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6 

 

ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʩʦʭʨʘʥʝʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʫʩʪʦʡʯʠʚʦʤ ʨʘʟʚʠʪʠʠ 

çʟʝʣʝʥʘʷ ʭʠʤʠʷè ʠʛʨʘʝʪ ʦʜʥʫ ʠʟ ʧʝʨʚʦʩʪʝʧʝʥʥʳʭ ʨʦʣʝʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘ ʚʳʭʦʜʷʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʢʘʢ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʦʢʠʩʣʠʪʝʣʷ ʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʧʨʠʤʝʥʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʧʨʠʯʝʤ ʥʝ ʪʦʣʴʢʦ H2O, ʥʦ ʠ, ʥʘʧʨʠʤʝʨ, ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ (ʀɾ), ʠ ʥʘʢʦʥʝʮ, 

ʪʦʤʫ ʬʘʢʪʫ, ʯʪʦ ʩʘʤʠ ʵʪʠ ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʪʦ ʝʩʪʴ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ, ʯʪʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ, ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʢʘʪʘʣʠʟʦʤ ʠʤʝʝʪ ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. 

ɺʳʙʦʨ ʪʝʩʪʦʚʦʡ ʨʝʘʢʮʠʠ ʦʙʫʩʣʦʚʣʝʥ ʧʦʚʳʰʝʥʥʳʤ ʠʥʪʝʨʝʩʦʤ ʢ ʠʟʫʯʝʥʠʶ ʨʝʘʢʮʠʠ 

ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʜʦ ʘʤʤʠʘʢʘ (NO3RR) ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʚʘʞʥʦʡ 

ʟʘʜʘʯʠ ʜʣʷ ʦʯʠʩʪʢʠ ʦʪ ʥʠʪʨʘʪʦʚ ʩʪʦʯʥʳʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʚʦʜ. NO3RR ʠʟʫʯʘʶʪ ʢʘʢ 

ʥʝʦʙʭʦʜʠʤʳʡ ʵʪʘʧ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʟʦʪʘ ʜʦ ʘʤʤʠʘʢʘ 

(NRR), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ NH3 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ɻʘʙʝʨʘ-ɹʦʰʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʩʪʠʤʫʣʘʤʠ 

ʠʟʫʯʝʥʠʷ NO3RR ʤʦʛʫʪ ʙʳʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʘʢʢʫʤʫʣʷʪʦʨʘʭ ʠ ʩ 

ʩʦʟʜʘʥʠʝʤ ʫʣʫʯʰʝʥʥʳʭ ʩʝʥʩʦʨʦʚ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʪʨʘʪʦʚ ʚ ʚʦʜʥʳʭ 

ʩʨʝʜʘʭ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ NO3RR ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʧʦʜʭʦʜʷʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʧʦʙʦʯʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʙʳʪʴ ʜʝʰʝʚʳʤʠ, ʥʝʩʣʦʞʥʳʤʠ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʫʩʪʦʡʯʠʚʳʤʠ ʚ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʨʘʙʦʪʝ. ʇʦʚʳʰʝʥʠʝ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ 

ʧʫʪʝʤ ʥʘʥʦʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʫʚʝʣʠʯʠʚʘʝʪ ʯʠʩʣʦ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʘʙʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠ- ʠ ʪʨʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʢʣʶʯʘʶʱʠʭ ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ. ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʧʨʦʮʝʩʩʘ NO3RR ʷʚʣʷʶʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ 

ʦʩʥʦʚʝ ʥʝʙʣʘʛʦʨʦʜʥʳʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ Co ʠ Fe ʠ ʠʭ ʦʢʩʠʜʦʚ. ʇʨʠ ʵʪʦʤ ʘʢʪʠʚʥʦ 

ʚʝʜʝʪʩʷ ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ, 

ʧʦʟʚʦʣʷʶʱʠʤʠ ʫʚʝʣʠʯʠʪʴ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ NO3RR. ɺʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ 

ʧʦʠʩʢʘ ʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʩʧʦʩʦʙʦʚ ʠʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ NO3RR ʚʳʨʘʞʝʥʘ ʚ ʣʘʚʠʥʦʦʙʨʘʟʥʦʤ ʨʦʩʪʝ ʯʠʩʣʘ ʧʫʙʣʠʢʘʮʠʡ, ʢʦʪʦʨʦʝ 

ʪʦʣʴʢʦ ʚ 2024 ʛʦʜʫ ʜʦʩʪʠʛʣʦ ʧʦʯʪʠ 400 ʨʘʙʦʪ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʩʠʥʪʝʟ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʥʝʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (Co, Fe) ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʦʜʝʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʘʥʘʣʠʟ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ 

ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʠʟ ʥʠʪʨʘʪ-ʠʦʥʦʚ. 
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ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

1. ʇʦʣʫʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʥʝʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

(Co, Fe), ʩʦʜʝʨʞʘʱʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ Co-Si-Fe-Cr ʛʝʢʩʘʛʦʥʘʣʴʥʳʤʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ 

(ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʵʣʝʢʪʨʦʣʠʪʝ-ʀɾ, ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʠ ʚʨʝʤʷ ʘʥʦʜʠʨʦʚʘʥʠʷ). 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʠ ʩʨʘʚʥʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʨʬʦʣʦʛʠʠ, ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢʦʤʧʣʝʢʩʦʤ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

3. ʀʩʧʳʪʘʥʠʷ ʤʦʜʝʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ Co-Si-Fe-Cr, 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Co-Fe ʠ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʤʘʩʩʠʚʥʳʭ ʩʧʣʘʚʦʚ ʩʦʩʪʘʚʘ 

Co-X (X = Fe, Cr, Si) ʚ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪʦʚ ʜʦ 

ʘʤʤʠʘʢʘ ʠ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʧʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ. 

4. ʉʨʘʚʥʝʥʠʝ ʠ ʘʥʘʣʠʟ ʩʚʦʡʩʪʚ/ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʜʝʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ NO3RR ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʦʮʝʥʢʠ ʌʘʨʘʜʝʝʚʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ / ʫʜʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦ NH3. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʘʪ ʤʦʜʝʣʴʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ Co, Fe ʠ Si, 

ʩʦʜʝʨʞʘʱʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ NO3RR. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʠʟʣʦʞʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ʧʨʦʚʦʜʠʣʦʩʴ 

ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ (ʘʥʦʜʠʨʦʚʘʥʠʷ). ʕʣʝʢʪʨʦʦʩʘʞʜʝʥʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʣʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʢʦʤʧʣʝʢʩʦʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: 

ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ); ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ (ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʨʨʦʟʠʠ); ʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʨʝʘʢʮʠʠ (ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ) ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ - NO3RR ʧʨʦʚʦʜʠʣʠ ʩ 

ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. ʕʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʧʦʣʫʯʝʥʠʝ ʘʤʤʠʘʢʘ 

ʧʨʦʚʦʜʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ (ʭʨʦʥʦʘʤʧʝʨʦʤʝʪʨʠʷ). 
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ʂʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʨʘʩʩʯʠʪʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ (ʟʥʘʯʝʥʠʡ) ʌʘʨʘʜʝʝʚʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ / ʫʜʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʂʦʤʧʣʝʢʩ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʢʣʶʯʘʣ ʩʢʘʥʠʨʫʶʱʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʤʠʢʨʦʩʢʦʧʠʶ 

(ʉʕʄ), ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʤʠʢʨʦʘʥʘʣʠʟ (ʈʉʄɸ), ʨʝʥʪʛʝʥʦʚʩʢʫʶ ʬʦʪʦʵʣʝʢʪʨʦʥʥʫʶ 

ʩʧʝʢʪʨʦʩʢʦʧʠʶ (ʈʌʕʉ), ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ) ʠ ʵʣʝʢʪʨʦʥʥʫʶ ʩʧʝʢʪʨʦʩʢʦʧʠʶ 

ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʚ ʋʌ ʠ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ: 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ: 

Å ʧʦʣʫʯʝʥʳ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʷʯʝʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʦʛʦ 

ʩʧʣʘʚʘ Co-Si-Fe-Cr ʘʥʦʜʠʨʦʚʘʥʠʝʤ ʚ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ BmimNTf2 ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʢʩʠʜʥʳʤ ʢʦʤʧʦʥʝʥʪʥʦʤ ʷʚʣʷʝʪʩʷ CoO, ʘ ʪʘʢʞʝ, ʯʪʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ʧʦʚʳʰʘʝʪ ʢʦʨʨʦʟʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʠ ʩʥʠʞʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ; 

Å ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ʘʤʦʨʬʥʦʛʦ 

ʩʧʣʘʚʘ Co-Si-Fe-Cr ʚ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʧʦʚʳʰʘʝʪʩʷ 

ʙʦʣʝʝ, ʯʝʤ ʚ 7 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ; 

Å ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʚ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ Co ʩʣʦʷ 

ʪʨʠʘʟʠʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ; 

Å ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʦʩʘʞʜʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʞʝʣʝʟʘ ʤʝʥʷʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʦʢʠʩʣʝʥʥʳʭ 

ʬʦʨʤ Co3+, Co2+, Fe2+ ʠ Fe3+ ʚ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʪʝʥʮʠʘʣʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ; 

Å ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ Co (ʩʦʜ. > 70 ʘʪ. %) (ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʤʦʨʬʥʳʡ ʩʧʣʘʚ ʠ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ) ʠ ʤʘʩʩʠʚʥʳʭ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʢʮʠʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʠ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʠʥʪʝʨʚʘʣ ʧʦʪʝʥʮʠʘʣʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʈʘʟʚʠʪʳʝ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜʠʢʠ 

ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʷʯʝʝʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʩʠʥʪʝʟʘ ʧʦʜʦʙʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʜʨʫʛʠʭ ʤʝʪʘʣʣʘʭ ʠ ʩʧʣʘʚʘʭ. ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʝʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʘ Co-Si-Fe-Cr ʧʦʩʣʝ 
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ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʥʦʚʦʛʦ ʪʠʧʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ. ɼʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ Co ʠ Fe, ʧʦʢʘʟʳʚʘʶʪ ʭʦʨʦʰʠʡ ʧʦʪʝʥʮʠʘʣ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʝʘʢʮʠʠ NO3RR. ɺʳʚʦʜ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʪʨʠʘʟʠʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʠʤʝʝʪ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʠʥʪʝʟʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʦʜʦʙʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ɸʥʦʜʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ 

ʫʩʣʦʚʠʡ (ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʠ ʚʨʝʤʷ ʘʥʦʜʠʨʦʚʘʥʠʷ) ʚ ʀɾ (BmimNTf2) ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʥʳʭ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

2. ɸʤʦʨʬʥʳʡ ʩʧʣʘʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʦʢʩʠʜʥʳʤʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ʥʘ ʦʩʥʦʚʝ CoO, 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ (ʚ 7 ʨʘʟ) ʚ ɻʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ 

ʘʤʤʠʘʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʢʩʠʜʦʤ. 

3. ʋʚʝʣʠʯʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ Co75Si15Fe5Cr5, 

ʩʦʜʝʨʞʘʱʝʛʦ ʦʢʩʠʜʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʯʠʱʝʥʥʦʡ ʦʪ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʢʩʠʜʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʫʤʝʥʴʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʡ 

ʦʢʩʠʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʝʢʩʘʛʦʥʘʣʴʥʳʤʠ ʥʘʥʦʷʯʝʡʢʘʤʠ. 

4. ɺʚʝʜʝʥʠʝ ʪʨʠʘʟʠʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ (2,4-ʙʠʩ([1,1'-ʙʠʬʝʥʠʣ]-4-ʠʣ)-6-ʛʠʜʨʦʢʩʠ-

1,3,5-ʪʨʠʘʟʠʥ) ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʣʦʷ ʧʨʠ ʩʠʥʪʝʟʝ ʦʩʘʞʜʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʨʝʘʢʮʠʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʠʟ ʥʠʪʨʘʪ-ʠʦʥʦʚ. 

5. ʆʩʘʞʜʝʥʥʳʝ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʩʦʚʤʝʩʪʥʦ Co ʠ Fe, ʠ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ Co, Si ʠ Fe, ʧʨʦʷʚʣʷʶʪ ʣʫʯʰʠʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʠʟ ʥʠʪʨʘʪ-

ʠʦʥʦʚ ʩʨʝʜʠ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʢʣʘʩʩʥʦʛʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʠ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʩʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʜʘʥʥʳʤ ʠ ʧʦʩʣʝʜʥʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥ ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʫʯʪʝʥʳ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ 

ʧʦʚʣʠʷʪʴ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʠʟʚʝʩʪʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʚʳʩʦʢʦʨʝʡʪʠʥʛʦʚʳʭ ʞʫʨʥʘʣʘʭ. 
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʧʨʦʚʝʜʝʥ ʩʙʦʨ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʣʠʪʝʨʘʪʫʨʳ; ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʩʝʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠ ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʩʚʦʡʩʪʚʘʭ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʪʝʩʪʦʚʦʡ ʨʝʘʢʮʠʠ NO3RR, ʪʘʢʞʝ ʩʘʤʠʤ ʩʦʠʩʢʘʪʝʣʝʤ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʝʥʘ 

ʦʙʨʘʙʦʪʢʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʦʚʝʜʝʥʘ ʧʦʜʛʦʪʦʚʢʘ ʤʘʪʝʨʠʘʣʦʚ ʢ ʧʫʙʣʠʢʘʮʠʷʤ 

ʠ ʫʯʘʩʪʠʶ ʚ ʢʦʥʬʝʨʝʥʮʠʷʭ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʘʤʠ ʉʕʄ, ʈʉʄɸ ʠ ʈʌɸ ʧʨʦʚʝʜʝʥʳ ʧʨʠ 

ʫʯʘʩʪʠʠ ʩʦʠʩʢʘʪʝʣʷ, ʠ ʘʚʪʦʨ ʫʯʘʩʪʚʦʚʘʣ ʚ ʦʙʨʘʙʦʪʢʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʪʦʜʦʤ 

ʈʌʕʉ. ɺ ʨʘʙʦʪʘʭ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʚʢʣʘʜ ʀ.ʀ. ʂʫʟʥʝʮʦʚʦʡ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 20 ʜʦ 55 %. 

ɸʧʨʦʙʘʮʠʠ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 6 ʥʘʫʯʥʳʭ ʩʪʘʪʴʷʭ ʦʙʱʠʤ 

ʦʙʲʝʤʦʤ 7,1 ʧʝʯʘʪʥʳʭ ʣʠʩʪʦʚ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʘʭ 

ʜʘʥʥʳʭ Web of Science, Scopus, RSCI, ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʢ ʟʘʱʠʪʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ 

ʩʦʚʝʪʝ ʄɻʋ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.4 ï ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ (ʭʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠ): 

1) Kuznetsova I.I., Kultin D.Yu., Lebedeva O.K., Nesterenko S.N., Murashova E.V., Kustov 

L.M. Intermetallic Compound and Solid Solutions of Co75Me25 (Me: Si, Fe, Cr) as Catalysts for 

the Electrochemical Reaction of Nitrate Conversion to Ammonia // International Journal of 

Molecular Sciences. ï 2025. ï Vol. 26. ï ˉ 4. ï P. 1650 (1-16). 1.56 ʧ.ʣ. / ɺʢʣʘʜ ʘʚʪʦʨʘ 50%. 

DOI: 10.3390/ijms26041650 (JIF WoS 4.9). 

2) Kuznetsova I.I., Lebedeva O.K., Kultin D.Yu., Mashkin M.Yu., Kalmykov K.B., Kustov 

L.M. Enhancing Efficiency of Nitrate Reduction to Ammonia by Fe and Co Nanoparticle-Based 

Bimetallic Electrocatalyst // International Journal of Molecular Sciences. ï 2024. ï Vol. 25. ï ˉ 

13. ï P. 7089 (1-17). 1.66 ʧ.ʣ. / ɺʢʣʘʜ ʘʚʪʦʨʘ 50%. DOI: 10.3390/ijms25137089 (JIF WoS 4.9). 

3) Lebedeva O.K., Zakharov V.N., Kuznetsova I.I., Kultin D.Yu., Chernyshev V.V., 

Kalmykov K.B., Savilov S.V., Dunaev S.F., Aslanov L.A., Kustov L.M. Green Synthesis of the 

Triazine Derivatives and their Application for the Benign Electrocatalytic Reaction of Nitrate 

Reduction to Ammonia // Chemistry ï A European Journal. ï Vol. 30. ï ˉ 55. ï 2024. ï P. 

e202402075 (1-8). 1.0 ʧ.ʣ. / ɺʢʣʘʜ ʘʚʪʦʨʘ 35%. DOI: 10.1002/chem.202402075 (JIF WoS 3.9). 

4) ʂʫʟʥʝʮʦʚʘ ʀ.ʀ., ʃʝʙʝʜʝʚʘ ʆ.ʂ., ʂʫʣʴʪʠʥ ɼ.ʖ., ʇʝʨʦʚ ʅ.ʉ., ʂʫʩʪʦʚ ʃ.ʄ. ɺʣʠʷʥʠʝ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʢʦʨʨʦʟʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ Co-Si-Fe-Cr-Al  // ɼʦʢʣʘʜʳ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. 

ʍʠʤʠʷ, ʥʘʫʢʠ ʦ ʤʘʪʝʨʠʘʣʘʭ. ï 2024. ï ʊ. 514. ï ˉ 1. ï ʉ. 50-58. 1.1 ʧ.ʣ. / ɺʢʣʘʜ ʘʚʪʦʨʘ 35%. 

DOI: 10.31857/S2686953524010052 (ʀʌ ʈʀʅʎ 1.007). 
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Kuznetsova I.I., Lebedeva O.K., Kultin D.Yu., Perov N. S., Kustov L.M. Effect of Surface 

Microstructure on the Corrosion Resistance and Magnetic Properties of an Amorphous Cobalt-

Based CoïSiïFeïCrïAl Alloy // Doklady Chemistry. ï 2024. ï Vol. 514. ï ˉ 2. ï P. 35-41. 1.1 

ʧ.ʣ. / ɺʢʣʘʜ ʘʚʪʦʨʘ 35%. DOI: 10.1134/s0012500823700222 (JIF WoS 0.8). 

5) Kuznetsova I.I., Lebedeva O.K., Kultin D.Yu., Perova N.N., Kalmykov K.B., Chernavskii 

P.A., Perov N.S., Kustov L.M. Is a 2D Nanostructured Surface Capable of Changing the Corrosion 

and Magnetic Properties of an Amorphous Alloy? // International Journal of Molecular Sciences. 

ï 2023. ï Vol. 24. ï ˉ 17. ï P. 13373 (1-13). 1.3 ʧ.ʣ. / ɺʢʣʘʜ ʘʚʪʦʨʘ 35%. 

DOI: 10.3390/ijms241713373 (JIF WoS 4.9). 

6) Kuznetsova I.I., Lebedeva O.K., Kultin D.Yu., Kalmykov K.B., Philippova S.E., Leonov 

A.V., Kustov L.M. Influence of Preliminary Anodization of Amorphous Alloy 

Co75Si15Fe5Cr4.5Al0.5 in Ionic Liquid on Corrosion Resistance // ECS Transactions. ï 2022. ï 

Vol. 109. ï ˉ 14. ï P. 87-94. 0.48 ʧ.ʣ. / ɺʢʣʘʜ ʘʚʪʦʨʘ 55%. DOI: 10.1149/10914.0087ecst (SJR 

0.181). 

ʈʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʦʢʣʘʜʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʠʤʧʦʟʠʫʤʘʭ: V ʈʦʩʩʠʡʩʢʠʡ ʢʦʥʛʨʝʩʩ ʧʦ ʢʘʪʘʣʠʟʫ çʈʦʩʢʘʪʘʣʠʟè (ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, 2025 ʛ.); XXII ʄʝʥʜʝʣʝʝʚʩʢʠʡ ʩʲʝʟʜ ʧʦ ʦʙʱʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ (çʉʠʨʠʫʩè, 

2024 ʛ.); XIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʍʠʤʠʷ ʪʚʸʨʜʦʛʦ 

ʪʝʣʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2024 ʛ.); XII ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʄʝʭʘʥʠʟʤʳ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡè ð MCR-XII (ɺʣʘʜʠʤʠʨ, 2024 ʛ.); XIII 

ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠ ̫ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çMendeleev 2024è (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2024 

ʛ.); ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠ ̫PRiME 2024 (ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʯʘʩʪʠʝ, ʉʐɸ, 2024 ʛ.); 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʤʦʣʦʜʝʞʥʳʡ ʥʘʫʯʥʳʡ ʬʦʨʫʤ çʃʦʤʦʥʦʩʦʚè (ʄʦʩʢʚʘ, 2023 ʛ. ʠ 2024 ʛ.); 

243rd ECS Meeting with the 18th International Symposium on Solid Oxide Fuel Cells (SOFC-

XVIII) (ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʯʘʩʪʠʝ, ʉʐɸ, 2023 ʛ.). 

ʇʫʙʣʠʢʘʮʠʠ ʚ ʩʙʦʨʥʠʢʘʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʟʠʩʦʚ ʢʦʥʬʝʨʝʥʮʠʡ 

1) ʂʫʟʥʝʮʦʚʘ ʀ.ʀ., ʃʝʙʝʜʝʚʘ ʆ.ʂ., ʂʫʣʴʪʠʥ ɼ.ʖ., ʂʫʩʪʦʚ ʃ.ʄ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ Fe-ʥʘʥʦʯʘʩʪʠʮ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ ʘʤʤʠʘʢʘ // V ʈʦʩʩʠʡʩʢʠʡ ʢʦʥʛʨʝʩʩ ʧʦ ʢʘʪʘʣʠʟʫ: ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ (21-26 

ʘʧʨʝʣʷ 2025 ʛ.). ï ʅʦʚʦʩʠʙʠʨʩʢ: ʀʥʩʪʠʪʫʪ ʢʘʪʘʣʠʟʘ ʉʆ ʈɸʅ, 2025. ï ʉ. 781ï782. 

2) ʂʫʟʥʝʮʦʚʘ ʀ.ʀ., ʃʝʙʝʜʝʚʘ ʆ.ʂ., ʂʫʣʴʪʠʥ ɼ.ʖ., ʅʝʩʪʝʨʝʥʢʦ ʉ.ʅ., ʂʫʩʪʦʚ ʃ.ʄ. 

ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ 

ʘʤʤʠʘʢʘ // XIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʍʠʤʠʷ ʪʚʸʨʜʦʛʦ 

ʪʝʣʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè. ï ʉʇʙ.: ʅʆɺɹʓʊʍʀʄ, 2024. ï ʉ. 324ï324. 

3) Zakharov V.N., Kuznetsova I.I., Kultin D.Y. Lebedeva O.K., Kalmykov K.B., 

Chernyshev V.V., Kustov L.M., Aslanov L.A. Triazine derivatives in the reaction of 
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electrochemical nitrate reduction / // Book of abstracts. XXII Mendeleev Congress on General and 

Applied Chemistry (October 7-12, 2024). ï Vol. 7. ï M.: çAdmiral Printè LLC, 2024. ï P. 92ï92. 

4) Kuznetsova I.I., Kultin D.Y., Lebedeva O.K., Kustov L.M. Modified catalyst based on 

Co-nanoparticles to increase the efficiency of the electrochemical reaction of ammonia // Book of 

abstracts. XXII Mendeleev Congress on General and Applied Chemistry (October 7-12, 2024). In 

7 volumes. ï Vol. 7. ï M.: çAdmiral Printè LLC, 2024. ï P. 190ï190. 

5) Kuznetsova I.I., Lebedeva O.K., Kultin D.Y., Kustov L.M., Dunaev S.F. Iron 

nanoparticles deposited on graphite in an electrocatalytic nitrate reduction reactions // Book of 

abstracts. XXII Mendeleev Congress on General and Applied Chemistry (October 7-12, 2024). In 

7 volumes. ï Vol. 7. ï M.: çAdmiral Printè LLC, 2024. ï P. 73ï73. 

6) Kuznetsova I.I., Kultin D.Yu., Lebedeva O.K., Kustov L.M. Metals Deposited on 

Graphite in the Electrocatalytic Reaction of Reducing Nitrates to Ammonia. // (MCR-XII) XII 

International Conference çScientific edition Mechanisms of Catalytic Reactionsè (June 17-21 

2024). ï NSK.: BIC, 2024. ï P. 259- 260. 

7) Zakharov V.N., Kuznetsova I.I., Kultin D.Yu, Lebedeva O.K., Kalmykov K.B., 

Chernyshev V.V., Kustov L.M., Aslanov L.A.. Hybrid Materials Based on Covalent Triazine 

Frameworks for the Process of Electrocatalytic Synthesis of Ammonia. // (MCR-XII) XII 

International Conference çScientific Edition Mechanisms of Catalytic Reactionsè (June 17-21 

2024). ï NSK.: BIC, 2024. ï P. 304 - 304. 

8) Kuznetsova I.I., Kultin D.Yu., Lebedeva O.K., Kalmykov K.B., Kustov L.M. Co-

Nanocatalysts in the Reaction of Electrochemical Reduction of Nitrates to Ammonia // 

Electrochemical Society Meeting Abstracts (Prime 2024). ï The Electrochemical Society, Inc., 

2024. ï Vol. 22. ï P. 1953-1953. 

9) ʂʫʟʥʝʮʦʚʘ ʀ.ʀ., ɿʳʨʷʥʦʚ ʂ.ɼ., ʂʫʣʴʪʠʥ ɼ.ʖ., ʃʝʙʝʜʝʚʘ ʆ.ʂ., ʂʘʣʤʳʢʦʚ ʂ.ɹ., 

ʂʫʩʪʦʚ ʃ.ʄ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʘʪʦʚ ʜʦ ʘʤʤʠʘʢʘ ʥʘ ʢʦʙʘʣʴʪʦʚʳʭ 

ʥʘʥʦʢʘʪʘʣʠʟʘʪʦʨʘʭ // ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʤʦʣʦʜʝʞʥʳʡ ʥʘʫʯʥʳʡ ʬʦʨʫʤ çʃʦʤʦʥʦʩʦʚ-2024è, 

ʩʝʨʠʷ ʍʠʤʠʷ. ï ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ ʆʆʆ çʄɸʂʉ ʇʨʝʩʩè. ï ʉ. 321-321. 

10) Kuznetsova I.I., Lebedeva O.K., Perova N.N., Kultin D.Yu., Chernavskii P.V., Perov 

N.S., Kustov L.M. Microstructure, Corrosion Resistance, and Magnetic Properties of Amorphous 

Alloy Co75Si15Fe5Cr4,5Al0,5 before and after Corrosion // ECS Meeting Abstracts, ʩʝʨʠʷ 

MA2023. - The Electrochemical Society, Inc., 2024. ï Vol. 1. ï P. 1495-1495. 

11) ʂʫʟʥʝʮʦʚʘ ʀ.ʀ., ʃʝʙʝʜʝʚʘ ʆ.ʂ., ʂʫʣʴʪʠʥ ɼ.ʖ., ʂʘʣʤʳʢʦʚ ʂ.ɹ., ʇʝʨʦʚ ʅ.ʉ., ʂʫʩʪʦʚ 

ʃ.ʄ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ ʥʘ 

ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ. // ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʤʦʣʦʜʝʞʥʳʡ ʥʘʫʯʥʳʡ ʬʦʨʫʤ çʃʦʤʦʥʦʩʦʚ-2023è, 

ʩʝʨʠʷ ʍʠʤʠʷ. ï ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ ʆʆʆ "ʄɸʂʉ ʇʨʝʩʩ", 2023. ï ʉ. 975-975. 
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ɻʣʘʚʘ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

1.1. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʣʫʯʝʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ ʚ ʩʨʝʜʝ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ 

ʅʘʥʦʨʘʟʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ (ʥʘʥʦʯʘʩʪʠʮʳ) ʠ 

ʩʧʣʘʚʦʚ (ʪ.ʝ. ʙʠ- ʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʠʟ-ʟʘ 

ʠʭ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [1, 2, 3]. ʉʚʦʡʩʪʚʘ ʥʘʥʦʯʘʩʪʠʮ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʚʦʡʩʪʚ ʤʘʩʩʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʘ ʠʤʝʥʥʦ, ʥʘʥʦʯʘʩʪʠʮʳ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʨʘʟʤʝʨʫ ʠ ʤʦʨʬʦʣʦʛʠʠ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

[4] ʠ ʙʦʣʴʰʝʡ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ, ʨʝʛʫʣʠʨʫʷ 

ʨʘʟʤʝʨ ʠ ʬʦʨʤʫ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʯʘʩʪʠʮ. ɺ ʩʚʝʨʭʪʦʥʢʦʤ ʦʢʩʠʜʥʦʤ ʩʣʦʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʘʪʦʤʦʚ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʫʧʥʳ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʯʪʦ ʤʝʥʷʝʪ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʠ 

ʨʘʩʰʠʨʷʝʪ ʠʭ ʜʠʘʧʘʟʦʥ ʧʨʠʤʝʥʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʦʙʲʝʤʥʳʤʠ ʦʢʩʠʜʘʤʠ 

[5, 6]. ʊʠʧʠʯʥʳʡ ʦʙʲʝʤʥʳʡ ʦʢʩʠʜ ʩʦʜʝʨʞʠʪ ʢʠʩʣʦʨʦʜʥʳʝ ʚʘʢʘʥʩʠʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʝʛʦ ʩʠʥʪʝʟʘ. ʀʭ ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʦʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʦʢʩʠʜʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ [7, 8]. ʆʙʲʝʤʥʳʝ ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ ʠʤʝʶʪ ʨʷʜ 

ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʝ, ʪʘʢʠʝ ʢʘʢ ʥʝʙʦʣʴʰʘʷ ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʙʦʣʝʝ ʥʠʟʢʘʷ ʵʣʝʢʪʨʦʧʦʚʦʜʥʦʩʪʴ ʠ ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ. 

ʆʢʩʠʜʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʠʤʝʶʪ ʠʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʠʟʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ [9], ʦʪʣʠʯʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ [10], ʠ ʦʩʦʙʦʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ [11] ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʩʩʠʚʥʳʝʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 

ʅʘʥʦʯʘʩʪʠʮʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʪʘʣʠʟʝ [12, 13], ʦʧʪʠʢʝ [14], ʩʧʝʢʪʨʦʩʢʦʧʠʠ [15], 

ʬʘʨʤʘʮʝʚʪʠʢʝ [16] ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. 

ʇʦʠʩʢ ʧʫʪʝʡ ʧʦʣʫʯʝʥʠʷ Au, Ag, Pd, Pt, Cu ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʫʶʩʷ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ [17]. ʂʦʥʪʨʦʣʠʨʫʝʤʳʡ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʡ ʩʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʟʘʜʘʥʥʳʤʠ 

ʨʘʟʤʝʨʘʤʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʢʘʪʘʣʠʟʘ [18]. ɹʦʣʴʰʘʷ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʢʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ (ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ). ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʤʝʨʫ, 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ ʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ [19]. 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ (ʫʛʣʳ, ʨʝʙʨʘ ʠʣʠ ʛʨʘʥʠ) ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʦʢʩʠʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ [20]. ɹʦʣʝʝ ʤʝʣʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʦʜʥʘʢʦ, ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʦʪ ʠʭ ʨʘʟʤʝʨʘ ʥʝ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʩʚʝʨʭʤʘʣʳʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʠ ʙʳʪʴ ʩʢʣʦʥʥʳʤʠ ʢ ʙʳʩʪʨʦʤʫ 

ʦʪʨʘʚʣʝʥʠʶ [21, 22, 23]. 

https://www.sciencedirect.com/topics/materials-science/optical-property
https://www.sciencedirect.com/topics/materials-science/optical-property
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ʅʝʙʦʣʴʰʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʤʦʛʫʪ ʦʙʲʝʜʠʥʷʪʴʩʷ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ 

ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʠ ʢʨʫʧʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʘʛʨʝʛʘʮʠʷ), ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʘ ʠʭ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʩ ʧʦʤʦʱʴʶ ʜʦʙʘʚʦʢ, ʟʘʱʠʱʘʶʱʠʭ ʯʘʩʪʠʮʳ ʦʪ ʘʛʨʝʛʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʦʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ (ʀɾ) ʜʣʷ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ 

ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ. ʀʦʥʥʘʷ ʞʠʜʢʦʩʪʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ 

ʨʘʩʪʚʦʨʠʪʝʣʴ (ʩʨʝʜʘ ʩʠʥʪʝʟʘ ʥʘʥʦʩʪʨʫʢʪʫʨ), ʢʦʪʦʨʳʡ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʘʛʨʝʛʘʮʠʶ ʥʘʥʦʯʘʩʪʠʮ 

ʠ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʦʙʨʘʟʫʶʱʠʭʩʷ ʯʘʩʪʠʮ [24, 25]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʀɾ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪ ʚ ʢʘʪʘʣʠʟʝ, ʘʜʩʦʨʙʮʠʠ, ʩʠʥʪʝʟʝ 

ʤʘʪʝʨʠʘʣʦʚ, ʵʣʝʢʪʨʦʭʠʤʠʠ, ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʚ ʧʝʨʝʨʘʙʦʪʢʝ ʙʠʦʤʘʩʩʳ [26-28]. 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʩʠʥʪʝʟʫ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ ʧʨʠʤʝʥʝʥʠʶ ʠʦʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ (ʀɾ) ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʦʪʥʦʩʷʪʩʷ ʢ çʜʠʟʘʡʥʝʨʩʢʠʤè ʨʘʩʪʚʦʨʠʪʝʣʷʤ ʚ ʩʚʷʟʠ ʩ 

ʠʭ ʦʛʨʦʤʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ 

ʫʥʠʢʘʣʴʥʳʝ ʟʘʜʘʥʥʳʝ ʥʘʩʪʨʘʠʚʘʝʤʳʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [26, 29]. 

ʅʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʦʚ ʧʦʣʫʯʘʶʪ ʚ ʀɾ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: ʭʠʤʠʯʝʩʢʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ, ʥʘʧʳʣʝʥʠʝ, ʦʙʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʫʯʢʘʤʠ, 

ʤʠʢʨʦʚʦʣʥʦʚʳʡ ʩʠʥʪʝʟ, ʣʘʟʝʨʥʫ  ʁʘʙʣʷʮʠ,ʁ ʬʠʟʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ ʠ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ [30, 31]. ʇʦʣʫʯʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʧʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʦʝ ʠ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ, 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ, ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʤ ʠ ʵʢʦʣʦʛʠʯʥʳʤ. ʀʥʦʛʜʘ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʞʠʜʢʦʬʘʟʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ, ʢʦʛʜʘ ʵʣʝʢʪʨʦʥʳ ʧʦʩʪʘʚʣʷʶʪʩʷ ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ [32]. ʅʘʥʦʯʘʩʪʠʮʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʠʤʝʶʪ ʪʘʢʫʶ ʞʝ ʠʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʧʦʣʫʯʝʥʥʳʝ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ [33]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀɾ ʚ 

ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʜʣʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ/ʦʩʘʞʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ ʩ ʧʦʤʦʱʴʶ 

ʫʧʨʦʱʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʨʦʮʝʜʫʨ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʥʝʛʘʪʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

1.2. ɺʣʠʷʥʠʝ ʩʚʦʡʩʪʚ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʰʠʨʦʢʫʶ ʛʨʫʧʧʫ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ 

ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʠ ʭʨʘʥʝʥʠʠ ʵʥʝʨʛʠʠ, 

ʭʠʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ, ʧʨʦʮʝʩʩʘʭ ʨʘʟʜʝʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʧʦʣʫʯʝʥʠʠ ʥʘʥʦ- ʠ ʤʠʢʨʦʯʘʩʪʠʮ. ɺ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ʚ ʦʩʥʦʚʥʦʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʯʘʩʪʠʮ ʠ 3D (ʦʙʲʝʤʥʳʭ) ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʠʢʨʦʯʘʩʪʠʮ. ʆʥʠ ʩʣʫʞʘʪ 

ʩʪʨʫʢʪʫʨʠʨʫʶʱʠʤ ʘʛʝʥʪʦʤ ʠʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ 

(ʨʘʩʪʚʦʨʠʪʝʣʷ), ʦʜʥʘʢʦ ʀɾ ʤʦʛʫʪ ʠʛʨʘʪʴ ʨʦʣʴ ʩʦʨʘʩʪʚʦʨʠʪʝʣʷ ʠʣʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʠ 
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ʧʦʚʝʨʭʥʦʩʪʥʦ-ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʨʝʘʛʝʥʪʘ [34]. ʆʥʠ ʷʚʣʷʶʪʩʷ ʵʢʦʣʦʛʠʯʥʳʤʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʠ ʥʝ ʚʳʟʳʚʘʶʪ ʧʨʦʙʣʝʤ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʟ-ʟʘ 

ʫʣʝʪʫʯʠʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [35, 36, 25]. 

ʀɾ ʧʦʣʥʦʩʪʴʶ ʩʦʩʪʦʷʪ ʠʟ ʠʦʥʦʚ ʠ ʩʦʭʨʘʥʷʶʪ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ [26]. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʷʚʣʷʶʪʩʷ ʪʝʢʫʯʠʤʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʭ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʠʦʥʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ [37]. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʦʪʜʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʀɾ, 

ʚʢʣʶʯʘʷ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ [38], ʩʤʘʯʠʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ [39], ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʶ 

ʯʘʩʪʠʮ ʥʘ ʧʦʜʣʦʞʢʘʭ ʥʘ ʦʩʥʦʚʝ ʀɾ [40], ʘ ʪʘʢʞʝ ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʩʣʝʜ [41]. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʟʘʚʠʩʠʤʳʤ ʩʚʦʡʩʪʚʘʤ, ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʝʟʥʦʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʛʨʫʧʧʦʡ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʠʥʪʝʟʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʥʘʥʦ- ʠ ʤʠʢʨʦʯʘʩʪʠʮ. 

ʀɾ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʠʤʝʶʪ ʢʘʪʠʦʥʳ (ʈʠʩʫʥʦʢ 1.1), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʦʙʲʝʤʥʳʝ, ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʘʤʤʦʥʠʝʚʳʝ ʠʣʠ ʬʦʩʬʦʥʠʝʚʳʝ ʩʦʣʠ, ʠʣʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʯʘʩʪʠʮʳ ʩ ʥʠʟʢʦʡ ʩʠʤʤʝʪʨʠʝʡ, ʩʣʘʙʳʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʠ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʟʘʨʷʜʘ. ʉʨʝʜʠ ʥʠʭ ʩʦʣʠ 1,3-ʜʠʘʣʢʠʣʠʤʠʜʘʟʦʣʠʷ ʦʩʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ 

ʠʩʩʣʝʜʫʝʤʳʤʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʣʝʛʢʦʧʣʘʚʢʦʡ ʩʦʣʠ ʚʳʙʦʨ ʵʪʠʭ ʢʘʪʠʦʥʦʚ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ [36, 42]. ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʘʥʠʦʥʳ [43] - ʵʪʦ ʛʘʣʦʛʝʥʠʜʳ [Cl-], [Br-], 

ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪ [PF6
-], ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ [BF4

-] ʠ ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʠʣ)ʠʤʠʜ [Tf2N
-

], ʘ ʪʠʧʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʘʥʠʦʥʳ - ɻ ʪʦ ʘʣʢʠʣʩʫʣʴʬʘʪ [ASO4
-], ʘʣʢʠʣʩʫʣʴʬʦʥʘʪ [ASO3

-], ʧ-

ʪʦʣʫʦʣʩʫʣʴʬʦʥʘʪ [Tos-], ʪʨʠʬʪʦʨʘʮʝʪʘʪ [CF3COO-] ʠ ʪ. ʜ. [44]. 

 
ʈʠʩʫʥʦʢ 1.1. ʇʨʠʤʝʨʳ ʢʘʪʠʦʥʦʚ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʀɾ [45]. 

https://www.sciencedirect.com/science/article/pii/S0001868615001475#bb0100
https://www.sciencedirect.com/science/article/pii/S0001868615001475#bb0105
https://www.sciencedirect.com/science/article/pii/S0001868615001475#bb0110
https://www.sciencedirect.com/topics/chemistry/halide
https://www.sciencedirect.com/topics/chemistry/organic-anion
https://www.sciencedirect.com/topics/chemistry/trifluoroacetate
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ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʧʦ ʨʷʜʫ 

ʧʨʠʯʠʥ [25, 26, 46, 47]: 

¶ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʀɾ - ʵʪʦ ʧʨʦʟʨʘʯʥʳʝ ʞʠʜʢʦʩʪʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʚʷʟʢʦʩʪʴʶ; 

¶ ʦʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʯʝʥʴ ʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʷʚʣʷʶʪʩʷ ʬʘʢʪʠʯʝʩʢʠ ʥʝʣʝʪʫʯʠʤʠ; 

¶ ʀɾ ʭʦʨʦʰʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠ ʚʦʟʤʦʞʥʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʳ ʥʝʚʦʜʥʳʭ 

ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ ʜʚʫʭʬʘʟʥʳʭ ʩʠʩʪʝʤʘʭ; 

¶ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʦʥʠ ʩʦʩʪʦʷʪ ʠʟ ʢʘʪʠʦʥʘ ʠ ʘʥʠʦʥʘ, ʦʥʠ ʦʙʣʘʜʘʪʁ ʩʪʨʫʢʪʫʨʥʦʡ 

ʛʠʙʢʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʥʝʜʦʩʪʫʧʥʘ ʜʣʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʠʤ ʩʚʦʡʩʪʚʘʤ, ʠʭ ʩʠʥʪʝʟ ʦʪʣʠʯʘʝʪʩʷ ʣʝʛʢʦʩʪʴʶ ʠ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʜʦʩʪʫʧʥʦʩʪʴʶ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. 

ʀɾ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʠʭ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʜʣʷ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ [48-50]. ɼʣʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘ ̫ ʩʪʘʙʠʣʴʥʦʩʪʴ ʀɾ. ɹʦʣʴʰʦʝ ʦʢʥʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

(ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʧʦʪʝʥʮʠʘʣʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʵʣʝʢʪʨʦʣʠʪ ʩʪʘʙʠʣʝʥ ʠ ʥʝ ʨʘʟʣʘʛʘʝʪʩʷ) ʜʝʣʘʝʪ 

ʚʦʟʤʦʞʥʳʤ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ (Li, Na, Mg, Al), ʧʦʣʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʠʟ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʝʚʦʟʤʦʞʥʦ. ʅʠʟʢʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʀɾ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʢʦʨʦʩʪʴ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʙʦʣʝʝ ʤʝʣʢʠʭ ʯʘʩʪʠʮ. ʄʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʀɾ: 

1) ʇʨʷʤʦʡ ʩʠʥʪʝʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʚʦʣʥ (ʤʠʢʨʦʚʦʣʥʦʚʳʡ ʩʠʥʪʝʟ, ʉɺʏ-ʩʠʥʪʝʟ). 

ʀʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʚʳʩʦʢʘʷ ʧʦʣʷʨʥʦʩʪʴ ʀɾ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʜʣʷ ʉɺʏ ʨʝʘʢʮʠʠ (ʧʦʣʷʨʥʦʩʪʴ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ 

ʚʳʟʳʚʘʝʪ ʧʦʛʣʦʱʝʥʠʝ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ) [51, 52]. 

2) ʌʠʟʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʚʘʢʫʫʤʘ. ʇʦʩʢʦʣʴʢʫ ʀɾ 

ʠʤʝʶʪ ʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ, ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʨʝʜʳ [53, 54]. 

3) ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʣʫʯʝʥʠʝ ʧʨʠ ʢʘʪʦʜʥʦʤ ʠ ʘʥʦʜʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ [55, 56]. 

ɺʦʜʘ ʚ ʥʝʢʦʪʦʨʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʀɾ (ʛʠʜʨʦʬʦʙʥʘʷ ʠʣʠ 

ʛʠʜʨʦʬʠʣʴʥʘʷ) ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʀɾ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʠ ʭʨʘʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʘʙʠʣʠʟʘʮʠʶ ʥʘʥʦ- ʠ ʤʠʢʨʦʯʘʩʪʠʮ ʚ ʀɾ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚʦʜʳ ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʯʘʩʪʠʮ ʧʨʠ ʠʭ 

ʧʦʣʫʯʝʥʠʠ ʚ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ [57, 58]. ɺʦʜʘ ʨʘʟʨʫʰʘʝʪ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʀɾ (ʠʦʥʥʳʭ 
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ʩʣʦʝʚ), ʦʢʨʫʞʘʶʱʠʭ ʯʘʩʪʠʮʫ (ʈʠʩʫʥʦʢ 1.2) [59], ʘ ʪʘʢʞʝ ʞʝʩʪʢʠʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ ʀɾ ʟʘ ʩʯʝʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʢʘʢ ʩ ʢʘʪʠʦʥʘʤʠ, ʪʘʢ ʠ ʩ ʘʥʠʦʥʘʤʠ [57]. ɺʦʜʘ ʚ 

ʛʠʜʨʦʬʠʣʴʥʳʭ ʀɾ (1-ʙʫʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ ʭʣʦʨʠʜ) ʤʦʞʝʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ 

ʢʠʩʣʦʨʦʜʘ ʜʣʷ ʩʠʥʪʝʟʘ ʥʘʥʦʩʪʨʫʢʪʫʨ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʦʩʪʫ ʠʭ ʧʨʠ 

ʘʥʦʜʠʨʦʚʘʥʠʠ [56]. 

 

ʈʠʩʫʥʦʢ 1.2. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚʣʠʷʥʠʷ ʚʦʜʳ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʦʥʥʦʡ 

ʞʠʜʢʦʩʪʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʣʦʞʝʥʥʦʛʦ ʚʳʰʝ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ: 

Å ʀɾ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʠʣʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ/ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʯʘʩʪʠʮ; 

Å ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʤʠʜʘʟʦʣʠʝʚʳʝ ʀɾ ʠʟ-ʟʘ ʭʦʨʦʰʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ (ʚʷʟʢʦʩʪʴ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ) ʩʚʦʡʩʪʚ; 

Å ʨʘʩʪʫʱʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ ʩʪʝʨʠʯʝʩʢʠʤ ʠ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʀɾ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʩʦʣʴʚʘʪʘʮʠʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀɾ ʚ ʩʠʥʪʝʟʝ ʥʘʥʦʯʘʩʪʠʮ [60]: 

1) ʀɾ ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʠ ʣʝʛʢʦ ʨʘʩʪʚʦʨʷʣʠ 

ʤʠʥʝʨʘʣʴʥʳʝ ʩʦʣʠ (ʢʘʢ ʧʨʝʢʫʨʩʦʨ ʜʣʷ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ) [61]. 

2) ʀɾ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʠʥʪʝʟ ʤʦʞʥʦ ʙʳʣʦ ʧʨʦʚʦʜʠʪʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʷʨʥʳʭ/ʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʟ ʚʦʜʳ (ʢʘʢ ʧʦʣʷʨʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ). 

ʉʠʥʪʝʟ ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʦʜʳ ʤʦʞʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʛʠʜʨʦʢʩʠʜʦʚ ʠʣʠ ʚʦʜʥʳʭ 

ʦʢʩʠʜʦʚ [62]. 

3) ʀɾ ʠʤʝʶʪ ʥʠʟʢʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ 

ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘʥʦʯʘʩʪʠʮ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ [63]. 

4) ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʫʶ ʦʙʦʣʦʯʢʫ ʚʦʢʨʫʛ ʥʘʥʦʯʘʩʪʠʮ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʭ ʘʛʣʦʤʝʨʘʮʠʠ ʚ 
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ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʥʦʯʘʩʪʠʮʳ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʚʷʟʴʶ ʯʝʨʝʟ ʢʘʪʠʦʥ ʠʣʠ ʘʥʠʦʥ (ʠʦʥʥʘʷ ʠʣʠ ʢʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ). 

ʂʘʪʠʦʥʳ ʠʣʠ ʘʥʠʦʥʳ ʩ ʜʣʠʥʥʳʤʠ ʘʣʢʠʣʴʥʳʤʠ ʮʝʧʷʤʠ ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʥʘʥʦʯʘʩʪʠʮʳ ʚ 

ʨʘʩʪʚʦʨʝ [64, 65]. 

5) ʀɾ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ (ʧʨʦʪʦʥʥʳʝ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʠ ʠʦʥʥʳʝ 

ʞʠʜʢʦʩʪʠ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ OH-ʛʨʫʧʧʘʤʠ ʚ ʩʪʨʫʢʪʫʨʝ). ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʠʦʥʥʳʝ 

ʞʠʜʢʦʩʪʠ ʠʟʚʝʩʪʥʳ ʢʘʢ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ. ʀɾ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʩʠʥʪʝʟʝ ʥʘʥʦʯʘʩʪʠʮ ʩ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʢʦʥʪʨʦʣʝʤ [66, 67]. 

6) ʀɾ ʩ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʢ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ, 

ʨʘʩʪʚʦʨʠʪʝʣʠ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ [68, 69]. 

7) ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʞʠʜʢʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʜʣʷ 

ʩʠʥʪʝʟʘ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ ʠʣʠ 

ʥʝʨʘʩʪʚʦʨʠʤʳʤʠ. ʇʦʵʪʦʤʫ, ʠʟʤʝʥʷʷ ʩʚʦʡʩʪʚʘ ʀɾ, ʤʦʞʥʦ ʧʨʠʜʘʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤ 

ʥʘʥʦʯʘʩʪʠʮʘʤ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʠʣʠ ʛʠʜʨʦʬʦʙʥʦʩʪʴ [70, 71]. 

8) ʀɾ ð ʵʪʦ çʟʝʣʝʥʳʝè ʨʘʩʪʚʦʨʠʪʝʣʠ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʥʝʣʝʪʫʯʠʝ, ʥʝʪʦʢʩʠʯʥʳʝ ʠ ʥʝ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʘʟʣʦʞʝʥʠʶ ʚ ʰʠʨʦʢʦʤ ʦʢʥʝ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʩʝʧʘʨʘʪʦʨʦʚ ʚ ʩʨʝʜʝ ʀɾ ʥʝʦʙʷʟʘʪʝʣʴʥʦ. 

1.3. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ 

1.3.1. ɺʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʘʥʦʯʘʩʪʠʮ 

ʀʩʩʣʝʜʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʪʨʝʙʫʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [72]. ʕʪʠ 

ʤʝʪʦʜʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʬʠʟʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ, ʙʠʦʭʠʤʠʯʝʩʢʠʝ 

ʠ ʜʨʫʛʠʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʯʠʩʣʘ ʧʫʙʣʠʢʘʮʠʡ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʩʠʥʪʝʟʫ ʥʘʥʦʯʘʩʪʠʮ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʦʢʩʠʜʦʚ ʚ ʀɾ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʨʘʥʝʝ ʥʝʜʦʩʪʫʧʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʦʡʩʪʚʘʭ ʠ ʩʦʩʪʘʚʝ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ ʧʦʠʩʢʦʤ ʥʦʚʳʭ ʦʙʣʘʩʪʝʡ 

ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʥʘʥʦʦʙʲʝʢʪʦʚ ʚ ʵʣʝʢʪʨʦʥʠʢʝ, ʦʧʪʠʢʝ, ʭʠʤʠʠ ʠ ʤʝʜʠʮʠʥʝ. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʧʨʝʜʣʘʛʘʝʪ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʫʪʴ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʥʘʥʦʩʪʨʫʢʪʫʨ: ʥʫʣʴ-ʤʝʨʥʳʝ (0D) ʯʘʩʪʠʮʳ (ʥʘʧʨʠʤʝʨ, 

ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʠʣʠ ʯʘʩʪʠʮʳ ʪʠʧʘ ʷʜʨʦ-ʦʙʦʣʦʯʢʘ), ʦʜʥʦʤʝʨʥʳʝ (1D) ʬʨʘʛʤʝʥʪʳ 

(ʥʘʥʦʧʨʦʚʦʣʦʢʠ; ʥʘʥʦʩʪʝʨʞʥʠ; ʥʘʥʦʪʨʫʙʢʠ, ʚʢʣʶʯʘʷ ʫʛʣʝʨʦʜʥʳʝ ʠ ʦʢʩʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ; 

ʥʘʥʦʣʝʥʪʳ ʠ ʪ. ʜ.); ʜʚʫʤʝʨʥʳʝ (2D) ʤʘʪʝʨʠʘʣʳ (ʧʣʦʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ 
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ʤʦʥʦʩʣʦʠ, ʥʘʥʦʜʠʩʢʠ, ʛʨʘʬʝʥ); ʪʨʝʭʤʝʨʥʳʝ (3D) ʩʪʨʫʢʪʫʨʳ (ʜʝʥʜʨʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʪ. ʜ.) 

[48]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʨʝʰʝʥʠʷʤʠ 

ʚʢʣʶʯʘʶʪ: 

1) ʢʦʥʪʨʦʣʴ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ, ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ; 

2) ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʬʦʨʤʳ ʥʘʥʦʯʘʩʪʠʮ; 

3) ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ/ʧʣʝʥʦʢ ʥʘ ʧʦʜʣʦʞʢʘʭ ʩʦ ʩʣʦʞʥʦʡ ʬʦʨʤʦʡ. 

ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʤʠ, ʥʝʣʝʪʫʯʠʤʠ 

ʠ ʚʳʩʦʢʦʧʨʦʚʦʜʷʱʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʧʨʝʜʣʘʛʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʟʘʤʝʥʳ 

ʚʦʜʥʳʭ ʠʣʠ ʥʝʚʦʜʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʦʩʦʙʝʥʥʦ ʪʦʢʩʠʯʥʳʭ. ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʚ 

ʵʣʝʢʪʨʦʭʠʤʠʠ ʧʦʟʚʦʣʷʶʪ ʬʦʨʤʠʨʦʚʘʪʴ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʩʘʜʢʠ ʤʝʪʘʣʣʦʚ ʩ ʨʘʟʤʝʨʦʤ 

ʯʘʩʪʠʮ, ʨʝʛʫʣʠʨʫʝʤʳʤ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ, ʩʦʩʪʘʚʘ 

ʚʘʥʥʳ, ʧʨʠʤʝʥʝʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʦʮʝʩʩʳ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʠʟ-ʟʘ ʛʦʨʘʟʜʦ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʠ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʦʣʠʪʘʤʠ, ʢʘʢ ʥʘ ʚʦʜʥʦʡ, 

ʪʘʢ ʠ ʥʘ ʥʝʚʦʜʥʦʡ ʦʩʥʦʚʝ [34]. ɿʘʤʝʥʘ ʦʙʳʯʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʠʦʥʥʳʝ 

ʞʠʜʢʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʥʦʜʠʨʦʚʘʥʠʷ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʦʝ ʥʝʣʴʟʷ ʚʳʧʦʣʥʠʪʴ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. 

1.3.2. ʇʦʣʫʯʝʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʘʥʦʜʠʨʦʚʘʥʠʝʤ 

ʉʦʛʣʘʩʥʦ ɻʆʉʊ ISO/TS 80004-4-2016 ʪʦʣʴʢʦ ʤʘʪʝʨʠʘʣʳ, ʫ ʢʦʪʦʨʳʭ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʝʜʥʘʤʝʨʝʥʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʠʣʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʳ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʠʣʠ ʭʠʤʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʥʘʥʦʜʠʘʧʘʟʦʥʝ, ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʢ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ 

ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʚ ʵʣʝʢʪʨʦʜʝ ʠ ʤʝʥʷʝʪʩʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ [73]. 

ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʜʭʦʜʘ ʢ ʩʠʥʪʝʟʫ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ: 

1) ʩʠʥʪʝʟ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʘʢʪʠʚʥʳʭ ʦʢʩʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʥʘʥʝʩʝʥʠʝ ʥʘ 

ʧʦʜʣʦʞʢʠ; 

2) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʳʨʘʱʠʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʦʢʩʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʝʢʪʨʦʜʦʚ ʠ ʫʩʪʨʦʡʩʪʚ. 

ʈʘʟʣʠʯʥʳʝ ʪʠʧʳ ʥʘʥʦʩʪʨʫʢʪʫʨ (0D, 1D, 2D ʠ 3D) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʘʢʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʝ, ʢʘʢ ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʫʚʝʣʠʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʝʪ ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ ʥʘʥʦʯʘʩʪʠʮ, ʦʧʪʠʤʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʜʣʠʥʳ ʢ 
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ʜʠʘʤʝʪʨʫ (1D), ʚʳʩʦʢʦʝ ʦʪʥʦʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʦʙʲʝʤʫ ʠ ʚʳʩʦʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ (2D), 

ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʘʢʪʠʚʥʳʭ ʤʝʩʪ ʠ ʦʪʢʨʳʪʳʝ ʢʘʥʘʣʳ ʜʣʷ ʤʘʩʩʦʧʝʨʝʥʦʩʘ (3D). ʅʦ ʥʘʣʠʯʠʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʠʤʝʝʪ ʠ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ ʠʟ-ʟʘ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ, ʩʣʦʞʥʳʭ 

ʧʨʦʮʝʜʫʨ ʩʠʥʪʝʟʘ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ. 

ɼʣʷ ʦʢʩʠʜʦʚ ʢʦʙʘʣʴʪʘ ʧʦʣʫʯʝʥʳ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʩ ʨʘʟʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ: ʥʘʥʦʷʯʝʡʢʠ 

[50], ʥʘʥʦʧʨʦʚʦʣʦʢʠ [74], ʥʘʥʦʯʝʰʫʡʢʠ [75] ʠʣʠ ʥʘʥʦʪʨʫʙʢʠ [76]. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʧʦʢʨʳʪʦʛʦ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʠʣʠ ʨʘʩʧʳʣʝʥʠʷ ʩʤʝʩʴʶ 

ʘʢʪʠʚʥʳʭ/ʩʚʷʟʫʶʱʠʭ/ʧʨʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʷʤʫʶ ʚʳʨʘʱʝʥʥʳʝ ʦʢʩʠʜʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʧʦʜʣʦʞʢʝ (ʥʘʧʨʠʤʝʨ, ʬʦʣʴʛʘ Cu ʠʣʠ Ti) ʤʦʛʫʪ ʧʦʚʳʩʠʪʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ʠʟ-ʟʘ ʪʝʩʥʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʦʢʩʠʜʥʳʤ ʩʣʦʝʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʪʘʣʣʘ ʠ ʦʪʩʫʪʩʪʚʠʷ 

ʠʥʝʨʪʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ [77, 78]. 

ɸʥʦʜʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʣʠʨʦʚʢʝ, ʪʨʘʚʣʝʥʠʶ, ʦʙʨʘʟʦʚʘʥʠʶ ʧʠʪʪʠʥʛʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ, ʣʠʙʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʢʩʠʜʥʳʭ ʩʣʦʝʚ ʠ 

ʩʦʣʝʚʳʭ ʧʣʝʥʦʢ [49]. ʇʨʠ ʘʥʦʜʠʨʦʚʘʥʠʠ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʧʨʦʪʝʢʘʶʪ ʨʘʟʣʠʯʥʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. ʅʝʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ 

ʧʨʠ ʘʥʦʜʠʨʦʚʘʥʠʠ ʧʦʢʨʳʚʘʶʪʩʷ ʩʣʦʷʤʠ ʩʦʙʩʪʚʝʥʥʳʭ ʦʢʩʠʜʦʚ ʠʣʠ ʧʣʝʥʢʘʤʠ ʜʨʫʛʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʚʦʟʜʫʭʝ (ʛʠʜʨʦʢʩʠʜʳ, ʢʘʨʙʦʥʘʪʳ, ʩʫʣʴʬʠʜʳ ʠ ʪ. ʜ.) [79]. ʇʨʠ 

ʵʪʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʢʩʠʜʥʳʭ ʩʪʨʫʢʪʫʨ [80]. 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʜʝʥʦ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʥʳʭ ʪʠʪʘʥʦʚʳʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʠʪʘʥʘ [81, 82]. ʅʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʝʥʠʝ 

ʧʨʦʧʠʣʝʥʛʣʠʢʦʣʷ ʢ BmimCl (1:1) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʝʚ ʥʘʥʦʪʨʫʙʦʢ ʜʠʦʢʩʠʜʘ 

ʪʠʪʘʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʪʦʢʘ I = 1ï3 ʤɸ (S = 0,4 ʩʤ2) ʚ ʪʝʯʝʥʠʝ ʦʪ 

10 ʜʦ 20 ʤʠʥ (ʈʠʩʫʥʦʢ 1.3) [82]. 

 

ʈʠʩʫʥʦʢ 1.3. ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʥʦʪʨʫʙʦʢ TiO2, ʘʥʦʜʠʨʦʚʘʥʠʝ ʧʨʠ I = 1ï3 ʤɸ (S = 0,4 ʩʤ2) 

ʚ ʪʝʯʝʥʠʝ ʦʪ 10 ʜʦ 20 ʤʠʥ. 

ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʥʦʪʨʫʙʦʢ ʠʟ ʠʟʥʘʯʘʣʴʥʦ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʠʪʘʥʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʈʠʩʫʥʦʢ 1.4) [83]: 
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ʈʠʩʫʥʦʢ 1.4. ʕʪʘʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʪʨʫʙʦʢ ʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʠʪʘʥʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʪʨʫʙʦʢ ʪʠʪʘʥʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʵʪʘʧʘ: 

1) ʇʝʨʚʦʡ ʩʪʘʜʠʝʡ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ ʥʘʥʦʪʨʫʙʦʢ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʷʯʝʝʢ. 

2) ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʥʘʥʦʪʨʫʙʦʢ ʩʚʷʟʘʥ ʩ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʝʥʠʝʤ ʪʠʪʘʥʘ ʥʘ ʜʥʝ 

ʷʯʝʡʢʠ ʠ ʦʩʘʞʜʝʥʠʝʤ ʦʢʩʠʜʘ ʥʘ ʙʦʢʦʚʳʭ ʩʪʝʥʢʘʭ ʚʙʣʠʟʠ ʜʥʘ. 

ʈʦʩʪʫ ʥʘʥʦʪʨʫʙʦʢ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʩʦʙʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʨʝʞʠʤ, ʢʦʪʦʨʳʡ 

ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ ʢʨʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʪ.ʝ. ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʵʣʝʢʪʨʦʧʦʣʠʨʦʚʢʝ (ʛʜʝ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʷʯʝʝʢ) ʠ ʘʥʦʜʠʨʦʚʘʥʠʶ (ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʥʘʥʦʪʨʫʙʦʢ) [83]. 

ʇʨʠʩʫʪʩʪʚʠʝ ʢʨʝʤʥʠʷ ʚ ʤʘʪʝʨʠʘʣʘʭ ʧʨʠ ʘʥʦʜʠʨʦʚʘʥʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ 

ʥʘʥʦʧʦʨ. ɺ ʨʘʙʦʪʝ [84] ʘʥʦʜʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʷ ʚ ʩʨʝʜʝ ʀɾ - ([RMIM][X], 

R = H, Bu; X = BF4
ī, PF6

ī) ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʣʫʯʝʥʠʶ 

ʧʦʨʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʟʤʝʥʝʥʠʝ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ 

ʚʦʜʳ (ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 1%) ʚʣʠʷʣʦ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ 

(ʈʠʩʫʥʦʢ 1.5). 

 

ʈʠʩʫʥʦʢ 1.5. ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʘʥʦʜʠʨʦʚʘʥʠʝʤ ʚ 

HMIM  BF4 (ʩʦʜ. H2O ʤʘʩ. 1%) ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 24 ʤɸ/ʩʤ2. 
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ʆʧʠʩʘʥʳ ʦʢʩʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ: W [85]; Ni [50]; Zn 

[86] ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʘʤʦʨʬʥʳʭ ʩʧʣʘʚʦʚ, ʥʘʧʨʠʤʝʨ, 

Zr67Ni30Si3 (ʈʠʩʫʥʦʢ 1.6). 

 

ʈʠʩʫʥʦʢ 1.6. ʉʕʄ - ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ Zr67Ni30Si3, ʧʦʣʫʯʝʥʥʦʛʦ 

ʧʦʩʣʝ ʘʥʦʜʠʨʦʚʘʥʠʷ ʚ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ BmimNTf2 (I=2 ʤɸ; S=0,4 ʩʤ2) ʚ ʪʝʯʝʥʠʝ 300 ʩ [50, 

87]. 

ʇʦʤʠʤʦ ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ ʮʠʨʢʦʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʥʦʪʨʫʙʢʠ ʠ ʥʘʥʦʷʯʝʡʢʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ Fe70Cr15B15 ʚ ʩʨʝʜʝ 1-ʙʫʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ ʧʨʠ ʘʥʦʜʠʨʦʚʘʥʠʠ (j = 12,5 ʤɸ/ʩʤ2) ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, 

ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʨʘʚʣʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʢʩʠʜʦʤ ʚ ʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʝ ʠʣʠ ʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʰʣʠʬʦʚʢʝ ʠʩʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʥʘʥʦʪʨʫʙʦʢ ʠʣʠ ʥʘʥʦʷʯʝʝʢ ʥʘʙʣʶʜʘʣʦʩʴ ʪʦʣʴʢʦ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʫʜʘʣʝʥʠʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ (ʈʠʩʫʥʦʢ 1.7) [76, 88]. 

 

ʈʠʩʫʥʦʢ 1.7. ʉʕʄ - ʠʟʦʙʨʘʞʝʥʠʷ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ Fe70Cr15B15, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 3,2%-ʥʦʡ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʦʜʠʨʦʚʘʥʠʝʤ 

ʚ BmimNTf2 ʚ ʪʝʯʝʥʠʝ 100 ʩ: ʘ) ʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʥʘʥʦʪʨʫʙʢʘʤʠ; ʙ) ʫʚʝʣʠʯʝʥʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʩʚʝʨʥʫʚʰʝʡʩʷ ʪʦʥʢʦʡ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ, ʥʘ ʢʦʪʦʨʦʡ ʚʠʜʥʳ ʥʘʥʦʪʨʫʙʢʠ [76]. 

ɼʘʥʥʳʭ ʧʦ ʧʦʣʫʯʝʥʠʶ ʦʢʩʠʜʥʳʭ ʢʦʙʘʣʴʪʦʚʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʘʥʦʜʠʨʦʚʘʥʠʝʤ ʢʨʘʡʥʝ 

ʤʘʣʦ [90]. ʆʩʥʦʚʥʘʷ ʪʨʫʜʥʦʩʪʴ ʘʥʦʜʠʨʦʚʘʥʠʷ ʢʦʙʘʣʴʪʘ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ 

ʦʢʩʠʜʳ ʢʦʙʘʣʴʪʘ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʦʢʠʩʣʝʥʠʶ ʚʦʜʳ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʝʥʠʝ ʚʦʜʳ 



23 

 

ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʤ ʧʦʪʝʥʮʠʘʣʝ, ʘ ʥʝ ʘʥʦʜʠʨʦʚʘʥʠʝ. ʕʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʠʤʝʥʝʥʠʶ 

ʚʳʩʦʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʘʥʦʜʠʨʦʚʘʥʠʷ (ʦʙʳʯʥʦ ʦʢʦʣʦ 10 ɺ) ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʦʢʩʠʜʘ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʫʩʣʦʚʠʡ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʘʥʦʜʠʨʦʚʘʥʠʝʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʦʢʩʠʜʥʳʝ ʩʣʦʠ Co3O4 (ʈʠʩʫʥʦʢ 1.8), ʚʳʨʘʱʝʥʥʳʝ ʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʘʥʦʜʠʨʦʚʘʥʠʷ (ʩʤʝʰʘʥʥʳʡ ʨʘʩʪʚʦʨ ʛʣʠʮʝʨʠʥʘ ʠ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʩ ʦʙʲʝʤʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

3:1, ʩʦʜʝʨʞʘʱʠʡ 3 M H2O ʠ 0,54 M NH4F, ʘʥʦʜʠʨʦʚʘʥʠʝ ʧʨʠ 50 ɺ, 0 ÁC ʚ ʪʝʯʝʥʠʝ 16 ʯ) [90]. 

 

ʈʠʩʫʥʦʢ 1.8. ʀʟʦʙʨʘʞʝʥʠʷ ʉʕʄ ʥʘʥʦʧʦʨʠʩʪʦʛʦ ʘʥʦʜʥʦʛʦ ʩʣʦʷ Co3O4: ʘ) ʚʠʜ ʩʚʝʨʭʫ; ʙ) ʚʠʜ 

ʩʙʦʢʫ. 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʫʣʴʪʨʘʪʦʥʢʠʝ ʠ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ CoO ʤʝʪʦʜʦʤ 

ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ (ʈʠʩʫʥʦʢ 1.9) [91]. ʅʘʥʦʣʠʩʪʳ CoO ʨʘʚʥʦʤʝʨʥʦ 

ʚʳʨʘʱʠʚʘʶʪʩʷ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʚʩʧʝʥʝʥʥʦʛʦ ʥʠʢʝʣʷ ʠ ʠʤʝʶʪ ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʭʘʨʘʢʪʝʨ 

ʨʦʩʪʘ. ʋʚʝʣʠʯʝʥʥʦʝ ʉʕʄ- ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʨʠʩʫʥʢʝ 1.9 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʥʦʣʠʩʪʳ CoO 

ʨʝʛʫʣʷʨʥʦ ʩʦʝʜʠʥʷʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʚʳʨʘʱʠʚʘʶʪʩʷ ʧʦʯʪʠ ʚʝʨʪʠʢʘʣʴʥʦ ʥʘ ʧʦʜʣʦʞʢʝ. 

 

ʈʠʩʫʥʦʢ 1.9. ʌʦʪʦʛʨʘʬʠʠ ʉʕʄ ʥʘʥʦʣʠʩʪʦʚ CoO, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʚʩʧʝʥʝʥʥʦʛʦ 

ʥʠʢʝʣʷ: ʘ) ʦʙʱʠʡ ʚʠʜ ʧʦʚʝʨʭʥʦʩʪʠ; ʙ) ʫʚʝʣʠʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. 
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1.3.3. ʇʦʣʫʯʝʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ ʠʟ ʥʝʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝʤ 

ʀɾ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʨʘʩʪʚʦʨʠʪʝʣʴ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ 

ʤʝʪʘʣʣ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʢʦʪʦʨʳʭ (ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ LiBH4 ʠ NaBH4 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʠ ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʦʙʣʫʯʝʥʠʝ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʤʝʪʦʜ) ʧʦʣʫʯʘʶʪ 

ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʦʚ. ʊʘʢʞʝ ʀɾ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʥʘʥʦʯʘʩʪʠʮ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ [92]. ʅʘʥʦʯʘʩʪʠʮʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʧʦʣʫʯʘʶʪ ʧʨʠ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʭ ʠʟ ʧʨʝʢʫʨʩʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʝʦʙʭʦʜʠʤʳʡ 

ʤʝʪʘʣʣ. ʅʘʥʦʯʘʩʪʠʮʳ ʢʦʙʘʣʴʪʘ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʫʩʧʝʰʥʦ ʧʦʣʫʯʘʶʪ ʠʟ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ [93].  

ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ Cu ʠ Al ʠʟ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʤʝʜʠ ʠ 

ʘʣʶʤʠʥʠʷ ʚ ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʘʪʝ 1-ʙʫʪʠʣ-1-ʤʝʪʠʣʧʠʨʨʦʣʠʜʠʥʠʷ (BMPyrTfO) ʠ 

ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʠʣ)ʠʤʠʜʝ 1-ʙʫʪʠʣ-1-ʤʝʪʠʣʧʠʨʨʦʣʠʜʠʥʠʷ (BMPyrNTf2) ʥʘ 

ʦʙʳʯʥʳʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʜʘʭ. ʕʪʠ ʨʘʩʪʚʦʨʠʪʝʣʠ ʧʦʟʚʦʣʷʶʪ ʬʦʨʤʠʨʦʚʘʪʴ ʙʣʝʩʪʷʱʠʝ, 

ʧʣʦʪʥʳʝ ʠ ʩ ʭʦʨʦʰʝʡ ʘʜʛʝʟʠʝʡ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʦʩʘʜʢʠ Al ʠ Cu ʩ ʦʯʝʥʴ ʤʝʣʢʠʤʠ 

ʢʨʠʩʪʘʣʣʠʪʘʤʠ (30 ʠ 40 ʥʤ). ɸʜʩʦʨʙʮʠʷ ʢʘʪʠʦʥʘ ʀɾ ʥʘ ʧʦʜʣʦʞʢʘʭ ʠ ʨʘʩʪʫʱʠʝ ʟʘʨʦʜʳʰʠ 

ʧʨʝʧʷʪʩʪʚʫʶʪ ʜʘʣʴʥʝʡʰʝʤʫ ʨʦʩʪʫ ʢʨʠʩʪʘʣʣʠʪʦʚ [94]. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʥʦʨʘʟʤʝʨʥʳʝ 

ʯʘʩʪʠʮʳ ʥʠʢʝʣʷ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝʤ ʠʟ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʵʪʠʣʝʥʛʣʠʢʦʣʴ/ʭʦʣʠʥʭʣʦʨʠʜ 

(EG/ChCl) ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ -1,0 ɺ. ʅʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʩʣʦʡ Ni ʠʤʝʝʪ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʟʝʨʥʘ ʦʢʦʣʦ 6 ʥʤ ʠ ʢʫʙʠʯʝʩʢʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ 

ʟʝʨʥʘ Ni ʨʘʩʪʫʪ ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ ʧʦʜʣʦʞʢʠ ʠʟ ʣʘʪʫʥʠ, ʠ ʧʨʦʯʥʦ ʩʚʷʟʘʥʳ ʩ ʥʝʡ [95]. 

ʅʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʦʚ ʩʠʥʪʝʟʠʨʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ C4C1ImPF6, 

C4C1ImBF4, C4C1ImCF3SO3, C10C1ImNTf2 ʠ C4C1ImNTf2. ʀɾ ʥʘ ʦʩʥʦʚʝ ʠʤʠʜʘʟʦʣʠʷ ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ. ʈʘʟʤʝʨʳ ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʀɾ ʩʦʩʪʘʚʣʷʣʠ: ʦʪ 5,2 ʥʤ (Fe) [96], ʦʪ 14 ʥʤ (Co) [97], 3,5ï9,5 

ʥʤ (Cu) [98] ʠ 5,1ï5,9 ʥʤ ʜʣʷ Ni [99] (ʈʠʩʫʥʦʢ 1.10). 

 

ʈʠʩʫʥʦʢ 1.10. ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʯʘʩʪʠʮ CuS ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʝʘʢʮʠʠ: ʘ) 

140ÁC; ʙ) 160ÁC ʧʨʠ t = 1 ʯʘʩ ʚ (C4Py)2Cu0.39Co0.61Cl4. 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/nanomaterial
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/solid-electrodes
https://www.sciencedirect.com/science/article/pii/S0001868615001517#bb1250
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ɹʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ ʥʘʥʦʩʪʝʨʞʥʝʡ (ʈʠʩʫʥʦʢ 1.11) ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ CoPt ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʯʘʩʪʴ ʢʘʥʘʣʦʚ ʧʦʣʠʢʘʨʙʦʥʘʪʥʳʭ 

ʤʝʤʙʨʘʥ, ʢʦʪʦʨʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʠ ʟʘʧʦʣʥʝʥʳ ʵʤʫʣʴʩʠʝʡ (66,5 ʤʘʩ. % ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ CoPt, 5,0 ʤʘʩ. % BmimPF6 ʠ 28,5 ʤʘʩ. % Triton X-100) [100]. 

 

ʈʠʩʫʥʦʢ 1.11. ʉʕʄ ï ʠʟʦʙʨʘʞʝʥʠʝ ʥʘʥʦʩʪʝʨʞʥʝʡ CoPt ʧʨʠ ʧʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʦʤ 

ʦʩʘʞʜʝʥʠʠ ʧʨʠ E = ī1,05 ɺ. 

ɼʣʷ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʬʠʯʥʳʝ ʀɾ. ʅʘʧʨʠʤʝʨ, 

ʥʘʥʦʯʘʩʪʠʮʳ ʢʦʙʘʣʴʪʘ ʧʦʣʫʯʝʥʳ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ H2 ʠʟ (ɖ
4-1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥ)(ɖ3-

ʮʠʢʣʦʦʢʪʘʜʠʝʥʠʣ) ʢʦʙʘʣʴʪʘ (I) Co(COD)(COE) ʚ ʠʤʠʜʘʟʦʣʠʝʚʳʭ ʀɾ: C1C4ImNTf2 ʠ 

C1C14ImNTf2 [101]. 

ʕʣʝʢʪʨʦʦʩʘʞʝʥʠʝ Ni ʠ Co ʩʦʚʤʝʩʪʥʦ ʩ Al ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʟʦʣʦʪʘ ʚ ʩʨʝʜʝ ʀɾ: AlCl3
ï

BMIm+Clī ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ (ʜʣʷ Ni ʦʪ ī0,5 ɺ ʜʦ 0,11 ɺ ʦʪʥ. Ni/Ni(II)) ʠ ʙʦʣʝʝ 

ʥʠʟʢʦʤ ʧʦʪʝʥʮʠʘʣʝ ʜʣʷ Co (ʜʦ ī0,15 ɺ ʦʪʥ. Co/Co(II)) ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʫʧʦʨʷʜʦʯʝʥʥʦʡ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʳ ʫ Ni ʠ çʦʩʪʨʦʚʢʠ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷè ʯʘʩʪʠʮ ʜʣʷ Co (ʈʠʩʫʥʦʢ 1.12) [96]. 

 

ʈʠʩʫʥʦʢ 1.12. ʉʊʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʜʚʫʤʝʨʥʦʛʦ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ Ni ʠ Co ʥʘ Au(111): ʘ) 

ʤʫʘʨʦʚʘʷ ʢʘʨʪʠʥʘ ʤʦʥʦʩʣʦʷ Ni, ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʥʦʛʦ ʧʨʠ E = 0,11 ɺ ʦʪʥ. Ni/Ni(II); ʙ) 

ʦʩʪʨʦʚʢʠ Co ʩ ʨʘʜʠʫʩʘʤʠ ʦʪ 2 ʜʦ 6 ʥʤ Au(111) ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ E = ī0,15 ɺ ʦʪʥ. Co/Co(II). 
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ɺ ʨʘʙʦʪʝ [102] ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ Co-ʥʘʥʦʧʨʦʚʦʣʦʢ ʧʨʦʚʦʜʠʣʠ ʠʟ ʚʦʜʥʦʛʦ 

ʵʣʝʢʪʨʦʣʠʪʘ (1,3 M CoSO4 ʠ 0,65 M H3BO3) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʮ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ 

(AAO) ʩ ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʦʨ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ Al-ʬʦʣʴʛʠ ʚ 

ʤʥʦʛʦʩʪʘʜʠʡʥʦʤ ʧʨʦʮʝʩʩʝ ʘʥʦʜʠʨʦʚʘʥʠʷ. ʆʩʘʞʜʝʥʠʝ ʢʦʙʘʣʴʪʘ ʚ ʧʦʨʳ ʤʘʪʨʠʮʳ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ E = ī0,95 ɺ, ʠ ʟʘʪʝʤ ʨʘʩʪʚʦʨʷʣʠ ʥʦʩʠʪʝʣʴ ʚ NaOH ʩ ʧʦʣʫʯʝʥʠʝʤ ʪʦʥʢʠʭ 

Co-ʥʘʥʦʧʨʦʚʦʣʦʢ (ʈʠʩʫʥʦʢ 1.13). 

 

ʈʠʩʫʥʦʢ 1.13. ʉʕʄ ï ʠʟʦʙʨʘʞʝʥʠʝ Co-ʥʘʥʦʧʨʦʚʦʣʦʢ ʧʨʠ ʧʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʦʤ ʦʩʘʞʜʝʥʠʠ 

ʧʨʠ E = ī0,95 ɺ: ʘ) ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ, ʧʦʢʘʟʳʚʘʶʱʝʝ ʨʦʩʪ ʥʦʥʦʪʨʫʙʦʢ; ʙ) Co-ʥʘʥʦʪʨʫʙʢʠ 

ʧʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʤʘʪʨʠʮʳ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʘʢʪʠʚʥʦʝ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʠʟ ʥʝʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʙʘʣʴʪʘ, ʚ ʩʨʝʜʝ 

ʀɾ ʠ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʣʴʥʳʤ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ. ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘʥʦʯʘʩʪʠʮʳ 

ʥʘʥʦʩʷʪ ʥʘ ʠʥʝʨʪʥʳʝ ʠ ʧʦʨʠʩʪʳʝ ʧʦʜʣʦʞʢʠ (ʤʝʟʦʧʦʨʳ ʘʣʶʤʠʥʠʷ, ʧʝʥʦʥʠʢʝʣʴ, ʛʨʘʬʝʥ ʠ 

ʪ.ʜ.), ʤʦʨʬʦʣʦʛʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʙʦʨʦʤ ʵʣʝʢʪʨʦʣʠʪʘ (ʀɾ) ʠ ʫʩʣʦʚʠʷʤʠ 

(ʧʦʪʝʥʮʠʘʣ/ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ) ʦʩʘʞʜʝʥʠʷ. ʇʨʠ ʘʥʦʜʠʨʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʦʚ ʚ ʩʨʝʜʝ 

ʀɾ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʚ ʬʦʨʤʝ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʷʯʝʝʢ (ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʘʤʦʨʬʥʳʭ ʩʧʣʘʚʦʚ) ʠʣʠ ʥʘʥʦʪʨʫʙʦʢ. ʇʦʣʫʯʝʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʢʘʢ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘ, ʪʘʢ ʠ 

ʬʦʪʦʢʘʪʘʣʠʟʘ ʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘ. ɺ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʷʪʩʷ ʧʦʣʦʞʝʥʠʷ ʚʳʙʦʨʘ ʠ 

ʦʧʠʩʘʥʠʝ ʪʝʩʪʦʚʦʡ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʜʣʷ ʠʩʧʳʪʘʥʠʷ 

ʥʘʥʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 
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1.4. ʈʝʘʢʮʠʠ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ 

1.4.1. ɺʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʩʚʟʷʟʘʥʥʳʭ 

ʩ ʧʦʣʫʯʝʥʠʝʤ ʘʤʤʠʘʢʘ 

ɸʤʤʠʘʢ (NH3) ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʩʳʨʴʝʤ ʜʣʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ 

ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʪʠʚʦʚ, ʘ ʪʘʢʞʝ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʙʝʟʫʛʣʝʨʦʜʥʳʭ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ [103, 104]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʤʳʰʣʝʥʥʳʡ ʩʠʥʪʝʟ NH3 ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʵʥʝʨʛʦʝʤʢʦʛʦ ʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʦ ʚʳʙʨʦʩʘʤ ʫʛʣʝʨʦʜʘ ʧʨʦʮʝʩʩʘ ɻʘʙʝʨʘ-

ɹʦʰʘ [105-107]. ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʦʜʦʨʦʜ ʜʣʷ ʩʠʥʪʝʟʘ ʚ ʦʩʥʦʚʥʦʤ ʧʦʣʫʯʘʶʪ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʘʢʮʠʷʭ ʤʝʞʜʫ H2O ʠ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, 

ʥʘʧʨʠʤʝʨ, C, CO, CH4, CH3OH, ʠ ʧʨʦʮʝʩʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʥʝʨʛʠʠ 

ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʳʙʨʦʩʦʤ CO2, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 2% ʤʠʨʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠ 1-1.5% 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʳʙʨʦʩʘ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ [107-111]. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ N2 ʚ NH3 (NRR) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʦʜʳ (H2O) ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʜʦʨʦʜʘ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʜʣʷ ʝʝ 

ʧʨʦʚʝʜʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʧʦʣʫʯʘʝʤʫʶ ʠʟ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʢʘʢ 

ʚʝʪʝʨ ʠ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ [112-114]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʟʦʪʘ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦ, ʯʝʤ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ NO3
ī (NO3RR) ʠ NO2

ī 

(NO2RR) (ʫʨʘʚʥʝʥʠʷ (1)ï(4)). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ N2 ʠʤʝʝʪ ʥʠʟʢʫʶ ʢʠʥʝʪʠʢʫ ʠʟ-

ʟʘ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʜʠʩʩʦʮʠʘʮʠʠ ʪʨʦʡʥʦʡ ʩʚʷʟʠ NſN (945 ʢɼʞ/ʤʦʣʴ) ʠ ʥʠʟʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ N2 ʚ ʚʦʜʝ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ N2, NO2
ī ʠ NO3

ī ʠʤʝʶʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʥʠʟʢʫʶ 

ʵʥʝʨʛʠʶ ʜʠʩʩʦʮʠʘʮʠʠ ʩʚʷʟʠ NīO (204 ʢɼʞ/ʤʦʣʴ) ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ 

ʚʦʜʥʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʧʨʦʪʝʢʘʥʠʶ NO3RR/NO2RR [111, 112]. 

ʇʦʪʝʥʮʠʘʣ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪʘ ʜʦ ʘʟʦʪʘ ʠ ʘʤʤʠʘʢʘ ʟʘʚʠʩʠʪ ʦʪ ʨʅ [113]: 

2NO3 
ï + 12H+ + 10e-  N2 + 6H2O, EÁ= 1,17 ɺ ʦʪʥ. ʉɺʕ  (1) 

NO3 
ï + 6H2O + 8e-  NH3 + 9OHï, EÁ= ī 0,132 ɺ (pH=14) ʦʪʥ. ʉɺʕ   (2) 

NO3 
ï + 9H+ + 8e-  NH3 + 3H2O, EÁ=+0.799 ɺ (ʨʅ=0) ʦʪʥ. ʉɺʕ      (3) 

N2 + 6H2O  + 6e-  2NH3 + 6OHï, EÁ=  0,09 ɺ ʦʪʥ. ʉɺʕ   (4) 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʠʥʪʝʟ ɻʘʙʝʨʘ-ɹʦʰʘ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ NH3, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʤʳʰʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʦʢʠʩʣʝʥʥʦʛʦ ʘʟʦʪʘ (NO3
ï). ʅʠʪʨʘʪʳ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʠʭ ʯʘʩʪʴ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʠʩʪʦʯʥʠʢʘʭ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ʇʦʚʳʰʝʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ NO3
ī ʠ NO2

ī ʚ 

ʛʨʫʥʪʦʚʳʭ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʧʦʯʚʝ ʠ ʚʦʟʜʫʭʝ 
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ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʨʝʜʫ [104, 115-122]. ɼʠʩʙʘʣʘʥʩ ʚ 

ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ (NO3
ï, NO2

ï, NO ʠ ʜʨ.) ʚ ʮʠʢʣʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ʘʟʦʪʘ ʚ ʧʨʠʨʦʜʝ, ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʫʛʨʦʟʫ ʠʣʠ 

ʫʩʫʛʫʙʣʷʪʴ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʨʫʛʦʚʦʨʦʪʦʤ ʘʟʦʪʘ (ʈʠʩʫʥʦʢ 1.14) [123]. ʅʠʪʨʠʪ- ʠ 

ʥʠʪʨʘʪ-ʠʦʥʳ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʷʚʣʷʶʪʩʷ ʪʦʢʩʠʯʥʳʤʠ, ʠ ʧʦʵʪʦʤʫ ʫʤʝʥʴʰʝʥʠʝ 

ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚʝʜʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ ʨʘʙʦʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʧʨʝʚʨʘʱʝʥʠʡ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ, ʘ 

ʦʩʦʙʝʥʥʦ NO ʠ ʥʠʪʨʘʪʦʚ ʚ ʘʤʤʠʘʢ [115-117].  

 

ʈʠʩʫʥʦʢ 1.14. ʘ) ʉʭʝʤʘ ʧʨʝʚʨʘʱʝʥʠʡ ʤʝʞʜʫ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤʠ ʠ ʦʢʠʩʣʝʥʥʳʤʠ ʬʦʨʤʘʤʠ 

ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʘʟʦʪʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʟʜʝʩʴ 

ʧʦʢʘʟʘʥʳ ʪʦʣʴʢʦ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ [115]. ʙ) ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʢʘʪʦʜʥʦʡ ʠ 

ʘʥʦʜʥʦʡ ʨʝʘʢʮʠʡ ʚ ʪʦʧʣʠʚʥʦʤ ʵʣʝʤʝʥʪʝ, ʩʦʜʝʨʞʘʱʝʤ ʥʠʪʨʘʪ-ʠʦʥʳ [118]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ NO3
ī ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʣʦʞʝʥʦ ʚ ʢʘʯʝʩʪʚʝ ʵʢʦʥʦʤʠʯʥʦʛʦ ʧʫʪʠ ʫʩʪʨʘʥʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʧʦʣʫʯʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ (ʈʠʩʫʥʦʢ 1.14ʙ) [118]. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʧʨʠʚʝʜʝʥʘ ʠʣʣʶʩʪʨʘʪʠʚʥʘʷ ʩʭʝʤʘ (ʈʠʩʫʥʦʢ 1.15) 

ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ ʠ ʢʦʥʮʝʧʮʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ NO3
-, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʚ ʨʘʙʦʪʝ [124]. ʈʠʩʫʥʦʢ ʚ ʥʘʛʣʷʜʥʦʡ ʬʦʨʤʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʢʘʟʘʥʥʦʝ ʚʳʰʝ ʠ ʫʧʨʦʱʘʝʪ 

ʧʦʥʠʤʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʟʘʛʨʷʟʥʝʥʠʷʤʠ ʥʠʪʨʘʪʘʤʠ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. 
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ʈʠʩʫʥʦʢ 1.15. ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ ʠ ʢʦʥʮʝʧʮʠʷ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ NO3
- ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ. 

ʏʪʦʙʳ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʠʪʨʘʪʦʚ ʥʘ ʟʜʦʨʦʚʴʝ, 

ɺʩʝʤʠʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ [125] ʫʩʪʘʥʦʚʠʣʘ ʨʝʢʦʤʝʥʜʫʝʤʳʡ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ NO3
ī ʚ 50 ʤʛ/ʣ (0,8 ʤʄ) ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ. 

1.4.2. ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪ-ʠʦʥʦʚ 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ NO3
ī ʚ NH3 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʚʦʩʴʤʠ 

ʵʣʝʢʪʨʦʥʦʚ (ʨʝʘʢʮʠʠ 2 ʠ 3) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʳʩʦʢʦ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ 

ʠ ʥʝʩʪʘʙʠʣʴʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ [121, 126-129]. ɺ ʣʠʪʝʨʘʪʫʨʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ʨʘʟʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʠʟ ʥʠʪʨʘʪ-ʠʦʥʦʚ, 

ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʨʅ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪʘ, ʤʘʪʝʨʠʘʣʘ ʢʘʪʦʜʘ, ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʨʠʩʫʪʩʪʚʠʷ 

ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ [126, 129-132]. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʣʠʤʠʪʠʨʫʝʪʩʷ 

ʘʜʩʦʨʙʮʠʦʥʥʦ-ʜʝʩʦʨʙʮʠʦʥʥʳʤ ʨʘʚʥʦʚʝʩʠʝʤ, ʧʦʩʢʦʣʴʢʫ ʥʠʪʨʘʪ-ʠʦʥ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʠʟʢʦʝ 

ʩʨʦʜʩʪʚʦ ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʚ ʚʦʜʥʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ ʠʟ-ʟʘ ʩʠʤʤʝʪʨʠʯʥʦʡ (D3h) 

ʨʝʟʦʥʘʥʩʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʦʯʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʩ H2O [129, 133]. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʧʫʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʠʟ ʥʠʪʨʘʪ-ʠʦʥʦʚ, 

ʥʘʟʚʘʥʥʳʝ ʧʨʷʤʳʤ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠ ʥʝʧʨʷʤʳʤ 

ʘʚʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ [134]. ʈʝʘʢʮʠʦʥʥʳʝ ʧʫʪʠ ʙʝʟ ʫʯʘʩʪʠʷ ʥʠʪʨʘʪʘ ʚ 

ʧʝʨʝʥʦʩʝ ʵʣʝʢʪʨʦʥʦʚ ʥʘʟʳʚʘʶʪ ʥʝʧʨʷʤʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ. ʇʨʷʤʦʡ ʤʝʭʘʥʠʟʤ ʚʢʣʶʯʘʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ NO3
ī ʵʣʝʢʪʨʦʥʘʤʠ ʠʣʠ ʨʝʘʢʮʠʶ NO3

ī ʠ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʩ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤ ʚʦʜʦʨʦʜʦʤ [132], ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʳ. ʇʨʷʤʦʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ 
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ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʝʧʨʷʤʦʡ ʤʝʭʘʥʠʟʤ ʪʨʝʙʫʝʪ 

ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ [130, 134]. ʉʭʝʤʫ ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

(ʈʠʩʫʥʦʢ 1.16).  

 

ʈʠʩʫʥʦʢ 1.16. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ ʜʣʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʥʠʪʨʘʪʘ ʚ ʚʦʜʝ. 

ʆʙʱʠʡ ʤʝʭʘʥʠʟʤ ʦʙʲʝʜʠʥʷʝʪ ʤʝʭʘʥʠʟʤʳ ʦʪʜʝʣʴʥʳʭ ʩʪʘʜʠʡ (ʈʠʩʫʥʦʢ 1.16), ʘ 

ʠʤʝʥʥʦ: ʣʠʤʠʪʠʨʫʶʱʘʷ ʩʪʘʜʠʷ, ʤʝʭʘʥʠʟʤ ɺʝʪʪʝʨʘ, ʤʝʭʘʥʠʟʤ ʐʤʠʜʘ, ʤʝʭʘʥʠʟʤ ɼʫʢʘ-

ʌʝʣʠʫ-ʂʦʧʝʨʘ, ʤʝʭʘʥʠʟʤ ɺʫʡʩʘ-ʂʦʧʝʨʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʦ ʘʤʤʠʘʢʘ [121]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ, ʧʦʣʫʯʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʨʦʜʫʢʪʳ. 

ʃʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʝʡ ʷʚʣʷʝʪʩʷ ʧʨʝʚʨʘʱʝʥʠʝ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʚ ʥʠʪʨʠʪ-ʠʦʥ [135]. 

ʉʥʘʯʘʣʘ NO3
ï ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ NO3

ī
 (ʘʜʩ.), 

ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʨʠʥʠʤʘʝʪ ʧʨʷʤʦʝ ʫʯʘʩʪʠʝ ʚ ʧʝʨʝʥʦʩʝ ʵʣʝʢʪʨʦʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʯʘʩʪʠʮʳ 

NO3
2-
(ʘʜʩ.). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʘʜʠʡ ʧʦʣʫʯʘʝʪʩʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʡ ʘʤʤʠʘʢ, 

ʢʦʪʦʨʳʡ ʜʝʩʦʨʙʠʨʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ NH3(ʛ) ʚ ʱʝʣʦʯʥʦʡ/ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ ʠʣʠ NH4
+ ʚ 

ʢʠʩʣʦʡ ʩʨʝʜʝ. ɺ ʥʝʡʪʨʘʣʴʥʦʡ ʠ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ NO3
ï ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʫʯʘʩʪʠʝʤ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ (Hʘʜʩ). ɸʪʦʤʘʨʥʳʡ ʚʦʜʦʨʦʜ ï ʩʠʣʴʥʳʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ 

(E(H+/H) = ī2,31 ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉɺʕ) ʠ ʤʦʞʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ 

ʠʥʪʝʨʤʝʜʠʘʪʳ: NO3
2-
(ʘʜʩ), NO2

2-
(ʘʜʩ), NO(ʘʜʩ), HNO(ʘʜʩ). ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʝʡ NïH, 
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ʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʯʝʤ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʝʡ N-N, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ 

ʷʚʣʷʝʪʩʷ NH3 [132].  

ʇʫʪʴ ʨʝʘʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɼʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) [126] ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʥʘʠʙʦʣʝʝ 

ʚʝʨʦʷʪʥʳʡ çʘʟʦʪʥʳʡè ʧʫʪʴ ʨʝʘʢʮʠʠ: NO3
ī Ÿ *NO3 Ÿ *NO2 Ÿ *NO Ÿ *NOH Ÿ *NHOH Ÿ 

*NH Ÿ *NH2 Ÿ *NH3 Ÿ NH3(g) (ʈʠʩʫʥʦʢ 1.17). ɼʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ 

ʧʨʝʜʣʦʞʝʥ ʜʨʫʛʦʡ çʘʟʦʪʥʳʡè ʧʫʪʴ: NO3
ī Ÿ *NO3 Ÿ *NO2 Ÿ *HNO2 Ÿ *NO Ÿ *HNO Ÿ 

*H2NO Ÿ *HNO Ÿ *O Ÿ *OH (*ʫʢʘʟʘʥʳ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ) [136]. 

 

ʈʠʩʫʥʦʢ 1.17. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʨʝʘʢʮʠʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ. 

ʇʨʦʮʝʩʩ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʪʦʤʘʨʥʳʤ ʚʦʜʦʨʦʜʦʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʥʠʟʢʦʤ ʧʝʨʝʥʘʧʨʷʞʝʥʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʘʚʠʪʴ ʧʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ 

[133]. ʀʟ-ʟʘ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʥʠʟʰʝʡ ʥʝʟʘʥʷʪʦʡ ʦʨʙʠʪʘʣʠ NO3
ī ʢʦʤʧʦʥʝʥʪʳ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ) ʜʦʣʞʥʳ ʠʤʝʪʴ ʫʨʦʚʝʥʴ ʵʥʝʨʛʠʠ, ʘʥʘʣʦʛʠʯʥʳʡ 

LUMO (ʥʠʟʰʘʷ ʥʝʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ) ˊ* NO3
ī, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʧʫʪʴ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʨʝʘʢʮʠʡ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʠʟ ʥʠʪʨʘʪ-ʠʦʥʦʚ, ʷʚʣʷʶʪʩʷ ʧʝʨʝʭʦʜʥʳʝ 

ʤʝʪʘʣʣʳ (Co, Fe, Ni, Cu, Ti, Mn, Zn ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

https://www.sciencedirect.com/science/article/pii/S1388248121001788?via%3Dihub#b0100
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1.4.3. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʥʝʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʝʘʢʮʠʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʠʟ ʥʠʪʨʘʪ-ʠʦʥʦʚ 

ɼʣʷ ʦʮʝʥʢʠ ʦʙʱʝʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ ʠʩʧʦʣʴʟʫʶʪ ʌʘʨʘʜʝʝʚʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (ʬʘʨʘʜʝʝʚʩʢʠʡ 

ʚʳʭʦʜ / ʚʳʭʦʜ ʧʦ ʪʦʢʫ / FE (%)) [137], ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʘʷ ʯʘʩʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʪʨʘʪʠʪʩʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ (ʩʤ. ʨʘʟʜʝʣ 2.5). ʆʧʨʝʜʝʣʝʥʠʝ FE 

ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ, ʥʦ ʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʜʦ 

ʘʤʤʠʘʢʘ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʨʷʜʫ ʪʨʝʙʦʚʘʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝ 

ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʪʘʢʞʝ ʚʘʞʥʘ 

ʩʪʦʠʤʦʩʪʴ ʩʘʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʥʝʙʣʘʛʦʨʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʧʝʨʝʯʠʩʣʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ.  

ɺ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʠʟ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʧʝʨʝʭʦʜʥʳʝ 

ʥʝʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ (Co, Fe, Ni, Cu, Ti, Mn, Zn) ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʚʠʜʝ 

ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʩʧʣʘʚʦʚ, ʢʦʤʧʦʟʠʪʦʚ [138]. 

ɼʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʢʩʠʜʳ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (Co3O4, NiO, Fe2O3, MnO2, V2O5 ʠ ʜʨ.) ʠ ʠʟʤʝʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ Co3O4>NiO>Fe2O3>MnO2>TiO2>Cr2O3 

(ʈʠʩʫʥʦʢ 1.18) [139]. 

 

ʈʠʩʫʥʦʢ 1.18. ɸʥʘʣʠʟ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ NO2
ī ʠ NH3 ʜʣʷ 12 ʦʢʩʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʚ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʥʠʪʨʘʪʘ. 

ʌʘʨʘʜʝʝʚʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʘ-ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʧʦʪʝʥʮʠʘʣʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪʘ, ʨʅ ʩʨʝʜʳ (ʊʘʙʣʠʮʘ 1.1). 
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ʊʘʙʣʠʮʘ 1.1. ʌʘʨʘʜʝʝʚʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʢʮʠʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʠʟ ʥʠʪʨʘʪ-ʠʦʥʦʚ. 

ʂʘʪʘʣʠʟʘʪʦʨ ʉʨʝʜʘ 
ʊʦʢ / ʇʦʪʝʥʮʠʘʣ 

(ʦʪʥ. ʆɺʕ) 
FE (%) ʀʩʪʦʯʥʠʢ 

NiO 0,3 ʄ KNO3 ʚ 1 ʄ KOH -0,25 ɸ/ʩʤ2 69,4 [139] 

V2O5 0,3 ʄ KNO3 ʚ 1 ʄ KOH -0,25 ɸ/ʩʤ2 15,7 [139] 

MnO2 0,3 ʄ KNO3 ʚ 1 ʄ KOH -0,25 ɸ/ʩʤ2 54,2 [139] 

CuO 0,3 ʄ KNO3 ʚ 1 ʄ KOH -0,25 ɸ/ʩʤ2 23,1 [139] 

Cu2O 
8 ʤʄ NaNO3 ʚ 0,1 M 

Na2SO4 (pH 12)  
(-0,4 ɺ) ï 0,1 ɺ 11 - 88 [140] 

CuCoO x 
0,01 ʄ KNO3 ʚ 

0,1 ʄ KOH (pH 13)  
(-0,25 ɺ) ï 0 ɺ 92 ï 97,8 [141] 

CuO NTs 
0,8 ʤʄ NO3

ī ʚ 

0,5 ʄ K2SO4  
-1,3 ʦʪʥ. ʉʂʕ 85,7 [142] 

Cu-Co3O4 
8 ʤʄ NO3

ī ʚ 

0,1 ʄ Na2SO4 
-0,6 ɺ 86,5 [143] 

Cu50Ni50 
100 ʤʄ KNO3 ʚ 

1 ʄ KOH 
0,25 ɺ 99 [144] 

Cu nanosheets 
10 ʤʄ KNO3 ʚ 

0,1 ʄ KOH  
-0,15 ɺ 99,7 [145] 

Cu2O/Cu 4 ʤʄ NO3
ī ʚ 1 ʄ KOH -0,25 ɺ 84,4 [146] 

Cu@C 1 ʤʄ NO3
ī ʚ 1 ʄ KOH -0,9 ɺ 72 [147] 

Pd/TiO2h 0,25 M NO3
ī   -0,6 ɺ 92,1 [148] 

Ce-MoS2- x d 
0,1 M NaNO3 ʚ 

0,5 M Na2SO4 
-0,7 ɺ 96,6 [149] 

Ti 
10 ʤM HNO3 ʚ 

1 M NaClO4 
(-1,0 ɺ) ï (-0,4 ɺ) 33,0-88,2 [150] 

TiH2/Ti 
10 ʤM HNO3 ʚ 

1 M NaClO4 
(-1,0 ɺ) ï (-0,4 ɺ) 39,4-74,7 [150] 

ʅʘʥʦʪʨʫʙʢʠ 

Ag@Ni/Ni(OH)2 
0,1 M KNO3 ʚ 1 M KOH (-0,45 ɺ) ï (0,05 ɺ) 73,2-94,8 [151] 

ʅʘʥʦʪʨʫʙʢʠ Ag 0,1 M KNO3 ʚ 1 M KOH (-0,45 ɺ) ï (0,05 ɺ) 7,8-49,9 [151] 

ʅʘʥʦʩʪʝʨʞʥʠ 

Cu/NiO 

0,1 ʄ NO3
- ʚ ʬʦʩʬʘʪʥʦ-

ʩʦʣʝʚʦʤ ʙʫʬʝʨʝ (pH ~ 

7,4) 

-1,0 ɺ 97,8 [152] 

ʅʘʥʦʪʨʫʙʢʠ 

TiO2-x 

0,78 ʤʄ ʤʛ/ʣ NO3
ī ʚ 

0,5 ʄ Na2SO4 
-1,6 (ʦʪʥ. ʉʂʕ) 85 [153] 

ɹʦʣʴʰʝʝ ʯʠʩʣʦ ʧʨʠʤʝʥʷʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦʜʝʨʞʘʪ ʤʝʜʴ ʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʝ 

(ʊʘʙʣʠʮʘ 1.1). ʇʦʢʘʟʘʥʦ [139, 140], ʯʪʦ Cu(I) ʤʦʞʝʪ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ NO3
ī ʜʦ NO2

ī . ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ 

ʢʘʪʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʟʤʝʥʝʥʠʝ ʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ 
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Cu(I) ʜʦ Cu(0), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʚʳʭʦʜʘ ʘʤʤʠʘʢʘ. ɸʤʦʨʬʠʟʘʮʠʷ Cu ʫʚʝʣʠʯʠʚʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʘʜʩʦʨʙʮʠʠ NO3
ī ʠ ʦʙʣʝʛʯʘʝʪ 

ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʧʦʪʝʥʮʠʘʣʦʧʨʝʜʝʣʷʶʱʫʶ ʩʪʘʜʠʶ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ *NO ʜʦ *NHO. 

ɸʤʦʨʬʥʳʡ Cu-ʢʘʪʘʣʠʟʘʪʦʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʦʨʦʰʫʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ 

-0,3 ɺ (ʦʪʥ. ʆɺʕ), ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʧʨʦʠʩʭʦʜʠʪ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʢʦʪʦʨʘʷ ʫʤʝʥʴʰʘʝʪ ʘʢʪʠʚʥʦʩʪʴ [154]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʢʘʪʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʘʢ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʪʘʢ ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʳ. 

1.4.4. ʂʘʪʘʣʠʟʘʪʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʦʙʘʣʴʪ ʚ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʠʟ ʥʠʪʨʘʪ-ʠʦʥʦʚ 

ʇʦʤʠʤʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ Cu-ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Co-

ʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʤ ʢʣʘʩʩʦʤ, ʠʤʝʶʱʠʤ ʧʝʨʩʧʝʢʪʠʚʳ 

ʙʳʪʴ ʥʘʠʣʫʯʰʠʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʜʣʷ NO3RR. ʆʢʩʠʜʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ, ʩʦʩʪʦʷʱʠʝ 

ʠʟ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʟʘʥʠʤʘʶʱʠʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ (ʰʝʩʪʠʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ) ʠ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ (ʯʝʪʳʨʝʭʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ) ʧʦʟʠʮʠʠ, ʧʨʠʚʣʝʢʘʶʪ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ 

ʙʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʤʫ ʜʠʘʧʘʟʦʥʫ ʚʘʣʝʥʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʝʪʘʣʣʘ, ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʩʪʨʫʢʪʫʨʘʤ ʠ ʩʦʩʪʘʚʘʤ [155]. ʆʢʩʠʜʳ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ, ʝʩʣʠ ʦʥʠ ʦʙʨʘʟʦʚʘʥʳ ʦʜʥʠʤ ʤʝʪʘʣʣʦʤ, ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʦʙʰʝʡ ʬʦʨʤʫʣʦʡ Me3O4. ʆʜʠʥ ʠʟ ʪʠʧʠʯʥʳʭ ʦʢʩʠʜʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ Co3O4, ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʜʦ 

ʘʤʤʠʘʢʘ [156, 157]. ʇʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʢʦʙʘʣʴʪ, 

ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʩʠʣʴʥʦʡ ʘʜʩʦʨʙʮʠʝʡ ʦʢʩʠʜʘ ʘʟʦʪʘ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʙʣʘʛʦʜʘʨʷ 

ʩʚʦʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ [158]. ɺ ʦʪʣʠʯʠʝ ʦʪ Cu-ʩʦʜʝʨʞʘʱʠʭ ʩʠʩʪʝʤ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ 

ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ ʩʝʣʝʢʪʠʚʥʳ [107] ʚ ʨʝʘʢʮʠʠ ʧʦʣʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʥʠʪʨʘʪʦʚ ʚ ʘʤʤʠʘʢ 

(ʊʘʙʣʠʮʘ 1.2). 

ʊʘʙʣʠʮʘ 1.2. ʌʘʨʘʜʝʝʚʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ. 

ʂʘʪʘʣʠʟʘʪʦʨ ʉʨʝʜʘ 
ʊʦʢ / ʇʦʪʝʥʮʠʘʣ 

(ʦʪʥ. ʆɺʕ) 
FE (%) ʀʩʪʦʯʥʠʢ 

Co3O4 0,3 ʄ KNO3 ʚ 1 ʄ KOH -0,25 ɸ/ʩʤ2 85,2 [139] 

Cu-Co3O4 
10 ʤʄ KNO3 ʚ 0,5ʄ 

KOH 
(-0,4 ɺ) ï 0 ɺ 85,9 ï 97,2 [159] 

Co3O4/Ti 
0,78 ʤʄ ʤʛ/ʣ NO3

ī ʚ 

0,05 ʄ Na2SO4 
5 ʤɸ/ʩʤ2 ï 25 ʤɸ/ʩʤ2 54 - 90 [160] 

CuCoOx 
0,78 ʤʄ ʤʛ/ʣ NO3

ī ʚ 

0,05 ʄ Na2SO4 
-1,1 ɺ 81 [161] 
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Cu3CoOx 
0,78 ʤʄ ʤʛ/ʣ NO3

- ʚ 

0,05 ʄ Na2SO4 
-1,0 ɺ 78 [161] 

Co3O4 
0,78 ʤʄ ʤʛ/ʣ NO3

- ʚ 

0,05 ʄ Na2SO4 
-1,2 ɺ 54 [161] 

ʅʘʥʦʣʠʩʪʳ 

Co3O4 ʩ 

ʚʘʢʘʥʩʠʷʤʠ  

0,1 ʄ NaNO3 ʚ 

1 ʄ NaOH 
-0,4 97,2 [162] 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʜʣʷ ʥʘʥʦʣʠʩʪʦʚ Co3O4 [162], ʚʚʝʜʝʥʠʝ ʚʘʢʘʥʩʠʡ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʘʢʪʠʚʥʳʭ ʫʯʘʩʪʢʘʭ Co, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʘʨʷʜʘ, ʪʝʤ ʩʘʤʳʤ ʫʩʠʣʠʚʘʷ ʘʜʩʦʨʙʮʠʶ NO3
ï ʥʘ ʫʯʘʩʪʢʘʭ Co ʠ 

ʦʙʣʝʛʯʘʷ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ NO3
ï. ʇʨʠʩʫʪʩʪʚʠʝ ʚʘʢʘʥʩʠʡ Co ʫʤʝʥʴʰʘʝʪ ʰʠʨʠʥʫ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ ʫʣʫʯʰʘʝʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʭʦʜʥʳʤ Co3O4, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ ʩ ʚʘʢʘʥʩʠʷʤʠ ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʠʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʜʣʷ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪ-ʠʦʥʦʚ 

ʜʦ ʘʤʤʠʘʢʘ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʜʣʷ ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ [162]. 

1.4.5. ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʚ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʠʟ ʥʠʪʨʘʪ-ʠʦʥʦʚ 

ɺ ʯʠʩʪʦʤ ʚʠʜʝ Co3O4 ʥʝ ʜʦʩʪʠʛʘʝʪ 100% ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟ-ʟʘ ʠʟʥʘʯʘʣʴʥʦ ʙʦʣʴʰʦʡ 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʧʦʥʠʞʝʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ NO3
- ʥʘ ʘʢʪʠʚʥʳʭ ʫʯʘʩʪʢʘʭ. ɺʚʝʜʝʥʠʝ ʘʪʦʤʘ ʜʨʫʛʦʛʦ ʤʝʪʘʣʣʘ 

ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʘʢʪʠʚʥʳʭ ʫʯʘʩʪʢʘʭ Co ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʘʜʩʦʨʙʮʠʶ NO3
ï ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʫʯʘʩʪʢʘʭ Co, ʩʧʦʩʦʙʩʪʚʫʷ 

ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʠʟ 

ʥʠʪʨʘʪ-ʠʦʥʦʚ [163]. ʃʝʛʠʨʦʚʘʥʠʝ ʢʦʙʘʣʴʪʦʤ ʢʘʪʘʣʠʟʘʪʦʨʘ Fe@Fe2O3 ʠʟʤʝʥʷʝʪ ʰʠʨʠʥʫ d-

ʟʦʥʳ Fe ʠ ʪʝʤ ʩʘʤʳʤ ʠʟʤʝʥʷʝʪ ʵʥʝʨʛʠʠ ʘʜʩʦʨʙʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʧʦʜʘʚʣʷʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʘ [164]. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1.3, ʜʣʷ Co-Fe@Fe2O3 ʟʥʘʯʝʥʠʝ FE (%) 

ʚʳʰʝ, ʯʝʤ ʫ ʢʘʞʜʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʠʭ ʚʟʘʠʤʥʦʤ ʚʣʠʷʥʠʠ. ʅʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ (Ni, Cu) ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʘʜʩʦʨʙʠʨʦʚʘʪʴ ʠ ʘʢʪʠʚʠʨʦʚʘʪʴ N2 ʠ ʜʨʫʛʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʟʘ ʩʯʝʪ 

ʵʣʝʢʪʨʦʥʦʚ ʥʘ d-ʦʨʙʠʪʘʣʷʭ ʠ ʥʝʟʘʥʷʪʳʭ d-ʦʨʙʠʪʘʣʝʡ [107]. 

ʊʘʙʣʠʮʘ 1.3. ʌʘʨʘʜʝʝʚʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ, ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʠʭ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʂʘʪʘʣʠʟʘʪʦʨ ʉʨʝʜʘ 
ʊʦʢ / ʇʦʪʝʥʮʠʘʣ (ɺ) 

ʦʪʥ. ʆɺʕ 
FE (%) ʀʩʪʦʯʥʠʢ 

Fe2O3 
0,3 ʄ KNO3 ʚ 

1  ʄ  KOH 
-0,25 ɸ/ʩʤ2 62,95 [139] 
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Co-Fe@Fe2O3 
0,6 ʤʄ NaNO3 ʚ 

0,1 M Na2SO4 
-0,645 ɺ 85,2 [164] 

Fe@Fe2O3 
0,6 ʤʄ NaNO3 ʚ 

0,1 M Na2SO 4 
-0,645 ɺ 79,1 [164] 

ʅʘʥʦʯʘʩʪʠʮʳ Co 
0,6 ʤʄ NaNO3 ʚ 

0,1 M Na2SO 4 
-0,645 ɺ 77,1 [164] 

Cu-Fe3O4 (Cu 

ʜʦʧʠʨʦʚʘʥʥʘʷ 

Fe3O4) 

0,1 M KNO3 ʚ 0,1 

M KOH 
-0,6 ɺ ~100 [165] 

Fe/Ni2P 
0,05 M NO3

- ʚ 0,2 

M K2SO4 
-0,4 ɺ 94,3 [165] 

Cu(B) 
1,2 ʤʄ NaNO3 ʚ 

0,5 M Na2SO4 
(ī0,55) ï (ī0,6) ɺ ~100 [111] 

Co-CNP 

(ʦʜʥʦʘʪʦʤʥʳʡ 

ʢʘʪʘʣʠʟʘʪʦʨ 

ʢʦʙʘʣʴʪʘ çsingle 

atom catalystè, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʬʦʩʬʦʨʦʤ ʠ 

ʘʟʦʪʦʤ) 

1,58 ʤʄ NO3
ī ʚ 

0,02 M Na2SO4 
ī 0,69 ɺ 92,0% [166] 

ʇʦʤʠʤʦ ʣʝʛʠʨʦʚʘʥʠʷ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʦʚ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠʤʝʩʠ 

ʘʪʦʤʦʚ ʥʝʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʙʦʨ (B), ʢʠʩʣʦʨʦʜ (ʆ), ʘʟʦʪ (N), ʠ ʬʦʩʬʦʨ (P) [166] ʠʟ-ʟʘ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ. ʆʥʠ 

ʩʦʟʜʘʶʪ ʤʥʦʞʝʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʫʣʫʯʰʘʶʪ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɹʦʨ (B) ʩ ʥʝʟʘʥʷʪʳʤʠ ʦʨʙʠʪʘʣʷʤʠ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ 

ʧʨʠʥʠʤʘʪʴ ʵʣʝʢʪʨʦʥʳ ʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʣʦʢʘʣʴʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʤʝʪʘʣʣʦʚ, ʯʪʦ 

ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [111]. 

ɸʥʘʣʠʟʠʨʫʷ ʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʠʪʨʘʪ-ʠʦʥʳ ʤʦʛʫʪ ʙʳʪʴ 

ʵʬʬʝʢʪʠʚʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥ ʜʦ ʘʤʤʠʘʢʘ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠ ʚ ʱʝʣʦʯʥʦʤ ʠʣʠ ʥʝʡʪʨʘʣʴʥʦʤ 

[167] ʨʘʩʪʚʦʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʟ ʥʝʙʣʘʛʦʨʦʜʥʳʭ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ. ʃʫʯʰʠʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʜʦ ʘʤʤʠʘʢʘ 

ʷʚʣʷʶʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʥʘ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʘʷ ʘʜʩʦʨʙʮʠʷ NO3
-. ʊʘʢʠʤʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʵʣʝʢʪʨʦʜʳ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ ʠ ʝʛʦ ʦʢʩʠʜʦʚ, 

ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʣʠʯʥʳʝ ʜʦʙʘʚʢʠ. ʍʦʨʦʰʦ ʨʘʙʦʪʘʶʪ ʚ ʪʘʥʜʝʤʝ Co ʠ Fe, Co ʠ Cu, ʢʦʪʦʨʳʝ 

ʢʘʪʘʣʠʟʠʨʫʶʪ ʨʘʟʥʳʝ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʘ ʜʦʙʘʚʣʝʥʠʝ ʢ ʢʦʙʘʣʴʪʫ ʪʘʢʠʭ 

ʥʝʤʝʪʘʣʣʦʚ ʢʘʢ ʙʦʨ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, 

ʨʘʩʩʤʦʪʨʝʥʠ ʁʢʦʪʦʨʳʭ ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʨʘʙʦʪʘ. 

https://www.sciencedirect.com/topics/materials-science/doping-additives
https://www.sciencedirect.com/topics/physics-and-astronomy/property-of-materials
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ɻʣʘʚʘ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʨʘʟʣʠʯʥʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʠʩʧʳʪʘʥʠʷ. ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʘʥʳ ʚʩʝ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙ rʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

2.1. ʈʘʩʪʚʦʨʳ ʠ ʵʣʝʢʪʨʦʣʠʪʳ 

ɺʩʝ ʠʩʭʦʜʥʳʝ ʨʝʘʢʪʠʚʳ ʙʳʣʠ ʢʘʯʝʩʪʚʘ ʭ.ʯ. ʠʣʠ ʦ.ʩ.ʯ., ʠʣʠ ʧʨʠʦʙʨʝʪʝʥʳ ʫ ʠʟʚʝʩʪʥʳʭ 

ʤʠʨʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ (ʥʘʧʨʠʤʝʨ, ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʧʨʠʦʙʨʝʪʘʣʠʩʴ ʚ ʬʠʨʤʝ ABCR 

GmbH & Co KG, ɻʝʨʤʘʥʠʷ) ʠ ʥʝ ʥʫʞʜʘʣʠʩʴ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʝ. ɺ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʩʪʚʦʨʳ, ʫʢʘʟʘʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2.1. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʘʷ ʠʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ, ʘ ʪʘʢʞʝ ʘʮʝʪʦʥ ʤʘʨʢʠ ʦ.ʩ.ʯ. 

ʊʘʙʣʠʮʘ 2.1. ʈʘʩʪʚʦʨʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʨʘʙʦʪʝ. 

ˉ 
ʅʘʟʚʘʥʠʝ 

ʚʝʱʝʩʪʚʘ 
ʈʘʩʪʚʦʨʠʪʝʣʴ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, 

ʤʦʣʴ/ʣ 

ʅʘʟʥʘʯʝʥʠʝ 

ʨʘʩʪʚʦʨʘ 

1 
ʅʠʪʨʘʪ ʥʘʪʨʠʷ 

(NaNO3) 
ɺʦʜʘ 0,0012 - 0,012 

ʕʣʝʢʪʨʦʣʠʪ ʜʣʷ 

ʨʝʘʢʮʠʠ NO3RR 

2 

ɻʠʜʨʦʢʩʠʜ 

ʥʘʪʨʠʷ 

(NaOH) 

ɺʦʜʘ 1 

ɸʥʘʣʠʟ 

ʢʦʣʠʯʝʩʪʚʘ 

ʘʤʤʠʘʢʘ 

3 

ɻʠʧʦʭʣʦʨʠʪ 

ʥʘʪʨʠʷ 

(NaClO) 

ɺʦʜʘ 0,05 

ɸʥʘʣʠʟ 

ʢʦʣʠʯʝʩʪʚʘ 

ʘʤʤʠʘʢʘ 

4 

ʉʘʣʠʮʠʣʘʪ 

ʥʘʪʨʠʷ 

(C7H5NaO3) 

ɺʦʜʘ+0,05 ʄ NaOH 0,3 

ɸʥʘʣʠʟ 

ʢʦʣʠʯʝʩʪʚʘ 

ʘʤʤʠʘʢʘ 

5 

ʅʠʪʨʦʧʨʫʩʩʠʜ 

ʥʘʪʨʠʷ 

Na2[Fe(CN)5NO] 

ɺʦʜʘ 0,00085 

ɸʥʘʣʠʟ 

ʢʦʣʠʯʝʩʪʚʘ 

ʘʤʤʠʘʢʘ 

6 

ɻʝʧʪʘʛʠʜʨʘʪ 

ʩʫʣʴʬʘʪʘ 

ʢʦʙʘʣʴʪʘ (II) 

(CoSO4Ŀ7H2O) 

ɺʦʜʘ 0,1 

ʕʣʝʢʪʨʦʣʠʪ ʜʣʷ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ 

7 

ɻʝʧʪʘʛʠʜʨʘʪ 

ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ 

(II) 

(FeSO4Ŀ7H2O) 

ɺʦʜʘ 0,1 

ʕʣʝʢʪʨʦʣʠʪ ʜʣʷ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ 

8 
ɹʦʨʥʘʷ ʢʠʩʣʦʪʘ 

(H3BO3) 
ɺʦʜʘ 0,5 

ʕʣʝʢʪʨʦʣʠʪ ʜʣʷ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ 

9 
ʉʫʣʴʬʘʪ ʥʘʪʨʠʷ 

(Na2SO4) 
ɺʦʜʘ 1 

ʕʣʝʢʪʨʦʣʠʪ ʜʣʷ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ 
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10 
ʉʫʣʴʬʘʪ ʥʘʪʨʠʷ 

(Na2SO4) 
ɺʦʜʘ 0,05 

ʕʣʝʢʪʨʦʣʠʪ ʜʣʷ 

ʨʝʘʢʮʠʠ NO3RR 

11 
ʉʫʣʴʬʘʪ ʥʘʪʨʠʷ 

(Na2SO4) 
ɺʦʜʘ 1 

ʂʦʨʨʦʟʠʦʥʥʳʝ 

ʠʩʧʳʪʘʥʠʷ 

12 
ʉʝʨʥʘʷ ʢʠʩʣʦʪʘ 

(H2SO4) 
ɺʦʜʘ 0,05 

ʕʣʝʢʪʨʦʣʠʪ ʜʣʷ 

ʧʦʜʛʦʪʦʚʢʠ 

ʧʣʘʪʠʥʦʚʳʭ 

ʵʣʝʢʪʨʦʜʦʚ 

13 ʈʘʩʪʚʦʨ ʈʠʥʛʝʨʘ  ɺʦʜʘ 

NaCl - 0,147  

KCl ï 0,3 

CaCl2 ï 0,33 

ʂʦʨʨʦʟʠʦʥʥʳʝ 

ʠʩʧʳʪʘʥʠʷ 

14 

2,4-ʙʠʩ([1,1'-

ʜʠʬʝʥʠʣ]-4-ʠʣ)-

6-ʛʠʜʨʦʢʩʠ-1,3,5-

ʪʨʠʘʟʠʥ 

ɸʮʝʪʦʥ ʅʘʩʳʱʝʥʥʳʡ ʨ-ʨ 

ʅʘʥʝʩʝʥʠʝ ʥʘ 

ʛʨʘʬʠʪʦʚʫʶ 

ʧʦʜʣʦʞʢʫ 

15 
ʂʘʨʙʦʥʘʪ ʣʠʪʠʷ 

(Li 2CO3) 
BmimNTf2 0,01 ɸʥʦʜʠʨʦʚʘʥʠʝ 

ʇʦʤʠʤʦ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʘʮʝʪʦʥʘ ʪʘʢʞʝ ʙʳʣʘ ʚʳʙʨʘʥʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʠʦʥʥʘʷ 

ʞʠʜʢʦʩʪʴ (ʀɾ), ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥ rʚ ʊʘʙʣʠʮʝ 2.2. 

ʊʘʙʣʠʮʘ 2.2. ʀʦʥʥʘ ̫ʞʠʜʢʦʩʪ,ɹ ʧʨʠʤʝʥʷʝʤʘ ̫ʚ ʨʘʙʦʪʝ. 

 ʀɾ 

ʅʘʟʚʘʥʠʝ ʀɾ 1-ʙʫʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʡ ʙʠʩ (ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʠʣ) ʠʤʠʜ 

ɸʙʙʨʝʚʠʘʪʫʨʘ BmimNTf2 

ʉʪʨʫʢʪʫʨʥʘʷ 

ʬʦʨʤʫʣʘ ʀɾ [172] 

  

ʇʨʦʠʟʚʦʜʠʪʝʣʴ ABCR GmbH & Co KG (ɻʝʨʤʘʥʠʷ) 

ʏʠʩʪʦʪʘ, % Ó 98 

ʄʦʣʝʢʫʣʷʨʥʘʷ 

ʤʘʩʩʘ 
419.36 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ 

ʦʢʥʦ ʩʪʘʙʠʣʴʥʦʩʪʠ, 

ɺ [168] 

(-1,9) ï (+2,3) ʧʦʣʫʯʝʥʦ ʜʣʷ Pt-ʵʣʝʢʪʨʦʜʘ ʦʪʥ. Pt-ʵʣʝʢʪʨʦʜʘ 

ʩʨʘʚʥʝʥʠʷ  

ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ 

ʀɾ, ppm 
900 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ, Áʉ [169] 
-25   

ɻʠʜʨʦʬʦʙʥʫ  ʁ ʀɾ ʭʨʘʥʠʣʠ ʚ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʪʳʭ ʩʦʩʫʜʘʭ. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ 

ʦʧʨʝʜʝʣʷʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʪʠʪʨʘʪʦʨʘ Coulonometer 899 (Metrohm, ʐʚʝʡʮʘʨʠʷ) ʤʝʪʦʜʦʤ ʂʘʨʣʘ ʌʠʰʝʨʘ. 
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ɺʩʝ ʚʝʩʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʦʚ ABT 220-4M 

(KERN, ɻʝʨʤʘʥʠʷ). 

2.2. ʇʦʜʛʦʪʦʚʢʘ ʵʣʝʢʪʨʦʜʦʚ ʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʢʘʢ 

ʜʚʫʭʵʣʝʢʪʨʦʜʥʳʭ, ʪʘʢ ʠ ʪʨʝʭʵʣʝʢʪʨʦʜʥʳʭ ʷʯʝʝʢ ʩ ʨʘʟʜʝʣʝʥʥʳʤ ʠ ʥʝʨʘʟʜʝʣʝʥʥʳʤ ʢʘʪʦʜʥʦ-

ʘʥʦʜʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ. ʉʭʝʤʳ ʧʨʠʤʝʥʷʝʤʳʭ ʩʠʩʪʝʤ ʧʨʠʚʦʜʷʪʩʷ ʥʠʞʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʘʟʜʝʣʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

2.2.1. ʕʣʝʢʪʨʦʜ rʩʨʘʚʥʝʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ (ʕʉ) ʠʩʧʦʣʴʟʦʚʘʣʠ: 

¶ ʍʣʦʨʠʜ-ʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ (Ag/AgCl), ʩʦʜʝʨʞʘʱʠʡ ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ KCl, 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ, ʧʨʦʭʦʜʷʱʠʭ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ɺʩʝ ʟʥʘʯʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʦʚ, ʝʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ʠʥʦʝ, ʙʳʣʠ ʧʝʨʝʩʯʠʪʘʥʳ ʜʣʷ ʟʥʘʯʝʥʠʡ ʦʙʨʘʪʠʤʦʛʦ 

ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (ʆɺʕ) ʧʦ ʬʦʨʤʫʣʝ (2.1): 

Eʆɺʕ = EAg/AgCl+0,202+0,059³pH    (2.1) 

¶ ʂʚʘʟʠʦʙʨʘʪʠʤʳʡ ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ (Ag-ʧʨʦʚʦʣʦʢʘ) ʙr ʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʭʦʜʷʱʠʭ ʚ ʀɾ ï BmimNTf2. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠʟʤʝʨʷʣʠ 

(ʢʘʣʠʙʨʦʚʘʣʠ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʵʣʝʢʪʨʦʜʥʦʡ ʧʘʨʦʡ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʦʮʝʥʘ 

(Fc/Fc+). 

2.2.2. ʕʣʝʢʪʨʦʜ rʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ 

ɺ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (ɺʕ) ʠʩʧʦʣʴʟʦʚʘʣʠ: 

¶ Pt ï ʧʨʦʚʦʣʦʢʘ; ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʣʦʱʘʜʴ S ʛʝʦʤ. = 1,0 ʩʤ2; 

¶ ɻʣʘʜʢʘʷ Pt ï ʧʣʘʩʪʠʥʘ; ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʣʦʱʘʜʴ S ʛʝʦʤ. = 2,0 ʩʤ2; 

¶ ʉʧʣʘʚ Co-Si-Fe-Cr; ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʣʦʱʘʜʴ S ʛʝʦʤ. = 0,6 ʩʤ
2 (ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ 

ʘʥʦʜʠʨʦʚʘʥʠ ʁʦʙʨʘʟʮʦʚ ʩʧʣʘʚʦʚ ʚ BmimNTf2). 

ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʘʙʦʯʠʤ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʵʣʝʢʪʨʦʜʘʤʠ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʠ 

ʵʣʝʢʪʨʦʜʦʤ ʩʨʘʚʥʝʥʠʷ, ʨʘʙʦʯʠʤ ʠ ʵʣʝʢʪʨʦʜʦʤ ʩʨʘʚʥʝʥʠʷ ʩʦʩʪʘʚʣʷʣʠ 0,3ī0,4, 0,5ī0,6 ʠ 

0,3ī0,4 ʩʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʘʥʦʜʠʨʦʚʘʥʠ ʁ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʦʚ ʚ 

BmimNTf2. 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʦʙʲʝʢʪʘʤʠ ʚ ʩʨʝʜʝ ʀɾ ʵʣʝʢʪʨʦʜʳ ʜʦ ʠ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʚʳʜʝʨʞʠʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʚ ʚʘʥʥʝ ʩ ʘʮʝʪʦʥʦʤ ʚ ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʯʠʩʪʢʠ 
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Elmasonic P 30H (Elma) ʧʨʠ ʯʘʩʪʦʪʝ 37 ʢɻʮ ʠ ʩʫʰʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ Ar ʜʦ ʧʦʣʫʯʝʥʠʷ 

ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. ʇʨʠ ʨʘʙʦʪʝ ʩ ʦʙʲʝʢʪʘʤʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʠʭ ʧʨʦʤʳʚʘʣʠ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺ ʨʘʙʦʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʨʛʦʥ ʦʩʦʙʦ 

ʯʠʩʪʳʡ (Ar). 

ʇʣʘʪʠʥʦʚʳʝ ʵʣʝʢʪʨʦʜʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʘʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʪʝʥʮʠʦʩʪʘʪʘ ʇ-5848 (ʉʉʉʈ) ʧʦ ʜʚʫʭʵʣʝʢʪʨʦʜʥʦʡ ʩʭʝʤʝ ʩ ʧʦʤʦʱʴʶ 

ʧʦʜʘʯʠ ʥʘ ʧʣʘʪʠʥʦʚʳʡ ʢʘʪʦʜ ʠ ʘʥʦʜ ʪʦʢʘ 100 ʤɸ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʯʝʨʝʜʦʚʘʥʠʝʤ ʟʘʨʷʜʘ ʥʘ 

ʵʣʝʢʪʨʦʜʘʭ ʚ ʩʨʝʜʝ 0,05 ʄ H2SO4 ʚ ʪʝʯʝʥʠʝ 3-ʝʭ ʮʠʢʣʦʚ ʧʦ 10-20 ʤʠʥʫʪ ʢʘʞʜʳʡ. 

2.2.3. ʇʦʜʛʦʪʦʚʢʘ ʨʘʙʦʯʠʭ ʵʣʝʢʪʨʦʜʦʚ-ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʈʘʙʦʯʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ (ʈʕ) ʩʣʫʞʠʣʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1) ɸʤʦʨʬʥʳʡ ʩʧʣʘʚ Co75Si15Fe5Cr5, ʚʳʧʫʩʢʘʝʤʳʡ ʥʝʙʦʣʴʰʠʤʠ ʦʧʳʪʥʳʤʠ ʧʘʨʪʠʷʤʠ, 

ʧʦʣʫʯʝʥ ʤʝʪʦʜʦʤ ʩʧʠʥʠʥʛʦʚʘʥʠʷ (ʩʤ. ʨʘʟʜʝʣ 2.3). ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ ʧʨʦʠʟʚʝʜʝʥ ʩ 

ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ. ʊʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ 0,2 ʘʪ. %. ɺ ʩʦʩʪʘʚʝ ʩʧʣʘʚʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʠʤʝʩʠ Al ʠ B, ʠʭ ʩʦʜʝʨʞʘʥʠʝ 

< 0,5 ʘʪ. %. ɺ ʥʘʟʚʘʥʠʠ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ ʧʨʠʚʝʜʝʥʳ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʘ Co-Si-Fe-

Cr, ʠ ʫʢʘʟʘʥʦ ʠʭ ʩʦʜʝʨʞʘʥʠʝ (ʘʪ. %) ʙʝʟ ʫʯʝʪʘ ʧʨʠʤʝʩʝʡ. 

2) ʆʙʨʘʟʮʳ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ Co75Si15Fe5Cr5 ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʨʠ 

ʘʥʦʜʠʨʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʘʥʦʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ (ʊʘʙʣʠʮʘ 2.3, 

ʊʘʙʣʠʮʘ 4.1 ʚ ɻʣʘʚʘ 3). 

ʊʘʙʣʠʮʘ 2.3. ʋʩʣʦʚʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟ ʩʧʣʘʚʘ 

Co75Si15Fe5Cr5. ʆʙʦʟʥʘʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ 

(ʵʣʝʢʪʨʦʣʠʪ, ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʚʨʝʤʷ) ʠ ʧʦʜʛʦʪʦʚʢʝ, ʢʦʪʦʨʳʝ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ɻʣʘʚʝ 3. 

ʅʘʟʚʘʥʠʝ ʈʘʙʦʯʘʷ ʧʣʦʱʘʜʴ (ʛʝʦʤ.), ʩʤ2 
ʋʩʣʦʚʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ 

ʉʇ1-0 0,4 ʩʦʭʨʘʥʝʥ çʝʩʪʝʩʪʚʝʥʥʳʡ ʦʢʩʠʜè 

ʉʇ1-ʄʐ 0,4 ʤʝʭʘʥʠʯʝʩʢʘʷ ʰʣʠʬʦʚʢʘ (ʦʙʨʘʟʮʘ ʉʇ1-0) 

ʉʇ1-12,5-200 0,4 ʩʦʭʨʘʥʝʥ çʝʩʪʝʩʪʚʝʥʥʳʡ ʦʢʩʠʜè 

ʉʇ1-17,5-80 0,4 ʩʦʭʨʘʥʝʥ çʝʩʪʝʩʪʚʝʥʥʳʡ ʦʢʩʠʜè 

ʉʇ1-15-1800 0,4 ʩʦʭʨʘʥʝʥ çʝʩʪʝʩʪʚʝʥʥʳʡ ʦʢʩʠʜè 

ʉʇ1-15-100 0,4 ʩʦʭʨʘʥʝʥ çʝʩʪʝʩʪʚʝʥʥʳʡ ʦʢʩʠʜè 

3) ʆʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ Co ʠ Fe ʥʘ ʛʨʘʬʠʪʦʚʫʶ 

ʧʦʜʣʦʞʢʫ (ʊʘʙʣʠʮʘ 2.4). ʄʝʪʦʜʠʢʘ ʧʨʠʚʦʜʠʪʩʷ ʥʠʞʝ ʚ ʨʘʟʜʝʣʝ 2.4.3. 

ɻʨʘʬʠʪʦʚʳʝ ʵʣʝʢʪʨʦʜʳ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʚʳʩʦʢʦʧʣʦʪʥʦʛʦ ʪʝʨʤʠʯʝʩʢʠ ʩʪʦʡʢʦʛʦ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʛʨʘʬʠʪʘ ʤʘʨʢʠ 

ISEM 3. ʈʘʟʤʝʨ ʛʨʘʬʠʪʦʚʳʭ ʧʣʘʩʪʠʥ: 0,5 ʩʤ x 6 ʩʤ x 0,1 ʩʤ; ʧʣʦʪʥʦʩʪʴ >1,9 ʛ/ʩʤ3. 
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ʊʘʙʣʠʮʘ 2.4. ʋʩʣʦʚʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝʤ. ʆʙʦʟʥʘʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʭ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ 

ʠ ʧʦʜʛʦʪʦʚʢʝ, ʪʘʢ 5 ʦʟʥʘʯʘʝʪ ʦʩʘʞʜʝʥʠʝ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ, TZ ï ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʦʜʣʦʞʢʠ ʠʟ ʪʨʠʘʟʠʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ. ʋʩʣʦʚʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʨʘʟʮʳ ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʘʥʳ ʚ ɻʣʘʚʝ 4. ʈʘʙʦʯʘʷ ʧʣʦʱʘʜʴ (ʛʝʦʤ.) ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʣʘ 1 ʩʤ2. 

ʅʘʟʚʘʥʠʝ 

ʅʘʥʝʩʝʥʥʳʝ 

(ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʥʳʝ) 

ʢʦʤʧʦʥʝʥʪʳ 

ʋʩʣʦʚʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

Co-5 Co-ʥʘʥʦʯʘʩʪʠʮʳ 

ʇʦʜʣʦʞʢʘ ʠʟ ʛʨʘʬʠʪʘ ʤʝʭʘʥʠʯʝʩʢʠ ʦʯʠʱʝʥʘ, 

ʧʨʦʤʳʪʘ ʚʦʜʦʡ ʠ ʚʳʩʫʰʝʥʘ ʥʘ ʚʦʟʜʫʭʝ 

Co-30 Co-ʥʘʥʦʯʘʩʪʠʮʳ 

Fe-5 Fe-ʯʘʩʪʠʮʳ 

Fe-30 Fe-ʯʘʩʪʠʮʳ 

Fe-5-Co-5 
Co-ʯʘʩʪʠʮʳ / Fe-

ʯʘʩʪʠʮʳ 

Fe-5-Co-30 
Co-ʥʘʥʦʯʘʩʪʠʮʳ / Fe-

ʯʘʩʪʠʮʳ 

Co@TZ/C Co-ʥʘʥʦʯʘʩʪʠʮʳ/TZ 

ʇʦʜʣʦʞʢʘ ʠʟ ʛʨʘʬʠʪʘ ʤʝʭʘʥʠʯʝʩʢʠ ʦʯʠʱʝʥʘ, 

ʧʨʦʤʳʪʘ ʚʦʜʦʡ ʠ ʚʳʩʫʰʝʥʘ ʥʘ ʚʦʟʜʫʭʝ; ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʘʬʠʪʘ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʥʘʥʝʩʝʥ 2,4-

ʙʠʩ([1,1'-ʜʠʬʝʥʠʣ]-4-ʠʣ)-6-ʛʠʜʨʦʢʩʠ-1,3,5-ʪʨʠʘʟʠʥ 

4) ʆʙʨʘʟʝʮ ʛʨʘʬʠʪʘ ʩ ʧʦʜʣʦʞʢʦʡ ʠʟ ʪʨʠʘʟʠʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 

ʇʦʨʦʰʦʢ ʚʝʱʝʩʪʚʘ ī ʧʨʦʠʟʚʦʜʥʦʛʦ ʪʨʠʘʟʠʥʘ (2,4-ʙʠʩ([1,1'-ʙʠʬʝʥʠʣ]-4-ʠʣ)-6-

ʛʠʜʨʦʢʩʠ-1,3,5-ʪʨʠʘʟʠʥ (ʈʠʩʫʥʦʢ 2.1) ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʩʠʩʪʝʤ rNOVA-

2S (PreeKem Scientific Instruments Co., Ltd., ʂʅʈ). ʇʦʜʛʦʪʦʚʢʫ ʵʣʝʢʪʨʦʜʘ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʥʦʛʦ ʪʨʠʘʟʠʥʘ ʚ ʘʮʝʪʦʥʝ ʩ ʧʦʤʦʱʴʶ 

ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʯʪʠ ʢʦʣʣʦʠʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɿʘʪʝʤ 

ʧʣʘʩʪʠʥʫ ʛʨʘʬʠʪʘ ʥʝʥʘʜʦʣʛʦ ʧʦʛʨʫʞʘʣʠ ʚ ʧʦʣʫʯʝʥʥʫʶ ʜʠʩʧʝʨʩʠʶ ʥʘ ʛʣʫʙʠʥʫ 8 ʤʤ ʠ 

ʩʫʰʠʣʠ ʧʦʜ ʧʦʪʦʢʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʥʘʛʨʝʪʦʛʦ ʜʦ 150Áʉ, ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʜʦ 

ʧʦʣʥʦʛʦ ʚʳʩʳʭʘʥʠʷ. ʕʪʘ ʦʧʝʨʘʮʠʷ ʧʦʚʪʦʨʷʣʘʩʴ 15 ʨʘʟ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʥʦʝ 

ʪʨʠʘʟʠʥʘ ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʣʦ ʛʨʘʬʠʪʦʚʫʶ ʧʦʜʣʦʞʢʫ. ʆʧʠʩʘʥʠʝ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʦʛʦ 

ʪʨʠʘʟʠʥʘ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ [170]. 

 

ʈʠʩʫʥʦʢ 2.1. ʇʨʦʠʟʚʦʜʥʦʝ ʪʨʠʘʟʠʥʘ 2,4-ʙʠʩ([1,1'-ʙʠʬʝʥʠʣ]-4-ʠʣ)-6-ʛʠʜʨʦʢʩʠ-1,3,5-ʪʨʠʘʟʠʥ 

(TZ). 
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5) ʆʙʨʘʟʝʮ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʥʦʛʦ ʢʦʙʘʣʴʪʘ (ʙʝʟ ʩʦʜʝʨʞʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, S ʛʝʦʤ. = 0,4 ʩʤ2), ʧʝʨʝʜ ʠʩʧʳʪʘʥʠʷʤʠ ʤʝʭʘʥʠʯʝʩʢʠ ʦʯʠʱʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʫʰʢʦʡ ʥʘ ʚʦʟʜʫʭʝ.  

6) ɼʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ ʤʘʩʩʠʚʥʳʝ ʩʧʣʘʚʳ Co-Si, Co-Fe ʠ Co-Cr (ʊʘʙʣʠʮʘ 2.5), 

ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʧʣʘʚʢʠ (ʩʤ. ʨʘʟʜʝʣ 2.3). 

ʊʘʙʣʠʮʘ 2.5. ʊʘʙʣʠʮʘ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʤʘʩʩʠʚʥʳʭ ʩʧʣʘʚʦʚ ʠ 

ʤʘʩʩʠʚʥʦʛʦ ʢʦʙʘʣʴʪʘ. ʉʦʩʪʘʚ ʩʧʣʘʚʦʚ (ʘʪ. %) ʧʨʠʚʝʜʝʥ ʚ ʨʘʟʜʝʣʝ 5.1 ɻʣʘʚʳ 5. 

ʆʙʦʟʥʘʯʝʥʠʷ 
ʈʘʙʦʯʘʷ ʧʣʦʱʘʜʴ 

(ʛʝʦʤ.), ʩʤ2 
ʋʩʣʦʚʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

Co-Si 0,306 

ʆʙʨʘʟʝʮ ʧʦʤʝʱʝʥ ʚ ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʫʶ 

ʩʤʦʣʫ, ʧʦʩʣʝ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʜʘ 

ʦʪʧʦʣʠʨʦʚʘʥʘ, ʧʨʦʤʳʪʘ ʠ ʚʳʩʫʰʝʥʘ ʥʘ ʚʦʟʜʫʭʝ 

Co-Fe 0,237 

ʆʙʨʘʟʝʮ ʧʦʤʝʱʝʥ ʚ ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʫʶ 

ʩʤʦʣʫ, ʧʦʩʣʝ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʜʘ 

ʦʪʧʦʣʠʨʦʚʘʥʘ, ʧʨʦʤʳʪʘ ʠ ʚʳʩʫʰʝʥʘ ʥʘ ʚʦʟʜʫʭʝ 

Co-Cr 0,267 

ʆʙʨʘʟʝʮ ʧʦʤʝʱʝʥ ʚ ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʫʶ 

ʩʤʦʣʫ, ʧʦʩʣʝ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʜʘ 

ʦʪʧʦʣʠʨʦʚʘʥʘ, ʧʨʦʤʳʪʘ ʠ ʚʳʩʫʰʝʥʘ ʥʘ ʚʦʟʜʫʭʝ 

Co 0,4 

ʆʙʨʘʟʝʮ ʧʦʤʝʱʝʥ ʚ ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʫʶ 

ʩʤʦʣʫ, ʧʦʩʣʝ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʜʘ 

ʦʪʧʦʣʠʨʦʚʘʥʘ, ʧʨʦʤʳʪʘ ʠ ʚʳʩʫʰʝʥʘ ʥʘ ʚʦʟʜʫʭʝ 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʝʪʘʣʠ ʠ ʢʦʥʢʨʝʪʥʦʝ ʧʨʠʤʝʥʝʥʠʷ ʨʘʙʦʯʠʭ ʵʣʝʢʪʨʦʜʦʚ-

ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʜʘʣʝʝ ʚ ʨʘʙʦʪʝ ʕʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʣʠ ʂʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ) ʧʨʠʚʦʜʷʪʩʷ ʚ ʦʩʥʦʚʥʳʭ ʛʣʘʚʘʭ ʨʘʙʦʪʳ (3, 4, ʠ 5), 

ʩʦʜʝʨʞʘʱʠʭ ʧʦʜʨʦʙʥʳʝ ʦʙʦʩʥʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

2.3. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʩʧʣʘʚ r

ɸʤʦʨʬʥʳʡ ʩʧʣʘʚ Co75Si15Fe5Cr5 

ʀʩʩʣʝʜʫʝʤʳʡ ʘʤʦʨʬʥʳʡ ʩʧʣʘʚ ʠʟʛʦʪʦʚʣʝʥ ʤʝʪʦʜʦʤ ʩʧʠʥʠʥʛʦʚʘʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʪʦʥʢʫʶ (10 ʤʢʤ) ʣʝʥʪʫ ʰʠʨʠʥʦʡ 5-7 ʤʤ. 

ʉʪʘʥʜʘʨʪʥʘʷ ʤʝʪʦʜʠʢʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ [171]:  

ʀʩʭʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʙʳʣʠ ʤʝʪʘʣʣʳ Co, Si, Fe ʠ Cr (ʯʠʩʪʦʪʘ 99,95-99,99%). 

ʉʧʣʘʚ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʧʝʯʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʤʝʪʦʜʦʤ ʪʨʦʡʥʦʛʦ 

ʧʝʨʝʧʣʘʚʘ. ɼʣʷ ʧʝʨʝʚʦʜʘ ʧʦʣʫʯʝʥʥʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʚ ʘʤʦʨʬʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚʦʟʜʝʡʩʪʚʠʝ ʩʪʨʫʠ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʩʧʣʘʚʘ ʥʘ ʚʥʝʰʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʮʠʣʠʥʜʨʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʇʘʨʘʤʝʪʨʳ ʣʝʥʪʳ: ʰʠʨʠʥʘ 7-10 ʤʤ, ʪʦʣʱʠʥʘ 

10 ʤʢʤ. ʋʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʙʳʣʠ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ 
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ʘʤʦʨʬʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɸʤʦʨʬʥʳʡ ʩʧʣʘʚ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʚʠʜʝ ʣʝʥʪʳ ʧʫʪʝʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ 

ʟʘʢʘʣʢʠ ʨʘʩʧʣʘʚʘ ʥʘ ʙʳʩʪʨʦ ʜʚʠʞʫʱʫʶʩʷ ʧʦʜʣʦʞʢʫ. ʉʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 106 

ʂ/ʩ. ʉʦʩʪʘʚ ʩʧʣʘʚʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

Zeiss EVO-50 ʠ ʣʦʢʘʣʴʥʳʤ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ Co75Si15Fe5Cr5 (ʈʠʩʫʥʦʢ 

2.2) ʜʦ ʦʪʞʠʛʘ ʠ ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʷʚʣʷʝʪʩʷ ʘʤʦʨʬʥʳʤ: 

ʚʠʜʝʥ ʰʠʨʦʢʠʡ ʤʘʢʩʠʤʫʤ (ʛʘʣʦ), ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ, ʥʝ ʠʤʝʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ (ʬʘʟʳ), 

ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʝʪʢʠʝ ʣʠʥʠʠ ʨʝʥʪʛʝʥʦʛʨʘʤʤ. 
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ʈʠʩʫʥʦʢ 2.2. ʘ) ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ Co75Si15Fe5Cr5 ʧʝʨʝʜ ʦʪʞʠʛʦʤ (700ÁC) 

(ʘʤʦʨʬʥʳʡ ʦʙʨʘʟʝʮ); ʙ) ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ Co75Si15Fe5Cr5 ʧʦʩʣʝ ʦʪʞʠʛʘ 

(700ÁC) (ʧʨʦʠʟʦʰʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ). 

ʄʘʩʩʠʚʥʳʝ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ ʩʧʣʘʚʳ Co-Si, Co-Fe ʠ Co-Cr 

ɼʣʷ ʩʠʥʪʝʟʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ Co-Cr, Co-Si ʠ Co-Fe ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʫʩʦʯʢʠ 

ʢʨʝʤʥʠʷ (ʯʠʩʪʦʪʘ 99,99 ʤʘʩ.%), ʞʝʣʝʟʘ (99,95 ʤʘʩ.%), ʢʦʙʘʣʴʪʘ (99,95 ʤʘʩ.%) ʠ ʭʨʦʤʘ (99,95 

ʤʘʩ.%) ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʉʠʥʪʝʟ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʜʫʛʦʚʦʡ ʧʣʘʚʢʠ Edmund BȌHler AM ʩ ʤʝʜʥʳʤ ʧʦʜʦʤ, 

ʦʭʣʘʞʜʘʝʤʳʤ ʚʦʜʦʡ, ʠ ʘʪʤʦʩʬʝʨʦʡ ʘʨʛʦʥʘ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʩ ʧʦʛʣʦʪʠʪʝʣʝʤ Zr. ʆʙʨʘʟʮʳ 

ʙʳʣʠ ʧʝʨʝʧʣʘʚʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʜʥʦʨʦʜʥʦʩʪʠ. ʆʙʱʠʝ ʧʦʪʝʨʠ ʤʘʩʩʳ 

ʧʦʩʣʝ ʧʣʘʚʣʝʥʠʷ ʩʦʩʪʘʚʠʣʠ ʤʝʥʝʝ 0,5%. ɿʘʪʝʤ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʣʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 800ÁC ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ ʚ ʪʝʯʝʥʠʝ 150 ʯʘʩʦʚ. 
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2.4. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ɺʩʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʪʝʥʮʠʦʩʪʘʪʘ-ʛʘʣʴʚʘʥʦʩʪʘʪʘ AUTOLAB PGSTAT 302 N (Metrohm, ʐʚʝʡʮʘʨʠʷ), 

ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʦʪʝʥʮʠʦʩʪʘʪʘ P-40X ʩ 

ʤʦʜʫʣʝʤ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ FRA-24M (SmartStat, ʏʝʨʥʦʛʦʣʦʚʢʘ, 

ʈʦʩʩʠʷ) ʠ ʧʦʪʝʥʮʠʦʩʪʘʪʘ-ʛʘʣʴʚʘʥʦʩʪʘʪʘ PS-20 ʩ ʤʦʜʫʣʝʤ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ FRA (SmartStat, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ). 

2.4.1. ɸʥʦʜʠʨʦʚʘʥʠʝ ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʘʥʦʜʠʨʦʚʘʥʠʝʤ ʚ ʩʨʝʜʝ 

BmimNTf2. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʘʥʦʜʠʨʦʚʘʥʠʶ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʨʝʭʵʣʝʢʪʨʦʜʥʳʭ ʷʯʝʡʢʘʭ 

(ʦʙʲʝʤ ʵʣʝʢʪʨʦʣʠʪʘ (ʀɾ) ʩʦʩʪʘʚʣʷʣ 2 ʤʣ). ɸʥʦʜʥʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ 

Co75Si15Fe5Cr5 ʧʨʦʚʦʜʠʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 12,5 ï17,5 ʤɸ/ʩʤ2 ʚ ʪʝʯʝʥʠʝ 

15 ʩ - 1800 ʩ ʧʨʠ ʢʦʤʥʘʪʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʝʨʝʙʨʷʥʦʡ ʧʨʦʚʦʣʦʢʠ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ, ʠ ʩʧʣʘʚʘ Co75Si15Fe5Cr5 ʚ ʢʘʯʝʩʪʚʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. 

2.4.2. ʄʝʪʦʜʠʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ 

ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʕʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʯʘʩʪʠʮ Fe ʧʨʦʚʦʜʠʣʠ ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʟ 

ʵʣʝʢʪʨʦʣʠʪʘ 0,1 ʄ FeSO4 ʚ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʝ ʦʙʲʝʤʦʤ 30 ʤʣ. ʋʩʣʦʚʠʷ ʦʩʘʞʜʝʥʠʷ: 

t = 300 ʩ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʢʘʪʦʜʥʦʛʦ ʪʦʢʘ j = ī1 ʤɸ/ʩʤ2. ʇʣʦʱʘʜʴ ʈʕ ʩʦʩʪʘʚʣʷʣʘ 1 ʩʤ2 

(ʈʠʩʫʥʦʢ 2.3). 

 

ʈʠʩʫʥʦʢ 2.3. ʉʭʝʤʘ ʷʯʝʡʢʠ ʜʣʷ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ (ʈʕ ï ʛʨʘʬʠʪ, ɺʕ ï Pt ʧʣʘʩʪʠʥʘ; ʕʉ ï 

Ag/AgCl). 
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2.4.3. ʄʝʪʦʜʠʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ 

ʧʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ  

ʕʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ Co-ʥʘʥʦʯʘʩʪʠʮ ʦʩʫʱʝʩʪʚʣʷʣʠ ʠʟ ʨʘʩʪʚʦʨʘ 

0,1 ʄ CoSO4 ʚ 1 ʄ Na2SO4 ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʠ 0,5 ʄ H3BO3 ʚ 

ʢʘʯʝʩʪʚʝ ʨʅ-ʙʫʬʝʨʘ [172]. ʀʩʧʦʣʴʟʦʚʘʣʠ ʪʨʝʭʵʣʝʢʪʨʦʜʥʫʶ ʩʭʝʤʫ ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ. 

ʆʩʘʞʜʝʥʠʝ ʢʦʙʘʣʴʪʘ ʧʨʦʚʦʜʠʣʠ ʚ ʧʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ E = ī0,75 ɺ (ʦʪʥ. 

Ag/AgCl) ʚ ʪʝʯʝʥʠʝ 300 ʩ ʠ 1800 ʩ ʥʘ ʧʦʜʣʦʞʢʫ ʠʟ ʛʨʘʬʠʪʘ. ʆʙʲʝʤ ʷʯʝʡʢʠ ʩʦʩʪʘʚʣʷʣ 30 ʤʣ 

(ʈʠʩʫʥʦʢ 2.3). ʇʣʦʱʘʜʴ ʈʕ ʩʦʩʪʘʚʣʷʣʘ 1 ʩʤ2. 

2.4.4. ʀʟʤʝʨʝʥʠʷ ʤʠʢʨʦʩʝʢʫʥʜʥʳʭ ʪʨʘʥʟʠʝʥʪʦʚ (ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʪʝʥʮʠʘʣ-ʚʨʝʤʷ) 

ʄʠʢʨʦʩʝʢʫʥʜʥʳʝ ʠʟʤʝʨʝʥʠʷ ʪʨʘʥʟʠʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ 

ʪʦʣʱʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʦʢʩʠʜʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨ. ɼʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʚ ʩʨʝʜʝ BmimNTf2, ʚ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʝ ʩ 

ʥʝʨʘʟʜʝʣʝʥʥʳʤ ʢʘʪʦʜʥʳʤ ʠ ʘʥʦʜʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ (V = 2 ʤʣ), ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ 

I = 0,1 ʤɸ ʩʦʩʪʘʚʣʷʣʦ 0,01 ʩʝʢʫʥʜʫ. ʈʕ ʙʳʣʠ ʦʙʨʘʟʮʳ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ ʜʦ ʠ ʧʦʩʣʝ 

ʘʥʦʜʠʨʦʚʘʥʠʷ, ɺʕ ï Pt ʧʣʘʩʪʠʥʘ, ʕʉ ʩʣʫʞʠʣʘ ʩʝʨʝʙʨʷʥʘʷ ʧʨʦʚʦʣʦʢʘ. ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ 

ʛʨʘʬʠʢʦʚ ʧʨʦʚʦʜʠʣʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʜʲʝʤʘ ʧʦʪʝʥʮʠʘʣʘ ʚ 

ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʄʝʪʦʜ ʧʦʟʚʦʣʠʣ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ 

ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ. 

2.4.5. ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ 

ʢʨʠʚʳʭ ʚ ʨʘʩʪʚʦʨʝ ʈʠʥʛʝʨʘ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʨʝʭʵʣʝʢʪʨʦʜʥʘʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʷʯʝʡʢʘ. Pt ï ɺʕ; Ag/AgCl ï ʕʉ; ʈʕ ï ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ. 

2.4.6. ʃʠʥʝʡʥʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪʦʚ ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ 

ʣʠʥʝʡʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ 50 ʤɺ/ʩ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʦʜʦʚ ʚ ʨʝʘʢʮʠʠ. ʀʟʤʝʨʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ 

ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʝ ʩ ʦʙʲʝʤʦʤ ʵʣʝʢʪʨʦʣʠʪʘ 60 ʤʣ. ɺʩʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ, ʝʩʣʠ ʥʝ 

ʫʢʘʟʘʥʦ ʠʥʦʝ, ʙʳʣʠ ʧʝʨʝʩʯʠʪʘʥʳ ʜʣʷ ʦʙʨʘʪʠʤʦʛʦ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (ʆɺʕ) ʧʦ ʬʦʨʤʫʣʝ 

(2.1). 

 

 



46 

 

2.4.7. ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ  

ʀʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 100 ʢɻʮ 

ʜʦ 0,01 ɻʮ ʧʨʠ ʘʤʧʣʠʪʫʜʝ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 5 ʤɺ. ʉʧʝʢʪʨʳ ʠʤʧʝʜʘʥʩʘ ʧʦʣʫʯʘʣʠ ʚ 

ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʝ (60 ʤʣ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ: 

1) ʚ ʨʘʩʪʚʦʨʝ ʈʠʥʛʝʨʘ (ʊʘʙʣʠʮʘ 2.1, ʨʘʩʪʚʦʨ ˉ14) ʚ ʦʙʣʘʩʪʠ ʧʦʪʝʥʮʠʘʣʘ ʜʚʦʡʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ; 

2) ʚ ʨʘʩʪʚʦʨʘʭ ʥʠʪʨʘʪʘ ʥʘʪʨʠʷ: 1,2 ʤʄ NaNO3 ʠ 12 ʤʄ NaNO3 ʚ 0,05 ʄ Na2SO4 ʧʨʠ 

ʧʦʪʝʥʮʠʘʣʘʭ ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪʦʚ ʠ ʚʳʜʝʣʝʥʠ ̫ʚʦʜʦʨʦʜʘ, ʟʥʘʯʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʦʚ ʫʢʘʟʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʘʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ - Ag/AgCl. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʤ 

ʵʣʝʢʪʨʦʜʦʤ ʙʳʣʘ Pt-ʧʣʘʩʪʠʥʘ. ɺʨʝʤʷ ʧʦʛʨʫʞʝʥʠʷ ʦʙʨʘʟʮʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʚʨʝʤʝʥʠ 

ʠʟʤʝʨʝʥʠʷ ʠʤʧʝʜʘʥʩʘ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʚʳʜʝʨʞʢʠ ʚ ʩʨʝʜʝ. 

2.4.8. ʀʟʤʝʨʝʥʠʝ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʦʚʦʜʠʣʠ ʮʠʢʣʠʯʝʩʢʦʝ 

ʩʢʘʥʠʨʦʚʘʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʘ 0,1 ɺ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʦʪ 10 

ʜʦ 100 ʤɺ/ʩ) ʚ ʥʝʬʘʨʘʜʝʝʚʩʢʦʡ ʦʙʣʘʩʪʠ. ɿʘʪʝʤ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 

ʧʦ ʬʦʨʤʫʣʝ (2.2) ʦʪʥʦʩʠʪʝʣʴʥʦ ʆɺʕ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʨʘʟʚʝʨʪʢʠ: 

æj/2=(jc-ja)/2,   (2.2) 

ʛʜʝ jc ï ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʢʘʪʦʜʥʦʛʦ ʪʦʢʘ (ʤɸ/ʩʤ
2), ja ï ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʘʥʦʜʥʦʛʦ ʪʦʢʘ (ʤɸ/ʩʤ2). 

ʇʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʦʪ ʩʢʦʨʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʝʡ ʪʦʢʘ ʦʪ 

ʩʢʦʨʦʩʪʝʡ ʨʘʟʚʝʨʪʢʠ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ ʜʚʦʡʥʦʛʦ 

ʩʣʦʷ (Cdl). ɸʢʪʠʚʥʘ ̫ʧʣʦʱʘʜ ɹʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ (Electrochemically Active 

Surface Area, ECSA) ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ (2.3): 

S =  Cdl/Cs ,   (2.3) 

ʛʜʝ Cs (= 40 ʤʢʌ/ʩʤ2) - ʦʙʱʘʷ ʫʜʝʣʴʥʘʷ ʝʤʢʦʩʪʴ ʜʣʷ ʘʪʦʤʘʨʥʦ ʛʣʘʜʢʦʡ ʧʣʦʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʦʜʥʦʨʦʜʥʳʭ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʟʥʘʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʦʛʣʘʩʥʦ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [173]. 
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2.4.9. ʄʝʪʦʜʠʢʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪ-ʠʦʥʦʚ 

ʉʠʥʪʝʟ ʘʤʤʠʘʢʘ ʧʨʦʚʦʜʠʣʠ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʘ ʥʘʪʨʠʷ (1,2 ʤʄ NaNO3 ʠ 12 

ʤʄ NaNO3 ʚ 0,05 ʄ Na2SO4) ʚ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʝ ʩ ʨʘʟʜʝʣʝʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʈʠʩʫʥʢʝ 2.4. ʆʙʲʝʤ ʵʣʝʢʪʨʦʣʠʪʘ ï 60 ʤʣ. ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦʜʦʚ: 

ʈʕ/Pt/(Ag/AgCl). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʠ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʦʚʦʡ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʥʠʪʨʘʪ-ʠʦʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ: 

¶ ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ (ʉʇ1-0; ʉʇ1-ʄʐ; ʉʇ1-15-200) ï ʧʦʜʨʦʙʥʝʝ ʚ 

ɻʣʘʚʝ 3; 

¶ ʆʩʘʞʜʝʥʥʳʝ (Co-5; Co-30; Fe-5; Fe-30; Fe-5-Co-5; Fe-5-Co-30; Co@TZ/C) ï ʧʦʜʨʦʙʥʝʝ 

ʚ ɻʣʘʚʝ 4; 

¶ ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʤʘʩʩʠʚʥʳʭ ʩʧʣʘʚʦʚ (Co-Si; Co-Fe; Co-Cr) - 

ʧʦʜʨʦʙʥʝʝ ʚ ɻʣʘʚʝ 5. 

ɺʨʝʤʷ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʣʷʣʦ 1 ʯʘʩ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʚʨʝʤʝʥʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪ ʧʦ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤʫ ʧʦʣʫʯʝʥʠʶ ʘʤʤʠʘʢʘ ʠʟ 

ʥʠʪʨʘʪ-ʠʦʥʦʚ. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʨʝʘʢʮʠʠ ʩʠʩʪʝʤʫ ʧʨʦʜʫʚʘʣʠ Ar ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ (ʘʟʦʪ, ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʢʠʩʣʦʨʦʜ). ɺ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʧʨʦʮʝʩʩʘ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʪʙʠʨʘʣʠ ʧʨʦʙʳ ʦʙʲʝʤʦʤ 2 ʤʣ ʜʣʷ 

ʘʥʘʣʠʟʘ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ (NH3) ʤʝʪʦʜʦʤ ʋʌ -ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

 

ʈʠʩʫʥʦʢ 2.4. ʉʭʝʤʘ  ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʠʟ ʥʠʪʨʘʪ-ʠʦʥʦʚ. 

2.5. ɸʥʘʣʠʟ ʢʦʣʠʯʝʩʪʚʘ ʘʤʤʠʘʢʘ 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ (ʘʤʤʠʘʢʘ) ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ ʋʌ -ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʧʦʤʦʱʴʶ ʠʥʜʦʬʝʥʦʣʴʥʦʛʦ ʤʝʪʦʜʘ [174]. 



48 

 

ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʦʙʳ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʦʥʦʚ NH4
+ (ʦʪ 0,01 ʜʦ 10 ʤʛ/ʣ). ʇʦʩʪʨʦʝʥʘ ʢʘʣʠʙʨʦʚʦʯʥʘʷ ʢʨʠʚʘʷ ʧʦ 

ʧʦʣʫʯʝʥʥʳʤ ʩʧʝʢʪʨʘʤ ʧʦʛʣʦʱʝʥʠʷ (y = 0,406Țx; RĮ = 0,9991) (ʈʠʩʫʥʦʢ 2.5). 
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ʈʠʩʫʥʦʢ 2.5. ʘ) ʂʘʣʠʙʨʦʚʦʯʥʳʝ ʢʨʠʚʝr ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ; ʙ) 

ʢʘʣʠʙʨʦʚʦʯʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ. 

ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʠ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʘʭ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ Shimadzu 3600Plus (Shimadzu, ʗʧʦʥʠʷ). ɼʣʷ ʵʪʦʛʦ ʢ 2 ʤʣ 

ʨʘʩʪʚʦʨʘ ʵʣʝʢʪʨʦʣʠʪʘ, ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ, ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ 2 ʤʣ 1 ʄ ʨʘʩʪʚʦʨʘ NaOH, 

ʩʦʜʝʨʞʘʱʝʛʦ 5 % ʩʘʣʠʮʠʣʘʪʘ ʥʘʪʨʠʷ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 1 ʤʣ 0,05 ʄ NaClO ʠ 

Na2[Fe(NO)(CN)5] (0,2 ʤʣ, 1 ʤʘʩ.%). ʈʘʩʪʚʦʨʳ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 40Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ~650 ʥʤ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ NH3 ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʨʘʩʯʝʪʘ 

ʌʘʨʘʜʝʝʚʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʣʠ ʚʳʭʦʜʘ ʧʦ ʪʦʢʫ (FE çFaradaic efficiencyè, %) ʧʦ 

ʫʨʘʚʥʝʥʠ̫ʤ (2.4 ʠ 2.5): 

1  ) Ô                                                (2.4) 

&%.(   ρππϷ               (2.5) 

ʛʜʝ n(NH3) ʦʙʦʟʥʘʯʘʝʪ ʢʦʣʠʯʝʩʪʚʦ (ʤʦʣʴ) NH3; F - ʧʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ (96 485 ʂʣ/ʤʦʣʴ); Q 

- ʦʙʱʠʡ ʟʘʨʷʜ (ʂʣ), ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʵʣʝʢʪʨʦʜ; 8 - ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʮʝʩʩʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 1 ʤʦʣʷ ʘʤʤʠʘʢʘ; I ï ʩʠʣʘ ʪʦʢʘ (ɸ); t ï ʚʨʝʤʷ 

ʵʣʝʢʪʨʦʣʠʟʘ / ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʠʟ 

ʥʠʪʨʘʪʘ (ʩ). 
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ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ / ʫʜʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦ ʘʤʤʠʘʢʫ (ʚ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥ çNH3 yield rateè), ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʝʨʤʠʥ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʚʳʭʦʜʘ ʘʤʤʠʘʢʘ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʥʘ 1 ʩʤ2 ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ, ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ (2.6): 

˜̝̝̑̏̉̈̃̏̅̉̓̆̌̎̏̒̓ ̐  ̏.(         (2.6) 

ʛʜʝ C(NH3) ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʘʤʤʠʘʢʘ (ʤʛ/ʣ); t - ʚʨʝʤʷ ʵʣʝʢʪʨʦʣʠʟʘ (ʯ); S - 

ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʣʦʱʘʜʴ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ (1 ʩʤ2); V ï ʦʙʲʝʤ ʷʯʝʡʢʠ (ʣ). 

2.6. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʜʦʚ-ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

2.6.1. ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ) ʠ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ 

ʤʠʢʨʦʘʥʘʣʠʟ (ʈʉʄɸ) 

ʄʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʩ 

ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʤʠʩʩʠʦʥʥʦʛʦ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ EVO-50 Zeiss (Zeiss AG, ʁʝʥʘ, ɻʝʨʤʘʥʠʷ), 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ INCA energy 350 (Oxford Instruments) ʧʨʠ 15-20 ʢɺ. 

2.6.2. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ) 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʜʠʬʨʘʢʪʦʤʝʪʨʘ "ɼʈʆʅ-4" (ɿɸʆ 

"ɹʫʨʝʚʝʩʪʥʠʢ", ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CuKŬ1 ʠʟʣʫʯʝʥʠʷ ʧʨʠ 

2ɗ = 25-80Á ʩ ʰʘʛʦʤ 0,05Á. ɺʨʝʤʷ ʚʳʜʝʨʞʢʠ 10 ʩʝʢ ʥʘ ʪʦʯʢʫ. 

ʇʦʨʦʰʢʦʚʳʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘ STOE STADI P (STOE & Cie GmbH, ɼʘʨʤʰʪʘʜʪ, ɻʝʨʤʘʥʠʷ), 

ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ Ge-ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ, ʠʟʣʫʯʝʥʠʝ CuKŬ1, ɚ = 1.54056 Ȕ ʚ ʣʠʥʝʡʥʦʡ 

ʛʝʦʤʝʪʨʠʠ. ʆʙʨʘʟʮʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʦʙʣʘʩʪʠ 2ɗ = 10-90Á ʩ ʰʘʛʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ 0,01Á ʠ 

ʚʨʝʤʝʥʝʤ ʵʢʩʧʦʟʠʮʠʠ ʜʦ 30 ʩʝʢʫʥʜ ʥʘ ʪʦʯʢʫ. ʆʙʨʘʟʮʳ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʧʫʪʝʤ 

ʩʨʘʚʥʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ WinXPOW ʚʝʨʩʠʠ 2.24. 

2.6.3. ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʈʌʕʉ) 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʘ PRIVAC EA15 (ʇʦʣʴʰʘ) ʠ 

ʩʧʝʢʪʨʦʤʝʪʨʘ Kratos Axis Ultra DLD (Kratos Analytical, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ɺ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʠʟʣʫʯʝʥʠʝ AlKŬ (hɡ = 1486,6 ʵɺ, 150 ɺʪ) ʩ 
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ʤʦʥʦʥʝʡʪʨʘʣʠʟʘʪʦʨʦʤ. ʕʥʝʨʛʠʷ ʧʨʦʧʫʩʢʘʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 160 ʵɺ (ʦʙʱʠʡ ʦʙʟʦʨ), 40 ʵɺ 

(ʩʧʝʢʪʨʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ). ʏʪʦʙʳ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʨʷʜʘ, ʚ ʢʘʯʝʩʪʚʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʣʠʥʠʷ C1s ʧʨʠ (Eb = 284,8 ʵɺ) ʫʛʣʝʨʦʜʥʦʤ 

ʟʘʛʨʷʟʥʝʥʠʠ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʩʧʝʢʪʨʦʚ ʜʘʚʣʝʥʠʝ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ ʥʝ ʧʨʝʚʳʰʘʣʦ 

5Ĭ10-9 ʤʙʘʨ. ʊʘʢʞʝ ʚ ʥʝʢʦʪʦʨʳʭ ʠʟʤʝʨʝʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʣʠʙʨʦʚʢʘ ʧʦ ʰʢʘʣʝ ʵʥʝʨʛʠʠ 

ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʥʘʯʝʥʠʡ Ag 3d5/2 (368,3 ʵɺ) ʠ Au 4f7/2 (84,0 ʵɺ) ʜʣʷ ʩʝʨʝʙʨʷʥʦʡ ʠ 

ʟʦʣʦʪʦʡ ʬʦʣʴʛʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʨʦʰʢʦʦʙʨʘʟʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʥʘ 

ʜʚʫʩʪʦʨʦʥʥʶʶ ʪʦʢʦʧʨʦʚʦʜʷʱʫʶ ʩʢʦʪʯ-ʣʝʥʪʫ. 

2.6.4. ʕʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠ ̫(ʕʉɼʆ) 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʜʦ ʠ ʧʦʩʣʝ ʘʥʦʜʠʨʦʚʘʥʠʷ ʚ 

ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ UV-3600Plus (Shimadzu, 

ʗʧʦʥʠʷ) ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 200-800 ʥʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʷ ʩʧʝʮʠʘʣʴʥʦʡ 

ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʩʬʝʨ rISR-603 (Shimadzu, ʗʧʦʥʠʷ). 

2.6.5. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʆʙʲʝʤʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ 

7407 VSM (LakeShore, ʉʐɸ) ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 100 ʜʦ 450 ʂ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʦ 

16 ʢʕ. ʆʙʨʘʟʮʳ ʚʟʚʝʰʠʚʘʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ (Rawdag, ɻʝʨʤʘʥʠʷ) ʩ ʨʘʟʨʝʰʝʥʠʝʤ 

0.01 ʤʛ. ʄʘʛʥʠʪʦʤʝʪʨ ʦʪʢʘʣʠʙʨʦʚʘʥ ʧʦ ʥʠʢʝʣʝʚʦʤʫ ʵʪʘʣʦʥʫ ʩ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ 6,92 

ʵʤʝ ʚ ʧʦʣʝ 5 ʢʕ. 
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ɻʣʘʚʘ 3. ʉʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ, ʠ ʠʭ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ 

ʘʤʤʠʘʢʘ ʠʟ ʥʠʪʨʘʪ-ʠʦʥʦʚ 

ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʦʪʨʘʞʝʥʳ ʚ ʨʘʙʦʪʘʭ [175-177] 1. 

3.1. ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ Co ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ 

ɼʣʷ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʠʟ ʥʠʪʨʘʪ-ʠʦʥʦʚ 

(ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪʘ ʜʦ ʘʤʤʠʘʢʘ ʠʣʠ ʩʠʥʪʝʟʘ ʘʤʤʠʘʢʘ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʥʠʪʨʘʪ ʠʦʥʦʚ) ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, 

ʢʦʪʦʨʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʫʜʫʪ ʠʤʝʪʴ ʚʳʩʦʢʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʘʢʪʠʚʥʦʩʪʴ, 

ʩʪʘʙʠʣʴʥʦʩʪʴ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʦʙʣʘʜʘʪʴ ʥʝʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʝʨʝʥʦʩʘ 

ʟʘʨʷʜʘ ʚ ʠʟʫʯʘʝʤʦʡ ʩʨʝʜʝ. ʇʦʣʫʯʝʥʠʝ ʨʘʚʥʦʚʝʩʥʳʭ ʦʜʥʦʬʘʟʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʧʣʘʚʦʚ, ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʳʭ ʫʣʫʯʰʘʶʪ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, 

ʜʦʩʪʘʪʦʯʥʦ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ɼʘʥʥʫʶ ʟʘʜʘʯʫ ʤʦʞʥʦ ʨʝʰʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʘʤʦʨʬʥʳʝ ʩʧʣʘʚʳ 

ʢʘʢ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʳ. ɸʤʦʨʬʥʳʝ ʩʧʣʘʚʳ (ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʪʝʢʣʘ) ʧʦʟʚʦʣʷʶʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʪʨʫʜʥʦʦʩʫʱʝʩʪʚʠʤʦ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ, ʠʤʝʶʱʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫ  ʁ

ʩʪʨʫʢʪʫʨʫ. ɸʤʦʨʬʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʦʚ (ʦʪʩʫʪʩʪʚʠʝ 

ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ ʚ ʩʪʨʫʢʪʫʨʝ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ 

ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʚʢʣʶʯʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ. 

ɸʤʦʨʬʥʳʝ ʩʧʣʘʚʳ ʪʘʢʞʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʫ ʢʘʪʘʣʠʟʘʪʦʨʘʤ ʩ 

ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ ʠʣʠ ʦʜʥʦʘʪʦʤʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʘʤ (çSingle atom catalystè, SAC). 

_____________________________________________________________________________ 
1 ʇʨʠ ʥʘʧʠʩʘʥʠʠ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ, ʚʳʧʦʣʥʝʥʥʳʝ ʘʚʪʦʨʦʤ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, 

ʧʫʙʣʠʢʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

Kuznetsova I.I., Lebedeva O.K., Kultin D.Yu., Perova N.N., Kalmykov K.B., Chernavskii P.A., Perov N.S., Kustov 

L.M. Is a 2D Nanostructured Surface Capable of Changing the Corrosion and Magnetic Properties of an Amorphous 

Alloy? // International Journal of Molecular Sciences. ï 2023. ï Vol. 24. ï ˉ 17. ï P. 13373 (1-13). ʇʦʜʛʦʪʦʚʢʘ ʢ 

ʧʫʙʣʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ, ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʚ ʩʪʘʪʴʝ 

ʩʦʩʪʘʚʣʷʝʪ 35%. 

ʂʫʟʥʝʮʦʚʘ ʀ.ʀ., ʃʝʙʝʜʝʚʘ ʆ.ʂ., ʂʫʣʴʪʠʥ ɼ.ʖ., ʇʝʨʦʚ ʅ.ʉ., ʂʫʩʪʦʚ ʃ.ʄ. ɺʣʠʷʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʢʦʨʨʦʟʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ Co-

Si-Fe-Cr-Al // ɼʦʢʣʘʜʳ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. ʍʠʤʠʷ, ʥʘʫʢʠ ʦ ʤʘʪʝʨʠʘʣʘʭ. ï 2024. ï ʊ. 514. ï ˉ 1. ï ʉ. 

50-58. (Kuznetsova I.I., Lebedeva O.K., Kultin D.Yu., Perov N. S., Kustov L.M. Effect of Surface Microstructure 

on the Corrosion Resistance and Magnetic Properties of an Amorphous Cobalt-Based CoïSiïFeïCrïAl Alloy // 

Doklady Chemistry. ï 2024. ï Vol. 514. ï ˉ 2. ï P. 35-41). ʇʦʜʛʦʪʦʚʢʘ ʢ ʧʫʙʣʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ, ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʚ ʩʪʘʪʴʝ ʩʦʩʪʘʚʣʷʝʪ 35%. 

Kuznetsova I.I., Lebedeva O.K., Kultin D.Yu., Kalmykov K.B., Philippova S.E., Leonov A.V., Kustov L.M. 

Influence of Preliminary Anodization of Amorphous Alloy Co75Si15Fe5Cr4.5Al0.5 in Ionic Liquid on Corrosion 

Resistance // ECS Transactions. ï 2022. ï Vol. 109. ï ˉ 14. ï P. 87-94. ʇʦʜʛʦʪʦʚʢʘ ʢ ʧʫʙʣʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ, ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʚ ʩʪʘʪʴʝ ʩʦʩʪʘʚʣʷʝʪ 55%. 
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ʊʘʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʪʘʢ ʢʘʢ 

ʢʘʞʜʳʡ ʦʪʜʝʣʴʥʳʡ ʘʪʦʤ ʫʯʘʩʪʚʫʝʪ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʚ ʨʝʘʢʮʠʠ [178]. ʉʣʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ 

SAC, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʡ ʠ ʤʝʪʦʜʦʚ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʜʥʦʘʪʦʤʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʪʘʣʠʟʝ [179]. ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʟʘʤʝʥʘ SAC 

ʘʤʦʨʬʥʳʤʠ ʩʧʣʘʚʘʤʠ ʪʝʤ ʩʘʤʳʤ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʘʤʦʨʬʥʳʭ ʩʧʣʘʚʦʚ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʘʤʦʨʬʠʟʠʨʫʶʱʠʝ 

ʜʦʙʘʚʢʠ, ʥʘʧʨʠʤʝʨ, ʢʨʝʤʥʠʡ ʚ ʩʧʣʘʚʘʭ ʪʠʧʘ ʧʝʨʝʭʦʜʥʦʡ ʤʝʪʘʣʣ (Fe, Ni, Co) - ʤʝʪʘʣʣʦʠʜ (B, 

Si, P, C) [180]. ʆʥ ʩʧʦʩʦʙʝʥ ʩʥʠʞʘʪʴ ʪʦʯʢʫ ʧʣʘʚʣʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʦʝ ʦʩʪʳʚʘʥʠʝ 

ʨʘʩʧʣʘʚʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʘʤʦʨʬʥʳʤ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʠ 

ʦʙʨʘʟʫʝʪʩʷ ʘʤʦʨʬʥʘʷ ʬʘʟʘ. ʂʨʝʤʥʠʡ ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʚʘʥʠʶ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʭ ʩʧʣʘʚʦʚ [84]. 

ɸʤʦʨʬʥʳʝ ʩʧʣʘʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʘʤʦʨʬʥʳʝ ʩʧʣʘʚʳ ʠʤʝʶʪ ʙʦʣʴʰʝ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ ʥʘ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʥʠʢʘʣʴʥʦʩʪʴ ʠʭ 

ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ [181]. 

ʉʧʣʘʚʳ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠ ʤʝʥʝʝ ʩʢʣʦʥʥʳ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ [182]. ʅʘʥʦʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʚʠʜʝ ʜʚʫʭʤʝʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʠ ʤʦʛʫʪ ʚʳʛʣʷʜʝʪʴ ʢʘʢ ʨʠʩʫʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ ʥʘʥʦʷʯʝʝʢ, 

ʥʘʥʦʪʨʫʙʦʢ ʠ ʜʨ. [50, 76, 102]. 

ɼʨʫʛʦʡ ʚʘʞʥʦʡ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ 

ʚʦʜʦʨʦʜʘ ʚ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʝ [183, 184]. 

ʉʫʱʝʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʟʘʤʝʥʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʟ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ 

ʢʘʪʘʣʠʟʘʪʦʨʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʙʦʣʝʝ ʜʝʰʝʚʳʭ ʥʝʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʟʘʧʘʩʳ ʢʦʪʦʨʳʭ 

ʥʘʤʥʦʛʦ ʚʳʰʝ. ʇʦʵʪʦʤʫ ʚʝʜʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʡ ʧʦʠʩʢ ʘʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʟ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʩʧʣʘʚʦʚ. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ ʩ ʜʦʙʘʚʢʘʤʠ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʞʝʣʝʟʦ, ʭʨʦʤ, ʘʣʶʤʠʥʠʡ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʨʝʘʢʮʠʷʭ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ (ʚ ʧʨʦʮʝʩʩʝ çWater Splittingè, ʵʣʝʢʪʨʦʣʠʟ 

ʚʦʜʳ) ʠ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʠʟ ʥʠʪʨʘʪʦʚ, ʥʠʪʨʠʪʦʚ ʠ ʘʟʦʪʘ [185, 186], ʘ ʪʘʢʞʝ ʠʤʝʶʪ 

ʚʳʩʦʢʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʭʣʦʨʠʜ-, 

ʩʫʣʴʬʘʪ- ʠ ʜʨʫʛʠʭ ʠʦʥʦʚ. ɻʠʙʢʦʩʪʴ ʩʦʩʪʘʚʘ ʘʤʦʨʬʥʳʭ ʩʧʣʘʚʦʚ, ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 
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(ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʩʩʠʚʥʳʭ ʩʧʣʘʚʦʚ) ʧʦʚʳʰʘʝʪ ʠʭ ʢʦʨʨʦʟʠʦʥʥʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʘʤʦʨʬʥʳʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ Co, Fe, Ni ʠʤʝʶʪ ʫʥʠʢʘʣʴʥʳʝ 

ʤʘʛʥʠʪʥʳʝ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʠ ʷʚʣʷʶʪʩʷ ʤʘʛʥʠʪʥʦ-ʤʷʛʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 

[187]. ɸʤʦʨʬʥʳʝ ʩʧʣʘʚʳ, ʩʦʜʝʨʞʘʱʠʝ Fe ʠ Co, ʦʙʣʘʜʘʶʪ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ (ʚʳʩʦʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʥʠʟʢʠʝ ʧʦʪʝʨʠ ʥʘ ʛʠʩʪʝʨʝʟʠʩ), ʯʪʦ ʨʘʩʰʠʨʷʝʪ 

ʠʭ ʧʦʪʝʥʮʠʘʣ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʩʦʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʘʤʦʨʬʥʳʭ ʩʧʣʘʚʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʤʘʛʥʠʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʠ ʦʧʠʩʘʥʳ ʠʭ ʬʠʟʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɺ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʠʟʫʯʝʥʳ 

ʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ 

ʘʥʦʜʠʨʦʚʘʥʠʠ. ʀʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʘʤʦʨʬʥʳʭ ʩʧʣʘʚʦʚ. 

ʂʦʨʨʦʟʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ Co75Si15Fe5Cr5, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ʧʨʠ ʘʥʦʜʠʨʦʚʘʥʠʠ ʚ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ 

ʠ ʚʣʠʷʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʬʠʟʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʨʘʥʝʝ ʥʝ ʙʳʣʠ ʠʟʫʯʝʥʳ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʧʨʠ ʘʥʦʜʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʧʦʜʙʦʨʝ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʫʩʣʦʚʠʡ (ʵʣʝʢʪʨʦʣʠʪ, ʚʨʝʤʷ, ʪʦʢ/ʧʦʪʝʥʮʠʘʣ) ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʪʠʧʘ ʥʘʥʦʩʪʨʫʢʪʫʨ (ʷʯʝʡʢʠ, ʪʨʫʙʢʠ ʠ ʜʨ.). 

ɿʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʥʘʡʪʠ ʫʩʣʦʚʠʷ ʜʣʷ ʘʥʦʜʥʦʛʦ ʩʠʥʪʝʟʘ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ Co75Si15Fe5Cr5 (ʉʇ1), ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ, ʤʘʛʥʠʪʥʳʝ ʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ. 

3.1.1. ʋʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ ʘʥʦʜʠʨʦʚʘʥʠʝʤ ʚ 

ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ 

ɺʳʙʦʨ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ 

ʘʥʦʜʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪ ʩʚʦʡʩʪʚʘ ʠ ʤʦʨʬʦʣʦʛʠʶ ʥʘʥʦʯʘʩʪʠʮ. ʅʘʣʠʯʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʫʚʝʣʠʯʠʚʘʝʪ ʫʜʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʙʣʘʛʦʜʘʨʷ ʨʘʚʥʦʤʝʨʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʝʣʴʯʘʡʰʠʭ ʯʘʩʪʠʮ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʦʮʝʩʩ ʚʳʙʦʨʘ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʡ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʝʰʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʟʘʜʘʯ:  

¶ ʚʳʙʦʨ ʩʦʩʪʘʚʘ ʵʣʝʢʪʨʦʣʠʪʘ; 

¶  ʚʳʙʦʨ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ (ʠʟʤʝʥʝʥʠʝ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʘ ʧʨʠ ʨʘʟʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ); 

¶ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠʣʠ ʧʦʪʝʥʮʠʘʣʘ ʩʠʥʪʝʟʘ ʥʘʥʦʩʪʨʫʢʪʫʨ 

(ʦʧʨʝʜʝʣʷʝʪ ʪʦʣʱʠʥʫ ʠ ʤʦʨʬʦʣʦʛʠʶ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʝʛʦ ʨʦʩʪʘ); 
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¶ ʚr ʙʦʨ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʘʥʦʜʠʨʦʚʘʥʠʷ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ Co75Si15Fe5Cr5 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʘʥʦʜʥʦʛʦ ʪʦʢʘ ʚ ʩʨʝʜʝ ʀɾ ï BmimNTf2. ɺʳʙʦʨ 

ʜʘʥʥʦʡ ʀɾ ʙʳʣ ʦʩʥʦʚʘʥ ʥʘ ʤʥʦʞʝʩʪʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʪʝʩʪʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʀɾ, 

ʫʢʘʟʘʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ (ɻʣʘʚʘ 1) ʠ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [48, 50]; ʧʨʠ 

ʵʪʦʤ ʯʝʪʢʠʝ, ʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʫʜʘʣʦʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʚ ʠʟʫʯʝʥʥʦʡ 

ʀɾ ʧʨʠ ʰʠʨʦʢʦʤ ʩʢʨʠʥʠʥʛʝ ʫʩʣʦʚʠʡ, ʦʧʠʩʘʥʥʳʭ ʥʠʞʝ. ʋʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ, 

ʘ ʤʝʪʦʜʠʢʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ. 

ɺʳʙʨʘʥʥʘʷ ʀɾ BmimNTf2 ̫ ʚʣʷʝʪʩʷ ʛʠʜʨʦʬʦʙʥʦʡ ʠ ʩʦʜʝʨʞʠʪ ʚʦʜʫ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʀɾ (ʊʘʙʣʠʮʘ 2.2). ʕʪʘ ʀɾ ʩʪʘʙʠʣʴʥʘ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ (ʊʘʙʣʠʮʘ 2.2), ʯʪʦ ʜʝʣʘʝʪ ʪʘʢʫʶ ʩʨʝʜʫ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ 

ʩʠʥʪʝʟʘ ʥʘʥʦʩʪʨʫʢʪʫʨ. ʏʘʱʝ ʚʩʝʛʦ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

(Ti, Al  ʠ ʜʨ.) ʧʦʣʫʯʘʶʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʙʘʚʦʢ ʬʪʦʨʠʜ- ʠ NTf2ïʘʥʠʦʥʦʚ [50, 76, 87, 188]. 

ʀʦʥʥʘʷ ʞʠʜʢʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʪʦʨʠʜ-ʠʦʥʦʚ, ʠ ʝʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʛʦʢʨʘʪʥʦ 

ɹʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ ʠ ʫʩʣʦʚʠʡ ʘʥʦʜʠʨʦʚʘʥʠʷ (ʪʦʢ, ʚʨʝʤʷ, 

ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʣʠʪʘ) ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʦʣʫʯʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʊʘʙʣʠʮʘ 3.1). 

ʊʘʙʣʠʮʘ 3.1. ʋʩʣʦʚʠʷ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠ ʘʥʦʜʠʨʦʚʘʥʠʷ ʩʧʣʘʚʘ Co75Si15Fe5Cr5. 

ʆʙʨʘʟʝʮ ʋʩʣʦʚʠʷ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʕʣʝʢʪʨʦʣʠʪ 

ʉʇ1-ʄʐ ʄʝʭʘʥʠʯʝʩʢʘʷ ʰʣʠʬʦʚʢʘ - 

ʉʇ1-0 ɽʩʪʝʩʪʚʝʥʥʳʡ ʦʢʩʠʜ - 

ʉʇ1-12,5-200 
ɸʥʦʜʠʨʦʚʘʥʠʝ 200 ʩ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 12,5 

ʤɸ/ʩʤ2 
BmimNTf2 

ʉʇ1-12,5-100-ɺ 
ɸʥʦʜʠʨʦʚʘʥʠʝ 100 ʩ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 12,5 

ʤɸ/ʩʤ2 
BmimNTf2, ʥʘʩʳʱʝʥʥʘʷ 

H2O (~5000 ppm) 

ʉʇ1-12,5-200-ɺ 
ɸʥʦʜʠʨʦʚʘʥʠʝ 200 ʩ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 12,5 

ʤɸ/ʩʤ2 
BmimNTf2, ʥʘʩʳʱʝʥʥʘʷ 

H2O (~5000 ppm) 

ʉʇ1-12,5-300-ɺ 
ɸʥʦʜʠʨʦʚʘʥʠʝ 300 ʩ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 12,5 

ʤɸ/ʩʤ2 
BmimNTf2, ʥʘʩʳʱʝʥʥʘʷ 

H2O (~5000 ppm) 

ʉʇ1-12,5-600-ɺ 
ɸʥʦʜʠʨʦʚʘʥʠʝ 600 ʩ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 12,5 

ʤɸ/ʩʤ2 
BmimNTf2, ʥʘʩʳʱʝʥʥʘʷ 

H2O (~5000 ppm) 

ʉʇ1-15-15 
ɸʥʦʜʠʨʦʚʘʥʠʝ 15ʩ ʩ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 15 

ʤɸ/ʩʤ2 BmimNTf2 

ʉʇ1-15-40 
ɸʥʦʜʠʨʦʚʘʥʠʝ 40 ʩ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 15 

ʤɸ/ʩʤ2 BmimNTf2 

ʉʇ1-15-100 
ɸʥʦʜʠʨʦʚʘʥʠʝ 100 ʩ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 15 

ʤɸ/ʩʤ2 BmimNTf2 

ʉʇ1-15-200 
ɸʥʦʜʠʨʦʚʘʥʠʝ 200 ʩ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 15 

ʤɸ/ʩʤ2 BmimNTf2 

ʉʇ1-15-300 
ɸʥʦʜʠʨʦʚʘʥʠʝ 300 ʩ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 15 

ʤɸ/ʩʤ2 BmimNTf2 
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ʉʇ1-15-600 
ɸʥʦʜʠʨʦʚʘʥʠʝ 600 ʩ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 15 

ʤɸ/ʩʤ2 BmimNTf2 

ʉʇ1-15-1800 
ɸʥʦʜʠʨʦʚʘʥʠʝ 1800 ʩ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 15,0 

ʤɸ/ʩʤ2 BmimNTf2 

ʉʇ1-17,5-80 
ɸʥʦʜʠʨʦʚʘʥʠʝ 80 ʩ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 17,5 

ʤɸ/ʩʤ2 BmimNTf2 

ʉʇ1-15-100-ʃ 
ɸʥʦʜʠʨʦʚʘʥʠʝ 100 ʩ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 15,0 

ʤɸ/ʩʤ2 
0,01 M Li 2CO3 ʚ 

BmimNTf2 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʥʦʜʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʠʪʘʥʘ ʚ ʀɾ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʚʦʜʳ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ [56]. ɸʥʦʜʠʨʦʚʘʥʠʝ ʢʨʝʤʥʠʷ ʚ 

ʀɾ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ ʜʦ 2% ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘʥʦʷʯʝʝʢ. ʕʪʠ ʬʘʢʪʳ ʧʦʟʚʦʣʠʣʠ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʷʯʝʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʧʣʘʚʘ. 

ʗʯʝʡʢʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʧʦʣʫʯʝʥʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʘʥʦʜʥʦʛʦ ʪʦʢʘ 

ʧʣʦʪʥʦʩʪʴʶ 12,5 ʤɸ/ʩʤ2 ʚ ʪʝʯʝʥʠʝ 200 ʩ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʜʦ 17,5 ʤɸ/ʩʤ2 

ʚʨʝʤʷ ʘʥʦʜʠʨʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʩʦʢʨʘʱʘʝʪʩʷ ʜʦ 80 ʩ ʠ 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʷʯʝʝʢ ʦʪ 100 ʥʤ ʜʦ 150-160 ʥʤ. ʕʪʦʪ ʵʬʬʝʢʪ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʥʘ ʈʠʩʫʥʢʝ 3.1.  

 

ʈʠʩʫʥʦʢ 3.1. ʀʟʦʙʨʘʞʝʥʠʷ ʉʕʄ: ʘ) ʀʩʭʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʉʇ1-0; ʙ) ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʙʨʘʟʮʘ ʉʇ1-ʄʐ; ʚ) ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʉʇ1-12,5-200 ʧʨʠ j = 12,5 ʤɸ/ʩʤ2 ʠ t = 200 ʩ; ʛ) 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʉʇ1-17,5-80 ʧʨʠ j = 17,5 ʤɸ/ʩʤ2 ʠ t = 80 ʩ. 

ʅʘ ʨʠʩʫʥʢʝ ʭʦʨʦʰʦ ʟʘʤʝʪʥʘ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʠʩʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʧʣʘʚʘ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʦʪʥʳʡ ʛʣʘʜʢʠʡ ʦʢʩʠʜʥʳʡ ʩʣʦʡ (ʈʠʩʫʥʦʢ 3.1ʘ), ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʩʣʝ 
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ʘʥʦʜʠʨʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 3.1 ʚ, ʛ). ʇʦʚʝʨʭʥʦʩʪʴ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʛʣʘʜʢʘʷ ʠ 

ʩʦʜʝʨʞʠʪ ʜʝʬʝʢʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʰʣʠʬʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 3.1ʙ). ʅʘ 

ʬʦʪʦʛʨʘʬʠʷʭ (ʈʠʩʫʥʦʢ 3.2) ʧʦʢʘʟʘʥʦ ʢʘʢ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ ʚʣʠʷʝʪ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʷʯʝʝʢ. 

ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʘʥʦʜʠʨʦʚʘʥʠʷ ʧʨʠ j = 15 ʤɸ/ʩʤ2 ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʷʯʝʝʢ ʫʞʝ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʪʦʢʘ ʚ ʪʝʯʝʥʠʝ 40 ʩʝʢʫʥʜ, ʠ ʠʭ ʠʩʯʝʟʥʦʚʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ ʘʥʦʜʠʨʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 300 ʩʝʢʫʥʜ.  

 
ʈʠʩʫʥʦʢ 3.2 (ʘ-ʞ). ʀʟʦʙʨʘʞʝʥʠʷ ʉʕʄ: ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʘʥʦʜʠʨʦʚʘʥʠʷ ʜʣʷ ʦʙʨʘʟʮʦʚ: ʘ) ʉʇ1-15-15; ʙ) ʉʇ1-15-40; ʚ) ʉʇ1-
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15-100; ʛ) ʉʇ1-15-200; ʜ) ʉʇ1-15-300; ʝ) ʉʇ1-15-600; ʞ) ʉʇ1-15-1800. ɺʨʝʤʷ ʘʥʦʜʠʨʦʚʘʥʠʷ 

15-1800 ʩ; j = 15,0 ʤɸ/ʩʤ2. 

ʅʘʙʣʶʜʘʝʪʩʷ ʟʘʨʦʞʜʝʥʠʝ, ʨʦʩʪ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʷʯʝʝʢ. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʦʮʝʩʩ ʠʭ çʨʘʟʨʘʩʪʘʥʠʷè ʠ ʧʦʢʨʳʪʠʷ ʦʢʩʠʜʦʤ (300 ï 1800 ʩ). ɼʘʣʴʥʝʡʰʝʝ ʘʥʦʜʠʨʦʚʘʥʠʝ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʷʯʝʡʢʠ ʧʦʢʨʳʪʳ ʧʣʝʥʢʦʡ ʦʢʩʠʜʘ. 

ʇʨʠ ʘʥʦʜʠʨʦʚʘʥʠʠ ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ (40 ʩ ï 300 ʩ) ʭʦʨʦʰʦ ʚʠʜʥʦ ʩʧʣʦʰʥʦʝ 

ʧʦʢʨʳʪʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʯʝʪʢʠʤʠ, ʨʦʚʥʳʤʠ ʷʯʝʡʢʘʤʠ ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ. 

ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠʤʝʝʪ ʩʣʦʞʥʳʡ ʩʦʩʪʘʚ, ʚʢʣʶʯʘʶʱʠʡ ʦʢʩʠʜʳ ʥʝʩʢʦʣʴʢʠʭ 

ʤʝʪʘʣʣʦʚ ʚ ʨʘʟʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. ʊʦʣʱʠʥʘ ʧʦʢʨʳʪʠʷ ʩʦʩʪʘʚʣʷʣʘ 5~20 ʥʤ. ɼʣʷ ʪʦʯʥʦʛʦ 

ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʫʣʫ: 

ŭ = [ŮŮ0]/C,                                        (3.1) 

ʛʜʝ C - ʝʤʢʦʩʪʴ ʩʣʦʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ, Ů ʠ Ů0 - ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʘʢʫʫʤʘ. 

ʆʢʩʠʜʥʳʡ ʩʣʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ ʠʤʝʝʪ ʩʣʦʞʥʳʡ ʩʦʩʪʘʚ, 

ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʦʢʩʠʜʘ ʚ ʟʥʘʯʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʮʝʥʠʪʴ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, 

ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʦʧʨʝʜʝʣʷʣʠ ʠʟʤʝʥʝʥʠʝ ʪʦʣʱʠʥʳ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ 

ʧʦʢʨʳʪʠʷ (ŭ0/ŭi). ɼʣʷ ʵʪʦʡ ʮʝʣʠ, ʥʘʭʦʜʠʣʠ ʟʥʘʯʝʥʠʷ ʝʤʢʦʩʪʠ (ʉ), ʢʦʪʦʨʘʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʪʦʣʱʠʥʝ ʧʣʝʥʢʠ (ʫʨʘʚʥʝʥʠʝ 3.1) ʧʫʪʝʤ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʤʠʢʨʦʩʝʢʫʥʜʥʳʭ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (ʈʠʩʫʥʦʢ 3.3ʘ). 

ʀʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʚ ʧʨʦʮʝʩʩʝ ʘʥʦʜʠʨʦʚʘʥʠʷ ʚʠʜʥʳ ʥʘ ʥʘʯʘʣʴʥʦʡ 

ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʛʨʘʬʠʢʦʚ ʤʠʢʨʦʪʨʘʥʟʠʝʥʪʦʚ (ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʚ ʤʠʢʨʦʩʝʢʫʥʜʘʭ), ʢʦʛʜʘ ʟʘʨʷʜ ʠʜʝʪ ʪʦʣʴʢʦ ʥʘ ʟʘʨʷʞʝʥʠʝ 

ʝʤʢʦʩʪʠ ʜʚʦʡʥʦʛʦ ʩʣʦʷ, ʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʈʠʩʫʥʦʢ 

3.3). 

ʅʘ ʨʠʩʫʥʢʝ 3.3ʙ ʭʦʨʦʰʦ ʚʠʜʥʦ, ʢʘʢ ʫʤʝʥʴʰʘʝʪʩʷ ʪʦʣʱʠʥʘ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʧʨʠ 

ʘʥʦʜʠʨʦʚʘʥʠʠ ʦʪ 15 ʩ ʜʦ 300 ʩ, ʘ ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʫʪʦʣʱʝʥʠʝ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʟʘ ʩʯʝʪ 

ʘʥʦʜʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʦʣʱʠʥʳ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʢʩʠʜʦʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʩʣʝ 15 ʩ ʚʦʟʜʝʡʩʪʚʠʷ ʘʥʦʜʥʦʛʦ ʪʦʢʘ 

ʪʦʣʱʠʥʘ ʦʢʩʠʜʘ ʤʝʥʴʰʝ ʚ ʜʚʘ ʨʘʟʘ, ʟʘʪʝʤ ʧʦʩʪʝʧʝʥʥʦ ʪʦʣʱʠʥʘ ʦʢʩʠʜʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚʤʝʩʪʝ 

ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʠ ʧʦʩʣʝ 300 ʩ ʚʦʟʜʝʡʩʪʚʠʷ ʩʥʦʚʘ ʥʘʯʠʥʘʝʪ ʚʦʟʨʘʩʪʘʪʴ ʠ 

ʜʦʩʪʠʛʘʝʪ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ 1800 ʩ. 

ʇʨʦʮʝʩʩ ʘʥʦʜʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʢʩʠʜʦʤ (ʉʇ1-0) ʠ ʩ ʤʝʭʘʥʠʯʝʩʢʠ 

ʦʯʠʱʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʉʇ1-ʄʐ) ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ (ʈʠʩʫʥʦʢ 3.3ʚ). ɼʣʷ ʉʇ1-0 ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʚʦʟʨʘʩʪʘʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ, ʟʘʪʝʤ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʠ ʩʥʦʚʘ ʨʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ. 
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ʈʠʩʫʥʦʢ 3.3. ʘ) ʄʠʢʨʦʪʨʘʥʟʠʝʥʪʳ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʩʧʣʘʚʘ ʉʇ1-0 ʚ BmimNTf2 ʜʦ ʠ ʧʦʩʣʝ 

ʘʥʦʜʠʨʦʚʘʥʠʷ ʧʨʠ j = 15 ʤɸ/ʩʤ2 ʚ ʠʥʪʝʨʚʘʣʝ t = 0ī1800 ʩ; ʙ) ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʪʦʣʱʠʥʳ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʣʱʠʥʦʡ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ; ʚ) ʪʨʘʥʟʠʝʥʪʳ (ʧʦʪʝʥʮʠʘʣ-ʚʨʝʤʷ) ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ ʧʨʠ ʘʥʦʜʠʨʦʚʘʥʠʠ: 

ʜʣʷ ʩʣʫʯʘʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʯʝʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʉʇ1-0 ʠ ʙʝʟ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʉʇ1-ʄʐ. 

ɼʣʷ ʉʇ1-ʄʐ ʧʦʪʝʥʮʠʘʣ ʚʦʟʨʘʩʪʘʝʪ ʨʘʚʥʦʤʝʨʥʦ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ ʦʢʩʠʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʢʨʠʚʳʭ E-t ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʵʣʝʢʪʨʦʣʠʪʘ ʠ 

ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʜʣʷ ʜʨʫʛʠʭ ʦʙʨʘʟʮʦʚ ʦʙʩʫʞʜʘʶʪʩʷ ʥʠʞʝ. 

3.1.2. ʆʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʩʠʜʥʳʭ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʋʚʝʣʠʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʠ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʝʝ ʩʦʩʪʘʚʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʚʢʣʘʜ ʥʘʥʦʩʪʨʫʢʪʫʨ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ ʘʤʤʠʘʢʘ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʥʠʪʨʘʪ ʠʦʥʦʚ. ɼʣʷ 
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ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʌʕʉ). ʉ ʧʦʤʦʱʴʶ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʦʢʩʠʜʥʳʭ ʬʦʨʤ 

ʤʝʪʘʣʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʧʦʣʫʯʠʪʴ ʪʦʯʥʦʝ ʵʣʝʤʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʣʦʞʥʦ ʠʟ-ʟʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʪʦʣʱʠʥʳ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ. ʄʝʪʦʜ ʈʌʕʉ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ 

ʪʦʣʠɦʥʦʡ 1-4 ʥʤ. ʉʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ, ʩʦʩʪʘʚʣʷʝʪ 

ʥʝʩʢʦʣʴʢʦ ʥʘʥʦʤʝʪʨʦʚ, ʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʘʯʝʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʥʘʥʦʩʪʨʫʢʪʫʨ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ 

ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʦʙʨʘʟʮʘ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʢʩʠʜʦʤ ʉʇ1-0 ʠ ʦʙʨʘʟʮʘ ʩ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ʉʇ1-

15-200. 
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ʈʠʩʫʥʦʢ 3.4. ʉʧʝʢʪʨʳ ʈʌʕʉ ʜʣʷ ʩʧʣʘʚʘ ʉʇ1-0 ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʢʩʠʜʦʤ ʠ ʥʘʥʦʷʯʝʡʢʘʤʠ: 

ʘ) ʦʙʟʦʨʥʳʡ ʩʧʝʢʪʨ ʠ ʩʧʝʢʪʨʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ: ʙ) Co 2p, ʚ) Fe 2p, ʛ) Si 2p, ʜ) Cr 2ʨ, ʝ) 

ʆ 1ʩ; ʞ) C 1s. 

ʊʘʙʣʠʮʘ 3.2. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ (ʘʪ. %) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʧʦ ʜʘʥʥʳʤ ʈʌʕʉ. 

ʆʙʨʘʟʝʮ O Si Cr  Fe Co 

ʉʇ1-0 52,0 33,9 1,4 5,0 7,8 

ʉʇ1-15-200 63,6 22,0 0,7 2,8 10,8 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (ʊʘʙʣʠʮʘ 3.2 ʠ ʇʨʠʣʦʞʝʥʠʷ 1, 2) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʙʝʜʥʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʙʘʣʴʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ ʬʦʨʤʘ ʢʦʙʘʣʴʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʝʛʦ ʦʢʩʠʜʦʤ CoO. ʅʘʙʣʶʜʘʝʪʩʷ 

ʦʙʝʜʥʝʥʠʝ ʭʨʦʤʦʤ ʚ ʜʚʘ ʨʘʟʘ, ʘ ʪʘʢʞʝ ʞʝʣʝʟʦʤ, ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ 

ʢʨʝʤʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘʥʦʩʪʨʫʢʪʫʨʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʷʪ ʠʟ CoO. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʣʦʞʠʪʴ ʩʭʝʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ 

ʨʠʩʫʥʢʝ 3.5, ʛʜʝ ʧʦʢʘʟʘʥʘ ʜʠʥʘʤʠʢʘ ʘʥʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʯʠʥʘʷ ʦʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʯʝʝʢ 

ʠ ʟʘʢʘʥʯʠʚʘʷ ʠʭ çʟʘʨʘʩʪʘʥʠʝʤè ʘʥʦʜʥʳʤ ʦʢʩʠʜʦʤ. 
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ʈʠʩʫʥʦʢ 3.5. ʉʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʷʯʝʝʢ ʠ ʘʥʦʜʥʦʛʦ ʦʢʩʠʜʘ ʚ BmimNTf2 ʧʨʠ j = 15 ʤɸ/ʩʤ2; 

t = 0-1800 ʩ ʠ ʩʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʦʜʥʦʛʦ ʦʢʩʠʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʉʇ1-ʄʐ ʚ BmimNTf2. 

3.1.3. ɺʣʠʷʥʠʝ ʜʦʙʘʚʢʠ ʩʦʣʠ ʣʠʪʠʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ ʚ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʷʯʝʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ 

(ʤʝʥʴʰʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʤʝʥʴʰʝʝ ʚʨʝʤʷ ʘʥʦʜʠʨʦʚʘʥʠʷ ʠ ʙʦʣʴʰʘʷ ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ) ʚ ʀɾ ʙʳʣ ʜʦʙʘʚʣʝʥ ʢʘʨʙʦʥʘʪ ʣʠʪʠʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,01 ʄ. 

ɸʥʦʜʠʨʦʚʘʥʠʝ ʚ ʀɾ ʩ ʢʘʨʙʦʥʘʪʦʤ ʣʠʪʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝ 

ʷʯʝʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ, ʘ ʦʙʨʘʟʫʝʪʩʷ "ʫʟʦʨ" ʚ ʚʠʜʝ ʥʘʥʦʢʘʥʘʣʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʩʣʠʷʥʠʝʤ ʷʯʝʝʢ 

ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ (ʈʠʩʫʥʦʢ 3.6). ɼʦʙʘʚʣʝʥʠʝ ʢ ʀɾ ʠʦʥʦʚ Li+ ʠʟʤʝʥʷʝʪ ʝʝ ʩʚʦʡʩʪʚʘ: 

ʚʷʟʢʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ [189]. 

 
ʈʠʩʫʥʦʢ 3.6. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ ʉʇ1-15-100-ʃ, ʚʣʠʷʥʠʝ ʜʦʙʘʚʢʠ 

Li 2CO3 ʚ ʀɾ; j = 15 ʤɸ/ʩʤ2; t = 100 ʩ. ʘ) ʫʚʝʣʠʯʝʥʠʝ ʚ 50 ʪʳʩ. ʨʘʟ; ʙ) ʫʚʝʣʠʯʝʥʠʝ ʚ 100 ʪʳʩ. 

ʨʘʟ. 

ʅʘʥʦʢʘʥʘʣʳ ʚʦʟʥʠʢʘʶʪ ʙʣʘʛʦʜʘʨʷ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ ʦʢʩʠʜʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʚ ʧʨʦʮʝʩʩʝ ʘʥʦʜʠʨʦʚʘʥʠʷ. ʄʠʢʨʦʪʨʘʥʟʠʝʥʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʩʧʣʘʚʘ ʉʇ1-0 ʜʦ ʠ ʧʦʩʣʝ ʘʥʦʜʠʨʦʚʘʥʠʷ ʚ ʀɾ+Li 2CO3, ʧʦʢʘʟʳʚʘʶʪ ʫʤʝʥʴʰʝʥʠʝ ʪʦʣʱʠʥʳ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʦʢʩʠʜʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ (ʈʠʩʫʥʦʢ 3.7). ɸʜʩʦʨʙʮʠʷ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʝʢʪʨʦʜʘ ʩʫʞʘʝʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʢʥʦ ʩʠʩʪʝʤʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʦʛʨʘʥʠʯʠʚʘʷ ʜʠʘʧʘʟʦʥ 
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ʧʨʠʤʝʥʷʝʤʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʘʜʩʦʨʙʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ. ɺ ʛʠʜʨʦʬʦʙʥʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ ʤʦʣʝʢʫʣʳ ʚʦʜʳ 

ʦʪʪʘʣʢʠʚʘʶʪʩʷ ʢʘʢ ʦʪ ʢʘʪʦʜʘ, ʪʘʢ ʠ ʦʪ ʘʥʦʜʘ ʟʘ ʩʯʝʪ ʜʦʙʘʚʣʝʥʠʷ ʩʦʣʠ Li+, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʪʦʣʱʠʥʳ ʠ ʤʦʨʬʦʣʦʛʠʠ ʦʢʩʠʜʘ [190]. ɺʦʜʘ, ʦʩʪʘʶʱʘʷʩʷ ʥʘ ʵʣʝʢʪʨʦʜʝ, ʧʦʯʪʠ 

ʧʦʣʥʦʩʪʴʶ ʩʚʷʟʘʥʘ ʩ Li +, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʝʝ ʘʢʪʠʚʥʦʩʪʴ. 

 

ʈʠʩʫʥʦʢ 3.7. ʄʠʢʨʦʪʨʘʥʟʠʝʥʪʳ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʩʧʣʘʚʘ ʉʇ1-0 ʚ ʨʘʩʪʚʦʨʝ ʚ 

BmimNTf2+Li 2CO3 ʜʦ ʠ ʧʦʩʣʝ ʘʥʦʜʠʨʦʚʘʥʠʷ ʧʨʠ j=15 ʤɸ/ʩʤ2; t=100 ʩ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʨʦʩʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ. 

ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 3.7, ʪʦʣʱʠʥʘ ʦʢʩʠʜʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʘʥʦʜʥʦʛʦ ʪʦʢʘ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ (ʠʟʤʝʥʷʝʪʩʷ ʥʘʢʣʦʥ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʘʥʟʠʝʥʪʘ). ʕʪʦ 

ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʦʢʩʠʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʧʨʦʮʝʩʩʳ 

ʨʘʩʪʚʦʨʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʫʯʘʝʪ ʫʧʦʨʷʜʦʯʝʥʥʫʶ 

ʤʦʨʬʦʣʦʛʠʶ. 

ɺ ʦʙʨʘʟʦʚʘʥʠʠ ʷʯʝʝʢ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʦʢʩʠʜ, ʢʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ 

[76]. ʅʘʥʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʫʁ ʪʩʷ ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ çʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʢʩʠʜʘè 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʣʱʠʥʳ. ɸʥʦʜʠʨʦʚʘʥʠʝ ʚ ʀɾ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘʥʦʪʨʫʙʦʢ, 

ʥʘʥʦʷʯʝʝʢ, ʣʠʙʦ çʥʘʥʦʨʦʣʣʦʚè ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʩʘʤʦʛʦ ʦʢʩʠʜʘ ʠ ʝʛʦ ʘʜʛʝʟʠʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. ʆʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʷʯʝʝʢ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʣʦʪʥʦʛʦ ʦʢʩʠʜʥʦʛʦ 

ʩʣʦʷ, ʦʙʣʘʜʘʶʱʝʛʦ ʭʦʨʦʰʝʡ ʘʜʛʝʟʠʝʡ. 

3.1.4. ɺʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʚ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ  

ɺʳʙʨʘʥʥʘʷ ʀɾ (BmimNTf2) ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʬʦʙʥʦʡ, ʥʦ ʠʟ-ʟʘ ʢʦʥʪʘʢʪʘ ʩ ʘʪʤʦʩʬʝʨʦʡ 

ʩʦʜʝʨʞʠʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ (900 ppm), ʢʦʪʦʨʦʝ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʯʝʤ 

ʨʘʚʥʦʚʝʩʥʦʝ (5158 ppm [191]). ʈʦʣʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʦʜʳ ʚ ʀɾ ʥʝʦʜʥʦʟʥʘʯʥʘ ʠ ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ. ɼʦʙʘʚʣʝʥʠʝ ʚʦʜʳ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʝ ʦʢʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʀɾ (ʜʠʘʧʘʟʦʥ 

ʧʦʪʝʥʮʠʘʣʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ), ʪʝʤ ʩʘʤʳʤ ʤʝʥʷʷ ʧʨʝʧʘʨʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʀɾ ʢʘʢ 
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ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺʦʜʘ, ʨʘʩʪʚʦʨʝʥʥʘʷ ʚ ʀɾ, ʠʤʝʝʪ ʜʨʫʛʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʯʝʤ çʯʠʩʪʘʷè ʚʦʜʘ, ʪʘʢ ʢʘʢ ʦʥʘ ʧʨʦʯʥʦ ʩʚʷʟʘʥʘ ʠ ʘʢʪʠʚʠʨʦʚʘʥʘ ʚ ʩʠʩʪʝʤʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 

ʀɾ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʨʝʘʢʮʠʠ ʩ ʚʦʜʦʡ ʚ ʩʠʩʪʝʤʝ ʀɾ:H2O. ʅʦ ʵʪʘ ʚʦʜʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʣʠʛʘʥʜʦʤ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʩʣʠʰʢʦʤ ʚʦʚʣʝʯʝʥʘ ʚ ʩʚʷʟʳʚʘʥʠʝ ʩ ʀɾ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʥʦʜʥʳʝ 

ʧʨʦʮʝʩʩʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʙʫʜʫʪ ʠʜʪʠ ʠʥʘʯʝ [192]. ʅʘʩʳʱʝʥʥʫʶ ʚʦʜʦʡ ʀɾ 

ʧʦʣʫʯʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʀɾ:H2O 1:1 ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ 

~5000 ppm), ʥʝʨʘʩʪʚʦʨʠʚʰʫʶʩʷ ʯʘʩʪʴ ʚʦʜʳ ʫʜʘʣʷʣʠ. ɺʦʜʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʩʪʦʯʥʠʢʦʤ 

ʢʠʩʣʦʨʦʜʘ ʜʣʷ ʨʦʩʪʘ ʦʢʩʠʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ [56, 193]. 

ʀʩʩʣʝʜʦʚʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ ʉʇ1-0 ʚ ʩʠʩʪʝʤʝ ʀɾ:H2O 

(BmimNTf2:H2O) ʘʥʦʜʠʨʦʚʘʥʠʝʤ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 12,5 ʤɸ/ʩʤ2 ʚ ʪʝʯʝʥʠʝ ʠʥʪʝʨʚʘʣʘ 

ʚʨʝʤʝʥʠ ʦʪ 100 ʜʦ 600 ʩ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.8. 

 
ʈʠʩʫʥʦʢ 3.8. ʀʟʦʙʨʘʞʝʥʠʷ ʉʕʄ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʀɾ ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʚʦʜʦʡ 

ʧʨʠ j = 12,5 ʤɸ/ʩʤ2: ʘ) 100 ʩ; ʙ) 200 ʩ; ʚ) 300 ʩ; ʛ) 600 ʩ. 

ʅʘ ʨʠʩʫʥʢʝ 3.8 ʚʠʜʥʘ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ 

ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʥʘʩʳʱʝʥʥʦʡ ʚʦʜʦʡ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʩʭʦʜʥʦʡ ʀɾ, ʧʨʠ 

ʦʜʠʥʘʢʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʥʝ ʦʙʨʘʟʫʶʪʩʷ. ɺʠʜʥʳ ʪʦʣʴʢʦ ʩʣʝʜʳ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʦʢʩʠʜʥʳʭ ʩʪʨʫʢʪʫʨ. ʇʨʠ ʚʳʜʝʨʞʢʝ ʚ ʪʝʯʝʥʠʝ 600 ʩʝʢʫʥʜ, ʢʘʢ ʠ ʚ 

ʠʩʭʦʜʥʦʡ ʀɾ, ʘʥʦʜʥʳʡ ʦʢʩʠʜ ʧʦʣʥʦʩʪʴʶ ʧʣʦʪʥʦ ʧʦʢʨʳʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ. 
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3.1.5. ɺʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠ ʩʦʩʪʘʚʘ ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʇʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʠʤʝʝʪ ʩʣʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ 

ʬʘʢʪʦʨʦʚ. ʇʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʥʦʜʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʣʠʪʘ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ, ʧʨʠʣʦʞʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ/ʪʦʢ ʠ ʚʨʝʤʷ ʘʥʦʜʠʨʦʚʘʥʠʷ, ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ. ʀʟ ʨʠʩʫʥʢʦʚ 3.1, 3.2, 3.6 ʚʠʜʥʦ, ʯʪʦ ʫʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ 

(ʚʨʝʤʷ ʘʥʦʜʠʨʦʚʘʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ, ʚʝʣʠʯʠʥʘ ʪʦʢʘ ʠ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʣʠʪʘ) ʚʣʠʷʶʪ ʥʘ 

ʤʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ (ʊʘʙʣʠʮʘ 3.3). 

ʊʘʙʣʠʮʘ 3.3. ʉʦʩʪʘʚ ʵʣʝʢʪʨʦʣʠʪʘ ʘʥʦʜʠʨʦʚʘʥʠʷ, ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʘʥʦʜʥʦʛʦ ʪʦʢʘ ʠ ʚʨʝʤʷ 

ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʕʣʝʢʪʨʦʣʠʪ j ( ʤɸ/ʩʤ2) t (ʩ) 
ʊʠʧ ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʠʭ ʜʠʘʤʝʪʨ 

(ʥʤ) 

BmimNTf2 12,5 200 ʅʘʥʦʷʯʝʡʢʠ 80-100 ʥʤ 

BmimNTf2 15 100 ʅʘʥʦʷʯʝʡʢʠ 90-100 ʥʤ 

BmimNTf2 17,5 80 ʅʘʥʦʷʯʝʡʢʠ 100-160 ʥʤ 

BmimNTf2 + Li 2CO3 15 100 ʅʘʥʦʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ ʥʘʥʦʢʘʥʘʣʦʚ 

ʀʟ ʪʘʙʣʠʮʳ 3.3 ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʘʥʦʜʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ. ɼʦʙʘʚʣʝʥʠʝ ʢʘʨʙʦʥʘʪʘ ʣʠʪʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘʥʦʩʪʨʫʢʪʫʨ ʩ ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʦʡ ʤʦʨʬʦʣʦʛʠʝʡ (ʈʠʩʫʥʦʢ 3.6). 

ɼʣʷ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦ ʚʨʝʤʷ ʘʥʦʜʠʨʦʚʘʥʠʷ, 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʨʘʟʣʠʯʥʳʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʣʠʪʘ, ʚʘʨʴʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ 

ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʥʘʥʦʢʘʥʘʣʘʤʠ (ʉʇ1-15-100-ʃ) ʠ ʩ ʤʦʜʠʬʠʢʘʮʠʝʡ 

ʚ ʚʠʜʝ ʥʘʥʦʷʯʝʝʢ (ʉʇ1-12,5-200 ʠ ʉʇ1-15-100). ɿʘʚʠʩʠʤʦʩʪʠ ʧʦʪʝʥʮʠʘʣ ī ʚʨʝʤʷ 

ʘʥʦʜʠʨʦʚʘʥʠʷ ʚ ʀɾ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.9. 

 

ʈʠʩʫʥʦʢ 3.9. ɿʘʚʠʩʠʤʦʩʪʠ ʧʦʪʝʥʮʠʘʣ-ʚʨʝʤʷ ʘʥʦʜʠʨʦʚʘʥʠʷ ʚ ʥʘʯʘʣʴʥʳʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ ʚ 

BmimNTf2. 
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ʅʘ ʢʨʠʚʳʭ ʧʦʪʝʥʮʠʘʣ ī ʚʨʝʤʷ ʘʥʦʜʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʦʙʣʘʩʪʝʡ. 

ɺʠʜʥʘ ʩʭʦʞʝʩʪʴ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʧʦʪʝʥʮʠʘʣ-ʚʨʝʤʷ) ʜʣʷ ʦʙʨʘʟʮʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ. ɼʣʷ ʦʙʨʘʟʮʘ ʉʇ1-15-100 ʚ ʧʝʨʚʦʡ ʦʙʣʘʩʪʠ ʧʦʪʝʥʮʠʘʣ ʩʠʩʪʝʤʳ ʙʳʩʪʨʦ 

ʚʦʟʨʘʩʪʘʝʪ (ʦʪ 0 ʜʦ 7,5 ʩ), ʯʪʦ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ. ɿʘ ʵʪʠʤ ʩʣʝʜʫʝʪ ʚʪʦʨʘʷ ʦʙʣʘʩʪʴ, ʛʜʝ ʧʦʪʝʥʮʠʘʣ ʧʘʜʘʝʪ (ʦʪ 7,5 ʜʦ 10 ʩ), 

ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʯʠʥʘʝʪʩʷ ʨʘʩʪʚʦʨʝʥʠʝ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ. 

ʅʘʢʦʥʝʮ, ʚ ʪʨʝʪʴʝʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʩʪʝʧʝʥʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʠʟ-ʟʘ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʠʦʥʥʦʡ ʜʠʬʬʫʟʠʠ ʯʝʨʝʟ ʦʢʩʠʜʥʳʡ ʩʣʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʩ 10 ʜʦ 24 ʩ). ɺ 

ʯʝʪʚʝʨʪʦʡ ʠ ʧʷʪʦʡ ʦʙʣʘʩʪʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʘʯʘʣʘ ʨʝʟʢʠʡ ʨʦʩʪ ʧʦʪʝʥʮʠʘʣʘ (ʦʪ 24 ʜʦ 25 ʩ), 

ʟʘʪʝʤ ʨʘʩʪʚʦʨʝʥʠʝ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ (25-26 ʩ) ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ (26-100 ʩ).  

ʇʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʘʥʦʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʩʚʷʟʘʥ ʩ ʦʢʠʩʣʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʅʘʥʦʩʪʨʫʢʪʫʨʳ ʬʦʨʤʠʨʫʶʪʩʷ ʠʟ ʤʝʪʘʣʣʘ ʩʧʣʘʚʘ, ʦʢʩʠʜ ʢʦʪʦʨʦʛʦ ʣʝʛʢʦ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 

ʘʥʦʜʠʨʦʚʘʥʠʠ, ʥʦ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʘʥʦʜʥʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ, ʠ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʧʣʘʚʘ ʵʪʦ ʦʢʩʠʜ CoO ʧʦ ʜʘʥʥʳʤ ʈʌʕʉ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʫʱʝʩʪʚʣʝʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ. 

ʅʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ Co75Si15Fe5Cr5 

ʘʥʦʜʠʨʦʚʘʥʠʝʤ ʚ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ 1-ʙʫʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʡ 

ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʠʣ)ʠʤʠʜ. ɻʝʢʩʘʛʦʥʘʣʴʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 12,5-17,5 ʤɸ/ʩʤ2 ʠ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ 80-300 ʩ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʷʯʝʡʢʠ ʚ 

ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʤʝʶʪ CoO ʠ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʦʩʪʘʚʫ ʦʪ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʦʢʩʠʜʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʦʢʩʠʜʳ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʩʧʣʘʚʘ (Fe, Cr, Si) ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ. ɺʳʷʩʥʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʪʘʢ ʚ çʯʠʩʪʦʡè ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ 

ʦʙʨʘʟʫʶʪʩʷ ʥʘʥʦʷʯʝʡʢʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʦʨʤʳ ʨʘʟʤʝʨʦʤ 80-160 ʥʤ, ʥʘʧʨʦʪʠʚ, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʙʘʚʦʢ ʚʦʜʳ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʥʝ ʦʙʨʘʟʫʶʪʩʷ, ʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʩʦʣʠ Li ʦʙʨʘʟʫʶʪʩʷ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʠʥʦʡ ʤʦʨʬʦʣʦʛʠʠ, ʚ ʚʠʜʝ ʥʘʥʦʢʘʥʘʣʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʩʠʜʥʳʭ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ Co75Si15Fe5Cr5. 

3.2. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ 

ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʦʥʠ ʜʦʩʪʘʪʦʯʥʦ 

ʫʩʪʦʡʯʠʚʳ ʢ ʢʦʨʨʦʟʠʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʃʝʛʠʨʦʚʘʥʠʝ ʭʨʦʤʦʤ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʦʙʘʣʴʪʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʢʦʨʨʦʟʠʠ. ɺʳʩʦʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʧʘʩʩʠʚʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʣʝʥʦʢ ʩʤʝʰʘʥʥʳʭ 
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ʦʢʩʠʜʦʚ (Cr2O3 x CoO) [194]. ʉʝʨʠʷ ʦʙʨʘʟʮʦʚ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ, ʧʦʣʫʯʝʥʥʘʷ ʠ ʦʧʠʩʘʥʥʘʷ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ 3.1, ʙʳʣʘ ʠʩʧʳʪʘʥʘ ʥʘ ʢʦʨʨʦʟʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

3.2.1. ʀʟʫʯʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʧʦ ʢʦʨʨʦʟʠʦʥʥʳʤ ʠʩʧʳʪʘʥʠʷʤ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʠʟʤʝʨʝʥʳ 

ʣʠʥʝʡʥʳʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʚ ʨʘʩʪʚʦʨʝ ʈʠʥʛʝʨʘ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʦʢʘ ʢʦʨʨʦʟʠʠ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ. ʕʪʦ ʭʦʨʦʰʦ 

ʟʘʤʝʪʥʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʬʦʪʦʛʨʘʬʠʡ ʉʕʄ (ʈʠʩʫʥʦʢ 3.10). 

 

 

 

ʈʠʩʫʥʦʢ 3.10. ʀʟʦʙʨʘʞʝʥʠʷ ʉʕʄ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʢʦʨʨʦʟʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ (ʣʠʥʝʡʥʳʭ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ) ʚ ʨʘʩʪʚʦʨʝ ʈʠʥʛʝʨʘ: ʘ) ʦʙʨʘʟʝʮ ʉʇ1-15-200; ʙ) ʦʙʨʘʟʝʮ 

ʉʇ1-15-100-ʃ; ʚ) ʦʙʨʘʟʝʮ ʉʇ1-17,5-80; ʛ) ʉʇ1-ʄʐ; ʜ) ʉʇ1-0. 
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ʅʘ ʨʠʩʫʥʢʝ 3.11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʥʝʡʥʳʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʜʣʷ ʦʙʨʘʟʮʦʚ. 

ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩʚʷʟʴ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʩʣʝ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʨʠʮʳ 

ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʪʦʣʴʢʦ ʩʣʝʜʳ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʥʝʯʝʪʢʦ ʚʳʨʘʞʝʥʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʉʇ1-

15-200, ʉʇ1-15-100-ʃ ʠ ʉʇ1-17,5-80 (ʈʠʩʫʥʦʢ 4.1ʘ ʠ ʈʠʩʫʥʦʢ 4.10ʘ; ʈʠʩʫʥʦʢ 3.6 ʠ ʈʠʩʫʥʦʢ 

3.10ʙ); ʈʠʩʫʥʦʢ 3.1ʛ ʠ ʈʠʩʫʥʦʢ 3.10ʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  

 

ʈʠʩʫʥʦʢ 3.11. ʃʠʥʝʡʥʳʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʜʣʷ ʦʙʨʘʟʮʦʚ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ 

(ʨʘʩʪʚʦʨ ʈʠʥʛʝʨʘ, ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ 1 ʤɺ/ʩ). ɼʣʷ ʦʙʨʘʟʮʘ ʉʇ1-0 ʦʙʦʟʥʘʯʝʥʳ 

ʦʙʣʘʩʪʠ ʥʘʯʘʣʘ ʨʘʩʪʚʦʨʝʥʠʷ ʧʣʝʥʢʠ, ʥʘʯʘʣʘ ʧʘʩʩʠʚʘʮʠʠ, ʧʘʩʩʠʚʥʦʩʪʠ ʠ ʪʨʘʥʩʧʘʩʩʠʚʥʦʩʪʠ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʢʦʨʨʦʟʠʠ (ʈʠʩʫʥʦʢ 3.11, ʦʙʣʘʩʪʴ I) ʧʦʩʣʝ ʵʪʘʧʘ 

ʧʘʩʩʠʚʘʮʠʠ (ʈʠʩʫʥʦʢ 3.11, ʦʙʣʘʩʪʠ II-III) ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʘʥʦʜʥʦʛʦ ʪʦʢʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʚʝʨʭʥʦʩʪʴ ʘʢʪʠʚʥʦ ʦʢʠʩʣʷʝʪʩʷ (ʈʠʩʫʥʦʢ 3.11, 

ʦʙʣʘʩʪʴ IV), ʠ ʦʙʨʘʟʫʝʪʩʷ ʦʢʩʠʜ, ʢʦʪʦʨʳʡ ʟʘʢʨʳʚʘʝʪ ʥʘʥʦʷʯʝʡʢʠ ʦʙʨʘʟʮʘ. ʀʩʩʣʝʜʫʝʤʳʡ 

ʩʧʣʘʚ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʚ ʧʨʦʮʝʩʩʝ ʘʥʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʤʦʛʫʪ 

ʦʢʠʩʣʷʪʴʩʷ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʜʘʣʷʪʴʩʷ ʠʟ ʩʧʣʘʚʘ, ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʩʪʘʚʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠ ʘʥʦʜʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʢʦʨʨʦʟʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʨʘʩʪʚʦʨʝ ʈʠʥʛʝʨʘ ʙʳʣ 
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ʧʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʤʠʢʨʦʘʥʘʣʠʟ ʠ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3.4. 

ʊʘʙʣʠʮʘ 3.4. ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ (ʘʪ. %) ʜʦ ʠ ʧʦʩʣʝ ʢʦʨʨʦʟʠʦʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʚ ʨʘʩʪʚʦʨʝ ʈʠʥʛʝʨʘ. 

ʆʙʨʘʟʝʮ 

ʉʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʢʦʨʨʦʟʠʠ 

Co Si Fe Cr O 

ʉʇ1-ʄʐ 72,5Ñ2,4 14,0Ñ0,9 4,7Ñ0,4 3,9Ñ0,2 4,4Ñ3,4 

ʉʇ1-0 75,1Ñ0,5 14,3Ñ0,4 4,6Ñ0,4 4,2Ñ0,1 1,7Ñ0,7 

ʉʇ1-15-200 75,4Ñ1,2 14,5Ñ0,5 4,7Ñ0,2 4,3Ñ0,2 1,0Ñ0,9 

ʉʇ1-17,5-80 75,2Ñ0,5 14,5Ñ0,4 5,0Ñ0,3 4,2Ñ0,3 0,8Ñ0,1 

ʉʇ1-15-1800 75,5Ñ1,0 14,6Ñ0,4 4,8Ñ0,3 4,3Ñ0,3 0,7Ñ0,5 

ʉʇ1-15-100-ʃ 75,7Ñ1,0 14,2Ñ0,5 4,7Ñ0,3 4,1Ñ0,3 1,3Ñ1,1 

ʉʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʢʦʨʨʦʟʠʠ 

 Co Si Fe Cr O 

ʉʇ1-ʄʐ 70,6Ñ0,9 14,6Ñ0,6 4,8Ñ0,3 3,8Ñ0,2 5,8Ñ1,1 

ʉʇ1-0 75,3Ñ1,1 14,4Ñ0,6 4,8Ñ0,2 4,2Ñ0,3 1,1Ñ0,7 

ʉʇ1-15-200 71,7Ñ0,9 14,3Ñ0,5 4,7Ñ0,1 3,9Ñ0,2 5,3Ñ1,0 

ʉʇ1-17,5-80 71,4Ñ1,5 14,1Ñ0,3 4,9Ñ0,5 4,0Ñ0,3 5,4Ñ1,5 

ʉʇ1-15-1800 72,4Ñ1,1 14,5Ñ0,6 4,6Ñ0,2 4,1Ñ0,2 4,2Ñ1,1 

ʉʇ1-15-100-ʃ 72,0Ñ0,8 13,8Ñ0,4 4,7Ñ0,4 4,2Ñ0,2 5,1Ñ0,9 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 3.4, ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ ʫʤʝʥʴʰʘʝʪʩʷ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ, ʢʨʦʤʝ ʉʇ1-0, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʛʦ 

ʧʦʢʨʳʪʘ çʝʩʪʝʩʪʚʝʥʥʳʤè ʦʢʩʠʜʦʤ, ʦʙʣʘʜʘʶʱʠʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʘʠʙʦʣʴʰʝʡ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʴʶ, ʠ ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʘʷ ʦʙʣʘʩʪʴ ʧʘʩʩʠʚʘʮʠʠ ʙʝʟ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʪʦʢʘ (ʈʠʩʫʥʦʢ 3.11). ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʫʜʘʣʷʝʪ 

ʧʨʠʨʦʜʥʳʡ ʦʢʩʠʜ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʯʠʱʝʥʥʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʣʝʛʢʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ (4,4 %) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʦʙʨʘʟʮʦʤ (1,7 %) ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʛʦ ʦʢʩʠʜʥʦʛʦ ʧʦʢʨʳʪʠʷ 

[195]. ʉʦʛʣʘʩʥʦ [196], ʢʦʤʧʦʥʝʥʪʳ ʩʧʣʘʚʘ CoCrFeNi ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʧʨʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʠʩʣʷʶʪʩʷ ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʧʦʨʷʜʢʝ Cr ֙ Fe > Co. 

ɿʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʢʦʨʨʦʟʠʠ, ʘ ʪʘʢʞʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.5. 
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ʀʟ ʜʘʥʥʳʭ ʨʠʩʫʥʢʘ 3.11 ʠ ʪʘʙʣʠʮʳ 3.5 ʚʠʜʥʦ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣ ʢʦʨʨʦʟʠʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪ ī106 ʤɺ ʜʣʷ ʉʇ1-15-100-ʃ ʜʦ ī348 ʤɺ ʜʣʷ ʉʇ1-ʄʐ. ʄʝʭʘʥʠʯʝʩʢʦʝ 

ʫʜʘʣʝʥʠʝ çʝʩʪʝʩʪʚʝʥʥʦʛʦè ʦʢʩʠʜʘ ʧʨʠʚʦʜʠʪ ʢ ʩʘʤʦʤʫ ʩʠʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ ʩʧʣʘʚʘ, ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʢʦʨʨʦʟʠʠ ʩʦʩʪʘʚʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 1,1Ĭ10-4 ɸ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʥʘʯʝʥʠʝ jʢʦʨʨ ʜʣʷ ʩʧʣʘʚʘ, ʟʘʱʠʱʝʥʥʦʛʦ ʧʨʠʨʦʜʥʳʤ ʦʢʩʠʜʦʤ, ʤʠʥʠʤʘʣʴʥʦ ʠ 

ʨʘʚʥʦ 3,0Ĭ10-7 ɸ.  

ʊʘʙʣʠʮʘ 3.5. ɿʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʪʦʢʦʚ ʢʦʨʨʦʟʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʦʛʦ 

ʩʧʣʘʚʘ, ʛʜʝ Eʢʦʨ ʵʢʩʧ ʠ Eʢʦʨ ʨʘʩʯ ï ʧʦʪʝʥʮʠʘʣʳ ʢʦʨʨʦʟʠʠ, Rp ï ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

Iʢʦʨ ï ʪʦʢ ʢʦʨʨʦʟʠʠ, jʢʦʨ ï ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʢʦʨʨʦʟʠʠ. 

ʆʙʨʘʟʝʮ 
Eʢʦʨ ʵʢʩʧ (ʤɺ) 

ʦʪʥ. Ag/AgCl 

Eʢʦʨ ʨʘʩʯ (ʤɺ) 

ʦʪʥ. Ag/AgCl 
RpĬ105 (ʆʤ) Iʢʦʨ (ɸ) jʢʦʨ (ɸ/ʩʤ2) 

ʉʇ1-ʄʐ ī348 ī372 0,04 4,4Ĭ10-5 1,1Ĭ10-4 

ʉʇ1-0 ī319 ī322 1,76 1,2Ĭ10-7 3,0Ĭ10-7 

ʉʇ1-15-200 ī182 ī177 0,05 2,6Ĭ10-6 6,4Ĭ10-6 

ʉʇ1-17,5-80 ī189 ī188 0,04 3,5Ĭ10-6 8,8Ĭ10-6 

ʉʇ1-15-1800 ī161 ī153 0,03 4,8Ĭ10-6 1,2Ĭ10-5 

Cʇ1-15-100-Li  ī106 ī98 0,03 2,2Ĭ10-6 5,6Ĭ10-6 

ʇʦʣʷʨʠʟʘʮʠʦʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʟʮʘ ʉʇ1-0 ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ (ʙʦʣʝʝ 105 

ʆʤĬʩʤ2), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʨʘʩʪʚʦʨʝ ʈʠʥʛʝʨʘ. ʆʙʦʛʘʱʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʭʨʦʤʦʤ ʧʨʠ ʘʥʦʜʠʨʦʚʘʥʠʠ ʦʙʨʘʟʮʦʚ ʚ ʀɾ (ʊʘʙʣʠʮʳ 3.2, 3.4 ʠ ʇʨʠʣʦʞʝʥʠʝ 1) 

ʠʣʠ ʧʦʩʣʝ ʢʦʨʨʦʟʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ (ʊʘʙʣʠʮʘ 3.4). ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ 

ʦʙʨʘʟʮʦʚ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ CoO ʠ ʩʚʦʡʩʪʚʘʤʠ 

ʵʪʦʛʦ ʦʢʩʠʜʘ, ʘ ʥʝ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʭʨʦʤʘ ʚ ʚʠʜʝ ʦʢʩʠʜʘ/ʛʠʜʨʦʢʩʠʜʘ ʭʨʦʤʘ (III ). ʍʨʦʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʥʳʭ ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʢʘʢ ʫʣʫʯʰʘʪʴ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʪʘʢ ʠ ʧʦʯʪʠ 

ʥʝ ʚʣʠʷʪʴ ʥʘ ʥʝʝ. ʉʦʛʣʘʩʥʦ [197], ʭʨʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ 

ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʚ ʨʘʩʪʚʦʨʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʩʪʘʚʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦʩʣʝ ʢʦʨʨʦʟʠʠ ʩʧʣʘʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʭʨʦʤ ʦʧʨʝʜʝʣʠʣʠ, ʯʪʦ ʠʟ ʚʩʝʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʟʘʱʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʝʪ ʪʦʣʴʢʦ ʦʢʩʠʜ ʭʨʦʤʘ (III ) [198]. ɺ ʩʧʣʘʚʘʭ, 

ʩʦʜʝʨʞʘʱʠʭ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ, ʥʘʧʨʠʤʝʨ, Co (68-70 ʘʪ. %), 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ Cr ʠ Mo, ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʘʩʩʠʚʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ [199]. ʉʧʣʘʚʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ Co ʠ Cr, ʚ ʨʘʩʪʚʦʨʝ ʈʠʥʛʝʨʘ ʧʨʦʷʚʣʷʣʠ 

ʪʝʥʜʝʥʮʠʶ ʢ ʧʘʩʩʠʚʘʮʠʠ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʤʝʰʘʥʥʳʭ ʟʘʱʠʪʥʳʭ 

ʩʣʦʝʚ Cr2O3 ʠ CoO ʩ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ [200]. ʉʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʧʦʩʣʝ ʢʦʨʨʦʟʠʦʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 3.4 ʥʝ ʤʝʥʷʝʪʩʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʣʝʢʪʨʦʣʠʪ ʧʦʩʣʝ 

ʨʝʘʢʮʠʠ ʥʝ ʩʦʜʝʨʞʠʪ ʠʦʥʳ ʭʨʦʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʢʘʢ ʭʨʦʤ ʷʚʣʷʝʪʩʷ ʪʦʢʩʠʯʥʳʤ ʤʝʪʘʣʣʦʤ, ʘ ʢʘʪʘʣʠʟʘʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ 
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ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʵʢʦʣʦʛʠʯʥʦʡ ʪʝʩʪʦʚʦʡ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʜʦ 

ʘʤʤʠʘʢʘ. 

3.2.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ 

ʄʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʥʘ ʛʨʘʥʠʮʝ ʬʘʟ ʵʣʝʢʪʨʦʜ-ʵʣʝʢʪʨʦʣʠʪ. ʀʟʤʝʥʝʥʠʷ ʚ ʧʦʚʝʜʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʠʤʝʥʥʦ 

ʩʨʘʚʥʠʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʠ ʝʤʢʦʩʪʴ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ. ʅʘ ʨʠʩʫʥʢʝ 

3.12 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʠʤʧʝʜʘʥʩʘ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʠʟʤʝʨʝʥʥʳʝ ʚ ʨʘʩʪʚʦʨʝ 

ʈʠʥʛʝʨʘ. ʇʦʚʝʨʭʥʦʩʪʴ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʧʠʩʘʥʘ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʩʭʝʤʦʡ (ʈʠʩʫʥʦʢ 3.12ʚ), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʠ 

ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʨʘʟʣʠʯʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ, 

ʘ ʪʘʢʞʝ ʝʤʢʦʩʪʴ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ (ʊʘʙʣʠʮʘ 3.6). ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ 

ʩʧʣʘʚʘ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʚ ʬʦʨʤʝ ʥʘʥʦʷʯʝʝʢ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʉʇ1-15-200), ʠʩʭʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʢʩʠʜʦʤ (ʉʇ1-0), ʤʝʭʘʥʠʯʝʩʢʠ ʦʯʠʱʝʥʥʦʡ ʦʪ ʦʢʩʠʜʘ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʉʇ1-ʄʐ ʠ ʤʝʭʘʥʠʯʝʩʢʠ ʦʯʠʱʝʥʥʳʡ ʤʘʩʩʠʚʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʙʘʣʴʪ 

(Co). 

 

ʈʠʩʫʥʦʢ 3.12. ʉʧʝʢʪʨʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ ʜʣʷ ʦʙʨʘʟʮʦʚ: ʘ) ʉʇ1-ʄʐ; ʉʇ1-0; 

ʉʇ1-15-200; ʤʝʪʘʣʣʠʯʝʩʢʠʡ Co, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʩʪʚʦʨʝ ʈʠʥʛʝʨʘ; ʙ) ʫʚʝʣʠʯʝʥʥʳʡ ʫʯʘʩʪʦʢ 

ʨʠʩʫʥʢʘ (ʘ); ʚ) ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ. 
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ʊʘʙʣʠʮʘ 3.6. ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʳ: Rsï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʣʝʢʪʨʦʣʠʪʘ; 

Rp ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ; ʉʈɽ ï ʝʤʢʦʩʪʴ ʜʚʦʡʥʦʛʦ ʩʣʦʷ; N ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ 

ʨʘʩʯʝʪʘ ʉʈɽ. 

ʆʙʨʘʟʝʮ ʕʣʝʢʪʨʦʣʠʪ Rs 

(ʆʤĬʩʤ2) 

Rp 

(ʢʆʤĬʩʤ2) 

CPE (ʆʤ-1Ĭʩʤ-2ĬʩN) N 

ʉʇ1-0 

ʈʘʩʪʚʦʨ 

ʈʠʥʛʝʨʘ 

68,2Ñ5,0 166,3Ñ19,9 (3,94Ñ0,05)Ĭ10-6 0,90Ñ0,002 

ʉʇ1-ʄʐ 49,7Ñ1,5 33,1Ñ0,6 (1,25Ñ0,02)Ĭ10-5 0,88Ñ0,003 

ʉʇ1-15-200 41,0Ñ2,1 48,5Ñ2,2 (1,05Ñ0,03)Ĭ10-5 0,84Ñ0,006 

Co 44,6Ñ3,1 6,7Ñ0,3 (1,74Ñ0,09)Ĭ10-5 0,80Ñ0,010 

ʇʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʚʩʝʭ ʵʣʝʢʪʨʦʜʘʭ, ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʦʜʥʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʩʭʝʤʦʡ ʥʘ ʨʠʩʫʥʢʝ 3.12ʚ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʪʚʦʨʘ ʈʠʥʛʝʨʘ ʚʳʩʦʢʦʝ ʠʟ-ʟʘ ʤʘʣʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ. CPE ʠ Rp ʚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʣʦʡ, ʢʦʪʦʨʳʡ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʢʦʨʨʦʟʠʠ. ɹʦʣʴʰʠʝ ʚʝʣʠʯʠʥʳ Rp ʠ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ CPɽ ʧʨʝʜʧʦʣʘʛʘʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ. ʇʣʦʪʥʘʷ ʟʘʱʠʪʥʘʷ ʧʣʝʥʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʘʢʪʠʚʥʳʭ ʠʦʥʦʚ ʩʨʝʜʳ ʠ ʨʘʩʪʚʦʨʝʥʠʶ ʧʦʢʨʳʪʠʷ. ʋʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʡ 

Cʈɽ ʩʚʷʟʳʚʘʶʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ/ʠʣʠ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʦʣʱʠʥʳ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʟʤʝʥʝʥʠʝ CPE ʠ Rp ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʚʝʣʠʯʠʥʳ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʨʦʟʠʠ, ʘ ʧʣʝʥʢʘ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʧʨʠ ʢʦʨʨʦʟʠʠ, ʷʚʣʷʝʪʩʷ çʟʘʱʠʪʦʡè 

ʦʪ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʨʫʰʝʥʠʷ.  

ʉʫʱʝʩʪʚʫʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʠ ʟʘʱʠʪʥʦʡ 

ʬʫʥʢʮʠʝʡ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʩʣʦʷ [201]. ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 3.6 ʚʠʜʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ. ɺ ʨʘʩʪʚʦʨʝ ʈʠʥʛʝʨʘ ʦʙʨʘʟʝʮ 

ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʥʘʥʦʷʯʝʡʢʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ (48,5 ʢʆʤ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ çʝʩʪʝʩʪʚʝʥʥʳʤè ʦʢʩʠʜʦʤ 

(166,3 ʢʆʤ), ʘ CPE ʧʦʯʪʠ ʚ ʪʨʠ ʨʘʟʘ ʚʳʰʝ (1,05Ĭ10-5 ʜʣʷ ʉʇ1-15-200 ʠ 3,94Ĭ10-6 ʆʤ-1 ʩʤ-2 

ʩN ʜʣʷ ʉʇ1-0). ɺ ʨʘʩʪʚʦʨʝ ʈʠʥʛʝʨʘ ʜʣʷ ʦʙʨʘʟʮʘ ʉʇ1-15-200 ʟʥʘʯʝʥʠʝ Rp ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩʦ ʰʣʠʬʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʦʙʨʘʟʮʦʤ Co, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʙʦʣʴʰʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʦʨʨʦʟʠʠ. ɼʣʷ ʦʙʨʘʟʮʘ ʉʇ1-15-200 ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʨʦʟʠʠ ʚ ʘʥʦʜʥʫʶ ʩʪʦʨʦʥʫ (ʈʠʩʫʥʦʢ 3.11, ʊʘʙʣʠʮʘ 3.5). ʕʪʦʪ ʦʙʨʘʟʝʮ 

ʩʦʭʨʘʥʷʝʪ ʚʳʩʦʢʫʶ ʩʪʦʡʢʦʩʪʴ ʢ ʢʦʨʨʦʟʠʠ ʟʘ ʩʯʝʪ ʦʢʩʠʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ CoO ʠ Cr2O3. 

ʅʘʠʣʫʯʰʘʷ ʩʪʦʡʢʦʩʪʴ ʢ ʢʦʨʨʦʟʠʠ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʭʣʦʨʠʜ-ʠʦʥʘʤʠ, ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʜʣʷ 

ʢʦʙʘʣʴʪʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʘʩʩʠʚʠʨʦʚʘʥʥʦʛʦ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ 0,15 ɺ [202]. 

ʆʙʨʘʟʦʚʘʚʰʘʷʩʷ ʧʘʩʩʠʚʥʘʷ ʧʣʝʥʢʘ ʩʦʩʪʦʷʣʘ ʠʟ ʪʦʣʩʪʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʩʣʦʷ ʠʟ CoO ʠ ʪʦʥʢʦʛʦ 

ʚʥʝʰʥʝʛʦ ʩʣʦʷ Co3O4. ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʠʨʦʚʘʥʠʝʤ ʚ ʀɾ ʤʦʞʝʪ 

ʦʢʘʟʳʚʘʪʴ ʘʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʘʩʩʠʚʠʨʦʚʘʥʠʷ. 
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ʈʘʜʠʫʩ ʜʫʛʠ ʥʘ ʩʧʝʢʪʨʘʭ ʩʚʷʟʘʥ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ, ʛʜʝ ʤʝʥʴʰʠʡ 

ʨʘʜʠʫʩ ʦʪʚʝʯʘʝʪ ʟʘ ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʤʝʞʬʘʟʥʳʡ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʦʚ. ʅʘʠʙʦʣʴʰʠʡ ʨʘʜʠʫʩ 

ʜʫʛʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʦʙʨʘʟʮʘ ʉʇ1-0, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʝʨʝʥʦʩʘ 

ʟʘʨʷʜʘ. ʆʙʨʘʟʮʳ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʤʝʶʪ ʤʝʥʴʰʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʠʨʦʜʥʳʤ ʦʢʩʠʜʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʨʘʟʮʳ ʩ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ, ʪʦ 

ʝʩʪʴ ʤʦʛʫʪ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʚ ʪʝʩʪʦʚʦʡ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʥʠʪʨʘʪ-ʠʦʥʦʚ ʜʦ ʘʤʤʠʘʢʘ (ʨʘʟʜʝʣ 3.4). ʆʙʨʘʟʝʮ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ Co ʧʨʠ ʵʪʦʤ ʧʦʢʘʟʳʚʘʝʪ 

ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ Rp, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ Co-ʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳ ʚ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ ʘʤʤʠʘʢʘ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʥʠʪʨʘʪ-ʠʦʥʦʚ. 

ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ʠ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʢʩʠʜʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʷ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʠ ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɺʳʷʩʥʝʥʦ, ʯʪʦ ʥʝ ʩʤʦʪʨʷ ʥʘ 

ʙʦʣʴʰʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ (jʢʦʨ(ʉʇ1-0)=3,0Ĭ10-7 ɸ/ʩʤ2) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʦʙʨʘʟʮʦʤ (jʢʦʨ(ʉʇ1-15-200)= 6,4Ĭ10-6 ɸ/ʩʤ2), ʩʦʛʣʘʩʥʦ 

ʘʥʘʣʠʟʫ ʛʨʘʬʠʢʦʚ ʩʧʝʢʪʨʦʚ ʠʤʧʝʜʘʥʩʘ, ʧʦʩʣʝʜʥʠʝ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘʤʠ (ʤʝʥʴʰʝ ʨʘʜʠʫʩ ʜʫʛʠ ʠ ʥʠʞʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ). 

ʊʘʢʞʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ, ʩʦʜʝʨʞʘʱʠʡ ʥʘʥʦʷʯʝʡʢʠ, ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʫʶ ʟʘʱʠʪʫ 

ʦʪ ʢʦʨʨʦʟʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʦʤ, ʫ ʢʦʪʦʨʦʛʦ ʦʢʩʠʜʥʘʷ ʧʣʝʥʢʘ ʙʳʣʘ ʫʜʘʣʝʥʘ 

ʰʣʠʬʦʚʘʥʠʝʤ (jʢʦʨ(ʉʇ1-ʄʐ) = 1,1Ĭ10-4 ɸ/ʩʤ2). 

3.3. ɺʣʠʷʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ɸʤʦʨʬʥʳʡ ʩʧʣʘʚ Co75Si15Fe5Cr5 ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʢʦʪʦʨʳʝ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʝʛʦ ʘʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ (Co, Fe), ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʶ ʧʘʨʘʤʘʛʥʝʪʠʢʘ (Cr). ʇʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ 

ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʪʠʧʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʦʢʩʠʜ, ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ) ʥʘ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʧʦʩʣʝ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʠʟʤʝʥʷʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ [203, 

204]. ʆʩʦʙʝʥʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʘʤʦʨʬʥʦʛʦ ʤʘʛʥʠʪʦʤʷʛʢʦʛʦ ʩʧʣʘʚʘ ʧʦʟʚʦʣʷʝʪ ʠʤ ʠʤʝʪʴ 

ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ (ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʨʮʠʪʠʚʥʦʡ 

ʩʠʣʳ, ʚʳʩʦʢʘʷ ʠʥʜʫʢʮʠʷ ʥʘʩʳʱʝʥʠʷ ʠ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ) [171]. ʇʨʠ ʵʪʦʤ 

ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ 
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ʧʦʚʝʨʭʥʦʩʪʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ʤʦʛʣʘ 

ʙʳ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʟʥʘʯʝʥʠʶ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ. 

3.3.1. ɺʣʠʷʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɺʣʠʷʥʠʝ ʪʠʧʘ ʥʘʥʦʯʘʩʪʠʮ (ʩʬʝʨʠʯʝʩʢʠʝ/ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ) ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʦʙʘʣʴʪʘ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ [205]. 

ʅʘʤʠ ʙʳʣʠ ʠʟʤʝʨʝʥʳ: ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ, ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʠ ʦʩʪʘʪʦʯʥʘʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʘ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ ʥʘ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʦʙʨʘʟʝʮ ʉʇ1-17,5-80 ʩ ʷʯʝʡʢʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ j = 

17,5 ʤɸ/ʩʤ2 ʠ t = 80 c (ʊʘʙʣʠʮʘ 3.7). 

ʊʘʙʣʠʮʘ 3.7. ʂʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʦʙʨʘʟʮʦʚ ʧʨʠ T=298 K ʠ T=100 K. 

ʆʙʨʘʟʝʮ 

ʂʦʵʨʮʠʪʠʚʥʘʷ 

ʩʠʣʘ ʧʨʠ 298 K 

(Oe) 

ʂʦʵʨʮʠʪʠʚʥʘʷ 

ʩʠʣʘ  

ʧʨʠ 100 K (Oe) 

ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʥʘʩʳʱʝʥʠʷ ʧʨʠ 

298 ʂ (ʵʤʝ/ʛ) 

ʆʩʪʘʪʦʯʥʘʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʧʨʠ 298 ʂ (ʵʤʝ/ʛ) 

ʉʇ1-ʄʐ 0,35 0,16 61 0,9 

ʉʇ1-0 0,38 0,08 60 0,4 

ʉʇ1-17,5-80 0,45 0,01 59 1,3 

ʂʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʧʨʠ T = 298 K ʠʟʤʝʥʷʝʪʩʷ ʚ ʥʝʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʦʪ 

0,35 E (Oe) ʜʣʷ ʦʙʨʘʟʮʘ ʉʇ-ʄ ʜʦ 0,45 E (Oe) ʜʣʷ ʦʙʨʘʟʮʘ ʉʇ1-17,5-80 ʩ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ, 

ʯʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʚ ʪʘʙʣʠʮʝ 3.7. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʚʳʰʝ ʜʣʷ ʦʙʨʘʟʮʦʚ ʧʨʠ 100 

ʂ, ʘ ʟʘʪʝʤ ʩʥʠʞʘʝʪʩʷ ʧʨʠ 298 ʂ (ʈʠʩʫʥʦʢ 3.13). 

 
ʈʠʩʫʥʦʢ 3.13. ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ (ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ) ʜʣʷ ʦʙʨʘʟʮʦʚ ʉʇ1-0; ʉʇ1-ʄ; 

ʉʇ1-17,5-80 ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 100 ʂ ʠ 298 ʂ. 
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ɺʝʣʠʯʠʥʘ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʥʠʞʝ ʜʣʷ ʦʙʨʘʟʮʦʚ (ʊʘʙʣʠʮʘ 3.7), ʥʘʤʘʛʥʠʯʝʥʥʳʭ ʧʨʠ 

100 ʂ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ ʩʠʣʴʥʦʤʫ ʠ ʣʝʛʢʦʤʫ ʥʘʤʘʛʥʠʯʠʚʘʥʠʶ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʊʘʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʘʤʦʨʬʥʳʭ ʩʧʣʘʚʦʚ [206]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʥʦʜʠʨʦʚʘʥʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʘʷ ʰʣʠʬʦʚʢʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʘʟʳʚʘʪʁ ʚʣʠʷʥʠʝ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʚ ʮʝʣʦʤ, ʠ ʧʨʠ ʵʪʦʤ, 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʠ ʦʩʪʘʪʦʯʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. 

3.3.2. ʄʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʧʦʩʣʝ ʢʦʨʨʦʟʠʦʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ 

ɸʤʦʨʬʥʳʝ ʩʧʣʘʚʳ ʙʣʘʛʦʜʘʨʷ ʦʩʦʙʦʤʫ ʤʝʪʦʜʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʤʝʶʪ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ 

ʤʘʣʦ ʜʝʬʝʢʪʦʚ ʠ ʩʧʦʩʦʙʥʳ ʥʘʤʘʛʥʠʯʠʚʘʪʴʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʠʟʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ. ʂ 

ʪʦʤʫ ʞʝ ʵʪʠ ʩʧʣʘʚʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʢʦʨʨʦʟʠʠ. ʇʨʠ ʵʪʦʤ ʧʦʩʣʝ 

ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚ ʠ ʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʟʤʝʥʠʪʴʩʷ ʠ ʚʤʝʩʪʝ ʩ ʥʠʤʠ ʠʟʤʝʥʷʪʩʷ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ. ʇʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ 

ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʧʨʦʠʟʦʡʜʫʪ ʧʦʩʣʝ ʢʦʨʨʦʟʠʦʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ. 

ʊʘʙʣʠʮʘ 3.8. ʂʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʢʦʨʨʦʟʠʠ, ʠʟʤʝʨʝʥʥʘʷ ʧʨʠ T=298 K ʠ 

T=100 K. 

ʆʙʨʘʟʝʮ 

ʂʦʵʨʮʠʪʠʚʥʘʷ 

ʩʠʣʘ ʧʨʠ 298 K 

(ʕ) 

ʂʦʵʨʮʠʪʠʚʥʘʷ 

ʩʠʣʘ  

ʧʨʠ 100 K (ʕ) 

ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʥʘʩʳʱʝʥʠʷ ʧʨʠ 

298 ʂ (ʵʤʝ/ʛ) 

ʆʩʪʘʪʦʯʥʘʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʧʨʠ 298 ʂ (ʵʤʝ/ʛ) 

ʉʇ1-ʄʐ 5,00 4,70 51 11,5 

ʉʇ1-0 4,95 4,50 48 9,0 

ʉʇ1-17,5-80 5,10 4,80 47 8,0 

ʇʦʩʣʝ ʢʦʨʨʦʟʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚʝʣʠʯʠʥʘ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʦʟʨʘʩʪʘʝʪ (ʊʘʙʣʠʮʘ 3.8 ʠ ʈʠʩʫʥʦʢ 3.14), ʠ ʵʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʜʝʬʝʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ [207, 208]. 
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ʈʠʩʫʥʦʢ 3.14. ʋʯʘʩʪʦʢ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ (ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ) ʜʣʷ ʦʙʨʘʟʮʦʚ ʉʇ1-0; 

ʉʇ1-ʄʐ; ʉʇ1-17,5-80 ʜʦ ʠ ʧʦʩʣʝ ʢʦʨʨʦʟʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ: ʘ) 100 ʂ ʠ ʙ) 298 ʂ. 

ʆʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʚʳʰʝ ʜʣʷ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʢʦʨʨʦʟʠʠ (ʈʠʩʫʥʦʢ 3.15). ɽʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ (ʈʠʩʫʥʦʢ 3.14, ʇʨʠʣʦʞʝʥʠʝ 3). 

 

ʈʠʩʫʥʦʢ 3.15. ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ (ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ) ʜʣʷ ʦʙʨʘʟʮʦʚ ʉʇ1-0; ʉʇ1-ʄʐ; 

ʉʇ1-17,5-80 ʧʦʩʣʝ ʢʦʨʨʦʟʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 298 ʂ. 

ʇʨʦʚʝʜʝʥʠʝ ʢʦʨʨʦʟʠʠ ʫʩʠʣʠʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʠ ʦʩʪʘʪʦʯʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʜʝʬʝʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

3.3.3. ɺʣʠʷʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʦʨʨʦʟʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʜʦʤʝʥʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ 

ʅʘ ʨʠʩʫʥʢʝ 3.16 ʧʦʢʘʟʘʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʙʨʘʟʮʘʭ ʜʦ ʠ ʧʦʩʣʝ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʈʠʩʫʥʦʢ 3.16ʘ, ʙ) 

ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ (ʈʠʩʫʥʦʢ 3.16ʚ). ʍʦʨʦʰʦ ʚʠʜʥʦ, 

ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʤʦʨʬʦʣʦʛʠʷ ʜʦʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʙʨʘʙʦʪʢʠ. ʅʘʥʦʷʯʝʡʢʠ 

ʦʢʘʟʳʚʘʶʪ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʦʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

ʘ) 
ʙ) 
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ʈʠʩʫʥʦʢ 3.16. ɼʦʤʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ: ʘ) ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ; ʙ) 

çʝʩʪʝʩʪʚʝʥʥʳʡè ʦʢʩʠʜ; ʚ) çʥʘʥʦʷʯʝʡʢʠè ʧʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʚʜʦʣʴ ʦʜʥʦʡ ʦʩʠ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʠ T = 298 ʂ. 

ʅʘ ʨʠʩʫʥʢʝ 3.17 ʧʨʠʚʝʜʝʥʘ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ 

ʢʦʨʨʦʟʠʠ. ʍʦʨʦʰʦ ʟʘʤʝʪʥʦ, ʢʘʢ ʠʩʯʝʟʣʘ ʩʪʨʫʢʪʫʨʘ ʜʣʷ ʠʩʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ ʠ 

ʰʣʠʬʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʜʣʷ çʷʯʝʝʢè ʝʱʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʝʜʳ ʩʪʨʫʢʪʫʨʳ. ʕʪʠ 

ʜʘʥʥʳʝ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʜʘʥʥʳʤʠ ʢʦʨʨʦʟʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʛʜʝ ʥʘʠʣʫʯʰʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʷʯʝʡʢʘʤʠ ʦʙʨʘʟʮʳ ʉʇ1-12,5-200, ʉʇ1-17,5-80 ʠ 

ʉʇ1-15-100-ʃ. 

 

ʈʠʩʫʥʦʢ 3.17. ɼʦʤʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʢʦʨʨʦʟʠʠ: ʘ) ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ; ʙ) çʝʩʪʝʩʪʚʝʥʥʳʡè ʦʢʩʠʜ; ʚ) çʷʯʝʡʢʠè ʧʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʚʜʦʣʴ ʦʜʥʦʡ ʦʩʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ T = 298 ʂ. 

ʉʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʙʦʣʝʝ ʩʠʣʴʥʦʤ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʦʣʱʠʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 1 

ʤʢʤ. ɹʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʣʦʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʩʭʦʜʷʪ ʧʦʩʣʝ 

ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʨʘʩʪʚʦʨʝ ʈʠʥʛʝʨʘ. ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʥʦʞʝʩʪʚʘ ʜʝʬʝʢʪʦʚ. ʀʤʝʥʥʦ ʵʪʦʪ ʬʘʢʪʦʨ ʧʦʚʣʠʷʣ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ. 

ʆʪʩʫʪʩʪʚʠʝ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʘʪʦʤʦʚ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʡ ʩʧʣʘʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʣʘʙʫʶ ʤʘʛʥʠʪʥʫʶ ʘʥʠʟʦʪʨʦʧʠʶ ï ʵʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʙʨʘʟʝʮ ʦʙʣʘʜʘʝʪ ʥʝʠʟʤʝʥʷʶʱʝʡʩʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ ʚʦ ʚʩʝʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʦʙʨʘʟʮʦʚ, ʪʦ ʝʩʪʴ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʦʢʘʟʳʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʠʤ. ʄʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʘʪʦʤʦʚ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʝ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʭʘʦʪʠʯʥʦ 
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ʥʘʧʨʘʚʣʝʥʳ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʘʤʦʨʬʥʦʩʪʴ, ʦʙʨʘʟʝʮ ʩʧʣʘʚʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʣʘʙʫʶ 

ʘʥʠʟʦʪʨʦʧʠʶ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʫʩʣʦʚʠʷʤʠ ʧʦʣʫʯʝʥʠʷ ʩʧʣʘʚʘ, 

ʢʦʪʦʨʳʝ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶ ʪʦʤʫ, ʯʪʦ ʘʪʦʤʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʙʦʣʝʝ ʫʧʦʨʷʜʦʯʝʥʥʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

ʦʙʨʘʟʮʦʚ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʛʣʫʙʴ ʦʙʨʘʟʮʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʬʦʨʤʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. ʇʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʘ ʧʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ ʠʤʝʝʪ ʙʦʣʝʝ ʫʟʢʫʶ ʬʦʨʤʫ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʘʙʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʚʜʦʣʴ ʦʩʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚ ʦʙʲʝʤ 

ʦʙʨʘʟʮʘ, ʧʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʰʠʨʦʢʦʡ, ʘ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʧʦʚʳʰʘʝʪʩʷ 

(ʈʠʩʫʥʦʢ 3.18), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʣʘʙʫʶ ʘʥʠʟʦʪʨʦʧʠʶ ʚ ʦʙʲʝʤʝ ʤʘʪʝʨʠʘʣʘ. 

 

ʈʠʩʫʥʦʢ 3.18. ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʠʟʤʝʨʝʥʥʳʝ ʚ ʨʘʟʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ ʚ ʥʝʙʦʣʴʰʦʤ 

ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʡ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, 

ʥʦ ʪʘʢʞʝ ʠʟʤʝʥʷʷ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʕʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʙʣʘʛʦʜʘʨʷ 

ʦʙʨʘʙʦʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ (ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ, 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʠ ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ) ʦʙʨʘʟʮʦʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ ʢʦʨʨʦʟʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʪʦ ʝʩʪʴ ʧʨʠ ʛʣʫʙʦʢʦʤ ʠʟʤʝʥʝʥʠʠ 

ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʟʘʤʝʪʥʦ ʤʝʥʷʣʘʩʴ ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʦʙʨʘʟʮʦʤ ʢʘʢ ʜʣʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʥʘʥʦʷʯʝʡʢʘʤʠ ʦʙʨʘʟʮʘ, ʪʘʢ ʠ 

ʜʣʷ ʦʙʨʘʟʮʘ, ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʢʦʨʨʦʟʠʦʥʥʳʤ ʠʩʧʳʪʘʥʠʷʤ. 
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3.4. ʊʝʩʪʠʨʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ ʚ ʨʝʘʢʮʠʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʠʟ ʥʠʪʨʘʪ-ʠʦʥʦʚ 

ɺ ɻ ʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ ʘʤʦʨʬʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ ʙʣʘʛʦʜʘʨʷ ʦʙʠʣʠʶ 

ʜʝʬʝʢʪʦʚ, ʰʠʨʦʢʦʤʫ ʜʠʘʧʘʟʦʥʫ ʩʦʩʪʘʚʘ ʠ ʛʠʙʢʦʡ ʩʪʨʫʢʪʫʨʝ [209]. ʉʧʣʘʚ Co75Si15Fe5Cr5 

ʷʚʣʷʝʪʩʷ ʘʤʦʨʬʥʳʤ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ Co, 

ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʬʦʩʬʦʨʦʤ, ʚ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪ-ʠʦʥʦʚ, ʛʜʝ ʢʘʪʘʣʠʟʘʪʦʨ 

ʧʨʦʷʚʣʷʣ ʭʦʨʦʰʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʚʳʩʦʢʠʭ ʧʣʦʪʥʦʩʪʷʭ ʪʦʢʘ (2 ɸ/ʩʤ2) 

ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʭʦʨʦʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ [210]. ɺ ʨʘʙʦʪʝ [211] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʠ 

ʯʝʪʳʨʥʘʜʮʘʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʘʤʦʨʬʥʳʭ/ʥʠʟʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʧʣʝʥʦʢ ʘʤʦʨʬʥʳʝ ʥʘʥʦʧʣʝʥʢʠ Co ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʘʢʪʠʚʥʳʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ ʘʤʤʠʘʢʘ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʤʦʨʬʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʵʪʦʡ ʨʝʘʢʮʠʠ ʤʘʣʦʠʟʫʯʝʥʦ. 

ʕʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ ʘʤʤʠʘʢʘ - ʩʦʚʨʝʤʝʥʥʘʷ ʚʦʩʪʨʝʙʦʚʘʥʥʘʷ ʨʝʘʢʮʠʷ, 

ʢʦʪʦʨʫʶ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʥʦʩʷʪ ʢ ʟʝʣʝʥʦʡ ʭʠʤʠʠ, ʘ ʪʘʢʞʝ ʢ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʝ (ʚ ʯʘʩʪʠ 

ʟʘʤʝʥʳ ʵʢʦʣʦʛʠʯʝʩʢʠ ʛʨʷʟʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʮʝʩʩʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʦʜʦʨʦʜʘ (ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʟʝʣʝʥʦʛʦ ʚʦʜʦʨʦʜʘè) ʠ ʚ ʯʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʧʝʨʝʥʦʩʯʠʢʦʚ ʚʦʜʦʨʦʜʘ (LHC ï liquid hydrogen carriers). ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʝʘʢʮʠʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʜʦ ʘʤʤʠʘʢʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʦʡ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʠʤʝʥʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ ʘʤʤʠʘʢʘ ʠʟ ʥʠʪʨʘʪ-ʠʦʥʦʚ. 

3.4.1. ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ 

ʠʩʭʦʜʥʦʛʦ, ʰʣʠʬʦʚʘʥʥʦʛʦ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ʦʙʨʘʟʮʦʚ 

ɸʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ (ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥ çʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘè) 

(S) ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʝʤʢʦʩʪʠ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ (Cdl), ʧʦ ʫʨʘʚʥʝʥʠʶ 2.3 

(ʨʘʟʜʝʣ 2.4.6) ʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ-ʢʘʪʘʣʠʟʘʪʦʨʘ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ Cdl ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʮʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʚ ʦʙʣʘʩʪʠ ʜʚʦʡʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ (ʥʝʬʘʨʘʜʝʝʚʩʢʦʡ ʦʙʣʘʩʪʠ) ʚ ʠʥʪʝʨʚʘʣʝ ʧʦʪʝʥʮʠʘʣʦʚ 0,32-0,42 ɺ (ʉʇ1-

0); 0,15-0,27 ɺ (ʉʇ1-ʄʐ) ʠ 0,12-0,21 ɺ (ʉʇ1-15-200) ʩʦ ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ 

10 ï 100 ʤɺ/ʩ. Cdl ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʥʘʢʣʦʥʫ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ (j) ʦʪ 

ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ (ʇʨʠʣʦʞʝʥʠʝ 4). ʄʝʪʦʜʠʢʘ ʠ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʟʜʝʣʝ 2.4.8. 
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ɼʣʷ ʠʩʭʦʜʥʦʛʦ ʉʇ1-0, ʰʣʠʬʦʚʘʥʥʦʛʦ ʉʇ1-ʄʐ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ʉʇ1-15-200 ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʘʩʪʚʦʨʝ ʥʠʪʨʘʪʘ ʥʘʪʨʠʷ ʦʧʨʝʜʝʣʠʣʠ Cdl ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ S (ʊʘʙʣʠʮʘ 3.9). 

ʊʘʙʣʠʮʘ 3.9. ɽʤʢʦʩʪʴ ʜʚʦʡʥʦʛʦ ʩʣʦʷ (Cdl) ʠ ʘʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ (S) ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʘ Co75Si15Fe5Cr5 ʚ ʨʘʩʪʚʦʨʝ 1,2 ʤʄ NaNO3 ʚ 0,05 

ʄ Na2SO4. 

ʆʙʨʘʟʝʮ Cdl (ʤʢʌ/ʩʤ2) S [ʩʤ2 / ʩʤ2 (ʛʝʦʤ)] 
ʋʨʘʚʥʝʥʠʝ-ʨʝʟʫʣʴʪʘʪ 

ʠʟʤʝʨʝʥʠʷ Cdl 

ʉʇ1-0 13 0,33 y = 0,013Țx + 0,03; RĮ = 0,992 

ʉʇ1-ʄʐ 20 0,50 y = 0,02Țx + 0,06; RĮ = 0,997 

ʉʇ1-15-200 19 0,46 y = 0,019Țx + 0,07; RĮ = 0,995 

ɺʩʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʝʤʢʦʩʪʠ Cdl. 

ʇʦʚʳʰʝʥʠʝ ʫʜʝʣʴʥʦʡ ʝʤʢʦʩʪʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʫ ʦʙʨʘʟʮʘ ʉʇ1-ʄʐ. ɼʣʷ ʉʇ1-0 

ʩ ʧʣʦʪʥʳʤ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʢʩʠʜʦʤ ʟʥʘʯʝʥʠʝ Cdl ʩʘʤʦʝ ʥʠʟʢʦʝ (13 ʤʢʌ/ʩʤ2). ʏʘʩʪʠʯʥʦʝ 

ʫʜʘʣʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʢʩʠʜʘ ʧʦʩʣʝ ʘʥʦʜʠʨʦʚʘʥʠʷ, ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, 

ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴ ʯʠʩʣʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ. ʉʦʧʦʩʪʘʚʣʷʷ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʘʟʜʝʣʝ 3.2.2, ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʩʧʣʘʚ Co75Si15Fe5Cr5, 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ, ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

3.4.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ, ʰʣʠʬʦʚʘʥʥʦʛʦ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʝʪʦʜʦʤ ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʥʠʪʨʘʪ-ʠʦʥʦʚ 

ʉʧʝʢʪʨʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʦʙʣʘʩʪʠ ʧʦʪʝʥʮʠʘʣʘ 

ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʠ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 

3.19, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʥʷʝʪ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʢʪʨʦʜʦʚ. ʂʘʪʘʣʠʟʘʪʦʨ ʉʇ1-0, ʧʦʢʨʳʪʳʡ ʧʨʠʨʦʜʥʳʤ 

ʦʢʩʠʜʦʤ, ʦʞʠʜʘʝʤʦ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ, ʯʝʤ 

ʢʘʪʘʣʠʟʘʪʦʨ ʩ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ. ʈʘʜʠʫʩ ʥʘ ʨʠʩʫʥʢʝ 3.19 ʩʧʝʢʪʨʘ ʠʤʧʝʜʘʥʩʘ ʜʣʷ 

ʰʣʠʬʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʉʇ1-ʄʐ ʩʦ ʩʚʝʞʝʦʯʠʱʝʥʥʦʡ ʦʪ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʢʩʠʜʘ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʴʰʠʤ ʩʨʝʜʠ ʧʦʣʫʯʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʯʪʦ, ʩʦʛʣʘʩʥʦ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʠʟʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʠ ʘʢʪʠʚʥʳʡ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ ʷʚʣʷʶʪʩʷ ʦʢʩʠʜʳ Co, Fe, Si ʠ Cr. ɼʣʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 
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ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʣʘʛʦʜʘʨʷ ʠʟʤʝʥʝʥʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʢʩʠʜʦʤ ʠ ʜʨʫʛʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʦʢʩʠʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʨʝʦʙʣʘʜʘʥʠʝ 

CoO) (ʨʘʟʜʝʣ 3.1.2) ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʮʝʣʝʚʦʡ ʨʝʘʢʮʠʠ ʧʨʝʚʨʘʱʝʥʠʷ ʥʠʪʨʘʪ-

ʠʦʥʦʚ ʚ ʘʤʤʠʘʢ. ʕʪʦ ʚʠʜʥʦ ʧʦ ʚʝʣʠʯʠʥʝ ʨʘʜʠʫʩʘ, ʢʦʪʦʨʳʡ ʫʙʳʚʘʝʪ ʚ ʨʷʜʫ ʉʇ1-0 ī> ʉʇ1-

15-200 ī> ʉʇ1-ʄʐ (ʈʠʩʫʥʦʢ 3.19). ʅʘ ʨʠʩʫʥʢʝ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʨʘʜʠʫʩʘ ʜʫʛʠ 

ʩʧʝʢʪʨʘ ʠʤʧʝʜʘʥʩʘ ʦʙʨʘʟʮʘ ʩ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ʠ ʦʙʨʘʟʮʘ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʢʩʠʜʦʤ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʠʟʤʝʥʝʥʠʷ ʢʘʪʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪ ī0,385 ɺ ʜʦ ī0,685 ɺ (ʦʪʥ. ʆɺʕ) 

(ʚʦʟʨʘʩʪʘʥʠʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ). ʇʨʠ ʙʦʣʝʝ ʢʘʪʦʜʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ī0,685 ɺ (ʦʪʥ. ʆɺʕ) 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʚʢʣʘʜʘ ʧʦʙʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ. 

 

ʈʠʩʫʥʦʢ 3.19. ʉʧʝʢʪʨʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ʉʇ1-0, ʉʇ1-15-200, 

ʉʇ1-ʄʐ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ: ʘ) ī0,385 ɺ; ʙ) ī0,485 ɺ; ʚ) ī0,585 ɺ; ʛ) ī0,685 ɺ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʨʘʩʪʚʦʨʝ 1,2 ʤʄ NaNO3 ʚ 0,05 ʄ Na2SO4. 

3.4.3.  ʀʩʧʳʪʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ ʚ ʨʝʘʢʮʠʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʠʟ ʥʠʪʨʘʪ-ʠʦʥʦʚ 

ʉ ʮʝʣʴʶ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪ-ʠʦʥʦʚ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʣʠʥʝʡʥʳʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ (ʃɺɸ) ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʉʇ1-0, ʉʇ1-ʄʐ ʠ 

ʉʇ1-15-200 ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 2.4.6. ʃɺɸ ʚ ʠʥʪʝʨʚʘʣʝ ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ 

ï 0,1 ɺ ʜʦ ï 0,8 ɺ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ NO3
ī ʠ ʬʦʥʦʚʦʤ ʵʣʝʢʪʨʦʣʠʪʝ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.20. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʃɺɸ ʨʝʘʢʮʠʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 
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ʥʠʪʨʘʪ-ʠʦʥʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ ï0,285 ɺ ʜʦ ï0,685 ɺ (ʦʪʥ. ʆɺʕ) ʚ 

ʨʘʩʪʚʦʨʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʉ=1,2 ʤʄ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ. ɺʳʙʦʨ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪ ʠʦʥʦʚ ʦʙʫʩʣʦʚʣʝʥ ʩʪʘʥʜʘʨʪʘʤʠ ɺʆɿ [125] ʠ ʉʘʥʇʠʅ 2.1.4.1074-01 

[212], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ (ʇɼʂ) ʥʠʪʨʘʪ-ʠʦʥʦʚ ʚ 

ʧʠʪʴʝʚʦʡ ʚʦʜʝ ʩʦʩʪʘʚʣʷʝʪ 45 ʤʛ/ʣ (0,72 ʤʄ), ʜʣʷ ʨʳʙʦʭʦʟʷʡʩʪʚ ï 40 ʤʛ/ʣ (0,65 ʤʄ). 

ʉʙʨʘʩʳʚʘʝʤʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ ʇɼʂ, 

ʥʦ ʬʘʢʪʠʯʝʩʢʠ ʠʭ ʫʨʦʚʝʥʴ ʤʦʞʝʪ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 

67 (1,08) ʜʦ 360 ʤʛ/ʣ (5,8 ʤʄ) ʠ ʚʳʰʝ [213]. ɺ ʨʘʙʦʪʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʜʣʷ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʇɼʂ ʠ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ 

ʇɼʂ ʚ ʙʦʣʝʝ, ʯʝʤ 10 ʨʘʟ (ɻʣʘʚʘ 5). 

 

ʈʠʩʫʥʦʢ 3.20. ʃɺɸ ʵʣʝʢʪʨʦʜʦʚ-ʢʘʪʘʣʠʟʘʪʦʨʦʚ Co75Si15Fe5Cr5 ʚ ʬʦʥʦʚʦʤ ʵʣʝʢʪʨʦʣʠʪʝ 

(0,05 ʄ Na2SO4) ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1,2 ï 12 ʤʄ NaNO3: (ʘ) ʉʇ1-0; (ʙ) ʉʇ1-ʄʐ; 

(ʚ) ʉʇ1-15-200. ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʚʳʙʨʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʘʤʤʠʘʢʘ ʠʟ ʥʠʪʨʘʪ-ʠʦʥʦʚ. ʉʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʘ 50 ʤɺ/ʩ. 

ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 3.20, ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʨʘʩʪʘʥʠʶ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. ʅʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦ ʠʟʤʝʥʝʥʠʝ ʪʦʢʘ ʜʣʷ ʦʙʨʘʟʮʘ ʉʇ1-ʄʐ ʧʨʠ 

ʧʦʪʝʥʮʠʘʣʝ (-0,3) ï (-0,35) ɺ (ʈʠʩʫʥʦʢ 3.20ʙ). ʍʨʦʥʦʘʤʧʝʨʦʛʨʘʤʤʳ (ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢ-

ʚʨʝʤʷ) ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʵʣʝʢʪʨʦʣʠʪʝ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʧʨʠ ʨʘʟʥʳʭ 

ʧʦʪʝʥʮʠʘʣʘʭ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʯʝʪʘ 



82 

 

ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ (Q) (ʤʝʪʦʜʠʢʘ ʠ ʬʦʨʤʫʣʳ ʚ ʨʘʟʜʝʣʝ 2.5) ʠ ʧʨʠʚʝʜʝʥʳ ʚ 

ʇʨʠʣʦʞʝʥʠʠ 5. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʩʯʠʪʘʥʘ ʌʘʨʘʜʝʝʚʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ (FE, ʚʳʭʦʜ ʧʦ ʪʦʢʫ, %) ʧʦ ʘʤʤʠʘʢʫ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʌʘʨʘʜʝʝʚʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʤʝʪʦʜʠʢʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʘʤʤʠʘʢʘ ʚ ʨʘʟʜʝʣʝ 2.5 ʧʦ ʬʦʨʤʫʣʝ 2.5) ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.21. 

 
ʈʠʩʫʥʦʢ 3.21. ɿʥʘʯʝʥʠʷ ʌʘʨʘʜʝʝʚʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (%) ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʉʇ1-0, ʉʇ1-

ʄʐ ʠ ʉʇ1-15-200 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ (ʧʦʪʝʥʮʠʘʣʳ ʧʨʠʚʝʜʝʥʳ ʦʪʥ. ʆɺʕ) ʚ 

ʨʘʩʪʚʦʨʝ 1,2 ʤʄ NaNO3 ʚ 0,05 ʄ Na2SO4. 

ʉʦʛʣʘʩʥʦ [214], ʦʢʩʠʜʳ ʢʦʙʘʣʴʪʘ Co3O4 ʠ ʞʝʣʝʟʘ Fe2O3 ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʫʶ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ (ʧʦʯʪʠ 100%) ʚ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʥʠʪʨʘʪ-ʠʦʥʦʚ ʜʦ ʘʤʤʠʘʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʩʠʜʘʤʠ ʜʨʫʛʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʆʢʩʠʜ 

ʭʨʦʤʘ Cr2O3 ʢʘʪʘʣʠʟʠʨʫʝʪ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʩ ʦʙʱʝʡ ʢʦʥʚʝʨʩʠʝʡ 50% ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʘʤʤʠʘʢʫ 20% [139]. ʇʦʚʝʨʭʥʦʩʪʴ ʉʇ1-0 ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʦʢʩʠʜ 

ʭʨʦʤʘ, ʢʦʪʦʨʳʡ ʚ ʜʘʥʥʦʤ ʵʣʝʢʪʨʦʣʠʪʝ ʤʘʣʦʘʢʪʠʚʝʥ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʧʨʠʚʦʜʠʪ ʢ 

ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʮʝʣʝʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʫʜʘʣʝʥʠʝ Cr2O3 ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʚʢʣʘʜ ʜʨʫʛʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʧʣʘʚʘ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʐʣʠʬʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ ʧʨʦʷʚʣʷʝʪ 

ʥʠʟʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʜʦ ʧʦʪʝʥʮʠʘʣʘ ɽ = -0,5 ɺ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʟʘʪʝʤ 

ʙʳʩʪʨʦ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʨʝʘʢʮʠʝʡ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʩʝʨʠʠ ʢʘʪʘʣʠʟʘʪʦʨ ʉʇ1-15-200 ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ, ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ ʧʦʪʝʥʮʠʘʣʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʌʘʨʘʜʝʝʚʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʟʜʝʣʘ 3.4.2, ʚ 

ʨʘʩʪʚʦʨʝ ʥʠʪʨʘʪʘ ʥʘʪʨʠʷ ʦʙʨʘʟʝʮ ʉʇ1-15-200 ʠʤʝʝʪ ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʤʝʞʬʘʟʥʳʡ ʧʝʨʝʥʦʩ 
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ʵʣʝʢʪʨʦʥʦʚ (ʈʠʩʫʥʦʢ 3.20) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʉʇ1-0 ʠ, ʟʥʘʯʠʪ, ʙʦʣʝʝ ʘʢʪʠʚʝʥ ʚ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ 

ʘʤʤʠʘʢʘ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʥʠʪʨʘʪ-ʠʦʥʦʚ. 

 

ʈʠʩʫʥʦʢ 3.22. ɿʥʘʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ ʘʤʤʠʘʢʫ/ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʘʤʤʠʘʢʫ 

(ʤʦʣʴ/(ʯĬʩʤ2)) ʜʣʷ ʪʨʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ: ʉʇ1-0, ʉʇ1-ʄʐ ʠ ʉʇ1-15-200 ʧʨʠ 

C(NO3
ī) = 1,2 ʤʄ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ ī0,285 ɺ ʜʦ ī0,685 ɺ. 

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʤʤʠʘʢʘ (0,3782 ʤʢʤʦʣʴ/(ʯĬʩʤ2)) ʧʦʣʫʯʝʥʦ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ 

ʉʇ1-15-200 ʧʨʠ E = ī0,485 ɺ. ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʨʝʘʢʮʠʠ ï ɻ ʪʦ ʩʠʥʪʝʟ ʧʨʠ ʟʥʘʯʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ E = ī0,335 ɺ (FE = 14,5%). 

ʂʘʪʘʣʠʟʘʪʦʨ ʉʇ1-15-200 ʧʦʢʘʟʘʣ ʭʦʨʦʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʉʪʨʫʢʪʫʨʘ ʷʯʝʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʝ ʠʟʤʝʥʠʣʘʩʴ ʧʦʩʣʝ 10 ʯʘʩʦʚ ʠʩʧʳʪʘʥʠʡ (ʪʦ 

ʝʩʪʴ 10 ʪʝʩʪʦʚʳʭ ʨʝʘʢʮʠʡ ʧʦ 1 ʯ) ʩʠʥʪʝʟʘ ʘʤʤʠʘʢʘ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʥʠʪʨʘʪ-ʠʦʥʦʚ (ʇʨʠʣʦʞʝʥʠʝ 6). 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʤʫ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʫ (ʙʦʣʝʝ ʯʝʤ ʚ 7 ʨʘʟ) ʦʪ ʧʦʢʨʳʪʦʛʦ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʢʩʠʜʦʤ ʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ (ʙʦʣʝʝ ʯʝʤ ʚ 3 ʨʘʟʘ). ʕʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʣʠʷʥʠʝʤ CoO. ɽʛʦ ʩʦʜʝʨʞʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʦʢʩʠʜʦʚ ʚʳʰʝ ʜʣʷ 

ʦʙʨʘʟʮʘ ʩ ʷʯʝʡʢʘʤʠ. CoO - ʤʘʣʦʘʢʪʠʚʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ (ʜʣʷ ʩʪʘʜʠʠ ʘʜʩʦʨʙʮʠʠ ʥʠʪʨʘʪ-ʠʦʥʦʚ 

ʨʘʙʦʪʘʝʪ ʣʫʯʰʝ ʚʩʝʛʦ), ʥʦ ʚ ʮʝʣʦʤ ʜʣʷ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ ʘʤʤʠʘʢʘ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʥʠʪʨʘʪ-ʠʦʥʦʚ ʦʙʱʝʝ ʟʥʘʯʝʥʠʝ FE ʦʩʪʘʝʪʩʷ ʚʝʩʴʤʘ ʤʘʣʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʠʣʫʯʰʠʤʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʨʘʙʦʪʘʤ. 
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ɻʣʘʚʘ 4. ʉʠʥʪʝʟ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʠʭ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚ ʨʝʘʢʮʠʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʠʟ ʥʠʪʨʘʪ-ʠʦʥʦʚ 

ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʦʪʨʘʞʝʥʳ ʚ ʨʘʙʦʪʘʭ [170, 215] 1. 

4.1. ʇʦʣʫʯʝʥʠʝ Co-, Fe- ʠ Fe-Co-ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʛʨʘʬʠʪʦʚʦʡ ʧʦʜʣʦʞʢʝ 

ɸʥʦʜʥʦʝ ʦʢʠʩʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ [216] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʤʘʣʦ ʨʘʙʦʪ 

ʢʘʩʘʣʦʩʴ ʧʨʠʤʝʥʝʥʠʷ ʀɾ ʠʣʠ ʛʣʫʙʦʢʠʭ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (deep eutectic solvents, 

DES) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʵʣʝʢʪʨʦʦʩʘʞʜʘʝʤʳʭ ʧʣʝʥʦʢ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ ʤʦʞʥʦ 

ʧʦʣʫʯʘʪʴ ʘʥʦʜʥʳʤ ʦʢʠʩʣʝʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʫʥʠʢʘʣʴʥʳʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ [217]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʧʦ ʠʩʧʦʣʥʝʥʠʶ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʣʠ ʦʢʩʠʜʥʳʭ ʯʘʩʪʠʮ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʩʘʜʢʠ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ ʩ 

ʟʘʜʘʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʘʟʤʝʨ ʠ ʬʦʨʤʫ ʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ, 

ʯʪʦ ʧʦʢʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʜʣʷ ʘʥʦʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʦʣʱʠʥʫ ʩʣʦʷ ʦʩʘʜʢʘ.  

ɻʨʘʬʠʪ ʷʚʣʷʝʪʩʷ "ʪʨʘʜʠʮʠʦʥʥʦʡ" ʥʝʜʦʨʦʛʦʡ ʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʡ ʧʦʜʣʦʞʢʦʡ 

ʜʣʷ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ. ʇʦʤʠʤʦ ʛʨʘʬʠʪʘ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʜʣʦʞʢʠ ʠʟ ʛʨʘʬʝʥʘ, 

ʧʝʥʦʛʨʘʬʠʪʘ, ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʜʨʫʛʠʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʥʠ ʧʦʜʭʦʜʷʪ ʢʘʢ 

ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢ ʠ ʥʝʙʣʘʛʦʨʦʜʥʳʭ [218, 219]. 

ʅʘ ʩʪʨʫʢʪʫʨʫ ʠ ʤʦʨʬʦʣʦʛʠʠ ʦʩʘʞʜʝʥʥʳʭ ʦʩʘʜʢʦʚ ʚʣʠʷʝʪ ʤʥʦʛʦ ʬʘʢʪʦʨʦʚ: ʧʦʪʝʥʮʠʘʣ 

ʠʣʠ ʪʦʢ, ʚʨʝʤʷ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʚ ʵʣʝʢʪʨʦʣʠʪʝ, ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʞʜʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʠ ʧʨʠʨʦʜʘ ʧʦʜʣʦʞʢʠ [220]. 

ʄʝʪʦʜʠʢʘ ʦʩʘʞʜʝʥʠʷ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʛʨʘʬʠʪ ʧʨʠʚʝʜʝʥʘ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʚ ʨʘʟʜʝʣʘʭ 2.4.2 ʠ 2.4.3. ʋʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʘʥʳ 

ʚ ʪʘʙʣʠʮʝ 4.1. 

_____________________________________________________________________________ 
1 ʇʨʠ ʥʘʧʠʩʘʥʠʠ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ, ʚʳʧʦʣʥʝʥʥʳʝ ʘʚʪʦʨʦʤ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, 

ʧʫʙʣʠʢʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

Kuznetsova I.I. , Lebedeva O.K., Kultin D.Yu., Mashkin M.Yu., Kalmykov K.B., Kustov L.M. Enhancing Efficiency 

of Nitrate Reduction to Ammonia by Fe and Co Nanoparticle-Based Bimetallic Electrocatalyst // International Journal 

of Molecular Sciences. ï 2024. ï Vol. 25. ï ˉ 13. ï P. 7089 (1-17). ʇʦʜʛʦʪʦʚʢʘ ʢ ʧʫʙʣʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ, ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʚ ʩʪʘʪʴʝ ʩʦʩʪʘʚʣʷʝʪ 50%. 

Lebedeva O.K., Zakharov V.N., Kuznetsova I.I., Kultin D.Yu., Chernyshev V.V., Kalmykov K.B., Savilov S.V., 

Dunaev S.F., Aslanov L.A., Kustov L.M. Green Synthesis of the Triazine Derivatives and their Application for the 

Benign Electrocatalytic Reaction of Nitrate Reduction to Ammonia // Chemistry ï A European Journal. ï Vol. 30. ï 

ˉ 55. ï 2024. ï P. e202402075 (1-8).  ʇʦʜʛʦʪʦʚʢʘ ʢ ʧʫʙʣʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ 

ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ, ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʚ ʩʪʘʪʴʝ ʩʦʩʪʘʚʣʷʝʪ 35%. 
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ʊʘʙʣʠʮʘ 4.1. ʆʙʦʟʥʘʯʝʥʠʷ ʠ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʆʙʨʘʟʝʮ*  ʋʩʣʦʚʠʷ ʦʩʘʞʜʝʥʠʷ ʕʣʝʢʪʨʦʣʠʪ 

Co-5 E = ī0,75 ɺ (ʦʪʥ. Ag/AgCl); t = 300 ʩ 

0,1 ʄ CoSO4, 1 ʄ Na2SO4, 

0,5 ʄ H3BO3 

Co-10 E = ī0,75 ɺ (ʦʪʥ. Ag/AgCl); t = 600 ʩ 

Co-20 E = ī0,75 ɺ (ʦʪʥ. Ag/AgCl); t = 1200 ʩ 

Co-30 E = ī0,75 ɺ (ʦʪʥ. Ag/AgCl); t = 1800 ʩ 

Fe-5 I = ī1 ʤɸ; t = 300 ʩ 
0,1 ʄ FeSO4 

Fe-30 I = ī1 ʤɸ; t = 1800 ʩ 

Fe-5-Co-5 

ɹʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʪʘʣʠʟʘʪʦʨ: 

Co: E = ī0,75 ɺ (ʦʪʥ. Ag/AgCl);t = 300 ʩ 

Fe: I = ī1 ʤɸ; t = 300 ʩ 
0,1 ʄ CoSO4, 1 ʄ Na2SO4, 

0,5 ʄ H3BO3; 
0,1 ʄ FeSO4 

Fe-5-Co-30 

ɹʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʪʘʣʠʟʘʪʦʨ: 

Co E = ī0,75 ɺ (ʦʪʥ. Ag/AgCl);t = 1800 ʩ 

Fe: I = ī1 ʤɸ; t = 300 ʩ 

*ʦʙʦʟʥʘʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ (ʤʠʥ) Fe ʠ Co 

ʀʟʤʝʥʝʥʠʝ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʢʘʪʦʜʥʦʛʦ ʪʦʢʘ ʠʣʠ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠʚʝʣʦ ʢ 

ʧʦʣʫʯʝʥʠʶ ʥʘ ʛʨʘʬʠʪʝ ʧʦʢʨʳʪʠʡ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʩ ʨʘʟʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ (ʈʠʩʫʥʦʢ 4.1). 
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ʈʠʩʫʥʦʢ 4.1. ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ: ʘ) Co-5; ʙ) Co-10; ʚ) Co-

20; ʛ) Co-30; ʜ) Fe-5; ʝ) Fe-30; ʞ) Fe-5-Co-5; ʟ) Fe-5-Co-30; ʠ) ʠʩʭʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʘʬʠʪʘ; 

ʢ) ʬʦʪʦʛʨʘʬʠʷ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʦʙʨʘʟʮʦʚ, ʛʜʝ (1) Co-5, (2) Co-10, (3) Co-20, (4) Co-30. 

ʇʨʠ ʧʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʦʤ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʠ ʢʦʙʘʣʴʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʪʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʯʘʩʪʠʮ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʇʦʩʣʝ ʢʘʪʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ 

ʪʝʯʝʥʠʝ t = 300 ʩ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʧʣʦʪʥʦʝ ʧʦʢʨʳʪʠʝ (ʈʠʩʫʥʦʢ 4.1ʘ) ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʨʘʟʤʝʨʦʤ 

~60 ʥʤ. ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ ʜʦ 1800 ʩ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʙʦʣʝʝ ʧʣʦʪʥʦʛʦ 

ʧʦʢʨʳʪʠʷ (ʈʠʩʫʥʦʢ 4.1ʛ) ʠ ʚʦʟʨʘʩʪʘʥʠʶ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʜʦ 100 ï 200 ʥʤ (ʦʙʨʘʟʝʮ 

Co-30). ɼʣʷ ʦʙʨʘʟʮʘ Fe-5 ʦʩʘʜʦʢ ʥʘʥʦʩʪʨʫʢʪʫʨ ʞʝʣʝʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʟʘʤʝʪʝʥ (ʈʠʩʫʥʦʢ 4.1ʜ), 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ Fe-30 (ʈʠʩʫʥʦʢ 4.1ʝ) ʩʦʜʝʨʞʠʪ ʥʠʪʝʚʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʛʨʘʥʠʮ 

ʟʝʨʝʥ ʛʨʘʬʠʪʘ. ʋ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʧʦʢʨʳʪʠʝ 

ʛʨʘʬʠʪʘ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʢʦʙʘʣʴʪʘ, ʢʦʪʦʨʳʝ ʧʦʢʨʳʪʳ ʥʠʪʝʚʠʜʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʞʝʣʝʟʘ. ɼʣʷ 
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ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʦ ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ 

ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ (ʈʠʩʫʥʦʢ 4.1ʠ). ʉʪʨʦʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ Co ʠ Fe ʥʘ 

ʛʨʘʬʠʪʝ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.2. 

 

ʈʠʩʫʥʦʢ 4.2. ʉʪʨʦʝʥʠʝ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʥʳʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Fe-Co. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʦʜʦʤ ʈʉʄɸ ʧʦʢʘʟʘʣʦ ʧʨʠʩʫʪʩʪʚʠʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʥʳʭ ʬʦʨʤ ʤʝʪʘʣʣʦʚ. ʆʢʩʠʜʥʳʝ ʬʦʨʤʳ ʞʝʣʝʟʘ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʳʪʴ çʠʛʦʣʴʯʘʪʳʤʠ ʠʣʠ ʜʝʥʜʨʠʪʥʳʤʠè 

[221], ʯʪʦ ʧʦʭʦʞʝ ʥʘ ʥʘʥʦʣʝʥʪʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʨʠʩʫʥʢʘʭ 4.1ʝ, ʞ. ʊʦʣʱʠʥʘ ʧʦʢʨʳʪʠʷ 

ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʦʛʦ ʩʦʩʪʘʚʘ ʵʪʠʤ ʤʝʪʦʜʦʤ. ʊʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ 

ʦʢʩʠʜʦʚ ʚ ʦʩʘʜʢʘʭ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʈʌʕʉ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʛʨʘʤʤ (ʇʨʠʣʦʞʝʥʠʝ 7). ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʦʙʟʦʨʥʳʡ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʡ ʠ ʈʌʕʉ ʩʧʝʢʪʨʳ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʜʣʷ ʦʙʨʘʟʮʦʚ Fe-5 (ʈʠʩʫʥʦʢ 

4.3), Fe-30 (ʈʠʩʫʥʦʢ 4.4), Fe-5-Co-30 (ʈʠʩʫʥʦʢ 4.5) ʠ Co-30 (ʈʠʩʫʥʦʢ 4.6). 

 
ʈʠʩʫʥʦʢ 4.3. ʈʌʕʉ ʩʧʝʢʪʨʳ ʜʣʷ Fe-5: ʘ) ʦʙʟʦʨʥʳʡ ʩʧʝʢʪʨ; ʠ ʩʧʝʢʪʨʳ ʩ ʚʳʩʦʢʠʤ 

ʨʘʟʨʝʰʝʥʠʝʤ: ʙ) Fe 2p; ʚ) ʉ 1s; ʛ) O 1s. 
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ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ (ʈʠʩʫʥʦʢ 4.3 ʠ 4.4), ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ Fe-5 ʠ Fe-

30 ʩʦʜʝʨʞʠʪ C, O ʠ Fe. ɾʝʣʝʟʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʬʦʨʤʝ Fe3O4, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʜʫʙʣʝʪ Fe3O4, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ Fe 2p3/2 ʠ Fe 2p1/2 ʧʨʠ ʵʥʝʨʛʠʷʭ ʩʚʷʟʠ ʦʢʦʣʦ 710 ʠ 725 ʵɺ [222, 

223]. ʊʘʢʞʝ ʥʘ ʩʧʝʢʪʨʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʪʜʝʣʴʥʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʢʣʘʜ ʜʣʷ Fe3+ ʠ Fe2+, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʷʭ. ʉʧʝʢʪʨ C 1s ʠ O 1s 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ (ʊʘʙʣʠʮʘ 4.2). 

 

ʈʠʩʫʥʦʢ 4.4. ʈʌʕʉ ʩʧʝʢʪʨʳ ʜʣʷ Fe-30: ʘ) ʦʙʟʦʨʥʳʡ ʩʧʝʢʪʨ ʠ ʩʧʝʢʪʨʳ ʩ ʚʳʩʦʢʠʤ 

ʨʘʟʨʝʰʝʥʠʝʤ: ʙ) Fe 2p; ʚ) ʉ 1s; ʛ) O 1s. 

ɸʥʘʣʦʛʠʯʥʳʝ ʩʧʝʢʪʨʳ ʧʦʣʫʯʝʥʳ ʜʣʷ ʦʙʨʘʟʮʘ Fe-30 (ʈʠʩʫʥʦʢ 4.4), ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ Fe3+ ʠ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʙʨʘʟʝʮ ʠʤʝʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʢʩʠʜʦʚ, ʘ ʜʦʣʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʢʨʳʪʦʡ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩʦ ʩʚʷʟʴʶ 

ʉ -ʉ, ʥʠʞʝ. ɼʝʢʦʥʚʦʣʶʮʠʷ ʩʧʝʢʪʨʘ ʚ ʦʙʣʘʩʪʠ O 1s ʧʦʢʘʟʳʚʘʝʪ ʪʘʢʦʝ ʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʛʠʜʨʦʢʩʠʣʴʥʳʭ, ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʠ ʪ.ʜ.), ʢʘʢ ʠ ʜʣʷ 

ʦʙʨʘʟʮʘ Fe-5. 
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ʈʠʩʫʥʦʢ 4.5. ʈʌʕʉ ʩʧʝʢʪʨʳ ʜʣʷ Fe-5-Co-30: ʘ) ʦʙʟʦʨʥʳʡ ʩʧʝʢʪʨ ʠ ʩʧʝʢʪʨʳ ʩ ʚʳʩʦʢʠʤ 

ʨʘʟʨʝʰʝʥʠʝʤ: ʙ) Fe 2p; ʚ) Co 2p; ʛ) ʉ 1s; ʜ) O 1s. 

ʅʘ ʨʠʩʫʥʢʝ 4.5 ʧʦʢʘʟʘʥʳ ʦʙʟʦʨʥʳʡ ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ Fe-5-Co-30 ʠ ʩʧʝʢʪʨʳ ʦʪʜʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ C, O, Fe ʠ Co. ʉʘʤʳʡ ʩʠʣʴʥʳʡ ʩʠʛʥʘʣ ʚ ʩʧʝʢʪʨʝ C 1s ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʩʚʷʟʝʡ Cï

O, ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 60% ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ ʚ ʦʙʣʘʩʪʠ C 1s (ʨʠʩʫʥʦʢ 4.5ʛ). 

ʉʧʝʢʪʨ O 1s ʧʦʢʘʟʳʚʘʝʪ ʪʨʠ ʧʦʣʦʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ HïO, CïO ʠ C=O ʚ ʧʦʯʪʠ ʨʘʚʥʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ (ʈʠʩʫʥʦʢ 4.5ʜ). ʉʧʝʢʪʨ Fe 2p ʟʥʘʯʠʪʝʣʴʥʦ ʰʠʨʝ, ʯʝʤ ʜʣʷ Fe-5 ʠ Fe-30 (ʨʠʩʫʥʢʠ 

4.4ʙ ʠ 4.5ʙ), ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʞʝʣʝʟʘ ʚ ʩʦʩʪʦʷʥʠʠ Fe2+ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ 

ʢʦʦʨʜʠʥʘʮʠʠ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʢʦʣʦ 40%, ʯʪʦ ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʦʙʨʘʟʮʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʢʦʙʘʣʴʪ. ɼʦʣʠ Co2+ ʠ Co3+ ʚ ʦʙʨʘʟʮʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ 

(ʈʠʩʫʥʦʢ 4.5ʚ). 
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ʈʠʩʫʥʦʢ 4.6. ʈʌʕʉ ʩʧʝʢʪʨʳ ʜʣʷ Co-30: ʘ) ʦʙʟʦʨʥʳʡ ʩʧʝʢʪʨ ʠ ʩʧʝʢʪʨʳ ʩ ʚʳʩʦʢʠʤ 

ʨʘʟʨʝʰʝʥʠʝʤ: ʙ) Co 2p; ʚ) ʉ 1s; ʛ) O 1s.  

ʆʙʟʦʨʥʳʡ ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ Co-30 ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ C, O ʠ Co (ʈʠʩʫʥʦʢ 4.6ʘ). 

ʉʧʝʢʪʨ Co 2p (ʈʠʩʫʥʦʢ 4.6ʙ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʚʝ ʧʘʨʳ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʳʭ ʜʫʙʣʝʪʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ Co 2p3/2 ʠ Co 2p1/2 ʧʨʠ ʵʥʝʨʛʠʷʭ ʩʚʷʟʠ ʦʢʦʣʦ 782 ʠ 797 ʵɺ [224]. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ Co-30 ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʘʢ Co2+, ʪʘʢ ʠ Co3+, ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 3:2. ʉʧʝʢʪʨ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ C 1s ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ 

ʩʚʷʟʝʡ CïO ʠ CïC, ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʦʪʩʫʪʩʪʚʠʝ ʩʠʛʥʘʣʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʇʣʦʱʘʜʠ ʧʦʜ 

ʢʨʠʚʳʤʠ ʜʣʷ ʧʦʣʦʩ CïO ʠ CïC ʩʦʦʪʥʦʩʷʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʢʘʢ 1:1 (ʈʠʩʫʥʦʢ 4.6ʚ). ʉʧʝʢʪʨ 

O 1s ʩʦʜʝʨʞʠʪ ʪʨʠ ʪʠʧʘ ʧʦʣʦʩ, ʠ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʨʙʦʢʩʠʣʴʥʳʤ 

ʩʚʷʟʷʤ (ʈʠʩʫʥʦʢ 4.6ʛ). ʂʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 4.2. ʕʪʠ ʜʘʥʥʳʝ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʮʝʥʢʠ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 

4.2 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʢʩʠʜʥʳʝ 

ʬʦʨʤʳ ʤʝʪʘʣʣʦʚ. ɼʣʷ ʦʙʨʘʟʮʦʚ Fe-5 ʠ Fe-30 ʧʨʝʦʙʣʘʜʘʝʪ Fe3+, ʜʦʙʘʚʣʝʥʠʝ Co ʢ ʦʙʨʘʟʮʫ Fe-

5-Co-30 ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ Fe2+. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠʩʫʪʩʪʚʠʝ ʞʝʣʝʟʘ ʫʤʝʥʴʰʘʝʪ 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ Co2+. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ 

ʘʤʤʠʘʢʘ ʦʪ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʥʠʞʝ. 
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ʊʘʙʣʠʮʘ 4.2. ʂʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ (ʘʪ. %) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʈʌʕʉ. 

ʉʧʝʢʪʨ 
ɼʦʣʷ, ʘʪ. % 

ʊʠʧ ʩʚʷʟʠ 
Fe-5 Fe-30 Fe-5-Co-30 Co-30 

Fe 2p3/2 

3 ð 2 ð Fe (0) 
2 3 39 ð Fe2+

ʦʢʪ 

30 41 32 ð Fe3+
ʦʢʪ 

65 56 27 ð Fe3+
ʪʝʪʨ 

Co 2p3/2 ð ð 53 62 Co2+ 
ð ð 47 38 Co3+ 

O 1s 
38 33 34 30 H-O 
38 40 34 47 C=O 

24 27 33 23 CïO 

C 1s 
29 15 27 43 ʉīʉ (sp3) 
50 51 61 53 C-O 

21 34 12 4 COOH 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʦʙʨʘʟʝʮ Fe-5-Co-30 ʩʦʜʝʨʞʠʪ Fe2O3, Co3O4, FeO. ɺ Co-

30 ʧʨʠʩʫʪʩʪʚʫʝʪ Co3O4, ʘ Fe-30 ʩʦʜʝʨʞʠʪ Fe2O3, Fe3O4, FeO (ʇʨʠʣʦʞʝʥʠʝ 7). 

4.2. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʘ ʦʩʘʞʜʝʥʥʳʭ ʤʦʥʦ- ʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

4.2.1. ʀʟʫʯʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʘʞʜʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʃʠʥʝʡʥʳʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʥʠʤ ʟʥʘʯʝʥʠʷ Eʢʦʨ ʵʢʩʧ, Rp ʠ 

jʢʦʨ ʚ ʨʘʩʪʚʦʨʝ ʈʠʥʛʝʨʘ (ʈʠʩʫʥʦʢ 4.7, ʊʘʙʣʠʮʘ 4.3) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ʢʦʨʨʦʟʠʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ ʛʨʘʬʠʪ Ó Co-5 > Fe-5 Ó Fe-5-Co-5 > Fe-30 > Fe-5-Co-30 > Co-30. 

ɿʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʢʦʨʨʦʟʠʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ j = 2,6Ĭ10-7 ɸ/ʩʤ2 

ʜʣʷ ʛʨʘʬʠʪʘ ʜʦ j = 1,6Ĭ10-5 ɸ/ʩʤ2 ʜʣʷ Co-30. ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʦʙʨʘʟʮʳ, ʛʜʝ 

ʚʨʝʤʷ ʦʩʘʞʜʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʩʘʜʢʦʚ ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʦ: Co-5 (j = 3,4Ĭ10-7 ɸ/ʩʤ2) ʠ Co-

5-Fe-5 (8,9Ĭ10-7 ɸ/ʩʤ2). 

ʊʘʙʣʠʮʘ 4.3. ɿʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʢʦʨʨʦʟʠʠ ʜʣʷ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ, ʛʜʝ Eʢʦʨ ʵʢʩʧ ʠ Eʢʦʨ ʨʘʩʯ ï ʧʦʪʝʥʮʠʘʣʳ ʢʦʨʨʦʟʠʠ, Rp ï ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, Iʢʦʨ ï ʪʦʢ ʢʦʨʨʦʟʠʠ, jʢʦʨ ï ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʢʦʨʨʦʟʠʠ. 

ʆʙʨʘʟʝʮ 
Eʢʦʨ ʵʢʩʧ (ʤɺ) 

ʦʪʥ. Ag/AgCl 

Eʢʦʨ ʨʘʩʯ (ʤɺ) 

ʦʪʥ. Ag/AgCl 
RpĬ105 (ʆʤ) Iʢʦʨ (ɸ) jʢʦʨ (ɸ/ʩʤ2) 

ʛʨʘʬʠʪ 24 25 0,27 2,6Ĭ10-7 2,6Ĭ10-7 

Fe-5 -11 -11 0,35 2,9Ĭ10-6 2,9Ĭ10-6 

Fe-30 -108 -108 0,27 3,5Ĭ10-6 3,5Ĭ10-6 

Fe-5-Co-30 -160 -160 0,40 7,5Ĭ10-6 7,5Ĭ10-6 

Fe-5-Co-5 -20 -16 0,50 8,9Ĭ10-7 8,9Ĭ10-7 

Co-5 35 33 0,29 3,4Ĭ10-7 3,4Ĭ10-7 

Co-30 -279 -281 0,01 1,6Ĭ10-5 1,6Ĭ10-5 
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ɿʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʨʦʟʠʠ ʩʚʷʟʘʥʦ ʩ ʚʨʝʤʝʥʝʤ ʦʩʘʞʜʝʥʠʷ ʤʝʪʘʣʣʦʚ (ʈʠʩʫʥʦʢ 

4.7). ʊʘʢ, ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʙʦʣʴʰʠʤ ʚʨʝʤʝʥʝʤ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ (Co-30 > Fe-5-Co-30 > Fe-

30) ʟʥʘʯʝʥʠʝ Eʢʦʨ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʦʯʝʥʴ ʤʘʣʳʤ ʚʨʝʤʝʥʝʤ ʦʩʘʞʜʝʥʠʷ. 

ʇʦʪʝʥʮʠʘʣʳ ʢʦʨʨʦʟʠʠ ʜʣʷ ʛʨʘʬʠʪʘ, Co-5, Fe-5 ʠ Fe-5-Co-5 ʠʤʝʶʪ ʙʣʠʟʢʦʝ ʟʥʘʯʝʥʠʝ 

(Eʢʦʨ(ʛʨʘʬʠʪ) = 24 ʤɺ; Eʢʦʨ(Co-5) = 35 ʤɺ; Eʢʦʨ(Fe-5) = ī11 ʤɺ; Eʢʦʨ(Fe-5-Co-5) = ī20 ʤɺ). 

 

ʈʠʩʫʥʦʢ 4.7. ʃʠʥʝʡʥʳʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʜʣʷ ʵʣʝʢʪʨʦʩʘʞʜʝʥʥʳʭ ʥʘ ʛʨʘʬʠʪ 

ʦʙʨʘʟʮʦʚ ʠ ʯʠʩʪʦʛʦ ʛʨʘʬʠʪʘ (ʨʘʩʪʚʦʨ ʈʠʥʛʝʨʘ, ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ 1 ʤɺ/ʩ). 

ʂʨʠʚʳʝ ʧʦʣʫʯʝʥʳ ʚ ʢʘʪʦʜʥʦʡ ʠ ʘʥʦʜʥʦʡ ʦʙʣʘʩʪʠ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ-ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʩʘʞʜʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʚʥʦʩʠʪ ʚʢʣʘʜ ʛʨʘʬʠʪʦʚʘʷ ʧʦʜʣʦʞʢʘ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʠʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ. ʇʨʦʮʝʩʩ ʧʘʩʩʠʚʘʮʠʠ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʚʩʝʭ ʦʩʘʞʜʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ. ɼʣʷ Co-30 ʨʝʟʢʠʡ ʨʦʩʪ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʨʠ ʘʥʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (ʈʠʩʫʥʦʢ 4.7) ʠ 

ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ (Eʢʦʨ ʵʢʩʧ = ī279 ʤɺ) ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʨʦʟʠʠ ʛʦʚʦʨʷʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʩʥʠʞʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʨʨʦʟʠʠ, ʢʦʪʦʨʦʝ ʦʙʫʩʣʦʚʣʝʥʦ ʯʘʩʪʠʯʥʳʤ ʨʘʩʪʚʦʨʝʥʠʝʤ 

ʢʦʙʘʣʴʪʘ ʚ ʚʠʜʝ [CoCl4]
2-, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʠ ʜʣʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ (ʨʘʟʜʝʣ 3.2.1).  

4.2.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʘʞʜʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʝʪʦʜʦʤ ʠʤʧʝʜʘʥʩʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʵʣʝʢʪʨʦʜ-ʨʘʩʪʚʦʨ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ 
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ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʦʜ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʨʨʦʟʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʘʩʪʚʦʨʝ ʈʠʥʛʝʨʘ. ʉʧʝʢʪʨʳ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʠ ʛʨʘʬʠʪʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.8. 

 

ʈʠʩʫʥʦʢ 4.8. ʉʧʝʢʪʨʳ ɻ ʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ: ʘ) ʜʣʷ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʠ ʧʦʜʣʦʞʢʠ ʛʨʘʬʠʪʘ; ʙ) ʫʚʝʣʠʯʝʥʥʳʡ ʫʯʘʩʪʦʢ ʩʧʝʢʪʨʦʚ ʠʤʧʝʜʘʥʩʘ ʚ ʨʘʩʪʚʦʨʝ ʈʠʥʛʝʨʘ ʧʨʠ 

ʧʦʪʝʥʮʠʘʣʝ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ. 

ʉʧʝʢʪʨʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʢʦʨʨʦʟʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʨʘʟʮʦʚ (ʪʘʙʣʠʮʘ 4.3). ʅʘʠʚʳʩʰʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʦʙʨʘʟʮʘ Co-30 (ʥʘʠʤʝʥʴʰʠʡ ʨʘʜʠʫʩ ʜʫʛʠ) ʠ ʚ ʮʝʣʦʤ ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʷʜʫ: ʛʨʘʬʠʪ < Co-5 < Fe-5 < Fe-5-Co-5 < Fe-30 < Fe-5-Co-30 < Co-30. 

ʀʟ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʠʜʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʚʩʝʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʯʝʤ 

ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʙʘʣʴʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʴʰʝʤʫ ʠʟʤʝʥʝʥʠʶ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ 

ʟʘʨʷʜʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʢʘʪʘʣʠʟʘʪʦʨʫ ʙʳʪʴ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʚ ʮʝʣʝʚʦʡ ʨʝʘʢʮʠʠ, ʥʦ ʚ ʪʦʞʝ ʚʨʝʤʷ 

ʧʨʠ ʚʳʙʦʨʝ ʥʝʧʦʜʭʦʜʷʱʝʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʧʦʣʷʨʠʟʘʮʠʠ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʧʦʙʦʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʠʟʤʝʥʝʥʠʶ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʉʨʘʚʥʝʥʠʝ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʥʳʭ ʠ ʘʤʦʨʬʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʘʤʦʨʬʥʳʡ ʩʧʣʘʚ ʫʩʪʫʧʘʝʪ ʧʦ ʢʦʨʨʦʟʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʥʳʤ. 

ʇʦʣʷʨʠʟʘʮʠʦʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʤʦʨʬʥʳʭ ʩʧʣʘʚʦʚ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ (0,03-0,05)³105 ʆʤ 

(ʊʘʙʣʠʮʘ 3.5), ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ ʟʥʘʯʝʥʠʡ ʜʣʷ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʥʳʭ ʦʙʨʘʟʮʦʚ (ʊʘʙʣʠʮʘ 

4.3). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʥʳʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʙʣʘʛʦʜʘʨʷ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʦʩʘʞʜʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʵʣʝʢʪʨʦʜʦʚ-ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪ-ʠʦʥʦʚ. 
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4.3. ʊʝʩʪʠʨʦʚʘʥʠʝ ʦʩʘʞʜʝʥʥʳʭ Co-, Fe- ʠ Fe-Co-ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʢʮʠʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʠʟ ʥʠʪʨʘʪ-ʠʦʥʦʚ 

ʕʣʝʢʪʨʦʦʩʘʞʜʝʥʥʳʝ Co-, Fe- ʠ Fe-Co-ʢʘʪʘʣʠʟʘʪʦʨʳ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ 

ʨʝʘʢʮʠʷʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ. ɸʤʤʠʘʢ ʧʦʣʫʯʘʣʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

ʵʣʝʢʪʨʦʣʠʪʘ 1,2 ʤʄ NaNO3 ʚ 0,05 ʄ Na2SO4. ɺʳʙʦʨ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ ʩʜʝʣʘʥ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʃɺɸ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʠʩʧʦʣʴʟʫʝʤʦʤ ʵʣʝʢʪʨʦʣʠʪʝ. 

ʋʩʣʦʚʠʷ ʦʩʘʞʜʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.1. 

4.3.1. ʆʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ɼʣʷ ʦʮʝʥʢʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʝʥʘ 

ʝʤʢʦʩʪʴ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʧʦ ʢʦʪʦʨʦʡ ʨʘʩʩʯʠʪʘʥʘ ʘʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.4 (ʎɺɸ ʧʨʠʚʝʜʝʥʳ ʚ 

ʇʨʠʣʦʞʝʥʠʠ 8). 

ʊʘʙʣʠʮʘ 4.4. ɽʤʢʦʩʪʴ ʜʚʦʡʥʦʛʦ ʩʣʦʷ (Cdl) ʠ ʘʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ (S) ʜʣʷ ʦʩʘʞʜʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʛʨʘʬʠʪʘ. 

ʆʙʨʘʟʝʮ Cdl  (ʤʌ/ʩʤ2) S [ʩʤ2 / ʩʤ2 (ʛʝʦʤ)] 
ʋʨʘʚʥʝʥʠʝ-ʨʝʟʫʣʴʪʘʪ 

ʠʟʤʝʨʝʥʠʷ Cdl 

ʛʨʘʬʠʪ 0,54 13,5 y = 0,54Țx + 26; RĮ = 0,993 

Co-5 0,575 14,36 y = 0,575Țx + 4,9; RĮ = 0,998 

Co-30 0,61 15,25 y = 0,61Țx + 23,4; RĮ = 0,995 

Fe-5 1,14 28,50 y = 1,14Țx + 56,6; RĮ = 0,987 

Fe-30 1,15 28,75 y = 1,15Țx + 111; RĮ = 0,987 

Fe-5-Co-5 0,775 19,36 y = 0,775Țx + 30,5; RĮ = 0,989 

Fe-5-Co-30 0,85 21,25 y = 0,85Țx + 57,6; RĮ = 0,980 

ɽʤʢʦʩʪʴ ʜʚʦʡʥʦʛʦ ʩʣʦʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ, ʠ ʧʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 4.4 ʥʘʠʙʦʣʴʰʝʡ ʧʣʦʱʘʜʴʶ ʦʙʣʘʜʘʶʪ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ Fe. ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʣʠ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ 

ʢʦʙʘʣʴʪʘ, ʚʝʣʠʯʠʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʨʘʬʠʪʦʚʦʡ ʧʦʜʣʦʞʢʠ. 

ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ Cdl ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʘʥʥʳʝ ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʙʦʣʴʰʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʮʝʥʪʨʦʚ, ʥʦ ʵʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʮʝʥʪʨʳ ʤʦʛʫʪ ʙʳʪʴ ʩʝʣʝʢʪʠʚʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ 

ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ, ʥʦ ʠ ʜʣʷ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ ʪʦʞʝ (ʨʝʘʢʮʠʷ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ 

ʠʣʠ ʥʠʪʨʠʪʘ, ʚʳʜʝʣʝʥʠʷ ʘʟʦʪʘ ʠ ʜʨʫʛʠʝ) [225]. 
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4.3.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʘʞʜʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʝʪʦʜʦʤ ʠʤʧʝʜʘʥʩʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʪʨʘʪ-ʠʦʥʦʚ 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ 

ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʧʝʢʪʨʳ ʠʤʧʝʜʘʥʩʘ ʚʩʝʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʛʨʘʬʠʪʘ ʚ ʨʘʩʪʚʦʨʝ 

1,2 ʤʄ NaNO3 ʚ 0,05 ʄ Na2SO4 ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.9. ɼʠʘʤʝʪʨ ʧʦʣʫʢʨʫʛʘ/ʨʘʜʠʫʩ ʜʫʛʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ (Rp) ʢʘʢ ʣʠʤʠʪʠʨʫʶʱʫʶ ʩʪʘʜʠʶ 

ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ [194]. ʅʘʠʙʦʣʴʰʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ 

ʛʨʘʬʠʪʘ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʘʣʣʘ (Co, Fe), ʦʩʘʞʜʝʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʘʬʠʪʘ, 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ. ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ ʧʦʢʘʟʘʣʠ ʦʙʨʘʟʮʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʙʘʣʴʪʘ: Co-30 

ʠ Fe-5-Co-30, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦʤ ʠ ʵʬʬʝʢʪʠʚʥʦʤ ʧʨʦʮʝʩʩʝ ʧʝʨʝʥʦʩʘ 

ʵʣʝʢʪʨʦʥʦʚ ʚʦ ʚʨʝʤʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ NO3
-. 

 

ʈʠʩʫʥʦʢ 4.9. ʉʧʝʢʪʨʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ ʜʣʷ ʛʨʘʬʠʪʦʚʦʡ ʧʦʜʣʦʞʢʠ ʠ 

ʦʙʨʘʟʮʦʚ: ʘ) ʧʨʠ E = ī0,585 ɺ; ʙ) E = ī0,785 ɺ; ʚ) E = ī0,985 ɺ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʩʪʚʦʨʝ 1,2 

ʤʄ NaNO3 ʚ 0,05 ʄ Na2SO4. 

ʂʦʙʘʣʴʪ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʥʠʪʨʘʪ-ʠʦʥʦʚ [226], ʠ 

ʧʦʵʪʦʤʫ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʤʠʘʢʘ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ 
































































































































