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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʴ ʪʝʤʳ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʛʝ-

ʥʝʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʫ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʨʘʩʪʘʶʱʝʝ ʚʣʠʷʥʠʝ 

ʪʝʭʥʦʛʝʥʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʢ ʥʝʦʙʨʘʪʠʤʳʤ ʠʟʤʝʥʝʥʠʷʤ ʩʦʩʪʘʚʘ ʙʠʦʩʬʝʨʳ. ʕʪʦ ʪʨʝʙʫʝʪ ʧʨʦʚʝ-

ʜʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ ʪʝʭʥʦʛʝʥʥʳʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʠ ʤʠʛʨʘʮʠʝʡ 

ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʩʦʟʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʩʫʱʝʩʪʚ-

ʣʝʥʠʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʠ ʥʘʜʝʞʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʦʙ-

ʣʘʜʘʁʱʠʭ ʪʦʢʩʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʥɹr ʭ ʟʘʜʘʯ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝ-

ʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʧʦʟ-

ʚʦʣʁ̫ʱʠʭ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʵʢʩʧʨʝʩʩʥʦʩʪʴ ʘʥʘʣʠʟʘ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯ-

ʰʠʪʴ ʠʭ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉʦʚʨʝʤʝʥʥʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʙʣʘʛʦʨʦʜʥʳʭ ʠ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʤ ʘʨʩʝʥʘʣʦʤ ʭʠʤʠ-

ʯʝʩʢʠʭ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ 

ʦʙʣʘʜʘʶʪ ʥʝʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ, ʪʨʝʙʫʁʪ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʦʨʛʘʥʠ-

ʯʝʩʢʠʭ ʵʢʩʪʨʘʛʝʥʪʦʚ, ʉʨʝʜʠ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ. ʕʪʦʪ ʤʝʪʦʜ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ, ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʠ ʵʢʩʧʨʝʩʩ-

ʥʦʩʪʴ ʘʥʘʣʠʟʘ, ʦʭʚʘʪʳʚʘʝʪ ʰʠʨʦʢʠʡ ʠʥʪʝʨʚʘʣ ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ 

ʚʛrʦʜʥʦ ʦʪʣʠʯʘʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ, ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʜʦʩʪʫʧ-

ʥʦʩʪʴʶ ʘʧʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ. ʇʨʦʩʪʦʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʠ ʜʦʩʪʘʪʦʯʥʘʷ ʪʦʯ-

ʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ, ʜʝʣʘʶʪ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʢʘʢ 

ʦʜʠʥ ʠʟ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʭ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʥɹʳʭ ʟʘʜʘʯ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʦʩʪʘʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʨʝʘʛʝʥ-

ʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʚʳʰʝʥʠʝ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʰʠ-

ʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ.  

ʆʨʛʘʥʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦ-

ʩʦʙʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢʦ ʤʥʦʛʠʤ ʠʦʥʘʤ ʤʝʪʘʣʣʦʚ ʧʦʩʪʦ̫ʥʥʦ ʥʘʭʦʜʷʪʩʷ ʚ 
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ʩʬʝʨʝ ʚʥʠʤʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʦʤ ʨʝʟʢʦ ʠʟʤʝʥʷʪʴ ʮʚʝʪ-

ʥʦʩʪʴ ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ 

ʤʝʪʦʜʘʭ ʘʥʘʣʠʟʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ, 

ʤʥʦʛʠʝ ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʝʱʝ ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʨʘʙʦʪʘʥʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʘʢ-

ʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʈʃʂ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʪʘʢʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʚʥʝʰʥʝʩʬʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʣʠ ʚʚʝʜʝʥʠʠ ʛʠʜ-

ʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʠʟʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪ-

ʨʠʯʝʩʢʘʷ, ʥʦ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

Cu, Hg, Ti, V, Nb, Ta, Mo, W, Mn, U, Fe, Co ʠ Ni  ʚʩʝ ʰʠʨʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʭʠʤʠ-

ʯʝʩʢʦʡ, ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ, ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚ ʜʨʫʛʠʭ ʦʪ-

ʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɼʣʷ ʵʢʩʧʨʝʩʩʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʠʨʦ-

ʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ, ʧʨʠ ʘʥʘʣʠʟʝ ʚʳʩʦʢʦʯʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʩʦ-

ʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ, ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʧʨʠʥʘʜʣʝʞʠʪ ʵʢʩʪ-

ʨʘʢʮʠʠ. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ, ʩʢʦ-

ʨʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ. ʕʢʩʪʨʘʢʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠ-

ʪʝʣ̫ʤʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʤʝʰʘʁʱʝʛʦ ʚʣʠʷʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ 

ʠʦʥʦʚ ʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʇʦʚʳʰʝ-

ʥʠʝ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʠ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʨʝʘʢʮʠʡ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʝ ʵʢʩʪʨʘʢʮʠ-

ʦʥʥʳʭ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʯʘʩʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʈʃʂ. ʀʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʈʃʂ ʜʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʘʥʘʣʠ-

ʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ: ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ, ʫʤʝʥʴʰʘʝʪʩʷ ʝʛʦ ʨʘʩʪʚʦ-

ʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʠ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʦʜʥʦʨʦʜʥʦʣʠʛʘʥʜʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (ʆʃʂ). ʄʘʣʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʦʜʝ, ʭʦʨʦʰʘʷ ʚ ʦʨ-

ʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣ̫ʭ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʠʭ ʚ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪ-

ʨʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʬʦʪʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ʤʝʪʘʣʣʦʚ ʧʨʠʤʝʥʷʶʪ ʈʃʂ, ʚʚʠʜʫ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟ-

ʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʨʝʘʛʝʥʪʦʚ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʈʃʂ ʩʦ ʩʤʝʰʘʥʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 
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ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʤʠ ʆʃʂ ʥʝ ʦʙʣʘʜʘʶʪ ʠʣʠ ʧʨʦʷʚʣʷʶʪ ʚʝʩʴʤʘ ʨʝʜʢʦ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʈʃʂ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʝʥʠʝ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩ-

ʢʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʜʦʣʞʘʁʪʩʷ ʨʘʙʦʪʳ ʧʦ ʧʦʠʩʢʫ ʠ ʠʟʫʯʝʥʠʶ ʥʦ-

ʚʳʭ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʠ-

ʨʦʚʢʠ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳ ʨʝʘʛʝʥʪʳ, ʠʤʝʶʱʠʝ ʚ ʤʦʣʝʢʫ-

ʣʘʭ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʠ ʜʚʝ ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʝ ʛʨʫʧʧʳ-2,6-ʜʠʪʠʦʣʬʝʥʦʣ ʠ ʝʛʦ ʧʨʦ-

ʠʟʚʦʜʥʳʝ. ʕʪʠ ʨʝʘʛʝʥʪʳ ʷʚʣʷʶʪʩʷ ʩʝʨʦʩʦʜʝʨʞʘʱʠʤʠ ʘʥʘʣʦʛʘʤʠ ʤʦʥʦʷʜʝʨʥʳʭ 

ʧʦʣʠʬʝʥʦʣʦʚ, ʛʜʝ ʜʚʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʟʘʤʝʥʝʥʳ ʘʪʦʤʘʤʠ ʩʝʨʳ. ʊʘʢʠʝ ʨʝʘʛʝʥʪʳ 

ʧʨʠʦʙʨʝʪʘʶʪ ʥʦʚʳʝ ʩʚʦʡʩʪʚʘ - ʤʝʥʷʝʪʩʷ ʩʧʝʢʪʨ ʠʭ ʜʝʡʩʪʚʠʷ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ 

ʠ ʧʦʚʳʰʘʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʥʠʤ, ʢʦʤʧʣʝʢʩʳ ʩ ʤʝʪʘʣʣʘʤʠ ʧʦʛʣʦʱʘʶʪ ʩʚʝʪ 

ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ ʚʦʣʥ, ʦʜʥʘʢʦ ʠʟʙʠʨʘʪʝʣɹʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʅʘʣʠʯʠʝ ʜʚʫʭ ʨʘʟʥʦʟʥʘʯʥʳʭ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ - ʩʝʨʳ ʠ ʢʠʩʣʦʨʦʜʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. ɺʩʣʝʜʩʪʚʠʠ ʵʪʦʛʦ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ 2,6-ʜʠʪʠʦʣʬʝʥʦʣʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ, ʚʳʷʚʣʝʥʠʝ ʠʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʝʪʘʣʣʘʤʠ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫ-

ʘʣʥɹʳʭ ʟʘʜʘʯ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ.  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʢʘʬʝʜʨʝ çɸʥʘʣʠʪʠʯʝʩʢʦʡ ʠ ʦʨʛʘʥʠ-

ʯʝʩʢʦʡ ʭʠʤʠʠè ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʇʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʋʥʠʚʝʨ-

ʩʠʪʝʪʘ (ʨʝʛ. ˉ  0309Az 1515). 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʪʳʩʢʘʥʠʝ ʥʦʚʳʭ 

ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʜʣʷ Cu(II), Hg(II), 

Ti(IV), V(II, IV,V), Nb(V), Ta(V), Mo(VI), W(VI), U(VI), Mn(II ), Fe(II), Co(II) ʠ 

Ni(II), ʩʠʥʪʝʟ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʜʠʪʠʦʣʬʝʥʦʣʦʚ (ɼʌ), ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠ-

ʯʝʩʢʠʭ, ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ,  ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ɼʌ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʬʦʙ-

ʥʳʭ ʘʤʠʥʦʚ (ɸʤ), ʨʘʟʨʘʙʦʪʢʘ ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʤʝʪʦʜʠʢ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦ-
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ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʣʦʞʥʳʭ ʧʨʠʨʦʜ-

ʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʩʠʥʪʝʟ ʘʟʦʪ- ʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʠʟʫʯʝʥʠʝ ʠʭ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ, ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ; 

- ʠʟʫʯʝʥʠʝ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ Cu(II), Hg(II), Ti(IV), 

V(II, IV,V), Nb(V), Ta(V), Mo(VI), W(VI), U(VI), Mn(II ), Fe(II), Co(II) ʠ Ni(II)  ʩ 

ɼʌ ʠ ɸʤ. 

-ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʈʃʂ ʠ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ; 

-ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʈʃʂ; 

- ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʦʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʚʳʜʝʣʝʥʥʳʭ ʈʃʂ ʤʝʪʦʜʘʤʠ ʀʂ- ʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʪʝʨʤʦ-

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ; 

-ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʈʃʂ; 

-ʠʟʫʯʝʥʠʝ ʨʦʣʠ ʣʠʛʘʥʜ-ʣʠʛʘʥʜʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʈʃʂ; 

-ʦʧʨʝʜʝʣʝʥʠʝ ʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ ʤʝʪʦʜʦʤ ʕʇʈ; 

 -ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʢʠʩʣʦʪ-

ʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘʤʠ ʈʃʂ; 

-ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʠ ʤʘʩʢʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ ʦʙʨʘ-

ʟʦʚʘʥʠʝ ʈʃʂ; 

-ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʠʢ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩ-

ʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Cu(II), Hg(II), Ti(IV), V(II, IV,V), Nb(V), Ta(V), Mo(VI), W(VI), 

U(VI), Mn(II ), Fe(II), Co(II) ʠ Ni(II),  ʦʪʣʠʯʘʁʱʠʭʩʷ ʫʣʫʯʰʝʥʥʳʤʠ ʤʝʪʨʦʣʦʛʠ-

ʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʨʠʤʝʥʝʥʠʝ ʠʭ ʢ ʨʘʟʣʠʯʥʳʤ ʦʙʲʝʢʪʘʤ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦ-

ʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ, ʘ ʪʘʢʞʝ  ʠʟʫʯʝʥʠʠ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥ ʮʝʣʳʡ ʨʷʜ ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

(ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ, ʀʂ- ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ).  
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ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ: ï

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ɼʌ ʤʝʪʦʜʘʤʠ ʀʂ- ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; -ʫʩʪʘʥʦʚʣʝʥʠʝ ʬʦʨʤʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɼʌ ʚ 

ʨʘʩʪʚʦʨʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ; -ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʘʥʘʣʠʪʠʯʝʩ-

ʢʠʭ ʩʚʦʡʩʪʚ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(II), Hg(II), Ti(IV), V(II, IV,V), 

Nb(V), Ta(V), Mo(VI), W(VI), U(VI), Mn(II ), Fe(II), Co(II) ʠ Ni(II)  ʩ ɼʌ ʠ ɸʤ; -

ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʚʘʥʘʜʠʷ, ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ, ʞʝʣʝʟʘ ʠ ʢʦ-

ʙʘʣʴʪʘ ʚ ʈʃʂ; -ʠʟʫʯʝʥʠʝ ʣʠʛʘʥʜ-ʣʠʛʘʥʜʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; -ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ, ʀʂ- ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʘʛʥʝʪʦʭʠʤʠʠ, ʈʉɸ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ; -

ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʭʦʜʥʳʭ ʧʦ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʵʣʝʤʝʥʪʦʚ 

(Nb ʠ Ta; Mo ʠ W; Co ʠ Ni; V ʚ ʨʘʟʥʳʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ); -ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ 

ʵʬʬʝʢʪʠʚʥʳʭ, ʵʢʩʧʨʝʩʩʥʳʭ, ʚʳʩʦʢʦʠʟʙʠʨʘʪʝʣʴʥʳʭ, ʦʪʣʠʯʘʁʱʠʭʩʷ ʫʣʫʯʰʝʥʥ -r

ʤʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʝʪʦʜʠʢ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠ-

ʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Cu(II), Hg(II), Ti(IV), V(II,IV), Nb(V), Ta(V), Mo(VI), 

W(VI), U(VI), Mn(II ), Fe(II), Co(II) ʠ Ni(II)  ʩ ɼʌ ʠ ɸʤ; -ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦ-

ʪʘʥʥʳʭ ʤʝʪʦʜʠʢ ʢ ʘʥʘʣʠʟʫ ʩʣʦʞʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠ.̫ ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʬʦʪʦʤʝʪʨʠ-

ʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ - ʜʠʪʠʦʣʬʝʥʦʣʳ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ, ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ d- ʠ f-ʵʣʝʤʝʥʪʦʚ. 

ʆʩʥʦʚʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʝr ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʪʠʦʣʬʝʥʦʣʦʚ - ʢʦʥʩʪʘʥʪʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʠʦʥʠʟʘʮʠʠ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ 

ʧʦʣʫʯʝʥʳ ʚʧʝʨʚʳʝ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʩ ʧʦ-

ʤʦʱʴʶ ʗʄʈ- ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ɺʧʝʨʚʳʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʳ ʈʃʂ ʠʦʥʦʚ Cu(II), Hg(II), Ti(IV), 

V(II, IV,V), Nb(V), Ta(V), Mo(VI), W(VI), U(VI), Mn(II), Fe(II), Co(II) ʠ Ni(II) ʩ 

2,6-ʜʠʪʠʦʣʬʝʥʦʣʦʤ (ɼʊʌ) ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤʠ (2,6-ʜʠʪʠʦʣ-4-ʤʝʪʠʣʬʝʥʦʣ 

(ɼʊʄʌ), 2,6-ʜʠʪʠʦʣ-4-ʵʪʠʣʬʝʥʦʣ (ɼʊʕʌ), 2,6-ʜʠʪʠʦʣ-4-ʧʨʦʧʠʣʬʝʥʦʣ (ɼʊʇʌ) 

ʠ 2,6-ʜʠʪʠʦʣ-4-ʪʨʝʪʙʫʪʠʣʬʝʥʦʣ (ɼʊɹʌ)) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ 

(ɸʤ). ɺ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʨʦʤʘʪʠʯʝʩʢʠʝ (ʘʥʠʣʠʥ 
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(ɸʥ), N-ʤʝʪʠʣʘʥʠʣʠʥ (ʤɸʥ), N,N-ʜʠʤʝʪʠʣʘʥʠʣʠʥ (ʜɸʥ), ʧ-ʭʣʦʨʘʥʠʣʠʥ (ʧ-Cl-

ɸʥ), ʧ-ʙʨʦʤʘʥʠʣʠʥ (ʧ-Br-ɸʥ), ʜʠʬʝʥʠʣʛʫʘʥʠʜʠʥ (ɼʌɻ), ʪʨʠʬʝʥʠʣʛʫʘʥʠʜʠʥ 

(ʊʌɻ), ʙʝʥʟʠʣʘʤʠʥ (ɹɸ), ʪʨʠʙʝʥʟʠʣʘʤʠʥ (ʊɹɸ), ʦ-, ʤ- ʠ ʧ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʳ (ʦ-, 

ʤ- ʠ ʧ-ʌɼɸ), ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ (ʬʝʥʘʥʪʨʦʣʠʥ (ʌʝʥ), ʙʘʪʦʬʝʥʘʥʪʨʦʣʠʥ 

(ɹʌʝʥ), ʜʠʧʠʨʠʜʠʣ (ɼʠʧ), ʧʠʨʠʜʠʥ (ʈʫ), ʦ-, ʤ-, ʧ-ʘʤʠʥʦʧʠʨʠʜʠʥʳ (ʦ-, ʤ- ʠ ʧ-

ɸʤʈʫ)) ʠ ʛʠʜʨʦʢʩʠʣʩʦʜʝʨʞʘɦʠʝ ʘʤʠʥʳ (ʘʤʠʥʦʬʝʥʦʣʳ - 2(N,N-ʜʠʤʝʪʠʣʘʤʠʥʦ-

ʤʝʪʠʣ)-4-ʤʝʪʠʣʬʝʥʦʣ (ɸʌ1), 2(N,N-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣ)-4-ʭʣʦʨʬʝʥʦʣ (ɸʌ2), 

2(N,N-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣ)-4-ʙʨʦʤʬʝʥʦʣ (Aʌ3), 2,6-ʙʠʩ(N,N-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝ-

ʪʠʣ)-4-ʤʝʪʠʣʬʝʥʦʣ (ɸʌ4), 2,6-ʙʠʩ(N,N-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣ)-4-ʭʣʦʨʬʝʥʦʣ 

(ɸʌ5), 2,6-ʙʠʩ (N,N -ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣ)-4-ʙʨʦʤʬʝʥʦʣ (ɸʌ6), 2(N,N-ʜʠɻʪʠʣʘ-

ʤʠʥʦʤʝʪʠʣ)-4-ʤʝʪʠʣʬʝʥʦʣ (ɸʌ7), 2-(N,N-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣ)-4-ʵʪʠʣʬʝʥʦʣ 

(ɸʌ8), 4-ʭʣʦʨ-2-(N,N-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣ)-6-ʪʠʦʬʝʥʠʣʤʝʪʠʣʬʝʥʦʣ (ɸʌ9), 2(N, 

N-ʜʠɻʪʠʣʘʤʠʥʦʤʝʪʠʣ)-4-ʙʨʦʤʬʝʥʦʣ (ɸʌ10), 2-(N,N-ʜʠɻʪʠʣʘʤʠʥʦʤʝʪʠʣ)-4-ʵʪʠʣ-

ʬʝʥʦʣ (ɸʌ11), 2(N,N-ʜʠɻ ʪʠʣʘʤʠʥʦʤʝʪʠʣ)-4-ʪʨʝʪ-ʙʫʪʠʣʬʝʥʦʣ (ɸʌ12)), ʘ ʪʘʢʞʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʘʟʦʣʦʥʘ-5 (ʘʥʪʠʧʠʨʠʥ (ɸʥʪ), ʜʠʘʥʪʠʧʠʨʠʣʤʝʪʘʥ (ɼɸʄ), ʜʠʘʥ-

ʪʠʧʠʨʠʣʧʨʦʧʠʣʤʝʪʘʥ (ɼɸʇʄ), ʜʠʘʥʪʠʧʠʨʠʣʛʝʢʩʠʣʤʝʪʘʥ (ɼɸɻʄ) ʠ ʜʠʘʥʪʠʧʠ-

ʨʠʣʬʝʥʠʣʤʝʪʘʥ (ɼɸʌʄ)). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʆʃʂ, ʈʃʂ ʤʝʜʠ, ʨʪʫʪʠ, ʪʠʪʘʥʘ, ʚʘʥʘʜʠʷ, ʥʠ-

ʦʙʠʷ, ʪʘʥʪʘʣʘ, ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ, ʫʨʘʥʘ, ʤʘʨʛʘʥʮʘ, ʞʝʣʝʟʘ, ʢʦʙʘʣʴʪʘ ʠ ʥʠ-

ʢʝʣʷ ʵʢʩʪʨʘʛʠʨʫʁʪʩʷ ʤʘʣʦʧʦʣʷʨʥʳʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʨʝʘʢʮʠʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ.  

ʈʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʦʧʨʝʜʝʣʝʥ ʩʦʩʪʘʚ ʠ ʧʦʢʘʟʘʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʈʃʂ. ʀʦʥʳ Hg(II), Ti(IV),  Nb(V), Ta(V), W(VI), U(VI)  ʩ ɼʌ ʠ ɸʤ 

ʦʙʨʘʟʫʶʪ ʪʦʣʴʢʦ ʚʥʝʰʥʝʩʬʝʨʥʳʝ ʈʃʂ, ʘ ʠʦʥʳ Cu(II), V(II,IV,V), Mo(VI), 

Mn(II ), Fe(II), Co(II) ʠ Ni(II)  ʦʙʨʘʟʫʶʪ ʢʘʢ ʚʥʝʰʥʝʩʬʝʨʥʳʝ ʈʃʂ, ʪʘʢ ʠ ʈʃʂ ʩʦ 

ʩʤʝʰʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ. 

ʇʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʠʟʙʠʨʘʪʝʣʴʥʳʝ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʠ ʵʢʩʧʨʝʩʩʥʳʝ ʤʝʪʦ-

ʜʠʢʠ ɻʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ, ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʠ ʦʪʜʝʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʦʪ ʤʥʦʛʠʭ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʈʘʟʨʘ-

ʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʧʨʠʤʝʥʝʥʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʤʝʪʘʣʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜ-
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ʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʨʘʟʜʝʣʝʥʠʷ ʙʣʠʟʢʠʭ ʧʦ 

ʭʠʤʠʯʝʢʠʤ ʩʚʦʡʩʪʚʘʤ ʵʣʝʤʝʥʪʦʚ (ʤʦʣʠʙʜʝʥ ʠ ʚʦʣʴʬʨʘʤ; ʥʠʦʙʠʡ ʠ ʪʘʥʪʘʣ; ʢʦ-

ʙʘʣʴʪ ʠ ʥʠʢʝʣʴ, ʚʘʥʘʜʠʡ ʚ ʨʘʟʥʳʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ). 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʨʘʙʦʪʳ. ɺʳʩʦʢʘʷ ʢʦʤʧʣʝʢʩʦʦʙ-

ʨʘʟʫʁʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʠʪʠʦʣʬʝʥʦʣʦʚ ʧʦʟʚʦʣʠʣʘ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʠʟʙʠʨʘ-

ʪʝʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

Cu(II), Hg(II), Ti(IV), V(II,IV,V), Nb(V), Ta(V), Mo(VI), W(VI), Mn(II ), U(VI), 

Fe(II), Co(II) ʠ Ni(II) . ʄʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʠʜʝ ʈʃʂ ʩ ɼʌ ʠ 

ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ, ʦʪʣʠʯʘʁʪʩʷ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʰʣʘ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ 

ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʵʢʩʧʨʝʩʩʥʳʭ ʠ ʥʘʜʝʞʥʳʭ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪ-

ʨʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ Cu(II), Hg(II), Ti(IV), V(II,IV,V), Nb(V), Ta(V), 

Mo(VI), W(VI), Mn(II), U(VI), Fe(II), Co(II) ʠ Ni(II). ɼʦʩʪʫʧʥʦʩʪʴ ʨʝʘʛʝʥʪʦʚ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʦʩʪʦʠʥʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʵʪʠ 

ʤʝʪʘʣʣʳ ʚ ʧʦʯʚʘʭ, ʩʧʣʘʚʘʭ, ʩʪʘʣʷʭ ʨʘʟʥʳʭ ʤʘʨʦʢ, ʚʦʜʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠ-

ʘʣʘʭ, ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ, ʘʣʫʥʠʪʝ, ʥʝʬʪʠ ʠ ʧʨʦ-

ʜʫʢʪʘʭ ʝʝ ʧʝʨʝʨʘʙʦʪʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ, ʜʝʨʠʚʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ, ʨʝʥʪʛʝʥʦʛʨʘ-

ʬʠʯʝʩʢʦʛʦ ʠ ʕʇʈ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʢʘʢ 

ʩʧʨʘʚʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʠ ʯʪʝʥʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʫʨʩʘ ʣʝʢʮʠʡ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥ-

ʥʦʡ ʭʠʤʠʠ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 86 ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ, 50 

ʩʪʘʪʝʡ ʚ ʞʫʨʥʘʣʘʭ ʠ 36 ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥ-

ʮʠʷʭ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʩʦʩʪʦʷʣ ʚ ʦʙʱʝʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ, ʩʠʩʪʝʤʘʪʠ-

ʟʘʮʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʧʦʜʛʦʪʦʚʢʝ ʠ ʧʨʦʚʝʜʝʥʠʠ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʵʪʘʧʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʨʘʙʦʪʢʝ, ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʦʬʦʨʤʣʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʜʛʦʪʦʚʢʝ ʤʘʪʝʨʠʘʣʦʚ ʢ ʧʫʙʣʠʢʘʮʠʠ ʠ ʧʨʝʜʩʪʘʚʣʝ-
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ʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ. ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʠʩʘʥʥʳʝ ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʚʳʧʦʣʥʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʠʣʠ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʢʦʣʣʝʛʘʤʠ. 

ɸʧʨʦʙʘʮʠʷ ʠ ʧʨʠʤʝʥʝʥʠʝ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦ-

ʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʆʨʛʘʥʠʯʝʩʢʠʝ ʨʝ-

ʘʛʝʥʪʳ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠè ʧʦʩʚʷʱʝʥʥʦʡ 95-ʣʝʪʥʝʤʫ ʠ 100-ʣʝʪʥʝʤʫ ʶʙʠ-

ʣʝʶ ɸ.ɸ. ɺʝʨʜʠʟʘʜʝ (ɹʘʢʫ, 2009 ʠ 2014), ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʬʦʨʫʤʝ çɸʥʘʣʠʪʠʢʘ ʠ 

ʘʥʘʣʠʪʠʢʠè (ɺʦʨʦʥʝʞ, 2003), ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʭʠʤʠʠ çɸʥʘʣʠʪʠʢʘ ʈʦʩʩʠʠè, ʧʦʩʚʷʱʝʥʥʦʡ 100-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʘʢʘʜʝʤʠ-

ʢʘ ɸʣʠʤʘʨʠʥʘ (ʂʨʘʩʥʦʜʘʨ, 2004), III  ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʕʢʩʪʨʘʢʮʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡè (ɺʦʨʦʥʝʞ, 2005), II ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) çɸʥʘʣʠʪʠʢʘ ʈʦʩʩʠʠè ʧʦʩʚʷʱʝʥʥʦʡ ʢ ʶʙʠʣʝʶ ʘʢʘʜʝ-

ʤʠʢʘ ʖ.ɸ. ɿʦʣʦʪʦʚʘ (ʂʨʘʩʥʦʜʘʨ, 2007), II  ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʥʘʣʠ-

ʪʠʢʘ ʠ ʘʥʘʣʠʪʠʢʠ ʈʦʩʩʠʠè (ɺʦʨʦʥʝʞ, 2008), IV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʕʢʩʪʨʘʢʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʆʉ-2010è (ɺʦʨʦʥʝʞ, 2010), VIII ɹʘ-

ʢʠʥʩʢʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʄʘʤʝʜʘʣʠʝʚʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʥʝʬʪʝʭʠʤʠʠ (ɹʘʢʫ, 

2012), V ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʍʠʤʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡè (ɹʘʢʫ,  2012), ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷɦʝʥʥʦʡ 

100-ʣʝʪʥʝʤʫ ʶʙʠʣʝʶ ɸʢʘʜʝʤʠʢʘ ʄ.ʅʘʛʠʝʚʘ (ɹʘʢʫ, 2013), III  ʚʩʝʨʦʩʩʠʡʩʢʦʡ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ñʋʩʧʝʭʠ ʩʠʥʪʝʟʘ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘ-

ʥʠʷò (ʄʦʩʢʚʘ, 2014), XI, XII , XII I, XIV ʠ XV ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠ̫ʭ 

çʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡè (ʊʫʘʧʩʝ, 2014-2019), ʥʘ VI ʨʝʩ-

ʧʫʙʣʠʢʘʥʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʍʠʤʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡè, 

ʧʦʩʚʷɦʝʥʥʦʡ 80-ʣʝʪʥʝʤʫ ʶʙʠʣʝʶ ʢʘʬʝʜʨʳ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ɹɻʋ (ɹɻʋ, 

ɹʘʢʫ, 2015), IV ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʀʆʍ 

ʈɸʅ, 2015), ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʂʦʥʛʨʝʩʩʝ çʂʦʩʪ-2015è ʧʦ ʭʠʤʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩ-

ʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʚʷʱʝʥʥʦʡ ʢ 100-ʣʝʪʠʶ ɸ.ʅ.ʂʦʩʪʘ (ʄɻʋ, ʄʦʩʢʚʘ, 2015), 

ʂʣʘʩʪʝʨʝ ʢʦʥʬʝʨʝʥʮʠʡ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ çʆʨʛʍʠʤ-2016è (ʉʘʥʢʪ-ʇʝʪʝʨ-

ʙʫʨʛ), ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çChemical Sciences & Applicationsè (2016, 

Alex. Egypt. ICCSA 2016), ɼʝʚʷʪʥʘʜʮʘʪʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦ-

ʜʳʭ ʫʯʸʥʳʭ - ʭʠʤʠʢʦʚ (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2016), VI ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥ-
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ʮʠʠ (c ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʭʠʤʠʯʝʩʢʦʡ ʥʘʫʢʠ 

ʠ ʬʘʨʤʘʮʠʠè, ʧʦʩʚʷɦʝʥʥʥʦʡ 50-ʣʝʪʠʶ ʏɻʋ ʠʤ. ʀ.ʅ.ʋʣʴʷʥʦʚʘ (ʏʝʙʦʢʩʘʨʳ, 

2017), ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʍʠʤʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: ʘʢ-

ʪʫʘʣʥɹʳʝ ʧʨʦʙʣʝʤʳ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠè ʧʦʩʚʷɦʝʥʥʦʡ 85-ʣʝʪʠʶ ɸʢʘʜʝʤʠʢʘ 

ʈ.ɸ. ɸʣʠʝʚʦʡ (ɹʘʢʫ, 2017), ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çAdvances in 

synthesis and complexingè (ʄʦʩʢʚʘ, 2019). 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʜʝʨʞʠʪ 

436216 ʟʥʘʢʦʚ (ʩ ʧʨʦʙʝʣʘʤʠ), ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 8 ʛʣʘʚ (ʚʢʣʶʯʘʷ ʠ ʣʠʪʝʨʘʪʫʨ-

ʥʳʡ ʦʙʟʦʨ), ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʥʘ 542 ʥʘʠʤʝʥʦʚʘʥʠʡ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ, ʩʦʜʝʨʞʠʪ 119 ʪʘʙʣʠʮ ʠ 76 ʨʠʩʫʥʢʦʚ. 
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ɻ ʃ ɸ ɺ ɸ  I 

ʂʆʄʇʃɽʂʉʅʓɽ ʉʆɽɼʀʅɽʅʀʗ ʀʆʅʆɺ ʄɽʊɸʃʃʆɺ ʀ 

ʇʈʀʄɽʅɽʅʀɽ ʀʍ ɺ ʌʆʊʆʄɽʊʈʀʏɽʉʂʆʄ ɸʅɸʃʀɿɽ 

(ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ) 

ʀʟʚʝʩʪʝʥ ʨʷʜ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʬʦʪʦʤʝʪʨʠʯʝʩ-

ʢʦʤ ʘʥʘʣʠʟʝ, ʦʜʥʘʢʦ ʝʛʦ ʦʩʥʦʚʦʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ. 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʟʘʤʝʯʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʚ ʯʠʩʣʝ ʢʦʪʦ-

ʨʳʭ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ ʩ ʙʦʣʝʝ ʮʝʥʥʳʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʨʦʪʦʪʠʧʘʤʠ. ʕʪʦ ʩʪʘʣʦ ʚ ʢʘʢʦʡ 

- ʪʦ ʩʪʝʧʝʥʠ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʫʩʧʝʭʘʤ ʪʝʦʨʠʠ ʜʝʡʩʪʚʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝ-

ʘʛʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠ-

ʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʆʨʛʘʥʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ, ʦʙʣʘʜʘʶɦ ʠʝ ʙʦʣʴʰʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʪʘʣʠ ʥʘ-

ʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ [261, c.49-56]. ʆʥʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥ̫ʁʪʩʷ ʚ ʛʨʘʚʠ-

ʤʝʪʨʠʯʝʩʢʠʭ ʠ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʘʥʘʣʠʟʘ ʢʘʢ ʦʩʘʜʠʪʝʣʠ ʠ ʩʦʦʩʘʜʠʪʝʣʠ 

ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʚʝʱʝʩʪʚ. ʆʨʛʘʥʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ ʥʫʞʥʳ ʠ 

ʜʣʷ ʤʥʦʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ɺ ʤʝʪʦʜʘʭ ʛʘʟʦ-

ʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠʭ ʧʨʠʤʝʥʝʥʷʶʪ ʜʣʷ ʙʳʩʪʨʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ. ʆʨʛʘʥʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʩʢʠʨʫʁʱʠʭ 

ʚʝɦʝʩʪʚ. ʆʜʥʘ ʠʟ ʦʙʰʠʨʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ 

ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʘʢʮʠʷ. 

ʇʨʠ ʧʦʤʦʱʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʪʘʢʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʠʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʩʪʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʨʫʜʦʝʤʢʠʝ 

ʦʧʝʨʘʮʠʠ. ʌʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʦʯʝʥʴ ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʠ ʫʜʦʚʣʝʪʚʦʨʷ-

ʶʪ ʚʩʝ ʚʦʟʨʘʩʪʘʁʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʪʦ-

ʤʝʪʨʠʠ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʘʥʘʣʠʟʦʤ ʩʣʝʜʦʚ ʵʣʝʤʝʥʪʦʚ, ʪ.ʝ. ʦʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝ-

ʤʝʥʪʦʚ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʥʝʝ 0.01%. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʧʨʝʮʠʟʠʦʥʥʦʡ ʬʦʪʦ-
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ʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʨʘʟʙʘʚʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ [276, ʩ.259]. ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʙ-

ʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʷʚʣʷʝʪʩʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦ-

ʨʳʝ ʤʦʛʣʠ ʙʳ ʥʘʡʪʠ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʕʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʝʭʘʥʠʟʤʝ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʆʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʘʥʘʣʠʪʠʯʝʩ-

ʢʦʡ ʭʠʤʠʠ - ʵʢʩʪʨʘʢʮʠʷ ʈʃʂ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʠʟʫʯʝʥʠʶ ʈʃʂ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʵʪʦʡ ʦʜʥʦʡ ʠʟ ʠʥʪʝʨʝʩʥʝʡʰʠʭ ʦʙʣʘʩʪʝʡ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʥʘʯʘʣʦʩʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚ-

ʥʦ. ʈʃʂ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ  (ʢʦʤʧʣʝʢʩʦʦʙ-

ʨʘʟʦʚʘʪʝʣʝʡ), ʥʦ ʠ ʘʥʠʦʥʦʚ ʨʝʘʛʝʥʪʦʚ (ʣʠʛʘʥʜʦʚ). ʈʘʟʥʦʦʙʨʘʟʠʝ ʣʠʛʘʥʜʦʚ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʵʢʩʪʨʘʛʠʨʫʶʱʠʭʩʷ ʈʃʂ ʥʘʤʥʦʛʦ ʧʦʚʳʰʘʝʪ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. 

1.1. ʆʙʩʫʞʜʝʥʠʝ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ(II)  

ɼʣʷ ʤʝʜʠ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʩʪʝʧʝʥʷʤʠ ʦʢʠʩʣʝʥʠʷ +1 ʠ 

+2, ʠʟʚʝʩʪʥʳ ʪʘʢʞʝ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʝʭʚʘʣʝʥʪʥʦʡ ʠ ʯʝʪʳʨʝʭʚʘ-

ʣʝʥʪʥʦʡ ʤʝʜʠ [240, ʩ.12-13]. ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ Cu(I) ʜʠʘʤʘʛʥʠʪʥʳ ʠ ʙʝʩʮʚʝʪʥʳ. 

ʀʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦ̫ʥʠʷ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʧʨʠʨʦʜʳ ʘʥʠʦʥʘ ʠʣʠ ʜʨʫʛʠʭ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʣʠʛʘʥʜʦʚ, ʘ ʪʘʢʞʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʠʟʤʝʥʷʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩʫʱʝʩʪʚʫʶʪ ʪʦʣʴʢʦ ʦʯʝʥʴ ʥʠʟʢʠʝ  

ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Cu
+
 (ʤʝʥʝʝ 10

-2
 ʄ). ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʜʝ ʫʩʪʦʡʯʠ-

ʚʳ ʣʠʰʴ ʩʦʝʜʠʥʝʥʠʷ ʩ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ʧʨʦʠʟʚʝʜʝʥʠʷ ʨʘʩʪʚʦʨʠ-

ʤʦʩʪʠ (CuCl, Cu2S, CuCN) ʠʣʠ ʚʳʩʦʢʦʡ ʢʦʥʩʪʘʥʪʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ([Cu(CN)2]
-
, 

[Cu(NH3)2]
+
) [155, ʩ.485]. ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ Cu(I) ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʦʯʝʥʴ ʣʝʛʢʦ ʦʢʠʩʣʷʶʪʩʷ ʜʦ Cu(II), ʥʦ ʜʘʣʴʥʝʡʰʝʝ ʦʢʠʩʣʝʥʠʝ ʜʦ Cu(III) ʚʦʟʤʦʞ-

ʥʦ ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʯʝʥʴ ʩʠʣʴʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ ʠ ʦʢʩʦ-ʘʥʠʦʥʦʚ I(VII), 
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Te(VI). ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʤʝʜʠ ʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʠʩʣʦʪʘʭ ʦʙʨʘʟʫʝʪʩʷ ʩʠʥʠʡ 

ʘʢʚʘ-ʠʦʥ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʫʣʘ [Cu(H2O)6]
2+
. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʚʦʜ-

ʥʳʡ ʨʘʩʪʚʦʨ ʣʠʛʘʥʜʦʚ ʢʦʤʧʣʝʢʩʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ. ɺʚʝʜʝʥʠʝ ʧʷʪʦʡ ʠ ʰʝʩʪʦʡ ʤʦʣʝʢʫʣ ʘʤʤʠʘʢʘ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʩ ʪʨʫʜʦʤ. ʐʝʩʪʫʶ ʤʦʣʝʢʫʣʫ ʤʦʞʥʦ ʚʚʝʩʪʠ ʪʦʣʴʢʦ ʚ ʞʠʜʢʦʤ ʘʤʤʠ-

ʘʢʝ [240, ʩ.16]. ʇʦ ʵʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʠʦʥ Cu(II) ʥʝ ʩʧʦʩʦʙʝʥ ʧʨʦʯʥʦ ʩʚʷʟʚrʘʪʴ 

ʧʷʪʳʡ ʠ ʰʝʩʪʦʡ ʣʠʛʘʥʜʳ (ʜʘʞʝ H2O). ɺ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ 

ʢʦʤʧʣʝʢʩʘʭ ʧʷʪʴ dïʦʨʙʠʪʘʣʝʡ ʨʘʩʱʝʧʣʷʶʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ, ʩʦʜʝʨʞʘɦʠʝ ʪʨʠʞ-

ʜʳ ʚʳʨʦʞʜʝʥʥʳʝ dxy, dyz, dzx ʠ ʜʚʘʞʜʳ ʚʳʨʦʞʜʝʥʥʳʝ Ä  ʠ Ὠ  [225, ʩ.43]. 

ʈʘʟʨʘʙʦʪʘʥʳ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʠ ʩʝʣʝʢʪʠʚʥʳʝ ʤʝʪʦʜʠʢʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠ-

ʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Cu(II) ʚ ʩʧʣʘʚʘʭ, ʚ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ ʦʢʨʫʞʘʁʱʝʡ ʩʨʝ-

ʜ ,r ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ [35, c.157; 60, ʩ.136; 79, 

ʩ.237; 85, ʩ.1143; 86, ʩ.18; 134, ʩ.302; 194, ʩ.479; 239, ʩ.513; 274, ʩ.3, 313, ʩ.206, 

314, ʩ.22; 328, ʩ.861, 332, ʩ.105; 334, ʩ.20, 344, ʩ.1563; 378, ʩ.258; 383, ʩ.183; 398, 

ʩ.283; 417, ʩ.184; 431, ʩ.129; 433, ʩ.400; 441, ʩ.297; 442, ʩ.1016; 464, ʩ.1659; 471, 

ʩ.727; 472, ʩ.581; 477, ʩ.299; 485, ʩ.5; 502, ʩ.2119; 519, ʩ.575; 527, ʩ.277; 539, 

ʩ.151]. ʇʨʝʜʣʦʞʝʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʣʝ-

ʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ Co, Ni ʠ Cu ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʦʩʣʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠʭ 2-ʘʤʠʥʦʮʠʢʣʦʧʝʥʪʝʥ-1-ʜʠʪʠʦʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʥʘ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʥʘʬʪʘʣʠʥe [378, ʩ.258].  

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʳ ʨʘʚʥʦʚʝʩʠʷ ʚ ʜʚʦʡʥʳʭ ʠ 

ʪʨʦʡʥʳʭ ʩʠʩʪʝʤʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʠʦʥ Cu(II), 2-ʬʦʩʬʦʥʦʙʫʪʘʥ-1,2,4-ʪʨʠʢʘʨʙʦʥʦ-

ʚʫʶ ʢʠʩʣʦʪʫ ʠ ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ: ʤʘʣʝʠʥʦʚʫʶ, ʤʘʣʦʥʦʚʫʶ ʠ ʣʠʤʦʥʥʫʶ. ʆʧ-

ʨʝʜʝʣʝʥʘ ʩʪʝʭʠʦʤʝʪʨʠʷ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷ 

ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ [152, ʩ.61]. ʇʨʝʜʣʦʞʝʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʢʠʥʝʪʠʯʝʩ-

ʢʦʛʦ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Cu(II) ʚ ʧʨʝʩʥʳʭ ʠ ʩʦʣʝʥʳʭ ʚʦʜʘʭ ʤʝʪʦʜʦʤ 

ʧʨʦʪʦʯʥʦ-ʠʥʞʝʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʦʢʠʩʣʝʥʠʠ ʛʠʜʨʦʭʠʥʦʥʘ ʧʝ-

ʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʠʢʨʦʢʦʣʠʯʝʩʪʚ Cu(II)  [197, ʩ.247]. ʉʠʥʪʝʟʠ-

ʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʥrʝ ʩʦʝʜʠʥʝʥʠʷ Cu(II) ʩ 1,4-ʙʠʩ [ʙʠʩ(3,5-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣ-1-

ʠʣ)ʤʝʪʠʣ]ʙʝʥʟʦʣʦʤ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ 1:1 ʠ 1:2. ʀʩʩʣʝʜʦʚʘʥʘ ʩʪʨʦ-
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ʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʈʉɸ [217, ʩ.8]. 

ʈʘʟʨʘʙʦʪʘʥʳ ʧʨʦʪʦʯʥʦ-ʠʥʞʝʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘ-

ʣʠʟʘ ʙʠʥʘʨʥʳʭ ʩʤʝʩʝʡ Cu(II) ʠ Zn(II), ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʦ-ʢʠʥʝʪʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʩʠʛʥʘʣʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʧʨʦʪʝʢʘʥʠʝʤ ʚ ʧʦʪʦʢʝ ʣʠ-

ʛʘʥʜʥʦʦʙʤʝʥʥʳʭ ʨʝʘʢʮʠʡ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʘʤʠ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ 

ʭʨʦʤʦʛʝʥʥʳʤ ʨʝʘʛʝʥʪʦʤ [4-(2-ʧʠʨʠʜʠʣʘʟʦ)-ʨʝʟʦʨʮʠʥʦʤ ʠʣʠ ʮʠʥʢʦʥʦʤ] ʠ ʘʤʠ-

ʥʦʧʦʣʠʢʘʨʙʦʥʦʚʤrʠ ʢʠʩʣʦʪʘʤʠ [299, ʩ.696]. ʆʧʠʩʘʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʡ 

ʠʦʥʦʚ ʤʝʜʠ ʩ ʥʝʦʢʫʧʨʦʠʥʦʤ [193, ʩ.280], 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ [240, ʩ.28] ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʤ (2,9-ʜʠʤʝʪʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ) ʤʝʪʦʜʦʤ ʪʝʨʤʦʣʠʥʟʦʚʦʡ ʩʧʝʢ-

ʪʨʦʩʢʦʧʠʠ [456, ʩ.831]. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʩʦʨʙʮʠʦʥʥʦ-ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥ-

ʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʧʠʪʴʝʚʳʭ ʚʦʜʘʭ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʢʦʥ-

ʮʝʥʪʨʠʨʦʚʘʥʠʝʤ, ʦʪʣʠʯʘʁʱʘ̫ʩʷ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʧʦʟʚʦʣʁ̫ʱʘʷ ʦʧʨʝ-

ʜʝʣ̫ʪʴ ʉu(II) ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 0.001-0.1 ʤʛ/ʜʤ
3 
[226, ʩ.11]. 

ʅʝʜʘʚʥʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʤʥʦʛʦ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ Cu(II) ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʙʲʝʢʪʘʭ [193, ʩ.635; 215, 

ʩ.271; 317, ʩ.24; 328, ʩ.861; 331, ʩ.808; 345, ʩ.3471; 375, ʩ.3413; 380, ʩ.91; 381, 

ʩ.1226; 392, ʩ.176; 419, ʩ.392; 452, ʩ.965; 479, ʩ.227; 493, ʩ.157; 494, ʩ.622; 514, 

ʩ.561]. ʀʟʫʯʝʥʳ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ Cu(II) ʩ 2-ʛʠʜʨʦʢʩʠ-3-

ʘʥʪʨʘʮʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʧʠʨʠʜʠʥʦʤ [100, ʩ.126], 2,4-ʜʠʥʠʪʨʦʙʝʥʟʦʣʘʟʦʧʠʨʦʢʘ-

ʪʝʭʠʥʦʤ ʠ ʪʨʠʠʟʦʙʫʪʠʣʬʦʩʬʘʪʦʤ [82, ʩ.19], ʘʣʠʟʘʨʠʥʦʚʳʤ ʞʝʣʪʳʤ ʈ ʠ ʪʨʠʠʟʦʙʫ-

ʪʠʣʬʦʩʬʘʪʦʤ [258, ʩ.47], 1-ʙʨʦʤ-2-ʦʢʩʠ-3-ʥʘʬʪʦʡʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʘʥʠʣʠʥʦʤ [99, 

ʩ.126], 1-(2,6-ʜʠʙʨʦʤ-4-ʥʠʪʨʦʬʝʥʠʣ)-3-(4-ʥʠʪʨʦʬʝʥʠʣ)ʪʨʠʘʟʠʥʦʤ ʠ ʪʨʠʪʦʥ ʍ-

100 [525, ʩ.158], 2,4-ʜʠʥʠʪʨʦʙʝʥʟʦʣʘʟʦʧʠʨʦʢʘʪʝʭʠʥʦʤ ʠ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʤ 

[259, ʩ.54], 2-ʛʠʜʨʦʢʩʠ-5-ʡʦʜʪʠʦʬʝʥʦʣʦʤ ʠ ʜʠʬʝʥʠʣʛʫʘʥʠʜʠʥʦʤ [123, ʩ.21], ʪʝ-

ʥʦʠʣ-(2-ʦʢʩʦʧʨʦʧʠʣ)-N-(2-ʩʫʣʴʬʦ-4-ʥʠʪʨʦ-5-ʦʢʩʠʬʝʥʠʣ) ʘʟʦʤʝʪʠʥʦʤ ʠ ʇɸɺ 

[25, ʩ.987], 2,2ïʜʠʧʠʨʠʜʠʣʦʤ ʠ 2-ʛʠʜʨʦʢʩʠ-3-ʥʘʬʪʦʡʥʦʡ ʢʠʩʣʦʪʦʡ [101, ʩ.85], 3-

[2-ʦʢʩʠ-3-ʩʫʣʴʬʦ-5-ʥʠʪʨʦʬʝʥʠʣʘʟʦ]ʧʝʥʪʘʜʠʦʥʦʤ-2,4 ʠ ʵʪʠʣʝʥʜʠʘʤʠʥʦʤ [36, 

ʩ.47], 1-(2-ʧʠʨʠʜʠʣʘʟʦ)-2-ʥʘʬʪʦʣʦʤ ʠ ʊʨʠʪʦʥ ʍ-100 [304, ʩ.331]. ʉʧʝʢʪʨʦʬʦʪʦ-

ʤʝʪʨʠʯʝʩʢʠ ʠʟʫʯʝʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ Cu(II) - ʥʠʪʨʠʣʦʪʨʠʫʢʩʫʩ-

ʥʘʷ ʢʠʩʣʦʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ
 
[147, ʩ.25]. ʀʟʫʯʝʥʦ ʭʠʤʠʯʝʩʢʦʝ ʠ 
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ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ 

(ʛʣʠʮʠʥ, ʘʣʘʥʠʥ, ʘʩʧʘʨʘʛʠʥ ʠ ɓ-ʘʣʘʥʠʥ) ʚ ʚʦʜʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʨʝʜʘʭ [218, 

ʩ.44]. ʉ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʦʨʘ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʘʛʝʥʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

Cu(II) ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʨʷʜʳ ʛʝʪʘʨʠʣʬʦʨ-

ʤʘʟʘʥʦʚ ʠ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʚ ʵʪʘʥʦʣʝ ʠʟʫʯʝʥʦ 

ʚʣʠʷʥʠʝ ʠʭ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʥʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʝ ʠ ʭʨʦʤʦʬʦʨʥʳʝ ʩʚʦʡ-

ʩʪʚʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʘ [248, ʩ.232]. ʀʩʩʣʝʜʦʚʘʥʦ ʢʦʤʧʣʝʢ-

ʩʦʦʙʨʘʟʦʚʘʥʠʝ ʤʝʜʠ(II)  ʠ ʞʝʣʝʟʘ(II) c N-(oïʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜ)-2-ʘʤʠʥʦʬʝʥʦ-

ʣʦʤ [425, ʩ.1003].   

1.2. ʆʙʩʫʞʜʝʥʠʝ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʨʪʫʪʠ(II)  

ʂ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʨʝʘʛʝʥʪʘʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʪʫʪʠ ʦʪ-

ʥʦʩʷʪʩʷ: ʜʠʪʠʟʦʥ, ʘ ʪʘʢʞʝ ʪʠʦʢʩʠʥ, ʪʠʦʢʘʨʙʘʤʠʥʘʪʳ ʠ ʪʠʦʢʝʪʦʥ ʄʠʭʣʝʨʘ [276, 

ʩ.373-374].  

ʄʦʣʝʢʫʣʘ ʷʙʣʦʯʥʦʡ ʢʠʩʣʦʪʳ (H2Mal) ʩʦʜʝʨʞʠʪ ʜʚʘ ʪʠʧʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ, ʩʧʦʩʦʙʥʳʭ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ - ʜʚʝ - COOH ʠ ʦʜʥʘ -

OH. ʆʙʥʘʨʫʞʝʥʳ ʤʦʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 1:1, 1:2, ʨʝʞʝ 1:3. 

ʅʘʧʨʠʤʝʨ, CuHMal
+
, CuMal [352, ʩ.3269], NiMal, NiMal2

2ï
, GaMal

+
, GaMal

2ï
, 

GaMal3
3ï

, CdMal, CdMal2
2ï

, CdMal3
4ï 

[136, ]. Cu
2+

, Fe
3+,

 Pb
2+

, Sn
4+

, VO
2+ 
ʠ ʥʝʢʦʪʦ-

ʨʳʝ ʜʨʫʛʠʝ ʢʘʪʠʦʥʳ ʚ ʧʨʦʮʝʩʩʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚʳʪʝʩʥʷʶʪ ʥʝ ʪʦʣʴʢʦ 

ʧʨʦʪʦʥʳ -COOH ʛʨʫʧʧ, ʥʦ ʠ ʧʨʦʪʦʥ -OH ʛʨʫʧʧʳ. ʆʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʨʅ ʩʫ-

ʱʝʩʪʚʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ HgMal ʠ Hg(OH)Mal
ï
 ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 3.2 ʠ 4.4 ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. ʂʦʤʧʣʝʢʩ Hg(OH)2Mal2
ï
 ʩʫɦʝʩʪʚʫʝʪ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ  6.5 < pH 

< 11.0. ɺ ʧʨʦʮʝʩʩʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʢʘʪʠʦʥʳ Hg(II) ʥʝ ʚʳʪʝʩʥʷʶʪ ʧʨʦʪʦ-

ʥʳ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʤʦʣʝʢʫʣʘʭ ʷʙʣʦʯʥʦʡ ʢʠʩʣʦʪʳ, ʯʪʦ ʥʝ ʠʩʢʣʶʯʘʝʪ ʢʦ-

ʦʨʜʠʥʠʨʦʚʘʥʠʷ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʛʠʜʨʦʢʩʦʛʨʫʧʧ [146, ʩ.58]. 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ Hg(II) ʩ ʷʙʣʦʯʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʤʦʥʦʘʤʠʥʥʳʤʠ ʢʦʤʧʣʝʢʩʦʥʘʤʠ: ʠʤʠʥʦ-

ʜʠʫʢʩʫʩʥʦʡ (H2Ida), 2-ʛʠʜʨʦʢʩʠʵʪʠʣʠʤʠʥʦʜʠʫʢʩʫʩʥʦʡ (H2Heida) ʠ ʥʠʪʨʠʣʦʪʨʠ-

ʫʢʩʫʩʥʦʡ (H3Nta) ʢʠʩʣʦʪʘʤʠ. ʉʨʘʚʥʠʚ ʚʝʣʠʯʠʥʳ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧ-
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ʣʝʢʩʦʥʘʪʥʦʤʘʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Hg(II) ʤʝʞʜʫ ʩʦʙʦʡ, ʤʦʞʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʧʦʩ-

ʣʝʜʥʠʝ ʚ ʩʣʝʜʫʶʱʠʡ ʨʷʜ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʠʭ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ: 

[HgHeidaMal]
2ï 

< [HgIdaMal]
2ï 

< [HgNtaMal]
3ï

 

[Hg(OH)HeidaMal]
3ï 

<  [Hg(OH)IdaMal]
3ï 

< [Hg(OH)NtaMal]
4ï

 . 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʤʦʥʦʘʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʥʦʚ ʥʘʭʦʜʷʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʤʦʣʝʢʫʣʝ. ʕʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʟʘʤʝʩ-

ʪʠʪʝʣʠ ʧʦʚʳʰʘʶʪ ʦʩʥʦʚʥʦʩʪʴ ʘʪʦʤʘ ʘʟʦʪʘ ʠʤʠʥʦʜʠʘʮʝʪʘʪʥʦʡ ʛʨʫʧʧʳ ʠ ʫʚʝʣʠ-

ʯʠʚʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ [145, ʩ.59]. ʉʧʦʩʦʙʥʦʩʪʴ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦʚ-r

ʰʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʥʘ ʠʤʠʥʥʦʤ ʘʪʦʤʝ ʘʟʦʪʘ ʫʩʠʣʠʚʘʝʪʩʷ ʚ ʨʷʜʫ 

CH2CH2OH (H2Heida) <H (H2Ida) < CH2COO (H3Nta), ʪʦ ʝʩʪʴ ʚ ʪʦʤ ʞʝ ʧʦʨʷʜʢʝ, ʚ 

ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʁʱʠʭ ʛʝ-

ʪʝʨʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ Hg(II) [145, ʩ.55]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʠ ʘʮʝʪʘʪʘ Hg(II) ʩ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʚ ʩʠʣʴʥʦ-

ʢʠʩʣʦʡ ʩʨʝʜʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ, ʠʥʪʝʥʩʠʚʥʦ ʧʦʛʣʦɦʘʶʱʠʝ ʚ ʋʌ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ [301, ʩ.5]. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

Hg(II) ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʝʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘ-

ʥʠʠ ʧʦʣʠʤʝʨʥʳʤ ʭʝʣʘʪʥʳʤ ʩʦʨʙʝʥʪʦʤ ʧʦʣʠʩʪʠʨʦʣ-ʘʟʦ-ʪʠʘʟʘʥʜʠʪʠʦʥ-2,4. ʂʦʣʠ-

ʯʝʩʪʚʝʥʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ 45-60 ʤʠʥ 

ʧʨʠ ʨʅ 3.0 - 4.0 ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʠʩʪʝʤʳ 70-80 Áʉ. ʇʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ - 5Ĭ10
ï2

 

ʤʢʛ/ʣ [50, ʩ.12-14]. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ N-ʤʝʪʠʣʘʥʘʙʘʟʠʥ-Ŭ-

ʘʟʦ-1,8-ʘʤʠʥʦʥʘʬʪʦʣ-4,6-ʜʠʩʫʣʴʬʦʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʪʠ-

ʯʝʩʢʦʛʦ ʨʝʘʛʝʥʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʘ Hg(II). Ů=5.4Ĭ10
4
. ‗̍ ́=̋670 ʥʤ. ʉʦʩʪʘʚ 

ʄ: R=1:2. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʘ Hg(II) ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ [178, 

ʩ.15]. ʀʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ Hg(II) -4-ʩʫʣʴʬʦ-2(4
ē
-ʩʫʣʴʬʦʥʘʬʪʘʣʠʥ-1

ē
-ʘʟʦ)ʥʘʬʪʦʣ 

-1. ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʇɸɺ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦ-

ʜʳ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʡ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʘʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʥʦʚʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʨʤʳ ʥʘ Hg(II)  [289, ʩ.136]. ʇʨʝʜʣʦʞʝʥ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ 

ʠ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʜʣʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Hg(II) 
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ʩ ʪʠʘʢʨʘʫʥ ʵʬʠʨʦʤ ʠ ʙʨʦʤʢʨʝʟʦʣʦʚʳʤ ʟʝʣʝʥʳʤ [481, ʩ.1349], ʜʠʬʝʥʠʣʪʠʦʢʘʨʙʘ-

ʟʦʥʦʤ [312, ʩ.45], 2,4-ʙʠʩ(4-ʬʝʥʠʣʘʟʦʬʝʥʠʣʘʤʠʥʦʜʠʘʟʦ)ʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʦʡ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʊʨʠʪʦʥʘ ʍ-100 [434, ʩ.547]. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ Hg(II) ʚ ʨʘʟʥʳʭ ʦʙʲʝʢʪʘʭ [319, ʩ.1; 444, ʩ.867]. 

N'-(1-(ʧʠʨʠʜʠʥ-2-ʠʣ)ʵʪʠʣʠʜʝʥ) ʠʟʦʥʠʢʦʪʠʥʦʛʠʜʨʘʟʠʜ ʨʝʘʛʠʨʫʝʪ ʩ Hg(II) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ Hg:R= 2:3. ʨʅʦʧʪ 5.5 (‗̍ ́ ̋= 357 ʥʤ. ‐= 

5.48Ĭ10
4
). ɿʘʢʦʥ ɹʝʨʘ ʩʦʙʣʶʜʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0.2-2.0 ʤʢʛ/ʤʣ Hg(II). ʅʝ ʤʝʰʘ-

ʶʪ: ʉʘ(II), Mg(II) Pb(II) ʠ Mn(II) (ʜʦ 10000 ʤʢʛ), Al(III) ʠ Cr(III) (ʜʦ 5000 ʤʢʛ), 

Mo(VI) ʠ W(V) (ʜʦ 2500 ʤʢʛ). ʄʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʪʫʪʠ ʚ 

ʦʙʝ̡ʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ 

[473, ʩ.292]. 2-ʘʮʝʪʠʣʧʠʨʠʜʠʥ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʦʛʦ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʘʛʝʥʪʘ ʜʣʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Hg. ʨʅʦʧʪ 

6.0 (‗̍ ́=̋351 ʥʤ, ‐=5.4Ĭ104
). ʉʦʙʣʶʜʝʥʠʝ ʟʘʢʦʥʫ ɹʝʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ 0.240-2.407 ʤʢʛ/ʤʣ Hg(II). ʄʝʪʦʜ ʧʨʠʤʝʥʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʪʫ-

ʪʠ ʚ ʚʦʜʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ, ʧʦʯʚʘʭ ʠ ʘʶʨʚʝʜʠʯʝʩʢʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʦʙ-

ʨʘʟʮʘʭ [316, ʩ.44; 333, ʩ.65]. 1,10-ʬʝʥʘʥʪʨʦʣʠʥ ʠ ʪʠʤʦʣʦʚʳʡ ʩʠʥʠʡ ʠʩʧʦʣʴʟʦʚʘ-

ʥʳ ʚ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʝ (‐=1.27Ĭ105
) ʦʧʨʝʜʝʣʝʥʠʷ ʦʙ-

ʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʨʪʫʪʠ ʚ ʧʦʯʚʘʭ ʠ ʩʪʦʯʥʳʭ ʚʦʜʘʭ [193, ʩ.653]. ɺ ʚʦʟʜʫʭʝ, ʚʦʜʝ, 

ʧʦʯʚʘʭ ʠ ʬʫʥʛʠʮʠʜʘʭ ʨʪʫʪʴ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʢʘʨʙʦʢʩʠʬʝʥʠʣʜʠʘʟʦʘʤʠ-

ʥʦ-ʧ-ʘʟʦʙʝʥʟʦʣʘ [193, ʩ.653]. ʕʢʩʪʨʘʢʮʠʷ ʢʨʘʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʪʠʣʨʪʫʪʠ ʩ ʪʠ-

ʦʢʝʪʦʥʦʤ ʄʠʭʣʝʨʘ ʚ ʥ-ʙʫʪʘʥʦʣ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʪʫʪʠ ʚ ʚʦʣʦʩʘʭ 

ʯʝʣʦʚʝʢʘ [193, ʩ.653].  

ɺ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʪʫʪʠ ʚ ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝ-

ʜʳ ʧʨʝʜʣʦʞʝʥ ʘʤʠʥʦʧʨʦʧʠʣʙʝʥʟʦʠʣʘʟʦ-2-ʤʝʨʢʘʧʪʦʙʝʥʟʦʪʠʘʟʦʣ, ʧʨʠʚʠʪʳʡ ʢ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʩʠʣʠʢʘʛʝʣʷ [193, ʩ.652]. ʀʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʵʢʩʪʨʘʢʮʠʠ ʨʪʫʪʠ ʠʟ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊʨʠʪʦʥ X-114. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʨʝʘʢʮʠʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ Hg(II) ʩ ʪʠʦʢʝʪʦʥʦʤ ʄʠʭʣʝʨʘ. ɻʨʘʜʫʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ 

ʣʠʥʝʝʥ ʚ ʜʠʘʧʘʟʦʥʝ 5-80 ʤʢʛ/ʤʣ Hg(II). ʄʝʪʦʜ ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʪʫʪʠ ʚ ʧʨʦʙʘʭ ʚʦʜʳ [445, ʩ.1200]. ʇʨʝʜʣʦʞʝʥ ʩʝʣʝʢʪʠʚʥʳʡ ʢʠʥʝʪʠʯʝʩʢʠ-ʩʧʝʢ-
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ʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʪʫʪʠ ʚ ʨʘʩʪʝʥʠʷʭ, ʚʦʜʝ ʠ ʧʦʯʚʘʭ 

[450, ʩ.55].  

1.3. ʆʙʩʫʞʜʝʥʠʝ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʪʘʥʘ(IV)  

ʊʠʪʘʥ ʧʨʦʷʚʣʷʝʪ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +2, +3 ʠ +4. ʅʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʩʦ-

ʝʜʠʥʝʥʠʷ Ti(IV). ʉʦʝʜʠʥʝʥʠʷ Ti(III)  ʣʝʛʢʦ ʦʢʠʩʣʷʶʪʩʷ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ. ʉʦ-

ʝʜʠʥʝʥʠʷ Ti(II) ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʫʶʪ ʚ ʚʦʜʝ ʩ ʚʳʜʝʣʝʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʠ-

ʪʘʥʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ Ti(III)  [71, ʩ.135]. ʊʠʪʘʥ ʚ ʨʘʩʪʚʦʨʘʭ ʥʝʢʦʤʧ-

ʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʢʠʩʣʦʪ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʠʦʥʘ Ti
4+ 
ʠʣʠ ʠʦʥʘ ʪʠʪʘʥʠʣʘ TiO

2+
(ʚ 

ʤʝʥʝʝ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ). ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʢʠʩʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ (ʥʘʯʠʥʘʷ ʫʞʝ ʩ 

ʨʅ 1) ʦʩʘʞʜʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʩʦʣʠ, ʘ ʟʘʪʝʤ ʛʠʜʨʦʦʢʠʩʴ. ɺ ʨʘʩʪʚʦʨʝ ʩ ʢʦʥʮʝʥʪʨʘ-

ʮʠʝʡ  10
-4
-10

-5 
M ʥʘ ʭʦʣʦʜʫ ʧʨʝʦʙʣʘʜʘʶʪ ʠʦʥʳ 4É/( ȟ  4É/( ȟ4É/( Ȣ  

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʩʪʚʦʨʝ ʤʦʞʝʪ ʠʜʪʠ ʠ ʨʝʘʢʮʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʦʥʘ 

ʪʠʪʘʥʠʣʘ, ʭʦʪʷ ʧʨʷʤʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʝʛʦ ʚ ʨʘʩʪʚʦʨʝ ʥʝʪ: 

4É/( (/ ᴾ 4É/(/ + (/ 

ʊʠʪʘʥ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʵʣʝʤʝʥʪʘʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʳʭ ʨʘʟʨʘʙʦʪʘʥʳ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʳ ʤʝʪʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠ-

ʘʥʪʠʧʠʨʠʣʤʝʪʘʥʘ, ʪʘʡʨʦʥʘ ʠ ʭʨʦʤʦʪʨʦʧʦʚʦʡ ʢʠʩʣʦʪʳ. ʂ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴ-

ʥʳʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪʩʷ ʤʝʪʦʜʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʣʫʦʨʦʥʦʚ ʠ ʨʦʜʘʥʠʜʥʳʡ ʤʝʪʦʜ 

(ʩ ʵʢʩʪʨʘʢʮʠʝʡ) [193, ʩ.497]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Ti(IV) ʠʩʧʦʣʴʟʦʚʘʥ ʛʠʜʨʦʢʩʠʛʘʣʦ-

ʛʝʥʪʠʦʬʝʥʦʣʳ [74, ʩ.97; 77, ʩ.177; 184, ʩ.27] ʠ ʜʠʪʠʦʣʬʝʥʦʣʳ [171, ʩ.47]. ʈʘʟʨʘ-

ʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʪʘʥʘ ʚ ʩʪʦʯʥʦʡ ʠ 

ʤʦʨʩʢʦʡ ʚʦʜʘʭ, ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ, ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜʘʭ, ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʘʣ-

ʤʁʠʥʠʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʤʝʩʠ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ 

[32, ʩ.29;  34, ʩ.20; 38, ʩ.120, 93, ʩ.1761; 106, ʩ.698; 130, ʩ.149; 173, ʩ.31; 174, 

ʩ.18; 228, ʩ. 217; 230, ʩ.592; 369, ʩ.827; 395, ʩ.149; 401, ʩ.66; 524, ʩ.401]. ʇʨʠ ʨʅ 

9.5-10.3 ʪʠʪʘʥ ʨʝʘʛʠʨʫʝʪ ʩ ʘʣʠʟʘʨʠʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʪʦʨʠʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʬʠʦʣʝʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʡ ʧʦʣʥʦʩʪʴʶ ʠʟʚʣʝʢʘʝʪʩʷ ʤʝʪʠʣʠʟʦʙʫʪʠʣʢʝʪʦ-
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ʥʦʤ ʠ ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ  513 ʥʤ (ὑ=7.0Ĭ10
4
). ʕʪʦʪ ʤʝʪʦʜ ʙʳʣ ʠʩ-

ʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʪʘʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʘʭ [447, ʩ.587]. 

ʌʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʠ ʮʚʝʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ ʠʟʫʯʝʥʦ ʢʦʤʧʣʝʢʩʦʦʙ-

ʨʘʟʦʚʘʥʠʝ Ti(IV) ʠ Cu(II) ʩ ʧʠʨʦʛʘʣʣʦʣʦʚʳʤ ʢʨʘʩʥʳʤ (ʇʂ) ʠ ʙʨʦʤʧʠʨʦʛʘʣʣʦʣʦ-

ʚʳʤ ʢʨʘʩʥʳʤ (ɹʇʂ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʇɸɺ. ʅʘʡʜʝʥʳ ʤʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʤʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʮʚʝʪʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʢʦʤʧʣʝʢʩ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Ti(IV) ʠ Cu(II) ʩ ʇʂ ʠ ɹʇʂ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʨʦʤʠʜʘ ʮʝʪʠʣʧʠʨʠ-

ʜʠʥʠʷ (ʎʇ) ʠ ʆʇ-7 [190, ʩ.304]. ʋʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 2,3,7-

ʪʨʠʦʢʩʠʬʣʫʦʨʦʥʦʚ, ʘʜʩʦʨʙʮʠʦʥʥʦ ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʮʝʣʣʶʣʦʟʥʳʭ ʤʘʪʨʠʮʘʭ, ʚ 

ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʪʝʩʪ-ʦʧʨʝʜʝʣʝʥʠʷ Mo(VI), Ti(IV), Ge(IV), Hf(IV), Nb(V), 

Ta(V), W(VI), Bi(III), V(IV) ʠ Zr(IV). ʄʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʟʫʯʝʥʦ ʢʦʤ-

ʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩʘʣʠʮʠʣʬʣʫʦʨʦʥʘ ʩ Ti(IV) ʚ ʨʘʩʪʚʦʨʝ ʠ ʥʘ ʮʝʣʣʶʣʦʟʥʦʡ ʙʫ-

ʤʘʛʝ [44, ʩ.1217]. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠ-

ʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʦʚ Ti(IV). ʇʨʠ 516 ʥʤ, ʣʠʥʝʡʥʳʡ ʜʠʘʧʘʟʦʥ ʦʧʨʝʜʝʣʝ-

ʥʠʷ Ti(IV) ʩʦʩʪʘʚʣʷʝʪ 0-2.2 ʛ/25 ʤʣ. ʇʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠ-

ʪʘʥʘ 2.04 ʥʛ/ʤʣ. ʄʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʪʘʥʘ ʚ ʦʙʨʘʟʮʘʭ ʨʳʙʳ 

[538, ʩ.1160]. ʈʘʟʨʘʙʦʪʘʥ ʩʝʣʝʢʪʠʚʥʳʡ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ Ti(IV) ʚ ʦʙʨʘʟʮʘʭ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ ʠ 

ʨʫʜʳ [439,  ʩ.750]. 

ʀʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Ti(IV) ʠ Cr(VI) ʤʝʪʦ-

ʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʧʦʩʣʝ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʩʦʨʙʮʠʠ ʠʟ 

ʦʜʥʦʡ ʧʨʦʙʳ ʥʘ ʜʚʫʭʩʣʦʡʥʦʤ ʥʦʩʠʪʝʣʝ [296, ʩ.800]. ʈʘʟʨʘʙʦʪʘʥʘ ʩʧʝʢʪʨʦʬʦʪʦ-

ʤʝʪʨʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ Ti(IV) ʥʘ ʧʨʦʪʨʘʚʣʝʥʥʦʡ 

ʘʣʤʁʠʥʠʝʚʦʡ ʬʦʣʴʛʝ [363, ʩ.149]. ʄʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝ-

ʥʠʷ ʠʟʫʯʝʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ Ti(IV) ʩ 2,7-ʜʠʭʣʦʨʭʨʦʤʦʪʨʦʧʦʚʦʡ ʢʠʩʣʦ-

ʪʦʡ ʠ ʬʝʥʠʣʬʣʫʦʨʦʥʦʤ ʧʦʩʣʝ ʩʦʨʙʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʪʠʪʘʥʘ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʠʩ-

ʣʦʪʘʤʠ ʥʘ ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʴʥʦʤ ʚʦʣʦʢʥʠʩʪʦʤ ʤʘʪʝʨʠʘʣʝ, ʥʘʧʦʣʥʝʥʥʦʤ ʘʥʠʦ-

ʥʦʦʙʤʝʥʥʠʢʦʤ ɸɺ-17 [104, ʩ.1271]. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠ-

ʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʪʘʥʘ ʚ ʩʧʣʘʚʘʭ ʠ ʩʪʘʣʷʭ [33, ʩ.56; 91, ʩ.139; 193, ʩ.664; 
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309, ʩ.97; 348,  ʩ.45; 421, ʩ.1145; 468, ʩ.28; 469, ʩ.16; 503, ʩ.15; 508, ʩ.171, 530, 

ʩ.81].  

1.4.ʆʙʩʫʞʜʝʥʠʝ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ, ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ 

ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ ʜʦ 

1980 ʛ. ʦʙʩʪʦʷʪʝʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʧʫʙʣʠʢʘʮʠʷʭ [109, ʩ.208; 200, ʩ.73-100; 233, 

ʩ.1425; 287, ʩ.54], ʜʦ 2003 ʛ. ʚ ʨʘʙʦʪʝ [193, ʩ.143-148], ʯʪʦ ʜʝʣʘʝʪ ʠʟʣʠʰʥʠʤ ʝʛʦ 

ʧʦʚʪʦʨʝʥʠʝ. ɺ ʦʩʥʦʚʥʦʤ ʥʘʤʠ ʨʘʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʠʢʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʧʦʩ-

ʣʝ 2003 ʛ.   

ɺʘʥʘʜʠʡ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʜʚʫʭ-, ʪʨʝʭ-, ʯʝʪrʨʝʭ- ʠ ʧʷʪʠʚʘʣʝʥʪ-

ʥʳʤ. ʅʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ V(V). ʉʦʝʜʠʥʝʥʠʷ ʠʦʥʦʚ ʚʘ-

ʥʘʜʠʷ ʥʠʟʢʠʭ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʚ 

ʨʘʙʦʪʝ [98, ʩ.74]. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ V(II)  ʨʘʚʥʦ 6, ʯʪʦ ʦʪʚʝʯʘʝʪ ʦʢʪʘɻʜʨʠ-

ʯʝʩʢʦʤʫ ʩʪʨʦʝʥʠʁ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ. ʈʘʩʪʚʦʨʳ ʦʙʣʘʜʘʶʪ ʩʠʣʴʥ -r

ʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʤrʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʠʟʰʠʤ ʦʢʠʩʣʦʤ V(II), ʷʚʣʷʝʪʩʷ ʤʝʪʘ-

ʦʢʠʩʴ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʦʩʥʦʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. VO ʚ ʚʦʜʝ ʥʝʨʘʩʪʚʦʨʠʤ, ʥʦ ʢʘʢ ʦʩ-

ʥʦʚʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʜʦʚʦʣʴʥʦ ʣʝʛʢʦ ʨʝʘʛʠʨʫʝʪ ʩ ʨʘʟʙʘʚʣʝʥʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʩ ʦʙ-

ʨʘʟʦʚʘʥʠʝʤ ʠʦʥʘ [V(H2O)6]
2+ 
ʬʠʦʣʝʪʦʚʦʛʦ ʮʚʝʪʘ. ʀʦʥʳ [V(H2O)6]

2+ 
ʜʦʚʦʣʴʥʦ 

ʣʝʛʢʦ ʦʢʠʩʣʷʶʪʩʷ ʜʦ ʠʦʥʘ [V(H 2O)6]
3+ 
ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ V(II) 

ʚʳhʝ, ʯʝʤ 2.5Ā10
-3
 M ʦʥ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʜʠʤʝʨʘ [V2O]

2+
. ɺ 

ʠʥʪʝʨʚʘʣʝ 1.0Ā10
-2 

- 5.0Ā10
-5 

M  ʢʦʥʮʝʥʪʨʘʮʠʠ V(II) ʧʦʜʚʝʨʛʘʝʪʩʷ ʛʠʜʨʦʣʠʟʫ ʦʙʨʘ-

ʟʫʷ VOH
+ 
(ʨʂ = 6.49). 

ʅʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ V(IV)  ʨʘʚʥʦ 6, ʪʘʢʞʝ ʫʩ-

ʪʦʡʯʠʚʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ 4 ʠ 5. ʉʦʝʜʠʥʝʥʠʷ V(IV) ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠ-

ʚʳ ʠ ʥʘ ʚʦʟʜʫʭʝ ʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ɼʣʷ V(IV)  ʚ ʨʘʩʪʚʦʨʘʭ ʭʘʨʘʢʪʝʨʥʦ ʧʨʠʩʫʪʩʪ-

ʚʠʝ ʠʦʥʘ ʚʘʥʘʜʠʣʘ VO
2+
. ɺ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ ʩʫʱʝʩʪʚʫʝʪ ʠʦʥ [VO(H2O)5]

2+
 ʛʦ-

ʣʫʙʦʛʦ ʮʚʝʪʘ. ʆʢʨʘʩʢʘ ʟʘʤʝʪʥʘ ʫʞʝ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʘʥʘʜʠʷ 0.1ʤʛ/ʤʣ. ʇʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ V(IV)  10
-4 
ʄ ʚ ʦʙʣʘʩʪʠ ʨʅ 3.5 - 4.5 ʩʫʱʝʩʪʚʫʶʪ ʠʦʥʳ VOOH

+
, ʘ 

ʧʨʠ ʝʝ ʫʚʝʣʠʯʝʥʠʠ - [(VO)2(OH)2]
2+
, ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʨʅ ʧʨʠʚʦʜʠʪ ʢ ʚʳ-

ʧʘʜʘʥʠʶ ʦʩʘʜʢʘ VO(OH)2, ʢʦʪʦʨʳʡ ʧʨʠ ʨʅ 8-9 ʨʘʩʪʚʦʨʷʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʘ-
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ʥʘʜʠʪʦʚ Ὄὠὕʠʣʠ ὠὕ , ʣʝʛʢʦ ʦʢʠʩʣʷʶʱʠʭʩʷ ʥʘ ʚʦʟʜʫʭʝ. ɺʘʥʘʜʠʣ-ʠʦʥ ʠ ʦʙ-

ʨʘʟʫʝʤʳʝ ʠʤ ʢʦʤʧʣʝʢʩʳ ʠʤʝʶʪ ʦʜʠʥ ʥʝʩʧʘʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ, ʥʘʭʦʜʷɦ ʠʡʩʷ ʥʘ 

ʩʠʥʛʣʝʪʥʦʡ ʦʨʙʠʪʝ. ʂʠʩʣʦʨʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʩʢʣʦʥʝʥ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʯʥʳʭ ˊ-

ʩʚʟ̫ʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʳʭ ʢʦʤʧʣʝʢʩʦʚ [198, ʩ.132]. 

ɼʣʷ V(V) ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ 4 ʠ 6 ʠ ʚʝʨʦʷʪʥʦ ʦʙ-

ʨʘʟʦʚʘʥʠʝ ʯʘʩʪʠʮ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʇʨʠ ʨʅ  2 V(V)  ʩʫɦʝʩʪʚʫʝʪ ʚ ʢʘʪʠʦʥ-

ʥʦʡ ʬʦʨʤʝ ʚ ʚʠʜʝ 6/, ʘ ʚ ʙʦʣʝʝ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ VO
3+
. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ ʠʦʥʦʚ [VO2(H2O)4]
+
 ʠ [VO(OH)(H2O)4]

2+
; VO

3+
 

ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʧʨʦʪʦʥʠʟʘʮʠʠ ʧʦʩʣʝʜʥʠʭ. ʄʦʥʦ̫ʜʝʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʘʥʘʜʠʷ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʨʠ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʥʴʰʝ 10
-5
ʄ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ ʨʘʩ-

ʪʚʦʨʘ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʠʦʥʘʤʠ ʷʚʣʷʶʪʩʷ: HVO3 (ʨʅ 3-4); ὠὕ (pH 4-6); Ὄὠὕ 

(pH 7-10) ʠ ὠὕ (ʨʅ 10.0-12.5). ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʘʥʘʜʠʷ ʜʦ 10
-3
 ʄ ʠ 

ʚʳʰʝ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʮʝʩʩʫ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʦʞʥʳʭ ʧʦ ʩʦʩʪʘʚʫ 

ʠʦʥʦʚ. ɼʦʤʠʥʠʨʫʶʱʠʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ ʩʯʠʪʘʶʪ: ʨʅ 4-8 H3V2O7;  pH 8-11-

Ὄὠὕ ʠ ʨʅ 11-12 - ὠ̊ὕ . ɺ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʝʦʙʣʘʜʘʶʪ ʠʦʥʳ ὠὕ , 

ʜʘʥʥʳʝ ʦ ʝʛʦ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʪʩʫʪʩʪʚʫʶʪ [198, ʩ.133]. ʀʟ ʨʘʟʣʠʯʥʳʭ ʠʦʥʥʳʭ 

ʩʦʩʪʦ̫ʥʠʡ V(V) ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʦʥʳ 6/ʠ VO
3+ 
[200, ʩ.26]. 

ʇʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ V(V) ʩ 8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥʦʤ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʤʠ (2-ʤʝʪʠʣ, 2-ʠʟʦʧʨʦʧʠʣ, 4-ʤʝʪʠʣ, 7-ʤʝʪʠʣ, 5-ʭʣʦʨ, 5-ʙʨʦʤ, 6-

ʙʨʦʤ, 7-ʭʣʦʨ) [51, ʩ.66]. ɺ ʧʨʘʢʪʠʢʝ ʘʥʘʣʠʟʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʚʠʜʝ ʈʃʂ ʩ ʤʥʦʛʦʘʪʦʤʥʳʤʠ ʬʝʥʦʣʘʤʠ (ʧʠʨʦʢʘʪʝʭʠʥ, ʧʠʨʦ-

ʛʘʣʣʦʣ, ʛʘʣʣʦʚʘʷ ʢʠʩʣʦʪʘ) ʠ ʩʘʤʳʤʠ ʨʘʟʣʠʯʥʳʤʠ ʘʤʠʥʘʤʠ [37, ʩ.97]. ʆʧʠʩʘʥʳ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʜʝʡʩʪʚʠʠ ʚʘʥʘʜʠʷ ʥʘ 

ʦʢʠʩʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [351, ʩ.277; 394, ʩ.501; 437, ʩ.229]. ɹʨʦʤʘ-

ʪ rʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʁʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʝʡ [394, ʩ.501; 437, ʩ.229-234], 

ʭʦʪʷ H2O2 ʠ KClO3 ʙʳʣʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩ ʪʦʡ ʞʝ ʮʝʣʴʶ [365, ʩ.1927]. 

ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʠʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʩʪʘʥʜʘʨʪʥʳʭ, ʬʘʨʤʘʮʝʚʪʠ-

ʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ [22, ʩ.19; 72, ʩ.841; 112, ʩ.182; 

193, ʩ.614; 267, ʩ.927; 340, ʩ.31; 347, ʩ.1033; 386, ʩ.263; 389, ʩ.671; 397, ʩ.161; 
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436, ʩ.1424; 440, ʩ.493; 455, ʩ.286; 470, ʩ.1; 491, ʩ.717; 505,  ʩ.69;  511, ʩ.275;  523, 

ʩ.27; 537, ʩ.141; 542, ʩ.128].  

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥr ʈʃʂ V(II ,IV) ʩ ʜʠʪʠʦʣʬʝʥʦ-

ʣʘʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ. ʈʘʟʨʘʙʦʪʘʥr  ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪ-

ʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʧʦʯʚʘʭ, ʥʝʬʪʠ ʠ ʚ ʧʨʦʜʫʢʪʘʭ ʝʛʦ ʧʝ-

ʨʝʨʘʙʦʪʢʠ. ɺʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʝʥʠʝ V(IV) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

V(II) ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʨʅ ʩʨʝʜʳ [76, ʩ.61; 78, ʩ.1159; 169, ʩ.38; 403, ʩ.3487; 405, 

ʩ.10]. ʈʃʂ ʰʠʨʦʢʦ ʧʨʠʤʝʥ̫ʁʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʘʭ 

ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ [49, ʩ.1028; 93, ʩ.1761; 320, ʩ.627; 373, ʩ.599; 454, ʩ.48; 459, 

ʩ.25]. ʆʧʠʩʘʥʦ ʩʦʚʤʝʩʪʥʦʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ V(IV) ʠ V(V) ʠʟ ʤʦʨʩʢʦʡ ʚʦʜʳ 

ʧʘʣʴʤʠʪʦʠʣʭʠʥʦʣʠʥ-8-ʦʣʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʯʘʩʪʠʮʘʤʠ ʘʤʙʝʨʣʠʪʘ XAD-2, ʠ ʧʦʩ-

ʣʝʜʫʁʱʝʝ ʨʘʟʜʝʣʴʥʦʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ ʬʦʨʤ ʩ 4-(2-

ʧʠʨʠʜʠʣʘʟʦ)ʨʝʟʦʨʮʠʥʦʤ ʠ ʎɼʊɸ ʢʘʢ ʤʘʩʢʠʨʫʶʱʠʤ ʨʝʘʛʝʥʪʦʤ [368, ʩ.173]. ɼʣʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ U(VI) ʠ V(V) ʚ ʚʦʜʝ 

ʠʩʧʦʣʴʟʦʚʘʥ ʪʨʠʪʦʥ X 114 ʠ 4-(2-ʧʠʨʠʜʠʣʘʟʦ)ʨʝʟʦʨʮʠʥ. ʆʙʱʝʝ ʚʨʝʤʷ ʘʥʘʣʠʟʘ, 

ʚʢʣʯʁʘʷ ʤʠʢʨʦɻʢʩʪʨʘʢʮʠʶ, ʤʝʥʝʝ ʯʝʤ ʟʘ 5 ʤʠʥ [377, ʩ.407]. 

ʈʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʢ ʨʘʟʥʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʨʝʘʛʝʥʪʘʤ, 

ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʚʠʩʷʪ ʦʪ ʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʤʥʦʛʦʚʘʣʝʥʪʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʨʘʩʪʚʦʨʝ. ʀʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ ʚ 

ʨʘʩʪʚʦʨʝ ʦʯʝʥʴ ʩʣʦʞʥʦʝ [95, ʩ.13]. ʇʨʠ pH 8-14 Nb(V) ʚ ʨʘʩʪʚʦʨʝ ʥʘʭʦʜʠʪʩʷ ʚ 

ʚʠʜʝ ʩʣʦʞʥʳʭ ʧʦʣʠʠʦʥʦʚ. ɺ ʨʘʩʪʚʦʨʝ 0.3ʄ KOH ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 10
-3
 M ʥʠ-

ʦʙʠʷ ʜʦʤʠʥʠʨʫʝʪ K8Nb6O19. ʄʝʪʦʜʦʤ ʜʠʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʘʭ ʤʠ-

ʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʙʨʘʟʫʶʪʩʷ ʘʥʠʦʥʥʳʝ ʬʦʨʤʳ ʥʠ-

ʦʙʠʷ [Nb(OH)2Cl4]
-
, [NbOCl4]

-
, [NbOCl5]

-
. ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʟʘ ʧʨʠ ʨʘʩʪʚʦʨʝ-

ʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʠʦʙʠʷ ʚ ʚʦʜʝ, ʦʙʨʘʟʫʝʪʩʷ ʝʛʦ ʛʠʜʨʦʢʩʠʜ. ɹʣʘʛʦʜʘʨʷ 

ʚʩrʦʢʦʤʫ ʟʘʨʷʜʫ ʠ ʤʘʣʦʤʫ ʨʘʜʠʫʩʫ, ʠʦʥ ʥʠʦʙʠʷ ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʧʦʣʷʨʠʟʘʮʠ-

ʦʥʥʦʝ ʚʣʠʷʥʠʝ ʢ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ ʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʣʴʥʦʛʦ ʧʦʣʷ ʥʠʦʙʠʷ 

ʘʪʦʤ ʛʘʣʦʛʝʥʘ ʟʘʤʝʱʘʝʪʩʷ ʥʘ -OH. ʄʝʪʦʜʦʤ ʵʣʝʢʪʨʦʜʠʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʨʘʩʪʚʦʨʝ HCl ʩ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠ̫ʭ ʨʅ ʠʦʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʥʠʦʙʠʷ ʚ ʨʘʩʪʚʦʨʝ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʪʘʢ: 
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ʉʨʝʜʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʬʦʪʦ-

ʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Nb(V) ʠ Ta(V), ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʪʨʠʦʢʩʠ-

ʬʣʫʦʨʦʥʳ. ʀʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Nb(V) ʠ Ta(V) ʩ ʩʘʣʠʮʠʣʬʣʫʦʨʦʥʦʤ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʢʘʪʠʦʥʥʳʭ, ʥʝʠʦʥʥʳʭ ʠ ʘʥʠʦʥʥʳʭ ʇɸɺ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪ-

ʚʠʠ ʢʘʪʠʦʥʥʳʭ ʇɸɺ ʩʘʣʠʮʠʣʬʣʫʦʨʦʥʘʪ Nb(V) ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ 

ʤʦʣ̫ʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ (>1.5Ĭ10
5
). ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝ-

ʜʝʣʝʥʠʷ 0.1-1.0 ʤʢʛ ʥʠʦʙʠʷ ʥʘ ʬʦʥʝ 5 ʤʢʛ Ta(V) ʚ ʩʫʣʴʬʘʪʥʳʭ ʨʘʩʪʚʦʨʘʭ [292, 

ʩ.1963]. ʀʩʩʣʝʜʦʚʘʥʳ ʈʃʂ Nb(V) ʩ ʪʨʠʦʢʩʠʬʣʫʦʨʦʥʘʤʠ ʠ ʜʠʘʥʪʠʧʠʨʠʣʤʝʪʘʥʦʤ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 520-530 ʥʤ (‐=(0.72-1.93) 

Ĭ10
5
). ʆʧʪʠʤʘʣʴʥʘʷ ʢʠʩʣʦʪʥʦʩʪʴ 1.25-2.0 ʄ ʧʦ HCl [92, ʩ.2186; 93, ʩ.1761]. ʀʟʫ-

ʯʝʥʦ ʚʣʠʷʥʠʝ ʙʨʦʤʠʜʘ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ ʥʘ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ Nb(V) ʠ Ta(V) ʩ 2,3,4-ʪʨʠʦʢʩʠʬʝʥʠʣʘʟʦ-5'-ʩʫʣʴʬʦʥʘʬʪʘ-

ʣʠʥʦʤ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Nb(V) ʠ 

Ta(V) ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʚʠʜʝ ʈʃʂ [205, ʩ.1033]. ʀʩʩʣʝʜʦʚʘʥʳ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ Nb(V) ʠ Ta(V) ʩ ʛʠʜʨʦʢʩʠʪʠʦʬʝʥʦʣʘʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ. 

‐=(1.6-3.9)Ĭ10
4
 [125, ʩ.97; 535, ʩ.15]. 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʩʘʣʘʪʘ, Nb(V) ʠ 3,5-ʜʠʥʠʪʨʦʧʠʨʦʢʘʪʝʭʠʥʘ ʦʙʨʘʟʫʝʪʩʷ 

ʘʥʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʧʦʩʦʙʥʳʡ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʨʦʜʘʤʠʥʦʤ ɺ [193, ʩ.333]. ʉʠʥʪʝ-

ʟʠʨʦʚʘʥ 2-[2-(5-ʙʨʦʤʭʠʥʦʣʠʥʠʣʘʟʦ)]-5-ʜʠʵʪʠʣʘʤʠʥʦʬʝʥʦʣ ʠ ʧʨʝʜʣʦʞʝʥ ʜʣʷ ʦʧ-

ʨʝʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ, ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ [415, ʩ.95]. ʉʦʣʠ ʪʝʪʨʘʟʦʣʠʷ ʧʨʠʤʝʥʝʥʳ 

ʜʣʷ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Nb(V) ʠ Ta(V) ʚ 

ʧʨʦʤʳʣhʝʥʥʳʭ ʠ ʧʨʠʨʦʜʥʳʭ ʦʙʨʘʟʮʘʭ [80, ʩ.187; 414, ʩ.106]. ʀʩʩʣʝʜʦʚʘʥʦ ʢʦʤ-

ʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ Nb(V)-4-ʥʠʪʨʦʧʠʨʦʢʘʪʝʭʠʥ-ʙʨʦʤʠʜ 3-(4,5-ʜʠʤʝ-

ʪʠʣʪʠʘʟʦʣ-2-ʠʣ)-2,5-ʜʠʬʝʥʠʣ-2ʅ-ʪʝʪʨʘʟʦʣʠʷ - ʚʦʜʘ - ʦʨʛʘʥʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨʠʪʝʣʴ 

[460, ʩ.33]. 

ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Nb(V) ʚ ʩʪʘʣʷʭ 

ʠ ʨʫʜʘʭ ʩ N-ʬʝʥʠʣʙʝʥʟʦʛʠʜʨʦʢʩʘʤʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ 4-(2-ʧʠʨʠʜʠʣʘʟʦ)ʨʝʟʦʨʮʠʥʦʤ 

ʚ ʥʝʚʦʜʥʦʡ  ʩʨʝʜʝ. ‐=3.35Ĭ104 
ʧʨʠ 547 ʥʤ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ Nb(V) ʚ 
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ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʜʨʫʛʠʭ ʠʦʥʦʚ. [329, 

ʩ.193]. ʅʠʦʙʠʡ ʦʧʨʝʜʝʣʝʥ ʤʝʪʦʜʦʤ ʧʨʦʪʦʯʥʦʡ ʠʥʞʝʢʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪ-

ʨʠʠ ʧʨʠ 393 ʥʤ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʵʪʠʣʝʥʙʠʩ(ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ) ʪʠʦʮʠʘʥʘʪʦ-

ʥʠʦʙʘʪʦʤ(V) ʚ ʭʣʦʨʦʬʦʨʤʝ [342, ʩ.1433]. ʀʩʩʣʝʜʦʚʘʣʠ ʮʚʝʪʥʳʝ ʨʝʘʢʮʠʠ Nb(V) ʩ 

ʛʠʜʨʦʢʩʘʤʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʠʦʮʠʘʥʘʪʘ. ʇʦʢʘʟʘʣʠ, ʯʪʦ N-ʮʠʥʥʘ-

ʤʦʠʣ-N-2,3-ʢʩʠʣʠʣʛʠʜʨʦʢʩʠʣʘʤʠʥ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʨʝʘʛʝʥʪʦʤ 

ʜʣʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚ ʥʠʦʙʠʷ [193, 

ʩ.644]. ʀʟʫʯʝʥʳ ʨʝʘʢʮʠʠ Nb(V) ʩ 2-(2-ʧʠʨʠʜʠʣʘʟʦ)-5-ʘʤʠʥʦʬʝʥʦʣʦʤ, 2-(3,5-ʜʠʙ-

ʨʦʤ-2-ʧʠʨʠʜʠʣʘʟʦ)-5-ʘʤʠʥʦʬʝʥʦʣʦʤ ʠ 2-(3,5-ʜʠʙʨʦʤ-2-ʧʠʨʠʜʠʣʘʟʦ)-5-ʜʠɻʪʠʣʘ-

ʤʠʥʦʬʝʥʦʣʦʤ. ʆʧʨʝʜʝʣʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʢʮʠʡ ʠ ʥʘʡʜʝʥʳ 

ʫʩʣʦʚʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʣʳʭ ʠ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ Nb(V) ʠ Ta(V) ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʜʨʫʛ ʜʨʫʛʘ [356, ʩ.836]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʦʙʠʷ ʨʝʢʦʤʝʥʜʦʚʘʥ ʩʫʣʴʬʦʥʠʪʨʦʬʝ-

ʥʦʣ ʄ, ʩʫʣʴʬʦʥʠʪʨʘʟʦ E [93, ʩ.1761], ʘʟʦʧʨʦʠʟʚʦʜʥʳʝ 8-ʛʠʜʨʦʢʩʠʭʠʥʦʣʠʥʘ [193, 

ʩ.333] ʬʝʥʠʣʬʣʫʦʨʦʥ ʠ ʦ-ʥʠʪʨʦʬʝʥʠʣʬʣʫʦʨʦʥ [193, ʩ.333; 446, ʩ.529]. ʆʯʝʥʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ ʩʤʝhʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʦʙʠʷ 

ʩ ʦ-ʥʠʪʨʦʬʝʥʠʣʬʣʫʦʨʦʥʦʤ ʠ ɼɸʄ. ɽʱʝ ʚʳʰʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʩʘʣʠʮʠʣʬʣʫʦʨʦʥʘ ʠ ʇɸɺ [193, ʩ.333]. ɼʨʫʛʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʦʙʠʷ ʚʢʣ ʯʁʘʶʪ ʚ ʩʝʙʷ 8-ʛʠʜʨʦʢʩʠʭʠʥʦʣʠʥ-5-ʩʫʣʴʬʦʢʠʩʣʦʪʳ 

[318, ʩ.361], 5,7-ʜʠʭʣʦʨ-8-ʦʢʩʠʭʠʥʦʣʠʥʘ [193, ʩ.333], 5-ʭʣʦʨ-7-ʡʦʜ-8-ʦʢʩʠʭʠʥʦ-

ʣʠʥʘ [193, ʩ.333], ʣ ʤʁʦʛʘʣʣʠʦʥʘ [114, ʩ.13], ʪʠʦʛʣʠʢʦʣʝʚʫʶ ʢʠʩʣʦʪʫ [193, 

ʩ.333], 3-ʛʠʜʨʦʢʩʠʬʣʘʚʦʥʘ [349, ʩ.137], 3-ʛʠʜʨʦʢʩʠ-2-(4'-ʤʝʪʦʢʩʠʬʝʥʠʣ)-4-ʦʢʩʦ-

4ʅ-1-ʙʝʥʟʦʧʠʨʘʥʘ [306, ʩ.39], 3-ʛʠʜʨʦʢʩʠ-2-[1'-ʬʝʥʠʣ-3'-(ʧ-ʭʣʦʨʬʝʥʠʣ)-4'-ʧʠ-

ʨʘʟʦʣʠʣ]-4-ʦʢʩʦ-4H-1-ʙʝʥʟʦʧʠʨʘʥʘ [305, ʩ.479] ʠ ʛʘʣʣʦʚʦʡ ʢʠʩʣʦʪʳ [39, ʩ.735]. 

ʀʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Nb(V) ʩ 2,6-ʜʠʪʠʦʣʬʝʥʦʣʦʤ ʠ ʘʤʠʥʦʬʝʥʦʣʘʤʠ. 

ʉʪʝʧʝʥʴ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʠ ʨʅ 3.6-5.0. ʄʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʨʝʘʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ Nb:ɼʊʌ:ɸʌ =1:2:2. ɿʘʢʦʥ ɹʝʨʘ ʧʨʠʤʝʥʠʤ ʚ ʜʠʘʧʘ-

ʟʦʥʝ ʦʪ 0.05 - 4.0 ʤʢʛ/ʤʣ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦ-

ʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʦʙʠʷ ʚ ʩʪʘʣʠ [406, ʩ.746]. ɺ ʨʘʙʦʪʝ [224, ʩ.1297] 

ʩʦʧʦʩʪʘʚʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʦʜʠʢ ʩ ʨʦʜʘʥʠʜ-ʠʦʥʦʤ, ʩʫʣʴʬʦʭʣʦʨʬʝʥʦʣʦʤ 

ʉ, ʧʠʨʦʢʘʪʝʭʠʥʦʚʳʤ ʬʠʦʣʝʪʦʚʤr ʠ 4-(2-ʧʠʨʠʜʠʣʘʟʦ)ʨʝʟʦʨʮʠʥʦʤ. 
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ʀʟʫʯʝʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʥʠʦʙʠʷ ʩ ʨʦʜʘʥʠʜʦʤ ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠ-

ʥʦʤ. ʈʃʂ ʦʙʨʘʟʫʝʪʩʷ ʚ ʩʨʝʜʝ 1-3ʄ H2SO4. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʝ ʥʘʙ-

ʣ ʜʁʘʝʪʩʷ ʧʨʠ 400 ʥʤ (‐=40000). ʌʝʥʘʥʪʨʦʣʠʥ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʚ ʚʠʜʝ 

ʌʝʥʅ
+ 
[181, ʩ.826-829]. ʆʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʥʠʦʙʠʷ ʚ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʘʭ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʵʢʩʪʨʘʢʮʠʠ ʥʠʦʙʠʷ ʠʟ ʚʠʥʥʦ-

ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʪʨʠʦʢʪʠʣʘʤʠʥʦʤ ʚ ʪʦʣʫʦʣʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʬʝʥʠʣʬʣʫʦʨʦʥʦʤ ʚ ʵʢʩʪʨʘʢʪʝ. ʄʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʠʨʘʪʝʣʴʥʦ ʠʟʚʣʝʢʘʪʴ ʥʠʦʙʠʡ, ʦʪʜʝʣʷʷ ʝʛʦ ʦʪ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ Fe, Co, C, 

Si, Mn, S, P, Cr, Ni, V, W, Ti, Al, Cu, B. ʇʦʜʯʠʥʝʥʠʝ ʟʘʢʦʥʫ ɹʝʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ Nb(V) 2-5 ʤʢʛ/ʤʣ. ὑ=6480 [179, ʩ.16]. ʀʟʫʯʝʥʘ ʵʢʩ-

ʪʨʘʢʮʠʷ ʠʦʥʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʥʠʦʙʠʷ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʦʢʘʪʝʭʠʥʘ ʠ ʦʩʥʦʚʥ -r

ʤʠ ʢʨʘʩʠʪʝʣʷʤʠ. ʃʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʪʨʘʙʨʦʤ-

ʧʠʨʦʢʘʪʝʭʠʥʘ ʠ ʙʨʠʣʣʠʘʥʪʦʚʦʛʦ ʟʝʣʝʥʦʛʦ. ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʦʤʧʣ-

ʝʢʩʘʭ M: ʇʂ: ʂ=1:2:2. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ Nb ʚ ʧʨʠʩʫʪʩʪʚʠʠ Ta 

[47, ʩ.80]. ʀʩʩʣʝʜʦʚʘʥʳ ʈʃʂ ʪʘʥʪʘʣʘ ʩ ʪʨʠʦʢʩʠʬʣʫʦʨʦʥʘʤʠ ʠ ʜʠʘʥʪʠʧʠʨʠʣʤʝʪʘ-

ʥʦʤ. ‐=1.81Ĭ105
, ‗̍ ́=̋520 ʥʤ. ʆʧʪʠʤʘʣʴʥʘʷ ʢʠʩʣʦʪʥʦʩʪʴ 1.5-1.8 ʄ ʧʦ HCl 

(Ta:ɼɸʄ:ʦ-ʅʌʌ =1:2:2) [93, ʩ.1761-1770]. ʄʠʢʨʦʢʦʣʠʯʝʩʪʚʘ ʪʘʥʪʘʣʘ ʩʧʝʢʪʨʦ-

ʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʩ 4,5-ʜʠʙʨʦʤ-o-ʥʠʪʨʦʬʝʥʠʣʬʣʫʦʨʦʥʘ, 

ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ, ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʠ ʊʨʠʪʦʥ X-100. ʄʦʣʷʨʥʳʡ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 530 ʥʤ ʨʘʚʝʥ 1.84Ĭ10
5
. ɿʘʢʦʥ ɹʝʨʘ ʩʦʙʣʶʜʘʝʪʩʷ ʜʣʷ 0-10 

ʤʢʛ ʪʘʥʪʘʣʘ ʚ 25 ʤʣ ʨʘʩʪʚʦʨʘ. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʥʪʘʣʘ ʚ ʦʢ-

ʩʠʜʝ ʥʠʦʙʠʷ, ʬʝʨʨʦʥʠʦʙʠʠ, ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ ʠ ʤʠʥʝʨʘʣʘʭ [528, ʩ.101]. 

ʇʨʝʜʣʦʞʝʥ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʊʘ(V) ʚ ʥʝʚʦʜ-

ʥʦʡ ʬʘʟʝ. ʊʘ(V) ʵʢʩʪʨʘʛʠʨʫʶʪ N-ʬʝʥʠʣʙʝʥʟʦʛʠʜʨʦʢʩʘʤʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ ʪʦʣʫʦʣʝ 

ʩ ʧʦʤʦʱʴʶ 5 ʄ ʨʘʩʪʚʦʨʘ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ʄʝʪʦʜ ʧʨʠʤʝʥʝʥ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 

ʪʘʥʪʘʣʘ ʚ ʨʫʜʘʭ [330, ʩ.1686]. ʊʘ(V) ʩ 2-(2-ʪʠʘʟʦʣʠʣʘʟʦ)-5-ʜʠʤʝʪʠʣʘʤʠʥʦʬʝʥʦ-

ʣʦʤ ʠ 1,3-ʜʠʬʝʥʠʣʛʫʘʥʠʜʠʥʦʤ ʦʙʨʘʟʫʝʪ ʈʃʂ, ʢʦʪʦʨʳʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʵʢʩʪʨʘ-

ʛʠʨʫʝʪʩʷ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ. ɚʤʘʭ=605 ʥʤ. ʨʅʦʧʪ 4.1-4.9  [517, ʩ.944].  

ʇʨʦʙʣʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʙʣʠʟʢʠʭ ʧʦ ʩʚʦʡʩʪʚʘʤ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʠ-

ʦʙʠʡ ʠ ʪʘʥʪʘʣ ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʪʨʘʜʠʮʠʦʥʥʦ 
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ʩʣʦʞʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʆʧʠʩʘʥ ʙʳʩʪʨʳʡ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʵʢʩ-

ʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʥʪʘʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʠ-

ʦʙʠʷ ʩ N-ʧ-ʭʣʦʨʦʬʝʥʠʣ-ʙʝʥʟʦʛʠʜʨʦʢʩʘʤʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʂʦʤʧʣʝʢʩ ʵʢʩʪʨʘʛʠʨʫ-

ʝʪʩʷ ʪʦʣʫʦʣʦʤ ʠʣʠ ʙʝʥʟʦʣʦʤ ʚ ʩʨʝʜʘʭ HCl. ɼʦʙʘʚʣʝʥʠʝ ʪʠʦʮʠʘʥʘʪʘ ʘʤʤʦʥʠʷ ʠ 

ʤʘʣʘʭʠʪʦʚʦʛʦ ʟʝʣʝʥʦʛʦ ʫʚʝʣʠʯʠʚʘʝʪ ʤʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤ-

ʧʣʝʢʩʦʚ (7.8Ĭ10
3 
ʠ 4.0Ĭ10

4
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) [311, ʩ.17]. ʈʘʟʨʘʙʦʪʘʥ ʵʢʩʪʨʘʢʮʠʦʥ-

ʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʛʨʘʤʤʦʚʳʭ ʢʦʣʠ-

ʯʝʩʪʚ ʊʘ(V) ʩ N-4-ʭʣʦʨʬʝʥʠʣ-3,4,5-ʪʨʠʤʝʪʦʢʩʠʮʠʥʥʘʤʦʛʠʜʨʦʢʩʘʤʦʚʦʡ ʢʠʩʣʦ-

ʪʦʡ ʚ ʩʨʝʜʝ HCI. ɹʨʠʣʣʠʘʥʪʦʚʳʡ ʟʝʣʝʥʳʡ ʜʦʙʘʚʣʷʶʪ ʢ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ (ʚ ʪʦ-

ʣʫʦʣʝ), ʩʦʜʝʨʞʘɦʝʡ ʆʃʂ. ʄʝʪʦʜ  ʧʨʠʤʝʥʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʥʪʘʣʘ ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ ʥʠʦʙʠʷ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʘʭ [310, ʩ.1041]. ʇʨʝʜʣʦʞʝʥʳ ʵʢʩʪʨʘʢʮʠʦʥ-

ʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ Nb(V) ʠ Ta(V) ʩ ʛʠʜʨʦʢʩʠʪʠʦʬʝʥʦ-

ʣʘʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ [535, ʩ.15]. ɼʣʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʧʝʢ-

ʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Ta(V) ʧʨʝʜʣʦʞʝʥ ʛʠʜʨʦʢʩʠʛʠʜʨʦʭʠʥʦʥʬʪʘ-

ʣʝʠʥ [438, c.871]. ʊʘʥʪʘʣ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥ ʧʨʠ 482 ʥʤ ʧʦʩʣʝ 

ʵʢʩʪʨʘʢʮʠʠ ʵʪʠʣʘʮʝʪʘʪʦʤ ʚ ʚʠʜʝ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ ʛʝʢʩʘʪʠʦʮʠʘʥʘʪʦʪʘʥʪʘʣʘ-

ʪʘ(V) [343, c.199]. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚ ʪʘʥʪʘʣʘ ʚ 

ʥʠʦʙʠʠ ʠ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʥʠʦʙʠʷ ʙʝʟ ʝʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩ ʧʦ-

ʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʀʉʇ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝ-

ʜʝʣʠʪʴ Ta(V) ʚ ʥʠʦʙʠʠ ʥʘ ʫʨʦʚʥʝ 10
-3 

% [501, c.184]. ɾʝʩʪʢʠʝ ʤʝʪʘʣʣʳ - Ti(IV), 

Nb(V) ʠ V(V)  ʦʙʨʘʟʫʁʪ ʫʩʪʦʡʯʠʚʳʝ ʭʝʣʘʪʳ ʩ ʆ,ʆ
ô 
ʣʠʛʘʥʜʦʤ - ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩ-

ʣʦʪʦʡ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʤrʠ [41,  c.1549].  

1.5. ʆʙʩʫʞʜʝʥʠʝ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ, ʫʨʘʥʘ ʠ ʤʘʨʛʘʥʮʘ 

ʄʦʣʠʙʜʝʥ - ʘʤʬʦʪʝʨʥʳʡ ʵʣʝʤʝʥʪ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ. ɺ 

ʩʦʝʜʠʥʝʥʠʷʭ ʧʨʦʷʚʣʷʝʪ ʚʘʣʝʥʪʥʦʩʪʴ ʄʦ(II ), ʄʦ(III ), ʄʦ(IV), ʄʦ(V) ʠ ʄʦ(VI). 

ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʩʦʝʜʠʥʝʥʠʷ ʄʦ(VI), ʄʦ(V) ʠ ʄʦ(III ). ɺ ʨʘʩʪʚʦʨʘʭ 

ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʩʦʝʜʠʥʝʥʠʷ ʄʦ(VI). ɺ ʩʨʝʜʝ 4ʄ HCl ʚʧʦʣʥʝ ʫʩʪʦʡʯʠʚʳ ʥʘ 

ʚʦʟʜʫʭʝ ʪʘʢʞʝ ʩʦʝʜʠʥʝʥʠʷ ʄʦ(V). ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʢʠʩʣʦʪʥʦʩʪʠ ʪʝʥʜʝʥʮʠʷ ʢ 

ʦʢʠʩʣʝʥʠʶ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʩʦʝʜʠʥʝʥʠʡ ʄʦ(V) ʧʦʚʳhʘʝʪʩʷ. ɺ ʱʝʣʦʯʥʳʭ 
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ʨʘʩʪʚʦʨʘʭ ʠʦʥʳ Mo(V) ʦʢʠʩʣʷʶʪʩʷ ʦʯʝʥʴ ʣʝʛʢʦ. ʉʦʝʜʠʥʝʥʠʷ ʄʦ(III) ʜʦʚʦʣʴʥʦ 

ʫʩʪʦʡʯʠʚʳ ʚ ʨʘʩʪʚʦʨʘʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʢʠʩʣʝʥʠʶ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʧʨʠ 

ʚʩrʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ HCl (9 ʄ) ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʠʨʧʠʯʥʦ-ʢʨʘʩʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʦʚ: [MoCl6]
3-
, [MoCl5]

2- 
ʠ ʜʨ. ɺ ʩʨʝʜʝ 2,5-4ʄ HCl ʩʫʱʝʩʪʚʫʶʪ 

ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʝ ʠʦʥʳ Mo
3+ 
ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʛʘʣʦʛʝʥʠʜʥʤrʠ ʢʦʤ-

ʧʣʝʢʩʥʳʤʠ ʠʦʥʘʤʠ ʄʦ(III). ʀʦʥʳ Mo
3+ 
ʦʢʠʩʣʷʶʪʩʷ ʦʯʝʥʴ ʣʝʛʢʦ [71, ʩ.216]. ʉʦ-

ʝʜʠʥʝʥʠʷ Mo(II) ʥʝʫʩʪʦʡʯʠʚʳ ʚ ʨʘʩʪʚʦʨʘʭ. ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʦʥʦʚ ʄʦ(VI)  ʚ 

ʩʣʘʙʦʢʠʩʣʦʤ ʨʘʩʪʚʦʨʝ (<2 ʄ HCl) ʦʙʨʘʟʫʁʪʩʷ ʠʥʪʝʥʩʠʚʥʦ ʦʢʨʘhʝʥʥʳʝ ʛʦʣʫʙʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʤʦʣʠʙʜʝʥ ʯʘʩʪʠʯʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʧʷʪʠʚʘʣʝʥʪʥʦʤ ʩʦʩʪʦ-

ʷʥʠʠ, ʘ ʯʘʩʪʠʯʥʦ-ʚ ʰʝʩʪʠʚʘʣʝʥʪʥʦʤ. ɺ ʩʨʝʜʝ 8 ʄ HCl ʠʦʥʳ ʄʦ(VI)  ʚʦʩʩʪʘʥʘʚ-

ʣʠʚʘʶʪʩʷ ʜʦ ʠʦʥʦʚ [MoOCl5 ]
2-
 ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, ʚ ʩʨʝʜʝ 2ʄ HCl - ʜʦ ʟʝʣʝʥʦʚʘʪʦ 

ʢʦʨʠʯʥʝʚʳʭ ʠʣʠ ʠʥʪʝʥʩʠʚʥʦ-ʢʦʨʠʯʥʝʚʳʭ ʠʦʥʦʚ Mo(V). ɺ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʠʦʥʳ 

Mo(VI) ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʷ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ ʠ ʥʝʧʦʣʥʦʩʪʴʶ. 

ʇʨʠ pH ι 6.5 Mo(VI) ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ MoO4
2-
 [71, ʩ.217; 207, ʩ.22]. ʇʨʠ 

[Mo] = 10
-4
 M ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʧʦʣʠʤʝʨʠʟʘʮʠ.̫ ɺ ʩʣʘʙʦʢʠʩʣʳʭ 

ʨʘʩʪʚʦʨʘʭ ʠʦʥʳ ʤʦʣʠʙʜʝʥʘ(VI) ʥʘʭʦʜʷʪʩʷ ʚ ʚʠʜʝ ˙̨̏ . ɺʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘ-

ʥʠʝ ʠ ʜʨʫʛʠʭ ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʳʭ ʘʥʠʦʥʦʚ Mo(VI) . ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʭʘ-

ʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʯʘʩʪʠʮ [69, ʩ.7]: 1.ʀʦʥʳ ʧʦʣʠʤʦʣʠʙʜʘʪʘ: 

n(MoO4)
2-  

+ (2n ï 2)H
+
 ź [MonO2n + 2(OH)2n-2]

2-
, 2. ʇʦʣʠʤʦʣʠʙʜʝʥʦʚʳʝ ʢʠʩʣʦʪʳ: 

n(MoO4)
2-  

+ 2nH
+
źH2MoO2n + 2(OH)2n-2. ʄʦʣʠʙʜʝʥ ʚʩʪʨʝʯʘʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʚ ʰʝʩʪʠʚʘʣʝʥʪʥʦʤ ʩʦʩʪʦ̫ʥʠʠ ʚ ʚʠʜʝ ʤʦʣʠʙʜʘʪʘ ˙̏˛, ʩʧʦʩʦʙʥʳʭ ʧʝʨʝʭʦʜʠʪʴ ʚ 

ʧʦʣʠʤʝʨʥʳʝ ʬʦʨʤ  r(ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ). ʉʥʘʯʘʣʘ ʦʙʨʘʟʫʶʪʩʷ ʠʦʥʳ MoO3OH
ī
, ʟʘ-

ʪʝʤ ʠʦʥʳ ʧʦʣʠʤʦʣʠʙʜʘʪʦʚ: ʛʝʧʪʘ-, (ʧʘʨʘ-) ʄʦ7ʆ24
6ī
, ʪʝʪʨʘ- (ʤʝʪʘ-) ʄʦ4ʆ13

2ī
, ʦʢ-

ʪʘ- ʄʦ8ʆ26
4ī

 ʠ ʜʨʫʛʠʝ. ɺ ʩʠʣʴʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ Mo(VI)  ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʤʦ-

ʣʠʙʜʝʥʠʣ-ʠʦʥʘ ˙̏˛. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠ ʫʩʣʦʚʠʡ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʷ Mo(VI)  ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ Mo(V) ʠʣʠ Mo(III) . 

ʂ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʤʝʪʦʜʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʦʪʥʦʩʷʪʩʷ ʤʝ-

ʪʦʜʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 8-ʛʠʜʨʦʢʩʠʭʠʥʦʣʠʥʘ, 8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥʘ, ʜʠʪʠʦʣʘ, ʪʠʦʛ-

ʣʠʢʦʣʝʚʦʡ ʢʠʩʣʦʪʳ, ʬʣʫʦʨʦʥʦʚ ʠ ʪ.ʜ. [193, ʩ.292, ʩ.295]. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩ-

ʢʠʤ ʤʝʪʦʜʦʤ ʚ ʧʦʯʚʘʭ ʠ ʨʘʩʪʝʥʠʷʭ ʄʦ(VI) ʦʧʨʝʜʝʣʝʥ ʚ ʚʠʜʝ ʄʦ(V)-ʪʠʦʮʠʘʥʘʪ-
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ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʤʦʣʠʙʜʝʥʘ 

ʚ ʧʦʯʚʘʭ ʠ ʨʘʩʪʝʥʠʷʭ [518, ʩ.69]. ʉ ʧʦʤʦʱʴʶ ʛʠʜʨʘʟʦʥʘ ʩʘʣʠʮʠʣʘʣʴʜʝʛʠʜʘ ʠ 

ʘʮʝʪʦʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥ  rʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩ-

ʪʚʘ ʄʦ(VI). ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʤʦʣʠʙʜʝʥʘ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʤʝʩʠ ʠ ʩʧʣʘʚʘʭ [504, ʩ.107]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʦ-

ʣʠʙʜʝʥ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩʳ ʩ ʦ, ʦ
ē
-ʜʠʦʢʩʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤʠ (ʚ 

ʯʘʩʪʥʦʩʪʠ ʩ ʣʶʤʦʛʘʣʣʠʦʥʦʤ ʠ ʤʘʛʥʝʟʦʥʦʤ) [132, ʩ.345]. ɼʣʷ ʩʦʨʙʮʠʦʥʥʦ-ʬʦʪʦ-

ʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʄʦ(VI) ʚ ʧʦʯʚʝ ʧʨʝʜʣʦʞʝʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʪʠ-

ʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ ʩʦʨʙʝʥʪ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʣʠʤʝʨʘ ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʩʦ ʩʪʠ-

ʨʦʣʦʤ. ʉʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʄʦ(VI) ʠʟ ʨʘʩʪʚʦʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 95-97 % [15, ʩ.158]. 

ʀʩʩʣʝʜʦʚʘʥʦʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ Mo(VI) ʠ W(VI) ʩ 2,2',3,4-ʪʝʪʨʘʛʠʜʨʦʢʩʠ-

3'-ʩʫʣʴʬʦ-5'-ʭʣʦʨʘʟʦʙʝʥʟʦʣʦʤ ʠ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʢʘʪʠʦʥʥʳʭ ʇɸɺ-ʮʝʪʠʣʧʠʨʠ-

ʜʠʥʠʡ ʙʨʦʤʠʜʘ ʠ ʜʝʢʘʤʝʪʦʢʩʠʥʘ ʥʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ. ʈʘʟʨʘʙʦʪʘʥʳ ʚʳʩʦ-

ʢʦʩʝʣʝʢʪʠʚʥʳʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʄʦ(VI) ʠ W(VI). ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠ-

ʢʠ ʧʨʠʤʝʥʝʥʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʤʠʢʨʦʢʦʣʠʯʝʩʪʚ ʤʦʣʠʙʜʝʥʘ ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ ʠ 

ʚʦʣʴʬʨʘʤʘ ʚ ʧʦʯʚʝ [8, ʩ.1]. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʦ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʄʦ(VI) ʩ 2,3,4-ʪʨʠʦʢʩʠ-4-ʩʫʣʴʬʦʟʦʥʘʬʪʦʣʦʤ ʚ ʧʨʠʩʫʪʩʪ-

ʚʠʠ ʬʝʥʘʥʪʨʦʣʠʥʘ, a,a
/
-ʜʠʧʠʨʠʜʠʣʘ, ʜʠʬʝʥʠʣ- ʠ ʪʨʠʬʝʥʠʣʛʫʘʥʠʜʠʥʘ. ʆʧʨʝʜʝ-

ʣʝʥʠʶ ʤʦʣʠʙʜʝʥʘ ʥʝ ʤʝʰʘʶʪ ʱʝʣʦʯʥʳʝ, ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʈɿʕ, 

V(V), Ni(II), Pb(II), ʄn(II), Co(II), Cu(II), Zn(II), Cd(II), Cr(III), ʮʠʘʥʠʜ, ʪʘʨʪʨʘʪ, 

ʦʢʩʘʣʘʪ ʠ ʚʠʥʥʘʷ ʢʠʩʣʦʪʘ. ʈʘʟʨʘʙʦʪʘʥʳ ʵʢʩʧʨʝʩʩʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦ-

ʣʠʙʜʝʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʦʤʳʣhʝʥʥʳʭ ʦʙʲʝʢʪʘʭ [16, ʩ.110]. 

ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ Mo(VI) ʚʦʩʩʪʘʥʦʚʣʠʚʘʶʪ ʜʦ Mo(V) ʚ ʩʨʝʜʝ 2 

M H2SO4, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʘʩʢʦʨʙʠʥʦʚʫʶ ʢʠʩʣʦʪʫ. ʄʦ(V) 

ʦʙʨʘʟʫʝʪ ʩ 6-ʭʣʦʨ-3-ʛʠʜʨʦʢʩʠ-2-(3
ē
-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-4-ʦʢʩʦ-4ʅ-1-ʙʝʥʟʦʧʠʨʘʥʦʤ 

ʢʦʤʧʣʝʢʩ ʞʝʣʪʦʛʦ ʮʚʝʪʘ (1:2). ʊʦʣʫʦʣ ʵʢʩʪʨʘʛʠʨʠʫʝʪ ʢʦʤʧʣʝʢʩ ʢʦʣʠʯʝʩʪʚʝʥʥʦ. 

ʄʘʢʩʠʤʫʤ ʚ ʩʧʝʢʪʨʝ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʧʨʠ 404 ʥʤ (ὑ=5.62Ŀ10
4
). ʏʫʚʩ-

ʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦ ʉʝʥʜʝʣʫ 0.0016 ʤʢʛ/ʩʤ
2
. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʄʦ(VI) ʚ ʧʦʯʚʝ [353, ʩ.1]. ʇʨʝʜʣʦʞʝʥʳ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ Mo(VI) ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ, ʩʧʣʘʚʘʭ, ʧʠʱʝʚʳʭ ʧʨʦʜʫʢ-



34 

ʪʘʭ, ʨʘʩʪʝʥʠʷʭ ʠ ʩʪʘʣʷʭ [337, c.44; 362, c.4655; 364, c.871; 388, c.43; 396, c.808; 

400, c.384; 409, c.1309;  463, c.580; 487, c.1740]. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʪʦʤʝʪ-

ʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʄʦ(VI)  ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʣʴʬʨʘʤʘ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʦ-

ʤʳʣhʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʩ ʬʝʥʠʣʬʣʫʦʨʦʥʦʤ [264, c.86]. 

ʍʠʤʠʯʝʩʢʦʝ ʩʭʦʜʩʪʚʦ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʜʝʣʘʝʪ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ 

ʧʨʤ̫ʦʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʧʨʠʩʫʪʩʪʚʠʠ. ʆʙʳʯʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʝʜʰʝʩʪʚʫʝʪ ʩʪʘʜʠʷ ʨʘʟʜʝʣʝʥʠʷ. ʀʟʫʯʝʥʦ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʄʦ(VI), W(VI) ʠ V(V) ʩ ʧʠʨʦʛʘʣʣʦʣʦʚʳʤ ʢʨʘʩʥʳʤ (ʇʂ) 

ʠ ʙʨʦʤʧʠʨʦʛʘʣʣʦʣʦʚʳʤ ʢʨʘʩʥʳʤ (ɹʇʂ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʇɸɺ. ʅʘʡʜʝʥʳ ʤʦʣʷʨ-

ʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʤʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʮʚʝʪʦʤʝʪʨʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ  ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʇʂ ʠ ɹʇʂ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʙʨʦʤʠʜʘ ʎʇ ʠ ʆʇ-7 [127, c.261;129, c.253; 189, c.117].  ʅʘʡʜʝʥʳ ʦʧʪʠ-

ʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʄʦ(VI), W(VI) ʠ V(V) ʩ ʣʶʤʦʛʘʣʣʠ-

ʦʥʦʤ ʀʈɽɸ ʠ ʤʘʛʥʝʟʦʥʦʤ ʀʈɽɸ. ʆʧʨʝʜʝʣʝʥʳ ʩʪʝʭʠʦʤʝʪʨʠʷ, ʤʦʣʷʨʥʳʝ ʢʦʵʬ-

ʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʮʚʝʪʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤ-

ʧʣʝʢʩʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʮʚʝʪʦʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʚ 

30 ʨʘʟ ʚʳʰʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ [128, ʩ.270]. 

ʅʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʄʦ(VI) ʚ ʚʠʜʝ ʈʃʂ ʩ 

ʛʠʜʨʦʢʩʠʣʘʤʠʥʦʤ ʠ ʣʶʤʦʛʘʣʣʠʦʥʦʤ ʀʈɽɸ ʠʣʠ ʤʘʛʥʝʟʦʥʦʤ ʀʈɽɸ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʘʥʠʦʥʦʦʙʤʝʥʥʠʢʘ ɸɺ-17 [131, c.149], ʛʠʜʨʦʢʩʠʣʘʤʠʥʦʤ ʠ 4-(2-ʧʠʨʠʜʠ-

ʣʘʟʦ) ʨʝʟʦʨʮʠʥʦʤ ʠʣʠ 2-(5-ʙʨʦʤ-2-ʧʠʨʠʜʠʣʘʟʦ)-5-ʜʠʵʪʠʣʘʤʠʥʦʬʝʥʦʣʦʤ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʠʦʥʦʦʙʤʝʥʥʠʢʘ ɸɺ-17 ʠʣʠ ʩʠʣʦʭʨʦʤʘ ʉ-120 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

[157, c.361]. ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʥʝ ʥʠʞʝ 66 ʧʨʠ ʦʙʲʝʤʝ ʚʦʜʥʦʡ 

ʬʘʟʳ 20 ʤʣ. ɺʳʯʠʩʣʝʥʳ ʫʨʘʚʥʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ 0.19-7.7 ʤʢʛ ʤʦʣʠʙʜʝʥʘ ʚ ʬʘʟʝ ʩʦʨʙʝʥʪʘ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʠʬʬʫʟ-

ʥʦʛʦ ʦʪʨʘʞʝʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʳ ʈʃʂ ʄʦ(VI) ʩ ʪʨʠʦʢʩʠʬʣʫʦʨʦʥʘʤʠ ʠ ʜʠʘʥʪʠʧʠʨʠʣʤʝʪʘʥʦʤ 

[93, ʩ.1761], ʛʘʣʣʝʠʥʦʤ ʠ ʙʨʦʤʠʜʦʤ ʙʝʥʟʠʣʜʦʜʝʮʠʣʜʠʤʝʪʠʣʘʤʤʦʥʠʷ [457, ʩ.39]. 

2-(3,5-ʜʠʙʨʦʤ-2-ʧʠʨʠʜʠʣʘʟʦ)-5-ʜʠʵʪʠʣʘʤʠʥʦʬʝʥʦʣʦʤ ʠ ʛʠʜʨʦʢʩʠʣʘʤʠʥʦʤ [156, 

ʩ.155], 2,6-ʜʠʪʠʦʣʬʝʥʦʣʦʤ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʠʥʦʚ [73, 
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ʩ.171; 402, ʩ.1; 423, ʩ.88], ʧʨʦʠʟʚʦʜʥʳʤʠ ʦ-ʛʠʜʨʦʢʩʠʪʠʦʬʝʥʦʣʘ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠ-

ʤʠ ʘʤʠʥʘʤʠ [126, c.88; 536, c.16], ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʠ ʩʫʣʴʬʦʧʨʦʠʟʚʦʜʥʳʤʠ 

ʘʟʦʤʝʪʠʥʘ [500, c.454], ʛʠʜʨʦʭʣʦʨʠʜʦʤ n-ʛʠʜʨʦʢʩʠ-n (2-ʤʝʪʠʣ) ʬʝʥʠʣ nô(2-ʬʣʫ-

ʦʨʦ)ʙʝʥʟʘʤʠʜʠʥʘ ʠ ʨʦʜʘʥʠʜʦʤ [321, c.231], ʪʠʦʮʠʘʥʘʪʦʤ ʘʤʤʦʥʠʷ ʠ ʙʨʦʤʠʜʦʤ 

ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ [354, c.328], ʙʨʦʤʧʠʨʦʛʘʣʣʦʣʦʚʳʤ ʢʨʘʩʥʳʤ ʠ ʪʨʠʪʦʥ ʍ-

114 [90, c.694], N-ʙʝʥʟʦʠʣʬʝʥʠʣʛʠʜʨʦʢʩʠʣʘʤʠʥʦʤ ʠ ʦ-ʥʠʪʨʦʬʝʥʠʣʬʣʫʦʨʦʥʦʤ 

[235, c.1262]. ʈʘʟʨʘʙʦʪʘʥʘ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩ-

ʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʢʦʣʠʯʝʩʪʚ ʄʦ(VI) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʣʴʬʨʘʤʘ ʠ ʚ ʧʠʪʴʝ-

ʚʦʡ ʚʦʜʝ. ɺ ʨʘʩʪʝʥʠʷʭ ʠ ʨʝʯʥʦʡ ʚʦʜʝ ʤʦʣʠʙʜʝʥ ʦʧʨʝʜʝʣ̫ʣʠ, ʠʩʧʦʣʴʟʫʷ ʝʛʦ ʢʘʪʘ-

ʣʠʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʨʝʘʢʮʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʣʴʩʢʦʛʦ ʛʦ-

ʣʫʙʦʛʦ ɸ ʛʠʜʨʘʟʠʥʦʤ ʠ ʦʢʠʩʣʝʥʠʷ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ 

[193, ʩ.393]. ʈʘʟʨʘʙʦʪʘʥʳ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠ-

ʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʚ ʨʘʩʪʝʥʠʷʭ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ [410,  

ʩ.1723; 453, ʩ.5792; 466, ʩ.164;  483, ʩ.1]. 

ɺʦʣʴʬʨʘʤ-ʵʣʝʤʝʥʪ, ʙʣʠʟʢʠʡ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʤʦʣʠʙʜʝʥʫ ʠ ʭʨʦʤʫ. ʆʩ-

ʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ W(VI)  ʚʳʨʘʞʝʥʳ ʩʣʘʙʝʝ, ʯʝʤ ʫ Mo(VI). ɺʦʣʴʬʨʘʤʦʚʘʷ ʢʠʩʣʦʪʘ 

ʩʣʘʙʝʝ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪʘʭ, ʯʝʤ ʤʦʣʠʙʜʝʥʦʚʘʷ. ʂʨʦʤʝ ʫʩʪʦʡ-

ʯʠʚʦʛʦ ʰʝʩʪʠʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʚʦʣʴʬʨʘʤʘʪʘʭ, ʚʦʣʴʬʨʘʤ ʤʦʞʝʪ ʙʳʪʴ ʧʷ-

ʪʠ-, ʯʝʪʳʨʝʭ- ʠ ʪʨʝʭʚʘʣʝʥʪʥʳʤ. ʀʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʣʴʬʨʘʤʘ ʚ ʨʘʩʪʚʦʨʝ ʟʘʚʠ-

ʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ [72, ʩ.841; 207, ʩ.22-27]. ɺ ʠʥʪʝʨʚʘʣʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʣʴʬʨʘʤʘ 10
-4
 -10

-5
 M ʜʦʤʠʥʠʨʫʝʪ ʤʦʥʦʤʝʨʥʘʷ ʬʦʨʤʘ. ɺ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʨʅ ʚ ʨʘʩʪʚʦʨʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʨʘʟʥʳʝ ʬʦʨʤʳ W(VI): [WO4]
2- 

- pH 

8; [HW6O21]
5-
 - pH 4-8;  [H3W6O21]

5- 
ʠʣʠ [H2W12O40]

5-
- pH 4. ɺ ʙʦʣʝʝ ʢʠʩʣʦʡ ʩʨʝʜʝ 

ʩʫɦʝʩʪʚʫʝʪ ʠʦʥ [WO(OH)]
2+

. ʄʝʪʦʜʦʤ ʋʌ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʠʟʫʯʘʝʥʳ ʢʠʥʝ-

ʪʠʢʘ ʨʘʟʣʦʞʝʥʠʷ ʧʘʨʘʚʦʣʴʬʨʘʤʘʪʘ ʥʘʪʨʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ 

ʧʦʢʘʟʘʥ,r ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʨʘʟʫʁʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʧʨʦʜʫʢʪʳ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ å 10
-5 
ʤʦʣʴ/ʣ W(VI) ʧʘʨʘʚʦʣʴʬʨʘʤʘʪ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʨʘʟʣʦʞʝʥʠʶ ʚ ʜʚʝ ʩʪʘʜʠʠ ʥʘ ʚʦʣʴʬʨʘʤʘʪ ʥʘʪʨʠʷ ʠ ʞʝʣʪʫʶ ʚʦʣʴʬʨʘʤʦʚʫʶ ʢʠʩ-

ʣʦʪʫ.  ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ å 10
-3 
ʤʦʣ/ʣ W(VI) ʧʦʷʚʣʷʝʪʩʷ ʤʝʪʘʚʦʣʴʬʨʘʤʦʚʘʷ ʢʠʩ-
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ʣʦʪʘ. ɸʚʪʦʨʳ [71, ʩ.241] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʩʠʣʴʥʦʢʠʩʣʦʡ ʩʨʝʜʝ ʚʦʣʴʬʨʘʤ ʩʫ-

ʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ WO3
+ 
, ʘ ʧʨʠ  pH 1-3 ʚ ʚʠʜʝ WO2

2+
. 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʣʴʬʨʘʤʘ ʚ ʩʪʘʣʷʭ ʨʘʟʣʠʯʥʳʭ ʤʘ-

ʨʦʢ, ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʠ ʠʣʘʭ ʚ ʚʠʜʝ ʈʃʂ ʩ ʛʠʜʨʦʢʩʠʛʘʣʦʛʝʥʪʠʦʬʝʥʦʣʘʤʠ ʠ ʛʠʜ-

ʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ [124, ʩ.230; 521, ʩ.7], 2,6-ʜʠʪʠʦʣ-4-ʘʣʢʠʣʬʝʥʦʣʘʤʠ ʠ ʛʠʜ-

ʨʦʬʦʙʥʤrʠ ʘʤʠʥʘʤʠ [167, ʩ.173; 175, ʩ.123; 176, ʩ.91; 185, ʩ.34], ʪʨʠʦʢʩʠʬʣʫ-

ʦʨʦʥʘʤʠ ʠ ʜʠʘʥʪʠʧʠʨʠʣʤʝʪʘʥʦʤ [93, ʩ.1761-1770], 2,3,7-ʪʨʠʦʢʩʠʬʣʫʦʨʦʥʘʤʠ ʠ 

ʥʝʠʦʥʥʳʤʠ  ʇɸɺ [443, ʩ.215]. 

ʄʝʪʦʜ ʩʧʝʢʪʨʦʩʢʦʧʠ ̫ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʧʨʠʤʝʥʝʥʳ ʢ ʠʟʫʯʝʥʠ  ʁ

ʮʚʝʪʥʭr ʨʝʘʢʮʠʡ ʚʦʣʴʬʨʘʤʘ ʠ ʤʦʣʠʙʜʝʥʘ ʩ ʧʠʨʦʢʘʪʝʭʠʥʦʚʳʤ ʬʠʦʣʝʪʦʚʳʤ ʠ 

ʬʝʥʠʣʬʣʫʦʨʦʥʦʤ (ʌʌ) ʥʘ ʪʚʝʨʜʦʡ ʬʘʟʝ ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʴʥʦʛʦ ʚʦʣʦʢʥʘ, ʥʘ-

ʧʦʣʥʝʥʥʦʛʦ ʘʥʠʦʥʦʦʙʤʝʥʥʠʢʘʤʠ ɸʅ-31(ʇɸʅɺ-ɸʅ-31) ʠʣʠ ɸɺ-17 (ʇɸʅɺ-ɸɺ-

17). ɼʣʷ ʩʦʨʙʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʙʨʘʥʘ ʩʠʩʪʝʤʘ 0.02-

0.12 ʤʢʛ/ʤʣ ʄʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʷʪʠʢʨʘʪʥʳʭ ʢʦʣʠʯʝʩʪʚ W ʩʦʨʙʮʠʝʡ ʥʘ ʇɸʅɺ-

ɸɺ-17 ʠʟ ʨʘʩʪʚʦʨʘ  H3BO3 (ʨʅ 5) ʠ ʨʝʘʢʮʠʝʡ ʩ ʌʌ. ʉʦʨʙʮʠʷ ʥʘ ʇɸʅɺ-ɸʅ-31 ʠʟ 

ʨʘʩʪʚʦʨʘ H3BO3 (ʨʅ 3) ʧʦʟʚʦʣʷʣʘ ʦʧʨʝʜʝʣʷʪʴ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʄʦ ʠ W 

ʨʝʘʢʮʠʝʡ ʩ ʇʌ ((0.8-4.2)Ŀ10
-6
 ʄ) [295,  ʩ.122]. 

 ɼʣʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ W(VI) ʧʨʝʜʣʦʞʝʥʳ [307, 

ʩ.1655; 308, ʩ.341; 355, ʩ.576; 430, ʩ.913; 478, ʩ.81; 488, ʩ.14]. ʅʘʡʜʝʥʳ ʦʧʪʠ-

ʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʣʴʬʨʘʤʘ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ ʠʤʤʦʙʠ-

ʣʠʟʘʮʠʠ. ʈʘʟʨʘʙʦʪʘʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʣʴʬʨʘʤʘ ʠʤʤʦ-

ʙʠʣʠʟʦʚʘʥʥʳʤ ʤʦʨʠʥʦʤ ʠ ʘʧʨʦʙʠʨʦʚʘʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʚʦʜ [278, ʩ.23]. 

ʋʨʘʥ ʧʦʜʦʙʥʦ ʞʝʣʝʟʫ ʠʤʝʝʪ ʩʠʣʴʥʦʝ ʩʨʦʜʩʪʚʦ ʢ ʢʠʩʣʦʨʦʜʫ, ʣʝʛʢʦ ʨʝʘʛʠ-

ʨʫʝʪ ʩ ʚʦʟʜʫʭʦʤ ʠʣʠ ʚʦʜʦʡ, ʦʙʨʘʟʫʷ ʦʢʠʩʴ. ʀʤʝʝʪ ʯʝʪʳʨʝ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʦʩʪʦ-

ʷʥʠʷ +3, +4, +5 ʠ +6. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʩʦʝʜʠʥʝʥʠʷ U(IV) ʠ U(VI) . 

ʈʝʘʢʮʠʠ ʠʦʥʦʚ U
3+

 ʥʘʧʦʤʠʥʘʶʪ ʨʝʘʢʮʠʠ ʠʦʥʦʚ Fe
3+

. ʀʦʥʳ U
3+ 
ʠʤʝʶʪ ʨʦʟʦʚʘʪʦ-

ʧʫʨʧʫʨʥʫʶ ʦʢʨʘʩʢʫ. ʉʦʝʜʠʥʝʥʠʷ U(III) ʚ ʨʘʩʪʚʦʨʘʭ ʣʝʛʢʦ ʦʢʠʩʣʷʶʪʩʷ ʢʠʩʣʦʨʦ-

ʜʦʤ ʚʦʟʜʫʭʘ ʜʦ ʩʦʝʜʠʥʝʥʠʷ U(IV). ʂʘʪʠʦʥʳ U
4+ 
ʦʢʨʘʰʝʥʳ ʚ ʟʝʣʝʥʳʡ ʮʚʝʪ. ɺ 

ʩʣʘʙʦʢʠʩʣʦʤ ʨʘʩʪʚʦʨʝ ʦʙʨʘʟʫʶʪʩʷ ʠʦʥʳ U(OH)
3+
, ʢʦʪʦʨʳʝ ʤʝʜʣʝʥʥʦ ʧʦʣʠʤʝʨʠ-

ʟʫʶʪʩʷ. ʉʦʝʜʠʥʝʥʠʷ U(IV)  ʚʧʦʣʥʝ ʫʩʪʦʡʯʠʚʳ ʥʘ ʚʦʟʜʫʭʝ. ʉʦʝʜʠʥʝʥʠʷ U(V) ʥʝ-
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ʫʩʪʦʡʯʠʚʳ. ɺ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʦʙʨʘʟʫʶʪ ʘʥʠʦʥʳ. ʉʦʝʜʠʥʝʥʠʷ U(VI)  (ʩʦʣʠ ʫʨʘ-

ʥʠʣʘ ʠ ʫʨʘʥʘʪʘ) ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ. UCl6  ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʦʙʨʘʟʫʝʪ ʠʦʥʳ ʫʨʘ-

ʥʠʣʘ (UO2
2+

). ʀʦʥʳ ʫʨʘʥʠʣʘ ʦʢʨʘʰʝʥʳ ʚ ʞʝʣʪʦʚʘʪʳʡ ʮʚʝʪ ʠ ʫʩʪʦʡʯʠʚʳ ʚ ʢʠʩ-

ʣʳʭ ʨʘʩʪʚʦʨʘʭ. ʈʘʩʪʚʦʨʳ ʠʦʥʦʚ U(VI)  ʥʘʧʦʤʠʥʘʶʪ ʨʝʘʢʮʠʠ ʠʦʥʦʚ Mo(VI) ʠ 

W(VI). ʂʘʪʠʦʥʳ ʫʨʘʥʠʣʘ ʦʩʘʞʜʘʶʪʩʷ ʚ ʚʠʜʝ ʛʠʜʨʦʦʢʠʩʠ UO2(OH)2 ʧʨʠ ʨʅ 4. 

ʆʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʩʘʞʜʘʝʪʩʷ ʧʨʠ ʨʅ 5.3 (ʤʦʞʝʪ ʦʩʪʘʚʘʪʴʩʷ ʚ 

ʢʦʣʣʦʠʜʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʦ ʨʅ 7. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʨʅ ʦʙʨʘʟʫʶʪʩʷ ʠʦʥʳ UO4
2-
, 

U2O7
2- 
ʠ U3O10

2-
  [71, ʩ.114; 268, ʩ.132]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʛʠʜ-

ʨʦʣʠʟ  ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ: U
3+

< UO2
2+

< U
4+

. ʉʦʝʜʠʥʝʥʠ ̫UO2
2+ 
ʠ  U

4+ 
ʭʦʨʦhʦ 

ʠʟʫʯʝʥr. ɺ ʠʦʥʝ UO2
2+ 
ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʙʠʥʘʮʠʠ d-ʠ f-ʦʨʙʠʪʘʣʝʡ ʦʙʨʘʟʫʶʪʩʷ ʥʦ-

ʚʳʝ ʤʦʣʝʢʫʣ̫ʨʥʳʝ ʦʨʙʠʪʘʣʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʜʥʦʡ ♬- ʠ ʜʚʫʭ -́

ʩʚʟ̫ʝʡ. ʃʶʤʠʥʝʮʝʥʮʠʷ ʠʦʥʘ UO2
2+ 
ʦʙʲ̫ʩʥʷʝʪʩʷ ˊ

*
Ÿˊ ʵʣʝʢʪʨʦʥʥʳʤ ʧʝʨʝʭʦʜʦʤ 

[260, ʩ.143]. 

ʅʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ 

ʷʚʣʷʶʪʩʷ ʩʧʦʩʦʙʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʝʛʦ ʨʝʘʢʮʠʷʭ ʩ ʦʢʨʘʰʝʥʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʨʝʘʛʝʥʪʘʤʠ (ʘʣʠʟʘʨʠʥ S ʠ ʝʛʦ ʘʥʘʣʦʛʠ, ʘʨʩʝʥʘʟʦ I, ʪʦʨʦʥ, 1-(2-ʧʠʨʠʜʠʣʘʟʦ)-2-

ʥʘʬʪʦʣ ʠ ʜʨ. ʅʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʠʟ ʵʪʠʭ ʨʝʘʛʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʘʨʩʝʥʘʟʦ I 

[276, ʩ.404, 260, ʩ.132]. ʕʪʠ ʨʝʘʢʮʠʠ ʠʜʫʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠ-

ʥʝʥʠʡ ʠʦʥʦʚ ʫʨʘʥʠʣʘ ʠ U(VI)  ʩ ʤʦʣʝʢʫʣʦʡ ʨʝʘʛʝʥʪʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʟʤʝʥʷ-

ʝʪʩʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣ̫ʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʨʘʩʠʪʝʣʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʯʘʱʝ ʚʩʝʛʦ ʢ ʫʛ-

ʣʫʙʣʝʥʠʶ ʮʚʝʪʘ ʢʨʘʩʠʪʝʣʷ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ ʥʘ ʫʨʘʥ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʞʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʩʦʜʝʨʞʘʪ ʪʦʣʴʢʦ ʢʠʩʣʦʨʦʜ, 

ʥʘʧʨʠʤʝʨ ʦ-ʜʠʬʝʥʦʣʳ ʠ ɓ-ʜʠʢʝʪʦʥʳ [276, ʩ.404]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ ʚ ʫʨʘ-

ʥʦʚʳʭ ʨʫʜʘʭ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʩʪʦʡ ʠ ʠʟʙʠʨʘʪʝʣʴʥʳʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ 

ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʢʦʤʧʣʝʢʩʦʙʨʘʟʦʚʘʥʠʠ U(VI) ʩ ʘʨʩʝʥʘʟʦ(III) ʧʨʠ ʨʅ 2 

(‗̍ ́=̋651 ʥʤ, ‐=4.45Ĭ104
). ʄʝʰʘʁɦ ʝʝ ʚʣʠʷʥʠʝ Mn, Fe, Zn, Mo, Cr, Cu, Co, Ni, 

Pb, Al ʠ Na ʙʳʣʠ ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʵʪʠʣʝʥʝʪʨʠʘʤʠʥʦʧʝʥʪʘʫʢʩʫʩʥʦʡ ʠ ʚʠʥʥʦʡ 

ʢʠʩʣʦʪʘʤʠ [379, ʩ.245] 

2-(2-ʪʠʘʟʦʣʠʣʘʟʦ)-ʧ-ʢʨʝʟʦʣ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ U(VI) ʧʨʠ ʨʅ 6.5. ɼʣʷ ʧʦ-

ʚʳhʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʙʨʦʤʠʜ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ ʠ ʪʨʠ-
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ʪʦʥ ʍ-100. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʫʨʘʥ ʚ ʜʠʘʧʘʟʦʥʝ 0.30-12.0 ʤʛ/ʣ. ‐= 

1.31Ĭ10
4
 ʧʨʠ 588 ʥʤ. ʇʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ 26 ʥʛ/ʤʣ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʠʩ-

ʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥ ʚ ʰʘʭʪʝ ʜʨʝʥʘʞʥʳʭ ʚʦʜ [512, ʩ.519]. ɼʣ̫ ʬʦʪʦ-

ʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ ʧʨʝʜʣʦʞʝʥ 2,2'-[1,2-ʬʝʥʠʣʝʥʝʙʠʩ(ʥʠʪʨʠʣʦʤʝ-

ʪʠʣʠʜʠʥ)]ʙʠʩʬʝʥʦʣ (ʨʅʦʧʪ 10). ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʭʣʦʨʦʬʦʨʤʥʦʛʦ ʵʢʩʪ-

ʨʘʢʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 413 ʥʤ (‐=3.69Ĭ104
). ɿʘʢʦʥ ɹʝʨʘ ʩʦʙʣ ʜʁʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘ-

ʣʝ 2-10 ʤʢʛ/ʤʣ. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʩʦʦʪʥʦhʝʥʠʝ U:R ʚ ʢʦʤʧʣʝʢʩʝ 1:4. ʇʨʝʜʣʦ-

ʞʝʥʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ U(VI) ʚ ʤʦʥʘʮʠʪʝ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʘʭ [490, ʩ.125]. ʀʩʩʣʝʜʦʚʘʥʳ ʩʦʨʙʮʠʦʥʥʳʝ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʝ 

ʩʚʦʡʩʪʚʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʦʨʙʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʣʠʤʝʨʘ ʤʘʣʝʠʥʦʚʦʛʦ ʘʥ-

ʛʠʜʨʠʜʘ-ʩʪʠʨʦʣʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ U(VI). ʇʨʝʜʣʦʞʝʥ ʩʦʨʙʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ 

ʬʨʘʛʤʝʥʪʳ ʤ-ʘʤʠʥʦʬʝʥʦʣʘ, ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ U(VI) ʠʟ ʨʘʩʪʚʦʨʦʚ. 

ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʦʨʙʮʠʠ. ʉʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ U(VI) ʚ ʦʧʪʠ-

ʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʝʚʳʰʘʝʪ 95%. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʦʨʙʮʠʦʥʥʦ-ʬʦʪʦ-

ʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ(VI) ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ [54, ʩ.136]. ʀʟʫʯʝʥʘ ʨʝʘʢ-

ʮʠʷ U(VI) ʩ ʧʠʨʦʢʘʪʝʭʠʥʦʤ ʬʠʦʣʝʪʦʚʳʤ, ʚ ʦʪʩʫʪʩʪʚʠʠ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʠ-

ʦʥʥʳʭ ʇɸɺ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ  ʧʨʠʤʝʥʝʥ ʢ ʘʥʘʣʠʟʫ ʩʣʦʞʥʳʭ ʤʘʪʨʠʮ ʜʣʷ 

U(VI) [346, ʩ.84]. 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ U(VI) ʩ 2,3,4-ʪʨʠʛʠʜʨʦʢʩʠ-3ǋ-ʥʠʪ-

ʨʦ-4ǋ-ʩʫʣʴʬʦʘʟʦʙʝʥʟʦʣʦʤ ʠ ʇɸɺ ʧʨʠʤʝʥʝʥʦ ʢ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ 

ʫʨʘʥʘ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʦʙʨʘʟʮʝ [83, ʩ.16]. ʆʧʠʩʘʥʳ ʥʦʚʳʝ ʩʦʨʙʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦ-

ʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ U(VI) ʠ Th(IV) ʚ ʧʨʠʨʦʜʥʳʭ, ʧʠʪʴʝʚʳʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʜʘʭ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʟʜʝʣʴʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʠ ʚʳʜʝʣʝʥʠʷ ʧʦʣʠʤʝʨʥʳʤ ʭʝʣʘʪʥʳʤ ʩʦʨʙʝʥʪʦʤ - ʧʦʣʠ[3-ʘʤʠʥʦ-4-(1-ʘʟʦ-2-ʦʢʩʠ-

3-ʩʫʣʴʬʦ-5-ʥʠʪʨʦʬʝʥʠʣ)ʩʪʠʨʦʣ] [139, ʩ.18]. ʈʘʟʨʘʙʦʪʘʥ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ 

ʩʧʦʩʦʙ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʢʦʣʠʯʝʩʪʚ U(VI) ʩ ʨʝʘʛʝʥ-

ʪʦʤ ʘʨʩʝʥʘʟʦ III. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʨʠʛʦʜʝʥ ʜʣʷ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝ-

ʥʠʷ U(VI) ʚ ʩʣʦʞʥʳʭ ʞʠʜʢʠʭ ʤʘʪʨʠʮʘʭ. ʇʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ 0.01ʥʛ/ʤʣ [160, 

ʩ.116]. ʀʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʛʨʫʧʧʳ ʘʨʩʝ-

ʥʘʟʦ III ʜʣʷ ʩʦʨʙʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘ ʚʦʣʦʢ-
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ʥʠʩʪʳʭ ʢʘʪʠʦʥʦʦʙʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʟʜʝʣʴʥʦʛʦ ʩʦʨʙ-

ʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʨʠʷ ʠ ʫʨʘʥʘ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠ-

ʩʫʪʩʪʚʠʠ [105, ʩ.474]. 

ʄʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʠʟʫʯʝʥʘ ʩʦʨʙʮʠʷ ʤʘʣʦ-

ʥʘʪʥʳʭ ʠ ʛʣʠʢʦʣʷʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ U(VI) ʠ Fe(III) ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ 

ʥʘ ʪʚʝʨʜʦʡ ʬʘʟʝ ʚʦʣʦʢʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʧʦʣʥʝʥʥʦʛʦ ʘʥʠʦʥʦʦʙʤʝʥʥʠʢʦʤ 

ɸɺ-17 [294, ʩ.975]. ʀʟʫʯʝʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ U(VI) ʩ 2,3,4-ʪʨʠʛʠʜʨʦʢʩʠ-

3-ʥʠʪʨʦ-4-ʩʫʣʴʬʦʘʟʦʙʝʥʟʦʣʦʤ. ʆʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ ʩ ʤʦʣʷʨʥʳʤ ʩʦʦʪʥʦʰʝʥʠ-

ʝʤ ʢʦʤʧʦʥʝʥʪʦʚ 1:2. ‐=1Ĭ104
 ʧʨʠ 435 ʥʤ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʦʨʙʮʠʦʥʥʦ-

ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ U(VI) ʚ ʚʦʜʝ [183]. ʀʟʫʯʝʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦ-

ʚʘʥʠʝ U(VI) ʩ ʙʠʩ-[2,3,4-ʪʨʠʛʠʜʨʦʢʩʠʬʝʥʠʣʘʟʦ] ʙʝʥʟʠʜʠʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʦʪ-

ʩʫʪʩʪʚʠʠ ʇɸɺ [84, ʩ.48]. ʀʟʫʯʝʥʳ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ U(VI) c 2,2
/
, 3,4-ʪʝʪ-

ʨʘʦʢʩʠ-3
/
-ʩʫʣʴʬʦ-5

/
-ʥʠʪʨʦʘʟʦʙʝʥʟʦʣʦʤ ʠ 2,3,4-ʪʨʠʦʢʩʠ-4

/
-ʩʫʣɹʬʦʘʟʦʥʘʬʪʦʣʦʤ. 

ʈʘʟʨʘʙʦʪʘʥr  ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ [89, ʩ.143]. ʀʟʫʯʝʥʦ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʫʨʘʥʘ ʩ 2-ʛʠʜʨʦʢʩʠʪʠʦʬʝʥʦʣʦʤ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʤrʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ  [6, ʩ.27]. 

ʈʘʟʨʘʙʦʪʘʥʳ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ Mn(II) ʚ ʚʦʜʦʧʨʦʚʦʜ-

ʥʦʡ ʚʦʜʝ ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ ʦ-ʥʠʪʨʦʙʝʥʟʦʣʘʟʦʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ [480, 

ʩ.275]. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʨʛʘʥʮʘ ʧʨʠ ʧʦʤʦʱʠ ʩʫʣʴʬʦʩʘʣʠʮʠʣʦ-

ʚʦʡ ʢʠʩʣʦʪʳ, ʩʘʣʠʮʠʣʬʣʫʦʨʦʥʘ ʠ ʮʝʪʠʣʧʠʨʠʜʠʥʠʷ [137, ʩ.29]. ʇʨʝʜʣʦʞʝʥʘ ʢʦʤ-

ʙʠʥʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʮʚʝʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Mn(II) ʚ ʧʨʠʨʦʜʥʳʭ ʠ 

ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʟʙʠʨʘʪʝʣʴʥʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʢʦʥʮʝʥʪʨʠʨʦ-

ʚʘʥʠʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʤ ʩʦʨʙʝʥʪʦʤ 

ʧʦʣʠʩʪʠʨʦʣ-2-ʛʠʜʨʦʢʩʠ-(1-ʘʟʦ-1)-2-ʛʠʜʨʦʢʩʠ-3-ʩʫʣʴʬʦ-5-ʥʠʪʨʦʙʝʥʟʦʣʦʤ ʩ ʧʦʩ-

ʣʝʜʫʁʱʠʤ ʮʠʬʨʦʚʳʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ [55, ʩ.38]. ʀʟʫ-

ʯʝʥʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ Mn(II) ʩ 2-ʛʠʜʨʦʢʩʠ-5-ʭʣʦʨʪʠʦʬʝʥʦʣʦʤ ʠ ʘʤʠʥʦʬʝ-

ʥʦʣʘʤʠ. ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʠʢʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

Mn(II) ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʘʭ [166, ʩ.24]. ʉʣʝʜʳ ʤʘʨʛʘʥʮʘ ʵʢʩʪʨʘʛʠʨʫʶʪ ʚ ʭʣʦʨʦ-

ʬʦʨʤ ʚ ʚʠʜʝ ʦʢʩʠʭʠʥʦʣʠʥʘʪʘ, ʪʠʦʢʩʠʭʠʥʦʣʠʥʘʪʘ ʠʣʠ ʢʦʤʧʣʝʢʩʘ ʩ ʪʝʥʦʠʣʪʨʠʬ-

ʪʦʨʘʮʝʪʦʥʦʤ. ɹʦʣʝʝ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʠʩʧʦʣʴʟʫʷ ʬʦʨ-
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ʤʘʣʴʜʦʢʩʠʤ. ɽʱʝ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʘʷ ʤʝʪʦ-

ʜʠʢʘ ʩ 1-(2-ʧʠʨʠʜʠʣʘʟʦ)-2-ʥʘʬʪʦʣʦʤ [193, c.269]. ʊʘʢʞʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʤʝʪʦ-

ʜʦʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʨʛʘʥʮʘ ʢʩʠʣʝʥʦʣʦʚʳʤ ʦʨʘʥʞʝʚʳʤ [276, ʩ.334]. 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʷʣʠ Mn(II) ʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʙʘʭ c 2,3-ʜʠʛʠʜʨʦʢʩʠʥʘʬʪʘʣʠʥʦʤ ʠ ʙʨʦʤʠʜʦʤ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ [510, 

ʩ.251]. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

Mn(II) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 4,7-ʜʠʬʝʥʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ 2,4-ʜʠʥʠʪʨʦʙʝʥʟʦʣ-

1-ʘʟʦ-1¡-3¡-ʢʘʨʙʦʢʩʠ-4¡-ʛʠʜʨʦʢʩʠʙʝʥʟʦʣʘ ʠ ʧʨʠʤʝʥʝʥʘ ʧʨʠ ʘʥʘʣʠʟʝ ʜʝʪʩʢʦʛʦ ʧʠ-

ʪʘʥʠʷ [253, ʩ.106]. ʉʠʥʪʝʟʠʨʦʚʘʥ ʥʦʚʳʡ ʢʣʘʩʩ ʧʦʣʠʤʝʨʥʳʭ ʭʝʣʘʪʦʦʙʨʘʟʫʶʱʠʭ 

ʩʦʨʙʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʩʪʠʨʦʣʘ ʠ ʘʟʦʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ. ʈʘʟ-

ʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʛʨʫʧʧʦʚʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠ ʚʳʜʝʣʝʥʠʷ Pb, Zn, Cd, Mn, Cr, 

V ʥʦʚʳʤ ʩʦʨʙʝʥʪʦʤ - ʧʦʣʠʩʪʠʨʦʣ-(ʘʟʦ-1)-2-ʛʠʜʨʦʢʩʠ-3-ʢʘʨʙʦʢʩʠ-5-ʥʠʪʨʦʙʝʥʟʦ-

ʣʦʤ ʩ ʧʦʩʣʝʜʫʶɦʠʤ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʠʣʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤ ʦʧʨʝʜʝ-

ʣʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʩʪʦʯʥʳʭ ʚʦʜʘʭ. ʉʦʨʙʝʥʪ ʠʟʚʣʝʢʘʝʪ 95-100 % 

ʤʝʪʘʣʣʦʚ ʠʟ ʚʦʜʳ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 30Ñ5Áʉ, ʨʅʦʧʪ 5.5-6.5; ʪ = 15-30 

ʤʠʥʫʪ [52,  ʩ.694]. 

ʇʨʝʜʣʦʞʝʥʳ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪ-

ʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʨʛʘʥʮʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ [1, ʩ.10-21; 

138, ʩ.23; 193, ʩ.633; 252, ʩ.44; 336, ʩ.709; 371, ʩ.247; 382, ʩ.333; 399, ʩ.163; 422, 

ʩ.1; 428, ʩ.421; 475, ʩ.881]. ʀʟʫʯʝʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ Mn(II) ʩ 2,6-ʜʠʤʝʨ-

ʢʘʧʪʦʬʝʥʦʣʦʤ ʠ ʘʤʠʥʦʬʝʥʦʣʘʤʠ: Ů=(3.28-3.54)Ĭ10
4
, ɚʤʘʢ=462-480 ʥʤ. ʈʘʟʨʘʙʦʪʘ-

ʥʳ ʤʝʪʦʜʠʢʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʢʦ-

ʣʠʯʝʩʪʚ ʤʘʨʛʘʥʮʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ [166, ʩ.24; 170, ʩ.83]. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪ-

ʨʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʝʘʢʮʠʠ V(IV), Mn(II) ʠ Fe(III) ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ 

ʵʦʟʠʥʦʤ. ʂʦʤʧʣʝʢʩʳ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʛʣʦʱʘʶʪ ʧʨʠ 550, 560 ʠ 555 ʥʤ ʜʣʷ VO(II ), 

Mn(II) ʠ ʜʣʷ Fe(III) ʧʨʠ ʨʅ 6.0, 5.2 ʠ 5.6 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʃʂ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘ-

ʢʦʥʫ ɹʝʨʘ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 3.0-12.0, 0.4-2.0 ʠ 0.5-2.0 ʤʢʛ/ʤʣ. ʄʦʣʷʨ-

ʥʳʡ ʢʦɻʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1.73Ĭ10
4
, 1.95Ĭ10

4
 ʠ 2.80Ĭ10

4 

[465, ʩ.171]. 
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1.6. ʆʙʩʫʞʜʝʥʠʝ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ(II) , ʢʦʙʘʣʴʪʘ(II)  ʠ ʥʠʢʝʣʷ(II)  

ɼʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ ʚʘʞʥʝʡʰʠʤʠ ʷʚʣʷʶʪʩʷ ʬʝʨ-

ʨʦʠʥʦʚʳʝ ʭʝʣʘʪʦʦʙʨʘʟʫʶʱʠʝ ʨʝʘʛʝʥʪʳ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʭ ʚʳ-

ʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʭʦʨʦʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. ɺ 

ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪ ʪʨʠ ʩʦʝʜʠʥʝʥʠʷ: 1,10-ʬʝʥʘʥʪʨʦʣʠʥ, 2,2
ô
-ʜʠʧʠʨʠʜʠʣ, 2,2

ē
, 

2
ēē 

-ʪʨʠʧʠʨʠʜʠʣ [193, ʩ.179-182 ]. ɼʣʷ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Fe(III)  4-(2-

ʧʠʨʠʜʠʣʘʟʦ)ʨʝʟʦʨʮʠʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʦʠʟʚʦʜʥʘʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ [141, 

ʩ.34]. ʄʝʪʦʜʠʢʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Fe(III) ʚ ʚʠʜʝ ʈʃʂ ʦʙʣʘʜʘʶʪ 

ʚʩrʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ [2, ʩ.10; 3, ʩ.72; 24, ʩ.14; 26, 

ʩ.115; 27, ʩ.29; 28, ʩ.35; 117, ʩ.16; 118, ʩ.30; 119, ʩ.111; 177, ʩ.18; 206,  ʩ.107; 247, 

ʩ.704; 254, ʩ.83; 374, ʩ.642; 482, ʩ.699; 509, ʩ.339; 516, ʩ.327]. ɼʣʷ ʚʠʟʫʘʣʴʥʦ-

ʪʝʩʪʦʚʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Fe(II,III) ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʦʣʠʤʝʪʘʢʨʠʣʘʪʥʘʷ ʤʘʪʨʠʮʘ, ʤʦ-

ʜʠʬʠʮʠʨʦʚʘʥʥʘʷ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ. ʇʨʝʜʝʣ ʚʠʟʫʘʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ Fe(II, 

III) ʨʘʚʝʥ 0.057 ʤʛ/ʣ, ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ -0.059 ʤʛ/ʣ. 

ʊʝʩʪ-ʨʝʘʢʮʠʷ, ʧʨʦʪʝʢʘʶʱʘʷ ʚ ʧʦʣʠʤʝʪʘʢʨʠʣʘʪʥʦʡ ʤʘʪʨʠʮʝ, ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠ-

ʚʦʡ ʧʦ ʦʪʥʦhʝʥʠ ʁʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ [216, ʩ.43]. ʇʨʦʠʟʚʦʜʥʳʝ ʦʢʩʠʭʠ-

ʥʦʣʠʥʘ ʧʨʝʜʣʦʞʝʥʳ ʢʘʢ ʨʝʘʛʝʥʪʳ ʜʣʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʝʨʝʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ (Ni
2+

, Fe
2+

, Co
2+

, Cu
2+

, Cd
2+

 ʠ Mn
2+

). Nïʦʢʩʠʜ-8-ʦʢʩʠʭʠ-

ʥʦʣʠʥʘ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ Fe
2+

 ʩ ʧʨʝʜʝʣʦʤ ʦʙ-

ʥʘʨʫʞʝʥʠʷ 10 ʤʢʛ/ʤʣ [46, ʩ.90]. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧ-

ʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ Fe(III)-ʦʢʩʠɻʪʠʣʠʜʝʥʜʠʬʦʩʬʦʥʦʚʘʷ ʢʠʩ-

ʣʦʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ  ʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝ-

ʪʦʜʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʨʅ 0-12 [158, ʩ.63]. 

ʀʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Fe(II) ʩ 2,2-ʜʠʧʠʨʠʜʠʣʦʤ ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ, 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʚ ʧʦʣʠʤʝʪʘʢʨʠʣʘʪʥʫʶ ʤʘʪʨʠʮʫ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʦʨʙʮʠʦʥʥʦ-

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ Fe(II) ʠ ʩʫʤʤʳ Fe(II,III) ʧʦʩʣʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Fe(III) ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʄʝʪʦʜʠʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

2,2-ʜʠʧʠʨʠʜʠʣʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʚʦʜʦʧʨʦʚʦʜʥʦʡ, ʢʦʣʦʜʝʟʥʦʡ ʠ 

ʤʠʥʝʨʘʣʴʥʦʡ ʚʦʜʳ, ʨʘʩʪʚʦʨʘ ʛʣʶʢʦʟʳ [81, ʩ.1141]. 
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ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʥʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʢʦʤ-

ʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠʦʥʦʚ Cu(II), Ni(II), Co(II,III) ʠ Fe(II,III) ʩ 1-ʥʠʪʨʦʟʦ-2-ʥʘʬ-

ʪʦʣ-3,6-ʜʠʩʫʣʴʬʦʢʠʩʣʦʪʦʡ ʠ ʇɸɺ (ʙʨʦʤʠʜʦʚ ʮʝʪʠʣʧʠʨʠʜʠʥʠʷ ʠ ʮʝʪʠʣʪʨʠʤʝʪʠ-

ʣʘʤʤʦʥʠʷ, ʘ ʪʘʢʞʝ ʆʇ-10 ʠ ʥʝʦʥʦʣ). ʆʧʨʝʜʝʣʝʥʳ ʤʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛ-

ʣʦɦʝʥʠʷ ʠ ʮʚʝʪʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʃʂ. ʋʩʪʘʥʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʤʦʣ̫ʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʮʚʝʪʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚ 2-5 ʨʘʟ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ [266, ʩ.364]. 

ʆʧʨʝʜʝʣʝʥʠʝ Fe(III) ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʤʝʩʷʭ, ʨʫʜʘʭ, ʩʧʣʘʚʘʭ ʠ ʣʝ-

ʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚʘʭ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ 

[193, ʩ.618]. ʕʢʩʪʨʘʢʮʠʶ ʢʦʤʧʣʝʢʩʘ ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʚ 1,2-ʜʠʭʣʦʨʵʪʘʥ 

ʧʨʠʤʝʥʷʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ ʚ ʬʦʩʬʘʪʥʳʭ ʣʶʤʠʥʦʬʦʨʘʭ [193, ʩ.619]. ʕʢ-

ʩʪʨʘʢʮʠʦʥʥʦʝ ʦʪʜʝʣʝʥʠʝ ʞʝʣʝʟʘ ʩ 1,3-ʜʠʬʝʥʠʣ-4-ʢʘʨʙʦʵʪʦʢʩʠʧʠʨʘʟʦʣ-5-ʦʥʦʤ 

[193, ʩ.619], 3-ʛʠʜʨʦʢʩʠ-2-(2-ʪʠʝʥʠʣ)-4ʅ-ʭʨʦʤʝʥ-4-ʦʥʦʤ [327, ʩ.552] ʠ 2-ʢʘʨʙʦ-

ʵʪʦʢʩʠ-1,3-ʠʥʜʘʥʜʠʦʥʦʤ [193, ʩ.619] ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Fe ʚ ʣʝʢʘʨ-

ʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪʘʭ, ʪʚʝʨʜʳʭ ʧʨʠʧʦʷʭ, ʧʨʦʙʘʭ ʤʦ-

ʣʦʢʘ ʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ [315, ʩ.199]. ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ 

ʚ ʨʫʜʘʭ, ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʦʙʨʘʟʮʘʭ, ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʧʨʦʜʫʢʪʘʭ ʧʠʪʘʥʠʷ 

ʠ ʧʣʘʟʤʝ ʢʨʦʚʠ  [154, ʩ.61; 193, ʩ.638; 324, ʩ.1241; 391, ʩ.76; 429, ʩ.89; 432, ʩ.578; 

451, ʩ.311; 515, ʩ.325]. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʦʨʙʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʠ ʩʥʝʛʦʚʳʭ ʧʨʦʙʘʭ ʩ ʧʨʝʜʝʣʦʤ ʦʙʥʘʨʫ-

ʞʝʥʠʷ 0.05 ʤʢʛ ʞʝʣʝʟʘ ʥʘ 0.2 ʛ ʩʦʨʙʝʥʪʘ [108, ʩ.50].  

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʳ ʈʃʂ Co(II) [9, ʩ.564; 80, 

ʩ.187; 213, ʩ.1953; 243, ʩ.802; 247, ʩ.704; 255, ʩ.75; 265, ʩ.184; 357, ʩ.81; 358, 

ʩ.813; 359, ʩ.623; 361, ʩ.1; 461, ʩ.255]. ʈʘʟʨʘʙʦʪʘʥ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝ-

ʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ Co(II) ʩ N-(O-ʛʠʜʨʦʢʩʠʙʝʥʟʠʣʠʜʝʥ)ʧʠʨʠʜʠʥ-2-ʘʤʠʥʦʤ. ʂʦʤʧ-

ʣʝʢʩ ʵʢʩʪʨʘʛʠʨʫʝʪʩʷ ʵʪʠʣʘʮʝʪʘʪʦʤ (ʨʅʦʧʪ 8.5-9.5, ‗̍ ́=̋520 ʥʤ, ‐=8251). ɿʘʢʦʥ 

ɹʝʨʘ ʩʦʙʣ ʜʁʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Co(II) 0,1-10 ʤʢʛ/ʤʣ. ʇʨʝʜʣʦʞʝʥ-

ʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Co(II) ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ 

[424, ʩ.108]. ʅʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ Co(II) ʩ 

ʥʠʪʨʦʟʦ-ʈ-ʩʦʣʴʶ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʦʪʩʫʪʩʪʚʠʠ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʇʦʢʘʟʘʥʦ, 
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ʯʪʦ ʮʚʝʪʦʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʧʦʟʚʦʣʷʶʪ ʨʘʟʣʠʯʠʪʴ ʢʦʤʧʣʝʢʩʳ Co(II) ʠ 

Co(III), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ [135, 

ʩ.364]. 

ʅʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʛʠʜʨʘʟʦʥʘ ʧʨʝʜʣʦʞʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʘʛʝʥʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Co(II) ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ, ʚʦʜʝ ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ [474, ʩ.153]. ɺ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʟʥʘʯʝʥʠʡ ʨʅ (5.0-

10,7) ʠʟʫʯʝʥʳ ʨʘʚʥʦʚʝʩʠʷ ʚ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʉʦ(II), ʜʠʢʘʨʙʦʢʩʠ-

ʧʨʦʧʘʥʠʤʠʥʦʜʠʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ (1,3-ʜʠʢʘʨʙʦʢʩʠʧʨʦʧʘʥ-1-ʠʤʠʥʦʜʠʫʢʩʫʩʥʘʷ 

ʢʠʩʣʦʪʘ) ʠ ʜʠʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ: ʱʘʚʝʣʝʚʫʶ, ʤʘʣʦʥʦʚʫʶ ʠ ʷʥʪʘʨʥʫʶ [151, 

ʩ.85]. ʀʩʩʣʝʜʦʚʘʥʳ ʈʃʂ Co(II) ʠ Ni(II) ʩ ʢʦʤʧʣʝʢʩʦʥʘʤʠ ʨʷʜʘ ʢʘʨʙʦʢʩʠʤʝʪʠʣʝ-

ʥʘʤʠʥʦʚ. ʆʙʨʘʟʫʶʪʩʷ ʈʃʂ ʦʢʪʘʝʜʨʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠ ʨʅ 3.4-10.7 [150, 

ʩ.34]. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧ-

ʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ Co(II)-ʕɼʊɸ (H4Edta) ʠ Co(II) - Ni(II)ïʘʤʠʥʦʢʠʩ-

ʣʦʪ - ʕɼʊɸ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʠʥʪʝʨʚʘʣʝ 

300-950 ʥʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʠ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʧʨʦ-

ʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ [20, ʩ.240]. 

ʉʠʥʪʝʟʠʨʦʚʘʥʘ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʤʝʪʦʜʘʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʀʂ- ʠ 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʝʨʠʷ ʥʦʚʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʪʨʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʦ-ʠʤʠ-

ʥʦʭʠʥʦʥʦʚʦʛʦ ʪʠʧʘ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚ ʦ-ʧʦʣʦʞʝʥʠʠ N-ʘʨʠʣʴʥʦʛʦ ʢʦʣʴ-

ʮʘ [223, ʩ.798]. ʇʦʣʫʯʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ [Co(NCS)2(Amy)2] 

ʠ Co2(LH)3(L)3][Co(NCS)4](NCS) ʛʜʝ Amy = ʘʤʠʜʦʧʠʨʠʥ, LH = ʤʦʥʦʵʪʘʥʦʣʘʤʠʥ. 

ʄʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʈʉɸ ʦʧʨʝʜʝʣʝʥʘ ʢʦʦʨʜʠʥʘʮʠʷ -SCN ʛʨʫʧʧʳ. 

ɺʳ̫ ʚʣʝʥ ʙʠʜʝʥʪʘʪʥʳʡ ʩʧʦʩʦʙ ʢʦʦʨʜʠʥʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ. ɸʤʠʜʦʧʠ-

ʨʠʥ ʠ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥ ʦʙʨʘʟʫʶʪ ʫʩʪʦʡʯʠʚʳʝ ʧʷʪʠʯʣʝʥʥʳʝ ʮʠʢʣʳ. ʉʚʷʟʴ ʩ ʢʦ-

ʙʘʣʴʪʦʤ(II) ʠ (III) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʘʪʦʤʳ ʘʟʦʪʘ ʠ ʢʠʩʣʦʨʦʜʘ [195, ʩ.19] 

ʅʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʢʦʣʠʯʝʩʪ-

ʚʝʥʥʦʡ ʩʦʨʙʮʠʠ Co(II ) - 4-(2-ʧʠʨʠʜʠʣʘʟʦ)ʨʝʟʦʨʮʠʥ. ʨʅʦʧʪ 5-7.5. ɺ ʦʧʪʠʤʠʟʠʨʦ-

ʚʘʥʥʳʭ ʫʩʣʦʚʠ̫ʭ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʠʦʥʦʚ Co(II) ʩʦʩʪʘʚʣʷʝʪ 0.36 ʤʢʛ/ʣ. ʇʨʝʜ-

ʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʙʘʭ ʚʦʜʳ 

[350, ʩ.154]. ʈʘʟʨʘʙʦʪʘʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ 
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ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ Co(II) ʚ ʢʦʙʘʣʴʪʠʪʘʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʣʝʛʠʨʦʚʘʥ-

ʥʳʭ ʱʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʤrʠ ʵʣʝʤʝʥʪʘʤʠ [88, ʩ.5] 

ʈʘʟʨʘʙʦʪʘʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʛʦ ʩʦ-

ʜʝʨʞʘʥʠʷ ʉʦ ʚ ʢʦʙʘʣʴʪʠʪʘʭ ʈɿʕ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʢʘʣʴʮʠʝʤ ʠ ʩʪʨʦʥʮʠʝʤ, ʢʦʪʦʨʘʷ 

ʦʩʥʦʚʘʥʘ ʥʘ ʠʟʤʝʨʝʥʠʠ ʩʚʝʪʦʧʦʛʣʦɦʝʥʠʷ ʢʨʘʩʥʦʛʦ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢ-

ʩʘ Fe(II) ʧʨʠ ɚ= 510 ʥʤ ʧʦʩʣʝ ʦʢʠʩʣʝʥʠʷ ʢʦʤʧʣʝʢʩʘ [ʉʦ(ʌʝʥ)3]
2+
[87, ʩ.14]. ʆʧʠ-

ʩʘʥʘ ʪʝʩʪ-ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʠʤ 

ʨʝʘʢʮʠʠ ʧʝʨʦʢʩʠʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʘʣʠʟʘʨʠʥʦʚʦʛʦ ʢʨʘʩʥʦʛʦ ʉ. ʀʟʫʯʝʥʦ ʤʝʰʘ-

ʶʱʝʝ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʩʢʦʨʦʩʪʴ ʠʥʜʠʢʘʪʦʨʥʦʡ ʨʝʘʢʮʠʠ. ʄʝ-

ʪʦʜʠʢʘ ʘʧʨʦʙʠʨʦʚʘʥʘ ʚ ʘʥʘʣʠʟʝ ʨʝʘʣʥɹʳʭ ʠ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ [275, ʩ.5]. ʈʘʟ-

ʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʉʦ(II) ʚ ʧʠʪʴʝʚʦʡ ʠ 

ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʵʣʝʤʝʥʪʘ 

ʚʳʩʦʢʦʤʦʣʣʝʢʫʣʷʨʥʳʤ ʭʝʣʘʪʥʳʤ ʩʦʨʙʝʥʪʦʤ ʧʦʣʠʩʪʠʨʦʣ-(ʘʟʦ-1)-2-ʛʠʜʨʦʢʩʠ-3-

ʢʘʨʙʦʢʩʠ-5-ʨʦʜʘʥʦʙʝʥʟʦʣʦʤ [56, ʩ.11]. ʆʧʠʩʘʥʳ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ [193, ʩ.629; 243, ʩ.802; 338, ʩ.744; 

366, ʩ.1549; 385, ʩ.1449; 387, ʩ.681; 407, ʩ.993; 416, ʩ.95; 474, ʩ.153]. ʇʨʠ ʚʳʧʦʣ-

ʥʝʥʠʠ ʵʪʠʭ ʘʥʘʣʠʟʦʚ ʢʦʙʘʣʴʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʜʝʣʷʣʠ ʜʠʪʠʟʦʥʦʤ.  

ʀʩʩʣʝʜʦʚʘʥʘ ʵʢʩʪʨʘʢʮʠʷ ʈʃʂ Ni(II)  ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ ʪʠʦʩʘʣʠʮʠʣʦ-

ʚʦʡ ʢʠʩʣʦʪʦʡ [247, ʩ.704], 1,8-ʜʠʛʠʜʨʦʢʩʠ-3,6-ʜʠʩʫʣʴʬʦʥʘʬʪʘʣʠʥ-2,7-ʙʠʩ-(ʘʟʦ-

2
''
-ʛʠʜʨʦʢʩʠ-3

'
-ʩʫʣʴʬʦ-5

'
-ʥʠʪʨʦʬʝʥʠʣʝʥ)ʜʠʥʘʪʨʠʝʚʦʡ ʩʦʣʴʶ ʠ ʭʣʦʨʠʜʦʤ ʮʝʪʠʣ-

ʧʠʨʠʜʠʥʠʷ [30, ʩ.6], 2-ʬʝʥʠʣ-4,6-ʜʠʘʤʠʥʦ-1,3,5-ʪʨʠʘʟʠʥʦʤ ʠ 8-ʦʢʩʠʭʠʥʦʣʠʥʦʤ 

[293, ʩ.140], 2-ʛʠʜʨʦʢʩʠ-5-ʠʦʜʪʠʦʬʝʥʦʣʦʤ ʠ ɼʌɻ [334, ʩ.20], 2,2-ʜʠʧʠʨʠʜʠʣʦʤ 

ʠ ʜʠʥʠʪʨʦʙʝʥʟʦʣʘʟʦʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ [257, ʩ.151], 2-(2-ʛʠʜʨʦʢʩʠʬʝʥʠʣʘ-

ʟʦ)ʥʘʬʪʘʣʠʥ-1,8-ʜʠʛʠʜʨʦʢʩʠ-3,6-ʜʠʩʫʣʴʬʦʥʘʪʦʤ ʥʘʪʨʠʷ ʠ ʇɸɺ [29, ʩ.21], 2-[(2-

ʤʝʨʢʘʧʪʦʬʝʥʠʣʠʤʠʥʦ)ʤʝʪʠʣ]ʬʝʥʦʣʦʤ [492, ʩ.323]. 

ʄʝʪʦʜʦʤ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Ni(II) ʩ 

2,2Ë-ʜʠʧʠʨʠʜʠʣʦʤ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ʋʩʪʘʥʦʚʣʝʥʳ ʢʦʤʧʣʝʢʩʳ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩ-

ʪʘʚʘ ʠ ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ [66, ʩ.75]. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴ-

ʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ Ni(II) -2-ʘʤʠʥʦ-3(2-ʘʤʠʜʘ-

ʟʦʣʠʣ) ʧʨʦʧʘʥʦʚʘʷ ʢʠʩʣʦʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʧʦ-
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ʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʦʚ. ʋʩʪʘʥʦʚʣʝʥ ʩʦʩʪʘʚ, ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ pH ʩʫʱʝʩʪ-

ʚʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʦʣʝʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʠʩʣʦʪ-

ʥʦʩʪʠ ʩʨʝʜʳ. ʇʨʦʮʝʩʩ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʠʥʪʝʨʚʘʣʝ 3.0 < pH < 

10.0 [65, ʩ.54]. ʀʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Co(II) ʠ Ni(II) ʩ ʜʠʢʘʨʙʦʢʩʠʧʨʦʧʘʥʠʤʠ-

ʥʦʜʠʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ. ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ Co(II) ʠ Ni(II) ʙʳʣʠ ʚʳʙʨʘʥʳ ʨʘʙʦʯʠʝ 

ʜʣʠʥʳ ʚʦʣʥ 510 ʠ 390 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʦʙʩʪʚʝʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝ 

ʨʝʘʛʝʥʪʦʚ ʧʨʠ ʨʘʟʥʳʭ ʨʅ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʘ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʥʪʝʥʩʠʚ-

ʥʦ ʧʦʛʣʦʱʘʶʪ [148, ʩ.47]. 

ʄʝʪʦʜʦʤ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʟʫʯʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢ-

ʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʠʦʥʳ Ni(II), ʘ ʪʘʢʞʝ ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʫʶ (H4Edta) ʠ 

ʛʣʫʪʘʤʠʥʦʚʫʶ (H2Glu) ʢʠʩʣʦʪʳ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩʦʥʘʪ, ʢ 

ʢʦʪʦʨʦʤʫ ʟʘʪʝʤ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʣʠʛʘʥʜ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʦʣʷ 

ʥʘʢʦʧʣʝʥʠʷ ʧʝʨʚʦʛʦ ʢʦʤʧʣʝʢʩʘ [NiGlu] ʩʦʩʪʘʚʣʷʝʪ 90 % ʧʨʠ pH  6.75. ʇʨʠ pH > 

6.75 ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ [NiGlu2]
2ï

 ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʦʣʝʡ ʥʘʢʦʧʣʝʥʠʷ 87 % 

ʧʨʠ pH å 9.8 [144, ʩ.15]. ʀʟʫʯʝʥʳ ʧʨʦʪʦʣʠʪʠʯʝʩʢʠʝ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʨʘʚʥʦ-

ʚʝʩʠʷ ʚ ʜʚʦʡʥʦʡ ʠ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʩʦʣʠ Ni(II), ʵʪʠʣʝʥʜʠʘʤʠʥ-

ʪʝʪʨʘʫʢʩʫʩʥʫʶ ʠ ʘʩʧʘʨʘʛʠʥʦʚʫʶ ʢʠʩʣʦʪʳ [64, ʩ.13]. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ 

ʠʟʫʯʝʥʳ ʨʘʚʥʦʚʝʩʠʷ ʚ ʜʚʦʡʥʳʭ ʠ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʩʦʣʠ Co(II) ʠ 

Ni(II), ʘ ʪʘʢʞʝ ʥʠʪʨʠʣʦʪʨʠʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ ʠ ʜʠʢʘʨʙʦʢʩʠʣʘʪʳ. ʆʧʨʝʜʝʣʝʥ 

ʤʦʣʴʥʳʡ ʠ ʧʨʦʪʦʥʥʳʡ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʦʚ, ʦʙʣʘʩʪʠ ʨʅ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʨʘʩʩ-

ʯʠʪʘʥʳ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʆʃʂ- ʠ ʈʃʂ [149, ʩ.527]. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠ-

ʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʳ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʝ Ni(II)-1,2-ʜʠʘʤʠʥʦʵʪʘʥ [67, ʩ.87] 

ʀʟʫʯʝʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ Ni(II) c ʜʚʫʤʷ ʘʟʦʧʨʦʠʟʚʦʜʥʳʤʠ ʭʨʦʤʦʪ-

ʨʦʧʦʚʦʡ ʢʠʩʣʦʪʳ - 2-(2-ʛʠʜʨʦʢʩʠ-3-ʩʫʣʴʬʦ-5-ʥʠʪʨʦʬʝʥʠʣʘʟʦ)ʥʘʬʪʘʣʠʥ 1,8-ʜʠ-

ʛʠʜʨʦʢʩʠ-3,6-ʜʠʩʫʣʴʬʦʥʘʪʨʠʷ ʠ 2-(2-ʛʠʜʨʦʢʩʠ-3,5-ʜʠʩʫʣʴʬʦʬʝʥʠʣʘʟʦ)ʥʘʬʪʘʣʠʥ 

-1,8-ʜʠʛʠʜʨʦʢʩʠ-3,6-ʜʠʩʫʣʴʬʘʪ ʥʘʪʨʠʷ. ʄʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ 

10000 ʠ 17500, ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ lgʂ1=4.06 ʠ lgʂ1=4.59 ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

Ni(R1)2 ʠ NiR2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʧʨʝʜʝʣʝʥʠʶ ʥʠʢʝʣʷ ʤʝʰʘʶʪ Cu(II), Fe(III), 

Zr(IV) , V(IV) [30, ʩ.6]. ʀʟʫʯʝʥʳ ʧʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʦʜʥʦ-ʵʪʘ-

ʥʦʣʴʥʳʭ  ʨʘʩʪʚʦʨʘʭ ʢʘʪʠʦʥʦʚ s-, p-, d- ʠ f-ʤʝʪʘʣʣʦʚ (Ce, Co, Cu, Er, Eu, Fe, Gd, 
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La, Mn, Nd, Ni, Pb, Pr, Tb, Y, Yb ) ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʘʟʦʧʠ-

ʨʘʟʦʣʦʥʘ-5. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʠʪʨʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʳ ʢʨʠʚʳʝ ʥʘʩʳʱʝʥʠʷ ʠ ʨʘʩʩʯʠ-

ʪʘʥʳ ʩʦʩʪʘʚʳ ʢʦʤʧʣʝʢʩʦʚ ʠ ʢʦʥʩʪʘʥʪʳ ʦʙʨʘʟʦʚʘʥʠʷ [214, ʩ.132]. 

ʇʦ ʜʘʥʥʳʤ ʨʅ ʤʝʪʨʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘ-

ʥʠʝ ʈʃʂ ʥʠʢʝʣʴ - ʣʠʤʦʥʥʘʷ ʢʠʩʣʦʪʘ - 2,2-ʜʠʧʠʨʠʜʠʣ ʩ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

lgʂ = 10.78. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʠʢʝʣʴ ʦʙʨʘʟʫʝʪ ʧʨʦʯʥʳʝ ʩʚʷʟʠ ʩ ʢʠʩʣʦʨʦʜʦʤ ʣʠ-

ʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʠ ʘʟʦʪʦʤ 2,2-ʜʠʧʠʨʠʜʠʣʘ [120, ʩ.58]. ʀʟʦʘʤʠʣʢʩʘʥʪʘʥʘʪ ʥʘʪʨʠʷ 

ʨʝʘʛʠʨʫʝʪ ʩ Co(II ), Ni(II ), Cu(II ), Pd(II ), Ru(III) ʠ ʄʦ(VI) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʨʘʩʪ-

ʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʚʦʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʇɸɺ. ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʩʪʦʡ ʠ ʙʳʩʪʨʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʧʨʠʩʫʪʩʪ-

ʚʠʠ ʜʨʫʛ ʜʨʫʛʘ [426, ʩ.99-105]. ʇʝʜʣʦʞʝʥʳ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʠ ʩʝʣʝʢʪʠʚʥʳʝ ʤʝ-

ʪʦʜʳ  ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʢʝʣʷ ʚ ʚʦʜʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ, ʩʪʘʣʠ, ʘʣʶʤʠʥʠʝʚʦʡ 

ʩʪʨʫʞʢʠ, ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ ʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ [31, ʩ.126; 110, ʩ.10; 133, 

ʩ.285; 172,  ʩ.457; 193, ʩ.644;  322, ʩ.4468;  323, ʩ.451; 367, ʩ.109; 376, ʩ.295; 384, 

ʩ.545; 411, ʩ.719; 412, ʩ.951; 420, ʩ.1; 467, ʩ.4468; 486, ʩ.285; 507, ʩ.404; 522, 

ʩ.475; 526, ʩ.439; 529, ʩ.1269; 532, ʩ.167; 533, ʩ.1; 540, ʩ.1353; 541, ʩ.13]. 

ʈʘʟʨʘʙʦʪʘʥ ʦʧʪʠʯʝʩʢʠʡ ʩʝʥʩʦʨ ʥʘ ʠʦʥʳ ʥʠʢʝʣʷ ʥʘ ʦʩʥʦʚʝ 5-Br-ʇɸɸʌ 

[325, ʩ.713]. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʪʠʪʨʦʚʘʥʠʝʤ ʠʟʫʯʝʥʳ ʧʨʦʮʝʩʩʳ ʢʦʤʧ-

ʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ 4-(2-(1,5-ʜʠʤʝʪʠʣ-3-ʦʢʩʦ-2-ʬʝʥʠʣʧʠ-

ʨʘʟʦʣʠʜʠʥʠʣ)ʛʠʜʨʘʟʦʥʦ)-3-ʤʝʪʠʣ-1-ʬʝʥʠʣʧʠʨʘʟʦʣʦʥʘ-5 (HL) ʩ ʢʘʪʠʦʥʘʤʠ s-, p- 

ʠ d- -ʤʝʪʘʣʣʦʚ [271, ʩ.165]. ʉʠʥʪʝʟʠʨʦʚʘʥʳ, ʚʳʜʝʣʝʥʳ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠ-

ʟʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ ʥʠʪʨʠʣʦʪʨʠʩʤʝʪʠʣʝʥ ʬʦʩʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ Cr(II ), Fe(II ), 

Co(II ), Ni(II ), Cu(II ), Mn(II ) ʠ Zn [288, ʩ.124]. 1,2-ʧʨʦʧʘʥʜʠʦʥ-1-ʬʝʥʠʣ-1-(2-ʛʠʜ-

ʨʦʢʩʠ-5-ʙʨʦʤʙʝʥʟʠʣʠʜʝʥʝʘʟʠʥe)-2-ʦʢʩʠʤ ʧʨʝʜʣʦʞʝʥ ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʦʛʦ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʛʦ ʨʝʘʛʝʥʪʘ ʜʣʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʦʚʳʭ ʢʦʣʠ-

ʯʝʩʪʚ ʥʠʢʝʣʷ. ʆʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ ʩʚʝʪʣʦ-ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤ-

ʧʦʥʝʥʪʦʚ 1:1 (ʨʅʦʧʪ 9.5-10.5). Ů = 5.34 Ĭ 10
3 
ʧʨʠ 435 ʥʤ). ɿʘʢʦʥ ɹʝʨʘ ʚʳʧʦʣʥʷʝʪʩʷ 

ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 0.01-10.00 ʤʛ/ʤʣ ʥʠʢʝʣʷ. ʄʝʪʦʜ ʧʨʠʤʝʥʝʥ ʜʣʷ ʦʧ-

ʨʝʜʝʣʝʥʠʷ ʥʠʢʝʣʷ ʚ ʠʩʢʫʩʪʚʝʥʥʳʭ ʩʤʝʩʷʭ ʠ ʨʝʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ [498, ʩ.131-134]. 

 



47 

ʆʙʟʦʨ ʛʣʘʚʳ I 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ - ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʨʘʚʥʦʚʝʩʠʡ, ʚ 

ʢʦʪʦʨʦʤ ʨʦʣʴ ʢʠʩʣʦʪʳ ʠʛʨʘʝʪ ʘʢʮʝʧʪʦʨ ʵʣʝʢʪʨʦʥʦʚ (ʮʝʥʪʨʘʣʴʥʳʡ ʠʦʥ), ʘ ʨʦʣʴ 

ʦʩʥʦʚʘʥʠʷ-ʜʦʥʦʨ ʵʣʝʢʪʨʦʥʦʚ (ʣʠʛʘʥʜʳ). ʄʷʛʢʦʩʪʴ ʢʠʩʣʦʪʳ ʠʣʠ ʦʩʥʦʚʘʥʠʷ ʃʴʶ-

ʠʩʘ ʦʟʥʘʯʘʝʪ ʝʛʦ ʩʢʣʦʥʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʷʟʝʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʚʘʣʝʥʪ-

ʥʦʛʦ, ʘ ʞʝʩʪʢʦʩʪʴ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ [220, ʩ.152]. ʀʦʥʳ ʤʝ-

ʪʘʣʣʦʚ V, Nb, Ta, Ti, Cr, U ʠ ʪ.ʜ. (çʞʝʩʪʢʠʝ ʢʠʩʣʦʪèr) ʦʙʨʘʟʫʶʪ ʙʦʣʝʝ ʧʨʦʯʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʩ ʣʝʛʢʠʤʠ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ (N, O, F), ʯʝʤ ʩ ʙʦʣʝʝ ʪʷʞʝʣʳʤʠ 

ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ (P, S, Cl) ʚ ʪʦʡ ʞʝ ʛʨʫʧʧʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʆʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʁʪʩʷ ʚʳʩʦʢʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ, ʤʘʣʳʤ ʨʘʟʤʝʨʦʤ, ʤʘʣʦʡ 

ʧʦʣ̫ʨʠʟʫʝʤʦʩʪʴʶ ʠ ʥʝ ʠʤʝʶʪ ʣʝʛʢʦ ʚʦʟʙʫʞʜʘʝʤʳʝ ʚʥʝʰʥʠʝ ʵʣʝʢʪʨʦʥʳ. ʀʦʥʳ 

ʤʝʪʘʣʣʦʚ Pt, Pd, Hg, Au, Ag ʠ ʪ. ʜ. (çʤʷʛʢʠʝ ʢʠʩʣʦʪrè) ʦʙʨʘʟʫʶʪ ʙʦʣʝʝ ʧʨʦʯʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʩ ʙʦʣʝʝ ʪʷʞʝʣʳʤʠ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʁʪʩʷ ʥʠʟ-

ʢʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ, ʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ, ʚʳʩʦʢʦʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴʶ ʠ 

ʠʤʝʁʪ ʥʝʩʢʦʣʴʢʦ ʣʝʛʢʦ ʚʦʟʙʫʞʜʘʝʤʳʭ ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʦʥʦʚ [68, ʩ.14-16]. Fe, 

Co, Ni, Cu, Mn, Mo, W ʠ ʪ. ʜ. ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ [246, ʩ.18]. 

ʄʷʛʢʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʥʘʟʳʚʘʶʪ ʣʠʛʘʥʜʳ, ʜʦʥʦʨʥʳʝ ʘʪʦʤʳ ʢʦʪʦʨʳʭ ʦʙ-

ʣʘʜʘʁʪ ʚʳʩʦʢʦʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴʶ, ʥʠʟʢʦʡ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴʶ ʠ ʣʝʛʢʦʡ 

ʦʢʠʩʣʷʝʤʦʩʪʴʶ (ʣʠʛʘʥʜʳ ʩ ʪʷʞʝʣʳʤʠ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ). ɾʝʩʪʢʠʤʠ ʦʩʥʦʚʘ-

ʥʠ̫ʤʠ  ʥʘʟʳʚʘʶʪ ʣʠʛʘʥʜʳ, ʜʦʥʦʨʥʳʝ ʘʪʦʤʳ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʧʦʣʷʨʠ-

ʟʫʝʤʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴʶ ʠ ʪʨʫʜʥʦʡ ʦʢʠʩʣʷʝʤʦʩʪʴʶ (ʣʠ-

ʛʘʥʜʳ ʩ ʣʝʛʢʠʤʠ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ). ɾʝʩʪʢʠʝ ʢʠʩʣʦʪʳ ʣʝʛʢʦ ʩʚʷʟʳʚʘʶʪʩʷ ʩ 

ʞʝʩʪʢʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ, ʘ ʤʷʛʢʠʝ ʢʠʩʣʦʪʳ - ʩ ʤʷʛʢʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ [68, ʩ.13; 

162, ʩ.28-33]. 

ʂʘʪʠʦʥʳ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʪʠʧʘ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʦʙʨʘʟʫʶʪ 

ʢʦʤʧʣʝʢʩʥrʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʝʡ ʠʦʥʥʦʡ ʩʚʷʟʠ. ʆʙʨʘʟʫʶʱʠʝʩʷ 

ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʧʨʦʯʥʦʩʪʴʶ. ʂʦʤʧʣʝʢʩʳ ʪʝʤ 

ʧʨʦʯʥʝʝ, ʯʝʤ ʤʝʥʴʰʝ ʨʘʜʠʫʩ ʢʘʪʠʦʥʘ. ʇʨʠ ʨʘʚʥʳʭ ʨʘʜʠʫʩʘʭ ʢʘʪʠʦʥʦʚ ʢʦʤʧʣʝʢ-

ʩʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʟʘʨʷʜ ʢʘʪʠ-

ʦʥʘ. ʕʣʝʢʪʨʦʥʥʳʝ ʦʙʦʣʦʯʢʠ ʢʘʪʠʦʥʦʚ ʩ ʥʝʜʦʩʪʨʦʝʥʥʦʡ 18-ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯ-
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ʢʦʡ ʧʨʠ ʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝ, ʯʝʤ 8-ʵʣʝʢʪʨʦʥʥʳʝ ʦʙʦʣʦʯʢʠ ʢʘʪʠʦʥʦʚ, ʠ ʜʦʣʷ ʢʦʚʘʣʝʥʪʥʦʩʪʠ ʭʠʤʠʯʝʩ-

ʢʦʡ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʣʠʛʘʥʜ ʩʠʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ. ɺ ʦʩʥʦʚʥʦʤ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢ-

ʩʦʚ ʠʟʤʝʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: Mn
2+

<Fe
2+ 

< Co
2+

< Ni
2+

< Cu
2+ 

> Zn
2+ 
(ʨʷʜ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʀʨʚʠʥʛʘ-ɺʠʣʴʷʤʩʘ) [13, ʩ.25]. 

ɺ ʢʦʤʧʣʝʢʩʘʭ ʢʘʪʠʦʥʦʚ, ʫ ʢʦʪʦʨʳʭ ʚʦ ʚʥʝʰʥʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʝ ʥʘ-

ʭʦʜʠʪʩʷ 18 ʠʣʠ 18+2 ʵʣʝʢʪʨʦʥʦʚ, ʧʨʝʦʙʣʘʜʘʝʪ ʢʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ, ʦʩʫʱʝʩʪʚʣʷ-

ʝʤʘʷ ʧʘʨʦʡ ʵʣʝʢʪʨʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʦʚʤʝʩʪʥʦʤ ʚʣʘʜʝʥʠʠ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ ʠ 

ʣʠʛʘʥʜʘ. ʏʘʩʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʚʘʣʝʥʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧ-

ʣʝʢʩʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʉʪʝʧʝʥʴ ʢʦʚʘʣʝʥʪʥʦʩʪʠ ʩʚʷʟʠ ʠʤʝʝʪ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ, 

ʯʝʤ ʨʘʟʤʝʨʳ ʠʦʥʦʚ [234, ʩ.254]. ʅʘʠʙʦʣʝʝ ʞʝʩʪʢʠʝ ʢʘʪʠʦʥʳ ʠʤʝʶʪ ʵʣʝʢʪʨʦʥʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʠ ʥʝ ʠʤʝʶʪ ʚʘʢʘʥʪʥʳʭ (ʠʣʠ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʳʭ) 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʥʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ d-ʦʨʙʠʪʘʣʝʡ. ʅʘʠʙʦʣʝʝ ʤʷʛʢʠʝ ʢʘʪʠʦʥʳ, 

ʥʘʦʙʦʨʦʪ, ʠʤʝʶʪ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʳʝ, ʣʝʛʢʦ ʧʦʣʷʨʠʟʫʝʤʳʝ d-ʦʨʙʠʪʘʣʠ. ʂʘ-

ʪʠʦʥʳ ʩ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʳʤʠ d-ʦʨʙʠʪʘʣʷʤʠ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦ-

ʞʝʥʠʝ. ɾʝʩʪʢʦʩʪʴ ʢʘʪʠʦʥʘ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʝʛʦ ʟʘʨʷʜʘ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚ-

ʥʳʭ ʫʩʣʦʚʠʷʭ [220, ʩ.152]. ɽʩʣʠ ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʧʨʦʤʝʞʫʪʦʯ-

ʥʳʤ ʢʠʩʣʦʪʘʤ, ʩʚʷʟʘʥ ʩ ʞʝʩʪʢʠʤ ʦʩʥʦʚʘʥʠʝʤ, ʪʦ ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʞʝʩʪʢʠʤ, ʘ 

ʝʩʣʠ ʩ ʤʷʛʢʠʤ - ʪʦ ʙʦʣʝʝ ʤʷʛʢʠʤ [121, ʩ.317]. 

ʆʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʤʝʪʘʣʣʘ ʠ ʣʠʛʘʥʜʘ, ʚ 

ʦʩʥʦʚʥʦʤ ʦʪ ʠʭ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʠʤʤʝʪʨʠʠ ʟʘʚʠʩʠʪ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧ-

ʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ. ʇʦ ʧʨʦʯʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʠʛʘʥʜʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʜʦʥʦʨ-

ʥʳʝ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ ʉʠʜʞʚʠʢ ʧʦʜʨʘʟʜʝʣʷʝʪ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʥʘ ʪʨʠ 

ʛʨʫʧʧʳ. Co(II), Fe(III), V(IV), V(V), Nb(V), Ta(V), Mo(VI), U(VI) ʠ ʪ. ʜ. ʦʙʨʘʟʫ-

ʶʪ ʩ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘʤʠ ʙʦʣʝʝ ʧʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʯʝʤ ʩ ʘʟʦʪ-

ʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʘ Fe(II), Pd(II) ʠ ʜʨ. ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʦʜʠʥʘʢʦʚʦ ʧʨʦʯ-

ʥʦ ʠ ʢ ʢʠʩʣʦʨʦʜʫ ʠ ʢ ʘʟʦʪʫ. ɺ ʪʨʝʪʴʶ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʠʦʥʳ ʤʝʪʘʣʣʦʚ Cu(I), 

Cu(II), Ni(II), Hg(II), Co(III) ʠ ʪ.ʜ., ʧʨʠʩʦʝʜʠʥʷʶʱʠʝʩʷ ʢ ʣʠʛʘʥʜʘʤ ʩ ʜʦʥʦʨʥʳʤʠ 

ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʛʦʨʘʟʜʦ ʧʨʦʯʥʝʝ, ʯʝʤ ʢ ʣʠʛʘʥʜʘʤ ʩ ʢʠʩʣʦʨʦʜʦʤ. ɹʦʣʴʰʘʷ ʩʢʣʦʥ-

ʥʦʩʪʴ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʧʦʩʣʝʜʥʝʡ ʛʨʫʧʧʳ ʢ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʦʚʳʰʝʥʥʘʷ ʧʦʣʷʨʠ-
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ʟʫʝʤʦʩʪʴ ʘʪʦʤʘ ʘʟʦʪʘ ʦʙʲʷʩʥʷʶʪ ʙʦʣʴʰʝʝ ʩʨʦʜʩʪʚʦ ʵʪʠʭ ʠʦʥʦʚ ʢ ʘʟʦʪʫ. ʉ ʫʤʝʥʴ-

ʰʝʥʠʝʤ ʟʘʨʷʜʘ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʜʠʫʩʘ ʠʦʥʘ ʤʝʪʘʣʣʘ ʚʦʟʨʘʩʪʘʝʪ ʧʦʣʷʨʠʟʫʶʱʝʝ 

ʜʝʡʩʪʚʠʝ ʣʠʛʘʥʜʘ ʥʘ ʮʝʥʪʨʘʣʴʥʳʡ ʠʦʥ ʤʝʪʘʣʣʘ. ʉʠʣʘ ʧʦʣʷ ʣʠʛʘʥʜʦʚ ʩ ʜʦʥʦʨʥ -r

ʤʠ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ. 

ʀʦʥʳ Cu(I), Hg(I) ʠ Hg(II) ʧʨʝʜʧʦʯʠʪʘʶʪ ʣʠʛʘʥʜʳ ʩ ʜʦʥʦʨʥʳʤ ʘʪʦʤʦʤ ʩʝʨʳ. 

ʀʦʥʳ Cu(II) ʩʦʝʜʠʥʷʶʪʩʷ ʥʘʤʥʦʛʦ ʧʨʦʯʥʝʝ ʩ ʣʠʛʘʥʜʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʢʠʩʣʦ-

ʨʦʜ [14, ʩ.57]. ʉ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʠʦʥʘ ʤʝʪʘʣʣʘ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ ʣʠʛʘʥʜʦʚ ʩʚʷʟʘʥʘ ʧʦʚʳʰʝʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʈʃʂ. 

ʇʨʦʯʥʦʩʪʴ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚʪʦʨʦʛʦ ʣʠʛʘʥʜʘ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʣʠʛʘʥʜʦʚ ʟʘʚʠʩʷʪ 

ʦʪ ʠʭ çʞʝʩʪʢʦʩʪʠè ʠʣʠ çʤʷʛʢʦʩʪʠè. ʅʘʣʠʯʠʝ ʫ ʠʦʥʘ ʤʝʪʘʣʣʘ ʞʝʩʪʢʦʛʦ ʠʣʠ ʤʷʛ-

ʢʦʛʦ ʣʠʛʘʥʜʘ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ çʩʢʦʧʣʝʥʠʶè ʞʝʩʪʢʠʭ ʠʣʠ ʤʷʛʢʠʭ ʣʠʛʘʥʜʦʚ ʪ.ʝ. 

ʚʭʦʞʜʝʥʠʶ ʩʭʦʜʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ.  

ɽʩʣʠ ʦʜʠʥ ʠʟ ʣʠʛʘʥʜʦʚ ʠʤʝʝʪ ʩʚʦʙʦʜʥʳʝ ʠʣʠ ʩ ʤʘʣʦʡ ʟʘʩʝʣʝʥʥʦʩʪʴʶ ʥʠʟ-

ʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʦʨʙʠʪʘʣʠ, ʘ ʚʪʦʨʦʡ ʣʠʛʘʥʜ ʷʚʣʷʝʪʩʷ ʜʦʥʦʨʦʤ ʵʣʝʢʪʨʦʥʦʚ ʦʙ-

ʨʘʟʫʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʳʝ ʩʚʷʟʠ. ʅʘ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʭʘʨʘʢʪʝʨ ˊ-ʩʚʷʟʠ ˊ(R ŸM) ʠʣʠ ˊ(M Ÿ R) ʣʠʛʘʥʜʘ. ʇʝʨʝʥʦʩ 

ʵʣʝʢʪʨʦʥʘ ʢ ʠʦʥʫ-ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʶ ʧʦ ʩʚʷʟʠ ˊ(R ŸM) ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠ-

ʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʟʘʨʷʜʘ ʵʪʦʛʦ ʠʦʥʘ. ʏʘʩʪʴ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʣʠʛʘʥʜʘ 

ʧʝʨʝʥʦʩʠʪʩʷ ʢ ʤʝʪʘʣʣʫ. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ ʚʳʨʘʞʝʥʥʦʡ ʢʦʚʘ-

ʣʝʥʪʥʦʡ ʩʚʷʟʠ ʩ ʣʠʛʘʥʜʦʤ ʦʨʙʠʪʘʣʠ ʤʝʪʘʣʣʘ ʩʪʘʥʦʚʷʪʩʷ ʘʥʪʠʩʚʷʟʳʚʘʶʱʠʤʠ ʠ 

ʠʭ ʵʥʝʨʛʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʦʨʙʠʪʘʣʝʡ ʩ ʦʨʙʠʪʘʣʷʤʠ ʜʨʫʛʠʭ 

ʣʠʛʘʥʜʦʚ ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦʡ. ɺʪʦʨʦʡ ʪʠʧ ˊ-ʩʚʷʟʝʡ ʦʙʫʩʣʦʚʣʝʥ ʦʙʨʘ-

ʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣ̫ʨʥʳʭ ʦʨʙʠʪʘʣʝʡ, ʟʘʩʝʣʝʥʥʳʭ ʩ ʥʝʩʚʷʟʳʚʘʶʱʠʭ ʦʨʙʠʪʘʣʝʡ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ, ʯʪʦ ʨʘʚʥʦʮʝʥʥʦ ʧʝʨʝʥʦʩʫ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ 

ʠʦʥʘ ʤʝʪʘʣʣʘ ʢ ʣʠʛʘʥʜʘʤ (ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ (ˊ(MŸR)). ʃʠʛʘʥʜʳ ʩ ʵʣʝʢʪʨʦʥʦʘʢ-

ʮʝʧʪʦʨʥʤrʠ ʩʚʦʡʩʪʚʘʤʠ (ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʩʦ-

ʝʜʠʥʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʩʦʧʨʷʞʝʥʠʷ) ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʟʦ-

ʚʘʥʠʠ ˊ-ʜʘʪʠʚʥʳʭ ʩʚʷʟʝʡ. 

ɺʳʩʦʢʘʷ ʩʠʣʘ ʧʦʣʷ ʜʠʧʠʨʠʜʠʣʘ, ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ ʙʘʪʦʬʝʥʘʥʪʨʦʣʠʥʘ ʦʙʫʩ-

ʣʦʚʣʠʚʘʝʪʩʷ ʠʭ ʚʳʩʦʢʦʡ ˊ-ʘʢʮʝʧʪʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʦʥʠ 
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ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʵʣʝʢʪʨʦʥʳ ʩ d-ʦʨʙʠʪʘʣʝʡ ʤʝʪʘʣʣʘ, ʥʝ ʩʚʷʟʘʥʥʳʭ ů-ʩʚʷʟʴʶ. 

ʕʪʦʪ ʪʠʧ ʩʚʷʟʠ ʥʘʟʳʚʘʝʪʩʷ ʜʦʥʦʨʥʦʡ ˊ-ʩʚʷʟʴʶ, ʘ ʩʘʤʦ ʷʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪ-

ʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ. ʆʙʨʘʪʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʧʦʚʳʰʘʷ ʩʠʣʫ ʧʦʣʷ ʣʠʛʘʥʜʦʚ ʚ ʤʦ-

ʣʝʢʫʣʝ ʢʦʤʧʣʝʢʩʘ ʦʙʣʝʛʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʠʟʢʦʩʧʠʥʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫ-

ʨʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ. ʉʠʣʴʥʳʝ ʣʠʛʘʥʜʥʳʝ ʧʦʣʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʦʙʨʘʪʥʳʭ ˊ-

ʩʚʷʟʝʡ ʩ ʤʝʪʘʣʣʘʤʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ Fe, Cu, Ni, Co ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ, ʘ ʥʘʣʠʯʠʝ ʩʠʩʪʝʤʳ 

ʩʦʧʨʷʞʝʥʥʳʭ ʩʚʷʟʝʡ ʚ ʤʦʣʝʢʫʣʘʭ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ 2,2
/
-ʜʠʧʠʨʠʜʠʣʘ ʦʙʫʩ-

ʣʦʚʣʠʚʘʝʪ ʛʣʫʙʦʢʫʶ ʦʢʨʘʩʢʫ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʠʭ ʚ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ [236, ʩ.2094]. 

ʕʣʝʢʪʨʦʥʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʦ ʤʥʦʛʦʤ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʦ-

ʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 3d-ʤʝʪʘʣʣʦʚ. ʋ ʢʦʤʧʣʝʢʩʦʚ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ 

ʩ ʦʜʠʥʘʢʦʚʳʤ ʯʠʩʣʦʤ ʚʘʣʝʥʪʥʳʭ d-ʵʣʝʢʪʨʦʥʦʚ ʠʥʝʨʪʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʚʦʟʨʘʩ-

ʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʘʚʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʯʠʩʣʘ. ʇʦʣʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʣʘ-

ʜʘʁʪ ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʦʢʨʘʩʢʦʡ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʝ ʤʦʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʂʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʙʦʣʝʝ ʫʩʪʦʡ-

ʯʠʚʳ, ʯʝʤ ʢʦʤʧʣʝʢʩʳ s -ʠ  p-ʤʝʪʘʣʣʦʚ. ʂʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ d
3 
ʠ d

8
 ʠ ʥʠʟʢʦʩʧʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥ-

ʬʠʛʫʨʘʮʠʝʡ d
5 
ʠ d

6
, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʳ ʩ ʚʳʩʦʢʠʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ ʥʘ-

ʠʙʦʣʝʝ ʠʥʝʨʪʥʳ. ʍʝʣʘʪʳ ʙʦʣʝʝ ʠʥʝʨʪʥʳ, ʯʝʤ ʢʦʤʧʣʝʢʩʳ ʩ ʤʦʥʦʜʝʥʪʘʪʥʳʤʠ ʣʠ-

ʛʘʥʜʥʘʤʠ, ʘ ʥʝʡʪʨʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʦʣʝʝ ʠʥʝʨʪʥʳ, ʯʝʤ  ʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ. 

ʄʝʜʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʨʝʘʛʝʥʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʝ -OH ʠ -COOH, ʠʣʠ ʜʚʝ -

OH ʛʨʫʧʧʳ ʚ ʦ-ʧʦʣʦʞʝʥʠʠ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʧʨʝʠʤʫɦʝʩʪʚʝʥʥʦ ʚ ʩʣʘʙʦʢʠʩʣʳʭ ʠʣʠ 

ʥʝʡʪʨʘʣʴʥʳʭ ʩʨʝʜʘʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʨʘʰʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [276, ʩ.181].  ʂʦʤ-

ʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʝ ʨʝʘʛʝʥʪʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʜʠ, ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʢʣʘʩʩʘʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʦʜʝʨʞʘʪ ʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʛʨʫʧʧʘʭ ʧʦʯʪʠ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʜʦʥʦʨʥʳʝ ʘʪʦʤʳ 

(O, N, S, P ʠ ʜʨ.). ɹʣʘʛʦʜʘʨʷ dsp
2
-ʛʠʙʨʠʜʥʳʤ ʦʨʙʠʪʘʣʷʤ Cu(II) ʦʙʨʘʟʫʝʪ ʧʣʦʩʢʠʝ 

ʢʚʘʜʨʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʇʣʦʩʢʠʝ ʢʚʘʜʨʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ Cu(II) ʩ ʦʜʥʠʤ ʥʝʩʧʘ-

ʨʝʥʥʳʤ ʵʣʝʢʪʨʦʥʦʤ ʧʨʠʩʦʝʜʠʥʷʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʣʠʛʘʥʜʳ, ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ 
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ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ [276, ʩ.181]. ɹʣʘʛʦʜʘʨʷ ʢʦʥʬʠʛʫʨʘʮʠʠ 3d
9
 ʠʦʥ Cu(II) 

ʣʝʛʢʦ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʠ ʦʙʨʘʟʫʝʪ ʧʨʦʯʥʳʝ ʩʚʷʟʠ ʩ S-ʩʦʜʝʨʞʘɦʠʤʠ ʨʝʘʛʝʥʪʘʤʠ 

(ʨʫʙʝʘʥʦʚʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʦʡ, ʜʠʪʠʟʦʥʦʤ) [240, ʩ.14]. ɽʩʣʠ ʜʣʷ ʉu
+
, ʚʩʣʝʜʩʪ-

ʚʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʭʘʨʘʢʪʝʨʥʳ ʧʨʦʩʪʳʝ ʢʦʤʧ-

ʣʝʢʩʳ ʩ ʧʦʣʷʨʠʟʫʶʱʠʤʠʩʷ ʣʠʛʘʥʜʘʤʠ ʪʠʧʘ ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ ʜʠʧʠʨʠʜʠʣʘ, ʪʦ ʣʝʛ-

ʢʦ ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʠʦʥʳ ʉu
2+

 ʣʝʛʢʦ ʦʙʨʘʟʫʁʪ ʩʤʝʰʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʜʘʚʘʷ 

ʧʨʦʯʥʳʝ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʩ ʨʘʟʣʠʯʥʤrʠ ʣʠʛʘʥʜʘʤʠ. 

ɸʚʪʦʨʘʤʠ [202, ʩ.55] ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚʳʷʚʣʝʥʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʘʪʦʤʦʚ (ʌɸɻɸ) ʜʣʷ Cu(I)  ʠ Cu(II).  

 

ʉʪʨʫʢʪʫʨʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 2,2ô-ʜʠʧʠʨʠʜʠʣʘ ʠ ʦ-ʬʝʥʘʥ-

ʪʨʦʣʠʥʘ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʩʨʦʜʩʪʚʦ ʢ ʠʦʥʘʤ Cu(I). ɼʣʷ Cu(II) 

ʘʚʪʦʨʳ ʨʘʙʦʪʳ ʌɸɻɸʦʤ ʥʘʟʳʚʘʶʪ ʛʨʫʧʧʠʨʦʚʢʫ, ʧʨʠʩʫʪʩʪʚʫʶʱʫʶ ʚ ʦʢʩʘʣʠʣ- 

ʛʠʜʨʘʟʦʥʘʭ ʥʝʢʦʪʦʨʳʭ ʘʣʴʜʝʛʠʜʦʚ ʠ ʢʝʪʦʥʦʚ. 

 

ʄʝʜʴ ʚ ʦʙʝʠʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʉʠʜʞʚʠʢʘ [68, ʩ.13] 

ʚʭʦʜʠʪ ʚ ʪʨʝʪʴʶ ʛʨʫʧʧʫ ʤʝʪʘʣʣʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʚʷʟʴ ʩ N ʠ S ʩʠʣʴʥʝʝ, ʯʝʤ ʩ O. ɺ 

ʵʪʦʤ ʧʨʦʷʚʣʷʝʪʩʷ ʝʝ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʩ ʘʪʦʤʘ-

ʤʠ N ʠ S ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʨʦʤʝ ʘʤʠʥʦʚ, ʬʝʥʦʣʴʥʳʭ 

ʠʣʠ ʩʧʠʨʪʦʚʳʭ ʛʠʜʨʦʢʩʠʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʧʨʠʤʝʥʷʶʪʩʷ ʪʠ-

ʦʢʠʩʣʦʪʳ, ʤʝʨʢʘʧʪʘʥʳ ʠ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ. S-ʘʥʘʣʦʛʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʣʠʛʘʥʜʳ) ʥʘʠʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦ-ʩʧʦʩʦʙʥʳ ʧʦ ʦʪ-

ʥʦhʝʥʠʶ ʢ ʤʝʜʠ [240, ʩ.22]. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʠʦʥʦʚ Cu(II), ʢʘʢ 

ʠ ʦʩʪʘʣʴʥʳʭ d-ʵʣʝʤʝʥʪʦʚ ʚʳʨʘʞʝʥʳ ʩʠʣʴʥʦ. ʀʦʥʳ Cu(II) ʧʦʢʘʟʳʚʘʶʪ ʭʨʦʤʦ-

ʬʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʢ ʚ ʧʘʨʝ Cu-O ʠ Cu-N, ʪʘʢ ʠ ʚ ʧʘʨʝ Cu-S ʠ Cu-hal.  

ɺʩʣʝʜʩʪʚʠʝ ʟʘʧʦʣʥʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʥʘʤʠ 3d-ʦʨʙʠʪʘʣʝʡ ʫ ʠʦʥʘ Hg
2+

 ʚ ʝʛʦ 

ʢʦʤʧʣʝʢʩʘʭ ʦʪʩʫʪʩʪʚʫʝʪ ʵʬʬʝʢʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʣʝʤ ʣʠʛʘʥʜʦʚ. ʇʦʵʪʦʤʫ ʩʪʝʨʝ- 



52 

ʦʭʠʤʠʷ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʨʘʟʤʝʨʘʤʠ ʠʦʥʦʚ, ʵʣʝʢʪʨʦ-

ʩʪʘʪʠʯʝʩʢʠʤʠ ʩʠʣʘʤʠ ʠ ʢʦʚʘʣʝʥʪʥʦʩʪʴʶ ʩʚʷʟʝʡ ʤʝʪʘʣʣ-ʣʠʛʘʥʜ. ɼʚʫʭʟʘʨʷʜʥʳʡ 

ʠʦʥ Hg(II), ʷʚʣʷʶʱʠʡʩʷ ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʦʡ ʃʴʶʠʩʘ, ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʫʶ 

ʪʝʥʜʝʥʮʠʶ ʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʢʪʘʵʜʨʠ-

ʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʢʦʤʧʣʝʢʩʳ Hg(II) ʦʙʨʘʟʫʝʪ ʩ ʘʟʦʪʩʦ-

ʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘʤʠ. ʄʥʦʛʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʜʝʨ-

ʞʘɦʠʝ ʛʝʪʝʨʦʘʪʦʤʳ - ʩʝʨʫ ʠ ʘʟʦʪ, ʦʙʨʘʟʫʶʪ ʩ ʠʦʥʘʤʠ ʨʪʫʪʠ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʝ 

ʠʣʠ ʠʥʪʝʥʩʠʚʥʦ ʦʢʨʘʰʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʣʫʯʠʚhʠʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʝ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ɺ ʦʩʥʦʚʥʦʤ ʩ ʨʪʫʪʴʶ ʨʝʘʛʠʨʫʶʪ ʪʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʨʝʘʢʪʠʚʳ, ʚ ʤʦʣʝʢʫʣʘʭ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʝʜʫʁʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʘʥʘ-

ʣʠʪʠʯʝʩʢʠʝ ʛʨʫʧʧʠʨʦʚʢʠ [97, ʩ. 67-70] 

 

ʉʨʝʜʠ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʪʘʥʘ ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʟʚʘʥʳ ʧʦʣʠʬʝʥʦʣʳ ʠ ʧʦʣʠʥʘʬʪʦʣʳ, ʘ ʪʘʢʞʝ ʨʝʘʛʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʥʘʨʷʜʫ ʩ -ʆʅ-ʛʨʫʧʧʦʡ ʠʤʝʶʪ ʢʘʨʙʦʢʩʠʣʴʥʫʶ ʠʣʠ ʘʤʠʥʦʛʨʫʧʧʫ. ɺ ʘʥʘʣʠʪʠʯʝʩ-

ʢʦʡ ʭʠʤʠʠ ʪʠʪʘʥʘ ʧʨʝʦʙʣʘʜʘʶʪ ʨʝʘʛʝʥʪʳ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʛʨʫʧʧʠʨʦʚʢʘʤʠ:  

 

ʈʝʘʛʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ, ʜʚʝ - OH ʛʨʫʧʧʳ ʠʣʠ -OH ʠ -COOH ʚ ʦ-ʧʦʣʦʞʝ-

ʥʠʠ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʨʝʘʛʠʨʫʶ ʩ ʪʠʪʘʥʦʤ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ ʨʅ7 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢ-

ʨʘʰʝʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [71, ʩ.133]. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʧʦʣʷʨʥʳʝ 

ʩʚʷʟʠ M-O. ʕʪʠ ʩʚʷʟʠ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʷʟʝʡ ʚʪʦʨʳʤ 

ʜʦʥʦʨʥʳʤ ʘʪʦʤʦʤ O, N ʠʣʠ S; ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ 5- ʠʣʠ 6-ʯʣʝʥʥʳʝ ʭʝʣʘʪʥʳʝ 

ʮʠʢʣʳ. ʆʙʨʘʟʫʁʱʠʝʩʷ ʩʦʝʜʠʥʝʥʠʷ ʦʢʨʘhʝʥʳ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʘʪʦʤ 

ʢʠʩʣʦʨʦʜʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʧʨʷʞʝʥ ʩ ˊ-ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʨʝʘʛʝʥʪʘ [276, 

ʩ.399]. ʂʨʦʤʝ ʨʝʘʛʝʥʪʦʚ ʩ ʭʝʣʘʪʦʦʙʨʘʟʫʁʱʝʡ ʛʨʫʧʧʠʨʦʚʢʦʡ ïʆ-ʉ-ʆ-ʉ-ʆ- ʜʣʷ 

ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʪʘʥʘ ʠʤʝʶʪ ʪʘʢʞʝ ʟʥʘʯʝʥʠʝ ʪʘʢʠʝ ʨʝʘʛʝʥʪʳ, ʫ 
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ʢʦʪʦʨʳʭ ʚ ʵʪʦʡ ʛʨʫʧʧʠʨʦʚʢʝ ʦʜʠʥ ʠʣʠ ʦʙʘ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʟʘʤʝʱʝʥʳ ʥʘ ʘʪʦʤ 

ʘʟʦʪʘ (ʆ=ʉ-N-O
- 
ʠ O=N-N-O

-
) [276, ʩ.400]. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘ-

ʟʳʚʘʝʪ, ʯʪʦ çʞʝʩʪʢʠʝè ʤʝʪʘʣʣʳ -Ti(IV), V(V), Nb(V) , VO
2+

, UO2
2+ 
ʦʙʨʘʟʫʁʪ ʫʩ-

ʪʦʡʯʠʚʳʝ ʭʝʣʘʪʳ ʩ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘʤʠ. ʉʢʣʦʥʥʦʩʪʴ ʢ ʘʟʦʪʫ ʫ 

ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝʚʳʩʦʢʘ. ʇʦʵʪʦʤʫ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʣʠʛʘʥʜʳ ʥʝ ʤʦʛʫʪ ʚʳʪʝʩ-

ʥʷʪʴ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʠʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ Ti(IV).  

ɹʦʣʴʰʠʥʠʩʪʚʦ ʨʝʘʛʝʥʪʦʚ ʥʘ ʚʘʥʘʜʠʡ ʩʦʜʝʨʞʘʪ ʘʟʦʪ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ 

=N-, -N-, ʘʤʠʥʥʳʡ -NH2, ʦʢʩʠʤʥʳʡ ʬʨʘʛʤʝʥʪʳ -N-OH, ʘ ʪʘʢʞʝ ʘʟʦʛʨʫʧʧʫ. ï

N=N-. ʕʪʠ ʘʢʪʠʚʥʳʝ ʬʨʘʛʤʝʥʪʳ ʤʦʛʫʪ ʩʦʯʝʪʘʪʴʩʷ ʩ ïOH, -COOH, -SH ʠ ʥʝʢʦʪʦ-

ʨʤrʠ ʜʨʫʛʠʤʠ ʛʨʫʧʧʠʨʦʚʢʘʤʠ [201, ʩ.11] ʆʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ ʩ ʛʨʫʧʧʠʨʦʚ-

ʢʦʡ  

 

ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ 3d-ʧʝʨʝʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʂ ʵʪʠʤ 

ʣʠʛʘʥʜʘʤ ʦʪʥʦʩʠʪʩʷ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ, ʦʙʨʘʟʫʶʱʠʡ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʧʨʦʯ-

ʥʳʝ ʢʘʪʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʉʨʝʜʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ, ʠʥ-

ʪʝʨʝʩʥʳʭ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʚʘʥʘʜʠʷ, ʷʚʣʷʶʪʩʷ ʢʨʘʩʠʪʝʣʠ ʪʨʠʬʝʥʠʣʤʝ-

ʪʘʥʦʚʦʛʦ ʨʷʜʘ, ʩʦʜʝʨʞʘʱʠʝ ʛʨʫʧʧʠʨʦʚʢʠ:  

 

ʆʙ̫ʟʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʜʚʫʭ ʢʦʤʧʣʝʢʩʫʶʱʠʭ ʛʨʫʧʧ ʚ ʦʨʪʦ ʧʦ-

ʣʦʞʝʥʠʠ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʆʙʨʘʟʦʚʘʥʠʝ ʧʨʦʩʪʳʭ, ʦʜʠʥʦʯʥʳʭ ʩʦʯʝʪʘʥʠʡ V(IV) -S  ʠ 

V(IV) -N ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʤʘʣʦ ʭʘʨʘʢʪʝʨʥʦ: ʥʝʢʦʪʦʨʳʝ, ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʢʦʤʙʠʥʘ-

ʮʠʠ V(IV) -S ʦʙʨʘʟʫʁʪʩʷ ʣʝʛʯʝ. V(IV) -N ʣʝʛʢʦ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʠ ʧʝʨʝʭʦʜʠʪ ʚ ʙʦ-

ʣʝʝ ʫʩʪʦʡʯʠʚʫʶ V(IV) -O. ʉʣʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʚʢʣʶʯʘʶʱʠʝ V(IV) -N, ʦʢʘʟʳ-

ʚʘʶʪʩʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ. ʈʝʘʛʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʪʠʦʥʥʫʶ ʠ ʪʠʦʣʴʥʫʶ ʛʨʫʧ-

ʧʳ, ʦʙʨʘʟʫʶʪ ʩ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʦʢʨʘhʝʥʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʠ ʚʥʫʪʨʠʢʦʤʧ-

ʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪ ʭʝʣʘʪʦʦʙʨʘʟʫʶʱʠʝ 

ʨʝʘʛʝʥʪʳ, ʢʦʪʦʨʳʝ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʩʦʜʝʨʞʘʪ O ʠ S ʠ ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ - ʨʝʘʛʝʥʪʳ ʩ ʜʦʥʦʨʥʳʤ ʘʪʦʤʦʤ S. ʇʨʝʠʤʫɦʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪ ʦ-ʜʠ-
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ʬʝʥʦʣʳ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ, ʚ ʢʦʪʦʨʳʭ -OH ʛʨʫʧʧʘ ʟʘʤʝʱʝʥʘ ʥʘ -SH [276, 

ʩ.339]. ʉʝʨʦʩʦʜʝʨʞʘʱʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʠʤʝʶʱʠʝ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʠ-

ʨʦʚʢʠ: 

 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʮʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ ʥʘ ʤʦ-

ʣʠʙʜʝʥ ʠ ʚʦʣʴʬʨʘʤ. ʕʪʠ ʛʨʫʧʧʳ ʤʦʛʫʪ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʘʨʦʤʘʪʠʯʝʩʢʦ-

ʛʦ ʠʣʠ ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʨʷʜʘ (ʪʠʦʷʙʣʦʯʥʘʷ ʢʠʩʣʦʪʘ, 2,3-ʜʠʤʝʨʢʘʧʪʦʧʨʦʧʠʦʥʦʚʘʷ 

ʢʠʩʣʦʪʘ, ʪʠʦʛʣʠʢʦʣʝʚʘʷ ʢʠʩʣʦʪʘ, ʪʦʣʫʦʣ-3,4-ʜʠʪʠʦʣ) [71, ʩ.221]. ʅʝʢʦʪʦʨʳʝ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʣʴʬʨʘʤʘ ʦʩʥʦʚʘʥʳ ʥʘ ʩʧʦʩʦʙ-

ʥʦʩʪʠ ʚʦʣʴʬʨʘʤʘ(V) ʦʙʨʘʟʦʚʳʚʘʪʴ ʦʢʨʘʰʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ S-ʩʦʜʝʨʞʘʱʠʤʠ 

ʨʝʘʛʝʥʪʘʤʠ [71, ʩ.235]. ɸʟʦʤʝʪʠʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʘʟʦʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘ-

ʱʠʝ  ʘʪʦʤʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ  

 

ʦʙʨʘʟʫʶʪ ʩ ʠʦʥʘʤʠ ʄʦ(VI) ʭʘʨʘʢʪʝʨʥʦ ʦʢʨʘʰʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ [71, ʩ.220]. 

ɼʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪ ʭʝʣʘ-

ʪʦʦʙʨʘʟʫʶʱʠʝ ʨʝʘʛʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ N ʠ O ʠʣʠ 

ʜʚʘ ʩʦʩʝʜʥʠʭ ʘʪʦʤʘ O (ʥʘʧʨʠʤʝʨ ʦ-ʜʠʬʝʥʦʣʳ ʠ ɓ-ʜʠʢʝʪʦʥʳ). ɺ ʬʦʪʦʤʝʪʨʠʯʝʩ-

ʢʠʭ ʨʝʘʛʝʥʪʘʭ ʥʘ ʫʨʘʥ ʩʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʥʦʛʦ ʘʪʦʤʘ ʠʛʨʘʝʪ ʚʪʦʨʦʩʪʝʧʝʥʥʫʶ 

ʨʦʣʴ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ ʠʩʩʣʝʜʦʚʘʥʦ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʭʝʣʘʪʦʦʙʨʘʟʫʶʱʠʭ ʨʝ-

ʘʛʝʥʪʦʚ. ʆʜʥʘʢʦ ʤʥʦʛʠʝ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʩʝʣʝʢʪʠʚʥʳ, 

ʪʘʢ ʯʪʦ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʪʜʝʣʝʥʠʝ ʫʨʘʥʘ [276, ʩ.404]. 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ ʩ ʛʨʫʧʧʠʨʦʚʢʘʤʠ 

 

ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ. 

ɾʝʣʝʟʦ ʦʙʣʘʜʘʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢ-

ʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ, ʯʘʱʝ ʚʩʝʛʦ ʨʘʚʥʳʤ 6. ʀʟʙʠʨʘ-

C SH 

C A 

C SH 

A 
ʛʜʝ ɸ= -ʉOOH, -SH, -OH 

ʠʣʠ 
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ʪʝʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʥʘ Fe(III)  ʷʚʣʷʶʪʩʷ ʨʝʘʛʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʬʝʥʦʣʴʥʳʝ 

OH-ʛʨʫʧʧʳ. ɼʘʞʝ ʨʝʘʛʝʥʪ ʩ ʦʜʥʦʡ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʬʝʥʦʣʴʥʦʡ OH-ʛʨʫʧʧʦʡ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʫʝʪ ʩ Fe
3+

; ʢʨʦʤʝ ʞʝʣʝʟʘ ʩ ʵʪʠʤ ʨʝʘʛʝʥʪʦʤ ʚ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʤ ʨʘʩʪ-

ʚʦʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ Ti
4+ 
ʠ Ὗὕ . ʆʜʥʘʢʦ ʨʝʘʢʮʠʷ ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʴʥʘ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʝʱʝ ʦʜʥʦʡ ʬʝʥʦʣʴʥʦʡ  OH-ʛʨʫʧʧʳ 

ʚ ʦʨʪʦ- ʠʣʠ ʧʝʨʠ-ʧʦʣʦʞʝʥʠʠ, ʥʦ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʭʫʜʰʝʥʠʶ ʩʝ-

ʣʝʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ. ʇʨʠ ʟʘʤʝʥʝ OH-ʛʨʫʧʧʳ ʥʘ SH-ʛʨʫʧʧʫ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʝʱʝ ʙʦʣʝʝ ʩʥʠʞʘʝʪʩʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʭʝʣʘʪʦʦʙ-

ʨʘʟʫʶʱʝʛʦ ʨʝʘʛʝʥʪʘ ʢ ʦʢʠʩʣʝʥʠʶ [276, ʩ.294]. ʇʦʩʢʦʣʴʢʫ ʠʦʥʳ Fe
2+

 ʠ Fe
3+

 ʦʙʣʘ-

ʜʘʶʪ ʭʨʦʤʦʬʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʫʶʪ ʨʝʘʛʝʥ-

ʪʳ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʭʨʦʤʦʬʦʨʥʳʭ ʛʨʫʧʧ. ʈʝʘʛʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ OH-ʛʨʫʧʧʳ ʠ 

ʜʦʥʦʨʥʳʝ ʘʪʦʤʳ ʘʟʦʪʘ ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

Fe(III)  [277, ʩ.176]. ʄʝʪʦʜʠʢʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Fe(III)  ʚ ʚʠʜʝ 

ʈʃʂ ʩ ʵʪʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʝʪʴʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʢʣʘʩʩʘ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, Fe
2+

 ʦʙʨʘʟʫʝʪ ʫʩʪʦʡʯʠʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʣʠʛʘʥʜʘʤʠ, ʠʤʝ-

ʶʱʠʤʠ ʧʦʣʷ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʳʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʧʘʨʠʚʘʥʠʶ 

ʵʣʝʢʪʨʦʥʦʚ ʥʘ 3d-ʦʨʙʠʪʘʣʷʭ. ʊʘʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ʷʚʣʷʶʪʩʷ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ ʠ 

2,2
/
-ʜʠʧʠʨʠʜʠʣ, ʦʙʨʘʟʫʶʱʠʝ ʥʠʟʢʦʩʧʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ  Fe

2+  
ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʳ-

ʩʦʢʦʩʧʠʥʦʚʳʭ ʵʪʠʣʝʥʜʠʘʤʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʠʟʰʠʝ ʚʘʢʘʥʪʥʳʝ ʫʨʦʚʥʠ ʚ 

[FePhen3]
2+ 
ʠ [FeDipy3]

2+
 ʚʣʷʶʪʩʷ ʨʘʟʨʳʭʣʷʶʱʠʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʦʨʙʠʪʘʣʷʤʠ, 

ʯʪʦ ʠ ʦʙʲʷʩʥʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʜʘʪʠʚʥʳʭ ˊ-ʩʚʷʟʝʡ. ʂʠʩʣʦʨʦʜʩʦʜʝʨ-

ʞʘɦʠʝ ʣʠʛʘʥʜʳ (ʕɼʊɸ, ʣʠʤʦʥʥʘʷ, ʱʘʚʝʣʝʚʘʷ ʠ ʚʠʥʥʘʷ ʢʠʩʣʦʪʳ), ʦʙʨʘʟʫʁʱʠʝ 

ʚʩrʦʢʦʩʧʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ Fe
2+
, ʩʚʷʟʳʚʘʶʪ ʝʛʦ ʤʝʥʝʝ ʧʨʦʯʥʦ ʠ ʧʦʵʪʦʤʫ ʤʦ-

ʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʘʩʢʠʨʦʚʢʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝ-ʥʠʠ ʞʝ-

ʣʝʟʘ ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ [236, ʩ.2094]. 

ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʜʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩ-

ʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ ʷʚʣʷʶʪʩʷ 2-ʥʠʪʨʦʟʦʥʘʬʪʦʣ-1, 1-ʥʠʪʨʦʟʦʥʘʬʪʦʣ-2, 

ʥʠʪʨʦʟʦ-P-ʩʦʣʴ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʭʘʨʘʢʪʝʨʥʳʝ ʥʠʪʨʦʟʦʛʠʜʨʦʢʩʠʣʴ-

ʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ  
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ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʬʠʯʥʳʤʠ ʜʣʷ Co(II). ʅʘʣʠʯʠʝ ʚ ʤʦ-

ʣʝʢʫʣʘʭ ʵʪʠʭ ʨʝʘʛʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʧʦʟʚʦʣʷʝʪ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ 

ʠʦʥ ʤʝʪʘʣʣʘ ʢʘʢ ʧʦ ʘʪʦʤʫ ʘʟʦʪʘ, ʪʘʢ ʠ ʧʦ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʢʨʫʛ 

ʵʣʝʤʝʥʪʦʚ, ʨʝʘʛʠʨʫʶʱʠʭ ʩ ʥʠʪʨʦʟʦʦʢʩʠʩʦʝʜʠʥʝʥʠʷʤʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʰʠʨʝ, ʯʝʤ ʩ 

Ŭ-ʜʠʦʢʩʠʤʘʤʠ [229, ʩ.260]. ʆʨʛʘʥʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʘʥʘʣʠʟʘ, ʠʭ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠ-

ʨʦʜʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ, ʦʩʥʦʚʥʦʩʪʠ ʣʠʛʘʥʜʘ, ʩʪʝʭʠʦʤʝʪʨʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚ ʢʦʤʧʣʝʢʩʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʠ ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʘʟʦʩʦʝʜʠʥʝʥʠʡ (ʇɸʅ, ʇɸʈ, ʭʠʥʦʣʠʥʘʟʦ ʈ ʠ ʜʨ.), ʩʦʜʝʨʞʘʱʠʭ ʩʣʝ-

ʜʫʁʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʛʨʫʧʧʠʨʦʚʢʠ: 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʞʝ ʩʝʨʫʩʦʜʝʨʞʘʱʠʝ ʨʝʘʛʝʥʪʳ 

3-ʙʨʦʤ-4-ʤʝʨʢʘʧʪʦʘʮʝʪʦʘʤʠʜʦʪʦʣʫʦʣ [283, ʩ.917]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʈʃʂ ʚ ʨʘʚʥʦʚʝʩʥʳʭ ʩʠʩʪʝ-

ʤʘʭ - ʦʜʥʘ ʠʟ ʛʣʘʚʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ. ʀ ʦʩʦʙʝʥʥʦ ʵʪʦ 

ʚʘʞʥʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʤʝʪʘʣʣʘ ʥʘʭʦʜʷʪʩʷ ʜʚʘ 

ʦʙʝ̡ʤʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʷʪ ʚʦʧ-

ʨʦʩʳ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʣʠʛʘʥʜʦʚ ʠ ʠʭ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ  ʚ 

ʧʨʦʮʝʩʩʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʣʠʛʘʥʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳ-

ʰʘʁʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʝʨʚʠʯʥʦʛʦ ʣʠʛʘʥʜʘ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʧʝ-

ʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩ-

ʪʠ, ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʪ.ʜ. [150, ʩ.34-41]. 

ʆʙʩʫʞʜʝʥʠʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦ-

ʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʢʝʣʷ ʧʨʠʛʦʜʥʳ ʤʥʦʛʠʝ ʭʝʣʘʪʦʦʙʨʘʟʫʶʱʠʝ ʨʝʘʛʝʥʪʳ, ʦʪʥʦʩ-

ʷʱʠʝʩʷ ʢ ʨʘʟʥʳʤ ʢʣʘʩʩʘʤ ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʦʜʝʨʞʘʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʥʳʭ ʘʪʦ-

ʤʦʚ N, O ʠʣʠ S [276, ʩ.244-245]. Ni(II) ʦʙʣʘʜʘʝʪ ʭʨʦʤʦʬʦʨʤʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʜʘʝʪ ʮʚʝʪʥʳʝ ʨʝʘʢʮʠʠ ʩʦ ʤʥʦʛʠʤʠ ʨʝʘʛʝʥʪʘʤʠ. ʇʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʤ ʩʚʦʡ-
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ʩʪʚʘʤ Ni(II) ʥʘʧʦʤʠʥʘʝʪ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ Fe(II), Co(II ), Cu(II ) ʠ ʧʣʘʪʠʥʦʚʳʝ 

ʤʝʪʘʣʣʳ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʘʥʘ-

ʣʠʟʘ ʤʝʪʘʣʣʦʚ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ ʚ ʩʤʝʩʠ ʩ ʨʘʟʣʠʯʥʳʤʠ O-, S- ʠ N-ʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘ-

ʤʠ, ʪʘʢ ʢʘʢ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʝ ʈʃʂ ʯʘʩʪʦ ʥʘʤʥʦʛʦ ʧʨʝʚʳhʘʶʪ 

ʘʥʘʣʦʛʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʩʪʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʉʢʣʦʥʥʦʩʪʴ ʢ ʛʠʜʨʦʣʠʟʫ, ʦʙ-

ʨʘʟʦʚʘʥʠʝ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʦʚʳʰʝʥʥʦʝ ʩʨʦʜʩʪʚʦ ʢ ʢʠʩʣʦʨʦʜʫ ʦʙʳʯ-

ʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʦʩʪʦʷʥʠʝ ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʠ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʫʩʣʦʞʥʷʶʪ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʢʮʠʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʦʜʥʠʤ ʠʟ ʧʨʠʝʤʦʚ ʧʦʚʳhʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʘ ʠʥʦʛʜʘ ʠ ʠʟʙʠʨʘ-

ʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʢʦʤʧʣʝʢʩʦ-

ʦʙʨʘʟʦʚʘʥʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʷʶʪʩʷ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʪʠʦʣʴʥʫʶ (=ʉ-ʅ) ʠ ʪʠʦʥʥʫʶ (=ʉ=S) ʛʨʫʧ-

ʧʳ ʘʪʦʤʦʚ. ʉʦʛʣʘʩʥʦ ʛʠʧʦʪʝʟʝ ʘʥʘʣʦʛʠʡ, ʨʝʘʢʮʠʠ ʩ ʨʝʘʛʝʥʪʘʤʠ ʪʠʧʘ R-SH ʭʘ-

ʨʘʢʪʝʨʥʳ ʜʣʷ ʠʦʥʦʚ ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʩʫʣʴʬʠʜʳ 

[159, ʩ.28]. ʆʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʠʦʥʦʚ, ʦʙʨʘʟʫʷ ʙʝʩʮʚʝʪʥʳʝ 

ʠʣʠ ʦʢʨʘʰʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ʉʝʨʫʩʦʜʝʨʞʘɦʠʝ ʨʝʘʛʝʥʪʳ ʨʝ-

ʘʛʠʨʫʶʪ ʩ ʦʪʜʝʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʵʣʝʤʝʥʪʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʢʠʩʣʦʪ-

ʥʦʩʪʠ. ɺʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣ̫ʪʴ ʩʣʝʜʦ-

ʚʝr ʢʦʣʠʯʝʩʪʚʘ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴ.ʁ ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚʦʟʤʦʞʥʦ ʩʝ-

ʣʝʢʪʠʚʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʨʫʛʠʭ ʙʝʟ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ. ʉ ʨʝʘʛʝʥʪʘʤʠ ʩʦʜʝʨʞʘʱʠʤʠ ʩʝʨʫ ʚ ʦʩʥʦʚʥʦʤ ʨʝʘʛʠʨʫʶʪ 

ʠʦʥʳ ʵʣʝʤʝʥʪʦʚ ʩ ʧʦʯʪʠ ʟʘʢʦʥʯʝʥʥʦʡ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘʚʝʨʰʝʥʥʦʡ d-ʦʙʦʣʦʯʢʦʡ. 

ʅʘ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʩ ʪʝʤ ʠʣʠ ʠʥʳʤ ʠʦʥʦʤ 

ʦʢʘʟʚrʘʁʪ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ, ʥʦ ʠ ʩʪʨʦʝʥʠʝ ʤʦ-

ʣʝʢʫʣʳ ʨʝʘʛʝʥʪʘ ʚ ʮʝʣʦʤ (ʜʣʠʥʘ ʘʣʠʬʘʪʠʯʝʩʢʦʡ ʮʝʧʠ, ʥʘʣʠʯʠʝ ʨʘʟʣʠʯʥʳʭ ʟʘ-

ʤʝʩʪʠʪʝʣʝʡ ʠ ʪ. ʜ.). ʆʙʩʫʞʜʝʥʠʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ  
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ʛʨʫʧʧʠʨʦʚʢʠ ʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳ, ʯʝʤ  [71, ʩ.221; 93, ʩ.1761-

1770]. ʇʨʠ ʟʘʤʝʥʝ ʦʜʥʦʡ -OH ʛʨʫʧʧʳ ʥʘ- SH ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʛʝʥʪʘ ʩʥʠʞʘʝʪʩʷ, 

ʜʚʫʭ- ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʩʪʘʥʦʚʠʪʴʩʷ ʝʱʝ ʤʝʥʰʝ, ʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ 

ʚʦʟʨʘʩʪʘʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʠ ʫʢʘʟʘʥʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ, ʩʘʤʦʡ ʠʥʪʝʨʝʩʥʦʡ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʠʦʥʘʤ, 

ʧʨʦʯʥʦʩʪʠ ʠ ʵʢʩʪʨʘʛʠʨʫʝʤʦʩʪʠ ʦʙʨʘʟʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʦʨʪʦʦʢʩʠʪʠ-

ʦʣʥɹʘʷ ʛʨʫʧʧʠʨʦʚʢʘ. ʈʝʘʛʝʥʪʳ O, S-ʪʠʧʘ, ʠʤʝʶʱʠʝ ʚ ʤʦʣʝʢʫʣʘʭ ʧʦ ʦʜʥʦʡ ïOH 

ʠ -SH ʛʨʫʧʧʳ-2-ʦʢʩʠ-5-ʘʣʢʠʣʪʠʦʬʝʥʦʣʳ ʠ 2-ʦʢʩʠ-5-ʛʘʣʦʛʝʥʪʠʦʬʝʥʦʣʳ ʚʝʩʴʤʘ 

ʧʝʨʩʧʝʢʪʠʚʥʳ. ʉʚʝʜʝʥʠʷ ʦ ʧʝʨʚʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʷʭ 2-ʦʢʩʠ-5-ʘʣʢʠʣʪʠʦʬʝʥʦʣʦʚ 

ʚʩʪʨʝʯʘʁʪʩʷ ʚ ʨʘʙʦʪʝ [279, ʩ.1]. ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʦʢʩʦʤʦʥʦʪʠ-

ʦʬʝʥʦʣʦʚ, ʧʨʝʧʘʨʘʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʚʦʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʨʘʩʰʝʧʣʝʥʠʝ ʜʠ- ʠ 

ʧʦʣʠʩʫʣʴʬʠʜʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʠʭ ʚʘʨʠʘʥʪʘʭ [204, ʩ.80-85]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʥʝʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 2-ʦʢʩʠ-5-ʘʣʢʠʣʪʠʦʬʝʥʦʣʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʜʘʚʥʦ, 

ʵʪʦʪ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʚʝʨʛʘʣʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚ ʧʦʩʣʝʜ-

ʥʠʝ ʛʦʜʳ [18, ʩ.3-4; 196, ʩ.3-4]. ʀʟ ʜʠʪʠʦʣʬʝʥʦʣʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥ ʪʦʣʴʢʦ 2,6-ʜʠ-

ʪʠʦʣ-4-ʤʝʪʠʣʬʝʥʦʣ ʠ 2,6-ʜʠʪʠʦʣ-4-ʪʨʝʪʙʫʪʠʣʬʝʥʦʣ, ʘ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʥʦʩʪʴʶ ʥʠʛʜʝ ʥʝ ʦʧʠʩʘʥʳ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʜʠʪʠʦʣʬʝʥʦʣʦʚ, ʚʳʷʚʣʝʥʠʝ ʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʥʝʢʦʪʦʨʳʭ d- ʠ f-ʧʝʨʝʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʣʦʞʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʧʨʠʨʦʜʥʳʭ 

ʦʙʝ̡ʢʪʘʭ ʠ ʧʨʦʤʳʣhʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ.  
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ɻʃɸɺɸ II . ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ʀ ʊɽʍʅʀʂɸ 

ʕʂʉʇɽʈʀʄɽʅʊɸ 

2.1. ʈʘʩʪʚʦʨʳ, ʨʝʘʢʪʠʚʳ ʠ ʘʧʧʘʨʘʪʫʨʘ 

ʈʘʩʪʚʦʨʳ ʠ ʨʝʘʢʪʠʚʳ. ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ (1ʤʛ/ʤʣ) 

Cu(II) 3.9296 ʛ ʩʚʝʞʝʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ CuSO4 5H2O ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ, 

ʜʦʙʘʚʣʷʣʠ 2 ʢʘʧʣʠ ʢʦʥʮ. H2SO4  ʠ ʨʘʟʚʦʜʠʣʠ ʚ ʤʝʨʥʦʡ ʢʦʣʙʝ ʚʦʜʦʡ ʜʦ 1ʣ [153, 

ʩ.259]. ʂʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʠʦʜʦʤʝʪʨʠʯʝʩʢʠ. 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ (2,08Ĭ10
-2
 ʄ) Ti(IV) 0.835 ʛ ʯʠʩ-

ʪʦʛʦ ʊiʆ2, ʧʨʦʢʘʣʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900 
ʦ
ʉ ʩʧʣʘʚʣʷʣʠ ʩ 8 ʛ ʂ2S2ʆ7 ʚ ʢʚʘʨ-

ʮʝʚʦʤ ʪʠʛʣʝ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʧʨʦʟʨʘʯʥʫʶ ʤʘʩʩʫ ʨʘʩʪʚʦʨʷʣʠ ʚ 150 ʤʣ ʛʦʨʷʯʝʡ 

ʅ2Sʆ4 (1:2). ʈʘʩʪʚʦʨ ʧʝʨʝʥʦʩʠʣʠ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 500 ʤʣ ʠ ʨʘʟʙʘʚʣʷʣʠ 

ʨʘʩʪʚʦʨʦʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪ rʜʦ ʤʝʪʢʠ [153, ʩ.274].  

ʉʪʘʥʜʘʨʪʥʳʡ ʨʘʩʪʚʦʨ (1ʤʛ/ʤʣ) Hg(II) ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ ʥʘʚʝʩʢʠ 

Hg(NO3)2 H2O ʚ ʚʦʜʝ, ʩʦʜʝʨʞʘʱʝʡ 1 ʤʣ ʢʦʥʮ. HNO3 ʠ ʨʘʟʙʘʚʣʷʣʠ ʚʦʜʦʡ ʜʦ ʤʝʪ-

ʢʠ ʚ ʤʝʨʥʦʡ ʢʦʣʙʝ ʥʘ 1 ʣ. ʊʠʪʨ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʫ [193, ʩ.402].  

ʀʩʭʦʜʥʳʝ ʨʘʩʪʚʦʨʳ (1.96Ĭ10
-2
 ʄ) V(IV,V) ʛʦʪʦʚʠʣʠ ʠʟ ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʳʭ 

ʩʦʣʝʡ VOSO4Ŀ3H2O ʠ NaVO3Ŀ2H2O, a V(II ) - ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ V(V) ʚ ʨʝʜʫʢʪʦʨʝ ɼʞʦʥʩʘ. ʈʘʩʪʚʦʨ V(II) ʭʨʘʥʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ CO2. ʂʦʥ-

ʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʦʚ V(V) ʠ V(IV) ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʪʠʪʨʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘʤʠ ʩʦ-

ʣʠ Fe(II) ʠ KMnO4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʶ V(II ) - ʪʠʪʨʦʚʘʥʠʝʤ ʨʘʩʪʚʦ-

ʨʦʤ NH4Fe(SO4)2 ʚ ʩʨʝʜʝ H2SO4 (1:4) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʘʬʨʘʥʠʥʘ ʊ [49, ʩ.1028].  

ʉʪʘʥʜʘʨʪʥʳʡ ʨʘʩʪʚʦʨ (1ʤʛ/ʣ) Mn(II)  ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ ʙʝʟʚʦʜʥʦʛʦ 

MnSO4 ʚ ʚʦʜʝ, ʩʦʜʝʨʞʘʱʝʡ 1 ʤʣ ʢʦʥʮ. H2SO4, ʠ ʨʘʟʙʘʚʣʷʣʠ ʚʦʜʦʡ ʜʦ 1ʣ. ɹʝʟʚʦʜ-

ʥʫʶ ʩʦʣʴ ʧʦʣʫʯʘʣʠ ʠʟ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʘ ʩʫʣʴʬʘʪʘ Mn(II)  ʚʳʩʫʰʠʚʘʥʠʝʤ ʧʨʠ 

150 
ʦ
ʉ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʢʘʣʠʚʘʥʠʝʤ ʧʨʠ 400 

ʦ
ʉ [193, ʩ.258].   

ʀʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ (1 ʤʛ/ʤʣ) Mʦ(VI) ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ ʚ ʛʦʨʷʯʝʡ ʚʦ-

ʜʝ 1.8402 ʛ (NH4)6Mo7O24 4H2O. ʇʦ ʦʭʣʘʞʜʝʥʠʶ ʨʘʩʪʚʦʨ ʨʘʟʙʘʚʣʷʣʠ ʜʠʩʪʠʣʣʠ-

ʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ 1ʣ [153, ʩ.261]. ʂʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʘ ʤʦʣʠʙʜʝʥʘ ʫʩʪʘʥʘʚ-

ʣʠʚʘʣʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠ ʩ ʙʝʥʟʦʠʥʦʢʩʠʤʦʤ [96, ʩ.625]. 
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ʉʪʘʥʜʘʨʪʥʳʡ  ʨʘʩʪʚʦʨ  (1ʤʛ/ʤʣ) Ta(V) ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ 0.5 ʛ ʤʝʪʘʣ-

ʣʠʯʝʩʢʦʛʦ ʪʘʥʪʘʣʘ ʚ ʧʣʘʪʠʥʦʚʦʡ ʯʘʰʢʝ ʚ 2-3 ʤʣ ʬʪʦʨʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ, 

ʧʨʠʙʘʚʣʷʷ ʧʦ ʢʘʧʣʷʤ ʢʦʥʮ. HNO3. ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʜʦʙʘʚʣʷʣʠ 2 ʤʣ  

ʢʦʥʮ. H2SO4 ʠ ʚʳʧʘʨʠʚʘʣʠ ʜʦ ʚʳʜʝʣʝʥʠʷ ʧʘʨʦʚ SO3. ʇʦ ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʪʚʦʨ 

ʨʘʟʙʘʚʣʷʣʠ 15 %-ʥʳʤ ʨʘʩʪʚʦʨʦʤ ʚʠʥʥʦʡ ʢʠʩʣʦʪʳ ʠ ʧʝʨʝʚʦʜʠʣʠ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ 

ʝʤʢ. 500 ʤʣ, ʨʘʩʭʦʜʫʷ ʧʨʠ ʵʪʦʤ 250 ʤʣ ʨʘʩʪʚʦʨʘ ʚʠʥʥʦʡ ʢʠʩʣʦʪʳ. ɺ ʤʝʨʥʦʡ ʢʦʣ-

ʙʝ ʨʘʩʪʚʦʨ ʨʘʟʙʘʚʣʷʣʠ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʣʠ 

ʬʦʪʦʤʝʪʨʠʯʝʩʢʠ-ʧʠʨʦʛʘʣʣʦʣʦʤ [153, ʩ.272]. 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ (1ʤʛ/ʤʣ) Nb(V) 1.43 ʛ Nb2O5 

ʩʧʣʘʚʣʷʣʠ ʩ 2 ʛ K2S2O7 ʚ ʧʣʘʪʠʥʦʚʦʤ ʪʠʛʣʝ, ʧʣʘʚ ʨʘʩʪʚʦʨʷʣʠ ʚ 40 ʤʣ 20 % - ʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʚʠʥʥʦʡ ʢʠʩʣʦʪʳ. ɺ ʤʝʨʥʦʡ ʢʦʣʙʝ ʨʘʩʪʚʦʨ ʨʘʟʙʘʚʣʷʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥ-

ʥʦʡ ʚʦʜʦʡ ʜʦ 1ʣ. ʊʠʪʨ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʚʝʨʷʣʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠ [153, 

ʩ.264]. 

ʀʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ W(VI) (1ʤʛ/ʤʣ) ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ ʚ ʚʦʜʝ ʪʦʯʥʦʡ 

ʥʘʚʝʩʢʠ Na2WO4 2H2O çʯ.ʜ.ʘ.è. ʊʦʯʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪ-

ʚʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʦʩʘʞʜʝʥʠʝʤ ʚʦʣʴʬʨʘʤʘ ʚ ʚʠʜʝ H2WO4 ʠ ʚʟʚʝʰʠʚʘʥʠʝʤ WO3 

[153, ʩ.248].  

ʉʪʘʥʜʘʨʪʥʳʡ ʨʘʩʪʚʦʨ (1 ʛ/ʤʣ) U(VI) ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ ʪʦʯʥʦʡ ʥʘ-

ʚʝʩʢʠ UO2(NO3)2Ŀ6H2O ʚ ʚʦʜʝ, ʩʦʜʝʨʞʘʱʝʡ 1ʤʣ ʢʦʥʮ. HNO3. ʊʠʪʨ ʨʘʩʪʚʦʨʘ  ʫʩ-

ʪʘʥʘʚʣʠʚʘʣʠ ʦʩʘʞʜʝʥʠʝʤ ʫʨʘʥʘ ʘʤʤʠʘʢʦʤ ʠ ʧʨʦʢʘʣʠʚʘʥʠʝʤ ʦʩʘʜʢʘ ʜʠʫʨʘʥʘʪʘ 

ʘʤʤʦʥʠʷ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ U3O8 [193, ʩ.524] . 

ʉʪʘʥʜʘʨʪʥʳʡ ʨʘʩʪʚʦʨ Fe(II)  ʠ Fe(III)  (1ʤʛ/ʤʣ) ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ ʪʦʯ-

ʥʦʡ ʥʘʚʝʩʢʠ FeNH4(SO4)2Ŀ12H2O ʠ FeSO4Ŀ(NH4)2SO4Ŀ6H2O ʚ ʚʦʜʝ ʧʨʠ ʧʦʜʢʠʩʣʝ-

ʥʠʠ 10 ʤʣ ʢʦʥʮ. H2SO4. ʊʠʪʨ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʚʝʨʷʣʠ ʧʝʨʤʘʥʛʘʥʘʪʦ-

ʤʝʪʨʠʯʝʩʢʠ [193, ʩ.180].  

ʀʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ (1ʤʛ/ʤʣ) Co(II) ʛʦʪʦʚʠʣʠ  ʨʘʩʪʚʦʨʝʥʠʝʤ ʪʦʯʥʦʡ ʥʘʚʝʩ-

ʢʠ CoSO4Ŀ7H2O ʚ ʚʦʜʝ, ʩʦʜʝʨʞʘʱʝʡ 2 ʤʣ ʢʦʥʮ. H2SO4 [193, ʩ.235]. ʂʦʥʮʝʥʪʨʘ-

ʮʠʶ ʨʘʩʪʚʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠ.  
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ʉʪʘʥʜʘʨʪʥʳʡ ʨʘʩʪʚʦʨ (1ʤʛ/ʤʣ) Ni(II) ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ ʪʦʯʥʦʡ ʥʘ-

ʚʝʩʢʠ (NH4)2Ni(SO4)2Ŀ6H2O ʚ ʚʦʜʝ, ʩʦʜʝʨʞʘʱʝʡ 2 ʤʣ ʢʦʥʮ. H2SO4 [193, ʩ.319]. 

ʊʠʪʨ ʨʘʩʪʚʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠ - ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʦʤ.  

ʈʘʩʪʚʦʨʳ ʩ ʤʝʥʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʦʣʫʯʘʣʠ ʨʘʟʙʘʚʣʝʥʠʝʤ ʠʩʭʦʜʥʦʛʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʠʩʣʦʪʦʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʫʧʦʪʨʝʙʣʝʥʠʝʤ. 

ʀʩʧʦʣʴʟʦʚʘʣʠ 0.01 ʄ ʨʘʩʪʚʦʨʳ ɼʌ ʠ ɸʤ ʚ ʭʣʦʨʦʬʦʨʤʝ. ʀʟ ʢʦʤʧʣʝʢʩʦʦʙ-

ʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ 2,6-ʜʠʪʠʦʣʬʝʥʦʣ (ɼʊʌ), 2,6-ʜʠʪʠʦʣ-4-ʤʝ-

ʪʠʣʬʝʥʦʣ (ɼʊʄʌ), 2,6-ʜʠʪʠʦʣ-4-ʵʪʠʣʬʝʥʦʣ (ɼʊʕʌ), 2,6-ʜʠʪʠʦʣ-4-ʧʨʦʧʠʣʬʝ-

ʥʦʣ (ɼʊʇʌ) ʠ 2,6-ʜʠʪʠʦʣ-4-ʪʨʝʪʙʫʪʠʣʬʝʥʦʣ (ɼʊɹʌ). ɼʌ ʦʯʠʱʘʣʠ ʧʝʨʝʢʨʠʩʪʘʣ-

ʣʠʟʘʮʠʝʡ ʚ CCl4. ʈʘʩʪʚʦʨ 2,2
'
-ʜʠʧʠʨʠʜʠʣʘ ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ ʧʨʝʧʘʨʘʪʘ 

ʤʘʨʢʠ çʭ.ʯ.è ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. 

 ɺ ʢʘʯʝʩʪʚʝ ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʟ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ ʠʩʧʦʣʴʟʦʚʘʥ r

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ (ʘʥʠʣʠʥ (ɸʥ), N-ʤʝʪʠʣʘʥʠʣʠʥ (ʤɸʥ), N,N-ʜʠʤʝʪʠʣʘʥʠ-

ʣʠʥ (ʜɸʥ), ʧ-ʭʣʦʨʘʥʠʣʠʥ (ʧ-Cl-ɸʥ), ʧ-ʙʨʦʤʘʥʠʣʠʥ (p-Br-ɸʥ), ʜʠʬʝʥʠʣʛʫʘʥʠʜʠʥ 

(ɼʌɻ), ʪʨʠʬʝʥʠʣʛʫʘʥʠʜʠʥ (ʊʌɻ), ʙʝʥʟʠʣʘʤʠʥ (ɹɸ), ʪʨʠʙʝʥʟʠʣʘʤʠʥ (ʊɹɸ), ʦ-, 

ʤ-, ʧ-ʪʦʣʫʠʜʠʥʳ(ʦ-, ʤ- ʠ ʧ-ʪʦʣ), ʦ-, ʤ- ʠ ʧ- ʬʝʥʠʣʝʥʜʠʘʤʠʥ r(ʦ-, ʤ- ʠ ʧ-ʌɼɸ), 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʘʤʠʥʳ (ʧʠʨʠʜʠʥ (ʈʫ), ʦ-, ʤ-, ʧ- ʘʤʠʥʦʧʠʨʠʜʠʥʳ (ʦ-, ʤ- ʠ ʧ- 

ɸʤʈʫ), ʬʝʥʘʥʪʨʦʣʠʥ (ʌʝʥ), ʙʘʪʦʬʝʥʘʥʪʨʦʣʠʥ (ɹʌʝʥ), ʜʠʧʠʨʠʜʠʣ (ɼʠʧ), ʧʠʨʠ-

ʜʠʥ (ʈʫ), o-, m- ʠ ʧ-ʘʤʠʥʦʧʠʨʠʜʠʥ (ʦ-, ʤ- ʠ ʧ-ɸʤʈʫ), ʛʠʜʨʦʢʩʠʣʩʦʜʝʨʞʘʱʠʝ 

ʘʤʠʥ  r- ʘʤʠʥʦʬʝʥʦʣʳ (2-(N,N-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣ)-4-ʤʝʪʠʣʬʝʥʦʣ (ɸʌ1), 2-(N, 

N-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣ)-4-ʭʣʦʨʬʝʥʦʣ (ɸʌ2), 2-(N, N-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣ)-4- 

ʙʨʦʤʬʝʥʦʣ (ɸʌ3), 2,6-ʙʠʩ(N,N- ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣ)-4-ʤʝʪʠʣʬʝʥʦʣ (ɸʌ4), 2,6-

ʙʠʩ(N,N-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣ)-4-ʭʣʦʨʬʝʥʦʣ (ɸʌ5), 2,6-ʙʠʩ(N, N-ʜʠʤʝʪʠʣʘʤʠʥʦ-

ʤʝʪʠʣ)-4-ʙʨʦʤʬʝʥʦʣ (ɸʌ6), 2-(N, N-ʜʠʵʪʠʣʘʤʠʥʦʤʝʪʠʣ)-4-ʤʝʪʠʣʬʝʥʦʣ (ɸʌ7), 2-

(N,N-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣ)-4-ʵʪʠʣʬʝʥʦʣ (ɸʌ8), 4-ʭʣʦʨ-2-(N,N-ʜʠʤʝʪʠʣʘʤʠʥʦ-

ʤʝʪʠʣ)-6-ʪʠʦʬʝʥʠʣʤʝʪʠʣʬʝʥʦʣ (ɸʌ9), 2-(N,N-ʜʠɻʪʠʣʘʤʠʥʦʤʝʪʠʣ)-4-ʙʨʦʤʬʝʥʦʣ 

(ɸʌ10), 2-(N,N-ʜʠɻʪʠʣʘʤʠʥʦʤʝʪʠʣ)-4-ʝʪʠʣʬʝʥʦʣ (ɸʌ11), 2-(N,N-ʜʠʤʝʪʠʣʘʤʠʥʦ-

ʤʝʪʠʣ)-4-ʪʨʝʪʙʫʪʠʣʬʝʥʦʣ (ɸʌ12)) ʠ ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʘʟʦʣʦʥʘ-5 (ʘʥʪʠʧʠʨʠʥ 

(ɸʥʪ), ʜʠʘʥʪʠʧʠʨʠʣʤʝʪʘʥ (ɼɸʄ), ʜʠʘʥʪʠʧʠʨʠʣʧʨʦʧʠʣʤʝʪʘʥ (ɼɸʇʄ), ʜʠʘʥʪʠ-

ʧʠʨʠʣʛʝʢʩʠʣʤʝʪʘʥ (ɼɸɻʄ) ʠ ʜʠʘʥʪʠʧʠʨʠʣʬʝʥʠʣʤʝʪʘʥ (ɼɸʌʄ)).  
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ɼʣʷ ʩʦʟʜʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 0.1 ʠ 1 ʄ ʨʘʩʪʚʦʨʳ 

ʂʆʅ ʠ HCl, ʘ ʪʘʢʞʝ ʨʘʟʥʳʝ ʙʫʬʝʨʥʳʝ ʨʘʩʪʚʦʨʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩ-

ʪʚʦʨʠʪʝʣʷ ʧʨʠʤʝʥʝʥ ʦʯʠʱʝʥʥʳʡ ʭʣʦʨʦʬʦʨʤ.  

ɼʌɻ ʠ ʊɹɸ ʦʯʠʱʘʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ ʧʨʝʧʘʨʘʪʘ ʚ HCl ʠ ʦʩʘʞʜʝʥʠʝʤ ʘʤʤʠ-

ʘʢʦʤ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɸʥ, 

ʤɸʥ, ʜɸʥ, ʧ-Cl-ɸʥ, ʧ-Br-ɸʥ, ʪʦʣʫʠʜʠʥʳ, ʢʩʠʣʠʜʠʥʳ ʠ ʬʝʥʠʣʝʥʜʠʘʤʠʥʳ, ʈʫ ʠ 

ɸʤʈʫ ʦʯʠʱʘʣʠ ʧʝʨʝʛʦʥʢʦʡ ʧʝʨʝʜ ʫʧʦʪʨʝʙʣʝʥʠʝʤ. ʏʠʩʪʦʪʫ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ 

ʘʤʠʥʦʚ ʧʨʦʚʝʨʷʣʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ ʠ ʤʝʪʦʜʦʤ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʙʫ-

ʤʘʛʝ. ʍʣʦʨʦʬʦʨʤ ʦʯʠʱʘʣʠ ʦʪ ʩʧʠʨʪʘ ʧʦ ʤʝʪʦʜʠʢʝ [153, ʩ.117]. ʆʩʪʘʣʴʥʳʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʠʤʝʣʠ ʢʚʘʣʠʚʠʢʘʮʠʠ çʭ. 

ʯ.è ʠʣʠ çʯ. ʜ. ʘ.è, ʘ HCl  ʠ H2SO4 - çʦ.ʯ.è. ʇʦʩʪʦʷʥʩʪʚʦ ʠʦʥʥʦʡ ʩʠʣʳ (Õ=0.1) ʧʦʜ-

ʜʝʨʞʠʚʘʣʦʩʴ ʜʦʙʘʚʣʝʥʠʝʤ 1 ʄ ʨʘʩʪʚʦʨʦʚ KCl, NaCl ʠ NaNO3. ɺʩʝ ʠʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20Ñ2 
ʦ
ʉ. 

ɸʧʧʘʨʘʪʫʨʘ. ʉʚʝʪʦʧʦʛʣʦʱʝʥʠʝ ʵʢʩʪʨʘʢʪʦʚ ʠʟʤʝʨʷʣʠ ʥʘ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʝ 

ʂʌʂ-2 ʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʉʌ-26, ʨʘʚʥʦʚʝʩʥʦʝ ʟʥʘʯʝʥʠʝ pH ʚʦʜʥʦʡ ʬʘʟʳ 

ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʠʦʥʦʤʝʨʝ ʀ-120.2 ʩʦ ʩʪʝʢʣʷʥʥʳʤ ʵʣʝʢʪʨʦʜʦʤ. ʕʇʈ-ʩʧʝʢʪʨʳ ʨʘʩ-

ʪʚʦʨʦʚ ʈʃʂ ʩʥʠʤʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ JEOS-JES-PE-3X (ʗʧʦʥʠʷ) ʩ ʨʘʙʦʯʝʡ ʯʘʩ-

ʪʦʪʦʡ 9400 ʄɻʎ. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʠʟʤʝʨʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠ-

ʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ Shimadzu UV1240 ʚ ʠʥʪʝʨʚʘʣʝ 190-1100 ʥʤ. ʉʧʝʢʪʨʳ 

ʗʄʈ ʨʝʘʛʝʥʪʦʚ ʩʥʠʤʘʣʠ ʥʘ ʠʤʧʫʣʴʩʥʦʤ ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʝ ALPHA ʬʠʨʤʳ 

çBrukerè (ʌʈɻ), ʧʨʠ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʝ 300.18 ʄɻʮ, ʚ ʨʘʩʪʚʦʨʘʭ ʜʝʡʪʝʨʠʨʦʚʘʥʥʦ-

ʛʦ ʙʝʥʟʦʣʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʪʦʥʦʚ 

ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʛʨʫʧʧ ʦʧʨʝʜʝʣʷʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʦʣʦʩ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. ʀʂ-ʩʧʝʢʪʨʳ ʩʥʠʤʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ 

ʬʠʨʤʳ ñBrukerò ʠ Specord-M-80 (ɻʝʨʤʘʥʠʷ). ʇʨʦʮʝʩʩ ʪʝʨʤʦʣʠʟʘ ʩʦʝʜʠʥʝʥʠʡ 

ʠʟʫʯʘʣʠ ʥʘ ʜʝʨʠʚʘʪʦʛʨʘʬʝ ʩʠʩʪʝʤʳ çShimadzu TGA-50 Hè ʥʘ ʚʦʟʜʫʭʝ ʚ ʠʥʪʝʨʚʘ-

ʣʝ 20-1000 
ʦ
ʉ, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘʥʠʷ-10 ʛʨʘʜ/ʤʠʥ. ʀʩʩʣʝʜʫʝʤʳʝ ʚʝʱʝʩʪʚʘ ʠ ʵʪʘ-

ʣʦʥ ʥʘʛʨʝʚʘʣʠ ʚ ʧʣʘʪʠʥʦʚʳʭ ʪʠʛʣʷʭ.  

ʊʝʭʥʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʄʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢ-

ʩʦʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʘʤʠ ʥʘʩʳʱʝʥʠʷ ʠ ʂʦʤʘʨʷ. ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 
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ʢʦʤʧʣʝʢʩʘʭ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʘʤʠ ʩʜʚʠʛʘ ʨʘʚʥʦʚʝʩʠʷ, ʧʨʷʤʦʡ ʣʠʥʠʠ ɸʩʤʫʩʘ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʳʭʦʜʘ. ʉʦʩʪʘʚ ʵʢʩʪʨʘʛʠʨʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ ʧʦʜʪʚʝʨʞʜʝʥ 

ʪʘʢʞʝ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. ʏʠʩʣʦ ʧʨʦʪʦʥʦʚ, ʚʳʪʝʩʥʷʝʤʳʭ ʧʨʠ ʨʝʘʢʮʠʠ, ʘ ʪʘʢ-

ʞʝ ʠʦʥʥʫʶ ʬʦʨʤʫ ʤʝʪʘʣʣʦʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʅʘʟʘʨʝʥʢʦ. ʂʦʥʩʪʘʥʪʳ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ. ʂʦʥʩʪʘʥʪʳ ʨʘʚ-

ʥʦʚʝʩʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʚʳʯʠʩʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʈʃʂ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʈʉɸ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʪʝʨ-

ʤʦʛʨʘʚʠʤʝʪʨʠʠ. 

 2.2. ʉʠʥʪʝʟ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʥʝʢʦʪʦʨʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ 

ɸʤʠʥʦʬʝʥʦʣʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʤʝʪʦʜʠʢʝ [188, ʩ.1]. 2,6-ʜʠʪʠʦʣʬʝʥʦʣ ʠ 

2,6-ʜʠʪʠʦʣ-4-ʘʣʢʠʣʬʝʥʦʣʳ  ʧʦʣʫʯʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʬʝʥʦʣʘ ʠ 4-ʘʣʢʠʣʬʝʥʦ-

ʣʦʚ ʩ ʧʦʣʫʭʣʦʨʠʩʪʦʡ ʩʝʨʦʡ, ʚʟʷʪʳʭ ʚ ʤʦʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ n+2 / n+1 (n ρ), ʠ 

ʜʘʣʴʥʝʡhʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʣʠʩʫʣʴʬʠʜʘ ʚʦʜʦʨʦʜʦʤ ʚ ʤʦʤʝʥʪ 

ʚʜrʝʣʝʥʠʷ [279, ʩ.1]. ʏʠʩʪʦʪʫ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ɼʌ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ɻʣʫʙʦʢʘʷ ʚʘʢʫʫʤʥʘʷ ʧʝʨʝʛʦʥʢʘ ʧʦʟʚʦʣ̫ʣʘ ʧʦ-

ʣʫʯʠʪʴ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ ʯʠʩʪʳʡ ɼʌ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʴʥʠʪʝʣʴʥʳʭ ʩʚʝʜʝ-

ʥʠʡ ʦ ʯʠʩʪʦʪʝ ʠ ʩʪʨʦʝʥʠʠ ɼʌ ʠʟʫʯʝʥ rʪʘʢʞʝ ʠʭ ʀʂ- ʠ ʗʄʈ-ʩʧʝʢʪʨ,r ʧʨʦʚʝʜʝʥ 

ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (ʪʘʙʣ.2.1). 

ʊʘʙʣʠʮʘ 2.1 

ʅʝʢʦʪʦʨʳʝ ʬʠʟʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʠ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ 

ʨʝʘʛʝʥʪʦʚ 

ʀʂ-ʩʧʝʢʪʨʳ ɼʊʌ, ɼʊʄʌ ʠ ɼʊɹʌ ʧʨʝʜʩʪʘʚʣʝʥ rʥʘ ʨʠʩ.2.1. ɺ ʀʂ-ʩʧʝʢ-

ʪʨʘʭ ɼʌ ʰʠʨʦʢʘʷ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʚ ʦʙʣʘʩʪʠ 3600-3200 ʩʤ
-1
 ʩ ʤʘʢʩʠʤʫʤʦʤ 

ʈʝʘʛʝʥʪ 

ɺ
ʳ
ʭ
ʦ
ʜ
,
%

 

Ὠ  

 

ὲ  

 

MRD
 ʅ ʘ ʡ ʜ ʝ ʥ ʦ, % 

ʅ
ʘ
ʡʜ
ʝ-

ʥ
ʦ 

ɺ
ʳ
ʯ
ʠ
ʩ

-

ʣ
ʝ
ʥ
ʦ

 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʇʨʘʢʪʠʯʝʩʢʠ 

C O S C O S 

ɼʊʌ 54 1.2368 1.6274 45.30 45.33 45.57 10.12 40.50 45.52 10.22 41.05 

ɼʊʄʌ 64 1.2035 1.6169 50.05 49.95 48.84 9.30 37.21 48.92 9.35 37.13 

ɼʊʕʌ 58 1.1804 1.6096 54.60 54.57 51.61 8.60 34.41 51.84 8.49 34.56 

ɼʊʇʌ 55 1.1868 1.6214 59.30 59.18 54.00 8.00 32.00 54.08 8.12 32.09 

ɼʊɹʌ 65 1.1632 1.6017 63.08 63.80 56.08 7,.47 29.90 56.33 6.93 29.68 
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ʦʢʦʣʦ 3550 ʩʤ
-1
 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ’̨  ̊[45, ʩ.55]. ʋʢʘʟʘʥʥʘʷ ʦʙʣʘʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʤʝʞʤʦʣʝʢʫʣ̫ʨʥʳʤʠ ʩʚʷʟʷʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʤʝʨʥʳʭ ʠ ʧʦʣʠʤʝʨʥʳʭ ʤʦʣʝʢʫʣ, 

ʘ ʪʘʢʞʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜ-

ʧʦʣʘʛʘʪʴ ʩʦʩʪʦ̫ʥʠʝ ɼʌ ʚ ʨʘʟʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʉʨʝʜʥʘʷ ʧʦʣʦʩʘ 

ʚ ʦʙʣʘʩʪʠ 2600-2550 ʩʤ
-1
 ʩʚʷʟʘʥʘ ʩ ’ , ʚʦʟʤʫʰʝʥʥʳʤʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣ̫ʨʥʦʡ ʚʦ-

ʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ. ʅʝʩʤʦʪʨʷ ʥʘ ʤʘʣʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʪʨʫʜʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʝʝ ʚ 

ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ -SH ʛʨʫʧʧʳ 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʨʫʛʠʝ ʛʨʫʧʧʳ ʥʝ ʧʦʛʣʦʱʘʶʪ. ʇʦ-

ʵʪʦʤʫ ʦʥʠ ʫʩʧʝʰʥʦ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ɼʌ. ɺʝʣʠʯʠʥʘ 

ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ, ʨʘʚʥʘʷ 1220 ʩʤ
-1
, ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ -OH 

ʛʨʫʧʧʘ ʷʚʣʷʝʪʩʷ ʬʝʥʦʣʴʥʦʡ. 

ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩʚʷʟʘʥʥʳʝ ʩ ’  ʠ ’  ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʷʜʨʝ ʠʤʝʶʪ 

ʤʘʢʩʠʤʫʤʳ ʧʨʠ 1225-1200 ʠ 3075-3052 ʩʤ
-1
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʣʝʙʘʥʠʷ ɜCS ʚ 

ʤʦʣʝʢʫʣʝ ɼʌ ʣʝʞʘʪ ʚ ʦʙʣʘʩʪʠ 735-725 ʩʤ
-1
. ʅʘʣʠʯʠʝ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 980-

960 ʩʤ
-1
 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1,2,4,6-ʟʘʤʝʱʝʥʥʦʤʫ ʘʨʦʤʘʪʠʯʝʩʢʦʤʫ ʢʦʣʴʮʫ. ʇʦʣʦʩʳ 

ʧʦʛʣʦʝɦʥʠʷ ʧʨʠ 855 -710 ʩʤ
-1
 ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘ-

ʥʠ̫ʤ C-H, ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 1600,1580 ʠ 1500 ʩʤ
-1 
ʢ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘ-

ʥʠʷʤ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ. ʆʙʝʨʪʦʥʳ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʉïʅ ʧʨʦʷʚʣʷ-

ʶʪʩʷ ʚ ʦʙʣʘʩʪʠ 2000-1650 ʩʤ
ï1

 ʚ ʚʠʜʝ ʤʘʣʦʠʥʪʝʥʩʠʚʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ. ʇʦ-

ʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 1420 ʩʤ
-1
 ʦʪʥʦʩʠʪʩʷ ʢ  ‏  ʛʨʫʧʧʳ -CH2, ʩʜʚʠʥʫʪʦ ʚ ʩʪʦʨʦ-

ʥʫ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʦʪ ʦʙʳʯʥʦʛʦ ʟʥʘʯʝʥʠʷ 1470 ʩʤ
-1
 ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ 

ʢʦʣʴʮʘ. ʇʨʠ ʥʘʣʠʯʠʠ ïC(CH3)3 ʛʨʫʧʧʳ ʚ ʩʧʝʢʪʨʝ ʧʦʷʚʣʷʶʪʩʷ ʧʦʣʦʩʳ ʧʨʠ 1255 ʠ 

1210 ʩʤ
-1
, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʥʘʙʣ ʜʁʘʝʪʩʷ ʧʦʛʣʦʱʝ-

ʥʠʝ ʧʨʠ 1215 ʠ 1195 ʩʤ
-1 

[45, ʩ.55]. ʂʨʦʤʝ ʪʦʛʦ, ʦ ʥʘʣʠʯʠʠ ʙʝʥʟʦʣʴʥʳʭ ʢʦʣʝʮ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʁʪ ʧʦʣʦʩʳ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʧʨʷʞʝʥʥʳʭ -ʉ=ʉ- ʩʚʟ̫ʝʡ 

(1613 ʠ 1511 ʩʤ
ï1

).
  

1
ʅ ʗʄʈ-ʩʧʝʢʪʨʳ ɼʌ. ʉʧʝʢʪʨʳ ʩʥʠʤʘʣʠ ʥʘ ʠʤʧʫʣʴʩʥʦʤ ʌʫʨʴʝ ʩʧʝʢʪʨʦ-

ʤʝʪʨʝ ʬʠʨʤʳ çBrukerè (ʌʈɻ), ʧʨʠ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʝ 300.18 ʄɻʮ, ʚ ʨʘʩʪʚʦʨʘʭ  

ʜʝʡʪʝʨʠʨʦʚʘʥʥʦʛʦ ʙʝʥʟʦʣʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨ-

ʞʘʥʠʝ ʧʨʦʪʦʥʦʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʛʨʫʧʧ ʦʧʨʝʜʝʣʷʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʦʩ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. ʂʘʯʝʩʪʚʝʥʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʩʧʝʢʪʨʘ ɼʊɹʌ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʧʠʢ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ 

ʧʝʨʚʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  ʚ ʩʠʣʴʥʦʤ ʧʦʣʝ ʩ ʭʠʤʠʯʝʩʢʠʤ ʩʜʚʠʛʦʤ ʧʨʠ d=1.48 

ʤʣʥ
-1
. ʕʪʘ ʧʦʣʦʩʘ ʦʪʥʦʩʠʪʩʷ ʢ ʘʪʦʤʘʤ ʚʦʜʦʨʦʜʘ ʚ ʛʨʫʧʧʝ -C(CH3)3 (9ʅ). 

 

ʈʠʩ.2.1. ʀʂ-ʩʧʝʢʪʨʳ ʜʠʪʠʦʣʬʝʥʦʣʦʚ 

ʘ) 2,6-ʜʠʪʠʦʣʬʝʥʦʣ, ʙ) 2,6-ʜʠʪʠʦʣ-4-ʤʝʪʠʣʬʝʥʦʣ, ʚ) 2,6-ʜʠʪʠʦʣ-4-ʪʨʝʪʙʫʪʠʣʬʝ-

ʥʦʣ  

ʀʥʪʝʥʩʠʚʥʳʡ ʧʠʢ ʚ ʦʙʣʘʩʪʷʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 

d=3.28-3.57 ʤʣʥ
-1
 ʦʪʥʦʩʠʪʩʷ ʢ ʘʪʦʤʘʤ ʚʦʜʦʨʦʜʘ ʚ ʪʠʦʣʴʥʳʭ ʛʨʫʧʧʘʭ (2ʅ). ʍʠʤʠ-

ʯʝʩʢʠʡ ʩʜʚʠʛ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ d=4.92-5.48 ʤʣʥ
-1
 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʛʣʦʱʝʥʠʶ 

ʚʦʜʦʨʦʜʘ ʚ -ʆʅ ʛʨʫʧʧʝ (1ʅ). ʄʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

d=7.0-7.41 ʤʣʥ
-1
 ʦʙʫʩʣʦʚʣʝʥʳ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʷʜʨʘ (2 ʅ). 

ʇʨʦʪʦʥʳ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʧʦʯʪʠ ʵʢʚʠʚʘʣʝʥʪʥʳ, ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʜʨʫʛ ʥʘ 

ʜʨʫʛʘ ʠ ʠʤʝʶʪ ʬʦʨʤʫ ʠʥʪʝʥʩʠʚʥʦʛʦ ʤʫʣʴʪʠʧʣʝʪʘ [300, ʩ.288, ʩ.389]. ʅʘʙʣʶ-
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ʜʘʝʪʩʷ ʧʘʨʘʤʘʛʥʠʪʥʦʝ ʩʤʝʱʝʥʠʝ ʩʜʚʠʛ ʧʨʦʪʦʥʦʚ ʷʜʨʘ ʬʝʥʦʣʘ ʩ 7.25 ʜʦ 7.41, ʯʪʦ 

ʚʝʨʦ̫ʪʥʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ. 
1
ʅ ʗʄʈ-

ʩʧʝʢʪʨʳ ɼʌ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.2.2. ʕʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʩʤʝʱʘʶʪ 

ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʚ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʧʦʣʝ. ʉʫʱʝʩʪʚʫʝʪ ʢʦʨ-

ʨʝʣ̫ʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ „ ʠ „ , ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ „=0.875„  -3.12. („(H)=0, „(-C3H7) = -0.126, „(-C2H5)= -0.151, 

„(-CH3) = -0,170, „(-C(CH3)3=-0.197). 

ʅʝʢʦʪʦʨʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʪʠʦʣʬʝʥʦʣʦʚ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ɼʌ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʠʥʝʨʘʣʴʥʳʤ ʢʠʩʣʦʪʘʤ ʚ ʜʝʣʠ-

ʪʝʣʴʥʳʝ ʚʦʨʦʥʢʠ, ʝʤʢʦʩʪʴʶ 50 ʤʣ ʧʦʤʝʱʘʣʠ ʧʦ 20 ʤʣ ʨʘʩʪʚʦʨʘ ɼʌ ʚ ʭʣʦʨʦ-

ʬʦʨʤʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0.1ʤʦʣʴ/ʣ ʠ ʚʩʪʨʷʭʠʚʘʣʠ ʩ ʨʘʚʥʳʤʠ ʦʙʲʝʤʘʤʠ ʨʘʩʪ-

ʚʦʨʦʚ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ. ʆʞʠʜʘʣʠ 

ʝʱʝ 5 ʤʠʥ. ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʩʣʘʠʚʘʥʠʷ ʬʘʟ, ʦʪʜʝʣʷʣʠ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ ʦʪ ʚʦʜ-

ʥʦʡ ʠ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ ʤʝʪʦʜʠʢʝ ʦʧʨʝʜʝʣʷʣʠ ʩʦʜʝʨʞʘʥʠʝ ɼʌ ʚ ʦʨʛʘʥʠ-

ʯʝʩʢʦʡ ʬʘʟʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʣʷʥʘʷ ʠ ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʳ ʥʝ ʚʣʠʷʶʪ ʥʘ ʝʛʦ ʩʦ-

ʜʝʨʞʘʥʠʝ ʚ ʭʣʦʨʦʬʦʨʤʝ. ʇʨʠ ʚʩʪʨʷʭʠʚʘʥʠʠ ʩ 0.05-0.15 ʄ ʅNO3 ʩʦʜʝʨʞʘʥʠʝ ɼʌ 

ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. ʅʘʯʠʥʘʷ ʩ 0.15 ʄ ʅNO3 ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠ-

ʯʝʩʪʚʦ ʨʝʘʛʝʥʪʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʠ ʦʥʠ ʧʦʣʥʦʩʪʴʶ ʦʢʠʩʣʷʶʪʩʷ 

ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ 2.0 ʄ ʅNO3. ɸ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ, ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʦ 3.0 ʄ H2SO4 

ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʨʘʩʪʚʦʨʦʤ ɼʌ ʚ ʭʣʦʨʦʬʦʨʤʝ ʧʦʯʪʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʦʢʠʩʣʷʱʝʝ ʜʝʡ-

ʩʪʚʠʝ. ʉʦʜʝʨʞʘʥʠʝ  ɼʌ ʚ ʭʣʦʨʦʬʦʨʤʝ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʦʣʴʢʦ ʧʨʠ ʙʦʣʝʝ ʚʳ-

ʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ H2SO4 (3.5 - 8ʄ). ʂʘʢ ʠ ʜʨʫʛʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʝ ʪʠʦʣʴʥʫʶ ʛʨʫʧʧʠʨʦʚʢʫ - ɼʌ ʧʦʩʪʝʧʝʥʥʦ ʦʢʠʩʣʷʶʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ, ʘ ʠʭ ʘʫʪʦʦʢʠʩʣʝʥʠʝ ʫʩʢʦʨʷʝʪʩʷ ʩʚʝʪʦʤ. ʋʯʠʪʚrʘʷ, ʯʪʦ ɼʌ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʚʠʜʝ ʝʛʦ ʨʘʩʪʚʦʨʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣ̫ʭ, ʠʟʫʯʝʥʘ ʫʩ-

ʪʦʡʯʠʚʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʚ CHCl3, CCl4, C6H6 ʠ C6H14 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʚʝʪʫ.  

ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʫʢʘʟʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨʳ ɼʌ ʩ ʢʦʥ-

ʮʝʥʪʨʘʮʠʝʡ 1 ʛ/ʣ ʠ ʧʦʜʚʝʨʛʘʣʠ ʠʭ ʜʝʡʩʪʚʠʶ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ ʚ ʪʝʯʝʥʠʝ 5 ʤʝʩʷ-

ʮʝʚ. ʏʝʨʝʟ ʢʘʞʜʫʶ ʥʝʜʝʣʶ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʚʦʨʘʭ ʦʧʨʝʜʝʣʷʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ 
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ɼʌ.  ʇʘʨʘʣʝʣʴʥʦ ʩ ʵʪʠʤ, ʨʘʩʪʚʦʨʳ ɼʌ ʪʘʢʞʝ ʜʝʨʞʘʣʠʩʴ ʚ ʪʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ ʚ 

 

ʈʠʩ.2.2. ʗʄʈ-ʩʧʝʢʪʨʳ ɼʊʌ (ʘ), ɼʊʄʌ (ʙ), ɼʊʕʌ (ʚ) ʠ ɼʊɹʌ (ʛ) 
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ʪʝʯʝʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʩʨʦʢʘ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʠʭ ʩʦʜʝʨʞʘʥʠʝ. 

ɺʳ̫ ʩʥʠʣʦʩʴ, ʯʪʦ ʧʨʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʟʘʚʠ-

ʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ɼʌ ʚ 

ʛʝʢʩʘʥʝ ʥʘʯʠʥʘʝʪʩʷ ʧʦʩʣʝ 20 ʩʫʪʦʢ. 

ʇʦʣʫʨʘʩʧʘʜ  ɼʌ, ʪ. ʝ. ʫʤʝʥʴʰʝʥʠʝ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʜʚʘ ʨʘʟʘ ʧʨʠ ʥʝʧʦʩ-

ʨʝʜʩʪʚʝʥʥʦʤ ʜʝʡʩʪʚʠʠ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ ʥʘʙʣ ʜʁʘʝʪʩʷ ʯʝʨʝʟ 70 ʩʫʪʦʢ, ʘ ʧʦʣʥʦʝ 

ʦʢʠʩʣʝʥʠʝ - ʯʝʨʝʟ 115 ʩʫʪʦʢ. ʂʦʣʠʯʝʩʪʚʘ ɼʌ ʚ ʭʣʦʨʦʬʦʨʤʝ ʥʘʯʠʥʘʝʪʩʷ ʠʟʤʝʥ-

ʷʪʩɹʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ ʪʦʣʴʢʦ ʯʝʨʝʟ 25 

ʩʫʪʦʢ. ʇʦʣʥʦʝ ʦʢʠʩʣʝʥʠʝ ʝʛʦ ʚ ʭʣʦʨʦʬʦʨʤʝ ʬʠʢʩʠʨʫʝʪʩʷ ʯʝʨʝʟ 125 ʩʫʪʦʢ. ʍʘ-

ʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ɼʌ ʚ CCl4 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʜʝʡ-

ʩʪʚʠʷ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ ʘʥʘʣʦʛʠʯʝʥ ʩ ʝʛʦ ʨʘʩʪʚʦʨʦʤ ʚ ʛʝʢʩʘʥʝ. ʇʦʣʥʦʝ ʦʢʠʩʣʝʥʠʝ 

ɼʌ ʚ CCl4 ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ 110 ʩʫʪʦʢ. ʈʘʩʪʚʦʨʳ ɼʌ ʚ ʙʝʥʟʦʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣ̫ʤʠ ʩʠʣʴʥʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʝʡʩʪʚʠʶ ʜʥʝʚ-

ʥʦʛʦ ʩʚʝʪʘ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ɼʌ ʚ ʙʝʥʟʦʣʝ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠ̫ʭ ʥʘʯʠʥʘ-

ʝʪʩʷ ʫʞʝ ʧʦʩʣʝ 12 ʩʫʪʦʢ, ʘ ʧʦʣʫʨʘʩʧʘʜ ʥʘʙʣ ʜʁʘʝʪʩʷ ʧʦʩʣʝ 35 ʩʫʪʦʢ. ʂʦʥʮʝʥʪʨʘ-

ʮʠʷ ɼʌ ʚ ʫʢʘʟʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʥʘʭʦʜ̫ɦ ʠʭʩʷ ʚ ʪʝʤʥʦʤ ʤʝʩʪʝ ʚ ʪʝʯʝʥʠʝ 140 

ʩʫʪʦʢ ʦʩʪʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ. ɺ ʨʷʜʫ ɼʊʌ-ɼʊʇʌ-ɼʊʕʌ-ɼʊʄʌ-ɼʊɹʌ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ ʚʦʟʨʘʩʪʘʝʪ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʠʭ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʉ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦ-

ʨʠʪʝʣʷʤʠ ɼʌ ʩʤʝʰʠʚʘʶʪʩʷ ʚʦ ʚʩʝʭ ʦʪʥʦʰʝʥʠʷʭ. ɼʌ ʠʤʝʶʪ ʦʢʨʘʰʠʚʘʥʠʝ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ: ʚ ʩʧʠʨʪʝ (ʙʫʪʘʥʦʣ-1) ʟʝʣʝʥʦʝ, ʚ ʙʝʥʟʦʣʝ ʬʠʦʣʝʪʦʚʦʝ, ʘ ʚ 

ʛʝʢʩʘʥʝ ʞʝʣʪʦ-ʟʝʣʝʥʦʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

ɼʌ, ʘ ʪʘʢʞʝ ʚʥʫʪʨʠ ʠʭ ʤʦʣʝʢʫʣ ʩʫʱʝʩʪʚʫʶʪ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʯʪʦ ʠ ʧʦʜʪʚʝʨʞ-

ʜʘʝʪʩʷ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ.  
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ʈʘʩʪʚʦʨʠʤʦʩʪʴ ɼʌ ʚ ʚʦʜʝ ʩʦʩʪʘʚʣʷʝʪ 3.5-4.0  ʛ/ʣ. ɸʣʢʠʣ-ʛʨʫʧʧʳ ʚ ʢʘʯʝʩʪ-

ʚʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦʥʠʞʘʶʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʣʠʛʘʥʜʘ ʠ ʢʦʤʧʣʝʢʩʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, 

ʥʦ ʧʦʚʳʰʘʶʪ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʩʤʝʰʘʥʥʳʭ ʩ ʚʦʜʦʡ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʠ ʧʦʵʪʦʤʫ 

ʠʭ ʤʦʞʥʦ ʵʢʩʪʨʘʛʠʨʦʚʘʪʴ ʧʦʜʦʙʥʳʤʠ ʩʤʝʩʷʤʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʨʅ ʚʦʜʥʦʡ ʬʘʟʳ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ɼʌ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʆʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʩ ʥʝʚʳʩʦʢʦʡ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ (ʙʝʥʟʦʣ, ʪʦʣʫʦʣ, ʭʣʦʨʙʝʥʟʦʣ, ʵʪʠʣʘʮʝʪʘʪ, ʭʣʦ-

ʨʦʬʦʨʤ, ʜʠʭʣʦʨʵʪʘʥ) ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʶʪ ʤʦʣʝʢʫʣʷʨʥʳʝ ʬʦʨʤʳ ɼʌ. 

ɺ ʩʦʩʪʘʚʝ ʤʦʣʝʢʫʣʳ ɼʌ ʠ ʝʛʦ ʘʣʢʠʣʧʨʦʠʟʚʦʜʥʳʭ ʠʤʝʶʪʩʷ ʪʨʠ ʢʠʩʣʦʪʥʳʝ 

ʛʨʫʧʧʳ, ʩʧʦʩʦʙʥʳʝ ʢ ʜʠʩʩʦʮʠʘʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʤʝʥʴʰʫʶ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴ-

ʥʦʩʪʴ ʘʪʦʤʘ ʩʝʨʳ, ʯʝʤ ʢʠʩʣʦʨʦʜʘ, ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʜ ʚʣʠʷʥʠ-

ʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ  ʙʫʜʝʪ ʦʪʱʝʧʣʷʪʴʩʷ ʚʦʜʦʨʦʜ-ʠʦʥ -SH ʛʨʫʧʧʳ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʪʠʦʣʷʪ-ʠʦʥʦʚ ʚʩʣʝʜʩʪʚʠʝ ʣʫʯʰʝʡ ʜʝʣʦ-

ʢʘʣʠʟʘʮʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʢʦʢʩʠʜ-ʠʦʥʘʤʠ.  

 

2.3. ʂʦʥʩʪʘʥʪʳ ʠʦʥʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ 

ʂʦʥʩʪʘʥʪʳ ʠʦʥʠʟʘʮʠʠ ɼʊʌ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʫʯʝʥ rʤʝʪʦʜʦʤ ʧʦʪʝʥ-

ʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ. ʈʘʩʯʝʪ ʂ1, ʂ2 ʠ ʂ3 ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʫ ɸʣʴ-

ʙʝʨʪʘ ʠ ʉʝʨʞʝʥʪʘ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʠʪʨʦʚʘʥʠʷ [42, ʩ.32-33]. 

ɼʠʪʠʦʣʬʝʥʦʣʳ ʠʤʝʶʪ ʪʨʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧ,r ʩʧʦʩʦʙʥʳʝ ʢ ʜʠʩʩʦ-

ʮʠʘʮʠʠ, ʧʦʵʪʦʤʫ ʧʨʦʮʝʩʩ ʜʠʩʩʦʮʠʘʮʠʠ ʠʜʝʪ ʧʦ ʪʨʝʤ ʩʪʫʧʝʥʷʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ-

ʩʷ ʪʨʝʤʷ ʢʦʥʩʪʘʥʪʘʤʠ ʜʠʩʩʦʮʠʘʮʠʠ ʂ1, ʂ2 ʠ ʂ3. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʩʪʘʥʪ ʜʠʩ-

ʩʦʮʠʘʮʠʠ ʂ1, ʂ2 ʠ ʂ3 ʜʠʪʠʦʣʬʝʥʦʣʦʚ ʤʝʪʦʜʦʤ ʨʅ-ʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʙʨʘ-

ʣʠ ʥʘ ʦʙʲʝʤ 50 ʤʣ ʨʘʩʪʚʦʨʘ 5 ʤʣ 0,1 ʄ ʨʘʩʪʚʦʨʘ ɼʌ ʠ ʦʪʪʠʪʨʦʚʘʣʠ 0.5ʄ ʂʆʅ, 

ʩʚʦʙʦʜʥʦʡ ʦʪ ʫʛʣʝʢʠʩʣʦʪʳ. ɛ=0,1 ʩʦʟʜʘʣʠ ʩ ʧʦʤʦʱʴʶ 1 ʄ ʨʘʩʪʚʦʨʘ NaClO4 (1-2 

ʤʣ). ʊʠʪʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʪʨʝʭ ʧʘʨʘʣʣʝʣʷʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ ɼʌ (ʪʘʙʣ. 2.2). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʢʦʤʧʣʝʢʩʦ-
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ʦʙʨʘʟʦʚʘʥʠʷ d- ʠ f -ʵʣʝʤʝʥʪʦʚ ʩ ɼʌ ʠ ɸʤ ʚʳʯʠʩʣʝʥʳ ʤʦʣʴʥʳʝ ʜʦʣʠ ʬʦʨʤ ὌὙ, 

ὌὙ , ὌὙ ʠ  Ὑ (ʚ %) ʠʟʚʝʩʪʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ [62, ʩ.50]. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.3. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʢʨʠʚʳʝ ʧʝʨʝʩʝʢʘʶʪʩʷ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʅ. ʇʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʠʦʥʥʦʡ ʩʠʣʳ ʦʧʨʝʜʝʣʝ-

ʥʳ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ɼʌ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.2.3 ʠ ʥʘ 

ʨʠʩ.2.4. 

ʊʘʙʣʠʮʘ 2.2 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ ʨʂ1, ʨʂ2 ʠ ʨʂ3 ɼʊɹʌ (5 ʤʣ 0.1 ʄ ɼʊɹʌ,  

V = 50 ʤʣ; ɛ=0,1, ʉʂʆʅ = 0.5 ʄ) 

0.5M 

ʂOH, 

ʤʣ 

pH [HA]  [A
-
] [OH

-
] (!

!
 
(! /(

! /(
 
lg ʯʠʩʝʣ 

ʩʪʦʣʙ- 

ʮʦʚ 

6 ʠ 7 

pKa ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 

ʨʂʘ 

1 2 3 4 5 6 7 8 9 10 

 4.95 0.01 - - - - -   

0.05 6.15 0.009 0.001 - 9/1 - +0,95 8,10 pK1=6.98 

0.10 6.42 0.008 0.002 - 8/2 - +0,60 8,02 

0.15 6.65 0.007 0.003 - 7/3 - +0,37 8,02 

0.20 6,81 0,006 0.004 - 6/4 - +0,18 7,99 

0.25 7.04 0,005 0.005 - 5/5 - 0,00 8,04 

0.30 7.18 0,004 0.006 - 4/6 - -0,18 8,00 

0.35 7.35 0.003 0.007 - 3/7 - -0,37 7,98 

0.40 7.55 0.002 0,008 - 2/8 - -0,60 7,95 

0.45 7.73 0.001 0,009 - 1/9 - -0,95 7,78 

0.50 7.82 - 0,01 - - - - -  

0.55 8,15 0.009 0,001 - 9/1  +0,95 10,10 pK2=8.81 

0.60 8,34 0.008 0,002 - 8/2  +0,60 9,94 

0.65 8,49 0,007 0,003 - 7/3  +0,37 9,86 

0.70 8.65 0.006 0.004 - 6/4  +0,17 9,82 

0,75 8,80 0,005 0.005 - 5/5  +0,00 9,80 

0,80 8,95 0,004 0,006 - 4/6  -0.17 9.78 

0,85 9,09 0,003 0,007 - 3/7  -0,37 9,72 

0,90 9,31 0,002 0,008 - 2/8  -0,60 9.71 

0,95 9,55 0,001 0,009 - 1/9  -0,95 9.60 

1,00 10,18 - 0,01 - - - - -  

1.05 10.73 0.009 0.001 - 9/1  +0.95 12.68 pK3=11.26 

1,10 10,84 0,008 0,002 - 8/2  +0,60 12,44 

1,15 10,98 0,007 0,003 - 7/3  +0,37 12,35 

1,20 11,17 0,006 0,004 0.00011  60/40 +0,17 12,34 

1,25 11,29 0,005 0,005 0.00013  51/48 +0,03 12,32 

1,30 11,35 0,004 0,006 0.00017  41/58 -0,03 12,32 

1,35 11,44 0,003 0,007 0.00020  32/68 -0,32 12,12 

1.40 11.53 0.002 0,008 0.00026  22/74 -0.52 12.01 

1.45 11.61 0.001 0,009 0.00030  13/87 -0.82 11.79 

1.50 12.13 - 0.010 - -  - - 
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ʈʠʩ.2.3.  ʈʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʣʷ ɼʊɹʌ 

 ʊʘʙʣʠʮʘ 2.3 

ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪ rʠʦʥʠʟʘʮʠʠ ɼʌ  (pKa) ʦʪ ʠʦʥʥʦʡ ʩʠʣʳ (ɛ) ʨʘʩʪʚʦʨʘ (Cɼʌ 

= 0.1M, t = 25  0.5 ÁC, n =6, P = 0.95)  
ɛ 

n

St
pK

p
°  

 ɛ 

n

St
pK

p
°  

ɼʊʄʌ ɼʊɹʌ ɼʊʄʌ ɼʊɹʌ 

 

pK1 

  

pK2 

 

pK3 

 

pK1 

 

pK2 

 

pK3 pK1 pK2 pK3 pK1   pK2 pK3 

0.1 6.92 8.74 11.15 6.98 8.78 11.26 0.6  6.67 8.55 10.97 6.69 8.44 11.00 

0.2 6.86 8.67 11.12 6.91 8.64 11.20 0.7  6.64 8.53 10.95 6.65 8.40 10.97 

0.3 6.80 8.65 11.08 6.84 8.58 11.14 0.8  6.61 8.50 10.92 6.60 8.36 10.93 

0.4 6.76 8.62 11.04 6.79 8.53 11.09 0.9  6.58 8.48 10.90 6.57 8.33 10.90 

0.5 6.71 8.58 11.00 6.73 8.48 11.05 1.0  6.55 8.46 10.88 6.53 8.30 10.86 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʢʦʥʩʪʘʥʪ ɼʌ ʦʪ ʠʦʥʥʦʡ ʩʠʣʳ ʨʘʩʪʚʦʨʘ ʣʠ-

ʥʝʡʥʦ ʧʨʠ Õ=0-1 ʠ ʚʳʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ:  

ɼʊʌ    pK1 = 6.55 ï 0.78ãɛ; pK2 = 8.46 ï 0.65ãɛ, pK3 = 10.96 ï 0.62ãɛ; 

ɼʊʄʌ pK1 = 7.11 ï 0.56ãɛ; pK2 = 8.89 ï 0.43ãɛ, pK3 = 11.32 ï 0.44ãɛ; 

ɼʊʕʌ pK1 = 7.05 ï 0.65ãɛ; pK2 = 8.82 ï 0.54ãɛ, pK3 = 11.27 ï 0.49ãɛ; 

ɼʊʇʌ pK1 = 6.93 ï 0.59ãɛ; pK2 = 8.73 ï 0.39ãɛ, pK3 = 11.25 ï 0.43ãɛ; 

ɼʊɹʌ  pK1 = 7.21 ï 0.678ãɛ; pK2 = 8.98 ï 0.62ãɛ, pK3 = 11.47 ï 0.59ãɛ. 

ɸʣʢʠʣʟʘʤʝʱʝʥʥʳʝ ʜʠʪʠʦʣʬʝʥʦʣʳ ʷʚʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʩʣʘʙʳʤʠ 

ʢʠʩʣʦʪʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɼʊʌ. ʂʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ ɼʌ ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʨʷʜʫ 

ɼʊʌ-ɼʊʇʌ-ɼʊʕʌ-ɼʊʄʌ-ɼʊɹʌ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ɼʌ ʷʚʣʷʶʪʩʷ ʪʨʝʭʦʩʥʦʚʥʳʤʠ ʢʠʩʣʦʪʘʤʠ. ʀʟʫ-

ʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʦʡʩʪʚ ʨʝʘʛʝʥʪʦʚ ʦʪ ʨʅ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʭ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝ-

ʥʠʷ  ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʚʠʩʪ̫ ʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʣʠʯ-

ʥʳʭ ʬʦʨʤ (ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʘʥʠʦʥʥʦʡ). ɼʌ ʩʫʱʝʩʪʚʫʶʪ ʚ ʨʘʩʪʚʦʨʝ ʚ ʯʝʪʳʨʝʭ 
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ʬʦʨʤʘʭ - ʦʜʥʘ ʤʦʣʝʢʫʣʷʨʥʘʷ (H3R) ʠ ʪʨʠ ʠʦʥʥʳʝ  (H2R
-
, HR

2-
 ʠ R

3-
). ʇʨʠ pH  0-

6.5  ʨʝʘʛʝʥʪʳ ʩʫʱʝʩʪʚʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʝ, ʧʨʠ pH  6-7 ʚ ʚʠ-

ʜʝ - H2R
-
, ʧʨʠ pH 8-10 - HR

2- 
ʠ ʧʨʠ pH 11-14 - R

3-
. ʉ ʫʚʝʣʠʯʝʥʠʝʤ pH, ʨʝʘʛʝʥʪʳ 

ʧʝʨʝʭʦʜʷʪ ʠʟ ʦʜʥʦʡ ʬʦʨʤʳ ʚ ʜʨʫʛʫʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʳʡ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝ ʤʦʣʷʨʥʦʛʦ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ. 

 

ʈʠʩ.2.4. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪ ʠʦʥʠʟʘʮʠʠ ɼʊɹʌ (pK1 (1), pK2 (2) ʠ pK3 (3))  ʦʪ 

ʠʦʥʥʦʡ ʩʠʣʳ ʨʘʩʪʚʦʨʘ. ˞ˑ ˟ˎ=l0.1M  

ʂʦʥʩʪʘʥʪʳ ʧʨʦʪʦʥʠʟʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʛʠʜʨʦʢʩʠʣʩʦʜʝʨʞʘʱʠʭ ʘʤʠʥʦʚ ʦʧ-

ʨʝʜʝʣʷʣʠ ʚ ʩʦʣʷʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ. ɼʣʷ ʯʝʛʦ ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥ-

ʪʨʘʮʠʝʡ HCl ʙʳʣʠ ʩʥʷʪʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʘʤʠʥʦʚ.  ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ HCl ʚ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʛʠʜʨʦʢʩʠʣ-

ʩʦʜʝʨʞʘʱʠʭ ʘʤʠʥʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʛʠʧʩʦʭʨʦʤʥr ʡ  ʩʜʚʠʛ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʦʙʨʘʟʦʚʘʥʠʠ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʘʤʠʥʦʬʝʥʦʣʘ. ɺʳʯʠʩʣʝʥʠʷ ʢʦʥʩʪʘʥʪ ʧʨʦ-

ʪʦʥʠʟʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʧʦ ʬʦʨʤʫʣʝ [42. ʩ.68] 

(2.1)                                           lgpK
max

min

ʧʨ

x

x

AA

AA
pH

-

-
-=

 

ʇʨʦʪʦʥʠʟʘʮʠʶ ʘʤʠʥʦʚ ʪʘʢʞʝ ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ ʵʢʩʪʨʘʢʮʠʠ, ʘ ʠʤʝʥʥʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝʤ ʨʝʘʛʝʥʪʦʚ ʤʝʞʜʫ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʚʦʜʥʦʡ ʬʘʟʘʤʠ ʧʦ ʬʦʨʤʫʣʝ: 

(2.2)                                               1lgpKʧʨ ö
÷

õ
æ
ç

å
-+=

D

K
pH D

 

ʛʜʝ KD-ʢʦʥʩʪʘʥʪʘ, D-ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʠʥʘ. 
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 2.4.ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʠʩʩʦʮʠʘʮʠʠ ʜʠʪʠʦʣʬʝʥʦʣʦʚ 

 ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʜʠʩʩʦʮʠʘʮʠʠ ɼʌ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʘʩ-

ʩʯʠʪʘʥʳ ʧʦ ʩʣʝʜʫʶʱʠʤ ʠʟʚʝʩʪʥʳʤ ʫʨʘʚʥʝʥʠʷʤ:  

  Ў' ςȢσπσ2˟ ὑ̑                                             (2.3)       

Ў(                                           (2.4) 

Ў3̏
Ў Ў

                                                (2.5) 

 ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʨʂ ʧʘʜʘʝʪ [237, ʩ.62]. ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ɼʌ, ʘ ʪʘʢʞʝ ʚʥʫʪʨʠ ʠʭ ʤʦʣʝʢʫʣ ʨʘʟʨʫʰʘʶʪʩʷ. ʉʣʝʜʦʚʘʪʝʣʴ-

ʥʦ, ʜʝʧʨʦʪʦʥʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʵʥʜʦʪʝʨʤʠʯʝʩʢʦʡ (ʪʘʙʣ.2.4). ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʠʥ-

ʜʫʢʮʠʦʥʥʳʭ ʢʦʥʩʪʘʥʪ ɻʘʤʤʝʪʘ („) ʢʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ ɼʌ ʧʦʥʠʞʘʝʪʩʷ. 

ʊʘʙʣʠʮʘ 2.4 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʠʩʩʦʮʠʘʮʠʠ ɼʌ 

ʉʦʝʜʠʥʝʥʠʝ T, K pKSH Ў'   
ʢɼʞ/ʤʦʣʴ 

Ў(    
ʢɼʞ/ʤʦʣʴ 

Ў3̏ 
ɼʞ/ʤʦʣʴʂ 

ɼʊʌ 298 

308 

318 

6.30 

6.11 

5.97 

35.92 

 

 

15.58 

-68.25 

 

ɼʊʄʌ 298 

308 

318 

6.92 

6.70 

6.49 

39.46 

 

 

20.31 

-64.26 

 

ɼʊʕʌ 298 

308 

318 

6.84 

6.63 

6.42 

39.00 

 

 

           19.83 

-64.32 

 

ɼʊʇʌ 298 

308 

318 

6.72 

6.53 

6.32 

38.32 

 

 

18.89 

-65.20 

ɼʊɹʌ 298 

308 

318 

6.98 

6.72 

6.52 

39.81 

 

 

21.72 

-60.70 

ɼʣʷ ʘʣʢʠʣʴʥʳʭ ʛʨʫʧʧ ʭʘʨʘʢʪʝʨʝʥ +I-ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ ʫʩʠʣʠʚʘʝʪʩʷ ʩ ʨʦʩ-

ʪʦʤ ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʠ ʮʝʧʠ ʘʣʢʠʣʘ, ʙʳʩʪʨʦ ʦʩʣʘʙʝʚʘʝʪ ʚʜʦʣʴ ʮʝʧʠ ʠ ʜʣʷ ʫʜʘʣʝʥ-

ʥʳʭ ʩʚʷʟʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ. ɿʘʤʝʩʪʠʪʝʣʠ -ʉʅ3, ïʉ2ʅ5 ʠ ʜʨ. ʦʙʣʘʜʘ-

ʶʪ ʪʦʣʴʢʦ ʠʥʜʫʢʪʠʚʥʳʤ ʵʬʬʝʢʪʦʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪ ʚʠʜ ʩʧʝʢʪʨʘ 

(ʪʘʙʣ. 2.5). 
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2. 5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʘʤʠʥʦʚ ʤʝʞʜʫ ʚʦʜʥʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʬʘʟʘʤʠ 

ʇʨʠ ʵʢʩʪʨʘʢʮʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʨʝʘʢʮʠʷ ʧʨʦʭʦ-

ʜʠʪ ʧʦ ʩʭʝʤʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʭʝʣʘʪʫ ʣʠʛʘʥʜʦʚ ʪʠʧʘ ʘʤʠʥʦʚ, ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝ-

ʥʠʷ ʠ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʬʦʨʤʳ ʘʤʠʥʘ, ʚ ʚʠʜʝ ʢʦʪʦʨʦʡ 

ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ, ʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʦʚ [41, ʩ.1549]. 

ʊʘʙʣʠʮʘ 2.5 

ʅʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ 

ʈʝʘʛʝʥʪ ʉʪʨʫʢʪʫʨʥʘʷ 

ʬʦʨʤʫʣʘ 

ʉʦʩʪʘʚ 

ʥʝʡʪʨʘʣʴʥʦʡ  

ʬʦʨʤʳ 

 

ʨʂ1 

 

ʨʅ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʥʝʡʪʨʘʣʴʥʦʡ 

ʬʦʨʤʳ  

2,6-ʜʠʪʠʦʣʬʝʥʦʣ  

(ɼʊʌ) 

 

 

H3R 

 

6.30 

 

 

0-6.2 (l=270 ʥʤ) 

2,6-ʜʠʪʠʦʣ-4-

ʤʝʪʠʣʬʝʥʦʣ (ɼʊʄʌ) 

 

 

H3R 

6.92 

 
0-6.9 (l=274 ʥʤ) 

2,6-ʜʠʪʠʦʣ-4-

ʵʪʠʣʬʝʥʦʣ (ɼʊʕʌ) 

 

 

H3R 

6,84 

 
0-6.8 (l=276 ʥʤ) 

 

 

 

 

2,6-ʜʠʪʠʦʣ-4-

ʧʨʦʧʠʣʬʝʥʦʣ (ɼʊʇʌ) 

 

H3R 6.72 0-6.7 (l=278 ʥʤ) 

 

2,6- ʜʠʪʠʦʣ -4-ʪʨʝʪ-ʙʫ-

ʪʠʣʬʝʥʦʣ (ɼʊɹʌ) 

 

 

H3R 

6.98 0-7.0 (l=280 ʥʤ) 

 

ʂʘʯʝʩʪʚʝʥʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʬʘʢʪʦʨʘ, ʩʧʦʩʦʙʥʳʝ ʧʦʚʣʠʷʪʴ ʥʘ  ʵʢʩ-

ʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʘʤʠʥʦʚ: ʦʩʥʦʚʥʦʩʪʴ, ʜʝʥʪʘʥʪʥʦʩʪʴ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴ. ɺ 

ʥʘhʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʝ ʛʨʫʧʧr  ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʚ: ʤʦʥʦʜʝʥ-
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ʪʘʪʥʳʡ - ʈʫ, ʠ ʙʠʜʝʥʪʘʪʥʳʝ - ʌʝʥ, ɹʌʝʥ, ɼʠʧ ʠ ɸʤʈʫ. ʅʘ ʨʠʩ.2.5. ʧʨʠʚʝʜʝʥʳ 

ʜʘʥʥʳʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʘʤʠʥʦʚ ʚ ʭʣʦʨʦʬʦʨʤʝ.  

ʂʦʥʩʪʘʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʬʦʨʤ ʘʤʠʥʦʚ ʚ ʩʠʩʪʝʤʝ ʚʦʜʘ-

ʭʣʦʨʦʬʦʨʤ ʚʳʯʠʩʣʝʥʳ ʧʦ ʫʨʘʚʥʝʥʠʶ 

ὑ                                                    (2.6 )  

ʂʦʥʩʪʘʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2.6. 

 

ʈʠʩ.2.5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ ʠ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫ-

ʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ H2O-CHCl3. Õ=0,1(NaCl).  

1- ɼʊʄʌ, 2- ɼʊɹʌ, 3- ɹʌʝʥ, 4- ʌʝʥ, 5- ʈʫ, 6-ɸʤʈʫ 

ʊʘʙʣʠʮʘ 2.6 

ʂʦʥʩʪʘʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ ʚ ʩʠʩʪʝʤʝ ʚʦʜʘ - ʭʣʦʨʦʬʦʨʤ 

ɸʤʠʥ KD pKa 

ʇʠʨʠʜʠʥ 24Ñ4 5.23 

ɸʤʠʥʦʧʠʨʠʜʠʥ 29Ñ3 6.86 

ɼʠʧʠʨʠʜʠʣ (5,24Ñ0,5)Ŀ10
2 

4.4 

1,10-ʌʝʥʘʥʪʨʦʣʠʥ (6,3Ñ0,6)Ŀ10
2
 4.88 

ɹʘʪʦʬʝʥʘʥʪʨʦʣʠʥ (2Ñ1)Ŀ10
5
 4.80 

ɺ ʩʨʝʜʝ ʥʝʧʦʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʙʝʥʟʦʣ, ʭʣʦʨʦʬʦʨʤ ʠ 

ʮʠʢʣʦʛʝʢʩʘʥ), ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ɼʌ ʧʦʩ-

ʣʝʜʥʠʤ ʧʨʠʩʫʱʘ ʩʘʤʦʘʩʩʦʮʠʘʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʤʝʨʦʚ ʟʘ ʩʯʝʪ ʤʝʞʤʦʣʝʢʫʣ-

ʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ. ʇʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ɼʌ ʚ ʩʠʩʪʝʤʝ H2O-CHCl3 ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ɸʤ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʭʘʨʘʢ-

ʪʝʨʝ ʢʨʠʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʣʘʙʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ɼʌ ʩ ɸʤ, 

ʢʦʪʦʨʦʝ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʠ ʥʘ ʠʭ 

ʵʢʩʪʨʘʢʮʠʶ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ɼʊʄʌ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʧʨʠ ʨʅ 3.6-4.0 ʠʟ-
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ʤʝʥʷʝʪʩ ̫ʭʘʨʘʢʪʝʨ ʩʧʝʢʪʨʘ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ɼʊʄʌ. ʄʘʢʩʠʤʫʤ ɼʊʄʌ (274 

ʥʤ) ʙʘʪʦʭʨʦʤʥʦ ʩʜʚʠʛʘʝʪʩʷ ʥʘ 20 ʥʤ, ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʧʨʠ ‗̍ ́ʟ̋ʘʤʝʪʥʦ 

ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ɼʊʄʌ ʩ ʌʝʥ ʩ ʦʙʨʘʟʦʚʘ-

ʥʠʝʤ ʙʝʟʤʝʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʙʝʟʤʝʪʘʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ɼʊʄʌ, ʚʝʨʦʷʪʥʦ 

ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʌʝʥ ʧʦ ʩʫʣʴʬʛʠʜʨʠʣʴʥʦʡ ʛʨʫʧʧʝ ʣʠʛʘʥʜ-ʣʠʛʘʥʜʥʦʡ ʩʚʷʟʴʶ. 

ʉʦʦʪʥʦʰʝʥʠʝ ɼʊʄʌ:ʌʝʥ, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʤʝʪʦʜʦʤ ʩʜʚʠʛʘ ʨʘʚʥʦʚʝʩʠʷ, ʨʘʚʥʦ 

1:1. ɺ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ɼʊʄʌ ʩ ʌʝʥ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ.   

2.6. ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʘ ʦʜʥʦʨʦʜʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʦʨʤ ʠʦʥʠʪʦʚ ʧʨʠʤʝʥʷʶʪ ʧʨʦʤʳʚʘʥʠʝ ʨʘʩ-

ʪʚʦʨʘʤʠ ʩʦʣʝʡ, ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʝʡ. ɺ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʩʠʣʴʥʦʢʠʩ-

ʣʳʝ ʢʘʪʠʦʥʠʪʳ ʚ ʅ-ʬʦʨʤʝ ʠ ʚʳʩʦʢʦʦʩʥʦʚʥʳʝ ʘʥʠʦʥʠʪʳ ʚ ʉl-ʬʦʨʤʝ. 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʢʘʪʠʦʥʠʪʘ ʂʋ-2. ɼʣʷ ʧʦʜʛʦʪʦʚʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʢʘʪʠ-

ʦʥʠʪʘ ʚ ʅ-ʬʦʨʤʝ 5-10 ʛ ʢʘʪʠʦʥʠʪʘ (ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 0.2-0.5 ʤʤ) ʧʝʨʝʚʦʜʷʪ ʚ 

ʩʪʘʢʘʥ, ʧʨʦʤʳʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʟʘʪʝʤ - ʨʘʩʪʚʦʨʦʤ 

ʨʘʟʙʘʚʣʝʥʥʦʡ ʭʣʦʨʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ. ʆʩʪʘʚʣʷʶʪ ʩʤʝʩʴ ʢʘʪʠʦʥʠʪʘ ʠ ʨʘʩʪ-

ʚʦʨʘ HCl ʥʘ 12 ʯ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʩʪʨʷʭʠʚʘʷ ʝʝ.  ʇʨʠ ʵʪʦʤ ʚʩʝ ʢʘʪʠʦʥʳ ʠʦʥʦʛʝʥ-

ʥʳʭ ʛʨʫʧʧ ʢʘʪʠʦʥʠʪʘ ʟʘʤʝʱʘʶʪʩʷ ʥʘ ʠʦʥʳ ʚʦʜʦʨʦʜʘ. ɿʘʪʝʤ ʢʘʪʠʦʥʠʪ ʧʨʦʤ ʚrʘ-

ʶʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʥʘ Cl
-
 ʠʦʥʳ (ʧʨʠ ʧʨʠ-

ʙʘʚʣʝʥʠʠ ʢ ʧʨʦʤʳʚʥʦʡ ʞʠʜʢʦʩʪʠ 1-2 ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʘ AgNO3 ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʤʫʪʥʝʥʠʝ ʨʘʩʪʚʦʨʘ). ʇʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʩ ʨʘʩʪʚʦʨʦʤ HCl ʢʘʪʠʦʥʠʪ ʥʝʩʢʦʣʴʢʦ 

ʥʘʙʫʭʘʝʪ. ʇʦʣʫʯʘʝʪʩʷ ʛʦʪʦʚʳʡ ʢ ʫʧʦʪʨʝʙʣʝʥʠʶ ʢʘʪʠʦʥʠʪ ʚ ʅ-ʬʦʨʤʝ, ʢʦʪʦʨʳʤ ʠ 

ʟʘʧʦʣʥʷʶʪ ʢʦʣʦʥʢʫ. ʉʤʦʣʘ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʩ̫ ʧʦʜ ʩʣʦʝʤ ʞʠʜʢʦʩʪʠ [284, ʩ.409]. 

ʇʦʜʛʦʪʦʚʢʘ ʘʥʠʦʥʠʪʘ ʕɼʕ-10 ʇ. ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠʩʭʦʜʥʦʛʦ ʘʥʠʦʥʠʪʘ ʚ 

ʦʩʥʦʚʥʦʡ ʬʦʨʤʝ ʝʛʦ ʧʦʤʝʱʘʶʪ ʚ ʩʦʩʫʜ, ʧʨʦʤʳʚʘʶʪ  ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʜʠʩʪʠʣʣʠʨʦ-

ʚʘʥʥʦʡ ʚʦʜʦʡ, ʟʘʣʠʚʘʶʪ 2ʄ ʨʘʩʪʚʦʨʦʤ HCl ʠ ʦʩʪʘʚʣʷʶʪ ʧʨʠʤʝʨʥʦ ʥʘ 2 ʯʘʩʘ, ʧʝ-

ʨʠʦʜʠʯʝʩʢʠ ʚʩʪʨʷʭʠʚʘʷ ʩʤʝʩʴ. ɾʠʜʢʫʶ ʬʘʟʫ ʚʳʙʨʘʩʳʚʘʶʪ. ɿʘʪʝʤ ʘʥʠʦʥʠʪ ʧʨʦ-

ʤʳʚʘʶʪ 2 ʄ ʨʘʩʪʚʦʨʦʤ HCl ʜʦ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʠʦʥʳ Fe(III) . (Fe(III ) 

ʦʧʨʝʜʝʣʷʶʪ ʨʦʜʘʥʠʜ-ʠʦʥʦʤ). ʇʨʦʤʳʚʘʶʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ  ʥʘ Cl
-
 ʠʦʥʳ (ʧʨʠ ʧʨʠʙʘʚʣʝʥʠʠ ʢ ʧʨʦʤʳʚʥʦʡ ʞʠʜʢʦʩʪʠ 1-2 ʢʘ-
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ʧʝʣʴ ʨʘʩʪʚʦʨʘ AgNO3 ʥʝ ʥʘʙʣʶʜʘtnʩʷ ʧʦʤʫʪʥʝʥʠʝ ʨʘʩʪʚʦʨʘ). ɸʥʠʦʥʠʪ ʚʜrʝʨ-

ʞʠʚʘʶʪ ʨʘʩʪʚʦʨʦʤ ʩʦʜʳ ʠʣʠ ʱʝʣʦʯʠ ʥʘ 24 ʯʘʩʘ. ɺʳʜʝʨʞʠʚʘʥʠʝ ʧʨʦʚʦʜʷʪ ʧʦʚ-

ʪʦʨʥʦ ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʨʠʯʥʝʚʦʡ ʦʢʨʘʩʢʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʨʘʩʪʚʦʨ 

ʩʣʠʚʘʶʪ, ʘʥʠʦʥʠʪ ʧʨʦʤʳʚʘʶʪ (ʧʨʠ ʚʩʪʨʷʭʠʚʘʥʠʠ) ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʜʠʩʪʠʣʣʠʨʦ-

ʚʘʥʥʦʡ ʚʦʜʦʡ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʥʘʙʫʭʰʠʡ (ʛʦʪʦʚʳʡ ʜʣʷ 

ʨʘʙʦʪʳ) ʘʥʠʦʥʠʪ, ʢʦʪʦʨʳʤ ʠ ʟʘʧʦʣʥʷʶʪ ʢʦʣʦʥʢʫ. ʉʣʝʜʷʪ ʟʘ ʪʝʤ, ʯʪʦʙʳ ʩʤʦʣʘ 

ʥʘʭʦʜʠʣʘʩʴ ʧʦʜ ʩʣʦʝʤ ʞʠʜʢʦʩʪʠ. ʅʘʭʦʞʜʝʥʠʝ ʧʫʟʳʨʢʦʚ ʚʦʟʜʫʭʘ ʚ ʩʣʦʝ ʠʦʥʠʪʘ 

ʥʝʞʝʣʘʪʝʣʴʥʦ. 

ʇʦʜʛʦʪʦʚʢʘ ʘʥʠʦʥʠʪʘ ɸɺ-17.  ʈʘʩʪʠʨʘʶʪ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ ʩʤʦʣʫ ʘʥʠ-

ʦʥʠʪʘ, ʧʦʤʝɦʘʶʪ ʚ ʮʠʣʠʥʜʨ ʥʘ 1 ʣ, ʟʘʣʠʚʘʶʪ ʚʦʜʦʡ ʠ ʚʟʤʫʯʠʚʘʶʪ. ʆʪʙʠʨʘʶʪ 

ʬʨʘʢʮʠʶ, ʦʩʝʜʘʶʱʫʶ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥ. ɸʥʠʦʥʠʪ ʧʦʤʝʱʘʁʪ ʚ ʢʦʣʦʥʢʫ ʠ ʧʨʦʤ -r

ʚʘʶʪ ʨʘʩʪʚʦʨʦʤ 2 ʄ HCl ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʦʥʦʚ Fe
3+

 (ʜʦ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʩ 

NH4SCN). ʆʪ ʠʟʙʳʪʢʘ HCl ʩʤʦʣʫ ʦʪʤʳʚʘʶʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʦʪʨʠ-

ʮʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʥʘ Cl
-
 ʠʦʥʳ (ʧʨʠ ʧʨʠʙʘʚʣʝʥʠʠ ʢ ʧʨʦʤʳʚʥʦʡ ʞʠʜʢʦʩʪʠ 1-2 

ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʘ AgNO3 ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʤʫʪʥʝʥʠʝ ʨʘʩʪʚʦʨʘ). ʇʨʦʩʫʰʠʚʘʶʪ 

ʘʥʠʦʥʠʪ ʥʘ ʚʦʟʜʫʭʝ ʠ ʜʝʨʞʘʪ ʚ ʟʘʢʨʳʪʦʤ ʩʦʩʫʜʝ. ɺ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʶʪ ʢʦʣʦʥʢʫ, 

ʥʘ ʜʥʦ ʢʦʪʦʨʦʡ ʧʦʤʝɦʝʥʘ ʩʪʝʢʣʷʥʥʘ ̫ʚʘʪʘ ʠ 1 ʛ ʩʫʭʦʡ ʩʤʦʣʳ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʘ ʦʜʥʦʨʦʜʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʨʝʜʚʘʨʠʪʝʣʴ-

ʥʳʝ ʦʧʳʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʦʥʳ Cu, Hg, Ti, V,  Nb, Ta, Mo, W, Mn, U, Fe, Co  

ʠ Ni ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ɼʌ ʦʙʨʘʟʫʶʪ ʦʢʨʘʰʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʥʝ-

ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʥʝʧʦʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʆʧʳʪʳ ʧʦ ʵʣʝʢʪʨʦ-

ʤʠʛʨʘʮʠʠ ʚ U-ʦʙʨʘʟʥʦʡ ʪʨʫʙʢʝ ʠ ʧʦ ʘʥʠʦʥʥʦʤʫ ʦʙʤʝʥʫ ʥʘ ʘʥʠʦʥʦʦʙʤʝʥʥʠʢʝ 

ʕɼʕ-10 ʇ ʧʦʢʘʟʘʣʠ ʥʘ ʘʥʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʆʃʂ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʵʣʝʢʪʨʦʤʠʛʨʘ-

ʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʢʨʘʰʝʥʥʳʝ ʜʠʪʠʦʣʬʝʥʦʣʷʪʥrʝ ʢʦʤʧʣʝʢʩʳ 

ʧʝʨʝʤʝɦʘʁʪʩʷ ʢ ʢʘʪʦʜʫ. ʂʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʤʠʛʨʘʮʠʠ ʨʘʚʝʥ 62.5-69.2%. ʇʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʟʥʘʢʘ ʟʘʨʷʜʘ ʆʃʂ ʤʝʪʦʜʦʤ ʠʦʥʦʦʙʤʝʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʘʥʠʦʥʦ-

ʦʙʤʝʥʥʠʢ ʕɼʕ-10 ʇ ʧʦʣʥʦʩʪʴʶ ʧʦʛʣʦʱʘʝʪ ʦʢʨʘʰʝʥʥʫʶ ʯʘʩʪʴ ʨʘʩʪʚʦʨʘ. ʉ ʚʚʝ-

ʜʝʥʠʝʤ ʚ ʩʠʩʪʝʤʫ ʛʠʜʨʦʬʦʙʥʳʭ ɸʤ ʥʘʙʣʶʜʘʝʪʩʷ ʵʢʩʪʨʘʢʮʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʚ ʚʠʜʝ ʈʃʂ. ʇʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʨʘʩʪʚʦʨʦʚ ʈʃʂ ʥʝ ʥʘʙʣʜʁʘ-

ʣʦʩʴ ʠʭ ʧʝʨʝʜʚʠʞʝʥʠʝ ʥʠ ʢ ʘʥʦʜʫ, ʥʠ ʢ ʢʘʪʦʜʫ ʜʘʞʝ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʦʧʫʩ-
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ʢʘʥʠʷ ʪʦʢʘ, ʪ.ʝ. ʦʥʠ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʳ. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʦʙʳʯʥʳʤ ʩʧʦʩʦʙʦʤ, 

ʚ U-ʦʙʨʘʟʥʦʡ ʪʨʫʙʢʝ ʩ ʜʚʫʤʷ ʢʨʘʥʘʤʠ, ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 180-200 ɺ ʠ ʩʠʣʝ ʪʦʢʘ 

0.5-0.8 ʤɸ. ʕʣʝʢʪʨʦʣʠʟ ʦʩʫʱʝʩʪʚʠʣʠ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩ. 

ʄʝʪʦʜʠʢʘ. ɺ ʜʝʣʠʪʝʣʥʳʝ ʚʦʨʦʥʢʠ ʩ ʧʨʠʪʝʨʪʳʤʠ ʧʨʦʙʢʘʤʠ ʚʚʦʜʠʣʠ ʦʧʨʝ-

ʜʝʣʝʥʥʳʡ ʦʙʲʝʤ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʵʣʝʤʝʥʪʘ, 2-3 ʤʣ 0.01ʄ 

ʨʘʩʪʚʦʨʘ ɼʌ ʠ 1.5-2.0 ʤʣ 0.01ʄ ʨʘʩʪʚʦʨʘ ɸʤ. ʆʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʅ ʫʩʪʘ-

ʥʘʚʣʠʚʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ 1ʄ ʨʘʩʪʚʦʨʘ HCl, H2SO4 ʠʣʠ ʘʮʝʪʘʪʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ. ʆʙʲʝʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʜʦʚʦʜʠʣʠ ʜʦ 5 ʤʣ ʭʣʦʨʦʬʦʨʤʦʤ, ʘ ʦʙʱʝʡ ʬʘʟʳ 

- ʜʦ 25 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ 

ʦʪʜʝʣʷʣʠ ʠ ʠʟʤʝʨʷʣʠ ʝʛʦ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 1
ʦ
ʉ ʥʘ ʂʌʂ-2.  

ʆʙʟʦʨ ʛʣʘʚʳ II  

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʪʝʭʥʠʢʘ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘ. ʉʠʥʪʝʟ ʜʠʪʠʦʣʬʝʥʦʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʨʘʩʱʝʧʣʝʥʠʝʤ ʜʠ-

ʩʫʣʴʬʠʜʦʚ ʧ-ʘʣʢʠʣʬʝʥʦʣʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʘʛʝʥʪʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʤʝʪʦʜʘ-

ʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʀʂ- ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ɼʌ ʰʠʨʦʢʘʷ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʚ ʦʙʣʘʩʪʠ 3600-3200 ʩʤ
-1
 

ʩ ʤʘʢʩʠʤʫʤʦʤ ʦʢʦʣʦ 3550 ʩʤ
-1
 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɜʦʥ. ʋʢʘʟʘʥʥʘʷ ʦʙʣʘʩʪʴ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʚʷʟʷʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʤʝʨʥʳʭ ʠ ʧʦʣʠʤʝʨʥʳʭ 

ʤʦʣʝʢʫʣ, ʘ ʪʘʢʞʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʪʴ ʩʦʩʪʦʷʥʠʝ ɼʌ ʚ ʨʘʟʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ɺ ʀʂ-

ʩʧʝʢʪʨʘʭ ɼʌ ʥʘʙʣʶʜʘʝʪʩʷ ʩʨʝʜʥʘʷ ʧʦʣʦʩʘ ʚ ʦʙʣʘʩʪʠ 2600- 2580 ʩʤ
-1
, ʢʦʪʦʨʘʷ 

ʩʚʷʟʘʥʘ ʩ ɜSH, ʚʦʟʤʫʰʝʥʥʦʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ.  

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ɼʌ ʚ ʚʦʜʝ ʩʦʩʪʘʚʣʷʝʪ 3.5-4.0  ʛ/ʣ. ɸʣʢʠʣ- ʛʨʫʧʧʳ ʚ ʢʘʯʝʩʪ-

ʚʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦʥʠʞʘʶʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʣʠʛʘʥʜʘ ʠ ʢʦʤʧʣʝʢʩʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, 

ʥʦ ʧʦʚʳʰʘʁʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠʭ ʚ ʩʤʝʰʘʥʥʳʭ ʩ ʚʦʜʦʡ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʠ ʧʦʵʪʦʤʫ 

ʠʭ ʤʦʞʥʦ ʵʢʩʪʨʘʛʠʨʦʚʘʪʴ ʪʘʢʠʤʠ ʩʤʝʩʷʤʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʨʅ ʚʦʜʥʦʡ ʬʘʟʳ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ɼʌ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʂʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʜʠʪʠʦʣʬʝʥʦʣʦʚ ʠ 

ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʫʯʝʥʦ ʤʝʪʦʜʦʤ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ [42, ʩ.33]. 

ɼʌ ʠʤʝʁʪ ʪʨʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧ,r ʩʧʦʩʦʙʥʳʝ ʢ ʜʠʩʩʦʮʠʘʮʠʠ, ʧʦʵʪʦʤʫ 
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ʧʨʦʮʝʩʩ ʜʠʩʩʦʮʠʘʮʠʠ ʠʜʝʪ ʧʦ ʪʨʝʤ ʩʪʝʧʝʥʷʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʨʝʤʷ ʢʦʥʩʪʘʥ-

ʪʘʤʠ ʜʠʩʩʦʮʠʘʮʠʠ ʂ1, ʂ2 ʠ ʂ3. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʫʜʝʪ ʦʪʱʝʧ-

ʣʷʪʴʩʷ ʚʦʜʦʨʦʜ-ʠʦʥ -SH ʛʨʫʧʧ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʝʥʴʱʫʶ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ 

ʘʪʦʤʘ ʩʝʨʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʠʩʣʦʨʦʜʦʤ. ɺ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʠʦʥʥʦʡ ʩʠʣʳ 

ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ ʠʦʥʠʟʘʮʠʠ ɼʌ. ɿʘʚʠʩʠʤʦʩʪʴ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʢʦʥʩʪʘʥʪ 

ɼʌ ʦʪ ʠʦʥʥʦʡ ʩʠʣʳ ʨʘʩʪʚʦʨʘ ʣʠʥʝʡʥʘ ʧʨʠ Õ=0-1. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝ-

ʘʛʝʥʪʳ ʷʚʣʷʶʪʩʷ ʪʨʝʭʦʩʥʦʚʥʳʤʠ ʢʠʩʣʦʪʘʤʠ. ʀʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʦʡʩʪʚ ʨʝ-

ʘʛʝʥʪʦʚ ʦʪ ʨʅ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʭ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ  ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʟʘʚʠʩʠʪ ʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ (ʤʦʣʝʢʫʣ̫ʨʥʳʡ ʠ 

ʘʥʠʦʥʥʳʡ). ɼʌ ʩʫʱʝʩʪʚʫʶʪ ʚ ʨʘʩʪʚʦʨʝ ʚ ʯʝʪʳʨʝʭ ʬʦʨʤʘʭ - ʦʜʥʘ ʤʦʣʝʢʫʣ̫ʨʥʘʷ 

(H3R) ʠ ʪʨʠ ʠʦʥʥʳʝ  (H2R
-
, HR

2- 
vᴅ R

3-
). ʇʨʠ pH 0-6.5 ʨʝʘʛʝʥʪʳ ʩʫʱʝʩʪʚʫʶʪ ʚ ʦʩ-

ʥʦʚʥʦʤ ʚ ʤʦʣʝʢʫʣ̫ʨʥʦʡ ʬʦʨʤʝ, ʧʨʠ pH  6-7 ʚ ʚʠʜʝ - H2R
-
, ʧʨʠ pH 8-10 - HR

2- 
ʘ 

ʧʨʠ pH 11-14 - R
3-
. ʉ ʫʚʝʣʠʯʝʥʠʝʤ pH, ʨʝʘʛʝʥʪʳ ʧʝʨʝʭʦʜʷʪ ʠʟ ʦʜʥʦʡ ʬʦʨʤʳ ʚ 

ʜʨʫʛʫʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʚ 

ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝ ʤʦʣʷʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ.  

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʧʳʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʦʥʳ Cu, Hg, Ti, V,  Nb, Ta, 

Mo, W, Mn, U, Fe, Co  ʠ Ni ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ɼʌ ʦʙʨʘʟʫʶʪ ʦʢʨʘʰʝʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʥʝ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʥʝʧʦʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣ-

ʷʭ. ʆʧʳʪʳ ʧʦ ʵʣʝʢʪʨʦʤʠʛʨʘʮʠʠ ʚ U-ʦʙʨʘʟʥʦʡ ʪʨʫʙʢʝ ʠ ʧʦ ʘʥʠʦʥʥʦʤʫ ʦʙʤʝʥʫ ʥʘ 

ʘʥʠʦʥʦʦʙʤʝʥʥʠʢʝ ʕɼʕ-10 ʇ ʧʦʢʘʟʘʣʠ ʥʘ ʘʥʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʆʃʂ. ʇʨʠ ʚʚʝ-

ʜʝʥʠʠ ʚ ʩʠʩʪʝʤʫ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ  ʵʪʠ ʩʦʝʜʠʥʝʥʠ ̫ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ ʚ ʦʨʛʘ-

ʥʠʯʝʩʢʫʶ ʬʘʟʫ ʚ ʚʠʜʝ ʈʃʂ. ʈʘʩʤʘʪʨʠʚʘʷ ʛʠʜʨʦʬʦʙʥʳʝ ʘʤʠʥʳ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦ-

ʜʳ, ʢʘʯʝʩʪʚʝʥʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʬʘʢʪʦʨʘ, ʩʧʦʩʦʙʥʳʝ ʧʦʚʣʠʷʪʴ ʥʘ ʠʭ ʵʢʩ-

ʪʨʘʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ: ʦʩʥʦʚʥʦʩʪʴ, ʜʝʥʪʘʥʪʥʦʩʪʴ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴ. ʉ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʚ ʤʦʣʝʢʫʣʝ ʨʝʘʛʝʥʪʘ ʯʠʩʣʘ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʪʨʫʢʪʫʨʝ, ʥʦ ʦʜʠʥʘʢʦʚʳʭ ʧʦ 

ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʜʝʡʩʪʚʠʶ ʌɸɻ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ ʨʝʘʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʧʦʥʠʞʘʝʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ [53, ʩ.27].    
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ɻʃɸɺɸ III  

 

ʈɸɿʅʆʃʀɻɸʅɼʅʓɽ ʂʆʄʇʃɽʂʉʓ ʄɽɼʀ(II) , ʈʊʋʊʀ(II)  ʀ 

ʊʀʊɸʅɸ(IV)  ʉ ɼʀʊʀʆʃʌɽʅʆʃɸʄʀ ʀ ɻʀɼʈʆʌʆɹʅʓʄʀ 

ɸʄʀʅɸʄʀ 

ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟ-

ʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʥʩʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʦʥʦʚ 

ʤʝʪʘʣʣʘ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʝʘʛʝʥʪʘʤʠ. ʋʩʧʝʰʥʦʝ ʨʝʰʝʥʠʝ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩ-

ʢʠʭ ʟʘʜʘʯ ʚʦʟʤʦʞʥʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩ-

ʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʠ ʩʦʩʪʘʚʘʭ. 

ʇʨʠ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʠ 

ʧʨʠ ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠ-

ʪʳʚʘʪʴ ʨʅ ʩʨʝʜʳ ʥʝ ʪʦʣʴʢʦ ʚ ʩʚʷʟʠ ʩ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʣʠʛʘʥ-

ʜʦʚ, ʥʦ ʠ ʚ ʩʚʷʟʠ ʩ ʨʝʘʢʮʠʷʤʠ ʛʠʜʨʦʣʠʟʘ ʠ ʘʢʚʘʪʘʮʠʠ, ʦʢʘʟʳʚʘʶʱʠʤʠ ʚʣʠʷʥʠʝ 

ʥʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʩʪʚʦʨʘʭ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʧʨʝʜʣʦʞʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʭʝʣʘʪʦʦʙʨʘʟʫʶʱʠʭ ʦʨ-

ʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ. ʄʝʜʴ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʤʝʪʘʣʣʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʭʨʦʤʦʬʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠ-

ʯʝʩʢʠʭ  ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʠʤʝʶʪʩʷ ʢʘʢ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʙʝʩʮʚʝʪʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʪʘʢ ʠ ʤʝʪʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʶʪ ʦʢʨʘhʝʥ-

ʥʳʝ ʨʝʘʛʝʥʪʳ ʩ ʭʨʦʤʦʬʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ [240, ʩ.22]. ʀʟʚʝʩʪʥʳ, ʢʦʤʧʣʝʢʩʳ ʤʝ-

ʜʠ(II)
 
c ɼʠʧ ʠ ʛʣʠʮʠʥʦʤ, 2-ʧʠʨʠʜʠʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ, 8-ʦʢʩʠʭʠʥʦʣʠʥʩʫʣʴ-

ʬʦʢʠʩʣʦʪʦʡ, ʘʮʝʪʠʣʘʮʝʪʦʥʦʤ, ʙʠʛʫʘʥʠʜʠʥʦʤ ʠ ʜʚʫʭʦʩʥʦʚʥʤrʠ ʰʠʬʬʦʚʤrʠ ʦʩ-

ʥʦʚʘʥʠʷʤʠ [236, ʩ.2094]. 

ɼʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʨʪʫʪʠ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪ ʩʝʨʦ-

ʩʦʜʝʨʞʘʱʠʝ ʭʝʣʘʪʦʦʙʨʘʟʫʶʱʠʝ ʨʝʘʛʝʥʪʳ, ʢʦʪʦʨʳʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʢʘ-

ʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʜʦʥʦʨʥʦʛʦ ʘʪʦʤʘ ʠʤʝʶʪ ʘʟʦʪ [276, ʩ.373]. ʈʝʘʛʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ N ʠ O, ʠʛʨʘʶʪ ʤʝʥʴʰʫʶ ʨʦʣʴ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠ-

ʤʠʠ ʨʪʫʪʠ [276, ʩ.374]. ɼʣʷ Hg(II) ʠʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ 2 (ʣʠʥʝʡʥʳʝ ʢʦʤʧʣʝʢʩʳ) ʠ 4 (ʪʝʪʨʘɻʜ-
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ʨʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ. ʉʚʷʟʴ ʨʪʫʪʴ-ʣʠʛʘʥʜ ʚʦ ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ ʷʚʣʷʝʪʩʷ ʢʦʚʘ-

ʣʝʥʪʥʦʡ [97, ʩ.67]. 

ʀʦʥʳ ʪʠʪʘʥʘ(IV) ʣʝʛʢʦ ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʜʘʞʝ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ. ʉʪʝʧʝʥʴ 

ʛʠʜʨʦʣʠʟʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʢ ʪʠʪʘʥʘ, ʪʘʢ ʠ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ. ʆʪ-

ʥʦʩʠʪʝʣʴʥʫʶ ʪʝʥʜʝʥʮʠʶ ʪʠʪʘʥʘ ʢ ʛʠʜʨʦʣʠʟʫ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʧʨʝ-

ʜʝʣʝʥʠʠ ʝʛʦ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʛʠʜʨʦʣʠʟʘ, ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ [71, ʩ.136]. ʨʅ 

ʥʘʯʘʣʘ ʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʦʢʠʩʠ Ti(IV) 0ͯ, ʘ ʨʅ ʧʦʣʥʦʛʦ ʦʩʘʞʜʝʥʠʷ 2.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʙʦʣʴʰʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʪʠʪʘʥʘ ʧʨʠʤʝʥʷʶʪ ʝʛʦ ʧʝʨʦʢʩʠʜ-

ʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɹʦʣʝʝ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʤʝʪʦʜʠʢʘ ʩ ʭʨʦ-

ʤʦʪʨʦʧʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʅʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʪʘʥʘ ʩ 

ʬʣʫʦʨʦʥʘʤʠ [276, ʩ.399; 193, ʩ.499, ʩ.501]. ɼʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʠʪʘʥʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʣʠʬʝʥʦʣʳ ʠ ʧʦʣʠʥʘʬʪʦʣʳ, ʘ ʪʘʢʞʝ ʨʝʘʛʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʥʘʨʷʜʫ ʩ ʆʅ-ʛʨʫʧʧʦʡ ʠʤʝʶʪ ʢʘʨʙʦʢʩʠʣʴʥʫʶ ʠʣʠ ʘʤʠʥʦʛʨʫʧʧʫ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʨʝʘʛʝʥʪʦʚ ʵʪʦʛʦ ʪʠʧʘ ʚ ʚʦʜʝ, ʯʘʱʝ ʚʩʝʛʦ ʚ ʩʦʩʪʘʚ ʨʝʘʛʝʥʪʦʚ ʚʚʦʜ-

ʷʪ ʦʜʥʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʩʫʣʴʬʦʛʨʫʧʧ [276, ʩ.399]. 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʳ ʈʃʂ Cu(II ), 

Hg(II) ʠ  Ti(IV) ʩ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ (ɼʊʌ, ɼʊʄʌ, ɼʊʕʌ, ɼʊʇʌ ʠ ɼʊɹʌ) ʠ ʛʠʜ-

ʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ. ʀʟ ʛʠʜʨʦʬʦʙʥʳʭ ɸʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ɸʥ, ʤɸʥ, ʜɸʥ,  ʧ-Cl-

ɸʥ, ʧ-Br-ɸʥ, ɼʌɻ, ʦ-, ʤ- ʠ ʧ-ɸʤʈʫ, ʌʝʥ, ɹʌʝʥ, ɼʠʧ, ɹɸ, ʈʫ, ʊʌɻ, ɼɸʄ, 

ɼɸʇʄ, ɼɸʌʄ, ɸʌ1-ɸʌ6, ɸʌ10 ʠ ɸʌ12 [171, ʩ.47; 173, ʩ.31; 174, ʩ.18]. 

3.1. ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʚ Cu(II ), Hg(II)  ʠ 

Ti(IV)  ʩ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ 

ɺʣʠʷʥʠʝ ʨʅ ʚʦʜʥʦʡ ʬʘʟʳ ʥʘ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʤʝʜʠ(II),  ʨʪʫʪʠ(II)  ʠ 

ʪʠʪʘʥʘ(IV) . ʂʠʩʣʦʪʥʦʩʪʴ ʚʦʜʥʦʡ ʬʘʟʳ ʩʦʟʜʘʚʘʣʠ 1ʄ ʨʘʩʪʚʦʨʘʤʠ KOH ʠ NaOH, 

ʘ ʪʘʢʞʝ ʘʮʝʪʘʪʥʳʤ ʙʫʬʝʨʥʳʤ ʨʘʩʪʚʦʨʦʤ. ɿʘ ʨʘʚʥʦʚʝʩʥʳʡ ʨʅ ʧʨʠʥʠʤʘʣʠ ʟʥʘʯʝ-

ʥʠʝ ʨʅ ʚʦʜʥʦʡ ʬʘʟʳ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ. ʉʦʜʝʨʞʘʥʠʝ Cu(II ), Hg(II)  ʠ Ti(IV)  ʚ ʦʨ-

ʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ ʧʦʩʣʝ ʨʝʵʢʩʪʨʘʢʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ 4-

(2-ʧʠʨʠʜʠʣʘʟʦ)-ʨʝʟʦʨʮʠʥʘ [240, ʩ.34], ʜʠʪʠʟʦʥʘ [97, ʩ.67] ʠ ʪʘʡʨʦʥʘ [228, ʩ.219] 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʂʦʥʮʝʥʪʨʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʥʦʡ ʬʘʟʝ ʦʧʨʝʜʝʣʷʣʠ 

ʧʦ ʨʘʟʥʦʩʪʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (D) ʠ ʧʨʦʮʝʥʪ ʵʢʩʪʨʘʢʮʠʠ (R) Cu(II ), 

Hg(II) ʠ Ti(IV)  ʦʧʨʝʜʝʣ̫ʣʠ ʧʦ ʬʦʨʤʫʣʘʤ 

$
˙̏

˙̃
Ͻρππ   ʠ   2

Ͻ

̃

̏

                                     (3.1)                                                                                      

ʛʜʝ [ʄ]ʦ-ʢʦʥʮʝʥʪʨʘʮʠʷ Cu(II ), Hg(II) ʠ Ti(IV)  ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ, ʘ [ʄ]ʚ- ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ Cu(II ), Hg(II) ʠ Ti(IV)  ʚ ʚʦʜʥʦʡ ʬʘʟʝ. ὠ̃ ʠ ὠ̏ - ʦʙʲʝʤʳ ʚʦʜʥʦʡ ʠ ʦʨʛʘ-

ʥʠʯʝʩʢʦʡ ʬʘʟʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ɼʌ ʚʝʩʴʤʘ ʩʠʣʴʥʳʝ ʢʠʩʣʦʪʳ, ʯʝʤ ʧʦʣʠʬʝʥʦʣʳ ʠ ʩʫʱʝʩ-

ʪʚʫʶʪ ʚ ʨʘʩʪʚʦʨʝ ʚ ʬʦʨʤʘʭ H3R, H2R
-
, HR

2-
 ʠ R

3-
, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Cu(II ), Hg(II) 

ʠ Ti(IV)  ʩ ɼʌ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ. ɺ ʥʘʯʘʣʝ ʩ ʧʦʚʳhʝʥʠʝʤ 

ʢʠʩʣʦʪʥʦʩʪʠ ʩʪʝʧʝʥʴ ʵʢʩʪʨʘʢʮʠʠ ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩ,̫ ʘ ʧʨʠ 

ʜʘʣʴʥʝʡhʝʤ ʫʚʝʣʠʯʝʥʠʠ - ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ, ʚʠʜʠʤʦ, ʩʚʷʟʘʥʦ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ɼʌ ʠ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʚ 

ʨʘʩʪʚʦʨʝ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʜʠʩʩʦʮʠʠʨʦʚʘʥʥʦʤ ʚʠʜʝ. ʇʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠ̫ʭ 

ʨʅ ʧʨʦʮʝʩʩ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʦʩʣʦʞʥʷʝʪʩʷ ʛʠʜʨʦʣʠʟʦʤ ʠʦʥʘ ʤʝʪʘʣʣʘ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ Cu(II ) ʩ ɼʌ ʠ ɸʤ ʠ ʠʟʚʣʝʯʝʥʠʝ ʠʭ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʨʦʜʳ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʠʥʪʝʨʚʘʣʝ ʨʅ 1.5-

9.4 (ʨʅʦʧʪ 4.3-8.5). ʇʨʠ pH²9.4 ʢʦʤʧʣʝʢʩʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʵʢʩʪʨʘʛʠʨʫʁʪʩʷ, ʯʪʦ, 

ʚʠʜʠʤʦ, ʩʚʷʟʘʥʦ ʩ ʧʦʥʠʞʝʥʠʝʤ ʩʪʝʧʝʥʠ ʧʨʦʪʦʥʠʟʘʮʠʠ ɸʤ. ɿʘʚʠʩʠʤʦʩʪʴ ʩʚʝʪʦ-

ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʨʅ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.3.1. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʥʝʵʢʩʪʨʘʛʠʨʫʁʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ [Cu (ɼʌ)2]
4- 

ʠ [Cu(ɼʌ)3]
7-
, ʪʘʢ ʢʘʢ ʜʠʩʩʦʮʠʘʮʠʷ ɼʌ ʧʦ ʚʪʦʨʦʡ -SH ʛʨʫʧʧʝ (ʨʂ2=8.25-8.78) 

ʧʨʦʜʦʣʞʘʝʪ ʚʦʟʨʘʩʪʘʪʴ. ʄʝʥʝʝ ʦʩʥʦʚʥʳʝ ʘʤʠʥʳ ʦʙʨʘʟʫʶʪ ʈʃʂ ʧʨʠ ʙʦʣʝʝ ʥʠʟ-

ʢʠʭ ʨʅ. ʂʦʥʩʪʘʥʪʘ ʧʨʦʪʦʥʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ɸʤ ʧʦʢʘ-

ʟʚrʘʝʪ, ʯʪʦ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʦʥʠ ʥʝ ʧʨʦʪʦʥʠʟʠ-

ʨʦʚʘʥʳ. ʉʢʘʟʘʥʥʦʝ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ, ʯʪʦ Cu(II) ʩ ɼʌ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩ-

ʢʠʤʠ ɸʤ ʦʙʨʘʟʫʝʪ ʈʃʂ ʩʦ ʩʤʝʰʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ.  

ʈʪʫʪʴ ʥʘʯʠʥʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ɼʌ ʧʨʠ ʨʅ ι1 (ʨʠʩ.3.2). ʇʨʠ ʧʦʚ-r

ʰʝʥʠʠ pH ʨʘʩʪʚʦʨʘ ʜʦ 5.5 ʠ ʚʳʰʝ ʵʢʩʪʨʘʢʮʠʷ ʈʃʂ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣ ʜʁʘʝʪʩʷ, 
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ʯʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ ʩʚʷʟʘʥʦ ʩ ʛʠʜʨʦʣʠʟʦʤ ʠʦʥʦʚ ʨʪʫʪʠ(II) . ʆʧʪʠʤʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 

ʢʠʩʣʦʪʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘ ʠ ʧʦʩʪʦ̫ʥʥʘ, ʥʘ-

ʭʦʜʠʪʩʷ ʧʨʠ ʨʅ 2.0-4.5. 

 

ʈʠʩ.3.1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ Cu(II)  ʦʪ ʨʘʚʥʦʚʝʩʥʳʭ ʟʥʘʯʝʥʠʡ ʨʅ 

ʚʦʜʥʦʡ ʬʘʟʳ 

ʘ) 1. Cu-ɼʊʌ-ɸʥ, 2.Cu -ɼʊʄʌ-ɸʥ, 3.Cu -ɼʊɹʌ-ɸʥ, 4.Cu -ɼʊʌ-ɸʌ1 , 5. Cu -

ɼʊʄʌ-ɸʌ1, 6. Cu -ɼʊɹʌ-ɸʌ1 

ʉ Cu(II )= 1.875Ĭ10
-5
 ʄ;  ʉɼʌ=(0.80-0.88)Ĭ10

-3
ʄ, ʉɸʤ= (0.80-1.04)Ĭ10

-3
ʄ, ʂʌʂ-2, 

490 ʥʤ, l=0.5 cʤ.                        

ʙ) 1. Cu -ɼʊʄʌ-ʌʝʥ, 2. Cu -ɼʊʄʌ-ɹʌʝʥ, 3. Cu -ɼʊɹʌ-ɼʠʧ, 4. Cu -ɼʊʕʌ-ʌʝʥ 

ʉ Cu(II )= 1.875 Ĭ10
-5
 ʄ;  ʉɼʌ= ʉɸʤ= (8.0-9.6)Ĭ10

-4
ʄ, ʂʌʂ-2, 590 ʥʤ, l=0.5 ʩʤ.                       

 

ʈʠʩ.3.2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ Hg(II ) ʚ ʚʠʜʝ ʈʃʂ ʦʪ pH ʚʦʜʥʦʡ ʬʘʟʳ. 

1.Hg(II )-ɼʊʌ-ɸʥ, 2.Hg(II )-ɼʊʌ-ʤɸʥ, 3.Hg(II )-ɼʊʌ-ʜɸʥ, 4.Hg(II)-ɼʊɹʌ-ʦ-

ɸʤʈʫ.  

CHg(II) =1.0Ĭ10
-6 
ʄ, ʉɼʊʌ=9.2Ĭ10

-4
 ʄ, ʉɸʤ=(5.6-7.2)Ĭ10

-4
 ʄ, ʂʌʂ-2, l=440 ʥʤ, 

l=0,5 ʩʤ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ Ti(IV)  ʩ ɼʌ ʠ ɸʤ ʥʝʦʙʭʦʜʠʤʦ ʪʦʯʥʦ ʩʦʙʣʶʜʘʪʴ ʫʩʪʘʥʦʚ-

ʣʝʥʥʦʝ ʜʣʷ ʤʝʪʦʜʘ ʟʥʘʯʝʥʠʝ ʨʅ ʩʨʝʜʳ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʠʤʝʥʷʣʠ ʘʮʝʪʘʪʥʫʶ ʙʫ-

ʬʝʨʥʫʶ ʩʤʝʩʴ (ʨʅ 1.8-8.0). ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ ʨʅʦʧʪ 3.1-5.9. 

ʇʨʠ ʟʥʘʯʝʥʠʠ ʨʅ6.8 ʵʢʩʪʨʘʢʮʠʷ ʈʃʂ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɺʠʜʠʤʦ, ²
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ʵʪʦ ʩʚʟ̫ʘʥʦ ʩ ʧʦʥʠʞʝʥʠʝʤ ʩʪʝʧʝʥʠ ʧʨʦʪʦʥʠʟʘʮʠʠ ɸʤ (ʨʠʩ.3.3). ʇʨʠʩʫʪʩʪʚʠʝ ʦʜ-

ʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʚ ʫʢʘʟʘʥʥʳʭ ʧʨʝʜʝʣʘʭ ʨʅ ʧʦʢʘʟʳʚʘʝʪ ʦʙʨʘʟʦ-

ʚʘʥʠʝ ʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

 

ʈʠʩ.3.3.ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ Ti(IV)  ʚ ʚʠʜʝ ʈʃʂ ʦʪ pH ʚʦʜʥʦʡ ʬʘʟʳ 

ʘ) 1.Ti(IV)-ɼʊɹʌ-ɸʥ, 2.Ti(IV)-ɼʊɹʌ-ʤɸʥ, 3.Ti(IV)-ɼʊɹʌ-ʜɸʥ, 4.Ti(IV)-ɼʊɹʌ 

- ʊʌɻ, 5.Ti (IV)-ɼʊɹʌ-ɼʌɻ 

ʙ)1-Ti(IV)-ɼʊʄʌ-ɸʌ1, 2-Ti(IV)-ɼʊʄʌ- ɸʌ2, 3-Ti(IV)-ɼʊʄʌ-ɸʌ3,  

4-Ti(IV)-ɼʊɹʌ-ɸʌ5, 5-Ti(IV)-ɼʊɹʌ-ɸʌ6 

CTi(IV) = 4.16Ĭ10
-5
ʄ, ʉɼʌ=(8.8-9.6)Ĭ10

-4
 ʄ, ʉɸʤ = (4.8-6.4)Ĭ10

-4
 ʄ, ʂʌʂ-2, l=440 

ʥʤ, l=0,5 ʩʤ. 

ʈʃʂ Cu(II) , Hg(II) ʠ Ti(IV)  ʩ ɼʌ ʠ ɸʌ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘ-

ʯʝʥʠʷʭ ʨʅ, ʯʝʤ ʢʦʤʧʣʝʢʩʳ ʩ ɼʌ ʠ ʜʨʫʛʠʤʠ ʘʤʠʥʘʤʠ. ɺʠʜʠʤʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ɸʌ ʙʦʣʝʝ ʩʠʣʴʥʳʝ ʦʩʥʦʚʘʥʠʷ.  

ɺʳʙʦʨ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɼʣʷ ʠʟʚʣʝʯʝʥʠʠ ʈʃʂ ʠʩʧʦʣʴʟʦʚʘ-

ʥʳ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ: ʙʝʥʟʦʣ, ʭʣʦʨʙʝʥʟʦʣ, ʪʦʣʫʦʣ, ʢʩʠʣʦʣ, 1,2-ʜʠʭʣʦ-

ʨʪɻʘʥ, ʭʣʦʨʦʬʦʨʤ, ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʳʡ  ʫʛʣʝʨʦʜ, ʠʟʦʙʫʪʘʥʦʣ, ʠʟʦʧʝʥʪʘʥʦʣ, ʤʝʪʠ-

ʣʠʟʦʙʫʪʠʣʢʝʪʦʥ ʠ ʵʪʠʣʘʮʝʪʘʪ, ʘ ʪʘʢʞʝ ʩʤʝʩʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʕʢʩ-

ʪʨʘʛʠʨʫʝʤʦʩʪʴ ʈʃʂ ʦʮʝʥʠʚʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʩʪʝʧʝʥʴʶ ʵʢʩ-

ʪʨʘʢʮʠʠ. ʉʦʛʣʘʩʥʦ ʠʤʝʶʱʠʤʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʵʢʩʪʨʘʢʮʠʠ ʧʦ ɼʘʡʤʦʥʜʫ 

[103, ʩ.35], ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʢʨʫʧʥʳʤ ʘʥʠʦʥʦʤ ʠ ʢʘ-

ʪʠʦʥʦʤ, ʦʧʨʝʜʝʣʁ̫ʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʦʨ-

ʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʘ ʥʝ ʝʛʦ ʭʠʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ. ʇʨʠ ʵʢʩʪʨʘʢʮʠʠ ʜʠʪʠ-

ʦʣʬʝʥʦʣ̫ʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʘʢʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʕʪʦ ʩʧʨʘʚʝʜ-

ʣʠʚʦ ʪʦʣʴʢʦ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʩ ʥʠʟʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠ-

ʮʘʝʤʦʩʪʴʶ. ɽʩʣʠ ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʪʚʦʨʠʪʝʣʴ ʩ ʚʳʩʦʢʦʡ ʜʠʵʣʝʢʪ-

ʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʤʦʛʫʪ ʧʦʣʫʯʠʪʴʩʷ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʨʘʩʪʚʦ-
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ʨʠʪʝʣʴ. ɼʣʷ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ [MXn]
m-

-ʘʤʠʥ ʧʨʠʛʦʜʥʳ ʨʘʩʪʚʦʨʠʪʝʣʠ ʪʠʧʘ Hal-C-

H, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʘʠʣʫʯʰʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʜʣʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘ-

ʠʣʫʯʰʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʜʣʷ ʈʃʂ Cu(II) ʠ Ti(IV)  ʦʢʘʟʘʣʠʩʴ ʭʣʦʨʦʬʦʨʤ, ʜʠʭ-

ʣʦʨʵʪʘʥ ʠ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʳʡ ʫʛʣʝʨʦʜ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʩʤʳʩʣʝ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ Cu(II) ʠ Ti(IV)  ʚ ʚʠʜʝ ʈʃʂ ʠ ʙʳʩʪʨʦʛʦ ʜʦʩʪʠʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ ʦʢʘʟʘʣʩʷ ʭʣʦʨʦʬʦʨʤ. ʇʨʠ ʦʜʥʦʢʨʘʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʭʣʦʨʦʬʦʨʤʦʤ ʚ 

ʚʠʜʝ ʈʃʂ ʠʟʚʣʝʢʘʝʪʩʷ 98.2-99.5 % Cu(II) ʠ 97.5-98.9 % Ti(IV)  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘʠʣʫʯʰʠʤʠ ʵʢʩʪʨʘʛʝʥʪʘʤʠ ʜʣʷ ʜʠʪʠʦʣʬʝʥʦʣʷʪʥʦ-ʘʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʪʫʪʠ 

ʷʚʣʷʶʪʩʷ ʭʣʦʨʦʬʦʨʤ, ʜʠʭʣʦʨʵʪʘʥ, ʭʣʦʨʙʝʥʟʦʣ ʠ CCl4. ʂʝʪʦʥʳ ʠ ʩʣʦʞʥʳʝ ʵʬʠʨʳ 

ʩʣʘʙʦ ʵʢʩʪʨʘʛʠʨʫʶʪ  ʈʃʂ ʨʪʫʪʠ ʩ ɼʌ ʠ ɸʤ. ʇʨʠ ʦʜʥʦʢʨʘʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʭʣʦ-

ʨʦʬʦʨʤʦʤ ʠ ʜʠʭʣʦʨʪɻʘʥʦʤ ʠʟʚʣʝʢʘʝʪʩʷ 98.3-99.4% ʨʪʫʪʠ ʚ ʚʠʜʝ ʈʃʂ. ɼʘʣʴ-

ʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʭʣʦʨʦʬʦʨʤʦʤ ʠ ʜʠʭʣʦʨʪɻʘʥʦʤ.  

ʉʝʨʴʝʟʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʨʘʩʢʠ ʈʃʂ ʦʢʘʟʳʚʘʝʪ ʯʠʩʪʦʪʘ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʭʣʦʨʦʬʦʨʤʘ. ʅʘʣʠʯʠʝ ʚ ʥʝʤ ʩʧʠʨʪʘ ʩʥʠʞʘʝʪ ʩʚʝʪʦʧʦʛʣʦɦʝʥʠʝ 

ʵʢʩʪʨʘʢʪʦʚ. ʕʢʩʪʨʘʛʠʨʫʝʤʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦ-

ʥʠʮʘʝʤʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʜʠɻʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʨʘʩ-

ʪʚʦʨʠʪʝʣʷ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʫʤʝʥʴʰʘʶʪʩʷ.  

ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʧʨʠ ʢʦʤʧ-

ʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ Cu(II) ʩ ɼʌ ʠ ɸʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 470-650 ʥʤ (ʨʠʩ. 3.4). ɼʌ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʛʣʦʱʘʶʪ ʧʨʠ 272-280 ʥʤ. ʇʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʥʘʙʣ ʜʁʘ-

ʝʪʩʷ ʙʘʪʦʭʨʦʤʥʦʝ ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʥʘ 196-370 ʥʤ. ʂʦʥ-

ʪʨʘʩʪʥʦʩʪʴ ʨʝʘʢʮʠʡ ʚʳʩʦʢʘ: ʠʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ (ɼʌ ʠ ɸʤ) ʧʦʯʪʠ ʙʝʩʮʚʝʪʥʳ, ʘ 

ʈʃʂ - ʢʦʨʠʯʥʝʚʦʛʦ ʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ. ʆʢʨʘʰʝʥʥʳʝ ʭʣʦʨʦʬʦʨʤʥʳʝ ʵʢʩʪʨʘʢʪʳ ʜʠ-

ʪʠʦʣʬʝʥʦʣ̫ʪʥʦ-ʘʤʠʥʥʳʭ (ʙʝʟʤʝʪʘʣʴʥʳʭ) ʢʦʤʧʣʝʢʩʦʚ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʛʣʦʱʘʁʪ 

ʧʨʠ  325-335 ʥʤ. ɹʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ c 

ɸʌ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʙʨʘʟʫʶʱʠʝʩʷ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʁʪʩʷ ʠʦʥʥʤrʠ ʘʩʩʦʮʠ-

ʘʪʘʤʠ. ɺ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʚʥʝʰʥʝʩʬʝʨʥʳʡ ʣʠʛʘʥʜ ʚʣʠʷʝʪ ʥʘ ʩʚʦʡʩʪʚʘ ʚʥʫʪʨʠ-

ʩʬʝʨʥʝʛʦ ʢʦʤʧʣʝʢʩʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʉʚʝʪʦʧʦʛʣʦʱʝʥʠʝ ʈʃʂ Cu(II) ʩ ɼʌ ʚ ʧʨʠʩʫʪʩʪ-
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ʚʠʠ ɸʥ, ʤɸʥ, ʜɸʥ, ʈʫ, ʌʝʥ, ɹʌʝʥ ʠ ɼʠʧ ʩʠʣʴʥʦ ʦʪʣʠʯʘʁʪʩʷ ʦʪ ʆʃʂ, ʯʪʦ ʫʢʘʟ-r

ʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʶ ʈʃʂ ʩʦ ʩʤʝʰʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ.  

 
ʈʠʩ.3.4. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II)  ʩ ɼʌ ʠ ɸʤ                       

ʘ) 1. Cu -ɼʊʌ-ɸʌ1, 2. Cu -ɼʊʌ-ɸʌ2, 3. Cu -ɼʊʌ-ɸʌ3, 4. Cu -ɼʊʌ-ɸʌ4 

ʙ) 1. Cu -ɼʊʄʌ-ʌʝʥ, 2. Cu -ɼʊʄʌ-ɹʌʝʥ, 3. Cu -ɼʊʄʌ-ɼʠʧ, 4. Cu -ɼʊʕʌ-

ɹʌʝʥ,  5. Cu -ɼʊʌ-ʈʫ 

ʉ Cu(II)= 1.875 Ĭ10
-5
ʄ; ʉɼʌ=(8.0-8.8)Ĭ10

-4
ʄ, ʉɸʤ=(8.0-9.6)Ĭ10

-3
ʄ, Shimadzu UV 

1240, l=1 ʩʤ. 

ʍʣʦʨʦʬʦʨʤʥʳʝ ʵʢʩʪʨʘʢʪʳ ʈʃʂ Hg(II )-ɼʌ-ɸʤ ʠʤʝʶʪ ʤʘʢʩʠʤʫʤʳ ʩʚʝʪʦ-

ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 458-475 ʥʤ (ȹɚ=188-195 ʥʤ). ʆʢʨʘʩʢʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʙʣʠʟʢʠ, ʯʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠʦʥʥʦʛʦ ʘʩʩʦʮʠʘʪʘ (ʨʠʩ.3.5).  

 

ʈʠʩ.3.5. ʉʚʝʪʦʧʦʛʣʦʱʝʥʠʝ ʈʃʂ ʨʪʫʪʠ(II)  ʩ ɼʌ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ 

1. Hg(II )-ɼʊʌ-ɸʥ, 2. Hg(II )-ɼʊʄʌ-ɸʥ, 3. Hg(II )-ɼʊʕʌ-ɸʥ, 4. Hg(II )-ɼʊʇʌ-ɸʥ, 

5. Hg(II )-ɼʊɹʌ-ɸʥ 

CHg(II) =1.0Ĭ10
-6 
ʄ,  ʉɼʌ=(7.2-9.2)Ĭ10

-4
 ʄ, ʉɸʤ=(5.6-7.2)Ĭ10

-4
 ʄ, ʉʌ-26,  l=1 ʩʤ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʝ  ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ Ti(IV) ʩ ɼʌ ʠ 

ɸʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 428-480 ʥʤ (ʨʠʩ.3.6). ɺ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ɼʌ ʤʘʢʩʠʤʫ-

ʤʳ ʥʘʭʦʜʷʪʩʷ ʧʨʠ 270-280 ʥʤ. ɹʘʪʦʭʨʦʤʥʦʝ ʩʤʝʱʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 150-200 ʥʤ. 

ʂʦʥʪʨʘʩʪʥʦʩʪʴ ʨʝʘʢʮʠʡ ʚʳʩʦʢʘ: ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʝ ʨʝʘʛʝʥʪʳ ʠ ʘʤʠʥʳ ʧʦʯ-
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ʪʠ ʙʝʩʮʚʝʪʥʳ, ʘ ʜʠʪʠʦʣʬʝʥʦʣʷʪʥʦ-ʘʤʠʥʥʳʝ ʢʦʤʧʣʝʢʩʳ - ʞʝʣʪʦʛʦ ʠ ʦʨʘʥʞʝʚʦʛʦ 

ʮʚʝʪʘ. ɺ ʩʣʫʯʘʝ ɼɸʄ ʠ ʝʛʦ ʘʥʘʣʦʛʦʚ ʦʙʨʘʟʫʁʪʩʷ ʈʃʂ ʩ ʤʘʢʩʠʤʫʤʦʤ ʩʚʝʪʦʧʦʛ-

ʣʦɦʝʥʠʷ  ʧʨʠ 472-480 ʥʤ. 

 

ʈʠʩ.3.6. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʈʃʂ ʪʠʪʘʥʘ(IV) ʩ ɼʌ ʠ ɸʤ 

ʘ)1-Ti(IV)-ɼʊʄʌ-ɸʥ, 2-Ti(IV)-ɼʊʄʌ-ʤɸʥ, 3-Ti(IV)-ɼʊʄʌ-ʜɸʥ, 4-Ti(IV)-

ɼʊɹʌ-ɼɸʄ, 5-Ti(IV)-ɼʊɹʌ-ɼɸʇʄ  

ʙ) 1-Ti(IV)-ɼʊʄʌ-ɸʌ1, 2-Ti(IV)-ɼʊʄʌ-ɸʌ2, 3-Ti(IV)-ɼʊʄʌ-ɸʌ3, 4-Ti(IV)-

ɼʊɹʌ-ɸʌ5, 5-Ti(IV)-ɼʊɹʌ-ɸʌ6 

CTi(IV)=4.16Ĭ10
-5
ʄ, ʉɼʌ=(8.8-9.6)Ĭ10

-3
 ʄ, ʉɸʤ=(4.8-6.4)Ĭ10

-3
 ʄ, ʉʌ-26, l=1 ʩʤ. 

ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʛʘʥʜʦʚ. ʈʃʂ ʉu(II), Hg(II) ʠ Ti(IV)  ʦʙʨʘʟʫʶʪ-

ʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʛʠʜ-

ʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ. ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ ʤʝ-

ʜʠ(II)  ʩʦʩʪʘʚʣʷʝʪ (0.88-1.04)Ĭ10
-3 
ʤʦʣʴ/ʣ ʢʦʥʮʝʥʪʨʘʮʠʷ ɼʌ. ʆʧʪʠʤʘʣʴʥʘʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ɼʌ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʦʩʥʦʚʥʦʩʪʠ ʠ ʧʨʠʨʦʜʳ ɸʤ, ʤʝʥʝ̫ʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʪ.ʝ. ʢʦʤʧʣʝʢʩʳ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ ʧʨʠ 20-25 ʢʨʘʪʥʦʤ ʠʟʙʳʪʢʝ ɼʌ. ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʩʚʟ̫ʚrʘʥʠʷ ʘʥʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(II)  -ɼʌ ʚ ʨʘʟʥʦʣʠʛʘʥʜʥʳʡ, ʥʝʦʙʭʦʜʠʤʘ 

(0.72-1.08)Ĭ10
-3 
ʤʦʣʴ/ʣ - ɸʤ. ɼʘʣʴʥʝʡhʝʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʤ ʥʝ ʧʨʠ-

ʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʵʢʩʪʨʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʚ 

(ʨʠʩ.3.7). ʆʧʪʠʤʘʣʴʥʤrʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ Hg(II) ʷʚʣʷʝʪʩʷ (0.80-

0.96)Ĭ10
-3 
ʤʦʣʴ/ʣ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʌ. ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢ-

ʮʠʠ ʩʦʝʜʠʥʝʥʠʡ Hg(II )-ɼʌ-ɸʤ ʥʝʦʙʭʦʜʠʤʘ (0.56-1.04)Ĭ10
-3
 ʤʦʣʴ/ʣ ʢʦʥʮʝʥʪʨʘ-

ʮʠ̫ ɸʤ. ʆʧʪʠʤʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ ʪʠʪʘʥʘ ʷʚʣʷʝʪ-

ʩʷ (0.88-1.00)Ĭ10
-3 
ʠ (0.40-0.72)Ĭ10

-3 
ʤʦʣʴ/ʣ ʢʦʥʮʝʥʪʨʘʮʠʷ ɼʌ ʠ ɸʤ ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ. 
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ɺʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʦʙʲʝʤʦʚ ʬʘʟ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʠʚʘʥʠʷ. ʈʝʟʫʣʴ-

ʪʘʪʳ ʠʟʫʯʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ὠ̃ ὠ̏ϳ  ʥʘ ʠʟʚʣʝʯʝʥʠʝ Cu(II) , Hg(II) ʠ Ti(IV)  ʚ ʚʠʜʝ 

ʈʃʂ ʧʦʢʘʟʘʣʠ, ʯʪʦ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʩʥʦʚʥʦʩʪʠ ʠ ʧʨʠʨʦʜʳ ʘʤʠʥʦʚ ʦʧʪʠʤʘʣʴʥʳʤ 

ὠ̃ ὠ̏ϳ  ʷʚʣʷʝʪʩʷ 5/5-80/5. ʇʨʠ ʜʘʣʴʥʝʡhʝʤ ʫʚʝʣʠʯʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʜʦ 100/5, ʘ ʚ 

ʩʣʫʯʘʝ ʌʝʥ, ɹʌʝʥ ʠ ɼʠʧ ʜʦ 110/5 ʠʟʚʣʝʯʝʥʠʝ Cu(II) , Hg(II) ʠ Ti(IV)  ʫʤʝʥʴʰʘʝʪ-

ʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʕʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʈʃʂ Cu(II) , Hg(II), Ti(IV)   

ʩ ɼʌ ʠ ɸʤ ʜʣʷ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ.  

ʈʃʂ Cu(II) ʠ Ti(IV) ʩ ɼʌ ʠ ɸʤ ʫʩʪʦʡʯʠʚʳ ʚ ʚʦʜʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪ-

ʚʦʨʠʪʝʣʷʭ ʠ ʠʭ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʥʝ ʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʫʪʦʢ, ʘ ʧʦʩʣʝ 

ʵʢʩʪʨʘʢʮʠʠ - ʙʦʣʴʰʝ ʤʝʩʷʮʘ. ʈʃʂ ʨʪʫʪʠ(II ) ʥʝ ʨʘʟʣʘʛʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ, ʘ 

ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ - ʙʦʣʴʰʝ ʤʝʩʷʮʘ. ʈʘʚʥʦʚʝʩʠʝ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʚ 

Cu(II) ʠ Hg(II) ʥʘʩʪʫʧʘʝʪ ʟʘ 5 ʤʠʥʫʪ ʧʦʩʣʝ ʦʜʥʦʤʠʥʫʪʥʦʛʦ ʚʩʪʨʷʭʠʚʘʥʠʷ. ʄʘʢ-

ʩʠʤʘʣʴʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʈʃʂ ʪʠʪʘʥʘ ʩ ɼʌ ʠ ɸʤ ʧʦʣʫʯʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 

15-20 ʤʠʥʫʪ. ʇʨʠ 30
0 
ʉ ʦʢʨʘʩʢʘ ʨʘʟʚʠʚʘʝʪʩʷ ʤʛʥʦʚʝʥʥʦ.  

 

ʈʠʩ.3.7. ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʤ (1,1
ē
) ʠ ɼʊʌ (2,2

ē
) 

ʘ)1,2-Cu -ɼʊʌ-ɸʌ2,1
ē
,2
ē
 -Cu -ɼʊʌ-ɸʌ4; ʙ)1,2-Cu -ɼʊʌ-ɸʌ2,1

ē
,2
ē
 -Cu -ɼʊʌ-ɸʌ4 

CuC = 1.875 Ĭ10
-5
 ʄ;  ʂʌʂ-2, l=440 ʥʤ, l=0.5 ʩʤ. 

3.2. ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ Cu(II ), Hg(II)  ʠ Ti(IV)  ʩ ʜʠʪʠʦʣʬʝ-

ʥʦʣʘʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʚ ʩʠʩʪʝʤʝ ʤʝʪʘʣʣ-ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʡ ʣʠ-

ʛʘʥʜ - ʛʠʜʨʦʬʦʙʥʳʡ ʘʤʠʥ ʜʣʷ ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘ-

ʥʠʝ ʪʨʝʭ ʪʠʧʦʚ ʢʦʤʧʣʝʢʩʦʚ: (AmH)m[MXn]; [MAmm]Xn  ʠ [MAmmXn]. ɺ ʢʠʩʣʳʭ 

ʨʘʩʪʚʦʨʘʭ ʛʠʜʨʦʬʦʙʥʳʝ ʘʤʠʥʳ ʩʫʱʝʩʪʚʫʶʪ ʚ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʠ ʚ ʦʩʥʦʚ-



89 

ʥʦʤ ʦʙʨʘʟʫʶʪ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ (AmH)m[MXn]. ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʵʢʩʪʨʘʢʮʠʶ ʪʘʢʠʭ 

ʪʠʧʦʚ ʈʃʂ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʝʡ ʦʙʱʝʠʟʚʝʩʪʥʦʡ ʩʭʝʤʦʡ: 

Aʤʦ+( 8 AOʤHʍʦ                        ʠ                        - Î8 ᴼ -8  ̃                                                            

ʛʜʝ ʄ-ʤʝʪʘʣʣ, ɸʤ-ʛʠʜʨʦʬʦʙʥʳʡ ʘʤʠʥ, ʍ-ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʡ ʣʠʛʘʥʜ, ʚ-ʚʦʜ-

ʥʘʷ, ʦ-ʦʨʛʘʥʠʯʝʩʢʘʷ ʬʘʟʳ. 

ʇʨʠ ʙʦʣʴʰʝʤ ʠʟʙʳʪʢʝ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʦʙʨʘʟʫʝʪʩʷ ʘʥʠʦʥ-

ʥʳʡ ʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ ʥʝʡʪʨʘʣʠʟʫʝʪʩʷ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤʠ ʘʤʠʥʘʤʠ: 

-8 ̃ Í8 ̃ᴾ  -8  ̃

-8 ̃ Í!Í(8P -8 !Í( ̏ Í8  ̃

ʇʨʠ ʚʳʩʦʢʦʤ ʟʥʘʯʝʥʠʠ ʨʅ, ʛʜʝ ɸʤ ʥʝ ʧʨʦʪʦʥʠʨʦʚʘʥʳ ʠ ʠʤʝʶʪ ʥʝʧʦʜʝ-

ʣʝʥʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʧʘʨʫ ʦʙʨʘʟʫʝʪʩʷ ʩʦʝʜʠʥʝʥʠʷ -Å!Í8. ʇʨʠ ʧʦʚʳʰʝʥʠʠ 

ʢʠʩʣʦʪʥʦʩʪʠ ʢʦʤʧʣʝʢʩʳ ʚʥʝʜʨʝʥʠʷ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʢʦʤʧʣʝʢʩʳ ʪʠʧʘ ʘʤʤʦʥʠʡ-

ʥʳʭ ʩʦʣʝʡ. ɺʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʩʤʝʰʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʜʥʠ 

ʤʦʣʝʢʫʣʳ ʨʝʘʛʝʥʪʘ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʟʘʤʝʱʝʥʥʳʭ ʠʦʥʦʚ ʘʤʤʦʥʠʷ, ʘ ʜʨʫʛʠʝ  ʢʦ-

ʦʨʜʠʥʘʮʠʦʥʥʦ ʩʚʷʟʘʥʳ ʩ ʠʦʥʦʤ ʤʝʪʘʣʣʘ - ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ [182, ʩ.10]. 

ʉʦʩʪʘʚ ʈʃʂ Cu(II ), Hg(II)  ʠ Ti(IV)  ʩ ɼʌ ʠ ɸʤ. ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥ-

ʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʣʝʢʩʘʭ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʤʝʪʦʜʦʤ ʩʜʚʠʛʘ ʨʘʚʥʦʚʝʩʠʷ, ʧʦʜ-

ʪʚʝʨʞʜʘʣʠ ʤʝʪʦʜʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʳʭʦʜʘ  ʉʪʘʨʠʢʘ ɹʘʨʙʘʥʝʣʷ ʠ ʧʨʤ̫ʦʡ ʣʠ-

ʥʠʠ ɸʩʤʫʩʘ [63, ʩ.187-192]. Cu(II) ʩ ɼʌ ʠ ɸʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʚ ʩʦʦʪʥʦhʝʥʠʠ 

1:2:2. ʅʝʢʦʪʦʨʳʝ ʘʤʠʥʦʬʝʥʦʣʳ (ɸʌ4, ɸʌ5 ʠ ɸʌ6) ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʈʃʂ ʚ ʜʚʘʞ-

ʜʳ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ ʚʠʜʝ. ɺ ʩʣʫʯʘʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʜʠʘʤʠʥʦʚ ʚʩʝ ʪʨʠ ʢʦʤ-

ʧʦʥʝʥʪʘ (Cu(II), ɼʌ ʠ ɸʤ) ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʈʃʂ ʚ ʩʦʦʪʥʦhʝʥʠʠ 1:1:1 (ʨʠʩ.3.8 ʠ 

3.9). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, Cu(II)  ʩ ɼʌ ʦʙʨʘʟʫʝʪ ʘʥʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʘʢ ʙʳʣʦ ʦʪʤʝ-

ʯʝʥʦ ʚʳʰʝ, ʢʦʪʦʨʳʝ ʧʨʠ ʚʚʝʜʝʥʠʠ ʘʤʠʥʦʚ ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ ʚ ʚʠʜʝ ʈʃʂ. ɺ ʩʣʫʯʘʝ 

ɸʥ, ʤɸʥ ʠ ʜɸʥ ʦʙʨʘʟʫʝʪʩʷ ʈʃʂ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ Cu(II):ɼʌ:ɸʤ=1:2:4.  ʈʝʟʫʣʴʪʘ-

ʪʳ  ʧʦʢʘʟʚrʘʁʪ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Hg(II)  ʩ ɼʌ ʠ ɸʤ ʦʙʨʘʟʫʶʪʩʷ ʢʦʤʧ-

ʣʝʢʩʳ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ Hg(II):ɼʌ:ɸʤ =1:2:2 (ʨʠʩ.3.10). ɺ ʩʦʩʪʘʚʝ ʈʃʂ ʪʠʪʘʥʘ ʥʘ 

ʦʜʠʥ ʤʦʣʴ ʤʝʪʘʣʣʘ ʧʨʠʭʦʜʷʪʩʷ ʧʦ ʜʚʘ ʤʦʣʷ ɼʌ ʠ ɸʤ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ 

ʣʠʰʴ ʢʦʤʧʣʝʢʩʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɸʌ4, ɸʌ5 ʠ ɸʌ6, ʛʜʝ ʧʦʩʣʝʜʥʠʝ 
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ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ ʥʘʭʦʜʷʪʩʷ ʚ ʜʚʘʞʜʳ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ ʚʠʜʝ. ʉʦʩʪʘʚ ʵʪʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ Ti(IV):ɼʌ:ɸʌ = 1:2:1. 

 

ʈʠʩ.3.8. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ Cu -ɼʊɹʌ-ɸʤ 

ʤʝʪʦʜʦʤ ʩʜʚʠʛʘ ʨʘʚʥʦʚʝʩʠʷ. a) Cu(II)-ɼʊɹʌ-ɸʥ  b) Cu(II)-ɼʊɹʌ-ʌʝʥ 

CCu(II ) = 1.875 Ĭ10
-5
 ʄ;  ʉʌ-26, l=1 ʩʤ.  

 
ʈʠʩ.3.9. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ ʤʝʪʦʜʦʤ ʧʨʷʤʦʡ 

ʣʠʥʠʠ  

a) Cu(II)-ɼʊɹʌ-ɸʌ1;  b) Cu(II)-ɼʊɹʌ-ɸʌ2 

CCu(II)= 1.875Ĭ10
-5
 M; pH=5; ʉʌ- 26, 1=1 ʩʤ. 

 

ʈʠʩ.3.10. ʋʩʪʘʥʦʚʣʝʥʠʝ ʤʦʣʷʨʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʪʦʜʦʤ ʩʜʚʠʛʘ 

ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ - Hg(II )-ɼʊʄʌ-ɸʥ (ʘ) ʠ  Hg(II )-ɼʊɹʌ- ʤɸʥ (ʙ) 

1-Hg(II )-ɼʌ;   2-Hg(II )-ɸʤ 

CHg(II ) =1.0Ĭ10
-6
ʄ, ʉʌ-26, l=440 ʥʤ,   l=1 ʩʤ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʦʥʳ Ti(IV)  ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ɼʌ, 

ʦʙʨʘʟʫʷ ʘʥʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʘʩʩʦʮʠʨʫʝʪʩʷ ʩ ʜʚʫʤʷ ʤʦ-

ʣʝʢʫʣʘʤʠ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ (ʨʠʩ.3.11). ɺ ʩʣʫʯʘʝ ɼɸʄ ʠ ʝʛʦ ʘʥʘʣʦʛʦʚ ʦʙʨʘ-

ʟʫʝʪʩʷ ʈʃʂ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ Ti(IV):ɼʌ:ɸʤ = 1:1:1. 

 
ʈʠʩ.3.11. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʪʦʜʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʳ-

ʭʦʜʘ ʚ ʢʦʤʧʣʝʢʩʘʭ Ti(IV) -ɼʊɹʌ-ɸʌ1 (ʘ) ʠ  Ti(IV) -ɼʊɹʌ-ɸʌ2 (ʙ)   

1- Ti(IV) : ɼʊɹʌ; 2- Ti(IV)  : ɸʌ 

CTi(IV)=4.16Ĭ10
-5
 ʄ, ʉʌ-26, l=440 ʥʤ,  l=1 ʩʤ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ Cu(II),  Hg(II)  ʠ 

Ti(IV)  ʩ ɼʌ ʠ ʘʤʠʥʘʤʠ. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʩʚʷʟʝʡ ʚ ʜʠʪʠʦʣʬʝʥʦʣʷʪʥʦ-

ʘʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ Cu(II) ʙʳʣʠ ʠʟʫʯʝʥʳ ʀʂ-ʩʧʝʢʪʨʳ ʚʳʜʝʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

Cu(II)-ɼʊʄʌ-ɸʥ (I) ʠ Cu(II)-ɼʊʕʌ-ʌʝʥ (II) , Hg(II) -ɼʊʕʌ-ɸʥ (III),  Ti(IV)-

ɼʊɹʌ - ɼʌɻ(IV) ʠ Ti(IV)-ɼʊɹʌ-ɼɸʄ (V). ʅʘʙʣʶʜʘʝʤʳʝ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʀʂ-ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ (I), (II)  ʠ (III)  ʚ ʦʙʣʘʩʪʠ 960-950 ʩʤ
-1
 ʩʚʷʟʘʥʘ ʚʘʣʝʥʪ-

ʥʳʤ ʢʦʣʝʙʘʥʠʝʤ ʩʚʷʟʠ ʤʝʪʘʣ-ʣʠʛʘʥʜ.  

ʀʥʪʝʥʩʠʚʥʦʩʪɹ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʧʦʣʦʩʳ ʧʨʠ 2580 ʩʤ
-1
, ʥʘʙʣʶʜʘʝʤʘʷ ʚ 

ʩʧʝʢʪʨʝ ɼʊʄʌ  ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʧʦʷʚʣʷʝʪʩʷ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ʜʚʫʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʩʤʝʱʝʥʘ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʯʘʩ-

ʪʦʪ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʜʥʘ ʠʟ -SH ʛʨʫʧʧ ʜʠʪʠʦʣʬʝʥʦʣʘ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘ-

ʟʦʚʘʥʠʠ ʩʚʷʟʠ ʚ ʠʦʥʠʟʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦ̫ʥʠʠ. ʅʘ ʦʪʩʫʪʩʪʚʠʝ ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʩʚʦʙʦʜʥʳʭ -OH ʛʨʫʧʧ, ʫʢʘʟʳʚʘʝʪ ʠʩʯʝʟʥʦʚʝʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦɦʝʥʠʷ 

ʚ ʦʙʣʘʩʪʠ  3600-3200 ʩʤ
-1
 ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 3460 ʩʤ

-1
 . 

ʅʘʙʣ ʜʁʘʝʤʘʷ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 3250-3200 ʩʤ
-1 
ʚ 

ʀʂïʩʧʝʢʪʨʝ ʢʦʤʧʣʝʢʩʘ II, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦ-
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ʣʝʢʫʣ ʚʦʜʳ. ʆʙʥʘʨʫʞʝʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʀʂïʩʧʝʢʪʨʝ ʢʦʤʧʣʝʢʩʘ I ʧʨʠ 

2360 ʩʤ
-1
 ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ɸʥ, ʘ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝ-

ʥʠʷ ʧʨʠ 1365 ʩʤ
-1
 - ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ɸʥ [272, ʩ.30].  

ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʙʣʘʩʪʠ 3100-3050 ʩʤ
-1
 ʠʤʝʶʪʩʷ ʩʠʣʴʥʳʝ ʧʦ-

ʣʦʩʳ ʧʦʛʣʦɦʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ’  ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʷʜʨʝ. ɺ ʀʂïʩʧʝʢʪʨʝ ʢʦʤʧ-

ʣʝʢʩʘ II ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʰʝʥʠʷ ʧʨʠ 1370 ʩʤ
-1
, ʥʘʙʣʶʜʘʝʤʘʷ ʪʦʣʴ-

ʢʦ ʚ ʈʃʂ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ  ʌʝʥ. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʧʨʠ 820-710 ʩʤ
-1
, ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ C-H, ʧʦ-

ʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 1610ï1450 ʩʤ
-1
 ʢ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠ̫ʤ ʬʝʥʠʣʴʥʳʭ ʢʦ-

ʣʝʮ, ʘ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 1330 ʩʤ
-1
 ʢ ’ . ’  ʥʘʙʣ ʜʁʘʝʪʩʷ ʧʨʠ 685 ʩʤ

-1
, ʘ 

’  - ʧʨʠ 1291 ʩʤ
-1
. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 1470-1435 ʩʤ

-1
, ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝ-

ʥʳ ʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ -CH3. .ʉ ʥʘʙʣ ʜʁʘʝʪʩʷ ʧʨʠ 2975-2960 ʩʤ
-1
. 

ʅʘʣʠʯʠʝ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 995 ʩʤ
-1
 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1,2,4,6-ʟʘʤʝɦʝʥʥʦʤʫ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤʫ ʷʜʨʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Cu(II) ʩ ɼʌ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɸʥ ʠ ʌʝʥ ʦʙʨʘ-

ʟʫʁʪʩʷ ʈʃʂ ʩʦ ʩʤʝʰʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ. ʀʂ-ʩʧʝʢʪʨr ʢʦʤʧʣʝʢʩʦʚ  

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.3.12. 

ʆʙʥʘʨʫʞʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 2270 ʩʤ
-1
 ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʘ 

III  ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ɸʥ [272, ʩ.30]. ɺ ʀʂ-ʩʧʝʢʪʨʝ ʢʦʤʧ-

ʣʝʢʩʘ IV ʚ ʦʙʣʘʩʪʠ 810ï780 ʩʤ
-1
 ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʥʘʷ ʚʘʣʝʥʪʥʦʤʫ ʢʦʣʝʙʘʥʠʁ ʛʨʫʧʧʳ 4É/( . ʆʙʥʘʨʫʞʝʥʠʝ ʧʦʣʦʩ ʧʦʛ-

ʣʦɦʝʥʠʷ ʧʨʠ 2380 ʩʤ
-1
 ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʘʤʠʥʘ. ɺ ʦʙ-

ʣʘʩʪʠ 1620 ʩʤ
-1
 ʠʤʝʝʪʩʷ ʩʣʘʙʘʷ ʧʦʣʦʩʘ ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʢʦʣʝʙʘʥʠʶ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ [59, ʩ.97, ʩ.98, ʩ.104; 272, ʩ.51].  ɺ ʀʂ-ʩʧʝʢʪʨʝ ʢʦʤʧʣʝʢ-

ʩʘ V ʠʩʯʝʟʘʝʪ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ -1660 ʩʤ
-1
. 

ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʘʜʜʝʥʜʘʤʠ 

ʜʣʷ ʪʠʪʘʥʘ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʭʘʨʘʢʪʝʨʥʦ ʠ, ʥʘʦʙʦʨʦʪ, ʩʧʝʮʠʬʠʯʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʚʟ̫ʝʡ ʧʦ ʢʠʩʣʦʨʦʜʫ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʩʚʷʟʝʡ, ʧʝʨʝʭʦʜ ʥʝ-

ʧʦʜʝʣʝʥʥʳʭ ʧʘʨ ʵʣʝʢʪʨʦʥʦʚ ʢʠʩʣʦʨʦʜʥʳʭ ʘʪʦʤʦʚ ʥʘ ʩʚʦʙʦʜʥʳʝ d-ʦʨʙʠʪʘʣʠ ʪʠ-
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ʪʘʥʘ ʠ ʠʭ ʟʘʧʦʣʥʝʥʠʝ ʚʝʜʫʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʚʳʜʝʣʝʥʠʶ ʵʥʝʨʛʠʠ ʠ ʧʦʷʚʣʝ-

ʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ. 

 
 

ʈʠʩ.3.12.ʀʂ-ʩʧʝʢʪʨ rʢʦʤʧʣʝʢʩʦʚ Cu(II)-ɼʊʄʌ-ɸʥ(ʘ) ʠ Ti(IV)-ɼʊɹʌ-ɼʌɻ(ʙ)  

 ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ 4s- ʠ 3d-ʫʨʦʚʥʝʡ ʜʦ 4s
2
3d

10
 ʠ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʝ ʧʨʦʯʥʳʭ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʩʚʷʟʝʡ, ʠʤʝʶʱʠʭ ʢʦʚʘʣʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ 

ʧʨʠʚʦʜʠʪ ʢ ʫʧʨʦʯʝʥʠʶ ʩʚʷʟʝʡ Ti-O. ʄʝʥʴhʫʶ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘ-

ʱʠʭ ɼɸʄ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʤʝʥʝʝ ʢʦʚʘʣʝʥʪʥʳʤ ʭʘʨʘʢʪʝʨʦʤ 

ʩʚʷʟʠ ʤʝʪʘʣʣ-ʢʠʩʣʦʨʦʜ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ Cu(II)  ʩ ɼʊʄʌ ʠ ʌʝʥ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʩʪ-

ʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʈʝʥʪʛʝʥʩʪʨʫʢʪʫʨʥʳʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʠʟʫʯʝʥ ʤʦʥʦʢʨʠʩ-

ʪʘʣʣ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ ʩ ɼʊʄʌ ʠ ʌʝʥ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʧʨʦʚʝʜʝʥʦ 

ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker SMART APEX II CCD (ʄʦKŬïʠʟʣʫ-

ʯʝʥʠʝ, 1 = 0,71073 ɸ, ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ, ű- ʠ ɤ-ʩʢʘʥʠʨʦʚʘʥʠʝ). ʄʝʪʦ-

ʜʦʤ ʈʉɸ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ [Cu(H2O)(ɼʊʄʌ)(ʌʝʥ)] 

ʩʦʝʜʠʥʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʦʜʦʤ ʈʉɸ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʝʛʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ ʜʠʩʢʨʝʪʥʳʭ ʦʜʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘ ̫ ʩʪʨʫʢʪʫʨʘ ʨʝʰʝʥʘ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

SHELXS-2013 [496, ʩ.112] ʠ ʫʪʦʯʥʝʥʘ ʧʦʣʥʘʷ ʤʘʪʨʠʮʘ ʧʨʦʮʝʜʫʨʳ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ ʩ SHELXL-2014 [497, ʩ.3-8]. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʧʘʨʘ-

ʤʝʪʨʳ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.3.1.  
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ʊʘʙʣʠʮʘ 3.1 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʧʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫ-

ʨʳ ʢʦʤʧʣʝʢʩʘ [Cu(H2O)(ɼʊʄʌ)(ʌʝʥ)] 

 ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ  
 

C19H16CuN2O2S2 

ʄ  432.06 

ʊʝʤʧʝʨʘʪʫʨʘ, K  298 

 ʀʟʣʫʯʝʥʠʝ (ɚ, ¡)  0.71073 

ʉʠʥʛʦʥʠʷ  ʤʦʥʦʢʣʠʥʥʘʷ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ C2/c 

ʇʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ, ɸ
ʦ
 ʘ = 7,2526(2), b = 11,1425(4), ʩ = 13,4661(7)

 

ʈʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ, ʤʤ  0.3182 Ĭ 0.2188Ĭ 0.965 

ʋʛʣʳ, ʛʨʘʜ. a=86.4
o    
ɓ=104.5

o  
ɔ=90Á 

V, ɸ
3
 961.36(5) 

Z 4 

 ”̃ ̜,̘ ʛ/ʩʤ
3
  1.324

 

Õ, ʤʤ
-1 

1.290 

S 1.030 

F(000) 1910 

 ʆʙʣʘʩʪʴ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʦ ɗ, ʛʨʘʜ  3.04-27.35 

 R1 (ʧʦ F ʜʣʷ ʦʪʨʘʞʝʥʠʡ ʩ I > 2ů(I))  0,0370,  wR2=0.1086 

 wR2 (ʧʦ F2 ʜʣʷ ʚʩʝʭ ʦʪʨʘʞʝʥʠʡ)  0,0805, wR2=0.1279 

ʀʟʤʝʨʝʥʦ ʦʪʨʘʞʝʥʠʡ 8500 

ʏʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʦʪʨʘʞʝʥʠʡ 3462 

 ʏʠʩʣʦ ʫʪʦʯʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ  237 

ʀʥʪʝʨʚʘʣʳ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʡ h, k, l h = -8Ÿ11, k = -25-27, l = -11-10 

Tmin, Tmax 0.688, 0.761 

GOOF 1.060 

 ʆʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ, e/Ȕ3 0.551 

ʄʦʥʦʛʠʜʨʘʪ ʘʮʝʪʘʪʘ ʤʝʜʠ(II) (0.100 ʛ, 0.5 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʵʪʘʥʦʣʝ (20 

ʤʣ) ʠ ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ ʬʝʥʘʥʪʨʦʣʠʥʘ (0.09 ʛ, 0.5 ʤʤʦʣʴ) ʚ ʵʪʘʥʦʣʝ (20 ʤʣ) 

ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ ʥʘʛʨʝʚʘʥʠʠ (60
ʦ
ʉ). ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪ-

ʚʦʨʫ ʩʠʥʝʛʦ ʮʚʝʪʘ ʜʦʙʘʚʣʷʣʠ ʧʨʦʟʨʘʯʥʳʡ ʨʘʩʪʚʦʨ ɼʊʄʌ (0.086 ʛ, 0.5 ʤʤʦʣʴ) ʚ 

ʵʪʘʥʦʣʝ (20 ʤʣ). ʏʝʨʝʟ 15 ʤʠʥ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʜʦʙʘʚʣʷʣʠ 10 ʤʣ ʚʦʜʳ. ʈʘʩʪʚʦʨ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ ʧʨʠ 60 Áʉ. ʉʤʝʩʴ ʚʳʜʝʨʞʠʚʘʣʠ ʥʘ ʚʦʜʥ̫ʦʡ ʙʘ-

ʥʝ ʚ ʪʝʯʝʥʠʝ 6 ʯ. ɺʳʧʘʚʰʠʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʯʝʨʝʟ 

24 ʯ.) ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫhʠʚʘʣʠ ʚ 

ʚʘʢʫʫʤ-ʵʢʩʠʢʘʪʦʨʝ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. ʄʘʩʩʘ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣʘ 0.075 ʛ 

(17.4%). ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ (ʤʦʥʦʢʨʠʩʪʘʣʣ, ʦʢʨʘʰʝʥʥʳʡ ʚ ʟʝʣʝʥʳʡ ʮʚʝʪ) 

ʥʝʨʘʩʪʚʦʨʠʤʦ ʚ ʚʦʜʝ ʠ ʤʥʦʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ɺ ʤʠʥʝʨʘʣʴʥʳʭ 

ʢʠʩʣʦʪʘʭ ʢʦʤʧʣʝʢʩ ʨʘʩʪʚʦʨʷʝʪʩʷ ʩ ʨʘʟʨʫʰʝʥʠʝʤ.  
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ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʢʦʤʧʣʝʢʩ  ʤʦʥʦʤʝʨʥʳʡ, ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʢʦʦʨʜʠʥʠʨʫ-

ʝʪʩʷ 5 ʘʪʦʤʦʚ ʜʦʥʦʨʦʚ. ɼʦʥʦʨʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʝʜʠ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʢʦʤʧʣʝʢʩʝ ʦʙ-

ʨʘʟʦʚʘʥʦ 2 ʘʪʦʤʘʤʠ ʘʟʦʪʘ, 2 ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠ ʘʪʦʤʦʤ ʩʝʨʳ (CuN2O2S). ʄʦ-

ʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʥʦʷʜʝʨʥʦʛʦ ʪʨʦʡʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 

3.13, ʘ ʦʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʩʚʷʟʝʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.2. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʤʝʜʠ ʠʩʢʘʞʝʥʥʘʷ ʢʚʘʜʨʘʪʥʘʷ 

ʧʠʨʘʤʠʜʘ. ɹʘʟʠʩʥʘʷ ʧʣʦʩʢʦʩʪʴ  (ʵʢʚʘʪʦʨʠʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ)  ʬʦʨʤʠʨʫʝʪʩʷ ʘʪʦ-

ʤʦʤ ʘʟʦʪʘ ʌʝʥ [Cu1-N1 2.023(2) ɸ
ʦ
], ʬʝʥʦʣʴʥʳʤ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ [Cu1-O1 

1.923(3) ɸ
ʦ
], ʘʪʦʤʦʤ ʩʝʨʳ (Cu1-S1 2.383(2) ɸ

ʦ
) ʣʠʛʘʥʜʘ (ɼʊʄʌ) ʠ ʘʪʦʤʦʤ ʢʠʩ-

ʣʦʨʦʜʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ (Cu1-ʆ2 1.973(2) ɸ
ʦ
). ɺ ʘʢʮʠʘʣʴʥʦʡ ʧʦʟʠʮʠʠ ʥʘʭʦʜʠʪʩʷ 

ʚʪʦʨʦʡ ʘʪʦʤ ʘʟʦʪʘ N2 (ʌʝʥ) (Cu1-N2 2.286(2) ɸ
ʦ
). ʉʘʤʳʝ ʙʦʣʴʰʠʝ ʫʛʣʳ ʷʚʣʷʶʪ-

ʩʷ ɓ = 173.24 (8) Á ʜʣʷ O1-Cu1-N1 ʠ Ŭ = 168.45 (9) Á ʜʣʷ O2-Cu1-S1. 

 

ʈʠʩ.3.13. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ Cu(H2O)(ɼʊʄʌ)(ʌʝʥ) 

ʊʘʙʣʠʮʘ 3.2 

ɼʣʠʥʳ ʩʚʷʟʝʡ (ɸ
ʦ
) ʠ ʚʝʣʠʯʠʥʳ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ (

ʦ
) ʤʝʞʜʫ ʥʠʤʠ ʚ ʢʦʤʧʣʝʢʩʝ 

Cu(H2O)(ɼʊʄʌ)(ʌʝʥ) 

ʉʚʷʟʴ ɼʣʠʥʘ, ¡ ʋʛʦʣ  ɗ, Á 

Cu1-N1 2.023(2) O1-Cu1-S1 93.47(7) 

Cu1-N2 2.286(2) O1-Cu1-O2 88.16(9) 

Cu1-O1 1.923(3) S1-Cu1-N1 89.57(6) 

Cu1-S1 2.383(2) N1-Cu1-N2 76.95(8) 

Cu1-O2 1.975(2) O2-Cu1-N2 88.25(6) 

  O1-Cu1-N1 173.24(9) 

  O2-Cu1-S1 168.45(8) 

  O2-Cu1-N1 86.33(5) 

  O1-Cu1-N2 92.23(7) 

  S1-Cu1-N2 97.32(6) 

ʧʨʠʤʝʯʘʥʠʝ: ʢʦʜ ʩʠʤʤʝʪʨʠʠ: (i) -ʭ, ʫ, 1/2-z. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʨʘʤʝʪʨ Ű ʨʘʚʝʥ (173.24-168.45)/60 = 0.079, ʯʪʦ ʫʢʘʟʚrʘ-

ʝʪ ʥʘ 93%-ʥʫʶ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʧʠʨʘʤʠʜʘʣʴʥʫʶ ʛʝʦʤʝʪʨʠʶ. ʀʦʥʳ Cu
2+

 ʚ ʢʦʤʧ-

ʣʝʢʩʝ ʧʝʥʪʘʢʦʦʨʜʠʥʠʨʦʚʘʥʳ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠɻʜʨ ʤʝʜʠ - ʢʚʘʜʨʘʪʥʘʷ ʧʠ-

ʨʘʤʠʜʘ. ɺ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʳ ʦʜʠʥ ʘʪʦʤ ʘʟʦʪʘ ʌʝʥ, ʦʜʠʥ 

ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʚʦʜʳ, ʦʜʠʥ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ɼʊʄʌ ʠ ʦʜʠʥ ʘʪʦʤ ʩʝʨʳ ɼʊʄʌ. 

ɺʝʨhʠʥʫ ʧʠʨʘʤʠʜʳ ʩʦʩʪʘʚʣʷʝʪ ʚʪʦʨʦʡ ʘʪʦʤ ʘʟʦʪʘ ʌʝʥ. 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠ-

ʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʈʃʂ ʧʨʦʚʦʜʠʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 20-1000 
ʦ
ʉ. ʂʨʠ-

ʚʳʝ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.3.14. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ Cu-ɼʊʄʌ-ʌʝʥ ʠ Cu-ɼʊʕʌ-ʌʝʥ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʭ ʪʝʨʤʠ-

ʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʨʠ ʵʪʘʧʘ. ʆ ʜʝʛʠʜʨʘʪʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʛʠʜʨʘʪʘʮʠʠ (110 
ʦ
ʉ - 160 

ʦ
ʉ) ʥʘ ʢʨʠʚʳʭ ɼʊɸ ʵʥʜʦʪʝʨ-

ʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ (ʧʦʪʝʨʷ ʚʝʩʘ - 4.16-4.035 %). ʇʦʩʣʝ ʧʦʣʥʦʡ ʜʝʛʠʜʨʘʪʘʮʠʠ, 

ʦʙʨʘʟʫʁ ʪʩʷ ʙʝʟʚʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ ʉu(ɼʌ)(ʌʝʥ). ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘ-

ʪʫʨ 325-450 
ʦ
ʉ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʝʨʠ ʤʘʩʩʳ, ʯʪʦ ʩʚʷʟʘʥʦ 

ʩ ʫʜʘʣʝʥʠʝʤ ʌʝʥ (ʧʦʪʝʨʷ ʚʝʩʘ 41.66-40.36%). ɼʘʣʴʥʝʡʰʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʚʝʱʝʩʪ-

ʚʘ ʦʙʫʩʣʦʚʣʝʥʘ ʛʦʨʝʥʠʝʤ ɼʊʄʌ. ʇʨʠ 460-540 
ʦ
ʉ ʧʦʪʝʨʷ ʚʝʩʘ ʩʦʩʪʘʚʣʝ̫ʪ 39.35-

41.25 %. ʂʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʪʝʨʤʦʣʠʟʘ ʢʦʤʧʣʝʢʩʦʚ ï CuO (ʨʠʩ. 3.14, ʘ).  

ɹʦʣʴʰʠʥʩʪʚʦ ʢʦʤʧʣʝʢʩʦʚ Cu(II) ʠʤʝʶʪ ʦʢʪʘʝʜʨʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʢʦ-

ʪʦʨʳʭ ʯʝʪʳʨʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʤʝʩʪʘ ʟʘʥʷʪʳ ʣʠʛʘʥʜʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ 

ʙʣʠʞʝ ʢ ʤʝʪʘʣʣʫ, ʯʝʤ ʜʚʘ ʜʨʫʛʠʭ ʣʠʛʘʥʜʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʳʰʝ ʠ ʥʠʞʝ ʤʝʪʘʣʣʘ. 

ʋʩʪʦʡʯʠʚʳʝ ʢʦʤʧʣʝʢʩʳ Cu(II) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʣʦʩʢʦʢʚʘʜʨʘʪ-

ʥʦʡ ʠʣʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ. ɺ ʧʨʝʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʜʝʬʦʨʤʘʮʠʠ  

ʦʢʪʘɻʜʨʠʯʝʩʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʫʶ. ʊʝʪʨʘʝʜʨʠ-

ʯʝʩʢʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʜʣʷ Cu(II) ʚʩʪʨʝʯʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʨʝʜʢʦ ʠ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩ 

ʜʠʪʠʦʣʘʤʠ, ʧʦ-ʚʠʜʠʤʦʤʫ ʥʝ ʨʝʘʣʠʟʫʝʪʩʷ [240, ʩ.14].  

ʇʨʠ ʪʝʨʤʦʣʠʟʝ ʢʦʤʧʣʝʢʩʘ Ti(IV)-ɼʊʄʌ-ɼʌɻ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʦʪʝʨʠ ʚ ʚʝ-

ʩʝ ʥʘʯʠʥʘʶʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʳʰʝ 300 Áʉ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʘʪʦʯ-

ʥʦ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʇʦ ʭʘʨʘʢʪʝʨʫ 

ʢʨʠʚʦʡ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʚʠʜʥʦ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʨʦ-
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ʪʝʢʘʝʪ ʚ ʪʨʠ ʩʪʘʜʠʠ (ʨʠʩ.3.14, ʙ). ʇʨʠ 60-80 
ʦ
ʉ ʫʣʝʪʫʯʠʚʘʝʪʩʷ ʚʦʜʘ (ʫʙʳʣʴ ʤʘʩʩʳ  

4.07 %). ɺʠʜʠʤʦ, ʚ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʘʭ ʢʦʤʧʣʝʢʩʦʚ ʜʚʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʷʚʣʷ-

ʶʪʩʷ ʚʥʝʰʥʝʩʬʝʨʥʤrʠ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʝʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʛʠʜʨʘ-

ʪʘʮʠʠ. ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 320-510 Áʉ ʧʦʪʝʨʷ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 48.2 %, ʯʪʦ 

ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ ʨʘʟʨʫhʝʥʠʝʤ ʩʚʷʟʝʡ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ 

ʠ ʫʜʘʣʝʥʠʶ ʩʚʷʟʘʥʥʦʛʦ ʚ ʢʦʤʧʣʝʢʩ ɼʌɻ ʠ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʛʦʨʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘ-

ʶʱʝʝʩʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. ʇʦʩʣʝʜʥʠʡ ʵʪʘʧ ʨʘʟʣʦʞʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ 520-590 Áʉ ʦʙʫʩʣʦʚʣʝʥ ʠʥʪʝʥʩʠʚʥʳʤʠ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘ-

ʤʠ (ʫʙʳʣʴ ʤʘʩʩʳ 38.46 % - ʨʘʟʣʘʛʘʝʪʩʷ ɼʊʄʌ). ʂʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʪʝʨʤʦʣʠʟʘ 

ʢʦʤʧʣʝʢʩʘ - TiO2 .  

 

ʈʠʩ.3.14. ʊʝʨʤʦʛʨʘʤʤʘ ʢʦʤʧʣʝʢʩʦʚ Cu(II )-ɼʊʄʌ-ʌʝʥ (ʘ) ʠ Ti(IV)-ɼʊʄʌ-

ɼʌɻ(ʙ) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ
 
Cu-ɼʊʄʌ-ʌʝʥ ʤʝʪʦʜʦʤ 

1
ʅ ʗʄʈ ʩʧʝʢʪʨʦʩ-

ʢʦʧʠʠ. ʉʠʥʛʣʝʪ, ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʩʧʝʢʪʨʝ ʣʠʛʘʥʜʘ ɼʊʄʌ ʧʨʠ 5.48 ʤ.ʜ., ʩʚʷʟʘʥ-

ʥʳʡ ʩ ʬʝʥʦʣʴʥʦʡ ʛʨʫʧʧʦʡ -OH ʚ ʩʧʝʢʪʨʝ ʢʦʤʧʣʝʢʩʘ ʠʩʯʝʟʘʝʪ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ -OH ʛʨʫʧʧʘ ʫʯʘʩʪʚʫʝʪ ʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ 

ʥʘʙʣ ʜʁʘʝʤʦʝ ʧʨʠ 3.28 ʤ.ʜ., ʩʚʷʟʘʥʥʳʡ ʩ ʪʠʦʣʥɹʦʡ ʛʨʫʧʧʦʡ ïSH ʫʤʝʥʴʰʘʝʪʩʷ ʚ 

ʜʚʘ ʨʘʟʘ ʠ ʥʝʩʢʦʣʴʢʦ ʩʤʝʱʘʝʪʩʷ ʚ ʙʦʣʝʝ ʩʣʘʙʦʝ ʧʦʣʝ (3.41 ʤ.ʜ.). ʕʪʦ ʧʦʜʪʚʝʨʞ-

ʜʘʝʪ, ʯʪʦ ʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʫʯʘʩʪʚʫʝʪ ʦʜʥʘ ʪʠʦʣʴʥʘʷ ʛʨʫʧʧʘ. ʅʘʣʠʯʠʝ 
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ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʢʦʤʧʣʝʢʩʘʭ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ  

3.55 ʤ.ʜ., ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʨʦʪʦʥʘʤʠ H2O (ʨʠʩ. 3.15). 

 

ʈʠʩ.3.15. 
1
ʅ ʗʄʈ ʩʧʝʢʪʨ ʨʘʟʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ  Cu(H2O)(ɼʊʄʌ)(ʌʝʥ) 

3.3.ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(II), Hg(II) 

ʠ Ti(IV) ʩ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʨʦʮʝʩʩʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ 

ʩʚʝʜʝʥʠʷ ʦʙ ʠʦʥʥʳʭ ʬʦʨʤʘʭ ʢʘʪʠʦʥʘ-ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʦ ʯʠʩʣʝ 

ʧʨʦʪʦʥʦʚ, ʚʳʜʝʣʷʝʤʳʭ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʘ. ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʝʧʝʥʠ ʟʘʢʦʤʧʣʝʢʩʦʚʘʥ-

ʥʦʩʪʠ ʠʦʥʦʚ Cu(II), Hg(II) ʠ Ti(IV)  ʩ ɼʌ ʠ ɸʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ ʨʘʩʪʚʦʨʘ 

[207, ʩ.22; 209, ʩ.57].  

ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʫʯʝʪʦʤ ʛʠʜʨʦʣʠʟʘ ʠʦʥʦʚ ʤʝʜʠ ( ʂɻ1= 1Ĭ10
-8
, ʂɻ2 

=1.9Ĭ10
-7
), ʢʦʥʩʪʘʥʪʳ ʩʪʫʧʝʥʯʘʪʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ɼʊʄʌ (K0 =1.2 Ĭ10

-7
, K1 =1.78 

Ĭ10
-9
) ʠ ʢʦʥʩʪʘʥʪʳ ʧʨʦʪʦʥʠʟʘʮʠʠ ɸʥ (ʂʧʨ = 2.39Ĭ10

-5
). ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ Cu(II) ʩ 

ɼʌ ʠ ɸʤ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʁʱʠʤ ʦʙʨʘʟʦʤ: 

Cu
2+

+ qH2R
- 
+ pAmH

+
  [Cu(H2-nR)q](AmH)p+qnH

+    
               (3.2)  

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ 

ÌÇ"ÑÎÐ(ÌÇ
˗̎

˗̏ȣ̠
                                        (3.3) 

ʛʜʝ 

"
˞̋

̐̑
                                           (3.4)

 ʈʘʚʥʦʚʝʩʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʦʤʧʣʝʢʩʘ (ʉʢ) ʥʘʭʦʜʠʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪ-

ʨʠʯʝʩʢʠ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʩʦʦʪʥʦʰʝʥʠʶ: 
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˞̋ ˞̇
ˍ̐ ̑

                                             (3.5) 

ʛʜʝ ʉʄ - ʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ Cu(II), ʤʦʣʴ/ʣ, ɸʭ ʠ ɸʧʨ-ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʨʅ ʠ ʧʨʠ ʧʦʣʥʦʤ ʩʚʷʟʳʚʘʥʠʠ Cu(II) ʚ ʦʢʨʘʰʝʥʥʳʡ ʢʦʤ-

ʧʣʝʢʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʝʩʚʷʟʘʥʥʦʛʦ ʚ ʦʢʨʘʰʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʜʠ(II)  ʚʳʨʘʞʘʝʪʩʷ 

ʩʫʤʤʦʡ: 

# # #Õ #Õ/(                          (3.6) 

ʆʪʢʫʜʘ ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʘ ʠ ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘ ʨʘʚʥʳ: 

#Õ
̄

;                      #Õ/(

̄

               (3.7) 

ʇʦʩʢʦʣʴʢʫ ʨʝʘʛʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʦʩʥʦʚʥʫʶ ʢʠʩʣʦʪʫ, ʪʦ ʩʫʤʤʘ 

ʚʩʝʭ ʥʝʩʚʷʟʘʥʥʳʭ ʚ ʢʦʤʧʣʝʢʩ ʯʘʩʪʠʮ ʜʠʪʠʦʣʬʝʥʦʣʘ ʙʫʜʝʪ ʨʘʚʥʘ: 

# Ñ# ( 2 ( 2 ( 2 Ễ ( 2      (3.8) 

ʘ ʪʘʢ ʢʘʢ 

( 2
ϽϽϽ

                                         (3.9) 

ʪʦ, ʧʦʜʩʪʘʚʠʚ (3.8) ʚ (3.9), ʧʦʣʫʯʠʤ  

( 2 Ͻ
Ễ

ϽϽϽ                                    (3.10) 

ɻʜʝ ʂ1, ..., ʂn-ʩʪʫʧʝʥʯʘʪʳʝ ʢʦʥʩʪʘʥʪʳ ʠʦʥʠʟʘʮʠʠ ɼʌ. 

ɺ ʪʘʙʣ.3.3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪ-

ʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ Cu(II) c ɼʊʄʌ ʠ ɸʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʅ, ʘ ʪʘʢʞʝ 

ʟʥʘʯʝʥʠʷ ʉʢ ʠ ïlgB. ɽʩʣʠ ʧʨʝʜʩʪʘʚʠʪʴ ʛʨʘʬʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ -lgB ʦʪ ʨʅ, 

ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʤʦʞʝʪ ʙʳʪʴ ʜʚʘ ʨʦʜʘ ʠʦʥʦʚ (Cu
2+ 
ʠ CuOH

+
), ʪʦ ʦʜʠʥ 

ʠʟ ʛʨʘʬʠʢʦʚ, ʦʪʚʝʯʘʶʱʠʡ ʠʩʪʠʥʝ ʙʫʜʝʪ ʧʨʷʤʦʣʠʥʝʝʥ, ʘ ʟʥʘʯʝʥʠʝ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʥʘʢʣʦʥʘ ʧʨʷʤʦʡ (qn) ʙʫʜʝʪ ʮʝʣʦʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ (ʨʠʩ.3.16). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʦʥʥʦʡ ʬʦʨʤʦʡ Cu(II)  ʷʚʣʷ-

ʝʪʩʷ Cu
2+ 
[207, ʩ.22]. ʇʨʠ ʵʪʦʤ ʯʠʩʣʦ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ, ʚʳʪʝʩʥʷʝʤʳʭ ʠʤ ʠʟ ʦʜʥʦʡ 

ʤʦʣʝʢʫʣʳ ɼʊʄʌ, ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ 1. ʨʅ ʧʦʣʥʦʛʦ ʦʩʘʞʜʝʥʠʷ Cu(ʆʅ)2 ʨʘʚʥʦ 8-

10. ʆʜʥʘʢʦ ʨʅ ʥʘʯʘʣʘ ʦʩʘʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 5.5. ʇʨʠ  ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ 
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Cu(II)  ʩ ɼʌ ʠ ɸʤ ʛʠʜʨʦʣʠʟ ʠʦʥʦʚ Cu(II) ʥʝ ʧʨʦʪʝʢʘʝʪ, ʪʘʢ ʢʘʢ ʩʚʷʟʠ Cu
2+

-ɼʌ ʠ 

Cu
2+

-ɸʤ ʧʨʦʯʥʝʝ, ʯʝʤ Cu
2+

-ʆʅ.  

ʊʘʙʣʠʮʘ 3.3 

ɺʣʠʷʥʠʝ ʨʅ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʈʃʂ ʩ ɼʊʄʌ ʠ ɸʥ 

ʉCu(II) = 1.875Ĭ10
-5 
ʄ;  ʉɼʊʄʌ=0.8Ĭ10

-3 
ʄ; ʉɸʥ=1Ĭ10

-3
ʄ, ɸʧʨ=0.73 ʧʨʠ 490 ʥʤ, 

l=1ʩʤ, Õ=0.1, t=20 ° 1 
o
ʉ. 

ʨʅ ɸ ʉʢĿ10
6 

[Cu
2+
]Ŀ10

5
 [CuOH

+
]Ŀ10

9
 -lgB 

ʧʦ Cu
2+

 ʧʦ CuOH
+
 

3.4 0.10 2.56 1.62 7.93 20.95 24.30 

3.6 0.24 6.16 1.26 9.76 20.40 24.19 

3.8 0.36 9.24 0.95 11.70 19.85 24.02 

4.0 0.45 11.55 0.72 14.06 19.24 23.96 

4.2 0.56 14.38 0.43 13.53 19.03 24.00 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʦʥʳ ʤʝʜʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ 

ɼʌ ʦʙʨʘʟʫʶʪ ʜʚʫʭʟʘʨ̫ʜʥʳʝ ʘʥʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ ʩ 

ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ɸʤ. ʉʦʩʪʘʚ ʵʢʩʪʨʘʛʠʨʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʬʦʨʤʫʣʦʡ [Cu(HR)2](AʤH)2. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʮʠʢʣʠ-

ʯʝʩʢʠʭ ʜʠʘʤʠʥʦʚ ʦʙʨʘʟʫʝʪʩʷ ʈʃʂ ʩʦʩʪʘʚʘ [Cu(ɼʌ)ɸʤ]. ʆʙʨʘʟʦʚʘʥʠʝʤ ʦʙʨʘʪʥʦʡ 

ʜʘʪʠʚʥʦʡ ˊ-ʩʚʷʟʠ ʧʦʚʳhʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʡ ʟʘʨʷʜ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤ ʠʦʥʝ ʠ ʧʨʠ-

ʩʦʝʜʠʥʝʥʠʝ ʚʪʦʨʦʛʦ ʣʠʛʘʥʜʘ ʢ ʟʘʢʦʤʧʣʝʢʩʦʚʘʥʥʦʤʫ ʤʝʪʘʣʣʫ ʩʪʘʥʦʚʠʪʩʷ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʳʤ, ʯʝʤ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʣʠʛʘʥʜʘ ʢ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʤʫ ʮʝʥ-

ʪʨʘʣʥɹʦʤʫ ʠʦʥʫ. 

 

ʈʠʩ.3.16.  ɺʣʠʷʥʠʝ ʨʅ ʥʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʈʃʂ  

1-ʧʦ ʠʦʥʫ Cu
2+

; 2-ʧʦ ʠʦʥʫ Cu(ʆʅ)
+
 

ʉCu(II) = 1.875Ĭ10
-5
ʄ; ʉɼʊʄʌ=0.8Ĭ10

-3
ʄ; ʉɸʥ=1.0Ĭ10

-3
ʄ, ʉʌ-26, ɚ=590 ʥʤ, l=1ʩʤ. 

ʄʝʪʦʜʦʤ ʅʘʟʘʨʝʥʢʦ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʤ ʠʦʥʦʤ ʩʣʫ-

ʞʠʪ Hg
2+

, ʘ ʚʳʪʝʩʥʷʝʤʦʝ ʠʤ ʠʟ ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʳ ɼʌ ʯʠʩʣʦ ʧʨʦʪʦʥʦʚ ʨʘʚʥʦ 1. 
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ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʫʯʝʪʦʤ ʢʦʥʩʪʘʥʪʳ ʠʦʥʠʟʘʮʠʠ ɼʊʕʌ (K0 =1.44Ĭ10
-7
, 

K1=2.51Ĭ10
-9
), ʛʠʜʨʦʣʠʟʘ ʨʪʫʪʠ (ʨʂ1ɻ=3.5, ʨʂ2ɻ=4.0) ʠ ʢʦʥʩʪʘʥʪʳ ʧʨʦʪʦʥʠʟʘʮʠʠ 

ʘʥʠʣʠʥʘ (ʂʧʨ=2.39Ĭ10
-5
). ɻʠʜʨʦʦʢʠʩʴ ʨʪʫʪʠ ʥʘʯʠʥʘʝʪ ʦʩʘʞʜʘʪʴʩʷ ʧʨʠ ʨʅ=2; ʧʦʣ-

ʥʦʝ ʦʩʘʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʨʅ 5-12 [97, ʩ.67].  

ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʪʠʪʘʥʘ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʫʯʝʪʦʤ ʢʦʥʩʪʘʥʪʳ 

ʠʦʥʠʟʘʮʠʠ ɼʊʌ, ʛʠʜʨʦʣʠʟʘ Ti(IV)  (ʂ1ɻ=2.51, ʂ2ɻ=1.06, ʂ3ɻ=0.57, ʂ4ɻ=0.285) ʠ 

ʢʦʥʩʪʘʥʪʳ ʧʨʦʪʦʥʠʟʘʮʠʠ ʘʥʠʣʠʥʘ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

4Ę́ ˚
̃
(2 ̃ ˍ̎˚̃ ᴾ 4Ę́ ˚ 2̊ ˍ̎˚

̏
Î(  ̃ (3.11) 

                     

                                       
)....(

lg  lg
1 nʂʂ

ʂ
qnpHB +=-

           (3.12)
 

ʛʜʝ 

"
˛˚

̐̑
                             (3.13)

 
            (3.14) 

ʆʪʩʶʜʘ 

4É

4

4321

3

321

2

211

][][][][
1

++++
++++

-

H

KKKK

H

KKK

H

KK

H

K

CC kTi                     (3.15) 

+3TiOH   

][][][
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1

3
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2

322

1

+++

+
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-

H

KKK

H

KK

H

K

K

H

CC kTi                     (3.16) 

ὝὭὕὌ
˞

                                (3.17) 

+

3)(OHTi  

][

][][][
1 4

321

3

32

2

3

+

+++

++++

-

H

K

KKK

H

KK

H

K

H

CC kTi                    (3.18) 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʤ ʠʦʥʦʤ 

ʷʚʣʷʝʪʩʷ ʜʚʫʭʟʘʨʷʜʥʳʡ ʢʘʪʠʦʥ , ʢʦʪʦʨʳʡ ʚʳʪʝʩʥʷʝʪ ʠʟ ʢʘʞʜʦʡ ʤʦʣʝ-

ʢʫʣʳ ʜʠʪʠʦʣʬʝʥʦʣʘ 1 ʘʪʦʤ ʚʦʜʦʨʦʜʘ.  

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ◓, ʨʘʩʩʯʠʪʘʥʥʦʝ ʜʣʷ ʢʦʤʧʣʝʢʩ-

ʦʚ ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ 1.05-1.12 [48, ʩ.2007]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʈʃʂ Cu(II), Hg(II) ʠ 

])([])([])([][][ 43

2

2

34 OHTiOHTiOHTiTiOHTiCC kTi ++++=- ++++

])([ 2

2

+OHTi
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Ti(IV ) ʩ ɼʌ ʠ ɸʤ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ ʥʝ ʧʦʣʠʤʝʨʠʟʫʶʪʩʷ ʠ ʥʘʭʦʜ̫ʪʩʷ ʚ ʤʦʥʦ-

ʤʝʨʥʦʡ ʬʦʨʤʝ. 

3.4. ʈʝʵʢʩʪʨʘʢʮʠʷ Cu(II), Hg(II) ʠ Ti(IV) ʠʟ ʜʠʪʠʦʣʬʝʥʦʣʷʪʥʦ-ʘʤʠʥ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʀʦʥʳ ʤʝʪʘʣʣʘ ʤʦʞʥʦ ʵʢʩʪʨʘʛʠʨʦʚʘʪʴ ʚ ʚʦʜʥʫʶ ʬʘʟʫ ʧʫʪʝʤ ʨʘʟʣʦʞʝʥʠʷ 

ʵʢʩʪʨʘʛʠʨʫʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʠʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʩʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʨʘʩ-

ʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʘʥʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ) [136, ʩ.235-237]. ʉ ʮʝʣʴʶ ʠʟʚʣʝʯʝʥʠʷ 

Cu(II), Hg(II) ʠ Ti(IV)  ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʨʝʵʢʩʪ-

ʨʘʛʝʥʪʦʚ ʨʘʩʪʚʦʨʳ ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʝʡ, ʘ ʪʘʢʞʝ ʘʤʤʠʘʯʥʳʡ ʨʘʩʪʚʦʨ ʠ ʧʝʨʝʢʠʩʴ 

ʚʦʜʦʨʦʜʘ. ʈʝʵʢʩʪʨʘʢʮʠʷ ʤʝʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʠʟ ʵʢʩʪʨʘʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʦʧ-

ʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʩʦʜʝʨʞʘʱʠʭ 50 ʤʢʛ Cu(II), ʉʦʜʝʨʞʘʥʠʝ Cu(II), ʚ ʚʦʜʥʦʡ 

ʬʘʟʝ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʇɸʅ-2 ʧʨʠ ʨʅ 

6. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʠʩʣʦʪ HCl ʠ H2SO4 ʩ ʢʦʥʮʝʥʪʨʘ-

ʮʠʝʡ 0.8 ʄ ʩʪʝʧʝʥʴ ʵʢʩʪʨʘʢʮʠʠ Cu(II) ʩʦʩʪʘʚʣʷʝʪ 95 %. ʆʢʨʘʩʢʘ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʬʘʟʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʥʝʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ NaOH ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. 

ʇʦʚʳhʝʥʠʝʤ ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʰʝ 1 ʄ ʥʘʙʣ ʜʁʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʝʨʝʭʦʜ 

(95-96 %) ɼʌ ʠ Cu(II) ʚ ʚʦʜʥʫʶ ʬʘʟʫ. ʉʤʝʩʴ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʩ ʅ2ʆ2 ʨʝɻʢ-

ʩʪʨʘʛʠʨʫʝʪ ʤʝʜʴ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ. ʆʜʥʘʢʦ ʅ2ʆ2 ʚ ʦʪʩʫʪʩʪʚʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩ-

ʣʦʪ ʨʝʵʢʩʪʨʘʛʠʨʫʝʪ ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʣʠʰʴ 28% ʤʝʜʠ. ɹʦʣʝʝ ʨʘʟʙʘʚʣʝʥʥʳʝ 

ʨʘʩʪʚʦʨʳ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʪʘʢʞʝ ʨʝʵʢʩʪʨʘʛʠʨʫʶʪ Cu(II) ʥʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

(46 %). ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅ2ʆ2 ʚ ʨʘʩʪʚʦʨʝ ʨʝʵʢʩʪʨʘʢʮʠʷ Cu(II) ʧʦʩ-

ʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɼʣʷ 98.3-99.2% ʨʝʵʢʩʪʨʘʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʩʪʨʷʭʠʚʘʪʴ 

ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʩ ʨʘʚʥʳʤ ʦʙʲʝʤʦʤ ʨʘʩʪʚʦʨʦʚ 0.5ʄ HCl ʠ ʧʝʨʛʠʜʨʦʣʷ ʚ ʦʪ-

ʥʦhʝʥʠʠ 1:1. ɼʣʷ ʨʝʵʢʩʪʨʘʢʮʠʠ Cu(II) ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʜʥʳʝ ʨʘʩʪʚʦ-

ʨʳ NH3. ʅʘʯʠʥʘʷ ʩ ʨʅ 7.5-8.0 ʨʝʵʢʩʪʨʘʢʮʠʷ ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʪʝʧʝʥʥʦ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ NH3 ʠʟʚʣʝʯʝʥʠʝ Cu(II) ʚ ʚʦʜʥʫʶ ʬʘʟʫ 

ʚ ʚʠʜʝ ʘʤʤʠʘʢʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʠʩʭʦʜʠʪ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ 0.5ʄ NH4OH (ʠʣʠ ʞʝ ʧʨʠ ʨʅ 9.0) ʩʪʝʧʝʥʴ ʨʝʵʢʩʪʨʘʢʮʠʠ Cu(II) ʜʦʩʪʠʛʘʝʪ 99 

%. ʈʃʂ ʩʦ ʩʤʝʰʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ ʨʘʟʨʫhʘʶʪʩʷ ʧʨʠ ʨʅ>9, ʪʦ ʜʣʷ 
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ʨʝɻʢʩʪʨʘʢʮʠʠ ʤʝʜʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʴ (10:1) ʨʘʩʪʚʦʨʦʚ NaHCO3 ʠ Na2CO3 ʩ ʨʅ 

9.0. ʊʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 20 % - ʥʳʡ ʨʘʩʪʚʦʨ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ɼʣʷ ʨʝɻʢʩʪʨʘʢʮʠʠ Hg(II) ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʘʤʤʠʘʢʘ. ʉ ʫʚʝ-

ʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ NH3 ʠʟʚʣʝʯʝʥʠʝ Hg(II) ʚ ʚʦʜʥʫʶ ʬʘʟʫ ʧʨʦʠʩʭʦʜʠʪ ʜʦ-

ʚʦʣʴʥʦ ʙʳʩʪʨʦ. ʅʘʠʣʫʯʰʠʤʠ ʨʝʵʢʩʪʨʘʛʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʨʝʵʢʩʪʨʘʢʮʠʠ 

Ti(IV) ʦʙʣʘʜʘʶʪ ʨʘʩʪʚʦʨʳ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʚ ʩʤʝʩʠ ʩ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ. 

ʈʃʂ Cu(II) ʠ Ti(IV)  ʩ ɼʌ ʠ ɸʤ ʚʳʜʝʣʝʥʳ ʚ ʠʥʜʚʠʜʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʘʥʘʣʠ-

ʟʠʨʦʚʘʥʳ çʨʫʯʥʳʤè ʤʝʪʦʜʦʤ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʄ, ɸʤ, S ʠ ʉ (ʪʘʙʣ.3.4).  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʚʝʨʜʦʛʦ ʧʨʝʧʘʨʘʪʘ ʢʦʤʧʣʝʢʩʘ ʚ ʬʘʨʬʦʨʦʚʫʶ ʯʘʰʢʫ ʩʦ-

ʙʠʨʘʣʠ ʵʢʩʪʨʘʢʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʧʳʪʦʚ. ʆʢʨʘhʝʥʥʳʝ ʚ ʦʨʘʥʞʝ-

ʚʳʡ ʮʚʝʪ ʵʢʩʪʨʘʢʪʳ ʩʣʝʛʢʘ ʫʧʘʨʠʚʘʣʠ ʜʦ ʧʦʩʪʦ̫ʥʥʦʛʦ ʦʙʲʝʤʘ. ʇʦʩʣʝ ʯʝʛʦ ʚʳʩʫ-

ʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʵʢʩʠʢʘʪʦʨʝ ʥʘʜ NaOH. ʅʘʚʝʩʢʫ ʧʨʝʧʘʨʘʪʘ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʤʣ ʨʘʟʙʘʚʣʝʥʥʦʛʦ (1:5) NH3. 

ʊʘʢ ʢʘʢ ʘʤʠʥʳ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ NH3, ʪʦ ɸʥ ʠ ʤɸʥ  ʧʨʠ ʵʪʦʤ ʦʩʪʘʚʘʣʠʩʴ ʚ ʚʠʜʝ 

ʞʠʜʢʦʩʪʠ (ʚ ʩʣʫʯʘʝ ɼʌɻ ʠ ʊʌɻ- ʚ ʚʠʜʝ ʦʩʘʜʢʦʚ) ʥʘ ʜʥʝ ʧʨʦʙʠʨʢʠ. ɸʤ ʚʳʜʝʣʣ̫ʠ 

ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʵʢʩʪʨʘʢʮʠʝʡ ʭʣʦʨʦʬʦʨʤʦʤ. ʕʢʩʪʨʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ 

ʝʱʝ 2 ʨʘʟʘ. ʆʙʲʝʜʠʥʝʥʥʳʝ ʵʢʩʪʨʘʢʪʳ ʚʳʧʘʨʠʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʜʦ ʧʦʣʥʦʛʦ 

ʫʜʘʣʝʥʠʷ ʭʣʦʨʦʬʦʨʤʘ. ɿʘʪʝʤ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 
ʦ
ʉ ʜʦ ʧʦʩʪʦʷʥʥʦʡ 

ʤʘʩʩʳ. ʉʦʜʝʨʞʘʥʠʝ ɸʤ ʦʧʨʝʜʝʣʷʣʠ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠ ʚ ʥʝʚʦʜʥʦʡ ʩʨʝʜʝ. ɺʦʜʥʫʶ 

ʬʘʟʫ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʘʤʠʥʦʚ ʭʣʦʨʦʬʦʨʤʦʤ ʦʙʨʘʙʘʪʳʚʘʣʠ ʢʦʥʮ. HNO3 ʠ ʚʳʧʘ-

ʨʠʚʘʣʠ ʜʦ ʤʘʣʦʛʦ ʦʙʲʝʤʘ. ʇʨʠ ʵʪʠʭ ʫʩʣʦʚʠ̫ʭ ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʚʦʜʥʦʡ ʬʘʟʝ ɼʌ 

ʦʢʠʩʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ. ʇʦʩʣʝ ʧʦʚʪʦʨʝʥʠʷ ʦʙʨʘʙʦʪʢʠ HNO3 ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʨʘʩʪ-

ʚʦʨ ʧʝʨʝʥʦʩʠʣʠ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 50 ʤʣ ʠ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʦʧʨʝʜʝʣʷʣʠ 

ʦʩʘʞʜʝʥʠʝʤ ʩʫʣʴʬʘʪ-ʠʦʥʘ ʚ ʚʠʜʝ BaSO4. ʆʧʨʝʜʝʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʦʩʫɦʝʩʪʚʣʷʣʠ 

ʩʞʠʛʘʥʠʝʤ ʥʘʚʝʩʢʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ CuO. ʋʛʣʝʨʦʜ ʧʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʢʠʩʣʷʝʪʩʷ ʜʦ CO2. ʇʦʛʣʦɦʝʥʠʝ CO2 ʧʨʦʚʦʜʠʣʠ ʠʟʚʝʩʪʢʦʚʦʡ ʚʦʜʦʡ [186, ʩ.302]. 

ʉʦʜʝʨʞʘʥʠʝ Cu(II) ʠ Ti(IV)   ʦʧʨʝʜʝʣ̫ʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ.  

ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʦʚ, ʥʘʡʜʝʥʥʳʡ ʩʧʝʢ-

ʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʚʳʜʝʣʝ-
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ʥʠʠ ʪʚʝʨʜʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚʦʩʧʨʦʠʟʚʦʜʠʣʠʩʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʦʩʪʦʷʥʩʪʚʝ ʦʙʨʘʟʫʶʱʝʡʩʷ ʪʚʝʨʜʦʡ ʬʘʟʳ. 

ʊʘʙʣʠʮʘ 3.4 

ʈʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʦʚ ʉu(II) ʠ Ti(IV) ʩ ɼʌ ʠ 

ɸʤ 

ʉʦʝʜʠʥʝʥʠʝ ʉ ʚʳʯʝʪʦʤ % ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʘʤʠʥʘ 

% Am S C ʄ 

[Cu(ɼʊʌ)2(ɸʥ)2](ɸʥʅ)2 ʅʘʡʜʝʥʦ 49.65 17.01 19.14 8.46 

ɺʳʯʠʩʣʝʥʦ 49.60 17.07 19.20 8.53 

[Cu(ɼʊʌ)2(ʤɸʥ)2](ʤɸʥʅ)2 ʅʘʡʜʝʥʦ 53.18 15.80 17.81 7.91 

ɺʳʯʠʩʣʝʥʦ 53.10 15.88 17.87 7.94 

[Cu(ɼʊʄʌ)2(ɸʥ)2](ɸʥʅ)2 ʅʘʡʜʝʥʦ 47.75 16.54 21.65 8.29 

ɺʳʯʠʩʣʝʥʦ 47.81 16.45 21.59 8.23 

[Cu(ɼʊʄʌ)2(ʤɸʥ)2](ʤɸʥʅ)2 ʅʘʡʜʝʥʦ 51.28 15.46 20.22 7.75 

ɺʳʯʠʩʣʝʥʦ 51.31 15.35 20.14 7.67 

[Ti(OH)2(ɼʊɹʌ)2](ɼʌɻʅ)2 ʅʘʡʜʝʥʦ 47.12 13.97 25.60 5.15 

ɺʳʯʠʩʣʝʥʦ 47.10 14.28 26.78 5.36 

[Ti(OH)2(ɼʊɹʌ)2](ʊʌɻʅ)2 ʅʘʡʜʝʥʦ 54.65 12.12 22.78 4.67 

ɺʳʯʠʩʣʝʥʦ 54.77 12.21 22.90 4.58 

[Ti(OH)2(ɼʊɹʌ)2](ɸʥʅ)2 ʅʘʡʜʝʥʦ 28.41 18.63 36.50 7.18 

ɺʳʯʠʩʣʝʥʦ 28.18 19.39 36.36 7.27 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘʪʦ-

ʨʘ TruSpec (Leco). ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3.5. 

ʋʯʠʪʳʚʘʷ ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʠʨʫʶɦʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʦʥʥʫʶ ʬʦʨʤʫ 

Cu(II), ʩʦʩʪʦʷʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ, ʯʠʩʣʦ ʚʳ-

ʪʝʩʥʷʝʤʳʭ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ, ʩʦʩʪʘʚ ʵʢʩʪʨʘʛʠʨʫʝʤʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʬʦʨʤʫʣʳ: 

 

ʉʦʩʪʘʚ ʈʃʂ ʩ ɼʌ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʜʠʘʤʠʥʘʤʠ ʥʘ ʧʨʠʤʝʨʝ Cu(ʌʝʥ) 

(ɼʊʄʌ) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʢ ʭʝʣʘʪʫ ʧʦʚʳʰʘʝʪ ʩʪʝʧʝʥʴ ʠʟʚʣʝ-

ʯʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ - ʥʘʙʣʶʜʘʝʪʩʷ ʷʚʣʝʥʠʝ ʩʠʥʝʨʛʠʟʤʘ [238]. 

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʙʨʘʪʥʦʡ ˊ-ʩʚʷʟʴʶ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ  ʠʛʨʘʝʪ 

ʨʘʩʪʚʦʨʠʪʝʣʴ. ʋʤʝʥʴʰʝʥʠʝ ʧʦʣʷʨʥʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʠʣʝʥʠʶ 

ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦ ˊ(M Ÿ R)  ʩʚʷʟʠ [62, ʩ.87; 238, ʩ.39].  

ʊʘʙʣʠʮʘ 3.5 

ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʈʃʂ  

 

ʉʦʩʪʘʚ ʵʢʩʪʨʘʛʠʨʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ Hg(II) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʬʦʨʤʫʣʦʡ: 

[Hg(ʅR)2](ɸʤʅ)2. 

 

Hg(II) ʦʪʥʦʩʠʪʩʷ ʢ ʤʷʛʢʠʤ ʢʠʩʣʦʪʘʤ ʠ ʦʙʨʘʟʫʝʪ ʫʩʪʦʡʯʠʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ 

çʤʷʛʢʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠè, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʣʠʛʘʥʜʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʚ ʢʘʯʝʩʪʚʝ ʜʦ-

ʥʦʨʥʦʛʦ ʘʪʦʤʘ ʩʝʨʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, Hg(II) ʩ ɼʌ ʠ ʘʤʠʥʘʤʠ ʦʙʨʘʟʫʝʪ ʠʦʥʥʳʝ 

ʘʩʩʦʮʠʘʪʳ ʠʣʠ ʈʃʂ ʩ ʚʥʝʰʥʝʡ ʩʬʝʨʦʡ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʘʪʠʦʥʳ Hg
2+

 ʚ 

ʢʦʤʧʣʝʢʩʘʭ ʩʚʷʟʘʥʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʚʷʟʴʶ ʩ ʢʠʩʣʦʨʦʜʦʤ -ʆʅ ʛʨʫʧʧʳ ʠ ʚʘ-

ʣʝʥʪʥʦʡ ʩʚʷʟʴʶ ʩ ʩʝʨʦʡ SH-ʛʨʫʧʧʳ.   

ʉʦʩʪʘʚ ʵʢʩʪʨʘʛʠʨʫʝʤʳʭ ʈʃʂ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʬʦʨʤʫʣʦʡ: [TiO(ʅR)2] 

(ɸʤʅ)2. Ti(IV)  ʩ ɼʌ ʠ ɸʤ ʦʙʨʘʟʫʝʪ ʠʦʥʥʳʝ ʘʩʩʦʮʠʘʪʳ ʠʣʠ ʈʃʂ ʩ ʚʥʝʰʥʝʡ ʩʬʝ-

ʨʦʡ. ʉʦʩʪʘʚ ʈʃʂ ʥʘ ʧʨʠʤʝʨʝ Ti(IV)-ɼʊʄʌ-ɸʥ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʂʦʤʧʣʝʢʩ % ʄ S C N H O 

[Cu(ɼʊʄʌ)(ʅ2O)(ʌʝʥ)] ʅʘʡʜʝʥʦ 14.76 14.88 52.75 6.54 3.75 7.32 

ɺʳʯʠʩʣʝʥʦ 14.71 14.83 52.83 6.49 3.70 7.41 

[Cu(ɼʊʄʌ)(ʅ2O)(Dʠʧ)] ʅʘʡʜʝʥʦ 15.51 15.79 50.13 6.82 4.01 7.74 

ɺʳʯʠʩʣʝʥʦ 15.57 15.69 50.04 6.87 3.92 7.84 
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ʈʃʂ ʪʠʪʘʥʘ(IV)  ʩ ʜʨʫʛʠʤʠ ɼʌ ʠ ɸʤ ʠʤʝʶʪ ʙʣʠʟʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʊʦʣʴʢʦ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ɼɸʄ ʠ ʝʛʦ ʘʥʘʣʦʛʦʚ ʦʙʨʘʟʫʝʪʩʷ ʈʃʂ ʩʦ ʩʤʝʰʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥ-

ʥʦʡ ʩʬʝʨʦʡ. 

3.5. ʍʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ Cu(II),  

Hg(II)  ʠ Ti(IV)  ʩ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘʡʜʝʥʳ ʤʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦʛʣʦʱʝʥʠʷ, ʜʚʫʭʬʘʟʥʳʝ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʠ ʢʦʥ-

ʩʪʘʥʪʘ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ.  

ʄʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ. ʇʦʩʢʦʣʴʢʫ ʜʠʩʩʦ-

ʮʠʘʮʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʜʘʚʣʝʥʘ ʧʨʠ ʠʟʙʳʪʢʝ ʨʝʘʛʝʥ-

ʪʦʚ ʠ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʩʘʤʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʳ ʤʦʣʷʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢ-

ʩʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʝ ˍ Ͻ˞ὰϳ  ʙʣʠʟʢʠ ʢ ʠʩʪʠʥʥʳʤ. ʀʩʪʠʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʤʦʣ̫ʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ ʥʘʭʦʜʠʣʠ ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʦʤ ʂʦʤʘʨʷ 

[63, ʩ.196] ʧʦ ʬʦʨʤʫʣʝ 

‐
Ͻ Ͻ

Ͻ Ͻ
                                        (3.19) 

ʄʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʈʃʂ ʤʝʜʠ, ʨʪʫʪʠ ʠ ʪʠʪʘʥʘ ʩʦʩʪʘʚʣ-̫

ʶʪ (2.92-4.92)Ĭ10
4
, (2.68-3.88 )Ĭ10

4
 ʠ (2.12-3.54)Ĭ10

4
) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣ.3.6 ʠ 

3.7). 

ɼʚʫʭʬʘʟʥʳʝ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ. ɼʚʫʭʬʘʟʥʳʝ ʢʦʥʩ-

ʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ Cu(II), Hg(II) ʠ Ti(IV)  ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʧʝ-

ʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ [63, ʩ.200]. ʂʦʥʮʝʥʪʨʘʮʠʶ ʈʃʂ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ 

(3.5). ɼʘʣʝʝ ʟʘʜʘʚʘʷʩʴ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʦʡ n ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ ʄ ʢ ɼʌ ʨʘʚʥʦʡ 

1, 2, 3 ʨʘʩʩʯʠʪʳʚʘʣʠ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʬʦʨʤʫʣʝ  

‍
˞̋

˞̇ ˞̋ Ͻ ˑˡ ˞̋
                                           (3.20) 
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ɺʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʚʫʭʬʘʟʥʳʭ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣ. 3.6 ʠ 3.7. ʉ ʧʦʟʠʮʠʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʈʃʂ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʵʣʝʢ-

ʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ ʨʘʟʥʦʨʦʜʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʈʃʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʣʠʛʘʥʜʘʤʠ ʦʜʠʥʘʢʦʚʦʡ ʧʨʠʨʦʜʳ ʠ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʦʣʴʰʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʩ ʣʠʛʘʥʜʦʤ [182, ʩ.25-26]. ɼʚʫʭʬʘʟʥʳʝ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ Cu(II), Hg(II) ʠ Ti(IV), ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ [63, ʩ.200] ʩʦʩʪʘʚʣʷʶʪ 

7.04-12.53, 6.78-10.85 ʠ 6.11-10.92 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʠ. ʇʨʝʜʧʦʣʦʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙ-

ʨʘʟʦʚʘʥʠʠ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ: 

˙ ς(2 ᴾ ˙(2 ς(                                        
(3.21) 

˙(2 ς!Í(P ˙(2 !Í(                     (3.22)
 

ʛʜʝ ʄ- #Õȟ4É/(
ς
ς  ̉ (Çς  

ʂʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʠ ʨʘʚʥʘ 

˗
˙ ̏

˙ ̃ ˚ ̃
                                  (3.23) 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʈʃʂ ʤʝʞʜʫ ʚʦʜʥʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʬʘʟʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʥʩʪʘʥʪʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ (D) ʨʘʚʝʥ   

Ὀ
˙ ̏

˙ ̃

                                                                           
(3.24) 

ʪʦ 

˗
˚

                                                          (3.25) 

ʇʨʦʣʦʛʘʨʠʬʤʠʨʦʚʘʚ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ, ʧʦʣʫʯʠʤ 

ÌÇ+ÌÇ$ςÌÇ!Í̊                                            (3.26) 

ɺ ʩʣʫʯʘʝ ɸʌ4, ɸʌ5 ʠ ɸʌ6 

ÌÇ+̑ ÌÇ$ÌÇ!Í̊                                                                    
(3.27) 

ʉʦʜʝʨʞʘʥʠʝ Cu(II), Hg(II) ʠ Ti(IV)  ʚ ʚʦʜʥʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʘʭ ʦʧʨʝʜʝ-

ʣʝʥʦ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʚʳʯʠʩʣʝʥ D. ʇʦʩʣʝʜʥʠʡ ʫʜʦʙʥʦ 
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ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʞʝ ʧʨʠ Õ=1 ʧʦ KNO3 ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪ-

ʥʦʩʪʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ,  

ÌÇ
˙ ̏

˙ ̃
ÌÇ

̐̑ˍ̖
ÌÇ$                                       

(3.28) 

ʛʜʝ ɸʭ-ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʵʢʩʪʨʘʢʪʘ, ʛʜʝ ʝʱʝ ʥʝ ʚʝʩʴ ˙(2 ʩʚʷʟʘʥ ʩ 

ʘʤʠʥʘʤʠ. ɸʧʨ-ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʧʨʠ 1ͯ00%-ʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ˙(2  ʚ 

ʚʠʜʝ ʈʃʂ. 

ɺʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ÌÇ̠̑ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.3.6 ʠ 3.7.   

ʂʦʥʩʪʘʥʪʘ ʵʢʩʪʨʘʢʮʠʠ. ʋʯʠʪʳʚʘʷ ʩʦʩʪʦʷʥʠʝ Cu(II), Hg(II), Ti(IV) ʠ ʣʠ-

ʛʘʥʜʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ ʤʦʞʥʦ ʟʘʧʠ-

ʩʘʪʴ: 

ʄ
2+

+ 2HR
2-
+ 2AmH

+
 P [ʄ(HR)2](AmH)2                         (3.29) 

ʛʜʝ ʄ- #Õȟ4É/(ς
ς  ̉ (Çς  

ɺʳʨʘʞʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʵʢʩʪʨʘʢʮʠʠ ʠʤʝʝʪ ʚʠʜ: 

˗̞ ̋
˙ ̏

˙ ̃ ̃ ˚ ̃

                                      
(3.30) 

ʇʦʩʢʦʣʴʢʫ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (D) ʨʘʚʝʥ   

Ὀ
˙ ̏

˙ ̃

                                                         
(3.31)

 

ʪʦ 

˗̞ ̋ ˚

                                                    
(3.32) 

ʇʨʦʣʦʛʘʨʠʬʤʠʨʦʚʘʚ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ, ʧʦʣʫʯʠʤ 

ÌÇ+̞̋ ÌÇ$ςÌÇ(2 ςÌÇ!Í̊                            
(3.33) 

ɺ ʩʣʫʯʘʝ ɸʌ4, ɸʌ5 ʠ ɸʌ6 

ÌÇ+̞̋ ÌÇ$ςÌÇ(2 ÌÇ!Í̊                             (3.34) 

ɼʣʷ ʈʃʂ ʩʦ ʩʤʝʱʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ  

ÌÇ+̞̋ ÌÇ$ÌÇ!Í ÌÇ(2                                   
(3.35) 

ɺ ʦʧʪʠʤʘʣʴʥʳʭ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ Cu(II) ʫʩʣʦʚʠʷʭ, ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʜʠ-

ʘʤʠʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʥʘʭʦʜʪ̫ʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ, ʘ ɼʌ ʧʨʝʠʤʫ-
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ʱʝʩʪʚʝʥʥʦ ʚ ʚʦʜʥʦʡ, ʚ ʚʠʜʝ ʠʦʥʦʚ HR
2-
. ʇʨʠ ʨʘʩʯʝʪʘʭ ʧʨʠʥʠʤʘʣʠ, ʯʪʦ ʚ ʨʝʘʢ-

ʮʠʶ ʚʩʪʫʧʘʶʪ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʜʠʘʤʠʥʦʚ.  

Cu
2+ 

+ ʌʝʥ + HR
2-
ź#Õl ̆ (̎2                       (3.36) 

ɺʳʨʘʞʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʵʢʩʪʨʘʢʮʠʠ ʠʤʝʝʪ ʚʠʜ: 

˗̞ ̋
ˡ̆̎ ̏

̃ ˡ̆̎̏ ̃
                              (3.37) 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʜʠʘʤʠʥʦʚ ʥʘʭʦʜʠʣʠ ʠʟ ʫʨʘʚʥʝʥʠʷ 

ˍ̍̏
˞̱ ̍ ˞̋

˚

˗̉

                                             (3.38) 

ʛʜʝ ʉɸʤ-ʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʤʠʥʘ, ʤʦʣʴ/ʣ; ʂʠ- ʢʦʥʩʪʘʥʪʘ ʝʛʦ ʢʠʩʣʦʪʥʦʡ ʠʦʥʠ-

ʟʘʮʠʠ.  

ɺ ʦʧʪʠʤʘʣʴʥʳʭ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʤʝʜʠ ʫʩʣʦʚʠʷʭ ɸʤ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ. ʂʦʥʮʝʥʪʨʘʮʠʶ 2̊  ʥʘʭʦʜʠʣʠ ʠʟ ʫʨʘʚʥʝʥʠʷ 

2̊ ̃
̖̉̒˞̋ ˞̏

˗

˚

˚

˗

                                      (3.39) 

ʛʜʝ ʉʦ - ʢʦʥʮʝʥʪʨʘʮʠʷ 2̊  ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ ʧʨʠ ʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʨʅ. 

ɺʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ lgʂɻ ʢ ʧʨʠ Õ=1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.3.7 ʠ 3.8.  

3.6. ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʚʦʡʩʪʚʘʤʠ ʨʝʘʛʝʥʪʦʚ ʠ 

ʢʦʤʧʣʝʢʩʦʚ 

ʀʟʫʯʝʥʠʝ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʌɸɻ ʢʦʤʧʣʝʢʩʦ-

ʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʨʅ50 ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʢʦ-

ʣʠʯʝʩʪʚʝʥʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʪʠʧʘ ɝ̑ -̠ ɝÐ(, ʪʦ ʝʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʢʠʩ-

ʣʦʪʥʳʭ ʩʚʦʡʩʪʚ ïSH ʛʨʫʧʧʳ ʥʘ ʨʅ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ (ʪʘʙʣ.3.6). ɺʝʣʠʯʠʥʘ 

ȹʨʂ1 ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ ʤʝʞʜʫ ʨʂ1 ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʨʝʘʛʝʥʪʘ ʠ ʨʂ1 ʝʛʦ ʟʘʤʝ-

ʱʝʥʥʦʛʦ ʘʥʘʣʦʛʘ. ɺʝʣʠʯʠʥʘ ȹʨʅ50 ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ ʤʝʞʜʫ ʨʅ50 ʢʦʤʧʣʝʢʩʦ-

ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʨʝʘʛʝʥʪʘ ʠ ʨʅ50 ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪ-

ʚʫʁʱʝʛʦ ʟʘʤʝʱʝʥʥʦʛʦ ʝʛʦ ʘʥʘʣʦʛʘ. ɻʨʘʬʠʯʝʩʢʠ ʢʦʨʨʝʣʷʮʠʠ ȹʨʂ1-ȹʨʅ50 ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.3.17. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʫʤʝʥʴʰʝʥʠʝ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ 

(ȹʨʂ1) ʨʝʘʛʝʥʪʘ ʧʨʠʚʦʜʠʪʴ ʢ ʩʜʚʠʛʫ ʨʅ (ȹʨʅ50) ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʙʦʣʝʝ 

ʩʣʘʙʦʢʠʩʣʫʶ ʦʙʣʘʩʪʴ. 
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ʊʘʙʣʠʮʘ 3.6 

ʅʝʢʦʪʦʨʳʝ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʃʂ ʤʝʜʠ(II) ʩ ɼʌ ʠ ɸʤ 

ʇʦʣʫʯʝʥʥʳʝ  ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ: 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ 

Ў̑ ˚ πȢφωςЎ̑ ˗ πȢρρυ ʠʣʠ Ў̑ ˗
Ў̑ ˚ Ȣ

Ȣ
            (3.40) 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʨʪʫʪʠ 

Ў̑ ˚ πȢχπςЎ̑ ˗ πȟρπτ ʠʣʠ Ў̑ ˗
Ў̑ ˚ Ȣ

Ȣ
           (3.41) 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʪʠʪʘʥʘ 

Ў̑ ˚ πȢχτ Ў̑ ˗ πȢρρψ   ʠʣʠ Ў̑ ˗
Ў̑ ˚ Ȣ

Ȣ
           (3.42) 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ (lgɓ) ʩ ʢʦʥʩʪʘʥʪʘʤʠ ʜʠʩʩʦʮʠʘʮʠʠ 

ʨʂ1 ʨʝʘʛʝʥʪʦʚ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʵʪʠ-

ʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠ ʥʘ ʨʠʩ.3.17. ʉ ʫʤʝʥʴʰʝʥʠʝʤ 

ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ ʨʝʘʛʝʥʪʦʚ ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʫʝʤʳʭ ʠʤʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ ʩ ʠʟʫʯʝʥʥʳʤʠ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʣʠʥʝʡʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ: 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ 

̑˗  = 5.30+0.142 lgɓ ʠʣʠ  lgɓ= 
Ȣ

Ȣ
                 (3.43) 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʨʪʫʪʠ 

̑˗ =4.96+0.194lgɓ ʠʣʠ  lgɓ= 
Ȣ

Ȣ
                    (3.44) 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʪʠʪʘʥʘ 

̑˗  = 5.43+0.145lgɓ ʠʣʠ  lgɓ = 
Ȣ

Ȣ
                     (3.45) 

ʀʦʥ ʤʝʪʘʣʣʘ ɿʘʤʝʩʪʠʪʝʣʴ pKSH ȹpKSH pH50 ȹpH50 lgɓ ὑ ůn 

ʄʝʜʴ(II)   H 6.30  0.0 3.12  0.00 7.042 2.92 0 

-C2H5 6.84 -0.54 3.51 -0.39 10.84 3.33 -0.126 

-CH3 6.92 -0.62 3.65 -0.53 11.41   3.16 -0.170 

-C(CH3)3 6.98 -0.68 3.71 -0.57 11.85 3.82 -0.197 

ʈʪʫʪʴ(II)   H 6.30  0.0 2.32  0.00 6.95 2.82 0 

-C3H7 6.72 -0.42 2.71 -0.39 9.08 3.24 -0.126 

-C2H5 6.84 -0.54 2.80 -0.48 9.70 3.14 -0.151 

-CH3 6.92 -0.62 2.86 -0.54 10.10 3.05 -0,170 

-C(CH3)3 6.98 -0.68 2.91 -0.59 10.41 3.68 -0.197 

ʊʠʪʘʥ(IV)   H 6.30  0.0 2.45  0.00 6.25 2.32 0 

-C3H7 6.72 -0.42 2.88 -0.43 8.96 2.78 -0.126 

-C2H5 6.84 -0.54 2.97 -0.52 9.75 2.60 -0.151 

-CH3 6.92 -0.62 3.03 -0.58 10.29 2.48 -0,170 

-C(CH3)3 6.98 -0.68 3.12 -0.67 10.68 2.95 -0.197 
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ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʟʘʤʝʩʪʠʪʝʣʷ ʤʦʣʷʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛ-

ʣʦʱʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʨʠʩ.3.17). ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʤʝʝʪ ʚʠʜ: 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ 

     ‐=2.925 +0.0158M(X)                                            (3.46) 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʨʪʫʪʠ 

‐=2.82 +0.015M(X)                                                (3.47) 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʪʠʪʘʥʘ 

‐=2.18 +0.0078M(X)                                              (3.48) 

ɺʚʝʜʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʠʨʦʜʳ ʠ ʩʪʨʫʢʪʫʨʳ ʚʦ 

ʬʨʘʛʤʝʥʪ ʨʝʘʛʝʥʪʘ ʠʟʤʝʥʷʝʪ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʌɸɻ ʨʝʘʛʝʥʪʘ ʠ ʦʧʪʠ-

ʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ ʩ ʵʣʝʤʝʥʪʘʤʠ. ɺʣʠʷʥʠʝ ʟʘ-

ʤʝʩʪʠʪʝʣʝʡ, ʚʚʝʜʝʥʥʳʭ ʚ ʧ-ʧʦʣʦʞʝʥʠʝ ʢ ʆʅ-ʛʨʫʧʧʝ ʨʝʘʛʝʥʪʘ, ʤʦʞʥʦ ʢʦʣʠʯʝʩʪ-

ʚʝʥʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʠʥʜʫʢʮʠʦʥʥʳʭ ʢʦʥʩʪʘʥʪ ɻʘʤʤʝʪʘ (ůn). ʋʩ-

ʪʘʥʦʚʣʝʥʥʫʶ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʛʥʦʟʘ ʢʦʥʩʪʘʥʪ ʠʦʥʠʟʘʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʩʠʥʪʝʟ ʢʦʪʦʨʳʭ ʥʝ 

ʧʨʦʚʝʜʝʥ ʠʣʠ ʟʘʪʨʫʜʥʝʥ [53, ʩ.52]. ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʨʅ50 ʢʦʤʧ-

ʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ pʂSH ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʢʦʥʩʪʘʥʪʘʤʠ ɻʘʤʤʝʪʘ. ʂʦʨʨʝʣ̫ʮʠʦʥ-

ʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʶʪ ʚʠʜ:  

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ 

pH50=3.12-3.65ůn (r=0.9806)   ʠ  pʂSH=6.30-3.38ůn (r=0.9827)   (3.49) 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʨʪʫʪʠ 

pH50=2.52-3.15ůn (r=0.9815)                          (3.50) 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʪʠʪʘʥʘ 

pH50 =2.45+3.42ůn    (r = 0.9812)                       (3.51) 

ʂʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʵʢʩʪʨʘʢʮʠʶ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʨʷʜʫ ʜɸʥ ï 

ʤɸʥ - ʧ-Cl-ɸʥ - ʧ-Br-ɸʥ ʨʅ50 ʨʝʘʢʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ (ʪʘʙʣ.3.6). ʆʢʨʘʩʢʘ ʢʦʤʧ-

ʣʝʢʩʘ Hg-ɼʊɹʌ-ʧ-ɸʤʈʫ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘ ʠ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʝ ʠʩʯʝʟʘʝʪ.  
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ʈʠʩ. 3.17. ʂʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ (ȹpKSH) ʠ ȹpH50 (ʘ), lgɓ ʠ pKSH (ʙ), ʤʦʣʷʨʥʦʡ ʤʘʩ-

ʩʦʡ ʟʘʤʝʩʪʠʪʝʣʷ (M(X)) ʠ ʤʦʣʷʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʛʣʦɦʝʥʠʷ (ʚ) ʜʣʷ ʢʦʤʧ-

ʣʝʢʩʦʚ Cu(II )-ɼʌ-Aʥ(1), Hg(II )-ɼʌ-Aʥ (2) ʠ Ti(IV)-ɼʌ-Aʥ (3) 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ Ð+  ʦʧʪʠʤʘʣʴʥʳʡ ʨʅ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪ-

ʨʘʢʮʠʠ ʩʜʚʠʛʘʝʪʩʷ ʚ ʙʦʣʝʝ ʩʣʘʙʦʢʠʩʣʫʶ ʦʙʣʘʩʪʴ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʚʚʝʜʝʥʠʝʤ ʚ ʩʪʨʫʢʪʫʨʳ ʵʣʝʢʪʨʦʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, 

ʪʦ ʝʩʪʴ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ ʌɸɻ ʨʝʘʛʝʥʪʘ, ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʣʝʢ-

ʩʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʨʅʦʧʪ ʠ ʨʅ50 ʩʜʚʠʛʘʝʪʩʷ ʚ ʙʦʣʝʝ ʩʣʘʙʦʢʠʩʣʫʶ ʦʙʣʘʩʪʴ. 

ɺ ʪʘʙʣ.3.7 ʠ 3.8 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʠ ʈʃʂ Cu(II ), Hg(II) ʠ Ti(IV) . 

ʆʙʟʦʨ  ʛʣʘʚʳ III  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʈʃʂ Cu(II) ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʨʦʤʘʪʠʯʝʩʢʠʝ, ʛʝʪʝʨʦʮʠʢʣʠ-

ʯʝʩʢʠʝ ʠ ʛʠʜʨʦʢʩʠʣʩʦʜʝʨʞʘʱʠʝ ʘʤʠʥʳ. ʀʟ ʥʠʭ ɸʥ, ʤɸʥ, ʜɸʥ, ʌʝʥ, ɼʠʧ, ʈʫ, 

ɹʌʝʥ ʦʙʨʘʟʫʶʪ ʈʃʂ ʩʦ ʩʤʝʰʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ, ʘ ʦʩʪʘʣʴʥʳʝ-

ʚʥʝʥhʝʩʬʝʨʥʳʝ ʈʃʂ. ɺʩʝ ʢʦʤʧʣʝʢʩʳ Hg(II) ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʤʧʣʝʢʩʦʚ Ti(IV)  

ʚʥʝʥhʝʩʬʝʨʥʳʝ ʈʃʂ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ɼɸʄ, ɼɸʇʄ ʠ ɼɸʌʄ ʦʙʨʘʟʫʝʪʩʷ ʈʃʂ ʩʦ 

ʩʤʝhʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ Cu(II)  ʩ ɼʌ ʠ ɸʤ ʠ ʠʟʚ-

ʣʝʯʝʥʠʝ ʠʭ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʨʦʜʳ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ, 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʠʥʪʝʨʚʘʣʝ ʨʅ 1.5-9.4 (ʨʅʦʧʪ 4.3-8.5).  

ʄʘʢʩʠʤʘʣʴʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ Cu(II) ʩ 

ɼʌ ʠ ɸʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 470-650 ʥʤ. ʆʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʅ ʜʣʷ ʈʃʂ 

ʨʪʫʪʠ(II)  2.0-4.5. ʍʣʦʨʦʬʦʨʤʥʳʝ ʵʢʩʪʨʘʢʪʳ ʈʃʂ Hg(II )-ɼʌ-ɸʤ ʠʤʝʶʪ ʤʘʢʩʠ-

ʤʫʤʳ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 458-475 ʥʤ. ʈʃʂ Ti(IV) ʧʦʣʥʦʩʪʴʶ ʦʙʨʘʟʫʶʪʩʷ ʠ 
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ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ ʧʨʠ  ʨʅ 3.1-5.9. ʇʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ Ti(IV) ʩ ɼʌ ʠ ɸʤ 

ʤʘʢʩʠʤʫʤʳ ʚ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 428-480 ʥʤ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ Ð+  ʦʧʪʠʤʘʣʴʥʳʡ ʨʅ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢ-

ʮʠʠ ʩʜʚʠʛʘʝʪʩʷ ʚ ʙʦʣʝʝ ʩʣʘʙʦʢʠʩʣʫʶ ʦʙʣʘʩʪʴ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʠ ʢʦʥʪʨʘʩʥʦʩʪʠ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʄʝʜʴ(II)  ʦʙʨʘʟʫʝʪ ʙʦʣʝʝ ʧʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘ-

ʤʠ, ʯʝʤ ʩ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ. ʆʜʥʘʢʦ, ʙʫʜʫʯʠ ʩʚʷʟʘʥʥʳʤ ʩ ʦʜʥʦʡ ʤʦʣʝʢʫ-

ʣʦʡ ʘʟʦʪʩʦʜʝʨʞʘʱʝʛʦ ʣʠʛʘʥʜʘ ʚ ʢʦʤʧʣʝʢʩ, ʮʝʥʪʨʘʣʴʥʳʡ ʠʦʥ ʦʪʜʘʝʪ ʧʨʝʜʧʦʯʪʝ-

ʥʠʝ ʫʞʝ ʆ-ʜʦʥʦʨʘʤ, ʥʝʞʝʣʠ N-ʜʦʥʦʨʘʤ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʷ ʦʧʨʝ-

ʜʝʣʝʥʥʦʛʦ ʣʠʛʘʥʜʘ ʤʦʞʝʪ ʩʠʣʴʥʦ ʠʟʤʝʥʷʪʴ ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʜʘʥʥʦʛʦ ʠʦʥʘ ʤʝ-

ʪʘʣʣʘ ʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ ʩ ʪʝʤ ʠʣʠ ʠʥʳʤ ʪʠʧʦʤ ʣʠʛʘʥʜʦʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʪʨʘʢʮʠʠ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʟ̫ʝʡ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʚʦʜʳ ʠʣʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦ-

ʨʠʪʝʣʷ ʠ ʣʠʛʘʥʜʘ, ʩʪʝʨʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʦʙʨʘʟʦ-

ʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʚʦʜʝ ʠ ʪ. ʜ.). ɺʚʝʜʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʫʤʝʥʴ-

ʰʘʁʱʝʛʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʨʘʩʪʚʦʨʘ, ʫʤʝʥʴʰʘʝʪ ʢʦʥʩʪʘʥʪʳ 

ʢʠʩʣʦʪʥʦʡ ʠʦʥʠʟʘʮʠʠ ʨʝʘʛʝʥʪʦʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʦʙʣʘʩʪʠ ʨʅ ʩʫ-

ʱʝʩʪʚʦʚʘʥʠʷ ʠʭ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʬʦʨʤ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ ʢʦʤ-

ʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ [199, ʩ.2004]. ʉ ʧʦʥʠʞʝʥʠʝʤ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʨʝʘʛʝʥʪʦʚ ʠ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʜʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʣʫʯʰʘʝʪʩʷ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣ̫ʭ. ʇʨʠʤʝʥʝʥʠʝ ʵʢʩʪʨʘʢʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʘʝʪ ʩʝʣʝʢʪʠʚ-

ʥʦʩʪʴ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ [236, ʩ.2094]. ʇʨʦʮʝʩʩ ʵʢʩʪʨʘʢʮʠʠ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶɦ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʘʜʠʡ: ʧʝʨʝʭʦʜ ʵʢʩʪʨʘʢʮʠʦʥ-

ʥʦʛʦ ʨʝʘʛʝʥʪʘ ʚ ʚʦʜʥʫʶ ʬʘʟʫ; ʜʠʩʩʦʮʠʘʮʠʷ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʨʝʘʛʝʥʪʘ ʚ ʚʦʜʥʦʡ 

ʬʘʟʝ; ʦʙʨʘʟʦʚʘʥʠʝ ʘʥʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʚʦʜʥʦʡ ʬʘʟʝ; ʧʝʨʝʭʦʜ ʦʙʨʘʟʫʝʤʦʛʦ 

ʈʃʂ ʚ ʦʨʛʘʥʠʯʝʩʢʫʁ ʬʘʟʫ. ʉʚʝʪʦʧʦʛʣʦʱʝʥʠʝ ʈʃʂ Cu(II) ʩ ɼʌ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ɸʥ, ʤɸʥ, ʜɸʥ, ʈʫ, ʌʝʥ, ɹʌʝʥ ʠ ɼʠʧ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʆʃʂ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʦʙʨʘʟʦʚʘʥʠʶ ʈʃʂ ʩʦ ʩʤʝʰʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ. ʇʦʩʣʝʜʥʠʡ ʬʘʢʪ 
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ʜʦʢʘʟʘʥ ʀʂ - ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʦʥʳ 

Cu(II) ʠ Hg(II) ʚ ʢʦʤʧʣʝʢʩʘʭ ʩʚʷʟʘʥ rʚʘʣʝʥʪʥʦʡ ʩʚʷʟʴʶ ʩ ʩʝʨʦʡ, ʘ ʠʦʥʳ Ti(IV)  ʩ 

ʢʠʩʣʦʨʦʜʦʤ. 

 ʈʝʥʪʛʝʥʩʪʨʫʢʪʫʨʥʳʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʠʟʫʯʝʥ ʤʦʥʦʢʨʠʩʪʘʣʣ ʢʦʤʧʣʝʢʩʘ 

ʤʝʜʠ ʩ ɼʊʄʌ ʠ ʌʝʥ. ʂʦʤʧʣʝʢʩ  ʤʦʥʦʤʝʨʥʳʡ ʠ ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʢʦʦʨʜʠʥʠ-

ʨʫʝʪʩʷ 5 ʘʪʦʤʘʤʠ ʜʦʥʦʨʦʚ. ɼʦʥʦʨʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʝʜʠ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʢʦʤʧʣʝʢʩʝ 

ʩʦʩʪʘʚʣʝʥ 2 ʘʪʦʤʘʤʠ ʘʟʦʪʘ, 2 ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠ ʘʪʦʤʦʤ ʩʝʨʳ (ʉuN2O2S). ʇʦ 

ʜʘʥʥʳʤ ʈʉɸ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʤʝʜʠ - ʠʩʢʘʞʝʥʥʘʷ 

ʢʚʘʜʨʘʪʥʘʷ ʧʠʨʘʤʠʜʘ. ɹʘʟʠʩʥʘʷ ʧʣʦʩʢʦʩʪʴ  (ʵʢʚʘʪʦʨʠʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ)  ʬʦʨʤʠ-

ʨʫʝʪʩʷ ʘʪʦʤʦʤ ʘʟʦʪʘ ʌʝʥ N1, ʬʝʥʦʣʴʥʳʤ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ O1, ʘʪʦʤʦʤ ʩʝʨʳ S1  

ʣʠʛʘʥʜʘ (ɼʊʄʌ) ʠ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʆ2. ɺ ʘʢʮʠʘʣʥɹʦʡ ʧʦʟʠ-

ʮʠʠ ʥʘʭʦʜʠʪʩʷ ʚʪʦʨʦʡ ʘʪʦʤ ʘʟʦʪʘ ʌʝʥ N2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɺʝʨʰʠʥʫ ʧʠʨʘʤʠʜʳ 

ʩʦʩʪʘʚʣʷʝʪ ʚʪʦʨʦʡ ʘʪʦʤ ʘʟʦʪʘ ʬʝʥʘʥʪʨʦʣʠʥʘ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʢʠʩʣʦʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ï

SH ʛʨʫʧʧʳ ʌɸɻ ʨʝʘʛʝʥʪʘ (ʨʂSH) ʠ ʥʝʢʦʪʦʨʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝ-

ʘʢʮʠʡ (ȹʨʂ1-ȹʨʅ50, ʨʂ1-lgɓʢ, pH50 -ůn ʠ ὑ-M(X)). ʇʦʣʫʯʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʧʦʜ-

ʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ  ʈʃʂ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʳ ʠʦʥʦʚ ʢʦʤʧʣʝʢ-

ʩʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʤʝʨʢʘʧʪʦʛʨʫʧʧʳ ʌɸɻ ʨʝʘʛʝʥ-

ʪʦʚ. ʇʨʠʯʝʤ ʩ ʚʚʝʜʝʥʠʝʤ ʚ ʩʪʨʫʢʪʫʨʳ ʵʣʝʢʪʨʦʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʪʦ ʝʩʪʴ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ ʌɸɻ ʨʝʘʛʝʥʪʘ, ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ, ʘ ʨʅʦʧʪ ʠ ʨʅ50 ʩʜʚʠʛʘʝʪʩʷ ʚ ʙʦʣʝʝ ʩʣʘʙʦʢʠʩʣʫʶ ʦʙʣʘʩʪʴ, ʯʪʦ ʭʦʨʦhʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. ʏʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ 

ʠ ʤʝʥʴʰʝ ʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʪʝʤ ʤʝʥʴʰʝ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ, ʯʪʦ ʚʧʦʣʥʝ ʩʦʛ-

ʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [40, ʩ.25]. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ 

ʟʘʤʝʩʪʠʪʝʣʷ ʤʦʣʷʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦɦʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 
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ʊʘʙʣʠʮʘ 3.7 

ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʝʢʦʪʦʨʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʃʂ ʤʝʜʠ(II) ʠ ʨʪʫʪʠ(II)  ʩ ɼʌ ʠ ɸʤ. 

ʉʦʝʜʠʥʝʥʠʝ ʨʂNH
+ 

ʨʅ R 

 

D 

 l, ʥʤ 

 

Dl, ʥʤ eĬ10
-4 lgɓ lgKp lgKʵʢ ʆʙʨʘʟʦʚʘʥʠʷ 

ʠ ʵʢʩʪʨʘʢʮʠʠ 

ʆʧʪʠʤʘʣʴ

ʥʘʷ 

1 2 3 4 5 6 7 8 9 10 11 12 

[Cu(ɼʊʌ)2(ɸʥ)2](ɸʥʅ)2 4.62 1.5-5.7 4.3-5.2 98.2 218 530 210 2.92 7.04 6.02   9.70 

[Cu(ɼʊʌ)ʌʝʥ] 4.88 3.2-7.4 6.2-7.3 98.3 231 622 252 3.15 8.20 6.52 10.15 

[Cu(ɼʊʌ)ɹʌʝʥ] 4.80 3.2-7.8 6.3-7.4 98.4 246 628 258 4.26 8.40 6.55 10.28 

[Cu(ɼʊʌ)2](ɸʌ5ʅ2)
 

 2.3-7.5 5.2-6.3 98.4 246 475 205 3.65 8.50 5.69 9.12 

[Cu(ɼʊʌ)2](ɸʌ6ʅ2)
 

 2.4-7.8 5.3-6.4 98.5 263 472 202 3.72 8.40 5.65 8.85 

[Cu(ɼʊʄʌ)2(ɸʥ)2](ɸʥʅ)2 4.62 1,8-6.1 4.6-5.6 98.4 246 533 259 3.16 11.41 6.55 10,50 

[Cu(ɼʊʄʌ)(ʌʝʥ)]  4.88 3.3-8.5 6.7-7.9 98.6 282 630 356 3.45 11.62 6.70 10.25 

[Cu(ɼʊʄʌ)(ɹʌʝʥ)] 4.80 3.5-8.8 6.6-8.1 98.6 282 635 361 4.37 11.94 6.79 10.32 

[Cu(ɼʊʄʌ)(ɼʠʧ)] 4.40 3.4-8.5 6.5-7.9 98.5 263 629 355 3.28 11.47 6.64 10.21 

[Cu(ɼʊʄʌ)2](ɸʌ2ʅ)2
 

 2.4-8.1 5.2-6.3 98.7 304 475 201 3.85 10.53 7.64 12.17 

[Cu(ɼʊʄʌ)2](ɸʌ3ʅ)2
 

 2.2-7.9 5.0-6.2 98.8 329 482 208 3.92 10.25 7.53 12.09 

[Cu(ɼʊʄʌ)2](ɸʌ4ʅ2)
 

 2.7-8.5 5.5-6.9 98.6 282 480 206 3.75 9.84 5.85 10,24 

[Cu(ɼʊʄʌ)2](ɸʌ5ʅ2)
 

 2.5-8.3 5.6-6.8 98.7 304 475 201 3.85 9.72 5.74 10.15 

[Cu(ɼʊʄʌ)2(ɸʌ6ʅ2)
 

 2.2-8.1 5.7-6.8 98.8 329 470 196 3.88 9.58 5.72 10.29 

[Cu(ɼʊʕʌ)2(ɸʥ)2](ɸʥʅ)2 4.62 2,1-6,3 4.5-5.5 98.3 231 538 262 3,33 11.92 6,71 10,85 

[Cu(ɼʊʕʌ)ʌʝʥ] 4.88 3.5-8.3 6.3-7.5 98.4 246 635 359 3.70 10.82 6.71 10.33 

[Cu(ɼʊʕʌ)ɹʌʝʥ]  4.80 3.4-8.1 6.4-7.7 98.5 263 640 364 4.82 10.96 6.81 10.47 

[Cu(ɼʊʕʌ)ɼʠʧ] 4.40 3.2-7.9 6.2-7.4 98.4 246 634 360 3.61 10.52 6.73 10.29 

[Cu(ɼʊɹʌ)2(ɸʥ)2](ɸʥʅ)2 4.62 2.0-6.1 4.6-5.9 98.6 263 538 258 3.82 11.80 6.69 11.10 

[Cu(ɼʊɹʌ)2(ʤɸʥ)2](ʤɸʥʅ)2 4.85 2.2-6.3 4.7-6.0 98.8 329 540 260 3.93 11.88 6.82 11.05 

[Cu(ɼʊɹʌ)2(ʜɸʥ)2](ʜɸʥʅ)2 5.06 2.2-6.5 4.8-6.1 98.9 360 545 265 4.25 12.05 6.90 10.92 

[Cu(ɼʊɹʌ)2(ɹʘʅ)2] 9.37 2.8-7.7 5.5-6.8 98.9 360 490 210 4.29 12.53 6.55 10.80 

[Cu(ɼʊɹʌ)ʌʝʥ]  4.88 4.1-9.2 6.9-8.2 98.8 329 644 364 3.91 11.95 6.75 11,04 

[Cu(ɼʊɹʌ)ɹʌʝʥ] 4.80 4.3-9.4 7.1-8.5 98.9 360 650 370 4.92 12.26 6.84 11.18 

[Cu(ɼʊɹʌ)(ɼʠʧ)] 4.40 3,8-8,5 6.8-8.1 98.8 329 642 362 3.75 11.85 6.79 11.03 

[Cu(Py)2(ɼʊɹʌ)]
 

5.23 3.1-6.8 5.2-6.3 98.8 329 585 305 3.42 9.90 6.4 10.87 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.7 

1 2 3 4 5 6 7 8 9 10 11 12 

[Cu(ɼʊɹʌ)2](ɼʌɻH)2 10.12 2.5-7.9 5.0-7.3 98.7 304 490 210 4.62 9.83 6.5 10.76 

[Cu(ɼʊɹʌ)2](ɸʌ1ʅ)2
 5.40 2.6-8.7 5.7-7.1 99.3 567 480 200 3.90 11.05 7.85 12.85 

[Cu(ɼʊɹʌ)2](ɸʌ2ʅ)2
 

 2.5-8.5 5.9-7.0 99.4 663 485 205 3.95 10.95 7.79 12.82 

[Cu(ɼʊɹʌ)2](ɸʌ3ʅ)2
 

 2.3-8.3 6.0-7.2 98.4 663 472 192 4.05 10.86 7.66 12.75 

[Cu(ɼʊɹʌ)2](ɸʌ4ʅ2)
 

 2.8-8.8 5.9-7.3 99.3 567 485 205 3.85 10,18 5.90 10.09 

[Cu(ɼʊɹʌ)2](ɸʌ5ʅ2)
 

 2.6-8.7 6.1-7.4 99.4 663 483 203 3.90 10.11 5.82 10.06 

[Cu(ɼʊɹʌ)2](ɸʌ6ʅ2)
 

 2.5-8.4 6.2-7.4 99.5 796 480 200 3.96 9.95 5.77 10.12 

[Hg(ɼʊʌ)2](ɸʥʅ)2 4.62 2.3-5.6 2.9-3.8 98.3 231 458 188 2.82 6.95 4.91 9.45 

[Hg(ɼʊʌ)2](ʤɸʥʅ)2 4.85 2.3-5.8 2.9-3.9 98.4 246 462 192 3.05 6.98 5.09 9.53 

[Hg(ɼʊʌ)2](ʜɸʥʅ)2 5.06 2.5-5.9 3.0-4.0 98.4 246 465 195 3.20 7.05 5.28 9.61 

[Hg(ɼʊʌ)2](ʧ-Cl-ɸʥʅ)2 3.98 1.8-4.9 2.3-3.4 98.2 218 465 195 2.75 6.85 4.25 9.18 

[Hg(ɼʊʌ)2](ʧ-Br-ɸʥʅ)2  1.5-4.5 2.0-3.1 98.2 218 465 195 2.68 6.78 4.20 9.11 

[Hg(ɼʊʄʌ)2](ɸʥʅ)2 4.62 2.8-6.9 3.1-4.1 98.6 282 460 186 3,05 10,10 6.06 12,55 

[Hg(ɼʊʄʌ)2](ʤɸʥʅ)2 4.85 2.9-7.1 3.2-4.2 98.7 304 464 190 3,20 10.21 6.19 12.69 

[Hg(ɼʊʄʌ)2](ʧ-Cl-ɸʥʅ)2 3.98 2.9-7.1 2.6-3.7 98.6 282 464 190 2,95 10.02 5.03 12.47 

[Hg(ɼʊʄʌ)2](ʧ-Br-ɸʥʅ)2  2.8-7.0 2.5-3.5 98.5 263 468 194 2,84 9.93 4.95 12.35 

[Hg(ɼʊʕʌ)2](ɸʥʅ)2 4.62 2.7-5.8 3.1-4.0 98.5 263 462 186 3.14 9.70 5.83 12.16 

[Hg(ɼʊʕʌ)2](ʤɸʥʅ)2 4.85 2.7-6.0 3.3-4.1 98.6 282 465 189 3.24 9.75 5.95 12.20 

[Hg(ɼʊʕʌ)2](ʜɸʥʅ)2 5.06 2.8-6.5 3.4-4.2 98.7 304 470 194 3.50 9.80 6.12 12.28 

[Hg(ɼʊʇʌ)2](ɸʥʅ)2 4.62 2.5-5.5 2.9-3.9 98.4 246 463 185 3.24 9.08 5.24 11.47 

[Hg(ɼʊʇʌ)2](ʧ-Cl-ɸʥʅ)2 3.98 1.7-4.8 2.7-3.5 98.5 263 465 187 3.05 9.02 4.64 11.44 

[Hg(ɼʊʇʌ)2](ʦ-ɸʤʈʫʅ)2 6.86 3.5-6.5 3.6-4.4 98.6 282 465 187 3.40 9.34 5.25 11.79 

[Hg(ɼʊʇʌ)2](ʤ-ɸʤʈʫʅ)2 5.98 3.0-6.2 3.3-4.3 98.4 246 468 190 3.28 9.28 5.16 11.76 

[Hg(ɼʊɹʌ)2](ɸʥʅ)2 4.62 2.6-6.6 3,3-4,3 98.7 304 465 185 3,68 10.41 6.16 12.89 

[Hg(ɼʊɹʌ)2](ʤɸʥʅ)2 4.85 2.7-6.8 3.4-4.3 98.9 360 466 186 3.75 10.55 6.23 13.11 

[Hg(ɼʊɹʌ)2](ʜɸʥʅ)2 5.06 2.9-6.9 3.4-4.4 99.2 496 470 190 3.80 10.64 6.32 13.34 

[Hg(ɼʊɹʌ)2](ʦ-ɸʤʈʫʅ)2 6.86 3.5-7.1 3.4-4.5 99.3 567 470 190 3.38 10.85 6.18 13.60 

[Hg(ɼʊɹʌ)2](ʤ-ɸʤʈʫʅ)2 5.98 3.0-6.2 3.5-4.4 99.3 567 472 192 3.15 10.67 6.11 13.57 

[Hg(ɼʊɹʌ)2](ʧ-ɸʤʈʫʅ)2 9.17 3.0-7.0 3.6-4.5 99.4 663 475 195 3.88 10.76 6.04 13.58 
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. 

ʊʘʙʣʠʮʘ 3.8 

ʆʩʥʦʚʥʳʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʃʂ ʊi(IV) c ɼʌ ʠ ɸʤ 

 

ʉʦʝʜʠʥʝʥʠʝ 

ʨʂNH
+ 

ʨʅ R,% 

 

D 

 
l, 

ʥʤ 

ȹl, 

ʥʤ 

eĿ10
-4

 lgɓ lgKp lgKʕʢ 

 ʆʙʨʘʟʦ-

ʚʘʥʠʷ 

ʆʧʪʠʤʘʣʴ-

ʥʳʡ 

1 2 3 4 5 6 7 8 9 10 11 12 

[Ti(ʆʅ)2(ɼʊʌ)2](ɸʥʅ)2 4.62 2.0-5.6 3.1-4.1 97.5 156 428 158 2.32 6.25 5.55 8.33 

[Ti(ʆʅ)2(ɼʊʌ)2](ʤɸʥʅ)2 4.85 2.2-5.7 3.2-4.3 97.5 156 430 160 2.38 6.32 5.63 8.44 

[Ti(ʆʅ)2(ɼʊʌ)2](ɸʌ1ʅ)2 5.40 2.4-6.8 3.5-4.7 97.8 178 430 160 2.53 8.25 6.25 10.29 

[Ti(ʆʅ)2(ɼʊʌ)2](ɸʌ2ʅ)2  2.5-7.0 3.5-4.8 97.8 178 435 165 2.61 8.34 6.14 10.35 

[Ti(ʆʅ)2(ɼʊʄʌ)2](ɸʥʅ)2 4.62 2.3-6.4 3.4-4.7 97.6 163 432 158 2.48 10.29 5.62 12.48 

[Ti(ʆʅ)2(ɼʊʄʌ)2](ʤɸʥʅ)2 4.85 2.5-6.5 3.3-4.9 97.7 170 432 158 2.41 10.36 5.65 12.59 

[Ti(ʆʅ)2(ɼʊʄʌ)2](ɸʌ1ʅ)2  2.8-7.0 3.8-5.0 98.4 246 430 156 2.55 9.72 6.54 11.85 

[Ti(ʆʅ)2(ɼʊʄʌ)2](ɸʌ2ʅ)2  2.8-7.2 3.7-5.2 98.5 263 430 156 2.62 9.53 6.35 11.76 

[Ti(ʆʅ)2(ɼʊʄʌ)2](ɸʌ3ʅ)2  2.8-7.3 3.7-5.3 98.5 263 435 161 2.74 9.45 6.25 11.68 

[Ti(ʆʅ)2(ɼʊʕʌ)2](ɸʥʅ)2 4.62 2.3-6.2 3.3-4.5 97.7 170 438 162 2.50 9.75 5.38 11.85 

[Ti(ʆʅ)2(ɼʊʕʌ)2](ʜɸʥʅ)2 5.06 2.6-6.5 3.4-4.6 97.9 186 446 170 2.65 9.95 5.49 11.97 

[Ti(ʆʅ)2(ɼʊʕʌ)2](ɸʌ4ʅ2)  3.6-5.1 3.6-5.1 98.0 196 435 159 2.55 8.52 5.12 10.65 

[Ti(ʆʅ)2(ɼʊʕʌ)2](ɸʌ5ʅ2)  3.7-5.3 3.7-5.3 98.2 218 438 162 2.72 8.75 5.23 10.73 

[Ti(ʆʅ)2(ɼʊʕʌ)2](ɸʌ6ʅ2)  3.8-5.3 3,8-5,3 98.3 231 440 164 2.83 8.97 5.27 10.79 

[Ti(ʆʅ)2(ɼʊʇʌ)2](ɸʥʅ)2 4.62 2.2-5.7 3.2-4.3 97.6 163 430 152 2.78 8.96 5.23 11.15 

[[Ti(ʆʅ)2(ɼʊɹʌ)2](ʧ-Cl-ɸʥʅ)2  2.0-4.9 2.4-3.8 98.0 196 430 150 2.26 8.72 5.27 11.02 

[Ti(ʆʅ)2(ɼʊɹʌ)2](ɸʥʅ)2 4.62 2.5-6,8 3.3-4.8 98.0 196 432 152 2.95 10.68 5.65 12.97 

[Ti(ʆʅ)2(ɼʊɹʌ)2](ʤɸʥʅ)2 4.85 2.7-6.9 3.4-5.0 98.2 218 435 155 3.08 10.65 5.74 13.08 

[Ti(ʆʅ)2(ɼʊɹʌ)2](ʜɸʥʅ)2 5.06 2.8-7.0 3.5-5.2 98.2 218 440 160 3.15 10.63 5.79 13.16 

[Ti(ʆʅ)2(ɼʊɹʌ)2](ɼʌɻʅ)2 10.12 2.3-6.8 3.2-5,3 98.4 246 440 160 2.30 10.92 6.70 12.65 

[Ti(ʆʅ)2(ɼʊɹʌ)2](ʊʌɻʅ)2 9.10 2.1-6.5 3.1-5.2 98.3 231 430 150 2.12 10.56 6.78 12.53 

[Ti(ʆʅ)2(ɼʊɹʌ)2](ʈʫʅ)2 5.23 2.4-5.9 3.5-4.9 98.2 218 435 155 2.75 10.49 5.87 12.53 

[Ti(ʆʅ)2(ɼʊɹʌ)2](ɹʘʅ)2 9.37 2.4-6.8 3,5-5.9 98.4 246 430 150 2.95 10.24 6.66 12.35 

[Ti(ʆʅ)2(ɼʊɹʌ)(ɼɸʄ)] 2.15 2.0-5.2 3.2-4.4 97.9 186 480 200 2.48 7.98 5.12 10.02 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.8 
1 2 3 4 5 6 7 8 9 10 11 12 

[Ti(ʆʅ)2(ɼʊɹʌ)(ɼɸʇʄ)] 3.3 2.0-5.4 3.3-4.7 98.0 196 475 195 2.35 8.12 5.17 10.14 

[Ti(ʆʅ)2(ɼʊɹʌ)(ɼɸʌʄ)] 2.8 2.0-5.5 3.2-4.9 98.1 206 472 198 2.26 8.17 5.20 10.19 

[Ti(ʆʅ)2(ɼʊɹʌ)2](ɸʌ1ʅ)2 5.4 2.5-6.2 3.5-5.2 98.8 329 438 158 3.16 10.24 6.54 12.25 

[Ti(ʆʅ)2(ɼʊɹʌ)2](ɸʌ2ʅ)2 5.3 2.4-6.3 3.0-5.1 97.5 156 440 160 3.20 10.26 6.35 12.26 

[Ti(ʆʅ)2(ɼʊɹʌ)2](ɸʌ3ʅ)2 5.2 2.2-6.5 3.2-5.5 98.8 329 460 180 3.32 10.27 6.25 12.25 

[Ti(ʆʅ)2(ɼʊɹʌ)2](ɸʌ4ʅ2) 6.1 2.8-6.8 3.9-5.8 98.6 282 440 160 2.83 9.34 5.27 11.39 

[Ti(ʆʅ)2(ɼʊɹʌ)2](ɸʌ5ʅ2) 6.2 3.0-6.9 3.8-5.6 98.7 304 445 165 3.02 9.36. 5.23 11.43 

[Ti(ʆʅ)2(ɼʊɹʌ)2](ɸʌ6ʅ2) 6.0 3.0-6.5 3.8-5.4 98.7 304 450 170 3.25 9.38 5.27 11.45 

[Ti(ʆʅ)2(ɼʊɹʌ)2](ɸʌ10ʅ)2  2.8-6.8 3.2-5.7 98.5 360 480 200 3.54 10.28 5.23 11.55 

[Ti(ʆʅ)2(ɼʊɹʌ)2](ɸʌ12ʅ)2  2.8-6.6 3.2-5.6 98.8 329 465 185 3.42 10.15 5.27 11.48 
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ɻʃɸɺɸ IV  

 

ʈɸɿʅʆʃʀɻɸʅɼʅʓɽ ʂʆʄʇʃɽʂʉʓ ɺɸʅɸɼʀʗ(II, IV ),  

ʅʀʆɹʀʗ(V) ʀ ʊɸʅʊɸʃɸ(V) ʉ ɼʀʊʀʆʃʌɽʅʆʃɸʄʀ ʀ 

ɻʀɼʈʆʌʆɹʅʓʄʀ ɸʄʀʅɸʄʀ 

ʉʦʝʜʠʥʝʥʠʷ V(II) ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʤʘʣʦ ʫʩʪʦʡʯʠʚʳ ʚʩʣʝʜʩʪʚʠʝ ʣʝʛʢʦʡ 

ʦʢʠʩʣʷʝʤʦʩʪʠ. ʇʦʵʪʦʤʫ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠʦʥʦʚ V(II) ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ V(II) ʨʘʚʥʦ 6, ʯʪʦ ʦʪ-

ʚʝʯʘʝʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤʫ ʩʪʨʦʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ ʩʦʝʜʠ-

ʥʝʥʠʡ V(II). ʉʦʝʜʠʥʝʥʠʷ V(IV) ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʨʠʦʙ-

ʨʝʣʠ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʫʩ-

ʪʦʡʯʠʚʳ ʠ ʥʘ ʚʦʟʜʫʭʝ ʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 

ʠʟʤʝʥʷʝʪʩʷ ʩʨʦʜʩʪʚʦ ʠʦʥʦʚ ʚʘʥʘʜʠʷ ʢ ʵʣʝʢʪʨʦʜʦʥʦʨʥʳʤ ʘʪʦʤʘʤ. ʀʦʥʳ V(II,III)  

ʩ ʘʟʦʪʦʤ ʦʙʨʘʟʫʶʪ ʙʦʣʝʝ ʧʨʦʯʥʫʶ ʩʚʷʟʴ, ʯʝʤ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʘ V(IV,V)  ʥʘʦʙʦʨʦʪ 

(ʩ  ʢʠʩʣʦʨʦʜʦʤ ʧʨʦʯʥʝʝ, ʯʝʤ ʩ ʘʟʦʪʦʤ). ʀʦʥʳ V(II)  ʦʙʨʘʟʫʶʪ ʢʦʤʧʣʝʢʩʳ ʩ ʢʠʩ-

ʣʦʨʦʜ- ʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘʤʠ. ʉʫʣʴʬʠʜʳ ʚʘʥʘʜʠʷ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ 

ʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʭ ʩ ʨʝʘʛʝʥʪʘʤʠ ʪʠʧʘ R-SH ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʯʥʳʝ ʥʝʨʘʩʪ-

ʚʦʨʠʤʳʝ ʠ ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʢʦʤʧʣʝʢʩʳ. ʂ ʵʪʦʤʫ ʪʠʧʫ ʨʝʘʛʝʥʪʘʤ ʦʪʥʦʩʷʪʩʷ 

ʜʠʪʠʦʢʘʨʙʦʤʘʪʳ, ʢʩʘʥʪʦʛʝʥʘʪʳ, ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ, ʜʠʪʠʦʣʳ, ʜʠʪʠʦʦʢʩʘʣʘʪ, ʜʠ-

ʪʠʟʦʥ ʠ ʨʷʜ ʜʨʫʛʠʭ. ʀʦʥʳ Nb(V) ʠ Ta(V) ʩ ʢʠʩʣʦʨʦʜʦʤ ʦʙʨʘʟʫʶʪ ʙʦʣʝʝ ʧʨʦʯ-

ʥʫʶ ʩʚʷʟʴ, ʯʝʤ ʩ ʘʟʦʪʦʤ. ʆʧʨʝʜʝʣʝʥʠʝ Nb(V) ʠ Ta(V) ʩ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʥʤrʠ ʜʦ ʩʠʭ ʧʦʨ ʨʝʘʛʝʥʪʘʤʠ ʪʨʝʙʫʝʪ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʪʜʝʣʝʥʠʷ. 

4.1. ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʚʘʥʘʜʠʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʜʠʪʠʦʣʬʝʥʦ-

ʣʘʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, V(II) ʚ ʨʘʩʪʚʦʨʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʣʠʰʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʠʣʴʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʦʥ ʦʢʠʩʣʷʝʪʩʷ, ʠʦʥʳ V(V) ʷʚʣʷ-

ʶʪʩʷ ʩʠʣʴʥʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ ʠ ʣʝʛʢʦ ʚʦʩʩʪʘʥʦʚʣʠʚʘʶʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʩ-

ʩʪʘʥʦʚʠʪʝʣʝʡ. ʀʟʚʝʩʪʥʳ ʥʝʢʦʪʦʨʳʝ  ʈʃʂ V(V) ʩ ʤʦʨʠʥʦʤ, ʧʠʨʦʢʘʪʝʭʠʥʦʤ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʤʠ, ʪʨʠʦʢʩʦʬʣʫʦʨʦʥʘʤʠ ʠ ʜʨʫʛʠʤʠ ʣʠʛʘʥʜʘʤʠ [191, c.813; 298, ʩ. 

1083], ʛʜʝ V(V) ʚʦʩʩʪʘʥʦʚʣʠʚʘʝʪʩʷ ʜʦ V(IV), ʘ ʧʦʩʣʝʜʥʠʡ ʟʘʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪ-
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ʚʫʝʪ ʩ ʛʠʜʨʦʢʩʠʣʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘʤʠ. ʆʧʳʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʈʃʂ, ʦʙʨʘʟʫ-

ʶʱʠʝʩʷ ʩ ʠʩʭʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ V(IV)  ʠ V(V), ʚʝʜʫʪ ʩʝʙʷ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʩʦ-

ʚʝʨhʝʥʥʦ ʘʥʘʣʦʛʠʯʥʦ: ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʥʪʝʨʚʘʣ ʨʅ ʦʧʪʠʤʘʣʴʥʦʡ ʵʢʩ-

ʪʨʘʢʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ. ɺʦʟʥʠʢʘʝʪ ʩʧʨʘʚʝʜʣʠʚʳʡ ʚʦʧʨʦʩ - ʥʝ ʤʝʥʷʝʪʩʷ 

ʣʠ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʠʦʥʦʚ ʚʘʥʘʜʠʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ɼʌ ï ʘʥʘʣʦʛʘʤʠ ʧʠ-

ʨʦʛʘʣʣʦʣʘ, ʪʝʤ ʙʦʣʝʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʨʝʘʛʝʥʪʳ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʦʢʠʩ-

ʣʝʥʠʶ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʣʠʬʝʥʦʣʘʤʠ. ʉ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ɼʌ ʠ ɸʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʚʝʨʜʳʝ 

ʧʨʝʧʘʨʘʪʳ ʢʦʤʧʣʝʢʩʦʚ V(IV)  ʠ V(V) ʩ ɼʊʄʌ ʠ ɸʥ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʪʚʝʨ-

ʜʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʡ V(IV)  ʠ V(V), ʦʜʠʥ ʠ ʪʦʪ ʞʝ, ʪ. 

ʝ. ʢ ʦʜʥʦʤʫ ʠʦʥʫ ʚʘʥʘʜʠʷ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʜʚʘ ʘʥʠʦʥʘ ɼʊʄʌ ʠ ʜʚʝ ʤʦʣʝʢʫʣʳ 

ɸʥ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʚʳʜʝʣʝʥʠʠ ʪʚʝʨʜʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚʦʩ-

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʦʩʪʦʷʥʩʪʚʝ 

ʩʦʩʪʘʚʘ ʦʙʨʘʟʫʶʱʝʡʩʷ ʪʚʝʨʜʦʡ ʬʘʟʳ. ɺʚʝʜʝʥʠʝ ʚ ʩʠʩʪʝʤʫ V(V)-ɼʊʄʌ-ɸʥ ʨʘʩʪ-

ʚʦʨʘ KMnO4, ʘ ʪʘʢʞʝ MnO2, Br2, (NH4)2S2O8 ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʤʝʥʴʰʝʥʠʶ 

ʩʚʝʪʦʧʦʛʣʦɦʝʥʠʷ ʢʦʤʧʣʝʢʩʘ. ʈʘʟʣʠʯʥʳʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ - ʩʫʣʴʬʠʪ ʠ ʤʝʪʘʙʠ-

ʩʫʣʴʬʠʪ ʥʘʪʨʠʷ, ʪʠʦʛʣʠʢʦʣʝʚʘʷ ʢʠʩʣʦʪʘ ʥʝ ʚʣʠʷʶʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʵʢʩʪʨʘʢ-

ʮʠʶ ʢʦʤʧʣʝʢʩʦʚ ʠ ʥʝ ʠʟʤʝʥʷʶʪ ʩʧʝʢʪʨʦʚ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ V(IV) -

ɼʊʄʌ-ɸʥ ʠ V(V)-ɼʊʄʌ-ɸʥ.  

ʀʂ-ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʦʚ, ʩʥʷʪʳʝ ʥʘ ʚʘʟʝʣʠʥʦʚʦʤ ʤʘʩʣʝ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ 

ʠʭ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ ʟʘʤʝʪʥʦ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, V(IV)  

ʠ V(V)  ʩ ɼʊʄʌ ʠ ɸʥ ʦʙʨʘʟʫʶʪ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʨʅ ʦʢʨʘʰʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʠʜʝʥʪʠʯʥʳ ʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʣʥʘʷ ʘʥʘʣʦʛʠʷ ʩʧʝʢʪʨʦʚ ʠʭ ʧʦʛʣʦʱʝʥʠʷ. ʉʦʚʧʘʜʝʥʠʝ ʜʘʥʥʳʭ ʜʣʷ ʠʟʫʯʝʥʥʳʭ 

ʩʠʩʪʝʤ V(IV)  ʠ V(V)  ʦʯʝʚʠʜʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ V(V) ʜʦ V(IV) , 

ʪ.ʝ. ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʘʛʝʥʪʦʚ ʩ V(IV)  ʠ V(V), ʷʚʣʷʝʪʩʷ 

ʦʜʥʦ ʠ ʪʦ ʞʝ ʩʦʝʜʠʥʝʥʠʝ. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 

ʚʘʥʘʜʠʷ ʚ ʧʦʣʫʯʝʥʥʳʭ ʭʣʦʨʦʬʦʨʤʥʳʭ ʨʘʩʪʚʦʨʘʭ ʙʳʣʠ ʩʥʷʪʳ ʩʧʝʢʪʨʳ ʵʣʝʢʪʨʦ-

ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʧʦʩʣʝʜʥʠʭ (ʨʠʩ. 4.1). V(V) ʥʝ ʠʤʝʝʪ ʥʝʩʧʘʨʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʠʘʤʘʛʥʠʪʝʥ, ʘ V(IV) ʠʤʝʝʪ ʦʜʠʥ d-ʵʣʝʢʪʨʦʥ ʠ ʦʙʣʘʜʘʝʪ ʵʣʝʢʪʨʦʥ-
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ʥʳʤ ʧʘʨʘʤʘʛʥʠʪʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʟʥʘʯʝʥʠʝʤ ʷʜʝʨʥʦʛʦ ʩʧʠ-

ʥʘ J  ʩʧʝʢʪʨʳ ʕʇʈ ʢʦʤʧʣʝʢʩʦʚ V(IV) ʩʦʩʪʦʷʪ ʠʟ ʚʦʩʴʤʠ ʣʠʥʠʡ ʩʚʝʨʭʪʦʥʢʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʝʩʧʘʨʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʥʘ ʩ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ ʷʜʨʘ 
51

V(g=1.961, A(
51

V)=110.5 ɻʩ)[43, ʩ.382]. 

 

ʈʠʩ.4.1. ʉʚʝʨʭʪʦʥʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʣʠʥʠʠ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ ʨʘʩʪʚʦ-

ʨʘʭ V(IV)-ɼʊɹʌ-ɸʌ1(1) ʠ V(V)-ɼʊɹʌ-ɸʌ1(2)  

 ɺ ʩʧʝʢʪʨʘʭ ʕʇʈ  ʭʣʦʨʦʬʦʨʤʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʈʃʂ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ V(IV) ʠ V(V) ʥʘʙʣʶʜʘʝʪʩʷ ʩʚʝʨʭʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟ 8 ʣʠʥʠʡ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ V(V) ʩ ɼʊʄʌ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʝ ʜʦ V(IV). ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʩʧʝʢʪʨʳ ʕʇʈ ʧʦʟʚʦʣʷʶʪ 

ʧʨʝʜʩʪʘʚʠʪʴ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤʘʭ. V(V) ʩʥʘʯʘʣʘ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ɼʌ ʜʦ V(IV), ʧʦʩʣʝʜʥʠʡ ʟʘʪʝʤ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʢʦʤʧʣʝʢ-

ʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ɼʌ ʠ ɸʤ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ɼʌ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ V(II) 

ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʇʦʩʣʝ ʨʝʵʢʩʪʨʘʢʮʠʠ ʢʦʤʧʣʝʢʩʘ V(II) ʩ ɼʊʄʌ ʠ ɸʌ1 ʚ ʨʘʩʪʚʦʨʝ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ V(II) ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ. ʊʘʢ ʢʘʢ, ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʝʡ 

ʦʢʠʩʣʝʥʠʷ ʪʦʣʴʢʦ ʠʦʥʳ V(II)  ʩ ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʦʙʨʘʟʫʶʪ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʝʜʠʥʝ-

ʥʠʝ, ʦʢʨʘʰʝʥʥʦʝ ʚ ʩʠʥʠʡ ʮʚʝʪ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʨʝʵʢʩʪʨʘʢʮʠʠ 95-96% 

ʚʘʥʘʜʠʷ ʚ ʨʘʩʪʚʦʨʝ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ V(II) . 

4.2. ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʚ V(II ,IV ), Nb(V) ʠ 

Ta(V) ʩ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʧʳʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʦʥʳ V(II,IV) , Nb(V) ʠ Ta(V) 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ɼʌ ʦʙʨʘʟʫʶʪ ʦʢʨʘʰʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʥʝʨʘʩʪ-

ʚʦʨ̫ʁ ʪʩʷ ʚ ʥʝʧʦʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʩʠʩʪʝ-

2
7=
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ʤʫ ʛʠʜʨʦʬʦʙʥʳʭ ɸʤ ʵʪʠ ʩʦʝʜʠʥʝʥʠ ̫ʠʟʚʣʝʢʘʶʪʩ̫ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʚ ʚʠʜʝ 

ʈʃʂ. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʳ ʈʃʂ V(II,IV) , Nb(V) ʠ 

Ta(V) ʩ ɼʌ (ɼʊʌ, ɼʊʄʌ, ɼʊʕʌ, ɼʊʇʌ ʠ ɼʊɹʌ) ʠ ɸʤ. ʀʟ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠ-

ʥʦʚ ʠʩʧʦʣʴʟʦʚʘʥ ɸʥ, ʤɸʥ, ʜɸʥ, ʦ-ʪʦʣ, ʤ- ʪʦʣ, ʧ- ʪʦʣ, ʦ-ɸʤʈʫ, ɼʌɻ, ʊʌɻ, ɸʥʪ, 

ɼɸʄ, ɼɸʇʄ, ɼɸɻʄ, ɼɸʌʄ, ʌʝʥ, ɹʌʝʥ, ɼʠʧ, ɹʘ, ʊɹɸ, ɸʌ1-ɸʌ5, ɸʌ7-ɸʌ11 

[78, ʩ.1159; 169, ʩ.38; 177. ʩ.18-27; 403, ʩ.3487; 405, ʩ.2211]. 

ɺʳʙʦʨ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʨʂ ʨʝʘʛʝʥʪʘ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʦʯʥʦʩʪʴ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ ʠ ʫʤʝʥʴh ʘʝʪʩʷ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ. ɼʣʷ ʵʢʩʪʨʘʢʮʠʠ 

ʢʦʤʧʣʝʢʩʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ CHCl3, CCl4, C2H4Cl2, C6H6, C6H5-CH3,C6H5-CH2-CH3, 

C4H9OH, C6H5Cl, CH3COOC2H5, ʤʝʪʠʣʠʟʦʙʫʪʠʣʢʝʪʦʥ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩ-

ʪʚʦʨʠʪʝʣʠ ʠ ʠʭ ʩʤʝʩʠ. ɺ ʩʣʫʯʘʝ ʧʦʣʷʨʥʳʭ ʛʘʣʦʛʝʥʧʨʦʠʟʚʦʜʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ 

ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʵʢʩʪʨʘʢʮʠʷ ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʅʘʠʣʫʯʰʠʤʠ 

ʵʢʩʪʨʘʛʝʥʪʘʤʠ ʦʢʘʟʘʣʠʩʴ CHCl3, C2H4Cl2, CCl4 ʠ C6H5Cl. ʇʨʠ ʦʜʥʦʢʨʘʪʥʦʡ ʵʢʩ-

ʪʨʘʢʮʠʠ ʭʣʦʨʦʬʦʨʤʦʤ ʠʟʚʣʝʢʘʝʪʩʷ 97.5-98.9% V(II) , Nb(V) ʠ Ta(V) ʚ ʚʠʜʝ ʈʃʂ. 

ɿʘ ʩʯʝʪ ʵʢʩʪʨʘʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʤʦʞʥʦ 

ʧʦʥʠʟʠʪʴ ʥʘ ʧʦʨʷʜʦʢ.  

 ɺʚʝʜʝʥʠʝ ʨʘʜʠʢʘʣʘ ʛʝʢʩʠʣʘ ʚ ʤʦʣʝʢʫʣʫ ɼɸʄ ʥʝ ʦʩʣʘʙʣʷʝʪ ʦʩʥʦʚʥʳʭ ʩʚʦʡ-

ʩʪʚ ʨʝʘʛʝʥʪʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʵʢʩʪʨʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʍʣʦʨʦʬʦʨʤʥʳʡ 

ʨʘʩʪʚʦʨ ɼɸɻʄ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʪʨʘʢʮʠʠ ʦʯʝʥʴ ʙʳʩʪʨʦ ʠ ʣʝʛʢʦ çʚʳʪʷʛʠʚʘʝʪè ʜʠʪʠ-

ʦʣʬʝʥʦʣʷʪʥʳʡ ʢʦʤʧʣʝʢʩ V(IV ). ʆʙʳʯʥʦ ʘʜʜʫʢʪʦʦʙʨʘʟʦʚʘʥʠʝ ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ [238, ʩ.48]. ʇʨʠ 

ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʢʦʤʧʣʝʢʩʳ ʵʢʩʪʨʘʛʠʨʫʁʪʩʷ ʣʫʯʰʝ 

[220, ʩ.214]. 

ɺʣʠʷʥʠʝ ʨʅ ʚʦʜʥʦʡ ʬʘʟʳ ʥʘ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ V(II ,IV ), Nb(V) ʠ 

Ta(V). ʂʠʩʣʦʪʥʦʩʪʴ ʚʦʜʥʦʡ ʬʘʟʳ ʩʦʟʜʘʚʘʣʠ ʨʘʩʪʚʦʨʘʤʠ HCl, H2SO4, ʘ ʪʘʢʞʝ 

ʘʮʝʪʘʪʥʳʤ ʙʫʬʝʨʥʳʤ ʨʘʩʪʚʦʨʦʤ. ʆʧʪʠʤʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʢʠʩʣʦʪʥʦʩʪʠ, ʧʨʠ ʢʦ-

ʪʦʨʦʤ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ V(II) ʩ ɼʌ ʠ ɸʤ ʤʘʢʩʠʤʘʣʴʥʘ ʠ ʧʦʩʪʦ-

ʷʥʥʘ, ʥʘʭʦʜʠʪʩʷ ʧʨʠ ʨʅʦʧʪ 2.4-7.2. ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ V(IV)  ʦʧ-

ʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʨʅ 3.2-7.8. ʉʦʜʝʨʞʘʥʠʝ V(II ) ʠ V(IV) ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ 

ʧʦʩʣʝ ʨʝʵʢʩʪʨʘʢʮʠʠ ʦʧʨʝʜʝʣ̫ʣʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʬʝʥʘʥʪʨʦʣʠ-
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ʥʦʤ ʠ 8-ʛʠʜʨʦʢʩʠʭʠʥʦʣʠʥʦʤ [200, ʩ.80, ʩ.88], ʘ ʚ ʚʦʜʥʦʡ - ʧʦ ʨʘʟʥʦʩʪʠ. ʇʨʠ ʥʠʟ-

ʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ ʚʦʜʥʦʡ ʬʘʟʳ ʵʢʩʪʨʘʢʮʠʷ V(II,IV) ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ, ʦʯʝ-

ʚʠʜʥʦ, ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʠʟʦʚʘʥʥʦʡ ʬʦʨʤʳ ɼʌ (ʨʠʩ. 

4.2). ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Nb(V) ʠ Ta(V) c ɼʌ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɸʤ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʨʅ 2.9-5.6  ʠ  

ʨʅ 2.5-6.0 ʜʣʷ Nb(V) ʠ Ta(V) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ.4.3). ʇʨʠ ʧʦʚʳhʝʥʠʠ ʨʅ²8 

ʵʢʩʪʨʘʢʮʠʷ ʈʃʂ V(II ,IV), Nb(V) ʠ Ta(V) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣ ʜʁʘʝʪʩʷ. ʕʪʦ, ʚʠ-

ʜʠʤʦ, ʩʚʟ̫ʘʥʦ ʩ ʧʦʥʠʞʝʥʠʝʤ ʩʪʝʧʝʥʠ ʧʨʦʪʦʥʠʟʘʮʠʠ ɸʤ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʤʦʣʝʢʫʣ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ɸʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʩ ʧʦʚʳʰʝʥʠ-

ʝʤ ʨʅ  ʚʦʜʥʦʡ ʬʘʟʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ HR
2- 
ʠ R

3-
, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙ-

ʨʘʟʦʚʘʥʠʶ ʥʝʵʢʩʪʨʘʛʠʨʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ [ʄ(ɼʌ)2]
4-
,  

   

ʈʠʩ.4.2. ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʈʃʂ ʚʘʥʘʜʠʷ(II ,IV) ʩ ɼʌ ʠ ɸʤ ʦʪ 

pH ʚʦʜʥʦʡ ʬʘʟʳ 

a) 1.V(II )-ɼʊʕʌ-ɸʥ, 2.V(II )-ɼʊʕʌ-ʤɸʥ, 3.V(II )-ɼʊɹʌ-ɸʌ4, 4.V(II )-ɼʊɹʌ-ɸʌ5, 

5.V(II )-ɼʊɹʌ-ɸʌ3  

ʙ) 1.V(IV)-ɼʊɹʌ-ɼɸʇʄ, 2.V(IV)-ɼʊɹʌ-ɼɸʄ,  3.V(IV)-ɼʊɹʌ-ɼɸʌʄ, 

4.V(IV)-ɼʊɹʌ-ɼɸɻʄ 

CV= 3.92Ĭ10
-5
ʄ, ʉɼʌ=(1.0-1.2)Ĭ10

-3
 ʄ, ʉɸʤ=(0.6-0.8)Ĭ10

-3
 ʄ, ʂʌʂ-2, ɚ = 590 ʥʤ, 

=0.5 ʩʤ. 

ʉʧʝʢʪʨʳ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ. ʅʘ ʨʠʩ.4.4 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʝʪʦʧʦʛ-

ʣʦʱʝʥʠʷ ʭʣʦʨʦʬʦʨʤʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʜʣʷ ʈʃʂ V(II,IV) , ʛʜʝ ʦʪ-

ʩʫʪʩʪʚʫʶʪ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʨʝʘʛʝʥʪʦʚ, ʪʘʢ ʢʘʢ ʦʥʠ ʚ ʚʠʜʠʤʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ 

ʥʝ ʧʦʛʣʦʱʘʶʪ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʜʁʘʝʪʩʷ ʧʨʠ l 

= 582-650 ʥʤ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Nb(V) ʠ Ta(V) ʩ ɼʌ ʠ ɸʤ ʦʙʨʘʟʫʶʪʩʷ ʈʃʂ, 

ʦʢʨʘʰʝʥʥʳʝ ʚ ʞʝʣʪʳʡ ʮʚʝʪ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʘʙʩʦʨʙʮʠʷ ʢʦʤʧʣʝʢʩʦʚ Nb(V) ʠ 

?
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Ta(V) ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 430-460 ʥʤ. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʘ-

ʪʦʭʨʦʤʥʳʤ ʩʜʚʠʛʦʤ ʥʘ 160-180 ʥʤ (ʨʠʩ.4.5). ʊʘʢ ʢʘʢ ʭʣʦʨʦʬʦʨʤʥʳʝ ʨʘʩʪʚʦʨʳ 

ɼʌ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʛʣʦʱʘʶʪ ʧʨʠ 270-280 ʥʤ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʫʣʫʯʰʝʥʠʷ ʢʦʥʪ-

ʨʘʩʪʥʦʩʪʠ ʨʝʘʢʮʠʡ - ʚʚʝʜʝʥʠʝ ʧʦʜʭʦʜʷʱʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʤʦʣʝʢʫʣʫ ʨʝʘʛʝʥʪʘ. 

 

ʈʠʩ.4.3. ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʈʃʂ ʥʠʦʙʠʷ(V) (ʘ) ʠ ʪʘʥʪʘʣʘ(V) (ʙ) 

ʦʪ pH ʚʦʜʥʦʡ ʬʘʟʳ 

ʘ)1. Nb(V)-ɼʊʌ-ɸʌ1, 2. Nb(V)-ɼʊʌ-ɸʌ2,  3. Nb(V)-ɼʊʌ-ɸʌ3 

ʙ)1.Ta(V)-ɼʊɹʌ-ɸʥ, 2.Ta(V)-ɼʊɹʌ-ʤɸʥ, 3.Ta(V)-ɼʊɹʌ-ɸʌ1, 

4.Ta(V)-ɼʊɹʌ-ɸʌ2,  

CNb(V)= 2.15Ĭ10
-5 
ʄ, CTa(V)=1.105Ĭ10

-5
ʄ, ʉɼʌ=(0.88 -1.00)Ĭ10

-3
 ʄ, ʉɸʌ =(0.72-

0.88) Ĭ10
-3
 ʄ, ʂʌʂ-2, 590 ʥʤ, =0.5 ʩʤ. 

 ɺʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʦʙʲʝʤʦʚ ʬʘʟ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʠʚʘʥʠʷ. ʅʝʟʘʚʠ-

ʩʠʤʦ ʦʪ ʦʩʥʦʚʥʦʩʪʠ ʘʤʠʥʦʚ ʠ ʠʭ ʧʨʠʨʦʜʳ ʦʧʪʠʤʘʣʴʥʳʤ 6̃ 6̏ϳ  ʷʚʣʷʝʪʩʷ ʩʦʦʪʥʦ-

ʰʝʥʠʝ 5/5-80/5. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʜʦ 100/5 ʠʟʚʣʝʯʝʥʠʝ 

ʤʝʪʘʣʣʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

 ɺ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʩʠʩʪʝʤʘʭ V-ɼʌ-ɸʤ ʨʘʚʥʦʚʝʩʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 

12-20 ʤʠʥ. ʠ ʪʝʤ ʙʳʩʪʨʝʝ, ʯʝʤ ʚʳʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ɼʌ. ʆʧʪʠʯʝʩʢʠʝ ʧʣʦʪʥʦʩʪʠ 

ʈʃʂ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤ ʚ ʪʝʯʝʥʠʝ 2-ʭ ʩʫʪʦʢ, ʘ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʙʦʣʴʰʝ ʤʝʩ-

ʷʮʘ. ʆʢʨʘʩʢʘ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚʘʥʘʜʠʷ ʩ ɼʌ ʠ ɼɸʄ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʩʣʝ ʧʷʪʠ-

ʤʠʥʫʪʥʦʛʦ ʚʩʪʨʭ̫ʠʚʘʥʠʷ ʩʤʝʩʠ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʆʧʪʠʯʝʩʢʘʷ 

ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʝʪ, ʜʦʩʪʠʛʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʜʘʣʴʰʝ ʦʩʪʘʝʪʩʷ ʧʦʩ-

ʪʦʷʥʥʦʡ ʥʝʩʢʦʣʴʢʦ ʤʝʩʷʮʝʚ. ɿʘ ʫʢʘʟʘʥʥʦʝ ʚʨʝʤʷ ʩʚʝʪʦʧʦʛʣʦɦʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪ-

ʩʷ ʥʘ 20%. ʇʦʵʪʦʤʫ ʚʩʝ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ V(IV)-ɼʌ-ɼɸʄ ʧʨʦʚʦʜʠʣʠ ʧʦʩ-

ʣʝ ʜʦʩʪʠʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʠ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʠʟʤʝʨʷʣʘʩʴ ʯʝʨʝʟ 30 ʤʠʥ 

ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ. ʈʃʂ Nb(V) ʠ ʊʘ(V) ʚ ʚʦʜʥʳʭ ʠ ʥʝʚʦʜʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣ̫ʭ ʥʝ 

?
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ʨʘʟʣʘʛʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ, ʘ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ -15 ʩʫʪʦʢ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ.  

 

ʈʠʩ.4.4. ʉʚʝʪʦʧʦʛʣʦʱʝʥʠʝ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ  

ʘ) V(II )-ɼʊʌ-ɸʥ (1), V(II )-ɼʊʌ-ʤɸʥ (2), V(II )-ɼʊʌ-ʜɸʥ (3), V(II )-ɼʊʌ-ʜɸʥ (4), 

V(II )-ɼʊʌ-ʜɸʥ (5) 

ʙ) V(IV)-ɼʊʇʌ-ɸʌ1 (1), V(IV)-ɼʊʇʌ-ɸʌ2 (2), V(IV)-ɼʊʇʌ-ɸʌ3 (3), V(II )-

ɼʊʌ-ʜɸʥ (4). 

CV= 3.92Ĭ10
-5
ʄ, ʉɼʌ=(1.0-1.2) Ĭ10

-3
 ʄ, ʉɸʤ=(0.6-0.8) Ĭ10

-3
 ʄ, ʉʌ-26, ?=1 ʩʤ.

 

ʈʠʩ.4.5. ʉʚʝʪʦʧʦʛʣʦʱʝʥʠʝ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Nb(V) (ʘ) ʠ ʊʘ(V) (ʙ) ʩ 

ɼʌ ʠ ɸʤ 

ʘ)Nb(V)-ɼʊʌ-ɸʌ1 (1), Nb(V)-ɼʊʌ-ɸʌ2 (2), Nb(V)-ɼʊʌ-ɸʌ3 (3) ʠ  

Nb(V)-ɼʊɹʌ-ɸʌ1 (4). 

ʙ)ʊʘ(V)-ɼʊʇʌ-ɸʥ (1), ʊʘ(V)-ɼʊʇʌ-ʤɸʥ (2), ʊʘ(V)-ɼʊʇʌ-ʦ-ɸʤʈʫ (3),  

ʊʘ(V)-ɼʊʇʌ-ɼʌɻ (4) ʠ ʊʘ(V)-ɼʊʇʌ-ʊʌɻ (5). 

CNb(V)=2.15Ĭ10
-5 
ʄ, CTa(V)=1.105Ĭ10

-5
ʄ, ʉɼʌ= (0.88-1.00)Ĭ10

-3
ʄ, ʉɸʌ = (0.72-0.88) 

Ĭ10
-3
 ʄ, ʉʌ-26, ?=1 ʩʤ. 

ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʛʘʥʜʦʚ. ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʠ ʵʢʩʪʨʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʚ V(II,IV) ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ (1.00-1.20)Ĭ10
-3 

ʤʦʣʴ/ʣ ɼʌ ʠ (0.6-0.8)Ĭ10
-3 
ʤʦʣʴ/ʣ ɸʤ. ʆʧʪʠʤʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ Nb(V) ʠ Ta(V) ʩʦʩʪʘʚʣʝ̫ʪ (0.88-1.12)Ĭ10
-3 
ʤʦʣʴ/ʣ ʢʦʥʮʝʥʪʨʘʮʠʷ 
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ɼʌ ʠ (0.72-0.88)Ĭ10
-3 
ʤʦʣʴ/ʣ - ɸʤ. ɸʤ ʠʛʨʘʶʪ ʨʦʣʴ ʚʥʝʰʥʝʩʬʝʨʥʦʛʦ ʣʠʛʘʥʜʘ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʫʬʝʨʘ. 

ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʣʠʛʘʥʜʦʚ. ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʣʠʛʘʥʜʦʚ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝ-

ʨʝ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʈʃʂ ʚ ʨʘʩʪʚʦʨʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʦʡ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ 

ʠ ʪʠʧʦʤ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʣʠʛʘʥʜ. ʃʠʛʘʥʜʳ ʩ ʚʳʨʘʞʝʥʥʦʡ ʢʦʚʘʣʝʥʪ-

ʥʦʩʪʴʶ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʛʦ ʪʠʧʘ ʪʨʫʜʥʦ ʩʦʚʤʝʱʘʶʪʩʷ ʩ ʜʨʫʛʠʤʠ ʣʠʛʘʥʜʘʤʠ, 

ʘ ʣʠʛʘʥʜʳ, ʦʙʨʘʟʫʶʱʠʝ ʦʙʨʘʪʥʳʝ ˊ-ʩʚʷʟʠ, ʦʙʣʝʛʯʘʶʪ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʜʨʫʛʠʭ ʣʠ-

ʛʘʥʜʦʚ. ʃʠʛʘʥʜʳ, ʦʙʨʘʟʫʁʱʠʝ ʢʦʚʘʣʝʥʪʥʫʶ ʩʚʷʟʴ ʩ ʤʝʪʘʣʣʦʤ, ʧʦʥʠʞʘʶʪ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʳʡ ʟʘʨʷʜ, ʠʟ-ʟʘ ʯʝʛʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩʢʣʦʥʥʦʩʪʴ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʦʚʳʭ 

ʣʠʛʘʥʜʦʚ, ʦʩʦʙʝʥʥʦ ʧʦ ʩʚʷʟʷʤ ʠʦʥʥʦʛʦ ʪʠʧʘ. ʋʩʠʣʝʥʠʝʤ ʤʷʛʢʦʩʪʠ ʣʠʛʘʥʜʦʚ ʧʦ-

ʚʳɦʘʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʚʟʘʠʤʥʦʤʫ ʚʣʠʷʥʠʶ [62, ʩ.50]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʷʛ-

ʢʠʭ ʣʠʛʘʥʜʦʚ ʩ ʞʝʩʪʢʠʤʠ ʟʘʪʨʫʜʥʝʥʦ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʳ ʠʭ ʦʨʙʠ-

ʪʘʣʴʥʳʭ ʵʥʝʨʛʠʡ [238, ʩ.34]. ʆʙʨʘʟʦʚʘʥʠʝ ʤʝʞʣʠʛʘʥʜʥʳʭ ʅ-ʩʚʟ̫ʝʡ ʚ ʈʃʂ ʦʙʳʯ-

ʥʦ ʩʦʧʨʦʚʘʞʜʘʝʪʩʷ ʫʰʠʨʝʥʠʝʤ ʧʦʣʦʩ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʘʭ [182, ʩ.37]. ɺ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʠ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʣʠʛʘʥʜʳ ʦʙʨʘ-

ʟʫʶʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʚʷʟʴ ʦʜʥʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʘʪʦʤʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʜʨʫʛʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʘʪʦʤ ʦʩʪʘʝʪʩʷ ʩʚʦʙʦʜʥʳʤ ʠ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ 

ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʠʛʘʥʜ-ʣʠʛʘʥʜʥʦʡ ʩʚʷʟʠ [182, ʩ.7]. ʂʦʤʧʣʝʢʩ ʤʝʜʠ ʩ ʜʠʧʠʨʠʜʠ-

ʣʦʤ ʠ ʧʠʨʦʢʘʪʝʭʠʥʦʤ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚ, ʯʝʤ ʩ ʜʠʧʠʨʠʜʠʣʦʤ ʠ ʦʢʩʘʣʘʪʦʤ, ʯʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʥʘʣʠʯʠʝ ˊ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʣʠʛʘʥʜʘʤʠ ʚ ʧʝʨʚʦʤ ʩʣʫ-

ʯʘʝ [238, ʩ.40]. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʝʣʦʢʘʣʠʟʘʮʠʷ ˊïɻ ʣʝʢʪʨʦʥʦʚ ʨʝʘʛʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ 

ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ ʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʘʩʩʦʮʠʘʪʘʭ. ʀʟʚʝʩʪʥʳ [94,ʩ.5; 129, ʩ.253; 

161, ʩ.15; 182,ʩ.18; 227,ʩ.961; 238,ʩ.40] ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʈʃʂ: 1) ʢʘʞ-

ʜʳʡ ʣʠʛʘʥʜ ʚʭʦʜʠʪ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʤʝʪʘʣʣʘ; 2) ʨʝʘʣʠʟʫʝʪʩʷ ʤʝʞʣʠ-

ʛʘʥʜʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ. ʈʃʂ ʦʙʳʯʥʦ ʧʦʣʫʯʘʁʪʩʷ ʚ 

ʪʝʭ ʩʣʫʯʘ̫ʭ, ʢʦʛʜʘ ʠʦʥ ʤʝʪʘʣʣʘ ʦʙʨʘʟʫʝʪ ʆʃʂ ʩ ʢʘʞʜʳʤ ʠʟ ʣʠʛʘʥʜʦʚ ʚ ʦʪʜʝʣʴ-

ʥʦʩʪʠ. 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩʠʩʪʝʤʘ V(IV) - 

ɸʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ɼʊʄʌ ʧʨʠ ʨʅ 3. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʨʅ 2 ʚ ʩʠʩ-

ʪʝʤʝ V(IV)-ɸʤ ʥʝ ʦʙʨʘʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʜʥʘʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 
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ʚʣʠ̫ʥʠʷ ɸʤ ʚ ʩʧʝʢʪʨʘʭ ʆʃʂ ʥʘʙʣʶʜʘʶʪʩʷ ʙʘʪʦʭʨʦʤʥʳʝ ʵʬʬʝʢʪʳ, ʯʪʦ ʧʦʜ ʚʣʠ-

ʷʥʠʝʤ ʚʚʝʜʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʦʜʥʦ ʠʟ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʷʜʝʨ ʚʳʧʦʣʥʷ-

ʝʪ ʨʦʣʴ ʘʢʮʝʧʪʦʨʘ ʵʣʝʢʪʨʦʥʦʚ, ʘ ʜʨʫʛʦʝ -ʜʦʥʦʨʘ [249, ʩ.198]. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫ-

ʝʪʩʷ ˊ-ʢʦʤʧʣʝʢʩ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʡ ʵʬʬʝʢʪ. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʧʨʠ ʨʅ 2 ʤʝʞʜʫ ɼʊʄʌ ʠ ɸʤ ʨʝʘʣʠʟʫʝʪʩʷ ʣʠʛʘʥʜ-ʣʠʛʘʥʜʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ ɼʊʄʌ-ɸʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʧʝ-

ʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ [63, ʩ.200]. ʇʨʠ ʨʅ 3 ʛʨʫʧʧʘ -Nʅ2 ʚʪʦʨʦʛʦ ʣʠʛʘʥʜʘ ʧʨʦʪʦʥʠ-

ʨʫʝʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʘʪʦʤʝ ʘʟʦʪʘ ʚʦʟʥʠʢʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʠ ʧʨʦ-

ʪʦʥʠʨʦʚʘʥʥʳʡ ʘʪʦʤ ʘʟʦʪʘ (H3N
+
- ʘʥʪʠʘʫʢʩʦʭʨʦʤ) ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʫʝʪ ʩ ʘʥʠʦʥʦʤ ɼʊʄʌ (H2R
-
). ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʦʨʠʝʥʪʘʮʠʠ ʧʨʦʠʩ-

ʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ˊ-ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʦʣʝʢʫʣʝ. ʇʦʵʪʦʤʫ ʧʦʜ ʚʣʠʷʥʠʝʤ ɸʤ ʤʘʢʩʠʤʫʤ 

ʧʦʛʣʦɦʝʥʠʷ ɼʊʄʌ ʩʜʚʠʛʘʝʪʩʷ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ (ʛʠʧʩʦʭʨʦʤʥʳʡ ʵʬ-

ʬʝʢʪ). ɸʤ ʥʝ ʚʣʠʷʝʪ ʥʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ V(IV), ʘ ʚʣʠʷʝʪ ʥʘ ɼʌ, ʪ. ʝ. ʨʝ-

ʘʣʠʟʫʝʪʩʷ ʤʝʞʣʠʛʘʥʜʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ.  

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʆʃʂ ʢ ʈʃʂ ʤʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧ-

ʣʝʢʩʦʚ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʪ.ʝ. ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ ʚʦʟʨʘʩʪʘʝʪ ʠ ʤʦʞʥʦ ʦʧ-

ʨʝʜʝʣʠʪʴ ʙʦʣʝʝ ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ V(IV). ʇʦ-ʚʠʜʠʤʦʤʫ, ʧʨʠ ʵʪʦʤ ʬʦʨʤʠʨʫʝʪʩʷ 

ʥʦʚʳʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʨʝʘʛʝʥʪ, ʦʙʲʝʜʠʥʝʥʥʳʡ ʣʠʛʘʥʜ ʩ ʠʥʳʤʠ ʤʦʣʝʢʫʣʷʨ-

ʥ ʤrʠ ʦʨʙʠʪʘʣʷʤʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʟʘʪʝʤ ʩ ʠʦʥʦʤ ʤʝʪʘʣʣʘ. ʇʨʦʯʥʦʩʪʴ ʩʚʷ-

ʟʠ ɼʌ-ɸʤ ʧʦʚʳʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʘʪʦʤʝ ʘʟʦʪʘ. ʇʨʠ ʜʦ-

ʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʣʠʛʘʥʜ ʦʪʜʘʝʪ ů-ʵʣʝʢʪʨʦʥʳ ʮʝʥʪʨʘʣʴʥʦʤʫ 

ʘʪʦʤʫ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʥʠʞʘʝʪ ʵʥʝʨʛʠʶ ʩʚʦʠʭ ˊ-ʦʨʙʠʪʘʣʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʦʥ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ˊ-ʘʢʮʝʧʪʦʨʦʤ. ʏʝʤ ʩʠʣʴʥʝʝ ʚʳʨʘʞʝʥʳ ů-ʜʦʥʦʨʥʳʝ 

ʩʚʦʡʩʪʚʘ, ʪʝʤ ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʦʙʨʘʪʥʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʩ ʮʝʥʪʨʘʣʴ-

ʥʦʛʦ ʘʪʦʤʘ ʥʘ ˊ-ʦʨʙʠʪʘʣʠ ʵʪʦʛʦ ʣʠʛʘʥʜʘ [163, ʩ.102 ]. 

ɽʩʣʠ ʚ ʨʘʩʪʚʦʨʝ ʠʤʝʶʪʩʷ ʠʦʥ ʤʝʪʘʣʣʘ ʠ, ʧʦ ʢʨʘʡʥʦʡ ʤʝʨʝ, ʜʚʘ ʨʘʟʥʳʭ ʣʠ-

ʛʘʥʜʘ, ʪʦ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʈʃʂ. ˊ-ɸʢʮʝʧʪʦʨʥʳʝ ʣʠʛʘʥʜʳ, ʩʥʠʞʘʶʪ ʵʥʝʨ-

ʛʠʶ ʦʨʙʠʪʘʣʝʡ ʤʝʪʘʣʣʘ ʠ ʧʦʚʳʰʘʶʪ ʝʛʦ ʵʬʬʝʢʪʠʚʥʳʡ ʟʘʨʷʜ, ʩʧʦʩʦʙʩʪʚʫʷ ʪʝʤ 

ʩʘʤʳʤ ʦʙʣʝʛʯʝʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ ʣʠʛʘʥʜʘʤʠ [187, ʩ.65]. ʄʷʛʢʠʝ 

ʢʠʩʣʦʪ-rʧʦʪʝʥʮʠʘʣʴʥʳʝ ʜʦʥʦʨʳ d-ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ p-ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ˊ-ʩʚʷʟʠ, ʘ 



128 
 

ʞʝʩʪʢʠʝ ʢʠʩʣʦʪʳ-ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʘʢʮʝʧʪʦʨʳ -́ʩʚʷʟʝʡ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʈʃʂ ʫʩʪʦʡʯʠʚʝʝ ʆʃʂ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʟʘʠʤʥʳʤ ʚʣʠʷʥʠʝʤ ʨʘʟʥʦʨʦʜʥʳʭ ʣʠ-

ʛʘʥʜʦʚ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝ-

ʥʠʝ ʧʨʠ ʵʪʦʤ ʠʤʝʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʯʠʩʣʦ 

ʭʝʣʘʪʥʳʭ ʮʠʢʣʦʚ, ʢʦʪʦʨʳʝ ʦʥʠ ʦʙʨʘʟʫʶʪ, ʠ ʟʘʨʷʜ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʠʮʳ. 

4.3. ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ V(II ,IV ), Nb(V) ʠ Ta(V) ʩ ʜʠʪʠʦʣ-

ʬʝʥʦʣʘʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ 

ʉʦʩʪʘʚ ʢʦʤʧʣʝʢʩʦʚ V(II ,IV ), Nb(V) ʠ Ta(V) ʩ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʠ ʛʠʜ-

ʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʘʢʮʠʠ V(II,IV) , 

Nb(V) ʠ Ta(V) ʩ ɼʌ ʠ ɸʤ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʤʝʪʦʜʘʤʠ ʧʨʷʤʦʡ ʣʠʥʠʠ ɸʩʤʫʩʘ, ʧʦʜʪ-

ʚʝʨʞʜʘʣʠ ʤʝʪʦʜʘʤʠ ʩʜʚʠʛʘ ʨʘʚʥʦʚʝʩʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʳʭʦʜʘ [63, ʩ.187-192]. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʵʪʠʤʠ ʤʝʪʦʜʘʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʦʙʨʘʟʫ-

ʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʘʭ ʩʦʦʪʥʦʰʝʥʠʝ ʄ:ɼʌ:ɸʤ=1:2:2 (ʨʠʩ.4.6). ɸʌ4, ɸʌ5 ʠ ɸʌ6. 

ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʚ ʜʚʘʞʜʳ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ ʚʠʜʝ. ɺ ʩʣʫʯʘʝ ʦ-ɸʤʈʫ, 

ʌʝʥ, ɹʌʝʥ ʠ ɼʠʧ ʦʙʨʘʟʫʝʪʩʷ ʈʃʂ V(II) ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ 1:1:2. 

ʂʦʤʧʣʝʢʩʳ V(IV) ʩ ɼʌ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼɸʄ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ, ʘ ʪʘʢʞʝ ʛʝʪʝʨʦ-

ʮʠʢʣʠʯʝʩʢʠʭ ɸʤ ʠʤʝʶʪ ʩʦʩʪʘʚ Vʆ:ɼʌ:ɸʤ=1:1:1, ʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɸʥʪ - Vʆ:ɼʌ: 

ɸʤ=1:1:2. ɸʥʪ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ - ʧʠʨʘʟʦ-

ʣʦʥʘ-5. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʁʪ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʘʥʪʠ-

ʧʠʨʠʥʘ - ɼɸʄ ʠ ʝʛʦ ʛʦʤʦʣʦʛʠ.  

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʈʃʂ V(II ,IV ), Nb(V) ʠ Ta(V) ʩ 

ɼʌ ʠ ʘʤʠʥʘʤʠ. ʀʩʯʝʟʥʦʚʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʣʦʩʳ ʧʨʠ 2580 ʩʤ
-1
, ʥʘʙʣʶʜʘ-

ʝʤʘʷ ʚ ʀʂ-ʩʧʝʢʪʨʝ ɼʊʄʌ ʠ ʧʦʷʚʣʝʥʠʝ ʚ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ V(II) -ɼʊʄʌ-ɸʥ, 

Nb(V)-ɼʊʕʌ-Aʥ ʠ Ta(V)-ɼʊʕʌ-Aʥ ʜʚʫʭ ʥʦʚʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʦʜʥʘ ʠʟ ʢʦ-

ʪʦʨʳʭ ʩʤʝʱʝʥʘ ʚ ʩʪʦʨʦʥʫ ʢʦʨʦʪʢʠʭ ʯʘʩʪʦʪ, ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʜʥʘ ʠʟ ʤʝʨʢʘʧ-

ʪʦʛʨʫʧʧ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ. ʆʪʩʫʪʩʪʚʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ 3600-3200 ʩʤ
-1
 ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 3460-3440 ʩʤ

-1
 ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ -

OH ʛʨʫʧʧʘ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʚʷʟʠ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʘʪʦʤʦʤ (ʨʠʩ. 

4.7). 
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ʈʠʩ. 4.6. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʈʃʂ V(IV) -ɼʊɹʌ-ɸʤ ʤʝʪʦʜʦʤ ʩʜʚʠʛʘ ʨʘʚʥʦʚʝʩʠʷ 

ʘ)V(IV) -ɼʊɹʌ-ɸʥ ʠ V(IV) -ɼʊɹʌ-ʤɸʥ; ʙ)V(IV) -ɼʊɹʌ-ɼɸʄ ʠ V(IV) -ɼʊɹʌ-

ɼɸʇʄ 

1,1
ē
-V(IV):ɼʊɹʌ,  2,2

ē
-V(IV):ɸʤ 

# = 3.92Ĭ10
-5
 ʄ;  ʉʌ-26, l=1 cʤ.  

ʇʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠ,̫ ʥʘʙʣʶʜʘʝʤʘʷ ʧʨʠ 2385-2375 ʩʤ
-1
 ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠ-

ʩʫʪʩʪʚʠʝ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʘʥʠʣʠʥʘ [45, ʩ.55, ʩ.71; 59, ʩ.373, c.498]. ɺ ʀʂ-ʩʧʝʢ-

ʪʨʘʭ ʢʦʤʧʣʝʢʩʘ V(IV) -ɼʊʄʌ-ʌʝʥ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ, ʥʘʙʣʶʜʘʝʤʘʷ ʧʨʠ 1385 

ʩʤ
-1
 ʫʢʘʟʚrʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʌʝʥ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʧʝʢʪʨʘʭ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʨʫʧʧʳ ʧʦʣʦʩ ʧʨʠ 1610ï1566 ʠ 1498-1409 ʩʤ
-1
, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ɜʉ=ʉ ʠ ɜC=N ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ. ʀʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʧʦʛ-

ʣʦɦʝʥʠʷ, ʧʨʠ 980 ʩʤ
-1
 ʦʙʫʩʣʦʚʣʝʥʘ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʝʤ ʛʨʫʧʧʳ VO

2+ 
[272, 

ʩ.51]. ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʚʳʜʝʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣ ʜʁʘʝʪʩʷ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʦʣʦʩ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʉ-ʉ ʠ C-N-ʩʚʟ̫ʝʡ, ʧʨʠ 1569-1550 ʩʤ
-1
, ʯʪʦ ʫʢʘʟ-r

ʚʘʝʪ ʥʘ ʢʦʦʨʜʠʥʘʮʠʶ ʮʠʢʣʠʯʝʩʢʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʥʘʙʣʶʜʘ-

ʝʤʳʝ ʧʨʠ 445 ʠ 600 ʩʤ
-1
 ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʪʚʝʯʘʁʪ ɜV-S ʠ ɜV-N ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ [212, ʩ.382]. 

ɺ ʩʧʝʢʪʨʝ ɼɸʄ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫ-

ʤʦʤ ʧʨʠ 1670 ʩʤ
-1
, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʚʘʣʝʥʪʥʦʤʫ ʢʦʣʝʙʘʥʠʶ ʛʨʫʧʧʳ ʉ=ʆ. ʕʪʦ ʟʥʘ-

ʯʝʥʠʝ ɜʉ=ʆ  ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʦʤ ʘʥʪʠʧʠʨʠʥʦʚʦʛʦ 

ʮʠʢʣʘ. ɺ ʧʨʦʮʝʩʩʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ɼɸʄ ʨʝʘʢʮʠʦʥʥʳʤ ʮʝʥʪʨʦʤ ʷʚʣʷʝʪ-

ʩʷ ʢʠʩʣʦʨʦʜ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ɼɸʄ, ʩʦʜʝʨʞʘʱʠʡ ʥʝʧʦʜʝʣʝʥʥʫʶ ʧʘʨʫ ʵʣʝʢ-

ʪʨʦʥʦʚ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠʩʯʝʟʥʦʚʝʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʉ=ʆ ʩʚʷʟʠ, 
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ʢʦʪʦʨʘʷ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʩʧʝʢʪʨʝ ʩʚʦʙʦʜʥʦʛʦ ɼɸʄ ʧʨʠ 1670 ʩʤ
-1
 ʠ ʧʦʷʚʣʝʥʠʝ 

ʚʤʝʩʪʦ ʥʝʝ ʥʦʚʦʡ ʧʦʣʦʩʳ ʧʨʠ 1580 ʩʤ
-1
, ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʘʛʝʥʪʘ ʩ 

ʢʘʪʠʦʥʦʤ ʤʝʪʘʣʣʘ ʢʘʢ ʘʢʮʝʧʪʦʨʦʤ ʵʣʝʢʪʨʦʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʚʥʝʜʨʝ-

ʥʠʷ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʚʘʥʘʜʠʷ ʢ ʢʠʩʣʦʨʦʜʫ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʳ [45, ʩ.60].  

ʀʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ Nb(V)-ɼʊʕʌ 

- ɸʥ ʠ Ta(V)-ɼʊʕʌ-ɸʥ ʚ ʦʙʣʘʩʪʠ 870-920 ʩʤ
-1
 ʦʙʫʩʣʦʚʣʝʥʘ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘ-

ʥʠʝʤ ʩʚʷʟʠ ʄ-OH. ʇʦʣʦʩʳ ʧʦʛʣʦɦʝʥʠʷ ʧʨʠ 2920 ʠ 2860 ʩʤ
-1
, ʩʦʦʪʚʝʪʩʪʚʫʁʪ ʚʘ-

ʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ -CH3  ʠ -CH2- ʛʨʫʧʧʠʨʦʚʦʢ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ. 

ʇʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ɼʌ ʩ ʄ(V) ʩʤʝʱʘʝʪʩʷ ʧʦʣʦʩʘ ʧʨʠ 1650 ʩʤ
-1 
(ʧʦ-

ʷʚʣʷʝʪʩʷ ʧʦʣʦʩʘ ʧʨʠ 1600 ʩʤ
-1
) ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩʳ ʧʨʠ 1620 

ʩʤ
-1
, ʦʪʥʦʩ̫ɦ ʠʝʩʷ ʢ ʢʦʣʝʙʘʥʠʷʤ ʢʦʣʴʮʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʩʤʝʱʝʥʠʝʤ 

ʵʣʝʢʪʨʦʥʦʚ ʩʦʧʨʷʞʝʥʥʦʡ -́ʩʠʩʪʝʤʳ [45, ʩ.71; 59, ʩ.97-98, ʩ.106].    

 

ʈʠʩ.4.7. ʀʂ-ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʦʚ V(IV) -ɼʊʄʌ-ɼɸʄ(ʘ) ʠ V(IV) -ɼʊʄʌ-ʌʝʥ (ʙ) 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʚrʘʁʪ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʠ V(II ,IV) , Nb(IV) ʠ Ta(V) ʩ ɼʌ ʠ ɸʤ ʦʙʨʘʟʫʶʪʩʷ ʚʥʝʰʥʝʩʬʝʨʥʳʝ ʈʃʂ ʠʣʠ 

ʠʦʥʥʳʝ ʘʩʩʦʮʠʘʪʳ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ɸʤ (ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦ-

ʣʦʞʝʥʠʝ ʤʝʞʜʫ çʞʝʩʪʢʠʤʠè ʠ çʤʷʛʢʠʤʠè ʦʩʥʦʚʘʥʠʷʤʠ), ɼɸʄ ʠ ʝʛʦ ʘʥʘʣʦʛʦʚ  

ʦʙʨʘʟʫʁʪʩʷ ʈʃʂ ʩʦ ʩʤʝʰʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ. 
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ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ V(IV )-ɼʊʕʌ-ʌʝʥ. 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʳʩʪʨʦʝ ʨʘʟ-

ʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 360-460 
o
C. ʛʜʝ ʧʦʪʝʨʷ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 

49.1% (ʚʳʯʠʩʣʝʥʦ 49.7%), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʜʘʣʝʥʠʶ ʬʝʥʘʥʪʨʦʣʠʥʘ. ʇʨʠ 510-

650 Áʉ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʤʘʩʩʳ 39.1% (ʚʳʯʠʩʣʝʥʦ 39.8%). ɺʳʜʝʣʷʝʪʩʷ ɼʊʕʌ 

ʂʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʪʝʨʤʦʣʠʟʘ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ V2ʆ5 (ʨʠʩ. 4.8). 

 

ʈʠʩ.4.8. ʊʝʨʤʦʛʨʘʤʤʘ ʢʦʤʧʣʝʢʩʘ V(IV)-ɼʊʕʌ-ʌʝʥ  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ
 
VO-ɼʊʄʌ-ʌʝʥ ʤʝʪʦʜʦʤ 

1
ʅ ʗʄʈ ʩʧʝʢʪʨʦʩ-

ʢʦʧʠʠ. ʉʠʥʛʣʝʪ, ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʩʧʝʢʪʨʝ ʣʠʛʘʥʜʘ ɼʊʄʌ ʧʨʠ 5.48 ʤ.ʜ., ʩʚʷʟʘʥ-

ʥʳʡ ʩ ʬʝʥʦʣʴʥʦʡ ʛʨʫʧʧʦʡ -OH ʠʩʯʝʟʘʝʪ. ʕʪʦ ʷʩʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ -

OH ʛʨʫʧʧʘ ʫʯʘʩʪʚʫʝʪ ʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ ʥʘʙʣʶ-

ʜʘʝʤʦʝ ʧʨʠ 3.28 ʤ.ʜ., ʩʚʷʟʘʥʥʳʡ ʩ ʪʠʦʣʥɹʦʡ ʛʨʫʧʧʦʡ ïSH ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʜʚʘ ʨʘ-

ʟʘ ʠ ʥʝʩʢʦʣʴʢʦ ʩʤʝʱʘʝʪʩʷ ʚ ʙʦʣʝʝ ʩʣʘʙʦʝ ʧʦʣʝ (3.41 ʤ.ʜ.). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, 

ʯʪʦ ʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʫʯʘʩʪʚʫʝʪ ʦʜʥʘ ʪʠʦʣʴʥʘʷ ʛʨʫʧʧʘ (ʨʠʩ.4.9). 

 

ʈʠʩ. 4.9. 
1
ʅ ʗʄʈ ʩʧʝʢʪʨ ʨʘʟʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ VO(ɼʊʄʌ)ʌʝʥ 
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4.4. ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ V(II ,IV ), 

Nb(V) ʠ Ta(V) ʩ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʨʦʮʝʩʩʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ 

ʩʚʝʜʝʥʠʷ ʦʙ ʠʦʥʥʳʭ ʬʦʨʤʘʭ ʢʘʪʠʦʥʘ - ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʦ ʯʠʩʣʝ 

ʧʨʦʪʦʥʦʚ ʚʳʜʝʣʷʝʤʳʭ ʠʟ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʨʝʘʛʝʥʪʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ. 

ʇʨʠ ʚʳʷʩʥʝʥʠʠ ʤʝʭʘʥʠʟʤʘ ʧʨʦʮʝʩʩʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʳ-

ʪʝʩʥʷʝʤʳʭ ʧʨʠ ʨʝʘʢʮʠʠ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʠʟ ʌɸɻ ʤʦʣʝʢʫʣʳ ʨʝʘʛʝʥʪʘ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʡ ʟʘʜʘʯʝʡ. ʆʢʦʥʯʘʪʝʣʴʥʦ ʩʫʜʠʪʴ ʦ ʩʦʩʪʦʷʥʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘ-

ʪʝʣʷ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʯʠʩʣʦ ʚʳʪʝʩʥʷʝʤʳʭ ʧʨʦʪʦʥʦʚ ʧʦʟʚʦʣʷʝʪ ʤʝʪʦʜ ʅʘʟʘʨʝʥʢʦ [207, ʩ.22; 209, 

ʩ.57], ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʝʧʝʥʠ ʟʘʢʦʤʧʣʝʢʩʦʚʘʥʥʦʩʪʠ ʠʦʥʦʚ 

V(II,IV) , Nb(V) ʠ Ta(V) ʩ ɼʊʄʌ ʠ ɸʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ ʨʘʩʪʚʦʨʘ.  

ɺ ʯrʠʩʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʫʯʝʪʦʤ ʛʠʜʨʦʣʠʟʘ ʠʦʥʦʚ V(II) (ʂɻ=3.24Ĭ10
-7
), 

ʢʦʥʩʪʘʥʪʳ ʩʪʫʧʝʥʯʘʪʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ɼʊʄʌ (ʂ1=1.2Ĭ10
-7
, K1=1.78Ĭ10

-9
) ʠ ʢʦʥ-

ʩʪʘʥʪ ʧʨʦʪʦʥʠʟʘʮʠʠ ʘʥʠʣʠʥʘ (ʂʧʨ=2.39Ĭ10
-5
). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ V(II)  ʩ ɼʊʄʌ ʠ 

ɸʥ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʄ+qH2R
- 
+p ɸʥʅ

 +
Ÿ[M(H2-nR)q](ɸʥʅ)ʟ+qnH

+                             
 (4.1) 

ʛʜʝ ʄ-ʠʦʥ ʚʘʥʘʜʠʷ(II). 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ 

ÌÇ"ÑÎÐ(
˗̎

˗̏ȣ̠
                                         (4.2) 

ʛʜʝ                  

"
̐̑

                                   (4.3) 

ɽʩʣʠ ʧʨʝʜʩʪʘʚʠʪʴ ʛʨʘʬʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ïlgB ʦʪ ʨʅ, ʧʨʝʜʧʦʣʘʛʘʷ ʯʪʦ 

ʚ ʨʘʩʪʚʦʨʝ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʜʚʘ ʨʦʜʘ ʠʦʥʦʚ (V
2+

 ʠ VOH
+
), ʪʦ ʦʜʠʥ ʠʟ ʛʨʘ-

ʬʠʢʦʚ, ʦʪʚʝʯʘʶʱʠʡ ʠʩʪʠʥʝ ʙʫʜʝʪ ʧʨʷʤʦʣʠʥʝʝʥ ʠ ʟʥʘʯʝʥʠʝ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʥʘʢʣʦ-

ʥʘ ʧʨʷʤʦʡ (qn) ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴ ʮʝʣʦʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʫʶʱʠʭ  ʠʦʥʦʚ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ: 

6
̄

;                      6/(

̄

               (4.4) 
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ʈʘʚʥʦʚʝʩʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʦʤʧʣʝʢʩʘ (ʉʢ) ʥʘʭʦʜʠʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪ-

ʨʠʯʝʩʢʠ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ (3.5). ɺ ʪʘʙʣ.4.1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʦʧ-

ʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ V(II)  ʩ ɼʊʄʌ ʠ ɸʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʨʅ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʉʢ ʠ -lgB. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʢʦʤʧ-

ʣʝʢʩʦʦʙʨʘʟʫʶʱʠʤ ʠʦʥʦʤ ʩʣʫʞʠʪ V
2+
, ʘ ʚʳʪʝʩʥʝʥʥʦʝ ʠʤ ʠʟ ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʳ 

ɼʌ ʯʠʩʣʦ ʧʨʦʪʦʥʦʚ ʨʘʚʥʦ 1. 

ʊʘʙʣʠʮʘ 4.1 

ɺʣʠʷʥʠʝ ʨʅ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʤʧʣʝʢʩʘ V(II)  ʩ ɼʊʄʌ ʠ ɸʥ  

ʉV(II)  =3.92Ŀ10
-5
 ʄ; ʉɼʊʄʌ=0.88Ĭ10

-3
 ʄ, ʉɸʥ=0.96Ĭ10

-3
 ʄ; ɸʧʨ=0.69, ʨʅ 4.6, ɚ=630 

ʥʤ, l=1ʩʤ, Õ=0.1, t=20Ñ1
ʦ
ʉ. 

ʨʅ ɸ ʉʢĿ10
5 

[V
 2+

] 

10
6 

[VOH
+
] 

10
9
 

-lgB 

ʧʦ V
2+

 ʧʦ VʆH
+
 

3.2 0.18 0.94 2.18 7.65 11.23 15.45 

3.4 0.24 1.47 1.93 6.58 11.52 15.78 

3.6 0.30 2.27 1.42 5.76 11.86 16.17 

3.8 0.37 3.08 0.94 5.31 12.14 16.25 

4.0 0.45 3.62 0.55 2.86 12.28 16.42 

ɺ ʩʣʫʯʘʝ V(IV)  ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʠʦʥʦʚ 

V(IV)  ʦʧʨʝʜʝʣʷʣʠ ʩ ʫʯʝʪʦʤ ʛʠʜʨʦʣʠʟʘ (˗̄= 2,51Ŀ10-3
; ˗̄=7,94Ŀ10-4

) 

6/
˗̄ Ͻ̄̄

  ;     6//(
˗̄

̄
6//(

˗̄ Ͻ̄̄

     (4.5) 

ɺ ʪʘʙʣ. 4.2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪ-

ʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ V(IV) c ɼʊʄʌ ʠ ɸʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʅ, ʘ ʪʘʢʞʝ 

ʟʥʘʯʝʥʠʷ ʉʢ ʠ -lgB. ʎʝʣʦʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ n=1 ʧʦʣʫʯʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʠʦʥʦʚ 

VO
2+ 
(ʨʠʩ. 4.9, ʘ).  

ʊʘʙʣʠʮʘ 4.2 

ɺʣʠʷʥʠʝ ʨʅ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʈʃʂ V(IV)  ʩ ɼʊʄʌ ʠ ɸʥ. ʉV(IV)=3.92Ĭ10
-5
 ʄ; ʉɼʊʄʌ 

= 0.88Ĭ10
-3
 ʄ, ʉɸʥ=0.96Ĭ10

-3
 ʄ; ɸʧʨ=1.17. ʇʨʠ ʨʅ 4.6, ɚ=630 ʥʤ, l=1ʩʤ, Õ=0.1, 

t=20Ñ1
ʦ
ʉ. 

ʨʅ ɸ ʉʢĿ10
5 

[VO
 2+

] 

10
6 

[VOOH
+
] 

10
5
 

[VOOH
+
] 

10
5
 

-lgB 

ʧʦ Vʆ
2+

 ʧʦ VOʆH
+
 ʧʦ VO(ʆH)2 

3.2 0.28 0.94 2.98 1.19 1.65 11.23 10.45 10.36 

3.4 0.44 1.47 1.23 0.77 1.58 11.54 10.78 10.21 

3.6 0.68 2.27 0.39 0.38 1.23 11.92 10.97 10.03 

3.8 0.92 3.08 0.09 0.14 0.71 12.25 11.05 10.05 

4.0 1.08 3.62 0.01 0.03 0.51 12.58 11.12 9.94 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʨʝʘʢʮʠʦʥʥʦʡ ʬʦʨʤʦʡ ʚʘʥʘʜʠʷ 

ʩʣʫʞʠʪ ʚʘʥʘʜʠʣ-ʠʦʥ, ʘ ʚʳʪʝʩʥʝʥʥʦʝ ʠʤ ʠʟ ʢʘʞʜʦʡ ʤʦʣʝʢʫʣr ɼʌ ʯʠʩʣʦ ʧʨʦʪʦ-

ʥʦʚ ʨʘʚʥʦ 1. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ Nb(V) ʠ Ta(V) ʩ ɼʊʌ ʠ ɸʥ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫ-

ʶʱʠʤ ʦʙʨʘʟʦʤ: 

˙˛˚
̃
ήὌ Ὑ ̃ ὴˍ̍˚̃ᴾ ˙˛˚ ˚ Ὑ ˍ̍˚

̏
ήὲὌ  ̃   (4.6) 

 

ʛʜʝ 

"
˙˛˚

˞̋
̐̑

                               (4.7) 

ʈʘʚʥʦʚʝʩʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʦʤʧʣʝʢʩʘ (ʉʢ) ʥʘʭʦʜʠʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪ-

ʨʠʯʝʩʢʠ ʧʦ (3.5). ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ - lg B ʦʪ ʨʅ ʧʨʝʜʩʪʘʚʣʝʥʘ  ʥʘ  ʨʠʩ. 

4.9, ʙ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ ʮʝʣʦʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ n=1 ʧʦʣʫʯʘʝʪʩʷ ʜʣʷ ʠʦʥʦʚ 

˙/( , ʘ ʚʳʪʝʩʥʝʥʥʦʝ ʠʤ ʠʟ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ɼʌ ʯʠʩʣʦ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʨʘʚ-

ʥʦ 1 ʚ ʠʥʪʝʨʚʘʣʝ ʨʅ 3.2-4.0. ʇʨʦʮʝʩʩ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩʦʧʨʦʚʘʞʜʘʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʧʷʪʠʯʣʝʥʥʳʭ ʮʠʢʣʦʚ. 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ɔ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ V(II ,IV) , Nb(V) ʠ Ta(V)  

ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ 1.05-1.19. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ ʈʃʂ ʥʝ ʧʦʣʠ-

ʤʝʨʠʟʫʁʪʩʷ ʠ ʩʫʱʝʩʪʚʫʶʪ ʚ ʤʦʥʦʤʝʨʥʦʡ ʬʦʨʤʝ.  

 
ʈʠʩ.4.10. ɺʣʠʷʥʠʝ ʨʅ ʚʦʜʥʦʡ ʬʘʟʳ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ  

ʘ) 1-ʧʦ Vʆ
2+

; 2- ʧʦ VOʆH
+
; 3- ʧʦ VO(ʆH)2 

ʙ)1-ʧʦ ʠʦʥʫ Nb
5+

; 2-ʧʦ ʠʦʥʫ Nb(ʆʅ)
4+

, 3-ʧʦ ʠʦʥʫ Nb(ʆʅ)
3+

, 4-ʧʦ ʠʦʥʫ Nb(ʆʅ)
2+

, 

ʉV(IV)=3.92Ĭ10
-5
 ʄ; ʉNb(V) = 2.15Ĭ10

-5
 ʄ; ʉɼʌ =(0.6-0.8)Ĭ10

-3
 ʄ; ʉɸʤ=(0.8-1.0)Ĭ10

-

3
 ʄ, ʉʌ-26, ɚ = 450 ʥʤ, l=1ʩʤ. 

,
)....(

lglg
1 nʂʂ

ʂ
nqpHB +=-
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4.5. ʈʝʵʢʩʪʨʘʢʮʠʷ V(IV ), Nb(V) ʠ Ta(V) ʠʟ ʜʠʪʠʦʣʬʝʥʦʣʷʪʥʦ-ʘʤʠʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ 

ɼʣʷ ʨʘʟʨʫʰʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʮʝʣʴʶ ʦʪʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʵʢ-

ʩʪʨʘʛʝʥʪʘ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʨʘʩʪʚʦʨʳ ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʝʡ, ʘ ʪʘʢʞʝ ʘʤʤʠʘʯʥʳʡ 

ʨʘʩʪʚʦʨ ʠ ʅ2ʆ2. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 0.5ʄ HCl ʠ H2SO4 ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴ-

ʥʳʡ ʧʝʨʝʭʦʜ ɼʊʌ ʠ V(IV)  ʚ ʚʦʜʥʫʶ ʬʘʟʫ. ʉʪʝʧʝʥʴ ʨʝʵʢʩʪʨʘʢʮʠʠ ʚʘʥʘʜʠʷ ʠʟ ʦʨ-

ʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʩʣʫʯʘʝ V(IV) -ɼʊʌ-ʊɹɸ ʠ V(IV) -ɼʊʌ-ɼʌɻ ʩʦʩʪʘʚʣʷʝʪ 96%. 

ʉʤʝʩʠ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʩ ʅ2ʆ2 ʨʝʵʢʩʪʨʘʛʠʨʫʶʪ ʚʘʥʘʜʠʡ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ. 

ʆʜʥʘʢʦ ʅ2ʆ2 ʚ ʦʪʩʫʪʩʪʚʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʨʝʵʢʩʪʨʘʛʠʨʫʝʪ ʣʠʰʴ 30 % ʚʘ-

ʥʘʜʠʷ ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ. ɹʦʣʝʝ ʨʘʟʙʘʚʣʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩ-

ʣʦʪ ʪʘʢʞʝ ʨʝʵʢʩʪʨʘʛʠʨʫʶʪ V(IV)  ʥʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ (46%). ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʧʝʨʛʠʜʨʦʣʷ ʚ ʨʘʩʪʚʦʨʝ ʨʝʵʢʩʪʨʘʢʮʠʷ V(IV)  ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ-

ʩʷ. ɼʣʷ 98-99% ʨʝʵʢʩʪʨʘʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʩʪʨ̫ʭʠʚʘʪʴ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʩ 

ʨʘʚʥʳʤ ʦʙʲʝʤʦʤ ʨʘʩʪʚʦʨʦʚ 0.3ʄ HCl ʠ ʧʝʨʛʠʜʨʦʣʷ ʚ ʦʪʥʦhʝʥʠʠ 1:1. ʉʪʝʧʝʥʴ 

ʨʝɻʢʩʪʨʘʢʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʚʳʰʝʫʢʘʟʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɼʣʷ ʨʝʵʢʩʪʨʘʢʮʠʠ V(IV)  

ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ NH3. ʅʘʯʠʥʘʷ ʩ ʨʅ 6.5-7.0 ʨʝʵʢʩʪ-

ʨʘʢʮʠʷ ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ NH3 ʠʟʚʣʝʯʝʥʠʝ V(IV) ʚ ʚʦʜʥʫʶ ʬʘʟʫ ʧʨʦʠʩʭʦʜʠʪ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ. ɹʳ-

ʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 0.3-0.4 ʄ NH4OH (ʠʣʠ ʞʝ ʨʅ 7.2-8.0) 

ʩʪʝʧʝʥʴ ʨʝʵʢʩʪʨʘʢʮʠʠ ʜʦʩʪʠʛʘʝʪ 98.0-99.1 % (ʪʘʙʣ.4.3). 

ɹ ʣrʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʠʩʣʦʪ HCl ʠ H2SO4 ʩ ʢʦʥʮʝʥ-

ʪʨʘʮʠʝʡ 1ʄ ʩʪʝʧʝʥʴ ʨʝʵʢʩʪʨʘʢʮʠʠ Nb(V) ʠ Ta(V) ʩʦʩʪʘʚʣʷʝʪ 97.3-98.1%. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ 0.5 ʄ NaOH ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʝʨʝʭʦʜ ɼʌ ʠ Nb(V) ʠ 

Ta(V) ʚ ʚʦʜʥʫʶ ʬʘʟʫ (96-98 %). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 0.5 ʄ NH4OH ʩʪʝʧʝʥʴ ʨʝʵʢ-

ʩʪʨʘʢʮʠʠ ʜʦʩʪʠʛʘʝʪ 99 %. 

ʈʃʂ V(IV), Nb(V) ʠ Ta(V) ʩ ɼʌ ʠ ɸʤ ʚʳʜʝʣʝʥʳ ʚ ʠʥʜʚʠʜʫʘʣʴʥʦʤ ʩʦʩʪʦ-

ʷʥʠʠ ʠ ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʄ, ɸʤ, S  ʠ  C. 
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ʊʘʙʣʠʮʘ 4.3 

ʉʪʝʧʝʥʴ ʨʝʵʢʩʪʨʘʢʮʠʠ ʈʃʂ ʚʘʥʘʜʠʷ(IV) ʩ ɼʌ ʠ ɸʤ (ʚʟʷʪʦ 50 ʤʢʛ V(IV) , n=5, 

P=0.95). CV(IV)=3.92Ĭ10
-5 
ʤʦʣʴ/ʣ. 

ɸʤ ɼʌ ʈʝʵʢʩʪʨʘʛʝʥʪ 

NaOH HCl H2SO4 H2O2 HCl+ H2O2 H2SO4+ H2O2 NH4OH 

ʊɹɸ ɼʊʌ 96.5 98.5 98.5 30.5 98.3 98.8 98.9 

ɼʊʄʌ 96.4 97.9 97.5 29.9 98.7 98.9 98.1 

ɼʊɹʌ 95.3 98.8 98.5 30.6 98.1 98.0 98.8 

ɼʌɻ ɼʊʌ 96.5 96.5 99.2 30.5 99.4 98.3 98.0 

ɼʊʄʌ 96.2 98.7 98.5 29.5 98.7 98.5 98.3 

ɼʊɹʌ 94.8 98.5 98.6 29.9 99.3 98.6 98.5 

ʌʝʥ ɼʊʌ 96.5 96.6 99.0 29.8 98.1 99.0 99.1 

ɼʊʄʌ 97.9 98.3 98.8 29.9 98.8 98.6 98.4 

ɼʊɹʌ 96.1 97.8 97.9 29.7 98.6 98.7 98.5 

ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʥʘʯʠʥʘʣʩʷ ʩ ʦʧʨʝʜʝʣʝʥʠʷ C. ʀʟ 

ʫʛʣʝʨʦʜʘ  ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʦʣʫʯʘʣʠ CO2, ʘ ʝʛʦ ʤʘʩʩʫ ʦʧʨʝʜʝʣʷʣʠ ʚʝʩʦʚʳʤ ʧʫʪʝʤ. 

CO2 ʧʦʛʣʦɦʘʝʪʩʷ ʙʘʨʠʪʦʚʦʡ ʚʦʜʦʡ (ʨʘʩʪʚʦʨ Ba(OH)2), ʠʟʚʝʩʪʢʦʚʦʡ ʚʦʜʦʡ (ʨʘʩʪ-

ʚʦʨ Ca(OH)2) ʠ ʥʘʪʨʦʥʥʦʡ ʠʟʚʝʩʪʴʶ (ʩʤʝʩʴ 83% Ca(OH)2, 5 %NaOH ʠ 12 % 

H2O). ɺʘʥʘʜʠʡ, ʥʠʦʙʠʡ ʠ ʪʘʥʪʘʣ ʦʧʨʝʜʝʣ̫ʣʠ ʚʳʧʘʨʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ ʚ ʧʣʘʪʠ-

ʥʦʚʦʤ ʪʠʛʣʝ ʠ ʜʦʚʝʜʝʥʠʝʤ ʜʦ ʧʦʩʪʦ̫ʥʥʦʡ ʤʘʩʩʳ ʧʨʠ 800-900 
ʦ
ʉ ʚ ʚʠʜʝ ʄ2ʆ5. 

ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʦʧʨʝʜʝʣʷʣʠ ʦʩʘʞʜʝʥʠʝʤ ʩʫʣʴʬʘʪ-ʠʦʥʘ ʚ ʚʠʜʝ BaSO4 (ʧʦʩʣʝ 

ʦʢʠʩʣʝʥʠʷ ʢʦʥʮ. HNO3). ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʦʚ, 

ʥʘʡʜʝʥʥʳʤʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʉʦʜʝʨʞʘʥʠʝ ɸʤ ʦʧʨʝʜʝʣʷʣʠ 

ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʚʦʜ̫ʪʩʷ ʚ ʪʘʙʣ.4.4.  

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʚʳʜʝʣʝʥʠʠ ʪʚʝʨʜʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚʦʩ-

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʦʩʪʦʷʥʩʪʚʝ 

ʦʙʨʘʟʫʶʱʝʡʩʷ ʪʚʝʨʜʦʡ ʬʘʟʳ. 

ʋʯʠʪʳʚʘʷ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʘʭ, ʯʠʩʣʦ 

ʚʳʪʝʩʥʷʝʤʳʭ ʧʨʠ ʨʝʘʢʮʠʠ ʧʨʦʪʦʥʦʚ, ʠʦʥʥʫʶ ʬʦʨʤʫ V(IV)  ʠ ʨʝʘʛʝʥʪʦʚ, ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʫʶ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʈʃʂ, ʥʘ ʧʨʠʤʝʨʝ 

V(IV)-ɼʊɹʌ-ɼʌɻ: 
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ʊʘʙʣʠʮʘ 4.4 

ʈʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʤʧʣʝʢʩʦʚ V(IV) , Nb(V) ʠ Ta(V) ʩ ɼʌ ʠ 
ʘʤʠʥʘʤʠ 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠ-

ʟʘʪʦʨʘ TruSpec (Leco) ( ʪʘʙʣ.4.5). 

ʊʘʙʣʠʮʘ 4.5 

ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʈʃʂ  

ʉʦʩʪʘʚ ʈʃʂ ʩʦ ʩʤʝʰʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ ʥʘ ʧʨʠʤʝʨʝ 

VO(ɼɸʄ)(ɼʊɹʌ) ʠ VO(ʌʝʥ)(ɼʊʄʌ)  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

 

ʉʦʝʜʠʥʝʥʠʝ ʉ ʚʳʯʝʪʦʤ % ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʘʤʠʥʘ 

% Am S C M 

[Vʆ(ɼʊʄʌ)2](ɸʌ1ʅ)2 ʅʘʡʜʝʥʦ 44.69 17.25 22.78 6.81 

ɺʳʯʠʩʣʝʥʦ 44.65 17.32 22.73 6.91 

[Vʆ(ɼʊʄʌ)2](ɸʌ2ʅ)2 ʅʘʡʜʝʥʦ 47.50 16.32 21.48 6.63 

ɺʳʯʠʩʣʝʥʦ 47.56 16.41 21.53 6.54 

[Vʆ(ɼʊʕʌ)(ʌʝʥ)] ʅʘʡʜʝʥʦ 41.68 14.92 22.31 11.87 

ɺʳʯʠʩʣʝʥʦ 41.79 14.84 22.26 11.82 

[Vʆ(ɼʊʕʌ)(ɹʌʝʥ)] ʅʘʡʜʝʥʦ 56.83 11.05 16.34 8.69 

ɺʳʯʠʩʣʝʥʦ 56.92 10.97 16.46 8.74 

[Nb(OH)3(ɼʊʌ)](ɸʥʅ)2 ʅʘʡʜʝʥʦ 28.93 19.81 22.31 14.50 

ɺʳʯʠʩʣʝʥʦ 28.88 19.87 22.36 14.44 

[Nb(OH)3(ɼʊʌ)](ɸʤʈʫʅ) 2 ʅʘʡʜʝʥʦ 29.11 19.54 22.15 14.29 

ɺʳʯʠʩʣʝʥʦ 29.14 19.63 22.08 14.26 

[Ta(ʆʅ)3(ɼʊʌ)2](ɸʥʅ)2 ʅʘʡʜʝʥʦ 25.48 17.40 19.72 24.66 

ɺʳʯʠʩʣʝʥʦ 25.41 17.49 19.67 24.73 

[Ta(ʆʅ)3(ɼʊʌ)2](ɼʌɻʅ)2 ʅʘʡʜʝʥʦ 43.65 13.25 14.50 18.71 

ɺʳʯʠʩʣʝʥʦ 43.59 13.22 14.57 18.69 

ʂʦʤʧʣʝʢʩ % ʄ S C N H O 

[VO(ɼʊʕʌ)(ɹʌʝʥ)] ʅʘʡʜʝʥʦ 8.79 10.90 65.98 4.73 4.19 5.41 

ɺʳʯʠʩʣʝʥʦ 8.75 10.97 65.90 4.80 4.12 5.49 

[VO(ɼʊʕʌ)(ɼʠʧ)] ʅʘʡʜʝʥʦ 12.59 15.63 53.11 6.92 3.85 7.90 

ɺʳʯʠʩʣʝʥʦ 12.52 15.71 53.04 6.88 3.92 7.85 

[VO(ɼʊʕʌ)(ʦ-ɸmPy)] ʅʘʡʜʝʥʦ 14.71 18.59 45.30 8.05 4.68 8.94 

ɺʳʯʠʩʣʝʥʦ 14.69 18.53 45.36 8.15 4.67 8.90 
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ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʣʠʛʘʥʜʳ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ V(IV) ʧʦ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠ-

ʯʝʩʢʦʤʫ ʪʠʧʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʷʪʠʯʣʝʥʥʦʛʦ ʤʝʪʘʣʣʦʮʠʢʣʘ. ɸʥʘʣʠʟ ʀʂ-ʩʧʝʢʪʨʦʚ 

ʧʦʢʘʟʘʣ, ʯʪʦ ɼʌ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʢʦʤʧʣʝʢʩʘʭ ʚ ʠʦʥʠʟʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʠ ʙʠʜʝʥ-

ʪʘʪʥʦ ʢʦʦʨʜʠʥʠʨʫʶʪ ʩ ʠʦʥʦʤ ʤʝʪʘʣʣʘ. ʂʦʦʨʜʠʥʘʮʠʷ ʚʪʦʨʦʛʦ ʣʠʛʘʥʜʘ ʩ ʮʝʥ-

ʪʨʘʣʴʥʳʤ ʘʪʦʤʦʤ ʚ ʈʃʂ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ. ʇʦʣʦʩʘ ʧʦʛʣʦɦʝʥʠʷ ʈʃʂ ʥʘʭʦʜʠʪʩʷ ʚ ʙʦʣʝʝ ʜʣʠʥ-

ʥʦʚʦʣʥʦʚʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʦʩʦʡ ʧʦʛʣʦʱʝʥʠʷ ʆʃʂ. ʅʘʣʠʯʠʝ 

ʚʪʦʨʦʛʦ ʣʠʛʘʥʜʘ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʠʣʠ ʫʚʝʣʠʯʠʪʴ ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʠ ʤʝʞʜʫ ʧʝʨ-

ʚʳʤ ʣʠʛʘʥʜʦʤ ʠ ʮʝʥʪʨʘʣʴʥʳʤ ʘʪʦʤʦʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʤʝʥʷʶʪʩʷ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʣʝʡ ʚ ʣʠʛʘʥʜʝ; ʵʪʦ ʩʦʧʨʦʚʘʞʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝʤ ʧʦʣʦʩ ʧʦʛʣʦ-

ʱʝʥʠʷ, ʦʙʫʩʣʦʚʣʠʚʘʝʤʳʤ ʧʝʨʝʭʦʜʘʤʠ ʵʣʝʢʪʨʦʥʦʚ ʚʥʫʪʨʠ ʣʠʛʘʥʜʘ [238, ʩ.12-13]. 

ɺʪʦʨʦʡ ʣʠʛʘʥʜ ʤʦʞʝʪ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʦʥ ʤʝʪʘʣʣʘ 

ʠʤʝʝʪ ʩʚʦʙʦʜʥʳʝ ʦʨʙʠʪʘʣʠ ʜʣʷ ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʳ ʵʣʝʢʪʨʦʥʦʚ ʠ ʝʩʣʠ ʠʦʥʥʳʡ 

ʨʘʜʠʫʩ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ, ʯʪʦʙʳ ʢ ʥʝʤʫ ʤʦʛ ʧʨʠʙʣʠʟʠʪʴʩʷ ʚʪʦʨʦʡ ʣʠʛʘʥʜ.  

ʋʯʠʪʳʚʘʷ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʘʭ, ʯʠʩʣʦ 

ʚʳʪʝʩʥʷʝʤʳʭ ʧʨʦʪʦʥʦʚ (2n=2) ʠ ʠʦʥʥʫʶ ʬʦʨʤʫ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ ʄ(OH)3
2+
, ʚʝ-

ʨʦʷʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʦʚ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ:  

 

4.6. ʍʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ V(II ,IV ), 

Nb(V) ʠ Ta(V) ʩ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ 

ʄʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ V(II,  IV ), Nb(V) ʠ 

Ta(V). ʄʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʚʳʯʠʩʣʝʥʳ ʤʝʪʦʜʦʤ 

ʥʘʩʳʰʝʥʠʷ. ʀʩʪʠʥʥʳʝ ʚʝʣʠʯʠʥʳ ʤʦʣʷʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ ʥʘʭʦ-

ʜʠʣʠ ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʦʤ ʂʦʤʘʨʷ [63, ʩ.196].  ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʷ ὑʢ ʢʦʤʧ-

ʣʝʢʩʦʚ V(I I,IV ) ʩ ɼʌ ʠ ɸʤ ʤʝʪʦʜʦʤ ʂʦʤʘʨʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.4.8 ʠ 4.9. ʄʦʣ-

ʷʨʥʳʝ ʢʦʵʬʬʠʮʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ (2.1-3.9)Ĭ10
4
, (2.1-3.9)Ĭ10

4
 ʠ (1.88-

3.41)Ĭ10
4 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ V(II ,IV), Nb(V) ʠ Ta(V). ɺʚʝʜʝʥʠʝ ʘʣ-
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ʢʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧ-ʧʦʣʦʞʝʥʠʝ ʢ -ʆʅ ʛʨʫʧʧʝ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʭʝ-

ʣʘʪʦʚ, ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʥʦ ʦʢʘʟʳʚʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ. 

ɼʚʫʭʬʘʟʥʳʝ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ V(I I,IV ), Nb(V) ʠ 

Ta(V). ɼʚʫʭʬʘʟʥʳʝ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ V(I I,IV ), Nb(V) ʠ 

Ta(V) ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ [63, ʩ.200]. ʌʝʥ, ɹʌʝʥ ʠ ɼʠʧ 

ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ ʭʝʣʘʪʦʦʙʨʘʟʫʁʱʠʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʦʙʨʘʟʫʶʱʠʝ ʧʨʦʯʥʳʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ-ʥʘʩʳʱʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ  Cu, Co, Ni, Hg, 

Mn, Fe. ʇʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʚ ʩʠʩʪʝʤʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʧʦ̫ʚʣʷʝʪʩʷ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʠ ʜʣʷ ʜʝʣʦʢʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʮʝʧʠ ʩʦʧʨʷʞʝʥʠʷ. ɸ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʤʝʱʝʥʠʶ 

ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ ɼʊɹʌ > ɼʊʄʌ >ɼʊʕʌ > ɼʊʇʌ > ɼʊʌ. 

ʂʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʨʝʘʢʮʠʡ. ʇʨʠ ʨʘʩʯʝʪʝ ʢʦʥʩʪʘʥʪʳ 

ʨʘʚʥʦʚʝʩʠʷ ʦʙʨʘʟʦʚʘʥʠʝ ʈʃʂ ʧʨʝʜʩʪʘʚʣʷʣʠ, ʢʘʢ ʨʝʘʢʮʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞ-

ʜʫ ʘʥʠʦʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ V(II,IV ) ʩ ɼʌ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ. 

˙ ς(2 ᴾ ˙(2 ς(                            (4.8) 

˙(2 ς!Í(P ˙(2 !Í(                     (4.9) 

ʛʜʝ ʄ
2+

- V
2+ 
ʠʣʠ VO

2+ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʫʨʘʚʥʝʥʠʶ (4.8) ʠ (4.9) ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʚʳʯʠʩʣʝʥʘ 

ʧʦ ʬʦʨʤʫʣʝ 

ÌÇ+ ÌÇ$ ςÌÇ!Í̊                                   (4.10) 

ʉʦʜʝʨʞʘʥʠʝ ʚʘʥʘʜʠʷ ʚ ʚʦʜʥʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʘʭ ʦʧʨʝʜʝʣʝʥʦ ʠʟʚʝʩʪ-

ʥ ʤrʠ ʤʝʪʦʜʘʤʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʚʳʯʠʩʣʝʥ D. ʇʦʩʣʝʜʥʶʶ ʫʜʦʙʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʪʥʦ-

ʰʝʥʠʝ 

ÌÇ
˙ ̏

˙ ̃
ÌÇ
ˍ̐ ̑ˍ̖

ÌÇ$                           (4.11) 
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ʛʜʝ ɸʭ-ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʵʢʩʪʨʘʢʪʘ, ʛʜʝ ʝʱʝ ʥʝ ʚʝʩʴ 6(2  ʩʚʷʟʘʥ ʩ ʘʤʠ-

ʥʘʤʠ. ɸʧʨ-ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʧʨʠ 100%-ʥʦʡ ʵʢʩʪʨʘʢʮʠʠ 6(2 ʚ ʚʠʜʝ 

ʈʃʂ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʷ ʂʨ  ʈʃʂ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.4.8. 

ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʵʢʩʪʨʘʢʮʠʠ ʠʦʥʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

ʄ
2+

+ 2H2R
- 
+ 2AmH

+
 [ʄ(HR)2](AmH)2                                            (4.12) 

ʂʦʥʩʪʘʥʪʳ ʵʢʩʪʨʘʢʮʠʠ ʚʳʯʠʩʣʝʥʳ ʧʦ ʬʦʨʤʫʣʝ 

ÌÇ+̞̋ ÌÇ$ςÌÇ(2 ςÌÇ!Í̊                                         
(4.13) 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʷ ʂʵʢ ʈʃʂ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.4.8.  

ɺ ʩʣʫʯʘʝ ʈʃʂ  ʩʦ ʩʤʝʰʘʥʥʦʡ ʩʬʝʨʦʡ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʨʝʘʢʮʠʶ 

ʚʩʪʫʧʘʁʪ ʥʝʡʪʨʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ɸʤ. ʂʦʥʮʝʥʪʨʘʮʠʷ ɸʤ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʠʟ 

ʩʣʝʜʫʁʱʝʛʦ ʫʨʘʚʥʝʥʠʷ:  

ˍ̍ ˍ̍

˗̉

                                                (4.14) 

ʉɸʤïʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʤʠʥʘ, ʂʠ-ʢʦʥʩʪʘʥʪʘ ʝʛʦ ʢʠʩʣʦʪʥʦʡ ʠʦʥʠʟʘʮʠʠ. 

ʈʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʥʠʦʥʘ ɼʌ ʙʫʜʝʪ ʨʘʚʥʘ: 

(2 ˗ ˗Ͻ̠
                                          (4.15) 

   ʆʙʨʘʟʦʚʘʥʠʝ ʈʃʂ ʩʦ ʩʤʝʰʘʥʥʦʡ ʩʬʝʨʦʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʝʤ 

[M(ɸʤ)]
2+
+ɼʌ

2-
[ Mɸʤɼʌ]                                   (4.16) 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʫʨʘʚʥʝʥʠʶ (4.16) ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴ-

ʩʷ ʫʨʘʚʥʝʥʠʝʤ 

˗
 ˍ̍ˑˡ̏

ˍ̍ ̃ ˑˡ ̃

                                 (4.17) 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʢʦʤʧʣʝʢʩʘ ʥʘʭʦʜʠʣʠ ʧʦ ʬʦʨʤʫʣʝ (3.5). ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤ-

ʧʣʝʢʩʘ [Mɸʤ]
2+

 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʘ-

ʥʘʜʠʷ ʠ ʪʦʡ ʝʛʦ ʯʘʩʪʴʶ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʚ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʢʦʤʧʣʝʢʩ: 

{[ M(ɸʤ)]
2+

}=CM-[M(ɸʤ)ɼʌ]. ɸʥʘʣʦʛʠʯʥʳʤ ʧʫʪʝʤ ʨʘʩʩʯʠʪʘʥʘ ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ɼʌ: [ɼʌ]=CM-[M(ɸʤ)ɼʌ]. ɺʳʯʠʩʣʝʥʥʳʝ ʚʝʣʠʯʠʥʳ  ʜʣʷ ʢʦʤʧʣʝʢ-

ʩʦʚ ʚʘʥʘʜʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 4.8. 

ʈʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Nb(V) Ta(V) ʩ ɼʌ ʠ ɸʤ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝ-

ʜʫʶɦʠʤʠ ʜʚʫʤʷ ʫʨʘʚʥʝʥʠʷʤʠ: 

ʨʂ
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˙/( ς(2 ᴾ ˙/( (2 ς(                            (4.18) 

˙/( (2 ς!Í(P ˙/( (2 !Í(                    (4.19) 

ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʵʢʩʪʨʘʢʮʠʠ  ʈʃʂ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

˙/( + 2HR
2- 

+ 2AmH
+

 [˙/( (HR)2](AmH)2                                            (4.20) 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʘʥʘʣʦʛʠʯʥʳʭ ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʳʤ, ʜʣʷ ʢʦʥʩʪʘʥʪʳ 

ʨʘʚʥʦʚʝʩʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ: (4.10) ʠ (4.13). 

4.7. ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʨʝʘʢʮʠʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚʘʥʘʜʠʷ(IV) c 

ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ 

ɺʳʩʦʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʭʝʣʘʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʫʩ-

ʣʦʚʣʝʥʘ ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʚʳʛʦʜʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʢʦʤʧʣʝʢʩʦ-

ʦʙʨʘʟʫʶʱʠʭ ʛʨʫʧʧʠʨʦʚʦʢ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʤʧ-

ʣʝʢʩʝ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʣʠʛʘʥʜʘ [113, ʩ.321-322]. ʊʝʧʣʦʚʦʡ ʵʬ-

ʬʝʢʪ ʠ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʧʨʦʮʝʩʩʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥ -r

ʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢʦʤʧʣʝʢʩʘ. ɺʝʣʠʯʠʥʘ ȹʅ ʨʝʘʢ-

ʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʚʢʣʶʯʘʝʪ ʢʘʢ ʵʥʝʨʛʠʶ ʩʚʷʟʠ ʤʝʞʜʫ ʢʘʪʠ-

ʦʥʦʤ ʠ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ, ʪʘʢ ʠ ʵʥʝʨʛʠʶ ʩʦʣʴʚʘʪʘʮʠʠ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʢʦʤʧʣʝʢʩʘ [5, ʩ.145]. ɽʩʣʠ ȹG 
0
< 0, ʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩʘʤʦ-

ʧʨʦʠʟʚʦʣʴʥʦ, ʠ ʨʘʚʥʦʚʝʩʠʝ ʪʝʤ ʩʠʣʴʥʝʝ ʩʤʝʱʝʥʦ ʚʧʨʘʚʦ, ʯʝʤ ʤʝʥʴʰʝ ȹG 
0
. ʀʟ-

ʤʝʥʝʥʠʷ ȹʅ
0
 ʠ ȹG

0
 ʭʘʨʘʢʪʝʨʠʟʫʁʪ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ: ʵʥʪʘʣʴʧʠʷ 

ï ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʝʡ M ï L, ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ - ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʢ ʜʠʩʩʦʮʠ-

ʘʮʠʠ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʨʘʩʪʚʦʨʝ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪ-r

ʚʘʪʴ  ʚʣʠʷʥʠʝ ʵʥʪʨʦʧʠʡʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥ ȹʅ
0
 ʠ ȹG

0
. ʇʦ-

ʵʪʦʤʫ ʩʦʧʦʩʪʘʚʣʷʪʴ ʵʥʝʨʛʠʶ ʩʚʷʟʝʡ MïL ʥʘ ʦʩʥʦʚʝ ʢʦʥʩʪʘʥʪ ʨʘʚʥʦʚʝʩʠʷ ʩʣʝʜʫ-

ʝʪ ʩ ʦʩʪʦʨʦʞʥʦʩʪʴʶ. ȹʅ
0
 å ȹG

0
 ʚ ʩʣʫʯʘʷʭ, ʝʩʣʠ ʊȹS

0
 ʤʠʥʠʤʠʟʠʨʦʚʘʥʦ ʜʦ ʥʫʣʷ. 

ʕʪʦ ʚʦʟʤʦʞʥʦ ʣʠʙʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʣʠʟʢʠʭ ʢ ʘʙʩʦʣʶʪʥʦʤʫ ʥʫʣʶ, ʣʠʙʦ ʚ 

ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʁʱʠʭ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ. ʅʠ ʧʝʨʚʦʝ, ʥʠ ʚʪʦʨʦʝ ʫʩʣʦ-

ʚʠʝ ʦʙʳʯʥʦ ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʘʢʮʠʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʀʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʚʳʯʠʩʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

13

)()(

11

lnln
13

TT

KK
RH

TdavTdav
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-
-=D A

                           
(4.21)
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ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪ 

ʩʪʘʥʜʘʨʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʠ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʵʪʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ  ʚʳʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: æGÁ = æʅÁ-TæSÁ. ɽʩʣʠ ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ 

ʚ ʨʘʚʥʦʚʝʩʠʠ æGÁ = 0 ʪʦʛʜʘ, ʩʪʘʥʜʘʨʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ 

ʧʦ ʬʦʨʤʫʣʝ æSÁ=æʅÁ/T. ɼʣʷ ʧʨʦʮʝʩʩʦʚ, ʢʦʛʜʘ  æGÁ Í0 ЎὛ ЎὌЈ ЎὋὝϳ  . 

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ 

ʤʦʣʝʢʫʣ ʚʦʜʳ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʠʦʥʘ ʤʝʪʘʣʣʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ  ʣʠʛʘʥʜ. ɽʩʣʠ ʚ 

ʢʦʤʧʣʝʢʩ ʚʩʪʫʧʘʶʪ ʤʦʥʦʜʝʥʪʘʪʥʳʝ ʣʠʛʘʥʜʳ, ʪʦ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʨʘʚʥʦʝ ʯʠʩʣʦ 

ʤʦʣʝʢʫʣ ʚʦʜʳ. ɽʩʣʠ ʚʩʪʫʧʘʝʪ ʙʠʜʝʥʪʘʪʥʳʡ ʣʠʛʘʥʜ, ʪʦ ʯʠʩʣʦ ʦʩʚʦʙʦʞʜʘʶʱʠʭʩʷ 

ʤʦʣʝʢʫʣ ʚʜʚʦʝ ʙʦʣʴʰʝ, ʯʝʤ ʯʠʩʣʦ ʣʠʛʘʥʜʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʢʦʤʧʣʝʢʩ. ʉʥʘʯʘʣʘ ʙʠ-

ʜʝʥʪʘʪʥʳʡ ʣʠʛʘʥʜ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʠʦʥʫ ʤʝʪʘʣʣʘ ʧʦʩʨʝʜʩʪʚʦʤ ʦʜʥʦʛʦ ʜʦʥʦʨ-

ʥʦʛʦ ʘʪʦʤʘ. ɹʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʚʤʝʩʪʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚʪʦʨʦʛʦ ʣʠʛʘʥʜʘ ʮʠʢʣ 

ʙʫʜʝʪ ʟʘʤʳʢʘʪʴʩʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʢ ʠʦʥʫ ʤʝʪʘʣʣʘ ʚʪʦʨʦʛʦ ʜʦ-

ʥʦʨʥʦʛʦ ʘʪʦʤʘ ʪʦʡ ʞʝ ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ.  ɺʪʦʨʦʡ ʜʦʥʦʨʥʳʡ ʘʪʦʤ ʟʘʢʨʝʧʣʝʥʥr ʡ 

ʦʜʥʠʤ ʢʦʥʮʦʤ ʨʝʘʛʝʥʪʘ ʩʚʦʙʦʜʝʥ ʤʝʥʴʰʝ, ʯʝʤ ʥʝʟʘʢʨʝʧʣʝʥʥʳʡ, ʠ ʥʘʭʦʜʠʪʩʷ 

ʥʘʤʥʦʛʦ ʙʣʠʞʝ ʢ ʠʦʥʫ ʤʝʪʘʣʣʘ, ʯʝʤ ʥʝ ʟʘʢʨʝʧʣʝʥʥʳʝ ʤʦʣʝʢʫʣʳ ʨʝʘʛʝʥʪʦʚ, ʥʘ-

ʭʦʜ̫ɦ ʠʝʩʷ ʚ ʨʘʩʪʚʦʨʝ. ɹʦʣʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʦʟ-

ʨʘʩʪʘʝʪ ʵʥʪʨʦʧʠʡʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ TȹS ʚ ʫʨʘʚʥʝʥʠʠ ȹG
ʦ
=-

RTlnK=ȹH
ʦ 
ïTȹS

ʦ
, ʪ.ʝ. ʫʤʝʥʴʰʘʝʪʩʷ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʝʝ ʧʨʦʯʥʳʡ ʢʦʤʧʣʝʢʩ. ʊʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ 

ʦʙʳʯʥʦ ʥʝʙʦʣʴʰʦʡ. ɿʘʤʝʥʘ ʩʚʷʟʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʥʘ ʩʚʷʟʴ ʩ 

ʣʠʛʘʥʜʦʤ ʥʝ ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩ-

ʪʠ ʚ ʩʠʩʪʝʤʝ, ʥʦʚʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʠʩʪʝʤʝ ʥʝ ʚʦʟʥʠʢʘʝʪ. ʕʥʪʨʦʧʠʡʥʳʡ 

ʬʘʢʪʦʨ ʩʠʩʪʝʤʳ ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʠʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ 

[234, ʩ.259]. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ ʈʃʂ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣ. 4.6. 

ʇʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʩ ʣʠʛʘʥʜʘʤʠ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ 

ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʤʝʥʴʰʠʡ ʟʘʧʘʩ ʵʥʝʨʛʠʠ, ʯʝʤ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʝ ʢʦʤʧʦʥʝʥʪʳ. 

ʂʦʤʧʣʝʢʩ ʪʝʤ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚ, ʯʝʤ ʙʦʣʴʰʝ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ ʠ ʯʝʤ 

ʙʦʣʴʰʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ [121, ʩ.318; 286, ʩ.104-105]. ʋʩʪʦʡʯʠʚʦʩʪʴ ʭʝʣʘʪʦʚ 
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ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʘʪʦʤʦʚ ʚ ʮʠʢʣʝ. ʅʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʧʷʪʠʯʣʝʥʥʳʝ ʮʠʢʣʳ 

[234, ʩ.260]. ɺʦʟʨʘʩʪʘʥʠʝ ʯʠʩʣʘ ʮʠʢʣʦʚ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʯʥʦʩ-

ʪʠ. ɺʝʣʠʯʠʥʘ ʵʥʪʘʣʴʧʠʡʥʦʛʦ ʬʘʢʪʦʨʘ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʩʫʤʤʦʡ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: ʩʪʝʧʝʥʴʶ ʢʦʚʘʣʝʥʪʥʦʩʪʠ ʩʚʷʟʠ ʤʝʞʜʫ ʠʦʥʦʤ 

ʤʝʪʘʣʣʘ ʠ ʜʦʥʦʨʥʳʤ ʘʪʦʤʦʤ ʣʠʛʘʥʜʘ; ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. 

ʊʘʙʣʠʮʘ 4.6 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ ʈʃʂ 

 

4.8. ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʚʦʡʩʪʚʘʤʠ ʨʝʘʛʝʥʪʦʚ ʠ 

ʢʦʤʧʣʝʢʩʦʚ 

ʀʟʫʯʝʥʠʝ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʌɸɻ ʢʦʤʧʣʝʢʩʦ-

ʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʨʅ50 ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʢʦ-

ʣʠʯʝʩʪʚʝʥʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʪʠʧʘ ȹʨʂ1- ȹʨʅ50, ʪʦ ʝʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʢʠʩ-

ʣʦʪʥʳʭ ʩʚʦʡʩʪʚ ïSH ʛʨʫʧʧʳ ʥʘ ʨʅ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ (ʨʠʩ.4.11 ʠ 4.12, ʪʘʙʣ. 

4.7). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. ʫʤʝʥʴʰʝʥʠʝ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ (ȹʨʂ1) ʨʝʘʛʝʥʪʘ ʧʨʠʚʦ-

ʜʠʪ ʢ ʩʜʚʠʛʫ ʨʅ (ȹʨʅ50) ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʙʦʣʝʝ ʩʣʘʙʦʢʠʩʣʫʶ ʦʙʣʘʩʪʴ. 

ʇʦʣʫʯʝʥʥʳʝ  ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʶʪ ʚʠʜ: 

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʚʘʥʘʜʠʷ 

ɸʤ ɼʌ T, K lgKɓ æGÁ, kɼʞ/ʤʦʣʴ æʅÁ,  kɼʞ/ʤʦʣʴ æSÁ, ɼʞ/ʤʦʣʴ ĀK 

 

 

 

ɸʥ 

ɼʊʄʌ 298 0.5 10.83Ñ0.03    

   -61.76 0.55 

 

-13.59 1.97 

 

16.17Ñ2.56 303 0.5 10.75Ñ0.08 

308 0.5 10.69Ñ0.05 

 

ɼʊʕʌ 

298Ñ0.5 10.44Ñ0.27   

   -59.545 0.60 

 

-12.62 0.63 

 

15.74Ñ1.25 

 
303Ñ0.5 10.39Ñ0.04 

308Ñ0.5 10.31Ñ0.19 

 

ɼʊʇʌ 

298Ñ0.5 9.70Ñ0.27  

-55.32 0.72 

 

-11.65 0.46 

 

14.63Ñ1.34 
303Ñ0.5 9.66Ñ0.01 

308Ñ0.5 9.58Ñ0.09 

 

 

ʤɸʥ 

 

ɼʊʇʌ 

298Ñ0.5 9.65Ñ0.59  

  -55.03 0.45 

 

-11.59 0.97 

 

14.57 ρ.73 
303Ñ0.5 9.61Ñ0.11 

308Ñ0.5 9.53Ñ0.32 

 

ɼʊɹʌ 

298Ñ0.5 11.25Ñ0.47  

-64.16 0.36 

 

-14.56 π.24 

 

17.25 3.17 
303Ñ0.5 11.17Ñ0.48 

308Ñ0.5 11.10Ñ0.09 

 

ʜɸʥ 

 

ɼʊɹʌ 

298Ñ0.5 11.20Ñ0.76  

-63.87 0.24 

 

-13.61 0.12 

 

16.87 0.15 
303Ñ0.5 11.15Ñ0.59 

308Ñ0.5 11.06Ñ0.27 
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Ў̑ ˚ πȢφυψЎ̑ ˗ πȢπωυ  ʠʣʠ  Ў̑ ˗
Ў̑ ˚ Ȣ

Ȣ
        (4.22)                                   

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʥʠʦʙʠʷ 

Ў̑ ˚ πȢφχυЎ̑ ˗ πȢρςυ ʠʣʠ  Ў̑ ˗
Ў̑ ˚ Ȣ

Ȣ
               (4.23)                                    

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʪʘʥʪʘʣʘ 

Ў̑ ˚ πȢψπσЎ̑ ˗ πȢπψ    ʠʣʠ    Ў̑ ˗
Ў̑ ˚ Ȣ

Ȣ
             (4.24)       

ʊʘʙʣʠʮʘ 4.7  

ʅʝʢʦʪʦʨʳʝ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʃʂ  V(IV), Nb(V), Ta(V) ʩ 

ɼʌ ʠ Aʥ 

ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ȹʨʂ1-ȹʨʅ50 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʬʠʟʠʢʦ-ʭʠʤʠ-

ʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʨʅ50) ʠʟʫʯʝʥʥʳʭ ʨʝʘʛʝʥʪʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʣʠ-

ʯʝʩʪʚʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚʘ ʨʝʘʛʝʥʪʘ (ʨʂ1) ʠ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʝʡ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʨʂ ʨʝʘʛʝʥʪʦʚ ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʫʝʤʳʭ ʠʤʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʣʠʥʝʡʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʨʠʩ. 4.11 ʠ 4.13). ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ lgɓ ʠ ʨʂ1, ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠ̫ʤʠ: 

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʚʘʥʘʜʠʷ 

 ʨʂSH = 4.96+0.18lgɓ ʠʣʠ  lgɓ = 
Ȣ

Ȣ
                       (4.25) 

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʥʠʦʙʠʷ              

ʨʂSH=5.08+0.175 lgɓ ʠʣʠ lgɓ= 
Ȣ

Ȣ
                        (4.26) 

      ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʪʘʥʪʘʣʘ  

ʨʂSH=5.1+0.19lgɓ ʠʣʠ  lgɓ= 
Ȣ

Ȣ
                               (4.27) 

ʄʝʪʘʣ H3R pKSH ȹ pKSH pH50 ȹpH50 lgɓ Ů ůn 

ɺʘʥʘʜʠʡ  H 6.30  0.0 2.51  0.00 7.45 2.39 0 

-C3H7 6.72 -0.42 2.88 -0.37 9.70 2.75 -0.126 

-C2H5 6.84 -0.54 2.95 -0.44 10.44 2.64 -0.151 

-CH3 6.92 -0.62 3.01 -0.50 10.83 2.50 -0,170 

-C(CH3)3 6.98 -0.68 3.09 -0.58 11.21 2.88 -0.197 

ʅʠʦʙʠʡ  H 6.30  0.0 2.21  0.00 7.19 2.11 0 

-C3H7 6.72 -0.42 2.62 -0.41 9.26 3.05 -0.126 

-C2H5 6.84 -0.54 2.70 -0.49 9.94 2.74 -0.151 

-CH3 6.92 -0.62 2.75 -0.54 10.28 2.43 -0,170 

-C(CH3)3 6.98 -0.68 2.86 -0.58 10.65 3.38 -0.197 

ʊʘʥʪʘʣ  H 6.30  0.0 2.12  0.00 6.31 1.88 0 

-C3H7 6.72 -0.42 2.53 -0.41 8.52 2.46 -0.126 

-C2H5 6.84 -0.54 2.62 -0.50 9.15 2.27 -0.151 

-CH3 6.92 -0.62 2.68 -0.56 9.57 2.05 -0,170 

-C(CH3)3 6.98 -0.68 2.74 -0.63 9.89 2.64 -0.197 



145 
 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʟʘʤʝʩʪʠʪʝʣʷ ʤʦʣʷʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛ-

ʣʦʱʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʨʠʩ.4.11 ʠ 4.14). ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʶʪ 

ʚʠʜ:  

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʚʘʥʘʜʠʷ 

ὑ=2.39 +0.00073M(X)             R
2
 =0.9856                       (4.28) 

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʥʠʦʙʠʷ 

ὑ=2.14 +0.0103M(X)              R
2
 =0.9856                       (4.29) 

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʪʘʥʪʘʣʘ  

ὑ=1.88 +0.0136M(X)              R
2
 =0.9845                       (4.30) 

ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ůn ʟʘʤʝʩʪʠʪʝʣʷ ʠʣʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ  

ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʨʝʘʛʝʥʪʘ ʚʝʣʠʯʠʥʘ ʨʅ50 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʨʨʝʣ-

ʷʮʠʷ ůn - ʨʅ50. ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʨʅ50 ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 

pʂSH ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʢʦʥʩʪʘʥʪʘʤʠ ɻʘʤʤʝʪʘ. ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝ-

ʶʪ ʚʠʜ:  

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʚʘʥʘʜʠʷ 

pH50=2.51-2,95ůn (r=0,98)                                             (4.31)  

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʥʠʦʙʠʷ 

pH50=2.21-3.14ůn (r=0.97)  ʠ  pʂSH=6.29-3.49ůn (r=0.98)              (4.32) 

ʘ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʪʘʥʪʘʣʘ  

pH50=2.12+3.24ůn (r=0.98)  ʠ  pʂSH=6.30-3.42ůn (r=0.98)             (4.33) 

ɺʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʨʅ ʢʦʤʧ-

ʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʙʦʣʝʝ ʩʣʘʙʦʢʠʩʣʫʶ ʦʙʣʘʩʪʴ. ʂʦʣʠʯʝʩʪʚʝʥʥʦ ʚʣʠʷʥʠʝ ʟʘʤʝʩ-

ʪʠʪʝʣʝʡ, ʚʚʝʜʝʥʥʳʭ ʚ ʧ-ʧʦʣʦʞʝʥʠʠ ʢ ʛʨʫʧʧʝ -ʆʅ, ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩ ʧʦ-

ʤʦʱʴʶ ʠʥʜʫʢʮʠʦʥʥʳʭ ʢʦʥʩʪʘʥʪ ɻʘʤʤʝʪʘ (ůn). ʋʩʪʘʥʦʚʣʝʥʥʫʶ ʣʠʥʝʡʥʫʶ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʛʥʦʟʘ ʢʦʥʩʪʘʥʪ ʠʦʥʠʟʘ-

ʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʩʠʥʪʝʟ ʢʦʪʦʨʳʭ ʥʝ ʧʨʦʚʝʜʝʥ ʠʣʠ ʟʘʪʨʫʜʥʝʥ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ ʨʝʘʛʝʥʪʦʚ ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʫʝʤʳʭ ʠʤʠ ʢʦʤʧ-

ʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʟʫʯʝʥʥʳʤʠ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʣʠʥʝʡʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, 

ʝʩʣʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʨʅʦʧʪ.  
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ʈʠʩ.4.11. ʂʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ЎpKSH ʠ ЎpH50 (ʘ), lgɓ ʠ (pKSH) (ʙ), ʤʦʣʷʨʥʦʡ ʤʘʩ-

ʩʦʡ ʟʘʤʝʩʪʠʪʝʣʷ (M(X)) ʠ ʤʦʣʷʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʛʣʦʱʝʥʠʷ (ʚ) ʜʣʷ ʢʦʤʧ-

ʣʝʢʩʦʚ V(IV)-ɼʌ-Aʥ 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʳ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ 

2-ʤʝʨʢʘʧʪʦʛʨʫʧʧʳ ʨʝʘʛʝʥʪʦʚ. ʇʨʠʯʝʤ ʩ ʚʚʝʜʝʥʠʝʤ ʚ ʩʪʨʫʢʪʫʨʳ ʵʣʝʢʪʨʦʥʦʜʦ-

ʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʪʦ ʝʩʪʴ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ ʌɸɻ ʨʝʘʛʝʥ-

ʪʘ, ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʨʅʦʧʪ ʠ ʨʅ50 ʩʤʝʱʘʶʪʩʷ ʚ ʙʦʣʝʝ ʩʣʘ-

ʙʦʢʠʩʣʫʶ ʦʙʣʘʩʪʴ. 

 

ʈʠʩ.4.12. ʂʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ (ЎpKSH) ʠ ЎpH50 ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ Nb(V)-ɼʌ-Aʥ (ʘ) 

ʠ Ta(V)-ɼʌ-Aʥ (ʙ) 

 
ʈʠʩ.4.13. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ lgɓ ʠ  (pKSH) ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ  Nb(V)-ɼʌ-Aʥ(ʘ) 

ʠ Ta(V)-ɼʌ-Aʥ (ʙ) 
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ʈʠʩ.4.14. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʤʦʣʷʨʥʦʡ ʤʘʩʩʦʡ ʟʘʤʝʩʪʠʪʝʣʷ M(X) ʠ ʤʦʣʷʨʥʳʤ 

ʢʦɻʬʬʠʮʠʝʥʪʦʤ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ Nb(V)-ɼʌ-ɸʥ (ʘ) ʠ ʜʣʷ ʢʦʤʧʣʝʢ-

ʩʦʚ ʊʘ(V)-ɼʌ-Aʥ (ʙ) 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʃʂ ʚʘʥʘʜʠʷ, ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4.8 ʠ 4.9. 

ʆʙʟʦʨ ʛʣʘʚʳ IV  

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʵʢʩʪʨʘʢʮʠʷ ʈʃʂ ʚʘʥʘʜʠʷ, ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ ʧʨʦ-

ʪʝʢʘʝʪ ʚ ʩʣʘʙʦʢʠʩʣʦʡ ʩʨʝʜʝ. ʇʨʠʨʦʜʘ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪ-

ʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʵʢʩʪʨʘʢʮʠʶ ʢʦʤʧʣʝʢʩʦʚ. ʈʃʂ V(II) 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʙʦʣʝʝ ʢʠʩʣʦʡ ʩʨʝʜʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ V(IV). ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ V(II) ʩ 

ɼʌ ʠ ʘʤʠʥʘʤʠ ʠ ʠʟʚʣʝʯʝʥʠʝ ʠʭ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ pH 2.4-

7.2. ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ V(IV)  ʦʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʨʅ 3.2-

7.8. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʨʅ 1.4-7.4 

(ʨʅʦʧʪ 2.9-5.6) ʠ ʨʅ 1.2-7.0 (ʨʅʦʧʪ 2.3-5.3) ʜʣʷ Nb(V) ʠ Ta(V) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʕʇʈ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʫʩʪʘʥʘʚʣʝʥʦ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤʘʭ V(V) ʩʥʘ-

ʯʘʣʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ɼʌ ʜʦ V(IV), ʧʦʩʣʝʜʥʠʡ ʟʘʪʝʤ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʢʦʤ-

ʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ɼʌ ʠ ɸʤ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʚʘ-

ʥʘʜʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ l=582-650 ʥʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʘʙʩʦʨʙʮʠʷ ʢʦʤʧʣʝʢʩʦʚ 

Nb(V) ʠ Ta(V) ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 430-460 ʥʤ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ M-ɼʌ-ɸʤ ʵʢʩʪʨʘʢʮʠʷ ʤʘʢʩʠʤʘʣʴʥʘ ʪʘʢʠ-

ʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʢʘʢ ʭʣʦʨʦʬʦʨʤ, ʙʝʥʟʦʣ, ʜʠʭʣʦʨʵʪʘʥ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦ-

ʜʘʚʣʷʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʢʪʠʚʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ ʠʟʦʘʤʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʦʘʤʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
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ʈʃʂ ʫʤʝʥʴʰʘʝʪʩʷ, ʚʝʨʦʷʪʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʩʠʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɼʌ ʠ ɸʤ ʩ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʚʦʜʥʦʡ ʬʘʟʝ ʥʘʩʪʦʣʴʢʦ ʩʥʠʞʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʠʪʠʦʣ-

ʬʝʥʦʣʷʪ ʠʦʥʘ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʪʠʦʣʬʝʥʦʣʷʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʟʘʪ-

ʨʫʜʥʷʝʪʩʷ. ɺʚʝʜʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʫʤʝʥʴʰʘʶʱʝʛʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘ-

ʝʤʦʩʪʴ ʨʘʩʪʚʦʨʘ, ʫʤʝʥʴʰʘʝʪ ʢʦʥʩʪʘʥʪʳ ʢʠʩʣʦʪʥʦʡ ʠʦʥʠʟʘʮʠʠ ʨʝʘʛʝʥʪʦʚ ʩ ʦʜʥʦ-

ʚʨʝʤʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʦʙʣʘʩʪʠ ʨʅ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʭ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ 

ʬʦʨʤ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʙʨʘʟʫʶʱʠʭʩʷ ʈʃʂ ʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʄʝʞʣʠʛʘʥʜʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʣʠʛʘʥʜʦʚ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʈʃʂ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ [238, ʩ.33-

34]. ɺ ʩʣʫʯʘʝ ʘʤʠʥʦʬʝʥʦʣʦʚ, ʚʝʨʦʷʪʥʦ ʠʤʝʝʪ ʤʝʩʪʦ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʆʃʂ ʠ ʘʤʠʥʦʬʝʥʦʣʘʤʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʈʃʂ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠ-

ʩʠʪ ʦʪ ʪʠʧʘ ʩʚʷʟʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʩ ʣʠʛʘʥʜʘʤʠ. ʊʘʢ, ʝʩʣʠ ʜʚʘ ʣʠʛʘʥʜʘ ʦʙʨʘ-

ʟʫʶʪ ʣʠʙʦ ů-, ʣʠʙʦ ˊ-ʩʚʷʟʠ, ʪʦ ʈʃʂ ʦʙʨʘʟʫʝʪʩʷ, ʥʦ ʝʩʣʠ ˊ-ʩʚʟ̫ʘʥʥʳʡ ʣʠʛʘʥʜ ʩʦ-

ʯʝʪʘʝʪʩʷ ʩ ʣʠʛʘʥʜʘʤʠ ů-ʩʚʷʟʠ, ʪʦ ʪʘʢʦʡ ʢʦʤʧʣʝʢʩ ʥʝʩʪʘʙʠʣʝʥ [238, c.36]. 

ʀʩʯʝʟʥʦʚʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʣʦʩʳ ʧʨʠ 2580 ʩʤ
-1
, ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʀʂ-

ʩʧʝʢʪʨʝ ɼʊʄʌ ʠ ʧʦʷʚʣʝʥʠʝ ʚ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ V(II) -ɼʊʄʌ-ɸʥ, Nb(V)-

ɼʊʕʌ-Aʥ ʠ Ta(V)-ɼʊʕʌ-Aʥ ʜʚʫʭ ʥʦʚʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ 

ʩʤʝʱʝʥʘ ʚ ʩʪʦʨʦʥʫ ʢʦʨʦʪʢʠʭ ʯʘʩʪʦʪ, ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʜʥʘ ʠʟ ʤʝʨʢʘʧʪʦʛʨʫʧʧ 

ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ. ʀʩʯʝʟʥʦʚʝʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩ-

ʪʠ 3600-3200 ʩʤ
-1
 ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 3460 ʩʤ

-1
 ʧʦʢʘʟʚrʘʝʪ, ʯʪʦ -OH ʛʨʫʧʧʘ ʧʨʠ-

ʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʚʷʟʠ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʘʪʦʤʦʤ. ʆʙʥʘʨʫʞʝʥʠʝ ʧʦ-

ʣʦʩ ʧʦʛʣʦɦʝʥʠʷ ʧʨʠ 2385 ʩʤ
-1
 ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ɸʤ [45, 

ʩ.71; 59, ʩ.97].  

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ V(II ,IV) , Nb(IV) ʠ Ta(V) ʩ ɼʌ ʠ ɸʤ ʦʙʨʘʟʫʶʪʩʷ 

ʚʥʝʥhʝʩʬʝʨʥʳʝ ʈʃʂ ʠʣʠ ʠʦʥʥʳʝ ʘʩʩʦʮʠʘʪʳ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ɸʤ (ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ çʞʝʩʪʢʠʤʠè ʠ çʤʷʛʢʠʤʠè ʦʩʥʦʚʘʥʠʷʤʠ), 

ɼɸʄ ʠ ʝʛʦ ʘʥʘʣʦʛʦʚ  ʦʙʨʘʟʫʝʪʩʷ ʈʃʂ ʩʦ ʩʤʝʰʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ. 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 0.5 ʄ NH4OH  ʩʪʝʧʝʥʴ ʨʝʵʢʩʪʨʘʢʮʠʠ ʜʦʩʪʠʛʘʝʪ 99 %. 

ʈʃʂ M(V)-ɼʌ-ɸʤ ʚʳʜʝʣʝʥʳ ʚ ʠʥʜʚʠʜʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʄ, ɸʤ, S ʠ C. 

ʀʩʩʣʝʜʦʚʘʥʘ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʨʝʘʢʮʠʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ V(IV) c ɼʌ ʠ 

ɸʤ. ʊʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʠ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʧʨʦʮʝʩʩʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʤrʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢʦʤʧʣʝʢʩʘ. ʋʩ-

ʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʩʩʦʮʠʘʪʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʤʝʞʜʫ 

ɼʌ ʠ ɸʤ ʫʩʪʦʡʯʠʚʦʩʪʴ ʈʃʂ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʫʤʝʥʴ-

ʰʘʝʪʩʷ.  

ʋʩʪʘʥʦʚʣʝʥʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ȹpKSH ʠ ȹpH50, lgɓ ʠ pKSH, ʤʦʣʷʨʥʦʡ ʤʘʩ-

ʩʳ ʟʘʤʝʩʪʠʪʝʣʷ (M(X) ʠ ʤʦʣʷʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʛʣʦʱʝʥʠʷ, lgʂɻ ʢ ʠ ʨʂ1, 

lgʂʨ ʠ ʨʂ1 ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ɼʌ ʠ Aʥ. ʉ ʚʚʝʜʝʥʠʝʤ ʚ 

ʩʪʨʫʢʪʫʨʳ ʵʣʝʢʪʨʦʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʪʦ ʝʩʪʴ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʠʩʣʦʪʥʳʭ 

ʩʚʦʡʩʪʚ ʌɸɻ ʨʝʘʛʝʥʪʘ, ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ lgʂɻ ʢ ʠ lgʂʨ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ, ʘ ʨʅʦʧʪ ʠ ʨʅ50 ʩʤʝɦʘʶʪʩʷ ʚ ʙʦʣʝʝ ʩʣʘʙʦʢʠʩʣʫʶ ʦʙʣʘʩʪʴ.  
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ʊʘʙʣʠʮʘ  4.8 

ʅʝʢʦʪʦʨʳʝ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʈʃʂ ʚʘʥʘʜʠʷ(II ,IV) ʩ 2,6-ʜʠʪʠʦʣʬʝʥʦʣʦʤ, ʝʛʦ ʘʣʢʠʣʧʨʦʠʟʚʦʜʥʤrʠ ʠ ʛʠʜ-

ʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ 

  

ʉʦʝʜʠʥʝʥʠʝ pKNH
+ 

pH  

R 

 

 

D 
l, 

ʥʤ 

ȹɚ, 

ʥʤ 
eĬ10

-4 
 

lgKp 

 

lgɓ 

 

lgKʵʢ 

 
ʆʙʨʘʟʦ-

ʚʘʥʠʷ 

ʆʧʪʠʤʘʣʴ-

ʥʳʡ 

1 2 3 4 5 6 7 8 9 10 11 12 

[V(ɼʊʌ)2](ɸʥH)2 4.62 1.2-4.3 2.4-3.2 98.3 231 615 345 2.58 4.92 4.28 6.64 

[V(ɼʊʄʌ)2](ɸʌ3H)2  3.0-7.5 4,8-5,8 99.2 496 582 308 2,86 6.67 6.75 9.44 

[V(ɼʊʄʌ)2](ɸʌ4H2)  3.0-6.9 4.4-5.3 99.0 396 586 312 2.73 5.89 6.21 8.82 

[V(ɼʊɹʌ)(ʌʝʥ)2] 4.88 2.5-8.0 4.3-7.0 99.4 663 640 360 1.84 5.34 7.36 10.18 

[V(ɼʊɹʌ)(ɹʌʝʥ)2] 4.80 2.5-7.5 4.5-7.2 99.5 796 650 370 2.66 5.58 7.95 10.85 

[V(ɼʊɹʌ)2](ɸʥH)2 4.62 2.2-5.6 2.8-4.4 99.8 996 625 345 2.94 5.53 7.02 10.01 

[V(ɼʊɹʌ)2](ɸʌ3H)2  2.3-7.5 3.0-5.5 99.7 1329 590 310 3.25 5.75 7.28 10.40 

[V(ɼʊɹʌ)2](ɸʌ9H)2  2.2-5.9 2.8-4.4 99.2 496 600 320 3.10 6.30 7.12 10.25 

[Vʆ(ɼʊʌ)2](ʧ-ʊʦʣH)2 5.08 2.3-6.5 3,9-4,9 98.7 304 620 350 3.05 5.96 7.71 10.19 

[Vʆ(ɼʊʌ)(ʌʝʥ)] 4.88 4.5-8.5 6.8-7.6 98.8 329 610 340 3.12 5.43 9.89 12.39 

[Vʆ(ɼʊʌ)(ɼʠʧ)] 4.40 4.2-8.3 6.5-7.2 98.6 282 615 345 2.95 5.35 9.58 12.03 

[Vʆ(ɼʊʌ)](ɸʥH)2 4.62 1.8-5.8 3.3-4.2 98.5 263 628 358 2.39 5.21 7.45 9.86 

[Vʆ(ɼʊʄʌ)2 ](o-ʊʦʣH)2 4.45 2.5-6.3 3.8-4.7 98.9 360 620 346 3.20 5.85 9.81 11.67 

[Vʆ(ɼʊʄʌ)2](ʤ-ʊʦʣʅ)2 4.73 2.7-6.6 3.9-5.1 99.0 396 625 351 3.43 5.92 9.54 12.13 

[Vʆ(ɼʊʄʌ)2](ʧ-ʊʦʣʅ)2 5.08 2.7-6.9 4.0-5.3 99.2 496 630 356 3.74 6.00 9.12 12.50 

[Vʆ(ɼʊʄʌ)2](ɸʥH)2 4.62 2.1-6.2 3.3-4.5 99.1 440 630 356 2.50 5.34 10.83 13.47 

[Vʆ(ɼʊʄʌ)(ʌʝʥ)] 4.80 4.8-8.4 6.8-7.5 99.5 796 628 354 3.61 5.51 10.95 13. 54 

[Vʆ(ɼʊʄʌ)2](ɸʌ4H2)  3.0-7.5 4.3-5.2 99.5 796 630 356 4.15 5.39 9.23 12.13 

[Vʆ(ɼʊʄʌ)2](ɸʌ10H)2  3.0-7.6 3.8-4.9 99.6 996 620 346 3.79 5.65 8.67 11.21 

[Vʆ(ɼʊʕʌ)2](ɸʥH)2 4.62 2.0-6.0 3.2-4.4 98.7 304 638 362 2.64 5.75 10.44 12.46 

[Vʆ(ɼʊʕʌ)(ɹʌʝʥ)] 4.80 4.8-8.4 7.0-7.5 99.2 496 615 339 3.84 5.62 10.73 13.42 

[Vʆ(ɼʊʕʌ)(ɼʠʧ)] 4.40 4.5-8.1 7.0-7.4 98.8 329 618 342 3.62 5.54 10.12 12.70 

[Vʆ(ɼʊʕʌ)(ʦ-ɸʤʈʫ)] 6.86 3.8-7.5 5.0-6.6 98.7 304 620 344 3.05 5.35 10.04 12.59 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4.8 

 

 

1 2 3 4 5 6 7 8 9 10 11 12 

[Vʆ(ɼʊʇʌ)2](ɸʥʅ)2 4.62 1.9-5.7 3.3-4.3 98.6 282 630 352 2.75 5.88 9.70 12.15 

[Vʆ(ɼʊʇʌ)2](ʤɸʥʅ)2 4.85 2.1-6.0 3.5-4.5 98.7 304 634 356 2.85 5.94 9.65 12.29 

[Vʆ(ɼʊɹʌ)2](ɹɸʅ)2 9.37 2.0-8.0 3.5-5.0 99.6 996 590 310 3.21 5.98 11.45 13.56 

[Vʆ(ɼʊɹʌ)2](ʊɹɸʅ)2 5.36 1.8-6.5 3.3-4.8 99.4 663 595 315 3.02 5.76 11.34 13.37 

[Vʆ(ɼʊɹʌ)2](ɼʌɻʅ)2 10.12 2.0-6.6 3.6-4.8 99.4 663 645 365 2.74 6.23 11.42 13.43 

[Vʆ(ɼʊɹʌ)2](ʊʌɻʅ)2 9.10 1.8-6.4 3.2-4.4 98.8 329 643 363 2,56 6.25 10.78 13.29 

[Vʆ(ɼʊɹʌ)2](ɸʥʅ)2 4.62 1.9-6.5 3.3-4.5 99.2 496 640 360 2.88 6.12 11.36 13.90 

[Vʆ(ɼʊɹʌ)2](ʤɸʥʅ)2 4.85   2.2-6.5     3.5-4.7 99.3 567 642 362 2.98 6.09 11.25 12.50 

[Vʆ(ɼʊɹʌ)2](ʜɸʥʅ)2 5.06 2.2-6.6 3.6-4.8 99.5 796 645 365 2.95 6.15 11.20 13.98 

[Vʆ(ɼʊɹʌ)(ɸʥʪ)2] 4.62 2.4-6.5 4,0-5.5 99.2 496 625 345 1.95 4.98 8.89 11.76 

[Vʆ(ɼʊɹʌ)(ɼɸʄ)]  2.5-6.5 4.3-5.7 99.4 663 620 340 2.54 4.96 9.87 12.85 

[Vʆ(ɼʊɹʌ)(ɼɸʇʄ)]  2.5-6.5 4.2-5.6 99.5 796 618 338 2.69 4.83 10.23 12.78 

[Vʆ(ɼʊɹʌ)(ɼɸɻʄ)]  2.5-6.8 4.5-5.9 99.6 996 625 345 2.82 4.88 10.15 13.52 

[Vʆ(ɼʊɹʌ)(ɼɸʌʄ)]  2.6-6.9 4.5-5.8 99.6 996 615 335 2.25 4.75 10.32 13.39 

[Vʆ(ɼʊɹʌ)2](ɸʌ1ʅ)2  2.8-6.8 4,4-5,3 99.7 1329 620 335 4,20 6.23 11.26 14.05 

[Vʆ(ɼʊɹʌ)2]ɸʌ2ʅ)2  2.7-7.8 4.8-5.8 99.8 1996 620 340 3.95 6.25 11.24 14.54 

[Vʆ(ɼʊɹʌ)2]ɸʌ3ʅ)2  3.0-7.5 4.5-5.9 99.8 1996 615 345 4.30 6.12 11.36 14.55 

[Vʆ(ɼʊɹʌ2)]ɸʌ4ʅ2)  3.0-7.8 3.8-5.7 99.6 996 625 345 3,82 5.94 10.72 11.78 

[Vʆ(ɼʊɹʌ)2]ɸʌ5ʅ2)  3.1-7.9 4.8-5.8 99.7 1329 630 350 3,92 5.98 10.67 11.85 

[VO(ɼʊɹʌ)2](ɸʌ7ʅ)2  2.7-7.5 4.0-5.5 99.8 1996 614 334 3.53 5.94 10.70 11.50 

[Vʆ(ɼʊɹʌ)2](ɸʌ8ʅ)2  2.9-7.9 4.5-5.8 99.4 663 617 337 4.32 5.98 10.42 11.47 

[Vʆ(ɼʊɹʌ)2](ɸʌ11ʅ)2  2.9-7.9 4.0-5.2 98.5 263 590 310 3.50 5.98 10.53 11.47 
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ʊʘʙʣʠʮʘ 4.9 

ʍʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ ʥʠʦʙʠʷ(V) ʩ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ  ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ 

ʉʦʝʜʠʥʝʥʠʝ pKNH
+ pH 

R,% D l, ʥʤ 
ȹl, 

ʥʤ
 ὑĬ10

-4 lgKp lgɓ lgKʵʢ 

 ʆʙʨʘʟʦʚʘʥʠʷ ʆʧʪʠʤʘʣʴʥʳʡ 

1 2 3 4 5 6 7 8 9 10 11 12 

[Nb(OH)3(ɼʊʌ)](ɸʥʅ)2 4.62 1.4-5.0 2.9-3.7 97.5 156 435 165 2.1 5.32 6.89 9.28 

[Nb(OH)3(ɼʊʌ)](ʤɸʥʅ)2 4.85 1.6-5.2 3.1-4.0 97.8 178 438 168 2.3 5.46 7.10 9.42 

[Nb(OH)3(ɼʊʌ)](ʜɸʥʅ)2 5.06 1.7-5.5 3.3-4.3 98.0 196 440 170 2.4 5.55 7.25 9.46 

[Nb(OH)3(ɼʊʌ)](ɸʤʈʫʅ)2  2.0-6.5 3.6-4.8 97.6 163 450 180 2.4 5.34 7.16 9.31 

[Nb(OH)3(ɼʊʌ)](ɸʌ1ʅ)2  2.0-7.0 3.8-5.0 97.9 186 440 170 2.9 5.82 8.40 10.67 

[Nb(OH)3(ɼʊʌ)](ɸʌ2ʅ)2  2.0-7.0 3.7-4.9 97.8 178 438 168 2.8 5.76 8.31 10.56 

[Nb(OH)3(ɼʊʌ)](ɸʌ3ʅ)2  1.9-6.8 3.6-4.7 97.6 163 435 165 2.6 5.75 8.23 10.44 

[Nb(OH)3(ɼʊʄʌ)](ɸʥʅ)2 4.62 1.8-5.5 3.2-4.4 97.6 163 442 168 2.4 5.43 10.28 12.48 

[Nb(OH)3(ɼʊʄʌ)](ʤɸʥʅ)2 4.85 1.7-5.7 3.3-4.6 97.9 186 445 171 2.6 5.75 10.82 13.08 

[Nb(OH)3(ɼʊʄʌ)](ʜɸʥʅ)2 5.06 2.0-5.8 3.5-4.7 98.1 206 448 174 2.7 5.83 10.93 13.22 

[Nb(OH)3(ɼʊʄʌ)]ɸʌ1ʅ)2  2.3-7.4 3.9-5.5 98.3 231 450 176 3.5 5.93 10.90 13.25 

[Nb(OH)3(ɼʊʄʌ)](ɸʌ2ʅ)2  2.3-7.5 3.8-5.6 98.4 246 447 173 3.6 5.85 10.86 13.25 

[Nb(OH)3(ɼʊʄʌ)](ɸʌ3ʅ)2  2.2-7.4 3.6-5.4 98.4 246 445 171 3.8 5.88 10.95 10.33 

[Nb(OH)3(ɼʊʕʌ)](ɸʥʅ)2 4.62 1.6-5.3 2.9-4.2 97.8 178 445 169 2.7 5.55 9.24 10.24 

[Nb(OH)3(ɼʊʕʌ)](ʤɸʥʅ) 4.85 1.7-5.5 3.1-4.4 98.0 196 448 172 2.8 5.86 10.39 12.68 

[Nb(OH)3(ɼʊʕʌ)](ʜɸʥʅ)2 5.06 1.9-5.8 3.3-4.5 98.2 218 450 174 2.9 5.92 10.50 12.81 

[Nb(OH)3(ɼʊʕʌ)](ɸʌ1ʅ)2  2.2-7.2 3.9-5.3 98.4 246 450 174 3.7 5.88 10.48 12.87 

[Nb(OH)3(ɼʊʕʌ)](ɸʌ2ʅ)2  2.2-7.4 3.8-5.1 98.5 263 450 174 3.8 5.95 10.60 12.95 

[Nb(OH)3(ɼʊʕʌ)](ɸʌ3ʅ)2  2.1-7.2 3.6-5.0 98.6 282 448 172 3.9 5.95 10.50 12.73 

[Nb(OH)3(ɼʊʇʌ)](ɸʥʅ)2 4.62 1.5-5.2 3.1-4.0 98.0 196 445 167 3.0 5.65 9.26 11.08 

[Nb(OH)3(ɼʊʇʌ)](ʤɸʥʅ) 4.85 1.6-5.4 3.3-4.2 98.0 196 448 170 3.2 5.72 9.41 11.26 

[Nb(OH)3(ɼʊɹʌ)](ɸʥʅ)2 4.62 2.0-5.7 3.3-4.6 98.2 218 447 167 3.3 5.68 11.08 13.42 
[Nb(OH)3(ɼʊɹʌ)](ʤɸʥʅ)2 4.85 1.9-5.9 3.5-4.8 98.4 246 450 170 3.4 5.92 11.19 13.58 
[Nb(OH)3(ɼʊɹʌ)](ʜɸʥʅ)2 5.06 2.2-6.0 3.6-4.9 98.5 263 450 170 3.6 5.92 11.22 13.64 
[Nb(OH)3(ɼʊɹʌ)(ʦ-ɸʤʈʫʅ)2 6.86 2.4-6.8 4.0-5.1 98.2 218 460 180 3.5 5.87 11.25 13.59 
[Ta(ʆʅ)3(ɼʊʌ)2](ɸʥʅ)2 4.62 1.2-4.8 2.5-3.5 97.8 178 430 160 1.88 5.04 6.31 8.56 

[Ta(ʆʅ)3(ɼʊʌ)2](ʤɸʥʅ)2 4.85 1.6-5.0 2.7-3.8 97.5 156 435 165 2.21 5.22 6.52 8.71 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4.9 
1 2 3 4 5 6 7 8 9 10 11 12 

[Ta(ʆʅ)3(ɼʊʌ)2](ʜɸʥʅ)2 5.06 1.7-5.2 3.0-4.0 98.0 196 438 168 2.25 5.35 6.78 9.07 

[Ta(ʆʅ)3(ɼʊʌ)2](o-ɸʤʈʫʅ)2 6.86 2.1-6.2 3.6-4.8 97.3 156 445 175 2.28 5.34 6.46 8.65 

[Ta(ʆʅ)3(ɼʊʌ)2](ɼʌɻʅ)2 10.12 2.4-7.1 3.9-5.4 97.9 186 440 170 2.74 5.42 7.10 9.37 

[Ta(ʆʅ)3(ɼʊʌ)2](ɼʠʧʅ)2 4.40 2.2-6.4 3.7-4.9 97.8 178 438 168 2.30 5.36 6.31 8.21 

[Ta(ʆʅ)3(ɼʊʄʌ)2](ɸʥʅ)2 4.62 1.7-5.9 3.2-4.5 97.6 163 425 151 2.05 5.65 9.57 11.74 

[Ta(ʆʅ)3(ɼʊʄʌ)2](ʤɸʥʅ)2 4.85 1.8-6.2 3.3-4.6 97.9 186 435 161 2.24 5.72 9.62 11.86 

[Ta(ʆʅ)3(ɼʊʄʌ)2](ʜɸʥʅ)2 5.06 2.0-6.3 3.5-4.7 98.1 206 440 166 2.33 5.83 9.73 12.04 

[Ta(ʆʅ)3(ɼʊʄʌ)2](ɼʌɻʅ)2 10.12 2.8-7.3 4.3-5.3 98.9 360 445 171 3.12 5.82 8.40 10.96 

[Ta(ʆʅ)3(ɼʊʄʌ)2](ʊʌɻʅ)2 9.10 2.1-7.0 3.6-5.2 97.8 178 445 171 2.95 5.62 7.30 9.55 

[Ta(ʆʅ)3(ɼʊʕʌ)2](ɸʥʅ)2 4.62 2.4-6.8 2.9-4.3 98.3 231 448 172 2.27 5.53 9.15 11.52 

[Ta(ʆʅ)3(ɼʊʕʌ)2](ʤɸʥʅ)2 4.85 2.4-6.7 3.0-4.4 98.4 246 450 174 2.35 5.65 9.26 11.66 

[Ta(ʆʅ)3(ɼʊʕʌ)2](ʜɸʥʅ)2 5.06 2.2-6.5 3.2-4.5 98.4 246 445 169 2.47 5.68 9.45 11.81 

[Ta(ʆʅ)3(ɼʊʕʌ)2](ɸʤʈʫʅ)2 6.86 1.5-5.8 2.9-4.2 97.8 178 445 169 2.54 5.55 8.24 10.67 

[Ta(ʆʅ)3(ɼʊʕʌ)2](ɼʌɻʅ)2 10.12 2.6-7.2 4.1-5.6 98.2 218 448 172 3.29 5.86 7.95 10.32 

[Ta(ʆʅ)3(ɼʊʕʌ)2](ɼʠʧʅ)2 4.40 1.8-6.0 3.3-4.5 98.0 196 450 174 2.43 5.92 7.50 9.95 

[Ta(ʆʅ)3(ɼʊʇʌ)2](ɸʥʅ)2 4.62 2.4-6.8 2.7-3.8 98.4 246 450 172 2.46 5.42 8.52 10.85 

[Ta(ʆʅ)3(ɼʊʇʌ)2](ʤɸʥʅ)2 4.85 2.3-6.5 2.8-3.9 98.5 263 454 176 2.64 5.55 8.60 11.05 

[Ta(ʆʅ)3(ɼʊʇʌ)2](o-ɸʤʈʫʅ)2 6.86 2.0-6.7 3.6-5.0 98.6 282 455 177 2.68 5.63 7.69 10.14 

[Ta(ʆʅ)3(ɼʊʇʌ)2](ɼʌɻʅ)2 10.12 2.3-7.0 4.9-6.0 98.0 196 460 182 3.41 5.65 7.46 9.75 

[Ta(ʆʅ)3(ɼʊʇʌ)2](ʊʌɻʅ)2 9.10 2.0-6.6 3.3-4.2 98.0 196 455 177 3.12 5.72 7.02 9.31 

[Ta(ʆʅ)3(ɼʊɹʌ)2](ɸʥʅ)2 4.62 1.8-6.4 3.3-4.6 98.2 218 450 170 2.64 5.78 9.89 12.23 

[Ta(ʆʅ)3(ɼʊɹʌ)2](ʤɸʥʅ)2 4.85 1.9-6.5 3.5-4.8 98.5 263 455 175 2.76 5.82 9.93 12.35 

[Ta(ʆʅ)3(ɼʊɹʌ)2](ʜɸʥʅ)2 5.06 2.0-6.8 3.6-4.9 98.5 263 455 175 2.97 5.86 10.15 12.57 

[Ta(ʆʅ)3(ɼʊɹʌ)2](o-ɸʤʈʫʅ)2 6.86 2.0-7.0 4.0-5.1 98.2 218 460 180 2.84 5.87 9.79 12.13 
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ɻʃɸɺɸ V 

 

ʈɸɿʅʆʃʀɻɸʅɼʅʓɽ ʂʆʄʇʃɽʂʉʓ ʄʆʃʀɹɼɽʅɸ(V), 

ɺʆʃʔʌʈɸʄɸ(V), ʋʈɸʅɸ(VI)  ʀ ʄɸʈɻɸʅʎɸ(II)  ʉ 

ɼʀʊʀʆʃʌɽʅʆʃɸʄʀ ʀ ɻʀɼʈʆʌʆɹʅʓʄʀ ɸʄʀʅɸʄʀ 

 ʆʙʨʘʟʦʚʘʥʠʝ ʈʃʂ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʤʥʦʛʠʭ ʤʝʪʦʜʦʚ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ. ʋʩʣʦʞʥʝʥʠʝ ʨʝʘʢ-

ʮʠʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʢʦʤʧʣʝʢʩʘʤ, ʩʦʜʝʨʞʘʱʠʝ ʦʜʠʥ ʤʝʪʘʣʣ ʠ ʜʚʘ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟʣʠʯʥʳʭ ʣʠʛʘʥʜʦʚ, ʧʦʟʚʦʣʷʝʪ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʦʚʳʩʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʠʟ-

ʙʠʨʘʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ. 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʜʚʝ -ʆʅ, ʠʣʠ -ʆʅ- ʠ -ʉʆʆʅ ʛʨʫʧ-

ʧʳ ʚ ʦ-ʧʦʣʦʞʝʥʠʠ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʨʝʘʛʠʨʫʶʪ ʩ ʤʦʣʠʙʜʝʥʦʤ ʠ ʚʦʣʴʬʨʘʤʦʤ ʚ ʦʩ-

ʥʦʚʥʦʤ ʚ ʩʣʘʙʦʢʠʩʣʳʭ ʠ ʥʝʡʪʨʘʣʴʥʳʭ ʩʨʝʜʘʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʨʘʰʝʥʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ [71, ʩ.219, c.235; 276, c.339-340]. ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʦʨʤ ʜʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʣʴʬʨʘʤʘ ʦʪʥʦʩʷʪʩʷ 

ʢʦʤʧʣʝʢʩʳ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 2,3,7-ʪʨʠʦʢʩʠʬʣʫʦʨʦʥʘ, 8-ʦʢʩʠʭʠ-

ʥʦʣʠʥʦʤ, ʝʛʦ ʤʝʪʠʣʠʨʦʚʘʥʥʳʤʠ ʠ ʛʘʣʦʠʜʠʨʦʚʘʥʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ, 8-ʤʝʨʢʘʧ-

ʪʦʭʠʥʦʣʠʥʦʤ, ʧʦʣʠʬʝʥʦʣʘʤʠ, ʦʢʩʠʤʘʤʠ ʠ ʛʠʜʨʦʢʩʘʤʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ [70, 

ʩ.126-133]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʘʛʝʥʪʳ, ʜʘʶʱʠʝ 

ʩ ʥʠʤ ʮʚʝʪʥʫʶ ʨʝʘʢʮʠʶ ʚ ʥʝʚʦʜʥʦʡ ʩʨʝʜʝ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʨʝʘʛʝʥʪʘ ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʜʠʙʝʥʟʦʠʣʤʝʪʘʥ, ʜʘʶʱʠʡ ʩ UO2
2 +

 ʦʨʘʥʞʝʚʦ-ʞʝʣʪʦʝ ʫʩʪʦʡʯʠ-

ʚʦʝ ʩʦʝʜʠʥʝʥʠʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ ʧʨʠʤʝʥʷʶʪʩʷ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʨʝʘʛʝʥ-

ʪʳ: ʪʘʡʨʦʥ, ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʩʘʣʠʮʠʣʘʤʠʜʦʢcʠʤ, ʩʘʣʠʮʠʣʛʠʜʨʦʢʩʘʤʦʚʘʷ 

ʢʠʩʣʦʪʘ, ʨʝʟʦʨʮʠʥ, ʛʘʣʣʦʚʘʷ ʢʠʩʣʦʪʘ, ʭʨʦʤʦʪʨʦʧʦʚʘʷ ʢʠʩʣʦʪʘ, ʜʠʵʪʠʣʜʠʪʠʦʢʘʨ-

ʙʘʤʘʪ ʥʘʪʨʠʷ, 2-ʘʮʝʪʦʘʮʝʪʠʣʧʠʨʠʜʠʥ, ʥʠʪʨʦʟʦ-ʈ-ʩʦʣʴ, ʨʝʜʫʢʪʦʥ, ʠʟʘʪʠʥʦʢʩʠʤ, 

ʨʘʟʣʠʯʥʳʝ ʥʘʬʪʦʣʩʫʣʴʬʦʢʠʩʣʦʪʳ, ʪʘʥʥʠʥ, ʬʝʨʨʦʥ, ʩʘʣʠʮʠʣʦʚʘʷ ʠ ʩʫʣʴʬʦʩʘʣʠ-

ʮʠʣʦʚʘʷ ʢʠʩʣʦʪʳ, 8-ʦʢʩʠʭʠʥʦʣʠʥ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ, ʪʝʥʦʠʣʪʨʠʬʪʦʨʘʮʝʪʦʥ, ʤʦ-

ʨʠʥ ʠ ʜʨʫʛʠʝ [193, ʩ.523]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʨʘʥʘ ʩ ʥʝʦʢʨʘʰʝʥʥʳʤʠ ʠʣʠ ʩʣʘʙʦ-

ʦʢʨʘhʝʥʥʤrʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʦʩʥʦʚʘʥʦ ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ ʭʨʦʤʦʬʦʨ-
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ʥʳʭ ʩʦʯʝʪʘʥʠʡ U-O, U-S ʠ ʪ. ʜ. ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʦʧʠʩʘʥʥʳʭ ʤʝʪʦʜʦʚ ʟʥʘʯʠʪʝʣʴ-

ʥʦ ʧʦʚʳhʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʥʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ ʤʝʰʘʶʱʠʝ 

ʵʣʝʤʝʥʪʳ. ʉʝʨʦʩʦʜʝʨʞʘɦʠʤʠ ʭʝʣʘʪʦʦʙʨʘʟʫʶʱʠʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʫʜʦʙʥʳʤʠ ʜʣʷ 

ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ, ʷʚʣʷʶʪʩʷ ʪʠʦʛʣʠʢʦʣʝʚʘʷ ʢʠʩʣʦʪʘ, ʪʠʦʤʘ-

ʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠ ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʠʥʘʪ [276, ʩ.408].   

5.1. ʉʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʚ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʪʝʨʚʘʣ pH ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ 

ʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʃʂ ʄ(VI) ʠ ʄ(V) ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʠʥʘʢʦʚʳ. ʀʜʝʥʪʠʯʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, 

ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ɼʌ ʄ(VI) ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ ʄ(V) ʠ ʚ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʦʙʨʘʟʫʝʪʩʷ ʦʜʥʦ ʠ ʪʦ ʞʝ ʩʦʝʜʠʥʝʥʠʝ ʄ(V). ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʠ ʧʦʜʪʚʝʨʞ-

ʜʝʥʠʷ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʚ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʙʳ-

ʣʠ ʩʥʷʪʳ ʩʧʝʢʪʨʳ ʕʇʈ ʧʦʩʣʝʜʥʠʭ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ JEOS-JES-PE-3x ʩ ʨʘʙʦʯʝʡ 

ʯʘʩʪʦʪʦʡ ɜ=9400 ʤʛʮ ʚ ʩʪʝʢʣʷʥʥʳʭ ʢʘʧʠʣʣʷʨʘʭ ʧʨʠ 300ʂ. ʀʟ ʚʩʝʭ ʚʘʣʝʥʪʥʳʭ 

ʬʦʨʤ ʄʦ ʪʦʣʴʢʦ ʜʚʝ, ʘ ʠʤʝʥʥʦ ʄʦ
3+ 
ʠ ʄʦ

5+
 ʜʘʶʪ ʩʧʝʢʪʨʳ ʕʇʈ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʉʠʛʥʘʣ ʕʇʈ  ʄʦ
5+

 ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ.5.1.  

 

ʈʠʩ.5.1.ʉʚʝʨʭʪʦʥʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʣʠʥʠʠ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ ʨʘʩʪʚʦʨʘʭ  

ʘ) 1-ʄʦ(V)-ɼʊɹʌ-ɸʌ1 2-ʄʦ(VI)-ɼʊɹʌ-ɸʌ1  

ʙ) 1-W(VI)-ɼʊɹʌ-ɸʌ1 2-W(V)-ɼʊɹʌ-ɸʌ1  

ʉʧʝʢʪʨ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʬʦʨʤʫ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʪʝʤ, ʯʪʦ ʫ ʄʦ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʩʢʦʣʴʢʦ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ, ʠʟ ʥʠʭ ʜʚʘ 
95
ʄʦ ʠ 

97
ʄʦ ʠʤʝʶʪ ʷʜʝʨʥʳʡ ʤʘʛ-

ʥʠʪʥʳʡ ʤʦʤʝʥʪ (ʩʧʠʥ ʷʜʨʘ ʨʘʚʝʥ I=5/2), ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʪʦʨʳʤ ʥʝʩʧʘʨʝʥʥʦ-



 
 

156 
 

ʛʦ ʵʣʝʢʪʨʦʥʘ ʄʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 6 ʣʠʥʠʡ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʉʧʝʢʪʨ ʄʦ ʘʥʠʟʦʪʨʦʧʥʳʡ, ʠ ʧʦʭʦʞ ʥʘ ʩʧʝʢʪʨ V
4+
, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 4.1. 

ʉʧʝʢʪʨ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ.5.1, ʦʪʨʘʞʘʝʪ ʘʥʠʟʦʪʨʦʧʠʶ ʩʧʝʢʪʨʘ ʩ g1=1.882 ʠ 

g2=1.933. ɽʩʣʠ ʄʦ(VI) ʠ W(VI) ʩʥʘʯʘʣʘ ʚʦʩʩʪʘʥʦʚʠʪʴ ʪʠʦʛʣʠʢʦʣʝʚʦʡ ʢʠʩʣʦʪʦʡ, 

ʩʫʣʴʬʘʪʦʤ ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʠʣʠ SnCl2  ʜʦ ʄ(V), ʘ ʟʘʪʝʤ ʧʨʠʙʘʚʠʪʴ ɼʌ, ʪʦ ʧʦ 

ʩʚʦʡʩʪʚʘʤ ʧʦʣʫʯʘʶʪʩʷ ʪʘʢʠʝ ʞʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʘʢ ʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʄʦ(VI) 

ʠ W(VI) ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʩ ʵʪʠʤʠ ʨʝʘʛʝʥʪʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʄ(VI)  ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʦʩʩʪʘʥʦʚʣʠʚʘʝʪʩʷ ʜʠʪʠʦʣʬʝʥʦʣʘ-

ʤʠ ʜʦ ʄ(V), ʧʦʩʣʝʜʥʠʡ ʟʘʪʝʤ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ.  

5.2. ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʚ Mo(V), W(V),  

U(VI) ʠ Mn(ȽȽ) ʩ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʳ ʈʃʂ Mo(V) ʩ ɼʌ (ɼʊʌ, 

ɼʊʄʌ, ɼʊʕʌ, ɼʊʇʌ, ɼʊɹʌ) ʠ ɸʤ. ʀʟ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧ-

Cl-ɸʥ,ɸʥ, ʤɸʥ, ʜɸʥ, ʦ-ʪʦʣ, ʤ- ʪʦʣ, ʧ-ʪʦʣ, ʦ-, ʤ- ʠ ʧ-ʌɼɸ, ɹɸ, ɸʤʈʫ, ɼʌɻ, ɸʌ1, 

ɸʌ4  ʠ ɸʌ8. ʀʟʫʯʝʥʳ ʈʃʂ W(V) ʩ ɼʊʌ, ɼʊʄʌ, ɼʊʕʌ, ɼʊʇʌ ʠ ɼʊɹʌ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ (ʧ-ɸʤʈʫ, ɸʥ, ʤɸʥ, ɼʌɻ, ɸʌ1, ɸʌ2, ɸʌ3, ɸʌ4, 

ɸʌ5 ʠ ɸʌ6) [167, ʩ.173; 175, ʩ.123; 176, ʩ.191; 404, ʩ.42; 405, ʩ.10]. 

ʄʝʪʦʜʘʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʦʚʘʥʳ ʈʃʂ U(VI)  ʩ ɼʌ 

(ɼʊʌ, ɼʊʄʌ, ɼʊʕʌ, ɼʊʇʌ, ɼʊɹʌ) ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ. ʀʟ ʛʠʜʨʦʬʦʙ-

ʥʳʭ ʘʤʠʥʦʚ ʠʩʧʦʣʴʟʦʚʘʥ rɸʥ, ʤɸʥ, ʜɸʥ, ʌʝʥ, ɼʠʧ, ɼʌɻ, ʊʌɻ, ɹɸ, ɸʌ1 ʠ ɸʌ3. 

ʀʩʩʣʝʜʦʚʘʥʳ ʈʃʂ Mn(II)  ʩ ɼʌ (ɼʊʌ, ɼʊʄʌ, ɼʊʕʌ ʠ ɼʊʇʌ) ʠ ɸʤ (ʌʝʥ, 

ɹʌʝʥ, ɼʠʧ ʠ ɸʌ1- ɸʌ6) [166, ʩ.24, 170, ʩ.83; 183, ʩ.480]. 

ɺʣʠʷʥʠʝ ʨʅ ʚʦʜʥʦʡ ʬʘʟʳ ʥʘ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ Mo(V), W(V), U(VI) ʠ 

Mn(ȽȽ). ʂʠʩʣʦʪʥʦʩʪʴ ʚʦʜʥʦʡ ʬʘʟʳ ʩʦʟʜʘʚʘʣʠ 1ʄ ʨʘʩʪʚʦʨʘʤʠ HCl, H2SO4, ʘ ʪʘʢ-

ʞʝ ʘʮʝʪʘʪʥʳʤ ʙʫʬʝʨʥʳʤ ʨʘʩʪʚʦʨʦʤ. ɿʘ ʨʘʚʥʦʚʝʩʥʳʡ ʨʅ ʧʨʠʥʠʤʘʣʠ ʟʥʘʯʝʥʠʝ 

ʨʅ ʚʦʜʥʦʡ ʬʘʟʳ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ. ʉʦʜʝʨʞʘʥʠʝ Mo(V), W(V) ʠ Mn(II)  ʚ ʦʨʛʘʥʠ-

ʯʝʩʢʦʡ ʬʘʟʝ ʦʧʨʝʜʝʣʷʣʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠ 8-ʛʠʜʨʦʢʩʠʭʠʥʦʣʠʥʦʤ, ʜʠʪʠʦʣʦʤ ʠ 8-

ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [70, ʩ.126, ʩ.238; 180, ʩ.66] ʧʦʩʣʝ ʨʝʵʢʩʪ-

ʨʘʢʮʠʠ, ʘ ʚ ʚʦʜʥʦʡ - ʧʦ ʨʘʟʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 
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ʧʦʣʥʦʤʫ ʧʝʨʝʭʦʜʫ ʈʃʂ ʄ(V) ʩ ɼʌ ʠ ɸʤ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʅ 2.8-6.5 ʠ 2.9-7.1 ʜʣʷ Mo(V) ʠ W(V) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ.5.2).  

 

ʈʠʩ.5.2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʈʃʂ ʤʦʣʠʙʜʝʥʘ (ʘ) ʠ ʚʦʣʴʬʨʘʤʘ (ʙ) ʦʪ 

ʨʅ ʨʘʩʪʚʦʨʘ 

ʘ) 1. ʄʦ(V)-ɼʊʌ -ʦ-ʪʦʣ,  2.ʄʦ(V)-ɼʊʌ - ʤ-ʪʦʣ, 3. ʄʦ(V)-ɼʊʌ - ʧ-ʪʦʣ 

4. ʄʦ(V)-ɼʊʇʌ - ʦ-ʌɼɸ,  5. ʄʦ(V) -ɼʊʇʌ-ʤ-ʌɼɸ,  6-ʄʦ(V) -ɼʊʇʌ - ʧ-ʌɼɸ  

ʙ) 1.W(V)-ɼʊʄʌ-ɸʥ,  2.W(V)-ɼʊʄʌ-ʤɸʥ,   3.W(V)-ɼʊʄʌ-ʜɸʥ   4. W(V)-

ɼʊʄʌ-ɸʌ4, 5.  W(V)-ɼʊʄʌ-ɸʌ5 

ʉʄʦ(V)= 2.08 Ĭ10
-5
  ʄ, CW(V) =1.09Ĭ10

-5
 ʄ, ʉɼʌ=(0.88-1.12)Ĭ10

-3
 ʄ, ɸʤC = (0.64- 

0.80) Ĭ10
-3
 ʄ, ʂʌʂ-2, l=490 ʥʤ, l=0.5 cʤ.   

ʆʧʪʠʤʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ U(VI) ʠ Mn(ȽȽ) ʥʘʭʦʜ-

ʷʪʩʷ ʧʨʠ ʨʅ 3.6-7.0 ʠ  5.3-7.5 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ.5.3). ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʠʩʣʦʪ-

ʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʵʢʩʪʨʘʢʮʠʷ Mo(V), W(V), U(VI) ʠ Mn(ȽȽ) ʚʦʟʨʘʩʪʘʝʪ, ʘ 

ʧʨʠ ʜʘʣʴʥʝʡhʝʤ ʫʚʝʣʠʯʝʥʠʠ - ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷ-

ʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʠ ʠʦʥʠʟʦʚʘʥʥʦʡ ʬʦʨʤʳ ɼʌ ʠ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʚ 

ʨʘʩʪʚʦʨʝ ʦʥʠ ʥʘʭʦʜ̫ʪʩʷ ʚ ʚʠʜʝ ʥʝʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ. ʇʨʠ  pH²8 ʢʦʤʧ-

ʣʝʢʩʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʵʢʩʪʨʘʛʠʨʫʁʪʩʷ, ʯʪʦ, ʚʠʜʠʤʦ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʙʦʣʴ-

ʰʠʥʩʪʚʦ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ ʧʨʦʪʦʥʠʟʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʚ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʥʝʵʢʩʪʨʘʛʠʨʫ-

ʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ [ʄ(ɼʌ)2]
4-
 ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʫʩʣʦʞʥʷʝʪʩʷ. ʅʘʣʠʯʠʝ 

ʦʜʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʚ ʫʢʘʟʘʥʥʳʭ ʧʨʝʜʝʣʘʭ ʨʅ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɸʥʘʣʠʟʠʨʫ-

ʝʤʳʡ ʨʘʩʪʚʦʨ ʥʝ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʦʢʠʩʣʠʪʝʣʝʡ (ʥʘʧʨʠʤʝʨ, HNO3), ʚʩʣʝʜʩʪʚʠʝ 

ʙʦʣʴʰʦʡ ʩʢʣʦʥʥʦʩʪʠ ɼʌ ʢ ʦʢʠʩʣʝʥʠʶ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ ʧʨʦ-

ʮʝʩʩ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʦʩʣʦʞʥʷʝʪʩʷ ʛʠʜʨʦʣʠʟʦʤ. 



 
 

158 
 

 

ʈʠʩ.5.3. ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʈʃʂ ʫʨʘʥʘ (ʘ) ʠ ʤʘʨʛʘʥʮʘ (ʙ) ʦʪ ʨʅ 

ʚʦʜʥʦʡ ʬʘʟʳ 

ʘ) 1.U-ɼʊʄʌ-ɸʥ,  2.U-ɼʊʄʌ-ʤɸʥ,   3.U-ɼʊʄʌ-ʜɸʥ,   4. U-ɼʊʕʌ-ʊʌɻ, 5. U-

ɼʊʕʌ-ɼʌɻ 

# = 0.74 Ĭ10
-5 
ʄ;  ʉɼʌ=(0.88-1.00)Ĭ10

-3 
ʄ;  ɸʤC = (0.60-0.72)Ĭ10

-3 
ʄ, ʂʌʂ-2, 

l= 490 ʥʤ, l=0.5 cʤ.   

 ʙ) 1. Mn(II )-ɼʊʌ-ʌʝʥ, 2.Mn(II )-ɼʊʌ-ɹʌʝʥ, 3.Mn(II )-ɼʊʄʌ-ʌʝʥ, 4. Mn(II )-

ɼʊʄʌ - ɹʌʝʥ                                      

CMn(II)= 3.63Ĭ10
-5
ʄ, ʉɼʌ=0.80Ĭ10

-3
 ʄ, ʉɸʤ=(0.80-0.92)Ĭ10

-3
 ʄ, ʂʌʂ-2, 490 ʥʤ, ?

=0.5 ʩʤ. 

ɺʣʠʷʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɼʣʷ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ ʠʩʩʣʝʜʦʚʘʥʳ ʥʝʚʦʜʥʳʝ ʨʘʩ-

ʪʚʦʨʠʪʝʣʠ: CHCl3, CCl4, C2H4Cl2, C6H6, C6H5CH3, C6H5Cl, ʢʩʠʣʦʣʳ, ʠʟʦʙʫʪʘʥʦʣ, 

ʠʟʦʧʝʥʪʘʥʦʣ, ʥ-ʙʫʪʘʥʦʣ ʠ ʠʭ ʩʤʝʩʠ. ʕʬʬʝʢʪʠʚʥʳʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʜʣʷ Mo(V),  

W(V) ʠ U(VI)  ʦʢʘʟʘʣʠʩʴ CHCl3, C2H4Cl2 ʠ CCl4. ɹʳʩʪʨʦʝ ʨʘʩʩʣʦʝʥʠʝ ʬʘʟ ʠ ʤʘʢ-

ʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʧʦʣʫʯʝʥʳ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ ʭʣʦʨʦ-

ʬʦʨʤʦʤ. ʇʦʚʪʦʨʥʘʷ ʵʢʩʪʨʘʢʮʠʷ ʧʦʢʘʟʘʣʘ ʦʪʩʫʪʩʪʚʠʝ ʤʝʪʘʣʣʘ ʚ ʚʦʜʥʦʡ ʬʘʟʝ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʦʣʥʦʝ ʠʟʚʣʝʯʝʥʠʝ (97.2-99.8%) ʜʦʩʪʠʛʘʝʪʩʷ ʦʜ-

ʥʦʢʨʘʪʥʦʡ ʵʢʩʪʨʘʢʮʠʝʡ (ʚ ʩʣʫʯʘʝ C2H4Cl2 ʠ CCl4 ʠʟʚʣʝʢʘʝʪʩʷ 96.2-97.3%). ʅʘ-

ʠʣʫʯʰʠʤʠ  ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʜʣʷ ʈʃʂ Mn(II)  ʦʢʘʟʘʣʠʩʴ ʭʣʦʨʦʬʦʨʤ, ʜʠʭʣʦʨʵʪʘʥ ʠ 

ʭʣʦʨʙʝʥʟʦʣ. ʆʜʥʦʢʨʘʪʥʘ ̫ʵʢʩʪʨʘʢʮʠ̫ ʭʣʦʨʦʬʦʨʤʦʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʟʚʣʝʯʝʥʠʝ 

97.2-99.3% ʤʘʨʛʘʥʮʘ ʚ ʚʠʜʝ ʈʃʂ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠ-

ʪʝʣʷ ʜʣʷ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʙʨʘʥ CHCl3. ɿʘ ʩʯʝʪ 

ʵʢʩʪʨʘʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʫʩʪʨʘʥʷʝʪʩʷ ʚʣʠʷʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ 

ʠʦʥʦʚ ʠ ʧʦʥʠʞʘʝʪʩʷ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʆʨʛʘʥʠ-

ʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ ʧʦ ʩʪʝʧʝʥʠ ʵʢʩʪʨʘʢʮʠʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʨʷʜ ʭʣʦʨʦʬʦʨʤ > ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʳʡ ʫʛʣʝʨʦʜ > ʜʠʭʣʦʨʵʪʘʥ > 
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ʧ-ʢʩʠʣʦʣ > ʪʦʣʫʦʣ > ʙʝʥʟʦʣ > ʵʪʠʣʘʮʝʪʘʪ > ʥ-ʙʫʪʘʥʦʣ > ʠʟʦʘʤʠʣʦʚʳʡ ʩʧʠʨʪ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ 

ʭʣʦʨʧʨʦʠʟʚʦʜʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʈʃʂ U(VI)-ɼʌ-ɸʤ ʵʢʩʪʨʘʛʠ-

ʨʫʁʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ - ʯʘʩʪʠʯʥʦ; ʦʙʨʘʟʫʶʱʠʝʩʷ ʢʦʤʧ-

ʣʝʢʩʳ, ʚ ʦʩʥʦʚʥʦʤ, ʦʩʪʘʁʪʩʷ ʚ ʚʦʜʥʦʡ ʬʘʟʝ ʚ ʚʠʜʝ ʦʩʘʜʢʘ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʘʣʢʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʚ ʤʦʣʝʢʫʣʘʭ ɼʌ ʩʢʦʨʦʩʪʴ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ, ʪʘʢ ʢʘʢ ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʭʦʜʘ ɼʌ ʚ ʚʦʜʥʫʶ ʬʘʟʫ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʛʠʜʨʦʬʦʙʥʦʛʦ ʨʘʜʠʢʘʣʘ ʤʦʣʝʢʫ-

ʣʳ. ʆʧʨʝʜʝʣʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʨʂ ʦʩʥʦʚʘʥʠʡ, ʧʨʦʯʥʦʩʪʴʶ ʠ ʵʢʩʪʨʘʢ-

ʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʈʃʂ ʦʙʥʘʨʫʞʠʪʴ ʥʝ ʫʜʘʣʦʩʴ, ʧʦʩʢʦʣʴʢʫ ʫʢʘʟʘʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʟʘʚʠʩʷʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ (ʦʩʥʦʚʥʦʩʪʠ ʣʠʛʘʥʜʦʚ, ʧʦʣ-

ʨ̫ʠʟʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʨʝʜʳ, ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʤʦʣʝʢʫʣ ʠ ʜʨ.).   

ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ. ʄʘʢʩʠʤʫʤʳ ʚ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʢʦʤʧ-

ʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʄʦ(V) ʠ W(V) ʩ ɼʌ ʠ ɸʤ ʥʘʭʦʜʷʪʩʷ ʧʨʠ 520-546 ʥʤ ʠ 465-

490 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 5.4). ɼʌ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʛʣʦʱʘʶʪ ʧʨʠ 270 -280 ʥʤ. 

ɹʘʪʦʭʨʦʤʥʦʝ ʩʤʝʱʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 200-266 ʥʤ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʚʝʪʦʧʦʛʣʦɦʝ-

ʥʠʝ ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ U(VI)  ʩ ɼʌ ʠ ɸʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 430-478 ʥʤ 

(ʨʠʩ. 5.5). ɼʌ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʛʣʦɦʘʁʪ ʧʨʠ 270-280 ʥʤ. ɹʘʪʦʭʨʦʤʥʦʝ ʩʤʝɦʝʥʠʝ 

ʩʦʩʪʘʚʣʷʝʪ 150-298 ʥʤ. ʂʦʥʪʨʘʩʪʥʦʩʪʴ ʨʝʘʢʮʠʡ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ: ɼʌ ʠ ɸʤ 

ʧʦʯʪʠ ʙʝʩʮʚʝʪʥʳ, ʘ ʢʦʤʧʣʝʢʩʳ - ʞʝʣʪʦʛʦ ʠ ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ. ʆʢʨʘʩʢʘ ʢʘʢ ʈʃʂ, 

ʪʘʢ ʠ ʆʃʂ ʦʙʫʩʣʦʚʣʝʥʘ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʜʠʪʠʦʣʬʝʥʦʣʷʪ ʠʦʥʘ ʢ ʠʦʥʫ 

ʤʝʪʘʣʣʘ, ʠ ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʘʤʠ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ. 

ʇʨʠ ʚʚʝʜʝʥʠʠ ɸʤ ʚ ʨʘʩʪʚʦʨʝ ʄn(ȽȽ)-ɼʌ ʦʙʨʘʟʫʝʪʩʷ ʈʃʂ ʞʝʣʪʦ-ʢʦʨʠʯʥʝ-

ʚʦʛʦ ʮʚʝʪʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʝ ʈʃʂ Mn(ȽȽ)-ɼʌ-ɸʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʠ ɚ=420-480 ʥʤ (ʨʠʩ. 5.5). ʉʨʘʚʥʝʥʠʝ ʢʨʠʚʳʭ ʘʙʩʦʨʙʮʠʠ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʤʘʨʛʘʥʮʘ ʩ ɼʌ ʠ ɸʤ ʧʦʢʘʟʚrʘʝʪ, ʯʪʦ ʤʘʢʩʠʤʫʤʳ ʘʙʩʦʨʙʮʠʠ ʢʦʤʧʣʝʢ-

ʩʦʚ ʠ ʩʘʤʠʭ ʨʝʘʛʝʥʪʦʚ ʨʝʟʢʦ ʦʪʣʠʯʘʁʪʩʷ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʝʣʦʢʘʣʠʟʘʮʠʷ ˊ-ʵʣʝʢ-

ʪʨʦʥʦʚ ʨʝʘʛʝʥʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʤʝʰʝʥʠʶ ʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʈʃʂ. 
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ʈʠʩ.5.4. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ (ʘ) ʠ ʚʦʣʴʬʨʘʤʘ (ʙ) ʩ ɼʌ 

ʠ ɸʤ                      

ʘ) 1.ʄʦ(V) - ɼʊɹʌ-ɹɸ, 2.ʄʦ(V) - ɼʊɹʌ-ɼʌɻ,  3.ʄʦ(V) - ɼʊɹʌ-ɸʥ, 4.ʄʦ(V) - 

ɼʊɹʌ-ʤɸʥ,  5.ʄʦ(V) - ɼʊɹʌ - ʜɸʥ                                                                       

ʙ) 1.W(V)-ɼʊʄʌ-ɸʥ,  2.W(V)-ɼʊʄʌ-ʤɸʥ,   3.W(V)-ɼʊʄʌ-ʜɸʥ   4.   W(V)-

ɼʊʕʌ-ɼʌɻ                                                                   

ʉʄʦ(V)= 2.08 Ĭ10
-5
  ʄ ;  CW(V) = 1.09Ĭ10

-5
  ʄ;  ʉɼʌ=(0.88-1.12)Ĭ10

-3
 ʄ, ɸʤC = (0.64 

- 0.80)Ĭ10
-3
 ʄ,  ʉʌ-26, l=1ʩʤ. 

 

ʈʠʩ.5.5. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ U(VI)  ʠ Mn(II)  ʩ ɼʊʄʌ ʠ ɸʤ                       

ʘ) 1.U-ɼʊʄʌ-ɸʥ,  2.U-ɼʊʄʌ-ʤɸʥ,   3.U-ɼʊʄʌ-ʜɸʥ ,4.U-ɼʊʄʌ-ɼʌɻ 

ʙ) Mn(II) -ɼʊʄʌ-ʌʝʥ (1), Mn(II)-ɼʊʄʌ-ɹʌʝʥ (2), Mn(II)-ɼʊʄʌ-ɸʌ2 (3), 

Mn(II) -ɼʊʄʌ-ɸʌ1 (4) ʠ Mn(II)-ɼʊʄʌ-ɸʌ4 (5) 

# = 0.74 Ĭ10
-5 
ʄ,  CMn(II)= 3.63Ĭ10

-5 
ʄ, ʉɼʊʄʌ= (0.80-1.00)Ĭ10

-3
ʄ,  ɸʤC = (0.60-

0.92)Ĭ10
-3 
ʄ, ʉʌ-26, l=1ʩʤ. 

ɺʣʠʷʥʠʝ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʠʚʘʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʛʘʥʜʦʚ. ɺ ʚʦʜʥʳʭ 

ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʈʃʂ ʥʝ ʨʘʟʣʘʛʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ 2-3 ʩʫʪʦʢ, ʘ ʧʦʩʣʝ 

ʠʟʚʣʝʯʝʥʠʠ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ - ʙʦʣʴʰʝ ʤʝʩʷʮʘ. ʆʢʨʘʩʢʘ ʢʦʤʧʣʝʢʩʦʚ ʚʦʟʥʠ-

ʢʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ, ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚ 

ʪʝʯʝʥʠʝ 5-10 ʤʠʥʫʪ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʨʝʘʛʝʥʪʦʚ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʨʦʜʳ ɸʤ 
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ʦʢʨʘʩʢʘ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʚʠʚʘʝʪʩʷ ʦʜʠʥʘʢʦʚʦ. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʝʜʝʣʘʭ 

10-70 
ʦ
ʉ ʥʝ ʚʣʠʷʝʪ ʥʘ ʦʢʨʘʩʢʫ ʢʦʤʧʣʝʢʩʦʚ.  

ʆʧʪʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ɼʌ, ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʥʦʚʥʦʩʪʠ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ ʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʆʧʪʠ-

ʤʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʩʦʝʜʠʥʝʥʠʡ Mo(V) ʠ W(V) ʷʚʣʷ-

ʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ (0.92-1.12)Ĭ10
-3 
ʤʦʣʴ/ʣ ɼʌ ʠ (0.64-0.88)Ĭ10

-3 
ʤʦʣʴ/ʣ  ɸʤ. ʅʝ-

ʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ U(VI)  ʷʚʣʷʝʪʩʷ (0.88-

1.12)Ĭ10
-3 
ʤʦʣʴ/ʣ ʢʦʥʮʝʥʪʨʘʮʠʷ ɼʌ ʠ (0.60-0.72)Ĭ10

-3 
ʤʦʣʴ/ʣ - ɸʤ. ɼʣʷ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ Mn(II) ʚ ʆʃʂ ʥʝʦʙʭʦʜʠʤʘ 0.80Ĭ10
-3
 ʄ ʢʦʥʮʝʥʪʨʘʮʠʷ ɼʌ, 

ʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʈʃʂ (0.80-0.96)Ĭ10
-3
 ʄ-ɸʤ. ɸʤ ʠʛʨʘʶʪ ʨʦʣʴ ʚʥʝʰʥʝʩʬʝʨʥʦʛʦ 

ʣʠʛʘʥʜʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʫʬʝʨʘ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʌ ʠ 

ʘʤʠʥʦʚ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʵʢʩʪʨʘʢ-

ʮʠʠ ʢʦʤʧʣʝʢʩʦʚ.  

ɺ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʥʦʚʥʦʩʪʠ ʘʤʠʥʦʚ ʠ ʠʭ ʧʨʠʨʦʜʳ ʦʧʪʠʤʘʣʴʥʳʤ   

ὠ̃ ὠ̏ϳ   ̫ ʚʣʷʝʪʩʷ 5/5-80/5. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʩʦʦʪʥʦhʝʥʠʷ ʜʦ 100/5, ʘ ʚ 

ʩʣʫʯʘʝ ɸʥ, ʤɸʥ ʠ ʜɸʥ ʜʦ 110/5 ʠʟʚʣʝʯʝʥʠʝ ʄʦ(V), W(V), U(VI) ʠ Mn(II )   

ʫʤʝʥʴʰʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʕʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʈʃʂ ʫʢʘʟʘʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ɼʌ ʠ ɸʤ ʜʣʷ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. 

 5.3. ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Mo(V), W(V),  

U(VI) ʠ Mn(ȽȽ) ʩ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ  ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ 

ʉʦʩʪʘʚ ʈʃʂ Mo(V), W(V), U(VI) ʠ Mn(ȽȽ) ʩ ɼʌ ʠ ɸʤ. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩ-

ʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʄʦ(V), W(V), U(VI) ʠ Mn(II)  ʩ ɼʌ 

ʠ ɸʤ, ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʤʝʪʦʜʦʤ ʩʜʚʠʛʘ ʨʘʚʥʦʚʝʩʠʷ ʠ ʧʦʜʪʚʝʨʞʜʘʣʠ ʤʝʪʦʜʦʤ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʛʦ ʚʳʭʦʜʘ [63, ʩ.187-192]. ʆʙʘ ʤʝʪʦʜʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 

ʨʝʘʛʠʨʫʁʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʄ:ɼʌ:ɸʤ = 1:2:2 (ʨʠʩ.5.6 ʠ 5.7). ʅʝʢʦʪʦʨʳʝ ʘʤʠʥʦ-

ʬʝʥʦʣʳ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʚ ʜʚʘʞʜʳ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ ʚʠʜʝ: ʚ ʩʣʫʯʘʝ 

ɸʌ4, ɸʌ5  ʠ ɸʌ6 ʩʦʦʪʥʦʰʝʥʠʝ M:ɼʌ:ɸʌ=1:2:1. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ɼʠʧ ʠ ʌʝʥ ʦʙ-

ʨʘʟʫʝʪʩʷ ʈʃʂ ʩʦ ʩʤʝʰʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ, ʩʦʩʪʘʚʘ 1:1:1 ʜʣʷ ʄʦ(V) 

ʠ 1:1:2 ʜʣʷ Mn(ȽȽ). 
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ʈʠʩ.5.6. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʈʃʂ ʤʝʪʦʜʦʤ ʩʜʚʠʛʘ ʨʘʚʥʦ-

ʚʝʩʠʷ  

1,1
ē
-ɼʌ; 2,2

ē
-ɸʤ 

ʘ) 1,2-ʄʦ-ɼʊɹʌ-ɸʥ, 1
ē
,2
ē
- ʄʦ-ɼʊɹʌ-ʤɸʥ; 

ʙ) 1,2-W-ɼʊʄʌ-ɸʥ, 1
ē
,2
ē
- W-ɼʊʄʌ-ʤɸʥ  

ʉʄʦ= 2.08Ĭ10
-5
 ʄ;  wC = 1.09Ĭ10

-5
 ʄ;  ʉʌ-26, l=1cʤ.  

 

ʈʠʩ.5.7.ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʦʜʦʤ ʩʜʚʠʛʘ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ 

Mn(II)  -ɼʊʄʌ-ɸʌ2 (ʘ) ʠ Mn(II)-ɼʊʄʌ-ɸʌ4 (ʙ). 1- Mn : ɼʊʄʌ;  2- Mn : ɸʌ 

CMn= 3.63Ĭ10
-5
 ʄ, ʉʌ-26, l=490 ʥʤ, ?= 1 ʩʤ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʈʃʂ Mo(V), W(V), U(VI) ʠ 

Mn(ȽȽ) ʩ ɼʌ ʠ ɸʤ. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʩʚʷʟʝʡ ʚ ʜʠʪʠʦʣʬʝʥʦʣʷʪʥʦ-ʘʤʠʥ-

ʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʙʳʣʠ ʠʟʫʯʝʥʳ ʀʂ-ʩʧʝʢʪʨʳ ʚʳʜʝʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʘʥʠʣʠʥʘ 

(ʨʠʩ.5.8). ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ ʄʦ-ɼʊʄʌ-ɸʥ ʠ W-ɼʊʄʌ-ɸʥ ʢʨʦʤʝ ʫʟ-

ʢʦʡ ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ 950-930 ʩʤ
-1
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʚʷʟʠ ʄ=ʆ, ʧʦʷʚʣʷʝʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦɦʝʥʠʷ ʧʨʠ 1090 ʩʤ
-1
, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʛʨʫʧʧʠʨʦʚʢʠ ʄ-ʆʅ. ɺ ʀʂ-ʩʧʝʢʪʨʝ ʢʦʤʧʣʝʢʩʘ U(VI)-ɼʊʄʌ-ɸʥ ʚ 

ʦʙʣʘʩʪʠ 850-815 ʩʤ
-1
 ʧʦʷʚʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥ-

ʥʘʷ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʝʤ ʛʨʫʧʧʳ 5/[272, ʩ.51]. ʆʪʩʫʪʩʪʚʠʝ ʠʥʪʝʥʩʠʚʥʦʡ 

ʧʦʣʦʩʳ ʧʨʠ 2580 ʩʤ
-1
, ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʩʧʝʢʪʨʝ ɼʊʄʌ ʠ ʧʦʷʚʣʝʥʠʝ ʚ ʩʧʝʢʪʨʘʭ 



 
 

163 
 

ʢʦʤʧʣʝʢʩʦʚ ʜʚʫʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʩʤʝʱʝʥʘ ʚ ʩʪʦʨʦʥʫ ʢʦʨʦʪ-

ʢʠʭ ʯʘʩʪʦʪ, ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʜʥʘ ʠʟ ʪʠʦʣʴʥʳʭ ʛʨʫʧʧ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʢʦʤʧʣʝʢʩʘ. ʀʩʯʝʟʥʦʚʝʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦɦʝʥʠʷ ʧʨʠ 3450 ʩʤ
-1
 ʧʦʢʘʟʚrʘʝʪ, ʯʪʦ -

OH ʛʨʫʧʧʘ ʦʙʨʘʟʫʝʪ ʩʚʷʟ ɹʩ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʤ. ʆʙʥʘʨʫʞʝʥʠʝ ʧʦʣʦʩ ʧʦʛ-

ʣʦɦʝʥʠʷ ʧʨʠ 2380-2260 ʩʤ
-1 ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ɸʤ 

[59, ʩ.141; 272, ʩ.30, ʩ.40]. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 690 ʩʤ
-1
 ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʤʫ ʢʦʣʝʙʘʥʠʶ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ. ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʩʘ ʧʦʛʣʦɦʝʥʠʷ ʧʨʠ 625-615 ʩʤ
-1
, ʦʪʚʝʯʘʶʱʠʝ ɜM-S.  

 

ʈʠʩ.5.8. ʀʂ-ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʦʚ ʄʦ-ɼʊʄʌ-ɸʥ (ʘ), W-ɼʊʄʌ-ɸʥ (ʙ) ʠ            

U-ɼʊʄʌ-ɸʥ (ʚ) 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʘʪʠʦʥ ʄʆ(ʆʅ)
2+ 
ʚ ʢʦʤʧʣʝʢʩʘʭ ʄʦ ʠ W ʩʚʷʟʘʥ ʚʘ-

ʣʝʥʪʥʦʡ ʩʚʷʟʴʶ ʩ ʢʠʩʣʦʨʦʜʦʤ -OH ʛʨʫʧʧʳ, ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʚʷʟʴʶ ʩ ʩʝʨʦʡ 

ʦʜʥʦʡ ʠʟ -SH ʛʨʫʧʧ, ʦʙʨʘʟʫʷ ʧʷʪʠʯʣʝʥʥʳʡ ʮʠʢʣ. ɺʳʪʝʩʥʝʥʠʷ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣ-

ʣʦʚ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʧʨʦʪʦʥʦʚ ʤʦʣʝʢʫʣ ɼʌ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʪʦʣʴʢʦ ʢʦʦʨ-

ʜʠʥʘʮʠʝʡ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʩʠʣʴʥʳʤ ʩʤʝʱʝʥʠʝʤ ʵʣʝʢ-
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ʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʚʷʟʝʡ ʄïO ʦʪ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʡ ʜʘʪʠʚʥʦʡ ˊ-ʩʚʷʟʠ ʩʦ ʩʪʦʨʦʥʳ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʄ=ʆŶʅ, ʙʣʘʛʦ-

ʜʘʨʷ ʯʝʤʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʥʘ ʛʠʜʨʦʢʩʠʣʴʥʦʤ ʘʪʦʤʝ ʚʦʜʦ-

ʨʦʜʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʦʪʱʝʧʣʝʥʠʷ ʚ ʚʠʜʝ ʧʨʦʪʦʥʘ. ʏʝʤ ʤʝʥʴ-

ʰʝ ʨʘʟʤʝʨ ʢʘʪʠʦʥʘ ʠ ʚʳʰʝ ʝʛʦ ʟʘʨʷʜ, ʪʝʤ ʚʝʨʦʷʪʥʝʝ ʚʳʪʝʩʥʝʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ 

ʧʨʦʪʦʥʦʚ ɼʌ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʘʪʠʦʥ 5/  ʚ ʢʦʤʧʣʝʢʩʘʭ ʩʚʷʟʘʥ ʚʘʣʝʥʪʥʦʡ 

ʩʚʷʟʴʶ ʩ ʢʠʩʣʦʨʦʜʦʤ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʚʷʟʴʶ ʩ ʩʝʨʦʡ ʦʜʥʦʡ ʠʟ -SH ʛʨʫʧʧ 

ʨʝʘʛʝʥʪʘ, ʘ ʢʘʪʠʦʥ Mn
2+

 ʥʘʦʙʦʨʦʪ (ʩʚʷʟʘʥ ʚʘʣʝʥʪʥʦʡ ʩʚʷʟʴʶ ʩ ʩʝʨʦʡ ʠ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʦʡ ʩʚʷʟʴʶ ʩ ʢʠʩʣʦʨʦʜʦʤ). ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠʦʥʥʳʭ ʘʩʩʦʮʠʘʪʦʚ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʪʘʢ: ʠʦʥʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ɼʌ ʦʙʨʘʟʫʶʪ ʜʚʫʭʟʘʨʷʜʥʳʝ ʘʥʠʦʥʥʝr ʢʦʤʧʣʝʢʩ,r ʢʦʪʦʨʳʝ 

ʵʢʩʪʨʘʛʠʨʫʪʁʩʷ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ɸʤ.  

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ Mo(V) ʩ ɼʊʄʌ ʠ 

ɼʌɻ. ʇʦ ʭʘʨʘʢʪʝʨʫ ʢʨʠʚʦʡ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʚʠʜʥʦ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝ-

ʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʨʦʪʝʢʘʝʪ ʚ ʪʨʠ ʩʪʘʜʠʠ: ʧʨʠ 60-80 
ʦ
ʉ ʫʣʝʪʫʯʠʚʘʝʪʩʷ ʚʦʜʘ. ʋʙʳʣʴ 

ʤʘʩʩʳ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʩʦʩʪʘʚʣʷʝʪ 3.88%. ɺʠʜʠʤʦ, ʚ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʘʭ ʢʦʤʧ-

ʣʝʢʩʦʚ ʜʚʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʷʚʣʷʶʪʩʷ ʚʥʝʰʥʠʩʬʝʨʥʳʤʠ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʥʝʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʛʠʜʨʘʪʘʮʠʠ. ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 480-560Áʉ ʧʦ-

ʪʝʨʷ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 45.8 % (ʚʪʦʨʘʷ ʩʪʘʜʠʷ) ʠ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʘ ʩ ʨʘʟ-

ʨʫhʝʥʠʝʤ ʩʚʷʟʝʡ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʠ ʫʜʘʣʝʥʠʝʤ ʩʚʷʟʘʥʥʦʛʦ ʚ 

ʢʦʤʧʣʝʢʩ ɼʌɻ ʠ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʛʦʨʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤ 

ʵʬʬʝʢʪʦʤ. ʇʦʩʣʝʜʥʠʡ ʵʪʘʧ ʨʘʟʣʦʞʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨʳ 

570-760Áʉ ʠ ʦʙʫʩʣʦʚʣʝʥ ʠʥʪʝʥʩʠʚʥʳʤʠ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ. ʋʙʳʣʴ 

ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 36.4 %- ʨʘʟʣʘʛʘʝʪʩʷ ɼʊʄʌ. ʂʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʪʝʨʤʦʣʠʟʘ 

ʢʦʤʧʣʝʢʩʘ ʷʚʣʝ̫ʪʩʷ MoO3. ʆʙɦʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 50-900 

Áʉ ʩʦʩʪʘʚʣʷʝʪ 70 % (ʨʠʩ.5.9). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʄʦ(V)-ɼʊʄʌ-ɼʠʧ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʩʪʨʫʢ-

ʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʂʦʤʧʣʝʢʩ ʄʦ(V)-ɼʊʄʌ-ɼʠʧ ʚʳʜʝʣʝʥ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ ʠ ʠʩ-

ʩʣʝʜʦʚʘʥ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 0.852 ʛ (NH4)6Mo7O24Ā4H2O   (1 

ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ ʠ ʜʦʙʘʚʣʷʣʠ 40 ʩʤ
3 
ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ɼʊʄʌ 
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(0.173q (1 ʤʤʦʣʴ). ʈʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ ʧʨʠ 50 Áʉ. ʂ ʧʦʣʫ-

ʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʦʢʨʘʰʝʥʥʦʛʦ ʚ ʢʨʘʩʥʳʡ ʮʚʝʪ ʧʨʠ ʧʝʨʝʤʝhʠʚʘʥʠʠ ʜʦʙʘʚʣʷʣʠ 

40 ʩʤ
3 
ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ɼʠʧ (0.156 ʛ, 1 ʤʤʦʣ). ʈʘʩʪʚʦʨ ʧʝʨʝʤʝhʠʚʘʣʠ ʚ ʪʝ-

ʯʝʥʠʝ 1ʯʘʩʘ ʧʨʠ 20 Áʉ ʠ ʦʩʪʘʚʣʷʣʠ ʚ ʚʦʜʷʥʦʡ ʙʘʥʝ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩ. ʈʘʩʪʚʦʨ ʦʩʪʘ-

ʚʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

 

ʈʠʩ. 5.9. ʊʝʨʤʦʛʨʘʤʤʘ ʢʦʤʧʣʝʢʩʘ Mo(V)-ɼʊʄʌ-ɼʌɻ 

ʇʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʨʦʟʦʚʦʛʦ ʮʚʝʪʘ ʚʳʧʘʜʘʣʠ ʯʝʨʝʟ 24 ʯʘʩʘ, ʧʦʩʣʝ ʯʝʛʦ 

ʠʭ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤ ʚrʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤ-ʵʢʩʠʢʘʪʦʨʝ 

ʜʦ ʧʦʩʪʦ̫ʥʥʦʡ ʤʘʩʩʳ. ʄʘʩʩʘ ʧʨʦʜʫʢʪʘ  ʩʦʩʪʘʚʠʣʘ 0.025 ʛ (86.5%). ʇʦʣʫʯʝʥʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ, ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʚ ʚʦʜʝ ʠ ʤʥʦʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ɺ ʤʠ-

ʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪʘʭ ʦʥ ʨʘʩʪʚʦʨʷʝʪʩʷ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʨʝʥʪʛʝʥʩʪʨʫʢʪʫʨʥʳʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʧʨʦ-

ʚʝʜʝʥʦ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker SMART APEX II CCD (MoKŬ-

ʠʟʣʫʯʝʥʠʝ, ɚ=0.71073 ɸ, ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ, ű ʠ ɤ-ʩʢʘʥʠʨʦʚʘʥʠʝ). ɺ ʨʝ-

ʘʛʝʥʪʘʭ ʧʦ ʢʦʤʧʣʝʢʩʫ ʧʨʦʛʨʘʤʤ SHELXTL ʠʩʧʦʣʴʟʦʚʘʥʦ 8124 ʥʝʟʘʚʠʩʠʤʳʭ ʦʪ-

ʨʘʞʝʥʠʡ. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʧʘʨʘʤʝʪʨʳ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.5.1. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʨʘʩʰʠʬʨʦʚʘʥʘ ʧʨʷʤʳʤ ʤʝ-

ʪʦʜʦʤ ʠ ʫʪʦʯʥʝʥʘ ʧʦʣʥʦʤʘʪʨʠʯʥʳʤ ʄʅʂ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʜʣʷ ʥʝʚʦʜʦʨʦʜʥʳʭ 

ʘʪʦʤʦʚ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦ ʢʦʤʧʣʝʢʩʫ ʧʨʦʛʨʘʤʤ SHELX-2001. ɺʦʜʦʨʦʜʥʳʝ ʘʪʦʤʳ 

ʩʦʝʜʠʥʝʥʥʳʝ ʩ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʧʨʦʛʨʘʤʤʝ  HAAD. 

ʂʦʤʧʣʝʢʩ ʤʦʥʦʤʝʨʥʳʡ ʠ ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʰʝʩʪʴʶ ʘʪʦ-

ʤʘʤʠ ʜʦʥʦʨʦʚ. ɼʦʥʦʨʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʢʦʤʧʣʝʢʩʝ ʩʦʩ-
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ʪʘʚʣʷʝʪ ʜʚʘ ʘʪʦʤʘ ʘʟʦʪʘ, ʪʨʠ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʠ ʦʜʠʥ ʘʪʦʤ ʩʝʨʳ (MoO3SN2). ʄʦ-

ʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʵʪʦʛʦ ʤʦʥʦʷʜʝʨʥʦʛʦ ʪʨʦʡʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩ.5.10, ʘ ʚʳʙʨʘʥʥʳʝ ʜʣʠʥʳ ʠ ʫʛʣʳ ʩʚʷʟʝʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 5.2. 

ʊʘʙʣʠʮʘ 5.1 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʧʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫ-

ʨ  rʢʦʤʧʣʝʢʩʘ [Mo(ɼʊʄʌ)(ɼʠʧ)] 

ʕʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ C17H15MoN2O3S2 

ʄʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ  455.48 

ʊʝʤʧʝʨʘʪʫʨʘ, K  298 

ɼʣʠʥʘ ʚʦʣʥʳ, ɸ  0.71073 

ʉʠʥʛʦʥʠʷ  ʪʨʠʢʣʠʥʥʳʡ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P-1 

ʇʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ, ʘ = 7,2566(2), b = 7,8445(4), ʩ = 13,97561(7) 

ʈʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ, ʤʤ 0.30 Ĭ 0.18Ĭ 0.164 

ʋʛʣʳ, ʛʨʘʜ. a=79.48
o
  ɓ=9.53

o
  ɔ=69.48Á 

V, ɸ
3
 815.32(6) 

Z 2 

d ʚʳʯ, ʛ/ʩʤ3 1.4243
 

Õ, mm
-1 

0.690 

S 1.030 

F(000) 415 

ʀʟʤʝʨʝʥʦ ʦʪʨʘʞʝʥʠʡ 8124 

ʏʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʦʪʨʘʞʝʥʠʡ 3411 

GOOF 1.030 

 ʆʙʣʘʩʪʴ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʦ ɗ, ʛʨʘʜ. 3.12-27.31 

R-ʬʘʢʪʦʨ (I>2♬(I)) 0,0324,  wR2=0.1075 

R-ʬʘʢʪʦʨ (F2 ʜʣʷ ʚʩʝʭ ʦʪʨʘʞʝʥʠʡ) 0,0385, wR2=0.1073 

ʂʦʣʠʯʝʩʪʚʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 198 

ʀʥʪʝʨʚʘʣʳ ʠʥʜʝʢʩʦʚ ʦʪʨʘʞʝʥʠʡ h, k, l   -9<= h <=9, -10<=k< =10, -18<= l <=12 

Tmin, Tmax 0.688, 0.765 

 ȹ ɟmax/ ȹ ɟmin, eȚA3  0.198 ʠ ï 0.254 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʦʣʠʙʜʝʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʘʞʝʥʥʳʡ 

ʪʝʪʨʘɻʜʨ, ʚʢʣʶʯʘʶɦʠʡ ʜʚʘ ʘʪʦʤʘ ʘʟʦʪʘ ʜʠʧʠʨʠʜʠʣʘ, ʦʜʠʥ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʠ 

ʦʜʠʥ ʘʪʦʤ ʩʝʨʳ ɼʊʄʌ ʠ ʜʚʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʛʨʫʧʧʳ MoO(OH)
2+
, ʯʪʦ ʩʦʛʣʘʩʫ-

ʝʪʩʷ ʩ ʜʘʥʥʤrʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʜʠʩʢʨʝʪʥʳʭ ʤʦʥʦʷʜʝʨʥʳʭ ʤʦʣʝʢʫʣ. ɸʪʦʤ ʢʠʩʣʦʨʦʜʘ ʛʨʫʧ-

ʧʳ -OH ʚ ʛʨʫʧʧʠʨʦʚʢʝ MoO(OH)
2+

(O2) ʠ ʦʜʠʥ ʠʟ ʘʪʦʤʦʚ ʘʟʦʪʘ ʜʠʧʠʧʨʠʜʠʣʘ 

(N1) ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʘʢʮʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ. ɸʪʦʤ ʢʠʩʣʦʨʦʜʘ (O1) ʠ ʦʜʠʥ ʘʪʦʤ 

ʩʝʨʳ (S1) ɼʊʄʌ, ʚʪʦʨʦʡ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ (O3) ʚ ʛʨʫʧʧʠʨʦʚʢʝ MoO(OH)
2+

 ʠ 

ʚʪʦʨʦʡ ʘʪʦʤ ʘʟʦʪʘ ʜʠʧʠʨʠʜʠʣʘ (N2) ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ. 
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ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ 

ʤʝʞʜʫ ʝʛʦ ʤʦʣʝʢʫʣʘʤʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

- ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠʣʠ -́ -́ʩʪʝʢʠʥʛʘ. 

ʊʘʙʣʠʮʘ 5.2 

ɼʣʠʥʳ ʩʚʷʟʝʡ (ɸ
ʦ
) ʠ ʚʝʣʠʯʠʥʳ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ (

ʦ
) ʤʝʞʜʫ ʥʠʤʠ ʚ ʢʦʤʧʣʝʢʩʝ 

ʄʦ(ɼʊʄʌ)(ɼʠʧ) 

ʉʚʷʟʴ d, ¡ ʋʛʦʣ  ɗ, Á 

Mo1-N1 2.023(2) O1-Mo1-S1 79.41(3)   

Mo 1-N2 2.186(2) O1-Mo1-O2 87.08(9)   

Mo 1-O1 2.128(3) S1-Mo1-N1 93.19(6)   

Mo 1-S1 2.283(2) N1-Mo1-N2 85.54(5)   

Mo 1-O2 2.0175(2) O2-Mo1-N2 88.35(6)    

Mo 1-O3 1.6924(1) O1-Mo1-N1 93.24(9)  

  O2-Mo1-S1 87.28(8)  

  O2-Mo1-N1 171.06(5)    

  O1-Mo1-N2 182.23(4)   

  S1-Mo1-N2 104.32(6)   

  O2-Mo-O3 91.25(3) 

  O3-Mo-N2 78.45(2) 

  O3-Mo-N1 87.68(3) 

  O3-Mo-S1 179.56(3) 

  O3-Mo-O1 102.53(4) 

ʧʨʠʤʝʯʘʥʠʝ: ʢʦʜ ʩʠʤʤʝʪʨʠʠ:  -ʭ, ʫ, 1/2-z 

 

ʈʠʩ.5.10. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ Mo(ɼʊʄʌ)(ɼʠʧ) 

5.4. ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Mo(V), 

W(V), U(VI) ʠ Mn(ȽȽ) 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʨʦʮʝʩʩʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʯʠʩʣʦ ʚʳʪʝʩʥʷʝʤʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʫʶ ʬʦʨ-

ʤʫ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ. ɼʌ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦ-

ʚʘʥʠʷ ʥʘʭʦʜ̫ʪʩʷ ʚ ʘʥʠʦʥʥʦʡ H2R
- 
ʬʦʨʤʝ. Mo(V), W(V), U(VI) ʠ Mn(ȽȽ) ʩ ʨʘʩʤʘʪ-

ʨʠʚʘʝʤʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʨʅ (ʦʪ 1.5 ʜʦ 
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6.5), ʧʦʵʪʦʤʫ ʙʳʣʦ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʣʝʤʝʥʪʳ ʚ ʨʘʩʪʚʦʨʝ ʤʦʛʫʪ ʥʘ-

ʭʦʜʠʪʴʩʷ ʚ ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʡ ʬʦʨʤʝ. ʇʨʝʜʩʪʘʚʣʷʣʦʩʴ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʪʘʥʦʚʠʪʴ, 

ʚ ʢʘʢʦʡ ʬʦʨʤʝ ʫʢʘʟʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʨʝʘʛʝʥʪʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʧʦ 

ʤʝʪʦʜʫ ʅʘʟʘʨʝʥʢʦ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʯʠʩʣʘ ʚʳʪʝʩʥʷʝʤʳʭ ʧʨʦʪʦʥʦʚ ʜʣʷ 

ʨʝʘʛʝʥʪʦʚ ɼʊʕʌ ʠ ɼʊʇʌ. ʈʘʚʥʦʚʝʩʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ 

ʠʦʥʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʦʧʨʝʜʝʣʷʣʠ ʩ ʫʯʝʪʦʤ ʢʦʥʩʪʘʥʪ ʛʠʜʨʦʣʠʟʘ: 

˙˛
̄

;  -̨ /(

̄

Ƞ̇ ˛/(

˗̄ Ͻ̄̄

   (5.1) 

ʂʦʥʩʪʘʥʪʳ ʛʠʜʨʦʣʠʟʘ ʤʦʣʠʙʜʝʥʘ: ʂ1=0.65, ʂ2=0.18, ʂ3=0.03; ʢʦʥʩʪʘʥʪʳ 

ʛʠʜʨʦʣʠʟʘ ʚʦʣʴʬʨʘʤʘ ʂ1= 0.15, ʂ2=0.052.  

ɹʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʫʨʘʚʥʝʥʠʝ 

ÌÇ"ÑÎÐ(ÌÇ
˗̎

˗̏ȣ̠
                                                (5.2) 

ʛʜʝ 

"
˙ Ͻ

̐̑
                                    (5.3) 

ʈʘʚʥʦʚʝʩʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʦʤʧʣʝʢʩʘ (ʉʢ) ʥʘʭʦʜʠʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪ-

ʨʠʯʝʩʢʠ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ (3.5). ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʪʨʦʠʣʠ ʛʨʘʬʠ-

ʯʝʩʢʫʶ ʵʘʚʠʩʠʤʦʩʪʴ lgB ʦʪ ʨʅ. ʀʟ ʛʨʘʬʠʢʘ  ʟʘʚʠʩʠʤʦʩʪʠ ïlgB ʦʪ pH ʚʠʜʥʦ, ʯʪʦ 

ʮʝʣʦʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ n ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʨʷʤʦʡ (2n = 2) ʥʘʙʣʶʜʘʝʪʩʷ 

ʜʣʷ ʠʦʥʦʚ ʄO(ʆʅ)
2+

. ɿʥʘʯʠʪ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʡ ʬʦʨʤʦʡ Mo(V) ʠ W(V) 

ʷʚʣʷʝʪʩʷ ʄO(ʆʅ)
2+
. ʇʨʠ ʵʪʦʤ ʠʟ ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʳ ɼʌ ʚʳʪʝʩʥʷʝʪʩʷ ʧʦ ʦʜʥʦʤʫ  

ʧʨʦʪʦʥʫ ʚ ʠʥʪʝʨʚʘʣʝ ʨʅ 3.2-4.0 (ʪʘʙʣ. 5.3). 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʘʷ ʬʦʨʤʘ U(VI)   ʠ ʯʠʩʣʦ ʧʨʦʪʦʥʦʚ, ʚʳʪʝʩʥʷʝʤʳʭ ʠʤ 

ʠʟ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ɼʌ ʫʩʪʘʥʦʚʣʝʥ rʤʝʪʦʜʦʤ ʅʘʟʘʨʝʥʢʦ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠ-

ʟʝ ʟʘʚʠʩʠʤʦʩʪʝʡ A=f(pH). ʇʨʠ ʵʪʦʤ ʚʩʝ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ 

5//( ς( 2 Ð!ÍO  5//( ( 2 !Í ÑÎ(  

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠ ʧʦ ʬʦʨʤʫʣʝ 

ὰὫὄήὲὴὌ
˗̎

˗̏ȣ̠
                                                     (5.4) 

ʛʜʝ 
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ὄ

ː

ː ˚

̐̑

                                      (5.5) 

ὄ

ː

˚

˗ Ͻː̠ ː

ː ˚

̐̑

                            (5.6) 

ʊʘʙʣʠʮʘ 5.3 

ɺʣʠʷʥʠʝ ʨʅ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʄʦ(V) ʩ ɼʊʕʌ ʠ ɸʥ. 

ʉʄʦ(V) = 2.16Ŀ10
-5
ʄ; ʉɼʊʕʌ=0.88Ŀ10

-3
 ʄ, ʉɸʥ=0.96Ŀ10

-3
 ʄ; ɸʧʨ=1.17, ʨʅ 4.6, ɚ=630 

ʥʤ, l=1 ʩʤ, Õ=0.1, t=20Ñ1
ʦ
ʉ. 

ʨʅ ɸ ʉʢĿ10
5 

[ʄʦO
3+

] 

10
6 

[ʄʦO(OH)
2+

] 

10
5
 

[ʄʦO(OH)2
+
] 

10
5
 

-lgB 

ʧʦ  

ʄʦʆ
3+

 

ʧʦ 

ʄʦO(OH)
2+

 

ʧʦ 

ʄʦO(OH)2
+
 

3.2 0.28 0.628 0.332 0.388 1.65 11.23 10.45 10.36 

3.4 0.44 0.686 0.265 0.471 1.58 11.54 10.78 10.21 

3.6 0.68 0.745 0.197 0.451 1.23 11.92 10.97 10.03 

3.8 0.92 0.804 0.111 0.599 0.71 12.25 11.05 10.05 

4.0 1.08 0.862 0.059 0.441 0.51 12.58 11.12 9.94. 

ʈʘʚʥʦʚʝʩʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʠʦʥʦʚ ʫʨʘʥʘ ʦʧʨʝʜʝʣ-

ʷʣʠ ʩ ʫʯʝʪʦʤ ʢʦʥʩʪʘʥʪ ʛʠʜʨʦʣʠʟʘ (ʂ1ɻ=1Ŀ10
-5
; ʂ2ɻ=6.3Ŀ10

-7
). 

Ὗὕ
˗̄

  ;      5//(
˗̄

                          (5.7) 

ɿʘʚʠʩʠʤʦʩʪʴ -lgB-qnʨʅ ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦʡ, ʘ ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ 

ʠʤʝʝʪ ʮʝʣʦʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ (2n = 2) ʚ ʩʣʫʯʘʝ ʫʯʘʩʪʠʷ ʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘ-

ʥʠʠ ʢʘʪʠʦʥʘ 5/  (ʨʠʩ. 5.11). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʠʜʝʪ ʩ ʚʳ-

ʪʝʩʥʝʥʠʝʤ ʦʜʥʦʛʦ ʧʨʦʪʦʥʘ ʠʟ ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʳ ɼʌ.  

 

ʈʠʩ.5.11. ɺʣʠʷʥʠʝ ʨʅ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʈʃʂ U(VI) -ɼʊʕʌ-ɸʌ1 

1-5/ ; 2-5//(  

ʨʅ ʥʘʯʘʣʘ ʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʦʢʠʩʠ ʫʨʘʥʠʣʘ -5, ʘ ʨʅ ʧʦʣʥʦʛʦ ʦʩʘʞʜʝʥʠʷ- 8. 

ʂʘʪʠʦʥ Mn
2+
ʧʦʜʚʝʨʞʝʥ ʛʠʜʨʦʣʠʟʫ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ. ʨʅ ʥʘʯʘʣʘ ʦʩʘʞ-

ʜʝʥʠʷ Mn(OH)2 ʨʘʚʥʘ 8.7, ʘ ʨʅ ʧʦʣʥʦʛʦ ʦʩʘʞʜʝʥʠʷ -10-14 [208, ʩ.138]. ɼʌ ʜʦʩ-
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ʪʘʪʦʯʥʦ ʩʠʣʴʥʳʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ, ʧʦʵʪʦʤʫ ʦʢʠʩʣʝʥʠʝ Mn(II) ʥʝ ʚʦʟʤʦʞʥʦ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, Mn(II) ʚ ʢʦʤʧʣʝʢʩʘʭ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʛʠʜʨʦʣʠʟʦʚʘʥʥʦʤ ʩʦʩʪʦ̫ʥʠʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʚʳʪʝʩʥʷʝʤʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʧʨʠ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʨʘʩ-

ʩʯʝʪʥʦ-ʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [63, ʩ.208]. ʏʠʩʣʦ ʧʨʦʪʦʥʦʚ, ʚʳʪʝʩʥʷʝʤʳʭ ʤʘʨʛʘʥ-

ʮʝʤ ʠʟ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ɼʌ, ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ 1.  

ɼʣ̫ ʨʝʵʢʩʪʨʘʢʮʠʠ Mo(V) ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ NH3. 

ʅʘʯʠʥʘʷ ʩ ʨʅ 6.5-7.0 ʨʝʵʢʩʪʨʘʢʮʠʷ ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝ-

ʧʝʥʥʦ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ NH3 ʠʟʚʣʝʯʝʥʠʝ Mo(V) ʚ ʚʦʜʥʫʶ ʬʘʟʫ ʧʨʦ-

ʠʩʭʦʜʠʪ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 0.3-0.4ʄ NH4OH (ʠʣʠ ʞʝ ʨʅ 7.2-

8.0) ʩʪʝʧʝʥʴ ʨʝʵʢʩʪʨʘʢʮʠʠ ʜʦʩʪʠʛʘʝʪ 99%. ʀʟ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʚʦʣʴʬʨʘʤ ʨʝ-

ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʨʘʟʙʘʚʣʝʥʥʳʤʠ ʢʠʩʣʦʪʘʤʠ H3PO4 (1:3) ʠʣʠ H2SO4 (1:4). ʆʧʳʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ 98-99 % ʨʝʵʢʩʪʨʘʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʩʪʨʷʭʠʚʘʪʴ ʦʨʛʘʥʠʯʝʩʢʫʶ 

ʬʘʟʫ ʩ ʨʘʚʥʳʤ ʦʙʲʝʤʦʤ ʨʘʩʪʚʦʨʦʚ 0.2ʄ HCl ʠ ʧʝʨʛʠʜʨʦʣʷ ʚ ʦʪʥʦʰʝʥʠʠ 1:1. 

ʈʃʂ ʄʦ(V), W(V) ʠ Mn(II) ʩ ɼʌ ʠ ɸʤ ʚʳʜʝʣʝʥʳ ʚ ʠʥʜʚʠʜʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ, ɸʤ, S ʠ ʉ (ʪʘʙʣ.5.4). ʈʝʟʫʣʴʪʘʪʳ ʭʠʤʠ-

ʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʚʳʯʠʩʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠ ʧʦʜʪʚʝʨʞ-

ʜʘʁʪ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʥʘʡʜʝʥʥʳʤʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ.  

ʊʘʙʣʠʮʘ 5.4 

ʈʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʈʃʂ  

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠ-

ʟʘʪʦʨʘ TruSpec (Leco) ( ʪʘʙʣ. 5.5). 

ʂʦʤʧʣʝʢʩ C ʚʳʯʝʪʦʤ % ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʘʤʠʥʘ  

% Am S C ʄ 

[ʄʦO(OH)(ɼʊɹʌ)2](ɼʌɻʅ)2 ʅʘʡʜʝʥʦ 43.12 13.05 24.53 9.85 

ɺʳʯʠʩʣʝʥʦ 43.19 13.10 24.56 9.82 

[ʄʦO(OH)(ɼʊɹʌ)2](ɹɸʅ)2 ʅʘʡʜʝʥʦ 27.89 16.60 31.27 12.43 

ɺʳʯʠʩʣʝʥʦ 27.82 16.64 31.20 12.48 

[WO(OH)(ɼʊɹʌ)2](Aʥʅ)2 ʅʘʡʜʝʥʦ 22.41 15.39 29.03 22.25 

ɺʳʯʠʩʣʝʥʦ 22.44 15.44 28.95 22.19 

[WO(OH)(ɼʊɹʌ)2](ɼʌɻʅ)2 ʅʘʡʜʝʥʦ 39.67 11.94 22.58 17.20 

ɺʳʯʠʩʣʝʥʦ 39.62 12.02 22.53 17.27 

[Mn(ɼʊʌ)2](ɸʌ2ʅ)2 ʅʘʡʜʝʥʦ 50.13 17.30 19.46 7.43 

ɺʳʯʠʩʣʝʥʦ 50.13 17.30 19.46 7.43 

[Mn(ɼʊʄʌ)2](ɸʌ5ʅ2) ʅʘʡʜʝʥʦ 41.85 18.76 24.62 8.38 

ɺʳʯʠʩʣʝʥʦ 41.95 18.71 24.56 8.41 
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ʊʘʙʣʠʮʘ 5.5 

ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʈʃʂ Mn(II)  

ʋʯʠʪʳʚʘʷ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʘʭ, ʯʠʩʣʦ 

ʚʳʪʝʩʥʷʝʤʳʭ ʧʨʦʪʦʥʦʚ, ʠʦʥʥʫʶ ʬʦʨʤʫ ʤʝʪʘʣʣʘ ʠ ʨʝʘʛʝʥʪʦʚ, ʤʦʞʥʦ ʧʨʝʜʩʪʘ-

ʚʠʪʴ ʚʝʨʦʷʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʵʢʩʪʨʘʛʠʨʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ Mo(V), W(V) ʥʘ ʧʨʠʤʝ-

ʨʝ [MO(ʆʅ)(ɼʊɹʌ)2](ɼʌɻʅ)2. 

 
ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ  ʚʥʝʰʥʝʩʬʝʨʥʳʝ ʈʃʂ ʦʙʨʘʟʫʶʪʩʷ ʩʣʝʜʫʁʱʠʤ ʦʙʨʘ-

ʟʦʤ. ʀʦʥʳ ʫʨʘʥʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ɼʌ ʦʙʨʘʟʫ̫ ʜʚʫʭʟʘʨ-

ʷʜʥʳʝ ʘʥʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʧʨʦ-

ʪʦʥʠʨʦʚʘʥʥʦʛʦ ʘʤʠʥʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʘʭ, ʯʠʩʣʘ ʚʳʪʝʩʥʷʝʤʳʭ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ ʠ ʠʦʥʥʦʡ 

ʬʦʨʤʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚʝʨʦʷʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʈʃʂ 

ʥʘ ʧʨʠʤʝʨʝ Uʆ2-ɼʊʄʌ-ɸʥ ʠ Mn-ɼʊʄʌ-ɸʌ1: 

 

 

 ʉʪʨʫʢʪʫʨʘ ʈʃʂ Mn(II) ʩʦ ʩʤʝʰʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʧʨʠʤʝʨʝ Mn(ɼʊʄʌ)(ʌʝʥ)2: 

ʂʦʤʧʣʝʢʩ % ʄ S C N H O 

[Mn(ɼʊʄʌ)(ʌʝʥ)2] ʅʘʡʜʝʥʦ 9.45 10.86 63.45 9.49 3.79 2.96 

ɺʳʯʠʩʣʝʥʦ 9.38 10.93 63.55 9.56 3.75 2.73 

[Mn(ɼʊʄʌ)(ɼʠʧ)2] ʅʘʡʜʝʥʦ 10.29 11.87 60.42 10.48 3.97 2.97 

ɺʳʯʠʩʣʝʥʦ 10.22 11.91 60.30 10.42 4.09 2.98 
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ʇʨʦʠʟʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ [48, ʩ.2007] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ 

ʈʃʂ ʥʝ ʧʦʣʠʤʝʨʠʟʫʶʪʩʷ ʠ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʩʫʱʝʩʪʚʫʶʪ ʚ ʤʦʥʦ-

ʤʝʨʥʦʡ ʬʦʨʤʝ (ɔ=1.02-1.21). 

5.5. ʍʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ Mo(V), 

W(V), U(VI) ʠ Mn(ȽȽ) ʩ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʡʜʝʥʳ ʤʦʣ-

ʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ,  ʜʚʫʭʬʘʟʥʳʝ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʘ ʪʘʢ-

ʞʝ ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ. ʀʩʪʠʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʣʷʨʥʳʭ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʂʦʤʘʨʷ. ʄʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠ-

ʝʥʪʳ ʧʦʛʣʦɦʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ (4.32-5.41)Ĭ10
4
, (2.25-3.98)Ĭ10

4
,  (2.68-3.82)Ĭ10

4
 ʠ 

(2.45ï3.72)Ĭ10
4
 ʜʣʷ ʈʃʂ Mo(V), W(V), U(VI) ʠ Mn(ȽȽ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣ. 5.6-

5.8). ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʦʩʥʦʚʥʦʩʪʠ ʘʤʠʥʦʚ ʤʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦɦʝʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ɼʣʷ Mn(ȽȽ)) ʭʘʨʘʢʪʝʨʥʦ ʢʦʦʨʜʠʥʮʠʦʥʥʦʝ ʯʠʩʣʦ 6, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʩʚʷʟʝʡ. ʉʦʝʜʠʥʝʥʠʷ Mn(ȽȽ) 

ʧʘʨʘʤʘʛʥʠʪʥʳ. ʂʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʩ ʌʝʥ ʠ ɹʌʝʥ ʦʙʳʯʥʦ ʙʦʣʝʝ ʧʨʦʯʥʳʝ ʠ ʠʥ-

ʪʝʥʩʠʚʥʦ ʦʢʨʘhʝʥʳ, ʯʝʤ ʢʦʤʧʣʝʢʩʳ ʩ ɼʠʧ. ʈʘʩʰʠʨʝʥʠʝ ʩʦʧʨʷʞʝʥʠʷ ʟʘ ʩʯʝʪ 

ʚʢʣʯʁʝʥʠʷ ʝʱʝ ʦʜʥʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʚ ʩʣʫʯʘʝ ʌʝʥ ʠ ɹʌʝʥ ʩʦʟʜʘʝʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʳʝ ʦʨʙʠʪʘʣʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʨʘʪʥʦʡ ˊ-ʩʚʷʟʠ 

[236, ʩ.2094]. 

ɼʬʫʭʬʘʟʥʳʝ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʧʝʨʝʩʝʯʝʥʠʷ 

ʢʨʠʚʳʭ [63, ʩ.200]. ʇʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʈʃʂ Mo(V) ʠ W(V) ʧʨʦʠʩʭʦʜʷʪ 

ʩʣʝʜʫʁʱʠʝ ʨʝʘʢʮʠʠ: 

-//( ς(2 ᴼ -//((2 ς(                            (5.8) 

-//((2 ς!Í(ᴾ -//((2 !Í(                   (5.9) 
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ʈʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʫʨʘʥʘ ʠ ʤʘʨʛʘʥʮʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝ-

ʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ 

5/ ς(2 ᴼ 5/(2 ς(                             (5.10) 

5/(2 ς!Í(ᴾ 5/(2 !Í(                     (5.11) 

-Î ς(2 ᴼ -Î(2 ς(                             (5.12) 

-Î(2 ς!Í(ᴾ -Î(2 !Í(                       (5.13)   

ʂʦʥʩʪʘʥʪ rʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʠ ʠ ʵʢʩʪʨʘʢʮʠʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʬʦʨʤʫʣʘʤ:
 

ÌÇ+ÌÇ$ςÌÇ!Í(  ʠ ÌÇ+̞̋ ÌÇ$ςÌÇ(Ὑ ςÌÇ!Í(          (5.14)                                

ɺ ʩʣʫʯʘʝ ɸʌ4, ɸʌ5 ʠ ɸʌ6 ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʠ ʠ ʵʢʩʪʨʘʢʮʠʠ ʨʘʩʩʯʠʪʘʥʘ 

ʧʦ ʬʦʨʤʫʣʘʤ:
 

ÌÇ+ÌÇ$ÌÇ!Í(  ʠ   ÌÇ+̞̋ ÌÇ$ςÌÇ(Ὑ ÌÇ!Í(       (5.15)                                   

ʂʦʥʩʪʘʥʪʳ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ  

ÌÇ+̞̋ ÌÇ$ÌÇ(Ὑ ςÌÇὃά                                     (5.16) 

ɺʝʣʠʯʠʥʳ ʂʨ ʠ ʂʵʢ ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ (5.14-5.16) ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 5.7-5.9.  

5.6. ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʚʦʡʩʪʚʘʤʠ ʨʝʘʛʝʥʪʦʚ ʠ 

 ʢʦʤʧʣʝʢʩʦʚ 

ʏʪʦʙʳ ʧʨʦʩʣʝʜʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʌɸɻ ʠ ʨʅ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʩ ʄʦ(V) ʠ W(V), ʙʳ-

ʣʦ ʧʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʚʝʣʠʯʠʥ ȹʨʂ1 ʠ ȹʨʅ50. ʂʘʢ ʫʩʪʘʥʦʚʣʝʥʦ ʨʘʥʝʝ, 

ʫʤʝʥʴʰʝʥʠʝ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ (ȹʨʂ1) ʨʝʘʛʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʨʅ (ȹʨʅ50) 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʙʦʣʝʝ ʩʣʘʙʦʢʠʩʣʫʶ ʦʙʣʘʩʪʴ (ʪʘʙʣ. 5.6, ʨʠʩ. 5.12).  

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʨʂ ʨʝʘʛʝʥʪʦʚ ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʫʝʤʳʭ ʠʤʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʄ(V) ʣʠʥʝʡʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʨʠʩ.5.13). 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

Ў̑ ˚ πȢωτυЎ̑ ˗ πȟπυφ                             (5.17) 

ʠʣʠ 

Ў̑ ˗
Ў̑ ˚ ȟ

ȟ
                                            (5.18) 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ: 

Ў̑ ˗ ρȢρςυЎ̑ ˚ Ȣ   (r=0.985)                       (5.19) 
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ʠʣʠ 

Ў̑ ˚
Ў̑ ˗

Ȣ

Ȣ

                                        (5.20) 

ʊʘʙʣʠʮʘ 5.6 

ʅʝʢʦʪʦʨʳʝ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʃʂ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ 

ʩ ɼʌ ʠ ɸʥ 
 H3R pKSH ȹ pKSH pH50 ȹpH50 lgɓ ὑ ůn 

ʄʦʣʠʙʜʝʥ  H 6.30  0.0 2.56  0.00 6.72 4.75 0 

-C3H7 6.72 -0.42 3.02 -0.46 8.92 5.11 -0.126 

-C2H5 6.84 -0.54 3.12 -0.56 9.68 5.05 -0.151 

-CH3 6.92 -0.62 3.20 -0.54 10.11 4.85 -0,170 

-C(CH3)3 6.98 -0.68 3.29 -0.58 10.44 5.18 -0.197 

ɺʦʣʴʬʨʘʤ  H 6.30  0.0 2.42  0.00 6.18 2.25 0 

-C3H7 6.72 -0.42 2.84 -0.42 8.33 2.73 -0.126 

-C2H5 6.84 -0.54 2.92 -0.50 8.95 2.56 -0.151 

-CH3 6.92 -0.62 2.99 -0.57 9.37 2.45 -0,170 

-C(CH3)3 6.98 -0.68 3.07 -0.65 9.68 2.86 -0.197 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ lgɓ ʠ ʨʂ1, ʚʳʨʘʞʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ             

   ʨʂSH=5,09+0,181lgɓ ʠʣʠ  lgɓ= 
Ȣ

Ȣ
              (5.21) 

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ                

ʨʂSH=5,04+0,175lgɓ ʠʣʠ lgɓ= 
Ȣ

Ȣ
               (5.22) 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʟʘʤʝʩʪʠʪʝʣʷ ʤʦʣʷʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛ-

ʣʦʱʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʨʠʩ.5.14). ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʤʝʝʪ ʚʠʜ: 

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ: 

ὑ=4.75 +0.0078M(X)                        R
2
 =0.9856    (5.23) 

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ:  

ὑ=2.25 +0.0107M(X)                        R
2
 =0.9856    (5.24) 

ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʨʅ50 ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ pʂSH ʢʦʨ-

ʨʝʣʠʨʫʶʪ ʩ ʢʦʥʩʪʘʥʪʘʤʠ ɻʘʤʤʝʪʘ. ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʶʪ ʚʠʜ: 

ʜʣʷ ʤʦʣʠʙʜʝʥʘ: 

pH50=2.56-3.72 ůn (r=0.9832)    pʂSH=6.28+3.48 ůn (r=0.9805)          (5.25) 

ʜʣʷ ʚʦʣʴʬʨʘʤʘ: 

pH50=2.42-3.36 ůn (r=0.9768)    pʂSH=6.31+3.46 ůn (r=0.9793)           (5.26) 

ɺʚʝʜʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʨʝʘʛʝʥʪʘ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠʚʦ-

ʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʨʅ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʙʦʣʝʝ ʩʣʘʙʦʢʠʩʣʫʶ ʦʙʣʘʩʪʴ. 
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ɼʣʷ ʈʃʂ ʫʨʘʥʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

(ʨʠʩ. 5.15): 

Ў̑ ˚ πȢχυψЎ̑ ˗ πȢπτυ ʠʣʠ Ў̑ ˗
Ў̑ ˚ Ȣ

Ȣ
                (5.27) 

ʨʂSH = 4.21+0.189 lgɓ ʠʣʠ  lgɓ= 
Ȣ

Ȣ
                      (5.28) 

ὑ=2.42 +0.013M(X)                     R
2
 =0.9856                    (5.29) 

pH50=2.65-2.93ůn (r=0,985)                                    (5.30) 

pʂSH=6.31+3.42ůn (r=0,984)                                  (5.31) 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʳ ʠʦʥʦʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ ʢʠʩʣʦʪʥʦ-ʦʩ-

ʥʦʚʥʳʭ ʩʚʦʡʩʪʚ - SH ʛʨʫʧʧ ʨʝʘʛʝʥʪʦʚ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ ʌɸɻ 

ʨʝʘʛʝʥʪʘ, ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʨʅʦʧʪ ʠ ʨʅ50 ʩʜʚʠʛʘʶʪʩʷ ʚ 

ʙʦʣʝʝ ʩʣʘʙʦʢʠʩʣʫʶ ʦʙʣʘʩʪʴ. 

 
 

ʈʠʩ. 5.12. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ЎpKSH ʠ ЎpH50 ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʄʦ(V)-ɼʌ-Aʥ (ʘ) ʠ 

W(V)-ɼʌ-Aʥ (ʙ) 

 

ʈʠʩ. 5.13. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ lgɓ ʠ  (pKSH) ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʄʦ(V)-ɼʌ-Aʥ(ʘ) ʠ 

W(V)-ɼʌ-Aʥ (ʙ) 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʵʢʩʪʨʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʫʨʘʥʘ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

̑˗ . 

2 ωυȢρψ πȢτς̑ .̠                               (5.32) 

 
 

ʈʠʩ. 5.14. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʤʦʣʷʨʥʦʡ ʤʘʩʩʦʡ ʟʘʤʝʩʪʠʪʝʣʷ M(X) ʠ ʤʦʣʷʨʥʳʤ 

ʢʦɻʬʬʠʮʠʝʥʪʦʤ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʄʦ(V)-ɼʌ-Aʥ (ʘ) ʠ W(V)-ɼʌ-Aʥ 

(ʙ) 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʦʥʩʪʘʥʪ ʨʘʚʥʦʚʝʩʠʷ lgʂʨ ʠ ʵʢʩʪʨʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʚ lgʂɻ ʢ 

ʫʨʘʥʘ ʩ ʨʂ1 ʨʝʘʛʝʥʪʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩ-

ʪʠ ʤʝʞʜʫ ʵʪʠʤʠ ʚʝʣʠʯʠʥʘʤʠ (ʨʠʩ.5.15), ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ  

ÌÇ+̞̋
̑˗ Ȣ

Ȣ
                                              (5.33) 

ÌÇ+
Ȣ

Ȣ
                                      (5.34) 

ɼʣʷ ʈʃʂ ʤʘʨʛʘʥʮʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʨʨʝʣ̫ʮʠʦʥʥʳʝ ʟʘʚʠʩʠ-

ʤʦʩʪʠ (ʨʠʩ.5.16): 

Ў̑ ˚ πȢχςυЎ̑ ˗ πȢπφτ       ʠʣʠ     Ў̑ ˗
Ў̑ ˚ Ȣ

Ȣ
          (5.35)                                                     

ʨʂSH=4.98+0.152lgɓ ʠʣʠ  lgɓ= 
Ȣ

Ȣ
                        (5.36) 

ὑ=3.34 +0.0074M(X)       R
2
 =0.9856                      (5.37) 

pH50=4.35+2.87ůn (r=0.9788)                                 (5.38) 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʵʢʩʪʨʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ̑˗  

ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ. ɺʚʝʜʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʠʨʦʜʳ 

ʠ ʩʪʨʫʢʪʫʨʳ ʚʦ ʬʨʘʛʤʝʥʪ ʨʝʘʛʝʥʪʘ ʠʟʤʝʥʷʝʪ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʌɸɻ 

ʨʝʘʛʝʥʪʘ ʠ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ ʩ ʵʣʝʤʝʥ-

ʪʘʤʠ.  
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ʈʠʩ. 5.15. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ȹpKSH ʠ ȹpH50(ʘ),  lgɓ ʠ pKSH (ʙ);  ʤʦʣʷʨʥʦʡ ʤʘʩ-

ʩʦʡ ʟʘʤʝʩʪʠʪʝʣʷ (M(X) ʠ ʤʦʣʷʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʛʣʦʱʝʥʠʷ (ʚ); lgʂɻ ʢ ʠ 

ʨʂ1(ʛ); lgʂʨ ʠ ʨʂ1(ʜ) ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ U(VI)-ɼʌ-Aʥ 

 

ʈʠʩ. 5.16. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ȹpKSH  ʠ ȹpH50(ʘ) ʠ lgɓ ʠ (pKSH) (ʙ) ʜʣʷ ʢʦʤʧʣʝʢ-

ʩʦʚ Mn(II )-ɼʌ-Aʌ1 

ɺ ʪʘʙʣ. 5.7-5.9  ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʃʂ 

ʄʦ(VI), W(VI), U(VI) ʠ Mn(II) ʩ ɼʌ ʠ ɸʤ.  
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ʊʘʙʣʠʮʘ 5.7 

      ʆʩʥʦʚʥʳʝ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʃʂ ʤʦʣʠʙʜʝʥʘ  ʠ ʚʦʣʴʬʨʘʤʘ ʩ ɼʌ ʠ ɸʤ 

ʉʦʝʜʠʥʝʥʠʝ pKNH
+ ʨʅ 

R D 
l, 

ʥʤ 

Dl, 

ʥʤ 

 

eĬ10
-4 

 

lgɓ 
lgKp lgKʵʢ 

ʆʙʨ. ʆʧʪ. 

1 2 3 4 5 6 7 8 9 10 11 12 

[MoO(OH)(ɼʊʌ)2](ʧ-Cl-ɸʥH)2 3.98 2.2-5.6 2.8-4.2 97.2 139 520 250 4.32
 

5.78 5.9 8.03 

[MoO(OH)(ɼʊʌ)2](ɸʥH)2 4.62 2.5-5.8 3.1-4.5 97.5 156 525 255 4.75 6.72 6.1 8.91 

[MoO(OH)(ɼʊʌ)2](ʤɸʥH)2 4.85 2.5-6.0 3.2-4.7 97.6 163 530 260 4.86 6.83 6.5 9.04 

[MoO(OH)(ɼʊʌ)2](ʜɸʥH)2 5.06 2.5-6.2 3.4-4.9 97.7 170 534 264 5.03 6.89 6.8 9.15 

[MoO(OH)(ɼʊʌ)2](ʦ-ʪʦʣH)2 4.45 2.2-5.2 3.0-4.4 97.8 178 528 248 4.63 6.55 6.0 8.85 

[MoO(OH)(ɼʊʌ)2](ʤ-ʪʦʣH)2 4.73 2.5-5.8 3.3-4.6 97.9 186 533 263 4.75 6.68 6.2 8.76 

[MoO(OH)(ɼʊʌ)2](ʧ-ʪʦʣH)2 5.08 2.5-5.9 3.6-4.8 98.2 218 535 265 5.15 6.82 6.3 9.15 

[MoO(OH)(ɼʊʄʌ)2](ʧ-ClɸʥH)2 3.98 2.4-5.8 3.1-4.3 97.5 156 530 256 4.45 9.08 6.0 11.22 

[MoO(OH)(ɼʊʄʌ)2](ɸʥH)2 4.62 2.5-6.0 3.4-4.9 97.8 178 535 261 4.85 10.11 6.3 12.22 

[MoO(OH)(ɼʊʄʌ)2](ʜɸʥH)2 5.06 2.8-6.2 3.6-5.0 98.2 218 542 268 5.25 10.25 7.1 12.36 

[MoO(OH)(ɼʊʄʌ)2](ʤ-ʪʦʣH)2 4.73 2.4-5.6 3.4-4.8 98.2 218 534 260 4.95 9.75 6.3 12.04 

[MoO(OH)(ɼʊʄʌ)2](ʧ-ʪʦʣH)2 5.08 2.4-5.8 3.7-4.9 98.3 231 536 262 5.32 9.82 6.4 12.15 

[MoO(OH)(ɼʊʄʌ)(ɼʠʧ)]  2.5-8.0 4.9-6.3 98.5 263 518 244 4.85 14.4 6.1 15.23 

[MoO(OH)(ɼʊʄʌ)2(ʌʝʥ)]  2.5-8.3 5.0-6.5 98.7 304 523 249 5.22 14.9 6.2 15.36 

[MoO(OH)(ɼʊʄʌ)2](ɸʌ1H)2 5.40 2.5-8.5 4.6-5.8 98.7 304 525 251 5.28 10.35 6.5 12.84 

[MoO(OH)(ɼʊʄʌ)2](ɸʌ4H2)  2.5-8.8 4.8-5.8 98.5 263 525 251 5.21 9.32 5.6 12.64 

[MoO(OH)(ɼʊʕʌ)2](ɸʥH)2 4.62 2.4-6.5 3.4-4.8 97.7 170 538 262 5.05 9.68 6.2 11.80 

[MoO(OH)(ɼʊʕʌ)2](ʦ-ʪʦʣH)2 4.45 2.3-6.5 3.2-4.7 98.1 206 538 262 4.82 9.08 6.1 11.05 

[MoO(OH)(ɼʊʇʌ)2](ɸʥH)2 4.62 2.0-6.5 3.3-4.7 97.6 163 540 262 5.10 8.92 6.1 10.90 

[MoO(OH)(ɼʊʇʌ)2](ʦ-ʌɼɸH)2 4.40 2.5-6.6 3.8-4.8 98.2 218 525 247 5.05 7.68 5.8 10.34 

[MoO(OH)(ɼʊʇʌ)2](ʤ-ʌɼɸH)2 4.52 2.6-7.0 4.0-5.2 98.1 206 528 250 5.15 7.62 5.9 10.39 

[MoO(OH)(ɼʊʇʌ)2](ʧ-ʌɼɸH)2 4.88 2.6-7.5 4.4-5.9 98.3 231 530 252 5.24 7.81 6.0 10.57 

[MoO(OH)(ɼʊɹʌ)2](ɸʥH)2 4.62 2.5-7.0 3.6-5.1 98.5 263 538 258 5.18 10.44 6.5 12.85 

[MoO(OH)(ɼʊɹʌ)2](ʤɸʥH)2 4.85 2.6-7.7 3.7-5.3 98.6 282 543 263 5.29 10.57 6.8 12.95 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 5.7 
1 2 3 4 5 6 7 8 9 10 11 12 

[MoO(OH)(ɼʊɹʌ)2](ʜɸʥH)2 5.06 2.6-7.7 3.8-5.3 98.7 304 540 260 5.36 10.62 7.2 13.01 

[MoOO(OH)(ɼʊɹʌ)2](ʦ-ʪʦʣH)2 4.45 2.4-7.5 3.5-5.0 98.6 282 535 255 5.08 9.42 6.3 12.43 

[MoOO(OH)(ɼʊɹʌ)2](ʤ-ʪʦʣH)2 4.73 2.5-6.8 3.4-4.9 98.8 329 542 262 5.15 9.46 6.5 12.44 

[MoO(OH)(ɼʊɹʌ)2](ʧ-ʪʦʣH)2 5.08 2.6-7.0 3.8-5.3 99.0 396 546 266 5.41 9.55 6.6 12.53 

[MoO(OH)(ɼʊɹʌ)2](ɼʌɻH)2 10.12 3.2-8.8 4.3-6.5 99.2 496 520 240 4.75 10.52 6.5 13.20 

[MoO(OH)(ɼʊɹʌ)2](ɹɸH)2 9.37 3.3-7.8 5.0-5.6 99.4 663 510 210 4.69 10.25 5.8 13.05 

[MoO(OH)(ɼʊɹʌ)2](ɸʌ4H2)  3.0-8.0 4.6-5.9 99.8 996 525 225 5.29 10.75 6.2 13.73 

[MoO(OH)(ɼʊɹʌ)2](ɸʌ8H)2  3.0-8.0 4.2-5.6 99.8 996 515 235 4.96 10.70 6.0 13.68 

[WO(OH)(ɼʊʌ)2](ɸʥH)2 4.62 1,8-5,6 2.9-4.1 98.2 218 478 208 2.25 6.18 5.4 8.23 

[WO(OH)(ɼʊʌ)2](ʤɸʥH)2 4.85 2.0-5.8 3.2-4.2 98.3 231 483 213 2.41 6.24 5.5 8.34 

[WO(OH)(ɼʊʄʌ)2](ɸʥH)2 4.62 2,0-5,8 3,2-4,3 99.0 396 480 206 2.45 9.37 5.6 11.95 

[WO(OH) (ɼʊʄʌ)2](ʤɸʥH)2 4.85 2,2-5,9 3,3-4,4 99.1 440 485 211 2,57 9.40 5.8 12.08 

[WO(OH)(ɼʊʄʌ)2](ʜɸʥH)2 5.06 2,4-6,1 3,5-4,5 99.2 496 490 216 2,68 9.42 5.9 12.15 

[WO(OH)(ɼʊʄʌ)2](ɸʌ1H)2 5.40 1.6-5.2 4,0-5,1 99.4 663 476 202 2.73 9.82 6.5 12.86 

[WO(OH)(ɼʊʄʌ)2](ɸʌ2H)2  1.6-5.3 4,2-5,2 99.5 796 479 205 2.83 9.78 6.6 12.79 

[WO(OH)(ɼʊʄʌ)2](ɸʌ3H)2  1.6-5.3 3,9-5,1 99.6 996 480 206 2.92 9.89 6.7 12.75 

[WO(OH)(ɼʊʄʌ)2] (ɸʌ4H2)  2,0-5,6 4,2-5,3 99.4 663 480 206 2.85 9.88 4.56 12.74 

[WO(OH)(ɼʊʄʌ)2](ɸʌ5H2)  2,2-5,7 4,3-5,4 99.3 567 485 211 2.93 9.81 4.54 12.56 

[WO(OH)(ɼʊʄʌ)2](ɸʌ6H2)  2,4-5,7 4,5-5,5 99.4 663 490 216 2.95 9.92 4.63 12.74 

[WO(OH)(ɼʊʕʌ)2](ɸʥH)2 4.62 2,0-5,8 3,1-4,2 98.7 304 482 204 2.56 8.95 5.52 11.04 

[WO(OH)(ɼʊʕʌ)2](ɼʌɻH)2 10.12 2.4-7.0 4,0-5.6 99.3 567 480 204 3.14 9.45 5.6 11.96 

[WO(OH)(ɼʊʇʌ)2](ɸʥH)2 4.62 2.0-6.0 3,1-4,1 98.4 246 480 202 2.73 8.33 5.8 11.01 

[WO(OH)(ɼʊʇʌ)2](ʧ-ɸʤʈʫH)2 9.17 3.5-7.5 6.5-7.1 98.6 282 465 187 2.76 7.67 5.3 10.12 

[WO(OH)(ɼʊɹʌ)2](ɸʥH)2 4.62 2,1-6,0 3.4-4.4 99.2 496 475 195 2.86 9.68 5.8 12.37 

[WO(OH)(ɼʊɹʌ)2](ʤɸʥH)2 4.85 2,3-6,2 3.5-4.6 99.2 496 480 200 2,95 9.75 6.1 12.45 

[WO(OH)(ɼʊɹʌ)2](ɼʌɻH)2 10.12 2.6-8.0 4.5-6.0 99.4 663 485 205 3.38 8.48 6.6 12.46 

[WO(OH)(ɼʊɹʌ)2](ɸʌ1H)2 5.40 2.4-5.9 4.2-5.2 99.5 796 480 200 3.72 10.7 6.6 13.01 

[WO(OH)(ɼʊɹʌ)2](ɸʌ2H)2  2.5-6.0 4.5-5.4 99.7 1329 485 205 3.90 10.6 6.7 13.05 

[WO(OH)(ɼʊɹʌ)2](ɸʌ3H)2  2.5-6.1 4.4-5.3 99.7 1329 490 210 3.98 10.6 6.8 13.11 
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ʊʘʙʣʠʮʘ 5.8 

ʍʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ ʫʨʘʥʘ(VI) ʩ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ  ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ 

ʉʦʝʜʠʥʝʥʠʝ pKNH
+ 

ʨʅ R 

 

D 

 l, ʥʤ 

 

ȹɚ, ʥʤ eĬ10
-4 lgɓ 

 

lgKp 

 

lgKʵʢ 

 
ʆʙʨʘʟʦʚʘʥʠʷ 

ʠ ʵʢʩʪʨʘʢʮʠʠ 

ʆʧʪʠ- 

ʤʘʣʴʥʘʷ 

[Uʆ2(ɼʊʌ)2](ɸʥʅ)2 4.62 2.0-6.0 3.6-4.6 98.4 246 435 165 2.68 11.08 5.32 10.51 

[Uʆ2(ɼʊʌ)2](ʤɸʥʅ)2 4.85 2.0-6.2 3.7-4.7 98.6 282 438 168 2.84 11.25 5.41 10.62 

[Uʆ2(ɼʊʌ)2](ʜɸʥʅ)2 5.06 2.2-6.4 3.9-4.9 98.7 304 440 170 2.95 11.38 5.53 10.68 

[Uʆ2(ɼʊʌ)2](ɹʘʅ)2 9.37 3.5-6.5 4.2-5.8 98.9 360 445 175 3.25 11.46 5.56 10.75 

[Uʆ2(ɼʊʄʌ)2](ɸʥʅ)2 4.62 3.5-5.9 4.1-4.9 98.7 304 440 166 2.81 14.34 6.08 11.60 

[Uʆ2(ɼʊʄʌ)2](ʤɸʥʅ)2 4.85 3.6-6.2 4.2-5.1 98.8 329 445 171 2.95 14.46 6.13 11.68 

[Uʆ2(ɼʊʄʌ)2](ʜɸʥʅ)2 5.06 3.6-6.4 4.3-5.2 98.9 360 450 176 3.13 14.57 6.18 11.75 

[Uʆ2(ɼʊʄʌ)2](ɼʌɻʅ)2 10.12 3.8-8.5 4.5-6.9 99.5 796 462 188 3.24 14.68 6.25 12.82 

[Uʆ2(ɼʊʄʌ)2](ɸʌ1ʅ)2 7.84 3.0-8.0 5.2-6.2 99.6 996 430 156 3.40 14.96 6.81 12.97 

[Uʆ2(ɼʊʕʌ)2](ɸʥʅ)2 4.62 2.2-6.2 3.8-4.7 98.6 282 446 170 2.99 13.88 5.97 11.46 

[Uʆ2(ɼʊʕʌ)2](ʤɸʥʅ)2 4.85 2.2-6.4 3.9-4.9 98.7 304 450 174 3.15 14.00 6.03 11.49 

[Uʆ2(ɼʊʕʌ)2](ʜɸʥʅ)2 5.06 2.4-6.5 4.1-5.0 98.9 360 455 179 3.28 14.11 6.11 11.56 

[Uʆ2(ɼʊʕʌ)2](ɼʌɻʅ)2 10.12 3.5-8.2 4.3-6.8 99.2 496 470 194 3.45 14.56 6.19 12.63 

[Uʆ2(ɼʊʕʌ)2](ʊʌɻʅ)2 9.10 3.2-6.9 4.0-6.1 98.9 360 460 184 3.23 13.32 5.87 11.21 

[Uʆ2(ɼʊʕʌ)2](ɸʌ3ʅ)2  3.5-7.5 5.2-6.6 99.4 663 438 162 3.82 14.75 6.73 12.53 

[Uʆ2(ɼʊʇʌ)2](ɸʥH)2 4.62 2.3-6.2 3.7-4.7 98.7 304 448 170 3.05 12.67 5.95 11.14 

[Uʆ2(ɼʊʇʌ)2](ʌʝʥH)2 4.88 1.5-6.8 3.6-5.9 98.1 206 463 185 3.36 15.10 5.42 11.20 

[Uʆ2(ɼʊʇʌ)2](ɼʠʧH)2 4.40 1.5-6.8 3.6-5.9 97.9 186 458 180 3.24 15.05 5.38 11.05 

[Uʆ2(ɼʊʇʌ)2](ɸʤʈʫH)2 6.86 1.5-6.8 3.6-5.9 97.7 170 455 177 3.15 14.93 5.65 11.01 

[Uʆ2(ɼʊɹʌ)2](ɸʥʅ)2 4.62 2.4-6.6 4.2-5.1 99.6 996 450 170 3.16 14.65 6.17 11.71 

[Uʆ2(ɼʊɹʌ)2](ʤɸʥʅ)2 4.85 2.5-6.7 4.3-5.2 99.7 1329 455 175 3.25 14.76 6.23 11.79 

[Uʆ2(ɼʊɹʌ)2](ʜɸʥʅ)2 5.06 2.6-6.8 4.4-5.3 99.7 1329 460 180 3.42 14.48 6.28 11.82 

[Uʆ2(ɼʊɹʌ)2](ɼʌɻʅ)2 10.12 2.8-8.8 4.6-7.0 99.8 1996 478 198 3.61 14.89 6.34 12.95 

[Uʆ2(ɼʊɹʌ)2](ɹɸʅ)2 9.37 2.7-6.7 4.2-6.8 99.7 1329 455 170 3.58 14.85 6.30 11.90 
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  ʊʘʙʣʠʮʘ 5.9 

ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʃʂ ʤʘʨʛʘʥʮʘ (II) c ɼʌ ʠ ɸʤ 

ʉʦʝʜʠʥʝʥʠʝ pKNH
+ 

pH 
 

R % 

 

D 

 

lʤʘʭ, 

 ʥʤ 

 

ȹl, 

 ʥʤ
 

 

eĿ10
-4 

ʣʤʦʣʴ
-1
ʩʤ

-1 

 

 

lg ɓʢ 

 

lgKp 

 

lgKʵʢ 

ʆʙʨʘʟʦʚʘ-

ʥʠʷ 

ʆʧʪʠʤʘʣʴ-

ʥʳʡ 

[Mn(ɼʊʌ)(ʌʝʥ)2] 4.88 3.0-8.8 5.5-6.9 97.2 139 420 150 2.60 7.98 5.45 10.12 

[Mn(ɼʊʌ)(ɹʌʝʥ)2] 4.80 3.0-9.0 5.6-7.1 97.3 144 425 155 2.92 8.25 5.76 10.41 

[Mn(ɼʊʌ)(ɼʠʧ)2] 4.40 2.6-8.5 5.3-6.7 97.2 139 436 166 2.45 7.34 5.38 9.48 

[Mn(ɼʊʌ)2](ɸʌ1ʅ)2 5.40 2.8-8.0 5.6-6.6 97.5 156 470 200 3.35 8.82 5.96 11.01 

[Mn(ɼʊʌ)2](ɸʌ2ʅ)2  2.8-8.2 5.4-6.5 97.7 170 468 198 3.43 8.53 5.89 10.76 

[Mn(ɼʊʌ)2](ɸʌ3ʅ)2  2.7-8.0 5.4-6.4 97.8 178 464 194 3.48 8.25 5.45 10.50 

[Mn(ɼʊʌ)2](ɸʌ4ʅ2)  3.0-8.5 5.8-7.1 97.6 163 480 210 3.25 6.84 5.15 9.05 

[Mn(ɼʊʌ)2](ɸʌ5ʅ2)  3.0-8.5 5.6-6.9 97.8 178 475 205 3.32 6.62 5.19 8.87 

[Mn(ɼʊʌ)2](ɸʌ6ʅ2)  2.9-8.5 5.5-6.8 97.9 186 472 202 3.40 6.51 5.24 8.78 

[Mn(ɼʊʄʌ)(ʌʝʥ)2] 4.88 3.0-9.0 6.0-7.2 97.4  424 150 2.74 9.25 5.49 11.52 

[Mn(ɼʊʄʌ)(ɹʌʝʥ)2] 4.80 3.0-9.2 6.2-7.5 97.5 156 428 154 2.98 8.92 5.85 11.11 

[Mn(ɼʊʄʌ)(ɼʠʧ)2] 4.40 2.8-8.8 5.6-7.0 97.3 144 440 166 2.53 8.07 5.46 10.22 

[Mn(ɼʊʄʌ)2](ɸʌ1ʅ)2 5.40 3.0-8.5 5.8-6.8 99.2 496 465 191 3.46 12.8 6.06 15.50 

[Mn(ɼʊʄʌ)2](ɸʌ2ʅ)2  2.8-8.4 5.6-6.7 99.3 567 462 188 3.53 12.8 6.18 15.55 

[Mn(ɼʊʄʌ)2](ɸʌ3ʅ)2  2.8-8.3 5.6-6.6 99.2 496 460 186 3.57 12.7 6.25 15.40 

[Mn(ɼʊʄʌ)2](ɸʌ4ʅ2)  3.2-8.6 6.0-7.3 98,8 329 470 196 3.34 10.6 5.32 13.12 

[Mn(ɼʊʄʌ)2](ɸʌ5ʅ2)  3.0-8.5 5.8-7.1 98.9 360 465 191 3.42 10.5 5.39 13.06 

[Mn(ɼʊʄʌ)2](ɸʌ6ʅ2)  2.8-8.5 5.7-7.0 98.7 304 462 188 3.50 10.3 5.37 12.78 

[Mn(ɼʊʕʌ)2](ɸʌ1ʅ)2  2.9-8.2 5.7-6.7 98,5 263 472 196 3.55 12.3 6.12 14.72 

[Mn(ɼʊʕʌ)2](ɸʌ2ʅ)2  2.9-8.3 5.7-6.6 98,2 218 470 194 3.58 12.0 6.25 14.34 

[Mn(ɼʊʕʌ)2](ɸʌ3ʅ)2  3.0-8.0 5.7-6.5 98,3 231 465 189 3.62 12.8 6.28 15.16 

[Mn(ɼʊʇʌ)2](ɸʌ1ʅ)2  3.0-8.1 5.6-6.5 97.8 178 474 196 3.65 11.5 6.19 13.75 

[Mn(ɼʊʇʌ)2](ɸʌ2ʅ)2  3.2-8.5 5.6-6.6 97.9 186 474 196 3.69 11.6 6.22 13.87 

[Mn(ɼʊʇʌ)2](ɸʌ3ʅ)2  3.2-8.5 5.7-6.7 98.0 196 475 197 3.78 11.8 6.33 14.09 
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ʆʙʟʦʨ ʛʣʘʚʳ V 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʳ ʈʃʂ ʤʦʣʠʙʜʝʥʘ(V) ʩ ɼʌ 

(ɼʊʌ, ɼʊʄʌ, ɼʊʕʌ, ɼʊʇʌ, ɼʊɹʌ)  ʠ ɸʤ. ʀʟ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʧ-Cl-ɸʥ, ɸʥ, ʤɸʥ, ʜɸʥ, ʦ-ʪʦʣ, ʤ- ʪʦʣ, ʧ- ʪʦʣ, ʦ-, ʤ- ʠ ʧ-ʌɼɸ, ɹɸ, ɸʤʈʫ, 

ɼʌɻ, ɸʌ1, ɸʌ4 ʠ ɸʌ8. ʀʟʫʯʝʥʳ ʈʃʂ ʚʦʣʴʬʨʘʤʘ(V) ʩ ɼʊʌ, ɼʊʄʌ, ɼʊʕʌ, 

ɼʊʇʌ ʠ ɼʊɹʌ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ (ʧ-ɸʤʈʫ, ɸʥ, ʤɸʥ, ɼʌɻ, 

ɸʌ1, ɸʌ2 ʠ ɸʌ3) .ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʳ ʈʃʂ U(VI)  ʩ 

ɼʌ (ɼʊʌ, ɼʊʄʌ, ɼʊʕʌ, ɼʊʇʌ, ɼʊɹʌ) ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ. ʀʟ ʛʠʜʨʦ-

ʬʦʙʥʳʭ ʘʤʠʥʦʚ ʠʩʧʦʣʴʟʦʚʘʥ ɸʥ, ʤɸʥ, ʜɸʥ, ʌʝʥ, ɼʠʧ, ɼʌɻ, ʊʌɻ, ɹɸ, ɸʌ1 ʠ 

ɸʌ3. ʀʩʩʣʝʜʦʚʘʥʳ ʈʃʂ Mn(II)  ʩ ɼʌ (ɼʊʌ, ɼʊʄʌ, ɼʊʕʌ ʠ ɼʊʇʌ) ʠ ɸʤ (ʌʝʥ, 

ɹʌʝʥ, ɼʠʧ ʠ ɸʌ1- ɸʌ6). 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʠʥʪʝʨ-

ʚʘʣ pH ʦʧʪʠʤʘʣʴʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ ʄ(VI) ʠ ʄ(V) ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ. 

ʄ(VI)  ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʜʦ ʄ(V), ʧʦʩʣʝʜʥʠʡ 

ʟʘʪʝʤ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ.  

ʇʦʣʥʦʤʫ ʧʝʨʝʭʦʜʫ ʈʃʂ ʄ(V) ʩ ɼʌ ʠ ɸʤ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʨʅ 2.8-6.5 ʠ 2.9-6.0 ʜʣʷ Mo(V) ʠ W(V) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʧʪʠʤʘʣʴʥʘʷ 

ʦʙʣʘʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʠʦʥʥʳʭ ʘʩʩʦʮʠʘʪʦʚ U(VI)   ʥʘʭʦʜʷʪʩʷ ʧʨʠ 

ʨʅ=3.6-7.0. ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʨʅ 5.3-7.5 

ɹʳʩʪʨʦʝ ʨʘʩʩʣʦʝʥʠʝ ʬʘʟ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʚʝʪʦʧʦʛʣʦɦʝʥʠʷ ʜʦʩ-

ʪʠʛʥʫʪr ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʭʣʦʨʦʬʦʨʤʦʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʧʦʣʥʦʝ ʠʟʚʣʝʯʝʥʠʝ (97.2-99.8%) ʜʦʩʪʠʛʘʝʪʩʷ ʦʜʥʦʢʨʘʪʥʦʡ ʵʢʩʪʨʘʢʮʠʝʡ. 

ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠ-

ʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʙʨʘʥ CHCl3. ɿʘ ʩʯʝʪ ʵʢʩʪʨʘʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦ-

ʨʠʪʝʣʷʤʠ ʫʩʪʨʘʥʷʝʪʩʷ ʚʣʠʷʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʠ ʧʦʥʠʞʘʝʪʩʷ ʧʨʝʜʝʣ ʦʙʥʘ-

ʨʫʞʝʥʠʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʆʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ ʧʦ ʩʪʝʧʝʥʠ ʵʢʩʪʨʘʢʮʠʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʨʷʜ ʭʣʦʨʦʬʦʨʤ > 

ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʳʡ ʫʛʣʝʨʦʜ > ʜʠʭʣʦʨʵʪʘʥ > ʧ-ʢʩʠʣʦʣ > ʪʦʣʫʦʣ > ʙʝʥʟʦʣ > ʵʪʠʣʘ-

ʮʝʪʘʪ > ʥ-ʙʫʪʘʥʦʣ > ʠʟʦʘʤʠʣʦʚʳʡ ʩʧʠʨʪ. 
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ɹʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʈʃʂ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʠʦʥʥʳʤʠ ʘʩʩʦʮʠʘʪʘʤʠ. ɺ 

ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ ʚʥʝʰʥʝʩʬʝʨʥʳʡ ʣʠʛʘʥʜ ʚʣʠʷʝʪ ʥʘ ʩʚʦʡʩʪʚʘ ʚʥʫʪʨʠʩʬʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʚʳʟʚʘʥʥʳʳʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʦʙʨʘʟʦʚʘʥʠʷ H-ʩʚʷʟʝʡ. ʆʩʥʦʚʥʦʩʪʴ ʛʠʜʨʦʬʦʙʥʳʭ ɸʤ ʥʝ ʦʢʘʟʚrʘʝʪ ʩʝʨʝʟʥʦʛʦ 

ʚʣʠ̫ʥʠʷ ʥʘ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʵʢʩʪʨʘʢʮʠʶ ʈʃʂ. 

ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʪʝʨʤʦʛ-

ʨʘʚʠʤʝʪʨʠʠ ʠ ʈʉɸ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʘʪʠʦʥʳ Mo W ʠ U
 
ʚ ʢʦʤʧʣʝʢʩʘʭ ʩʚʷ-

ʟʘʥ ʚʘʣʝʥʪʥʦʡ ʩʚʷʟʴʶ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʘ ʄn - ʩ ʩʝʨʦʡ. ʂʦʤʧʣʝʢʩ ʄʦ(V) ʩ ɼʊʄʌ ʠ 

ɼʠʧ ʚʳʜʝʣʝʥ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ ʠ ʠʩʩʣʝʜʦʚʘʥ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘ-

ʣʠʟʘ. ʂʦʤʧʣʝʢʩ ʤʦʥʦʤʝʨʥʳʡ ʠ ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʰʝʩʪʴʶ ʘʪʦ-

ʤʘʤʠ ʜʦʥʦʨʦʚ. ɼʦʥʦʨʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʢʦʤʧʣʝʢʩʝ ʩʦʩ-

ʪʘʚʣʷʶʪ ʜʚʘ ʘʪʦʤʘ ʘʟʦʪʘ, ʪʨʠ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʠ ʦʜʠʥ ʘʪʦʤ ʩʝʨʳ (MoO3SN2). ʂʦ-

ʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʦʣʠʙʜʝʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʘʞʝʥʥʳʡ ʪʝʪʨʘ-

ʵʜʨ, ʚʢʣʶʯʘʶʱʠʡ ʜʚʘ ʘʪʦʤʘ ʘʟʦʪʘ ʜʠʧʠʨʠʜʠʣʘ, ʦʜʠʥ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʠ ʦʜʠʥ 

ʘʪʦʤ ʩʝʨʳ ɼʊʄʌ ʠ ʜʚʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʛʨʫʧʧʳ MoO(OH)
2+
, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʜʘʥʥʤrʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ʋʩʪʘʥʦʚʣʝʥʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ȹpKSH ʠ ȹpH50, lgɓ ʠ pKSH, ʤʦʣʷʨʥʦʡ 

ʤʘʩʩʦʡ ʟʘʤʝʩʪʠʪʝʣʷ (M(X) ʠ ʤʦʣʷʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʛʣʦʱʝʥʠʷ, lgʂɻ ʢ ʠ 

ʨʂ1, lgʂʨ ʠ ʨʂ1 ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ɼʌ ʠ Aʥ. ʇʦʣʫʯʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʧʦʜʪʚʝʨʞ-

ʜʘʁʪ, ʯʪʦ ʩ ʚʚʝʜʝʥʠʝʤ ʚ ʩʪʨʫʢʪʫʨʳ ʵʣʝʢʪʨʦʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʪʦ ʝʩʪʴ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ ʌɸɻ ʨʝʘʛʝʥʪʘ, ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢ-

ʞʝ lgʂɻ ʢ ʠ lgʂʨ ʫʚʝʣʠʯʠʚʘʪʁʩʷ, ʘ ʨʅʦʧʪ ʠ ʨʅ50 ʩʤʝʱʘʶʪʩʷ ʚ ʙʦʣʝʝ ʩʣʘʙʦʢʠʩʣʫʶ 

ʦʙʣʘʩʪʴ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʢʦʨʨʝʣ̫ʮʠʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʢʦ-

ʣʠʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʛʥʦʟʘ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ, ʚʳʙʦʨʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʨʝ-

ʘʛʝʥʪʦʚ  ʚ ʥʝʦʨʛʘʥʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ. 
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ɻʃɸɺɸ VI  

 

ʈɸɿʅʆʃʀɻɸʅɼʅʓɽ ʂʆʄʇʃɽʂʉʓ ɾɽʃɽɿɸ(II) , ʂʆɹɸʃʔʊɸ(II)  ʀ 

ʅʀʂɽʃʗ(II)  ʉ ɼʀʊʀʆʃʌɽʅʆʃɸʄʀ ʀ ɻʀɼʈʆʌʆɹʅʓʄʀ ɸʄʀʅɸʄʀ 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʷʚʣʷʝʪʩʷ ʦʧ-

ʨʝʜʝʣʝʥʠʝ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʪʝ-

ʨʠʘʣʘʭ. ʅʘʨʷʜʫ ʩ ʩʦʟʜʘʥʠʝʤ ʥʦʚʳʭ ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠ-

ʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʚʝʜʫʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʨʘʟʚʠʪʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʷʚʣʷʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʵʣʝʤʝʥʪʘ. ʉʨʝʜʠ ʬʠʟʠʢʦ-ʭʠʤʠ-

ʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʧʦ ʜʦʩʪʫʧʥʦʩʪʠ, ʧʨʦʩʪʦʪʝ ʠʩʧʦʣʥʝʥʠʷ, ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʶʪʩʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʲʝʢʪʘʭ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʰʠʨʦʢʦ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴ-

ʥʦʩʪʴʶ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʧʨʦʩʪʦʪʦʡ ʚʳʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʥʝ ʪʨʝʙʫʶʱʠʡ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʧʳʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʦʥʳ Fe(II), Co(II) ʠ Ni(II)  ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ɼʌ ʦʙʨʘʟʫʶʪ ʦʢʨʘʰʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʥʝʨʘʩʪʚʦʨʷ-

ʶʪʩʷ ʚ ʥʝʧʦʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʉ ʚʚʝʜʝʥʠʝʤ ʚ ʩʠʩʪʝʤʫ ʛʠʜʨʦ-

ʬʦʙʥʳʭ ɸʤ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʚ ʚʠʜʝ ʈʃʂ. 

ɾʝʣʝʟʦ ʦʙʨʘʟʫʝʪ ʦʯʝʥʴ ʧʨʦʯʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʚʷʟʠ ʩ ʣʶʙʳʤʠ ʜʦ-

ʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ ʣʠʛʘʥʜʦʚ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʘʪʦʤʥʳʭ ʢʦʥ-

ʬʠʛʫʨʘʮʠʡ ʚ ʤʦʣʝʢʫʣʘʭ ʭʝʣʘʪʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʘʚʣʠʚʘʶʪ 

ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ [276, ʩ.294].  

ʄʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʦʚʘʥʳ ʈʃʂ Fe(II)  ʩ ɼʌ ʠ ɸʤ. ʀʟ ɼʌ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ɼʊʌ, ɼʊʄʌ, ɼʊʕʌ ʠ ɼʊɹʌ, ʘ ʠʟ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ - ɸʥ, ʤɸʥ, ʜɸʥ, ɼʌɻ, 

ʌʝʥ, ɹʌʝʥ, ɼʠʧ, ɸʌ1-ɸʌ3, ɸʌ7 ʠ ɸʌ8. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʈʃʂ Co(II)  ʠ Ni(II) ʩ ɼʌ ʠ ɸʤ. ʀʟ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ ʠʩʧʦʣʴʟʦ-

ʚʘʥ ɸʥ, ʤɸʥ, ʜɸʥ, ɻʫ, ɼʌɻ, ʊʌɻ, ɼɸʄ, ɼɸʇʄ, ɼɸʌʄ, ɹɸ, ʦ-ʌɼɸ, ʦ-ɸʤʈʫ, 

ʌʝʥ, ɹʌʝʥ, ɼʠʧ, ɸʌ1-ɸʌ8, ɸʌ10 ʠ ɸʌ12 [9, ʩ.564; 172, ʩ.457; 407, ʩ.993]. 
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ʆʧʳʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʥʪʝʨʚʘʣ ʨʅ ʦʧʪʠʤʘʣʴʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʠ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʈʃʂ,  ʦʙʨʘʟʫʁʱʠʝʩʷ ʩ ʠʩʭʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ Fe(II) ʠ Fe(III), ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ. ʆʜʠʥʘʢʦʚʦʩʪʴ ʩʧʝʢʪʨʦʚ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ Fe(III)  ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ ʚ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʦʙʨʘʟʫʝʪʩʷ ʦʜʥʦ ʠ ʪʦ ʞʝ ʩʦʝʜʠʥʝʥʠʝ Fe(II) . 

ɼʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ ʜʦʚʦʣʴʥʦ ʩʝʣʝʢʪʠʚʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʨʝʘʛʝʥʪʳ ʩ ʦ-ʥʠʪʨʦʟʦʬʝʥʦʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʦʡ ʠʣʠ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʪ-

ʨʦʝʥʠʷ ʩ ʦʢʩʠʤʥʦʡ ʛʨʫʧʧʠʨʦʚʢʦʡ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʜʠʦʢʩʠʤʳ, ʦʢʩʠ-

ʘʟʦʩʦʝʜʠʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʪʠʦʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ [276, ʩ.314]. ɺ ʥʘʠʙʦʣʝʝ ʚʘʞ-

ʥʳʭ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢʘʭ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʢʝʣʷ ʠʩʧʦʣʴʟʫʶʪ ʨʝʘʢʮʠʠ ʩ 

ʜʠʦʢʩʠʤʘʤʠ ʠ ʜʠʪʠʟʦʥʘʤʠ [231, ʩ.100-105, ʩ.121]. 

6.1. ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ Fe(II) , Co(II ) ʠ Ni(II ) ʩ 

ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ 

ɺʣʠʷʥʠʝ ʨʅ ʚʦʜʥʦʡ ʬʘʟʳ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴ ʦʢʨʘʩʢʠ ʢʦʤʧʣʝʢʩʦʚ Fe(II) ʩ ɼʌ ʠ ɸʤ ʧʦʩʪʦʷʥʥʘ ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ 

3.9-7.5 (ʨʠʩ.6.1). ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʨʦʜʳ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʚʳʭʦʜ ʈʃʂ 

Co(II) ʠ Ni(II) ʤʘʢʩʠʤʘʣʝʥ ʧʨʠ ʨʅ 4.1-7.9 (ʨʠʩ.6.2).  ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʨʅ ʚʦʜʥʦʡ 

ʬʘʟr ʵʢʩʪʨʘʢʮʠʷ ʄ(II) ʩʦ ʚʨʝʤʝʥʝʤ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ, ʚʠʜʠʤʦ, ʩʚʷʟʘʥʦ ʩ ʧʦ-

ʥʠʞʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ɼʌ ʠ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʚ ʨʘʩʪ-

ʚʦʨʝ ʦʥʠ ʥʘʭʦʜ̫ʪʩʷ ʚ ʚʠʜʝ ʥʝʜʠʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʤʦʣʝʢʫʣʘ. ʇʨʠ  pH²8 ʈʃʂ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ, ʯʪʦ, ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥʦ ʩ ʧʦʥʠʞʝʥʠʝʤ ʩʪʝʧʝʥʠ 

ʧʨʦʪʦʥʠʟʘʮʠʠ ɸʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʥʝʵʢʩʪʨʘʛʠʨʫ-

ʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ [ʄ(ɼʌ)2]
4- 
ʠ [ʄ(ɼʌ)3]

7-
 ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʪʘʢ ʢʘʢ ʜʠʩʩʦ-

ʮʠʘʮʠʷ ɼʌ ʧʦ ʚʪʦʨʦʡ -SH ʛʨʫʧʧʝ (ʨʂ2=8.25-8.78) ʚʦʟʨʘʩʪʘʝʪ. ʂʦʤʧʣʝʢʩʳ ʩ ɸʌ, 

ɼʌɻ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ ʦʙʨʘʟʫʶʪʩʷ ʚ ʙʦʣʝʝ ʩʣʘʙʦʢʠʩʣʦʡ ʩʨʝʜʝ. 

ɼʌɻ ʥʘʭʦʜʠʪʩʷ ʚ ʢʘʪʠʦʥʥʦʡ ʬʦʨʤʝ ʜʦ ʨʅ 10, ʯʪʦ ʜʝʣʘʝʪ ʰʠʨʦʢʠʤ ʠʥʪʝʨʚʘʣ ʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʙʦʣʝʝ ʢʠʩʣʳʭ ʠʣʠ ʙʦʣʝʝ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʧʦʛʣʦʱʝʥʠʝ 

ʫʤʝʥʴʰʘʝʪʩʷ ʠʟ-ʟʘ ʥʝʧʦʣʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʠʣʠ ʛʠʜʨʦʣʠʟʦʤ ʢʦʤʧʣʝʢ-

ʩʘ.  
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ʈʠʩ.6.1. ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʈʃʂ ʦʪ ʨʅ ʚʦʜʥʦʡ ʬʘʟʳ 

1-Fe(II) -ɼʊʄʌ, 2-Fe(II)-ɼʊʄʌ-ɸʥ, 3-Fe(II)-ɼʊʄʌ-ʤɸʥ, 4-Fe(II)-ɼʊʄʌ-ʜɸʥ. 

5-Fe(II)-ɼʊɹʌ-ɸʌ1, 6-Fe(II)-ɼʊɹʌ-ɸʌ8. 

CFe(II) = 3.57Ĭ10
-5
 M, Cɼʌ =(0.80-0.96)Ĭ10

-4
 M; Cɸʤ = (0.76-0.88)Ĭ10

-3
 M,  ʂʌʂ-2, l 

= 0,5 ʩʤ 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʚʪʦʨʦʛʦ ʣʠʛʘʥʜʘ ʦʧʪʠʤʘʣʴʥʘ ̫ʢʠʩʣʦʪʥʦʩʪ ɹʢʦʤʧʣʝʢʩʦʦʙʨʘ-

ʟʦʚʘʥʠʷ ʩʤʝʱʝʥʘ ʚ ʙʦʣʝʝ ʢʠʩʣʫʶ ʦʙʣʘʩʪʴ, ʨʅʦʧʪ ʰʠʨʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʆʃʂ. ʅʘ-

ʣʠʯʠʝ ʦʜʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʚ ʫʢʘʟʘʥʥʳʭ ʧʨʝʜʝʣʘʭ ʨʅ ʧʦʜʪʚʝʨʞ-

ʜʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʦʣʫʯʝʥʠʠ ʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʥʘ. 

 
ʈʠʩ.6.2. ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʈʃʂ ʢʦʙʘʣʴʪʘ(II) ʠ ʥʠʢʝʣʷ(II) ʦʪ ʨʅ 

ʚʦʜʥʦʡ ʬʘʟʳ 

ʘ)1.ʉʦ-ɼʊʌ-ɸʌ4, 2.ʉʦ-ɼʊʌ-ɸʌ5, 3.ʉʦ-ɼʊʌ-ɸʌ6, 4.ʉʦ-ɼʊɹʌ-ɸʌ10,  

5. ʉʦ-ɼʊɹʌ-ɸʌ12 

ʙ)1.Ni-ɼʊʕʌ-ɸʥ, 2.Ni-ɼʊɹʌ-ɸʥ, 3.Ni-ɼʊɹʌ-ʜɸʥ, 4.Ni-ɼʊʌ-ɸʥ, 5.Ni-ɼʊʌ-ɸʥ                                                                   

CCo(II)=2.035Ĭ10
-5
ʄ, CNi(II)= 2.044Ĭ10 

-5
 ʄ; ʉɼʌ= (0.72-0.96) Ĭ10

-3
 ʄ;  ʉɸʤ=(0.8-

1.0)Ĭ10
-3
 ʄ, ʂʌʂ-2, 490 ʥʤ,?=0.5 ʩʤ. 

ʄʝʥʝʝ ʦʩʥʦʚʥʳʝ ʘʤʠʥʳ ʦʙʨʘʟʫʶʪ ʈʃʂ ʩ ʘʥʠʦʥʥʳʤʠ ʜʠʪʠʦʣʬʝʥʦʣʷʪʥʳ-

ʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʄ(II)  ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ. 

ɺʳʙʦʨ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɼʣʷ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ ʠʩʩʣʝʜʦʚʘʥʳ ʥʝʚʦʜʥʳʝ ʨʘʩʪ-

ʚʦʨʠʪʝʣʠ: ʭʣʦʨʦʬʦʨʤ, 1,2-ʜʠʭʣʦʨʵʪʘʥ, ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʳʡ ʫʛʣʝʨʦʜ, ʙʝʥʟʦʣ, ʪʦ-
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ʣʫʦʣ, ʭʣʦʨʙʝʥʟʦʣ, ʢʩʠʣʦʣ,r ʠʟʦʙʫʪʘʥʦʣ, ʥ-ʙʫʪʘʥʦʣ, ʠʟʦʧʝʥʪʘʥʦʣ ʠ ʠʭ ʩʤʝʩʠ. ʀʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʷʨʥʳʭ ʘʧʨʦʪʦʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʵʪʠʣʘʮʝʪʘʪ ʠ ʤʝ-

ʪʠʣʠʟʦʙʫʪʠʣʢʝʪʦʥ, ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʳʭ ʩʦʣʴʚʘʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ, ʯʪʦ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʦʞʥʠʪʴ ʠʣʠ ʠʟʤʝʥʠʪʴ ʧʨʦʮʝʩʩ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦ-

ʚʘʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ ʦʧʨʝʜʝʣʷʣʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 8-ʛʠʜʨʦʢʩʠʭʠʥʦʣʠʥʘ [276, ʩ.301] ʧʦʩʣʝ ʨʝʵʢʩʪʨʘʢʮʠʠ, ʘ ʚ ʚʦʜ-

ʥʦʡ ʬʘʟʝ - ʧʦ ʨʘʟʥʦʩʪʠ. ʕʬʬʝʢʪʠʚʥʳʤʠ ʩʨʝʜʠ ʥʠʭ ʦʢʘʟʘʣʠʩʴ ʭʣʦʨʦʬʦʨʤ, ʯʝʪ-r

ʨʝʭʭʣʦʨʠʩʪʳʡ ʫʛʣʝʨʦʜ ʠ ʜʠʭʣʦʨʵʪʘʥ. ʇʨʠ ʦʜʥʦʢʨʘʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʭʣʦʨʦʬʦʨ-

ʤʦʤ ʠʟʚʣʝʢʘʝʪʩʷ 98.3-99.8% Fe(II), Co(II) ʠ Ni(II) ʚ ʚʠʜʝ ʈʃʂ. ɺ ʜʘʣʥɹʝʡhʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʭ̫ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʣʦʨʦʬʦʨʤ. ʇʦʚʳʰʝʥʠʝʤ ʤʦ-

ʣʝʢʫʣ̫ʨʥʦʛʦ ʚʝʩʘ ʘʤʠʥʘ ʥʝ ʠʟʤʝʥʷʝʪʩ ̫ʭʘʨʘʢʪʝʨ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʠ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʴ ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʥʦ ʫʣʫʯʰʘʝʪʩ ̫ʵʢʩʪʨʘʛʠʨʫʝʤʦʩʪʴ ʈʃʂ. ɺ ʧʨʝʜʝ-

ʣʘʭ ʩʦʝʜʠʥʝʥʠʡ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʵʢʩʪʨʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʩ ʨʦʩʪʦʤ 

ʯʠʩʣʘ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ ʨʘʩʪʚʦʨʠʪʝʣʷ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʤʘʢʩʠʤʫʤ ʩʚʝʪʦʧʦʛʣʦɦʝʥʠʷ ʈʃʂ ʤʝʥʷʝʪʩʷ. ʆʩʥʦʚʥʦʩʪʴ ʛʠʜʨʦʬʦʙʥʳʭ ɸʤ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʦʱʫʪʠʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʫʩʣʦʚʠʷ ʠ ʵʢʩʪʨʘʢʮʠʶ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʨʷʜʫ 

ɼɸʄ-ɼɸʇʄ-ɼɸʌʄ ʧʨʦʮʝʥʪ ʵʢʩʪʨʘʢʮʠʠ ʚʦʟʨʘʩʪʘʝʪ. ɺʚʝʜʝʥʠʝ ʛʠʜʨʦʬʦʙʥʳʭ 

ʨʘʜʠʢʘʣʦʚ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʨʝʘʛʝʥʪʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. 

ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʧʨʠ ʢʦʤʧ-

ʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ Fe(II) ʩ ɼʌ ʠ ɸʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 544-586 ʥʤ (ʨʠʩ. 6.3). ɹʘ-

ʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʩʦʩʪʘʚʣʷʝʪ 245-255 ʥʤ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʘʤʠʥʦʚ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʥʝʙʦʣʴʰʦʝ ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʠʭ ʫʰʠʨʝʥʠʝ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʦʙʨʘʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚʦ ʚʥʫʪʨʝʥ-

ʥʫʶ ʩʬʝʨʫ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ɼʌ ʠ ɸʤ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʧʨʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʈʃʂ Co(II) ʠ Ni(II) ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 512-595 ʥʤ (ʨʠʩ. 

6.4), ʛʜʝ ʦʪʩʫʪʩʪʚʫʶʪ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʨʝʘʛʝʥʪʦʚ (ɼʌ), ʪʘʢ ʢʘʢ ʦʥʠ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʧʦʛʣʦʱʘʶʪ ʧʨʠ 270-280 ʥʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʩʦʩ-
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ʪʘʚʣʷʝʪ 245-255 ʥʤ. ɺ ʩʣʫʯʘʝ ʌʝʥ, ɹʌʝʥ, ɼʠʧ ʤʘʢʩʠʤʫʤʳ ʚ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦɦʝ-

ʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʙʦʣʝʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ.  

 

ʈʠʩ.6.3. ʉʧʝʢʪʨʳ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II)  ʩ ɼʊʄʌ ʠ ɸʤ 

1 -Fe(II)-ɼʊʄʌ, 2 -Fe(II)-ɼʊʄʌ-ɸʥ, 3-Fe(II)-ɼʊʄʌ-ʤɸʥ, 4-Fe(II)-ɼʊʄʌïʜɸʥ. 

CFe(II)=3.57Ĭ10
-5
M, ʉɼʌ=(0.80-0.96)Ĭ10

-4
M; ʉɸʤ=(0.76-0.88)Ĭ10

-3
M, ʉʌ-26, l=1 ʩʤ 

 

ʈʠʩ.6.4. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ Co(II)  ʠ Ni(II)  ʩ ɼʌ ʠ ɸʤ                       

ʘ)1.Co-ɼʊʌ-ɸʥ,  2.Co-ɼʊʄʌ-ɸʥ,   3.Co-ɼʊʇʌ-ɸʥ, 4.Co-ɼʊɹʌ - ɸʥ 

ʙ)1.Ni-ɼʊʕʌ-ʌʝʥ, 2.Niïɼʊʕʌ-ɹʌʝʥ,  3.Ni-ɼʊʕʌ-ʦ-ɸʤʈʫ, 4.Ni-ɼʊʕʌ-ʦ-ʌɼɸ, 

5.Ni-ɼʊʕʌ-ɼʌɻ 

CCo(II)=2.035Ĭ10
-5
ʄ, CNi(II)=2.044Ĭ10

-5
 ʄ; ʉɼʌ= (0.72-0.96)Ĭ10

-3
 ʄ;  ʉɸʤ= (0.8-

1.0)Ĭ10
-3
 ʄ, ʉʌ-26, ?=1cʤ. 

ɺʣʠʷʥʠʝ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʠʚʘʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʛʘʥʜʦʚ. ʇʨʠ ʦʧʪʠ-

ʤʠʟʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʨʅ ʚʦʜʥʦʡ ʬʘʟʳ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʚʦʜʥʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟ 4:1. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʢʩʪʨʘʢʮʠʦʥʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 5 ʤʠ-

ʥʫʪ. ʈʃʂ Fe(II), Co(II) ʠ Ni(II)  ʩ ɼʌ ʠ ɸʤ ʫʩʪʦʡʯʠʚʳ ʚ ʚʦʜʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʚ ʪʝʯʝʥʠʝ 3-5 ʩʫʪʦʢ, ʘ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ - ʙʦʣʴʰʝ ʤʝʩʷʮʘ. ʄʘʢʩʠ-

ʤʘʣʴʥʘʷ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʈʃʂ Fe(II), Co(II) ʠ Ni(II)  ʩ ɼʌ ʠ ɸʤ ʜʦʩʪʠʛʘʝʪʩʷ ʚ 
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ʪʝʯʝʥʠʝ 5-10 ʤʠʥʫʪ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 30 
ʦ
ʉ ʦʢʨʘʩʢʘ ʈʃʂ ʨʘʟʚʠʚʘʝʪʩʷ ʤʛʥʦ-

ʚʝʥʥʦ.  

ʆʙʨʘʟʦʚʘʥʠʝ ʈʃʂ Fe(II), Co(II)  ʠ Ni(II)  ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʙʦʣʴ-

ʰʦʛʦ ʠʟʙʳʪʢʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʁʱʠʭ ʨʝʘʛʝʥʪʦʚ. ʆʧʪʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ɼʌ, ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʥʦʚʥʦʩʪʠ ʛʠʜʨʦʬʦʙ-

ʥʳʭ ɸʤ ʥʝ ʤʝʥʷʝʪʩʷ. ʆʧʪʠʤʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʩʦʝʜʠ-

ʥʝʥʠʡ Fe(II) ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ (0.80-0.96)Ĭ10
-3 
ʤʦʣʴ/ʣ ɼʌ ʠ (0.72-0.88)Ĭ 

10
-3 
ʤʦʣʴ/ʣ  ɸʤ. ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ Co(II)  ʠ Ni(II)  ʦʧʪʠʤʘʣʴʥʳʤ 

ʷʚʣʷʝʪʩʷ (0.72-0.96)Ĭ10
-3 
ʤʦʣʴ/ʣ ʢʦʥʮʝʥʪʨʘʮʠʷ ɼʌ ʠ (0.8-1.0)Ĭ10

-3 
ʤʦʣʴ/ʣ - ɸʤ. 

ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʌ ʥʝ ʠʟʤʝʥʷʝʪ ʩʦʩʪʘʚʘ ʈʃʂ. ɺ ʩʣʫʯʘʝ ʛʝʪʝʨʦʮʠʢʣʠ-

ʯʝʩʢʠʭ ʜʠʘʤʠʥʦʚ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʤ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ 

ʈʃʂ. ɼʣʷ ɼʌɻ ʤʘʣʦʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʤʝʪʘʣʣʘʤʠ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʝʛʦ ʢ ʘʟʦʪʥʦʢʠʩʣʳʤ, ʩʦʣʷʥʦʢʠʩʣʳʤ ʠ ʩʝʨʥʦʢʠʩʣʳʤ 

ʨʘʩʪʚʦʨʘʤ ʩʦʣʝʡ Co ʠ Ni ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʧʘʜʝʥʠʝ ʦʩʥʦʚʥʳʭ ʩʦʣʝʡ, ʥʝ ʠʟʚʣʝʢʘ-

ʶʱʠʭʩʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ. 

ɺʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʦʙʲʝʤʦʚ ʬʘʟ. ʉʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ Fe(II), Co(II) ʠ 

Ni(II)  ʚ ʚʠʜʝ ʈʃʂ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʦʙʲʝʤʦʚ ʚʦʜʥʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʬʘʟ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ (ʦʪ 5:5 ʜʦ 100:5), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪ 20. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʝʥʠʝ 

ʚʦʜʥʦʡ ʬʘʟʳ ʚ 18 ʨʘʟ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʨʛʘʥʠʯʝʩʢʦʡ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ 

ʧʦʣʥʦʪʫ ʠʟʚʣʝʯʝʥʠʷ.  

6.2. ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ Fe(II) , Co(II) ʠ Ni(II)  ʩ ʜʠʪʠʦʣʬʝʥʦ-

ʣʘʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ 

ʉʦʩʪʘʚ ʢʦʤʧʣʝʢʩʦʚ Fe(II) , Co(II) ʠ Ni(II)  ʩ ɼʌ ʠ ɸʤ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʄ(II)  ʩ ɼʌ ʠ ɸʤ, 

ʧʨʠʤʝʥʷʣʠ ʨʘʟʣʠʯʥʳʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ: ʤʝʪʦʜ ʩʜʚʠʛʘ ʨʘʚʥʦʚʝ-

ʩʠʷ, ʧʨʷʤʦʡ ʣʠʥʠʠ ɸʩʤʫʩʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʳʭʦʜʘ [63, ʩ.187-192]. ʇʨʠʚʝʜʝʥ-

ʥʳʝ ʥʘ ʨʠʩ.6.5 ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʈʃʂ ʢʦʤʧʦʥʝʥʪʳ ʚʭʦʜʷʪ ʚ ʩʦ-

ʦʪʥʦhʝʥʠʠ ʄ(II):ɼʌ:ɸʤ=1:2:2 (ʨʠʩ.6.5). ɺ ʧʨʠʩʫʪʩʪʚʠʠ ɼɸʄ ʠ ʝʛʦ ʘʥʘʣʦʛʦʚ 
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ʩʦʦʪʥʦʰʝʥʠʝ ʄ(II):ɼʌ:ɸʤ=1:1:1. ɺ ʩʣʫʯʘʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʜʠʘʤʠʥʦʚ ʠ ʦ-

ʌɼɸ - ʄ(II):ɼʌ:ɸʤ=1:1:2. ʂʦʥʩʪʘʥʪʘ ʧʨʦʪʦʥʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʝʪʝʨʦʮʠʢ-

ʣʠʯʝʩʢʠʭ ʜʠʘʤʠʥʦʚ ʚ ʧʦʨʷʜʢʝ 4.40-4.88 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʫʩʣʦʚʠ̫ʭ ʦʙʨʘʟʦʚʘʥʠʷ 

ʠ ʵʢʩʪʨʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʜʠʘʤʠʥʳ ʥʝ ʧʨʦʪʦʥʠʟʠʨʦʚʘʥʳ. ɺ 

ʫʩʣʦʚʠ̫ʭ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ɼʌ ʚ ʨʘʩʪʚʦʨʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦ-

ʚʘʪʴ ʢʘʢ ʚ ʚʠʜʝ ʦʜʥʦʟʘʨ̫ʜʥʦʛʦ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʜʚʫʭʟʘʨ̫ʜʥʦʛʦ ʘʥʠʦʥʘ. 

ɼɸʄ ʠ ʝʛʦ ʘʥʘʣʦʛʠ ʧʦ ʩʚʦʝʤʫ ʭʘʨʘʢʪʝʨʫ ʷʚʣʷʶʪʩʷ ʩʣʘʙʳʤʠ ʜʚʫʭʢʠʩʣʦʪʥ -r

ʤʠ ʦʩʥʦʚʘʥʠʷʤʠ. ʆʥʠ ʟʘʥʠʤʘʶʪ ʜʚʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʤʝʩʪʘ.  

 

ʈʠʩ. 6.5. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʈʃʂ ʤʝʪʦʜʦʤ ʩʜʚʠʛʘ ʨʘʚʥʦ-

ʚʝʩʠʷ ʜʣʷ Fe -ɼʊɹʌ-ɸʥ (ʘ) ʠ Fe -ɼʊɹʌ-ʤɸʥ (ʙ). 1. Fe:ɼʊɹʌ; 2. Fe:ɸʤ.  

 ʉ Fe (II)= 3.57Ĭ10
-5
 ʄ;  ʉʌ-26, l=1ʩʤ 

 ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ Fe(II) , Co(II) ʠ 

Ni(II)  ʩ ɼʌ ʠ ɸʤ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʩʚʷʟʝʡ ʚ ʈʃʂ ʩ ɼʌ ʠ ɸʤ ʩʥʷʪʳ ʠ ʠʟʫ-

ʯʝʥʳ ʀʂ-ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʦʚ Fe-ɼʊʄʌ-ɸʥ, Fe-ɼʊʄʌ-ʌʝʥ ʠ ʉʦ(II)-ɼʊʄʌ-

ɼʠʧ (ʨʠʩ.6.6). ʀʂ-ʩʧʝʢʪʨʳ ʈʃʂ ʩʥʷʪʳ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘʭ ʀʂʉ-14 ʠ UR-20 ʚ 

ʚʘʟʝʣʠʥʦʚʦʤ ʤʘʩʣʝ ʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 4000-400 ʩʤ
-1
 ʧʨʠ 300 ʂ. 

 ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʙʣʘʩʪʠ 440-430 ʩʤ
-1
 ʧʦʷʚʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ 

ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʝʤ ʩʚʷʟʠ ʄ-S. ʆʪʩʫʪ-

ʩʪʚʠʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʧʦʣʦʩʳ ʧʨʠ 2585-2575 ʩʤ
-1
, ʥʘʙʣʶʜʘʝʤʘʷ ʚ ʩʧʝʢʪʨʝ ɼʌ 

ʠ ʧʦʷʚʣʝʥʠʝ ʚ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʘ ʜʚʫʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ 

ʩʤʝɦʝʥʘ ʚ ʩʪʦʨʦʥʫ ʢʦʨʦʪʢʠʭ ʯʘʩʪʦʪ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʜʥʘ ʠʟ ʪʠʦʣʴʥʳʭ ʛʨʫʧʧ 

ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ. ʀʩʯʝʟʥʦʚʝʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝ-

ʥʠʷ ʧʨʠ 3460-3450 ʩʤ
-1 
ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ -ʆʅ ʛʨʫʧʧʘ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 
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ʩʚʷʟʠ M-O. ʇʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ, ʧʨʦʷʚʣʷʝʤʦʝ ʧʨʠ 2380 ʩʤ
-1
 ʫʢʘʟʚrʘʝʪ ʥʘ ʥʘʣʠ-

ʯʠʝ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʘʥʠʣʠʥʘ. ʇʦʣʦʩʘ ʧʦʛʣʦɦʝʥʠʷ ʧʨʠ 1390 ʩʤ
-1
 ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʘʣʠʯʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʬʝʥʘʥʪʨʦʣʠʥʘ [17, ʩ.229; 59, ʩ.141; 272, ʩ.30, ʩ.40].  

   ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʛʦ ʈʃʂ ʩʣʫʞʘʪ ʪʨʠ ʧʠʢʘ ʚ ʥʠʟʢʦʯʘʩʪʦʪ-

ʥʦʡ ʦʙʣʘʩʪʠ: 458 ʩʤ 
-1 
ʩʚʷʟʴ ʄ-N,  525 ʩʤ 

-1
ʩʚʷʟʴ ʄïO ʠ 444 ʩʤ 

-1 
ʩʚʷʟʴ ʄ -S. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʵʢʩʪʨʘʛʠʨʫʝʤʦʤ ʩʦʝʜʠʥʝʥʠʠ ʠʦʥʳ Co(II) ʠ Ni(II)  

ʩʚʟ̫ʘʥʳ ʦʩʥʦʚʥʳʤʠ ʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ ʩ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ -OH ʛʨʫʧʧʳ, ʘ 

ʘʪʦʤʳ ʩʝʨʳ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʚʷʟʠ. ʀʂ-ʩʧʝʢʪʨʳ 

ʈʃʂ Co(II )-ɼʊʄʌ-ɼʠʧ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʀʂ-ʩʧʝʢʪʨʘʤʠ ɼʊʄʌ ʠ ɼʠʧ. ɺ ʦʙʣʘʩʪʠ 

ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ C-N ʠ C-C ʩʚʷʟʝʡ ʢʦʣʝʮ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩ 

1585 ʩʤ
-1
 ʚ ʤʦʣʝʢʫʣʝ ɼʠʧ ʜʦ 1565 ʩʤ

-1
 ʠ 1400  ʜʦ 1385 ʩʤ

-1
 ʚ ʢʦʤʧʣʝʢʩʝ, ʯʪʦ ʫʢʘ-

ʟʚrʘ-ʝʪ ʥʘ ʩʚʷʟʴ ʤʝʪʘʣʣʘ ʩ ʘʟʦʪʦʤ. ɜ(C=C) ʚ ʩʧʝʢʪʨʝ ɼʊʄʌ, ʥʘʙʣʶʜʘʝʤʦʝ ʧʨʠ 

1450 ʩʤ
-1
, ʚ ʩʧʝʢʪʨʝ ʢʦʤʧʣʝʢʩʘ ʩʤʝʱʘʝʪʩʷ ʜʦ 1421 ʩʤ

-1
. ʉʣʘʙʘʷ ʧʦʣʦʩʘ ʚ ʩʧʝʢʪʨʝ 

ʌʝʥ ʥʘʙʣʶʜʘʝʤʘʷ ʧʨʠ 3075 ʩʤ
-1
 ʦʪʥʦʩʠʪʩʷ ʢ ɜ(CïH) ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ. 

ʇʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʵʪʦʡ  ʧʦʣʦʩʳ ʜʦ 2920 ʩʤ
-1
.  

ʅʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ɼʠʧ ʠʤʝʝʪ ʯʝʪʳʨʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʷ 

ʬʝʥʠʣʴʥʳʭ ʢʦʣʝʮ ʚ ʦʙʣʘʩʪʠ 1600-1300 ʩʤ
-1 

(1579, 1553, 1448 ʠ 1410 ʩʤ
-1
) [59, 

ʩ.408]. ɺ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ ʵʪʠ ʧʦʣʦʩʳ ʩʤʝʱʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ 

ʯʘʩʪʦʪ. ʍʘʨʘʢʪʝʨʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʠ ʄ-ʆ ʚʠʜʥʳ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ 525 

ʩʤ
-1
, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʤʝʱʝʥʠʠ ʧʠʢʘ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʦʪ 470 ʩʤ

-1
 ʢ 525 

ʩʤ
-1
, ʭʘʨʘʢʪʝʨʥʳʡ ʧʠʢ ʩʚʷʟʠ Ni-N ʚʠʜʝʥ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ 458 ʩʤ

-1
. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʈʃʂ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʭ Oʃʂ, ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʷʪʠʯʣʝʥʥʦʛʦ ʭʝʣʘʪʥʦʛʦ ʮʠʢʣʘ ʠ ʥʘʣʠ-

ʯʠʝʤ -́ʜʘʪʠʚʥʦʡ ʩʚʷʟʠ ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤ ʘʤʠʥʦʤ. ʇʨʠ ʵʪʦʤ ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ ʩʚʷʟʠ ʯʘʩʪʠʯʥʦ ʩʤʝʱʘʝʪʩʷ ʢ ʘʪʦʤʘʤ ʘʟʦʪʘ ʘʤʠ-

ʥʘ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʟʘʨʷʜ ʠʦʥʘ ʄ(II). ʕʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʦʙʣʝʛʯʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤ ʠʦʥʦʤ ɼʌ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʠʛʨʳʰ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʈʃʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʆʃʂ. ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʩʦ-

ʦʪʚʝʪʩʪʚʠʷ ʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʠ ʚʢʣʘʜ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʠʛʨʳʰ ʧʨʠ ʦʙʨʘ-
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ʟʦʚʘʥʠʠ ʈʃʂ ʚʥʦʩʷʪ ʪʘʢʞʝ ʭʝʣʘʪʥʳʡ ʵʬʬʝʢʪ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʢʦʦʨʜʠʥʘʮʠʠ ʧʷʪʠ ʠ ʰʝʩʪʠʯʣʝʥʥʳʭ ʮʠʢʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ 

ʘʤʠʥʳ ʠ ɼʌ ʧʨʦʷʚʣʷʶʪ ʦʯʝʥʴ ʭʦʨʦʰʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʩʬʝʨʝ ʠʦʥʘ ʄ(II). 

 

ʈʠʩ. 6.6. ʀʂ-ʩʧʝʢʪʨ rʢʦʤʧʣʝʢʩʦʚ Fe(II )-ɼʊʄʌ-ɸʥ (ʘ) ʠ Fe(II )-ɼʊʄʌ-ʌʝʥ (ʙ) 

ʉʦ(II)-ɼʊʄʌ-ɼʠʧ (ʚ) 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ. ʊɻ-ɼʊɻ ʢʨʠʚʳʝ 

ʢʦʤʧʣʝʢʩʦʚ Fe(II )-ɼʊʌ-ɼʠʧ, Fe(II )-ɼʊʄʌ-ʌʝʥ, ʉʦ(II)-ɼʊʄʌ-ʌʝʥ ʠ Ni(II )-

ɼʊʄʌ-ʌʝʥ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʥʠ ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳ ʜʦ 400 
ʦ
ʉ (ʨʠʩ.6.7). ʈʘʟ-

ʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʝ ʦʪʜʝʣʴʥʳʝ ʩʪʘʜʠʠ: ʩ 44.8-45.7 ʠ 46.1-47.5 

% ʧʦʪʝʨʝʡ ʤʘʩʩʳ, ʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʘʭ 490-570
 ʦ
ʉ ʠ 560-660

ʦ
ʉ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ʇʝʨʚʘʷ ʩʪʘʜʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʱʝʧʣʝʥʠʶ ɼʠʧ ʠ ʌʝʥ, ʘ ʚʪʦʨʘʷ ï ʦʪ-

ʱʝʧʣʝʥʠʶ ɼʌ. ʂʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʪʝʨʤʦʣʠʟʘ ʢʦʤʧʣʝʢʩʦʚ - ʄ2O3. ʇʨʦʮʝʩʩ ʚʳ-

ʜʝʣʝʥʠʷ 2,2
/
-ʜʠʧʠʨʠʜʠʣʘ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʬʝʥʘʥʪʨʦʣʠʥʘ. ʊʝʨʤʠʯʝʩʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʪʦʡ ʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-
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ʥʦʩʪʠ, ʯʪʦ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʭ ʚ ʨʘʩʪʚʦʨʘʭ. ɹʦʣʝʝ ʫʩʪʦʡʯʠ-

ʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʘʟʨʫʰʘʶʪʩʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

 

ʈʠʩ.6.7.ʊʝʨʤʦʛʨʘʤʤʘ ʢʦʤʧʣʝʢʩʦʚ Fe(II)-ɼʊʄʌ-ʌʝʥ (ʘ)  ʠ [Co(ɼʊʇʌ)(ʌʝʥ)2] (ʙ)  

ʇʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʨʘʩʪʚʦʨʦʚ ʈʃʂ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʠʭ ʧʝʨʝʜʚʠʞʝʥʠʝ ʥʠ ʢ 

ʢʘʪʦʜʫ, ʥʠ ʢ ʘʥʦʜʫ ʜʘʞʝ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ ʪʦʢʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦʙ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ.  

6.3. ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʈʃʂ Fe(II) , Co(II) ʠ Ni(II)  ʩ ʜʠʪʠʦʣʬʝʥʦʣʘ-

ʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʨʦʮʝʩʩʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ 

ʩʚʝʜʝʥʠʷ ʦ ʯʠʩʣʝ ʧʨʦʪʦʥʦʚ, ʚʳʪʝʩʥʷʝʤʳʭ ʠʟ ʌɸɻ ʨʝʘʛʝʥʪʘ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝ-

ʥʠʝ ʬʦʨʤʳ ʢʘʪʠʦʥʘ M(II), ʚʩʪʫʧʘʶʱʝʛʦ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʝʘʛʝʥʪʦʤ. ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʧʨʠʤʝʥʷʣʠ ʨʘʩʯʝʪʥʦ-ʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʅʘʟʘʨʝʥʢʦ [207, ʩ.22; 209, ʩ.57]. 

ɼʣʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʟʘʢʦʤʧʣʝʢʩʦʚʘʥʥʦʩʪʠ ʠʦʥʦʚ 

ʄ(II) ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ. ʇʨʠ ʨʘʩʯʝʪʝ ʫʯʠʪʳʚʘʣʠ ʢʦʥʩʪʘʥʪʳ 

ʛʠʜʨʦʣʠʟʘ ʄ(II), ʢʦʥʩʪʘʥʪʳ ʠʦʥʠʟʘʮʠʠ ɼʊʕʌ ʠ ʢʦʥʩʪʘʥʪʫ ʧʨʦʪʦʥʠʟʘʮʠʠ ʛʠʜʨʦ-

ʬʦʙʥʦʛʦ ʘʤʠʥʘ.  
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ Fe(II) ʩ ɼʌ ʠ ɸʤ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘ-

ʟʦʤ: 

&Ą̊ ˚ +2Hm-nR
n-
+ 2AmH

+
  [Fe(H3-nR)q](AmH)2+2nH

+ 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ 

ÌÇ"ςÎÐ(
˗̎

˗̏ȣ̠
                                              (6.1) 

ʛʜʝ 

ὄ
˛˚

̐̑
                                   (6.2)

 
ʈʘʚʥʦʚʝʩʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʦʤʧʣʝʢʩʘ (ʉʢ) ʥʘʭʦʜʠʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪ-

ʨʠʯʝʩʢʠ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ (3.5). ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʝʩʚʷʟʘʥʥʦʛʦ ʚ ʦʢʨʘʰʝʥʥʳʡ ʢʦʤ-

ʧʣʝʢʩ ʞʝʣʝʟʘ ʚʳʨʘʞʘʝʪʩʷ ʩʫʤʤʦʡ: 

# # &Å &Å/( 

ʦʪʢʫʜʘ ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʘ ʠ ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘ ʨʘʚʥʳ: 

&Å
̄

;                      &Å/(
̄

                         (6.3) 

ʂʦʥʩʪʘʥʪʳ ʛʠʜʨʦʣʠʟʘ ʞʝʣʝʟʘ(II): ʨʂ1ɻ=6.90, ʨʂ2ɻ=8.25. ʨʅ ʥʘʯʘʣʘ ʦʩʘʞʜʝ-

ʥʠʷ ʛʠʜʨʦʦʢʠʩʠ Fe(II)-7, ʨʅ ʧʦʣʥʦʛʦ ʦʩʘʞʜʝʥʠʷ - 9-14.  

ʇʦʩʢʦʣʴʢʫ  ʨʝʘʛʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʦʩʥʦʚʥʫʶ ʢʠʩʣʦʪʫ, ʪʦ ʩʫʤ-

ʤʘ ʚʩʝʭ ʥʝʩʚʷʟʘʥʥʳʭ ʚ ʢʦʤʧʣʝʢʩ ʯʘʩʪʠʮ ʜʠʪʠʦʣʬʝʥʦʣʘ ʙʫʜʝʪ ʨʘʚʥʘ: 

ὅ ήὅ Ὄ Ὑ Ὄ Ὑ Ὄ Ὑ Ễ Ὄ Ὑ       (6.4) 

ʘ ʪʘʢ ʢʘʢ 

Ὄ Ὑ
ϽϽϽ

                                               (6.5) 

ʪʦ, ʧʦʜʩʪʘʚʠʚ (6.4) ʚ (6.5), ʧʦʣʫʯʠʤ  

Ὄ Ὑ Ͻ
Ễ

ϽϽϽ                                      (6.6) 

ɻʜʝ ʂ1, ..., ʂn-ʩʪʫʧʝʥʯʘʪʳʝ ʢʦʥʩʪʘʥʪʳ ʠʦʥʠʟʘʮʠʠ ɼʊʕʌ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʵʘʚʠʩʠʤʦʩʪʴ 

lgB ʦʪ ʨʅ (ʪʘʙʣ. 6.1, ʨʠʩ. 6.8). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʤʧʣʝʢ-

ʩʦʦʙʨʘʟʫʶʱʝʡ ʬʦʨʤʦʡ ʞʝʣʝʟʘ ʷʚʣʷʝʪʩʷ ʜʚʫʭʟʘʨʷʜʥʳʡ ʢʘʪʠʦʥ Fe
2+

.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʈʃʂ Fe(II), Co(II) ʠ Ni(II) ʢʦʦʨʜʠʥʠʨʫ-

ʶʱʠʤ ʷʚʣʷʝʪʩʷ ʠʦʥ ʄ
2+

. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʠʜʝʪ ʩ ʚʳʪʝʩʥʝʥʠʝʤ ʦʜʥʦʛʦ 

ʧʨʦʪʦʥʘ ʠʟ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ɼʌ. ʇʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʘʢʮʠʠ ɼʌ ʚ 

ʨʘʩʪʚʦʨʝ ʥʘʭʦʜ̫ʪʩʷ ʚ ʚʠʜʝ H2R
-
, ʘ ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʘʤʠʥʦʚ - ʚ ʧʨʦ-

ʪʦʥʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ɸʤʅ
+
. 

ʊʘʙʣʠʮʘ 6.1 

ɺʣʠʷʥʠʝ ʨʅ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Fe(II) ʩ ɼʊʕʌ ʠ ɸʥ.  

ʉFe(II)= 3.57Ĭ10 
-5
 ʄ; ʉɼʊʕʌ=8.8Ĭ10

-3
 ʄ, ʉɸʥ=9.6Ĭ10

-3
 ʄ; Aʧʨ=0.67, Õ=0.5, ɚ= 590 

ʥʤ, l=1ʩʤ. 

ʨʅ ɸ ʉʢĿ10
6 

-lgB 

ɹʝʟ ʫʯʝʪʘ ʛʠʜʨʦʣʠʟʘ ʧʦ Fe
2+

 ʧʦ Fe ʆH
+
 

2.6 0.22 7.02 10.78 14.05 13.73 

2.8 0.31 8.62 11.16 14.34 14.02 

3.0 0.39 10.54 11.28 14.48 14.15 

3.2 0.48 12.13 11.53 14.85 14.41 

3.0 0.53 14.37 11.94 15.14 14.46 

 

 
ʈʠʩ.6.8. ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ  ʦʪ ʨʅ 

1-ʙʝʟ ʫʯʝʪʘ ʛʠʜʨʦʣʠʟʘ; 2- ʧʦ Fe
2+

; 3- ʧʦ FeʆH
+ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʮʝʥʠʚʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ɔ ʧʦ ʤʝʪʦʜʠʢʝ [48, ʩ. 

2007]. ɼʣʷ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤ  ʚʝʣʠʯʠʥʘ ɔ ʙʣʠʟʢʘ ʢ 1 ( =1.02-1.12), ʪ. ʝ. ʠʩ-

ʩʣʝʜʫʝʤʳʝ ʨʝʘʛʝʥʪʳ ʦʙʨʘʟʫʶʪ ʤʦʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʠʦʥʘʤʠ ʄ(II ).  

ʉ ʮʝʣʴʶ ʠʟʚʣʝʯʝʥʠʷ Fe(II) ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʢʘʯʝʩʪʚʝ ʨʝʵʢʩʪʨʘʛʝʥ-

ʪʦʚ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʨʘʩʪʚʦʨʳ ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʝʡ, ʘ ʪʘʢʞʝ ʘʤʤʠʘʯʥʳʡ ʨʘʩʪʚʦʨ ʠ 

ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʠʩʣʦʪ HCl ʠ 

H2SO4 ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0.5 ʄ ʩʪʝʧʝʥʴ ʵʢʩʪʨʘʢʮʠʠ Fe(II) ʩʦʩʪʘʚʣʷʝʪ 95%. ʇʨʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʠ 0.25 ʄ NaOH ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʝʨʝʭʦʜ ɼʌ ʠ Fe(II) ʚ 

ʚʦʜʥʫʶ ʬʘʟʫ. ʉʪʝʧʝʥʴ ʨʝʵʢʩʪʨʘʢʮʠʠ Fe(II) ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʩʣʫʯʘʝ Fe(II) 

- ɼʊʌ-ʊɹɸ ʠ Fe(II)-ɼʊʌ-ɼʌɻ ʩʦʩʪʘʚʣʷʝʪ 96%. ʇʨʦʚʝʜʝʥʥʳʝ ʦʧʳʪʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʩʤʝʩʠ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʩ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ ʨʝʵʢʩʪʨʘʛʠʨʫʶʪ ʞʝʣʝʟʦ ʚ 

ʪʝʯʝʥʠʝ 5 ʤʠʥ. ɹʦʣʝʝ ʨʘʟʙʘʚʣʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʪʘʢʞʝ ʨʝʵʢʩ-

ʪʨʘʛʠʨʫʶʪ Fe(II) ʥʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ (46%). ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨ-

ʛʠʜʨʦʣʷ ʚ ʨʘʩʪʚʦʨʝ ʨʝʵʢʩʪʨʘʢʮʠʷ Fe(II) ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʆʧʳʪʳ ʧʦ-

ʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ 98-99% ʨʝʵʢʩʪʨʘʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʩʪʨʷʭʠʚʘʪʴ ʦʨʛʘʥʠʯʝʩʢʫʶ 

ʬʘʟʫ ʩ ʨʘʚʥʳʤ ʦʙʲʝʤʦʤ ʨʘʩʪʚʦʨʦʚ 0.2 ʄ HCl ʠ ʧʝʨʛʠʜʨʦʣʷ ʚ ʦʪʥʦʰʝʥʠʠ 1:1.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʤʤʠʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʄ(II) ʠ ɼʌ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʝʨʝ-

ʭʦʜ̫ʪ ʚ ʚʦʜʥʫʶ ʬʘʟʫ, ʧʨʠ ʵʪʦʤ ɼʌɻ ʦʩʪʘʶʪʩʷ ʥʘ ʜʥʝ ʧʦʩʫʜʳ ʚ ʚʠʜʝ ʦʩʘʜʢʘ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʠʩʣʦʪ ʄ(II) ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʝʨʝʭʦʜʪ̫ ʚ ʚʦʜʥʫʶ ʬʘ-

ʟʫ. ʅʘʠʣʫʯʰʠʤʠ ʨʝʵʢʩʪʨʘʛʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʪʘʢʞʝ ʨʘʩʪʚʦʨʳ ʤʠ-

ʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʚ ʩʤʝʩʠ ʩ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ. ʉʪʝʧʝʥʴ ʨʝʵʢʩʪʨʘʢʮʠʠ ʩʦʩ-

ʪʘʚʣʷʝʪ 96.8-98.4%.  

ʀʂ-ʩʧʝʢʪʨ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʨʝʰʠʪʴ ʚʦʧʨʦʩ ʦ ʩʪʨʦʝʥʠʠ ʚʝ-

ʱʝʩʪʚʘ, ʪʦʯʥʦ ʝʛʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ, ʪʘʢ ʢʘʢ ʯʘʩʪʦ ʚ ʦʜʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ 

ʧʦʛʣʦʱʘʝʪ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ, ʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʝʨʝʢʨʳʚʘʶʪʩʷ. ʇʦʵʪʦʤʫ ʧʦ-

ʤʠʤʦ ʀʂ-ʩʧʝʢʪʨʘ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʝʱʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʳ ʨʝʟʫʣʴʪʘʪʳ ʵʣʝ-

ʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ [17, ʩ.227-232]. ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʦʩʪʘʚ ʧʦʜʪʚʝʨʞʜʝʥ ʭʠʤʠʯʝʩ-

ʢʠʤ ʘʥʘʣʠʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 6.2. ʈʃʂ Fe(II), ʉo(II) ʠ 

Ni(II)  ʩ ɼʌ ʠ ɸʤ ʚʳʜʝʣʝʥʳ ʚ ʠʥʜʚʠʜʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘ ʩʦ-

ʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ, ɸʤ, S ʠ C. ʂʦʤʧʣʝʢʩʳ ʥʝʤʝʜʣʝʥʥʦ ʦʩʘʞʜʘʣʠʩʴ ʚ ʚʠʜʝ ʪʝʤʥʦ-

ʢʨʘʩʥʦʛʦ ʧʦʨʦʰʢʘ, ʢʦʪʦʨʳʡ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦ-

ʜʦʡ, ʵʪʘʥʦʣʦʤ ʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ, ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘʜ ʩʠʣʠʢʘʛʝʣʝʤ.  

ʉʦʜʝʨʞʘʥʠʝ Fe(II), ʉo(II) ʠ Ni(II)  ʚ ʢʦʤʧʣʝʢʩʘʭ ʦʧʨʝʜʝʣʷʣʠ ʧʦʩʣʝ ʠʭ ʨʘʟ-

ʣʦʞʝʥʠʷ ʮʘʨʩʢʦʡ ʚʦʜʢʦʡ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠ, ʠʩʧʦʣʴʟʫʷ ʩʘʣʠʮʠʣʦʚʫʶ ʢʠʩʣʦʪʫ, 1-

ʥʠʪʨʦʟʦʥʘʬʪʦʣ-2 ʠ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [276, ʩ.301, c.315, c.348]. 
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ʊʘʙʣʠʮʘ 6.2 

ʈʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʈʃʂ Fe(II), ʉo(II) ʠ Ni(II)  ʩ ɼʌ ʠ ʘʤʠʥʘʤʠ 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠ-

ʟʘʪʦʨʘ TruSpec (Leco) ( ʪʘʙʣ.6.3). 

ʊʘʙʣʠʮʘ 6.3 

ʈʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʈʃʂ  

ʋʯʠʪʳʚʘʷ ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ, 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʫʶ ʬʦʨʤʫ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ, ʯʠʩʣʦ ʚʳʪʝʩʥʝʥʥʳʭ ʧʨʦʪʦ-

ʥʦʚ, ʤʦʥʦʤʝʨʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʀʂ-ʩʧʝʢʪ-

ʨʦʩʢʦʧʠʯʝʩʢʠʭ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʙʨʘʟʫʶʪʩʷ ʚʥʝʰʥʝʩʬʝʨʥʳʝ ʈʃʂ: 

ʂʦʤʧʣʝʢʩ C ʚʳʯʝʪʦʤ % ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʘʤʠʥʘ  

% Am S C ʄ 

[Fe(ɼʊʕʌ)(ʌʝʥ)2] ʅʘʡʜʝʥʦ 60.08 10.57 15.85 9.37 

ɺʳʯʠʩʣʝʥʦ 60.02 10.66 15.99 9.33 

[Fe(ɼʊʕʌ)(ɹʌʝʥ)2] ʅʘʡʜʝʥʦ 73.41 7.12 10.61 6.25 

ɺʳʯʠʩʣʝʥʦ 73.46 7.08 10.66 6.21 

[Fe(ɼʊʕʌ)(ɼʠʧ)2] ʅʘʡʜʝʥʦ 56.50 11.62 17.37 10.10 

ɺʳʯʠʩʣʝʥʦ 56.55 11.58 17.33 10.14 

[Fe(ɼʊɹʌ)2](ɸʌ1H)2 ʅʘʡʜʝʥʦ 40.60 15.82 29.61 6.84 

ɺʳʯʠʩʣʝʥʦ 40.64 15.76 29.56 6.89 

 [ʉʦ(ɼʊʇʌ)2]ɸʥH)2 ʅʘʡʜʝʥʦ 28.98 19.85 33.65 9.13 

ɺʳʯʠʩʣʝʥʦ 28.93 19.90 33.59 9.17 

[ʉʦ(ɼʊʇʌ)2](ɸʌ3H)2 ʅʘʡʜʝʥʦ 50.24 13.90 23.63 6.48 

ɺʳʯʠʩʣʝʥʦ 50.16 13.95 23.55 6.43 

[Ni(ɼʊʄʌ)2](ɼʌɻH)2 ʅʘʡʜʝʥʦ 51.27 15.52 20.48 7.00 

ɺʳʯʠʩʣʝʥʦ 51.33 15.57 20.43 7.05 

[Ni(ɼʊɹʌ)2](ɼʌɻH)2 ʅʘʡʜʝʥʦ 46.62 14.18 26.55 6.48 

ɺʳʯʠʩʣʝʥʦ 46.58 14.13 26.49 6.40 

ʂʦʤʧʣʝʢʩ % ʄ S C N H O 

[Fe(ɼʊʕʌ)(ʌʝʥ)2] ʅʘʡʜʝʥʦ 9.36 10.55 64.06 9.37 4.05 2.61 

ɺʳʯʠʩʣʝʥʦ 9.30 10.66 63.97 9.32 4.00 2.66 

[Co(ɼʊʕʌ)(ɼʠʧ)2] ʅʘʡʜʝʥʦ 10.18 11.05 61.62 9.63 4.79 2.73 

ɺʳʯʠʩʣʝʥʦ 10.11 10.97 61.71 9.60 4.80 2.74 

[Ni(ɼʊʕʌ)(ʌʝʥ)2] ʅʘʡʜʝʥʦ 10.74 11.87 59.76 10.38 3.97 3.28 

ɺʳʯʠʩʣʝʥʦ 10.84 11.83 59.88 10.35 4.07 2.96 

[Ni(ɼʊʕʌ)(ɼʠʧ)2] ʅʘʡʜʝʥʦ 9.75 10.51 63.74 9.23 3.92 2.85 

ɺʳʯʠʩʣʝʥʦ 9.73 10.61 63.68 9.28 3.98 2.65 
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ɺ ʩʣʫʯʘʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʚ (ʌʝʥ, ɹʌʝʥ, ɼʠʧ ʠ ɸʤʈʫ) ʠ ʦ-ʌɼɸ, 

ʦʙʨʘʟʫʝʪʩʷ ʈʃʂ ʩʦ ʩʤʝʰʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ [ʄ(Aʤ)2(ɼʌ)]. ʋʨʘʚ-

ʥʝʥʠʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

˙ (2 ς!ÍP ˙!Í (2                          (6.7) 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ M(II) ʨʘʚʥʦ 6, ʘ ʜʝʥ-

ʪʘʪʥʦʩʪʴ ʣʠʛʘʥʜʦʚ ʨʘʚʥʘ 2, ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʩʪʨʫʢʪʫʨʳ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧ-

ʣʝʢʩʦʚ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤʠ ʩʭʝʤʘʤʠ: 

 

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʦʙʨʘʟʫʶʪʩʷ ʧʷʪʠʯʣʝʥʥʳʝ ʭʝʣʘʪʥʳʝ ʮʠʢ-

ʣʳ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ɼɸʄ, ɼɸʇʄ ʠ ɼɸʌʄ ʨʝʘʢʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʠʤʝ-

ʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

˙ (2 !̍ ᴾ ˙ˍ̍(2                      (6.8) 

ʕʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʚʚʝʜʝʥʠʠ ʚ ʨʘʩ-

ʪʚʦʨ ʪʷʞʝʣʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʪʠʦʥʦʚ, ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ 

ʘʥʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʫʤʝʥʴʰʘʶʱʠʭ ʝʛʦ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ, ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪ-

ʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʠ ʯʘʩʪʦ, ʟʘ ʩʯʝʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ, ʥʝʩʢʦʣʴʢʦ 

ʧʦʚʳʩʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ.    

ʋʩʪʦʡʯʠʚʦʩʪʴ ʈʃʂ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʡ ʤʝʨʝ ʧʨʦʠʛʨʳʰ ʵʥʝʨʛʠʠ ʟʘ 

ʩʯʝʪ ʨʘʩʩʣʘʙʣʝʥʠʷ ʩʚʷʟʠ ʦʜʥʦʛʦ ʠʟ ʣʠʛʘʥʜʦʚ ʦʢʫʧʘʝʪʩʷ ʵʬʬʝʢʪʦʤ ʫʧʨʦʯʥʝʥʠʷ 

ʩʚʟ̫ʠ ʚʪʦʨʦʛʦ ʣʠʛʘʥʜʘ. N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʘʤʠʥʳ, ʩʥʠʞʘʶʪ ʵʥʝʨʛʠʶ ʦʨʙʠʪʘ-

ʣʝʡ ʤʝʪʘʣʣʘ ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʳʡ ʟʘʨʷʜ ʥʘ ʝʛʦ ʘʪʦʤʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 
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ʪʦʤʫ, ʯʪʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʚʪʦʨʦʛʦ ʣʠʛʘʥʜʘ ʢ ʟʘʢʦʤʧʣʝʢʩʦʚʘʥʥʦʤʫ ʤʝʪʘʣʣʫ ʩʪʘ-

ʥʦʚʠʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʳʤ [41, ʩ.1549]. ʇʦ ʚʠʜʠʤʦʤʫ, ʵʪʦ ʷʚʣʷʝʪʩʷ 

ʧʨʠʯʠʥʦʡ ʭʦʨʦʰʝʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʩ ɼʌ ʚ ʢʦʤʧʣʝʢ-

ʩʘʭ Fe(II). ɺʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʤʦʣʝʢʫʣʫ ɼʌ ʫʚʝʣʠʯʠ-

ʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʈʃʂ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʈʃʂ ʧʦ-

ʚʳhʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʣʠʯʠʷ ʚ ʩʚʦʡʩʪʚʘʭ ʨʘʟʥʦʨʦʜʥʳʭ ʣʠʛʘʥʜʦʚ. ʃʠʛʘʥʜʳ 

ʩ ʦʙʨʘʪʥʦʡ ˊ-ʩʚʷʟʴʶ ʦʧʪʠʤʘʣʴʥʦ ʩʦʯʝʪʘʶʪʩʷ ʩ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʨʝʘʛʝʥʪʘ-

ʤʠ. ɺʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʣʠʛʘʥʜʦʚ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʜʘʯʠ 

ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʳʡ ʠʦʥ, ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʣʠʛʘʥ-

ʜʘʤʠ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʣʠʛʘʥʜʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʩʚʷʟʴ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴ-

ʥʳʤ ʠʦʥʦʤ ʠ ʚʪʦʨʳʤ ʣʠʛʘʥʜʦʤ [238, ʩ.40]. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ɸʤ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ ʤʦʣʷʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʘ, ʙʘʪʦʭʨʦʤʥʦ ʩʜʚʠʛʘʝʪʩʷ 

ʧʦʣʦʩʘ ʧʦʛʣʦɦʝʥʠʷ, ʨʅ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩʤʝʱʘʝʪʩʷ ʚ ʙʦʣʝʝ ʢʠʩʣʫʶ ʦʙ-

ʣʘʩʪʴ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʨʷʜ ʤʘʩʢʠʨʫʶʱʠʭ ʚʝ-

ʱʝʩʪʚ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ. 

ʂʦʙʘʣʴʪ ʚʩʪʨʝʯʘʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +2. ɺ ʩʦʩʪʘʚʝ 

ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʥ ʣʝʛʢʦ ʦʢʠʩʣʷʝʪʩʷ ʜʦ Co(III). ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʘ-

ʣʝʥʪʥʦʩʪʠ ʠʦʥʘ ʢʦʙʘʣʴʪʘ ʚ ʈʃʂ ʩ ɼʊʌ ʠ ɸʥ, ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ɻʫʠ, ʦʩʥʦʚʘʥ-

ʥʳʡ ʥʘ ʠʟʤʝʨʝʥʠʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ [57, ʩ.285]. ʀʟʚʝʩʪ-

ʥʦ, ʯʪʦ ʉʦ
2+

 ʧʘʨʘʤʘʛʥʠʪʝʥ ʠ ʵʪʦ ʩʚʦʡʩʪʚʦ ʦʥ ʩʦʭʨʘʥʷʝʪ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʦʨʛʘʥʠ-

ʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʅʘʦʙʦʨʦʪ, ʉʦ
3+

 ʜʠʘʤʘʛʥʠʪʝʥ. ʇʦʵʪʦʤʫ ʠʟʤʝʨʝʥʠʝ ʤʘʛ-

ʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʘ ʜʘʝʪ ʦʪʚʝʪ ʦ ʚʘʣʝʥʪʥʦʤ ʩʦʩʪʦ-

ʷʥʠʠ ʢʦʙʘʣʴʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ ʧʘʨʘʤʘʛ-

ʥʠʪʝʥ, ʠ ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʚʫʭʚʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʙʘʣʴʪʘ ʚ ʢʦʤʧʣʝʢʩʝ.  

6.4. ʍʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ Fe(II) , Co(II) 

ʠ Ni(II)  ʩ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʩʧʝʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥʳ 

ʤʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ, ʜʚʫʭʬʘʟʥʳʝ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠ ̫ʠ ʵʢʩʪʨʘʢʮʠʠ.  
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ʄʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ. ʂʘʞʫʱʠʝʩʷ ʤʦʣʷʨʥʳʝ ʢʦʵʬʬʠ-

ʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ɚʤʘʢʩ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʩʧʝʢʪʨʘʤ ʧʦʛʣʦʱʝ-

ʥʠʷ. ʀʩʪʠʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʣʷʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ ʚʳʯʠʩʣʝʥʳ ʤʝ-

ʪʦʜʦʤ ʂʦʤʘʨʷ ʠ ʩʦʩʪʘʚʣʷʶʪ (3.05-4.40)Ĭ10
4
, (1.92-3.75)Ĭ10

4
 ʠ (1.82-3.85)Ĭ10

4
) 

ʜʣʷ ʈʃʂ Fe(II), Co(II) ʠ Ni(II)  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.6.4 ʠ 6.5. 

ʂʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʂʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʦʧʨʝʜʝʣ-

ʷʣʠ ʤʝʪʦʜʦʤ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ [63, ʩ.200]. ʋʩʪʦʡʯʠʚʦʩʪʴ ʈʃʂ ʩ ɼʌ ʠ ʛʝʪʝʨʦ-

ʮʠʢʣʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ ʟʥʘʯʠʪʝʣʴʥʝʝ ʚʳʰʝ, ʯʝʤ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʭ ʦʜʥʦʨʦʜʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʨʠʯʠʥʦʡ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʦʙʨʘʟʦʚʘ-

ʥʠʝ ʪʨʝʭ ʧʷʪʠʯʣʝʥʥʳʭ ʭʝʣʘʪʥʳʭ ʮʠʢʣʦʚ ʠ ʥʘʣʠʯʠʝ ˊ-ʜʘʪʠʚʥʦʡ ʩʚʷʟʠ ʩ ʛʝʪʝʨʦ-

ʮʠʢʣʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ. ʇʨʠ ʵʪʦʤ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ 

ʩʚʷʟʠ ʯʘʩʪʠʯʥʦ ʩʤʝʱʘʝʪʩʷ ʢ ʘʪʦʤʘʤ ʘʟʦʪʘ ʘʤʠʥʘ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴ-

ʥʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʟʘʨʷʜ ʠʦʥʘ ʤʝʪʘʣʣʘ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʣʝʛʯʘʝʪ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʟʘʨʷʞʝʥʥʳʤ ʠʦʥʦʤ ɼʌ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʠʛʨʳʰ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʈʃʂ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʆʃʂ Fe(II). ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠ ʢʦʤʧʣʝ-

ʤʝʥʪʘʨʥʦʩʪʠ ʚʢʣʘʜ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʠʛʨʳʰ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʈʃʂ ʚʥʦʩʷʪ 

ʪʘʢʞʝ ʭʝʣʘʪʥʳʡ ʵʬʬʝʢʪ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʧʷʪʠ ʠ 

ʰʝʩʪʠʯʣʝʥʥʳʭ ʮʠʢʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ɸʤ ʠ ɼʌ ʧʨʦʷʚʣʷʶʪ 

ʦʯʝʥʴ ʭʦʨʦhʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʠʦʥʘ ʞʝʣʝʟʘ. ʋʩʪʦʡ-

ʯʠʚʦʩʪʴ ʈʃʂ ʩʦ ʩʤʝʱʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘ-

ʥʠʝ ʪʨʝʭ ʧʷʪʠʯʣʝʥʥʳʭ ʮʠʢʣʦʚ ʚ ʤʦʣʝʢʫʣʘʭ ʢʦʤʧʣʝʢʩʦʚ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʦʩʥʦʚ-

ʥʳʭ ʩʚʦʡʩʪʚ ʪʨʝʪʴʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʚʝʣʠʯʠʚʘʪʁʩʷ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʚʳ-

ʯʠʩʣʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥr ʚ ʪʘʙʣ. 6.4 ʠ 6.5.  

ʂʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ. ʈʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʈʃʂ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ:  

˙ ς(2 ᴼ &Å(2 ς(                            (6.9) 

˙(2 ς!Í(ᴾ ˙(2 ὃάὌ                  (6.10)  
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ʂʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʠ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ 

ÌÇ+ÌÇ$ςÌÇ!Í(                                           (6.11) 

ʂʦʥʩʪʘʥʪʘ ʵʢʩʪʨʘʢʮʠʠ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ 

ÌÇ+̞̋ ÌÇ$ςÌÇ(Ὑ ςÌÇ!Í(                          (6.12) 

ɺʝʣʠʯʠʥʳ ʨʂʠ ʂʵʢ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 6.4 ʠ 6.5. 

ʈʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʈʃʂ ʩʦ ʩʤʝʰʘʥʥʦʡ ʩʬʝʨʦʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ:  

˙ (2 ς!ÍP ˙!Í (2                          (6.13) 

 ɻʠʜʨʦʬʦʙʥʳʝ ʘʤʠʥʳ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴ ʠ ʤʝʭʘʥʠʟʤ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ, ʠ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ. 

ʈʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʈʃʂ ʩʦ ʩʤʝhʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ (ʌʝʥ, ɹʌʝʥ, 

ɼʠʧ, ʦ-ʌɼɸ, ʦ-ɸʤʈʫ, ʈʫ) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ: 

- (2 ς!ÍP -(2!Í                          (6.14) 

ÌÇ+̞̋ ÌÇ$ÌÇ(2 ςÌÇ !Í(                            (6.15) 

ɺ ʩʣʫʯʘʝ ɼɸʄ, ɼɸʇʄ ʠ ɼɸʌʄ 

- (2 !ÍP -(2ˍ̍                           (6.16) 

ÌÇ+̞̋ ÌÇ$ÌÇ(2 ÌÇ !Í(                           (6.17) 

6.5. ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʚʦʡʩʪʚʘʤʠ ʨʝʘʛʝʥʪʦʚ ʠ 

ʢʦʤʧʣʝʢʩʦʚ 

ʀʟʫʯʝʥʠʝ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʌɸɻ ʢʦʤʧʣʝʢʩʦ-

ʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʢʦʣʠʯʝʩʪ-

ʚʝʥʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʪʠʧʘ ȹʨʂ1 - ȹʨʅ50, ʨʂ1 - lgɓ, pH50 - ůn, ʨʂ1 - lgʂʨ ʠ ʨʂ1- lgʂɻ ʢ 

(ʨʠʩ.6.9-6.12). ɼʣʷ ʈʃʂ Fe(II) ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠ-

ʤʦʩʪʠ: 

Ў̑ ˗ ρȢρρψЎ̑ ˚ Ȣ   (r=0.995) ʠʣʠ  Ў̑ ˚
Ў̑ ˗

Ȣ

Ȣ

              (6.18) 

ʨʂSH = 5.26+0.195lgɓ ʠʣʠ  lgɓ = 
Ȣ

Ȣ
                   (6.19) 

pH50 = 3.34+4.13ůn (r=0,98)                                   (6.20) 

ÌÇ+̞̋
̑˗ Ȣ

Ȣ
                                                (6.21) 

ÌÇ+
Ȣ

Ȣ

                                               (6.22) 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʟʘʤʝʩʪʠʪʝʣʷ ʤʦʣʷʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʨʠʩ.6.9). ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʠʤʝʝʪ ʚʠʜ: 

ὑ=3.05 +0.0045M(X)                  R
2
 =0.9856         (6.23) 

 

ʈʠʩ. 6.9. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ЎpKSH ʠ ЎpH50 (ʘ), lgɓ ʠ pKSH(ʙ), ʤʦʣʷʨʥʦʡ ʤʘʩʩʦʡ 

ʟʘʤʝʩʪʠʪʝʣʷ (M(X)) ʠ ʤʦʣʷʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʛʣʦʱʝʥʠʷ (ʚ), ʤʝʞʜʫ lgʂʨ ʠ 

ʨʂ1(ʛ) ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ Fe(II)-ɼʌ-ɸʥ 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʳ ʠʦʥʦʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚ-

ʥʳʭ ʩʚʦʡʩʪʚ 2-ʤʝʨʢʘʧʪʦʛʨʫʧʧʳ ʨʝʘʛʝʥʪʦʚ. ʉ ʚʚʝʜʝʥʠʝʤ ʚ ʩʪʨʫʢʪʫʨʳ ʵʣʝʢʪʨʦ-

ʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʪʦ ʝʩʪʴ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ ʌɸɻ ʨʝ-

ʘʛʝʥʪʘ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʨʅʦʧʪ ʠ ʨʅ50 ʩʜʚʠʛʘʶʪʩʷ ʚ ʙʦʣʝʝ 

ʩʣʘʙʦʢʠʩʣʫʶ ʦʙʣʘʩʪʴ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʵʢʩʪʨʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ  
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ʢʦʨʨʝʣʠʨʫʝʪ ʩ ̑˗ . 2 ωυȢστπȢσω ̑˗ . ʅʘʡʜʝʥʥʳʝ ʥʘʤʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʂ1 ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥ-

ʪʦʚ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʙʨʘʟʫʝʤʳʭ ʠʤʠ ʢʦʤʧʣʝʢʩʦʚ ʠ ʦʧʪʠʤʘʣʴʥʳʡ ʨʅ ʢʦʤʧʣʝʢʩʦ-

ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʚʳʰʘʘʝʪʩʷ.  

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʪʨʝʪʴʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ 

ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʠ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘ-

ʟʦʚʘʥʠʷ. ʉ ʥʝʢʦʪʦʨʳʤʠ ʙʠʜʝʥʪʘʥʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (ʦ-ʌɼɸ, ʦ-ɸʤʈʫ) ʧʨʠ ʥʠʟ-

ʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ ʦʙʨʘʟʫʪʁʩʷ ʚʥʝʰʥʝʩʬʝʨʥʳʝ ʈʃʂ ʠʣʠ ʠʦʥʥʳʝ ʘʩʩʦʮʠʘʪʳ, ʘ 

ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ ʦʙʨʘʟʫʪʁʩʷ ʈʃʂ ʦʢʪʘʝʜʨʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ. ɺ ʩʣʫ-

ʯʘʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ ʈʃʂ ʩʦ ʩʤʝʰʘʥʥʦʡ ʢʦʦʨʜʠ-

ʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʌɸɻ ʢʦʤʧʣʝʢ-

ʩʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʨʅ50 ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ 

ʚʣʠ̫ʥʠʝ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ -SH ʛʨʫʧʧʳ ʥʘ ʨʅ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. ɻʨʘʬʠ-

ʯʝʩʢʠ ʢʦʨʨʝʣ̫ʮʠʠ ȹʨʂ1-ȹʨʅ50 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.6.10. ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʠʤʝʶʪ ʚʠʜ: 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʢʦʙʘʣʴʪʘ 

Ў̑ ˚ πȢφψωЎ̑ ˗ πȢρρτ ʠʣʠ  Ў̑ ˗
Ў̑ ˚ Ȣ

Ȣ
                  (6.24) 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ 

Ў̑ ˚ πȢφχυЎ̑ ˗ πȢρςυ ʠʣʠ Ў̑ ˗
Ў̑ ˚ Ȣ

Ȣ
               (6.25) 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ ʨʝʘʛʝʥʪʦʚ ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʫʝʤʳʭ ʠʤʠ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʟʫʯʝʥʥʳʤʠ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʣʠʥʝʡʥʦ ʫʤʝʥʴʰʘʝʪ-

ʩʷ (ʨʠʩ. 6.11). ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ: 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʢʦʙʘʣʴʪʘ 

ʨʂSH = 5.28+0.205lgɓ ʠʣʠ  lgɓ = 
Ȣ

Ȣ
                      (6.26) 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ 

ʨʂSH=5.21+0.189 lgɓ ʠʣʠ  lgɓ= 
Ȣ

Ȣ
                              (6.27) 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʟʘʤʝʩʪʠʪʝʣʷ ʤʦʣʷʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛ-

ʣʦɦʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʨʠʩ.6.12). ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʤʝʝʪ ʚʠʜ: 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʢʦʙʘʣʴʪʘ 
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 ὑ=2.56 +0.01M(X)               R
2
 =0.9856              (6.28)  

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ 

ὑ=2.85 +0.0167M(X)                R
2
 =0.9856              (6.29) 

ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʨʅ50 ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʢʦʨʨʝʣʠʨʫ-

ʶʪ ʩ ʢʦʥʩʪʘʥʪʘʤʠ ɻʘʤʤʝʪʘ. ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʤʝʝʪ ʚʠʜ:  

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʢʦʙʘʣʴʪʘ 

pH50 = 4.02+3.25ůn (r=0,98)                                 (6.30) 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ 

 pH50=4.05+2.91ůn (r=0,98)                                       (6.31) 

ɺʚʝʜʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʠʨʦʜʳ ʠ ʩʪʨʫʢʪʫʨʳ ʚʦ 

ʬʨʘʛʤʝʥʪ ʨʝʘʛʝʥʪʘ ʠʟʤʝʥʷʝʪ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʌɸɻ ʨʝʘʛʝʥʪʘ ʠ ʦʧʪʠ-

ʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ ʩ ʄ(II). ɺʚʝʜʝʥʠʝ ʚ ʩʪʨʫʢʪʫ-

ʨʫ ʨʝʘʛʝʥʪʘ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʦʩʣʘʙʣʝʥʠʶ ʢʠʩʣʦʪ-

ʥʳʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʙʦ-

ʣʝʝ ʧʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ. 

 
ʈʠʩ. 6.10. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ЎpKSH ʠ ЎpH50 ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ Cʦ(II)-ɼʌ-Aʥ (ʘ) ʠ 

Ni(II )-ɼʌ-Aʥ (ʙ) 

 

ʈʠʩ. 6.11. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ lgɓ ʠ  (pKSH) ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ Cʦ(II)-ɼʌ-Aʥ(ʘ) ʠ 

Ni(II )-ɼʌ-Aʥ(ʙ) 
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ʈʠʩ. 6.12. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʤʦʣʷʨʥʦʡ ʤʘʩʩʦʡ ʟʘʤʝʩʪʠʪʝʣʷ (M(X)) ʠ ʤʦʣʷʨʥʳʤ 

ʢʦɻʬʬʠʮʠʝʥʪʦʤ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ  ʘ) Cʦ(II)-ɼʌ-Aʥ,  ʙ) Ni(II )-ɼʌ-Aʥ  

ɺ ʪʘʙʣ. 6.4 ʠ 6.5. ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʈʃʂ Fe(II), Co(II)  ʠ Ni(II) . 

ʆʙʟʦʨ ʛʣʘʚʳ VI  

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʨʘʩʢʠ ʢʦʤʧʣʝʢʩʦʚ Fe(II) ʩ ɼʌ ʠ ɸʤ ʧʦʩʪʦʷʥʥʘ ʚ ʜʠʘʧʘ-

ʟʦʥʝ ʨʅ 3.9-7.5. ɺʳʭʦʜ ʈʃʂ Co(II) ʠ Ni(II) ʤʘʢʩʠʤʘʣʝʥ ʧʨʠ ʨʅ 4.1-7.9. ɺʣʠʷʥʠʝ 

ʧʨʠʨʦʜʳ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʥʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʵʢʩʪʨʘʢʮʠʶ ʢʦʤʧ-

ʣʝʢʩʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʈʃʂ ʭʦʨʦʰʦ ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠ-

ʪʝʣʷʤʠ. ʈʃʂ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʳ (ʥʝ ʨʘʟʣʘʛʘʁʪʩʷ) ʚ ʚʦʜʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʫʪʦʢ, ʘ ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ-ʙʦʣʴʰʝ ʤʝʩʷʮʘ. ʄʘʢʩʠ-

ʤʘʣʴʥʘʷ ʦʢʨʘʩʢʘ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 5-10 ʤʠʥʫʪ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʚʝʪʦʧʦʛʣʦ-

ʱʝʥʠʝ ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ Fe(II) ʩ ɼʌ ʠ ɸʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 544-586 

ʥʤ. ʈʃʂ Co(II) ʠ Ni(II) ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʛʣʦɦʘʁʪ ʧʨʠ 512-595 ʥʤ. ʏʫʚʩʪʚʠʪʝʣʴ-

ʥʦʩʪʴ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʤʝ-

ʪʘʣʣʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳhʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʚ 

(ʬʝʥʘʥʪʨʦʣʠʥ, ʜʠʧʠʨʠʜʠʣ ʠ ʜʨ.) ʚ ʩʤʝʩʠ ʩ ʨʘʟʣʠʯʥʳʤʠ O-, S- ʠ N-ʩʦʜʝʨʞʘʱʠʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʪʘʢ ʢʘʢ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʝ ʈʃʂ ʯʘʩʪʦ ʥʘʤʥʦʛʦ ʧʨʝ-

ʚʳʰʘʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʩʪʳʭ ʢʦʤʧʣʝʢʩʦʚ [236, ʩ.2100].  

ɺ ʩʣʫʯʘʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʚ, ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʘʟʦʣʦʥʘ-5 ʠ ʦ-ʌɼɸ 

ʦʙʨʘʟʫʝʪʩʷ ʈʃʂ ʩʦ ʩʤʝʰʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ. ɺʝʣʠʯʠʥʘ ʢʦʥʩʪʘʥʪʳ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʤʦʣʷʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦɦʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʥʥʳʝ 

ʨʝʘʛʝʥʪʳ ʚʧʦʣʥʝ ʧʨʠʛʦʜʥʳ ʜʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ. 
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ʊʘʙʣʠʮʘ 6.4 

ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʃʂ ʞʝʣʝʟʘ(II)  ʩ ɼʌ ʠ ɸʤ 

ʉʦʝʜʠʥʝʥʠʝ 
pKɼʌ pKNH

+
 

ʨʅʦʙʨ. ʨʅʦʧʪ. 
R D l, ʥʤ 

 

Dl, ʥʤ 
eĬ10

-4 lgɓ lgʂʨ 
lgʂɻ ʢ 

 pK1 pK2   

[Fe(ɼʊʌ)2](ɸʥʅ)2
 

6.30 8.25 4.62 2.0-6.0 3.9-4.8 98.3 231 555 285 3.05 5.49 5.53 7.86 

[Fe(ɼʊʌ)(ʌʝʥ)2]    3.8-8.0 5.5-6.8 98.4 246 558 288 3.25 14.68 5.81 16.67 

[Fe(ɼʊʌ)(ɹʌʝʥ)2]    3.6-7.9 5.3-6.6 98.4 246 565 295 4.05 15.05 5.71 16.81 

[Fe(ɼʊʄʌ)2](ɸʥʅ)2
 

6.92 8.74 4.62 3.2-7.0 4.0-4.9 98.8 329 560 284 3.12 8.53 5.83   11.03 

[Fe(ɼʊʄʌ)2](ʤɸʥʅ)2
 

  4.85 3.3-7.3 4.2-5.0 98.9 360 563 287 3.25 8.62 5.75 11.18 

[Fe(ɼʊʄʌ)(ʌʝʥ)2]    3.8-8.2 5.9-7.2 98.9 360 565 291 3.42 18.46 5.71 19.36 

[Fe(ɼʊʄʌ)(ɹʌʝʥ)2]    3.6-8.1 5.8-7.0 99.5 796 574 300 4.22 18.45 5.86 19.53 

[Fe(ɼʊʄʌ)(ɼʠʧ)2]    3.1-7.8 5.7-6.8 99.0 396 562 288 3.15 18.12 5.65 19.28 

[Fe(ɼʊʄʌ)2](ɼʌɻʅ)2    2.8-8.4 4.4-5.5 99.0 396 544 290 3.22 8.56 5.43 11.16 

[Fe(ɼʊʄʌ)2](ɸʌ1H)2    2.6-7.5 4.2-5.1 99.2 496 550 276 3.28 8.52 5.76 11.21 

[Fe(ɼʊʄʌ)2](ɸʌ2H)2    2.2-7.0 4.5-5.5 99.3 567 550 276 3.83 8.25 5.84 11.00 

[Fe(ɼʊʄʌ)2](ɸʌ3H)2    2.0-7.0 4.5-5.3 99.5 796 555 281 3.91 8.36 5.65 11.26 

[Fe(ɼʊʕʌ)2](ɸʥʅ)2
 

6.84 8.64 4.62 2.5-7.0 3.9-4.8 98.5 263 564 288 3.18 8.10 5.68 10.79 

[Fe(ɼʊʕʌ)(ʌʝʥ)2]    3.8-7.8 5.8-7.1 98.6 282 572 296 3.60 18.10 5.82 19.25 

[Fe(ɼʊʕʌ)(ɹʌʝʥ)2]    3.5-7.6 5.7-6,8 98.9 360 582 306 4.33 17.23 5.94 19.32 

[Fe(ɼʊʕʌ)(ɼʠʧ)2]    3.4-7.4 5.6-6.6 98.5 263 568 292 3.26 16.79 5.73 19.17 

[Fe(ɼʊɹʌ)2](ɸʥʅ)2
 

6.98 8.78 4.62 3.4-7.2 4.2-5.1 99.6 996 568 288 3.28 8.89 6.02   11.32 

[Fe(ɼʊɹʌ)2](ʤɸʥʅ)2
 

  4.85 3.5-7.3 4.4-5.2 99.7 1329 572 292 3.35 8.92 6/05 11.48 

[Fe(ɼʊɹʌ)2](ʜɸʥʅ)2
 

   3.7-7.6 4.6-5.4 99.8 1996 575 295 3.57 9.04 6.11   11.54 

[Fe(ɼʊɹʌ)(ʌʝʥ)2]    4.1-8.9 6.0-7.5 99.6 996 580 300 3.91 18.95 5.89 19.45 

[Fe(ɼʊɹʌ)(ɹʌʝʥ)2    4.0-8,8 5.9-7.4 99.7 1329 586 306 4.40 19.28 5.96 19.64 

[Fe(ɼʊɹʌ)(ɼʠʧ)2]    3.9-8.7 5.8-7.2 99.5 796 578 298 3.55 17.92 5.82 19.37 

[Fe(ɼʊɹʌ)2](ɼʌɻʅ)2   10.1 2.3-7.0 4.6-5.7 99.6 996 545 265 3.45 8.78 6.03 11.45 

[Fe(ɼʊɹʌ)2](ɸʌ1H)2    2.4-7.2 4.7-5.8 99.8 1996 550 270 4.28 10.59 6.08 11.67 

[Fe(ɼʊɹʌ)2](ɸʌ7H)2     4.3-5.5 99.7 1329 560 280 4.30 10.56 6.12 11.62 

[Fe(ɼʊɹʌ)2](ɸʌ8H)2    1.5-7.5 4.8-5.9 99.7 1329 575 295 4.32 10.54 6.11 11.79 
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ʊʘʙʣʠʮʘ 6.5 

ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʃʂ  Co(II)  ʠ Ni(II)  ʩ ɼʌ ʠ ɸʤ 

ʉʦʝʜʠʥʝʥʠʝ 

pKɼʌ 

pKNH
+ 

ʨʅ 

R 

 

D l, 

ʥʤ 

 

ȹɚ, 

ʥʤ 
eĬ10

-4 lgɓ lgKp 

 

lgKʵʭ 
 

pK1 pK2 ʆʙʨʘʟʦ- 

ʚʘʥʠʷ  

ʆʧʪʠʤʘʣʴ- 

ʥʘʷ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

[ʉʦ(ɼʊʌ)2](ɸʥH)2 6.30 8.25 4.62 2.2-7.0 4.1-5.1 98.7 304 540 280 2.56 5.65 4.78 8.12 

[ʉʦ(ɼʊʌ)2](ʤɸʥH)2   4.85 2.4-7.2 4.3-5.3 98.8 329 542 282 2.65 5.64 4.68 8.26 

[ʉʦ(ɼʊʌ)2](ɸʌ4H2)    2.5-8.0 4.5-5.7 99.6 996 528 258 2.88 7.12 5.68 9.94 

[ʉʦ(ɼʊʌ)2](ɸʌ5H2)    2.6-8.0 4.6-5.8 99.7 1329 530 260 2.97 6.95 5.68 10.24 

[ʉʦ(ɼʊʌ)2](ɸʌ6H)2    2.9-7.9 4.6-5.9 99.7 1329 535 265 2.86 6.85 5.62 10.28 

[ʉʦ(ɼʊʄʌ)2](ɸʥH)2 6.92 8.74 4.62 2,8-7,3 4.4-5.4 99.0 396 542 278 2.71 8.91 4.72 11.51 

[ʉʦ(ɼʊʄʌ)2](ɼʌɻH)2   10.12 2.9-8.1 4.7-6.1 99.2 496 538 264 3.12 9.25 5.41 11.95 

[ʉʦ(ɼʊʄʌ)(ʦ-ʌɼɸ)2]   4.52 3.0-8.0 5.0-6.4 99.1 440 515 241 2.95 14.28 4.95 16.05 

[ʉʦ(ɼʊʄʌ)(ʦ-ɸʤʈʫ)2]   6.86 3.3-8.5 5.9-7.3 99.2 496 518 244 2.76 14.35 5.08 16.12 

[ʉʦ(ɼʊʄʌ)2](ɸʌ1H)2 5.40   3.0-7.8 4.7-5.8 99.5 796 530 256 3.24 10.25 5.87 12.35 

[ʉʦ(ɼʊʄʌ)2](ɸʌ2H)2    3.0-8.2 4.8-5.9 99.6 996 535 261 3.35 10.34 5.76 12.35 

[ʉʦ(ɼʊʄʌ)2](ɸʌ3H)2    3.2-8.5 5.0-6.1 99.6 996 538 264 3.48 10.24 5.69 12.46 

[ʉʦ(ɼʊʇʌ)2](ɸʥH)2 6.72 8.60 4.62 2.6-7.2 4.3-5.2 98.8 329 545 277 3.02 7.85 4.97 10.32 

[ʉʦ(ɼʊʇʌ)(ʦ-ɸʤʈʫ)2]   6.86 3.2-8.1 5.5-7.0 99.1 440 520 242 3.10 14.18 4.88 15.96 

[ʉʦ(ɼʊʇʌ)2(ʌʝʥ)2]    3.0-8.3 5.5-7.1 99.2 496 515 237 3.05 16.36 4.95 17.07 

[ʉʦ(ɼʊʇʌ)2](ɸʌ3H)2    2.9-7.6 4.9-6.1 99.5 796 540 262 3.65 7.10 5.87 10.05 

[ʉʦ(ɼʊɹʌ)2](ɸʥH)2 6.98 8.78 4.62 2.9-7.5 4.5-5.6 99.2 496 550 280 3.15 9.20 5.12 11.54 

[ʉʦ(ɼʊɹʌ)2](ɼʌɻH)2   10.12 3.0-8.5 5.0-6.6 99.4 663 570 290 3.23 9.84 5.64 12.66 

[ʉʦ(ɼʊɹʌ)2](ʊʌɻH)2   9.10 2.5-7.4 5.3-6.3 99.0 396 560 250 3.05 8.75 5.23 10.75 

[ʉʦ(ɼʊɹʌ)(ɼɸʄ)]   2.15 3.0-8.0 5,2-7,2 99.5 796 580 310 1.92 8.65 4.78 10.66 

[ʉʦ(ɼʊɹʌ)(ɼɸʇʄ)]   3.3 3.0-8.2 5,4-7,4 99.6 996 584 314 2.15 8.38 4.65 10.35 

[ʉʦ(ɼʊɹʌ)(ɼɸʌʄ)]   2.8 3.2-8.4 5,4-7,4 99.7 1329 585 315 2.22 8.35 4.56 10.56 

[ʉʦ(ɼʊɹʌ)(ɼʠʧ)2]   4.4 3.0-8.0 5.2-7.6 99.2 496 520 240 3.17 16.7 5.12 18.09 



 
 

208 
 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 6.4 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

[ʉʦ(ɼʊɹʌ)(ʌʝʥ)2]   4.88 3.2-8.5 5.6-7.8 99.3 567 525 245 3.25 18.4 5.23 17.54 

[ʉʦ(ɼʊɹʌ)(ɹʌʝʥ)2]   4.80 3.0-8.6 5.6-7.9 99.5 796 520 240 3.75 19.6 5.38 18.34 

[ʉʦ(ɼʊɹʌ)2](ɸʌ8ʅ) 2    3.0-8.6 5.1-6.5 99.7 1329 540 260 3.51 7.64 5.09 10.74 

[ʉʦ(ɼʊɹʌ)2]((ɸʌ10ʅ)2    3.2-8.5 5.0-6.3 99.7 1329 535 255 3.44 8.85 6.25 11.05 

[ʉʦ(ɼʊɹʌ)2](ɸʌ12ʅ)2    2.5-8.0 4.1-5.6 99.5 796 545 265 3.16 8.05 6.26 10.57 

[Ni(ɼʊʌ)2](ɸʥH)2 6.30 8.25 4.62 2.8-7.6 4.4-6.0 98.5 263 525 255 2.85 5.76 4.54 8.15 

[Ni(ɼʊʌ)2](ɹɸH)2   5.36 3.0-9.5 4.7-6.4 98.9 329 512 242 2.96 6.50 4.89 8.63 

[Ni(ɼʊʌ)2](ɼʌɻH)2   10.12 3.0-9.8 6.3-7.3 99.0 396 515 245 3.15 8.19 5.72 10.79 

[Ni(ɼʊʌ)2](ɸʌ7H2)    3.0-9.5 5.2-6.8 99.5 796 515 245 3.72 7.76 5.75 8.25 

[Ni(ɼʊʌ)2](ɸʌ8H)2    3.0-9.6 5.3-7.0 99.6 996 518 248 3.85 7.65 5.65 8.20 

[Ni(ɼʊʄʌ)2](ɸʥH)2 6.92 8.74 4.62 3.2-7.9 4.5-5.8 98.8 329 528 254 3.10 8.90 4.92 11.42 

[Ni(ɼʊʄʌ)2](ɼʌɻH)2   10.12 3.2-10.5 6.0-7.5 99.2 496 520 246 3.24 9.96 5.83 12.65 

[Ni(ɼʊʄʌ)2](ɸʌ1H)2 5.40   3.2-9.3 5.5-6.4 99.3 567 528 254 3.08 9.57 5.78 11.22 

[Ni(ɼʊʄʌ)2](ɸʌ2H)2    3.0-9.2 5.5-6.3 99.4 663 530 256 3.35 9.96 5.87 11.36 

[Ni(ɼʊʄʌ)2](ɸʌ3H)2    2.9-9.0 4.6-5.8 99.5 796 525 251 3.53 10.12 5.92 11.45 

[Ni(ɼʊʄʌ)(ɼʠʧ)2]   4.4 2.5-9.5 5.4-7.8 99.0 396 450 176 1.75 17.20 5.03 18.54 

[Ni(ɼʊʄʌ)(ʌʝʥ)2]   4.88 2.8-9.8 5.8-8.5 99.1 440 465 191 1.94 17.65 5.08 18.57 

[Ni(ɼʊʄʌ)(ɹʌʝʥ)2]   4.80 3.0-10.0 5.9-8.6 99.3 567 475 201 2.53 17.89 5.15 18.94 

[Ni(ɼʊʕʌ)2](ɸʥH)2 6.84 8.64 4.62 3.0-7.8 4.5-5.7 98.6 282 530 254 3.33 8.62 4.75 8.07 

[Ni(ɼʊʕʌ)(ʌʝʥ)2]   4.88 4.0-9.0 5.5-6.3 98.9 360 465 189 2.15 18.54 5.09 18.43 

[Ni(ɼʊʕʌ)(ɹʌʝʥ)2]   4.80 4.0-9.2 5.6-6.5 99.2 496 475 199 2.83 19.08 5.23 18.67 

[Ni(ɼʊʕʌ)(ʦ-ɸʤʈʫ)2]   6.86 3.2-8.9 5.4-6.7 99.3 567 470 194 1.82 15.42 5.12 17.00 

[Ni(ɼʊʕʌ)(ʦ-ʌɼɸ)2]   4.52 3.5-8.7 5.3-6.5 99.2 496 476 200 1.93 14.73 5.56 16.56 

[Ni(ɼʊɹʌ)2](ɼʌɻH)2 6.98 8.78 10.12 3.5-10.6 6.2-7.7 99.3 567 520 240 3.36 11.20 5.92 13.95 

[Ni(ɼʊɹʌ)2](ɸʥH)2   4.62 3.3-8.0 4.6-5.9 99.0 396 535 255 3.42 9.36 5.08 12.05 

[Ni(ɼʊɹʌ)2](ʜɸʥH)2   5.06 1.8-8.7 4.8-6.2 99.2 496 540 260 3.47 9.25 5.15 12.73 

[Ni(ɼʊɹʌ)(ʦ-ʌɼɸ)2]   4.52 2.5-7.9 5.5-6.8 99.4 663 478 198 2.16 14.89 5.68 16.85 

[Ni(ɼʊɹʌ)2](ɸʌ12H)2    2.9-9.5 4.7-5.9 99.5 796 528 248 3.58 10.19 5.98 11.64 
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ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʥʘʤʠ ʈʃʂ Fe, Co ʠ Ni ʩʪʘʙʠʣʴʥʳ ʚʧʣʦʪʴ ʜʦ 400 
ʦ
ʉ. ʈʘʟ-

ʣʦʞʝʥʠʝ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʪʱʝʧʣʝʥʠʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʜʠʘʤʠ-

ʥʘ, ʧʨʠʯʝʤ ʢʦʤʧʣʝʢʩʳ Co ʠ Ni ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʧ-

ʣʝʢʩʳ Fe, ʯʪʦ ʦʪʨʘʞʘʝʪ ʨʘʟʣʠʯʠʝ ʧʨʦʯʥʦʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʚ ʥʠʭ ʠ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʟʣʦʞʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʩʪʘʜʠʠ, ʧʨʠʯʝʤ, ʧʦʩʣʝʜʥʷʷ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʩʚʷʟʘʥʘ ʩ ʜʝʩʪʨʫʢʮʠʝʡ ɼʌ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʙʦʣʴʰʝʡ ʧʨʦʯʥʦʩʪʴʶ ʭʝʣʘʪ-

ʥʳʭ ʮʠʢʣʦʚ ʠʦʥʦʚ Co
+2

, Ni
+2

, Fe
+2

 ʩ ɼʌ, ʯʝʤ ʩ ʘʤʠʥʘʤʠ. Fe(II), Co(II), Ni(II), 

Cu(II), Mn(II), Mo ʠ W ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ çʞʝʩʪʢʠʤʠè 

ʠ çʤʷʛʢʠʤʠè ʢʠʩʣʦʪʘʤʠ. ʂʘʪʠʦʥʳ Fe(II, III), Co(II), Ni(II) ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʤrʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣ̫ʤʠ, ʠ ʧʨʦʷʚʣʷʶʪ ʩʨʦʜʩʪʚʦ ʢ ʜʦʥʦʨʥʳʤ ʘʪʦʤʘʤ ʢʠʩʣʦʨʦ-

ʜʘ ʠ ʘʟʦʪʘ, ʚʭʦʜʷʱʠʤ ʚ ʩʦʩʪʘʚ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʕʪʠ ʢʘʪʠʦʥʳ ʦʪʥʦʩ̫ʪʩʷ ʢ çʤʝʪʘʣʣʘʤ ʞʠʟʥʠè, ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʤ ʚ ʞʠ-

ʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʚ ʚʠʜʝ ʚʩʝʚʦʟʤʦʞʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʦʛʦ 

ʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ.  

ɺʚʝʜʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ɸʤ ʧʨʠʚʦʜʠʪ ʢ ʛʠʧʝʨʭʨʦʤʥʦʤʫ ʵʬʬʝʢʪʫ ʠ ʙʘʪʦʭʨʦʤ-

ʥʦʤʫ ʩʤʝʱʝʥʠʶ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ Fe(II), Co(II) ʠ Ni(II)  ʩ ɼʌ. ʅʘʠʣʫʯʰʠʤʠ 

ʵʢʩʪʨʘʛʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʭʣʦʨʦʬʦʨʤ ʠ ʜʠʭʣʦʨʵʪʘʥ. ɼʣʷ ɼʌɻ ʤʘʣʦʭʘʨʘʢʪʝʨʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʤʝʪʘʣʣʘʤʠ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʝʛʦ ʢ 

ʘʟʦʪʥʦʢʠʩʣʳʤ, ʩʦʣʷʥʦʢʠʩʣʳʤ ʠ ʩʝʨʥʦʢʠʩʣʳʤ ʨʘʩʪʚʦʨʘʤ ʩʦʣʝʡ Co ʠ Ni ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʚʳʧʘʜʝʥʠʝ ʦʩʥʦʚʥʳʭ ʩʦʣʝʡ, ʥʝ ʠʟʚʣʝʢʘʶʱʠʭʩʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠ-

ʪʝʣʷʤʠ. ɺ ʢʦʤʧʣʝʢʩʘʭ ʩ ɼʌ ʩʦʧʨʷʞʝʥʠʝ ʚ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʝʤ ʮʠʢʣʝ ʩʦʟʜʘʝʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʜʘʪʠʚʥʦʡ -́ʩʚʷʟʠ ʘʪʦʤʘ ʤʝʪʘʣʣʘ ʩ ˊ-

ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʙʝʥʟʦʣʴʥʦʛʦ ʷʜʨʘ, ʥʦ ʪʘʢʞʝ ʧʦʩʨʝʜʩʪʚʦʤ ʜʘʪʠʚʥʦʡ ˊ-ʩʚʷ-

ʟʠ M-S ʠ ́-d-ʩʦʧʨʷʞʝʥʠʷ ʘʪʦʤʘ ʩʝʨʳ ʩ ʙʝʥʟʦʣʴʥʳʤ ʷʜʨʦʤ. ɺ ʢʦʤʧʣʝʢʩʝ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʘ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʘʷ ˊ-ʩʚʷʟʴ ʄŶS ʠ ʯʘʩʪʠʯʥʦ ʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ ʄ-ʆ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʣʠʷʥʠʷ ʠʥʜʫʢʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʟʘʤʝʩʪʠʪʝʣʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ́-d 

ʩʦʧʨʷʞʝʥʠʷ ʘʪʦʤʘ ʩʝʨʳ ʩ ˊ-ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʙʝʥʟʦʣʴʥʦʛʦ ʷʜʨʘ, ʯʪʦ ʧʨʠʚʦ-

ʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʧʨʷʞʝʥʠʷ ʚ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʝʤ ʮʠʢʣʝ ʠ ʢʦʚʘʣʝʥʪʥʦʩʪʠ 

ʩʚʟ̫ʠ Me-S. ʂʦʚʘʣʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ ʩʚʷʟʠ Me-S ʫʩʠʣʠʚʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠ-
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ʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʘʪʦʤʝ ʩʝʨʳ ʚʦʟʥʠʢʘʁʱʝʛʦ ʠʟ-ʟʘ -́dïʩʦʧʨʷʞʝ-

ʥʠʷ. ʕʪʠ ʬʘʢʪʦʨʳ ʧʨʠʚʦʜʷʪ ʢ ʧʦʚʳʱʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʂ1 ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ 

ʩʪʦʡʢʦʩʪʴ ʦʙʨʘʟʫʝʤʳʭ ʠʤʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʧʪʠʤʘʣʴʥʳʡ ʨʅ ʢʦʤʧ-

ʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʪʨʝʪʴʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʠ ʢʦʥʪʨʘʩʪ-

ʥʦʩʪʠ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ 

ʄ-ɼʌ-ɸʤ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ Ni-Co-Fe, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʷʜʫ ʀʨʚʠʥʛʘ-ɺʠʣʴ-

ʷʤʩʘ . ʋʩʪʘʥʦʚʣʝʥʳ ʢʦʨʨʝʣʷʮʠʠ ʪʠʧʘ ȹʨʂ1- ȹʨʅ50, lgɓ-ʨʂ1, ὑ-M(X), pH50-ůn ʜʣʷ 

ʈʃʂ.  
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ɻʃɸɺɸ VII  

ʀɿʋʏɽʅʀɽ ɺʆɿʄʆɾʅʆʉʊʀ  ʇʈʀʄɽʅɽʅʀʗ ʈɸɿʅʆʃʀɻɸʅɼʅʓʍ 

ʂʆʄʇʃɽʂʉʆɺ ʉ ɼʀʊʀʆʃʌɽʅʆʃɸʄʀ ʀ ɻʀɼʈʆʌʆɹʅʓʄʀ 

ɸʄʀʅɸʄʀ  ɼʃʗ ʆʇʈɽɼɽʃɽʅʀʗ ʅɽʂʆʊʆʈʓʍ d- ʀ f- ʇɽʈɽʍʆɼʅʓʍ 

ʕʃɽʄɽʅʊʆɺ 

ʂʘʞʜʳʡ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠʛʨʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ 

ʚ ʞʠʟʥʠ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ (ʨʘʩʪʝʥʠʷ, ʞʠʚʦʪʥʦʛʦ ʠ ʯʝʣʦʚʝʢʘ). ɿʥʘʯʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʦʨʛʘʥʠʟʤʫ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠ-

ʷʭ, ʧʨʦʷʚʣʷʶʪ ʪʦʢʩʠʯʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʦʵʪʦʤʫ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʠʭ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʅʝʨʘʮʠ-

ʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʙʳʚʘʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʙʦʛʘʪʩʪʚ ʠ ʧʨʦʜʫʢʪʦʚ ʧʨʦ-

ʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʪʝʭʥʦʣʦʛʠʡ, ʚʳʙʨʦʩ ʚʨʝʜʥʳʭ ʚʝ-

ʱʝʩʪʚ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ ʪʝʧʣʦʚʳʤʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ ʧʨʠʚʦʜʷʪ ʢ 

ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɹʠʦʩʬʝʨ ʧʦʩʪʝʧʝʥʥʦ ʦʪʨʘʚʣʷʝʪʩʷ ʧʨʦʤʳʰʣʝʥ-

ʥʳʤʠ, ʩʝʣʴʩʢʦʭʦʟ̫ʡʩʪʚʝʥʥʳʤʠ ʠ ʙʳʪʦʚʳʤʠ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ, ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʠ 

ʘʵʨʦʟʦʣʴʥʤrʠ ʚʳʙʨʦʩʘʤʠ ʚ ʘʪʤʦʩʬʝʨʫ. ʇʦʩʪʫʧʣʝʥʠʝ ʪʦʢʩʠʢʘʥʪʦʚ ʚ ʙʠʦʩʬʝʨʫ 

ʯʘʩʪʦ ʧʨʝʚʳʰʘʝʪ ʝʝ ʝʩʪʝʩʪʚʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʢ ʩʘʤʦʦʯʠʱʝʥʠʶ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʚ ʧʦʯʚʘʭ, ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʘʪ-

ʤʦʩʬʝʨʳ ʠ ʬʘʫʥʝ ʚʦʟʨʘʩʪʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʪʦʢʩʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʦʵʪʦʤʫ ʭʠ-

ʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦʣʝʟʥʳʭ ʠ ʚʨʝʜʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʚʦʟʜʫʭʝ, ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʘʭ, ʧʦʯʚʘʭ, ʚʦʜʘʭ ʠ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠ̫ʭ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʟʥʘʯʠʤʳʤʠ ʟʘʜʘʯʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠ-

ʟʘ. ɼʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʚ ʚʦ-

ʜʦʭʨʘʥʠʣʠʱʘʭ ʠ ʦʟʝʨʘʭ ʦʥʠ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʤʠʛʨʘʮʠʠ ʚʝʱʝʩʪʚ ʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʪʝʢʘʥʠʷ ʩʝʜʠ-

ʤʝʥʪʘʮʠʦʥʥʳʭ ʠ ʩʦʨʙʮʠʦʥʥʦ-ʜʝʩʦʨʙʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘ-

ʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʩʪʦʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʦʜʘʭ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ d- ʠ f-ʵʣʝ-
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ʤʝʥʪʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʝʘʛʝʥʪʘʤʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʦʟʜʘʥʠʶ ʤʝ-

ʪʦʜʦʚ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʯʝʪʘʁʱʠʭ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʠ ʦʧʨʝʜʝʣʝʥʠʝ.  

ɺʘʞʥʝʡʰʠʤʠ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʩʪʫʧʣʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣ-

ʣʦʚ ʚ ʙʠʦʛʝʦʮʝʥʦʟʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʤʠʥʝʨʘʣʴʥʳʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʫʜʦʙʨʝʥʠʷ, ʘʚ-

ʪʦʪʨʘʥʩʧʦʨʪ, ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʩʞʠʛʘʁʱʠʝ ʫʛʦʣʴ; ʩʞʠʛʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʦʪʭʦʜʦʚ, 

ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʫʶ ʧʨʦʤʳʣhʝʥʥʦʩʪʴ, ʧʨʝʜʧʨʠʷʪʠʷ ʯʝʨʥʦʡ ʠ ʮʚʝʪʥʦʡ ʤʝ-

ʪʘʣʣʫʨʛʠʠ. ʇʦʩʪʫʧʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʦʢʨʫʞʘʁʱʫʶ ʩʨʝʜʫ ʦʪ ʪʝʭʥʦʛʝʥʥʳʭ ʠʩʪʦʯ-

ʥʠʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʭ ʨʘʩʩʝʷʥʠʷ ʚʦ ʚʩʝʭ ʩʨʝʜʘʭ ʵʢʦʩʠʩʪʝʤ. ʇʫ-

ʪʠ ʟʘʛʨʷʟʥʝʥʠʷ ʤʥʦʛʦʦʙʨʘʟʥʳ, ʥʦ ʚʘʞʥʝʡhʠʡ ʠʟ ʥʠʭ - ʨʘʩʩʝʷʥʠʝ ʪʝʭʥʦʛʝʥʥʳʭ 

ʚʳʙʨʦʩʦʚ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ. ʂ ʧʨʠʨʦʜʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʦʪʥʦʩ-

ʷʪʩʷ ʦʩʘʜʦʯʥʳʝ, ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʠʟ ʧʨʦʜʫʢ-

ʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ. ʊʞ̫ʝʣʳʝ ʤʝʪʘʣʣʳ ʠʟ 

ʧʦʯʚʦʦʙʨʘʟʫʁʱʠʭ ʧʦʨʦʜ ʧʝʨʝʭʦʜʷʪ ʚ ʧʦʯʚʳ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲ-

ʷʚʣʷʝʤʳʝ ʢ ʘʥʘʣʠʟʫ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʝʜʫʩ-

ʤʘʪʨʠʚʘʶʪ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ, ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʠ ʵʢʩʧʨʝʩ-

ʩʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ.  

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʩʣʦʞʥʳʭ ʧʦ 

ʧʨʠʨʦʜʝ ʦʙʲʝʢʪʘʭ ʷʚʣʷʶʪʩʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ [250, 

ʩ.1750]. ʈʃʂ ʙʣʘʛʦʜʘʨʷ ʨʘʟʣʠʯʥʳʤ ʢʦʤʙʠʥʘʮʠʷʤ ʨʝʘʛʝʥʪʦʚ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʧʦ-

ʚʳhʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʪʘʣʣʦʚ [238, ʩ.33-36]. ɺʦ ʚʩʝʭ ʦʙʲʝʢʪʘʭ ʵʣʝʤʝʥʪʳ ʦʧʨʝʜʝʣʝʥʳ ʙʝʟ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʦʪ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʩʦʢʨʘɦʘʝʪ ʚʨʝʤʷ ʘʥʘʣʠʟʘ 

ʠ ʜʝʣʘʝʪ ʝʛʦ ʵʢʩʧʨʝʩʩʥʳʤ. ʕʪʦ ʫʜʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥ-

ʥʳʭ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ.  

7. 1. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ(II)   

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʜʠʪʠʦʣʬʝʥʦʣʷʪʥʦ-ʘʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(II)  ʧʦ-

ʢʘʟʘʣʦ, ʯʪʦ ʦʥʠ ʫʩʪʦʡʯʠʚʳ ʚʦ ʚʨʝʤʝʥʠ, ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʤʦʣʷʨʥʳʭ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʭ ʦʢʨʘʩʢʠ ʧʦʜʯʠʥʷʶʪʩʷ ʦʩʥʦʚʥʦʤʫ ʟʘʢʦʥʫ ʬʦʪʦ-

ʤʝʪʨʠʠ ʚ ʰʠʨʦʢʠʭ ʠʥʪʝʨʚʘʣʘʭ ʢʦʥʮʝʥʪʨʘʮʠʠ Cu(II). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʦʩʪʘʚʠʣʠ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢ-
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ʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Cu(II)  ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʦʤʳʰ-

ʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. 

ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ. ɺ ʛʨʘʜʫʠʨʦʚʘʥʥʳʝ ʧʨʦʙʠʨʢʠ ʩ 

ʧʨʠʪʝʨʪʳʤʠ ʧʨʦʙʢʘʤʠ ʚʚʦʜʠʣʠ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ 5-120 ʤʢʛ Cu(II). ʂ ʥʠʤ 

ʧʨʠʣʠʚʘʣʠ 2 ʤʣ 1 ʄ HCl, 2.2-2.6 ʤʣ 0.01 ʄ ɼʌ ʠ 1.8-2.4 ʤʣ 0.01 ʄ ɸʤ. ʆʙʲʝʤ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʜʦʚʦʜʠʣʠ ʜʦ 5 ʤʣ ʭʣʦʨʦʬʦʨʤʦʤ, ʦʙʲʝʤ ʚʦʜʥʦʡ ʬʘʟʳ - ʜʦ 20 

ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʈʘʩʪʚʦʨ ʚʩʪʨʷʭʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ. ʆʨʛʘʥʠ-

ʯʝʩʢʫʶ ʬʘʟʫ ʦʪʜʝʣ̫ʣʠ ʦʪ ʚʦʜʥʦʡ ʧʦʩʣʝ 10-ʤʠʥʫʪʥʦʛʦ ʚʳʜʝʨʞʠʚʘʥʠʷ ʠ ʠʟʤʝʨʷʣʠ 

ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʵʢʩʪʨʘʢʪʦʚ ʥʘ ʂʌʂ-2 ʧʨʠ 490 ʥʤ (ʚ ʩʣʫʯʘʝ ɼʠʧ, ʌʝʥ ʠ 

ɹʬʝʥ ʧʨʠ 590 ʥʤ) ʚ ʢʶʚʝʪʝ ʩ ʪʦʣʱʠʥʦʡ ʧʦʛʣʦʱʘʶʱʝʛʦ ʩʣʦʷ 0.5 ʩʤ. ɻʨʘʜʫ.ʠʨʦ-

ʚʦʯʥʳʝ ʛʨʘʬʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ Cu(II) ʩ ɼʌ ʠ ɸʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.7.1. ɼʣʷ 

ʭʣʦʨʦʬʦʨʤʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʢʦʤʧʣʝʢʩʦʚ ʟʘʢʦʥʘ ɹʝʨʘ ʩʦʙʣʶʜʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʉu(II) 0.05-18 ʤʢʛ/ʤʣ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘ-

ʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

[111]. ʋʨʘʚʥʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 7.1. 

 

ʈʠʩ.7.1. ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʢʩʪʨʘʢʪʦʚ ʈʃʂ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʝʜʠ(II)  

1- Cu(II)-ɼʊʄʌ-ɼʠʧ, 2- Cu(II)-ɼʊʄʌ-ʌʝʥ, 3- Cu(II)-ɼʊʕʌ-ɼʠʧ,  

4- Cu(II)-ɼʊʕʌ-ʌʝʥ, 5-Cu(II)-ɼʊɹʌ-ɹʘ, 6- Cu(II)-ɼʊʕʌ-ɹʌʝʥ 

Cʉu(II) = 3.57Ā10
-5
 M, ʉɼʌ= ʉɸʤ= (8.0-9.6)Ĭ10

-4 
ʄ, ʂʌʂ-2, l = 0.5 ʩʤ 
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 ʇʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʨʝʜʝʣ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Cu(II)  ʚ 

ʚʠʜʝ ʈʃʂ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠ 

ʧʨʝʜʝʣ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ (ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʥ-

ʮʝʥʪʨʘʮʠʡ) ʠ ʧʨʝʜʝʣ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ(II)  ʚ ʚʠʜʝ ʈʃʂ [111, 

ʩ.250]. ʈʘʩʯʝʪ ʧʨʝʜʝʣʘ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʇʆ (limit of determina-

tion) ʠ ʧʨʝʜʝʣʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʇʂʆ (limit of quantitation) ʧʦ ʢʘ-

ʣʠʙʨʦʚʦʯʥʦʡ ʧʨʷʤʦʡ ʧʨʦʚʦʜʠʣʠ ʧʦ ʬʦʨʤʫʣʘʤ: 

˜˛
σȢσὛ

ὦ
          ̃˗˛

ρπὛ

ὦ
 

ʛʜʝ S ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, b ï ʥʘʢʣʦʥ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ 

 ʈʃʂ ʩʥʠʞʘʪʁ  ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʦʚʳʰʘʝʪ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ [182, ʩ.15]. ɺ ʪʘʙʣ. 7.1 ʧʨʠʚʝʜʝʥʳ ʢʘʣʠʙʨʦʚʦʯ-

ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʦʡʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʉu(II) -ɼʌ-ɸʤ. 

 ɺʣʠʷʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ. ʆʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʢʦʣʠʯʝʩʪʚ ʵʣʝʤʝʥʪʦʚ 

ʯʘʩʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʙʳʪʢʘ ʜʨʫʛʠʭ ʵʣʝ-

ʤʝʥʪʦʚ. ʆʪʩʶʜʘ ʚʳʪʝʢʘʶʪ ʠ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʤʫ ʤʝʪʦʜʫ 

ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʠ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʤ 

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ, ʪ.ʝ. ʨʝʟʫʣʴʪʘʪʳ ʜʦʣʞ-

ʥ  rʠʤʝʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ. ɼʣʷ ʦʮʝʥʢʠ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʵʢʩʪʨʘʢʪʦʚ ʈʃʂ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠ ̫ʤʝʜʠ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʰʘʶʱʝʝ 

ʚʣʠ̫ʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʠ, ʧʦ ʢʦʪʦʨʦʡ 

ʧʦʩʪʨʦʝʥʳ ʛʨʘʜʫʠʨʦʚʦʯʥʳʝ ʢʨʠʚʳʝ, ʩ ʪʦʡ ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʚ ʨʘʩʪʚʦʨ, ʢʨʦʤʝ 

Cu(II) ʚʚʦʜʠʣʠ ʠʟʚʝʩʪʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʦʥʦʚ. ʉʝʣʝʢʪʠʥʦʩʪʴ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʚ ʚʠʜʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʈʃʂ ʧʨʠ-

ʚʝʜʝʥʘ ʚ ʪʘʙʣ. 7.2 ʠ 7.3. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʱʝʣʦʯʥʳʭ, ʱʝʣʦʯ-

ʥʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʈɿʕ, F
-
, CI

-
, ,, 2

3

--SOBr , 2

4

-SO  NO , NO -

3

-

2  ʠ -2

42ʉO  ʥʝ ʤʝʰʘ-

ʶʪ ʦʧʨʝʜʝʣʝʥʠʶ ʤʝʜʠ. ʆʧʨʝʜʝʣʝʥʠʶ ʤʝʰʘʶʪ ʪʠʦʤʦʯʝʚʠʥʘ, ʪʘʨʪʨʘʪʳ, ʮʠʪʨʘʪʳ, 

J
-
, CN

-
, ʠ Ὓὕ . ʄʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ Ti(IV) ʫʩʪʨʘʥʷʣʠ ʬʪʦʨʠʜʦʤ ʥʘʪʨʠʷ; Nb(V), 

Ta(V) ʠ Fʝ(III) - ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʦʡ; Hg(II) - ʩʫʣʴʬʠʪ ʠʦʥʦʤ; ʘ Mo(VI) ʠ 

W(VI) - ʬʪʦʨʠʜʦʤ ʥʘʪʨʠʷ ʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʦʡ. 
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ʊʘʙʣʠʮʘ 7.1 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ Cu(II) -ɼʌ-ɸʤ 

ʉʦʝʜʠʥʝʥʠʝ ʆʙʣʘʩʪʴ ʧʦʜ-

ʯʠʥʝʥʠʷ ʟʘʢʦʥʫ 

ɹʝʨʘ (ʤʢʛ/ʤʣ) 

ʋʨʘʚʥʝʥʠʝ 

ʛʨʘʜʫʠʨʦʚʦʯ- 

ʥʳʭ ʛʨʘʬʠʢʦʚ 

ʇʆ 

ʥʛ/ ʩʤ
3
 

ʇʂʆ 

ʥʛ/ ʩʤ
3
 

ʏʫʚʩʪʚʠʪʝ

ʣʴʥʦʩʪʴ, 

ʥʛ/ ʩʤ
2
 

[Cu(ɼʊʌ)2(ɸʥ)2](ɸʥʅ)2 0.5-16 0.035 + 0.0398x   10.5 34.6 2.19 

[Cu(ɼʊʌ)(ʌʝʥ)]  0.5-16 0.026+0.0448ʭ 8.9 29.3 2.03 

[Cu(ɼʊʌ)(ɹʌʝʥ)]  0.5-18 0.025+0.0625ʭ 8.7 28.7 1.50 

[Cu(ɼʊʌ)2](ɸʌ5ʅ2)
 0.5-15 0.042+0.0497x 9.1 30.0 1.75 

[Cu(ɼʊʌ)2](ɸʌ6ʅ2)
 0.5-15 0.046+0.0507ʭ 9.0 29.7 1.72 

[Cu(ɼʊʄʌ)2(ɸʥ)2](ɸʥʅ)2 0.6-16 0.035+0.0433x   9.7 32.3 2.00 

[Cu(ɼʊʄʌ)(ʌʝʥ)]  0.5-16 0.019+0.0502x 8,8 29.0 1.86 

[Cu(ɼʊʄʌ)(ɹʌʝʥ)] 0.5-19 0.042+0.0596x 8.6 28.4 1.46 

[Cu(ɼʊʄʌ)(ɼʠʧ)] 0.5-16 0.046+0.0440ʭ 8.7 28.7 1.95 

[Cu(ɼʊʄʌ)2](ɸʌ2ʅ)2
 0.5-18 0.018+0.0350ʭ 8.8 29.0 1.66 

[Cu(ɼʊʄʌ)2](ɸʌ3ʅ)2
 0.5-20 0.049+0.0535ʭ 8.7 28.7 1.63 

[Cu(ɼʊʄʌ)2](ɸʌ4ʅ2)
 0.4-18 0.022+0.0548x 8,9 29.4 1.70 

[Cu(ɼʊʄʌ)2](ɸʌ5ʅ2)
 0.4-18 0.052+0.0513x 8.8 29.0 1.66 

[Cu(ɼʊʄʌ)2](ɸʌ6ʅ2)
 0.4-18 0.050+0.0516x 8.7 28.7 1.65 

[Cu(ɼʊʕʌ)2(ʜɸʥ)2](ɸʥʅ)2 0.6-19 0.023+0.0478x 9.4 31.8 1.90 

[Cu(ɼʊʕʌ)ʌʝʥ] 0.6-17 0.011+0.0565ʭ 8.7 28.7 1.73 

[Cu(ɼʊʕʌ)ɹʌʝʥ]  0.5-19 0.021+0.0715ʭ 8.5 28.0 1.33 

[Cu(ɼʊʕʌ)ɼʠʧ] 0.5-17 0.049+0.0485ʭ 8.6 28.4 1.77 

[Cu(ɼʊɹʌ)2(ɸʥ)2](ɸʥʅ)2 0.4-17.5 0.018+0.0573x 8.9 28.8 1.70 

[Cu(ɼʊɹʌ)2(ʤɸʥ)2](ʤɸʥʅ)2 0.3-19 0.034+0.0560x 8.8 29.0 1.63 

[Cu(ɼʊɹʌ)2(ʜɸʥ)2] (ʜɸʥʅ)2 0.3-20 0.038+0.0603x 8.5 28.4 1.54 

[Cu(ɼʊɹʌ)2](ɹʘʅ)2 0.3-21 0.039+0.0602x 9.2 30.6 1.50 

[Cu(ɼʊɹʌ)ʌʝʥ]  0.4-18 0.024+0.0577x 8.5 28.4 1.64 

[Cu(ɼʊɹʌ)(ɹʬʝʥ)] 0.3-20 0.052+0.0678x 8.2 27.0 1.38 

[Cu(ɼʊɹʌ)(ɼʠʧ)] 0.4-18 0.050+0,0504x 8.6 28.4 1.80 

[Cu(ɼʊɹʌ)(Py)2]
 

0.5-16 0.019+0.0502x 9.5 32.0 1.90 

[Cu(ɼʊɹʌ)2](ɼʌɻH)2 0.5-18 0.031+0.0665ʭ 8.3 27.2 1.41 

[Cu(ɼʊɹʌ)2](ɸʌ1ʅ)2
 0.4-20 0.012+0.0580ʭ 8.6 28.4 1.64 

[Cu(ɼʊɹʌ)2](ɸʌ2ʅ)2
 0.5-22 0.012+0.0597ʭ 8.5 28.0 1.62 

[Cu(ɼʊɹʌ)2](ɸʌ3ʅ)2
 0.5-22 0.012+0.0613ʭ 8.3 27.4 1.58 

[Cu(ɼʊɹʌ)2](ɸʌ4ʅ2)
 0.5-18 0.019+0.0568x 8,6 28.4 1.66 

[Cu(ɼʊɹʌ)2](ɸʌ5ʅ2)
 0.4-18 0.012+0.0580ʭ 8.5 28.3 1.64 

[Cu(ɼʊɹʌ)2](ɸʌ6ʅ2)
 0.4-18 0.038+0.0550ʭ 8.4 27.7 1.62 

 ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 0.01ʄ ʨʘʩʪʚʦʨʘ H2C2O4 ʦʧʨʝʜʝʣʝʥʠʶ ʤʝʜʠ ʥʝ ʤʝʰʘʶʪ 

Cr(II I), V(IV), Nb(V), Ta(V), Mo(VI), W(VI) ʠ Fe(III ). ɺʤʝʩʪʝ ʩ ʪʝʤ Ti(IV) , Nb(V) 

ʠ Ta(V) ʩ ɼʊɹʌ ʠ ɸʤ ʦʙʨʘʟʫʁʪ ʢʦʤʧʣʝʢʩʳ ʚ ʙʦʣʝʝ ʢʠʩʣʦʡ ʩʨʝʜʝ. ʕɼʊɸ, ʚʠʥ-

ʥʫʶ, ʣʠʤʦʥʥʫʶ ʠ ʘʩʢʦʨʙʠʥʦʚʫʶ ʢʠʩʣʦʪʳ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʘʩ-

ʢʠʨʫʁʱʠʭ ʚʝʱʝʩʪʚ, ʪʘʢ ʢʘʢ ʦʥʠ ʤʘʩʢʠʨʫʁʪ ʪʘʢʞʝ ʠ ʤʝʜʴ. ʌʪʦʨʠʜ-ʠʦʥʳ ʥʝ ʚʣʠ-

ʷʶʪ ʥʘ ʵʢʩʪʨʘʢʮʠʶ ʤʝʜʠ ʧʨʠ ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ɺ 

ʩʚʟ̫ʠ ʩ ʵʪʠʤ ʚ ʦʧʳʪʘʭ ʧʦ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʤʝʜʠ 
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ʚ ʚʦʜʥʫʶ ʬʘʟʫ ʚʚʦʜʠʣʠ 5 ʤʣ 1 ʄ ʨʘʩʪʚʦʨʘ KF. ʉʨʝʜʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʤʝʜʠ ʵʣʝ-

ʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ V(V), ʥʦ ʝʛʦ ʤʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʟʘʤʝʪʥʦ ʣʠʰʴ 

ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ ʘʣʠʢʚʦʪʥʦʡ ʯʘʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʩʚʳʰʝ 1ʤʛ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ Cu(II ) ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ 

ʠ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʠʥʦʚ. ɹʦʣʴʰʠʥʠʩʪʚʦ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝ-

ʥʠʷ Cu(II ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ. ʕʪʦ ʜʠʪʠʦʢʘʨʙʦʤʘʪ-

ʥʳʡ, ʜʠʪʠʟʦʥʦʚʳʡ, ʢʫʧʨʦʠʥʦʚʳʡ ʠ ʢʫʧʨʠʟʦʥʦʚʳʡ ʤʝʪʦʜʳ, ʘ ʪʘʢʞʝ ʤʝʪʦʜ, ʩ ʧʨʠ-

ʤʝʥʝʥʠʝʤ ʙʠʩ-(ʮʠʢʣʦʛʝʢʩʘʥʦʥ) ʦʢʩʘʣʠʣʜʠʛʘʟʦʥʘ. ʅʘʠʙʦʣʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴ-

ʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʜʠʪʠʟʦʥʦʚʳʡ ʤʝʪʦʜ [193, ʩ.275-280; 240, ʩ.32-40].  ʀʟ ʦʛʨʦʤʥʦ-

ʛʦ ʯʠʩʣʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʥʘ-

ʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʠʥʘʪ ʥʘʪʨʠʷ, ʨʫʙʝʘʥʘ-

ʚʦʜʦʨʦʜʥʘʷ ʢʠʩʣʦʪʘ ʠ ʜʠʘʤʠʥʳ-ʢʫʧʨʦʠʥ, ʥʝʦʢʫʧʨʦʠʥ ʠ ʙʘʪʦʢʫʧʨʦʠʥ [193, 

ʩ.277-280]. ʆʙʱʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʦʜʠʢ ʷʚʣʷʝʪʩʷ 

ʥʝʚʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ. ʅʘʠʙʦʣʴʰʫʶ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʜʠʘʤʠʥʦʚ, ʦʜʥʘʢʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʫʩ-

ʣʦʞʥʝʥʳ ʚʚʠʜʫ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʚʦʜʠʪʴ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʨʘʩʪʚʦʨ ʚʦʩʩʪʘʥʦʚʠ-

ʪʝʣʴ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʚʳʟʚrʘʪʴ ʧʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʦʚ ʩʧʠʨʪʦʚ, ʠʤʝʶʱʠʭ ʤʝʥʴʰʫʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʜʦʡ ʧʣʦʪ-

ʥʦʩʪʴ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʪʜʝʣʝʥʠʝ ʵʢʩʪʨʘʢʪʘ. ʄʝʪʦʜʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ 

ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʤʝʜʠ ʩʧʝʮʠʬʠʯʥʳ, ʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʴʥʳ. ɺ ʜʠ-

ʪʠʟʦʥʦʚʦʤ ʤʝʪʦʜʝ ʥʝʦʙʭʦʜʠʤʘ ʤʥʦʛʦʢʨʘʪʥʘʷ ʵʢʩʪʨʘʢʮʠʷ ʠ ʫʜʘʣʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʜʠʪʠʟʦʥʘ ʚʩʪʨʷʭʠʚʘʥʠʝʤ ʩ ʨʘʟʙʘʚʣʝʥʥʳʤ NH3 .  

ɼʠɻʪʠʣʜʠʪʠʦʢʘʨʙʘʤʠʥʘ ʩʚʠʥʮʘ (Pb-ɼʕɼʂ) ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʵʢʩʪ-

ʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ(II) ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ [240, ʩ.37-38]. 

ʄʦʣ̫ʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʘ Ůʢ=1.3Ā10
4
. ʆʧʨʝʜʝʣʝʥʠʶ ʤʝʜʠ 

ʩ Pb-ɼʕɼʂ ʤʝʰʘʶʪ: Ag(I), Hg(II), Tl(III), Bi(III) ʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠ̫ʭ 

Pb(II). ɺ ʧʨʠʩʫʪʩʪʚʠʠ Pb(II)  ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ ʪʨʝʙʫʝʪʩʷ ʥʝ ʤʝʥʝʝ 15 ʤʠʥʫʪ. ʅʝʩ-

ʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ Hg(II) ʩ ɼʕɼʂ ʙʝʩʮʚʝʪʥʳʡ, ʥʦ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʡ, 

ʯʝʤ ʢʦʤʧʣʝʢʩ Cu(II) ʩ ɼʕɼʂ. ʇʦʵʪʦʤʫ ʠʦʥʳ Cu(II) ʣʝʛʢʦ ʟʘʤʝʱʘʁʪʩ ̫ʠʦʥʘʤʠ 
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ʨʪʫʪʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʨʪʫʪʠ ʥʝ ʫʜʘʝʪʩʷ ʫʩʪʨʘʥʠʪʴ. ʅʝʦʙ-

ʭʦʜʠʤʦ ʫʧʦʤʷʥʫʪʴ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪ-

ʚʦʨʘ Pb-ɼʕɼʂ [240, ʩ.38; 276, ʩ.335]. 

ʊʘʙʣʠʮʘ 7.2 

ɺʣʠʷʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ Cu(II) ʩ ɼʌ ʠ ɸʤ (ʚʚʝʜʝʥʦ 30 ʤʢʛ 

Cu(II )) 

ʀʦʥ 
ʄʘʩʢʠʨʫʶʱʠʡ 

ʨʝʘʛʝʥʪ 

ʄʦʣʴʥʳʡ 

ʠʟʙʳʪʦʢ ʠʦʥʘ 

ʅʘʡʜʝʥʦ,  ʤʢʛ (Sʢ) 

ɼʊʌ+ɸʌ1 ɼʊʄʌ+ɸʌ2 ɼʊɹʌ+ɸʥ 

Co(II)  50 30.0(0.02) 30.0(0.03) 30.4(0.04) 

Ni(II)   50 29.8(0.02) 29.6(0.02) 30.8(0.05) 

Fe(II)  200 29.8(0.03) 29.8(0.04) 29.7(0.05) 

Cd(II)   200 29.6(0.04) 30.5(0.04) 29,6(0.04) 

Al(III)   180 29.6(0.02) 30.0(0.04) 30.5(0.02) 

Fe(III) 
ʑʘʚʝʣʝʚʘ ̫

ʢʠʩʣʦʪʘ 
60 

 

30.2(0.04) 

 

30.5(0.03) 

    

 30.6(0.04) 

Zr(IV)   50 29.8(0.03) 29.5(0.05) 30.3(0.03) 

W(VI) 
ʑʘʚʝʣʝʚʘ ̫

ʢʠʩʣʦʪʘ 
25 29.6(0.03) 

30.2(0.05) 
29.7(0.03) 

Hg(II)  40 30.2(0.05) 30.4(0.05) 30.5(0.05) 

Ti(IV)  30 29.6(0.03) 29.8(0.03) 29.6(0.04) 

V(IV)  20 29.6(0.03) 29.6(0.05) 29.7(0.03) 

Mo(VI) ʌʪʦʨʠʜ ʥʘʪʨʠʷ 10 30.4(0.04) 30.4(0.03) 30.3(0.04) 

Cr(III )  120 29.8(0.04) 29.5(0.04) 29.8(0.04) 

Nb(V)  ʌʪʦʨʠʜ ʥʘʪʨʠʷ 50 30.1(0.05) 29.3(0.05) 30.1(0.05) 

Ta(V) ʌʪʦʨʠʜ ʥʘʪʨʠʷ 50 30.1(0.05) 30,1(0.05) 30.1(0.05) 
+2

2UO   50 29.5(0.05) 29.5(0.05) 29.5(0.05) 

Pt(II)  60 29.5(0.04) 29.8(0.04) 30.4(0.05) 

Pd(II)  60 30.2(0.04) 30.5(0.03) 30.6(0.04) 

Mn(II)   110 29.8(0.03) 29.5(0.05) 30.3(0.03) 

ʄʦʯʝʚʠʥʘ  45 29.6(0.05) 29.8(0.02) 29.6(0.04) 

ʊʠʦʤʦʯʝʚʠʥʘ  24 30.3(0.04) 30.3(0.03) 30.5(0.04) 

ʃʠʤʦʥʥʘʷ 

ʢʠʩʣʦʪʘ 
 300 29.6(0.03) 

29.6(0.03) 
29.4(0.03) 

ɺʠʥʥʘʷ ʢʠʩʣʦʪʘ  300 29.8(0.05) 29.8(0.05) 30.7(0.05) 

Na2HPO4Ŀ12 H2O  500 30.4(0.04) 30.4(0.04) 29.3(0.04) 

F
-
  223 29.9(0.05) 29.6(0.06) 29.9(0.05) 

ɺ ʪʘʙʣ.7.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ, ʜʝʣʘʚʰʠʡ ʚʦʟʤʦʞʥʳʤ ʩʨʘʚʥʠʪʴ ʘʥʘʣʠ-

ʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʩ ʥʝʢʦʪʦʨʳʤʠ ʫʞʝ ʠʟʚʝʩʪ-

ʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ. ʉʨʘʚʥʝʥʠʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦ-

ʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʩ ʰʠʨʦʢʦʧʨʠʤʝʥʷʝʤʳʤʠ, ʧʦʢʘʟʳʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʝʜʣʦ-

ʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦ ʠʟʙʠ-

ʨʘʪʝʣʴʥʦʩʪʠ. 
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ʊʘʙʣʠʮʘ 7.3 

ɼʦʧʫʩʪʠʤʳʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʜʠ(II) ʩ ɼʌ ʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʜʠʘʤʠʥʘʤʠ (ʚʚʝʜʝʥʦ 30 ʤʢʛ Cu(II )) 

ʀʦʥ 
ʄʘʩʢʠʨʫʶʱʝʝ 

ʚʝʱʝʩʪʚʦ 

ʄʦʣʴʥʳʡ 

ʠʟʙʳʪʦʢ ʠʦʥʘ 

ʅʘʡʜʝʥʦ,  Cu, ʤʢʛ (Sr) 

ɼʊʄʌ+ɼʠʧ ɼTɽʌ+ʌʝʥ ɼʊɹʌ+ɹʌʝʥ
 

Co(II) 50  30.1(0.040) 30.5(0.053) 30.3(0.055) 

Ni(II)  50 NaCN 29.8(0.015) 29.8(0.026) 29.6(0.051) 

Fe(II) 40  29.8(0.041) 29.8(0.043) 29.7(0.043) 

Cd(II)  200  29.6(0.050) 29.6(0.054) 29.6(0.044) 

Al(III)  200  29.7(0.022) 29.6(0.034) 30.6(0.035) 

Fe(III) 40 NaF 30.5(0.050) 30.2(0.045) 30.2(0.044) 

Zr(IV)  50  29.8(0.032) 29.8(0,033) 29.8(0.053) 

W(VI)  25  29.6(0.051) 29.6(0.053) 29.6(0.044) 

Hg(II) 38 Na2S2O3 30.2(0.046) 30.2(0.058) 30.2(0.052) 

Ti(IV)  30 NaF 29.8(0.043) 29.6(0.043) 29.2(0.054) 

V(IV)  20  29.8(0.060) 29.8(0.056) 29.8(0.063) 

Mo(VI)  10 ʎʠʪʨʘʪ 30.4(0.039) 30.4(0.054) 30.5(0.043) 

Cr(III)  120  29.8(0.043) 29.8(0.064) 29.8(0.048) 

Nb(V) 50 NaF 30.3(0.053) 30.6(0.055) 29.6(0.035) 

Ta(V) 50 NaF 29.5(0.044) 30.2(0.045) 29.7(0.047) 

Pb (II) 25  30.3(0.038) 30.3(0.034) 30.3(0.024) 

Pd (II) 5  29.2(0.045) 29.2(0.035) 29.2(0.035) 

Pt(II) 8  30.3(0.050) 30.5(0.05) 30.5(0.025) 

     Ag (I) 15 NaĶ 30.2(0.050) 30.2(0.045) 30.2(0.035) 
+2

2UO  50  29.5(0.059) 29.2(0.042) 30.4(0.033) 

Bi(III)  40  30.5(0.050) 30.5(0.051) 30.1(0.025) 

ɸʮʝʪʘʪ 100  30.3(0.052) 30.2(0.050) 30.2(0.033) 

ʊʘʨʪʨʘʪ 120  30.3(0.050) 30.3(0.054) 30.3(0.056) 

ʉʫʣʴʬʘʪ 125  29.8(0.031) 29.6(0.023) 29.6(0.034) 

ʊʠʦʤʦʯʝʚʠʥʘ 25  29.7(0.050) 29,8(0,044) 29.8(0.053) 

ʌʪʦʨʠʜ 110  30.3(0.058) 30.2(0.053) 29.9(0.033) 

ʊʠʦʩʫʣʴʬʘʪ 36  29.4(0.061) 30.4(0.048) 30.1(0.029) 

 

7.2.  ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʨʪʫʪʠ(II)  

ʆʩʥʦʚʥʳʤʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʩʪʫʧʣʝʥʠʷ ʨʪʫʪʠ ʚ ʦʢʨʫʞʘ-

ʶʱʫʶ ʩʨʝʜʫ ʷʚʣʷʶʪʩʷ ʮʚʝʪʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ, ʩʞʠʛʘʥʠʝ ʪʦʧʣʠʚʘ ʠ ʭʠʤʠʯʝʩʢʘʷ 

ʧʨʦʤʳʣhʝʥʥʦʩʪʴ. ɺʨʝʤʷ ʞʠʟʥʠ ʨʪʫʪʠ ʚ ʘʪʤʦʩʬʝʨʝ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 70 ʩʫʪʦʢ. ʇɼʂ 

ʨʪʫʪʠ ʚ ʧʦʯʚʝ ʩʦʩʪʘʚʣʷʝʪ 2.1 ʤʛ/ʢʛ [242, ʩ.6]. ʉʦʝʜʠʥʝʥʠʷ ʨʪʫʪʠ ʘʙʩʦʨʙʠʨʫʶʪʩʷ, 

ʦʩʘʞʜʘʁʪʩʷ ʚ ʤʳʰʮʘʭ, ʧʦʯʢʘʭ, ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ, ʤʦʟʛʠ ʠ ʦʢʘʟʚrʘʶʪ ʥʝʧʦʩʨʝʜʩ-

ʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʤʙʨʠʦʛʝʥʝʟ. 
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ʊʘʙʣʠʮʘ 7.4 

 ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʦʜʠʢ  ʦʧʨʝʜʝʣʝʥʠʷ Cu(II) 

ʈʝʘʛʝʥʪ pH(ʨʘʩʪʚʦʨʠʪʝʣʴ) 
l, 

ʥʤ 
eĬ10

-4 ʆʙʣʘʩʪʴ ʧʦʜʯʠʥʝʥʠʷ 

ʟʘʢʦʥʫ ɹʝʨʘ (ʤʢʛ/ʤʣ)
 

ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ 

 

ɼʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʠʥʘʪ 

ʥʘʪʨʠʷ [240, ʩ.38] 

 

4-11 (ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʳʡ 

ʫʛʣʝʨʦʜ) 

436 

 
1.4  

ʄʝʱʘʶʪ: Fe, Bi, Mn, Co, Ni, Mn, Cr, U, ʉd, Pb, Zn, 

ʈɿʕ, ʛʠʧʦʩʫʣʴʬʠʪʳ, ʥʝʢʦʪʦʨʳʝ ʦʢʠʩʣʠʪʝʣʠ ʠ ʚʦʩ-

ʩʪʘʥʦʚʠʪʝʣʠ 

ɼʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪ 

ʩʚʠʥʮʘ [193, ʩ.278]  
1-2ʄHCl (ʭʣʦʨʦʬʦʨʤ)  1.3  

ʄʝʰʘʶʪ: Ag, Tl(III), Bi(III), Hg(II) ʠ ʚ ʦʧʨʝʜʝʣʝʥ-

ʥʳʭ ʫʩʣʦʚʠʷʭ ʈb 

ʂʫʧʨʦʠʥ [193, ʩ.279] 
4-7 (ʠʟʦʘʤʠʣʦʚʳʡ 

ʩʧʠʨʪ) 
546 0.64  

ʄʝʱʘʶʪ: Ti(III), Fe(II), ʮʠʘʥʠʜʳ, ʛʠʧʦʩʫʣʴʬʠʪʳ, 

ʦʢʩʘʣʘʪʳ, ʢʦʤʧʣʝʢʩʦʥ III  

ʅʝʦʢʫʧʨʦʠʥ [193, ʩ.280] 
3-10 (ʠʟʦʘʤʠʣʦʚʳʡ 

ʩʧʠʨʪ) 
454 0.79   

ɼʠʪʠʟʦʥ [193, ʩ.275] <1 550 4.5  ʄʝʰʘʶʪ: Pt, Pd, Au,Ag, Hg. 

1,5-ʜʠʬʝʥʠʣʢʘʨʙʘʟʦʥ 

[240, ʩ.32] 
6.5-8.0 542 0.25 0.04-5.0 ʄʝʱʘʶʪ: Al(III), Fe(II), Ni(II),  Hg(II) 

2-ʛʠʜʨʦʢʩʠʥʘʬʪʘʣʴʜʝʛʠʜ-

ʙʝʥʟʦʠʣʛʠʜʨʘʟʦʥ 

 [313, ʩ.206] 

(1.0-3.5)Ŀ10
-4  
ʄ H2SO4 

(pH 1.21-2.58) 
427 4.35 0.01-12 

ʄʝʱʘʶʪ:Al(III), Fe(II), Ni(II), Hg(II), Zr, V(V), 

Zn(II), Mo(VI), CH3COO
-
, 0/ , 3/ ,  F

-
 

4-(2-ʧʠʨʠʜʠʣʘʟʦ)ʨʝʟʦʨʮʠʥ 

[240, ʩ.34] 
1.5-6.0 540 2.7  

ʄʝʱʘʶʪ: Fe(II), Co(II), Ni(II), Zr(IV), V(V), Bi(III), 

Sn(IV) 

4-(2-ʧʠʨʠʜʠʣʘʟʦ)ʥʘʬʪʦʣ-2 

[240, ʩ.34] 
5.7 550 2.5  ʄʝʱʘʶʪ: Zn, Cd, Al, Ga, In, Tl, Sc, Pb, Zr, V, Bi, Cr  

ʈʫʙʝʘʥʘʚʦʜʦʨʦʜʥʘʷ ʢʠʩʣʦʪʘ 

[240, ʩ.110] 
4.5-5.5 (ʚʦʜʘ) 690 1.75  

ʅʝ ʤʝʰʘʶʪ: 400 ʨʘʪʥʳʭ ʢʦʣʠʯʝʩʪʚ Cd, 100-ʢʨʘʪ-

ʥʦʛʦ Fe, 1000- ʢʨʘʪʥʦʛʦ Al, Mg, Mn 

8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ [240, 

ʩ.39] 

2.5 ʄ HCl -ʨʅ 14 

(ʪʦʣʫʦʣ) 
448 0.95 3-30 Co, Ni, Cr, Zn, Mg, Mn, W, Fe(II), Fe(III) 

ɼʊɹʌ+ʤɸʥ 4.7-6.0 (ʭʣʦʨʦʬʦʨʤ) 540 3.93 0.3-19 ʉʤ. ʪʘʙʣ.7.2 

ɼʊɹʌ+ʜɸʥ 4.8-6.1 (ʭʣʦʨʦʬʦʨʤ) 545 4.25 0.3-20 ʉʤ. ʪʘʙʣ.7.2 

ɼʊɹʌ-ɼʌɻ 5.0-7.0 (ʭʣʦʨʦʬʦʨʤ) 490 4.62 0.3-18 ʉʤ. ʪʘʙʣ.7.2 

ɼʊɹʌ-ɸʌ3 6.0-7.2 (ʭʣʦʨʦʬʦʨʤ) 472 4.05 0.3-22 ʉʤ. ʪʘʙʣ.7.2 
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ʈʪʫʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʠ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ 

ʚʜrʝʣ̫ʝʪʩʷ ʠʟ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ. ʇʨʦʥʠʢʘʝʪ ʚ ʤʦʟʛ, ʥʘʨʫhʘʝʪ ʟʨʝʥʠʝ, ʚʢʫʩ ʠ 

ʦʩ̫ʟʘʥʠʝ, ʚʳʟʳʚʘʝʪ ʘʫʪʦʠʤʤʫʥʥʳʝ ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʯʝʣʦʚʝʢʘ. ʇʦʩʪʫʧʣʝʥʠʝ ʨʪʫʪʠ ʚ ʤʦʨʩʢʠʝ ʵʢʦʩʠʩʪʝʤʳ ʩʠʣʴʥʦ ʧʦʚʳʰʘ-

ʣʦʩʴ ʚ ʩʚʷʟʠ ʩ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ. ɻʣʘʚʥʤrʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʨʪʫʪʠ ʷʚʣʷʶʪʩʷ ʩʞʠʛʘʥʠʝ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʠ 

ʵʤʠʩʩʠʷ ʠʟ ʧʦʯʚ ʧʨʠ ʚʳʨʫʙʢʝ ʣʝʩʦʚ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʝ-

ʤʝʣʴ. ɻʝʦʭʠʤʠʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʨʪʫʪʠ - ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʤʠʛʨʘʮʠʷ ʚ ʛʘʟʦʦʙ-

ʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʘʢ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʪʘʢ ʠ ʚ ʘʪʤʦʩʬʝʨʝ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ 

ʚʦʜʥʳʝ ʙʘʩʩʝʡʥʳ ʠ ʚ ʠʭ ʜʦʥʥʳʝ ʦʩʘʜʢʠ ʨʪʫʪʴ ʧʦʩʪʫʧʘʝʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʘʪʤʦʩ-

ʬʝʨʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʚ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʘʭ, ʩʳʨʴʝ, ʚʦʜʝ, ʢʦʨʤʘʭ [149, ʩ.527]. 

  ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ. ɺ ʜʝʣʠʪʝʣʴʥʳʝ ʚʦʨʦʥʢʠ ʩ ʧʨʠ-

ʪʝʨʪʳʤʠ ʧʨʦʙʢʘʤʠ ʚ ʫʢʘʟʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʚʦʜʷʪ 0.1-1.0 ʤʣ, ʩ ʠʥʪʝʨ-

ʚʘʣʦʤ 0.1 ʤʣ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʨʪʫʪʠ, 2.0-2.4 ʤʣ 0.01ʄ ʨʘʩʪʚʦʨʘ ɼʌ ʠ 1.4-1.8 

ʤʣ 0.01ʄ ʨʘʩʪʚʦʨʘ ɸʤ. ʆʧʪʠʤʘʣʴʥʳʡ ʨʅ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʜʦʙʘʚʣʝʥʠʝʤ 2.0 ʤʣ 0.1 

ʄ ʨʘʩʪʚʦʨʘ HCl ʠʣʠ 5 ʤʣ ʘʮʝʪʘʪʥʦʛʦ ʙʫʬʝʨʘ. ʆʙʲʝʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʜʦʚʦʜʷʪ 

ʜʦ 5 ʤʣ ʭʣʦʨʦʬʦʨʤʦʤ, ʘ ʦʙʱʝʡ ʬʘʟʳ-ʜʦ 25 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʇʦʩʣʝ 

ʧʦʣʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ, ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ ʦʪʜʝʣʷʶʪ ʠ ʠʟʤʝʨʷʶʪ ʝʛʦ ʩʚʝʪʦʧʦʛ-

ʣʦɦʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʂʌʂ-2 ʧʨʠ 440 ʥʤ (l=0.5 ʩʤ). ɻʨʘʜʫ-

ʠʨʦʚʦʯʥʳʝ ʛʨʘʬʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ Hg(II) ʩ ɼʌ ʠ ɸʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.7.2. 

ʆʙʣʘʩʪʴ ʣʠʥʝʡʥʦʩʪʠ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʭʣʦʨʦʬʦʨʤʥʳʭ ʵʢʩʪʨʘʢ-

ʪʦʚ ʢʦʤʧʣʝʢʩʦʚ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ Hg(II) 0.5-16 ʤʢʛ/ʤʣ. 

ʋʨʘʚʥʝʥʠ ̫ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʠʥʜʠʢʘ-

ʮʠʠ ʩʠʛʥʘʣʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.7.5. ʇʆ ʠ ʇʂʆ ʨʪʫʪʠ ʚ ʚʠʜʝ ʠʦʥʥʳʭ ʘʩʩʦʮʠʘʪʦʚ 

ʨʘʩʩʯʠʪʚrʘʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ.  

ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʝʘʢʮʠʠ ʥʘʢʣʦʥ 

ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʨʝʜʠ ʈʃʂ Hg(II) ʤʝʪʦʜʳ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ [Hg(ɼʊʕʌ)2](ʜɸʥʅ)2,[Hg(ɼʊʇʌ)2](ʦ-ɸʤʈʫʅ)2, 
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[Hg(ɼʊʇʌ)2](ʤ-ɸʤʈʫʅ)2, [Hg(ɼʊɹʌ)2](ɸʥH)2, [Hg(ɼʊɹʌ)2](ʤɸʥH)2, [Hg(ɼʊɹʌ)2] 

(ʜɸʥH)2, [Hg(ɼʊɹʌ)2](ʦ-ɸʤʈʫʅ)2, [Hg (ɼʊɹʌ)2](ʧ-ɸʤʈʫʅ)2. ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ.  

 
ʈʠʩ.7.2. ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʢʩʪʨʘʢʪʦʚ ʈʃʂ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʪʫʪʠ 

ʘ) 1-Hg(II) -ɼʊʌ-ɸʥ, 2 - Hg(II) -ɼʊʄʌ -ɸʥ, 3- Hg(II) -ɼʊʕʌ-ɸʥ. 4- Hg(II) -ɼʊʇʌ-

ɸʥ, 5- Hg(II) -ɼʊɹʌ-ɸʥ 

ʙ)1 - Hg(II) -ɼʊɹʌ-ʦ-ɸʤʈʫ, 2 - Hg(II) -ɼʊɹʌ-ʤ-ɸʤʈʫ, 3- Hg(II) -ɼʊɹʌ -ʧ-ɸʤʈʫ  

CHg(II)=1.0Ĭ10
-6 
ʄ, Cɼʌ=(8.0-9.2)Ĭ10

-4
 M, Cɸʤ = (5.6-7.2)Ĭ10

-4
 M, ʂʌʂ-2, l = 0.5 ʩʤ 

ɺʣʠʷʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ. ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʪʫʪʠ ʚ ʚʠʜʝ ʠʟʫʯʝʥʥʳʭ ʈʃʂ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 7.6.  ɺʳʷʚʣʝʥʦ, ʯʪʦ 

ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʱʝʣʦʯʥʳʭ, ʱʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʈɿʕ ʥʝ ʤʝʰʘ-

ʶʪ ʦʧʨʝʜʝʣʝʥʠʶ ʨʪʫʪʠ. ʆʧʨʝʜʝʣʝʥʠʶ ʨʪʫʪʠ ʤʝhʘʁʪ ʮʠʪʨʘʪʳ ʠ ʪʘʨʪʨʘʪʳ, J
-
, 

CN
-
, SCN

-
, 3/ , ./  ʠ ʪʠʦʤʦʯʝʚʠʥʘ. ʄʝʰʘʁɦ ʝʝ ʚʣʠʷʥʠʝ Ti(IV), Nb(V), 

Ta(V), Mo(VI), W(VI) ʠ Fʝ(III) ʫʩʪʨʘʥʷʣʠ ʬʪʦʨʠʜʦʤ ʥʘʪʨʠʷ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ 

1%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʤʘʩʢʠʨʫʶʱʝʥʦ ʨʝʘʛʝʥʪʘ 

ʦʧʨʝʜʝʣʝʥʠʶ ʥʝ ʤʝʰʘʶʪ V(IV), Nb(V), Cr(VI), Mo(VI), Mn(VII ) ʠ Fe(III ). ʀʟ 

ʩʣʘʙʦʢʠʩʣʦʡ ʩʨʝʜʳ ʧʨʠ ʨʅ 4 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʥʘ III ʦʧʨʝʜʝʣʝʥʠʶ ʨʪʫʪʠ 

ʥʝ ʤʝʰʘʶʪ Cu, Pb, Zn, Bi ʠ Ni. ɸʥʠʦʥʳ, ʪʘʢʠʝ ʢʘʢ ʬʪʦʨʠʜ, ʙʨʦʤʠʜ, ʭʣʦʨʠʜ, ʥʠʪ-

ʨʘʪ, ʩʫʣʴʬʘʪ ʠ ʘʮʝʪʘʪ ʥʝ ʚʣʠʷʶʪ ʥʘ ʠʟʚʣʝʯʝʥʠʝ Hg(II), ʜʘʞʝ ʝʩʣʠ ʦʥʠ ʧʨʠʩʫʪʩʪ-

ʚʫʶʪ ʜʦ 5000 ʤʢʛ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʪʠʦʮʠʘʥʘʪʘ ʠ ʦʢʩʘʣʘʪʘ, ʠʟʚʣʝʯʝʥʠʝ Hg(II), ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʩʢʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʜʣʷ Fe(III), Nb(V) 

ʠ Ta(V) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 1.0 ʤʣ 0.2 % NaF. 
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ʊʘʙʣʠʮʘ 7.5 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʪʨʦʡʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Hg(II )-ɼʌ-ɸʤ (l=1ʩʤ) 

ʉʦʝʜʠʥʝʥʠʝ ʆʙʣʘʩʪʴ ʧʦʜ-

ʯʠʥʝʥʠʷ ʟʘʢʦʥʫ 

ɹʝʨʘ (ʤʢʛ/ʤʣ) 

A=aC+b ʇʆ 

 ʥʛ/ ʩʤ
3
 

ʇʂʆ 

 ʥʛ/ ʩʤ
3
 

ʏʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪ, 

ʥʛ/ ʩʤ
2
 

[Hg(ɼʊʌ)2](ɸʥH)2 0.5-13 0.019+0.0121x 13 43 7.10 

[Hg(ɼʊʌ)2](ʤɸʥH)2 0.5-13 0.016+0.0134x 12 39 6.56 

[Hg(ɼʊʌ)2](ʜɸʥH)2 0.5-13 0.023+0.0138x 11 36 6.28 

[Hg(ɼʊʌ)2](ʧ-Cl-ɸʥʅ)2 0.5-12.5 0.024+0.0112x 14 46 7.31 

[Hg(ɼʊʌ)2](ʧ-Br-ɸʥʅ)2 0.6-12.5 0.018+0.0115x 15 49 7.50 

[Hg(ɼʊʄʌ)2](ɸʥʅ)2 0.5-14 0.034+0.0116x 12 39 6.56 

[Hg(ɼʊʄʌ)2](ʤɸʥʅ)2 0.5-14 0.039+0.0121x 13 43 7.05 

[Hg(ɼʊʄʌ)2](ʧ-Cl-ɸʥʅ)2 0.6-13 0.035+0.0115x 13 43 6.81 

[Hg(ɼʊʄʌ)2](ʧ-Br-ɸʥʅ)2 0.5-12.5 0.027+0.0128x 14 46 7.10 

[Hg(ɼʊʕʌ)2](ɸʥʅ)2 0.5-14.5 0.021+0.0139x 12 39 6.40 

[Hg(ɼʊʕʌ)2](ʤɸʥʅ)2 0.5-14 0.018+0.0148x 11 36 6.20 

[Hg(ɼʊʕʌ)2](ʜɸʥʅ)2 0.4-14.5 0.031+0.0143x 10 33 5.74 

[Hg(ɼʊʇʌ)2](ɸʥʅ)2 0.4-15 0.039+0.0124x 11 36 6.20 

[Hg(ɼʊʇʌ)2](ʧ-Cl-ɸʥʅ)2 0.4-14 0.028+0.0122x 12 39 6.56 

[Hg(ɼʊʇʌ)2](ʦ-ɸʤʈʫʅ)2 0.4-16 0.037+0.0135x 10 33 5.91 

[Hg(ɼʊʇʌ)2](ʤ-ɸʤʈʫʅ)2 0.4-15 0.026+0.0148x 11 36 6.13 

[Hg(ɼʊɹʌ)2](ɸʥʅ)2 0.3-16 0.029+0.0154x 10 33 5.46 

[Hg(ɼʊɹʌ)2](ʤɸʥʅ)2 0.3-17 0.043+0.0144x 10 33 5.36 

[Hg(ɼʊɹʌ)2](ʜɸʥʅ)2 0.4-18 0.042+0.0148x 10 33 5.29 

[Hg(ɼʊɹʌ)2](ʦ-ɸʤʈʫʅ)2 0.3-17 0.033+0.0137x 10 29 5.95 

[Hg(ɼʊɹʌ)2](ʤ-ɸʤʈʫʅ)2 0.3-18 0.035+0.0125x 11 36 6.40 

[Hg(ɼʊɹʌ)2](ʧ-ɸʤʈʫʅ)2 0.4-18 0.022+0.0171x 10 34 5.18 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ Hg(II ) ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ 

ʠ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʠʥʦʚ. ɹʝʟʫʧʨʝʯʥʳʤ ʤʝʪʦʜʦʤ ʚ ʦʪʥʦhʝ-

ʥʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠ-

ʯʝʩʢʠʡ ʤʝʪʦʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʪʠʟʦʥʘ. ʇʝʨʝʜ ʦʧʨʝʜʝʣʝʥʠʝʤ ʨʪʫʪʠ ʦʪʜʝʣʷʶʪ 

ʤʝhʘʁʱʠʡ ʧʘʣʣʘʜʠʡ ʵʢʩʪʨʘʢʮʠʝʡ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʦʤ ʠʣʠ ʦʩʘʞʜʝʥʠʝʤ. Al, Sb, 

Ba, Bi, Cd, Ca, Cr, Co, Fe, Pb, Mg, Mn, Hg, Ni, Ag, Sn, Ti, U, Zn, Mo, Se, Te, V, In, 

Ga,W, Re  ʨʝʘʛʠʨʫʶʪ ʩ ʜʠʪʠʟʦʥʦʤ, ʦʙʨʘʟʫʷ ʢʦʤʧʣʝʢʩʳ ʦʙʳʯʥʦ ʚ ʚʠʜʝ ʥʝʨʘʩʪʚʦ-

ʨʠʤʳʭ ʦʩʘʜʢʦʚ, ʯʘʩʪʦ ʙʝʩʮʚʝʪʥʳʭ. ʉu
2+

 ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ.  

ʈʘʩʪʚʦʨ ʜʠʪʠʟʦʥʘʪʘ Hg(II)  ʚ CCl4 ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʜʝʡʩʪʚʠʶ ʩʚʝʪʘ (ʠʟʤʝʥʷʝʪ ʦʢ-

ʨʘʩʢʫ ʥʘ ʟʝʣʝʥʦʚʘʪʦ-ʛʦʣʫʙʫʶ). 

 ʈʪʫʪʴ(II)  ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʨʝʟʦʣʬʪʘʣʝʠʥʦʤ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ (ʨʅ 9.6-

10.3) [97, ʩ.120]. ʄʦʣʷʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʨʘʚʝʥ 5.26Ĭ10
3 
ʧʨʠ 583 

ʥʤ. ʈʘʩʪʚʦʨʳ ʧʦʜʯʠʥʷʶʪʩʷ ʦʩʥʦʚʥʦʤʫ ʟʘʢʦʥʫ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʩʦʜʝʨʞʘ-
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ʥʠʠ ʨʪʫʪʠ 0.1-4.0 ʤʢʛ/ ʤʣ. ʆʧʨʝʜʝʣʝʥʠʶ ʤʝʰʘʶʪ: CN
-
, I

-
, S

2-
, Cd

2+
, Cu

2+
, Mo

2+
, 

Ag
+
, Ni

2+
, Mn

2+
, Ni

2+
, Pb

2+
, Co

2+
. ɿʘʩʣʫʞʠʚʘʝʪ ʚʥʠʤʘʥʠʝ ʧʨʦʩʪʦʡ ʠ ʩʝʣʝʢʪʠʚʥʳʡ 

ʢʦʩʚʝʥʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ Hg(II)  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘ-

ʪʦʤ ʥʘʪʨʠʷ. ʨʅʦʧʪ 9.3-10.3. ʂʦʤʧʣʝʢʩ ʵʢʩʪʨʘʛʠʨʫʶʪ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʳʤ ʫʛʣʝʨʦ-

ʜʦʤ (Ů = 3.3Ĭ10
4
). 

ʊʘʙʣʠʮʘ 7.6 

ɼʦʧʫʩʪʠʤʳʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʪʫʪʠ(II) ʧʨʠ ʝʝ 

ʦʧʨʝʜʝʣʝʥʠʠ ʩ ɼʌ ʠ ɸʥ (ʚʚʝʜʝʥʦ 30 ʤʢʛ Hg(II )) 

ʀʦʥ 
ʄʦʣʴʥʳʡ ʠʟʙʳʪʦʢ 

ʠʦʥʘ 

ʄʘʩʢʠʨʫʶʱʝʝ 

ʚʝʱʝʩʪʚʦ 

ʅʘʡʜʝʥʦ Hg(II), ʤʢʛ (Sr) 

ɼʊʌ+ɸʥ ɼʊʄʌ+ɸʥ 

Co(II) 50  30.0 (0.02) 30.5 (0.03) 

Ni(II)  50 ʂʦʤʧʣʝʢʩʦʥ III  29.8 (0.02) 29.7 (0.02) 

Fe(II) 200 ʌʪʦʨʠʜ ʥʘʪʨʠʷ 29.8 (0.03) 29.8 (0.03) 

Cd(II)  80  29.6 (0.04) 29.6 (0.05) 

Al(III)  180  30.0 (0.02) 30.0 (0.02) 

Fe(III) 80 ʑʘʚʝʣʝʚʘ ̫ʢʠʩʣʦʪʘ 30.2 (0.04) 30.2 (0.04) 

Zn(II) 50 ʂʦʤʧʣʝʢʩʦʥ III  29.7 (0.04) 29.3 (0.05) 

Zr(IV)  50  29.8 (0.03) 30.3 (0.03) 

W(VI)  25 ʑʘʚʝʣʝʚʘ ̫ʢʠʩʣʦʪʘ 29.6 (0.05) 29.7 (0.05) 

Cu(II) 50 ʂʦʤʧʣʝʢʩʦʥ III  30.2 (0.05) 30.2 (0.05) 

Ti(IV) 30 ʊʘʡʨʦʥ 29.6 (0.03) 29,8 (0.03) 

V(IV) 20 ʊʘʡʨʦʥ 29.5(0.03) 29.6 (0.03) 

Mo(VI) 10 ʌʪʦʨʠʜ ʥʘʪʨʠʷ 30.4 (0.04) 30.5 (0.05) 

Cr(III)  20  29.8 (0.04) 29.6 (0.04) 

Nb(V)  50 ʌʪʦʨʠʜ ʥʘʪʨʠʷ 30.1 (0.05) 29.9 (0.03) 

Ta(V) 50 ʌʪʦʨʠʜ ʥʘʪʨʠʷ 30.1(0.05) 30.1 (0.05) 
+2

2UO  50  29.2(0.04) 29.2 (0.04) 

Pd(II) 13  29.8 (0.02) 29.6 (0.03) 

Pt(II) 23  29.8 (0.03) 29.6 (0.03) 

Mn(II)  1500  30.4 (0.04) 30.4 (0.04) 

ʊʠʦʤʦʯʝʚʠʥʘ 90  29.8 (0.04) 29.7 (0.04) 

ʎʠʪʨʘʪ 345  30.1 (0.05) 30.1 (0.05) 

ʊʘʨʪʨʘʪ 196  30.4 (0.04) 29.6 (0.03) 

ʆʢʩʘʣʘʪ 25  29.8 (0.04) 29.6 (0.03) 

ɺ ʪʘʙʣ.7.7 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʨʘʚʥʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʨʪʫʪʠ(II)  ʩ ʥʝʢʦʪʦʨʳʤʠ ʫʞʝ ʠʟʚʝʩʪʥʳʤʠ 

[97, ʩ.106, 110, 118-120.; 193, ʩ. 401; 276, ʩ.374-375]. ʉʨʘʚʥʝʥʠʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʩ ʰʠʨʦʢʦʧʨʠʤʝʥʷʝʤʳʤʠ, ʧʦʢʘ-

ʟʳʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ, ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʠ ʘ ʪʘʢʞʝ ʧʦ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ. 
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ʊʘʙʣʠʮʘ 7.7 

 ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʦʜʠʢ  ʦʧʨʝʜʝʣʝʥʠʷ Hg(II) 

ʈʝʘʛʝʥʪ 
pH 

(ʨʘʩʪʚʦʨʠʪʝʣʴ) 
l, ʥʤ eÖ10

-4 ʆʙʣʘʩʪʴ ʧʦʜʯʠʥʝʥʠʷ 

ʟʘʢʦʥʫ ɹʝʨʘ (ʤʢʛ/ʤʣ) 
ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ 

ʀʟʚʝʩʪʥʳʝ ʤʝʪʦʜʠʢʠ   

ɼʠʪʠʟʦʥ  

[97, ʩ.106: ʩ.193, 

ʩ.401; 276, ʩ.375] 

1-2 (CCl4) 485 3.84 0- 2 
ʄʝʰʘʶʪ: Pt

4+
 , Ag

+ 
, Co

2+
 , Cu

2+
  J

-
, S

2-
, Ὓὕ , Br-, 

CN
-
. SCN

-
 

ʅʝ ʤʝʰʘʶʪ: Fe(III) 200,  Zn(500)
 

ɼʠʵʪʠʪʜʠʪʠʦ-ʢʘʨʙʘ-

ʤʘʪ ʥʘʪʨʠʷ  

[97, ʩ.110; 276, ʩ.374] 

9.3-10.3(CCl4) 278 3.3  

Al , Sb, Ba, Bi, Cd, Ca, Cr, Co, Fe, Pb, Mg, Mn, Hg, Ni, 

Ag, Sn, Ti, U, Zn, Mo, Se, Te, V, In, Ga, W, Re 

ʨʝʘʛʠʨʫʶʪ ʩ ʜʠʪʠʟʦʥʦʤ, ʦʙʨʘʟʫʷ ʢʦʤʧʣʝʢʩʳ ʦʙʳʯʥʦ 

ʚ ʚʠʜʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʦʩʘʜʢʦʚ, ʯʘʩʪʦ ʙʝʩʮʚʝʪʥʳʭ. 

ʉu
2+

 ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ 

ʂʨʝʟʦʣʬʪʘʣʝʠʥ  

[97, ʩ.120] 
9.6-10.3 583 0.526 0.1-4.0 

ʄʝʰʘʶʪ: CN
-
, I

-
, S

2-
, Cd

2+
,Cu

2+
, Mo

2+
, Ag

+
, Ni

2+
, Mn

2+
, 

Ni
2+ 

, Pb
2+

, Co
2+

 

ʄʝʪʠʣʪʠʤʦʣʦʚʳʡ 

ʩʠʥʠʡ [97, ʩ.119] 
6.0 (ʚʦʜʘ) 630 0.101   

ɺʘʨʠʘʤʠʥʦʚʳʡ ʩʠʥʠʡ 

ɹ [97, ʩ.118] 
2.9 600 4.03  ʄʝʰʘʶʪ: Sb(III), Sn(II), Sn(IV)  

ʇʨʝʜʣʘʛʘʝʤʳʝ ʤʝʪʦʜʠʢʠ   

ɼʊʄʌ-ʤɸʥ 3.2-4.2(CʅCl3) 464 3.20 0.5-14 ʉʤ. ʪʘʙʣ.7.6 

ɼʊʕʌ-ʜɸʥʅ 3.4-4.2 

(CʅCl3) 
470 3.50 0.4-14 ʉʤ. ʪʘʙʣ.7.6 

ɼʊʇʌ-ʤ-ɸʤʈʫ 3.3-4.3(CʅCl3) 468 3.28 0.4-15 ʉʤ. ʪʘʙʣ.7.6 

ɼʊɹʌ-ʜɸʥʅ 3.4-4.4(CʅCl3)   470 3.80 0.4-18 ʉʤ. ʪʘʙʣ.7.6 

ɼʊɹʌ-ʧ-ɸʤʈʫ 3.6-4.5(CʅCl3) 475 3.88 0.4-18 ʉʤ. ʪʘʙʣ.7.6 
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7. 3.  ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʪʘʥʘ(IV)  

ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ. ɺ ʜʝʣʠʪʝʣʴʥʳʝ ʚʦʨʦʥʢʠ ʩ ʧʨʠ-

ʪʝʨʪʳʤʠ ʧʨʦʙʢʘʤʠ ʚ ʫʢʘʟʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʚʦʜʠʣʠ 0.1-1.0 ʤʣ, ʩ ʠʥ-

ʪʝʨʚʘʣʦʤ 0.1 ʤʣ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ Ti(IV) , 2.2-2.5 ʤʣ 0.01ʄ ʨʘʩʪʚʦʨʘ ɼʌ ʠ 1.2-

1.6 ʤʣ 0.01ʄ ɸʤ. ʆʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʅ ʩʦʟʜʘʚʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ 2 ʤʣ 0.1 ʄ 

ʨʘʩʪʚʦʨʘ HCl ʠʣʠ 5 ʤʣ ʘʮʝʪʘʪʥʦʛʦ ʙʫʬʝʨʘ. ʆʙʲʝʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʜʦʚʦʜʠʣʠ 

ʜʦ 5 ʤʣ ʭʣʦʨʦʬʦʨʤʦʤ, ʘ ʦʙʱʝʡ ʬʘʟʳ-ʜʦ 25 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʇʦʩʣʝ 

ʧʦʣʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ, ʦʨʛʘʥʠʯʝʩʢʫ  ʁʬʘʟʫ ʦʪʜʝʣʷʣʠ ʦʪ ʚʦʜʥʦʡ ʠ ʠʟʤʝʨ̫ʣʠ ʝʛʦ 

ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʂʌʂ-2 ʧʨʠ 440 ʥʤ (l=0.5 ʩʤ). 

ɻʨʘʜʫʠʨʦʚʦʯʥʳʝ ʛʨʘʬʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ Ti(IV) ʩ ɼʌ ʠ ɸʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 

7.3. ʕʢʩʪʨʘʢʪʳ ʈʃʂ ʧʦʜʯʠʥʷʶʪʩʷ ʦʩʥʦʚʥʦʤʫ ʟʘʢʦʥʫ ʩʚʝʪʦʧʦʛʣʦɦʝʥʠʷ ʧʨʠ ʩʦ-

ʜʝʨʞʘʥʠʠ ʪʠʪʘʥʘ 0.4-18 ʤʢʛ/ʩʤ
3
. ʆʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʪʘʥʘ ʚ ʦʪʩʫʪʩʪʚʠʠ ʤʝ-

ʰʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 3.8%. ʂʦɻʬʬʠʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠ̫ʭ ʧʨʷʤʳʭ 

ɸ=a+bx (x=ʉʄ) ʨʘʩʩʯʠʪʘʥʳ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ [111, ʩ.248].  

 

ʈʠʩ.7.3. ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʢʩʪʨʘʢʪʦʚ ʈʃʂ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʪʠʪʘʥʘ(IV) 

ʘ) 1-Ti(IV)-ɼʊʕʌ-ʜɸʥ, 2-Ti(IV)-ɼʊʕʌ-ɸʌ4, 3-Ti(IV)-ɼʊʕʌ-ɸʌ5. 4-Ti(IV) -

ɼʊʕʌ-ɸʌ6 

ʙ) 1-Ti(IV) -ɼʊʕʌ-ɸʌ1, 2-Ti(IV) -ɼʊʕʌ-ɸʌ3, 3-Ti(IV) -ɼʊʕʌ-ɸʌ4, 4-Ti(IV) -

ɼʊʕʌ-ɸʌ5 

CTi(IV)  =4.16Ā10
-5
 M, Cɼʊʕʌ = (0.88-1.00)Ĭ10

-3
 M, Cɸʤ=(4.8-0.5.6)Ĭ10

-4
 M, ʂʌʂ-2,    

 l = 0.5 ʩʤ 
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ʋʨʘʚʥʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.7.8. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʫʨʘʚʥʝʥʠʡ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʳʯʠʩʣʠʣʠ ʧʨʝʜʝʣ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʨʝʜʝʣ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʪʘʥʘ ʚ ʚʠʜʝ ʈʃʂ.  

ʊʘʙʣʠʮʘ 7.8 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʧʘʧʘʤʝʪʨʳ ʜʣʷ ʪʨʦʡʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ti(IV) -ɼʌ-ɸʤ 
ʉʦʝʜʠʥʝʥʠʝ ʆʙʣʘʩʪʴ ʧʦʜʯʠ-

ʥʝʥʠʷ ʟʘʢʦʥʫ 

ɹʝʨʘ (ʤʢʛ/ʤʣ) 

A=a+bʭ ʇʆ 

ʥʛ/ʩʤ
3
 

 ʇʂʆ 

ʥʛ/ʩʤ
3
 

ʏʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪ, 

ʥʛ/ ʩʤ
2
 

[ʊi(ʆʅ)2(ɼʊʌ)2](ɸʥʅ)2 0.6-12 0.025+0.0425x 16 52 2.20 

[ʊi(ʆʅ)2(ɼʊʌ)2](ʤɸʥʅ)2 0.6-12 0.028+0.0452x 16 52 2.07 

[ʊi(ʆʅ)2(ɼʊʌ)2](ɸʌ1ʅ)2 0.5-12 0.034+0.0492x 15 49 1.90 

[ʊi(ʆʅ)2(ɼʊʌ)2](ɸʌ2ʅ)2 0.5-12.5 0.033+0.0507x 15 49 1.84 

[ʊi(ʆʅ)2(ɼʊʄʌ)2](ɸʥʅ)2 0.5-12.5 0.028+0.0452x 16 53 2.07 

[ʊi(ʆʅ)2(ɼʊʄʌ)2](ʤɸʥʅ)2 0.5-12 0.025+0.0475x 15 48 1.99 

[ʊi(ʆʅ)2(ɼʊʄʌ)2](ɸʌ1ʅ)2 0.5-10 0.014+0.0479x 15 48 1.88 

[ʊi(ʆʅ)2(ɼʊʄʌ)2](ɸʌ2ʅ)2 0.5-11 0.016 + 0.0524x 15 46 1.83 

[ʊi(ʆʅ)2(ɼʊʄʌ)2](ɸʌ3ʅ)2 0.5-12 0.014 + 0.0556x 14 45 1.75 

[ʊi(ʆʅ)2(ɼʊʕʌ)2](ɸʥʅ)2 0.6-12 0.029+0.0451x 16 52 2.10 

[ʊi(ʆʅ)2(ɼʊʕʌ)2](ʜɸʥʅ)2 0.5-10 0.014 + 0.0526x 15 46 1.85 

[ʊi(ʆʅ)2(ɼʊʕʌ)2](ɸʌ4ʅ2) 0.5-12 0.025 + 0.0485x 15 48 1.95 

[ʊi(ʆʅ)2(ɼʊʕʌ)2](ɸʌ5ʅ2) 0.4-13 0.014 + 0.0556x 14 45 1.76 

[ʊi(ʆʅ)2(ɼʊʕʌ)2](ɸʌ6ʅ2) 0.4-14 0.014 + 0.0576x 13 42 1.69 

[ʊi(ʆH)2(ɼʊʇʌ)2](ɸʥʅ)2 0.5-13 0.018 + 0.0492x 15 48 1.92 

[ʊi(ʆH)2(ɼʊɹʌ)2](ʧ-Cl-ɸʥʅ)2 0.4-11.5 0.023+0.0443x 16 53 2.12 

[ʊi(ʆʅ)2(ɼʊɹʌ)2](ɸʥʅ)2 0.5-14 0.014 + 0.0526x 14 45 1.83 

[ʊi(ʆʅ)2(ɼʊɹʌ)2](ʤɸʥʅ)2 0.4-14 0.028+0.0542x 15 48 2.10 

[ʊi(ʆʅ)2(ɼʊɹʌ)2](ʜɸʥʅ)2 0.4-15 0.034+0.0556x 12 39 1.68 

[ʊi(ʆʅ)2(ɼʊɹʌ)2](ɼʌɻʅ)2 0.6-12 0.013+0.0447x 16 53 2.18 

[ʊi(ʆʅ)2(ɼʊɹʌ)2](ʊʌɻʅ)2 0.6-11 0.024+0.0416x 16 53 2.26 

[ʊi(ʆʅ)2(ɼʊɹʌ)2](ʈʫʅ)2 0.5-13 0.039+0.0531x 14 45 1.74 

[ʊi(ʆʅ)2(ɼʊɹʌ)2](ɹʘʅ)2 0.4-15 0.038+0.0572x 13 42 1.63 

[ʊi(ʆʅ)2(ɼʊɹʌ)](ɼɸʄ)] 0.5-13 0.023 + 0.0487x 15 48 1.93 

[ʊi(ʆʅ)2(ɼʊɹʌ)(ɼɸʇʄ)] 0.5-13 0.022 + 0.0486x 16 52 2.04 

[ʊi(ʆʅ)2(ɼʊɹʌ)(ɼɸʌʄ)] 0.5-13 0.029+0.0443x 16 53 2.12 

[ʊi(ʆʅ)2(ɼʊɹʌ)2](ɸʌ1ʅ)2 0.4-16 0.043+0.0617x 12 39 1.52 

[ʊi(ʆʅ)2(ɼʊɹʌ)2](ɸʌ3ʅ)2 0.4-17 0.045+0.0625x 11 35 1.44 

[ʊi(ʆʅ)2(ɼʊɹʌ)2](ɸʌ4ʅ2) 0.4-16 0.033+0.0557x 16 53 2.06 

[ʊi(ʆʅ)2(ɼʊɹʌ)2](ɸʌ5ʅ2) 0.4-16 0.035+0.0585x 12 39 1.58 

[ʊi(ʆʅ)2(ɼʊɹʌ)2](ɸʌ6ʅ2) 0.4-17 0.054+0.0626x 11 36 1.47 

[ʊi(ʆʅ)2(ɼʊɹʌ)2](ɸʌ10ʅ)2 0.3-17.5 0.052+0.0688x 11 36 1.36 

[ʊi(ʆʅ)2(ɼʊɹʌ)2](ɸʌ12ʅ)2 0.3-18 0.045+0.0665x 11 36 1.40 

ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʝʘʢʮʠʠ ʥʘʢʣʦʥ 

ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ, ʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʨʝʜʠ ʈʃʂ Ti(IV) ʥʘʠʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ [ʊi(ʆʅ)2(ɼʊʄʌ)2](ɸʌ3ʅ)2, [ʊi(ʆʅ)2 

(ɼʊʕʌ)2](ɸʌ5ʅ2), [ʊi(ʆʅ)2(ɼʊʕʌ)2](ɸʌ6ʅ2), [ʊi(ʆʅ)2(ɼʊɹʌ)2](ɸʥʅ)2, [ʊi(ʆʅ)2 
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(ɼʊɹʌ)2](ʜɸʥʅ)2, [ʊi(ʆʅ)2(ɼʊɹʌ)2](ɼʌɻʅ)2, [ʊi(ʆʅ)2(ɼʊɹʌ)2](ɸʌ1ʅ), [ʊi(ʆʅ)2 

(ɼʊɹʌ)2](ɸʌ3ʅ)2, ʊi(ʆʅ)2(ɼʊɹʌ)2](ɸʌ5ʅ2), [ʊi(ʆʅ)2(ɼʊɹʌ)2](ɸʌ6ʅ2), [ʊi(ʆʅ)2-

(ɼʊɹʌ)2](ɸʌ10ʅ)2, [ʊi(ʆʅ)2 (ɼʊɹʌ)2] (ɸʌ13ʅ)2. 

ɺʣʠʷʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ. ʀʟʫʯʝʥʦ ʤʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ 

ʠʦʥʦʚ ʢ ʦʧʨʝʜʝʣʝʥʠʶ Ti(IV). ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʪʠʪʘʥʘ ʚ ʚʠʜʝ ʠʟʫʯʝʥʥʳʭ ʈʃʂ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ.7.9.  

ʊʘʙʣʠʮʘ 7.9 

ɼʦʧʫʩʪʠʤʳʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʧʦ ʦʪʥʦʱʝʥʠʶ ʢ ʪʠʪʘʥʘ (IV) ʧʨʠ 

ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʠ ʚ ʚʠʜʝ ʈʃʂ ʩ ɼʌ ʠ ɸʤ (ʚʟʷʪʦ 50.0 ʤʢʛ ʊi(IV)). 

 ʀʦʥ  ʄʦʣʴʥʳʡ 

ʠʟʙʳʪʦʢ ʠʦʥʘ  

ʄʘʩʢʠʨʫʶʰʝʝ 

ʚʝʱʝʩʪʚʦ 

ʅʘʡʜʝʥʦ  Ti, ʤʢʛ (Sr) 

ɼʊʄʌ+ɸʥ ɼʊɹʌ+ɸʥ ɼʊɹʌ+ɹʘ 

Co(II) 220  50.0 (0.03) 50.0 (0.03) 49.5 (0.03) 

Ni(II)  220  50.2 (0.03) 49.5 (0.03) 49.4 (0.05) 

Al(III)  220  49.8 (0.04) 50.6 (0.04) 50.6 (0.04) 

Fe(II) 80  49.6 (0.04) 49.6 (0.04) 49.7 (0.04) 

Bi(III)  200  49.7 (0.03) 50.2 (0.05) 50.3 (0.06) 

Mn(II)  40 NH4SCN  50.5 (0.05) 50.4 (0.03) 49.6 (0.04) 

Hg(II)  25  49.7 (0.03) 50.0 (0.04) 50.0 (0.04) 

Pb(II) 23 Na2S2O3 50.2 (0.05) 50.3 (0.05) 49.8 (0.06) 

Ag(I)  ʊʠʦʤʦʯʝʚʠʥʘ 50.3 (0.05) 49.8 (0.06) 49.4 (0.05) 

Fe(III) 80 Na3PO4 50.2 (0.04) 50.2 (0.05) 50.2 (0.05) 

Cd(II) 210 ʊʠʦʤʦʯʝʚʠʥʘ 50.2 (0.03) 49.7 (0.04) 49.7 (0.03) 

Zr(IV) 65 Na3PO4 50.5 (0.05) 50.4 (0.05) 50.4 (0.05) 

Zn(II) 70  50.3 (0.05) 49.4 (0.04) 49.4 (0.05) 

Cu(II) 80 ʊʠʦʤʦʯʝʚʠʥʘ 50.8 (0.05) 50.8 (0.04) 49.8 (0.04) 

V(IV)  80 KCN 49.6 (0.05) 49.6 (0.05) 50.4 (0.03) 

W(VI)  15 Na3PO4 50.3 (0.04) 49.7 (0.06) 49.8 (0.06) 

Mo(VI)  15 Na3PO4 50.3 (0.05) 50.3 (0.04) 50.5 (0.05) 

Cr(III)  350  50.2 (0.02) 50.3 (0.04) 50.5 (0.03) 

Nb(V) 75  50.2 (0.06) 49.3 (0.06) 49.3 (0.03) 

Ta(V) 75 - 50.2 (0.05) 50.2 (0.05) 50.3 (0.04) 

ʉʘʣʠʮʠʣʦʚʘʷ 

ʢʠʩʣʦʪʘ 

55  49.5(0.05) 49.3 (0.05) 50.5 (0.04) 

ʤʦʯʝʚʠʥʘ 60  50.4(0.04) 49.4(0.05) 50.3(0.04) 

ʪʠʦʤʦʯʝʚʠʥʘ 1000  49.5(0.03) 49.5(0.04) 49.5(0.05) 

ʃʠʤʦʥʥʘʷ 

ʢʠʩʣʦʪʘ 

30  49.8(0.04) 49.8(0.05) 50.4(0.03) 

ʕɼʊɸ 500  49.8(0.05) 50.5(0.06) 50.3(0.05) 

ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 

50  50.2(0.02) 50.2(0.03) 49.4(0.06) 

ʆʢʩʘʣʘʪ 500  50.2(0.06) 49.4(0.06) 49.4(0.06) 

ʆʨʪʦʬʦʩʬʘʪ 500  49.7(0.04) 49.8(0.03) 49.7(0.04) 

ʊʠʦʮʠʘʥʘʪ 500  49.8(0.04) 49.5(0.05) 49.5(0.03) 

ʀʦʜʠʜ 550  50.5(0.02) 50.4(0.03) 50.4(0.03) 

ʌʪʦʨʠʜ 160  50.3(0.05) 49.6(0.04) 50.0(0.03) 
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ɺʳʚ̫ʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʱʝʣʦʯʥʳʭ, ʱʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ, ʈɿʕ, CI
-
, Br

-
,  , 2

4

2

3

-- SOSO ʥʝ ʤʝʰʘʶʪ ʦʧʨʝʜʝʣʝʥʠʶ ʪʠʪʘʥʘ. ʅʝ ʤʝʰʘʶʪ ʪʘʢ-

ʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʪʘʨʪʨʘʪ- ʠ ʤʦʣʠʙʜʘʪ-ʠʦʥʦʚ. ʄʝʱʘʶʪ ʬʪʦʨʠʜ-, 

ʥʠʪʨʠʪ-, ʥʠʪʨʘʪ-, ʦʢʩʘʣʘʪ- ʠ ʮʠʪʨʘʪ ʠʦʥʳ. ʌʪʦʨʠʜ- ʠ ʦʢʩʘʣʘʪ ʠʦʥʳ ʩʚʷʟʳʚʘʶʪ 

ʪʠʪʘʥ ʚ ʧʨʦʯʥʳʡ ʢʦʤʧʣʝʢʩ. ʄʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ Cu(II) ʫʩʪʨʘʥʷʣʠ ʪʠʦʤʦʯʝʚʠ-

ʥʦʡ, Fʝ(III) - ʪʠʦʛʣʠʢʦʣʝʚʦʡ ʢʠʩʣʦʪʦʡ, V(IV) - ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʘ Mo(VI) 

ʠ Nb(V) - ʦʨʪʦʬʦʩʬʘʪ ʠʦʥʦʤ. ɹʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ Fe(III) ʤʦʞʥʦ ʤʘʩʢʠʨʦʚʘʪʴ 

ʦʨʪʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʦʡ. H3PO4 ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʨʘʩʢʠ 

ʢʦʤʧʣʝʢʩʦʚ ʪʠʪʘʥʘ ʚʩʣʝʜʩʪʚʠʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʥʠʤ. Zr(IV) ʥʝ ʦʙʨʘʟʫʝʪ 

ʦʢʨʘʰʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ɼʌ, ʦʜʥʘʢʦ ʚ ʝʛʦ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʘʝʪ-

ʩʷ ʩʚʝʪʦʧʦʛʣʦɦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʪʠʪʘʥʘ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ Ti(IV ) ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ 

ʠ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʠʥʦʚ. ɺ ʪʘʙʣ.7.10 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʩʨʘʚʥʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ 

Ti(IV) ʩ ʫʞʝ ʠʟʚʝʩʪʥʳʤʠ [34, ʩ.20; 71, ʩ.141-144; 193, ʩ.499-501; 503, ʩ.15; 508, 

ʩ.171] ʤʝʪʦʜʠʢʘʤʠ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ Ti(IV) ʭʨʦʤʦʪʨʦʧʦʚʦʡ ʢʠʩʣʦʪʦʡ ʥʝʦʙʭʦ-

ʜʠʤʦ ʪʦʯʥʦ ʩʦʙʣʶʜʘʪʴ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʜʣʷ ʤʝʪʦʜʘ ʟʥʘʯʝʥʠʝ ʨʅ ʩʨʝʜʳ. ʅʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʜʣʷ ʦʢʨʘʰʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠʤʝʥʷʶʪ ʬʦʨʤʠʘʪʥʫʶ ʠʣʠ ʘʮʝʪʘʪʥʫʶ ʙʫ-

ʬʝʨʥʳʝ ʩʤʝʩʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ-

ʤʝʥʷʪʴ ʚʩʝʛʜʘ ʦʜʠʥʘʢʦʚʳʡ ʠ ʜʦʩʪʘʪʘʯʥʦ ʙʦʣʴʰʦʡ ʠʟʙʳʪʦʢ ʭʨʦʤʦʪʨʦʧʦʚʦʡ ʢʠʩ-

ʣʦʪʳ. ʄʝʰʘʶʪ ʦʧʨʝʜʝʣʝʥʠʶ ʪʠʪʘʥʘ Fe(III), V(IV), Zr(IV), Mo(VI). ʅʝʜʦʩʪʘʪʢʦʤ 

ʭʨʦʤʦʪʨʦʧʦʚʦʡ ʢʠʩʣʦʪʳ ʢʘʢ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʝʘʛʝʥʪʘ ʷʚʣʷʝʪʩʷ ʧʦʪʝʤʥʝʥʠʝ 

ʝʝ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʭʨʘʥʝʥʠʠ ʚʩʣʝʜʩʪʚʠʝ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʧʦʣʦʞʝʥʠ-

ʭ̫ 2 ʠ 7. 

2,7-ɼʠʭʣʦʨʭʨʦʤʦʪʨʦʧʦʚʘʷ ʢʠʩʣʦʪʘ ʫʩʪʦʡʯʠʚʘ ʢ ʦʢʠʩʣʝʥʠʶ, ʝʝ ʚʦʜʥʳʝ ʨʘʩʪ-

ʚʦʨʳ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʠ ʥʝ ʪʝʤʥʝʶʪ ʧʨʠ ʭʨʘʥʝʥʠʠ. ʈʝʘʢʮʠʷ ʵʪʦʛʦ ʨʝʘʛʝʥʪʘ ʩ ʪʠ-

ʪʘʥʦʤ ʧʨʦʪʝʢʘʝʪ ʚ ʙʦʣʝʝ ʢʠʩʣʦʡ ʩʨʝʜʝ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ ʥʝ ʦʯʝʥʴ ʚʳ-

ʩʦʢʘ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʙʫʪʠʣʘʤʠʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ ʩ ʪʘʡʨʦʥʦʤ ʠ 

ʭʨʦʤʦʪʨʦʧʦʚʦʡ ʢʠʩʣʦʪʦʡ ʧʦʚʳʰʘʝʪʩʷ [193, ʩ.499].  
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ʊʘʙʣʠʮʘ 7.10 
ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʪʘʥʘ(IV) 

ʈʝʘʛʝʥʪ    pH 
ʈʘʩʪʚʦ- 

ʨʠʪʝʣʴ 
l,  

ʥʤ 
eĬ10

-4 

ɼʠʘʧʘʟʦʥ ʦʧʨʝ-

ʜʝʣʷʝʤʦʛʦ ʩʦ-

ʜʝʨʞʘʥʠʷ 
(ʤʢʛ/ʤʣ) 

ʆʪʥʦ-

ʰʝʥʠʝ 

ʄ:R:ɸm 

 

ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ 

ɼʠʘʥʪʠʧʠʨʠʣʤʝʪʘʥ [71, ʩ.144] 
0.4-4 ʥ 

HCl 
ɺʦʜʘ 380 1.8 0.01-1.0 

 

1:3 

ʅʝ ʤʝʰʘʶʪ: Mg, Al, Zn, Cd, Mn, Cu, Zr, ʈɿʕ, 

Mo, Nb, Ta, V(IV). ʀʦʥʳ Fe(III), V(V) ʚʦʩʩʪʘ-

ʥʘʚʣʠʚʘʶʪ ʛʠʜʨʦʢʩʠʣʘʤʠʥʦʤ 

ɼʠʘʥʪʠʧʠʨʠʣʤʝʪʘʥ + 

ʨʦʜʘʥʠʜ [193, ʩ.501] 

2-3 ʥ 

HCl 
ʍʣʦʨʦʬʦʨʤ 420 6.0  

 

1:1:4 

ʄʝʰʘʶʪ: Fe(III), Cu, Co, Mo, W, Nb, Zn, Cd, Sn, 

Zr. ʌʪʦʨʠʜʳ, ʬʦʩʬʘʪʳ ʠ ʢʦʤʧʣʝʢʩʦʥʘʪʳ (ʜʦ 10 

ʤʛ) ʥʝ ʚʣʠʷʶʪ ʥʘ ʵʢʩʪʨʘʢʮʠʶ ʪʠʪʘʥʘ 

ʊʘʡʨʦʥ [228, ʩ.219] 4.3 ï9.6  410 1.0 0.3 ï 3.0  ʄʝʰʘʶʪ: Fe(III), V(IV), Zr(IV), Mo(VI) , Cr(VI) 

ʍʨʦʤʦʪʨʦʧʦʚʘʷ ʢʠʩʣʦʪʘ 

 [71, ʩ.141; 193, ʩ.499] 
3.5 ɺʦʜʘ 470 1.2 0.1-4.0 

1:2 ʄʝʰʘʶʪ:Fe(III), V(IV), Zr(IV), Mo(VI) , U(VI); 

ʥʠʪʨʠʪ-, ʥʠʪʨʘʪ-, ʬʪʦʨʠʜ- ʠ ʦʢʩʘʣʘʪ-ʠʦʥʳ 

Nô-(2-ʛʠʜʨʦʢʩʠʙʝʥʟʠʣʠʜʝʥ)-3-

ʦʢʩʦʙʫʪʘʥʝʛʠʜʨʘʟʠʜ [503, ʩ.15] 
2.0 

ɼʠʤʝʪʠʣ-

ʬʦʨʤʘʤʠʜ 
500 1.68  1.757 ï 17.57 

1:2 ʄʝʰʘʶʪ: Mn(II), Cu(II),  Mo(VI), W (VI)  

ɼʠʭʣʦʨʭʨʦʤʦʪʨʦʧʦʚʘʷ ʢʠʩʣʦʪʘ 

 [71, ʩ.142] 
1.5-2.0  490 1.12 0.1-5.0 

 ʄʝʰʘʶʪ: Fe(III), V(V), Cr(VI), Mo, W. ʀʟ ʘʥʠ-

ʦʥʦʚ ʤʝʰʘʶʪ ʬʪʦʨʠʜ-, ʪʘʨʪʨʘʪ ʠ ʬʦʩʬʘʪ- ʠʦʥʳ 

ʊʘʡʨʦʥ+ʪʨʠʙʫʪʠʣʘʤʠʥ  

[228, ʩ.219 ] 
4.0-5.5 ʍʣʦʨʦʬʦʨʤ 380 1.8 - 

1:3:5 ʄʝʰʘʶʪ: Fe(III), V(IV), Zr(IV), Mo(VI) , Cr(VI) 

ʍʨʦʤʦʪʨʦʧʦʚʘʷ ʢʠʩʣʦʪʘ + ʪʨʠ-

ʙʫʪʠʣʘʤʠʥ [228, ʩ.218] 
4.5-5.0 ʍʣʦʨʦʬʦʨʤ 425 2.7 - 

 

1:2:4 

ʄʝʰʘʶʪ: Fe(III), V(IV), Zr(IV), Mo(VI) , Cr(VI) 

 

3,4-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴ-

ʜʝʛʠʜʠʟʦʥʠʢʦʪʠʥʦʠʣʛʠʜʨʘʟʦʥ 

 [508, ʩ.171]  

3.5  370 1.48 0.5-4.25 

 

     1:2 

Mg(II) (2500), Ba(II) (2300), Mn(II) 2000, Fe(III ) 

1500, Ni(II )  1200 Cu(II) 20, ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

5000, ʨʦʜʘʥʠʜ 3500, ʕɼʊɸ 3000, ʪʠʦʤʦʯʝʚʠʥʘ 1600, 

ʠʦʜʠʜ 1050, ʪʘʨʪʨʘʪ 950, ʦʢʩʘʣʘʪ 500 ʬʦʩʬʘʪ 500 

2,3,4-ʪʨʠʛʠʜʨʦʢʩʠ-4'-ʬʪʦʨʘʟʦ-

ʙʝʥʟʦʣ+1,10-ʬʝʥʘʥʪʨʦʣʠʥ 

[34, ʩ.20] 

4.0  433  0.05ð1.92 

 

1:2:1 

 

ɼʊʄʌ-ɸʌ3 3.7-5.3 ʍʣʦʨʦʬʦʨʤ 435 2.74 0.5-12 1:2:2 ʉʤ. ʪʘʙʣ. 7. 9 

ɼʊɹʌ + ɸʥ 3.3-4.8 ʍʣʦʨʦʬʦʨʤ 432 2.62 0.5-14 1:2:2 ʉʤ. ʪʘʙʣ. 7. 9 

ɼʊɹʌ+ʤɸʥ 3.4-5.0 ʍʣʦʨʦʬʦʨʤ 435 2.73 0.4-14 1:2:2 ʉʤ. ʪʘʙʣ. 7. 9 
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ʇʦ ʦʩʥʦʚʥʳʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʥʘʤʠ ʤʝʪʦʜʠʢʠ ʧʨʝʚʦʩʭʦʜʷʪ ʩʫʱʝʩʪʚʫʶʱʠʝ. ʀʟʫʯʝʥʥʝr ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩ-

ʢʠʝ ʧʘʨʘʤʝʪʨ rʈʃʂ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʘʥʥʳʭ ʨʝʘʛʝʥ-

ʪʦʚ ʜʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʪʘʥʘ ʚ ʨʘʟʥʳʭ ʦʙʲʝʢʪʘʭ.  

7.4. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʘʥʘʜʠʷ(II , IV ) 

 ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ. ɺ ʛʨʘʜʫʠʨʦʚʘʥʥʳʝ ʧʨʦʙʠʨʢʠ ʩ 

ʧʨʠʪʝʨʪʳʤʠ ʧʨʦʙʢʘʤʠ ʚʚʦʜʠʣʠ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ 1-100 ʤʢʛ V(II ,IV). ʂ ʥʠʤ 

ʧʨʠʣʠʚʘʣʠ 2.5-3.0 ʤʣ 0.01 ʄ ʨʘʩʪʚʦʨʘ ɼʌ ʠ 1.5-2.0 ʤʣ 0.01 ʄ ʨʘʩʪʚʦʨʘ ɸʤ (ʦʙʲ-

ʝʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʩʦʩʪʘʚʣʷʝʪ 5 ʤʣ). ʅʝʦʙʭʦʜʠʤʦʝ ʟʥʘʯʝʥʠʝ pH ʫʩʪʘʥʘʚʣʠ-

ʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ʘʮʝʪʘʪʥʦʛʦ ʙʫʬʝʨʘ. ʆʙʲʝʤ ʚʦʜʥʦʡ ʬʘʟʳ ʜʦʚʦʜʠʣʠ ʜʦ 20 ʤʣ ʜʠʩ-

ʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʏʝʨʝʟ 10 ʤʠʥ. ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʨʘʩʩʣʘʠʚʘʥʠʷ ʬʘʟ ʦʨʛʘʥʠ-

ʯʝʩʢʫʶ ʬʘʟʫ ʦʪʜʝʣʷʣʠ ʦʪ ʚʦʜʥʦʡ ʠ ʠʟʤʝʨʷʣʠ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʵʢʩʪʨʘʢʪʦʚ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʂʌʂ-2 (l = 0.5 ʩʤ). ɻʨʘʜʫʠʨʦʚʦʯʥʳʝ ʛʨʘʬʠʢʠ ʦʧ-

ʨʝʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ ʩ ɼʌ ʠ ɸʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.7.4. ʇʨʷʤʦʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ V(II ,IV) ʜʣʷ ʭʣʦʨʦʬʦʨʤ-

ʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ɼʌ ʠ ɸʤ ʩʦʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥʫ ɹʝʨʘ ʧʨʠ ʩʦʜʝʨ-

ʞʘʥʠʠ 0.2-18 ʤʢʛ/ʤʣ. ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʨʝʘʢʮʠʠ ʥʘʢʣʦʥ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ, ʪʦ ʢʦʤʧʣʝʢʩʳ [Vʆ(ɼʊʄʌ) (ʌʝʥ)], 

[Vʆ(ɼʊʄʌ)2](ɸʌ4), [Vʆ(ɼʊʄʌ)2](ɸʌ10ʅ)2, [Vʆ(ɼʊʕʌ)(ɹʌʝʥ)], [Vʆ(ɼʊɹʌ)2] 

(ɸʌ1ʅ)2, [Vʆ(ɼʊɹʌ)2]ɸʌ2ʅ)2, [Vʆ(ɼʊɹʌ)2]ɸʌ3ʅ)2, [Vʆ(ɼʊɹʌ2)](ɸʌ4ʅ2),  

[Vʆ(ɼʊɹʌ)2]ɸʌ5ʅ2),  [VO(ɼʊɹʌ)2](ɸʌ7ʅ)2,  [Vʆ(ɼʊɹʌ)2](ɸʌ8ʅ)2  ʧʦ ʯʫʚʩ-

ʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʝʚʦʩʭʦʜʷʪ ʦʩʪʘʣʴʥʳʭ. 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ ʙʳʣʠ ʦʙ-

ʨʘʙʦʪʘʥʳ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ [111, ʩ.250]. ʋʨʘʚʥʝʥʠʝ ʛʨʘʜʫʠʨʦ-

ʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.7.11. ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ ʛʨʘʜʫʠʨʦʚʦʯ-

ʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʳʯʠʩʣʷʣʠ ʧʨʝʜʝʣ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ (ʇʨʆ) ʠ 

ʧʨʝʜʝʣ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ (ʇʨʂʆ) ʚʘʥʘʜʠʷ (II ,IV) ʚ ʚʠʜʝ ʈʃʂ.  

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʘʥʘʜʠʷ 

(IV)  ʩ ɼʊɹʌ ʠ ɸʌ3. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ 
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ʈʠʩ.7.4.  ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʢʩʪʨʘʢʪʦʚ ʈʃʂ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʘʥʘʜʠʷ 

a)1-V(II) -ɼʊʌ-ɸʥ, 2-V(II) -ɼʊʄʌ-Aʌ3, 3- V(II) -ɼʊʄʌ-ɸʌ4, 4-V(II) -ɼʊɹʌ-ʌʝʥ. 

ʙ)1-V(IV) -ɼʊɹʌ-ɹʘ, 2-V(IV) -ɼʊɹʌ-ʊɹɸ, 3-V(IV) -ɼʊɹʌ-ɼʌɻ, 4-V(IV) -ɼʊɹʌ-

ʊʌɻ 

CV(II, IV) =3.92Ĭ10
-5
 M, Cɼʌ=(1.0-1.2)Ĭ10

-3
 M, Cɸʤ=(0.6-0.8)Ĭ10

-3
M, ʂʌʂ-2, l=0.5 ʩʤ 

ʊʘʙʣʠʮʘ 7.11 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʪʨʦʡʥʳʭ ʢʦʤʧʣʝʢʩʦʚ V(II, IV) -ɼʌ-ɸʤ 
ʉʦʝʜʠʥʝʥʠʝ ʆʙʣʘʩʪʴ ʧʦʜʯʠʥʝ-

ʥʠʷ ʟʘʢʦʥʫ ɹʝʨʘ 

(ʤʢʛ/ʤʣ) 

ʋʨʘʚʥʝʥʠʝ 

ʛʨʘʜʫʠʨʦʚʦʯ-

ʥʳʭ ʛʨʘʬʠʢʦʚ 

ʇʨʆ 

ʥʛ/ ʩʤ
3
 

ʇʂʆ 

 ʥʛ/ ʩʤ
3
 

 ʏʫʚʩʪʚʠ- 

ʪʝʣʴʥʦʩʪʴ,  

ʥʛ/ ʩʤ
2
 

1 2 3 4 5 6 

[V(ɼʊʌ)2](ɸʥH)2 0. 5-15 0.030+0.0470x 13 42 2.04 

[V(ɼʊʄʌ)2](ɸʌ3H)2 0.5-16 0.023+0.0537x 12 39 1.78 

[V(ɼʊʄʌ)2](ɸʌ4H2) 0.5-16 0.025+0.0505x 12 39 1.86 

[V(ɼʊɹʌ)(ʌʝʥ)2] 0.4-18 0.043+0.0327x 14 45 2.77 

[V(ɼʊɹʌ)(ɹʬʝʥ)2] 0.5-16 0.027+0.0493x 13 43 1.91 

[V(ɼʊɹʌ)2](ɸʥH)2 0.5-16 0.032+0.0548x 12 39 1.73 

[V(ɼʊɹʌ)2](ɸʌ3H)2 0.5-17 0.024+0.0616x 11 35 1.56 

[V(ɼʊɹʌ)2](ɸʌ9H)2 0.5-16 0.022+0.0579x 12 36 1.64 

[Vʆ(ɼʊʌ)2](ʧ-ʊʦʣʅ)2 0.5-16 0.035+0.0565x  11 35 1.67 

[Vʆ(ɼʊʌ)(ʌʝʥ)] 0.8-14 0.045+0.0563x 11 35 1.63 

[Vʆ(ɼʊʌ)(ɼʠʧ)] 0.8-14 0.043+0.0527x 12 39 1.73 

[Vʆ(ɼʊʌ)](ɸʥH)2 0.5-15 0.054+0.0416x 13 42 2.13 

[Vʆ(ɼʊʄʌ)2](o-ʊʦʣH)2 0.5-16 0.032+0.0598x  11 35 1.59 

[Vʆ(ɼʊʄʌ)2](ʤ-ʊʦʣʅ)2 0.4-17 0.035+0.0635x  10 34 1.49 

[Vʆ(ɼʊʄʌ)2](ʧ-ʊʦʣʅ)2 0.4-18 0.032+0.0701x  10 34 1.36 

[Vʆ(ɼʊʄʌ)2](ɸʥʅ)2 0.4-16 0.027+0.0463x 13 42 2.04 

[Vʆ(ɼʊʄʌ)(ʌʝʥ)] 0.5-14 0.045+0.0702x 10 34 1.41 

[Vʆ(ɼʊʄʌ)2](ɸʌ4ʅ2) 0.4-16 0.049+0.0761x 9 31 1.22 

[Vʆ(ɼʊʄʌ)2](ɸʌ10ʅ)2 0.2-16 0.052+0.0780x 9 31 1.17 

[Vʆ(ɼʊʕʌ)2](ɸʥH)2 0.2-18 0.042+0.0476x 11 35 1.91 

[Vʆ(ɼʊʕʌ)(ɹʬʝʥ)] 0.4-16 0.051+0.0717x 11 35 1.73 

[Vʆ(ɼʊʕʌ)(ɼʠʧ)] 0.2-16 0.049+0.0651x 9 31 1.30 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 7.11 

1 2 3 4 5 6 

[Vʆ(ɼʊʕʌ)(ʦ-ɸʤʈʫ)] 0.2-16 0.039+0.0561x 11 35 1.67 

[Vʆ(ɼʊʇʌ)2](ɸʥʅ)2 0.5-16 0.046+0.0494x 11 35 1.85 

[Vʆ(ɼʊʇʌ)2](ʤɸʥʅ)2 0.5-16 0.038+0.0522x 11 35 1.79 

[Vʆ(ɼʊɹʌ)2](ɹɸʅ)2 0.4-18 0.053+0.0577x 10 33 1.58 

[Vʆ(ɼʊɹʌ)2](ʊɹɸʅ)2 0.2-18 0.027+0.0564x 10 34 1.69 

[Vʆ(ɼʊɹʌ)2](ɼʌɻʅ)2 0.2-18 0.036+0.0502x 11 35 1.86 

[Vʆ(ɼʊɹʌ)2](ʊʌɻʅ)2 0.4-16 0.028+0.0472x 12 39 1.99 

[Vʆ(ɼʊɹʌ)2](ɸʥʅ)2 0.2-16 0.043+0.0512x 11 35 1.77 

[Vʆ(ɼʊɹʌ)2](ʜɸʥʅ)2 0.2-18 0.025+0.0554x 11 35 1.73 

[Vʆ(ɼʊɹʌ)(ɸʥʪ)2] 0.4-16 0.039+0.0354x 14 45 2.61 

[Vʆ(ɼʊɹʌ)(ɼɸʄ)] 0.2-16 0.045+0.0452x 13 42 2.07 

[Vʆ(ɼʊɹʌ)(ɼɸʇʄ)] 0.2-16 0.049+0.0418x 13 42 2.13 

[Vʆ(ɼʊɹʌ)(ɼɸɻʄ)] 0.2-18 0.021+0.0532x 11 36 1.80 

[Vʆ(ɼʊɹʌ)(ɼɸʌʄ)] 0.2-18 0.025+0.0416x 14 45 2.26 

[Vʆ(ɼʊɹʌ)2](ɸʌ1ʅ)2 0.5-16 0.065+0.0758x 8 27 1.21 

[Vʆ(ɼʊɹʌ)2](ɸʌ2ʅ)2 0.2-18 0.057+0.0718x 9 31 1.29 

[Vʆ(ɼʊɹʌ)2](ɸʌ3ʅ)2 0.2-18 0.038+0.0804ʭ 8 27 1.18 

[Vʆ(ɼʊɹʌ2)](ɸʌ4ʅ2) 0.4-16 0.065+0.0682x 9 33 1.33 

[Vʆ(ɼʊɹʌ)2](ɸʌ5ʅ2) 0.2-16 0.063+0.0706x 9 33 1.30 

[VO(ɼʊɹʌ)2](ɸʌ7ʅ)2 0.4-16 0.023+0.0668x 9 35 1.44 

[Vʆ(ɼʊɹʌ)2](ɸʌ8ʅ)2 0.5-16 0.041+0.0800x 8 27 1.18 

[Vʆ(ɼʊɹʌ)2](ɸʌ11ʅ)2 0.5-15 0.025+0.0655x 10 34 1.45 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʚʘʥʘʜʠʷ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʨʘʟʨʘ-

ʙʦʪʘʥ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ. ʄʝʪʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ 

ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʵʢʩʪʨʘʢʮʠʠ ʢʦʤʧʣʝʢʩʘ [VO(ɼʊɹʌ)2](ɸʌ3ʅ)2. ʉʫʱʥʦʩʪʴ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʦʧ-

ʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʠʟʚʝʩʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʝʜʝʣʷ-

ʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʚʠʜʝ ʦʢʨʘʰʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʪʝʤʠ ʞʝ ʨʝʘʢʪʠ-

ʚʘʤʠ, ʯʪʦ ʠ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʩʪʚʦʨʝ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ V(IV) ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʩ ɼʊɹʌ ʠ ɸʌ3 ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʩʧʦʣʴ-

ʟʦʚʘʥ ʭʣʦʨʦʬʦʨʤʥʳʡ ʵʢʩʪʨʘʢʪ ʩʦʝʜʠʥʝʥʠʷ [VO(ɼʊɹʌ)2](ɸʌ3ʅ)2, ʧʦʣʫʯʝʥʥʦʛʦ 

ʧʦ ʧʨʦʧʠʩʠ ʦʧʨʝʜʝʣʝʥʠʷ V(IV)  ʦʙʳʯʥʳʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ʉʭ 

> ʉʩʨ). ʇʨʦʧʠʩʴ ʦʧʨʝʜʝʣʝʥʠʷ V(IV)  ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ ʙʳʣʘ ʪʘʢʘʷ ʞʝ, ʢʘʢ ʧʨʠ ʦʙʳʯʥʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʤ ʦʧʨʝʜʝʣʝ-

ʥʠʠ. ɻʨʘʜʫʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʦʧʨʝʜʝʣʝʥʠʷ V(IV) ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʧʝʢʪʨʦʬʦ-

ʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.7.5. ʂʘʢ ʚʠʜʥʦ, ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʷʪʴ 18-32 ʤʢʛ V(IV)  ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ. 
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ʈʠʩ.7.5. ɻʨʘʜʫʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʦʧʨʝʜʝʣʝʥʠʷ V(IV) ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʧʝʢ-

ʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ɼʊɹʌ ʠ ɸʌ3 

CV(IV)  = 3.92Ĭ10
-5
 M, Cɼʊɹʌ = ˞̱ ˡ= 8.0Ĭ10

-4
 M, ʂʌʂ-2, l = 0.5 ʩʤ 

ɺʣʠʷʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ. ɹʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʱʝʣʦʯʥʳʭ, ʱʝʣʦʯʥʦ-

ʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʈɿʕ ʥʝ ʤʝʰʘʶʪ ʦʧʨʝʜʝʣʝʥʠʶ ʚʘʥʘʜʠʷ. ʄʝʰʘʶʱʝʝ ʚʣʠ-

ʷʥʠʝ Fe(III) ʫʩʪʨʘʥʷʣʠ ʪʠʦʛʣʠʢʦʣʝʚʦʡ ʢʠʩʣʦʪʦʡ; Cu(II ), Cr(VI) ʠ Mn(VII ) -ʪʠ-

ʦʤʦʯʝʚʠʥʦʡ; Ti(IV) - ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ, Zr(IV), Nb(V) ʠ Ta(V)-ʬʪʦʨʠʜ-

ʠʦʥʘʤʠ. ʆʜʥʘʢʦ ʵʪʠ ʵʣʝʤʝʥʪʳ ʦʙʨʘʟʫʶʪ ʢʦʤʧʣʝʢʩʳ ʚ ʙʦʣʝʝ ʢʠʩʣʦʡ ʩʨʝʜʝ. ʃ -ʁ

ʙʳʝ ʢʦʣʠʯʝʩʪʚʘ ʠʦʥʦʚ Fe(III) ʥʝ ʤʝʰʘʶʪ, ʝʩʣʠ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʤʘʩʢʠʨʦ-

ʚʘʪʴ ʪʠʦʛʣʠʢʦʣʝʚʦʡ ʢʠʩʣʦʪʦʡ. ʄʝʰʘʁʱʝʝ ʚʣʠʷʥʠʝ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ Fe(III) 

ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ ʜʦʙʘʚʣʝʥʠʝʤ H3PO4. ʇʨʠʩʫʪʩʪʚʠʝ ʜʝʩʷʪʠʢʨʘʪʥʳʭ ʢʦʣʠʯʝʩʪʚ 

Fe(III) ʟʘʚʳhʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʥʘ 10%. ɺʣʠʷʥʠʝ Mo, Co, Nb, Al, Zr  ʫʩʪʨʘʥ̫ʣʠ 

ʮʠʪʨʘʪʦʤ ʥʘʪʨʠʷ. ɺʣʠʷʥʠʝ ʤʝʜʠ ʫʩʪʨʘʥʷʶʪ ʪʠʦʤʦʯʝʚʠʥʦʡ.  ʀʦʥʳ V(II) ʦʙʨʘʟʫ-

ʶʪ ʩ ɼʌ ʠ ɸʌ ʢʦʤʧʣʝʢʩʳ ʚ ʙʦʣʝʝ ʢʠʩʣʦʡ ʩʨʝʜʝ, ʯʝʤ V(IV). ʇʦʵʪʦʤʫ ʚʦʟʤʦʞʥʦ 

ʦʧʨʝʜʝʣʝʥʠʝ V(IV) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ V(II) ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ 

pH ʩʨʝʜʳ. ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ ʧʨʠ ʧʦ-

ʤʦʱʠ ɼʌ ʠ ɸʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ.7.12. ʀʟʤʝʨʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠ 

670 ʥʤ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʝʪ ʚʣʠʷʥʠʝ Nb(V), W(VI) , Ti(IV)  ʠ Bi(III), ʦʙʨʘʟʫ-

ʶʱʠʭ ʞʝʣʪʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ɼʌ.  Fe(III) ʠ Mo(VI)  ʤʘʩʢʠʨʫʶʪ ʪʠʦʛʣʠʢʦʣʝʚʦʡ 

ʢʠʩʣʦʪʦʡ, W(VI)  - ʪʘʨʪʨʘʪ ʠʦʥʦʤ, Ti(IV) ʠ Zr(IV)  - ʬʪʦʨʠʜ ʠʦʥʦʤ. Co(II) ʠ Ni(II) 

ʩ ɼʌ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ ʠ ʜʘʞʝ ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʵʪʠʭ ʠʦʥʦʚ ʥʝ ʤʝʰʘʶʪ ʦʧʨʝʜʝʣʝʥʠʶ V(IV) ʩ ɼʌ ʠ ʘʤʠʥʘʤʠ. ʇʨʠʩʫʪʩʪʚʠʝ ʠʦʥʦʚ 
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F
-
, Cl

-
, NO3

-
, SO4

2-
 ʠ PO4

3-
, ʘ ʪʘʢʞʝ ʚʠʥʥʘʷ, ʣʠʤʦʥʥʘʷ ʠ ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʳ ʥʝ 

ʤʝhʘʶʪ ʦʧʨʝʜʝʣʝʥʠʶ ʚʘʥʘʜʠʷ.  

ʊʘʙʣʠʮʘ 7.12 

ɼʦʧʫʩʪʠʤʳʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʧʦ ʦʪʥʦʱʝʥʠʶ ʢ ʚʘʥʘʜʠ(ʁIV) ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʝʛʦ ʚ ʚʠʜʝ ʈʃʂ ʩ ɼʌ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʜʠʘʤʠʥʘʤʠ  (ʚʚʝʜʝʥʦ 

30.0 ʤʢʛ V(IV)) 

ʀʦʥ ʄʦʣʴʥʳʡ 

ʠʟʙʳʪʦʢ ʠʦʥʘ 

ʄʘʩʢʠʨʫʶ ʝhʝ 

ʚʢʱʝʩʪʚʦ 

ʅʘʡʜʝʥʦ V(IV), ʤʢʛ (Sr) 

ɼʊʕʌ+ʌʝʥ ɼʊʕʌ+ɹʬʝʥ ɼʊʕʌ+ɼʠʧ 

Co(II) 120  30.0(0.05) 29.8(0.04) 29.8(0.04) 

Ni(II)  120  30.5(0.03) 29.5(0.04) 29.6(0.04) 

Al(III)  100  29.8(0.04) 30.6(0.06) 29.8(0.04) 

Fe(II) 45  30.6(0.04) 30.2(0.04) 29.6(0.04) 

Fe(III) 50 Na2HPO4 30.2(0.04) 30.2(0.03) 30.2(0.04) 

Cd(II) 65  30.4(0.03) 30.5(0.04) 29.8(0.04) 

Zr(IV)  75 NaF 29.5(0.05) 30.4(0.06) 29.6(0.04) 

Zn(II) 15  30.0(0.03) 29.8(0.04) 29.8(0.04) 

Cu(II) 25 SC(NH2)2 30.2(0.04) 29.5(0.04) 29.6(0.04) 

Hg(II) 10  29.5(0.05) 30.4(0.06) 29.8(0.04) 

Ag(I) 20  29.8(0.04) 29.8(0.04) 29.6(0.04) 

Ti(IV)  30 ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 

29.6(0.04) 29.5(0.04) 29.8(0.04) 

Bi(III)  130  29.6(0.04) 30.6(0.06) 29.6(0.04) 

W(VI)  15  30.2(0.04) 30.2(0.04) 29.8(0.04) 

Mo(VI)  15  30.2(0.03) 30.2(0.03) 29.6(0.04) 

Cr(III)  80  29.3(0.05) 30.5(0.04) 29.8(0.04) 

Nb(V) 45 NaF 30.4(0.06) 30.4(0.06) 30.4(0.06) 

Ta(V) 45 NaF 29.6(0.05) 29.6(0.05) 29,6(0.05) 

Pt(II) 50  30.0(0.03) 30.0(0.03) 30.0(0.03) 

Pd(II) 50 Na3PO4 30.2(0.03) 30.2(0.03) 30.2(0.03) 

Mn(II)  14  29.6(0.04) 30.0(0.03) 30.6(0.06) 
+2

2UO  60  CH3COO
- 29.8(0.04) 29.8(0.04) 29.8(0.04) 

ʊʝʪʨʘʙʦʨʘʪ 1100  30.3(0.04) 30.2(0.05) 30.4(0.04) 

ʌʦʩʬʘʪ 650  30.5(0.05) 30.3(0.03) 30.5(0.05) 

ʍʣʦʨʠʜ 370  30.0(0.03) 29.0(0.04) 30.0(0.03) 

ʊʘʨʪʨʘʪ 800  30.2(0.03) 30.2(0.03) 30.2(0.03) 

ʀʦʜʠʜ 530  29.8(0.04) 29.8(0.04) 29.8(0.04) 

ʄʦʯʝʚʠʥʘ 450  29.6(0.04) 29.8(0.03) 29.6(0.04) 

ʊʠʦʮʠʘʥʘʪ 600  30.2(0.04) 30.2(0.04) 30.2(0.04) 

ɹʨʦʤʠʜ 170  30.2(0.03) 30.6(0.06) 30.2(0.03) 

ʆʢʩʘʣʘʪ 180  30.5(0.05) 30.4(0.06) 30.5(0.05) 

ʌʪʦʨʠʜ 240  30.0(0.03) 29.5(0.04) 30.0(0.03) 

MnO4
- 

100  30.2(0.03) 30.2(0.03) 30.2(0.03) 

Cr2O7
2- 

80 KSCN 30.5(0.05) 30.5(0.05) 30.5(0.05) 

ʉʫʣʴʬʦʩʘʣʠʮʠʣʦʚʘʷ 

ʢʠʩʣʦʪʘ 

200  29.6(0.05) 29.6(0.05) 29.6(0.05) 

ʊʠʦʤʦʯʝʚʠʥʘ 350  29.8(0.04) 29.8(0.04) 29.8(0.04) 

ʃʠʤʦʥʥʘʷ ʢʠʩʣʦʪʘ 450  30.2(0.05) 29.6(0.05) 30.2(0.02) 

ʊʠʦʛʣʠʢʦʣʝʚʘʷ 

ʢʠʩʣʦʪʘ 

310  29.3(0.04) 30.0(0.03) 30.3(0.06) 
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ʑʘʚʝʣʝʚʘʷ ʢʠʩʣʦʪʘ ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʨʫʰʘʝʪ ʩʦʝʜʠʥʝʥʠʝ ʚʘʥʘʜʠʷ ʩ ɼʌ ʠ 

ɸʤ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʨʘʩʪʚʦʨʝ ʪʘʢʠʭ ʘʢʪʠʚʥʳʭ ʤʘʩ-

ʢʠʨʫʁʱʠʭ ʘʛʝʥʪʦʚ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʭʦʨʦʰʝʡ ʠʵʙʠʨʘʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʘʥʘʜʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ V(IV)  ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ 

ʠ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʠʥʦʚ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʣʝ-

ʣʝʥʠʷ V(IV) ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʰʠʨʦʢʦʧʨʠʤʝʥʷʝʤʳʤʠ ʤʝʪʦʜʠʢʘʤʠ. ɺ ʧʨʘʢʪʠʢʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʠʣ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ 

ʞʝʣʪʦʡ ʬʦʩʬʦʨʥʦʚʦʣʴʬʨʘʤʦʚʦʡ ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪʳ ʩ ʤʘʢʩʠʤʫʤʦʤ ʩʚʝʪʦʧʦʛʣʦ-

ʱʝʥʠʷ ʧʨʠ 400 ʥʤ. ʆʧʨʝʜʝʣʝʥʠʶ ʚʘʥʘʜʠʷ ʤʝʰʘʶʪ ʫʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠ-

ʯʝʩʪʚʘ Co(II), Ni(II), Cu(II), Cr(III), Fe(II); ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ Ti(IV), Bi(III), 

Zr(IV), Sn(IV), ʘ ʪʘʢʞʝ ʚʝʱʝʩʪʚʘ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʬʦʩʬʦʨʥʦʚʦʣʴʬʨʘʤʦʚʫʶ 

ʢʠʩʣʦʪʫ. ʄʝʪʦʜʠʢʘ ʪʨʫʜʦʝʤʢʘ, ʪʨʝʙʫʝʪ ʥʝʦʜʥʦʢʨʘʪʥʦʛʦ ʥʘʛʨʝʚʘʥʠʷ ʠ ʦʭʣʘʞʜʝ-

ʥʠʷ ʨʘʩʪʚʦʨʘ. ɻʣʘʚʥʳʤ ʞʝ ʥʝʜʦʩʪʘʪʢʦʤ ʫʢʘʟʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴ (ὑ=1400). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʟʷʪʠʷ ʙʦʣʴʰʠʭ ʥʘʚʝʩʦʢ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʣʠʥʷʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʘʥʘ-

ʣʠʟʘ ʠ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʨʝʘʢʪʠʚʦʚ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʩʝʙʝʩʪʦ-

ʠʤʦʩʪʠ ʘʥʘʣʠʟʘ.  

ʇʠʨʦʢʘʪʝʭʠʥʥʦ-ʘʥʠʣʠʥʦʚʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʳʤ, ʥʦ ʤʘʣʦʯʫʚʩ-

ʪʚʠʪʝʣʝʥ. ʆʧʨʝʜʝʣʝʥʠʝ ʚʘʥʘʜʠʷ ʵʪʠʤ ʤʝʪʦʜʦʤ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʚ ʧʨʠʩʫʪʩʪ-

ʚʠʠ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʦʢʨʘʰʝʥʥʳʭ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʨʦ-

ʜʘʥʠʜ-ʜʠʬʝʥʠʣʛʫʘʥʠʜʠʥʦʚʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʪʨʝʙʫʝʪ ʤʥʦʛʦ ʚʨʝʤʝ-

ʥʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʥʘʤʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ 

ʦʧʨʝʜʝʣʝʥʠʷ V(IV)  ʩ ɼʌ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ɸʤ ʩʚʦʙʦʜʥʳ ʦʪ ʫʧʦʤʷʥʫʪʳʭ ʥʝʜʦʩ-

ʪʘʪʢʦʚ. ʄʝʪʦʜʳ ʜʦʩʪʘʪʦʯʥʦ ʠʟʙʠʨʘʪʝʣʴʥʳ, ʯʫʚʩʪʚʠʪʝʣʴʥʳ, ʦʪʣʠʯʘʶʪʩʷ ʵʢʩʧʨʝʩ-

ʩʥʦʩʪʴʶ ʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʜʘʞʝ ʤʘʣʳʝ ʢʦʣʠʯʝʩʪʚʘ ʚʘʥʘʜʠʷ ʠ ʧʦʣʫʯʘʪʴ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ ʪʘʙʣ.7.13. ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ, ʧʦʟʚʦʣ̫-

ʶʱʠʝ ʩʨʘʚʥʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ  ʩ 

ʥʝʢʦʪʦʨʳʤʠ ʫʞʝ ʠʟʚʝʩʪʥʳʤʠ [193, ʩ.142; 200, ʩ.76-77; 455, ʩ.286] ʤʝʪʦʜʠʢʘʤʠ.  
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ʊʘʙʣʠʮʘ 7.13 
ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʦʜʠʢ  ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ (IV,V)  

ʈʝʘʛʝʥʪ 
ʉʨʝʜʘ 

(ʨʘʩʪʚʦʨʠʪʝʣʴ) 
l, 

ʥʤ 
eÖ10

-4 
ʆʙʣʘʩʪʴ ʧʦʜʯʠʥʝ-

ʥʠʷ ʟʘʢʦʥʫ ɹʝʨʘ 

(ʤʢʛ/ʤʣ) 

ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ 

ʉʫʣʴʬʦʥʠʪʨʘʟʦ [200, ʩ.98] 2.3 522 2,06  ʅʝ ʤʝʰʘʶʪ:  Ti(IV), Bʘ, Sr, Ca 

H3PO4+NaWO4 [200, ʩ.76] 
0.25ʄ H2SO4 

(ʚʦʜʘ) 
400 0.14 - 

ʄʝʰʘʶʪ: .(, K
+
, Ti(IV), Bi(III), Zr(IV), Sb(V), 

Mo(VI)  

8-ʄʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 

 [193, ʩ.146] 

4.0 ï 5.5 (ʭʣʦʨʦ-

ʬʦʨʤ, ʪʦʣʫʦʣ) 
412 0.30 0.5-1.5 

ʄʝʰʘʶʪ: Pb, Zn, Bi, Sb, Sn, Pt, Cu, Pd ʠ Mn 

ʜʦʣʞʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʜʝʣʝʥʳ 

8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ  

[193, ʩ.142] 

3.0 ï 5.0 

(ʭʣʦʨʦʬʦʨʤ) 
550 3.00 - 

ʄʝʰʘʶʪ: Al, Co, Ni, Mo,W, Ti, U, Bi 

2,4-ʜʠʥʠʪʨʦ ʬʝʥʠʣʛʠʜʨʘʟʠʥ + 

N-(1-ʥʘʬʪʘʣʝʥʝ-1-ʠʣ)ʵʪʘʥ-1,2-

ʜʠʘʤʠʥʜʠʛʠʜʨʦʭʣʦʨʠʜ 

[455, ʩ.286] 

8.0 495 2.22  0.02 ï 8.0 

ʅʝ ʤʝʰʘʶʪ Na
+
, Mg

2+
,Cl
ï
, NO3 

ï
, F
ï
, CHCOO

ï
, 

CO3
2ï

,  K
+
, Hg

2+,
 Ca

2+
, BO3-, NO3

-
, SO4

2-
, PO4

-
 , 

ʮʠʪʨʘʪ, ʦʢʩʘʣʘʪ, ʪʘʨʪʨʘʪ (3600;  P2O7
4-

, SeO3
2-

, 

SbO7
2-

 (2500); Al
3+,

 Cd
2+,

 Ba
2+,

 Ni
2+,

 Co
2+,

 Te
4+

, 

Zn
2+

 600 Cu
2+

, Ce
4+

, Fe
3+

, Cr
3+

, Sn
2+

, Pb
2+

, W
6+

, 

Mo
6+ 

 (64)  

ɼʊʄʌ-ɸʌ4 
4.3-5.2 

(ʭʣʦʨʦʬʦʨʤ) 
630 4.15 0.4-16 

ʉʤ. ʪʘʙʣ.7.12 

ɼʊʕʌ-ɹʌʝʥ 
6.8-7.5 

(ʭʣʦʨʦʬʦʨʤ) 
615 3.84 0.4-16 

ʉʤ. ʪʘʙʣ.7.12 

ɼʊɹʌ+ɸʌ2 
3.8 ï 4.8 

(ʭʣʦʨʦʬʦʨʤ) 
630 3.95 0.2-18 

ʉʤ. ʪʘʙʣ.7.12 

ɼʊɹʌ-ɸʌ8 
4.5-5.8 

(ʭʣʦʨʦʬʦʨʤ) 
617 4.32 0.5-16 

ʉʤ. ʪʘʙʣ.7.12 
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7.5. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʥʠʦʙʠʷ(V) ʠ ʪʘʥʪʘʣʘ(V) 

ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ. ɺ ʛʨʘʜʫʠʨʦʚʘʥʥʳʝ ʧʨʦʙʠʨʢʠ ʩ 

ʧʨʠʪʝʨʪʳʤʠ ʧʨʦʙʢʘʤʠ ʚʚʦʜʠʣʠ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ 1-100 ʤʢʛ Nb(V) ʠʣʠ  

Ta(V). ʂ ʥʠʤ ʧʨʠʣʠʚʘʣʠ 2.2-2.8 ʤʣ 0.01 ʄ ʨʘʩʪʚʦʨʘ ɼʌ ʠ 1.8-2.2 ʤʣ 0.01 ʄ 

ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ (ʦʙʲʝʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʩʦʩʪʘʚʣʷʝʪ 5 ʤʣ). ʅʝ-

ʦʙʭʦʜʠʤʦʝ ʟʥʘʯʝʥʠʝ pH ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ 1 ʄ HCl. ʆʙʲʝʤ ʦʙʱʝʡ ʬʘ-

ʟʳ ʜʦʚʦʜʠʣʠ ʜʦ 20 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʏʝʨʝʟ 10 ʤʠʥ. ʦʨʛʘʥʠʯʝʩʢʫʶ 

ʬʘʟʫ ʦʪʜʝʣʷʣʠ ʦʪ ʚʦʜʥʦʡ ʠ ʠʟʤʝʨʷʣʠ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʵʢʩʪʨʘʢʪʦʚ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ 20 1
ʦ
ʉ ʥʘ ʂʌʂ-2 ʧʨʠ 490 ʥʤ (l= 0.5 ʩʤ). ɻʨʘʜʫʠʨʦʚʦʯʥʳʝ ʛʨʘʬʠʢʠ ʦʧ-

ʨʝʜʝʣʝʥʠʷ Nb(V)  ʠ Ta(V) ʩ ɼʌ ʠ ɸʤ  ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.7.6. 

 

ʈʠʩ.7.6. ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʢʩʪʨʘʢʪʦʚ ʈʃʂ ʄ(V)-ɼʌ-ɸʥ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʦʙʠʷ(V) ʠ ʪʘʥʪʘʣʘ(V) 

ʘ) 1-Nb(V)-ɼʊʌ-ɸʥ, 2-Nb(V)-ɼʊʄʌ-ɸʥ, 3-Nb(V)-ɼʊʕʌ-ɸʥ, 4- Nb(V)-ɼʊʇʌ-

ɸʥ. 5- Nb(V)-ɼʊɹʌ -ɸʥ. 

ʙ) 1-Ta(V)-ɼʊʌ-ɸʥ, 2-Ta(V)-ɼʊʄʌ-ɸʥ, 3-Ta(V)-ɼʊʕʌ-ɸʥ, 4-Ta(V)-ɼʊʇʌ-ɸʥ. 

5- Ta(V)-ɼʊɹʌ -ɸʥ. 

CNb(V) = 2.15Ĭ10
-5
 M, CTa(V) = 1.09Ĭ10

-5
 M, Cɼʌ = Cɸʤ = (7.2-8.0)Ĭ10

-4
 M, ʂʌʂ-2, 

l = 1 ʩʤ 

ʉʦʙʣʶʜʝʥʠʝ ʟʘʢʦʥʘ ɹʝʨʘ ʜʣʷ ʭʣʦʨʦʬʦʨʤʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙ-

ʣʶʜʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʄ(V) 0.3-20 ʤʢʛ/ʤʣ. 

ʂʘʢ ʚʠʜʥʦ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʝ-

ʘʢʮʠʠ ʥʘʢʣʦʥ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ, ʪʦ ʩʨʝʜʠ ʜʠʪʠʦʬʝʥʦʣʷʪʥʦ-ʘʤʠʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Nb(V) ʠ Ta(V) ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ 

[Nb(OH)3(ɼʊʄʌ)2]ɸʌ1ʅ)2, [Nb(OH)3(ɼʊʄʌ)2](ɸʌ2ʅ)2, ,[Nb(OH)3(ɼʊʄʌ)2](ɸʌ3ʅ)2, 



 
 

238 
 

[Nb(OH)3(ɼʊʕʌ)2](ɸʌ2ʅ)2, [Nb(OH)3(ɼʊʕʌ)2](ɸʌ3ʅ)2, [Nb(OH)3(ɼʊʇʌ)2](ɸʥʅ)2, 

[Nb(OH)3(ɼʊʇʌ)2](ʤɸʥʅ)2, [Nb(OH)3(ɼʊɹʌ)2](ɸʥʅ)2, [Nb(OH)3(ɼʊɹʌ)2](ʤɸʥʅ)2, 

[Nb(OH)3(ɼʊɹʌ)2](ʜɸʥʅ)2, [Nb(OH)3(ɼʊɹʌ)2(ʦ-ɸʤʈʫʅ)2,[Ta(ʆʅ)3(ɼʊʄʌ)2](ɼʌɻʅ)2, 

Ta(ʆʅ)3(ɼʊʄʌ)2](ʊʌɻʅ)2, [Ta(ʆʅ)3(ɼʊʕʌ)2](ɼʌɻʅ)2 [Ta(ʆʅ)3(ɼʊʇʌ)2](ɼʌɻʅ)2, 

[Ta(ʆʅ)3(ɼʊɹʌ)2](ʜɸʥʅ)2 ʠ [Ta(ʆʅ)3(ɼʊɹʌ)2](o-ɸʤʈʫʅ)2 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ ʙʳʣʠ ʦʙ-

ʨʘʙʦʪʘʥʳ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ [111, ʩ.248]. ʋʨʘʚʥʝʥʠ ̫ʛʨʘʜʫʠʨʦʚʦʯ-

ʥʳʭ ʛʨʘʬʠʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.7.14. ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ 

ʛʨʘʬʠʢʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠ ʇʨʆ ʠ ʇʨʂʆ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ ʚ ʚʠʜʝ ʈʃʂ.  

ʊʘʙʣʠʮʘ 7.14 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʪʨʦʡʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ta(V)-ɼʌ-ɸʤ 

ʉʦʝʜʠʥʝʥʠʝ 

ʏʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʴ 

ʧʦ ʉʝʥʜʝ-

ʣʫ, ʥʛ/ ʩʤ
2
) 

ʆʙʣʘʩʪʴ ʧʦʜ-

ʯʠʥʝʥʠʷ ʟʘ-

ʢʦʥʫ ɹʝʨʘ, 

ʤʢʛ/ʤʣ   

ʇʨʆ 

ʥʛ/ ʩʤ
3
 

ʇʂʆ 

ʥʛ/ ʩʤ
3
 

ʋʨʘʚʥʝʥʠʝ 

ʛʨʘʜʫʠʨʦ-

ʚʦʯʥʳʭ 

ʛʨʘʬʠʢʦʚ 

1 2 3 4 5 6 

[Nb(OH)3(ɼʊʌ)2](ɸʥʅ)2 4.4 0.6-16 16 53 0.020+0.043x 

[Nb(OH)3(ɼʊʌ)2](ʤɸʥʅ)2 4.0 0.5-16 14 46 0.029+0.046x 

[Nb(OH)3(ɼʊʌ)2](ʜɸʥʅ)2 3.8 0.5-17 14 45 0.015+0.048x 

[Nb(OH)3(ɼʊʌ)2](ɸʤPyʅ)2 3.8 0.5-20 14 45 0.026+0.047x 

[Nb(OH)3(ɼʊʌ)2](ɸʌ1ʅ)2 3.2 0.5-19 13 42 0.023+0.059x 

[Nb(OH)3(ɼʊʌ)2](ɸʌ2ʅ)2 3.3 0.5-19 13 42 0.025+0.047x 

[Nb(OH)3(ɼʊʌ)2](ɸʌ3ʅ)2 3.5 0.6-17 14 45 0.038+0.052x 

[Nb(OH)3(ɼʊʄʌ)2](ɸʥʅ)2 3.8 0.6-17 15 49 0.038+0.046x 

[Nb(OH)3(ɼʊʄʌ)2](ʤɸʥʅ)2 3.6 0.5-18 14 45 0.018+0.048x 

[Nb(OH)3(ɼʊʄʌ)2](ʜɸʥʅ)2 3.4 0.4-21 13 42 0.012+0.057x 

[Nb(OH)3(ɼʊʄʌ)2]ɸʌ1ʅ)2 2.6 0.4-20 10 33 0.042+0.071x 

[Nb(OH)3(ɼʊʄʌ)2](ɸʌ2ʅ)2 2.5 0.4-19 10 33 0.042+0.073x 

[Nb(OH)3(ɼʊʄʌ)2](ɸʌ3ʅ)2 2.3 0.5-17 10 33 0.028+0.075x 

[Nb(OH)3(ɼʊʕʌ)2](ɸʥʅ)2 3.4 0.5-17 11 36 0.019+0.056x 

[Nb(OH)3(ɼʊʕʌ)2](ʤɸʥʅ) 3.3 0.4-18 10 33 0.014+0.059x 

[Nb(OH)3(ɼʊʕʌ)2](ʜɸʥʅ)2 3.2 0.3-21 10 33 0.021+0.059x 

[Nb(OH)3(ɼʊʕʌ)2](ɸʌ1ʅ)2 2.5 0.4-20 10 33 0.043+0.072x 

[Nb(OH)3(ɼʊʕʌ)2](ɸʌ2ʅ)2 2.4 0.4-19 10 35 0.046+0.077x 

[Nb(OH)3(ɼʊʕʌ)2](ɸʌ3ʅ)2 2.3 0.3-21 10 34 0.028+0.079x 

[Nb(OH)3(ɼʊʇʌ)2](ɸʥʅ)2 3.1 0.5-17 13 42 0.018+0.062x 

[Nb(OH)3(ɼʊʇʌ)2](ʤɸʥʅ) 2.9 0.5-17 12 39 0.028+0.064x 

[Nb(OH)3(ɼʊɹʌ)2](ɸʥʅ)2 2.8 0.4-18 10 33 0.031+0.067x 

[Nb(OH)3(ɼʊɹʌ)2](ʤɸʥʅ)2 2.7 0.3-21 10 33 0.035+0.068x 

[Nb(OH)3(ɼʊɹʌ)2](ʜɸʥʅ)2 2.6 0.3-20 10 34 0.029+0.074x 

[Nb(OH)3(ɼʊɹʌ)2(ʦ-ɸʤʈʫʅ)2 2.6 0.4-19 10 33 0.019+0.073x 

[Ta(ʆʅ)3(ɼʊʌ)2](ɸʥʅ)2 8.5 0.5-16 17 55 0.011+0.022x 

[Ta(ʆʅ)3(ɼʊʌ)2](ʤɸʥʅ)2 7.8 0.5-16 17 55 0.021+0.024x 

[Ta(ʆʅ)3(ɼʊʌ)2](ʜɸʥʅ)2 7.4 0.4-18 16 51 0.015+0.028x 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 7.14 

1 2 3 4 5 6 

[Ta(ʆʅ)3(ɼʊʌ)2](o-ɸʤʈʫʅ)2 7.3 0.4-18 15 49 0.016+0.028x 

[Ta(ʆʅ)3(ɼʊʌ)2](ɼʌɻʅ)2 6.1 0.4-19 14 46 0.023+0.030x 

[Ta(ʆʅ)3(ɼʊʌ)2](ɼʠʧʅ)2 7.7 0.6-16 16 51 0.018+0.024x 

[Ta(ʆʅ)3(ɼʊʄʌ)2](ɸʥʅ)2 7.9 0.6-16 16 52 0.034+0.025x 

[Ta(ʆʅ)3(ɼʊʄʌ)2](ʤɸʥʅ)2 7.4 0.5-17 15 49 0.012+0.026x 

[Ta(ʆʅ)3(ɼʊʄʌ)2](ʜɸʥʅ)2 7.1 0.5-17 14 45 0.010+0.028x 

[Ta(ʆʅ)3(ɼʊʄʌ)2](ɼʌɻʅ)2 5.4 0.4-18 11 36 0.016+0.036x 

[Ta(ʆʅ)3(ɼʊʄʌ)2](ʊʌɻʅ)2 6.0 0.5-16 12 40 0.038+0.030x 

[Ta(ʆʅ)3(ɼʊʕʌ)2](ɸʥʅ)2 7.4 0.5-16 15 49 0.052+0.024x 

[Ta(ʆʅ)3(ɼʊʕʌ)2](ʤɸʥʅ)2 6.9 0.5-17 14 45 0.038+0.028x 

[Ta(ʆʅ)3(ɼʊʕʌ)2](ʜɸʥʅ)2 6.6 0.5-18 12 39 0.027+0.030x 

[Ta(ʆʅ)3(ɼʊʕʌ)2](ɸʤʈʫʅ)2 6.6 0.6-16 12 39 0.014+0.032x 

[Ta(ʆʅ)3(ɼʊʕʌ)2](ɼʌɻʅ)2 5.2 0.4-19 10 33 0.014+0.036x 

[Ta(ʆʅ)3(ɼʊʕʌ)2](ɼʠʧʅ)2 7.1 0.4-17 12 36 0.033+0.022x 
[Ta(ʆʅ)3(ɼʊʇʌ)2](ɸʥʅ)2 6.5 0.4-17 11 36 0.046+0.026x 
[Ta(ʆʅ)3(ɼʊʇʌ)2](ʤɸʥʅ)2 6.3 0.5-17 11 37 0.011+0.031x 
[Ta(ʆʅ)3(ɼʊʇʌ)2](o-ɸʤʈʫʅ)2 6.1 0.4-17 11 36 0.019+0.032x 
[Ta(ʆʅ)3(ɼʊʇʌ)2](ɼʌɻʅ)2 5.1 0.5-19 10 34 0.017+0.038x 
[Ta(ʆʅ)3(ɼʊʇʌ)2](ʊʌɻʅ)2 5.4 0.4-19 10 33 0.031+0.034x 
[Ta(ʆʅ)3(ɼʊɹʌ)2](ɸʥʅ)2 6.1 0.4-16 10 33 0.029+0.031x 
[Ta(ʆʅ)3(ɼʊɹʌ)2](ʤɸʥʅ)2 6.0 0.4-18 11 37 0.010+0.033x 
[Ta(ʆʅ)3(ɼʊɹʌ)2](ʜɸʥʅ)2 5.7 0.4-19 10 33 0.013+0.034x 
[Ta(ʆʅ)3(ɼʊɹʌ)2](o-ɸʤʈʫʅ)2 5.6 0.5-20 10 33 0.019+0.035x 

ɼʝʡʩʪʚʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ. ɼʣʷ ʦʮʝʥʢʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʵʢʩʪʨʘʢʪʦʚ ʈʃʂ 

ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʰʘʶʱʝʝ ʚʣʠ-

ʷʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ. ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝ-

ʥʠʷ Nb(V) ʠ Ta(V) ʚ ʚʠʜʝ ʠʟʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 7.15. ʠ 7.16. 

ʀʟʫʯʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʱʝʣʦʯʥʳʭ, ʱʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʈɿʕ, NO3
-
, ClO4

-
, SO4

2-
, BO3

3-
 ʠ CH3COO

- ʥʝ ʤʝʰʘʶʪ ʦʧʨʝʜʝʣʝʥʠʶ ʥʠʦʙʠʷ ʠ ʪʘʥ-

ʪʘʣʘ. ʆʧʨʝʜʝʣʝʥʠʶ ʤʝʰʘʶʪ ʬʪʦʨʠʜʳ, ʦʢʩʘʣʘʪʳ, ʮʠʪʨʘʪʳ ʠ ʪʘʨʪʨʘʪʳ. ʀʟʙʠʨʘ-

ʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʡ Nb(V) ʠ Ta(V) ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪ-

ʚʠʠ ʨʝʘʛʝʥʪʦʚ ʤʘʩʢʠʨʫʶʱʠʭ ʫʢʘʟʘʥʥʳʝ ʵʣʝʤʝʥʪʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʰʘʶʱʠʭ ʢʘ-

ʪʠʦʥʦʚ ʤʘʩʢʠʨʫʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝʤ ʢʦʤʧʣʝʢʩʦʥʘ II I. ʊʘʨʪʨʘʪ ʤʘʩʢʠʨʫʝʪ ʤʠʣʣʠʛ-

ʨʘʤʤʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ Ti, W ʠ ʄʦ. ɺ 0.01ʄ ʨʘʩʪʚʦʨʝ ʕɼʊɸ, ʩʦʜʝʨʞʘʱʝʤ ʪʘʢʞʝ 

2% ʪʘʨʪʨʘʪ ʘʤʤʦʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʶ ʥʠʦʙʠʷ ʥʝ ʤʝʰʘʶʪ ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ 

Mo(VI), W(VI), Ta(V), Ti(IV) ʠ Sb(V). ʆʧʨʝʜʝʣʝʥʠʶ ʥʠʦʙʠʷ ʥʝ ʤʝʰʘʶʪ 10-ʢʨʘʪ-

ʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʪʘʥʪʘʣʘ, ʘ ʪʘʢʞʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʥʘ III - Fe(III), ʉʦ(II ), 

Ni(II ), Ti(IV) , Cr(IIl) ʠ Mn(II). ɺʣʠʷʥʠʝ ʪʘʥʪʘʣʘ ʫʤʝʥʴʰʘʝʪʩʷ ʪʘʢʞʝ ʜʦʙʘʚʣʝʥʠʝʤ 
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ʚʠʥʥʦʡ ʢʠʩʣʦʪʳ. ʇʨʠ ʵʪʦʤ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʦʪ-

ʥʦʰʝ-ʥʠʠ Nb:Ta=l:50. ɺ ʧʨʠʩʫʪʩʪʚʠʠ 3.2 %-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʣʠʤʦʥʥʦʢʠʩʣʦʛʦ ʥʘʪ-

ʨʠʷ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʪʘʥʪʘʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 50-ʢʨʘʪʥʦʛʦ ʠʟʙʳʪʢʘ ʥʠʦʙʠʷ. 

ʑʘʚʝʣʝʚʘʷ ʢʠʩʣʦʪʘ ʛʦʨʘʟʜʦ ʩʠʣʴʥʝʝ ʤʘʩʢʠʨʫʝʪ Nb(V), ʯʝʤ Ta(V). ʇʨʠ ʤʝʥʴʰʝʤ 

ʩʦʜʝʨʞʘʥʠʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʨʘʩʪʝʪ ʤʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʠʦʙʠʷ. ʇʨʠ ʙʦʣʴ-

ʰʝʤ ʩʦʜʝʨʞʘʥʠʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʩʥʠʞʘʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʘʥʪʘʣʘ, ʟʘʪʦ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʪʘʥʪʘʣ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʥʠʦʙʠʷ. 

ʊʘʙʣʠʮʘ 7.15 

ɼʦʧʫʩʪʠʤʳʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʠʦʙʠʷ ʩ ɼʌ ʠ 

ɸʤ (ʚʚʝʜʝʥʦ 30 ʤʢʛ Nb(V)) (n=3, P=0.95) 

ʀʦʥ 

ʄʦʣʴʥʳʡ   

ʠʟʙʳʪʦʢ 

ʠʦʥʘ 

ʄʘʩʢʠʨʫʶʱʝʝ 

ʚʝʱʝʩʪʚʘ 

ʅʘʡʜʝʥʦ, ʤʢʛ (Sr) 
ɼʊʌ+ɸʥ ɼʊʄʌ+ɸʥ ɼʊʕʌ+ɸʥ ɼʊɹʌ+ɸʥ 

Co(II) 50  30.0 (0.03) 29.8 (0.04) 30.0 (0.03) 30.0 (0.03) 

Ni(II)  80  29.8 (0.04) 29.7 (0.05) 30.2 (0.03) 30.0 (0.03) 

Fe(II) 60  30.2 (0.03) 30.2 (0.04) 30.2 (0.04) 30.2 (0.03) 

Cd(II)  200  30.8 (0.04) 30.2 (0.03) 30.2 (0.03) 30.2 (0.04) 

Al(III)  180  29.6 (0.04) 30.5 (0.05) 29.6 (0.04) 30.2 (0.03) 

Fe(III) 60 
ɸʩʢʦʨʙʠʥʦʚʘʷ 

 ʢʠʩʣʦʪʘ 
30.0 (0.03) 29.6 (0.06) 30.2 (0.04) 29.6 (0.04) 

Zr(IV)  50 NaF 31.2 (0.06) 30.2 (0.03) 29.7 (0.05) 29.6 (0.04) 

Cu(II) 25 ʊʠʦʤʦʯʝʚʠʥʘ 30.0 (0.03) 30.8 (0.04) 30.2 (0.04) 30.2 (0.04) 

Hg(II) 40  30.2 (0.03) 29.6 (0.04) 30.2 (0.03) 30.2 (0.03) 

Ti(IV)  30 
ɸʩʢʦʨʙʠʥʦʚʘʷ 

 ʢʠʩʣʦʪʘ 
29.8 (0.04) 30.0 (0.03) 30.5 (0.05) 30.5 (0.05) 

V(IV)  20  29.6 (0.04) 30.2 (0.03) 29.6 (0.06) 30.8 (0.04) 

Mo(VI)  10 ʕɼʊɸ 30.2 (0.04) 30.8 (0.04) 29.7 (0.05) 29.6 (0.04) 

W(VI)  30  30.2 (0.03) 30.2 (0.04) 30.2 (0.04) 30.0 (0.03) 

Cr(III)  120  30.5 (0.05) 30.2 (0.03) 30.2 (0.03) 30.2  (0.03) 

Ta(V) 50 Na C H O 29.6 (0.05) 30.2 (0.04) 30.2 (0.03) 30.8 (0.04) 

+2

2UO  50 
 

 

29.5 (0.03) 30.2 (0.03) 30.5 (0.05) 30.2 (0.04) 

ʉʘʣʠʮʠʣʦʚʘʷ 

ʢʠʩʣʦʪʘ 25  
29.8 (0.04) 30.2 (0.04) 29.6(0.06) 29.6(0.04) 

ʉʫʣʴʬʦʩʘʣʠʮʠ- 

ʣʦʚʘʷ ʢʠʩʣʦʪʘ 30  
29.6 (0.05) 30.2 (0.03) 30.2(0.03) 30.2(0.04) 

ɸʩʢʦʨʙʠʥʦʚʘʷ 

 ʢʠʩʣʦʪʘ 
120  30.2 (0.02) 29.6 (0.04) 30.8(0.04) 30.2(0.03) 

ɺʠʥʥʘʷ ʢʠʩʣʦʪʘ 120  30.2 (0.06) 30.2 (0.04) 29.6 (0.04) 30.5 (0.05) 
ʆʢʩʘʣʘʪ 40  30.2 (0.05) 30.2 (0.03) 30.2 (0.03) 29.6 (0.04) 
ʌʪʦʨʠʜ 35  29.2 (0.05) 30.5 (0.05) 30.5 (0.05) 30.2 (0.04) 

ʆʨʪʦʬʦʩʬʦʨʥʘʷ 

ʢʠʩʣʦʪʘ 
30  30.4 (0.06) 29.6 (0.04) 29.6 (0.06) 30.2 (0.03) 

ʊʠʦʤʦʯʝʚʠʥʘ 20  29.3 (0.04) 30.2 (0.04) 30.2 (0.03) 30.5 (0.05) 

 



 
 

241 
 

ʊʘʙʣʠʮʘ 7.16 

ɼʦʧʫʩʪʠʤʳʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʘʥʪʘʣʘ(V) ʩ ɼʌ 

ʠ ɸʤ (ʚʚʝʜʝʥʦ 30 ʤʢʛ Ta(V) ) (n=3, P=0.95) 

ʀʦʥ 

ʄʦʣʴʥʳʡ 

ʠʟʙʳʪʦʢ 

ʠʦʥʘ 

ʄʘʩʢʠʨʫʶʱʝʝ 

ʚʝʱʝʩʪʚʦ 

ʅʘʡʜʝʥʦ, ʤʢʛ (Sr) 
ɼʊʌ+ɸʥ ɼʊʄʌ+ɼʌɻ ɼʊʕʌ+ɼʌɻ ɼʊʇʌ+ɼʌɻ 

Co(II) 120  30.0(0.03) 30.3(0.04) 29.5(0.03) 30.0(0.03) 

Ni(II)  120  30.2(0.03) 30.2(0.03) 30.2(0.03) 30.2(0.03) 

Al(III)  190  30.8(0.04) 30.8(0.04) 30.8(0.04) 30.8(0.04) 

Fe(II) 80  29.6(0.04) 29.6(0.03) 29.9(0.04) 29.6(0.05) 

Fe(III) 80  30.2(0.04) 30.2(0.04) 30.3(0.04) 30.2(0.04) 

Cd(II) 200  30.2(0.03) 29.6(0.03) 30.2(0.03) 30.6(0.07) 

Zr(IV)  75 NaF 30.5(0.05) 30.5(0.06) 30.7(0.04) 30.5(0.06) 

Cu(II) 35 SC(NH2)2 29.7(0.05) 29.7(0.05) 30.6(0.03) 29.8(0.02) 

Ti(IV)  5 ɸʩʢʦʨʙʠʥʦʚʘʷ 

 ʢʠʩʣʦʪʘ 

29.6(0.05) 29.5(0.03) 30.5(0.06) 29.5(0.03) 

Mn(II)  50  29.5(0.03) 29.8(0.04) 29.6(0.04) 30.8(0.04) 

W(VI)  8  29.8(0.04) 29.6(0.05) 30.2(0.04) 29.6(0.03) 

Mo(VI)  15  29.6(0.05) 30.2(0.02) 30.2(0.03) 30.2(0.04) 

Cr(III)  30  30.2(0.02) 30.2(0.06) 30.5(0.05) 29.6(0.03) 

V(IV) 10  30.2(0.06) 30.2(0.05) 29.7(0.05) 30.5(0.06) 

NbV) 15 H2C2O4 30.2(0.05) 29.2(0.05) 29.6(0.05) 29.7(0.05) 

Pt(II) 50  29.2(0.05) 30.4(0.06) 29.6(0.04) 30.8(0.04) 

Pd(II) 50  30.4(0.06) 29.3(0.04) 30.2(0.04) 29.6(0.03) 
+2

2UO  60 CH3COO
- 

29.3(0.04) 30.0(0.03) 30.2(0.03) 30.2(0.04) 

ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 
100  30.0(0.03) 30.2(0.03) 29.7(0.04) 30.0(0.05) 

ɺʠʥʥʘʷ ʢʠʩʣʦʪʘ 100  30.2(0.03) 30.8(0.05) 30.2(0.04) 30.2(0.03) 

ʆʢʩʘʣʘʪ 5  30.7(0.04) 29.7(0.06) 30.7(0.04) 30.7(0.02) 

ʌʪʦʨʠʜ 1.5  29.6(0.04) 29.5(0.03) 29.5(0.05) 29.5(0.03) 

H3PO4 30  30.0(0.03) 30.2(0.03) 29.7(0.04) 30.0(0.05) 

ʊʠʦʤʦʯʝʚʠʥʘ 20  30.2(0.06) 29.6(0.05) 29.8(0.04) 29.6(0.05) 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʦʙʠʷ(V) ʠ ʪʘʥʪʘʣʘ(V) ʩ ʠʟ-

ʚʝʩʪʥ ʤrʠ ʨʝʘʛʝʥʪʘʤʠ ʠ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʠʥʦʚ. ʇʨʝʜʣʘʛʘ-

ʝʤʳʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʣʝʣʝʥʠʷ Nb(V) ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʰʠʨʦʢʦʧʨʠʤʝʥʷʝʤʳʤʠ ʤʝ-

ʪʦʜʠʢʘʤʠ. ʅʘʠʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʝʘʢʮʠʠ ʥʠʦʙʠʷ ʩ 4-(2-ʧʠʨʠʜʠ-

ʣʘʟʦ)ʨʝʟʦʨʮʠʥʦʤ ʠ ʧʠʨʦʢʘʪʝʭʠʥʦʚʳʤ ʬʠʦʣʝʪʦʚʳʤ; ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʠʡ ʠʥʪʝʨʚʘʣ 

ʧʦʜʯʠʥʝʥʠʷ ʟʘʢʦʥʫ ɹʝʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʨʦʜʘʥʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ; ʥʘʠʙʦʣʝʝ ʯʫʚʩ-

ʪʚʠʪʝʣʴʥʳʝ ʨʝʘʛʝʥʪʳ-ʩʫʣʴʬʦʭʣʦʨʬʝʥʦʣ ʉ ʠ 4-(2-ʧʠʨʠʜʠʣʘʟʦ)ʨʝʟʦʨʮʠʥ. ʉʫʣʴʬʦ-

ʭʣʦʨʬʝʥʦʣʦʚʳʡ ʤʝʪʦʜ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ. ʅʘʠʙʦʣʝʝ ʩʧʝʮʠʬʠʯʥʳʤʠ ʷʚʣ-̫

ʶʪʩʷ ʤʝʪʦʜʠʢʠ ʩ ʩʫʣʴʬʦʭʣʦʨʬʝʥʦʣʦʤ ʉ ʠ 4-(2-ʧʠʨʠʜʠʣʘʟʦ)ʨʝʟʦʨʮʠʥʦʤ. ʉʫʣʴ-
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ʬʦʭʣʦʨʬʝʥʦʣ ʉ  ʩ ʥʠʦʙʠʝʤ ʚ 1 ʥ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʦʙʨʘʟʫʝʪ ʦʢʨʘhʝʥʥʦʝ ʩʦʝʜʠ-

ʥʝʥʠʝ ʩʠʥʝʛʦ ʮʚʝʪʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 645 ʥʤ. ʆʧʪʠ-

ʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʦʙʠʷ 5-35 ʤʢʛ ʚ 50 ʤʣ ʨʘʩʪʚʦʨʘ. ʆʪ ʤʝʰʘʁʱʠʭ ʵʣʝ-

ʤʝʥʪʦʚ ʥʠʦʙʠʡ ʦʪʜʝʣʷʶʪ ʦʩʘʞʜʝʥʠʝʤ ʪʘʥʠʥʦʤ. ʉʧʝʮʠʬʠʯʥʦʩʪʴ ʧʠʨʦʢʘʪʝʭʠʥ  

ʬʠʦʣʝʪʦʚʦʛʦ ʤʝʪʦʜʘ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʩʢʠʨʫʶʱʠʭ ʩʨʝʜʩʪʚ. ɼʣʷ ʘʥʘʣʠ-

ʟʘ ʩʪʘʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʪʠʪʘʥ, ʨʦʜʘʥʠʜʥʳʡ ʤʝʪʦʜ ʥʝʧʨʠʤʝʥʠʤ. ʈʝʘʢʮʠʷ ʥʠʦʙʠʷ 

ʩ ʙʨʦʤʧʠʨʦʛʘʣʣʦʣʦʚʳʤ ʢʨʘʩʥʳʤ ʧʨʦʪʝʢʘʝʪ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ, ʢʦʤʧʣʝʢʩ ʜʦʩʪʠʛʘ-

ʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʢʨʘʩʢʠ ʯʝʨʝʟ 90 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ ʫʞʝ ʥʝ ʠʟʤʝʥʷʝʪʩʷ (ʨʅʦʧʪ 

5.8-6.6). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʩʢʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʵʪʦʪ ʤʝ-

ʪʦʜ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʜʣʷ ʥʠʦʙʠʷ. ʄʝʪʦʜʠʢʘ ʩ ʙʨʦʤʧʠʨʦʛʘʣʣʦʣʦʚʳʤ 

ʢʨʘʩʥʳʤ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (Ů=4.75 Ĭ 

10
4
  ʧʨʠ 610 ʥʤ). ɺ ʪʘʙʣ.7.17 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʨʘʚʥʠʪʴ ʘʥʘʣʠ-

ʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʦʙʠʷ ʩ ʥʝʢʦʪʦʨʳʤʠ ʫʞʝ ʠʟ-

ʚʝʩʪʥʳʤʠ [71, ʩ.60, ʩ.85, ʩ.92, ʩ.208; 80, ʩ.107; 193, ʩ.330-331; .276, ʩ.351, ʩ.353] 

ʤʝʪʦʜʠʢʘʤʠ.  

ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʪʦʯʥʦʩʪʴʶ, 

ʧʨʦʩʪʦʪʦʡ ʠʣʠ ʩʣʦʞʥʦʩʪʴʶ ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ, ʚʨʝʤʝʥʝʤ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʠ 

ʥʝʢʦʪʦʨʳʤʠ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʌʦʪʦʤʝʪʨʠʯʝʩʢʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʪʘʥʪʘʣʘ(V) 

ʧʠʨʦʛʘʣʣʦʣʦʤ ʤʝʰʘʶʪ ʤʦʣʠʙʜʝʥ, ʚʦʣʴʬʨʘʤ, ʩʫʨʴʤʘ, ʫʨʘʥ ʠ ʬʪʦʨʠʜʳ. ʇʠʨʦʛʘʣ-

ʣʦʣʦʚʳʡ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ, ʥʦ ʦʥ ʤʘʣʦ ʯʫʚʩʪʚʠʪʝ-

ʣʝʥ ʠ ʧʦʵʪʦʤʫ ʥʝʧʨʠʛʦʜʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʦʚ. ʆʧʨʝʜʝʣʝʥʠʶ ʪʘʥʪʘʣʘ ʩ ʤʝ-

ʪʠʣʬʠʦʣʝʪʦʚʳʤ ʥʝ ʤʝʰʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ Zr, Ti, W, Fe, Cu, Ca ʠ Mg ʚ ʫʤʝʨʝʥʥʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ. ʅʠʦʙʠʡ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʜʦ 0.2 ʤʛ/ʤʣ ʥʝ ʤʝʰʘʝʪ ʦʧʨʝʜʝʣʝʥʠʶ 

ʪʘʥʪʘʣʘ ʧʦ ʦʧʠʩʘʥʥʦʤʫ ʤʝʪʦʜʫ. ɺ ʪʘʙʣ.7.18 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʩʨʘʚʥʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʥʪʘʣʘ ʩ ʥʝʢʦ-

ʪʦʨʤrʠ ʫʞʝ ʠʟʚʝʩʪʥʳʤʠ [71, ʩ.206; 193, ʩ.334, ʩ.336; 276, ʩ.351, ʩ.353] ʤʝʪʦʜʠ-

ʢʘʤʠ.  
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ʊʘʙʣʠʮʘ 7.17 

ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʦʜʠʢ  ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʦʙʠʷ(V)  

ʈʝʘʛʝʥʪ 
pH 

(ʨʘʩʪʚʦʨʠʪʝʣʴ) 
l, 

ʥʤ 
eĬ10

-4 
ʏʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʴ, 

ʤʢʛ/ʤʣ
 

ɼʠʘʧʘʟʦʥ ʦʧ-

ʨʝʜʝʣʷʝʤʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ,  

ʤʢʛ/ʤʣ 

ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ 

 

ɹʨʦʤʧʠʨʦʛʘʣʣʦʣʦʚʳʡ ʢʨʘʩʥʳʡ 

[193, ʩ.331] 
ʨʅ 5.8-6.6 610 4.75   

ʄʝʰʘʶʪ: Mo,U, Zr, Th, V(V), Ce(IV), 

Sb(V), W, Sn(IV) 

8-ʄʝʨʢʘʧʪʦʭʠʥʦʣʠʥ [276, ʩ.353] ʨʅ 5.5-6.3 610 3.54 0.1   

8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ [71, ʩ.92] ʨʅ 5.5-6.3 480 3.75 0.2   

ʈʦʜʘʥʠʜ-ʠʦʥ [193, ʩ.330] 
ɺʦʜʘ+ʘʮʝʪʦʥ  

2.5 ʄ HCl 
385 3.5 0.114 0.08-9.0 ʄʝʰʘʶʪ: Fe(III), V, Mo, W, Ti, Ta ʠ ʜʨ. 

ʉʫʣʴʬʦʭʣʦʨʬʝʥʦʣ ʉ 

[71, ʩ. 208] 
1-3 ʄ HCl 645 3.6 0.1 0.01-0.8 

ʅʝ ʤʝʰʘʶʪ: Fe(100%), Cr(40%), Ni(60%), 

Ti(6%), V(8%), W(8%), Mo(3%); ʬʦʩʬʘʪʳ, 

ʩʫʣʴʬʘʪʳ, ʪʘʨʪʨʘʪʳ, ʢʦʤʧʣʝʢʩʦʥ III .  

ʄʝʰʘʶʪ: ʦʢʩʘʣʘʪʳ, ʦʢʠʩʣʠʪʝʣʠ, ʚʦʩʩʪʘ-

ʥʦʚʠʪʝʣʠ (ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ,Ti(III)   

ʇʠʨʦʢʘʪʝʭʠʥʦʚʳʡ ʬʠʦʣʝʪʦʚʳʡ 

[71, ʩ.60] 
ʨʅ 1.6-2.3 600 0.926 0.2 0.2-6.0 

ʅʝ ʤʝʰʘʶʪ: Fe (II), Ni, Mn, Co, Cr, Cl
-
, 

./, Mo ʠ W. 

ʄʝʰʘʶʪ: ʮʠʪʨʘʪʳ, ʪʘʨʪʨʘʪʳ, ʬʪʦʨʠʜʳ,  

ʢʦʤʧʣʝʢʩʦʥ III  

4-ʥʠʪʨʦʧʠʨʦʢʘʪʝʭʠʥ ʠ ʪʝʪʨʘʟʦ-

ʣʠʡ ʬʠʦʣʝʪʦʚʳʡ [80, ʩ.107] 
0.7MH2SO4(C2H4Cl2) 440 1,59  0.41- 4.54  

4-(2-ʇʠʨʠʜʠʣʘʟʦ)-ʨʝʟʦʨʮʠʥ 

[71, ʩ.85] 
ʨʅ 5.5-7.0 540 3.87 - 0.1-1.6 

ʅʝ ʤʝʰʘʶʪ: Al, Fe, Co, Ni, Mo, Ti, W, Cr, 

Cu, Sn 

ʄʝʰʘʶʪ: U, V 

ʇʠʨʦʢʘʪʝʭʠʥ ʠ ʘʥʠʣʠʥ 

[276, ʩ.351] 

3.4-4.8 

 (ʭʣʦʨʦʬʦʨʤ) 
600 0.75  0.1-200  

ɼʊʇʌ-ʤɸʥ 
3.3-4.2  

(ʭʣʦʨʦʬʦʨʤ) 
448 3.2  0.5-17 ʉʤ. ʪʘʙʣ. 7.15 

ɼʊʕʌ+ɸʌ2 
3.8 ï 5.1 

 (ʭʣʦʨʦʬʦʨʤ) 
450 3.95  0.4-19 ʉʤ. ʪʘʙʣ. 7.15 
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ʊʘʙʣʠʮʘ 7.18 

ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʦʜʠʢ  ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʥʪʘʣʘ(V) 

ʈʝʘʛʝʥʪ 
pH 

(ʨʘʩʪʚʦʨʠʪʝʣʴ) 
l, 

ʥʤ 
 eÖ10

-4 

ɼʠʘʧʘʟʦʥ 

ʦʧʨʝʜʝʣʷʝʤ

ʳʭ ʩʦʜʝʨʞʘ-

ʥʠʡ (ʤʢʛ/ʤʣ) 

ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ 

4-(2-ʧʠʨʠʜʠʣʘʟʦ)-ʨʝʟʦʨʮʠʥ 

[95, ʩ. 97] 
6 555 3.12 - 

ʅʝ ʤʝʰʘʶʪ: Al, 

Fe, Co, Ni, Mo, 

Ti, W, Cr, Cu, Sn 

ʄʝʰʘʶʪ: U, V 

ʇʠʨʦʛʘʣʣʦʣ [193, ʩ.334] 4MHCl 335 0.24 0-16  

ʄʝʪʠʣ ʬʠʦʣʝʪʦʚʳʡ 

[276, ʩ.398] 
2.1-2.3 (ʙʝʥʟʦʣ) 605 7.5 -  

ɼʠʤʝʪʠʣʬʣʫʦʨʦʥ [71, ʩ.206] 0.1M HCl 500 4.2 0-5  

ɼʊʌ+ʤɸʥ 2.7 -3.8 (CHCl3) 435 2.21 0.5-16 ʉʤ. ʪʘʙʣ. 7.16 

ɼʊʕʌ+ɼʌɻ 4.1-5.6(CHCl3) 448 3.49 0.4-19 ʉʤ. ʪʘʙʣ.  7.16 

ɼʊʇʌ+ɼʌɻ 4.9-6.0(CHCl3) 460 3.41 0.5-19 ʉʤ. ʪʘʙʣ.  7.16 

ɼʊɹʌ +ʜɸʥ 3.6-4.9(CHCl3) 455 3.17 0.4-19 ʉʤ. ʪʘʙʣ.  7.16 

 

7.6.  ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʣʠʙʜʝʥʘ(V) ʠ  

ʚʦʣʴʬʨʘʤʘ(V) 

ʈʘʟʨʘʙʦʪʘʥʳ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦ-

ʣʠʙʜʝʥʘ ʩ ɼʌ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼʌɻ, ɸʥ, ʤɸʥ, ʜɸʥ, ʈʫ, ʊɹɸ, ʌʝʥ, ɼʠʧ, ʘ ʪʘʢʞʝ 

ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʣʴʬʨʘʤʘ ʩ ɼʌ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼʌɻ, ɸʥ, ʈʫ, ʊɹɸ ʠ ɸʌ. 

ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ. ɺ ʛʨʘʜʫʠʨʦʚʘʥʥʳʝ ʧʨʦʙʠʨʢʠ 

ʝʤʢʦʩʪʴʶ 50 ʤʣ ʚʚʦʜʷʪ 0.1-1.2 ʤʣ, ʩ ʠʥʪʝʨʚʘʣʦʤ 0.1 ʤʣ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʄ(VI) , 2.3-2.8 ʤʣ 0.01ʄ ʨʘʩʪʚʦʨʘ ɼʌ ʠ 1.6-2.2 ʤʣ 0.01ʄ ʨʘʩʪʚʦʨʘ ɸʤ. ʅʝʦʙʭʦ-

ʜʠʤʦʝ ʟʥʘʯʝʥʠʝ ʨʅ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʜʦʙʘʚʣʝʥʠʝʤ 1ʄ ʨʘʩʪʚʦʨʘ HCl. ʆʙʲʝʤ ʦʨʛʘ-

ʥʠʯʝʩʢʦʡ ʬʘʟʳ ʜʦʚʦʜʷʪ ʜʦ 5 ʤʣ ʭʣʦʨʦʬʦʨʤʦʤ, ʘ ʚʦʜʥʦʡ ʬʘʟʳ-ʜʦ 20 ʤʣ ʜʠʩʪʠʣ-

ʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʉʧʫʩʪʷ 5 ʤʠʥʫʪ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ ʦʪʜʝʣʷʶʪ ʠ ʠʟʤʝʨʷʶʪ 

ʝʛʦ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 ρʦ ʥʘ ʂʌʂ-2 ʧʨʠ 540 ʥʤ (ʚ ʩʣʫʯʘʝ 

W(V) - ʧʨʠ 490 ʥʤ). ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʶʪ ʧʨʠ 20Ñ1
o
ʉ. ɻʨʘʜʫʠʨʦʚʦʯʥʳʝ 

ʛʨʘʬʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 7.7. ɿʘʢʦʥ ɹʝʨʘ ʜʣʷ ʭʣʦʨʦʬʦʨʤʥʳʭ ʵʢʩʪʨʘʢʪʦʚ 

ʢʦʤʧʣʝʢʩʦʚ ʩʦʙʣ ʜʁʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʄʦ ʠ W  0.4-20 ʤʢʛ/ʤʣ. ɽʩ-

ʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʝʘʢʮʠʠ ʥʘʢʣʦʥ ʛʨʘʜʫ-

ʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ, ʪʦ ʩʨʝʜʠ ʈʃʂ Mo(V) ʠ W(V) ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ 
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ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ [ʄʦO(OH)(ɼʊʄʌ)2](ʧ-ʪʦʣH)2 [MoO(OH)(ɼʊʄʌ)2](ɸʌ1H)2, 

[ʄʦO(OH)(ɼʊʇʌ)2](ʧ-ʌɼɸH)2, [ʄʦO(OH)(ɼʊɹʌ)2](ʤɸʥH)2, [ʄʦO(OH)(ɼʊɹʌ)2](ʤ-

ʪʦʣH)2, [ʄʦO(OH)(ɼʊɹʌ)2](ʧ-ʪʦʣH)2, [ʄʦO(OH)(ɼʊɹʌ)2](ɼʌɻH)2,, [ʄʦO(OH) 

(ɼʊɹʌ)2](ɹɸH)2, [MoO(OH)(ɼʊɹʌ)2](ɸʌ4H2), [MoO(OH)(ɼʊɹʌ)2](ɸʌ8H)2, 

[WO(OH)(ɼʊʕʌ)2](ɼʌɻH)2,  [WO(OH)(ɼʊɹʌ)2](ʤAʥH)2, [WO(OH)(ɼʊɹʌ)2] (ɼʌɻH)2, 

[WO(OH)(ɼʊɹʌ)2](Aʌ1H)2, [WO(OH) (ɼʊɹʌ)2](Aʌ2H)2 ʠ [WO(OH)(ɼʊɹʌ)2](Aʌ3H)2. 

 

ʈʠʩ.7.7. ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʢʩʪʨʘʢʪʦʚ ʈʃʂ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʦʣʠʙʜʝʥʘ(V) ʠ  ʚʦʣʴʬʨʘʤʘ(V) 

ʘ) 1-Mo(V)-ɼʊʌ-ɸʥ, 2-Mo(V)-ɼʊʄʌ-ɸʥ, 3-Mo(V)-ɼʊʕʌ-ɸʥ. 4-Mo(V)-ɼʊʇʌ -

ɸʥ. 5- Mo(V)-ɼʊɹʌ-ɼʌɻ 

ʙ)1-W(V)-ɼʊʄʌ-ɸʌ1, 2-W(V)-ɼʊʄʌ-ɸʌ2, 3-W(V)-ɼʊʄʌ-ɸʌ3, 4-W(V)-

ɼʊʄʌ - ɸʌ4 

CMo(V) = 2.08Ĭ10
-5
 M, CW(V) = 1.09Ĭ10

-5
 M, Cɼʌ = (0.92-1.12)Ĭ10

-3
 M,  Cɸʤ = (6.4-

8.0)Ĭ10
-4
 M, ʂʌʂ-2, l = 0.5 ʩʤ 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʙʳʣʠ 

ʦʙʨʘʙʦʪʘʥʳ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ [111, ʩ.248]. ʋʨʘʚʥʝʥʠʷ ʛʨʘʜʫʠʨʦ-

ʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.7.19. ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ ʛʨʘʜʫʠʨʦʚʦʯ-

ʥʳʭ ʛʨʘʬʠʢʦʚ ʚʳʯʠʩʣʷʣʠ ʧʨʝʜʝʣ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʨʝʜʝʣ ʢʦ-

ʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʚ ʚʠʜʝ ʈʃʂ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʤʝʪʦʜʠʢʠ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʚʦʩʧʨʦʠʟʚʦ-

ʜʠʤʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. ʉʨʝʜʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ ʥʘʠʙʦ-

ʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʠ ʠʟʙʠʨʘʪʝʣʴʥʤrʠ ʦʢʘʟʘʣʠʩʴ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦ-

ʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩ ɼʊɹʌ ʠ ɸʤ.  
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ʊʘʙʣʠʮʘ 7.19 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʃʂ ʤʦʣʠʙʜʝʥʘ(V) ʠ ʚʦʣʴʬʨʘʤʘ(V) ʩ ɼʌ ʠ ɸʤ 

ʉʦʝʜʠʥʝʥʠʝ ʆʙʣʘʩʪʴ ʧʦʜ-

ʯʠʥʝʥʠʷ ʟʘʢʦʥʫ 

ɹʝʨʘ (ʤʢʛ/ʤʣ) 

ʋʨʘʚʥʝʥʠʝ ʛʨʘ-

ʜʫʠʨʦʚʦʯʥʳʭ 

ʛʨʘʬʠʢʦʚ 

ʇʆ,   

ʥʛ/ ʩʤ
3
 

ʇʂʆ, 

 ʥʛ/ ʩʤ
3
 

ʏʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʴ, 

ʥʛ/ ʩʤ
2
 

1 2 3 4 5 6 

[ʄʦO(OH)(ɼʊʌ)2](ʧ-Cl-ɸʥH)2 0.5-16 0.043+0.0406x 13 38 2.22 

[ʄʦO(OH)(ɼʊʌ)2](ɸʥH)2 0.5-16 0.074+0.0420x 12 35 2.02 

[ʄʦO(OH)(ɼʊʌ)2](ʤɸʥH)2 0.5-18 0.032+0.0469x 12 34 1.97 

[ʄʦO(OH)(ɼʊʌ)2](ʜɸʥH)2 0.5-20 0.028+0.0492x 11 32 1.90 

[ʄʦO(OH)(ɼʊʌ)2](ʦ-ʪʦʣH)2 0.5-15 0.041+0.0440x 13 35 2.07 

[ʄʦO(OH)(ɼʊʌ)2](ʤ-ʪʦʣH)2 0.5-15 0.052+0.0438x 13 35 2.02 

[ʄʦO(OH)(ɼʊʌ)2](ʧ-ʪʦʣH)2 0.5-16 0.030+0.0484x 11 34 1.86 

[ʄʦO(OH)(ɼʊʄʌ)2](ʧ-ClɸʥH)2 0.5-15 0.028+0.0442x 13 42 2.15 

[ʄʦO(OH)(ɼʊʄʌ)2](ɸʥH)2 0.4-17 0.036+ 0.0462x 11 36 1.97 

[ʄʦO(OH)(ɼʊʄʌ)2](ʜɸʥH)2 0.4-17 0.050+0.0492x 10 33 1.82 

[ʄʦO(OH)(ɼʊʄʌ)2](ʤ-ʪʦʣH)2 0.4-16 0.044+0.0471x 10 34 1.93 

[ʄʦO(OH)(ɼʊʄʌ)2](ʧ-ʪʦʣH)2 0.4-16 0.029+0.0524x 10 33 1.80 

[ʄʦO(OH)(ɼʊʄʌ)(ɼʠʧ)] 0.5-15 0.052+0.0448x 12 35 1.97 

[ʄʦO(OH)(ɼʊʄʌ)2(ʌʝʥ)] 0.5-16 0.039+0.0486x 11 36 1.84 

[MoO(OH)(ɼʊʄʌ)2](ɸʌ1H)2 0.5-22 0.022+0.0528x 10 34 1.81 

[MoO(OH)(ɼʊʄʌ)2](ɸʌ4H 2) 0.4-22 0.062+0.0473x 10 34 1.84 

[ʄʦO(OH)(ɼʊʕʌ)2](ɸʥH)2 0.5-20 0.052+0.0464x 11 35 1.90 

[ʄʦO(OH) (ɼʊʕʌ)2](ʦ-ʪʦʣH)2 0.6-18 0.023+0.0475x 11 33 1.99 

[ʄʦO(OH)(ɼʊʇʌ)2](ɸʥH)2 0.5-18 0.042+0.0488x 10 33 1.88 

[ʄʦO(OH)(ɼʊʇʌ)2](ʦ-ʌɼɸH)2 0.6-18 0.035+0.0484x 10 33 1.90 

[ʄʦO(OH)(ɼʊʇʌ)2](ʤ-ʌɼɸH)2 0.6-18 0.052+0.0480x 10 33 1.86 

[ʄʦO(OH)(ɼʊʇʌ)2](ʧ-ʌɼɸH)2 0.5-16 0.078+0.0461x 10 33 1.83 

[ʄʦO(OH) (ɼʊɹʌ)2](ɸʥH)2 0.5-20 0.011+0.0528x 10 31 1.85 

[ʄʦO(OH) (ɼʊɹʌ)2](ʤɸʥH)2 0.5-20 0.019+0.0532x 9 28 1.81 

[ʄʦO(OH) (ɼʊɹʌ)2](ʜɸʥH)2 0.6-22 0.018+0.0558x 9 25 1.79 

[ʄʦO(OH) (ɼʊɹʌ)2](ʦ-ʪʦʣH)2 0.4-20 0.022+0.0508x 10 34 1.88 

[ʄʦO(OH) (ɼʊɹʌ)2](ʤ-ʪʦʣH)2 0.5-20 0.026+0.0510x 10 35 1.86 

[ʄʦO(OH) (ɼʊɹʌ)2](ʧ-ʪʦʣH)2 0.5-20 0.041+0.0519x 9 26 1.77 

[ʄʦO(OH) (ɼʊɹʌ)2](ɼʌɻH)2 0.4-20 0.039+0.0453x 12 40 2.02 

[ʄʦO(OH) (ɼʊɹʌ)2](ɹɸH)2 0.5-18 0.032+0.0448x 12 40 2.04 

[MoO(OH) (ɼʊɹʌ)2](ɸʌ4H2) 0.3-20 0.033+0.0502x 11 34 1.81 

[MoO(OH) (ɼʊɹʌ)2](ɸʌ8H) 2 0.3-20 0.025+0.0495x 10 35 1.93 

[WO(OH)(ɼʊʌ)2](AʥH)2 0.6-14 0.017+0.0110x 13 41 7.83 

[WO(OH)(ɼʊʌ)2](ʤAʥH)2 0.5-14 0.011+0.0120x 13 42 7.63 

[WO(OH)(ɼʊʄʌ)2](AʥH)2 0.5-14 0.015+0.0118x 13 40 7.51 

[WO(OH) (ɼʊʄʌ)2](ʤAʥH)2 0.5-15 0.026+0.0114x 12 39 7.15 

[WO(OH)(ɼʊʄʌ)2](ʜAʥH)2 0.4-15 0.014+0.0132x 12 37 6.86 

[WO(OH)(ɼʊʄʌ)2](ɸʌ1H)2 0.4-18 0.030+0.0119x 12 38 6.73 

[WO(OH)(ɼʊʄʌ)2](ɸʌ2H)2 0.4-18 0.022+0.0133x 11 36 6.50 

[WO(OH)(ɼʊʄʌ)2](ɸʌ3H) 2 0.4-18 0.019+ 0.0139x 11 35 6.30 

[WO(OH)(ɼʊʄʌ)2](ɸʌ4H2) 0.5-20 0.012+0.0144x 11 33 6.45 

[WO(OH)(ɼʊʄʌ)2](ɸʌ5H2) 0.5-20 0.027+0.0134x 11 34 6.27 

[WO(OH)(ɼʊʄʌ)2](ɸʌ6 H2) 0.5-20 0.027+0.0135x 11 35 6.23 

[WO(OH)(ɼʊʕʌ)2](AʥH)2 0.5-16 0.014+0.0126x 12 39 7.18 

[WO(OH)(ɼʊʕʌ)2](ɼʌɻH)2 0.5-17 0,024+0.0146x 10 33 5.85 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 7.19 

1 2 3 4 5 6 

[WO(OH)(ɼʊʇʌ)2](ɸʥH)2 0.5-17 0.010+0.0139x 11 36 6.73 

[WO(OH)(ɼʊʇʌ)2](ʧ-ɸʤʈʫH)2 0.5-18 0.017+0.0133x 11 35 6.66 

[WO(OH) (ɼʊɹʌ)2](AʥH)2 0.4-18 0.038+0.0117x 11 35 6.43 

[WO(OH) (ɼʊɹʌ)2](ʤAʥH)2 0.4-18 0.036+0.0126x 10 34 6.23 

[WO(OH)(ɼʊɹʌ)2](ɼʌɻH)2 0.5-18 0.024+0.0160x 10 34 5.44 

[WO(OH)(ɼʊɹʌ)2](ɸʌ1H)2 0.5-18 0.025+0.0175x 10 34 4.94 

[WO(OH)(ɼʊɹʌ)2](ɸʌ2H)2 0.6-20 0.025+0.0182x 10 34 4.71 

[WO(OH)(ɼʊɹʌ)2](ɸʌ3H)2 0.6-20 0.023+0.0184x 10 34 4.62 

 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʄʦ(V) ʩ 

ɼʊʄʌ ʠ ɸʌ3. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʤʦʣʠʙʜʝʥʘ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʨʘʟʨʘʙʦ-

ʪʘʥ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ. ʄʝʪʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʵʢʩʪʨʘʢʮʠʠ ʢʦʤʧʣʝʢʩʘ Mo-ɼʊʄʌ-ɸʌ3. ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʠʩʧʦʣʴʟʦʚʘʥ ʭʣʦʨʦʬʦʨʤʥʳʡ ʵʢʩʪʨʘʢʪ ʩʦʝʜʠʥʝʥʠʷ Mo-ɼʊʄʌ-ɸʌ3 (ʉʭ 

> ʉʩʨ). ʇʨʦʧʠʩʴ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦ-

ʜʦʤ ʙʳʣʘ ʪʘʢʘʷ ʞʝ, ʢʘʢ ʧʨʠ ʦʙʳʯʥʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ. 

ɻʨʘʜʫʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʦʧʨʝʜʝʣʝʥʠʷ Mo(VI) ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʧʝʢʪʨʦʬʦʪʦ-

ʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.7.8.  ʂʘʢ ʚʠʜʥʦ, ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧ-

ʨʝʜʝʣʷʪʴ 18-36 ʤʢʛ Mo(VI) ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ. 

 

ʈʠʩ.7.8. ɻʨʘʜʫʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʦʧʨʝʜʝʣʝʥʠʷ Mo(VI) ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʧʝʢ-

ʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ɼʊʄʌ ʠ ɸʌ3 

CMo(V) = 2.08Ĭ10
-5
 M, Cɼʊʄʌ = 9.6Ĭ10

-4
 M,  ˞̱ ˡ = 8.0Ĭ10

-4
 M, ʂʌʂ-2, l = 0.5 ʩʤ 
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ɼʝʡʩʪʚʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʷʜʘ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠ-

ʦʥʦʚ ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʄʦ(VI) ʠ W(V). ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʧʨʦ-

ʧʠʩʠ, ʧʦ ʢʦʪʦʨʦʡ ʧʦcʪʨʦʝʥʳ ʛʨʘʜʫʠʨʦʚʦʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʩ ʪʦʡ ʣʠʰʴ ʨʘʟʥʠ-

ʮʝʡ, ʯʪʦ ʚ ʨʘʩʪʚʦʨ, ʢʨʦʤʝ ʄ(VI) ʚʚʦʜʠʣʠ ʠʟʚʝʩʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʭ ʠʦʥʦʚ. ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʠʙ-

ʜʝʥʘ ʚ ʚʠʜʝ ʠʟʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ.7.20  ʠ 7.21. ʋʩʪʘʥʦʚʣʝ-

ʥʦ, ʯʪʦ ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʱʝʣʦʯʥʳʭ, ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʈɿʕ, F
-
, 

CI
-
, ,, 2

3

--SOBr
-2

4SO -2

42   OCʠ ʥʝ ʤʝʰʘʶʪ ʦʧʨʝʜʝʣʝʥʠʶ ʤʦʣʠʙʜʝʥʘ. ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʩʢʠʨʫʁʱʠʭ ʚʝʱʝʩʪʚ. 

  ʊʘʙʣʠʮʘ 7.20 

ɼʦʧʫʩʪʠʤʳʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʦʣʠʙʜʝʥʘ(V) ʩ 

ɼʌ ʠ ɸʤ (ʚʟʷʪʦ 30 ʤʢʛ Mo(VI)) n=5, ʈ = 0.95. 

ʀʦʥ 
ʄʦʣʴʥʳʡ 

ʠʟʙʳʪʦʢ ʠʦʥʘ 

ʄʘʩʢʠʨʫʶʱʝʝ 

ʚʝʱʝʩʪʚʦ 

ʅʘʡʜʝʥʦ ʄʦ, ʤʢʛ (Sr) 

ɼʊʄʌ+ɸʌ4  ɼʊʇʌ-ʧ-ʪʦʣ ɼʊɹʌ+ɼʌɻ 

Co(II) 40  30.0 (0.03)    30.3 (0.04) 30.1 (0.04) 

Ni(II ) 40  29.8 (0.03) 29.6 (0.03) 29.8 (0.03) 

Fe(II ) 180  30.7 (0.05) 30.2 (0.05) 29.7 (0.03) 

Cd(II) 200  29.9 (0.05) 29.8 (0.03) 29.9 (0.04) 

Al (III ) 180  30.0 (0.04) 30.1 (0.05) 30.0 (0.02) 

Fe(III ) 50 ʕɼʊɸ 30.2 (0.03) 30.2 (0.05) 30.2 (0.04) 

Zr(IV) 45  29.8 (0.05) 30.3 (0.04) 29.8 (0.03) 

Cu(II) 25 ʊʠʦʤʦʯʝʚʠʥʘ 29.6 (0.04) 29.7 (0.03) 29.6 (0.05) 

Hg(II) 40  30.3 (0.06) 30.2 (0.05) 30.4 (0.05) 

Ti(IV)  35 
ɸʩʢʦʨʙʠʥʦʚʘʷ  

ʢʠʩʣʦʪʘ 
29.6 (0.05) 29.8 (0.03) 29.6 (0.03) 

V(IV)  20  29.3 (0.04) 30.3 (0.04) 29.6(0.05) 

W(VI)  10 ɺʠʥʥʘʷ ʢʠʩʣʦʪʘ 29.0 (0.05) 29.6 (0.03) 29.4 (0.06) 

Cr(III)  130  29.8 (0.05) 30.2 (0.04) 29.8 (0.04) 

Nb(V)  60 -2

42OC  30.1 (0.05)  30.2 (0.05) 30.1 (0.05)  

Ta(V) 60  30.2 (0.03) 29.8 (0.03) 30.2 (0.03) 

+2

2UO  55 
-COOCH3  29.3 (0.04) 30.3 (0.04) 29.3 (0.03) 

ɺʠʥʥʘʷ ʢʠʩʣʦʪʘ 200  30.4 (0.05) 29.6 (0.03) 30.4 (0.04) 

ʃʠʤʦʥʥʘʷ 

ʢʠʩʣʦʪʘ 
215  30.0 (0.05) 30.2 (0.05) 30.1 (0.04) 

ʂʦʤʧʣʝʢʩʦʥ III  30  30.1 (0.03) 29.8 (0.03) 30.1 (0.04) 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʩʢʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʤʝʰʘʶʱʠʭ ʵʣʝ-

ʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʥʳ ʩʫʣʴʬʦʩʘʣʠʮʠʣʦʚʘʷ, ʚʠʥʥʘʷ, ʣʠʤʦʥʥʘʷ ʠ ʱʘʚʝʣʝʚʘʷ ʢʠʩʣʦ-

ʪʳ, ʛʠʜʨʦʢʩʠʣʘʤʠʥ, ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ (ʜʦ 0.2 ʛ ʚ 25 ʤʣ ʬʦʪʦʤʝʪʨʠʨʫʝʤʦʛʦ ʨʘʩ-
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ʪʚʦʨʘ), ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠ ʪʠʦʤʦʯʝʚʠʥʘ (ʜʦ 2 ʛ ʚ 25 ʤʣ). ʄʝʰʘʶʱʝʝ ʚʣʠ-

ʷʥʠʝ Fʝ(III) ʠ Ti(IV) ʫʩʪʨʘʥʷʣʠ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ, Cu(II) - ʪʠʦʤʦʯʝʚʠʥʦʡ ʘ 

Nb(V) - ʦʢʩʘʣʘʪ ʠʦʥʦʤ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 0.01ʄ ʨʘʩʪʚʦʨʘ ʕɼʊɸ ʦʧʨʝʜʝʣʝʥʠʶ 

ʥʝ ʤʝʰʘʁʪ Ti(IV), V(IV), Nb(V), Ta(V) ʠ Fe(III ).       

ʊʘʙʣʠʮʘ 7.21 

ɼʦʧʫʩʪʠʤʳʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʦʣʴʬʨʘʤʘ ʩ ɼʌ 

ʠ ɸʤ (ʚʟʷʪʦ 50 ʤʢʛ W(VI), n=3, P=0,95)  

ʀʦʥ 

ʄʦʣʴʥʳʡ 

ʠʟʙʳʪʦʢ 

ʠʦʥʘ 

ʄʘʩʢʠʨʫʶʱʝʝ 

ʚʝʱʝʩʪʚʦ 

ʅʘʡʜʝʥʦ, ʤʢʛ (Sr) 

ɼʊʌ+ʤɸʥ ɼʊʄʌ+ɸʌ6 ɼʊɹʌ+ʤɸʥ ɼʊɹʌ+ɼʌɻ 

Co(II) 50 ʎʠʘʥʠʜ ʢʘʣʠʷ 29.8(0.04) 29.8(0.03) 30.2(0.02) 29.8(0.03) 

Ni(II)  50 ʎʠʘʥʠʜ ʢʘʣʠʷ 29.7(0.05) 30.3(0.04) 29.8(0.04) 30.3(0.04) 

Fe(II) 34 ʎʠʘʥʠʜ ʢʘʣʠʷ 30.2(0.04) 29.6(0.03) 29.8(0.03) 29.6(0.03) 

Cd(II) 200 ʎʠʘʥʠʜ ʢʘʣʠʷ 30.2(0.05) 30.2(0.05) 30.3(0.04) 29.8(0.03) 

Al (III ) 180  29.8(0.04) 29.8(0.03) 29.6(0.03) 30.3(0.04) 

Fe(III) 60 ʕɼʊɸ 29.6(0.03) 30.3(0.04) 30.2(0.05) 30.3(0.04) 

Zr(IV)  50  29.8(0.04) 29.6(0.03) 29.8(0.03) 29.6(0.03) 

Cu(II) 25 ʊʠʦʤʦʯʝʚʠʥʘ 29.8(0.04) 30.2(0.05) 30.1(0.05) 30.2(0.05) 

Hg(II) 40  29.7(0.05) 29.8(0.03) 30.2(0.05) 29.8(0.03) 

Ti(IV)  30 
ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 
30.2(0.04) 29.7(0.05) 29.8(0.04) 30.1(0.05) 

V(IV)  20  30.3(0.04) 30.2(0.04) 29.6(0.03) 30.2(0.05) 

Mo(VI)  10 ʕɼʊɸ 29.6(0.04) 30.2(0.05) 30.4(0.04) 30.3(0.04) 

Cr(III)  120  30.2(0.05) 29.8(0.04) 29.8(0.04) 29.7(0.03) 

Nb(V)  50 -2

42OC  29.8(0.05) 29.7(0.05) 29.8(0.04) 30.2(0.05) 

Ta(V) 50 
ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 
30.1(0.05) 30.2(0.04) 29.7(0.05) 29.8(0.03) 

+2

2UO  50 ɸʮʝʪʠʣʘʮʝʪʦʥ 30.2(0.05) 29.8(0.03) 30.2(0.04) 30.3(0.04) 

ʃʠʤʦʥʥʘʷ 

ʢʠʩʣʦʪʘ 
15  30.3(0.04) 30.3(0.04) 30.2(0.05) 29.6(0.03) 

H2SO4 20  29.6(0.03) 29.6(0.03) 29.8(0.04) 30.2(0.04) 

ɺʠʥʥʘʷ 

ʢʠʩʣʦʪʘ 
15  30.2(0.05) 30.2(0.05) 29.6(0,03) 30.2(0.05) 

ʕɼʊɸ 25  29.8(0.03) 29.8(0.03) 29.8(0.04) 29.8(0.03) 

NH4F 250  30.1(0.05) 30.3(0.04) 29.8(0.04) 29.6(0.05) 

 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩ ʠʟʚʝʩ-

ʪʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʠ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʠʥʦʚ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʤʦʣʠʙʜʝʥʘ ʩ ʜʠʪʠʦʣʦʤ ʦʩʥʦʚʘʥʦ ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ ʜʠʪʠʦʣʘʪʘ Mo(VI). ʄʦʣ̫ʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 675 ʥʤ ʩʦʩʪʘʚʣʷʝʪ 2.2Ĭ10
4
. ʂʦʤʧʣʝʢʩ ʦʙʨʘʟʫʝʪʩʷ 
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ʚ ʩʠʣʴʥʦʢʠʩʣʦʡ ʩʨʝʜʝ (4-12 ʄ HCl). ʆʧʨʝʜʝʣʝʥʠʶ ʤʝʰʘʶʪ: Fe(III ), Sn(II ), W(VI) 

ʠ ʜʨ. [193, ʩ.293]. 

 ɺʦʣʴʬʨʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʠʪʠʦʣʦʤ ʧʦʜʦʙʥʦ ʤʦʣʠʙʜʝʥʫ. ʄʘʢʩʠʤʫʤ 

ʩʚʝʪʦʧʦʛʣʦɦʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʧʨʠ 640 ʥʤ, Ů =1.92Ĭ10
4
. ʆʢʠʩʣʠʪʝʣʠ, ʨʘʟʣʘʛʘʶʱʠʝ 

ʜʠʪʠʦʣ, ʤʝʰʘʶʪ ʦʧʨʝʜʝʣʝʥʠʶ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ W(VI) 

ʧʨʠʤʝʥʝʥ 8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ. ʂʦʤʧʣʝʢʩ ʦʙʨʘʟʫʝʪʩʷ ʚ ʩʣʘʙʦʢʠʩʣʦʡ ʩʨʝʜʝ. ʍʣʦ-

ʨʦʬʦʨʤʥʳʡ ʵʢʩʪʨʘʢʪ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʛʣʦʱʘʝʪ ʧʨʠ 412 ʥʤ (Ů=3.67Ĭ10
3
). ɺ ʪʘʙʣ. 

7.22. ʠ 7.23 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʨʘʚʥʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʄʦ(V) ʠ W(V) ʩ ʥʝʢʦʪʦʨʤrʠ ʫʞʝ ʠʟʚʝʩʪʥʳʤʠ ʤʝ-

ʪʦʜʠʢʘʤʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʘʢʮʠʡ ʣʠʙʦ ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʴʥʳ, ʣʠʙʦ 

ʤʘʣʦ ʠʟʙʠʨʘʪʝʣʴʥʳ, ʯʪʦ ʚʳʟʚrʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʪʜʝʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴ-

ʬʨʘʤʘ ʦʪ ʪʝʭ ʠʣʠ ʠʥʳʭ ʤʝʰʘʁʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʠ ʘʥʘʣʠʟʝ ʩʣʦʞʥʭr ʦʙʲʝʢ-

ʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʪʜʝʣʷʪʴ ʚʦʣʴʬʨʘʤ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ. ʏʘʩʪʦ ʝʛʦ ʦʪ-

ʜʝʣʁ̫ʪ ʢʠʩʣʳʤ ʛʠʜʨʦʣʠʟʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʣʴʬʨʘʤʦʚʘʷ ʢʠʩʣʦʪʘ ʚʳʧʘʜʘʝʪ ʚ 

ʦʩʘʜʦʢ, ʘ Al, Fe, Ti, Co, Ni, Cr, Mn, V ʦʩʪʘʶʪʩʷ ʚ ʨʘʩʪʚʦʨʝ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮ, 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʥʘʤʠ ʤʝʪʦʜʠʢʠ ʜʦʩʪʘʪʦʯʥʦ ʠʟʙʠʨʘʪʝʣʴʥʳ, ʯʫʚʩʪʚʠʪʝʣʴʥʳ, ʦʪʣʠ-

ʯʘʶʪʩʷ ʝʢʩʧʨʝʩʩʥʦʩʪʴʶ ʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʜʘʞʝ ʤʘʣʳʝ ʢʦʣʠʯʝʩʪʚʘ ʫʢʘ-

ʟʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʧʦʣʫʯʠʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ.   

 7.7.  ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʘʥʘ(VI)  

ʈʘʟʨʘʙʦʪʘʥʳ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘ-

ʥʘ(VI)  ʩ ɼʌ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼʌɻ, ɸʥ, ʜɸʥ ʠ ɸʌ3. 

ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ. ɺ ʛʨʘʜʫʠʨʦʚʘʥʥʳʝ ʧʨʦʙʠʨʢʠ ʩ 

ʧʨʠʪʝʨʪʳʤʠ ʧʨʦʙʢʘʤʠ ʚʚʦʜʷʪ 0.1-1.3 ʤʣ, ʩ ʠʥʪʝʨʚʘʣʦʤ 0.1 ʤʣ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪ-

ʚʦʨʘ ʫʨʘʥʘ, 2.2-2.8 ʤʣ 0.01 ʄ ʨʘʩʪʚʦʨʘ ɼʌ ʠ 1.5-1.8 ʤʣ ɸʤ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʟʥʘʯʝʥʠʷ ʨʅ (2-4), ʚ ʨʘʩʪʚʦʨ ʚʚʦʜʷʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʫʬʝʨʥʳʡ 

ʨʘʩʪʚʦʨ. ʆʙʲʝʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʜʦʚʦʜʷʪ ʜʦ 5 ʤʣ ʭʣʦʨʦʬʦʨʤʦʤ, ʘ ʚʦʜʥʦʡ ʬʘ-

ʟʳ - ʜʦ 20 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʏʝʨʝʟ 10 ʤʠʥʫʪ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ ʦʪ-

ʜʝʣʁ̫ʪ ʠ ʠʟʤʝʨʷʶʪ ʝʛʦ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʥʘ ʂʌʂ-2 ʧʨʠ 490 ʥʤ. ɻʨʘʜʫʠʨʦʚʦʯ-

ʥʳʝ ʛʨʘʬʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ ʩ ɼʌ ʠ ɸʤ  ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.7.9.  
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ʊʘʙʣʠʮʘ 7.22 

ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ(VI)  

ʈʝʘʛʝʥʪ 
pH 

(ʨʘʩʪʚʦʨʠʪʝʣʴ) 
l, 

ʥʤ 
eÖ10

-4 
ʆʙʣʘʩʪʴ ʧʦʜʯʠ-

ʥʝʥʠʷ ʟʘʢʦʥʫ 

ɹʝʨʘ (ʤʢʛ/ʤʣ) 

ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ 

ʈʦʜʘʥʠʜ [193, ʩ.290] 0.75-1.5ʄ HCl 470 2.0  
ʆʧʨʝʜʝʣʝʥʠʶ ʤʦʣʠʙʜʝʥʘ ʤʝʰʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ  U, Re, V, Co, Cu, Bi, Fe(II) 

4-ɻʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ [487, ʩ.1740] 
6.0 

365 1.25  
0.03837 - 

0.3837 

ʭʣʦʨʠʜ 141.8, Cr(VI) 1.039, ʙʨʦʤʠʜ 479, V(V) 

32.6,ʠʦʜʠʜ 761, W(VI) 5.8,  ʥʠʪʨʘʪ 590, Mn(II) 

3.29,ʘʮʝʪʘʪ 472, Co(II) 4.74, ʤʦʯʝʚʠʥʘ 600, Ni(II) 

4.69, ʪʘʨʪʨʘʪ 736, Ag(I) 5.17, Cd(II) 13.4 

8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ-5-ʩʫʣʴʬʦʢʠʩʣʦʪʘ 

[69, ʩ.227] 
3.0-4.5 540 0.518 3-13  

6-ʍʣʦʨʦ-3-ʛʠʜʨʦʢʩʠ-2-(3-ʛʠʜʨʦʢʩʠ-

ʬʝʥʠʣ)-4-ʦʢʩʦ-4H-1-ʙʝʥʟʦʧʠʨʘʥ [353, ʩ.1] 

0.2ï2.0 M 

H2SO4 
404 5.62 2.31 

ʅʝ ʤʝʰʘʶʪ: Ba(II), Mg(II), Ca(II), Sr(II), Mn(II), 

V(IV), Fe(II), Cr(III), Co(II), Cu(II), Zn(II), Cd(II), 

Hg(II), As(V), Al(III) , Bi(III), Ag(I), Pb(II), U(VI)  

ʄʝʰʘʶʪ: Ni(II), Ce(IV), Rh(III),  Os(VIII), Pd(II), 

Re(VII), Pt(IV), Ru(III), Au(III), Ir(III)   

2-ɻʠʜʨʦʢʩʠ-3,5-ʜʠʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ [388, ʩ.43] 
3-5 

406  

 

2.93  

 

0.3838 ï 2.399  

 

ʅʝ ʤʝʰʘʶʪ: Ru(III), Pd(II), Hg(II), Co(II), Fe(III), 

ʪʠʦʤʝʯʠʚʠʥʘ, ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ , F
-
 

ʎʠʥʥʘʤʘʣʴʜʝʛʠʜ-4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʠʣ-

ʛʠʜʨʘʟʦʥ [396, ʩ.808] 
3.0-4.0 404 6.82  0.047-0.479 

ʄʝʰʘʶʪ: Co(II), Ni(II), Pd(II), Ti(IV), Fe(II), 

Cu(II), Ru(III), Bi(III),  Sn(II), Pb(II), Hg(II) 

8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ [69, ʩ.227] 3.2-4.2 (ʘʩʝʪʦʥ) 530  < 20 ʤʢʛ  

2-ɻʠʜʨʦʢʩʠ-5-ʭʣʦʨʪʠʦʬʝʥʦʣ [126, ʩ. 88] 3.6-7.7 535 3.7 0.2-18  

ɼʊʄʌ+ʤɸʥ 
3.5-4.8 

(ʭʣʦʨʦʬʦʨʤ) 
540 5.0 0.5-18 ʉʤ. ʪʘʙʣ.7.20 

ɼʊɹʌ+ʤɸʥ 3.7-5.0 

(ʭʣʦʨʦʬʦʨʤ) 
530 5.2 0.6-18 ʉʤ. ʪʘʙʣ.7.20 

ɼʊɹʌ+ʜɸʥ 3.8-5.2 

(ʭʣʦʨʦʬʦʨʤ) 
535 5.3 0.6-18 ʉʤ. ʪʘʙʣ.7.20 
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ʊʘʙʣʠʮʘ 7.23 

ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʦʜʠʢ  ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʣʴʬʨʘʤʘ 

ʈʝʘʛʝʥʪ pH (ʨʘʩʪʚʦʨʠʪʝʣʴ) 
l, 

ʥʤ 
 eĬ10

-4 
ʆʙʣʘʩʪʴ ʧʦʜʯʠ-

ʥʝʥʠʷ ʟʘʢʦʥʫ 

ɹʝʨʘ (ʤʢʛ/ʤʣ) 

ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ 

ʊʦʣʫʦʣ-3,4-ʜʠʪʠʦʣ 

 [193, ʩ.297; 276, ʩ.287] 
1.5-2.0 (ʭʣʦʨʦʬʦʨʤ) 640 1.92 0.1-2.0 

ʅʝ ʤʝʰʘʶʪ:Al(III), B(III), Bi(III),  Fe(III), Co(II), 

Ce(IV), Cr(III), Cu(II), Zr(IV), Mn(II)  

8-ʄʝʨʢʘʧʪʦʭʠʥʦʣʠʥ [71, ʩ.126] 

  

0.5-3.0 (ʠʟʦʙʫʪʘʥʦʣ-

ʭʣʦʨʦʬʦʨʤ(1:1)) 
412 0.367 Ò4 ʅʝ ʤʝʰʘʶʪ: Ni(II), Fe(II), Al(III), Hg(II) , V(IV) , Cu(II)  

8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ 

[71, ʩ.131] 
4.4 (ʭʣʦʨʦʬʦʨʤ) 363 0,64  

Ni(II) 29, Fe(II) 27, Cd(II) 29.9, Al(III) 30, Fe(III) 32, 

Zr(IV)  (29.8), Cu(II) 26, Hg(II) (34), Ti(IV) 29.6, V(IV) 29 

3.5-ʜʠʥʠʪʨʦʧʠʨʦʢʘʪʝʭʠʥ 

+2,3.5-ʪʨʠʬʝʥʠʣ-2ʅ-ʪʝʪʨʘ-

ʟʦʣʠʫʤ [372,  ʩ.1; 413, ʩ.283] 

0.25-0.4ʄ H2SO4 

(ʭʣʦʨʦʬʦʨʤ) 
400 2.12 0.5-7.4 Co

3+
, Cr

3+
, Cu

2+
, Fe

3+
, Al

3+
, Mn

2+
, Sb

5+
, Zr

4+
, Zn

2+ 

2,3-ʜʠʛʠʜʨʦʢʩʠʥʘʬʪʘʣʠʥ+ 

2,3.5-ʪʨʠʬʝʥʠʣ-2ʅ-ʪʝʪʨʘʟʦʣʠʫʤ  

[372, ʩ.1] 

      0.4-1.8M H2SO4 

(ʭʣʦʨʦʬʦʨʤ) 
420 2.12 0.7-7.4 Co

3+
, Cr

3+
,Cu

2+
, Fe

3+
, Al

3+
, Mn

2+
, Sb

5+
, Zr

4+
, Zn

2+
 

2-ʛʠʜʨʦʢʩʠ-5-ʪʠʦʬʝʥʦʣ + ʘʥʠ-

ʣʠʥ  [124, ʩ.230] 
4.2-5.4 (ʭʣʦʨʦʬʦʨʤ) 465 2.4  ʄʝʰʘʶʪ: Co(II) Ni(II), Cu(II), Fe(III), Zr(IV) 

6-ʭʣʦʨ-3-ʛʠʜʨʦʢʩʠ-2-ʬʝʥʠʣ-4-

ʦʢʩʦ-4H-1-ʙʝʥʟʦʧʠʨʘʥ 

[478, ʩ.81] 

0.04 ï 0.32 M HCl 420 3.125 0 ï 2.9 

ʅʝ ʤʝʰʘʶʪ: Ni(II), Zn(II), Mg(II), Mn(II), Co(II), Hg(II), 

Pb(II), Al(III), Cr(III), Be(II), Bi(III), Cu(II), Zr(IV), 

Sn(II), Pt(IV), ʘ ʪʘʢʞʝ ʪʠʦʤʦʯʝʚʠʥʘ, ʭʣʦʨʠʜ-, ʙʨʦʤʠʜ-, 

ʠʦʜʠʣ-, ʘʮʝʪʘʪ-, ʥʠʪʨʘʪ-;ʦʨʪʦʬʦʩʬʦʨʥʘʷ, ʘʩʢʦʨʙʠʥʦʚʘʷ 

ʠ ʩʫʣʴʬʦʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʳ; ʤʝhʘʁʪ: Ce(IV), 

Ta(V), Pd(II), Ag(I), Mo(VI), Ti(IV), Ru(III), Th(IV), 

V(V), Ir(III), Au(III), ʮʠʪʨʘʪ ʥʘʪʨʠʷ, ʪʘʨʪʘʨʘʪ ʢʘʣʠʷ 

SCN
-
ʕʇʍ [430, ʩ.913] 

4ʄ HCl 

(ʭʣʦʨʦʬʦʨʤ) 
404 1.74 1.0-15.0 

Zr(IV)  (29.8), Cu(II)29.6, Hg(II) (30.4), Ti(IV) (29.6), V(IV)  

(29.6),  Fe
3+

, Al
3+

, Mn
2+

, Sb
5+

 , Co
2+

(50), Sn
2+ 

ɼʊɹʌ+ʤɸʥ 3.5-4.6 (ʭʣʦʨʦʬʦʨʤ) 480 2.57 0.4-18 ʉʤ. ʪʘʙʣ.7.21 

ɼʊʄʌ+ʜɸʥ 3.5-4.5 (ʭʣʦʨʦʬʦʨʤ) 490 2.68 04-15 ʉʤ. ʪʘʙʣ.7.21 

ɼʊʕʌ-ɼʌɻ 4.0-5.6 (ʭʣʦʨʦʬʦʨʤ) 480 3.14 0.5-17 ʉʤ. ʪʘʙʣ.7.21 

ɼʊɹʌ-Aʌ2 4.5-5.4 (ʭʣʦʨʦʬʦʨʤ) 485 3.90 0.6-20 ʉʤ. ʪʘʙʣ.7.21 

ɼʊɹʌ-Aʌ3 4.4-5.3 (ʭʣʦʨʦʬʦʨʤ) 4.90 3.98 0.6-20 ʉʤ. ʪʘʙʣ.7.21 
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ʈʠʩ.7.9.  ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʢʩʪʨʘʢʪʦʚ ʈʃʂ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʫʨʘʥʘ(VI)  

1 - U(VI) -ɼʊʕʌ-ɸʥ, 2 - U(VI) -ɼʊʕʌ-ʤɸʥ, 3-U(VI) -ɼʊʕʌ-ʜɸʥ. 

˞ = 7.4Ĭ10
-6
 ʄ;, Cɼʌ = 8.8Ĭ10

-4
 M, Cɸʤ =(6.0-7.2)Ĭ10

-4
 M, ʂʌʂ-2, l = 1.0 ʩʤ 

ʆʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʵʢʩʪʨʘʢʪʦʚ ʈʃʂ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʫʨʘʥʘ ʚ ʠʥʪʝʨʚʘʣʝ 0.3-22 ʤʢʛ/ʤʣ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʜʫ-

ʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ [111, 

ʩ.248]. ʋʨʘʚʥʝʥʠʝ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.7.24. ʅʘ ʦʩʥʦʚʘ-

ʥʠʠ ʫʨʘʚʥʝʥʠʡ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʳʯʠʩʣʠʣʠ ʧʨʝʜʝʣ ʬʦʪʦʤʝʪʨʠ-

ʯʝʩʢʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʨʝʜʝʣ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ ʚ ʚʠʜʝ ʈʃʂ.  

ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʝʘʢʮʠʠ ʥʘʢʣʦʥ 

ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ, ʪʦ ʩʨʝʜʠ ʜʠʪʠʦʬʝʥʦʣʷʪʥʦ-ʘʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

Mo(V) ʠ W(V) ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ [Uʆ2(ɼʊʕʌ)2] 

(ɼʌɻʅ)2, [Uʆ2(ɼʊʕʌ)2](ɸʌ3ʅ)2 , [Uʆ2(ɼʊɹʌ)2](ʜAʥʅ)2, [Uʆ2(ɼʊɹʌ)2](ɼʌɻʅ)2. 

ɺʣʠʷʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ. ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ 

ʥʘ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʘʥʘ(VI)  ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʨʘʩʪʚʦʨʳ, ʩʦ-

ʜʝʨʞʘʱʠʝ ʫʨʘʥ ʠ ʩʣʝʜʫʶʱʠʝ ʠʦʥʳ: Al, Cd(II), Hg(II) , Fe(II), Co(II), Ni(II), 

Bi(III) , Pb(II), Ti(IV), V(IV), Nb(V), Ta(V), Mo(VI), Fe(III) ʠ Cu(II). ɺ ʨʘʩʪʚʦʨʝ, 

ʩʦʜʝʨʞʘʱʠʡ ʫʨʘʥ ʠ ʦʜʠʥ ʠʟ ʫʢʘʟʘʥʥʳʭ ʠʦʥʦʚ, ʧʦ ʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʦʧʨʝ-

ʜʝʣ̫ʣʠ ʫʨʘʥʘ. ɽʩʣʠ ʦʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʣʘ 10%, ʪʦ ʩʯʠʪʘʣʠ, ʯʪʦ 

ʧʦʩʪʦʨʦʥʥʠʡ ʠʦʥ ʧʨʠ ʫʢʘʟʘʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʥʝ ʤʝʰʘʝʪ ʦʧʨʝʜʝʣʝʥʠʶ ʫʨʘʥʘ 

(ʪʘʙʣ.7.25). 
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ʊʘʙʣʠʮʘ 7.24 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʪʨʦʡʥʳʭ ʢʦʤʧʣʝʢʩʦʚ U-ɼʌ-ɸʤ 

ʉʦʝʜʠʥʝʥʠʝ ʆʙʣʘʩʪʴ ʧʦʜʯʠ-

ʥʝʥʠʷ ʟʘʢʦʥʫ 

ɹʵʨʘ, ʤʢʛ/ ʤʣ
 

ʋʨʘʚʥʝʥʠʝ 

ʛʨʘʜʫʠʨʦʚʦʯ-

ʥʳʭ ʛʨʘʬʠʢʦʚ 

ʇʨʆ 

 ʥʛ/ ʩʤ
3
 

ʇʂʆ 

 ʥʛ/ ʩʤ
3
 

ʏʫʚʩʪʚʠ- 

ʪʝʣʴʥʦʩʪʴ  

ʥʛ/ ʩʤ
2
 

[Uʆ2(ɼʊʌ)2](ɸʥʅ)2 0.6-16 0.011+0.019x 13 45 8.88 
[Uʆ2(ɼʊʌ)2](ʤɸʥʅ) 2 0.6-16 0.010+0.020x 12 40 8.38 
[Uʆ2(ɼʊʌ)2](ʜɸʥʅ) 2 0.4-18 0.015 + 0.021x 13 43 8.06 
[Uʆ2(ɼʊʌ)2](ɹɸʅ) 2 0. 4-18 0.011+0.023x 11 34 7.32 
[Uʆ2(ɼʊʄʌ)2](ɸʥʅ) 2 0.5-18 0.009+0.022x 12 39 8.46 
[Uʆ2(ɼʊʄʌ)2](ʤɸʥʅ) 2 0.5-18 0.019+0.020x 12 39 8.06 
[Uʆ2(ɼʊʄʌ)2](ʜɸʥʅ) 2 0.4-18 0.025 +0.020 x 12 41 7.60 
[Uʆ2(ɼʊʄʌ)2](ɼʌɻʅ) 2 0.4-18 0.011+0.023x 11 36 7.34 
[Uʆ2(ɼʊʄʌ)2](ɸʌ1ʅ) 2 0.4-21 0.020+0.023x 11 35 7.00 
[Uʆ2(ɼʊʕʌ)2](ɸʥʅ) 2 0.4-19 0.021+0.021x 12 38 7.95 
[Uʆ2(ɼʊʕʌ)2](ʤɸʥʅ) 2 0.4-18 0.012+0.023x 12 37 7.55 
[Uʆ2(ɼʊʕʌ)2](ʜɸʥʅ) 2 0.5-20 0.017+ 0.022 x 12 41 7.25 
[Uʆ2(ɼʊʕʌ)2](ɼʌɻʅ) 2 0.4-20 0.049+0.020x 11 36 6.89 
[Uʆ2(ɼʊʕʌ)2](ʊʌɻʅ) 2 0.5-18 0.037+0.019x 12 39 7.36 
[Uʆ2(ɼʊʕʌ)2](ɸʌ3ʅ) 2 0.6-18 0.047+0.023x 10 33 6.26 
[Uʆ2(ɼʊʇʌ)2 ](ɸʥʅ)2 0.4-19 0.021+0.023ʭ 12 37 7.80 
[Uʆ2(ɼʊʇʌ)2 ](ʌʝʥʅ)2 0.6-18 0.030+0.021x 11 34 7.08 
[Uʆ2(ɼʊʇʌ)2 ](ɼʠʧʅ)2 0.6-18 0.019+0.019x 11 34 7.34 
[Uʆ2(ɼʊʇʌ)2 ](ʦ-ɸʤʈʫH)2 0.5-19 0.012+0.024x 11 34 7.55 
[Uʆ2(ɼʊɹʌ)2](ɸʥʅ) 2 0.3-20 0.028+0.021x 11 37 7.53 
[Uʆ2(ɼʊɹʌ)2](ʤɸʥʅ) 2 0.3-20 0.031+0.022x 11 36 7.32 
[Uʆ2(ɼʊɹʌ)2](ʜɸʥʅ) 2 0.3-22 0.019 + 0.023x 11 37 6.95 
[Uʆ2(ɼʊɹʌ)2](ɼʌɻʅ) 2 0.4-22 0.022+0.025x 10 32 6.59 
[Uʆ2(ɼʊɹʌ)2](ɹɸʅ) 2 0.4-22 0.043+0.023x 10 32 6.64 

  

 ʆʧʨʝʜʝʣʝʥʠʶ ʫʨʘʥʘ ʩ ɼʌ ʠ ɸʤ ʥʝ ʤʝʰʘʶʪ ʠʦʥʳ ʱʝʣʦʯʥʳʭ, ʱʝʣʦʯʥʦ-

ʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʈɿʕ, ʘ ʪʘʢʞʝ Al, Ga(III), Tl(III) . ɹʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʭʣʦʨʠʜ, ʙʨʦʤʠʜ, ʠʦʜʠʜ, ʩʫʣʴʬʘʪ, ʥʠʪʨʘʪ, ʢʘʨʙʦʥʘʪ, ʘʮʝʪʘʪ ʠ ʬʪʦʨʠʜ ʠʦʥʦʚ ʪʘʢ-

ʞʝ ʥʝ ʤʝʰʘʶʪ ʦʧʨʝʜʝʣʝʥʠʶ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʩʢʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘ-

ʥʳ ʢʦʤʧʣʝʢʩʦʥ III, ʕɼʊɸ, ʪʠʦʤʦʯʝʚʠʥʘ, ʚʠʥʥʘʷ ʠ ʣʠʤʦʥʥʘʷ ʢʠʩʣʦʪʳ. ʄʝʰʘ-

ʶʱʝʝ ʚʣʠʷʥʠʝ Fe(II), Co(II), Ni(II), Bi(III) , Pb(II) ʠ Cu(II) ʫʩʪʨʘʥ̫ʣʠ ʧʨʠʤʝʥʝ-

ʥʠʝʤ ʢʦʤʧʣʝʢʩʦʥʘ III  (5 ʤʣ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘ-

ʯʝʩʪʚʝ ʤʘʩʢʠʨʫʶʱʝʛʦ ʨʝʘʛʝʥʪʘ 0.01ʄ ʨʘʩʪʚʦʨʘ ʕɼʊɸ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝ ʤʝʰʘʁʪ 

Fe(III ), Ti(IV), V(IV), Nb(V), Ta(V) ʠ Mo(VI). ɹʦʣʴʰʦʡ ʠʟʙʳʪʦʢ ʢʦʤʧʣʝʢʩʦʥʘ III  

ʠ ʕɼʊɸ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʨʘʩʢʠ ʢʦʤʧʣʝʢʩʦʚ. ʊʘʨʪʨʘʪʳ ʤʘʩ-

ʢʠʨʫʶʪ ʪʠʪʘʥ. 
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ɼʦʧʫʩʢʘʝʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʫʨʘʥʘ(VI) ʩ 

ɼʌ ʠ ɸʤ. n=6, ʈ=0.95 (ʚʟʷʪʦ 50 ʤʢʛ U(VI)) 

ʀʦʥ 

ʄʦʣʴʥʳʡ  

ʠʟʙʳʪʦʢ 

ʠʦʥʘ 

ʄʘʩʢʠʨʫʶʱʝʝ 

ʚʝʱʝʩʪʚʦ 

ʅʘʡʜʝʥʦ, ʤʢʛ (Sr) 
ɼʊʄʌ 

+ɹɸ 

ɼʊʕʌ 

+ ɼʌɻ 

ɼʊɹʌ 

+ɼʌɻ 

ɼʊɹʌ+ʜɸʥ 

Fe(II)  30 
ʂʦʤʧʣʝʢʩʦʥ III  

 

49.2(0.03) 50.3(0.05) 49.8(0.02) 50.3(0.05) 

Co(II) 50 50.0(0.04) 49.8(0.03) 49.5(0.04) 49.8(0.03) 

Ni(II ) 50 49.8(0.02) 49.2(0.03) 50.3(0,05) 50.7(0.03) 

Cd(II) 200  49.5(0.04) 50.0(0.04) 49.8(0.03) 49.4(0.04) 

Bi(III)  200 
ʂʦʤʧʣʝʢʩʦʥ III  

50.5(0.02) 49.8(0.02) 50.7(0.03) 49.5(0.06) 

Cu(II)  20 49.2(0.04) 49.5(0.04) 49.4(0.04) 50.2(0.04) 

Zr(IV)  50 ɺʠʥʥʘʷ  

ʢʠʩʣʦʪʘ 

49.8(0.03) 50.5(0.02) 49.5(0.06) 49.6(0.06) 

W(VI)  25 49.6(0.05) 49.2(0.04) 50.2(0.04) 50.3(0.05) 

Hg(II) 40 Na2S2O3 50.3(0.05) 49.2(0.03) 49.6(0.06) 49.8(0.03) 

Ti(IV)  30 
ʕɼʊɸ 

49.8(0.03) 50.0(0.04) 50.3(0.05) 50.7(0.03) 

V(IV)  20 50.7(0.03) 49.8(0.02) 49.2(0.03) 49.4(0.04) 

Mo(VI)  15  49.4(0.04) 49.5(0.04) 50.0(0.04) 49.8(0.02) 

Cr(III)  120  49.5(0.06) 50.5(0.02) 49.8(0.02) 49.5(0.04) 

Nb(V)  50 ʕɼʊɸ 50.2(0.04) 49.2(0.04) 49.5(0.04) 50.5(0.02) 

Ta(V) 50 49.6(0.06) 49.2(0.03) 50.5(0.02) 49.2(0,04) 

Na2HPO4 23  50.5(0.05) 50.3(0.05) 49.2(0.04) 49.8(0.02) 

ɽɼʊɸ 132  50.6(0.03) 49.8(0.03) 49.2(0.03) 49.2(0.03) 

ʊʠʦʤʦʯʝʚʠʥʘ 80  49.4(0.04) 50.7(0.03) 50.0(0.04) 50.0(0.04) 

ɺʠʥʥʘʷ ʢʠʩʣʦʪʘ 300  49.5(0.06) 49.4(0.04) 49.8(0.02) 49.8(0.02) 

ʃʠʤʦʥʥʘʷ 

ʢʠʩʣʦʪʘ 
250  50.2(0.04) 49.5(0.06) 49.8(0.02) 49.5(0.04) 

ʂʦʤʧʣʝʢʩʦʥ III  225  49.6(0.06) 50.2(0.04) 49.5(0.04) 50.5(0.02) 

ʉʘʣʠʮʠʣʘʪ- ʠʦʥ 138  49.5(0.05) 49.6(0.06) 50.5(0.02) 49.2(0.04) 

ʉʫʣʴʬʦʩʘʣʠ- 

ʮʠʣʘʪ- ʠʦʥ 
135  50.8(0.06) 50.3(0.05) 49.2(0.04) 49.2(0.03) 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ(VI) ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʝʘʛʝʥ-

ʪʘʤʠ ʠ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʠʥʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ ʧʨʠ-

ʤʝʥʷʶʪʩʷ ʩʘʣʠʮʠʣʘʤʠʜʦʢcʠʤ, ʩʘʣʠʮʠʣʛʠʜʨʦʢʩʘʤʦʚʘʷ ʢʠʩʣʦʪʘ, ʪʘʡʨʦʥ (1,2-ʜʠ-

ʛʠʜʨʦʢʩʠʙʝʥʟʦʣ-3,5-ʜʠʩʫʣʴʬʦʥʘʪ ʥʘʪʨʠʷ), ʛʘʣʣʦʚʘʷ ʢʠʩʣʦʪʘ, ʭʨʦʤʦʪʨʦʧʦʚʘʷ 

ʢʠʩʣʦʪʘ, ʥʠʪʨʦʟʦ-R-ʩʦʣʴ, 8-ʦʢʩʠʭʠʥʦʣʠʥ ʠ ʜʨʫʛʠʝ ʨʝʘʛʝʥʪʳ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʫʨʘʥʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʢʨʘʰʝʥʥʳʭ ʨʝʘʛʝʥʪʦʚ, 

ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ. ʅʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʠ ʘʨʩʝʥʘʟʦ I (ʫʨʘʥʦʥ), ʘʨ-

ʩʝʥʘʟʦ II ʠ ʘʨʩʝʥʘʟʦ III. ʋʨʘʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʨʩʝʥʘʟʦ-I ʧʨʠ ʨʅ 7.5-9.0. Ů= 

2.3Ĭ10
4 
ʧʨʠ

 
596 ʥʤ. ɿʘʢʦʥ ɹʝʨʘ ʩʦʙʣʶʜʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʫʨʘʥʘ 
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0.2-10 ʤʢʛ/ʤʣ.  ʂʦʤʧʣʝʢʩ ʫʨʘʥʘ(VI)  ʩ ʘʨʩʝʥʘʟʦ III ʦʙʨʘʟʫʝʪʩʷ ʚ ʩʣʘʙʦʢʠʩʣʦʡ ʩʨʝ-

ʜʝ. ʄʦʣ̫ʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ Ů = 6.1Ĭ10
4 
ʧʨʠ

 
655 ʥʤ. ʆʧ-

ʨʝʜʝʣʝʥʠʶ ʤʝʰʘʁʪ: Th, Zr, V, ʉʛ, Fe ʠ ʈɿʕ. ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʞʥʦ 

ʧʦʚʩrʠʪʴ ʧʨʠ ʧʦʤʦɦʠ ʤʘʩʢʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʨʘʥʘ ʩ 1-(2-ʧʠʨʠʜʠʣʘʟʦ)-ʨʝʟʦʨʮʠʥʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʨʅ 

3-10. ʂʦʤʧʣʝʢʩ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʛʣʦʱʘʝʪ ʧʨʠ 510 ʥʤ. ɿʘʢʦʥ ɹʝʨʘ ʩʦʙʣʶʜʘʝʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ  ʫʨʘʥʘ 0.08-16 ʤʢʛ/ʤʣ. 

ɺ ʪʘʙʣ.7.26. ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʨʘʚʥʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘʤʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘ-

ʥʘ ʩ ʥʝʢʦʪʦʨʳʤʠ ʫʞʝ ʠʟʚʝʩʪʥʳʤʠ. ʉʨʘʚʥʝʥʠʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪ-

ʨʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʡ ʩ ʰʠʨʦʢʦʧʨʠʤʝʥʷʝʤʳʤʠ, ʧʦʢʘʟʚrʘʝʪ ʧʨʝʠʤʫ-

ʱʝʩʪʚʦ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʠʟ-

ʙʠʨʘʪʝʣʴʥʦʩʪʠ. 

 7.8.  ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʨʛʘʥʮʘ(II)  

ʆʧʨʝʜʝʣʝʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ ʘʥʘʣʠʪʠ-

ʯʝʩʢʫʶ ʟʘʜʘʯʫ, ʧʦʩʢʦʣʴʢʫ ʧʦʩʪʦʷʥʥʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʥʦ-

ʚʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ  ʦʙʲʝʢʪʦʚ. 

 ʂʦʥʪʨʦʣʴ ʟʘ ʩʦʜʝʨʞʘʥʠʝʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʩʪʦʯʥʳʭ ʚʦ-

ʜʘʭ ʥʘ ʫʨʦʚʥʝ ʠʭ ʇɼʂ ʠ ʥʠʞʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. ʇʦʵʪʦʤʫ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʪʷ-

ʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʆʧʨʝʜʝ-

ʣʝʥʠʝ ʤʠʢʨʦʢʦʣʠʯʝʩʪʚ ʤʘʨʛʘʥʮʘ(ȽȽ) ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʠ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʜʦ 

ʩʠʭ ʧʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʠ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦ-

ʜʦʚ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ [180, ʩ.54]. 
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ʉʨʘʚʥʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʦʜʠʢ  ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ 

ʈʝʘʛʝʥʪ 
pH 

(ʨʘʩʪʚʦʨʠʪʝʣʴ) 
l, ʥʤ eÖ10

-4 
ɼʠʘʧʘʟʦʥ ʦʧʨʝʜʝʣ-̫

ʝʤʳʭ ʩʦʜʝʨʞʘʥʠʡ, 

ʤʢʛ/ʤʣ 

ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ  

8-ʄʝʨʢʘʧʪʦʭʠʥʦʣʠʥ [276, ʩ.404]. 
0.5-3.0 (ʠʟʦʙʫʪʘʥʦʣ-

ʭʣʦʨʦʬʦʨʤ(1:1)) 
412 0. 367 Ò4 

ʅʝ ʤʝʰʘʶʪ: ʉu, Co, Ni, Zn, 

Al, Mo, V 

1-(2-ʧʠʨʠʜʠʣʘʟʦ)-ʨʝʟʦʨʮʠʥ  

[276, ʩ.405]. 
3-10 510  0.08-16  

ɸʨʩʝʥʘʟʦ-I [193, ʩ.527]. 7.5-9.0 596 2.3 0.2-10  

ɸʨʩʝʥʘʟʦ-III  [193, ʩ.523]. 2-3 655 6.1  ʄʝʰʘʶʪ: Th, Zr, V, ʉʛ, ʈɿʕ 

1-(2-ʧʠʨʠʜʠʣʘʟʦʥʘʬʪʦʣ-2) [193, 

ʩ.528]. 

ɸʤʤʠʘʯʥʦ-ʱʝʣʦʯʥʘʷ 

ʩʨʝʜʘ (ʭʣʦʨʦʬʦʨʤ) 
560 2.3   

1.8-ʜʠʦʢʩʠʥʘʬʪʘʣʠʥ-6-

ʩʫʣʴʬʦʢʠʩʣʦʪʘ [278, ʩ.405]. 
>8.5 420 0.43   

8-ʆʢʩʠʭʠʥʦʣʠʥ [260, ʩ.127]. 6-8 (ʭʣʦʨʦʬʦʨʤ) 400    

ɼʊʄʌ+ɸʌ1 5.2-6.2 (ʭʣʦʨʦʬʦʨʤ) 430 3.40 0.4-21 ʉʤ. ʪʘʙʣ. 7.25 

ɼʊʕʌ-ɼʌɻ 4.3-6.8 (ʭʣʦʨʦʬʦʨʤ) 470 3.45 0.4-20 ʉʤ. ʪʘʙʣ. 7.25 

ɼʊʕʌ-ɸʌ3 
5.2-6.6 (ʭʣʦʨʦʬʦʨʤ) 438 3.82 0.6-18 ʉʤ. ʪʘʙʣ. 7.25 

ɼʊɹʌ+ʜɸʥ 4.5-5.8 (ʭʣʦʨʦʬʦʨʤ) 492 3.65 0.05-3.2 ʉʤ. ʪʘʙʣ. 7.25 

ɼʊɹʌ-ɼʌɻ 4.6-7.0 (ʭʣʦʨʦʬʦʨʤ) 478 3.61 0.4-22 ʉʤ. ʪʘʙʣ. 7.25 

ɼʊɹʌ-ɹɸ 4.2-6.8 (ʭʣʦʨʦʬʦʨʤ) 455 3.58 0.4-22 ʉʤ. ʪʘʙʣ. 7.25 
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ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ. ɺ ʜʝʣʠʪʝʣʴʥʳʝ ʚʦʨʦʥʢʠ ʩ ʧʨʠ-

ʪʝʨʪʳʤʠ ʧʨʦʙʢʘʤʠ ʚʚʦʜʠʣʠ 1-120 ʤʢʛ ʤʘʨʛʘʥʮʘ, 2.0-2.4 ʤʣ 0.01ʄ ʨʘʩʪʚʦʨʘ ɼʌ 

ʠ 2.0-2.2 ʤʣ 0.01 ʄ ʨʘʩʪʚʦʨʘ ɸʤ. ʆʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʅ ʩʦʟʜʘʚʘʣʠ ʜʦʙʘʚʣʝ-

ʥʠʝʤ 1ʄ ʨʘʩʪʚʦʨʘ HCl. ʆʙʲʝʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʜʦʚʦʜʠʣʠ ʜʦ 5 ʤʣ ʭʣʦʨʦʬʦʨ-

ʤʦʤ, ʘ ʦʙʱʝʡ ʬʘʟʳ-ʜʦ 20 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʏʝʨʝʟ 3 ʤʠʥʫʪ ʦʨʛʘʥʠ-

ʯʝʩʢʫ  ʁʬʘʟʫ ʦʪʜʝʣʷʣʠ ʦʪ ʚʦʜʥʦʡ ʠ ʠʟʤʝʨʷʣʠ ʝʛʦ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪ-

ʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʂʌʂ-2 ʧʨʠ 490 ʥʤ. ɻʨʘʜʫʠʨʦʚʦʯʥʳʝ ʛʨʘʬʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʘʨʛʘʥʮʘ(II) ʩ ɼʌ ʠ ʘʤʠʥʘʤʠ  ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.7.10. 

 

ʈʠʩ.7.10. ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʢʩʪʨʘʢʪʦʚ ʈʃʂ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʘʨʛʘʥʮʘ(II)  

1 ï Mn(II) -ɼʊʇʌ -ɸʌ1, 2 ï Mn(II) -ɼʊʇʌ -ɸʌ2, 3- Mn(II) -ɼʊʇʌ-ɸʌ3. 

CMn(II) = 3.63Ĭ10
-5 
ʄ,  Cɼʊʇʌ = Cɸʌ = 8.0Ĭ10

-4
 M, ʂʌʂ-2, l = 0.5 ʩʤ 

 ʋʨʘʚʥʝʥʠʝ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.7.27. ʅʘ ʦʩʥʦʚʘ-

ʥʠʠ ʫʨʘʚʥʝʥʠʡ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʳʯʠʩʣʷʣʠ ʧʨʝʜʝʣ ʬʦʪʦʤʝʪʨʠʯʝʩ-

ʢʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʨʝʜʝʣ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʨʛʘʥʮʘ ʚ ʚʠʜʝ 

ʈʃʂ.  ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʝʘʢʮʠʠ ʥʘʢʣʦʥ 

ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ, ʪʦ ʩʨʝʜʠ ʜʠʪʠʦʣʬʝʥʦʣʷʪʥʦ-ʘʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

Mn(II ) ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ [Mn(ɼʊʄʌ)2](ɸʌ1ʅ)2, 

[Mn(ɼʊʄʌ)2](ɸʌ2ʅ)2, [Mn(ɼʊʄʌ)2](ɸʌ5ʅ2), [Mn(ɼʊʕʌ)2] (ɸʌ3ʅ)2, [Mn(ɼʊʇʌ)2] 

(ɸʌ2ʅ)2, [Mn(ɼʊʇʌ)2](ɸʌ3ʅ)2, [Mn(ɼʊʌ)2](ɸʌ2ʅ)2. 
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ʊʘʙʣʠʮʘ 7.27 

 ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʃʂ Mn(II)  ʩ ɼʌ ʠ ɸʤ 

ʉʦʝʜʠʥʝʥʠʝ 

ʆʙʣʘʩʪʴ ʧʦʜʯʠ-

ʥʝʥʠʷ ʟʘʢʦʥʫ 

ɹʝʨʘ, ʤʢʛ/ʤʣ 

ʋʨʘʚʥʝʥʠʝ ʛʨʘ-

ʜʫʠʨʦʚʦʯʥʳʭ 

ʛʨʘʬʠʢʦʚ 

ʇʆ,   

ʥʛ/ ʩʤ
3
 

ʇʂʆ, 

 ʥʛ/ ʩʤ
3
 

ʏʫʚʩʪʚʠ- 

ʪʝʣʴʥʦʩʪʴ, 

ʥʛ/ ʩʤ
2
 

[Mn(ɼʊʌ)(ʌʝʥ)2] 0.8-14 0.061+0.041x 11 36 2.11 

[Mn(ɼʊʌ)(ɹʬʝʥ)2] 0.8-15 0.072+0.046x 10 34 1.88 

[Mn(ɼʊʌ)(ɼʠʧ)2] 1.0-14 0.074+0.037x 11 34 2.24 

[Mn(ɼʊʌ)2](ɸʌ1ʅ)2 0.5-18 0.088+0.052x 9 28 1.64 

[Mn(ɼʊʌ)2](ɸʌ2ʅ)2 0.5-18 0.062+0.056x 9 30 1.60 

[Mn(ɼʊʌ)2](ɸʌ3ʅ)2 0.4-16 0.021 + 0.061x 11 36 1.68 

[Mn(ɼʊʌ)2](ɸʌ4ʅ2) 0.2-16 0.011+0.058x 9 30 1.69 

[Mn(ɼʊʌ)2](ɸʌ5ʅ2) 0.4-18 0.012 + 0.059x 8.5 26 1.61 

[Mn(ɼʊʌ)2](ɸʌ6ʅ2) 0.2-17 0.075+0.054x 9 30 1.61 

[Mn(ɼʊʄʌ)(ʌʝʥ)2] 0.2-14.5 0.069+0.043x 11 36 2.00 

[Mn(ɼʊʄʌ)(ɹʬʝʥ)2] 0.2-16 0.077+0.048x 10 34 1.84 

[Mn(ɼʊʄʌ)(ɼʠʧ)2] 0.2-15 0.068+0.039x 11 36 2.17 

[Mn(ɼʊʄʌ)2](ɸʌ1ʅ)2 0.4-16 0.019+0.0612x 8 26 1.58 

[Mn(ɼʊʄʌ)2](ɸʌ2ʅ)2 0.2-19 0.021+0.0620x 9 30 1.55 

[Mn(ɼʊʄʌ)2](ɸʌ3ʅ)2 0.4-18 0.009+0.0622x 10 33 1.63 

[Mn(ɼʊʄʌ)2](ɸʌ4ʅ2) 0.5-17 0.052+0.056x 9 30 1.64 

[Mn(ɼʊʄʌ)2](ɸʌ5ʅ2) 0.2-16 0.021 + 0.060x 7.8 25 1.45 

[Mn(ɼʊʄʌ)2](ɸʌ6ʅ2) 0.2-17.5 0.045+0.059x 9.2 30 1.57 

[Mn(ɼʄʕʌ)2](ɸʌ1ʅ)2 0.2-18 0.032+0.061x 8 27 1.54 

[Mn(ɼʊʕʌ)2](ɸʌ2ʅ)2 0.2-18 0.034+0.062x 8 27 1.53 

[Mn(ɼʊʕʌ)2](ɸʌ3ʅ)2 0.2-18 0.018+0.064x 8 27 1.51 

[Mn(ɼʊʇʌ)2](ɸʌ1ʅ)2 0.4-19 0.014+0.065x 8.3 27 1.50 

[Mn(ɼʊʇʌ)2](ɸʌ2ʅ)2 0.4-185 0.082+0.059x 8 27 1.49 

[Mn(ɼʊʇʌ)2](ɸʌ3ʅ)2 0.2-20 0.083+0.061x 8 27 1.47 

 ɺʣʠʷʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ. ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝ-

ʜʝʣʝʥʠʷ Mn(II) ʧʨʠ ʧʦʤʦʱʠ ɼʌ ʠ ɸʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 7.28 ʠ 7.29. ɹʦʣʴʰʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʱʝʣʦʯʥʳʭ, ʱʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʈɿʕ ʥʝ ʤʝʰʘʶʪ ʦʧʨʝʜʝ-

ʣʝʥʠʶ ʤʘʨʛʘʥʮʘ. ɺʣʠʷʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʢʘʪʠʦʥʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ  ʫʩʠʣʝʥʠʝʤ 

ʦʢʨʘʩʢʘ ʢʦʤʧʣʝʢʩʘ. ʄʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ Fe(III ), Zr(IV), Nb(V) ʠ Ta(V) ʫʩʪʨʘʥ-̫

ʣʠ ʬʪʦʨʠʜʦʤ ʥʘʪʨʠʷ. ʀʦʥʳ Ti(IV), Nb(V) ʠ Ta(V) ʩ ɼʊʄʌ ʠ ɸʤ ʦʙʨʘʟʫʶʪ ʦʢʨʘ-

ʰʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʙʦʣʝʝ ʢʠʩʣʦʡ ʩʨʝʜʝ. ʄʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ Cu(II), Ni(II), 

Fe(II) ʠ Co(II) ʫʩʪʨʘʥʷʣʠ ʜʦʙʘʚʣʝʥʠʝʤ ʮʠʘʥʠʜʘ ʥʘʪʨʠʷ. ʆʧʨʝʜʝʣʝʥʠʶ ʪʘʢʞʝ ʤʝ-

ʰʘʶʪ ʠʦʥʳ ˞˛ ʠ ̨̋ ; ʣʠʤʦʥʥʘʷ, ʷʥʪʘʨʥʘʷ ʠ ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʳ.  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ Mn(II) ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ 

ʠ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʠʥʦʚ. ɼʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʤʘʨʛʘʥʮʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪ ʬʦʨʤʘʣʴʜʦʢʩʠʤ, 1-
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(2-ʧʠʨʠʜʠʣʘʟʦ)-2-ʥʘʬʪʦʣ, 4-(2-ʧʠʨʠʜʠʣʘʟʦ)ʨʝʟʦʨʮʠʥ, 8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ, 8-

ʛʠʜʨʦʢʩʠʭʠʥʦʣʠʥ, ʜʠʪʠʟʦʥ ʠ ʜʨʫʛʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ. 

ʊʘʙʣʠʮʘ 7.28 

ɼʦʧʫʩʢʘʝʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʘʨʛʘʥʮʘ(II) ʚ 

ʚʠʜʝ ʈʃʂ ʩ ɼʌ ʠ  ɸʌ (ʚʟʷʪʦ 30 ʤʢʛ Mn) 

 

ʄʘʨʛʘʥʝʮ(II) ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʬʦʨʤʘʣʴʜʦʢʩʠʤʦʤ ʧʨʠ ʨʅ 10-13. ʌʦʨ-

ʤʘʣʴʜʦʢʩʠʤʥʳʡ ʢʦʤʧʣʝʢʩ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʛʣʦʱʘʝʪ ʧʨʠ 455 ʥʤ (Ů=1.12Ĭ10
4
). 

ʂʦʤʧʣʝʢʩ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚ ʢ ʧʦʚʳʰʝʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʘʤ. ʆʧʨʝʜʝʣʝʥʠʶ 

ʤʝhʘʶʪ: Co(II ), Cu(II ), Ni(II ), Fe(III). ɽʩʣʠ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʨʘʩʪʚʦʨ ʩʦʜʝʨʞʠʪ 

ʞʝʣʝʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʤʘʨʛʘʥʮʘ, ʞʝʣʝʟʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʜʘʣʷʶʪ ʣʠʙʦ ʵʢʩʪʨʘʢʮʠ-

ʝʡ, ʣʠʙʦ ʦʩʘʞʜʝʥʠʝʤ. ʇʨʠʤʝʥʝʥʠʝʤ ʤʘʩʢʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʧʦʚʳʰʘʝʪʩʷ ʩʝʣʝʢ-

ʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ. ʆʜʥʘʢʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʥʝʚʳʩʦʢʘ. 

1-(2-ʧʠʨʠʜʠʣʘʟʦ)-2-ʥʘʬʪʦʣ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ Mn(II)  ʧʨʠ ʨʅ 8-10. ʄʝʪʦ-

ʜʠʢʘ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʘ (Ů=5.85Ĭ10
4
 ʧʨʠ 564 ʥʤ), ʥʦ ʤʘʣʦʩʝʣʝʢʪʠʚʥʘ. ʉʝʣʝʢ-

ʀʦʥ  ʄʦʣʴʥʳʡ 

ʠʟʙʳʪʦʢ 

ʠʦʥʘ  

ʄʘʩʢʠʨʫʶʰʝʝ 

ʚʝʱʝʩʪʚʦ 

ʅʘʡʜʝʥʦ,  ʤʢʛ ( Sr) 

ɼʊʌ ʠ ɸʌ2 ɼʊʄʌ ʠ ɸʌ2 ɼʊʇʌ+ɸʌ3 

Co(II) 200 NaCN 

 

29.8(0.057) 30.2(0.038) 30.5(0.053) 

Ni(II)  200 29.8(0.041) 30.2(0.039) 30.2(0.028) 

Al(III)  200  30.2(0.043) 29.8(0.057) 30.2(0.060) 

Fe(II) 60  30.2(0.038) 29.8(0.041) 30.5(0.053) 

Fe(III) 80 NaF 30.2(0.039) 30.2(0.043) 29.8(0.057) 

Cd(II) 210  29.8(0.057) 30.2(0.032) 29.8(0.041) 

Zr(IV)  75 NaF 30.2(0.038) 30.5(0.051) 30,2(0.043) 

Cu(II) 75 SC(NH2)2 30.2(0.039) 29.7(0.052) 29.8(0.057) 

Ti(IV)  50 ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 

29.8(0.057) 29.6(0.050) 29.8(0.041) 

W(VI)  25  29.8(0.057) 29.8(0.048) 30.2(0.043) 

Mo(VI)  5  30.5(0.053) 30.5(0.053) 29.8(0.057) 

Cr(III)  350  29.8(0.057) 30.2(0.028) 30.2(0.038) 

Nb(V) 25 NaF 30.5(0.053) 30.2(0.060) 30.2(0.039) 

Ta(V) 25 30.2(0.028) 30.2(0.052) 29.8(0.057) 

ʃʠʤʦʥʥʘʷ 

ʢʠʩʣʦʪʘ 

100  29.8(0.057) 29.8(0.057) 30.2(0.038) 

ʗʥʪʘʨʥʘʷ 

ʢʠʩʣʦʪʘ 

120  30.5(0.053) 29.8(0.041) 30.5(0.053) 

ɸʩʢʦʨʙʠʥʦʚ

ʘʷ ʢʠʩʣʦʪʘ  

90  30.2(0.028) 30.5(0.051) 30.2(0.028) 
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ʪʠʚʥʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ, ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʩʢʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʨ-

ʪʨʘʪʳ ʠ ʮʠʘʥʠʜʳ.  

ʊʘʙʣʠʮʘ 7.29 

ɼʦʧʫʩʢʘʝʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʘʨʛʘʥʮʘ(II) ʚ 

ʚʠʜʝ ʈʃʂ ʩ ɼʊʄʌ ʠ ɹʌʝʥ (ʚʟʷʪʦ 50 ʤʢʛ  Mn) 

ʀʦʥ 
ʄʦʣʴʥʳʡ 

ʠʟʙʳʪʦʢ ʠʦʥʘ 

ʄʘʩʢʠʨʫʶʱʝʝ 

ʚʝʱʝʩʪʚʦ 

ʅʘʡʜʝʥʦ, ʤʢʛ ʆʪʥʦʩʠʪʝʣʴ-

ʥʘʷ ʦʰʠʙʢʘ 
Sr 

 

ʤʢʛ % 

Co(II) 25 
ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 
50.0 100.0 

- 0.044 

Ni(II)  25  49.8 99.6 -0.4 0.022 

Cd(II)  190  49.5 99.0 -1.0 0.041 

Bi(III)  200  50.0 100.0 - 0.023 

Cu(II)  25 ʊʠʦʤʦʯʝʚʠʥʘ 49.2 98.4 -1.6 0.035 

Zr(IV)  50  49.8 99.6 -0.4 0.038 

W(VI)  20 ʑʘʚʝʣʝʚʘ ̫ʢʠʩʣʦʪʘ 49.6 99.2 -0.8 0.050 

Hg(II) 40 Na2S2O3 50.3 100.6 +0.6 0.045 

Ti(IV)  40  49.8 99.6 -0.4 0.055 

V(IV)  50 ʅ2ʆ2 50.6 101.2 +1.2 0.043 

Mo(VI) 15 ʌʪʦʨʠʜ ʥʘʪʨʠʷ 49.4 98.8 -1.2 0.062 

Fe(II ) 50  50.4 100.8 +0.8  

Cr(III ) 40 ʊʨʠʵʪʘʥʦʣʘʤʠʥ 49.5 99.0 -1.0 0.042 

Nb(V)  50     ʌʪʦʨʠʜ ʥʘʪʨʠʷ 50.0 100.0 - 0.064 

Ta(V) 50 49.6 99.2 -0.8 0.048 
+2

2UO  50 ɸʮʝʪʠʣʘʮʝʪʦʥ 49.2 98.4 -1.6 0.033 

Ag(I) 25  ɹʨʦʤʠʜ ʥʘʪʨʠʷ 49.8 99.6 -0.4 0.036 

ɸʤʤʦʥʠʡ(I) 1000  50.6 101.2 +1.2 0.038 

ɸʮʝʪʘʪ 100  49.4 98.8 -1.2 0.047 

ʊʘʨʪʨʘʪ 300  49.8 99.6 -0.4 0.038 

ʉʫʣʴʬʘʪ 130  50.3 100.6 +0.6 0.028 

ʊʠʦʤʦʯʝʚʠʥʘ 25  50.4 100.8 +0.8 0.044 

ʌʪʦʨʠʜ 110  49.8 99.6 -0.4 0.054 

ʊʠʦʩʫʣʴʬʘʪ 36  49.6 99.2 -0.8 0.036 

ʆʢʩʘʣʘʪ 50  50.2 100.4 +0.4 0.033 

ʊʠʦʮʠʘʥʘʪ 50  49.2 98.4 -1.6 0.028 

ʀʦʜʠʜ 100  49.8 99.6 -0.4 0.054 

ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 
400  49.6 99.2 -0.8 0.044 

ʅʠʪʨʘʪ 800  50.2 100.4 +0.4 0.038 

ʎʠʘʥʠʜ 100  49.2 98.4 -1.6 0.029 

ʎʠʪʨʘʪ 50  49.7 99.4 -0.6 0.023 

EDTA 110  50.0 100.0 - 0.046 

ʉʘʣʠʮʠʣʦʚʘʷ 

ʢʠʩʣʦʪʘ 
50  50.5 101.0 +1.0 0.035 
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ɺ ʪʘʙʣ.7.30. ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʨʘʚʥʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘʤʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʨ-

ʛʘʥʮʘ ʩ ʥʝʢʦʪʦʨʳʤʠ ʫʞʝ ʠʟʚʝʩʪʥʳʤʠ [180, ʩ.61, ʩ.65-66; 253, ʩ.106; 480, ʩ.275] 

ʤʝʪʦʜʠʢʘʤʠ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʥʘʤʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝ-

ʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ Mn(II)  ʩ ɼʌ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ ʩʚʦʙʦʜʥʳ ʦʪ ʫʧʦʤ-

ʷʥʫʪʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. ʄʝʪʦʜʳ ʜʦʩʪʘʪʦʯʥʦ ʠʟʙʠʨʘʪʝʣʴʥʳ, ʯʫʚʩʪʚʠʪʝʣʴʥʳ, ʦʪʣʠ-

ʯʘʁʪʩʷ ʵʢʩʧʨʝʩʩʥʦʩʪʴʶ ʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʜʘʞʝ ʤʘʣʳʝ ʢʦʣʠʯʝʩʪʚʘ ʤʘʨ-

ʛʘʥʮʘ ʠ ʧʦʣʫʯʠʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

7.9. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʞʝʣʝʟʘ(II)  

ɾʝʣʝʟʦ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʘʭ ʢʨʦʚʦʪʚʦʨʝʥʠʷ, ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʦʙʤʝʥʘ 

ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠ ʦʪʥʦʩʠʪʩʷ ʢ 

ʯʠʩʣʫ ʵʩʩʝʥʮʠʘʣʴʥʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩ-

ʧʝʯʠʪʴ ʧʦʩʪʫʧʣʝʥʠʝ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʠ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʦʣʠʚʠʪʘʤʠʥʦʚ ʩ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ (ʟʜʦʨʦʚʦʤʫ ʯʝʣʦ-

ʚʝʢʫ ʥʝʦʙʭʦʜʠʤʦ 11-30 ʤʛ Fe ʚ ʜʝʥʴ). ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪʩʷ ʨʷʜ ʧʨʦʜʫʢʪʦʚ ʣʝʯʝʙ-

ʥʦʛʦ ʠ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʨʘʟʣʠʯ-

ʥʳʝ ʜʦʙʘʚʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʞʝʣʝʟʦ.  

ʈʘʟʨʘʙʦʪʘʥʳ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝ-

ʣʝʟʘ ʩ ɼʌ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼʌʛ, ɸʥ, ʈʫ, ʊɹɸ, ʌʝʥ, ɹʬʝʥ, ɼʠʧ ʠ ɸʌ. 

ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ. ɺ ʛʨʘʜʫʠʨʦʚʘʥʥʳʝ ʧʨʦʙʠʨʢʠ ʩ 

ʧʨʠʪʝʨʪʳʤʠ ʧʨʦʙʢʘʤʠ ʚʚʦʜʷʪ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ 1-120 ʤʢʛ Fe(II), 2.2-2.5 ʤʣ 

0.01ʄ ʨʘʩʪʚʦʨʘ ɼʌ ʠ 2.0-2.2 ʤʣ 0.01ʄ ʨʘʩʪʚʦʨʘ ɸʤ. ʅʝʦʙʭʦʜʠʤʦʝ ʟʥʘʯʝʥʠʝ ʨʅ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʜʦʙʘʚʣʝʥʠʝʤ 0.1ʄ ʨʘʩʪʚʦʨʘ NaOH. ʆʙʲʝʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ 

ʜʦʚʦʜʷʪ ʜʦ 5 ʤʣ ʭʣʦʨʦʬʦʨʤʦʤ, ʘ ʦʙʱʝʡ ʬʘʟʳ - ʜʦ 25 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦ-

ʜʦʡ. ʉʧʫʩʪʷ 3 ʤʠʥʫʪʳ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ ʦʪʜʝʣʷʶʪ ʦʪ ʚʦʜʥʦʡ ʠ ʠʟʤʝʨʷʶʪ ʝʛʦ 

ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʂʌʂ-2 ʧʨʠ 590 ʥʤ.  
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ʊʘʙʣʠʮʘ 7.30 

ʉʨʘʚʥʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʦʜʠʢ  ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʨʛʘʥʮʘ(II)  

ʈʝʘʛʝʥʪ pH(ʨʘʩʪʚʦʨʠʪʝʣʴ) 
l, 

ʥʤ 
eĬ10

-4 

ʆʙʣʘʩʪʴ 

ʧʦʜʯʠʥʝʥʠʷ 

ʟʘʢʦʥʫ ɹʝ-

ʨʘ, ʤʢʛ/ʤʣ 

ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ 

ʌʦʨʤʘʣʴʜʦʢʩʠʤ [180, ʩ.61] 10-13 455 1.12  ʄʝʰʘʶʪ: Co(II), Cu(II), Ni(II), Fe(III)  

8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ [180, ʩ.66] 
6.0-6.5 

(ʭʣʦʨʦʬʦʨʤ) 
413 0.7  

ʅʝ ʤʝʰʘʶʪ: Li, Na, K, ʈɿʕ, Cl
-
, NO3

-
, ʉʘ, ɺʘ, 

Sr, In(II ). ʄʝʰʘʝʪ: Hg(II ) 

8-ʛʠʜʨʦʢʩʠʭʠʥʦʣʠʥ [180, ʩ. 65] 
11.0-12.4 

(ʭʣʦʨʦʬʦʨʤ) 
395 0.85  

ʅʝ ʤʝʰʘʶʪ: Li, Na, K, ʈɿʕ, Cl
-
, NO3

-
, ʉʘ, ɺʘ, 

Sr, In(II ) .ʄʝʰʘʝʪ: Hg(II ) 

1,10-ʬʝʥʘʥʪʨʦʣʠʥ + ʦ-ʥʠʪʨʦʙʝʥʟʦʣʘʟʦʩʘʣʠʮʠ-

ʣʦʚʘʷ ʢʠʩʣʦʪʘ [480, ʩ.275] 

10 

(ʭʣʦʨʦʬʦʨʤ) 
370 1.36 1.0 ï 22.5 

ʅʝ ʤʝʰʘʶʪ: Li(I), Na(I), K(I), Ca(II), Sr(II), 

Ba(II), Cd(II), Al (III), Ti (IV), Zn(II), V(V), 

Cr(III), Mo(VI), Ni(II), Pb(II) , As(V), Mg(II), Bi 

(III), In(III), Ge(IV). 

ʄʝʰʘʶʪ: Co(II), Zn(II), Ag(I)  

ɼʠʧʠʨʠʜʠʣ+2,4-ʜʠʥʠʪʨʦʙʝʥʟʦʣʘʟʦʩʘʣʠʮʠʣʦʚʘʷ 

ʢʠʩʣʦʪʘ [253, 106-107] 
7.4 380 1.33  

ʄʝʰʘʶʪ: Cu(II), Fe(III), Co(II), Ni(II)  

ɼʠʧʠʨʠʜʠʣ+ʧ-ʥʠʪʨʦʙʝʥʟʦʣʘʟʦʩʘʣʠʮʠʣʦʚʘʷ 

ʢʠʩʣʦʪʘ [253, ʩ.106-107] 
8.8 360 1.15  

ʄʝʰʘʶʪ: Cu(II), Fe(III), Co(II), Ni(II)  

4,7-ʜʠʬʝʥʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ + 2,4-ʜʠʥʠʪʨʦ-

ʙʝʥʟʦʣʘʟʦʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ [253, ʩ.107] 
 6.7 (ʭʣʦʨʦʬʦʨʤ) 390 2.85 0.05-22.5 

ʄʝʰʘʶʪ: Cu(II), Fe(III), Co(II), Ni(II)  

4-(2-ʧʠʨʠʜʠʣʘʟʦ)ʨʝʟʦʨʮʠʥ [180, ʩ.62] 10 490 3.83  ʄʝʰʘʶʪ: Cu(II), Fe(III), Co(II), Ni(II)  

ʂʩʠʣʝʥʦʣʦʚʳʡ ʦʨʘʥʞʝʚʳʡ [180, ʩ.69] 6.6 582 2.26   

ɼʊʄʌ+ɸʌ2 5.6-6.7 

(ʭʣʦʨʦʬʦʨʤ) 
462 3.43 0.2-19 

ʉʤ. ʪʘʙʣ. 7.28 

ɼʊʄʌ+ɸʌ4 6.0-7.3 

(ʭʣʦʨʦʬʦʨʤ) 
470 3.54 0.5-17 

ʉʤ. ʪʘʙʣ. 7.28 

ɼʊʄʌ+ɸʌ6 5.5-6.8 

(ʭʣʦʨʦʬʦʨʤ) 
462 3.50 0.2-17.5 

ʉʤ. ʪʘʙʣ. 7.28 
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ɻʨʘʜʫʠʨʦʚʦʯʥʳʝ ʛʨʘʬʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ Fe(II) ʩ ɼʌ ʠ ʘʤʠʥʘʤʠ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʥʘ ʨʠʩ.7.11. ʆʩʥʦʚʥʦʡ ʟʘʢʦʥ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʩʦʙʣʶʜʘʝʪʩʷ ʧʨʠ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ Fe(II)  0.3-22 ʤʢʛ/ʤʣ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯ-

ʥʳʭ ʛʨʘʬʠʢʦʚ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ [111, ʩ.248]. 

ʋʨʘʚʥʝʥʠʝ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.7.31. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʫʨʘʚʥʝʥʠʡ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʳʯʠʩʣʷʣʠ ʧʨʝʜʝʣ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ  ʠ ʧʨʝʜʝʣ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ ʚ ʚʠʜʝ ʈʃʂ.  

ʕʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʚʚʝʜʝʥʠʠ ʚ ʨʘʩ-

ʪʚʦʨ ʪʷʞʝʣʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʪʠʦʥʦʚ, ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ 

ʘʥʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʫʤʝʥʴʰʘʶʱʠʭ ʝʛʦ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ, ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪ-

ʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʠ ʯʘʩʪʦ, ʟʘ ʩʯʝʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ, ʥʝʩʢʦʣʴʢʦ 

ʧʦʚʳʩʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ.   

 

ʈʠʩ.7.11. ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʢʩʪʨʘʢʪʦʚ ʈʃʂ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʞʝʣʝʟʘ 

1 - Fe(II)-ɼʊʄʌ-ʌʝʥ, 2 - Fe(II)-ɼʊʄʌ-ɹʌʝʥ, 3 - Fe(II)-ɼʊʄʌ-ɼʠʧ, 4 - Fe(II)-

ɼʊʄʌ - ɼʌɻ,  5- Fe(II)-ɼʊɹʌ-ɼʌɻ 

CFe(II) = 3.57Ĭ10
-5
 M, Cɼʊʄʌ=(8.0-9.6)Ĭ10

-4
 M, Cɸʤ=(7.2-8.8)Ĭ10

-4
 M, ʂʌʂ-2,  

l = 0.5 ʩʤ 

ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ɼʌ ʠ ɸʤ ʧʦʢʘʟʳ-

ʚʘʝʪ, ʯʪʦ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ ɼʊɹʌ 

-ɼʊʇʌ-ɼʊʕʌ-ɼʊʄʌ-ɼʊʌ. ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʠ ʨʝʘʢʮʠʠ ʥʘʢʣʦʥ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ, ʪʦ ʩʨʝʜʠ ʜʠʪʠʦʣʬʝʥʦʣ̫ʪ-
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ʥʦ-ʘʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Fe(II) ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʤrʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ 

[Fe(ɼʊʄʌ)(ɹʌʝʥ)2], [Fe(ɼʊʄʌ)2](ɸʌ2H)2, [Fe(ɼʊʄʌ)2](ɸʌ3H)2, [Fe(ɼʊʕʌ)-

(ɹʌʝʥ)2], [Fe(ɼʊɹʌ)(ɹʌʝʥ)2], [Fe(ɼʊɹʌ)(ʌʝʥ)2], [Fe(ɼʊɹʌ)2](ɼʌɻH)2, 

[Fe(ɼʊɹʌ)2](ɸʌ1H)2 ʠ [Fe(ɼʊɹʌ)2](ɸʌ8H)2. 

ʊʘʙʣʠʮʘ 7.31 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʦʡʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II)  ʩ ɼʌ ʠ ɸʤ 

ʂʦʤʧʣʝʢʩʳ ʇʨʆ 

ʥʛ/ ʩʤ
3
 

ʇʨʂʆ 

ʥʛ/ʩʤ
3
 

ʏʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʴ, 

ʥʛ/ ʩʤ
2
 

ʆʙʣʘʩʪʴ ʧʦʜʯʠ-

ʥʝʥʠʷ ʟʘʢʦʥʫ 

ɹʝʨʘ , ʤʢʛ/ʤʣ  

ʋʨʘʚʥʝʥʠʝ  

ʛʨʘʜʫʠʨʦʚʦʯ-

ʥʳʭ ʛʨʘʬʠʢʦʚ 

[Fe(ɼʊʌ)2](ɸʥʅ)2
 

12 39 1.83 0.5-18 0.045+0.050x 

[Fe(ɼʊʌ)(ʌʝʥ)2] 11 36 1.72 0.4-18 0.049+0.053x 

[Fe(ɼʊʌ)(ɹʌʝʥ)2] 10 33 1.38 0.4 -20 0.055+0.0668x 

[Fe(ɼʊʄʌ)2](ɸʥʅ)2]
 

12 39 1.79 0.5-20 0.056+0.0502x 

[Fe(ɼʊʄʌ)2](ʤɸʥʅ)2
 

11 36 1.72 0.5-20 0.059+0.052x 

[Fe(ɼʊʄʌ)(ʌʝʥ)2] 10 33 1.64 0.3-20 0.037+0.0572x 

[Fe(ɼʊʄʌ)(ɹʌʝʥ)2] 9 30 1.32 0.3-21 0.045+0.0708x 

[Fe(ɼʊʄʌ)(ɼʠʧ)2] 11 36 1.77 0.5-18 0.025+0.053x 

[Fe(ɼʊʄʌ)2](ɼʌɻʅ)2 10 34 1.74 0.4-18 0.021+0.0554x 

[Fe(ɼʊʄʌ)2](ɸʌ1H)2 11 36 1.71 0.5-12 0.029+0.0542x 

[Fe(ɼʊʄʌ)2](ɸʌ2H)2 10 34 1.46 0.5-14 0.064+0.062x 

[Fe(ɼʊʄʌ)2](ɸʌ3H)2 10 34 1.43 0.7-14 0.051+0.064x 

[Fe(ɼʊʕʌ)2](ɸʥʅ)2
 

11 37 1.76 0.7-18 0.034+0.0534x 

[Fe(ɼʊʕʌ)(ʌʝʥ)2] 10 33 1.55 0.4-19 0.045+0.0596x 

[Fe(ɼʊʕʌ)(ɹʌʝʥ)2] 9 30 1.29 0.5-21 0.071+0.0702x 

[Fe(ɼʊʕʌ)(ɼʠʧ)2] 10 33 1.72 0.4-18 0.063+0.052x 

[Fe(ɼʊɹʌ)2](ɸʥʅ)2
 

10 33 1.71 0.5-20 0.055+0.0528x 

[Fe(ɼʊɹʌ)2](ʤɸʥʅ)2
 

10 33 1.67 0.5-18 0.066+0.0532x 

[Fe(ɼʊɹʌ)2](ʜɸʥʅ
 
)2

 
10 33 1.57 0.4-22 0.029+0.0608x 

[Fe(ɼʊɹʌ)(ʌʝʥ)2] 10 34 1.43 0.4-22 0.045+0.0652x 

[Fe(ɼʊɹʌ)(ɹʌʝʥ)2 9 27 1.27 0.4-22 0.059+0.0726x 

[Fe(ɼʊɹʌ)(ɼʠʧ)2] 10 34 1.58 0.5-20 0.065+0.057x 

[Fe(ɼʊɹʌ)2](ɼʌɻH)2 11 36 1.62 0.6-18 0.045+0.0572x 

[Fe(ɼʊɹʌ)2](ɸʌ1H)2 9 31 1.31 0.6-20 0.026+0.0738x 

[Fe(ɼʊɹʌ)2](ɸʌ7H)2 10 33 1.33 0.5-20 0.075+0.0701x 

[Fe(ɼʊɹʌ)2](ɸʌ8H)2 9 27 1.30 0.5-22 0.078+0.0694x 

ɺʣʠʷʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʥʘ 

ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʞʝʣʝʟʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʬʦʙ-

ʥʳʭ ʘʤʠʥʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ (ʪʘʙʣ. 7.32). 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʞʝʣʝʟʘ ʩ ɼʌ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʜʠʘʤʠʥʘʤʠ ʤʝʰʘʶʱʝʝ 

ʚʣʠ̫ʥʠʝ Mn(II), Co(II), Ni(II)  ʠ Cd(II) ʫʩʪʨʘʥʷʣʠ ʦʩʘʞʜʝʥʠʝʤ Fe(III) ʘʤʤʠʘʢʦʤ. 
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ʄʝh ʘʶʪ ʘʥʠʦʥʳ-ʦʢʠʩʣʠʪʝʣʠ (MnO4
-
, Cr2O7

2-
ʠ ʪ.ʜ.) ʠ ʣʠʛʘʥʜʳ, ʦʙʨʘʟʫʶʱʠʝ ʩ 

ʞʝʣʝʟʦʤ ʧʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ (F
-
, Sal

-
, SalSO3

-
, S2O3

2-
, ʢʦʤʧʣʝʢʩʦʥ III) .  

ʊʘʙʣʠʮʘ 7.32 

ɼʦʧʫʩʢʘʝʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʝ ʞʝʣʝʟʘ ʩ ɼʌ 

ʠ ɸʤ. n=6, ʈ=0.95 (ʚʟʷʪʦ 50 ʤʢʛ Fe(II )) 

ʀʦʥ 
ʄʦʣʴʥʳʡ 

ʠʟʙʳʪʦʢ ʠʦʥʘ 

ʄʘʩʢʠʨʫʶʱʠʡ 

ʨʝʘʛʝʥʪ 

ʅʘʡʜʝʥʦ, ʤʢʛ (Sr) 
ɼʊʌ+ɼʠʧ ɼʊʄʌ+ɹʬʝʥ ɼʊʕʌ+ɹʬʝʥ 

Co(II) 25 
ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 
49.8(0.02) 50.0(0.04) 49.8(0.04) 

Ni(II)  25  49.5(0.04) 49.8(0.02) 49.8(0.02) 

Cd(II)  190  50.2(0.02) 49.5(0.04) 49.5(0.04) 

Bi(III)  200  49.2(0.04) 50.2(0.02) 50.3(0.02) 

Cu(II)  20 ʊʠʦʤʦʯʝʚʠʥʘ 49.8(0.03) 49.2(0.04) 49.2(0.04) 

Zr(IV)  50  49.6(0.05) 49.8(0.03) 49.8(0.03) 

W(VI)  20 ʑʘʚʝʣʝʚʘ ̫ʢʠʩʣʦʪʘ 49.8(0.02) 49.6(0.05) 49.6(0.05) 

Zn(II) 35  49.7(0.04) 49.5(0.05) 49.7(0.05) 

Hg(II) 40 Na2S2O3 49.5(0.04) 50.3(0.05) 50.5(0.05) 

Ti(IV)  30  50.2(0.02) 49.8(0.03) 49.7(0.03) 

V(IV)  50 ʅ2ʆ2 49.2(0.04) 50.6(0.03) 50.4(0.03) 

Mo(VI) 15 ʌʪʦʨʠʜ ʥʘʪʨʠʷ 49.8(0.03) 49.4(0.04) 49.4(0.04) 

Mn(II) 50  49.6(0.05)     50.5(0.04) 49.6(0.05) 

Cr(III ) 40 ʊʨʠʵʪʘʥʦʣʘʤʠʥ 49.8(0.02) 49.5(0.06) 49.6 (0.05) 

Nb(V)  50 ʌʪʦʨʠʜ ʥʘʪʨʠʷ 49.5(0.04) 50.2(0.04) 50.2(0.04) 

Ta(V) 50 ʌʪʦʨʠʜ ʥʘʪʨʠʷ 49.8(0.03) 49.6(0.06) 49.6(0.06) 
+2

2UO  50 ɸʮʝʪʠʣʘʮʝʪʦʥ 50.6(0.03) 49.2(0.03) 49.2(0.03) 

Ag(I) 25 ɹʨʦʤʠʜ ʥʘʪʨʠʷ 49.4(0.04) 49.8(0.03) 49.5(0.04) 

ɸʤʤʦʥʠʡ(I) 1000  49.5(0.06) 50.6(0.03) 49.2(0.03) 

ɸʮʝʪʘʪ 100  50.2(0.04) 49.4(0.04) 50.5(0.06) 

ʊʘʨʪʨʘʪ 300  49.6(0.06) 49.8(0.03) 50.3(0.05) 

ʉʫʣʴʬʘʪ 130  49.2(0.03) 50.2(0.02) 49.8(0.02) 

ʊʠʦʤʦʯʝʚʠʥʘ 25  50.3(0.05) 49.2(0.04) 49.7(0.05) 

ʌʪʦʨʠʜ 110  49.8(0.03) 49.8(0.03) 50.3(0.06) 

ʊʠʦʩʫʣʴʬʘʪ 36  50.6(0.03) 49.6(0.05) 49.8(0.06) 

ʆʢʩʘʣʘʪ 50  49.8(0.03) 50.2(0.02) 49.8(0.04) 

ʊʠʦʮʠʘʥʘʪ 50  50.6(0.03) 49.2(0.04) 49.6(0.05) 

ʀʦʜʠʜ 100  50.6(0.03) 49.8(0.03) 50.4(0.05) 

ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 
400  49.4(0.04) 49.6(0.05) 49.9(0.03) 

ʅʠʪʨʘʪ 800  49.5(0.06) 50.2(0.02) 50.6(0.04) 

ʎʠʘʥʠʜ 100  50.2(0.04) 49.2(0.04) 49.8(0.03) 

ʎʠʪʨʘʪ 50  50.6(0.03) 49.8(0.03) 50.6(0.05) 

EDTA 110  49.4(0.04) 49.8(0.03) 50.3(0.05) 

ʉʘʣʠʮʠʣʦʚʘʷ 

ʢʠʩʣʦʪʘ 
50  49.5(0.06) 50.6(0.03) 49.6(0.05) 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ  ʮʠʥʢ ʚ ʜʝʩʷʪʠʢʨʘʪʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʤʝʰʘʝʪ ʦʧʨʝʜʝʣʝʥʠʶ 

ʞʝʣʝʟʘ. ʄʝʰʘʁʱʝʝ ʚʣʠʷʥʠʝ Zn ʩʣʘʙʦ ʤʘʩʢʠʨʫʝʪʩʷ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʕɼʊɸ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʜʠʘʤʠʥʦʚ, ʧʦʤʝʭʠ ʩʦ ʩʪʦʨʦʥʳ ʮʠʥʢʘ 

ʫʜʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʠʪʴ, ʫʚʝʣʠʯʠʚ ʢʦʣʠʯʝʩʪʚʦ ʘʤʠʥʘ.  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʝʘʛʝʥʪʘ-

ʤʠ ʠ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʠʥʦʚ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʞʝʣʝʟʘ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʦʚ Fe-ɼʊɹʌ-ɸʥ, Fe-ɼʊɹʌ-ʤɸʥ, Fe-ɼʊɹʌ-ʜɸʥ ʠ 

ɼʊɹʌ+ɹʌʝʥ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʥʝʢʦʪʦʨʳʤʠ ʫʞʝ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ.  

ɺ ʧʨʘʢʪʠʢʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʞʝʣʝʟʘ ʥʘʠʙʦʣʴʝhʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʨʦʜʘʥʠʜʥʳʡ ʠ ʩʫʣʴʬʦʩʘ-

ʣʠʮʠʣʘʪʥʳʡ  ʤʝʪʦʜʳ.  ʈʦʜʘʥʠʜʥʳʝ  ʢʦʤʧʣʝʢʩʳ Fe(III) ʥʝ ʦʯʝʥʴ ʫʩʪʦʡʯʠʚʳ ʠ ʦʙ-

ʨʘʟʫʁʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʦʜʘʥʠʜ ʠʦʥʘ [193, 

ʩ.179]. 5-ʩʫʣʴʬʦʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ ʦʙʨʘʟʫʝʪ ʩ Fe(III) ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʢʦʤʧʣʝʢʩ 

ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ, ʦʢʨʘʩʢʘ ʢʦʪʦʨʦʛʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ 

ʤʝʥʷʝʪʩʷ ʥʘ ʞʝʣʪʫʶ ʠ ʧʨʠ ʨʅ 7.9 ʩʪʘʥʦʚʠʪʩʷ ʯʠʩʪʦ ʞʝʣʪʦʡ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢ-

ʨʘʩʢʠ ʪʘʢʞʝ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʅ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ ʩ ʩʫʣʴʬʦʩʘʣʠʮʠʣʦ-

ʚʦʡ  ʢʠʩʣʦʪʦʡ ʨʝʢʦʤʝʥʜʫʶʪ ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ ʨʅ ʠ ʨʘʟʥʳʝ  ʜʣʠʥʳ ʚʦʣʥ ʠʟʤʝ-

ʨʝʥʠʷ [193, ʩ.187; 276, ʩ.294]. 

ɺ ʪʘʙʣ. 7.33 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʨʘʚʥʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʥʘʤʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ Fe(III) ʩ ɼʌ ʠ ɸʤ ʩʚʦʙʦʜʥʳ ʦʪ 

ʫʧʦʤ̫ʥʫʪʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. ʄʝʪʦʜʳ ʜʦʩʪʘʪʦʯʥʦ ʠʟʙʠʨʘʪʝʣʴʥʳ, ʯʫʚʩʪʚʠʪʝʣʴʥʳ, 

ʦʪʣʠʯʘʶʪʩʷ ʵʢʩʧʨʝʩʩʥʦʩʪʴʶ ʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʜʘʞʝ ʤʘʣʳʝ ʢʦʣʠʯʝʩʪʚʘ 

ʞʝʣʝʟʘ ʠ ʧʦʣʫʯʠʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ.  

7.10. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʙʘʣʴʪʘ(II)  ʠ ʥʠʢʝʣʷ (II)  

ʂʦʙʘʣʴʪ ʠ ʥʠʢʝʣʴ ʷʚʣʷʶʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʋʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʙʳʪʦʯʥʦʝ çʪʝʭʥʦʛʝʥʥʦʝè ʧʦʩʪʫʧʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʵʪʠʭ ʤʝʪʘʣ-

ʣʦʚ ʚ ʦʨʛʘʥʠʟʤ ʦʢʘʟʳʚʘʝʪ ʪʦʢʩʠʯʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʤʝʪʘʙʦʣʠʟʤ. ʀʟʙʳʪʦʢ ʩʦʣʝʡ 

ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ ʚʳʟʳʚʘʝʪ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʣʝʪʢʝ ʠ ʪʝʤ ʩʘʤʳʤ 
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ʦʢʘʟʳʚʘʝʪ ʢʘʥʮʝʨʦʛʝʥʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʥʝʝ [262, ʩ.146]. ʆʥʠ ʠʛʨʘʶʪ ʙʦʣʴʰʫʶ 

ʨʦʣʴ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʦʨʛʘʥʠʟʤʝ, ʠ ʷʚʣʷʶʪʩʷ ʠʥʜʠ-

ʢʘʪʦʨʘʤʠ ʥʝʢʦʪʦʨʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ ʷʚʣʷʶʪʩʷ 

ʪʦʢʩʠʯʥʤrʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʠʭ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʚʦʟʜʫʭʝ ʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʨʝʛʣʘ-

ʤʝʥʪʠʨʫʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʇɼʂ. ʉʦʣʠ Ni(II) ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ.  

ʈʘʟʨʘʙʦʪʘʥʳ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦ-

ʙʘʣʴʪʘ(II)  ʩ ɼʌ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼʌɻ, ɸʥ, ʈʫ, ʊɹɸ, ʌʝʥ, ɹʌʝʥ, ɼʠʧ ʠ ɸʌ. ɼʣʷ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Ni(II)  ʠʟ ɸʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ɼʌʛ, 

ɸʥ, ʈʫ, ʊɹɸ, ʌʝʥ, ɹʌʝʥ, ɼʠʧ ʠ ɸʌ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʈʃʂ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝ-

ʣʠʯʝʥʠʶ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʨʝʘʢʮʠʡ, ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʶ ʵʢʩʪʨʘʢʮʠʦʥ-

ʥʳʭ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ. ɺʚʝʜʝʥʠʝ ʚʪʦʨʦʛʦ ʨʝʘʛʝʥʪʘ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʨʠʚʦʜʠʪ 

ʢ ʫʣʫʯʰʝʥʠʶ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʈʃʂ ʠ ʩʥʠʞʝʥʠʶ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ. 

ʊʘʢ, ʜʠʪʠʟʦʥʘʪ ʥʠʢʝʣʷ ʦʯʝʥʴ ʧʣʦʭʦ ʵʢʩʪʨʘʛʠʨʫʝʪʩʷ ʥʝʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ. 

ɼʣʷ ʧʦʣʥʦʡ ʝʛʦ ʵʢʩʪʨʘʢʮʠʠ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʳʤ ʫʛʣʝʨʦʜʦʤ ʪʨʝʙʫʝʪʩʷ  ͯ24 ʯ. ʉ 

ʚʚʝʜʝʥʠʝʤ ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ (1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʠʣʠ 2,2
ē
 -ʜʠʧʠʨʠʜʠʣʘ)  ʢʦʤ-

ʧʣʝʢʩ ʵʢʩʪʨʘʛʠʨʫʝʪʩʷ ʦʯʝʥʴ ʙʳʩʪʨʦ, ʘ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʥʠʢʝʣʷ ʩʥʠʞʘʝʪʩʷ ʚ 

ʧʷʪʴ ʨʘʟ [234, ʩ.399] 

ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ. ɺ ʛʨʘʜʫʠʨʦʚʘʥʥʳʝ ʧʨʦʙʠʨʢʠ ʩ 

ʧʨʠʪʝʨʪʳʤʠ ʧʨʦʙʢʘʤʠ ʚʚʦʜʷʪ 0.1-1.0 ʤʣ, ʩ ʠʥʪʝʨʚʘʣʦʤ 0.1 ʤʣ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪ-

ʚʦʨʘ ʢʦʙʘʣʴʪʘ ʠʣʠ ʥʠʢʝʣʷ, 1.8-2.4 ʤʣ 0.01ʄ ʨʘʩʪʚʦʨʘ ɼʌ ʠ 2.0-2.4 ʤʣ 0.01 ʄ 

ʨʘʩʪʚʦʨʘ ɸʤ. ʅʝʦʙʭʦʜʠʤʦʝ ʟʥʘʯʝʥʠʝ ʨʅ ʫʩʪʘʥʘʚʣʠʚʘʣʠʶʪ ʜʦʙʘʚʣʝʥʠʝʤ 0.1 ʄ 

ʨʘʩʪʚʦʨʘ HCl. ʆʙʲʝʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʜʦʚʦʜʷʪ ʜʦ 5 ʤʣ ʭʣʦʨʦʬʦʨʤʦʤ, ʘ ʚʦʜ-

ʥʦʡ ʬʘʟʳ - ʜʦ 20 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʏʝʨʝʟ 3 ʤʠʥʫʪ rʦʨʛʘʥʠʯʝʩʢʠʡ 

ʩʣʦʡ ʦʪʜʝʣʷʶʪ ʠ ʠʟʤʝʨ̫ʁ ʪ ʝʛʦ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 1
ʦ
 ʥʘ 

ʂʌʂ-2 ʧʨʠ 540 ʥʤ. ɻʨʘʜʫʠʨʦʚʦʯʥʳʝ ʛʨʘʬʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ Co(II) ʠ Ni(II)  ʩ ɼʌ ʠ 

ʘʤʠʥʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.7.12.  
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ʊʘʙʣʠʮʘ 7.33 

ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʦʜʠʢ  ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ 

ʉʪʝʧʝʥʴ  

ʦʢʠʩʣʝʥʠ

 ̫ʞʝʣʝʟʘ 

ʈʝʘʛʝʥʪ 
pH 

(ʨʘʩʪʚʦʨʠʪʝʣʴ) 
l, 

ʥʤ 
eĬ10

-4 

ʆʙʣʘʩʪʴ ʧʦʜ-

ʯʠʥʝʥʠʷ ʟʘʢʦʥʫ 

ɹʝʨʘ, ʤʢʛ/ʤʣ  

ɺʣʠʷʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ 

+3 
ɻʘʣʣʦʚʘʷ ʢʠʩʣʦʪʘ+ʘʥʠʣʠʥ  

 [276, ʩ.294]  
4-5 (ʥ-ʘʤʠʣʦʚʳʡ 

ʩʧʠʨʪ) 

560 

 
0.44  ʄʝʰʘʶʪ Ti(IV), V(IV), U(VI), Mo(VI), Nb(V)  

+2 ɹʘʪʦʬʝʥʘʥʪʨʦʣʠʥ [193, ʩ.182]  
4-7 

(ʭʣʦʨʦʬʦʨʤ- 

ʵʪʘʥʦʣ) 

533 2,24   

+3 
ʊʠʦʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ + ʬʝʥʘʥʪʨʦ-

ʣʠʥ [247, ʩ.704]  
5-6 

(ʭʣʦʨʦʬʦʨʤ) 
570 1.2 0.5-20 Pt, Pd, Hg, Pb, Mn, Ti 

+3 

1-ʬʝʥʠʣ-2,3-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʦʥ-5-

ʘʟʦʧʠʨʦʛʘʣʣʦʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘ [206, ʩ.107]  

2.8-3.2  

 

 

470 

 

  1.05 

 

0.22-6.72 

ʅʝ ʤʝʰʘʶʪ ʙʦʣʝʝ ʯʝʤ 5000-ʢʨʘʪʥʳʝ ʢʦʣʠʯʝʩʪʚʘ 

ʱʝʣʦʯʥʳʭ, ʱʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴ-

ʥʳʭ ʤʝʪʘʣʣʦʚ; 3000-ʢʨʘʪʥʳʝ - In(II), Cd(II), 

Mg(II), Co(II), Ni(II), U(VI ʠ Mn(II)); 1500-ʢʨʘʪ-

ʥʳʝ -Cu(II), Pb(II), Cr(III) ʠ Th(IV); 1000-ʢʨʘʪʥʳʝ 

- Al (III ), Ga(III ), In(III ), Bi(III ), Sb(III ), Zr(IV), 

Hf(IV), F
-
 ʠ HPO4

2-
; 240-ʢʨʘʪʥʳʝ- Ti(IV), Nb(V), 

Ta(V), Mo(VI) ʠ W(VI). 

+3 

1-ʬʝʥʠʣ-2,3-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʦʥ-5-

ʘʟʦʧʠʨʦʛʘʣʣʦʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ Ŭ,Ŭô-

ʜʠʧʠʨʠʜʠʣʘ [206, ʩ.107] 

3.6-4.1 451 

  0.73 0.45-8.96 

+3 
4-ʥʠʪʨʦʢʘʪʝʭʠʥ+2,3,5-ʪʨʠʬʝʥʠʣ-2H-ʪʝʪ-

ʨʘʟʦʣʠʡ ʭʣʦʨʠʜ [374, ʩ.642]  

4.1 - 6.1  

435 

2.7 
0-2  

+3 ɼʠʧʠʨʠʜʠʣ + ʦ-ʅɹɸʉʂ [256, ʩ.3-8]  5.5 400 1.1  
ʅʝ ʤʝʰʘʶʪ: Al(III), Ga(III), Tl(III), Mn(II), Co(II), 

Ni(II), Pb(II), V(V), Mo(VI), Re(VII), W(VI), 

Hg(II), ʮʠʪʨʘʪ- ʠʦʥ,  Cl 
-
, Br

-
, I 

-
, F 

-
, S

2ï 
, SO4 

2-
 

SO3
2-
, S 2O3

2-
, NO3

- 

ʤʝʰʘʶʪ: Fe (II), Cu (II),Zn (II), Cd (II), Ag(I) 

+3 ɼʠʧʠʨʠʜʠʣ +ʤ-ʅɹɸʉʂ  [256, ʩ.3-8]  5.5 490 1.0  

+3 ʌʝʥʘʥʪʨʦʣʠʥ +ʜʅɹɸʉʂ [256, ʩ.3-8]  6 ï 11 520 3.13 0.5 ï 20 

+3 
ɹʘʪʦʬʝʥʘʥʪʨʦʣʠʥ+ ʜʅɹɸʉʂ  

[256, ʩ.3-8]  

4.2-6.0 540 3.85 
0.5 ï 12 

+2, +3 ɼʊɹʌ+ɸʥ 4.2-5.1 (ʭʣʦʨʦʬʦʨʤ) 568 3.25  ʉʤ. ʪʘʙʣ. 7.32 

+2, +3 ɼʊɹʌ+ʤɸʥ 4.4-5.2 (ʭʣʦʨʦʬʦʨʤ) 572 3.35  ʉʤ. ʪʘʙʣ. 7.32 

+2, +3 ɼʊɹʌ+ʜɸʥ 4.6-5.4 (ʭʣʦʨʦʬʦʨʤ) 575 3.57  ʉʤ. ʪʘʙʣ. 7.32 

+2, +3 ɼʊɹʌ+ɹʌʝʥ 6.0-7.5 (ʭʣʦʨʦʬʦʨʤ) 582 4.33  ʉʤ. ʪʘʙʣ. 7.32 
*
ʦ-ʅɹɸʉʂ - 2-ʥʠʪʨʦʙʝʥʟʦʣ-1-ʘʟʦ-1

/
-(3

/
-ʢʘʨʙʦʢʩʠ-4

/
-ʛʠʜʨʦʢʩʠʙʝʥʟʦʣ)ʦʨʪʦʥʠʪʨʦʙʝʥʟʦʣʘʟʦʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ, ʤ-ʅɹɸʉʂ - 2-ʥʠʪʨʦʙʝʥʟʦʣ-1-ʘʟʦ-1

/
-(3

/
-ʢʘʨʙʦʢʩʠ-4

/
-ʛʠʜʨʦʢ-

ʩʠʙʝʥʟʦʣ) ʤʝ-ʪʘʥʠʪʨʦʙʝʥʟʦʣʘʟʦʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ,ʜʅɹɸʉʂ-2,4-ʜʠʥʠʪʨʦʙʝʥʟʦʣ-1-ʘʟʦ-1
/
-(3

/
-ʢʘʨʙʦʢʩʠ-4

/
-ʛʠʜʨʦʢʩʠʙʝʥʟʦʣ)ʜʠʥʠʪʨʦʙʝʥʟʦʣʘʟʦʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ 
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ʕʢʩʪʨʘʢʪʳ ʈʃʂ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ ʧʦʜʯʠʥʷʁʪʩʷ ʦʩʥʦʚʥʦʤʫ ʟʘʢʦʥʫ ʩʚʝʪʦ-

ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 0.2-18 ʠ 0.2-19 ʤʢʛ/ʤʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʤʝʪʦ-

ʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ [111, ʩ.248]. ʋʨʘʚʥʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.7.34. ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ ʨʘʩ-

ʩʯʠʪʳʚʘʣʠ ʇʨʆ ʠ ʇʨʂʆ ʥʠʢʝʣʷ ʚ ʚʠʜʝ ʈʃʂ. ɺʠʜʥʦ, ʯʪʦ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʫʛʣʘ 

ʥʘʢʣʦʥʘ (ʘ) ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʤʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛ-

ʣʦɦʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪʨʝʟʦʢ ʦʩʠ ʦʨʜʠʥʘʪ (b), ʪ. 

ʝ., ʩʥʠʞʘʝʪʩʷ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʄ(II)  ʧʦ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ 

ɼʌ ʠ ɸʤ. 

 

ʈʠʩ.7.12. ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʢʩʪʨʘʢʪʦʚ ʈʃʂ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʦʙʘʣʴʪʘ(II) ʠ ʥʠʢʝʣʷ(II)  

ʘ) 1 - ʉʦ(II)-ɼʊʄʌ ïʦ-ʌɼɸ, 2 - ʉʦ(II)-ɼʊʄʌ ïʦ-ɸʤʈʫ, 3- ʉʦ(II)-ɼʊɹʌ-ɸʌ8.    

4- ʉʦ(II)-ɼʊɹʌ ïɸʌ10, 5- ʉʦ(II)-ɼʊɹʌ ïɸʌ13. 

ʙ) 1 - Ni(II) -ɼʊʌ-ɼʌɻ, 2 - Ni(II) -ɼʊʕʌ-ʦ-ɸʤʈʫ , 3- Ni(II) -ɼʊʕʌ-ʦ-ʌɼɸ,  

4- Ni(II) -ɼʊɹʌ -ɼʌɻ 

CCo(II) = 2.035Ĭ10
-5
 M, CNi(II)  = 2.044Ĭ10

-5
 M, Cɼʌ = (7.2-8.8)Ĭ10

-4
 M, Cɸʤ = (8.0-

9.6)Ĭ10
-4
 M, ʂʌʂ-2, l = 0,5 ʩʤ 

ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʝʘʢʮʠʠ ʥʘʢʣʦʥ 

ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ, ʪʦ ʩʨʝʜʠ ʜʠʪʠʦʬʝʥʦʣʷʪʥʦ-ʘʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʉʦ(II) ʠ Ni(II) ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ [ʉʦ(ɼʊʌ)2] 

(ɸʌ5H2), [ʉʦ(ɼʊʄʌ)2](ɼʌɻH)2, [ʉʦ(ɼʊʄʌ)(ʦ-ɸʤʈʫ)2], [ʉʦ(ɼʊʄʌ)(ʦ-ʌɼɸ)2], 

[ʉʦ(ɼʊʄʌ)2](ɸʌ2H)2, [ʉʦ(ɼʊʄʌ)2](ɸʌ3H)2, [ʉʦ(ɼʊʇʌ)(ʦ-ɸʤʈʫ)2], [ʉʦ(ɼʊʇʌ)2] 

(ɸʌ3H)2, [ʉʦ(ɼʊɹʌ)2](ɸʥH)2, [ʉʦ(ɼʊɹʌ)2](ɼʌɻH)2, [ʉʦ(ɼʊɹʌ)(ɼʠʧ)2], [ʉʦ(ɼʊɹʌ) 
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(ɹʌʝʥ)2], [ʉʦ(ɼʊɹʌ)2](ɸʌ13ʅ)2, [Ni(ɼʊʌ)2](ɸʌ7H2), [Ni(ɼʊʌ)2](ɸʌ8H)2, 

[Ni(ɼʊʄʌ)2](ɸʌ1H)2, [Ni(ɼʊʄʌ)2](ɸʌ2H), [Ni(ɼʊʄʌ)2](ɸʌ3H)2, [Ni(ɼʊʄʌ) 

(ɹʌʝʥ)2], [Ni(ɼʊʕʌ)2](ɸʥH)2, [Ni(ɼʊɹʌ)2](ɼʌɻH)2, [Ni(ɼʊɹʌ)2](ɸʥH)2, [Ni(ɼʊɹʌ)2] 

(ɸʥH)2 , [Ni(ɼʊɹʌ)2](ʜɸʥH)2 ʠ [Ni(ɼʊɹʌ)2](ɸʌ13H)2. 

ʊʘʙʣʠʮʘ 7.34 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʦʡʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʦʙʘʣʴʪʘ(II) ʠ ʥʠʢʝʣʷ(II) ʩ 

ɼʌ ʠ ɸʤ 
ʂʦʤʧʣʝʢʩʳ ʇʨʆ 

ʥʛ/ ʩʤ
3
 

ʇʨʂʆ 

ʥʛ/ʩʤ
3
 

ʏʫʚʩʪʚʠ- 

ʪʝʣʴʥʦʩʪʴ, 

ʥʛ/ ʩʤ
2
 

ʆʙʣʘʩʪʴ ʧʦʜʯʠ-

ʥʝʥʠʷ ʟʘʢʦʥʫ 

ɹʵʨʘ, ʤʢʛ/ ʤʣ
 

ʋʨʘʚʥʝʥʠʝ  

ʛʨʘʜʫʠʨʦʚʦʯ-

ʥʳʭ  ʛʨʘʬʠʢʦʚ 

1 2 3 4 5 6 

[ʉʦ(ɼʊʌ)2](ɸʥH)2 15 53 2.30 0.5-14 0.045+0.0220x 

[ʉʦ(ɼʊʌ)2](ʤɸʥH)2 14 46 2.22 0.4-16 0.056+0.0214x 

[ʉʦ(ɼʊʌ)2](ɸʌ4H2) 11 36 2.05 0.5-18 0.039+0.0254x 

[ʉʦ(ɼʊʌ)2](ɸʌ5H2) 10 34 1.88 0.5-18 0.062+0.0143x 

[ʉʦ(ɼʊʌ)2](ɸʌ6H)2 11 35 2.06 0.5-18 0.038+0.0254x 

[ʉʦ(ɼʊʄʌ)2](ɸʥH)2 13 42 2.17 0.5-16 0.069+0.0206x 

[ʉʦ(ɼʊʄʌ)2](ɼʌɻH)2 10 34 1.89 0.5-18 0.041+0.0276x 

[ʉʦ(ɼʊʄʌ)(ʦ-ʌɼɸ)2] 10 34 1.90 0.5-18 0.048+0.0252x 

[ʉʦ(ɼʊʄʌ)](ʦ-ɸʤʈʫ)2] 14 45 2.14 0.5-14 0.043+0.0238x 

[ʉʦ(ɼʊʄʌ)2](ɸʌ1H)2 10 34 1.82 0.3-18 0.053+0.0276x 

[ʉʦ(ɼʊʄʌ)2](ɸʌ2H)2 9 29 1.76 0.3-18 0.064+0.0278x 

[ʉʦ(ɼʊʄʌ)2](ɸʌ3H)2 9 30 1.69 0.5-18 0.066+0.0280x 

[ʉʦ(ɼʊʇʌ)2]ɸʥH)2 10 34 1.95 0.5-14 0.045+0.0262x 

[ʉʦ(ɼʊʇʌ)(ʦ-ɸʤʈʫ)2] 10 34 1.90 0.5-14 0.055+0.0260x 

[ʉʦ(ɼʊʇʌ)2(ʌʝʥ)2] 10 34 1.93 0.5-14 0.028+0.0282x 

[ʉʦ(ɼʊʇʌ)2](ɸʌ3H)2 9 30 1.62 0.5-14 0.039+0.0332x 

[ʉʦ(ɼʊɹʌ)2](ɸʥH)2 12 39 1.87 0.5-14 0.054+0.0266x 

[ʉʦ(ɼʊɹʌ)2](ɼʌɻH)2 11 36 1.83 0.5-16 0.054+0.0274x 

[ʉʦ(ɼʊɹʌ)2](ʊʌɻH)2 13 43 1.93 0.5-16 0.028+0.0284x 

[ʉʦ(ɼʊɹʌ)(ɼɸʄ)] 18 60 3.07 0.5-14 0.039+0.0156x 

[ʉʦ(ɼʊɹʌ)(ɼɸʇʄ)] 16 54 2.74 0.5-14 0.025+0.0194x 

[ʉʦ(ɼʊɹʌ)(ɼɸʌʄ)] 15 52 2.66 0.5-14 0.028+0.0196x 

[ʉʦ(ɼʊɹʌ)(ɼʠʧ)2] 10 34 1.86 0.5-16 0.051+0.0270x 

[ʉʦ(ɼʊɹʌ)(ʌʝʥ)2] 10 34 1.81 0.5-16 0.016+0.0320x 

[ʉʦ(ɼʊɹʌ)(ɹʌʝʥ)2] 9 32 1.57 0.2-18 0.050+0.0332x 

[ʉʦ(ɼʊɹʌ)2](ɸʌ8ʅ)2 10 33 1.87 0.4-14 0.043+0.0278x 

[ʉʦ(ɼʊɹʌ)2](ɸʌ10ʅ2) 9 30 1.68 0.2-16 0.056+0.0301x 

[ʉʦ(ɼʊɹʌ)2](ɸʌ12ʅ)2 9 30 1.71 0.2-16 0.063+0.0286x 

[Ni(ɼʊʌ)2](ɸʥH)2 11 36 2.03 0.4-15 0.058+0.0234x 

[Ni(ɼʊʌ)2](ɹʘH)2 10 34 1.96 0.5-16 0.043+0.0258x 

[Ni(ɼʊʌ)2](ɼʌɻH)2 10 34 1.84 0.4-16 0.036+0.0285x 

[Ni(ɼʊʌ)2](ɸʌ7H)2 8 27 1.56 0.4-15 0.064+0.0318x 

[Ni(ɼʊʌ)2](ɸʌ8H)2 8 27 1.51 0.2-18 0.057+0.0326x 

[Ni(ɼʊʄʌ)2](ɸʥH)2 10 34 1.87 0.5-15 0.062+0.0254x 

[Ni(ɼʊʄʌ)2](ɼʌɻH)2 9 29 1.73 0.4-16 0.045+0.0264x 

[Ni(ɼʊʄʌ)2](ɸʌ1H)2 8 27 1.52 0.5-15 0.064+0.0247x 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 7.34 

1 2 3 4 5 6 

[Ni(ɼʊʄʌ)2](ɸʌ2H)2 11 36 1.47  0.5-16 0.063+0.0279x 

[Ni(ɼʊʄʌ)2](ɸʌ3H)2 12 40 1.51 0.4-18 0.054+0.0306x 

[Ni(ɼʊʄʌ)(ɼʠʧ)2] 16 51 3.31 0.5-15 0.047+0.0124x 

[Ni(ɼʊʄʌ)(ʌʝʥ)2] 15 48 2.98 0.5-15 0.025+0.0156x 

[Ni(ɼʊʄʌ)(ɹʌʝʥ)2] 14 45 2.92 0.2-18 0.078+0.0178x 

[Ni(ɼʊʕʌ)2](ɸʥH)2 9 29 1.74 0.4-18 0.065+0.0284x 

[Ni(ɼʊʕʌ)(ʌʝʥ)2] 12 38 2.69 0.4-16 0.026+0.0188x 

[Ni(ɼʊʕʌ)(ɹʌʝʥ)2] 11 35 2.05 0.4-18 0.037+0.0252x 

[Ni(ɼʊʕʌ)(ʦ-ɸʤʈʫ)2] 12 40 3.18 0.4-16 0.034+0.0158x 

[Ni(ɼʊʕʌ)(ʦ-ʌɼɸ)2] 12 40 3.00 0.6-16 0.029+0.0175x 

[Ni(ɼʊɹʌ)2](ɼʌɻH)2 11 36 1.72 0.2-19 0.054+0.0292x 

[Ni(ɼʊɹʌ)2](ɸʥH)2 11 36 1.69 0.2-16 0.062+0.0284x 

[Ni(ɼʊɹʌ)2](ʜɸʥH)2 10 34 1.67 0.2-16 0.049+0.0297x 

[Ni(ɼʊɹʌ)(ʦ-ʌɼɸ)2] 12 39 2.68 0.5-15 0.032+0.0190x 

[Ni(ɼʊɹʌ)2](ɸʌ12H)2 11 34 1.62 0.2-16 0.052+0.0312x 

ʆʧʨʝʜʝʣʥʠʝ ʜʦʧʫʩʢʘʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ. ɼʣʷ 

ʦʮʝʥʢʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʵʢʩʪʨʘʢʪʦʚ ʈʃʂ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʠ Co(II) ʠ 

Ni(II) ʠʩʩʣʝʜʦʚʘʥʦ ʤʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ. ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Co(II) ʠ Ni(II) ʚ ʚʠʜʝ ʠʟʫʯʝʥʥʳʭ ʢʦʤʧ-

ʣʝʢʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ.7.35-7.37. ɺ ʢʘʯʝʩʪʚʝ ʤʘʩʢʠʨʫʁʱʠʭ ʘʛʝʥʪʦʚ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʤʝʰʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʥʳ ʩʫʣʴʬʦʩʘʣʠʮʠʣʦʚʘʷ, 

ʚʠʥʥʘʷ, ʣʠʤʦʥʥʘʷ, ʱʘʚʝʣʝʚʘʷ ʢʠʩʣʦʪʳ, NH2OH, H2O2 (ʜʦ 0,2 ʛ ʚ 25 ʤʣ ʬʦʪʦʤʝʪ-

ʨʠʨʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ), ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠ ʪʠʦʤʦʯʝʚʠʥʘ (ʜʦ 2ʛ ʚ 25 ʤʣ). ʄʝ-

ʰʘʁʱʝʝ ʚʣʠʷʥʠʝ Nb(V), Ta(V), Ti(IV) ʫʩʪʨʘʥʝʥʦ ʧʦʚʳʰʝʥʠʝʤ ʨʅ ʠ ʩ ʧʦʤʦʱʴʶ 

ʬʪʦʨʠʜ-ʠʦʥʘ. ʄʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ Fʝ(III) ʫʩʪʨʘʥʷʣʠ ʪʠʦʛʣʠʢʦʣʝʚʦʡ ʢʠʩʣʦʪʦʡ, 

Ti(IV) - ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ, Cu(II)-ʪʠʦʤʦʯʝʚʠʥʦʡ, ʘ Mo(VI) ʠ Nb(V)-ʦʢʩʘ-

ʣʘʪ-ʠʦʥʦʤ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʩʢʠʨʫʶʱʝʛʦ ʨʝʘʛʝʥʪʘ 0.01ʄ ʨʘʩʪʚʦʨʘ 

ʕɼʊɸ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝ ʤʝʰʘʶʪ Ti(IV), V(IV), Nb(V), Ta(V), Mo(VI), Fe(III) ʠ 

Ni(II). ɺ ʘʤʤʠʘʯʥʦ-ʘʮʝʪʘʪʥʦʤ ʙʫʬʝʨʝ ʄn(II )
 
ʙʦʣʝʝ ʧʨʦʯʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʕDTA, 

ʯʝʤ ʩ ʬʝʥʘʥʪʨʦʣʠʥʦʤ, ʯʪʦ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʝʛʦ ʤʘʩʢʠʨʦʚʢʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

Co ʠ Ni. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʙʘʣʴʪʘ ʤʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʠʢʝʣʷ ʫʩʪʨʘʥʷʣʠ ʦʢ-

ʩʘʣʘʪ- ʠʦʥʦʤ.  

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ Ni(II)  ʩ ɼʌ ʠ ɸʤ Zn(II), Cd(II), Pd(II), Co(II) ʠ Cu(II) 

ʤʘʩʢʠʨʦʚʘʥʳ 1.0 ʤʣ 0.5% -ʥʳʤ ʨʘʩʪʚʦʨʦʤ Na2S2O3, ʘ Fe(II) ʠ Fe(III) 1.0 ʤʣ  3% -

ʥʳʤ ʨʘʩʪʚʦʨʦʤ NaF. ɹʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʬʪʦʨʠʜ-, ʦʢʩʘʣʘʪ-, ʪʠʦʩʫʣʴʬʘʪ-, ʙʨʦ-
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ʤʠʜ-, ʭʣʦʨʠʜ-, ʪʘʨʪʨʘʪ-, ʩʫʣʴʬʘʪ-, ʘʮʝʪʘʪ- ʠ ʮʠʪʨʘʪ ʠʦʥʦʚ ʥʝ ʤʝʰʘʶʪ ʦʧʨʝʜʝʣʝ-

ʥʠʶ. ʊʠʦʮʠʘʥʘʪ, ʪʠʦʤʦʯʝʚʠʥʘ ʠ ʬʦʩʬʘʪ-ʠʦʥ ʤʝʰʘʶʪ, ʜʘʞʝ ʢʦʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʚ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ,  ʕɼʊɸ ʤʘʩʢʠʨʫʝʪ Ni(II) ʧʦʣʥʦʩʪʴʶ. ʈʃʂ Ni(II)  ʩ ɼʌ ʠ ʥʝ-

ʢʦʪʦʨʤrʠ ʘʤʠʥʘʤʠ ʦʙʨʘʟʫʁʪʩʷ ʠ ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ, 

ʛʜʝ ʢʦʤʧʣʝʢʩʳ Cu, Fe ʣʠʙʦ ʥʝ ʦʙʨʘʟʫʶʪʩʷ, ʣʠʙʦ ʥʝ ʵʢʩʪʨʘʛʠʨʫʁʪʩʷ ʭʣʦʨʦʬʦʨ-

ʤʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣ̫ʪʴ ʥʠʢʝʣʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʢʘʟʘʥʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʊʘʙʣʠʮʘ 7.35 

ɼʦʧʫʩʢʘʝʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʙʘʣʴʪʘ(II)  ʩ 

ɼʌ ʠ ɸʤ (ʚʚʝʜʝʥʦ 30 ʤʢʛ ʉʦ(II), n=3, P=0.95)  

ʀʦʥ 
ʄʦʣʴʥʳʡ 

ʠʟʙʳʪʦʢ ʠʦʥʘ 

ʄʘʩʢʠʨʫʶʱʝʝ 

ʚʝʱʝʩʪʚʦ 

ʅʘʡʜʝʥʦ, ʤʢʛ (Sr) 

ɼʊʌ+ɸʥ ɼʊʕʌ-ʦ-ɸʤʈʫ ɼʊʕʌ-ʦ-ʌɼɸ 

Ni(II)  50 ʕɼʊɸ 29.8 (0.05) 29.5 (0.03) 29.8 (0.02) 

Fe(II) 200  29.8 (0.04) 29.7 (0.05) 29.8 (0.06) 

Cd(II)  200  30.3 (0.03) 29.6 (0.04) 30.6 (0.02) 

Al(III)  180  29.6 (0.03) 29.8 (0.05) 29.6 (0.04) 

Fe(III) 60 
ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 
30.2 (0.05) 30.3 (0.02) 30.5 (0.06) 

Zr(IV)  50  29.8 (0.03) 29.8 (0.04) 29.8 (0.03) 

Cu(II) 25 ʊʠʦʤʦʯʝʚʠʥʘ 30.1 (0.05) 30.1 (0.05) 30.1 (0.02) 

Hg(II) 40  30.2 (0.04) 30.2 (0.05) 30.2 (0.05) 

Ti(IV)  30 
ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 
29.8 (0.04) 30.3 (0.02) 29.8 (0.04) 

V(IV)  20  29.6 (003) 29.5 (0.02) 29.6 (0.02) 

Mo(VI)  10 ʕɼʊɸ 30.4 (0.05) 30.1 (0.03) 30.4 (0.03) 

W(VI)    29.7 (0.06)   

Cr(III)  120  29.8 (0.03) 29.8 (0.02) 29.8 (0.03) 

Nb(V) 

 

50 

 
-2

42OC  29.8 (0.05)  29.9 (0.02) 29.8 (0.02) 

Ta(V) 50 
ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 
29.7 (0.04) 29.8 (0.05) 29.7 (0.03) 

+2

2UO  50 
 

 
30.2 (0.04) 30.5 (0.03) 30.2 (0.04) 

ʉʘʣʠʮʠʣʦʚʘʷ 

ʢʠʩʣʦʪʘ 
25  30.4 (0.03) 29.5 (0.02) 30.4 (0.03) 

ʉʫʣʴʬʦʩʘʣʠʮʠʣ

ʦʚʘʷ ʢʠʩʣʦʪʘ 
30  29.8 (0.06) 30.1 (0.03) 29.8 (0.02) 

ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 
120  30.0 (0.03) 

29.8 (0.03) 29.9 (0.02)  

ɺʠʥʥʘʷ ʢʠʩʣʦʪʘ 120  30.2 (0.05) 29.8 (0.02)  30.3 (0.02) 

ʆʢʩʘʣʘʪ 28  30.7 (0.04) 30.3 (0.02) 30.4 (0.03) 

ʌʪʦʨʠʜ 15  29.6 (0.04) 29.7 (0.03) 30.4 (0.03) 

H3PO4 30  30.3 (0.03) 30.4 (0.03) 29.7 (0.03) 

ʊʠʦʤʦʯʝʚʠʥʘ
 

20  31.2 (0.06) 29.5 (0.02) 30.3 (0.02) 

 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ Co(II ) ʠ Ni(II ) ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʝ-

ʘʛʝʥʪʘʤʠ ʠ ʜʠʪʠʦʣʬʝʥʦʣʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʠʥʦʚ. ɼʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ 
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ʦʧʨʝʜʝʣʝʥʠʷ ʉʦ(II) ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʷʚʣʷʶʪʩʷ ʨʝʘʛʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʥʠʪʨʦʟʦ-ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ, ʥʘʧʨʠʤʝʨ, ʥʠʪʨʦʟʦ Rïʩʦʣʴ. ɿʥʘʯʠʪʝʣʴʥʦ 

ʯʘɦʝ ʧʨʠʤʝʥʷʶʪ ʦ-ʥʠʪʨʦʟʦʥʘʬʪʦʣʳ ʠ ʠʭ ʢʠʩʣʦʪʳ (1-ʥʠʪʨʦʟʦʥʘʬʪʦʣ-2, ʠ 2-ʥʠʪ-

ʨʦʟʦʥʘʬʪʦʣ-1). ɼʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Ni(II) ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠ-

ʤʝʥʷʶʪ ʜʠʦʢʩʠʤʳ (ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤ), ʦʢʩʠʘʟʦʩʦ-

ʝʜʠʥʝʥʠʷ ʠ ʪʠʦʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ. 

ʊʘʙʣʠʮʘ 7.36 

ɼʦʧʫʩʢʘʝʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʙʘʣʴʪʘ (II)  

ʩ ɼʌ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʜʠʘʤʠʥʘʤʠ (ʚʚʝʜʝʥʦ 30 ʤʢʛ ʉʦ(II), n=3, P=0.95)  

ʀʦʥ 
 ʄʦʣʴʥʳʡ  

ʠʟʙʳʪʦʢ ʠʦʥʘ 

ʄʘʩʢʠʨʫʶʱʠʡ 

ʨʝʘʛʝʥʪ 

ʅʘʡʜʝʥʦ, ʤʢʛ (Sr) 

ɼʊʇʌ+ʌʝʥ ɼʊɹʌ+ɹʌʝʥ ɼʊɹʌ+ɼʠʧ 

Ni(II)  30 ʕɼʊɸ 29.8(0.05) 29.5(0.03) 29.8(0.02) 

Fe(II) 90  29.8(0.04) 29.7(0.05) 29.8(0.06) 

Cd(II)  100  30.3(0.03) 29.6(0.04) 30.6(0.02) 

Al(III)  180  29.6(0.03) 29.8(0.05) 29.6(0.04) 

Fe(III) 60 
ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 
30.2(0.05) 30.3(0.02) 30.5(0.06) 

Zn(II) 20  29.3(0.04) 29.8(0.03) 30.6(0.02) 

Zr(IV)  50  29.8(0.03) 29.8(0.04) 29.8(0.03) 

Cu(II) 20 ʊʠʦʤʦʯʝʚʠʥʘ 30.1(0.05) 30.1(0.05) 30.1(0.02) 

Hg(II) 30  30.2(0.04) 30.2(0.05) 30.2(0.05) 

Ag(I) 25  30.5(0.05) 29.6(0.04) 30.5(0.05) 

Ti(IV)  30 
ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 
29.8(0.04) 30.3(0.02) 29.8(0.04) 

V(IV)  20  29.6(003) 29.5(0.02) 29.6(0.02) 

Mo(VI)  15 ʕɼʊɸ 30.4(0.05) 30.1(0.03) 30.4(0.03) 

W(VI)    29.8(0.03) 29.8(0.03) 30.5(0.06) 

Cr(III)  120  29.8(0.03) 29.8(0.02) 30.4(0.03) 

Nb(V)  50 
-2

42OC  30.5(0.06)  29.9(0.02)  29.8(0.02)  

Ta(V) 50 
ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 
29.7(0.04) 29.8(0.05) 29.7(0.03) 

+2

2UO  50  30.2(0.04) 30.5(0.08) 30.2(0.04) 

ʉʘʣʠʮʠʣʦʚʘʷ 

ʢʠʩʣʦʪʘ 
25  30.4(0.03) 30.3(0.02) 30.4(0.03) 

ʉʫʣʴʬʦʩʘʣʠʮʠʣʦ

ʚʘʷ ʢʠʩʣʦʪʘ 
30  29.8(0.06) 29.5(0.02) 29.8(0.02) 

ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 

120  30.0(0.03) 
29.8(0.03) 

29.9(0.02) 

 

ɺʠʥʥʘʷ ʢʠʩʣʦʪʘ 120  30.2(0.05) 29.8(0.02)  30.4(0.03) 

ʆʢʩʘʣʘʪ 30  30.7(0.04) 30.4(0.03) 29.7(0.03) 

ʌʪʦʨʠʜ 15  29.6(0.04) 29.8(0.03) 29.7(0.03) 

H3PO4 30  30.3(0.03) 29.8(0.02)  30.3(0.02) 

ʊʠʦʤʦʯʝʚʠʥʘ
 

50  31.2(0.06) 29.7(0.03) 29.5(0.02) 

 

ɺ ʪʘʙʣ.7.38. ʠ 7.39 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʨʘʚʥʠʪʴ ʘʥʘʣʠʪʠ-

ʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘʤʠ  ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝ-
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ʣʝʥʠʷ ʢʦʙʘʣʴʪʘ(II)  ʠ ʥʠʢʝʣʷ(II)  ʩ ʥʝʢʦʪʦʨʳʤʠ ʫʞʝ ʠʟʚʝʩʪʥʳʤʠ  ʤʝʪʦʜʠʢʘʤʠ. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʥʘʤʠ ʤʝʪʦʜʠʢʠ ʜʦʩʪʘʪʦʯʥʦ ʠʟʙʠʨʘʪʝʣʴʥʳ, ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʳ, ʦʪʣʠʯʘʶʪʩʷ ʝʢʩʧʨʝʩʩʥʦʩʪʴʶ ʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʜʘʞʝ ʤʘʣʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ʫʢʘʟʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʧʦʣʫʯʠʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ.   

ʊʘʙʣʠʮʘ 7.37 

ɺʣʠʷʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʥʠʢʝʣʷ(II)  ʩ ɼʌ ʠ ɸʤ (ʚʟʷʪʦ 30 ʤʢʛ 

Ni(II ), n=3, P=0.95)  

ʀʦʥ 

ʄʦʣʴʥʳʡ 

ʠʟʙʳʪʦʢ 

ʠʦʥʘ 

ʄʘʩʢʠʨʫʶʱʝʝ 

ʚʝʱʝʩʪʚʦ 

ʅʘʡʜʝʥʦ,ʤʢʛ (Sr) 

ɼʊʄʌ+ɼʌɻ ɼʊɹʌ+ɸʥ ɼʊɹʌ+ʜɸʥ 

Co(II) 50 Na2S2O3 30.2(0.02) 30.2(0.02) 30.2(0.02) 

Fe(II) 190  29.7(0.04) 29.8(0.03) 29.7(0.04) 

Cd(II) 210  30.5(0.04) 30.3(0.04) 30.4(0.04) 

Al (III ) 190  29.8(0.05) 29.6(0.03) 29.7(0.03) 

Fe(III ) 60 
ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 
30.2(0.05) 30.2(0.05) 30.1(0.04) 

Zr(IV)  50  29.8(0.03) 29.8(0.03) 29.7(0.05) 

Cu(II) 25 ʊʠʦʤʦʯʝʚʠʥʘ 30.2(0.05) 30.1(0.05) 30.3(0.06) 

Hg(II) 40  30.2(0.05) 30.(0.05) 30.1(0.04) 

Ti(IV)  30 
ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 
29.8(0.04) 29.7(0.04) 29.9(0.03) 

V(IV)  25  29.5(0.05) 29.6(0.03) 29.6(0.03) 

Mo(VI)  12 ʕɼʊɸ 30.4(0.04) 30.4(0.04) 30.4(0.04) 

W(VI)  50  29.8(0.04) 29.4(0.05) 30.5(0.04) 

Cr(III)  120  29.8(0.04) 29.8(0.04) 29.8(0.04) 

Nb(V) 

 

60 

 
       

-2

42OC  
29.8(0.04) 

29.8(0.04) 

 

29.8(0.04) 

 

Ta(V) 50 29.7(0.05) 29.7(0.05) 29.7(0.05) 

+2

2UO  50 
 

 
30.2(0.04) 30.2(0.04) 30.2(0.04) 

ʉʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ 25  30.4(0.04) 29.8(0.04) 29.8(0.04) 

ʉʫʣʴʬʦʩʘʣʠʮʠʣʦʚʘʷ 

ʢʠʩʣʦʪʘ 
30  29.8(0.05) 30.1(0.05) 30.1(0.05) 

ɸʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 

120 
 

30.0(0.03) 
29.6(0.03) 30.1(0.04) 

ɺʠʥʥʘʷ ʢʠʩʣʦʪʘ 120  30.2(0.06) 30.2(0.05) 30.2(0.02) 

ʆʢʩʘʣʘʪ 40  30.7(0.05) 29.8(0.03) 29.8(0.03) 

ʌʪʦʨʠʜ 35  29.6(0.07) 30.2(0.03) 29.6(0.03) 

ʆʨʪʦʬʦʩʬʦʨʥʘʷ 

ʢʠʩʣʦʪʘ 

30 
 

30.3(0.03) 
29.8(0.03) 30.4(0.04) 

ʊʠʦʤʦʯʝʚʠʥʘ 20  31.2(0.05) 29.6(0.03) 30.1(0.05) 
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ʊʘʙʣʠʮʘ 7.38 

 ʉʨʘʚʥʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ(II)  

ʈʝʘʛʝʥʪ pH ʈʘʩʪʚʦʨʠ-

ʪʝʣʴ 
l, ʥʤ ŮĬ10

-4 
ʆʙʣʘʩʪʴ ʧʦʜʯʠ-

ʥʝʥʠʷ ʟʘʢʦʥʫ 

ɹʵʨʘ, ʤʢʛ/ ʤʣ
 

ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ 

1-ʥʠʪʨʦʟʦʥʘʬʪʦʣ-2  

[276, ʩ.178] 
pH 3 ʍʣʦʨʦʬʦʨʤ 415 2.9  ʄʝʰʘʶʪ:Mn(II), Cu(II), Fe(II), Ni(II), Pb(II), Ti(IV)  

ʅʠʪʨʦʟʦ R-ʩʦʣʴ 

 [193, ʩ.238] 

ʉʣʘʙʦʢʠʩ-

ʣʘʷ 

 500 1.5  ʄʝʰʘʶʪ: Cu(II), Fe(II), Ni(II), V(IV), Cr(III), Cr(VI) 

1-ʦʢʩʠ-2-ʥʘʬʪʦʡʥʘʷ 

ʢʠʩʣʦʪʘ+ʘʥʠʣʠʥ  

[265, ʩ.184] 

6-8 ʍʣʦʨʦʬʦʨʤ 575 1.08 0.0125-5.5 ʅʝ ʤʝʰʘʶʪ: Al(800), Mn(200), Cu(II)(40), Ce(IV) 

(40), V(IV)(50), Nb(V)(30), Ta(V)(110),  Ti(IV) (25), 

ʈɿʕ(250), Zr(IV)(150), Mo(VI)(20), W(VI) (40) 

ɹʨʦʤʧʠʨʦʛʘʣʣʦʣʢʨʘʩʥʳʡ 

[495, ʩ.444] 

2.0  575 1.08 0.25-110 ʅʝ ʤʝʰʘʶʪ: Al(III) 800, Mn(II) 200, W(VI), Cu(II), 

Ce(IV) (40), V(IV) 50, Nb(V) 30, Ta(V) 110, Ti(IV) 

25, ʈɿʕ 250, Zr 150, Mo(VI) 20 

1,10-ʬʝʥʘʥʪʨʦʣʠʥ+ʧ-

ʥʠʪʨʦʙʝʥʟʦʣʘʟʦʩʘʣʠʮʠʣʦ

ʚʘʷʢʠʩʣʦʪʘ [10, ʩ.61] 

8.3-9.5 ʍʣʦʨʦʬʦʨʤ 480 4.2 0.25-8.0 ʄʝʰʘʶʪ: Mn(II), Ni(II), Zn(II), Cu(II), Fe(II), Ag(I) 

2-ʛʠʜʨʦʢʩʠ-3-ʥʘʬʪʦʡʥʘʷ 

ʢʠʩʣʦʪʘ+ʦ-ʬʝʥʠʣʝʥʜʠ-

ʘʤʠʥ [11, ʩ.68] 

10-12 ʍʣʦʨʦʬʦʨʤ 560 4.4  ʄʝʰʘʶʪ: Mn(II), Ni(II), Zn(II), Cu(II), Fe(II), Ti(IV)  

ɼʊʄʌ+ɸʌ2 4.8-5.9  

ʍʣʦʨʦʬʦʨʤ 

 

535 3.35 0.3-20  

ʉʤ. ʪʘʙʣ. 7.35 

 
ɼʊɹʌ+ɼʌɻ 5.0-6.6 540 3.23 0.5-16 

ɼʊɹʌ+ʊʌɻ 5.3-6.3 530 3.05 0.5-16 

ɼʊɹʌ+ɹʌʝʥ 5.6-7.9 520 3.75 0.2-18 ʉʤ. ʪʘʙʣ. 7.36 
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ʊʘʙʣʠʮʘ 7.39 

ʉʨʘʚʥʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʦʜʠʢ  ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʢʝʣʷ(II)  

ʈʝʘʛʝʥʪ pH  
ɚ, 

ʥʤ 
ŮĬ10

-4
 

ʆʙʣʘʩʪʴ ʧʦʜʯʠ-

ʥʝʥʠʷ ʟʘʢʦʥʫ 

ɹʝʨʘ, ʤʢʛ/ ʤʣ 

ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ 

ɼʠʤʝʪʠʣʛʣʠʦʢʩʠʤ [531, ʩ.40]  12 470           0.26-2.1  

2-(1-ʬʝʥʠʣ-2,3-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʦʥ-

5-ʘʟʦ-4)-ʅʘʬʪʘʣʠʥ-1,8-ʜʠʛʠʜʨʦʢʩʠ-

3,6-ʜʠʩʫʣʴʬʦʥʘʪʨʠʡ+ʊʌɻ [7, ʩ.71] 

2.0 525 1.25 01-1.87 

Mg
2+

(248), Ca
2+

(690), Ba
2+

(2362), Zn(II)(224),Cd(II)286, Mn(II)(948), 

Cu(II)(2), Co(II)(102), V(V)(18), Mo(VI)(33), W(VI)(65), C2O4
2-
(43), ʕɼʊɸ 

(1223), ʪʠʦʤʦʯʝʚʠʥʘ (1310), ʣʠʤʦʥʥʘʷ ʢʠʩʣʦʪʘ (924), ʚʠʥʥʘʷ ʢʠʩʣʦʪʘ(552), 

F
-
(6379) 

N-ʵʪʠʣ-3-ʢʘʨʙʘʟʦʣʝʢʘʨʙʦʢʩʘʣʜʝʛʠʜ-

3-ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ [462, ʩ.729] 

6.0 400 
1.114 1.2-5.6 ʄʝʰʘʶʪ: Co(II),  Cu(II), Fe(II), Hg(II),  Cr(III), Pt(II), Pb(II) 

7-ʤʝʪʠʣ-2-ʭʣʦʨʦʭʠʥʦʣʠʥ-3-ʢʘʨʙʘʣʴ-

ʜʝʛʠʜ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ [390, ʩ.287] 

6.0 410 0.0167  
0-4.0 ʄʝʰʘʶʪ: Ce(III ), Al (III) ʠ Ga(III) .ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʘʣʘ. 

ʊʠʘʟʦʣ-2-ʢʘʨʙʘʣʴʜʝʛʠʜ-2-ʭʠʥʦʣʠʣ-

ʛʠʜʨʘʟʦʥ [449, ʩ.549] 

 

 

8.7 -9.5 

 

522 

 

7.17  
0-0.7 

Ag(I), Tl(I), Ba(II), Ca(II), Mg(II), Mn(II), Pb(II),Sr(II), La(III), Sm(III), 

Pt(IV), Se(IV), As(V), V(V), Cr(VI), Mo(VI)-140; Ķr(III), U(VI) -70, Pd(II), 

Pt(II), Au(III), Ga(III), W(VI), Os(VIII)-30; Al(III), Ķn(III), Th(IV)-7; Cr(III), 

Ti(IV), Zr(IV) -3; Hg(II), Zn(II), Bi(III), Ru(III)  -1 

ʇʠʨʠʜʦʢʩʘʣ-4-ʬʝʥʠʣ-3-ʪʠʦʩʝʤʠʢʘʨ-

ʙʘʟʦʥ  [486, ʩ.285] 

 

 

 

 

 

4-6 

 

 

 

 

430 

 

 

 

 

1.92 
0.5-5 

ʅʝ ʤʝʰʘʶʪ: Al(III),  In(III),  U(VI), Os(III) 5000, Bi(III),  Mn(II), Pt(IV), 

Rh(III), Tl(I), Cr(III), V(V), Pb(II), W(VI)  2500, Hg(II),  Mo(VI)  ʠ Ag(I)  

2500; Zn(II),  Cd(II),  Fe(II), Fe(III), Co(II),  Pd(II)  100. Co(II) ʠ Cu(II) ʤʘʩ-

ʢʠʨʦʚʘʥ 1.0 ʤʣ 0.2% ʨʘʩʪʚʦʨʦʤ ʦʢʩʘʣʘʪʘ. Fe(II) ʠ Fe(III) 1.0 ʤʣ  3% ʨʘʩʪ-

ʚʦʨʦʤ NaF,  Zn(II), Cd(II) ʠ Pd(II) 1.0 ʤʣ 0.5% ʨʘʩʪʚʦʨʦʤ ʪʠʦʩʫʣʴʬʘʪʘ. 

ʌʪʦʨʠʜ-, ʦʢʩʘʣʘʪ- ʠ ʪʠʦʩʫʣʴʬʘʪ-ʠʦʥʳ 5000. ɹʨʦʤʠʜ-, ʭʣʦʨʠʜ, ʪʘʨʪʨʘʪ, 

ʩʫʣʴʬʘʪ, ʘʮʝʪʘʪ- ʠ ʮʠʪʨʘʪ ʠʦʥʳ 2000. ʊʠʦʮʠʘʥʘʪ, ʪʠʦʤʦʯʝʚʠʥʘ, ʬʦʩʬʘʪ ʠ 

ʕɼʊɸ ʤʝʰʘʶʪ, ʜʘʞʝ ʢʦʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ   

4-ʛʠʜʨʦʢʩʠ ʙʝʥʟʘʣʴʜʝʛʠʜ-4-ʙʨʦʤʬʝ-

ʥʠʣʛʠʜʨʘʟʠʥ [476, ʩ.373] 

 

4 497 12.85 0.01-0.1 

ʄʝʰʘʶʪ:Mn
2+

, Ce(IV), Fe
3+

, Mo(VI), Br
ī
 Ti(IV), Bi(III), V(V), Cr(VI), Ba

2+
, 

W(VI), U(IV) Cd
2+

, Pd
2+

, Cr
3+

, La 
3+

 Cl
ī
, Zn

2+
, Cu

2+
, Zr(IV), Bi(III), Pb

2+
, Hg

2+
, 

Sb
3+

, Th(IV), Sn(IV), Pd 
2+

, Se(IV), Te(IV), Au
3+

, Ag 
+
 , Co 

2+
 

2-[(2-ʤʝʨʢʘʧʪʦʬʝʥʠʣʠʤʠʥʦʤʝʪʠʣ)] 

ʬʝʥʦʣ [492, ʩ.323] 
pH>10 421 24.1 0.011-0.30 ʄʝʰʘʶʪ: Co(II),  Cu(II), Fe(II), Hg(II),  Cr(III), Pt(II), Pb(II) 

ɼʊʄʌ+ɸʌ2 5.5-6.3 530 3.35 0.5-15 

ʉʤ.ʪʘʙʣ. 7.37 ɼʊʄʌ+ɸʌ3 4.6-5.8 525 3.53 0.4-18 

ɼʊɹʌ+ɼʌɻ 6.2-7.7 520 3.36 0.2-19 
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ʆʙʟʦʨ ʛʣʘʚʳ VII  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʈʃʂ ʤʝʪʘʣʣʦʚ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫ-

ʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʠ ʥʘʤʝʯʘʝʪ ʥʦʚʳʝ ʧʫʪʠ ʢ ʨʝʰʝʥʠʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠ-

ʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʍʦʨʦʰʘʷ ʵʢʩʪʨʘʛʠʨʫʝʤʦʩʪʴ ʨʘʟʣʠʯʥʳʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʡ ʤʦʣʷʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛ-

ʣʦɦʝʥʠʷ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʷʝʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʢʘʢ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ, ʪʘʢ ʠ ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʀʟʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ Cu(II), Hg(II), Ti(IV), V(II, IV), Nb(V), 

Ta(V), Mo(V), W(V), Mn(II), U(VI), Fe(II), Co(II) ʠ Ni(II)   ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʝ-

ʘʛʝʥʪʘʤʠ, ʠʤʝʶʱʠʤʠ ʙʣʠʟʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʝʜʩ-

ʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʩʥʠʪʴ ʤʝʭʘʥʠʟʤ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦ-

ʚʘʥʠʷ, ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ, ʟʘʚʠʩʠʤʦʩʪʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʦʪ ʠʭ ʩʪʨʦʝʥʠʷ ʠ ʪ. ʜ.  

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥr ʭ ʛʨʘʬʠʢʦʚ ʙʳʣʠ ʦʙ-

ʨʘʙʦʪʘʥʳ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ [111, ʩ.248]. ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʡ 

ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʳʯʠʩʣʷʣʠ ʧʨʝʜʝʣ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʥʘʨʫʞʝ-

ʥʠʷ ʠ ʧʨʝʜʝʣ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʚʠʜʝ ʈʃʂ. 

 ʉʨʘʚʥʝʥʠʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʡ 

ʩ ʰʠʨʦʢʦʧʨʠʤʝʥʷʝʤʳʤʠ, ʧʦʢʘʟʳʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʘ ʪʘʢʞʝ ʧʦ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ. ʈʘʟʨʘʙʦʪʘʥ-

ʥʳʝ ʤʝʪʦʜʠʢʠ ʩ ɼʌ ʠ ɸʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯ-

ʥʳʝ, ʥʘʜʝʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʨʘʚ-

ʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ ʩʪʘʣʝʡ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥ-

ʥʳʤʠ ɻʆʉʊʦʚʩʢʠʤʠ ʠ ʰʠʨʦʢʦʧʨʠʤʝʥʷʝʤʳʤʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

 ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝ-

ʜʝʣʝʥʠʷ Cu(II), Hg(II), Ti(IV), V(II,IV), Nb(V), Ta(V), Mo(V), W(V), Mn(II), 

U(VI), Fe(II), Co(II) ʠ Ni(II)  ʚʳʩʦʢʦ ʠʟʙʠʨʘʪʝʣʴʥʳ, ʦʪʣʠʯʘʶʪʩʷ ʪʦʯʥʦʩʪʴʶ, ʧʨʦʩ-

ʪʦʪʦʡ, ʵʢʩʧʨʝʩʩʥʦʩʪʴʶ ʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘ-

ʣʠʟʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʠʟʫʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ. 
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ɻʃɸɺɸ 8 

ʇʈʀʄɽʅɽʅʀɽ ʈɸɿʈɸɹʆʊɸʅʅʓʍ ʄɽʊʆɼʀʂ ʕʂʉʊʈɸʂʎʀʆʅʅʆ-

ʌʆʊʆʄɽʊʈʀʏɽʉʂʆɻʆ ʆʇʈɽɼɽʃɽʅʀʗ ʂ ɸʅɸʃʀɿʋ ʇʈʀʈʆɼʅʓʍ ʀ 

ʇʈʆʄʓʐʃɽʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ Cu, Hg, Ti, V,  

Nb, Ta, Mo, W, Mn, U, Fe, Co ʠ Ni ʩ ɼʌ ʠ ɸʤ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʘʥʘʣʠʪʠʯʝʩ-

ʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʤʝʪʦʜʠʢ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʝʪʴʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ. ɹʣʘʛʦʜʘʨʷ 

ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʧ-

ʨʝʜʝʣʝʥʠʷ Cu, Hg, Ti, V,  Nb, Ta, Mo, W, Mn, U, Fe, Co ʠ Ni ʦʧʨʝʜʝʣʝʥʳ ʚʦ ʚʩʝʭ 

ʦʙʲʝʢʪʘʭ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʦʪ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ 

ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʘʥʘʣʠʟʘ ʠ ʜʝʣʘʝʪ ʝʛʦ ʵʢʩʧʨʝʩʩʥʳʤ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʪʘʥʜʘʨʪ-

ʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ 

ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

8.1. ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 

ɺ ʦʨʛʘʥʠʟʤʝ ʤʝʜʴ ʩʦʜʝʨʞʠʪʩʷ ʚ ʚʠʜʝ ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʀʟʫʯʝʥʳ ʠ ʚʳ-

ʜʝʣʝʥʳ ʪʘʢʠʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ ʩ ʙʝʣʢʘʤʠ, ʢʘʢ ʢʫʧʨʦʧʨʦʪʝʠʥ ʤʦ-

ʣʦʢʘ, ʮʝʨʫʣʦʧʣʘʟʤʠʥ, ʛʝʧʘʪʦʢʫʧʨʝʠʥ, ʧʣʘʮʝʥʪʦʢʫʧʨʝʠʥ, ʛʝʤʦʢʫʧʨʝʠʥ ʠ ʦʩʥʦʚ-

ʥʦʡ ʜʳʭʘʪʝʣʴʥʳʡ ʧʠʛʤʝʥʪ ʢʨʦʚʠ ʥʝʢʦʪʦʨʳʭ ʦʨʛʘʥʠʟʤʦʚ - ʛʝʤʦʮʠʘʥʠʥ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʥʘʣʦʛ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʛʦ ʧʠʛʤʝʥʪʘ [192, ʩ.49]. ɺ ʦʨʛʘʥʠʟ-

ʤʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʜʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʛʦʤʝʦʩʪʘʟʦʤ, ɿʘ ʩʫʪʢʠ ʯʝʣʦʚʝʢ ʚ ʩʨʝʜʥʝʤ 

ʧʦʣʫʯʘʝʪ ʜʦ 3 ʤʛ ʤʝʜʠ. ʇʨʠ ʪʘʢʦʤ ʫʨʦʚʥʝ ʚ ʟʜʦʨʦʚʦʤ ʦʨʛʘʥʠʟʤʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʤʝʪʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʤʝʜʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʛʦʤʝʦʩʪʘʪʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ [61, 

ʩ.64; 251, ʩ.79]. ʀʩʪʦʯʥʠʢʘʤʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʤʝʜʠ ʚ ʧʨʠʨʦʜʥʳʝ ʚʦ-

ʜʳ ʷʚʣʷʶʪʩʷ ʩʪʦʯʥʳʝ ʚʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʣhʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʰʘʭʪʥʳʝ ʚʦʜʳ. ʉʦʝʜʠʥʝʥʠʷ Cu(II) ʠʩ-
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ʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʝʢʣʘ, ʢʨʘʩʦʢ, ʵʤʘʣʝʡ, ʚ ʛʘʣʴʚʘʥʦʪʝʭʥʠʢʝ. ʎʝʣʳʡ 

ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʩʪʠʮʠʜʳ ʠʣʠ ʫʜʦʙʨʝʥʠʷ.  

ʇʨʝʜʣʦʞʝʥʥʳʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝ-

ʥʠʷ Cu(II) ʩ ɼʌ ʠ ɸʤ ʧʨʦʚʝʨʝʥʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʝʝ ʚ ʩʪʘʣʷʭ ʨʘʟʣʠʯʥʦʡ ʤʘʨʢʠ, 

ʩʧʣʘʚʘʭ, ʨʘʩʪʝʥʠʷʭ, ʧʠʰʝʚʳʭ ʧʨʦʜʫʢʪʘʭ, ʥʝʬʪʠ, ʘʧʘʪʠʪʥʦʡ ʤʫʢʝ, ʬʘʨʤʘʮʝʚʪʠ-

ʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ. ɼʣʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʨʘʟʨʘʙʦʪʘʥ-

ʥʳʭ ʤʝʪʦʜʠʢ Cu(II) ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ɼʌ ʠ ɸʤ ʚʳʧʦʣʥʝʥʘ ʩʝʨʠʷ ʦʧʨʝ-

ʜʝʣʝʥʠʡ ʧʦ ʢʘʞʜʦʡ ʤʝʪʦʜʠʢʝ ʧʨʠ n = 5. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʘʥʳ ʤʝ-

ʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ [63, ʩ.225; 111,ʩ.200] ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 

8.1. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʧʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʨʘʟ-

ʨʘʙʦʪʘʥʥʳʭ ʥʘʤʠ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ Cu(II) ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙ-

ʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʪʁ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ [Cu(ɼʊʌ)ɹʌʝʥ], [Cu(ɼʊʄʌ) 

ɹʌʝʥ], [Cu(ɼʊʕʌ)ɹʌʝʥ], [Cu(ɼʊɹʌ)2](ɼʌɻʅ)2, [Cu(ɼʊɹʌ)(ʜɸʥ)2](ʜɸʥʅ)2, 

[Cu(ɼʊɹʌ)2](ɹɸʅ)2, [Cu(ɼʊɹʌ)ʌʝʥ], [Cu(ɼʊɹʌ)ɹʌʝʥ] ʠ [Cu(ɼʊɹʌ)2](ɸʌ3ʅ)2,  

ʠʤʝʁʪ ʧʨʝʠʤʫɦʝʩʪʚʦ ʧʝʨʝʜ ʦʩʪʘʣʴʥʳʤʠ ʧʦ ʪʦʯʥʦʩʪʠ, ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʠ ʯʫʚʩ-

ʪʚʠʪʝʣʴʥʦʩʪʠ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ.
  

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ ʚ ʩʧʣʘʚʘʭ ʠ ʩʪʘʣʷʭ. ʅʘʚʝʩʢʫ ʩʪʘʣʠ ʠʣʠ ʩʧʣʘʚʘ (1 ʛ) 

ʨʘʩʪʚʦʨʷʶʪ ʚ 10 ʤʣ ʩʤʝʩʠ ʢʦʥʮ. ʢʠʩʣʦʪ HCl ʠ HNO3 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 3:1. ʇʦʩʣʝ 

ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʜʦʙʘʚʣʷʶʪ 5 ʤʣ H2SO4 (1:1) ʠ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʚʳʧʘ-

ʨʠʚʘʶʪ ʜʦ ʧʨʝʢʨʘɦʝʥʠ̫ ʚʳʜʝʣʝʥʠʷ ʧʘʨʦʚ SO3. ʇʨʠʙʘʚʣʷʶʪ 2-3 ʤʣ 30 % ʨʘʩʪ-

ʚʦʨʘ H2O2, 30 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ ʥʘʛʨʝʚʘʁʪ ʜʦ ʢʠʧʝʥʠʷ. ʅʝʨʘʩʪʚʦʨʠ-

ʤʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʚrʘʶʪ ʯʝʨʝʟ ʩʫʭʦʡ ʙʫʤʘʞʥʳʡ ʬʠʣʴʪʨ, ʦʩʘʜʦʢ ʧʨʦʤʳ-

ʚʘʶʪ ʜʚʘʞʜʳ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʌʠʣʴʪʨʘʪ ʠ ʧʨʦʤʳʚʥʳʝ ʚʦʜʳ ʩʦʙʠʨʘʶʪ 

ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʚʤʝʩʪʠʤʦʩʪʴʶ 100 ʤʣ ʠ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʨʘʟʙʘʚʣʷʶʪ ʜʠʩ-

ʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ. ʆʪʙʠʨʘʁʪ ʘʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪ-

ʚʦʨʘ, ʧʝʨʝʥʦʩʷʪ ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ, ʜʦʙʘʚʣʷʶʪ 1 ʄ KOH ʜʦ ʧʦʣʫʯʝʥʠʷ ʨʅ 

5 ʠ 2.2 ʤʣ 0.01 ʄ ɼʌ. ʇʦʩʣʝ ʪʱʘʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝhʠʚʘʥʠʷ ʧʨʠʙʘʚʣʷʶʪ 1.8 ʤʣ 

0.01 ʄ ɸʤ. ʆʙʲʝʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʜʦʚʦʜʷʪ ʜʦ 5 ʤʣ ʭʣʦʨʦʬʦʨʤʦʤ, ʘ ʚʦʜʥʦʡ 

ʬʘʟʳ-ʜʦ 20 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʉʤʝʩʴ ʚʩʪʨʷʭʠʚʘʶʪ 5 ʤʠʥ. ʇʦʩʣʝ ʨʘʟ-

ʜʝʣʝʥʠʷ ʬʘʟ ʩʚʝʪʦʧʦʛʣʦɦʝʥʠʝ ʵʢʩʪʨʘʢʪʦʚ ʠʟʤʝʨ̫ʁʪ ʥʘ ʂʌʂ-2 ʧʨʠ 490 ʥʤ ʚ 
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ʢʶʚʝʪʝ ʩ ʪʦʣʱʠʥʦʡ ʧʦʛʣʦʱʘʁʱʝʛʦ ʩʣʦʷ 0.5 ʩʤ. ʂʦʣʠʯʝʩʪʚʦ ʤʝʜʠ ʥʘʭʦʜʷʪ ʧʦ 

ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʈʝʟʫʣʴʪʘ-

ʪʳ ʦʧʪrʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.8.2. 

ʊʘʙʣʠʮʘ 8.1 

ʄʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝ-

ʥʠʡ ʤʝʜʠ(II) ʩ ɼʌ ʠ ɸʤ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʘʭ (ʚʚʝʜʝʥʦ 30 ʤʢʛ Cu(II), Vʚ=20 

ʤʣ,  Vʦ= 5 ʤʣ, n=6; p=0,95). 

ʄʝʜʴ ʦʧʨʝʜʝʣʝʥʘ ʚ ʚʠʜʝ ʄʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
-

X , ʤʢʛ 
S

2 
S Sr ὑ 

ὢ
ὸϽὛ

Ѝὲ
 

[Cu(ɼʊʌ)(ɹʌʝʥ)]  29.8 0.54 0.73 0.024 0.76 29.8 0.76 

[Cu(ɼʊʌ)2](ɸʌ5ʅ2)
 30.4 0.67 0.82 0.027 0.32 30.4 0.86 

[Cu(ɼʊʌ)2](ɸʌ6ʅ2)
 30.5 0.45 0.67 0.022 0.70 30.5 0.70 

[Cu(ɼʊʄʌ)2(ɸʥ)2](ɸʥʅ)2 29.7 0.48 0.69 0.023 0.72 29.7 0.72 

[Cu(ɼʊʄʌ)(ʌʝʥ)]  29.8 0.55 0.74 0.025 0.78 29.8 0.78 

[Cu(ɼʊʄʌ)(ɼʠʧ)] 29.8 0.76 0.87 0.029 0.90 29.8 0.90 

[Cu(ɼʊʄʌ)2](ɸʌ2ʅ)2
 30.6 0.72 0.85 0.028 0.88 30.6 0.88 

[Cu(ɼʊʄʌ)2](ɸʌ3ʅ)2
 29.9 0.39 0.62 0.021 0.65 29.9 0.65 

[Cu(ɼʊʄʌ)2](ɸʌ4ʅ2)
 29.4 0.43 0.65 0.022 0.69 29.4 0.69 

[Cu(ɼʊʄʌ)2](ɸʌ5ʅ2)
 29.7 0.49 0.70 0.023 0.73 29.7 0.73 

[Cu(ɼʊʄʌ)2](ɸʌ6ʅ2)
 30.1 0.82 0.90 0.030 0.95 29.9 0.95 

[Cu(ɼʊʕʌ)2(ʜɸʥ)2](ɸʥʅ)2 30.2 0.75 0.87 0.029 0.91 30.2 0.91 

[Cu(ɼʊʕʌ)ʌʝʥ] 29.8 0.60 0.77 0.026 0.81 29.8 0.81 

[Cu(ɼʊʕʌ)ɹʌʝʥ]  29.5 0.68 0.82 0.028 0.86 29.5 0.86 

[Cu(ɼʊɹʌ)2(ɸʥ)2](ɸʥʅ)2 29.8 0.33 0.57 0.019 0.60 29.8 0.60 

[Cu(ɼʊɹʌ)2(ʜɸʥ)2](ʜɸʥʅ)2 30.4 0.67 0.82 0.027 0.32 30.4 0.86 

[Cu(ɼʊɹʌ)2](ɹʘʅ)2 29.7 0.49 0.70 0.023 0.73 29.7 0.73 

[Cu(ɼʊɹʌ)ʌʝʥ]  30.6 0.72 0.85 0.028 0.88 30.6 0.88 

[Cu(ɼʊɹʌ)(ɹʬʝʥ)] 29.8 0.33 0.57 0.019 0.60 29.8 0.60 

[Cu(ɼʊɹʌ)(ɼʠʧ)] 29.7 0.49 0.70 0.023 0.73 29.7 0.73 

[Cu( ɼʊɹʌ)(Py)2]
 

29.4 0.49 0.70 0.023 0.73 29.4 0.73 

[Cu(ɼʊɹʌ)2](ɼʌɻH)2 30.4 0.67 0.82 0.027 0.32 30.4 0.86 

[Cu(ɼʊɹʌ)2](ɸʌ2ʅ)2
 29.8 0.33 0.57 0.019 0.60 29.8 0.60 

[Cu(ɼʊɹʌ)2](ɸʌ3ʅ)2
 30.6 0.72 0.85 0.028 0.88 30.6 0.88 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ ʚ ʩʧʣʘʚʘʭ ʥʘ ʘʣʶʤʠʥʠʝʚʦʡ ʦʩʥʦʚʝ. 1 ʛ ʩʧʣʘʚʘ ʨʘʩʪ-

ʚʦʨ̫ʣʠ ʚ ʯʘʰʢʝ ʠʟ ʩʪʝʢʣʦʫʛʣʝʨʦʜʘ ʚ ʩʤʝʩʠ 2 ʤʣ ʢʦʥʮ. HF + 6 ʤʣ ʢʦʥʮ. HCl + 2 

ʤʣ ʢʦʥʮ. HNO3 + 10 ʤʣ H2O. ʇʦʣʫʯʝʥʥʫʶ ʤʘʩʩʫ ʦʙʨʘʙʘʪʳʚʘʶʪ ʪʨʠ ʨʘʟʘ 3-4 

ʤʣ HNO3 ʧʨʠ 60-70 
ʦ
ʉ ʜʦ ʧʦʣʥʦʛʦ ʚʳʜʝʣʝʥʠʷ HF. ʆʩʘʜʦʢ ʨʘʩʪʚʦʨʷʶʪ ʚ ʚʦʜʝ, ʦʪ-

ʬʠʣʴʪʨʦʚʳʚʘʶʪ, ʧʝʨʝʥʦʩ̫ʪ ʚ ʢʦʣʙʫ ʝʤʢʦʩʪɹʶ 50 ʤʣ ʠ ʨʘʟʚʦʜʷʪ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ. 
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ɸʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ ʨʘʩʪʚʦʨʘ ʚʚʦʜʷʪ ʚ ʢʦʣʙʫ ʚʤʝʩʪʠʤʦʩʪʴʶ 25 ʤʣ ʠ ʦʧʨʝʜʝʣ̫ʁ ʪ  

ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ (ʪʘʙʣ.8.2). 

ʊʘʙʣʠʮʘ 8.2 

ʇʨʘʚʠʣʴʥʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʡ  ʤʝʜʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʘʭ 

(n=6, ʈ=0.95) 

ɸʥʘʣʠʟʠʨʫʝʤʳʡ 

ʦʴʲʝʢʪ 
ʄʝʪʦʜ 

% ,X-

 
S Sr ˢ

ὸϽὛ

Ѝὲ
 

ʉʪʘʣʴ ʩ16
ʙ
 

(Cu-0.219 %) 

ɼʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʠʥʘʪ 0.214 0.0064 0.030 0.214Ñ0.007 

ɼʊɹʌ+ɸʌ2 0.216 0.0045 0.021 0.216Ñ0.005 

ɼʊɹʌ+ɸʌ4 0.220 0.0050 0.023 0.220Ñ0.006 

ʉʪʘʣʴ ʩ19
ʙ
 

(Cu-0.176 %) 

ɼʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʠʥʘʪ 0.179 0.0063 0,035 0.179Ñ0.0066 

ɼʊɹʌ+ɸʌ2 0.175 0.0044 0.025 0.175Ñ0.0046 

ɼʊɹʌ+ɸʌ4 0.174 0.0038 0.022 0.174Ñ0.0040 

ɸ-127 

 

ɼʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʠʥʘʪ 0.792 0.0396 0.050 0.792Ñ0.041 

ɼʊɹʌ+ɸʌ2 0.785 0.0345 0,044 0.785Ñ0.036 

ɼʊɹʌ+ɸʌ4 0.779 0.0257 0,033 0.779Ñ0.028 

ʉʧʣʘʚ 69
ʙ
 ɼʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʠʥʘʪ 4.234 0.1609 0.038 4.234Ñ0.178 

ɼʊɹʌ+ɸʌ2 4.248 0.1359 0.032 4.248Ñ0.141 

ɼʊɹʌ+ɸʌ4 4.225 0.1816 0.043 4.225Ñ0.202 

ʉʧʣʘʚ 69
ʚ
 ɼʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʠʥʘʪ 4.432 0.204 0,046 4.432Ñ0.210 

ɼʊʄʌ+ɸʌ4 4.424 0.146 0.033 4.424Ñ0.154 

ɼʊɹʌ+ɸʌ2 4.413 0.172 0.039 4.413Ñ0.180 

ɼʊɹʌ+ɸʌ4 4.435 0.213 0.048 4.435Ñ0.219 

ɸ 195-3 ɼʊɹʌ+ʌʝʥ 0.143 0.0041 0.029 0.143Ñ0.0042 

ɸ 195-4 ɼʊɹʌ+ɹʌʝʥ 0.114 0.0047 0.043 0.114Ñ0.0050 

ɸ 195-5 ɼʊɹʌ+ɼʠʧ 0.042 0.0014 0.036 0.042Ñ0.0015 

ʉʦʩʪʘʚ ʩʧʣʘʚʘ  ͫ16͋(%)  Cu-0.219, Ni-0.258, Mo-0.193, V-0.639, Cr-0.732, Mn-0.324, C-0.752, 

Si-0.257, ʦʩʪ. Fe; ͫ мф͋
(%), Cu-0.176, Ni-3.38, V-0.053, Mn-0.495, Cr-1.87, C-0.132, Si-0.273, ʦʩʪ. 

Fe;  69
ʙ 
(%) ʉu-4.23, Cr-12.51,Mn-0.90, Ni-11.90, Co-9.70, W-3.03, V-0.16, Mo-2.09, Ti-0.09, 

ʦʩʪ. Fe; 69
ʚ 
(%) ʉu-4.43, Cr-12,71, Mn-0.39, Ni-8.05, V-1.51, Mo-1.15, Ti-0.07, ʦʩʪ. Fe; ʉʪʘʥʜ. ʦ. 

ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ. ɸ-127 (%) ʉu-0.789, Mo-42.2, Zn-0.12, Pb-0.059, Fe-1.89, Al2O3-

1,8, K-0.29, Na-0.14, Bi-0.03,TiO2-0.66, P-0.011, SiO2-11.93, S-29.5; ɸ 195-3-11.3 Si; 0.3 Mn; 0.6 

Fe, 0.23 Zn, 0,14 Cu, 0.08 Ti; 0.17 Mg; ʦʩʪ. Al ; A 195-4 ï 12.3 Si, 0.13 Mn; 0.9 Fe; 0,3 Zn, 0.11 

Cu; 0.2 Ti, 0.12 Mg, ʦʩʪ Al; A-195-5 -13.2 Si, 0.08 Mn, 1.1 Fe, 0.38 Zn, 0.04 Cu, 0.4 Ti, 0.09 Mg, 

ʦʩʪ.Al.  

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ ʚ ʨʘʩʪʝʥʠʷʭ. ʅʘʚʝʩʢʫ ʨʘʩʪʝʥʠʡ (10 ʛ ʬʘʩʦʣʠ ʠʣʠ 20 ʛ 

ʢʘʨʪʦʬʝʣʷ) ʠʟʤʝʣʴʯʘʶʪ ʠ ʩʫʰʘʪ ʚ ʬʘʨʬʦʨʦʚʦʡ ʯʘʰʢʝ ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʨʠ 60-70 

ʉ̄, ʜʘʣʝʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 105 ʉ̄. ʆʩʪʘʪʦʢ ʦʟʦʣʷʶʪ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ 500 

ʉ̄. ɿʦʣʫ ʨʘʩʪʚʦʨʷʶʪ ʚ ʨʘʟʙʘʚʣʝʥʥʦʡ (1:1) HNO3 ʠ ʚʳʧʘʨʠʚʘʶʪ ʜʦ ʚʣʘʞʥʳʭ ʩʦ-

ʣʝʡ. ɼʘʣʝʝ ʨʘʩʪʚʦʨʷʶʪ ʚ ʚʦʜʝ, ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʥʘ 100 ʤʣ ʠ 

ʨʘʟʚʦʜʷʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ. ɺ ʘʣʠʢʚʦʪʥʦʡ ʯʘʩʪʠ ʩʦʜʝʨʞʘʥʠʝ 
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ʤʝʜʠ ʦʧʨʝʜʝʣʷʶʪ ʩ ɼʌ ʠ ɸʤ, ʘ ʪʘʢʞʝ ʩ ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʠʥʘʪʦʤ [240, ʩ.36].  

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.8.3. 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ ʚ ʞʝʣʘʪʠʥʝ. 5 ʛ ʞʝʣʘʪʠʥʘ ʚ ʬʘʨʬʦʨʦʚʦʡ ʯʘʰʢʝ ʨʘʟ-

ʤ̫ ʛʯʘʁ ʪ ʚ 50 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʚ ʪʝʯʝʥʠʝ 2-3 ʯʘʩʦʚ. ʂ ʨʘʩʧʫʭʝhʤʫ 

ʞʝʣʘʪʠʥʫ ʧʨʠʙʘʚʣʷʶʪ 25 ʤʣ (1:1) HNO3 ʠ ʧʦʜʦʛʨʝʚʘʶʪ ʥʘ ʢʠʧʷʱʝʡ ʚʦʜʷʥʦʡ ʙʘ-

ʥʝ ʚ ʪʝʯʝʥʠʝ 2-ʭ ʯʘʩʦʚ. ʈʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʠ ʥʝʡʪʨʘʣʠʟʫʶʪ NH4OH (1:1), 

ʧʝʨʝʥʦʩ̫ʪ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 50 ʤʣ, ʨʘʟʙʘʚʣʷʶʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦ-

ʜʦʡ ʜʦ ʤʝʪʢʠ. ɺ ʘʣʠʢʚʦʪʥʦʡ ʯʘʩʪʠ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʦʧʨʝʜʝʣʷʶʪ ʩ ɼʌ ʠ ɸʤ, ʘ 

ʪʘʢʞʝ ʩ ʨʫʙʝʘʥʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʂʦʣʠʯʝʩʪʚʦ ʤʝʜʠ ʥʘʭʦʜʷʪ ʧʦ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘ-

ʚʠʩʠʤʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣ. 8.3.  

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ ʚ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʷʭ. ʅʘʚʝʩʢʫ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫ-

ʙʝʡ (5ʛ) ʧʨʦʩʫʰʠʚʘʶʪ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʚ ʬʘʨʬʦʨʦʚʳʭ ʯʘʰʢʘʭ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ 110 ʉ̄ ʜʦ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʏʘʰʢʫ ʩʪʘʚʷʪ ʥʘ ʘʩʙʝʩʪʦʚʦʡ ʧʣʘʩ-

ʪʠʥʢʝ, ʩʦʜʝʨʞʠʤʦʝ ʩʞʠʛʘʶʪ ʥʘ ʦʪʢʨʳʪʦʤ ʦʛʥʝ. ʆʙʫʛʣʝʥʥʳʡ ʦʩʪʘʪʦʢ ʚʤʝʩʪʝ ʩ 

ʯʘʢhʦʡ ʧʝʨʝʚʦʜʷʪ ʚ ʤʫʬʝʣʴʥʫʶ ʧʝʯʴ ʠ ʧʨʦʢʘʣʠʚʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800ʉ̄. 

ʄʠʥʝʨʘʣʠʟʦʚʘʥʥʳʡ ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʷʶʪ ʚ 0.1N HNO3 ʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʁʪ ʯʝʨʝʟ 

ʬʠʣʴʪʨ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʚ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 100 ʤʣ. ɺ ʘʣʠʢʚʦʪʥʦʡ ʯʘʩʪʠ ʢʦʣʠ-

ʯʝʩʪʚʦ ʤʝʜʠ ʦʧʨʝʜʝʣʷʶʪ ʩ ɼʌ ʠ ɸʤ, ʘ ʪʘʢʞʝ ʩ ʨʫʙʝʘʥʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 8.3.  

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ ʚ ʥʝʬʪʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ ʚ ʥʝʬʪʠ 

ʚ ʬʘʨʬʦʨʦʚʦʡ ʯʘʰʢʝ ʩ ʜʠʘʤʝʪʨʦʤ  90 ʤʤ ʥʘʚʝʩʢʫ 40 ʛ ʠʩʧʪrʫʝʤʦʛʦ ʪʦʧʣʠʚʘ ʩ 

ʪʦʯʥʦʩʪʴʶ 0.001 ʛ ʩʞʠʛʘʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ɻʆʉʊ 1461-75. ɿʘʪʝʤ ʬʘʨʬʦʨʦʚʫʶ 

ʯʘʰʢʫ ʩ ʟʦʣʦʡ ʧʦʤʝʱʘʶʪ ʚ ʤʫʬʝʣʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 550Ñ20 
ʦ
ʉ ʠ ʧʨʦʜʝʨʞʘʣʠ 

ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 1 ʯʘʩ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʚ ʯʘʰʢʫ ʧʨʠʙʘʚʣʷʶʪ 5 ʤʣ HCl 

(1:1), ʢʠʧʷʪʷʪ ʝʝ ʩʦʜʝʨʞʠʤʦʝ ʜʦ ʦʙʲʝʤʘ 2 ʤʣ. ɼʦʙʘʚʣʷʶʪ ʢ ʥʝʤʫ 0.5 ʛ ʙʝʟʚʦʜʥʦ-

ʛʦ Na2CO3; ʟʘʪʝʤ ʯʘʰʢʫ ʧʦʤʝʱʘʶʪ ʥʘ 2-3 ʤʠʥʫʪʳ ʚ ʤʫʬʝʣʴ, ʨʘʩʢʘʣʝʥʥʳʡ ʜʦ 

800 
ʦ
ʉ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʦʩʪʘʪʦʢ ʚ ʯʘʰʢʝ ʨʘʩʪʚʦʨʷʶʪ ʚ 5 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥ-

ʥʦʡ ʚʦʜʳ, ʜʚʘʞʜʳ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʯʝʨʝʟ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʬʠʣʴʪʨ ʚ ʤʝʨʥʫʶ ʢʦʣ-

ʙʫ ʩ ʝʤʢʦʩʪʴʶ 50 ʤʣ, ʧʨʦʤʳʚʘʶʪ ʦʩʘʜʦʢ 2-3 ʨʘʟʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʧʨʦ-
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ʤʳʚʥʳʝ ʚʦʜʳ ʧʨʠʩʦʝʜʠʥʷʶʪ ʢ ʬʠʣʴʪʨʘʪʫ ʠ ʧʦʜʦʛʨʝʚʘʶʪ ʜʦ ʦʙʲʝʤʘ ʦʢʦʣʦ 25 ʤʣ, 

ʧʝʨʝʚʦʜ̫ ʪ ʚ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 25 ʤʣ, ʧʦʜʢʠʩʣʷʶʪ ʜʦʙʘʚʣʝʥʠʝʤ 1-2 ʤʣ ʢʦʥʮ. HCl 

ʠ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ʜʦʚʦʜʷʪ ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʆʪʙʠʨʘʶʪ ʘʣʠʢ-

ʚʦʪʥʳʝ ʯʘʩʪʠ ʠ ʜʦʙʘʚʣʷʶʪ ʢ ʥʠʤ ʠʟʚʝʩʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʜʠ. ʉʦʜʝʨʞʘʥʠʝ ʤʝʜʠ 

ʥʘʭʦʜʷʪ ʧʦ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʊʘʙʣʠʮʘ 8.3 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʚ ʨʘʩʪʝʥʠʷʭ ʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ.  n=6, ʈ= 0.95 

ɸʥʘʣʠʟʠʨʫ-

ʝʤʳʡ ʦʙʲʝʢʪ 
ʄʝʪʦʜ 

ὢ 
ʤʛ/ʢʛ 

S Sr ὑ ˢ
ὸϽὛ

Ѝὲ
 

ʌʘʩʦʣʴ ʈʫʙʝʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 6.08 0.274 0.045 0.29 6.08Ñ0.29 

8-ʄʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 5.75 0.161 0.028 0.17 5.75Ñ0.17 

ɼʊɹʌ+ɸʌ2 5.82 0.151 0.026 0.16 5.82Ñ0.16 

ɼTMʌ+ɹʌʝʥ 5.82 0,186 0.032 0.19 5.82Ñ0.19 

ʂʘʨʪʦʬʝʣʴ ʈʫʙʝʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 1.443 0.060 0.042 0.063 1.443Ñ0.063 

8-ʄʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 1.424 0.051 0.035 0.052 1.424Ñ0.052 

ɼʊɹʌ+ɸʌ2 1.382 0.066 0.048 0.070 1.382Ñ0.070 

ɾʝʣʘʪʠʥ ʈʫʙʝʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 12.15 0.474 0.039 0.50 12.15Ñ0.50 

ɼʊʌ+ɸʌ3 11.80 0.295 0.025 0.31 11.80Ñ0.31 

ɼʊɹʌ+ɸʌ4 11.76 0.282 0.024 0.30 11.76Ñ0.30 

ɼTMʌ+ʌeʥ 11.80 0.295 0.025 0.31 11.80Ñ0.31 

ɼTMʌ+ɼʠʧ 11.74 0.305 0.026 0.32 11.74Ñ0.32 

ʆʪʨʫʙʠ 

ʧʰʝʥʠʯʥʳʝ 

ʈʫʙʝʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 5.65 0.198 0.035 0.21 5.65Ñ0.21 

ɼʊʌ+ɸʌ3 5.25 0.147 0.028 0.15 5.25Ñ0.15 

ɼʊʄʌ+ɸʌ4 5.22 0.135 0.026 0.14 5.22Ñ0.14 

ɼTMʌ+ɼʠʧ 5,35 0,165 0,031 0.17 5.35Ñ0.17 

ɼTMʌ+ɹʌʝʥ 5,28 0.137 0,026 0.15 5.28Ñ0.15 

ɺʠʰʥʷ ɼʊʄʌ+ɸʌ5 1.03 0.027 0.026 0.028 1.02Ñ0.028 

ɼʊɹʌ+ɸʌ6 0.95 0.030 0.032 0.031 0.95Ñ0.031 

ʈʦʞʴ ʈʫʙʝʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 4.30 0.189 0.044 0.198 4.30Ñ0.198 

ɼʊʌ+ʌʝʥ 4.15 0.162 0.039 0.170 4.15Ñ0.170 

ɼʊʌ+ɹʌʝʥ 4.24 0.119 0.028 0.124 4.25Ñ0.124 

ɼTMP+ɹʌʝʥ 4.15 0.162 0.039 0.170 4.15Ñ0.170 

ʗʯʤʝʥʴ ʇɸʈ 0.48 0.013 0.028 0.014 0.48Ñ0.014 

ɼʊʌ+ɼʠʧ 0.47 0.011 0.024 0.012 0.47Ñ0.012 

ɻʨʝʯʠʭʘ 

(ʛʨʝʯʢʘ) 

8-ʄʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 11.05 0.376 0.034 0.39 11.05Ñ0.39 

ɼʊʕʌ+ɹʌʝʥ 10.86 0.423 0.039 0.44 10.86Ñ0.44 

ɼʊɹʌ+ɼʌɻ 10.88 0.430 0.039 0.45 10.88Ñ0.45 

ʆʚʝʩ 

 

ʈʫʙʝʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 5.02 0.147 0.028 0.17 5.02Ñ0.17 

ɼʊɹʌ+ɼʌɻ 5.06 0.177 0.035 0.19 5.06Ñ0.19 

ʃʠʩʪ 

ʢʣʝʚʝʨʘ 

ʈʫʙʝʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 6.72 0.215 0.032 0.22 6.72Ñ0.22 

ɼTMʌ +ɹʌʝʥ 6.67 0.233 0.035 0.26 6.67Ñ0.26 

ʃʠʩʪ 

ʢʫʢʫʨʫʟʳ  

ɼTɹʌ +ʌʝʥ 8.56 0.265 0.032 0.28 8.56Ñ0.28 

ɼTɹʌ +ɸʌ3 8.64 0.302 0.035 0.32 8.64Ñ0.32 
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ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʠʟʚʝʩʪʥʳʤʠ 

ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʚ ʥʝʬʪʠ ʧʦʢʘʟʘʥʳ 

ʚ ʪʘʙʣ.8.4. 

ʇʨʦʚʝʨʢʫ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʝʪʦ-

ʜʠʢʘʤ, ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʦ ʤʝʪʦʜʫ çʚʚʝʜʝʥʦ-ʥʘʡʜʝʥʦè. ʈʝ-

ʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.8.5. 

ʊʘʙʣʠʮʘ 8.4 

ʇʨʘʚʠʣʴʥʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʡ  ʤʝʜʠ ʚ ʥʝʬʪʠ (n=6, ʈ=0.95) 

ʄʝʪʦʜ % ,X-
 S Sr ˢ

ὸϽὛ

Ѝὲ
 

ʂʘʣʤʘʩ ʉʂ ˉ 416 

ʈʫʙʝʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 1.12Ŀ10
-2

 0.000392 0.034 (1.12Ñ0.05)Ŀ10
-2

 

ɼʊʄʌ+ɸʌ2 1.14Ŀ10
-2

 0.000296 0.026 (1.14Ñ0.04)Ŀ10
-2

 

ɼʊʄʌ+ɸʌ4 1.15Ŀ10
-2

 0.000378 0.032 (1.15Ñ0.04)Ŀ10
-2

 

ɻʨʷʟʝʚʘʷ ʩʦʧʢʘ ʉʂ ˉ 416 

ʈʫʙʝʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 1.16Ŀ10
-2

 0.00045 0.039 (1.16Ñ0.05)Ŀ10
-2

 

ɼʊʄʌ+ɸʌ2 1.18Ŀ10
-2

 0.00033 0.028 (1.18Ñ0.03)Ŀ10
-2

 

ɼʊʄʌ+ɸʌ4 1.19Ŀ10
-2

 0.00045 0.024 (1.19Ñ0.05)Ŀ10
-2

 

ʅɻɼ ʉʂ ˉ 318 

ʈʫʙʝʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 1.47Ŀ10
-2

 0.00058 0.037 (1.47Ñ0.07)Ŀ10
-2

 

ɼʊʄʌ+ɸʌ4 1.45Ŀ10
-2

 0.00056 0.038 (1.45Ñ0.07)Ŀ10
-2

 

ɼʊɹʌ+ɸʌ2 1.49Ŀ10
-2

 0.00054 0.043 (1.49Ñ0.06)Ŀ10
-2

 

ʉʂ ˉ 129 

ʈʫʙʝʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 1.25Ŀ10
-2

 0.00062 0.048 (1.25Ñ0.07)Ŀ10
-2

 

ɼʊɹʌ+ɸʌ5 1.27Ŀ10
-2

 0.00049 0.039 (1.27Ñ0.05)Ŀ10
-2

 

ɼʊɹʌ+ɸʌ6 1.29Ŀ10
-2

 0.00057 0.044 (1.29Ñ0.07)Ŀ10
-2

 

 

ʊʘʙʣʠʮʘ 8.5 

ʇʨʦʚʝʨʢʘ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ ʤʝ-

ʜʠ(II)  ʩ ɼʌ ʠ ɸʤ ʚ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ (n=5, P=0.95) 

ʈʝʘʛʝʥʪʳ ʉ, ʤʛ/ʣ S Sr ὑ 
ˢ
ὸϽὛ

Ѝὲ
 

ʚʚʝʜʝʥʦ ʥʘʡʜʝʥʦ 

ɼʊʄʌ+ɸʥ 1.42 1.43Ñ0.02 0.003 0.019 0.02 1.43Ñ0.02 

ɼʊʕʌ+ɸʥ 1.48 1.49Ñ0.01 0.005 0.023 0.01 1.49Ñ0.01 

ɼʊɹʌ+ʤɸʥ 1.54 1.53Ñ0.01 0.004 0.032 0.01 1.53Ñ0.01 

ɼʊɹʌ+ʜɸʥ 1.60 1.60Ñ0.02 0.005 0.043 0.02 1.60Ñ0.02 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ. 0.5 ʛ ʦʙʨʘʟʮʦʚ ʣʝʢʘʨ-

ʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʨʘʩʪʚʦʨʷʶʪ ʚ 10 ʤʣ ʮʘʨʩʢʦʡ ʚʦʜʢʝ. ʈʘʩʪʚʦʨ ʚʳʧʘʨʠʚʘʶʪ ʜʦ-

ʩʫʭʘ ʠ ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʷʶʪ ʚ 10 ʤʣ 1 ʄ HCl. ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʬʠʣʴ-

ʪʨʦʚr ʚʘʁ ʪ ʠ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʨʘʟʙʘʚʣʷʶʪ ʜʦ 100 ʤʣ ʜʚʘʞʜʳ ʜʠʩʪʠʣʣʠʨʦ-
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ʚʘʥʥʦʡ ʚʦʜʦʡ. ʉʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʥʘʭʦʜʷʪ ʧʦ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʩʪ-

ʨʦʝʥʥʦʡ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ (ʪʘʙʣ.8.6). 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ. ɺ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʧʨʦʤʳʣhʝʥ-

ʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʤʝʜʴ ʩʦʜʝʨʞʠʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʘʭ 1 ʤʢʛ/ʣ-1 ʛ/ʣ [192, ʩ.22] ʠ ʨʝʜ-

ʢʦ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʠʦʥʦʚ [Cu(H2O)6]
2+
, [ʉu(ʉN)3]

2-
, [Cu(NH3)4(H2O)2]

2+
 ʘ ʪʘʢʞʝ 

ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. ʇʨʦʙʳ  ʚʦʜʳ (ʨʝʯʥʦʡ, ʢʦʣʦʜʝʟ-

ʥʦʡ, ʦʟʝʨʥʦʡ) ʦʪʩʪʘʠʚʘʶʪ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʩʫʪʦʢ. ʇʨʦʙʫ ʦʙʲʝʤʦʤ 1 ʣ ʧʦʜʢʠʩʣʷʶʪ 

3.0 ʤʣ ʢʦʥʮ. H2SO4 ʠ ʢʦʥʮʝʥʪʨʠʨʫʶʪ ʫʧʘʨʠʚʘʥʠʝʤ ʜʦ 20 ʤʣ. ɼʦʙʘʚʣʷʶʪ ʩʤʝʩʴ 2 

ʤʣ ʢʦʥʮ. H2SO4 ʠ 5 ʤʣ ʢʦʥʮ. HNO3 ʠ ʚʳʧʘʨʠʚʘʶʪ ʧʦʯʪʠ ʜʦʩʫʭʘ.  ʇʦʩʣʝ ʦʭʣʘʞ-

ʜʝʥʠʷ ʜʦʙʘʚʣʷʶʪ 5 ʤʣ ʢʦʥʮ. HNO3 ʠ ʥʘʛʨʝʚʘʣʶʪ ʜʦ ʧʣʦʪʥʦʛʦ ʙʝʣʦʛʦ ʜʳʤʘ, ʠʣʠ 

ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʨʘʩʪʚʦʨ ʩʪʘʥʝʪ ʙʝʩʮʚʝʪʥʳʤ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʶʪ ʠ ʥʝʡ-

ʪʨʘʣʠʟʫʶʪ ʨʘʩʪʚʦʨʦʤ NH4OH. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʚ ʢʦʣʙʫ 

ʝʤʢ. 50 ʤʣ ʠ ʨʘʟʙʘʚʣʷʶʪ ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʆʪʙʠʨʘʶʪ ʘʣʠʢʚʦʪ-

ʥʫʶ ʯʘʩʪʴ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1-2 ʤʣ 0.01% 

ʨʘʩʪʚʦʨʘ ʪʘʨʪʨʘʪʘ ʦʧʨʝʜʝʣʷʶʪ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ. 

ʈʝʟʫʣʴʪʘʪr ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.8.7. 

ʊʘʙʣʠʮʘ 8.6 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ Cu(II) ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ (n=5, P=0.95) 

ʆʙʨʘʟʝʮ ʄʝʪʦʜ ὢ 
(ʤʛ/ʪʘʙʣʝʪ) 

RSD 

(%) 
ˢ
ὸϽὛ

Ѝὲ
 

Zincovit (Apex) ɼʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪ 0.52 1.23 0.52Ñ0.0067 

ɼʊʄʌ+ɹʌʝʥ 0.51 1.21 0.51Ñ0.0065 

Multi vitamin capsule (A-Z) ɼʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪ 0.88 0.95 0.89Ñ0.0090 

ɼʊʄʌ+ʌʝʥ 0.91 0.79 0.91Ñ0.0072 

Revital (Ranbaxy) ɼʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪ 0.48 1.27 0.49Ñ0.0064 

ɼʊʄʌ+ɹʌʝʥ 0.52 1.17 0.51Ñ0.0063 

Supradyn ɼʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪ 0.98 0.97 0.98Ñ0.0098 

ɼʊʄʌ +ʌʝʥ 1.02 0.85 1.01Ñ0.0091 

ɼʊʄʌ +ɼʠʧ 0.99 0.95 0.99Ñ0.0090 

Supradyn: Ca(ʬʦʩʬʘʪ ʧʘʥʪʦʪʝʥʘʪ) 51.3 ʤʛ, Mg (ʬʦʩʬʘʪ, ʩʪʝʘʨʘʪ, ʦʢʩʠʜ) 21.2 ʤʛ, Fe(ʢʘʨʙʦʥʘʪ, ʩʫʣʴʬʘʪ) 

10 ʤʛ, Mn (ʩʫʣʴʬʘʪ) 0.5 ʤʛ, P (ʬʦʩʬʘʪ) 23.8 ʤʛ, Cu (ʩʫʣʴʬʘʪ) 1 ʤʛ, Zn (ʩʫʣʴʬʘʪ) 0.5 ʤʛ, 0.1 ʤʛ Mo. 

Multi vitamin capsule A to Z  ns (alkem):   Cu- 0.9 ʤʛ, Mn-2 ʤʛ, Se- 55 ʤʢʛ,  Zn-10 ʤʛ. 

Revital(Ranbaxy): Zn - 10 ʤʛ, ʬʫʤʘʨʘʪ Fe - 17 ʤʛ, I ï 0.1 ʤʛ, Mg - 3 ʤʛ, Mn ï 0.5 ʤʛ, Ca - 75 ʤʛ, Cu ï 

0.5 ʤʛ, K - 2 ʤʛ. 

Zincovit (ɸʧʝʢʩ): Se (50 ʤʢʛ), Mn (0.9 ʤʛ), Zn (22 ʤʛ), Cu (0.5 ʤʛ), Cr (25 ʤʢʛ), Mo (25 ʤʢʛ). 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ(II)  ʚ ʧʦʯʚʘʭ. ʄʝʜʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʤ ɻʣʝʤʝʥʪʦʤ. ɽʝ ʩʦʝʜʠʥʝʥʠʷ ʚʣʠʷʶʪ ʥʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʨʘʩʪʠʪʝʣʴ-
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ʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʯʪʦ-

ʙʳ ʚ ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʁʱʝʡ ʩʨʝʜʳ ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ Cu(II) ʧʨʦʣʝʞʘʣʦ ʚ ʧʨʝʜʝ-

ʣʘʭ ʜʦʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ [142, ʩ.29]. Cu(II) ʦʪʥʦʩʠʪʩʷ ʢ II ʢʣʘʩʩʫ ʦʧʘʩʥʦʩ-

ʪʠ. ʇʦʚʳʰʘʝʪ ʢʣʝʪʦʯʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʠʥʛʠʙʠʨʫʝʪ ʛʣʫʪʘʪʠʦʥʨʝʜʫʢʪʘʟʫ, ʥʘ-

ʨʫʰʘʝʪ ʤʝʪʘʙʦʣʠʟʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ -SH, -NH2 ʠ COOHï ʛʨʫʧʧʘʤʠ. ʆʩʥʦʚʥ -r

ʤʠ ʘʥʪʨʦʧʦʛʝʥʥʤrʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʩʪʫʧʣʝʥʠʷ ʤʝʜʠ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʨʠ̫ʪʠʷ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʪʨʘʥʩʧʦʨʪ, ʤʝʜʴʩʦʜʝʨʞʘʱʠʝ ʫʜʦʙ-

ʨʝʥʠʷ ʠ ʧʝʩʪʠʮʠʜʳ, ʧʨʦʮʝʩʩʳ ʩʚʘʨʢʠ, ʩʞʠʛʘʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʪʦʧʣʠʚ. ɼʌ ʦʙʨʘʟʫ-

ʶʪ ʦʢʨʘʰʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝ ʪʦʣʴʢʦ ʩ ʤʝʜʴʶ, ʥʦ ʠ ʩ ʨʷʜʦʤ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʧʦɻʪʦʤʫ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʝʥʠʝ ʙʳʣʦ ʩʝʣʝʢʪʠʚʥʳʤ, ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦʝ ʩʦʙʣʶʜʝ-

ʥʠʝ ʨʅ. 

ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʤʝʜʠ ʠʟ ʥʝʢʘʨʙʦʥʘʪʥʳʭ, ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ ʧʨʠ-

ʤʝʥʷʣʠ 1 ʄ HCl ʠʣʠ 1 ʄ HNO3. ʉʦʦʪʥʦhʝʥʠʝ ʤʝʞʜʫ ʧʦʯʚʦʡ ʠ ʨʘʩʪʚʦʨʦʤ 1:10, 

ʚʨʝʤʷ ʵʢʩʪʨʘʢʮʠʠ 1 ʯʘʩ ʧʨʠ ʚʟʙʘʣʪʚrʘʥʠʠ ʥʘ ʨʦʪʘʪʦʨʝ ʠʣʠ ʥʘʩʪʘʠʚʘʥʠʠ ʚ ʪʝʯʝ-

ʥʠʝ ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʬʠʣʴʪʨʫʶʪ ʯʝʨʝʟ ʩʢʣʘʜʯʘʪʳʡ ʬʠʣʴʪʨ, ʧʝʨ-

ʚʳʝ ʧʦʨʮʠʠ ʬʠʣʴʪʨʘʪʘ ʦʪʙʨʘʩʳʚʘʣʠ. 20-50 ʤʣ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʯʚʝʥʥʦʡ ʚʳʪʷʞʢʠ 

ʧʦʤʝʱʘʁʪ ʚ ʩʪʘʢʘʥ ʠʟ ʪʝʨʤʦʩʪʦʡʢʦʛʦ ʩʪʝʢʣʘ, ʜʦʙʘʚʣʷʣʠ 2 ʤʣ HNO3 (1:1) ʠ 2 ʤʣ 

ʢʦʥʮ. H2O2. ʉʦʜʝʨʞʠʤʦʝ ʫʧʘʨʠʚʘʶʪ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʜʦ ʧʦʣʫʯʝʥʠʷ ʚʣʘʞʥʳʭ ʩʦ-

ʣʝʡ. ʆʙʨʘʙʦʪʢʫ ʦʩʪʘʪʢʘ ʧʦʚʪʦʨʷʣʠ 2-3 ʨʘʟʘ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʷʁʪ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ 10 ʤʣ ʨʘʟʙʘʚʣʝʥʥʦʡ HCl, ʨʘʩʪʚʦʨ ʧʝʨʝʥʦʩʷʪ ʚ ʜʝʣʠʪʝʣʴʥʫʶ 

ʚʦʨʦʥʢʫ, ʚʚʦʜʷʪ 5 ʤʣ 1ʄ ʨʘʩʪʚʦʨ KF ʠ ʚ ʘʣʠʢʚʦʪʥʳʭ ʯʘʩʪʷʭ ʦʧʨʝʜʝʣʷʶʪ ʩʦʜʝʨ-

ʞʘʥʠʝ ʤʝʜʠ ʧʦ ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʝʪʦʜʠʢʘʤ (ʪʘʙʣ. 8.8).  

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ ʚ ʘʧʘʪʠʪʥʦʡ ʤʫʢʝ. ʅʘʚʝʩʢʫ ʘʧʘʪʠʪʥʦʡ ʤʫʢʠ (1 ʛ) ʨʘʩ-

ʪʚʦʨʷʁ ʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ 10 ʤʣ ʢʠʩʣʦʪʳ (5 M H2SO4, ʢʦʥʮ. HCl ʠʣʠ ʢʦʥʮ. 

HNO3). ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ, ʬʠʣʴʪʨʘʪ ʠ ʧʨʦʤʳʚʥʳʝ ʚʦʜʳ ʩʦʙʠʨʘʶʪ ʚ 

ʤʝʨʥʫʶ ʢʦʣʙʫ ʝʤʢ. 50 ʤʣ ʠ ʨʘʟʙʘʚʣʷʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ. 

ɸʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ (5-10 ʤʣ) ʨʘʩʪʚʦʨʘ ʧʝʨʝʚʦʩʜʷʪ ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ, ʩʦʟ-

ʜʘʁʪ ʦʧʪʠʤʘʣʴʥʳʡ ʨʅ 5 ʨʘʩʪʚʦʨʦʤ 1ʄ NaOH ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʤʝʜʠ ʢʦʥʪʨʦʣʠʨʫʶʪ ʤʝʪʦʜʦʤ ʜʦʙʘʚʦʢ. ʅʘʡʜʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ 

ʘʧʘʪʠʪʥʦʡ ʤʫʢʝ ʩʦʩʪʘʚʣʷʝʪ (2.91Ñ0.7)Ŀ10
-3 

%. 
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ʊʘʙʣʠʮʘ 8.7 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ Cu(II) ʚ ʚʦʜʝ (n=5, P=0.95) 

ʆʙʨʘʟʝʮ ʄʝʪʦʜ ʅʘʡʜʝʥʦ  Cu  ʤʛ/ʣ Sr 

ɼʦʙʘʚʣʝʥʦ ʅʘʡʜʝʥʦ 0.045 

ɼʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ɼʊʄʌ+ɹʌʝʥ 0.480 0.475 0.053 

ɼʊɹʌ+ɹɸ 0.640 0.641 0.044 

ʈʝʯʥʘʷ ʚʦʜʘ ɼʊʄʌ+ɹʌʝʥ 0.480 0.790 0.051 

ɼʊɹʌ+ɹɸ 0.640 0.960 0.035 

ʆʟʝʨʥʘʷ ʚʦʜʘ ɼʊʄʌ+ɹʌʝʥ 0.480 0.815 0.050 

ɼʊɹʌ+ɹɸ 0.640 0.975 0.025 

ʂʦʣʦʜʝʟʥʘ ̫ʚʦʜʘ ɼʊʄʌ+ɹʌʝʥ 0.480 0.723 0.035 

ɼʊɹʌ+ɹɸ 0.640 0.878 0.044 

 

ʊʘʙʣʠʮʘ 8.8 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʚ ʧʦʯʚʘʭ.  n =6, ʈ=0.95 

ʇʦʯʚʘ ʈʝʘʛʝʥʪ 
ὢ , ʤʛ/ʢʛ 

 
S(10

-3
) RSD(%) ˢ

ὸϽὛ

Ѝὲ
 

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ  

ʧʝʩʯʘʥʳʝ ʠ ʩʫʧʝʩʯʘʥʳʝ 

ʈʫʙʝʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 8.14 0.317 3.9 8.14°0.33 

ɼʊʄʌ-ʌʝʥ 8.20 0.311 3.8 8.20°0.34 

ɼʊʄʌ-ɹʌʝʥ 8.25 0.290 3.5 8.25°0.30 

ɼʊʄʌ-ɼʠʧ
 

8.24 0.231 2.8 8.24°0.25 

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ 

ʩʫʛʣʠʥʠʩʪʳʝ ʠ ʛʣʠʥʠʩʪʳʝ 

ʈʫʙʝʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 15.45 0.540 3.5 15.45°0.56 

ɼʊʄʌ-ʌʝʥ
 

15.48 0.650 4.2 15.48°0.68 

ʉʝʨʳʝ ʣʝʩʥʳʝ ʈʫʙʝʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 18.89 0.566 3.0 18.89°0.59 

ɼʊʕʌ+ʌʝʥ 18.96 0.549 2.9 18.96°0.58 

ʏʝʨʥʦʟʝʤʳ ʈʫʙʝʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 25.12 0.830 3.3 25.12°0.87 

ɼʊʌ+ʌʝʥ 25.08 0.802 3.2 25.08°0.84 

ʂʘʰʪʘʥʦʚʳʝ ʈʫʙʝʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 19.34 0.831 4.3 19.34°0.87 

ɼʊʄʌ-ɹʌʝʥ
 

19.42 0.796 4.1 19.42°0.84 

ɼʊʕʌ+ʌʝʥ 19.45 0.814 4.2 19.45°0.85 

 

8.2. ʆʧʨʝʜʝʣʝʥʠʝ ʨʪʫʪʠ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ  

ʇʨʝʜʣʦʞʝʥʥʳʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝ-

ʣʝʥʠʷ Hg(II) ʩ ɼʌ ʠ ɸʤ ʧʨʦʚʝʨʝʥʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʝʛʦ ʚ ʧʦʯʚʘʭ, ʤʦʨʩʢʦʡ ʚʦ-

ʜʝ, ʢʨʦʚʠ, ʧʰʝʥʠʮʝ, ʩʳʨʝ, ʛʦʚʷʞʝʡ ʧʝʯʝʥʠ, ʤʷʩʝ ʠ ʨʳʙʝ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʨʘ-

ʚʠʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ Hg(II) ʜʠʪʠʟʦʥʦʚʳʤ ʤʝʪʦʜʦʤ, ʤʝʪʦʜʦʤ çʚʚʝʜʝʥʦ-ʥʘʡʜʝ-

ʥʦè ʠ ʧʨʠ ʘʥʘʣʠʟʝ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʤʝʪʦʜʦʤ ʜʦʙʘʚʦʢ. ɼʣʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ 

ʦʮʝʥʢʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ ʨʪʫʪʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ɼʌ ʠ ʘʤʠʥʘʤʠ 

ʚʳʧʦʣʥʝʥʘ ʩʝʨʠʷ ʦʧʨʝʜʝʣʝʥʠʡ ʧʦ ʢʘʞʜʦʡ ʤʝʪʦʜʠʢʝ ʧʨʠ n=5. ʇʦʣʫʯʝʥʥʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʘʥʳ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʧʨʝʮʠʟʠʦʥʥʦʩʪʴʶ  (Sr  ʥʝ ʧʨʝʚʳʰʘʝʪ 0,04). 
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ʆʧʨʝʜʝʣʝʥʠʝ ʨʪʫʪʠ(II) ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ. ʇʨʦʙʘ ʚʦʜʳ ʦʪʦʙʨʘʥʘ ʚ ʨʘʡʦʥʝ 

ʩʙʨʦʩʘ ʩʪʦʯʥʳʭ ʚʦʜ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʢʘʥʘʣʠʟʘʮʠʡ ʛ. ʍʘʯʤʘʩ, ʉʠʷʟʘʥ ʠ 

ʃʝʥʢʦʨʘʥ. ʇʨʦʙʫ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʡ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʘʥʘʣʠʟʠʨʫʝʤʦʡ 

ʚʦʜʳ ʦʙʲʝʤʦʤ 5 ʣ ʧʦʤʝʱʘʶʪ ʚ ʧʣʦʩʢʦʜʦʥʥʫʶ ʢʦʣʙʫ, ʧʨʠʣʠʚʘʣʠ 200 ʤʣ ʨʘʟʙʘʚ-

ʣʝʥʥʦʡ (1:1) ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʘ KMnO4, ʧʨʠʩʦʝʜʠʥʷ-

ʶʪ ʝʝ ʢ ʦʙʨʘʪʥʦʤʫ ʭʦʣʦʜʠʣʴʥʠʢʫ ʠ ʢʠʧʷʪʷʪ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɽʩʣʠ ʧʨʠ ʵʪʦʤ 

ʨʘʩʪʚʦʨ ʦʙʝʩʮʚʝʯʠʚʘʝʪʩʷ, ʜʦʙʘʚʣʷʶʪ 2-3 ʢʘʧʣʠ ʨʘʩʪʚʦʨʘ KMnO4 (ʨʦʟʦʚʘʷ ʦʢʨʘʩ-

ʢʘ ʜʦʣʞʥʘ ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ). ɹʦʣʴʰʦʡ ʠʟʙʳʪʦʢ KMnO4 ʤʝhʘʝʪ ʦʧ-

ʨʝʜʝʣʝʥʠʶ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʪʥʳʡ ʭʦʣʦʜʠʣʴʥʠʢ ʦʧʦʣʘʩʢʠʚʘʶʪ ʥʝʙʦʣʴ-

ʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʚ ʢʦʣʙʫ, ʦʪʩʦʝʜʠʥʷʶʪ ʝʝ ʠ ʧʦ ʢʘʧ-

ʣʷʤ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ ʩʦʣʷʥʦʢʠʩʣʦʛʦ ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʜʦ ʧʦʣʥʦʛʦ ʦʙʝʩʮʚʝʯʠ-

ʚʘʥʠʷ ʨʘʩʪʚʦʨʘ. ʈʘʩʪʚʦʨ ʚʳʧʘʨʠʚʘʣʠ ʜʦʩʫʭʘ. ʆʩʪʘʪʦʢ ʨʘʩʪʚʦʨʷʶʪ ʚ ʩʤʝʩʠ ʢʦʥʮ. 

ʢʠʩʣʦʪ HCl ʠ H2SO4 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 3:1. ʀʟʙʳʪʦʢ ʢʠʩʣʦʪʳ ʥʝʡʪʨʘʣʠʟʦʚʘʣʠ 10 

%-ʥʳʤ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ ʜʦ ʨʅ 3.0-3.5 ʠ ʦʧʨʝʜʝʣʷʣʠ ʨʪʫʪʴ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ 

ʤʝʪʦʜʠʢʘʤ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.8.9. 

ʊʘʙʣʠʮʘ 8.9 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ Hg(II) ʚ ʚʦʜʘʭ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ (n =6, P=0.95) 

ɺʦʜʘ ʄʝʪʦʜʠʢʘ ɺʚʝʜʝʥʦ ʅʘʡʜʝʥʦ, Hg 

ʤʢʛ/ʤʣ  

ʉʦʜʝʨʞʘʥʠʝ 

ʚ ʦʙʨʘʟʮʝ 

Sr 

ʍʘʯʤʘʩ ɼʊʌ+ɸʥ 10 14.65 0.093Ñ0.009 0.05 

ɼʊʄʌ+ʤɸʥ 10 14.45 0.088Ñ0.011 0.04 

ʉʠʷʟʘʥ ɼʊʄʌ+ɸʥ 20 25.60 0.112Ñ0.007 0.06 

ɼʊʕʌ+ʤɸʥ 20 25.35 0.104Ñ0.011 0.03 

ʃʝʥʢʦʨʘʥ ɼʊʕʌ+ʜɸʥ 20 24.25 0.085Ñ0.012 0.04 

ɼʊɹʌ+ʜɸʥ 20 24.80 0.094Ñ0.013 0.05 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʪʫʪʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ. ʈʪʫʪʴ ʠ ʝʝ ʩʦʝʜʠʥʝ-

ʥʠʷ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚ ʨʪʫʪʠ ʚ ʙʠ-

ʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʘ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʪʝʧʝʥʠ ʟʘʨʘʞʝʥ-

ʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʨʪʫʪʴʶ. ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚ 

ʨʪʫʪʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ - ʪʨʫʜʥʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ. ʆʧʨʝʜʝʣʝ-

ʥʠʶ ʨʪʫʪʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ, ʨʘʩʪʝʥʠʷʭ, ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʧʨʝʜ-

ʰʝʩʪʚʫʝʪ ʨʘʟʨʫʰʝʥʠʝ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ ʧʨʠ ʚʳ-

ʜʝʣʝʥʠʠ ʨʪʫʪʠ ʤʝʪʦʜʘʤʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ [143, ʩ.14; 370, ʩ.1]. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʨʪʫʪʠ ʚ ʢʨʦʚʠ. 1ʣ ʢʨʦʚʠ ʧʦʤʝʱʘʶʪ ʚ ʧʣʦʩʢʦʜʦʥʥʫʶ ʢʦʣʙʫ, 

ʧʨʠʣʠʚʘʣʠ 5 ʤʣ ʢʦʥʮ. HNO3, ʜʦʙʘʚʣʷʶʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ KMnO4, ʧʨʠʩʦ-

ʝʜʠʥʷʣʠ ʝʝ ʢ ʦʙʨʘʪʥʦʤʫ ʭʦʣʦʜʠʣʴʥʠʢʫ ʠ ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʇʦʩʣʝ ʦʭ-

ʣʘʞʜʝʥʠʷ ʠʟʙʳʪʦʢ ʢʠʩʣʦʪʳ ʥʝʡʪʨʘʣʠʟʫʶʪ ʨʘʩʪʚʦʨʦʤ NH4OH. ʀʟʙʳʪʦʢ KMnO4 

ʠ ʦʢʩʠʜʦʚ ʤʘʨʛʘʥʮʘ ʫʜʘʣʷʶʪ ʧʨʠʙʘʚʣʝʥʠʝʤ 3 %-ʥʦʛʦ H2O2. ʇʝʨʝʚʦʜ̫ʪ ʨʘʩʪʚʦʨ ʚ 

ʤʝʨʥʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 50 ʤʣ ʠ ʜʦʚʦʜʷʪ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ. ʆʪʙʠʨʘʶʪ ʘʣʠʢʚʦʪ-

ʥʫʶ ʯʘʩʪʴ (15 ʤʣ) ʠ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ ʦʧʨʝʜʝʣʷʶʪ ʨʪʫʪʴ. ʈʝʟʫʣʴ-

ʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.8.10 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʪʫʪʠ ʚ ʧʰʝʥʠʮʝ. ɺ ʬʘʨʬʦʨʦʚʦʡ ʯʘʰʢʝ 50 ʛ ʧʰʝʥʠʮʳ ʦʯʠʱʘ-

ʶʪ ʠ ʩʫʰʘʪ ʧʨʠ 105 Áʉ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ. ɺʳʩʫʰʝʥʥʳʡ ʦʙʨʘʟʝʮ ʠʟʤʝʣʴʯʘʁʪ 

ʜʦ ʧʦʨʦʢhʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʦʤʝʱʘʶʪ ʚ ʧʣʦʩʢʦʜʦʥʥʫʶ ʢʦʣʙʫ, ʧʨʠʣʠʚʘʁʪ 

30 ʤʣ ʢʦʥʮ. HNO3, ʧʨʠʩʦʝʜʠʥʷʶʪ ʝʝ ʢ ʦʙʨʘʪʥʦʤʫ ʭʦʣʦʜʠʣʴʥʠʢʫ ʠ ʢʠʧʷʪ̫ʪ ʚ ʪʝ-

ʯʝʥʠʝ 20 ʤʠʥ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨ ʧʝʨʝʚʦʜʷʪ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 

100 ʤʣ ʠ ʨʘʟʙʘʚʣʷʶʪ ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ɿʘʪʝʤ ʬʠʣʴʪʨʫʁ ʪ ʩ 

ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʠ. ɸʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ ʧʦʤʝʱʘʶʪ ʚ ʜʝʣʠʪʝʣʴ-

ʥʫʶ ʚʦʨʦʥʢʫ ʠ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ ʦʧʨʝʜʝʣʷʶʪ ʨʪʫʪʴ. ʈʝʟʫʣʴʪʘʪʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8.10. 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʪʫʪʠ ʚ ʩʳʨʝ. ʉʫʰʠʣʠ 40 ʛ ʩʳʨʘ ʧʨʠ 70-80 Áʉ. ɺʳʩʫhʝʥʥʳʡ 

ʦʙʨʘʟʝʮ ʠʟʤʝʣʴʯʘʶʪ ʜʦ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʉʫʭʦʡ ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʷ-

ʶʪ ʚ 10 ʤʣ ʢʦʥʮ. ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʧʝʨʝʚʦʜʷʪ ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ ʠ ʦʧʨʝ-

ʜʝʣʷʶʪ ʨʪʫʪʴ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʪʘʙʣ.8.10. 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʪʫʪʠ ʚ ʛʦʚʷʞʴʝʡ ʧʝʯʝʥʠ ʠ ʤʷʩʝ. 50 ʛ ʛʦʚʷʞʴʝʡ ʧʝʯʝʥʠ (ʚ 

ʩʣʫʯʘʝ ʤʷʩʘ 100 ʛ) ʧʦʤʝʱʘʶʪ ʚ ʭʠʤʠʯʝʩʢʠʡ ʩʪʘʢʘʥ ʝʤʢʦʩʪʴʶ 250 ʤʣ. ɼʦʙʘʚʣʷ-

ʶʪ 6 ʤʣ  ʢʦʥʮ. HNO3 ʠ ʦʩʪʦʨʦʞʥʦ ʥʘʛʨʝʚʘʶʪ ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʯʘʩʘ. ʇʦʩʣʝ ʠʩʯʝʟ-

ʥʦʚʝʥʠʷ ʧʝʥʳ, ʜʦʙʘʚʣʷʶʪ 6 ʤʣ ʩʤʝʩʠ ʢʦʥʮ. HNO3 ʠ HClO4 (1:1) ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʨʘʩʪʚʦʨ ʩʪʘʥʦʚʠʪʩʷ ʙʝʩʮʚʝʪʥʳʤ. ʂʠʩʣʳʡ ʨʘʩʪʚʦʨ ʚʳʧʘʨʠʚʘʶʪ ʜʦʩʫʭʘ ʠ ʧʦʣʫ-

ʯʝʥʥʳʡ ʙʝʣʳʡ ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʷʶʪ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʦʙʲʝʤʝ 1 ʄ HNO3. ʈʘʩʪʚʦʨ 

ʧʝʨʝʥʦʩʷʪ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʩ ʝʤʢʦʩʪʴʶ 50 ʤʣ ʠ ʜʦʚʦʜʷʪ ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦ-

ʚʘʥʥʦʡ ʚʦʜʦʡ. ɺ ʘʣʠʢʚʦʪʥʳʭ ʯʘʩʪʷʭ ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʨʘʙʦʪʘʥ-
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ʥʤrʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʠʢʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.8.10. 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʪʫʪʠ ʚ ʨʳʙʝ (R. Rutiluscaspius (ʚʦʙʣʘ)). ʉ ʜʦʨʟʘʣʴʥʦʡ ʯʘʩʪʠ 

ʪʝʣʘ ʥʠʞʝ ʩʧʠʥʥʦʛʦ ʧʣʘʚʥʠʢʘ ʦʪʜʝʣʷʶʪ 15 ʛ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʠ ʩʫʰʠʣʠ ʚ ʩʫ-

ʰʠʣʥɹʦʤ ʰʢʘʬʫ ʚ ʬʘʨʬʦʨʦʚʦʡ ʯʘʰʢʝ ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʧʘʨʦʚ. ɿʘʪʝʤ 

ʩʫʭʦʡ ʦʩʪʘʪʦʢ ʧʦʤʝʱʘʶʪ ʚ ʭʠʤʠʯʝʩʢʠʡ ʩʪʘʢʘʥ ʝʤʢʦʩʪʴʶ 100 ʤʣ. ɼʦʙʘʚʣʷʶʪ 6 

ʤʣ ʢʦʥʮ. HNO3 ʠ ʦʩʪʦʨʦʞʥʦ ʥʘʛʨʝʚʘʶʪ ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʯʘʩʘ. ʇʦʩʣʝ ʠʩʯʝʟʥʦʚʝʥʠʷ 

ʧʝʥʠ, ʜʦʙʘʚʣʷʶʪ 6 ʤʣ ʩʤʝʩʠ ʢʦʥʮ. ʅNO3 ʠ HClO4 (1: 1) ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʨʘʩʪʚʦʨ 

ʩʪʘʥʦʚʠʪʩʷ ʙʝʩʮʚʝʪʥʳʤ. ʂʠʩʣʳʡ ʨʘʩʪʚʦʨ ʚʳʧʘʨʠʚʘʶʪ ʜʦʩʫʭʘ ʠ ʧʦʣʫʯʝʥʥʳʡ ʦʩ-

ʪʘʪʦʢ ʨʘʩʪʚʦʨʷʶʪ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʦʙʲʝʤʝ 1 ʄ HNO3. ʈʘʩʪʚʦʨ ʧʝʨʝʥʦʩʷʪ ʚ ʤʝʨ-

ʥʫʶ ʢʦʣʙʫ ʩ ʝʤʢʦʩʪʴʶ 50 ʤʣ ʠ ʜʦʚʦʜʷʪ ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʀʟ-

ʙʳʪʦʢ ʢʠʩʣʦʪʳ ʥʝʡʪʨʘʣʠʟʫʶʪ 0.1 M ʨʘʩʪʚʦʨʦʤ NaOH. ʆʪʙʠʨʘʁʪ ʘʣʠʢʚʦʪʥʳʝ 

ʯʘʩʪʠ ʠ ʦʧʨʝʜʝʣʷʶʪ ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʩ ɼʌ ʠ ɸʤ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʨʪʫ-

ʪʠ ʚ ʨʳʙʝ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣ.8.10. 

ʊʘʙʣʠʮʘ 8.10 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ Hg(II) ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ (n=6, P=0,95) 

ʈʪʫʪʴ ʦʧʨʝʜʝ-

ʣʝʥ ʚ ʚʠʜʝ 

ɸʥʘʣʠʟʠʨʫ-

ʝʤʳʡ ʦʙʲʝʢʪ 

ɺʚʝʜʝʥʦ ʅʘʡʜʝʥʦ ʉʦʜʝʨʞʘʥʠʝ ʚ 

ʦʙʨʘʟʮʝ, ʤʢʛ/ʢʛ 

 

Sr 
ὢ
ὸϽὛ

Ѝὲ
 

ɼʊʌ+ʜɸʥ ʢʨʦʚʴ 20 22.05 6.85 0.05 6.85°0.37 

ɼʊʕʌ+ʜɸʥ 10 11.10 6.90 0.05 6.90°0.39 

ɼʊʇʌ+ɸʥ 20 22.32 7.72 0.04 7.72°0.45 

ɼʊʄʌ+ʤɸʥ ʛʦʚʷʞʴʷ 

ʧʝʯʝʥʴ 

20 22.90 57.0 0.04 57.0°0.25 

ɼʠʪʠʟʦʥ 20 23.50 57.8 0.04 57.8°0.34 

ɼʊʄʌ+ʤɸʥ ʧʰʝʥʠʮʘ 20 23.20 64.0 0.05 64.0°3.36 

ɼʊɹʌ+ʜɸʥ ʩʳʨ 10 13.20 80.3 0.03 80.3°2.60 

ɼʊʇʌ+ɸʥ 10 13.00 75.3 0.05 75.3°0.37 

ɼʊɹʌ+ʜɸʥ ʨʳʙʘ 20 24.45 89.2 0.04 89.2°3.60 

ɼʠʪʠʟʦʥ 20 24.50 90.4 0.05 90.4°4.65 

ɼʊʕʌ+ʜɸʥ ʛʦʚʷʞʴʝ 

ʤʷʩʦ 

10 12.50 25.2 0.04 25.2°1.23 

ɼʊʕʌ+ʜɸʥ 20 22.30 23.1 0.05 23.1°1.21 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʪʫʪʠ ʚ ʧʦʯʚʘʭ. ʈʪʫʪʴ, ʢʘʢ ʦʜʠʥ ʠʟ ʩʠʣʴʥʝʡʰʠʭ ʪʦʢʩʠʢʘʥ-

ʪʦʚ, ʦʪʥʦʩʠʪʩʷ ʢ ʵʣʝʤʝʥʪʘʤ, ʧʦʜʣʝʞʘʱʠʤ ʧʦʩʪʦʷʥʥʦʤʫ ʢʦʥʪʨʦʣʶ. ʉʦʜʝʨʞʘʥʠʝ 

ʨʪʫʪʠ ʥʦʨʤʠʨʫʝʪʩʷ ʚʦ ʚʩʝʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʤ ʩʳʨʴʝ. 

ʅʠʟʢʠʝ ʇɼʂ ʠ ʩʣʦʞʥʘʷ ʤʘʪʨʠʮʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʨʴʝʟʥʫʶ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʧʨʦʙ-

ʣʝʤʫ ʧʨʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʨʪʫʪʠ.  
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ʅʘʚʝʩʢʫ ʧʦʯʚʳ (20 ʛ) ʨʘʟʣʘʛʘʶʪ ʚ ʢʦʥʠʯʝʩʢʦʡ ʢʦʣʙʝ ʩʥʘʙʞʝʥʥʦʡ ʦʙʨʘʪ-

ʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ 5-7 ʤʣ ʢʦʥʮ. H2SO4 ʠ ʠʟʙʳʪʢʦʤ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

KMnO4, ʢʦʪʦʨʳʡ ʜʦʙʘʚʣʷʶʪ ʤʘʣʳʤʠ ʧʦʨʮʠ̫ʤʠ ʧʨʠ ʧʝʨʝʤʝhʠʚʘʥʠʠ. ʂʦʣʙʫ ʥʘʛ-

ʨʝʚʘʁʪ ʜʦ ʚʳʜʝʣʝʥʠʷ ʧʘʨʦʚ SO3. ʇʦ ʦʭʣʘʞʜʝʥʠʶ ʧʦʜʣʠʚʘʁʪ ʯʝʨʝʟ ʭʦʣʦʜʠʣʴʥʠʢ 

25 ʤʣ ʚʦʜʳ. ʀʟʙʳʪʦʢ KMnO4 ʠ ʦʢʠʩʣʦʚ ʤʘʨʛʘʥʮʘ ʫʜʘʣʷʶʪ ʧʨʠʙʘʚʣʝʥʠʝʤ 3 % - 

ʥʦʛʦ H2O2. ʇʝʨʝʚʦʜʷʪ ʨʘʩʪʚʦʨ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʚʤʝʩʪʠʤʦʩʪʴʶ 50 ʤʣ ʠ ʜʦʚʦʜʷʪ 

ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ. ɸʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ (1 ʤʣ) ʧʦʤʝʱʘʶʪ ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ ʠ 

ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ ʦʧʨʝʜʝʣ̫ʁ ʪ ʨʪʫʪʴ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʢʦʥ-

ʪʨʦʣʠʨʫʶʪ ʜʠʪʠʟʦʥʦʚʳʤ ʤʝʪʦʜʦʤ (ʪʘʙʣ.8.11).  

ʊʘʙʣʠʮʘ 8.11 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʨʪʫʪʠ ʚ ʧʦʯʚʘʭ.  n =6, ʈ=0.95 

ʇʦʯʚʘ ʄʝʪʦʜ 
ὢ , ʤʛ/ʢʛ 

 
S(10

-3
) RSD(%) ˢ

ὸϽὛ

Ѝὲ
 

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ  

ʧʝʩʯʘʥʳʝ ʠ ʩʫʧʝʩʯʘʥʳʝ 

ɼʠʪʠʟʦʥ 0.065 0.00273 4.2 0.065°0.003 

ɼʊʌ+ʜɸʥ 0.063 0.00220 3.5 0.063°0.002 

ɼʊɹʌ+ʤɸʥ 0.066 0,00244 3.7 0.066°0.003 

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ 

ʩʫʛʣʠʥʠʩʪʳʝ ʠ ʛʣʠʥʠʩʪʳʝ 

ɼʠʪʠʟʦʥ 0.132 0.00462 3.5 0.132°0.005 

ɼʊʄʌ+ʤɸʥ 0.135 0.00535 4.0 0.135°0.006 

ʉʝʨʳʝ ʣʝʩʥʳʝ ɼʠʪʠʟʦʥ 0.172 0.00516 3.0 0.172°0.005 

ɼʊɹʌ+ʤɸʥ 0.167 0.00467 2.8 0.167°0.005 

ʏʝʨʥʦʟʝʤʳ ɼʠʪʠʟʦʥ 0.225 0.00742 3.3 0.225°0.008 

ɼʊʌ+ʜɸʥ 0.221 0.00685 3.1 0.221°0.007 

ʂʘʰʪʘʥʦʚʳʝ ɼʠʪʠʟʦʥ 0.172 0.00653 3.8 0.172°0.007 

ɼʊʄʌ+ʤɸʥ 0.164 0.00607 3.7 0.164°0.006 

ɼʊɹʌ+ʤɸʥ 0.171 0.00615 3.6 0.171°0.006 

 

8.3. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʪʘʥʘ ʚ ʧʨʠʨʦʜʥʳʭ ʠ  

ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦ-

ʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʪʘʥʘ. ʚ ʩʪʘʣʠ ʨʘʟʣʠʯʥʦʡ ʤʘʨʢʠ, ʤʝʪʘʣʣʠ-

ʯʝʩʢʦʤ ʘʣʶʤʠʥʠʠ, ʩʪʦʯʥʦʡ ʠ ʤʦʨʩʢʦʡ ʚʦʜʘʭ, ʬʝʨʨʦʪʠʪʘʥʝ, ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʤʝ-

ʩʠ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʥʠʦʙʠʠ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʪʘʥʘ ʚ ʩʪʦʯʥʦʡ ʠ ʤʦʨʩʢʦʡ ʚʦʜʘʭ. ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʟʷ-

ʪʳ ʯʝʪʳʨʠ ʨʘʟʥʳʭ ʦʙʨʘʟʮʘ ʚʦʜʳ: ʜʚʘ ʦʙʨʘʟʮʘ ʩʪʦʯʥʦʡ (ɸʟʝʨʥʝʬʪʷʛ ʅʇɿ) ʠ ʜʚʘ 

ʤʦʨʩʢʦʡ (ʛ.ɹʘʢʫ, ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ) ʚʦʜʳ. ʇʨʦʙʳ ʩʪʦʯ-ʥʦʡ (0.5 ʠ 1.0 ʣ) ʠ ʤʦʨ-
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ʩʢʦʡ (1.5 ʠ 2.0 ʣ) ʚʦʜ ʠʩʧʘʨʷʶʪ, ʧʦʣʫʯʝʥʥʳʡ ʪʚʝʨʜʳʡ ʦʩ-ʪʘʪʦʢ ʨʘʩʪʚʦʨʷʶʪ ʚ ʚʦ-

ʜʝ, ʦʙʨʘʙʘʪʳʚʘʶʪ 2 ʤʣ ʢʦʥʮ. HNO3 ʠ  ʧʦʜʦʛʨʝʚʘʶʪ ʧʨʠ 60-70 
ʦ
ʉ ʜʦ ʧʦʣʥʦʡ ʦʪ-

ʛʦʥʢʠ HNO3,. ʇʦʩʣʝ ʵʪʦʛʦ ʩʤʝʩʴ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʠ ʧʝ-ʨʝʚʦʜʷʪ ʚ ʢʦʣʙʳ ʝʤ-

ʢʦʩʪʴʶ 25; 50; 100 ʠ 200 ʤʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ (15 ʤʣ) ʧʦʤʝʱʘ-

ʶʪ ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ, ʩʦʟʜʘʶʪ ʦʧʪʠʤʘʣʴʥʳʡ ʨʅ (ʨʅ 3), ʧʨʠʙʘʚʣʷʶʪ 2.5 ʤʣ 

0,01 ʄ ʨʘʩʪʚʦʨʘ ɼʊɹʌ ʠ 1.2-1.6 ʤʣ ɸʤ ʠ ʧʦ ʧʨʝʜʣʦʞʝʥ-ʥʳʤ ʤʝʪʦʜʠʢʘʤ ʦʧʨʝ-

ʜʝʣʷʶʪ ʪʠʪʘʥ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.8.12. ʇʨʘʚʠʣʴʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʦʤ ʜʦʙʘʚʦʢ. 

ʊʘʙʣʠʮʘ 8.12 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʪʘʥʘ ʩ ɼʊɹʌ ʠ ɸʌ3 ʚ ʩʪʦʯʥʦʡ ʠ ʤʦʨʩʢʦʡ ʚʦʜʘʭ 

 (n=6; P=0.95). 

 

 

ʆʙʨʘʟʝʮ 

ʌʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʄʝʪʦʜ ʜʦʙʘʚʦʢ 
_
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ʉʪʦʯʥʘʷ ʚʦʜʘ 1 3.28 1.74 0.053 (3.28°0.18) 3.33 1.49 0.045 (3.33°0.15) 

ʉʪʦʯʥʘʷ ʚʦʜʘ 2 3.30 1.68 0.051 (3.30°0.18 3.35 1.40 0.042 (3,35°0.15) 

ʄʦʨʩʢʘʷ ʚʦʜʘ 1 3.35 1.54 0,046 (3.35°0.16) 3.44 0,10 0.030 (3.44°0.10) 

ʄʦʨʩʢʘʷ ʚʦʜʘ 2 3,36 1.41 0.042 (3.36°0.15) 3.42 0.08 0.025 (3.42°0.09) 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʪʘʥʘ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʘʣʶʤʠʥʠʠ ˉ 74. 1 ʛ ʤʝʪʘʣʣʠʯʝʩ-

ʢʦʛʦ ʘʣʶʤʠʥʠʷ ʨʘʩʪʚʦʨʷʶʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ 20 ʤʣ HCl (1:1). ʈʘʩʪʚʦʨ ʧʝʨʝʥʦʩ-

ʷʪ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʚʤʝʩʪʠʤʦʩʪʴʶ 25 ʤʣ ʠ ʜʦʚʦʜʷʪ ʦʙʲʝʤ ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠ-

ʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ɸʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ (1ʤʣ) ʧʦʤʝʱʘʶʪ ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ ʠ 

ʦʧʨʝʜʝʣʷʶʪ ʪʠʪʘʥ ʧʦ ʧʨʝʜʣʦʞʝʥʥʳʤ ʥʘʤʠ ʤʝʪʦʜʠʢʘʤ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.8.13. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠ-

ʪʘʥʘ ʚ ʩʪʦʯʥʦʡ ʠ ʤʦʨʩʢʦʡ ʚʦʜʘʭ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʝ 

ʤʝʪʦʜʠʢʠ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʫʶ ʥʘʜʝʞʥʦʩʪʴʁ . 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʪʘʥʘ ʚ ʩʪʘʣʷʭ. ʅʘʚʝʩʢʫ ʦʙʨʘʟʮʘ (1ʛ) ʧʝʨʝʚʦʜʷʪ ʚ ʩʪʘʢʘʥ 

ʝʤʢʦʩʪʴʶ 100 ʤʣ ʠ ʨʘʩʪʚʦʨʷʶʪ ʚ 20 ʤʣ H2SO4 (1:4). ʇʨʠʙʘʚʣʷʶʪ 3 ʤʣ ʧʝʨʛʠʜ-

ʨʦʣʷ, ʨʘʟʙʘʚʣʷʶʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ 40 ʤʣ ʠ ʢʠʧʷʪʷʪ ʚ ʪʝʯʝʥʠʝ 25 ʤʠ-

ʥʫʪ. ʉʦʜʝʨʞʠʤʦʝ ʩʪʘʢʘʥʘ ʧʝʨʝʥʦʩʷʪ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 50 ʤʣ ʠ ʜʦʚʦʜ̫ ʪ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ. ɸʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ (1ʤʣ) ʧʦʤʝʱʘʶʪ ʚ ʜʝʣʠ-
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ʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ, ʜʦʙʘʚʣʷʶʪ 1 ʤʣ 10 %-ʥʦʛʦ ʨʘʩʪʚʦʨʘ Na2S2O3 ʠ ʦʧʨʝʜʝʣʷʶʪ 

Ti(IV)  ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣ.8.13. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʪʘʥʘ ʚ ʬʝʨʨʦʪʠʪʘʥʝ. ʆʙʨʘʟʝʮ ʨʘʩʪʚʦʨʷʣʠ ʚ 60 ʤʣ H2SO4 

(1:3), ʦʢʠʩʣʷʣʠʶʪ ʢʦʥʮ. HNO3 ʠ ʢʠʧʷʪʷʪ ʜʦ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʦʢʠʩʣʦʚ ʘʟʦʪʘ. 

ʆʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʢʨʝʤʥʠʝʚʫʶ ʢʠʩʣʦʪʫ ʠʟ ʛʦʨʷʯʝʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʙʠʨʘʷ ʬʠʣʴʪʨʘʪ 

ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 50 ʤʣ, ʜʦʚʦʜʷʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ ʠ ʚ 

ʘʣʠʢʚʦʪʥʳʭ ʯʘʩʪʴʷʭ ʦʧʨʝʜʝʣʷʶʪ Ti(IV)  ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ (ʪʘʙʣ. 

8.13). 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʪʘʥʘ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʥʠʦʙʠʠ. ʅʘʚʝʩʢʫ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʥʠʦʙʠʷ 0.1-0.5 ʛ ʩʧʣʘʚʣʷʶʪ ʩ 3-6 ʛ ʧʠʨʦʩʫʣʴʬʘʪʘ ʢʘʣʠʷ ʚ ʢʚʘʨʮʝʚʦʤ ʪʠʛʣʝ ʧʨʠ 

550-600 
ʦ
ʉ ʜʦ ʧʦʣʫʯʝʥʠʷ ʧʨʦʟʨʘʯʥʦʛʦ ʧʣʘʚʘ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʧʣʘʚ ʚʳʱʝʣʘʯʠ-

ʚʘʁʪ 10-20 ʤʣ ʚʠʥʥʦʡ ʢʠʩʣʦʪʳ (15 %-ʥʳʡ) ʚ ʩʪʘʢʘʥʯʠʢʝ ʝʤʢʦʩʪʴʶ 100 ʤʣ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ. ʇʝʨʝʚʦʜʷʪ ʨʘʩʪʚʦʨ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 50 ʤʣ. ɺ ʘʣʠʢʚʦʪʥʦʡ 

ʯʘʩʪʠ ʨʘʩʪʚʦʨʘ ʩʦʜʝʨʞʘʥʠʝ ʪʠʪʘʥʘ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-

ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʧʦ ʧʨʦʧʠʩʠ, ʦʧʠʩʘʥʥʦʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʜʫ-

ʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʪʠʪʘʥʘ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʥʠʦʙʠʠ ʦʧʨʝʜʝʣ̫ʁ ʪ 

ʪʘʢʞʝ ʪʘʡʨʦʥ - ʪʨʠʙʫʪʠʣʘʤʠʥʥʳʤ ʤʝʪʦʜʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʩʪʘʪʠʩ-

ʪʠʯʝʩʢʠʝ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 8.13. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʪʘʥʘ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʤʝʩʠ, ʩʦʜʝʨʞʘʱʝʡ ʪʠʪʘʥ, ʚʘʥʘ-

ʜʠʡ, ʘʣʶʤʠʥʠʡ ʠ ʞʝʣʝʟʦ (0.5% ʊi). ʂ ʨʘʩʪʚʦʨʫ, ʩʦʜʝʨʞʘʱʝʤʫ 0.02 ʤʛ ʪʠʪʘʥʘ, 

ʧʦ 1 ʤʛ ʚʘʥʘʜʠʷ ʠ ʞʝʣʝʟʘ ʠ 2 ʤʛ ʘʣʶʤʠʥʠʷ ʧʨʠʙʘʚʣʷʣʠ 2.5 ʤʣ 0,01 ʄ ʨʘʩʪʚʦʨʘ 

ɼʊɹʌ ʠ ʧʦ ʢʘʧʣʷʤ ʚʚʦʜʠʣʠ HCl (1:1) ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ ʠ 

ʚʘʥʘʜʠʷ ʩ ɼʊɹʌ (ʠʩʯʝʟʥʦʚʘʥʠʝ ʩʠʥʝ-ʬʠʦʣʝʪʦʚʦʡ ʦʢʨʘʩʢʠ) ʜʦʙʘʚʣʷʣʠ 1.2-1.8 ʤʣ 

ɸʤ ʠ ʦʧʨʝʜʝʣʷʣʠ ʪʠʪʘʥ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʪʠʪʘʥʘ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʘʣʶʤʠʥʠʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʩʤʝʩʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʪʘʡʨʦʥ-ʪʨʠʙʫʪʠʣʘʤʠʥʥʳʤ ʤʝʪʦʜʦʤ [228, ʩ.219]. ʈʝʟʫʣʴ-

ʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8.13. 
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ʊʘʙʣʠʮʘ 8.13 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʪʘʥʘ(IV)  ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʘʭ (n=6; P=0.95) 

ʆʙʨʘʟʝʮ ʄʝʪʦʜ _

x ,% 
S 
 rs  

ˢ
ὸϽὛ

Ѝὲ
 

  

ʉʪʘʣ ʉ 127
ʘ
 ʊʘʡʨʦʥ+ʪʨʠʙʫʪʠʣʘʤʠʥ 0.092 0.0026 0.028 0.092°0.0030  

ɼʊɹʌ+ɸʥ 0.089 0.0019 0.022 0.089°0.0021 

ɼʊɹʌ+ʤɸʥ 0.091 0.0017 0.019 0.091°0.0019 

ɼʊɹʌ+ʜɸʥ 0.089 0.0022 0.025 0.089°0.0024 

ʉʇ-1 ʊʘʡʨʦʥ+ʪʨʠʙʫʪʠʣʘʤʠʥ 0.474 0.018 0.038 0.474°0.020  

ɼʊʌ+ɸʥ 0.483 0.015 0.031 0.483°0.016  

ɼʊʄʌ+ɸʥ 0.442 0.011 0.025 0.442°0.012  

ɼʊʕʌ+ɸʥ 0.450 0.015 0.034 0.450°0.016 

ʌʝʨʨʦʪʠʪʘʥ ʍʨʦʤʦʪʨʦʧʦʚʘʷ ʢʠʩʣʦʪʘ 65.2 0.978 0.015 65.2°1.027  

ɼʊʌ+ɸʥ 65.3 0.718 0.011 65.3°0.754 

ɼʊʄʌ+ɸʥ 65.1 0.846 0.013 65.1°0.888 

ɼʊʕʌ+ɸʥ 65.2 0.782 0.012 65.2°0.821 

ʄʝʪʘʣʣʠʯʝʩʢʠʡ 

ʥʠʦʙʠʡ 

ʍʨʦʤʦʪʨʦʧʦʚʘʷ ʢʠʩʣʦʪʘ 0.0049 0.00017 0.035 0.0049°0.00018 

ɼʊʌ+ɸʥ 0.0050 0.00015 0.029 0.0050°0.00016 

ɼʊʄʌ+ɸʥ 0.0048 0.00012 0.025 0.0048°0.00013 

ɼʊʕʌ+ɸʥ 0.0047 0.00014 0.030 0.0047°0.00015 

ʄʝʪʘʣʣʠʯʝʩʢʠʡ 

ʘʣʶʤʠʥʠʡ 

ʊʘʡʨʦʥ+ʪʨʠʙʫʪʠʣʘʤʠʥ 0.0236 0.0012 0.05 0.0236°0.0013 

ʍʨʦʤʦʪʨʦʧʦʚʘʷ 

ʢʠʩʣʦʪʘ+ʪʨʠʙʫʪʠʣʘʤʠʥ 

0.0238 0.0012 0.05 0.0238°0.0013 

ɼʊɹʌ+ɸʥ 0.0245 0.00075 0.03 0.0245°0.0008 

ɼʊɹʌ+ʤɸʥ 0.0244 0.00100 0.04 0.0244°0.0010 

ɼʊɹʌ+ʜɸʥ 0.0236 0.00094 0.04 0.0236°0.0010 

ʀʩʢʫʩʩʪʚʝʥʥʘʷ 

ʩʤʝʩʴ 

ʍʨʦʤʦʪʨʦʧʦʚʘʷ ʢʠʩʣʦʪʘ 0.53 0.00848 0.016 0.53°0.0089  

ɼʊʕʌ+ɸʥ 0.52 0.00624 0.012 0.52°0.0066   

ɼʊɹʌ+ʤɸʥ 0.52 0.00936 0.018 0.52°0.0098   

ɼʊɹʌ+ʜɸʥ 0.51 0.00867 0.017 0.51°0.0091   

ʩ 127
ʘ
 (ʩʦʩʪʘʚ, % : ʊi -0,09; Mn -1.58; Cr -1.72; Ni ï 0.12;  ʉʇ-1 ʩʦʜʝʨʞʠʪʩʷ (%): SiO2-69.53; 

TiO2-0.75; Al 2O3-10.37; Fe2O3-3.81; MnO-0.077; MgO-1.02; CaO-1.63.  

ʄʝʪʘʣʣʠʯʝʩʢʠʡ aʣʶʤʠʥʠʡ (%) : ʊi -2.4Ĭ10
-2

,  Zr-1.5Ĭ10
-2

, Cu-2.9Ĭ10
-2

, Pb-3.7Ĭ10
-2

, As ï 

4.9Ĭ10
-3

, Si ï 0.19, Fe ï 0.31, Zn ï 6.5Ĭ10
-2

, Ni ï 9.1Ĭ10
-3

, Mg -2.2Ĭ10
-3

, Mn -1.3Ĭ10
-2

. 

ʌʝʨʨʦʪʠʪʘʥ ʌʪʠ70ʉ05: (% ) Ti-60-75; Al -5; Si-0.5; C-0.2; P-0.5; S-0.05; Cu-0.2; V- 0.6; Mo-0.6; 

Zr-0.6. 

 

8.4. ʆʧʨʝʜʝʣʝʥʠʝ ʚʘʥʘʜʠʷ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 

ʄʥʦʛʦʦʙʨʘʟʠʝ ʠʦʥʥʳʭ ʬʦʨʤ ʠ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ ʚʘʥʘʜʠʷ ʦʧʨʝʜʝʣʷʶʪ 

ʝʛʦ ʚʳʩʦʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʘʩʩʝʷʥʥʦʩʪʴ ʚ ʧʨʠ-

ʨʦʜʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ. ɺ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʭ ʚʘʥʘʜʠʡ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʦʙʤʝʥʘ, ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʪʠʤʫʣʠ-
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ʨʫʝʪ ʨʦʩʪ ʠ ʨʝʧʨʦʜʫʢʮʠʶ ʢʣʝʪʦʢ. ɺʘʥʘʜʠʡ ʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʪʦʢʩʠʯʥʳ ʧʨʠ ʠʟ-

ʙʪrʦʯʥʦʤ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʦʨʛʘʥʠʟʤ. ɺʘʥʘʜʠʡ ʦʪʥʦʩʠʪʩʷ ʢ III ʢʣʘʩʩʫ ʦʧʘʩʥʦʩʪʠ ʠ 

ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʣʝʞʠʪ ʢʦʥʪʨʦʣʶ ʧʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʩʳʨʴʷ ʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʩʦʝʜʠʥʝʥʠʡ ʚʘʥʘʜʠʷ ʚ ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ 

ʥʦʚʳʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ, ʩʝʣʝʢʪʠʚʥʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦ-

ʢʦʣʠʯʝʩʪʚ ʚʘʥʘʜʠʷ ʚ ʨʘʟʥʳʭ ʦʙʲʝʢʪʘʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʘʥʘʜʠʷ c ɼʌ ʠ ɸʤ ʧʨʦʚʝʨʝʥʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʝʛʦ ʚ ʧʦʯʚʘʭ, ʨʘʩʪʝʥʠʷʭ, ʩʪʘʣʠ 

ʨʘʟʣʠʯʥʦʡ ʤʘʨʢʠ, ʩʧʣʘʚʘʭ, ʘʣʫʥʠʪʝ, ʥʝʬʪʠ ʠ ʧʨʦʜʫʢʪʘʭ ʝʝ ʧʝʨʝʨʘʙʦʪʢʠ. ɼʣʷ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʩʪʘʥ-

ʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ɼʌ ʠ ɸʤ ʚʳʧʦʣʥʝʥʘ ʩʝʨʠʷ ʦʧʨʝʜʝʣʝʥʠʡ ʧʦ ʢʘʞʜʦʡ ʤʝʪʦ-

ʜʠʢʝ (n = 6). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʘʥʳ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʪʠʩʪʠʢʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8.14. 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʘʥʘʜʠʷ ʚ ʧʦʯʚʘʭ. ʊʦʥʢʦ ʨʘʩʪʝʨʪʫʶ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ ʥʘ-

ʚʝʩʢʫ (0.5 ʛ) ʧʨʦʢʘʣʠʚʘʶʪ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʚ ʪʝʯʝʥʠʝ 3 ʯ. ʇʦ ʦʭʣʘʞʜʝʥʠʠ ʧʣʘʚ 

ʨʘʩʪʚʦʨʷʶʪ ʚ ʛʨʘʬʠʪʦʚʦʡ ʯʘʰʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50-60 
ʦ
ʉ, ʦʙʨʘʙʘʪʳʚʘʷ ʩʤʝʩʴʶ 

16 ʤʣ ʢʦʥʮ. HF, 5 ʤʣ ʢʦʥʮ. HNO3 ʠ 15 ʤʣ ʢʦʥʮ. HCl. ɼʣʷ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ HF 3 

ʨʘʟʘ ʚ ʨʘʩʪʚʦʨ ʜʦʙʘʚʣʷʶʪ  ʧʦ 8 ʤʣ ʢʦʥʮ. HNʆ3 ʠ ʫʧʘʨʠʚʘʁʪ ʢʘʞʜʳʡ ʨʘʟ ʜʦ 5-6 

ʤʣ. ʈʘʩʪʚʦʨ ʧʝʨʝʚʦʜʷʪ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʝʤʢ. 100 ʤʣ ʠ ʨʘʟʙʘʚʣʷʶʪ ʜʦ ʤʝʪʢʠ ʜʠʩ-

ʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ɺ ʘʣʠʢʚʦʪʥʳʭ ʯʘʩʪʷʭ ʦʧʨʝʜʝʣʷʶʪ ʚʘʥʘʜʠʡ ʧʦ ʨʘʟʨʘʙʦ-

ʪʘʥʥʳʤ  ʤʝʪʦʜʠʢʘʤ. ɸʣʶʤʠʥʠʡ ʤʘʩʢʠʨʫʶʪ 5%-ʥʳʤ ʨʘʩʪʚʦʨʦʤ ʤʘʣʦʥʦʚʦʡ ʢʠʩ-

ʣʦʪʳ. ʄʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʤʝʜʠ, ʞʝʣʝʟʘ, ʩʚʠʥʮʘ, ʢʦʙʘʣʴʪʘ, ʥʠʢʝʣʷ ʠ ʥʝʢʦʪʦʨʳʭ 

ʜʨʫʛʠʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʫʩʪʨʘʥʁ̫ʪ ʜʦʙʘʚʣʝʥʠʝʤ ʪʠʦʩʫʣʴʬʘʪʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ 

ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʘʥʘʜʠʷ ʚ ʧʦʯʚʘʭ ʢʦʥʪʨʦʣʠʨʫʶʪ 8-ʛʠʜʨʦʢʩʠ-

ʭʠʥʦʣʠʥʦʚʳʤ ʠ ʬʦʨʤʘʣʴʜʦʢʩʠʤʥʳʤ ʤʝʪʦʜʘʤʠ [193, ʩ.142]. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8.15. 
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ʊʘʙʣʠʮʘ 8.14 

ʄʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝ-

ʥʠʡ ʚʘʥʘʜʠʷ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤ 

(ʚʟʷʪʦ 30 ʤʢʛ V, Vʚ = 20 ʤʣ,Vʦ = 5ʤʣ). n = 6, p =0. 95 

ɺʘʥʘʜʠʡ ʦʧʨʝʜʝʣʝʥ ʚ ʚʠʜʝ ʄʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
-

X , ʤʢʛ 
S

2 
S Sr ὑ 

ὢ
ὸϽὛ

Ѝὲ
 

[Vʆ(ɼʊʌ)(ʌʝʥ)] 29.83 0.47 0.685 0.023 0.71 29.83 0.71 

[Vʆ(ɼʊʌ)](ɸʥH)2 29.66 0.48 0.693 0.023 0.72 29.66 0.72 

[Vʆ(ɼʊʄʌ)2](ʧ-ʊʦʣʅ)2 29.68 0.64 0.801 0.027 0.84 29.68 0.84 

[VVʆ(ɼʊʄʌ)(ʌʝʥ)] 29.85 0.59 0.768 0.026 0.80 29.85 0.80 

[Vʆ(ɼʊʄʌ)2](ɸʌ4ʅ2) 29.83 0.63 0.794 0.027 0.84 29.83 0.84 

[Vʆ(ɼʊʄʌ)2](ɸʌ10ʅ)2 29.67 0.74 0.860 0.030 0.89 29.67 0.89 

[Vʆ(ɼʊʕʌ)2](ɸʥH)2 29.78 0.46 0.678 0.023 0.70 29.78 0.70 

[Vʆ(ɼʊʕʌ)(ɹʬʝʥ)] 29.80 0.38 0.616 0.021 0.65 29.80 0.65 

[Vʆ(ɼʊʕʌ)(ɼʠʧ)] 29.80 0.65 0.806 0.029 0.81 29.80 0.81 

[Vʆ(ɼʊʕʌ)(ʦ-ɸʤʈʫ)] 29.51 0.72 0.848 0.028 0.86 29.51 0.86 

[Vʆ(ɼʊʇʌ)2](ɸʥʅ)2 29.88 0.58 0.716 0.025 0.75 29.88 0.75 

[Vʆ(ɼʊʇʌ)2](ʤɸʥʅ)2 29.80 0.48 0.693 0.023 0.72 29.80 0.72 

[Vʆ(ɼʊɹʌ)2](ɹɸʅ)2 29.65 0.63 0.795 0.025 0.84 29.65 0.83 

[Vʆ(ɼʊɹʌ)2](ʊɹɸʅ)2 29.62 0.43 0.666 0.023 0.69 29.62 0.69 

[Vʆ(ɼʊɹʌ)2](ɼʌɻʅ)2 29.85 0.59 0.768 0.026 0.80 29.85 0.80 

[Vʆ(ɼʊɹʌ)2](ʜɸʥʅ)2 29.78 0.46 0.678 0.023 0.70 29.78 0.70 

[Vʆ(ɼʊɹʌ)(ɼɸʇʄ)] 29.85 0.59 0.768 0.026 0.80 29.85 0.80 

[Vʆ(ɼʊɹʌ)(ɼɸɻʄ)] 29.83 0.63 0.794 0.027 0.84 29.83 0.84 

[Vʆ(ɼʊɹʌ)2](ɸʌ3ʅ)2 29.83 0.63 0.794 0.027 0.84 29.83 0.84 

[VO(ɼʊɹʌ)2](ɸʌ7ʅ)2 29.85 0.59 0.768 0.026 0.80 29.85 0.80 

[Vʆ(ɼʊɹʌ)2](ɸʌ8ʅ)2 29.83 0.63 0.794 0.027 0.84 29.83 0.84 

ʊʘʙʣʠʮʘ 8.15 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʧʦʯʚʘʭ (ʛʣʫʙʠʥʘ ʨʘʟʨʝʟʘ 10 - 20 ʩʤ) (ʧ= 6,  

ʈ=0.95) 

ʇʦʯʚʘ ʄʝʪʦʜʠʢʠ -

X ,% 
S Sr 

ὢ
ὸϽὛ

Ѝὲ
 

ʄʦʨʩʢʘʷ  8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ 1.12Ŀ10
-2 

0.000448 0.042 (1.12°0.05)Ŀ10
-2 

ʌʦʨʤʘʣʴʜʦʢʩʠʤ 1.14 Ŀ10
-2 

0.000581 0.051 (1.14°0.06) Ŀ10
-2 

[Vʆ(ɼʊʕʌ)(ɹʬʝʥ)] 1.15Ŀ10
-2
 0.000391 0.034 (1.15°0.04) Ŀ10

-2
 

[Vʆ(ɼʊʕʌ)(ɼʠʧ)] 1.12 Ŀ10
-2
 0.000358 0.032 (1.12°0.04) Ŀ10

-2
 

[Vʆ(ɼʊɹʌ)(ʌʝʥ)] 1.13 Ŀ10
-2
 0.000429 0.038 (1.12°0.04) Ŀ10

-2
 

ʇʣʦʜʦʨʦʜʥʘʷ 8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ 1.59Ŀ10
-2 

0.000715 0.045 (1.59°0.08)Ŀ10
-2 

[Vʆ(ɼʊʕʌ)(ɹʬʝʥ)] 1.64 Ŀ10
-2 

0.000787 0.048 (1.64°0.09) Ŀ10
-2 

[Vʆ(ɼʊɹʌ)(ʌʝʥ)] 1.63Ŀ10
-2
 0.000717 0.044 (1.63°0.08)Ŀ10

-2
 

ʇʨʦʤʳʰʣʝʥʥʘʷ 8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ 2.39Ŀ10
-2 

0.000884 0.037 (2.39°0.09)Ŀ10
-2 

[Vʆ(ɼʊʕʌ)(ɹʬʝʥ)] 2.42Ŀ10
-2 

0.000847 0.035 (2.42°0.09)Ŀ10
-2 

[Vʆ(ɼʊɹʌ)(ʌʝʥ)] 2.38Ŀ10
-2
 0.000998 0.042 (2.38°0.10)Ŀ10

-2
 

ʈʝʯʥʘʷ ʧʦʯʚʘ 

(ʧʦʯʚʳ ʨʝʯʥʳʭ 

ʧʦʡʤ) 

8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ 1.43Ŀ10
-2 

0.000758 0.053 (1.43°0.08)Ŀ10
-2 

[Vʆ(ɼʊʕʌ)(ɹʬʝʥ)] 1.45 Ŀ10
-2 

0.000565 0.039 (1.45°0.06) Ŀ10
-2 

[Vʆ(ɼʊɹʌ)(ʌʝʥ)] 1.39Ŀ10
-2
 0.000583 0.042 (1.39°0.06)Ŀ10

-2
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ʆʧʨʝʜʝʣʝʥʠʝ ʚʘʥʘʜʠʷ ʚ ʨʘʩʪʝʥʠʷʭ. ʂ ʯʠʩʣʫ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨ-

ʞʘʪ ʚʘʥʘʜʠʡ, ʦʪʥʦʩʷʪ: ʢʘʨʪʦʬʝʣʴ, ʷʯʤʝʥʴ, ʨʠʩ, ʬʘʩʦʣʴ, ʛʨʝʯʠʭʫ, ʟʝʣʝʥʳʡ ʩʘʣʘʪ ʠ 

ʜʨ. ʉʧʦʩʦʙ ʩʫʭʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʩʥʦʚʘʥ ʥʘ ʧʦʣʥʦʤ ʨʘʟʨʫʝhʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʧʫʪʝʤ ʩʞʠʛʘʥʠʷ ʧʨʦʙ ʨʘʩʪʝʥʠʡ (ʤʘʩʩʘ ʧʨʦʙʳ m = 10 ʛ) ʚ ʤʫʬʝʣʴʥʦʡ ʧʝ-

ʯʠ ʧʨʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ [241, ʩ.452]. ʆʭʣʘʞʜʝʥʥʫʶ ʟʦ-

ʣʫ ʩʤʘʯʠʚʘʁʪ ʧʦ ʢʘʧʣʷʤ HNO3 (1:1), ʫʧʘʨʠʚʘʶʪ ʥʘ ʚʦʜʥ̫ʦʡ ʙʘʥʝ, ʧʦʤʝʱʘʁʪ ʚ 

ʤʫʬʝʣʴʥʫʶ ʧʝʯʴ, ʜʦʚʦʜ̫ʪ ʝʝ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 300 
ʦ
ʉ ʠ ʧʨʠʜʝʨʞʠʚʘʶʪ 30 ʤʠʥ. 

ɿʦʣʫ ʚ ʪʠʛʣʝ ʦʩʪʦʨʦʞʥʦ ʩʤʘʯʠʚʘʶʪ 1ʄ HCl, ʟʘʪʝʤ ʧʨʠʣʠʚʘʶʪ 3 ʤʣ ʵʪʦʛʦ ʨʘʩʪ-

ʚʦʨʘ. ʄʝʰʘʁʱʝʝ ʚʣʠʷʥʠʝ Fe(III) ʫʩʪʨʘʥʷʶʪ ʜʦʙʘʚʣʝʥʠʝʤ ʦʨʪʦʬʦʩʬʘʪ ʠʦʥʘ, 

Cu(II )-ʜʦʙʘʚʣʝʥʠʝʤ KI. ʘ Co(II) ʠ Ni(II ) - ʜʦʙʘʚʣʝʥʠʝʤ ʢʦʤʧʣʝʢʩʦʥʘ II I. ʉʦʟʜʘʶʪ 

ʦʧʪʠʤʘʣʴʥʳʡ ʨʅ ʠ ʚʘʥʘʜʠʡ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ. ʇʨʘ-

ʚʠʣʴʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʤʝʪʦʜʠʢʝ ʧʨʦʚʝʨʝʥʘ ʤʝʪʦʜʦʤ ʜʦʙʘʚʦʢ (ʪʘʙʣ. 8.16). 

ʊʘʙʣʠʮʘ 8.16 
ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ  ʚʘʥʘʜʠʷ ʚ ʨʘʩʪʝʥʠʷʭ  (ʧ= 6, ʨ=0.95) 

 ʄʝʪʦʜʠʢʠ -

X , ʤʛ/ʢʛ 
S Sr 

ὢ
ὸϽὛ

Ѝὲ
 

ʈʠʩ 8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ 1.12
 

0.048 0.043 1.12°0.05
 

ʌʦʨʤʘʣʴʜʦʢʩʠʤ 1.14
 

0.068 0.060 1.14°0.07
 

ɼʊʇʌ+ɸʥ 1.15 0.044 0.038 1.15°0.05 

ɼʊʇʌ+ʤɸʥ 1.12 0.050 0.045 1.12°0.05 

ɼʊʌ+ɸʌ3 1.12 0.054 0.048 1.12°0.06 

ʂʘʨʪʦʬʝʣʴ 8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ 6.14 0.304 0.051 6.14°0.32 

ʌʦʨʤʘʣʴʜʦʢʩʠʤ 6.10 0.244 0.040 6.10°0.25 

ʌʦʩʬʦʨʥʦʚʦʣʴʬʨʘʤʦʚʳʡ 6.15 0.234 0.038 6.15°0.24 

ɼʊʇʌ+ɸʥ 6.11 0.180 0.029 6.11°0.19 

ɼʊʇʌ+ʤɸʥ 6.13 0.272 0.045 6.13°0.29 

ɼʊʇʌ+ɸʌ3 6.05 0.220 0.036 6.05°0.23 

ɼʊɹʌ+ɸʥ 6.10 0.150 0.025 6.10°0.16 

ʄʦʨʢʦʚʴ 8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ 1.00 0.033 0.033 1.00°0.034 

ɼʊʇʌ+ɸʥ 0.98 0.041 0.042 0.98°0.043 

ɼʊʇʌ+ʤɸʥ 1.02 0.042 0.042 1.02°0.044 

ʌʘʩʦʣʴ 8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ 1.82 0.071 0.039 1.82°0.075 

ɼʊɹʌ+ɸʥ 1.85 0.068 0.037 1.82°0.072 

ʗʯʤʝʥʴ 8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ 1.69 0.046 0.027 1.69°0.048 

ɼʊɹʌ+ɸʥ 1.71 0.055 0.032 1.71°0.063 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʘʥʘʜʠʷ ʚ ʘʣʫʥʠʪʝ. ʅʘʚʝʩʢʫ ʪʦʥʢʦ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʘʣʫʥʠʪʘ 

(3 ʛ) ʧʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʦʡʢʠʡ ʩʪʘʢʘʥ, ʜʦʙʘʚʣʷʶʪ 40 ʤʣ 5%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ 

NaOH ʠ 1 ʤʣ H2O2. ʈʘʩʪʚʦʨ ʥʘʛʨʝʚʘʣʠ ʜʦ ʢʠʧʝʥʠʷ ʠ ʢʠʧʷʪʷʪ ʝʱʝ 10 ʤʠʥʫʪ ʜʦ 
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ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ H2O2. ʈʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʝʤ-

ʢʦʩʪʴʶ 100 ʤʣ, ʜʦʙʘʚʣʷʶʪ 20 ʤʣ ʢʦʥʮ. HCl ʠ ʧʦ ʦʭʣʘʞʜʝʥʠʶ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ 

ʜʦʚʦʜʷʪ ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ɺ ʘʣʠʢʚʦʪʥʦʡ ʯʘʩʪʠ ʨʘʩʪʚʦʨʘ ʩʦʜʝʨ-

ʞʘʥʠʝ ʚʘʥʘʜʠʷ ʥʘʭʦʜʷʪ ʧʦ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʚ ʘʥʘʣʦ-

ʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʦʜʝʨʞʘʥʠʝ ʚʘʥʘʜʠʷ ʚ ʘʣʫʥʠʪʝ ʦʧʨʝʜʝʣʷʣʠ ʪʘʢʞʝ 8-ʛʠʜʨʦʢʩʠ-

ʭʠʥʦʣʠʥʦʚʳʤ ʠ ʬʦʨʤʘʣʴʜʦʢʩʠʤʥʳʤ ʤʝʪʦʜʘʤʠ (ʪʘʙʣ. 8.17) 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʘʥʘʜʠʷ ʚ ʥʝʬʪʠ ʠ ʧʨʦʜʫʢʪʘʭ ʝʝ ʧʝʨʝʨʘʙʦʪʢʠ. ʅʝʦʨʛʘʥʠ-

ʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʩʦʜʝʨʞʘʪʩʷ ʚ ʩʳʨʦʡ ʥʝʬʪʠ ʚ ʤʠʢʨʦʢʦʣʠʯʝʩʪʚʘʭ, ʚ ʦʩʥʦʚʥʦʤ ʚ 

ʚʠʜʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʦʜʝʨʞʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ 

ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʬʪʠ. ʀʥ-

ʬʦʨʤʘʮʠʷ ʦ ʩʦʜʝʨʞʘʥʠʠ ʤʝʪʘʣʣʦʚ ʚ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘʭ ʦʯʝʥʴ ʚʘʞʥʘ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ, ʥʦ ʠ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʛʝʦʣʦʛʠ-

ʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [270, ʩ.137]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʘʥʘʜʠʷ ʚ ʥʝʬ-

ʪʠ ʠ ʧʨʦʜʫʢʪʘʭ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ (ʤʘʟʫʪ ʠ ʛʫʜʨʦʥ) ʚ ʬʘʨʬʦʨʦʚʫʶ ʯʘʰʢʫ ʩ ʜʠ-

ʘʤʝʪʨʦʤ 90 ʤʤ ʙʝʨʫʪ  ʥʘʚʝʩʢʫ 40 ʛ ʠʩʧʳʪʫʝʤʦʛʦ ʪʦʧʣʠʚʘ (ʚ ʩʣʫʯʘʝ ʤʘʟʫʪʘ 20 ʛ, ʘ 

ʚ ʩʣʫʯʘʝ ʛʫʜʨʦʥʘ 10 ʛ) ʠ ʩʞʠʛʘʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ɻʆʉʊ 1461-75. ʇʦʩʣʝ ʦʙʨʘʙʦʪ-

ʢʠ ʟʦʣʳ ʦʪʙʠʨʘʶʪ ʘʣʠʢʚʦʪʥʳʝ ʯʘʩʪʠ ʠ ʧʨʠʙʘʚʣʷʶʪ ʢ ʥʠʤ ʦʜʠʥʘʢʦʚʳʝ ʦʙʲʝʤʳ 

ʩʫʣʴʬʘʪʘ ʚʘʥʘʜʠʣʘ (30 ʤʢʛ V(IV)). ʉʦʜʝʨʞʘʥʠʝ ʚʘʥʘʜʠʷ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʛʨʘʜʫ-

ʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ 

ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ ʢʦʥʪʨʦʣʠʨʫʶʪ  ʬʦʨʤʘʣʴʜʦʢʩʠʤʥʳʤ ʠ 8-ʛʠʜʨʦʢ-

ʩʠʭʠʥʦʣʠʥʦʚʳʤ ʤʝʪʦʜʘʤʠ. ʇʨʘʚʠʣʴʥʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘ-

ʥʘʜʠʷ ʚ ʥʝʬʪʠ ʠ ʧʨʦʜʫʢʪʘʭ ʝʝ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʢʘʟʘʥʘ ʚ ʪʘʙʣ. 8.17. 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʘʥʘʜʠʷ ʚ ʩʪʘʣʷʭ. ʅʘʚʝʩʢʫ ʩʪʘʣʠ (ʦʢʦʣʦ 1ʛ) ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʨʘʩʪʚʦʨʷʶʪ ʚ 10 ʤʣ ʩʤʝʩʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʠʩʣʦʪ HCl ʠ HNO3 ʚ ʩʦʦʪʥʦ-

ʰʝʥʠʠ 3:1. ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʜʦʙʘʚʣʷʶʪ 5 ʤʣ H2SO4 (1:1) ʠ ʧʦʣʫʯʝʥ-

ʥʳʡ ʨʘʩʪʚʦʨ ʚʳʧʘʨʠʚʘʶʪ ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʧʘʨʦʚ SO3. ʇʨʠʙʘʚʣʷʶʪ 

20-30 ʤʣ ʚʦʜʳ, 2-3 ʢʘʧʣʠ 30% ʨʘʩʪʚʦʨʘ ʅ2ʆ2, ʠ ʧʦʜʦʛʨʝʚʘʶʪ ʜʦ ʢʠʧʝʥʠʷ. ʅʝ-

ʨʘʩʪʚʦʨʠʤʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʯʝʨʝʟ ʩʫʭʦʡ ʙʫʤʘʞʥʳʡ ʬʠʣʴʪʨ, ʦʩʘʜʦʢ 

ʧʨʦʤʳʚʘʁʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʌʠʣʴʪʨʘʪ ʠ ʧʨʦʤʳʚʥʳʝ ʚʦʜʳ ʩʦʙʠʨʘʶʪ ʚ 

ʤʝʨʥʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 100 ʤʣ ʠ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʨʘʟʙʘʚʣʷʶʪ ʜʠʩʪʠʣʣʠʨʦ-
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ʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ. ɸʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʝʨʝʚʦʜʷʪ ʚ 

ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ ʠ ʩʦʜʝʨʞʘʥʠʝ ʚʘʥʘʜʠʷ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘ-

ʥʘʜʠʷ ʚ ʩʪʘʣʷʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣ.8.17. 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʘʥʘʜʠʷ ʚ ʩʧʣʘʚʘʭ. ʅʘʚʝʩʢʫ ʩʧʣʘʚʘ (0.2 ʛ) ʨʘʩʪʚʦʨʷʶʪ  ʚ 10 

ʤʣ ʢʦʥʮ. H2SO4 ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʤʝʨʥʦʡ ʢʦʣʙʝ ʩʝʤʢʦʩʪʴʶ 25 ʤʣ. ɺ ʨʘʩʪʚʦʨ ʧʦ 

ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʶʪ ʢʦʥʮ. HNO3  ʜʦ ʠʩʯʝʟʥʦʚʘʥʠʷ ʬʠʦʣʝʪʦʚʦʡ ʦʢʨʘʩʢʠ. ʅʘʛʨʝʚʘ-

ʶʪ ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ SO3. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨ ʨʘʟʙʘʚʣʷʶʪ ʜʠʩ-

ʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ. ɺ ʘʣʠʢʚʦʪʥʦʡ ʯʘʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʩʦʜʝʨʞʘʥʠʝ 

ʚʘʥʘʜʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʩʧʣʘʚʘʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪ-

ʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.8.17. 

ʊʘʙʣʠʮʘ 8.17 

ʈʝʟʫʣʴʪʘʪʳ   ʦʧʨʝʜʝʣʝʥʠʷ  ʚʘʥʘʜʠʷ  ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ  (ʧ= 6, ʨ=0.95) 

ʄʝʪʦʜʠʢʠ -

X ,% 
S Sr 

ὢ
ὸϽὛ

Ѝὲ
 

1 2 3 4 5 

ʅʝʬʪ (ʛʨʷʟʝʚʘʷ ʩʦʧʢʘ ʉʂ ˉ 416) 

8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ 6.30Ŀ10
-5

 0.000001575 0.025 (6.30°0.165)Ŀ10
-5

 

ʌʦʨʤʘʣʴʜʦʢʩʠʤ 6.28Ŀ10
-5

 0.000002763 0.044 (6.28°0.290)Ŀ10
-5

 

ɼʊɹʌ+ʌʝʥ 6.35Ŀ10
-5

 0.000002095 0.033 (6.35°0.220)Ŀ10
-5

 

ɼʊʄʌ+ɸʌ1 6.35Ŀ10
-5

 0.000001778 0.028 (6.35°0.186)Ŀ10
-5

 

ɼʊʕʌ+ɸʌ2 6.24Ŀ10
-5

 0.000001809 0.029 (6.24°0.190)Ŀ10
-5

 

ɼʊʇʌ+ɸʌ3 6.18Ŀ10
-5

 0.000002904 0.047 (6.18°0.220)Ŀ10
-5

 

ɼʊɹʌ+ɸʥ 6.15Ŀ10
-5

 0.000002398 0.039 (6.15°0.252)Ŀ10
-5

 

ʄʘʟʫʪ 

8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ 2.51Ŀ10
-3

 0.0000452 0.018 (2.51°0.047)Ŀ10
-3

 

ʌʦʨʤʘʣʴʜʦʢʩʠʤ 2.48Ŀ10
-3

 0.000050 0.020 (2.48°0.052)Ŀ10
-3

 

ɼʊʕʌ+ɸʌ1 2.48Ŀ10
-3

 0.000057 0,023 (2.48°0,061)Ŀ10
-3

 

ɼʊɹʌ+ɸʌ2 2.43Ŀ10
-3

 0.000078 0,032 (2.43°0,081)Ŀ10
-2

 

ɼʊɹʌ+ɸʌ3 2.38Ŀ10
-3

 0.000056 0,025 (2.38°0,062)Ŀ10
-2

 

ɻʫʜʨʦʥ 

8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ 4.25Ŀ10
-2

 0.00119 0.028 (4.25°0.125)Ŀ10
-2

 

ʌʦʨʤʘʣʴʜʦʢʩʠʤ 4.18Ŀ10
-2

 0.00163 0.039 (4.18°0.171)Ŀ10
-2

 

ɼʊʌ+ɸʌ1 4.27Ŀ10
-2

 0.00120 0.029 (4.27°0.125)Ŀ10
-2

 

ɼʊʄʌ+ɸʌ2 4.18Ŀ10
-2

 0.00146 0.035 (4.18°0.153)Ŀ10
-2

 

ɼʊʇʌ+ɸʌ3 4.25Ŀ10
-2

 0.00178 0.042 (4.25°0.187)Ŀ10
-2
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 8.17 

1 2 3 4 5 

ɸʣʫʥʠʪ 

8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ 0.031 0.00081 0.026 0.031°0.00084 

ʌʦʨʤʘʣʴʜʦʢʩʠʤ 0.032 0.00109 0.034 0.032°0.00114 

ɼʊʌ+ɸʌ1 0.029 0.00072 0.025 0.029°0.00076 

ɼʊʄʌ+ɸʌ2 0.030 0.00087 0.029 0.030°0.00090 

ɼʊʇʌ+ɸʌ3 0.033 0.00112 0.034 0.033°0.00120 

ʉʪʘʣʴ-246 (0.17%) 

8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ 0.15 0.00525 0.035 0.15°0.0055 

ʌʦʨʤʘʣʴʜʦʢʩʠʤ 0.19 0.00722 0.038 0.19°0.0076 

ɼʊʇʌ+ɸʥ 0.17 0.00578 0.034 0.17°0.0060 

ɼʊʇʌ+ʤɸʥ 0.16 0.00464 0.029 0.16°0.0048 

ɼʊʇʌ+ɸʌ3 0.18 0.00666 0.037 0.18°0.0070 

ʉʪʘʣʴ-218 (0.49%) 

8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ 0.47 0.01739 0.037 0.47°0.019 

ʌʦʨʤʘʣʴʜʦʢʩʠʤ 0.48 0.01728 0.036 0.48°0.018 

ɼʊʇʌ+ɸʥ 0.49 0.01715 0.035 0.49°0.018 

ɼʊʇʌ+ʤɸʥ 0.48 0.01344 0.028 0.48°0.014 

ɼʊʇʌ+ɸʌ3 0.47 0.01081 0.023 0.47°0.011 

ʉʧʣʘʚ-ʉʆ-ʅ-10 (1.61%) 

8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ 1.59 0.0509 0.032 1.59°0.053 

ɼʊʄʌ+ɸʌ2 1.62 0.0680 0.042 1.62°0.071 

ɼʊʇʌ+ɸʌ3 1.61 0.0499 0.031 1.61°0.052 

ɼʊɹʌ+ɸʌ8 1.58 0.0379 0.024 1.58°0.0398 

ʉʧʣʘʚ ʉ-34
ʘ 
(0.56%) 

8-ɻʠʜʨʦʢʩʠʭʠʥʦʣʠʥ 0.60 0.029 0.048 0.60°0.03 

ɼʊʄʌ+ɸʌ4 0.58 0.021 0.036 0.58°0.022 

ɼʊʕʌ+ɹʌʝʥ 0.56 0.022 0.039 0.56°0.023 

ɼʊɹʌ+ɼʌɻ 0.57 0.024 0.042 0.57°0.025 

ɼʊɹʌ+ɸʌ8 0.59 0.0171 0.029 0.57°0.018 

 

ʆʧʨʝʜʝʣʝʥʠe ʚʘʥʘʜʠʷ ʚ ʚʦʜʝ. ɺ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʚʘʥʘʜʠʡ ʥʘʭʦʜʠʪʩʷ ʚ 

ʥʝʘʢʪʠʚʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ. ɽʛʦ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦ ʪʦʣɹʢʦ ʧʦʩʣʝ ʧʦʣ-

ʥʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʨʦʙ ʩ ʦʢʠʩʣʝʥʠʝʤ ʠʤʝʶʱʠʭʩʷ ʚ ʥʠʭ ʦʨʛʘʥʠʯʝʩ-

ʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʦʜʦʧʨʦʚʦʜʥʫʶ ʚʦʜʫ ʦʪʩʪʘʠʚʘʶʪ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʩʫʪʦʢ. ʇʨʦʙʫ 

ʦʙʝ̡ʤʦʤ 1 ʣ ʧʦʜʢʠʩʣʷʶʪ 3.0 ʤʣ ʢʦʥʮ. H2SO4 ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʫʧʘʨʠʚʘʥʠʝʤ 

ʜʦ 20 ʤʣ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʚ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 50 ʤʣ ʠ ʨʘʟ-

ʙʘʚʣʷʶʪ ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʆʪʙʠʨʘʶʪ ʘʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ ʵʪʦʛʦ 

ʨʘʩʪʚʦʨʘ ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ ʠ ʦʧʨʝʜʝʣʷʶʪ ʩʦʜʝʨʞʘʥʠʝ ʚʘʥʘʜʠʷ. ʈʝʟʫʣʴʪʘ-

ʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 8.18. 
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ʊʘʙʣʠʮʘ 8.18 

ʈʝʟʫʣʴʪʘʪʳ  ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ ʚ ʚʦʜʝ  (ʧ= 6, ʨ=0,95) 

ɼʦʙʘʚʣʝʥʦ V, 

(ʤʢʛ/ʤʣ) 

ʅʘʡʜʝʥʦ V, (ʤʢʛ/ʤʣ)  S Sr 

ʀʟʚʝʩʪʥʳʡ ʤʝʪʦʜ ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ 

1.0 1.05  1.06°0.031 0.03 0.028 

2.0 2.06  2.07 ° 0.08 0.08 0.037 

3.0 3.05 3.09 °0.09 0.09 0.029 

 

ʆʧʨʝʜʝʣʝʥʠʝ V(II) ʠ V(IV)  ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ. ʂʘʢ ʫʢʘʟʘ-

ʣʠ ʨʘʥʝʝ, ʦʢʨʘʩʢʠ ʈʃʂ V(II) ʠ V(IV)  ʨʘʟʚʠʚʘʶʪʩʷ ʥʝʦʜʠʥʘʢʦʚʦ. ɺ ʩʣʫʯʘʝ V(II)  ʚ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʚʥʦʚʝʩʠʝ ʚ ʩʠʩʪʝʤʝ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 20 ʤʠʥʫʪ ʧʦʩʣʝ 

ʩʤʝʰʠʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ, ʪʦʛʜʘ ʢʘʢ ʈʃʂ V(IV)  ʦʙʨʘʟʫʶʪʩʷ ʩʨʘʟʫ ʧʦʩʣʝ ʦʜʥʦʤʠ-

ʥʫʪʥʦʛʦ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʩʪʨʷʭʠʚʘʥʠʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʧʪʠʯʝʩ-

ʢʦʡ ʧʣʦʪʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ 2 ʤʠʥʫʪ.r ʂʨʦʤʝ ʪʦʛʦ ʈʃʂ V(II)  ʦʙʨʘʟʫʶʪʩʷ ʚ ʙʦʣʝʝ 

ʢʠʩʣʦʡ ʩʨʝʜʝ, ʯʝʤ V(IV). ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ V(II) ʠ V(IV)  ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠ-

ʩʫʪʩʪʚʠʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʛʦʪʦʚʠʣʠ ʩʤʝʩʴ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ V(II) ʠ V(IV)  ʚ ʩʨʝʜʝ 

ʉʆ2. ʆʪʙʠʨʘʣʠ ʘʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ ʚ ʧʨʦʙʠʨʢʠ ʩ ʧʨʠʪʝʨʪʳʤʠ ʧʨʦʙʢʘʤʠ, ʚ ʢʦʪʦ-

ʨʳʭ ʥʘʭʦʜʠʣʠʩʴ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʣʠʯʝʩʪʚʘ ɼʊʄʌ ʠ ɸʥ. ʇʦʩʣʝ ʪʱʘʪʝʣʴʥʦʛʦ 

ʚʩʪʨʷʭʠʚʘʥʠʷ ʩʨʘʟʫ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʦʙʨʘʟʫʶʱʠʡʩʷ ʢʦʤʧʣʝʢʩ V(IV). ɼʘʣʝʝ ʠʟ-

ʤʝʨ̫ʣʠ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʵʢʩʪʨʘʢʪʘ. ʂ ʚʦʜʥʦʡ ʬʘʟʝ ʜʦʙʘʚʣʷʣʠ ʥʝʦʙʭʦʜʠ-

ʤʳʝ ʢʦʣʠʯʝʩʪʚʘ ɼʊʄʌ ʠ ɸʥ, ʩʦʟʜʘʚʘʣʠ ʦʧʪʠʤʘʣʴʥʳʡ ʨʅ ʠ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩ V(II) . ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8.19.  

ʊʘʙʣʠʮʘ 8.19 

ʆʧʨʝʜʝʣʝʥʠʝ V(II) ʠ V(IV)  ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ 

ɺʟʷʪʦ, ʚ ʤʢʛ ʅʘʡʜʝʥʦ 

V(II)  V(IV)  V(II)  V(IV)  

ʤʢʛ % ʤʢʛ % 

20 30 20.5 102.5 30,8 102.7 

20 30 19.6 98.0 29.5 98.3 

20 30 20.8 104.0 29.2 97.3 

20 30 20.5 102.5 30.5 102 

20 30 19.8 99.0 29.3 97.7 
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8.5. ʆʧʨʝʜʝʣʝʥʠʝ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʦʤʳ ʣhʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʈʃʂ Nb(V) ʠ Ta(V), ʘ ʪʘʢʞʝ ʫʩ-

ʪʘʥʦʚʣʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʠʭ ʩʦʝʜʠʥʝ-

ʥʠʡ ʩʦʩʪʘʚʠʣʠ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʠʢ ʵʢʩʪʨʘʢʮʠ-

ʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝ-

ʣʝʥʠʷ Nb(V) ʠ Ta(V) ʩ ɼʌ ʠ ɸʤ ʧʨʦʚʝʨʝʥʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʠʭ ʚ ʩʪʘʣʠ ʨʘʟʣʠʯ-

ʥʦʡ ʤʘʨʢʠ ʠ ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʥʠʦʙʠʷ(V) ʚ ʩʪʘʣʷʭ. ʅʘʚʝʩʢʫ ʩʪʘʣʠ 0.2 ʛ ʨʘʩʪʚʦʨʷʶʪ ʚ 20 

ʤʣ H2SO4 (1:1), ʦʢʠʩʣʷʶʪ ʥʝʩʢʦʣʴʢʠʤʠ ʢʘʧʣʷʤʠ ʢʦʥʮ. HNO3 ʠ ʜʚʘʞʜʳ ʫʧʘʨʠʚʘ-

ʣʠ ʜʦ ʚʳʜʝʣʝʥʠʷ ʧʘʨʦʚ SO3. ɺʳʧʘʚʰʠʝ ʩʦʣʠ ʨʘʩʪʚʦʨʷʶʪ ʚ 20 ʤʣ 15%-ʥʦʡ ʚʠʥ-

ʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʶʪ, ʜʦʚʦʜʷʪ ʚʦʜʦʡ ʜʦ 100 ʤʣ ʚ 

ʤʝʨʥʦʡ ʢʦʣʙʝ, ʧʝʨʝʤʝhʠʚʘʶʪ ʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ. ɸʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ 5 ʤʣ ʧʦ-

ʤʝʱʘʣʠ ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ, ʜʦʙʘʚʣʷʶʪ 1 ʤʣ 10 %-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠ-

ʣʘʤʠʥʘ, 1ʤʣ 3%-ʥʦʡ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ 

ʦʧʨʝʜʝʣʷʣʠ ʥʠʦʙʠʡ. ʉʦʜʝʨʞʘʥʠʝ ʥʠʦʙʠʷ ʦʧʨʝʜʝʣʷʣʠ ʪʘʢʞʝ ʙʨʦʤʧʠʨʦʛʘʣʣʦʣʦ-

ʚʳʤ ʢʨʘʩʥʳʤ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8.20. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʘʥʪʘʣʘ(V) ʚ ʩʪʘʣʷʭ. ʅʘʚʝʩʢʫ ʩʪʘʣʠ 0.1 ʛ ʨʘʩʪʚʦʨʷʶʪ ʚ 20  

ʤʣ ʩʤʝʩʠ ʢʦʥʮ. HCl ʠ HNO3 (1:3) ʠ ʥʘʛʨʝʚʘʶʪ ʨʘʩʪʚʦʨ ʜʦʩʫʭʘ. ʆʩʪʘʪʦʢ ʨʘʩʪʚʦʨ-

ʣ̫ʠ ʚ 10 ʤʣ H2SO4 (1:1) ʠ ʥʘʛʨʝʚʘʶʪ ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ SO3. ʇʦʩʣʝ ʦʭ-

ʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 50 ʤʣ ʠ ʨʘʟ-

ʙʘʚʣʷʶʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ. ʆʪʙʠʨʘʶʪ ʘʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ, ʜʦ-

ʙʘʚʣʷʶʪ 2 ʤʣ 0.5 %-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʦʥʘ III  ʠ 1ʤʣ 10%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ 

NH4F ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʣʠʷʥʠʷ ʤʝʰʘʶʱʠʭ ʠʦʥʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʪʘʥʪʘʣʘ ʦʧʨʝʜʝʣ-

ʷʶʪ ʧʦ ʧʨʦʧʠʩʠ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʦʛʦ ʛʨʘʬʠʢʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠ-

ʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʥʪʘʣʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩ ʧʨʠʤʝ-

ʥʝʥʠʝʤ 4-(2-ʧʠʨʠʜʠʣʘʟʦ)-ʨʝʟʦʨʮʠʥʘ ʠ ʧʠʨʦʛʘʣʣʦʣʘ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8.20. 
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ʊʘʙʣʠʮʘ 8.20 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʦʙʠʷ ʠ  ʪʘʥʪʘʣʘ ʚ ʩʪʘʣʷʭ (n=6, P=0.95) 

ʄʘʨʢʘ ʩʪʘʣʠ ʄʝʪʦʜʠʢʘ -

X ,% 
Sr 

ὢ
ὸϽὛ

Ѝὲ
 

ʉɺʊ-2(0,012%Nb) ɹʨʦʤʧʠʨʦʛʘʣʣʦʣ ʢʨʘʩʥʳʡ 1.29Ŀ10
-2 

0.025 (1.29°0.034)Ŀ10
-2 

ʈʦʜʘʥʠʜ 1.28Ŀ10
-2 

0.027 (1.28°0.029) Ŀ10
-2 

ɼʊʌ+ɸʥ 1.24Ŀ10
-2

 0.023 (1.24°0.028) Ŀ10
-2

 

ɼʊʌ+ʤɸʥ 1.23Ŀ10
-2

 0.022 (1.23°0.031) Ŀ10
-2

 

ɼʊʌ+ʜɸʥ 1.24Ŀ10
-2

 0.023 (1.24°0.037) Ŀ10
-2

 

ʉɺʊ-3(0,029%Nb) ɹʨʦʤʧʠʨʦʛʘʣʣʦʣ ʢʨʘʩʥʳʡ 3.14Ŀ10
-2

 0.028 (3.14°0.30) Ŀ10
-2

 

ʈʦʜʘʥʠʜ 3.10Ŀ10
-2

 0.027 (3.10°0.27)Ŀ10
-2

 

ɼʊʌ+ɸʥ 2.84Ŀ10
-2

 0.028 (2.84°0.080)Ŀ10
-2

 

ɼʊʌ+ʤɸʥ 2.85Ŀ10
-2

 0.019 (2.85°0.057)Ŀ10
-2

 

ɼʊʕʌ+ɼʌɻ 2.79Ŀ10
-2

 0.030 (2.79°0.087)Ŀ10
-2

 

ɼʊʇʌ+ɼʌɻ 2.98Ŀ10
-2

 0.035 (2.98°0.11)Ŀ10
-2

 

ʉʆˉ231(0.37% Nb) ɹʨʦʤʧʠʨʦʛʘʣʣʦʣ ʢʨʘʩʥʳʡ 0.362 0.042 0.362°0.016 

ʈʦʜʘʥʠʜ 0.380 0.037 0.380°0.015 

ɼʊʌ+ɸʥ 0.358 0.036 0.362°0.013 

ɼʊʌ+ʤɸʥ 0.365 0.029 0.380°0.011 

ɼʊʕʌ+ɸʌ3 0.372 0.032 0.372°0.012 

ʉʆˉ231
ʙ 
(0.37% Nb) ɹʨʦʤʧʠʨʦʛʘʣʣʦʣ ʢʨʘʩʥʳʡ 0.365 0.029 0.380°0.011 

ʈʦʜʘʥʠʜ 0.372 0.032 0.372°0.012 

ɼʊɹʌ+ʤɸʥ 0.380 0.037 0.380°0.015 

ɼʊɹʌ+ʜɸʥ 0.358 0.036 0.362°0.013 

ʉʆˉ160-ʙ (0.99% Ta) ɹʨʦʤʧʠʨʦʛʘʣʣʦʣ ʢʨʘʩʥʳʡ 1.03 0.045 1.03°0.05 

ʈʦʜʘʥʠʜ 1.07 0.042 1.07°0.05 

ɼʊʌ+ɸʥ 1.05 0.033 1.05°0.04 

ɼʊʌ+ʤɸʥ 0.97 0.037 0.97°0.04 

ʉɺʊ-1 (0.017%Ta) ʇʠʨʦʛʘʣʣʦʣ 0.017 0.029 (0.017°0.052) Ŀ10
-2

 

ɹʨʦʤʧʠʨʦʛʘʣʣʦʣ ʢʨʘʩʥʳʡ 0.018 0.031 (0.018°0.059)Ŀ10
-2

 

ɼʊʄʌ+ɸʥ 0.016 0.018 (0.016°0.031)Ŀ10
-2

 

ɼʊɹʌ+ʜɸʥ 0.018 0.019 (0.018°0.035)Ŀ10
-2

 

ʉɺʊ-1 (0.147%Ta) ʇʠʨʦʛʘʣʣʦʣ 0.145 0.025 0.146Ñ0.0031 

 ɼʊʇʌ+ʜɸʥ 0.145 0.023 0.145Ñ0.0027 
ʉʆ̄  160-ʙ: C-0.090%, Si-0.610%, Mn-1.08%, S-0.008, P-0.020%, Cr-18.490%, Ni-13.070%, Nb-0.99%. 

ʆʧʨʝʜʝʣʝʥʠʝ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ. ʂ 

ʘʥʘʣʠʟʠʨʫʝʤʦʤʫ ʨʘʩʪʚʦʨʫ, ʩʦʜʝʨʞʘʱʝʤʫ ʥʠʦʙʠʡ ʠ ʪʘʥʪʘʣ, ʧʨʠʙʘʚʣʷʶʪ 4-6 ʤʣ 

2%-ʥʦʛʦ ʪʘʨʪʨʘʪʘ ʘʤʤʦʥʠʷ (ʚ ʟʘʚʠʩʪʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʪʘʥʪʘʣʘ),  ʨʘʟʙʘʚʣʷʶʪ 

ʚʦʜʦʡ ʜʦ 15 ʤʣ ʠ ʥʘʛʨʝʚʘʣʠ ʜʦ ʢʠʧʝʥʠʷ. ʈʘʩʪʚʦʨ ʦʭʣʘʞʜʘʶʪ, ʧʝʨʝʥʦʩʷʪ ʚ ʤʝʨ-

ʥʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 25 ʤʣ, ʚʚʦʜʷʪ 1 ʤʣ ʘʮʝʪʘʪʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʨʅ 4), 

2 ʤʣ 0.01 ʄ ɼʊʌ, 2 ʤʣ 0.01 ʄ ɸʤ, 1ʤʣ ʭʣʦʨʦʬʦʨʤ, ʨʘʟʙʘʚʣʷʶʪ ʜʦ ʤʝʪʢʠ ʚʦʜʦʡ 

ʠ ʯʝʨʝʟ 10 ʤʠʥ. ʠʟʤʝʨʷʶʪ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 490 ʥʤ. ʉʦʜʝʨʞʘʥʠʝ ʥʠʦʙʠʷ ʥʘ-
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ʭʦʜʷʪ ʧʦ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʘʥʪʘʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʦʙʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʩʢʠʨʫʶʱʝʛʦ ʨʝ-

ʘʛʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪ 3-5 ʤʣ 3 %-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʣʠʤʦʥʥʦʢʠʩʣʦʛʦ ʥʘʪʨʠʷ (ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʥʠʦʙʠʷ). ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 8.21. 

ʊʘʙʣʠʮʘ 8.21 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʦʙʠʷ(V) ʠ ʪʘʥʪʘʣʘ(V) ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʩʫʪʩʪ-

ʚʠʠ (n=6, P=0.95) 

ʄʝʪʦʜʠʢʘ  

ʦʧʨʝʜʝʣʝʥʠʷ 

ɺʟʷʪʦ, ʚ ʤʢʛ ʄʦʣʴʥʦʝ 

ʦʪʥʦʰʝʥʠʝ 

Nb: Ta 

ʅʘʡʜʝʥʦ Nb, 

ʤʢʛ 

 

Sr 

Nb Ta 

ɼʊʌ+ʤɸʥ 50 490 1:5 49.1 0.035 

ɼʊʄʌ+ɸʥ 50 490 1:5 51.0 0.026 

ɼʊʕʌ+ɸʥ 30 580 1:10 30.3 0.035 

ɼʊʕʌ+ɸʌ3 30 875 1:15 30.2 0.039 

ɼʊɹʌ+ɸʥ 20 780 1:20 20.5 0.048 

ɼʊɹʌ+ʦ-ɸʤʈʫ 20 980 1:25 19.8 0.025 

  

 8.6. ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʦʤʳ ʣhʝʥ-

ʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩ ɼʌ ʠ ɸʤ ʧʨʦʚʝʨʝʥʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʠʭ ʚ ʩʪʘ-

ʣʠ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ, ʨʘʩʪʝʥʠʷʭ, ʧʦʯʚʘʭ ʠ ʧʠʪʴʝʚʦʡ ʚʦʜʝ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʣʴʬʨʘʤʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʣʠʙʜʝʥʘ. ɼʣʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥ-

ʢʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ ʤʦʣʠʙʜʝʥʘ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ɼʌ ʠ ɸʤ ʚʳ-

ʧʦʣʥʝʥʘ ʩʝʨʠʷ ʦʧʨʝʜʝʣʝʥʠʡ ʧʦ ʢʘʞʜʦʡ ʤʝʪʦʜʠʢʝ ʧʨʠ n=5.  ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴ-

ʪʘʪr ʦʙʨʘʙʦʪʘʥʳ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ [63, ʩ.225] ʠ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʪʘʙʣ. 8.22. 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʚ ʨʘʩʪʝʥʠʷʭ. ʄʦʣʠʙʜʝʥ ʦʜʠʥ ʠʟ 

ʜʝʩ̫ʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʥ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʚʠʝ 

ʚ ʘʟʦʪʥʦʤ ʦʙʤʝʥʝ, ʩʪʠʤʫʣʠʨʫʝʪ ʙʠʦʩʠʥʪʝʟ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʙʝʣʢʦʚ, ʫʚʝʣʠ-

ʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʠ ʚʠʪʘʤʠʥʦʚ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʘʭ ʠ ʥʝ-

ʦʙʭʦʜʠʤ ʠʤ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʞʠʟʥʠ. ʆʪʩʫʪʩʪʚʠʝ ʚ ʨʘʮʠʦʥʝ ʧʠʪʘʥʠʷ ʤʦʣʠʙʜʝʥʘ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʚrʘʝʪʩʷ ʥʘ ʨʦʩʪʝ ʜʦʤʘʰʥʝʛʦ ʩʢʦʪʘ. ʅʘʨʫʰʝʥʠʝ ʙʘʣʘʥʩʘ ʤʦ-

ʣʠʙʜʝʥʘ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʧʨʠʚʦʜʠʪ ʢ ʟʘʙʦʣʝʚʘʥʠ̫ʤ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʠ ʛʦʨ-
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ʤʦʥʘʣʴʥʳʤ ʨʘʩʩʪʨʦʡʩʪʚʘʤ. ɺʦʣʴʬʨʘʤ ʩʧʦʩʦʙʝʥ ʟʘʤʝʱʘʪʴ ʤʦʣʠʙʜʝʥ ʢʘʢ ʫ ʞʠ-

ʚʦʪʥʳʭ, ʪʘʢ ʠ ʫ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʚ ʩʦʩʪʘʚʝ ʙʘʢʪʝʨʠʡ. ʇʨʠ ʠʟʙʳʪʦʯʥʦʤ ʧʦʩʪʫʧ-

ʣʝʥʠʠ ʚʦʣʴʬʨʘʤʘ ʚ ʨʘʩʪʝʥʠʷʭ ʨʘʟʚʠʚʘʶʪʩʷ ʩʠʤʧʪʦʤʳ ʤʦʣʠʙʜʝʥʦʚʦʡ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦʩʪʠ: ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʨʘʪʦʚ, ʨʘʟʚʠʚʘʝʪʩʷ ʭʣʦʨʦʟ 

(ʚʥʘʯʘʣʝ ʧʦ ʢʨʘʷʤ ʣʠʩʪʴʝʚ, ʟʘʪʝʤ - ʤʝʞʜʫ ʞʠʣʦʢ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʦʨʠʯʥʝ-

ʚʳʤ ʥʝʢʨʦʟʦʤ; ʧʨʠ ʵʪʦʤ ʟʘʢʨʫʯʠʚʘʶʪʩʷ ʢʦʥʯʠʢʠ ʣʠʩʪʴʝʚ, ʘ ʯʝʨʝʰʢʠ ʠʟʛʠʙʘʁ-

ʪʩʷ). ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʥɹʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ.  

ʊʘʙʣʠʮʘ 8.22  

ʄʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝ-

ʥʠʡ ʤʦʣʠʙʜʝʥʘ(VI) ʩ ɼʌ ʠ ɸʤ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʘʭ (ʚʟʷʪʦ 30 ʤʢʛ Mo(VI), 

Vʚ = 20 ʤʣ,  Vʦ = 5 ʤʣ, n=6; P = 0.95). 

ʄʦʣʠʙʜʝʥ ʦʧʨʝʜʝʣʝʥ ʚ ʚʠʜʝ ʄʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
-

X , 

ʤʢʛ 

S
2 

S Sr ὑ 
ὢ
ὸϽὛ

Ѝὲ
 

[ʄʦO(OH)(ɼʊʌ)2](ʤɸʥH)2 19.3 0.025 0.16 0.008 0.17 19,3Ñ0.17 

[ʄʦO(OH)(ɼʊʌ)2](ʜɸʥH)2 19.8 0.018 0.13 0.007 0.14 19.8Ñ0.14 

[ʄʦO(OH)(ɼʊʌ)2](ʦ-ʪʦʣH)2 20.4 0.078 0.28 0.013 0.30 20.4Ñ0.30 

[ʄʦO(OH)(ɼʊʌ)2](ʧ-ʪʦʣH)2 20.0 0.017 0.13 0.006 0.14 20.0Ñ0.14 

[ʄʦO(OH)(ɼʊʄʌ)2](ɸʥH)2 19.4 0.048 0.22 0.011 0.23 19.4Ñ0.23 

[ʄʦO(OH)(ɼʊʄʌ)2](ʜɸʥH)2 20.3 0.056 0.23 0.011 0.24 20.3Ñ0.24 

[ʄʦO(OH)(ɼʊʄʌ)2](ʧ-ʪʦʣH)2 20.6 0.038 0.19 0.009 0.20 20.6Ñ0.20 

[MoO(OH)(ɼʊʄʌ)2](ɸʌ1H)2 19.2 0.078 0.28 0.014 0.29 19.2Ñ0.29 

[MoO(OH)(ɼʊʄʌ)2](ɸʌ4H2) 19.8 0,014 0.12 0.006 0.13 19.8Ñ0.13 

[ʄʦO(OH)(ɼʊʕʌ)2](ɸʥH)2 19.6 0.039 0.20 0.010 0.21 19.6Ñ0.21 

[ʄʦO(OH)(ɼʊʕʌ)2](ʦ-ʪʦʣH)2 19.7 0.085 0.29 0.015 0.30 19.7Ñ0.30 

[ʄʦO(OH)(ɼʊʇʌ)2](ɸʥH)2 20.0 0.047 0.22 0.011 0.22 20.0Ñ0.22 

[ʄʦO(OH)(ɼʊʇʌ)2](ʧ-ʌɼɸH)2 19.5 0.057 0.24 0.012 0.25 19.5Ñ0.25 

[ʄʦO(OH)(ɼʊɹʌ)2](ʜɸʥH)2 19.3 0.029 0.17 0.008 0.18 19.3Ñ0.18 

[ʄʦO(OH(ɼʊɹʌ)2](ʦ-ʪʦʣH)2 19.4 0.018 0.13 0.007 0.14 19.4Ñ0.14 

[ʄʦO(OH)(ɼʊɹʌ)2](ʧ-ʪʦʣH)2 19.5 0.051 0.23 0.012 0.24 19.5Ñ0.24 

[ʄʦO(OH)(ɼʊɹʌ)2](ɼʌɻH)2 19.6 0.019 0.14 0.007 0.20 19.6Ñ0.20 

[ʄʦO(OH)(ɼʊɹʌ)2](ɹɸH)2 19.5 0.048 0.22 0.011 0.23 19.5Ñ0.23 

[MoO(OH)(ɼʊɹʌ)2](ɸʌ4H2) 19.7 0.041 0.20 0.010 0.21 19.7Ñ0.21 

[MoO(OH)(ɼʊɹʌ)2](ɸʌ8H) 2 20.2 0.016 0.13 0.006 0.14 20.2Ñ0.14 

ʂ 20 ʛ ʚʳʩʫʰʝʥʥʦʛʦ ʧʨʠ 100 
ʦ
ʉ ʥʘʚʝʩʢʫ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ 

ʬʘʨʬʦʨʦʚʦʡ ʯʘʰʢʝ ʧʨʠʙʘʚʣʷʶʪ 5 ʤʣ ʵʪʘʥʦʣʘ ʠ ʧʦʜʞʠʛʘʣʠ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʪʘʪʦʢ 

ʨʘʩʪʚʦʨʷʶʪ ʚ 10 ʤʣ 1ʄ ʨʘʩʪʚʦʨʘ HNO3 ʠ ʥʘʛʨʝʚʘʶʪ ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ 

ʦʢʩʠʜʦʚ ʘʟʦʪʘ. ɿʘʪʝʤ ʯʘʰʢʫ ʥʘʛʨʝʚʘʶʪ 2-5 ʤʠʥ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ 450-500 

ʦ
ʉ. ʇʦʣʫʯʝʥʥʫʶ ʟʦʣʫ ʨʘʩʪʚʦʨʷʶʪ ʚ 10 ʤʣ 0.1 ʄ ʨʘʩʪʚʦʨʘ HCl, ʦʪʬʠʣʴʪʨʦʚ-r

ʚʘʁʪ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʥʘ 50 ʤʣ ʠ ʨʘʟʚʦʜ̫ʪ ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ɺ 
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ʘʣʠʢʚʦʪʥʳʭ ʯʘʩʪʷʭ ʦʧʨʝʜʝʣʷʶʪ ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. ʈʝʟʫʣʴ-

ʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 8.23. 

 ʊʘʙʣʠʮʘ 8.23 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʡ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʚ ʨʘʩʪʝʥʠʷʭ.n=5, ʈ=0.95                            

ʈʘʩʪʝʥʠʝ 
 

ʄʝʪʦʜ 

ʅʘʡʜʝʥʦ 

Mo(W), ʤʛ/ʢʛ 
S Sr ὢ

ὸϽὛ

Ѝὲ
 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʡ ʤʦʣʠʙʜʝʥʘ 

ʗʯʤʝʥʴ  ʊʦʣʫʦʣ-3,4-ʜʠʪʠʦʣ 0.139 0.00611 0.044 0.139 0.007 

8-ʄʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 0.141 0.00677 0.048 0.141 0.008 

ɼʊʄʌ+ɸʥ 0.140 0.00462 0.033 0.140Ñ0.0053 

ɼʊɹʌ+ʤɸʥ 0.134 0.00335 0.025 0.134Ñ0.0038 

ɼʊɹʌ+ʜɸʥ 0.142 0.00596 0.042 0.142Ñ0.0068 

ʇʰʝʥʠʮʘ  ʊʦʣʫʦʣ-3,4-ʜʠʪʠʦʣ 0.238 0.00666 0.028 0.238Ñ0.0077 

8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 0.239 0.01075 0.045 0.239Ñ0.0124 

ɼʊʄʌ+ɸʥ 0.238 0.007854 0.033 0.238Ñ0.0090 

ɼʊɹʌ+ʤɸʥ 0.241 0.008435 0.035 0.241Ñ0.0097 

ɼʊɹʌ+ʜɸʥ 0.237 0.009954 0.042 0.237Ñ0.0114 

ɻʦʨʦʭ  ʊʦʣʫʦʣ-3,4-ʜʠʪʠʦʣ 0.84 0.02436 0.029 0.84Ñ0.0280 

8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 0.85 0.0306 0.036 0.85Ñ0.0352 

ɼʊʄʌ+ɸʥ 0.86 0.0301 0.035 0.86Ñ0.0346 

ɼʊɹʌ+ʤɸʥ 0.82 0.02296 0.028 0.82Ñ0.0264 

ɼʊɹʌ+ʜɸʥ 0.86 0.0275 0.032 0.86Ñ0.0316 

ʈʠʩʴ ʊʦʣʫʦʣ-3,4-ʜʠʪʠʦʣ 0.26 0.00806 0.031 0.26Ñ0.0092 

8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 0.28 0.00728 0.026 0.28Ñ0.0084 

ɼʊʄʌ+ɸʥ 0.26 0.00962 0.037 0.26Ñ0.0101 

ɼʊɹʌ+ʤɸʥ 0.28 0.01288 0.046 0.28Ñ0.0148 

ɼʊɹʌ+ʜɸʥ 0.29 0.0116 0.040 0.29Ñ0.0133 

ʌʘʩʦʣʴ ʊʦʣʫʦʣ-3,4-ʜʠʪʠʦʣ 0.39 0.0104 0.026 0.39Ñ0.0116 

ɼʊʄʌ+ɸʥ 0.37 0.0103 0.028 0.37Ñ0.0119 

ɼʊʄʌ+ɸʥ 0.40 0/0116 0.029 0.40Ñ0.0133 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʡ ʚʦʣʴʬʨʘʤʘ 

ʂʘʧʫʩʪʘ 

ʙʝʣʦʢʦʯʘʥʥʘʷ 

ʊʦʣʫʦʣ-3,4-ʜʠʪʠʦʣ 0.139 0.0061 0.044 0.139Ñ0.0064 

8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 0.141 0.0070 0.050 0.141Ñ0.0074 

ɼʊʄʌ+ɸʥ 0.140 0.0046 0.033 0.140Ñ0.0048 

ɼʊɹʌ+ʤɸʥ 0.134 0.0033 0.025 0.134Ñ0.0033 

ɼʊɹʌ+ʜɸʥ 0.142 0.0060 0.042 0.142Ñ0.0063 

ʂʘʧʫʩʪʘ 

ʢʨʘʩʥʘʷ 

ʊʦʣʫʦʣ-3,4-ʜʠʪʠʦʣ 0.84 0.047 0.056 0.84Ñ0.05 

8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 0.85 0.038 0.045 0.85Ñ0.04 

ɼʊʄʌ+ɸʥ 0.86 0.030 0.035 0.86Ñ0.031 

ɼʊɹʌ+ʤɸʥ 0.82 0.023 0.028 0.82Ñ0.024 

ɼʊɹʌ+ʜɸʥ 0.86 0.027 0.032 0.86Ñ0.029 

  ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʚ ʧʦʯʚʘʭ. ʊʦʥʢʦ ʠʟʤʝʣʴʯʝʥʥʫʶ ʚ 

ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ 0.5 ʛ ʥʘʚʝʩʢʫ ʧʦʯʚʳ (ʩʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʦʛʦ ʮʚʝʪʘ), ʚʟʷʪʦʡ ʠʟ ʧʨʠ-

ʢʘʩʧʠʡʩʢʦʡ ʟʦʥʳ ʧʨʦʢʘʣʠʚʘʶʪ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩ. ʇʦʩʣʝ ʦʭʣʘʞ-

ʜʝʥʠʷ ʥʘʚʝʩʢʫ ʦʙʨʘʙʘʪʳʚʘʶʪ ʠ ʨʘʩʪʚʦʨʷʶʪ ʚ ʛʨʘʬʠʪʦʚʦʡ ʯʘʰʢʝ ʧʨʠ ʪʝʤʧʝʨʘ-
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ʪʫʨʝ 50-60 
ʦ
ʉ ʩʤʝʩʴʶ 16 ʤʣ ʢʦʥʮ HF, 5 ʤʣ ʢʦʥʮ HNO3 ʠ 15 ʤʣ ʢʦʥʮ. HCl. ʉ 

ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ ʬʪʦʨʦʚʦʜʦʨʦʜʘ ʚ ʨʘʩʪʚʦʨ 3 ʨʘʟʘ ʧʨʠʙʘʚʣʷʶʪ ʧʦ 8 ʤʣ 

ʢʦʥʮ. HNʆ3 ʠ ʢʘʞʜʳʡ ʨʘʟ ʫʧʘʨʠʚʘʶʪ ʜʦ 5-6 ʤʣ. ʈʘʩʪʚʦʨ ʧʝʨʝʥʦʩʷʪ ʚ ʤʝʨʥʫʶ 

ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 100 ʤʣ ʠ ʦʙʲʝʤ ʜʦʚʦʜʷʪ ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʆʪ-

ʙʠʨʘʁʪ ʘʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʝʨʝʚʦʜʷʪ ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦ-

ʨʦʥʢʫ ʠ ʦʧʨʝʜʝʣʷʶʪ ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦ-

ʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʚ ʧʦʯʚʘʭ ʢʦʥʪʨʦʣʠʨʫʶʪ 8-ʦʢʩʠʭʠʥʦ-

ʣʠʥʦʚʳʤ ʠ 8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥʦʚʳʤ ʤʝʪʦʜʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩ-

ʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8.24. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʦʣʠʙʜʝʥʘ ʤʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʚʦʣʴʬʨʘ-

ʤʘ ʫʩʪʨʘʥ̫ʣʠ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʦʡ, ʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʦʣʴʬʨʘʤʘ ʤʝʰʘʁʱʝʝ 

ʚʣʠ̫ʥʠʝ ʤʦʣʠʙʜʝʥʘ - ʦʢʩʘʣʘʪ ʠʦʥʦʤ. 

ʊʘʙʣʠʮʘ 8.24 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʚ ʧʦʯʚʘʭ (ʛʣʫʙʠʥʘ ʨʘʟʨʝʟʘ 10-

20 ʩʤ, ʧ=6, ʈ=95) 

ʄʝʪʦʜ % ,
-

X  S Sr ˢ
ὸϽὛ

Ѝὲ
 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ 

ʦʙʨʘʟʝʮ 1 

8-ʄʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 0.46 0.028 0.061 0.46Ñ0.030 

8-ʆʢʩʠʭʠʥʦʣʠʥ 0.46 0.023 0.050 0.46Ñ0.025 

ɼʊʄʌ+ʤɸʥ 0.43 0.013 0.030 0.43Ñ0.014 

ɼʊʄʌ+ʜɸʥ 0.44 0.018 0.041 0.44Ñ0.018 

ʦʙʨʘʟʝʮ 2 

8-ʄʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 0.53 0.026 0.049 0.53Ñ0.028 

8-ʆʢʩʠʭʠʥʦʣʠʥ 0.52 0.031 0.059 0.52Ñ0.033 

ɼʊʄʌ+ʤɸʥ 0.46 0.014 0.030 0.46Ñ0.015 

ɼʊʄʌ+ʜɸʥ 0.47 0.010 0.021 0.47Ñ0.011 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʣʴʬʨʘʤʘ 

ʦʙʨʘʟʝʮ 1 

8-ʄʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 0.46 0.028 0.06 0.46Ñ0.030 

8-ʆʢʩʠʭʠʥʦʣʠʥ 0.46 0.023 0.05 0.46Ñ0.025 

ɼʊʄʌ+ʤɸʥ 0.43 0.013 0.03 0.43Ñ0.014 

ɼʊʄʌ+ʜɸʥ 0.44 0.018 0.04 0.44Ñ0.018 

ʦʙʨʘʟʝʮ 2 

8-ʄʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 0.53 0.026 0.05 0.53Ñ0.028 

8-ʆʢʩʠʭʠʥʦʣʠʥ 0.52 0.031 0,06 0.52Ñ0.033 

ɼʊʄʌ+ʤɸʥ 0.46 0.014 0,03 0.46Ñ0.015 

ɼʊʄʌ+ʜɸʥ 0.47 0.010 0,02 0.47Ñ0.011 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʦʣʴʬʨʘʤʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʣʠʙʜʝʥʘ. ʂ ʘʥʘʣʠʟʠʨʫʝʤʦʤʫ 

ʨʘʩʪʚʦʨʫ, ʩʦʜʝʨʞʘʱʝʤʫ ʚʦʣʴʬʨʘʤ ʠ ʤʦʣʠʙʜʝʥ, ʧʨʠʙʘʚʣʷʣʠ 0.1-0.5 ʤʣ 0.1 ʄ ʨʘʩ-
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ʪʚʦʨʘ ʕɼʊɸ (ʚ ʟʘʚʠʩʪʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʤʦʣʠʙʜʝʥʘ), 1 ʤʣ 2.5 ʄ H2SO4, 0.02-

0.05 ʛ N2H4Ŀ2HCl, ʨʘʟʙʘʚʣʶʪ ʚʦʜʦʡ ʜʦ 15 ʤʣ ʠ ʥʘʛʨʝʚʘʣʠ ʜʦ ʢʠʧʝʥʠʷ. ʇʦʩʣʝ ʦʭ-

ʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨ ʧʝʨʝʥʦʩʷʪ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʚʤʝʩʪʠʤʦʩʪʴʶ 25 ʤʣ, ʚʚʦʜʷʪ 1 ʤʣ 

ʘʮʝʪʘʪʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʨʅ 5), 2 ʤʣ 0.01ʄ ɼʌ, 2 ʤʣ 0.01ʄ ɸʤ, 0.25-1.0 

ʤʣ 0.01 ʄ ZnSO4 (ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʠʟʙʳʪʢʘ ʕɼʊɸ), 1 ʤʣ ʭʣʦʨʦʬʦʨʤʘ, ʨʘʟʙʘʚʣʷ-

ʶʪ ʜʦ ʤʝʪʢʠ ʚʦʜʦʡ ʠ ʯʝʨʝʟ 10 ʤʠʥ. ʠʟʤʝʨʷʶʪ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʧʨʠ 490 ʥʤ. 

ʉʦʜʝʨʞʘʥʠʝ ʚʦʣʴʬʨʘʤʘ ʥʘʭʦʜʷʪ ʧʦ ʛʨʘʜʫʠʨʦʚʦʯʥʦʤʫ ʛʨʘʬʠʢʫ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳ-

ʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 8.25. 

ʊʘʙʣʠʮʘ  8.25 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʦʣʴʬʨʘʤʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʣʠʙʜʝʥʘ (n=6, p=0.95) 

ʄʝʪʦʜʠʢʘ  

ʦʧʨʝʜʝʣʝʥʠʷ 

ɺʟʷʪʦ, ʚ ʤʢʛ ʄʦʣʴʥʦʝ  ʪʥʦʰʝ-

ʥʠʝ    W: Mo 

ʅʘʡʜʝʥʦ W, 

ʤʢʛ 

Sr 

W Mo 

ɼʊʌ+ɸʥ 40 200 1:10 41.0 0.028 

ɼʊʌ+ʜɸʥ 40 400 1:15 39.0 0.028 

ɼʊʄʌ+ɼʠʧ 20 500 1:25 20.2 0.035 

ɼʊʄʌ+ʌʝʥ 20 600 1:30 20.5 0.019 

ɼʊɹʌ+ɸʌ4 20 800 1:40 19.6 0.018 

  ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʩʪʘʣʷʭ. ʅʘʚʝʩʢʫ ʩʪʘʣʠ (0.1ʛ) ʨʘʩʪʚʦʨʷʶʪ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʚ 10 ʤʣ H2SO4 (1:4). ɼʦʙʘʚʣʷʶʪ 2 ʤʣ ʩʤʝʩʠ ʢʦʥʮ. HCl ʠ HNO3 (1:3) ʠ 

ʥʘʛʨʝʚʘʶʪ ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʦʢʠʩʣʦʚ ʘʟʦʪʘ. ʆʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʥʝʨʘʩ-

ʪʚʦʨʠʤʳʡ ʦʩʘʜʦʢ ʠ ʬʠʣʴʪʨʘʪ ʧʝʨʝʚʦʜ̫ʪ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʝʤʢ. 50 ʤʣ. ʇʦʩʣʝ ʦʭ-

ʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨ ʨʘʟʙʘʚʣʷʶʪ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ. ʆʪʙʠʨʘʶʪ ʘʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ ʧʦ-

ʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʝʨʝʥʦʩʷʪ ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ, ʜʦʙʘʚʣʷʶʪ 1 ʄ HCI ʜʦ 

ʧʦʣʫʯʝʥʠʷ ʨʅ 4 ʠ 2.0 ʤʣ 0.01 ʄ ɼʊʄʌ. ʇʦʩʣʝ ʪʱʘʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʧʨʠʙʘʚʣʷʶʪ 2.2 ʤʣ 0.01 ʄ ɸʤ. ʆʙʲʝʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʜʦʚʦʜʷʪ ʜʦ 5 ʤʣ ʭʣʦ-

ʨʦʬʦʨʤʦʤ, ʚʦʜʥʦʡ ʬʘʟʳ - ʜʦ 20 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʉʤʝʩʴ ʚʩʪʨʷʭʠʚʘ-

ʶʪ ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥ. ʏʝʨʝʟ 5 ʤʠʥʫʪ ʦʨʛʘʥʠʯʝʩʢʫ  ʁʬʘʟʫ ʦʪʜʝʣʷʶʪ ʦʪ ʚʦʜʥʦʡ ʠ ʠʟ-

ʤʝʨʷʶʪ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʂʌʂ-2 ʧʨʠ 540 ʥʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8.26. 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʦʣʴʬʨʘʤʘ ʚ ʩʪʘʣʷʭ. 1 ʛ ʩʪʘʣʠ ʨʘʩʪʚʦʨʷʶʪ ʚ HCl (1:1). ɼʦ-

ʙʘʚʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ ʢʦʥʮ. HNO3. ʇʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʜʦʙʘʚʣʷʶʪ 60 ʤʣ 

ʛʦʨ̫ʯʝʡ ʚʦʜʳ, 5 ʤʣ HCl (1:1) ʠ ʢʠʧʷʪʷʪ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ 

H2WO4  ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʯʝʨʝʟ ʬʠʣʴʪʨʦʚʘʣʴʥʫʶ ʙʫʤʘʛʫ ʩ ʩʠʥʝʡ ʣʝʥʪʦʡ. ʆʩʘ-
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ʜʦʢ ʧʨʦʤʳʚʘʶʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʫʜʘʣʝʥʠʷ Cl
-
-ʠʦʥʦʚ. H2WO4  ʨʘʩʪ-

ʚʦʨʷʶʪ ʚ ʨʘʩʪʚʦʨʝ 0.5 ʄ NaOH. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨ ʧʝʨʝʥʦʩʷʪ ʚ ʢʦʣʙʫ 

ʝʤʢʦʩʪʴʶ 50 ʤʣ ʠ ʨʘʟʙʘʚʣʷʶʪ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ. ɺ ʘʣʠʢʚʦʪʥʦʡ ʯʘʩʪʠ ʩʦʜʝʨʞʘʥʠʝ 

W(V) ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʠʢʘʤ ʧʦ ʧʨʦʧʠʩʠ, ʦʧʠʩʘʥʥʦʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩ-

ʪʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8.26. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʣʴʬʨʘʤʘ ʚ ʩʪʘʣʷʭ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪ ɹʨʘʟ-

ʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ.    

ʊʘʙʣʠʮʘ 8.26 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʡ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʚ ʩʪʘʣʷʭ. n=5, ʈ=0.95.                            

ʄʝʪʦʜ ɸʥʘʣʠʟʠʨʫʝʤʳʡ ʦʙʲʝʢʪ 

ʅʘʡʜʝʥʦ
 

Mo, %
 

 
S Sr ὢ

ὸϽὛ

Ѝὲ
 

1 2 3 4 5 6 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʡ   ʤʦʣʠʙʜʝʥʘ 

ʊʦʣʫʦʣ-3,4-ʜʠʪʠʦʣ 

ʉʪʘʣʴ  ʕʀ-69
 

0.410
 0.014 0.034 0.410Ñ0.016 

ʉʪʘʣʴ  8ʭʬ(ʉ 16
ʙ
)
 

0.193
 

0.008 0.041 0.193Ñ0.009 

ʉʪʘʣʴ  ʕʀ-415
 

0.542 0.016 0.029 0.542Ñ0.019 

69
ʙ

 
2.093 0.056 0.027 2.093Ñ0.065 

69
ʚ

 
1.16 0.038 0.033 1.16Ñ0.044 

ɼʊʄʌ+ɸʌ1 

ʉʪʘʣʴ  ʕʀ-69
 

0.40 0.010 0.025 0.40Ñ0.0115 

ʉʪʘʣʴ  8ʭʬ(ʉ 16
ʙ
)
 

0.192 0.0054 0.028 0.192Ñ0.006 

ʉʪʘʣʴ  ʕʀ-415
 

0.535 0.0187 0.035 0.535Ñ0.021 

69
ʙ

 
2.125 0.0913 0.043 2.125Ñ0.105 

69
ʚ

 
1.18 0.0429 0.039 1.18Ñ0.049 

ɼʊʄʌ+ɼʠʧ 

ʉʪʘʣʴ  ʕʀ-69
 

0.39 0.0117 0.043 0.39Ñ0,020 

ʉʪʘʣʴ  8ʭʬ(ʉ 16
ʙ
)
 

0.191 0.0051 0.027 0.191Ñ0.006 

ʉʪʘʣʴ  ʕʀ-415
 

0.561 0.018 0.032 0.561Ñ0.02 

69
ʙ

 
2.114 0.055 0.026 2.114Ñ0.063 

69
ʚ

 
1.16 0.0406 0.035 1.16Ñ0.047 

ɼʊʕʌ+ɼʌɻ 

ʉʪʘʣʴ  ʕʀ-69
 

0.41 0.012 0.029 0.41Ñ0.014 

ʉʪʘʣʴ  8ʭʬ(ʉ 16
ʙ
)
 

0.192 0.007 0.037 0.192Ñ0.008 

ʉʪʘʣʴ  ʕʀ-415
 

0.543 0.0184 0.034 0.543Ñ0.021 

69
ʙ

 
2.095 0.084 0.040 2.095Ñ0.096 

69
ʚ

 
1.17 0.028 0.024 1.17Ñ0.032 

ɼʊʇʌ+ʧ-ʌɼɸ 

ʉʪʘʣʴ  8ʭʬ(ʉ 16
ʙ
)
 

0.192 0.0069 0.036 0.192Ñ0.008 

ʉʪʘʣʴ  ʕʀ-415
 

0.552 0.0149 0.027 0.552Ñ0.017 

69
ʙ

 
2.087 0.0584 0.028 2.087Ñ0.067 

69
ʚ

 
1.15 0.0471 0.041 1.15Ñ0.0542 

ɼʊɹʌ+ɸʌ4 

ʉʪʘʣʴ  8ʭʬ (ʉ 16
ʙ
) 0.194 0.0087 0.045 0.194Ñ0.010 

ʉʪʘʣʴ  ʕʀ-415 0.552 0.0143 0.026 0.552Ñ0.0165 

ɼʊɹʌ+ɸʌ8 ʉʪʘʣʴ  8ʭʬ(ʉ 16
ʙ
) 0.190 0.0055 0.029 0.190Ñ0.0063 
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ʧʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 8.26 
1 2 3 4 5 6 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʡ   ʚʦʣʴʬʨʘʤʘ 

ʊʦʣʫʦʣ-3,4-ʜʠʪʠʦʣ ʉʪʘʣʴ 339, W-0,183% 0.186 0.011 0.06 0.186Ñ0.012 

ɼʊɹʌ+ʤɸʥ ʉʪʘʣʴ 339, W-0,183% 0.182 0.009 0.05 0.182Ñ0.009 

ɼʊɹʌ+ʜɸʥ ʉʪʘʣʴ 339, W-0,183% 0.181 0.007 0.04 0.181Ñ0.008 
ʉʦʩʪʘʚcʪʘʣʠ, %.ʕʀ-69, 0.5 C, 0.6 Mn, 0.8 Si, 17 Cr, 14 Ni, 2.5 W,0.4 Mo, ʦʩʪ.Fe; ʕʀ-415, 0.24 C, 0.6 

Mn, 0.3 Si, 3.3 Cr, 0.5 Ni, 0.5 W,0.55 Mo, 0,3V, ʦʩʪ.Fe;  ʉ 16
ʙ
, 0.752C, 0.324 Mn, 0.732 

Cr,0.01P,0.257Si, 0.258 Ni, 9.70 Co, 0.639V,0.193Mo, 0.0053 S, 0.0176 B,0.219 Cu, ʦʩʪ.Fe;  

69
ʙ
, 0.90 Mn, 12.51 Cr,11.90 Ni, 9.70 Co, 3.03 W, 0.16 V, 2.09 Mo, 0.09 Ti, 4.23 Cu, ʦʩʪ.Fe;  

69
ʚ
, 0.39Mn, 12.71 Cr, 8.05 Ni, 1.51 V, 1.15Mo, 0.07 Ti, 4.43 Cu, ʦʩʪ.Fe. 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ. ɺʦʜʦʧʨʦʚʦʜʥʫʶ ʚʦʜʫ ʦʪʩʪʘ-

ʠʚʘʁʪ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʩʫʪʦʢ. ʇʨʦʙʫ ʦʙʲʝʤʦʤ 1 ʣ ʧʦʜʢʠʩʣʷʶʪ 3.0 ʤʣ ʢʦʥʮ. H2SO4 

ʠ ʢʦʥʮʝʥʪʨʠʨʫʶʪ ʫʧʘʨʠʚʘʥʠʝʤ ʜʦ 20 ʤʣ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʚ 

ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 50 ʤʣ ʠ ʨʘʟʙʘʚʣʷʶʪ ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʆʪʙʠ-

ʨʘʁʪ ʘʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ ʠ ʦʧʨʝʜʝʣʷʶʪ 

ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 8.27. 

ʊʘʙʣʠʮʘ 8.27 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ. n=5, ʈ=0.95.                            

ʄʝʪʦʜ ɺʚʝʜʝʥʦ, 

ʤʢʛ 

ʅʘʡʜʝʥʦ,ʤʢʛ ʅʘʡʜʝʥʦ ʚ 

ʦʙʨʘʟʮʝ, ʤʛ/ʣ 
Sr ὢ

ὸϽὛ

Ѝὲ
 

ɼʊʄʌ+ʜɸʥ 10 13.36 0.084 0.060 0.084°0.072 

ɼʊʄʌ+ɸʌ4 15 18.34 0.083 0.035 0.083°0.044 

ɼʊʄʌ+ɸʌ4 20 23.20 0.080 0.043 0.080°0.053 

 

8.7.  ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʘʥʘ ʚ ʧʨʠʨʦʜʥʳʭ ʠ 

 ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 

 ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʦʩʪʦʤ ʪʝʤʧʦʚ ʨʘʟʚʠʪʠʷ 

ʚʩʝʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʝʜʧʨʠʷʪʠʷ ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʦʧʘʩʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʚʦʧʨʦʩʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦ-

ʧʘʩʥʦʩʪʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʪʦʷʪ ʢʨʘʡʥʝ ʦʩʪʨʦ. ʆʩʦʙʝʥʥʦ ʦʧʘʩʥʳ ʜʣʷ ʵʢʦʣʦ-

ʛʠʠ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʨʦʠʟʚʦʜʷʱʠʝ ʠ ʠʩʧʦʣʴʟʫʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʚʨʝʜ-

ʥʳʝ ʚʝʱʝʩʪʚʘ. ʈʘʟʨʘʙʦʪʘʥʳ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʫʨʘʥʘ ʩ ɼʌ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼʌɻ, ɸʥ, ʈʫ, ʊɹɸ, ɸʌ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʵʢʩʪ-

ʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ ʩ ɼʌ ʠ ɸʤ 

ʧʨʦʚʝʨʝʥʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʝʛʦ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʘʭ, ʧʦʯʚʝ, ʛʣʠʥʝ ʠ ʤʦʨ-

ʩʢʦʡ ʚʦʜʝ ʠ ʚ ʚʦʜʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʚʳʢʘʯʠʚʘʥʠʠ ʥʝʬʪʠ. 
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 ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʘʥʘ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʘʭ. ʅʘʚʝʩʢʫ 1.0 ʛ ʦʙʨʘʟʮʘ (ʩʦ-

ʜʝʨʞʠʪ 0.0063 %U) ʨʘʩʪʚʦʨʷʶʪ ʚ ʛʨʘʬʠʪʦʚʦʡ ʯʘʰʝ ʚ ʩʤʝʩʠ HF ʠ H2SO4 (3:1) ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ SO3. ɼʘʣʝʝ 3-4 ʨʘʟʘ ʧʨʦʤʳʚʘʁʪ ʜʠʩʪʠʣ-

ʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ɼʦʙʘʚʣʷʶʪ HCl (1:1), ʧʝʨʝʚʦʜʷʪ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʝʤ-ʢʦʩʪʴʶ 

50 ʤʣ ʠ ʨʘʟʚʦʜʷʪ ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʆʪʙʠʨʘʶʪ ʘʣʠʢʚʦʪʥʫʶ 

ʯʘʩʪʴ ʨʘʩʪʚʦʨʘ (1ʤʣ) ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ ʠ ʦʧʨʝʜʝʣʷʶʪ ʩʦʜʝʨʞʘʥʠʝ ʫʨʘʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8.28. 

 ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʘʥʘ(VI) ʚ ʧʦʯʚʘʭ, ʚʟʷʪʦʡ ʠʟ ʧʨʦʤʳʩʣʘ ʠ ʚ ʛʣʠʥʝ. ʅʘʚʝʩ-

ʢʫ ʪʦʥʢʦ ʨʘʩʪʝʨʪʫʶ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ (0.5 ʛ ʧʦʯʚʘ ʠʣʠ 5 ʛ ʛʣʠʥʘ) ʧʨʦʢʘʣʠʚʘʁʪ ʚ 

ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʥʘʚʝʩʢʫ ʦʙʨʘʙʘʪʳʚʘʶʪ ʠ 

ʨʘʩʪʚʦʨʷʶʪ ʚ ʛʨʘʬʠʪʦʚʦʡ ʯʘʰʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50-60 
ʦ
ʉ ʩʤʝʩʴʶ 16 ʤʣ ʢʦʥʮ 

HF, 5 ʤʣ ʢʦʥʮ  HNO3 ʠ 15 ʤʣ ʢʦʥʮ. HCl. ʉ ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ ʬʪʦʨʦʚʦʜʦ-

ʨʦʜʘ ʚ ʨʘʩʪʚʦʨ 3 ʨʘʟʘ ʜʦʙʘʚʣʷʶʪ ʧʦ 8 ʤʣ ʢʦʥʮ. HNʆ3 ʠ ʫʧʘʨʠʚʘʶʪ ʢʘʞʜʳʡ ʨʘʟ 

ʜʦ 5-6 ʤʣ. ʈʘʩʪʚʦʨ ʧʝʨʝʚʦʜʷʪ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 100 ʤʣ ʠ ʦʙʲʝʤ ʜʦʚʦʜʷʪ 

ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ɸʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ  ʨʘʩʪʚʦʨʘ ʧʦʤʝʱʘʶʪ ʚ 

ʢʦʣʙʫ ʚʤʝʩʪʠʤʦʩʪʴʶ 25 ʤʣ, ʜʦʙʘʚʣʷʶʪ 3 ʤʣ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʦ-

ʥʘ III  ʠ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ ʦʧʨʝʜʝʣʷʶʪ ʩʦʜʝʨʞʘʥʠʝ ʫʨʘʥʘ. ʈʝʟʫʣʴ-

ʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.8.28. 

 ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʘʥʘ(VI) ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ ʠ ʚ ʚʦʜʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʚʳ-

ʢʘʯʠʚʘʥʠʠ ʥʝʬʪʠ. ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʟʷʪʳ ʯʝʪʳʨʠ ʨʘʟʥʳʭ ʦʙʨʘʟʮʘ ʚʦʜʳ: ʜʚʘ  

ʦʙʨʘʟʮʘ ʩʪʦʯʥʦʡ (ɸʟʝʨʥʝʬʪʷʛ ʅʇɿ) ʠ ʜʚʘ ʤʦʨʩʢʦʡ (ɻ.ɹʘʢʫ, ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ) 

ʚʦʜʳ. ʇʨʦʙʳ ʩʪʦʯʥʦʡ (0.5 ʠ 1 ʣ) ʠ ʤʦʨʩʢʦʡ (1.5 ʠ 2 ʣ) ʚʦʜ ʚʳʧʘʨʠʚʘʁʪ, ʧʦʣʫʯʝʥ-

ʥʳʡ ʪʚʝʨʜʳʡ ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʷʶʪ ʚ ʚʦʜʝ. ʆʙʨʘʙʘʪʳʚʘʶʪ 2 ʤʣ ʢʦʥʮ. HNO3, ʥʘʛʨʝ-

ʚʘʁʪ ʧʨʠ 60-70 
ʦ
ʉ ʜʦ ʧʦʣʥʦʡ ʦʪʛʦʥʢʠ HNO3,. ʉʤʝʩʴ ʦʪʬʠʣʴʪʨʦʚrʚʘʶʪ ʠ ʧʝʨʝ-

ʥʦʩ̫ʪ ʚ ʢʦʣʙʳ ʝʤʢʦʩʪʴʶ 25; 50; 100 ʠ 200 ʤʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʪʚʦʨʳ ʜʦʚʦʜ̫ʪ 

ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ɸʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ (15 ʤʣ) ʧʦʤʝɦʘʁʪ ʚ ʜʝ-

ʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ, ʩʦʟʜʘʶʪ ʦʧʪʠʤʘʣʴʥʳʡ ʨʅ (ʨʅ 3) ʠ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦ-

ʜʠʢʘʤ ʦʧʨʝʜʝʣʷʶʪ ʫʨʘʥ. 
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ʊʘʙʣʠʮʘ 8.28 

ʈʝʟʫʣʴʪʘʪʳ  ʦʧʨʝʜʝʣʝʥʠʷ  ʫʨʘʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ. ʧ=6, ʈ=0.95 

ʆʙʲʝʢʪ 

ʘʥʘʣʠʟʘ ʄʝʪʦʜ % ,
-

X  S Sr ˢ
ὸϽὛ

Ѝὲ
 

ʉɻ-1ɸ 1-(2-ʧʠʨʠʜʠʣʘʟʦ)-ʨʝʟʦʨʮʠʥ 6.6Ŀ10
-3 

4.6Ŀ10
-4

 0,07 (6.6Ñ0.48) Ŀ10
-3

 

ɸʨʩʝʥʘʟʦ-III  6.8Ŀ10
-3

 4.1Ŀ10
-4

 0,06 (6.8Ñ0.43) Ŀ10
-3

 

ɼʊʌ+ʜɸʥ 6.1Ŀ10
-3

 2.4Ŀ10
-4

 0,04 (6.1Ñ0.25) Ŀ10
-3

 

ɼʊɹʌ+ɼʌɻ 6.2Ŀ10
-3

 3.1Ŀ10
-4

 0,05 (6.2Ñ0.32) Ŀ10
-3

 

ʇʦʯʚʘ 1-(2-ʧʠʨʠʜʠʣʘʟʦ)-ʨʝʟʦʨʮʠʥ 9.6Ŀ10
-3

 5.7 Ŀ10
-4

 0,06 (9.6Ñ0.6) Ŀ10
-3

 

ɸʨʩʝʥʘʟʦ-III  9.8Ŀ10
-3

 7.8Ŀ10
-4

 0,08 (9.8Ñ0.8) Ŀ10
-3

 

ɼʊʄʌ+ʜɸʥ 9.5Ŀ10
-3

 4.7Ŀ10
-4

 0,05 (9.5Ñ0.5) Ŀ10
-3

 

ɼʊʕʌ+ɼʌɻ 9.5Ŀ10
-3

 5.7Ŀ10
-4

 0,06 (9.5Ñ0.6) Ŀ10
-3

 

ɻʣʠʥʘ 1-(2-ʧʠʨʠʜʠʣʘʟʦ)-ʨʝʟʦʨʮʠʥ 5.0Ŀ10
-4

 3.5Ŀ10
-5

 0,07 (5.0Ñ0.37)Ŀ10
-4

 

ɸʨʩʝʥʘʟʦ-III  4.8Ŀ10
-4

 2.9Ŀ10
-5

 0,06 (4.8Ñ0.31)Ŀ10
-4

 

ɼʊɹʌ+ʜɸʥ 4.9Ŀ10
-4

 1.9Ŀ10
-5

 0,04 (4.9Ñ0.20)Ŀ10
-4

 

ɼʊɹʌ+ɼʌɻ 4.8Ŀ10
-4

 2.4Ŀ10
-5

 0,05 (4.8Ñ0.25)Ŀ10
-4

 
ʉʪʘʥʜʘʨʪʥʳʡ ʦʙʨʘʟʝʮ ʉɻ-1ɸ (ʘʣʴʙʠʪʠʟʠʨʦʚʘʥʥʳʡ ʛʨʘʥʠʪ 520-84 ʇ) ʩʦʩʪʘʚʘ, %; 73.36 SiO2; 13.84 

Al 2O3; 0.69 Fe2O3; 1.41 FeO; 0.05 MgO; 0.14 CaO; 5.46 Na2O; 4.14 K2O; 0.072 TiO2 ; 0.20 MnO 

  ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.8.29. ʇʨʘʚʠʣʴʥʦʩʪʴ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʦʤ ʜʦʙʘʚʦʢ. 

ʊʘʙʣʠʮʘ 8.29 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ ʩ ɼʊʕʌ ʠ ɸʌ3 ʚ ʩʪʦʯʥʦʡ ʠ ʤʦʨʩʢʦʡ ʚʦʜʘʭ   (n=5; 

P=0,95). 

 

ɸʥʘʣʠʟʠʨ

ʫʝʤʳʡ 

ʦʙʲʝʢʪ 

ʅʦʤʝʨ 

ʦʙʨʘʟʮʘ 

ʌʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʄʝʪʦʜ ʜʦʙʘʚʦʢ 
_

x , 

ʤʛ\ʣ 

 

S 

 
 

Sr 

 
ˢ
ÔϽ3

ЍÎ
 

 

_

x ,  

ʤʛ\ʣ 

 

S 
 rs  

ˢ
ÔϽ3

ЍÎ
 

 

ʉʪʦʯʥʘʷ 

ʚʦʜʘ 

1 18.4 0.626 0.034 18.4Ñ0.66 18.5 0.534 0.029 18.5Ñ0.56 

2 17.9 0.698 0.039 17.9Ñ0.74 17.7 0.425 0.024 17.7Ñ0.45 

ʄʦʨʩʢʘʷ 

ʚʦʜʘ 

1 6.02 0.230 0.038 6.02Ñ0.24 6.14 0.208 0.034 6.14Ñ0.22 

2 6.13 0.282 0.046 6.13Ñ0.29 6.20 0.267 0.043 6.20Ñ0.28 

  

 ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ ʧʨʠʤʝʥʝʥʳ ʢ ʝʛʦ ʦʧʨʝʜʝʣʝ-

ʥʠʶ ʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʤʝʩʷʭ, ʩʦʩʪʘʚʳ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʠʥʝʨʘʣʘʤ,  ʫʢʘ-

ʟʘʥʥʳʭ ʚ ʪʘʙʣ. 8.30. 

ʇʨʦʚʝʨʢʫ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʝʪʦ-

ʜʠʢʘʤ, ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʦ ʤʝʪʦʜʫ çʚʚʝʜʝʥʦ-ʥʘʡʜʝʥʦè. ʈʝ-

ʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 8.31. 
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ʊʘʙʣʠʮʘ 8.30 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ.   ʧ=6, ʈ=95 
ʄʠʥʝʨʘʣ  ʉʦʜʝʨʞʘʥʠʝ 

ʫʨʘʥʘ, % 
ˢ

Ͻ

Ѝ
ȟ % 

 ɼʊʌ+ɸʥ ɼʊʕʌ+ɼʌɻ  ɼʊʕʌ+ɸʌ3 ɼʊɹʌ+ɼʌɻ ɸʨʩʝʥʘʟʦ+ɼʌɻ 

ʋʨʘʥʠʥʠʪ 72 71.8Ñ0.28 71.9Ñ0.27 72.5Ñ0.31 71.7Ñ0.28 72.4Ñ0.28 

ʂʘʨʥʦʪʠʪ 48 48.2Ñ0.23 48.3Ñ0.25 47.9Ñ0.29 48.3Ñ0.23 48.2Ñ0.23 

ʂʘʟʦʣʠʪ 40 39.7Ñ0.31 39.8Ñ0.34 40.2Ñ0.21 39.6Ñ0.30 40.3Ñ0.31 

ʊʶʷʤʫʥʠʪ 52 51.8Ñ0.29 51.7Ñ0.39 52.2Ñ0.29 51.9Ñ0.23 51.8Ñ0.40 

ɹʨʘʥʥʝʨʠʪ 40 40.2Ñ0.24 40.4Ñ0.34 40.3Ñ0.34 39.8Ñ0.24 40.0Ñ0.29 

ʎʝʡʥʝʨʠʪ 52 51.8Ñ0.33 51.9Ñ0.32 52.0Ñ0.33 51.7Ñ0.36 51.8Ñ0.28 

ʆʪʝʥʠʪ 50 49.9Ñ0.28 49.7Ñ0.25 50.2Ñ0.24 50.3Ñ0.28 40.9Ñ0.34 

ʋʨʘʥʦʬʘʥ 57 57.2Ñ0.35 57.6Ñ0.37 57.3Ñ0.36 57.2Ñ0.40 57.4Ñ0.35 

ʊʦʨʙʝʨʥʠʪ 50 49.7Ñ0.29 50.1Ñ0.23 49.8Ñ0.27 49.9Ñ0.29 50.4Ñ0.25 

ʂʦʬʬʠʥʠʪ 50 50.3Ñ0.21 50.2Ñ0.24 49.1Ñ0.28 50.4Ñ0.21 50.3Ñ0.31 

ʋʨʘʥʠʥʠʪ UO2, UO3, ʯʘʩʪʠʯʥʦ ThO2, CeO2; ʢʘʨʥʦʪʠʪ + 5/ 6/ Ͻὲ( ;̨ ʢʘʟʦʣʠʪ 

PbOĿUO2ĿSiO2ĿH2O; ʪʶʷʤʫʥʠʪ CaOĿ2UO3ĿV2O5ĿnH2O; ʙʨʘʥʥʝʨʠʪ (U, Ca, Fe, Y, Th)3Ti5O16; 

ʮʝʡʥʝʨʠʪ Cu(UO2)2(AsO4)2Ŀ nH2O; ʦʪʝʥʠʪ Ca(UO2)2(PO4)2Ŀ nH2O; ʫʨʘʥʦʬʘʥ CaOĿ2UO2Ŀ2SiO2Ŀ 

6H2O;  ʪʦʨʙʝʨʥʠʪ Cu(UO2)2(PO4)2Ŀ nH2O;  ʢʦʬʬʠʥʠʪ U(SiO4)1-x(OH)4x. 

ʊʘʙʣʠʮʘ 8.31 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ ʚ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ (n=5; P=0,95). 

ɺʚʝʜʝʥʦ, 

U ʤʢʛ 

ʅʘʡʜʝʥʦ, U 

ʤʢʛ 
Sr 

 
ˢ
ÔϽ3

ЍÎ
 
ɺʚʝʜʝʥʦ, 

U ʤʢʛ 

ʅʘʡʜʝʥʦ, 

U ʤʢʛ 
Sr 

 
ˢ
ÔϽ3

ЍÎ
 

10.00 10.20 0.034 10.20Ñ0.36 30.00 30.15 0.039 30.15Ñ1.23 

15.00 15.08 0.045 15.08Ñ0.71 35.00 35.30 0.054 35.30Ñ2.00 

20.00 20.25 0.054 20.25Ñ1.14 40.00 40.54 0.049 40.54Ñ2.08 

25.00 26.00 0.038 26.00Ñ1.04 50.00 49.68 0.029 49.68Ñ1.51 

 

8.8. ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʨʛʘʥʮʘ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʪʝʨʠ-

ʘʣʘʭ 

ʉʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʭʠ-

ʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʧʨʠʨʦʜʥʦʡ ʚʦʜʳ. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʫʭʫʜʰʘ-

ʝʪ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ ʠ ʚʨʝʜʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝ-

ʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʚ ʚʠʜʝ ʬʝʨʨʦʤʘʨʛʘʥʮʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ çʨʘʩʢʠʩʣʝʥʠʷè ʩʪʘʣʠ 

ʧʨʠ ʝʝ ʧʣʘʚʢʝ. ʄʘʨʛʘʥʝʮ ʩʚʷʟʳʚʘʝʪ ʩʝʨʫ, ʯʪʦ ʪʘʢʞʝ ʫʣʫʯʰʘʝʪ ʩʚʦʡʩʪʚʘ ʩʪʘʣʝʡ. 

ɽʛʦ ʚʚʦʜʷʪ ʚ ʙʨʦʥʟʳ ʠ ʣʘʪʫʥʠ. ɺʩʝ ʵʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʚʩʝ ʤʝʥʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʤʘʨʛʘʥʮʘ  ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ. 

ʂʘʢ ʤʠʢʨʦʵʣʝʤʝʥʪ, ʤʘʨʛʘʥʝʮ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʞʠʟʥʠ ʞʠʚʦʪʥʳʭ ʠ 

ʨʘʩʪʝʥʠʡ. ɺ ʚʠʜʝ ʤʠʢʨʦʧʨʠʤʝʩʝʡ ʦʥ ʩʦʜʝʨʞʠʪʩʷ ʚ ʦʩʦʙʦ ʯʠʩʪʳʭ ʤʘʪʝʨʠʘʣʘʭ. 
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ʄʘʨʛʘʥʝʮ ʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠ-

ʢʠ ʠ ʤʝʜʠʮʠʥʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʩʦ-

ʜʝʨʞʘʥʠʷ ʤʘʨʛʘʥʮʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ. ʉʠʩ-

ʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʫʩʣʦʚʠʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ Mn(II) ʩ ɼʌ ʠ ɸʤ ʧʦʟ-

ʚʦʣʠʣʦ ʧʨʠʤʝʥʠʪʴ ʜʘʥʥʳʝ ʨʝʘʛʝʥʪʳ ʜʣʷ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧ-

ʨʝʜʝʣʝʥʠʷ ʝʛʦ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʥʠʢʝʣʝ, ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʝ ʠ ʨʘʩʪʝʥʠʷʭ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʨʛʘʥʮʘ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʥʠʢʝʣʝ. ʅʘʚʝʩʢʫ ʦʙʨʘʟʮʘ (6 ʛ) 

ʚʟʚʝʰʝʥʥʫʶ ʩ ʪʦʯʥʦʩʪʴʶ 0.001 ʛ, ʨʘʩʪʚʦʨʷʶʪ ʚ 30 ʤʣ ʩʤʝʩʠ (3:1) ʢʦʥʮ. ʩʦʣʷʥʦʡ 

ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪ. ʈʘʩʪʚʦʨ ʚʳʧʘʨʠʚʘʶʪ ʜʦ ʩʠʨʦʧʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʨʘʩʪ-

ʚʦʨʁ̫ʪ ʚ ʚʦʜʝ ʠ ʨʘʩʪʚʦʨ ʧʝʨʝʥʦʩʷʪ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 25 ʤʣ. ʆʪʙʠʨʘʶʪ 

ʘʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ (10 ʤʣ), ʜʦʙʘʚʣʷʶʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʨʛʘʥʮʘ (30 

ʤʢʛ) ʠ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʶʪ 

ʤʘʨʛʘʥʝʮ ʩ ɼʊʄʌ ʠ Aʌ. ʈʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

Mn(II) ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʥʠʢʝʣʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.8.32. 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʨʛʘʥʮʘ ʚ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʝ. ɺ ʢʦʣʙʫ ʟʘʣʠʚʘʣʠ 2 ʣ  

ʚʦʜʳ ʠ ʫʧʘʨʠʚʘʣʠ ʜʦʩʫʭʘ. ʉʫʭʦʡ ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʨʅ 

6 ʠ ʧʫʪʝʤ ʬʠʣʴʪʨʘʮʠʠ ʧʝʨʝʥʦʩʷʪ ʚ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 50 ʤʣ ʠ ʜʦʚʦʜʷʪ ʚʦʜʦʡ ʜʦ 

ʤʝʪʢʠ. ɺ ʘʣʠʢʚʦʪʥʦʡ ʯʘʩʪʠ (3 ʤʣ) ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦ-

ʪʦʤʝʪʨʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʶʪ ʤʘʨʛʘʥʝʮ ʩ ɼʌ ʠ Aʌ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ Mn(ȽȽ) 

ʚ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 8.32. 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʨʛʘʥʮʘ(ȽȽ) ʚ ʨʘʩʪʝʥʠʷʭ. ɺ ʬʘʨʬʦʨʦʚʳʡ ʪʠʛʝʣʴ ʧʦʤʝʱʘ-

ʶʪ ʠʟʤʝʣʴʯʝʥʥʫʶ ʥʘʚʝʩʢʫ ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʨʦʙʳ (15-25 ʛ), ʚʟʚʝʰʝʥʥʫʶ ʩ ʪʦʯ-

ʥʦʩʪʴʶ 0.001 ʛ ʠ ʩʪʘʚʷʪ ʚ ʭʦʣʦʜʥʫʶ ʤʫʬʝʣʴʥʫʶ ʧʝʯʴ ʧʦʚʳʰʘʷ ʝʝ ʪʝʤʧʝʨʘʪʫʨʫ 

ʥʘ 50 
ʦ
ʉ ʢʘʞʜʳʝ ʧʦʣʯʘʩʘ, ʜʦʚʦʜʷʪ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 500 

ʦ
ʉ ʠ ʧʨʦʜʦʣʞʘʶʪ ʤʠʥʝʨʘ-

ʣʠʟʘʮʠʶ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ. ʆʭʣʘʞʜʝʥʥʫʶ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʟʦʣʫ ʩʤʘ-

ʯʠʚʘʁʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʧʨʠʣʠʚʘʶʪ 10 ʤʣ 5 ʄ HCl, ʥʘʢʨʳʚʘʶʪ ʪʠʛʣʴ 

ʯʘʩʦʚʳʤ ʩʪʝʢʣʦʤ  ʠ ʚʳʜʝʨʞʠʚʘʶʪ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʣʠʪʢʝ ʜʦ ~ 100 
ʦ
ʉ, ʚ ʪʝʯʝ-

ʥʠʝ 40 ʤʠʥ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʪʠʛʣʷ ʥʠʞʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʯʘʩʦʚʦʛʦ ʩʪʝʢʣʘ ʦʙ-

ʤ ʚrʘʁʪ ʥʘʜ ʥʠʤ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʳ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʥʦʩ̫ ʪ 

ʯʝʨʝʟ ʚʦʨʦʥʢʫ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 25 ʤʣ. ʊʠʛʝʣʴ ʦʙʤʳʚʘʣʠ ʙʠʜʠʩʪʠʣʣʠ-
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ʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʜʦʚʦʜʷʪ ʝʶ ʨʘʩʪʚʦʨ ʜʦ ʤʝʪʢʠ. ɺ ʘʣʠʢʚʦʪʥʦʡ ʯʘʩʪʠ (10 ʤʣ) 

ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʶʪ ʤʘʨʛʘʥʮʘ ʩ ɼʊʄʌ ʠ Aʌ ʚ ʦʧʪʠ-

ʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʚ ʨʘʩʪʝʥʠʷʭ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ 

ὓὲȟ̍ Ⱦ̄̋ ̄
ὅϽὠ

ὠϽά
 

ʛʜʝ ʉ-ʢʦʣʠʯʝʩʪʚʦ ʤʘʨʛʘʥʮʘ, ʤʢʛ, ʥʘʡʜʝʥʥʘʷ ʧʦ ʛʨʘʜʫʠʨʦʚʦʯʥʦʤʫ ʛʨʘʬʠʢʫ; V1-

ʦʙʲʝʤ ʠʩʭʦʜʥʦʛʦ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ, ʤʣ; V2 - ʦʙʲʝʤ ʘʣʠʢʚʦʪʳ; m-ʥʘʚʝʩʢʘ 

ʧʨʦʙʳ ʨʘʩʪʝʥʠʡ, ʛ.  

ʊʘʙʣʠʮʘ 8.32 

ʈʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʨʛʘʥʮʘ(II)  ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʲʝʢʪʘʭ ( ʧ=6; ʨ=0.95). 

 

ɸʥʘʣʠʟʠʨʫ-

ʝʤʳʡ ʦʙʲʝʢʪ 

 

 

ʄʝʪʦʜʠʢʠ 

ʅʘʡʜʝʥʦ Mn, 

% (10
-5

) 

 ̖

S 

 

Sr 
ὢ
ὸϽὛ

Ѝὲ
 

ʄʝʪʘʣʣʠ-

ʯʝʩʢʠʡ ʥʠ-

ʢʝʣʴ ʤʘʨʢʠ 

(ʅ-0) 

ʌʦʨʤʘʣʴʜʦʢʩʠʤ 9.85 0.0000394 0.040 (9.85Ñ0.41)Ŀ10
-4 

8-ʄʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 8.94 0.0000402 0.045 (8.94Ñ0.42)Ŀ10
-4

 

ɼʊʄʌ+ɸʌ1 9.81 0.0000255 0.026 (9.81Ñ0.26)Ŀ10
-4

 

ɼʊʄʌ+ɸʌ2 9.78 0.0000244 0.025 (9.78Ñ0.25)Ŀ10
-4

 

ɺʦʜʦʧʨʦ-

ʚʦʜʥʘʷ  ʚʦʜʘ 

ʌʦʨʤʘʣʴʜʦʢʩʠʤ 0.020 0.00050 0.025 0.020Ñ0.00052 

8-ʄʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 0.022 0.00044 0,020 0.022Ñ0.00046 

ɼʊʄʌ+ɸʌ1 0.0180 0.00023 0.013 0.0180Ñ0.00024 

ɼʊʄʌ+ɸʌ2 0.0180 0.00029 0.016 0.0180Ñ0.00030 

ɼʊʄʌ+ɸʌ5 0.0182 0.00022 0.012 0.0182Ñ0.00020 

ɼʊʄʌ+ɸʌ6 0.0179 0.00027 0.015 0.0179Ñ0.00030 

 

ʈʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Mn(II) ʚ ʨʘʩʪʝʥʠʷʭ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 8.33. 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʨʛʘʥʮʘ ʚ ʧʦʯʚʘʭ. ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʢʠʩʣʦʪʦʨʘʩʪʚʦʨʠʤʳʭ 

ʬʦʨʤ ʤʘʨʛʘʥʮʘ ʠʟ ʥʝʢʘʨʙʦʥʘʪʥʳʭ, ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ ʧʨʠʤʝʥʷʶʪ 1 ʄ 

HCl ʠʣʠ 1 ʄ HNO3. ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʦʯʚʦʡ ʠ ʨʘʩʪʚʦʨʦʤ 1:10, ʚʨʝʤʷ ʵʢʩʪ-

ʨʘʢʮʠʠ 1 ʯʘʩ ʧʨʠ ʚʟʙʘʣʪʳʚʘʥʠʠ ʥʘ ʨʦʪʘʪʦʨʝ ʠʣʠ ʥʘʩʪʘʠʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. 

ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʬʠʣʴʪʨʫʶʪ ʯʝʨʝʟ ʩʢʣʘʜʯʘʪʳʡ ʬʠʣʴʪʨ, ʧʝʨʚʳʝ ʧʦʨʮʠʠ 

ʬʠʣʴʪʨʘʪʘ ʦʪʙʨʘʩʳʚʘʶʪ. ɽʩʣʠ ʠʩʩʣʝʜʫʝʤʘʷ ʚʳʪʷʞʢʘ ʠʩʭʦʜʥʦ ʩʠʣʴʥʦ ʦʢʨʘʰʝʥʘ 

(ʪʦʨʬʷʥʳʝ ʠʣʠ ʜʨʫʛʠʝ ʧʦʯʚʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ), 

ʪʦ ʚ ʥʝʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʨʫʰʘʣʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. ɼʣʷ ʵʪʦʛʦ 20-50 ʤʣ 

ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʯʚʝʥʥʦʡ ʚʳʪʷʞʢʠ ʧʦʤʝʱʘʁʪ ʚ ʩʪʘʢʘʥ ʠʟ ʪʝʨʤʦʩʪʦʡʢʦʛʦ ʩʪʝʢʣʘ, 
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ʜʦʙʘʚʣʷʶʪ 3 ʤʣ HNO3 (1:1) ʠ 3 ʤʣ ʢʦʥʮ. H2O2. ʉʦʜʝʨʞʠʤʦʝ ʫʧʘʨʠʚʘʶʪ ʥʘ ʚʦʜʷ-

ʥʦʡ ʙʘʥʝ ʜʦ ʧʦʣʫʯʝʥʠʷ ʚʣʘʞʥʳʭ ʩʦʣʝʡ. ʆʙʨʘʙʦʪʢʫ ʦʩʪʘʪʢʘ ʧʦʚʪʦʨʷʶʪ ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʦʢʨʘʩʢʘ ʥʝ ʩʪʘʥʝʪ ʩʚʝʪʣʦ-ʞʝʣʪʦʡ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʷʶʪ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ 10 ʤʣ HCl (1:1), ʨʘʩʪʚʦʨ ʧʝʨʝʥʦʩʷʪ ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ. 

ʇʨʠʙʘʚʣʷʶʪ 2-3 ʤʣ H3PO4 (ʫʜ. ʚʝʩ 1.7) ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʦʢʨʘʰʝʥʥʳʭ ʠʦʥʦʚ ʞʝ-

ʣʝʟʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʛʠʜʨʦʣʠʟʘ ʩʦʣʝʡ, ʦʙʨʘʟʫʝʤʳʭ ʠʦʥʘʤʠ ʤʘʨʛʘʥ-

ʮʘ ʚʳʩʰʝʡ ʚʘʣʝʥʪʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʷʣʠ ʩʦʜʝʨʞʘʥʠʷ Mn(II)  ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʤʝʪʦ-

ʜʠʢʘʤʠ (ʪʘʙʣ. 8.33). 

8.9.  ʆʧʨʝʜʝʣʝʥʠʝ ʞʝʣʝʟʘ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 

ɾʝʣʝʟʦ ʜʘʣʝʢʦ ʧʨʝʚʦʩʭʦʜʠʪ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʧʝʨʝʭʦʜʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦ ʩʚʦ-

ʝʤʫ ʟʥʘʯʝʥʠʶ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʆʥʦ ʠʛʨʘʝʪ ʛʣʘʚʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ 

ʧʝʨʝʥʦʩʘ ʢʠʩʣʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʚʤʝʩʪʝ ʩ ʤʦʣʠʙʜʝʥʦʤ ʚʭʦʜʠʪ ʚ ʩʪʨʫʢʪʫʨʫ ʬʝʨʤʝʥ-

ʪʦʚ, ʢʘʪʘʣʠʟʠʨʫʶʱʠʭ ʩʚʷʟʳʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ. ɺ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ 

ʞʝʣʝʟʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʤ, ʢʘʪʘʣʠʟʠʨʫʶʱʠʤ ʧʨʦʮʝʩʩʳ ʦʙʤʝʥʘ 

ʢʠʩʣʦʨʦʜʦʤ. ʅʝʜʦʩʪʘʪʦʢ ʞʝʣʝʟʘ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʷʚʣʝʥʠʶ ʙʦʣʝʟʥʝʡ ʚ ʞʠʚʳʭ ʦʨ-

ʛʘʥʠʟʤʘʭ - ʭʣʦʨʦʟ ʫ ʨʘʩʪʝʥʠʡ ʠ ʘʥʝʤʠʷ ʫ ʞʠʚʦʪʥʳʭ. ʀʟʙʳʪʦʢ ʩʦʝʜʠʥʝʥʠʷ ʞʝʣʝ-

ʟʘ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʚ ʪʢʘʥʷʭ ʛʣʘʟ ʠ ʣʝʛʢʠʭ, ʚʳʟʚrʘʷ ʠʭ ʩʠʜʝʨʦʟ [268, ʩ.132].  

ɾʝʣʝʟʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩ-

ʪʘʚ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʙʠʦʛʝʥʥʳʤ ʵʣʝʤʝʥʪʘʤ. ɽʛʦ ʧʦʚʳhʝʥʥʦʝ ʩʦʜʝʨ-

ʞʘʥʠʝ ʚ ʦʪʜʝʣʴʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ʩʣʫʞʠʪ ʧʦʢʘʟʘʪʝʣʝʤ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜ ʟʘ ʩʯʝʪ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ  [219, ʩ.5].  

ʇʨʝʜʣʦʞʝʥʥʳʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜ-

ʝʣʝʥʠʷ Fe(II) ʩ ɼʌ ʠ ɸʤ ʧʨʦʚʝʨʝʥʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʝʛʦ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜ-

ʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ (ʧʦʯʚʘʭ, ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ, ʤʷʩʝ, ʢʨʦʚʠ, ʩʪʘʥ-

ʜʘʨʪʥʳʭ ʦʙʨʘʟʮʘʭ, ʬʨʫʢʪʘʭ). 

ɼʣʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ ʞʝʣʝʟʘ ʚ ʩʪʘʥʜʘʨʪ-

ʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ɼʌ ʠ ʘʤʠʥʘʤʠ ʚʳʧʦʣʥʝʥʘ ʩʝʨʠʷ ʦʧʨʝʜʝʣʝʥʠʡ ʧʦ ʢʘʞʜʦʡ ʤʝ-

ʪʦʜʠʢʝ ʧʨʠ n=5. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʘʥʳ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʪʠʩʪʠʢʠ [63, ʩ.225] ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8.34.  
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ʊʘʙʣʠʮʘ  8.33 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʨʛʘʥʮʘ(ȽȽ) ʚ ʨʘʩʪʝʥʠʷʭ ʠ ʧʦʯʚʘʭ (n = 6, P = 0.95) 

ɸʥʘʣʠʟʠʨʫʝʤʳʡ 

ʦʙʲʝʢʪ 

ʄʝʪʦʜʠʢʘ ʅʘʡʜʝʥʦ  

ʚ ʦʙʨʘʟʮʝ, 

 ʤʛ/ʢʛ 

S Sr 
ὢ
ὸϽὛ

Ѝὲ
 

 

ʉʚʝʢʣʘ ʌʦʨʤʘʣʴʜʦʢʩʠʤ 6.8 0.16 0.024 6.8 Ñ0.168 

8-ʄʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 6.6 0.15 0.023 6.6 Ñ0.160 

ɼʊʄʌ+ɸʌ3 6.51 0.09 0.014 6.51Ñ0.094 

ɼʊʄʌ+ɸʌ6 6.40 0.10 0.016 6.40Ñ0.105 

ɼʊɽʌ+ɸʌ2 6.52 0.10 0.015 6.52Ñ0.10 

ɼʊɽʌ+ɸʌ3 6.44 0.11 0.017 6.44Ñ0.12 

ɹʘʢʣʘʞʘʥ ʌʦʨʤʘʣʴʜʦʢʩʠʤ 1.9 0.06 0.031 1.9Ñ0.063 

8-ʄʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 2.1 0.05 0.025 2.1Ñ0.052 

ɼʊʄʌ+ɸʌ3 2.2 0.03 0.015 2.2Ñ0.031 

ɼʊʄʌ+ʌʝʥ 2.1 0.03 0.014 2.1Ñ0.031 

ɼʊʄʌ+ɸʌ6 2,25 0.03 0.014 2.25Ñ0.03 

ɼʊʄʌ+ɹʌʝʥ 2.05 0.03 0.015 2.05Ñ0.03 

ʈʝʜʠʩ ʌʦʨʤʘʣʴʜʦʢʩʠʤ 1.5 0.06 0.040 1.5Ñ0.063 

8-ʄʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 1.61 0.05 0.031 1.61Ñ0.052 

ɼʊʄʌ+ɸʌ3 1.5 0.037 0.025 1.5Ñ0.039 

ɼʊɽʌ+ɸʌ2 1.6 0.046 0.029 1.6Ñ0.048 

ʏʝʩʥʦʢ    ʌʦʨʤʘʣʴʜʦʢʩʠʤ 8.02 0.288 0.036 8.02Ñ0.303 

ɼʊʄʌ+ɸʌ4 7.95 0.342 0.043 7.95Ñ0.358 

ʇʝʪʨʫʰʢʘ 8-ʄʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 1.50 0.052 0.035 1.50Ñ0.055 

ɼʊʇʌ+ɸʌ3 1.45 0.040 0.028 1.45Ñ0.043 

ʐʧʠʥʘʪ ʌʦʨʤʘʣʴʜʦʢʩʠʤ 8.77 0.359 0.041 8.77Ñ0.377 

8-ʄʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 8.86 0.230 0.026 8.86Ñ0.242 

ɼʊʇʌ+ɸʌ2 8.65 0.406 0.047 8.65Ñ0.427 

ɼʊʇʌ+ɸʌ3 8.82 0.344 0.039 8.82Ñ0.361 

ʄʦʨʩʢʘʷ ʧʦʯʚʘ 8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 275 12.92 4.7 275°14 

Mn-ɼʊʇʌ+ɸʌ1 269 11.30 4.2 269°12 

Mn-ɼʊʇʌ+ɸʌ2 278 10.84 3.9 278°11 

Mn-ɼʊʇʌ+ɸʌ3 276 10.21 3.7 276°11 

ʇʣʦʜʦʨʦʜʥʘʷ ʧʦʯʚʘ 8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 393 13.75 3.5 393°14 

Mn-ɼʊʇʌ+ɸʌ2 398 15.92 4.0 398°17 

ʇʨʦʤʳʰʣʝʥʥʘʷ 

ʧʦʯʚʘ 

8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 528 21.12 4.0 528°22 

Mn-ɼʊʇʌ+ɸʌ3 525 19.95 3.8 525°21 

ʈʝʯʥʘʷ ʧʦʯʚʘ (ʧʦʯ-

ʚʳ ʨʝʯʥʳʭ ʧʦʡʤ) 

8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 332 10.97 3.3 332°12 

Mn-ɼʊʇʌ+ɸʌ3 328 11.48 3.5 328°12 
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ʊʘʙʣʠʮʘ 8.34 

ʄʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝ-

ʥʠʡ ʞʝʣʝʟʘ(II)  ʩ ɼʌ ʠ ɸʤ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʘʭ (ʚʟʷʪʦ 30 ʤʢʛ Fe(II), Vʚ=20 

ʤʣ,  Vʦ=5 ʤʣ, n=6; P=0,95). 

ɾʝʣʝʟʦ(II)  ʦʧʨʝʜʝʣʝʥ 

ʚ ʚʠʜʝ 

ʄʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
-

X , 

ʤʢʛ 

S
2 

S Sr ὑ 
ὢ
ὸϽὛ

Ѝὲ
 

[Fe(ɼʊʌ)2](ɸʥH)2
 

19.7 0.160 0.40 0.020 0.42 19.7Ñ0.42 

[Fe(ɼʊʌ)(ʌʝʥ)2] 19.5 0.065 0.25 0.012 0.26 19.5Ñ0.26 

[Fe(ɼʊʌ)(ɹʌʝʥ)2] 19.3 0.025 0.16 0.008 0.17 19.3Ñ0.17 

[Fe(ɼʊʄʌ)2](ʤɸʥH)2
 

20.4 0.078 0.28 0.013 0.30 20.4Ñ0.30 

[Fe(ɼʊʄʌ)(ʌʝʥ)2] 20.5 0.062 0.25 0.012 0.26 20.5Ñ0.26 

[Fe(ɼʊʄʌ)(ɹʌʝʥ)2] 20.0 0.017 0.13 0.006 0.14 20.0Ñ0.14 

[Fe(ɼʊʄʌ)(ɼʠʧ)2] 20.7 0.075 0.27 0.013 0.28 20.2Ñ0.28 

[Fe(ɼʊʄʌ)2](ɼʌɻH)2 19.4 0.048 0.22 0.011 0.23 19.4Ñ0.23 

[Fe(ɼʊʄʌ)2](ɸʌ1H)2 20.4   0.032 0.18 0.009 0.19 20.4Ñ0.19 

[Fe(ɼʊʄʌ)2](ɸʌ2H)2 20.3 0.056 0.23 0.011 0.24 20.3Ñ0.24 

[Fe(ɼʊʄʌ)2](ɸʌ3H)2 20.5 0.065 0.25 0.012 0.26 20.5Ñ0.26 

[Fe(ɼʊʕʌ)2](ɸʥH)2
 

20.6 0.038 0.19 0.009 0.20 20.6Ñ0.20 

[Fe(ɼʊʕʌ)(ʌʝʥ)2] 19.3 0.093 0.31 0.016 0.33 19.2Ñ0.33 

[Fe(ɼʊʕʌ)(ɹʌʝʥ)2] 19.8 0.014 0.12 0.006 0.13 19.8Ñ0.13 

[Fe(ɼʊʕʌ)(ɼʠʧ)2] 19.6 0.105 0.32 0.016 0.34 19.6Ñ0.34 

[Fe(ɼʊɹʌ)2](ʜɸʥH)2
 

20.7 0.023 0.15 0.007 0.16 20.7Ñ0.16 

[Fe(ɼʊɹʌ)(ʌʝʥ)2] 20.4 0.019 0.14 0.007 0.15 20.4Ñ0.15 

[Fe(ɼʊɹʌ)(ɹʌʝʥ)2] 19.5 0.057 0.24 0.012 0.25 19.5Ñ0.25 

[Fe(ɼʊɹʌ)2](ɼʌɻH)2 19.8 0.018 0.13 0.007 0.14 19.8Ñ0.14 

[Fe(ɼʊɹʌ)2](ɸʌ1H)2 19.3 0.029 0.17 0.008 0.18 19.3Ñ0.18 

[Fe(ɼʊɹʌ)2](ɸʌ8H)2 19.4 0.032 0.18 0.009 0.19 19.4Ñ0.19 

ʆʧʨʝʜʝʣʝʥʠʝ ʞʝʣʝʟʘ ʚ ʧʦʯʚʘʭ. ʅʘʚʝʩʢʫ ʧʦʯʚʳ(0.5 ʛ), ʪʦʥʢʦ ʠʟʤʝʣʴʯʝʥ-

ʥʦʡ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ ʧʨʦʢʘʣʠʚʘʶʪ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩ. ʇʦʩʣʝ 

ʦʭʣʘʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʫʶ ʤʘʩʩʫ ʨʘʩʪʚʦʨʷʶʪ ʚ ʛʨʘʬʠʪʦʚʦʡ ʯʘʰʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫ-

ʨʝ 50-60 
ʦ
ʉ ʩʤʝʩʴʶ 16 ʤʣ ʢʦʥʮ HF, 5 ʤʣ ʢʦʥʮ. HNO3 ʠ 15 ʤʣ ʢʦʥʮ. HCl. ɼʣʷ ʫʜʘ-

ʣʝʥʠʷ ʠʟʙʳʪʢʘ ʬʪʦʨʦʚʦʜʦʨʦʜʘ, ʚ ʨʘʩʪʚʦʨ ʪʨʠʞʜʳ ʜʦʙʘʚʣʷʶʪ ʧʦ 8 ʤʣ ʢʦʥʮ. 

HNʆ3 ʠ ʫʧʘʨʠʚʘʶʪ ʢʘʞʜʳʡ ʨʘʟ ʜʦ 5-6 ʤʣ. ʈʘʩʪʚʦʨ ʧʝʨʝʥʦʩ̫ ʪ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ 

ʦʙʝ̡ʤʦʤ 100 ʤʣ ʠ ʦʙʲʝʤ ʜʦʚʦʜ̫ʪ ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʆʪʙʠʨʘʁʪ 

ʘʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ, ʧʝʨʝʚʦʜ̫ʪ ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ ʠ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦ-

ʜʠʢʘʤ ʥʘʭʦʜʷʪ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦ-

ʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʚ ʧʦʯʚʘʭ ʢʦʥʪʨʦʣʠʨʫʶʪ ʰʠʨʦʢʦʧʨʠʤʝʥ̫ʝʤʳʤʠ ʬʦʪʦʤʝʪʨʠʯʝʩ-

ʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8.35. 
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 ʊʘʙʣʠʮʘ 8.35 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ ʚ ʧʦʯʚʘʭ.  n =6, ʈ=0.95 

ʇʦʯʚʳ ʄʝʪʦʜ 
ὢ , 

% (10
-3

)  
S (10

-3
) RSD (%) ˢ

ὸϽὛ

Ѝὲ
 

ʄʦʨʩʢʠʝ ʉʫʣʴʬʦʩʘʣʠʮʠʣʘʪʥʳʡ 2.72 0.106 3.9 (2.72°0.11) Ŀ10
-3

 

ʈʦʜʘʥʠʜʥʳʡ 2.70 0.113 4.2 (2.70°0.12) Ŀ10
-3

 

ɼʊɹʌ+ʌʝʥ 2.68 0,094 3.5 (2.68°0.10) Ŀ10
-3

 

ɼʊɹʌ+ɼʠʧ 2.69 0,073 2.7 (2.69°0.08) Ŀ10
-3

 

ʇʣʦʜʦʨʦʜʥʘʷ ʉʫʣʴʬʦʩʘʣʠʮʠʣʘʪʥʳʡ 3.68 0.128 3.5 (3.68°0.13) Ŀ10
-3

 
ɼʊɹʌ+ʌʝʥ 3.64 0.146 4.0 (3.64°0.15) Ŀ10

-3
 

ʇʨʦʤʳʰʣʝʥʥʘ ̫ ʉʫʣʴʬʦʩʘʣʠʮʠʣʘʪʥʳʡ 5.10 0.153 3.0 (5.10°0.16) Ŀ10
-3

 
ɼʊɹʌ+ɼʠʧ 5.12 0.143 2.8 (5.12°0.15) Ŀ10

-3
 

ʈʝʯʥʘʷ (ʧʦʯʚʳ 

ʨʝʯʥʳʭ ʧʦʡʤ) 

ʉʫʣʴʬʦʩʘʣʠʮʠʣʘʪʥʳʡ 3.25 0.107 3.3 (3.25°0.13) Ŀ10
-3

 
ɼʊɹʌ+ɹʌʝʥ 3.30 0.102 3.1 (3.30°0.10) Ŀ10

-3
 

  

 ʆʧʨʝʜʝʣʝʥʠʝ ʞʝʣʝʟʘ ʚ ʤʷʩʝ. ʅʘʚʝʩʢʫ (3 ʛ) ʛʦʚʷʞʴʝʛʦ ʤʷʩʘ ʧʦʤʝʱʘʶʪ ʚ 

ʬʘʨʬʦʨʦʚʳʡ ʪʠʛʝʣʴ ʠ ʚʳʩʫʰʠʚʘʶʪ ʜʦ ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ, ʧʦʩʣʝ ʯʝʛʦ ʦʟʦʣʷʶʪ ʚ ʤʫ-

ʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ 500
ʦ
ʉ. ʉ ʮʝʣʴʶ ʫʩʢʦʨʝʥʠʷ ʦʟʦʣʝʥʠʷ ʚʳʥʠʤʘʪʁ ʪʠʛʝʣʴ ʠʟ ʧʝ-

ʯʠ, ʦʭʣʘʞʜʘʶʪ, ʩʦʜʝʨʞʠʤʦʝ ʪʠʛʣʷ ʩʤʘʯʠʚʘʶʪ 3%-ʥʳʤ ʨʘʩʪʚʦʨʦʤ H2O2, ʚʳʩʫ-

ʰʠʚʘʁʪ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʠ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʠ ʝʱʝ ʨʘʟʴ ʧʨʦʢʘʣʠʚʘʶʪ ʜʦ ʧʦ-

ʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʤʘʩʩʳ ʙʫʨʦʛʦ ʮʚʝʪʘ. ɺ ʦʭʣʘʞʜʝʥʥʫʶ ʟʦʣʫ ʜʚʘʞʜʳ ʧʨʠ-

ʙʘʚʣʷʶʪ ʧʦ 2 ʤʣ 2 ʄ HCl, ʧʦʜʝʛʨʝʚʘʶʪ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ, ʧʝʨʝʤʝʰʠʚʘʷ ʩʪʝʢʣʷʥ-

ʥʦʡ ʧʘʣʦʯʢʦʡ. ʌʠʣʴʪʨʘʪ ʥʘʛʨʝʚʘʶʪ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʜʦ 60 
ʦ
ʉ, ʧʨʠʙʘʚʣʷʶʪ 5 ʤʣ 

1%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʣʶʤʦʘʤʤʦʥʠʡʥʳʭ ʢʚʘʩʮʦʚ, 5 ʛ NH4Cl ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ 

NH4OH. ɼʣʷ ʢʦʘʛʫʣʷʮʠʠ ʦʩʘʜʢʘ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ ʨʘʩʪʚʦʨ ʚʳʜʝʨ-

ʞʠʚʘʁʪ ʧʨʠ 60 
ʦ
ʉ. ʉʪʘʢʘʥ ʠ ʦʩʘʜʦʢ ʧʷʪʴ ʨʘʟ ʧʨʦʤ ʚrʘʁʪ ʛʦʨ̫ʯʝʡ ʚʦʜʦʡ ʩ ʜʦ-

ʙʘʚʣʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʢʘʧʝʣʴ NH4OH. ʆʩʘʜʦʢ ʨʘʩʪʚʦʨʷʶʪ ʚ 10 ʤʣ 2 ʄ HCl, ʦʪ-

ʬʠʣʴʪʨʦʚʳʚʘʶʪ ʚ ʢʦʣʙʫ ʚʤʝʩʪʠʤʦʩʪʴʶ 100 ʤʣ ʠ ʦʙʲʝʤ ʜʦʚʦʜʷʪ ʜʦ ʤʝʪʢʠ ʜʠʩ-

ʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʆʪʙʠʨʘʶʪ ʘʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʜʦ-

ʙʘʚʣʷʶʪ 1-2 ʤʣ 0.01% ʨʘʩʪʚʦʨ ʕɼʊɸ ʠʣʠ ʪʘʨʪʨʘʪʘ ʠ ʦʧʨʝʜʝʣʷʶʪ ʩʦʜʝʨʞʘʥʠʝ 

Fe(II) ʩ ɼʌ ʠ ɸʤ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8.36.  

 ʆʧʨʝʜʝʣʝʥʠʝ ʞʝʣʝʟʘ ʚ ʢʨʦʚʠ. ɺ ʬʘʨʬʦʨʦʚʦʡ ʯʘʰʢʝ ʦʙʫʛʣʠʚʘʶʪ ʢʨʦʚʴ 

ʤʘʩʩʦʡ 10 ʛ. ɿʘʪʝʤ ʧʨʦʢʘʣʠʚʘʶʪ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ 550Ñ25 
ʦ
ʉ. ʆʩʪʘʪʦʢ 

ʨʘʩʪʚʦʨʷʶʪ ʚ 10 ʤʣ ʢʦʥʮ. ʨʘʩʪʚʦʨʘ HNO3, ʧʝʨʝʥʦʩʷʪ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 

50 ʤʣ, ʥʝʡʪʨʘʣʠʟʫʁ ʪ ʨʘʟʙʘʚʣʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ NH4OH ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1-2 ʤʣ 
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0.01% ʨʘʩʪʚʦʨʘ ʪʘʨʪʨʘʪʘ ʠʣʠ ʕɼʊɸ ʠ ʜʦʚʦʜʷʪ ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦ-

ʜʦʡ. ɺ ʘʣʠʢʚʦʪʥʳʭ ʯʘʩʪʷʭ (1-2 ʤʣ) ʦʧʨʝʜʝʣʷʶʪ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8.36.    

  ʆʧʨʝʜʝʣʝʥʠʝ ʞʝʣʝʟʘ ʚ ʬʨʫʢʪʘʭ. ʅʘʚʝʩʢʫ ʦʙʨʘʟʮʘ ʬʨʫʢʪʦʚ ʤʘʩʩʦʡ 200 ʛ 

ʧʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ ʧʦʤʝʱʘʶʪ ʚ ʛʨʘʬʠʪʦʚʫʶ ʯʘʰʢʫ, ʩʞʠʛʘʶʪ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝ-

ʯʠ ʧʨʠ 550-750 
ʦ
ʉ ʜʦ ʧʦʣʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʇʦʣʫʯʝʥʥʫʶ 

ʟʦʣʫ ʨʘʩʪʚʦʨʷʶʪ ʚ ʩʤʝʩʠ 15 ʤʣ ʢʦʥʮ. HCl  ʠ 5 ʤʣ ʢʦʥʮ HNO3 ʚ ʯʘʰʢʝ ʠʟ ʩʪʝʢʣʦ-

ʫʛʣʝʨʦʜʘ ʠ ʪʨʠʞʜʳ ʦʙʨʘʙʘʪʳʚʘʶʪ 4-5 ʤʣ HCl ʧʨʠ 60-70 
ʦ
ʉ ʜʦ ʧʦʣʥʦʡ ʦʪʛʦʥʢʠ 

ʦʢʩʠʜʦʚ ʘʟʦʪʘ. ɼʘʣʝʝ ʩʤʝʩʴ ʨʘʩʪʚʦʨʷʶʪ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, ʦʪʬʠʣʴʪʨʦ-

ʚrʚʘʶʪ ʚ ʢʦʣʙʝ ʝʤʢʦʩʪʴʶ 100 ʤʣ ʠ ʨʘʟʙʘʚʣʷʶʪ ʜʦ ʤʝʪʢʠ. ɺ ʘʣʠʢʚʦʪʥʦʡ ʯʘʩʪʠ 

ʦʧʨʝʜʝʣʷʶʪ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʩ ɼʌ ʠ ɸʤ. ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʧʦʣʫʯʝʥ-

ʥʦʛʦ ʦʢʨʘʰʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟʤʝʨʷʶʪ ʧʨʠ 490 ʥʤ ʚ ʢʶʚʝʪʝ ʪʦʣʱʠʥʦʡ ʩʣʦʷ 0.5 

ʩʤ. ʂʦʣʠʯʝʩʪʚʦ Fe(II)  ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʛʨʘʜʫʠʨʦʚʦʯʥʦʤʫ ʛʨʘʬʠʢʫ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʠʟʤʝʨʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩ-

ʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8.36. 

  ʆʧʨʝʜʝʣʝʥʠʝ ʞʝʣʝʟʘ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʘʭ. ʅʘʚʝʩʢʫ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʦʙʨʘʟʮʘ (0.1-1.0 ʛ) ʨʘʩʪʚʦʨʷʶʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʩʤʝʩʠ ʢʦʥʮ. HCl ʠ HNO3. ɿʘʪʝʤ 

ʨʘʩʪʚʦʨ ʚʳʧʘʨʠʚʘʶʪ ʜʦ ʚʳʜʝʣʝʥʠʷ ʦʢʠʩʣʦʚ ʘʟʦʪʘ, ʧʝʨʝʚʦʜ̫ ʪ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ 

ʚʤʝʩʪʠʤʦʩʪʴʶ 100 ʤʣ ʠ ʜʦʚʦʜʷʪ ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ɺ ʘʣʠʢʚʦʪ-

ʥʦʡ ʯʘʩʪʠ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ ʦʧʨʝʜʝʣʷʶʪ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʩ ɼʌ ʠ 

ɸʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.8.37. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠ-

ʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʘʭ ʢʦʥʪʨʦʣʠʨʫʶʪ ʰʠ-

ʨʦʢʦʧʨʠʤʝʥʷʝʤʳʤ ʩʫʣʴʬʦʩʘʣʠʮʠʣʘʪʥʳʤ ʤʝʪʦʜʦʤ. 

 ʆʧʨʝʜʝʣʝʥʠʝ ʞʝʣʝʟʘ ʚ ʩʧʣʘʚʘʭ ʥʘ ʮʠʥʢʦʚʦʡ ʦʩʥʦʚʝ. 0.1 ʛ ʦʙʨʘʟʮʘ ʚ ʭʠ-

ʤʠʯʝʩʢʦʤ ʩʪʘʢʘʥʝ ʨʘʩʪʚʦʨʷʶʪ ʚ ʩʤʝʩʠ 10 ʤʣ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 5 ʤʣ HCl+1-2 

ʢʘʧʣʠ HNO3 ʧʨʠ 50 
ʦ
ʉ, ʧʝʨʝʚʦʜʷʪ ʚ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 50 ʤʣ ʠ ʨʘʟʚʦʜ̫ʪ ʚʦʜʦʡ ʜʦ 

ʤʝʪʢʠ. 1 ʤʣ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʝʨʝʥʦʩʷʪ ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ ʠ ʦʧʨʝ-

ʜʝʣʷʶʪ  ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʩ ɼʌ ʠ ɸʤ. (ʪʘʙʣ. 8.37).  
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ʊʘʙʣʠʮʘ 8.36 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ.  n=6,  ʈ=0,95 
ɸʥʘʣʠʟʠʨʫʝʤʳʡ 

ʦʙʲʝʢʪ 

ʄʝʪʦʜʠʢʘ ʥʘʡʜʝʥʦ,  

Fe 

S Sr 
ὢ
ὸϽὛ

Ѝὲ
 

ɺʠʰʥʷ (ʤʛ/ʢʛ) ʉʫʣʴʬʦʩʘʣʠʮʠʣʘʪʥʳʡ 5.2 0.13 2.4 5.2 Ñ0.131 
ɼʊʄʌ+ɹʌʝʥ 5,1 0.12 2.0 5.1Ñ0.013 

ɼʊʕʌ+ɹʌʝʥ 5.2 0.10 1.9 5.2Ñ0.010 

ɹʝʣʘʷ ʯʝʨʝʰʥʷ 

(ʤʛ/ʢʛ) 

ʉʫʣʴʬʦʩʘʣʠʮʠʣʘʪʥʳʡ 14.0 0.43 3.1 14.0Ñ0.45 

ɼʊʌ+ɹʌʝʥ 14.2 0.35 2.5 14.2Ñ0.37 

ɼʊʄʌ+ɹʌʝʥ 13.8 0.36 2.6 13.8Ñ0.38 

ɼʊʕʌ+ɼʠʧ 13.9 0.35 2.4 13.9Ñ0.37 

ʂʨʘʩʥʘʷ ʯʝʨʝʰʥʷ 

(ʤʛ/ʢʛ) 

ʉʫʣʴʬʦʩʘʣʠʮʠʣʘʪʥʳʡ 20.4 0.714 3.5 20.4Ñ0.75 

ɼʊʌ + ɹʌʝʥ 19.5 0.565 2.9 19.5Ñ0.59 

ɼʊʄʌ+ ɹʌʝʥ 20.2 0.727 3.6 20.2Ñ0.763 

ɼʊʕʌ+ɹʌʝʥ 19.8 0.693 3.5 19.8Ñ0.727 

ʂʣʫʙʥʠʢʘ (ʤʛ/ʢʛ) ʉʫʣʴʬʦʩʘʣʠʮʠʣʘʪʥʳʡ 11.6 0.475 4.1 11.6Ñ0.50 

ɼʊʌ+ɹʌʝʥ 11.4 0.408 3.5 11.4Ñ0.42 

ɼʊʄʌ+ɹʌʝʥ 11.3 0.282 2.5 11.3Ñ0.296 

ɼʊʕʌ+ɹʌʝʥ 11.5 0.333 2.9 11.5Ñ0.350 

ʐʠʧʦʚʥʠʢ (ʤʛ/ʢʛ) ʉʫʣʴʬʦʩʘʣʠʮʠʣʘʪʥʳʡ 13 0.403 3.1 13Ñ0.423 

ɼʊʕʌ+ɹʌʝʥ 14 0.357 2.5 14Ñ0.367 

ɿʝʤʣʷʥʠʢʘ (ʤʛ/ʢʛ ʉʫʣʴʬʦʩʘʣʠʮʠʣʘʪʥʳʡ 12 0.348 2.9 12Ñ0.366 

ɼʊʕʌ+ʌʝʥ 11 0.495 4.5 11Ñ0.519 

ɻʦʚʷʜʠʥʘ (ʤʛ/ʛ) ʉʫʣʴʬʦʩʘʣʠʮʠʣʘʪʥʳʡ 2.92 0.134 4.5 2.92°0.14 

ɼʊʄʌ+ʌʝʥ 2.95 0.127 4.3 2.95°0.13 

ɼʊʕʌ+ɼʠʧ 2.93 0.117 3.8 2.92°0.12 

ʂʦʨʦʚʴʝ ʤʦʣʦʢʦ  

( ʤʛ/ʤʣ) 

ʉʫʣʴʬʦʩʘʣʠʮʠʣʘʪʥʳʡ 3.88 0.163 4.2 3.88Ñ0.171 

ɼʊʄʌ+ɼʠʧ 3.93 0.123 3.3 3.93Ñ0.136 

ɼʊʕʌ+ʌʝʥ 3.94 0.138 3.5 3.94Ñ0.145 

  ʗʡʮʦ (ʤʢʛ/ʢʛ) ʉʫʣʴʬʦʩʘʣʠʮʠʣʘʪʥʳʡ 70  1.75 2.5 70Ñ1.83 

ɼʊʕʌ+ʌʝʥ 68 1.56 2.3 68Ñ1.64 

  ʂʨʦʚʴ ʢʦʨʦʚʳ 

   (ʤʛ/ʤʣ) 

ʉʫʣʴʬʦʩʘʣʠʮʠʣʘʪʥʳʡ 1.92 0.034 1.8 1.92°0.036 

ɼʊʌ+ʌʝʥ 1.75 0.038 2.2 1.75°0.040 

ɼʊʌ+ɹʌʝʥ 1.88 0.047 2.5 1.88°0.050 

ɼʊʌ+ɼʠʧ 1.84 0.039 2.2 1.84°0.043 

ʂʨʦʚʴ (ʤʫʞʯʠʥʘ) 

(ʤʛ /ʤʣ) 

ʉʫʣʴʬʦʩʘʣʠʮʠʣʘʪʥʳʡ 0.88 0.025 2.8 0.88°0.026 

ɼʊʄʌ+ʌʝʥ 0.87 0.022 2.5 0.87°0.023 

ɼʊʕʌ+ɹʌʝʥ 0.89 0.020 2.3 0.89°0.021 

  

 ʆʧʨʝʜʝʣʝʥʠʝ ʞʝʣʝʟʘ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ. 0.5 ʛ ʦʙʨʘʟʮʦʚ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʨʘʩʪʚʦʨʷʶʪ ʚ 10 ʤʣ ʮʘʨʩʢʦʡ ʚʦʜʢʝ. ʈʘʩʪʚʦʨ ʚʳʧʘʨʠʚʘʶʪ 

ʜʦʩʫʭʘ ʠ ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʷʶʪ ʚ 10 ʤʣ 1 ʄ HCl. ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʬʠʣʴ-

ʪʨʫʁʪ ʠ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʨʘʟʙʘʚʣʷʶʪ ʜʦ 100 ʤʣ ʜʚʘʞʜʳ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʦʡ. ʉʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʥʘʭʦʜʷʪ ʧʦ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʩʪʨʦʝʥ-

ʥʦʡ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ (ʪʘʙʣ. 8.38). 
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ʊʘʙʣʠʮʘ 8.37 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ ʚ ʩʧʣʘʚʘʭ ʥʘ ʮʠʥʢʦʚʦʡ ʦʩʥʦʚʝ (n=5, P=0.95) 

ɸ 95-4 (Al 0,180 %; Fe 0,025 %; Pb 0,025 %; Cd 0,010 %; Cu 0,010 %; Sb 0,010 %; Sn 0,007 %; 

Zn ʦʩʪ.). ɸ 95-5 (Al 0,230 %; Fe 0,040 %; Pb 0,040 %; Cd 0,015 %; Cu 0,015 %; Sb 0,015 %; Sn 

0,010 % ; Zn ʦʩʪ.). ɹʈʆʎ-3/14.24 (ʍ) ɻʉʆ1516-79. 0.05Fe, 4.37 Sn, 0.0053Sb, 0.0038Bi, 0.03 

Pb, 0.002 Al, 0.03 P, 0.002Si,  ʦʩʪ. Cu.ʃʄʎ 0.5Fe, 0.08 Mn, 0.56 Pb, 1.70 Al, 0.08 Sn,  0.002Sb, 

0.001 Ni, 0.003 P, 37.06 % Zn, ʦʩʪ. Cu. 

ʊʘʙʣʠʮʘ 8.38 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ (n=6, ʈ=0,95) 

ʌʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʅʘʡʜʝʥʦ, Fe  RSD (%) 
Dexorange 32.65 ʤʛ 3.5 
Autrin capsule 98.53 ʤʛ 4.8 

Fefol 149 ʤʛ 3.9 
Dexorange 49.8 ʤʛ/ʤʣ  3.2 
Autrin capsule 1.31 ʤʛ/ʤʣ 3.1 

 

8.10. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝ-

ʥʠʷ Co(II)  ʠ Ni(II)  ʩ ɼʌ ʠ ɸʤ ʧʨʦʚʝʨʝʥʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʠʭ ʚ ʩʪʘʣʠ ʨʘʟʣʠʯʥʦʡ 

ʤʘʨʢʠ, ʙʨʦʥʟʝ, ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ, ʨʘʩʪʝʥʠʷʭ, ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠ̫ʭ ʠ ʩʪʦʯʥʳʭ ʚʦ-

ʜʘʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʘʥʳ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠ-

ʢʠ. 

 

ʄʝʪʦʜʠʢʘ 

ʉʪʘʥʜʘʨʪʥʳʡ 

ʦʙʨʘʟʝʮ 

ʅʘʡʜʝʥʦ, % Sr 
ὢ
ὸϽὛ

Ѝὲ
 

ʉʫʣʴʬʦʩʘʣʠʮʠʣʘʪʥʳʡ ɸ 95-4 0.024 0.038 0.024Ñ0.00105 
ɼʊʄʌ+ɸʌ2 0.026 0.043 0.026Ñ0.0013 
ɼʊʄʌ+ɼʠʧ 0.027 0.032 0.027Ñ0.0010 
ɼʊʕʌ+ʌʝʥ 0.023 0.044 0.023Ñ0.0012 

ʉʫʣʴʬʦʩʘʣʠʮʠʣʘʪʥʳʡ ɸ 95-05 0.041 0.045 0.041Ñ0.0021 
ɼʊʄʌ-ɸʌ2 0.038 0.036 0.038Ñ0.0016 
ɼʊʄʌ+ɼʠʧ 0.042 0.046 0.042Ñ0.0022 
ɼʊʕʌ+ʌʝʥ 0.039 0.033 0.039Ñ0.0015 

ʉʫʣʴʬʦʩʘʣʠʮʠʣʘʪʥʳʡ ɹʈʆʎ-3/14.24 

(ʍ) ɻʉʆ1516-79 

0.053 0.028 0.053°0.0015 
ɼʊʄʌ+ɸʌ2 0.049 0.035 0.049°0.0020 
ɼʊʄʌ+ɼʠʧ 0.056 0.029 0.056°0.0017 
ɼʊʕʌ+ʌʝʥ 0.045 0.037 0.045°0.0019 

ʉʫʣʴʬʦʩʘʣʠʮʠʣʘʪʥʳʡ ʃʄʎ 0.45 0.029 0.45°0.015 
ɼʊʄʌ+ʌʝʥ 0.53 0.033 0.53°0.020 
ɼʊʄʌ+ɸʌ2 0.48 0.031 0.48°0.017 
ɼʊʄʌ+ɼʠʧ 0.54 0.042 0.54°0.026 
ɼʊʕʌ+ʌʝʥ 0.55 0.038 0.55°0.024 
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ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʙʘʣʴʪʘ(II) ʠ ʥʠʢʝʣʷ(II) ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʠ ʜʦʥʥʳʭ ʦʪ-

ʣʦʞʝʥʠʷʭ. ɼʣʷ ʘʥʘʣʠʟʘ ʙʨʘʣʠ 1 ʣ ʩʪʦʯʥʦʡ ʚʦʜʳ (ʚ ʩʣʫʯʘʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ-

250 ʤʣ), ʚʳʧʘʨʠʚʘʶʪ ʜʦ ʧʦʣʫʯʝʥʠʷ ʦʩʘʜʢʘ, ʥʝ ʜʦʚʦʜʷ ʜʦ ʢʠʧʝʥʠʷ. ʆʩʘʜʦʢ ʨʘʩʪ-

ʚʦʨʷʶʪ ʚ 5 ʤʣ ʢʦʥʮ. HNO3, ʧʝʨʝʚʦʜʷʪ ʚ ʢʦʣʙʫ ʝʤʢʦʩʠʴʶ 50 ʤʣ ʠ ʨʘʟʙʘʚʣʷʶʪ ʚʦ-

ʜʦʡ ʜʦ ʤʝʪʢʠ. ɺ ʘʣʠʢʚʦʪʥʳʭ ʯʘʩʪʷʭ ʦʧʨʝʜʝʣʷʶʪ ʩʦʜʝʨʞʘʥʠʝ Co(II) ʠ Ni(II) ʩ ɼʌ 

ʠ ɸʤ. ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʦʢʨʘʰʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟʤʝʨʷʶʪ ʧʨʠ 

490 ʥʤ ʚ ʢʶʚʝʪʝ ʪʦʣʱʠʥʦʡ ʧʦʛʣʦʱʘʶʱʝʛʦ ʩʣʦʷ 0.5 ʩʤ. ʅʝʠʟʚʝʩʪʥʳʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ Co(II) ʠ Ni(II) ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʛʨʘʜʫʠʨʦʚʦʯʥʳʤ ʛʨʘʬʠʢʘʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8.39. 

ʊʘʙʣʠʮʘ 8.39 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ(II) ʠ ʥʠʢʝʣʷ(II) ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʠ ʜʦʥʥʳʭ ʦʪ-

ʣʦʞʝʥʠʷʭ (n = 6, P = 0.95). 

ʆʙʲʝʢʪ ʘʥʘʣʠʟʘ  ɺʚʝʜʝʥʦ 

ʤʛ/ʣ 

ʅʘʡʜʝʥʦ, ʤʛ/ʣ Sr 

ʉ ʜʦʙʘʚʢʦʡ 

 s
ὢ
ὸϽὛ

Ѝὲ
 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ(II)  

ʉʪʦʯʥʘʷ ʚʦʜʘ ʇʨʦʙʘ 1 2.0 2.45 2.45Ñ0.086 0.035 

ʇʨʦʙʘ 2 5.0 6.14 6.14Ñ0.092 0.037 

ɼʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʇʨʦʙʘ 1 5.0 6.26 6.26Ñ0.105 0.042 

ʇʨʦʙʘ 2 5.0 6.92 6.92Ñ0.158 0.038 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʢʝʣʷ(II)  

ʉʪʦʯʥʘʷ ʚʦʜʘ ʇʨʦʙʘ 1 2.0 2.55 2.55Ñ0.06 0.039 

ʇʨʦʙʘ 2 5.0 6.64 6.64Ñ0.12 0.032 

ɼʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʇʨʦʙʘ 1 2.0 3.46 3.46Ñ0.07 0.048 

ʇʨʦʙʘ 2 5.0 7.25 7.25Ñ0.14 0.059 

 ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʙʘʣʴʪʘ(ȽȽ) ʠ ʥʠʢʝʣʷ(ȽȽ) ʚ ʨʘʩʪʝʥʠʷʭ. ʅʘʜʝʞʥʳʡ ʢʦʥʪ-

ʨʦʣʴ ʩʦʜʝʨʞʘʥʠʷ Co(ȽȽ) ʠ Ni(ȽȽ) ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʚʘʞʝʥ ʚ ʩʚʷʟʠ ʩ ʠʭ 

ʚʩrʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʅʘʚʝʩʢʫ ʨʘʩʪʝʥʠʡ ʨʘʟʣʘʛʘʶʪ ʧʦ ʤʝʪʦʜʠʢʝ 

[241]. ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʦʢʨʘʰʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟʤʝʨ̫ʁʪ ʥʘ 

ʂʌʂ-2 ʚ ʢʶʚʝʪʝ ʩ ʪʦʣʱʠʥʦʡ ʩʣʦʷ 0.5 ʩʤ. ʂʦʣʠʯʝʩʪʚʦ Co(ȽȽ) ʠ Ni(ȽȽ) ʦʧʨʝʜʝʣ̫ ʶʪ 

ʧʦ ʛʨʘʜʫʠʨʦʚʦʯʥʳʤ ʛʨʘʬʠʢʘʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʘʥʳ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘ-

ʪʠʩʪʠʢʠ (ʪʘʙʣ.8.40). 
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ʊʘʙʣʠʮʘ 8.40 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ Co(ȽȽ) ʠ Ni(ȽȽ) ʚ ʨʘʩʪʝʥʠʷʭ (n=6, P=0.95) 

ʈʘʩʪʝʥʠʝ ʄʝʪʦʜʠʢʘ ʅʘʡʜʝʥʦ ʚ 

ʦʙʨʘʟʮʝ, ʤʛ/ʢʛ 

S Sr 
ὢ
ὸϽὛ

Ѝὲ
 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ(ȽȽ) 

ʌʘʩʦʣʴ 1-ʥʠʪʨʦʟʦʥʘʬʪʦʣ-2 0.20 0.0048 0.024 0.20Ñ0.005 

8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 0.19 0.0044 0.023 0.19 Ñ0.005 

ɼʄʄʌ+ʌʝʥ 0.18 0.0034 0.019 0.18Ñ0.004 

ɼʄɹʌ+ʌʝʥ 0.20 0.0032 0.016 0.20Ñ0.003 

ʏʝʨʝʤʫʭʘ ʬʦʨʤʘʣʴʜʦʢʩʠʤ 6.72 0.2077 0.031 6.72Ñ0.2180 

8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 6.83 0.1700 0.025 6.83Ñ0.1785 

ɼʊʄʌ+ɸʌ3 6.81 0.1292 0.019 6.81Ñ0.1356 

ɼʊʄʌ+ɸʌ4 6.94 0.1449 0.021 6.94Ñ0.1521 

ɻʦʨʦʭ 1-ʥʠʪʨʦʟʦʥʘʬʪʦʣ-2 0.11 0.0038 0.035 0.11Ñ0.0040 

8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 0.12 0.0046 0.038 0.12Ñ0.0048 

ɼʄɹʌ+ɹʌʝʥ 0.12 0.0031 0.026 0.12Ñ0.0033 

ɼʄɹʌ+ɼʠʧ 0.11 0.0053 0.048 0.11Ñ0.0055 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʢʝʣʷ(ȽȽ)  

ʌʘʩʦʣʴ ɼʠʤʝʪʠʣʛʣʠʦʢʩʠʤ 1.68 0.059 0.035 1.68 Ñ0.062 

8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 1.65 0.041 0.025 1.65 Ñ0.043 

ɼʄʄʌ+ɼʠʧ 1.71 0.048 0.028 1.71Ñ0.050 

ɼʄʄʌ+ʌʝʥ 1.66 0.043 0.026 1.66Ñ0.045 

ɻʦʨʦʭ ɼʠʤʝʪʠʣʛʣʠʦʢʩʠʤ 2.46 0.110 0.045 2.46Ñ0.116 

8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 2.35 0.090 0.039 2.35Ñ0.096 

ɼʊʄʌ+ʌʝʥ 2.28 0.088 0.039 2.28Ñ0.093 

ɼʊʄʌ+ɹʌʝʥ 2.39 0.081 0.034 2.39Ñ0.085 

ʆʚʝʩ ɼʠʤʝʪʠʣʛʣʠʦʢʩʠʤ 0.43 0.020 0.046 0.43Ñ0.021 

8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 0.46 0.013 0.029 0.46Ñ0.014 

ɼʊʄʌ+ɼʠʧ 0.42 0.017 0.041 0.42Ñ0.018 

ɼʊʕʌ+ʌʝʥ 0.47 0.014 0.029 0.47Ñ0.014 

ʈʦʞʴ ɼʠʤʝʪʠʣʛʣʠʦʢʩʠʤ 3.05 0.113 0.037 3.05Ñ0.118 

8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 3.20 0.074 0.023 3.20Ñ0.077 

   ɼʊʕʌ+ɸʥ 3.12  0.091 0.029 3.12Ñ0.095 

   ɼʊɹʌ+ɼʌɻ 2.96 0.133 0.045 2.96Ñ0.139 

ʆʧʨʝʜʝʣʝʥʠʝ ʥʠʢʝʣʷ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ. ɼʣʷ ʘʥʘʣʠʟʘ ʙʨʘʣʠ ʩʪʘʥʜʘʨʪʥʳʡ 

ʦʙʨʘʟʝʮ (ʪʨʘʧ I ɸ) 519-84 ʇ, (% ʚʝʩ.) (B- 0,0015; Be-0.00009; Ba- 0,023; S-0.04; V-0.032; Cr- 

0.014; Cs-0.00009; Cu-0.022; Zr- 0.013; H2O-0.97; Nb-0.0008; Co- 0.0046; U-0.00008; Th-0,0025; 

Zn-0.015; F-0.025; Ga- 0.0046; Ge-0.00016; Li-0.0014; Mo-0.00017; Sc-0.0043; Pb- 0.0005; Sn-

0.00035; SiO2-49.1; TiO2-1.85; Ni-0.0090; Pd-0.005; La-0.0014; Ce-0.0026; Pr- 0.00027; Yb-

0.00038; CaO-10.20: MgO-5.74; Na2O-2,49; K2O-0.7; Al 2O3-14.23; Fe2O3-15.22; FeO-10.26; 

MnO-0.21; P2O5-0.21; Sr- 0.027; Ta-0.00012; Nd-0.0015; Sm-0.0005; W- 0.00007; Eu- 0.00023). 

5 ʛ ʦʙʨʘʟʮʘ ʚ ʯʘʰʢʝ ʠʟ ʩʪʝʢʣʦʫʛʣʝʨʦʜʘ ʨʘʩʪʚʦʨʷʶʪ ʚ ʩʤʝʩʠ 10 ʤʣ ʢʦʥʮ. HF+9 ʤʣ 

ʢʦʥʮ. HCl+3 ʤʣ ʢʦʥʮ. HNO3. ʆʙʨʘʟʦʚʘʥʥʫʶ ʤʘʩʩʫ ʦʙʨʘʙʘʪʚrʘʶʪ 5-6 ʤʣ ʢʦʥʮ. 

HNO3 ʧʨʠ 70-80 ÁC ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ HF. ʆʩʘʜʦʢ ʨʘʩʪʚʦʨ̫ʁ ʪ ʚ ʚʦʜʝ, 
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ʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 50 ʤʣ. ʈʘʩʪʚʦʨ ʨʘʟʚʦʜ̫ʪ ʜʠʩʪʠʣ-

ʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ. ɸʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʨʘʟʤʝɦʘ-

ʶʪ ʚ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 25 ʤʣ, ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ ʦʧʨʝʜʝʣʁ̫ʪ Ni(II). 

ʅʘʡʜʝʥʦ Ni (9.01Ñ0.02)Ŀ10
-3
 %. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ ʚ ʧʦʯʚʘʭ. ʂʦʙʘʣʴʪ ʥʝ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʤr. ɽʛʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʩʪʘʣʝʣʠʪʝʡʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʧʦʣʠʤʝʨʦʚ. ʇʦʧʘʜʘʥʠʝ ʚʥʫʪʨʴ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʢʦʙʘʣʴʪʘ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʛʝʤʦʛʣʦʙʠʥʘ ʚ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ ʠ ʤʦʞʝʪ ʚʳʟʚʘʪʴ 

ʟʘʙʦʣʝʚʘʥʠʷ ʢʨʦʚʠ. ʉʯʠʪʘʶʪ, ʯʪʦ ʢʦʙʘʣʴʪ ʚʳʟʳʚʘʝʪ ʙʘʟʝʜʦʚʫ ʙʦʣʝʟʥʴ. ʅʠʢʝʣʴ 

ʩʯʠʪʘʝʪʩʷ ʦʧʘʩʥʳʤ  ʟʘʛʨʷʟʥʠʪʝʣʝʤ ʚ ʩʚʷʟʠ ʩ ʨʘʩʪʫʱʠʤʠ ʪʝʤʧʘʤʠ ʩʞʠʛʘʥʠʷ ʫʛʣʷ 

ʠ ʥʝʬʪʠ, ʘ ʪʘʢʞʝ ʚʳʙʨʦʩʘʤʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʠ ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʧʨʝʜʧʨʠ̫ʪʠʡ. ʆʩʘʜʦʢ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʫʜʦʙʨʝʥʠʡ ʪʘʢʞʝ 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʧʦʯʚʳ. ʂʦʙʘʣʴʪ ʠ ʥʠʢʝʣʴ 

ʦʧʘʩʥʳ ʜʣʷ ʞʠʟʥʠ ʦʨʛʘʥʠʟʤʦʚ ʚʚʠʜʫ ʠʭ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʦʪʥʦʩʷʪʩʷ ʢ II ʢʣʘʩʩʫ ʦʧʘʩʥʦʩʪʠ.  

 ʅʘʚʝʩʢʫ (1-2 ʛ) ʪʦʥʢʦ ʨʘʩʪʝʨʪʦʡ ʧʦʯʚʳ ʧʦʤʝʱʘʁʪ ʚ ʪʝʨʤʦʩʪʦʡʢʫʶ ʰʠʨʦʢʦ-

ʛʦʨʣʫʶ ʢʦʣʙʫ ʥʘ 100 ʤʣ, ʩʪʘʚʷʪ ʚ ʭʦʣʦʜʥʳʡ ʤʫʬʝʣʴ, ʧʦʚʳhʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 

450-500 
ʦ
ʉ ʧʨʦʢʘʣʠʚʘʶʪ ʥʝ ʤʝʥʝʝ 3 ʯʘʩʦʚ. ɼʘʣʝʝ ʚ ʦʭʣʘʞʜʝʥʥʫʶ ʢʦʣʙʫ ʩ ʧʨʦʢʘ-

ʣʝʥʥʦʡ ʧʦʯʚʦʡ ʧʨʠʙʘʚʣʷʶʪ 5 ʤʣ ʢʦʥʮ. HNO3, 2 ʤʣ ʢʦʥʮ. H2SO4 ʠ 2 ʤʣ H2O2 ʠ 

ʦʩʪʦʨʦʞʥʦ ʥʘʛʨʝʚʘʣʠ ʥʘ ʧʣʠʪʢʝ ʜʦ ʧʦʷʚʣʝʥʠʷ ʙʝʣʳʭ ʧʘʨʦʚ SO3, ʜʦʙʘʚʣʷʶʪ ʝʱʝ 

3-4 ʨʘʟʘ ʢʦʥʮ. HNO3 ʠ H2O2, ʚʳʧʘʨʠʚʘʷ ʢʘʞʜʳʡ ʨʘʟ ʜʦ ʧʦʷʚʣʝʥʠʷ ʧʘʨʦʚ; ʧʦʜ ʢʦ-

ʥʝʮ ʧʨʠʣʠʚʘʶʪ ʝʱʝ 0.5 ʤʣ ʢʦʥʮ. H2SO4 ʠ 3 ʤʣ ʢʦʥʮ. HNO3 ʠ ʚʳʧʘʨʠʚʘʶʪ ʜʦʩʫ-

ʭʘ. ʇʨʠʙʘʚʣʷʶʪ 2 ʤʣ HClO4 ʠ ʚʳʧʘʨʠʚʘʶʪ ʜʦʩʫʭʘ. ɼʚʘʞʜʳ ʧʨʠʣʠʚʘʶʪ ʧʦ 5 ʤʣ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ ʚʳʧʘʨʠʚʘʁʪ ʜʦʩʫʭʘ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʥʠʪʨʦʟʠʣʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ ʠ ʫʜʘʣʝʥʠʷ ʩʣʝʜʦʚ ʚʩʝʭ ʢʠʩʣʦʪ. ʆʩʪʘʪʦʢ ʧʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ ʧʦʯʚʳ ʩʤʘ-

ʯʠʚʘʶʪ 2 ʤʣ ʨʘʟʙʘʚʣʝʥʥʦʡ HCl (1:1), ʨʘʩʪʚʦʨʷʶʪ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʠ ʧʝʨʝʥʦʩʷʪ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 100 ʤʣ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ 

ʨʘʩʪʚʦʨ ʜʦʣʠʚʘʶʪ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ. ʆʪʙʠʨʘʁʪ ʘʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʧʝʨʝʚʦʜ̫ ʪ ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ ʠ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ ʦʧ-

ʨʝʜʝʣʷʶʪ ʩʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ (ʪʘʙʣ. 8.41). 
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ʊʘʙʣʠʮʘ 8.41 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ(II)   ʠ ʥʠʢʝʣʷ(II)  ʚ ʧʦʯʚʘʭ.  n =6, ʈ=0.95 

ʇʦʯʚʳ ʄʝʪʦʜ 
ὢ , 

ʤʛ/ʢʛ 
S RSD (%) ˢ

ὸϽὛ

Ѝὲ
 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ   

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ  ʧʝʩʯʘʥʳʝ 

ʠ ʩʫʧʝʩʯʘʥʳʝ 

1-ʅʠʪʨʦʟʦ-2-ʥʘʬʪʦʣ 3.20 0.157 4.9 3.20°0.16 

ɼʊʌ+ɸʌ4 3.33 0.140 4.2 3.33°0.15 

ɼʊʌ+ɸʌ5 3.20 0.118 3.7 3.20°0.12 

ɼʊɹʌ+ɼʌɻ 3.15 0.110 3.5 3.15°0.12 

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʩʫʛʣʠʥʠʩ-

ʪʳʝ ʠ ʛʣʠʥʠʩʪʳʝ 

1-ʅʠʪʨʦʟʦ-2-ʥʘʬʪʦʣ 9.89 0.445 4.5 9.89°0.47 

ɼʊʌ+ɸʌ5 9.95 0.418 4.2 9.95°0.44 

ʉʝʨʳʝ ʣʝʩʥʳʝ 1-ʅʠʪʨʦʟʦ-2-ʥʘʬʪʦʣ 13.15 0.394 3.0 13.15°0.41 

ɼʊʌ+ɸʌ5 12.96 0.375 2.9 12.96°0.39 

ʏʝʨʥʦʟʝʤʳ 1-ʅʠʪʨʦʟʦ-2-ʥʘʬʪʦʣ 15.75 0.583 3.7 15.75°0.61 

ɼʊɹʌ+ɼʌɻ 15.68 0.548 3.5 15.68°0.57 

ʂʘʰʪʘʥʦʚʳʝ 1-ʅʠʪʨʦʟʦ-2-ʥʘʬʪʦʣ 11.60 0.545 4.7 11.60°0.57 

ɼʊʌ+ɸʌ5 11.58 0.521 4.5 11.58°0.55 

ɼʊɹʌ+ɼʌɻ 12.61 0.529 4.2 12.61°0.55 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʢʝʣʷ ʚ ʧʦʯʚʘʭ 
ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ  ʧʝʩʯʘʥʳʝ 

ʠ ʩʫʧʝʩʯʘʥʳʝ 

ɼʠʤʝʪʠʣʛʣʠʦʢʩʠʤ 5.87 0.26 4.5 5.87°0.27 

8-ʤʝʨʢʘʧʪʦʭʠʥʦʣʠʥ 5.92 0.25 4.2 5.92°0.26 

ɼʊʄʌ+ɸʌ2 5.94 0.25 4.3 5.94°0.26 

ɼʊʄʌ+ɸʌ3 5.95 0.16 2.8 5.95°0.17 

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ 

ʩʫʛʣʠʥʠʩʪʳʝ ʠ ʛʣʠʥʠʩʪʳʝ 

ɼʠʤʝʪʠʣʛʣʠʦʢʩʠʤ 31.15 1.46 4.7 31.15°1.55 

ɼʊʕʌ+ʦ-ɸʤʈʫ 31.20 1.31 4.2 31.20°1.40 

ʉʝʨʳʝ ʣʝʩʥʳʝ ɼʠʤʝʪʠʣʛʣʠʦʢʩʠʤ 33.14 1.32 4.0 33.14°1.41 

ɼʊʕʌ+ʦ-ɸʤʈʫ 32.96 1.25 3.8 32.96°1.35 

ʏʝʨʥʦʟʝʤʳ ɼʠʤʝʪʠʣʛʣʠʦʢʩʠʤ 43.23 1.51 3.5 43.23°1.65 

ɼʊɹʌ+ʦ-ʌɼɸ 43.28 1.68 3.9 43.28°1.79 

ʂʘʰʪʘʥʦʚʳʝ ɼʠʤʝʪʠʣʛʣʠʦʢʩʠʤ 33.76 1.48 4.4 33.76°1.58 

ɼʊɹʌ+ʦ-ʌɼɸ 33.81 1.38 4.1 33.81°1.47 

ɼʊʕʌ+ʦ-ɸʤʈʫ 33.80 1.31 3.9 33.80°1.38 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ ʚ ʩʪʘʣʷʭ. ʅʘʚʝʩʢʫ 0.2 ʛ ʩʪʘʣʠ ʨʘʩʪʚʦʨ-

ʷʁ ʪ ʚ 20 ʤʣ ʢʦʥʮ. HCl ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʇʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʥʘʚʝʩʢʠ ʧʦ ʢʘʧʣʷʤ 

ʜʦʙʘʚʣʷʁʪ ʢʦʥʮ. HNO3 ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʚʩʧʝʥʠʚʘʥʠʷ (1-2 ʤʣ). ʈʘʩʪʚʦʨ ʦʪʬʠʣʴ-

ʪʨʦʚʳʚʘʶʪ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 100 ʤʣ ʯʝʨʝʟ ʬʠʣʴʪʨʦʚʘʣʴʥʫʶ ʙʫʤʘʛʫ ʩ 

ʩʠʥʝʡ ʣʝʥʪʦʡ ʠ ʨʘʟʙʘʚʣʷʶʪ 0.1ʄ ʅCl ʜʦ ʤʝʪʢʠ. ɺ ʘʣʠʢʚʦʪʥʳʭ ʯʘʩʪʷʭ ʦʧʨʝʜʝʣ̫-

ʶʪ ʩʦʜʝʨʞʘʥʠʷ Co ʠ Ni. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8.42. 

ʆʧʨʝʜʝʣʝʥʠʝ ʥʠʢʝʣʷ ʚ ʙʨʦʥʟʝ. ʅʘʚʝʩʢʫ ʙʨʦʥʟʳ (0.1ʛ) ʨʘʩʪʚʦʨʷʶʪ ʚ ʢʦʥʮ. 

HNO3 ʧʨʠ ʫʤʝʨʝʥʥʦʤ ʥʘʛʨʝʚʘʥʠʠ. ʈʘʩʪʚʦʨ ʫʧʘʨʠʚʘʶʪ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ, 

ʧʝʨʝʚʦʜ̫ ʪ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 100 ʤʣ ʠ ʨʘʟʚʦʜ̫ʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦ-

ʜʦʡ ʜʦ ʤʝʪʢʠ. ɺ ʘʣʠʢʚʦʪʥʳʭ ʯʘʩʪʷʭ ʦʧʨʝʜʝʣʁ̫ʪ ʩʦʜʝʨʞʘʥʠʷ ʥʠʢʝʣʷ. ʈʝʟʫʣʴʪʘʪʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8.42. 
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ʊʘʙʣʠʮʘ 8.42 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʢʝʣʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. n=5; p=0.95 

ɸʥʘʣʠʟʠʨʫ-

ʝʤʳʡ ʦʙʲʝʢʪ 

ʄʝʪʦʜʠʢʠ. -

X , % 
S ‐ Sr Õ 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ(II)  

 ʉʪʘʣʴ ʄ 441 ɼʊɹʌ+ɼʌɻ 0.0125 0.00031 0.00033 0.025 0.0125°0.00033 

ɼʊɹʌ+ʊʌɻ  0.0122 0.00027 0.00028 0.022
 

0.0122°0.00028
 

ʉʪʘʣʴ ˉ156 

 

ɼʊʄʌ+ɸʌ2 0.581 0.019 0.020 0.033 0.581°0.038 

ɼʊʄʌ+ɸʌ3 0.574 0.022 0.023 0.038 0.574°0.023 

ɼʊʇʌ+ɸʌ3 0.558 0.025 0.0263 0.045 0.558°0.0263 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʢʝʣʷ(II)  

8ʍʌ(ʉ16
ʙ
) ɼʠʤʝʪʠʣʛʣʠʦʢʩʠʤ 0.259 0.00725 0.0083 0.028 0.259°0.0083 

ɼʊʄʌ+ɸʌ2 0.258 0.00851 0.0098 0.033 0.258°0.0098 

ɼʊʄʌ+ɸʥ 0.257 0.0113 0.013 0.044 0.257°0.013 

ɼʊʕʌ+ɸʥ 0.258 0.00645 0.0074 0.025 0.258°0.0074 

ɼʊɹʌ+ɼʌɻ 0.256 0.0107 0.0123 0.042 0.256°0.0123 

ɺɹ-23ʅʎ-Cu ɼʠʤʝʪʠʣʛʣʠʦʢʩʠʤ 3.45 0.200 0.210 0.058 3.45°0.21 

ɼʊʄʌ+ɸʌ2 3.54 0.145 0.152 0.041 3.54°0.152 

ɼʊʕʌ+ɸʥ 3.49 0.119 0.124 0.034 3.49°0.124 
ɼʊɹʌ+ɼʌɻ 3.46 0.150 0.156 0.043 3.46°0.156 

ʉʪʘʣʴ ʄ 441 (0.012% ʉʦ), ʉʪʘʣʴ ˉ156 (0.56% ʉʦ); 8ʍʌ (ʉ16
ʙ
) (C 0.752; Cr 0.732; P 0.01; 

0.639 V; Si 0.257; Ni 0.258; Cu 0.219; Mn 0.324; Mo 0.193; S 0.0053; B 0.0176; Fe 96.59 %); 

ɺɹ-23ʅʎ  -Cu 63.835; Sb  3 - 4; Zn  3 - 4; Ni,  3 - 4; Pb, 18 - 22; P,  0.15 - 0.30; Sn, ʜʦ 0.5; Fe,  ʜʦ 

0.3; As, ʜʦ 0.1; Bi,  ʜʦ 0.025; Si, ʜʦ 0.02%. 

ʇʨʦʚʝʨʢʫ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʝʪʦ-

ʜʠʢʘʤ, ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʦ ʤʝʪʦʜʫ çʚʚʝʜʝʥʦ-ʥʘʡʜʝʥʦè. ʈʝ-

ʟʫʣʴʪʘʪr ʧʨʦʚʝʨʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 8.43. 

ʊʘʙʣʠʮʘ 8.43 

ʇʨʘʚʠʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ ʧʦ ʩʧʦʩʦʙʫ ʚʚʝʜʝʥʦ-ʥʘʡʜʝʥʦ 

ʅʘʡʜʝʥʦ Ni, 

ʤʢʛ 

ɺʚʝʜʝʥʦ 

 Ni, ʤʢʛ 

ʅʘʡʜʝʥʦ 

Ni, ʤʢʛ 

S Sr 
ὢ
ὸϽὛ

Ѝὲ
 

1.15 3.0 4.16 0.125 0.03 4.16Ñ0.13 

2.45 5.0 7.56 0.378 0.05 7.56Ñ0.39 

 

ʆʙʟʦʨ ʛʣʘʚʳ VIII  

ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ ʤʝʪʨʦ-

ʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʝ ʫʩʪʫʧʘʶʪ ʧʦ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʩʦʜʝʨʞʘʥʠʡ ʜʨʫʛʠʤ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʦʪʣʠʯʘʁʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧ-

ʣʝʢʩʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʨʷʜ ʤʘʩʢʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʝʣʝʢ-

ʪʠʚʥʦʩʪʴ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ɼʌ ʠ ɸʤ. ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠ-
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ʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ ʧʦʢʘʟ-r

ʚʘʝʪ, ʯʪʦ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ ɼʊɹʌ  

-  ɼʊʇʌ - ɼʊʕʌ - ɼʊʄʌ - ɼʊʌ. ɺʦ ʚʩʝʭ ʦʙʲʝʢʪʘʭ ʠʩʣʝʜʦʚʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʦʧ-

ʨʝʜʝʣʝʥʳ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʦʪ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ 

ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʘʥʘʣʠʟʘ ʠ ʜʝʣʘʝʪ ʝʛʦ ʵʢʩʧʨʝʩʩʥʳʤ. ʕʪʦ ʫʜʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʠʟ-

ʙʠʨʘʪʝʣʴʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ.  

ʇʨʝʜʣʦʞʝʥʥʳʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝ-

ʣʝʥʠʷ Cu(II) ʩ ɼʌ ʠ ɸʤ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʚ ʩʪʘʣʠ ʨʘʟʣʠʯʥʦʡ ʤʘʨ-

ʢʠ, ʩʧʣʘʚʘʭ, ʨʘʩʪʝʥʠʷʭ, ʧʠʰʝʚʳʭ ʧʨʦʜʫʢʪʘʭ, ʥʝʬʪʠ, ʘʧʘʪʠʪʥʦʡ ʤʫʢʝ, ʬʘʨʤʘʮʝʚ-

ʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ 

Cu-ɼʊʄʌ-ɼʠʧ, Cu-ɼʊʄʌ-ʌʝʥ, Cu-ɼʊʄʌ+ɹʌʝʥ, Cu-ɼʊʕʌ-ɹʌʝʥ, Cu-ɼʊʕʌ-

ɹʌʝʥ, Cu-ɼʊɹʌ-ɸʌ2, Cu- ɼʊɹʌ-ɸʌ3, Cu-ɼʊɹʌ-ɸʌ4, Cu-ɼʊɹʌ-ɹɸ, Cu-ɼʊɹʌ-

ʌʝʥ, Cu-ɼʊɹʌ-ɹʌʝʥ, Cu-ɼʊɹʌ-ɼʠʧ ʠ Cu-ɼʊɹʌ-ʜɸʥ. 

ʄʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʪʫʪʠ(II)  ʩ ɼʌ ʠ ɸʤ ʧʨʠʤʝʥʝʥʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʝʛʦ 

ʚ ʧʦʯʚʘʭ, ʤʦʨʩʢʦʡ ʚʦʜʝ, ʢʨʦʚʠ, ʧʰʝʥʠʮʝ, ʩʳʨʝ, ʛʦʚʷʞʝʡ ʧʝʯʝʥʠ, ʤʷʩʝ ʠ ʨʳʙʝ. ʉ 

ʵʪʦʡ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʳ ʈʃʂ Hg-ɼʊʄʌ-ʤɸʥ, Hg-ɼʊʄʌ-ɸʥ, Hg-ɼʊʕʌ-ʤɸʥ, 

Hg-ɼʊʕʌ-ʜɸʥ, Hg-ɼʊʇʌ-ɸʥ, Hg-ɼʊɹʌ-ʤɸʥ ʠ Hg-ɼʊɹʌ-ʜɸʥ. ʇʨʦʚʝʜʝʥʘ 

ʦʮʝʥʢʘ ʧʨʘʚʠʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ Hg(II) ʤʝʪʦʜʦʤ ʜʦʙʘʚʦʢ ʠ ʜʠʪʠʟʦʥʦʚʳʤ ʤʝ-

ʪʦʜʦʤ.  

ɺ ʩʪʘʣʠ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ, ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʘʣʶʤʠʥʠʠ, ʩʪʦʯʥʦʡ ʠ ʤʦʨʩʢʦʡ 

ʚʦʜʘʭ, ʬʝʨʨʦʪʠʪʘʥʝ, ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʤʝʩʠ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʥʠʦʙʠʠ ʧʨʝʜʣʦʞʝʥ-

ʥ ʤrʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʦʧʨʝʜʝʣʷʣʠ ʪʠ-

ʪʘʥ(IV)  ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʦʚ Ti-ɼʊʌ-ɸʥ, Ti-ɼʊʄʌ-ɸʥ, Ti-ɼʊʕʌ-ɸʥ, Ti-ɼʊɹʌ-

ɸʥ, Ti-ɼʊɹʌ-ʤɸʥ, Ti-ɼʊɹʌ-ʜɸʥ ʠ Ti-ɼʊɹʌ-ɸʌ3. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʦʧ-

ʨʝʜʝʣʝʥʠʷ ʪʠʪʘʥʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʜʦʙʘʚʦʢ ʠ ʪʘʡʨʦʥ-ʪʨʠʙʫʪʠʣʘʤʠʥ-

ʥʳʤ ʤʝʪʦʜʦʤ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ 

V(IV) c ɼʌ ʠ ɸʤ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʚ ʧʦʯʚʘʭ, ʨʘʩʪʝʥʠʷʭ, ʩʪʘʣʠ 

ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ, ʩʧʣʘʚʘʭ, ʘʣʫʥʠʪʝ, ʥʝʬʪʠ ʠ ʧʨʦʜʫʢʪʘʭ ʝʝ ʧʝʨʝʨʘʙʦʪʢʠ.  ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʳ V-ɼʊʌ-ɸʌ1,V-ɼʊʌ-ɸʌ3, V-ɼʊʄʌ-ɸʌ1, V-ɼʊʄʌ-ɸʌ2, 
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V-ɼʊʇʌ-ɸʌ3, V-ɼʊʄʌ-ɸʌ4, V-ɼʊʕʌ-ɹʬʝʥ, V-ɼʊʕʌ-ɼʠʧ, V-ɼʊʇʌ- ɸʥ, V-

ɼʊɹʌ-ɸʥ V-ɼʊʕʌ-ɸʌ1 V-ɼʊʕʌ-ɸʌ2 V-ɼʊʇʌ-ʤɸʥ, V-ɼʊʇʌ-ɸʌ3,V-ɼʊɹʌ-

ɸʌ8, V-ɼʊɹʌ-ɼʌɻ, V-ɼʊɹʌ-ɸʌ2, V-ɼʊɹʌ-ɸʌ3, V-ɼʊɹʌ-ʌʝʥ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ 

ʤʝʪʦʜʠʢʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʜʦʙʘʚʦʢ ʠ ʰʠʨʦʢʦʧʨʠʤʝʥʷʝʤʤrʠ ʬʦʪʦʤʝʪ-

ʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ (8-ʛʠʜʨʦʢʩʠʭʠʥʦʣʠʥ, ʬʦʨʤʘʣʴʜʦʢʩʠʤ ʠ ʬʦʩʬʦʨʥʦʚʦʣʴʬʨʘ-

ʤʦʚʳʤ). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʠ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʚʘʥʘʜʠʷ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯ-

ʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʘʥ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʚ ʚʠʜʝ 

ʢʦʤʧʣʝʢʩʘ [VO(ɼʊɹʌ)2](ɸʌ3ʅ)2. 

ʅʠʦʙʠʡ ʠ ʪʘʥʪʘʣ ʦʧʨʝʜʝʣʷʣʠ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʦʚ Nb-ɼʊʌ-ɸʥ, Nb-ɼʊʌ-

ʤɸʥ, Nb-ɼʊʌ-ʜɸʥ, Nb-ɼʊʕʌ-ɼʌɻ, Nb-ɼʊʇʌ-ɼʌɻ, Nb-ɼʊʕʌ-ɸʌ3, Nb- 

ɼʊɹʌ-ʤɸʥ, Nb-ɼʊɹʌ+ʜɸʥ, Ta-ɼʊʌ-ɸʥ, Ta-ɼʊʌ-ʤɸʥ, Ta-ɼʊʌ-ʜɸʥ, Ta-

ɼʊʄʌ-ɸʥ, Ta- ɼʊʕʌ-ɸʥ, Ta-ɼʊʇʌ-ɼʌɻ, Ta-ɼʊʇʌ-ʜɸʥ ʠ Ta-ɼʊɹʌ-ʜɸʥ. ʄʝ-

ʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʦʙʠʷ(V) ʠ ʪʘʥʪʘʣʘ(V) ʩ ɼʌ ʠ ɸʤ ʧʨʦʚʝʨʝʥʳ ʧʨʠ ʦʧʨʝʜʝ-

ʣʝʥʠʠ ʠʭ ʚ ʩʪʘʣʠ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʠ ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ. ʇʨʠ ʙʦʣʴ-

ʰʝʤ ʩʦʜʝʨʞʘʥʠʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ Ta ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ Nb. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʨʪʨʘʪʘ ʘʤʤʦʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʩ-

ʢʠʨʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ Nb ʚ ʧʨʠʩʫʪʩʪʚʠʠ Ta. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩ ɼʌ ʠ ɸʤ ʧʨʦʚʝʨʝʥʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʝʛʦ ʚ 

ʩʪʘʣʠ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ, ʨʘʩʪʝʥʠʷʭ, ʧʦʯʚʘʭ ʠ ʧʠʪʴʝʚʦʡ ʚʦʜʝ. ʄʦʣʠʙʜʝʥ ʦʧʨʝʜʝʣ-

ʷʣʠ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʦʚ Mo-ɼʊʄʌ-ɸʥ, Mo-ɼʊʄʌ- ʜɸʥ, Mo-ɼʊʄʌ-ʤɸʥ,  Mo-

ɼʊʄʌ-ɸʌ1, Mo-ɼʊʄʌ-ɼʠʧ, Mo-ɼʊʄʌ-ɸʌ4 , Mo-ɼʊɹʌ-ʤɸʥ, Mo-ɼʊɹʌ-ʜɸʥ, 

Mo-ɼʊʕʌ-ɼʌɻ, Mo-ɼʊʇʌ-ʧ-ʌɼɸ, Mo-ɼʊɹʌ-ɸʌ4 ʠ Mo-ɼʊɹʌ-ɸʌ8. ɼʣʷ ʦʧ-

ʨʝʜʝʣʝʥʠʷ ʚʦʣʴʬʨʘʤʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ W-ɼʊʄʌ-ɸʥ, W- ɼʊʄʌ-ʤɸʥ, 

W-ɼʊʄʌ-ʜɸʥ, W-ɼʊɹʌ-ʤɸʥ ʠ W-ɼʊɹʌ-ʜɸʥ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ. ʇʨʝʜʣʦʞʝʥʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʄʦ(V) ʩ ɼʊʄʌ ʠ ɸʌ3 

ʇʨʝʜʣʦʞʝʥʳ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʫʨʘʥʘ(VI) ʩ ɼʌ ʠ ɸʤ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʘʭ, ʧʦʯʚʝ, ʛʣʠʥʝ, ʤʦʨʩʢʦʡ ʚʦʜʝ 

ʠ ʚ ʚʦʜʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʚʳʢʘʯʠʚʘʥʠʠ ʥʝʬʪʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʳ 
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ʢʦʤʧʣʝʢʩʳ U-ɼʊʌ-ʜɸʥ, U-ɼʊɹʌ-ɼʌɻ, U-ɼʊʄʌ-ʜɸʥ, U-ɼʊʕʌ-ɼʌɻ, U-ɼʊɹʌ 

-ʜɸʥ, U-ɼʊɹʌ-ɼʌɻ, U-ɼʊʌ-ɸʥ ʠ U-ɼʊʕʌ-ɸʌ3 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʫʩʣʦʚʠʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʤʘʨʛʘʥʮʘ(II) ʩ 

ɼʌ ʠ ɸʤ ʧʦʟʚʦʣʠʣʦ ʧʨʠʤʝʥʠʪʴ ʜʘʥʥʳʝ ʨʝʘʛʝʥʪʳ ʜʣʷ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪ-

ʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʥʠʢʝʣʝ, ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʝ ʠ ʨʘʩ-

ʪʝʥʠʷʭ. Mn-ɼʊʄʌ-ʌʝʥ, Mn-ɼʊʄʌ-ɹʌʝʥ, Mn-ɼʊʄʌ-ɸʌ1, Mn-ɼʊʄʌ-ɸʌ2, 

Mn-ɼʊʄʌ-ɸʌ3  Mn-ɼʊʄʌ-ɸʌ4, Mn-ɼʊʄʌ-ɸʌ5 , Mn-ɼʊʄʌ-ɸʌ6, Mn-ɼʊɽʌ-

ɸʌ2   Mn-ɼʊɽʌ-ɸʌ3,  Mn-ɼʊʇʌ-ɸʌ1,  Mn-ɼʊʇʌ-ɸʌ2  ʠ Mn-ɼʊʇʌ-ɸʌ3 .    

ɾʝʣʝʟʦ ʦʧʨʝʜʝʣʝʥʦ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 

(ʧʦʯʚʘʭ, ʤʷʩʝ, ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ, ʢʨʦʚʠ, ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʘʭ, ʬʨʫʢʪʘʭ) ʚ ʚʠʜʝ 

ʢʦʤʧʣʝʢʩʦʚ Fe-ɼʊʌ-ɹʌʝʥ, Fe-ɼʊʄʌ-ɼʠʧ, Fe-ɼʊʄʌ-ʌʝʥ, Fe-ɼʊʄʌ-ɹʌʝʥ, 

Fe-ɼʊʄʌ-ɸʌ2, Fe-ɼʊʕʌ-ɼʠʧ, Fe-ɼʊʕʌ-ʌʝʥ, Fe-ɼʊʕʌ-ɹʌʝʥ, Fe-ɼʊɹʌ-ʌʝʥ, 

Fe-ɼʊɹʌ-ɼʠʧ ʠ Fe-ɼʊɹʌ-ɹʌʝʥ, 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝ-

ʣʝʥʠʷ Co(II)   ʠ Ni(II)  ʩ ɼʌ ʠ ɸʤ ʧʨʦʚʝʨʝʥʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʠʭ ʚ ʩʪʘʣʠ ʨʘʟʣʠʯ-

ʥʳʭ ʤʘʨʦʢ, ʙʨʦʥʟʝ, ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ, ʨʘʩʪʝʥʠʷʭ, ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠ̫ʭ ʠ ʩʪʦʯʥʳʭ 

ʚʦʜʘʭ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ Co-ɼʊʄʌ-ʌʝʥ, Co-ɼʊʄʌ-ɸʌ3, 

Co-ɼʊʄʌ-ɸʌ4, Co-ɼʊʄʌ-ɸʌ2, Co- ɼʊʇʌ-ɸʌ3, Co-ɼʊʌ-ɸʌ4, Co-ɼʊʌ-ɸʌ5, 

Co-ɼʊɹʌ-ɼʌɻ, Co-ɼʊɹʌ-ʊʌɻ, Co-ɼʊɹʌ+ʌʝʥ, Co-ɼʊɹʌ+ɹʌʝʥ, Co-ɼʊɹʌ-

ɼʠʧ, Ni-ɼʊʄʌ-ɸʥ, Ni-ɼʊʕʌ-ɸʥ, Ni-ɼʊʄʌ-ɸʌ2, Ni-ɼʊʄʌ-ɼʠʧ, Ni-ɼʊʄʌ-

ʌʝʥ, Ni-ɼʊʄʌ-ʌʝʥ, Ni-ɼʊʄʌ+ɹʌʝʥ, Ni-ɼʊʄʌ+ɼʠʧ, Ni-ɼʊʕʌ-ʌʝʥ, Ni-

ɼʊʕʌ-ɸʥ, Ni-ɼʊɹʌ-ɼʌɻ, Ni-ɼʊʄʌ-ɸʌ2, Ni-ɼʊʄʌ-ɸʌ3 ʠ Ni-ɼʊɹʌ-ʦ-ʌɼɸ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ V(II) ʚ ʧʨʠʩʫʪʩʪʚʠʠ V(IV), Nb(V) ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ Ta(V), W(V) ʚ ʧʨʠʩʫʪʩʪʚʠʠ Mo(V), Ni(II)  ʚ ʧʨʠʩʫʪʩʪʚʠʠ Co(II). 

ʇʨʝʜʣʦʞʝʥ rʜʠʬʝʨʝʥʮʠʘʣʴʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ V(IV) ʠ   

Mo(V). 
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ɺʓɺʆɼʓ 

1. ɺ ʮʝʣʷʭ ʧʦʠʩʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʥʘ Cu(II), Ti(IV), 

Hg(II), Mn(II), V(II,IV, V), Nb(V), Ta(V), Mo(V), W(V), U(VI), Fe(II), Co(II), 

Ni(II), ʚʧʝʨʚʳʝ ʙʳʣʠ ʠʟʫʯʝʥʳ 2,6-ʜʠʪʠʦʣʬʝʥʦʣ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ (2,6-ʜʠʪʠʦʣ-

4-ʤʝʪʠʣʬʝʥʦʣ, 2,6-ʜʠʪʠʦʣ-4-ʵʪʠʣʬʝʥʦʣ, 2,6-ʜʠʪʠʦʣ-4-ʧʨʦʧʠʣʬʝʥʦʣ ʠ 2,6-ʜʠʪʠ-

ʦʣ-4-ʪʨʝʪʙʫʪʠʣʬʝʥʦʣ). ʈʝʘʛʝʥʪʳ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ ʠ ʠʜʝʥ-

ʪʠʬʠʮʠʨʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʗʄʈ- ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

  2. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʟʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʬʠʟʠ-

ʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ. ʄʝʪʦʜʦʤ ʧʦʪʝʥʮʠ-

ʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʨʂ ʢʠʩʣʦʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʩʫʣʴʬʛʠʜ-

ʨʠʣʴʥʳʭ ʠ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧ. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦ-

ʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ d- ʠ f-ʧʝʨʝʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ɼʌ ʠ Aʤ ʚʳʯʠʩʣʝʥʳ ʤʦʣʴʥʳʝ 

ʜʦʣʠ ʤʦʣʝʢʫʣ̫ʨʥʭr ʠ ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ ʨʝʘʛʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ ʩʨʝʜʳ: 

ʧʨʠ ʟʘʤʝʥʝ ʚ ʤʦʣʝʢʫʣʝ ɼʊʌ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʚ ʧ-ʧʦʣʦʞʝʥʠʠ ʥʘ ʘʣʢʠʣ ʨʘʜʠʢʘʣ, 

ʦʙʣʘʜʘʶʱʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠʥʜʫʢʪʠʚʥʳʤ ʵʬʬʝʢʪʦʤ, ʢʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦ-

ʣʫʯʝʥʥʳʭ ʧ-ʘʣʢʠʣʪʠʦʬʝʥʦʣʦʚ ʫʤʝʥʴʰʘʶʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2,6-ʜʠʪʠʦʣʬʝʥʦ-

ʣʦʤ. ʂʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ʫʙʳʚʘʪʁʩʷ ʚ ʨʷʜʫ 

ɼʊʌ>ɼʊʇʌ>ɼʊʕʌ>ɼʊʄʌ>ɼʊɹʌ. ɺʳʯʠʩʣʝʥʳ ʢʦʥʩʪʘʥʪʳ ʠʦʥʠʟʘʮʠʠ ʢʦʤʧ-

ʣʝʢʩʦʦʙʨʘʟʫʁʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʚ ʨʘʩʪʚʦʨʘʭ, ʩ ʨʘʟʣʠʯʥʦʡ ʠʦʥʥʦʡ ʩʠ-

ʣʦʡ. 

3. ʀʟʫʯʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʨʘʟʥʦʣʠʛʘʥʜ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(II), Ti(IV), Hg(II), Mn(II),V(II,IV, V), Nb(V), Ta(V), Mo(V), 

W(V), U(VI), Fe(II), Co(II), Ni(II) ʩ ɼʊʌ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤʠ (ɼʊʄʌ, ɼʊʕʌ, 

ɼʊʇʌ, ɼʊɹʌ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ. ʋʩʪʘʥʦʚʣʝʥʳ ʩʪʝʭʠʦʤʝʪʨʠ-

ʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʳ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʨʘʚʥʦʚʝʩʠʷ, ʵʢʩʪʨʘʢ-

ʮʠʠ, ʘ ʪʘʢʞʝ ʤʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʈʃʂ. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤ-

ʧʣʝʢʩʦʚ, ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʨʝʘʛʠʨʫʶʪ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ 

ʨʝʘʛʝʥʪʦʚ, ʦʙʨʘʟʫʷ ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʘʥʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʇʨʠ ʚʚʝʜʝʥʠʠ 

ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʚ ʦʙʨʘʟʫʶʪʩʷ ʚʥʝʰʥʝʩʬʝʨʥʳʝ ʈʃʂ (ʠʦʥʥʳʝ ʘʩʩʦʮʠʘʪʳ)  

ʠʣʠ  ʈʃʂ ʩʦ ʩʤʝʰʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ. 
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4. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʳ ʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ Cu(II), 

Ti(IV), Hg(II), Mn(II),  V(II, IV), Nb(V), Ta(V), Mo(V), W(V), U(VI), Fe(II), Co(II), 

Ni(II)  ʚ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ɼʊʌ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤʠ (ɼʊʄʌ,  ɼʊʕʌ, 

ɼʊʇʌ, ɼʊɹʌ) ʠ ʯʠʩʣʦ ʚʳʪʝʩʥʷʝʤʳʭ ʠʤ ʧʨʦʪʦʥʦʚ ʠʟ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ   ɼʊʌ ʠ 

ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ (ɼʊʄʌ, ɼʊʕʌ, ɼʊʇʌ, ɼʊɹʌ). ʀʟʫʯʝʥʘ ʨʦʣʴ ʣʠʛʘʥʜ-ʣʠʛʘʥʜ-

ʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʈʃʂ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʩ-

ʪʦʡʯʠʚʦʩʪʠ ʘʩʩʦʮʠʘʪʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʤʝʞʜʫ ɼʌ ʠ ɸʤ ʫʩʪʦʡʯʠʚʦʩʪʴ ʈʃʂ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ, ʘ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʫʤʝʥʴʰʘʝʪʩʷ. 

5.ʅʘʡʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ -SH ʛʨʫʧ-

ʧʳ ʨʝʘʛʝʥʪʦʚ (pKSH) ʠ  ʨʘʟʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠʦʥʦʚ ʤʝ-

ʪʘʣʣʦʚ (pKSH -lgɓk.d, pKSH-ȹpH50, ♬n- pKSH, pKSH-lgKp, pKSH-lg Kex). ɺʣʠʷʥʠʝ ʟʘ-

ʤʝʩʪʠʪʝʣʝʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʢʦʥʩʪʘʥʪʳ ʠʥʜʫʢʮʠʠ 

ɻʘʤʤʝʪʘ ʜʣʷ p-ʟʘʤʝʩʪʠʪʝʣʝʡ (♬n). ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠ̫ ʥʠ̫ ʟʘʤʝʩʪʠʪʝʣʝʡ (-CH3, -

C2H5, -CH2-CH2-CH3 ʠ -ʉ(CH3)3) ʚ ʤʦʣʝʢʫʣʝ  ɼʌ, ʥʘ Ůmax ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʫɦʝʩʪ-

ʚʫʝʪ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʤʦʣʷʨʥʳʤʠ ʤʘʩʩʘʤʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʠ ʤʦʣʷʨ-

ʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʈʃʂ. 

6. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʧʨʠʨʦʜʳ ʩʚʷʟʝʡ ʚ ʈʃʂ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʤʧ-

ʣʝʢʩʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ ʠ ʩʥʷʪʳ ʠʭ ʀʂ-ʩʧʝʢʪʨʳ. ʇʦʣʫʯʝʥʥʳʝ 

ʩʧʝʢʪʨʳ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʀʂ-ʩʧʝʢʪʨʘʤʠ ʨʝʘʛʝʥʪʦʚ. 

   -ʅʝʢʦʪʦʨʳʝ ʢʦʤʧʣʝʢʩʳ Mo, Cu, Co, Ni ʠ Fe ʚʳʜʝʣʝʥʳ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ ʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʪʝʨʤʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ. ʂʦʤʧʣʝʢʩʳ Cu-ɼʊʄʌ-ʌʝʥ ʠ Mo-ɼʊʄʌ-

ɼʠʧ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʈʉɸ. 

ï Cu(II),  Ti(IV), Mn(II), V(II, IV,V), Fe(II), Co(II), Ni(II)  ʠ Mo(V) ʩ ɼʌ ʠ 

ʛʠʜʨʦʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ  ʦʙʨʘʟʫʶʪ ʚʥʝʰʥʝʩʬʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʣʠ ʠʦʥʥʳʝ 

ʘʩʩʦʮʠʘʪʳ, ʘ ʪʘʢʞʝ  ʈʃʂ ʩʦ ʩʤʝʰʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ;   

  ïHg(II), Nb(V), Ta(V), W(V) ʠ U(VI)  ʩ ɼʊʌ, ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠ ʛʠʜʨʦ-

ʬʦʙʥʳʤʠ ʘʤʠʥʘʤʠ ʦʙʨʘʟʫʶʪ ʪʦʣʴʢʦ ʚʥʝʰʥʝʩʬʝʨʥʳʝ ʈʃʂ ʠʣʠ ʠʦʥʥʳʝ ʘʩʩʦ-

ʮʠʘʪʳ;   

7. ʇʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʠʦʥʳ V(V), Mo(VI), W(VI)  ʠ Fe(III) ʚʦʩʩʪʘ-

ʥʘʚʣʠʚʘʶʪʩʷ ʚʣʠʷʥʠʝʤ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ. ʇʦʩʣʝʜʥʠʡ ʬʘʢʪ ʧʦʜ-
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ʪʚʝʨʞʜʝʥ ʠʜʝʥʪʠʯʥʦʩʪʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʈʃʂ ʠʦʥʦʚ 

V(V) ʠ V(IV), Mo(VI) ʠ  Mo(V), W(VI) ʠ W(V), Fe(III) ʠ Fe(II) ʩ ɼʌ ʠ Aʤ, ʘ 

ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʕʇʈ-ʠʩʩʣʝʜʦʚʘʥʠʡ. 

8. ʇʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʧʨʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪ-

ʨʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʠʟʙʠʨʘʪʝʣʴʥʳʝ, ʠ 

ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʠʪʴ ʥʦʚʳʝ ʧʨʦʩʪʳʝ, ʥʘʜʝʞʥʳʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦ-

ʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ Cu(II), Ti(IV), Hg(II), Mn(II),  V(II, IV, V), 

Nb(V), Ta(V), Mo(V), W(V), U(VI), Fe(II), Co(II), Ni(II) ʚ ʧʦʯʚʘʭ, ʘʣʫʥʠʪʝ, ʨʘʩ-

ʪʝʥʠʷʭ, ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʝ, ʩʪʘʣʷʭ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ, ʥʝʬʪʠ ʠ ʧʨʦ-

ʜʫʢʪʘʭ ʝʝ ʧʝʨʝʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʳ ʨʘʟʜʝʣʝʥʠʷ ʙʣʠʟʢʠʭ ʧʦ 

ʩʚʦʡʩʪʚʘʤ  ʵʣʝʤʝʥʪʦʚ (ʤʦʣʠʙʜʝʥ ʠ ʚʦʣʴʬʨʘʤ; ʥʠʦʙʠʡ ʠ ʪʘʥʪʘʣ; ʢʦʙʘʣʴʪ ʠ ʥʠ-

ʢʝʣʴ). ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʚʳʩʦʢʦ ʠʟʙʠʨʘʪʝʣʴʥʳ, ʦʙʣʘʜʘʶʪ ʥʠʟʢʠʤ ʇʆ ʠ 

ʇʂʆ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ  ʤʘʩʢʠʨʫʁʱʠʭ ʚʝʱʝʩʪʚ, ʧʨʠʤʝʥʝʥʠʝ ʵʢʩʪʨʘʢʮʠʠ ʠ ʠʟʤʝ-

ʥʝʥʠʝ ʨʅ ʧʦʟʚʦʣʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪ-

ʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ V(II) ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

V(IV), Nb(V) ʚ ʧʨʠʩʫʪʩʪʚʠʠ Ta(V), W(V) ʚ ʧʨʠʩʫʪʩʪʚʠʠ Mo(V), Ni(II)  ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ Co(II). 

9. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘʤʠ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʩ ʩʫʱʝʩʪʚʫ-

ʶʱʠʤʠ, ʧʦʢʘʟʳʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʝʜʣʦʞʝʥʥʳʭ - ʧʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ  

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʧʦʢʘʟʚrʘ-

ʝʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʩʣʦʞʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʠ ʧʨʦʤʳʣhʝʥʥʳʭ ʦʙʲʝʢʪʘʭ.  
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