦʧʪʠʣʦʣʽʪʽ, ʤʦʜʠʬʽʢʦʚʘʥʦʤʫ HSO4-ʬʦʨʤʦʶ ɻɼʊʄɸ. ʆʜʥʘʢ ʢʽʣʴʢʽʩʪʴ 

ʜʦʩʪʫʧʥʠʭ ʘʢʪʠʚʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʮʝʥʪʨʽʚ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʮʝʦʣʽʪʫ ʦʙʤʝʞʝʥʘ, 

ʦʩʢʽʣʴʢʠ ʤʦʣʝʢʫʣʠ ɻɼʊʄɸ ʟʥʘʭʦʜʷʪʴʩʷ ʣʠʰʝ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʦʨʙʝʥʪʫ ʚʥʘʩʣʽʜʦʢ ʾʭ ʟʘʥʘʜʪʦ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ, ʱʦ 

ʫʥʝʤʦʞʣʠʚʣʶʻ ʨʦʟʤʽʱʝʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʨʝʘʛʝʥʪʫ ï ʢʦʤʧʣʝʢʩʦʥʘ, ʧʨʠ 

ʤʦʜʠʬʽʢʫʚʘʥʥʽ ʫ ʚʥʫʪʨʽʰʥʽʭ ʰʘʨʘʭ ʤʽʥʝʨʘʣʫ. 

ɼʦ ʥʦʚʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʧʨʠʨʦʜʥʠʭ ʩʦʨʙʝʥʪʽʚ ʥʘʣʝʞʘʪʴ 

ʙʽʦʩʦʨʙʝʥʪʠ, ʦɦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦ  ʁ ʝʬʝʢʪʠʚʥʽʩʪ ʁ ʚʠʣʫʯʝʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽ ʽʦʥʽʚ ʽʥʰʠʭ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʪʘ ʥʠʟʴʢʦʶ ʚʘʨʪʽʩʪʶ. ʆʩʥʦʚʥʠʤʠ 

ʪʠʧʘʤʠ ʩʦʨʙʮʽʡʥʠʭ ʙʽʦʤʘʪʝʨʽʘʣʽʚ ʻ: ʥʝʞʠʚʘ ʙʽʦʤʘʩʘ (ʢʦʨʘ, ʣʽʛʥʽʥ, ʢʨʝʚʝʪʢʠ, 
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ʧʘʥʮʠʨʽ ʢʨʘʙʽʚ ʽ ʽʥ.); ʙʽʦʤʘʩʘ ʚʦʜʦʨʦʩʪʝʡ ʪʘ ʤʽʢʨʦʙʥʘ ʙʽʦʤʘʩʘ (ʙʘʢʪʝʨʽʾ, ʛʨʠʙʠ, 

ʜʨʽʞʜʞʽ) [69]. 

ʋ ʨʦʙʦʪʽ [97] ʜʦʩʣʽʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʣʫʯʝʥʥʷ U(VI) ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ 

ʙʽʦʩʦʨʙʝʥʪʦʤ ʥʘ ʦʩʥʦʚʽ ʙʘʢʪʝʨʽʡ Bacillus licheniformis. ʄʘʢʩʠʤʘʣʴʥʘ ʩʦʨʙʮʽʡʥʘ 

ʟʜʘʪʥʽʩʪʴ ʚʢʘʟʘʥʦʛʦ ʙʽʦʩʦʨʙʝʥʪʫ ʱʦʜʦ U(VI) ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʨʅ=4,5ï5,0, ʜʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʣʫʯʝʥʥʷ ʚʠʢʣʶʯʥʦ ʢʘʪʽʦʥʥʠʭ ʬʦʨʤ U(VI) ʫ ʚʠʛʣʷʜʽ ʫʨʘʥʽʣ-ʽʦʥʫ 

ʪʘ ʛʽʜʨʦʢʩʦʬʦʨʤ, ʪʘ ʦʧʪʠʤʘʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 25ï45 Üʉ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ [98] ʚʠʣʫʯʝʥʥʷ Cr(VI) ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʛʨʠʙʘʤʠ Rhizopus 

nigricans ʪʘ ʾʭ ʤʦʜʠʬʽʢʦʚʘʥʠʤʠ ʨʽʟʥʠʤʠ ʭʽʤʽʯʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʬʦʨʤʘʤʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʻʤʥʦʩʪʽ ʚʽʜʥʦʩʥʦ Cr(VI) 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʤʦʜʠʬʽʢʫʚʘʥʥʽ ʙʽʦʤʘʩʠ ʘʤʽʥʦʧʨʦʧʽʣʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥʦʤ 

(212 ʤʛ/ʛ) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʤʦʜʠʬʽʢʦʚʘʥʠʤ ʙʽʦʩʦʨʙʝʥʪʦʤ (119 ʤʛ/ʛ)  ʧʨʠ ʨʅ=2,0 

ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʢʦʥʪʘʢʪʫ å 8 ʛʦʜ. 

ɼʦʩʣʽʜʞʝʥʦ ʙʽʦʩʦʨʙʝʥʪ ʥʘ ʦʩʥʦʚʽ ʣʫʩʢʠ ʨʠʙʠ Catla catla ʜʣʷ ʚʠʣʫʯʝʥʥʷ 

Cr(VI) ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ [99]. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʨʅ 

ʩʦʨʙʮʽʷ Cr(VI) ʥʘ ʮʦɹʤʫ ʙʽʦʤʘʪʝʨʽʘʣʽ ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ. ʄʘʢʩʠʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ 

ʩʦʨʙʮʽʾ Cr(VI) ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʜʦʩʷʛʘʶʪʴʩʷ ʧʨʠ ʨʅ=1,0 ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ 

ʢʦʥʪʘʢʪʫ å 3 ʛʦʜ. 

ɸʚʪʦʨʘʤʠ [100] ʚʠʚʯʝʥʦ ʙʽʦʩʦʨʙʮʽ ʁCu2+ ʪʘ Zn2+ ʥʘ ʚʠʩʫʰʝʥʠʭ ʤʦʨʩʴʢʠʭ 

ʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʷʭ Chaetomorpha linum. ʇʨʠ ʦʧʪʠʤʘʣʴʥʽʡ ʜʦʟʽ ʙʽʦʩʦʨʙʝʥʪʫ 

(20 ʛ/ʜʤ3) ʪʘ ʨʅ=5,0 ʚʠʭʽʜʥʦʛʦ ʨʦʟʯʠʥʫ ʜʦʩʷʛʘʶʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʧʦʛʣʠʥʘʥʥʷ Cu(II ) ʪʘ Zn(II ), ʱʦ ʩʪʘʥʦʚʣʷʪʴ 1,46 ʪʘ 1,97 ʤʤʦʣʴ/ʛ, ʚʽʜʧʦʚʽʜʥʦ. 

ʆʜʥʘʢ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʙʽʦʩʦʨʙʝʥʪʽʚ ʚʽʜ ʚʦʜʥʦʾ ʬʘʟʠ ʧʽʩʣʷ ʩʦʨʙʮʽʾ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʰʣʘʤʽʚ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʦʾ 

ʫʪʠʣʽʟʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʙʽʦʩʦʨʙʮʽʾ (ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʨʅ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʢʦʥʮʝʥʪʨʘʮʽ ʾ ʢʘʪʽʦʥʽʚ, ʥʝʦʨʛʘʥʽʯʥʠʭ ʪʘ 

ʦʨʛʘʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʠʭ ʣʽʛʘʥʜʽʚ, ʧʨʠʩʫʪʥʽʭ ʫ ʚʦʜʽ) ʪʘ ʫʪʨʫʜʥʝʥʝ 

ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʙʽʦʤʘʩʠ ʟʘʚʘʞʘʶʪʴ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʚʧʨʦʚʘʜʞʝʥʥʶ ʙʽʦʩʦʨʙʝʥʪʽʚ ʫ ʪʝʭʥʦʣʦʛʽʾ ʚʦʜʦʦʯʠʱʝʥʥʷ. 
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ɺ ʦʩʪʘʥʥʽ 10ï15 ʨʦʢʽʚ ʘʢʪʠʚʽʟʫʚʘʣʠʩʴ ʨʦʙʦʪʠ ʧʦ ʜʦʩʣʽʜʞʝʥʥʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʥʪʝʪʠʯʥʠʭ ʩʦʨʙʝʥʪʽʚ, ʧʝʨʝʚʘʞʥʦ ʥʝʦʨʛʘʥʽʯʥʠʭ, ʟ ʤʝʭʘʥʽʯʥʦʶ, 

ʭʽʤʽʯʥʦʶ ʪʘ ʨʘʜʽʘʮʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ̔ʥʰʠʭ 

ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ. 

ɼʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʠʣʫʯʝʥʥʷ U(VI)  ʪʘ ʽʥʰʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʦʩʬʘʪʠ ʪʠʪʘʥʫ ʪʘ ʮʠʨʢʦʥʽʶ ï ʽʦʥʦʦʙʤʽʥʥʠʢʠ ʘʤʦʨʬʥʦʾ 

ʪʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ [101]. ɽʬʝʢʪʠʚʥʝ ʚʠʣʫʯʝʥʥʷ U(VI)  ʟ ʨʦʟʯʠʥʽʚ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʣʠʰʝ ʚ ʜʽʘʧʘʟʦʥʽ ʨʅ=3,0÷5,0, ʪʦʙʪʦ ʚ ʦʙʣʘʩʪʽ ʽʩʥʫʚʘʥʥʷ ʪʽʣʴʢʠ 

ʢʘʪʽʦʥʥʠʭ ʬʦʨʤ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ. ʂʨʽʤ ʪʦʛʦ, ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʥʽʪʨʘʪʽʚ 

ʣʫʞʥʠʭ ʪʘ ʣʫʞʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʧʦʜʽʣʫ U(VI)  ʩʫʪʪʻʚʦ 

ʟʤʝʥʰʫʶʪʴʩʷ.  

ɺʠʩʦʢʫ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʜʦ U(VI)  ʚʠʷʚʣʷʶʪʴ ʘʤʦʨʬʥ ̔ ʩʬʝʨʠʯʥʦ 

ʛʨʘʥʫʣʴʦʚʘʥ ̔ʬʦʩʬʘʪʠ ʪʠʪʘʥʫ, ʬʦʩʬʘʪʦʩʠʣʽʢʘʪʠ ʪʠʪʘʥʫ ʪʘ ʪʠʪʘʥʦʩʠʣʽʢʘʪʠ, ʱʦ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʽʦʥʦʦʙʤʽʥʥʠʭ ʢʦʣʦʥʢʘʭ, ʟʘʚʜʷʢʠ ʦʧʪʠʤʘʣʴʥʠʤ 

ʨʦʟʤʽʨʘʤ ʟʝʨʝʥ [102, 103]. ɼʣʷ ʬʦʩʬʘʪʽʚ ʪʠʪʘʥʫ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ ʚʢʘʟʘʥʦʛʦ 

ʝʢʦʪʦʢʩʠʢʘʥʪʫ ʩʪʘʥʦʚʠʪʴ 656ï4732 ʤʣ/ʛ; ʜʣʷ ʬʦʩʬʘʪʦʩʠʣʽʢʘʪʽʚ ʪʠʪʘʥʫ ï 488ï

8175 ʤʣ/ʛ; ʜʣʷ ʪʠʪʘʥʦʩʠʣʽʢʘʪʽʚ ï 697ï4152 ʤʣ/ʛ ʧʨʠ ʨʅå5,3, ʜʝ U(VI)  ʽʩʥʫʻ ʣʠʰʝ 

ʫ ʚʠʛʣʷʜʽ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ ʬʦʨʤ. 

ɼʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ U(VI)  ʨʦʟʨʦʙʣʝʥʦ ʩʦʨʙʝʥʪ ʥʘ ʦʩʥʦʚʽ 

ʥʘʥʦʧʦʨʠʩʪʦʛʦ ʦʢʩʦʬʦʩʬʘʪʫ ʮʠʨʢʦʥʽʶ ï Zr2O(PO4)2 [104]. ʊʘʢʠʡ ʩʦʨʙʝʥʪ 

ʧʦʢʘʟʘʚ ʚʠʩʦʢʫ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʜʦʩʣʽʜʞʝʥʦʛʦ 

ʨʘʜʽʦʥʫʢʣʽʜʫ ʧʨʠ ʨʅ=4,0ï7,0. ʆʜʥʘʢ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʦʨʙʮʽʡʥʘ ʨʽʚʥʦʚʘʛʘ 

ʜʦʩʷʛʘʻʪʴʩʷ ʣʠʰʝ ʯʝʨʝʟ 48 ʛʦʜ, ʘ ʚʠʣʫʯʝʥʥʷ U(VI)  ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʫ 

ʩʝʨʝʜʦʚʠʱʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ (ʫ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤʘʭ, ʱʦ ʤʽʩʪʠʪʴ ʉʆ2) 

ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʨʅÓ7,0 ʚʥʘʩʣʽʜʦʢ ʫʪʚʦʨʝʥʥʷ ʨʦʟʯʠʥʥʠʭ ʘʥʽʦʥʥʠʭ 

ʢʘʨʙʦʥʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʨʘʜʽʦʥʫʢʣʽʜʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʠʪʘʥʘʪʠ ʢʘʣʽʶ (K2Ti4O9) ʪʘ ʥʘʪʨʽʶ (Na2Ti3O7), ʘ ʪʘʢʦʞ 

ʚʽʜʧʦʚʽʜʥʽ ʾʭ ʢʠʩʣʦʪʥʽ ʬʦʨʤʠ (H2Ti4O9 ʪʘ H2Ti3O7) ʜʣʷ ʚʠʣʫʯʝʥʥʷ Cu(II ), Co(II ) 

ʪʘ Ni(II ) [105]. ʅʘʡʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ 

ʜʦʩʷʛʘʶʪʴʩʷ ʥʘ ʩʦʨʙʝʥʪʽ ʥʘ ʦʩʥʦʚʽ Na2Ti3O7. ɼʣʷ ʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʣʫʯʝʥʥʷ 
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ʽʦʥʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʨʷʜʫ Cu(II ) > Co(II ) > Ni(II ), ʱʦ ʧʦʚôʷʟʘʥʦ ʜʠʬʫʟʽʡʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʜʘʥʠʭ ʤʝʪʘʣʽʚ. 

ɽʬʝʢʪʠʚʥʠʤ ʜʣʷ ʚʠʣʫʯʝʥʥʷ U(VI)  ʪʘ ʽʥʰʠʭ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʦʥʦʦʙʤʽʥʥʠʭ ʩʠʥʪʝʪʠʯʥʠʭ ʩʤʦʣ [106], ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʽ 

ʧʦʢʘʟʥʠʢʠ ʦʯʠʱʝʥʥʷ, ʪʘ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʽ ʩʦʨʙʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʜʥʘʢ 

ʽʦʥʦʦʙʤʽʥʥ ̔ ʩʠʥʪʝʪʠʯʥʽ ʩʤʦʣʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʦʛʣʠʥʘʶʪʴ ʢʦʣʦʾʜʥʽ ʬʦʨʤʠ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʤʘʶʪʴ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʩʦʨʙʮʽʡʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ. 

ɸʚʪʦʨʘʤʠ [107] ʚʠʚʯʝʥʦ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʽʦʥʦʦʙʤʽʥʥʠʭ ʩʠʥʪʝʪʠʯʥʠʭ 

ʩʤʦʣ ʤʘʨʢʠ Amberlite XAD-2, ʦʙʨʦʙʣʝʥʦʾ Cyanex272, ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ U(VI)  ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʫ, ʢʠʩʣʦʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʯʘʩʫ 

ʚʠʣʫʯʝʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʝ ʚʠʣʫʯʝʥʥʷ U(VI)  (99,7 %) ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ HNO3 ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ 1·10-3 ʄ. 

ʋ ʨʦʙʦʪʽ [108] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʦʥʦʦʙʤʽʥʥʠʭ ʩʠʥʪʝʪʠʯʥʠʭ 

ʩʤʦʣ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʜʠ- ʪʘ ʪʨʠʢʘʨʙʦʥʘʪʫʨʘʥʽʣʴʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ U(VI) ʚʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʫ ʚ ʦʯʠʱʝʥʽʡ ʚʦʜʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 1 ʤʢʛ/ʜʤ3, 

ʱʦ ʟʥʘʯʥʦ ʥʠʞʯʝ ɻɼʂ (40 ʤʢʛ/ʜʤ3). 

ʈʦʟʛʣʷʥʫʪʦ [109] ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʪʽʦʥʦʦʙʤʽʥʥʦʾ ʩʤʦʣʠ 

Dowex HCR S/S ʜʣʷ ʚʠʣʫʯʝʥʥʷ Ni(II ) ʪʘ Zn(II ) ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ. ʄʘʢʩʠʤʘʣʴʥʝ 

ʧʦʛʣʠʥʘʥʥʷ Ni(II ) ʪʘ Zn(II ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʨʅ=4,0 ʪʘ 6,0. ʇʨʠ ʙʽʣʴʰ 

ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʥʷʭ ʨʅ ʚʥʘʩʣʽʜʦʢ ʧʨʦʮʝʩʽʚ ʛʽʜʨʦʣʽʟʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʩʘʜʞʝʥʥʷ 

ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ. ʉʦʨʙʮʽʡʥʘ ʨʽʚʥʦʚʘʛʘ ʥʘ 

ʚʢʘʟʘʥʦʤʫ ʩʦʨʙʝʥʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʜʣʷ Ni(II ) ʯʝʨʝʟ 90 ʭʚ, ʜʣʷ Zn(II ) ï 120 ʭʚ. 

ɼʦʩʣʽʜʞʝʥʦ ʢʦʤʝʨʮʽʡʥʠʡ ʢʘʪʽʦʥʽʪ Amberlite IRN-77 ʜʣʷ ʚʠʣʫʯʝʥʥʷ Co(II ), 

Ni(II ) ʪʘ Cr(III ) ʟ ʤʦʜʝʣʴʥʦʾ ʩʪʽʯʥʦʾ ʚʦʜʠ [110]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʦʨʙʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʚʽʜʥʦʩʥʦ Co(II ), Ni(II ) ʪʘ Cr(III ) ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʥʘʷʚʥʦʩʪʽ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʢʦʥʢʫʨʫʶʯʠʭ ʢʘʪʽʦʥʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʚʚʝʜʝʥʽ 

Cr(III ) ʚ ʩʠʩʪʝʤʫ çʚʦʜʥʠʡ ʨʦʟʯʠʥ-ʩʦʨʙʝʥʪè, ʪʨʠʚʘʣʝʥʪʥʠʡ ʢʘʪʽʦʥ ʜʝʩʦʨʙʫʻ 

ʧʦʧʝʨʝʜʥʴʦ ʚʠʣʫʯʝʥʽ Co(II ) ʪʘ Ni(II ) ʟ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ. ɺʢʘʟʘʥʠʡ ʬʘʢʪʦʨ 
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ʢʦʥʢʫʨʝʥʪʥʦʾ ʩʦʨʙʮʽʾ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʜʣʷ ʛʘʨʘʥʪʽʾ ʦʧʪʠʤʘʣʴʥʦʾ ʨʦʙʦʪʠ 

ʢʘʪʽʦʥʽʪʫ Amberlite IRN-77. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʦʥʦʦʙʤʽʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʪʨʝʙʫʻ ʾʭ 

ʨʝʛʝʥʝʨʘʮʽʾ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʝʥʰʝʥʥʷ ʦʙʤʽʥʥʦʾ ʻʤʥʦʩʪʽ ʪʘ ʚʪʦʨʠʥʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɼʦ ʦʜʥʽʻʾ ʟ ʧʦʰʠʨʝʥʠʭ ʛʨʫʧ ʘʥʽʦʥʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʦʨʙʝʥʪʽʚ ʥʘʣʝʞʠʪʴ 

ʢʣʘʩ ʰʘʨʫʚʘʪʠʭ ʧʦʜʚʽʡʥʠʭ ʛʽʜʨʦʢʩʠʜʽʚ, ʘʙʦ ʛʽʜʨʦʪʘʣʴʢʽʪʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ʩʠʥʪʝʪʠʯʥʠʭ ʘʥʽʦʥʦʦʙʤʽʥʥʠʭ ʛʣʠʥ). ʎʝ ʩʧʦʣʫʢʠ ʥʘʩʪʫʧʥʦʛʦ ʩʢʣʘʜʫ:         

[(MeII)1-x(MeIII )x(OH)2]
y+·[(An-)x/n·mH2O], ʜʝ MeII ʪʘ MeIII  ï ʢʘʪʽʦʥʠ ʚ ʩʪʫʧʝʥʷʭ 

ʦʢʠʩʥʝʥʥʷ +2 ʪʘ +3, ʚʽʜʧʦʚʽʜʥʦ, An- ï ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʠʡ ʘʥʽʦʥ (ʦʨʛʘʥʽʯʥʠʡ ʘʙʦ 

ʥʝʦʨʛʘʥʽʯʥʠʡ), n ï ʚʘʣʝʥʪʥʽʩʪʴ ʘʥʽʦʥʘ, ʭ ï ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ 

ʦʟʥʘʯʘʻ ʤʦʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [MeII]/[MeIII ] (ʨʠʩ. 1.2) [111ï114].  

 

 

ʈʠʩʫʥʦʢ 1.2 ï ʇʨʦʩʪʦʨʦʚʝ ʩʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʐʇɻ ʟ 

ʦʢʪʘʝʜʨʠʯʥʦʶ ʢʨʠʩʪʘʣʽʯʥʦʶ ʛʨʘʪʢʦʶ [114], ʜʝ MeII ʪʘ MeIII  ï ʢʘʪʽʦʥʠ ʚ ʩʪʫʧʝʥʷʭ 

ʦʢʠʩʥʝʥʥʷ +2 ʪʘ +3, ʚʽʜʧʦʚʽʜʥʦ, An- ï ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʠʡ ʘʥʽʦʥ ʘʙʦ ʘʥʽʦʥʥʠʡ 

ʢʦʤʧʣʝʢʩ. 

 

ɿʘʟʥʘʯʝʥʽ ʥʝʦʨʛʘʥʽʯʥʽ ʩʦʨʙʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʠʨʦʜʥʠʭ ʪʘ 

ʦʨʛʘʥʽʯʥʠʭ ʽʦʥʦʦʙʤʽʥʥʠʢʽʚ, ʙʽʣʴʰ ʭʽʤʽʯʥʦ ʪʘ ʨʘʜʽʘʮʽʡʥʦ ʩʪʽʡʢʽ, ʜʦ ʪʦʛʦ ʞ ʤʘʶʪʴ 

ʥʝʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ [111]. ʄʦʞʣʠʚʽʩʪʴ ʚʽʜʥʦʩʥʦ ʣʝʛʢʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʠ ʩʠʥʪʝʟʽ 

ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʢʘʪʽʦʥʽʚ ʫ ʙʨʫʩʠʪʦʧʦʜʽʙʥʠʭ ʰʘʨʘʭ ʪʘ ʘʥʽʦʥʽʚ ʫ 
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ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʩʧʨʠʷʻ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʤʫ ʚʘʨʽʶʚʘʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʝʘʢʮʽʡʥʠʭ ʮʝʥʪʨʽʚ ʫ ʤʘʪʨʠʮʽ ʩʦʨʙʝʥʪʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʐʇɻ.  

ʊʝʨʤʦʦʙʨʦʙʢʘ (ʢʘʣʴʮʠʥʘʮʽʷ) ʰʘʨʫʚʘʪʠʭ ʩʦʨʙʝʥʪʽʚ ʧʨʠ 350ï500 Áʉ 

ʚʠʢʣʠʢʘʻ ʫʪʚʦʨʝʥʥʷ ʦʜʥʦʨʽʜʥʦʾ ʩʫʤʽʰʽ ʧʦʜʚʽʡʥʠʭ ʦʢʩʠʜʽʚ ʪʘ ʧʽʜʚʠʱʫʻ ʾʭ 

ʩʦʨʙʮʽʡʥʫ ʻʤʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʢʪʠʚʥʠʭ ʦʩʥʦʚʥʠʭ ʮʝʥʪʨʽʚ. 

ʇʨʠ ʩʦʨʙʮʽʾ ʘʥʽʦʥʽʚ ʟ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʛʝʥʝʨʘʮʽʷ 

ʪʝʨʤʦʦʙʨʦʙʣʝʥʦʾ ʩʪʨʫʢʪʫʨʠ ʐʇɻ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʩʝʨʝʜ ʐʇɻ ʻ ʾʭ ʛʽʙʨʠʜʥʽ ʦʨʛʘʥʦʥʝʦʨʛʘʥʽʯʥʽ ʪʠʧʠ, ʱʦ 

ʤʽʩʪʷʪʴ ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʽ ʘʥʽʦʥʠ, ʷʢʽ ʤʽʮʥʦ 

ʟʚôʷʟʫʶʪʴ ʽʦʥʠ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʫ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ.  

ɸʚʪʦʨʘʤʠ [115] ʜʣʷ ʩʦʨʙʮʽʾ ʢʘʪ̔ʦʥʥʠʭ ʬʦʨʤ U(VI) ʟʘʧʨʦʧʦʥʦʚʘʥʦ Mg/Al- 

ʪʘ Zn/Al -ʐʇɻ, ʱʦ ʤʽʩʪʷʪʴ ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʢʘʨʙʦʥʘʪ-ʘʥ̔ʦʥʠ. ʇʦʢʘʟʘʥʦ, 

ʦɦ ʟʥʘʯʥʽ ʢʽʣʴʢʦʩʪʽ ʭʣʦʨʠʜʚ̔ ʪʘ ʩʫʣʴʬʘʪʚ̔ (15-50 ʛ/ʜʤ3) ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʩʪʫʧ̔ʥʴ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ U(VI) ʪʘʢʠʤʠ ʩʦʨʙʝʥʪʘʤʠ, ʦʜʥʘʢ ʛ̔ʜʨʦʢʘʨʙʦʥʘʪʠ  

ʩʫʪʪʻʚʦ ʟʥʠʞʫʶʪʴ ʚʠʣʫʯʝʥʥʷ U(VI). 

ɼʦʩʣʽʜʞʝʥʦ ʩʦʨʙʮʽʶ U(VI) ʪʘ ʦ̔ʥ̔ʚ ̔ʥʰʠʭ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʥʘ Mg/Al- ʪʘ 

Mg/Nd-ʐʇɻ ʟ ʨʽʟʥʠʤʠ ʘʥʽʦʥʘʤʠ ʚ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ (ɽɼʊɸ, ʉʆ3
2-, NO3

-, 

OH-) [116, 117]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ CO3
2- ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ (1·10ï3 ÷ 5·10ï2) ʤʦʣʴ/ʜʤ3 ʢʘʨʙʦʥʘʪʥ ̔ʬʦʨʤʠ ʩʦʨʙʝʥʪʚ̔ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʝʬʝʢʪʠʚʥʽ ʜʣʷ ʚʠʣʫʯʝʥʥʷ U(VI). ɼʣʷ ʩʦʨʙʝʥʪʘ Mg/Al -ɽɼʊɸ ʢʦʝʬ̔ʮ̔ ʥ̒ʪʠ 

ʨʦʟʧʦʜʽʣʫ Kd ʜʣʷ U(VI) ʩʢʣʘʜʘʶʪʴ 100ï120 ʩʤ3/ʛ. 

ʋ ʨʦʙʦʪ̔ [118] ʦʧʠʩʘʥʦ ʚʠʣʫʯʝʥʥʷ Cr(VI) ʢʘʣʴʮʠʥʦʚʘʥʠʤʠ ʧʨʠ 450 Áʉ 

Mg/Al -, Ni/Al -, Zn/Cr-ʐʇɻ. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʦʨʙʮʽʷ Cr(VI) ʢʨʘʱʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ 

ʢʘʣʴʮʠʥʦʚʘʥʠʭ ʬʦʨʤʘʭ ʐʇɻ ʟʘ ʨʘʭʫʥʦʢ ʨʝʛʽʜʨʘʪʘʮʽʾ ʾʭ ʩʪʨʫʢʪʫʨʠ ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʾʭ ʚʠʭʽʜʥʠʤʠ ʥʝʢʘʣʴʮʠʥʦʚʘʥʠʤʠ ʬʦʨʤʘʤʠ. ʇʨʠʨʦʜʘ ʪʘ ʤʦʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

[ʄʝɯɯ]/[ʄʝɯɯɯ] ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʛʣʠʥʘʥʥʷ ʚʢʘʟʘʥʦʛʦ ʪʦʢʩʠʢʘʥʪʫ ʐʇɻ. 

ɺʠʚʯʝʥʦ [119] ʩʦʨʙʮʽʶ Cr(VI) ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʢʘʣʴʮʠʥʦʚʘʥʽʡ ʧʨʠ 

500 Áʉ ʬʦʨʤʽ Mg/Al -ʐʇɻ. ɸʚʪʦʨʠ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʧʦʛʣʠʥʘʥʥʷ ʘʥʽʦʥʽʚ Cr(VI) 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʨʝʟʫʣʴʪʘʪʽ ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʥʦʚʣʝʥʥʷ ʧʝʨʚʠʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʪʝʨʤʽʯʥʦʦʙʨʦʙʣʝʥʦʛʦ ʩʦʨʙʝʥʪʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʦʨʙʮʽʡʥʝ 
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ʚʠʣʫʯʝʥʥʷ ʚʢʘʟʘʥʦʛʦ ʽʦʥʫ ʪʦʢʩʠʯʥʦʛʦ ʤʝʪʘʣʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʥʘʯʝʥʥʷ ʨʅ>6,0 

ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʧʽʜʚʠʱʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʥʢʫʨʫʶʯʠʭ ʆʅ--ʽʦʥ̔ʚ. 

ʄʘʢʩʠʤʘʣʴʥʘ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʢʘʣʴʮʠʥʦʚʘʥʦʛʦ Mg/Al -ʐʇɻ ʩʪʘʥʦʚʠʪʴ 120 ʤʛ/ʛ 

ʧʨʠ ʨʅ=6,0. 

ʈʦʟʛʣʷʥʫʪʦ [120] ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʨʙʦʥʘʪʥʦ ʾʥʝʢʘʣʴʮʠʥʦʚʘʥʦʾ 

ʪʘ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʧʨʠ 500 Áʉ ʬʦʨʤ Mg/Al-ʐʇɻ ʜʣʷ ʚʠʣʫʯʝʥʥʷ Cr(VI ) ʟ 

ʧʨʦʤʠʩʣʦʚʠʭ ʩʪ̔ʯʥʠʭ ʚʦʜ ʚ 2ï4 ʮʠʢʣʠ ʧʨʠ ʜʦʟʽ ʩʦʨʙʝʥʪʫ 2ï5 ʛ/ʜʤ3. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʪʝʨʤʦʙʨʦʙʣʝʥʘ ʬʦʨʤʘ Mg/Al-ʐʇɻ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʚʽʜ ʪʦʢʩʠʢʘʥʪʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʘʨʙʦʥʘʪʥʦʶ: ʤʘʢʩʠʤʘʣʴʥʘ ʩʦʨʙʮʽʡʥʘ 

ʟʜʘʪʥʽʩʪʴ ʧʨʠ ʜʦʟʽ ʩʦʨʙʝʥʪʽʚ 2 ʛ/ʜʤ3 ʩʢʣʘʜʘʻ 16,3 ʤʛ/ʛ ʪʘ 128 ʤʛ/ʛ, ʚʽʜʧʦʚʽʜʥʦ. ʎʝ 

ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʽʦʥʥʠʡ ʦʙʤʽʥ ʭʨʦʤʘʪ-ʘʥʽʦʥʽʚ ʥʘ ʢʘʨʙʦʥʘʪ-ʘʥʽʦʥʠ ʫ 

ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ Mg/Al -ʐʇɻ ʫʩʢʣʘʜʥʝʥʠʡ ʟʘ ʨʘʭʫʥʦʢ ʤʽʮʥʦʾ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʦʩʪʘʥʥʽʭ ʟ ʙʨʫʩʠʪʦʧʦʜʽʙʥʠʤʠ ʰʘʨʘʤʠ ʩʦʨʙʝʥʪʫ. 

ɽʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʙʽʭʨʦʤʘʪ-ʘʥʽʦʥʽʚ ʟ ʢʠʩʣʠʭ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ (ʨʅ=3,0) ̒  Mg/Al -, Ni/Al -, Co/Al -, Li /Al -ʬʦʨʤʠ ʐʇɻ [121]. ʇʦʢʘʟʘʥʦ, 

ʱʦ ʩʦʨʙʮʽʷ Cr(VI) ʥʘ ʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʽʦʥʥʦʛʦ 

ʦʙʤʽʥʫ ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʜʝ ʜʦʤʽʥʫʶʯʦʶ ʬʦʨʤʦʶ Cr(VI)  ̒Cr2O7
2--ʘʥʽʦʥʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʐʇɻ, ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʽ ʘʥʽʦʥʘʤʠ ʥʽʪʨʠʣʦʪʨʠʦʮʪʦʚʦʾ [122], 

ʝʪʠʣʝʥʜʽʘʤʽʥʪʝʪʨʘʦʮʪʦʚʦʾ (ɽɼʊɸ) [123ï125], ʜʠʝʪʠʣʝʥʪʨʠʘʤʽʥʧʝʥʪʘʦʮʪʦʚʦʾ 

(ɼʊʇɸ) ʪʘ ʤʝʟʦ-2,3-ʜʠʪʽʦʙʫʨʰʪʠʥʦʚʦʾ [126], ʘ ʪʘʢʦʞ ʛʫʤ̔ʥʦʚʠʭ ʢʠʩʣʦʪ [127, 128] 

ʪʘ ʣ̔ʛʥ̔ʥ ʩʫʣʴʬʦʥʘʪʫ [129] ʜʣʷ ʚʠʣʫʯʝʥʥʷ U(VI) ʪʘ ʽʥʰʠʭ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʟ 

ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ. ɸʚʪʦʨʠ [130] ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ 

ʚʽʜ U(VI) ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʥʦʛʦ Mg/Al-ʐʇɻ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ ʮʠʪʨʘʪ-

ʽʦʥʘʤʠ, ʧʦʚô̫ ʟʘʥʝ ʧʝʨʝʚʘʞʥʦ ʟ ʫʪʚʦʨʝʥʥʷʤ ʤʝʪʘʣ-ʮʠʪʨʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʫ 

ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘʢʦʛʦ ʩʦʨʙʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʤʘʢʩʠʤʘʣʴʥʝ ʚʠʣʫʯʝʥʥʷ U(VI)  ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚʢʘʟʘʥʠʤ ʐʇɻ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʠ ʨʅ=6,0 ʪʘ ʩʪʘʥʦʚʠʪʴ 180 ʤʛ/ʛ ʧʨʠ ʚʠʭʽʜʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 200 ʤʛ/ʜʤ3 ʽ ʜʦʟʽ 

ʩʦʨʙʝʥʪʫ 0,05 ʛ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʚʝʣʠʯʠʥʠ ʨʅ ʩʦʨʙʮʽʷ U(VI) ʨʽʟʢʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʨʦʩʪʘʥʥʷ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ ʬʦʨʤ ʨʘʜʽʦʥʫʢʣʽʜʫ. 
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ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫʩʧʽʰʥʦ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʩʝʙʝ ʧʨʠ ʦʯʠʱʝʥʥʽ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʚʽʜ U(VI) ʪʘ ʽʥʰʠʭ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ Zn/Al-ʐʇɻ, 

ʽʥʪʝʨʢʘʣʴʦʚʘʥʽ ʘʥʽʦʥʘʤʠ ɽɼʊɸ, ɼʊʇɸ ʪʘ ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʘʤʽʥʪʝʪʨʘʦʮʪʦʚʦʾ 

(ɻʄɼʊɸ) ʢʠʩʣʦʪ [131ï135]. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʟʥʘʯʝʥʽ ʩʦʨʙʝʥʪʠ ʻ ʜʦʩʠʪʴ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʠʣʫʯʝʥʥʷ U(VI) ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʬʦʨʤ ʡʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʫ ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ Zn/Al-ʐʇɻ ʟ 

ʢʘʨʙʦʥʘʪ-ʘʥʽʦʥʘʤʠ ʚ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʱʦ ʚʠʣʫʯʘʻ ʣʠʰʝ ʢʘʪʽʦʥʥʽ ʬʦʨʤʠ 

ʫʨʘʥʽʣʫ. 

ʇʨʦʚʝʜʝʥʦ [135] ʧʦʨʽʚʥʷʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʱʦʜʦ ʚʠʣʫʯʝʥʥʷ 

ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʢʘʨʙʦʥʘʪʥʦ ʁ ʪʘ ʭʝʣʘʪʥʠʤʠ ʬʦʨʤʘʤʠ Zn/Al-ʐʇɻ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ Zn/Al-ʐʇɻ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʡ ʘʥʽʦʥʘʤʠ ɼʊʇɸ, ʻ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʘʨʙʦʥʘʪʥʦʶ ʬʦʨʤʦʶ ʩʦʨʙʝʥʪʫ ʜʣʷ ʚʠʣʫʯʝʥʥʷ 

Ni(II),  Co(II) ʪʘ Pb(II) ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʟ ʨʽʟʥʠʤ ʟʥʘʯʝʥʥʷʤ ʨʅ. ʆʩʦʙʣʠʚʦ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʦʛʦ ʩʦʨʙʝʥʪʫ ʜʣʷ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ Pb(II). 

ɸʚʪʦʨʘʤʠ [136] ʜʦʩʣʽʜʞʝʥʦ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʩʠʥʪʝʪʠʯʥʠʭ            

Mg/Al -ʐʇɻ, ̔ʥʪʝʨʢʘʣʴʦʚʘʥʠʭ ʮʠʪʨʘʪ-, ʤʘʣʘʪ- ʪʘ ʪʘʨʪʨʘʪ-ʘʥ̔ʦʥʘʤʠ, ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʉu(II) ʪʘ Cd(II) ʧʨʠ ʨʅ=5,0. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʦʛʣʠʥʘʥʥʷ 

ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʐʇɻ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʉu(II) ʪʘ 

Cd(II) ʟ ʚʢʘʟʘʥʠʤʠ ʘʥʽʦʥʘʤʠ ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ. ʂʽʥʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ 

ʰʚʠʜʢʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʤʝʪʘʣʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʢʦʤʧʣʝʢʩʥʠʭ 

ʩʧʦʣʫʢ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ. 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʐʇɻ (ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʩʦʨʙʮʽʡʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ) ʻ ʝʢʦʣʦʛʽʯʥʽʩʪʴ (ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜ 

ʘʥʽʦʥʽʪʫ ï ʚ ʚʦʜʥʠʡ ʨʦʟʯʠʥ ʚʠʚʽʣʴʥʷʻʪʴʩʷ ʣʠʰʝ ʉʆ3
2-); ʣʝʛʢʽʩʪʴ ʩʠʥʪʝʟʫ ʧʨʠ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ; ʣʝʛʢʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ; ʭʽʤʽʯʥʘ, ʪʝʨʤʽʯʥʘ ʪʘ 

ʨʘʜʽʘʮʽʡʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʧʨʦʩʪʦʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʪʝʭʥʦʣʦʛʽʯʥʽʡ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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1.2.2 ʄʝʤʙʨʘʥʥʽ ʤʝʪʦʜʠ ʦʯʠʱʝʥʥ̫  ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʫʨʘʥʫ (VI)  ̔

ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ 

 

ʂʨʽʤ ʩʦʨʙʮʽʡʥʦʛʦ ʤʝʪʦʜʫ, ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʚ ʪʝʭʥʦʣʦʛʽʾ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʚʽʜ U(VI ), Cr(VI ) ʪʘ ʽʦʥʽʚ ʽʥʰʠʭ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʻ ʤʝʤʙʨʘʥʥʽ 

ʤʝʪʦʜʠ, ɦ ʦ ʛʘʨʘʥʪʫʶʪʴ ʚʠʩʦʢʽ ʩʪʫʧʝʥʽ ʦʯʠʱʝʥʥʷ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʦ ʤʝʤʙʨʘʥʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʟ 

ʚʦʜ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʽʚ ʯʘʩʪʦʢ, ʱʦ ʤʦʞʫʪʴ ʟʘʪʨʠʤʫʚʘʪʠʩʴ ʧʦʨʘʤʠ 

ʤʝʤʙʨʘʥ, ʥʘʣʝʞʘʪʴ: ʫʣʴʪʨʘʬʽʣʴʪʨʘʮʽʷ (ʋʌ), ʥʘʥʦʬʽʣʴʪʨʘʮʽʷ (ʅʌ), ʟʚʦʨʦʪʥʠʡ 

ʦʩʤʦʩ ʪʘ ʝʣʝʢʪʨʦʜʽʘʣʽʟ [69, 137ï139]. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʽʮʝʣʷʨʥʦ-

ʧʽʜʩʠʣʝʥʫ ʫʣʴʪʨʘʬʽʣʴʪʨʘʮʽʶ ʘʙʦ ʤʽʮʝʣʷʨʥʦ-ʧʽʜʩʠʣʝʥʫ ʥʘʥʦʬʽʣʴʪʨʘʮʽʶ ʪʘ 

ʧʦʻʜʥʘʥʥʷ ʫʣʴʪʨʘʬʽʣʴʪʨʘʮʽʾ ʘʙʦ ʥʘʥʦʬʽʣʴʪʨʘʮʽʾ ʟ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷʤ. 

ʋ ʨʦʙʦʪʽ [140] ʜʦʩʣʽʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʚʽʜ U(VI) ʪʘ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʨʝʘʛʝʥʪʥʠʤʠ ʙʘʨʦʤʝʤʙʨʘʥʥʠʤʠ 

ʤʝʪʦʜʘʤʠ: ʂʋʋʌ ʪʘ ʂʋʅʌ. ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʦʯʠʱʝʥʥʷ ʚʦʜ ʚʽʜ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʮʠʤʠ ʤʝʪʦʜʘʤʠ: ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʨʫʧʥʦʧʦʨʠʩʪʠʭ ʤʝʤʙʨʘʥ (ʨʦʟʤʽʨ ʧʦʨ ï 10ï20 ʥʤ); ʥʠʟʴʢʠʡ ʨʦʙʦʯʠʡ ʪʠʩʢ (0,2ï

0,5 ʄʇʘ); ʨʅ=7,0ï10,0; ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʩʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʇɽɯ ʪʘ ʤʝʪʘʣʫ, 

ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʤʫ ʜʣʷ Cd(II), Cu(II), Ni(II), Zn(II) ʘʙʦ ʧʝʨʝʚʠʱʫʻ 

ʪʘʢʝ ʜʣʷ U(VI), Co(II), Cr(VI), Pb(II), ʱʦ ʧʦʚ'ʷʟʘʥʝ ʟ ʚʽʜʤʽʥʥʽʩʪʶ ʢʦʥʩʪʘʥʪ 

ʩʪʽʡʢʦʩʪʽ ʢʦʤʧʣʝʢʩʽʚ ʤʝʪʘʣʽʚ ʟ ʇɽɯ ʪʘ ʤʝʭʘʥʽʟʤʦʤ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʣʫʯʝʥʥʷ Cr(VI) ʟ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʤʝʪʦʜʘʤʠ ʫʣʴʪʨʘʬʽʣʴʪʨʘʮʽʾ 

(ʧʦʣ̔ʘʢʨʠʣʦʥʪ̔ʨʠʣʦʚʽ ʤʝʤʙʨʘʥʠ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʦʛʦ 

ʨʝʘʛʝʥʪʫ ï ʛʝʢʩʘʜʝʮʠʣʧʨ̔ʠʜʠʥʡ̔ ʭʣʦʨʠʜʫ ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [141]. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʚʠʩʦʢʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʪʨʠʤʘʥʥʷ Cr(VI ) (98 %) ʜʦʩʷʛʘʶʪʴʩʷ ʧʨʠ ʨʅ=6,0 ʪʘ 

ʤʘʩʦʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥ ̔ʽʦʥ ʤʝʪʘʣʫ:ʧʦʣʽʤʝʨ, ʨʽʚʥʦʤʫ 1:5. 

ɺʠʚʯʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷï

ʫʣʴʪʨʘʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚʽʜ Cr(III ) ʪʘ Cr(VI) [142]. ɺ 

ʷʢʦʩʪʽ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʠʭ ʨʝʘʛʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʭʽʪʠʥ, ʧʝʢʪʠʥ ʪʘ ʇɽɯ. 
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʇɽɯ ʧʽʜʚʠʱʫʻ ʚʠʣʫʯʝʥʥʷ Cr(VI) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʧʦʣʽʤʝʨʘʤʠ ʧʨʘʢʪʠʯʥʦ ʜʦ 100 % ʧʨʠ ʨʅÒ9,0, ʘ ʧʝʢʪʠʥ ï Cr(III ) ʧʨʠ ʨʅÓ7,0. 

ɸʚʪʦʨʘʤʠ [143] ʜʦʩʣʽʜʞʝʥʦ ʚʠʣʫʯʝʥʥʷ Zn(II ) ʟ̔ ʩʪʽʯʥʠʭ ʚʦʜ ʤʝʪʦʜʦʤ 

ʄʇʋʌ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʇɸʈ (ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ) ï 

ʥʘʪʨʽʡʜʦʜʝʮʠʣʩʫʣʴʬʘʪʫ (Naɼɼʉ). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʟʘʪʨʠʤʘʥʥʷ (ʜʦ 99 %) ʜʦʩʷʛʘʶʪʴʩʷ ʧʨʠ ʤʦʣʷʨʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥ ̔ ʽʦʥ 

ʤʝʪʘʣʫ:ʇɸʈ, ʨʽʚʥʦʤʫ 1:5.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʄʇʋʌ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Naɼɼʉ ʪʘ ʣʽʥʽʡʥʦʛʦ 

ʘʣʢʽʣʙʝʥʟʦʣʩʫʣʴʬʦʥʘʪʫ ʜʣʷ ʚʠʣʫʯʝʥʥʷ Cd(II ), Cu(II ), Ni(II ), Pb(II ) ʪʘ Zn(II ) ʟ 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ [144]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʘʥʽʦʥʥʠʭ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ (ɸʇɸʈ), ʥʠʞʯʠʭ ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʤʽʮʝʣʦʫʪʚʦʨʝʥʥʷ (ʂʂʄ), ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʘʣʢʽʣʙʝʥʟʦʣʩʫʣʴʬʦʥʘʪʫ ʧʦʚʥʝ 

ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ, ʘ ʜʣʷ Naɼɼʉ ï > 90 %. ʆʜʥʘʢ ʫ ʚʠʧʘʜʢʫ 

Ni(II) ʧʨʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʇɸʈ:ʤʝʪʘʣ ʟʘʪʨʠʤʫʚʘʥʥʷ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 80 %. 

ʆʮʽʥʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇɽɯ ʫ ʤʝʪʦʜʘʭ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ-

ʫʣʴʪʨʘʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʚʠʙʽʨʢʦʚʦʛʦ ʚʠʣʫʯʝʥʥʷ Cu(II) ʫ ʧʨʠʩʫʪʥʦʩʪʽ Ni(II)  ʟ 

ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ [145]. ʇʦʢʘʟʘʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ Cu(II) ʪʘ Ni(II) ʟʘ ʜʦʧʦʤʦʛʦʶ ʇɽɯ ʜʦʩʷʛʘʶʪʴʩʷ ʧʨʠ ʨʅ>6,0 

ʪʘ 8,0, ʚʽʜʧʦʚʽʜʥʦ, ʽ ʤʦʣʷʨʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥ ̔ ʧʦʣʽʤʝʨ:ʤʝʪʘʣ 1:3 ʪʘ 1:6, 

ʚʽʜʧʦʚʽʜʥʦ. 

ʅʘʥʦʬʽʣʴʪʨʘʮʽʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ 

ʤʝʪʘʣʽʚ, ʟʦʢʨʝʤʘ Cr(VI ) [146], Cu(ɯɯ) [147, 148], Ni(ɯɯ) [149], ʟ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʦʥʢʦʾ ʧʣʽʚʢʠ ʥʘʥʦʬʽʣʴʪʨʘʮʽʡʥʦʾ ʤʝʤʙʨʘʥʠ 

ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʦʟʠʪʫ ʧʦʣʽʘʤʽʜʫ ʜʣʷ ʚʠʣʫʯʝʥʥʷ Ni(ɯɯ) ʟʽ ʩʪʽʯʥʠʭ ʚʦʜ [149]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʝ ʟʘʪʨʠʤʘʥʥʷ Ni(ɯɯ) ʩʪʘʥʦʚʠʪʴ 98 % ʪʘ 92 % ʧʨʠ 

ʧʦʯʘʪʢʦʚʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʦʢʩʠʢʘʥʪʫ 5 ʪʘ 250 ʤʛ/ʜʤ3, ʚʽʜʧʦʚʽʜʥʦ.  

ʋ ʧʨʦʜʦʚʞʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʾ ʨʦʙʦʪʠ ʘʚʪʦʨʘʤʠ [150] ʜʦʩʣʽʜʞʝʥʦ 

ʥʘʥʦʬʽʣʴʪʨʘʮʽʡʥʝ ʚʠʣʫʯʝʥʥʷ Ni(II ) ʪʘ Cd(II ) ʟ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ. ɺʩʪʘʥʦʚʣʝʥʦ, 
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ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʟʘʪʨʠʤʘʥʥʷ Ni(II ) ʪʘ Cd(II ) ʩʢʣʘʜʘʶʪʴ 98,94 % ʪʘ 

82,69 %, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʠ ʧʦʯʘʪʢʦʚʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ 

5 ʤʛ/ʜʤ3. 

ɸʚʪʦʨʘʤʠ [151] ʧʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥ̫ ʤʝʪʦʜʫ ʝʣʝʢʪʨʦʜʽʘʣʽʟʫ ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʘʙʦʨʫ ʽʦʥʦʦʙʤʽʥʥʠʭ ʤʝʤʙʨʘʥ ʧʨʠ ʚʠʣʫʯʝʥʥʽ Cr(VI) ʜʦʟʚʦʣʷʻ 

ʜʦʩʷʛʥʫʪʠ ʟʥʘʯʝʥʴ ɻɼʂ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʭʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʪʘʣʫ ʫ ʚʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʠʣʫʯʝʥʥʷ Cu(ɯɯ) ʪʘ Ni(ɯɯ) ʟʽ ʩʪʽʯʥʠʭ ʚʦʜ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʚʦʨʦʪʥʦʛʦ ʦʩʤʦʩʫ [152]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʪʨʠʤʘʥʥʷ ʚʢʘʟʘʥʠʭ 

ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʧʽʜʚʠʱʫʻʪʴʩʷ ʜʦ 99,5 % ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʪʨʽʻʚʦʾ ʩʦʣʽ 

ɽɼʊɸ. 

ʋ ʨʦʙʦʪʽ [153] ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʣʫʯʝʥʥʷ U(VI) ʤʝʪʦʜʦʤ ʟʚʦʨʦʪʥʦʛʦ 

ʦʩʤʦʩʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʩʪʫʧʽʥʯʘʩʪʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʦʩʤʦʩʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘ ʜʨʫʛʽʡ ʩʪʘʜʽʾ ɽɼʊɸ ʧʦʢʨʘʱʫʻ ʨʦʙʦʪʫ ʤʝʤʙʨʘʥ ʪʘ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʪʦʢʩʠʢʘʥʪʫ ʚ ʧʝʨʤʝʘʪʽ. 

ʆʜʥʘʢ ʟʥʦʰʫʚʘʥʽʩʪʴ ʤʝʤʙʨʘʥ, ʟʦʢʨʝʤʘ ʥʠʟʴʢʘ ʨʘʜʽʘʮʽʡʥʘ ʩʪʽʡʢʽʩʪʴ 

ʧʦʣʽʤʝʨʥʠʭ ʤʝʤʙʨʘʥ, ʪʘ ʩʢʣʘʜʥʦʱʽ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʘʙʦ ʨʝʛʝʥʝʨʘʮʽʻʶ ʫʪʚʦʨʝʥʠʭ 

ʨʽʜʢʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ ʧʨʠ ʦʯʠʱʝʥʥʽ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʻ ʦʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ 

ʤʝʤʙʨʘʥʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʩʪʨʠʤʫʶʪʴ ʾʭ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʪʝʭʥʦʣʦʛʽʷʭ 

ʚʦʜʦʦʯʠʱʝʥʥʷ. 

 

1.2.3 ɯʥʰʽ ʤʝʪʦʜʠ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʫʨʘʥʫ (VI)   ̔ʚʘʞʢʠʭ 

ʤʝʪʘʣʽʚ 

 

ɼʣʷ ʦʯʠʱʝʥʥʷ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʽʥʰʠʭ 

ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʫʩʧʽʰʥʦ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʩʝʙʝ ʤʝʪʦʜʠ ʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ.  

ɸʚʪʦʨʘʤʠ [69, 154, 155] ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʣʫʯʝʥʥʷ 

ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʤʝʪʦʜʘʤʠ ʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ 

ʜʦʜʘʪʢʦʚʠʭ ʦʩʘʜʞʫʶʯʠʭ ʨʝʘʛʝʥʪʽʚ.  
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ʆʩʥʦʚʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʢʦʣʦʾʜʥʦʾ, ʤʦʣʝʢʫʣʷʨʥʦʾ ʪʘ 

ʽʦʥʥʦʾ ʬʦʨʤ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʻ ʢʦʘʛʫʣʷʮʽʷ (ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʢʦʣʦʾʜʥʦʾ ʬʨʘʢʮʽʾ) ʪʘ 

ʧʦʤôʷʢʰʝʥʥʷ (ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʧʝʨʝʚʘʞʥʦ ʩʦʣʝʡ ʞʦʨʩʪʢʦʩʪʽ) [82]. U(VI) ʧʨʠ 

ʭʽʤʽʯʥʦʤʫ ʦʩʘʜʞʝʥʥ ̔ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʽʢʨʦʢʦʤʧʦʥʝʥʪʽʚ ʪʘʢʦʞ ʩʧʽʚʦʩʘʜʞʫʻʪʴʩʷ ʽʟ 

ʙʣʠʟʴʢʠʤʠ ʟʘ ʭʽʤʽʯʥʦʶ ʧʨʠʨʦʜʦʶ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʘʤʠ [156]. 

ɸʚʪʦʨʘʤʠ [67] ʧʦʢʘʟʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ 

U(VI) ʤʝʪʦʜʦʤ ʩʦʜʦʚʦ-ʚʘʧʥʷʥʦʛʦ ʧʦʤô̫ ʢʰʝʥʥʷ ʧʨʠ ʨʅ=10,6õ11,5, ʟʦʢʨʝʤʘ ʧʨʠ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ Mg(OH)2. 

ɼʦʩʣʽʜʞʝʥʦ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ Cu, Zn, Pb, Cr ʰʣʷʭʦʤ ʢʦʘʛʫʣʷʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʣʦʨʠʜʫ ʟʘʣʽʟʘ (ɯɯɯ) (ʦʩʚʽʪʣʶʚʘʯ) ʪʘ ʧʦʣʽʭʣʦʨʠʜʫ 

ʘʣʶʤʽʥʽʶ (III ) [157]. ʇʦʢʘʟʘʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʝ ʚʠʣʫʯʝʥʥʷ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ 

ʜʦʩʷʛʘʻʪʴʩʷ ʫ ʚʫʟʴʢʦʤʫ ʜʽʘʧʘʟʦʥʽ  ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʘʛʫʣʷʥʪʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʣʦʢʫʣʷʥʪʫ ʥʘ ʦʩʥʦʚʽ ʪʘʥʽʥʫ [158] ʜʣʷ ʚʠʣʫʯʝʥʥʷ Zn(II ), 

Ni(II ) ʪʘ Cu(II ) ʤʝʪʦʜʘʤʠ ʢʦʘʛʫʣʷʮʽʾ-ʬʣʦʢʫʣʷʮʽʾ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʥʫʪʠ ʩʪʫʧʝʥʽʚ 

ʦʯʠʱʝʥʥʷ ʧʨʘʢʪʠʯʥʦ 75 % ʜʣʷ ʢʦʞʥʦʛʦ ʽʦʥʫ ʪʦʢʩʠʯʥʦʛʦ ʤʝʪʘʣʫ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʚʝʣʠʯʠʥʠ ʨʅ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ 90Sr ʪʘ U(VI) 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʨʙʮʽʡʥʦ-ʤʘʛʥʽʪʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʦʩʥʦʚʽ ʩʦʣʝʡ Fe(II) ʪʘ 

Fe(III ) [159]. ʆʜʥʘʢ ʧʦʨʽʚʥʷʣʴʥʘ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʦʯʠʱʝʥʥʷ ʥʘ 

ʧʨʠʢʣʘʜʽ ʟʘʙʨʫʜʥʝʥʠʭ ʰʘʭʪʥʠʭ ʚʦʜ ʧʦʢʘʟʘʣʘ, ʱʦ ʩʦʨʙʮʽʡʥʦ-ʢʦʘʛʫʣʷʮʽʡʥʠʡ 

ʤʝʪʦʜ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʰʣʘʤʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ, ʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʘʛʫʣʷʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʩʧʦʣʫʢ U(VI) ʥʝ ʟʘʙʝʟʧʝʯʫʻ 

ʥʦʨʤ ɻɼʂ.  

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʝʪʦʜʠ ʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʟʘʩʪʦʩʦʚʫʪʁʴʩʷ ʜʣʷ 

ʚʠʣʫʯʝʥʥʷ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʧʝʨʝʚʘʞʥʦ ʟʽ ʩʪʽʯʥʠʭ ʚʦʜ, ʱʦ ʤʽʩʪʷʪʴ ʾʭ ʟʥʘʯʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ, ʚ ʦʙʣʘʩʪʽ ʨʅ>7,0, ʧʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ 

ʨʝʘʛʝʥʪʠ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʧʽʜʚʠʱʝʥʥʷ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʪʘ 

ʫʪʚʦʨʝʥʥʷ ʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʝʡ ʰʣʘʤʽʚ (ʚʪʦʨʠʥʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ 

ʪʘ ʽʥʰʠʤʠ ʪʦʢʩʠʯʥʠʤʠ ʤʝʪʘʣʘʤʠ ʚʽʜʭʦʜʽʚ), ʱʦ ʤʘʶʪʴ ʥʠʟʴʢʫ ʱʽʣʴʥʽʩʪʴ ʪʘ 

ʧʦʚʽʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʧʨʦʮʝʩ ʾʭ 
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ʧʦʜʘʣʴʰʦʾ ʫʪʠʣʽʟʘʮʽʾ. ʊʦʤʫ ʤʝʪʦʜʠ ʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʠʩʦʢʽ ʩʪʫʧʝʥʽ ʚʠʣʫʯʝʥʥʷ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʪʽʣʴʢʠ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ 

ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ. 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʚʦʭ ʜʝʩʷʪʠʣʽʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʦʯʠʱʝʥʥʽ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ, ʦʩʦʙʣʠʚʦ ʩʪʽʯʥʠʭ ʚʦʜ, ʚʽʜʽʛʨʘʶʪʴ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ: 

ʝʣʝʢʪʨʦʢʦʘʛʫʣʷʮʽʾ, ʝʣʝʢʪʨʦʬʣʦʪʘʮʽʾ ʪʘ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ. 

ɺʽʜʦʤʦ [160] ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʚʠʣʫʯʝʥʥʷ Cr(VI) 

ʟʽ ʩʪʽʯʥʠʭ ʚʦʜ, ʟʦʢʨʝʤʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ Cr(VI) ʜʦ Cr(III ) ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʟʘʣʽʟʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʚʥʘʩʣʽʜʦʢ 

ʚʠʚʽʣʴʥʝʥʥʷ ʽʦʥʽʚ Fe(II) ʫ ʚʦʜʥʠʡ ʨʦʟʯʠʥ ʧʨʠ ʦʢʠʩʥʝʥʥʽ ʟʚʠʯʘʡʥʦʾ ʚʫʛʣʝʮʝʚʦʾ 

ʩʪʘʣʽ, ʱʦ ʨʝʘʛʫʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ Cr(VI) ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ [161, 162]. 

ʋ ʨʦʙʦʪʽ [163] ʧʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʢʪʠʯʥʦ 100 % ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ Cr(VI) ʜʦ Cr(III) ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʜʫ ʟ ʩʽʪʯʘʩʪʦʛʦ 

ʩʢʣʦʧʦʜʽʙʥʦʛʦ ʚʫʛʣʝʮʶ. ʆʜʥʘʢ ʘʚʪʦʨʠ ʟʘʟʥʘʯʘʶʪʴ, ʱʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʥʠʟʴʢʫ 

ʚʘʨʪʽʩʪʴ ʚʢʘʟʘʥʦʛʦ ʝʣʝʢʪʨʦʜʫ, ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ, ʨʅ, ʚʠʭʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ Cr(VI) ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʝʣʝʢʪʨʦʣʽʪʫ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʠʣʫʯʝʥʥʷ Ni(II ) ʟʽ ʩʪʽʯʥʠʭ ʛʘʣʴʚʘʥʽʯʥʠʭ ʚʦʜ ʧʨʠ ʡʦʛʦ 

ʚʠʭʽʜʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 100ï300 ʤʛ/ʜʤ3 ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʢʦʘʛʫʣʷʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʶʤʽʥʽʻʚʠʭ ʝʣʝʢʪʨʦʜʽʚ [164]. ʆʜʥʘʢ ʥʘʚʝʜʝʥʠʡ ʧʨʦʮʝʩ 

ʦʯʠʱʝʥʥʷ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ ʨʅ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʪʦʢʩʠʯʥʦʛʦ ʤʝʪʘʣʫ ʪʘ ʯʘʩʫ ʢʦʥʪʘʢʪʫ ʽ 

ʧʦʪʨʝʙʫʻ ʧʽʜʚʠʱʝʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʄʘʢʩʠʤʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʣʫʯʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ ʨʅ=4,0ï10,0. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʩʧʽʣʴʥʦ ʟ 

ʫʣʴʪʨʘʟʚʫʢʦʤ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ Cu(II ) ʫ ʩʪʽʯʥʠʭ ʚʦʜʘʭ, ʱʦ ʤʽʩʪʷʪʴ ɽɼʊɸ [165]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʢʘʟʘʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʣʫʯʘʪʠ Cu(II ) (95,6 %) 

ʟʽ ʩʪʽʯʥʠʭ ʚʦʜ ʪʘ ʨʦʟʢʣʘʜʘʪʠ ɽɼʊɸ. 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʣʫʯʘʪʠ ʽʦʥʠ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʟ 

ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʧʨʦʪʝ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʪʘ ʟʥʘʯʥʽ 

ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʦʙʤʝʞʫʶʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʊʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʤʝʪʦʜʽʚ 
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ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʧʨʠ ʾʭ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʟ ʚʝʣʠʢʠʭ ʦʙô̒ ʤʽʚ 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʻ ʝʢʦʥʦʤʽʯʥʦ ʥʝʜʦʮʽʣʴʥʠʤ.  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʩʧʦʩʦʙʽʚ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ, 

ʩʦʨʙʮʽʡʥʠʡ ʪʘ ʤʝʤʙʨʘʥʥʽ ʤʝʪʦʜʠ ʻ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤʠ ʪʘ ʜʦʩʪʫʧʥʠʤʠ ʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʣʘʥʽ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ ʧʦʢʘʟʘʚ, ʱʦ ʚʠʣʫʯʝʥʥʷ ʫʨʘʥʫ (VI) 

ʪʘ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ: ʧʨʠʨʦʜʠ 

ʪʘ ʬʦʨʤ ʟʥʘʭʦʜʞʝʥʥʷ ʥʝʦʨʛʘʥʽʯʥʠʭ ʪʦʢʩʠʢʘʥʪʽʚ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʜʦʚʢʽʣʣʷ. 

ʆʮʽʥʢʘ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʽʚ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʧʦʢʘʟʘʣʘ, ʱʦ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʟʘʚʞʜʠ ʻ ʝʢʦʥʦʤʽʯʥʦ (ʚʠʩʦʢʽ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʨʝʘʛʝʥʪʽʚ) ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʜʦʮʽʣʴʥʠʤ (ʩʧʨʠʯʠʥʷʻ ʫʪʚʦʨʝʥʥ ̫ʟʥʘʯʥʠʭ 

ʢʽʣʴʢʦʩʪʝʡ ʰʣʘʤʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʪʦʢʩʠʢʘʥʪʠ), ʦʩʦʙʣʠʚʦ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʝʣʠʢʠʭ 

ʦʙôʻʤʽʚ ʚʦʜ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʩʦʨʙʮʽʡʥʠʡ ʤʝʪʦʜ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʧʨʠ ʚʠʣʫʯʝʥʥʽ 

ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʽʟ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʟʦʢʨʝʤʘ ʥʘ ʩʪʘʜʽʾ 

ʜʦʦʯʠʱʝʥʥʷ. ʇʨʦʪʝ ʞʦʜʥʠʤ ʥʘʚʝʜʝʥʠʤ ʩʦʨʙʮʽʡʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʢʨʽʤ ʐʇɻ, ʥʝ 

ʜʦʩʷʛʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʝ ʦʯʠʝɦʥʥʷ ʧʨʠʨʦʜʥʠʭ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʘʥʽʦʥʥʠʭ 

ʬʦʨʤ U(VI) ʪʘ Cr(VI). ʊʦʤʫ ʟ ʤʝʪʦʶ ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʨʦʟʚʠʪʦʢ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʪʘ ʩʝʣʝʢʪʠʚʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʬʦʨʤ ʐʇɻ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʨʽʟʥʦʾ 

ʧʨʠʨʦʜʠ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʠ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʜʦʩʠʪʴ ʫʩʧʽʰʥʠʤ ʫ ʪʝʭʥʦʣʦʛʽʾ ʚʦʜʦʦʯʠʱʝʥʥʷ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʤʙʨʘʥʥʠʭ 

ʤʝʪʦʜʽʚ, ʦʩʦʙʣʠʚʦ ʨʝʘʛʝʥʪʥʦ-ʧʽʜʩʠʣʝʥʠʭ, ʱʦ ʛʘʨʘʥʪʫʶʪʴ ʚʠʩʦʢʽ ʩʪʫʧʝʥʽ 

ʚʠʣʫʯʝʥʥʷ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʊʦʤʫ ʚʠʨʽʰʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʚʠʣʫʯʝʥʥʷ ʫʨʘʥʫ (VI ) ʪʘ ʚʘʞʢʠʭ 

ʤʝʪʘʣʽʚ ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʠʱʝʟʘʟʥʘʯʝʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠʩʚʷʯʝʥʘ ʮʷ 

ʜʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ. 
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ʈʆɿɼɯʃ 2 

ʆɹôɭʂʊʀ ʊɸ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʅʗ 

 

2.1 ʆʙôʻʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɺʠʙʽʨ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ï ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ 

ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʦʙʫʤʦʚʣʝʥʠʡ ʥʘʩʪʫʧʥʠʤʠ ʾʭ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: 

V U(VI) ï ʦʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʯʝʨʝʟ 

ʪʦʢʩʠʯʥʽʩʪʴ, ʚʠʢʣʠʢʘʥʫ ʭʽʤʽʯʥʠʤʠ ʪʘ ʨʘʜʽʘʮʽʡʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʘ ʪʘʢʦʞ 

ʚʢʘʟʘʥʦʤʫ ʝʢʦʪʦʢʩʠʢʘʥʪʫ ʧʨʠʪʘʤʘʥʥʘ ʽʥʪʝʥʩʠʚʥʘ ʤʽʛʨʘʮʽʷ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʟʘ ʨʘʭʫʥʦʢ ʩʧʝʮʠʬʽʯʥʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ï ʚʠʩʦʢʦʾ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʦʾ 

ʟʜʘʪʥʦʩʪʽ ʟ ʨʽʟʥʠʤʠ ʣʽʛʘʥʜʘʤʠ ʧʨʠʨʦʜʥʦʛʦ ʽ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʪʘ 

ʟʥʘʭʦʜʞʝʥʥʷ ʫ ʚʦʜʥʠʭ ʦʙôʻʢʪʘʭ ʜʦʚʢʽʣʣʷ ʧʝʨʝʚʘʞʥʦ ʚ ʘʥʽʦʥʥʠʭ ʬʦʨʤʘʭ, ʱʦ 

ʫʩʢʣʘʜʥʶʻ ʡʦʛʦ ʚʠʣʫʯʝʥʥʷ. 

V Cr(VI) ʩʪʘʥʦʚʠʪʴ ʩʝʨʡʦʟʥʫ ʟʘʛʨʦʟʫ ʜʣʷ ʝʢʦʩʠʩʪʝʤ, ʦʩʢʽʣʴʢʠ  ̒ʥʘʜʟʚʠʯʘʡʥʦ 

ʥʝʙʝʟʧʝʯʥʠʤ (ʭʘʨʘʢʪʝʨʥʠʡ ʟʘʛʘʣʴʥʦʪʦʢʩʠʯʥʠʡ ʪʘ ʢʘʥʮʝʨʦʛʝʥʥʠʡ ʚʧʣʠʚ ʥʘ ʞʠʚʽ 

ʦʨʛʘʥʽʟʤʠ) ʪʘ ʧʨʦʙʣʝʤʥʠʤ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʟ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʪʦʢʩʠʢʘʥʪʦʤ 

(ʧʨʠʩʫʪʥʽʡ ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʩʪʽʯʥʠʭ ʚʦʜʘʭ ʫ ʚʠʛʣʷʜʽ ʚʠʢʣʶʯʥʦ ʩʢʣʘʜʥʠʭ 

ʢʠʩʥʝʚʤʽʩʥʠʭ ʘʥʽʦʥʥʠʭ ʬʦʨʤ, ʱʦ ʩʧʨʠʷʻ ʟʥʘʯʥʽʡ ʨʫʭʣʠʚʦʩʪʽ ʪʘʢʦʛʦ ʪʦʢʩʠʢʘʥʪʫ ʚ 

ʝʢʦʩʠʩʪʝʤʘʭ). 

V Cu(II ), Co(II), Ni(II), Cd(II ), Mn(II ), Pb(II ), Zn(II ) ï ʝʢʦʪʦʢʩʠʢʘʥʪʠ, ʷʢʽ 

(ʚʥʘʩʣʽʜʦʢ ʟʥʘʯʥʦʾ ʨʦʟʯʠʥʥʦʩʪʽ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ) ʚʦʣʦʜʽʶʪʴ ʟʜʘʪʥʽʩʪʶ ʜʦ 

ʟʥʘʯʥʦʾ ʙʽʦʘʢʫʤʫʣʷʮʽʾ ʪʘ ʙʽʦʤʘʛʥʽʬʽʢʘʮʽʾ ʚ ʦʙôʻʢʪʘʭ ʛʽʜʨʦʩʬʝʨʠ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʬʽʟʽʦʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʪʘ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʽʟʥʽ ʙʽʦʭʽʤʽʯʥʽ 

ʧʨʦʮʝʩʠ. 

ʊʘʢʦʞ ʜʦ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʣʝʞʘʪʴ ʐʇɻ ï ʩʠʥʪʝʟʦʚʘʥʽ ʢʘʣʴʮʠʥʦʚʘʥʽ 

Zn/Al - (Zn4Al 2ʆ7), Mg/Fe- (Mg4Fe2O7) ʪʘ Mg/Al -ʬʦʨʤʠ (Mg4Al 2O7), ʢʘʨʙʦʥʘʪʥʘ 

Zn/Al -ʬʦʨʤʘ ([Zn4Al 2(OH)12]Ŀʉʆ3Ŀnʅ2ʆ) ʪʘ ʽʥʪʝʨʢʘʣʴʦʚʘʥʘ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ(ɯɯ)-

ʽʦʥʦʤ Zn/Al -ʬʦʨʤʘ (Zn4Al2(ʆʅ)12[Fe(CN)6]0,5Ŀ8ʅ2ʆ). 
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2.1.1 ʈʝʘʛʝʥʪʠ, ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʨʦʙʦʪʽ 

 

ʋ ʨʦʙʦʪʽ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ U(VI), Cr(VI ), Cu(II ), 

Co(II), Ni(II), Cd(II ), Pb(II ), Mn(II ), Zn(II ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʾʭ ʩʦʣʽ: UO2SO4·3H2O, 

K2CrO4 ʤʘʨʢʠ çʭ.ʯ.è ʪʘ CuSO4·5H2O, CoSO4·7H2O, NiSO4·7H2O, CdSO4·8H2O, 

Pb(NO3)2, MnSO4·5H2O, ZnSO4 ʤʘʨʢʠ çʯ.ʜ.ʘ.è. ɼʣʷ ʩʦʨʙʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʦʯʠʱʝʥʥʷ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʨʦʙʦʯʽ ʨʦʟʯʠʥʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

1·10-4ï1·10-6 ʤʦʣʴ/ʜʤ3, ʜʣʷ ʤʝʤʙʨʘʥʥʠʭ ʤʝʪʦʜʽʚ ʦʯʠʱʝʥʥʷ ï 10 ʤʛ/ʜʤ3. 

ɺʦʜʥʽ ʨʦʟʯʠʥʠ ʽʦʥʽʚ ʥʘʪʨʽʶ, ʢʘʣʽʶ, ʢʘʣʴʮʽʶ, ʩʫʣʴʬʘʪ-, ʛʽʜʨʦʢʘʨʙʦʥʘʪ-, 

ʥʽʪʨʘʪ-ʽʦʥʽʚ ʛʦʪʫʚʘʣʠ ʰʣʷʭʦʤ ʨʦʟʯʠʥʝʥʥʷ ʥʘʚʘʞʦʢ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʘʛʝʥʪʽʚ: NaCl, 

KCl, CaCl2·6H2O, Na2SO4, NaHCO3, NaNO3 ʤʘʨʢʠ çʭ.ʯ.è. ɺʦʜʥʽ ʨʦʟʯʠʥʠ NaOH, 

Na2CO3 ʪʘ H2SO4 ʦʪʨʠʤʫʚʘʣʠ ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʬ̔ʢʩʘʥʘʣʚ̔. 

ɯʦʥʥʫ ʩʠʣʫ (I) ʚ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ 

ʬʦʥʦʚʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ï 1,0 ʤʦʣʴ/ʜʤ3 ʨʦʟʯʠʥʽʚ NaClO4, NaCl ʪʘ CaCl2. 

ʅʝʦʙʭʜ̔ʥ ̔ʟʥʘʯʝʥʥ ̫ʨʅ ʚʠʭʽʜʥʦʛʦ ʨʦʟʯʠʥʫ (ʨʅ0) ʩʪʚʦʨʶʚʘʣʠ ʚʚʝʜʝʥʥʷʤ 

ʨʦʟʯʠʥʽʚ 0,1 ʤʦʣʴ/ʜʤ3 HNO3 ʪʘ 0,1 ʤʦʣʴ/ʜʤ3 NaOH. ɿʥʘʯʝʥʥ̫  ʨʅ0 ʪʘ ʨʅ ʨʦʟʯʠʥʫ 

ʧʽʩʣʷ ʩʦʨʙʮʽʾ (ʨʅʨ̔ʚʥ) ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʦʥʦʤʽʨʘ «ʀ-160 ʄ» ʟʽ ʩʢʣʷʥʠʤ 

ʝʣʝʢʪʦʜʦʤ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʽʚ ʩʦʨʙʮʽʾ ʫʨʘʥʫ (VI ) ʫ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʜʝʣʴʥʽ ʨʦʟʯʠʥʠ ʩʦʣʝʡ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʽʟ ʟʘʜʘʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʽʦʥʥʦʾ ʩʠʣʠ ʪʘ ʨʝʘʣʴʥʫ ʩʪʽʯʥʫ ʰʘʭʪʥʫ ʚʦʜʫ ʟ ʧʽʜʚʠʱʝʥʠʤ ʩʦʣʝʚʤʽʩʪʦʤ 

ʉʭʽʜʥʦʛʦ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʦʛʦ ʢʦʤʙʽʥʘʪʫ ʤ. ɾʦʚʪʽ ɺʦʜʠ 

(ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ ʦʙʣ., ʋʢʨʘʾʥʘ). ʉʢʣʘʜ ʮʽʻʾ ʚʦʜʠ ʟʘ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʘʤʠ 

ʥʘʩʪʫʧʥʠʡ, ʤʛ/ʜʤ3: ʟʘʛʘʣʴʥʠʡ ʩʦʣʝʚʤʽʩʪ ï 1500, HCO3
->250, ʉʆ3

2-å30, SO4
2->450, 

Ca2+å170, Na+å240, U
ʧʨʠʨʦʜ.

å0,85, ʨʅå8,0 [166]. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʽʚ ʩʦʨʙʮʽʾ ʭʨʦʤʫ (VI) ʫ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʨʽʤ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʧʨʠʨʦʜʥʫ ʚʦʜʫ ʟ ʧʽʜʟʝʤʥʦʛʦ ʜʞʝʨʝʣʘ, 

ʩʢʣʘʜ ʷʢʦʾ ʟʘ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʘʤʠ ʥʘʩʪʫʧʥʠʡ, ʤʛ/ʜʤ3: ʟʘʛʘʣʴʥʠʡ ʩʦʣʝʚʤʽʩʪ ï 

553,4, HCO3
-  ï 463,6, NO3

- ï 10,0, SO4
2- ï 50,4, Cl- ï 29,1, F- ï 0,33, Ca2+ ï 94,2, 

Mg2+ ï 40,8, Na+ ï57,0, K+ ï 1,33, Crʟʘʛʘʣ. ï 0,0048, ʨʅå6,1 [167]. 
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ʅʘʡʧʨʦʩʪʽʰʠʤ ʧʨʦʤʠʩʣʦʚʦ ʜʦʩʪʫʧʥʠʤ ʧʦʣʽʤʝʨʦʤ, ʱʦ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʨʝʘʛʝʥʪ ʚʦʜʦʦʯʠʱʝʥʥʷ ʪʘ ʤʽʩʪʠʪʴ ʫ ʩʪʨʫʢʪʫʨʽ ʜʦʩʪʘʪʥʴʦ 

ʙʘʛʘʪʦ ʙʽʯʥʠʭ ʚʽʜʛʘʣʫʞʝʥʴ, ʻ ʇɽɯ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʨʦʟʛʘʣʫʞʝʥʽ 

ʇɽɯ (ʬʽʨʤ çAldrichè ʪʘ çFlukaè) ʟ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ (ʄr) 10 ʪʘ 60 ʢɼʘ ï ʇɽɯ10 

ʪʘ ʇɽɯ60, ʚʽʜʧʦʚʽʜʥʦ. ɽʣʝʤʝʥʪʘʨʥʘ ʣʘʥʢʘ ʤʽʩʪʠʪʴ 3 ʘʤʽʥʥʽ ʛʨʫʧʠ ʨʽʟʥʦʾ 

ʦʩʥʦʚʥʦʩʪʽ: ʧʝʨʚʠʥʥʽ (ïNH2), ʚʪʦʨʠʥʥʽ (ïNHï) ʪʘ ʪʨʝʪʠʥʥʽ (ïN<): 

                                     [ïCH2ïCH2ïNïCH2ïCH2ïNHï]n 

                                                      ƅ 

                                                     ʉH2ïCH2ïNH2. 

ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʦʟʯʠʥʠ ʇɽɯ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0,03ï0,30 ʛ/ʜʤ3. 

ʊʘʢʦʞ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʣʽʘʢʨʠʣʘʤʽʜʠ (ʇɸɸ) ï

ʚʦʜʦʨʦʟʯʠʥʥʽ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥ ̔ ʧʦʣʽʤʝʨʠ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʧʦʣʽʝʣʝʢʪʨʦʣʽʪʫ [168]. ʆʩʥʦʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʇɸɸ ʟʥʘʭʦʜʷʪʴ ʷʢ ʜʝʰʝʚʽ 

ʢʦʘʛʫʣʷʥʪʠ ʪʘ ʬʣʦʢʫʣʷʥʪʠ ʜʣʷ ʦʯʠʱʝʥʥʷ ʧʠʪʥʦʾ ʚʦʜʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʪʽʯʥʠʭ 

ʚʦʜ [169]. ɼʦ ʧʦʭʽʜʥʠʭ ʇɸɸ ʚʽʜʥʦʩʠʪʴʩʷ «ʇʨʘʝʩʪʦʣ» (ʇʈ) ʥʝʽʦʥʥʦʾ, ʢʘʪʽʦʥʥʦʾ ʪʘ 

ʘʥʽʦʥʥʦʾ ʧʨʠʨʦʜʠ. 

ɸʥʽʦʥʥʽ ʤʘʨʢʠ ʇʈ ʻ ʩʧʽʚʧʦʣ̔ʤʝʨʘʤʠ ʘʢʨʠʣʘʤʽʜʫ ʟ ̔ʟʨʦʩʪʘʶʯʠʤʠ ʯʘʩʪʢʘʤʠ 

ʘʢʨʠʣʘʪʫ, ʷʢʽ ʥʘʜʘʶʪʴ ʧʦʣʽʤʝʨʘʤ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʥʝʛʘʪʠʚʥʦʛʦ ʟʘʨʷʜʫ ʽ ʪʠʤ 

ʩʘʤʠʤ ï ʘʥʽʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ʂʘʪʽʦʥʥʽ ʤʘʨʢʠ ʇʈ ï ʮʝ ʩʧʽʚʧʦʣʽʤʝʨʠ ʘʢʨʠʣʘʤʽʜʫ 

ʟ̔ ʟʨʦʩʪʘʶʯʦʶ ʯʘʩʪʢʦʶ ʢʘʪʽʦʥʥʠʭ ʩʧʽʚʧʦʣʽʤʝʨʽʚ. ɺʥʝʩʝʥʽ ʥʠʤʠ ʚ ʧʦʣʽʤʝʨ 

ʢʘʪʽʦʥʥʽ ʛʨʫʧʠ ʤʘʁʪʴ ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʧʦʟʠʪʠʚʥʠʡ ʟʘʨʷʜ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʽʦʥʦʛʝʥʥʦʩʪʽ ʤʘʨʦʢ ʇʈ, ʚʟʘʻʤʦʜʽʾ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʫʪʚʦʨʝʥʥʽ ʚʦʜʥʝʚʠʭ ʟʚô̫ ʟʢʽʚ, 

ʷʢ ʮʝ ʤʘʻ ʤʽʩʮʝ ʫ ʥʝʽʦʥʦʛʝʥʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʘʙʦ ʥʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʚʟʘʻʤʦʜʽʷʭ 

ʪʘ ʦʙʤʽʥʽ ʟʘʨʷʜʘʤʠ. ʅʘ ʨʠʩ. 2.1 ʧʦʢʘʟʘʥʦ ʝʣʝʤʝʥʪʘʨʥʫ ʣʘʥʢʫ ʤʘʢʨʦʤʦʣʝʢʫʣʠ 

ʇɸɸ (ɯ) ʪʘ ʩʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ ʘʥʦ̔ʥʥʦʛʦ (II) ʪʘ ʢʘʪʽʦʥʥʦʛʦ (III) ʇʈ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʇɸɸ ʬʽʨʤʠ «Aldrich», ʉʐɸ, ʟ 

ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ 1,5 (ʇɸɸ1,5) ʪʘ 10 ʢɼʘ (ʇɸɸ10), ʘ ʪʘʢʦʞ ï ʘʥʽʦʥʥʠʡ ʇʈ2530 

ʟ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ ~ 14 000 ʢɼʘ ʪʘ ʢʘʪʽʦʥʥʠʡ ʇʈ650TR ʟ ʤʦʣʝʢʫʣʷʨʥʦʶ 

ʤʘʩʦʶ ~ 6000 ʢɼʘ, ʚʠʨʦʙʥʠʮʪʚʦ ɿɸʊ çʂʦʤʧʘʥʽʷ çʄʦʩʢʚʘ-ʐʪʦʢʛʘʫʟʝʥè, ʈʦʩʽʷï

ʅʽʤʝʯʯʠʥʘ. 
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ʋ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʇɸɸ ʪʘ ʇʈ ʟʤʽʥʶʚʘʣʠʩʷ ʫ ʤʝʞʘʭ: ʇɸɸ1,5 

ʪʘ ʇɸɸ10 ï 5,0÷100,0 ʤʛ/ʜʤ3; ʇʈ2530 ï 5,0÷50,0 ʤʛ/ʜʤ3; ʇʈ650TR ï 0,1÷30,0 ʤʛ/ʜʤ3. 

 

 

(I) 

 

(II ) 

 

(III ) 

ʈʠʩʫʥʦʢ 2.1 ï ɽʣʝʤʝʥʪʘʨʥʘ ʣʘʥʢʘ ʤʘʢʨʦʤʦʣʝʢʫʣʠ ʇɸɸ (ɯ) ʪʘ ʩʪʨʫʢʪʫʨʥʽ 

ʬʦʨʤʫʣʠ ʘʥʦ̔ʥʥʦʛʦ (II) ʪʘ ʢʘʪʽʦʥʥʦʛʦ (III) ʇʈ [169] 

 

ʋ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ɸʇɸʈ: Nʘɼɼʉ (C12H25OSO3Na) ʣʽʥʽʡʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʟ ʄr 288 ʪʘ ʥʘʪʨʽʡʜʦʜʝʮʠʣʙʝʥʟʦʣʩʫʣʴʬʦʥʘʪ (C12H25C6H4SO3Na), ʱʦ 

ʤʽʩʪʠʪʴ ʫ ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ ʙʝʥʟʦʣʴʥʝ ʢʽʣʴʮʝ, ʟ ʄr 348 (Nʘɼɼɹʉ), ʬʽʨʤʠ çMerck», 

ʅʽʤʝʯʯʠʥʘ. ʊʘʢʦʞ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʝʽʦʥʥʫ ʇɸʈ ï 

ʪʨʝʪʦʢʪʠʣʬʝʥʽʣʦʚʠʡ ʝʬʽʨ ʧʦʣʽʝʪʠʣʝʥʛʣʽʢʦʣʶ (C14H22O(C2H4O)n, ʜʝ n=9ï10) ʟ 

ʄr ~ 62 (ʊʨʠʪʦʥ ʍ-100) ʬʽʨʤʠ çFluka-Aldrichè, ʉʐɸ. ʋ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʇɸʈ ʟʤʽʥʶʚʘʣʠ ʚʽʜ ʽʦʥʥʦʛʦ ʜʦ ʤʽʮʝʣʷʨʥʦʛʦ ʨʽʚʥʷ ʫ ʤʝʞʘʭ: 

Naɼɼʉ ï 0,2ï11,7 ʛ/ʜʤ3 (ʂʂʄ ï 8,3·10-3 ʤʦʣʴ/ʜʤ3  (2,6 ʛ/ ʜʤ3) [170]), Naɼɼɹʉ ï 

0,1ï2,1 ʛ/ʜʤ3 (ʂʂʄ ï 1,2·10-3 ʤʦʣʴ/ʜʤ3 (0,43 ʛ/ʜʤ3) [170]), ʊʨʠʪʦʥ ʍ-100 ï 0,1ï

0,45 ʛ/ʜʤ3 (ʂʂʄ ï 2·10-4 ʤʦʣʴ/ʜʤ3 (0,125 ʛ/ʜʤ3) [170]). 
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ʋ ʨʦʙʦʪ̔ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʩʫʤʽʰʽ ʘʥʽʦʥʥʠʭ ʇɸʈ ï Nʘɼɼʉ, 

Naɼɼɹʉ, ʪʘ ʥʝ̔ʦʥʥʦ ʾʇɸʈ ï ʊʨʠʪʦʥʘ ʍ-100, ʥʘ ʧʨʦʮʝʩ ʨʦʟʧʦʜʽʣʫ ʪʦʢʩʠʢʘʥʪʽʚ ʫ 

ʩʠʩʪʝʤʽ, ʷʢʘ ʦʯʠʱʫʚʘʣʘʩʴ. 

 

2.1.2 ʇʽʜʛʦʪʦʚʢʘ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʦʨʙʮʽʾ 

 

ʆʪʨʠʤʘʥʥʷ ʢʘʨʙʦʥʘʪʥʠʭ ʪʘ ʢʘʣʴʮʠʥʦʚʘʥʠʭ ʬʦʨʤ Zn/Al-, Mg/Fe-  ̔     

Mg/Al-ʐʇɻ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʩʠʥʪʝʟʦʚʘʥʦ ʟʨʘʟʢʠ Zn/Al- (Zn4Al 2ʆ7), Mg/Fe- 

(Mg4Fe2O7) ʪʘ Mg/Al -ʐʇɻ (Mg4Al2O7) ʰʣʷʭʦʤ ʢʘʣʴʮʠʥʘʮʽʾ ʧʨʠ 450 ÁC 

ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʭʽʜʥʠʭ ʢʘʨʙʦʥʘʪʥʠʭ ʬʦʨʤ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [Mʝ2+]/[Me3+] ʫ 

ʩʪʨʫʢʪʫʨʽ ʙʨʫʩʠʪʦʚʦʛʦ ʰʘʨʫ, ʨʽʚʥʠʤ 2: [Zn4Al2(OH)12]·CO3·nH2O (Zn/Al-CO3), 

[Mg4Fe2(OH)12]·CO3·nH2O (Mg/Fe-CO3), [Mg4Al2(OH)12]·CO3·nH2O (Mg/Al-CO3). 

ʉʠʥʪʝʟ ʩʦʨʙʝʥʪʽʚ ʧʨʦʚʦʜʠʚʩʷ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢ, ʦʧʠʩʘʥʠʭ ʫ [120, 131, 159].  

ɿʨʘʟʢʠ Zn/Al-CO3, Mg/Fe-CO3 ʪʘ Mg/Al -CO3 ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʩʧʽʚʦʩʘʜʞʝʥʥʷʤ ʧʨʠ ʨʅ=9,5ï10,5 ʨʦʟʯʠʥʽʚ ZnCl2 ʪʘ AlCl3, MgCl2 ʪʘ AlCl 3, 

MgNO3 ʪʘ Fe(NO3)3 ʟ ʤʦʣʴʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [Me2+]/[Me3+]=2 ʪʘ ʟʘʛʘʣʴʥʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ [Me2+]+[Me3+]=1 ʤʦʣʴ/ʜʤ3  ̔ʨʦʟʯʠʥʫ, ʱʦ ʤʽʩʪʠʚ ʩʫʤʽʰ NaOH ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ 2 ʤʦʣʴ/ʜʤ3 ʪʘ Na2CO3 ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0,9 ʤʦʣʴ/ʜʤ3.  

ʎʽ ʜʚʘ ʨʦʟʯʠʥʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʠʩʪʘʣʴʪʠʯʥʦʛʦ 

ʥʘʩʦʩʫ ʚʣʠʚʘʣʠ ʫ ʢʦʣʙʫ, ʱʦ ʤʽʩʪʠʣʘ 0,5 ʜʤ3 ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ, ʪʘ ʨʝʪʝʣʴʥʦ 

ʧʝʨʝʤʽʰʫʚʘʣʠ. ɺʠʪʨʠʤʢʫ ʚ ʤʘʪʢʦʚʦʤʫ ʨʦʟʯʠʥʽ ʦʩʘʜʫ, ʱʦ ʫʪʚʦʨʠʚʩʷ, 

ʟʜʽʡʩʥʶʚʘʣʠ ʧʨʦʪʷʛʦʤ 1 ʜʦʙʠ ʧʨʠ (65±5) ºʉ. ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʦʪʨʠʤʘʥʠʡ ʦʩʘʜ 

ʚʽʜʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʜʦ ʥʝʛʘʪʠʚʥʦʾ ʨʝʘʢʮʽʾ ʥʘ ʥʽʪʨʘʪ-ʽʦʥ (ʢʦʥʪʨʦʣʴ ʟ 

ʜʠʬʝʥʽʣʘʤʽʥʦʤ) ʪʘ ʚʠʪʨʠʤʫʚʘʣʠ ʚ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʧʨʠ 65 ºʉ. ʆʪʨʠʤʘʥ ̔

ʢʘʨʙʦʥʘʪʥ ̔ʬʦʨʤʠ Zn/Al-, Mg/Fe- ʪʘ Mg/Al -ʐʇɻ ʧʽʜʜʘʚʘʣʠ ʪʝʨʤʦʦʙʨʦʙʮʽ ʚ 

ʤʫʬʝʣʴʥʽʡ ʧʝʯʽ ʧʨʠ 450 Üʉ ʧʨʦʪʷʛʦʤ 2 ʛʦʜ. ɯʜʝʥʪʠʬʽʢʘʮʽʶ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. ɺʤʽʩʪ ʮʠʥʢʫ, ʤʘʛʥʽʶ, ʟʘʣʽʟʘ ʪʘ 

ʘʣʶʤʽʥʽʶ ʚ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʘʭ ʐʇɻ ʚʠʟʥʘʯʘʣʠ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʠʤ ʤʝʪʦʜʦʤ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ çʉ-115-ʄ1è. 
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ʆʪʨʠʤʘʥʥʷ ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʾ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ(ɯɯ)-ʽʦʥʦʤ ʬʦʨʤʠ Zn/Al-

ʐʇɻ. ʉʠʥʪʝʟ ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʾ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ(ɯɯ)-ʽʦʥʦʤ ʬʦʨʤʠ Zn/Al -ʐʇɻ 

Zn4Al2(ʆʅ)12[Fe(CN)6]0,5·nʅ2ʆ (Zn/Al -FeCN) ʟʜʽʡʩʥʶʚʘʣʠ ʩʧʽʚʦʩʘʜʞʝʥʥʷʤ ʫ 

ʘʪʤʦʩʬʝʨʽ N2 ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʉʆ2 ʟʛʽʜʥʦ ʤʝʪʦʜʠʢ, ʥʘʚʝʜʝʥʠʭ 

ʫ [171, 172]. ʋ ʻʤʥʽʩʪʴ (5-ʪʠ ʛʦʨʣʦʚʫ ʢʦʣʙʫ ʦʙô̒ ʤʦʤ 0,5 ʜʤ3) ʜʦʜʘʚʘʣʠ 10 ʩʤ3 

ʨʦʟʯʠʥʫ Zn(NO3)2 ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 2 ʤʦʣʴ/ʜʤ3 ʪʘ Al(NO3)3 ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

1 ʤʦʣʴ/ʜʤ3 ʪʘ 200 ʩʤ3 ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ ʙʝʟ ʉʆ2. ʇʦʪʽʤ ʚʚʦʜʠʣʠ 50 ʩʤ3 

ʛʘʨʷʯʦʛʦ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʂ4[Fe(CN)6], ʱʦ ʤʽʩʪʠʚ 1,1616 ʛ ʚʢʘʟʘʥʦʾ ʩʦʣʽ. ɼʘʥʫ 

ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʥʦʾ ʤʽʰʘʣʢʠ ʧʨʦʪʷʛʦʤ 1 ʛʦʜ 

ʫ ʧʦʪʦʮʽ N2, ʦʭʦʣʦʜʞʫʚʘʣʠ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʝʨʠʩʪʘʣʴʪʠʯʥʦʛʦ ʥʘʩʦʩʫ ʟʽ ʰʚʠʜʢʽʩʪʶ 0,4 ʩʤ3/ʭʚ ʜʦʜʘʚʘʣʠ 5 % ʚʦʜʥʠʡ ʨʦʟʯʠʥ 

NaOH ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʨʅ=10,2. ʎʶ ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 12 ʛʦʜ ʫ 

ʧʦʪʦʮʽ N2. ʇʦʪʽʤ ʻʤʥʽʩʪʴ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʠʚʘʣʠ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʽʥʝʨʪʥʦʾ 

ʘʪʤʦʩʬʝʨʠ ʪʘ ʚʠʪʨʠʤʫʚʘʣʠ ʫ ʩʫʰʠʣʴʥʡ̔ ʰʘʬ̔ 24 ʛʦʜ ʧʨʠ 60 Üʉ. ʆʪʨʠʤʘʥʠʡ ʦʩʘʜ 

ʚʽʜʤʠʚʘʣʠ 5-7 ʨʘʟʽʚ ʪʘ ʩʫʰʠʣʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ 

ʜ̔ ʙ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʶ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʟʨʘʟʢʘ Zn/Al-FeCN ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ 

ʤʝʪʦʜʠʢʠ ʥʘʚʝʜʝʥʦʾ ʫ ʨʦʙʦʪʽ [172] ʥʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. ɺʤ̔ ʩʪ 

ʮʠʥʢʫ, ʟʘʣʽʟʘ ʪʘ ʘʣʶʤʽʥʽʶ ʚ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʘʭ ʐʇɻ ʚʠʟʥʘʯʘʣʠ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ çʉ-115-ʄ1è. 

 

2.2 ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

2.2.1 ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽ ʾʫʨʘʥʫ (VI) 

 

ɸʥʘʣʽʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʢʦʥʮʝʥʪʨʘʮʽ ʁ ʫʨʘʥʫ (VI) ʧʨʦʚʦʜʠʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ [173] ʟ 

ʘʨʩʝʥʘʟʦ ɯɯɯ ï ʙʽʩʘʟʦʙʘʨʚʥʠʢʦʤ ʥʘ ʦʩʥʦʚʽ ʭʨʦʤʦʪʨʦʧʦʚʦʾ ʪʘ                                            

ʦ-ʘʤʽʥʦʬʝʥʽʣʘʨʩʦʥʦʚʦʾ ʢʠʩʣʦʪ. ɸʨʩʝʥʘʟʦ ɯɯɯ ʫʪʚʦʨʶʻ ʟ ʫʨʘʥʦʤ (VI)  ʦʩʦʙʣʠʚʦ 

ʩʪʽʡʢʽ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʚʠʟʥʘʯʝʥʥʷ ʫ ʩʠʣʴʥʦʢʠʩʣʦʤʫ 
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ʩʝʨʝʜʦʚʠʱʽ, ʜʝ ʚʽʜʩʫʪʥʽʡ ʟʘʚʘʞʘʶʯʠʡ ʚʧʣʠʚ ʽʦʥʽʚ ʟʘʣʽʟʘ ʪʘ ʽʥʰʠʭ ʢʘʪʽʦʥʽʚ, 

ʛ̔ʜʨʦʣʽʟ ʽʦʥʽʚ, ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʪʘ ʽʥʰʽ ʥʝʙʘʞʘʥʽ ʷʚʠʱʘ. ʄʦʣʷʨʥʠʡ ʢʦʝʬ̔ʮ̔ ʥ̒ʪ 

ʩʚ̔ʪʣʦʧʦʛʣʠʥʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʚ ʪʘʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʩʢʣʘʜʘʻ 6,0Ā104. 

ɼʘʥʘ ʤʝʪʦʜʠʢʘ ʚʠʩʦʢʦʩʝʣʝʢʪʠʚʥʘ, ʥʘʷʚʥʽʩʪʴ ʫ ʨʦʟʯʠʥʽ 5000-ʢʨʘʪʥʦʾ 

ʢʽʣʴʢʦʩʪʽ Fe, Al, Pb, Zn, Cd, Mg, Mn, Co, Ba, Sr, Ni, In, Ga; 1000-ʢʨʘʪʥʦʾ ï ʉʘ, Cu, 

Be, Hg; 500-ʢʨʘʪʥʦʾ ï Bi, Sb, Sc, Cr, Mo; 20-ʢʨʘʪʥʦʾ ï Ti ʥʝ ʟʘʚʘʞʘʻ ʚʠʟʥʘʯʝʥʥʶ 

ʫʨʘʥʫ (VI). ʄʝʞʘ ʚʠʟʥʘʯʝʥʥʷ ʫʨʘʥʫ (VI) ʩʪʘʥʦʚʠʪʴ 10 ʤʢʛ/ʜʤ3, ʧʦʭʠʙʢʘ 

ʚʠʟʥʘʯʝʥʥʷ °5 %. 

ʄʝʪʦʜʠʢʘ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ: ʘʣʽʢʚʦʪʫ ʨʦʟʯʠʥʫ ʫʨʘʥʫ (VI) ʫ ʢʽʣʴʢʦʩʪʽ 2ï

10 ʩʤ3 ʚʥʦʩʠʣʠ ʫ ʤʽʨʥʫ ʢʦʣʙʫ ʻʤʥʽʩʪʶ 25 ʩʤ3, ʜʦʜʘʚʘʣʠ 10,0 ʩʤ3 12 ʄ HNO3, 

ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʦʙʣʝʥʦʾ ʩʝʯʦʚʠʥʦʶ ʟ ʨʦʟʨʘʭʫʥʢʫ 10 ʛ ʥʘ 1 ʜʤ3 ʢʠʩʣʦʪʠ, 3 ʩʤ3 

0,25 % ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʘʨʩʝʥʘʟʦ III, ʜʠʩʪʠʣʴʦʚʘʥʫ ʚʦʜʫ ʜʦ ʤʽʪʢʠ. ʇʝʨʝʤʽʰʫʚʘʣʠ 

ʪʘ ʯʝʨʝʟ 20 ʭʚ ʚʠʤʽʨʶʚʘʣʠ ʦʧʪʠʯʥʫ ʛʫʩʪʠʥʫ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ çʂʌʂ-3-01è ʫ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ ʧʨʠ l=656 ʥʤ, 

ʪʦʚʱʠʥʽ ʢʶʚʝʪʠ l=2 ʩʤ ʚʽʜʥʦʩʥʦ ʨʦʟʯʠʥʫ ʧʦʨʽʚʥʷʥʥʷ, ʷʢʠʤ ʻ ʩʫʤʽʰ ʚʩʽʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʢʨʽʤ ʫʨʘʥʫ.  

ʂʦʥʮʝʥʪʨʘʮʽʶ ʫʨʘʥʫ (VI ) ʫ ʨʦʟʯʠʥʘʭ ʚʠʟʥʘʯʘʣʠ ʟ ʢʘʣʽʙʨʫʚʘʣʴʥʦʛʦ ʛʨʘʬʽʢʫ, 

ʷʢʠʡ ʦʪʨʠʤʫʚʘʣʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʚ ʦʢʨʝʤʽ ʤʽʨʥʽ ʢʦʣʙʠ ʻʤʥʽʩʪʶ 25 ʩʤ3 

ʚʽʜʙʠʨʘʣʠ ʧʦ 10, 20, 30, 40, 50 ʪʘ 100 ʤʢʛ ʫʨʘʥʫ, ʚʽʜʧʦʚʽʜʥʦ. ʋ ʢʦʞʥʫ ʢʦʣʙʫ 

ʜʦʜʘʚʘʣʠ 12,0 ʩʤ3 12 ʄ HNO3, 3 ʩʤ
3 0,25% ʨʦʟʯʠʥʫ ʘʨʩʝʥʘʟʦ III, ʜʠʩʪʠʣʴʦʚʘʥʫ 

ʚʦʜʫ ʜʦ ʤʽʪʢʠ. ʇʝʨʝʤʽʰʫʚʘʣʠ ʪʘ ʚʠʤʽʨʶʚʘʣʠ ʦʧʪʠʯʥʽ ʛʫʩʪʠʥʠ ʨʦʟʯʠʥʽʚ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ «ʂʌʂ-3-01» ʫ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ ʧʨʠ l=656 ʥʤ, 

ʪʦʚʱʠʥʽ ʢʶʚʝʪʠ l=2 ʩʤ ʚʽʜʥʦʩʥʦ ʨʦʟʯʠʥʫ ʧʦʨʽʚʥʷʥʥʷ. 

 

2.2.2 ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʭʨʦʤʫ (VI)  

 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʨʦʤʫ (VI) ʫ ʨʦʟʯʠʥʽ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ [174] ʟ ʜʠʬʝʥʣ̔ʢʘʨʙʘʟʠʜʦʤ ʫ 

ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʄʦʣʷʨʥʠʡ ʢʦʝʬ̔ʮ̔ ʥ̒ʪ ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʚ 

ʪʘʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʩʢʣʘʜʘʻ 4,17Ā104. ɼʘʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 
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ʭʨʦʤʫ (VI)  ʻ ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʠʤ ʪʘ ʩʝʣʝʢʪʠʚʥʠʤ ʩʝʨʝʜ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ 

ʤʝʪʦʜʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ ʜʦʟʚʦʣʷʻ ʤʘʩʢʫʚʘʪʠ ʥʘʚʽʪʴ ʟʥʘʯʥʽ 

ʢʽʣʴʢʦʩʪʽ ʟʘʣʽʟʘ (ɯɯɯ), ʧʨʠʩʫʪʥʽ ʚ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ. ʄʝʞʘ ʚʠʟʥʘʯʝʥʥʷ ʭʨʦʤʫ (VI) 

ʩʪʘʥʦʚʠʪʴ 15 ʤʢʛ/ʜʤ3, ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ °5 %. 

ʄʝʪʦʜʠʢʘ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ: ʘʣʽʢʚʦʪʫ ʨʦʟʯʠʥʫ ʭʨʦʤʫ (VI) ʫ ʢʽʣʴʢʦʩʪʽ 2ï

10 ʩʤ3 ʚʥʦʩʠʣʠ ʫ ʤʽʨʥʫ ʢʦʣʙʫ ʻʤʥʽʩʪʶ 25 ʩʤ3, ʜʦʜʘʚʘʣʠ 3 ʩʤ3 0,1 N H2SO4, 

1,5 ʩʤ3 H3PO4 (1:10), 1 ʩʤ3 0,25 % ʨʦʟʯʠʥʫ ʜʠʬʝʥʣ̔ʢʘʨʙʘʟʠʜʫ, ʷʢʠʡ ʧʦʧʝʨʝʜʥʴʦ 

ʛʦʪʫʚʘʣʠ ʰʣʷʭʦʤ ʨʦʟʯʠʥʝʥʥʷ 0,25 ʛ ʚʢʘʟʘʥʦʛʦ ʨʝʘʛʝʥʪʫ ʚ 100 ʩʤ3 ʘʮʝʪʦʥʫ (ʘʙʦ 

ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ) ʟ ʜʦʜʘʚʘʥʥʷʤ 1 ʩʤ3 H2SO4 (1:9), 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 ʭʨʦʤʫ. 

ʂʦʥʮʝʥʪʨʘʮʽʶ ʭʨʦʤʫ (VI ) 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 ʭʨʦʤʫ (VI ), ʚʽʜʧʦʚʽʜʥʦ. ʋ ʢʦʞʥʫ 

ʢʦʣʙʫ ʜʦʜʘʚʘʣʠ 3 ʩʤ3 0,1 N H2SO4, 1,5 ʩʤ3 H3PO4 (1:10), 1 ʩʤ3 0,25 % ʨʦʟʯʠʥʫ 

ʜʠʬʝʥʣ̔ʢʘʨʙʘʟʠʜʫ, ʜʠʩʪʠʣʴʦʚʘʥʫ ʚʦʜʫ ʜʦ ʤʽʪʢʠ. ʇʝʨʝʤʽʰʫʚʘʣʠ ʪʘ ʚʠʤʽʨʶʚʘʣʠ 

ʦʧʪʠʯʥʽ ʛʫʩʪʠʥʠ ʨʦʟʯʠʥʽʚ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ «ʂʌʂ-3-01» ʫ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ 

ʩʧʝʢʪʨʘ ʧʨʠ l=546 ʥʤ, ʪʦʚʱʠʥʽ ʢʶʚʝʪʠ l=3 ʩʤ ʚʽʜʥʦʩʥʦ ʨʦʟʯʠʥʫ ʧʦʨʽʚʥʷʥʥʷ. 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʨʦʤʫ (VI) ʫ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʘʭ ʧʨʠ ʥʠʟʴʢʦʤʫ 

ʡʦʛʦ ʚʤʽʩʪʽ (< 15 ʤʢʛ/ʜʤ3) ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ɯɿʇ-ʄʉ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽ «ICP-MS 

Agilent 7500 ʩʝè. ɻʨʘʜʫʶʚʘʣʴʥʽ ʨʦʟʯʠʥʠ ʛʦʪʫʚʘʣʠ ʟ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʟʨʘʟʢʘ 2.74473.0100 «ICP Multi Element Standard Solution XXI CertiPUR®». 

 

2.2.3 ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʤʽʜʽ (ɯɯ), ʢʦʙʘʣʴʪʫ (ɯɯ), ʥʽʢʝʣʶ (ɯɯ), 

ʢʘʜʤʽʶ (ɯɯ), ʩʚʠʥʮʶ (ɯɯ) ʪʘ ʤʘʨʛʘʥʮʶ (ɯɯ) 

 

ʂʦʥʮʝʥʪʨʘʮʽʾ ʤʽʜʽ (ɯɯ), ʢʦʙʘʣʴʪʫ (ɯɯ), ʥʽʢʝʣʶ (ɯɯ), ʢʘʜʤʽʶ (ɯɯ), ʩʚʠʥʮʶ (ɯɯ) ʪʘ 

ʤʘʨʛʘʥʮʶ (ɯɯ) ʚʠʟʥʘʯʘʣʠ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ 
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çʉ-115-ʄ1è ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ɚ, ʥʤ: ʜʣʷ ʉʦ(II ) ī 240,7, ʜʣʷ ʉu(II ) ī 324,7, ʜʣʷ 

Ni(II ) ī 232,0, ʜʣʷ Cd(II ) ī 228,8, ʜʣʷ Pb(II ) ī 283,3, ʜʣʷ Mn(II ) ī 280,1. 

ʆʧʪʠʤʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʤʝʪʘʣʽʚ ʩʢʣʘʜʘʚ 0,7õ7,0 ʤʛ/ʜʤ3. 

ʋ ʨʦʙʦʪʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥ ̔ ʜʣʷ ʧʦʣʫʤôʷ ʩʫʤʽʰ ̔ ʧʦʚʽʪʨʷ/ʘʮʝʪʠʣʝʥ ʪʘ 

ʘʮʝʪʠʣʝʥ/ʦʢʩʠʜ ʘʟʦʪʫ (ɯ) ʟʘʣʝʞʥʦ ʚʽʜ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʝʪʘʣʫ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʢʘʣʽʙʨʫʚʘʣʴʥʦʛʦ ʛʨʘʬʽʢʘ ʫ ʧʦʣʫʤôʷ ʧʘʣʴʥʠʢʘ ʧʦ ʯʝʨʟʽ 

ʚʚʦʜʠʣʠ ʯʦʪʠʨʠ ʩʪʘʥʜʘʨʪʥʽ ʨʦʟʯʠʥʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʽʦʥʫ ʤʝʪʘʣʫ ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ, 

ʱʦ ʚʢʣʘʜʘʶʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥ ʚʠʟʥʘʯʝʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʢʦʥʮʝʥʪʨʘʮʽʶ, ʙʣʠʟʴʢʫ ʜʦ 

ʪʽʻʾ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ. 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʙʘʣʴʪʫ (ɯɯ), ʤʽʜʽ (ɯɯ), ʥʽʢʝʣʶ (ɯɯ), ʢʘʜʤʽʶ (ɯɯ), 

ʩʚʠʥʮʶ (ɯɯ), ʤʘʨʛʘʥʮʶ (ɯɯ) ʪʘ ʮʠʥʢʫ (ɯɯ) ʧʨʠ ʥʠʟʴʢʦʤʫ ʾʭ ʚʤʽʩʪʽ ʫ ʤʦʜʝʣʴʥʠʭ 

ʨʦʟʯʠʥʘʭ (10-6 ʤʦʣʴ/ʜʤ3) ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ɯɿʇ-ʄʉ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽ 

ʩʧʝʢʪʨʦʤʝʪʨʽ «ICP-MS Agilent 7500 ʩʝè. ɻʨʘʜʫʶʚʘʣʴʥʽ ʨʦʟʯʠʥʠ ʛʦʪʫʚʘʣʠ ʟ 

ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʨʘʟʢʘ 2.74473.0100 «ICP Multi Element Standard 

Solution XXI CertiPUR®». 

 

2.2.4 ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʤʘʛʥʽʶ (ɯɯ), ʮʠʥʢʫ (ɯɯ), 

ʘʣʶʤʽʥʽʶ (ɯɯɯ), ʟʘʣʽʟʘ (ɯɯ) ʪʘ (ɯɯɯ) 

 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ Zn/Al -, Mg/Fe ʪʘ Mg/Al -ʐʇɻ 

ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʤʘʛʥʽʶ (ɯɯ), ʮʠʥʢʫ (ɯɯ), ʘʣʶʤʽʥʽʶ (ɯɯɯ), ʟʘʣʽʟʘ (ɯɯ) ʪʘ ʟʘʣʽʟʘ (ɯɯɯ) 

ʪʘʢʦʞ ʧʨʦʚʦʜʠʣʠ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ çʉ-115-

ʄ1è ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ɚ, ʥʤ: ʜʣʷ Mg ī 285,2, ʜʣʷ Zn  ī 213,9, ʜʣʷ Al  ï 309,3, ʜʣʷ 

Fe ï 248,3.  

ʆʧʪʠʤʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʤʝʪʘʣʽʚ ʩʢʣʘʜʘʚ 

0,7÷7,0 ʤʛ/ʜʤ3. ʋ ʨʦʙʦʪʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥ ̔ʜʣʷ ʧʦʣʫʤôʷ ʩʫʤʽʰ ̔ʧʦʚʽʪʨʷ/ʘʮʝʪʠʣʝʥ 

ʪʘ ʘʮʝʪʠʣʝʥ/ʦʢʩʠʜ ʘʟʦʪʫ (ɯ) ʟʘʣʝʞʥʦ ʚʽʜ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʝʪʘʣʫ. 
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2.2.5 ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʦʨʙʮʽʾ ʫʨʘʥʫ (VI), ʭʨʦʤʫ (VI), 

ʢʦʙʘʣʴʪʫ (ɯɯ), ʤʽʜʽ (ɯɯ), ʥʽʢʝʣʶ (ɯɯ), ʢʘʜʤʽʶ (ɯɯ), ʤʘʨʛʘʥʮʶ (II ), ʩʚʠʥʮʶ (ɯɯ) ʪʘ 

ʮʠʥʢʫ (ɯɯ) ʫ ʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʦʨʙʮʽʾ ʚʢʘʟʘʥʠʭ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʧʨʦʚʦʜʠʣʠ ʚ 

ʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʋ ʢʦʥʽʯʥʽ ʧʣʦʩʢʦʜʦʥʥʽ ʢʦʣʙʠ ʟʽ 

ʰʣʽʬʦʤ ʻʤʥʽʩʪʶ 100 ʩʤ3 ʚʥʦʩʠʣʠ: ʥʘʚʘʞʢʫ ʩʦʨʙʝʥʪʫ ʤʘʩʦʶ 0,0250ï0,3000 ʛ, 

ʚʦʜʥʽ ʨʦʟʯʠʥʠ ʽʦʥʽʚ ʤʝʪʘʣʽʚ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ, ʟʘʛʘʣʴʥʠʤ ʦʙôʻʤʦʤ 50 ʩʤ3 ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ 1·10-4ï1·10-6 ʤʦʣʴ/ʜʤ3, ʽʟ ʟʘʜʘʥʠʤʠ ʽʦʥʥʦʶ ʩʠʣʦʶ (0,01; 0,1), ʷʢʫ 

ʩʪʚʦʨʶʚʘʣʠ 1 ʤʦʣʴ/ʜʤ3 ʨʦʟʯʠʥʦʤ NaClO4 (ʫ ʚʠʧʘʜʢʫ ʫʨʘʥʫ (VI )) ʘʙʦ ʨʦʟʯʠʥʦʤ 

NaCl, ʪʘ ʨʅ. ʉʫʩʧʝʥʟʽʶ ʧʝʨʝʤʽʰʫʚʘʣʠ ʥʘ ʘʧʘʨʘʪʽ ʜʣʷ ʩʪʨʫʰʫʚʘʥʥʷ «ɸɺʋ-6ʉ» 

ʧʨʦʪʷʛʦʤ 1-3 ʛʦʜ. ʇʽʩʣʷ ʩʦʨʙʮʽʾ ʚʦʜʥʫ ʬʘʟʫ ʚʽʜʦʢʨʝʤʣʶʚʘʣʠ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ 

ʧʨʠ 5000 ʦʙ/ʭʚ ʪʨʠʚʘʣʽʩʪʶ 30 ʭʚ ʪʘ ʚʠʟʥʘʯʘʣʠ ʚ ʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʶ ʤʝʪʘʣʫ. 

ɺʝʣʠʯʠʥʫ ʩʦʨʙʮʽʾ ʽʦʥʽʚ ʤʝʪʘʣʽʚ (as, ʤʢʤʦʣʴ/ʛ ʘʙʦ ʤʛ/ʛ) ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

 

m

V
CCa ps Ö-= )( 0  ,                                              (2.1) 

 

ʜʝ C0 ʪʘ Cp ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʫ ʨʦʟʯʠʥʘʭ ʚʠʭʽʜʥʦʤʫ ʪʘ ʧʽʩʣʷ 

ʩʦʨʙʮʽʾ, ʤʢʤʦʣʴ/ʜʤ3 ʘʙʦ ʤʛ/ʜʤ3;  

V ï ʦʙôʻʤ ʨʦʟʯʠʥʫ, ʜʤ3; 

m ï ʥʘʚʘʞʢʘ ʩʦʨʙʝʥʪʫ, ʛ. 

ʉʪʫʧ̔ʥɹ  ʦʯʠʩʪʢʠ (ʉʆ, %) ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦ :ʁ 
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=
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CC
CO

p

,                                         (2.2) 

ʂʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ (Kd, ʩʤ
3/ʛ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʷʢ ʥʘʡʙʽʣʴʰ ʢʦʨʝʢʪʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʦʮʝʩʫ ʩʦʨʙʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʨʽʚʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʩʦʨʙʝʥʪʽʚ ʤʽʞ ʩʦʙʦʶ: 
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,
m

V

C

C
K

p

d Ö
D
=                                                 (2.3) 

 

ʜʝ æʉ ï ʨʽʟʥʠʮʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʫʨʘʥʫ (VI), ʭʨʦʤʫ(VI), ʢʦʙʘʣʴʪʫ (ɯɯ), 

ʤʽʜʽ (ɯɯ), ʥʽʢʝʣʶ (ɯɯ), ʢʘʜʤʽʶ (ɯɯ), ʤʘʨʛʘʥʮʶ (II ), ʩʚʠʥʮʶ (ɯɯ) ʪʘ ʮʠʥʢʫ (ɯɯ) ʚ 

ʨʦʟʯʠʥʽ ʜʦ ʪʘ ʧʽʩʣʷ ʩʦʨʙʮʽʾ, ʤʢʤʦʣʴ/ ʜʤ3 ʘʙʦ ʤʛ/ʜʤ3; 

ʉʨ ï ʢʦʥʮʝʥʪʨʘʮʽ ̫ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʧʽʩʣʷ ʩʦʨʙʮʽʾ, ʤʢʤʦʣʴ/ʜʤ3 ʘʙʦ ʤʛ/ʜʤ3;  

V ï ʦʙôʻʤ ʨʦʟʯʠʥʫ, ʩʤ3; 

m ï ʥʘʚʘʞʢʘ ʩʦʨʙʝʥʪʫ, ʛ. 

 

2.2.6 ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʜʝʩʦʨʙʮʽʾ ʭʨʦʤʫ (VI) ʫ ʩʪʘʪʠʯʥʦʤʫ 

ʨʝʞʠʤʽ 

 

ɼʣ ̫ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʜʝʩʦʨʙʮʽʾ ʫ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʟʨʘʟʦʢ 

ʢʘʣʴʮʠʥʦʚʘʥʦʛʦ ʭʨʦʤʘʪʚʤʽʩʥʦʛʦ Zn/Al-ʐʇɻ ʦʪʨʠʤʫʚʘʣʠ ʰʣʷʭʦʤ ʩʦʨʙʮʽʾ 

ʭʨʦʤʫ (VI ) ʫ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʧʨʦʪʷʛʦʤ 1 ʛʦʜ ʧʨʠ ʨʅ ʩʫʩʧʝʥʟʽʾ å5,0. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʩʦʨʙʮʽʾ 

ʭʨʦʤʫ (VI ) ʥʘ ʩʦʨʙʝʥʪ ̔ ʜʦʩʷʛʘʶʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʨʅ ʚʠʭʽʜʥʦʛʦ ʨʦʟʯʠʥʫ Ò6,0. 

ʍʨʦʤʘʪʚʤʽʩʥʠʡ ʟʨʘʟʦʢ ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 60÷80 Áʉ, ʨʦʟʪʠʨʘʣʠ ʫ 

ʬʘʨʬʦʨʦʚʽʡ ʩʪʫʧʮʽ ʪʘ ʧʨʦʩʽʚʁʘʣʠ ʢʨʽʟʴ ʩʠʪʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʬʨʘʢʮʽʾ <0,25 ʤʤ. 

ɺʤʽʩʪ ʩʦʨʙʦʚʘʥʦʛʦ ʭʨʦʤʫ (VI ) ʚ ʦʪʨʠʤʘʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʚʠʟʥʘʯʘʣʠ ʟʘ ʨʽʟʥʠʮʝ  ʁ

ʢʦʥʮʝʥʪʨʘʮʽʡ ʫ ʚʠʭʽʜʥʦʤʫ ʪʘ ʨʽʚʥʦʚʘʞʥʦʤʫ ʨʦʟʯʠʥʘʭ. ʎ  ̫ʚʝʣʠʯʠʥʘ ʩʢʣʘʣʘ 

1,25  ʤʛ Cr(VI)/ʛ ʩʦʨʙʝʥʪʫ. 

ɼʝʩʦʨʙʮʽʶ ʭʨʦʤʫ (VI) ʧʨʦʚʦʜʠʣʠ ʫ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ: ʚ ʢʦʥʽʯʥʽ ʧʣʦʩʢʦʜʦʥʥʽ ʢʦʣʙʠ ʟʽ ʰʣʽʬʦʤ ʻʤʥʽʩʪʶ 100 ʩʤ3 ʚʥʦʩʠʣʠ 

ʥʘʚʘʞʢʫ 0,050ï0,100 ʛ ʩʦʨʙʝʥʪʫ ʟ ʩʦʨʙʦʚʘʥʠʤ ʭʨʦʤʦʤ (VI) ʪʘ ʚʦʜʥʽ ʜʝʩʦʨʙʫʶʯʽ 

ʨʦʟʯʠʥʠ ʟʘʛʘʣʴʥʠʤ ʦʙôʻʤʦʤ 25ï50 ʩʤ3. ʉʫʩʧʝʥʟʽʶ ʙʝʟʧʝʨʝʨʚʥʦ ʩʪʨʫʰʫʚʘʣʠ ʥʘ 

ʘʧʘʨʘʪʽ çɸɺʋ-6ʉè ʧʨʦʪʷʛʦʤ 1 ʛʦʜ. ʇʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʽʚʥʦʚʘʛʠ 

ʚʽʜʦʢʨʝʤʣʶʚʘʣʠ ʨʦʟʯʠʥ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʧʨʠ 5000 ʦʙ/ʭʚ ʪʨʠʚʘʣʽʩʪʶ 30 ʭʚ ʪʘ 

ʚʠʟʥʘʯʘʣʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʝʩʦʨʙʦʚʘʥʦʛʦ ʭʨʦʤʫ (VI) ʫ ʨʦʟʯʠʥʽ. 
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2.2.7 ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ ʭʨʦʤʫ (VI) ʫ 

ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ ʭʨʦʤʫ (VI ) ʚʠʚʯʘʣʠ ʫ 

ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ. ʅʘʚʘʞʢʫ ʩʦʨʙʝʥʪʫ 0,5000ï1,000 ʛ (ʬʨʘʢʮʽʷ Ò0,25 ʤʤ) 

ʧʦʤʽʱʘʣʠ ʚ ʩʢʣʷʥʫ ʭʨʦʤʘʪʦʛʨʘʬʯ̔ʥʫ ʢʦʣʦʥʢʫ ʟ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ 5 ʤʤ, 

ʚʥʠʟʫ ʷʢʦʾ ʟʥʘʭʦʜʠʣʦʩʷ ʩʢʣʦʚʦʣʦʢʥʦ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʥʦʩʫ ʩʦʨʙʝʥʪʫ ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʩʦʨʙʮʽʡʥʦ-ʜʝʩʦʨʙʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ɺ ʨʦʟʯʠʥʽ, ʱʦ ʧʨʦʡʰʦʚ ʯʝʨʝʟ 

ʰʘʨ ʩʦʨʙʝʥʪʫ, ʚʠʟʥʘʯʘʣʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʽʦʥʘ ʤʝʪʘʣʫ. ʐʚʠʜʢʽʩʪʴ 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʧʽʜʪʨʠʤʫʚʘʣʘʩʷ ʧʦʩʪʽʡʥʦʶ ʽ ʩʪʘʥʦʚʠʣʘ 1 ʩʤ3/ʭʚ ʜʣʷ ʚʩʽʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʦʟʯʠʥʽʚ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʭʨʦʤʫ (VI)  ʫ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠ ʢʦʝʬʽʮʽʻʥʪʦʤ ʦʯʠɦʝʥʥʷ (ʂʦʯ): 

 

p

ʦʯ
ʉ

ʉ
K 0= ,                                                 (2.4) 

ʜʝ C0 ʪʘ Cp ï ʢʦʥʮʝʥʪʨʘʮʽ ̫ʭʨʦʤʫ (VI ) ʫ ʨʦʟʯʠʥʽ ʚʠʭʽʜʥʦʤʫ ʪʘ ʧʽʩʣʷ ʩʦʨʙʮʽʾ, 

ʤʛ/ʜʤ3. 

ɼʣʷ ʦʮʽʥʢʠ ʧʨʦʮʝʩʫ ʜʝʩʦʨʙʮʽʾ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʚʝʣʠʯʠʥʫ ʟʘʣʠʰʢʦʚʦʛʦ 

ʚʤʽʩʪʫ ʭʨʦʤʫ (VI) ʚ ʟʨʘʟʢʫ (ʘ/ʘ0, %) ʪʘ ʩʪʫʧʽʥʴ ʜʝʩʦʨʙʮʽʾ (ʉɼ, %), ʱʦ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʘʤʠ: 
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,                                      (2.5) 

0/100 aaʉɼ -= ,                                           (2.6) 

 

ʜʝ ʘ ï ʚʤʽʩʪ ʭʨʦʤʫ (VI ) ʫ ʟʨʘʟʢʫ ʧ̔ʩʣ̫ ʜʝʩʦʨʙʮʽ,ʾ ʤʛ/ʛ; 

ʘ0 ï ʚʠʭʽʜʥʠʡ ʚʤʽʩʪ ʭʨʦʤʫ (VI ) ʫ ʟʨʘʟʢʫ, ʤʛ/ʛ; 

ʉʨ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʨʦʤʫ (VI)  ʧʽʩʣʷ ʜʝʩʦʨʙʮʽʾ, ʤʛ/ʜʤ3; 
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V ï ʦʙôʻʤ ʨʦʟʯʠʥʫ, ʩʤ3; 

m ï ʥʘʚʘʞʢʘ ʩʦʨʙʝʥʪʫ, ʛ. 

 

2.2.8 ʈʝʥʪʛʝʥʦ-ʬʘʟʦʚʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʐʇɻ 

 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʣʘʜʫ ʪʘ ʩʪʨʫʢʪʫʨʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʐʇɻ ʟʜʽʡʩʥʶʚʘʣʠ 

ʨʝʥʪʛʝʥʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ ʧʦʚʽʪʨʷʥʦ-ʩʫʭʠʭ ʟʨʘʟʢʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʙʝʥʪʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʠʬʨʘʢʪʦʤʝʪʨʘ çɼʈʆʅï2,0è ʥʘ ʬʽʣʴʪʨʦʚʘʥʦʤʫ ʉʦʂŬ ï 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ (30 ʢV ʪʘ 20 mA) ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʣʽʯʠʣʴʥʠʢʘ 1 ʛʨʘʜ/ʭʚ.  

ɼʘʥʽ ʨʝʥʪʛʝʥʦ-ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʩʚʽʜʯʘʪʴ ʧʨʦ ʦʜʥʦʬʘʟʥʽʩʪʴ ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʐʇɻ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʜʠʬʨʘʢʮʽʡʥʠʭ ʣʽʥʽʡ, 

ʷʢʽ ʥʘʣʝʞʘʣʠ ʙ ʽʥʰʠʤ ʢʨʠʩʪʘʣʽʯʥʠʤ ʩʧʦʣʫʢʘʤ (ʨʠʩ. 2.2, 2.3, 2.4), ʪʘ ʙʣʠʟʴʢʽ ʜʦ 

ʦʪʨʠʤʘʥʠʭ ʫ ʨʦʙʦʪʘʭ [131, 159, 172]. ʇʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʦʨʙʝʥʪʽʚ, ʱʦ ʚʠʟʥʘʯʝʥʽ ʟ ʧʦʣʦʞʝʥʥʷ ʜʠʬʨʘʢʮʽʡʥʠʭ ʣʽʥʽʡ 110 ʪʘ 

006, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʛʽʜʨʦʪʘʣʴʢʽʪʽʚ ʩʢʣʘʜʫ 2:1 ʟʛʽʜʥʦ [113, 131, 159, 172, 175ï178]. 

ʈʝʥʪʛʝʥʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨʠ ʢʘʨʙʦʥʘʪʥʦʾ ʪʘ ʢʘʣʴʮʠʥʦʚʘʥʦʾ 

ʬʦʨʤ Mg/Al -ʐʇɻ ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [159]. 

ɺʽʜʦʤʦ [179], ʱʦ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʢʦʥʩʪʨʫʢʮʽ ̫

ʰʘʨʫʚʘʪʦʾ ʙʫʜʦʚʠ ʪʝʨʤʦʦʙʨʦʙʣʝʥʠʭ ʐʇɻ, ʪʦʙʪʦ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ 

ʢʘʣʴʮʠʥʦʚʘʥʽ ʬʦʨʤʠ ʐʇɻ ï Zn4Al2O7, Mg4Fe2O7 ʪʘ Mg4Al 2O7, ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ 

ʚ ʤ̔ʞh ʘʨʦʚʠʡ ʧʨʦʩʪʽʨ ʨʽʟʥʽ ʘʥʽʦʥʠ (An-) ʟʛʽʜʥʦ ʟ ʥʘʚʝʜʝʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ 

ʨʝʘʢʮʽʡ: 

Zn4Al2O7 + (7+m)ʅ2ʆ + 2/nAn-  [Zn4Al2(OH)12]·2/n An-·mH2O + 2ʆʅ-       (2.7) 

 

Mg4Fe2O7 + (7+m)ʅ2ʆ + 2/n An-   [Mg4Fe2(OH)12]·2/n An-·mH2O + 2ʆʅ-     (2.8) 

 

Mg4Al 2O7 + (7+m)ʅ2ʆ + 2/n An-   [Mg4Al 2(OH)12]·2/n An-·mH2O + 2ʆʅ-      (2.9). 

 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚʦʨʦʪʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ Zn/Al - ʪʘ Mg/Fe-ʐʇɻ ʫ ʚʦʜʥʦʤʫ 

ʨʦʟʯʠʥʽ ʥʘʚʘʞʢʠ ʾʭ ʢʘʣʴʮʠʥʦʚʘʥʠʭ ʧʨʠ 450 Üʉ ʬʦʨʤ (1,000 ʛ) ʟʘʣʠʚʘʣʠ 
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ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ (1 ʜʤ3). ɼʦʩʣʽʜʞʫʚʘʥʽ ʩʫʩʧʝʥʟʽʾ ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 

1 ʛʦʜ. ʆʪʨʠʤʘʥʽ ʦʩʘʜʠ ʚʽʜʦʢʨʝʤʣʶʚʘʣʠ ʪʘ ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ.  

ʈʝʥʪʛʝʥʦʛʨʘʬʽʯʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʥʝ 

ʚʽʜʥʦʚʣʝʥʥʷ ʩʪʨʫʢʪʫʨʠ Zn/Al -ʉʆ3 ʪʘ Mg/Fe-ʉʆ3 (ʨʠʩ. 2.2, 2.3, ʢʨʠʚʽ ɯɯɯ). 

ɸʚʪʦʨʘʤʠ [159] ʦʪʨʠʤʘʥʦ ʘʥʘʣʦʛʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ Mg/Al -ʉʆ3·nʅ2ʆ. 
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2.2.9 ʂʽʥʝʪʠʯʥʽ ʤʦʜʝʣʽ ʧʩʝʚʜʦʧʝʨʰʦʛʦ ʪʘ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʽʚ 

 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʢʽʥʝʪʠʢʠ ʩʦʨʙʮʽʾ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʤʦʜʝʣʽ ʢʽʥʝʪʠʯʥʠʭ 

ʨʝʘʢʮʽʡ ʧʩʝʚʜʦʧʝʨʰʦʛʦ ʪʘ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʽʚ, ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʘʭ [181, 

182].  

ʄʦʜʝʣʴ ʧʩʝʚʜʦʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʨ̌ʫʥʪʫʻʪʴʩʷ ʥʘ ʨʽʚʥʷʥʥʽ ʃʘʛʝʨʛʨʝʥʘ: 

 

)(1 tp aak
dt

da
-= .                                          (2.10) 

 

ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʦʪʨʠʤʫ̒ ʤʦ: 

 

t
k

aaa ptp
303,2

log)log( 1-=- ,                                (2.11) 

ʜʝ t ï ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʩʦʨʙʮʽʾ, ʭʚ; 

ʘʨ ï ʨʽʚʥʦʚʘʞʥʘ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ, ʤʤʦʣʴ/ʛ; 

at ï ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʯʘʩ t, ʤʤʦʣʴ/ʛ; 

k1 ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ, ʭʚ
-1. 

ʄʦʜʝʣʴ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 

 

2

2 )( tp aak
dt

da
-= .                                        (2.12) 

 

ɯʥʪʝʛʨʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʘʻ (ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ) ʣʽʥʝʘʨʠʟʦʚʘʥʫ 

ʬʦʨʤʫ ʢʽʥʝʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ: 

 

2

2

11

ppt ak
t

aa

t
+= ,                                          (2.13) 

 

ʜʝ k2 ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ, ʭʚ
-1ĿʛĿʤʤʦʣʴ-1. 
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ɻʨʘʬʽʯʥʫ ʦʙʨʦʙʢʫ ʽʥʪʝʛʨʘʣʴʥʠʭ ʢʽʥʝʪʠʯʥʠʭ ʢʨʠʚʠʭ ʥʘʚʝʜʝʥʦ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ log(apïat)ït ʪʘ t/atït (ʟʛʽʜʥʦ ʣʽʥʽʡʥʠʭ ʬʦʨʤ ʨʽʚʥʷʥʴ ʧʩʝʚʜʦʧʝʨʰʦʛʦ 

ʪʘ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʽʚ). 

 

2.2.10 ʈʦʟʨʘʭʫʥʦʢ ʨʦʟʧʦʜʽʣʫ ʬʦʨʤ ʟʥʘʭʦʜʞʝʥʥʷ ʭʨʦʤʫ (VI ) ʪʘ ʽʥʰʠʭ 

ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ  

 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʣʫʯʝʥʥʷ ʭʨʦʤʫ (VI ) ʪʘ ʽʥʰʠʭ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʟ̔ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʟ ʨʽʟʥʠʤ ʟʥʘʯʝʥʥʷʤ ʨʅ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʽʜʥʦʩʥʫ ʯʘʩʪʢʫ ʬʦʨʤ 

ʟʥʘʭʦʜʞʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʪʦʢʩʠʢʘʥʪʽʚ. 

ʈʦʟʨʘʭʫʥʦʢ ʨʦʟʧʦʜʽʣʫ ʬʦʨʤ ʭʨʦʤʫ (VI ) ʪʘ ʽʥʰʠʭ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʜʣʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʥʘʯʝʥʴ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʫ ʤʦʜʝʣʴʥʠʭ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ 

ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ MEDUSA [183] ʪʘ ʥʘ 

ʧʽʜʩʪʘʚʽ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʥʩʪʘʥʪ ʛʽʜʨʦʣʽʟʫ ʬʦʨʤ ʽʩʥʫʚʘʥʥʷ ʤʝʪʘʣʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ 

ʨʦʙʦʪʽ [1]. 

 

2.2.11 ʄʝʪʦʜʠ ʫʣʴʪʨʘ- ʪʘ ʥʘʥʦʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʫʨʘʥʫ (VI)  ̔  

ʭʨʦʤʫ (VI ) 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʥʝʧʨʦʪʦʯʥʡ̔ ʢʦʤʽʨʮʽ ʦʙô̒ ʤʦʤ 1,0 ʜʤ3 ʟ ʧʣʦʱʝʶ 

ʤʝʤʙʨʘʥʠ 0,95 ʜʤ2 ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʤʘʛʥʽʪʥʦʾ ʤʽʰʘʣʢʠ ~300 ʦʙ/ʭʚ. 

ʋʣʴʪʨʘʬʽʣʴʪʨʘʮʽʡʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʚʠʢʦʥʫʚʘʣʠ ʧʨʠ ʨʦʙʦʯʦʤʫ ʪʠʩʢʫ 200 ʢʇʘ, 

ʥʘʥʦʬʽʣʴʪʨʘʮʽʡʥʽ ï 400 ʢʇʘ. ɺʽʜʙʠʨʘʣʠ ʧʨʦʙʠ ʧʝʨʤʝʘʪʫ ʦʙô̒ ʤʦʤ 40 ʩʤ3 ʜʦ 

ʦʪʨʠʤʘʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʪʨʠʤʫʚʘʥʥʷ ʫʨʘʥʫ (VI) ʫ ʥʠʭ. 

ʉʪʫʧʽʥʴ ʚʽʜʙʦʨʫ ʧʝʨʤʝʘʪʫ ï 0,6. ɼʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʨʅ ʩʪʘʥʦʚʠʚ  3,0÷11,0. ʅʘ 

ʨʠʩʫʥʢʘʭ 2.5, 2.6 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʢʦʤʽʨʢʠ ʜʣʷ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ ʫ 

ʪʫʧʠʢʦʚʦʤʫ ʨʝʞʠʤʽ. ɸʥʘʣʦʛʽʯʥʫ ʢʦʤʽʨʢʫ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʠʭ ʣʽʛʘʥʜʽʚ.  
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1 ï ʢʦʤʽʨʢʘ; 2 ï ʤʽʩʮʝ ʧʦʜʘʯ ̔ʛʘʟʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʠʩʢʫ; 3 ï ʤʝʤʙʨʘʥʘ; 4 ï ʦʩʥʦʚʘ 

ʜʣʷ ʤʝʤʙʨʘʥʠ; 5 ï ʤʽʰʘʣʢʘ; 6 ï ʦʯʠʱʫʚʘʥʠʡ ʨʦʟʯʠʥ; 7 ï ʨʝʯʦʚʠʥʘ, ʷʢʘ 

ʚʠʣʫʯʘʻʪʴʩʷ; 8 ï ʤʽʮʝʣʠ; 9 ï ʚʠʭʽʜ ʧʝʨʤʝʘʪʫ 

ʈʠʩʫʥʦʢ 2.5 ï ʉʭʝʤʘ ʢʦʤʽʨʢʠ ʜʣʷ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ ʫ ʪʫʧʠʢʦʚʦʤʫ 

ʨʝʞʠʤʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʮʝʣʷʨʥʠʭ ʨʦʟʯʠʥʽʚ ʇɸʈ [140]. 

 

 

ʈʠʩʫʥʦʢ 2.6 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʟ ʪʫʧʠʢʦʚʦʶ ʢʦʤʽʨʢʦʶ ʜʣʷ 

ʙʘʨʦʤʝʤʙʨʘʥʥʦʾ ʦʯʠʩʪʢʠ ʚʦʜʠ [185] 
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ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʣʽʩʫʣʴʬʦʥʘʤʽʜʥʫ ʫʣʴʪʨʘʬʽʣʴʪʨʘʮʽʡʥʫ 

ʤʝʤʙʨʘʥʫ ʋʇʄ-20 ʽʟ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ ʧʦʨ 20 ʥʤ, ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʦʚʘ ʤʝʞʘ 

ʟʘʪʨʠʤʫʚʘʥʥʷ  ʷʢʦʾ ~20 ʢɼʘ, ʪʘ ʧʦʣʽʘʤʽʜʥʫ  ʥʘʥʦʬʽʣʴʪʨʘʮʽʡʥʫ ʤʝʤʙʨʘʥʫ  

ʆʇʄʅ-ʇ ʽʟ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ ʧʦʨ Ò10 ʥʤ, ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʦʚʘ ʤʝʞʘ 

ʟʘʪʨʠʤʫʚʘʥʥʷ ʷʢʦʾ ~10 ʢɼʘ (ʦʙʠʜʚʽ ʤʝʤʙʨʘʥʠ ʚʠʨʦʙʥʠʮʪʚʘ ʬʽʨʤʠ çɺʣʘʜʠʧʦʨè, 

ʈʦʩʽʷ) [169, 184]. 

ɺʠʭʦʜʷʯʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʦʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʨʦʤʝʤʙʨʘʥʥʠʭ ʧʨʦʮʝʩʽʚ [186, 187]: 

- ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʨʠʤʫʚʘʥʥʷ (R): 

 

0

1
C

C
R

f
-= ,                                             (2.14) 

 

 ʜʝ ʉf ʠ C0 ï ʢʦʥʮʝʥʪʨʘʮʽʾ ʫʨʘʥʫ (VI ) ʘʙʦ ʭʨʦʤʫ (VI ), ʫ ʧʝʨʤʝʘʪ ̔ʪʘ 

ʚʠʭʽʜʥʦʤʫ ʨʦʟʯʠʥʽ, ʚʽʜʧʦʚʽʜʥʦ; 

 - ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ (Jv): 

 

tS

V
Jv

Ö
= ,                                                 (2.15) 

 

ʜʝ V ï ʦʙô̒ʤ ʨʦʟʯʠʥʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ ʧʣʦʱʝ  ʁ S ʟʘ 

ʦʜʠʥʠʮʶ ʯʘʩʫ t; 

- ʩʪʫʧʽʥʴ ʚʽʜʙʦʨʫ ʧʝʨʤʝʘʪʫ (ű): 

 

0V

Vf
=j ,                                                 (2.16) 

 

ʜʝ Vf ʠ V0 ï ʦʙôʻʤʠ ʚʽʜ̔ʙʨʘʥʦʛʦ ʧʝʨʤʝʘʪʫ ʪʘ ʚʠʭʽʜʥʦʛʦ ʨʦʟʯʠʥʫ, 

ʚʽʜʧʦʚʽʜʥʦ. 
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2.2.12 ʆʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

 

ɼʣʷ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʂʽʣʴʢʽʩʪʴ ʚʠʟʥʘʯʝʥʴ (n) ʫ ʩʝʨʝʜʥʴʦʤʫ ʜʦʨʽʚʥʶʚʘʣʘ 5 ʧʨʠ ʩʪʘʪʠʩʪʠʯʥʽʡ 

ʚʽʨʦʛʽʜʥʦʩʪʽ ʈ=0,95. ɼʣʷ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʚʽʜʥʦʩʥʝ ʩʪʘʥʜʘʨʪʥʝ 

ʚʽʜʭʠʣʝʥʥʷ (rS ) ʪʘ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ (m). 

ɺʽʜʥʦʩʥʝ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʚʝʣʠʯʠʥ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

 

x

S
Sr = ,                                                     (2.17) 

 

ʜʝ S ï ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ: 
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,                                           (2.18) 

 

-

xï ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʘ ix  ï ʾʾ 

ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ. 

ɼʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ (m) ʚʠʟʥʘʯʘʣʠ ʽʟ ʟʘʣʝʞʥʦʩʪʽ: 

 

n

St
x

pÖ
°=
-

m ,                                            (2.19) 

 

ʜʝ t  ï ʢʨʠʪʝʨʽʡ ʉʪʴʶʜʝʥʪʘ ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʚʽʨʦʛʽʜʥʦʩʪʽ ʈ=0,95. 

ɼʣʷ ʦʮʽʥʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ (ʧʨʘʚʠʣʴʥʦʩʪʽ) ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʫʨʘʥʫ (VI ) ʪʘ ʭʨʦʤʫ (VI) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ ʩʪʘʥʜʘʨʪʥʠʭ 
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ʜʦʙʘʚʦʢ, ʱʦ ʻ ʨʽʟʥʦʚʠʜʦʤ ʤʝʪʦʜʫ ʧʦʨʽʚʥʷʥʥʷ. ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʤʝʪʘʣʽʚ (VI ) ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʮʠʤ ʤʝʪʦʜʦʤ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʧʽʜʩʪʘʚʽ ʧʦʨʽʚʥʷʥʥʷ ʟʥʘʯʝʥʴ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʨʦʟʯʠʥʫ ʙʝʟ ʪʘ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʜʦʙʘʚʦʢ ʚʽʜʦʤʦʾ ʢʽʣʴʢʦʩʪʽ ʤʝʪʘʣʽʚ (VI ). 
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ʈʆɿɼɯʃ 3 

ɺʀʃʋʏɽʅʅʗ ʋʈɸʅʋ (VI)  ɿ ɺʆɼʅʀʍ ʈʆɿʏʀʅɯɺ 

ʉʆʈɹʎɯʁʅʀʄ ʊɸ ɹɸʈʆʄɽʄɹʈɸʅʅʀʄ ʄɽʊʆɼɸʄʀ 

 

3.1 ʉʦʨʙʮʽʡʥʝ ʚʠʣʫʯʝʥʥʷ ʫʨʘʥʫ (VI) ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʥʦʶ ʬʦʨʤʦʶ    

Zn/Al -ʐʇɻ 

 

ʉʦʨʙʮʽʡʥʽ ʤʝʪʦʜʠ ʥʘʣʝʞʘʪʴ ʜʦ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʪʘ ʜʦʩʪʫʧʥʠʭ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ʆʜʥʘʢ ʚʥʘʩʣʽʜʦʢ ʫʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ 

ʭʽʤʽʯʥʠʭ ʬʦʨʤ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʦʩʪʽ ʩʪʦʨʦʥʥʽʭ ʽʦʥʽʚ ʫ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ ʥʝ ʟʘʚʞʜʠ ʚʜʘʻʪʴʩʷ ʜʦʩʷʛʘʪʠ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʦʯʠʱʝʥʥʷ [67]. 

ʊʘʢ, ʫʨʘʥ (VI) ʚ ʧʨʠʨʦʜʥʠʭ ʪʘ ʩʪʽʯʥʠʭ ʚʦʜʘʭ ʟʥʘʭʦʜʠʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʫ ʚʠʛʣʷʜʽ 

ʘʥʽʦʥʥʠʭ ʨʦʟʯʠʥʥʠʭ ʜʠ- ʪʘ ʪʨʠʢʘʨʙʦʥʘʪʫʨʘʥʽʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʥʘʚʽʪʴ ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʤʽʥʝʨʘʣʴʥʠʭ ʪʘ ʦʨʛʘʥʦʩʫʩʧʝʥʟʽʡ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʟ ʚʠʩʦʢʦʶ 

ʘʜʩʦʨʙʮʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʽʥʪʝʥʩʠʚʥʫ ʤʽʛʨʘʮʽʶ ʫʨʘʥʫ (VI) ʚ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ [188] ʪʘ ʫʩʢʣʘʜʥʶʻ ʡʦʛʦ ʚʠʣʫʯʝʥʥʷ. 

ɼʣʷ ʩʦʨʙʮʽʡʥʦʛʦ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʫʨʘʥʫ (VI) ʚʩʝ ʙʽʣʴʰʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʭʦʜʷʪʴ ʥʝʦʨʛʘʥʽʯʥʽ ʩʦʨʙʝʥʪʠ ï ʐʇɻ. ɺʠʢʣʠʢʘʶʪʴ ʽʥʪʝʨʝʩ 

ʨʦʙʦʪʠ ʧʦ ʽʥʪʝʨʢʘʣʷʮʽʾ ʐʇɻ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ(II) -ʽʦʥʘʤʠ ʨʽʟʥʠʤʠ 

ʤʝʪʦʜʘʤʠ [171, 189ï191] ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʶ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʣʫʯʝʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ [172, 191]. ɺʽʜʦʤʦ [192ï194], ʱʦ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ(II) -ʽʦʥ ʫʪʚʦʨʶʻ 

ʤʽʮʥʽ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ ʟ ʫʨʘʥʦʤ (VI) ʫ ʚʠʛʣʷʜʽ ʤʘʣʦʨʦʟʯʠʥʥʠʭ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ ʫʨʘʥʽʣʫ. ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʢʽʣʴʢʽʩʥʦʤʫ ʪʘ 

ʷʢʽʩʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʫʨʘʥʫ. ʊʘʢ, ʤʝʪʦʜ ʚʽʜʢʨʠʪʪʷ ʫʨʘʥʫ ʟ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʦʤ 

ʢʘʣʽʶ ʻ ʥʘʚʽʪʴ ʙʽʣʴʰ ʯʫʪʣʠʚʠʤ, ʥʽʞ ʟ ʨʦʜʘʥʽʜʦʤ ʢʘʣʽʶ [193].  

ʆʜʥʘʢ ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʽ ʦʩʘʜʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ, ʷʢ ʫ ʚʠʧʘʜʢʫ ʽ ʟ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʘʤʠ ʽʥʰʠʭ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ, ʩʭʠʣʴʥʽ ʜʦ ʧʝʧʪʠʟʘʮʽʾ, ʱʦ 

ʫʩʢʣʘʜʥʶʻ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʧʦʛʘʥʦ ʬʽʣʴʪʨʫʶʪʴʩʷ ʪʘ ʚʘʞʢʦ ʚʽʜʤʠʚʘʶʪʴʩʷ) ʜʣʷ 

ʜʝʟʘʢʪʠʚʘʮʽʾ ʟʥʘʯʥʠʭ ʦʙôʻʤʽʚ ʚʦʜ [192]. ʊʦʤʫ ʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʻ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ(II) -ʽʦʥʘʤʠ ʧʦʚʝʨʭʥʽ ʤʘʪʨʠʮʽ 
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ʨʽʟʥʠʭ ʥʦʩʽʾʚ, ʥʘʧʨʠʢʣʘʜ, ʮʝʣʶʣʦʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [11]. ʈʦʟʤʽʱʝʥʥʷ ʮʠʭ ʘʥʽʦʥʽʚ 

ʰʣʷʭʦʤ ʽʥʪʝʨʢʘʣʷʮʽʾ ʫ ʤʽʞʰʘʨʦʚʠʡ ʧʨʦʩʪʽʨ ʩʦʨʙʝʥʪʽʚ ʛʘʨʘʥʪʫʻ ʙʽʣʴʰ ʥʘʜʽʡʥʝ 

ʚʠʣʫʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚʥʘʩʣʽʜʦʢ ʾʭ ʤʽʮʥʦʛʦ ʟʚ'ʷʟʫʚʘʥʥʷ ʫ ʩʪʨʫʢʪʫʨʽ ʐʇɻ. 

ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʥʦʾ ʬʦʨʤʠ Zn/Al -ʐʇɻ 

ʜʣʷ ʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʷʢ ʢʘʪʽʦʥʥʠʭ, ʪʘʢ ʽ ʘʥʽʦʥʥʠʭ ʬʦʨʤ ʫʨʘʥʫ (VI) ʟ 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʧʽʜʚʠʱʝʥʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʪʘ ʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ ʛʽʜʨʦʢʘʨʙʦʥʘʪ-

ʽʦʥʽʚ [196, 197]. 

 

3.1.1 ɺʧʣʠʚ ʨʅ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ  

 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʩʦʨʙʮʽʾ, 

ʻ ʨʅ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ. ʅʘ ʨʠʩ. 3.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʦʨʙʮʽʾ ʫʨʘʥʫ (Vɯ) 

ʥʘ ʟʨʘʟʢʫ Zn/Al-FeCN ʚʽʜ ʨʅ ʤʦʜʝʣʴʥʦʛʦ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

(I(NaClO4)=0,01 ʤʦʣʴ/ʜʤ3). ʗʢ ʚʠʜʥʦ, ʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʟʘʟʥʘʯʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʚʽʜʥʦʩʥʦ ʫʨʘʥʫ (Vɯ) ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʅ0 ʚʽʜ å2,0 (ʨʅʨʽʚʥ=4,5) 

ʜʦ Ó3,0 (ʨʅʨʽʚʥ=6,0), ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʯʘʩʪʢʦʚʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʐʇɻ 

ʪʘ ʢʦʥʢʫʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʅ+-ʽʦʥʽʚ. ʋ ʢʠʩʣʽʡ ʪʘ ʥʝʡʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʷʭ ʨʅ ʚʦʜʥʦʛʦ 

ʨʦʟʯʠʥʫ ʫʨʘʥ (Vɯ) ʧʝʨʝʚʘʞʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʫʨʘʥʽʣ-ʽʦʥʫ, ʤʦʥʦʤʝʨʥʠʭ ʪʘ 

ʧʦʣʽʤʝʨʥʠʭ ʢʘʪʽʦʥʥʠʭ ʛʽʜʨʦʢʩʦʬʦʨʤ [7, 8].  

ʆʯʝʚʠʜʥʦ, ʱʦ ʦʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʩʦʨʙʮʽʾ ʫʨʘʥʫ (Vɯ) ʥʘ Zn/Al-FeCN ʻ 

ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʽʦʥʽʚ ʫʨʘʥʫ (Vɯ) ʟ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ(II) -ʽʦʥʘʤʠ ʚ 

ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʐʇɻ. ʄʦʞʣʠʚʦ, ʚʠʣʫʯʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʽʦʥʘ ʤʝʪʘʣʫ 

ʚ ʟʘʟʥʘʯʝʥʽʡ ʚʠʱʝ ʦʙʣʘʩʪʽ ʨʅ ʪʘʢʦʞ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʽʟʦʤʦʨʬʥʦʛʦ 

ʟʘʤʽʱʝʥʥʷ UO2
2+ ʥʘ Zn2+ ʫ ʩʢʣʘʜʽ ʩʦʨʙʝʥʪʫ [116] ʪʘ ʟʘ ʨʘʭʫʥʦʢ ʟʚô̫ ʟʫʚʘʥʥʷ 

U(Vɯ) ʟ ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʙʨʫʩʠʪʦʧʦʜʽʙʥʠʭ ʰʘʨʽʚ.  

ɿʩʫʚ ʨʅʨʽʚʥ ʫ ʩʣʘʙʦʢʠʩʣʫ ʪʘ ʣʫʞʥʫ ʦʙʣʘʩʪʽ ʨʅ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʷʢ ʽ ʫ 

ʚʠʧʘʜʢʫ ʟ ʽʥʰʠʤʠ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ Zn/Al-ʐʇɻ [131ï133], ʦʙʫʤʦʚʣʝʥʠʡ 

ʥʘʷʚʥʽʩʪʶ ʚ ʩʪʨʫʢʪʫʨʽ ʩʦʨʙʝʥʪʫ ʘʤʬʦʪʝʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ï Zn(ɯɯ) ʪʘ Al(ɯɯɯ). 
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1 ï ʨʅ0; 2 ï ʨʅʨ̔ʚʥ 

         ʈʠʩʫʥʦʢ 3.1 ï ɺʧʣʠʚ ʨʅ ʥʘ ʚʠʣʫʯʝʥʥʷ U(VI) ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʩʦʨʙʝʥʪʦʤ 

Zn/Al-FeCN ʧʨʠ CU(VI)=1·10-4 ʤʦʣʴ/ʜʤ3; Vʨ-ʥʫ=50 ʩʤ3; mʩʦʨʙ=0,100 ʛ; 

ɯ(NaClO4)=0,01; tʩʦʨʙ=3 ʛʦʜ  

 

ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʟʥʘʯʝʥʥʷ ʨʅ0 ʜʦ 9,0 (ʨʅʨʽʚʥ=7,3) ʚʠʢʣʠʢʘʻ ʥʝʟʥʘʯʥʝ 

ʟʥʠʞʝʥʥʷ ʩʦʨʙʮʽʾ U(Vɯ) ʥʘ Zn/Al-FeCN ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʘʥʽʦʥʥʠʭ 

ʬʦʨʤ U(Vɯ) ï [UO2(CO3)2]
2-, [(UO2(ʉʆ3)3]

4-, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʢʦʥʪʘʢʪʽ 

ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʟ ʧʦʚʽʪʨʷʤ [7, 8], ʪʘ ʆʅ--ʽʦʥʽʚ.  

ʁʤʦʚʽʨʥʦ, ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʨʅ ʚʠʣʫʯʝʥʥʷ U(Vɯ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ(II) -ʘʥʽʦʥʽʚ ʟ ʘʥʽʦʥʥʠʤʠ ʬʦʨʤʘʤʠ ʫʨʘʥʫ (Vɯ) ʫ 

ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʩʦʨʙʝʥʪʫ. ʆʜʥʘʢ ʟʘʟʥʘʯʝʥʽ ʘʥʽʦʥʥʽ ʢʦʤʧʣʝʢʩʠ U(Vɯ), 

ʩʦʨʙʫʶʯʠʩʴ ʥʘ ʟʦʚʥʽʰʥʽʡ, ʩʧʦʯʘʪʢʫ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʽʡ, ʧʦʚʝʨʭʥʽ 

ʙʨʫʩʠʪʦʧʦʜʽʙʥʠʭ ʰʘʨʽʚ ʐʇɻ, ʥʘʜʘʶʪʴ ʾʡ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ. ɼʦ ʪʦʛʦ ʞ 

ʤʦʞʣʠʚʠʡ ʪʘʢʦʞ ʯʘʩʪʢʦʚʠʡ ʦʙʤʽʥ [Fe(ʉN)6]
4--ʘʥʽʦʥʽʚ ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

ʥʘ ʆʅ--ʘʥʽʦʥʠ ʟ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ [191], ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʷʢʦʛʦ ʟʥʠʞʝʥʥʷ 

ʩʦʨʙʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ Zn/Al-FeCN. 
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3.1.2 ɺʧʣʠʚ ʪʨʠʚʘʣʦʩʪʽ ʩʦʨʙʮʽʾ 

 

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ 

ʨʽʚʥʦʚʘʛʠ, ʚʠʚʯʝʥʦ ʚʧʣʠʚ ʪʨʠʚʘʣʦʩʪʽ ʩʦʨʙʮʽʾ U(VI) ʟ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ     

Zn/Al-FeCN ʧʨʦʪʷʛʦʤ 24 ʛʦʜ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.2, ʚʝʣʠʯʠʥʠ ʩʦʨʙʮʽʾ ʨʽʟʢʦ 

ʟʨʦʩʪʘʶʪʴ ʫ ʧʝʨʰʽ 0,5 ʛʦʜ, ʜʘʣʽ ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʶʪʴʩʷ ʪʘ ʯʝʨʝʟ 3 ʛʦʜ 

ʜʦʩʷʛʘʻʪʴʩʷ ʩʦʨʙʮʽʡʥʘ ʨʽʚʥʦʚʘʛʘ. ɺʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʩʦʨʙʮʽʾ U(VI) ʥʘ 

ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʧʦʚ'ʷʟʘʥʘ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʜʦʩʪʫʧʥʠʭ ʘʢʪʠʚʥʠʭ 

ʩʦʨʙʮʽʡʥʠʭ ʮʝʥʪʨʽʚ Zn/Al-ʐʇɻ, ʯʠʩʣʦ ʷʢʠʭ ʟ ʯʘʩʦʤ ʟʤʝʥʰʫʻʪʴʩʷ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʟ ʯʘʩʦʤ ʜʦ ʫʧʦʚʽʣʴʥʝʥʥʷ ʩʦʨʙʮʽʾ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʤʽʨʠ ʤʽʞʰʘʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʐʇɻ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʾ ʜʠʬʫʟʽʾ, ʷʢʘ, ʡʤʦʚʽʨʥʦ, ʻ ʣʽʤʽʪʫʶʯʦʶ ʩʪʘʜʽʻʶ ʧʨʠ 

ʚʠʣʫʯʝʥʥʽ U(VI) ʚʥʘʩʣʽʜʦʢ ʟʚô̫ ʟʫʚʘʥʥʷ ʽʦʥʽʚ ʪʦʢʩʠʢʘʥʪʫ ʟ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ(II) -

ʽʦʥʘʤʠ ʫ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʩʦʨʙʝʥʪʫ. 
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         ʈʠʩʫʥʦʢ 3.2 ï ɺʧʣʠʚ ʪʨʠʚʘʣʦʩʪʽ ʩʦʨʙʮʽʾ ʥʘ ʚʠʣʫʯʝʥʥʷ U(VI) ʟ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʩʦʨʙʝʥʪʦʤ Zn/Al-FeCN ʧʨʠ ʨʅ0 =5,0; Vʨ-ʥʫ=50 ʩʤ3; mʩʦʨʙ=0,100 ʛ; 

CU(VI)=1·10-4 ʤʦʣʴ/ʜʤ3; ɯ(NaClO4)=0,01 
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3.1.3 ɯʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ  

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʽʟʦʪʝʨʤʘ ʩʦʨʙʮʽʾ U(Vɯ) ʜʣʷ ʩʦʨʙʝʥʪʫ 

Zn/Al-FeCN (ʨʠʩ. 3.3). ʇʨʦʚʝʜʝʥʘ ʾʾ ʦʙʨʦʙʢʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʴ ʃʝʥʛʤʶʨʘ ʪʘ 

ʌʨʝʡʥʜʣʽʭʘ, ʷʢʽ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʜʣʷ ʦʧʠʩʫ ʩʠʩʪʝʤ ʘʜʩʦʨʙʮʽʾ «ʪʚʝʨʜʘ 

ʬʘʟʘ-ʨʽʜʢʘ ʬʘʟʘ» (ʪʘʙʣ. 3.1). 
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1 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥ̔; 2 ï ʟ̔ʦʪʝʨʤʘ, ʦʪʨʠʤʘʥʘ ʥʘ ʧʽʜʩʪʘʚʽ ʨʽʚʥʷʥʥʷ 

ʃʝʥʛʤʶʨʘ; 3 ï ʪʝ ʞ ʜʣʷ ʨʽʚʥʷʥʥʷ ʌʨʝʡʥʜʣʭ̔ʘ 

         ʈʠʩʫʥʦʢ 3.3 ï ɯʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ U(VI ) ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʥʘ Zn/Al -FeCN 

ʧʨʠ ʨʅ0=5,0; Vʨ-ʥʫ=50 ʩʤ3; mʩʦʨʙ=0,100 ʛ; ɯ(NaClO4)=0,01; tʩʦʨʙ=3 ʛʦʜ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.3, ʟʘʟʥʘʯʝʥʽ ʨʽʚʥʷʥʥʷ ʟʘʜʦʚʽʣʴʥʦ ʦʧʠʩʫʶʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʡ ʦʙʣʘʩʪʽ ʽʟʦʪʝʨʤ (ʧʨʠ ʚʩʽʭ ʩʪʫʧʝʥʷʭ 

ʟʘʧʦʚʥʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʰʘʨʫ). ʂʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ ʜʦʩʠʪʴ ʚʠʩʦʢʽ ʚ ʦʙʦʭ 

ʚʠʧʘʜʢʘʭ (R>0,99). ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 1/n ʫ ʨʽʚʥʷʥʥʽ ʌʨʝʡʥʜʣʽʭʘ ʚʢʘʟʫʻ ʥʘ 

ʝʥʝʨʛʝʪʠʯʥʫ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʩʦʨʙʮʽʡʥʠʭ ʮʝʥʪʨʽʚ ʧʦʚʝʨʭʥʽ ʪʘ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 

ʦʜʠʥʠʮʽ ʽ ʩʪʘʥʦʚʠʪʴ 0,781. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʩʠʪʴ ʟʥʘʯʥʫ ʦʜʥʦʨʽʜʥʽʩʪʴ ʧʦʚʝʨʭʥ ̔

ʟʨʘʟʢʘ Zn/Al-FeCN. 
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ʊʘʙʣʠʮʷ 3.1 ï ʂʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʴ ʩʦʨʙʮʽʾ U(VI) ʥʘ Zn/Al -FeCN ʧʨʠ 

ʨʅ0=5,0; Vʨ-ʥʫ=50 ʩʤ3; mʩʦʨʙ=0,100 ʛ; ɯ(NaClO4)=0,01; tʩʦʨʙ=3 ʛʦʜ 

ʇʦ ʌʨʝʡʥʜʣʽʭʫ 

n

ps Cba /1Ö=  

ʇʦ ʃʝʥʛʤʶʨʫ 

p

p

s
Ck

Cak
a

Ö+

ÖÖ
=

¤

1
 

ʂ 1/n R* k aÐ, ʤʢʤʦʣʴ/ʛ R* 

2,39 0,781 0,9934 0,004 344,83 0,9974 

*R ï ʢʦʝʬ̔ʮ̔ ʥ̒ʪ ʢʦʨʝʣʷʮʽʾ. 

 

ɺ ʦʙʣʘʩʪʽ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ U(Vɯ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʝ 

ʧʦʛʣʠʥʘʥʥʷ ʪʦʢʩʠʢʘʥʪʫ ʩʦʨʙʝʥʪʦʤ; ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʽʦʥʘ ʤʝʪʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʠʯʝʥʥʷ ʧʦʚʝʨʭʥʽ Zn/Al-ʐʇɻ. ɻʨʘʥʠʯʥʘ ʘʜʩʦʨʙʮʽ ̫

U(Vɯ) ʩʦʨʙʝʥʪʦʤ Zn/Al-FeCN, ʨʦʟʨʘʭʦʚʘʥʘ ʚʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʥʷ ʃʝʥʛʤʶʨʘ, 

ʩʪʘʥʦʚʠʪʴ 344,8 ʤʢʤʦʣʴ/ʛ. 

 

3.1.4 ɺʧʣʠʚ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʽʚ ʚʦʜ  

 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʩʦʢʫ ʩʭʠʣʴʥʽʩʪʴ U(VI) ʜʦ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʪʘ 

ʟʥʘʭʦʜʞʝʥʥʷ ʡʦʛʦ ʚ ʧʨʠʨʦʜʥʠʭ ʽ ʩʪʽʯʥʠʭ ʚʦʜʘʭ ʧʝʨʝʚʘʞʥʦ ʚ ʘʥʽʦʥʥʠʭ ʬʦʨʤʘʭ, 

ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʽʚ ʚʦʜ, ʷʢ 

ʢʘʪʽʦʥʽʚ Na+, K+ ʪʘ ʉʘ2+, ʘ ʪʘʢʦʞ ʘʥʽʦʥʽʚ HCO3
- ʪʘ SO4

2- ʥʘ ʚʠʣʫʯʝʥʥʷ U(VI) 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʥʦʶ ʬʦʨʤʦʶ Zn/Al-ʐʇɻ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʦʥʠ Na+, K+, ʉʘ2+ 

ʪʘ SO4
2- ʥʝ ʟʤʝʥʰʫʶʪʴ ʩʦʨʙʮʽʶ U(VI) ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʚ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ((25÷200) ʤʛ/ʜʤ3). 

ʅʘ ʨʠʩ. 3.4 ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ (ʜʦ 3 ʤʛ-ʝʢʚ/ʜʤ3) 

ʛʽʜʨʦʢʘʨʙʦʥʘʪ-ʽʦʥʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʣʫʯʝʥʥʷ U(VI). ɿʙʽʣʴʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ HCO3
--ʽʦʥʽʚ ʜʦ 5õ15 ʤʛ-ʝʢʚ/ʜʤ3 ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʩʪʫʧʦʚʦʛʦ ʟʥʠʞʝʥʥʷ ʩʪʫʧʝʥʷ ʦʯʠʱʝʥʥʷ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ U(VI), ʱʦ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʜʦʤʽʥʫʚʘʥʥʷʤ ʘʥʽʦʥʥʠʭ ʢʘʨʙʦʥʘʪʥʠʭ ʬʦʨʤ U(VI), ʦʩʦʙʣʠʚʦ 

[(UO2(ʉʆ3)3]
4-.  
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         ʈʠʩʫʥʦʢ 3.4 ï ɺʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʽʜʨʦʢʘʨʙʦʥʘʪ-ʽʦʥʽʚ ʥʘ ʩʪʫʧʽʥʴ 

ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚʽʜ U(Vɯ) ʩʦʨʙʝʥʪʦʤ Zn/Al -FeCN ʧʨʠ ʨʅ0=5,0; 

CU(VI)=1·10-4 ʤʦʣʴ/ʜʤ3; V=50 ʩʤ3; m=0,100 ʛ; ɯ(NaClO4)=0,01; tʩʦʨʙ=3 ʛʦʜ 

 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʛʽʜʥʦ [2], U(VI) ʥʝ ʫʪʚʦʨʶʻ ʢʦʤʧʣʝʢʩʽʚ ʟ 

ʛʽʜʨʦʢʘʨʙʦʥʘʪ-ʽʦʥʘʤʠ, ʧʨʦʪʝ ʮʽ ʘʥʽʦʥʠ, ʚʥʘʩʣʽʜʦʢ ʟʩʫʚʫ ʚʫʛʣʝʢʠʩʣʦʪʥʦ ʾ

ʨʽʚʥʦʚʘʛʠ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʽʦʥʽʚ ʤʝʪʘʣʫ, ʚʽʜʽʛʨʘʶʪʴ 

ʚʠʟʥʘʯʘʣʴʥʫ ʨʦʣʴ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʤʽʮʥʠʭ ʘʥʽʦʥʥʠʭ ʢʘʨʙʦʥʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

U(VI) ʧʨʠ ʨʅ, ʟʥʘʯʥʦ ʥʠʞʯʠʭ ʦʙʣʘʩʪʽ ʧʦʷʚʠ ʢʘʨʙʦʥʘʪ-ʽʦʥʽʚ (ʨʅ=8,3) [8]. 

 

3.1.5 ɺʧʣʠʚ ʜʦʟʠ ʩʦʨʙʝʥʪʫ 

 

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ Zn/Al-FeCN ʫ ʧʨʦʮʝʩʘʭ ʦʯʠʱʝʥʥʷ 

ʨʝʘʣʴʥʦʾ ʩʪʽʯʥʦʾ ʰʘʭʪʥʦʾ ʚʦʜʠ (ʨʅå8,0) ʩʢʣʘʜʫ, ʥʘʚʝʜʝʥʦʛʦ ʥʘ ʩ. 44, ʚʠʟʥʘʯʝʥʦ 

ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ U(VI) ʧʨʠ ʨʽʟʥʠʭ ʜʦʟʫʚʘʥʥʷʭ ʩʦʨʙʝʥʪʫ 1õ6 ʛ/ʜʤ3 (ʪʘʙʣ. 3.2).  

ʗʢ ʚʠʜʥʦ, ʧʨʠ ʜʦʟʽ Zn/Al-FeCN 6 ʛ/ʜʤ3 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʦʩʠʪʴ ʚʠʩʦʢʠʡ 

ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ ʪʦʢʩʠʢʘʥʪʫ, ʱʦ ʩʢʣʘʜʘʻ 85,5 % (ʨʅʨʽʚʥ=7,5). ʎʝ 

ʩʫʪʪʻʚʦ ʚʠʱʝ ʩʪʫʧʝʥʷ ʦʯʠʱʝʥʥʷ ʢʘʣʴʮʠʥʦʚʘʥʦʶ ʬʦʨʤʦʶ Zn/Al-

ʐʇɻ (19 %) [131], ʪʘ ʚʢʘʟʫʻ ʥʘ ʧʦʛʣʠʥʘʥʥʷ ʷʢ ʢʘʪʽʦʥʥʠʭ, ʪʘʢ ʽ ʘʥʽʦʥʥʠʭ ʬʦʨʤ 

U(VI). 
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ʊʘʙʣʠʮʷ 3.2 ï ɺʧʣʠʚ ʜʦʟʠ ʩʦʨʙʝʥʪʫ Zn/Al -FeCN ʥʘ ʩʪʫʧ̔ʥʴ ʦʯʠʱʝʥʥʷ 

ʨʝʘʣʴʥʦʾ ʩʪ̔ʯʥʦʾ ʰʘʭʪʥʦ ʾʚʦʜʠ ʚʽʜ U(VI) ʧʨʠ ʨʅ0å8,0, V=50 ʩʤ3 

ɼʦʟʘ, ʛ/ʜʤ3 ʨʅʨ̔ʚʥ ʉʆ, % 

0,5 7,15 59,1 

2,0 7,32 73,3 

3,0 7,38 74,3 

6,0 7,50 85,5 

 

3.2 ɺʠʣʫʯʝʥʥʷ ʫʨʘʥʫ (VI) ʙʘʨʦʤʝʤʙʨʘʥʥʠʤʠ ʤʝʪʦʜʘʤʠ  

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʨʦʤʝʤʙʨʘʥʥʠʭ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʝʢʦʥʦʤʽʯʥʦ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʪʘ ʤʘʣʦʚʽʜʭʦʜʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʨʦʙʢʠ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ. ɹʘʨʦʤʝʤʙʨʘʥʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʚʦʜ, ʧʦʨʽʚʥʷʥʦ ʟ 

ʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ, ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ, ʟʦʢʨʝʤʘ: ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ; 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʙʝʟ ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʨʝʘʛʝʥʪʽʚ; ʽʩʪʦʪʥʝ 

ʟʤʝʥʰʝʥʥʷ ʚʽʜʭʦʜʽʚ ʪʘ ʰʣʘʤʽʚ, ʱʦ ʧʦʣʝʛʰʫʻ ʾʭ ʫʪʠʣʽʟʘʮʽʶ ʘʙʦ ʟʘʭʦʨʦʥʝʥʥʷ; 

ʤʦʞʣʠʚʽʩʪʴ ʨʝʮʠʢʣʫ ʨʝʯʦʚʠʥ, ʷʢʽ ʚʠʣʫʯʘʶʪʴʩʷ; ʧʦʨʽʚʥʷʥʦ ʧʨʦʩʪʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʫʩʪʘʥʦʚʦʢ; ʥʠʟʴʢʽ ʧʠʪʦʤʽ ʝʥʝʨʛʦʟʘʪʨʘʪʠ, ʷʢʽ ʤʘʣʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ 

ʫʩʪʘʥʦʚʢʠ. ʊʦʤʫ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠɦ ʝʥʠʡ 

ʽʥʪʝʨʝʩ ʜʦ ʙʘʨʦʤʝʤʙʨʘʥʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʥʘʙʫʚʘʶʪʴ ʚʩʝ ʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ ʚ 

ʧʨʦʮʝʩʘʭ ʨʦʟʜʽʣʝʥʥʷ ʩʫʤʽʰʝʡ ʨʽʟʥʦʛʦ ʭʘʨʘʢʪʝʨʫ [198ï200]. 

ɹʘʨʦʤʝʤʙʨʘʥʥʠʡ ʤʝʪʦʜ, ʷʢ ʧʨʘʚʠʣʦ, ʧʽʜʙʠʨʘʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʬʘʟʦʚʦ-

ʜʠʩʧʝʨʩʥʦʛʦ ʩʪʘʥʫ ʪʘ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʨʦʟʯʠʥʽʚ ʘʙʦ ʩʫʤʽʰʝʡ, ʱʦ 

ʨʦʟʜʽʣʷʶʪʴʩʷ [201ï203]. ɼʣʷ ʟʤʽʥʠ ʬʘʟʦʚʦ-ʜʠʩʧʝʨʩʥʦʛʦ ʩʪʘʥʫ ʩʫʤʽʰʝʡ ʚ ʦʩʪʘʥʥʽ 

ʨʦʢʠ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʭʽʤʽʯʥʽ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ. ʇʦʻʜʥʘʥʥʷ 

ʤʽʮʝʣʦʫʪʚʦʨʝʥʥʷ ʪʘ ʋʌ- ʘʙʦ ʅʌ-ʤʝʪʦʜʽʚ ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʚʠʣʫʯʝʥʥʷ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʽʟ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ [204ï207]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʄʇʋʌ ʪʘ ʄʇʅʌ ʜʦʟʚʦʣʠʪʴ ʽʩʪʦʪʥʦ ʨʦʟʰʠʨʠʪʠ ʤʦʞʣʠʚʦʩʪʽ 

ʙʘʨʦʤʝʤʙʨʘʥʥʠʭ ʤʝʪʦʜʽʚ.  
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ʋ ʨʦʙʦʪʘʭ [169, 208] ʨʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʮʝʩʽʚ ʋʌ 

ʪʘ ʅʌ, ʘ ʪʘʢʦʞ ʄʇʋʌ ʪʘ ʄʇʅʌ ʜʣʷ ʦʯʠʱʝʥʥʷ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ ʚʽʜ U(VI). 

 

3.2.1 ɺʧʣʠʚ ʨʅ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʫʨʘʥʫ (VI) ʤʝʪʦʜʦʤ ʄʇʋʌ 

 

ʅʘ ʨʠʩ. 3.5 ʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʧʣʠʚʫ ʨʅ ʥʘ ʚʠʣʫʯʝʥʥʷ U(VI) ʋʌ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʽʦʥʥʠʭ ʇɸʈ ʟ ʨʽʟʥʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʙʫʜʦʚʦʶ. ʂʨʠʚʘ 1 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ U(VI) ʽʟ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ Naɼɼʉ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʅ ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ʜʝʱʦ 

ʟʨʦʩʪʘʻ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚ ʧʨʠʤʝʤʙʨʘʥʥʦʤʫ ʰʘʨʽ ʟʘ ʫʤʦʚ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʫʪʚʦʨʶʶʪʴʩʷ ʤʽʮʝʣʠ ɸʇɸʈ, ʟʜʘʪʥʽ ʟʚ'ʷʟʫʚʘʪʠ U(VI), ʢʦʤʧʣʝʢʩʠ 

U(VI) ʟ Naɼɼʉ ʪʘ ʛʽʜʨʦʢʩʦʢʦʤʧʣʝʢʩʠ U(VI). ʊʘʢʦʞ ʚʽʜʦʤʦ [7, 209], ʱʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʨʅ ʢʽʣʴʢʽʩʪʴ ʛʽʜʨʦʢʩʦʢʦʤʧʣʝʢʩʽʚ U(VI) ʟʨʦʩʪʘʻ, ʱʦ ʪʝʞ ʩʧʨʠʷʻ 

ʟʘʪʨʠʤʫʚʘʥʥʶ U(VI) ʤʝʤʙʨʘʥʦʶ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ Naɼɼɹʉ ʭʘʨʘʢʪʝʨ 

ʟʘʣʝʞʥʦʩʪʽ ʩʭʦʞʠʡ ʟ ʧʦʧʝʨʝʜʥʽʤ (ʨʠʩ. 3.5, ʢʨʠʚʘ 2), ʦʜʥʘʢ ʚʝʣʠʯʠʥʠ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ʜʝʱʦ ʥʠʞʯʽ.  
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ʈʠʩʫʥʦʢ 3.5 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬ̔ʮ̔ ʥ̒ʪʫ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) (1, 2) 

ʤʝʤʙʨʘʥʦ ʁ ʋʇʄ-20 ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ (1', 2') ʚʽʜ ʨʅ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ Naɼɼʉ (1, 1 ') ʪʘ Naɼɼɹʉ (2, 2') 
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ʎʝʡ ʬʘʢʪ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʙʝʥʟʦʣʴʥʝ ʢʽʣʴʮʝ ʚ ʤʦʣʝʢʫʣʘʭ 

Naɼɼɹʉ, ʤʦʞʣʠʚʦ, ʩʪʝʨʠʯʥʦ ʧʝʨʝʰʢʦʜʞʘʻ ʜʦʩʪʫʧ ʇɸʈ ʜʦ U(VI), ʷʢʠʡ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʦʟʯʠʥʽ ʫ ʚʠʛʣʷʜʽ ʫʨʘʥʽʣʫ ʪʘʢʦʞ ʨʦʟʛʘʣʫʞʝʥʦ ʾ ʧʨʦʩʪʦʨʦʚʦ ʾ

ʙʫʜʦʚʠ. ʊʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʩɹʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʨʅ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ Naɼɼʉ ʚʽʥ ʧʝʨʝʙʫʚʘʚ ʥʘ ʨʽʚʥʽ 22 ʤʢʤ/ʩ, 

Naɼɼɹʉ ï 32 ʤʢʤ/ʩ. ʊʘʢʘ ʨʽʟʥʠʮʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʭ ʧʦʪʦʢʽʚ ʤʦʞʝ ʙʫʪʠ 

ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʥʘ ʽʦʥʥʦʤʫ ʨʽʚʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ Naɼɼʉ ʣʽʥʽʡʥʦʾ ʙʫʜʦʚʠ, ʥʝ 

ʟʚ'ʷʟʘʥʠʡ ʫ ʤʽʮʝʣʠ, ʤʦʞʝ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ, ʥʽʞ Naɼɼɹʉ, ʧʨʦʥʠʢʘʪʠ ʚ ʧʦʨʠ 

ʤʝʤʙʨʘʥʠ, ʟʤʝʥʰʫʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʾʭ ʨʦʟʤʽʨ, ʘ, ʚʽʜʧʦʚʽʜʥʦ, ʽ ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ 

ʧʦʪʽʢ. 

 

3.2.2 ɺʧʣʠʚ ʘʥʽʦʥʥʠʭ ʇɸʈ ï Naɼɼʉ ʪʘ Naɼɼɹʉ, ʥʘ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʫʨʘʥ (VI), ʫʣʴʪʨʘʬʽʣʴʪʨʘʮʽʻʶ 

 

ʅʘ ʨʠʩ. 3.6, 3.7 ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) 

ʤʝʤʙʨʘʥʦʶ ʋʇʄ-20 (ʢʨʠʚʽ 1, 1') ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ (ʢʨʠʚʽ 2, 2') ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʚʝʜʝʥʦʛʦ ʚ ʩʠʩʪʝʤʫ ɸʇɸʈ. 
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ʈʠʩʫʥʦʢ 3.6 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬ̔ʮ̔ ʥ̒ʪʫ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) 

ʤʝʤʙʨʘʥʦʶ ʋʇʄ-20 ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ Naɼɼʉ 

ʧʨʠ ʪʠʩʢʫ 400 ʢʇʘ ʪʘ ʨʅ=5,5 
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ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ï 0,85 ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʤʝʤʙʨʘʥʠ ʦʪʨʠʤʘʥʠʡ ʧʨʠ 

ʚʚʝʜʝʥʥ ̔ʚ ʨʦʟʯʠʥ 1,0 ʛ/ʜʤ3 Naɼɼʉ ʧʨʠ ʨʅ=5,5. ʈʘʟʦʤ ʟ ʪʠʤ ʤʘʢʩʠʤʘʣʴʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ï 0,77 ʪʘ 0,82 ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʤʝʤʙʨʘʥʠ 

ʦʪʨʠʤʘʥʽ ʧʨʠ ʚʚʝʜʝʥʥ̔  ʚ ʨʦʟʯʠʥ 0,15 ʛ/ʜʤ3 Naɼɼɹʉ ʧʨʠ ʨʅ=5,5 ʪʘ 7,5, 

ʚʽʜʧʦʚʽʜʥʦ.  
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1, 2 ï ʨʅ=5,5; 1', 2' ï ʨʅ=7,5 

ʈʠʩʫʥʦʢ 3.7 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) (1, 1') 

ʤʝʤʙʨʘʥʦ ʁʋʇʄ-20 ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʭ ʧʦʪʦʢʽʚ (2, 2') ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

Naɼɼɹʉ ʪʘ ʨʅ ʧʨʠ ʪʠʩʢʫ 400 ʢʇʘ 

 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ʤʝʤʙʨʘʥʦʶ     

ʋʇʄ-20 ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʇɸʈ ʩʪʘʥʦʚʣʷʪʴ 0,55 ʧʨʠ ʨʅ=5,5 ʪʘ 0,75 ï ʧʨʠ ʨʅ=7,5. 

ʉʣʽʜ ʟʘʟʘʥʘʯʠʪʠ, ʱʦ ʥʘ ʢʨʠʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʤʝʤʙʨʘʥʠ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʢʩʠʤʫʤ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʇɸʈ, ʙʣʠʟʴʢʠʭ ʜʦ ʂʂʄ (ʨʠʩ. 3.6, 

3.7, ʢʨʠʚʽ 1, 1'). ʅʘʜʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI). 

ʎʝ ʤʦʞʝ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʝ ʟ ʪʠʤ, ʱʦ ʚ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʥʠʞʯʝ ʂʂʄ, 

Naɼɼʉ ʪʘ Naɼɼɹʉ ʫʪʚʦʨʶʶʪʴ ʢʦʤʧʣʝʢʩʠ ʟ ʽʦʥʦʤ ʤʝʪʘʣʫ, ʷʢ ʥʘʚʝʜʝʥʦ ʚ [210]. 

ʂʨʽʤ ʮʴʦʛʦ, ʚʠʟʥʘʯʘʣʴʥʫ ʨʦʣʴ, ʡʤʦʚʽʨʥʦ, ʚʽʜʽʛʨʘʻ ʤʽʮʝʣʦʫʪʚʦʨʝʥʥʷ ʚ 
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ʧʨʠʤʝʤʙʨʘʥʥʦʤʫ ʰʘʨʽ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʇɸʈ ʫ 

ʧʨʠʤʝʤʙʨʘʥʥʦʤʫ ʰʘʨʽ (1,0 ʛ/ʜʤ3 Naɼɼʉ ʪʘ 0,15 ʛ/ʜʤ3 Naɼɼɹʉ) ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʂʂʄ ʚʥʘʩʣʽʜʦʢ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ. ʊʦʤʫ ʢʦʝʬʽʮʽʻʥʪ 

ʟʘʪʨʠʤʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʦʢʩʠʢʘʥʪʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʪʘʢʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ʂʦʣʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ɸʇɸʈ ʜʦʨʽʚʥʶʻ ʂʂʄ ʘʙʦ ʧʝʨʝʚʠʱʫʻ ʪʘʢʫ, ʫʪʚʦʨʝʥʽ ʤʽʮʝʣʠ 

ʤʝʥʰʝ ʩʭʠʣʴʥʽ ʜʦ ʟʚ'ʷʟʫʚʘʥʥʷ ʤʝʪʘʣʫ, ʪʦʤʫ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʧʝʨʤʝʘʪʽ 

ʟʨʦʩʪʘʻ, ʘ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʟʘʙʨʫʜʥʝʥʦʾ ʚʦʜʠ ʟʤʝʥʰʫʻʪʴʩʷ. ʊʘʢʦʞ ʯʘʩʪʠʥʘ 

U(VI) ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʧʦʨʠ ʤʝʤʙʨʘʥʠ ʚ ʧʝʨʤʝʘʪ ʨʘʟʦʤ ʟ ʪʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʇɸʈ, 

ʷʢʽ ʥʝ ʟʚ'ʷʟʘʥʽ ʚ ʤʽʮʝʣʠ. ʇʨʦ ʧʨʦʭʦʜʞʝʥʥʷ ʇɸʈ ʢʨʽʟʴ ʋʌ-ʤʝʤʙʨʘʥʫ ʩʚʽʜʯʘʪʴ 

ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.3.  

 

ʊʘʙʣʠʮʷ 3.3 ï ʂʦʥʮʝʥʪʨʘʮʽʷ Naɼɼʉ ʪʘ Naɼɼɹʉ ʚ ʧʝʨʤʝʘʪʘʭ (ʉ), 

ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʦʯʠʱʝʥʥʽ ʚʦʜʠ ʚʽʜ U(VI) ʤʝʪʦʜʦʤ ʄʇʋʌ, ʧʨʠ ʨʽʟʥʠʭ ʚʠʭʽʜʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ Naɼɼʉ ̔ Naɼɼɹʉ (ʉ0) ʪʘ ʨʅ 

ʇʨʦʙʘ 

ʧʝʨ-

ʤʝʘʪʫ 

ʉNaɼɼʉ, ʤʛ/ʜʤ
3 ʉNaɼɼɹʉ, ʤʛ/ʜʤ

3 

ʉ0=1000 ʤʛ/ʜʤ3 

(<ʂʂʄ) 

ʉ0=4680 ʤʛ/ʜʤ
3 

(>ʂʂʄ) 

ʉ0=150 ʤʛ/ʜʤ
3 

(<ʂʂʄ) 

ʉ0=840 ʤʛ/ʜʤ
3 

(>ʂʂʄ) 

ʨʅ 5,5 ʨʅ 7,5 ʨʅ 5,5 ʨʅ 7,5 ʨʅ 5,5 ʨʅ 7,5 ʨʅ 5,5 ʨʅ 7,5 

2 848 597 2000 1325 46 29 132 127 

4 790 605 2542 1292 46 38 166 135 

6 958 692 2758 1575 62 55 209 145 

7 992 800 3817 1583 72 58 228 202 

 

ʗʢ ʚʠʜʥʦ ʟ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ɸʇɸʈ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʙʫʜʦʚʠ ʪʘ 

ʄr, ʧʨʠʩʫʪʥʽ ʚ ʧʝʨʤʝʘʪʽ, ʪʦʙʪʦ ʧʨʦʭʦʜʷʪʴ ʢʨʽʟʴ ʤʝʤʙʨʘʥʫ ʋʇʄ-20. Naɼɼʉ 

ʟʘʪʨʠʤʫʻʪʴʩʷ ʤʝʥʰʝ, ʥʽʞ Naɼɼɹʉ, ʱʦ ʧʦʚô̫ ʟʘʥʦ, ʡʤʦʚʽʨʥʦ, ʩʪʝʨʠʯʥʠʤ 

ʬʘʢʪʦʨʦʤ ʤʦʣʝʢʫʣʠ Naɼɼɹʉ (ʥʘʷʚʥʽʩʪʶ ʙʝʥʟʦʣʴʥʦʛʦ ʢʽʣʴʮʷ). ʂʨʘʱʝ 

ʟʘʪʨʠʤʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ɸʇɸʈ ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʨʅ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʅ ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʣʝʢʩʥʠʭ ʬʦʨʤ U(VI) ʟʨʦʩʪʘʻ [7, 209], ʪʦʤʫ ʮʝ 

ʩʧʨʠʷʻ ʟʘʪʨʠʤʫʚʘʥʥʶ ʤʝʤʙʨʘʥʦʶ ʥʝ ʪʽʣʴʢʠ U(VI), ʘʣʝ ʡ ʘʥʽʦʥʥʠʭ ʇɸʈ. 
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ɺʠʟʥʘʯʝʥʥʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ ʤʝʤʙʨʘʥʠ ʋʇʄ-20 ʧʦʢʘʟʘʣʦ, ʱʦ 

ʧʨʠ ʦʯʠʱʝʥʥʽ ʫʨʘʥʚʤʽʩʥʠʭ ʚʦʜ ʟʘ ʜʦʧʦʤʦʛʦʶ Naɼɼʉ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 1,0 ʛ/ʜʤ3 

ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 43 ʤʢʤ/ʩ ʜʦ 26 ʤʢʤ/ʩ (ʨʠʩ.3.6, ʢʨʠʚʘ 2). ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥ ̔Naɼɼɹʉ ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 43 ʤʢʤ/ʩ ʜʦ 

24 ʤʢʤ/ʩ (ʨʅ=5,5) ʪʘ ʚʽʜ 39 ʤʢʤ/ʩ ʜʦ 24 ʤʢʤ/ʩ (ʨʅ=7,5) (ʨʠʩ. 3.7, ʢʨʠʚʽ 2, 2') ʧʨʠ 

ʚʚʝʜʝʥʥʽ ²0,15 ʛ/ʜʤ3 Naɼɼɹʉ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʚʚʝʜʝʥʥʽ 1 ʛ/ʜʤ3 

Naɼɼʉ ʘʙʦ 0,15 ʛ/ʜʤ3 Naɼɼɹʉ ʚ ʫʨʘʥʚʤʽʩʥʠʡ ʚʦʜʥʠʡ ʨʦʟʯʠʥ, ʱʦ ʤʦʞʥʘ 

ʧʦʷʩʥʠʪʠ ʟʙʽʣʴʰʝʥʥʷʤ ʚ'ʷʟʢʦʩʪʽ ʩʠʩʪʝʤʠ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ɸʇɸʈ, ʘ ʪʘʢʦʞ ï 

ʫʪʚʦʨʝʥʥʷʤ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʤʙʨʘʥʠ ʰʘʨʫ ʟ ʤʽʮʝʣ, ʘʩʦʮʽʘʪʽʚ ɸʇɸʈ ʟ U(VI) ʪʘ 

ʛʽʜʨʦʢʩʦʢʦʤʧʣʝʢʩʽʚ ʫʨʘʥʫ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ɸʇɸʈ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʥʘ ʨʠʩ. 3.6, 3.7. 

 

3.2.3 ɺʧʣʠʚ Naɼɼʉ ʪʘ Naɼɼɹʉ ʥʘ ʅʌ-ʧʨʦʮʝʩ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʫʨʘʥ (VI) 

 

ʅʘ ʨʠʩ. 3.8, 3.9 ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) 

ʤʝʤʙʨʘʥʦʶ ʆʇʄʅ-ʇ (ʢʨʠʚʽ 1, 1') ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʭ ʧʦʪʦʢʽʚ (ʢʨʠʚʽ 2, 2') ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʜʘʥʠʭ ʫ ʩʠʩʪʝʤʫ Naɼɼʉ (ʘʙʦ Naɼɼɹʉ). ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʩʚʽʜʯʘʪʴ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ï 0,99 ʜʣʷ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʥʘʥʦʬʽʣʴʪʨʘʮʽʡʥʦʾ ʤʝʤʙʨʘʥʠ ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʨʅ=5,5 ʪʘ 7,5 ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ ʚ ʨʦʟʯʠʥ 1,0 ʛ/ʜʤ3 Naɼɼʉ, ʫ ʪʦʡ ʯʘʩ, ʷʢ ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʨʠʤʫʚʘʥʥʷ 

U(VI) ʤʝʤʙʨʘʥʦʶ ʆʇʄʅ-ʇ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʇɸʈ ʩʪʘʥʦʚʠʪʴ 0,87 ʧʨʠ ʨʅ=5,5 ʪʘ 

0,999 ï ʧʨʠ ʨʅ=7,5, ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʤʝʤʙʨʘʥʠ ʧʨʠ ʨʅ=5,5, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʢʩʠʤʫʤ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ Naɼɼʉ, ʙʣʠʟʴʢʠʭ ʜʦ ʂʂʄ 

(ʨʠʩ. 3.8, ʢʨʠʚʘ 1). ʇʦʪʽʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʫ 

ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI). ʗʢ ʧʦʢʘʟʘʥʦ ʚʠʱʝ, ʮʝ ʤʦʞʝ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚ 

ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʠʞʯʝ ʂʂʄ Naɼɼʉ ʫʪʚʦʨʶʻ ʢʦʤʧʣʝʢʩʠ ʟ 

ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʽʦʥʦʤ ʤʝʪʘʣʫ ʟʛʽʜʥʦ [210]. ʂʨʽʤ ʮʴʦʛʦ, ʛʦʣʦʚʥʫ ʨʦʣʴ ʤʦʞʝ 
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ʚʽʜʽʛʨʘʚʘʪʠ ʤʽʮʝʣʦʫʪʚʦʨʝʥʥʷ ʚ ʧʨʠʤʝʤʙʨʘʥʥʦʤ ʰʘʨʽ (ʚʥʘʩʣʽʜʦʢ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ). ʊʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ʟʨʦʩʪʘʻ ʫ 

ʟʘʟʥʘʯʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ Naɼɼʉ ʨʽʚʥʠʭ ʂʂʄ ʘʙʦ ʚʠʱʝ 

ʫʪʚʦʨʝʥʽ ʤʽʮʝʣʠ ʥʝ ʟʚô̫ ʟʫʶʪʴ ʤʝʪʘʣ, ʪʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ɸʇɸʈ ʫ ʧʝʨʤʝʘʪʽ 

ʟʨʦʩʪʘʻ, ʘ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʟʘʙʨʫʜʥʝʥʦʾ ʚʦʜʠ ʚʽʜʧʦʚʽʜʥʦ ʟʥʠʞʫʻʪʴʩʷ. ʋ 

ʜʦʩʣʽʜʞʝʥʥʷʭ, ʧʨʦʚʝʜʝʥʠʭ ʧʨʠ ʨʅ=7,5, ʦʪʨʠʤʘʥʽ ʟʥʘʯʥʦ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʟ 

ʚʠʣʫʯʝʥʥʷ U(VI), ʥʽʞ ʧʨʠ ʨʅ=5,5. ʋ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ, ʱʦ ʥʝ ʤʽʩʪʷʪʴ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʠʭ ʨʝʘʛʝʥʪʽʚ, ʧʨʠ ʨʅ=7,5 U(VI) ʽʩʥʫʻ ʧʝʨʝʚʘʞʥʦ ʫ ʚʠʛʣʷʜʽ 

ʛʽʜʨʦʢʩʦʢʦʤʧʣʝʢʩʽʚ [7, 209], ʱʦ ʩʧʨʠʷʻ ʡʦʛʦ ʟʘʪʨʠʤʘʥʥʶ ʜʦʩʣʽʜʞʫʚʘʥʦ ʁ

ʤʝʤʙʨʘʥʦʶ ʥʘ 99,9 %.  
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1, 2 ï ʨʅ=5,5; 1', 2' ï ʨʅ=7,5 

ʈʠʩʫʥʦʢ 3.8 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) (1, 1') 

ʤʝʤʙʨʘʥʦ ʁʆʇʄʅ-ʇ ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ (2, 2') ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

Naɼɼʉ ʪʘ ʨʅ ʧʨʠ ʪʠʩʢʫ 400 ʢʇʘ 

 

ʋʚʝʜʝʥʥʷ ʫ ʚʦʜʥʽ ʩʝʨʝʜʦʚʠʱʘ Naɼɼʉ ʚʠʢʣʠʢʘʻ ʥʝʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI). ʎʝ ʤʦʞʝ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʦ ʟ ʪʠʤ, ʱʦ 

ʥʝʟʚ'ʷʟʘʥʠʡ ʫ ʤʽʮʝʣʠ Naɼɼʉ ʤʦʞʝ ʧʨʦʥʠʢʘʪʠ ʢʨʽʟʴ ʧʦʨʠ ʥʘʚʽʪʴ ʅʌ-ʤʝʤʙʨʘʥ, ʷʢ 

ʩʘʤʦʩʪʡ̔ʥʦ, ʪʘʢ ʽ ʨʘʟʦʤ ʟ U(VI), ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʤʠ 

ʟ ʚʠʟʥʘʯʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʚ ʧʝʨʤʝʘʪʽ ʥʝ ʪʽʣʴʢʠ U(VI), ʘ ʡ Naɼɼʉ (ʪʘʙʣ. 3.4). ʗʢ 
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ʚʠʜʥʦ, Naɼɼʉ ʧʨʠʩʫʪʥʽʡ ʫ ʧʝʨʤʝʘʪʽ, ʪʦʙʪʦ ʚʽʥ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʦʨʠ ʅʌ 

ʤʝʤʙʨʘʥʠ, ʘʣʝ ʢʨʘʱʝ ʟʘʪʨʠʤʫʻʪʴʩʷ ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʨʅ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʪʠʤ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʅ ʯʘʩʪʢʘ ʛʽʜʨʦʢʩʦʬʦʨʤ U(VI) ʟʨʦʩʪʘʻ [7, 209], ʱʦ 

ʩʧʨʠʷʻ ʟʘʪʨʠʤʘʥʥʶ ʤʝʤʙʨʘʥʦʶ ʥʝ ʪʽʣʴʢʠ U(VI), ʘʣʝ ʽ ɸʇɸʈ.  
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ʈʠʩʫʥʦʢ 3.9 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) (1) 

ʤʝʤʙʨʘʥʦ ʁʆʇʄʅ-ʇ ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ (2) ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

Naɼɼɹʉ ʧʨʠ ʪʠʩʢʫ 400 ʢʇʘ ʪʘ ʨʅ=7,5 

 

ɺʠʟʥʘʯʝʥʥʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ ʤʝʤʙʨʘʥʠ ʆʇʄʅ-ʇ ʧʦʢʘʟʘʣʦ, ʱʦ 

ʫ ʨʘʟʽ ʦʯʠʱʝʥʥʷ ʫʨʘʥʚʤʽʩʥʠʭ ʚʦʜ ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 3,6 ʤʢʤ/ʩ ʜʦ 

2,5 ʤʢʤ/ʩ (ʨʠʩ. 3.8, ʢʨʠʚʘ 2) ʧʨʠ ʜʦʜʘʚʘʥʥʽ Naɼɼʉ ʫ ʢʦʥʮʝʥʪʨʘʮʽʾ Ó1,0 ʛ/ʜʤ3 ʧʨʠ 

ʨʅ=5,5 ʪʘ ʚʽʜ 2,2 ʤʢʤ/ʩ ʜʦ 1,3 ʤʢʤ/ʩ ʧʨʠ ʨʅ=7,5 (ʨʠʩ. 3.8, ʢʨʠʚʘ 2').  

ɿʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʚʚʝʜʝʥʥʽ ʚ ʫʨʘʥʚʤʽʩʥʠʡ ʨʦʟʯʠʥ 1 ʛ/ʜʤ3 ʇɸʈ. ʇʦʜʘʣʴʰʝ 

ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ Naɼɼʉ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ 

ʧʦʪʽʢ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʥʘ ʨʠʩ. 3.8. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʧʨʦʚʝʜʝʥʠʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ Naɼɼɹʉ ʧʨʠ 

ʨʅ=7,5 (ʨʠʩ. 3.9) ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ U(VI) ʟʘʪʨʠʤʫʻʪʴʩʷ ʤʝʤʙʨʘʥʦʶ ʆʇʄʅ-ʇ 

ʥʘ 99,8ï99,9 % ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ɸʇɸʈ. ʊʘʢʽ ʚʠʩʦʢʽ ʢʦʝʬʽʮʽʻʥʪʠ 
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ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ʟʫʤʦʚʣʝʥʽ ʪʠʤ, ʱʦ Naɼɼɹʉ ʫ ʥʝʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ 

ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʜʦʩʣʽʜʞʫʚʘʥʫ ʅʌ-ʤʝʤʙʨʘʥʫ (ʪʘʙʣ. 3.4). ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 3.4, 

Naɼɼɹʉ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʧʦʨʠ ʤʝʤʙʨʘʥʠ ʆʇʄʅ-ʇ ʧʨʠ ʨʅ=5,5, ʦʩʢʽʣʴʢʠ 

ʧʨʠʩʫʪʥʽʡ ʚ ʧʝʨʤʝʘʪʽ, ʪʘ ʢʨʘʱʝ ʟʘʪʨʠʤʫʻʪʴʩʷ ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʨʅ. ʎʝ ʤʦʞʥʘ 

ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʟ̔ ʟʙʽʣʴʰʝʥʥʷʤ ʨʅ ʯʘʩʪʢʘ ʛʽʜʨʦʢʩʦʢʦʤʧʣʝʢʩʽʚ U(VI) ʟʨʦʩʪʘʻ, 

ʱʦ ʩʧʨʠʷʻ ʟʘʪʨʠʤʫʚʘʥʥʶ ʤʝʤʙʨʘʥʦʶ ʥʝ ʪʽʣʴʢʠ U(VI), ʘʣʝ ʽ ʇɸʈ. 

 

ʊʘʙʣʠʮʷ 3.4 ï ʂʦʥʮʝʥʪʨʘʮʽʷ Naɼɼʉ ʪʘ Naɼɼɹʉ ʫ ʧʨʦʙʘʭ ʧʝʨʤʝʘʪʫ, 

ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʦʯʠʱʝʥʥʽ ʚʦʜʠ ʚʽʜ U(VI) ʤʝʪʦʜʦʤ ʄʇʅʌ, ʧʨʠ ʨʽʟʥʠʭ ʚʠʭʽʜʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ Naɼɼʉ ʪʘ Naɼɼɹʉ (ʉ0) ʪʘ ʨʅ 

ʇʨʦʙʘ 

ʧʝʨ-

ʤʝʘʪʘ 

ʉNaɼɼʉ, ʤʛ/ʜʤ3 ʉNaɼɼɹʉ, ʤʛ/ʜʤ3 

ʉ0=1000 ʤʛ/ʜʤ
3 

(<ʂʂʄ) 

ʉ0=4680 ʤʛ/ʜʤ
3 

(>ʂʂʄ) 

ʉ0=150 ʤʛ/ʜʤ
3 

(<ʂʂʄ) 

ʉ0=840 ʤʛ/ʜʤ
3 

(>ʂʂʄ) 

ʨʅ 5,5 ʨʅ 7,5 ʨʅ 5,5 ʨʅ 7,5 ʨʅ 5,5 ʨʅ 7,5 ʨʅ 5,5 ʨʅ 7,5 

2 221 153 478 328 10,8 5,3 26,1 3,6 

4 294 224 412 230 9,5 3,3 21,8 3,3 

6 367 251 395 252 7,6 4,9 18,9 2,5 

7 437 303 405 348 8,3 5,4 20,1 2,5 

 

ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 3.3 ʪʘ 3.4, ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, 

ʱʦ Naɼɼʉ ʪʘ Naɼɼɹʉ ʢʨʘʱʝ ʟʘʪʨʠʤʫʶʪʴʩʷ ʅʌ-ʤʝʤʙʨʘʥʦʶ, ʥʽʞ ʋʌ-

ʤʝʤʙʨʘʥʦʶ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʤʝʥʰʠʤ ʨʦʟʤʽʨʦʤ ʧʦʨ ʤʝʤʙʨʘʥʠ 

ʆʇʄʅ-ʇ. ɿ ʪʘʙʣ. 3.4 ʪʘʢʦʞ ʚʠʜʥʦ, ʱʦ Naɼɼɹʉ ʟʘʪʨʠʤʫʻʪʴʩʷ ʅʌ-ʤʝʤʙʨʘʥʦʶ 

ʢʨʘʱʝ, ʥʽʞ Naɼɼʉ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ, ʡʤʦʚʽʨʥʦ, ʥʘʷʚʥʽʩʪʶ ʚ ʤʦʣʝʢʫʣʽ Naɼɼɹʉ 

ʙʝʥʟʦʣʴʥʦʛʦ ʢʽʣʴʮʷ, ʪʦʙʪʦ ʩʪʝʨʠʯʥʠʤ ʬʘʢʪʦʨʦʤ. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ Naɼɼɹʉ ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ ʟʤʽʥʶʻʪʴʩʷ ʥʝʟʥʘʯʥʦ ʪʘ 

ʧʝʨʝʙʫʚʘʻ ʥʘ ʨʽʚʥʽ 1,8 ʤʢʤ/ʩ. 
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3.2.4 ɺʧʣʠʚ ʊʨʠʪʦʥʫ ʍ-100 ʥʘ ʧʨʦʮʝʩ ʋʌ-ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ ʫʨʘʥʫ (VI)  

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ (ʨʠʩ. 3.10) ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ 

ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ʤʝʤʙʨʘʥʦʶ ʋʇʄ-20 ʧʨʠ ʚʚʝʜʝʥʥʽ ʊʨʠʪʦʥʘ ʍ-100 ʤʝʥʰʽ, 

ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ɸʇɸʈ (ʨʠʩ. 3.6, 3.7) ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʾʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ: ʷʢ ʧʨʠ ʂʂʄ, ʪʘʢ ʽ ʥʠʞʯʝ ʘʙʦ ʚʠʱʝ ʾʾ. 

 

0
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Cʊʨʠʪʦʥ ʍ-100, ʛ/ʜʤ
3
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ʈʠʩʫʥʦʢ 3.10 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) (1) 

ʤʝʤʙʨʘʥʦ ʁʋʇʄ-20 ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ (2) ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʊʨʠʪʦʥʫ ʍ-100 ʧʨʠ ʪʠʩʢʫ 400 ʢʇʘ ʪʘ ʨʅ=5,5 

 

ʇʦʛʽʨʰʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʤʙʨʘʥʠ ʋʇʄ-20 ʧʦʚô̫ ʟʘʥʦ ʟ ʪʠʤ, ʱʦ 

ʜʣʷ ʤʽʮʝʣ ʥʝʽʦʥʥʠʭ ʇɸʈ, ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʷʢʠʭ ʻ ʊʨʠʪʦʥ ʍ-100, ʭʘʨʘʢʪʝʨʥʘ 

ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʘ ʄr ʪʘ ʚʝʣʠʢʽ ʨʦʟʤʽʨʠ, ʽ ʾʭ ʂʂʄ ʥʘʙʘʛʘʪʦ ʥʠʞʯʘ, ʥʽʞ ʜʣʷ ʡʦʥʥʠʭ 

ʇɸʈ ʟ ʪʽʻʶ ʞ ʜʦʚʞʠʥʦʶ ʚʫʛʣʝʚʦʜʥʝʚʦʛʦ ʨʘʜʠʢʘʣʫ; ʘ ʾʭ ʩʦʣʶʙʽʣʽʟʘʮʽʡʥʘ ʻʤʥʽʩʪʴ 

ʚʠʘɦ ʘʥʘʣʦʛʽʯʥʦʾ ʜʣʷ ʡʦʥʥʠʭ ʇɸʈ. ʆʜʥʘʢ ʧʝʨʝʚʘʛʘ ʥʝʽʦʥʥʠʭ ʇɸʈ ʬʘʢʪʠʯʥʦ 

ʥʽʚʝʣʶʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʜʫʞʝ ʩʪʽʡʢʠʭ ʤʘʢʨʦʝʤʫʣʴʩʽʡ, ʘ 

ʪʘʢʦʞ ʪʠʤ, ʱʦ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʩʧʝʮʠʬʽʯʥʠʭ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʨʦʟʯʠʥʝʥʦʶ 

ʨʝʯʦʚʠʥʦʶ ʪʘ ʝʪʠʣʝʥʦʢʩʠʜʥʦ ʁʛʨʫʧʦʶ, ʚʽʜʥʦʰʝʥʥʷ ʩʪʫʧʝʥʷ ʩʦʣʶʙʽʣʽʟʘʮʽʾ, ʱʦ 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʥʝʽʦʥʥʠʤʠ ʇɸʈ ʜʦ ʘʥʘʣʦʛʽʯʥʦʛʦ ʩʪʫʧʝʥʷ ʜʣʷ ʡʦʥʦʛʝʥʥʠʭ ʇɸʈ, 

ʤʝʥʰʝ ʚʽʜʥʦʰʝʥʥʷ ʄr ʇɸʈ. ʊʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ʫ ʧʨʠʩʫʪʥʦʩʪʽ 
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ʊʨʠʪʦʥʘ ʍ-100 ʟʥʘʯʥʦ ʤʝʥʰʠʡ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ Nʘɼɼʉ ʘʙʦ 

Nʘɼɼɹʉ. ʋ ʟʚô̫ ʟʢʫ ʟ ʚʠʱʝʥʘʚʝʜʝʥʠʤ ʩʣʽʜ ʥʘʜʘʚʘʪʠ ʧʝʨʝʚʘʛʫ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʡʦʥʥʠʭ ʇɸʈ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʽʦʥʥʠʤʠ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʫ ʦʯʠʱʝʥʥʷ ʨʦʟʯʠʥʽʚ 

ʚʽʜ ʽʦʥʥʠʭ ʟʘʙʨʫʜʥʝʥʴ. 

ʅʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.10 ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʤʘʩʦʚʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ U(VI): ʊʨʠʪʦʥʍ-100 ï 1:10, 1:15 ʪʘ 1:20. ɿʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

U(VI) ʜʦ 1 ʤʛ/ʜʤ3, ʪʦʙʪʦ ʟʙʽʣʴʰʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ «ʤʝʪʘʣ: ʣʽʛʘʥʜ» ʜʦ 1:100, 

1:150 ʪʘ 1:200 ʥʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʽʩʪʦʪʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ʤʝʤʙʨʘʥʦʶ ʋʇʄ-20, ɦ ʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ [207]. ʇʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʊʨʠʪʦʥʫ ʍ-100 0,1 ʛ/ʜʤ3 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʩʪʦʪʥʝ ʟʥʠʞʝʥʥʷ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ ʚʽʜ 43 ʜʦ 14 ʤʢʤ/ʩ ʜʣʷ ʫʨʘʥʚʤʽʩʥʠʭ ʚʦʜ (ʨʠʩ. 3.10, 

ʢʨʠʚʘ 2). ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʊʨʠʪʦʥʘ ʍ-100 ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ. ʈʽʟʢʝ ʟʤʝʥʰʝʥʥʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ 

ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʧʨʠ 0,1 ʛ/ʜʤ3 ʥʝʽʦʥʥʠʭ ʇɸʈ ʚ ʨʦʟʯʠʥʽ ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʻ 

ʚ'ʷʟʢʽʩʪʴ ʩʠʩʪʝʤʠ. ʇʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʊʨʠʪʦʥʘ ʍ-100 ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʫʪʪʻʚʦʾ ʟʤʽʥʠ ʚ'ʷʟʢʦʩʪʽ ʩʠʩʪʝʤʠ, ʪʦʤʫ ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ ʥʘʜʘʣʽ 

ʟʤʽʥʶʻʪʴʩʷ ʥʝʩʫʪʪʻʚʦ. 

 

3.2.5 ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʘʪʨʠʤʫʚʘʥʥʷ ʫʨʘʥʫ (VI) ʽʟ ʩʠʩʪʝʤ «ʫʨʘʥ (VI)ï

Nʘɼɼʉïʊʨʠʪʦʥ ʍ-100»  ʪʘ «ʫʨʘʥ (VI)ïNʘɼɼɹʉïʊʨʠʪʦʥ ʍ-100» ʤʝʤʙʨʘʥʦʶ 

ʋʇʄ-20 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʧʣʠʚʫ ʊʨʠʪʦʥʫ ʍ-100 ʥʘ ʟʘʪʨʠʤʫʚʘʥʥʷ ʫʨʘʥʫ (VI) ʧʨʠ 

ʚʚʝʜʝʥʽ ʡʦʛʦ ʚ ʨʦʟʯʠʥ NʘɼɼʉïU(VI) ʯʠ NʘɼɼɹʉïU(VI) ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.11, 

3.12. ʋ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ Nʘɼɼʉ ʪʘ Naɼɼɹʉ ʫ ʨʦʟʯʠʥʽ ʥʠʞʯʝ ʂʂʄ 

ʚʚʝʜʝʥʥʷ ʊʨʠʪʦʥʫ ʍ-100 ʚʠʢʣʠʢʘʻ ʧʝʚʥʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʪʨʠʤʫʚʘʥʥʷ 

U(VI) ʜʦ 0,88 ʪʘ 0,94, ʚʽʜʧʦʚʽʜʥʦ (ʨʠʩ. 3.11ʘ, 3.12ʘ, ʢʨʠʚʽ 1).  
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1 ï ʉNʘɼɼʉ=1,0 ʛ/ʜʤ3; 2 ï CNʘɼɼʉ=2,34 ʛ/ʜʤ3; 3 ï CNʘɼɼʉ=5,0 ʛ/ʜʤ3 

ʈʠʩʫʥʦʢ 3.11 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) (ʘ) 

ʤʝʤʙʨʘʥʦʶ ʋʇʄ-20 ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ (ʙ) ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʊʨʠʪʦʥʫ ʍ-100 ʧʨʠ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ Naɼɼʉ, ʪʠʩʢʫ 400 ʢʇʘ ʪʘ ʨʅ=5,5 
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1 ï ʉNʘɼɼɹʉ=0,15 ʛ/ʜʤ
3, 2 ï CNʘɼɼɹʉ=0,42 ʛ/ʜʤ

3, 3 ï CNʘɼɼɹʉ=0,84 ʛ/ʜʤ
3 

ʈʠʩʫʥʦʢ 3.12 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) (ʘ) 

ʤʝʤʙʨʘʥʦʶ ʋʇʄ-20 ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ (ʙ) ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʊʨʠʪʦʥʫ ʍ-100 ʧʨʠ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ Naɼɼɹʉ, ʪʠʩʢʫ 400 ʢʇʘ ʪʘ ʨʅ=7,5  

 

ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ Nʘɼɼʉ ʪʘ Naɼɼɹʉ, ʨʽʚʥʠʭ ʂʂʄ ʪʘ ʚʠʱʝ, ʚʚʝʜʝʥʥʷ 

ʊʨʠʪʦʥʫ ʍ-100 ʥʝʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) (ʨʠʩ. 3.11ʘ, 3.12ʘ, 

ʢʨʠʚʽ 2,3). ʊʦʙʪʦ, ʚʚʝʜʝʥʥʷ ʫ ʩʠʩʪʝʤʫ ʊʨʠʪʦʥʫ ʍ-100 ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʥʠʞʯʝ 
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ʂʂʄ, ʩʧʨʠʷʻ ʧʨʦʮʝʩʫ ʟʚô̫ ʟʫʚʘʥʥʷ U(VI) ʫ ʢʦʤʧʣʝʢʩʠ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʟʙʽʣʴʰʫʻ 

ʢʦʝʬʽʮʽʻʥʪʠ ʡʦʛʦ ʟʘʪʨʠʤʫʚʘʥʥʷ. ʊʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ ʫ ʮʠʭ ʩʠʩʪʝʤʘʭ 

ʟʤʝʥʰʫʻʪʴʩʷ (ʨʠʩ. 3.11ʙ, 3.12ʙ), ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʟʙʽʣʴʰʝʥʥʷʤ ʚô̫ ʟʢʦʩʪʽ ʩʠʩʪʝʤʠ. 

 

3.2.6 ʅʘʥʦʬʽʣʴʪʨʘʮʽʡʥʝ ʚʠʣʫʯʝʥʥʷ ʫʨʘʥʫ (VI) ʽʟ ʩʠʩʪʝʤ «ʫʨʘʥ (VI)ï

Nʘɼɼʉïʊʨʠʪʦʥ ʍ-100»  ʪʘ  «ʫʨʘʥ (VI)ïNʘɼɼɹʉïʊʨʠʪʦʥ ʍ-100» 

 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ U(VI) ʧʨʠ 

ʚʚʝʜʝʥʥʽ ʩʫʤʽʰʽ ɸʇɸʈïNaɼɼʉ (ʉ=1 ʛ/ʜʤ3) ʘʙʦ Nʘɼɼɹʉ (ʉ=0,15 ʛ/ʜʤ3) ʪʘ 

ʥʝʽʦʥʥʦʛʦ ʊʨʠʪʦʥʘ ʍ-100 (ʉ=0,1 ʛ/ʜʤ3) ʧʨʠ ʨʽʟʥʠʭ ʨʅ ʤʝʪʦʜʦʤ ʄʇʅʌ. ʋ ʚʩʽʭ 

ʚʠʧʘʜʢʘʭ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚʠʩʦʢʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI). ʇʨʠ ʦʯʠʱʝʥʥʽ 

ʫʨʘʥʚʤʽʩʥʠʭ ʚʦʜ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʊʨʠʪʦʥʘ ʍ-100 ʪʘ Naɼɼʉ (ʨʅ=5,5 ʪʘ 7,5) ʘʙʦ 

Naɼɼɹʉ (ʨʅ=7,5), ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ʜʦʩʷʛʘ ̒ 0,999. 

ʊʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ ʧʨʠ ʮʴʦʤʫ ʟʥʘʭʦʜʠʪʩɹʷ ʚ ʤʝʞʘʭ 1,2ï2,0 ʤʢʤ/ʩ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʚʝʜʝʥʥʷ ʊʨʠʪʦʥʫ ʍ-100 ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʥʠʞʯʠʭ ʂʂʄ 

ʚ ʩʠʩʪʝʤʫ U(VI)ïNʘɼɼʉ ʘʙʦ U(VI)ïNʘɼɼɹʉ ʚʠʢʣʠʢʘʻ ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʶ 

ʟʚ'ʷʟʫʚʘʥʥʷ U(VI) ʫ ʢʦʤʧʣʝʢʩʠ, ʘ, ʚʽʜʧʦʚʽʜʥʦ, ʽ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ʅʌ-ʤʝʤʙʨʘʥʦʶ. 

 

3.2.7 ɺʧʣʠʚ ʘʥʽʦʥʥʦʛʦ ʇʈ2530 ʥʘ ʧʨʦʮʝʩ ʋʌ-ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ ʫʨʘʥʫ (VI)  

 

ɼʦʩʣʽʜʞʝʥʦ ʚʠʣʫʯʝʥʥʷ U(VI) ʋʌ ʧʨʠ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʘʥʽʦʥʥʦʛʦ 

ʇʈ2530 ʪʘ ʨʅ=4,0, ʧʨʠ ʷʢʦʤʫ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʨʘʜʽʦʥʫʢʣʽʜ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʢʘʪʽʦʥʥʠʭ ʬʦʨʤ (ʨʠʩ. 3.13). ɺʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪʠ 

ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ʋʌ-ʤʝʤʙʨʘʥʦʶ ʋʇʄ-20 ʪʘ ʟʥʘʯʝʥʥʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʦʢʫ. ʗʢ ʚʠʜʥʦ, ʥʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚʽʜ U(VI) 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʇʈ2530 Ó 30 ʤʛ/ʜʤ
3 (ʨʠʩ. 3.13, ʢʨʠʚʘ 1). 

ʉʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʜʦʩʷʛʘʻ 0,98. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʇʈ2530 ʜʦ 50 ʤʛ/ʜʤ3, ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʨʠʤʫʚʘʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʦ ʚʠʩʦʢʠʤ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʝ ʟʚô̫ ʟʫʚʘʥʥʷ ʫʨʘʥʽʣ-ʽʦʥʽʚ ʫ ʢʦʤʧʣʝʢʩʠ. 
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ʅʠʟʴʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ U(VI) ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʇʈ2530 < 30 ʤʛ/ʜʤ3 

ʟʫʤʦʚʣʝʥʘ ʥʝʜʦʩʪʘʪʥʴʦ ʧʦʚʥʠʤ ʟʚô̫ ʟʫʚʘʥʥʷʤ ʪʦʢʩʠʢʘʥʪʫ ʚ ʢʦʤʧʣʝʢʩʠ ʧʨʠ 

ʟʘʟʥʘʯʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʇʈ2530, ʧʨʦʪʝ ʥʘʚʽʪʴ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʨʝʘʛʝʥʪʫ ʩʪʫʧʽʥʴ 

ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ʩʢʣʘʜʘʻ 0,18. ʊʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦ 30 ʤʛ/ʜʤ3 ʧʦʣʽʤʝʨʫ ʚ ʨʦʟʯʠʥʽ (ʨʠʩ. 3.13, ʢʨʠʚʘ 2) ʟʤʽʥʶʻʪʴʩʷ, 

ʟʤʝʥʰʫʶʯʠʩʴ ʚʽʜ 15,8 ʜʦ 9,3 ʤʢʤ/ʩ.  
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ʈʠʩʫʥʦʢ 3.13 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) (1) 

ʤʝʤʙʨʘʥʦʶ ʋʇʄ-20 ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ (2) ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʇʈ2530 ʧʨʠ ʨʅ=4,0 

 

ɺʽʜʦʤʦ, ʱʦ ʨʅ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ ʩʧʦʣʫʢ U(VI), ʦʩʢʽʣʴʢʠ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʠʩʣʦʪʥʦʩʪʽ 

ʨʦʟʯʠʥʫ) ʫʪʚʦʨʶʶʪʴʩʷ ʡʦʛʦ ʢʘʪʽʦʥʥʽ, ʥʝʡʪʨʘʣʴʥʽ ʘʙʦ ʘʥʽʦʥʥʽ ʢʦʤʧʣʝʢʩʠ. ʅʘ 

ʨʠʩ. 3.14 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʅ ʜʣʷ ʚʠʣʫʯʝʥʥʷ 

U(VI) ʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʩʪʝʤ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.14 ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʇʈ2530 

30 ʤʛ/ʜʤ3 (ʢʨʠʚʘ 1) ʪʘ 40 ʤʛ/ʜʤ3 (ʢʨʠʚʘ 1') ʦʪʨʠʤʘʥʽ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ (R=0,99) ʚ ʦʙʣʘʩʪʽ pH=4,0ï9,0. 

ʊʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ ʧʨʠ ʦʙʦʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʫ ʜʽʘʧʘʟʦʥʽ ʨʅ=3,0÷9,0 

ʟʤʽʥʶʚʘʚʩʷ ʥʝʩʫʪʪʻʚʦ ʪʘ ʟʥʘʭʦʜʠʚʩʷ ʥʘ ʨʽʚʥʽ 10ï11 ʤʢʤ/ʩ. ʈʽʟʢʝ ʟʤʝʥʰʝʥʥʷ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʨʅ>9,0 (Jv ~ 6ï8 ʤʢʤ/ʩ). ʎʝ ʤʦʞʝ 



 85 

ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʦ ʫʪʚʦʨʝʥʥʷʤ ʙʽʣʴʰ ʱʽʣʴʥʦ ʾʜʠʥʘʤʽʯʥʦʾ ʤʝʤʙʨʘʥʠ ʟ ʢʦʤʧʣʝʢʩʽʚ 

U(VI)ïʇʈ2530 ʪʘ ʫʪʚʦʨʝʥʥʷʤ ʧʨʠ ʮʠʭ ʨʅ ʛʽʜʨʦʢʩʦʢʦʤʧʣʝʢʩʽʚ U(VI) [190], ʱʦ ʡ 

ʚʠʢʣʠʢʘʻ ʟʤʝʥʰʝʥʥʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ. ʇʨʠ ʚʤʽʩʪʽ ʇʈ2530 

40 ʤʛ/ʜʤ3 (ʢʨʠʚʘ 2') ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ ʜʝʱʦ ʥʠʞʯʠʡ, ʥʽʞ ʧʨʠ 

30 ʤʛ/ʜʤ3 (ʢʨʠʚʘ 2). ʎʝ, ʤʦʞʣʠʚʦ, ʦʙʫʤʦʚʣʝʥʦ ʟʙʽʣʴʰʝʥʥʷʤ ʚô̫ ʟʢʦʩʪʽ ʩʠʩʪʝʤʠ 

ʚʥʘʩʣʽʜʦʢ ʟʨʦʩʪʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʇʈ2530, ʱʦ ʩʧʨʠʯʠʥʷʻ ʟʥʠʞʝʥʥʷ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʋʌ-

ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʻ: ʢʦʥʮʝʥʪʨʘʮʽʷ ʇʈ2530 30 ʤʛ/ʜʤ3 ʪʘ ʨʅ=4,0ï9,0. 
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1, 2 ï 30 ʤʛ/ʜʤ3; 1', 2' ï 40 ʤʛ/ʜʤ3 

ʈʠʩʫʥʦʢ 3.14 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) 

ʤʝʤʙʨʘʥʦʶ ʋʇʄ-20 (1, 1') ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ (2, 2') ʚʽʜ ʨʅ ʧʨʠ 

ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʇʈ2530 

 

3.2.8 ɺʧʣʠʚ ʘʥʽʦʥʥʦʛʦ ʇʈ2530 ʥʘ ʧʨʦʮʝʩ ʅʌ-ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚ̔ ʜ ʫʨʘʥʫ (VI)  

 

ʂʨʽʤ ʫʣʴʪʨʘʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚʽʜ U(VI) ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʇʈ2530, ʥʘʤʠ ʧʨʦʚʝʜʝʥʽ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʥʘʥʦʬʽʣʴʪʨʘʮʽʡʥʠʤʠ 

ʤʝʤʙʨʘʥʘʤʠ (ʅʌ) (ʨʠʩ. 3.15). ʗʢ ʚʠʜʥʦ, ʥʘʡʚʠʱʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʟ 

ʅʌ-ʤʝʤʙʨʘʥʦʶ ʆʇʄʅ-ʇ ʧʨʠ ʨʅ=4,0 (0,95) ʜʦʩʷʛʘʣʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʇʈ2530 
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30 ʤʛ/ʜʤ3. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʪʨʠʤʫʚʘʥʥʷ 

U(VI) ʜʝʱʦ ʥʠʞʯ̔ ʘʥʘʣʦʛʽʯʥʠʭ ʜʣʷ ʋʌ-ʤʝʤʙʨʘʥʠ ʋʇʄ-20 (0,99). ʎʝ ʟʫʤʦʚʣʝʥʦ 

ʪʠʤ, ʱʦ ʧʦʨʠ ʤʝʤʙʨʘʥʠ ʋʇʄ-20 ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ̔ʟʘ ʧʦʨʠ ʤʝʤʙʨʘʥʠ ʆʇʄʅ-ʇ. 

ʆʪʞʝ, ʜʝʷʢʽ ʯʘʩʪʠʥʢʠ ʧʨʠ ʋʌ-ʧʨʦʮʝʩʽ ʦʯʠʱʝʥʥʷ ʤʦʞʫʪʴ ʧʦʪʨʘʧʣʷʪʠ ʚ ʾʾ ʧʦʨʠ, 

ʟʤʝʥʰʫʶʯʠ ʾʭ, ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʟʙʽʣʴʰʫʶʯʠ ʢʦʝʬʽʮʽʻʥʪ ʦʯʠʱʝʥʥʷ ʫʨʘʥʚʤʽʩʥʠʭ 

ʚʦʜ ʽ, ʷʢ ʧʦʢʘʟʘʥʦ ʚʠʱʝ (ʨʠʩ. 3.13, ʢʨʠʚʘ 2), ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ ʟʤʝʥʰʫʶʯʠ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ. ʊʦʙʪʦ, ʜʠʥʘʤʽʯʥʘ ʤʝʤʙʨʘʥʘ ʧʨʠ ʋʌ-ʧʨʦʮʝʩʽ ʤʦʞʝ 

ʫʪʚʦʨʶʚʘʪʠʩʷ ʟʘ ʟʤʽʰʘʥʠʤ ʤʝʭʘʥʽʟʤʦʤ, ʢʦʣʠ ʯʘʩʪʢʠ ʥʝ ʪʽʣʴʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʤʝʤʙʨʘʥʠ ʋʇʄ-20, ʘʣʝ ʡ ʯʘʩʪʢʦʚʦ ï ʚ ʾʾ ʧʦʨʘʭ. 
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ʈʠʩʫʥʦʢ 3.15 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) (1) 

ʤʝʤʙʨʘʥʦʶ ʆʇʄʅ-ʇ ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ (2) ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʇʈ2530 ʧʨʠ ʨʅ=4,0 

 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʡʤʦʚʽʨʥʦ, ʬʦʨʤʫʻʪʴʩʷ ʜʠʥʘʤʽʯʥʘ ʤʝʤʙʨʘʥʘ ʥʘ ʧʦʚʝʨʭʥʽ 

ʽ ʚ ʧʦʨʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʅʌ, ʪʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʇʈ2530 ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʽ 

ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʨʠʤʫʚʘʥʥʷ (0,93ï0,95) (ʨʠʩ. 3.15, ʢʨʠʚʘ 1), ʥʽ ʥʘ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ (ʨʠʩ. 3.15, ʢʨʠʚʘ 2), ʦʩʢʽʣʴʢʠ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʚ ʩʠʩʪʝʤʫ 

ʇʈ2530 ʚʝʣʠʯʠʥʘ ʦʩʪʘʥʥʽʡ ʟʤʽʥʶʻʪʴʩʷ ʥʝʩʫʪʪʻʚʦ: ʚʽʜ 6,5 ʜʦ 4,6 ʤʢʤ/ʩ. 
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ʅʘʤʠ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ pH ʥʘ ʅʌ-ʦʯʠʱʝʥʥ ̫ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚʽʜ 

U(VI) ʧʨʠ ʦʧʪʠʤʘʣʴʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʇʈ2530 30 ʤʛ/ʜʤ3 ʫ ʜʽʘʧʘʟʦʥʽ ʨʅ=4,0÷10,0. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʪʘʢʽ ʞ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʙʝʟ ʜʦʜʘʚʘʥʥʷ ʇʈ2530. ɺʽʜʧʦʚʽʜʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.16. ʗʢ ʚʠʜʥʦ, ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʪʨʠʤʫʚʘʥʥʷ 

U(VI) ʤʝʤʙʨʘʥʦʶ ʆʇʄʅ-ʇ ʚ ʜʽʘʧʘʟʦʥʽ ʨʅ=6,0÷10,0, ʷʢ ʟ ʜʦʜʘʚʘʥʥʷʤ ʇʈ2530 

(ʢʨʠʚʘ 1), ʪʘʢ ʽ ʙʝʟ ʥʴʦʛʦ (ʢʨʠʚʘ 1') ʧʨʘʢʪʠʯʥʦ ʩʧʽʚʧʘʜʘʶʪʴ (å 0,99). ʈʝʘʛʝʥʪ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ (ʢʨʠʚʽ 2, 2'): ʚ ʨʦʟʯʠʥʘʭ ʙʝʟ 

ʇʈ2530 ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ ʜʝʱʦ ʚʠʱʠʡ ʪʽʣʴʢʠ ʚ ʜʽʘʧʘʟʦʥʽ ʨʅ=4,0÷7,0, ʚ ʪʦʡ 

ʯʘʩ ʷʢ ʧʨʠ ʨʅÓ8,0 ʟʥʘʯʝʥʥʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʘ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʨʽʚʥʽ 4 ʤʢʤ/ʩ.  
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1, 2 ï ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʇʈ2530 30 ʤʛ/ʜʤ
3; 1', 2'ï ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʇʈ2530 

ʈʠʩʫʥʦʢ 3.16 ï ɺʧʣʠʚ ʨʅ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ʤʝʤʙʨʘʥʦʶ 

ʆʇʄʅ-ʇ (1, 1') ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ (2, 2') 

 

ʅʘ ʟʤʝʥʰʝʥʥʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ ʚ ʅʌ-ʧʨʦʮʝʩʽ ʙʝʟ ʇʈ2530 ʫ 

ʜʽʘʧʘʟʦʥʽ ʨʅ=4,0÷7,0, ʡʤʦʚʽʨʥʦ, ʚʧʣʠʚʘʻ ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʦʢʩʦʢʦʤʧʣʝʢʩʽʚ 

ʫʨʘʥʽʣʫ ï (UO2)3(OH)5
+, (UO2)4(OH)7

+, (UO2)3(OH)5
+ [211], ʱʦ ʬʦʨʤʫʶʪʴ 

ʜʠʥʘʤʽʯʥʫ ʤʝʤʙʨʘʥʫ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʤʙʨʘʥʠ ʆʇʄʅ-ʇ. ʎʽ ʢʦʤʧʣʝʢʩʠ ʟʥʘʯʥʦ 

ʤʝʥʰ̔ ʟʘ ʨʦʟʤʽʨʦʤ, ʥʽʞ ʢʦʤʧʣʝʢʩʠ U(VI)ïʇʈ2530, ʪʘ ʤʦʞʫʪʴ ʯʘʩʪʢʦʚʦ 
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ʧʝʨʝʢʨʠʚʘʪʠ ʧʦʨʠ ʤʝʤʙʨʘʥʠ ʆʇʄʅ-ʇ, ʟʤʝʥʰʫʶʯʠ ʪʠʤ ʩʘʤʠʤ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ. 

ʅʘʤʠ ʪʘʢʦʞ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʽʚ ʚʦʜʠ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʦʣʝʡ NaCl ʪʘ CaCl2 ʥʘ ʋʌ-ʚʠʣʫʯʝʥʥʷ U(VI) ʽʟ ʟʘʙʨʫʜʥʝʥʦʾ 

ʚʦʜʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʇʈ2530 30 ʤʛ/ʜʤ3 ʪʘ ʨʅ=7,5 (ʪʘʙʣ. 3.5). ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Na+ ʪʘ Ca2+ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʛʽʨʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʦʯʠʱʝʥʥʷ. ʂʦʝʬʽʮʽʻʥʪ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) 

ʤʝʤʙʨʘʥʦʶ ʋʇʄ-20 ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 0,99 ʜʦ 0,85 ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʭʣʦʨʠʜʫ 

ʥʘʪʨʽʶ ʪʘ ʚʽʜ 0,99 ʜʦ 0,36 ï ʫ ʧʨʠʩʫʪʥʦʩʪʽ CaCl2. ʊʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ ʧʨʠ 

ʮʴʦʤʫ ʪʘʢʦʞ ʟʥʠʞʫʻʪʴʩʷ: ʚʽʜ 11,8 ʜʦ 8,9 ʤʢʤ/ʩ ʪʘ ʚʽʜ 11,8 ʜʦ 7,9 ʤʢʤ/ʩ ʧʨʠ 

ʚʚʝʜʝʥʥʽ NaCl ʪʘ CaCl2, ʚʽʜʧʦʚʽʜʥʦ. ʇʦʛʽʨʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʦʯʠʱʝʥʥʷ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʘʢʨʦʢʘʪʽʦʥʽʚ ,̔ ʦʩʦʙʣʠʚʦ, CaCl2, ʡʤʦʚʽʨʥʦ, ʧʦʚ'ʷʟʘʥʦ ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦ ʁ ʧʦʣʷʨʠʟʘʮʽʻ  ʁ ʪʘ ʟʙʽʣʴʰʝʥʥʷʤ ʦʩʤʦʪʠʯʥʦʛʦ ʪʠʩʢʫ ʚ 

ʩʠʩʪʝʤʽ [187]. ʂʨʽʤ ʪʦʛʦ, ʙʽʣʴʰ ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) 

ʚ ʧʨʠʩʫʪʥʦʩʪʽ CaCl2 ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʦ ʝʢʨʘʥʫʚʘʥʥʷʤ ʽʦʥʘʤʠ ʢʘʣʴʮʽʶ 

ʬʽʢʩʦʚʘʥʦʛʦ ʟʘʨʷʜʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʇʈ2530[212]. 

 

ʊʘʙʣʠʮʷ 3.5 ï ɺʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ NaCl ʪʘ CaCl2 ʥʘ ʢʦʝʬʽʮʽʻʥʪ 

ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ʽʟ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ 30 ʤʛ/ʜʤ3 ʇʈ2530 ʧʨʠ ʨʅ=7,5 

NaCl CaCl2
 

ʂʦʥʮʝʥʪʨʘʮʽʷ 

NaCl, M 
R Jv, ʤʢʤ/ʩ

 
ʂʦʥʮʝʥʪʨʘʮʽʷ 

CaCl2, M
 

R Jv, ʤʢʤ/ʩ
 

0 0,99 11,8 0 0,99 11,8 

0,01 0,98 11,7 0,005 0,75 9,3 

0,1 0,92 9,3 0,01 0,60 8,9 

0,2 0,85 8,9 0,02 0,36 7,9 
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3.2.9 ɺʧʣʠʚ ʢʘʪʽʦʥʥʦʛʦ ʇʈ650TR ʥʘ ʧʨʦʮʝʩ ʋʌ-ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ 

ʫʨʘʥʫ (VI)  

 

ɺʽʜʦʤʦ, ʱʦ U(VI) ʫ ʢʘʪ̔ʦʥ̔ʡ ʬʦʨʤʽ ʽʩʥʫʻ ʚ ʦʙʣʘʩʪʽ ʨʅ=4,0õ7,0 ʟʘʣʝʞʥʦ ʚʽʜ 

ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʨʦʟʯʠʥʽ (ʨʠʩ. 1.1). ʇʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʨʅ U(VI) ʧʝʨʝʭʦʜʠʪʴ 

ʚ ʘʥʽʦʥʥʽ ʬʦʨʤʠ, ʪʦʤʫ ʥʘʤʠ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ 

ʢʘʪʽʦʥʥʦʛʦ ʇʈ650TR ʥʘ ʚʠʣʫʯʝʥʥʷ U(VI)  ʋʌ ʧʨʠ ʨʅ=7,5, ʧʨʠ ʷʢʦʤʫ ʚʤʽʩʪ 

ʘʥʽʦʥʥʠʭ ʬʦʨʤ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ ʤʘʡʞʝ ʟʨʽʚʥʶʻʪʴʩʷ ʟ ʚʤʽʩʪʦʤ ʡʦʛʦ 

ʢʘʪʽʦʥʥʠʭ ʬʦʨʤ (ʪʘʙʣ. 3.6). 

ʗʢ ʙʘʯʠʤʦ, ʚʚʝʜʝʥʥʷ ʇʈ650TR ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʢʦʝʬʽʮʽʻʥʪʘ 

ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ʤʝʤʙʨʘʥʦʶ ʋʇʄ-20 ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʭ 

ʟʥʘʯʝʥʴ (0,999) ʧʦʨʽʚʥʷʥʦ ʟ ʇʈ2530. ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʜʦʩʷʛʥʫʪʠʡ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 

0,3 ʤʛ/ʜʤ3 ʇʈ650TR, ʪʦʜʽ ʷʢ ʥʘʡʢʨʘʱʠʡ ï ʧʨʠ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ 30 ʤʛ/ʜʤ3. 

ʇʦʣʽʧʰʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʦ ʟ ʪʠʤ, ʱʦ, ʭʦʯʘ ʄr ʇʈ650TR ʽʩʪʦʪʥʦ ʤʝʥʰʘ, ʥʽʞ 

ʫ ʇʈ2530, ʇʈ650TR ʫʪʚʦʨʶʻ ʙʽʣʴʰ ʨʦʟʛʘʣʫʞʝʥʽ ʢʦʤʧʣʝʢʩʠ ʟ ʘʥʽʦʥʥʠʤʠ ʬʦʨʤʘʤʠ 

U(VI), ʥʽʞ ʇʈ2530 ʟ ʢʘʪʽʦʥʥʠʤʠ ʬʦʨʤʘʤʠ U(VI), ʱʦ ʩʧʨʠʷʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʤʫ 

ʟʘʪʨʠʤʫʚʘʥʥʶ ʢʦʤʧʣʝʢʩʽʚ U(VI)ïʇʈ650TR. ɼʠʥʘʤʽʯʥʘ ʤʝʤʙʨʘʥʘ ʟ ʇʈ650TR ʪʘ ʡʦʛʦ 

ʢʦʤʧʣʝʢʩʽʚ ʟ U(VI) ʬʦʨʤʫʻʪʴʩʷ, ʥʘʡʽʤʦʚʽʨʥʽʰʝ, ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʤʙʨʘʥʠ ʋʇʄ-20. 

ʊʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ ʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ (ʪʘʙʣ. 3.6) ʟʤʝʥʰʫʻʪʴʩʷ ʚ̔ ʜ 

14,6 ʜʦ 10,2 ʤʢʤ/ʩ. 

 

ʊʘʙʣʠʮʷ 3.6 ï ɺʧʣʠʚ ʇʈ650TR ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ʽʟ 

ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ  ̔ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ ʧʨʠ ʨʅ=7,5 

ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʇʈ650TR, ʤʛ/ʜʤ3 
R Jv, ʤʢʤ/ʩ

 

0 0,75 14,6 

0,1 0,99 12,8 

0,3 0,999 12,6 

30,0 0,99 10,2 
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ʂʨʽʤ ʪʦʛʦ, ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʽʚ ʚʦʜʠ, ʱʦ 

ʩʪʚʦʨʶʚʘʣʠ ʚʚʝʜʝʥʥʷʤ ʫ ʚʦʜʥʠʡ ʨʦʟʯʠʥ NaCl ʪʘ CaCl2, ʥʘ ʋʌ-ʚʠʣʫʯʝʥʥʷ U(VI) 

ʽʟ ʟʘʙʨʫʜʥʝʥʦʾ ʚʦʜʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʇʈ650TR 0,3 ʤʛ/ʜʤ3 ʪʘ ʨʅ=7,5, 

ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʧʨʠʨʦʜʥʠʭ ʚʦʜ (ʪʘʙʣ. 3.7).  

ʗʢ ʚʠʜʥʦ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ NaCl ʪʘ CaCl2 ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʛʽʨʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʦʯʠʱʝʥʥʷ. ʂʦʝʬʽʮʽʻʥʪ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ʤʝʤʙʨʘʥʦʶ 

ʋʇʄ-20 ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 0,999 ʜʦ 0,85 ʫ ʧʨʠʩʫʪʥʦʩʪʽ NaCl ʪʘ ʚʽʜ 0,999 ʜʦ 0,23 ï

CaCl2. ʊʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ ʧʨʠ ʮʴʦʤʫ ʟʥʠʞʫʻʪʴʩʷ: ʚʽʜ 12,6 ʜʦ 11,2 ʤʢʤ/ʩ ʪʘ 

ʚʽʜ 12,6 ʜʦ 11,1 ʤʢʤ/ʩ ʧʨʠ ʚʚʝʜʝʥʥʽ NaCl ʪʘ CaCl2, ʚʽʜʧʦʚʽʜʥʦ. 

 

ʊʘʙʣʠʮʷ 3.7 ï ɺʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ NaCl ʪʘ CaCl2 ʥʘ ʢʦʝʬʽʮʽʻʥʪ 

ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ʽʟ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ 0,3 ʤʛ/ʜʤ3 ʇʈ650TR ʧʨʠ ʨʅ=7,5 

ʂʦʥʮʝʥʪʨʘʮʽʷ 

NaCl, M 
R Jv, ʤʢʤ/ʩ

 
ʂʦʥʮʝʥʪʨʘʮʽʷ 

CaCl2, M
 

R Jv, ʤʢʤ/ʩ
 

0 0,999 12,6 0 0,999 12,6 

0,01 0,95 12,5 0,01 0,92 12,4 

0,1 0,91 12,4 0,02 0,78 12,3 

0,2 0,82 11,2 0,2 0,23 11,1 

 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʧʦʛʽʨʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʦʯʠʱʝʥʥʷ, ʡʤʦʚʽʨʥʦ, 

ʧʦʚô̫ ʟʘʥʦ ʟ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦ ʁʧʦʣʷʨʠʟʘʮʽʻ  ʁʪʘ ʟʙʽʣʴʰʝʥʥʷʤ ʦʩʤʦʪʠʯʥʦʛʦ ʪʠʩʢʫ 

ʚ ʩʠʩʪʝʤʽ [187]. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

 

ʋ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʥʦʾ 

ʬʦʨʤʠ Zn/Al -ʐʇɻ ʜʣʷ ʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʩʧʦʣʫʢ U(VI) ʫ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʨʅ=3,0÷9,0 ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟ ʨʽʟʥʠʤ ʩʦʣʝʚʤʽʩʪʦʤ ʽ ʥʘʷʚʥʽʩʪʶ 

ʜʦʩʠʪʴ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʽʦʥʽʚ ʥʘʪʨʽʶ, ʢʘʣʽʶ, ʢʘʣʴʮʽʶ ʪʘ ʛʽʜʨʦʢʘʨʙʦʥʘʪ-

ʽʦʥʽʚ, ʭʘʨʘʢʪʝʨʥʠʭ ʷʢ ʜʣʷ ʧʨʠʨʦʜʥʠʭ, ʪʘʢ ʽ ʜʣʷ ʩʪʽʯʥʠʭ ʚʦʜ. 

ɼʦʩʣʽʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʄʇʋʌ ʪʘ ʄʇʅʌ ʜʣʷ ʦʯʠʱʝʥʥʷ 

ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ U(VI). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ 

ʚʠʣʫʯʝʥʥʷ U(VI) ʽʟ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 

ʇɸʈ ʷʢ ʡʦʥʥʠʭ, ʪʘʢ ʽ ʥʝʽʦʥʥʠʭ, ʙʣʠʟʴʢʠʭ ʜʦ ʾʭ ʂʂʄ. 

ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥ ̔ʫʤʦʚʠ ʜʣʷ ʋʌ-ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ 

U(VI): ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ ʨʝʘʛʝʥʪʽʚ «ʇʨʘʝʩʪʦʣ» ʘʥʽʦʥʥʦʾ 

ʧʨʠʨʦʜʠ ʇʈ2530 30 ʤʛ/ʜʤ
3 ʪʘ ʨʅ=4,0ï9,0. ʂʦʝʬʽʮʽʻʥʪ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) 

ʤʝʤʙʨʘʥʦʶ ʋʇʄ-20 ʟʘ ʚʢʘʟʘʥʠʭ ʫʤʦʚ ʜʦʩʷʛʘʻ 0,99.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʢʘʪʽʦʥʥʦʛʦ ʇʈ650TR ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʪʨʠʤʫʚʘʥʥʷ U(VI) ʤʝʤʙʨʘʥʦʶ ʋʇʄ-20 ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʽʦʥʥʠʤ 

ʇʈ2530 ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ (0,999) ʚ ʦʙʣʘʩʪʽ ʟʥʘʯʝʥʴ ʨʅ, 

ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʧʨʠʨʦʜʥʠʭ ʚʦʜ. 

 

 



 92 

 

ʈʆɿɼɯʃ 4 

ɺʀʃʋʏɽʅʅʗ ʍʈʆʄʋ (VI)  ɿ ɺʆɼʅʀʍ ʈʆɿʏʀʅɯɺ  

ʉʆʈɹʎɯʁʅʀʄ ʊɸ ɹɸʈʆʄɽʄɹʈɸʅʅʀʄʀ ʄɽʊʆɼɸʄʀ 

 

4.1 ʉʦʨʙʮʽʡʥʝ ʚʠʣʫʯʝʥʥʷ ʭʨʦʤʫ (VI) ʢʘʣʴʮʠʥʦʚʘʥʠʤʠ ʬʦʨʤʘʤʠ Zn/Al -, 

Mg/Fe- ʪʘ Mg/Al -ʐʇɻ 

 

ʆʜʥʠʤ ʟ̔ ʥʘʜʟʚʠʯʘʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʪʘ ʧʨʦʙʣʝʤʥʠʭ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʟ 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʪʦʢʩʠʢʘʥʪʽʚ ʻ ʭʨʦʤ (VI). ʋ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʩʪʽʯʥʠʭ ʚʦʜʘʭ 

ʭʨʦʤ (VI) ʧʨʠʩʫʪʥʽʡ ʫ ʚʠʛʣʷʜʽ ʚʠʢʣʶʯʥʦ ʩʢʣʘʜʥʠʭ ʢʠʩʥʝʚʤʽʩʥʠʭ ʘʥʽʦʥʥʠʭ 

ʬʦʨʤ ï HCrO4
-, CrO4

2-, Cr2O7
2-, HCr2O7

- [1, 25]. ʎʝ ʩʧʨʠʷʻ ʟʥʘʯʥʽʡ ʤʽʛʨʘʮʽʾ 

ʟʘʟʥʘʯʝʥʦʛʦ ʪʦʢʩʠʢʘʥʪʫ ʚ ʝʢʦʩʠʩʪʝʤʘʭ ʪʘ ʫʩʢʣʘʜʥʶʻ ʡʦʛʦ ʚʠʣʫʯʝʥʥʷ. ʊʦʤʫ ʜʣʷ 

ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʭʨʦʤʫ (VI) ʩʦʨʙʮʽʡʥʠʡ ʤʝʪʦʜ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʪʽʣʴʢʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʥʽʦʥʽʪʽʚ. 

ʐʇɻ (ʛʽʜʨʦʪʘʣʴʢʽʪʦʧʦʜʽʙʥʽ ʤʘʪʝʨʽʘʣʠ) ʥʘʣʝʞʘʪʴ ʜʦ ʦʜʥʽʻʾ ʟ ʧʦʰʠʨʝʥʠʭ 

ʛʨʫʧ ʘʥʽʦʥʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʦʨʙʝʥʪʽʚ. ɺʽʜʦʤʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʙʦʥʘʪʥʦʾ 

ʬʦʨʤʠ ʐʇɻ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʭʨʦʤʫ (VI) ʥʝ ̒ ʝʬʝʢʪʠʚʥʠʤ, ʦʩʢʽʣʴʢʠ ʢʘʨʙʦʥʘʪ-

ʽʦʥʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʽʦʥʥʦʤʫ ʦʙʤʽʥʫ 

ʽʥʰʠʭ ʘʥʽʦʥʽʚ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ [119, 213]. ʊʦʤʫ ʜʣʷ ʩʦʨʙʮʽʾ ʘʥʽʦʥʥʠʭ ʬʦʨʤ 

ʤʝʪʘʣʽʚ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʘʣʴʮʠʥʦʚʘʥ̔  ʐʇɻ. ʊʝʨʤʦʦʙʨʦʙʢʘ 

ʛʽʜʨʦʪʘʣʴʢʽʪʽʚ ʧʨʠ 350ï500 Áʉ ʚʠʢʣʠʢʘʻ ʫʪʚʦʨʝʥʥʷ ʦʜʥʦʨʽʜʥʦʾ ʩʫʤʽʰʽ ʧʦʜʚʽʡʥʠʭ 

ʦʢʩʠʜʽʚ ʪʘ ʧʽʜʚʠʱʫʻ ʾʭ ʩʦʨʙʮʽʡʥʫ ʻʤʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʘʢʪʠʚʥʠʭ ʦʩʥʦʚʥʠʭ ʮʝʥʪʨʽʚ. ʇʨʠ ʩʦʨʙʮʽʾ ʘʥʽʦʥʽʚ ʟ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʟʘʚʜʷʢʠ 

«ʝʬʝʢʪʫ ʩʪʨʫʢʪʫʨʥʦʾ ʧʘʤ'ʷʪʽè ʐʇɻ [111], ʪʦʙʪʦ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʚʦʜʥʠʤ 

ʨʦʟʯʠʥʦʤ, ʱʦ ʤʽʩʪʠʪʴ ʨʽʟʥʽ ʘʥʽʦʥʠ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʛʝʥʝʨʘʮʽʷ ʚʠʭʽʜʥʦʾ 

ʪʝʨʤʦʦʙʨʦʙʣʝʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʢʘʟʘʥʠʭ ʩʦʨʙʝʥʪʽʚ. 

ʅʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩʠ ʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ Cr(VI) ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʢʘʣʴʮʠʥʦʚʘʥʠʭ ʬʦʨʤ Zn/Al-, Mg/Al- ʪʘ Mg/Fe-ʐʇɻ (ʛʽʜʨʦʪʘʣʴʢʽʪʽʚ) [214ï219]. 
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4.1.1 ɺʧʣʠʚ ʨʅ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʩʦʨʙʮʽʶ ʭʨʦʤʫ (VI)  

 

ɼʦʩʣʽʜʞʝʥʦ ʩʦʨʙʮʽʶ ʭʨʦʤʫ (VI) ʥʘ ʧʨʠʢʣʘʜʽ ʢʘʣʴʮʠʥʦʚʘʥʠʭ ʬʦʨʤ Zn/Al- 

ʪʘ Mg/Al -ʐʇɻ ʧʨʠ ʨʽʟʥʠʭ ʨʅ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ (ʨʠʩ. 4.1). 

 

 
  

1 - ʨʅ0, 2 - ʨʅʨʽʚʥ 

ʈʠʩʫʥʦʢ 4.1 - ɺʧʣʠʚ ʨʅ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʚʝʣʠʯʠʥʠ ʩʦʨʙʮʽʾ Cr(VI)                

ʥʘ Zn4Al 2O7 (ʘ) ʪʘ Mg4Al 2O7 (ʙ) ʧʨʠ ʉ0
Cr(Vɯ)=5,2 ʤʛ/ʜʤ3, Vʨ-ʥʫ=50 ʩʤ3,                 

mʩʦʨʙ=0,050 ʛ 

 

ʗʢ ʚʠʜʥʦ, ʤʘʢʩʠʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʩʦʨʙʮʽʾ Cr(VI) ʥʘ Zn4Al 2ʆ7 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʨʅ0Ò6,0, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʅʨʽʚʥ=6,4÷7,5, ʪʘ ʥʘ 

Mg4Al 2O7 ï ʧʨʠ ʨʅ0Ò5,0 (ʨʅʨʽʚʥ=9,8÷10,1). ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʨʅ0 

ʚʠʣʫʯʝʥʥʷ Cr(VI) ʟʥʠʞʫʻʪʴʩʷ, ʦʩʦʙʣʠʚʦ ʥʘ ʢʘʣʴʮʠʥʦʚʘʥʽʡ ʬʦʨʤʽ Mg/Al -ʐʇɻ. 

ʆʯʝʚʠʜʥʦ, ʮʝ ʦʙʫʤʦʚʣʝʥʦ ʷʢ ʢʦʥʢʫʨʫʶʯʠʤ ʚʧʣʠʚʦʤ ʟʨʦʩʪʘʶʯʦʾ ʢʽʣʴʢʦʩʪʽ ʆʅ-

ʽʦʥʽʚ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ (ʙʣʦʢʫʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʩʦʨʙʝʥʪʽʚ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʽ ʤʞ̔h ʘʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ï ʟ ʽʥʰʦʛʦ), ʪʘʢ ʽ ʫʪʚʦʨʝʥʥʷʤ 

ʨʽʟʥʠʭ ʬʦʨʤ Cr(VI), ʽʩʥʫʚʘʥʥʷ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʤʝʪʘʣʫ ʪʘ ʨʅ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ [119]. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ Cr(VI) 5,2 ʤʛ/ʜʤ3, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ 1Ā10-4 ʤʦʣʴ/ʜʤ3, ʽ ʨʅ=5,0 ʽʦʥ ʪʦʢʩʠʯʥʦʛʦ ʤʝʪʘʣʫ ʽʩʥʫʻ ʧʝʨʝʚʘʞʥʦ 

(95 %) ʫ ʚʠʛʣʷʜʽ HCrO4
-, ʫ ʜʽʘʧʘʟʦʥʽ ʨʅ=8,0÷10,0 - ʫ ʚʠʛʣʷʜʽ CrO4

2- (ʨʠʩ. 4.2 ʘ). 
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ʇʨʠ ʙʣ̔ʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ Cr(VI) ʫ ʢʠʩʣʦʤʫ ʪʘ ʩʣʘʙʦʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʘʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʪʦʥʫʚʘʥʥʷ ʭʨʦʤʘʪ-ʽʦʥʘ ʽ ʜʠʤʝʨʠʟʘʮʽ̫  HCrO4
- ʟ ʫʪʚʦʨʝʥʥʷʤ 

Cr2O7
2- (ʨʠʩ. 4.2 ʙ, ʚ), ʜʣʷ ʣʫʞʥʦʾ ʦʙʣʘʩʪʽ ʭʘʨʘʢʪʝʨʥʝ ʽʩʥʫʚʘʥʥʷ CrO4

2-.  
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ʉCr(VI), ʤʦʣʴ/ʜʤ
3: 1·10-4 (ʘ); 1·10-3 (ʙ); 1·10-2 (ʚ) 

ʈʠʩʫʥʦʢ 4.2 - ʌʦʨʤʠ ʟʥʘʭʦʜʞʝʥʥ̫  Cr(VI) ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʫ ʤʝʪʘʣʫ 

 

ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʘʥʠʤʠ ʣʽʪʝʨʘʪʫʨʠ [1, 220] ʪʘ ʨʦʟʨʘʭʫʥʢʘʤʠ ʥʘ 

ʧʽʜʩʪʘʚʽ ʢʦʥʩʪʘʥʪ ʛʽʜʨʦʣʽʟʫ [48] ʬʦʨʤ ʽʩʥʫʚʘʥʥʷ ʭʨʦʤʫ (VI) ʫ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ. ɺʽʜʦʤʦ, ʱʦ ʯʠʤ ʚʠʱʘ ʚʘʣʝʥʪʥʽʩʪʴ ʘʥʽʦʥʽʚ, ʩʦʨʙʦʚʘʥʠʭ ʥʘ 

ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʙʨʫʩʠʪʦʧʦʜʙ̔ʥʠʭ ʰʘʨʽʚ ʐʇɻ, ʷʢʘ ʤʘʻ ʩʧʦʯʘʪʢʫ ʧʦʟʠʪʠʚʥʠʡ 

ʟʘʨʷʜ, ʪʠʤ ʙʽʣʴʰ ʥʝʛʘʪʠʚʥʦʛʦ ʟʘʨʷʜʫ ʚʦʥʘ ʥʘʙʫʚʘʻ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʽʥʛʽʙʫʚʘʥʥʷ 

ʙ ʘ 

ʚ 
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ʧʦʜʘʣʴʰʦʾ ʩʦʨʙʮʽʾ ʘʥʽʦʥʽʚ [119]. ɺʠʣʫʯʝʥʥʷ ʭʨʦʤʫ (VI) ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ 

ʢʘʣʴʮʠʥʦʚʘʥʠʤʠ ʬʦʨʤʘʤʠ ʐʇɻ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢʦʞ ʫ ʨʝʟʫʣʴʪʘʪʽ ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ 

ʚ ʤ̔ʞh ʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʛʽʜʨʘʪʘʮʽʾ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

 

4.1.2 ɯʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ ʭʨʦʤʫ (Vɯ)  

 

ɼʣʷ ʩʦʨʙʝʥʪʽʚ Zn4Al 2ʆ7 ʪʘ Mg4Fe2O7 ʜʦʩʣʽʜʞʝʥʦ ʩʦʨʙʮʽʁ ʧʨʠ ʨʽʟʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʭʨʦʤʘʪ-ʽʦʥʽʚ, ʽʟʦʪʝʨʤʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.3. ʇʨʦʚʝʜʝʥʘ ʾʭ 

ʦʙʨʦʙʢʘ ʚʽʜʧʦʚʽʜʥʦ ʟʘ ʨʽʚʥʷʥʥʷʤʠ ʌʨʝʡʥʜʣʽʭʘ ʽ ʃʝʥʛʤʶʨʘ (ʪʘʙʣ. 4.1). ʗʢ ʚʠʜʥʦ 

ʟ ʨʠʩ. 4.3, ʦʙʠʜʚʘ ʨʽʚʥʷʥʥʷ ʟʘʜʦʚʽʣʴʥʦ ʦʧʠʩʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ 

ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʡ ʦʙʣʘʩʪʽ ʽʟʦʪʝʨʤ (ʧʨʠ ʚʩʽʭ ʩʪʫʧʝʥʷʭ ʟʘʧʦʚʥʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʦʛʦ 

ʰʘʨʫ). 

 

0

40

80

120

0 200 400 600
Cp, ʤʛ/ʜʤ

3

1

2

Series

3
Series

4
Series

5
Series

6

a s, ʤʛ/ʛ

 

1 ï Zn4Al2ʆ7; 2 ï Mg4Fe2O7  

ʈʠʩʫʥʦʢ 4.3 - ɯʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ Cr(VI) ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʥʘ 

ʢʘʣʴʮʠʥʦʚʘʥʠʭ ʬʦʨʤʘʭ ʐʇɻ ʧʨʠ ʉ0
Cr(Vɯ)=5,2 ʤʛ/ʜʤ3, ʨʅ0=5,0, Vʨ-ʥʫ=50 ʩʤ

3, 

mʩʦʨʙ.=0,050 ʛ. ʉʠʤʚʦʣʠ ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ; ʧʫʥʢʪʠʨ ï ʽʟʦʪʝʨʤʠ, ʦʪʨʠʤʘʥʽ 

ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʥʷ ʌʨʝʡʥʜʣʽʭʘ; ʣʽʥʽʷ ï ʪʝ ʞ ʜʣʷ ʨʽʚʥʷʥʥʷ ʃʝʥʛʤʶʨʘ 
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ɺ ʦʙʣʘʩʪʽ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ Cr(VI) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʝ 

ʡʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʧʦʚʝʨʭʥʝʶ ʦʙʦʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʙʝʥʪʽʚ, ʦʜʥʘʢ ʧʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʘ ʤʝʪʘʣʫ ʚʝʣʠʯʠʥʠ ʡʦʛʦ ʩʦʨʙʮʽʾ 

ʜʦʩʷʛʘʶʪʴ ʙʣ̔ʴʰʠʭ ʟʥʘʯʝʥʴ ʥʘ ʢʘʣʴʮʠʥʦʚʘʥʽʡ ʬʦʨʤʽ Zn/Al-ʐʇɻ (ʜʠʚ. ʨʠʩ. 4.3): 

ʛʨʘʥʠʯʥʽ ʘʜʩʦʨʙʮʽʾ, ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʨʽʚʥʷʥʥʷʤ ʃʝʥʛʤʶʨʘ, ʜʣʷ Zn4Al 2ʆ7 

ʩʢʣʘʜʘʶʪʴ 120,5 ʤʛ/ʛ, ʜʣʷ Mg4Fe2O7 ï 102,0 ʤʛ/ʛ (ʜʠʚ. ʪʘʙʣ. 4.1). ʆʯʝʚʠʜʥʦ, ʮʝ 

ʦʙʫʤʦʚʣʝʥʦ ʨʽʟʥʦʶ ʚʝʣʠʯʠʥʦʶ ʟʤʽʱʝʥʥʷ ʟʥʘʯʝʥʴ ʨʅ0=5,0 ʫ ʣʫʞʥʫ ʦʙʣʘʩʪʴ (ʜʣʷ 

ʩʦʨʙʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʛʽʜʨʦʢʩʠʜʽʚ Zn(II) ʪʘ Al(III) - ʨʅʨʽʚʥ=7,5-8,2), ʜʣʷ ʩʦʨʙʝʥʪʽʚ 

ʥʘ ʦʩʥʦʚʽ ʛʽʜʨʦʢʩʠʜʽʚ Mg(ɯɯ) ʪʘ Fe(III) - ʨʅʨ̔ʚʥ=9,2-10,4). ʈʘʥʽʰʝ ʥʘʤʠ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʠʤ ʚʠʱʝ ʨʅ, ʪʠʤ ʥʠʞʯʠʡ ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ Cr(VI), ʪʦʙʪʦ 

ʯʠʤ ʙʽʣʴʰʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʆʅ-ʽʦʥʽʚ, ʪʠʤ ʩʫʪʪʻʚʽʠhʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʾʭ 

ʢʦʥʢʫʨʫʶʯʠʡ ʚʧʣʠʚ, ʪʘʢʠʤ ʯʠʥʦʤ ʟʤʝʥʰʫʶʯʠ ʩʦʨʙʮʽʶ ʘʥʽʦʥʽʚ Cr(VI) ʥʘ 

ʩʦʨʙʝʥʪʽ ʟ ʙʽʣʴʰ ʣʫʞʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

 

ʊʘʙʣʠʮ ̫ 4.1 - ʂʦʝʬ̔ʮ̔ ʥ̒ʪʠ ʨʽʚʥʷʥʴ ʩʦʨʙʮʽʾ Cr(VI) ʥʘ ʢʘʣʴʮʠʥʦʚʘʥʠʭ 

ʬʦʨʤʘʭ Zn/Al - ʪʘ Mg/Fe-ʐʇɻ ʧʨʠ ʨʅ0=5,0, tʩʦʨʙ=1 ʛʦʜ 

*R ï ʢʦʝʬ̔ʮ̔ ʥ̒ʪ ʢʦʨʝʣʷʮʽʾ. 

 

ʉʣʽʜ ʪʘʢʦʞ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʭʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ Cr(VI) ʫ 

ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʧʽʜʚʠʱʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʙʽʭʨʦʤʘʪ-ʘʥʽʦʥʽʚ (ʜʠʚ. ʨʠʩ. 4.2 ʙ, ʚ), ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʧʦʚʽʣʴʥʝʥʥʷ ʩʦʨʙʮʽʾ ʥʘ ʦʙʦʭ ʩʦʨʙʝʥʪʘʭ, ʦʩʢʽʣʴʢʠ ʚʠʣʫʯʝʥʥʷ 

ʟʘʟʥʘʯʝʥʦʛʦ ʪʦʢʩʠʢʘʥʪʫ ʫ ʚʠʛʣʷʜʽ Cr2O7
2- ʻ, ʦʯʝʚʠʜʥʦ, ʩʪʝʨʠʯʥʦ ʤʝʥʰ ʚʠʛʽʜʥʠʤ, 

ʥʽʞ ʫ ʚʠʛʣʷʜʽ HCrO4
-  ̔CrO4

2-. 

ʉʦʨʙʝʥʪ 

ɿʘ ʌʨʝʡʥʜʣʽʭʦʤ 

n
s Cba /1

pÖ=  

ɿʘ ʃʝʥʛʤʶʨʦʤ 

p

p

1 Ck

Cak
as

Ö+

ÖÖ
=

¤

 

ʂ 1/n R* k aÐ, ʤʛ/ʛ R*  

Zn4Al2ʆ7 8,66 0,456 0,9999 0,020 120,5 0,9969 

Mg4Fe2O7 8,40 0,361 0,9828 0,007 102,0 0,9985 
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ʋ ʪʘʙʣ. 4.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʧʣʠʚʫ ʪʨʠʚʘʣʦʩʪʽ ʩʦʨʙʮʽʾ Cr(VI) ʥʘ 

Zn4Al2O7 ʥʘ ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʧʦʜʽʣʫ Cr(VI) ʧʨʠ ʽʦʥʥʽʡ ʩʠʣʽ ʨʦʟʯʠʥʫ (ɯ) 

0,01 ʤʦʣʴ/ʜʤ3 (ʬʦʥʦʚʠʡ ʝʣʝʢʪʨʦʣʽʪ - NaNO3). ʗʢ ʚʠʜʥʦ, ʯʝʨʝʟ 30 ʭʚ. ʢʦʥʪʘʢʪʫ 

ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ Cr(VI) ʟ ʢʘʣʴʮʠʥʦʚʘʥʠʤ Zn/Al-ʐʇɻ ʟʥʘʯʝʥʥʷ Kd ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʽ ʜʦʩʷʛʘʻ 7390 ʩʤ3/ʛ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʫ ʩʝʣʝʢʪʠʚʥʩ̔ʪɹ ʮʴʦʛʦ 

ʩʦʨʙʝʥʪʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʽʦʥʫ ʤʝʪʘʣʫ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʨʠʚʘʣʦʩʪʽ ʩʦʨʙʮʽʾ Cr(VI) ʥʘ Zn4Al 2O7 ʟʥʘʯʝʥʥʷ Kd ʟʨʦʩʪʘʻ ʽ ʧʨʠ 240 ʭʚ 

ʩʪʘʥʦʚʠʪʴ 21620 ʩʤ3/ʛ.  

 

ʊʘʙʣʠʮ ̫ 4.2 - ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬ̔ʮ̔ ʥ̒ʪ̔ʚ ʨʦʟʧʦʜʽʣʫ Cr(VI ) ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ 

ʩʦʨʙʮʽʾ ʚʢʘʟʘʥʦʛʦ ʦ̔ʥʫ ʤʝʪʘʣʫ ʥʘ ʢʘʣʴʮʠʥʦʚʘʥʽʡ ʬʦʨʤʽ Zn/Al -ʐʇɻ ʧʨʠ 

I(NaNO3)=0,01, ʨʅ0 =5,0, C0
Cr(VI) =5,2 ʤʛ/ʜʤ3, mʩʦʨʙ=0,050 ʛ, Vʨ-ʥʫ=50 ʩʤ

3 

ʊʨʠʚʘʣʽʩʪʴ 

ʢʦʥʪʘʢʪʫ, ʭʚ. 
ʨʅʨ̔ʚʥ Kd, ʩʤ

3/ʛ 

1 7,5 1105 

10 7,7 4420 

30 8,0 7390 

60 8,2 10310 

90 8,2 13450 

120 8,5 15260 

180 8,5 17570 

240 8,5 21620 

 

4.1.3 ɺʧʣʠʚ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʽʚ ʚʦʜʠ ʪʘ ʜʦʟʠ ʩʦʨʙʝʥʪʽʚ ʥʘ ʚʠʣʫʯʝʥʥʷ 

ʭʨʦʤʫ (VI) 

 

ɺʽʜʦʤʦ, ʱʦ ʜʣʷ ʧʨʠʨʦʜʥʠʭ ʽ ʩʪʽʯʥʠʭ ʚʦʜ ʭʘʨʘʢʪʝʨʥʘ ʥʘʷʚʥʽʩʪʴ HCO3
-, 

SO4
2-, NO3

- ʪʘ ʽʥʰʠʭ ʘʥʽʦʥʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ ʢʦʥʢʫʨʫʶʯʠʡ ʚʧʣʠʚ ʥʘ 

ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ Cr(VI), ʦʩʢʽʣʴʢʠ ʾʭ ʨʦʟʤʽʨʠ (CrO4
2- ï 0,240 ʥʤ, SO4

2- ï 

0,230 ʥʤ, Nʆ3
- ï 0,200 ʥʤ) ʤʽʞ ʩʦʙʦʶ ʜʫʞʝ ʙʣʠʟʴʢʽ [213, 221]. ʊʦʤʫ ʥʘʤʠ 
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ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʩʦʨʙʮʽʶ ʽʦʥʘ ʪʦʢʩʠʯʥʦʛʦ 

ʤʝʪʘʣʫ ʥʘ Zn4Al 2O7 ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ (ʨʠʩ. 4.4).  
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1 ï C0
Cr(VI) = 5 ʤʛ/ʜʤ3; 2 ï C0

Cr(VI) = 50 ʤʛ/ʜʤ3 

ʈʠʩʫʥʦʢ - 4.4. ɺʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʣʴʬʘʪ- (ʘ), ʛʜ̔ʨʦʢʘʨʙʦʥʘʪ- (ʙ) ʪʘ 

ʥ̔ʪʨʘʪ- ʦ̔ʥ̔ʚ (ʚ) ʥʘ ʩʦʨʙʮʽʁ  Cr(VI) ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʢʘʣʴʮʠʥʦʚʘʥʦʶ ʬʦʨʤʦʶ 

Zn/Al -ʐʇɻ ʧʨʠ ʨʅ0=5,0, C0
Cr(VI) =5,2 ʤʛ/ʜʤ3, mʩʦʨʙ=0,050 ʛ, Vʨ-ʥʫ =50 ʩʤ

3 

 

ʇʨʠ ʚʠʭʽʜʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ Cr(VI) 5,2 ʤʛ/ʜʤ3 ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʪʘ ʜʦʟʽ 

ʩʦʨʙʝʥʪʫ 1 ʛ/ʜʤ3 ʩʫʣʴʬʘʪ-ʽʦʥʠ ʚ ʢʽʣʴʢʦʩʪʽ 30 ʤʛ/ʜʤ3 ʟʥʠʞʫʶʪʴ ʩʪʫʧʽʥʴ 
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ʚʠʣʫʯʝʥʥʷ ʭʨʦʤʘʪ-ʽʦʥʽʚ ʩʦʨʙʝʥʪʦʤ Zn4Al 2O7 ʥʘ 20 %, ʘ ʧʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʣʴʬʘʪ-ʽʦʥʽʚ ʜʦ 300 ʤʛ/ʜʤ3 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ ʨʽʟʢʦʛʦ 

ʟʤʝʥʰʝʥʥʷ ʩʦʨʙʮʽʾ ʤʝʪʘʣʫ (ʨʠʩ. 4.4 ʘ). ʆʜʥʘʢ ʧʨʠ ʧʦʯʘʪʢʦʚʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 

Cr(VI)  50 ʤʛ/ʜʤ3 ʢʦʥʢʫʨʫʶʯʠʡ ʚʧʣʠʚ SO4
2--ʽʦʥʘ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʧʨʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʣʴʬʘʪ- ʽ ʭʨʦʤʘʪ-ʽʦʥʽʚ 1:1 ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʚʽʜ 

ʦʩʪʘʥʥʴʦʛʦ ʩʪʘʥʦʚʠʪʴ 40 %. ɺʧʣʠʚ ʦʜʥʦʟʘʨʷʜʥʠʭ ʘʥʽʦʥʽʚ ʥʘ ʚʠʣʫʯʝʥʥʷ 

ʭʨʦʤʫ (VI) ʢʘʣʴʮʠʥʦʚʘʥʠʤ Zn/Al -ʐʇɻ ʤʝʥʰ ʽʩʪʦʪʥʠʡ (ʨʠʩ. 4.4 ʙ, ʚ): ʧʨʘʢʪʠʯʥʦ 

ʥʝ ʟʥʠʞʫʶʪʴ ʩʦʨʙʮʽʶ ʅʉʆ3
-  ʜʦ 7 ʤʛ-ʝʢʚ/ʜʤ3 ʪʘ NO3

- ʜʦ 0,2 ʄ.  

ɿʙʽʣʴʰʝʥʥʷ ʜʦʟʠ ʩʦʨʙʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʽʦʥʽʚ, ʱʦ 

ʟʘʚʘʞʘʶʪʴ, ʽ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚʽʜ Cr(VI) 

(ʪʘʙʣ. 4.3, ʨʠʩ. 4.5).  

 

ʊʘʙʣʠʮʷ 4.3 - ɺʧʣʠʚ ʜʦʟʠ ʢʘʣʴʮʠʥʦʚʘʥʠʭ ʬʦʨʤ ʐʇɻ ʥʘ ʩʪʫʧʽʥʴ 

ʦʯʠɦʝʥʥ̫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚʽʜ Cr(VI) ʧʨʠ ʨʅ0=5,0, C0
Cr(VI)=5,2 ʤʛ/ʜʤ3, V=50 ʩʤ3 

ʉʦʨʙʝʥʪ 
ɼʦʟʘ ʩʦʨʙʝʥʪʘ,  

ʛ/ʜʤ3 

ɺʤʽʩʪ SO4
2-,  

ʤʛ/ʜʤ3 
ʉʆ, % 

Zn4Al2O7 
1 50 63 

5 50 96 

Mg4Fe2O7 
1 50 38 

5 50 94 

Zn4Al2O7 
1 100 42 

5 100 90 

Mg4Fe2O7 
1 100 24 

5 100 78 

 

ɼʣʷ Mg4Fe2O7 ʧʨʠ ʜʦʟʽ 5 ʛ/ʜʤ3 ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚʽʜ 

Cr(VI), ʱʦ ʤʽʩʪʷʪʴ 100 ʽ 50 ʛ/ʜʤ3 SO4
2--ʽʦʥʽʚ, ʩʪʘʥʦʚʠʪʴ 77 % ʽ 90 %, ʚʽʜʧʦʚʽʜʥʦ. 

ɼʣʷ Zn4Al 2O7 ʫ ʢʽʣʴʢʦʩʪʽ 3 ʛ/ʜʤ
3 ʽ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ SO4

2--ʽʦʥʽʚ 50 ʤʛ/ʜʤ3 ʫ 

ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʝ ʚʠʣʫʯʝʥʥʷ (96 %) ʪʦʢʩʠʯʥʦʛʦ 

ʽʦʥʘ ʤʝʪʘʣʫ (ʨʠʩ. 4.5).  
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ʉ(SO4
2-), ʤʛ/ʜʤ3: 1 ï 50; 2 ï 100  

ʈʠʩʫʥʦʢ 4.5 - ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚʽʜ Cr(VI) 

ʚʽʜ ʜʦʟʠ ʩʦʨʙʝʥʪʫ Zn4Al 2ʆ7 ʪʘ ʚʤʽʩʪʫ ʩʫʣʴʬʘʪ-ʽʦʥʽʚ ʧʨʠ ʨʅ=5,0,                  

C0
Cr(VI) =5,2 ʤʛ/ʜʤ3, Vʨ-ʥʫ =50 ʩʤ

3 

 

ʇʨʠ ʜʦʟʽ 5 ʛ/ʜʤ3 ʩʦʨʙʝʥʪʫ Zn4Al 2O7 ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚʽʜ 

Cr(VI), ʱʦ ʤʽʩʪʷʪʴ 100 ʤʛ/ʜʤ3 SO4
2--ʽʦʥʽʚ, ʜʦʩʷʛʘʻ 90 %. 

 

4.1.4 ɺʧʣʠʚ ʧʨʠʨʦʜʠ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ  ʨʝʘʛʝʥʪʽʚ ʥʘ ʜʝʩʦʨʙʮʽʶ ʭʨʦʤʫ (VI)  

 

ʅʘʡʙʽʣʴʰ ʚʠʪʨʘʪʥʦʶ ʯʘʩʪʠʥʦʶ ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʻ ʜʝʩʦʨʙʮʽʷ ʟ 

ʧʦʜʘʣʴʰʦʶ ʨʝʛʝʥʝʨʘʮʽʻʶ ʘʙʦ ʫʪʠʣʽʟʘʮʽʻʶ ʩʦʨʙʝʥʪʫ. ɽʬʝʢʪʠʚʥʠʡ ʧʨʦʮʝʩ 

ʜʝʩʦʨʙʮʽʾ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ (ʧʦ ʤʦʞʣʠʚʦʩʪʽ) ʷʢ ʚʽʜʥʦʚʣʝʥʥʷ ʧʝʨʚʠʥʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʦʨʙʝʥʪʫ, ʪʘʢ ʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʫʧʽʥʴ ʜʝʩʦʨʙʮʽʾ ʚʠʣʫʯʝʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. ɺʠʣʫʛʦʚʫʶʯʘ ʟʜʘʪʥʽʩʪʴ ʜʝʩʦʨʙʫʶʯʦʛʦ ʨʝʘʛʝʥʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ, ʨʅ ʨʦʟʯʠʥʫ ʪʘ ʽʥʰʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ 

ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʦʟʯʠʥʽʚ ʥʘ ʜʝʩʦʨʙʮʽʶ Cr(VI) ʫ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʟ 

ʤʦʜʝʣʴʥʦʛʦ ʭʨʦʤʘʪʚʤʽʩʥʦʛʦ ʟʨʘʟʢʘ ʢʘʣʴʮʠʥʦʚʘʥʦʛʦ Zn/Al -ʐʇɻ (ʪʘʙʣ. 4.4). 

ʗʢ ʚʠʜʥʦ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 0,05 ʤʦʣʴ/ʜʤ3 ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʘʛʝʥʪʽʚ 

ʜʦʩʷʛʘʻʪʴʩʷ ʜʦʩʪʘʪʥʻ ʚʠʣʫʛʦʚʫʚʘʥʥʷ Cr(VI) ʟ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ. ʅʘʡʙʽʣʴʰ ʧʦʚʥʦ 
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ʦ̔ʥ ʤʝʪʘʣʫ ʜʝʩʦʨʙʫʻʪʴʩʷ ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ 0,1 ʤʦʣʴ/ʜʤ3 NaOH ʪʘ ʩʫʤʽʰʰʶ 

0,1 ʤʦʣʴ/ʜʤ3 ʨʦʟʯʠʥʽʚ Na2CO3 ʽ NaOH ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:1 (ʩʪʫʧʽʥʴ ʜʝʩʦʨʙʮʽʾ 

ʩʢʣʘʜʘʻ ~ 80 %).  

ɺʠʢʦʨʠʩʪʘʥʥʷ Na2CO3 ʚ ʜʝʩʦʨʙʫʶʯʠʭ ʨʦʟʯʠʥʘʭ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ 

ʦʪʨʠʤʫʚʘʪʠ Cr(VI), ʘ ʡ ʨʝʛʝʥʝʨʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʢʘʣʴʮʠʥʦʚʘʥʦʛʦ Zn/Al-ʐʇɻ ʜʦ 

ʡʦʛʦ ʚʠʭʽʜʥʦʾ ʢʘʨʙʦʥʘʪʥʦʾ ʬʦʨʤʠ. ɺʽʜʦʤʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ NaOH, ʘ ʪʘʢʦʞ H2SO4 ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ Ó 0,2 ʤʦʣʴ/ʜʤ3 ʪʘ 

Ó 0,05 ʤʦʣʴ/ʜʤ3, ʚʽʜʧʦʚʽʜʥʦ, ʚ ʷʢʦʩʪʽ ʜʝʩʦʨʙʫʶʯʠʭ ʨʝʘʛʝʥʪʽʚ ʫ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ 

ʚʠʢʣʠʢʘʻ ʟ ʯʘʩʦʤ ʯʘʩʪʢʦʚʝ ʪʘ ʥʘʚʽʪʴ ʧʦʚʥʝ ʨʦʟʯʠʥʝʥʥʷ ʩʦʨʙʝʥʪʫ.  

 

ʊʘʙʣʠʮʷ 4.4 - ɿʘʣʝʞʥʽʩʪʴ ʟʘʣʠʰʢʦʚʦʛʦ ʚʤʽʩʪʫ Cr(VI) ʥʘ ʢʘʣʴʮʠʥʦʚʘʥʦʤʫ 

Zn/Al -ʐʇɻ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʝʩʦʨʙʫʶʯʠʭ ʨʝʘʛʝʥʪʽʚ ʧʨʠ ʘ0=1,25 ʤʛ Cr(VI)/ʛ;  

Vʨ-ʥʫ=50 ʩʤ
3; mʩʦʨʙ.=0,100 ʛ 

ʈʝʘʛʝʥʪ ʂʦʥʮʝʥʪʨʘʮʽ̫ , ʤʦʣʴ/ʜʤ3 a/ʘ0, % 

NaOH 

0,01 26,96 

0,05 24,35 

0,1 19,74 

Na2CO3 

0,01 29,83 

0,05 27,57 

0,1 24,61 

NaOH:Na2CO3 

0,05:0,05 19,64 

0,02:0,08 24,35 

0,01:0,09 26,96 

 

ʅʘ ʨʠʩ. 4.6 ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ ʜʝʩʦʨʙʮʽʾ Cr(VI) ʟ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʦʨʙʝʥʪʫ ʚʽʜ ʦʙô̒ ʤʫ ʚʠʣʫʛʦʚʫʯʁʠʭ ʨʦʟʯʠʥʽʚ. ʄʘʢʩʠʤʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ Cr(VI) ʚʠʤʠʚʘʻʪʴʩʷ ʧʨʠ ʧʨʦʧʫʩʢʘʥʥʽ ʯʝʨʝʟ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʫ ʢʦʣʦʥʢʫ 

ʚʞʝ ʧʝʨʰʠʭ 10 ʩʤ3 ʨʦʟʯʠʥʽʚ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʰʚʠʜʢʠʡ ʽʦʥʥʠʡ ʦʙʤʽʥ ʤʽʞ 

ʭʨʦʤʘʪ-ʽʦʥʘʤʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʤ̔ʞh ʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʩʦʨʙʝʥʪʫ ʽ ʥʘ ʡʦʛʦ 

ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ, ʟ ʆʅ--, ʉʆ3
2-- ʽ SO4

2--ʘʥʽʦʥʘʤʠ ʨʝʘʛʝʥʪʽʚ. ʅʘʡʙʽʣʴʰ 
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ʝʬʝʢʪʠʚʥʠʤ ʚ ʷʢʦʩʪʽ ʜʝʩʦʨʙʫʶʯʦʛʦ ʨʝʘʛʝʥʪʫ ʜʣʷ Cr(VI)  ̒ 0,1 ʤʦʣʴ/ʜʤ3 NaOH 

(83,77 % ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʝʢʦʪʦʢʩʠʢʘʥʪʫ ʚʠʤʠʚʘʻʪʴʩʷ ʧʽʩʣʷ ʧʨʦʧʫʩʢʘʥʥʷ 

40 ʩʤ3), ʘ ʪʘʢʦʞ ʩʫʤʽʰ 0,1 ʤʦʣʴ/ʜʤ3 ʨʦʟʯʠʥʽʚ Na2CO3 ʽ NaOH ʽʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 1:1 (93,84 %). ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʝʬʝʢʪʠʚʥʩ̔ʪʁ ʜʝʩʦʨʙʮʽʾ Cr(VI) 

ʟ ʢʘʣʴʮʠʥʦʚʘʥʦʛʦ Zn/Al -ʐʇɻ ʫ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ ʚʠʣʫʛʦʚʫʶʯ ̔ʨʝʘʛʝʥʪʠ ʟ 

ʩʫʤʘʨʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0,1 ʤʦʣʴ/ʜʤ3 ʤʦʞʥʘ ʨʦʟʪʘʰʫʚʘʪʠ ʚ ʥʘʩʪʫʧʥʠʡ ʨʷʜ: 

(NaOH: Na2CO3) > NaOH > Na2CO3 Ó H2SO4.  

ʅʘ ʨʠʩ. 4.7 ʧʨʝʜʩʪʘʚʣʝʥ ̔ʨʝʟʫʣʴʪʘʪʠ ʚʧʣʠʚʫ ʪʨʠʚʘʣʦʩʪʽ ʚʠʣʫʛʦʚʫʚʘʥʥʷ 

0,1 ʤʦʣʴ/ʜʤ3 ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ Na2CO3 ʽ NaOH (1:1) Cr(VI) ʟ ʭʨʦʤʘʪʚʤʽʩʥʦʛʦ 

ʟʨʘʟʢʘ ʩʦʨʙʝʥʪʫ ʥʘ ʩʪʫʧʽʥʴ ʡʦʛʦ ʜʝʩʦʨʙʮʽʾ. ʗʢ ʚʠʜʥʦ, ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʜʝʩʦʨʙʮʽʾ 

Cr(VI) ʜʦʩʷʛʘʻʪʴʩʷ ʚʞʝ ʯʝʨʝʟ 0,5 ʛʦʜ ʢʦʥʪʘʢʪʫ ʚʠʣʫʛʦʚʫʁ ʯʦʛʦ ʨʝʘʛʝʥʪʫ ʟ 

ʢʘʣʴʮʠʥʦʚʘʥʠʤ Zn/Al -ʐʇɻ, ʪʘ ʟ̔ ʟʙʽʣʴʰʝʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ (ʜʦ 24 ʛʦʜ) 

ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʠʣʦʩʷ.  
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1 ï NaOH, 2 ï Na2CO3, 3 ï H2SO4,  

4 ï NaOH:Na2CO3 (1:1) 

ʈʠʩʫʥʦʢ 4.6 - ɿʘʣʝʞʥʽʩʪʴ 

ʩʪʫʧʝʥʶ ʜʝʩʦʨʙʮʽʾ Cr(VI) ʟ ʟʨʘʟʢʫ 

Zn4Al2ʆ7 ʚʽʜ ʦʙô̒ ʤʫ ʜʝʩʦʨʙʫʶʯʠʭ 

ʨʦʟʯʠʥʽʚ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0,1 ʤʦʣʴ/ʜʤ3: 

mʩʦʨʙ=0,500 ʛ 

ʈʠʩʫʥʦʢ 4.7 - ɿʘʣʝʞʥʽʩʪʴ 

ʩʪʫʧʝʥʶ ʜʝʩʦʨʙʮʽʾ Cr(VI) ʟ 

ʢʘʣʴʮʠʥʦʚʘʥʦʛʦ Zn/Al -ʐʇɻ ʚʽʜ 

ʪʨʠʚʘʣʦʩʪʽ ʜʝʩʦʨʙʮʽʾ ʨʦʟʯʠʥʦʤ 

0,1 ʤʦʣʴ/ʜʤ3 NaOH:Na2CO3 (1:1) 

ʧʨʠ mʩʦʨʙ=0,100 ʛ, Vʨ-ʥʫ=50 ʩʤ
3 
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4.1.5 ʂʦʥʮʝʥʪʨʫʚʘʥʥʷ ʭʨʦʤʫ (VI) ʟ ʧʨʠʨʦʜʥʦʾ ʚʦʜʠ ʜʣʷ ʡʦʛʦ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

 

ʉʫʯʘʩʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ ɯɿʇ-ʄʉ ʡ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʘ 

ʩʧʝʢʪʨʦʤʝʪʨʽʷ ʟ ʝʣʝʢʪʨʦʪʝʨʤʽʯʥʦʶ ʘʪʦʤʽʟʘʮʽʻʶ, ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʪʽʣʴʢʠ ʟʘʛʘʣʴʥʦʛʦ ʭʨʦʤʫ (ʥʘ ʨʽʚʥʽ ʦʜʥʦʛʦ ʽ ʤʝʥʰʝ ʤʢʛ/ʜʤ3). 

ʂʣʘʩʠʯʥʠʤʠ ʬʦʪʦʤʝʪʨʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʧʨʷʤʝ ʚʠʟʥʘʯʝʥʥʷ 

Cr(VI) ʫ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʘʣʝ ʟ ʥʝʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ (ʥʠʞʥʷ ʤʝʞʘ  

ʩʢʣʘʜʘʻ ï 15 ʤʢʛ/ʜʤ3 [174]). ɿʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʘʥʘʣʽʟʫ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʥʘ ʚʤʽʩʪ Cr(VI ) ʬʦʪʦʤʝʪʨʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚ ʚʦʜʘʭ ʤʦʞʣʠʚʝ ʰʣʷʭʦʤ 

ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʮʴʦʛʦ ʪʦʢʩʠʢʘʥʪʫ ʥʘ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʘʭ [121]. ʉʦʨʙʮʽʡʥʠʡ 

ʤʝʪʦʜ  ̒ ʜʦʩʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʽ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʠʣʫʯʝʥʥʷ 

Cr(VI ) [220, 222, 223] ʧʨʠ ʦʯʠʱʝʥʥʽ ʚʦʜ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʪʦʢʩʠʢʘʥʪʫ, 

ʦʩʦʙʣʠʚʦ ʧʽʜʟʝʤʥʠʭ ʚʦʜ [224, 225], ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʠʡ ʨʠʟʠʢ ʟʘʙʨʫʜʥʝʥʥʷ 

ʚʥʘʩʣʽʜʦʢ ʽʥʬʽʣʴʪʨʘʮʽʾ ʚʦʜʠ ʟʽ ʟʚʘʣʠʱ ʧʦʙʫʪʦʚʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ. 

ʂʘʣʴʮʠʥʦʚʘʥʠʡ Zn/Al -ʐʇɻ ʜʦʩʣʽʜʞʫʚʘʣʠ ʜʣʷ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʫ 

ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ Cr(VI) ʟ ʧʨʠʨʦʜʥʦʾ ʚʦʜʠ, ʩʢʣʘʜ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʫ ʧ. 2.1.1 ʪʘ ʚ 

ʷʢʫ ʜʦʜʘʪʢʦʚʦ ʚʚʦʜʠʣʠ 10 ʤʛ/ʜʤ3 ʟʘʟʥʘʯʝʥʦʛʦ ʝʢʦʪʦʢʩʠʢʘʥʪʫ (ʨʠʩ. 4.8). ʉʦʨʙʮʽʷ 

Cr(VI) ʟ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʚʦʜʠ (ʨʅ0=6,1) ʤʘʣʦʝʬʝʢʪʠʚʥʘ. ʆʜʥʘʢ ʧʨʠ ʧʽʜʢʠʩʣʝʥʥʽ 

ʧʨʠʨʦʜʥʦʾ ʚʦʜʠ ʧʝʨʝʜ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷʤ ʜʦ ʨʅ0=3,0 (ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʢʦʥʢʫʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʆʅ- ʪʘ ʉʆ3
2--ʽʦʥʽʚ) ʜʦʩʷʛʘʶʪʴʩʷ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʦʯʠɦʝʥʥʷ ʚʦʜʠ ʚʽʜ Cr(VI). ʇʨʠ ʧʦʯʘʪʢʦʚʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʢʘʟʘʥʦʛʦ 

ʝʢʦʪʦʢʩʠʢʘʥʪʫ 10 ʤʛ/ʜʤ3 ʪʘ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ 1 ʩʤ3/ʭʚ ʦʯʠʱʫʻʪʴʩʷ ʥʠʞʯʝ 

ɻɼʂ (1/ʂʦʯ=0,005) ʚʽʜ Cr(VI) 400 ʩʤ3 ʚʦʜʠ, ʘ ʧʨʠ ʨʅ0=6,1 ï ʪʽʣʴʢʠ 100 ʩʤ3.  

ɺʨʘʭʦʚʫʶʯʠ ʚʠʩʦʢʫ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʢʘʣʴʮʠʥʦʚʘʥʦʛʦ Zn/Al -ʐʇɻ, 

ʜʦʩʣʽʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ 

Cr(VI) ʟ ʧʦʚʝʨʭʥʝʚʠʭ ʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʦʩʪʘʥʥʴʦʛʦ (1ï10 ʤʢʛ/ʜʤ3).  



 104 

0

0,1

0,2

0,3

0 200 400 600
V, cʤ

3

1/Kʦʯ

1
2

 

1 ï ʨʅ0=6,1; 2 ï ʨʅ0=3,0 

ʈʠʩʫʥʦʢ 4.8 - ɺʠʭʽʜʥʽ ʢʨʠʚʽ ʩʦʨʙʮʽʾ Cr(VI) ʚ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ ʟ 

ʢʘʣʴʮʠʥʦʚʘʥʦʛʦ Zn/Al -ʐʇɻ ʧʨʠ ʉ0
Cr(VI) =10 ʤʛ/ʜʤ3, mʩʦʨʙ=1,000 ʛ 

 

ʋ ʪʘʙʣ. 4.5 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ Cr(VI) 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ [174] ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʦʜʝʣʴʥʦʾ ʧʠʪʥʦʾ ʚʦʜʠ [226], ʚʦʜʦʧʨʦʚʽʜʥʦʾ, ʧʽʜʟʝʤʥʠʭ ʜʞʝʨʝʣ ʪʘ ʧʦʚʝʨʭʥʝʚʦʾ 

ʚʦʜʠ ʨ. ɼʝʩʥʘ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʩʠʥʪʝʟʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʦʨʙʝʥʪʫ ʜʦʩʪʘʪʥʴʦ ʜʝʰʝʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ï ʩʦʣʝʡ ʮʠʥʢʫ ʽ ʘʣʶʤʽʥʽʶ, ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʥʘʚʽʪʴ ʧʦʚʥʝ 

ʨʦʟʯʠʥʝʥʥʷ ʩʽʨʯʘʥʦ ʁ ʢʠʩʣʦʪʦʶ ʭʨʦʤʘʪʚʤʽʩʥʦʛʦ ʟʨʘʟʢʘ. ɿʘʟʥʘʯʝʥʽ ʩʢʣʘʜʦʚʽ 

ʢʘʣʴʮʠʥʦʚʘʥʦʛʦ Zn/Al -ʐʇɻ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʨʠʩʫʪʥʽʭ ʫ ʚʦʜʽ, ʥʝ 

ʟʘʚʘʞʘʶʪʴ ʚʠʟʥʘʯʝʥʥʶ Cr(VI) ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ [174].  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʦʨʙʝʥʪ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ Cr(VI) ʫ ʧʨʠʨʦʜʥʽʡ ʚʦʜʽ, ʷʢʘ 

ʤʽʩʪʠʪʴ 1 ʤʢʛ/ʜʤ3 ʟʘʟʥʘʯʝʥʦʛʦ ʽʦʥʘ (ʤʘʩʘ ʩʦʨʙʝʥʪʫ 0,500 ʛ, ʦʙ'ʻʤ ʧʨʦʙʠ ʚʦʜʠ 

0,5 ʜʤ3, ʧʦʚʥʝ ʨʦʟʯʠʥʝʥʥʷ ʭʨʦʤʘʪʚʤʽʩʥʦʛʦ ʟʨʘʟʢʘ 0,1 ʤʦʣʴ/ʜʤ3 H2SO4 ʟʘʛʘʣʴʥʠʤ 

ʦʙ'ʻʤʦʤ 20 ʩʤ3), ʪʦʜʽ ʷʢ ʙʝʟ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʚʠʟʥʘʯʠʪʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʤ 

ʤʝʪʦʜʦʤ ʚʤʽʩʪ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʽʦʥʘ ʤʝʪʘʣʫ ʥʘ ʪʘʢʦʤʫ ʨʽʚʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʝ 

ʚʠʜʘʻʪʴʩʷ ʤʦʞʣʠʚʠʤ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ Cr(VI) ʟ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷʤ 

ʢʘʣʴʮʠʥʦʚʘʥʠʤ Zn/Al -ʐʇɻ ʩʧʽʚʩʪʘʚʠʤ̔ ʟ ʜʘʥʠʤʠ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘ     
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ICP-MS ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʚʚʝʜʝʥʥʷ Cr(VI) ʥʘ ʧʨʠʢʣʘʜʽ ʧʽʜʟʝʤʥʦʾ ʚʦʜʠ ʪʘ ʟ 

ʨ. ɼʝʩʥʘ.  

 

ʊʘʙʣʠʮ ̫4.5 - ʈʝʟʫʣʴʪʘʪʠ ʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ Cr(VI) ʫ ʤʦʜʝʣʴʥʽʡ 

ʪʘ ʧʨʠʨʦʜʥʽʡ ʚʦʜʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʜʦʙʘʚʦʢ (n*=5; ʈ*=0,95) 

ɿʨʘʟʢʠ ʚʦʜʠ 
ɺʚʝʜʝʥʦ ɿʥʘʡʜʝʥʦ 

ʆʙô̒ ʤ ʧʨʦʙʠ ʜʣʷ 

ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ Sr*  

ʤʢʛ/ʜʤ3 ʜʤ3 

ʤʦʜʝʣʴʥʘ 1,8 1,7±0,03 6,0 0,02 

ʤʦʜʝʣʴʥʘ 7,0 7,1±0,29 2,0 0,01 

ʤʦʜʝʣʴʥʘ 10,0 10,1±0,30 0,5 0,02 

ʧʜ̔ʟʝʤʥʘ - 1,8±0,11 5,0 0,05 

ʧʽʜʟʝʤʥʘ** - 1,93 ʙʝʟ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ  

ʚʦʜʦʧʨʦʚʽʜʥʘ 1,0 0,9±0,08 5,0 0,09 

ʚʦʜʦʧʨʦʚʽʜʥʘ 2,5 2,6±0,03 1,0 0,01 

ʨ. ɼʝʩʥʘ - 2,2±0,09 5 0,03 

ʨ. ɼʝʩʥʘ 1,0 3,2±0,15 5 0,04 

ʨ. ɼʝʩʥʘ** - 2,31 ʙʝʟ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ  

*n ï ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʣʝʣʴʥʠʭ ʚʠʟʥʘʯʝʥʴ, P ï ʩʪʘʪʠʩʪʠʯʥʘ ʽʤʦʚʽʨʥʽʩʪʴ, Sr ï 

ʚʽʜʥʦʩʥʝ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ. 

**ʈʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ ɯɿʇ-ʄʉ.  

 

4.2 ɺʠʣʫʯʝʥʥʷ ʭʨʦʤʫ (VI) ʙʘʨʦʤʝʤʙʨʘʥʥʠʤʠ ʤʝʪʦʜʘʤʠ  

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʠʭ ʨʝʘʛʝʥʪʽʚ, ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ 

ʬʣʦʢʫʣʷʥʪʽʚ (ʘʙʦ ʇɸʈ) ʚ ʋʌ-ʧʨʦʮʝʩʘʭ ʧʽʜʚʠʱʫʻ ʧʦʢʘʟʥʠʢʠ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ [227, 228]. ʄʝʪʦʜ ʂʋʋʌ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʚʠʣʫʯʝʥʥʷ 

ʢʘʪʽʦʥʥʠʭ ʬʦʨʤ ʤʝʪʘʣʽʚ [229, 230]. ʋ ʨʦʙʦʪʽ [230] ʜʦʩʣʽʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʠʭ ʨʝʯʦʚʠʥ ʜʣʷ 

ʚʠʣʫʯʝʥʥʷ ʪʘʢʦʞ ʽ ʥʝʦʨʛʘʥʽʯʥʠʭ ʘʥʽʦʥʥʠʭ ʬʦʨʤ ʽʟ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ. ɺʘʨʪʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʦʯʠʱʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʨʘʥʦʛʦ 

ʨʝʘʛʝʥʪʫ ʪʘ ʩʧʦʩʦʙʫ ʦʙʨʦʙʢʠ ʢʦʥʮʝʥʪʨʘʪʫ ʟ ʤʝʪʦʶ ʡʦʛʦ ʧʦʚʝʨʥʝʥʥʷ ʫ 

ʩʠʩʪʝʤʫ [230, 231]. 

ʋ ʨʦʙʦʪʘʭ [169, 232] ʧʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʤʝʨʥʦʛʦ 

ʨʝʘʛʝʥʪʫ ʢʘʪʽʦʥʥʦʾ ʧʨʠʨʦʜʠ ï ʇʈ650TR, ʪʘ ʇɽɯ ʜʣʷ ʋʌ-ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʚʽʜ ʘʥʽʦʥʥʠʭ ʬʦʨʤ ʉr(VI). 

 

4.2.1 ɺʧʣʠʚ ʇʈ650TR ʥʘ ʋʌ-ʚʠʣʫʯʝʥʥʷ ʭʨʦʤʫ (VI)  

 

ʅʘ ʨʠʩ. 4.9 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʋʌ-ʚʠʣʫʯʝʥʥʷ ʉr(VI) ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ 

ʧʨʠ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʇʈ650TR (0ï50 ʤʛ/ʜʤ3). ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʨʅ=5,5 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʨʠʤʫʚʘʥʥʷ Cr(VI) ʤʝʤʙʨʘʥʦʶ ʋʇʄ-20 

ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʇʈ650TR 30 ʤʛ/ʜʤ3. ʇʨʠ ʨʅ=7,5 ʢʦʝʬʽʮʽʻʥʪ 

ʟʘʪʨʠʤʫʚʘʥʥʷ Cr(VI) ʚʠʱʠʡ, ʥʽʞ ʧʨʠ ʨʅ=5,5, ʦʜʥʘʢ ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʤʝʥʰʫʻʪʴʩʷ 

ʚʽʜ 0,76 (ʫ ʚʽʜʩʫʪʥʦʩʪ̔ ʇʈ650TR) ʜʦ 0,55 (ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʇʈ650TR 50 ʤʛ/ʜʤ3). ʅʘ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ ʜʦʜʘʚʘʥʥʷ ʇʈ650TR ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ. ɺ ʦʙʦʭ 

ʚʠʧʘʜʢʘʭ (ʨʠʩ. 4.9, ʢʨʠʚʽ 2, 2') ʚʽʥ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʽʚʥʽ 17 ʤʢʤ/ʩ, ʪʦʙʪʦ, 

ʜʦʜʘʚʘʥʥʷ ʇʈ650TR ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʚʦʜʥʠʡ ʨʦʟʯʠʥ ʥʝ ʩʧʨʠʷʻ ʧʦʣʽʧʰʝʥʥʶ ʋʌ-

ʧʨʦʮʝʩʫ. 

ʅʘ ʨʠʩ. 4.10 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʅ ʥʘ 

ʚʠʣʫʯʝʥʥʷ Cr(V) ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʇʈ650TR 30 ʤʛ/ʜʤ3. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʪʨʠʤʫʚʘʥʥʷ Cr(VI) (0,65) ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʨʅ=7,0÷9,0. ɺʽʜʦʤʦ, ʱʦ 

ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ, ʟʘʣʝʞʥʦ ʚʽʜ ʨʅ, ʭʨʦʤ (VI) ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʨʽʟʥʠʭ 

ʘʥʽʦʥʽʚ (ʜʠʚ. ʨʠʩ. 4.2) [25, 220]. ɸʥʽʦʥʠ ʅʉrO4
- ʟʘʪʨʠʤʫʶʪʴʩʷ ʤʝʤʙʨʘʥʦʶ   

ʋʇʄ-20 ʫ å 2 ʨʘʟʠ ʛʽʨʰʝ, ʥʽʞ CrO4
2-.  
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1, 2 ï pH=5,5; 1', 2' ï ʨʅ=7,5  

ʈʠʩʫʥʦʢ 4.9 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʪʨʠʤʫʚʘʥʥʷ Cr(VI) ʤʝʤʙʨʘʥʦʶ 

ʋʇʄ-20 (1, 1') ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ (2, 2') ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʇʈ650TR  
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ʈʠʩʫʥʦʢ 4.10 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽ̒ ʥʪʘ ʟʘʪʨʠʤʫʚʘʥʥʷ Cr(VI) ʤʝʤʙʨʘʥʦʶ 

ʋʇʄ-20 (1) ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ (2) ʚʽʜ ʨʅ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʇʈ650TR 

30 ʤʛ/ʜʤ3 
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ʄʦʥʦʪʦʥʥʝ ʟʥʠʞʝʥʥʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ ʚʽʜ 18 ʜʦ 15 ʤʢʤ/ʩ ʫ 

ʧʨʦʮʝʩʽ ʋʌ-ʦʯʠʱʝʥʥʷ ʟʘʙʨʫʜʥʝʥʦʾ ʚʦʜʠ ʧʨʠ ʨʅ=4,0õ11,0 ʩʧʨʠʯʠʥʝʥʦ, 

ʡʤʦʚʽʨʥʦ, ʫʪʚʦʨʝʥʥʷʤ ʜʠʥʘʤʽʯʥʦʾ ʤʝʤʙʨʘʥʠ ʚʥʘʩʣʽʜʦʢ ʩʦʨʙʮʽʾ ʩʧʦʣʫʢ ʉr(VI) ʥʘ 

ʧʦʚʝʨʭʥʽ ʤʝʤʙʨʘʥʠ ʋʇʄ-20 ʪʘ, ʯʘʩʪʢʦʚʦ, ʚ ʾʾ ʧʦʨʘʭ, ʱʦ ʡ ʧʝʨʝʰʢʦʜʞʘʻ ʧʦʪʦʢʫ 

ʨʦʟʯʠʥʫ [233].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʜʘʚʘʥʥʷ ʫ ʜʦʩʣʽʜʞʫʚʘʥʫ ʩʠʩʪʝʤʫ ʢʘʪʽʦʥʥʦʛʦ ʇʈ650TR ʥʝ 

ʚʠʢʣʠʢʘʻ ʧʦʣʽʧʰʝʥʥʷ ʋʌ-ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ Cr(VI). ʎʝ ʦʙʫʤʦʚʣʝʥʦ 

ʪʠʤ, ʱʦ Cr(VI) ʥʝ ʫʪʚʦʨʶʻ ʩʪʽʡʢʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟ ʇʈ650TR. 

 

4.2.2 ɺʧʣʠʚ ʇɽɯ ʥʘ ʋʌ-ʚʠʣʫʯʝʥʥʷ ʭʨʦʤʫ (VI)  

 

ʇɽɯ10 ʪʘ ʇɽɯ60 ʨʦʟʛʘʣʫʞʝʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʠʢʣʠʢʘʶʪʴ ʩʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ 

ʩʪʫʧʝʥʷ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ Cr(VI) ʧʨʠ ʋʌ-ʧʨʦʮʝʩʽ (ʨʠʩ. 4.11, 4.12). ʍʨʦʤʘʪ-

ʘʥʽʦʥʠ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʘʩʦʮʽʘʪʠ ʟ ʯʝʪʚʝʨʪʠʥʥʠʤʠ ʘʤʽʥʦʛʨʫʧʘʤʠ ʇɽɯ ʟʘ 

ʨʘʭʫʥʦʢ ʩʠʣ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʦʩʦʙʣʠʚʦ ʚ ʦʙʣʘʩʪʽ ʨʅ=5,5ï8,0. 

ʌʦʪʦʤʝʪʨʠʯʥʦ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʤʽʮʥʽ ʢʦʤʧʣʝʢʩʠ ʭʨʦʤʘʪ-

ʘʥʦ̔ʥ̔ʚ ʟ ʇɽɯ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʨʅ=5,5 (ʨʠʩ. 4.13). ʂʦʝʬʽʮʽʻʥʪ 

ʟʘʪʨʠʤʫʚʘʥʥʷ Cr(VI) ʧʨʠ ʨʅ=6,0 ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ ï 

0,999. ʎʝ ʧʦʚô̫ ʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʧʨʠ ʨʅ=5,0ï6,0 ʘʤʽʥʦʛʨʫʧʠ ʧʦʣʽʤʝʨʥʦʛʦ ʣʘʥʮʶʛʘ 

ʇɽɯ ʧʨʦʪʦʥʦʚʘʥʽ (ʨʠʩ. 4.14 [232]), ʱʦ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʡʦʛʦ ʘʩʦʮʽʘʪʽʚ ʟ 

ʭʨʦʤʘʪ-ʘʥʽʦʥʦʤ [235]. ʋ ʟʥʘʯʥʦ ʢʠʩʣʽʡ ʦʙʣʘʩʪʽ ʨʅ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ 

ʫʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʧʨʦʪʦʥʦʚʘʥʠʭ ʛʨʫʧ ʇɽɯ, ʱʦ ʥʝ ʟʚô̫ ʟʫʁʪʩɹ ̫ʟ ʭʨʦʤʘʪ-ʘʥʽʦʥʘʤʠ 

ʥʘʣʝʞʥʦʶ ʤʽʨʦʶ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʟʚô̫ ʟʫʚʘʥʥʷ ʟ ʅ+-ʽʦʥʘʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʤʝʥʰʫʻʪʴʩʷ ʜʦʩʪʫʧʥʽʩʪʴ ʘʪʦʤʽʚ ʘʟʦʪʫ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʘʩʦʮʽʘʪʽʚ 

Cr(VI)ïʇɽɯ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʪʨʠʤʫʚʘʥʥʷ ʭʨʦʤʘʪ-ʘʥʽʦʥʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʇɽɯ10 ʜʝʱʦ ʙʽʣʴʰʽ, ʥʽʞ ʟ ʇɽɯ60. ʎʝ, ʡʤʦʚʽʨʥʦ, ʧʦʚô̫ ʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʄr ʇɽɯ10 

ʚʽʜʧʦʚʽʜʘʻ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʦʚʽʡ ʤʝʞʽ ʟʘʪʨʠʤʘʥʥʷ ʤʝʤʙʨʘʥʠ ʋʇʄ-20 

(~ 20 ʢɼʘ).  
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ʈʠʩʫʥʦʢ 4.11 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʪʨʠʤʫʚʘʥʥʷ Cr(VI) ʤʝʤʙʨʘʥʦʶ 

ʋʇʄ-20 (1) ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ (2) ʚʽʜ ʨʅ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

ʤʘʩʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʉ(ʇɽɯ10):ʉ(Cr(VI )), ʨ̔ʚʥʦʤʫ 20:1 
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ʈʠʩʫʥʦʢ 4.12 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʪʨʠʤʫʚʘʥʥʷ Cr(VI) ʤʝʤʙʨʘʥʦʶ 

ʋʇʄ-20 (1) ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ (2) ʚʽʜ ʨʅ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

ʤʘʩʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʉ(ʇɽɯ60):ʉ(Cr(VI )), ʨ̔ʚʥʦʤʫ 20:1 
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ʇɽɯ10 ʪʘ ʡʦʛʦ ʘʩʦʮʽʘʪʠ Cr(VI)ïʇɽɯ ʤʦʞʫʪʴ ʧʦʪʨʘʧʣʷʪʠ ʚ ʧʦʨʠ ʤʝʤʙʨʘʥʠ 

ʋʇʄ-20 ʪʘ ʯʘʩʪʢʦʚʦ ʧʝʨʝʢʨʠʚʘʪʠ ʾʭ, ʧʽʜʚʠʱʫʶʯʠ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ 

Cr(VI). ʊʘʢʦʞ ʧʦʣʽʧʰʝʥʥʶ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ 

ʤʝʤʙʨʘʥʠ ʟ ʇɽɯ ʪʘ ʘʩʦʮʽʘʪʽʚ Cr(VI)ïʇɽɯ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʤʙʨʘʥʠ 

ʋʇʄ-20. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥ ̔ʇɽɯ60 ʦʩʥʦʚʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʜʠʥʘʤʽʯʥʘ ʤʝʤʙʨʘʥʘ ʥʘ 

ʧʦʚʝʨʭʥʽ ʧʦʣʽʤʝʨʥʦʾ ʤʝʤʙʨʘʥʠ, ʦʩʢʽʣʴʢʠ ʘ ʥʽ ʨʝʘʛʝʥʪʠ, ʘ ʥʽ ʘʩʦʮʽʘʪʠ ʚ ʧʦʨʠ 

ʤʝʤʙʨʘʥʠ ʥʝ ʧʦʪʨʘʧʣʷʶʪ.ɹ ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʪʨʘʥʩʤʝʤʙʨʘʥʥʽ ʧʦʪʦʢʠ ʢʨʽʟʴ 

ʤʝʤʙʨʘʥʫ ʋʇʄ-20 ʜʝʱʦ ʙʽʣʴʰʽ ʜʣʷ ʇɽɯ60. 

 

0

0,1

0,2

0,3

0,4

0,5

0,6

3 5 7 9
pH

A (l=5 ʩʤ; ɚ=540 ʥʤ)

 

ʈʠʩʫʥʦʢ 4.13 ï ɺʧʣʠʚ ʨʅ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ Cr(VI) 

ʟ ʇɽɯ 

 

ɺʧʣʠʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʩʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʉ(ʇɽɯ):ʉ(Cr(VI )) ʥʘ ʧʨʦʮʝʩ 

ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ, ʚʽʜ Cr(VI ), ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.15, 4.16. ʅʘʡʚʠʱʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʪʨʠʤʫʚʘʥʥʷ Cr(VI) (0,997ï0,998) ʦʪʨʠʤʘʥʽ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʇɽɯ:Cr(VI ), ʨʽʚʥʠʭ 20:1, ʪʘ ʙʽʣʴʰʠʭ ʷʢ ʜʣʷ ʇɽɯ10, ʪʘʢ ʽ ʜʣʷ ʇɽɯ60. 

ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʧʦʚʥʝ ʟʚô̫ ʟʫʚʘʥʥʷ 

ʭʨʦʤʘʪ-ʘʥʽʦʥʽʚ ʟ ʇɽɯ. ʅʘʚʝʜʝʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʩʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʽʩʪʦʪʥʦ 

ʧʝʨʝʚʠʱʫʻ ʩʪʝʭʽʦʤʝʪʨʠʯʥʝ, ʱʦ ʧʦʚô̫ ʟʘʥʝ ʟ ʥʝʚʠʩʦʢʦʶ ʩʪʽʡʢʩ̔ʪʁ ʘʩʦʮʽʘʪʽʚ 

Cr(VI)ïʇɽɯ [236].  
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ʈʠʩʫʥʦʢ 4.14 ï ʈʦʟʧʦʜʽʣ ʬʦʨʤ ʇɽɯ ʨʦʟʛʘʣʫʞʝʥʦʾ ʩʪʨʫʢʪʫʨʠ (L) ʟʘʣʝʞʥʦ 

ʚʽʜ ʨʅ [232] 
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ʈʠʩʫʥʦʢ 4.15 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʪʨʠʤʫʚʘʥʥʷ Cr(VI) ʤʝʤʙʨʘʥʦʶ 

ʋʇʄ-20 (1) ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ (2) ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʩʦʚʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʉ(ʇɽɯ10):ʉ(Cr(VI )) ʧʨʠ ʨʅ=5,5 

 

ʇʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʤʘʩʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʇɽɯ:Cr(VI) > 20:1 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʚʠʩʦʢʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʪʨʠʤʫʚʘʥʥʷ Cr(VI), ʦʜʥʘʢ ʟʙʽʣʴʰʝʥʥʷ 
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ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʽʤʝʨʫ ʻ ʥʝʜʦʮʽʣʴʥʠʤ ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʥʷ 

ʚô̫ ʟʢʦʩʪ̔ ʨʦʟʯʠʥʽʚ. ʇʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ (ʚʽʜ 19,5 ʜʦ 

13 ʤʢʤ/ʩ ï ʜʣʷ ʇɽɯ10 ʪʘ ʚʽʜ 18 ʜʦ 14 ʤʢʤ/ʩ ï ʜʣʷ ʇɽɯ60), ʱʦ ʚʠʜʥʦ ʟ ʨʠʩ. 4.15, 

4.16, ʢʨʠʚʽ 2. 

ɹʽʣʴʰ ʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʇɽɯ10, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʇɽɯ60, ʩʧʨʠʯʠʥʝʥʦ, ʷʢ ʧʦʢʘʟʘʥʦ ʚʠʱʝ, ʷʢ ʤʦʞʣʠʚʠʤ 

ʧʦʪʨʘʧʣʷʥʥʷʤ ʇɽɯ10 ʪʘ ʡʦʛʦ ʘʩʦʮʽʘʪʽʚ ʟ Cr(VI) ʫ ʧʦʨʠ ʤʝʤʙʨʘʥʠ ʋʇʄ-20 ʪʘ 

ʯʘʩʪʢʦʚʠʤ ʾʭ ʧʝʨʝʢʨʠʚʘʥʥʷʤ, ʪʘʢ ʽ ʫʪʚʦʨʝʥʥʷʤ ʜʠʥʘʤʽʯʥʦʾ ʤʝʤʙʨʘʥʠ ʟ ʇɽɯ ʪʘ 

ʘʩʦʮʽʘʪʽʚ Cr(VI)ïʇɽɯ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʦʚʝʨʭʥʽ ʋʌ-ʤʝʤʙʨʘʥʠ.  
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ʈʠʩʫʥʦʢ 4.16 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʪʨʠʤʫʚʘʥʥʷ Cr(VI) ʤʝʤʙʨʘʥʦʶ 

ʋʇʄ-20 (1) ʪʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʦʢʫ (2) ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥ ̫ ʤʘʩʦʚʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʉ(ʇɽɯ60):ʉ(Cr(VI )) ʧʨʠ ʨʅ=5,5 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʄr ʇɽɯ ʧʨʘʢʪʠʯʥʦ 

ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ Cr(VI): ʫ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʇɽɯ10 

ʪʘ ʇɽɯ60 ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʤʘʩʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʇɽɯ:Cr(VI ), ʨʽʚʥʦʤʫ 20:1 ʪʘ 

ʚʠʱʝ, ʪʘ ʨʅ=5,0ï6,0 ʜʦʩʷʛʘʶʪʴʩʷ ʚʠʩʦʢʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʪʨʠʤʫʚʘʥʥʷ Cr(VI) ï 

0,998ï0,999. ɺʦʜʥʦʯʘʩ ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʧʦʪʽʢ ʜʝʦɦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʣʷ ʇɽɯ60. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʨʅ=5,0ï8,0 ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʟʘʪʨʠʤʫʚʘʥʥʷ ʭʨʦʤʘʪ-ʘʥʽʦʥʽʚ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʇɽɯ10, ʘ ʜʣʷ ʙʽʣʴʰ 

ʰʚʠʜʢʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʥʝ ʚʠʤʘʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʫʧʝʥʷ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ 

Cr(VI), ï ʇɽɯ60. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʘʣʴʮʠʥʦʚʘʥʽ ʧʨʠ 450 Áʉ Zn/Al -, Mg/Al  ʪʘ Mg/Fe-ʐʇɻ ʻ 

ʝʬʝʢʪʠʚʥʠʤʠ ʩʦʨʙʝʥʪʘʤʠ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʨʦʟʯʠʥʥʠʭ ʘʥʽʦʥʥʠʭ ʩʧʦʣʫʢ Cr(VI) ʟ 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚ ʢʠʩʣʽʡ ʪʘ ʩʣʘʙʦʢʠʩʣʽʡ ʦʙʣʘʩʪʷʭ ʨʅ. ɼʣʷ ʢʘʣʴʮʠʥʦʚʘʥʦʛʦ 

ʩʦʨʙʝʥʪʫ ʥʘ ʦʩʥʦʚʽ ʦʢʩʠʜʽʚ Zn(II) ʪʘ Al(III) ʭʘʨʘʢʪʝʨʥʽ ʙʽʣʴʰ ̔ʚʝʣʠʯʠʥʠ ʩʦʨʙʮʽ ʾ

ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʢʘʟʘʥʦʛʦ ʦ̔ʥʫ ʪʦʢʩʠʯʥʦʛʦ ʤʝʪʘʣʫ, ʥʽʞ ʜʣʷ ʩʦʨʙʝʥʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʦʢʩʠʜʽʚ Mg(II) ʪʘ Fe(III) ʽ Mg(II) ʪʘ Al (III),  ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʣʫʞʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʦʧʠʩʘʥʠʤʠ ʚ ʣʽʪʝʨʘʪʫʨʽ [237]. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʩʦʨʙʮʽʾ Cr(VI) ʥʘ ʪʝʨʤʦʦʙʨʦʙʣʝʥʠʭ 

ʬʦʨʤʘʭ ʐʇɻ ʻ ʽʦʥʥʠʡ ʦʙʤʽʥ ʫ ʤ̔ʞh ʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘ ʩʦʨʙʮʽʷ ʥʘ ʟʦʚʥʽʰʥʽʡ 

ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʩʦʨʙʮʽʡʥʝ ʚʠʣʫʯʝʥʥʷ Cr(VI) ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ 

ʢʘʣʴʮʠʥʦʚʘʥʦ ʁ ʬʦʨʤʦʶ Zn/Al -ʐʇɻ ʙʽʣʴʰʝ ʚʧʣʠʚʘʶʪʴ ʜʚʦʟʘʨʷʜʥʽ SO4
2--

ʘʥ̔ʦʥʠ, ʥʽʞ ʦʜʥʦʟʘʨʷʜʥʽ HCO3
-- ʽ NO3

--ʘʥʽʦʥʠ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʚʦʜʥʦʤʫ 

ʨʦʟʯʠʥʽ ʢʦʥʢʫʨʫʶʯʠʭ ʩʫʣʴʬʘʪ-ʽʦʥʽʚ 50 ʪʘ 100 ʤʛ/ʜʤ3 ʟʙʽʣʴʰʝʥʥʷ ʜʦʟʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʙʝʥʪʽʚ ʜʦ 3÷5 ʛ/ʜʤ3 ʟʘʙʝʟʧʝʯʫʻ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ 90÷96 %. 

ʉʝʨʝʜ ʚʠʚʯʝʥʠʭ ʨʝʘʛʝʥʪʽʚ ʜʣʷ ʜʝʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ Cr(VI) ʥʘʡʙʽʣʴʰ 

ʜʦʮʽʣʴʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 0,1 ʤʦʣʴ/ʜʤ3 ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ NaOH (ʩʪʫʧʽʥʴ ʜʝʩʦʨʙʮʽʾ 

ʩʪʘʥʦʚʠʪʴ 83,77 %), ʘ ʪʘʢʦʞ ʩʫʤʽʰʽ 0,1 ʤʦʣʴ/ʜʤ3 ʨʦʟʯʠʥʽʚ Na2CO3 ʽ NaOH ʧʨʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:1 (93,84 %). 

ɺʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʦʯʠʱʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʚʦʜʠ ʚ ʜʠʥʘʤʽʯʥʠʭ 

ʫʤʦʚʘʭ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʩʠʥʪʝʟʫ ʩʦʨʙʝʥʪʫ ʜʦʩʪʘʪʥʴʦ ʜʝʰʝʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ - 

ʩʦʣʝʡ ʮʠʥʢʫ ʽ ʘʣʶʤʽʥʽʶ, ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʧʨʦʮʝʩ ʦʯʠʱʝʥʥʷ (ʜʦʦʯʠʱʝʥʥʷ) 

ʧʨʠʨʦʜʥʠʭ ʚʦʜ ʫ ʚʝʣʠʢʠʭ ʦʙô̒ ʤʘʭ, ʘ ʪʘʢʦʞ ʢʦʥʮʝʥʪʨʫʚʘʪʠ Cr(VI) ʟ ʥʘʩʪʫʧʥʠʤ 

ʡʦʛʦ ʩʝʣʝʢʪʠʚʥʠʤ ʘʥʘʣʽʪʠʯʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʥʘ ʨʽʚʥʽ ɻɼʂ ʽ ʥʠʞʯʝ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʪʽʦʥʥʦʛʦ ʇʈ650TR ʥʝ ʚʠʢʣʠʢʘʻ ʩʫʪʪʻʚʦʛʦ 

ʧʦʣʽʧʰʝʥʥʷ ʋʌ-ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ Cr(VI): ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʪʨʠʤʫʚʘʥʥʷ Cr(VI) (0,65) ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʨʅ=7,0÷9,0. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʨʝʘʛʝʥʪʥʦ-ʧʽʜʩʠʣʝʥʦʾ ʋʌ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʇɽɯ10 ʪʘ 

ʇɽɯ60 ʜʣʷ ʚʠʣʫʯʝʥʥʷ Cr(VI) ʽʟ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʧʨʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʤʘʩʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʇɽɯ:Cr(VI) Ó 20:1 ʪʘ ʨʅ=5,0ï8,0: 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʪʨʠʤʫʚʘʥʥʷ Cr(VI) ʩʪʘʥʦʚʠʪʴ 0,999. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ ʉr(VI) ʋʌ-ʤʝʪʦʜʦʤ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʄr ʇɽɯ. 
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ʈʆɿɼɯʃ 5 

ɺʀʃʋʏɽʅʅʗ ɯʆʅɯɺ ɺɸɾʂʀʍ ʄɽʊɸʃɯɺ (ɯɯ) ɿ ɺʆɼʅʀʍ ʈʆɿʏʀʅɯɺ 

ʉʆʈɹʎɯʁʅʀʄ ʄɽʊʆɼʆʄ 

 

5.1 ʉʦʨʙʮʽʡʥʝ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ (ɯI) ʢʘʨʙʦʥʘʪʥʦʶ ʪʘ 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʥʦʶ ʬʦʨʤʘʤʠ Zn/Al-ʐʇɻ 

 

ɿʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʧʣʘʥʝʪʠ ʽʦʥʘʤʠ ʤʝʪʘʣʽʚ (ɯɯ), ʪʦʢʩʠʯʥʠʤʠ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʻ ʥʘʩʣʽʜʢʦʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ 

ʜʦʩʷʛʥʝʥʴ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ. ɿʘʙʨʫʜʥʶʶʯʽ ʢʦʤʧʦʥʝʥʪʠ ʯʝʨʝʟ ʾʭ ʟʥʘʯʥʫ 

ʨʦʟʯʠʥʥʽʩʪʴ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʜʘʪʥʽ ʜʦ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ ʙʽʦʘʢʫʤʫʣʷʮʽʾ ʪʘ 

ʙʽʦʤʘʛʥʽʬʽʢʘʮʽʽ [238]. ʊʦʤʫ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʻ 

ʚʠʣʫʯʝʥʥʷ ʮʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʪʦʢʩʠʢʘʥʪʽʚ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʥʠʤʠ 

ʧʦʚʝʨʭʥʝʚʠʭ ʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʪʘ ʟʥʠʞʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ. 

ʉʦʨʙʮʽʡʥʠʡ ʤʝʪʦʜ ʻ ʧʦʰʠʨʝʥʠʤ ʽ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤ, ʦʩʦʙʣʠʚʦ ʥʘ ʩʪʘʜʽʾ 

ʜʦʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ (ɯɯ). ʉʝʨʝʜ 

ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ 

ʚʽʜ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ, ʧʨʦʚʽʜʥʝ ʤʽʩʮʝ, ʟʘʚʜʷʢʠ ʚʝʣʠʢʽʡ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ, 

ʤʦʞʣʠʚʦʩʪʽ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʥʝʚʠʩʦʢʽʡ ʚʘʨʪʦʩʪʽ, 

ʟʘʡʤʘʶʪʴ ʥʝʦʨʛʘʥʽʯʥʽ ʐʇɻ. 

ʈʘʥʽʰʝ ʘʚʪʦʨʘʤʠ [135, 239] ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʩʦʨʙʝʥʪʠ ʥʘ ʦʩʥʦʚʽ                

Zn/Al-ʐʇɻ, ʽʥʪʝʨʢʘʣʴʦʚʘʥʽ ʘʥʽʦʥʘʤʠ ʝʪʠʣʝʥʜʽʘʤʽʥʪʝʪʨʘʦʮʪʦʚʦʾ ʪʘ 

ʜʠʝʪʠʣʝʥʪʨʠʘʤʽʥʧʝʥʪʘʦʮʪʦʚʦʾ ʢʠʩʣʦʪ ï ʢʦʤʧʣʝʢʩʦʥʽʚ, ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʉu(II), 

Ni(II), Co(II) ʪʘ Pb(II) ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ. 

ɺʽʜʦʤʦ [192, 194, 240], ʱʦ ʽʦʥʠ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ (ɯɯ), ʟʦʢʨʝʤʘ, Cu(II), 

Co(II), Cd(II), Ni(II), Pb(II), Zn(II) ʪʘ Mn(II), ʧʨʦʷʚʣʷʶʪʴ ʚʠʩʦʢʫ ʨʝʘʢʮʽʡʥʫ 

ʟʜʘʪʥʽʩʪʴ ʜʦ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ(II) -ʽʦʥʽʚ ʪʘ ʫʪʚʦʨʶʶʪʴ ʤʽʮʥʽ ʥʝʦʨʛʘʥʽʯʥʽ 

ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ ʫ ʚʠʛʣʷʜʽ ʤʘʣʦʨʦʟʯʠʥʥʠʭ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʽʚ. ʆʜʥʘʢ 

ʥʝʜʦʣʽʢʦʤ ʫʪʚʦʨʝʥʠʭ ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʠʭ ʦʩʘʜʽʚ, ʷʢ ʧʦʢʘʟʘʥʦ ʚʠʱʝ ʫ ʚʠʧʘʜʢʫ ʟ 
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ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʦʤ ʫʨʘʥʽʣʫ, ʻ ʾʭ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʧʝʧʪʠʟʘʮʽʾ [192]. ʊʦʤʫ ʩʪʚʦʨʝʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʣʷʭʦʤ ʽʤʤʦʙʽʣʽʟʘʮʽʾ [FeCN6]
4--ʽʦʥʽʚ ʥʘ 

ʨʽʟʥʠʭ ʤʘʪʨʠʮʷʭ ʻ ʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ. 

ʅʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʥʦʾ ʬʦʨʤʠ       

Zn/Al-ʐʇɻ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ Cu(II), Co(II), Cd(II), Ni(II), Pb(II), Zn(II) ʪʘ 

Mn(II) ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʘʨʙʦʥʘʪʥʦʶ [241, 242]. 

 

5.1.1 ɺʧʣʠʚ ʨʅ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʩʦʨʙʮʽʶ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ (ɯɯ) 

ʢʘʨʙʦʥʘʪʥʦʶ ʪʘ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʥʦʶ ʬʦʨʤʘʤʠ Zn/Al-ʐʇɻ 

 

ʅʘ ʨʠʩ. 5.1, 5.2 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʚʝʣʠʯʠʥ ʩʦʨʙʮʽʾ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ 

ʤʝʪʘʣʽʚ (ɯɯ) ʟ ʤʦʜʝʣʴʥʦʛʦ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʽʦʥʥʘ ʩʠʣʘ ʨʽʚʥʘ 0,01), ʟʨʘʟʢʘʤʠ 

Zn/Al-Cʆ3 (ʥʘ ʧʨʠʢʣʘʜʽ ʚʠʣʫʯʝʥʥʷ Cu(II), Pb(II) ʪʘ Co(II)) ʪʘ Zn/Al-FeCN ʚʽʜ ʨʅ. 

ʗʢ ʚʠʜʥʦ, ʩʦʨʙʮʽʷ ʚʢʘʟʘʥʠʭ ʪʦʢʩʠʢʘʥʪʽʚ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ              

ʧʦ-ʨʽʟʥʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʅ.  

ʇʨʘʢʪʠʯʥʦ ʧʦʚʥʝ ʚʠʣʫʯʝʥʥʷ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʥʦʶ ʬʦʨʤʦʶ Zn/Al-ʐʇɻ ʟ 

ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ Cu(II) ʚʞʝ ʧʨʠ ʨʅ0>2,8 (ʨʅʨʽʚʥ=6,2) ʪʘ ʜʣʷ 

Pb(II) ʧʨʠ ʨʅ0>3,5 (ʨʅʨʽʚʥ=6,9). ʄʘʢʩʠʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʩʦʨʙʮʽʾ ʽʥʰʠʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʽʦʥʽʚ ʜʚʦʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ ʥʘ Zn/Al-FeCN ʜʦʩʷʛʘʶʪʴʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ ʨʅ0=4,0õ6,0 (ʨʅʨʽʚʥ=7,2õ7,3). ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʚʢʘʟʘʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʨʅ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʟʥʘʯʥʘ ʩʦʨʙʮʽʷ Ni(II), Zn(II) ʪʘ Mn(II) ʟ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ Cu(II), Co(II), Cd(II) ʪʘ Pb(II). 

ɺ ʽʥʪʝʨʚʘʣʽ ʨʅ0=4,5÷6,0 (ʨʅʨʽʚʥ=6,3÷6,5) ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʫʧʽʥʴ ʩʦʨʙʮʽʾ 

Cu(II) ʥʘ ʟʨʘʟʢʫ Zn/Al-Cʆ3 ʩʪʘʥʦʚʠʪʴ 75 % (ʨʠʩ. 5.1). ɼʣʷ Pb(II) ʟʥʘʯʥʽ ʚʝʣʠʯʠʥʠ 

ʩʦʨʙʮʽʾ ʭʘʨʘʢʪʝʨʥʽ ʧʨʠ ʨʅ0>4,0 (ʨʅʨʽʚʥ=6,9) ʷʢ ʥʘ Zn/Al-Cʆ3, ʪʘʢ ʽ ʥʘ            

Zn/Al-FeCN. ɼʣʷ Co(II) ʚʝʣʠʯʠʥʠ ʩʦʨʙʮʽʾ ʽʩʪʦʪʥʦ ʥʠʞʯʽ ʥʘ ʢʘʨʙʦʥʘʪʥʽʡ ʬʦʨʤʽ 

Zn/Al-ʐʇɻ ʫʧʦʨʽʚʥʷʥʥʽ ʟ ʪʘʢʠʤʠ ʥʘ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʥʽʡ. 

ʋ ʢʠʩʣʽʡ ʪʘ ʥʝʡʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʷʭ ʨʅ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʜʦʩʣʽʜʞʫʚʘʥʽ ʽʦʥʠ 

ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ (ɯɯ), ʟʘ ʚʠʥʷʪʢʦʤ Pb(II), ʧʝʨʝʚʘʞʥʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʢʘʪʽʦʥʽʚ  ̔ʤʦʥʦʤʝʨʥʠʭ ʢʘʪʽʦʥʥʠʭ ʛʽʜʨʦʢʩʦʬʦʨʤ [1, 48, 135], ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 
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ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʬʦʨʤʘʤʠ ʟʥʘʭʦʜʞʝʥʥʷ ʟʘʟʘʥʘʯʝʥʠʭ ʽʦʥʽʚ ʤʝʪʘʣʽʚ (ɯɯ) (ʨʠʩ. 5.3, 

5.4).  

 

 

 

1, 2 - ʨʅ0, 3 - ʨʅʨʽʚʥ 

ʈʠʩʫʥʦʢ 5.1 - ɺʧʣʠʚ ʨʅ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʚʝʣʠʯʠʥʠ ʩʦʨʙʮʽʾ Cu(II) (a), 

Pb(II) (ʙ) ʪʘ  Co(II)  (ʚ)  ʥʘ  ʟʨʘʟʢʘʭ  Zn/Al-FeCN  (1, 3)   ʪʘ  Zn/Al-Cʆ3 (2) ʧʨʠ   

Vʨ-ʥʫ=50 ʩʤ
3, mʩʦʨʙ=0,100 ʛ, ʉ0

ʄʝ(ɯɯ) =1·10-4 ʤʦʣʴ/ʜʤ3, ɯ(NaCl)=0,01, tʩʦʨʙ=3 ʛʦʜ 
 



 119 

0

5

10

2 4 6 8
pH

1
2

a s, ʤʢʤʦʣʴ/ʛʘ

 

0

10

20

30

2 4 6 8pH

1

2

a s, ʤʢʤʦʣʴ/ʛ
ʙ

 

0

10

20

30

2 4 6 8
pH

1
2

a s, ʤʢʤʦʣʴ/ʛ
ʚ

 

0

5

10

15

2 4 6 8pH

1
2

a s, ʤʢʤʦʣʴ/ʛ
ʛ

 
ʈʠʩʫʥʦʢ 5.2 - ɺʧʣʠʚ ʨʅ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʚʝʣʠʯʠʥʠ ʩʦʨʙʮʽʾ Ni(II)  (ʘ), 

Cd(II) (ʙ), Zn(II) (ʚ) ʪʘ Mn(II) (ʛ) ʥʘ ʟʨʘʟʢʫ Zn/Al-FeCN ʧʨʠ Vʨ-ʥʫ=50 ʩʤ
3, 

mʩʦʨʙ=0,100 ʛ, ʉ0
ʄʝ(ɯɯ) =1·10-4 ʤʦʣʴ/ʜʤ3, ɯ(NaCl)=0,01, tʩʦʨʙ=3 ʛʦʜ 

 

ʁʤʦʚʽʨʥʦ, ʦʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʚʠʣʫʯʝʥʥʷ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʥʘ          

Zn/Al-FeCN ʻ ʫʪʚʦʨʝʥʥʷ ʾʭ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʟ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪ(II)-ʽʦʥʘʤʠ ʚ 

ʤʽʞʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʦʨʙʝʥʪʫ. ʅʘʧʨʠʢʣʘʜ, ʫ ʚʠʧʘʜʢʫ ʩʦʨʙʮʽʾ 

Cu(II) (ʧʨʠ ʾʾ ʚʠʭʽʜʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʨʦʟʯʠʥʽ 1·10-4 ʤʦʣʴ/ʜʤ3) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʤʽʥʘ ʟʘʙʘʨʚʣʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʩʦʨʙʝʥʪʫ ʟ ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ ʥʘ ʯʝʨʚʦʥʦ-ʙʫʨʠʡ, 

ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʫ ʤʽʜʽ (II), ʱʦ ʻ ʜʦʜʘʪʢʦʚʠʤ ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ 

ʧʨʦʮʝʩʫ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ. 
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ʈʠʩʫʥʦʢ 5.3 - ʌʦʨʤʠ ʟʥʘʭʦʜʞʝʥʥʷ Cu(II) (ʘ), Pb(II) (ʙ) ʪʘ Co(II) (ʚ) ʫ 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʧʨʠ ʉ0
ʄʝ(ɯɯ) =1·10-4 ʤʦʣʴ/ʜʤ3 

 

ɺʠʣʫʯʝʥʥʷ Pb(II) ʥʘ Zn/Al-FeCN, ʦʯʝʚʠʜʥʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢʦʞ ʟʘ 

ʨʘʭʫʥʦʢ ʦʩʘʜʞʝʥʥʷ Pb(OH)2 [243] (ʢʦʥʩʪʘʥʪʘ ʫʪʚʦʨʝʥʥʷ ʦʩʘʜʽʚ 

lgʂs=15,2 [1, 48]), ʚʠʢʣʠʢʘʥʦʛʦ ʟʤʽʱʝʥʥʷʤ ʨʅ0=2,8 ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʜʦ 

ʟʥʘʯʝʥʥʷ ʨʅʨʽʚʥ=6,2. ɻʽʜʨʦʢʩʠʜ ʩʚʠʥʮʶ (II), ʚʠʧʘʜʘʶʯʠ ʚ ʦʩʘʜ, ʟʛʽʜʥʦ 

ʜʘʥʠʭ [128, 244], ʤʦʞʝ ʦʩʘʜʞʫʚʘʪʠʩʴ ʷʢ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʦʾ ʬʘʟʠ ʥʘ ʧʦʚʝʨʭʥʽ 

ʩʦʨʙʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʘʢ ʽ ʩʪʘʚʘʪʠ ʯʘʩʪʠʥʦʶ ʩʪʨʫʢʪʫʨʠ ʐʇɻ ʟʘ ʤʝʭʘʥʽʟʤʦʤ 

ʟʘʤʽʱʝʥʥʷ.  
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ʈʠʩʫʥʦʢ 5.4 - ʌʦʨʤʠ ʟʥʘʭʦʜʞʝʥʥʷ Ni(II) (ʘ), Cd(II) (ʙ), Zn(II) (ʚ) ʪʘ 

Mn(II)  (ʛ) ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʧʨʠ ʉ0
ʄʝ(ɯɯ) =1·10-4 ʤʦʣʴ/ʜʤ3 

 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʜʣʷ Cu(II), Co(II), Ni(II), Cd(II), Zn(II) ʪʘ Mn(II) ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 10-4 ʤʦʣʴ/ʜʤ3 ʧʦʯʘʪʦʢ ʦʩʘʜʞʝʥʥʷ ʥʝʨʦʟʯʠʥʥʠʭ 

ʛʜ̔ʨʦʢʩʠʜʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʨʅå7,5÷8,0 (ʜʣʷ Cu(OH)2 ï lgʂs=14,7, ʉo(OH)2 ï 

lgʂs=14,8, Ni(OH)2 ï lgʂs=14,5, Cd(OH)2 ï lgʂs=14,61, Zn(OH)2 ï lgʂs=15,0 ʪʘ 

Mn(OH)2 ï lgʂs=12,9 [48]), ʪʦʤʫ ʧʦʚʥʦʛʦ ʾʭ ʛʽʜʨʦʣʽʟʫ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. ʎʝ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʬʦʨʤʘʤʠ ʟʥʘʭʦʜʞʝʥʥʷ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ 
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ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ (ʨʠʩ. 5.3, 5.4). ʊʦʤʫ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʫʪʚʦʨʝʥʥ ʁʛʽʜʨʦʢʩʠʜʽʚ 

ʤʝʪʘʣʽʚ ʪʘ ʚʠʧʘʜʘʥʥʷ ʾʭ ʚ ʦʩʘʜ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʚʝʣʠʯʠʥʽ ʨʅ0Ò6,0. 

ʂʨʽʤ ʪʦʛʦ, ʚʠʣʫʯʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʫ ʟʘʟʥʘʯʝʥʽʡ ʦʙʣʘʩʪʽ 

ʨʅ ʥʘ ʟʨʘʟʢʘʭ Zn/Al-FeCN ʪʘ Zn/Al-Cʆ3 ʚʽʜʙʫʚʘʻʪʴʩʷ, ʦʯʝʚʠʜʥʦ, ʚʥʘʩʣʽʜʦʢ 

ʟʚô̫ ʟʫʚʘʥʥʷ ʾʭ ʟ ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʙʨʫʩʠʪʦʧʦʜʽʙʥʠʭ ʰʘʨʽʚ, ʘ 

ʪʘʢʦʞ ʤʦʞʣʠʚʦʛʦ ʽʟʦʤʦʨʬʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʄʝ(II) ʥʘ Zn(II) ʫ ʩʪʨʫʢʪʫʨʽ         

Zn/Al- ʐʇɻ [128], ʦʩʦʙʣʠʚʦ ʜʣʷ Co(II), Ni(II) ʪʘ Cu(II), ʨʦʟʤʽʨʠ ʽʦʥʥʠʭ ʨʘʜʽʫʩʽʚ 

ʷʢʠʭ ʙʣʠʟʴʢʽ ʜʦ ʨʦʟʤʽʨʽʚ Zn(II) (rZn(II)=83 ʧʤ, rCo(II)=82 ʧʤ, rNi(II)=78 ʧʤ, 

rCu(II)=72 ʧʤ [245]). ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʘʚʪʦʨʽʚ [127] ʟʘʤʽʱʝʥʥʷ Zn(II) ʥʘ Pb(II) 

(rPb(II)=132 ʧʤ [245]) ʫ ʩʪʨʫʢʪʫʨʽ ʐʇɻ ʻ ʧʨʦʩʪʦʨʦʚʦ ʫʪʨʫʜʥʝʥʠʤ ʧʨʦʮʝʩʦʤ ʫ 

ʟʚ'ʷʟʢʫ ʟʽ ʟʥʘʯʥʦʶ ʚʝʣʠʯʠʥʦʶ ʡʦʛʦ ʽʦʥʥʦʛʦ ʨʘʜʽʫʩʘ. 

ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʦʨʙʦʚʘʥʠʭ ʥʘ Zn/Al-Cʆ3 ʽʦʥʽʚ Cu(II) ʪʘ Pb(II)  ʧʨʠ 

ʨʅʨʽʚʥ>6,0 ʦʙʫʤʦʚʣʝʥʦ, ʦʯʝʚʠʜʥʦ, ʪʘʢʦʞ ʦʩʘʜʞʝʥʥʷʤ ʾʭ ʫ ʚʠʛʣʷʜʽ 

ʛʽʜʨʦʢʩʦʢʘʨʙʦʥʘʪʽʚ (ʜʦʙʫʪʦʢ ʨʦʟʯʠʥʥʦʩʪʽ (ɼʈ) ʜʣʷ Cu2ʉO3(OH)2 ʩʪʘʥʦʚʠʪʴ 

7,8·10-34 ʪʘ Pb3(ʉO3)2(OH)2 ï ɼʈ=1,5·10-31 [246]), ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ 

[243] ʪʘ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʬʦʨʤʘʤʠ ʟʥʘʭʦʜʞʝʥʥʷ ʤʝʪʘʣʽʚ ʫ 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʢʘʨʙʦʥʘʪ-ʽʦʥʽʚ (ʨʠʩ. 5.5). ɼʣʷ Co(II) ʫʪʚʦʨʝʥʥʷ 

ʤʘʣʦʨʦʟʯʠʥʥʠʭ ʛʽʜʨʦʢʩʦʢʘʨʙʦʥʘʪʽʚ ʫ ʟʘʟʥʘʯʝʥʽʡ ʦʙʣʘʩʪʽ ʨʅ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʥʝ  

ʻ ʭʘʨʘʢʪʝʨʥʠʤ. 

ʅʘʷʚʥʽʩʪʴ ʫ ʩʢʣʘʜʽ Zn/Al-FeCN ʝʣʝʤʝʥʪʽʚ ʟ ʘʤʬʦʪʝʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ï 

Zn(II) ʪʘ Al(III), ʥʘʜʘʻ ʡʦʤʫ ʙʫʬʝʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʭʘʨʘʢʪʝʨʥʽ ʷʢ ʜʣʷ Zn/Al-Cʆ3, 

ʪʘʢ ʽ ʜʣʷ ʽʥʰʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ Zn/Al-ʐʇɻ [135, 239], ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʩʫʚ ʟʥʘʯʝʥʴ ʨʅʨʽʚʥ ʚ ʩʣʘʙʦʢʠʩʣʫ ʪʘ ʣʫʞʥʫ ʦʙʣʘʩʪʽ ʨʅ. 

 

5.1.2 ɺʧʣʠʚ ʪʨʠʚʘʣʦʩʪʽ ʩʦʨʙʮʽʾ ʥʘ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ (ɯɯ) 

ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʥʦʶ ʬʦʨʤʦʶ Zn/Al-ʐʇɻ 

 

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ 

ʨʽʚʥʦʚʘʛʠ, ʚʠʚʯʝʥʦ ʢʽʥʝʪʠʢʫ ʩʦʨʙʮʽʾ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʟ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ 

Zn/Al-FeCN ʧʨʦʪʷʛʦʤ 6 ʛʦʜ (ʨʠʩ. 5.6). 
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ʈʠʩʫʥʦʢ 5.5 - ʌʦʨʤʠ ʟʥʘʭʦʜʞʝʥʥʷ Cu(II) (ʘ), Pb(II) (ʙ) ʪʘ Co(II) (ʚ) ʫ 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʘʨʙʦʥʘʪ-ʽʦʥʽʚ (L) ʧʨʠ ʉ0
ʄʝ(ɯɯ) =1·10-4 ʤʦʣʴ/ʜʤ3, 

ʉ0
L =1·10-3 ʤʦʣʴ/ʜʤ3 

 

ʗʢ ʚʠʜʥʦ, ʚʝʣʠʯʠʥʠ ʩʦʨʙʮʽʾ ʨʽʟʢʦ ʟʨʦʩʪʘʶʪʴ ʜʣʷ Cu(II) ʚʞʝ ʯʝʨʝʟ 5 ʭʚ. ʪʘ 

ʜʦʩʷʛʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ, ʱʦ ʩʚʽʜʯʠʪʴ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʧʨʦ ʚʠʩʦʢʫ 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʩʦʨʙʝʥʪʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʢʘʟʘʥʦʛʦ ʪʦʢʩʠʢʘʥʪʫ. 

ɺʝʣʠʯʠʥʠ ʩʦʨʙʮʽʾ ʽʥʰʠʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ (ɯɯ) ʪʝʞ ʨʽʟʢʦ 

ʟʙʽʣʴʰʫʶʪʴʩʷ ʚ ʧʝʨʰʽ 15 ʭʚ, ʥʘʜʘʣʽ ʧʦʩʪʫʧʦʚʦ ʧʽʜʚʠʱʫʶʪʴʩʷ.  
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1 ï Cu(ɯɯ), 2 ïPb(ɯɯ), 3 ï Cd(II), 4 ï Co(II), 5 ï Ni(II)  

ʈʠʩʫʥʦʢ 5.6 - ɺʧʣʠʚ ʪʨʠʚʘʣʦʩʪʽ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ (ɯɯ) ʟ̔ 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʟʨʘʟʢʦʤ Zn/Al-FeCN ʥʘ ʚʝʣʠʯʠʥʠ ʩʦʨʙʮʽʾ ʧʨʠ ʨʅ0=4,0,              

ʉ0
ʄʝ(ɯɯ)=1·10-4 ʤʦʣʴ/ʜʤ3,Vʨ-ʥʫ=50 ʩʤ3, mʩʦʨʙ=0,100 ʛ, ɯ=0,01 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʤʝʪʘʣʽʚ ï Cu(ɯɯ), Pb(ɯɯ), Cd(II), Co(II)  ̔

Ni(II ), ʧʨʦʪʷʛʦʤ 3 ʛʦʜ ʩʦʨʙʮʽ ʾʟ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ Zn/Al-FeCN ʜʦʩʷʛʘʻʪʴʩʷ 

ʩʦʨʙʮʽʡʥʘ ʨʽʚʥʦʚʘʛʘ.  

 

5.1.3 ʂʽʥʝʪʠʢʘ ʩʦʨʙʮʽʾ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ (ɯɯ) ʛʝʢʩʘʮʽʘʥʦʬʝʨʘʪʥʦʶ 

ʬʦʨʤʦʶ  Zn/Al-ʐʇɻ 

 

ʅʘ ʨʠʩ. 5.7 ʥʘʚʝʜʝʥʦ ʤʦʜʝʣʽ ʢʽʥʝʪʠʢʠ ʩʦʨʙʮʽʾ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ (ɯɯ) 

ʥʘ Zn/Al-FeCN ʧʩʝʚʜʦʧʝʨʰʦʛʦ (ʘ) ʪʘ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ (ʙ). ʗʢ ʚʠʜʥʦ ʟ 

ʨʠʩ. 5.7ʘ, ʤʦʜʝʣʴ ʢʽʥʝʪʠʢʠ ʧʩʝʚʜʦʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʙʨʝ ʦʧʠʩʫʻ 

ʢʽʥʝʪʠʢʫ ʩʦʨʙʮʽʾ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ (ɯɯ) ʥʘ ʟʨʘʟʢʫ Zn/Al-FeCN, ʧʨʦ ʱʦ 

ʩʚʽʜʯʘʪʴ ʧʦʨʽʚʥʷʥʦ ʥʝʚʠʩʦʢʽ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ, ʦʪʨʠʤʘʥʽ ʧʨʠ ʦʙʨʦʙʮʽ 

ʢʽʥʝʪʠʯʥʠʭ ʢʨʠʚʠʭ ʫ ʢʦʦʨʜʠʥʘʪʘʭ log(apïat) ï t: 0,9216 ʜʣʷ Cu(II), 0,9118 ʜʣʷ 

Pb(II), 0,8457 ʜʣʷ Co(II) (ʪʘʙʣ. 5.1).  


