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ɸʅʆʊɸʎɯʗ 

ɻʦʨʜʘ ʈ.ɺ. ʉʦʨʙʮʽʷ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʩʠʣʽʢʘʛʝʣʶ ʪʘ 

ʬʽʪʦʩʦʨʙʝʥʪʽʚ ʟ ʧʨʠʱʝʧʣʝʥʠʤʠ ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ 

ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʭʽʤʽʯʥʠʭ ʥʘʫʢ 

(ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ) ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 02.00.11 ï ʢʦʣʦʾʜʥʘ ʭʽʤʽʷ (102 ī ʍʽʤʽʷ). ï 

ɯʥʩʪʠʪʫʪ ʙʽʦʢʦʣʦʾʜʥʦʾ ʭʽʤʽʾ ʽʤ. ʌ.ɼ. ʆʚʯʘʨʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2018. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʥʦʚʠʭ 

ʩʦʨʙʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʠʣʽʢʘʛʝʣʶ, ʢʨʠʩʪʘʣʽʯʥʦʾ ʮʝʣʶʣʦʟʠ ʪʘ ʪʠʨʩʠ ʰʣʷʭʦʤ 

ʭʽʤʽʯʥʦʛʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʟ ʦʜʝʨʞʘʥʥʷʤ ʧʨʠʱʝʧʣʝʥʠʭ ʜʦ ʾʭ ʧʦʚʝʨʭʥʽ 

ʪʽʦʩʝʯʦʚʠʥʥʠʭ ʛʨʫʧ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʦʥʦʤʽʯʥʦ ʧʨʠʡʥʷʪʥʠʭ ʽ ʝʢʦʣʦʛʽʯʥʦ 

ʙʝʟʧʝʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʾʭ ʦʪʨʠʤʘʥʥʷ; ʚʩʪʘʥʦʚʣʝʥʥʶ ʢʦʣʦʾʜʥʦ-ʭʽʤʽʯʥʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʩʦʨʙʮʽʾ ʙʣʘʛʦʨʦʜʥʠʭ ʪʘ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʽʟ ʤʦʜʝʣʴʥʠʭ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʯʠʥʽʚ; ʨʦʟʨʦʙʮʽ ʩʧʦʩʦʙʽʚ ʚʠʣʫʯʝʥʥʷ ʟ ʥʠʭ ʙʣʘʛʦʨʦʜʥʠʭ 

ʤʝʪʘʣʽʚ (ɹʄ) ʪʘ ʤʝʪʦʜʠʢ ʾʭ ʚʠʟʥʘʯʝʥʥʷ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʦʪʨʠʤʘʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʧʝʨʰʝ ʥʘ ʧʽʜʩʪʘʚʽ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʣʦʾʜʥʦ-ʭʽʤʽʯʥʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʩʦʨʙʮʽʾ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ 

ʜʦʮʽʣʴʥʽʩʪʴ ʪʘ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʪʦʩʦʨʙʝʥʪʽʚ ʜʣʷ ʚʠʣʫʯʝʥʥʷ 

ɹʄ.  

ʉʫʯʘʩʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʚʯʝʥʦ 

ʧʦʚʝʨʭʥʶ ʩʦʨʙʝʥʪʽʚ (ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ, ʜʝʨʠʚʘʪʦʛʨʘʬʽʷ, ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ, 

ʩʢʘʥʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ, ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʩʦʨʙʮʽʷ-ʜʝʩʦʨʙʮʽʷ 

ʘʟʦʪʫ) ʪʘ ʟʘ ʾʭ ʜʦʧʦʤʦʛʦʶ ʧʽʜʪʚʝʨʜʞʝʥʦ ʭʽʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ ʤʦʣʝʢʫʣʠ 

ʪʽʦʩʝʯʦʚʠʥʠ ʟ ʧʦʚʝʨʭʥʝʚʠʤʠ ʛʨʫʧʘʤʠ ʥʦʩʽʷ, ʚʠʟʥʘʯʝʥʦ ʧʠʪʦʤʫ ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ 

ʪʘ ʧʦʨʠʩʪʽʩʪʴ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ ʤʝʭʘʥʽʟʤʠ ʩʦʨʙʮʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ. 

ɺʠʚʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʩʦʨʙʮʽʾ ɹʄ ʥʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʩʦʨʙʝʥʪʘʭ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʩʽ ɹʄ ʢʽʣʴʢʽʩʥʦ (ʥʘ 99 %) ʚʠʣʫʯʘʶʪʴʩʷ ʚ ʢʠʩʣʽʡ ʦʙʣʘʩʪʽ. ʏʘʩ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ ʥʘ ʩʠʣʽʢʘʛʝʣʽ, ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʦʤʫ 
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ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ (ʊʉʉ) ʩʢʣʘʜʘʻ 15 ʭʚ, ʪʦʜʽ ʷʢ, ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʮʝʣʶʣʦʟʠ (ʂʎʊ) ʪʘ ʪʠʨʩʠ (ʬʽʪʦʩʦʨʙʝʥʪ), ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʪʽʦʩʝʯʦʚʠʥʦʶ, 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʯʘʩʽ ʩʦʨʙʮʽʾ 24 ʛʦʜ. ʇʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʩʦʨʙʮʽʷ ʧʨʦʭʦʜʠʪʴ ʟʘ 1 ʛʦʜ. 

ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʂʎʊ, ʜʣʷ ʚʠʣʫʯʝʥʥʷ ɹʄ ʟ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʯʠʥʽʚ ʫ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʂʎʊ ̒ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʩʦʨʙʝʥʪʦʤ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ɹʄ, ʧʨʦʪʝ, ʪʦʡ ʬʘʢʪ, ʱʦ ʯʘʩ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ ʻ ʚʠʩʦʢʠʤ, ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʤʝʪʘʣʽʚ ʫ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʝʨʝʭʽʜʥʽ ʤʝʪʘʣʠ ʚʠʣʫʯʘʶʪʴʩʷ ʥʘ ʜʦʩʣʽʜʞʝʥʠʭ 

ʩʦʨʙʝʥʪʘʭ ʚ ʦʙʣʘʩʪʽ ʨʅ = 1 ʽ ʚʠʱʝ, ʚ ʪʦʡ ʯʘʩ, ʷʢ ɹʄ ʩʦʨʙʫʶʪʴʩʷ ʢʽʣʴʢʽʩʥʦ ʚ 

ʢʠʩʣʠʭ ʨʦʟʯʠʥʘʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʩʝʣʝʢʪʠʚʥʫ ʩʦʨʙʮʽʶ ɹʄ. ʂʽʣʴʢʽʩʥʘ 

ʩʦʨʙʮʽʷ Hg(ɯɯ) ʧʨʦʭʦʜʠʪʴ ʧʨʠ ʨʅ 3 ʽ ʚʠʱʝ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʜʽʣʠʪʠ ʾʾ ʚʽʜ ɹʄ. 

ʆʧʠʩʘʥʦ ʢʽʥʝʪʠʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʩʦʨʙʮʽʾ ɹʄ ʥʘ ʧʦʚʝʨʭʥʽ ʬʽʪʦʩʦʨʙʝʥʪʫ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʢʽʥʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ: ʧʩʝʚʜʦʧʝʨʰʦʛʦ ʪʘ ʧʩʝʚʜʦʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʢʽʥʝʪʠʯʥʽ ʜʘʥʽ ʥʘʡʢʨʘʱʝ 

ʦʧʠʩʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʟ ʜʝʷʢʠʤ ʚʢʣʘʜʦʤ 

ʤʦʜʝʣʽ ʧʩʝʚʜʦʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʚ ʦʙʣʘʩʪʽ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʟʫʤʦʚʣʝʥʦ ʚʢʣʘʜʦʤ ʚʥʫʪʨʽʰʥʴʦʾ ʜʠʬʫʟʽʾ.  

ɯʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ ɹʄ ʥʘ ʧʦʚʝʨʭʥʽ ʬʽʪʦʩʦʨʙʝʥʪʫ ʦʙʨʦʙʣʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʜʩʦʨʙʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʃʝʥʛʤʶʨʘ ʪʘ ʌʨʝʡʥʜʣʽʭʘ. ʇʦʢʘʟʘʥʦ, ʱʦ ʤʦʜʝʣʴ 

ʃʝʥʛʤʶʨʘ ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʻ ʦʪʨʠʤʘʥʽ ʢʨʠʚʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʦʜʥʦʨʽʜʥʽʩʪʴ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʮʝʥʪʨʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʩʦʨʙʝʥʪʫ ʪʘ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʩʦʨʙʘʪ-ʩʦʨʙʝʥʪ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʚʣʘʩʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʊʉʉ, ʪʘ ʟʜʘʪʥʽʩʪʴ Pd(ɯɯ), Rh(ɯɯɯ) ʪʘ 

Ru(IV) ʫʪʚʦʨʶʚʘʪʠ ʟʘʙʘʨʚʣʝʥʽ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ ʟ ʤʦʣʝʢʫʣʘʤʠ ʪʽʦʩʝʯʦʚʠʥʠ 

ʜʦʟʚʦʣʠʣʠ ʨʦʟʨʦʙʠʪʠ ʩʦʨʙʮʽʡʥʦ-ʢʦʣʴʦʨʦʤʝʪʨʠʯʥʫ ʪʘ ʪʝʩʪ- ʤʝʪʦʜʠʢʠ 

ʚʠʟʥʘʯʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʤʝʪʘʣʽʚ. ɸʥʘʣʦʛʽʯʥʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʦʙʣʝʥʦ ʽ ʜʣʷ Hg(ɯɯ) 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʾʾ ʟʘʙʘʨʚʣʝʥʠʡ ʢʦʤʧʣʝʢʩ ʟ ʪʽʦʢʝʪʦʥʦʤ ʄʽʭʣʝʨʘ ʥʘ ʧʦʚʝʨʭʥʽ 

ʊʉʉ. 
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ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʦʙʠ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ɹʄ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʽʪʦʩʦʨʙʝʥʪʫ: 

ʰʣʷʭʦʤ ʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ ʟ ʦʪʨʠʤʘʥʥʷʤ ʚʠʩʦʢʦʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʜʝʩʦʨʙʘʪʫ ʘʙʦ 

ʰʣʷʭʦʤ ʦʟʦʣʶʚʘʥʥʷ ʩʦʨʙʝʥʪʫ ʟ ʘʜʩʦʨʙʦʚʘʥʠʤ ʤʝʪʘʣʦʤ ʟ ʥʘʩʪʫʧʥʠʤ 

ʦʪʨʠʤʘʥʥʷʤ ʚʽʜʥʦʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʫ ʚʠʛʣʷʜʽ ʧʦʨʦʰʢʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʦʨʙʮʽʷ, ʙʣʘʛʦʨʦʜʥʽ ʪʘ ʧʝʨʝʭʽʜʥʽ ʤʝʪʘʣʠ, ʩʦʨʙʝʥʪʠ ʟ 

ʧʨʠʱʝʧʣʝʥʠʤʠ ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ, ʢʽʥʝʪʠʢʘ ʩʦʨʙʮʽʾ, ʽʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ, 

ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʚʠʣʫʯʝʥʥʷ. 

ABSTRACT 

Horda R.V. Sorption of noble metals on the surface of silica gel and 

phytosorbents with grafted thiourea groups.ī Qualifying scientific work on the rights 

of manuscripts.  

Thesis for the degree of a candidate of chemical sciences (doctor of 

philosophy) in specialty 02.00.11 ī colloidal chemistry (102 ī Chemistry). ī  

F.D. Ovcharenko Institute of Biocolloidal Chemistry National Academy of Sciences 

of Ukraine, Kyiv, 2018. 

The dissertation is devoted to the development of methods for the synthesis of 

new sorbents based on silica gel, crystalline cellulose and pine (Pinus sylvestris) 

sawdus by chemical modification with the obtaining of thiourea groups that have 

been grafted to their surface using economically acceptable and environmentally safe 

technologies for their obtaining; colloid-chemical laws establishment of noble and 

transition metals sorption from model and technological solutions; determination 

methods elaboration of noble metals (NM) from them and their determination 

methods based on the use of obtained sorption materials. 

For the first time, based on systematic study of sorption colloid chemical 

patterns, the feasibility and high efficiency of phytosorbents use for the NM 

extraction have been scientifically substantiated and experimentally proved. 

Sorbents surface has been studied by modern experimental research methods 

(IR spectroscopy, derivatization, thermal analysis, scanning electron microscopy, low 

temperature sorption-desorption of nitrogen) and their chemical interaction 
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characteristics of the thiourea molecule with the surface groups of the carrier, the area 

of specific surface area and porosity were determined. Obtained data allowed 

establishing mechanisms of sorption processes. 

Optimum conditions of NM sorption on the proposed sorbents are studied. It is 

established that all NM are quantitatively (99%) removed in the acidic area. The time 

for the determination of sorption equilibrium on silica gel, chemically modified by 

thiourea groups (ThS) is 15 minutes, whereas on the surface of crystalline cellulose 

(CCTh) and pine sawdus (phytosorbent) chemically modified with thiourea, the 

maximum degree of extraction is achieved with a sorption time of 24 hours. When 

heated, sorption takes 1 hour. 

The possibility of using CCTh for the NM removal from technological 

solutions in a dynamic mode is considered. It is shown that CCTh is a promising 

sorbent for the NM removal, however, the fact that the time of sorption equilibrium 

establishing is high, limits the possibility of its industrial using for the extraction of 

metals in a dynamic regime. 

It has been established that transition metals are extracted on the investigated 

sorbents in the pH range = 1 and higher, while NM are quantitatively extracted in 

acid solutions. This allows for selective NM sorption. The quantitative sorption of 

Hg(II) passes at pH 3 and above, which allows it to be separated from NM. 

The kinetic patterns of NM sorption on the surface of the phytosorbent are 

described using two kinetic models: pseudo-first and pseudo-second order. It is 

established that experimental kinetic data are best described using a pseudo-second 

order model with some contribution of the pseudo-first order model in the area of 

high concentrations, which may be due to the contribution of internal diffusion. 

Isotherms of NM sorption on the surface of the phytosorbent have been treated 

using adsorption models of Langmuir and Freundlich. It is shown that the Langmuir 

model best describes the obtained curves, which shows the homogeneity of energy 

centers on the sorbent surface and interaction between sorbate and sorbent. 

The lack of the own color ThS, and the ability of Pd(II), Rh(III) and Ru(IV) to 

form colored complex compounds with thiourea molecules allowed to develop 
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sorption-colorimetric and test methods for the determination of these metals. Similar 

techniques have been developed for Hg(II) using its colored complex with Michlera`s 

thioketone on the surface of the ThS. 

The methods of NM concentrating on the phytosorbent are proposed: by 

sorption-desorption to obtain a highly concentrated desorbate or by calcination of a 

sorbent with adsorbed metal, followed by the production of a reduced metal in the 

form of a powder. 

Key words: sorption, noble and transition metals, sorbents with grafted 

thiourea groups, sorption kinetics, sorption isotherms, methods for determination and 

extraction. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

 

ɹʄ ī ʙʣʘʛʦʨʦʜʥʽ ʤʝʪʘʣʠ  

ʊʉʉ ī ʩʠʣʽʢʘʛʝʣʴ, ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ 

ʂʎʊ ī ʢʨʠʩʪʘʣʽʯʥʘ ʮʝʣʶʣʦʟʘ, ʤʦʜʠʬʽʢʦʚʘʥʘ ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ 

ʍʄʂ ī ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʢʨʝʤʥʝʟʝʤ 

ʍʄʉ ï ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʩʠʣʽʢʘʛʝʣʴ 

ʄʇʉ ī ʩʠʣʽʢʘʛʝʣʴ, ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʨʢʘʧʪʦʧʨʦʧʽʣʴʥʠʤʠ ʛʨʫʧʘʤʠ 

ɻɼʂ ī ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ɹʇʊʉ ī ʩʠʣʽʢʘʛʝʣʴ, ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʙʝʥʟʦʾʣʧʨʦʧʽʣʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ 

ʌʇʊʉ ī ʩʠʣʽʢʘʛʝʣʴ, ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʬʝʥʽʣʧʨʦʧʽʣʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ 

ɸʇʊʉ ī ʩʠʣʽʢʘʛʝʣʴ, ʤʦʜʠʬʽʢʦʚʘʥʠʡ N-ʘʣʽʣ-N-ʧʨʦʧʽʣʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ 

ʌʈʃ ī ʨʠʩʦʚʝ ʣʫʰʧʠʥʥʷ ʟ ʟʘʢʨʽʧʣʝʥʠʤʠ ʬʦʩʬʘʪʥʠʤʠ ʛʨʫʧʘʤʠ 

ʂʄʍ ī ʢʘʨʙʦʢʩʠʤʝʪʠʣʭʽʪʦʟʘʥ 

ʊʉʉʆʢ ī ʩʠʣʽʢʘʛʝʣʴ, ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ ʦʢʠʩʥʝʥʠʡ 

ʉɼɺ ī ʩʧʝʢʪʨʠ ʜʠʬʫʟʥʦʛʦ ʚʽʜʙʠʪʪʷ 

ɽʇʈ ī ʝʣʝʢʪʨʦʥʥʦ- ʧʘʨʘʤʘʛʥʽʪʥʠʡ ʨʝʟʦʥʘʥʩ 

DTA ī ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʜʝʨʞʘʥʥʷ ʪʘ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ 

ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ ʚʩʝ ʙʽʣʴʰʝ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʾʭ ʚʠʣʫʯʝʥʥʷ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʦʟʯʠʥʽʚ, ʚ ʷʢʠʭ ɹʄ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʥʘ ʬʦʥʽ ʚʠʩʦʢʦʛʦ 

ʚʤʽʩʪʫ ʩʫʧʫʪʥʽʭ ʝʣʝʤʝʥʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʮʠʭ ʮʽʣʝʡ ʝʢʩʪʨʘʢʮʽʡʥʠʭ ʤʝʪʦʜʽʚ, 

ʯʠ ʚʽʜʥʦʚʣʝʥʥʷ ʾʭ ʟ ʥʘʩʪʫʧʥʠʤ ʦʩʘʜʞʝʥʥʷʤ ʘʙʦ ʝʣʝʢʪʨʦʣʽʟʦʤ, ʻ ʥʝ 

ʨʝʥʪʘʙʝʣʴʥʠʤ ʽ ʯʘʩʪʦ ʚʟʘʛʘʣʽ ʥʝ ʤʦʞʣʠʚʠʤ. ɹʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤ ʚʠʨʽʰʝʥʥʷʤ ʮʽʻʾ 

ʟʘʜʘʯʽ ʻ ʩʦʨʙʮʽʡʥʝ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʩʧʦʣʫʢ ɹʄ ʥʘ ʧʦʚʝʨʭʥʽ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʦʩʽʾʚ, 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʠʤʠ ʩʧʦʣʫʢʘʤʠ.  

ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʧʨʠʩʚʷʯʝʥʘ ʚʠʚʯʝʥʥʶ ʩʦʨʙʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʣʽʢʘʛʝʣʽʚ, ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʦʭʽʜʥʠʤʠ ʪʽʦʩʝʯʦʚʠʥʠ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʦʣʦʪʘ ʪʘ ʧʣʘʪʠʥʦʾʜʽʚ. ɿʘʟʥʘʯʝʥʽ ʤʘʪʝʨʽʘʣʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʚʠʩʦʢʦʶ ʩʝʣʝʢʪʠʚʥʽʩʪʶ ʪʘ ʰʚʠʜʢʽʩʪʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ, 

ʤʦʞʣʠʚʽʩʪʶ ʜʝʩʦʨʙʮʽʾ ʤʝʪʘʣʫ ʟ ʧʦʚʝʨʭʥʽ ʯʠ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʡʦʛʦ ʚʠʟʥʘʯʝʥʥʷʤ ʥʘ 

ʧʦʚʝʨʭʥʽ ʩʦʨʙʝʥʪʫ. ʇʨʦʪʝ ʩʠʥʪʝʟ ʙʽʣʴʰʦʩʪʽ ʪʘʢʠʭ ʩʦʨʙʝʥʪʽʚ ʻ ʢʦʰʪʦʚʥʠʤ, 

ʜʦʚʛʦʪʨʠʚʘʣʠʤ ʽ ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʢʩʠʯʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ. 

ʊʘʢʽ ʩʦʨʙʝʥʪʠ ʚʠʷʚʣʷʶʪʴ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʱʦ ʜʦ ʚʠʣʫʯʝʥʥʷ ɹʄ, ʘʣʝ ʯʝʨʝʟ ʚʠʩʦʢʫ 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʪʘ ʥʠʟʴʢʫ ʩʦʨʙʮʽʡʥʫ ʻʤʥʽʩʪʴ ʟʥʘʡʰʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʠʰʝ ʚ 

ʘʥʘʣʽʪʠʯʥʽʡ ʭʽʤʽʾ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʩʪʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʷʢ ʩʦʨʙʝʥʪʽʚ 

ʤʘʪʝʨʽʘʣʽʚ ʙʽʦʢʦʣʦʾʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʟʦʢʨʝʤʘ, ʘʢʪʠʚʥʦʛʦ ʚʫʛʽʣʣʷ, ʭʽʪʠʥʫ ʪʘ ʽʥ., 

ʷʢʽ ʻ ʜʦʩʪʫʧʥʠʤʠ, ʜʝʰʝʚʠʤʠ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʤʠ. ʇʨʦʪʝ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʦʙʤʝʞʝʥʝ ʽ ʤʦʞʝ ʙʫʪʠ ʩʫʪʪʻʚʦ ʟʤʽʥʝʥʝ ʚʥʘʩʣʽʜʦʢ ʭʽʤʽʯʥʦʛʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

ʦʨʛʘʥʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ, ʷʢʽ ʨʦʟʰʠʨʶʶʪʴ ʾʭ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘ 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʽ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʜʝʨʞʘʥʥʶ ʪʘ 

ʚʠʚʯʝʥʥʶ ʩʦʨʙʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʦʨʛʘʥʽʯʥʠʭ ʤʘʪʨʠʮʴ, ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʩʽʨʢʦʚʤʽʩʥʠʤʠ ʛʨʫʧʘʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʦʭʽʜʥʠʤʠ ʪʽʦʩʝʯʦʚʠʥʠ, ʧʨʠʜʽʣʝʥʦ ʱʝ 

ʤʘʣʦ ʫʚʘʛʠ, ʦʩʦʙʣʠʚʦ ʟ ʙʦʢʫ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʾʭ ʥʝʦʨʛʘʥʽʯʥʠʭ, 

ʢʦʣʦʾʜʥʦ-ʭʽʤʽʯʥʠʭ ʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  
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ʊʘʢʠʤ ʯʠʥʦʤ ʘʢʪʫʘʣʴʥʠʤ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʥʦʚʠʭ ʩʦʨʙʝʥʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʩʠʣʽʢʘʛʝʣʶ, ʪʠʨʩʠ ʪʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʮʝʣʶʣʦʟʠ ʟ ʢʦʚʘʣʝʥʪʥʦ ʟʚôʷʟʘʥʠʤʠ 

ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ, ʷʢʽ ʙ ʚʠʨʽʟʥʷʣʠʩʷ ʣʝʛʢʽʩʪʶ ʦʪʨʠʤʘʥʥʷ ʧʦʨʷʜ ʟ 

ʚʠʩʦʢʦʶ ʩʦʨʙʮʽʡʥʦʶ ʻʤʥʽʩʪʶ ʪʘ ʩʝʣʝʢʪʠʚʥʽʩʪʶ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ɹʄ. ɺʢʘʟʘʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʩʦʨʙʝʥʪʽʚ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʽ ʤʽʢʨʦʢʽʣʴʢʦʩʪʝʡ ʟʦʣʦʪʘ ʪʘ ʤʝʪʘʣʽʚ 

ʧʣʘʪʠʥʦʚʦʾ ʛʨʫʧʠ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʟʛʽʜʥʦ ʟ ʧʣʘʥʘʤʠ ʚʽʜʦʤʯʠʭ ʪʝʤ ʣʘʙʦʨʘʪʦʨʽʾ 

ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ (ʚʽʜʜʽʣʫ ʢʦʣʦʾʜʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤ), ʘ ʟ 2016 ʨʦʢʫ ī ʚʽʜʜʽʣʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʽʜʨʦʛʝʣʽʚ 

ɯʥʩʪʠʪʫʪʫ ʙʽʦʢʦʣʦʾʜʥʦʾ ʭʽʤʽʾ ʽʤ. ʌ.ɼ. ʆʚʯʘʨʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ (çʉʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʝʬʝʢʪʠ ʚʟʘʻʤʦʜʽʾ ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʣʦʾʜʽʚ ʟ ʙʽʦʣʦʛʽʯʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʦʨʛʘʥʽʟʘʮʽʾè, ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0111U002574, ʨʦʢʠ 

ʚʠʢʦʥʘʥʥʷ 2011 ī 2013; çʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ ʙʽʦʣʦʛʽʯʥʽ ʤʝʭʘʥʽʟʤʠ ʚʧʣʠʚʫ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʬʘʟ ʥʘ ʙʽʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠè, ˉ  ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ  

0113U005847, ʨʦʢʠ ʚʠʢʦʥʘʥʥʷ 2014 ī2016; çʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ ʙʽʦʭʽʤʽʯʥʽ 

ʤʝʭʘʥʽʟʤʠ ʚʟʘʻʤʦʜʽʡ ʚ ʧʨʠʨʦʜʥʠʭ ʽ ʩʠʥʪʝʪʠʯʥʠʭ ʙʽʦʢʦʣʦʾʜʥʠʭ ʩʠʩʪʝʤʘʭ: ʥʦʚʽ 

ʧʽʜʭʦʜʠ ʜʣʷ ʧʦʪʨʝʙ ʚʝʪʝʨʠʥʘʨʽʾ ʪʘ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘè, ˉ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0117U004043, ʨʦʢʠ ʚʠʢʦʥʘʥʥʷ 2017 ï 2021). 

ʄʝʪʘ ʪʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʦʩʣʽʜʠʪʠ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʪʘ ʢʦʣʦʾʜʥʦ-

ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʢʦʥʦʤʽʯʥʦ ʧʨʠʡʥʷʪʥʠʭ ʽ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʩʦʨʙʝʥʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʩʠʣʽʢʘʛʝʣʶ, ʢʨʠʩʪʘʣʽʯʥʦʾ ʮʝʣʶʣʦʟʠ ʪʘ ʪʠʨʩʠ, ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʪʽʦʩʝʯʦʚʠʥʦʶ; ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʣʦʾʜʥʦ-ʭʽʤʽʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʩʦʨʙʮʽʾ 

ʙʣʘʛʦʨʦʜʥʠʭ ʪʘ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʽʟ ʩʢʣʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʯʠʥʽʚ, ʘ ʪʘʢʦʞ 

ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢ ʚʠʟʥʘʯʝʥʥʷ ʘʙʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ɹʄ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ 

ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʪʨʠʤʘʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʧʦʩʪʘʚʣʝʥʦ ʪʘ ʚʠʨʽʰʝʥʦ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ:  

- ʨʦʟʨʦʙʠʪʠ ʢʦʣʦʾʜʥʦ-ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʥʦʚʠʭ ʙʽʦʢʦʣʦʾʜʥʠʭ ʩʦʨʙʝʥʪʽʚ 

ʜʣʷ ʚʠʣʫʯʝʥʥʷ ɹʄ; 
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- ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʦʨʙʮʽʾ (ʯʘʩʫ ʩʦʨʙʮʽʾ, ʨʅ ʨʦʟʯʠʥʽʚ, 

ʪʝʤʧʝʨʘʪʫʨʠ) ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ɹʄ ʟ ʨʦʟʯʠʥʽʚ ʨʦʟʨʦʙʣʝʥʠʤʠ 

ʩʦʨʙʝʥʪʘʤʠ; 

- ʧʨʦʚʝʩʪʠ ʦʙʨʦʙʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʜʝʨʞʘʥʠʭ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʣʦʾʜʥʦ-ʭʽʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʭʽʤʽʯʥʦʾ ʢʽʥʝʪʠʢʠ; 

- ʚʠʚʯʠʪʠ ʩʦʨʙʮʽʶ ɹʄ ʫ ʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚʘʭ ʽ ʧʨʦʚʝʩʪʠ ʦʙʨʦʙʢʫ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʜʩʦʨʙʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʃʝʥʛʤʶʨʘ ʪʘ 

ʌʨʝʡʥʜʣʽʭʘ; 

- ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʜʝʩʦʨʙʮʽʾ ɹʄ ʟ ʧʦʚʝʨʭʥʽ ʩʦʨʙʝʥʪʽʚ ʟ ʤʝʪʦʶ ʾʭ 

ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʪʘ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʨʙʝʥʪʽʚ; 

- ʨʦʟʨʦʙʠʪʠ ʥʘ ʦʩʥʦʚʽ ʩʪʚʦʨʝʥʠʭ ʩʦʨʙʝʥʪʽʚ ʧʨʦʩʪʽ ʪʘ ʜʦʩʪʫʧʥʽ ʤʝʪʦʜʠʢʠ 

ʚʠʟʥʘʯʝʥʥʷ ʘʙʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ɹʄ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʂʦʣʦʾʜʥʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʦʨʙʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʩʠʣʽʢʘʛʝʣʶ, ʢʨʠʩʪʘʣʽʯʥʦʾ ʮʝʣʶʣʦʟʠ ʪʘ ʪʠʨʩʠ, ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʪʽʦʩʝʯʦʚʠʥʦʶ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʙʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʚʠʣʫʯʝʥʥʷ ɹʄ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʦʮʝʩʠ ʩʦʨʙʮʽʾ Pd(II ), Pt(IV), Rh(III ), Ru(III ), 

Au(III ) ʥʘ ʧʦʚʝʨʭʥʽ ʩʦʨʙʝʥʪʽʚ ʽʟ ʧʨʠʱʝʧʣʝʥʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʪʽʦʩʝʯʦʚʠʥʠ.   

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ, ʪʝʨʤʦʜʝʩʦʨʙʮʽʷ, ʜʝʨʠʚʘʪʦʛʨʘʬʽʷ, 

ʩʢʘʥʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ, ʤʝʪʦʜ ʢʘʧʽʣʷʨʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʘʟʦʪʫ, 

ʘʜʩʦʨʙʮʽʡʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʨʦʟʯʠʥʽʚ ʫ ʚʠʜʠʤʦʤʫ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʽʡʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʨʦʟʯʠʥʽʚ ʪʘ ʘʪʦʤʥʦ-ʝʤʽʩʽʡʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʜʫʢʪʠʚʥʦ ʟʚôʷʟʘʥʦʾ ʧʣʘʟʤʠ, ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʜʠʬʫʟʥʦʛʦ ʚʽʜʙʠʪʪʷ, 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ, ʢʦʣʴʦʨʦʤʝʪʨʽʷ, ʛʨʘʚʽʤʝʪʨʽʷ, 

ʪʠʪʨʠʤʝʪʨʽʷ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ:  

ī ʚʧʝʨʰʝ ʟʘʩʪʦʩʦʚʘʥʦ ʢʦʣʦʾʜʥʦ-ʭʽʤʽʯʥʽ ʧʽʜʭʦʜʠ ʜʣʷ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʥʪʝʟʫ ʪʘ ʚʠʚʯʝʥʥʷ ʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʣʽʢʘʛʝʣʶ, ʭʽʤʽʯʥʦ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʨʦʮʝʩʽʚ 

ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʚʠʣʫʯʝʥʥʷ ɹʄ; 
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ī ʚʠʚʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʩʦʨʙʮʽʾ Pd(II ), Pt(IV), Rh(III ), Ru(IV), Au(III ) 

ʥʘ ʊʉʉ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʦʮʝʩ ʩʦʨʙʮʽʾ ɹʄ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʩʦʢʠʤ ʯʘʩʦʤ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʭʽʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʪʘ ʚʠʩʦʢʦʶ ʩʦʨʙʮʽʡʥʦʶ ʻʤʥʽʩʪʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʨʘʥʽʰʝ ʚʽʜʦʤʠʤʠ ʩʦʨʙʝʥʪʘʤʠ;  

ī ʚʽʜʩʫʪʥʽʩʪʴ ʚʣʘʩʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʩʠʣʽʢʘʛʝʣʶ ʪʘ 

ʟʜʘʪʥʽʩʪʴ ɹʄ ʫʪʚʦʨʶʚʘʪʠ ʟ ʪʽʦʩʝʯʦʚʠʥʦʶ ʩʪʽʡʢʽ ʟʘʙʘʨʚʣʝʥʽ ʢʦʤʧʣʝʢʩʠ 

ʜʦʟʚʦʣʠʣʦ ʨʦʟʨʦʙʠʪʠ ʩʦʨʙʮʽʡʥʦ-ʢʦʣʴʦʨʦʤʝʪʨʠʯʥʽ ʪʘ ʪʝʩʪ-ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ 

ʤʝʪʘʣʽʚ; 

ī ʚʠʚʯʝʥʦ ʢʦʣʦʾʜʥʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʮʝʣʶʣʦʟʠ ʪʘ ʪʠʨʩʠ, 

ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ ʩʪʦʩʦʚʥʦ Pd(ɯɯ), Pt(IV), Rh(III ), 

Ru(IV) ʪʘ Au(III );  

ī ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʙʠʜʚʘ ʩʦʨʙʝʥʪʠ ʤʘʶʪʴ ʧʦʜʽʙʥʽ ʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʪʘ ʚʠʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʦʶ ʩʧʦʨʽʜʥʝʥʽʩʪʶ ʜʦ Pd(II ). ɯʥʰʽ ɹʄ ʟʘʟʥʘʯʝʥʠʤʠ 

ʩʦʨʙʝʥʪʘʤʠ ʚʠʣʫʯʘʶʪʴʩʷ ʢʽʣʴʢʽʩʥʦ, ʘʣʝ ʟ ʜʝʱʦ ʥʠʞʯʦʶ ʩʦʨʙʮʽʡʥʦʶ ʻʤʥʽʩʪʶ;  

ī ʧʦʢʘʟʘʥʦ, ʱʦ ʢʽʥʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʨʙʮʽʾ ɹʄ ʦʙʫʤʦʚʣʝʥʽ 

ʢʦʣʦʾʜʥʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʦʨʙʝʥʪʫ, ʩʢʣʘʜʦʤ ʪʘ ʨʅ ʨʦʟʯʠʥʫ ʩʦʨʙʘʪʫ, 

ʪʝʤʧʝʨʘʪʫʨʦʶ;  

ī ʜʦʚʝʜʝʥʦ ʧʽʜʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʢʽʥʝʪʠʯʥʠʭ ʜʘʥʠʭ ʤʦʜʝʣʷʤ ʭʽʤʽʯʥʦʾ 

ʢʽʥʝʪʠʢʠ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʟ ʚʢʣʘʜʦʤ ʢʽʥʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʩʝʚʜʦʧʝʨʰʦʛʦ 

ʧʦʨʷʜʢʫ; 

ī ʧʦʨʽʚʥʷʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʽʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʤʦʜʝʣʷʤʠ 

ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʩʽ ʽʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʶʪʴʩʷ ʤʦʜʝʣʣʶ 

ʃʝʥʛʤʶʨʘ;  

ī ʚʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʩʠʥʪʝʟʫ ʩʦʨʙʝʥʪʽʚ;  

ī ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʱʝʧʣʝʥʠʭ ʛʨʫʧ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʦʚʝʜʝʥʥʷ ʩʠʥʪʝʟʫ. ʅʘʡʚʠʱʽ ʾʾ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʩʠʥʪʝʟʫ 

155 ī 160 
0
ʉ ʥʘ ʩʦʩʥʦʚʠʭ ʧʦʨʦʜʘʭ ʜʝʨʝʚʘ;  

ī ʜʦʩʣʽʜʞʝʥʦ ʩʦʨʙʮʽʶ Pd(ɯɯ), Pt(IV) ʪʘ Au(ɯɯɯ) ʚ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ʥʘ 

ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʮʝʣʶʣʦʟʠ ʟ ʧʨʠʱʝʧʣʝʥʦʶ ʪʽʦʩʝʯʦʚʠʥʦʶ. ɺʩʪʘʥʦʚʣʝʥʦ, 
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ʱʦ ʪʘʢʦʤʫ ʚʠʣʫʯʝʥʥʶ ʥʝ ʟʘʚʘʞʘʶʪʴ ʥʘʜʣʠʰʢʠ Cu(ɯɯ) ʪʘ ʩʫʤʽʰʽ ʧʝʨʝʭʽʜʥʠʭ 

ʤʝʪʘʣʽʚ;  

ī ʨʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ɹʄ ʰʣʷʭʦʤ ʜʝʩʦʨʙʮʽʾ ʾʭ ʟ 

ʧʦʚʝʨʭʥʽ ʩʦʨʙʝʥʪʫ 10 % ʨʦʟʯʠʥʦʤ ʪʽʦʩʝʯʦʚʠʥʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ 

ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʩʦʨʙʝʥʪʽʚ, 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʪʽʦʩʝʯʦʚʠʥʦʶ ʚ ʭʽʤʽʯʥʽʡ ʪʝʭʥʦʣʦʛʽʾ, ʜʣʷ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ 

ʩʧʦʩʦʙʽʚ ʚʠʣʫʯʝʥʥʷ ɹʄ ʟ ʚʽʜʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ. 

ī ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʣʫʯʝʥʥʷ Pd(II ) ʪʘ Au(III ) ʫ ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʤʫ 

ʚʠʛʣʷʜʽ ʰʣʷʭʦʤ ʦʟʦʣʶʚʘʥʥʷ ʩʦʨʙʝʥʪʫ ʥʘ ʧʦʚʝʨʭʥʽ ʨʘʟʦʤ ʟ ʤʝʪʘʣʦʤ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʠʣʽʢʘʛʝʣʴ, 

ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ, ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʩʦʨʙʝʥʪʦʤ 

ʜʣʷ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ɹʄ ʟ ʧʦʜʘʣʴʰʠʤ ʾʭ ʚʠʟʥʘʯʝʥʥʷʤ. ʂʨʠʩʪʘʣʽʯʥʫ ʮʝʣʶʣʦʟʫ ʪʘ 

ʪʠʨʩʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʟʦʣʦʪʘ ʪʘ ʤʝʪʘʣʽʚ 

ʧʣʘʪʠʥʦʚʦʾ ʛʨʫʧʠ ʚʽʜ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʯʠʥʽʚ ʟ ʧʦʜʘʣʴʰʠʤ 

ʾʭ ʚʠʣʫʯʝʥʥʷʤ ʫ ʤʝʪʘʣʽʯʥʦʤʫ ʚʠʛʣʷʜʽ ʯʠ ʚ ʢʦʥʮʝʥʪʨʘʪʽ ʧʽʩʣʷ ʜʝʩʦʨʙʮʽʾ.  

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʇʦʩʪʘʥʦʚʢʫ ʤʝʪʠ ʪʘ ʟʘʜʘʯ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ, ʘ ʪʘʢʦʞ ʦʙʛʦʚʦʨʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʦ ʩʧʽʣʴʥʦ ʟ 

ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ ī ʜ.ʭ.ʥ., ʩ.ʥ.ʩ. ʊʨʦʭʠʤʯʫʢʦʤ ɸ.ʂ. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ʜʠʩʝʨʪʘʥʪʘ ʧʦʣʷʛʘʻ ʫ ʧʦʰʫʢʫ ʪʘ ʘʥʘʣʽʟʽ ʣʽʪʝʨʘʪʫʨʠ, ʧʣʘʥʫʚʘʥʥʽ ʪʘ ʧʨʦʚʝʜʝʥʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʦʙʨʦʙʮʽ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʽ, 

ʦʬʦʨʤʣʝʥʥʽ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʚʠʛʣʷʜʽ ʥʘʫʢʦʚʠʭ ʩʪʘʪʝʡ ʪʘ ʥʘʧʠʩʘʥʥʽ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ.  

ʈʦʟʨʦʙʢʫ ʤʝʪʦʜʠʢ ʪʘ ʫʤʦʚ ʩʠʥʪʝʟʫ ʩʦʨʙʝʥʪʽʚ ʧʨʦʚʝʜʝʥʦ ʟʘ ʫʯʘʩʪʶ ʤ.ʥ.ʩ. 

ʃʝʛʝʥʯʫʢʘ ʆ.ɺ. (ɯʥʩʪʠʪʫʪ ʙʽʦʢʦʣʦʾʜʥʦʾ ʭʽʤʽʾ ʽʤ. ʌ.ɼ. ʆʚʯʘʨʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ); 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʬʽʪʦʩʦʨʙʝʥʪʫ (ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ, ʩʢʘʥʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ 

ʤʽʢʨʦʩʢʦʧʽʷ, ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ) ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʢʦʥʘʥʦ ʨʘʟʦʤ ʽʟ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʥʘʫʢʦʚʦʛʦ ʮʝʥʪʨʫ çʂʨʠʩʪʘʣè, ʂʨʘʩʥʦʷʨʩʴʢ, 

ʈʦʩʽʷ ʢ.ʭ.ʥ., ʩ.ʥ.ʩ., ɭʣʩʫʬʴʻʚʘ ɭ.ɺ., ʢ.ʭ.ʥ., ʩ.ʥ.ʩ. ɹʫʡʢʦ ʆ.ɺ., ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ 

ʜ.ʭ.ʥ., ʧʨʦʬ. ʃʦʩʝʚʘ ɺ.ʄ.; ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʩʠʣʽʢʘʛʝʣʶ (ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ, 

ʜʝʨʠʚʘʪʦʛʨʘʬʽʷ, ʪʝʨʤʦʜʝʩʦʨʙʮʽʷ) ʟʜʽʡʩʥʝʥʦ ʚ ʂʠʾʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ 
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ʫʥʽʚʝʨʩʠʪʝʪʽ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʨʤʦʜʝʩʦʨʙʮʽʾ 

ʟʜʽʡʩʥʶʚʘʣʠ ʨʘʟʦʤ ʟ ʢ.ʭ.ʥ. ɹʻʜʦʶ ʆ.ɸ.; ʜʦʩʣʽʜʞʝʥʥʷ ʧʠʪʦʤʦʾ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ 

ʩʦʨʙʝʥʪʽʚ ʤʝʪʦʜʦʤ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦ ʾʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ ʘʟʦʪʫ ʧʨʦʚʝʜʝʥʦ ʚ 

ɯʥʩʪʠʪʫʪʽ ʭʽʤʽʾ ʧʦʚʝʨʭʥʽ ʽʤ. ʆ.ʆ. ʏʫʡʢʘ ʅɸʅ ʋʢʨʘʾʥʠ ʩʧʽʣʴʥʦ ʟ ʩ.ʥ.ʩ. ɼʫʜʘʨʢʦ 

ʆ.ɸ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʦʪʨʠʤʘʥʽ ʟʘ ʫʯʘʩʪʶ 

ʘʚʪʦʨʘ ʥʘ ʫʩʽʭ ʝʪʘʧʘʭ ʨʦʙʦʪʠ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. 

ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ IX ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çɸʥʘʣʠʪʠʢʘ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ʚʦʩʪʦʢʘè (ʂʨʘʩʥʦʷʨʩʴʢ, 2012), XIV ʥʘʫʢʦʚʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʃʴʚʽʚʩʴʢʽ ʭʽʤʽʯʥʽ ʯʠʪʘʥʥʷ ï 2013è (ʃʴʚʽʚ, 2013), ʍʍ ʄʽʞʥʘʨʦʜʥʽʡ 

ʏʝʨʥʷʾʚʩʴʢʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʧʦ ʭʽʤʽʾ, ʘʥʘʣʽʪʠʮʽ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʧʣʘʪʠʥʦʚʠʭ ʤʝʪʘʣʽʚ 

(ʂʨʘʩʥʦʷʨʩʴʢ, 2013), ʂʠʾʚʩʴʢʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʘʥʘʣʽʪʠʯʥʦʾ ʭʽʤʽʾ: çʉʫʯʘʩʥʽ 

ʪʝʥʜʝʥʮʽʾè (ʂʠʾʚ, 2014), XV ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʃʴʚʽʚʩʴʢʽ ʭʽʤʽʯʥʽ ʯʠʪʘʥʥʷ ï 

2015è (ʃʴʚʽʚ, 2015), ɯɯ ʋʢʨʘʾʥʦ-ʇʦʣʴʩʴʢʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çMembrane and 

Sorption Processes and Technologiesè (ʂʠʾʚ, 2015), XVIII ʅʘʫʢʦʚʽʡ ʤʦʣʦʜʽʞʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʩʫʯʘʩʥʦʾ ʭʽʤʽʾè (ʆʜʝʩʘ, 2016), XVIII 

ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʭʽʤʽʾè 

(ʂʠʾʚ, 2017), XVɯ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʃʴʚʽʚʩʴʢʽ ʭʽʤʽʯʥʽ ʯʠʪʘʥʥʷ ï 2017è 

(ʃʴʚʽʚ, 2017), ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ çʍʽʤʽʷ, 

ʬʽʟʠʢʘ ʪʘ ʪʝʭʥʦʣʦʛʽʷ ʧʦʚʝʨʭʥʽè (ʂʠʾʚ, 2018).  

ʇʫʙʣʽʢʘʮʽʾ. ɿʤʽʩʪ ʨʦʙʦʪʠ ʚʠʢʣʘʜʝʥʦ ʫ 5 ʥʘʫʢʦʚʠʭ ʩʪʘʪʪʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ 

ʫ ʬʘʭʦʚʠʭ ʞʫʨʥʘʣʘʭ, 10 ʪʝʟʘʭ ʜʦʧʦʚʽʜʝʡ ʥʘ ʋʢʨʘʾʥʩʴʢʠʭ ʪʘ ʄʽʞʥʘʨʦʜʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ.  

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙôʻʤ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʘʥʦʪʘʮʽʡ, ʚʩʪʫʧʫ, 

6 ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ ʽ ʧʝʨʝʣʽʢʫ ʧʦʩʠʣʘʥʴ. ʇʦʚʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ʩʪʘʥʦʚʠʪʴ 137 

ʩʪʦʨʽʥʦʢ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʫ, ʚʢʣʶʯʘʶʯʠ 10 ʪʘʙʣʠʮʴ ʪʘ 58 ʨʠʩʫʥʢʽʚ. 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ ʚʢʣʶʯʘʻ 103 ʥʘʡʤʝʥʫʚʘʥʥʷ. 
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ʈʆɿɼɯʃ 1 

ʉʆʈɹɽʅʊʀ ʈɯɿʅʆɰ ʇʈʀʈʆɼʀ ɼʃʗ ɺʀʃʋʏɽʅʅʗ ʄɽʊɸʃɯɺ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʽʷʣʴʥʦʩʪʽ ʭʽʤʽʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʟʘʚʦʜʽʚ 

ʫʪʚʦʨʶʶʪʴʩʷ ʩʪʽʯʥʽ ʚʦʜʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʟʥʘʯʥʽ ʢʽʣʴʢʦʩʪʽ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʽ 

ʩʣʽʜʦʚʽ ʢʽʣʴʢʦʩʪʽ ɹʄ. ɼʣʷ ʾʭ ʚʠʣʫʯʝʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʟʥʽ ʤʝʪʦʜʠ. ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʷʚʣʷʻʪʴʩʷ ʤʝʪʦʜ 

ʩʦʨʙʮʽʡʥʦʛʦ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ. 

ʉʦʨʙʮʽʡʥʽ ʤʝʪʦʜʠ ʚʠʜʽʣʝʥʥʷ [1], ʨʦʟʜʽʣʝʥʥʷ ʪʘ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʨʝʯʦʚʠʥ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʭʽʤʽʯʥʽʡ ʪʘ ʛʽʜʨʦʤʝʪʘʣʫʨʛʽʡʥʽʡ ʪʝʭʥʦʣʦʛʽʾ. ɺʠʩʦʢʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʦʨʙʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʶ ʟʘʙʝʟʧʝʯʫʻ 

ʚʽʜʧʦʚʽʜʥʠʤ ʤʝʪʦʜʘʤ ʧʨʽʦʨʠʪʝʪʥʠʡ ʨʦʟʚʠʪʦʢ. ʉʦʨʙʮʽʡʥʽ ʧʨʦʮʝʩʠ ʚ ʟʥʘʯʥʠʭ 

ʤʘʩʰʪʘʙʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʘʥʘʣʽʪʠʯʥʽʡ ʭʽʤʽʾ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʤʽʢʨʦʢʽʣʴʢʦʩʪʝʡ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ. ʂʦʥʮʝʥʪʨʫʚʘʥʥʷ ʤʽʢʨʦʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠ ʾʭ 

ʚʠʟʥʘʯʝʥʥʽ ʟʚʝʨʪʘʶʪʴʩʷ ʧʝʨʰ ʟʘ ʚʩʝ ʫ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʯʫʪʣʠʚʽʩʪʴ ʤʝʪʦʜʽʚ 

ʧʨʷʤʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʻ ʥʝʜʦʩʪʘʪʥʴʦʶ. ʊʘʢʦʞ ʧʨʦʮʝʩ 

ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʻ ʟʨʫʯʥʠʡ ʪʠʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʚʦʜʠʪʠ ʚʥʫʪʨʽʰʥʽ ʩʪʘʥʜʘʨʪʠ. 

ʊʦʤʫ ʤʝʪʦʜʠ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʩʫʯʘʩʥʽʡ ʘʥʘʣʽʪʠʯʥʽʡ 

ʭʽʤ̔ʾ . ʆʩʦʙʣʠʚʦ ʮʽʢʘʚʠʤ ʻ ʜʠʥʘʤʽʯʥʠʡ ʚʘʨʽʘʥʪ ʮʴʦʛʦ ʤʝʪʦʜʫ, ʷʢʠʡ ʧʦʟʙʘʚʣʷʻ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʜʽʣʝʥʥʷ ʬʘʟ, ʧʽʩʣʷ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʽ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʩʴʦʛʦ ʮʠʢʣʫ ʘʥʘʣʽʟʫ, ʚʢʣʶʯʘʶʯʠ ʩʪʘʜʽʶ ʧʨʦʙʦʧʽʜʛʦʪʦʚʢʠ.  

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʦʨʙʮʽʡʥʦʛʦ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʽ ʢʦʤʙʽʥʦʚʘʥʽ ʪʘ 

ʛʽʙʨʠʜʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʦʙôʻʢʪʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʨʦʤʠʩʣʦʚʠʭ, 

ʛʝʦʣʦʛʽʯʥʠʭ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʘʢʪʫʘʣʴʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ 

ʧʦʰʫʢ ʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʦʨʙʝʥʪʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʜʘʯ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʨʝʯʦʚʠʥ ʽʟ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʙôʻʢʪʽʚ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʚ ʮʴʦʤʫ ʘʩʧʝʢʪʽ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʩʪʚʦʨʝʥʥʶ ʩʦʨʙʝʥʪʽʚ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ɹʄ ʟ ʨʦʟʯʠʥʽʚ ʥʠʟʴʢʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ. 
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ʆʜʥʠʤʠ ʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʩʦʨʙʝʥʪʽʚ ʜʣʷ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʻ ʩʦʨʙʝʥʪʠ, 

ʷʢʽ ʚʠʣʫʯʘʶʪʴ ʙʣʘʛʦʨʦʜʥʽ ʤʝʪʘʣʠ ʰʣʷʭʦʤ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ. 

ʂʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʽ ʩʦʨʙʝʥʪʠ [2] ʤʽʩʪʷʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʛʨʫʧʠ, ʟʜʘʪʥʽ 

ʫʪʚʦʨʶʚʘʪʠ ʟ ʩʦʨʙʦʚʘʥʠʤʠ ʽʦʥʘʤʠ ʤʝʪʘʣʽʚ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʡ ʭʝʣʘʪʥʽ ʢʦʤʧʣʝʢʩʠ.  

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʠʡ ʩʦʨʙʝʥʪ ʽʟ ʟʘʜʘʥʠʤʠ 

ʩʦʨʙʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʩʧʦʨʽʜʥʝʥʽʩʪʴ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʯʘ ʜʦ ɹʄ.  

ʇʝʨʰ ʟʘ ʚʩʝ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʦʨʛʘʥʦʧʦʣʽʤʝʨʥʠʭ ʩʦʨʙʝʥʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʨʽʟʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʛʨʫʧʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʣʫʯʘʪʠ ɹʄ ʟʘ ʨʘʭʫʥʦʢ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʽ (ʯʠ) ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ [3 ī 7]. ʉʦʨʙʝʥʪʠ ʟ ʘʤʽʥʦʛʨʫʧʘʤʠ, ʱʦ 

ʚʠʣʫʯʘʶʪʴ ʘʥʽʦʥʥʽ ʢʦʤʧʣʝʢʩʠ ɹʄ ʽ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʽ ʩʦʨʙʝʥʪʠ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʜʦʥʦʨʥʽ ʘʪʦʤʠ ʘʟʦʪʫ ʪʘ ʩʽʨʢʠ, ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʫ ʩʦʨʙʮʽʡʥʫ 

ʻʤʥʽʩʪʴ, ʧʨʦʪʝ ʾʭ ʩʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʷʚʠʱʝ ʥʘʙʫʭʘʥʥʷ.  

ɿʥʘʯʥʦ ʤʝʥʰʠʡ ʯʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ ʧʦʪʨʽʙʥʠʡ ʧʨʠ 

ʩʦʨʙʮʽʾ ɹʄ ʦʨʛʘʥʦʧʦʣʽʤʝʨʥʠʤʠ ʩʦʨʙʝʥʪʘʤʠ ʚʦʣʦʢʥʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ [8 ī 10]. 

ʊʘʢʽ ʩʦʨʙʝʥʪʠ ʤʘʶʪʴ ʤʝʥʰʫ ʩʦʨʙʮʽʡʥʫ ʻʤʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʛʨʘʥʫʣʴʦʚʘʥʠʤʠ 

ʦʨʛʘʥʦʧʦʣʽʤʝʨʥʠʤʠ ʩʦʨʙʝʥʪʘʤʠ ʪʘ ʥʝ ʟʘʚʞʜʠ ʻ ʟʨʫʯʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ. 

ʉʝʣʝʢʪʠʚʥʽʩʪʴ ʩʦʨʙʮʽʾ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʠʭ ʩʦʨʙʝʥʪʽʚ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠʨʦʜʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ, ʟʜʘʪʥʠʭ ʫʪʚʦʨʶʚʘʪʠ ʟ ʧʝʚʥʠʤ 

ʝʣʝʤʝʥʪʦʤ, ʯʠ ʛʨʫʧʦʶ ʝʣʝʤʝʥʪʽʚ ʩʪʽʡʢʽ ʢʦʤʧʣʝʢʩʠ. ɼʣʷ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ɹʄ 

ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʨʙʝʥʪʽʚ ʟ ʩʽʨʢʦʚʤʽʩʥʠʤʠ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʠʤʠ ʛʨʫʧʘʤʠ, ʥʘʧʨʠʢʣʘʜ ʛʨʫʧʘʤʠ ʪʽʦʩʝʯʦʚʠʥʠ ʯʠ ʾʾ 

ʧʦʭʽʜʥʠʭ.  

ɯʟ ʩʽʨʢʦʚʤʽʩʥʠʭ ʩʦʨʙʝʥʪʽʚ, ʱʦ ʚʠʧʫʩʢʘʶʪʴʩʷ ʧʨʦʤʠʩʣʦʚʦ ʜʣʷ 

ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ɹʄ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʽ ʩʦʨʙʝʥʪʠ ʤʘʨʦʢ Lewatit TP-214 ʽ Purolite 

S-940 ʟ ʛʨʫʧʘʤʠ ʧʦʭʽʜʥʠʭ ʪʽʦʩʝʯʦʚʠʥʠ [11 ī 15]. ɼʘʥʽ ʩʦʨʙʝʥʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʩʦʨʙʮʽʡʥʦʶ ʻʤʥʽʩʪʶ ʧʦ ɹʄ, ʘʣʝ ʪʨʠʚʘʣʠʤ 

ʯʘʩʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʜʠʬʫʟʽʡʥʠʤʠ 
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ʧʨʦʮʝʩʘʤʠ. ʎʝ ʩʪʚʦʨʶʻ ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ ʜʝʩʦʨʙʮʽʾ ɹʄ. ʗʢ ʧʨʘʚʠʣʦ, ʢʽʣʴʢʽʩʥʝ 

ʚʽʜʦʢʨʝʤʣʝʥʥʷ ɹʄ ʚʽʜ ʩʦʨʙʝʥʪʫ ʤʦʞʣʠʚʝ ʪʽʣʴʢʠ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ. ʎʝ ʚ ʟʥʘʯʥʽʡ 

ʤʽʨʽ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʦʩʪʽ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʨʛʘʥʦʧʦʣʽʤʝʨʥʠʭ 

ʩʦʨʙʝʥʪʽʚ.  

ʎʠʭ ʥʝʜʦʣʽʢʽʚ ʧʦʟʙʘʚʣʝʥʽ ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʽ ʢʨʝʤʥʝʟʝʤʠ, ʷʢʽ 

ʚʦʣʦʜʽʶʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʶ ʤʦʜʠʬʽʢʘʪʦʨʘ ʪʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ SiO2, ʷʢ ʪʚʝʨʜʦʛʦ 

ʪʽʣʘ. ʆʩʢʽʣʴʢʠ ʢʦʚʘʣʝʥʪʥʝ ʟʚôʷʟʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʣʽʛʘʥʜʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʥʠʭ 

ʣʠʰʝ ʥʘ ʧʦʚʝʨʭʥʽ, ʪʦ ʚʦʥʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʤʘʩʦʦʙʤʽʥʫ ʽ ʾʤ 

ʧʨʠʪʘʤʘʥʥʘ, ʷʢ ʧʨʘʚʠʣʦ, ʣʝʛʢʽʩʪʴ ʜʝʩʦʨʙʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʽ 

ʢʨʝʤʥʝʟʝʤʠ (ʍʄʂ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʪʝʨʤʽʯʥʦʶ ʽ ʨʘʜʽʘʮʽʡʥʦʶ 

ʩʪʽʡʢʽʩʪʶ ʪʘ ʤʝʭʘʥʽʯʥʦʶ ʤʽʮʥʽʩʪʶ. ɺʦʥʠ ʻ ʥʝʟʘʤʽʥʥʠʤʠ ʫ ʨʽʜʠʥʥʽʡ ʪʘ ʛʘʟʦʚʽʡ 

ʭʨʦʤʘʪʦʛʨʘʬʽʾ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʩʠʣʽʢʘʛʝʣʽʚ (ʍʄʉ) ʟ 

ʧʨʠʱʝʧʣʝʥʠʤʠ ʩʽʨʢʦʚʤʽʩʥʠʤʠ ʛʨʫʧʘʤʠ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʘʣʽʚ 

ʨʦʟʛʣʷʥʫʪʦ ʥʠʞʯʝ. 

1.1 ʉʠʣʽʢʘʛʝʣʽ, ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʽ ʩʽʨʢʦʚʤʽʩʥʠʤʠ ʛʨʫʧʘʤʠ ʜʣʷ 

ʚʠʣʫʯʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʘʣʽʚ 

ɺʠʚʯʝʥʥʶ ʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʍʄʉ ʧʨʠʜʽʣʷʻʪʴʩʷ ʟʥʘʯʥʘ ʫʚʘʛʘ.  

ʉʦʨʙʮʽʷ ɹʄ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʦʭʦʜʠʪʴ ʟ ʨʦʟʯʠʥʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʤʘʢʨʦʢʽʣʴʢʦʩʪʽ 

ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʥʘ ʧʝʨʰʦʤʫ ʤʽʩʮʽ ʟʥʘʭʦʜʠʪʴʩʷ Cu(ɯɯ), ʷʢʘ ʤʘʻ 

ʙʣʠʟʴʢʽ ʜʦ ɹʄ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɼʦʩʣʽʜʞʝʥʦ [16] ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʩʦʨʙʮʽʾ Cu(ɯɯ) ʩʠʣʽʢʘʛʝʣʷʤʠ, ʭʽʤʽʯʥʦ 

ʤʦʜʠʬʽʢʦʚʘʥʠʤʠ ʤʝʨʢʘʧʪʦʧʨʦʧʽʣʴʥʠʤʠ ʘʙʦ ʜʠʧʨʦʧʽʣʜʠʩʫʣʴʬʽʜʥʠʤʠ ʛʨʫʧʘʤʠ. 

ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ ʟʤʽʰʘʥʦʣʽʛʘʥʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

Cu (ɯ) ʟ ʧʨʠʱʝʧʣʝʥʠʤʠ ʩʽʨʢʦʚʤʽʩʥʠʤʠ ʛʨʫʧʘʤʠ ʪʘ ʪʽʦʢʝʪʦʥʦʤ ʄʽʭʣʝʨʘ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʣʽʢʘʛʝʣʽʚ, ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʤʝʨʢʘʧʪʦʧʨʦʧʽʣʴʥʠʤʠ ʪʘ ʜʠʧʨʦʧʽʣʜʠʩʫʣʴʬʽʜʥʠʤʠ ʛʨʫʧʘʤʠ ʻ ʮʽʢʘʚʠʤ ʟ ʪʽʻʾ 

ʪʦʯʢʠ ʟʦʨʫ, ʱʦ Cu(ɯɯ) ʟʜʘʪʥʘ ʜʦ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʚʠʷʚʣʷʻ ʧʦʜʽʙʥʽ 

ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦ Au(ɯɯɯ) ʽ Ag(ɯ). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʠʣʽʢʘʛʝʣʴ, ʭʽʤʽʯʥʦ 
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ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʨʢʘʧʪʦʧʨʦʧʽʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʢʽʣʴʢʽʩʥʦ ʚʠʣʫʯʘʻ Cu(ɯɯ) ʟ 

ʭʣʦʨʠʜʥʠʭ ʪʘ ʥʽʪʨʘʪʥʠʭ ʨʦʟʯʠʥʽʚ (ʨʅ 2 ï 7). ʄʘʢʩʠʤʘʣʴʥʠʡ ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ 

Cu(ɯɯ) ʩʠʣʽʢʘʛʝʣʝʤ, ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʜʠʧʨʦʧʽʣʜʠʩʫʣʴʬʽʜʥʠʤʠ ʛʨʫʧʘʤʠ 

ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʨʅ ʨʦʟʯʠʥʫ 6 ï 7 ʪʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 50 %. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ 

ʧʦʚʝʨʭʥʝʚʠʭ ʢʦʤʧʣʝʢʩʘʭ ʟ ʤʝʨʢʘʧʪʦʧʨʦʧʽʣʴʥʠʤʠ ʛʨʫʧʘʤʠ Cu ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʩʪʫʧʝʥʽ ʦʢʠʩʥʝʥʥʷ +1, ʘ ʚ ʢʦʤʧʣʝʢʩʘʭ ʟ ʜʠʧʨʦʧʽʣʜʠʩʫʣʴʬʽʜʥʠʤʠ ʛʨʫʧʘʤʠ ʚ 

ʩʪʫʧʝʥʽ ʦʢʠʩʥʝʥʥʷ +2. ʅʘ ʧʦʚʝʨʭʥʽ ʤʝʨʢʘʧʪʦʧʨʦʧʽʣʩʠʣʽʢʘʛʝʣʶ ʫʪʚʦʨʶʶʪʴʩʷ 

ʢʦʦʨʜʠʥʘʮʽʡʥʦ ʥʝʥʘʩʠʯʝʥʽ ʢʦʤʧʣʝʢʩʠ Cu(ɯ), ʢʽʣʴʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ, ʷʢʠʭ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʧʦʚʝʨʭʥʽ ʩʠʣʽʢʘʛʝʣʶ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ. 

ʇʦʚʝʨʭʥʝʚʽ ʢʦʤʧʣʝʢʩʠ Cu(ɯ) ʟʜʘʪʥʽ ʢʦʦʨʜʠʥʫʚʘʪʠ ʤʦʣʝʢʫʣʠ ʪʽʦʢʝʪʦʥʫ ʄʽʭʣʝʨʘ ʟ 

ʚʦʜʥʦ-ʝʪʘʥʦʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʟ ʫʪʚʦʨʝʥʥʷʤ ʥʘ ʧʦʚʝʨʭʥʽ ʽʥʪʝʥʩʠʚʥʦ ʟʘʙʘʨʚʣʝʥʠʭ ʫ 

ʯʝʨʚʦʥʠʡ ʢʦʣʽʨ ʨʽʟʥʦʣʽʛʘʥʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ Cu(ɯ). ʉʢʣʘʜ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʽʚ 

ʧʽʜʪʚʝʨʜʞʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʜʠʬʫʟʥʦʛʦ ʚʽʜʙʠʪʪʷ.  

ʈʦʙʦʪʘ [17] ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢʠ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʩʦʨʙʮʽʡʥʦ-ʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ Cu(ɯɯ) ʚ ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʦʛʝʥʥʠʭ 

ʚʦʜʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʣʽʢʘʛʝʣʶ, ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ N-(1,3,4-ʪʽʘʜʠʘʟʦʣ-

2-ʪʽʦʣ)- N -ʧʨʦʧʽʣʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʩʠʣʽʢʘʛʝʣʴ, ʭʽʤʽʯʥʦ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ N-(1,3,4-ʪʽʘʜʠʘʟʦʣ-2-ʪʽʦʣ)-N -ʧʨʦʧʽʣʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ, 

ʢʽʣʴʢʽʩʥʦ ʚʠʣʫʯʘʻ ʽʦʥʠ Cu(ɯɯ) ʟ ʨʦʟʯʠʥʽʚ ʨʅ 4 ī 6. ʏʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ 

ʨʽʚʥʦʚʘʛʠ ʩʪʘʥʦʚʠʪʴ 5 ʭʚ. ʇʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʤ ʩʚʽʪʣʦʤ 

ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ 77 ʂ ʩʦʨʙʝʥʪʫ ʚ ʡʦʛʦ ʬʘʟʽ ʚʠʥʠʢʘʻ ʞʦʚʪʦ-ʦʨʘʥʞʝʚʘ 

ʣʶʤʽʥʝʩʮʝʥʮʽʷ ʧʦʚʝʨʭʥʝʚʠʭ ʢʦʤʧʣʝʢʩʽʚ Cu(ɯɯ), ʷʢʘ ʚʠʢʦʨʠʩʪʘʥʘ, ʷʢ ʘʥʘʣʽʪʠʯʥʠʡ 

ʩʠʛʥʘʣ ʧʨʠ ʨʦʟʨʦʙʮʽ ʾʾ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʦʨʙʮʽʡʥʦ-ʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ. ʅʠʞʥʷ ʤʝʞʘ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʘʻ 0,3 ʤʢʛ / 0,1 ʛ ʩʦʨʙʝʥʪʫ. 

ɻʨʘʜʫʶʚʘʣʴʥʠʡ ʛʨʘʬʽʢ ʣʽʥʽʡʥʠʡ ʜʦ 50 ʤʢʛ / 0,1 ʛ ʩʦʨʙʝʥʪʫ. ɺʠʟʥʘʯʝʥʥʶ Cu(ɯɯ) 

ʥʝ ʟʘʚʘʞʘʶʪʴ 10
4
-ʢʨʘʪʥʽ ʢʽʣʴʢʦʩʪʽ ʽʦʥʽʚ Zn(ɯɯ), Cd(ɯɯ), Mn(ɯɯ), Co(ɯɯ), Ca(ɯɯ), 

Mg(ɯɯ), Al(ɯɯɯ), 300- ʢʨʘʪʥʽ ʥʘʜʣʠʰʢʠ Fe(ɯɯɯ). ɼʘʥʘ ʤʝʪʦʜʠʢʘ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ Cu(II ) ʚ ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʦʛʝʥʥʠʭ ʚʦʜʘʭ. 

ʂʦʥʪʨʦʣʴ ʟʘ ʚʤʽʩʪʦʤ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ  ï Pb(ɯɯ), Cd(ɯɯ), Hg(ɯɯ), 

Zn(ɯɯ) ʪʘ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʩʪʽʯʥʠʭ ʽ ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ ʥʘ ʨʽʚʥʽ ʛʨʘʥʠʯʥʦ 
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ʜʦʧʫʩʪʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʣʽʢʘʛʝʣʶ ʟ ʭʽʤʽʯʥʦ ʟʘʢʨʽʧʣʝʥʠʤʠ 

ʥʘ ʧʦʚʝʨʭʥʽ ɔ-ʤʝʨʢʘʧʪʦʧʨʦʧʽʣʴʥʠʤʠ ʛʨʫʧʘʤʠ (ʄʇʉ) ʨʦʟʛʣʷʥʫʪʦ ʚ [18]. 

ɿʘʟʥʘʯʝʥʽ ʤʝʪʘʣʠ ʚʠʣʫʯʘʶʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʧʨʠ ʨʅ 

6 ī 9, ʷʢ ʚ ʩʪʘʪʠʯʥʦʤʫ, ʪʘʢ ʽ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ. ɺʠʚʯʝʥʦ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ 

ʽʦʥʽʚ Pb(ɯɯ), Cd(ɯɯ) ʪʘ Zn(ɯɯ) ʧʨʠ ʩʦʨʙʮʽʡʥʦ-ʨʝʥʪʛʝʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʦʤʫ 

ʚʠʟʥʘʯʝʥʥʽ ʾʭ ʤʽʢʨʦʢʽʣʴʢʦʩʪʝʡ ʟ ʧʦʧʝʨʝʜʥʽʤ ʾʭ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷʤ ʥʘ ʄʇʉ. 

ɺ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʨʦʙʽʪ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʩʦʨʙʮʽʾ ɹʄ ʥʘ ʍʄʉ ʟ 

ʢʦʚʘʣʝʥʪʥʦ ʟʚôʷʟʘʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʪʽʦʩʝʯʦʚʠʥʠ ʪʘ ʾʾ ʧʦʭʽʜʥʠʭ. ɿʦʢʨʝʤʘ ʫ [19] 

ʚʠʚʯʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʪʽʦʩʝʯʦʚʠʥʠ ʪʘ ʾʾ ʧʦʭʽʜʥʠʭ ʽʟ ʽʦʥʘʤʠ Au(III ). ʇʨʠ 

ʢʦʥʪʘʢʪʽ ʽʦʥʽʚ ʤʝʪʘʣʫ ʟ ʪʽʦʩʝʯʦʚʠʥʦʶ ʩʧʦʯʘʪʢʫ Au(III ) ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʜʦ Au(I) 

ʧʨʠ ʮʴʦʤʫ ʢʦʤʧʦʥʝʥʪʠ ʚʟʘʻʤʦʜʽʶʪʴ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:1, ʘ ʧʦʪʽʤ ʱʝ ʜʚʽ 

ʤʦʣʝʢʫʣʠ ʪʽʦʩʝʯʦʚʠʥʠ ʚʠʪʨʘʯʘʶʪʴʩʷ ʥʘ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʟ Au(I). ʊʦʤʫ 

ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʦʶ ʻ ʢʦʤʧʣʝʢʩʥʘ ʩʧʦʣʫʢʘ Au(III ) ʟ ʪʽʦʩʝʯʦʚʠʥʦʶ ʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:3.  

ɯʦʥʠ Ag(ɯ), ʷʢ ʽ ʽʥʰʽ ɹʄ, ʫʪʚʦʨʶʶʪʴ ʤʽʮʥʽ ʢʦʤʧʣʝʢʩʠ ʟ ʪʽʦʩʝʯʦʚʠʥʦʶ 

ʩʢʣʘʜʫ ʤʝʪʘʣ : ʣʽʛʘʥʜ 1:3 [20].  

ʈʦʟʨʦʙʣʝʥʦ [21] ʩʧʦʩʽʙ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʽ ʧʦʜʘʣʴʰʦʛʦ ʩʦʨʙʮʽʡʥʦ-

ʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ Au(ɯɯɯ), Ag(ɯ) ʽ Pt(ɯɯ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʣʽʢʘʛʝʣʶ, 

ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ N-(1,3,4-ʪʽʘʜʠʘʟʦʣ-2-ʪʽʦʣ)-N -ʧʨʦʧʽʣʩʝʯʦʚʠʥʥʠʤʠ 

ʛʨʫʧʘʤʠ, ʱʦ ʤʽʩʪʷʪʴ ʪʽʦʥʥʫ ʽ ʪʽʦʣʴʥʫ ʩʽʨʢʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʽ ʜʘʥʦʛʦ 

ʩʦʨʙʝʥʪʫ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʣʫʯʝʥʥʷ Au(ɯɯɯ) ʚʜʘʻʪʴʩʷ ʜʦʩʷʛʪʠ ʟ ʨʦʟʯʠʥʽʚ ʚ ʜʽʘʧʘʟʦʥʽ 

6 ʄ HCl ï ʨʅ 8, Ag(ɯ) ʚʠʣʫʯʘʻʪʴʩʷ ʟ ʨʦʟʯʠʥʽʚ ʥʽʪʨʘʪʥʦʾ ʢʠʩʣʦʪʠ ʚ ʜʽʘʧʘʟʦʥʽ 6 ʄ 

HNO3 ï ʨʅ 8 ʪʘ 1 ī 2 ʄ HCl ʧʨʠ 20 
0
ʉ. ʏʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ 

ʥʝ ʧʝʨʝʚʠʱʫʻ 15 ʭʚ. ʄʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʫʧʝʥʷ ʚʠʣʫʯʝʥʥʷ Pt(ɯɯ) ʚʜʘʻʪʴʩʷ ʜʦʩʷʛʪʠ 

ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʨʦʟʯʠʥʽʚ ʚ ʜʽʘʧʘʟʦʥʽ 4 ʄ HCl ī ʨʅ 8 ʟʘ 20 ʭʚ, ʪʦʜʽ ʷʢ 

ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʣʫʯʝʥʥʷ Pt(IV) ʥʝʦʙʭʽʜʥʝ ʾʾ ʧʦʧʝʨʝʜʥʻ ʚʽʜʥʦʚʣʝʥʥʷ ʜʦ Pt(ɯɯ). 

ɯʥʪʝʥʩʠʚʥʘ ʞʦʚʪʦ-ʦʨʘʥʞʝʚʘ ʣʶʤʽʥʝʩʮʝʥʮʽʷ ʧʦʚʝʨʭʥʝʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʨʠ 77 ʂ ʪʘ 

ʋʌ ʦʧʨʦʤʽʥʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʩʦʨʙʮʽʡʥʦ-ʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ Au(III ), Ag(I) ʽ Pt(II ). ʄʝʞʽ ʚʠʷʚʣʝʥʥʷ 

ʤʝʪʘʣʽʚ ʩʢʣʘʜʘʶʪʴ 0,15 ʤʢʛ ʜʣʷ Au(ɯɯɯ), 0,1 ʤʢʛ ʜʣʷ Ag(ɯ) ʪʘ 0,05 ʤʢʛ Pt(ɯɯ) ʥʘ 0,1 
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ʛ ʩʦʨʙʝʥʪʫ. ɻʨʘʜʫʶʚʘʣʴʥʠʡ ʛʨʘʬʽʢ ʣʽʥʽʡʥʠʡ ʜʦ 50 ʤʢʛ ʜʣʷ Au(ɯɯɯ) ʽ Ag(ɯ), ʽ ʜʦ 80 

ʤʢʛ ʜʣʷ Pt(ɯɯ) ʥʘ 0,1 ʩʦʨʙʝʥʪʫ. ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠʢʠ ʧʝʨʝʚʽʨʝʥʽ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

Au(ɯɯɯ) ʚ ʟʦʣʦʪʦʚʤʽʩʥʠʭ ʢʦʥʮʝʥʪʨʘʪʘʭ ʽ ʧʨʦʜʫʢʪʘʭ ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʝʨʝʨʦʙʢʠ, 

Pt(ɯɯ) ʚ ʘʣʶʤʦʧʣʘʪʠʥʦʚʠʭ ʢʘʪʘʣʽʟʘʪʦʨʘʭ. 

ɼʣʷ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʦʨʙʮʽʡʥʦ-ʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ Pt(II , 

IV) ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʩʠʣʽʢʘʛʝʣʽ, ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʽ N-ʘʣʽʣ- N-

ʧʨʦʧʽʣʪʽʦʩʝʯʦʚʠʥʦʶ [22]. ʇʨʠ ʩʦʨʙʮʽʾ Pt(ɯɯ) ʽ Pt(IV) ʥʘ ʧʦʚʝʨʭʥʽ ʩʦʨʙʝʥʪʽʚ 

ʫʪʚʦʨʶʶʪʴʩʷ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ, ʱʦ ʣʶʤʽʥʝʩʮʽʶʶʪʴ ʧʨʠ 77 ʂ ʽ 

ʦʧʨʦʤʽʥʝʥʥʽ ʋʌ-ʩʚʽʪʣʦʤ. ʉʧʝʢʪʨʠ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʢʦʤʧʣʝʢʩʽʚ Pt(ɯɯ) ʟ ʧʦʭʽʜʥʠʤʠ 

ʪʽʦʩʝʯʦʚʠʥʠ, ʢʦʚʘʣʝʥʪʥʦ ʟʘʢʨʽʧʣʝʥʠʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʝʤʥʝʟʝʤʫ ʻ ʰʠʨʦʢʦʶ 

ʙʝʟʩʪʨʫʢʪʫʨʥʦʶ ʩʤʫʛʦʶ ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 585 ʥʤ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʦʨʙʝʥʪʫ 

ʟ ʛʨʫʧʘʤʠ N-ʘʣʽʣ- N-ʧʨʦʧʽʣʪʽʦʩʝʯʦʚʠʥʠ ʤʝʞʘ ʚʠʟʥʘʯʝʥʥʷ Pt(ɯɯ) ʩʢʣʘʜʘʻ 0,1 ʤʢʛ 

ʥʘ 0,1 ʛ ʩʦʨʙʝʥʪʫ. ɻʨʘʜʫʶʚʘʣʴʥʠʡ ʛʨʘʬʽʢ ʣʽʥʽʡʥʠʡ ʜʦ 50 ʤʢʛ / 0,1 ʛ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʟʥʘʯʝʥʥʶ Pt(ɯɯ) ʟʘ ʜʘʥʦʶ ʤʝʪʦʜʠʢʦʶ ʥʝ ʟʘʚʘʞʘʶʪʴ ʩʦʣʴʦʚʠʡ 

ʬʦʥ, 100-ʢʨʘʪʥʽ ʥʘʜʣʠʰʢʠ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ 5-ʢʨʘʪʥʽ ʥʘʜʣʠʰʢʠ ʽʥʰʠʭ ɹʄ. 

ɿʘʚʘʞʘʶʯʠʡ ʚʧʣʠʚ ʧʨʦʷʚʣʷʶʪʴ ʣʠʰʝ Bi(ɯɯɯ), Pd(ɯɯ) ʪʘ Cu(II).  

ɼʦʩʣʽʜʞʝʥʘ ʧʦʨʽʚʥʷʣʴʥʘ ʩʦʨʙʮʽʷ Au(ɯɯɯ) ʽʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʧʦʚʝʨʭʥʽ 

ʩʠʣʽʢʘʛʝʣʽʚ, ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʘʤʽʥʦʧʨʦʧʽʣʴʥʠʤʠ, 

ʜʠʘʤʽʥʦʜʠʝʪʠʣʧʨʦʧʽʣʴʥʠʤʠ, ʤʝʨʢʘʧʪʦʧʨʦʧʽʣʴʥʠʤʠ ʽ ʜʠʧʨʦʧʽʣʜʠʩʫʣʴʬʽʜʥʠʤʠ 

ʛʨʫʧʘʤʠ, ʘ ʪʘʢʦʞ ʨʽʟʥʠʤʠ ʧʦʭʽʜʥʠʤʠ ʪʽʦʩʝʯʦʚʠʥʠ [23]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʩʦʨʙʮʽʡʥʦʛʦ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʽ ʧʦʜʘʣʴʰʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʤʽʢʨʦʢʽʣʴʢʦʩʪʝʡ Au(ɯɯɯ) ʻ ʩʠʣʽʢʘʛʝʣʽ ʟ ʧʨʠʱʝʧʣʝʥʠʤʠ 

ʤʝʨʢʘʧʪʦʧʨʦʧʽʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʪʘ ʧʦʭʽʜʥʠʤʠ ʪʽʦʩʝʯʦʚʠʥʠ.  

Cʦʨʙʝʥʪ ʟ ʭʽʤʽʯʥʦ ʟʘʢʨʽʧʣʝʥʠʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʩʠʣʽʢʘʛʝʣʶ N-ʧʨʦʧʽʣ-N-[1-

(2-ʪʽʦʙʝʥʟʪʽʘʟʦʣ)-2,2 ,2-ʪʨʠʭʣʦʨʝʪʠʣ] ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ 

ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʤʽʢʨʦʢʽʣʴʢʦʩʪʝʡ Au(ɯɯɯ) ʚʽʜ ʩʫʧʫʪʥʽʭ ʢʦʣʴʦʨʦʚʠʭ ʽ ʧʣʘʪʠʥʦʚʠʭ 

ʤʝʪʘʣʽʚ ʟ ʡʦʛʦ ʥʘʩʪʫʧʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ [24]. ʉʦʨʙʮʽʷ Au(ɯɯɯ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʠʤ ʤʝʭʘʥʽʟʤʦʤ ʰʣʷʭʦʤ ʢʦʦʨʜʠʥʘʮʽʾ ʽʦʥʽʚ ʤʝʪʘʣʫ ʟ ʘʪʦʤʘʤʠ 

ʘʟʦʪʫ ʪʘ ʪʽʦʝʬʽʨʥʦʾ ʩʽʨʢʠ ʧʨʠʱʝʧʣʝʥʦʛʦ ʣʽʛʘʥʜʫ. ɺʽʜʤʽʥʥʽʩʪʴ ʫ ʩʪʫʧʝʥʷʭ ʩʦʨʙʮʽʾ 

Au(ɯɯɯ) ʽ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ Au(ɯɯɯ) ʫ ʧʨʠʩʫʪʥʦʩʪʽ 1000-
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ʢʨʘʪʥʠʭ ʢʽʣʴʢʦʩʪʝʡ Cu(II ), Co(II ), Ni(II ) ʽ 100-ʢʨʘʪʥʠʭ ʢʽʣʴʢʦʩʪʝʡ Fe(III ). ʊʘʢʦʞ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 100-ʢʨʘʪʥʽ ʢʽʣʴʢʦʩʪʽ Pt(IV) ʽ 50-ʢʨʘʪʥʽ ʢʽʣʴʢʦʩʪʽ Pd(ɯɯ) ʥʝ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʚʥʦʪʫ ʚʠʣʫʯʝʥʥʷ Au(ɯɯɯ). ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʩʦʨʙʮʽʡʥʦ-ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ Au(ɯɯɯ) ʚ 

ʟʦʣʦʪʦʚʤʽʩʥʠʭ ʧʦʨʦʜʘʭ. 

ʈʦʟʛʣʷʥʫʪʽ ʧʨʦʮʝʩʠ ʩʦʨʙʮʽʾ Pt(IV) ʟ ʢʠʩʣʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʢʨʝʤʥʝʟʝʤʘʭ ʟ 

ʢʦʚʘʣʝʥʪʥʦ ʟʘʢʨʽʧʣʝʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ N-ʧʨʦʧʽʣ-N-ʙʝʥʟʦʾʣ (ʬʝʥʽʣ, 

ʘʣʣʽʣ)ʪʽʦʩʝʯʦʚʠʥʠ, N-ʧʨʦʧʽʣ-N-(1-ʜʽʝʪʠʣʪʽʦʢʘʨʙʘʤʽʜ-2,2,2-

ʪʨʠʭʣʦʨʝʪʠʣ)ʩʝʯʦʚʠʥʠ, N-ʧʨʦʧʽʣ-N-[1-(2-ʪʽʦʙʝʥʟʪʽʘʟʦʣ)-2,2 ,2-

ʭʣʦʨʝʪʠʣ]ʩʝʯʦʚʠʥʠ [25]. ʅʘʡʢʨʘʱʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ Pt(IV) ʩʝʨʝʜ ʮʠʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʍʄʂ ʤʘʶʪʴ ʩʦʨʙʝʥʪʠ ʟ 

ʽʤʤʦʙʽʣʽʟʦʚʘʥʠʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʤʦʣʝʢʫʣʘʤʠ N-ʧʨʦʧʽʣ-N-ʘʣʣʽʣʪʽʦʩʝʯʦʚʠʥʠ. 

ɺʠʚʯʝʥʦ ʚʧʣʠʚ ʫʣʴʪʨʘʟʚʫʢʫ ʪʘ ʧʨʠʩʫʪʥʦʩʪʽ ʪʽʦʩʝʯʦʚʠʥʠ ʫ ʚʠʭʽʜʥʠʭ ʨʦʟʯʠʥʘʭ ʥʘ 

ʧʨʦʮʝʩʠ ʚʠʣʫʯʝʥʥʷ ʤʽʢʨʦʢʽʣʴʢʦʩʪʝʡ Pt(IV) ʥʘ ʜʘʥʦʤʫ ʩʦʨʙʝʥʪʽ. ɺʠʷʚʣʝʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʰʠʨʠʪʠ 

ʘʥʘʣʽʪʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʢʨʝʤʥʝʟʝʤʽʚ. ɸ ʚʨʘʭʦʚʫʶʯʠ 

ʚʠʩʦʢʫ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʩʦʨʙʝʥʪʫ ʟ ʧʨʠʱʝʧʣʝʥʠʤʠ N-ʧʨʦʧʽʣ-N-

ʘʣʣʽʣʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ɹʄ ʫ ʢʠʩʣʠʭ ʨʦʟʯʠʥʘʭ ʤʦʞʥʘ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʦʜʥʦʯʘʩʥʦʛʦ ʘʥʘʣʽʟʫ ʤʽʢʨʦʢʽʣʴʢʦʩʪʝʡ 

Pt(IV), Pd(ɯɯ), Au(ɯɯɯ) ʪʘ Ag(ɯ) ʫ ʩʢʣʘʜʥʠʭ, ʟʘ ʩʚʦʾʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ, ʨʦʟʯʠʥʘʭ 

ʤʝʪʦʜʦʤ ʩʦʨʙʮʽʡʥʦ-ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ [26] ʤʝʪʦʜʠʢʘ ʩʦʨʙʮʽʡʥʦ-ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʤʽʢʨʦʢʽʣʴʢʦʩʪʝʡ Au(ɯɯɯ) ʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʯʠʥʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʠʣʽʢʘʛʝʣʶ ʟ ʢʦʚʘʣʝʥʪʥʦ ʟʚôʷʟʘʥʠʤʠ ʟ ʧʦʚʝʨʭʥʝʶ ʤʦʣʝʢʫʣʘʤʠ N-ʘʣʣʽʣ- N-

ʧʨʦʧʽʣʪʽʦʩʝʯʦʚʠʥʠ. ʇʨʦʚʝʜʝʥʥʷ ʩʦʨʙʮʽʡʥʦʛʦ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ Au(ɯɯɯ) ʥʘ 

ʧʦʚʝʨʭʥʽ ʩʦʨʙʝʥʪʫ ʧʦ ʩʝʣʝʢʪʠʚʥʦʩʪʽ, ʩʪʫʧʝʥʶ ʚʠʣʫʯʝʥʥʷ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ, ʘ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʽ 

ʧʝʨʝʚʘʞʘʻ ʚʽʜʦʤʽ ʝʢʩʪʨʘʢʮʽʡʥʽ ʤʝʪʦʜʠ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ Au(ɯɯɯ). ʃʝʛʢʽʩʪʴ 

ʜʝʩʦʨʙʮʽʾ ʥʝʚʝʣʠʢʠʤʠ ʦʙôʻʤʘʤʠ ʪʽʦʩʝʯʦʚʠʥʠ ʧʽʜʪʚʝʨʜʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ. 
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ɼʣʷ ʚʠʙʽʨʢʦʚʦʛʦ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʧʘʣʘʜʽʶ (ɯɯ) ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʦʣʴʦʨʦʚʠʭ 

ʪʘ ʧʣʘʪʠʥʦʚʠʭ ʤʝʪʘʣʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʩʠʣʽʢʘʛʝʣʽ, ʤʦʜʠʬʽʢʦʚʘʥʽ N-ʙʝʥʟʦʽʣ- Nǋ-

ʧʨʦʧʽʣʪʽʦʩʝʯʦʚʠʥʥʠʤʠ (ɹʇʊʉ), N-ʬʝʥʽʣ- Nǋ-ʧʨʦʧʽʣʪʽʦʩʝʯʦʚʠʥʥʠʤʠ (ʌʇʊʉ) ʪʘ 

N-ʘʣʽʣ- Nǋ-ʧʨʦʧʽʣʪʽʦʩʝʯʦʚʠʥʥʠʤʠ (ɸʇʊʉ) ʛʨʫʧʘʤʠ ʚ ʨʅ ʪʘ ʢʠʩʣʽʡ ʦʙʣʘʩʪʷʭ [27]. 

ɺʩʽ ʩʦʨʙʝʥʪʠ ʤʘʶʪʴ ʧʦʜʽʙʥʽ ʩʝʣʝʢʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʦʥʽʚ 

Pd(ɯɯ), Pt(II , IV), Au(ɯɯɯ), Hg(ɯɯ) ʪʘ Ag(ɯ). ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ 

ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ Pd(ɯɯ) ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ɸʇʊʉ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ 

ʩʦʨʙʮʽʡʥʦ-ʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ Pd(ɯɯ) ʧʨʠ 10
3
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4
-ʢʨʘʪʥʦʤʫ ʥʘʜʣʠʰʢʫ 

ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ Fe(ɯɯɯ). 

ʉʦʨʙʮʽʷ Ag(I) ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʝʤʥʝʟʝʤʽʚ ʟ ʧʨʠʱʝʧʣʝʥʠʤʠ ʧʦʭʽʜʥʠʤʠ 

ʪʽʦʩʝʯʦʚʠʥʠ ʢʽʣʴʢʽʩʥʦ ʧʨʦʭʦʜʠʪʴ ʚ ʢʠʩʣʽʡ ʦʙʣʘʩʪʽ [28]. ʄʘʢʩʠʤʘʣʴʥʠʡ ʩʪʫʧʽʥʴ 

ʜʝʩʦʨʙʮʽʾ Ag(I) ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 2 ï 6 % ʨʦʟʯʠʥʫ ʪʽʦʩʝʯʦʚʠʥʠ. ʅʘ 

ʦʩʥʦʚʽ ʮʴʦʛʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʩʦʨʙʮʽʡʥʦ-ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ Ag(I) ʫ ʨʦʟʯʠʥʘʭ ʧʽʩʣʷ ʢʠʩʣʦʪʥʦʛʦ ʨʦʟʢʣʘʜʫ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ. 

ʉʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʝʤʥʝʟʝʤʫ ʟ ʢʦʚʘʣʝʥʪʥʦ ʟʚôʷʟʘʥʠʤʠ ʟ ʧʦʚʝʨʭʥʝʶ 

N-ʧʨʦʧʽʣ-N-[1-(2-ʪʽʦʙʝʥʟʪʽʘʟʦʣ)-2,2 ,2-ʪʨʠʭʣʦʨʝʪʠʣ]ʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ Ag(I) ʨʦʟʛʣʷʥʫʪʽ ʚ [29]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʽʟʥʽ ʫʤʦʚʠ ʩʦʨʙʮʽʾ 

Ag(I) ʪʘ ʽʦʥʽʚ ʢʦʣʴʦʨʦʚʠʭ ʽ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ Ag(I) ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ 1000-ʢʨʘʪʥʠʭ ʢʽʣʴʢʦʩʪʝʡ Cu(ɯɯ), Co(ɯɯ), Ni(ɯɯ), Fe(II ,III ), Zn(ɯɯ), 

Cd(ɯɯ), Pb(ɯɯ), 100-ʢʨʘʪʥʠʭ ʢʽʣʴʢʦʩʪʝʡ Pt(IV) ʽ 50- ʢʨʘʪʥʠʭ ʢʽʣʴʢʦʩʪʝʡ Pd(II). ʅʘ 

ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʩʦʨʙʮʽʡʥʦ-ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʽʡʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ Ag(I).  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʟʥʘʯʝʥʥʷ Pt(IV)  [30] ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʟʦʧʦʨʠʩʪʦʛʦ 

ʩʠʣʽʢʘʛʝʣʶ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʪʽʦʣʴʥʠʤʠ ʛʨʫʧʘʤʠ. ʆʪʨʠʤʘʥʠʡ ʩʦʨʙʝʥʪ ʤʘʻ 

ʨʦʟʚʠʥʝʥʫ ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ ʪʘ ʚʠʩʦʢʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ Pt(IV). ʊʘʢ, ʩʦʨʙʮʽʡʥʘ 

ʻʤʥʽʩʪʴ ʟʘ Pt(IV) ʩʢʣʘʜʘʻ 1,14 ʤʤʦʣʴ/ʛ. ʇʨʠʩʫʪʥʽʩʪʴ ʽʦʥʽʚ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ 

ʟʥʠʞʫʻ ʩʦʨʙʮʽʡʥʫ ʻʤʥʽʩʪʴ ʥʘ 40 %. ɼʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ 

ʩʦʨʙʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ Pt(IV) ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʚʠʟʥʘʯʝʥʥʷʤ Pt(IV) ʚ ʛʝʦʣʦʛʽʯʥʠʭ ʟʨʘʟʢʘʭ, ʧʽʩʣʷ ʾʾ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ. 
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ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʟʥʘʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʣʽʢʘʛʝʣʽʚ, 

ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʩʽʨʢʦʚʤʽʩʥʠʤʠ ʛʨʫʧʘʤʠ, ʟʦʢʨʝʤʘ ʧʦʭʽʜʥʠʤʠ 

ʪʽʦʩʝʯʦʚʠʥʠ ʜʣʷ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʪʘ ʚʠʣʫʯʝʥʥʷ ɹʄ ʟ ʨʦʟʯʠʥʽʚ ʟ ʧʦʜʘʣʴʰʠʤ ʾʭ 

ʚʠʟʥʘʯʝʥʥʷʤ ʻ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʦʙʤʝʞʝʥʠʤ ʚʥʘʩʣʽʜʦʢ ʚʠʩʦʢʦʾ ʚʘʨʪʦʩʪʽ ʪʘʢʠʭ 

ʩʦʨʙʝʥʪʽʚ. ʉʘʤʝ ʪʦʤʫ, ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʩʪʚʦʨʝʥʥʶ ʙʽʦ- 

ʪʘ ʬʽʪʦʩʦʨʙʝʥʪʽʚ ʽ ʚʠʚʯʝʥʥʶ ʾʭ ʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

1.2 ɹʽʦ- ʪʘ ʬʽʪʦʩʦʨʙʝʥʪʠ. ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʤʝʪʘʣʽʚ 

ʋ ʦʩʥʦʚʽ ʙʽʦʩʦʨʙʮʽʾ ʣʝʞʘʪʴ ʧʨʦʮʝʩʠ ʚʟʘʻʤʦʜʽʾ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʟ 

ʧʦʚʝʨʭʥʝʚʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʢʣʽʪʠʥ, ʾʭ ʤʝʪʘʙʦʣʽʪʽʚ ʽ ʝʢʟʦʧʦʣʽʤʝʨʽʚ. ɼʦ 

ʙʽʦʩʦʨʙʝʥʪʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʨʽʟʥʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʽ ʢʣʽʪʠʥʠ, ʷʢ ʞʠʚʽ, ʪʘʢ ʽ 

ʚʽʜʤʝʨʣʽ ï ʙʘʢʪʝʨʽʾ, ʚʦʜʦʨʦʩʪʽ, ʨʦʩʣʠʥʠ, ʛʨʠʙʠ ʽ ʪ.ʜ. ɺʦʥʠ ʧʦʚʦʜʷʪʴ ʩʝʙʝ 

ʘʥʘʣʦʛʽʯʥʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤ ʨʝʯʦʚʠʥʘʤ, ʪʘʢʠʤ ʷʢ 

ʽʦʥʦʦʙʤʽʥʥʽ ʩʤʦʣʠ, ʧʨʠʨʦʜʥʽ ʮʝʦʣʽʪʠ, ʛʽʜʨʦʢʩʦʘʧʘʪʠʪʠ, ʪʦʱʦ. 

ʉʦʨʙʮʽʶ ʨʦʟʨʽʟʥʷʶʪʴ ʘʢʪʠʚʥʫ ʪʘ ʧʘʩʠʚʥʫ. ɸʢʪʠʚʥʘ ʩʦʨʙʮʽʷ ʧʨʦʭʦʜʠʪʴ ʟʘ 

ʨʘʭʫʥʦʢ ʧʨʦʮʝʩʽʚ ʤʝʪʘʙʦʣʽʟʤʫ ï ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʢʣʶʯʝʥʥʷ ʤʝʪʘʣʫ ʚ 

ʩʪʨʫʢʪʫʨʫ ʢʣʽʪʠʥʠ. ʇʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʻ ʜʦʩʠʪʴ ʥʠʟʴʢʦʶ. 

ʇʘʩʠʚʥʘ ʩʦʨʙʮʽʷ ʧʨʦʭʦʜʠʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʢʣʽʪʠʥʠ ʽ ʧʦʷʩʥʶʻʪʴʩʷ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʤʠ ʚʟʘʻʤʦʜʽʷʤʠ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʟ ʽʦʥʦʦʙʤʽʥʥʠʤʠ ʛʨʫʧʘʤʠ ʤʝʤʙʨʘʥ 

ʢʣʽʪʠʥʠ. ʇʨʠ ʮʴʦʤʫ ʮʝʡ ʧʨʦʮʝʩ ʧʨʦʭʦʜʠʪʴ ʟʘ ʢʽʣʴʢʘ ʛʦʜʠʥ [31].  

ʆʪʨʠʤʘʥʥʷ ʥʦʚʦʛʦ ʥʝʪʦʢʩʠʯʥʦʛʦ ʙʽʦʩʦʨʙʝʥʪʫ ʥʘ ʦʩʥʦʚʽ ʤʦʨʩʴʢʠʭ 

ʚʦʜʦʨʦʩʪʽʚ ʚʠʜʫ Cystoseira barbata ʽ ʬʝʨʦʮʽʘʥʽʜʽʚ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʜʣʷ 

ʚʠʣʫʯʝʥʥʷ Cs(I) ʽʟ ʚʦʜʠ ʨʦʟʛʣʷʥʫʪʦ ʚ [32]. ɺʠʚʯʝʥʽ ʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʦʪʨʠʤʘʥʦʛʦ ʙʽʦʩʦʨʙʝʥʪʫ ʪʘ ʡʦʛʦ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʦʥʽʚ Cs(I) ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʧʽʜʚʠʱʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʽʦʥʽʚ K(I) ʽ Na(I), ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʩʪʫʧʽʥʴ ʩʦʨʙʮʽʾ Cs(I) ʧʦʯʠʥʘʻ ʟʥʠʞʫʚʘʪʠʩʷ ʢʦʣʠ ʢʦʥʮʝʥʪʨʘʮʽʷ K(I) 

ʯʠ Na(I), ʧʝʨʝʚʠʱʫʻ ʚʠʭʽʜʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ Cs(I) ʫ 40 ʨʘʟʽʚ. ɺʠʟʥʘʯʝʥʽ 

ʨʽʚʥʦʚʘʞʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʨʙʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʽ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʷʥʥʷ 

ʃʝʥʛʤʶʨʘ, ʷʢʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʙʽʦʩʦʨʙʝʥʪ ʧʨʠʛʦʪʦʚʣʝʥʠʡ ʥʘ ʦʩʥʦʚʽ Cystoseira 

barbata ʽ ʬʝʨʦʮʽʘʥʽʜʽʚ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʚʠʨʽʟʥʷʻʪʴʩʷ ʚʠʩʦʢʦʶ ʩʦʨʙʮʽʡʥʦʶ 

ʻʤʥʽʩʪʶ ʽ ʩʝʣʝʢʪʠʚʥʽʩʪʶ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʦʥʽʚ Cs(I) ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʽʦʥʽʚ K(I) 
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ʯʠ Na(I) . ʆʪʨʠʤʘʥʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʩʦʨʙʝʥʪ ʻ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʦʯʠʩʪʢʠ ʧʠʪʥʦʾ 

ʚʦʜʠ ʫ ʤʽʩʮʷʭ ʤʦʞʣʠʚʠʭ ʟʘʙʨʫʜʥʝʥʴ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ 

Cs(I). 

 ʄʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʣʦʯʥʦʢʠʩʣʠʭ ʙʘʢʪʝʨʽʡ ʨʦʜʫ Lactobacillus, ʷʢ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʙʽʦʩʦʨʙʝʥʪʫ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʨʦʟʛʣʷʥʫʪʘ ʚ [33]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʜʘʪʥʦʩʪʽ ʣʘʢʪʦʙʘʢʪʝʨʽʡ ʘʜʩʦʨʙʫʚʘʪʠ ʚʘʞʢʽ ʤʝʪʘʣʠ (ʟʦʢʨʝʤʘ Cu , 

Cd, Pb) ʧʦʢʘʟʘʣʦ, ʱʦ ʜʘʥʠʡ ʧʨʦʮʝʩ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ ʝʢʩʧʦʟʠʮʽʾ ʽ ʩʪʘʥʫ 

ʢʣʽʪʠʥ (ʞʠʚʽ ʯʠ ʤʝʨʪʚʽ). ɸʜʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʝʪʘʣʫ ʚ ʩʝʨʝʜʦʚʠʱʽ ʢʫʣʴʪʠʚʫʚʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʘ ʜʦʩʠʪʴ ʚʠʩʦʢʘ 

ʟʜʘʪʥʽʩʪʴ ʘʜʩʦʨʙʫʚʘʪʠ ʚʘʞʢʽ ʤʝʪʘʣʠ ʨʦʟʨʦʙʣʝʥʦʶ ʢʦʤʧʦʟʠʮʽʻʶ ʥʘ ʦʩʥʦʚʽ 

ʣʘʢʪʦʙʘʢʪʝʨʽʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʦʪʨʠʤʘʥʠʡ ʩʦʨʙʝʥʪ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʷʢʦʩʪʽ ʘʜʩʦʨʙʝʥʪʫ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʟ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ. 

ʇʦʨʷʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʢʪʝʨʽʡ, ʪʘ ʩʪʚʦʨʝʥʠʭ ʥʘ ʾʭ ʦʩʥʦʚʽ ʩʦʨʙʝʥʪʽʚ, 

ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ  ʩʪʚʦʨʝʥʥʶ ʬʽʪʦʩʦʨʙʝʥʪʽʚ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴ ʚʩʽ ʚʠʜʠ 

ʩʦʨʙʝʥʪʽʚ, ʤʘʪʨʠʮʝʶ ʫ ʷʢʠʭ ʻ ʨʦʩʣʠʥʥʘ ʩʠʨʦʚʠʥʘ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʘʢʪʠʚʥʝ ʚʫʛʽʣʣʷ 

ʦʪʨʠʤʘʥʝ ʽʟ ʜʝʨʝʚʠʥʠ, ʰʢʘʨʣʫʧʠ ʢʦʢʦʩʦʚʦʛʦ ʛʦʨʽʭʫ, ʪʦʱʦ; ʘ ʪʘʢʦʞ ʙʫʨʷʢʦʚʠʡ 

ʞʦʤ, ʣʫʰʧʠʥʥʷ (ʨʠʩʦʚʝ, ʷʯʤʽʥʥʝ, ʪʘ ʽʥ..), ʜʝʨʝʚʠʥʘ, ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʽ 

ʦʨʛʘʥʽʯʥʠʤʠ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʣʽʛʘʥʜʘʤʠ.  

ɼʦ ʧʝʨʝʚʘʛ ʬʽʪʦʩʦʨʙʝʥʪʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʝ:  

1) ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʩʮʝʚʦʾ ʩʠʨʦʚʠʥʠ ʫ ʨʝʛʽʦʥʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ʩʦʨʙʝʥʪʫ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚʽʜʩʫʪʥʽʩʪʴ ʩʠʨʦʚʠʥʥʦʛʦ ʦʙʤʝʞʝʥʥʷ; 

2) ʜʝʰʝʚʠʟʥʫ ï ʦʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʜʭʦʜʠ, ʷʢʽ ʥʝ ʫʪʠʣʽʟʫʶʪʴʩʷ, 

ʯʠ ʤʘʶʪʴ ʥʠʟʴʢʫ ʩʦʙʽʚʘʨʪʽʩʪʴ; 

3) ʚʠʩʦʢʫ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ; 

4) ʥʠʟʴʢʫ ʟʦʣʴʥʽʩʪʴ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ (4 ī 5%), ʱʦ ʦʙʫʤʦʚʣʶʻ ʥʠʟʴʢʫ 

ʢʽʣʴʢʽʩʪʴ ʚʽʜʭʦʜʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʪʠʨʩʠ, ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʬʦʩʬʦʨʥʦʢʠʩʣʠʤʠ ʛʨʫʧʘʤʠ 

ʩʠʥʪʝʟʦʚʘʥʦ ʬʽʪʦʩʦʨʙʝʥʪ 728 ʪʘ ʚʠʚʯʝʥʦ ʡʦʛʦ ʩʦʨʙʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [34]. 

ʉʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʪʘʢʦʛʦ ʩʦʨʙʝʥʪʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ ʻ 

ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʽʣʴʰʽʩʪʶ ʩʦʨʙʝʥʪʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ 
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ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ. ʇʨʦʪʝ ʯʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ ʻ ʜʦʩʠʪʴ ʥʠʟʴʢʠʤ, ʘ ʩʦʨʙʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ, ʱʦ ʦʙʤʝʞʫʻ ʧʝʨʩʧʝʢʪʠʚʠ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ɼʦʩʣʽʜʞʝʥʦ ʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙʨʦʙʣʝʥʦʛʦ ʬʦʩʬʘʪʦʤ (ʌʈʃ) ʪʘ ʥʝ 

ʦʙʨʦʙʣʝʥʦʛʦ ʨʠʩʦʚʦʛʦ ʣʫʰʧʠʥʥʷ ʚʽʜʥʦʩʥʦ ʽʦʥʽʚ Ni(II ), Zn(II ), Cd(II ) ʪʘ Cr(VI) 

[35]. ʇʦʢʘʟʘʥʦ, ʱʦ Ni(II ) ʪʘ Cd(II ) ʢʽʣʴʢʽʩʥʦ ʚʠʣʫʯʘʶʪʴʩʷ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫ 

ʷʢʦʩʪʽ ʩʦʨʙʝʥʪʫ ʌʈʃ, ʪʦʜʽ ʷʢ ʥʘ ʥʝʤʦʜʠʬʽʢʦʚʘʥʦʤʫ ʨʠʩʦʚʦʤʫ ʣʫʰʧʠʥʥʽ ʾʭ 

ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. ʉʦʨʙʮʽʷ Cd(II ) ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ 

ʢʦʥʪʘʢʪʫ ʬʘʟ, ʢʦʥʮʝʥʪʨʘʮʽʾ, ʪʝʤʧʝʨʘʪʫʨʠ, ʤʘʩʠ ʩʦʨʙʝʥʪʫ ʪʘ ʨʅ ʨʦʟʯʠʥʫ ʽ 

ʧʦʚʥʽʰʝ ʧʨʦʭʦʜʠʪʴ ʚ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ. ʉʦʨʙʮʽʷ ʜʣʷ ʽʥʰʠʭ ʟʘʟʥʘʯʝʥʠʭ ʽʦʥʽʚ 

ʻ ʢʽʣʴʢʽʩʥʦʶ ʽ ʚ ʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ. ʂʦʥʩʪʘʥʪʠ ʃʝʥʛʤʶʨʘ ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʽʦʥʽʚ ʥʘ 

ʧʦʚʝʨʭʥʽ ʦʙʦʭ ʩʦʨʙʝʥʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʌʈʃ ʜʣʷ ʚʠʣʫʯʝʥʥʷ Cd(II ) ʟ ʩʪʽʯʥʠʭ ʚʦʜ. 

ʈʦʟʛʣʷʥʫʪʦ [36] ʩʦʨʙʮʽʶ Cu(ɯɯ), Co(ɯɯ), Ni(ɯɯ), Zn(ɯɯ) ʪʘ Pb(ɯɯ) ʟ ʨʦʟʯʠʥʽʚ ʫ 

ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ 5 ï 25 ʤʛ/ʩʤ
3
 ʥʘ ʧʦʚʝʨʭʥʽ ʚʠʩʫʰʝʥʠʭ ʙʘʥʘʥʦʚʠʭ ʪʘ 

ʘʧʝʣʴʩʠʥʦʚʠʭ ʰʢʽʨʦʢ (ʷʢʽ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʷʢʦʩʪʽ ʜʝʰʝʚʦʛʦ ʩʦʨʙʮʽʡʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ) ʧʨʠ 30 
0
ʉ. ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʫʤʦʚ ʩʦʨʙʮʽʾ ī ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ 

ʟʥʠʞʫʻʪʴʩʷ ʫ ʧʦʨʷʜʢʫ Pb(ɯɯ)
 
> Ni(ɯɯ) >Zn(ɯɯ) >Cu(ɯɯ) >Co(ɯɯ) ʥʘ ʦʙʦʭ ʩʦʨʙʝʥʪʘʭ. 

ɯʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʌʨʝʡʥʜʣʽʭʘ. ʉʦʨʙʮʽʡʥʘ 

ʻʤʥʽʩʪʴ ʧʽʜʚʠʱʫʻʪʴʩʷ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʨʅ ʪʘ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ ʧʨʠ ʨʅ > 7, ʷʢʝ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʠ ʨʽʟʥʠʭ ʜʟʝʪʘ ʧʦʪʝʥʮʽʘʣʘʭ. ʅʘ ʧʦʚʝʨʭʥʽ ʦʙʦʭ ʩʦʨʙʝʥʪʽʚ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʢʽʣʴʢʽʩʥʝ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʤʝʪʘʣʽʚ, ʱʦ ʨʦʙʠʪʴ ʙʘʥʘʥʦʚʽ ʪʘ 

ʘʧʝʣʴʩʠʥʦʚʽ ʰʢʽʨʢʠ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʣʫʯʝʥʥʷ 

ʤʽʢʨʦʢʽʣʴʢʦʩʪʝʡ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ, ʟʦʢʨʝʤʘ Pb(ɯɯ)
 
ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʷʢʦʛʦ 

ʚʠʷʚʠʣʘʩʷ ʥʘʡʙʽʣʴʰʦʶ.  

ʇʨʦʚʝʜʝʥʘ ʧʦʨʽʚʥʷʣʴʥʘ ʦʮʽʥʢʘ ʩʦʨʙʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʽʦʥʽʪʽʚ, ʚʫʛʽʣʣʷ ʪʘ 

ʙʽʦʩʦʨʙʝʥʪʽʚ (ʥʘ ʦʩʥʦʚʽ ʚʽʜʭʦʜʽʚ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ʨʽʟʥʠʭ ʘʥʪʠʙʽʦʪʠʢʽʚ ï 

ʬʫʟʠʜʠʥʫ, ʣʝʚʦʨʠʥʫ, ʥʝʦʤʽʮʠʥʫ, ʛʝʥʪʘʤʽʮʠʥʫ, ʝʨʠʪʨʦʤʽʮʠʥʫ, ʣʽʥʢʦʤʽʮʠʥʫ, 

ʨʠʩʪʦʤʽʮʠʥʫ ʪʘ ʧʝʥʽʮʠʣʽʥʫ) ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʨʽʙʣʘ [37]. ʉʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ 
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ʧʦ ʩʨʽʙʣʫ ʫ ʽʦʥʦʦʙʤʽʥʥʠʭ ʩʤʦʣ ʪʘ ʚʫʛʽʣʣʷ ʜʝʱʦ ʚʠʱʘ, ʥʽʞ ʫ ʙʽʦʩʦʨʙʝʥʪʽʚ, ʘʣʝ 

ʥʝʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʩʠʨʦʚʠʥʠ ʜʣʷ ʙʽʦʩʦʨʙʝʥʪʽʚ (ʚ 5 ī 10 ʨʘʟ ʥʠʞʯʝ) ʨʦʙʠʪʴ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ. ʇʦʢʘʟʘʥʦ, ʱʦ ʙʽʦʤʘʩʘ ʧʽʩʣʷ ʥʘʩʠʯʝʥʥʷ 

ʩʨʽʙʣʦʤ ʟʜʘʪʥʘ ʚʽʜʥʦʚʣʶʚʘʪʠ ʩʚʦʶ ʻʤʥʽʩʪʴ ʧʦ ʩʨʽʙʣʫ ʯʝʨʝʟ ʢʽʣʴʢʘ ʜʥʽʚ 

ʚʠʪʨʠʤʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʘʪʠ ʾʾ ʧʦʚʪʦʨʥʦ. ɸ ʱʝ ʚʦʥʘ ʤʘʻ ʚʠʱʫ ʜʠʥʘʤʽʯʥʫ 

ʻʤʥʽʩʪʴ ʥʽʞ ʩʤʦʣʠ ʪʘ ʚʫʛʽʣʣʷ. ʈʦʟʨʦʙʣʝʥʘ ʽ ʜʦʩʣʽʜʞʝʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ 

ʚʠʣʫʯʝʥʥʷ ʩʨʽʙʣʘ ʙʽʦʤʘʩʦʶ ʣʽʥʢʦʤʽʮʠʥʫ ʽʟ ʧʨʦʤʠʩʣʦʚʠʭ ʨʦʟʯʠʥʽʚ. ʅʘ ʦʩʥʦʚʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʪʘ ʜʦʩʣʽʜʞʝʥʘ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ ʥʦʚʘ 

ʩʦʨʙʮʽʡʥʘ ʢʦʣʦʥʘ.  

ʉʦʨʙʝʥʪʠ ʥʘ ʦʩʥʦʚʽ ʭʽʪʠʥʫ ʪʘ ʭʽʪʦʟʘʥʫ 

ʑʝ ʦʜʥʽʶ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʬʽʪʦʩʦʨʙʝʥʪʽʚ ʻ 

ʭʽʪʦʟʘʥ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʠʪʴ ʭʽʪʠʥ, ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʘʤ ʭʽʪʠʥ. ʍʽʪʠʥ ʻ 

ʘʟʦʪʦʚʤʽʩʥʠʤ ʧʦʣʽʩʘʭʘʨʠʜʦʤ ʩʭʦʞʠʤ ʟʘ ʩʚʦʻʶ ʙʫʜʦʚʦʶ ʥʘ ʮʝʣʶʣʦʟʫ. ʁʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʤʝʜʠʮʠʥʽ ʜʘʚʥʦ ʚʽʜʦʤʝ ʽ ʟʥʘʭʦʜʠʪʴ ʯʠʩʣʝʥʥʽ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚ ʣʽʪʝʨʘʪʫʨʽ [38, 39]. ɿʦʢʨʝʤʘ ʡʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ, ʷʢ 

ʙʽʦʩʦʨʙʝʥʪ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʪʦʢʩʠʥʽʚ ʟ ʦʨʛʘʥʽʟʤʫ. ɿ ʨʦʟʚʠʪʢʦʤ ʩʦʨʙʮʽʡʥʦʛʦ 

ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʥʘʫʢʦʚʮʽ ʟʚʝʨʥʫʣʠ ʫʚʘʛʫ ʥʘ ʭʽʪʠʥ ʽ ʭʽʪʦʟʘʥ (ʧʦʭʽʜʥʝ ʭʽʪʠʥʫ), ʷʢ 

ʥʘ ʤʘʪʨʠʮʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʦʨʙʝʥʪʽʚ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʨʽʟʥʠʤʠ ʣʽʛʘʥʜʘʤʠ.  

             

           

           ʍʽʪʠʥ                                                                   ʍʽʪʦʟʘʥ 

ɿʦʢʨʝʤʘ ʘʚʪʦʨʘʤʠ [40] ʜʦʩʣʽʜʞʝʥʦ ʭʽʪʠʥ, ʷʢʠʡ ʟʜʘʪʥʠʡ ʩʦʨʙʫʚʘʪʠ ʘʥʽʦʥʥʽ 

ʪʽʦʩʫʣʴʬʘʪʥʽ ʢʦʤʧʣʝʢʩʠ ʩʨʽʙʣʘ ʧʨʠ ʨʅ 2,2 ʟʘ 5 ʭʚ. ʈʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʚʧʣʠʚʘʻ ʥʘ 

ʩʦʨʙʮʽʡʥʫ ʻʤʥʽʩʪʴ. ʄʘʢʩʠʤʘʣʴʥʘ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʜʣʷ ʭʽʪʠʥʫ ʧʦʨʦʰʢʫ ʪʘ 

ʭʽʪʠʥʫ ʧʣʘʩʪʽʚʮʽʚ ʩʢʣʘʜʘʣʘ 4,37 ʪʘ 3,61 ʤʛ Ag/ʛ, ʚʽʜʧʦʚʽʜʥʦ. ɺʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 
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ʪʽʦʩʫʣʴʬʘʪʫ ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʦʨʙʮʽʶ ʪʽʦʩʫʣʴʬʘʪʫ ʩʨʽʙʣʘ, ʪʦʤʫ ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʩʪʽʡʢʠʡ ʨʦʟʯʠʥʥʠʡ ʢʦʤʧʣʝʢʩ. ʅʘ ʤʝʭʘʥʽʟʤ ʩʦʨʙʮʽʾ ʩʨʽʙʣʘ ʙʫʣʦ 

ʚʠʚʯʝʥʦ ʚʧʣʠʚ ʨʅ ʨʦʟʯʠʥʽʚ, ʯʘʩʫ ʢʦʥʪʘʢʪʫ ʬʘʟ, ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʽʦʩʫʣʴʬʘʪʫ. ɼʦʩʣʽʜʞʝʥʦ ʽʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ ʪʘ ʜʝʩʦʨʙʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ 

ʚʢʘʟʫʶʪʴ, ʱʦ ʩʦʨʙʮʽʷ ʪʽʦʩʫʣʴʬʘʪʫ ʩʨʽʙʣʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʜʚʦʭ ʤʝʭʘʥʽʟʤʘʭ: 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʨʦʪʦʥʦʚʘʥʠʤ ʭʽʪʠʥʦʤ ʪʘ ʘʥʽʦʥʥʠʤ ʩʨʽʙʣʦʤ, ʽ 

ʢʦʚʘʣʝʥʪʥʦ ʢʦʦʨʜʠʥʦʚʘʥʠʤ ʟʚôʷʟʢʦʤ ʤʽʞ ʦʜʥʦʶ ʧʘʨʦʶ ʝʣʝʢʪʨʦʥʽʚ ʥʽʪʨʦʛʝʥʫ ʯʠ 

ʦʢʩʠʛʝʥʫ ʪʘ ʩʨʽʙʣʘ. ɸʜʩʦʨʙʦʚʘʥʝ ʩʨʽʙʣʦ ʢʽʣʴʢʽʩʥʦ ʜʝʩʦʨʙʫʻʪʴʩʷ 3 ʄ 

ʪʽʦʩʫʣʴʬʘʪʦʤ ʥʘʪʨʽʶ.  

Pd(II ) [41] ʢʽʣʴʢʽʩʥʦ ʚʠʣʫʯʘʻʪʴʩʷ ʟ ʨʦʟʙʘʚʣʝʥʠʭ ʢʠʩʣʠʭ ʨʦʟʯʠʥʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʭʽʪʦʟʘʥʫ ʟ ʧʨʠʱʝʧʣʝʥʠʤʠ ʩʽʨʢʦʚʤʽʩʥʠʤʠ ʛʨʫʧʘʤʠ 

(ʪʽʦʩʝʯʦʚʠʥʘ, ʨʫʙʝʘʥʦʚʘ ʢʠʩʣʦʪʘ). ʇʦʨʽʚʥʷʥʥʷ ʽʟʦʪʝʨʤ ʪʘ ʢʽʥʝʪʠʢʠ ʩʦʨʙʮʽʾ ʮʠʭ 

ʜʚʦʭ ʧʦʭʽʜʥʠʭ ʟ ʭʽʪʦʟʘʥʦʤ, ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʛʣʫʪʘʨʦʚʠʤ ʘʣʴʜʝʛʽʜʦʤ ʧʦʢʘʟʘʣʦ, ʱʦ 

ʭʽʪʦʟʘʥ, ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʨʫʙʝʘʥʦʚʦʶ ʢʠʩʣʦʪʦʶ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ 

ʚʠʣʫʯʝʥʥʷ Pd(II ) ʟ ʢʠʩʣʠʭ ʨʦʟʯʠʥʽʚ. ʉʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʭʽʪʦʟʘʥʫ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʨʫʙʝʘʥʦʚʦʶ ʢʠʩʣʦʪʦʶ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ. 

ɯʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʃʝʥʛʤʶʨʘ. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʦʟʯʠʥʫ ʤʘʻ ʥʝʟʥʘʯʥʠʡ ʝʬʝʢʪ ʥʘ ʧʨʦʭʦʜʞʝʥʥʷ ʩʦʨʙʮʽʾ. ʈʦʟʤʽʨ ʯʘʩʪʠʥʦʢ 

ʩʦʨʙʝʥʪʫ ʥʝ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʢʽʥʝʪʠʢʫ ʩʦʨʙʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʩʦʨʙʝʥʪ ʥʘ ʦʩʥʦʚʽ ʭʽʪʦʟʘʥʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʨʫʙʝʘʥʦʚʦʶ ʢʠʩʣʦʪʦʶ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʚʠʣʫʯʝʥʥʷ Pd(II ). 

ʉʠʥʪʝʟʦʚʘʥʦ [42] ʭʽʪʦʟʘʥ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʛʣʫʪʘʨʦʚʠʤ ʘʣʴʜʝʛʽʜʦʤ, ʭʽʪʦʟʘʥ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʧʦʭʽʜʥʠʤʠ ʪʽʦʩʝʯʦʚʠʥʠ ʪʘ ʭʽʪʦʟʘʥ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʧʦʭʽʜʥʠʤʠ 

ʨʫʙʝʘʥʦʚʦʾ ʢʠʩʣʦʪʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʽ ʩʦʨʙʝʥʪʠ ʻ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ 

ʚʠʣʫʯʝʥʥʷ Pt(IV) ʪʘ Pd(II ) ʟ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʣʘʙʦ ʢʠʩʣʠʭ ʨʦʟʯʠʥʽʚ. 

ɸʚʪʦʨʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʨʽʟʥʽ ʫʤʦʚʠ ʚʠʣʫʯʝʥʥʷ ʘʥʽʦʥʽʚ ʮʠʭ ʤʝʪʘʣʽʚ ʽʟ ʩʫʤʽʰʽ ʥʘ 

ʟʘʟʥʘʯʝʥʠʭ ʩʦʨʙʝʥʪʘʭ. ʉʦʨʙʮʽʷ Pd(II ) ʻ ʤʝʥʰ ʯʫʪʣʠʚʦʶ ʜʦ ʧʨʠʩʫʪʥʦʩʪʽ Pt(IV) 

ʥʽʞ ʥʘʚʧʘʢʠ: ʤʘʢʩʠʤʘʣʴʥʘ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʤʝʥʰʝ ʟʥʠʞʫʻʪʴʩʷ ʜʣʷ Pd(II ) ʥʽʞ 

ʜʣʷ Pt(IV) ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʦʥʢʫʨʫʶʯʠʭ ʘʥʽʦʥʽʚ (ʤʝʪʘʣʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʭʣʦʨʦʘʮʠʜʦʢʦʤʧʣʝʢʩʽʚ). ɯʟʦʪʝʨʤʘ ʩʦʨʙʮʽʾ ʤʘʻ ʧʨʦʩʪʠʡ ʚʠʛʣʷʜ ʽʟʦʪʝʨʤʠ 
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ʃʝʥʛʤʶʨʘ ʜʣʷ Pd(II ) (ʚʠʭʦʜʠʪʴ ʥʘ ʥʘʩʠʯʝʥʥʷ ʧʨʠ ʤʘʣʦʤʫ ʟʘʣʠʰʢʫ Pd(II )), ʪʦʜʽ 

ʷʢ ʫ ʚʠʧʘʜʢʫ ʩʦʨʙʮʽʾ Pt(IV) ʥʘ ʽʟʦʪʝʨʤʘʭ ʚʠʜʥʦ ʟʥʘʯʥʠʡ ʩʧʘʜ ʩʦʨʙʮʽʡʥʦʾ ʻʤʥʦʩʪʽ 

ʧʨʠ ʚʠʱʠʭ ʟʘʣʠʰʢʘʭ ʢʦʥʮʝʥʪʨʘʮʽʾ Pt(IV), ʷʢʽ ʟʨʦʩʪʘʶʪʴ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Pd(II ). ʍʽʪʦʟʘʥ, ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʧʦʭʽʜʥʠʤʠ ʨʫʙʝʘʥʦʚʦʾ ʢʠʩʣʦʪʠ ʻ 

ʙʽʣʴʰ ʩʝʣʝʢʪʠʚʥʠʤ ʜʣʷ Pd(II ), ʥʽʞ ʜʣʷ Pt(IV) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʩʦʨʙʝʥʪʘʤʠ 

ʥʘ ʦʩʥʦʚʽ ʭʽʪʦʟʘʥʫ. ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʢʦʥʢʫʨʫʶʯʦʾ ʩʦʨʙʮʽʾ ʫ 

ʩʪʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ ʜʣʷ ʭʽʪʦʟʘʥʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʦʭʽʜʥʠʤʠ 

ʨʫʙʝʘʥʦʚʦʾ ʢʠʩʣʦʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʙʽʣʴʰʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʩʦʨʙʝʥʪʫ ʜʦ Pd(II ) ʥʽʞ 

ʜʦ Pt(IV).  

ʉʦʨʙʝʥʪʠ [43] ʥʘ ʦʩʥʦʚʽ ʭʽʪʦʟʘʥʫ, ʙʫʣʠ ʩʠʥʪʝʟʦʚʘʥʽ ʰʣʷʭʦʤ ʧʨʠʱʝʧʣʝʥʥʷ 

ʩʫʣʴʬʫʨʚʤʽʩʥʠʭ ʛʨʫʧ. ɼʦʩʣʽʜʞʝʥʦ ʽʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ Au(ɯɯɯ) ʧʨʠ ʨʽʟʥʠʭ ʨʅ, ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʚʩʪʘʥʦʚʠʪʠ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʨʅ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʤʝʪʘʣʫ. ɯʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ ʟʘʣʝʞʘʪʴ ʚʽʜ ʬʦʨʤʠ Au(ɯɯɯ) ʚ ʨʦʟʯʠʥʽ. ɺʚʝʜʝʥʥʷ 

ʩʫʣʴʬʫʨʚʤʽʩʥʠʭ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʠʭ ʛʨʫʧ ʟʘʙʝʟʧʝʯʫʻ ʧʦʜʚʽʡʥʫ ʟʜʘʪʥʽʩʪʴ 

ʧʦʣʽʤʝʨʫ: ʭʝʣʘʪʫʶʯʫ ʪʘ ʽʦʥʦʦʙʤʽʥʥʫ. ʂʽʥʝʪʠʢʘ ʩʦʨʙʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʪʘ 

ʪʠʧʫ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʩʦʨʙʝʥʪʫ.  

ʄʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʥʦʜʠʩʧʝʨʩʥʠʭ ʥʘʥʦʯʘʩʪʦʯʦʢ Fe3O4 ʧʦʢʨʠʪʠʭ 

ʭʽʪʦʟʘʥʦʤ ʟ ʩʝʨʝʜʥʽʤ ʜʽʘʤʝʪʨʦʤ 13,5 ʥʤ ʽ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ ʭʽʪʦʟʘʥʫ 4,92 %, ʷʢ 

ʘʥʽʦʥʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʥʘʥʦʘʜʩʦʙʝʥʪʫ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʡʦʥʽʚ Au(ɯɯɯ) ʟ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʨʦʟʛʣʷʥʫʪʦ ʚ [44]. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʦʥʠ Au(ɯɯɯ) ʰʚʠʜʢʦ ʪʘ 

ʢʽʣʴʢʽʩʥʦ ʘʜʩʦʨʙʫʶʪʴʩʷ, ʘ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʽ ʟʥʠʞʝʥʥʷʤ ʨʅ 

ʯʝʨʝʟ ʧʨʦʪʦʥʫʚʘʥʥʷ ʘʤʽʥʦʛʨʫʧ ʭʽʪʦʟʘʥʫ. ɸʜʩʦʨʙʮʽʡʥʽ ʜʘʥʽ ʦʧʠʩʫʶʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ ʃʝʥʛʤʶʨʘ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʩʦʨʙʮʽʡʥʦʶ ʻʤʥʽʩʪʶ 59,52 ʤʛ/ʛ (1210 

ʤʛ/ʛ ʚʽʜʥʦʩʥʦ ʤʘʩʠ ʭʽʪʦʟʘʥʫ) ʪʘ ʢʦʥʩʪʘʥʪʦʶ ʨʽʚʥʦʚʘʛʠ ʘʜʩʦʨʙʮʽʾ ʃʝʥʛʤʶʨʘ 

0,066 ʜʤ
3
/ʤʛ. ɿ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʢʽʥʝʪʠʢʠ ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʩʦʨʙʮʽʾ 

ʽʦʥʽʚ Au(ɯɯɯ) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʜʩʦʨʙʮʽʡʥʠʡ ʧʨʦʮʝʩ ʦʧʠʩʫʻʪʴʩʷ ʢʽʥʝʪʠʯʥʦʶ 

ʤʦʜʝʣʣʶ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ʂʨʽʤ ʪʦʛʦ, ʯʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ 

ʨʽʚʥʦʚʘʛʠ ʟʥʘʯʥʦ ʢʦʨʦʪʰʠʡ ʥʽʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʽʢʨʦ-ʨʦʟʤʽʨʥʦʛʦ ʩʦʨʙʝʥʪʫ 

ʟʘʚʜʷʢʠ ʙʽʣʴʰʽʡ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ. 
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ʉʦʨʙʮʽʷ ʽʦʥʽʚ Pd(ɯɯ) ʪʘ Pt(IV) ʧʨʠ ʩʣʽʜʦʚʠʭ ʢʽʣʴʢʦʩʪʷʭ ʥʘ ʧʝʨʝʭʨʝʩʥʦ-

ʟʰʠʪʠʭ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʢʘʨʙʦʢʩʠʤʝʪʠʣʭʽʪʠʥʫ ʪʘ ʢʘʨʙʦʢʩʽʤʝʪʠʣʭʽʪʦʟʘʥʫ 

ʨʦʟʛʣʷʥʫʪʘ ʚ [45]. ʄʘʢʩʠʤʘʣʴʥʘ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʜʣʷ Pd(ɯɯ) ʩʢʣʘʜʘʻ 2,679 ʪʘ 

1,053 ʤʛ/ʛ ʩʫʭʦʛʦ ʛʝʣʶ, ʘ ʜʣʷ Pt(IV) ī 2,513 ʪʘ 1,155 ʤʛ/ʛ ʩʫʭʦʛʦ ʛʝʣʶ ʜʣʷ 

ʢʘʨʙʦʢʩʠʤʝʪʠʣʭʽʪʠʥʫ ʪʘ ʢʘʨʙʦʢʩʠʤʝʪʠʣʭʽʪʦʟʘʥʫ, ʚʽʜʧʦʚʽʜʥʦ. ʋʪʨʠʤʫʶʯʘ 

ʟʜʘʪʥʽʩʪʴ ʜʣʷ Pd(ɯɯ) ʩʪʘʥʦʚʠʣʘ 0,45 ʪʘ 0,06; ʜʣʷ Pt(IV) 0,25 ʪʘ 0,11 ʤʝʢʚ/ʛ ʜʣʷ 

ʢʘʨʙʦʢʩʠʤʝʪʠʣʭʽʪʠʥʫ ʪʘ ʢʘʨʙʦʢʩʠʤʝʪʠʣʭʽʪʦʟʘʥʫ. ʎʝ ʧʦʢʘʟʫʻ, ʱʦ ʘʜʩʦʨʙʮʽʷ ʜʣʷ 

ʽʦʥʽʚ Pd(ɯɯ) ʪʘ Pt(IV) ʥʘ ʦʙʦʭ ʛʽʜʨʦʛʝʣʷʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʥʠʭ ʪʘ 

ʥʽʪʨʘʪʥʠʭ ʽʦʥʽʚ. ɼʝʩʦʨʙʮʽʷ ʨʦʟʯʠʥʘʤʠ HCl  ̔ HNO3 ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʩʦʨʙʮʽʷ 

ʧʽʜʢʦʨʶʻʪʴʩʷ ʭʘʣʘʪʥʦʤʫ ʤʝʭʘʥʽʟʤʫ ʘ ʥʝ ʽʦʥʦʦʙʤʽʥʥʦʤʫ. SEM-EDX 

ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʧʦʢʘʟʫʻ, ʱʦ Pd(ɯɯ) ʪʘ Pt(IV) ʙʫʣʠ ʦʜʥʦʨʽʜʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʫ ʚʩʽʭ 

ʯʘʩʪʠʥʘʭ ʛʽʜʨʦʛʝʣʝʚʦʾ ʤʘʪʨʠʮʽ. ʄʝʪʦʜʦʤ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʩʢʘʥʫʶʯʦʾ ʢʘʣʦʨʠʤʝʪʨʽʾ 

ʧʦʢʘʟʘʥʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʫʡʥʫʚʘʥʥʷ ʧʦʣʽʤʝʨʫ ʧʽʩʣʷ ʩʦʨʙʮʽʾ ʽʦʥʽʚ Pd(ɯɯ) 

ʪʘ Pt(IV). ʇʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʤʝʪʘʣʠ ʟʫʤʦʚʣʶʶʪʴ ʟʥʠʞʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʮʽʣʽʩʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʧʦʣʽʤʝʨʫ.  

 ɺʠʢʦʨʠʩʪʘʥʦ [46] ʧʝʨʝʭʨʝʩʥʦ ʟʰʠʪʫ ʩʤʦʣʫ ʭʽʪʦʟʘʥʫ, ʭʽʤʽʯʥʦ 

ʤʦʜʠʬʽʢʦʚʘʥʫ L-ʣʽʟʠʥʦʤ ʜʣʷ ʩʦʨʙʮʽʾ Pt(IV), Pd(II ) ʪʘ Au(III ) ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʦʨʙʮʽʾ ʚ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʧʨʠ ʨʽʟʥʽʡ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʪʘʣʫ, ʨʽʟʥʦʤʫ ʯʘʩʽ ʢʦʥʪʘʢʪʫ ʬʘʟ, ʨʅ ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ. 

ʄʘʢʩʠʤʘʣʴʥʘ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʧʨʠ ʨʅ 1 ʜʣʷ Pt(IV), ʧʨʠ ʨʅ 2 

ʜʣʷ Pd(II ) ʪʘ Au(III ). ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʥʘʡʢʨʘʱʝ ʽʥʪʝʨʧʨʝʪʫʶʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʟʦʪʝʨʤʠ ʃʝʥʛʤʶʨʘ, ʤʘʢʩʠʤʘʣʴʥʘ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 

129,26 ʤʛ/ʛ ʜʣʷ Pt(IV), 109,47 ʤʛ/ʛ ʜʣʷ Pd(II ) ʪʘ 70,34 ʤʛ/ʛ ʜʣʷ Au(III ). ʂʽʥʝʪʠʯʥʽ 

ʜʘʥʽ ʧʝʨʝʚʽʨʷʣʠʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʽʥʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʩʝʚʜʦʧʝʨʰʦʛʦ ʪʘ 

ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ʂʽʥʝʪʠʯʥʽ ʜʘʥʽ ʢʨʘʱʝ ʢʦʨʝʣʶʶʪʴ ʟ ʢʽʥʝʪʠʯʥʦʶ 

ʤʦʜʝʣʣʶ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʫ ʧʨʦʮʝʩʽ ʭʽʤʽʯʥʦʾ ʩʦʨʙʮʽʾ 

ʣʽʤʽʪʫʶʯʦʶ ʻ ʜʨʫʛʘ ʩʪʘʜʽʷ. ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʪʘʢʽ ʷʢ ʚʽʣʴʥʘ ʝʥʝʨʛʽʷ 

ɻʽʙʙʩʘ, ʝʥʪʘʣʴʧʽʷ, ʝʥʪʨʦʧʽʷ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ ɺʘʥʪ-ɻʦʬʬʘ. 

ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʘʜʩʦʨʙʮʽʡʥʽ ʧʨʦʮʝʩʠ ʻ ʩʘʤʦʚʽʣʴʥʦʾ 
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ʽ ʝʢʟʦʪʝʨʤʽʯʥʦʾ ʧʨʠʨʦʜʠ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʩʪʫʧʽʥʴ ʜʝʩʦʨʙʮʽʾ ʽʦʥʽʚ ɹʄ ʜʦʩʷʛʘʚʩʷ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 0,7 ʄ ʪʽʦʩʝʯʦʚʠʥʠ ʚ 2 ʄ HCl. 

ɼʚʘ ʪʠʧʠ ʢʦʤʧʦʟʠʪʥʠʭ ʘʜʩʦʨʙʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʙʘʚʦʚʥʷʥʠʭ ʚʦʣʦʢʦʥ ʟ 

ʭʽʪʦʟʘʥʦʤ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʘʜʩʦʨʙʮʽʾ ʽʦʥʽʚ Au(ɯɯɯ) ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ [47]. 

ʂʽʥʝʪʠʢʘ ʘʜʩʦʨʙʮʽʾ ʽʦʥʽʚ Au(ɯɯɯ) ʥʘ ʦʙʦʭ ʚʦʣʦʢʥʘʭ ʦʧʠʩʫʻʪʴʩʷ ʤʦʜʝʣʣʶ ʨʝʘʢʮʽʾ 

ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ɼʘʥʽ ʽʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ Au(ɯɯɯ) ʥʘ ʧʦʚʝʨʭʥʽ ʦʙʦʭ ʚʦʣʦʢʦʥ 

ʦʧʠʩʫʶʪʴʩʷ ʣʽʥʽʡʥʠʤʠ ʪʘ ʥʝʣʽʥʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʽʟʦʪʝʨʤ ʌʨʝʡʥʜʣʽʭʘ, ʃʝʥʛʤʶʨʘ 

ʪʘ ʈʝʜʣʽʭʘ-ʇʝʪʝʨʩʦʥʘ. ʈʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʽ ʣʽʥʽʡʥʽ, ʽ ʥʝʣʽʥʽʡʥʽ ʬʦʨʤʠ 

ʪʨʴʦʭ ʚʠʱʝʟʛʘʜʘʥʠʭ ʤʦʜʝʣʝʡ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʧʠʩʫ ʘʜʩʦʨʙʮʽʾ 

Au(ɯɯɯ) ʥʘ ʧʦʚʝʨʭʥʽ ʦʙʦʭ ʚʦʣʦʢʦʥ ʪʘ ʧʝʨʝʜʙʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽʟʦʪʝʨʤ. ʃʽʥʽʡʥʘ 

ʤʦʜʝʣʴ ʃʝʥʛʤʶʨʘ ʪʘ ʥʝʣʽʥʽʡʥʽ ʤʦʜʝʣʽ ʃʝʥʛʤʶʨʘ ʪʘ ʈʝʜʣʽʭʘ-ʇʝʪʝʨʩʦʥʘ 

ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʦʧʠʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ɯʟʦʪʝʨʤʘ ʈʝʜʣʽʭʘ-

ʇʝʪʝʨʩʦʥʘ ʮʝ ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ʽʟʦʪʝʨʤʠ ʃʝʥʛʤʶʨʘ ʢʦʣʠ ʢʦʥʩʪʘʥʪʘ g ʽʟʦʪʝʨʤʠ 

ʈʝʜʣʽʭʘ-ʇʝʪʝʨʩʦʥʘ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʘʜʩʦʨʙʮʽʾ 

ʧʦʢʘʟʘʣʦ, ʱʦ ʦʙʠʜʚʘ ʚʦʣʦʢʥʘ ʧʦʢʘʟʫʶʪʴ ʚʠʩʦʢʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ Au(ɯɯɯ) ʚ 

ʨʦʟʯʠʥʽ ʪʘ 100% ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʜʣʷ Au(ɯɯɯ) ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʥʘʜʣʠʰʢʫ Ni(II ), 

Cd(II ), Zn(II ), Co(II) ʪʘ Mn(II ). 

ʄʝʤʙʨʘʥʠ ʦʪʨʠʤʘʥʽ ʯʝʨʝʟ ʧʝʨʝʭʨʝʩʥʫ ʟʰʠʚʢʫ ʭʽʪʦʟʘʥʫ (CS), PVA ʪʘ 

ʩʫʤ̔h ʽ ʭʽʪʦʟʘʥ/PVA ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ, ʷʢ ʟʰʠʚʘʶʯʦʛʦ 

ʘʛʝʥʪʘ ʨʦʟʛʣʷʥʫʪʽ ʚ [48]. ɯʥʬʨʘʯʝʨʚʦʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʟ ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷʤ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʤʝʤʙʨʘʥ. ʇʦʨʽʚʥʷʥʥʷ ʟ 

ʥʝʽʦʥʦʚʤʽʩʥʠʤʠ ʤʝʤʙʨʘʥʘʤʠ, Ag(I)-ʚʤʽʩʥʽ CS ʪʘ CS/PVA ʤʘʶʪʴ ʚʠʱʽ: ʩʪʫʧʽʥʴ 

ʚʠʣʫʯʝʥʥʷ, ʩʦʨʙʮʽʡʥʫ ʻʤʥʽʩʪʴ ʪʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʜʣʷ ʽʦʥʽʚ Ag(ɯ). ɿ ʧʽʜʚʠʱʝʥʥʷ 

ʚʤʽʩʪʫ 
 
Ag(ɯ) ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ ~20% ( ʟ 77,8 ʜʦ 94,4 ʤʛ/ʛ) ʪʘ 

~50% ( ʟ 83,9 ʜʦ 125 ʤʛ/ʛ).  

ʈʦʟʛʣʷʥʫʪʦ [49] ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʽʟʦʣʷʪʫ, ʷʢʠʡ ʻ ʯʫʪʣʠʚʠʤ ʜʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ ʷʢʦʩʪʽ ʙʽʦʩʦʨʙʝʥʪʫ ʜʣʷ ʚʠʣʫʯʝʥʥʷ Au(ɯɯɯ) ʟʽ ʩʪʽʯʥʠʭ ʚʦʜ. 

ʇʨʦʮʝʩ ʪʘ ʤʝʭʘʥʽʟʤ ʙʽʦʩʦʨʙʮʽʾ ʜʦʩʣʽʜʞʝʥʽ ʫ ʢʽʣʴʢʦʭ ʘʩʧʝʢʪʘʭ, ʚʢʣʶʯʘʶʯʠ 

ʧʦʚʝʨʭʥʝʚʝ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ, ʽʦʥʥʠʡ ʦʙʤʽʥ, ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʝ ʧʨʠʪʷʛʘʥʥʷ ʪʘ 

ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʽ ʨʝʘʢʮʽʾ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʰʚʠʜʢʝ 
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ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʢʪʝʨʽʡ ʚʽʜ ʽʦʥʽʚ Au(ɯɯɯ). ʈʝʟʫʣʴʪʘʪʠ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʦʣʴ ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʻ ʜʨʫʛʦʨʷʜʥʦʶ ʫ ʧʨʦʮʝʩʽ ʙʽʦʩʦʨʙʮʽʾ. ʗʢ 

ʘʜʩʦʨʙʝʥʪʠ, ʚʠʚʯʝʥʦ ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʽ ʪʘ ʥʝʤʦʜʠʬʽʢʦʚʘʥʽ ʙʽʦʤʘʩʠ, 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʛʨʫʧʠ (ʚʢʣʶʯʘʶʯʠ ʢʘʨʙʦʢʩʠʣʴʥʽ, ʛʽʜʨʦʢʩʠʣʴʥʽ 

ʪʘ ʬʦʩʬʦʨʠʣʴʥʽ, ʱʦ ʧʨʠʩʫʪʥʽ ʥʘ ʩʪʽʥʮʽ ʢʣʽʪʠʥʠ) ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʨʦʮʝʩʫ 

ʙʽʦʩʦʨʙʮʽʾ. ɸʥʘʣʽʟ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ 

ʧʦʢʘʟʘʚ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʽ ʙʽʦʤʘʩʠ ʚʽʜʙʫʣʦʩʷ ʚʽʜʥʦʚʣʝʥʥʷ Au(ɯɯɯ) ʜʦ Au(ɯ) ʪʘ 

Au(0). ʇʽʜʩʫʤʦʚʫʶʯʠ ʜʘʥʽ ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʜʚʦʩʪʘʜʽʡʥʘ ʤʦʜʝʣʴ: 

(1) ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʟʘʨʷʜʞʝʥʽ ʢʣʽʪʠʥʠ ʧʨʠʪʷʛʫʚʘʣʠ ʽʦʥʠ ʤʝʪʘʣʫ. ʎʝ ʧʨʦʮʝʩ 

ʬʽʟʠʯʥʦʾ ʘʜʩʦʨʙʮʽʾ ʙʘʛʘʪʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʰʘʨʫ; (2) ʽʦʥʠ ʤʝʪʘʣʫ ʧʨʦʥʠʢʘʣʠ ʥʘ 

ʧʦʚʝʨʭʥʶ ʢʣʽʪʠʥʠ ʫ ʚʠʛʣʷʜʽ ʭʝʣʘʪʽʚ ʯʠ ʢʦʤʧʣʝʢʩʽʚ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ, 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʪʘ ʨʝʘʢʮʽʡ ʚʽʜʥʦʚʣʝʥʥʷ.  

ʇʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʠʥʪʝʟʽ ʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʘʪʘʣʽʪʠʯʥʠʭ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʢʘʨʙʦʢʩʽʤʝʪʠʣʭʽʪʦʟʘʥʫ (ʂʄʍ) [50]. ɺʽʜʦʤʦ ʧʨʦ ʟʜʘʪʥʽʩʪʴ 

ʭʽʪʦʟʘʥʫ ʟʚôʷʟʫʚʘʪʠʩʷ ʟ ʽʦʥʘʤʠ ʤʝʪʘʣʽʚ ʪʘ ʧʨʠʢʨʽʧʣʝʥʠʤʠ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ 

ʤʝʪʘʣʽʚ. ʂʄʍ ʤʘʻ ʚʠʱʫ ʭʝʣʘʪʫʶʯʫ ʟʜʘʪʥʽʩʪʴ ʥʽʞ ʭʽʪʦʟʘʥ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʧʦʪʝʥʮʽʡʥʫ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʢʘʪʘʣʽʪʠʯʥʠʭ ʪʘ ʽʤʤʦʙʽʣʽʟʘʮʽʡʥʠʭ 

ʷʢʦʩʪʝʡ. ʅʘʥʦʯʘʩʪʠʥʢʠ Pt, Au ʪʘ Ag ʩʠʥʪʝʟʦʚʘʥʽ ʽ ʥʘ ʂʄʍ ʽ ʥʘ ʭʽʪʦʟʘʥʽ. ʈʦʟʤʽʨ 

ʯʘʩʪʠʥʦʢ, ʤʦʨʬʦʣʦʛʽʷ ʪʘ ʘʛʨʝʛʘʮʽʷ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʶʯʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. ʂʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʚʠʚʯʝʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʌʫʨôʻ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʆʜʥʦʨʽʜʥʠʡ ʨʦʟʧʦʜʽʣ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʜʣʷ ʦʙʦʭ ʧʦʣʽʤʝʨʽʚ; ʧʨʦ ʪʝ ʜʣʷ ʂʄʍ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʚʠʱʠʡ ʩʪʫʧʽʥʴ 

ʘʛʨʝʛʘʮʽʾ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʢʘʨʙʦʢʩʠʣʴʥʽ ʛʨʫʧʠ ʥʝ ʟʤʽʥʶʪʴ ʬʦʨʤʘʮʽʾ 

ʥʘʥʦʯʘʩʪʠʥʦʢ.  

ɼʦʩʣʽʜʞʝʥʦ ʩʦʨʙʮʽʶ Au(III ), Pt(IV) ʪʘ Pd(II) ʥʘ ʟʰʠʪʽʡ ʩʤʦʣʽ ʭʽʪʦʟʘʥʫ 

ʤʦʜʠʬʽʢʦʚʘʥʽʡ ʛʣʽʮʠʥʦʤ [51]. ɺʠʚʯʝʥʽ ʧʘʨʘʤʝʪʨʠ ʚʢʣʶʯʘʶʪʴ ʚʧʣʠʚ: ʨʅ, ʯʘʩʫ 

ʢʦʥʪʘʢʪʫ ʬʘʟ, ʽʦʥʥʦʾ ʩʠʣʠ ʪʘ ʚʠʭʽʜʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʽʦʥʽʚ ʤʝʪʘʣʽʚ. ʆʧʪʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʨʅ ʜʣʷ ʘʜʩʦʨʙʮʽʾ Au(III ), Pt(IV) ʪʘ Pd(II ) ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 

1,0 ʜʦ 4,0, ʘ ʤʘʢʩʠʤʫʤ ʚʠʣʫʯʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʠ ʨʅ 2,0 ʜʣʷ ʟʘʟʥʘʯʝʥʠʭ 

ʤʝʪʘʣʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷʤ ʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ ʦʧʠʩʫʶʪʴʩʷ 
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ʨʽʟʥʠʤʠ ʤʦʜʝʣʷʤʠ ʩʦʨʙʮʽʾ ʪʘʢʠʤʠ, ʷʢ ʌʨʝʡʥʜʣʽʭʘ ʪʘ ʃʝʥʛʤʶʨʘ ʟ ʦʮʽʥʢʦʶ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʝʡ. ʄʘʢʩʠʤʘʣʴʥʘ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʜʣʷ Au(III ), Pt(IV) ʪʘ 

Pd(II ) ʩʪʘʥʦʚʠʣʘ 169,98, 122,47 ʪʘ 120,39 ʤʛ/ʛ ʚʽʜʧʦʚʽʜʥʦ. ʂʽʥʝʪʠʯʥʽ ʜʘʥʽ ʙʫʣʠ 

ʧʨʦʪʝʩʪʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʽʥʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʩʝʚʜʦʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʯʠ 

ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʘ ʤʦʜʝʣʣʶ ʚʥʫʪʨʽʰʥʴʦʾ ʜʠʬʫʟʽʾ. ʂʦʨʝʣʷʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʟ ʢʽʥʝʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʜʘʥʘ ʤʦʜʝʣʴ 

ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʻ ʧʦʚʝʜʽʥʢʫ Au(III ), Pt(IV) ʪʘ Pd(II ) ʥʘ ʧʦʚʝʨʭʥʽ ʩʤʦʣʠ ʟʰʠʪʦʛʦ 

ʭʽʪʦʟʘʥʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʛʣʽʮʠʥʦʤ. ʈʽʟʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʽʚ ʭʣʦʨʠʜʥʦʾ 

ʢʠʩʣʦʪʠ, ʪʽʦʩʝʯʦʚʠʥʠ ʪʘ ʪʽʦʩʝʯʦʚʠʥʠ ï ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ ʜʦʩʣʽʜʞʝʥʽ ʧʨʠ 

ʜʝʩʦʨʙʮʽʾ ʘʜʩʦʨʙʦʚʘʥʠʭ ɹʄ ʟ ʧʦʚʝʨʭʥʽ ʩʤʦʣʠ ʟʰʠʪʦʛʦ ʭʽʪʦʟʘʥʫ, 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʛʣʽʮʠʥʦʤ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʯʠʥ 0,7 ʄ ʪʽʦʩʝʯʦʚʠʥʠ ʚ 2 ʄ 

HCl ʝʬʝʢʪʠʚʥʦ ʜʝʩʦʨʙʫʻ Au(III ), Pt(IV) ʪʘ Pd(II ) ʟ ʧʦʚʝʨʭʥʽ ʩʦʨʙʝʥʪʫ. 

ʇʨʠʱʝʧʣʝʥʥʷ ʛʣʽʮʠʥʫ ʥʘ ʩʤʦʣʫ ʟʰʠʪʦʛʦ ʭʽʪʦʟʘʥʫ ʧʽʜʪʚʝʨʜʞʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʟ ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʪʘ ʩʢʘʥʫʶʯʦʶ ʝʣʝʢʪʨʦʥʥʦʶ 

ʤʢ̔ʨʦʩʢʦʧʽʻʶ.  

ʉʠʥʪʝʟʦʚʘʥʦ [52] ʥʦʚʠʡ ʛʽʜʨʦʛʝʣʴ ʥʘ ʦʩʥʦʚʽ ʭʽʪʦʟʘʥʫ ʭʽʤʽʯʥʦ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 2,5-ʜʠʤʝʨʢʘʧʪʦ-1,3,4-ʪʽʦʜʽʘʟʦʣʦʤ. ʁʦʛʦ ʩʪʨʫʢʪʫʨʘ ʜʦʩʣʽʜʞʝʥʘ 

ʝʣʝʤʝʥʪʥʠʤ ʘʥʘʣʽʟʦʤ ʪʘ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʻʶ ʟ ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷʤ. ɹʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʅ ʨʦʟʯʠʥʫ, ʦʧʪʠʤʘʣʴʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʨʅ ʙʫʣʦ 3,0 ʜʣʷ Au(III ) ʽ 2,0 ʜʣʷ Pt(IV) ʪʘ Pd(II ). ʉʦʨʙʮʽʡʥʽ ʻʤʥʦʩʪʽ 

ʧʨʠ ʥʘʩʠʯʝʥʥʽ ʩʢʣʘʜʘʣʠ 198,5 ʤʛ/ʛ ʜʣʷ Au(III ) 16,2 ʪʘ 13,8 ʤʛ/ʛ ʜʣʷ Pd(II ) ʪʘ 

Pt(IV) ʚʽʜʧʦʚʽʜʥʦ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʽʟʦʪʝʨʤʠ ʘʜʩʦʨʙʮʽʾ ʜʣʷ Pd(II ) ʪʘ 

Pt(IV) ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ ʃʝʥʛʤʶʨʘ. ʂʽʥʝʪʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʘʜʩʦʨʙʮʽʾ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʽʥʝʪʠʯʥʽ ʜʘʥʽ ʜʦʙʨʝ ʢʦʨʝʣʶʶʪʴ ʟ ʤʦʜʝʣʣʶ 

ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ʉʦʨʙʝʥʪ ʤʘʻ ʙʽʣʴʰ ʚʠʩʦʢʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ Au(III ), 

Pd(II ) ʪʘ Pt(IV) ʫ ʩʠʩʪʝʤʘʭ ʩʧʽʚʽʩʥʫʚʘʥʥʷ, ʱʦ ʤʽʩʪʷʪʴ Cu(II ), Fe(III ), Cd(II ), 

Ni(II ), Mg(II ) ʪʘ Zn(II ). ɼʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʜʝʩʦʨʙʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ 

ʨʝʘʛʝʥʪʽʚ (ʛʽʜʨʦʢʩʠʜ ʥʘʪʨʽʶ, ʭʣʦʨʠʜʥʘ ʢʠʩʣʦʪʘ, ʪʽʦʩʝʯʦʚʠʥʘ) ʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʘʡʢʨʘʱʠʡ ʝʬʝʢʪ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʟʯʠʥʫ ʪʽʦʩʝʯʦʚʠʥʠ. 
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ʉʦʨʙʝʥʪʠ ʥʘ ʦʩʥʦʚʽ ʮʝʣʶʣʦʟʠ ʪʘ ʪʠʨʩʠ 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʽʪʦʤʘʪʝʨʽʘʣʽʚ (ʧʨʠʨʦʜʥʽʭ ʧʦʣʽʤʝʨʽʚ). ʉʝʨʝʜ ʨʽʟʥʠʭ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʭ 

ʧʦʣʽʤʝʨʽʚ ʰʠʨʦʢʦ ʚʠʚʯʘʻʪʴʩʷ ʮʝʣʶʣʦʟʘ, ʷʢ ʧʦʣʽʤʝʨ ʟ ʚʽʜʦʤʠʤʠ ʧʦʟʠʪʠʚʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʙʽʦʨʦʟʢʣʘʜ, ʥʝ ʪʦʢʩʠʯʥʽʩʪʴ, ʤʽʮʥʽʩʪʴ, ʜʦʩʪʫʧʥʽʩʪʴ, ʪʝʨʤʽʯʥʘ ʽ 

ʤʝʭʘʥʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʪʦʱʦ.  

 

ʎʝʣʶʣʦʟʘ 

ʇʨʠʨʦʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʣʶʣʦʟʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʢʨʘʱʝʥʽ ʰʣʷʭʦʤ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʢʨʘʱʠʤ ʻ ʭʽʤʽʯʥʝ ʤʦʜʠʬʽʢʫʚʘʥʥʷ. ʋ ʩʪʘʪʪʽ 

ʦʛʣʷʜʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ [53] ʨʦʟʛʣʷʥʫʪʦ ʟʘʛʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʣʶʣʦʟʠ, ʨʽʟʥʽ 

ʤʝʪʦʜʠ ʙʽʦʣʦʛʽʯʥʦʾ, ʭʽʤʽʯʥʦʾ, ʬʽʟʠʯʥʦʾ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʾ ʝʢʩʪʨʘʢʮʽʾ ʜʣʷ ʾʾ 

ʚʠʣʫʯʝʥʥʷ ʟ ʣʽʛʥʦʮʝʣʶʣʦʟʥʦʾ ʙʽʦʤʘʩʠ, ʤʝʪʦʜʠ ʦʯʠʱʝʥʥʷ ʪʘ ʚʽʜʙʽʣʶʚʘʥʥʷ 

ʝʢʩʪʨʘʛʦʚʘʥʦʾ ʮʝʣʶʣʦʟʠ ʪʘ ʤʝʪʦʜʠ ʾʾ ʤʦʜʠʬʽʢʘʮʽʾ. ʇʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʮʝʣʶʣʦʟʥʠʭ ʩʧʽʚʧʦʣʽʤʝʨʽʚ ʜʣʷ ʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ 

ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ. ʈʦʟʛʣʷʥʫʪʦ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʩʦʨʙʮʽʾ: 

ʩʪʫʧʽʥʴ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ, ʯʘʩ ʢʦʥʪʘʢʪʫ ʬʘʟ, ʪʝʤʧʝʨʘʪʫʨʘ, ʨʅ, ʚʧʣʠʚ 

ʩʫʧʫʪʥʽʭ ʽʦʥʽʚ ʤʝʪʘʣʽʚ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʣʫ, ʤʘʩʘ ʩʦʨʙʝʥʪʫ, ʽʦʥʥʘ ʩʠʣʘ ʨʦʟʯʠʥʫ, 

ʪʦʱʦ. ʇʦʢʘʟʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʘʜʩʦʨʙʮʽʾ ʃʝʥʛʤʶʨʘ, ʌʨʝʡʥʜʣʽʭʘ, 

ʊʴʦʤʢʽʥʘ, ɼʫʙʽʥʽʥʘ-ʈʘʜʫʰʢʝʚʠʯʘ ʪʘ ʈʝʜʣʽʭʘ-ʇʝʪʝʨʩʦʥʘ, ʘ ʪʘʢʦʞ ʢʽʥʝʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʧʩʝʚʜʦʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʘ ʤʦʜʝʣʽ 

ʚʥʫʪʨʽʰʥʴʦʯʘʩʪʠʥʢʦʚʦʾ ʜʠʬʫʟʽʾ, ʷʢʽ ʻ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʦʧʠʩʫ ʧʘʨʘʤʝʪʨʽʚ ʩʦʨʙʮʽʾ 

ʽʦʥʽʚ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʪʘ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʩʦʨʙʮʽʾ. ʈʦʟʛʣʷʥʫʪʦ 

ʤʦʞʣʠʚʽʩʪʴ ʜʝʩʦʨʙʮʽʾ ʚʠʣʫʯʝʥʠʭ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʝʥʝʨʘʮʽʾ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʮʝʣʶʣʦʟʥʠʭ ʙʽʦʩʦʨʙʝʥʪʽʚ. 
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ɽʬʝʢʪʠʚʥʠʡ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʡ ʘʜʩʦʨʙʝʥʪ ʥʘ ʦʩʥʦʚʽ ʮʝʣʶʣʦʟʠ ʟ 

ʮʫʢʨʦʚʦʛʦ ʦʯʝʨʝʪʫ ʩʪʚʦʨʝʥʠʡ ʜʣʷ ʚʠʣʫʯʝʥʥʷ Pb(ɯɯ), Cu(ɯɯ) ʪʘ Zn(ɯɯ) ʟ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʨʦʟʛʣʷʥʫʪʦ ʚ [54]. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʦʯʘʪʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʪʘʣʫ ʫ 

ʨʦʟʯʠʥʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʙʽʦʘʜʩʦʨʙʝʥʪʫ. ɯʟʦʪʝʨʤʠ 

ʘʜʩʦʨʙʮʽʾ ʧʦʢʘʟʘʣʠ, ʱʦ ʘʜʩʦʨʙʮʽʷ Pb(ɯɯ), Cu(ɯɯ) ʪʘ Zn(ɯɯ) 
 
ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʻʪʴʩʷ 

ʤʦʜʝʣʣʶ ʃʝʥʛʤʶʨʘ. ʄʘʢʩʠʤʘʣʴʥʘ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʩʪʘʥʦʚʠʣʘ 558,9, 446,2 ʪʘ 

363,3 ʤʛ/ʛ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ. ɯʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ ʫ 

ʙʽʥʘʨʥʠʭ ʩʠʩʪʝʤʘʭ ʪʝʞ ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʶʪʴʩʷ ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʦʶ ʤʦʜʝʣʣʶ 

ʃʝʥʛʤʶʨʘ. ʊʨʠʚʠʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʩʦʨʙʮʽʾ ʙʽʥʘʨʥʠʭ ʩʠʩʪʝʤ ʧʦʢʘʟʘʣʦ, 

ʱʦ ʥʘʷʚʥʽʩʪʴ Pb(ɯɯ) ʟʥʠʞʫʻ ʢʽʣʴʢʽʩʪʴ ʚʠʣʫʯʝʥʥʷ Cu(ɯɯ) ʪʘ ʥʝ ʚʧʣʠʚʘʻ ʥʘ 

ʚʠʣʫʯʝʥʥʷ Zn(ɯɯ). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ SEM-EDAX ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʦʨʙʮʽʷ 

ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟʘ ʨʘʭʫʥʦʢ ʢʦʦʨʜʠʥʘʮʽʾ, ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʪʘ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʾ ʘʩʦʮʽʘʮʽʾ. 

ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ [55] ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ Cu(ɯɯ) ʪʘ Pb(ɯɯ) ʟ ʨʽʟʥʠʭ ʟʘ 

ʩʢʣʘʜʦʤ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʦʚʠʭ ʧʝʨʝʭʨʝʩʥʦʟʰʠʪʠʭ ʣʠʩʪʽʚ ʦʢʩʠʜʫ 

ʛʨʘʬʝʥʫ, ʦʪʨʠʤʘʥʦʛʦ ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʝʢʩʪʨʘʢʮʽʾ ʮʝʣʶʣʦʟʠ. ʎʝʣʶʣʦʟʘ 

ʙʫʣʘ ʝʢʩʪʨʘʛʦʚʘʥʘ ʟ ʤʘʥʛʨʦʚʦʛʦ ʜʝʨʝʚʘ, ʟ ʧʦʜʘʣʴʰʠʤ ʧʨʠʱʝʧʣʝʥʥʷʤ ʘʢʨʠʣʘʤʽʜʫ 

ʪʘ ʽʤʤʦʙʽʣʽʟʘʮʽʻʶ ʝʪʠʣʝʥʜʽʘʤʽʥʫ ʜʣʷ ʧʨʦʮʝʩʫ ʧʝʨʝʭʨʝʩʥʦʛʦ ʟʰʠʚʘʥʥʷ. 

ʇʝʨʝʭʨʝʩʥʽ ʣʠʩʪʦʚʽ ʛʨʘʬʝʥʦʚʽ ʦʢʩʠʜʠ ʽʜʝʥʪʠʬʽʢʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ FT-IR, SEM 

ʪʘ XRD. ɺʠʚʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʘʜʩʦʨʙʮʽʾ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʥʘ ʧʦʚʝʨʭʥʽ 

ʩʪʚʦʨʝʥʦʛʦ ʩʦʨʙʝʥʪʫ. ɯʟʦʪʝʨʤʠ ʘʜʩʦʨʙʮʽʾ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʜʩʦʨʙʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʃʝʥʛʤʶʨʘ ʪʘ ʌʨʝʡʥʜʣʽʭʘ. ʉʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʟʘ Cu(ɯɯ) ʪʘ 

Pb(ɯɯ) ʩʪʘʥʦʚʠʣʘ 46,39 ʽ 183,48 ʤʛ/ʛ ʚʽʜʧʦʚʽʜʥʦ. ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʦʨʙʝʥʪʫ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʤʝʪʘʣʽʚ Cu(ɯɯ) ʪʘ Pb(ɯɯ) ʽʟ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʦʜ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʽʢʨʦʢʦʣʦʥʥʦʾ ʪʝʭʥʦʣʦʛʽʾ.  

ʉʪʚʦʨʝʥʦ ʩʦʨʙʝʥʪ [56] ʥʘ ʦʩʥʦʚʽ ʚʦʣʦʢʦʥ ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʶʣʦʟʠ 

ʧʝʨʝʭʨʝʩʥʦ ʟʰʠʪʠʭ ʝʧʽʭʣʦʨʛʽʜʨʠʥʦʤ, ʷʢʠʡ ʤʘʻ ʛʘʨʥʽ ʢʽʥʝʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʜʘʥʠʡ ʩʦʨʙʝʥʪ ʤʘʻ ʪʦʥʢʫ ʚʦʣʦʢʥʠʩʪʫ ʬʦʨʤʫ (ʜʽʘʤʝʪʨ ī 20 ī 90 

ʤʢʤ) ʟ ʛʨʫʙʦʶ ʪʘ ʧʦʨʠʩʪʦʶ ʧʦʚʝʨʭʥʝʶ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʩʦʨʙʮʽʾ. ʗʢ ʤʦʜʝʣʴ 

ʜʚʦʚʘʣʝʥʪʥʦʛʦ ʚʘʞʢʦʛʦ ʤʝʪʘʣʫ ʜʣʷ ʦʮʽʥʢʠ ʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʚʦʨʝʥʦʛʦ 
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ʩʦʨʙʝʥʪʫ ʙʫʣʦ ʚʠʙʨʘʥʦ Cd(II). ʉʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʚʯʘʣʠʩʷ ʚ ʩʪʘʪʠʯʥʦʤʫ ʪʘ 

ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʘʭ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʅ ʧʦʢʘʟʘʣʦ, ʱʦ ʨʅ 6 ʻ ʥʘʡʙʽʣʴʰ 

ʦʧʪʠʤʘʣʴʥʠʤ ʜʣʷ ʩʦʨʙʮʽʾ Cd(II). ʄʘʢʩʠʤʘʣʴʥʘ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʩʪʘʥʦʚʠʣʘ 

150,60 Ñ 10,47 ʤʛ/ʛ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ ī 2 ʭʚ. ɼʠʥʘʤʽʯʥʘ 

ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʻ ʚʠʱʦʶ ʥʽʞ ʥʘ ʘʥʽʦʥʦʦʙʤʽʥʥʠʭ ʩʤʦʣʘʭ Amberlite IRC 86 ʪʘ 

Amberlite IR 120H, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʷʢ ʧʦʨʽʚʥʷʣʴʥʽ ʩʦʨʙʝʥʪʠ. 

ʆʜʝʨʞʘʥʦ ʚʦʣʦʢʥʠʩʪʽ ʘʜʩʦʨʙʝʥʪʠ [57] ʢʘʨʙʦʢʩʠʤʝʪʠʣʶʚʘʥʥʷʤ ʚʽʜʭʦʜʽʚ 

ʪʝʢʩʪʠʣʴʥʠʭ ʚʦʣʦʢʦʥ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʾʭ ʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

Cd(II)  ʽ ʧʦʨʽʚʥʷʥʦ ʾʭ ʟ ʘʜʩʦʨʙʝʥʪʘʤʠ Dowex Mac-3. ʉʪʚʦʨʝʥʽ ʩʦʨʙʝʥʪʠ 

ʧʦʟʥʘʯʘʣʠ ʣʘʥʮʶʛʘʤʠ ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʶʣʦʟʠ-ʣʽʦʮʝʣ ʁ (CMC-LS) ʪʘ 

ʧʝʨʝʧʣʝʪʝʥʠʤʠ ʧʦʣʦʪʥʘʤʠ ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʶʣʦʟʠ-ʣʽʦʮʝʣʶ (CMC-LF). 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʪʘ ʽʟʦʪʝʨʤ ʩʦʨʙʮʽʾ ʧʦʢʘʟʘʣʠ, ʱʦ CMC-LS ʤʘʻ ʛʘʨʥʽ 

ʢʽʥʝʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟ ʚʠʩʦʢʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʩʦʨʙʮʽʾ ʪʘ ʧʝʨʩʧʝʢʪʠʚʦʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʜʠʥʘʤʽʯʥʽʡ ʩʦʨʙʮʽʾ. ɼʣʷ ʪʘʢʦʛʦ ʞ ʦʙôʻʤʫ ʢʦʣʦʥʢʠ ʩʦʨʙʮʽʷ ʥʘ 

CMC-LS ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ 70% ʪʦʜʽ, ʷʢ ʥʘ Dowex Mac-3 ʣʠʰʝ ~ 57 %. 100 %-ʚʦʾ 

ʜʝʩʦʨʙʮʽʾ ʚʜʘʻʪʴʩʷ ʜʦʩʷʛʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 0,1 ʄ ɽɼʊɸ ʘʙʦ HCl. ʊʦʤʫ ʚ ʜʘʥʽʡ 

ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʧʦʩʽʙ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ ʚʦʣʦʢʦʥ ʚ ʘʜʩʦʨʙʝʥʪʠ ʟ 

ʧʦʜʘʣʴʰʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʾʭ ʜʣʷ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʠʭ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ 

ʩʪʽʯʥʠʭ ʚʦʜ. 

ɼʦʩʣʽʜʞʝʥʦ [58] ʩʦʨʙʮʽʡʥʽ ʪʘ ʜʝʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʝʨʤʦʯʫʪʣʠʚʦʛʦ 

ʢʦʧʦʣʽʤʝʨʫ ʥʘ ʦʩʥʦʚʽ ʮʝʣʶʣʦʟʠ ʟ ʧʨʠʱʝʧʣʝʥʠʤ ʧʦʣʽ -(N-ʽʟʦʧʨʦʧʽʣʘʢʨʠʣʘʤʽʜʦʤ) 

ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʦʥʽʚ Cu(II), Pb(II), Ni(II) ʪʘ Cd(II)  ʟʘ ʨʽʟʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʃʘʫʨʠʣ ʩʫʣʴʬʘʪ ʥʘʪʨʽʶ ʪʘ ʜʦʜʝʮʠʣʪʨʠʤʝʪʠʣʘʤʦʥʽʡ ʭʣʦʨʠʜ, ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʟ 

ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ, ʙʫʣʦ ʚʠʙʨʘʥʦ ʫ ʷʢʦʩʪʽ ʝʢʩʪʨʘʛʝʥʪʽʚ ʪʘ ʚʠʚʯʝʥʦ ʾʭ ʚʧʣʠʚ ʥʘ 

ʩʦʨʙʮʽʡʥʫ ʻʤʥʽʩʪʴ ʮʝʣʶʣʦʟʥʦʛʦ ʢʦʧʦʣʽʤʝʨʫ. ʇʨʦʮʝʩʠ ʘʜʩʦʨʙʮʽʾ (50 
0
ʉ) ʪʘ 

ʜʝʩʦʨʙʮʽʾ (10 
0
ʉ) ʧʨʦʚʦʜʠʣʠʩʷ ʟʽ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʢʽʥʝʪʠʯʥʽ ʜʘʥʽ ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʽʥʝʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʘ ʚʥʫʪʨʽʰʥʴʦʯʘʩʪʠʥʢʦʚʘ ʜʠʬʫʟʽʷ ʥʝ ʤʘʻ ʟʥʘʯʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʰʚʠʜʢʽʩʪʴ ʩʦʨʙʮʽʾ. ʋ ʥʝʢʦʥʢʫʨʝʥʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʘʜʩʦʨʙʮʽʷ ʽʦʥʽʚ 

ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʚʽʜʙʫʚʘʣʘʩʷ ʫ ʧʦʨʷʜʢʫ Cd(II)> Cu(II)> Ni(II)  ʫ ʧʨʠʩʫʪʥʦʩʪʽ 
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ʣʘʫʨʠʣ ʩʫʣʴʬʘʪʫ ʥʘʪʨʽʶ. ʊʦʜʽ ʷʢ, ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʜʦʜʝʮʠʣʪʨʠʤʝʪʠʣʘʤʦʥʽʡ 

ʭʣʦʨʠʜʫ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʽʥʰʠʡ ʧʦʨʷʜʦʢ Cu(II )> Cd(II)> Ni(II)> Pb(II). 

ɺʠʚʯʝʥʦ ʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʦʨʙʝʥʪʫ [59] ʥʘ ʦʩʥʦʚʽ 

ʛʽʜʨʦʢʩʦʝʪʠʣʮʝʣʶʣʦʟʠ, ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʩʫʢʮʠʥʘʪʦʤ ʥʘʪʨʽʶ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʩʦʨʙʮʽʾ ʽʦʥʽʚ 

ʤʝʪʘʣʽʚ ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʟʦʪʝʨʤʠ ʘʜʩʦʨʙʮʽʾ ʃʝʥʛʤʶʨʘ, 

ʢʽʥʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʘ ʤʦʜʝʣʽ ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ. 

ʄʘʢʩʠʤʘʣʴʥʘ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʜʣʷ ʩʦʨʙʮʽʾ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʟ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ, ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʤʦʜʝʣʣʶ ʽʟʦʪʝʨʤʠ ʃʝʥʛʤʶʨʘ, ʩʪʘʥʦʚʠʣʘ 1000, 909,09, 

666,6, 588 ʽ 500 ʤʛ/ʛ ʜʣʷ Pb(II), Cr(VI), Co(II), Cu(II) ʪʘ Ni(II), ʚʽʜʧʦʚʽʜʥʦ. 

ʂʦʥʢʫʨʝʥʪʥʘ ʩʦʨʙʮʽʷ ʮʠʭ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʰʣʷʭʦʤ 

ʤʦʜʝʣʶʚʘʥʥʷ ʛʘʣʴʚʘʥʽʯʥʠʭ ʨʦʟʯʠʥʽʚ ʪʘ ʷʜʝʨʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ. ʅʝʛʘʪʠʚʥʽ 

ʟʥʘʯʝʥʥʷ ȹG Á ʪʘ ȹH Á ʚʢʘʟʫʶʪʴ ʥʘ ʩʧʦʥʪʘʥʥʫ ʪʘ ʝʢʟʦʪʝʨʤʽʯʥʫ ʧʨʠʨʦʜʫ ʩʦʨʙʮʽʾ. 

ʇʨʦʚʝʜʝʥʦ ʨʝʛʝʥʝʨʘʮʽʶ ʩʦʨʙʝʥʪʫ ʧʨʦʪʷʛʦʤ 5 ʮʠʢʣʽʚ ʙʝʟ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ 

ʩʦʨʙʮʽʡʥʦʾ ʻʤʥʦʩʪʽ. 

ʅʘʥʦʚʦʣʦʢʥʠʩʪʽ ʤʝʤʙʨʘʥʠ ʘʮʝʪʘʪʫ ʮʝʣʶʣʦʟʠ [60] ʦʪʨʠʤʫʚʘʣʠ ʰʣʷʭʦʤ 

ʝʣʝʢʪʨʦʧʨʷʜʽʥʥʷ, ʧʽʜʩʠʣʝʥʦʛʦ ʪʝʨʤʽʯʥʦ-ʤʝʭʘʥʽʯʥʠʤ ʦʙʧʘʣʶʚʘʥʥʷʤ, ʚʥʘʩʣʽʜʦʢ 

ʯʦʛʦ ʥʘʥʦʚʦʣʦʢʥʘ ʧʝʨʝʪʚʦʨʶʚʘʣʠʩʷ ʥʘ ʮʝʣʶʣʦʟʥʝ ʥʘʥʦʚʦʣʦʢʥʦ. ʇʦʜʘʣʴʰʦʶ 

ʤʦʜʠʬʽʢʘʮʽʻʶ ʧʦʚʝʨʭʥʽ ʧʝʨʝʪʚʦʨʶʚʘʣʠ ʮʝʣʶʣʦʟʥʝ ʥʘʥʦʚʦʣʦʢʥʦ ʥʘ ʽʦʥʦʦʙʤʽʥʥʽ 

ʤʝʤʙʨʘʥʠ. ʇʦʣʽʘʢʨʠʣʦʚʘ ʢʠʩʣʦʪʘ ʙʫʣʘ ʧʨʠʱʝʧʣʝʥʘ ʜʦ ʧʦʚʝʨʭʥʽ ʦʢʨʝʤʠʭ 

ʥʘʥʦʚʦʣʦʢʦʥ, ʷʢʽ ʙʫʣʠ ʤʦʜʠʬʽʢʦʚʘʥʽ ʧʦʣʽʛʣʽʮʠʜʠʣʤʝʪʘʢʨʠʣʘʪʦʤ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʧʫʩʢʥʦʾ ʪʘ ʽʦʥʦʦʙʤʽʥʥʦʾ ʟʜʘʪʥʦʩʪʽ Cd(ɯɯ) ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʤʝʤʙʨʘʥ, ʩʪʚʦʨʝʥʠʭ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʦʾ ʟʘ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ ʧʦʣʽʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ, ʷʢʘ 

ʙʫʣʘ ʧʨʠʱʝʧʣʝʥʘ ʫ ʩʝʨʝʜʦʚʠʱʽ ʨʽʟʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʧʨʦʥʠʢʥʽʩʪʴ ʤʝʤʙʨʘʥ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʧʦʣʽʘʢʨʠʣʦʚʦʾ 

ʢʠʩʣʦʪʠ ʚʥʘʩʣʽʜʦʢ ʥʘʙʫʭʘʥʥʷ ʣʘʥʮʶʛʘ ʫ ʚʦʜʽ. ɺ ʪʦʡ ʯʘʩ, ʷʢ ʽʦʥʦʦʙʤʽʥʥʘ 

ʟʜʘʪʥʽʩʪʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ Cd(ɯɯ) ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʨʦʟʯʠʥʥʠʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʧʨʠ ʧʨʠʱʝʧʣʝʥʥʽ 

ʧʦʣʽʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ ʻ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ 

ʽʦʥʦʦʙʤʽʥʥʦʾ ʟʜʘʪʥʦʩʪʽ Cd(ɯɯ), ʷʢʘ ʟʨʦʩʪʘʻ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʷʢʦʩʪʽ ʨʦʟʯʠʥʥʠʢʘ. 
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ɯʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ, ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʟʥʘʯʝʥʥʽ ʨʅ, ʜʦʙʨʝ ʦʧʠʩʫʶʪʴʩʷ ʤʦʜʝʣʣʶ 

ʘʜʩʦʨʙʮʽʾ ʃʝʥʛʤʶʨʘ, ʤʘʢʩʠʤʘʣʴʥʘ ʽʦʥʦʦʙʤʽʥʥʘ ʻʤʥʽʩʪʴ ʧʝʨʝʚʠʱʫʻ 160 ʤʛ/ʛ ʽ ʻ 

ʚʠʱʦʶ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʚʽʜʦʤʠʤʠ ʽʦʥʦʦʙʤʽʥʥʠʤʠ ʤʝʤʙʨʘʥʘʤʠ. ɺʠʚʯʝʥʦ 

ʚʧʣʠʚ ʽʦʥʽʚ Na(I) ʪʘ Ca(II ) ʥʘ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ Cd(ɯɯ) ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʪʘʢʽ 

ʤʝʤʙʨʘʥʠ ʻ ʩʝʣʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʠʣʫʯʝʥʥʷ Cd(ɯɯ) ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʜʣʷ ʢʦʤʝʨʮʽʡʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɸʝʨʦʛʝʣʴ [61] ʥʘʥʦʚʦʣʦʢʥʠʩʪʦʾ ʮʝʣʶʣʦʟʠ ʟ ʧʨʠʱʝʧʣʝʥʠʤʠ 

ʩʧʽʚʧʦʣʽʤʝʨʘʤʠ ʧʦʣʽ (ʤʝʪʘʢʨʠʣʦʚʦʾ ʪʘ ʤʘʣʝʾʥʦʚʦʾ ʢʠʩʣʦʪ), ʩʠʥʪʝʟʦʚʘʥʠʡ 

ʰʣʷʭʦʤ ʨʘʜʠʢʘʣʴʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʛʝʥʪʫ 

ʌʝʥʪʦʥʘ ʽ ʚʠʢʦʨʠʩʪʘʥʠʡ, ʷʢ ʘʜʩʦʨʙʝʥʪ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʟ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ. ʄʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʫʧʝʥʷ ʚʠʣʫʯʝʥʥʷ (> 95 %) ʚʜʘʻʪʴʩʷ ʜʦʩʷʛʪʠ ʜʣʷ 

Pb(II ), Cd(II ), Zn(II ) ʽ Ni(II ), ʧʨʠ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʨʦʟʯʠʥʽ ʥʠʞʯʝ 10 ppm ʪʘ ʚʽʜ 

90 ʜʦ 60 % ʧʨʠ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʱʝ 10 ppm. ʉʪʫʧʽʥʴ ʜʝʩʦʨʙʮʽʾ ʩʦʨʙʦʚʘʥʦʛʦ 

ʤʝʪʘʣʫ ʧʦʥʘʜ 98 % ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ɽɼʊɸ, ʘ ʧʦʜʘʣʴʰʝ 

ʧʨʦʤʠʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʝʨʦʛʝʣʴ ʙʝʟ ʟʥʠʞʝʥʥʷ 

ʩʦʨʙʮʽʡʥʦʾ ʻʤʥʦʩʪʽ. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʘʝʨʦʛʝʣʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ, 

ʷʢ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʡ ʽ ʙʘʛʘʪʦʨʘʟʦʚʠʡ ʩʦʨʙʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʚʠʣʫʯʝʥʥʷ 

ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʯʠʥʽʚ.   

ʅʝʜʦʨʦʛʽ ʩʦʨʙʝʥʪʠ, ʦʪʨʠʤʘʥʽ ʟ ʙʘʛʘʪʠʭ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʘʙʦ ʚʽʜʭʦʜʽʚ, ʚʚʘʞʘʶʪʴʩʷ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. ʋ [62] ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʥʘʥʦʮʝʣʶʣʦʟʫ ʟ ʧʰʝʥʠʯʥʦʾ ʩʦʣʦʤʠ, ʷʢ ʙʽʦʩʦʨʙʝʥʪ ʜʣʷ ʚʠʜʘʣʝʥʥʷ Pb(II) ʟ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʽʭ ʥʘʥʦʬʽʙʨʠʣʷʮʽʾ ʪʘ ʩʫʣʴʬʫʚʘʥʥʷ. ɺʠʚʯʝʥʦ ʚʧʣʠʚ 

ʧʝʨʚʠʥʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ Pb(II), ʯʘʩʫ ʩʦʨʙʮʽʾ ʪʘ ʨʅ ʨʦʟʯʠʥʫ, ʘ ʪʘʢʦʞ ʧʦʨʽʚʥʷʥʦ 

ʜʘʥʽ ʽʟʦʪʝʨʤ ʩʦʨʙʮʽʾ ʟ ʢʣʘʩʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ ʽʟʦʪʝʨʤ ʃʝʥʛʤʶʨʘ ʪʘ ʌʨʝʡʥʜʣʽʭʘ. 

Pb(II) ʝʬʝʢʪʠʚʥʦ ʘʜʩʦʨʙʫʻʪʴʩʷ (1,2 ʤʤʦʣʴ/ʛ) ʟ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ 

ʩʫʣʴʬʦʚʘʥʦʶ ʮʝʣʶʣʦʟʦʶ, ʨʦʟʤʽʨ ʷʢʦʾ ʩʪʘʥʦʚ ʚʽʜ 5 ʜʦ 50 ʥʤ, ʘ ʚʤʽʩʪ 

ʩʫʣʴʬʦʥʦʚʦʾ ʢʠʩʣʦʪʠ ī 0,45 ʤʤʦʣʴ/ʛ. ɸʜʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʩʫʣʴʬʦʚʘʥʦʾ 

ʮʝʣʶʣʦʟʠ ʧʦʨʽʚʥʷʥʥʦ ʟ ʘʜʩʦʨʙʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʢʦʤʝʨʮʽʡʥʠʭ 

ʘʜʩʦʨʙʝʥʪʽʚ. ɸʜʩʦʨʙʮʽʷ Pb(II) ʥʘʥʦʬʽʙʨʠʣʴʦʚʘʥʦʶ ʪʘ ʩʫʣʬɹʦʚʘʥʦʶ ʮʝʣʶʣʦʟʘʤʠ 
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ʚʽʜʧʦʚʽʜʘʻ ʤʦʜʝʣʽ ʽʟʦʪʝʨʤʠ ʘʜʩʦʨʙʮʽʾ ʃʝʥʛʤʶʨʘ ʪʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʛʘʨʥʠʤʠ 

ʢʽʥʝʪʠʯʥʠʤʠ ʜʘʥʠʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʥʦʬʽʙʨʠʣʴʦʚʘʥʘ ʪʘ ʩʫʣʴʬʦʚʘʥʘ ʮʝʣʶʣʦʟʠ 

ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʧʨʠʨʦʜʥʽʤʠ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʤʝʪʘʣʽʚ ʟ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ.  

ɼʦʩʣʽʜʞʝʥʦ [63] ʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʣʷ ʮʝʣʶʣʦʟʠ, ʝʢʩʪʨʘʛʦʚʘʥʦʾ ʟ 

ʩʠʟʘʣʴʥʦʛʦ ʚʦʣʦʢʥʘ ʪʘ ʮʝʣʶʣʦʟʠ ʟ ʧʨʠʱʝʧʣʝʥʦʶ ʘʢʨʠʣʦʚʦʶ ʢʠʩʣʦʪʦʶ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ Cu(II) ʪʘ Ni(II). ʈʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʢʽʣʴʢʦʩʪʽ ʩʦʨʙʝʥʪʫ, ʯʘʩʫ 

ʢʦʥʪʘʢʪʫ ʬʘʟ ʪʘ ʨʅ ʨʦʟʯʠʥʫ ʥʘ ʩʦʨʙʮʽʡʥʫ ʻʤʥʽʩʪʴ. ɸʜʩʦʨʙʮʽʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʢʦʥʪʘʢʪʫ ʬʘʟ ʪʘ ʢʽʣʴʢʦʩʪʽ ʩʦʨʙʝʥʪʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʨʅ = 5 ʜʣʷ ʚʠʣʫʯʝʥʥʷ Cu(II) ʪʘ Ni(II)  ʝʢʩʪʨʘʛʦʚʘʥʦʶ 

ʮʝʣʶʣʦʟʦʶ ʪʘ ʮʝʣʶʣʦʟʦʶ ʟ ʧʨʠʱʝʧʣʝʥʦʶ ʘʢʨʠʣʦʚʦʶ ʢʠʩʣʦʪʦʶ. ɼʘʥʽ ʘʜʩʦʨʙʮʽʾ 

ʦʧʠʩʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʟʦʪʝʨʤ ʘʜʩʦʨʙʮʽʾ ʃʝʥʛʤʶʨʘ ʪʘ ʌʨʝʡʥʜʣʽʭʘ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʦʨʙʮʽʾ Cu(II) ʪʘ Ni(II)  ʥʘ ʦʙʦʭ ʩʦʨʙʝʥʪʘʭ 

ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʶʪʴʩʷ ʘʜʩʦʨʙʮʽʡʥʦʶ ʤʦʜʝʣʣʶ ʌʨʝʡʥʜʣʽʭʘ. ʂʽʥʝʪʠʢʘ ʩʦʨʙʮʽʾ 

ʦʧʠʩʫʻʪʴʩʷ ʢʽʥʝʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ɿ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ 

ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʮʝʣʶʣʦʟʥʽ ʘʜʩʦʨʙʝʥʪʠ ʻ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʠʣʫʯʝʥʥʷ 

Cu(II) ʪʘ Ni(II) ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ. 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʘʚʪʦʨʽʚ ʨʦʙʦʪʠ [64] ʙʫʣʦ ʩʪʚʦʨʝʥʥʷ ʩʦʨʙʝʥʪʫ ʥʘ 

ʦʩʥʦʚʽ ʮʝʣʶʣʦʟʠ ʰʣʷʭʦʤ ʧʨʠʱʝʧʣʝʥʥʷ ʧʦʣʽ(ʛʣʽʮʠʜʠʣʤʝʪʘʢʨʠʣʘʪʫ) ʜʦ ʮʝʣʶʣʦʟʠ 

ʪʘ ʧʦʜʘʣʴʰʦʾ ʾʾ ʤʦʜʠʬʽʢʘʮʽʾ ʭʝʣʘʪʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʽʤʽʥʦʜʠʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʜʣʷ 

ʚʠʣʫʯʝʥʥʷ Cd(II), Pb(II) ʪʘ Cu(II)  ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ. ʄʦʜʠʬʽʢʫʚʘʥʥʷ ʮʝʣʶʣʦʟʠ ʟ 

ʧʨʠʱʝʧʣʝʥʠʤ ʧʦʣʽ(ʛʣʽʮʠʜʠʣʤʝʪʘʢʨʠʣʘʪʦʤ) ʽʤʽʥʦʜʠʦʮʪʦʚʦʶ ʢʠʩʣʦʪʦʶ 

ʚʽʜʙʫʚʘʣʦʩʷ ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʟʘ ʤôʷʢʠʭ ʫʤʦʚ. ʆʜʝʨʞʘʥʦ ʝʬʝʢʪʠʚʥʠʡ ʧʦʨʠʩʪʠʡ 

ʘʜʩʦʨʙʝʥʪ ʽʟ ʚʠʟʥʘʯʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɹʫʜʦʚʫ ʪʘ ʩʪʫʧʽʥʴ ʧʦʣʽʤʝʨʠʟʘʮʽʾ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʟ ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʪʘ 

ʝʣʝʤʝʥʪʥʠʡ ʘʥʘʣʽʟ. ʉʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʩʪʘʥʦʚʠʣʘ 53,4, 52, 69,6 ʤʛ/ʛ ʜʣʷ Cd(II), 

Pb(II), Cu(II)  ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʽ ʟʥʘʯʝʥʥʷ ʤʦʞʫʪʴ ʩʚʽʜʯʠʪʠ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʫ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʚʦʨʝʥʦʛʦ ʘʜʩʦʨʙʝʥʪʫ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʟ 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ.  
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ʋ ʨʦʙʦʪʽ [65] ʡʜʝʪʴʩʷ ʧʨʦ ʥʦʚʠʡ ʥʘʥʦʘʜʩʦʨʙʝʥʪ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ 

ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. ʉʧʦʯʘʪʢʫ ʛʽʜʨʦʣʽʟʦʤ ʟ ʙʘʚʦʚʥʠ ʦʪʨʠʤʫʚʘʣʠ ʥʘʥʦʢʨʠʩʪʘʣʠ 

ʮʝʣʶʣʦʟʠ. ʇʦʪʽʤ ʥʘʥʦʢʨʠʩʪʘʣʠ ʮʝʣʶʣʦʟʠ ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʫʚʘʣʠ ʷʥʪʘʨʥʠʤ 

ʘʥʛʽʜʨʠʜʦʤ. ʊʘʢʦʞ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʥʘʪʨʽʡ ʥʘʥʦʘʜʩʦʨʙʝʥʪ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ 

ʥʘʥʦʢʨʠʩʪʘʣʽʚ ʮʝʣʶʣʦʟʠ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʷʥʪʘʨʥʠʤ ʘʥʛʽʜʨʠʜʦʤ ʚʦʜʥʠʤ 

ʨʦʟʯʠʥʦʤ ʙʽʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ. ɺʠʚʯʝʥʦ ʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙʦʭ 

ʥʘʥʦʩʦʨʙʝʥʪʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ Pb(ɯɯ) ʪʘ Cd(ɯɯ). ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʯʘʩʫ 

ʢʦʥʪʘʢʪʫ ʬʘʟ, ʨʅ, ʧʦʯʘʪʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʪʘʣʽʚ ʫ ʨʦʟʯʠʥʽ, ʚʧʣʠʚ ʩʫʧʫʪʥʽʭ 

ʽʦʥʽʚ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʝʥʝʨʘʮʽʾ ʩʦʨʙʝʥʪʽʚ. ʏʘʩ ʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ ʜʣʷ Pb(ɯɯ) 

ʪʘ Cd(ɯɯ) ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 150 ʭʚ ʥʘ ʥʘʥʦʘʜʩʦʨʙʝʥʪʽ ʽ 5 ʭʚ ʥʘ ʥʘʪʨʽʡ 

ʥʘʥʦʘʜʩʦʨʙʝʥʪʽ. ʉʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʨʅ. ɯʟʦʪʝʨʤʠ 

ʘʜʩʦʨʙʮʽʾ ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʶʪʴʩʷ ʘʜʩʦʨʙʮʽʡʥʦʶ ʤʦʜʝʣʣʶ ʃʝʥʛʤʶʨʘ. 

ʄʘʢʩʠʤʘʣʴʥʘ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʥʘ ʥʘʥʦʘʜʩʦʨʙʝʥʪʽ ʪʘ ʥʘʪʨʽʡ ʥʘʥʦʘʜʩʦʨʙʝʥʪʽ 

ʜʣʷ Pb(ɯɯ) ʪʘ Cd(ɯɯ) ʩʪʘʥʦʚʠʣʘ 367,6 ʤʛ /ʛ, 259,7 ʤʛ/ʛ ʽ 465,1 ʤʛ/ʛ, 344,8 ʤʛ/ʛ 

ʚʽʜʧʦʚʽʜʥʦ. ʆʙʠʜʚʘ ʩʦʨʙʝʥʪʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʧʨʠ 

ʩʦʨʙʮʽʾ ʩʫʧʫʪʥʽʭ ʽʦʥʽʚ ʜʣʷ ʚʠʣʫʯʝʥʥʷ Pb(ɯɯ). ʅʘʪʨʽʡ ʥʘʥʦʘʜʩʦʨʙʝʥʪ ʤʦʞʥʘ 

ʝʬʝʢʪʠʚʥʦ ʨʝʛʝʥʝʨʫʚʘʪʠ ʥʘʩʠʯʝʥʠʤ ʨʦʟʯʠʥʦʤ ʥʘʪʨʽʡ ʭʣʦʨʠʜʫ ʙʝʟ ʟʥʠʞʝʥʥʷ 

ʩʦʨʙʮʽʡʥʦʾ ʻʤʥʦʩʪʽ. 

ʊʠʨʩʫ ʜʝʨʝʚʠʥʠ ʧʘʧʘʡʾ ʨʦʟʛʣʷʥʫʪʦ, ʷʢ ʥʦʚʠʡ ʙʽʦʩʦʨʙʝʥʪ [66] ʜʣʷ 

ʚʠʣʫʯʝʥʥʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. ʇʨʠ ʢʦʥʪʘʢʪʽ ʟ ʨʦʟʯʠʥʦʤ Cu(II), Cd(II) ʪʘ Zn(II) ʟ 

ʪʠʨʩʠ ʜʝʨʝʚʠʥʠ ʧʘʧʘʡʾ, ʧʨʠ ʯʘʩʽ ʢʦʥʪʘʢʪʫ ʬʘʟ ʫ ʪʝʨʤʦʩʪʘʪʽ 60 ʭʚʠʣʠʥ, ʩʪʫʧʽʥʴ 

ʚʠʣʫʯʝʥʥʷ ʤʝʪʘʣʽʚ ʩʪʘʥʦʚʠʚ 97,8, 94,9 ʽ 66,8% ʚʽʜʧʦʚʽʜʥʦ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ 

ʩʦʨʙʮʽʷ ʧʨʦʭʦʜʠʪʴ ʧʨʠ ʨʅ 5. ɹʽʦʩʦʨʙʮʽʷ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʢʦʣʠ 

ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʝʪʘʣʫ ʜʦ ʢʽʣʴʢʦʩʪʽ ʙʽʦʤʘʩʠ ʽ ʥʘʚʧʘʢʠ. 

ɿʙʽʣʴʰʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʤʝʪʘʣʫ ʙʫʣʦ ʧʦʚ'ʷʟʘʥʝ ʟ ʨʽʟʢʠʤ 

ʟʙʽʣʴʰʝʥʥʷʤ ʙʽʦʩʦʨʙʮʽʾ ʧʨʠ ʤʝʥʰʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʧʦʩʪʫʧʦʚʦ ʜʦʩʷʛʘʶʯʠ ʧʣʘʪʦ 

ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʤʝʪʘʣʽʚ. ʇʨʠ ʨʽʚʥʦʚʘʟʽ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʦʰʫʨʦʢ 

ʜʝʨʝʚʠʥʠ ʧʘʧʘʡʾ ʜʦ ʩʦʨʙʦʚʘʥʠʭ ʤʝʪʘʣʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʥʘʩʪʫʧʥʦʤʫ ʧʦʨʷʜʢʫ 

Cu(II) > Cd(II)  > Zn(II), ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʦʶ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʟʤʽʥʠ ʨʽʟʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. ɯʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʶʪʴʩʷ ʤʦʜʝʣʣʶ ʽʟʦʪʝʨʤʠ ʘʜʩʦʨʙʮʽʾ 
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ʃʝʥʛʤʶʨʘ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʨʝʛʨʝʩʽʾ 0,99 (r
2
) ʜʣʷ ʚʩʽʭ ʤʝʪʘʣʽʚ. ʄʦʜʝʣʴ ʽʟʦʪʝʨʤʠ 

ʘʜʩʦʨʙʮʽʾ ʌʨʝʡʥʜʣʽʭʘ ʙʫʣʘ ʧʨʠʡʥʷʪʥʦʶ, ʘʣʝ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʤʘʚ ʟʥʘʯʥʦ 

ʥʠʞʯʽ ʟʥʘʯʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʙʽʦʩʦʨʙʮʽʾ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʘʥʽ ʥʘʡʢʨʘʱʝ 

ʦʧʠʩʫʶʪʴʩʷ ʢʽʥʝʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʢʦʣʠ r
2
 ʩʪʘʥʦʚʠʪʴ 

0,99. ʄʦʜʝʣʴ ʧʩʝʚʜʦʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʥʝ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʷ ʜʦ ʦʪʨʠʤʘʥʠʭ 

ʢʽʥʝʪʠʯʥʠʭ ʜʘʥʠʭ. ʄʝʪʘʣʠ ʩʦʨʙʦʚʘʥʽ ʪʠʨʩʦʶ ʜʝʨʝʚʠʥʠ ʧʘʧʘʡʾ ʧʦʚʥʽʩʪʶ 

ʜʝʩʦʨʙʫʶʪʴʩʷ 0,1 ʥ HCl. ʇʽʜ ʯʘʩ ʧʦʚʪʦʨʝʥʥʷ ʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮiʾ ʧʨʦʪʷʛʦʤ ʧ'ʷʪʠ 

ʮʠʢʣʽʚ ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʚʪʨʘʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʣʫʯʝʥʥʷ Cu(II) ʪʘ Cd(II) ʟ ʾʭʥʽʭ 

ʨʦʟʯʠʥʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʠʨʩʠ ʜʝʨʝʚʠʥʠ 

ʧʘʧʘʡʾ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʟ ʨʦʟʯʠʥʽʚ ʪʘ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ, 

ʟʘʙʨʫʜʥʝʥʠʭ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ. 

ʊʠʨʩʘ ʟ ʣʠʩʪʷʥʠʭ ʤôʷʢʠʭ ʧʦʨʽʜ ʪʘ ʭʚʦʡʥʠʭ ʤôʷʢʠʭ ʧʦʨʽʜ ʧʨʦʷʚʣʷʻ ʧʝʚʥʫ 

ʘʜʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ [67]. ɰʭ ʘʜʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʙʽʣʴʰʝʥʽ ʰʣʷʭʦʤ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʨʦʟʯʠʥʦʤ ʛʽʜʨʦʢʩʠʜʫ 

ʥʘʪʨʽʶ. ɸʜʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʜʩʦʨʙʝʥʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʣʫʛ, ʙʫʣʠ ʚʠʱʠʤʠ, ʥʽʞ 

ʜʣʷ ʥʝ ʤʦʜʠʬʽʢʦʚʘʥʠʭ, ʚʽʜ 2,5 ʜʦ 5 ʨʘʟʽʚ ʜʣʷ ʽʦʥʽʚ Cu(II ) ʪʘ ʧʨʠʙʣʠʟʥʦ ʚ 15 ʨʘʟ 

ʜʣʷ ʽʦʥʽʚ Zn(II ). ʊʘʢʦʞ ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʨʦʟʯʠʥ 

ʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ, ʧʨʦʪʝ ʚʽʥ ʻ ʤʝʥʰ ʝʬʝʢʪʠʚʥʠʤ ʥʽʞ ʨʦʟʯʠʥ ʛʽʜʨʦʢʩʠʜʫ ʥʘʪʨʽʶ. 

1% ʨʦʟʯʠʥʫ ʛʽʜʨʦʢʩʠʜʫ ʥʘʪʨʽʶ ʜʦʩʠʪʴ, ʱʦʙ ʧʽʜʚʠʱʠʪʠ ʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʜʣʷ ʪʠʨʩʠ ʭʚʦʡʥʠʭ ʜʝʨʝʚʥʠʭ ʧʦʨʽʜ. ɺʩʪʘʥʦʚʣʝʥʦ, ʘʜʩʦʨʙʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʷʢ ʟʘ 

ʨʘʭʫʥʦʢ ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ, ʪʘʢ ʽ ʟʘ ʨʘʭʫʥʦʢ ʤʽʢʨʦʦʩʘʜʞʝʥʥʷ ʤʝʪʘʣʫ ʫ ʚʠʛʣʷʜʽ 

ʛʽʜʨʦʢʩʠʜʽʚ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʟ ʤʦʜʠʬʽʢʦʚʘʥʦʾ 

ʪʠʨʩʠ ʤôʷʢʠʭ ʜʝʨʝʚʥʠʭ ʧʦʨʽʜ ʻ ʤʝʥʰʠʤ, ʥʽʞ ʜʣʷ ʥʝ ʤʦʜʠʬʽʢʦʚʘʥʠʭ, ʧʨʠʙʣʠʟʥʦ 

ʥʘ 7 % ʜʣʷ ʪʦʧʦʣʽ ʪʘ 23 % ʜʣʷ ʷʣʠʥʠ. ʆʪʨʠʤʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʙʽʦʩʦʨʙʝʥʪʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. 

ʆʪʨʠʤʘʥʦ ʥʘʥʦʤʘʛʥʽʪʥʠʡ ʮʝʣʶʣʦʟʥʠʡ ʛʽʙʨʠʜ [68] ʦʩʘʜʞʝʥʥʷʤ ʮʝʣʶʣʦʟʠ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʩʫʤʽʰʽ Fe(II)/Fe(III). ɼʦ ʦʪʨʠʤʘʥʦʛʦ ʛʽʙʨʠʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʙʫʣʦ 

ʧʨʠʱʝʧʣʝʥʦ ʘʤʽʥʦʛʨʫʧʠ ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʾ ʦʙʨʦʙʢʠ ʛʣʽʮʠʜʠʣʤʝʪʘʢʨʠʣʘʪʦʤ ʪʘ 

ʪʝʪʨʘʝʪʠʣʝʥʧʝʥʪʘʘʤʽʥʦʤ. ʇʦʚʝʨʭʥʶ ʫʪʚʦʨʝʥʦʛʦ ʩʦʨʙʝʥʪʫ ʚʠʚʯʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ɯʏ-ʩʧʝʢʪʨʦʩʢʧʽʾ ʟ ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷʤ, ʜʝʨʠʚʘʪʦʛʨʘʬʽʾ ʪʘ ʘʜʩʦʨʙʮʽʾ 
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ʘʟʦʪʫ. ʉʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʩʦʨʙʝʥʪʽ ʩʪʘʥʦʚʠʣʘ 2, 1,5 ʪʘ 1,2 

ʤʤʦʣʴ/ʛ ʜʣʷ Hg(II), Cu(II) ʪʘ Ag(I), ʚʽʜʧʦʚʽʜʥʦ. ɸʜʩʦʨʙʝʥʪ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʛʘʨʥʠʤʠ ʢʽʥʝʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʘʜʩʦʨʙʮʽʾ ʫʩʽʭ ʪʨʴʦʭ ʽʦʥʽʚ ʤʝʪʘʣʽʚ. 

ʈʝʛʝʥʝʨʘʮʽʶ ʩʦʨʙʝʥʪʫ ʧʨʦʚʦʜʠʣʠ ʧʽʜʢʠʩʣʝʥʠʤ ʨʦʟʯʠʥʦʤ ʪʽʦʩʝʯʦʚʠʥʠ. 

ɹʘʚʦʚʥʷʥʽ ʚʦʣʦʢʥʘ [69] ʧʨʠʨʦʜʥʦʾ ʮʝʣʶʣʦʟʠ ʙʫʣʠ ʩʧʦʯʘʪʢʫ ʤʦʜʠʬʽʢʦʚʘʥʽ 

ʰʣʷʭʦʤ ʧʨʠʱʝʧʣʝʥʥʷ ʢʦʧʦʣʽʤʝʨʫ ʧʦʣʽʘʢʨʠʣʦʥʽʪʨʠʣʫ, ʘ ʧʦʪʽʤ ʰʣʷʭʦʤ 

ʟʘʢʨʽʧʣʝʥʥʷ ʬʨʘʛʤʝʥʪʽʚ ʬʝʥʽʣʪʽʦʩʝʤʽʢʘʨʙʘʟʠʜʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʭʝʣʘʪʥʠʭ 

ʚʦʣʦʢʦʥ. ʇʦʚʝʨʭʥʶ ʦʪʨʠʤʘʥʦʛʦ ʩʦʨʙʝʥʪʫ ʙʫʣʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢʠʤʠ ʷʢ: SEM, FTIR, EDX ʪʘ XRD. ʆʪʨʠʤʘʥʠʡ 

ʩʦʨʙʝʥʪ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʪʘ ʝʢʩʪʨʘʢʮʽʾ ʽʦʥʽʚ Au(ɯɯɯ), Pd(ɯɯ) ʪʘ 

Ag(ɯ)
 
 ʟ ʾʭ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ. ʂʽʥʝʪʠʯʥʽ ʜʘʥʽ ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʽʥʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ɯʟʦʪʝʨʤʠ ʘʜʩʦʨʙʮʽʾ ʩʚʽʜʯʘʪʴ, ʱʦ 

ʘʜʩʦʨʙʮʽʷ ʧʨʦʭʦʜʠʪʴ ʟʘ ʤʦʜʝʣʣʶ ʃʝʥʛʤʶʨʘ. ʄʘʢʩʠʤʘʣʴʥʘ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ 

ʩʪʘʥʦʚʠʣʘ ʜʣʷ Au(ɯɯɯ), Pd(ɯɯ) ʪʘ Ag(ɯ) 198,31, 87,43 ʽ 71,14 ʤʛ/ʛ ʚʽʜʧʦʚʽʜʥʦ. 

ɿʦʣʘ ʪʠʨʩʠ ʚʠʢʦʨʠʩʪʘʥʘ, ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʩʦʨʙʝʥʪ ʜʣʷ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ 

ʟʦʣʦʪʘ ʽʟ ʟʦʣʦʪʦʚʤʽʩʥʠʭ ʰʣʘʤʽʚ [70]. ʄʘʢʩʠʤʘʣʴʥʘ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ Au(ɯɯɯ) ʥʘ 

ʟʦʣʽ ʪʠʨʩʠ ʧʨʦʤʠʪʦʾ ʚʦʜʦʧʨʦʚʽʜʥʦʶ ʚʦʜʦʶ ʧʨʠ 20, 30, 40 ʪʘ 60 
0
ʉ ʩʪʘʥʦʚʠʣʘ 

8,68, 7,79, 7,44 ʪʘ 7,25 ʤʛ Au(ɯɯɯ)/ʛ ʩʦʨʙʝʥʪʫ ʚʽʜʧʦʚʽʜʥʦ, ʪʦʜʽ ʷʢ ʘʢʪʠʚʦʚʘʥʝ 

ʚʫʛʽʣʣʷ ʜʘʻ ʨʝʟʫʣʴʪʘʪʠ 76,78, 60,95, 56,13 ʪʘ 51,90 ʤʛ Au(ɯɯɯ)/ʛ ʩʦʨʙʝʥʪʫ 

ʚʽʜʧʦʚʽʜʥʦ. ɼʝʽʦʥʽʟʦʚʘʥʘ ʚʦʜʘ ʧʨʠ 100 
0
ʉ ʟʜʘʪʥʘ ʝʣʶʶʚʘʪʠ ʩʦʨʙʦʚʘʥʝ Au(ɯɯɯ) ʥʘ 

71 %. ɽʬʝʢʪ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʜʦ 30, 60 ʪʘ 100 
0
ʉ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ 

ʤʝʭʘʥʽʟʤ ʘʜʩʦʨʙʮʽʾ ʧʝʨʝʚʘʞʥʦ ʬʽʟʠʯʥʠʡ. ʅʝʛʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʝʥʪʘʣʴʧʽʾ ʪʘ 

ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʢʘʟʫʻ ʥʘ ʝʢʟʦʪʝʨʤʽʯʥʠʡ ʪʘ ʩʧʦʥʪʘʥʥʠʡ ʧʨʦʮʝʩ, ʚʽʜʧʦʚʽʜʥʦ. 

ʇʦʟʠʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥ ʝʥʪʨʦʧʽʾ ʚʢʘʟʫʻ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʥʝʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ 

ʩʠʩʪʝʤʠ. ʇʝʨʝʚʘʛʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʣʠ ʪʠʨʩʠ ʻ ʦʯʠʩʪʢʘ ʪʘ ʦʜʝʨʞʘʥʥʷ ʟʦʣʦʪʘ ʟ 

ʡʦʛʦ ʘʜʩʦʨʙʘʪʽʚ. 

ʈʦʟʨʦʙʣʝʥʘ [71] ʝʢʦʣʦʛʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʟʦʣʦʪʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʮʝʣʶʣʦʟʠ, ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʪʘʫʨʠʥʦʤ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ. ʉʦʨʙʮʽʷ, ʟ 

ʧʦʜʘʣʴʰʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ, ʷʢ ʤʝʪʦʜ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʦʥʥʦʛʦ 

Au(ɯɯɯ) ʚ Au(0). ʉʬʝʨʠʯʥʽ ʥʘʥʦʯʘʩʪʠʥʢʠ ʟʦʣʦʪʘ (ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ 5 ʥʤ) ʙʫʣʠ 
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ʜʦʩʣʽʜʞʝʥʽ ʫ ʛʝʣʽ ʟ ʚʙʫʜʦʚʘʥʠʤʠ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ. ʃʽʤʽʪʫʶʯʘ ʰʚʠʜʢʽʩʪʴ 

ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʘʨʘʤʝʪʨʽʚ: 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ (ʝʥʜʦʪʝʨʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ), ʢʽʥʝʪʠʯʥʠʭ ʢʨʠʚʠʭ (ʧʩʝʚʜʦʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ) ʪʘ ʽʟʦʪʝʨʤʠ (34.5 ʤʛ/ʛ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʃʝʥʛʤʶʨʘ). ʂʠʩʣʦʪʥʽʩʪʴ (ʨʅ 

2 ī 6) ʪʘ ʢʦʥʢʫʨʫʶʯʽ ʚʘʞʢʽ ʤʝʪʘʣʠ (Cd(ɯɯ), Co(ɯɯ), Cr(IV), Ni(ɯɯɯ) ʪʘ As (V)) 

ʧʦʢʘʟʘʣʠ ʤʽʥʽʤʘʣʴʥʠʡ ʚʧʣʠʚ. ɺʽʜʥʦʚʣʝʥʥʷ Au(ɯɯɯ) ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ 

ʽʦʥʥʦʾ ʩʠʣʠ (NaCl). ʂʦʤʧʣʝʢʩʫʶʯʠʡ ʘʛʝʥʪ (ʪʽʦʩʝʯʦʚʠʥʘ ʚ ʢʠʩʣʦʤʫ ʨʦʟʯʠʥʽ) 

ʜʝʩʦʨʙʫʻ 86 % ʽʦʥʥʦʛʦ Au(ɯɯɯ), ʘ ʪʝʭʥʦʣʦʛʽʷ ʧʽʨʦ-ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ 90 % ʤʝʪʘʣʽʯʥʦʛʦ ʟʦʣʦʪʘ. ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʟʘʬʽʢʩʦʚʘʥʦ ʤʝʪʘʣʽʯʥʝ ʟʦʣʦʪʦ ʥʘ ʧʦʚʝʨʭʥʽ ʮʝʣʶʣʦʟʠ, 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʪʘʫʨʠʥʦʤ, ʷʢʝ ʫʪʨʠʤʫʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʦʨʙʮʽʡʥʦ-ʚʽʜʥʦʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. ɺʘʞʣʠʚʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʮʝʣʶʣʦʟʠ, 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʪʘʫʨʠʥʦʤ ī ʟʜʘʪʥʽʩʪʴ ʢʦʥʮʝʥʪʨʫʚʘʪʠ ʟʦʣʦʪʦ ʚ ʨʽʟʥʠʭ ʬʦʨʤʘʭ 

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ, ʷʢ ʢʝʨʦʚʘʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʚʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. 

ʉʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʧʦʨʠʩʪʦʛʦ ʢʘʨʙʦʥʫ ʦʪʨʠʤʘʥʦʛʦ ʰʣʷʭʦʤ ʢʘʨʙʦʥʽʟʘʮʽʾ 

ʟ ʘʛʨʦ-ʚʽʜʭʦʜʽʚ, ʪʘʢʠʭ ʷʢ ʨʠʩʦʚʝ ʣʫʰʧʠʥʥʷ ʪʘ ʷʯʤʽʥʥʘ ʩʦʣʦʤʘ ʨʦʟʛʣʷʥʫʪʦ ʚ [72]. 

ɼʣʷ ʦʮʽʥʢʠ ʩʦʨʙʮʽʾ ʙʣʘʛʦʨʦʜʥʠʭ ʪʘ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʟ ʾʭ ʨʦʟʯʠʥʽʚ ʥʘ ʧʦʚʝʨʭʥʽ 

ʧʦʨʠʩʪʦʛʦ ʢʘʨʙʦʥʫ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ, 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʪʘ ʯʘʩʫ ʢʦʥʪʘʢʪʫ ʬʘʟ. ʂʘʨʙʦʥ ʦʪʨʠʤʘʥʠʡ ʟ ʨʠʩʦʚʦʛʦ 

ʣʫʰʧʠʥʥʷ ʚʠʷʚʠʚʩʷ ʙʽʣʴʰ ʩʝʣʝʢʪʠʚʥʠʤ ʜʣʷ Au(III ) ʪʘ ʽʥʝʨʪʥʠʤ ʜʦ Pt(IV), Pd(II ) 

ʪʘ ʽʥʰʠʭ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ. ʂʘʨʙʦʥ ʦʪʨʠʤʘʥʠʡ ʟ ʷʯʤʽʥʥʦʾ ʩʦʣʦʤʠ ʩʦʨʙʫʚʘʚ 

ʫʩʽ ʪʨʠ ʽʦʥʠ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ, ʘʣʝ ʙʫʚ ʽʥʝʨʪʥʠʤ ʜʦ ʽʦʥʽʚ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ 

ʪʘʢʠʭ, ʷʢ Cu(II ), Fe(III ) ʪʘ Ni(II ). ʄʘʢʩʠʤʘʣʴʥʘ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʜʣʷ ʢʘʨʙʦʥʫ ʟ 

ʨʠʩʦʚʦʛʦ ʣʫʰʧʠʥʥʷ ʧʦ Au(III ) ʩʢʣʘʜʘʣʘ 0,76 ʤʦʣʴ/ʢʛ ʪʘ ʤʘʢʩʠʤʘʣʴʥʘ ʩʦʨʙʮʽʡʥʘ 

ʻʤʥʽʩʪʴ ʜʣʷ ʢʘʨʙʦʥʫ ʟ ʷʯʤʽʥʥʦʾ ʩʦʣʦʤʠ ʟʘ Au(III ), Pt(IV), Pd(II ) ʙʫʣʘ 1,47; 0,39; 

0,64 ʤʦʣʴ/ʢʛ ʚʽʜʧʦʚʽʜʥʦ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ ʟ 

ʧʨʦʤʠʩʣʦʚʠʭ ʨʦʟʯʠʥʽʚ ʙʫʣʘ ʪʘʢʦʞ ʧʨʦʪʝʩʪʦʚʘʥʘ ʽ ʢʘʨʙʦʥ ʟ ʷʯʤʽʥʥʦʾ ʩʦʣʦʤʠ 

ʚʠʷʚʠʚʩʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʪʘ ʩʝʣʝʢʪʠʚʥʠʤ ʜʣʷ ʮʽʣʴʦʚʦʛʦ ʚʠʣʫʯʝʥʥʷ ɹʄ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʥʘʜʣʠh ʢʫ ʽʦʥʽʚ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ. ʂʘʨʙʦʥ ʟ ʨʠʩʦʚʦʛʦ ʣʫʰʧʠʥʥʷ 
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ʪʘ ʷʯʤʽʥʥʦʾ ʩʦʣʦʤʠ ʻ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʜʣʷ ʢʦʤʝʨʮʽʡʥʦ ʜʦʩʪʫʧʥʦʛʦ ʘʢʪʠʚʦʚʘʥʦʛʦ 

ʚʫʛʽʣʣʷ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʻ ʙʽʣʴʰ ʩʝʣʝʢʪʠʚʥʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ ʽ ʟ ʥʠʟʴʢʠʤʠ 

ʚʠʨʦʙʥʠʯʠʤʠ ʚʠʪʨʘʪʘʤʠ.  

ʂʦʤʧʦʟʠʪ [73] ʥʘ ʦʩʥʦʚʽ ʣʽʛʥʽʥʫ, PANI-EHL, ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʧʨʦʩʪʠʤ 

ʩʧʦʩʦʙʦʤ ʧʨʠ ʛʽʜʨʦʣʽʟʽ ʣʽʛʥʽʥʫ ʽ ʘʥʽʣʽʥʫ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʦʯʘʪʢʦʚʦʛʦ 

ʟʥʘʯʝʥʥʷ ʨʅ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʽʦʩʦʨʙʝʥʪʫ, ʯʘʩʫ ʩʦʨʙʮʽʾ ʪʘ ʧʦʯʘʪʢʦʚʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʜʩʦʨʙʘʪʫ ʥʘ ʙʽʦʩʦʨʙʮʽʶ ʽʦʥʽʚ Au(III ) ʥʘ ʢʦʤʧʦʟʠʪʽ PANI-EHL. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʙʽʦʩʦʨʙʝʥʪ ʤʘʻ ʚʠʩʦʢʠʡ ʧʦʢʘʟʥʠʢ ʩʦʨʙʮʽʾ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʦʥʽʚ Au(III ). ʂʦʤʧʦʟʠʪ PANI-EHL ʚʠʣʫʯʘʻ ʽʦʥʠ Au(III ) ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʠʞʯʝ 2 ʤʤʦʣʴ/ʣ ʥʘ 100% . ʄʘʢʩʠʤʘʣʴʥʘ ʙʽʦʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ 

ʪʘ ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ Au(III ) ʩʢʣʘʜʘʣʠ 4193 ʤʛ/ʛ ʪʘ 70.9%, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ Au(III ) 20 ʤʤʦʣʴ/ʣ ʧʨʠ 30 
0
ʉ. ʂʨʽʤ ʪʦʛʦ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʙʽʦʩʦʨʙʮʽʷ ʽʦʥʽʚ Au(III ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʘʥʽ ʈʌɸ, ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ 

ʟ ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʪʘ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʂʽʥʝʪʠʢʘ ʩʦʨʙʮʽʾ ʪʘ ʨʽʚʥʦʚʘʞʥʽ 

ʜʘʥʽ ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʶʪʴʩʷ ʢʽʥʝʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʘ 

ʤʦʜʝʣʣʶ ʽʟʦʪʝʨʤʠ ʌʨʝʡʥʜʣʽʭʘ, ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʙʽʦʩʦʨʙʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʽʦʥʽʚ 

Au(III ).  
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ɺʠʩʥʦʚʢʠ ʜʦ ʈʦʟʜʽʣʫ 1 

ɿ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ ʥʘʡʢʨʘʱʝ 

ʧ̔ ʜʭʦʜʷʪʴ ʢʨʝʤʥʝʟʝʤʠ, ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʽ ʧʦʭʽʜʥʠʤʠ ʪʽʦʩʝʯʦʚʠʥʠ. ɺ ʟʚôʷʟʢʫ 

ʟ ʪʠʤ, ʱʦ ʩʦʨʙʝʥʪʠ ʟ ʧʨʠʱʝʧʣʝʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʪʽʦʩʝʯʦʚʠʥʠ ʽ ʾʾ ʧʦʭʽʜʥʠʭ ʻ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤʠ ʧʨʠ ʩʦʨʙʮʽʾ ɹʄ.  

ʉʦʨʙʝʥʪʠ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʙʽʣʴʰ ʜʝʰʝʚʠʤʠ ʪʘ 

ʜʦʩʪʫʧʥʠʤʠ, ʧʨʦʪʝ ʙʽʣʴʰʽʩʪʴ ʽʟ ʥʠʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʠʟʴʢʦʶ ʩʦʨʙʮʽʡʥʦʶ ʻʤʥʽʩʪʶ 

ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʛʘʥʦʶ ʩʝʣʝʢʪʠʚʥʽʩʪʶ.  

ʅʘ ʩʪʘʜʽʾ ʩʦʨʙʮʽʾ ʤʝʪʘʣʽʚ ʫ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʢʽʣʴʢʽʩʥʝ ʚʠʣʫʯʝʥʥʷ 

ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ ʣʝʛʢʦ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʠʭ ʩʦʨʙʝʥʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʪʽʦʩʝʯʦʚʠʥʥʽ ʛʨʫʧʠ.  

ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʘʢʪʫʘʣʴʥʦʶ ʻ ʨʦʟʨʦʙʢʘ ʩʦʨʙʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʽʭ 

ʤʘʪʝʨʽʘʣʽʚ ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ, ʷʢʽ ʙ ʚʽʜʨʽʟʥʷʣʠʩʷ 

ʧʨʦʩʪʦʪʦʶ ʩʠʥʪʝʟʫ, ʜʝʰʝʚʠʟʥʦʶ ʩʠʨʦʚʠʥʠ ʪʘ ʚʠʩʦʢʦʶ ʩʝʣʝʢʪʠʚʥʽʩʪʶ ʽ 

ʩʦʨʙʮʽʡʥʦʶ ʻʤʥʽʩʪʶ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ. 
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ʈʆɿɼɯʃ 2 

ʄɸʊɽʈɯɸʃʀ ɯ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʅʗ 

2.1. ʉʠʥʪʝʟ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʩʦʨʙʝʥʪʽʚ  

ʋ ʨʦʙʦʪʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʩʦʨʙʝʥʪʠ ʟ ʧʨʠʱʝʧʣʝʥʠʤʠ ʧʦʭʽʜʥʠʤʠ 

ʪʽʦʩʝʯʦʚʠʥʠ: ʥʘ ʦʩʥʦʚʽ ʩʠʣʽʢʘʛʝʣʶ ï ʧʨʦʧʽʣʪʽʦʩʝʯʦʚʠʥʥʠʡ ʩʦʨʙʝʥʪ (ʊʉʉ) ʪʘ ʥʘ 

ʦʩʥʦʚʽ ʪʠʨʩʠ (ʬʽʪʦʩʦʨʙʝʥʪ) ʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʮʝʣʶʣʦʟʠ (ʂʎʊ). 

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʧʨʦʧʽʣʪʽʦʩʝʯʦʚʠʥʥʦʛʦ ʩʦʨʙʝʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ɔ-

ʘʤʽʥʦʧʨʦʧʽʣʩʠʣʽʢʘʛʝʣʴ (ɔ-ɸʇʉ, ʩʠʣʽʢʘʛʝʣʴ ñSilica 60ò, Sʧʠʪ=260 ʤ
2
/ʛ, dʧʦʨ=12 ʥʤ), 

ʷʢʠʡ ʙʫʚ ʩʠʥʪʝʟʦʚʘʥʠʡ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʛʽʜʥʦ [74]. ʇʨʦʮʝʩ ʩʠʥʪʝʟʫ 

ʧʨʦʚʦʜʠʣʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʜʦ 100 ʛ ɔ-ɸʇʉ (CL = 0.5 ʤʤʦʣʴ/ʛ) ʜʦʜʘʚʘʣʠ 500 

ʩʤ
3 
ʨʦʟʯʠʥʫ 7,6 ʛ ʨʦʜʘʥʽʜʫ ʘʤʦʥʽʶ ʚ ʦʢʪʠʣʦʚʦʤʫ ʩʧʠʨʪʽ (ʭ.ʯ.), ʽ ʚʠʪʨʠʤʫʚʘʣʠ 

ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʧʨʠ 160
0
ʉ ʧʨʦʪʷʛʦʤ 1 ʛʦʜ. ʆʜʝʨʞʘʥʠʡ ʧʨʦʧʽʣʪʽʦʩʝʯʦʚʠʥʥʠʡ 

ʩʦʨʙʝʥʪ ʚʽʜʤʠʚʘʣʠ ʚ ʘʧʘʨʘʪʽ ʉʦʢʩʣʝʪʘ ʩʧʦʯʘʪʢʫ ʝʪʠʣʦʚʠʤ ʩʧʠʨʪʦʤ, ʘ ʧʦʪʽʤ 

ʚʦʜʦʶ, ʪʘ ʚʠʩʫʰʫʚʘʣʠ ʫ ʚʘʢʫʫʤʽ. 

 

ʉʭʝʤʘ 2.1  

ʉʠʥʪʝʟ ʧʨʦʧʽʣʪʽʦʩʝʯʦʚʠʥʥʦʛʦ ʩʦʨʙʝʥʪʫ: 
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ɺʽʜʦʤʦ, ʱʦ ʤʝʪʘʣʠ ʧʣʘʪʠʥʦʚʦʾ ʛʨʫʧʠ ʫ ʚʠʱʠʭ ʩʪʫʧʝʥʷʭ ʦʢʠʩʥʝʥʥʷ ʟʜʘʪʥʽ 

ʚʽʜʥʦʚʣʶʚʘʪʠʩʷ ʤʦʣʝʢʫʣʦʶ ʪʽʦʩʝʯʦʚʠʥʠ ʜʦ ʥʠʞʯʠʭ ʩʪʫʧʝʥʽʚ ʦʢʠʩʥʝʥʥʷ. ɼʣʷ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʮʴʦʛʦ ʬʘʢʪʫ ʩʠʥʪʝʟʦʚʘʥʦ ʩʦʨʙʝʥʪ ʥʘ ʦʩʥʦʚʽ ʩʠʣʽʢʘʛʝʣʶ ʟ 

ʧʨʠʱʝʧʣʝʥʠʤʠ ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ ʟ ʧʦʜʘʣʴʰʠʤ ʡʦʛʦ ʦʢʠʩʥʝʥʥʷʤ 

ʨʦʟʯʠʥʦʤ ʡʦʜʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʜʠʩʫʣʴʬʽʜʥʠʭ ʛʨʫʧ. (ʉʭʝʤʘ 2.2). ʂʽʣʴʢʽʩʪʴ 

ʧʨʠʱʝʧʣʝʥʠʭ ʛʨʫʧ ʚʩʪʘʥʦʚʣʝʥʘ ʘʨʛʝʥʪʦʤʝʪʨʠʯʥʠʤ ʪʠʪʨʫʚʘʥʥʷʤ ʩʢʣʘʜʘʻ 

0,35Ñ0,05 ʤʤʦʣʴ/ʛ.  

 

ʉʭʝʤʘ 2.2  

ʉʠʥʪʝʟ ʧʨʦʧʽʣʩʝʯʦʚʠʥʥʦʛʦ ʦʢʠʩʥʝʥʦʛʦ ʩʦʨʙʝʥʪʫ (ʊʉʉʆʢ): 

 

NH C NH
2

S

I
2

C

C

NH

NH

C

C

S

S

NH

NH

+

 

 

ʉʠʥʪʝʟ ʩʦʨʙʝʥʪʫ ʥʘ ʦʩʥʦʚʽ ʪʠʨʩʠ ʧʨʦʚʦʜʠʣʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʩʫʰʝʥʫ ʪʠʨʩʫ, ʩʦʩʥʦʚʠʭ ʧʦʨʽʜ ʜʝʨʝʚʘ, ʧʨʦʧʠʪʫʚʘʣʠ ʥʘʩʠʯʝʥʠʤ 

ʨʦʟʯʠʥʦʤ ʨʦʜʘʥʽʜʫ ʘʤʦʥʽʶ, ʚʽʜʞʠʤʘʣʠ ʚʽʜ ʥʘʜʣʠʰʢʫ ʨʦʟʯʠʥʫ ʽ ʚʠʩʫʰʫʚʘʣʠ ʫ 

ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʙʣʠʟʴʢʦ 100 Üʉ. ʇʦʚʽʪʨʷʥʦ ʩʫʭʫ ʪʠʨʩʫ 

ʥʘʛʨʽʚʘʣʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 160 Üʉ ʪʘ ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ 

30 ī 40 ʭʚ. ʇʦʪʽʤ ʦʪʨʠʤʘʥʠʡ ʩʦʨʙʝʥʪ ʚʽʜʤʠʚʘʣʠ ʫ ʘʧʘʨʘʪʽ ʉʦʢʩʣʝʪʘ ʧʨʦʪʷʛʦʤ 12 

ʛʦʜ., ʧʽʩʣʷ ʯʦʛʦ ʚʠʩʫʰʫʚʘʣʠ ʫ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʧʨʠ 100 Üʉ (ʉʭʝʤʘ 2.3).  
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ʉʭʝʤʘ 2.3  

ʉʠʥʪʝʟ ʩʪʚʦʨʝʥʥʷ ʧʨʦʧʽʣʪʽʦʩʝʯʦʚʠʥʥʦʛʦ ʩʦʨʙʝʥʪʫ ʥʘ ʦʩʥʦʚʽ ʪʠʨʩʠ: 
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ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʠʙʨʘʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʥʘʤʠ ʙʫʚ 

ʧʨʦʚʝʜʝʥʠʡ ʨʷʜ ʩʠʥʪʝʟʽʚ ʟʘ ʨʽʟʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʠʟʥʘʯʝʥʦ ʩʦʨʙʮʽʡʥʫ ʻʤʥʽʩʪʴ 

ʩʪʚʦʨʝʥʦʛʦ ʩʦʨʙʝʥʪʫ (ʪʘʙʣʠʮʷ 2.1). 

ʊʘʙʣʠʮʷ 2.1  

ɿʘʣʝʞʥʽʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʱʝʧʣʝʥʠʭ ʛʨʫʧ ʥʘ ʪʠʨʩʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʥʪʝʟʫ 

(mʩʦʨʙ = 0,1 ʛ, Űʩʦʨʙ = 1 ʛʦʜ, 6  = 25 cʤ
3
, # = 0,1 ʤʦʣʴ/ʜʤ

3
) 

t, 
0
ʉ (ʧʨʠ ʷʢʽʡ 

ʧʨʦʚʦʜʠʣʠ ʩʠʥʪʝʟ) 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʧʨʠʱʝʧʣʝʥʠʭ ʛʨʫʧ, 

ʤʤʦʣʴ/ʛ 

(ʘʨʛʝʥʪʦʤʝʪʨʠʯʥʝ ʪʠʪʨʫʚʘʥʥʷ) 

120 0,34 

140 0,6 

155 0,65 

160 1,1 

165 0,95 

170 0,8 
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ʊʘʢʽ ʟʘʣʝʞʥʦʩʪʽ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ 

ʨʦʜʘʥʽʜʫ ʘʤʦʥʽʶ 140 
0
ʉ, ʪʦʤʫ ʟʘ ʥʠʞʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʨʝʘʢʮʽʷ ʡʜʝ ʥʘʜʪʦ 

ʧʦʚʽʣʴʥʦ, ʱʦ ʟʫʤʦʚʣʶʻ ʥʠʟʴʢʫ ʩʦʨʙʮʽʡʥʫ ʻʤʥʽʩʪʴ [75]. ɸ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ 170 
0
ʉ ʧʦʯʠʥʘʻʪʴʩʷ ʨʦʟʢʣʘʜ ʪʽʦʩʝʯʦʚʠʥʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʪʘʢʦʞ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʻʤʥʦʩʪʽ, ʱʦ ʽ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʽʟ 

ʟʘʣʝʞʥʦʩʪʽ ʥʘʚʝʜʝʥʦʾ ʥʘ ʛʨʘʬʽʢʫ (ʨʠʩ. 1). 
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ʈʠʩ.1 ɿʘʣʝʞʥʽʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʱʝʧʣʝʥʠʭ ʛʨʫʧ ʥʘ ʪʠʨʩʽ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʥʪʝʟʫ (mʩʦʨʙ = 0,1 ʛ, Űʩʦʨʙ = 1 ʛʦʜ, 6  = 25 cʤ
3
, # = 0,1 

ʤʦʣʴ/ʜʤ
3
) 

 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʪʦʛʦ ʱʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʤʦʣʝʢʫʣʽ 

ʮʝʣʶʣʦʟʠ, ʷʢʘ ʻ ʦʩʥʦʚʦʶ ʜʝʨʝʚʥʠʭ ʦʰʫʨʦʢ, ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʩʠʥʪʝʟ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʠʩʪʘʣʽʯʥʦʾ ʮʝʣʶʣʦʟʠ. ɼʦ 100 ʛ ʢʨʠʩʪʘʣʽʯʥʦʾ ʮʝʣʶʣʦʟʠ ʬʽʨʤʠ 

çMERCKè ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 20 ī60 Õm ʜʦʜʘʚʘʣʠ 500 ʩʤ
3
 ʨʦʟʯʠʥʫ 165 ʛ 

ʨʦʜʘʥʽʜʫ ʘʤʦʥʽʶ ʚ ʦʢʪʠʣʦʚʦʤʫ ʩʧʠʨʪʽ (ʭ.ʯ.). ʉʫʤʽʰ ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʠ 160 
0
ʉ ʪʘ 

ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʧʨʦʪʷʛʦʤ 1 ʛʦʜ. ʆʜʝʨʞʘʥʠʡ ʩʦʨʙʝʥʪ ʚʽʜʤʠʚʘʣʠ ʚ ʘʧʘʨʘʪʽ 

ʉʦʢʩʣʝʪʘ ʩʧʦʯʘʪʢʫ ʝʪʠʣʦʚʠʤ ʩʧʠʨʪʦʤ, ʘ ʧʦʪʽʤ ʚʦʜʦʶ, ʪʘ ʚʠʩʫʰʫʚʘʣʠ ʫ ʚʘʢʫʫʤʽ. 

ʆʪʨʠʤʘʥʠʡ ʧʨʦʜʫʢʪ ʤʦʞʣʠʚʦʾ ʩʪʨʫʢʪʫʨʠ : 
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ʂʦʥʮʝʥʪʨʘʮʽʶ ʧʨʠʱʝʧʣʝʥʠʭ ʛʨʫʧ ʚʠʟʥʘʯʘʣʠ ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ: 

ʛʨʘʚʽʤʝʪʨʠʯʥʠʤ ʘʥʘʣʽʟʦʤ ʥʘ ʩʽʨʢʫ (ʊʉʉ) ʪʘ ʘʨʛʝʥʪʦʤʝʪʨʠʯʥʠʤ ʪʠʪʨʫʚʘʥʥʷʤ ʜʣʷ 

ʫʩʽʭ ʩʦʨʙʝʥʪʽʚ, ʦʙʠʜʚʘ ʤʝʪʦʜʠ ʜʘʣʠ ʙʣʠʟʴʢʽ ʨʝʟʫʣʴʪʘʪʠ. 

ɸʨʛʝʥʪʦʤʝʪʨʠʯʥʝ ʪʠʪʨʫʚʘʥʥʷ 

ʅʘʚʘʞʢʫ ʩʦʨʙʝʥʪʫ ʤʘʩʦʶ 0,1 ʛ ʟʘʣʠʚʘʣʠ ʧʝʚʥʠʤ ʦʙôʻʤʦʤ ʨʦʟʯʠʥʫ ʥʽʪʨʘʪʫ 

ʩʨʽʙʣʘ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0,1 ʤʦʣʴ/ʜʤ
3
. ʇʝʨʝʤʽʰʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ, ʩʦʨʙʝʥʪ 

ʚʽʜʜʽʣʷʣʠ ʚʽʜ ʨʽʚʥʦʚʘʞʥʦʛʦ ʨʦʟʯʠʥʫ ʬʽʣʴʪʨʫʚʘʥʥʷʤ, ʪʘ ʪʠʪʨʫʚʘʣʠ ʘʣʽʢʚʦʪʫ 

ʨʽʚʥʦʚʘʞʥʦʛʦ ʨʦʟʯʠʥʫ 0,1 ʄ ʨʦʟʯʠʥʦʤ NH4SCN ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʽʥʜʠʢʘʪʦʨʫ ï 

ʟʘʣʽʟʦ-ʘʤʦʥʽʡʥʠʭ ʛʘʣʫʥʽʚ ʜʦ ʧʦʷʚʠ ʯʝʨʚʦʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ. ʂʦʥʮʝʥʪʨʘʮʽʶ 

ʧʨʠʱʝʧʣʝʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʛʨʫʧ (ʤʤʦʣʴ/ʛ) ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ [76]: 

# 6  # 6 # )/m ,                                         (2.1) 

ʜʝ # ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʠʱʝʧʣʝʥʠʭ ʪʽʦʩʝʯʦʚʠʥʥʠʭ ʛʨʫʧ; 6  ï ʦʙôʻʤ ʘʣʽʢʚʦʪʠ 

ʨʦʟʯʠʥʫ ʥʽʪʨʘʪʫ ʩʨʽʙʣʘ; # ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʽʪʨʘʪʫ ʩʨʽʙʣʘ ʢʦʦʨʜʠʥʦʚʘʥʦʛʦ; 

6  ï ʦʙôʻʤ ʨʦʜʘʥʽʜʫ ʘʤʦʥʽʶ ʚʠʪʨʘʯʝʥʦʛʦ ʥʘ ʪʠʪʨʫʚʘʥʥʷ; #  ï 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʜʘʥʽʜʫ ʘʤʦʥʽʶ; m ï ʤʘʩʘ ʩʦʨʙʝʥʪʫ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʧʨʠʱʝʧʣʝʥʠʭ ʛʨʫʧ ʩʪʘʥʦʚʠʪʴ 0,5 ʤʤʦʣʴ/ʛ ʜʣʷ 

ʧʨʦʧʽʣʪʽʦʩʝʯʦʚʠʥʥʦʛʦ ʩʦʨʙʝʥʪʫ ʪʘ 1,7 ʽ 0,9 ʤʤʦʣʴ/ʛ ʜʣʷ ʪʠʨʩʠ ʪʘ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʮʝʣʶʣʦʟʠ ʚʽʜʧʦʚʽʜʥʦ. 

ɻʨʘʚʽʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʥʘ ʩʽʨʢʫ 

ʂʦʥʮʝʥʪʨʘʮʽʶ ʧʨʠʱʝʧʣʝʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʛʨʫʧ ʧʨʦʧʽʣʪʽʦʩʝʯʦʚʠʥʥʦʛʦ 

ʩʦʨʙʝʥʪʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘ 

ʩʽʨʢʫ ʟʛʽʜʥʦ ʥʘʩʪʫʧʥʦʾ ʤʝʪʦʜʠʢʠ [77]: 
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1.  ʊʦʯʥʫ ʥʘʚʘʞʢʫ ʩʦʨʙʝʥʪʫ (º 2 ʛ) ʚʠʩʠʧʘʶʪʴ ʫ ʢʚʘʨʮʦʚʫ ʯʘʰʢʫ ʇʝʪʨʽ, 

ʜʦʜʘʶʪʴ ʧʨʠʙʣʠʟʥʦ 100 ʩʤ
3
 ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ. ʉʪʘʚʣʷʪʴ ʥʘ ʚʦʜʷʥʫ 

ʙʘʥʶ, ʜʦʜʘʶʪʴ 5 ī 7 ʩʤ
3
 40% KOH ʘʙʦ NaOH, ʥʘʛʨʽʚʘʶʪʴ ʧʨʦʪʷʛʦʤ 30 ʭʚ 

ʜʦ ʧʦʚʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʩʦʨʙʝʥʪʫ. 

2. ʆʢʠʩʥʝʥʥʷ ʙʨʦʤʥʦʶ ʚʦʜʦʶ ʧʨʠʱʝʧʣʝʥʠʭ ʛʨʫʧ. ʋ ʨʦʟʯʠʥ ʜʦʜʘʶʪʴ 

ʥʘʜʣʠʰʦʢ ʙʨʦʤʥʦʾ ʚʦʜʠ ʧʦʨʮʽʷʤʠ ʧʦ 5 ʩʤ
3
 ʜʦ ʧʦʞʦʚʪʽʥʥʷ ʨʦʟʯʠʥʫ (ʚʩʴʦʛʦ 

50 ʩʤ
3
). ʈʦʟʯʠʥ ʥʘʛʨʽʚʘʶʪʴ ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ ʞʦʚʪʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 

30 ʭʚ. ɼʘʶʪʴ ʦʭʦʣʦʥʫʪʠ ʽ ʜʦʜʘʶʪʴ 10 ī 15 ʩʤ
3
 ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ HCl ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʛʝʣʶ ʢʨʝʤʥʽʻʚʦʾ ʢʠʩʣʦʪʠ. 

3.  ɿ ʤʝʪʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʝʣʶ ʢʨʝʤʥʽʻʚʦʾ ʢʠʩʣʦʪʠ ʫ ʬʦʨʤʫ, ʱʦ ʧʽʜʣʷʛʘʻ 

ʬʽʣʴʪʨʫʚʘʥʥʶ, ʨʦʟʯʠʥ ʚʠʩʫʰʫʶʪʴ ʜʦʩʫʭʘ ʥʘ ʚʦʜʷʥʽʡ ʙʘʥʽ. ɼʘʣʽ ʩʫʭʠʡ 

ʧʦʨʦʰʦʢ ʦʙʨʦʙʣʷʶʪʴ 15-20 ʩʤ
3
 ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ HCl. ɿʘʣʠʰʘʶʪʴ ʥʘ 15 ʭʚ 

ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʩʦʣʝʡ ʽ ʜʦʜʘʶʪʴ 50 ʩʤ
3
 ʛʘʨʷʯʦʾ ʚʦʜʠ. ʌʽʣʴʪʨʫʶʪʴ ʢʨʽʟʴ 

ʬʽʣʴʪʨ ʟ ʙʽʣʦʶ ʩʪʨʽʯʢʦʶ, ʧʨʦʤʠʚʘʶʪʴ 100 ʩʤ
3 
ʛʘʨʷʯʦʾ ʚʦʜʠ. ʆʩʘʜ 

ʢʨʝʤʥʽʻʚʦʾ ʢʠʩʣʦʪʠ ʚʽʜʢʠʜʘʶʪʴ, ʚʩʷ ʩʽʨʢʘ ʧʝʨʝʭʦʜʠʪʴ ʫ ʬʽʣʴʪʨʘʪ ʫ ʚʠʛʣʷʜʽ 

ʩʫʣʴʬʘʪ-ʽʦʥʫ. 

4. ʌʽʣʴʪʨʘʪ ʟ ʽʦʥʘʤʠ ʩʽʨʢʠ ʚʠʧʘʨʶʶʪʴ ʜʦ 100 ʩʤ
3
, ʜʦ ʛʘʨʷʯʦʛʦ ʨʦʟʯʠʥʫ ʧʦ 

ʢʨʘʧʣʷʤ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʜʦʜʘʶʪʴ 50 ʩʤ
3
 6 % ʛʘʨʷʯʦʛʦ 

ʨʦʟʯʠʥʫ ɺaCl2. ɼʘʣʽ ʩʪʘʢʘʥ ʟ ʦʩʘʜʦʤ ʟʘʣʠʰʘʶʪʴ ʥʘ 2-3 ʛʦʜʠʥʠ ʽ 

ʬʽʣʴʪʨʫʶʪʴ ʯʝʨʝʟ ʬʽʣʴʪʨ ʟ ʩʠʥʴʦʶ ʩʪʨʽʯʢʦʶ, ʧʨʦʤʠʚʘʶʯʠ ʦʩʘʜ ʥʘ ʬʽʣʴʪʨʽ 

6 ī 8 ʨʘʟʽʚ ʭʦʣʦʜʥʦʶ ʚʦʜʦʶ.  

5. ʌʽʣʴʪʨ ʟ ʦʩʘʜʦʤ ʚʠʩʫʰʫʶʪʴ, ʚʤʽʱʫʶʪʴ ʫ ʬʘʨʬʦʨʦʚʠʡ ʪʠʛʝʣʴ ʽ 

ʧʨʦʞʘʨʶʶʪʴ ʫ ʤʫʬʝʣʴʥʽʡ ʧʝʯʽ ʧʨʠ 800-900̄ ʉ ʟ ʜʦʩʪʫʧʦʤ ʧʦʚʽʪʨʷ. 

ʈʦʟʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ ʧʨʠʱʝʧʣʝʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʟʜʽʡʩʥʶʚʘʚʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ : 

N, ʤʤʦʣʴ/ʛ = ,                                                          (2.2) 

ʜʝ ɸs ï ʚʽʜʥʦʩʥʘ ʘʪʦʤʥʘ ʤʘʩʘ ʩʽʨʢʠ, ʈs ï ʤʘʩʦʚʠʡ ʚʤʽʩʪ ʩʽʨʢʠ,%, ns ï ʯʠʩʣʦ ʘʪʦʤʽʚ 

ʩʽʨʢʠ ʫ ʧʨʠʱʝʧʣʝʥʽʡ ʤʦʣʝʢʫʣʽ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʧʨʠʱʝʧʣʝʥʠʭ ʧʨʦʧʽʣʪʽʦʩʝʯʦʚʠʥʥʠʭ ʛʨʫʧ, ʚʠʟʥʘʯʝʥʘ 

ʛʨʘʚʽʤʝʪʨʠʯʥʠʤ ʘʥʘʣʽʟʦʤ ʥʘ ʩʽʨʢʫ, ʩʪʘʥʦʚʠʪʴ 0,5 Ñ 0,01 ʤʤʦʣʴ/ʛ. 
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2.2. ʇʨʠʛʦʪʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʨʦʟʯʠʥʽʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠʣʘʜʠ  

ɺʠʭʽʜʥʽ ʨʦʟʯʠʥʠ Au(III ), Pt(IV), Pd(II ), Rh(IV), Ru(IV) ʛʦʪʫʚʘʣʠ 

ʨʦʟʯʠʥʝʥʥʷʤ ʪʦʯʥʠʭ ʥʘʚʘʞʦʢ ʢʦʤʝʨʮʽʡʥʠʭ ʧʨʝʧʘʨʘʪʽʚ PdCl2 , RhCl3 Ā4H2O, 

K4[Ru2OCl10], K2[PtCl6], H[AuCl4] (Fluka) ʢʚʘʣʽʬʽʢʘʮʽʾ ǌʭ.ʯ.ǌ ʫ HCl ʧʝʚʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ [78]. 

ɺʠʭʽʜʥʠʡ ʨʦʟʯʠʥ Ag(ɯ) (2 ʤʛ/ʩʤ
3
) ʛʦʪʫʚʘʣʠ ʨʦʟʯʠʥʝʥʥʷʤ ʪʦʯʥʦʾ ʥʘʚʘʞʢʠ 

AgNO3 ("ʭ.ʯ.") ʚ 1ʄ HNO3. ʊʦʯʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʨʦʟʯʠʥʫ ʥʽʪʨʘʪʫ ʩʨʽʙʣʘ 

ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʦʤ ʄʦʨʘ [81].  

ɺʠʭʽʜʥʽ ʨʦʟʯʠʥʠ Cu(II) ʦʜʝʨʞʫʚʘʣʠ ʨʦʟʯʠʥʝʥʥʷʤ ʪʦʯʥʦʾ ʥʘʚʘʞʢʠ CuSO4 

(ʭ.ʯ.) ʚ 2 ʄ H2SO4. ʈʦʟʯʠʥʠ Pb(II ), Cd(II ), Zn(II), Mn(II), Ni(II), Co(II) ʥʝʦʙʭʽʜʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʦʪʫʚʘʣʠ ʨʦʟʚʝʜʝʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʯʠʥʽʚ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 1 

ʤʛ/ʩʤ
3
 ʚ 1 ʄ HNO3, ʚʠʛʦʪʦʚʣʝʥʠʭ Cʂʊɹ ʌʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʽʤ. ʆ.ɺ. 

ɹʦʛʘʪʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ. 

ʈʦʙʦʯʽ ʨʦʟʯʠʥʠ ɺʽ(ɯɯɯ) ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 1 ʤʛ/ʩʤ
3 
ʛʦʪʫʚʘʣʠ ʰʣʷʭʦʤ 

ʨʦʟʯʠʥʝʥʥʷ ʪʦʯʥʦʾ ʥʘʚʘʞʢʠ ʩʦʣʽ ɺʽ(ɯɯɯ) ʚ ʢʦʥʮʝʥʪʨʦʚʘʥʽʡ HCl, ʧʝʨʝʥʦʩʠʣʠ ʚ 

ʢʦʣʙʫ ʥʘ 100 ʩʤ
3 
ʪʘ ʜʦʚʦʜʠʣʠ ʜʦ ʤʽʪʢʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ. 

ʈʦʙʦʯʽ ʨʦʟʯʠʥʠ Se(IV) ʛʦʪʫʚʘʣʠ ʧʦʩʣʽʜʦʚʥʠʤ ʨʦʟʚʝʜʝʥʥʷʤ ʘʣʽʢʚʦʪʥʠʭ 

ʯʘʩʪʠʥ ʚʠʭʽʜʥʦʛʦ ʨʦʟʯʠʥʫ (650 ʤʢʛ/ʩʤ
3 
), ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷʤ ʪʦʯʥʦ ʚʟʷʪʦʾ 

ʥʘʚʘʞʢʠ H2SeO3 ʚ ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ.  

ʈʦʙʦʯʽ ʨʦʟʯʠʥʠ As(V) ʛʦʪʫʚʘʣʠ ʟ ʝʪʘʣʦʥʥʦʛʦ ʟʨʘʟʢʘ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 1 

ʤʛ/ʩʤ
3
. ʈʦʟʯʠʥʠ ʟ ʤʝʥʰʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʛʦʪʫʚʘʣʠ ʨʦʟʙʘʚʣʝʥʥʷʤ 

ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ.  

ɺʠʭʽʜʥʠʡ ʨʦʟʯʠʥ Hg(II ) (30,35 ʤʛ/ʩʤ
3
) ʛʦʪʫʚʘʣʠ ʰʣʷʭʦʤ ʨʦʟʯʠʥʝʥʥʷ 

ʪʦʯʥʦʾ ʥʘʚʘʞʢʠ ʤʝʪʘʣʽʯʥʦʾ Hg ʚ ʢʦʥʮʝʥʪʨʦʚʘʥʽʡ HNO3. ʊʦʯʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʨʦʟʯʠʥʫ Hg(II ) ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʪʠʪʨʠʤʝʪʨʠʯʥʦ ʧʦ ʬʽʢʩʘʥʘʣʴʥʦʤʫ ʨʦʟʯʠʥʫ KSCN 

[79]. 

 ʈʦʙʦʯʽ ʨʦʟʯʠʥʠ ʟ ʥʠʞʯʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʤʝʪʘʣʽʚ ʦʜʝʨʞʫʚʘʣʠ 

ʨʦʟʚʝʜʝʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʯʠʥʽʚ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ. 

ʈʦʟʯʠʥʠ Au(I) ʪʘ Pt(Iɯ) ʦʜʝʨʞʫʚʘʣʠ ʚʽʜʥʦʚʣʝʥʥʷʤ ʚʠʭʽʜʥʠʭ ʨʦʟʯʠʥʽʚ 10 % 

- ʠʤ ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ ʛʽʜʨʦʢʩʠʣʘʤʽʥʫ ʭʣʦʨʠʜʫ (N2H4ĿHCl). 
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ʈʦʟʯʠʥʠ ʪʽʦʩʝʯʦʚʠʥʠ ʛʦʪʫʚʘʣʠ ʨʦʟʯʠʥʝʥʥʷʤ ʪʦʯʥʦʾ ʥʘʚʘʞʢʠ ʧʦʧʝʨʝʜʥʴʦ 

ʧʝʨʝʢʨʠʩʪʘʣʽʟʦʚʘʥʦʾ ʪʽʦʩʝʯʦʚʠʥʠ ʤʘʨʢʠ "ʭ.ʯ." ʚ 1 ʄ HCl. 

ʈʦʟʯʠʥ ʭʣʦʨʠʜʫ ʦʣʦʚʘ (ɯɯ) 10%-ʠʡ ʛʦʪʫʚʘʣʠ ʨʦʟʯʠʥʝʥʥʷʤ ʪʦʯʥʦʾ ʥʘʚʘʞʢʠ 

ʚʽʜʧʦʚʽʜʥʦʾ ʩʦʣʽ ʚ ʢʦʥʮʝʥʪʨʦʚʘʥʽʡ HCl ʧʨʠ ʧʦʤʽʨʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʫ ʧʨʠʩʫʪʥʦʩʪʽ 

ʤʝʪʘʣʽʯʥʦʛʦ ʦʣʦʚʘ [80].  

ɺʠʭʽʜʥʠʡ 50 %-ʠʡ ʚʦʜʥʦ-ʝʪʘʥʦʣʴʥʠʡ ʨʦʟʯʠʥ ʪʽʦʢʝʪʦʥʫ ʄʽʭʣʝʨʘ (0,4Ŀ10
-3 

ʤʦʣʴ/ʜʤ
3
) ʛʦʪʫʚʘʣʠ ʨʦʟʯʠʥʝʥʥʷʤ ʪʦʯʥʦ ʚʟʷʪʦʾ ʥʘʚʘʞʢʠ ʚ ʝʪʘʥʦʣʽ ʧʨʠ 

ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʥʘ ʤʘʛʥʽʪʥʽʡ ʤʽʰʘʣʮʽ ʟ ʥʘʩʪʫʧʥʠʤ ʨʦʟʚʝʜʝʥʥʷʤ  ʜʠʩʪʠʣʴʦʚʘʥʦʶ 

ʚʦʜʦʶ. 

ɺʤʽʩʪ ʤʝʪʘʣʽʚ ʫ ʨʽʚʥʦʚʘʞʥʠʭ ʨʦʟʯʠʥʘʭ ʚʠʟʥʘʯʘʣʠ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʠʤ 

ʤʝʪʦʜʦʤ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ çʉʘʪʫʨʥ-3-ʇ1è ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʚʽʪʨʷʥʦ-

ʘʮʝʪʠʣʝʥʦʚʦʾ ʩʫʤʽʰʽ, ʪʘ ʘʪʦʤʥʦ-ʝʤʽʩʽʡʥʠʤ ʤʝʪʦʜʦʤ ʟ ʽʥʜʫʢʪʠʚʥʦ ʟʚôʟ̫ʘʥʦʶ 

ʧʣʘʟʤʦʶ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽ ñICAP 6500 DUOò.  

ʂʦʥʮʝʥʪʨʘʮʽʶ Pd(II) ʫ ʨʽʚʥʦʚʘʞʥʠʭ ʨʦʟʯʠʥʘʭ ʚʠʟʥʘʯʘʣʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦ ʧʦ ʟʘʙʘʨʚʣʝʥʥʶ ʪʽʦʩʝʯʦʚʠʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʫ 

ʩʣʘʙʦʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ ʂʌʂ-2 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʚʘʜʨʘʪʥʠʭ ʢʶʚʝʪ (l=1ʩʤ) ʧʨʠ ɚ=400 ʥʤ [81]. 

ʂʦʥʮʝʥʪʨʘʮʽʶ Pt(IV) ʫ ʨʽʚʥʦʚʘʞʥʠʭ ʨʦʟʯʠʥʘʭ ʚʠʟʥʘʯʘʣʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦ ʧʦ ʟʘʙʘʨʚʣʝʥʥʶ ʦʣʦʚʦʭʣʦʨʠʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʫ ʢʠʩʣʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ ʂʌʂ-2 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʚʘʜʨʘʪʥʠʭ ʢʶʚʝʪ 

(l=1ʩʤ) ʧʨʠ ɚ=440 ʥʤ [82]. 

ʉʧʝʢʪʨʠ ʜʠʬʫʟʥʦʛʦ ʚʽʜʙʠʪʪʷ (ʉɼɺ) ʚ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʽʡ ʪʘ ʚʠʜʠʤʽʡ 

ʦʙʣʘʩʪʷʭ ʨʝʻʩʪʨʫʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ Perkin-Elmer Lambda Bio 35 ʟ 

ʽʥʪʝʛʨʫʶʯʦʶ ʩʬʝʨʦʶ Labsphere RSA-PR-20.  

ɯʏ-ʩʧʝʢʪʨʠ ʩʠʣʽʢʘʛʝʣʶ ʪʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʮʝʣʶʣʦʟʠ, ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ ʦʜʝʨʞʫʚʘʣʠ ʥʘ çSpectrum BX, FT-IR System, Perkin 

Elmerè. 

ʄʘʩ-ʩʧʝʢʪʨʠ ʦʜʝʨʞʫʚʘʣʠ ʥʘ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽ ʄʍ7304ɸ, çʉʝʣʤʽè, ʤ. 

ʉʫʤʠ, ʋʢʨʘʾʥʘ. 
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ɼʝʨʠʚʘʪʦʛʨʘʤʠ ʦʜʝʨʞʫʚʘʣʠ ʥʘ ʜʝʨʠʚʘʪʦʛʨʘʬʽ DTG-60H ʚʠʨʦʙʥʠʢ 

Shimadzu, ʗʧʦʥʽʷ. 

ʊʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʠʥʭʨʦʥʥʦʤʫ ʪʝʨʤʽʯʥʦʤʫ ʘʥʘʣʽʟʘʪʦʨʽ STA 

449 C (Netzsch, ɻʝʨʤʘʥʽʷ), ʩʫʤʽʩʥʦʤʫ ʟ ɯʏ-ʌʫʨôʻ ʩʧʝʢʪʨʦʤʝʪʨʦʤ Nicolet 380 ʟ 

TGA/FT-IR ʽʥʪʝʨʬʝʡʩʦʤ ʜʣʷ ʘʥʘʣʽʟʫ ʛʘʟʦʚʦʾ ʬʘʟʠ. ʂʦʤʧʣʝʢʩ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʩʢʘʥʫʶʯʦʾ ʢʘʣʦʨʠʤʝʪʨʽʾ (ɼʉʂ) ʽ 

ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʽʾ (ʊɻ), ʘ ʪʘʢʦʞ ʩʢʣʘʜ ʚʠʜʽʣʝʥʦʾ ʛʘʟʦʚʦʾ ʬʘʟʠ. ɯʟ ʦʪʨʠʤʘʥʠʭ ɯʏ-

ʩʧʝʢʪʨʽʚ ʙʫʜʫʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʜʣʷ ʛʘʟʽʚ, ʷʢʽ 

ʚʠʜʽʣʠʣʠʩʷ. ʅʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʘ ʧʨʦʚʦʜʠʣʠ ʚ ʧʣʘʪʠʥʦʚʦʤʫ ʪʠʛʣʽ ʦʪ 30 ʜʦ 760 
ʦ
ʉ ʟʽ 

ʰʚʠʜʢʽʩʪʶ 10 
ʦ
ʉ/ʭʚ, ʧʨʦʜʫʚʢʫ ʧʦʚʽʪʨʷʤ ʟʜʽʡʩʥʶʚʘʣʠ ʟʽ ʰʚʠʜʢʽʩʪʶ 50 ʩʤ

3
/ʭʚ. 

ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʫ ʟʚʦʨʦʪʥʦ-

ʚʽʜʦʙʨʘʞʝʥʠʭ ʝʣʝʢʪʨʦʥʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʠʟʴʢʦʚʘʢʫʫʤʥʦʛʦ ʩʢʘʥʫʶʯʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʊʄ-3000 (Hitachi, ʗʧʦʥʽʷ) ʟ ʚʙʫʜʦʚʘʥʠʤ 

ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʠʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʽ ʩʠʩʪʝʤʦʶ ʤʽʢʨʦʨʝʥʪʛʝʥʦ-ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ Qantax-70 (Bruker, ɻʝʨʤʘʥʽʷ). SEM ʟʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʫʚʘʣʠ ʚ ʟʚʦʨʦʪʥʦ-

ʚʽʜʦʙʨʘʞʝʥʠʭ ʝʣʝʢʪʨʦʥʘʭ ʧʨʠ ʧʨʠʩʢʦʨʶʶʯʽʡ ʥʘʧʨʫʟʽ 15 ʢɺ.  

ʉʧʝʢʪʨʠ ɽʇʈ ʨʝʻʩʪʨʫʚʘʣʠ ʥʘ ʧʨʠʣʘʜʽ Alexsys 580 (Bruker, ɻʝʨʤʘʥʽʷ). 

ɯʏ-ʩʧʝʢʪʨʠ ʬʽʪʦʩʦʨʙʝʥʪʫ ʨʝʻʩʪʨʫʚʘʣʠ ʚ ʜʽʘʧʘʟʦʥʽ 400 ï 4000 ʩʤ
-1
, ʟ 

ʨʦʟʰʠʨʝʥʥʷʤ 4 ʩʤ
-1
 ʥʘ ɯʏ-ʌʫʨôʻ ʩʧʝʢʪʨʦʤʝʪʨʽ Nicolet 6700 (Thermo scientific, 

ʉʐɸ) ʟ ʧʨʠʩʪʘʚʢʦʶ SmartOrbit.  

ʇʠʪʦʤʫ ʧʦʚʝʨʭʥʶ ʦʪʨʠʤʘʥʠʭ ʩʦʨʙʝʥʪʽʚ ʟʥʘʭʦʜʠʣʠ ʟʘ ʜʘʥʠʤʠ ʽʟʦʪʝʨʤ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ ʘʟʦʪʫ ʦʪʨʠʤʘʥʠʭ ʥʘ ʩʦʨʙʪʦʤʝʪʨʽ 

KELVIN  1042. ʈʦʟʧʦʜʽʣ ʧʦʨ ʟʘ ʨʦʟʤʽʨʘʤʠ (ʜʣʷ ʊʉʉ) ʚʠʟʥʘʯʘʣʠ ʟʘ ʽʟʦʪʝʨʤʘʤʠ 

ʜʝʩʦʨʙʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ BJH ʤʦʜʝʣʽ. 

ʉʢʘʥʫʚʘʥʥʷ ʟʘʙʘʨʚʣʝʥʠʭ ʟʨʘʟʢʽʚ ʟ ʘʜʩʦʨʙʦʚʘʥʠʤʠ ɹʄ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʬʽʩʥʦʛʦ ʩʢʘʥʝʨʘ HP Officejet 5610 All-in-One ʥʘ ʙʽʣʦʤʫ ʬʦʥʽ ʚ 

ʨʝʞʠʤʽ 300 dpi. ɺʠʟʥʘʯʝʥʥʷ ʢʦʣʴʦʨʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʜʝʨʞʘʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʽ ʚʠʟʥʘʯʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ R-, G-, B- ʢʘʥʘʣʽʚ ʚʠʢʦʥʫʚʘʣʠ ʚ ʛʨʘʬʽʯʥʦʤʫ 

ʨʝʜʘʢʪʦʨʽ çAdobe Photoshop CS3è. ɼʣʷ ʮʴʦʛʦ ʚ ʛʨʘʬʽʯʥʦʤʫ ʨʝʜʘʢʪʦʨʽ ʚʠʜʽʣʷʣʠ 

ʦʚʘʣʴʥʫ ʜʽʣʷʥʢʫ ʥʘ ʚʽʜʩʢʘʥʦʚʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʟʨʘʟʢʘ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 
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ʢʦʤʘʥʜʫ ʫ ʩʪʨʽʯʮʽ ʤʝʥʶ ǌʬʽʣʴʪʨǌ ʫʩʝʨʝʜʥʶʚʘʣʠ ʟʥʘʯʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʽ ʟʯʠʪʫʚʘʣʠ 

ʡʦʛʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʽʟ ʪʨʴʦʭ ʢʘʥʘʣʽʚ. ɼʘʥʫ ʧʨʦʮʝʜʫʨʫ 

ʧʦʚʪʦʨʶʚʘʣʠ ʜʣʷ ʢʦʞʥʦʛʦ ʟʨʘʟʢʘ ʰʢʘʣʠ ʢʦʣʴʦʨʦʚʦʩʪʽ. ʄʘʪʝʤʘʪʠʯʥʫ ʦʙʨʦʙʢʫ 

ʨʝʟʫʣʴʪʘʪʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʨʝʜʘʢʪʦʨʽ ʆriginPro 7.5. ɺ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʙʫʜʫʚʘʣʠ 

ʟʘʣʝʞʥʦʩʪʽ ʷʩʢʨʘʚʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʪʨʴʦʭ ʢʘʥʘʣʽʚ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ɹʄ ʫ 

ʨʦʟʯʠʥʽ ʪʘ ʟʥʘʭʦʜʠʣʠ ʘʧʨʦʢʩʠʤʫʶʯʫ ʬʫʥʢʮʽʶ ʜʣʷ ʢʦʞʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. 

ʇʦʯʘʪʢʦʚʽ ʪʘ ʨʽʚʥʦʚʘʞʥʽ ʟʥʘʯʝʥʥʷ ʨʅ ʨʦʟʯʠʥʽʚ ʜʦ ʪʘ ʧʽʩʣʷ ʩʦʨʙʮʽʾ 

ʢʦʥʪʨʦʣʶʚʘʣʠ ʨʅ-ʤʝʪʨʦʤ-ʤʽʣʽʚʦʣʴʪʤʝʪʨʦʤ ʨʅ-150ʄ ʟʽ ʩʢʣʷʥʠʤ ʝʣʝʢʪʨʦʜʦʤ. 

2.3. ʄʝʪʦʜʠʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʽʚ ʩʦʨʙʮʽʾ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʝʪʘʣʽʚ 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʦʨʙʮʽʾ ʙʣʘʛʦʨʦʜʥʠʭ ʪʘ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʥʘ 

ʧʦʚʝʨʭʥʽ ʩʦʨʙʝʥʪʽʚ ʟ ʧʨʠʱʝʧʣʝʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʪʽʦʩʝʯʦʚʠʥʠ ʧʨʦʚʦʜʠʣʠ ʚ 

ʩʪʘʪʠʯʥʦʤʫ ʪʘ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʘʭ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʩʦʨʙʮʽʾ 

ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ. ʉʦʨʙʮʽʷ ʥʘ ʊʉʉ ʪʘ ʪʠʨʩʽ ʧʨʦʚʦʜʠʣʘʩʷ, ʷʢ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʪʘʢ ʽ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʋ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʩʦʨʙʮʽʶ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʦʚʦʜʠʣʠ ʫ 

ʪʘʢʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: ʚ ʤʽʨʥʽ ʢʦʣʙʠ ʧʝʚʥʦʛʦ ʦʙôʻʤʫ ʚʥʦʩʠʣʠ ʟʘʟʥʘʯʝʥʫ ʢʽʣʴʢʽʩʪʴ 

ʨʦʟʯʠʥʽʚ ʤʝʪʘʣʽʚ. ʅʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ ʨʅ ʩʪʚʦʨʶʚʘʣʠ ʜʦʜʘʚʘʥʥʷʤ ʨʦʟʯʠʥʽʚ 0,1 

ʄ HCl ʪʘ 0,1 ʄ NaOH. ɺ ʢʦʥʪʘʢʪʥʽ ʢʦʣʙʠ ʚʥʦʩʠʣʠ ʥʘʚʘʞʢʠ ʩʦʨʙʝʥʪʫ, ʜʦʜʘʚʘʣʠ 

ʧʨʠʛʦʪʦʚʘʥʽ ʨʦʟʯʠʥʠ. ʂʦʥʪʘʢʪʫʚʘʣʠ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʯʘʩʫ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʧʝʨʝʤʽʰʫʚʘʥʥʽ. ʇʽʩʣʷ ʮʴʦʛʦ ʩʦʨʙʝʥʪ ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʣʠ ʚʽʜ ʨʦʟʯʠʥʫ ʪʘ 

ʧʨʦʚʦʜʠʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʚʥʦʚʘʞʥʠʭ ʨʦʟʯʠʥʽʚ ʽ ʪʚʝʨʜʦʾ ʬʘʟʠ. ɺ ʩʪʘʪʠʯʥʦʤʫ 

ʨʝʞʠʤʽ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʩʦʨʙʮʽʾ: ʜʽʘʧʘʟʦʥ ʨʅ ʨʦʟʯʠʥʽʚ ʜʣʷ 

ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʤʝʪʘʣʽʚ, ʯʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ; 

ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʩʦʨʙʝʥʪʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʝʣʝʤʝʥʪʫ. 

ʉʪʫʧʽʥʴ ʩʦʨʙʮʽʾ (R, %) ʝʣʝʤʝʥʪʽʚ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʙʝʥʪʘʭ ʟʥʘʭʦʜʠʣʠ 

ʟʘ ʬʦʨʤʫʣʦʶ: 
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2ȟϷ
# #

# 
ρππϷ ,                                       (2.3) 

ʜʝ C0 ʪʘ Cp ï ʚʠʭʽʜʥʘ ʪʘ ʨʽʚʥʦʚʘʞʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʫ ʨʦʟʯʠʥʽ, ʤʦʣʴ/ʜʤ
3
. 

ʉʦʨʙʮʽʡʥʫ ʻʤʥʽʩʪʴ ʩʦʨʙʝʥʪʫ (ɸ, ʤʤʦʣʴ/ʛ) ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʝʣʝʤʝʥʪʫ ʟʥʘʭʦʜʠʣʠ ʟʘ ʬʦʨʤʫʣʦʶ:  

ˍ ˞ ˞ Ͻ̑ρπ ,                                                     (2.4) 

ʜʝ C0 ʪʘ Cp ï ʚʠʭʽʜʥʘ ʪʘ ʨʽʚʥʦʚʘʞʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʫ ʨʦʟʯʠʥʽ, ʤʦʣʴ/ʜʤ
3
; V ï 

ʦʙôʻʤ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ, ʜʤ
3
; m ï ʤʘʩʘ ʩʦʨʙʝʥʪʫ, ʛ. 

ʂʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʫ ʤʽʞ ʨʽʜʢʦʶ ʪʘ ʪʚʝʨʜʦʶ ʬʘʟʘʤʠ (D, ʩʤ
3
/ʛ) 

ʟʥʘʭʦʜʠʣʠ ʟʘ ʬʦʨʤʫʣʦʶ:  

$ 2
ρππ2

6
Í ȟ                                                   (2.5) 

ʜʝ R ï ʩʪʫʧʽʥʴ ʩʦʨʙʮʽʾ, %; V ï ʦʙôʻʤ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ, ʜʤ
3
; m ï ʤʘʩʘ 

ʩʦʨʙʝʥʪʫ, ʛ. 

ɼʣʷ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʤʝʪʦʜʠʢʠ ʩʦʨʙʮʽʡʥʦ-ʢʦʣʴʦʨʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʂʽʣʴʢʽʩʪʴ ʚʠʟʥʘʯʝʥʴ (n) ʫ ʩʝʨʝʜʥʴʦʤʫ ʜʦʨʽʚʥʶʚʘʣʘ 3 ʧʨʠ ʩʪʘʪʠʩʪʠʯʥʽʡ 

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

ʚʽʜʭʠʣʝʥʥʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

                                    3 ,                                                                        (2.6) 

ʜʝ S ï ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ 

Ὓ
В

,                                                             (2.7) 

ʜʝ ʭ ̔ ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ, ʘ  ̖ ï ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʚʝʣʠʯʠʥʠ. 
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ʂʽʥʝʪʠʯʥʽ ʜʘʥʽ ʧʦ ʩʦʨʙʮʽʾ ʤʝʪʘʣʫ ʥʘ ʬʽʪʦʩʦʨʙʝʥʪʽ ʘʥʘʣʽʟʫʚʘʣʠ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʢʽʥʝʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ ʧʩʝʚʜʦʧʝʨʰʦʛʦ ʽ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ 

[83, 84]. 

ʂʽʥʝʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʧʩʝʚʜʦʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ: 

ÌÏÇ̱ ˍ ÌÏÇ̱ËϽÔ ,                                                               (2.8) 

ʜʝ k1 ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʩʦʨʙʮʽʾ ʤʦʜʝʣʽ ʧʩʝʚʜʦʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ; ɸ ʪʘ ɸt ï 

ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʚ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ ʪʘ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t ʚʽʜʧʦʚʽʜʥʦ. 

ʂʽʥʝʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ: 

ˍ
 
ˍ ˍ

Ô,                                                                           (2.9) 

ʜʝ k2 ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʩʦʨʙʮʽʾ ʤʦʜʝʣʽ ʧʩʝʚʜʦʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ; ɸ ʪʘ ɸt ï 

ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʚ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ ʪʘ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t ʚʽʜʧʦʚʽʜʥʦ. 

ɯʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ ɹʄ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʝʡ ʃʝʥʛʤʶʨʘ ʪʘ 

ʌʨʝʡʥʜʣʽʭʘ. ʈʽʚʥʷʥʥʷ ʃʝʥʛʤʶʨʘ ʤʘʻ ʚʠʛʣʷʜ: 

˞̑

ˍ
 
ˍ

˞̑

ˍ
,                                                   (2.10) 

ʜʝ ʉʨ ï ʨʽʚʥʦʚʘʞʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʣʫ ʚ ʨʦʟʯʠʥʽ, ʂL ï ʢʦʥʩʪʘʥʪʘ ʃʝʥʛʤʶʨʘ, ɸ 

ʪʘ ɸt ï ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʚ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ ʪʘ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t ʚʽʜʧʦʚʽʜʥʦ. 

ʈʽʚʥʷʥʥʷ ʌʨʝʡʥʜʣʽʭʘ:   

ÌÎ̱ ÌÎ+ ˞̑,                                                     (2.11) 

ʜʝ ʉʨ ï ʨʽʚʥʦʚʘʞʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʣʫ ʚ ʨʦʟʯʠʥʽ, KF ʽ 1/n ï ʢʦʥʩʪʘʥʪʠ ʽʟʦʪʝʨʤʠ 

ʌʨʝʡʥʜʣʽʭʘ, ɸ ï ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ. 

ʉʦʨʙʮʽʶ ʚ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ʧʨʦʚʦʜʠʣʠ, ʧʨʦʢʘʯʫʶʯʠ ʨʦʟʯʠʥ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʝʨʠʩʪʘʣʴʪʠʯʥʦʛʦ ʥʘʩʦʩʫ ʯʝʨʝʟ ʢʦʣʦʥʢʫ, ʜʽʘʤʝʪʨʦʤ 2 ʩʤ, ʟʘʧʦʚʥʝʥʫ 

ʩʦʨʙʝʥʪʦʤ ʤʘʩʦʶ 1 ʛ ʧʨʠ ʨʽʟʥʽʡ ʦʙôʻʤʥʽʡ ʰʚʠʜʢʦʩʪʽ (2,5 ʪʘ 12,5 ʩʤ
3
/ʭʚ.). 

 ɼʠʥʘʤʽʯʥʫ ʻʤʥʽʩʪʴ ʜʦ ʧʨʦʩʢʦʢʫ (ɼɽʧʨ) ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʥʘʩʪʫʧʥʦʶ 

ʬʦʨʤʫʣʦʶ: 

ˑ˒̐̑˞ Ͻ6̐  ̑Í̒ ̏̑̂ ϳ ,                                               (2.12) 
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ʜʝ ʉ0 ï ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʣʫ ʚ ʨʦʟʯʠʥʽ, ʤʢʛ/ʩʤ
3
; Vʧʨ ï ʦʙôʻʤ ʧʨʠ ʷʢʦʤʫ 

ʚʽʜʙʫʚʩʷ ʧʨʦʩʢʦʢ, ʩʤ
3
; mʩʦʨʙ ï ʤʘʩʘ ʩʦʨʙʝʥʪʫ, ʛ. 

ʇʦʚʥʫ ʜʠʥʘʤʽʯʥʫ ʻʤʥʽʩʪʴ ʟʥʘʭʦʜʠʣʠ ʰʣʷʭʦʤ ʥʘʩʠʯʝʥʥʷ ʩʦʨʙʝʥʪʫ 

ʤʝʪʘʣʦʤ, ʜʦ ʪʦʛʦ ʯʘʩʫ, ʧʦʢʠ ʚʤʽʩʪ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʝʪʘʣʽʚ ʥʘ ʚʠʭʦʜʽ ʽʟ ʢʦʣʦʥʢʠ 

ʥʝ ʩʪʘʚʘʚ ʨʽʚʥʠʤ ʡʦʛʦ ʚʤʽʩʪʫ ʫ ʚʠʭʽʜʥʦʤʫ ʨʦʟʯʠʥʽ. 

ʄʘʪʝʤʘʪʠʯʥʫ ʦʙʨʦʙʢʫ ʢʽʥʝʪʠʯʥʠʭ ʢʨʠʚʠʭ ʩʦʨʙʮʽʾ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ 

ʨʽʚʥʷʥʥʷʤ ʊʦʤʘʩʘ: 

ÌÎ  ρ ËÑÍὺϳ #ËÔ ,                                     (2.13) 

ʜʝ ʉ0 ï ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʣʫ ʚ ʨʦʟʯʠʥʽ, ʤʢʛ/ʩʤ
3
; ʉʨ ï ʨʽʚʥʦʚʘʞʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʣʫ ʚ ʨʦʟʯʠʥʽ, ʤʢʛ/ʩʤ
3
; Ë ï ʢʦʥʩʪʘʥʪʘ ʊʦʤʘʩʘ, ʩʤ

3
/ʭʚ*ʤʛ; Í ï 

ʤʘʩʘ ʩʦʨʙʝʥʪʫ, ʛ; ὺ  ʦʙ'ʻʤʥʘ ʰʚʠʜʢʽʩʪʴ, ʩʤ
3
/ʭʚ; Ô ï ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʨʦʟʯʠʥʫ, 

ʭʚ. 

ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʶ ʩʦʨʙʮʽʾ ʚʽʜ ʨʅ ʨʦʟʯʠʥʫ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʠ 

ɺ ʤʽʨʥʽ ʢʦʣʙʠ ʦʙôʻʤʦʤ 25 ʩʤ
3
 ʚʥʦʩʠʣʠ ʨʦʟʯʠʥʠ ʟ ʧʝʚʥʠʤ ʚʤʽʩʪʦʤ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʝʣʝʤʝʥʪʫ. ɺʝʣʠʯʠʥʫ ʨʅ ʨʝʛʫʣʶʚʘʣʠ ʚʥʝʩʝʥʥʷʤ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʨʦʟʯʠʥʽʚ 0,1 ʄ ʭʣʦʨʠʜʥʦʾ ʪʘ 0,1 ʄ ʛʽʜʨʦʢʩʠʜʫ ʥʘʪʨʽʶ, ʧʨʠʛʦʪʦʚʘʥʠʭ ʟ 

ʬʽʢʩʘʥʘʣʥɹʠʭ ʨʦʟʯʠʥʽʚ. ɺ ʢʦʥʪʘʢʪʥʽ ʢʦʣʙʠ ʚʥʦʩʠʣʠ ʥʘʚʘʞʢʠ ʩʦʨʙʝʥʪʫ (0,1 ʛ) ʪʘ 

ʢʦʥʪʘʢʪʫʚʘʣʠ ʟ ʧʨʠʛʦʪʦʚʘʥʠʤʠ ʨʦʟʯʠʥʘʤʠ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ 

ʯʘʩʫ. ʈʦʟʯʠʥʠ ʚʽʜʦʢʨʝʤʣʶʚʘʣʠ ʚʽʜ ʪʚʝʨʜʦʾ ʬʘʟʠ ʬʽʣʴʪʨʫʚʘʥʥʷʤ, ʢʦʥʪʨʦʣʶʚʘʣʠ 

ʨʽʚʥʦʚʘʞʥʽ ʟʥʘʯʝʥʥʷ ʨʅ ʪʘ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʨʽʚʥʦʚʘʞʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʚ 

ʚʦʜʥʽʡ ʬʘʟʽ ʤʝʪʦʜʘʤʠ ʟʘʟʥʘʯʝʥʠʤʠ ʚʠʱʝ.  

 ʈʦʟʨʘʭʦʚʫʚʘʣʠ ʧʦʚʥʦʪʫ ʩʦʨʙʮʽʾ ʟʘ ʨʽʟʥʠʮʝʶ ʧʦʯʘʪʢʦʚʦʛʦ ʪʘ ʨʽʚʥʦʚʘʞʥʦʛʦ 

ʚʤʽʩʪʫ ʝʣʝʤʝʥʪʽʚ ʫ ʚʦʜʥʽʡ ʬʘʟʽ. 

ʐʚʠʜʢʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ 

ɺ ʢʦʥʪʘʢʪʥʽ ʢʦʣʙʠ ʚʥʦʩʠʣʠ ʥʘʚʘʞʢʠ ʩʦʨʙʝʥʪʫ (0,1 ʛ), ʜʦʜʘʚʘʣʠ ʨʦʟʯʠʥʠ 

ʦʙôʻʤʦʤ 25 ʩʤ
3
 ʟ ʧʝʚʥʠʤ ʚʤʽʩʪʦʤ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʦʧʪʠʤʘʣʴʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ʂʦʥʪʘʢʪ ʬʘʟ ʧʨʦʚʦʜʠʣʠ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʧʨʠ 

ʧʝʨʝʤʽʰʫʚʘʥʥʽ. ʈʦʟʯʠʥʠ ʚʽʜʦʢʨʝʤʣʶʚʘʣʠ ʚʽʜ ʪʚʝʨʜʦʾ ʬʘʟʠ ʬʽʣʴʪʨʫʚʘʥʥʷʤ ʪʘ 

ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʨʽʚʥʦʚʘʞʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʚ ʚʦʜʥʽʡ ʬʘʟʽ. ʈʦʟʨʘʭʦʚʫʚʘʣʠ 
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ʧʦʚʥʦʪʫ ʩʦʨʙʮʽʾ ʟʘ ʨʽʟʥʠʮʝʶ ʧʦʯʘʪʢʦʚʦʛʦ ʪʘ ʨʽʚʥʦʚʘʞʥʦʛʦ ʚʤʽʩʪʫ ʝʣʝʤʝʥʪʽʚ ʫ 

ʚʦʜʥʽʡ ʬʘʟʽ. 

ɯʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ 

ɺ ʢʦʥʪʘʢʪʥʽ ʢʦʣʙʠ ʚʥʦʩʠʣʠ ʥʘʚʘʞʢʠ ʩʦʨʙʝʥʪʫ (0,1 ʛ) ʟ ʚʠʟʥʘʯʝʥʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʧʨʠʱʝʧʣʝʥʠʭ ʛʨʫʧ, ʜʦʜʘʚʘʣʠ 25 ʩʤ
3
 ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʟ 

ʦʧʪʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʨʅ ʯʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʠ ʪʘ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʝʪʘʣʫ. ʉʦʨʙʝʥʪ ʟ ʨʦʟʯʠʥʦʤ ʢʦʥʪʘʢʪʫʚʘʣʠ ʚʧʨʦʜʦʚʞ ʯʘʩʫ, 

ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ. ʈʦʟʯʠʥ 

ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʣʠ ʚʽʜ ʪʚʝʨʜʦʾ ʬʘʟʠ ʪʘ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʚ ʥʴʦʤʫ ʨʽʚʥʦʚʘʞʥʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʝʣʝʤʝʥʪʫ ʬʦʪʦʤʝʪʨʠʯʥʠʤ ʯʠ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʠʤ ʤʝʪʦʜʦʤ. 

ʉʠʥʪʝʟ ʨʽʟʥʦʣʽʛʘʥʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʊʉʉ 

ɿʨʘʟʢʠ ʊʉʉ, ʷʢʽ ʤʽʩʪʠʣʠ ʩʦʨʙʦʚʘʥʽ ʤʝʪʘʣʠ, ʧʨʦʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ 

ʚʦʜʦʶ ʜʦ ʨʅ 5 ī 7, ʜʦʜʘʚʘʣʠ 5 ʩʤ
3
 4Ö10

-3
 ʄ ʨʦʟʯʠʥ ʪʽʦʢʝʪʦʥʫ ʄʽʭʣʝʨʘ ʚ 50% 

ʨʦʟʯʠʥʽ ʝʪʘʥʦʣʫ ʚ ʚʦʜʽ ʪʘ ʽʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 20 ʭʚ. ʈʦʟʯʠʥ 

ʚʽʜʜʽʣʷʣʠ ʚʽʜ ʪʚʝʨʜʦʾ ʬʘʟʠ ʬʽʣʴʪʨʫʚʘʥʥʷʤ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʊʉʉ 

ʇʨʠʛʦʪʫʚʘʥʥʷ ʰʢʘʣʠ ʢʦʣʴʦʨʦʚʦʩʪʽ: ʚ ʤʽʨʥʽ ʢʦʣʙʠ ʚʚʦʜʠʣʠ ʩʪʘʥʜʘʨʪʥʠʡ 

ʨʦʟʯʠʥ ʚʠʟʥʘʯʫʚʘʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʪʘ ʨʦʟʙʘʚʣʷʣʠ 0,1 ʄ ʭʣʦʨʠʜʥʦʶ ʢʠʩʣʦʪʦʶ ʜʦ 

ʦʙôʻʤʫ 25 ʩʤ
3 
. ɺʥʦʩʠʣʠ ʪʦʯʥʫ ʥʘʚʘʞʢʫ ʩʦʨʙʝʥʪʫ ʪʘ ʢʦʥʪʘʢʪʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 1 

ʛʦʜʠʥʠ. ɺʽʜʜʽʣʷʣʠ ʨʦʟʯʠʥ ʜʝʢʘʥʪʘʮʽʻʶ, ʘ ʟʘʙʘʨʚʣʝʥʠʡ ʩʦʨʙʝʥʪ ʚʠʩʫʰʫʚʘʣʠ, 

ʚʽʜʩʢʘʥʦʚʫʚʘʣʠ ʪʘ ʟʥʽʤʘʣʠ ʉɼɺ. 
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ʈʆɿɼɯʃ 3 

ʌɯɿʀʂʆ-ʍɯʄɯʏʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ʇʆɺɽʈʍʅɯ ʉʀʅʊɽɿʆɺɸʅʀʍ 

ʉʆʈɹɽʅʊɯɺ  

3.1. ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ɯʏ-ʩʧʝʢʪʨʫ ʩʦʨʙʝʥʪʫ ʊʉʉ ʧʦʢʘʟʘʚ ʥʘʷʚʥʽʩʪʴ ʚ ʥʴʦʤʫ 

ʩʤʫʛ ʧʦʛʣʠʥʘʥʥʷ ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ ʟʚôʷʟʢʫ C=S ʚ ʦʙʣʘʩʪʽ 1200 ī 1050 ʩʤ
-1
, 

ʟʚôʷʟʢʫ NīH ʚ ʦʙʣʘʩʪʽ 3400 ʩʤ
-1
 ʪʘ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʟʚôʷʟʢʫ NīH ʚ 

ʦʙʣʘʩʪʽ 1620 ī 1520 ʩʤ
-1
, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʭʽʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ ʨʦʜʘʥʽʜʫ 

ʘʤʦʥʽʶ ʟ ʧʦʚʝʨʭʥʝʶ ʘʢʪʠʚʦʚʘʥʦʛʦ ʩʠʣʽʢʘʛʝʣʶ.  
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ʈʠʩ. 2. ɯʏ-ʩʧʝʢʪʨ ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʩʠʣʽʢʘʛʝʣʶ ʟ ʧʨʠʱʝʧʣʝʥʠʤʠ 

ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ 

ʄʝʪʦʜʦʤ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʜʦʩʣʽʜʞʝʥʦ ʪʠʨʩʫ ʜʦ ʽ ʧʽʩʣʷ ʤʦʜʠʬʽʢʫʚʘʥʥʷ. 

ɼʣʷ ʨʦʩʣʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʠʪʴ ʮʝʣʶʣʦʟʘ ʭʘʨʘʢʪʝʨʥʽ 

ʥʘʩʪʫʧʥʽ ʩʤʫʛʠ (ʨʠʩ. 3): 3600 ī3000 ʩʤ
-1
 (īOH ʽ īNH2), 3000 ʽ 2800 ʩʤ

-1
 (īCHī ʽ 

īCH2ī), 1660 ʽ 1600 ʩʤ
-1
 (īNH2 ʽ īC=ʆ), 1430 ʽ 1320 ʩʤ

-1 
(īCH2ī), 1380 ʩʤ

-1
 

(ʢʫʪʦʚʝ ʢʦʣʠʚʘʥʥʷ īCHī ʚ īCHOHī), 1160 ʩʤ
-1
 (īCīʆīʉī), 1080 ʩʤ

-1
 (īCīʆī). 

ʅʘ ɯʏ-ʩʧʝʢʪʨʽ ʬʽʪʦʩʦʨʙʝʥʪʫ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʧʽʢʠ ʚ ʦʙʣʘʩʪʽ 2300 ʩʤ
-1
 ʪʘ 490 ʩʤ

-1
, 

ʷʢʽ ʤʦʞʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʥʘʩʪʫʧʥʠʤ ʢʦʣʠʚʘʥʥʷʤ īNīC=S ʪʘ C=S ʧʨʠʩʫʪʥʽʤ ʫ 
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ʤʦʣʝʢʫʣʽ ʪʽʦʩʝʯʦʚʠʥʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʭʽʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ ʤʦʣʝʢʫʣʠ 

ʪʽʦʩʝʯʦʚʠʥʠ ʟ ʪʠʨʩʦʶ [85]. 
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ʈʠʩ. 3. ɯʏ-ʩʧʝʢʪʨʠ ʪʠʨʩʠ (1) ʪʘ ʬʽʪʦʩʦʨʙʝʥʪʫ (2) 

3.2 ʊʝʨʤʦʜʝʩʦʨʙʮʽʷ 

 ʇʦʚʝʨʭʥʶ ʊʉʉ ʜʦʩʣʽʜʞʫʚʘʣʠ ʤʝʪʦʜʦʤ ʧʨʦʛʨʘʤʦʚʘʥʦʾ ʪʝʨʤʦʜʝʩʦʨʙʮʽʾ 

(ʊɼ) ʟ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʤ ʘʥʘʣʽʟʦʤ ʜʝʩʦʨʙʦʚʘʥʠʭ ʯʘʩʪʠʥʦʢ. 

ʊʝʨʤʦʜʝʩʦʨʙʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʧʨʠ ʣʽʥʽʡʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʟʨʘʟʢʘ ʟʽ 

ʚhʠʜʢʽʩʪʶ 14 ʂ/ʭʚ ʫ ʚʘʢʫʫʤʦʚʘʥʽʡ ʜʦ 10
-4
 ʇʘ ʢʚʘʨʮʦʚʽʡ ʘʤʧʫʣʽ, ʟôʻʜʥʘʥʽʡ ʟ 

ʦʜʥʦʧʦʣʷʨʥʠʤ ʢʚʘʜʨʫʧʦʣʴʥʠʤ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʦʤ. ʇʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ 

ʟʥʽʤʘʣʠʩʷ ʤʘʩ-ʩʧʝʢʪʨʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʫʜʘʨʫ ʛʘʟʦʚʦʾ ʬʘʟʠ ʥʘʜ ʟʨʘʟʢʦʤ ʚ ʽʥʪʝʨʚʘʣʽ 

m/z 10-200. ʇʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ ʟʥʽʤʘʣʠʩʷ ʤʘʩ-ʩʧʝʢʪʨʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʫʜʘʨʫ 

ʛʘʟʦʚʦʾ ʬʘʟʠ ʥʘʜ ʟʨʘʟʢʦʤ ʚ ʽʥʪʝʨʚʘʣʽ m/z 10-200. ʊʝʨʤʦʜʝʩʦʨʙʮʽʡʥʽ ʢʨʠʚʽ ʜʣʷ 

ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ m/z ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʝʡ çʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʽʢʫ ʫ 

ʤʘʩ-ʩʧʝʢʪʨʽ - ʪʝʤʧʝʨʘʪʫʨʘè (ʈʠʩ 4). 
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ʈʠʩ. 4. ʊʝʨʤʦʜʝʩʦʨʙʮʽʡʥʽ ʢʨʠʚʽ ʜʣʷ m/z 60 (H2NCS
+
),  m/z 76 ((H2N)2CS

+
), 

m/z 41 (C3H5
+
), m/z 42 (C3H6+). 

ɿʛʽʜʥʦ ʟ ʦʜʝʨʞʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦ 160 
0
ʉ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʞʦʜʥʠʭ 

ʧʨʦʮʝʩʽʚ. ʇʦʯʠʥʘʶʯʠ ʟ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʜʦʩʠʪʴ ʽʥʪʝʥʩʠʚʥʦ ï ʟ 200 
0
ʉ 

ʧʨʦʭʦʜʷʪʴ ʪʝʨʤʦʜʝʩʦʨʙʮʽʡʥʽ ʧʨʦʮʝʩʠ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʱʝʧʣʝʥʥʷ ʩʽʨʢʦʚʤʽʩʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʟʘʢʽʥʯʫʻʪʴʩʷ ʚʞʝ ʧʨʠ 300 ï 310 
0
ʉ (H2NCS

+
, SC(NH2)2) ʪʦʜʽ, ʷʢ 

ʚʽʜʱʝʧʣʝʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʡʜʝ 

ʧʨʘʢʪʠʯʥʦ ʜʦ 700 
0
ʉ ʟ ʤʘʢʩʠʤʫʤʦʤ ʰʚʠʜʢʦʩʪʽ ʧʨʠ 500 

0
ʉ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʨʠʱʝʧʣʝʥʽ ʜʦ ʧʦʚʝʨʭʥʽ ʊʉʉ ʧʨʦʧʽʣʪʽʦʩʝʯʦʚʠʥʥʽ ʛʨʫʧʠ ʻ ʪʝʨʤʽʯʥʦ ʩʪʽʡʢʠʤʠ ʘʞ 

ʜʦ 160 
0
ʉ, ʘ ʜʘʣʽ ʟʘʟʥʘʶʪʴ ʧʦʩʪʘʜʽʡʥʦʛʦ ʨʦʟʢʣʘʜʫ. ʇʨʠʯʦʤʫ ʩʧʦʯʘʪʢʫ, ʚ 

ʽʥʪʝʨʚʘʣʽ 200 ī 300 
0
ʉ, ʚ ʦʩʥʦʚʥʦʤʫ ʧʨʦʭʦʜʠʪʴ ʚʽʜʱʝʧʣʝʥʥʷ ʢʽʥʮʝʚʠʭ 

ʪʽʦʩʝʯʦʚʠʥʥʠʭ ʛʨʫʧ, ʘ ʚ ʟʥʘʯʥʦ ʞʦʨʩʪʢʽʰʠʭ ʫʤʦʚʘʭ ï ʨʫʡʥʫʻʪʴʩʷ ʟʘʣʠʰʦʢ 

ʚʫʛʣʝʚʦʜʥʝʚʦʛʦ ʣʘʥʮʶʛʘ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʚôʷʟʘʥʦʛʦ ʟ ʧʦʚʝʨʭʥʝʶ ʩʠʣʽʢʘʛʝʣʶ. 

3.3. ɼʠʬʝʨʝʥʮʽʡʥʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ 

ʇʦʚʝʨʭʥʶ ʩʠʣʽʢʘʛʝʣʶ ʜʦʩʣʽʜʞʫʚʘʣʠ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʪʝʨʤʽʯʥʠʤ ʘʥʘʣʽʟʦʤ. 

ɼʣʷ ʮʴʦʛʦ ʟʨʘʟʦʢ ʥʘʛʨʽʚʘʣʠ ʫ ʘʣʶʤʽʥʽʻʚʦʤʫ ʪʠʛʣʽ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 30 

ʜʦ 600 
0
ʉ ʧʨʠ ʧʨʦʧʫʩʢʘʥʥʽ ʧʦʚʽʪʨʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 100 ʩʤ

3
/ʭʚ, ʷʢ ʟʨʘʟʦʢ 

ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʢʩʠʜ ʘʣʶʤʽʥʽʶ ʤʘʩʦʶ 20 ʤʛ. ʄʘʩʘ ʥʘʚʘʞʢʠ 

ʟʨʘʟʢʘ ʩʢʣʘʜʘʣʘ 12 ʤʛ. ʐʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʩʢʣʘʜʘʣʘ 5 
0
ʉ/ʭʚ. ʅʘ ʨʠʩ. 5 

ʥʘʚʝʜʝʥʦ ʜʝʨʠʚʘʪʦʛʨʘʤʫ ʥʝ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʩʠʣʽʢʘʛʝʣʶ ʥʘ ʷʢʽʡ ʤʦʞʝʤʦ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʧʦʩʪʫʧʦʚʝ ʟʥʠʞʝʥʥʷ ʤʘʩʠ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ 

ʧʦʚôʷʟʘʥʝ ʟ ʚʽʜʱʝʧʣʝʥʥʷʤ ʚʦʜʠ ʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ~ 100 
0
ʉ ʪʘ 

ʧʦʜʘʣʴʰʠʤ ʧʦʩʪʫʧʦʚʠʤ ʚʽʜʱʝʧʣʝʥʥʷʤ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʩʠʣʽʢʘʛʝʣʶ. ʅʘ ʢʨʠʚʽʡ DTA (ʨʠʩ. 6) ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʢʩʠʤʫʤʽʚ. ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʥʝ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ, ʩʠʣʽʢʘʛʝʣʴ ʟ ʧʨʠʱʝʧʣʝʥʠʤʠ ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ 

ʛʨʫʧʘʤʠ ʤʘʻ ʜʝʢʽʣʴʢʘ ʧʣʘʪʦ ʥʘ ʢʨʠʚʽʡ ʟʥʠʞʝʥʥʷ ʤʘʩʠ, ʱʦ ʟʫʤʦʚʣʶʻʪʴʩʷ 

ʚʽʜʱʝʧʣʝʥʥʷʤ ʚʦʜʠ (~ 100 
0
ʉ) ʪʘ ʚʽʜʱʝʧʣʝʥʥʷʤ ʦʨʛʘʥʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ (~ 300 

0
ʉ) ʽ 

ʧʦʜʘʣʴʰʠʤ ʚʽʜʱʝʧʣʝʥʥʷʤ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ, ʱʦ ʟʦʙʨʘʞʝʥʦ ʤʦʥʦʪʦʥʥʠʤ 
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ʟʥʠʞʝʥʥʷʤ ʤʘʩʠ. ʅʘ ʢʨʠʚʽʡ DTA ʜʣʷ ʩʠʣʽʢʘʛʝʣʶ ʟ ʧʨʠʱʝʧʣʝʥʠʤʠ 

ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ ʧʦʯʠʥʘʶʯʠ ʟ 160 
0
ʉ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʤʘʣʦ ʽʥʪʝʥʩʠʚʥʠʡ 

(ʝʥʜʦʪʝʨʤʽʯʥʠʡ) ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ, ʦʙʫʤʦʚʣʝʥʠʡ ʚʽʜʱʝʧʣʝʥʥʷʤ ʧʨʦʜʫʢʪʽʚ 

ʜʝʩʪʨʫʢʮʽʾ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. ɿ 250 
0
ʉ ʥʘʙʫʚʘʻ ʨʦʟʚʠʪʢʫ ʽ ʧʨʠ 300 

0
ʉ ʩʷʛʘʻ 

ʤʘʢʩʠʤʫʤʫ ʽʥʪʝʥʩʠʚʥʠʡ ʧʨʦʮʝʩ ʧʨʦʪʠʣʝʞʥʦʾ ʧʦʣʷʨʥʦʩʪʽ (ʝʢʟʦʪʝʨʤʽʯʥʠʡ), 

ʚʦʯʝʚʠʜʴ ʧʦʚôʷʟʘʥʠʡ ʟ ʦʢʠʩʥʝʥʥʷʤ ʧʨʦʜʫʢʪʽʚ ʜʝʩʪʨʫʢʮʽʾ ʽ ʧʦʜʘʣʴʰʦʶ 

ʪʝʨʤʦʦʢʠʩʥʶʚʘʣʴʥʦʶ ʜʝʩʪʨʫʢʮʽʻʶ ʟʘʣʠʰʢʽʚ ʩʪʨʫʢʪʫʨʠ ʤʦʜʠʬʽʢʘʪʦʨʘ. ʅʘ ʨʠʩ. 6 

ʥʘʚʝʜʝʥʦ ʜʝʨʠʚʘʪʦʛʨʘʤʫ ʩʠʣʽʢʘʛʝʣʶ ʟ ʜʠʩʫʣʴʬʽʜʥʠʤʠ ʛʨʫʧʘʤʠ, ʷʢ ʚʠʜʥʦ ʟ 

ʢʨʠʚʦʾ ʤʘʢʩʠʤʫʤ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʙʣʘʩʪʽ 335 
0
ʉ, ʱʦ ʟʫʤʦʚʣʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʥʘ 

ʧʦʚʝʨʭʥʽ ʩʠʣʽʢʘʛʝʣʶ ʧʨʠʱʝʧʣʝʥʠʭ ʜʠʩʫʣʴʬʽʜʥʠʭ ʛʨʫʧ, ʷʢʽ ʤʘʶʪʴ ʜʝʱʦ ʚʠʱʫ 

ʪʝʨʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʦʣʝʢʫʣʘʤʠ ʪʽʦʩʝʯʦʚʠʥʠ.  
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ʈʠʩ. 5. GT ï ʢʨʠʚʽ ʟʤʽʥʠ ʤʘʩʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 
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ʈʠʩ. 6. ʂʨʠʚʽ DTA ï ʟʤʽʥʘ ʝʥʪʘʣʴʧʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ  

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʬʽʪʦʩʦʨʙʝʥʪʫ ʤʝʪʦʜʦʤ ʊɻɸ-ɼʉʂ ʽʟ ʩʠʥʭʨʦʥʥʠʤ 

ʪʝʨʤʽʯʥʠʤ ʘʥʘʣʽʟʘʪʦʨʦʤ STA 449 C (Netzsch, ɻʝʨʤʘʥʽʷ), ʩʫʤʽʩʥʠʤ ʟ ɯʏ-ʌʫʨôʻ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ Nicolet 380 ʟ TGA/FT-IR ʽʥʪʝʨʬʝʡʩʦʤ ʜʣʷ ʘʥʘʣʽʟʫ ʛʘʟʦʚʦʾ ʬʘʟʠ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘʛʨʽʚʘʥʥʷ ʬʽʪʦʩʦʨʙʝʥʪʫ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 25 ī 170 
ʦ
ʉ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʜʽʣʝʥʥʷ ʚʦʣʦʛʠ ʽ ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ ʥʘ 5,1 %. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʥʘʛʨʽʚʘʥʥʽ ʟʨʘʟʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʢʣʘʜ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ 

ʩʢʣʘʜʫ ʧʨʦʙʠ (ʨʠʩ. 7.ʘ). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 282,91 
ʦ
ʉ ʥʘʷʚʥʠʡ ʝʥʜʦʪʝʨʤʽʯʥʠʡ ʧʽʢ, 

ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʠʡ ʟ ʧʨʦʮʝʩʦʤ ʧʽʨʦʣʽʟʫ ʦʨʛʘʥʽʯʥʦʾ ʦʩʥʦʚʠ ʧʨʦʙʠ. ɺ 

ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 260 ï 380 
ʦ
ʉ ʚʠʜ̔ʣʷʶʪʩɹʷ: ʚʦʜʘ, ʩʽʨʢʦʚʦʜʝʥʴ, ʜʽʦʢʩʠʜ 

ʩʽʨʢʠ, ʧʦʯʠʥʘʻ ʚʠʜʽʣʷʪʠʩʷ ʘʤʽʘʢ, ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ, ʨʦʜʘʥʽʜ-ʽʦʥ, ʽʟʦʮʽʘʥʽʩʪʘ 

ʢʠʩʣʦʪʘ  ̔ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʪʨʘʪʘ ʤʘʩʠ ï 26,5 %. ʇʨʠ 450 ī 570 
ʦ
ʉ ʧʨʦʭʦʜʠʪʴ 

ʘʢʪʠʚʥʝ ʟʛʦʨʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʦʩʥʦʚʠ ʟʨʘʟʢʘ ʟ ʚʠʜʽʣʝʥʥʷʤ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 

(ʤʘʢʩʠʤʫʤ ʧʨʠ 523,9 
ʦ
ʉ) ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʪʨʘʪʘ ʤʘʩʠ ï 57,1 %.  

ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʟʨʘʟʢʘ ʥʝ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʪʠʨʩʠ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 25 

ī 130 
ʦ
C ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷ ʚʦʣʦʛʠ ʽ ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ ʥʘ 3.2 % (ʨʠʩ. 7.ʙ). 

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʢʣʘʜ ʦʨʛʘʥʽʯʥʦʾ 

ʦʩʥʦʚʠ ʧʨʦʙʠ ʟ ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʘ ʽ ʚʪʨʘʪʦʶ ʤʘʩʠ ʫ ʜʚʽ ʩʪʘʜʽʾ: ʧʝʨʰʘ ī 

ʝʢʟʦʪʝʨʤʽʯʥʠʡ ʝʬʝʢʪ ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 364,24 
ʦ
C ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʪʨʘʪʦʶ 

ʤʘʩʠ 69,8%. ʆʩʥʦʚʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʦʟʢʣʘʜʫ ʻ: ʚʦʜʘ, ʬʦʨʤʘʣʽʥ, ʚʫʛʣʝʢʠʩʣʠʡ 

ʛʘʟ ʪʘ ʦʮʪʦʚʘ ʢʠʩʣʦʪʘ. ɼʨʫʛʘ ī ʝʢʟʦʪʝʨʤʽʯʥʠʡ ʝʬʝʢʪ ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 483,22 
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ʦ
C ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʪʨʘʪʦʶ ʤʘʩʠ 22,6 % (ʦʩʥʦʚʥʠʤ ʧʨʦʜʫʢʪʦʤ ʛʦʨʽʥʥʷ ̒ 

ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ). ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʢʣʘʜ 

ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʘ ʥʘ ʜʨʫʛʽʡ ʩʪʘʜʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʛʦʨʘʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ 

ʧʨʦʜʫʢʪʫ ʧʽʨʦʣʽʟʫ.  

ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʥʝ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʪʠʨʩʠ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ ʚʽʜʩʫʪʥʽ ʩʧʦʣʫʢʠ, 

ʱʦ ʤʽʩʪʷʪʴ ʩʽʨʢʫ, ʷʢʽ ʧʨʠʩʫʪʥʽ ʫ ʛʘʟʦʚʽʡ ʬʘʟʽ ʧʨʠ ʪʝʨʤʽʯʥʦʤʫ ʨʦʟʢʣʘʜʽ 

ʬʽʪʦʩʦʨʙʝʥʪʫ.  

 

 

 

ʈʠʩ. 7. ʊɻɸ ʽ ɼʉʂ ʬʽʪʦʩʦʨʙʝʥʪʫ (ʘ) ʪʘ ʥʝ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʪʠʨʩʠ (ʙ) 

 

 

 

 

 

 

 

 

ʈʠʩ. 8. ʏʘʩ ʚʠʭʦʜʫ ʛʘʟʦʧʦʜʽʙʥʠʭ ʧʨʦʜʫʢʪʽʚ ʨʦʟʢʣʘʜʫ ʬʽʪʦʩʦʨʙʝʥʪʫ 

 

ʘ ʙ 
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ʈʠʩ. 9. ɯʏ-ʩʧʝʢʪʨʠ ʛʘʟʦʧʦʜʽʙʥʠʭ ʧʨʦʜʫʢʪʽʚ ʨʦʟʢʣʘʜʫ ʬʽʪʦʩʦʨʙʝʥʪʫ 

3.4. ʉʢʘʥʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ 

ɺʠʚʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʦʪʨʠʤʘʥʦʛʦ ʬʽʪʦʩʦʨʙʝʥʪʫ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

SEM. ɯʟ ʦʪʨʠʤʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʯʘʩʪʠʥʦʢ ʪʠʨʩʠ (ʨʠʩ. 10 ʘ,ʙ) ʚʠʜʥʦ, ʱʦ ʪʠʨʩʘ 

ʤʘʻ ʨʦʟʛʘʣʫʞʝʥʫ ʩʽʪʢʫ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʢʘʥʘʣʽʚ, ʟʨʽʟ ʷʢʠʭ ʷʚʣʷʻ ʩʽʪʯʘʩʪʫ 

ʩʪʨʫʢʪʫʨʫ. ɿʘ ʨʘʭʫʥʦʢ ʤʘʢʨʦʧʦʨʠʩʪʦʾ ʧʦʚʝʨʭʥʽ ʜʝʨʝʚʠʥʠ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ 

ʦʪʨʠʤʘʥʽ ʤʘʪʝʨʽʘʣʠ ʙʫʜʫʪʴ ʤʘʪʠ ʚʠʩʦʢʫ ʩʦʨʙʮʽʡʥʫ ʻʤʥʽʩʪʴ. ʅʘ ʧʦʚʝʨʭʥʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʪʠʨʩʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʝʣʝʤʝʥʪʥʦʾ ʩʽʨʢʠ ʫ ʚʠʛʣʷʜʽ 

ʦʢʪʘʝʜʨʠʯʥʠʭ ʢʨʠʩʪʘʣʽʚ ʯʠ ʨʽʚʥʦʤʽʨʥʠʤ ʧʦʢʨʠʪʪʷʤ ʧʦʚʝʨʭʥʽ ʪʠʨʩʠ. ʅʘʷʚʥʽʩʪʴ 

ʩʽʨʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʟʫʤʦʚʣʶʻʪʴʩʷ, ʪʠʤ, ʱʦ ʧʦʙʽʯʥʦʶ ʨʝʘʢʮʽʻʶ ʨʦʟʢʣʘʜʫ ʨʦʜʘʥʽʜʫ 

ʘʤʦʥʽʶ ʻ ʫʪʚʦʨʝʥʥʷ ʝʣʝʤʝʥʪʥʦʾ ʩʽʨʢʠ, ʘʣʝ ʮʝʡ ʧʨʦʮʝʩ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʛʽʨʰʝʥʥʷ ʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʄʝʪʦʜʦʤ ʤʽʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʝʥʦ ʨʦʟʧʦʜʽʣ Pd(II ) 

ʪʘ Ru(IV) ʧʽʩʣʷ ʾʭ ʩʦʨʙʮʽʾ ʬʽʪʦʩʦʨʙʝʥʪʦʤ ʥʘ ʜʽʣʷʥʢʘʭ, ʜʝ ʚʽʜʩʫʪʥʽ ʫʪʚʦʨʝʥʥʷ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʽʨʢʠ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʝʣʝʤʝʥʪʥʦʶ ʩʽʨʢʦʶ ʪʘ 

ʢʨʠʩʪʘʣʘʤʠ ʩʽʨʢʠ. ʗʢ ʚʠʜʥʦ, ʽʟ ʜʽʘʛʨʘʤ ʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 

10, ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʽʡ ʝʣʝʤʝʥʪʥʦʶ ʩʽʨʢʦʶ ʽ ʢʨʠʩʪʘʣʘʭ ʝʣʝʤʝʥʪʥʦʾ ʩʽʨʢʠ 
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ʚʽʜʩʫʪʥʽ ʩʠʛʥʘʣʠ Pd(II ) ʪʘ Ru(IV). ʅʘ ʜʽʣʷʥʢʘʭ ʚʽʣʴʥʠʭ ʚʽʜ ʝʣʝʤʝʥʪʥʦʾ ʩʽʨʢʠ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʠʛʥʘʣʠ ʚʽʜ Pd(II ) ʪʘ Ru(IV), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʢʦʦʨʜʠʥʘʮʽʶ 

Pd(II ) ʪʘ Ru(IV) ʟ ʢʦʚʘʣʝʥʪʥʦ ʟʘʢʨʽʧʣʝʥʦʶ ʥʘ ʧʦʚʝʨʭʥʽ ʪʠʨʩʠ ʪʽʦʩʝʯʦʚʠʥʦʶ.  

                             

                              

 

                          

                           

ʈʠʩ. 10. SEM ʟʦʙʨʘʞʝʥʥʷ ʬʽʪʦʩʦʨʙʝʥʪʫ ʜʦ ʩʦʨʙʮʽʾ ʤʝʪʘʣʽʚ (ʘ,ʙ), ʧʽʩʣʷ 

ʩʦʨʙʮʽʾ ʧʘʣʘʜʽʶ (ɯɯ) (ʚ,ʛ), ʨʫʪʝʥʽʶ (IV) (ʜ,ʝ) ʟ ʜʽʘʛʨʘʤʘʤʠ ʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ. 

ʘ ʙ 

ʚ ʛ 

ʜ ʝ 
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3.5 ʅʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʘʜʩʦʨʙʮʽʷ ʘʟʦʪʫ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʪʘ ʨʦʟʤʽʨʫ ʧʦʨ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ ʘʟʦʪʫ ʥʘ ʧʦʚʝʨʭʥʽ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʙʝʥʪʽʚ. 

ʆʪʨʠʤʘʥʘ ʽʟʦʪʝʨʤʘ ʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ ʘʟʦʪʫ ʥʘ ʧʦʚʝʨʭʥʽ ʊʉʉ ʤʦʞʝ ʙʫʪʠ 

ʚʽʜʥʝʩʝʥʘ ʜʦ IV ʪʠʧʫ ʽʟʦʪʝʨʤ ʟʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʉ. ɹʨʘʥʘʫʝʨʘ, ʃ. ɼʝʤʽʥʛʘ, ʋ. 

ɼʝʤʽʥʛʘ, ɽ. ʊʝʣʣʝʨʘ (ɹɼɼʊ) [86]. ʊʘʢʠʡ ʪʠʧ ʽʟʦʪʝʨʤ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʢʘʧʽʣʷʨʥʽʡ ʢʦʥʜʝʥʩʘʮʽʾ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ 

ʚ ʤʝʟʦʧʦʨʘʭ. ʅʘʷʚʥʽʩʪʴ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ ʟʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʩʦʨʙʮʽʷ ʪʘ 

ʜʝʩʦʨʙʮʽʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʦ ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʘʭ. ʇʨʠ ʟʘʧʦʚʥʝʥʥʽ ʧʦʨ ʩʧʦʯʘʪʢʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʜʩʦʨʙʮʽʷ ʥʘ ʩʪʽʥʢʘʭ ʧʦʨ. ɺ ʜʝʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʪʦʚʱʠʥʘ 

ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʰʘʨʫ ʜʦʩʷʛʘʻ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʥʝ 

ʟʘʧʦʚʥʝʥʥʷ ʧʦʨʠ ʨʽʜʠʥʦʶ. ʉʢʦʥʜʝʥʩʫʚʘʚʰʠʩʴ ʫ ʢʘʧʽʣʷʨʘʭ ʨʽʜʠʥʘ ʫʪʚʦʨʶʻ ʫ 

ʚʭʦʜʽ ʚ ʧʦʨʫ ʚʚʽʛʥʫʪʠʡ ʤʝʥʽʩʢ ʟ ʧʦʚʝʨʭʥʽ ʷʢʦʛʦ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

ʨʽʜʠʥʠ ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʠʩʢʫ ʛʘʟʫ. ʆʩʢʽʣʴʢʠ ʬʦʨʤʘ ʤʝʥʽʩʢʫ ʚʚʽʛʥʫʪʘ, ʪʦ ʧʘʨ 

ʚʠʷʚʣʷʻʪʴʩʷ ʥʘʩʠʯʝʥʠʤ ʧʨʠ ʙʽʣʴʰ ʥʠʟʴʢʦʤʫ ʪʠʩʢʫ, ʥʽʞ ʥʘʜ ʧʣʦʩʢʦʶ ʧʦʚʝʨʭʥʝʶ. 

ɺʽʜʧʦʚʽʜʥʦ, ʽʟʦʪʝʨʤʘ ʜʝʩʦʨʙʮʽʾ ʟʤʽʱʫʻʪʴʩʷ ʚ ʦʙʣʘʩʪʴ ʤʝʥʰʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʪʠʩʢʫ. 

ɿʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ɼʝ ɹʝʨʘ [87] ʟʘ ʬʦʨʤʦʶ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ ʧʦʜʽʣʷʶʪʴ ʥʘ 

5 ʪʠʧʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʦʨʤʠ ʧʦʨ. ɿ ʚʠʛʣʷʜʫ ʢʨʠʚʦʾ ʥʘ ʨʠʩ. 11 ʤʦʞʥʘ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʽ ʊʉʉ ʧʝʨʝʚʘʞʘʪʠʤʫʪʴ ʧʦʨʠ ʱʽʣʠʥʦʧʦʜʽʙʥʦʾ ʬʦʨʤʠ. 
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ʈʠʩ. 11. ɯʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ ʘʟʦʪʫ ʊʉʉ. 
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ɹʘʨʨʝʪʘ-ɼʞʦʡʥʝʨʘ-ʍʘʣʝʥʜʠ (BJH) ʤʦʞʥʘ 

ʚʩʪʘʥʦʚʠʪʠ ʨʦʟʧʦʜʽʣ ʧʦʨ ʟʘ ʨʦʟʤʽʨʘʤʠ (ʨʠʩ.12). 
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ʈʠʩ. 12. ʈʦʟʧʦʜʽʣ ʧʦʨ ʟʘ ʨʦʟʤʽʨʘʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʊʉʉ (ʘ ï ʧʝʨʰʘ ʧʦʭʽʜʥʘ 

ʚʽʜ ʦʙôʻʤʫ ʧʦʨ, ʙ ï ʧʝʨʰʘ ʧʦʭʽʜʥʘ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ ʧʦʨ).  

 

ɺʠʭʦʜʷʯʠ ʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʩʠʣʽʢʘʛʝʣʴ, 

ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ, ʤʘʻ ʜʦʩʠʪʴ ʨʦʟʚʠʥʝʥʫ ʧʣʦʱʫ 

ʧʦʚʝʨʭʥʽ (218 ʤ
2
/ʛ) ʨʦʟʨʘʭʦʚʘʥʫ ʟʘ ʤʝʪʦʜʦʤ ɺɽʊ ʽʟ ʽʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ ʘʟʦʪʫ, ʪʘ ʻ 

ʤʝʟʦʧʦʨʠʩʪʠʤ ʩʦʨʙʝʥʪʦʤ ʟ ʜʽʘʤʝʪʨʦʤ ʧʦʨ ʙʣʠʟʴʢʦ 10 ʥʤ. 

ɯʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ ʘʟʦʪʫ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʮʝʣʶʣʦʟʠ ʪʘ 

ʪʠʨʩʠ, ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ ʻ ʽʟʦʪʝʨʤʘʤʠ ɯɯ ʪʠʧʫ ʟʘ 

ʢʣʘʩʠʬʽʢʘʮʽʻʶ ɹɼɼʊ. ʊʘʢʠʡ ʪʠʧ ʽʟʦʪʝʨʤ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʤʘʢʨʦʧʦʨʠʩʪʠʭ 

ʩʦʨʙʝʥʪʽʚ. 

ʇʠʪʦʤʘ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʤʝʪʦʜʦʤ ɹɽʊ ʜʣʷ ʂʎʊ ʩʢʣʘʜʘʻ 10 

ʤ
2
/ʛ, ʘ ʜʣʷ ʬʽʪʦʩʦʨʙʝʥʪʫ 18 ʤ

2
/ʛ (ʨʠʩ. 13). 
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ʈʠʩ. 13. ʃʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʨʽʚʥʷʥʥʷ ɹɽʊ ʜʣʷ ʩʦʨʙʝʥʪʽʚ (1 ï ʂʎʊ, 2 ï 

ʬʽʪʦʩʦʨʙʝʥʪ). 
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ɺʠʩʥʦʚʢʠ ʜʦ ʈʦʟʜʽʣʫ 3 

 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ (ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ, 

ʪʝʨʤʦʜʝʩʦʨʙʮʽʾ, ʜʝʨʠʚʘʪʦʛʨʘʬʽʾ ʪʘ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ) ʚʠʚʯʝʥʦ 

ʧʦʚʝʨʭʥʝʚʽ ʷʚʠʱʘ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʭʽʤʽʯʥʫ ʤʦʜʠʬʽʢʘʮʽʶ ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʩʦʨʙʝʥʪʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʭʽʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ 

ʪʽʦʩʝʯʦʚʠʥʠ ʟ ʧʦʚʝʨʭʥʝʚʠʤʠ ʛʨʫʧʘʤʠ ʜʦʩʣʽʜʞʝʥʠʭ ʥʦʩʽʾʚ. ɼʘʥʽ ʩʢʘʥʫʶʯʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʩʚʽʜʯʘʪʴ ʥʝ ʣʠʰʝ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʟʘʢʨʽʧʣʝʥʠʭ ʬʨʘʛʤʝʥʪʽʚ 

ʪʽʦʩʝʯʦʚʠʥʠ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʨʝʚʥʠʭ ʦʰʫʨʦʢ, ʘ ʡ ʧʨʦ ʢʦʦʨʜʠʥʘʮʽʶ ʤʝʪʘʣʫ ʜʦ 

ʪʽʦʩʝʯʦʚʠʥʠ.  

ɼʦʩʣʽʜʞʝʥʦ ʧʠʪʦʤʫ ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ ʩʪʚʦʨʝʥʠʭ ʩʦʨʙʝʥʪʽʚ. ʉʠʣʽʢʘʛʝʣʴ, 

ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ ʤʘʻ ʨʦʟʚʠʥʝʥʫ ʧʦʚʝʨʭʥʶ (218 

ʤ
2
/ʛ) ʪʘ ʻ ʤʝʟʦʧʦʨʠʩʪʠʤ. ʊʦʜʽ ʷʢ ʢʨʠʩʪʘʣʽʯʥʘ ʮʝʣʶʣʦʟʘ ʪʘ ʜʝʨʝʚʥʽ ʦʰʫʨʢʠ, 

ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʽ ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ ʤʘʶʪʴ ʥʝ ʚʝʣʠʢʫ ʧʠʪʦʤʫ ʧʣʦʱʫ 

ʧʦʚʝʨʭʥʽ ʪʘ ʻ ʤʘʢʨʦʧʦʨʠʩʪʠʤʠ. 

ʆʪʨʠʤʘʥʽ ʚʽʜʦʤʦʩʪʽ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ ʢʦʣʦʾʜʥʦ-

ʭʽʤʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ ʟ ʨʦʟʯʠʥʽʚ 

ʪʘ ʜʣʷ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʩʦʨʙʮʽʾ. 
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ʈʆɿɼɯʃ 4 

ʆʉʆɹʃʀɺʆʉʊɯ ʉʆʈɹʎɯɰ ɹʃɸɻʆʈʆɼʅʀʍ ʄɽʊɸʃɯɺ ʅɸ ʇʆɺɽʈʍʅɯ 

ʊʉʉ  

ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʫ ʣʽʪʝʨʘʪʫʨʥʦʤʫ ʦʛʣʷʜʽ, ʩʦʨʙʝʥʪʠ ʥʘ ʦʩʥʦʚʽ ʢʨʝʤʥʝʟʝʤʫ 

ʟ ʧʨʠʱʝʧʣʝʥʠʤʠ ʧʦʭʽʜʥʠʤʠ ʪʽʦʩʝʯʦʚʠʥʠ (N-ʧʨʦʧʽʣ-Nô-ʘʣʽʣ-, N-ʧʨʦʧʽʣ-Nô-

ʬʝʥʽʣ-, N-ʧʨʦʧʽʣ-Nô-ʙʝʥʟʦʾʣʪʽʦʩʝʯʦʚʠʥʘ ʪʘ ʽʥʰʽ) ʝʬʝʢʪʠʚʥʦ ʪʘ ʩʝʣʝʢʪʠʚʥʦ 

ʚʠʣʫʯʘʶʪʴ ɹʄ ʟ ʨʦʟʯʠʥʽʚ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʥʘ ʧʦʚʝʨʭʥʽ 

ʩʠʣʽʢʘʛʝʣʶ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʽ ʰʚʠʜʢʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ ʪʘ 

ʣʝʛʢʽʩʪʴ ʝʣʶʶʚʘʥʥʷ ʩʦʨʙʦʚʘʥʦʛʦ ʝʣʝʤʝʥʪʘ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʢʠʭ ʩʦʨʙʝʥʪʽʚ 

ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʦʨʙʮʽʡʥʦ-ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʽ ʪʘ ʩʦʨʙʮʽʡʥʦ-ʬʦʪʦʤʝʪʨʠʯʥʽ 

ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ɹʄ ʚ ʛʝʦʣʦʛʽʯʥʠʭ ʪʘ ʚʠʨʦʙʥʠʯʠʭ ʤʘʪʝʨʽʘʣʘʭ [88]. 

ɿʘʣʝʞʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʤʝʪʘʣʽʚ ʚʽʜ ʢʠʩʣʦʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʻ ʦʜʥʽʻʶ ʟ 

ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʩʦʨʙʮʽʾ ʟ ʨʦʟʯʠʥʽʚ. ɸ ʩʘʤʝ, ʯʠʤ ʙʽʣʴʰ ʩʪʽʡʢʠʡ 

ʢʦʤʧʣʝʢʩ ʤʝʪʘʣ ʫʪʚʦʨʶʻ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʩʦʨʙʝʥʪʫ, ʪʠʤ ʟ ʙʽʣʴʰ 

ʢʠʩʣʠʭ ʨʦʟʯʠʥʽʚ ʧʨʦʭʦʜʠʪʴ ʡʦʛʦ ʩʦʨʙʮʽʷ [89]. 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʚʠʚʯʝʥʦ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʩʦʨʙʮʽʾ ɹʄ ʥʘ ʧʦʚʝʨʭʥʽ 

ʩʠʣʽʢʘʛʝʣʶ, ʭʽʤʽʯʥʦ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʪʽʦʩʝʯʦʚʠʥʥʠʤʠ ʛʨʫʧʘʤʠ. 

4.1 ʉʦʨʙʮʽʷ Pd(ɯɯ) ʥʘ ʊʉʉ ʪʘ ʊʉʉʆʢ 

ʉʦʨʙʮʽʷ Pd(ɯɯ) ʚʠʚʯʘʣʘʩʷ ʫ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʢʠʩʣʦʪʥʦʩʪʽ ʚʽʜ 2 ʄ HCl 

ʜʦ ʨʅ 8. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 14 ʢʽʣʴʢʽʩʥʝ ʚʠʣʫʯʝʥʥʷ Pd(II) ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʤʝʞʘʭ 0,1 

ʄ HCl ï ʨʅ 5. ʏʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ ʥʘ ʧʦʚʝʨʭʥʽ ʟʘʟʥʘʯʝʥʠʭ 

ʩʦʨʙʝʥʪʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 10ī15 ʭʚ. (ʈʠʩ.15). 



75 
 

0 1 2 3 4 5 6 7 8
60

70

80

90

100
1

2

R,%

pH

 

ʈʠʩ. 14. ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʶ ʩʦʨʙʮʽʾ Pd(II) ʥʘ ʊʉʉʆʢ (1) ʪʘ ʊʉʉ (2) ʚʽʜ ʨʅ 

ʩʝʨʝʜʦʚʠʱʘ (mʩʦʨʙ.= 0.1 ʛ, V=25 ʩʤ
3
, ʉPd
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ʈʠʩ. 15. ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʶ ʩʦʨʙʮʽʾ Pd(II) ʥʘ ʊʉʉ (1) ʪʘ ʊʉʉʆʢ (2) ʚʽʜ 

ʯʘʩʫ (mʩʦʨʙ.= 0.1 ʛ, V=25 ʩʤ
3
, ʉ Pd

2+
 =5 ʤʢʛ/ʩʤ

3 
, 0,1 ʄ HCl) 

ʅʘ ʨʠʩ 16. ʥʘʚʝʜʝʥʦ ʽʟʦʪʝʨʤʫ ʩʦʨʙʮʽʾ Pd(II) ʥʘ ʧʦʚʝʨʭʥʽ ʊʉʉ, ʷʢʘ ʤʦʞʝ 

ʙʫʪʠ ʚʽʜʥʝʩʝʥʘ ʜʦ ʅ2ïʪʠʧʫ ʽ ʦʙʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ ʩʧʝʮʠʬʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʽʦʥʘʤʠ ʤʝʪʘʣʫ ʪʘ ʧʦʚʝʨʭʥʝʶ ʩʦʨʙʝʥʪʫ. ʉʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʟʘ Pd(II) ʩʪʘʥʦʚʠʪʴ 

0,75 ʤʤʦʣʴ/ʛ. ʂʽʣʴʢʽʩʪʴ ʧʨʠʱʝʧʣʝʥʠʭ ʛʨʫʧ ʚʩʪʘʥʦʚʣʝʥʘ ʛʨʘʚʽʤʝʪʨʠʯʥʠʤ 

ʘʥʘʣʽʟʦʤ ʥʘ ʩʽʨʢʫ ʩʢʣʘʜʘʻ ~ 0,5 ʤʤʦʣʴ/ʛ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʫʪʚʦʨʝʥʥʶ ʢʦʤʧʣʝʢʩʽʚ ʟ 

ʤʦʣʴʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʉL : ʉPd
2+

 = 1 : 1,5 ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʘʧʦʚʥʝʥʥʽ 

ʧʦʚʝʨʭʥʽ ʩʦʨʙʝʥʪʫ ʤʝʪʘʣʦʤ. ʇʨʠ ʉL > ʉPd
2+ 
(ʦʙʣʘʩʪʴ ɻʝʥʨʽ) ʚ ʧʨʦʮʝʩʽ ʩʦʨʙʮʽʾ ʥʘ 

ʧʦʚʝʨʭʥʽ ʫʪʚʦʨʶʶʪʴʩʷ ʢʦʤʧʣʝʢʩʠ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʉL : ʉPd
2+ 

 = 2 : 1. ɿʽ 
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ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ Pd(II) ʫ ʨʦʟʯʠʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʜʥʦʯʘʩʥʝ ʫʪʚʦʨʝʥʥʷ 

ʢʦʤʧʣʝʢʩʽʚ ʩʢʣʘʜʫ ʉL :ʉPd
2+

 = 1 : 1. ʋʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʫ ʬʘʟʽ 

ʩʦʨʙʝʥʪʫ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ñʦʩʪʨʽʚʢʦʚʠʤò ʟʘʧʦʚʥʝʥʥʷʤ ʧʦʚʝʨʭʥʽ 

ʧʨʠʱʝʧʣʝʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ [90]. ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʪʦʤʫ, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʢʦʤʧʣʝʢʩʠ ʩʘʤʝ ʪʘʢʦʛʦ ʩʢʣʘʜʫ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ 

ʦʜʝʨʞʘʥʽ ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʧʘʨʪʽʾ ʩʦʨʙʝʥʪʫ ʟ ʥʠʞʯʦʶ ʩʦʨʙʮʽʡʥʦʶ ʻʤʥʽʩʪʶ, ʘʣʝ ʟʽ 

ʟʙʝʨʝʞʝʥʥʷʤ ʪʘʢʦʛʦ ʞ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʉL : ʉPd
2+
. ʇʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ 

ʢʦʤʧʣʝʢʩʽʚ ʧʨʠ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʉL : ʉPd
2+

 ʤʦʞʥʘ ʟʦʙʨʘʟʠʪʠ 

ʥʘʩʪʫʧʥʠʤʠ ʩʭʝʤʘʤʠ: 

ʉʭʝʤʘ 4.4.  

ʋʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʫ Pd(II ) ʟ ʧʨʠʱʝʧʣʝʥʦʶ ʤʦʣʝʢʫʣʦʶ ʪʽʦʩʝʯʦʚʠʥʠ. 
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ʈʠʩ 16. ɯʟʦʪʝʨʤʘ ʩʦʨʙʮʽʾ Pd(II) ʥʘ ʊʉʉ (mʩʦʨʙ.= 0.1 ʛ, V=25 ʩʤ
3
, 0,1ʄ HCl, 

 =30 ʭʚ). 
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ʈʠʩ 17. ɯʟʦʪʝʨʤʘ ʩʦʨʙʮʽʾ Pd(II) ʥʘ ʊʉʉʆʢ (mʩʦʨʙ.= 0.1 ʛ, V=25 ʩʤ
3
, 0,1ʄ 

HCl,  =30 ʭʚ). 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 17 ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʟʘ Pd(II) ʥʘ ʊʉʉʆʢ ʩʪʘʥʦʚʠʪʴ 0,6 

ʤʤʦʣʴ/ʛ, ʱʦ ʚʜʚʽʯʽ ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ ʧʨʠʱʝʧʣʝʥʠʭ ʛʨʫʧ, ʮʝ ʤʦʞʝ ʙʫʪʠ 

ʟʫʤʦʚʣʝʥʦ ʢʦʦʨʜʠʥʫʚʘʥʥʷʤ Pd(II) ʥʝ ʣʠʰʝ ʧʦ ʘʪʦʤʫ ʩʽʨʢʠ, ʘ ʡ ʧʦ ʘʪʦʤʫ ʘʟʦʪʫ. 

ʇʽʜ ʯʘʩ ʩʦʨʙʮʽʾ Pd(II) ʧʦʚʝʨʭʥʷ ʊʉʉ ʟʘʙʘʨʚʣʶʻʪʴʩʷ ʫ ʞʦʚʪʠʡ ʢʦʣʽʨ, ʱʦ ʻ 

ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʪʽʦʩʝʯʦʚʠʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ Pd(II) ʚ ʨʦʟʯʠʥʽ. ʎʝʡ ʝʬʝʢʪ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʨʦʟʨʦʙʮʽ ʩʦʨʙʮʽʡʥʦ-ʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʩʧʦʩʦʙʫ ʚʠʟʥʘʯʝʥʥʷ 

Pd(II) ʚ ʬʘʟʽ ʩʦʨʙʝʥʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʜʠʬʫʟʥʦʛʦ ʚʽʜʙʠʪʪʷ. 
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ʉʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥʷ ʘʜʩʦʨʙʘʪʫ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʤʫʛʫ, ʨʦʟʪʘʰʦʚʘʥʫ ʥʘ ʤʝʞʽ 

ʚʠʜʠʤʦʾ ʪʘ ʋʌ ʦʙʣʘʩʪʽ (ʨʠʩ. 18). ʄʘʢʩʠʤʫʤ ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʨʠ 400 ʥʤ, ʷʢʠʡ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʪʘʣʫ ʙʘʪʦʭʨʦʤʥʦ ʟʩʫʚʘʻʪʴʩʷ ʥʘ 20 ʥʤ. ɼʣʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Pd(II), ʚʠʱʝ 0,5 ʤʛ/0,1ʛ ʊʉʉ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʣʝʯʝ ʧʨʠ 490-500 

ʥʤ. ɺ ʪʽʦʩʝʯʦʚʠʥʥʠʭ ʢʦʤʧʣʝʢʩʘʭ Pd(II ) ʥʘ ʧʦʚʝʨʭʥʽ ʊʉʉ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʢʦʦʨʜʠʥʘʮʽʷ ʣʽʛʘʥʜʫ ʯʝʨʝʟ ʘʪʦʤ ʩʽʨʢʠ ʘʥʘʣʦʛʽʯʥʦ ʨʦʟʯʠʥʘʤ, ʩʤʫʛʠ ʚ ʉɼɺ 

(ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʽʘʧʘʟʦʥ) ʤʘʶʪʴ ʥʘʩʪʫʧʥʝ ʚʽʜʥʝʩʝʥʥʷ: lmax = 400 ī 420 ʥʤ, 

ʧʣʝʯʝ ʚ ʦʙʣʘʩʪʽ 500 ʥʤ ï d-d ʧʝʨʝʭʦʜʠ ʤʝʪʘʣʫ (
1
ɸ1gï

1
Eg, 

1
ɸ1gï

1
ɸ2g) ʜʣʷ 

ʧʣʦʱʠʥʥʦʛʦ ʯʦʪʠʨʴʦʭʢʦʦʨʜʠʥʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. ɿʚôʷʟʦʢ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʧʝʨʝʥʦʩʫ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʦʜʥʽʻʾ ʟ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʛʽʙʨʠʜʥʠʭ sp
x
-

ʦʨʙʽʪʘʣʝʡ, ʱʦ ʣʦʢʘʣʽʟʦʚʘʥʽ ʥʘ ʘʪʦʤʽ ʩʽʨʢʠ, ʥʘ ʘʪʦʤ ʤʝʪʘʣʫ (s ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʠʡ ʟʚôʷʟʦʢ). ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ Pd(II) ʚ ʬʘʟʽ ʩʦʨʙʝʥʪʫ ʟʘʙʘʨʚʣʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʞʦʚʪʦʛʦ ʜʦ ʦʨʘʥʞʝʚʦ-ʢʦʨʠʯʥʝʚʦʛʦ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ 

ʫʪʚʦʨʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʪʠʧʽʚ ʢʦʤʧʣʝʢʩʽʚ. 
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ʈʠʩ. 18. ʉʧʝʢʪʨʠ ʜʠʬʫʟʥʦʛʦ ʚʽʜʙʠʪʪʷ ʘʜʩʦʨʙʘʪʽʚ Pd(II) ʥʘ ʊʉʉ (ʨʅ=1, 

V=25 ʩʤ
3
, = 30 ʭʚ; 1 ï 0.25, 2 ï 0.5, 3 ï 1.25 /0.1 ʛ ʊʉʉ)  

 

ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊʉʉ ʫ ʩʦʨʙʮʽʡʥʦ-ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʦʤʫ ʤʝʪʦʜʽ 

ʚʠʟʥʘʯʘʣʴʥʦʶ ʻ ʤʦʞʣʠʚʽʩʪʴ ʢʽʣʴʢʽʩʥʦʛʦ ʝʣʶʶʚʘʥʥʷ ʩʦʨʙʦʚʘʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ. 

ɼʣʷ ʜʝʩʦʨʙʮʽʾ Pd(II) ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʯʠʥ ʪʽʦʩʝʯʦʚʠʥʠ. 
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ʅʘ ʨʠʩ. 19 ʧʦʜʘʥʦ ʚʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʽʦʩʝʯʦʚʠʥʠ ʥʘ ʩʪʫʧʽʥʴ ʜʝʩʦʨʙʮʽʾ Pd(II ). 

ʄʘʢʩʠʤʘʣʴʥʘ ʜʝʩʦʨʙʮʽʷ ʜʦʩʷʛʘʻʪʴʩʷ 5 ī 10% ʨʦʟʯʠʥʦʤ ʪʽʦʩʝʯʦʚʠʥʠ ʚ 1ʄ HCl. 

ʆʧʪʠʤʘʣʴʥʘ ʦʙʣʘʩʪʴ ʢʠʩʣʦʪʥʦʩʪʽ ʨʦʟʯʠʥʫ ʪʽʦʩʝʯʦʚʠʥʠ, ʧʨʠ ʷʢʦʤʫ ʩʪʫʧʽʥʴ 

ʜʝʩʦʨʙʮʽʾ ʜʦʩʷʛʘʻ 95 ī 99%, ʩʢʣʘʜʘʻ 0,1 ī 2 ʄ HCl. ʆʜʝʨʞʘʥʠʡ ʧʽʜ ʯʘʩ 

ʝʣʶʶʚʘʥʥʷ ʨʦʟʯʠʥ ʤʘʻ ʞʦʚʪʝ ʟʘʙʘʨʚʣʝʥʥʷ ʪʽʦʩʝʯʦʚʠʥʥʦʛʦ ʢʦʤʧʣʝʢʩʫ Pd(II) ʽ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ Pd(II) ʚʽʜʦʤʦʶ ʬʦʪʦʤʝʪʨʠʯʥʦʶ 

ʤʝʪʦʜʠʢʦʶ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʝʣʶʘʪʽ. 
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ʈʠʩ. 19. ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʶ ʜʝʩʦʨʙʮʽʾ Pd(II) ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʽʦʩʝʯʦʚʠʥʠ  

ʗʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ Pd(II) ʟʘʙʘʨʚʣʶʻ ʧʦʚʝʨʭʥʶ ʊʉʉ ʫ ʞʦʚʪʠʡ ʢʦʣʽʨ. ʎʝ 

ʜʦʟʚʦʣʠʣʦ ʚʠʢʦʨʠʩʪʘʪʠ ʟʘʙʘʨʚʣʝʥʽ ʘʜʩʦʨʙʘʪʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʦʣʴʦʨʦʤʝʪʨʠʯʥʦʾ 

ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ Pd(II) ʫ ʬʘʟʽ ʩʦʨʙʝʥʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʬʽʩʥʦʛʦ ʩʢʘʥʝʨʫ 

ʪʘ ʧʨʦʛʨʘʤʠ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ çAdobe Photoshop CS3è. 

ʂʘʣʽʙʨʫʚʘʣʴʥʠʡ ʛʨʘʬʽʢ ʙʫʜʫʚʘʣʠ ʫ ʢʦʦʨʜʠʥʘʪʘʭ çʢʘʥʘʣ ʢʦʣʴʦʨʦʚʦʩʪʽ ï 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʣʫè. ɼʣʷ ʢʦʦʨʜʠʥʘʪʠ ʢʦʣʴʦʨʦʚʦʩʪʽ, ʷʢʘ ʟʤʽʥʶʻʪʴʩʷ 

ʥʘʡʙʽʣʴʰʝ, ʜʣʷ Pd(II) ʮʝ ī ɺī ʢʦʦʨʜʠʥʘʪʘ (ʩʠʥʷ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʫ), ʜʘʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʥʦʩʠʪʴ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 20) 
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ʈʠʩ. 20. ɿʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʦʨʜʠʥʘʪʠ ʢʦʣʴʦʨʦʚʦʩʪʽ ɺ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Pd(II ).  

ɿʘ ʜʘʥʠʤʠ ʨʝʛʨʝʩʽʡʥʦʛʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʫʻʤʦ ʚʤʽʩʪ 

ʤʝʪʘʣʫ ʫ ʥʝʚʽʜʦʤʦʤʫ ʟʨʘʟʢʫ. ʅʠʞʥʷ ʤʝʞʘ ʚʠʟʥʘʯʝʥʥʷ ʜʣʷ ʜʘʥʦʾ ʤʝʪʦʜʠʢʠ 

ʩʢʣʘʜʘʻ 0,75 ʤʢʛ/ʩʤ
3
, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʣʴʦʨʦʤʝʪʨʽʾ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʧʝʢʪʨʦʩʢʦʧʽʻʶ ʜʠʬʫʟʥʦʛʦ ʚʽʜʙʠʪʪʷ, ʦʩʢʽʣʴʢʠ ʜʘʥʠʡ ʤʝʪʦʜ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ.  

ʅʘ ʧʦʚʝʨʭʥʽ ʊʉʉʆʢ ʫʪʚʦʨʶʶʪʴʩʷ ʘʜʩʦʨʙʘʪʠ ʟʘʙʘʨʚʣʝʥʽ ʫ ʢʦʨʠʯʥʝʚʠʡ 

ʢʦʣʽʨ, ʘʣʝ ʷʢ ʚʽʟʫʘʣʴʥʦʾ, ʪʘʢ ʽ ʢʦʣʴʦʨʦʤʝʪʨʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, 

ʪʦʤʫ ʜʘʥʠʡ ʤʝʪʦʜ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ Pd(II ) ʥʘ 

ʧʦʚʝʨʭʥʽ ʜʘʥʦʛʦ ʩʦʨʙʝʥʪʫ.  

4.2 ʉʦʨʙʮʽʷ Au(ɯɯɯ, ɯ) ʥʘ ʊʉʉ ʪʘ ʊʉʉʆʢ 

ʇʨʠ ʚʠʚʯʝʥʥʽ ʩʦʨʙʮʽʾ Au(ɯɯɯ) ʥʘ ʧʦʚʝʨʭʥʽ ʊʉʉ ʪʘ ʊʉʉʆʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʅ ʨʦʟʯʠʥʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʘ ʧʦʚʥʦʪʘ ʚʠʣʫʯʝʥʥʷ ʤʝʪʘʣʫ ʜʦʩʷʛʘʻʪʴʩʷ 

ʚ ʦʙʣʘʩʪʽ 0,1 ʄ HCl ï ʨʅ 2, ʪʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʢʠʩʣʦʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʻ 

ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ Au(ɯɯɯ), ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʫʪʚʦʨʶʶʪʴʩʷ ʢʦʤʧʣʝʢʩʠ ʟ 

ʤʦʣʝʢʫʣʦʶ ʪʽʦʩʝʯʦʚʠʥʠ (ʨʠʩ. 21). 
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ʈʠʩ. 21. ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʶ ʩʦʨʙʮʽʾ ɸu(III) ʥʘ ʊʉʉ ʚʽʜ ʨʅ ʩʝʨʝʜʦʚʠʱʘ 

(mʩʦʨʙ.= 0.1 ʛ, V=25 ʩʤ
3
, ʉɸu =5 ʤʢʛ/ʩʤ

3 
,  =30 ʭʚ) 
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ʈʠʩ. 22. ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʶ ʩʦʨʙʮʽʾ ɸu(III) ʥʘ ʊʉʉʆʢ (1) ʪʘ ʊʉʉ (2) ʚʽʜ 

ʯʘʩʫ (mʩʦʨʙ.= 0.1 ʛ, V=25 ʩʤ
3
, ʉɸu =5 ʤʢʛ/ʩʤ

3 
, ʨʅ=1) 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 22 ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ ʜʣʷ ʦʙʦʭ ʩʦʨʙʝʥʪʽʚ 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʦʜʥʘʢʦʚʠʡ ʯʘʩ. ɯʟʦʪʝʨʤʘ ʩʦʨʙʮʽʾ ʥʘ ʊʉʉʆʢ (ʨʠʩ. 23) ʻ ʽʟʦʪʝʨʤʦʶ 

2ʅ-ʪʠʧʫ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʶ ʩʧʝʮʠʬʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʽʦʥʘʤʠ ʤʝʪʘʣʫ ʪʘ 

ʧʦʚʝʨʭʥʝʶ ʩʦʨʙʝʥʪʫ. ʉʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʧʦ Au(ɯɯɯ) ʚʠʟʥʘʯʝʥʘ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʜʽʣʷʥʢʠ ʩʪʘʥʦʚʠʪʴ 0,12 ʤʤʦʣʴ/ʛ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ ʉL : ʉɸu = 3:1, 

ʪʦʙʪʦ ʚ ʦʙʣʘʩʪʽ ɻʝʥʨʽ ʤʦʞʣʠʚʝ ʢʦʦʨʜʠʥʫʚʘʥʥʷ ʦʜʥʦʛʦ ʽʦʥʫ ʤʝʪʘʣʫ ʜʦ ʜʚʦʭ 

ʣʽʛʘʥʜʽʚ, ʘ ʧʨʠ ʚʝʣʠʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ Au(ɯɯɯ) ʚ ʨʦʟʯʠʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 
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ʤʘʢʩʠʤʘʣʴʥʝ ʟʘʧʦʚʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʦʤ ʽ, ʤʦʞʣʠʚʦ, ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʉL:ʉɸu = 1:1 ʪʘ 1:2. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʊʉʉʆʢ ʥʘ ʧʦʚʝʨʭʥʽ ʊʉʉ ʢʽʣʴʢʽʩʥʦʾ ʩʦʨʙʮʽʾ Au(ɯɯɯ) ʥʝ 

ʜʦʩʷʛʘʻʪʴʩʷ, ʪʦʤʫ ʽʟʦʪʝʨʤʘ ʤʘʻ ʜʝʱʦ ʽʥʰʠʡ ʚʠʛʣʷʜ (ʨʠʩ. 24), ʭʦʯʘ ʪʘʢʦʞ ʻ 

ʽʟʦʪʝʨʤʦʶ 2ʅ-ʪʠʧʫ. ʉʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʧʦ Au(ɯɯɯ) ʩʢʣʘʜʘʻ 0,075 ʤʤʦʣʴ/ʛ. ʊʘʢʽ 

ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʩʦʨʙʮʽʡʥʠʭ ʻʤʥʦʩʪʷʭ ʤʦʞʫʪʴ ʙʫʪʠ ʟʫʤʦʚʣʝʥʽ ʧʨʦʭʦʜʞʝʥʥʷʤ 

ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʚʥʘʩʣʽʜʦʢ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʥʦʚʣʝʥʥʷ Au(ɯɯɯ) ʜʦ 

Au(ɯ), ʘ ʧʦʪʽʤ ī ʩʦʨʙʮʽʷ Au(ɯ) ʥʘ ʥʝ ʦʢʠʩʥʝʥʠʭ ʪʽʦʩʝʯʦʚʠʥʥʠʭ ʛʨʫʧʘʭ, ʪʦʤʫ ʽ 

ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʥʘ ʊʉʉ ʜʝʱʦ ʥʠʞʯʘ, ʧʦʨʽʚʥʷʥʦ ʟ ʦʢʠʩʥʝʥʠʤ ʩʦʨʙʝʥʪʦʤ. 

 

ʈʠʩ. 23. ɯʟʦʪʝʨʤʘ ʩʦʨʙʮʽʾ ɸu(IIɯ) ʥʘ ʊʉʉʆʢ (mʩʦʨʙ.= 0.1 ʛ, V=25 ʩʤ
3
, 0,1 

ʄ HCl,  =30 ʭʚ). 

 


























































































