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ɸʅʆʊɸʎɯʗ 

ʅʝʥʘʩʪʽʥʘ ʊ.ʆ. ɽʣʝʢʪʨʦʣʽʪʠʯʥʽ ʩʧʣʘʚʠ ʽ ʢʦʤʧʦʟʠʪʠ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ 

ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ ʜʣʷ ʝʢʦ- ʽ ʝʥʝʨʛʦʪʝʭʥʦʣʦʛʽʡ.  ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ 

ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.17.03 ï ʪʝʭʥʽʯʥʘ ʝʣʝʢʪʨʦʭʽʤʽʷ (16 ïʍʽʤʽʯʥʘ ʪʘ ʙʽʦʽʥʞʝʥʝʨʽʷ). 

 ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪè, ʍʘʨʢʽʚ, 2021.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʚ ʦʙôʻʤʽ ʝʣʝʢʪʨʦʣʽʪʫ ʪʘ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʥʘ ʤʝʞʽ ʬʘʟ ʧʨʠ ʩʧʽʣʴʥʦʤʫ ʦʩʘʜʞʝʥʥʽ ʢʦʙʘʣʴʪʫ ʟ 

ʚʦʣʴʬʨʘʤʦʤ, ʤʦʣʽʙʜʝʥʦʤ ʽ ʮʠʨʢʦʥʽʻʤ ʫ ʩʧʣʘʚ ʘʙʦ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʢʘʪʦʜʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʧʦʢʨʠʚʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ ʟ 

ʢʦʤʧʣʝʢʩʥʠʭ ʧʦʣʽʣʽʛʘʥʜʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ, ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʢʨʠʚʽʚ. 

ɼʠʩʝʨʪʘʮʽʶ ʧʨʠʩʚʷʯʝʥʦ ʨʦʟʨʦʙʮʽ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʧʦʢʨʠʚʽʚ ʩʧʣʘʚʘʤʠ ʽ ʢʦʤʧʦʟʠʪʘʤʠ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʟ 

ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ ʷʢ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʝʢʦ- ʽ ʝʥʝʨʛʦʪʝʭʥʦʣʦʛʽʡ. ɺ ʦʩʥʦʚʫ 

ʨʦʙʦʪʠ ʧʦʢʣʘʜʝʥʦ ʛʽʧʦʪʝʟʫ ʦʩʘʜʞʝʥʥʷ ʟ ʨʦʟʯʠʥʽʚ ʝʣʝʢʪʨʦʣʽʪʽʚ 

ʥʘʥʦʢʦʤʧʦʟʠʮʽʡʥʠʭ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʧʦʢʨʠʚʽʚ ʟʽ ʟʤʽʮʥʶʚʘʣʴʥʦʶ ʬʘʟʦʶ, 

ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ in situ ʚ ʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʮʝʩʽ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʫ ʟʨʦʩʪʘʶʯʦʤʫ ʰʘʨʽ ʧʦʢʨʠʚʫ.  

ɺʠʟʥʘʯʝʥʦ ʩʢʣʘʜ ʽ ʢʦʥʩʪʘʥʪʠ ʥʝʩʪʽʡʢʦʩʪʽ ʮʠʪʨʘʪʥʠʭ, ʧʽʨʦʬʦʩʬʘʪʥʠʭ ʪʘ 

ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʩʧʣʘʚʦʪʚʽʨʥʠʭ ʤʝʪʘʣʽʚ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤ 
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ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʘʪʽʦʥʽʚ ʢʦʙʘʣʴʪʫ, 

ʮʠʨʢʦʥʽʶ, ʦʢʩʦʤʝʪʘʣʘʪʽʚ ʽ ʣʽʛʘʥʜʽʚ, ʱʦ ʩʪʘʣʦ ʦʩʥʦʚʦʶ ʨʦʟʨʦʙʢʠ ʝʢʦʣʦʛʽʯʥʠʭ 

ʝʣʝʢʪʨʦʣʽʪʽʚ ʦʩʘʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʽ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʟ 
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ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ.  

ɺʠʟʥʘʯʝʥʦ ʢʦʤʧʣʝʢʩ ʢʽʥʝʪʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʠʭ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʤʝʪʘʣʽʚ ʫ ʧʦʢʨʠʚʠ  

ʉʦ-Mo-W/ʉʦ-Mo-WOx, ʉo-ʄʦ-Zr/ʉo-ʄʦ-ZrO2, ʉo-W-Zr/ʉo-W-ZrO2, ʷʢ 

ʩʫʢʫʧʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʠʭ ʽ ʩʧʨʷʞʝʥʠʭ ʨʝʘʢʮʽʡ ʟʘ ʫʯʘʩʪʶ ʤʦʥʦ- ʽ ʙʽʣʽʛʘʥʜʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʪʘ ʘʜ-ʘʪʦʤʽʚ ʚʦʜʥʶ, ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʩʭʝʤʫ 

ʬʦʨʤʫʚʘʥʥʷ ʂɽʇ ʟ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʫʟʘʛʘʣʴʥʝʥʫ ʩʭʝʤʫ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ ʚʦʣʴʬʨʘʤʦʤ ʪʘ/ʘʙʦ ʤʦʣʽʙʜʝʥʦʤ 

ʽ ʮʠʨʢʦʥʽʻʤ ʫ ʩʧʣʘʚʠ ʽ ʢʦʤʧʦʟʠʪʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʽʦʥʥʽ ʨʝʘʢʮʽʾ ʛʽʜʨʦʣʽʟʫ, 

ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʽ ʧʦʣʽʘʥʽʦʥʽʚ, ʱʦ ʧʝʨʝʙʽʛʘʶʪʴ ʫ ʨʦʟʯʠʥʽ ʟʘ ʫʯʘʩʪʶ 

ʢʦʙʘʣʴʪʫ, ʮʠʨʢʦʥʽʶ, ʮʠʪʨʘʪʫ, ʧʽʨʦʬʦʩʬʘʪʫ ʽ ʦʢʩʦʘʥʽʦʥʽʚ MoO4
2 (WO4

2). 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʩʦʤʝʪʘʣʘʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʘʜʽʡʥʦ ʯʝʨʝʟ 

ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʚʦʣʴʬʨʘʤʫ(ʤʦʣʽʙʜʝʥʫ) ʟʤʽʥʥʦʾ ʚʘʣʝʥʪʥʦʩʪʽ ʟ ʤʦʞʣʠʚʠʤ  

ʧʦʜʘʣʴʰʠʤ ʾʭ ʷʢ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ, ʪʘʢ ʽ ʭʽʤʽʯʥʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ ʘʜ-ʘʪʦʤʘʤʠ 

ʛʽʜʨʦʛʝʥʫ. ɺʢʣʶʯʝʥʥʷ ʦʢʩʠʜʽʚ ʮʠʨʢʦʥʽʶ ʚ ʩʢʣʘʜ ʧʦʢʨʠʚʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʛʽʜʨʦʣʽʟʫ ʽ ʫʪʚʦʨʝʥʥʷ ʦʢʩʦʩʦʣʽ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʦʧʨʘʮʶʚʘʥʥʷ ʩʢʣʘʜʽʚ ʝʣʝʢʪʨʦʣʽʪʽʚ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ, ʧʦʢʘʟʘʥʦ, ʱʦ ʧʦʢʨʠʚʠ ʥʘ ʦʩʥʦʚʽ 

ʢʦʙʘʣʴʪʫ ʉo-ʄʦ-ZrO2, ʉo-W-ZrO2, ʦʩʘʜʞʝʥʽ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ, ʤʽʩʪʷʪʴ ʜʦ 

0,7 ʤʘʩ.% ʮʠʨʢʦʥʽʶ, ʧʦʢʨʠʚʠ ʉʦ-Mo-WOx ï ʜʦ 24 ʤʘʩ.% ʪʫʛʦʧʣʘʚʢʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ. ɼʦʚʝʜʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ ʩʪʨʫʤʫ ʟʘʙʝʟʧʝʯʫʻ 

ʟʙʘʛʘʯʝʥʥʷ ʧʦʢʨʠʚʽʚ ʤʦʣʽʙʜʝʥʦʤ, ʚʦʣʴʬʨʘʤʦʤ ʽ ʮʠʨʢʦʥʽʻʤ ʧʨʠ ʟʤʝʥʰʝʥʥʽ 

ʚʤʽʩʪʫ ʦʢʩʠˇʝʥʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʥʦʚʣʝʥʥʷ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ʫ 

ʧʦʢʨʠʚʠ ʉo-W-ZrO2 ʽ ʉʦ-Mo-WOx, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʉo-ʄʦ-ZrO2, ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʢʦʥʢʫʨʝʥʪʥʦ. ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʽʥʪʝʨʚʘʣʠ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ 5ï8 ɸ/ʜʤ2 ʽ 

ʯʘʩʪʦʪʫ ʽʤʧʫʣʴʩʽʚ ʥʘ ʨʽʚʥʽ 88ï90 ɻʮ ʉo-W-ZrO2 ʉo-ʄʦ-ZrO2 ̔  ʉʦ-Mo-WOx.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʮʠʨʢʦʥʽʡ ʚʠʢʣʠʢʘʻ ʧʽʜʚʠʱʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ 

ʧʦʢʨʠʚʽʚ (Ra), ʱʦ ʧʦʚôʷʟʘʥʦ ʽʟ ʚʢʣʶʯʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʦʢʩʠʜʽʚ ʜʦ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ, ʘ ʚʦʣʴʬʨʘʤ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ Ra ʽ ʟʛʣʘʜʞʫʚʘʥʥʶ 

ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ʟʘ ʨʘʭʫʥʦʢ ʚʙʫʜʦʚʫʚʘʥʥʷ ʚ ʟʘʛʣʠʙʣʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ 
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ʰʘʨʫ. ɼʦʚʝʜʝʥʦ ʧʽʜʚʠʱʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʦʢʨʠʚʽʚ ʚʽʜʥʦʩʥʦ ʧʦʢʘʟʥʠʢʽʚ 

ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʧʨʠʯʦʤʫ ʥʘʡʚʠʱʠʡ ʧʦʢʘʟʥʠʢ ʤʘʶʪʴ ʩʠʩʪʝʤʠ  

ʉʦ-Mo-WOx (ʜʦ 1100 ʢʛ/ʤʤ
2), ʜʣʷ ʉo-ʄʦ-ZrO2 ʽ ʉo-W-ZrO2 ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ 

ʩʢʣʘʜʘʻ ʜʦ 550 ʢʛ/ʤʤ2. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʱʫ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʧʦʢʨʠʚʽʚ, ʧʦʨʽʚʥʷʥʦ ʟ ʢʽʤʥʘʪʥʦʶ ʨʝʞʠʤʦʤ, ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ.  

ɯʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʣʽʥʽʡʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ, ʩʧʝʢʪʨʦʩʢʦʧʽʾ 

ʝʣʝʢʪʨʦʜʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʪʘ ʛʨʘʚʽʤʝʪʨʽʾ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʚʠʱʫ ʢʦʨʦʟʽʡʥʫ 

ʩʪʽʡʢʽʩʪʴ ʫ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʠʷʚʣʷʻ ʩʠʩʪʝʤʘ Co-Mo-WOx, ʪʦʜʽ ʷʢ 

ʧʦʢʨʠʪʪʷ Co-Mo-ZrO2 ʽ Co-W-ZrO2 ʻ ʙʽʣʴʰ ʩʪʽʡʢʠʤʠ ʫ ʣʫʞʥʦʤʫ ʽ 

ʥʝʡʪʨʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʇʦʢʨʠʪʪʷʤ ʩʧʣʘʚʘʤʠ Co-Mo-WOx, Co-Mo-ZrO2, 

Co-W-ZrO2 ʧʨʠʪʘʤʘʥʥʘ ʚʠʩʦʢʘ ʭʽʤʽʯʥʘ ʽ ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʫ ʣʫʞʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ. ɿʘ ʟʥʘʯʝʥʥʷʤ ʛʣʠʙʠʥʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʢʦʨʦʟʽʾ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʽʜʥʝʩʝʥʥʽ ʟʘ ʜʝʩʷʪʠʙʘʣʴʥʦʶ ʰʢʘʣʦʶ ʜʦ ʚʝʣʴʤʠ ʩʪʽʡʢʠʭ.  

ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʢʘʪʦʜʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʥʘ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ ʧʦʢʨʠʪʪʷʭ ʉo-Mo-WOx, Co-Mo-ZrO2 ʽ  

Co-W-ZrO2. ɺʠʟʥʘʯʝʥʦ ʢʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʘʢʮʽʾ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʥʘ 

ʦʟʥʘʯʝʥʠʭ ʪʦʥʢʦ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʘʭ ï ʢʫʪʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʘʬʝʣʝʚʩʢʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ, ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʥʝʩʝʥʥʷ, ʩʪʨʫʤʠ ʦʙʤʽʥʫ. ʅʘ ʧʽʜʩʪʘʚ ʘʥʘʣʽʟʫ 

ʢʽʥʝʪʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ.  

ɼʦʩʣʽʜʞʝʥʦ ʢʽʥʝʪʠʢʫ ʘʥʦʜʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʤʝʪʘʥʦʣʫ ʥʘ ʝʣʝʢʪʨʦʜʘʭ ʟ  

ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʧʦʢʨʠʚʘʤʠ Co-Mo-Wʆʭ, Co-Mo-Zrʆ2 ʽ Co-W-Zrʆ2 ʽ 

ʚʠʷʚʣʝʥʦ ʫʯʘʩʪʴ ʧʨʦʤʽʞʥʠʭ ʦʢʩʠʜʽʚ ʤʝʪʘʣʽʚ ʚ ʧʝʨʝʥʝʩʝʥʥʽ ʦʢʩʠʛʝʥʫ.  

ʎʠʢʣʽʯʥʽ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʦʢʨʠʚʠ Co-Mo-Zrʆ2 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʡʚʠʱʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ ʧʨʠ ʘʥʦʜʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ ʟʘʚʜʷʢʠ 

ʚʢʣʶʯʝʥʥʶ ʜʦ ʾʭ ʩʢʣʘʜʫ ʦʢʩʠʜʽʚ ʤʦʣʽʙʜʝʥʫ ʽ ʮʠʨʢʦʥʽʶ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʘʥʦʜʥʦʾ ʧʦʚʝʜʽʥʢʠ ʝʣʝʢʪʨʦʜʽʚ ʟ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ 

ʧʦʢʨʠʚʘʤʠ Co-Mo-Wʆʭ, Co-Mo-Zrʆ2 ʽ Co-W-Zrʆ2 ʩʚʽʜʯʘʪʴ ʧʨʦ ʫʯʘʩʪʴ 

ʧʨʦʤʽʞʥʠʭ ʦʢʩʠʜʽʚ ʢʦʤʧʦʥʝʥʪʽʚ ʂɽʇ ʫ ʨʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ ʝʪʘʥʦʣʫ ʚ ʣʫʞʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ɿʘ ʚʝʣʠʯʠʥʦʶ ʧʽʢʫ ʘʥʦʜʥʦʾ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 
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ʩʝʨʝʜ ʜʦʩʣʽʜʞʝʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʥʘʡʚʠʱʫ ʝʣʝʢʪʨʦʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ 

ʨʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ ʝʪʘʥʦʣʫ ʚʠʷʚʣʷʶʪʴ ʚʦʣʴʬʨʘʤʚʤʽʩʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ 

Co-Mo-Wʆʭ. ʊʘʢʽ ʢʘʪʘʣʽʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʘʷʚʥʽʩʪʶ ʦʢʩʠʜʽʚ 

ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ, ʷʢʠʤ ʧʨʠʪʘʤʘʥʥʽ ʟʤʽʥʥʽ ʩʪʘʥʠ ʦʢʠʩʥʝʥʥʷ ʪʘ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʘ ʟʜʘʪʥʽʩʪʴ ʱʦʜʦ ʢʠʩʥʶ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʢʦʥʪʘʢʪʥʽ ʤʘʩʠ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-ʄʦ-WOʭ,  

Co-ʄʦ-ZrO2 ʽ Co-W-ZrO2 ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʦʶ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʚ 

ʨʝʘʢʮʽʾ ʜʝʩʪʨʫʢʮʽʾ ʤʝʪʠʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ ʧʽʜ ʜʽʻʶ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ 

ʦʧʨʦʤʽʥʝʥʥʷ, ʧʨʠʯʦʤʫ ʧʦʢʨʠʚʠ Co-ʄʦ-WOʭ ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʧʦʢʨʠʚʘʤʠ Co-ʄʦ-ZrO2 ʽ  

Co-W-ZrO2, ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʚʝʨʩʽʡʥʠʤʠ ʧʦʢʨʠʚʘʤʠ ʥʘ ʦʩʥʦʚʽ 

ʦʢʩʠʜʫ ʪʠʪʘʥʫ. 

 ʈʦʟʨʦʙʣʝʥʦ ʚʘʨʽʘʪʠʚʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʩʧʣʘʚʽʚ 

ʪʘ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ Co-W-ZrO2,  

Co-ʄʦ-ZrO2, Co-ʄʦ-Wʆʭ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʩʘʜʞʫʚʘʪʠ ʷʢ ʪʦʥʢʦʧʣʽʚʢʦʚʽ 

ʤʘʪʝʨʽʘʣʠ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʪʘʢ ʽ ʩʠʥʝʨʛʝʪʠʯʥʽ ʤʘʪʝʨʽʘʣʽ ʟ 

ʢʦʤʧʣʝʢʩʥʦʶ ʨʝʘʣʽʟʘʮʽʻʶ ʚ ʧʦʚʝʨʭʥʝʚʠʭ  ʰʘʨʘʭ ʧʽʜʚʠʱʝʥʠʭ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʚʠʨʦʙʽʚ ʟ ʨʦʟʨʦʙʣʝʥʠʤʠ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʧʦʢʨʠʚʘʤʠ ʽ ʩʢʣʘʜʽʚ ʝʣʝʢʪʨʦʣʽʪʽʚ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ɸʊ çʍʘʨʢʽʚʩʴʢʠʡ ʪʨʘʢʪʦʨʥʠʡ ʟʘʚʦʜè  ̔ʊʆɺ çʅɺʌ ɼʂɹ ʍʄè 

(çʅʘʫʢʦʚʦ ʚʠʨʦʙʥʠʯʘ ʬʽʨʤʘ ʜʦʩʣʽʜʥʝ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ ʭʦʣʦʜʠʣʴʥʠʭ 

ʤʘʰʠʥè) ʜʦʚʝʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ ʽ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʜʝʨʞʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʚʯʘʣʴʥʠʡ 

ʧʨʦʮʝʩ ʢʘʬʝʜʨʠ ʬʽʟʠʯʥʦʾ ʭʽʤʽʾ ʅʊʋ ʍʇɯ ʽ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʜʦʨʦʞʥʴʦ-

ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʭʽʤʽʾ  ʍʅɸɼʋ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʙʘʣʴʪ, ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʩʠʥʪʝʟ, ʩʧʣʘʚʠ, ʪʫʛʦʧʣʘʚʢʽ 

ʤʝʪʘʣʠ, ʢʦʤʧʦʟʠʮʽʡʥʽ ʝʣʝʢʪʨʦʣʽʪʠʯʥʽ ʧʦʢʨʠʚʠ, ʢʘʪʘʣʽʪʠʯʥʽ ʤʘʪʝʨʽʘʣʠ, 

ʧʦʣʽʣʽʛʘʥʜʥʽ ʢʦʤʧʣʝʢʩʠ, ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ, ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ,  ʚʘʨʽʘʪʠʚʥʘ 

ʩʭʝʤʘ. 
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ABSTRACT 

Nenastina T.A. Cobalt and Refractory Metal-Based Electrolytic Alloys and 

Composites for Eco-and Energy Technologies. ï Manuscript. 

Dissertation for the Degree of the Doctor of Engineering Sciences in the 

Specialist of 05.17.03 ï Technical Electrochemistry (16 ï Chemical and 

Bioengineering). ï National Technical University ñKharkiv Polytechnical 

Instituteò, Kharkiv, 2021. 

The object of research is chemical reactions in the electrolyte and 

electrochemical processes that occur at the phase interface during the co-deposition 

of cobalt in combination with tungsten, molybdenum and zirconium to the alloy or 

composite coatings. 

The subject of research is the mechanisms and technological parameters of 

the cathode deposition of cobaltïbased coatings with refractory metals from 

complex polyligand electrolytes and the functional properties of obtained coatings.  

The thesis is devoted to the development of the scientific basics for the 

electrochemical coating technology using cobalt-based alloys and composites with 

refractory metals as the materials intended for the eco- and energy technologies.  

The bedrock of the thesis is the hypothesis that nanocomposite multicomponent 

coatings with the strengthening phase that is formed in situ in the electrode process 

can be deposited from electrolyte solutions and due to this fact this strengthening 

phase is uniformly distributed in the increasing layer of the coating.   

The composition and instability constants of the citrate-, pyrophosphate and 

citrate-pyrophosphate complexes of alloy-forming metals and ʉʦ2+-Wʆ4
2- 

(ʄʦʆ4
2-), ʉʦ2+-Wʆ4

2-(ʄʦʆ4
2-)-P2O7

4ī, ʉʦ2+-Wʆ4
2-(ʄʦʆ4

2-)-Cit3ī systems were 

defined and these allowed us to specify the concentration ratios of cobalt-, 

zirconium-, oxometallite and ligand cations. The obtained data served as a basis for 

the development of ecological electrolytes used for the deposition of the alloys and 

composites based on the combination of cobalt with refractory metals.    
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The set of kinetic criteria was defined. Based on these criteria, we 

substantiated the co-deposition mechanism of the metals to ʉʦ-Mo-W/ʉʦ-Mo-

WOx, ʉo-ʄʦ-Zr/ʉo-ʄʦ-ZrO2, ʉo-W-Zr/ʉo-W-ZrO2 coatings as an aggregate of 

consecutive and coupled reactions with the participation of mono-and biligand 

complexes and hydrogen ad-atoms and we suggested the generalized scheme for 

the formation of composite electrolytic coatings (CEC) deposited from citrate ï

pyrophosphate electrolytes. The generalized scheme for the co-deposition of cobalt 

with tungsten and /or molybdenum and zirconium to the alloys and composites was 

suggested and it takes into account the ionic reactions of hydrolysis and formation 

of complexes and polyanions that proceed in the solution with the participation of 

cobalt, zirconium, citrate, pyrophosphate and MoO4
2 (WO4

2) oxoanions. It was 

established that the reduction of oxometallites has a staged behavior and it occurs 

through the formation of tungsten (molybdenum) oxides of a variable valence with 

the possibility for their subsequent electrochemical and chemical reduction by 

hydrogen ad-atoms.  Zirconium oxides are included to the coating composition 

through the oxosalt formation and hydrolysis.  

Based on the data obtained for processed electrolyte compositions and the 

studies of the parameters of electrodeposition modes, we showed that cobalt-based 

ʉo-ʄʦ-ZrO2, ʉo-W-ZrO2 coatings deposited using the direct current include up to 

0.7wt.% of zirconium and ʉʦ-Mo-WOx coatings include up to 24wt.% of 

refractory components. It was proved that the use of pulsed current provides the 

enrichment of the coatings with molybdenum, tungsten and zirconium with a 

decrease in the oxygen content. It was established that in contrast to ʉo-ʄʦ-ZrO2 

the reduction of refractory metal to get ʉo-W-ZrO2 and ʉʦ-Mo-WOx coatings 

occurs on competitive basis. Optimal current density intervals of 5ï8 ɸ/dm2  and 

the pulse repetition rate at a level of 88 to 90Hz for ʉo-W-ZrO2 ʉo-ʄʦ-ZrO2 and 

ʉʦ-Mo-WOx coatings have been defined. 

It was shown that zirconium accounts for an increased surface coarseness of 

the coatings (Ra) and it is related to the inclusion of appropriate oxides to 

composite coatings and tungsten contributes to a decrease in Ra and to the surface 
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relief smoothing through the embedding of it into the cavities of the surface layer. 

It was proved that the coating microhardness is increased in comparison to the 

values of individual components and moreover, the ʉʦ-Mo-WOx system has the 

highest value (up to 1100 kg/mm2), and for ʉo-ʄʦ-ZrO2 and ʉo-W-ZrO2 systems 

the microhardness is equal to 550kg/ mm2. An increase in the temperature results 

in an increased microhardness of the coatings in comparison to that at room 

temperature due to the increased content of refractory components.   

Using the linear voltammetry, spectroscopy, the electrode impedance and 

gravimetry we established that the Co-Mo-WOx system shows the highest 

corrosion stability in the acid environment, while Co-Mo-ZrO2 and Co-W-ZrO2 

coatings are more stable in alkaline and neutral environments. Co-Mo-WOx, Co-

Mo-ZrO2, and  Co-W-ZrO2 alloy coatings show high chemical and corrosion 

resistance in alkaline environments. As for the value of the corrosion depth index, 

these can be attributed to very stable systems according to the ten-grade scale.  

The mechanisms of the cathode release of hydrogen on composite 

electrolytic ʉo-Mo-WOx, Co-Mo-ZrO2 and Co-W-ZrO2 coatings have been 

established. The kinetic parameters of the reaction of hydrogen release on specified 

thin-film materials, in particular the angle coefficients of Tafel dependences, 

transfer coefficients and exchange currents were defined. Based on the analysis 

data obtained for kinetic behaviors we suggested the hydrogen release mechanism.  

The kinetics of the anode oxidation of methanol on the electrodes with 

composite Co-Mo-Wʆʭ, Co-Mo-Zrʆ2 and Co-W-Zrʆ2 coatings has been studied 

and it was revealed that intermediate metal oxides participate in the oxygen 

transfer. Cyclic voltamperograms show that Co-Mo-Zrʆ2 coatings are 

characterized by a maximum stability during the anode polarization due to the 

inclusion of molybdenum and zirconium oxides to their composition.   

The studies of the anode behavior of the electrodes with composite Co-Mo-

Wʆʭ, Co-Mo-Zrʆ2 and Co-W-Zrʆ2 coatings testify of the participation of the 

intermediate oxides of CEC components in the oxidation reaction of ethanol in the 

alkaline environment.  Based on the peak value of the anode current density, we 
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established that tungsten-containing composite Co-Mo-Wʆʭ coatings show the 

highest electrocatalytic activity in the ethanol oxidation reaction in comparison to 

other studied composites. These catalytic properties can be explained by the 

availability of the refractory metal oxides that are characterized by variable 

oxidation states and the oxygen donor strength and accepting ability.  

It was shown that the contact masses of composite Co-ʄʦ-WOʭ,  

Co-ʄʦ-ZrO2 and Co-W-ZrO2 coatings possess high photocatalytic activity in the 

destruction reaction of methyl orange when exposed to the action of ultraviolet 

irradiation and moreover, Co-ʄʦ-WOʭ coatings have a higher catalytic activity in 

comparison to composite Co-ʄʦ-ZrO2 and Co-W-ZrO2 coatings and can be 

compared to the conversion titanium oxide-based coatings.  

A variable process flowchart was developed for the electrodeposition of 

cobalt-based alloys and composites with refractory metals; these are Co-W-ZrO2,  

Co-ʄʦ-ZrO2, Co-ʄʦ-Wʆʭ systems that enable the deposition both of thin-film 

materials for the designated purpose and synergetic materials with the complex 

realization of improved physical-&-mechanical and physical-&-chemical 

properties in surface layers.   

The full-scale investigative test data obtained for experimental specimens 

with developed composite coatings and electrolyte compositions with the 

assistance of such companies as JSC ñKharkov Tractor Plantò and SIF RDB RM 

LTD (Science and Industry Firm Research-&-Design Bureau for Refrigerating 

Machines) proved the efficiency of the developed technologies and a high level of 

the functional properties of obtained materials. The obtained data were 

implemented into the educational process conducted by the Department for 

Physical Chemistry of NTU ñKhPIò and the Department for Highway Construction 

Materials and Chemistry of the Kharkov National Automobile and Highway 

University.  

Keywords: cobalt, electrochemical synthesis, alloys, refractory metals, 

composite electrolytic coatings, catalytic materials, polyligand complexes, 

corrosion resistance, microhardness. 
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ʉʇʀʉʆʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ, ʉʀʄɺʆʃʆɺ ɯ ʉʂʆʈʆʏɽʅʔ 

a ï ʩʪʘʣʘ ʊʘʬʝʣʷ, ɺ; 

b ï ʩʪʘʣʘ ʊʘʬʝʣʷ, ɺ; 

ci ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʦʥʽʚ, ʤʦʣʴ/ʜʤ
3; 

cL ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʣʽʛʘʥʜʽʚ, ʤʦʣʴ/ʜʤ3; 

cM ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʦʥʽʚ ʤʝʪʘʣʫ, ʤʦʣʴ/ʜʤ3; 

d  ï ʜʽʘʛʦʥʘʣʴ ʚʜʘʚʣʝʥʥʷ ʧʽʨʘʤʽʜʠ, ʤʢʤ; 

ɽ ï ʝʣʝʢʪʨʦʜʥʠʡ ʧʦʪʝʥʮʽʘʣ, ɺ; 

E0 ï ʩʪʘʥʜʘʨʪʥʠʡ ʧʦʪʝʥʮʽʘʣ, ɺ; 

ɽʢʦʨ ï ʧʦʪʝʥʮʽʘʣʫ ʢʦʨʦʟʽʾ, ɺ 

Ec ï ʩʪʘʮʽʦʥʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ, ɺ; 

Eʧ ï ʧʦʪʝʥʮʽʘʣ ʧʽʢʘ, ɺ;  

F ï ʯʠʩʣʦ ʌʘʨʘʜʝʷ, ɸĀʛʦʜ/ʤʦʣʴ; 

f ï ʯʘʩʪʦʪʘ ʽʤʧʫʣʴʩʽʚ, ɻʮ; 

0̔ ï ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʦʙʤʽʥʫ, ɸ/ʜʤ
2; 

ʢ̔ ï ʛʫʩʪʠʥʘ ʢʘʪʦʜʥʦʛʦ ʩʪʨʫʤʫ, ɸ/ʜʤ
2; 

ʢ̔ʦʨ ï ʛʫʩʪʠʥʫ ʩʪʨʫʤʫ ʢʦʨʦʟʽʾ, ɸ/ʜʤ2; 

ʽ̔ ï ʛʫʩʪʠʥʘ ʽʤʧʫʣʴʩʥʦʛʦ ʩʪʨʫʤʫ, ɸ/ʜʤ2;  

ʧ̔ʘ ï ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʘʥʦʜʥʦʛʦ ʧʽʢʘ, ɸ/ʜʤ
2; 

I  ï ʩʠʣʘ ʩʪʨʫʤʫ, ɸ; 

ɯʩ  ï ʽʦʥʥʘ ʩʠʣʘ; 

ʂʥ ï ʢʦʥʩʪʘʥʪʘ ʥʝʩʪʽʡʢʦʩʪʽ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ; 

k ï ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʝʢʚʽʚʘʣʝʥʪ ʩʧʣʘʚʫ ʘʙʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʢʨʠʚʫ, ʛ/(ɸĀʛʦʜ); 

kb ̔ ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʟʚʦʨʦʪʥʦʾ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ;  

kfʽ ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʧʨʷʤʦʾ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ  

kh ï ʛʣʠʙʠʥʥʠʡ ʧʦʢʘʟʥʠʢ ʰʚʠʜʢʦʩʪʽ ʢʦʨʦʟʽʾ, ʤʤ/ʨʽʢ; 

ks ̔ ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ; 

ks ï ʩʪʘʥʜʘʨʪʥʘ ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʫ, ʩʤ/ʩ; 
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k  ̔ ï ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʝʢʚʽʚʘʣʝʥʪ i -ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦʢʨʠʚʫ, ʛ/(ɸĀʛʦʜ) 

m ï ʤʘʩʘ ʟʨʘʟʢʘ, ʛ; 

n ï ʯʠʩʣʦ ʢʦʦʨʜʠʥʦʚʘʥʠʭ ʣʽʛʘʥʜʽʚ 

pi ï ʧʦʨʷʜʦʢ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʘʙʦ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ; 

Q ï ʧhʘʨʫʚʘʪʽʩʪʴ ʧʦʣʷʨʠʟʫʶʯʠ ʽʤʧʫʣʴʩʽʚ; 

R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ, ɼʞ/(ʤʦʣʴĀʂ); 

Ra ï ʧʘʨʘʤʝʪʨʠ ʰʦʨʩʪʢʦʩʪʽ; 

Rq ï ʧʘʨʘʤʝʪʨʠ ʰʦʨʩʪʢʦʩʪʽ; 

S ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ, ʩʤ2; 

s ï ʰʚʠʜʢʽʩʪʴ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ, ɺ/ʩ; 

T ï ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ; 

t ï ʯʘʩ ʦʙʨʦʙʢʠ, ʭʚ; 

ti ï ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ, ʩ; 

tʧ  ï ʪʨʠʚʘʣʽʩʪʴ ʧʘʫʟʠ, ʩ; 

V  ï ʦʙ'ʻʤ, ʩʤ3; 

vd ï ʰʚʠʜʢʽʩʪʴ ʦʙôʻʤʥʦʾ ʜʠʬʫʟʽʾ; 

ʍ  ï ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʟʢʣʘʜʝʥʦʾ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʜʦ 

ʚʠʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ, % 

Xʩ ï ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʢʨʠʪʝʨʽʡ;   

ʍs ï ʢʨʠʪʝʨʽʡ ʉʝʤʝʨʘʥʦ; 

Ŭz ï ʜʦʙʫʪʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʥʝʩʝʥʥʷ ʥʘ ʯʠʩʣʦ ʝʣʝʢʪʨʦʥʽʚ; 

ŭ  ï ʪʦʚʱʠʥʘ ʧʦʢʨʠʚʽʚ, ʤʢʤ; 

rʩʧ ï ʱʽʣʴʥʽʩʪʴ ʩʧʣʘʚʫ ʘʙʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ, ʛ/ʩʤ
3; 

r  ̔ ï ʱʽʣʴʥʽʩʪʴ i-ʛʦ ʢʦʤʧʦʥʝʥʪʫ ʧʦʢʨʠʚʫ, ʛ/ʩʤ3; 

ɤ ï ʤʘʩʦʚʘ ʯʘʩʪʢʘ, %; 

z ï ʯʠʩʣʦ ʝʣʝʢʪʨʦʥʽʚ; 

ɢʭ ï ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʨʦʟʯʠʥʫ, ʆʤ
ī1Ŀʩʤī1; 

ʉʽt ï ʮʠʪʨʘʪ; 

HC ï ʢʦʝʨʮʠʪʠʚʥʘ ʩʠʣʘ, ʆʝ;  
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ʅv ï ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʟʘ ɺʽʢʢʝʨʩʦʤ, ʢʛ/ʤʤ2;  

L ï ʨʦʟʤʽʨ ʜʽʣʷʥʦʢ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʥʤ; 

pH ï ʚʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ ʩʝʨʝʜʦʚʠʱʘ; 

pK  ̔ ï ʧʦʢʘʟʥʠʢ ʢʦʥʩʪʘʥʪʠ ʥʝʩʪʽʡʢʦʩʪʽ ʘʙʦ ʩʪʽʡʢʦʩʪʽ ʢʦʤʧʣʝʢʩʽʚ; 

ɸʉʄ ï ʘʪʦʤʥʦ-ʩʠʣʦʚʘ ʤʽʢʨʦʩʢʦʧʽʷ; 

ɺʉ ï ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ, %; 

ʂɽʇ ï ʢʦʤʧʦʟʠʮʽʡʥʽ ʝʣʝʢʪʨʦʣʽʪʠʯʥʽ ʧʦʢʨʠʚʠ; 

ʃɺɸ ï ʣʽʥʽʡʥʘ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʷ; 

ʄɾ ï ʘʟʦʙʘʨʚʥʠʢ ʤʝʪʠʣʦʚʠʡ ʞʦʚʪʦʛʘʨʷʯʠʡ; 

ʈɿ ï ʨʦʟʩʽʶʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʝʣʝʢʪʨʦʣʽʪʫ; 

ʎɺɸ ï ʮʠʢʣʽʯʥʘ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʷ.  
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ɺʉʊʋʇ 

ʋ ʯʘʩ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʥʘʧʨʷʤʽʚ ʚ ʝʥʝʨʛʝʪʠʮʽ, 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ, ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʘʢʪʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʠʣʘʜʽʚ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʽʪʥʽʭ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʾʭ 

ʩʪʚʦʨʝʥʥʷ ʻ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʨʘʜʠʮʽʡʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʪʦʥʢʠʭ ʰʘʨʽʚ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ ʧʦʢʨʠʚʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ, ʟʙʽʣʴʰʠʪʠ ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʥʘʜʘʪʠ ʤʘʪʝʨʽʘʣʘʤ ʩʧʝʢʪʨ ʥʦʚʠʭ ʮʽʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɼʣʷ ʨʦʟʰʠʨʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ ʧʦʢʨʠʚʽʚ, ʢʨʽʤ ʯʠʩʪʠʭ ʤʝʪʘʣʽʚ, 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʣʘʚʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ ʢʦʤʧʦʥʝʥʪʽʚ, ʘʙʦ 

ʢʦʤʧʦʟʠʪʠ.   

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚʽʜʦʤʘ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʙʽʥʘʨʥʠʭ (ʢʦʙʘʣʴʪ-ʚʦʣʴʬʨʘʤ, 

ʢʦʙʘʣʴʪ-ʥʽʢʝʣʴ, ʢʦʙʘʣʴʪ-ʭʨʦʤ ʪʦʱʦ) ʽ ʧʦʪʨʽʡʥʠʭ (ʟʘʣʽʟʦ-ʢʦʙʘʣʴʪ-ʥʽʢʝʣʴ, 

ʢʦʙʘʣʴʪ-ʤʦʣʽʙʜʝʥ-ʬʦʩʬʦʨ, ʥʽʢʝʣʴ-ʢʦʙʘʣʴʪ-ʙʦʨ ʪʘ ʽʥ.) ʢʦʙʘʣʴʪʚʤʽʩʥʠʭ ʩʧʣʘʚʽʚ 

[1ï6]. ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʧʣʘʚʠ ʤʝʪʘʣʽʚ, ʷʢʽ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ 

ʦʩʘʜʠʪʠ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚ ʯʠʩʪʦʤʫ ʚʠʛʣʷʜʽ (ʚʦʣʴʬʨʘʤ, ʤʦʣʽʙʜʝʥ, ʮʠʨʢʦʥʽʡ, 

ʥʽʦʙʽʡ ʪʘ ʽʥ.), ʘʣʝ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʾʭ ʤʦʞʥʘ ʩʧʽʚʦʩʘʜʠʪʠ ʟ ʽʥʰʠʤʠ ʤʝʪʘʣʘʤʠ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʽ ʟ ʢʦʙʘʣʴʪʦʤ. ʇʽʜʚʠʱʝʥʠʡ ʽʥʪʝʨʝʩ ʜʦʩʣʽʜʥʠʢʽʚ ʽ ʪʝʭʥʦʣʦʛʽʚ ʜʦ 

ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʧʦʢʨʠʚʽʚ ʩʧʣʘʚʘʤʠ ʤʝʪʘʣʽʚ ʪʨʽʘʜʠ ʟʘʣʽʟʘ ʟ 

d4-ʝʣʝʤʝʥʪʘʤʠ, ʟʦʢʨʝʤʘ ʤʦʣʽʙʜʝʥʦʤ ʽ ʚʦʣʴʬʨʘʤʦʤ, ʦʙʫʤʦʚʣʝʥʦ ʤʦʞʣʠʚʽʩʪʶ 

ʦʜʝʨʞʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ ʽʩʪʦʪʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʣʘʚʦʪʚʽʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ [7ï10].  

ʆʜʥʠʤ ʽʟ ʩʚʽʪʦʚʠʭ ʪʨʝʥʜʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʛʘʣʴʚʘʥʦʪʝʭʥʽʢʠ ʻ ʩʪʚʦʨʝʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʦʢʨʠʚʽʚ (ʂɽʇ) ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ. 

ʇʨʠʥʮʠʧ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʨʘʟʦʤ 

ʟ ʤʝʪʘʣʘʤʠ ʟ ʝʣʝʢʪʨʦʣʽʪʽʚ-ʩʫʩʧʝʥʟʽʡ ʩʧʽʚʦʩʘʜʞʫʶʪʴʩʷ ʜʠʩʧʝʨʩʥʽ ʯʘʩʪʠʥʢʠ 

ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʪʘ ʨʦʟʤʽʨʽʚ. ɺʢʣʶʯʘʶʯʠʩʴ ʜʦ ʩʢʣʘʜʫ ʧʦʢʨʠʚʽʚ, ʯʘʩʪʠʥʢʠ 
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ʜʨʫʛʦʾ ʬʘʟʠ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʫʶʪʴ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʪʚʝʨʜʽʩʪʴ, 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʢʦʨʦʟʽʡʥʫ ʪʨʠʚʢʽʩʪʴ) ʪʘ ʥʘʜʘʶʪʴ ʾʤ ʥʦʚʽ ʷʢʦʩʪʽ 

(ʘʥʪʠʬʨʠʢʮʽʡʥʽ, ʤʘʛʥʽʪʥʽ, ʢʘʪʘʣʽʪʠʯʥʽ), ʱʦ ʽ ʟʫʤʦʚʣʶʻ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺʪʽʤ, ʚʫʟʴʢʠʤ 

ʤʽʩʮʝʤ ʪʝʭʥʦʣʦʛʽʡ ʂɽʇ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʛʨʝʛʘʪʠʚʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʝʣʝʢʪʨʦʣʽʪʽʚ-ʩʫʩʧʝʥʟʽʡ.  

ɺʠʱʝʥʘʚʝʜʝʥʽ ʘʨʛʫʤʝʥʪʠ ʩʢʣʘʜʠ ʧʽʜˇʨʫʥʪʷ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʰʠʨʝʥʥʷ 

ʛʘʣʫʟʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʧʦʢʨʠʚʽʚ ʪʘ ʚʠʨʽʰʝʥʥʷ ʮʽʣʦʾ ʥʠʟʢʠ ʧʨʘʢʪʠʯʥʠʭ 

ʟʘʜʘʯ, ʩʝʨʝʜ ʷʢʠʭ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʞʝ ʽʩʥʫʶʯʠʭ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʤʽʮʥʝʥʥʷ [11ï13] ʪʘ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʟʽʾ [14, 15] 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʪʘ ʽʥ. ɼʦ ʯʠʩʣʘ ʩʫʪʪʻʚʠʭ ʧʝʨʝʚʘʛ ʪʘʢʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʚʽʜʥʦʩʷʪʴ ʚʽʜʩʫʪʥʽʩʪʴ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʤʘʪʝʨʽʘʣ 

ʚʠʨʦʙʽʚ, ʷʢʠʡ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʥʝʙʘʞʘʥʽ ʟʤʽʥʠ ʫ ʩʪʨʫʢʪʫʨʽ ʪʘ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʤʝʪʘʣʫ; ʥʝʟʥʘʯʥʽ ʤʘʪʝʨʽʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ 

ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ; ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʚʽʚ ʟʘʜʘʥʦʾ ʪʦʚʱʠʥʠ ʟ ʤʽʥʽʤʘʣʴʥʠʤ 

ʧʨʠʧʫʩʢʦʤ ʥʘ ʤʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ ʪʘ ʧʽʜʚʠʱʝʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ; ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʟ ʦʜʥʦʯʘʩʥʠʤ 

ʦʧʨʘʮʶʚʘʥʥʷʤ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʝʪʘʣʝʡ, ʱʦ ʚ ʩʫʢʫʧʥʦʩʪʽ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ.  

ɯʥʰʠʡ, ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʠʡ, ʥʘʧʨʷʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ 

ʧʦʢʨʠʚʽʚ ʥʘ ʦʩʥʦʚʽ ʩʧʣʘʚʽʚ ʢʦʙʘʣʴʪʫ ʩʢʣʘʜʘʶʪʴ ʝʣʝʢʪʨʦʢʘʪʘʣʽʪʠʯʥʽ ʤʘʪʝʨʽʘʣʠ, 

ʙʽʣʴʰ ʜʦʩʪʫʧʥʽ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʥʘ ʦʩʥʦʚʽ ʤʝʪʘʣʽʚ 

ʧʣʘʪʠʥʦʚʦʾ ʛʨʫʧʠ [16 ï 18], ʘʣʝ ʥʝ ʤʝʥʰ ʝʬʝʢʪʠʚʥʽ, ʟʦʢʨʝʤʘ ʧʨʠ ʩʠʥʪʝʟʽ 

ʚʦʜʥʶ. ʉʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʘʚʪʦʥʦʤʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʙʫʣʦ ʽ ʟʘʣʠʰʘʻʪʴʩʷ 

ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʭ ʥʘʧʨʷʤʢʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʥʝʨʛʝʪʠʯʥʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʾ ʢʨʘʾʥʠ. ʉʝʨʝʜ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʧʘʣʠʚʥʽ 

ʝʣʝʤʝʥʪʠ  ʧʦʟʠʮʽʦʥʫʶʪʴʩʷ ʷʢ ʥʘʡʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʽ ʽ ʧʝʨʩʧʝʢʪʠʚʥʽ, 

ʦʩʢʽʣʴʢʠ ʨʝʘʢʮʽʾ ʚ ʥʠʭ ʟʚʦʜʷʪʴʩʷ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʦʜʠ ʟ ʧʘʣʠʚʘ ï ʚʦʜʥʶ ʽ ʢʠʩʥʶ 

[19 ï 21]. ɺ ʨʷʜʽ ʨʦʙʽʪ [15, 22 ï 25] ʧʦʢʘʟʘʥʦ, ʱʦ ʛʽʜʥʫ ʢʦʥʢʫʨʝʥʮʽʶ 



10 
 

 

ʜʦʨʦʛʦʮʽʥʥʠʤ ʤʝʪʘʣʘʤ ʟʘ ʢʘʪʘʣʽʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʢʦʨʦʟʽʡʥʽʡ 

ʪʨʠʚʢʦʩʪʽ ʤʦʞʫʪʴ ʩʢʣʘʩʪʠ ʩʧʣʘʚʠ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʥʘʯʥʠʡ 

ʨʦʟʚʠʪʦʢ ʚ ʮʘʨʠʥʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘʙʫʣʠ ʨʦʙʦʪʠ, 

ʧʨʠʩʚʷʯʝʥʽ ʟʘʩʪʦʩʫʚʘʥʥʶ ʥʦʚʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ï ʤʝʪʘʥʦʣʫ, ʝʪʘʥʦʣʫ, 

ʬʦʨʤʘʣʴʜʝʛʽʜʫ ʪʘ ʚʫʛʣʝʚʦʜʥʽʚ [26]. ʈʽʜʢʽ ʧʘʣʠʚʘ, ʟʦʢʨʝʤʘ ʪʘʢʽ ʷʢ 

ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʽ ʩʧʠʨʪʠ, ʤʘʶʪʴ ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʯʠʩʪʠʤ 

ʚʦʜʥʝʤ, ʦʩʢʽʣʴʢʠ ʾʭ ʣʝʛʢʦ ʟʙʝʨʽʛʘʪʠ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʪʠ.  

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʢʨʠʚʽʚ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʤʠ ʩʧʣʘʚʘʤʠ 

ʚ ʨʦʣʽ ʤʘʪʝʨʽʘʣʽʚ ʢʘʪʘʣʽʪʠʯʥʠʭ ʥʝʡʪʨʘʣʽʟʘʪʦʨʽʚ ʪʦʢʩʠʯʥʠʭ ʝʤʽʩʽʡ [27] ʥʘʜʘʣʦ 

ʥʦʚʠʡ ʧʦʰʪʦʚʭ ʨʦʟʚôʷʟʘʥʥʶ ʧʨʦʙʣʝʤʠ ʩʠʥʪʝʟʫ ʥʝʧʣʘʪʠʥʦʚʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ 

ʜʣʷ ʧʦʪʨʝʙ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʝʢʦ- ʪʘ ʝʥʝʨʛʦʪʝʭʥʦʣʦʛʽʡ.  

ʆʪʞʝ ʨʦʟʨʦʙʢʘ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʩʠʥʪʝʟʫ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʧʣʘʚʽʚ ʽ 

ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʟ ʘʛʨʝʛʘʪʠʚʥʦ ʩʪʽʡʢʠʭ ʽ ʩʪʘʙʽʣʴʥʠʭ ʨʦʟʯʠʥʽʚ 

ʝʣʝʢʪʨʦʣʽʪʽʚ ʽ ʛʥʫʯʢʦʛʦ ʢʝʨʫʚʘʥʥʷ ʩʢʣʘʜʦʤ ʘ, ʚʽʜʧʦʚʽʜʥʦ, ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ.  

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʫ ʨʦʙʦʪʫ ʚʠʢʥʦʥʘʥʦ ʥʘ ʢʘʬʝʜʨʽ ʟʘʛʘʣʴʥʦʾ ʪʘ ʥʝʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪè ʚ ʤʝʞʘʭ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʪʝʤ ʄʆʅ ʋʢʨʘʾʥʠ: çʉʪʚʦʨʝʥʥʷ ʥʦʚʽʪʥʽʭ 

ʪʝʭʥʦʣʦʛʽʡ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʝʩʫʨʩʦʤ, ʢʦʨʦʟʽʡʥʠʤ 

ʪʘ ʤʝʭʘʥʽʯʥʠʤ ʦʧʦʨʦʤ ʜʣʷ ʚʠʨʦʙʽʚ ʧʦʜʚʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷè 

(ɼʈ  ̄0116U000920), çʉʪʚʦʨʝʥʥʷ ʥʦʚʽʪʥʽʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʦʟʠʪʽʚ ʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ 

ʩʧʣʘʚʽʚ ʤʝʪʘʣʽʚ ʪʨʽʘʜʠ ʟʘʣʽʟʘ ʜʣʷ ʝʢʦ- ʪʘ ʝʥʝʨʛʦʪʝʭʥʦʣʦʛʽʡè (ˉ ɼʈ 

0118U002051), çʈʦʟʨʦʙʢʘ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʽʾ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʦʥʢʦ-ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʜʚʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ ʩʧʣʘʚʽʚ ʽ ʢʦʤʧʦʟʠʪʽʚè (ɼʈ 0120U001006), ʚ ʷʢʠʭ 

ʟʜʦʙʫʚʘʯ ʙʫʣʘ ʚʠʢʦʥʘʚʮʝʤ ʦʢʨʝʤʠʭ ʝʪʘʧʽʚ. 
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ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʨʦʟʨʦʙʢʘ ʥʘʫʢʦʚʠʭ 

ʦʩʥʦʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʢʨʠʚʽʚ ʩʧʣʘʚʘʤʠ ʽ ʢʦʤʧʦʟʠʪʘʤʠ ʥʘ ʦʩʥʦʚʽ 

ʢʦʙʘʣʴʪʫ ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ ʷʢ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʝʢʦ- ʽ ʝʥʝʨʛʦʪʝʭʥʦʣʦʛʽʡ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʟʥʘʯʝʥʦʾ ʤʝʪʠ ʧʦʩʪʘʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

- ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʣʘʚʦʪʚʽʨʥʠʭ 

ʤʝʪʘʣʽʚ ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ ʚʦʣʴʬʨʘʤʦʤ, ʤʦʣʽʙʜʝʥʦʤ 

ʽ ʮʠʨʢʦʥʽʻʤ ʫ ʪʨʠʢʦʤʧʦʥʝʥʪʥʽ ʩʧʣʘʚʠ ʘʙʦ ʢʦʤʧʦʟʠʪʠ, ʦʢʩʠʜʥʘ ʬʘʟʘ ʷʢʠʭ 

ʫʪʚʦʨʶʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʢʘʪʦʜʥʦʤʫ ʧʨʦʮʝʩʽ; 

- ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʽ ʢʦʥʩʪʘʥʪʠ ʥʝʩʪʽʡʢʦʩʪʽ ʢʦʤʧʣʝʢʩʽʚ ʩʧʣʘʚʦʪʚʽʨʥʠʭ 

ʤʝʪʘʣʽʚ ʟ ʮʠʪʨʘʪʦʤ ʽ/ʘʙʦ ʧʽʨʦʬʦʩʬʘʪʦʤ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʨʘʮʽʦʥʘʣʴʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʘʪʽʦʥʽʚ ʢʦʙʘʣʴʪʫ(II), ʮʠʨʢʦʥʽʶ(IV), 

ʦʢʩʦʤʝʪʘʣʘʣʘʪʽʚ ʽ ʣʽʛʘʥʜʽʚ ʚ ʝʣʝʢʪʨʦʣʽʪʘʭ; 

 - ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʽ ʢʽʥʝʪʠʯʥʽ ʢʨʠʪʝʨʽʾ ʢʘʪʦʜʥʠʭ ʨʝʘʢʮʽʡ, 

ʚʠʟʥʘʯʠʪʠ ʩʪʘʜʽʡʥʽʩʪʴ ʽ ʦʙˇʨʫʥʪʫʚʘʪʠ ʤʝʭʘʥʽʟʤ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʤʝʪʘʣʽʚ ʫ 

ʧʦʢʨʠʚʠ ʉʦ-Mo-W/ʉʦ-Mo-WOx, ʉo-ʄʦ-Zr/ʉo-ʄʦ-ZrO2, ʉo-W-Zr/ʉo-W-ZrO2 

ʟ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ, ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʫʟʘʛʘʣʴʥʝʥʫ ʩʭʝʤʫ 

ʧʨʦʮʝʩʫ; 

- ʦʧʨʘʮʶʚʘʪʠ ʩʢʣʘʜʠ ʝʣʝʢʪʨʦʣʽʪʽʚ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʧʦʢʨʠʚʽʚ ʥʘ ʦʩʥʦʚʽ 

ʢʦʙʘʣʴʪʫ ʟ ʤʦʣʽʙʜʝʥʦʤ, ʚʦʣʴʬʨʘʤʦʤ ʽ ʮʠʨʢʦʥʽʻʤ, ʚʠʟʥʘʯʠʪʠ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʨʦʟʩʽʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘ ʨʝʩʫʨʩ; 

- ʚʩʪʘʥʦʚʠʪʠ ʚʧʣʠʚ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʣʽʟʫ (ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʛʦ ʘʙʦ 

ʽʤʧʫʣʴʩʥʦʛʦ), ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʯʘʩʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʩʘʜʞʝʥʥʷ ʥʘ ʩʢʣʘʜ, 

ʩʪʨʫʢʪʫʨʫ ʽ ʤʦʨʬʦʣʦʛʽʶ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʚʽʚ ʉʦ-Mo-WOx, ʉo-ʄʦ-ZrO2, ʉo-W-

ZrO2 ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ;  

- ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʠʪʠ ʟʚôʷʟʦʢ ʩʢʣʘʜʫ ʽ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ 

ʧʦʢʨʠʚʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʟ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʡ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; 

- ʨʦʟʨʦʙʠʪʠ ʚʘʨʽʘʪʠʚʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʩʧʣʘʚʽʚ 

ʪʘ ʢʦʤʧʦʟʠʪʽʚ ʟʘʜʘʥʦʛʦ ʩʢʣʘʜʫ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʟ ʪʫʛʦʧʣʘʚʢʘʤʠ ʤʝʪʘʣʘʤʠ 



12 
 

 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʢʨʠʚʽʚ ʧʽʜʚʠʱʝʥʥʦʾ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ, 

ʝʣʝʢʪʨʦ- ʪʘ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ;  

- ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ 

ʝʣʝʢʪʨʦʣʽʪʽʚ, ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʢʨʠʚʽʚ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʚ ʦʙôʻʤʽ ʝʣʝʢʪʨʦʣʽʪʫ ʪʘ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʥʘ ʤʝʞʽ ʬʘʟ ʧʨʠ ʩʧʽʣʴʥʦʤʫ ʦʩʘʜʞʝʥʥʽ ʢʦʙʘʣʴʪʫ ʟ 

ʚʦʣʴʬʨʘʤʦʤ, ʤʦʣʽʙʜʝʥʦʤ ʽ ʮʠʨʢʦʥʽʻʤ ʫ ʩʧʣʘʚ ʘʙʦ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʢʘʪʦʜʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʧʦʢʨʠʚʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ ʟ 

ʢʦʤʧʣʝʢʩʥʠʭ ʧʦʣʽʣʽʛʘʥʜʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ, ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʢʨʠʚʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʚʠʢʦʨʠʩʪʘʥʦ ʩʫʯʘʩʥʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ ʬʽʟʠʯʥʽ ʤʝʪʦʜʠ. 

ʂʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʽʚ ʩʫʤʽʩʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʤʝʪʘʣʽʚ ʚʠʟʥʘʯʘʣʠ 

ʤʝʪʦʜʦʤ ʣʽʥʽʡʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ (ʃɺɸ). ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʪʘ ʤʦʨʬʦʣʦʛʽʶ 

ʧʦʢʨʠʚ̔ ʚ ʘʥʘʣʽʟʫʚʘʣʠ ʨʝʥʪʛʝʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʠʤ ʤʝʪʦʜʦʤ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʄʦʨʬʦʣʦʛʶ ʧʦʚʝʨʭʥʽ 

ʜʦʩʣʽʜʞʝʥʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʢʘʥʽʚʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ (ʌʄɯ ʽʤ. 

ɻ.ɺ. ʂʘʨʧʝʥʢʘ ʅɸʅʋ). ɼʦʩʣʽʜʞʝʥʥʷ ʪʦʧʦʣʦʛʽʾ ʧʦʢʨʠʚʽʚ, ʨʦʟʤʽʨʽʚ ʟʝʨʝʥ ʪʘ 

ʘʩʦʮʽʘʪʽʚ, ʘ ʪʘʢʦʞ ʩʪʫʧʽʥʴ ʨʦʟʚʠʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʧʨʦʚʦʜʠʣʠ ʥʘ ʙʘʟʽ ʣʘʙʦʨʘʪʦʨʽʾ 

çɸʥʘʣʽʪʠʯʥʦʾ ʦʧʪʦʭʝʤʦʪʨʦʥʽʢʠè ʢʘʬʝʜʨʠ ʙʽʦʤʝʜʠʯʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʠʩʪʝʤ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ. ɺʠʤʽʨʶʚʘʥʥʷ ʨʦʟʩʽʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʝʣʝʢʪʨʦʣʽʪʽʚ 

ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʢʦʤʽʨʮʽ ʍʫʣʣʘ, ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʚʠʟʥʘʯʘʣʠ ʛʨʘʚʽʤʝʪʨʠʯʥʦ. 

ʂʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʦʧʦʨʫ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʦʙʨʦʙʢʠ ʘʥʦʜʥʠʭ ʽ ʢʘʪʦʜʥʠʭ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤ, 

ʭʨʦʥʦʧʦʪʝʥʮʽʦʛʨʘʤ ʪʘ ʩʧʝʢʪʨʽʚ ʝʣʝʢʪʨʦʜʥʦʛʦ ʽʤʧʝʜʘʥʩʫ (ʉɽɯ). ʂʘʪʘʣʽʪʠʯʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʪʝʩʪʫʚʘʣʠ ʚ ʤʦʜʝʣʴʥʠʭ ʨʝʘʢʮʽʷʭ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʛʦ 
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ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʪʘ ʦʢʠʩʥʝʥʥʷ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʠʨʪʽʚ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ ʣʽʥʽʡʥʦʾ ʪʘ ʮʠʢʣʽʯʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ (ʎɺɸ). ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ (ʉʪ.3) ʪʘ ʧʦʢʨʠʚ̔ ʚ ʩʧʣʘʚʘʤʠ ʽ ʢʦʤʧʦʟʠʪʘʤʠ ʚʠʟʥʘʯʘʣʠ 

ʤʝʪʦʜʦʤ ʚʜʘʚʣʶʚʘʥʥʷ ʘʣʤʘʟʥʦʾ ʧʽʨʘʤʽʜʠ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʉʪʚʦʨʝʥʦ ʥʘʫʢʦʚʝ 

ʧʽʜʛʨʫʥʪʪʷ ʪʝʭʥʦʣʦʛʽʾ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʽ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʢʦʙʘʣʴʪʫ ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʤʝʭʘʥʽʟʤʽʚ 

ʬʦʨʤʫʚʘʥʥʷ. ʅʘ ʧʽʜʩʪʘʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʟʜʦʙʫʚʘʯʝʤ ʚʧʝʨʰʝ: 

- ʚʠʩʫʥʫʪʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ ʛʽʧʦʪʝʟʫ ʱʦʜʦ 

ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʧʣʘʚʽʚ ʢʦʙʘʣʴʪʫ ʟ ʄʦ, W, Zr ʟ 

ʘʛʨʝʛʘʪʠʚʥʦ ʩʪʽʡʢʠʭ ʽ ʩʪʘʙʽʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʝʣʝʢʪʨʦʣʽʪʽʚ ʟʘʚʜʷʢʠ ʫʪʚʦʨʝʥʥʶ 

ʬʘʟʠ ʦʢʩʠʜʽʚ ʤʦʣʽʙʜʝʥʫ ʽ ʚʦʣʴʬʨʘʤʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʢʘʪʦʜʥʦʤʫ ʧʨʦʮʝʩʽ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ ʨʽʚʥʦʤʽʨʥʝ ʚʢʣʶʯʝʥʥ ̫ ʫ ʤʘʪʨʠʮʶ ʧʦʪʨʽʡʥʠʭ 

ʩʧʣʘʚʽʚ; 

- ʚʠʟʥʘʯʝʥʦ ʩʢʣʘʜ ʽ ʢʦʥʩʪʘʥʪʠ ʥʝʩʪʽʡʢʦʩʪʽ ʮʠʪʨʘʪʥʠʭ, ʧʽʨʦʬʦʩʬʘʪʥʠʭ ʪʘ 

ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʉʦ(II) i Zr(IV), ʘ ʪʘʢʦʞ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ 

ʚʦʣʴʬʨʘʤʘʪʽʚ ʽ ʤʦʣʽʙʜʘʪʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ ʨʘʮʽʦʥʘʣʴʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʩʧʣʘʚʦʪʚʽʨʥʠʭ ʤʝʪʘʣʽʚ ʽ ʣʽʛʘʥʜʽʚ ʫ ʥʝʪʦʢʩʠʯʥʠʭ 

ʝʣʝʢʪʨʦʣʽʪʘʭ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʧʦʢʨʠʚʽʚ ʩʧʣʘʚʘʤʠ ʽ ʢʦʤʧʦʟʠʪʘʤʠ ʽʟ ʟʘʜʘʥʥʠʤ 

ʚʤʽʩʪʦʤ ʢʦʤʧʦʥʝʥʪʽʚ; 

- ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʢʽʥʝʪʠʯʥʽʭ ʢʨʽʪʝʨʽʻʚ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʨʠʥʮʠʧʦʚʠʡ ʤʝʭʘʥʽʟʤ ʩʧʽʚʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ 

ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ ʟ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʫ ʩʧʣʘʚʠ ʘʙʦ 

ʢʦʤʧʦʟʠʪʠ ʉʦ-Mo-W/ʉʦ-Mo-WOx, ʉo-ʄʦ-Zr/ʉo-ʄʦ-ZrO2, ʉo-W-Zr/ʉo-W-

ZrO2, ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʠʭ ʽ ʩʧʨʷʞʝʥʠʭ ʨʝʘʢʮʽʡ ʟʘ ʫʯʘʩʪʶ ʤʦʥʦ- ʽ 

ʙʽʣʽʛʘʥʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʧʨʦʤʽʞʥʠʭ ʦʢʩʠʜʽʚ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ʪʘ ʘʜ-ʘʪʦʤʽʚ 

ʚʦʜʥʶ, ʷʢʽ ʥʘʜʘʥʦ ʫʟʘʛʘʣʴʥʝʥʦʶ ʩʭʝʤʦʶ. ɼʦʚʝʜʝʥʦ ʢʦʥʢʫʨʫʚʘʥʥʷ ʚʦʣʴʬʨʘʤʫ 

ʟ ʮʠʨʢʦʥʽʻʤ ʘʙʦ ʤʦʣʽʙʜʝʥʦʤ ʧʨʠ ʩʧʽʚʦʩʘʜʞʝʥʥʽ ʫ ʧʦʢʨʠʚʠ ʉo-W-ZrO2  ̔ʉʦ-
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Mo-WOx, ʪʦʜʽ ʷʢ ʬʦʨʤʫʚʘʥʥʷ ʉo-ʄʦ-ZrO2 ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʢʦʥʢʫʨʝʥʮʽʾ ʤʽʞ 

ʢʦʙʘʣʴʪʦʤ ʪʘ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʚʽʜʤʽʥʥʽʩʪʶ 

ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʨʘʪʦʢ ʤʝʪʘʣʽʚ ʽ ʦʢʠʩʥʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʦʢʩʦʤʝʪʘʣʘʪʽʚ; 

- ʜʦʚʝʜʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʛʥʫʯʢʦʛʦ ʢʝʨʫʚʘʥʥʷ ʩʢʣʘʜʦʤ ʧʦʪʨʽʡʥʠʭ ʧʦʢʨʠʚʽʚ 

ʢʦʙʘʣʴʪʫ ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ ʰʣʷʭʦʤ ʟʤʽʥʝʥʥʷ ʨʝʞʠʤʽʚ ʽ ʧʘʨʘʤʝʪʨʽʚ 

ʝʣʝʢʪʨʦʣʽʟʫ: ʚʘʨʽʶʚʘʥʥʷ ʛʫʩʪʠʥʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʚ ʤʝʞʘʭ 2ï8 ɸ/ʜʤ2 

ʟʘʙʝʟʧʝʯʫʻ ʦʩʘʜʞʝʥʥʷ ʂɽʇ ʉo-ʄʦ(W)-ZrO2 ʽʟ ʚʤʽʩʪʦʤ ʮʠʨʢʦʥʽʶ ʜʦ 2,0 ʤʘʩ.% 

ʧʨʠ ʤʘʩʦʚʽʡ ʯʘʩʪʮʽ ʤʦʣʽʙʜʝʥʫ ʜʦ 19,0 ʤʘʩ.% ʪʘ ʚʦʣʴʬʨʘʤʫ ʜʦ 12,0 ʤʘʩ.%, ʘ ʫ 

ʧʦʢʨʠʚʘʭ ʉʦ-Mo-WOx ʩʫʤʘʨʥʠʡ ʚʤʽʩʪ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 

24 ʤʘʩ.%. ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ ʩʪʨʫʤʫ ʚ ʽʥʪʝʨʚʘʣʽ ʛʫʩʪʠʥ 2ï12 ɸ/ʜʤ2 ʪʘ 

ʯʘʩʪʦʪ 70ï90 ɻʮ ʩʧʨʠʷʻ ʙʽʣʴʰ ʧʦʚʥʦʤʫ ʚʽʜʥʦʚʣʝʥʥʶ ʦʢʩʠʜʽʚ ʤʦʣʽʙʜʝʥʫ ʽ 

ʚʦʣʴʬʨʘʤʫ ʫ ʥʘʩʪʫʧʥʽʡ ʭʽʤʽʯʥʽʡ ʩʪʘʜʽʾ ʘʜ-ʘʪʦʤʘʤʠ ʚʦʜʥʶ ʧʽʜ ʯʘʩ ʧʝʨʝʨʠʚʘʥʥʷ 

ʩʪʨʫʤʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʨʦʟʰʠʨʠʪʠ ʜʽʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʽʡ ʪʫʛʦʧʣʘʚʢʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʜʦ 45 ʤʘʩ.% ʪʘ ʟʤʝʥʰʠʪʠ ʚʤʽʩʪ ʦʢʩʠˇʝʥʫ ʜʦ 5 ʤʘʩ.%;   

- ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʧʦʜʽʣ ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʪʦʚʱʠʥʦʶ 

ʦʩʘʜʽʚ ʉʦ-Mo-WOx, ʉo-ʄʦ-ZrO2 ʽ ʉo-W-ZrO2 ʤʘʻ ʥʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʪʘ 

ʟʤʽʥʶʻʪʴʩʷ ʩʠʤʙʘʪʥʦ ʜʦ ʪʦʚʱʠʥʠ ʜʣʷ ʄʦ ʽ ʘʥʪʠʙʘʪʥʦ ï ʜʣʷ W, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʢʝʨʫʚʘʪʠ ʩʢʣʘʜʦʤ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ; 

- ʚʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʣʽʟʫ ʥʘ ʪʦʧʦʣʦʛʽʶ ʧʦʚʝʨʭʥʽ ʽ 

ʜʦʚʝʜʝʥʦ, ʱʦ ʧʦʚʝʨʭʥʷ ʮʠʨʢʦʥʽʡ-ʚʤʽʩʥʠʭ ʧʦʢʨʠʚʽʚ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʧʽʜʚʠʱʝʥʥʦʶ ʰʦʨʩʪʢʽʩʪʶ (Ra), ʱʦ ʧʦʚôʷʟʘʥʦ ʽʟ ʚʢʣʶʯʝʥʥʷʤ ʦʢʩʠʜʽʚ ZrO2. 

ʇʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʚʦʣʴʬʨʘʤʫ ʚ ʩʢʣʘʜʽ ʂɽʇ ʥʘʚʧʘʢʠ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ 

ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʦʾ ʰʦʨʩʪʢʦʩʪʽ ʽ ʟʛʣʘʜʞʫʚʘʥʥʶ ʨʝʣʴʻʬʫ ʟʘ ʨʘʭʫʥʦʢ 

ʚʙʫʜʦʚʫʚʘʥʥʷ ʚʦʣʴʬʨʘʤʫ ʚ ʟʘʛʣʠʙʣʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʧʦʢʨʠʚʫ;  

- ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʽ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʧʦʢʨʠʚʽʚ ʩʧʣʘʚʘʤʠ ʽ ʢʦʤʧʦʟʠʪʘʤʠ ʥʘ ʦʩʥʦʚʽ 

ʢʦʙʘʣʴʪʫ ʩʫʪʪʻʚʽʰʝ ʟʘ ʚʤʽʩʪ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ. ʉʠʩʪʝʤʠ, ʱʦ ʤʽʩʪʷʪʴ 

ʦʜʥʦʯʘʩʥʦ ʤʦʣʽʙʜʝʥ ʽ ʚʦʣʴʬʨʘʤ ʉʦ-Mo-WOx ʚʠʷʚʣʷʶʪʴ ʚʠʱʫ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ 
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ʜʦ 1100 ʢʛ/ʤʤ2 ʧʦʨʽʚʥʷʥʦ ʽʟ ʮʠʨʢʦʥʽʡ-ʚʤʽʩʥʠʤʠ ʉo-ʄʦ-ZrO2 ʽ ʉo-W-ZrO2, ʜʣʷ 

ʷʢʠʭ ʮʝʡ ʧʦʢʘʟʥʠʢ ʥʝ ʧʝʨʝʚʠʱʫʻ 550 ʢʛ/ʤʤ2. ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʟʨʘʟʢʽʚ ʟ ʧʦʢʨʠʚʘʤʠ Co-Mo-WOx, Co-Mo-ZrO2, Co-W-ZrO2 ʜʦʚʝʣʠ, 

ʱʦ ʥʘʷʚʥʽʩʪʴ ʤʦʣʽʙʜʝʥʫ ʘʙʦ ʚʦʣʴʬʨʘʤʫ ʧʽʜʚʠʱʫʻ ʭʽʤʽʯʥʠʡ ʦʧʽʨ ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʤʘʪʝʨʽʘʣʦʤ ʧʽʜʢʣʘʜʢʠ ʫ ʚʩʽʭ ʩʝʨʝʜʦʚʠʱʘʭ;  

- ʜʦʚʝʜʝʥʦ ʥʘʜʘʜʠʪʠʚʥʝ ʟʨʦʩʪʘʥʥʷ ʝʣʝʢʪʨʦʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

(ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʝʬʝʢʪ) ʫ ʤʦʜʝʣʴʥʽʡ ʨʝʘʢʮʽʾ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʛʦ ʚʠʜʽʣʝʥʥʷ 

ʚʦʜʥʶ ʟ ʢʠʩʣʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʦʢʨʠʚʽʚ ʉʦ-Mo-WOx (lgjH
0 (Co71Mo20W9) = ï

4,0), ʉo-ʄʦ-ZrO2 (lgjH
0 (Co80Mo19Zr1) = ï4,2) ʽ ʉo-W-ZrO2 (lgjH

0 

(Co85W14Zr1) = ï4,0) ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʧʣʘʚʦʪʚʽʨʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʘ ʨʘʭʫʥʦʢ 

ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʝʥʝʨʛʽʡ ʟʚôʷʟʢʫ ʤʝʪʘʣ-ʦʢʩʠʛʝʥ ʽ ʤʝʪʘʣ-ʛʽʜʨʦʛʝʥ ʫ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤʘʭ; 

- ʧʦʢʘʟʘʥʦ, ʱʦ ʟʨʦʩʪʘʥʥʷ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʠʭ ʧʦʢʨʠʚʽʚ 

ʫ ʘʥʦʜʥʠʭ ʨʝʘʢʮʽʷʭ, ʘ ʩʘʤʝ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʦʢʠʩʥʝʥʥʷ ʤʝʪʘʥʦʣʫ ʽ ʝʪʘʥʦʣʫ ʚ 

ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʦʙʫʤʦʚʣʝʥʦ ʫʯʘʩʪʶ ʤʦʙʽʣʴʥʦʛʦ ʦʢʩʠʛʝʥʫ, ʱʦ ʚʭʦʜʠʪʴ 

ʜʦ ʩʢʣʘʜʫ ʧʨʦʤʽʞʥʠʭ ʦʢʩʠʜʽʚ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʢʨʠʚʠ  

Co-ʄʦ-WOʭ, Co-ʄʦ-ZrO2 ʽ Co-W-ZrO2 ʚʠʷʚʣʷʶʪʴ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ ʜʝʩʪʨʫʢʮʽʾ ʘʟʦʙʘʨʚʥʠʢʘ ʤʝʪʠʣʦʚʦʛʦ ʞʦʚʪʦʛʘʨʷʯʦʛʦ ʧʽʜ 

ʜʻʶ ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʮʝ ʜʦʟʚʦʣʠʣʦ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʾʭ ʷʢ ʪʦʥʢʦʰʘʨʦʚʽ 

ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʝʢʦ- ʪʘ ʝʥʝʨʛʦʪʝʭʥʦʣʦʛʽʡ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: ʜʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ, 

ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ ʽ ʭʽʤʽʯʥʦʾ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʘʜ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʚʽʚ 

ʩʧʣʘʚʘʤʠ ʽ ʢʦʤʧʦʟʠʪʘʤʠ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ, ʱʦ 

ʩʢʣʘʣʠ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʾ ʛʘʣʴʚʘʥʽʯʥʠʭ ʧʦʢʨʠʚʽʚ  

ʉʦ-Mo-WOx, ʉo-ʄʦ-ZrO2, ʉo-W-ZrO2 ʷʢ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ, 

ʟʤʽʮʥʝʥʥʷ ʽ ʟʘʭʠʩʪʫ ʧʦʚʝʨʭʥʽ, ʝʣʝʢʪʨʦ- ʽ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʢʨʠʚʽʚ ʩʧʣʘʚʘʤʠ ʽ ʢʦʤʧʦʟʠʪʘʤʠ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ 
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ɸʊ çʍʘʨʢʽʚʩʴʢʠʡ ʪʨʘʢʪʦʨʥʠʡ ʟʘʚʦʜè ʽ ʊʆɺ çʅɺʌ ɼʂɹ ʍʄè (çʅʘʫʢʦʚʦ 

ʚʠʨʦʙʥʠʯʘ ʬʽʨʤʘ ʜʦʩʣʽʜʥʝ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ ʭʦʣʦʜʠʣʴʥʠʭ ʤʘʰʠʥè) 

ʜʦʚʝʣʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ ʟʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ ʧʝʨʝʚʘʞʘʶʪʴ ʫ 2,5 ï

5,5 ʨʘʟʽʚ ʤʘʪʝʨʽʘʣ ʦʩʥʦʚʠ ʉʪ10, ʘ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʽʭ 

ʚʽʜʥʝʩʝʥʦ ʜʦ ʩʪʽʡʢʠʭ ʫ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽ ʚʝʣʴʤʠ ʩʪʽʡʢʠʭ ʫ ʥʝʡʪʨʘʣʴʥʦʤʫ 

ʽ ʣʫʞʥʦʤʫ. ʇʦʢʨʠʚʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʣʷ ʟʘʭʠʩʪʫ ʧʦʚʝʨʭʥʽ 

ʤʘʣʦʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ ʪʘ ʥʘʜʘʥʥʷ ʧʦʚʝʨʭʥʽ ʧʽʜʚʠʱʝʥʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʈʦʟʨʦʙʣʝʥʠʡ ʝʣʝʢʪʨʦʣʽʪ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʚʽʚ ʉʦ-Mo-WOx 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ɸʊ çʍʘʨʢʽʚʩʴʢʠʡ ʪʨʘʢʪʦʨʥʠʡ ʟʘʚʦʜè. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʭʝʤʫ ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʩʧʣʘʚʘʤʠ ʽ ʢʦʤʧʦʟʠʪʘʤʠ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʜʝʨʞʫʚʘʪʠ ʟ 

ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʪʦʥʢʦʧʣʽʚʢʦʚʽ ʧʦʢʨʠʚʠ ʟ ʨʦʟʰʠʨʝʥʠʤ 

ʜʽʘʧʘʟʦʥʦʤ ʚʤʽʩʪʫ ʤʝʪʘʣʽʚ ʪʘ ʮʣ̔ʴʦʚʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʊʝʭʥʽʯʥʫ ʥʦʚʠʟʥʫ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʘʭʠʱʝʥʦ 1 

ʧʘʪʝʥʪʦʤ ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʽʜ ˉ 1120400, 5 ʧʘʪʝʥʪʘʤʠ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ 

ʤʦʜʝʣʴ ˉ 104439, 105796, 138263, 141134, 143025 ʪʘ ʧʘʪʝʥʪʦʤ ˉ 4831 

ʨʝʩʧʫʙʣʢ̔ʠ ʂʘʟʘʭʩʪʘʥ. 

ʊʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè ʥʘ ʢʘʬʝʜʨʽ ʬʽʟʠʯʥʦʾ ʭʽʤʽʾ ʧʨʠ 

ʧʽʜʛʦʪʦʚʮʽ ʩʪʫʜʝʥʪʽʚ ʟ ʜʠʩʮʠʧʣʽʥʠ çʌʽʟʠʯʥʘ ʭʽʤʽʷè, ʘʩʧʽʨʘʥʪʽʚ ʟ ʜʠʩʮʠʧʣʽʥʠ 

çʍʽʤʽʯʥʝ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè, çɼʠʟʘʡʥ ʪʘ ʜʽʘʛʥʦʩʪʠʢʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚè ʪʘ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʴʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʥʘ ʢʘʬʝʜʨʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʨʦʞʥʴʦ-ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʭʽʤʽʾ 

ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʩʪʫʜʝʥʪʽʚ ʟ ʜʠʩʮʠʧʣʽʥʠ çʍʽʤʽʷè.  

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɺʩʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ 

ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ, ʦʪʨʠʤʘʥʽ ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ. ʉʠʩʪʝʤʘʪʠʟʦʚʘʥʦ 

ʧʘʪʝʥʪʥʫ ʪʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʫ ʣʽʪʝʨʘʪʫʨʫ ʩʪʦʩʦʚʥʦ ʦʩʘʜʞʝʥʥʷ, ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʢʨʠʚʽʚ ʩʧʣʘʚʘʤʠ ʽ ʢʦʤʧʦʟʠʪʘʤʠ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʟ 
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ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ. ɺʠʩʫʥʫʪʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʛʽʧʦʪʝʟʫ ʱʦʜʦ 

ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ (ʄʦ, W, Zr) ʫ 

ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ, ʦʢʩʠʜʥʘ ʬʘʟʘ ʷʢʠʭ ʬʦʨʤʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ 

ʢʘʪʦʜʥʦʤʫ ʧʨʦʮʝʩʽ ʷʢ ʧʨʦʜʫʢʪ ʥʝʧʦʚʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʩʦʤʝʪʘʣʘʪʽʚ ʪʘ 

ʛʽʜʨʦʣʽʟʫ ʩʦʣʝʡ ʮʠʨʢʦʥʽʶ (IV), ʱʦ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʪʠ ʩʢʣʘʜʦʤ 

ʧʦʢʨʠʚʽʚ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʦʙôʻʢʪʽʚ ʪʘ ʩʢʣʘʜʝʥʦ ʧʣʘʥʠ ʽ ʧʨʦʛʨʘʤʠ 

ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩ ʚʠʤʽʨʶʚʘʥʴ; ʚʠʟʥʘʯʝʥʦ ʩʢʣʘʜ ʽ ʢʦʥʩʪʘʥʪʠ 

ʥʝʩʪʽʡʢʦʩʪʽ ʢʦʤʧʣʝʢʩʽʚ ʉʦ(ɯɯ) ʽ Zr(IV); ʚʠʟʥʘʯʝʥʦ ʢʽʥʝʪʠʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʽ 

ʤʝʭʘʥʽʟʤ ʩʫʤʽʩʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ ʚʦʣʴʬʨʘʤʦʤ, ʤʦʣʽʙʜʝʥʦʤ ʽ 

ʮʠʨʢʦʥʽʻʤ; ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʧʣʠʚʫ ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʣʽʪʽʚ ʽ 

ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʣʽʟʫ ʥʘ ʩʢʣʘʜ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥʷ ʧʦʪʨʽʡʥʠʭ 

ʧʦʢʨʠʚʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ; ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ, ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ ʽ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʜʝʨʞʘʥʠʭ ʧʦʢʨʠʚʽʚ ʪʘ ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ; ʩʬʦʨʤʦʚʘʥʦ ʚʠʩʥʦʚʢʠ; ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʾ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʽ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ, ʥʘʜʘʥʦ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɺʥʝʩʦʢ ʩʧʽʚʘʚʪʦʨʽʚ ʫ ʩʧʽʣʴʥʽ ʧʫʙʣʽʢʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʫʯʘʩʪʽ ʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʦʙʛʦʚʦʨʝʥʥʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʧʽʜʛʦʪʦʚʮʽ ʧʫʙʣʽʢʘʮʽʡ ʪʘ ʜʦʧʦʚʽʜʝʡ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ. ɸʚʪʦʨ 

ʚʠʩʣʦʚʣʶʻ ʛʣʠʙʦʢʫ ʚʜʷʯʥʽʩʪʴ ʥʘʫʢʦʚʦʤʫ ʢʦʥʩʫʣʴʪʘʥʪʫ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨʫ 

ɺʝʜʴ ʄ.ɺ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ ʥʘ ʍʍɯɯ ʽ ʍʍɯɯɯ ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ çʂʘʟʘʥʪʠʧʕʢʦ: ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʫʪʠ ʨʝʰʝʥʠʷ ʘʢʪʫʘʣʴʥʳʭ 

ʧʨʦʙʣʝʤ ʙʘʟʦʚʳʭ ʦʪʨʘʩʣʝʡ, ʵʢʦʣʦʛʠʠ, ʵʥʝʨʛʦ- ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷè (ʤ. 

ʍʘʨʢʽʚ, 2014, 2016 ʨʨ.); VI ʽ VII  ɺʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ 

çʍʽʤʽʯʥʽ ʂʘʨʘʟʽʥʩʴʢʽ ʯʠʪʘʥʥʷè (ʍʘʨʢʽʚ, 2014, 2015 ʨʨ.); Vɯɯ ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʍʽʤʽʷ ʪʘ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾè (ʤ. ɼʥʽʧʨʦ, 2015 

ʨ.); ɯɯ ʪʘ ɯɯɯ ɺʩʝʫʢʨʘʾʥʩʴʢʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ çʅʘʫʢʦʚʘ 
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ʋʢʨʘʾʥʘè (ʤ. ɼʥʽʧʨʦ, 2015, 2016 ʨʨ.); VII ʽ VIII  ʋʢʨʘʾʥʩʴʢʠʭ ʟôʾʟʜʘʭ ʟ 

ʝʣʝʢʪʨʦʭʽʤʽʾ (ʤ. ʍʘʨʢʽʚ, 2015 ʨ., ʤ. ʃʴʚʽʚ 2018 ʨ.); ʍXɯV ʽ ʍʍVɯ 

ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ: 

ʥʘʫʢʘ, ʪʝʭʥʽʢʘ, ʪʝʭʥʦʣʦʛʽʷ, ʦʩʚʽʪʘ, ʟʜʦʨʦʚôʷè (ʤ. ʍʘʨʢʽʚ, 2016, 2018 ʨʨ.); ɯV 

ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʤʽʞʚʫʟʽʚʩʴʢʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ 

ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽè (ʤ. ʉʫʤʠ, 2016 ʨ.); ʍʍɯɯ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽʡ ʽʥʪʝʨʥʝʪ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ ʪʘ ʨʦʟʚʠʪʦʢ ʥʘʫʢʠ ʥʘ ʧʦʯʘʪʢʫ 

ʪʨʝʪʴʦʛʦ ʪʠʩʷʯʦʣʽʪʪʷ ʫ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ ʪʘ ɸʟʽʾè (ʤ. ʇʝʨʝʷʩʣʘʚ-ʍʤʝʣʴʥʠʮʢʠʡ, 

2016 ʨ.); ɯɯ ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ, ɯɯ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʽʥʪʝʨʥʝʪ-

ʢʦʥʬʝʨʝʥʮʽʷʭ çʍʽʤʽʷ, ʝʢʦʣʦʛʽʷ ʪʘ ʦʩʚʽʪʘè (ʤ. ʇʦʣʪʘʚʘ, 2016, 2018 ʨʨ.); ʍʍV 

ɺʽʜʢʨʠʪʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽ ʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʽ ʩʧʝʮʽʘʣʽʩʪʽʚ 

ʂʄʅ-2017 çʇʨʦʙʣʝʤʠ ʢʦʨʦʟʽʡʥʦ-ʤʝʭʘʥʽʯʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ, ʽʥʞʝʥʝʨʽʷ 

ʧʦʚʝʨʭʥʽ, ʜʽʘʛʥʦʩʪʠʯʥʽ ʩʠʩʪʝʤʠè (ʤ. ʃʴʚʽʚ, 2017 ʨ.); ʍVɯ ʅʘʫʢʦʚʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʃʴʚʽʚʩʴʢʽ ʭʽʤʽʯʥʽ ʯʠʪʘʥʥʷ-2017è (ʤ. ʃʴʚʽʚ, 2017 ʨ.); XII  

ʄʽʞʥʘʨʦʜʥʦʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çɸʚʽʘ-2017è (ʤ. ʂʠʾʚ, 2017 ʨ.); 

ʍ ʋʢʨʘʾʥʩʴʢʽʡ, ɯïɯɯɯ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ çʍʽʤʽʯʥʽ ʧʨʦʙʣʝʤʠ 

ʩʴʦʛʦʜʝʥʥʷè (ʤ. ɺʽʥʥʠʮʷ, 2017, 2018, 2020 ʨʨ.); çNanotechnology and 

nanomaterialsè (Chernovtsy, 2017 ʨ.); ɯ ʪʘ III  ɺʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ çɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ: ʩʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʪʘ 

ʧʨʦʧʦʟʠʮʽʾè (ʍʘʨʢʽʚ, 2017, 2019 ʨʨ.); VI ʄʞ̔ʥʘʨʦʜʥʡ̔ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʧʫʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʘʟʦʚʳʭ ʦʪʨʘʩʣʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʵʥʝʨʛʦ- ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝ, ʦʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳè (ʤ.ʍʘʨʢʚ̔ 2017 ʨ.); V ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çɽʢʦʣʦʛʽʷ, ʥʝʦʝʢʦʣʦʛʽʷ, ʦʭʦʨʦʥʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʙʘʣʘʥʩʦʚʘʥʝ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷè (ʍʘʨʢʽʚ, 2017ʨ.); XɯV ʪʘ XV ʄʽʞʥʘʨʦʜʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ ʟ ʧʨʦʙʣʝʤ ʢʦʨʦʟʽʾ ʪʘ ʧʨʦʪʠʢʦʨʦʟʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ (ʤ. ʃʴʚʽʚ, 2018, 2020 ʨʨ.); III  ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çɸʢʪʫʘʣʴʥʽ ʟʘʜʘʯʽ ʭʽʤʽʾ: ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠè (ɾʠʪʦʤʽʨ, 2019 ʨ.); 
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ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɸʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷ ʭʽʤʽʾ ʪʘ 

ʽʥʪʝʛʨʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡè (ʤ. ʍʘʨʢʽʚ, 2019ʨ.).  

ʇʫʙʣʽʢʘʮʽ.ʾ ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ 

ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ 68 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʟʦʢʨʝʤʘ: 4 ʤʦʥʦʛʨʘʬʽʾ (ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ); 

28 ʩʪʘʪʝʡ ʫ ʧʨʦʚʽʜʥʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ ʪʘ ʟʘʢʦʨʜʦʥʥʠʭ 

ʧʝʨʽʦʜʠʯʥʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʩʝʨʝʜ ʷʢʠʭ 8 ï ʫ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʥʘʫʢʦ-ʤʝʪʨʠʯʥʠʭ ʙʘʟʘ Scopus ʪʘ Web of Sʩience; 1 ʧʘʪʝʥʪʽ ʋʢʨʘʾʥʠ ʥʘ 

ʚʠʥʘʭʽʜ, 5 ʧʘʪʝʥʪʘʭ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ʪʘ 1 ʧʘʪʝʥʪʽ ʨʝʩʧʫʙʣʽʢʠ 

ʂʘʟʘʭʩʪʘʥ; 29 ï ʤʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʘʥʦʪʘʮʽʾ, ʚʩʪʫʧʫ, ʰʝʩʪʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ, 

ʜʦʜʘʪʢʽʚ. ʇʦʚʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʢʣʘʜʘʻ 358 ʩʪʦʨʽʥʦʢ; ʟ ʥʠʭ 160 ʨʠʩʫʥʢʽʚ 

ʧʦ ʪʝʢʩʪʫ, 3 ʨʠʩʫʥʢʠ ʥʘ 2 ʩʪʦʨʽʥʢʘʭ; 35 ʪʘʙʣʠʮʴ ʧʦ ʪʝʢʩʪʫ, 2 ʪʘʙʣʠʮ ̔ʥʘ 3 

ʩʪʦʨʽʥʢʘʭ; ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʽʟ 330 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 

43 ʩʪʦʨʽʥʢʘʭ; 8 ʜʦʜʘʪʢʽʚ ʥʘ 42 ʩʪʦʨʽʥʢʘʭ. 
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ʈʆɿɼɯʃ 1 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɽʃɽʂʊʈʆʃɯʊʀʏʅʀʍ ʉʇʃɸɺɯɺ ʊɸ ʂʆʄʇʆɿʀʎɯʁʅʀʍ 

ʇʆʂʈʀɺɯɺ ʅɸ ʆʉʅʆɺɯ ʂʆɹɸʃʔʊʋ ʊɸ ʆʉʆɹʃʀɺʆʉʊɯ ɰʍ 

ɽʃɽʂʊʈʆʆʉɸɾɼɽʅʅʗ 

1.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʦʜʝʨʞʫʚʘʥʦʛʦ ʢʦʙʘʣʴʪʫ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʩʧʣʘʚʽʚ [28, 29], ʦʩʢʽʣʴʢʠ ʜʦʜʘʚʘʥʥʷ ʢʦʙʘʣʴʪʫ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʞʘʨʦʤʽʮʥʽʩʪʴ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʩʪʘʣʝʡ, ʟʘʙʝʟʧʝʯʫʻ 

ʧʦʣʽʧʰʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʽʥʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʽ ʤʘʛʥʽʪʥʽ 

ʩʧʣʘʚʠ ʢʦʙʘʣʴʪʫ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʪʘʢ ʟʚʘʥʽ ʤʘʛʥʽʪʦʤôʷʢʽ ʽ ʤʘʛʥʽʪʦʪʚʝʨʜʽ), 

ʟʦʢʨʝʤʘ, ʤʘʛʥʽʪʦʪʚʝʨʜʽ ʩʧʣʘʚʠ ʪʠʧʫ SmCo5, PrCo5 ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʦʶ 

ʤʘʛʥʽʪʥʦʶ ʝʥʝʨʛʽʻʶ [30].  

ʉʧʣʘʚʠ ʢʦʙʘʣʴʪʫ ʟ ʤʦʣʽʙʜʝʥʦʤ ʟʥʘʡʰʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʠ 

ʧʨʦʮʝʩʽʚ ʦʨʛʘʥʽʯʥʦʛʦ ʩʠʥʪʝʟʫ, ʘ ʪʘʢʦʞ ʚʽʜʥʝʩʝʥʽ ʜʦ ʝʬʝʢʪʠʚʥʠʭ 

ʝʣʝʢʪʨʦʢʘʪʘʣʽʟʘʪʦʨʽʚ ʨʝʘʢʮʽʾ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ [31]. ɿʘʣʝʞʥʦ ʚʽʜ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʚʣʘʩʪʠʚʦʩʪʽ ʛʘʣʴʚʘʥʽʯʥʠʭ ʩʧʣʘʚʽʚ ʢʦʙʘʣʴʪʫ ʟ 

ʤʦʣʽʙʜʝʥʦʤ ʤʦʞʫʪʴ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʤʽʥʶʚʘʪʠʩʷ. ʉʧʣʘʚʠ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 

ʢʦʙʘʣʴʪʫ ʧʨʦʷʚʣʷʶʪʴ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ 

ʧʨʠʩʪʨʦʷʭ ʟʘʧʠʩʫ ʽ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʤʦʣʽʙʜʝʥʫ 

ʤʘʶʪʴ ʚʠʩʦʢʫ ʪʚʝʨʜʽʩʪʴ, ʭʽʤʽʯʥʫ ʽ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ, ʪʦʤʫ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʷʢʽ ʧʨʘʮʶʶʪʴ 

ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʘʙʦ ʚ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ [32, 33]. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʨʦʟʽʡʥʠʭ ʪʘ ʢʘʪʘʣʽʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [34] 

ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʦ ʩʧʣʘʚ ʉʦ-W ʟ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ, ʜʦ 

ʩʢʣʘʜʫ ʷʢʦʛʦ ʢʦʤʧʦʥʝʥʪʠ ʚʭʦʜʠʣʠ ʚ ʥʘʩʪʫʧʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ, ʤʦʣʴ/ʜʤ3: 

CoSO4 ï 0,1; Na2WO4 ï 0,2; Na3Cit ï 0,2; K4P2O7 ï 0,2; Na2SO4 ï 0,5; ʟ 

ʜʦʜʘʚʘʥʥʷʤ 2 ʤʣ/ʣ ʚʦʜʦʨʦʟʯʠʥʥʦʾ ʩʤʦʣʠ ʥʝʦʥʦʣ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʷʢʦʾ ʙʫʣʘ ʧʦʢʘʟʘʥʘ ʚ [35]. ɺʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʫʤʦʚʘʭ ʧʨʠʤʫʩʦʚʦʾ 
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ʢʦʥʚʝʢʮʽʾ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʤʘʛʥʽʪʥʦʾ ʤʽʰʘʣʢʠ 300 ʦʙ/ʭʚ. ʉʧʣʘʚ 

ʦʩʘʜʞʫʚʘʣʠ ʚ ʽʥʪʝʨʚʘʣʽ ʛʫʩʪʠʥ ʩʪʨʫʤʫ 5,0ï30,0 ʤɸ/ʩʤ2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 50Áʉ. 

ʇʦʢʨʠʚʠ ʤʽʩʪʠʣʠ ʙʣʠʟʴʢʦ 22 ʘʪ.% W, ʘ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʟʥʘʭʦʜʠʚʩʷ ʚ ʤʝʞʘʭ 

40ï70 %.  

ɺ [36] ʜʦʩʣʽʜʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʽʣʴʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʚʠʭʦʜʫ ʟʘ ʩʪʨʫʤʦʤ 

ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʣʽʟʫ ʩʧʣʘʚʫ ʉʦ-ʄʦ, ʦʩʘʜʞʝʥʦʛʦ ʽʟ ʧʦʣʽʣʽʛʘʥʜʥʦʛʦ 

ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʚ ʽʥʪʝʨʚʘʣʽ 1,0ï10,0 ɸ/ʜʤ2 ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ 

ʪʫʛʦʧʣʘʚʢʦʛʦ ʤʝʪʘʣʫ ʚ ʩʧʣʘʚʽ ʚʽʜ 45,6 ʜʦ 33,8 ʤʘʩ %, ʘ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʜʽʘʧʘʟʦʥʽ 25ï70 Áʉ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ 

ʤʦʣʽʙʜʝʥʫ ʚʽʜ 37,6 ʜʦ 42,2 ʤʘʩ.%.  

ʅʠʟʢʘ ʨʦʙʽʪ ʧʨʠʩʚʷʯʝʥʘ ʢʦʙʘʣʴʪʚʤʽʩʥʠʤ ʝʣʝʢʪʨʦʢʘʪʘʣʽʟʘʪʦʨʘʤ 

ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʪʘʢʠʤ, ʱʦ ʤʽʩʪʷʪʴ ʤʦʣʽʙʜʝʥ [32, 37 ï 39], 

ʬʦʩʬʦʨ ʘʙʦ ʩʫʣʴʬʫʨ [40]. ɼʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʢʘʪʘʣʽʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʢʨʠʚʽʚ ʉʦ-W ʚ ʨʝʘʢʮʽʾ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʧʨʦʚʦʜʠʣʠ ʚ ʨʦʟʯʠʥʘʭ 1,0 ʽ 6,0 

ʤʦʣʴ/ʣ ʂʆʅ [41], ʦʩʢʽʣʴʢʠ ʢʘʣʽʶ ʛʽʨʦʢʩʠʜ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʧʨʦʤʠʩʣʦʚʦʤʫ ʝʣʝʢʪʨʦʣʽʟʽ ʚʦʜʠ.  

ɸʥʘʣʽʟ [42] ʩʚʽʜʯʠʪʴ, ʱʦ ʩʧʣʘʚʠ Co-W, ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʽ ʽʟ ʮʠʪʨʘʪʥʦ-

ʧʽʨʦʬʦʩʬʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ, ʤʘʶʪʴ ʚʠʩʦʢʫ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʫ ʭʣʦʨʠʜʥʦʤʫ 

ʨʦʟʯʠʥʽ, ʷʢʫ ʧʦʨʽʚʥʶʶʪʴ ʟʽ ʩʪʽʡʢʽʩʪʶ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʛʦ ʭʨʦʤʫ. ʊʘʢʦʞ 

ʧʦʢʨʠʚʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʫ ʝʣʝʢʪʨʦʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʫ ʨʝʘʢʮʽʾ 

ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɯ ʥʘʚʽʪʴ ʪʨʽʱʠʥʫʚʘʪʽ ʧʦʢʨʠʚʠ, ʱʦ 

ʧʦʩʽʜʘʶʪʴ ʧʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ ʤʽʞ ʧʦʢʨʠʚʘʤʠ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʦʾ ʽ 

ʩʬʝʨʦʽʜʘʣʴʥʦʾ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ, ʧʘʩʠʚʫʶʪʴʩʷ ʚ ʣʫʞʥʦʤʫ ʨʦʟʯʠʥʽ ʽ ʤʘʶʪʴ 

ʥʠʟʴʢʫ ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ. 

ʋ ʨʦʙʦʪʘʭ [14, 43 ï 48] ʟʘʟʥʘʯʘʣʦʩʷ, ʱʦ ʽʥʜʫʢʪʠʚʥʝ ʩʧʽʚʦʩʘʜʞʝʥʥʷ 

ʤʦʣʽʙʜʝʥʫ ʟ ʢʦʙʘʣʴʪʦʤ ʧʨʠ ʥʠʟʴʢʦʤʫ ʚʤʽʩʪʽ ʧʝʨʰʦʛʦ ʚ ʧʦʢʨʠʚʘʭ ʜʦʟʚʦʣʷʻ 

ʟʙʝʨʝʛʪʠ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʫʩʧʘʜʢʦʚʘʥʽ ʚʽʜ ʢʦʙʘʣʴʪʫ (ʟʦʢʨʝʤʘ, ʚʠʩʦʢʠʡ 
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ʨʽʚʝʥʴ ʤʘʛʥʽʪʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʧʨʠ ʥʠʟʴʢʽʡ ʢʦʝʨʮʠʪʠʚʥʽʡ ʩʠʣʽ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʨʦʟʛʣʷʜʘʪʠ ʾʭ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʽ ʤʘʛʥʽʪʦʤôʷʢʽ ʤʘʪʝʨʽʘʣʠ). 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʰʢʦʜʦʶ ʜʣʷ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʩʧʣʘʚʽʚ ʢʦʙʘʣʴʪʫ ʟ d-ʝʣʝʤʝʥʪʘʤʠ ʟʘʣʠʰʘʻʪʴʩʷ 

ʧʨʦʙʣʝʤʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʢʣʘʜʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʪʨʠʤʘʥʠʭ ʧʦʢʨʠʚʽʚ, 

ʧʦʚôʷʟʘʥʘ ʟ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤʠ ʽ ʥʝʦʜʥʦʟʥʘʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ 

ʷʢ ʚ ʝʣʝʢʪʨʦʣʽʪʽ, ʪʘʢ ʽ ʥʘ ʤʝʞʽ ʝʣʝʢʪʨʦʣʽʪ / ʝʣʝʢʪʨʦʜ ʧʨʠ ʢʘʪʦʜʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ. 

1.2 ʆʩʥʦʚʥʽ ʧʦʛʣʷʜʠ ʥʘ ʤʝʭʘʥʽʟʤ ʩʫʤʽʩʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ 

ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ ʚ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ ʽ ʩʧʣʘʚʠ 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʥʘʧʨʷʤʢʦʤ ʛʘʣʴʚʘʥʦʪʝʭʥʽʢʠ ʽ, ʦʩʢʽʣʴʢʠ ʧʝʨʝʣʽʢ ʤʝʪʘʣʽʚ, ʷʢʽ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʟ 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ, ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʠʡ, ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ ʩʧʣʘʚʽʚ ʥʘʙʫʚʘʻ ʚʩʝ ʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ. ɿʘʚʜʷʢʠ ʩʧʦʣʫʯʝʥʥʶ 

ʮʽʥʥʠʭ ʩʧʦʞʠʚʯʠʭ ʷʢʦʩʪʝʡ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʤʝʪʘʣʽʚ ʧʦʢʨʠʚʠ ʩʧʣʘʚʘʤʠ 

ʥʘʜʘʶʪʴ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʽʚ ʩʧʝʢʪʨ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [33], ʷʢʽ ʽ ʟʫʤʦʚʣʶʶʪʴ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʝ 

ʧʨʠʟʥʘʯʝʥʥʷ. ɺ ʜʘʥʠʡ ʯʘʩ ʝʣʝʢʪʨʦʣʽʟʦʤ ʫ ʜʦʩʠʪʴ ʰʠʨʦʢʠʭ ʤʘʩʰʪʘʙʘʭ 

ʦʪʨʠʤʫʶʪʴ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʪʝʭʥʽʯʥʦ ʚʘʞʣʠʚʠʭ ʩʧʣʘʚʽʚ; ʦʜʥʘʢ ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ 

ʻ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʤʠ [49]. 

ʋʤʦʚʦʶ ʦʪʨʠʤʘʥʥʷ ʩʧʣʘʚʫ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ ʤʝʪʘʣʽʚ ʥʘ ʢʘʪʦʜʽ ʻ ʙʣʠʟʴʢʽ 

ʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʽʚ ʾʭ ʚʠʜʽʣʝʥʥʷ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʦʩʘʜʞʝʥʥʷ ʮʠʭ ʤʝʪʘʣʽʚ ʻ 

ʩʫʤʽʩʥʠʤ. ɿʙʣʠʟʠʪʠ ʧʦʪʝʥʮʽʘʣʠ ʚʠʜʽʣʝʥʥʷ ʤʝʪʘʣʽʚ ʤʦʞʥʘ ʚʘʨʽʶʚʘʥʥʷʤ 

ʘʢʪʠʚʥʦʩʪʝʡ ʽʦʥʽʚ ʽ ʧʝʨʝʥʘʧʨʫʛʠ [50]. ɸʢʪʠʚʥʦʩʪʽ ʽʦʥʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʽʩʪʦʪʥʦ 

ʟʤʽʥʝʥʽ ʷʢ ʟʘ ʨʘʭʫʥʦʢ ʢʦʤʧʣʝʢʩʦʪʚʦʨʝʥʥʷ [51], ʪʘʢ ʽ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ.  

ɺʠʚʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʩʧʽʣʴʥʦʛʦ ʨʦʟʨʷʜʫ ʜʝʢʽʣʴʢʦʭ ʚʠʜʽʚ ʽʦʥʽʚ ʤʘʻ 

ʜʣʷ ʝʣʝʢʪʨʦʭʽʤʽʾ ʧʝʨʰʦʨʷʜʥʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʫ 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʟʥʘʭʦʜʷʪʴʩʷ ʨʽʟʥʽ ʽʦʥʠ (ʟʦʢʨʝʤʘ, ʟʘʚʞʜʠ 
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ʧʨʠʩʫʪʥʽ ʽʦʥʠ ʚʦʜʥʶ), ʷʢʽ ʙʽʣʴʰʦʶ ʯʠ ʤʝʥʰʦʶ ʤʽʨʦʶ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ʚʽʜʥʦʚʣʝʥʥʽ ʥʘ ʝʣʝʢʪʨʦʜʽ. ʂʨʽʤ ʪʝʦʨʝʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʚʠʚʯʝʥʥʷ ʤʝʭʘʥʽʟʤʫ 

ʩʧʽʣʴʥʦʛʦ ʨʦʟʨʷʜʫ ʽʦʥʽʚ ʧʨʝʜʩʪʘʚʣʷʻ ʪʘʢʦʞ ʟʥʘʯʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ. 

ʇʝʨʰ ʟʘ ʚʩʝ, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʚʘʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ ʩʧʣʘʚʽʚ 

[52] ʟ ʢʦʤʧʣʝʢʩʦʤ ʥʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʦʢʨʝʤʘ ʢʘʪʘʣʽʪʠʯʥʠʭ, 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ, ʥʘʜʧʨʦʚʽʜʥʽʩʪʶ, ʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ  ʪʘ ʽʥ. 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ ʚʦʣʴʬʨʘʤʫ, ʤʦʣʽʙʜʝʥʫ ʽ ʮʠʨʢʦʥʽʶ ʟ 

ʢʦʙʘʣʴʪʦʤ ʫ ʩʧʣʘʚ ʫʩʢʣʘʜʥʝʥʦ ʟʥʘʯʥʦʶ ʨʽʟʥʠʮʝʶ ʩʪʘʥʜʘʨʪʥʠʭ ʝʣʝʢʪʨʦʜʥʠʭ 

ʧʦʪʝʥʮʽʘʣʽʚ ʩʧʣʘʚʦʪʚʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ [24]. ɯʥʜʠʚʽʜʫʘʣʴʥʽ ʧʦʢʨʠʚʠ 

ʚʦʣʴʬʨʘʤʦʤ ʽ ʤʦʣʽʙʜʝʥʦʤ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʦʪʨʠʤʘʪʠ ʥʝʤʦʞʣʠʚʦ, ʘʣʝ ʟ 

ʤʝʪʘʣʘʤʠ ʨʦʜʠʥʠ ʬʝʨʫʤʫ (Fe, Co, Ni) ʚʦʥʠ ʤʦʞʫʪʴ ʩʧʽʚʚʽʜʥʦʚʶʚʘʪʠʩʴ ʫ 

ʩʧʣʘʚ [13, 53 ï 55]. ɸʣʝ ʟʘʣʠʰʘʻʪʴʩʷ ʚʝʣʠʢʝ ʧʠʪʘʥʥʷ, ʚ ʷʢʦʤʫ ʚʠʛʣʷʜʽ 

ʪʫʛʦʧʣʘʚʢʽ ʤʝʪʘʣʠ ʚʢʣʶʯʘʶʪʴʩʷ ʜʦ ʩʢʣʘʜʫ ʧʦʢʨʠʚʽʚ.  

ʅʘ ʜʫʤʢʫ ʅ. Fukushima ʪʘ ʽʥʰʽ [56] ʨʦʣʴ ʤʝʪʘʣʽʚ ʧʽʜʛʨʫʧʠ ʟʘʣʽʟʘ, ʷʢ 

ʩʧʽʚʦʩʘʞʜʫʚʘʯʽʚ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʻ ʢʘʪʘʣʽʪʠʯʥʦ ʘʢʪʠʚʥʠʤʠ ʽ ʥʘ ʾʭʥʽʡ 

ʧʦʚʝʨʭʥʽ ʚʠʜʽʣʷʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʥʶ, ʘ ʯʘʩʪʢʦʚʦ 

ʚʽʜʥʦʚʣʝʥʽ ʪʫʛʦʧʣʘʚʢʽ ʤʝʪʘʣʠ ʫʪʚʦʨʶʶʪʴ ʧʣʽʚʢʫ ʦʢʩʠʜʫ, ʷʢʘ ʟʛʦʜʦʤ ʩʧʨʠʷʻ 

ʚʽʜʥʦʚʣʝʥʥʶ ʦʢʩʦʘʥʽʦʥʽʚ ʘʪʦʤʘʨʥʠʤ ʚʦʜʥʝʤ ʜʦ ʤʝʪʘʣʝʚʦʛʦ ʩʪʘʥʫ. 

N. Elias ʽ E. Gileadi ʥʘ ʧʨʠʢʣʘʜʽ ʩʧʣʘʚʫ Ni-W ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʤʦʜʝʣʴ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʦʮʝʩ ʩʧʣʘʚʦʪʚʦʨʝʥʥʷ ʟ ʧʦʤʽʨʥʦ ʣʫʞʥʠʭ ʮʠʪʨʘʪʥʠʭ 

ʝʣʝʢʪʨʦʣʽʪʽʚ ʟʘ ʥʘʷʚʥʦʩʪʽ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ NH3 [57, 58]. ʅʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ, 

ʚʽʜʥʦʚʣʝʥʥʷ ʩʧʣʘʚʦʪʚʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʤʝʪʘʣ-

ʟʤʽʰʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʷʢʠʡ ʻ ʽʥʪʝʨʤʝʜʽʘʪʦʤ ʮʠʪʨʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽʦʥʫ 

ʤʝʪʘʣʫ ʧʽʜʛʨʫʧʠ ʟʘʣʽʟʘ ʪʘ ʚʦʣʴʬʨʘʤʫ. ɿʘ ʮʠʤ ʤʝʭʘʥʽʟʤʦʤ ʦʩʘʜʞʝʥʥʷ ʤʝʪʘʣʫ 

ʧʽʜʛʨʫʧʠ ʟʘʣʽʟʘ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʪʘʢʦʞ ʩʘʤʦʩʪʽʡʥʦ ʽʟ ʙʫʜʴ-ʷʢʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʫ ʨʦʟʯʠʥʽ (ʮʠʪʨʘʪʥʦʛʦ, ʘʤʽʘʢʘʪʥʦʛʦ ʽ ʪ. ʽ.). ʇʦʢʘʟʘʥʦ ʩʠʥʝʨʛʝʪʠʯʥʠʡ 

ʚʟʘʻʤʦʚʧʣʠʚ Ni ʽ W ʽ ʟʘʣʝʞʥʽʩʪʴ ʚʤʽʩʪʫ ʚʦʣʴʬʨʘʤʫ ʫ ʩʧʣʘʚʽ ʚʽʜ ʨʅ 

ʝʣʝʢʪʨʦʣʽʪʫ ʪʘ ʧʨʠʨʦʜʠ ʣʽʛʘʥʜʫ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʤʽʥʥʦʩʪʽ ʢʦʥʩʪʘʥʪ ʥʝʩʪʽʡʢʦʩʪʽ. 
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N. Elias ʽ E. Gileadi ʪʘʢʦʞ ʚʠʷʚʣʝʥʦ ʜʠʬʫʟʽʡʥʽ ʦʙʤʝʞʝʥʥʷ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ 

ʚʦʣʴʬʨʘʤʫ. 

ɸ.ʊ. ɺʘʩʴʢʦ ʚ ʩʚʦʾʭ ʨʦʙʦʪʘʭ [59, 60] ʟʘʧʨʦʧʦʥʫʚʘʚ ʨʘʜʠʢʘʣʴʥʦ-ʧʣʽʚʢʦʚʫ 

ʤʦʜʝʣʴ [61], ʟʛʽʜʥʦ ʟ ʷʢʦʶ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʧʦʜʚʽʡʥʦʛʦ ʩʧʣʘʚʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʭ ʯʘʩʪʠʥʦʢ ʨʘʜʠʢʘʣʴʥʦʛʦ ʪʠʧʫ ʤʝʪʘʣʫ 

ʨʦʜʠʥʠ ʟʘʣʽʟʘ ʪʘ ʪʫʛʦʧʣʘʚʢʦʛʦ ʤʝʪʘʣʫ ʽ ʬʦʨʤʫʚʘʥʥʷʤ ʧʣʽʚʢʠ ʟ 

ʛʝʪʝʨʦʧʦʣʽʚʦʣʴʬʨʘʤʘʪʽʚ (ʛʝʪʝʨʦʧʦʣʽʤʦʣʽʙʜʘʪʽʚ) ʟ ʥʘʩʪʫʧʥʠʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ 

ʚʽʜʥʦʚʣʝʥʥʷʤ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʥʘ ʤʝʞʽ ʧʣʽʚʢʘ / ʩʧʣʘʚ; ʧʨʠ ʮʴʦʤʫ ʚʽʜʥʦʚʣʝʥʥʷ 

ʤʝʪʘʣʽʚ ʨʦʜʠʥʠ ʬʝʨʫʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʘʜʩʦʨʙʦʚʘʥʽ ʥʘ ʢʘʪʦʜʽ ʯʘʩʪʠʥʢʠ 

ʄʆʅʘʜ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʽʟ ʛʽʜʨʦʢʩʦʢʘʪʽʦʥʽʚ ʄʆʅ
+ ʟʘ ʦʜʥʦʝʣʝʢʪʨʦʜʥʦʶ 

ʨʝʘʢʮʽʻʶ ʟ ʥʘʩʪʫʧʥʠʤ ʫʪʚʦʨʝʥʥʷʤ ʽʥʪʝʨʤʝʜʽʘʪʫ ʩʢʣʘʜʥʦʾ ʙʫʜʦʚʠ [61]. 

ʏʘʩʪʢʦʚʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʘʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚ ʨʦʙʦʪʘʭ 

I. Epelboin ʽ R. Wiart [62] ʪʘ ɺ.ʉ. ʈʘʯʠʥʩʢʘʩʘ [63]. ʎʝ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʦʮʝʩʫ ʩʧʣʘʚʦʪʚʦʨʝʥʥʷ ʧʝʨʝʜʫʻ ʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ ʚʟʘʻʤʦʜʽʾ 

ʛʽʜʨʦʢʩʦʬʦʨʤ ʤʝʪʘʣʽʚ ʪʨʽʘʜʠ ʟʘʣʽʟʘ ʟ ʦʢʩʦʘʥʽʦʥʘʤʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ Podlaha and Landolt [8, 64] ʧʦʢʘʟʘʣʠ, ʱʦ ʚʤʽʩʪ ʄʦ ʚ ʩʧʣʘʚʽ 

ʥʝ ʢʦʨʝʣʶʻ ʟ ʢʽʣʴʢʽʩʪʶ ʚʦʜʥʶ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʧʦʙʽʯʥʽʡ ʨʝʘʢʮʽʾ. ɺʠʩʦʢʠʡ 

ʚʤʽʩʪ ʄʦ ʚ ʩʧʣʘʚʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʚʦʜʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʧʨʠ ʚʠʩʦʢʦʤʫ ʘʙʦ 

ʥʠʟʴʢʦʤʫ ʚʠʭʦʜʽ ʟʘ ʩʪʨʫʤʦʤ (ɺʉ). ʅʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ [65] ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʠʤ 

ʧʨʠ ʩʧʽʚʦʩʘʜʞʝʥʥʽ ʢʦʙʘʣʴʪʫ ʟ ʤʦʣʽʙʜʝʥʦʤ ʻ ʤʝʭʘʥʽʟʤ ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʩʦʘʥʽʦʥʫ 

ʜʦ ʧʨʦʤʽʞʥʦʛʦ ʦʢʩʠʜʫ ʄʦʆ2 ʟʘ ʥʘʷʚʥʦʩʪʽ ʮʠʪʨʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʢʦʙʘʣʴʪʫ, ʷʢʽ 

ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʢʘʪʘʣʽʟʘʪʦʨʫ:  

               CoCit
ï
 

MoO4
2ï + 2H2O + 2e Ÿ MoO2 + 4OHï,   (1.1) 

ʟ ʥʘʩʪʫʧʥʠʤ ʫʪʚʦʨʝʥʥʷʤ ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʽʥʪʝʨʤʝʜʽʘʪʫ ʟʘ ʤʝʭʘʥʽʟʤʦʤ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ E.J. Podlaha ʽ D. Landolt, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʝʭʘʥʽʟʤ ʧʨʦʮʝʩʫ 

ʩʧʣʘʚʦʪʚʦʨʝʥʥʷ ʷʢ ʜʚʦʩʪʘʜʽʡʥʠʡ ʯʝʨʝʟ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʤʽʞʥʦʾ ʘʜʩʦʨʙʦʚʘʥʦʾ 

ʩʧʦʣʫʢʠ M(I)Lad, (M ï Ni, Co, Fe; L ï ʣʽʛʘʥʜ), ʷʢʘ ʢʦʥʢʫʨʫʻ ʟ ʪʫʛʦʧʣʘʚʢʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ, ʱʦ ʚʽʜʥʦʚʣʶʻʪʴʩʷ, ʟʘ ʚʽʣʴʥʽ ʘʢʪʠʚʥʽ ʮʝʥʪʨʠ ʥʘ ʧʦʚʝʨʭʥʽ 

ʝʣʝʢʪʨʦʜʫ [66ï68]:  
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CoCitï + 2e Ÿ Co + Cit3ï    (1.2)  

CoCitï + MoO2 Ÿ [MoO2 ï CoCitï]ad    (1.3) 

[MoO2 ï CoCitï]ad + 2H2O + 4e Ÿ Mo + CoCitï + 4OHï. (1.4) 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʢʘʪʘʣʽʪʠʯʥʦʾ ʜʽʾ ʧʦʚʝʨʭʥʽ ʢʘʪʦʜʫ [69, 70] 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʨʠʧʫʱʝʥʥʽ ʧʨʦ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʯʝʨʝʟ 

ʩʪʘʜʽʶ ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʩʦʘʥʽʦʥʫ ʘʙʦ ʛʽʜʨʦʢʩʠʜʫ ʪʫʛʦʧʣʘʚʢʦʛʦ ʤʝʪʘʣʫ ʟ 

ʥʘʩʪʫʧʥʠʤ ʡʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷʤ ʛʽʜʨʦʛʝʥʦʤ ʽʟ ʛʽʜʨʠʜʫ ʤʝʪʘʣʫ ʧʽʜʛʨʫʧʠ  

ʟʘʣʽʟʘ. ɺʨʘʭʦʚʫʶʯʠ ʮʝ, ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʥʘ ʢʘʪʦʜʽ ʧʝʨʰʠʤ ʦʩʘʜʞʫʻʪʴʩʷ 

ʤʝʪʘʣ ʧʽʜʛʨʫʧʠ ʟʘʣʽʟʘ, ʧʽʩʣʷ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʩʘʜʞʝʥʥʷ ʪʫʛʦʧʣʘʚʢʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ.  

ɸ. ʉʫʨʚʠʣʘ ʪʘ ʽʥ. [71] ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʤʝʭʘʥʽʟʤ ʩʧʽʚʦʩʘʜʞʝʥʥʷ Co ʟ ʄʦ 

ʟʘ ʧʨʠʩʫʪʥʦʩʪʽ ʮʠʪʨʘʪʥʦʾ ʢʠʩʣʦʪʠ. ˆʨʫʥʪʫʶʯʠʩʴ ʥʘ ʜʘʥʠʭ [72 ï 74] 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʨʅ <7 ʤʦʞʥʘ ʦʙʤʝʞʠʪʠʩʷ ʨʦʟʛʣʷʜʦʤ ʥʘʩʪʫʧʥʠʭ 

ʦʙʦʨʦʪʥʠʭ ʨʝʘʢʮʽʡ:       

Co2+ + pʉit3ï + qH +ź Coʉitpʅq
2+qï3p (1.5) 

MoO4
2ï + pʉit3ï +qH+ źMoO4ʉitpHq

ï2+qï3p (1.6) 

ʉit3ï + mH+ź ʉitHm
mï3 (1.7) 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʭʘʥʽʟʤʠ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʧʝʚʥʦʶ 

ʤʽʨʦʶ ʻ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷʤ ʥʘʫʢʦʚʠʭ ʧʦʛʣʷʜʽʚ ʨʽʟʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʰʢʽʣ, ʘ ʟ 

ʽʥʰʦʛʦ, ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʜʦʩʣʽʜʞʝʥʴ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʩʠʩʪʝʤ ʟ 

ʢʦʥʢʨʝʪʥʠʤʠ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ (ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʾʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚ ʨʦʟʯʠʥʘʭ, ʨʅ ʝʣʝʢʪʨʦʣʽʪʫ ʪʦʱʦ), ʘ ʦʪʞʝ, ʜʦʩʪʘʪʥʴʦʶ ʤʽʨʦʶ 

ʥʝ ʦʧʠʩʫʶʪʴ ʚʩʽ ʤʦʞʣʠʚʽ ʨʝʘʢʮʽʾ ʧʽʜ ʯʘʩ ʩʧʣʘʚʦʪʚʦʨʝʥʥʷ. ʅʘ ʦʢʨʝʤʫ ʫʚʘʛʫ 

ʟʘʩʣʫʛʦʚʫʻ ʧʨʦʮʝʩ ʦʩʘʜʞʝʥʥʷ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ ʧʦʢʨʠʚʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʟ 

ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ.  
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1.3 ɽʣʝʢʪʨʦʣʽʪʠʯʥʽ ʩʧʣʘʚʠ ʢʦʙʘʣʴʪʫ ʟ d4-ʤʝʪʘʣʘʤʠ 

ɼʣʷ ʦʩʘʜʞʝʥʥʷ ʙʽʥʘʨʥʠʭ ʽ ʧʦʪʨʽʡʥʠʭ ʩʧʣʘʚʽʚ ʢʦʙʘʣʴʪʫ ʟ ʚʦʣʴʬʨʘʤʦʤ ʽ 

ʤʦʣʽʙʜʝʥʦʤ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʦʟʯʠʥʠ ʛʣʽʮʠʥʘʪʥʠʭ, ʮʠʪʨʘʪʥʠʭ, 

ʭʣʦʨʠʜʥʦ-ʮʠʪʨʘʪʥʠʭ, ʧʽʨʦʬʦʩʬʘʪʥʠʭ ʽ ʧʽʨʦʬʦʩʬʘʪʥʦ-ʮʠʪʨʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

[75], ʘ ʚʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʾ ʚʘʥʥʠ ɽɼʊɸ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ 

ʚʤʽʩʪʫ ʚ ʩʧʣʘʚʽ ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ [76]. ɺ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ 

ʝʣʝʢʪʨʦʣʽʪʽʚ ʩʧʣʘʚʦʪʚʽʨʥʽ ʤʝʪʘʣʠ ʚʚʦʜʷʪʴ ʫ ʚʠʛʣʷʜʽ ʢʦʙʘʣʴʪʫ ʩʫʣʴʬʘʪʫ ʽ 

ʥʘʪʨʽʶ ʚʦʣʴʬʨʘʤʘʪʫ/ʤʦʣʽʙʜʘʪʫ, ʘ ʷʢ ʣʽʛʘʥʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʨʛʘʥʽʯʥʽ 

ʨʝʯʦʚʠʥʠ.  

ʋ ʨʦʙʦʪʘʭ [77, 78] ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʧʣʘʚʦʪʚʽʨʥʠʭ 

ʤʝʪʘʣʽʚ [Co2+]:[MoO4
2ï] = 8:1 ʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦ ʩʢʣʘʜʫ ʦʩʘʜʞʫʚʘʥʦʛʦ 

ʩʧʣʘʚʫ ʚʭʦʜʠʣʦ ʚʽʜ 5 ʜʦ 25% ʤʦʣʽʙʜʝʥʫ. ɿʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʦʣʽʙʜʘʪ-

ʽʦʥʽʚ ʫ ʨʦʟʯʠʥʽ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʚʤʽʩʪʫ ʪʫʛʦʧʣʘʚʢʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʚ ʩʢʣʘʜʽ 

ʩʧʣʘʚʫ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʨʽʟʢʦ ʧʦʛʽʨʰʫʻʪʴʩʷ ʷʢʽʩʪʴ ʧʦʢʨʠʚʽʚ, ʟʤʝʥʰʫʻʪʴʩʷ ʚʠʭʽʜ 

ʟʘ ʩʪʨʫʤʦʤ ʪʘ ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʩʧʣʘʚʫ. ɺʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʮʠʪʨʘʪʥʦʛʦ 

ʝʣʝʢʪʨʦʣʽʪʫ ʘʤʦʥʽʶ ʛʽʜʨʦʢʩʠʜʫ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʚʤʽʩʪʫ ʤʦʣʽʙʜʝʥʫ, ʘʣʝ 

ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʩʧʣʘʚʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 20% ʫ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʘ ʟ 

ʟʘʣʫʞʝʥʥʷʤ ʨʦʟʯʠʥʫ ɺʉ ʱʝ ʟʤʝʥʰʫʻʪʴʩʷ [40, 79, 80]. 

E. Gomez, E. Pellicer ʪʘ ʽʥ. [81] ʥʘ ʧʨʠʢʣʘʜʽ ʙʽʥʘʨʥʠʭ ʢʦʙʘʣʴʪ-

ʤʦʣʽʙʜʝʥʦʚʠʭ ʩʧʣʘʚʽʚ ʚʽʜʤʽʯʘʶʪʴ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝ ʪʽʣʴʢʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʧʣʘʚʦʪʚʽʨʥʠʭ ʤʝʪʘʣʽʚ ʫ ʧʦʢʨʠʚʽ, ʘ ʡ ʩʪʨʫʢʪʫʨʠ ʦʩʘʜʽʚ. 

ʇʦʢʨʠʚʠ ʩʧʣʘʚʘʤʠ Co-ʄʦ ʟ ʚʤʽʩʪʦʤ ʤʦʣʽʙʜʝʥʫ ʜʦ 20  23 ʤʘʩ. % ʦʩʘʜʞʫʚʘʣʠ 

ʟ ʩʫʣʴʬʘʪʥʦ-ʮʠʪʨʘʪʥʠʭ ʨʦʟʯʠʥʽʚ ʟʘ ʬʽʢʩʦʚʘʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʪʨʽʶ ʮʠʪʨʘʪʫ 

0,2 ʤʦʣʴ/ʜʤ3 ʽ ʚʘʨʽʡʦʚʘʥʽʡ ʢʽʣʴʢʦʩʪʽ ʢʦʙʘʣʴʪʫ ʩʫʣʴʬʘʪʫ ʪʘ ʥʘʪʨʽʶ ʤʦʣʽʙʜʘʪʫ 

[40]. ɺʤʽʩʪ ʤʦʣʽʙʜʝʥʫ ʚ ʩʧʣʘʚʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʢʘʪʦʜʥʦʾ 

ʧʦʣʷʨʠʟʘʮʽʾ. ʉʪʨʫʢʪʫʨʘ ʦʩʘʜʽʚ ʱʽʣʴʥʦ-ʫʧʘʢʦʚʘʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʘ, ʘʣʝ 

ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʟʤʽʰʘʥʫ ʢʨʠʩʪʘʣʽʯʥʦ-ʘʤʦʨʬʥʫ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ 

[82]. ɸʚʪʦʨʠ ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ ʩʪʫʧʽʥʴ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʚʱʠʥʠ 

ʦʩʘʜʽʚ: ʘʤʦʨʬʥʘ ʩʪʨʫʢʪʫʨʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ. ɺʢʣʶʯʝʥʥʷ 
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ʤʦʣʽʙʜʝʥʫ ʜʦ ʦʩʘʜʽʚ ʢʦʙʘʣʴʪʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʩʪʦʪʥʦʛʦ ʟʥʠʞʝʥʥʷ 

ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ, ʟʦʢʨʝʤʘ ʧʦʢʨʠʚʠ ʟ ʚʤʽʩʪʦʤ ʤʦʣʽʙʜʝʥʫ 6  10 ʘʪ. % 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʫʪʪʻʚʦ ʥʠʞʯʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʅʩ.  

ʂʦʤʧʘʢʪʥʽ ʩʫʮʽʣʴʥʽ ʧʦʢʨʠʚʠ Co ʽ Co-Mo (ʟ 1 ï 8 ʤʘʩ. % Mo) ʙʫʣʦ 

ʦʩʘʜʞʝʥʦ ʥʘ ʤʽʜʥʽ ʧʽʜʢʣʘʜʢʠ ʟ ʽʦʥʥʠʭ ʨʽʜʠʥ ʝʚʪʝʢʪʠʯʥʦʛʦ ʩʢʣʘʜʫ ʥʘ ʦʩʥʦʚʽ 

ʭʦʣʽʥ ʭʣʦʨʠʜʫ (ChCl) : ChCl ï ʩʝʯʦʚʠʥʘ ʪʘ ChCl ï ʝʪʠʣʝʥʛʣʽʢʦʣʴ ʧʨʠ ʛʫʩʪʠʥʽ 

ʩʪʨʫʤʫ ʚ ʤʝʞʘʭ 7 ï 25 ʤɸ/ʩʤ2 ʟʘ ʪʝʤʧʝʨʘʪʫʨ 90 ï 100 ÁC [83]. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʘʤʦʨʬʥʠʭ ʩʧʣʘʚʽʚ ʉʦ-ʄʦ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʫʥʽʧʦʣʷʨʥʠʡ 

ʩʪʨʫʤ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʘʤʧʣʽʪʫʜʦʶ 20 ɸ/ʜʤ2 ʽ ʪʨʠʚʘʣʽʩʪʶ ʽʤʧʫʣʴʩʫ 1 ʤʩ. 

ɺʤʽʩʪ ʤʦʣʽʙʜʝʥʫ ʚ ʩʧʣʘʚʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʄʦ / (ʄʦ + ʉʦ) ʫ 

ʨʦʟʯʠʥʽ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʘ ʽʤʧʫʣʴʩʥʦʤʫ ʩʪʨʫʤʘʭ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ 

ʜʦʩʣʽʜʞʝʥʠʭ ʨʝʞʠʤʘʭ ʚʤʽʩʪ ʤʦʣʽʙʜʝʥʫ ʚ ʧʦʢʨʠʪʪʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 40 ʤʘʩ. %. 

ɯʤʧʫʣʴʩʥʠʡ ʨʝʞʠʤ ʟʘʙʝʟʧʝʯʫʻ ʚʠʱʽʡ ʩʪʫʧʽʥʴ ʛʦʤʦʛʝʥʥʦʩʪʽ ʘʤʦʨʬʥʦʾ  

ʬʘʟʠ. ɸʚʪʦʨʠ [84] ʚʚʘʞʘʶʪʴ, ʱʦ ʦʩʘʜʞʝʥʥʷ ʘʤʦʨʬʥʠʭ ʩʧʣʘʚʽʚ ʉʦ-ʄʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʛʽʜʨʘʪʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʉʦʆĿʭʄʦʆ2Ŀʫʅ2ʆ. 

ʆʩʢʽʣʴʢʠ ʧʝʨʝʥʘʧʨʫʛʘ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʥʘ ʤʦʣʽʙʜʝʥʽ ʪʘ ʡʦʛʦ ʩʧʣʘʚʘʭ 

ʥʠʟʴʢʘ, ʽʩʪʦʪʥʦ ʟʥʠʞʫʶʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʽ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ  

Mo-ʚʤʽʩʥʠʭ ʩʧʣʘʚʽʚ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʫ 

ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʤʦʣʽʙʜʝʥʫ ʜʦ ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʣʽʪʽʚ ʚʚʦʜʷʪʴ ʛʽʜʨʘʟʠʥ 

[85, 86]. ɺʽʜʦʤʘ ʨʦʙʦʪʘ [87], ʚ ʷʢʠʭ ʥʘʪʨʽʶ ʛʽʧʦʬʦʩʬʽʪ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ 

ʧʨʠʩʢʦʨʶʚʘʯʘ, ʦʩʢʽʣʴʢʠ ʚʚʝʜʝʥʥʷ ʜʦ ʩʧʣʘʚʫ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʬʦʩʬʦʨʫ ʥʝ 

ʚʠʢʣʠʢʘʻ ʟʤʽʥʠ ʤʦʨʬʦʣʦʛʽʾ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ. ɺʪʽʤ, 

ʽʥʢʦʨʧʦʨʘʮʽʷ ʬʦʩʬʦʨʫ ʚ ʩʧʣʘʚ ʟʤʽʥʶʻ ʢʽʥʝʪʠʢʫ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʤʦʣʽʙʜʝʥʫ ʟ 

ʢʦʙʘʣʴʪʦʤ. ɸʥʘʣʦʛʽʯʥʠʡ ʝʬʝʢʪ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚ ʨʘʟʽ ʚʢʣʶʯʝʥʥʷ ʬʦʩʬʦʨʫ ʜʦ 

ʩʢʣʘʜʫ ʧʦʪʨʽʡʥʠʭ ʩʧʣʘʚʽʚ ʚʦʣʴʬʨʘʤʫ ʟ Co, Ni ʽ P [31, 84, 88, 89]. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʘʭʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʣʘʚʫ Co-Mo, ʘʚʪʦʨʠ [49, 90] 

ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʜʦʜʘʪʠ ʪʨʝʪʽʡ ʢʦʤʧʦʥʝʥʪ ï ʬʦʩʬʦʨ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʚ 

ʩʢʣʘʜʽ ʧʦʢʨʠʚʽʚ ʚʠʷʚʣʝʥʦ ʜʦʤʽʰʢʠ, ʟʦʢʨʝʤʘ ʢʠʩʝʥʴ ʚ ʢʽʣʴʢʦʩʪʽ 5 ï 7 ʤʘʩ. %. 
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ɸʚʪʦʨʠ [84, 91, 92], ʪʘʢʦʞ ʜʦʩʣʽʜʠʣʠ ʧʨʦʮʝʩ ʚʢʣʶʯʝʥʥʷ ʬʦʩʬʦʨʫ ʚ ʩʧʣʘʚ  

ʉʦ-ʄʦ-ʈ. ɺ ʣʽʪʝʨʘʪʫʨʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʨʦʙʦʪʠ [86, 90, 93], ʚ ʷʢʠʭ ʥʘʪʨʽʶ 

ʛʽʧʦʬʦʩʬʽʪ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʧʨʠʩʢʦʨʶʚʘʯʘ ʦʩʘʜʞʝʥʥʷ ʤʦʣʽʙʜʝʥʚʤʽʩʥʠʭ 

ʩʧʣʘʚʽʚ, ʪʘʢ ʷʢ ʚʚʝʜʝʥʥʷ ʜʦ ʩʧʣʘʚʫ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʬʦʩʬʦʨʫ ʥʝ ʚʠʢʣʠʢʘʻ 

ʟʤʽʥʠ ʤʦʨʬʦʣʦʛʽʾ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʣʘʚʫ. ʊʘʢʦʞ ʚʢʣʶʯʝʥʥʷ 

ʬʦʩʬʦʨʫ ʚ ʩʧʣʘʚ ʟʤʽʥʶʻ ʢʽʥʝʪʠʢʫ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʤʦʣʽʙʜʝʥʫ ʪʘ ʢʦʙʘʣʴʪʫ  

[87, 94].  

ɺʽʜʦʤʽ ʪʝʨʥʘʨʥʽ ʝʣʝʢʪʨʦʣʽʪʠʯʥʽ ʩʧʣʘʚʠ ʢʦʙʘʣʴʪʫ ʟ ʤʦʣʽʙʜʝʥʦʤ 

(ʚʦʣʴʬʨʘʤʦʤ), ʜʦ ʷʢʠʭ ʫ ʥʝʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʽʥʢʦʨʧʦʨʫʶʪʴʩʷ ʟ ʝʣʝʢʪʨʦʣʽʪʫ 

ʥʝʤʝʪʘʣʽʯʥʽ ʜʦʤʽʰʢʠ ï ʙʦʨ, ʬʦʩʬʦʨ, ʚʫʛʣʝʮʴ. ɸʤʦʨʬʥʽ ʝʣʝʢʪʨʦʣʽʪʠʯʥʽ ʩʧʣʘʚʠ 

Co-Mo-B (51 % Co, 47 % Mo ʽ 2 % B) ʟ ʚʠʩʦʢʠʤʠ ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ, ʢʦʨʦʟʽʡʥʦʶ 

ʪʨʠʚʢʽʩʪʶ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ ʪʘ ʜʦʩʪʘʪʥʴʦʶ ʧʣʘʩʪʠʯʥʽʩʪʶ ʙʫʣʠ ʦʩʘʜʞʝʥʽ ʟ 

ʮʠʪʨʘʪʥʦ-ʬʦʩʬʘʪʥʦ-ʘʤʽʘʢʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ [95]. ʂʘʪʦʜʥʠʡ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ 

ʥʝ ʧʝʨʝʚʠʱʫʻ 29 ï 65 %. ʇʦʢʨʠʚʠ ʩʧʣʘʚʘʤʠ Co-Mo-P ʟ ʚʤʽʩʪʦʤ 8 % Mo, 20 % 

P, ʪʘ ʟʘʣʠʰʦʢ ʜʣʷ ʙʘʣʘʥʩʫ ï Co, ʦʜʝʨʞʘʥʦ ʟ ʮʠʪʨʘʪʥʦ-ʬʦʩʬʘʪʥʦʛʦ 

ʝʣʝʢʪʨʦʣʽʪʫ [96] ʪʘ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʧʨʦʤʽʞʥʠʡ ʰʘʨ ʥʘ 

ʟʘʤʽʥʫ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʤʫ ʥʽʢʝʣʶ.  

ɸʤʦʨʬʥʽ ʧʦʢʨʠʚʠ Co-Mo-C ʦʜʝʨʞʘʥʦ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷʤ ʫ ʤʘʛʥʽʪʥʦʤʫ 

ʧʦʣʽ ʧʨʠ ʦʨʽʻʥʪʘʮʽʾ ʩʠʣʦʚʠʭ ʣʽʥʽʡ ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʫ [97]. 

ʅʘʛʦʣʦʰʫʻʪʴʩʷ, ʱʦ ʚʤʽʩʪ ʤʦʣʽʙʜʝʥʫ ʫ ʧʦʢʨʠʚʘʭ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 27,6 ʘʪ. % ʜʦ 

34,2 ʘʪ. %, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʥʘʧʨʫʛʠ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʥʘ 

ʦʟʥʘʯʝʥʠʭ ʤʘʪʝʨʽʘʣʘʭ.  

ɸʚʪʦʨʠ [98] ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʦʪʨʠʤʫʚʘʪʠ ʪʝʨʥʘʨʥʠʡ ʩʧʣʘʚ ʉo-Mo-W ʟ 

ʮʠʪʨʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʟ ʜʦʜʘʚʘʥʥʷʤ ɽɼʊɸ, ʘʣʝ ʪʘʢʽ ʧʦʢʨʠʚʠ ʥʝʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʽ ʪʘ ʤʘʶʪʴ ʤʝʨʝʞʫ ʪʨʽʱʠʥ.  

ɸʚʪʦʨʠ [33, 99] ʚʠʟʥʘʯʠʣʠ ʤʝʭʘʥʽʯʥʽ ʪʘ ʪʨʠʙʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʢʨʠʚʽʚ ʩʧʣʘʚʦʤ ʢʦʙʘʣʴʪʫ ʟ ʤʦʣʽʙʜʝʥʦʤ ʪʘ ʚʦʣʴʬʨʘʤʦʤ. ʇʨʦʚʝʜʝʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʚʧʣʠʚʫ ʩʪʘʪʠʯʥʦʾ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʦʢʨʠʚʽʚ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʚ ʽʥʪʝʨʚʘʣʽ i = 2 ï 9 ɸ/ʜʤ2  ʩʧʨʠʷʻ 
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ʽʩʪʦʪʥʦʤʫ ʟʨʦʩʪʘʥʥʶ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʫ ʤʝʞʘʭ 450 ï 780 ʢʛ/ʤʤ2, ʥʝʟʚʘʞʘʶʯʠ 

ʥʘ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʤʦʣʽʙʜʝʥʫ ʫ ʧʦʢʨʠʪʪʽ (ʪʨʦʭʠ ʚʠʱʝ 

6 ʘʪ. %), ʘ ʤʽʞ ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ ʽ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʦʣʽʙʜʝʥʫ ʚ ʧʦʢʨʠʪʪʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʘ ʟʘʣʝʞʥʽʩʪʴ.  

ʋ ʨʷʜʽ ʨʦʙʽʪ [100 ï 102] ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚ 

ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʩʢʣʘʜ, ʤʦʨʬʦʣʦʛʽʶ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʢʨʠʚʽʚ ʽ ʥʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʧʪʠʤʘʣʴʥʠʡ 

ʩʢʣʘʜ ʝʣʝʢʪʨʦʣʽʪʫ (ʤʦʣʴ/ʜʤ3): Na2WO4 ï 0,2; ʉoSO4 ï 0,2; C6H8O7  ï 0,04; 

Na3C6H5O7 ï 0,25; H3BO3 ï 0,65, ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʘʜʞʝʥʥʷ ï 60 Áʉ, ʩʝʨʝʜʥʷ 

ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ 0,5ï3 ɸ/ʜʤ2, ʨʅ 6,8. ʇʨʠ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 400 ʦʙ/ʭʚ 

ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʩʢʣʘʜʘʚ ʙʽʣʷ 90%, ʘ ʚʤʽʩʪ ʚʦʣʴʬʨʘʤʫ ʩʧʣʘʚʽ ʙʣʠʟʴʢʦ 

40 ʤʘʩ. %. ɿʘ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʦʢʨʠʚʠ ʤʘʣʠ ʤʘʢʩʠʤʘʣʴʥʫ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ 

570 ʢʛ/ʤʤ2.  

ʉʧʣʘʚ Co-W, ʦʩʘʜʞʝʥʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 60Áʉ ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ 

ʨʝʞʠʤʽ [103], ʤʘʻ ʚʠʛʣʷʜ ʩʽʨʦʛʦ ʤʘʪʦʚʦʛʦ ʰʘʨʫ. ɿʙʽʣʴʰʝʥʥʷ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʟʨʦʩʪʘʥʥʷ ʚʠʭʦʜʫ ʟʘ ʩʪʨʫʤʦʤ ʩʧʣʘʚʫ, ʘʣʝ ʥʘ ʡʦʛʦ 

ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʤʘʡʞʝ ʥʝ ʚʧʣʠʚʘʻ. ɿʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʦʣʽʪʫ ʜʦ 

ʢʽʤʥʘʪʥʦʾ ʚʠʢʣʠʢʘʻ ʧʘʜʽʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʜʦ 20 %, ʦʜʥʘʢ ʚʤʽʩʪ 

ʚʦʣʴʬʨʘʤʫ ʚ ʩʧʣʘʚʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 30%. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ 

ʨʝʞʠʤʫ ʩʫʪʪʻʚʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ, ʘ ʟʘʣʝʞʥʽʩʪʴ ʚʤʽʩʪʫ 

ʚʦʣʴʬʨʘʤʫ ʚ ʩʧʣʘʚʽ ʚʽʜ ʘʤʧʣʽʪʫʜʠ ʩʪʨʫʤʫ ʤʘʻ ʤʘʢʩʠʤʫʤ ʚ ʪʦʯʮʽ 10 ɸ/ʜʤ2 ʽ 

ʩʪʘʥʦʚʠʪʴ ɤ(W)=27 %).  

ɸʚʪʦʨʠ [79] ʧʨʦʚʝʣʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʘ 

ʽʤʧʫʣʴʩʥʦʛʦ ʨʝʞʠʤʽʚ ʥʘ ʚʤʽʩʪ ʜʦʤʽʰʦʢ ʫ ʩʧʣʘʚʽ Co-W. ʊʘʢ, ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ 

ʨʝʞʠʤʽ ʧʨʠ ʛʫʩʪʠʥʽ ʩʪʨʫʤʫ 1 ɸ/ʜʤ2 ʦʪʨʠʤʘʥʦ ʩʧʣʘʚ, ʷʢʠʡ ʤʽʩʪʠʪʴ 2,4 ʤʘʩ. % 

ʥʝʤʝʪʘʣʝʚʠʭ ʜʦʤʽʰʦʢ ʪʘ 5,3 ʤʘʩ. % ʚʦʣʴʬʨʘʤʫ, ʘ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʜʦ i = 10 ɸ/ʜʤ2 ʚʤʽʩʪ ʜʦʤʽʰʦʢ ʟʨʦʩʪʘʻ ʜʦ 35 ʤʘʩ. %, ʘ ʚʦʣʴʬʨʘʤʫ 

ʟʥʠʞʫʻʪʴʩʷ ʜʦ 1,1 ʤʘʩ. %. ɺ ʪʦʡ ʞʝ ʯʘʩ ʜʣʷ ʧʦʢʨʠʚʽʚ, ʦʪʨʠʤʘʥʠʭ ʚ 

ʽʤʧʫʣʴʩʥʦʤʫ ʨʝʞʠʤʽ, ʚʤʽʩʪ ʜʦʤʽʰʦʢ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 0,33 ʤʘʩ. %, ʘ 
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ʚʦʣʴʬʨʘʤʫ ʟʨʦʩʪʘʻ ʜʦ 28,2 ʤʘʩ. % ʧʨʠ ʤʘʡʞʝ ʥʝʟʤʽʥʥʦʤʫ ʟʥʘʯʝʥʥʽ ʚʠʭʦʜʫ ʟʘ 

ʩʪʨʫʤʦʤ ʥʘ ʨʽʚʥʽ 80 %. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ ʩʪʨʫʤʫ 

ʧʦʨʽʚʥʷʥʦ ʽʟ ʧʦʩʪʽʡʥʠʤ ʩʧʨʠʷʻ ʧʦʤʽʪʥʦʤʫ ʟʤʝʥʰʝʥʥʶ ʚʤʽʩʪʫ ʥʝʤʝʪʘʣʝʚʠʭ 

ʜʦʤʽʰʦʢ ʫ ʧʦʢʨʠʚʘʭ Co-W ʪʘ ʟʨʦʩʪʘʥʥʶ ʚʽʜʩʦʪʢʫ ʚʦʣʴʬʨʘʤʫ ʧʨʠ ʥʝʟʤʽʥʥʽʡ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ.  

ɹʽʥʘʨʥʽ Co-W ʧʦʢʨʠʚʠ, ʦʜʝʨʞʘʥʽ ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʟ 

ʛʣʶʢʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 80 Áʉ [104], ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʟʥʦʩʦ- ʪʘ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʢʦʥʢʫʨʫʶʪʴ ʟ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʤ 

ʭʨʦʤʦʤ.  

ʇʦʢʨʠʚʠ Co-W ʦʜʝʨʞʘʥʽ ʟ ʢʦʤʧʣʝʢʩʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʥʘ ʦʩʥʦʚʽ 

ʨʝʛʝʥʝʨʦʚʘʥʠʭ ʩʦʣʝʡ ʚʦʣʴʬʨʘʤʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʮʠʪʨʘʪʥʦʾ ʢʠʩʣʦʪʠ ʷʢ 

ʣʽʛʘʥʜʫ [105]. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʠ ʨʦʙʣʷʪʴ ʚʠʩʥʦʚʢʠ, ʱʦ 

ʱʽʣʴʥʽ ʘʤʦʨʬʥʽ ʧʦʢʨʠʚʠ Co-W ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʚʤʽʩʪʦʤ ʚʦʣʴʬʨʘʤʫ 

44,2 ʤʘʩ. % ʽ ʪʚʝʨʜʽʩʪʶ (Hv) 550 ʢʛ/ʤʤ2 ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʟ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʝʣʝʢʪʨʦʣʽʪʫ ʟ ʨʅ 7 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 60 ʉ ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʧʨʠ 

ʛʫʩʪʠʥʽ ʩʪʨʫʤʫ 0,5 ɸ/ʜʤ2. ɸʚʪʦʨʠ ʚʽʜʟʥʘʯʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʽ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ  3,487 ʛ/(ʤ2Āʯ) ʽ 65 %.  

ɿ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʚʪʦʨʘʤʠ [106] ʧʝʨʦʢʩʠʜʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʤʦʞʥʘ 

ʦʩʘʜʞʫʚʘʪʠ ʩʧʣʘʚ ʢʦʙʘʣʴʪ-ʚʦʣʴʬʨʘʤ ʽʟ ʚʤʽʩʪʦʤ ʜʦ 30 ʤʘʩ. % ʪʫʛʦʧʣʘʚʢʦʛʦ 

ʤʝʪʘʣʫ ʪʘ ɺʉ ʜʦ 70%. ɸʣʝ ʛʦʣʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ 

ʻ ʡʦʛʦ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ, ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʋ ʨʦʙʦʪʽ [107] ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʜʦʚʦʣʽ ʥʠʟʴʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʥʘʥʝʩʝʥʥʷ ʩʧʣʘʚʫ Co-W ʟʽ ʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ ʚʦʣʴʬʨʘʤʫ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʷʢ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ, ʪʘʢ ʽ ʚ ʽʤʧʫʣʴʩʥʦʤʫ ʨʝʞʠʤʘʭ. 

ɿʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʦʣʽʪʫ ʜʦ 60 Áʉ, ʟʥʠʞʝʥʥʷ ʯʘʩʪʦʪʠ 

ʫʥʽʧʦʣʷʨʥʠʭ ʽʤʧʫʣʴʩʽʚ (ʰʧʘʨʫʚʘʪʽʩʪʴ q = 11) ʪʘ ʦʜʥʦʯʘʩʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʘʤʧʣʽʪʫʜʠ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ. ɯʟ ʩʢʦʨʦʯʝʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ 

ʧʘʫʟʠ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʩʧʣʘʚʫ ʧʨʠ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʥʷʭ ʘʤʧʣʽʪʫʜʠ ʩʪʨʫʤʫ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʪʦʜʽ ʷʢ ʧʨʠ ʥʠʟʴʢʠʭ ï ʟʨʦʩʪʘʻ. ʂʨʽʤ ʪʦʛʦ, ʧʽʜʚʠʱʝʥʥʷ 
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ʪʨʠʚʘʣʦʩʪʽ ʧʘʫʟʠ ʚʝʜʝ ʜʦ ʟʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ ʚʦʣʴʬʨʘʤʫ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʛʫʩʪʠʥ ʩʪʨʫʤʫ, ʱʦ, ʽʤʦʚʽʨʥʦ, ʧʦʚôʷʟʘʥʦ ʟ ʚʠʨʽʚʥʶʚʘʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʛʽʜʨʦʛʝʥ-ʽʦʥʽʚ ʫ ʧʨʠʢʘʪʦʜʥʦʤʫ ʰʘʨʽ, ʷʢ ʥʝʦʙʭʽʜʥʦʾ ʧʝʨʝʜʫʤʦʚʠ ʨʝʘʣʽʟʘʮʽʾ 

ʙʘʛʘʪʦʩʪʘʜʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʽʦʥʽʚ ʚʦʣʴʬʨʘʤʫ (VI).  

ʆʩʢʽʣʴʢʠ ʚʽʜʦʤʦ, ʱʦ ʤʦʣʽʙʜʝʥ ʽ, ʦʩʦʙʣʠʚʦ, ʚʦʣʴʬʨʘʤ ʻ ʝʬʝʢʪʠʚʥʠʤʠ 

ʘʤʦʨʬʽʟʘʪʦʨʘʤʠ ʩʪʨʫʢʪʫʨʠ ʩʧʣʘʚʽʚ, ʮʝʡ ʘʩʧʝʢʪ ʪʘʢʦʞ ʦʙʫʤʦʚʣʶʻ ʟʥʘʯʥʫ 

ʫʚʘʛʫ ʜʦ ʥʠʭ, ʦʩʢʽʣʴʢʠ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʩʧʦʞʠʚʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʦʢʨʠʚʽʚ. ɸʚʪʦʨʠ [107] 

ʜʦʚʝʣʠ, ʱʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʚʤʽʩʪʫ ʚʦʣʴʬʨʘʤʫ ʜʦ 45 ʤʘʩ. % ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ (Hv)  

ʦʩʘʜʽʚ ʉʦ-W ʟʨʦʩʪʘʻ ʜʦ 500 ï 600 ʢʛ/ʤʤ2, ʱʦ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ 

ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʤ ʭʨʦʤʦʤ. ɺʦʜʥʦʯʘʩ ʟʨʦʩʪʘʻ ʽ ʢʦʨʦʟʽʡʥʠʡ ʦʧʽʨ ʧʦʢʨʠʚʽʚ ʫ 

ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʚʪʽʤ, ʣʠʰʝ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʣʴʬʨʘʤʫ ʫ ʩʧʣʘʚʽ ʥʝ 

ʚʠʱʝ 40 ʤʘʩ. %. ʎʝ ʧʦʷʩʥʶʶʪʴ ʧʦʷʚʦʶ ʩʽʪʢʠ ʪʨʽʱʠʥ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʟ 

ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʪʫʛʦʧʣʘʚʢʦʛʦ ʢʦʤʧʦʥʝʥʪʫ. 

ɻʨʫʧʦʶ ʥʘʫʢʦʚʮʽʚ [108] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʜʝʨʞʫʚʘʪʠ ʧʦʢʨʠʚʠ Co-W ʟ 

ʮʠʪʨʘʪʥʦ-ʭʣʦʨʠʜʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʧʨʠ ʧʦʣʷʨʠʟʘʮʽʾ ʫʥʽʧʦʣʷʨʥʠʤ ʽʤʧʫʣʴʩʥʠʤ 

ʩʪʨʫʤʦʤ. ɼʦʚʝʜʝʥʦ, ʱʦ ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ ʩʢʣʘʜʽ ʦʩʘʜʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʝʣʝʢʪʨʦʣʽʟʫ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʧʦʢʨʠʚʽʚ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʥʘ 15 % ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʪʘʮʽʦʥʘʨʥʠʤ. ʇʦʨʷʜ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ (400  700 ʢʛ/ʤʤ2), ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʥʘʜʘʜʠʪʠʚʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʦʜʝʨʞʘʥʠʭ ʧʦʢʨʠʚʽʚ ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʧʣʘʚʦʪʚʽʨʥʠʤʠ 

ʤʝʪʘʣʘʤʠ ʚ ʤʦʜʝʣʴʥʠʭ ʨʝʘʢʮʽʷʭ ʚʠʜʽʣʝʥʥʷ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʛʦ ʚʦʜʥʶ ʪʘ 

ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʙʝʥʟʦʣʫ [109]. ʄʘʢʩʠʤʘʣʴʥʠʡ ʢʘʪʘʣʽʪʠʯʥʠʡ  

ʝʬʝʢʪ, ʟʘ ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʜʘʥʠʤʠ, ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʤʽʩʪʽ ʚʦʣʴʬʨʘʤʫ ʚ 

ʩʧʣʘʚʘʭ 25  35 ʤʘʩ. %. ɸʚʪʦʨʠ ʟʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʚ ʟʘʟʥʘʯʝʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʚʤʽʩʪʫ ʪʫʛʦʧʣʘʚʢʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʚ ʧʦʢʨʠʪʪʽ Co-W ʨʝʻʩʪʨʫʶʪʴʩʷ  

ʥʝ ʪʽʣʴʢʠ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʦʙʤʽʥʫ ʛʽʜʨʦʛʝʥʫ, ʘ ʡ 

ʥʘʡʥʠʞʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʧʘʣʶʚʘʥʥʷ ʨʝʘʢʮʽʾ ʙʝʟʧʦʣʫʤôʷʥʦʛʦ ʦʢʠʩʥʝʥʥʷ  

ʙʝʥʟʦʣʫ [27, 110].  
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ʅʝʦʙʭʽʜʥʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʨʠʚʽʚ ʟʥʘʯʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʥʝ ʪʽʣʴʢʠ ʷʢʽʩʥʠʡ ʽ ʢʽʣʴʢʽʩʥʠʡ 

ʩʢʣʘʜ, ʘ ʡ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʢʨʠʚʽʚ, ʱʦ ʚ ʢʦʤʧʣʝʢʩʽ ʽ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʽ 

ʩʧʦʞʠʚʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ [7, 37].  

ɼʦʩʣʽʜʞʝʥʥʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʢʨʠʚʽʚ Co-W, 

ʦʩʘʜʞʝʥʠʭ ʟ ʝʣʝʢʪʨʦʣʽʪʫ, ʱʦ ʤʽʩʪʠʪʴ ʢʦʙʘʣʴʪʫ ʩʫʣʴʬʘʪ, ʥʘʪʨʽʶ ʚʦʣʴʬʨʘʤʘʪ, 

ʥʘʪʨʽʶ ʛʣʶʢʦʥʘʪ, ʥʘʪʨʽʶ ʭʣʦʨʠʜ ʽ ʙʦʨʘʪʥʫ ʢʠʩʣʦʪʫ, ʧʨʠʩʚʷʯʝʥʦ ʨʦʙʦʪʫ 

ʘʚʪʦʨʽʚ [111]. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʘʨʽʶʚʘʥʥʷ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʚ ʽʥʪʝʨʚʘʣʽ  

1 ï 5 ɸ/ʜʤ2 ʜʦʟʚʦʣʷʻ ʦʩʘʜʞʫʚʘʪʠ ʧʦʢʨʠʚʠ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʤʦʨʬʦʣʦʛʽʾ 

ʧʦʚʝʨʭʥʽ. ɿʘ ʥʠʟʴʢʠʭ ʛʫʩʪʠʥ ʩʪʨʫʤʫ ʦʩʘʜʞʫʶʪʴʩʷ ʧʦʢʨʠʚʠ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʜʦ 5 ɸ/ʜʤ2 ï ʘʤʦʨʬʥʽ. ʆʯʝʚʠʜʥʦ, 

ʱʦ ʮʝ ʧʦʚôʷʟʘʥʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʪʫʛʦʧʣʘʚʢʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʚ ʩʧʣʘʚʽ ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʨʦʣʴ ʘʤʦʨʬʽʟʘʪʦʨʘ.  

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʦʢʨʠʚʽʚ  

Co-W ʘʚʪʦʨʘʤʠ [112] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʦ ʝʣʝʢʪʨʦʣʽʪʫ ʩʢʣʘʜʫ, ʛ/ʣ: ʩʫʣʴʬʘʪ 

ʢʦʙʘʣʴʪʫ CoSO4Ā7ʅ2ʆ ï 56,2, ʮʠʪʨʘʪʥʘ ʢʠʩʣʦʪʘ ʉ6ʅ8ʆ7 ï 7,68, ʥʘʪʨʽʶ ʮʠʪʨʘʪ 

Na3C6H5O7Ā2H2O ï 73,5, ʙʦʨʘʪʥʘ ʢʠʩʣʦʪʘ ʅ3BO3 ï 40, ʥʘʪʨʽʶ ʚʦʣʴʬʨʘʤʘʪ 

Na2WO4Ā2H2O ï 66,0 ʜʦʜʘʚʘʪʠ ʥʘʪʨʽʶ ʦʣʝʘʪ ʽ ʙʫʪʠʥʜʽʦʣ. ɽʣʝʢʪʨʦʣʽʟ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʛʫʩʪʠʥʽ ʩʪʨʫʤʫ 1 ɸ/ʜʤ2 ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ 60 Áʉ. ɸʚʪʦʨʠ 

ʚʽʜʤʽʯʘʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʩʬʝʨʦʾʜʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʟʥʠʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʰʦʨʩʪʢʦʩʪʽ ʧʦʢʨʠʚʽʚ ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʦʙʘʚʦʢ ʫ ʨʦʟʯʠʥʽ; ʧʨʦʪʝ ʟʙʽʣʴʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʙʘʚʦʢ ʚ ʝʣʝʢʪʨʦʣʽʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷʤ ʚʠʭʦʜʫ ʟʘ 

ʩʪʨʫʤʦʤ, ʘ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʇɸʈ ʫ ʨʦʟʯʠʥʽ ʚ 2  2,5 ʨʘʟʠ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʧʦʢʨʠʚʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʚʪʨʠʯʽ.  

ɼʦʩʣʽʜʞʝʥʥʷʤ ʚʧʣʠʚʫ ʥʘ ʩʢʣʘʜ ʽ ʤʦʨʬʦʣʦʛʽʶ ʧʦʢʨʠʚʽʚ Co-W, 

ʦʩʘʜʞʝʥʠʭ ʟ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ, ʥʘʷʚʥʦʩʪʽ ʫ ʨʦʟʯʠʥʘʭ 

ʚʠʨʽʚʥʶʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ  ʚʦʜʦʨʦʟʯʠʥʥʦʾ ʩʤʦʣʠ ʥʝʦʥʦʣʫ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

2 ʤʣ/ʜʤ3 ʽ ʆʇ-10 [32] ʜʦʚʝʜʝʥʦ, ʱʦ ʦʩʘʜʠ ʤʽʩʪʷʪʴ 22 ʘʪ. % ʚʦʣʴʬʨʘʤʫ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʘʙʦ ʚʽʜʩʫʪʥʦʩʪʽ ʇɸʈ ʚ ʫʩʴʦʤʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ 
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ʽʥʪʝʨʚʘʣʽ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ, ʘʣʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʦʨʬʦʣʦʛʽʻʶ ʧʦʚʝʨʭʥʽ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʧʨʦʮʝʩʫ. ɼʦʜʘʚʘʥʥʷ ʥʝʦʥʦʣʫ ʜʦʟʚʦʣʷʻ ʧʨʠ  ̔= 5 ʤɸ/ʩʤ2 

ʦʩʘʜʞʫʚʘʪʠ ʢʦʤʧʘʢʪʥʽ ʙʣʠʩʢʫʯʽ ʧʦʢʨʠʚʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʜʦ 

68 %, ʘ ʆʇ-10 ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʩʬʝʨʦʣʽʪʽʚ ʽ ʨʦʟʚʠʥʝʥʥʶ ʧʦʚʝʨʭʥʽ. 

ɺʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʦʩʘʜʞʝʥʠʤ ʩʧʣʘʚʘʤ ʧʨʠʪʘʤʘʥʥʘ ʚʠʩʦʢʘ ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ 

ʫ ʭʣʦʨʠʜʥʠʭ ʨʦʟʯʠʥʘʭ, ʷʢʘ ʩʧʽʚʚʽʜʥʦʩʠʪʴʩʷ ʟʽ ʩʪʽʡʢʽʩʪʶ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʛʦ 

ʭʨʦʤʫ. ɸʚʪʦʨʠ ʧʽʜʢʨʝʩʣʶʶʪʴ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʧʝʨʝʥʘʧʨʫʛʠ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ 

ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʘ ʩʧʣʘʚʘʭ Co-W (ʥʘ 360 ʤɺ ʧʨʠ  ̔= 30 ʤɸ/ʩʤ2) 

ʧʦʨʽʚʥʷʥʦ ʟ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʤ ʢʦʙʘʣʴʪʦʤ. ɺʦʜʥʦʯʘʩ ʟʚʝʨʪʘʻʪʴʩʷ ʫʚʘʛʘ ʥʘ 

ʥʝʙʘʞʘʥʠʡ ʚʧʣʠʚ ʜʦʙʘʚʦʢ ʚ ʝʣʝʢʪʨʦʣʽʪʘʭ ʥʘ ʝʣʝʢʪʨʦʢʘʪʘʣʽʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʩʬʦʨʤʦʚʘʥʠʭ ʦʩʘʜʽʚ, ʯʝʨʝʟ ʚʠʨʽʚʥʶʚʘʣʴʥʫ ʜʽʶ ʇɸʈ, ʷʢʘ ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ 

ʤʝʭʘʥʽʯʥʠʭ ʽ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘʣʝ ʟʤʝʥʰʫʻ ʽʩʪʠʥʥʫ ʧʣʦʱʫ 

ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʚʽʚ.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʨʦʟʽʡʥʠʭ ʪʘ ʢʘʪʘʣʽʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟ ʮʠʪʨʘʪʥʦ-

ʜʠʬʦʩʬʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʦʩʘʜʞʝʥʦ ʩʧʣʘʚ ʉʦ-W [15], ʷʢʠʡ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʤʽʩʪʠʚ 22 ʘʪ. % W. ɺʠʤʽʨʶʚʘʥʥʷ ʽʤʧʝʜʘʥʩʫ ʚ ʤʦʜʝʣʴʥʦʤʫ 

ʨʦʟʯʠʥʽ 3,5 % NaCl ʧʦʢʘʟʘʣʠ, ʱʦ ʛʦʜʦʛʨʘʬʠ ʽʤʧʝʜʘʥʩʫ, ʦʪʨʠʤʘʥʽ ʧʨʠ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʧʦʪʝʥʮʽʘʣʽ ʚ ʢʦʨʦʟʠʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ 

ʩʭʝʤʦʶ, ʷʢʘ ʚʢʣʶʯʘʻ ʦʤʽʯʥʠʡ ʦʧʽʨ ʨʦʟʯʠʥʫ, ʦʧʽʨ ʧʝʨʝʥʦʩʫ  ʟʘʨʷʜʫ (ʢʦʨʦʟʽʾ) ʽ 

ʝʣʝʤʝʥʪ ʩʪʘʣʦʾ ʬʘʟʠ. ʉʧʣʘʚʠ Co-W ʤʘʶʪʴ ʚʠʩʦʢʫ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʫ 

ʭʣʦʨʠʜʥʠʭ ʨʦʟʯʠʥʘʭ, ʧʦʨʽʚʥʷʥʫ ʟʽ ʩʪʽʡʢʽʩʪʶ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʛʦ ʭʨʦʤʫ. ʂʨʽʤ 

ʪʦʛʦ, ʧʦʢʨʠʚʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʝʣʝʢʪʨʦʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ 

ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽ ʥʘʚʽʪʴ ʪʨʽʱʠʥʫʚʘʪʽ ʧʦʢʨʠʚʠ, ʷʢʽ 

ʧʦʩʽʜʘʶʪʴ ʧʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ ʤʽʞ ʧʦʢʨʠʚʘʤʠ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʦʾ ʽ 

ʩʬʝʨʦʾʜʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʤʘʶʪʴ ʥʠʟʴʢʫ ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʽ ʧʘʩʠʚʫʶʪʴʩʷ ʚ 

ʣʫʞʥʦʤʫ ʨʦʟʯʠʥʽ. ʅʘʥʦʢʨʠʩʪʘʣʽʯʥʽ ʧʦʢʨʠʚʠ ʙʫʣʠ ʪʘʢʦʞ ʦʜʝʨʞʘʥʽ 

N. Fathollahzade ʽ K. Raeissi [113], ʷʢʽ ʧʦʚʽʜʦʤʣʷʶʪʴ ʧʨʦ ʦʩʘʜʞʝʥʥʷ ʧʦʢʨʠʚʫ 

ʩʧʣʘʚʦʤ Co-W ʟ ʚʤʽʩʪʦʤ ʚʦʣʴʬʨʘʤʫ 35 ʤʘʩ. % ʽ ʨʦʟʤʽʨʦʤ ʟʝʨʝʥ 15 ʥʤ, ʷʢʽ 

ʤʘʣʠ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʜʦ 360 Hv.  
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N. Tsyntsaru ʪʘ ʽʥ. [114] ʦʩʘʜʞʫʚʘʣʠ ʧʦʢʨʠʚʠ Co-W ʚ 

ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʟ ʮʠʪʨʘʪʥʦ-ʙʦʨʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʟ ʜʠʩʢʨʝʪʥʠʤ 

ʚʘʨʽʶʚʘʥʥʷʤ ʡʦʛʦ ʢʠʩʣʦʪʥʦʩʪʽ ʨʅ 5; 6,7 ʪʘ 8 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 60 Áʉ ʪʘ 

ʛʫʩʪʠʥʘʭ ʩʪʨʫʤʫ 3  10 ʤɸ/ʩʤ2. ɿʘ ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʜʘʥʠʤʠ, ʧʨʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʢʦʙʘʣʴʪ/ʚʦʣʴʬʨʘʤ ʚ ʝʣʝʢʪʨʦʣʽʪʽ 1 : 1 ʚʤʽʩʪ ʚʦʣʴʬʨʘʤʫ ʚ 

ʧʦʢʨʠʪʪʽ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷʤ ʨʅ ʟʨʦʩʪʘʻ ʚʽʜ 

3 ʘʪ. % ʜʦ 36 ʘʪ. %. ɼʦʩʣʽʜʥʠʢʠ ʟʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʥʘ ʧʝʨʝʭʽʜ ʚʽʜ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʜʦ ʛʣʦʙʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʢʨʠʚʽʚ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʢʠʩʣʦʪʥʦʩʪʽ ʨʦʟʯʠʥʫ ʟ 5 

ʜʦ 8 ʽ ʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʽʪʽʚ, ʦʙʫʤʦʚʣʝʥʝ ʟʨʦʩʪʘʥʥʷʤ ʚʤʽʩʪʫ 

ʚʦʣʴʬʨʘʤʫ ʚ ʧʦʢʨʠʪʪʽ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʝʢʩʪʨʝʤʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʩʧʣʘʚʫ Co-W ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʪʫʛʦʧʣʘʚʢʦʾ ʩʢʣʘʜʦʚʦʾ, ʤʘʢʩʠʤʫʤ 

ʷʢʦʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʚʤʽʩʪʽ ʚʦʣʴʬʨʘʤʫ 25 ʘʪ. % ʽ ʩʪʘʥʦʚʠʪʴ 13 Gʇʘ. 

ʊʘʢʦʞ [114] ʚʽʜʟʥʘʯʘʶʪʴ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ ʚʽʜ 170 ʆʝ ʜʣʷ 

ʯʠʩʪʠʭ ʧʣʽʚʦʢ ʉʦ ʜʦ 470 ʆʝ ʜʣʷ ʧʣʽʚʦʢ ʟ 2  3 ʘʪ. % ʚʦʣʴʬʨʘʤʫ, ʷʢʝ 

ʧʦʚôʷʟʫʶʪʴ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʪʚʝʨʜʦʤʘʛʥʽʪʥʠʭ ʢʣʘʩʪʝʨʽʚ ʉʦ3W, ʱʦ ʯʘʩʪʢʦʚʦ 

ʤʦʞʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʟʘ ʥʘʧʽʚʪʚʝʨʜʫ ʬʝʨʦʤʘʛʥʽʪʥʫ ʧʦʚʝʜʽʥʢʫ. ʂʦʝʨʮʠʪʠʚʥʘ 

ʩʠʣʘ ʅʉ ʟʥʠʞʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʚʤʽʩʪʫ ʚʦʣʴʬʨʘʤʫ, ʱʦ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ, 

ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʦ ʧʦʩʪʫʧʦʚʠʤ ʟʤʝʥʰʝʥʥʷʤ ʤʘʛʥʽʪʦʢʨʠʩʪʘʣʽʯʥʦʾ 

ʘʥʽʟʦʪʨʦʧʽʾ ʧʨʠ ʧʝʨʝʭʦʜʽ ʧʦʢʨʠʚʽʚ ʜʦ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʦʾ ʘʙʦ ʘʤʦʨʬʥʦʾ 

ʩʪʨʫʢʪʫʨʠ.  

ɿʘ ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʜʘʥʠʤʠ [115 ï 117], ʟ ʮʠʪʨʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ 

ʦʩʘʜʞʝʥʽ ʨʽʚʥʦʤʽʨʥʽ ʧʦʢʨʠʚʠ Co-W ʟ ʚʤʽʩʪʦʤ ʚʦʣʴʬʨʘʤʫ 30  40 ʤʘʩ. %. 

ɸʚʪʦʨʠ ʚʽʜʤʽʯʘʶʪʴ, ʱʦ ʩʢʣʘʜ ʧʦʢʨʠʚʽʚ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ, ʧʨʦʪʝ, ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʢ̔ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʦʩʘʜʞʝʥʠʭ ʧʣʽʚʦʢ ʩʪʘʻ ʙʽʣʴʰ 

ʜʦʩʢʦʥʘʣʦʶ. ʇʨʠ ʝʣʝʢʪʨʦʢʨʠʩʪʘʣʽʟʘʮʽʾ Co3W [118] ʩʧʦʩʪʝʨʽʛʘʣʠ ʬʦʨʤʫʚʘʥʥʷ 

ʆʎʂ-ʩʪʨʫʢʪʫʨʠ, ʱʦ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ ʪʚʝʨʜʦʾ ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʧʦʚʝʜʽʥʢʠ 

ʩʧʣʘʚʫ, ʘ ʘʤʦʨʬʥʽ ʩʧʣʘʚʠ Co-W ʟ ʪʝʢʩʪʫʨʦʶ ɻʎʂ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʤôʷʢʦʤʘʛʥʽʪʥʦʶ ʧʦʚʝʜʽʥʢʦʶ [116, 119].  
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ɸʚʪʦʨʘʤʠ [120] ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʩʘʜʞʝʥʥʷ ʙʽʥʘʨʥʠʭ Cu-W, Co-W ʽ 

ʪʝʨʥʘʨʥʠʭ Co-W-Cu ʧʦʢʨʠʚʽʚ ʟ ʮʠʪʨʘʪʥʦ-ʙʦʨʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʚ 

ʧʦʪʝʥʮʽʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 20 Áʉ ʽ 60 Áʉ. ɸʚʪʦʨʠ 

ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥʷ ʷʢ ʙʽʥʘʨʥʠʭ, ʪʘʢ ʽ 

ʧʦʪʨʽʡʥʦʛʦ Co-Cu-W ʩʧʣʘʚʫ ʙʽʣʴʰʝ ʚʧʣʠʚʘʻ ʚʤʽʩʪ ʚʦʣʴʬʨʘʤʫ, ʥʽʞ 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. ɿʘ ʚʤʽʩʪʫ ʚʦʣʴʬʨʘʤʫ ʚ ʧʦʢʨʠʪʪʽ Co-W 14  20 ʘʪ. % 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʙʣʠʟʴʢʘ ʜʦ 50 %, ʱʦ ʚʠʱʝ, ʥʽʞ 27,5 % ʧʨʠ ʚʤʽʩʪʽ 

ʚʦʣʴʬʨʘʤʫ 20 ʘʪ. % [121]. ʆʜʥʘʢ ʘʚʪʦʨʠ ʚʽʜʤʽʯʘʶʪʴ, ʱʦ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʚʤʽʩʪʫ 

ʚʦʣʴʬʨʘʤʫ ʜʦ 30 ʘʪ. % ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʥʝ ʧʝʨʝʚʠʱʫʻ 20 %.  

ʇʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ ʩʧʣʘʚʽʚ ʢʦʙʘʣʴʪʫ ʟ 

ʤʦʣʽʙʜʝʥʦʤ ʽ ʚʦʣʴʬʨʘʤʦʤ, ʦʜʝʨʞʘʥʠʭ ʟ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʠʭ 

ʝʣʝʢʪʨʦʣʽʪʽʚ, ʫ ʨʝʘʢʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʧʦʢʘʟʘʥʽ ʚ [122].  

Z. Ghaferi, S. Sharafi, ʧʦʚʽʜʦʤʣʷʶʪʴ, ʱʦ, ʧʦʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʽ  

ʧʦʚʝʨʭʥʝʚʽ ʜʝʬʝʢʪʠ ʧʨʠ ʦʩʘʜʞʝʥʥʽ ʩʧʣʘʚʫ Co-W-Fe ʧʨʠ ʤʝʥʰʠʭ  

ʟʥʘʯʝʥʥʷʭ ʨʅ ʝʣʝʢʪʨʦʣʽʪʫ, ʩʘʤʝ ʮʠʤ ʧʦʢʨʠʚʘʤ ʧʨʠʪʘʤʘʥʥʘ ʤʘʢʩʠʤʘʣʴʥʘ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʥʘ ʨʽʚʥʽ 260 Hv, ʦʙʫʤʦʚʣʝʥʘ ʥʘʡʚʠʱʠʤ ʚʤʽʩʪʦʤ ʚʦʣʴʬʨʘʤʫ ʚ 

ʩʧʣʘʚʽ [123, 124].  

ɺ ʩʠʣʫ ʟʘʟʥʘʯʝʥʠʭ ʧʨʠʯʠʥ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʬʦʨʤʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ ʧʦʢʨʠʚʽʚ ʟʘʜʘʥʦʛʦ ʩʢʣʘʜʫ ʭʦʯʘ ʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʛʘʣʴʥʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʭ ʛʘʣʴʚʘʥʦʪʝʭʥʽʢʠ, ʘʣʝ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʻ ʝʤʧʽʨʠʯʥʠʤ ʽ 

ʧʦʪʨʝʙʫʻ ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʙʘʛʘʪʴʦʭ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʘʩʧʝʢʪʽʚ. 

1.4 ʂʦʤʧʦʟʠʮʽʡʥʽ ʝʣʝʢʪʨʦʣʽʪʠʯʥʽ ʧʦʢʨʠʚʠ 

ʂʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ (ʂʄ) ʟ ʤʝʪʘʣʝʚʦʶ ʤʘʪʨʠʮʝʶ ʟʥʘʭʦʜʷʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʂʦʤʙʽʥʫʚʘʥʥʷ ʤʝʪʘʣʽʚ ʟ 

ʨʝʯʦʚʠʥʘʤʠ ʽʥʰʦʾ ʧʨʠʨʦʜʠ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ɺ ʮʴʦʤʫ ʟʚ'ʷʟʢʫ ʩʪʚʦʨʝʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʂʄ ʻ ʪʝʭʥʦʣʦʛʽʯʥʦ ʽ 

ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʦʶ ʫʤʦʚʦʶ ʚʠʨʦʙʥʠʮʪʚʘ. ɺ ʜʘʥʠʡ ʯʘʩ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʨʦʙʠʣʦ ʤʦʞʣʠʚʠʤ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ 
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ʚ ʘʚʽʘʢʦʩʤʽʯʥʽʡ, ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ ʪʘ ʽʥʰʠʭ 

ʛʘʣʫʟʷʭ ʪʝʭʥʽʢʠ, ʜʝ ʧʦʪʨʽʙʥʝ ʧʦʻʜʥʘʥʥʷ ʚʠʩʦʢʦʾ ʤʽʮʥʦʩʪʽ, ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ, ʘ 

ʪʘʢʦʞ ʟʙʽʣʴʰʝʥʥʷ ʦʧʦʨʫ ʟʥʦʰʫʚʘʥʥʶ, ʚʧʣʠʚʫ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ. ɿʤʽʮʥʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʤʝʪʘʣʝʚʦʶ 

ʤʘʪʨʠʮʝʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʘʩʪʠʥʢʘʤʠ ʨʽʟʥʠʭ ʬʦʨʤ ʽ ʨʦʟʤʽʨʽʚ, ʙʝʟʧʝʨʝʨʚʥʠʤʠ ʽ 

ʧʝʨʝʨʠʚʯʘʩʪʠʤʠ ʚʦʣʦʢʥʘʤʠ. ʂʄ ʟʽ ʟʤʽʮʥʶʚʘʣʴʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʘʨʤʦʚʘʥʠʭ ʚʦʣʦʢʥʘʤʠ ʂʄ ʽʟʦʪʨʦʧʥʽʩʪʶ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʙʽʣʴʰ ʥʠʟʴʢʦʶ ʚʘʨʪʽʩʪʶ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʤʦʞʣʠʚʽʩʪʶ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʧʦʣʽʧʰʝʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʽ ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟʨʦʙʠʣʦ 

ʤʦʞʣʠʚʠʤ ʧʽʜʚʠʱʠʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʽʚ ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ 

ʥʘ ʾʭ ʧʦʚʝʨʭʥʶ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʟ ʚʠʩʦʢʠʤ ʧʦʢʘʟʥʠʢʦʤ ʤʽʮʥʦʩʪʽ.  

ɺʽʜʦʤʽ ʪʘʢʽ ʧʨʦʮʝʩʠ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʤʝʪʘʣʝʚʦʾ ʤʘʪʨʠʮʽ: 

ï ʨʽʜʢʦʬʘʟʥʽ ï ʥʘʧʨʘʚʣʝʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʽ / ʘʙʦ ʧʨʦʩʦʯʫʚʘʥʥʷ 

ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʢʘʨʢʘʩʽʚ ʥʘʧʦʚʥʶʚʘʯʘ; 

ï ʪʚʝʨʜʦʬʘʟʥʽ ï ʧʦʨʦʰʢʦʚʘ ʪʝʭʥʦʣʦʛʽʷ, ʜʠʬʫʟʽʡʥʝ ʟʨʦʱʫʚʘʥʥʷ ʪʘ ʽʥʰʽ 

ʪʝʨʤʦʤʝʭʘʥʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ; 

ï ʛʘʟʦ- ʽ ʧʘʨʦ ʬʘʟʥʽ ï ʢʦʥʜʝʥʩʘʮʽʷ ʽʟ ʛʘʟʦʚʦʾ (ʧʘʨʦʚʦʾ) ʬʘʟʠ; 

ï ʭʽʤʽʯʥʽ ï ʭʽʤʽʯʥʝ, ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʪʘ ʪʝʨʤʦʭʽʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ [125ï

128]. 

ʆʜʥʠʤ ʟ ʙʘʛʘʪʴʦʭ ʤʝʪʦʜʽʚ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ 

ʦʪʨʠʤʘʥʥʽ ʤʝʪʘʣʝʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʻ ʡʦʛʦ ʦʩʘʜʞʝʥʥʷ ʟ ʝʣʝʢʪʨʦʣʽʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ 

ʟʤʽʮʥʶʚʘʣʴʥʫ ʬʘʟʫ. ɺ ʧʨʦʤʠʩʣʦʚʽʡ ʛʘʣʴʚʘʥʦʪʝʭʥʽʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʷ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʦʢʨʠʚʽʚ (ʂɽʇ) 

ʰʣʷʭʦʤ ʦʜʝʨʞʘʥʥʷ ʥʘ ʢʘʪʦʜʽ ʰʘʨʫ ʤʝʪʘʣʫ, ʚ ʦʙ'ʻʤ ʷʢʦʛʦ ʽʥʢʦʨʧʦʨʦʚʘʥʽ ʪʚʝʨʜʽ 

ʜʠʩʧʝʨʩʥʽ ʯʘʩʪʠʥʢʠ. ʋ ʪʘʢʠʭ ʜʠʩʧʝʨʩʥʦ-ʟʤʽʮʥʝʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʘʭ 

ʜʠʩʧʝʨʩʥʽ ʯʘʩʪʠʥʢʠ ʨʦʟʧʦʜʽʣʝʥʽ ʫ ʦʙ'ʻʤʽ ʤʝʪʘʣʽʯʥʦʾ ʤʘʪʨʠʮʽ. ʅʝʦʙʭʽʜʥʦʶ 

ʫʤʦʚʦʶ ʫʪʚʦʨʝʥʥʷ ʂɽʇ, ʻ ʧʨʠʩʫʪʥʽʩʪʴ ʫ ʨʦʟʯʠʥʽ ʝʣʝʢʪʨʦʣʽʪʫ, ʟ ʷʢʦʛʦ 
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ʧʦʭʦʜʠʪʴ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʤʝʪʘʣʫ, ʥʘʥʦ- ʘʙʦ ʤʽʢʨʦʨʦʟʤʽʨʥʦʾ ʜʠʩʧʝʨʩʥʦʾ 

ʬʘʟʠ, ʪʦʙʪʦ ʝʣʝʢʪʨʦʣʽʪʠ ʻ ʩʫʩʧʝʥʟʽʷʤʠ.  

ʂʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʟ ʧʽʥʦʧʦʜʽʙʥʠʭ 

ʩʝʨʝʜʦʚʠʱ, ʘʙʦ ʟ ʝʤʫʣʴʩʽʡ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʚʚʝʜʝʥʥʽ ʚ ʝʣʝʢʪʨʦʣʽʪʠ 

ʛʽʜʨʦʬʦʙʥʠʭ ʨʽʜʠʥ. ʇʨʠ ʥʘʢʣʘʜʝʥʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʧʦʚʝʨʭʥʶ 

ʧʽʜʢʣʘʜʢʠ, ʱʦ ʧʦʢʨʠʚʘʻʪʴʩʷ, ʦʩʽʜʘʻ ʤʝʪʘʣ ï ʧʝʨʰʘ ʬʘʟʘ ʘʙʦ ʤʘʪʨʠʮʷ ʽ 

ʯʘʩʪʠʥʢʠ ʧʦʨʦʰʢʫ ï ʜʨʫʛʘ ʬʘʟʘ, ʷʢʘ ʮʝʤʝʥʪʫʻʪʴʩʷ ʤʘʪʨʠʮʝʶ. ʆʩʘʜʞʝʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ ʧʦʢʨʠʚʽʚ ʟʘʟʚʠʯʘʡ ʧʨʦʚʦʜʷʪʴ ʧʨʠ 

ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʩʫʩʧʝʥʟʽʾ, ʧʨʠ ʮʴʦʤʫ ʯʘʩʪʠʥʢʠ ʜʨʫʛʦʾ ʬʘʟʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʟʘʚʠʩʣʦʤʫ ʩʪʘʥʽ ʽ ʦʩʘʜʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʰʝ. ɺʠʙʽʨ 

ʩʧʦʩʦʙʫ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʦʶ ʯʘʩʪʠʥʦʢ, ʫʤʦʚʘʤʠ ʝʣʝʢʪʨʦʣʽʟʫ 

ʽ ʝʢʦʥʦʤʽʯʥʦʶ ʜʦʮʽʣʴʥʽʩʪʶ. ʋ ʚʘʥʥʘʭ ʤʘʣʦʛʦ ʦʙôʻʤʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʭʘʥʽʯʥʝ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʘ ʫ ʙʽʣʴʰʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʙʘʨʙʦʪʘʞ ʧʦʚʽʪʨʷʤ ʘʙʦ ʽʥʝʨʪʥʠʤ 

ʛʘʟʦʤ. ʂʨʽʤ ʪʦʛʦ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʽʚʥʦʤʽʨʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʫʩʧʝʥʟʽʾ 

ʦʙʝʨʪʘʥʥʷʤ ʢʘʪʦʜʘ ʘʙʦ ʮʠʨʢʫʣʷʮʽʻʶ ʝʣʝʢʪʨʦʣʽʪʫ [129, 130]. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʙʘʛʘʪʦ ʚ ʯʦʤʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠʨʦʜʦʶ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ, ʷʢʦʶ ʤʦʞʫʪʴ ʙʫʪʠ ʦʢʩʠʜʠ, ʢʘʨʙʠʜʠ, 

ʙʦʨʠʜʠ, ʥʽʪʨʠʜʠ, ʩʠʣʽʮʠʜʠ, ʨʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ ʷʢʠʭ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 3 ï 5 ʤʢʤ. 

ɯʥʰʦʶ ʬʘʟʦʶ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʽ ʤʝʪʘʣʝʚʽ ʧʦʨʦʰʢʠ [131, 

132]. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʙʽʣʴʰ ʘʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʢʦʤʧʦʟʠʮʽʡʥʽ 

ʧʦʢʨʠʚʠ, ʤʦʜʠʬʽʢʦʚʘʥʽ ʥʘʥʦʨʦʟʤʽʨʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ (1 ï 100 ʥʤ). ʌʦʨʤʘ ʽ 

ʨʦʟʤʽʨ ʥʘʥʦʯʘʩʪʠʥʦʢ ʻ ʾʭ ʦʩʥʦʚʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʌʽʟʠʯʥʽ, 

ʝʣʝʢʪʨʦʥʥʽ, ʬʦʪʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʟʥʘʯʥʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʷʢ ʤʘʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʘʢ ʽ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʘʪʦʤʽʚ, ʥʘʷʚʥʽʩʪʶ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʦʾ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʚʟʘʻʤʦʜʽʾ 

ʤʽʞ ʬʘʟʘʤʠ ʪʘ ʙʫʜʦʚʠ ʤʽʞʬʘʟʥʠʭ ʦʙʣʘʩʪʝʡ, ʦʙ'ʻʤʥʘ ʜʦʣʷ ʷʢʠʭ ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʝʣʠʢʘ [133, 134]. ʅʘʨʘʟʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʥʘʥʦʨʦʟʤʽʨʥʽ ʥʘʧʦʚʥʶʚʘʯʽ: 
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ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʽ ʥʘʥʦʚʦʣʦʢʥʘ; ʤʝʪʘʣʝʚʽ, ʦʢʩʠʜʥʽ, ʛʽʜʨʦʢʩʠʜʥʽ 

ʥʘʥʦʪʨʫʙʢʠ; ʢʦʨʦʪʢʽ ʥʘʥʦʚʦʣʦʢʥʘ ʽ ʥʘʥʦʩʪʨʠʞʥʽ, ʟʦʢʨʝʤʘ ʤʝʪʘʣʝʚʽ (Ag, Bi, In, 

Si), ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ (GaP, InP), ʥʽʪʨʠʜʥʽ (Si3N4) ʽ ʦʢʩʠʜʥʽ (TiO2); 

ʥʘʥʦʯʘʩʪʠʥʢʠ ʩʬʝʨʠʯʥʦʾ ʘʙʦ ʥʝʨʝʛʫʣʷʨʥʦʾ ʬʦʨʤʠ, ʚʢʣʶʯʘʶʯʠ ʯʘʩʪʠʥʢʠ 

ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ, ʥʝʤʝʪʘʣʽʚ, ʯʘʩʪʠʥʢʠ ʥʘʥʦʘʣʤʘʟʫ ʪʘ ʥʘʥʦʛʨʘʬʽʪʫ, ʥʽʪʨʠʜʽʚ, 

ʢʘʨʙʽʜʽʚ, ʙʦʨʠʜʽʚ, ʨʽʟʥʠʭ ʧʨʦʩʪʠʭ ʽ ʩʢʣʘʜʥʠʭ ʦʢʩʠʜʽʚ. ʈʦʟʤʽʨ ʯʘʩʪʠʥʦʢ 

ʚʘʨʽʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 15 ï 30 ʜʦ 400 ï 600 ʥʤ [135]. 

ɺ [136] ʜʦʩʣʽʜʞʝʥʦ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ 

ʧʦʢʨʠʚʽʚ ʟ ʢʦʣʦʾʜʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʥʽʢʝʣʶʚʘʥʥʷ, ʱʦ ʤʽʩʪʠʪʴ ʫʣʴʪʨʘ 

ʜʠʩʧʝʨʩʥʠʡ ʧʦʨʦʰʦʢ ʜʠʙʦʨʠʜʘ ʮʠʨʢʦʥʽʶ. ʂʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ Ni-ZrB2 

ʤʘʶʪʴ ʚʠʩʦʢʫ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʙʣʠʟʴʢʦ 10ï11 ʛʇʘ, ʱʦ ʧʝʨʝʚʠʱʫʻ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʯʠʩʪʦʛʦ ʥʽʢʝʣʶ ʚ 1,5-2 ʨʘʟʠ. ʇʨʠ ʟʨʦʩʪʘʥʥʽ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ 

ʟʥʠʞʫʶʪʴʩʷ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʛʠ ʂɽʇ Ni-ZrB2. ɿʥʦʩʦʩʪʽʡʢʽʩʪʴ ʂɽʇ Ni-ZrB2 ʚ 

2-5 ʨʘʟʽʚ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʭʨʦʤʦʚʠʭ ʧʦʢʨʠʚʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʢʣʘʜ ʜʣʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʤʽʮʥʝʥʥʷ ʜʝʪʘʣʝʡ ʩʧʝʮʽʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ ʪʘ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʄʫʨʟʝʥʢʦ ʂ.ɺ. [137] ʨʦʟʨʦʙʠʣʘ ʭʣʦʨʠʜʥʠʡ ʝʣʝʢʪʨʦʣʽʪ ʜʣʷ ʥʘʥʝʩʝʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʛʦ ʧʦʢʨʠʚʫ ʥʽʢʝʣʴ-ʢʦʙʘʣʴʪ-ʦʢʩʠʜ ʘʣʶʤʽʥʽʶ. 

ɺ ʩʚʦʾʡ ʨʦʙʦʪʽ ʚʦʥʘ ʜʦʩʣʽʜʠʣʘ ʚʧʣʠʚ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʣʽʟʫ ʽ ʩʢʣʘʜʫ 

ʝʣʝʢʪʨʦʣʽʪʫ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʂɽʇ ʽ ʧʦʢʘʟʘʣʘ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʤʽʥʠ ʥʠʤʠ ʟʥʦʩʦʩʪʽʡʢʠʭ ʭʨʦʤʦʚʠʭ ʧʦʢʨʠʚʽʚ. 

ɸʚʪʦʨʠ [138, 139] ʨʦʟʛʣʷʥʫʣʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʙʫʜʦʚʫʚʘʥʥʷ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʮʠʨʢʦʥʽʶ ʚ ʥʽʢʝʣʝʚʫ ʤʘʪʨʠʮʶ ʚ ʧʨʦʮʝʩʽ 

ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Ni-ZrO2 ʟ ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʥʦʛʦ ʪʘ 

ʩʫʣʴʬʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʽʚ, ʪʘ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʥʘʥʦʢʦʤʧʦʟʠʪʠ ʟ ʙʽʣʴʰʦʶ 

ʢʽʣʴʢʽʩʪʶ ʜʽʦʢʩʠʜʫ ʮʠʨʢʦʥʽʶ (ʜʦ 5 ï 15 % ʤʘʩ.) ʦʜʝʨʞʘʥʦ ʩʘʤʝ ʟ 

ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ. ʑʦ ʧʦʷʩʥʶʻʪʴʩʷ ʙʽʣʴʰʦʶ ʧʘʨʮʽʘʣʴʥʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ZrO2 ʟʘ ʧʽʜʚʠʱʝʥʥʷ ʘʛʨʝʛʘʪʠʚʥʦʾ ʩʪʽʡʢʽʩʪʽ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ʚ 

ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʥʦʤʫ ʝʣʝʢʪʨʦʣʽʪʽ. ɯʟ ʟʘʟʥʘʯʝʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʥʘ ʧʦʚʝʨʭʥʽ 
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ʤʝʪʘʣʝʚʠʭ ʥʦʩʽʾʚ ʦʜʝʨʞʫʶʪʴ ʥʘʥʦʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ ʥʽʢʝʣʴ-ʮʠʨʢʦʥʽʶ 

ʜʽʦʢʩʠʜ ʽʟ ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ ʜʦ 320 ʢʛ/ʤʤ2.  

ɺʽʜʦʤʠʡ ʩʧʦʩʽʙ [140] ʦʜʝʨʞʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ ʥʽʢʝʣʴ-

ʮʠʨʢʦʥʽʶ ʜʽʦʢʩʠʜ ʧʨʠ ʢʘʪʦʜʥʽʡ ʛʫʩʪʠʥʽ ʩʪʨʫʤʫ 1 ɸ/ʜʤ2, ʪʝʤʧʝʨʘʪʫʨʽ 50 ÁC ʪʘ 

ʨʅ = 4,5 ʟ ʝʣʝʢʪʨʦʣʽʪʫ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʠʪʴ (ʛ/ʜʤ3): NiSO4Ŀ7H2O ï 240; 

NiCl2 ï 45; ʅ3ɺʆ3 ï 40; ZrO2 (40 ʥʤ) ï 4ï30. ɺʤʽʩʪ ZrO2 ʚ ʦʜʝʨʞʘʥʠʭ ʦʩʘʜʘʭ 

ʩʢʣʘʜʘʻ 22 ï 42 ʤʘʩ. %. ɸʣʝ ʡʦʛʦ ʥʝʜʦʣʽʢʦʤ ʻ ʚʫʟʴʢʠʡ ʜʽʘʧʘʟʦʥ ʛʫʩʪʠʥ ʩʪʨʫʤʫ 

ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʪʘ ʥʠʟʴʢʘ ʘʛʨʝʛʘʪʠʚʥʘ ʩʪʽʡʢʽʩʪʴ ʩʫʩʧʝʥʟʽʡʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ, 

ʷʢʠʡ ʤʽʩʪʠʪʴ ʥʘʥʦʧʦʨʦʰʦʢ ʮʠʨʢʦʥʽʶ ʜʽʦʢʩʠʜʫ. 

ɺ [141] ʥʘʥʦʢʦʤʧʦʟʠʪʥʽ ʧʦʢʨʠʚʠ Ni-Mo ʪʘ Ni-W ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ ʦʩʘʜʞʝʥʥʷʤ ʫ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʟ ʚʘʥʥʠ 

ʥʽʢʝʣʝʚʘʥʥʷ, ʱʦ ʤʽʩʪʠʣʘ ʥʘʥʦʧʦʨʦʰʢʠ ʤʦʣʽʙʜʝʥʫ (<100 ʥʤ) ʘʙʦ ʚʦʣʴʬʨʘʤʫ 

(<150 ʥʤ). ɼʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʨʝʘʢʮʽʾ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʜʦʚʝʣʦ ʚʠʱʫ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʥʘʥʦʢʦʤʧʦʟʠʪʥʦʛʦ ʝʣʝʢʪʨʦʜʘ Ni-Mo ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʤ Ni-W. 

ɺ [142] ʘʚʪʦʨʠ ʜʦʩʣʽʜʠʣʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʦʢʨʠʚʽʚ ʽ ʬʦʣʴʛʠ ʥʘ ʦʩʥʦʚʽ ʥʽʢʝʣʶ, 

ʘʨʤʦʚʘʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʤ ʦʢʩʠʜʦʤ ʘʣʶʤʽʥʽʶ. ɹʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʭʘʥʽʟʤ 

ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʪʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʚʤʽʩʪʦʤ ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʬʘʟʠ ʫ ʂɽʇ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʛʽʜʨʦʟʦʣʶ Al 2O3 ʚ 

ʝʣʝʢʪʨʦʣʽʪʽ. ɯʥʢʦʨʧʦʨʘʮʽʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ Al2O3 ʜʦ ʤʘʪʨʠʮʽ 

ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʨʦʟʤʽʨʽʚ ʟʝʨʝʥ ʽ ʧʦʣʽʧʰʝʥʥʶ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʟʠʪʽʚ: ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʽ ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ 

ʢʦʤʧʦʟʠʪʽʚ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚ 1,5 ï 2 ʨʘʟʠ ʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ 

ʛʨʘʥʠʮʽ ʪʝʢʫʯʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʽʟ ʥʽʢʝʣʝʚʠʤ ʧʦʢʨʠʚʦʤ.  

ɺʽʜʦʤʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ ʩʧʣʘʚʫ Co-W, ʘʨʤʦʚʘʥʽ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ 

ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ [143], ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʤʦʞʣʠʚʘ ʟʘʤʽʥʘ 

ʧʦʢʨʠʚʽʚ ʪʚʝʨʜʠʤ ʭʨʦʤʦʤ. ʊʘʢʠʡ ʩʧʦʩʽʙ ʟʘʙʝʟʧʝʯʫʻ ʦʜʝʨʞʘʥʥʷ ʧʦʢʨʠʚʽʚ 

ʩʧʣʘʚʫ Co-W ʟ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʟ ʚʠʩʦʢʦʶ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ. 
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ɸʣʝ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʘ ʩʝʜʠʤʝʥʪʘʮʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʝʣʝʢʪʨʦʣʽʪʫ-ʩʫʩʧʝʥʟʽʾ, 

ʚʠʢʣʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʪʨʠʤʘʥʥʷ ʯʘʩʪʠʥʦʢ ʫ ʧʽʜʚʽʰʝʥʦʤʫ ʩʪʘʥʽ 

ʩʧʝʮʽʘʣʴʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ, ʥʘʧʨʠʢʣʘʜ, ʦʙʨʦʙʢʦʶ ʫʣʴʪʨʘʟʚʫʢʦʤ ʘʙʦ ʤʘʛʥʽʪʥʠʤ 

ʧʦʣʝʤ. 

ɸʚʪʦʨʠ [144] ʨʦʟʨʦʙʠʣʠ ʝʣʝʢʪʨʦʣʽʪ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʚʽʚ ʉʦ-ʄʦ-ʊʽʆ2. 

ʆʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ ʥʘ ʧʽʜʢʣʘʜʢʫ ʟ ʤʽʜʽ, ʭʨʦʤʦʥʽʢʝʣʝʚʠʭ ʩʧʣʘʚʽʚ ʪʘ 

ʥʝʨʞʘʚʽʶʯʠʭ ʩʪʘʣʝʡ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʘʤʽʘʯʥʦ-ʪʨʠʣʦʥʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ. ɯʦʥ ʘʤʦʥʽʶ ʢʘʪʘʣʽʟʫʻ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʨʝʘʢʮʽʶ ʚʽʜʥʦʚʣʝʥʥʷ 

ʤʦʣʽʙʜʘʪʽʚ ʜʦ ʤʝʪʘʣʫ, ʪʦʤʫ ʜʦʜʘʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʣʽʪ ʩʫʣʴʬʘʪʫ ʘʤʦʥʽʶ 

ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʩʦʪʢʦʚʦʛʦ ʚʤʽʩʪʫ ʤʦʣʽʙʜʝʥʫ ʚ ʩʧʣʘʚʽ ʉʦ-ʄʦ-ʊʽʆ2. 

ʆʜʝʨʞʘʥʽ ʧʦʢʨʠʚʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʘʜʛʝʟʽʶ ʜʦ ʥʦʩʽʷ ʪʘ ʩʫʮʽʣʴʥʽʩʪʴ.  

ɺ [145] ʨʦʟʛʣʷʥʫʪʽ ʧʨʠʥʮʠʧʠ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤʠ ʩʧʦʩʦʙʦʤ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʤʝʪʦʜʠ ʪʘ ʧʦʢʘʟʘʥʽ ʧʝʨʝʚʘʛʠ ʧʝʨʝʭʽʜʥʦʛʦ ʝʣʝʢʪʨʦʣʽʟʫ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʪʘʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʰʣʷʭʠ 

ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʢʦʙʘʣʴʪʫ ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʘʛʨʝʛʘʪʠʚʥʦ ʩʪʽʡʢʠʭ ʨʦʟʯʠʥʽʚ ʝʣʝʢʪʨʦʣʽʪʫ ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ 

ʧʘʨʘʤʝʪʨʘʤʠ ʽ ʨʝʞʠʤʘʤʠ ʝʣʝʢʪʨʦʣʽʟʫ.   

1.5 ɺʠʙʽʨ ʥʘʧʨʷʤʫ ʜʦʩʣʽʜʞʝʥʴ  

ɿ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʚʠʪʽʢʘʻ, ʱʦ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ ʜʦʩʣʽʜʥʠʢʽʚ ʜʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ 

ʩʠʥʪʝʟʫ ʷʢ ʙʘʛʘʪʦ ʢʦʤʧʦʥʝʥʪʥʠʭ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ, ʪʘʢ ʽ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʤʝʪʘʣʽʚ ʧʽʜʛʨʫʧʠ ʟʘʣʽʟʘ ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ, 

ʦʙʫʤʦʚʣʝʥʠʡ ʤʦʞʣʠʚʽʩʪʶ ʧʦʻʜʥʘʥʥʷ ʚ ʪʘʢʠʭ ʧʦʢʨʠʚʘʭ ʮʽʣʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʫʥʽʢʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʨʠʪʘʤʘʥʥʠʭ ʩʧʣʘʚʦʪʚʽʨʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤ, ʘ ʚ 

ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ï ʥʘʜʘʜʠʪʠʚʥʦʛʦ ʧʦʩʠʣʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʜʥʘʢ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʽʦʥʥʠʭ ʬʦʨʤ ʢʦʤʧʦʥʝʥʪʽʚ ʝʣʝʢʪʨʦʣʽʪʫ, ʥʘʷʚʥʽʩʪʴ ʨʷʜʫ 
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ʢʦʥʢʫʨʫʶʯʠʭ ʨʝʘʢʮʽʡ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʽʦʥʥʠʭ ʨʽʚʥʦʚʘʛ, ʷʢ ʽ 

ʙʘʛʘʪʦʩʪʘʜʽʡʥʽʩʪʴ ʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʫʩʢʣʘʜʥʶʶʪʴ ʽʥʪʝʨʧʨʝʪʘʮʽʶ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʬʦʨʤʫʚʘʥʥʷ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʢʣʘʜʫ ʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʩʘʜʞʫʚʘʥʠʭ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ:  

1. ɼʦʜʘʚʘʥʥʷ ʜʦ ʢʦʙʘʣʴʪʫ ʚʦʣʴʬʨʘʤʫ ʽ ʤʦʣʽʙʜʝʥʫ ʜʦʟʚʦʣʷʻ ʥʽʚʝʣʶʚʘʪʠ 

ʧʨʠʪʘʤʘʥʥʽ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʤ ʧʦʢʨʠʚʘʤ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʥʠʟʴʢʫ 

ʘʜʛʝʟʽʶ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʠʪʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

2. ɽʣʝʢʪʨʦʣʽʪʠʯʥʽ ʩʠʩʪʝʤʠ ʢʦʙʘʣʴʪʫ ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʽ ʷʢ ʚ ʋʢʨʘʾʥʠ, ʪʘʢ ʽ ʟʘ ʾʾ ʤʝʞʘʤʠ. ɹʽʣʴʰʽʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʪʦʩʫʻʪʴʩʷ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʙʽʥʘʨʥʠʭ ʧʦʢʨʠʚʽʚ 

Co, Ni -W, Mo.  

3. ɹʽʥʘʨʥʽ ʩʠʩʪʝʤʠ Co-Mo(W) ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʩʪʚʦʨʝʥʥʷ, ʧʝʨʝʚʘʞʥʦ, 

ʢʘʪʘʣʽʪʠʯʥʠʭ ʽ ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʪʞʝ, ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʟ ʧʨʘʢʪʠʯʥʦʾ 

ʪʦʯʢʠ ʟʦʨʫ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʩʣʽʜ ʚʚʘʞʘʪʠ ʧʦʢʨʠʚʠ ʉʦ-Mo-W, Co-Mo-Zr,  

Co-W-Zr, ʘ ʪʘʢʦʞ ʢʦʤʧʦʟʠʪʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʉʦ-Mo-WOx, ʉo-ʄʦ-ZrO2,  

ʉo-W-ZrO2, ʦʩʢʽʣʴʢʠ ʨʝʘʣʽʟʘʮʽʷ ʚ ʪʦʥʢʠʭ ʰʘʨʘʭ ʦʜʥʦʯʘʩʥʦ ʧʽʜʚʠʱʝʥʠʭ ʟʥʦʩʦ- 

ʽ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ ʤʘʛʥʽʪʥʠʭ ʽ ʢʘʪʘʣʽʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʠʪʴ ʪʘʢʽ 

ʧʦʢʨʠʚʠ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʽ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʠʪʠ ʛʘʣʫʟʽ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ.  

ʅʝʜʦʩʪʘʪʥʴʦ ʚʠʩʚʽʪʣʝʥʽ ʩʠʩʪʝʤʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʤʝʥʪʥʦʛʦ 

ʩʢʣʘʜʫ ʽ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʚʽʚ ʚʽʜ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʣʽʟʫ ʪʘ ʾʭ ʢʦʨʝʣʷʮʽʾ 

ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʟʦʢʨʝʤʘ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ, ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ɺ ʣʽʪʝʨʘʪʫʨʽ ʧʦʚʥʽʩʪʶ ʘʙʦ 

ʯʘʩʪʢʦʚʦ ʚʽʜʩʫʪʥʽ ʜʘʥʽ ʧʨʦ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʧʦʢʨʠʚʽʚ ʽ ʡʦʛʦ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʭʘʨʘʢʪʝʨʫ ʧʦʣʷʨʠʟʘʮʽʾ (ʧʦʩʪʽʡʥʠʡ ʘʙʦ ʽʤʧʫʣʴʩʥʠʡ ʩʪʨʫʤ).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʚʘʞʘʶʯʠ ʥʘ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʧʦʢʨʠʚʽʚ ʽ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʫʤʦʚ ʱʦʜʦ ʾʭ ʩʧʦʞʠʚʯʠʭ 
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ʚʣʘʩʪʠʚʦʩʪʝʡ, ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ ʤʘʻ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʫ ʩʧʨʷʤʦʚʘʥʽʩʪʴ 

ʥʘ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʟʦʢʨʝʤʘ ʚ ʝʢʦ- ʪʘ 

ʝʥʝʨʛʦʪʝʭʥʦʣʦʛʽʷʭ, ʫ ʩʪʚʦʨʝʥʥʽ ʥʦʚʽʪʥʽʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʦʢʨʠʚʽʚ ʟ ʚʠʩʦʢʠʤ 

ʨʽʚʥʝʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʦʧʨʠ ʜʦʩʠʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ, ʘʢʪʫʘʣʴʥʠʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʢʦʥʪʨʦʣʶ ʽ 

ʢʝʨʫʚʘʥʥʷ ʢʽʣʴʢʽʩʥʠʤ ʽ ʬʘʟʦʚʠʤ ʩʢʣʘʜʦʤ, ʤʦʨʬʦʣʦʛʽʻʶ ʧʦʚʝʨʭʥʽ, ʘ, 

ʚʽʜʧʦʚʽʜʥʦ, ʽ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʢʨʠʚʽʚ.  

ʋ ʟʚôʷʟʢʫ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʠʤ, ʤʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ 

ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʢʨʠʚʽʚ ʩʧʣʘʚʘʤʠ ʽ ʢʦʤʧʦʟʠʪʘʤʠ 

ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ ʷʢ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʝʢʦ- ʽ 

ʝʥʝʨʛʦʪʝʭʥʦʣʦʛʽʡ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʟʥʘʯʝʥʦʾ ʤʝʪʠ ʧʦʩʪʘʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

- ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʣʘʚʦʪʚʽʨʥʠʭ 

ʤʝʪʘʣʽʚ ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ ʚʦʣʴʬʨʘʤʦʤ, ʤʦʣʽʙʜʝʥʦʤ 

ʽ ʮʠʨʢʦʥʽʻʤ ʫ ʪʨʠʢʦʤʧʦʥʝʥʪʥʽ ʩʧʣʘʚʠ ʘʙʦ ʢʦʤʧʦʟʠʪʠ, ʦʢʩʠʜʥʘ ʬʘʟʘ ʷʢʠʭ 

ʫʪʚʦʨʶʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʢʘʪʦʜʥʦʤʫ ʧʨʦʮʝʩʽ; 

- ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʽ ʢʦʥʩʪʘʥʪʠ ʥʝʩʪʽʡʢʦʩʪʽ ʢʦʤʧʣʝʢʩʽʚ ʩʧʣʘʚʦʪʚʽʨʥʠʭ 

ʤʝʪʘʣʽʚ ʟ ʮʠʪʨʘʪʦʤ ʽ/ʘʙʦ ʧʽʨʦʬʦʩʬʘʪʦʤ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʨʘʮʽʦʥʘʣʴʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʘʪʽʦʥʽʚ ʢʦʙʘʣʴʪʫ(II), ʮʠʨʢʦʥʽʶ(IV), 

ʦʢʩʦʤʝʪʘʣʘʣʘʪʽʚ ʽ ʣʽʛʘʥʜʽʚ ʚ ʝʣʝʢʪʨʦʣʽʪʘʭ; 

 - ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʽ ʢʽʥʝʪʠʯʥʽ ʢʨʠʪʝʨʽʾ ʢʘʪʦʜʥʠʭ ʨʝʘʢʮʽʡ, 

ʚʠʟʥʘʯʠʪʠ ʩʪʘʜʽʡʥʽʩʪʴ ʽ ʦʙˇʨʫʥʪʫʚʘʪʠ ʤʝʭʘʥʽʟʤ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʤʝʪʘʣʽʚ ʫ 

ʧʦʢʨʠʚʠ ʉʦ-Mo-W/ʉʦ-Mo-WOx, ʉo-ʄʦ-Zr/ʉo-ʄʦ-ZrO2, ʉo-W-Zr/ʉo-W-ZrO2 

ʟ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ, ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʫʟʘʛʘʣʴʥʝʥʫ ʩʭʝʤʫ 

ʧʨʦʮʝʩʫ; 

- ʦʧʨʘʮʶʚʘʪʠ ʩʢʣʘʜʠ ʝʣʝʢʪʨʦʣʽʪʽʚ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʧʦʢʨʠʚʽʚ ʥʘ ʦʩʥʦʚʽ 

ʢʦʙʘʣʴʪʫ ʟ ʤʦʣʽʙʜʝʥʦʤ, ʚʦʣʴʬʨʘʤʦʤ ʽ ʮʠʨʢʦʥʽʻʤ, ʚʠʟʥʘʯʠʪʠ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʨʦʟʩʽʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘ ʨʝʩʫʨʩ; 

- ʚʩʪʘʥʦʚʠʪʠ ʚʧʣʠʚ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʣʽʟʫ (ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʛʦ ʘʙʦ 
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ʽʤʧʫʣʴʩʥʦʛʦ), ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʯʘʩʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʩʘʜʞʝʥʥʷ ʥʘ ʩʢʣʘʜ, 

ʩʪʨʫʢʪʫʨʫ ʽ ʤʦʨʬʦʣʦʛʽʶ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʚʽʚ ʉʦ-Mo-WOx, ʉo-ʄʦ-ZrO2, ʉo-W-

ZrO2 ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ;  

- ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʠʪʠ ʟʚôʷʟʦʢ ʩʢʣʘʜʫ ʽ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ 

ʧʦʢʨʠʚʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʟ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʡ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; 

- ʨʦʟʨʦʙʠʪʠ ʚʘʨʽʘʪʠʚʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʩʧʣʘʚʽʚ 

ʪʘ ʢʦʤʧʦʟʠʪʽʚ ʟʘʜʘʥʦʛʦ ʩʢʣʘʜʫ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʟ ʪʫʛʦʧʣʘʚʢʘʤʠ ʤʝʪʘʣʘʤʠ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʢʨʠʚʽʚ ʧʽʜʚʠʱʝʥʥʦʾ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ, 

ʝʣʝʢʪʨʦ- ʪʘ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ;  

- ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ 

ʝʣʝʢʪʨʦʣʽʪʽʚ, ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʢʨʠʚʽʚ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʚ ʦʙôʻʤʽ ʝʣʝʢʪʨʦʣʽʪʫ ʪʘ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʥʘ ʤʝʞʽ ʬʘʟ ʧʨʠ ʩʧʽʣʴʥʦʤʫ ʦʩʘʜʞʝʥʥʽ ʢʦʙʘʣʴʪʫ ʟ 

ʚʦʣʴʬʨʘʤʦʤ, ʤʦʣʽʙʜʝʥʦʤ ʽ ʮʠʨʢʦʥʽʻʤ ʫ ʩʧʣʘʚ ʘʙʦ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʢʘʪʦʜʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʧʦʢʨʠʚʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ ʟ 

ʢʦʤʧʣʝʢʩʥʠʭ ʧʦʣʽʣʽʛʘʥʜʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ, ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʢʨʠʚʽʚ. 
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ʈʆɿɼɯʃ 2 

ʄɽʊʆɼʆʃʆɻɯʗ ɼʆʉʃɯɼɾɽʅʔ 

2.1 ʆʙôʻʢʪʠ ʜʦʩʣʽʜʞʝʥʴ 

2.1.1 ʄʘʪʝʨʽʘʣʠ ʨʦʙʦʯʠʭ ʝʣʝʢʪʨʦʜʽʚ ʽ ʾʭ ʧʽʜʛʦʪʦʚʢʘ 

ʂʦʤʧʦʟʠʮʽʡʥʽ  ʧʦʢʨʠʚʠ  Co-Mo-WOx,  Co-Mo-ZrO2,  Co-W-ZrO2 

ʥʘʥʦʩʠʣʠ ʥʘ ʧʽʜʢʣʘʜʢʠ ʟʽ ʩʪʘʣʽ ʉʪ 3 (ɼʉʊʋ 2651) ʘʙʦ ʟ ʤʽʜʽ ʄ1 (ɼʉʊʋ 859). 

ʇʽʜʛʦʪʦʚʯʽ ʦʧʝʨʘʮʽʾ ʧʦ ʦʙʨʦʙʮʽ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ-ʥʦʩʽʾʚ ʧʨʦʚʦʜʠʣʠ ʟʘ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʶ ʤʝʪʦʜʠʢʦʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʨʦʜʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ [146, 147]. ʄʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ ʜʣʷ ʫʩʫʥʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʜʝʬʝʢʪʽʚ ʽ 

ʟʤʝʥʰʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʧʝʨʝʜ ʦʩʘʜʞʝʥʥʷʤ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ 

ʟʜʽʡʩʥʶʚʘʣʠ ʥʘʞʜʘʯʥʠʤ ʧʘʧʝʨʦʤ (ʤʘʨʢʠ 0). ɿ ʤʝʪʦʶ ʧʦʚʥʦʛʦ ʚʠʜʘʣʝʥʥʷ 

ʩʣʽʜʽʚ ʞʠʨʦʚʠʭ ʟʘʙʨʫʜʥʝʥʴ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʽ ʧʦʢʨʘʱʝʥʥʷ ʟʤʦʯʫʚʘʥʥʷ ʤʝʪʘʣʫ 

ʝʣʝʢʪʨʦʣʽʪʦʤ ʧʦʚʝʨʭʥʶ ʟʥʝʞʠʨʶʚʘʣʠ ʚ ʨʦʟʯʠʥʽ ʥʘʪʨʽʶ ʢʘʨʙʦʥʘʪʫ ʟ 

ʥʘʩʪʫʧʥʠʤ ʧʨʦʤʠʚʘʥʥʷʤ ʛʘʨʷʯʦʶ ʪʘ ʭʦʣʦʜʥʦʶ ʚʦʜʦʶ. ʇʨʦʜʫʢʪʠ ʢʦʨʦʟʽʾ ʥʘ 

ʧʦʚʝʨʭʥʽ ʫʩʫʚʘʣʠ ʪʨʘʚʣʝʥʥʷʤ ʤʽʜʥʠʭ ʟʨʘʟʢʽʚ ʤʘʨʢʠ ʄ1 ʚ ʩʫʤʽʰʽ ʥʽʪʨʘʪʥʦʾ ʪʘ 

ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:1; ʩʪʘʣʝʚʠʭ ʟʨʘʟʢʽʚ ʉʪ 3 ʚ 

ʥʘʩʠʯʝʥʦʤʫ ʨʦʟʯʠʥʽ ʟʘʣʽʟʘ ʭʣʦʨʠʜ (ɯɯɯ) ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʭʚʠʣʠʥ. 

ɿʘʚʝʨʰʘʣʴʥʦʶ ʦʧʝʨʘʮʽʻʶ ʙʫʣʘ ʧʨʦʤʠʚʢʘ ʟʨʘʟʢʽʚ-ʥʦʩʽʾʚ ʚ ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ 

ʪʘ ʧʦʚʥʝ ʚʠʜʘʣʝʥʥʷ ʟʘʣʠʰʢʽʚ ʚʦʜʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʽʣʴʪʨʦʚʘʣʴʥʦʛʦ ʧʘʧʝʨʫ ʘʙʦ 

ʩʫʰʘʨʢʠ [148, 149]. 

ɺʠʚʯʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʪʘ ʢʽʥʝʪʠʢʠ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ 

Co-Mo-WOx, Co-Mo-ZrO2, Co-W-ZrO2 ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʧʝʮʽʘʣʴʥʦ 

ʚʠʛʦʪʦʚʣʝʥʦʤʫ ʝʣʝʢʪʨʦʜʽ, ʷʢʠʡ ʷʚʣʷʚ ʩʦʙʦʶ ʜʨʽʪ ʩʪʘʣʽ ʉʪ3 ʟ ʨʦʙʦʯʦʶ 

ʧʦʚʝʨʭʥʝʶ 0,09 ʩʤ2.  

ɿʨʘʟʢʠ ʟ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʧʦʢʨʠʚʘʤʠ Co-Mo-WOx, Co-Mo-ZrO2,  

Co-W-ZrO2  ʟ  ʰʠʨʦʢʠʤ  ʜʽʘʧʘʟʦʥʦʤ  ʚʤʽʩʪʫ  ʪʫʛʦʧʣʘʚʢʠʭ  ʤʝʪʘʣʽʚ  ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. 
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2.1.2 ɼʦʧʦʤʽʞʥʽ ʝʣʝʢʪʨʦʜʠ ʪʘ ʾʭ ʧʽʜʛʦʪʦʚʢʘ 

ɺ ʨʦʣʽ ʘʥʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʢʨʠʚʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʣʘʩʪʠʥʠ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʍ18ʅ10ʊ, 

ʨʦʟʪʘʰʦʚʘʥʽ ʧʘʨʘʣʝʣʴʥʦ ʦʜʥʘ ʜʦ ʦʜʥʦ,ʾ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʤʽʜʥʠʤ ʜʨʦʪʦʤ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʞʦʨʩʪʢʦʾ ʬʽʢʩʘʮʽʾ. ʇʽʜʛʦʪʦʚʢʘ ʘʥʦʜʽʚ ʚʢʣʶʯʘʣʘ ʤʝʭʘʥʽʯʥʫ 

ʦʙʨʦʙʢʫ ʥʘʞʜʘʢʦʚʠʤ ʧʘʧʝʨʦʤ ˉ 0, ʪʨʘʚʣʝʥʥʷ ʫ ʨʦʟʚʝʜʝʥʽʡ ʩʫʣʴʬʘʪʥʽʡ 

ʢʠʩʣʦʪʽ ʘʙʦ ʫ ʩʫʤʽʰʽ ʩʫʣʴʬʘʪʥʦʾ ʪʘ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1 : 1 

ʪʘ ʧʨʦʤʠʚʘʥʥʷ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ. 

ʇʨʠ  ʚʠʚʯʝʥʥʽ  ʢʽʥʝʪʠʢʠ  ʢʘʪʦʜʥʠʭ  ʨʝʘʢʮʽʡ  ʧʨʦʮʝʩʫ  ʩʧʣʘʚʦʪʚʦʨʝʥʥʷ 

ʷʢ  ʧʨʦʪʠʝʣʝʢʪʨʦʜ  ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ  ʩʽʪʯʘʩʪʠʡ  ʝʣʝʢʪʨʦʜ  ʤʘʨʢʠ  ʇʣ 99,9. 

ʇʝʨʝʜ  ʢʦʞʥʠʤ  ʚʠʤʽʨʶʚʘʥʥʷʤ  ʧʦʚʝʨʭʥʶ  ʧʣʘʪʠʥʦʚʦʛʦ  ʝʣʝʢʪʨʦʜʫ  

ʦʙʨʦʙʣʷʣʠ ʚ ʨʦʟʯʠʥʽ ʥʽʪʨʘʪʥʦʾ ʢʠʩʣʦʪʠ ʽ ʨʝʪʝʣʴʥʦ ʧʨʦʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ 

ʚʦʜʦʶ. 

ʇʨʦʪʠʝʣʝʢʪʨʦʜʦʤ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʢʦʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʤʝʪʦʜʦʤ ʣʽʥʽʡʥʦʾ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ ʩʣʫʛʫʚʘʚ ʧʣʘʪʠʥʦʚʠʡ ʜʨʽʪ ʤʘʨʢʠ ʇʣ 99,9. ɸʥʘʣʽʟ 

ʝʣʝʢʪʨʦʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʜʽʚ ʟ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʧʦʢʨʠʚʘʤʠ 

ʧʨʦʚʦʜʠʣʠ ʮʠʢʣʽʯʥʦʶ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʻʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʧʦʤʽʞʥʦʛʦ 

ʝʣʝʢʪʨʦʜʫ ʟ ʧʣʘʪʠʥʠ. 

2.1.3 ɽʣʝʢʪʨʦʜʠ ʧʦʨʽʚʥʷʥʥʷ 

ʗʢ ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʭʣʦʨʠʜʩʨʽʙʥʠʡ ʥʘʧʽʚʝʣʝʤʝʥʪ 

(Ag|AgCl|Clï, E0=0,222 ɺ) ï ʕɺʃ-1ʄ1, ʧʨʠʻʜʥʘʥʠʡ ʜʦ ʨʦʙʦʯʦʾ ʢʦʤʽʨʢʠ ʘʙʦ 

ʝʣʝʢʪʨʦʣʽʟʝʨʘ ʯʝʨʝʟ ʩʦʣʴʦʚʠʡ ʤʽʩʪʦʢ, ʟʘʧʦʚʥʝʥʠʡ ʟʘʛʫʱʝʥʠʤ ʘʛʘʨ-ʘʛʘʨʦʤ 

ʨʦʟʯʠʥʦʤ ʭʣʦʨʠʜʫ ʢʘʣʽʶ. ʋ ʨʦʙʦʪʽ ʚʩʽ ʧʦʪʝʥʮʽʘʣʠ ʧʝʨʝʨʘʭʦʚʘʥʽ ʪʘ ʥʘʚʝʜʝʥʽ 

ʚʽʜʥʦʩʥʦ ʥʦʨʤʘʣʴʥʦʛʦ ʚʦʜʥʝʚʦʛʦ ʝʣʝʢʪʨʦʜʫ.  

2.2 ʈʦʙʦʯʽ ʨʦʟʯʠʥʠ ʪʘ ʤʦʜʝʣʴʥʽ ʩʝʨʝʜʦʚʠʱʘ 

ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʣʽʪʽʚ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ  

Co-Mo-WOx, Co-Mo-ZrO2, Co-W-ZrO2 ʪʘ ʽʥʰʠʭ ʨʦʙʦʯʠʭ ʨʦʟʯʠʥʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʝʘʢʪʠʚʠ ʢʚʘʣʽʬʽʢʘʮʽʾ ñʭ.ʯ.ò ʽ ñʯ.ʜ.ʘ.ò: ʉʦSO4Ŀ7H2O, 
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Na2MoO4Ŀ2H2O, Na2WO4Ŀ2H2O, Zr(SO4)2Ŀ4H2O, Na3C6H5O7Ŀ2H2O, ʂ4P2O7, 

Na2SO4 , Na2CO3Ț7H2O, NaCl, NaOH, H2SO4, ʉʅ3ʆʅ, ʉ2ʅ5ʆʅ, ʘʟʦʙʘʨʚʥʠʢ 

ʤʝʪʠʣʦʚʠʡ ʞʦʚʪʦʛʘʨʷʯʠʡ. 

ʆʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-Mo-WOx, Co-Mo-ZrO2 ʽ  

Co-W-ZrO2 ʟʜʽʡʩʥʶʚʘʣʠ ʟ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʢʦʙʘʣʴʪʘ (ɯɯ) ʟ ʚʘʨʽʡʦʚʘʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʦʤʧʦʥʝʥʪʽʚ (ʪʘʙʣ. 2.1).  

ʈʦʟʨʘʭʦʚʘʥʫ ʤʘʩʫ ʨʝʘʢʪʠʚʽʚ ʦʢʨʝʤʦ ʨʦʟʯʠʥʷʣʠ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʽ 

ʥʘʛʨʽʚʘʥʥʽ ʚ ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ, ʧʽʩʣʷ ʯʦʛʦ ʨʦʟʯʠʥʠ 

ʟʤʽʰʫʚʘʣʠ ʚ ʥʘʩʪʫʧʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ˇʨʫʥʪʫʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ: 

¶ Co-Mo-WOx: ʨʦʟʯʠʥ ʥʘʪʨʽʶ ʮʠʪʨʘʪʫ (Na3C6H5O7Ŀ2 ʅ2O) 

ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ, ʚ ʧʝʨʰʫ ʯʘʩʪʠʥʫ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʜʦʜʘʶʪʴ 

ʥʘʪʨʽʶ ʚʦʣʴʬʨʘʤʘʪ (Na2WO4Ŀ2H2O) ʪʘ ʥʘʪʨʽʶ ʤʦʣʽʙʜʘʪ (Na2MoO4Ŀ2H2O). ɼʦ 

ʜʨʫʛʦʾ ʯʘʩʪʠʥʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʧʦʩʪʫʧʦʚʦ ʜʦʜʘʶʪʴ ʢʦʙʘʣʴʪʫ 

ʩʫʣʴʬʘʪ (CoSO4Ŀ7ʅ2O) ʪʘ ʢʘʣʽʶ ʧʽʨʦʬʦʩʬʘʪ (K4P2O7). ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʚʩʝ ʟʤʽʰʫʶʪʴ, ʘʣʝ ʦʙʦʚôʷʟʢʦʚʦ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʫʪʚʦʨʝʥʥʷ 

ʥʝʨʦʟʯʠʥʥʠʭ ʦʩʘʜʽʚ ʧʦʪʨʽʙʥʦ ʜʦʜʘʚʘʪʠ ʜʨʫʛʠʡ ʨʦʟʯʠʥ ʜʦ ʧʝʨʰʦʛʦ. 

¶ Co-Mo-ZrO2: ʨʦʟʯʠʥ ʥʘʪʨʽʶ ʮʠʪʨʘʪ (Na3C6H5O7Ŀ2 ʅ2O) 

ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʪʨʠ ʯʘʩʪʠʥʠ, ʚ ʧʝʨʰʫ ʯʘʩʪʠʥʫ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʜʦʜʘʶʪʴ 

ʥʘʪʨʽʶ ʤʦʣʽʙʜʘʪ (Na2MoO4Ŀ2H2O), ʚ ʜʨʫʛʫ ï ʮʠʨʢʦʥʽʶ ʩʫʣʴʬʘʪ 

(Zr(SO4)2Ŀ4H2O). ɼʦ ʪʨʝʪʴʦʾ ʯʘʩʪʠʥʽ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ 

ʧʦʩʪʫʧʦʚʦ ʜʦʜʘʶʪʴ ʢʦʙʘʣʴʪʫ ʩʫʣʴʬʘʪ (CoSO4Ŀ7ʅ2O) ʪʘ ʢʘʣʽʶ ʧʽʨʦʬʦʩʬʘʪ 

(K4P2O7). ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʧʨʠʛʦʪʫʚʘʥʥʷ ʚʩʝ ʟʤʽʰʫʶʪʴ, ʘʣʝ ʦʙʦʚôʷʟʢʦʚʦ 

ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʫʪʚʦʨʝʥʥʷ ʥʝʨʦʟʯʠʥʥʠʭ ʦʩʘʜʽʚ ʧʦʪʨʽʙʥʦ ʜʦʜʘʚʘʪʠ ʜʨʫʛʠʡ 

ʨʦʟʯʠʥ ʜʦ ʧʝʨʰʦʛʦ. 

¶ Co-W-ZrO2: ʨʦʟʯʠʥ ʥʘʪʨʽʶ ʮʠʪʨʘʪ (Na3C6H5O7Ŀ2 ʅ2O) ʨʦʟʜʽʣʷʶʪʴ 

ʥʘ ʪʨʠ ʯʘʩʪʠʥʠ, ʚ ʧʝʨʰʫ ʯʘʩʪʠʥʫ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʜʦʜʘʶʪʴ ʥʘʪʨʽʶ 

ʚʦʣʴʬʨʘʤʘʪ (Na2WO4Ŀ2H2O), ʚ ʜʨʫʛʫ ï ʮʠʨʢʦʥʽʶ ʩʫʣʴʬʘʪ (Zr(SO4)2Ŀ4H2O). ɼʦ 

ʪʨʝʪʴʦʾ ʯʘʩʪʠʥʽ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʧʦʩʪʫʧʦʚʦ ʜʦʜʘʶʪʴ ʢʦʙʘʣʴʪʫ 
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ʩʫʣʴʬʘʪ (CoSO4Ŀ7ʅ2O) ʪʘ ʢʘʣʽʶ ʧʽʨʦʬʦʩʬʘʪ (K4P2O7). ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʚʩʝ ʟʤʽʰʫʶʪʴ, ʘʣʝ ʦʙʦʚôʷʟʢʦʚʦ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʫʪʚʦʨʝʥʥʷ 

ʥʝʨʦʟʯʠʥʥʠʭ ʦʩʘʜʽʚ ʧʦʪʨʽʙʥʦ ʜʦʜʘʚʘʪʠ ʜʨʫʛʠʡ ʨʦʟʯʠʥ ʜʦ ʧʝʨʰʦʛʦ. 

ʊʘʙʣʠʮʷ 2.1 ï  ʉʢʣʘʜʠ ʝʣʝʢʪʨʦʣʽʪʽʚ ʜʣʷ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʥʘ ʦʩʥʦʚʽ ʩʧʣʘʚʽʚ ʢʦʙʘʣʴʪʫ 

ʂʦʤʧʦʥʝʥʪʠ 

ʝʣʝʢʪʨʦʣʽʪʫ 

ɼʽʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʽʡ, 

ʤʦʣʴ/ʜʤ3 

ɺʦʜʥʝʚʠʡ 

ʧʦʢʘʟʥʠʢ ʨʦʟʯʠʥʽʚ 

Co-Mo-WOx 

CoSO4 Ŀ 7 H2O 0,1 ï 0,2 

8,5ï10,5 

Na2MoO4 Ŀ 2 H2O 0,04 ï 0,12 

Na2WO4 Ŀ 2 H2O 0,06 ï 0,16 

Na3C6H5O7Ŀ2 ʅ2O 0,2 ï 0,3 

K4P2O7 0,3 ï 0,7 

Na2SO4 0,3 ï 0,5 

Co-Mo-ZrO2 

CoSO4 Ŀ 7 H2O 0,1 ï 0,3 

7,0ï10,5 

Na2MoO4 Ŀ 2 H2O 0,02 ï 0,1 

Zr(SO4)2Ŀ4H2O 0,01 ï 0,05 

Na3C6H5O7Ŀ2 ʅ2O 0,1 ï 0,3 

K4P2O7 0,1 ï 0,2 

Na2SO4 0,3 ï 0,5 

Co-W-ZrO2 

CoSO4 Ŀ 7 H2O 0,1 ï 0,3 

6,0 ï 10,5 

Na2WO4 Ŀ 2H2O 0,02 ï 0,1 

Zr(SO4)2Ŀ4H2O 0,01 ï 0,05 

Na3C6H5O7Ŀ2 ʅ2O 0,1 ï 0,3 

K4P2O7 0,1 ï 0,2 

Na2SO4 0,3 ï 0,5 
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ɺʩʽ ʨʦʟʯʠʥʠ ʝʣʝʢʪʨʦʣʽʪʽʚ ʜʦʚʦʜʠʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʜʦ 

ʥʝʦʙʭʽʜʥʦʛʦ ʦʙôʻʤʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʽʦʥʥʠʭ ʨʽʚʥʦʚʘʛ ʪʘ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ. ʂʠʩʣʦʪʥʽʩʪʴ 

ʝʣʝʢʪʨʦʣʽʪʽʚ ʢʦʨʝʛʫʚʘʣʠ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʥʘʪʨʽʶ ʛʽʜʨʦʢʩʠʜʫ ʘʙʦ ʩʫʣʴʬʘʪʥʦʾ 

ʢʠʩʣʦʪʠ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʤʦʜʝʣʴʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ (ʪʘʙʣ. 2.2).  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʢʽʥʝʪʠʢʠ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʝʣʝʢʪʨʦʜʥʠʭ 

ʧʨʦʮʝʩʽʚ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ ʚʦʣʴʬʨʘʤʦʤ, ʤʦʣʽʙʜʝʥʦʤ ʽ ʮʠʨʢʦʥʽʻʤ 

ʛʦʪʫʚʘʣʠ ʨʦʟʚʝʜʝʥʽ ʨʦʟʯʠʥʠ, ʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʢʦʤʧʦʥʝʥʪʽʚ ʚʘʨʽʶʚʘʣʠ ʚ ʤʝʞʘʭ, 

ʤʦʣʴ/ʜʤ3:  

ʉʦSO4Ŀ7H2O  0,005 - 0,02;  

Na2MoO4Ŀ2H2O  0,002 - 0,01;  

Na2WO4Ŀ2H2O  0,002 - 0,01;  

Na3C6H5O7Ŀ2H2O  0,01 - 0,05; 

ʂ4P2O7   0,01 - 0,03; 

Zr(SO4)2Ŀ4H2O  0,001 - 0,005; 

Na2SO4   1,0.  

ɿʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ ʥʝʩʪʽʡʢʦʩʪʽ ʢʦʤʧʣʝʢʩʽʚ Kʥ ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ  ʧʦʪʝʥʮʽʦʤʝʪʨʽʾ  ʥʘ  ʢʦʙʘʣʴʪʦʚʠʭ  ʽ  ʮʠʨʢʦʥʽʻʚʠʭ  ʝʣʝʢʪʨʦʜʘʭ  

ʫ ʨʦʟʯʠʥʘʭ, ʚ ʷʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʶ ʢʦʤʧʦʥʝʥʪʽʚ ʟʤʽʥʶʚʘʣʠ ʫ ʤʝʞʘʭ,  

ʤʦʣʴ/ʜʤ3: CoSO4Ŀ7 ʅ2O ï 1Ŀ10ï3ï 5Ā10ï3, Na2WO4Ŀ2 H2O ï 5Ŀ10ï3ï1Ŀ10ï1, 

Na2MoO4Ŀ2 H2O ï 5Ŀ10ï3ï1Ŀ10ï1, Zr(SO4)2Ŀ4H2O ï 2Ŀ10ï3 ï 4Ā10ï2, ʘ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʣʽʛʘʥʜʽʚ Na3C6H5O7Ŀ2 ʅ2O, K4P2O7 ʚʘʨʽʶʚʘʣʠ ʚ ʤʝʞʘʭ  

5Ŀ10ï3ï1Ŀ10ï1. ʇʦʩʪʽʡʥʫ ʽʦʥʥʫ ʩʠʣʫ (ɯʩ = 1) ʨʦʟʯʠʥʫ ʧʽʜʪʨʠʤʫʚʘʣʠ ʚʚʝʜʝʥʥʷʤ 

ʥʘʪʨʽʶ ʩʫʣʴʬʘʪʫ. 
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ʊʘʙʣʠʮʷ 2.2 - ʄʦʜʝʣʴʥʽ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-Mo-WOx, Co-Mo-ZrO2 ʽ Co-W-ZrO2 

ɺʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʚʽʚ 
ʄʦʜʝʣʴʥʝ 

ʩʝʨʝʜʦʚʠʱʝ  

ʉʢʣʘʜ ʨʦʟʯʠʥʫ,  

ʤʦʣʴ/ʜʤ3 

ʂʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ 

ʨʅ 3 
1 Na2SO4 

0,001 H2SO4 

ʨʅ 6,5 
1 Na2SO4 

0,05 NaCl 

ʨʅ 10,5 
1 Na2SO4 

0,001 NaOH 

ʂʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ 

ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʨʝʘʢʮʽʾ 

ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ 

ʨʅ 3 
1 Na2SO4 

0,001 H2SO4 

ʨʅ 6,25 1 Na2SO4 

ʨʅ 10,5 
1 Na2SO4 

0,001 NaOH 

ʂʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ 

ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʨʝʘʢʮʽʾ 

ʦʢʠʩʥʝʥʥʷ ʤʝʪʘʥʦʣʫ 

ʨʅ 11,5 

0,1 NaOH 

0,1 NaOH 

1 ʉʅ3ʆʅ 

ʂʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ 

ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʨʝʘʢʮʽʾ 

ʦʢʠʩʥʝʥʥʷ ʝʪʘʥʦʣʫ 

ʨʅ 11,5 

0,1 NaOH 

0,1 NaOH 

1 ʉ2ʅ5ʆʅ 

ʌʦʪʦʢʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʫ 

ʨʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ ʤʝʪʠʣʦʚʦʛʦ 

ʞʦʚʪʦʛʘʨʷʯʦʛʦ 

 

1,2Ŀ10-5 ʘʟʦʙʘʨʚʥʠʢ 

ʤʝʪʠʣʦʚʠʡ 

ʞʦʚʪʦʛʘʨʷʯʠʡ 

2.3 ʂʦʤʽʨʢʠ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ɺʩʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʘʥʜʘʨʪʥʽʡ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʢʦʤʽʨʮʽ 

ʗʉɽ-2 ʊʋ 25-05, ʘ ʪʘʢʦʞ ʫ ʢʦʤʽʨʮʽ ʩʧʝʮʽʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʚʠʛʦʪʦʚʣʝʥʦʾ ʜʣʷ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ [150]. ʋʜʦʩʢʦʥʘʣʝʥʠʡ ʚʘʨʽʘʥʪ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 
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ʜʘʥʦʾ ʨʦʙʦʪʠ ʷʚʣʷʚ ʩʦʙʦʶ ʛʝʨʤʝʪʠʯʥʫ ʮʠʣʽʥʜʨʠʯʥʫ ʩʢʣʷʥʫ ʻʤʥʽʩʪʴ, ʚʝʨʭʥʷ 

ʯʘʩʪʠʥʘ ʷʢʦʾ ʤʘʻ ʪʨʠ ʚʭʦʜʠ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ ʰʣʽʬʘʤʠ. ʉʝʨʝʜʥʽʡ ʟ ʥʠʭ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʨʝʰʪʘ ï ʜʣʷ ʜʦʧʦʤʽʞʥʦʛʦ ʪʘ ʝʣʝʢʪʨʦʜʘ 

ʧʦʨʽʚʥʷʥʥʷ.  

2.4 ʊʝʭʥʽʯʥʽ ʧʨʠʣʘʜʠ ʪʘ ʫʩʪʘʪʢʫʚʘʥʥʷ 

ɿʚʘʞʫʚʘʥʥʷ ʨʝʘʢʪʠʚʽʚ ʽ ʟʨʘʟʢʽʚ ʚʠʢʦʥʫʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʣʝʢʪʨʦʥʥʠʭ ʪʝʨʝʟʽʚ ʤʘʨʢʠ AD100 ʬʽʨʤʠ AXIS (ʢʣʘʩ ʪʦʯʥʦʩʪʽ 3, ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ 0,001 ʛ) ʟʘ ɼʉʊʋ 7270:2012. 

ɺʠʤʽʨʶʚʘʥʥʷ ʟʥʘʯʝʥʴ ʧʦʪʝʥʮʽʘʣʫ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʩʦʢʦʦʤʥʦʛʦ ʚʦʣʴʪʤʝʪʨʘ ɺ7-35 ʽ ʢʦʤʙʽʥʦʚʘʥʠʤ ʮʠʬʨʦʚʠʤ ʧʨʠʣʘʜʦʤ 

ʑ 4300. ɽʣʝʢʪʨʠʯʥʠʡ ʢʦʥʪʘʢʪ ʤʽʞ ʚʽʜʜʽʣʝʥʥʷʤʠ ʢʦʤʽʨʢʠ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʦʣʴʦʚʦʛʦ ʤʽʩʪʢʘ, ʟʘʧʦʚʥʝʥʦʛʦ ʥʘʩʠʯʝʥʠʤ ʨʦʟʯʠʥʦʤ ʢʘʣʽʶ 

ʭʣʦʨʠʜʫ, ʟʘʛʫʱʝʥʦʛʦ ʘʛʘʨ-ʘʛʘʨʦʤ. 

ʊʝʨʤʦʩʪʘʪʫʚʘʥʥʷ ʢʦʤʽʨʦʢ ʟʜʽʡʩʥʶʚʘʣʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʠ ʈʊ-049 ʚ ʢʦʤʧʣʝʢʪʽ ʟ ʪʝʨʤʦʤʝʪʨʦʤ ʦʧʦʨʫ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ɼʉʊʋ 2858:2015.  

ʄʘʛʥʽʪʥʫ ʤʽʰʘʣʢʫ ʤʘʨʢʠ ʄʄ-5 ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʧʽʜʽʛʨʽʚʫ ʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʽʚ. ʇʨʠʥʮʠʧ ʾʾ ʜʽʾ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʥʝʨʛʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʩʪʚʦʨʶʚʘʥʦʛʦ ʦʙʝʨʪʦʚʠʤ ʤʘʛʥʽʪʦʤ, 

ʷʢʠʡ ʽ ʧʝʨʝʜʘʻ ʨʫʭ ʧʝʨʝʤʽʰʫʶʯʦʤʫ ʩʪʨʠʞʥʶ. ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʽʚ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦ 100 ʛʨʘʜʫʩʽʚ (ʚʽʜʭʠʣʝʥʥʷ - ʥʝ ʙʽʣʴʰʝ 1Áʉ). 

ʊʘʢʦʞ ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ  

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ɸʧʘʨʘʪ ʤʦʞʝ ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʤʽʰʫʚʘʪʠ ʨʦʟʯʠʥʠ  

ʝʣʝʢʪʨʦʣʽʪʽʚ ʽ ʟʜʽʡʩʥʶʚʘʪʠ ʾʭ ʧʽʜʽʛʨʽʚ. ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʢʦʨʧʫʩʫ ʧʨʠʣʘʜʫ 

ʨʦʟʪʘʰʦʚʘʥʘ ʨʦʙʦʯʘ ʢʘʤʝʨʘ ʟ ʥʘʛʨʽʚʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ ʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʦʤ. ʅʘ 

ʰʪʘʪʠʚʽ ʟʘʢʨʽʧʣʝʥʠʡ ʟʥʽʤʥʠʡ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʠʡ ʟʘʥʫʨʶʻʪʴʩʷ ʚ 

ʨʽʜʠʥʫ. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ ʡʦʛʦ ʧʦʢʘʟʥʠʢʠ ʢʦʥʪʨʦʣʶʶʪʴʩʷ 

ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʦʤ. 
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ɺʠʟʥʘʯʝʥʥʷ ʪʘ ʢʦʥʪʨʦʣʴ ʧʦʢʘʟʥʠʢʘ ʨʅ ʨʦʟʯʠʥʽʚ ʪʘ ʝʣʝʢʪʨʦʣʽʪʽʚ 

ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ ʨʅ-150 M ʟʽ ʩʢʣʷʥʠʤ ʝʣʝʢʪʨʦʜʦʤ  

ʕʉʃ-6307. 

ʅʘʥʝʩʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʫ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ 

ʟʜʽʡʩʥʶʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʞʝʨʝʣʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ɹ5-47, ʘ ʦʩʘʜʞʝʥʥʷ 

ʫʥʽʧʦʣʷʨʥʠʤ ʽʤʧʫʣʴʩʥʠʤ ʩʪʨʫʤʦʤ ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʪʝʥʮʽʦʩʪʘʪʫ 

ʇɯ-50-1.1 ʟ ʧʨʦʛʨʘʤʘʪʦʨʦʤ ʇʈ-8. ʄʝʞʘ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʦʾ 

ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʚʽʜ ʧʦʪʝʥʮʽʦʩʪʘʪʫ ʇɯ-50.1 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ D1 = °(1 + 0,001|U|) ʤɺ.  

ʇʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ (ʣʽʥʽʡʥʫ ʪʘ ʮʠʢʣʽʯʥʫ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʶ) ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʪʝʥʮʽʦʩʪʘʪʫ ʇʀ-50-1.1, 

ʩʧʦʨʷʜʞʝʥʦʛʦ ʧʨʦʛʨʘʤʘʪʦʨʦʤ ʇʈ-8 ʪʘ ʧʣʘʪʦʶ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʦʥ-ʣʘʡʥ 

ʨʝʻʩʪʨʘʮʽʾ ʜʘʥʠʭ ʟʽ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʶ ʧʨʦʛʨʘʤʦʶ ʜʣʷ ʦʮʠʬʨʫʚʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ. ʐʚʠʜʢʽʩʪʴ ʨʦʟʛʦʨʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʩʢʣʘʜʘʣʘ 

0,002 - 0,1 ɺ/ʩ. ʉʪʨʫʤ, ʱʦ ʨʝʻʩʪʨʫʚʘʚʩʷ, ʚʽʜʥʦʩʠʣʠ ʜʦ ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ. ʂʨʽʤ ʪʦʛʦ, ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʩʝʨʪʠʬʽʢʦʚʘʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʄʊʝch PGP-550S ʜʣʷ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʟ ʧʨʦʛʨʘʤʥʠʤ 

ʢʝʨʫʚʘʥʥʷʤ, ʨʦʟʨʦʙʣʝʥʝ ʫ ʃʴʚʽʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ 

ʽʤ. ɯ. ʌʨʘʥʢʘ.  

ʄʘʪʝʤʘʪʠʯʥʫ ʽ ʛʨʘʬʽʯʥʫ ʦʙʨʦʙʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ 

ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʮʝʥʟʽʡʥʦʛʦ ʪʘ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

2.5 ʈʝʞʠʤʠ ʝʣʝʢʪʨʦʣʽʟʫ  

ʆʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʜʚʦʭ ʨʝʞʠʤʘʭ 

ʝʣʝʢʪʨʦʣʽʟʫ:  

- ʫ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʧʨʠ ʛʫʩʪʠʥʽ ʩʪʨʫʤʫ 2  12 ɸ/ʜʤ2; 
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 ʫʥʽʧʦʣʷʨʥʠʤ ʽʤʧʫʣʴʩʥʠʤ ʩʪʨʫʤʦʤ ʟ ʘʤʧʣʽʪʫʜʦʶ 2 ï 20 ɸ/ʜʤ2, ʚ 

ʨʦʙʦʯʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ 1Ö10ï3 ï 5Ö10ï2 ʩ ʽ ʧʘʫʟʠ  

2Ö10ï3 ï 5Ö10ï2 ʩ.  

ʇʨʦʮʝʩ ʦʩʘʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜ 298 - 338 ʂ. 

ɽʣʝʢʪʨʦʣʽʟ ʧʨʦʚʦʜʠʣʠ ʚ ʩʢʣʷʥʽʡ ʢʦʤʽʨʮʽ ʟʘ ʜʚʦʭʝʣʝʢʪʨʦʜʥʦʶ ʩʭʝʤʦʶ  

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʨʘʣʝʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʝʨʦʟʯʠʥʥʠʭ ʘʥʦʜʽʚ ʟ 

ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʤʘʨʢʠ ʍ18ʅ10ʊ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ ʢʘʪʦʜʘ ʽ ʘʥʦʜʘ 

ʜʦʪʨʠʤʫʚʘʣʠ ʫ ʤʝʞʘʭ 1 : (5 ï 10), ʦʙôʻʤʥʫ ʛʫʩʪʠʥʫ ʩʪʨʫʤʫ ʧʽʜʪʨʠʤʫʚʘʣʠ ʥʘ 

ʨʽʚʥʽ 2 ɸ/ʜʤ3 ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʝʛʨʽʚʫ ʝʣʝʢʪʨʦʣʽʪʫ ʽ ʚʧʣʠʚʫ 

ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʩʠʣʦʚʠʭ ʣʽʥʽʡ ʝʣʝʢʪʨʦ-ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʢʘʪʦʜʥʠʡ ʧʨʦʮʝʩ. 

2.6 ʄʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ  

2.6.1 ʇʦʪʝʥʮʽʦʤʝʪʨʽʷ  

ʉʪʘʮʽʦʥʘʨʥʽ ʧʦʪʝʥʮʽʘʣʠ ʨʦʙʦʯʠʭ ʝʣʝʢʪʨʦʜʽʚ ʽ ʥʘʧʨʫʛʫ ʥʘ ʝʣʝʢʪʨʦʣʽʟʝʨʽ 

ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʦʤʥʠʭ ʚʦʣʴʪʤʝʪʨʽʚ ɺ7-35 ʠ ɺ2-36, 

ʧʦʯʘʪʢʦʚʠʡ ʦʧʽʨ ʷʢʠʭ ʩʢʣʘʜʘʻ ʥʝ ʤʝʥʰ ʥʽʞ 1010 ʆʤ. ɺʠʤʽʨʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʜʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ (22 ° 1) Áʉ.  

2.6.2 ʃʽʥʽʡʥʘ ʪʘ ʮʠʢʣʽʯʥʘ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʷ 

ɹʫʜʴ ʷʢʠʡ ʝʣʝʢʪʨʦʜʥʠʡ ʧʨʦʮʝʩ ʷʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʫ ʛʝʪʝʨʦʛʝʥʥʫ 

ʨʝʘʢʮʽʶ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʷʜʫ ʧʦʩʣʽʜʦʚʥʠʭ ʽ ʧʘʨʘʣʝʣʴʥʠʭ ʩʪʘʜʽʡ, ʪʦʤʫ 

ʟʘʚʜʘʥʥʷʤ ʢʽʥʝʪʠʢʠ ʝʣʝʢʪʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʟʤʫ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʢʽʣʴʢʦʩʪʽ ʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʪʘʜʽʡ, ʧʨʠʨʦʜʫ ʢʦʞʥʦʾ ʟ 

ʥʠʭ, ʾʭʥʽ ʘʙʩʦʣʶʪʥʽ ʽ ʚʽʜʥʦʩʥʽ ʰʚʠʜʢʦʩʪʽ, ʟôʷʩʫʚʘʥʥʷ ʧʨʠʨʦʜʠ ʩʧʦʚʽʣʴʥʝʥʦʾ 

ʩʪʘʜʽʾ (ʪʘʙʣ. 2.3). ɺʠʥʠʢʥʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʦʚôʷʟʘʥʝ ʟ ʪʽʻʶ ʩʪʘʜʽʻʶ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʰʚʠʜʢʽʩʪʴ ʫʩʴʦʛʦ ʧʨʦʮʝʩʫ, ʪʦʙʪʦ ʻ 

ʥʘʡʙʽʣʴʰ ʩʧʦʚʽʣʴʥʝʥʦʶ [129]. 
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ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʠ ʣʽʤʽʪʫʶʯʦʾ ʩʪʘʜʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʛʨʫʧʫ ʚʦʣʴʪʘʤʧʝʪʨʦʤʝʪʨʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʧʦʣʷʛʘʶʪʴ ʚ 

ʦʪʨʠʤʘʥʥʽ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʤʽʞʬʘʟʦʚʦʾ ʤʝʞʽ ʧʦʣʷʨʠʟʦʚʘʥʠʡ 

ʝʣʝʢʪʨʦʜ ï ʨʦʟʯʠʥ ʝʣʝʢʪʨʦʣʽʪʫ ʪʘ ʥʘʩʪʫʧʥʽʡ ʾʭ ʦʙʨʦʙʮʽ [151]. 

ʊʘʙʣʠʮʷ 2.3 ï ʉʧʦʚʽʣʴʥʝʥʽ ʩʪʘʜʽʾ ʝʣʝʢʪʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʇʨʠʨʦʜʘ ʩʧʦʚʽʣʴʥʝʥʦʾ ʩʪʘʜʽʾ ɺʠʜ ʧʝʨʝʥʘʧʨʫʛʠ 

ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʫʯʘʩʥʠʢʽʚ ʨʝʘʢʮʽʾ ʜʦ/ʚʽʜ 

ʤʝʞʽ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʜ ï ʝʣʝʢʪʨʦʣʽʪ 

ʜʠʬʫʟʽʡʥʘ 

ɻʦʤʦʛʝʥʥʽ ʘʙʦ ʛʝʪʝʨʦʛʝʥʥʽ ʭʽʤʽʯʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʝʟ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʘ 

ʭʽʤʽʯʥʘ 

ʇʝʨʝʭʽʜ ʝʣʝʢʪʨʦʥʽʚ ʯʝʨʝʟ ʬʘʟʦʚʫ ʤʝʨʝʞʫ 

ʝʣʝʢʪʨʦʜ ï ʝʣʝʢʪʨʦʣʽʪ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʘ 

ʇʦʙʫʜʦʚʘ (ʘʙʦ ʨʫʡʥʫʚʘʥʥʷ) ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʨ̌ʘʪʢʠ 

ʬʘʟʦʚʘ (ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʘ) 

ɿʛʽʜʥʦ ʄʘʮʫʜʘ ʐ. ʽ ɸʷʙʝ ɯ. ʝʣʝʢʪʨʦʜʥʽ ʧʨʦʮʝʩʠ ʢʣʘʩʠʬʽʢʫʶʪʴ ʽʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ ks ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ s (ʪʘʙʣ. 2.4) [152]. ɺ ʤʝʪʦʜʘʭ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʽʥʽʡʥʫ ʨʦʟʛʦʨʪʢʫ ʧʦʪʝʥʮʽʘʣʫ, ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ks 

ʥʘʙʫʣʘ ʩʝʥʩʫ ʛʦʣʦʚʥʦʛʦ ʢʽʥʝʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʘʜʽʾ. 

ʊʘʙʣʠʮʷ 2.4 ï ɿʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ ʰʚʠʜʢʦʩʪʽ ʩʪʘʜʽʾ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ 

ʜʣʷ ʧʨʦʮʝʩʽʚ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʦʙʦʨʦʪʥʦʩʪʽ  

ʇʨʦʮʝʩ ks, ʩʤ/ʩ ks =f(s), ʩʤ/ʩ 

ʦʙʦʨʦʪʥʠʡ Ó 2 Ț 10-2 > 0,3 ãzs 

ʢʚʘʟʽʦʙʦʨʦʪʥʠʡ 2 Ț 10-2 ï 5 Ț 10-5  2 Ț 10-5ãzs ï 0,3 ãzs 

ʥʝʦʙʦʨʦʪʥʠʡ Ò 5 Ț 10-5  < 2 Ț 10-5ãzs 
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ʋ ʤʝʪʦʜʽ ʣʽʥʽʡʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ (ʃɺɸ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʽʥʽʡʥʫ 

ʨʦʟʛʦʨʪʢʫ ʧʦʪʝʥʮʽʘʣʫ. ʐʚʠʜʢʘ ʟʤʽʥʘ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʢʣʠʢʘʻ ʧʦʷʚʫ ʧʽʢʽʚ ʥʘ 

ʧʦʣʷʨʠʟʘʮʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ. ʂʽʣʴʢʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʜʝʨʞʫʚʘʥʠʤʠ 

ʤʝʪʦʜʦʤ ʃɺɸ, ʻ ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʧʽʢʘ ʧ̔, ʧʦʪʝʥʮʽʘʣ ʧʽʢʫ ɽʧ, ʘ ʪʘʢʦʞ ʧʦʪʝʥʮʽʘʣ 

ʥʘʧʽʚʧʽʢʫ ɽʧ/2, ʧʨʠ ʷʢʦʤʫ ʩʪʨʫʤ ʩʷʛʘʻ ʧʦʣʦʚʠʥʠ ʩʚʦʛʦ ʟʥʘʯʝʥʥʷ. 

2.6.3 ɺʠʟʥʘʯʝʥʥʷ ʦʙʦʨʦʪʥʦʩʪʽ ʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʮʝʩʫ 

ʇʦʪʝʥʮʽʘʣ ʧʽʢʘ ʜʣʷ ʦʙʦʨʦʪʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ, ʨʽʟʥʠʮʷ ɽʧ ʽ ɽ
0 ʧʨʠ 25 Üʉ ʩʪʘʥʦʚʠʪʴ 

28,5/z ʤɺ: 

   ( )
1/ 2

0

ʧ ln 0,0285O

R

RT D
E E z

F D

å õ
- + =æ ö

ç ÷
,         (2.1) 

ʪʦʜʽ ʷʢ ʧʦʪʝʥʮʽʘʣʠ ʧʽʢʫ ʽ ʥʘʧʽʚʧʽʢʫ ʧʦʚ'ʷʟʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [142] 

ʧ 1/21,1
RT

E E
zF

= - .     (2.2) 

ɼʣʷ ʫʪʦʯʥʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʨʝʘʢʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʽʟʥʠʮʶ ʧʦʪʝʥʮʽʘʣʽʚ 

ʢʘʪʦʜʥʦʛʦ
ʧʢE  ʽ ʘʥʦʜʥʦʛʦ ʧʽʢʽʚ 

ʧʘE ʽ ʚʽʜʧʦʚʽʜʥʫ ʨʽʟʥʠʮʶ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘʧʽʚʧʽʢʽʚ 

ʧʢ/2E ʽ 
ʧ /2ʘE  

ʧʢ ʧʘ2,22
RT

E ɽ
zF

- = ,               (2.3) 

 ʧʢ/2 ʧʘ/22,18
RT

E ɽ
zF

- = ,          (2.4) 

ʷʢʽ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʙʦʨʦʪʥʦʩʪʽ ʧʨʦʮʝʩʫ ʽ ʜʣʷ ʯʠʩʣʘ 

ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʩʪʘʜʽʾ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ. 

ʊʦʤʫ ʧʨʦ ʦʙʦʨʦʪʥʽʩʪʴ ʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʩʚʽʜʯʘʪʴ ʪʘʢʽ ʢʨʠʪʝʨʽʾ: 

1) ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ ʧʽʢʽʚ (
ʧ ʧa ʧʢE E ED = -), ʱʦ ʜʦʨʽʚʥʶʻ 

[ ])zF/(RT109,12Ö  ʘʙʦ 57,0 ʤɺ ʧʨʠ 1z=  ʽ 298 ʂ, ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ s [154]; 

2) ʚʽʜʥʦʰʝʥʥʷ ʛʫʩʪʠʥʠ ʩʪʨʫʤʽʚ ʧ̔ʘ/ ʧ̔ʢ  ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ s [151, 153 ï 155]; 
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3) ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʧʽʢʫ ʟʨʦʩʪʘʻ ʣʽʥʽʡʥʦ ʟ ʨʦʩʪʦʤ 2/1s , ʘ ʢʨʠʪʝʨʽʡ  ʧ̔Ŀs
İ 

ʪʘʢʦʞ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ s [156]; 

4) ʰʠʨʠʥʘ ʧʽʢʫ (ʧ2/ʧʰ ɽɽɽ -= , ʜʝ ɽʧ/2 ï ʧʦʪʝʥʮʽʘʣ ʥʘʧʽʚʧʽʢʫ, ʧʨʠ 

ʷʢʦʤʫ i=iʧ/2), ʜʦʨʽʚʥʶʻ [ ])zF/(RT109,12 ÖÖ  [157];  

5) ʚʽʜʥʦʰʝʥʥʷ ʧ̔/ʩ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ c ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡ [156]. 

ʅʝʚʠʢʦʥʘʥʥʷ ʭʦʯʘ ʙ ʦʜʥʦʛʦ ʟ ʚʠʱʝʥʘʟʚʘʥʠʭ ʢʨʠʪʝʨʽʾʚ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʝʦʙʦʨʦʪʥʽʩʪʴ ʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʮʝʩʫ. 

2.6.4 ʈʦʟʨʘʭʫʥʦʢ ʯʠʩʣʘ ʝʣʝʢʪʨʦʥʽʚ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʥʝʩʝʥʥʷ 

ɺʠʟʥʘʯʝʥʥʷ ʜʦʙʫʪʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʥʝʩʝʥʥʷ ʥʘ ʯʠʩʣʦ ʝʣʝʢʪʨʦʥʽʚ 

ʤʦʞʣʠʚʦ ʥʘʩʪʫʧʥʠʤʠ ʰʣʷʭʘʤʠ: 

1) ʟʘ ʨʽʚʥʷʥʥʷʤ ʗ. ɻʦʭʰʪʝʡʥʘ, ʱʦ ʟʚ'ʷʟʫʻ ʩʪʨʫʤ ʟ ʧʦʪʝʥʮʽʘʣʦʤ ʫ 

ʟʨʫʯʥʽʡ ʬʦʨʤʽ [153, 155], ʟ ʥʘʭʠʣʫ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ɽʧïɽ
0 ï lg ʧ̔; 

2) ʧʦ ʢʫʪʦʚʦʤʫ ʢʦʝʬʽʮʽʻʥʪʫ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 
ʧ lgE s-  [158]: 

2,303RT
z

kF
a = ,     (2.5) 

3) ʥʘʙʣʠʞʝʥʝ ʟʥʘʯʝʥʥʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʦʜʥʦʛʦ ʜʦʩʣʽʜʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ ʄʘʮʫʜʘ ʽ ɸʷʙʝ [154]: 

       ʧ ʧ/2 1,85
RT

E E
zFa

- =- .     (2.6) 

2.6.5 ʈʦʟʨʘʭʫʥʦʢ ʢʨʠʪʝʨʽʶ ʉʝʤʝʨʘʥʦ 

ʂʨʠʪʝʨʽʡ ʉʝʤʝʨʘʥʦ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟ ʢʽʥʝʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʧʽʢʫ ʦʙʦʨʦʪʥʦʛʦ ʧʨʦʮʝʩʫ: 

    oo csAD
RT

zF
I 2/12/1

2/1

2/3

ʧ
)(

)(
446,0= ,    (2.7) 

ʃʦʛʘʨʠʬʤʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ (2.7) ʽ ʜʘʻ ʢʨʠʪʝʨʽʡ ʜʽʘʛʥʦʩʪʠʢʠ ʦʙʦʨʦʪʥʦʩʪʽ 

ʧʨʦʮʝʩʫ [154] 
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s

I
X öö

÷

õ
ææ
ç

å

D

D
=

lg

lg ʧ .      (2.8) 

ɿʥʘʯʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0 ʜʦ 1. ɼʣʷ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʣʽʤʽʪʫʶʪʴʩʷ ʜʠʬʫʟʽʻʶ, ʭʽʤʽʯʥʦʶ ʨʝʘʢʮʽʻʶ, ʘ ʪʘʢʦʞ ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ, 

Xs = 0,5. ɿʥʘʯʝʥʥʷ ʚʽʜ 0,5 ʜʦ 1 ʚʢʘʟʫʻ ʥʘ ʘʜʩʦʨʙʮʽʡʥʽ ʫʩʢʣʘʜʥʝʥʥʷ 

ʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʜʣʷ ʢʘʪʘʣʽʪʠʯʥʠʭ ʨʝʘʢʮʽʡ Xs = 0. 

ɯʟ ʟʘʣʝʞʥʦʩʪʽ ʩʪʨʫʤʫ ʧʽʢʘ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʟʥʘʯʘʣʠ ʽʥʰʠʡ ʢʨʠʪʝʨʽʡ: 

        

s

c
c

I
X öö

÷

õ
ææ
ç

å

D

D
=

lg

lg ʧ .      (2.9) 

ɿʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʍʩ ʜʣʷ ʧʨʦʮʝʩʽʚ, ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʜʠʬʫʟʽʻʶ ʘʙʦ 

ʦʙʦʨʦʪʥʠʤ ʽ ʥʝʦʙʦʨʦʪʥʠʤ ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ, ʪʘʢʦʞ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ 

ʝʣʝʢʪʨʦʜʘ, ʽ ʥʘʙʣʠʞʝʥʦ ʜʦ ʦʜʠʥʠʮʽ. ɼʣʷ ʢʘʪʘʣʽʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʍʩ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʽʥʪʝʨʚʘʣʽ 0,5 ï 1. 

2.6.6 ʇʦʙʫʜʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʽ ʚʠʟʥʘʯʝʥʥʷ ʣʽʤʽʪʫʶʯʦʾ 

ʩʪʘʜʽʾ 

ʇʨʠʨʦʜʫ ʩʪʘʜʽʾ, ʱʦ ʣʽʤʽʪʫʻ ʝʣʝʢʪʨʦʜʥʠʡ ʧʨʦʮʝʩ, ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʭʘʨʘʢʪʝʨʦʤ ʟʤʽʥʝʥʥʷ ʬʫʥʢʮʽʾ ʩʪʨʫʤʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ, ʧʦ 

ʟʘʣʝʞʥʦʩʪʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʪʨʫʤʽʚ ʧʽʢʽʚ ʧ̔ʘ/ ʧ̔ʢ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ 

ʧʦʪʝʥʮʽʘʣʫ ʽ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʟʤʽʥʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʧʽʢʫ ʚʽʜ s (ʪʘʙʣ. 2.5). 

2.6.7 ʂʦʥʩʪʘʥʪʫ ʰʚʠʜʢʦʩʪʽ ʩʪʘʜʽʾ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ ɻʦʭʰʪʝʡʥʘ [153] 

ö
÷

õ
æ
ç

åa
= ʧ

ʧ
f exp35,4 E

RT

zF

zFcA

I
k .    (2.10) 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʠ ʯʘʩʪʠʥʢʠ, ʱʦ ʙʝʨʝ ʫʯʘʩʪʴ ʚ ʩʪʘʜʽʾ ʨʦʟʨʷʜʫ, 

ʦʙʯʠʩʣʶʚʘʣʠ ʧʦʨʷʜʦʢ ʨʝʘʢʮʽʾ ʟʘ ʟʘʣʝʞʥʽʩʪʶ ʰʚʠʜʢʦʩʪʽ ʝʣʝʢʪʨʦʜʥʦʾ ʨʝʘʢʮʽʾ,  
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ʊʘʙʣʠʮʷ 2.5 ï ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʝʣʝʢʪʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʄʝʭʘʥʽʟʤ 
ɺʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ɺʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʧ̔/ãs - s ʧ̔ - ãs ɽʧ - lgs ʧ̔ʘ/ ʧ̔ʢ ï s ʧ̔ / ʩ - ʩ ʧ̔ - ʩ 

ʆʙʦʨʦʪʥʠʡ  ʧ̔ /ãs ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ s 

ʟʘʣʝʞʥʽʩʪʴ ʣʽʥʽʡʥʘ, ʟ 

ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ 

ɽʧ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ 

s 

ʧ̔ʘ/ ʧ̔ʢ=1;  

ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ s 
ʧ̔ / ʩ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩ 

ʟʘʣʝʞʥʽʩʪʴ 

ʣʽʥʽʡʥʘ, ʟ 

ʧʦʯʘʪʢʫ 

ʢʦʦʨʜʠʥʘʪ 

ʅʝʦʙʦʨʦʪʥʠʡ  
ʧ̔ /ãs ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ s 

ʟʘʣʝʞʥʽʩʪʴ ʣʽʥʽʡʥʘ, ʟ 

ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ 

ʟʘʣʝʞʥʽʩʪʴ 

ʣʽʥʽʡʥʘ 
ʧ̔ʘ = 0 ʧ̔ / ʩ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩ 

ʟʘʣʝʞʥʽʩʪʴ 

ʣʽʥʽʡʥʘ, ʟ 

ʧʦʯʘʪʢʫ 

ʢʦʦʨʜʠʥʘʪ 

ʇʦʧʝʨʝʜʥʷ ʭʽʤʽʯʥʘ 

ʨʝʘʢʮʽʷ 
ʧ̔ /ãs ʟʤʝʥʰʫʻʪʴʩʷ 

ʩ ʨʦʩʪʦʤ s    
- 

ɽʧ ʟʘʣʝʞʠʪʴ 

ʚʽʜ s 

ʧ̔ʘ/ ʧ̔ʢ=1 ʨʦʩʪʝ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ s 
- 

ʟʘʣʝʞʥʽʩʪʴ 

ʥʝʣʽʥʽʡʥʘ 

ʅʘʩʪʫʧʥʘ ʭʽʤʽʯʥʘ 

ʨʝʘʢʮʽʷ 
ʧ̔ /ãs ʟʤʝʥʰʫʻʪʴʩʷ 

ʩ ʨʦʩʪʦʤ s 
ʟʘʣʝʞʥʽʩʪʴ ʥʝʣʽʥʽʡʥʘ 

ʟʘʣʝʞʥʽʩʪʴ 

ʥʝʣʽʥʽʡʥʘ 

ʧ̔ʘ/ ʧ̔ʢ<1 ʟʤʝʥʰʫʻʪʴʩʷ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ s 
- 

ʟʘʣʝʞʥʽʩʪʴ 

ʥʝʣʽʥʽʡʥʘ 

ʈʝʛʝʥʝʨʘʮʽʷ 
ʧ̔ /ãs ʟʤʝʥʰʫʻʪʴʩʷ 

ʩ ʨʦʩʪʦʤ s 
ʧ̔ ʪʨʦʭʠ ʟʤʝʥʰʫʻʪʴʩʷ 

ʩ ʨʦʩʪʦʤ s 

ɽʧ ʟʘʣʝʞʠʪʴ 

ʚʽʜ s 

ʧ̔ʘ/ ʧ̔ʢ~1 ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ s 
- - 

ɸʜʩʦʨʙʮʽʷ 

ʨʝʘʛʝʥʪʫ 
ʧ̔ /ãs ʟʨʦʩʪʘʻ ʩ 

ʨʦʩʪʦʤ s   
ʧ̔ ʪʨʦʭʠ ʟʨʦʩʪʘʻ ʩ 

ʨʦʩʪʦʤ s 

ɽʧ ʟʘʣʝʞʠʪʴ 

ʚʽʜ s 

ʧ̔ʘ/ ʧ̔ʢ<1  ʪʘ ʤʘʻ 

ʤʘʢʩʠʤʫʤ  

ʧ̔ / ʩ ʟʨʦʩʪʘʻ  

ʧʨʠ ʥʠʟʴʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ 

ʧ̔ ʧʨʠ ʥʠʟʴʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ 

ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩ 

ɸʜʩʦʨʙʮʽʷ 

ʧʨʦʜʫʢʪʫ 
ʧ̔ /ãs ʟʨʦʩʪʘʻ ʩ 

ʨʦʩʪʦʤ s  
ʧ̔ ʪʨʦʭʠ ʟʤʝʥʰʫʻʪʴʩʷ 

ʩ ʨʦʩʪʦʤ s 

ɽʧ ʟʘʣʝʞʠʪʴ 

ʚʽʜ s 

ʧ̔ʘ/ ʧ̔ʢ>1 ʨʦʩʪʝ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ  s 
- 

ʧ̔ ʧʨʠ ʚʠʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ 

ʥʝ ʟʘʣʝʞʠʪʴ ʩ 
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ʱʦ ʧʨʦʪʽʢʘʻ ʥʝʦʙʦʨʦʪʥʦ, ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʜʥʦʛʦ ʟ ʨʝʘʛʝʥʪʽʚ, ʧʨʠ ʥʝʟʤʽʥʥʽʡ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʩʽʭ ʽʥʰʠʭ ʨʝʯʦʚʠʥ [159]. 

           
i

i
c

ʽ
p

lg

lg ɽ

D

D
=      (2.11) 

ʜʝ  ɽ̔ ï ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʧʦʪʝʥʮʽʘʣʽ; 

 ʩi ï ʢʦʥʮʝʥʪʨʘʮʽʷ i-ʛʦ ʚʠʜʫ ʽʦʥʽʚ ʫ ʨʦʟʯʠʥʽ. 

ɸʣʝ ʚʠʟʥʘʯʘʶʯʠ ʧʦʨʷʜʦʢ ʨʝʘʢʮʽʾ, ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʢʦʥʘʪʠʩʷ ʚ ʪʦʤʫ, ʱʦ 

ʤʝʭʘʥʽʟʤ ʝʣʝʢʪʨʦʜʥʦʾ ʨʝʘʢʮʽʾ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ.  

2.7 ɺʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʽ ʢʦʥʩʪʘʥʪ ʥʝʩʪʽʡʢʦʩʪʽ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ 

ʇʦʪʝʥʮʽʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ ʥʝʩʪʽʡʢʦʩʪʽ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʾ ʩʠʣʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʣʘʥʮʶʛʘ, ʩʢʣʘʜʝʥʦʛʦ ʟ 

ʝʣʝʢʪʨʦʜʽʚ ʧʝʨʰʦʛʦ ʨʦʜʫ, ʟ'ʻʜʥʘʥʠʭ ʩʦʣʴʦʚʠʤ ʤʽʩʪʢʦʤ.  

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʘʥʪʠ ʥʝʩʪʽʡʢʦʩʪʽ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 5 ï 8 ʧʘʨʘʣʝʣʴʥʠʤʠ 

ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʚ ʨʦʟʯʠʥʘʭ ʟ ʧʦʩʪʽʡʥʦʶ ʽʦʥʥʦʶ ʩʠʣʦʶ (Ic): 

Ὅ В ὧϽᾀ, (2.12) 

 ʜʝ ʩi ï  ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʢʨʝʤʠʭ ʽʦʥʽʚ  (ʤʦʣʴ/ʜʤ3), 

        zi ï ʟʘʨʷʜʠ ʚʽʜʧʦʚʽʜʥʠʭ ʽʦʥʽʚ. 

ʂʦʥʩʪʘʥʪʫ ʥʝʩʪʽʡʢʦʩʪʽ ʤʦʥʦʷʜʝʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʤʝʪʘʣʽʚ ʨʦʟʨʘʭʦʚʫʚʘʣʠ 

ʷʢ [160]: 

ὑʥ
ʄʝ Ͻ,

-Å,
 

 

, (2.13) 

ʜʝ [Mez+], [L] n,[MeLn] ï ʨʽʚʥʦʚʘʞʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʽʦʥʽʚ ʤʝʪʘʣʫ, 

ʯʘʩʪʠʥʦʢ ʣʽʛʘʥʜʫ ʽ ʢʦʤʧʣʝʢʩʫ ʚʽʜʧʦʚʽʜʥʦ, ʤʦʣʴ/ ʤ3;  

       n ð ʯʠʩʣʦ ʢʦʦʨʜʠʥʦʚʘʥʠʭ ʣʽʛʘʥʜʽʚ. 

ʇʨʠ ʥʘʜʣʠʰʢʫ ʚʤʽʩʪʫ ʣʽʛʘʥʜʫ ʚ ʨʦʟʯʠʥʽ ʥʝʚʽʜʦʤʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʚ 

ʨʽʚʥʷʥʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ Kʥ  ʻ n  ʪʘ [Mez+]. ʈʽʚʥʦʚʘʞʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʽʣʴʥʠʭ 
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ʽʦʥʽʚ ʤʝʪʘʣʫ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ ʅʝʨʥʩʪʘ, ʚʠʭʦʜʷʯʠ ʟʽ ʟʥʘʯʝʥʴ 

ʨʽʚʥʦʚʘʞʥʦʛʦ ʤʝʪʘʣʫ ʚ ʨʦʟʯʠʥʽ: 

Ὁ Ὁ ÌÎὧ , (2.14) 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʯʠʩʣʘ ʢʦʦʨʜʠʥʦʚʘʥʠʭ ʤʦʣʝʢʫʣ ʣʽʛʘʥʜʘ n 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ  ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

ЎὉ

ЎÌÇὧ
ὲ
ὙὝ

ᾀὊ
 (2.15) 

ʜʝ ȹE ï  ʟʤʽʥʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʝʣʝʢʪʨʦʜʫ ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʽʛʘʥʜʫ;  

      R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ; 

      T ï ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; 

      Z ï ʟʘʨʷʜ ʽʦʥʽʚ ʢʦʤʧʣʝʢʩʦʪʚʽʨʥʠʢʘ; 

      F ï ʩʪʘʣʘ ʌʘʨʘʜʝʷ. 

2.8 ɺʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʪʘ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʧʦʢʨʠʚʽʚ  

ɽʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʽ ʤʦʨʬʦʣʦʛʽʶ ʟʨʘʟʢʽʚ ʘʥʘʣʽʟʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʢʘʥʽʚʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ZEISS EVO 40XVP. ɿʦʙʨʘʞʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʦʪʨʠʤʫʚʘʣʠ ʟʘʚʜʷʢʠ ʨʝʻʩʪʨʘʮʽʾ ʚʪʦʨʠʥʥʠʭ ʝʣʝʢʪʨʦʥʽʚ  

(BSE) ʰʣʷʭʦʤ ʩʢʘʥʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʧʦ ʧʦʚʝʨʭʥʽ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ  

ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʪʘ ʜʦʙʨʦʶ ʢʦʥʪʨʘʩʪʥʽʩʪʶ  

ʜʦʩʣʽʜʞʫʚʘʪʠ ʪʦʧʦʛʨʘʬʽʶ (ʥʝʨʽʚʥʦʩʪʽ) ʧʦʚʝʨʭʥʽ. ʌʦʪʦʛʨʘʬʽʾ ʧʦʚʝʨʭʥʽ 

ʦʪʨʠʤʫʚʘʣʠ ʧʨʠ ʟʙʽʣʴʰʝʥʥʷʭ 100, 500, 1000 ʪʘ 2000 ʨʘʟʽʚ. ɼʣʷ  

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦʚʠʱʝ SmartSEM. 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʚʽʚ ʚʠʟʥʘʯʘʣʠ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʠʤ 

ʤʝʪʦʜʦʤ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʩʧʝʢʪʨʫ, ʷʢʠʡ ʨʝʻʩʪʨʫʚʘʣʠ ʝʥʝʨʛʦ-ʜʠʩʧʝʨʩʽʡʥʠʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ INCA Energy 

(ʟʙʫʜʞʝʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʦʧʨʦʤʽʥʝʥʥʷʤ 

ʟʨʘʟʢʽʚ ʧʫʯʢʦʤ ʝʣʝʢʪʨʦʥʽʚ ʟ ʝʥʝʨʛʽʻʶ 15 ʢʝɺ) ʪʘ ʧʦʨʪʘʪʠʚʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʫ 
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çʉʧʨʫʪè. ɸʥʘʣʽʟ ʧʨʦʚʦʜʠʣʠ ʤʽʥʽʤʫʤ ʫ 3 ʪʦʯʢʘʭ ʟ ʥʘʩʪʫʧʥʠʤ ʫʩʝʨʝʜʥʝʥʥʷʤ 

ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʟʥʘʯʫʱʠʭ ʚʽʜʭʠʣʝʥʴ. 

ʈʝʥʪʛʝʥʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʝʥʪʛʝʥʽʚʩʴʢʦʤʫ 

ʜʠʬʨʘʢʪʦʤʝʪʨʽ ɼʈʆʅ-3ʄ ʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ Cu-KŬ1 (ɚ = 1,5405 ¡).  

ʇʨʠ ʟʘʧʠʩʽ ʤʘʣʦʢʫʪʦʚʠʭ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʤʝʪʦʜ (ɗ-2ɗ) ʩʢʘʥʫʚʘʥʥʷ ʟ ʬʦʢʫʩʫʚʘʥʥʷʤ ʧʦ ɹʨʝʛʫ-ɹʨʝʥʪʘʥʦ.  

ʈʝʻʩʪʨʘʮʽʶ ʜʠʬʨʘʢʪʦʛʨʘʤ ʜʣʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʟʜʽʡʩʥʶʚʘʣʠ 

ʧʨʠ ʢʫʪʽ ʢʦʚʟʘʥʥʷ 2,5Á, ʘ ʟʡʦʤʢʫ ʚʽʜʜʟʝʨʢʘʣʝʥʴ ʧʨʦʚʦʜʠʣʠ ʥʘ ʟʘʬʽʢʩʦʚʘʥʠʭ 

ʟʨʘʟʢʘʭ. 

2.9 ɺʠʟʥʘʯʝʥʥʷ ʚʠʭʦʜʫ ʟʘ ʩʪʨʫʤʦʤ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʥʘ ʦʩʥʦʚʽ 

ʩʧʣʘʚʽʚ ʢʦʙʘʣʴʪʫ  

ɺʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ (ɺʉ) ʚʠʟʥʘʯʘʣʠ ʛʨʘʚʽʤʝʪʨʠʯʥʦ [161], ʚʠʭʦʜʷʯʠ ʟ 

ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʮʠʨʢʦʥʽʡ, ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʘʭ  

Co-Mo-ZrO2 ʽ Co-W-ZrO2 ʫ ʚʠʛʣʷʜʽ ZrO2, ʘ ʚʦʣʴʬʨʘʤ ï WO2 ʫ ʧʦʢʨʠʚʽ  

Co-Mo-WOx. ɺʩʽ ʽʥʰʽ ʤʝʪʘʣʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʦʚʥʽʩʪʶ ʚʽʜʥʦʚʣʝʥʦʤʫ ʩʪʘʥʽ. 

ʊʝʦʨʝʪʠʯʥʠʡ ʧʨʠʨʽʩʪ ʤʘʩʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʨʦʟʨʘʭʦʚʫʚʘʣʠ 

ʟʛʽʜʥʦ ʟʘʢʦʥʫ ʌʘʨʘʜʝʷ, ʧʨʠ ʮʴʦʤʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʝʢʚʽʚʘʣʝʥʪ ʩʧʣʘʚʫ 

ʚʠʟʥʘʯʘʣʠ ʷʢ: 

ρ

Ὧ̒ ̐

‫

Ὧ
 

 

   (2.16) 

ʜʝ ɤi ï ʚʤʽʩʪ i -ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʧʣʘʚʽ, ʤʘʩ.%; 

     ki ï ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʝʢʚʽʚʘʣʝʥʪ i -ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦʢʨʠʚʫ, ʢʛ/ʂʣ. 

ʜʝ  ȹm ï  ʧʨʠʨʽʩʪ ʤʘʩʠ ʝʣʝʢʪʨʦʜʫ, ʛ; 

          kʩʧ ï ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʝʢʚʽʚʘʣʝʥʪ ʧʦʢʨʠʚʫ, ʛĿɸ/ʛʦʜ;  

ʈʝʞʠʤ  

ʩʪʘʮʽʦʥʘʨʥʠʡ ʽʤʧʫʣʴʩʥʠʡ  (2.17) 

ɺʉ
ȹάϽρππ

ὯʩʧϽὍϽ†
 

 

ɺʉ
ȹάϽρππ

ὯʩʧϽ
Ὅ
ὗ Ͻ†
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          I ð ʩʠʣʘ ʩʪʨʫʤʫ, ɸ; 

          Űï ʯʘʩ ʝʣʝʢʪʨʦʣʽʟʫ, ʛʦʜ; 

          Q ï ʰʧʘʨʫʚʘʪʽʩʪʴ ʧʦʣʷʨʠʟʫʶʯʠʭ ʽʤʧʫʣʴʩʽʚ. 

ɿʘʟʚʠʯʘʡ ʚ ʽʤʧʫʣʴʩʥʦʤʫ ʝʣʝʢʪʨʦʣʽʟʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʧʝʨʽʦʜʠʯʥʦ ʧʦʚʪʦʨʶʚʘʥʠʭ ʽʤʧʫʣʴʩʽʚ ʽ ʧʘʫʟ [162]. ʊʘʢʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʯʘʩʪʦʪʦʶ f  ʪʘ ʰʧʘʨʫʚʘʪʽʩʪʶ Q : 

 

ʏʘʩʪʦʪʘ ʧʦʣʷʨʠʟʫʶʯʠʭ ʽʤʧʫʣʴʩʽʚ f (ɻʮ) ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ: 

Ὢ
ρ

ὸ ὸʧ
ȟ 

 

(2.18) 

 ʘ ʰʧʘʨʫʚʘʪʽʩʪʴ ʟʘ ʥʘʩʪʫʧʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ:  

ὗ
ὸ

ὸ

ὸ ὸʧ
ὸ
ȟ 

 

  (2.19) 

ʜʝ t ï ʧʝʨʽʦʜ ʧʦʚʪʦʨʝʥʥʷ ʽʤʧʫʣʴʩʽʚ; 

     ti ï ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ; 

     tʧ  ï ʪʨʠʚʘʣʽʩʪʴ ʧʘʫʟʠ. 

ɺʠʭʦʜʷʯʠ ʟ ʧʨʘʢʪʠʯʥʦʛʦ ʧʨʠʨʦʩʪʫ ʤʘʩʠ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʪʦʚʱʠʥʫ 

ʦʪʨʠʤʘʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ, ʜʣʷ ʯʦʛʦ ʚʠʟʥʘʯʘʣʠ ʱʽʣʴʥʽʩʪʴ ʧʦʢʨʠʚʫ: 

ʜʝ ɟiï  ɦ ʽʣʴʥʽʩʪʴ i-ʛʦ ʢʦʤʧʦʥʝʥʪʫ ʩʧʣʘʚʘ, ʛ/ʩʤ: 

ρ

”ʩʧ

‫

”
ȟ 

 

(2.20) 

ʊʦʚʱʠʥʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-Mo-WOx, Co-Mo-ZrO2 ʽ Co-W-

ZrO2 (ŭ, ʤʢʤ)  ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

‏
ȹάϽρπ

”ʩʧϽὛ
ȟ 

 

(2.21) 

ʜʝ  ɟʩʧ ï ʱʽʣʴʥʽʩʪʴ ʩʧʣʘʚʫ, ʛ/ʩʤ
3; 

S ï ʧʣʦʱʘ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʢʘʪʦʜʫ, ʩʤ2. 

ʌʘʢʪʠʯʥʫ ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ (‡ʬ, ʤʢʤ/ʛʦʜ) ʚʠʟʥʘʯʘʣʠ ʟʘʣʝʞʥʦ ʚʽʜ 

ʨʝʞʠʤʫ ʦʩʘʜʞʝʥʥʷ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: 
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ʜʝ ŭ ï ʪʦʚʱʠʥʘ ʧʦʢʨʠʚʽʚ Co-Mo-WOx, Co-Mo-ZrO2, Co-W-ZrO2, ʤʢʤ; 

          Ű ï ʯʘʩ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ, ʛʦʜ. 

ʏʘʩ ʦʩʘʜʞʝʥʥʷ ʩʧʣʘʚʫ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

†
Ͻ”ʩʧϽφπ‏

Ͻ̨ὯʩʧϽɺʉ
ȟ 

 

(2.23) 

ʜʝ ŭ  ï ʪʦʚʱʠʥʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ  Co-Mo-WOx, Co-Mo-ZrO2 ʽ  

Co-W-ZrO2, ʤʢʤ; 

ɟʩʧ ï ʱʽʣʴʥʽʩʪʴ ʧʦʢʨʠʚʫ, ʛ/ʩʤ
3; 

ʽ ï ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ɸ/ʜʤ2; 

 kʩʧ ï ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʝʢʚʽʚʘʣʝʥʪ ʩʧʣʘʚʫ, ʢʛ/ʂʣ; 

ɺʉ ï ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ, % 

2.10 ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʩʽʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

ʝʣʝʢʪʨʦʣʽʪʫ 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʩʽʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʝʣʝʢʪʨʦʣʽʪʽʚ (ʈɿ) 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʦʤʽʨʢʫ ʍʫʣʣʘ ʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʨʦʟʙʽʨʥʦʛʦ ʢʘʪʦʜʘ ʧʽʜ 

ʢʫʪʦʤ ʜʦ ʘʥʦʜʘ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʽʨʢʠ ʍʫʣʣʘ ʈɿ ʦʮʽʥʶʶʪʴ ʟʘ ʢʨʠʚʠʤʠ 

ʨʦʟʧʦʜʽʣʫ ʧʨʠʨʦʩʪʫ ʤʘʩʠ ʤʝʪʘʣʫ ʚʽʜ ʤʽʞʝʣʝʢʪʨʦʜʥʦʾ ʚʽʜʩʪʘʥʽ, ʱʦ ʙʫʜʫʶʪʴʩʷ ʫ 

ʢʦʦʨʜʠʥʘʪʘʭ ŭi/ŭcpïl i, ʜʝ ŭi ï ʧʨʠʨʽʩʪ ʤʘʩʠ -̔ʾ ʧʣʘʩʪʠʥʠ ʨʦʟʙʽʨʥʦʛʦ ʢʘʪʦʜʘ,  

ŭcp ï ʩʝʨʝʜʥʽʡ ʧʨʠʨʽʩʪ ʤʘʩʠ, ʱʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ễ ŭi/n, (n ï ʢʽʣʴʢʽʩʪʴ 

ʧʣʘʩʪʠʥ, ʱʦ ʟʚʠʯʘʡʥʦ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 6 ʜʦ 10); l i ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʧʣʘʩʪʠʥʠ 

ʨʦʟʙʽʨʥʦʛʦ ʢʘʪʦʜʘ ʜʦ ʘʥʦʜʘ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ɼʝʨʞʩʪʘʥʜʘʨʪʫ 9.309ï86 

ʚʠʤʽʨʶʚʘʥʥʷ ʈɿ ʨʝʢʦʤʝʥʜʫʶʪʴ ʨʦʙʠʪʠ ʚ ʢʦʤʽʨʮʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʙʽʨʥʦʛʦ 

ʈʝʞʠʤ   

 

(2.22) 

ʩʪʘʮʽʦʥʘʨʥʠʡ ʽʤʧʫʣʴʩʥʠʡ 

‡ʬ
‏

†
 ‡ʬ

‏
†
ὗ

 



63 
 

 

ʢʘʪʦʜʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 10 ʧʣʘʩʪʠʥ. ʈʦʟʩʽʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʨʦʟʨʘʭʦʚʫʶʪʴ 

ʧʦ ʬʦʨʤʫʣʽ:  

ʈɿ ρ
ɺ ρ ɺ ρ Ễ ɺ ρ

φȟσχ
ρππ (2.24) 

ʜʝ 6,37 ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʦʙʫʤʦʚʣʝʥʠʡ ʧʝʨʚʠʥʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʩʪʨʫʤʫ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʚ ʢʦʤʽʨʮʽ ʍʫʣʣʘ ʜʦʟʚʦʣʷʶʪʴ ʙʽʣʴʰ ʪʦʯʥʦ ʤʦʜʝʣʶʚʘʪʠ 

ʧʦʚʝʨʭʥʶ ʩʢʣʘʜʥʦʛʦ ʧʨʦʬʽʣʶ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʝʣʝʢʪʨʦʣʽʪʫ ʧʨʦʚʦʜʠʣʠ ʚ 

ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʥʽʡ ʢʦʤʽʨʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ ɽ7-13 ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʦʣʽʪʫ ʊ = 298 ï 323 ʂ.  

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʫ ʢʦʤʽʨʢʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʨʝʪʝʣʴʥʦ ʧʨʦʤʠʚʘʣʠ, ʧʨʦʧʘʨʶʚʘʣʠ ʪʘ ʦʧʦʣʽʩʢʫʚʘʣʠ 

ʨʦʟʯʠʥʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʣʦʾ ʢʦʤʽʨʢʠ ʉʢ ʚʠʤʽʨʶʚʘʣʠ ʦʧʽʨ 

RKCl ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ 0,1 ʤʦʣʴ/ʜʤ
3 ʢʘʣʽʶ ʭʣʦʨʠʜʫ, ʧʠʪʦʤʘ ʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʚʽʜʥʽʩʪʴ ʷʢʦʛʦ ɢKCl=0,01288 ʆʤī1Ŀʩʤī1 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ = 298 ʂ, ʪʘ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʉʢ ʟʘ ʨʽʚʥʷʥʥʷʤ [163]: 

ʉʢ= ɢKClĿRKCl (2.25) 

ɺʝʣʠʯʠʥʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ɢʝʣ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʦʟʯʠʥʽʚ ʝʣʝʢʪʨʦʣʽʪʽʚ 

ʚʠʨʘʭʦʚʫʚʘʣʠ ʟʘ ʟʥʘʯʝʥʥʷʤ ʦʧʦʨʫ Rʝʣ [163]: 

ɢʝʣ = ʉʢ/Rʝʣ (2.26) 

ɺʠʤʽʨʶʚʘʥʥʷ Rʝʣ ʧʦʚʪʦʨʶʚʘʣʠ, ʟʘʧʦʚʥʶʶʯʠ ʢʦʤʽʨʢʫ ʝʣʝʢʪʨʦʣʽʪʦʤ, 

ʧʦʢʠ ʨʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʧʦʧʝʨʝʜʥʽʤʠ ʪʘ ʥʘʩʪʫʧʥʠʤʠ ʚʠʤʽʨʘʤʠ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʦ 0,2%. 

2.10.1 ʈʦʟʨʘʭʫʥʦʢ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʴ 

ʇʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ ʚʨʘʭʦʚʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ 

ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ɼʉʊʋ 2681-94 ʽ  

 ɼʉʊʋ ɻʆʉʊ 8.207:2008. ʆʮʽʥʢʫ ʽʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʽ 
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ʜʦʚʽʨʯʠʭ ʤʝʞ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʷʤʠʭ ʚʠʤʽʨʽʚ ʧʨʦʚʦʜʠʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ɼʉʊʋ 2681-94. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʚʚʘʞʘʣʠ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʧʽʜʢʦʨʷʶʪʴʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʫ, ʨʦʟʤʽʨ ʜʦʚʽʨʯʦʾ ʽʤʦʚʽʨʥʦʩʪʽ ʧʨʠʡʤʘʣʠ 

ʨʽʚʥʠʤ 0,95. ɼʣʷ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʥʘʩʪʫʧʥʠʡ ʘʣʛʦʨʠʪʤ [164]: 

¶ ʨʝʟʫʣʴʪʘʪʠ ʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ xi ʩʪʘʪʠʩʪʠʯʥʦ ʦʙʨʦʙʣʷʣʠ, ʨʦʟʨʘʭʦʚʫʶʯʠ 

ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ix  ʽ ʨʦʟʤʽʨ ʜʦʚʽʨʯʠʭ 

ʽʥʪʝʨʚʘʣʽʚ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʽʚ Dxi; 

¶ ʨʝʟʫʣʴʪʘʪ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ y, ʱʦ ʻ ʬʫʥʢʮʽʻʶ ʜʝʢʽʣʴʢʦʭ ʟʤʽʥʥʠʭ xi, 

ʦʙʯʠʩʣʶʚʘʣʠ ʟʘ ʨʽʚʥʷʥʥʷʤ, ʱʦ ʟʚôʷʟʫʻ ʮʽ ʚʝʣʠʯʠʥʠ 

( )n21 ,..., xxxFy= ,     (2.27) 

ʘ ʧʦʭʠʙʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ Dy ʦʙʯʠʩʣʶʚʘʣʠ ʟʘ  

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

2/1
n
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i ù
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ø

é
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µ
=D ä
=

x
X

F
y .    (2.28) 

2.11 ɼʦʩʣʽʞʜʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʢʨʠʚʽʚ Co-Mo-WOx, Co-Mo-ZrO2, Co-W-ZrO2 

2.11.1 ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ  

ɺʠʟʥʘʯʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ  ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʜʽʡʩʥʶʚʘʣʠ 

ʤʝʪʦʜʦʤ ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʦʧʦʨʫ ʰʣʷʭʦʤ ʨʝʻʩʪʨʘʮʽʾ ʘʥʦʜʥʠʭ ʽ ʢʘʪʦʜʥʠʭ 

ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤ [165 ï 167]. ɻʫʩʪʠʥʫ ʩʪʨʫʤʫ ʢʦʨʦʟʽʾ ʢ̔ʦʨ ʚʠʟʥʘʯʘʣʠ 

ʝʢʩʪʨʘʧʦʣʷʮʽʻʶ ʚ ʪʦʯʮʽ ʧʝʨʝʪʠʥʫ ʣʽʥʽʡʥʠʭ ʜʽʣʷʥʦʢ ʧʘʨʮʽʘʣʴʥʠʭ ʘʥʦʜʥʠʭ ʽ 

ʢʘʪʦʜʥʠʭ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʙʣʠʟʫ ʧʦʪʝʥʮʽʘʣʫ ʢʦʨʦʟʽʾ ɽʢʦʨ 

(ʜʽʣʷʥʢʠ ʜʦ 50 ʤɺ) ʫ ʪʘʬʝʣʽʚʩʴʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ lg ̔ï ȹE  

ɿʘ ʚʽʜʦʤʠʤ ʟʥʘʯʝʥʥʷʤ ʩʪʨʫʤʫ ʢʦʨʦʟʽʾ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʛʣʠʙʠʥʥʠʡ 

ʧʦʢʘʟʥʠʢ ʰʚʠʜʢʦʩʪʽ ʢʦʨʦʟʽʾ kh ʟʘ ʨʽʚʥʷʥʥʷʤ: 
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Ὧ
ψȟχφϽὯ̋ Ͻ̐̋̔ ̏̑

”̒ ̐
 

(2.29) 

ʜʝ kʢʧ ï ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʝʢʚʽʚʘʣʝʥʪ ʤʝʪʘʣʫ ʘʙʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ, 

ʢʛ/ʂʣ; 

      ̔ʢʦʨ ï ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʢʦʨʦʟʽʾ, ɸ/ʤ2; 

      ɟʩʧ ï ʱʽʣʴʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ, ʢʛ/ʤ
3. 

ɺʝʨʠʬʽʢʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʨʦʟʽʡʥʠʭ ʪʝʩʪʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʤʝʪʦʜʦʤ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʝʣʝʢʪʨʦʜʥʦʛʦ ʽʤʧʝʜʘʥʩʫ (ʉɽɯ) [168] ʫ ʩʝʨʝʜʦʚʠʱʽ 2 % NaCl. 

ʉɽɯ ʨʝʻʩʪʨʫʚʘʣʠ ʚ ʜʚʦʭʝʣʝʢʪʨʦʜʥʽ ʢʦʤʽʨʮʽ ʥʘ ʦʜʥʘʢʦʚʠʭ ʟʘ ʩʢʣʘʜʦʤ 

ʝʣʝʢʪʨʦʜʘʭ ʧʣʦʱʝʶ 1 ʩʤ2, ʧʣʘʥʘʨʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʚʽʜʩʪʘʥʽ 1 ʩʤ  

ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ  

ʤʦʜʫʣʴ Autolab-30 ʤʦʜʝʣʽ PGSTAT301N Metrohm Autolab, ʦʩʥʘʱʝʥʠʡ 

ʤʦʜʫʣʝʤ FRA-2 (Frequency Response Analyzer) ʚ ʽʥʪʝʨʚʘʣʽ ʯʘʩʪʦʪ  

10ī2 ï 106 ɻʮ. ʂʝʨʫʚʘʥʥʷ ʤʦʜʫʣʝʤ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ 

Autolab 4.9 ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʧʨʦʮʝʜʫʨʦʶ ʟ ʥʘʩʪʫʧʥʦʶ ʦʙʨʦʙʢʦʶ ʤʘʩʠʚʫ  

ʜʘʥʠʭ ʫ ʧʘʢʝʪʽ ZView 2.0. ʄʦʜʝʣʶʚʘʥʥʷ ʙʫʜʦʚʠ ʪʘ ʩʪʘʥʫ ʤʝʞʽ ʨʦʟʜʽʣʫ  

ʬʘʟ ʚʠʢʦʥʫʚʘʣʠ ʤʝʪʦʜʦʤ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʩʭʝʤ ʟʘʤʽʱʝʥʥʷ. ɼʦ  

ʨʦʟʛʣʷʜʫ ʧʨʠʡʥʷʪʦ ʧʘʨʘʤʝʪʨʠ ʟ ʧʦʭʠʙʢʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ 

ʣʘʥʮʶʛʘ ʥʝ ʙʽʣʴʰ 10 %. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʝʜʝʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ  

18 ° 1 ʉ̄. 

2.11.2 ɼʦʩʣʽʜʞʝʥʥʷ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ  

ɸʥʘʣʽʟ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-Mo-WOx, 

Co-Mo-ZrO2 ʽ Co-W-ZrO2 ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʟʥʘʯʝʥʥʷʤ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʦʙʤʽʥʫ 0̔(ʅ2) ʨʝʘʢʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʚʦʜʥʶ, ʦʩʢʽʣʴʢʠ 

ʮʷ ʚʝʣʠʯʠʥʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʪʝʥʮʽʘʣʫ ʝʣʝʢʪʨʦʜʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 0̔(ʅ2) 

ʚʠʟʥʘʯʘʣʠ ʝʢʩʪʨʘʧʦʣʷʮʽʻʶ ʣʽʥʽʡʥʠʭ ʜʽʣʷʥʦʢ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʫ 

ʪʘʬʝʣʽʚʩʴʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʚʽʜʜʘʣʝʥʠʭ ʚʽʜ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʝ 

ʤʝʥʰʝ, ʥʽʞ ʥʘ 200 ï 300 ʤɺ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʚ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʷʭ ʦʢʠʩʥʝʥʥʷ ʤʝʪʘʥʦʣʫ, ʝʪʘʥʦʣʫ ʪʘ ʛʣʶʢʦʟʠ 

ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʮʠʢʣʽʯʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ (ʎɺɸ) ʫ ʤʦʜʝʣʴʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ (ʪʘʙʣ. 2.2). ɸʥʘʣʽʟ ʧʘʨʘʤʝʪʨʽʚ ʨʝʘʢʮʽʾ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ 

ʘʣʛʦʨʠʪʤʦʤ, ʥʘʚʝʜʝʥʠʤ ʫ ʧ.2.6. 

ʂʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʛʘʣʴʚʘʥʽʯʥʠʭ ʢʦʤʧʦʟʠʮ̔ʡʥʠʭ ʧʦʢʨʠʚʽʚ  

Co-Mo-ZrO2 ʪʝʩʪʫʚʘʣʠ ʚ ʤʦʜʝʣʴʥʽʡ ʨʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ ʦʢʩʠʜʫ ʢʘʨʙʦʥʫ (II) ʜʦ 

ʦʢʩʠʜʫ ʢʘʨʙʦʥʫ (IV). ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ 

ʪʨʫʙʯʘʪʦʤʫ ʧʨʦʪʦʯʥʦʤʫ ʨʝʘʢʪʦʨʽ, ʚʠʛʦʪʦʚʣʝʥʦʤʫ ʟ ʢʚʘʨʮʦʚʦʛʦ ʩʢʣʘ ʟ 

ʢʦʘʢʩʽʘʣʴʥʦʶ ʥʘʛʨʽʚʘʶʯʦʶ ʩʧʽʨʘʣʣʶ. ɺʠʭʽʜʥʫ ʩʫʤʽʰ ʧʦʚʽʪʨʷ ʟ ʉʆ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ 1,0 % ʦʙ. ʧʦʜʘʚʘʣʠ ʫ ʨʝʘʢʪʦʨ ʟʽ ʰʚʠʜʢʽʩʪʶ 0,025  ʣ/ʭʚ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʨʝʘʢʪʦʨʘ ʧʦʩʪʫʧʦʚʦ ʧʽʜʚʠʱʫʚʘʣʠ ʚʽʜ 20 ʜʦ 450 Áʉ. 

ʂʦʥʮʝʥʪʨʘʮʽʶ ʉʆ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʟ ʨʝʘʢʪʦʨʫ ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʠʛʥʘʣʽʟʘʪʦʨʽʚ-ʘʥʘʣʽʟʘʪʦʨʽʚ çɼʦʟʦʨè. 

2.11.3 ɺʠʟʥʘʯʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ 

ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-Mo-WOx, Co-Mo-ZrO2 ʽ 

Co-W-ZrO2, ʘ ʪʘʢʦʞ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ (ʉʪ.3) ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ 

ʚʜʘʚʣʶʚʘʥʥʷ ʘʣʤʘʟʥʦʾ ʧʽʨʘʤʽʜʠ ʥʘ ʪʚʝʨʜʦʤʝʨʽ ʇʄʊ-3 ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 

P = 0,02 ï 0,2 ʢʛ ʽ ʯʘʩʫ ʚʠʪʨʠʤʢʠ 10 ʩ. ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʧʽʩʣʷ 

24 ʛʦʜʠʥʥʦʛʦ ʩʪʘʨʽʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ʊʦʚʱʠʥʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʜʣʷ ʘʥʘʣʽʟʫ ʩʢʣʘʜʘʣʘ ʥʝ ʤʝʥʰʝ 30 ʤʢʤ. 

ɿʥʘʯʝʥʥʷ Hv ʦʙʯʠʩʣʶʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

Ὄ
ρψυτϽὖ

Ὠ
 (2.30) 

ʜʝ d ð ʜʽʘʛʦʥʘʣʴ ʚʜʘʚʣʝʥʥʷ ʧʽʨʘʤʽʜʠ, ʤʢʤ.  

ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʤʽʥʽʤʫʤ ʫ 3 ʪʦʯʢʘʭ ʟ ʥʘʩʪʫʧʥʠʤ ʫʩʝʨʝʜʥʝʥʥʷʤ 

ʜʘʥʠʭ, ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʩʢʣʘʜʘʚ Ñ 10.  
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2.11.4 ɼʦʩʣʽʜʞʝʥʥʷ ʪʦʧʦʣʦʛʽʾ ʪʘ ʬʨʘʢʪʘʣʴʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʢʨʠʚʽʚ 

ʐʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-Mo-WOx,  

Co-Mo-ZrO2, Co-W-ZrO2 ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʶʯʦʛʦ ʘʪʦʤʥʦ-

ʩʠʣʦʚʦʛʦ ʟʦʥʜʦʚʦʛʦ ʤʽʢʨʦʩʢʦʧʫ (ACM) NT-206. ʉʢʘʥʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ 

ʢʦʥʪʘʢʪʥʠʤ ʤʝʪʦʜʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʦʥʜʫ ʉSC-37, ʢʘʥʪʽʣʝʚʝʨʫ ɺ ʟ 

ʣʘʪʝʨʘʣʴʥʦʶ ʨʦʟʚôʷʟʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 3 ʥʤ (ʪʘʙʣ. 2.6) [169].  

ʊʘʙʣʠʮʷ 2.6  ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʥʜʫ ʉSC-38 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

ʊʠʧʦʚʠʡ ʨʘʜʽʫʩ ʟʦʥʜʘ ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ 10 ʥʤ 

ʇʦʚʥʠʡ ʢʫʪ ʢʦʥʫʩʫ ʟʦʥʜʘ  40Á 

ʂʦʝʬʽʮʽʻʥʪ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʪʦʨʽʥ 

ʟʦʥʜʘ 

ʙʽʣʴʰ ʥʽʞ 3 : 1 (4 : 1 ʪʠʧʦʚʝ) 

ʄʘʪʝʨʽʘʣ ʟʦʥʜʫ  ʢʨʝʤʥʽʡ n-ʪʠʧʫ, ʣʝʛʦʚʘʥʠʡ 

ʬʦʩʬʦʨʦʤ 

ʂʦʥʩʪʘʥʪʘ ʧʨʫʞʥʦʩʪʽ (ʪʠʧʦʚʝ) 0,03 ʅ/ʤ 

ɼʦʚʞʠʥʘ l Ñ 5, Õm 350 

ʐʠʨʠʥʘ w Ñ 3, Õm 35 

ʊʦʚʱʠʥʘ t Ñ 0,3, Õm 2,0 

ʉʢʘʥʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʜʽʣʷʥʢʘʭ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʨʽʟʥʦʾ ʧʣʦʱʽ: 

40,0 Ĭ 40,0 ʤʢʤ, 20,0 Ĭ 20,0 ʤʢʤ, 10,0 Ĭ 10,0 ʤʢʤ ʽ 5,0 Ĭ 5,0 ʤʢʤ, ʘ ʚʠʩʦʪʫ 

ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ʬʽʢʩʫʚʘʣʠ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 256 Ĭ 256 ʧʽʢʩʝʣʽʚ. 

ɼʽʣʷʥʢʠ ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ ʦʙʠʨʘʣʠʩʷ ʫ ʮʝʥʪʨʽ ʟʨʘʟʢʽʚ, ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʪʦʨʶʚʘʣʠ ʜʣʷ ʜʚʦʭ ʜʽʣʷʥʦʢ 

ʨʦʟʥʝʩʝʥʠʭ ʥʘ ʚʽʜʩʪʘʥʴ 1500 ʤʢʤ [170].  

ɺʽʟʫʘʣʽʟʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʰʣʷʭʦʤ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʨʝʣʴʻʬʫ ʫ 

ʚʠʛʣʷʜʽ 2D- ʽ 3D-topography ʢʘʨʪ (ʚʠʩʦʪʘ ʚʽʜʦʙʨʘʞʝʥʘ ʢʦʣʴʦʨʦʤ) ʪʘ 2D-torsion 

ʢʘʨʪ, ʷʢʽ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʟʘʢʨʫʯʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʢʦʥʩʦʣʽ ʪʘ ʚʽʜʦʙʨʘʞʘʶʪʴ 
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ʧʦʚʝʨʭʥʝʚʝ ʪʝʨʪʷ.  

ʆʙʨʦʙʢʫ ʦʪʨʠʤʘʥʠʭ ɸʉʄ-ʟʦʙʨʘʞʝʥʴ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Explorer software ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ 

ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʠʭ ʘʤʧʣʽʪʫʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʟʛʽʜʥʦ ʟ 

ʤʽʞʥʘʨʦʜʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ  ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʦʛʦ Ra (ISO 4287/1), ʷʢʠʡ 

ʚʠʟʥʘʯʘʻ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʚ ʚʠʛʣʷʜʽ ʜʚʦʤʽʨʥʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ, 

ʪʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ Rq (ISO 4287/1), ʷʢʠʡ ʻ ʚʠʟʥʘʯʘʣʴʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ [171].  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʧʨʦʬʽʣʶ ʧʦʚʝʨʭʥʽ, ʷʢʠʡ ʙʫʜʫʚʘʣʠ ʫʟʜʦʚʞ 

ʧʝʨʝʨʽʟʫ ʥʘ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪʘʭ, ʘ ʪʘʢʦʞ ʛʽʩʪʦʛʨʘʤ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ, ʢʫʪʽʚ 

ʥʘʭʠʣʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʜʽʣʷʥʦʢ ʧʦʚʝʨʭʥʽ, ʪʘ ʢʫʪʽʚ ʦʨʽʻʥʪʘʮʽʾ ʥʦʨʤʘʣʽ ʜʦ 

ʧʦʚʝʨʭʥʽ ʚʠʟʥʘʯʘʣʠ ʨʦʟʤʽʨ, ʬʦʨʤʫ ʟʝʨʝʥ ʪʘ ʥʘʷʚʥʽʩʪʴ ʘʥʽʟʦʪʨʦʧʽʾ 

ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ʅʘ ʚʩʽʭ ʩʪʨʫʢʪʫʨʘʭ ʚʽʜʤʽʯʝʥʘ ʪʦʪʦʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʽ ʥʘ 

ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʩʢʘʥʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʝʢʩʪʨʘʧʦʣʶʚʘʪʠ ʜʘʥʽ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʚ ʮʽʣʦʤʫ. 

2.11.5 ʌʦʪʦʢʘʪʘʣʽʪʠʯʥʝ ʦʢʠʩʥʝʥʥʷ ʤʝʪʠʣʦʚʦʛʦ ʞʦʚʪʦʛʘʨʷʯʦʛʦ 

ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʧʦʢʨʠʚʘʤʠ 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʟʦʙʘʨʚʥʠʢʘ ʤʝʪʠʣʦʚʦʛʦ ʞʦʚʪʦʛʘʨʷʯʦʛʦ (ʄɾ) 

ʫ ʧʨʦʮʝʩʽ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʚʠʤʽʨʶʚʘʥʥʷ 

ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʟʘʙʘʨʚʣʝʥʦʛʦ ʨʦʟʯʠʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʬʦʪʦʝʣʝʢʪʨʦʢʦʣʦʨʠʤʝʪʨʘ ʂʌʂ-2 [172]. ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʣʽʭʨʦʤʘʪʠʯʥʦʛʦ 

ʩʚʽʪʣʘ ʚ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʡ ʫ ʧʨʦʮʝʩʽ ʚʠʤʽʨʶʚʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʠʥʽʡ 

ʩʚʽʪʣʦʬʽʣʴʪʨ, ʷʢʠʡ ʧʨʦʧʫʩʢʘʻ ʩʚʽʪʣʦ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ɚ = 430 ï 460 ʥʤ, ʱʦ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʨʦʟʯʠʥʦʤ. ʆʧʪʠʯʥʫ ʛʫʩʪʠʥʫ 

ʚʠʟʥʘʯʘʣʠ ʫ ʢʶʚʝʪʘʭ ʪʦʚʱʠʥʦʶ 5,060 ʤʤ [173]. 

ɺʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʦʜʝʨʞʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʨʝʘʢʮʽʡ 

ʨʦʟʢʣʘʜʘʥʥʷ ʄɾ ʧʽʜ ʜʽʻʶ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʨʠʩ. 2.1).  



69 
 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʷʚʣʷʣʘ ʩʦʙʦʶ ʪʝʨʤʦʩʪʘʪʦʚʘʥʠʡ 

ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʠʡ ʨʝʘʢʪʦʨ 1 ʦʙ'ʻʤʦʤ 0,05 ʜʤ3 ʟ ʪʝʧʣʦʚʦʶ ʦʙʦʣʦʥʢʦʶ 2, ʱʦ 

ʤʽʩʪʠʪʴ ʦʧʪʠʯʥʠʡ ʚʫʟʦʣ ʽʟ ʣʶʤʽʥʝʩʮʝʥʪʥʦʶ ʣʘʤʧʦʶ 4 ʤʘʨʢʠ DeLux EBTï01 

ʟʘʛʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 125 ɺʪ ʟ ʜʽʘʧʘʟʦʥʦʤ ʭʚʠʣʴ 315ï400 ʥʤ, ʱʦ 

ʚʠʧʨʦʤʽʥʶʻ ʤ'ʷʢʠʡ ʫʣʴʪʨʘʬʽʦʣʝʪ ɸ, ʪʝʨʤʦʤʝʪʨ 6 ʪʘ ʪʝʨʤʦʢʦʥʪʨʦʣʝʨ 7 ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʤʘʛʥʽʪʥʫ ʤʽʰʘʣʢʫ 5. 

ʇʨʦʮʝʩ ʢʦʥʪʨʦʣʶ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ 

ʟʜʽʡʩʥʶʚʘʣʠ ʚʽʜʙʦʨʦʤ ʧʨʦʙ ʨʦʟʯʠʥʫ ʯʝʨʝʟ ʨʽʚʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʝʥʪʽʣʴ-ʧʨʦʙʦʚʽʜʙʽʨʥʠʢ 8. ʆʢʠʩʥʠʢʦʤ ʜʣʷ 

ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʩʣʫʛʫʚʘʚ ʢʠʩʝʥʴ ʧʦʚʽʪʨʷ, ʷʢʠʡ ʧʦʜʘʚʘʣʠ ʫ ʨʝʘʢʪʦʨ 

ʟ ʙʘʣʦʥʫ 10. 
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ʈʠʩʫʥʦʢ 2.1 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ:  

1 ï ʦʙʦʣʦʥʢʘ ʨʝʘʢʪʦʨʫ; 2 ï ʪʝʧʣʦʚʘ ʦʙʦʣʦʥʢʘ; 3 ï ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨ;  

4 ï ʜʞʝʨʝʣʦ ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 5 ï ʤʘʛʥʽʪʥʘ ʤʽʰʘʣʢʘ; 6 ï ʪʝʨʤʦʤʝʪʨ;  

7 ï ʪʝʨʤʦʨʝʛʫʣʷʪʦʨ; 8 ï ʧʨʦʙʦʚʽʜʙʽʨʥʠʢ: 9 ï ʻʤʥʽʩʪʴ ʜʣʷ ʚʽʜʙʦʨʫ ʧʨʦʙ;  

10 ï ʙʘʣʦʥ ʟʽ ʩʪʠʩʥʫʪʠʤ ʧʦʚʽʪʨʷʤ; 11 ï ʚʝʥʪʠʣʴ ʜʣʷ ʧʦʜʘʥʥʷ ʧʦʚʽʪʨʷ;  

12 ï ʙʘʨʙʦʪʝʨ; 13 ï ʨʦʙʦʯʠʡ ʨʦʟʯʠʥ 
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ʇʝʨʝʜ ʪʝʩʪʫʚʘʥʥʷʤ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʢʨʠʚʽʚ ʧʽʜ ʜʽʻʶ ʋʌ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʦʟʯʠʥ ʙʘʨʚʥʠʢʘ ʫ ʢʦʥʪʘʢʪʽ ʟ 

ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʚʠʪʨʠʤʫʚʘʣʠ ʫ ʪʝʤʨʷʚʽ ʧʨʦʪʷʛʦʤ 30 ʭʚ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʘʜʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ [174]. 

ɿʘʟʚʠʯʘʡ ʟʘ ʤʽʨʫ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʦʙʠʨʘʶʪʴ ʦʜʠʥ ʟ ʪʨʴʦʭ 

ʧʦʢʘʟʥʠʢʽʚ: 

- ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʾ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʫ; 

- ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʦʜʫʢʪʫ ʫ ʯʘʩʽ ʘʙʦ ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʚʠʭʽʜʥʦʛʦ ʨʝʘʛʝʥʪʫ ʫ ʮʽʣʴʦʚʠʡ ʧʨʦʜʫʢʪ; 

- ʧʦʪʦʯʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʠʭʽʜʥʦʾ ʨʝʯʦʚʠʥʠ ʘʙʦ ʡʦʛʦ ʧʦʯʘʪʢʦʚʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʪʘ ʟʘʛʘʣʴʥʠʡ ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ.  

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʫ ʨʦʙʦʪʽ ʚʠʟʥʘʯʘʣʠ ʟʤʽʥʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʄɾ 

ʧʨʦʪʷʛʦʤ ʯʘʩʫ, ʘ ʪʘʢʦʞ ʩʪʫʧʽʥʴ ʬʦʪʦʜʝʩʪʨʫʢʮʽʾ ʨʝʯʦʚʠʥʠ ʧʽʜ ʜʽʻʶ ʋʌ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʂʦʥʮʝʥʪʨʘʮʽʶ ʘʟʦʙʘʨʚʥʠʢʘ ʚʠʟʥʘʯʘʣʠ 

ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ. ɼʣʷ ʮʴʦʛʦ ʛʦʪʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʠʡ ʨʦʟʯʠʥ 

ʘʟʦʙʘʨʚʥʠʢʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 1 ʛ/ʜʤ3. ʅʘ ʦʩʥʦʚʽ ʩʪʘʥʜʘʨʪʥʦʛʦ ʛʦʪʫʚʘʣʠ ʩʝʨʽʶ 

ʨʦʙʦʯʠʭ ʨʦʟʯʠʥʽʚ ʰʣʷʭʦʤ ʚʽʜʙʦʨʫ 1,0; 2,0; 3,0; 4,0; 5,0 ʩʤ3 ʦʙ'ʻʤʽʚ ʪʘ 

ʜʦʜʘʚʘʥʥʷʤ 10 ʩʤ3 ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʯʘʪʢʦʚʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʄɾ (ʉ0) ʨʦʟʨʘʭʫʚʘʣʠ ʜʣʷ ʢʦʞʥʦʛʦ ʚʟʷʪʦʛʦ ʦʙ'ʻʤʫ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

                                             ʉ0 = ʩ Ā V / V0,                                        (2.31) 

ʜʝ c ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ, 1 ʛ/ʜʤ3;  

    V ï ʦʙ'ʻʤ ʄɾ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 1 ʛ/ʜʤ3, ʩʤ3;  

    V0 ï ʟʘʛʘʣʴʥʠʡ ʦʙ'ʻʤ, ʱʦ ʚʢʣʶʯʘʻ ʦʙ'ʻʤ ʘʟʦʙʘʨʚʥʠʢʘ  ̔10 ʩʤ3 ʚʦʜʠ, ʩʤ3. 

ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʩʝʨʽʾ ʨʦʟʯʠʥʽʚ ʚʠʟʥʘʯʘʣʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʄɾ ʰʣʷʭʦʤ 

ʚʠʤʽʨʶʚʘʥʥʷ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ, ʷʢʘ ʧʨʦʧʦʨʮʽʡʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʘʛʝʥʪʫ 

ʟʛʽʜʥʦ ʟʘʢʦʥʫ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ: 

                                              D = Ů Ā l Ā Ct,                                                 (2.32) 
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ʜʝ Ů ï ʤʦʣʷʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ; 

     l ï ʜʦʚʞʠʥʘ ʧʦʛʣʠʥʘʶʯʦʛʦ ʰʘʨʫ;  

     Ct ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʟʦʙʘʨʚʥʠʢʘ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʩʣʘʙʣʝʥʥʷ ʧʫʯʢʘ 

ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʛʦ ʩʚʽʪʣʘ ʧʽʜ ʯʘʩ ʡʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʯʝʨʝʟ ʧʦʛʣʠʥʘʶʯʝ 

ʩʝʨʝʜʦʚʠʱʝ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ï ʯʝʨʝʟ ʨʦʟʯʠʥ ʧʦʛʣʠʥʘʶʯʦʾ ʨʝʯʦʚʠʥʠ ʫ 

ʥʝʧʦʛʣʠʥʘʶʯʦʤʫ ʨʦʟʯʠʥʥʠʢʫ. ʇʫʯʦʢ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʛʦ ʩʚʽʪʣʘ, ʧʨʦʭʦʜʷʯʠ 

ʯʝʨʝʟ ʰʘʨ ʧʦʛʣʠʥʘʶʯʦʾ ʨʝʯʦʚʠʥʠ, ʚʠʭʦʜʠʪʴ ʦʩʣʘʙʣʝʥʠʤ  [175]: 

                                                   I = I 0 Ā e
ïŮĀcĀl,                                              (2.33) 

ʜʝ I ï ʥ̔ʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ ʧʽʩʣʷ ʧʨʦʭʦʜʫ ʢʨʽʟʴ ʩʝʨʝʜʦʚʠʱʝ;  

    I0 ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʭʽʜʥʦʛʦ ʩʚʽʪʣʘ;  

    l ï ʪʦʚʱʠʥʘ ʰʘʨʫ ʨʝʯʦʚʠʥʠ, ʢʨʽʟʴ ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʩʚʽʪʣʦ;  

   ʩ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ.  

ʅʘ ʦʩʥʦʚʽ ʦʜʝʨʞʘʥʠʭ ʜʘʥʠʭ ʙʫʜʫʚʘʣʠ ʛʨʘʜʫʶʚʘʣʴʥʠʡ ʛʨʘʬʽʢ C = f (D), 

ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʽʜ ʯʘʩ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʟʦʙʘʨʚʥʠʢʘ ʫ 

ʧʨʦʮʝʩʽ ʪʝʩʪʫʚʘʥʥʷ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʦʢʨʠʚʽʚ.  

ʋ ʧʨʦʮʝʩʽ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʘʟʦʙʘʨʚʥʠʢʘ ʚʽʜʙʠʨʘʣʠ ʧʨʦʙʠ ʟ 

ʨʝʘʢʮʽʡʥʦʛʦ ʦʙ'ʻʤʫ ʢʦʞʥʦʛʦ ʟ ʩʝʨʽʾ ʨʦʟʯʠʥʽʚ ʫ ʨʽʟʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ t ʟ 

ʧʦʜʘʣʴʰʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʄɾ.  

ɺ ʨʦʙʦʪʽ ʟʘ ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʫ ʦʙʨʘʣʠ 

ʩʪʫʧʽʥʴ ʬʦʪʦʜʝʩʪʨʫʢʮʽʾ ʄɾ ʍ, % ï ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʟʢʣʘʜʝʥʦʾ 

ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʜʦ ʚʠʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ: 

                                      ,100%
)ʄɾ(C

)ʄɾ(ʉ)ʄɾ(C
ʍ

0

t0
Ö

-
=                    (2.34) 

ʜʝ ʉ0(ʄɾ), ʉt(ʄɾ),ï ʧʦʯʘʪʢʦʚʘ ʪʘ ʧʦʪʦʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʄɾ ʚʽʜʧʦʚʽʜʥʦ, %. 
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ʈʆɿɼɯʃ 3 

ʂɯʅɽʊʀʂɸ ʊɸ ʄɽʍɸʅɯɿʄ ɽʃɽʂʊʈʆʍɯʄɯʏʅʆɻʆ ʉʇɯɺʆʉɸɼɾɽʅʅʗ 

ʂʆɹɸʃʔʊʋ, ʄʆʃɯɹɼɽʅʋ, ɺʆʃʔʌʈɸʄʋ ɯ ʎʀʈʂʆʅɯʖ ɺ ʉʇʃɸɺʀ ɯ 

ʂʆʄʇʆɿʀʎɯʁʅɯ ʇʆʂʈʀɺʀ 

ʈʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʫ ʨʦʙʦʪʽ ʟʘʚʜʘʥʴ ʧʦʪʨʝʙʫʻ ʨʝʪʝʣʴʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽʦʥʥʠʭ ʨʽʚʥʦʚʘʛ ʫ ʨʦʟʯʠʥʘʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʽ ʧʝʨʝʚʽʨʢʠ ʨʦʙʦʯʦʾ 

ʛʽʧʦʪʝʟʠ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʢʘʪʦʜʥʦʛʦ ʩʠʥʪʝʟʫ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʟ ʘʛʨʝʛʘʪʠʚʥʦ ʩʪʽʡʢʠʭ ʽ ʩʪʘʙʽʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʝʣʝʢʪʨʦʣʽʪʽʚ ʟʘʚʜʷʢʠ 

ʫʪʚʦʨʝʥʥʶ ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʬʘʟʠ ʦʢʩʠʜʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʝʣʝʢʪʨʦʜʥʦʤʫ 

ʧʨʦʮʝʩʽ. ʊʘʢʝ ʧʨʠʧʫʱʝʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʽʜʦʤʽʡ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʜʽʡʥʝ 

ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʩʦʤʝʪʘʣʘʪʽʚ (ʚʦʣʴʬʨʘʤʘʪʽʚ ʽ ʤʦʣʽʙʜʘʪʽʚ) ʧʨʠ ʢʘʪʦʜʥʽʡ 

ʧʦʣʷʨʠʟʘʮʽʾ, ʷʢʝ ʜʦ ʪʦʛʦ ʞ ʻ ʩʫʧʨʷʞʝʥʠʤ ʽʟ ʚʽʜʥʦʚʣʝʥʥʷʤ ʢʦʙʘʣʴʪʫ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʛʥʫʯʢʦ ʢʝʨʫʚʘʪʠ ʧʨʦʮʝʩʦʤ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ [176] ʟʤʽʥʝʥʥʷʤ 

ʧʘʨʘʤʝʪʨʽʚ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ. 

ɺʽʜʦʤʦ, ʱʦ ʦʩʦʙʣʠʚʦʩʪʽ ʩʧʽʚʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ 

ʤʝʪʘʣʘʤʠ (ʄʦ, W, Zr) ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʨʦʟʯʠʥʫ ʝʣʝʢʪʨʦʣʽʪʫ ʦʙʫʤʦʚʣʝʥʽ 

ʚʟʘʻʤʥʠʤ ʚʧʣʠʚʦʤ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʽ ʢʽʥʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʧʣʘʚʦʪʚʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɼʦ ʢʦʣʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʚʽʜʥʦʩʷʪʴʩʷ ʨʽʚʥʦʚʘʞʥʽ ʧʦʪʝʥʮʽʘʣʠ ʤʝʪʘʣʽʚ (ʪʘʙʣ.3.1), ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʽʩʪʴ ʽ 

ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʦʢʩʠʛʝʥʫ, ʟʜʘʪʥʽʩʪʴ ʜʦ ʢʦʤʧʣʝʢʩʦʪʚʦʨʝʥʥʷ ʽ ʛʽʜʨʦʣʽʟʫ. ʗʢ 

ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ, ʥʘʡʙʽʣʴʰ ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ ʚʠʛʣʷʜʘʻ ʟʘʣʫʯʝʥʥʷ 

ʮʠʨʢʦʥʽʶ ʜʦ ʩʧʣʘʚʫ ʟ ʢʦʙʘʣʴʪʦʤ ʽ ʤʦʣʽʙʜʝʥʦʤ ʚʥʘʩʣʽʜʦʢ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ 

ʥʘ ʨʽʚʥʽ 1,3ï1,7 ɺ. 

ʂʨʠʩʪʘʣʦʭʽʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʽʜʙʠʚʘʶʪʴ ʙʫʜʦʚʫ ʽ ʧʘʨʘʤʝʪʨʠ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʦʢʨʝʤʠʭ ʤʝʪʘʣʽʚ, ʨʦʟʤʽʨʠ ʢʘʪʽʦʥʽʚ, ʦʢʩʦʤʝʪʘʣʘʪʽʚ ʪʦʱʦ, 

ʷʢʽ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽ ʚʙʫʜʦʚʫʚʘʥʥʷ ʘʪʦʤʽʚ 

ʫ ʢʨʠʩʪʘʣʽʯʥʫ ˇʨʘʪʢʫ ʩʧʣʘʚʫ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʩʦʣʝʡ 

ʩʧʣʘʚʦʪʚʽʨʥʠʭ ʤʝʪʘʣʽʚ, ʨʝʞʠʤʠ ʽ ʧʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʦʣʽʟʫ ʻ ʽʥʩʪʨʫʤʝʥʪʘʤʠ, ʷʢʽ 
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ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʜʦʣʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʾ ʚʽʜʤʽʥʥʦʩʪʽ ʤʝʪʘʣʽʚ, 

ʱʦ ʚʽʜʥʦʚʣʶʶʪʴʩʷ ʩʧʨʷʞʝʥʦ.  

ʊʘʙʣʠʮʷ 3.1  ʈʽʚʥʦʚʘʞʥʽ ʧʦʪʝʥʮʽʘʣʠ ʝʣʝʢʪʨʦʜʥʠʭ ʨʝʘʢʮʽʡ [177 ï 180] 

 ʈʝʘʢʮʽʷ ɽʣʝʢʪʨʦʜʥʠʡ ʧʦʪʝʥʮʽʘʣ ɽ, ɺ 

ʂʦʙʘʣʴʪ 

1 ʉʦ2+ +2ʝ = ʉʦ 0,277  0,02951 lgc(ʉʦ2+) 

2 ʉʦ(ʆʅ)2 + 2ʅ
+ + 2ʝ = ʉʦ + 2ʅ2ʆ 0,095  0,059 ʨʅ 

ʄʦʣʽʙʜʝʥ 

3 MoO4
2ï + 4H+ + 2ʝ = MoO2 + 

2H2O 

0,606 - 0,1182pH + 0,0295lgc(MoO4
2ï) 

4 MoO4
2ï + 8H+ + 3ʝ = Mo3+ + 4H2O 0,508 - 0,1576pH +  

0,0197lg[c(MoO4
2ï)/c(Mo3+)] 

5 MoO2 + 4H+ + 4ʝ = Mo + 2H2O -0,072 - 0,059pH 

ɺʦʣʴʬʨʘʤ 

6 WO4
2ï + 4H+ + 2ʝ = WO2 + 2H2O 0,386 ï 0,1182 pH + 0,2951 lgc(WO4

2ï) 

7 WO2 + 4H+ + 4ʝ = W + 2H2O ï0,119 ï 0,0591 pH 

ʎʠʨʢʦʥʽʡ 

8 Zr4+ + 4ʝ = Zr ï1,54+0,0148 lg[Zr4+] 

9 ZrO2+ + H2O + 4e = Zr + 2OHī ï1,570 ï 0,0295 pH + 0,0148 lg[ZrO2+] 

ɯʦʥʥʽ ʨʽʚʥʦʚʘʛʠ 

10 Zr4+ + H2O = ZrO2 + 4H+ 0,91 ï 4pH 

11 ZrO2+ + H2O = ZrO2 + 4H+ 1,15 ï 2pH 

ʂʦʥʢʫʨʝʥʮʽʷ ʤʝʪʘʣʽʚ ʦʙʫʤʦʚʣʝʥʘ ʪʘʢʦʞ ʾʭ ʘʢʮʝʧʪʦʨʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʷʢʘ 

ʢʽʣʴʢʽʩʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʽʩʪʶ ʽ ʩʧʦʨʽʜʥʝʥʽʩʪʶ ʜʦ ʦʢʩʠʛʝʥʫ 

(ʪʘʙʣ. 3.2). ɼʦʩʠʪʴ ʙʣʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʦʩʪʽ ʤʝʪʘʣʽʚ 

ʚʢʘʟʫʶʪʴ ʥʘ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚ ̔ ʘʢʮʝʧʪʦʨʥ ̔ ʚʣʘʩʪʠʚʦʩʪ̔. ɺʪʽʤ, ʤʽʮʥʽʩʪʴ 

ʟʚôʷʟʢʽʚ ʟ ʦʢʩʠʛʝʥʦʤ, ʷʢʠʡ ʻ ʜʦʥʦʨʦʤ ʝʣʝʢʪʨʦʥʽʚ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʛʝʪʝʨʦʷʜʝʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟʘ ʫʯʘʩʪʽ ʧʝʨʝʣʽʯʝʥʠʭ ʤʝʪʘʣʽʚ, ʙʫʜʝ ʚʽʜʨʽʟʥʷʪʠʩʴ, 
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ʦʩʢʽʣʴʢʠ ʝʥʝʨʛʽʷ ʟʚôʷʟʢʫ ʟ ʦʢʩʠʛʝʥʦʤ ʩʫʪʪʻʚʦ ʚʽʜʤʽʥʥʘ. ʊʘʢ, ʚʠʭʦʜʷʯʠ ʟ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ ZrïO ʩʝʨʝʜ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʘʣʽʚ, ʤʦʞʥʘ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʟʘ ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚ ʮʠʨʢʦʥʽʡ ʫ ʨʦʟʯʠʥʽ ʝʣʝʢʪʨʦʣʽʪʫ ʙʫʜʝ 

ʽʩʥʫʚʘʪʠ ʫ ʚʠʛʣʷʜʽ ʦʢʩʦʢʘʪʽʦʥʫ ZrO2+, ʘ ʫ ʧʦʢʨʠʚʘʭ ʚʠʩʦʢʦʶ ʻ ʽʤʦʚʽʨʥʽʩʪʴ 

ʫʪʚʦʨʝʥʥʷ ʬʘʟʠ ʦʢʩʠʜʽʚ ZrO2.  

ʊʘʙʣʠʮʷ 3.2  ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʽ ʢʨʠʩʪʘʣʦʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʧʣʘʚʦʪʚʽʨʥʠʭ ʤʝʪʘʣʽʚ 

ʇʘʨʘʤʝʪʨʠ ʉʦ Mo W Zr 

ɽʄ ʆ, ʢɼʞ/ʤʦʣʴ 238,5 274,5 223,0 493,0 

ɽʄ ʅ, ʢɼʞ/ʤʦʣʴ 238,5 295,4 305,4 220,0 

ɽʣʝʢʪʨʦʥʝʛʘʪʠʚʥʽʩʪʴ, ʍ 1,88 2,16 2,36 1,33 

ɸʪʦʤʥʠʡ ʨʘʜʽʫʩ, ʥʤ 0,125 0,130 0,141 0,160 

ɽʥʝʨʛʽʷ ʽʦʥʽʟʘʮʽʾ, ʝɺ 7,86 7,10 7,98 6,84 

ʉʪʨʫʢʪʫʨʘ ˇʨʘʪʢʠ ʛʝʢʩʘʛʦʥʘʣʴʥʘ ʆʎʂ ʆʎʂ ʛʝʢʩʘʛʦʥʘʣʴʥʘ 

ʇʘʨʘʤʝʪʨʠ ˇʨʘʪʢʠ, ¡ 
a = 2,505 

c = 4,089 
3,147 3,160 

a = 3,231 

c = 5,148 

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʩʧʣʘʚʽʚ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʽʜʤʽʥʥʽʩʪʴ 

ʢʨʠʩʪʘʣʦʭʽʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʧʣʘʚʦʪʚʽʨʥʠʭ ʤʝʪʘʣʽʚ (ʪʘʙʣ. 3.2). ɺʽʜʤʽʥʥʽʩʪʴ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʢʦʙʘʣʴʪʫ ʽ ʮʠʨʢʦʥʽʶ ʚʽʜ ʚʦʣʴʬʨʘʤʫ ʪʘ ʤʦʣʽʙʜʝʥʫ, ʷʢ ʽ 

ʨʽʟʥʠʮʷ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ ʩʧʣʘʚʦʪʚʽʨʥʠʭ ʤʝʪʘʣʽʚ, ʙʝʟʩʫʤʥʽʚʥʦ, 

ʟʫʤʦʚʣʶ ̒ ʜʝʬʦʨʤʘʮʽʶ ˇʨʘʪʢʠ ʩʧʣʘʚʫ ʪʘ ʛʘʣʴʤʫʚʘʥʥʷ ʣʽʥʽʡʥʦʛʦ ʨʦʩʪʫ 

ʢʨʠʩʪʘʣʽʚ. ɸʪʦʤʥʽ ʨʘʜʽʫʩʠ ʤʦʣʽʙʜʝʥʫ, ʚʦʣʴʬʨʘʤʫ ʪʘ ʮʠʨʢʦʥʽʶ ʧʝʨʝʚʠʱʫʶʪʴ 

ʘʪʦʤʥʠʡ ʨʘʜʽʫʩ ʢʦʙʘʣʴʪʫ ʥʘ 4, 13 ʽ 28 % ʚʽʜʧʦʚʽʜʥʦ (ʪʘʙʣ. 3.2), ʱʦ 

ʚʠʢʣʠʢʘʪʠʤʝ ʟʩʫʚ ʘʪʦʤʽʚ ʟ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʤʦʥʦʘʪʦʤʥʦʛʦ ʰʘʨʫ, ʱʦ ʧʽʜʚʠʱʫʻ ʽʤʦʚʽʨʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʘʤʦʨʬʥʠʭ ʩʧʣʘʚʽʚ 

[181].  

ɿ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ɽʄ ʆ ʚʠʪʽʢʘʻ, ʱʦ ʤʦʣʽʙʜʝʥ, ʷʢʦʤʫ ʧʨʠʪʘʤʘʥʥʘ ʚʠʱʘ 

ʝʥʝʨʛʽʷ ɽʄ ʆ ʧʦʨʽʚʥʷʥʦ ʟ ʚʦʣʴʬʨʘʤʦʤ ʙʫʜʝ ʚʠʰʪʦʚʭʫʚʘʪʠ ʡʦʛʦ ʽʟ 
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ʢʦʦʨʜʠʥʘʮʽʡʥʦʾ ʩʬʝʨʠ ʢʦʙʘʣʴʪʫ. ʆʩʦʙʣʠʚʝ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʚʠʩʦʢʘ 

ʪʝʨʤʽʯʥʘ ʨʦʟʯʠʥʥʽʩʪʴ ʢʠʩʥʶ ʚ ʮʠʨʢʦʥʽʾ: ʫ ɓ-ʮʠʨʢʦʥʽ ʾʚʦʥʘ ʩʪʘʥʦʚʠʪʴ 2% ʤʘʩ., 

ʪʦʜ̔ ʷʢ ʚ Ŭ-ʮʠʨʢʦʥʽʾ ʢʠʩʥʶ ʨʦʟʯʠʥʷʻʪʴʩʷ ʚʽʜ 5 ʜʦ 8 ʤʘʩ.% [182]. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʟʘ ʤʽʮʥʽʩʪʶ ʟʚôʷʟʢʫ ɽʄ ʆ ʤʝʪʘʣʠ ʤʦʞʥʘ ʨʦʟʪʘʰʫʚʘʪʠ ʚ ʨʷʜ [178]: 

W < ʉʦ < Mo < Zr.  

3.1 ʆʙʛʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʣʽʛʘʥʜʽʚ ʜʣʷ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ ʧʦʢʨʠʚʽʚ ʩʧʣʘʚʘʤʠ ʢʦʙʘʣʴʪʫ 

ɿʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʝʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ ʝʣʝʢʪʨʦʜʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ 

ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ, ʚʦʣʴʬʨʘʤʫ, ʤʦʣʽʙʜʝʥʫ ʪʘ ʮʠʨʢʦʥʽʶ, ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʾʭ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽ ʩʧʣʘʚʠ ʟ ʧʨʦʩʪʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʥʝʤʦʞʣʠʚʦ [177]. ʗʢ 

ʚʽʜʦʤʦ, ʟʙʣʠʞʝʥʥʷ ʧʦʪʝʥʮʽʘʣʽʚ ʤʝʪʘʣʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʣʽʛʘʥʜʽʚ, 

ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʢʦʤʧʣʝʢʩʥʽ ʽʦʥʠ ʟ ʨʽʟʥʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʥʝʩʪʽʡʢʦʩʪʽ [183, 184]. 

ʇʝʨʝʚʘʞʥʘ ʢʽʣʴʢʽʩʪʴ ʣʽʛʘʥʜʽʚ ʻ ʪʨʠ- ʪʘ ʪʝʪʨʘʜʝʥʪʘʥʪʥʠʤʠ, ʘ ʚʽʜʧʦʚʽʜʥʦ, ʚʦʥʠ 

ʤʘʶʪʴ ʜʝʢʽʣʴʢʘ ʜʦʥʦʨʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʘʨ. ʇʝʨʝʚʘʞʥʫ ʙʽʣʴʰʽʩʪʴ 

ʪʝʪʨʘʜʝʥʪʘʥʪʥʠʭ ʣʽʛʘʥʜʽʚ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʣʽʥʽʡʥʽ ʽ ʪʝʪʨʘʝʜʨʠʯʥʽ. ʂʦʣʠ 

Co(II), ʷʢʠʡ ʤʘʻ ʦʢʪʘʝʜʨʠʯʥʫ ʘʢʮʝʧʪʦʨʥʫ ʩʬʝʨʫ, ʢʦʦʨʜʠʥʫʻ ʣʽʛʘʥʜ, 

ʜʦʩʪʫʧʥʠʤʠ ʻ ʰʽʩʪʴ ʚʫʟʣʽʚ. ɯ ʚʽʜʧʦʚʽʜʥʦ, ʣʽʛʘʥʜʠ ʪʝʪʨʘʝʜʨʠʯʥʦʾ ʙʫʜʦʚʠ 

ʟʘʡʤʘʪʠʤʫʪʴ ʯʦʪʠʨʠ ʟ ʰʝʩʪʠ ʚʫʟʣʽʚ, ʟʘʣʠʰʘʶʯʠ ʜʚʘ ʚʽʜʢʨʠʪʠʤʠ. ʎʽ ʜʚʘ 

ʚʽʜʢʨʠʪʠʭ ʚʫʟʣʘ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʡʥʷʪʽ ʜʚʦʤʘ ʤʦʥʦʜʝʥʪʘʥʪʥʠʤʽ ʛʨʫʧʘʤʠ ʘʙʦ 

ʙʽʜʝʥʪʘʥʪʥʠʤʠ ʣʽʛʘʥʜʘʤʠ. ʎʽʣʝʩʧʨʷʤʦʚʘʥʝ ʧʦʻʜʥʘʥʥʷ ʣʽʛʘʥʜʽʚ ʤʦʞʝ ʩʧʨʠʷʪʠ 

ʚ ʦʜʥʠʭ ʚʠʧʘʜʢʘʭ ʟʤʽʮʥʝʥʥʶ ʚʩʽʭ ʟʚ'ʷʟʢʽʚ ʽ ʫʪʚʦʨʝʥʥʶ ʟʤʽʰʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, 

ʱʦ ʧʝʨʝʚʝʨʰʫʶʪʴ ʤʦʥʦʣʽʛʘʥʜʥʽ ʟʘ ʤʽʮʥʦʩʪʶ, ʚ ʽʥʰʠʭ ï ʽʥʪʝʨʤʝʜʽʘʪʽʚ, 

ʜʠʩʦʮʽʘʮʽʷ ʷʢʠʭ ʧʨʦʪʽʢʘʻ ʟ ʧʦʤʽʪʥʠʤ ʛʘʣʴʤʫʚʘʥʥʷʤ. ʊʨʝʪʷ ʛʨʫʧʘ ʣʽʛʘʥʜʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʩʧʽʣʴʥʦʾ ʢʦʦʨʜʠʥʘʮʽʾ ʚʟʘʛʘʣʽ. ʆʪʞʝ ʧʦʻʜʥʘʥʥʷ 

ʣʽʛʘʥʜʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʥʘʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʚʽʜʦʤʦʛʦ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʫ 

ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʚ ʮʽʣʦʤʫ. 

ʉʫʯʘʩʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʣʽʛʘʥʜʽʚ ʫ ʚʩʽʭ ʪʠʧʘʭ 

ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʛʝʦʤʝʪʨʽʾ [185], ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʽʨʦʬʦʩʬʘʪ-ʽʦʥ [186], ʷʢ ʜʝʥʪʘʪʥʠʡ ʣʽʛʘʥʜ, ʩʪʚʦʨʶʻ 
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ʥʝʢʦʤʧʝʥʩʦʚʘʥʽ ʽʥʜʫʢʦʚʘʥʽ ʜʠʧʦʣʽ, ʧʨʠʯʦʤʫ ʨʝʟʫʣʴʪʫʶʯʠʡ ʜʠʧʦʣʴ ʟʤʽʮʥʶʻ 

ʟʚ'ʷʟʦʢ ʤʝʪʘʣʫ-ʢʦʤʧʣʝʢʩʦʪʚʽʨʥʠʢʘ ʟ ʦʜʥʽʻʶ ʟ ʛʨʫʧ ʽ ʧʦʩʣʘʙʣʶʻ ʟ ʽʥʰʦʶ. 

ʊʦʤʫ, ʷʢʱʦ ʚ ʨʦʟʯʠʥ ʝʣʝʢʪʨʦʣʽʪʫ, ʱʦ ʤʽʩʪʠʪʴ ʧʽʨʦʬʦʩʬʘʪʥʽ ʢʦʤʧʣʝʢʩʠ, 

ʚʚʝʩʪʠ ʷʢ ʜʨʫʛʠʡ ʣʽʛʘʥʜ ʥʝʡʪʨʘʣʴʥʽ ʟʘʩʪʫʧʥʠʢʠ ʘʙʦ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʛʨʫʧʠ, ʷʢʽ 

ʥʝʟʥʘʯʥʦ ʟʥʠʞʫʶʪʴ ʝʬʝʢʪʠʚʥʠʡ ʟʘʨʷʜ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʽ, ʪʦ ʦʙʠʜʚʘ 

ʣ̔ʛʘʥʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʫʤʽʩʥʠʤʠ ʚ ʦʜʥʽʡ ʢʦʦʨʜʠʥʘʮʽʡʥʽʡ ʩʬʝʨʽ ʽ ʫʪʚʦʨʶʚʘʪʠ 

ʩʢʣʘʜʥʽ ʟʤʽʰʘʥʽ ʢʦʤʧʣʝʢʩʠ. ʉʘʤʝ ʪʘʢʠʤ ʣʽʛʘʥʜʦʤ ʚʚʘʞʘʻʪʴʩʷ ʮʠʪʨʘʪ-ʽʦʥ [36]. 

3.1.1 ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʢʠʩʣʦʪʥʦʩʪʽ ʝʣʝʢʪʨʦʣʽʪʫ 

ʂʠʩʣʦʪʥʽʩʪʴ ʨʦʟʯʠʥʫ ʝʣʝʢʪʨʦʣʽʪʫ ʚʧʣʠʚʘʻ ʷʢ ʥʘ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ 

ʧʦʪʝʥʮʽʘʣʽʚ ʦʩʘʜʞʝʥʥʷ ʤʝʪʘʣʽʚ ʫ ʩʧʣʘʚ, ʪʘʢ ʽ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʦʤʧʣʝʢʩʥʠʭ 

ʽʦʥʽʚ. ɼʽʘʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʽʦʥʥʠʭ ʬʦʨʤ ʢʦʙʘʣʴʪʫ ʟʘʣʝʞʥʦ ʚʽʜ ʨʅ ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ.3.1.  

 

ʈʠʩʫʥʦʢ 3.1 ï ɼʽʘʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʽʦʥʥʠʭ ʬʦʨʤ ʢʦʙʘʣʴʪʫ (ɯI) ʟʘʣʝʞʥʦ ʚʽʜ ʨʅ 

[187]: 1 ï ʉʦ2+, 2 ï ʉʦʆʅ+, 3 ï ʉʦ(Oʅ)2, 4 ïʉʦ(Oʅ)3
ï 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ 

ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʛʽʜʨʦʣʽʟʫ: ʨʂʛ,11 = 9,6, ʨʂ ʛ,12 = 18,8 ʽ ʨʂʛ,13 = 31,5 [179]. ɿ 

ʜʽʘʛʨʘʤ ʚʠʜʥʦ, ʱʦ ʜʦ ʨʅ = 7,0 ʢʦʙʘʣʴʪ (ɯɯ) ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʦʟʯʠʥʽ ʫ ʚʠʛʣʷʜʽ 

ʛʽʜʨʘʪʦʚʘʥʠʭ ʽʦʥʽʚ ʉʦ2+. ʇʽʜʚʠʱʝʥʥʷ ʨʅ ʚʝʜʝ ʜʦ ʧʦʩʪʫʧʦʚʦʛʦ ʛʽʜʨʦʣʽʟʫ 
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ʘʢʚʘʽʦʥʽʚ ʟ ʫʪʚʦʨʝʥʥʷʤ ʉʦOʅ+. ɺ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚ ʽʥʪʝʨʚʘʣʽ ʨʅ 10ï12 

ʫʪʚʦʨʶʻʪʴʩʷ ʛʽʜʨʦʢʩʠʜ ʉʦ(Oʅ)2, ʷʢʠʡ ʨʦʟʯʠʥʷʻʪʴʩʷ ʧʨʠ ʨʅ > 13 ʜʦ ʉʦ(Oʅ)3
ï. 

ʉʘʤʝ ʪʦʤʫ ʨʅ ʝʣʝʢʪʨʦʣʽʪʫ ʦʩʘʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʥʝ ʤʘʻ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 10. 

ʂʠʩʣʦʪʥʽʩʪʴ ʨʦʟʯʠʥʫ ʪʘʢʦʞ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ (ʨʠʩ. 3.2, 3.3) ʥʘ ʽʦʥʥʽ 

ʨʽʚʥʦʚʘʛʠ ʚ ʨʦʟʯʠʥʘʭ ʤʦʣʙ̔ʜʘʪ- ʪʘ ʚʦʣʴʬʨʘʤʘʪ-ʽʦʥʽʚ [178, 188], ʧʨʠʯʦʤʫ ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʨʅ ʨʦʟʯʠʥʫ ʝʣʝʢʪʨʦʣʽʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʚʽʜ ʧʦʣʽ- ʜʦ 

ʤʦʥʦʦʢʩʦʤʝʪʘʣʘʪʽʚ, ʨʦʟʤʽʨʠ ʷʢʠʭ, ʘ ʪʘʢʦʞ ʟʜʘʪʥʽʩʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʛʝʪʝʨʦʷʜʝʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʽʩʪʦʪʥʦ ʚʠʱʝ ʚʩʽʭ ʽʥʰʠʭ ʬʦʨʤ [189]. 

ʉʘʤʝ ʪʦʤʫ ʨʝʘʢʮʽʷ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ, ʷʢʘ ʧʨʦʪʽʢʘʻ ʧʘʨʘʣʝʣʴʥʦ ʟ ʚʽʜʥʦʚʣʝʥʥʷʤ 

ʚʦʣʴʬʨʘʤʫ ʽ ʤʦʣʽʙʜʝʥʫ ʽ ʚʠʢʣʠʢʘʻ ʟʘʣʫʞʝʥʥʷ ʧʨʠʝʣʝʢʪʨʦʜʥʦʛʦ ʰʘʨʫ, ʽʩʪʦʪʥʦ 

ʚʧʣʠʚʘ ̒ʥʘ ʧʨʦʮʝʩ ʩʧʣʘʚʦʪʚʦʨʝʥʥʷ ʚ ʮʽʣʦʤʫ [190]. 

ɺ ʜʘʥʠʡ ʯʘʩ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʚʩʪʘʥʦʚʣʝʥʠʤ, ʱʦ ʚ ʢʠʩʣʠʭ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʘʭ ʤʦʣʽʙʜʘʪʽʚ (ʚʦʣʴʬʨʘʤʘʪʽʚ) ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʦʟʘʨʷʜʥʠʤʠ ʻ 

ʦʢʩʦʢʘʪʽʦʥʠ MoO2
2+ (WO2

2+), ʪʦʤʫ ʾʭ ʛʽʜʨʦʣʽʟ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʣʘʥʮʶʛ 

ʨʽʚʥʦʚʘʛ, ʱʦ ʚ ʨʦʟʚʝʜʝʥʠʭ ʨʦʟʯʠʥʘʭ ʥʝ ʫʩʢʣʘʜʥʝʥʠʡ ʧʦʣʽʤʝʨʠʟʘʮʽʻʶ. 

 

ʈʠʩʫʥʦʢ 3.2 ï ɼʽʘʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʽʦʥʥʠʭ ʬʦʨʤ ʤʦʣʽʙʜʝʥʫ (VI) ʟʘʣʝʞʥʦ ʚʽʜ 

ʨʅ: 1 ï ʄʦO2
2+, 2 ï Mʦʆ2ʆʅ

+, 3 ï ʅ2ʄʦO4, 4 ï ʅʄʦO4
ï, 5ïʄʦO4

2ï 
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ʈʠʩʫʥʦʢ 3.3 ï ɼʽʘʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʽʦʥʥʠʭ ʬʦʨʤ ʚʦʣʴʬʨʘʤʫ (VI) ʟʘʣʝʞʥʦ ʚʽʜ 

ʨʅ : 1 ï WO2
2+, 2 ï Wʆ2ʆʅ

+, 3 ï ʅ2WO4, 4 ï ʅWO4
ï,5ï WO4

2ï 

ʆʩʢʽʣʴʢʠ ʜʽʘʧʘʟʦʥ ʨʅ ʨʦʙʦʯʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʽ 

ʢʦʤʧʦʟʠʪʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ 7 ï 10, ʪʦ ʚʠʭʦʜʷʯʠ ʟ ʜʽʘʛʨʘʤ ʨʦʟʧʦʜʽʣʫ 

ʽʦʥʥʠʭ ʬʦʨʤ Mo (VI) ʽ W (VI), ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʫ 

ʨʦʟʯʠʥʘʭ ʜʦʤʽʥʫʶʪʴ ʽʦʥʠ MoO4
2ï ʪʘ WO4

2ï. ɿʘʣʫʞʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʚʧʣʠʚʘʻ ʥʘ 

ʽʦʥʥʽ ʨʽʚʥʦʚʘʛʠ ʷʢ ʚ ʦʙ'ʻʤʽ ʝʣʝʢʪʨʦʣʽʪʫ, ʪʘʢ ʽ ʫ ʧʨʠʝʣʝʢʪʨʦʜʥʦʤʫ ʰʘʨʽ. ʇʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʨʅ ʫʪʚʦʨʶʶʪʴʩʷ ʤʦʥʦʚʦʣʴʬʨʘʤʘʪʠ ʪʘ ʤʦʥʦʤʦʣʽʙʜʘʪʠ ʟ ʦʜʥʦʛʦ 

ʙʦʢʫ, ʘ ʟ ʽʥʰʦʛʦ ï ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʧʨʦʪʦʥʫʚʘʥʥʷ ʣʽʛʘʥʜʫ (ʨʠʩ. 3.4, 3.5) [189].  

ɿʘʣʝʞʥʦ ʚʽʜ ʨʅ ʨʦʟʯʠʥʫ ʽʩʪʦʪʥʦ ʟʤʽʥʶʶʪʴʩʷ ʩʪʫʧʽʥʴ ʧʨʦʪʦʥʫʚʘʥʥʷ ʽ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʽʜʧʦʚʽʜʥʠʭ ʬʦʨʤ ʣʽʛʘʥʜʽʚ (ʨʠʩ. 3.4), ʫ ʟʚ'ʷʟʢʫ ʟ ʯʠʤ ʜʦ 

ʢʦʦʨʜʠʥʘʮʽʾ ʟʘʣʫʯʘʶʪʴʩʷ ʘʙʦ ʜʝʧʨʦʪʦʥʦʚʘʥʽ ʣʽʛʘʥʜʠ Cit3ï, ʘʙʦ ʯʘʩʪʠʥʢʠ 

ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʧʨʦʪʦʥʫʚʘʥʥʷ. ʇʨʠ ʨʅ 0, ʢʦʣʠ ʫ ʨʦʟʯʠʥʽ ʧʨʠʩʫʪʥʽ ʧʝʨʝʚʘʞʥʦ 

ʥʝʜʠʩʦʮʽʡʦʚʘʥʽ ʤʦʣʝʢʫʣʠ H3Cit, ʽʤʦʚʽʨʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ 

ʤʽʥʽʤʘʣʴʥʘ [191]. ʎʝʡ ʬʘʢʪ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʝʨʽʚʥʦʮʽʥʥʦʶ ʢʦʥʢʫʨʝʥʮʽʻʶ 

ʤʽʞ ʤʝʪʘʣʦʤ ʽ ʧʨʦʪʦʥʦʤ ʟʘ ʚʦʣʦʜʽʥʥʷ ʚʘʢʘʥʪʥʠʤʠ ʦʨʙʽʪʘʣʷʤʠ ʜʦʥʦʨʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʘʨ ʣʽʛʘʥʜʫ [192]. 
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ʈʠʫʥʦʢ 3.4 ï ɼʽʘʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʽʦʥʥʠʭ ʬʦʨʤ ʮʠʪʨʘʪʫ ʟʘʣʝʞʥʦ ʚʽʜ ʨʅ: 1 ï 

ʅ3ʉit, 2 ï ʅ2ʉitï, 3 ï ʅʉit2ï, 4 ï ʉit3ï [191] 

ʇʽʨʦʬʦʩʬʘʪ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʦʣʽʜʝʥʪʘʪʥʠʭ ʣʽʛʘʥʜʽʚ ʽ ʟʘʣʝʞʥʦ ʚʽʜ ʨʅ 

ʧʨʠʩʫʪʥʽʡ ʫ ʨʦʟʯʠʥʽ ʫ ʚʠʛʣʷʜʽ ʨʽʟʥʠʭ ʽʦʥʥʠʭ ʬʦʨʤ (ʨʠʩ. 3.5).  

 

ʈʠʩʫʥʦʢ 3.5 ï ɼʽʘʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʽʦʥʥʠʭ ʬʦʨʤ ʧ̔ʨʦʬʦʩʬʘʪʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʨʅ: 1 ï ʅ4ʈ2ʆ7, 2 ï ʅ3ʈ2ʆ7
ï, 3 ï ʅ2ʈ2ʆ7

2ï, 4 ï ʅʈ2ʆ7
3ï, 5 ïʈ2ʆ7

4ï [192] 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.5, ʦʙʣʘʩʪʽ ʽʩʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʬʦʨʤ ʧʽʨʦʬʦʩʬʘʪ-ʽʦʥʘ 

ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ, ʽ ʚ ʜʽʘʧʘʟʦʥʽ ʨʅ = 0,5 ï 10,5 ʥʝʤʦʞʣʠʚʦ ʚʠʜʽʣʠʪʠ ʰʠʨʦʢʠʡ 

ʽʥʪʝʨʚʘʣ, ʚ ʷʢʦʤʫ ʽʩʥʫʚʘʚ ʙʠ ʪʽʣʴʢʠ ʦʜʠʥ ʘʥʽʦʥ. 

ɺʽʜʦʤʦ [193], ʱʦ ʧʽʨʦʬʦʩʬʘʪʥʽ ʢʦʤʧʣʝʢʩʠ ʤʝʪʘʣʽʚ ʚ ʦʙʣʘʩʪʽ ʨʅ ʚʠʱʝ 7 

ʽ ʧʨʠ ʥʘʜʣʠʰʢʫ ʣʽʛʘʥʜʫ ʤʘʶʪʴ ʩʢʣʘʜ ʄʝ(ʈ2ʆ7)2
zï8, ʧʨʠʯʦʤʫ ʧʨʦʪʦʥʦʚʘʥʽ 

ʛʨʫʧʠ ʥʝ ʟʘʣʫʯʘʶʪʴʩʷ ʜʦ ʨʝʘʢʮʽʾ ʢʦʤʧʣʝʢʩʦʪʚʦʨʝʥʥʷ ʥʘʚʽʪʴ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʣʽʛʘʥʜ ʟʥʘʭʦʜʠʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʫ ʚʠʛʣʷʜʽ ʅʈ2ʆ7
3ï. ʉʣʽʜ ʪʘʢʦʞ 

ʚʨʘʭʫʚʘʪʠ, ʱʦ ʢʠʩʣʦʪʥʽʩʪʴ ʚʧʣʠʚʘʻ ʥʝ ʪʽʣʴʢʠ ʥʘ ʽʦʥʥʽʡ ʩʢʣʘʜ, ʘ ʽ ʩʪʽʡʢʽʩʪʴ 

ʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʧʽʨʦʬʦʩʬʘʪʠ ʧʽʜʜʘʶʪʴʩʷ ʛʽʜʨʦʣʽʟʫ, 

ʢʽʥʮʝʚʦʶ ʩʪʘʜʽʻʶ ʷʢʦʛʦ ʻ ʫʪʚʦʨʝʥʥʷ ʦʨʪʦʬʦʩʬʘʪʫ [194]. 

ʎʠʨʢʦʥʽʡ (ɯV) ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʩʭʠʣʴʥʠʡ ʜʦ ʛʽʜʨʦʣʽʟʫ, ʧʦʣʽʤʝʨʠʟʘʮʽʾ 

ʪʘ ʢʦʤʧʣʝʢʩʦʪʚʦʨʝʥʥʷ [195 ï 197]. ʋ ʩʫʣʴʬʘʪʥʠʭ ʨʦʟʯʠʥʘʭ ʮʠʨʢʦʥʽʡ 

ʧʝʨʝʙʫʚʘʻ ʫ ʚʠʛʣʷʜʽ ʩʫʣʴʬʘʪʫ ʮʠʨʢʦʥʽʶ ʽ ʮʽʨʢʦʥʽʣʩʫʣʴʬʘʪʥʦ ʾ ʢʠʩʣʦʪʠ, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʦʚʘʛʘʤʠ: 

Zr(SO4)2 + H2O ź (ZrO)SO4 + H2SO4, (3.1) 

(ZrO)SO4 + H2SO4 ź H2[ZrO(SO4)2]. (3.2) 

ZrO2+ + 2(SO4)
2ï ź [ZrO(SO4)2]

2ï. (3.3) 

ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʩʣʘʙʦʢʠʩʣʠʭ ʨʦʟʯʠʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʽʜʨʦʣʽʟ ʩʫʣʴʬʘʪʫ 

ʮʠʨʢʦʥʽʶ ʟ ʫʪʚʦʨʝʥʥʷʤ ʤʘʣʦʨʦʟʯʠʥʥʠʭ ʦʩʥʦʚʥʠʭ ʩʫʣʴʬʘʪʽʚ 

4ZrO2ĿSO3Ŀ14H2O. 

ɺ ʢʠʩʣʠʭ ʨʦʟʯʠʥʘʭ ʜʦ ʨʅ = 0,2 ʮʠʨʢʦʥʽʡ ʧʝʨʝʚʘʞʥʦ ʽʩʥʫʻ ʚ ʚʠʛʣʷʜʽ 

ʢʘʪʽʦʥʘ Zr4+ (ʨʠʩ. 3.6). ʇʨʠ ʟʤʽʥʽ ʨʅ ʚʽʜ 0,2 ʜʦ 6,0 ʚ ʨʦʟʯʠʥʽ ʧʝʨʝʚʘʞʘʶʪʴ 

ʛʽʜʨʦʢʩʦʢʦʤʧʣʝʢʩʠ Zr(Oʅ)3
+, Zr2(Oʅ)7

+ [198]. ʇʦʯʠʥʘʶʯʠ ʟ ʨʅ = 6,  

ʮʠʨʢʦʥʠʡ ʽʩʥʫʻ ʧʝʨʝʚʘʞʥʦ ʫ ʚʠʛʣʷʜʽ ʨʦʟʯʠʥʥʦʛʦ ʛʽʜʨʦʢʩʠʜʫ Zr(Oʅ)4, ʜʝ 

n = 1ï4 [199].  

ʈʝʘʢʮʽʷ ʛʽʜʨʦʣʽʟʫ (3.1) ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʚʽʣʴʥʝʥʥʷʤ ʩʫʣʴʬʘʪʥʦʾ 

ʢʠʩʣʦʪʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʨʦʟʯʠʥʫ ʽ ʧʨʠʧʠʥʝʥʥʷ 

ʚʠʜʽʣʝʥʥʷ ʦʩʘʜʫ, ʧʨʠʯʦʤʫ ʩʪʫʧʽʥʴ ʛʽʜʨʦʣʽʟʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ 
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(3.1). ʉʣʽʜ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʽʤʦʚʽʨʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʩʫʣʴʬʘʪʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʟʘʣʝʞʠʪʴ ʥʝ ʩʪʽʣʴʢʠ ʚʽʜ ʢʠʩʣʦʪʥʦʩʪʽ ʨʦʟʯʠʥʫ (ʨʠʩ. 3.6), ʩʢʽʣʴʢʠ 

ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ (SO4)
2ï (ʨʠʩ. 3.7). 

 

ʈʠʩʫʥʦʢ 3.6 ï ɼʽʘʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʽʦʥʥʠʭ ʬʦʨʤ ʮʠʨʢʦʥʽʶ IV ʟʘʣʝʞʥʦ ʚʽʜ 

ʨʅ [198]: 1 ï Zr4+, 2 ï Zr(OH)3+, 3 ï Zr2(Oʅ)7
+ 

 

 

ʈʠʩʫʥʦʢ 3.7 ï ɼʽʘʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʽʦʥʥʠʭ ʬʦʨʤ ʮʠʨʢʦʥʽʶ (ɯV) ʩʫʣʴʬʘʪʫ 

ʟʘʣʝʞʥʦ ʚʽʜ ï lg [SO4
2ï]: 1 ï Zr4+, 2 ï ZrSO4

2+, 3 ï Zr(SO4)2, 4 ï Zr(SO4)3
2ï 
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ɿ ʘʥʘʣʽʟʫ ʚʩʴʦʛʦ ʚʠʱʝ ʟʘʟʥʘʯʝʥʦʛʦ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ ʱʦ ʦʩʘʜʞʝʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʢʨʘʱʝ ʧʨʦʚʦʜʠʪʠ ʚ ʽʥʪʝʨʚʘʣʽ ʨʅ 

6ï10. 

3.1.2 ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʢʦʙʘʣʴʪʫ ʚ ʩʠʩʪʝʤʘʭ ʉʦ2+-

P2O7
4ï, ʉʦ2+-Cit3ï ʪʘ P2O7

4ï-ʉʦ2+-Cit3ï  

ʎʽʣʝʩʧʨʷʤʦʚʘʥʝ ʧʦʻʜʥʘʥʥʷ ʣʽʛʘʥʜʽʚ ʤʦʞʝ ʩʧʨʠʷʪʠ ʟʤʽʮʥʝʥʥʶ  

ʚʩʽʭ ʟʚ'ʷʟʢʽʚ ʽ ʫʪʚʦʨʝʥʥʶ ʟʤʽʰʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʽʥʪʝʨʤʝʜʽʘʪʽʚ, ʜʠʩʦʮʽʘʮʽʷ  

ʷʢʠʭ ʧʨʦʪʽʢʘʻ ʟ ʧʦʤʽʪʥʠʤ ʛʘʣʴʤʫʚʘʥʥʷʤ, ʘʙʦ ʚʽʜʩʫʪʥʦʩʪʽ ʩʧʽʣʴʥʦʾ ʢʦʦʨʜʠʥʘʮʽʾ 

ʤʦʣʝʢʫʣ ʚʟʘʛʘʣʽ [72]. ʊʦʤʫ ʥʘʷʚʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʽʦʥʥʽ ʨʽʚʥʦʚʘʛʠ ʫ 

ʨʦʟʯʠʥʘʭ ʝʣʝʢʪʨʦʣʽʪʽʚ, ʘ ʪʘʢʦʞ ʾʭ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʻ ʥʝʦʜʤʽʥʥʦʶ ʫʤʦʚʦʶ ʛʥʫʯʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʬʦʨʤʫʚʘʥʥʷ  

ʧʦʢʨʠʚʽʚ ʟʘʜʘʥʦʛʦ ʩʢʣʘʜʫ ʽ ʩʪʨʫʢʪʫʨʠ. ɹʝʟʩʫʤʥʽʚʥʦ ʟôʷʚʣʷʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʪʴ 

ʚʠʚʯʝʥʥʷ ʤʦʥʦ- ʪʘ ʧʦʣʽʣʽʛʘʥʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʢʦʙʘʣʴʪʫ, ʚʦʣʴʬʨʘʤʫ, ʤʦʣʽʙʜʝʥʫ 

ʪʘ ʮʠʨʢʦʥʽʶ, ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʢʦʥʩʪʘʥʪʠ ʥʝʩʪʽʡʢʦʩʪʽ ʷʢʠʭ ʘʙʦ ʩʫʧʝʨʝʯʣʠʚʽ, ʘʙʦ 

ʚʽʜʩʫʪʥʽ ʚʟʘʛʘʣʽ. ʆʪʞʝ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ ʥʝʩʪʽʡʢʦʩʪʽ ʢʦʤʧʣʝʢʩʽʚ ʚʽʜʽʛʨʘʻ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʚʠʙʦʨʫ ʣʽʛʘʥʜʫ, ʘ ʪʘʢʦʞ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʣʽʛʘʥʜʽʚ ʽ ʩʧʣʘʚʦʪʚʽʨʥʠʢʘ ʚ ʝʣʝʢʪʨʦʣʽʪʽ 

ʥʘʥʝʩʝʥʥ ̫ʧʦʢʨʠʪʪʽʚ.  

ɺʠʚʯʝʥʥʷ ʢʦʤʧʣʝʢʩʦʪʚʦʨʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʘ 

ʃʝʜʝʥʘ, ʷʢʠʡ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʚʯʝʥʥʽ ʩʢʣʘʜʫ ʽ ʩʪʽʡʢʦʩʪʽ 

ʢʦʤʧʣʝʢʩʥʠʭ ʽʦʥʽʚ ʤʝʪʘʣʽʚ [160].  

ʈʽʟʥʠʮʷ ʨʽʚʥʦʚʘʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʢʦʙʘʣʴʪʫ ȹE ʫ ʢʦʥʮʝʥʪʨʘʥʮʽʡʥʦʤʫ 

ʣʘʥʮʶʟʽ CoƅCo2+, Na2SO4ƐCo2+, Na2SO4, L(P2O7
4ï, Cit3ï)ƅCo ʟʘʢʦʥʦʤʽʨʥʦ 

ʟʨʦʩʪʘʻ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʽʛʘʥʜʽʚ ʩ(P2O7
4ï), ʩ(Cit3ï) ʟʘ ʨʘʭʫʥʦʢ 

ʟʚ'ʷʟʫʚʘʥʥʷ ʢʘʪʽʦʥʽʚ Co2+ ʫ ʢʦʤʧʣʝʢʩ. ɿʘʣʝʞʥʽʩʪʴ ȹEïlgʩ(Cit3ï)  ʤʘʻ ʣʽʥʽʡʥʠʡ 

ʭʘʨʘʢʪʝʨ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʱʦ ʩʚʽʜʯʠʪʴ, ʧʨʦ ʧʨʠʩʫʪʥʽʩʪʴ ʚ 

ʨʦʟʯʠʥʽ ʧʝʨʝʚʘʞʥʦ [ʉʦ(Cit)2]
4ī ʢʦʤʧʣʝʢʩʽʚ.  

ʇʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʣʠʛʘʥʜʫ ʜʦ ʢʦʤʧʣʝʢʩʦʪʚʽʨʥʠʢʘ 
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ʩ(P2O7
4ï)/ʩ (ʉʦ2+) ² 10 ʥʘ ʟʘʣʝʞʥʦʩʪʽ E ï lg ʩ (P2O7

4ï) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʛʠʥ, 

ʷʢʠʡ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʧʨʠ ʤʝʥʰʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʫ ʨʦʟʯʠʥʽ ʟʥʘʭʦʜʷʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʽʦʥʠ ʉʦ2+.  

ɼʦʜʘʚʘʥʥʷ ʧʽʨʦʬʦʩʬʘʪ-ʽʦʥʽʚ ʜʦ ʉʦ2+ ʪʘ Cit3ï ʚʤʽʩʥʠʭ ʨʦʟʯʠʥʽʚ ʚʠʢʣʠʢʘʻ 

ʫʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʩʪʽʡʢʦʛʦ ʧʦʨʽʚʥʷʥʦ ʽʟ ʧʽʨʦʬʦʩʬʘʪʥʠʤ ʟʤʽʰʘʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʢʣʘʜʫ [P2O7ʉʦ(Cit)]5ī (ʪʘʙʣ. 3.3), ʱʦ ʜʘʻ ʧʽʜʩʪʘʚʠ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʩʘʤʝ 

ʙʽʣʽʛʘʥʜʥʽ ʝʣʝʢʪʨʦʣʽʪʠ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʽ ʢʦʤʧʦʟʠʪʽʚ ʢʦʙʘʣʴʪʫ. 

ʈʦʟʨʘʭʦʚʘʥʽ ʚ ʨʦʙʦʪʽ ʢʦʥʩʪʘʥʪʠ ʥʝʩʪʽʡʢʦʩʪʽ ʤʦʥʦ-, ʙʽ- ʪʘ ʛʝʪʝʨʦʣʽʛʘʥʜʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʢʦʙʘʣʴʪʫ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ, ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʢʦʨʝʢʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ.  

 

ʈʠʩʫʥʦʢ 3.8 ï ɿʘʣʝʞʥʽʩʪʴ ʨʽʟʥʠʮʽ ʨʽʚʥʦʚʘʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʢʦʙʘʣʴʪʦʚʠʭ 

ʝʣʝʢʪʨʦʜʽʚ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ Cit3ī-ʽʦʥʽʚ (1), P2O7
4ï-ʽʦʥʽʚ (2) ʪʘ P2O7

4ï-ʽʦʥʽʚ (3) 

ʧʨʠ ʩ(Cit3ï)=10ï2 ʤʦʣʴ/ʜʤ3 

ɿʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ ʥʝʩʪʽʡʢʦʩʪʽ ʢʦʤʧʣʝʢʩʽʚ ʢʦʙʘʣʴʪʫ (ʪʘʙʣ. 3.3), ʱʦ ʙʫʣʠ 

ʨʘʟʨʘʭʦʚʘʥʽ ʟʘ ʟʤʽʥʝʥʥʷʤ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʚ ʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʣʘʥʮʶʛʘʭ ʧʨʠ 

ʚʘʨʽʶʚʘʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʽʛʘʥʜʽʚ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ 

ʜʘʥʠʤʠ [179, 194], ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʢʦʨʝʢʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ. 

ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʱʦ ʫ ʧʫʙʣʽʢʘʮʽʾ [179] ʟʥʘʯʝʥʥʷ Kʥ ʥʘʚʝʜʝʥʽ 
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ʜʣʷ ʨʦʟʯʠʥʽʚ ʟ ʽʦʥʥʦʶ ʩʠʣʦʶ 0,1. 

ʊʘʙʣʠʮʷ 3.3 ï ʂʦʥʩʪʘʥʪʠ ʥʝʩʪʽʡʢʦʩʪʽ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʢʦʙʘʣʴʪʫ  

[179, 194, 200, 201] 

ʃʽʛʘʥʜ ʉʢʣʘʜ ʢʦʤʧʣʝʢʩʫ ʨʅ 
Kʥ 

 

ʝʢʩʧʝʨʠʤʝʥʪ ʣʽʪʝʨʘʪʫʨʘ 

Cit3ī [ʉʦ(Cit)2]
4ī 7,0 ï 7,5 5,0Ā10

ī6
 5,0Ā10

ī5
 

P2O7
4ī [ʉʦ(P2O7)2]

6ī 7,5 ï 9,3 1,8Ā10
ī9 

6,3Ā10
ī8 

Cit3ī, P2O7
4ī [P2O7ʉʦ(Cit)]5ī 8,4 ï 9,6  2,5Ā10

ī10
 ī 

3.1.3 ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʢʦʙʘʣʴʪʫ ʚ ʩʠʩʪʝʤʘʭ  

ʉʦ2+-Wʆ4
2ï, ʉʦ2+-Moʆ4

2ï, ʉʦ2+-ʄʦO4
2ï-P2O7

4ï, ʉʦ2+-WO4
2ï-P2O7

4ï,  

ʉʦ2+-ʄʦO4
2ï-Cit3ï ʽ ʉʦ2+-WO4

2ï-Cit3ï 

ɺʦʣʴʬʨʘʤʘʪ- ʽ ʤʦʣʽʙʜʘʪ-ʽʦʥʘʤ ʧʨʠʪʘʤʘʥʥʽ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʪʦʤʫ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʽ ʢʦʤʣʝʢʩʦʪʚʽʨʥʠʢʘʤʠ ʽ ʣʽʛʘʥʜʘʤʠ, ʱʦ 

ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʫ ʨʦʟʯʠʥʘʭ ʛʝʪʝʨʦʷʜʝʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. ʇʝʨʝʛʠʥ ʥʘ 

ʟʘʣʝʞʥʦʩʪʷʭ (ʨʠʩ. 3.9) ʦʪʨʠʤʘʥʠʭ ʫ ʢʦʥʮʝʥʪʨʘʥʮʽʡʥʦʤʫ ʣʘʥʮʶʟʽ  

CoƅCo2+, Na2SO4ƐCo2+, Na2SO4, L(WO4
2ï/ʄʦO4

2ï, P2O7
4ï, Cit3ï)ƅCo ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʯʘʩʪʠʥʦʢ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ  

ʩ(ʉʦ2+)/ʩ(Wʆ4
2ï(Moʆ4

2ï)) < 1 : 6 ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ ʥʝ ʫʪʚʦʨʶʶʪʴʩʷ  ̔

ʢʦʙʘʣʴʪ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʦʟʯʠʥʽ ʧʝʨʝʚʘʞʥʦ ʫ ʚʠʛʣʷʜʽ ʽʦʥʽʚ ʉʦ2+, ʘ  

ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Wʆ4
2ï ʘʙʦ Moʆ4

2ï ʫʪʚʦʨʶʶʪʴʩʷ ʘʥʽʦʥʠ  

ʩʢʣʘʜʫ [ʉʦ(WO4)2]
2ï ʪʘ [ʉʦ(ʄʦO4)2]

2ï. ɺʪʽʤ, ʚʠʭʦʜʷʯʠ ʟʽ ʟʥʘʯʝʥʴ  

ʢʦʥʩʪʘʥʪ ʥʝʩʪʽʡʢʦʩʪʽ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ ʚ ʩʠʩʪʝʤʘʭ ʉʦ2+-Wʆ4
2ï ʪʘ  

ʉʦ2+-Moʆ4
2ï ʻ ʥʝ ʜʦʩʠʪʴ ʤʽʮʥʠʤʠ  ̔ ʩʪʘʥʦʚʣʷʪʴ 5,7Ŀ10ï4 ʪʘ 8,1Ŀ10ï4  

ʚʽʜʧʦʚʽʜʥʦ. 



85 
 

 

 

ʈʠʩʫʥʦʢ 3.9 ï ɿʘʣʝʞʥʽʩʪʴ ʨʽʟʥʠʮʽ ʨʽʚʥʦʚʘʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʢʦʙʘʣʴʪʦʚʠʭ 

ʝʣʝʢʪʨʦʜʽʚ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʣʴʬʨʘʤʘʪ- (1) ʽ ʤʦʣʽʙʜʘʪ-ʽʦʥʽʚ (2) ʧʨʠ  

ʩ(ʉʦ2+)=5Ā10ï3 ʤʦʣʴ/ʜʤ3, ʨʅ = 6,3 ï 7,2  

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʤʦʥʦʣʽʛʘʥʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʢʦʙʘʣʴʪʫ ʟ 

ʚʦʣʴʬʨʘʤʘʪ- ʽ ʤʦʣʽʙʜʘʪ-ʽʦʥʘʤʠ ʚʚʦʜʠʣʠ ʜʦʜʘʪʢʦʚʽ ʣʽʛʘʥʜʽ ï ʮʠʪʨʘʪ- ʽ 

ʧʽʨʦʬʦʩʬʘʪ-ʽʦʥʠ. ʅʘ ʧʽʜʩʪʘʚʽ ʟʘʣʝʞʥʦʩʪʝʡ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 3.9, ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʦʪʚʦʨʝʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʉʦ2+-ʄʦO4
2ï-P2O7

4ï/Cit3ï 

(ʨʠʩ.3.10) ʽ ʉʦ2+-WO4
2ï-P2O7

4ï/Cit3ï (ʨʠʩ.3.11) ʙʫʣʦ ʚʟʷʪʦ ʩʪʘʣʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʉʦ2+/ʄʦO4
2ï(WO4

2ï) = 1:12, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʧʨʠ ʮʴʦʤʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʢʦʤʧʦʥʝʥʪʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʛʠʥ ʥʘ ʟʘʣʝʞʥʦʩʪʷʭ ɽïlgʩL, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʩʧʦʣʫʢʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʦʪʚʦʨʝʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʉʦ2+-ʄʦO4
2ï(WO4

2ï)-Cit3ï, 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʯʘʩʪʢʦʚʝ ʟʘʤʽʱʝʥʥʷ ʄʦO4
2ï(WO4

2ï)-ʽʦʥʽʚ ʥʘ ʮʠʪʨʘʪ-ʽʦʥʠ ʽ 

ʬʦʨʤʫʚʘʥʥʷ ʛʝʪʝʨʦʷʜʝʨʥʠʭ ʩʧʦʣʢʫʢ [MʦO4ʉʦ(Cit)]3ï ʽ [WO4ʉʦ(Cit)]3ï, 

ʚʽʜʧʦʚʽʜʥʦ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʽʨʦʬʦʩʬʘʪ-ʽʦʥʠ ʢʦʥʢʫʨʫʶʪʴ ʟ 

ʦʢʩʦʤʝʪʘʣʘʪʘʤʠ ʽ ʚʠʰʪʦʚʭʫʶʪʴ ʾʭ ʟ ʚʥʫʪʨʽʰʥʴʦʾ ʩʬʝʨʠ, ʦʩʢʽʣʴʢʠ, ʷʢ ʚʠʜʥʦ ʟ 

ʪʘʙʣʠʮʽ 3.4, ʫ ʩʠʩʪʝʤʘʭ ʉʦ2+-ʄʦO4
2ï(WO4

2ï)-P2O7
4ī ʫʪʚʦʨʶʶʪʴʩʷ ʣʠʰʝ 

ʧʽʨʦʬʦʩʬʘʪʥʽ ʢʦʤʧʣʝʢʩʠ ʢʦʙʘʣʴʪʫ. 
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ʈʠʩʫʥʦʢ 3.10 ï ɿʘʣʝʞʥʽʩʪʴ ʨʽʟʥʠʮʽ ʨʽʚʥʦʚʘʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʢʦʙʘʣʴʪʦʚʠʭ 

ʝʣʝʢʪʨʦʜʽʚ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʽʨʦʬʦʩʬʘʪ- (1) ʽ ʮʠʪʨʘʪ-ʽʦʥʽʚ (2) ʧʨʠ 

ʩ(ʉʦ2+)=1Ā10ï3 ʤʦʣʴ/ʜʤ3, ʩ(ʄʦO4
2ï) = 1,2Ā 10ï2 ʤʦʣʴ/ʜʤ3, ʨʅ = 8,3 ï 9,9 

ʊʘʙʣʠʮʷ 3.4 ï ʂʦʥʩʪʘʥʪʠ ʥʝʩʪʽʡʢʦʩʪʽ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʢʦʙʘʣʴʪʫ 

ʂʦʤʧʣʝʢʩʦ-

ʫʪʚʦʨʶʚʘʯ 
ʃʽʛʘʥʜ 

ʉʢʣʘʜ 

ʢʦʤʧʣʝʢʩʫ 
ʨʅ ʂʥ 

ʉo2+ 

Wʆ
4

2ī
 [ʉʦ(WO

4
)
2
]
2ī

 6,3 ï 7,2 5,7Ŀ10
ï4

  

Moʆ
4

2ī
 [ʉʦ(ʄʦO

4
)
2
]
2ī

 6,3 ï 7,2 8,1Ŀ10
ï4

 

Wʆ4
2ï, P2O7

4ī [ʉʦ(P2O7)2]
4ï 8,8 ï 9,7 1,8Ŀ10ï10 

Wʆ4
2ï, Cit3ī [WO4ʉʦ(Cit)]3ï 8,2 ï 8,7 5,5Ŀ10ï7 

ʄʦʆ4
2ï, P2O7

4ī [ʉʦ(P2O7)2]
4ï 8,8 ï 9,7 2,82Ŀ10ï10 

ʄʦʆ4
2ï, Cit3ī [MʦO4ʉʦ(Cit)]3ï 8,2 ï 8,7 5,6Ŀ10ï7 

ɿʘ ʩʚʦʾʤʠ ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʦʣʴʬʨʘʤ ʪʘ ʤʦʣʽʙʜʝʥ ʜʫʞʝ ʧʦʜʽʙʥʽ 

ʤʽʞ ʩʦʙʦʶ, ʪʦʤʫ ʟʘ ʦʜʥʘʢʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʾʭ ʨʦʟʯʠʥʽʚ ʭʽʜ ʟʘʣʝʞʥʦʩʪʝʡ 1 ʪʘ 

2, ̫ ʢ ʽ ʢʫʪʠ ʾʭ ʥʘʭʠʣʫ (ʨʠʩ. 3.10 ʽ 3.11) ʻ ʧʦʜʽʙʥʠʤʠ.  
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ʈʠʩʫʥʦʢ 3.11 ï ɿʘʣʝʞʥʽʩʪʴ ʨʽʟʥʠʮʽ ʨʽʚʥʦʚʘʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʢʦʙʘʣʴʪʦʚʠʭ 

ʝʣʝʢʪʨʦʜʽʚ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʽʨʦʬʦʩʬʘʪ- (1) ʽ ʮʠʪʨʘʪ-ʽʦʥʽʚ (2) ʧʨʠ  

ʩ(ʉʦ2+)=1Ā10-3 ʤʦʣʴ/ʜʤ3, ʩ(WO4
2ï) = 1,2Ā 10-2 ʤʦʣʴ/ʜʤ3,  

ʨʅ = 8,3 ï 9,9 

ʇʨʠʯʦʤʫ ʟʘʣʝʞʽʩʪʴ ʜʣʷ ʩʠʩʪʝʤ ʉʦ2+-ʄʦO4
2ï-P2O7

4ï ʽ ʉʦ2+-WO4
2ï-P2O7

4ï 

ʧʦʚʥʽʩʪʴ ʁʩʧʽʚʧʘʜʘʻ ʟ ʪʘʢʦʶ ʜʣʷ ʩʠʩʪʝʤʠ ʉʦ2+-P2O7
4ï, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʚʥʝ 

ʚʠʪʽʩʥʝʥʥʷ ʤʦʣʽʙʜʘʪ- ʪʘ ʚʦʣʴʬʨʘʤʘʪ-ʽʦʥʽʚ ʟ ʚʥʫʪʨʽʰʥʴʦʾ ʩʬʝʨʠ ʢʦʤʧʣʝʢʩʽʚ ʽ 

ʫʪʚʦʨʝʥʥʷ ʜʽʧʽʨʦʬʦʩʬʘʪʫ ʢʦʙʘʣʴʪʫ ʉʦ(P2O7)2
6ī. 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʉʦ2+-ʄʦO4
2ï-Cit3ï 

(ʨʠʩ.3.11) ʽ ʉʦ2+-WO4
2ï-Cit3ï, ʩʚʽʜʯʠʪʴ ʧʨʦ ʯʘʩʪʢʦʚʝ ʟʘʤʽʱʝʥʥʷ ʄʦO4

2ï ʪʘ 

(WO4
2ï)-ʽʦʥʽʚ ʥʘ ʮʠʪʨʘʪ ʽ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ [MʦO4ʉʦ(Cit)]3ï ʽ 

[WO4ʉʦ(Cit)]3ï, ʚʽʜʧʦʚʽʜʥʦ. 

ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ ʥʝʩʪʽʡʢʦʩʪʽ ʚ ʩʠʩʪʝʤʘʭ, ʱʦ ʤʽʩʪʷʪʴ 

ʤʦʣʠʙʜʘʪ- ʪʘ ʚʦʣʴʬʨʘʤʘʪ-ʽʦʥʠ ʤʘʡʞʝ ʦʜʥʘʢʦʚʽ ʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʧʨʠʨʦʜʠ ʜʨʫʛʦʛʦ ʣʽʛʘʥʜʫ [203]. 

 

 



88 
 

 

3.1.4 ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʚ ʩʠʩʪʝʤʘʭ ʄʦO4
2ï-P2O7

4ï, 

WO4
2ï-P2O7

4ï, ʄʦO4
2ï-Cit3ï, WO4

2ï-Cit3ï, ʄʦO4
2ï-P2O7

4ï-Cit3ï  ̔ 

WO4
2ï-P2O7

4ï-Cit3ï 

ʆʢʩʦʤʝʪʘʣʘʪʠ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʫ ʨʦʣʽ ʥʝ ʪʽʣʴʢʠ ʣʽʛʘʥʜʽʚ, ʘ ʽ 

ʢʦʤʧʣʝʢʩʦʪʚʽʨʥʠʢʽʚ, ʪʦʤʫ ʜʦʩʣʽʜʞʝʥʦ ʧʦʚʝʜʽʥʢʫ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʽ 

ʤʦʣʽʙʜʝʥʦʚʦʛʦ ʝʣʝʢʪʨʦʜʽʚ ʫ ʨʦʟʯʠʥʘʭ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ. ʉʣʽʜ 

ʪʘʢʦʞ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʦʡ ʬʘʢʪ, ʱʦ ʦʟʥʘʯʝʥʽ ʝʣʝʢʪʨʦʜʠ ʟʜʝʙʽʣʴʰʦʛʦ 

ʧʦʟʠʮʽʦʥʫʶʪʴʩʷ ʷʢ ʝʣʝʢʪʨʦʜʠ II ʨʦʜʫ, ʪʦʙʪʦ ʾʭ ʧʦʪʝʥʮʽʘʣʠ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʠʩʣʦʪʥʦʩʪʽ ʨʦʟʯʠʥʫ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʪʘ 

ʦʜʝʨʞʘʥʥʷ ʾʭ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʣʽʛʘʥʜʽʚ ʥʘ ʨʽʟʥʠʮʶ ʧʦʪʝʥʮʽʘʣʽʚ ʚʦʣʴʬʨʘʤʦʚʠʭ ʝʣʝʢʪʨʦʜʽʚ ʫ ʣʘʥʮʶʛʘʭ  

Wƅ WO4
2ï, Na2SO4Ɛ WO4

2ï, Na2SO4, L(P2O7
4ï, Cit3ï)ƅW.  

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.12, ʢʫʪʠ ʥʘʭʠʣʫ ʟʘʣʝʞʥʦʩʪʝʡ 1 (P2O7
4ï) ʽ 2 (Cit3ï) ʫ 

ʢʦʦʨʜʠʥʘʪʘʭ ȹȺïlgcL ʨʽʟʥʷʪʴʩʷ, ʪʦʙʪʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʠʨʦʜʦʶ ʣʽʛʘʥʜʫ.  

 

ʈʠʩʫʥʦʢ 3.12 ï ɿʘʣʝʞʥʽʩʪʴ ʨʽʟʥʠʮʽ ʨʽʚʥʦʚʘʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʚʦʣʴʬʨʘʤʦʚʠʭ 

ʝʣʝʢʪʨʦʜʽʚ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʽʨʦʬʦʩʬʘʪ- (1) ʽ ʮʠʪʨʘʪ-ʽʦʥʽʚ (2) ʪʘ ʧʽʨʦʬʦʩʬʘʪ-

ʽʦʥʽʚ (3) ʧʨʠ ʩ(Cit3ï)=10ï2 ʤʦʣʴ/ʜʤ3, ʨʅ = 7,5 ï 9,6 
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ɺʪʽʤ ʟʘʣʝʞʥʽʩʪʴ 3 ʻ ʤʘʡʞʝ ʧʘʨʘʣʝʣʴʥʦʶ ʜʦ 1 (ʨʠʩ. 3.12). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʩʠʩʪʝʤʘʭ WO4
2ï-P2O7

4ï ʽ WO4
2ï-Cit3ï ʫʪʚʦʨʶʶʪʴʩʷ 

ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ ʟ ʧʦʨʽʚʥʷʥʦ ʦʜʥʘʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʥʩʪʘʥʪ 

ʥʝʩʪʽʡʢʦʩʪʽ 8,0Ŀ10
ï14

 ʽ 1,0Ŀ10
ï15
, ʚʽʜʧʦʚʽʜʥʦ (ʪʘʙʣ. 3.5) [204]. ɺʪʽʤ ʟʤʽʰʘʥʽ 

ʢʦʤʧʣʝʢʩʠ ʫ ʩʠʩʪʝʤʽ WO4
2ï-P2O7

4ï-Cit3ï ʻ ʥʘʙʘʛʘʪʦ ʤʽʮʥʽʰʠʤʠ, ʦʩʢʽʣʴʢʠ ʾʭ Kʥ 

ʤʝʥʰʝ ʥʘ 10 ʧʦʨʷʜʢʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʄʦO4
2ï-P2O7

4ï ʽ ʄʦO4
2ï-Cit3ï ʫ ʣʘʥʮʶʛʘʭ  

ʄʦƅ ʄʦO4
2ï, Na2SO4Ɛ ʄʦO4

2ï, Na2SO4, L(P2O7
4ï, Cit3ï)ƅʄʦ, ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʟ ʚʝʣʠʢʦʶ ʨʽʟʥʠʮʝʶ ʢʦʥʩʪʘʥʪ ʥʝʩʪʽʡʢʦʩʪʽ 

4,0Ŀ10
ï24

 ʽ 7,9Ŀ10
ï16
, ʚʽʜʧʦʚʽʜʥʦ (ʪʘʙʣ. 3.5). 

ʊʘʙʣʠʮʷ 3.5 ï ʂʦʥʩʪʘʥʪʠ ʥʝʩʪʽʡʢʦʩʪʽ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ 

ɽʣʝʢʪʨʦʜ ʃʽʛʘʥʜ n Kʥ 

W 

WO4
2ï, Cit3ï 6 1,0Ŀ10ī15 

WO4
2ï, P2O7

4ī 4 8,0Ŀ10ī14 

WO4
2ï, Cit3ī, P2O7

4ī 6 6,6Ŀ10ī25 

Mo 

ʄʦO4
2ï, Cit3ī 4 7,9Ŀ10ī16 

ʄʦO4
2ï, P2O7

4ī 3 4,0Ŀ10ī24 

ʄʦO4
2ï, Cit3ī, P2O7

4ī 
3 4,4Ŀ10ī24 

6 5,3Ŀ10ī31 

ɼʣʷ ʩʠʩʪʝʤʠ ʄʦO4
2ï-P2O7

4ï-Cit3ï ʟʘʣʝʞʥʽʩʪʴ ʧʦʪʝʥʮʽʘʣʫ ʝʣʝʢʪʨʦʜʘ  

ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʽʛʘʥʜʫ ʤʘʻ ʥʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ.3.13), ʱʦ ʩʚʽʜʯʠʪʴ  

ʧʨʦ ʟʤʽʥʝʥʥʷ ʩʢʣʘʜʫ ʢʦʤʧʣʝʢʩʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʽʨʦʬʦʩʬʘʪ-ʽʦʥʫ.  

ʇʦʨʽʚʥʷʥʥʷ ʢʦʤʧʣʝʢʩʦʪʚʦʨʝʥʥʷ ʫ ʚʠʱʝʟʛʘʜʘʥʠʭ ʩʠʩʪʝʤʘʭ ʥʘ 

ʚʦʣʴʬʨʘʤʦʚʦʤʫ ʪʘ ʤʦʣʽʙʜʝʥʦʚʦʤʫ ʝʣʝʢʪʨʦʜʽ ʚʽʜʯʠʪʴ, ʱʦ ʙʽʣʴʰ ʤʽʮʥʽ 

ʢʦʤʧʣʝʢʩʠ  ʫʪʚʦʨʶʶʪʴʩʷ  ʚ  ʨʦʟʯʠʥʘʭ,  ʱʦ  ʤʽʩʪʷʪʴ  ʤʦʣʽʙʜʘʪ-ʽʦʥʠ 

(ʜʠʚ. ʪʘʙʣ.3.5). 
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ʈʠʩʫʥʦʢ 3.13 ï ɿʘʣʝʞʥʽʩʪʴ ʨʽʟʥʠʮʽ ʨʽʚʥʦʚʘʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʤʦʣʽʙʜʝʥʦʚʠʭ 

ʝʣʝʢʪʨʦʜʽʚ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʽʨʦʬʦʩʬʘʪ- (1) ʽ ʮʠʪʨʘʪ-ʽʦʥʽʚ (2) ʪʘ P2O7
4ï-

ʽʦʥʽʚ (3) ʧʨʠ ʩ(Cit3ï) = 10ï2 ʤʦʣʴ/ʜʤ3, ʨʅ = 7,5 ï 9,6 

3.1.5 ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʚ ʩʠʩʪʝʤʘʭ Zrʆ2+-P2O7
4ï,  

Zrʆ2+-Cit3ï, Zrʆ2+-P2O7
4ï-Cit3ï 

ʎʠʨʢʦʥʽʡ (IV) ʫʪʚʦʨʶʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʟ 

ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʣʛ̔ʘʥʜʘʤʠ: ʢʘʨʙʦʥʦʚʠʤʠ ʢʠʩʣʦʪʘʤʠ, ʦʢʩʽʘʥʪʨʘʭʽʥʦʥʘʤʽ, 

ɽɼʊɸ, ʛʘʣʦʛʝʥʽʜ- ʽ ʩʫʣʴʬʘʪ-ʽʦʥʘʤʠ ʪʦʱʦ.  

ʉʭʠʣʴʥʽʩʪʴ ʩʧʦʣʫʢ Zr(IV) ʜʦ ʛʽʜʨʦʣʽʟʫ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʨʦʟʯʠʥʽʚ, ʪʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʦʪʚʦʨʝʥʥʷ ʟ ʮʠʪʨʘʪ- ʪʘ ʧʽʨʦʬʦʩʬʘʪ-

ʽʦʥʘʤʠ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʘʪʽʦʥʽʚ, ʣʽʛʘʥʜʽʚ ʽ ʨʅ ʻ 

ʟʘʧʦʨʫʢʦʶ ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʝʣʝʢʪʨʦʣʽʪʽʚ. ɼʝʷʢʽ 

ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ ʮʴʦʛʦ ʝʣʝʤʝʥʪʘ ʚʽʜʥʦʩʥʦ ʩʪʽʡʢʽ ʜʦ ʛʽʜʨʦʣʽʟʫ ʫ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʘʭ [197].  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

lg[ZrO2+]/[Zr4+] ʚʽʜ ʨʅ ʧʽʜʪʚʝʨʜʞʫʻ ʫʪʚʦʨʝʥʥʷ ʫ ʮʠʪʨʘʪʥʦʤʫ ʨʦʟʯʠʥʽ ʩʘʤʝ 

ʽʦʥʽʚ ZrO2+, ʷʢʽ ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ ʢʦʤʧʣʝʢʩʦʪʚʽʨʥʠʢʽʚ. 

ɿʘʣʝʞʥʦʩʪʽ ʟʤʽʥʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʮʠʨʢʦʥʽʻʚʦʛʦ ʝʣʝʢʪʨʦʜʘ ʚʽʜ ʨʅ ʫ 

ʮʠʪʨʘʪʥʠʭ ʽ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʥʠʭ ʨʦʟʯʠʥʘʭ ʻ ʣʽʥʽʡʥʠʤʠ (ʨʠʩ. 3.14), ʢʫʪʦʚʽ 



91 
 

 

ʢʦʝʬʬʽʮʽʻʥʪʠ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜʧʦʚʽʜʥʦ 59 ʤɺ ʪʘ 29 ʤɺ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ 

ʪʘʢʫ ʩʠʩʪʝʤʫ ʷʢ ʝʣʝʢʪʨʦʜ ʜʨʫʛʦʛʦ ʨʦʜʫ. 

 

ʈʠʩʫʥʦʢ 3.14 ï ɿʘʣʝʞʥʽʩʪʴ ʨʽʟʥʠʮʽ ʨʽʚʥʦʚʘʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʮʠʨʢʦʥʽʻʚʠʭ 

ʝʣʝʢʪʨʦʜʽʚ ʚʽʜ ʨʅ ʚ ʨʦʟʯʠʥʘʭ ʮʠʪʨʘʪ-ʽʦʥʽʚ ʪʘ P2O7
4ï-ʽʦʥʽʚ ʧʨʠ  

ʩ(Cit3ï)=10ï2 ʤʦʣʴ/ʜʤ3  

ʈʦʟʨʘʭʦʚʘʥʽ ʟ ʘʥʘʣʽʟʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ (ʨʠʩ.3.15) 

ʢʦʥʩʪʘʥʪʠ ʥʝʩʪʽʡʢʦʩʪʽ ʢʦʤʧʣʝʢʩʽʚ ʫ ʩʠʩʪʝʤʘʭ ZrO2+-Cit3ï, ZrO2+-P2O7
4ī-Cit3ī 

ʩʢʣʘʜʘʶʪʴ 5,1Ŀ10ī14 ʽ 2,3Ŀ10ī17, ʚʽʜʧʦʚʽʜʥʦ.  

 

ʈʠʩʫʥʦʢ 3.15 ï ɿʘʣʝʞʥʽʩʪʴ ʨʽʟʥʠʮʽ ʨʽʚʥʦʚʘʞʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʮʠʨʢʦʥʽʻʚʠʭ 

ʝʣʝʢʪʨʦʜʽʚ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʪʨʘʪ- ʪʘ P2O7
4ï-ʽʦʥʽʚ ʧʨʠ ʩ(Cit3ï)=10ï2 ʤʦʣʴ/ʜʤ3 
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ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʦʪʚʦʨʝʥʥʷ ʫ ʩʠʩʪʝʤʽ ZrO2+-P2O7
4ï ʻ ʥʝʜʦʮʽʣʴʥʠʤ, 

ʦʩʢʽʣʴʢʠ ʧʨʠ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʢʦʤʧʣʝʢʩʦʪʚʽʨʥʠʢʘ ʽ ʣʽʛʘʥʜʫ 

ʫʪʚʦʨʶʶʪʴʩʷ ʥʝʨʦʟʯʠʥʥʽ ʦʩʘʜʠ. 

ɺʠʭʦʜʷʯʽ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʧʦʢʨʠʚʽʚ ʩʧʣʘʚʘʤʠ ʽ 

ʢʦʤʧʦʟʠʪʘʤʠ ʢʦʙʘʣʴʪʫ ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʦʥʽʚ 

ʩʧʣʘʚʦʪʚʽʨʥʠʭ ʤʝʪʘʣʽʚ ʽ ʣʽʛʘʥʜʽʚ ʪʨʝʙʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʚ ʽʥʪʝʨʚʘʣʽ 

ʉʦ2+:ʄʦ(W)O4
2ï:ZrO2+:Cit3ï:P2O7

4ï=2:(2ï6):(2ï4):(2ï4):(1ï2).  

ɹ̔ʣʴʰ ʜʝʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʱʦʜʦ ʩʧʽʚʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ 

ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ ʚ ʧʦʢʨʠʚʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʚʠʢʦʥʘʚʰʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʽʥʝʪʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ. 

3.2 ʌʦʨʤʘʣʴʥʘ ʢʽʥʝʪʠʢʘ ʢʘʪʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʩʫʤʽʩʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ 

ʢʦʙʘʣʴʪʫ, ʤʦʣʽʙʜʝʥʫ, ʚʦʣʴʬʨʘʤʫ ʽ ʮʠʨʢʦʥʽʶ  

ɼʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʣʽʪʽʚ ʪʘ  

ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʣʽʟʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ  

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʩʫʤʽʩʥʦʛʦ ʨʦʟʨʷʜʫ ʤʝʪʘʣʽʚ ʫ ʩʧʣʘʚ ʘʙʦ  

ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ. ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ  

ʣʽʥʽʡʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ ʢʘʪʦʜʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ  

ʤʦʣʽʙʜʝʥʦʤ, ʚʦʣʴʬʨʘʤʦʤ ʽ ʮʠʨʢʦʥʽʻʤ ʟ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ  

ʮʠʪʨʘʪʥʦ-ʧʨ̔ʦʬʦʩʬʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʭʘʥʽʟʤʫ 

ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʨʘʭʦʚʘʥʽ ʢʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʽ ʢʨʠʪʝʨʽʾ,  

ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʪʘʜʽʡ ʽ  

ʧʨʠʨʦʜʫ ʣʽʤʽʪʫʶʯʦʾ ʩʪʘʜʽʾ ʧʨʠ ʩʫʤʽʩʥʦʤʫ ʚʽʜʥʦʚʣʝʥʥʽ  

ʢʦʤʧʦʥʝʥʪʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʘʥʘʣʽʟʫ  

ʢʽʥʝʪʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤʘʭ  

ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʨʝʤʠʭ ʩʧʣʘʚʦʪʚʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟ 

ʧʦʩʣʽʜʦʚʥʠʤ ʫʩʢʣʘʜʥʝʥʥʷʤ ʩʠʩʪʝʤʠ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʯʘʩʪʠʥʦʢ 

ʩʧʽʚʦʩʘʜʞʫʚʘʥʠʭ ʤʝʪʘʣʽʚ ʽ ʚʘʨʽʶʚʘʥʥʷ ʣʽʛʘʥʜʽʚ. ʊʦʤʫ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ 

ʢʦʤʧʦʟʠʪʽʚ ʽ ʩʧʣʘʚʽʚ ʢʦʙʘʣʴʪʫ ʜʦʮʽʣʴʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʟʘ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ 

(3.16): 
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ʈʠʩʫʥʦʢ 3.16  ʉʠʩʪʝʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʩʧʽʚʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ ʤʦʣʽʙʜʝʥʦʤ, ʚʦʣʴʬʨʘʤʦʤ ʪʘ ʮʠʨʢʦʥʽʻʤ 

3.2.1 ʂʘʪʦʜʥʽ ʨʝʘʢʮʽʾ ʚ ʩʠʩʪʝʤʘʭ Co2+-H2O, ʉʦ2+-Cit3--H2O,  

ʉʦ2+-ʈ2ʆ7
4ï-H2O, ʉʦ

2+-Cit3--ʈ2ʆ7
4ï-H2O 

ɺʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ, ʦʜʝʨʞʘʥʽ ʥʘ ʩʪʘʣʝʚʦʤʫ ʝʣʝʢʪʨʦʜʽ ʫ ʨʦʟʯʠʥʘʭ 

ʚʘʨʽʡʦʚʘʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʽʦʥʽʚ ʉʦ2+ ʥʘ ʬʦʥʽ 1 ʤʦʣʴ/ʜʤ3 ʥʘʪʨʽʶ ʩʫʣʴʬʘʪʫ 

(ʨʠʩ. 3.17), ʤʘʶʪʴ ʢʣʘʩʠʯʥʫ ʬʦʨʤʫ ʟ ʘʜʩʦʨʙʮʽʡʥʦʶ ʧʝʨʝʜʭʚʠʣʝʶ ʚ ʽʥʪʝʨʚʘʣʽ 

ʧʦʪʝʥʮʽʘʣʽʚ ʚʽʜ (0,4 0,58) ɺ, ʩʪʨʽʤʢʽʤ ʟʨʦʩʪʘʥʥʷʤ ʩʪʨʫʤʫ ʚʽʜʥʦʚʣʝʥʥʷ 

ʢʦʙʘʣʴʪʫ ʧʨʠ ʧʦʪʝʥʮʽʘʣʘʭ ʚʽʜ (0,58 0,66) ɺ ʟ ʯʽʪʢʦ ʚʠʨʘʞʝʥʠʤ ʧʽʢʦʤ ʧʨʠ 

ʧʦʪʝʥʮʽʘʣʘʭ ɽʧ = ī(0,63ī0,66) ɺ. ʽ ʥʘʩʪʫʧʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ 

ʧʨʠ ʧʦʪʝʥʮʽʘʣʘʭ ʚʽʜ 0,63 ʜʦ 0,80 ɺ, ʦʙʫʤʦʚʣʝʥʠʤ ʛʘʣʴʤʫʚʘʥʥʷʤ ʜʠʬʫʟʽʾ 

ʢʘʪʽʦʥʽʚ ʉʦ2+ ʪʘ ʟʨʦʩʪʘʥʥʷʤ ʽʩʪʠʥʥʦʾ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʢʘʪʦʜʫ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʤʦʥʦ- ʪʘ ʧʦʣʽʰʘʨʽʚ ʢʦʙʘʣʴʪʫ [205]. ʇʨʠ ʧʦʪʝʥʮʽʘʣʘʭ, ʥʝʛʘʪʠʚʥʽʰʠʭ ʟʘ ï0,8 ɺ, 

Co2+-H2O 

ʉo2+-Cit3ï-WO4
2ï-H2O 

ʉo2+-Cit3ï-ʄʦO4
2ï-H2O  

ʉʦ2+-Cit3--WO4
2ï-ʈ2ʆ7

4ï-H2O  

ʉʦ2+-Cit3--ʄʦO4
2ï-ʈ2ʆ7

4ï-H2O 

ʉʦ2+-Cit3--ʈ2ʆ7
4ï-WO4

2ï-Zrʆ2+-H2O 

ʉʦ2+-Cit3--ʈ2ʆ7
4ï-WO4

2ï-ʄʦO4
2ï-H2O 

ʉʦ2+-Cit3--ʈ2ʆ7
4ï-ʄʦO4

2ï-Zrʆ2+-H2O 

ʉʦ2+-Cit3--H2O ʉʦ2+-Cit3--ʈ2ʆ7
4ï-H2O  
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ʽʥʪʝʥʩʠʬʽʢʫʻʪʴʩʷ ʨʝʘʢʮʽʷ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʪʨʫʤʠ ʧʽʢʽʚ 

ʟʘʢʦʥʦʤʽʨʥʦ ʟʨʦʩʪʘʶʪʴ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʦ2+ ʫ ʨʦʟʯʠʥʽ, ʘ 

ʧʦʪʝʥʮʽʘʣʠ ʧʽʢʽʚ ʩʪʘʶʪʴ ʥʝʛʘʪʠʚʥʽʰʠʤʠ.   

 

ʈʠʩʫʥʦʢ 3.17  ɺʦʣʴʪʘʤʝʨʦʛʨʘʤʠ ʩʪʘʣʝʚʦʛʦ ʝʣʝʢʪʨʦʜʫ ʥʘ ʬʦʥʽ 1ʄ Na2SO4 ʧʨʠ 

ʩ(ʉʦ2+), ʤʦʣʴ/ʜʤ3: 1  0,02; 2  0,01; 3  0,0075; s = 1Ŀ10ï2 ɺ/ʩ, ʊ = 293 ʂ. 

ʈʦʟʨʘʭʦʚʘʥʽ ʟʘ ʨʽʚʥʷʥʥʷʤ (2.5) ʟʥʘʯʝʥʥʷ ʜʦʙʫʪʢʫ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʝʨʝʥʝʩʝʥʥʷ ʥʘ ʯʠʩʣʦ ʝʣʝʢʪʨʦʥʽʚ Ŭz ʪʘ ʢʨʠʪʝʨʽʶ ʉʝʤʝʨʘʥʦ Xs (ʪʘʙʣ. 3.6), 

ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ʧ̔ / ãs  s (ʨʠʩ. 3.18, ʘ), ʷʢ ʽ ʟʤʝʥʰʝʥʥʷ Ŭz ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʦʙʦʨʦʪʥʽʩʪʴ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʪʦʙʪʦ 

ʛʘʣʴʤʫʚʘʥʥʷ ʩʪʘʜʽʾ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ. 

ʊʘʙʣʠʮʷ 3.6 ï ʂʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʘʪʦʜʥʦʾ ʨʝʘʢʮʽʾ ʚ ʩʠʩʪʝʤʽ Co2+-H2O  

(ʬʦʥ: Na2SO4 ï 1 ʤʦʣʴ/ʜʤ
3); s=0,01 ɺ/ʩ 

ʩ(Co2+), ʤʦʣʴ/ʜʤ3 ɽʩ, ɺ Ŭz Xs Xʩ 

0,0075 ī0,42 1,2 0,40 

0,63 0,01 ī0,40 1,0 0,43 

0,02 ī0,40 0,85 0,40 

ʃʽʥʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧ̔  ãs ʥʝ ʚʠʭʦʜʷʪʴ ʟ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ ʚ  

ʫʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʽʦʥʽʚ ʢʦʙʘʣʴʪʫ (ʨʠʩ. 3.18), ʱʦ 

ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʚʧʣʠʚʦʤ ʘʜʩʦʨʙʮʽʾ ʢʘʪʽʦʥʽʚ Co2+ ʥʘ ʝʣʝʢʪʨʦʜʽ ʟ ʯʫʞʦʨʽʜʥʦʛʦ 
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ʤʝʪʘʣʫ (ʩʪʘʣʴ). ʅʝʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʢʨʠʪʝʨʽʶ ʧ̔ /ãs ʟʽ ʰʚʠʜʢʽʩʪʶ ʨʦʟʛʦʨʪʢʠ 

ʧʦʪʝʥʮʽʘʣʫ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʩʪʫʧʥʫ ʭʽʤʽʯʥʫ ʨʝʘʢʮʽʶ.  

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.18 ï ɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧ̔ / ãs (ʘ) ʽ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʧʽʢʘ ʧ̔ (ʙ) ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ 

ʥʘ ʬʦʥʽ 1ʄ Na2SO4; ʩ(ʉʦ
2+), ʤʦʣʴ/ʜʤ3: 1  0,0075, 2  0,01, 3  0,02 

ɿʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ Xʩ (ʪʘʙʣ. 3.6), ʷʢ ʽ ʭʘʨʘʢʪʝʨ 

ʟʘʣʝʞʥʦʩʪʝʡ ʫ ʢʦʦʨʜʠʥʘʪʘʭ ʧ̔ / ʩ ʩ ʽ ̔ʧ  ʩ (ʨʠʩ. 3.19) ʪʘʢʦʞ ʩʚʽʜʯʘʪʴ  

ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʥʘʩʪʫʧʥʦʾ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ, ʚʥʝʩʦʢ ʷʢʦʾ ʚ ʟʘʛʘʣʴʥʠʡ  

ʢʘʪʦʜʥʠʡ ʧʨʦʮʝʩ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʢʦʙʘʣʴʪʫ ʚ 

ʨʦʟʯʠʥʽ.  

ʋʟʷʚʰʠ ʜʦ ʫʚʘʛʠ ʩʭʠʣʴʥʽʩʪʴ ʢʦʙʘʣʴʪʫ(II) ʜʦ ʛʽʜʨʦʣʽʟʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʨʅ 

ʧʨʠʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚʥʘʩʣʽʜʦʢ ʧʘʨʘʣʝʣʴʥʦʾ ʨʝʘʢʮʽʾ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ, 

ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ ʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʘʪʦʜʫ ʘʜʩʦʨʙʦʚʘʥʠʭ 

ʛʽʜʨʦʢʩʦʢʘʪʽʦʥʽʚ ʉʦʆʅ+ (ʂʥ = 4,4ϊ10ï5), ʨʦʟʨʷʜ ʷʢʠʭ ʙʫʜʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ 

ʥʘʩʪʫʧʥʦʶ ʨʝʘʢʮʽʻʶ ʚʠʚʽʣʴʥʝʥʥʷ ʛʽʜʨʦʢʩʠʜ-ʽʦʥʽʚ. 

ʆʪʞʝ, ʟʘʛʘʣʴʥʠʡ ʧʨʦʮʝʩ ʢʘʪʦʜʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʠʭ ʩʪʘʜʽʡ:  
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(Co2+)L
 + H2O ź (CoOH

+)S
 + H+   (3.4) 

(CoOH+)S + 2e Ÿ (CoOHï)S    (3.5) 

(CoOHï)S
 ź Co + OHï,     (3.6) 

ʱʦ ʩʧʽʚʧʘʜʘʻ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʫ [202].  

  
ʘ      ʙ 

ʈʠʩʫʥʦʢ 3.19  ɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧ̔ / ʩ (ʘ) ʽ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʧʽʢʘ ʧ̔ (ʙ) ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʥʘ ʬʦʥʽ 1ʄ Na2SO4 ʚʽʜ ʩ(ʉʦ
2+); s, ɺ/ʩ: 

1 ï 5ϊ10ï3, 2 ï 2ϊ10ï2, 3 ï 5ϊ10ï2 

ɼʦʜʘʚʘʥʥʷ ʥʘʪʨʽʶ ʮʠʪʨʘʪʫ ʜʦ ʨʦʟʯʠʥʽʚ ʟ ʚʘʨʽʡʦʚʘʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʢʦʙʘʣʴʪʫ ʧʨʦʛʥʦʟʦʚʘʥʦ ʚʠʢʣʠʢʘʻ ʩʫʪʪʻʚʝ ʟʤʽʥʝʥʥʷ ʨʅ (ʨʅ = 6,3 ï 6,8). ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʩʪʘʥʪʠ ʛʽʜʨʦʣʽʟʫ ʢʦʙʘʣʴʪʫ ʛʝʪʝʨʦʛʝʥʥʦʾ ʩʠʩʪʝʤʠ ʉʦ2+-ʅ2ʆ ʽ 

ʜʽʘʛʨʘʤʠ ʽʦʥʥʠʭ ʨʽʚʥʦʚʘʛ ʚ ʩʠʩʪʝʤʽ Cit3ī-ʅ2ʆ ʚ ʟʘʟʥʘʯʝʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʨʅ 

ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʠʤ ʻ ʫʪʚʦʨʝʥʥʷ ʮʠʪʨʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ.  

ʉʪʘʮʽʦʥʘʨʥʽ ʧʦʪʝʥʮʽʘʣʠ ʩʪʘʣʝʚʦʛʦ ʝʣʝʢʪʨʦʜʫ ʚ ʨʦʟʯʠʥʘʭ ʉʦ2+- Cit3ī-ʅ2ʆ 

ʩʪʘʶʪʴ ʥʝʛʘʪʠʚʥʽʰʠʤʠ ʧʦʨʽʚʥʷʥʦ ʟ ʩʠʩʪʝʤʦʶ ʉʦ2+-ʅ2ʆ, ʛʫʩʪʠʥʘ ʢʘʪʦʜʥʦʛʦ 

ʩʪʨʫʤʫ ʟʥʠʞʫʻʪʴʩʷ ʚ 1,5 ʨʘʟʠ, ʘ ʧʽʢʠ ʥʘ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ 

ʚʠʨʦʜʞʫʶʪʴʩʷ ʚ ʭʚʠʣʽ ʛʨʘʥʠʯʥʦʛʦ ʩʪʨʫʤʫ (ʨʠʩ. 3.20). ʅʘʭʠʣ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤ 
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ʩʪʘʻ ʙʽʣʴʰ ʧʦʣʦʛʠʤ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʫʧʦʚʽʣʴʥʝʥʥʷ ʩʪʘʜʽʾ ʨʦʟʨʷʜʫ ʪʘ ʘʜʩʦʨʙʮʽʡʥʽ 

ʫʩʢʣʘʜʥʝʥʥʷ ʧʨʦʮʝʩʫ; ʽʥʪʝʨʚʘʣ ʧʦʪʝʥʮʽʘʣʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʥʦʚʣʝʥʥʶ 

ʢʦʙʘʣʴʪʫ, ʩʪʘʻ ʚʜʚʽʯʽ ʙʽʣʴʰʠʤ (ʚʽʜ 0,60 ʜʦ 0,70 ɺ), ʘ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0,70 ʜʦ 

0,90 ɺ ʚʠʥʠʢʘʻ ʧʣʘʪʦ ʛʨʘʥʠʯʥʦʛʦ ʩʪʨʫʤʫ.  

 

ʈʠʩʫʥʦʢ 3.20  ʂʘʪʦʜʥʽ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ ʩʪʘʣʝʚʦʛʦ ʝʣʝʢʪʨʦʜʫ ʥʘ ʬʦʥʽ 

1ʄ Na2SO4 ʚ ʨʦʟʯʠʥʘʭ ʩʢʣʘʜʫ, ʤʦʣʴ/ʜʤ
3: Cit3  0,03; Co2+  0,0075 (1), 

0,01 (2), 0,02 (3); s = 1Ŀ10ï2 ɺ/ʩ, ʊ = 293 ʂ 

ʃʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ʫ ʢʦʦʨʜʠʥʘʪʘʭ ʧ̔  ãs, ʢʨʠʪʝʨʽʡ  

ʉʝʤʝʨʘʥʦ Xs ʪʘ ʨʦʟʨʘʭʦʚʘʥʽ ʚʝʣʠʯʠʥʠ ʜʦʙʫʪʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʥʝʩʝʥʥʷ ʥʘ 

ʯʠʩʣʦ ʝʣʝʢʪʨʦʥʽʚ Ŭz, ʷʢʽ ʟʤʝʥʰʫʶʪʴʩʷ ʟ ʧʨʠʰʚʠʜʰʝʥʥʷʤ ʨʦʟʛʦʨʪʢʠ 

ʧʦʪʝʥʮʽʘʣʫ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʤʝʥʰʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩ(Cit3ï):ʩ(ʉʦ2+) (ʪʘʙʣ. 3.7), 

ʚʢʘʟʫʶʪʴ ʥʘ ʛʘʣʴʤʫʚʘʥʥʷ ʩʪʘʜʽʾ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ.  

ʊʘʙʣʠʮʷ 3.7  ʂʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʘʪʦʜʥʠʭ ʨʝʘʢʮʽʡ ʚ ʩʠʩʪʝʤʽ  

Co2+-Cit3-H2O (ʩ, ʤʦʣʴ/ʜʤ3: Cit3ï ï 0,03; Na2SO4 ï 1), s=0,01 ɺ/ʩ 

ʩ(Co2+), ʤʦʣʴ/ʜʤ3 ɽʩ, ɺ Ŭz Xs Xʩ 

0,0075 ī0,48 0,76 

0,46 0,95 0,01 ī0,46 0,78 

0,02 ī0,45 0,85 
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ʅʘʙʣʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ Xʩ ʜʦ 1 ʧʽʜʪʚʝʨʜʞʫʻ 

ʢʽʥʝʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʊʝʥʜʝʥʮʽʷ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧ̔ / ãs ʟʽ ʰʚʠʜʢʽʩʪʶ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ 

(ʨʠʩ. 3.21), ʷʢ ʽ ʟʤʝʥʰʝʥʥʷ ʧ̔ / ʩ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʉʦ
2+ ʪʘ 

ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʧ̔  ʩ (ʨʠʩ. 3.22) ʚʢʘʟʫʶʪʴ ʥʘ ʚʥʝʩʦʢ 

ʭʽʤʽʯʥʦʾ ʩʪʘʜʽʾ ʫ ʟʘʛʘʣʴʥʠʡ ʢʘʪʦʜʥʠʡ ʧʨʦʮʝʩ.  

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.21 ï ɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧ̔ / ãs (ʘ) ʽ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʧʽʢʘ ʧ̔ (ʙ) ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ 

ʥʘ ʬʦʥʽ 1ʄ Na2SO4 ʚ ʨʦʟʯʠʥʘʭ ʩʢʣʘʜʫ, ʤʦʣʴ/ʜʤ3: Cit3ï ï 0,03; ʩ(ʉʦ2+), 

ʤʦʣʴ/ʜʤ3: 1 ï 0,0075, 2  0,01, 3  0,02 

ʉʠʩʪʝʤʫ ʉo2+-Cit3-H2O ʚʠʚʯʝʥʦ [206 ï 209], ʽ ʚʠʭʦʜʷʯʠ ʽʦʥʥʠʭ 

ʨʽʚʥʦʚʘʛ, ʽ ʚʩʪʘʥʦʚʣʝʥʠʭ ʢʽʥʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ [201, 203, 210 ï 212] ʤʦʞʥʘ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʜʠʩʦʮʽʘʮʽʷ ʢʦʤʧʣʝʢʩʥʠʭ ʽʦʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʦʨʦʪʥʦ, ʘ 

ʣʽʤʽʪʫʶʯʦʶ ʩʪʘʜʽʻʶ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ ʮʠʪʨʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʻ 

ʧʨʠʻʜʥʘʥʥʷ 2-ʭ ʝʣʝʢʪʨʦʥʽʚ ʜʦ Co2+.  
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ʘ ʙ 

ʈʠʩʫʥʦʢ 3.22  ɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧ̔ / ʩ (ʘ) ʽ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʧʽʢʘ ʧ̔ (ʙ) ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʚʽʜ ʩ(ʉʦ2+) ʥʘ ʬʦʥʽ 1ʄ Na2SO4 ʟ 

ʨʦʟʯʠʥʫ, ʤʦʣʴ/ʜʤ3: 0,03 Cit3ï; s, ʤɺ/ʩ: 1 ï 5, 2 ï 20, 3 ï 50  

ɺʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ ʮʠʪʨʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢ ʢʦʤʧʣʝʢʩ ʧʦʩʣʽʜʦʚʥʠʭ ʨʝʘʢʮʽʡ:  

[ʉʦCit]L ź [ʉʦCit]S     (3.7) 

[ʉʦCit]S +2ʝ Ÿ [ʉʦCit]
3

S    (3.8) 

[ʉʦCit]3
S ź ʉʦ + Cit3      (3.9) 

ʌʦʨʤʘ ʢʘʪʦʜʥʠʭ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ  

ʟ ʧʽʨʦʬʦʩʬʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʩʭʦʞʘ ʟ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ  

ʜʣʷ ʮʠʪʨʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʜʽʙʥʠʡ ʤʝʭʘʥʽʟʤ. ɸʣʝ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʩʪʫʧʽʥʯʘʩʪʠʡ ʭʘʨʘʢʪʝʨ ʚʽʜʥʦʚʣʝʥʥʷ ʯʘʩʪʠʥʦʢ 

[Co(ʈ2ʆ7)2]
6ī. ʊʘʢʠʤ ʯʠʥʦʤ ʤʝʭʘʥʽʟʤ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʫ ʩʠʩʪʝʤʽ ʉʦ2+-

ʈ2ʆ7
4ï-H2O ʧʨʠ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʧʽʨʦʬʦʩʬʘʪʫ ʙʫʜʝ ʤʘʪʠ ʥʘʩʪʫʧʥʠʡ 

ʚʠʛʣʷʜ: 
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[Co(ʈ2ʆ7)2]
6ī

L Ÿ [Coʈ2ʆ7]
2ī

S + ʈ2ʆ7
4ï, (3.10) 

[Coʈ2ʆ7]
2ī

S +e Ÿ [Coʈ2ʆ7]
3ī

S, (3.11) 

[Coʈ2ʆ7]
3ī

S +e Ÿ Co + ʈ2ʆ7
4ï. (3.12) 

ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʜʦ ʩʠʩʪʝʤʠ Co2+-Cit3-H2O ʧʽʨʦʬʦʩʬʘʪ-ʽʦʥʫ ʭʘʨʘʢʪʝʨ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʟʤʽʥʶʻʪʴʩʷ. ʉʪʘʮʽʦʥʘʨʥʽ ʧʦʪʝʥʮʽʘʣʠ ʩʪʘʣʝʚʦʛʦ 

ʝʣʝʢʪʨʦʜʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʚ ʨʦʟʯʠʥʘʭ ʮʠʪʨʘʪ- ʪʘ ʧʽʨʦʬʦʩʬʘʪ-ʽʦʥʽʚ ʟʩʫʚʘʶʪʴʩʷ ʚ 

ʙʽʢ ʙʽʣʴʰ ʥʝʛʘʪʠʚʥʠʭ ʟʥʘʯʝʥʴ ʧʦʨʽʚʥʷʥʦ ʟ ʩʠʩʪʝʤʘʤʠ ʉʦ2+-ʅ2ʆ ʪʘ  

Co2+-Cit3-ʅ2ʆ, ʛʫʩʪʠʥʘ ʢʘʪʦʜʥʦʛʦ ʩʪʨʫʤʫ ʟʥʠʞʫʻʪʴʩʷ ʚ 2 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ 

Co2+-Cit3-ʅ2ʆ (ʨʠʩ. 3.23).  

 

ʈʠʩʫʥʦʢ 3.23  ʂʘʪʦʜʥʽ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ ʩʪʘʣʝʚʦʛʦ ʝʣʝʢʪʨʦʜʫ ʥʘ ʬʦʥʽ 

1ʄ Na2SO4 ʚ ʨʦʟʯʠʥʘʭ ʩʢʣʘʜʫ, ʤʦʣʴ/ʜʤ
3: Co2+  0,01; Cit3  0,02; ʈ2ʆ7

4  0,01 

(1), 0,02 (2), 0,03 (3); s = 1Ŀ10ï2 ɺ/ʩ, ʊ = 293 ʂ 

ʅʘʭʠʣ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤ ʩʪʘʻ ʙʽʣʴʰ ʧʦʣʦʛʠʤ, ʱʦ ʚʢʘʟʫʻ ʥʘ 

ʫʧʦʚʽʣʴʥʝʥʥʷ ʩʪʘʜʽʾ ʨʦʟʨʷʜʫ ʪʘ ʘʜʩʦʨʙʮʽʡʥʽ ʫʩʢʣʘʜʥʝʥʥʷ ʧʨʦʮʝʩʫ, ʽʥʪʝʨʚʘʣ 

ʧʦʪʝʥʮʽʘʣʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʥʦʚʣʝʥʥʶ ʢʦʙʘʣʴʪʫ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ï(0,60 ï

0,70 ɺ), ʘ ʭʚʠʣʽ ʛʨʘʥʠʯʥʦʛʦ ʩʪʨʫʤʫ ʥʝ ʜʦʩʠʪʴ ʚʠʨʘʞʝʥʽ. ɺʽʨʦʛʽʜʥʽʰʝ ʟʘ ʚʩʝ 

ʦʜʥʦʯʘʩʥʦ ʟ ʚʽʜʥʦʚʣʝʥʥʷʤ ʢʦʙʘʣʴʪʫ ʟʽ ʟʤʽʰʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ  
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ʧʝʨʝʙʽʛʘʻ ʨʝʘʢʮʽʷ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʦʩʮʠʣʷʮʽʾ ʥʘ 

ʚʦʣʴʪʤʧʝʨʦʛʨʘʤʘʭ. 

ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ Ŭz~1,1 ʚʢʘʟʫʶʪʴ ʥʘ ʛʘʣʴʤʫʚʘʥʥʷ ʩʪʘʜʽʾ  

ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ, ʷʢʝ ʟʨʦʩʪʘʻ ʽʟ ʧʽʜʚʠʱʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʈ2ʆ7
4ï ʚʽʜʥʦʩʥʦ 

ʉʦ2+ ʽ ʮʠʪʨʘʪʫ (ʪʘʙʣ. 3.8). ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʙʽʣʴʰʦʶ ʩʪʽʡʢʽʩʪʶ 

ʧʽʨʦʬʦʩʬʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʢʦʙʘʣʴʪʫ ʧʦʨʽʚʥʷʥʦ ʽʟ ʮʠʪʨʘʪʥʠʤʠ, ʘ ʟʤʽʰʘʥʠʭ ï 

ʧʦʨʽʚʥʷʥʦ ʽʟ ʤʦʥʦʣʽʛʘʥʜʥʠʤʠ (ʜʠʚ. ʪʘʙʣ.3.3). ʇʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʣʽʛʘʥʜʽʚ ʽ ʢʦʤʣʝʢʩʦʪʚʽʨʥʠʢʘ ʩ(ʈ2ʆ7
4ï) : (Cit3ï): ʩ(ʉʦ2+) ʷʢ 1:2:1 ʫ 

ʨʦʟʯʠʥʽ ʜʦʤʽʥʫʶʪʴ ʮʠʪʨʘʪʥʽ ʽ ʟʤʽʰʘʥʽ ʢʦʤʧʣʝʢʩʠ ʢʦʙʘʣʴʪʫ, ʪʦʤʫ ʢʽʥʝʪʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʧʦʜʽʙʥʽ ʜʦ ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ.3.7,  ʪʦʙʪʦ ʥʘ ʢʘʪʦʜʽ ʧʝʨʝʙʽʛʘʶʪʴ 

ʧʝʨʝʚʘʞʥʦ ʨʝʘʢʮʽʾ 3.7ï3.9. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʈ2ʆ7
4ï ʚʽʜʥʦʩʥʦ 

ʮʠʪʨʘʪʫ ʚ ʨʦʟʯʠʥʽ ʧʝʨʝʚʘʞʘʶʪʴ ʚʞʝ ʧʽʨʦʬʦʩʬʘʪʥʽ ʽ ʟʤʽʰʘʥʽ ʢʦʤʧʣʝʢʩʠ, ʦʪʞʝ ʽ 

ʤʝʭʘʥʽʟʤ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʟʤʽʥʶʻʪʴʩʷ, ʥʘ ʱʦ ʽ ʚʢʘʟʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ 

ʢʽʥʝʪʠʯʥʽ ʢʨʠʪʝʨʽʾ (ʪʘʙʣ.3.8). 

ʊʘʙʣʠʮʷ 3.8  ʂʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʘʪʦʜʥʠʭ ʨʝʘʢʮʽʡ ʚ ʩʠʩʪʝʤʽ  

Co2+-Cit3- P2O7
4ï- H2O (ʩ, ʤʦʣʴ/ʜʤ3: Co2+  0,01; Cit3ï ï 0,02; Na2SO4 ï 1);  

s=10ï2 ɺ/ʩ 

ʩ(P2O7
4ï), ʤʦʣʴ/ʜʤ3 ɽʩ, ɺ Ŭz Xs Xʩ 

0,01 ī0,44 1,02 0,50 

0,8 0,02 ī0,50 0,72 0,56 

0,03 ī0,49 0,62 0,9 

ʃʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ʫ ʢʦʦʨʜʠʥʘʪʘʭ ʧ̔  ãs, ʷʢ ʽ  

ʥʝʟʘʣʝʞʥʽʩʪʴ ʧ̔ / ãs ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ (ʨʠʩ. 3.24)  

ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʈ2ʆ7
4ï = 0,01 ʤʦʣʴ/ʜʤ3 ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʦʙʦʨʦʪʥʽʩʪʴ 

ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʫʩʢʣʘʜʥʝʥʥʷ ʥʘʩʪʫʧʥʦʾ ʭʽʤʽʯʥʦʾ ʩʪʘʜʽʾ.  

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʽʨʦʬʦʩʬʘʪ-ʽʦʥʽʚ ʫ ʨʦʟʯʠʥʽ ʫ 

ʙʽʣʴʰʝ 0,01 ʤʦʣʴ/ʜʤ3 ʤʝʭʘʥʽʟʤ ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʫʧʦʚʽʣʴʥʝʥʥʷ ʩʪʘʜʽʾ  
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ʘʜʩʦʨʙʮʽʾ, ʱʦ, ʽʤʦʚʽʨʥʦ, ʧʦʚôʷʟʘʥʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʟʘʨʷʜʫ ʢʦʤʧʣʝʢʩʥʠʭ  

ʽʦʥʽʚ. 

ɿʥʘʯʝʥʥʷ ʧ̔ / ʩ ʟʤʝʥʰʫʶʪʴʩʷ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʈ2ʆ7
4ï-ʽʦʥʽʚ, ʘ ʛʫʩʪʠʥʘ 

ʩʪʨʫʤʫ ʭʚʠʣʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩ(ʈ2ʆ7
4ï) (ʨʠʩ. 3.24 ʘ), ʮʝ ʻ 

ʩʚʽʜʯʝʥʥʷʤ ʨʦʟʨʷʜʫ ʥʘ ʢʘʪʦʜʽ ʩʘʤʝ ʧʽʨʦʬʦʩʬʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʢʦʙʘʣʴʪʫ. ɼʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʫʤʘʨʥʦʾ ʭʽʤʽʯʥʦʾ ʬʦʨʤʫʣʠ ʨʝʯʦʚʠʥʠ, ʱʦ ʙʝʨʝ ʫʯʘʩʪʴ ʚ ʩʪʘʜʽʾ 

ʨʦʟʨʷʜʫ, ʦʙʯʠʩʣʶʚʘʣʠ ʧʦʨʷʜʦʢ ʝʣʝʢʪʨʦʜʥʦʾ ʨʝʘʢʮʽʾ ʟʘ ʽʦʥʘʤʠ ʈ2ʆ7
4ï, ʷʢʘ 

ʩʢʣʘʣʘ ʨ=0, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʧʦʧʝʨʝʜʥʽʡ ʚʠʩʥʦʚʦʢ. 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.24 ï ɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧ̔ / ãs (ʘ) ʽ  

ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʧʽʢʘ ʧ̔ (ʙ) ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ  

ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʬʦʥʽ 1ʄ Na2SO4 ʟ ʨʦʟʯʠʥʫ, ʤʦʣʴ/ʜʤ
3:  

Co2+  0,01; Cit3  0,02; ʈ2ʆ7
4ï  0,01 (1), 0,02 (2), 0,03 (3) 

ɿʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ Xʩ (ʪʘʙʣ. 3.8), ʷʢ ʽ ʭʘʨʘʢʪʝʨ 

ʟʘʣʝʞʥʦʩʪʝʡ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʧ̔  ʩ (ʨʠʩ. 3.25 ʙ) ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 

ʥʘʩʪʫʧʥʦʾ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ, ʚʥʝʩʦʢ ʷʢʦʾ ʚ ʟʘʛʘʣʴʥʠʡ ʢʘʪʦʜʥʠʡ ʧʨʦʮʝʩ ʟʨʦʩʪʘʻ 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʽʨʦʬʦʩʬʘʪ-ʽʦʥʽʚ. 
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ʘ ʙ 

ʈʠʩʫʥʦʢ 3.25  ɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧ̔ / ʩ (ʘ) ʽ 

ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʧʽʢʘ ʧ̔ (ʙ) ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʚʽʜ ʩ(ʈ2ʆ7
4) ʥʘ ʬʦʥʽ 

1ʄ Na2SO4 ʟ ʨʦʟʯʠʥʫ, ʤʦʣʴ/ʜʤ
3: Co2+  0,01; Cit3  0,02; s, ɺ/ʩ: 1 ï 5ϊ10ï3,  

2 ï 2ϊ10ï2, 3 ï 5ϊ10ï2 

ʉʫʢʫʧʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʽʦʥʥʠʭ ʨʽʚʥʦʚʘʛ ʫ ʩʠʩʪʝʤʽ Co2+-Cit3-ʈ2ʆ7
4ï-H2O, ʟʥʘʯʝʥʴ ʢʦʥʩʪʘʥʪ ʥʝʩʪʽʡʢʦʩʪʽ 

ʧʽʨʦʬʦʩʬʘʪʥʠʭ, ʮʠʪʨʘʪʥʠʭ ʽ ʟʤʽʰʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʢʦʙʘʣʴʪʫ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʭ 

ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʨʝʟʫʣʴʪʘʪʽʚ [55, 213], ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ ʮʠʪʨʘʪʥʦʛʦ-ʧʽʨʦʬʦʩʬʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʟʽ ʟʤʽʰʘʥʠʭ [P2O7ʉʦ(Cit)]5ī  ʢʦʤʧʣʝʢʩʽʚ (Kʥ = 2,5ϊ10ï10) ʽ ʤʦʞʝ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢ ʢʦʤʧʣʝʢʩ ʧʦʩʣʽʜʦʚʥʠʭ ʨʝʘʢʮʽʡ:  

[P2O7ʉʦ(Cit)]5īL ź [ʉʦP2O7]
2

L +  Cit3ï (3.13) 

[ʉʦP2O7]
2

L ź [ʉʦP2O7]
2

S (3.14) 

[ʉʦP2O7]
2

S +2ʝ Ÿ ʉʦS + P2O7
4ï (3.15) 

ʉʦS Ÿ ʉʦʂɻ  (3.16) 

ʚ ʷʢʠʭ ʽʥʜʝʢʩʠ ( )L, ()S ʪʘ ()ʂɻ ʦʟʥʘʯʘʶʪʴ ʯʘʩʪʠʥʢʠ ʚ ʨʦʟʯʠʥʽ, ʥʘ ʧʦʚʝʨʭʥʽ 

ʝʣʝʢʪʨʦʜʫ ʪʘ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʛʨʘʜʮʽ, ʚʽʜʧʦʚʽʜʥʦ.  
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3.2.2 ɽʣʝʢʪʨʦʭʽʤʽʯʥʘ ʧʦʚʝʜʽʥʢʘ ʩʠʩʪʝʤ ʉo2+-Cit3ï-WO4
2ï-H2O, ʉo2+-Cit3ï-

ʄʦO4
2ï- H2O, ʉʦ

2+-Cit3--WO4
2ï-ʈ2ʆ7

4ï-H2O ʪʘ ʉʦ
2+-Cit3--ʄʦO4

2ï-ʈ2ʆ7
4ï-H2O 

ʂʘʪʦʜʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʚʦʣʴʬʨʘʤʘʪ- ʪʘ ʤʦʣʽʙʜʘʪ-ʽʦʥʽʚ (M ï Mo ʘʙʦ W) ʻ 

ʙʘʛʘʪʦʩʪʘʜʽʡʥʠʤ ʧʨʦʮʝʩʦʤ [211ï214]: 

ʄO4
2ï + 2H2O + 2ʝ ŸʄO2(WO2)+ 4OHï, (3.17) 

ʄO2 + 2H2O + 4ʝ Ÿʄ(W) + 4OHï, (3.18) 

ʽ, ʥʘʡʯʘʩʪʽʰʝ, ʟʘʚʝʨʰʫʻʪʴʩʷ ʧʝʨʰʦʶ ʩʪʘʜʽʻʶ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʫ ʤʦʣʽʙʜʝʥʫ ʘʙʦ 

ʚʦʣʴʬʨʘʤʫ (IV), ʷʢʠʡ ʙʣʦʢʫʻ ʧʦʚʝʨʭʥʶ ʯʝʨʝʟ ʚʠʱʠʡ ʧʠʪʦʤʠʡ ʦʧʽʨ (8,8Ā10-7 

ʆʤĀʤ) ʧʦʨʽʚʥʷʥʦ ̔ʟ ʤʝʪʘʣʦʤ. ʎʠʤ ʽ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʭʚʠʣʽ, ʘ ʥʝ ʧʽʢʫ, ʽ 

ʟʥʠʞʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ [215]. 

ɺ ʩʠʩʪʝʤʠ ʉo2+-Cit3ï-WO4
2ï-H2O, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʉo2+-Cit3ï-H2O, ʥʘ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ ʟôʷʚʣʷʶʪʴʩʷ ʧʽʢʠ, ʚʠʩʦʪʘ ʷʢʠʭ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʣʴʬʨʘʤʘʪʽʚ, ʘ ʜʽʘʧʘʟʦʥ ʧʦʪʝʥʮʽʘʣʽʚ ʟʥʘʭʦʜʠʪʴʩʷ 

ʫ ʤʝʞʘʭ ï(0,8ï0,9) ɺ (ʨʠʩ 3.26).  

 

ʈʠʩʫʥʦʢ 3.26 ï ʂʘʪʦʜʥʽ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ ʩʪʘʣʝʚʦʛʦ ʝʣʝʢʪʨʦʜʫ ʥʘ ʬʦʥʽ 

1ʄ Na2SO4 ʚ ʨʦʟʯʠʥʘʭ ʩʢʣʘʜʫ, ʤʦʣʴ/ʜʤ
3: Co2+  0,01; Cit3  0,01; WO4

2ï  

0,002 (1), 0,005 (2), 0,01 (3); s = 1Ŀ10ï2 ɺ/ʩ, ʊ = 293 ʂ 
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ʏʽʪʢʦ ʚʠʨʘʞʝʥʠʡ ʧʽʢ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ ʩʠʩʪʝʤʠ ʉo2+-Cit3ï-WO4
2ï-H2O 

ʚʢʘʟʫʻ ʥʘ ʩʧʨʷʞʝʥʠʡ ʧʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ ʤʝʪʘʣʽʚ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ 

ʥʝʩʪʽʡʢʦʛʦ ʢʦʤʧʣʝʢʩʫ [WO4Co(Cit)]3-. ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʮʴʦʛʦ ʻ ʟʨʦʩʪʘʥʥʷ 

ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʧʽʢʫ ʧʦʨʽʚʥʷʥʦ ʩ ʩʠʩʪʝʤʦʶ ʉo2+-Cit3ï-H2O, ʷʢʝ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʩʫʚʦʤ ʧʦʪʝʥʮʽʘʣʽʚ ʧʽʢʫ ʪʘ ʥʘʧʽʚʧʽʢʫ ʚ ʧʦʟʠʪʠʚʥʦʤʫ 

ʥʘʧʨʷʤʢʫ. ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʜʦʙʫʪʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʥʝʩʝʥʥʷ ʥʘ ʯʠʩʣʦ 

ʝʣʝʢʪʨʦʥʽʚ Ŭz ʪʘ ʢʨʠʪʝʨʽʶ ʉʝʤʝʨʘʥʦ Xs (ʪʘʙʣ. 3.9), ʷʢ ʽ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ 

ʧ̔ / ãs  s (ʨʠʩ. 3.27, ʘ), ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʦʙʦʨʦʪʥʽʩʪʴ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʊʘʙʣʠʮʷ 3.9  ʂʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʘʪʦʜʥʠʭ ʨʝʘʢʮʽʡ ʚ ʩʠʩʪʝʤʽ  

Co2+-Cit3-WO4
2ï-H2O (ʩ, ʤʦʣʴ/ʜʤ3: Co2+ï 0,01; Cit3ï ï 0,01; Na2SO4 ï 1) 

ʩ(WO4
2ï), ʤʦʣʴ/ʜʤ3  ɽʩ, ɺ Ŭz Xs Xʩ 

0,002 ī0,38 0,79 0,69 

0,97 0,005 ī0,36 0,94 0,61 

0,01 ī0,35 0,79 0,58 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.27 ï ɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧ̔ / ãs (ʘ) ʽ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʧʽʢʘ ʧ̔ (ʙ) ʩʧʽʚʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʽ ʚʦʣʴʬʨʘʤʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʬʦʥʽ 1ʄ Na2SO4 ʟ ʨʦʟʯʠʥʫ, ʤʦʣʴ/ʜʤ
3: Co2+  0,01; 

Cit3  0,01; WO4
2ï  0,002 (1), 0,005 (2), 0,01 (3) 
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ɿʘʣʝʞʥʦʩʪ̔ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧ̔ / ãs (ʨʠʩ. 3.27) ʪʘ  

ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʧʽʢʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʩʢʘʥʫʚʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʛʘʣʴʤʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦʾ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʧʨʠ ʚʩʽʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 

ʚʦʣʴʬʨʘʤʘʪ-ʽʦʥʽʚ.  

ɿʘʣʝʞʥʦʩʪʽ ʧ̔ / ʩ ̔ ʧ̔ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʣʴʬʨʘʤʘʪ-ʽʦʥʽʚ (ʨʠʩ. 3.28), ʷʢ ʽ 

ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ Xʩ (ʪʘʙʣ. 3.9) ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʛʘʣʴʤʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦʾ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ. 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.28 ïɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧ̔ / ʩ (ʘ) ʽ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʧʽʢʘ ʧ̔ (ʙ) ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ ʽ ʚʦʣʴʬʨʘʤʫ ʚʽʜ ʩ(WO4
2 ) ʥʘ ʬʦʥʽ 

1ʄ Na2SO4 ʟ ʨʦʟʯʠʥʫ, ʤʦʣʴ/ʜʤ
3: Co2+  0,01; Cit3  0,01; s, ɺ/ʩ:  

1 ï 5ϊ10ï3, 2 ï 2ϊ10ï2, 3 ï 5ϊ10ï2 

ʅʘ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ ʩʪʘʣʝʚʦʛʦ ʝʣʝʢʪʨʦʜʘ ʫ ʨʦʟʯʠʥʽ ʉo2+-

Cit3-ʄʦO4
2ï- H2O ʧʨʠ 0,002 M Na2ʄʦO4 (ʨʠʩ.3.29) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʣʘʪʦ, ʷʢ ʽ 

ʜʣʷ ʉo2+-Cit3ï-H2O (ʨʠʩ 3.20), ʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʦʣʽʙʜʘʪʽʚ 

ʟôʷʚʣʷʻʪʴʩʷ ʚʠʨʘʞʝʥʠʡ ʧʽʢ ʧʨʠ ʧʦʪʝʥʮʽʘʣʘʭ ï(0,7ï0,85) ɺ.  

ʍʽʜ ʟʘʣʝʞʥʦʩʪʝʡ ʧ̔ïãs ʪʘ ʧ̔/ãsïs (ʨʠʩ. 3.30) ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡ MoO4
2ï-ʽʦʥʽʚ, ʷʢ ʽ ʟʥʘʯʝʥʥʷ Ŭz ʪʘ ʢʨʠʪʝʨʽʶ ʉʝʤʝʨʘʥʦ Xs ʩʚʽʜʯʘʪʴ 

ʧʨʦ ʥʝʦʙʦʨʦʪʥʽʩʪʴ ʧʨʦʮʝʩʫ ʽ ʘʜʩʦʨʙʮʽʶ ʧʨʦʜʫʢʪʘ. 
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ʈʠʩʫʥʦʢ 3.29 ï ʂʘʪʦʜʥʽ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ ʩʪʘʣʝʚʦʛʦ ʝʣʝʢʪʨʦʜʫ ʥʘ ʬʦʥʽ 

1ʄ Na2SO4 ʚ ʨʦʟʯʠʥʘʭ ʩʢʣʘʜʫ, ʤʦʣʴ/ʜʤ
3: Co2+  0,01; Cit3  0,01; ʄʦO4

2ï  

0,002 (1), 0,005 (2), 0,01 (3); s = 1Ŀ10ï2 ɺ/ʩ, ʊ = 293 ʂ 

 
 

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.30 ï ɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧ̔ / ãs (ʘ) ʽ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʧʽʢʘ ʧ̔ (ʙ) ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ ʽ ʤʦʣʽʙʜʝʥʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʬʦʥʽ 1ʄ Na2SO4 ʟ ʨʦʟʯʠʥʫ, ʤʦʣʴ/ʜʤ
3: Co2+  0,01; 

Cit3  0,01; ʄʦO4
2ï  0,002 (1), 0,005 (2), 0,01 (3) 
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ɿʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ Xʩ (ʪʘʙʣ. 3.10), ʷʢ ʽ ʭʘʨʘʢʪʝʨ 

ʟʘʣʝʞʥʦʩʪʝʡ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʧ̔  ʩ (ʨʠʩ. 3.31), ʚʢʘʟʫʶʪʴ ʥʘ ʧʦʧʝʨʝʜʥʶ ʭʽʤʽʯʥʫ 

ʨʝʘʢʮʽʶ, ʚʥʝʩʦʢ ʷʢʦʾ ʫ ʟʘʛʘʣʴʥʠʡ ʢʘʪʦʜʥʠʡ ʧʨʦʮʝʩ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʦʣʽʙʜʘʪ-ʽʦʥʽʚ ʫ ʨʦʟʯʠʥʽ. ɸ ʢʦʥʮʝʥʪʨʘʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧ̔ / ʩ 

ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʭʽʤʽʯʥʦʾ ʩʪʘʜʽʾ. 

ʊʘʙʣʠʮʷ 3.10  ʂʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʘʪʦʜʥʠʭ ʨʝʘʢʮʽʡ ʚ ʩʠʩʪʝʤʽ  

ʉo2+-Cit3-ʄʦO4
2ï-H2O (ʩ, ʤʦʣʴ/ʜʤ3: Co2+ï 0,01; Cit3ï ï 0,01; Na2SO4 ï 1) 

ʩ(ʄʦO4
2ï), ʤʦʣʴ/ʜʤ3  ɽʩ, ɺ Ŭz Xs Xʩ 

0,002 ī0,38 0,43 

0,65 1,0 0,005 ī0,36 0,47 

0,01 ī0,35 0,53 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.31 ïɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧ̔ / ʩ (ʘ) ʽ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʧʽʢʘ ʧ̔ (ʙ) ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ ʽ ʤʦʣʽʙʜʝʥʫ ʚʽʜ ʩ(ʄʦO4
2 ) ʥʘ ʬʦʥʽ 

1ʄ Na2SO4 ʟ ʨʦʟʯʠʥʫ, ʤʦʣʴ/ʜʤ
3: Co2+  0,01; Cit3  0,01; s, ɺ/ʩ:  

1 ï 5ϊ10ï3, 2 ï 2ϊ10ï2, 3 ï 5ϊ10ï2 



109 
 

 

ʆʩʢʽʣʴʢʠ ʧʨʠ ʩʧʽʚʦʩʘʜʞʝʥʥʽ ʚʦʣʴʬʨʘʤ ʪʘ ʤʦʣʽʙʜʝʥ  

ʧʨʦʷʚʣʷʶʪʴ ʘʥʪʘʛʦʥʽʟʤ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ, ʾʭʥʻ ʚʽʜʥʦʚʣʝʥʥʷ  

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʩʢʣʘʜʫ [WO4Co(Cit)]3- ʪʘ 

[ʄʦO4Co(Cit)]3-.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʩʫʢʫʧʥʦʩʪʽ ʜʘʥʠʭ ʽ ʭʘʨʘʢʪʝʨʫ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʛʘʣʴʤʫʚʘʥʥʷ ʩʪʘʜʽʾ 

ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ, ʫʩʢʣʘʜʥʝʥʦʾ ʘʜʩʦʨʙʮʽʻʶ ʧʨʦʜʫʢʪʫ ʽ ʧʦʧʝʨʝʜʥʴʦʶ 

ʭʽʤʽʯʥʦʶ ʨʝʘʢʮʽʻʶ. ɺʠʱʝʥʘʚʝʜʝʥʽ ʯʠʥʥʠʢʠ ʻ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʚʠʩʥʦʚʢʫ, ʱʦ 

ʧʨʦʮʝʩ ʩʧʽʚʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ ʚʦʣʴʬʨʘʤʦʤ ʘʙʦ ʤʦʣʽʙʜʝʥʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ, 

ʷʢ ʧʦʩʣʽʜʦʚʥʠʡ ʧʝʨʝʙʽʛ ʨʝʘʢʮʽʡ:  

[ʄʝO4Co(Cit)]3-
L ź [ʄʝO4Co(Cit)]3-

S (3.19) 

[ʄʝO4Co(Cit)]3-
S + 2e + 2H2O ½­½ s

k
[ʄʝO2Co(Cit)] -S + 4OH- (3.20) 

[ʄʝO2Co(Cit)] -S + 2e ź Co|ʄʝO2 + Cit3- (3.21) 

Co|H2O + e ź Co|Hʘʜ + OH- (3.22) 

Co|ʄʝO2 + 4Hʘʜ ź Co + ʄʝ + 2H2O, ʜʝ ʄʝ ï ʄʦ, W. (3.23) 

ʉʪʘʮʽʦʥʘʨʥʽ ʧʦʪʝʥʮʽʘʣʠ ʩʪʘʣʝʚʦʛʦ ʝʣʝʢʪʨʦʜʫ ʚ ʨʦʟʯʠʥʘʭ  

ʉo2+-Cit3ï-ʈ2O7
4ï-WO4

2ï-H2O ʟʩʫʚʘʶʪʴʩʷ ʚ ʙʽʢ ʟʥʘʯʝʥʴ ï(0,7ï0,8) ɺ  

ʧʦʨʽʚʥʷʥʦ ʟ̔ ʩʠʩʪʝʤʦʶ ʉo2+-Cit3ï-WO4
2ï-H2O. ʇʽʢʠ ʥʘ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ 

ʟʘʣʝʞʥʦʩʪʷʭ ʚʠʨʦʜʞʫʶʪʴʩʷ ʚ ʭʚʠʣʽ, ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʷʢʠʭ ʟʤʝʥʰʫʻʪʴʩʷ  

ʫ 2 ʨʘʟʠ (ʨʠʩ. 3.32). ʅʘʭʠʣ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤ ʩʪʘʻ ʙʽʣʴʰ ʧʦʣʦʛʠʤ, ʱʦ  

ʚʢʘʟʫʻ ʥʘ ʫʧʦʚʽʣʴʥʝʥʥʷ ʩʪʘʜʽʾ ʨʦʟʨʷʜʫ ʪʘ ʘʜʩʦʨʙʮʽʡʥʽ ʫʩʢʣʘʜʥʝʥʥʷ  

ʧʨʦʮʝʩʫ. 

ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ Ŭz ʪʘ ʢʨʠʪʝʨʽʶ ʉʝʤʝʨʘʥʦ Xs (ʪʘʙʣ. 3.11), ʷʢ ʽ 

ʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ Ŭz ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ WO4
2ï-ʽʦʥʽʚ ʚʢʘʟʫʶʪʴ ʥʘ 

ʛʘʣʴʤʫʚʘʥʥʷ ʩʪʘʜʽʾ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ, ʪʦʙʪʦ ʥʝʦʙʦʨʦʪʥʽʩʪʴ ʢʘʪʦʜʥʦʛʦ 

ʧʨʦʮʝʩʫ. ɺʪʽʤ ʟʨʦʩʪʘʥʥʷ Ŭz ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʦʨʽʚʥʷʥʦ ʽʟ  
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ʉo2+-Cit3-ʄO4
2ï-H2O ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʫʤʽʩʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʽ 

ʪʫʛʦʧʣʘʚʢʦʛʦ ʤʝʪʘʣʫ ʧʨʠʥʘʡʤʥʽ ʜʦ ʧʨʦʤʽʞʥʦʛʦ ʦʢʩʠʜʫ. 

 

ʈʠʩʫʥʦʢ 3.32 ï ʂʘʪʦʜʥʽ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ ʩʪʘʣʝʚʦʛʦ ʝʣʝʢʪʨʦʜʫ ʥʘ ʬʦʥʽ 

1ʄ Na2SO4 ʚ ʨʦʟʯʠʥʘʭ ʩʢʣʘʜʫ, ʤʦʣʴ/ʜʤ
3: Co2+  0,01; Cit3  0,01; ʈ2O7

4ï ï 0,02; 

WO4
2ï  0,002 (1), 0,005 (2), 0,01 (3); s = 1Ŀ10ï2 ɺ/ʩ, ʊ = 293 ʂ 

ʊʘʙʣʠʮʷ 3.11  ʂʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʘʪʦʜʥʠʭ ʨʝʘʢʮʽʡ ʫ ʩʠʩʪʝʤʽ ʉo2+-

Cit3ï-ʈ2O7
4ï- WO4

2ï- H2O (ʩ, ʤʦʣʴ/ʜʤ3: Co2+ï 0,01; Cit3ï ï 0,01, ʈ2O7
4ï ï 0,02; 

Na2SO4 ï 1), s = 1ϊ10-2 ɺ/c  

ʩ(WO4
2ï), ʤʦʣʴ/ʜʤ3  ɽʩ, ɺ Ŭz Xs Xʩ 

0,002 ī0,48 1,29 

0,65 1,0 0,005 ī0,46 1,21 

0,01 ī0,45 1,04 

 

ʍʽʜ ʟʘʣʝʞʥʦʩʪʝʡ ʧ̔ ï ãs ʪʘ ʧ̔/ãs ï s (ʨʠʩ. 3.33) ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡ WO4
2ï-ʽʦʥʽʚ ʩʚʽʜʯʘʪʴ ʧʨʦ ʛʘʣʴʤʫʚʘʥʥʷ ʘʜʩʦʨʙʮʽʡʥʠʭ  

ʧʨʦʮʝʩʽʚ.  
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ʘ ʙ 

ʈʠʩʫʥʦʢ 3.33 ï ɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧ̔ / ãs (ʘ) ʽ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʧʽʢʘ ʧ̔ (ʙ) ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ ʽ ʚʦʣʴʬʨʘʤʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʬʦʥʽ 1ʄ Na2SO4 ʚ ʨʦʟʯʠʥʘʭ ʩʢʣʘʜʫ, ʤʦʣʴ/ʜʤ3:  

Co2+  0,01; Cit3  0,01; ʈ2O7
4ï ï 0,02; WO4

2ï  0,002 (1), 0,005 (2), 0,01 (3) 

ɿʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ Xʩ (ʪʘʙʣ. 3.11), ʷʢ ʽ ʭʘʨʘʢʪʝʨ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʫ ʢʦʦʨʜʠʥʘʪʘʭ ʧ̔ / ʩ ̔ ̔ʧ  ʩ (ʨʠʩ. 3.34), ʪʘʢʦʞ 

ʚʢʘʟʫʶʪʴ ʥʘ ʫʩʢʣʘʜʥʝʥʥʷ ʘʜʩʦʨʙʮʽʾ ʨʝʘʛʝʥʪʫ. ɻʫʩʪʠʥʘ ʩʪʨʫʤʫ ʧʽʢʫ ʚ ʜʽʘʧʘʟʦʥʽ 

ʥʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʻ ʣʽʥʽʡʥʦʶ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ 

ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʛʘʣʴʤʫʚʘʥʥʷ ʘʜʩʦʨʙʮʽʾ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʩʫʢʫʧʥʦʩʪʽ ʦʜʝʨʞʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ 

(ʪʘʙʣʠʮʷ 3.11), ʷʢ ʽ ʟʘʣʝʞʥʦʩʪ ̔ ʩʪʨʫʤʽʚ ʧʽʢʽʚ, ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʦʙʦʨʦʪʥʽʩʪʴ 

ʧʨʦʮʝʩʫ, ʫʩʢʣʘʜʥʝʥʦʛʦ ʘʜʩʦʨʙʮʽʻʶ ʨʝʘʛʝʥʪʫ. 
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ʘ ʙ 

ʈʠʩʫʥʦʢ 3.34 ïɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧ̔ / ʩ (ʘ) ʽ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʧʽʢʘ ʧ̔ (ʙ) ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ ʽ ʚʦʣʴʬʨʘʤʫ ʚʽʜʥʦʚʣʝʥʥʷ ʚʽʜ 

ʩ(WO4
2ï) ʥʘ ʬʦʥʽ 1ʄ Na2SO4 ʚ ʨʦʟʯʠʥʘʭ ʩʢʣʘʜʫ, ʤʦʣʴ/ʜʤ3: Co2+  0,01;  

Cit3  0,01; ʈ2O7
4ï ï 0,02; s, ɺ/ʩ: 1 ï 5ϊ10ï3, 2 ï 2ϊ10ï2, 3 ï 5ϊ10ï2 

ʉʪʘʮʽʦʥʘʨʥʽ ʧʦʪʝʥʮʽʘʣʠ ʩʪʘʣʝʚʦʛʦ ʝʣʝʢʪʨʦʜʫ ʚ ʨʦʟʯʠʥʘʭ  

ʉo2+-Cit3ï-ʈ2O7
4ï-ʄʦO4

2ï-H2O ʟʘʢʦʥʦʤʽʨʥʦ ʟʩʫʚʘʶʪʴʩʷ ʚ ʙʽʢ ʙʽʣʴʰ ʥʝʛʘʪʠʚʥʠʭ 

ʟʥʘʯʝʥʴ ʧʦʨʽʚʥʷʥʦ ʽʟ ʩʠʩʪʝʤʦʶ ʉo2+-Cit3ï-ʄʦO4
2ï-H2O, ʧʽʢʠ ʥʘ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ ʚʠʨʦʜʞʫʶʪʴʩʷ ʫ ʭʚʠʣʽ, ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʷʢʠʭ 

ʟʥʠʞʫʻʪʴʩʷ ʚ 3,5 ʨʘʟʠ (ʨʠʩ. 3.35). ʅʘʭʠʣ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤ ʩʪʘʻ ʙʽʣʴʰ 

ʧʦʣʦʛʠʤ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʫʧʦʚʽʣʴʥʝʥʥʷ ʩʪʘʜʽʾ ʨʦʟʨʷʜʫ ʪʘ ʘʜʩʦʨʙʮʽʡʥʽ 

ʫʩʢʣʘʜʥʝʥʥʷ ʧʨʦʮʝʩʫ. 

ɿʘʣʝʞʥʽʩʪʴ ʧ̔ ï s (ʨʠʩ.3.36 ʙ) ʤʘʻ ʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ 

ʧʽʢʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʨʦʩʪʦʤ s, ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʢʨʠʪʝʨʽʡ ʧ̔/ãs ï s (ʨʠʩ. 3.36 

ʘ), ʷʢ ʽ ʢʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ (Ŭz, Xs) (ʪʘʙʣ. 3.12) ʩʚʽʜʯʘʪʴ, ʱʦ ʩʪʘʜʽʷ ʨʦʟʨʷʜʫ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʧʨʦʮʝʩʦʤ ʘʜʩʦʨʙʮʽʾ. 
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ʈʠʩʫʥʦʢ 3.35 ï ʂʘʪʦʜʥʽ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ ʩʪʘʣʝʚʦʛʦ ʝʣʝʢʪʨʦʜʫ ʥʘ ʬʦʥʽ 

1ʄ Na2SO4 ʚ ʨʦʟʯʠʥʘʭ ʩʢʣʘʜʫ, ʤʦʣʴ/ʜʤ3: Co2+  0,01; Cit3  0,01; ʈ2O7
4- ï 0,02; 

ʄʦO4
2-  0,002 (1), 0,005 (2), 0,01 (3); s = 1Ŀ10ï2 ɺ/ʩ, ʊ = 293 ʂ 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.36 ï ɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧ̔ / ãs (ʘ) ʽ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʧʽʢʘ ʧ̔ (ʙ) ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ ʽ ʤʦʣʽʙʜʝʥʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʬʦʥʽ 1ʄ Na2SO4 ʚ ʨʦʟʯʠʥʘʭ ʩʢʣʘʜʫ, ʤʦʣʴ/ʜʤ3: Co2+  

0,01; Cit3  0,01; ʈ2O7
4ï ï 0,02; ʄʦO4

2ï  0,002 (1), 0,005 (2), 0,01 (3) 
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ɺʦʜʥʦʯʘʩ ʟʨʦʩʪʘʥʥʷ Ŭz ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʚʦʣʴʬʨʘʤʘʪ-ʚʤʽʩʥʦʶ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʫʤʽʩʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʽ 

ʪʫʛʦʧʣʘʚʢʦʛʦ ʤʝʪʘʣʫ, ʧʨʠʯʦʤʫ ʚʽʜʥʦʚʣʝʥʥʷ ʤʦʣʽʙʜʝʥʫ ʻ ʙʽʣʴʰ ʧʦʚʥʠʤ 

ʧʦʨʽʚʥʷʥʦ ʽʟ ʚʦʣʴʬʨʘʤʦʤ. 

ʊʘʙʣʠʮʷ 3.12  ʂʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʘʪʦʜʥʠʭ ʨʝʘʢʮʽʡ ʚ ʩʠʩʪʝʤʽ  

Co2+-Cit3-H2O (ʩ, ʤʦʣʴ/ʜʤ3: Co2+ï 0,01; Cit3ï ï 0,01, ʈ2O7
4ïï 0,02; Na2SO4 ï 1) 

ʩ(MoO4
2-), ʤʦʣʴ/ʜʤ3  ɽʩ, ɺ Ŭz Xs Xʩ 

0,002 ī0,48 1,37 0,6 

1,0 0,005 ī0,46 1,39 0,55 

0,01 ī0,45 1,57 0,48 

ʂʦʥʮʝʥʪʨʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ (ʨʠʩ. 3.37) ʽ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ 

ʢʨʠʪʝʨʽʶ Xʩ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʛʘʣʴʤʫʚʘʥʥʷ ʘʜʩʦʨʙʮʽʾ ʨʝʘʛʝʥʪʫ.  

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.37 ïɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧ̔ / ʩ (ʘ) ʽ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʧʽʢʘ ʧ̔ (ʙ) ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ ʽ ʤʦʣʽʙʜʝʥʫ ʚʽʜ ʩ(ʄʦO4
2 ) ʥʘ ʬʦʥʽ 

1ʄ Na2SO4 ʫ ʨʦʟʯʠʥʘʭ ʩʢʣʘʜʫ, ʤʦʣʴ/ʜʤ
3: Co2+  0,01; Cit3  0,01;  

ʈ2O7
4ï ï 0,02; s, ɺ/ʩ: 1 ï 5ϊ10ï3, 2 ï 2ϊ10ï2, 3 ï 5ϊ10ï2 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʩʫʢʫʧʥʦʩʪʽ ʜʘʥʠʭ ʽ ʭʘʨʘʢʪʝʨʫ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ  

ʛʘʣʴʤʫʚʘʥʥʷ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʩʪʘʜʽʾ ʨʦʟʨʷʜʫ, ʫʩʢʣʘʜʥʝʥʦʾ ʘʜʩʦʨʙʮʽʻʶ 

ʨʝʘʛʝʥʪʫ. 

ɺʠʱʝʥʘʚʝʜʝʥʽ ʯʠʥʥʠʢʠ ʻ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʚʠʩʥʦʚʢʫ, ʱʦ ʧʨʦʮʝʩ 

ʩʧʽʚʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ ʚʦʣʴʬʨʘʤʦʤ ʘʙʦ ʤʦʣʽʜʝʥʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʧʦʩʣʽʜʦʚʥʦʶ ʩʭʝʤʦʶ, ʱʦ ʚʢʣʶʯʘʻ ʽʦʥʥʽ ʨʽʚʥʦʚʘʛʠ ʫ ʨʦʟʯʠʥʘʭ, ʫʪʚʦʨʝʥʥʷ 

ʢʦʤʧʣʝʢʩʽʚ ʽ ʧʦʣʽʘʥʽʦʥʽʚ ʟʘ ʫʯʘʩʪʽ ʢʦʙʘʣʴʪʫ ʪʘ ʦʢʩʦʤʝʪʘʣʘʪʽʚ ʄʦO4
2ï (WO4

2ï) 

(ʨʠʩ. 3.38).  

 

ʈʠʩʫʥʦʢ 3.38 ï ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ ʚʦʣʴʬʨʘʤʦʤ ʘʙʦ 

ʤʦʣʽʙʜʝʥʦʤ ʟ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ 

ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ ʚʦʣʴʬʨʘʤʦʤ ʘʙʦ ʤʦʣʽʙʜʝʥʦʤ  

ʟ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʚʽʜʜʟʝʨʢʘʣʶʻ ʘʜʩʦʨʙʮʽʶ 

ʽʥʪʝʨʤʝʜʽʘʪʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʢʘʪʦʜʘ, ʧʦʧʝʨʝʜʥʶ ʭʽʤʽʯʥʫ ʩʪʘʜʽʶ ʚʠʚʽʣʴʥʝʥʥʷ 

ʣʽʛʘʥʜʫ, ʫʧʦʚʽʣʴʥʝʥʫ ʩʪʘʜʽʶ ʨʦʟʨʷʜʫ ʢʦʙʘʣʴʪʫ ʟ ʚʦʣʴʬʨʘʤʦʤ ʘʙʦ  

ʤʦʣʽʙʜʝʥʦʤ, ʟʦʢʨʝʤʘ ʽ ʫʪʚʦʨʝʥʥʷ ʧʨʦʤʽʞʥʠʭ ʦʢʩʠʜʽʚ ʪʫʛʦʧʣʘʚʢʠʭ  

ʤʝʪʘʣʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʚʽʜʥʦʚʣʶʚʘʪʠʩʴ ʘʜ-ʘʪʦʤʘʤʠ ʚʦʜʥʶ. ʉʭʝʤʘ ʚʨʘʭʦʚʫʻ  



116 
 

 

ʽʦʥʥʽ ʨʽʚʥʦʚʘʛʠ ʫ ʨʦʟʯʠʥʘʭ, ʘ ʩʘʤʝ: ʨʝʘʢʮʽʾ ʛʽʜʨʦʣʽʟʫ, ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ  ʽ 

ʧʦʣʽʘʥʽʦʥʽʚ ʟʘ ʫʯʘʩʪʽ ʢʦʙʘʣʴʪʫ, ʮʠʨʢʦʥʽʶ ʪʘ ʦʢʩʦʤʝʪʘʣʘʪʽʚ ʄʦO4
2ï (WO4

2ï).  

3.2.3 ɽʣʝʢʪʨʦʭʽʤʽʯʥʘ ʧʦʚʝʜʽʥʢʘ ʩʠʩʪʝʤ ʉʦ2+-Cit3--ʈ2ʆ7
4--WO4

2ï- ʄʦO4
2ï-

H2O, ʉʦ
2+-Cit3-- ʈ2ʆ7

4ï-WO4
2ï-Zrʆ2+- H2O ʪʘ ʉʦ

2+- Cit3--ʈ2ʆ7
4ï-ʄʦO4

2ï- Zrʆ2+- 

H2O 

ʇʦʣʷʨʠʟʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʦʪʨʠʤʘʥʽ ʥʘ ʩʪʘʣʝʚʦʤʫ ʝʣʝʢʪʨʦʜʽ ʫ ʩʠʩʪʝʤʽ 

ʉʦ2+-Cit3--ʈ2ʆ7
4--WO4

2ï- ʄʦO4
2ï-H2O ʥʘ ʬʦʥʽ 1ʄ ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʫ ʥʘʪʨʽʶ ʟ 

ʬʽʢʩʦʚʘʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʣʽʛʘʥʜʽʚ, ʢʦʙʘʣʴʪʫ (II) ʪʘ ʚʦʣʴʬʨʘʤʘʪʫ ʽ 

ʚʘʨʽʶʚʘʥʥʽ ʚʤʽʩʪʫ ʤʦʣʽʙʜʘʪʽʚ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ 1ϊ10-1 ɺ/ʩ 

(ʨʠʩ. 3.39), ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʭʚʠʣʴ ʛʨʘʥʠʯʥʦʛʦ ʩʪʨʫʤʫ ʚ 

ʽʥʪʝʨʚʘʣʘʭ ʧʦʪʝʥʮʽʘʣʽʚ ʚʽʜ ï(0,75ï0,85) ɺ.  

 

ʈʠʩʫʥʦʢ 3.39 ï ʂʘʪʦʜʥʽ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ ʩʪʘʣʝʚʦʛʦ ʝʣʝʢʪʨʦʜʫ ʥʘ ʬʦʥʽ 

1ʄ Na2SO4 ʚ ʨʦʟʯʠʥʘʭ ʩʢʣʘʜʫ, ʤʦʣʴ/ʜʤ3: Co2+  0,01; Cit3  0,02; ʈ2O7
4ï ï 

0,02; WO4
2ï  0,002; ʄʦO4

2ï ï0,001 (1), 0,0025 (2), 0,005 (3); s = 1Ŀ10ï2 ɺ/ʩ,  

ʊ = 293 ʂ 

ʃʽʥʽʡʥ ̔ʟʘʣʝʞʥʦʩʪ̔ ʧ̔ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʚʠʭʦʜʪ̫ʴ ʟ 

ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 3.40), ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʢʨʠʪʝʨʽʡ Xʩ = 1,0, ʷʢ ʽ 

ʢʨʠʪʝʨʽʡ ʉʝʤʝʨʘʥʦ Xs (ʪʘʙʣ. 3.13) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩ ʷʢ ʥʝʦʙʦʨʦʪʥʠʡ.  
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ʘ ʙ 

ʈʠʩʫʥʦʢ 3.40 ï ɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧ̔ / ãs (ʘ) ʽ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʧʽʢʘ ʧ̔ (ʙ) ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʉʦ, ʄʦ ʽ W ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦ-

ʪʝʥʮʽʘʣʫ ʥʘ ʬʦʥʽ 1ʄ Na2SO4 ʚ ʨʦʟʯʠʥʘʭ ʩʢʣʘʜʫ, ʤʦʣʴ/ʜʤ3: Co2+  0,01;  

Cit3  0,02; ʈ2O7
4ï ï 0,02; WO4

2ï  0,002; ʄʦO4
2ï ï0,001(1), 0,0025(2), 

0,005(3) 

ɻʨʘʬʦʘʥʘʣʽʪʠʯʥʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʫ 

ʢʦʦʨʜʠʥʘʪʘʭ ʧ̔/ãs ï s (ʨʠʩ. 3.40 ʘ) ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʤʽʥʝʥʥʷ ʤʝʭʘʥʽʟʤʫ 

ʩʧʽʚʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ ʤʦʣʽʙʜʝʥʦʤ ʽ ʚʦʣʴʬʨʘʤʦʤ ʟʘʣʝʞʥʦ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ MoO4
2ï. ʗʢʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʦʣʽʙʜʘʪʽʚ ʤʝʥʰʘ ʟʘ ʚʦʣʴʬʨʘʤʘʪʠ 

(ʨʠʩ. 3.40 ʙ, ʟʘʣʝʞʽʩʪʴ 1), ʩʪʘʜʽʷ ʨʦʟʨʷʜʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʭʽʤʽʯʥʦʶ ʨʝʘʢʮʽʻʶ, 

ʘ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ c(MoO4
2ï)/c(WO4

2ï) ʚ ʝʣʝʢʪʨʦʣʽʪʽ ʥʘ 

ʢʦʨʠʩʪʴ ʤʦʣʽʙʜʘʪʽʚ ʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ ʚʞʝ ʧʝʨʝʜʫʻ ʩʪʘʜʽʾ ʨʦʟʨʷʜʫ. ɿ ʦʛʣʷʜʫ ʥʘ 

ʦʢʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʢʩʦʤʝʪʘʣʘʪʽʚ ʽ ʩʪʽʡʢʽʩʪʴ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʤʦʞʥʘ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʮʷ ʨʝʘʢʮʽʷ ʘʩʦʮʽʶʻʪʴʩʷ ʽʟ ʚʠʪʽʩʥʝʥʥʷʤ ʚʦʣʴʬʨʘʤʘʪʽʚ 

ʤʦʣʽʙʜʘʪʘʤʠ ʟ ʢʦʤʧʣʝʢʩʥʠʭ ʽʦʥʽʚ. ʂʨʽʤ ʪʦʛʦ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫʧʦʚʽʣʴʥʝʥʘ 

ʩʪʘʜʽʷ ʨʦʟʨʷʜʫ ʫʩʢʣʘʜʥʝʥʘ ʘʜʩʦʨʙʮʽʻʶ ʨʝʘʢʮʽʡʥʦ-ʘʢʪʠʚʥʠʭ ʯʘʩʪʠʥʦʢ, 

ʦʩʢʽʣʴʢʠ ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʭʚʠʣʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʡ ʩʧʣʘʚʦʪʚʽʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ [216]. 
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ʊʘʙʣʠʮʷ 3.13  ʂʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʘʪʦʜʥʠʭ ʨʝʘʢʮʽʡ ʚ ʩʠʩʪʝʤʽ ʉʦ2+-

 Cit3-- WO4
2ï-ʄʦO4

2ï- ʈ2ʆ7
4ï- H2O (ʩ, ʤʦʣʴ/ʜʤ3: Co2+ï 0,01; Cit3ï ï 0,01; ʈ2O7

4ï 

ï 0,02; WO4
2ï  0,002; Na2SO4 ï 1) 

ʩ(MoO4
2ï), ʤʦʣʴ/ʜʤ3  ɽʩ, ɺ Ŭz Xs Xʩ 

0,001 ī0,42 1,46 0,6 

1,0 0,0025 ī0,53 1,43 0,55 

0,05 ī0,57 1,54 0,54 

 

ɻʫʩʪʠʥʘ ʩʪʨʫʤʫ ʧʽʢʫ (ʨʠʩ. 3.41 ʙ) ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ 

ʄʦO4
2ï- ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʤʦʣʽʙʜʘʪʽʚ ʟ ʢʦʤʧʣʝʢʩʥʠʭ ʯʘʩʪʠʥʦʢ, ʘ ʥʝ ʚʽʣʴʥʠʭ ʽʦʥʽʚ ʄʦO4
2ï ʪʘ 

ʫʧʦʚʽʣʴʥʝʥʫ ʘʜʩʦʨʙʮʽʶ ʨʝʘʢʮʽʡʥʠʭ ʯʘʩʪʠʥʦʢ.  

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.41 ï ɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧ̔ / ʩ (ʘ) ʽ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʧʽʢʘ ʧ̔ (ʙ) ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʉʦ, ʄʦ ʽ W ʚʽʜ ʩ(ʄʦO4
2ï) ʥʘ ʬʦʥʽ 

1ʄ Na2SO4 ʚ ʨʦʟʯʠʥʘʭ ʩʢʣʘʜʫ, ʤʦʣʴ/ʜʤ3: Co2+  0,01; Cit3  0,01; ʈ2O7
4ï ï 

0,02;WO4
2ï ï 0,002; s, ɺ/ʩ: 1 ï 5ϊ10ï3, 2 ï 2ϊ10ï2, 3 ï 5ϊ10ï2 
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ʇʦʣʷʨʠʟʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʦʪʨʠʤʘʥʽ ʥʘ ʩʪʘʣʝʚʦʤʫ ʝʣʝʢʪʨʦʜʽ ʫ ʩʠʩʪʝʤʽ 

ʉʦ2+-Cit3--ʈ2ʆ7
4ï-WO4

2ï-Zrʆ2+-H2O ʥʘ ʬʦʥʽ 1ʄ ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʫ ʥʘʪʨʽʶ ʟ 

ʬʽʢʩʦʚʘʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʣʽʛʘʥʜʽʚ, ʢʦʙʘʣʴʪʫ (II) ʪʘ ʚʦʣʴʬʨʘʤʘʪʫ ʽ 

ʚʘʨʽʶʚʘʥʥʽ ʚʤʽʩʪʫ ʽʦʥʽʚ Zrʆ2+ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ 1ϊ10ï2 ɺ/ʩ 

(ʨʠʩ. 3.42), ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʭʚʠʣʴ ʛʨʘʥʠʯʥʦʛʦ ʩʪʨʫʤʫ ʚ 

ʽʥʪʝʨʚʘʣʘʭ ʧʦʪʝʥʮʽʘʣʽʚ ʚʽʜ ï(0,6ï0,9) ɺ.  

 

 

ʈʠʩʫʥʦʢ. 3.42 ï ʂʘʪʦʜʥʽ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ ʩʪʘʣʝʚʦʛʦ ʝʣʝʢʪʨʦʜʫ ʥʘ ʬʦʥʽ 

1ʄ Na2SO4 ʚ ʨʦʟʯʠʥʘʭ ʩʢʣʘʜʫ, ʤʦʣʴ/ʜʤ3: Co2+  0,01; Cit3  0,02; ʈ2O7
4ï ï 

0,02; WO4
2ï  0,002; Zrʆ2+ ï0,001 (1), 0,005 (2), 0,01 (3); s = 1Ŀ10ï2 ɺ/ʩ,  

ʊ = 293 ʂ 

ɿʘʣʝʞʥʽʩʪʴ ʧ̔ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʻ ʣʽʥʽʡʥʦʶ, ʘʣʝ ʥʝ 

ʚʠʭʦʜʠʪʴ ʟ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 3.43 ʘ), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʦʙʦʨʦʪʥʽʩʪʴ 

ʧʨʦʮʝʩʫ. ɸʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʝʡ ʧ̔/ãs ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ (ʨʠʩ. 

3.43 ʙ), ʷʢ ʽ ʜʦʙʫʪʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʥʝʩʝʥʥʷ ʥʘ ʯʠʩʣʦ ʝʣʝʢʪʨʦʥʽʚ Ŭz ʪʘ 

ʢʨʠʪʝʨʽʶ ʉʝʤʝʨʘʥʦ Xs (ʪʘʙʣ. 3.14), ʜʦʟʚʦʣʷʶʪʴ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ ʱʦʜʦ 

ʥʝʦʙʦʨʦʪʥʦʩʪʽ ʧʨʦʮʝʩʫ ʩʧʽʚʚʽʜʥʦʚʣʝʥʥʷ ʤʝʪʘʣʽʚ. ɺʪʽʤ ʟ ʨʠʩ. 3.43 ʙ ʚʠʪʽʢʘʻ, 

ʦɦ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ Zrʆ2+-ʽʦʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʝʥʥʷ ʛʘʣʴʤʫʚʘʥʥʷ 

ʦʢʨʝʤʠʭ ʩʪʘʜʽʡ ʟʘʛʘʣʴʥʦʛʦ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ. ʇʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ c(WO4
2ï
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)/c(Zrʆ2+) ʷʢ 2:1 ʧ̔/ãs ʥʝʩʫʪʪʻʚʦ ʟʨʦʩʪʘʻ ʚ ʫʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ s (ʨʠʩ.3.43, ʙ 

ʟʘʣʝʞʥʽʩʪʴ 1), ʘ, ʦʪʞʝ, ʛʘʣʴʤʫʚʘʥʥʷ ʩʪʘʜʽʾ ʨʦʟʨʷʜʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʫʧʦʚʽʣʴʥʝʥʦʶ ʘʜʩʦʨʙʮʽʻʶ.  

 
 

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.43 ï ɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ jʧ / ãs (ʘ) ʽ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʧʽʢʘ ʧ̔ (ʙ) ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ, ʚʦʣʴʬʨʘʤʫ ʽ ʮʠʨʢʦʥʽʶ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʬʦʥʽ 1ʄ Na2SO4 ʚ ʨʦʟʯʠʥʘʭ ʩʢʣʘʜʫ, 

ʤʦʣʴ/ʜʤ3: Co2+  0,01; Cit3  0,02; ʈ2O7
4ï ï 0,02; WO4

2ï  0,002; Zrʆ2+ ï0,001 

(1), 0,005 (2), 0,01 (3) 

ʊʘʙʣʠʮʷ 3.14  ʂʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʘʪʦʜʥʠʭ ʨʝʘʢʮʽʡ ʚ ʩʠʩʪʝʤʽ ʉʦ2+-

Cit3--ʈ2ʆ7
4ï-WO4

2ï-Zr4+-H2O (ʩ, ʤʦʣʴ/ʜʤ3: Co2+ï 0,01; Cit3ï ï 0,01, ʈ2O7
4ï ï 0,02, 

WO4
2ï  0,002; Na2SO4 ï 1) 

ʩ(Zrʆ2+), ʤʦʣʴ/ʜʤ3  ɽʩ, ɺ Ŭz Xs Xʩ 

0,001 ī0,49 1,67 0,50 

0,15 0,002 ī0,46 0,87 0,49 

0,005 ī0,43 0,86 0,50 
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ʇʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ Zrʆ2+ ʚʽʜʥʦʩʥʦ ʚʦʣʴʬʨʘʤʘʪʽʚ ʜʦ ʨʽʚʥʷ 5:2 

(ʨʠʩ. 3.43, ʙ ʟʘʣʝʞʥʽʩʪʴ 2) ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʩʠʣʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʠʭ ʫʩʢʣʘʜʥʝʥʴ 

ʣʠʰʝ ʚ ʽʥʪʝʨʚʘʣʽ s 2 ï 20 ʤɺ/ʩ. ʇʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ c(WO4
2ï)/c(Zrʆ2+) ʷʢ 1:5 

(ʨʠʩʶ 3.43, ʘ ʟʘʣʝʞʥʽʩʪʴ 3) ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ: ʚ ʽʥʪʝʨʚʘʣʽ s = 2 ï 20 ʤɺ/ʩ ʩʪʘʜʽʷ ʨʦʟʨʷʜʫ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʭʽʤʽʯʥʦʶ ʨʝʘʢʮʽʻʶ, ʘ ʧʨʠʰʚʠʜʰʝʥʥʷ ʩʢʘʥʫʚʘʥʥʷ 

ʧʦʪʝʥʮʽʘʣʫ ʧʦʩʠʣʶʻ ʚʥʝʩʦʢ ʘʜʩʦʨʙʮʽʾ.  

ʂʦʥʮʝʥʪʨʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ (ʨʠʩ. 3.44) ʪʘʢʦʞ ʚʢʘʟʫʶʪʴ ʥʘ ʟʤʽʥʝʥʥʷ 

ʫʩʢʣʘʜʥʝʥʴ ʟ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʥʘ ʘʜʩʦʨʙʮʽʶ ʨʝʘʛʝʥʪʫ ʟʘʣʝʞʥʦ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ. ʂʨʽʤ ʪʦʛʦ, ʩʣʽʜ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʜʦ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ 

ʟʘʣʫʯʘʶʪʴʩʷ ʢʦʤʧʣʝʢʩʥʽ ʽʦʥʠ, ʱʦ ʤʽʩʪʷʪʴ ʮʠʨʢʦʥʽʡ (IV), ʘ ʥʝ ʚʽʣʴʥʽ ʢʘʪʽʦʥʠ 

Zrʆ2+.  

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.44 ïɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧ̔ / ʩ (ʘ) ʽ 

ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʧʽʢʘ ʧ̔ (ʙ) ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ, ʚʦʣʴʬʨʘʤʫ ʽ 

ʮʠʨʢʦʥʽʶ ʚʽʜ ʩ(Zrʆ2+) ʟ ʨʦʟʯʠʥʫ, ʥʘ ʬʦʥʽ 1ʄ Na2SO4 ʚ ʨʦʟʯʠʥʘʭ ʩʢʣʘʜʫ, 

ʤʦʣʴ/ʜʤ3: Co2+  0,01; Cit3  0,01; WO4
2ï ï 0,002; ʈ2O7

4ï ï 0,02; s, ɺ/ʩ:  

1 ï 5ϊ10ï3, 2 ï 2ϊ10ï2, 3 ï 5ϊ10ï2 
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ʇʦʣʷʨʠʟʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʦʪʨʠʤʘʥʽ ʥʘ ʩʪʘʣʝʚʦʤʫ ʝʣʝʢʪʨʦʜʽ ʫ ʩʠʩʪʝʤʽ 

ʉʦ2+-Cit3--ʈ2ʆ7
4ï-ʄʦO4

2ï-Zrʆ2+-H2O ʥʘ ʬʦʥʽ 1ʄ ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʫ ʥʘʪʨʽʶ ʟ 

ʬʽʢʩʦʚʘʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʣʽʛʘʥʜʽʚ, ʢʦʙʘʣʴʪʫ (II) ʪʘ ʤʦʣʽʙʜʘʪʫ ʽ ʚʘʨʽʶʚʘʥʥʽ 

ʚʤʽʩʪʫ ʽʦʥʽʚ Zrʆ2+ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ 1ϊ10ï2 ɺ/ʩ (ʨʠʩ. 3.45), 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʭʚʠʣʴ ʛʨʘʥʠʯʥʦʛʦ ʩʪʨʫʤʫ ʚ ʽʥʪʝʨʚʘʣʘʭ 

ʧʦʪʝʥʮʽʘʣʽʚ ʚʽʜ ï(0,6ï0,9) ɺ.  

 

 
ʈʠʩʫʥʦʢ 3.45 ï ʂʘʪʦʜʥʽ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ ʩʪʘʣʝʚʦʛʦ ʝʣʝʢʪʨʦʜʫ ʥʘ ʬʦʥʽ 

1ʄ Na2SO4 ʫ ʨʦʟʯʠʥʘʭ ʩʢʣʘʜʫ, ʤʦʣʴ/ʜʤ3: Co2+  0,01; Cit3  0,02;  

ʈ2O7
4ï ï 0,02; ʄʦO4

2ï  0,002; Zrʆ2+ ï0,001 (1), 0,005 (2), 0,01 (3);  

s = 5Ŀ10ï3 ɺ/ʩ, ʊ = 293 ʂ 

ɿʘʣʝʞʥʽʩʪʴ ʧ̔/ãs ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ (ʨʠʩ. 3.46 ʘ) ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Zrʆ2+-ʽʦʥʽʚ ʚʢʘʟʫʻ ʥʘ ʣʽʤʽʪʫʶʯʫ ʩʪʘʜʽʶ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ ʽ 

ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʜʠʩʦʮʽʘʮʽʾ ʢʦʤʧʣʝʢʩʽʚ. ɿʘʣʝʞʥʽʩʪʴ ʧ̔ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ 

ʧʦʪʝʥʮʽʘʣʫ ʤʘʻ ʥʝʣʽʥʽʡʥʠʭ ʭʘʨʘʢʪʝʨ ʽ ʥʝ ʚʠʭʦʜʠʪʴ ʟ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 

3.46 ʙ). ɼʦʙʫʪʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʥʝʩʝʥʥʷ ʥʘ ʯʠʩʣʦ ʝʣʝʢʪʨʦʥʽʚ Ŭz ʪʘ ʢʨʠʪʝʨʽʡ 

ʉʝʤʝʨʘʥʦ Xs (ʪʘʙʣ. 3.15), ʜʦʟʚʦʣʷʶʪʴ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ ʱʦʜʦ ʥʝʦʙʦʨʦʪʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʩʧʽʚʚʽʜʥʦʚʣʝʥʥʷ ʤʝʪʘʣʽʚ. 
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ʘ ʙ 

ʈʠʩʫʥʦʢ 3.46 ï ɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧ̔ / ãs (ʘ) ʽ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʧʽʢʘ ʧ̔ (ʙ) ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ, ʤʦʣʽʙʜʝʥʫ ʽ ʮʠʨʢʦʥʽʶ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʬʦʥʽ 1ʄ Na2SO4 ʚ ʨʦʟʯʠʥʘʭ ʩʢʣʘʜʫ, 

ʤʦʣʴ/ʜʤ3: Co2+  0,01; Cit3  0,02; ʈ2O7
4ï ï 0,02; ʄʦO4

2ï  0,002; Zrʆ2+ ï

0,001 (1), 0,005 (2), 0,01 (3) 

ʊʘʙʣʠʮʷ 3.15  ʂʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʘʪʦʜʥʠʭ ʨʝʘʢʮʽʡ ʚ ʩʠʩʪʝʤʽ ʉʦ2+-

Cit3--ʈ2ʆ7
4ï-ʄʦO4

2ï- Zrʆ2+- H2O (ʩ, ʤʦʣʴ/ʜʤ3: Co2+ï 0,01; Cit3ï ï 0,01;  

ʈ2O7
4ï ï 0,02; ʄʦO4

2ï  0,002; Na2SO4 ï 1) 

ʩ(Zrʆ2+), ʤʦʣʴ/ʜʤ3  ɽʩ, ɺ Ŭz Xs Xʩ 

0,001 ī0,48 0,85 0,49 

0,5 0,002 ī0,46 1,40 0,41 

0,005 ī0,45 1,81 0,46 

ʂʦʥʮʝʥʪʨʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ (ʨʠʩ. 3.47) ʚʢʘʟʫʶʪʴ ʥʘ ʫʩʢʣʘʜʥʝʥʥʷ ʭʽʤʽʯʥʦʾ 

ʨʝʘʢʮʽʾ ʟʘʣʝʞʥʦ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ.  
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ʘ ʙ 

ʈʠʩʫʥʦʢ 3.47 ïɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧ̔ / ʩ (ʘ) ʽ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʧʽʢʘ ʧ̔ (ʙ) ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʫ, ʤʦʣʽʙʜʝʥʫ ʽ ʮʠʨʢʦʥʽʶ ʚʽʜ 

ʩ(Zrʆ2+) ʟ ʨʦʟʯʠʥʫ, ʥʘ ʬʦʥʽ 1ʄ Na2SO4 ʚ ʨʦʟʯʠʥʘʭ ʩʢʣʘʜʫ, ʤʦʣʴ/ʜʤ
3: Co2+  

0,01; Cit3  0,01; ʄʦO4
2ï ï 0,002; ʈ2O7

4ï ï 0,02;  s, ɺ/ʩ: 1 ï 5ϊ10ï3, 2 ï 2ϊ10ï2, 

3 ï 5ϊ10ï2 

ʉʫʢʫʧʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʟʚʦʣʷʻ ʧʨʝʜʩʪʘʚʠʪʠ  

ʤʝʭʘʥʽʟʤ ʩʫʤʽʩʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʤʝʪʘʣʽʚ ʫ ʩʧʣʘʚʠ ʽ ʢʦʤʧʦʟʠʪʠ ʉʦ-Mo-WOx,  

ʉo-ʄʦ-ZrO2, ʉo-W-ZrO2 ʫʟʘʛʘʣʴʥʝʥʦʶ ʩʭʝʤʦʶ (ʨʠʩ. 3.48), ʷʢʘ  

ʚʽʜʜʟʝʨʢʘʣʶʻ ʘʜʩʦʨʙʮʽʶ ʽʥʪʝʨʤʝʜʽʘʪʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʢʘʪʦʜʘ, ʧʦʧʝʨʝʜʥʶ  

ʭʽʤʽʯʥʫ ʩʪʘʜʽʶ ʚʠʚʽʣʴʥʝʥʥʷ ʣʽʛʘʥʜʫ, ʫʧʦʚʽʣʴʥʝʥʫ ʩʪʘʜʽʶ ʨʦʟʨʷʜʫ ʢʦʙʘʣʴʪʫ 

 ʟ ʚʦʣʴʬʨʘʤʦʤ, ʤʦʣʽʙʜʝʥʦʤ ʽ ʮʠʨʢʦʥʽʻʤ, ʟʦʢʨʝʤʘ ʽ ʫʪʚʦʨʝʥʥʷ  

ʧʨʦʤʽʞʥʠʭ ʦʢʩʠʜʽʚ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʚʽʜʥʦʚʣʶʚʘʪʠʩʴ  

ʘʜ-ʘʪʦʤʘʤʠ ʚʦʜʥʶ. ʉʭʝʤʘ ʚʨʘʭʦʚʫʻ ʽʦʥʥʽ ʨʽʚʥʦʚʘʛʠ ʫ ʨʦʟʯʠʥʘʭ, ʘ ʩʘʤʝ: 

ʨʝʘʢʮʽʾ ʛʽʜʨʦʣʽʟʫ, ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʽ ʧʦʣʽʘʥʽʦʥʽʚ ʟʘ ʫʯʘʩʪʽ ʢʦʙʘʣʴʪʫ, 

ʮʠʨʢʦʥʽʶ ʪʘ ʦʢʩʦʤʝʪʘʣʘʪʽʚ ʄʦO4
2ï (WO4

2ï).  
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ʈʠʩʫʥʦʢ 3.48 ï ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥʷ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ  ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ 

ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ: ɜds, ɜd ï ʰʚʠʜʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʾ ʪʘ 

ʦʙôʻʤʥʦʾ ʜʠʬʫʟʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʨʦʟʯʠʥʫ (x=Ð) ʜʦ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʫ (x=0) ʘʙʦ ʨʝʘʢʮʽʡʥʦʛʦ ʰʘʨʫ (x=ŭ
ʨ
); 

ks, kf, kbï ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ, ʧʨʷʤʠʭ ʽ ʟʚʦʨʦʪʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ 
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ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʜʦʟʚʦʣʷʻ ʦʢʨʝʩʣʠʪʠ ʰʣʷʭʠ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ 

ʦʩʘʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʽ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ, 

ʘ ʩʘʤʝ ʚʘʨʽʶʚʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʦʤʧʦʥʝʥʪʽʚ ʝʣʝʢʪʨʦʣʽʪʫ ʽ 

ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʣʽʟʫ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʙʽʣʴʰ ʧʦʚʥʦʤʫ ʧʝʨʝʙʽʛʫ ʷʢ ʭʽʤʽʯʥʠʭ, ʪʘʢ ʽ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʠʩʥʦʚʢʠ ʨʦʟʜʽʣʫ 3 ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ 

ʨʦʙʦʪʘʭ [200, 201, 204, 215 ï219]. 

ɺʩʪʘʥʦʚʣʝʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʢʦʙʘʣʴʪʫ, ʤʦʣʽʙʜʝʥʫ, 

ʚʦʣʴʬʨʘʤʫ ʽ ʮʠʨʢʦʥʽʶ, ʢʽʥʝʪʠʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʽ ʩʪʘʜʽʡʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʩʧʽʚʚʽʜʥʦʚʣʝʥʥʷ ʦʢʨʝʩʣʝʥʠʭ ʤʝʪʘʣʽʚ, ʷʢ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʩʭʝʤʠ, ʩʢʣʘʜʘʶʪʴ 

ʧʽʜʨʫʥʪʪʷ ʨʦʟʨʦʙʢʠ ʝʣʝʢʪʨʦʣʽʪʽʚ ʽ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ 

ʩʧʣʘʚʽʚ ʽ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ. ʎ ̫ʩʭʝʤʘ 

ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʫ 

ʨʦʟʛʣʷʥʫʪʠʭ ʩʠʩʪʝʤʘʭ ʰʣʷʭʦʤ ʚʘʨʽʶʚʘʥʥʷ ʩʧʦʩʦʙʽʚ (ʧʦʩʪʽʡʥʠʡ ʘʙʦ 

ʽʤʧʫʣʴʩʥʠʡ ʩʪʨʫʤ) ʽ ʧʘʨʘʤʝʪʨʽʚ ʧʦʣʷʨʠʟʘʮʽʾ ʜʣʷ ʮʽʣʴʦʚʦʛʦ ʩʠʥʪʝʟʫ ʧʦʢʨʠʚʽʚ 

ʩʧʣʘʚʘʤʠ ʘʙʦ ʢʦʤʧʦʟʠʪʘʤʠ ʟʘʜʘʥʦʛʦ ʩʢʣʘʜʫ.   

3.3 ɺʠʩʥʦʚʢʠ 

3.3.1 ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʽʦʥʥʠʭ ʨʽʚʥʦʚʘʛ ʦʙʛʨʫʥʪʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʟ ʚʘʨʽʡʦʚʘʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʡ ʩʧʣʘʚʦʪʚʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʉʦ2+/(WO4
2ï

 + MoO4
2ï)/Zrʆ2+ ʜʣʷ ʩʠʥʪʝʟʫ ʩʧʣʘʚʽʚ ʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-Mo-

W/(WOʭ), Co-Mo-Zr/(ZrO2), Co-W-Zr/(ZrO2) ʟ ʰʠʨʦʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʚʤʽʩʪʫ 

ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ ʨʘʮʽʦʥʘʣʴʥʽ ʽʥʪʝʨʚʘʣʠ ʨʅ ʨʦʟʯʠʥʽʚ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʛʝʪʝʨʦʷʜʝʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʫ ʩʠʩʪʝʤʘʭ ʉʦ2+-WO4
2ï-MoO4

2ï, ʉʦ2+-

MoO4
2ï-Zrʆ2+, ʉʦ2+-WO4

2ï-Zrʆ2+, ʷʢʽ ʤʽʩʪʷʪʴ ʜʝʧʨʦʪʦʥʦʚʘʥʽ ʯʘʩʪʠʥʢʠ ʣʽʛʘʥʜʽʚ 

ʪʘ ʤʦʥʦʤʝʨʥʽ ʯʘʩʪʠʥʢʠ ʦʢʩʦʤʝʪʘʣʘʪʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʩʪʘʙʽʣʴʥʽ 

ʝʣʝʢʪʨʦʣʽʪʠ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʢʦʙʘʣʴʪʦʤ ʟ 

ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ.  
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3.3.2 ɼʦʩʣʽʜʞʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʢʦʤʧʣʝʢʩʦʪʚʦʨʝʥʥʷ ʫ ʩʠʩʪʝʤʘʭ, ʱʦ 

ʤʽʩʪʷʪʴ ʉʦ2+, WO4
2ï, MoO4

2ï, Zrʆ2+, ʮʠʪʨʘʪ- ʽ ʧʽʨʦʬʦʩʬʘʪ-ʽʦʥʠ, ʚʠʟʥʘʯʝʥʦ 

ʩʢʣʘʜ ʽ ʢʦʥʩʪʘʥʪʠ ʥʝʩʪʽʡʢʦʩʪʽ ʤʦʥʦ- ʪʘ ʙʽʣʽʛʘʥʜʥʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʟʘ 

ʩʪʘʣʦʛʦ ʟʥʘʯʝʥʥʷ ʽʦʥʥʦʾ ʩʠʣʠ ʨʦʟʯʠʥʫ (Ic=1). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʤʽʮʥʽʰʽ ʢʦʤʧʣʝʢʩʠ 

ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ WO4
2ï-Cit3ī-P2O7

4ī ʪʘ ʄʦO4
2ï-Cit3ī-P2O7

4ī. ɼʦʚʝʜʝʥʦ, 

ʱʦ ʮʠʨʢʦʥʽʻʚʠʡ ʝʣʝʢʪʨʦʜ ʧʨʘʮʶʻ ʷʢ ʝʣʝʢʪʨʦʜ ʜʨʫʛʦʛʦ ʨʦʜʫ, ʘ ʟʘʣʝʞʥʽʩʪʴ 

ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ ʚʽʜ ʢʠʩʣʦʪʥʦʩʪʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʨʠʩʫʪʥʽʩʪʴ ʚ ʨʦʟʯʠʥʽ ʩʘʤʝ 

ZrO2+-ʽʦʥʽʚ. ʈʦʟʨʘʭʦʚʘʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʢʦʥʩʪʘʥʪʠ 

ʥʝʩʪʽʡʢʦʩʪʽ ʚ ʩʠʩʪʝʤʘʭ ZrO2+-Cit3ï, ZrO2+-P2O7
4ï-Cit3ï ʥʘ ʮʠʨʢʦʥʽʻʚʦʤʫ 

ʝʣʝʢʪʨʦʜʽ ʩʢʣʘʜʘʶʪʴ 5,1Ŀ10ï14 ʽ 2,3Ŀ10ï17 ʚʽʜʧʦʚʽʜʥʦ. 

3.3.3 ʅʘ ʧʽʜʩʪʘʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʚʝʜʝʥʦ, ʱʦ ʥʘ 

ʢʘʪʦʜʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʨʷʜ ʟʤʽʰʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʢʦʙʘʣʴʪʫ ʟ ʮʠʪʨʘʪ- ʽ 

ʚʦʣʴʬʨʘʤʘʪ/(ʤʦʣʽʙʜʘʪ)-ʽʦʥʘʤʠ ʩʢʣʘʜʫ [ʄO4Co(Cit)]3-, ʜʝ ʄ ï ʄʦ ʘʙʦ W. 

ɺʚʝʜʝʥʥʷ ʜʦ ʨʦʟʯʠʥʫ ʝʣʝʢʪʨʦʣʽʪʫ ʧʽʨʦʬʦʩʬʘʪ-ʽʦʥʫ ʥʝ ʟʤʽʥʶʻ ʤʝʭʘʥʽʟʤ 

ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥʷ ʧʦʢʨʠʚʽʚ, ʘ ʣʠʰʝ ʟʤʝʥʰʫʻ ʛʨʘʥʠʯʥʫ ʛʫʩʪʠʥʫ ʩʪʨʫʤʫ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ c(ʉʦ2+)/c(ʄO4
2ï) Ó 5 

ʫʧʦʚʽʣʴʥʝʥʠʤʠ ʻ ʩʪʘʜʽʾ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ ʽ ʥʘʩʪʫʧʥʘ ʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ. 

3.3.4 ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʢʘʪʦʜʥʠʡ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʚʽʚ Co-Mo-W/(WOʭ), Co-Mo-Zr/(ZrO2), 

Co-W-Zr/(ZrO2) ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʫʯʘʩʪʶ ʢʦʤʧʣʝʢʩʽʚ [Cʦ(ʈ2ʆ7)ʄʝO4]
4, 

[ZrO(P2O7)2]
6ï, (ʜʝ ʄʝ - ʄʦ, W), ʟʽ ʩʪʘʜʽʡʥʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ ʦʢʩʦʤʝʪʘʣʘʪʽʚ 

ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʚʦʣʴʬʨʘʤʫ (ʤʦʣʽʙʜʝʥʫ) ʟʤʽʥʥʦʾ ʚʘʣʝʥʪʥʦʩʪʽ ʟ 

ʧʦʜʘʣʴʰʠʤ ʾʭ ʷʢ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ, ʪʘʢ ʽ ʭʽʤʽʯʥʠʤ ʧʦʚʥʠʤ ʘʙʦ ʯʘʩʪʢʦʚʠʤ 

ʚʽʜʥʦʚʣʝʥʥʷʤ ʘʜ-ʘʪʦʤʘʤʠ ʛʽʜʨʦʛʝʥʫ.  

3.9.4 ʅʘ ʧʽʜʩʪʘʚʽ ʢʽʥʝʪʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʦʙˇʨʫʥʪʦʚʘʥʦ ʤʝʭʘʥʽʟʤ 

ʩʧʽʚʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ ʤʦʣʽʙʜʝʥʦʤ, ʚʦʣʴʬʨʘʤʦʤ ʪʘ ʮʠʨʢʦʥʽʻʤ, ʷʢ 

ʩʫʢʫʧʥʦʩʪʽ ʩʧʨʷʞʝʥʠʭ ʨʝʘʢʮʽʡ ʟʘ ʫʯʘʩʪʶ ʤʦʥʦ- ʽ ʙʽʣʽʛʘʥʜʥʠʭ ʛʝʪʝʨʦʷʜʝʨʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʪʘ ʘʜ-ʘʪʦʤʽʚ ʚʦʜʥʶ, ʷʢʽ ʥʘʜʘʥʦ ʫʟʘʛʘʣʴʥʝʥʦʶ ʩʭʝʤʦʶ. ʎʷ ʩʭʝʤʘ 
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ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʰʣʷʭʦʤ 

ʚʘʨʽʶʚʘʥʥʷ ʩʧʦʩʦʙʽʚ (ʧʦʩʪʽʡʥʠʡ ʘʙʦ ʽʤʧʫʣʴʩʥʠʡ ʩʪʨʫʤ) ʽ ʧʘʨʘʤʝʪʨʽʚ 

ʧʦʣʷʨʠʟʘʮʽʾ ʜʣʷ ʮʽʣʴʦʚʦʛʦ ʩʠʥʪʝʟʫ ʧʦʢʨʠʚʽʚ ʩʧʣʘʚʘʤʠ ʘʙʦ ʢʦʤʧʦʟʠʪʘʤʠ 

ʟʘʜʘʥʦʛʦ ʩʢʣʘʜʫ.   
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ʈʆɿɼɯʃ 4  

ɽʃɽʂʊʈʆʆʉɸɼɾɽʅʅʗ ɽʃɽʂʊʈʆʃɯʊʀʏʅʀʍ ʇʆʂʈʀɺɯɺ ʉʇʃɸɺɸʄʀ ɯ 

ʂʆʄʇʆɿʀʊɸʄʀ ʅɸ ʆʉʅʆɺɯ ʂʆɹɸʃʔʊʋ ɿ ʇʆʃɯʃɯɻɸʅɼʅʀʍ 

ɽʃɽʂʊʈʆʃɯʊɯɺ  

ʇʨʠʨʦʜʘ, ʩʧʦʩʦʙʠ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ 

ʥʝʨʦʟʨʠʚʥʦ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʪʘ ʻ ʣʘʥʢʘʤʠ ʦʜʥʦʛʦ ʣʘʥʮʶʛʘ. ɿʦʢʨʝʤʘ 

ʧʦʧʨʠ ʫʷʚʥʫ ʦʜʥʦʟʥʘʯʥʽʩʪʴ ʽʩʥʫʶʪʴ ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʥʝ ʪʽʣʴʢʠ ʫ  

ʩʪʨʫʢʪʫʨʽ ʪʘ ʚʣʘʩʪʠʚʦʩʪʷʭ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʽ ʛʘʣʴʚʘʥʽʯʥʠʭ ʩʧʣʘʚʽʚ, ʘ ʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʦʩʦʙʣʠʚʦ ʟ ʦʛʣʷʜʫ ʥʘ ʾʭ 

ʧʝʨʝʨʦʟʧʦʜʽʣ ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʽ ʦʙôʻʤʽ ʤʘʪʝʨʽʘʣʫ [220, 221]. 

ɽʣʝʢʪʨʦʣʽʪʠʯʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ ʟʘ ʩʚʦʾʤ ʬʘʟʦʚʠʤ ʩʢʣʘʜʦʤ, 

ʤʦʨʬʦʣʦʛʽʻʶ ʧʦʚʝʨʭʥʽ, ʘ ʚʽʜʧʦʚʽʜʥʦ, ʽ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʚʽʜ ʩʧʣʘʚʽʚ, ʦʜʝʨʞʘʥʠʭ ʪʝʨʤʽʯʥʠʤ ʰʣʷʭʦʤ, ʱʦ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʻ ʪʝʭʥʽʯʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ ʩʧʣʘʚʽʚ ʪʘ ʛʘʣʫʟʽ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɺʧʣʠʚ 

ʛʦʣʦʚʥʠʭ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʯʠʥʥʠʢʽʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʢʣʘʜʫ ʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʧʦʢʨʠʚʽʚ ʻ ʟʘʛʘʣʴʥʦʚʽʜʦʤʠʤ ʽ ʣʦʛʽʯʥʠʤ 

[27, 222 ï 225].  

4.1 ʂʦʤʧʦʟʠʮʽʡʥʽ ʝʣʝʢʪʨʦʣʽʪʠʯʥʽ ʧʦʢʨʠʚʠ Co-ʄʦ-Wʆʭ 

4.1.1 ɽʣʝʢʪʨʦʣʽʪ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-ʄʦ-Wʆʭ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʮʠʪʨʘʪʥʦ-

ʧʽʨʦʬʦʩʬʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ Co-ʄʦ-Wʆʭ ʥʘʥʦʩʠʣʠ ʥʘ 

ʧʽʜʢʣʘʜʢʫ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʩʧʣʘʚʦʪʚʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʝʣʝʢʪʨʦʣʽʪʫ Co2+:WO4
2ï:MoO4

2ï 

ʚʘʨʽʶʚʘʣʠ ʚ ʜʽʘʧʘʟʦʥʽ 1:1:1 ï 1:2:2 [226, 227]. 
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ʊʘʙʣʠʮʷ 4.1 ï ʉʢʣʘʜʠ ʝʣʝʢʪʨʦʣʽʪʽʚ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʢʨʠʚʽʚ Co-ʄʦ-Wʆʭ 

 ʉʢʣʘʜ ʝʣʝʢʪʨʦʣʽʪʫ ʂʦʥʮʝʥʪʨʘʮʽʷ, ʤʦʣʴ/ʜʤ3 

1 2 3 4 5 6 7 

CoSO4 0,1 0,1 0,1 0,1 0,2 0,2 0,2 

Na2WO4 0,06 0,12 0,16 0,3 0,16 0,16 0,16 

Na2MoO4 0,04 0,08 0,12 0,3 0,08 0,08 0,08 

Na3C6H5O7  0,2 0,2 0,2 0,3 0,2 0,3 0,4 

K4P2O7  0,3 0,3 0,3 0,2 0,4 0,5 0,7 

ɿ ʧʦʣʽʣʽʛʘʥʜʥʠʭ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʧʨʠ ʨʅ 8,5ï10,0 

ʦʩʘʜʞʫʶʪʴʩʷ ʙʣʠʩʢʫʯʽ ʦʜʥʦʨʽʜʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ ʟ ʚʠʩʦʢʦʶ ʘʜʛʝʟʽʻʶ 

ʜʦ ʧʽʜʢʣʘʜʢʠ. ɺʤʽʩʪ ʤʦʣʽʙʜʝʥʫ ʚ ʩʢʣʘʜʽ ʧʦʢʨʠʚʽʚ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ɺʉ  

(ʨʠʩ.4.1), ʟʨʦʩʪʘʻ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʩʫʤʘʨʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʦʤʝʪʘʣʘʪʽʚ 

ʩ(Co2+)/ʩ(WO4
2ï + MoO4

2ï). 

ʈʠʩʫʥʦʢ 4.1 ï ɿʘʣʝʞʥʽʩʪʴ ʩʢʣʘʜʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-ʄʦ-Wʆʭ ʽ ɺʉ 

ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʦʤʧʣʝʢʩʦʪʚʽʨʥʠʢʽʚ ʧʨʠ  ̔= 4 ɸ/ʜʤ2,  

ʨʅ = 9,0 
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ɼʘʥʠʡ ʬʘʢʪ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʘʩʪʫʧʥʠʤʠ ʦʙʩʪʘʚʠʥʘʤʠ: ʧʨʠ  

ʥʘʜʣʠʰʢʫ ʦʢʩʦʤʝʪʘʣʘʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʭ ʧʦʣʽʤʝʨʠʟʘʮʽʷ, ʪʦʤʫ  

ʩʧʨʘʚʞʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʦʥʦʬʦʨʤ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ 

ʛʝʪʝʨʦʷʜʝʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʟʥʠʞʫʻʪʴʩʷ. ʇʨʠ ʚʠʩʦʢʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʦʢʩʦʤʝʪʘʣʘʪʽʚ ʦʩʪʘʥʥʽ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʚ ʨʦʣʽ ʣʽʛʘʥʜʽʚ ʜʣʷ ʢʦʙʘʣʴʪʫ, ʱʦ 

ʪʘʢʦʞ ʜʝʱʦ ʟʤʝʥʰʫʻ ʚʤʽʩʪ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ʫ ʂɽʇ ʩʧʣʘʚʘʤʠ  

Co-ʄʦ-Wʆʭ. 

ɿ ʝʣʝʢʪʨʦʣʽʪʫ ˉ4 ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʦʢʩʦʤʝʪʘʣʘʪʽʚ ʦʩʘʜʞʫʶʪʴʩʷ 

ʙʣʠʩʢʫʯʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ ʩʽʨʦ-ʩʠʥʴʦʛʦ ʚʽʜʪʽʥʢʫ, ʷʢʠʡ ʡʤʦʚʽʨʥʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʧʦʚʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʩʦʤʝʪʘʣʘʪʽʚ ʽ ʧʨʠʩʫʪʥʽʩʪʴ ʫ ʧʦʢʨʠʚʘʭ 

ʦʢʩʠʜʽʚ ʚʦʣʴʬʨʘʤʫ ʽ ʤʦʣʽʙʜʝʥʫ ï ʪʘʢ ʟʚʘʥʦʾ çʤʦʣʽʙʜʝʥʦʚʦʾ ʩʠʥʽè, ʪʦʤʫ 

ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʝʣʝʢʪʨʦʣʽʪʽ ʚʠʱʝ ʮʽʻʾ 

ʤʝʞʽ ʥʝʜʦʮʽʣʴʥʝ.  

ʅʝʚʽʜôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʣʽʛʘʥʜʽʚ ʚ 

ʩʢʣʘʜʽ ʝʣʝʢʪʨʦʣʽʪʫ ʻ ʧʨʦʮʝʜʫʨʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʚʤʽʩʪ 

ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ 

ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʝʣʝʢʪʨʦʣʽʪʠ ʟʽ ʩʪʘʣʠʤ ʚʤʽʩʪʦʤ 

ʢʦʤʧʣʝʢʩʦʪʚʽʨʥʠʢʽʚ, ʤʦʣʴ/ʜʤ3: ʩ(ʉʦ2+) = 0,2; ʩ(WO4
2ï) = 0,16; ʩ(MoO4

2ï) = 0,08 

ʧʨʠ ʨʅ = 9,5 (ʨʠʩ.4.2). 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʨʦʩʪʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʪʨʘʪʫ ʪʘ ʧʽʨʦʬʦʩʬʘʪʫ  

ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʣʽʛʘʥʜʽʚ ʫ ʩʢʣʘʜʽ ʢʦʤʧʣʝʢʩʽʚ ʽ  

ʟʘʛʘʣʴʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʟʘʨʷʜʫ ʯʘʩʪʠʥʦʢ. ɺ ʩʠʣʫ ʧʝʨʰʦʾ ʧʨʠʯʠʥʠ  

ʟʨʦʩʪʘʻ ʤʽʮʥʽʩʪʴ ʢʦʤʧʣʝʢʩʽʚ ʽ ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʢʣʘʜʥʝʥʥʷ ʥʘ ʩʪʘʜʽʾ ʨʦʟʨʷʜʫ,  

ʘ ʟ ʜʨʫʛʦʾ ï ʟʨʦʩʪʘʶʪʴ ʪʨʫʜʥʦʱʽ ʥʘ ʩʪʘʜʽʾ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ  

ʜʦ ʧʦʚʝʨʭʥʽ ʢʘʪʦʜʘ (ʤʽʛʨʘʮʽʡʥʘ ʩʢʣʘʜʦʚʘ ʧʝʨʝʥʝʩʝʥʥʷ) ʽ, ʚʽʜʧʦʚʽʜʥʦ,  

ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʦʮʝʩʫ. ʆʙʠʜʚʽ ʧʨʠʯʠʥʠ ʚʝʜʫʪʴ ʜʦ ʟʥʠʞʝʥʥʷ  

ɺʉ, ʦʩʢʽʣʴʢʠ ʥʘ ʨʦʟʨʷʜ ʚʦʜʥʶ ʟʨʦʩʪʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʽʛʘʥʜʽʚ ʽʩʪʦʪʥʦ  

ʥʝ ʚʧʣʠʚʘʻ. 

ʂʨʽʤ ʪʦʛʦ, ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʽʛʘʥʜʽʚ ʤʝʥʰ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʦʩʘʜʞʝʥʥʽ ʢʦʙʘʣʴʪʫ, ʢʦʥʩʪʘʥʪʠ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʷʢʦʛʦ ʟʨʦʩʪʘʶʪʴ ʚ 
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ʤʝʥʰʽʡ ʤʽʨʽ, ʥʽʞ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ, ʪʦʤʫ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʢʦʙʘʣʴʪʫ ʚ 

ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ ʧʦʨʽʚʥʷʥʦ ʽʟ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ 

ʟʙʽʣʴʰʫʻʪʴʩʷ. ʗʢ ʥʘʩʣʽʜʦʢ, ʥʘ ʟʙʘʛʘʯʝʥʽʡ ʢʦʙʘʣʴʪʦʤ ʧʦʚʝʨʭʥʽ ʯʝʨʝʟ ʡʦʛʦ 

ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʫ ʨʝʘʢʮʽʾ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʚʦʜʥʶ 

ʟʨʦʩʪʘʻ [228, 229]. 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.2 ï ɺʧʣʠʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʣʽʛʘʥʜʽʚ ʥʘ ʟʘʛʘʣʴʥʠʡ 

ʚʤʽʩʪ ʚʦʣʴʬʨʘʤʫ ʽ ʤʦʣʽʙʜʝʥʫ ʚ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʘʭ Co-ʄʦ-Wʆʭ (ʘ) ʽ ɺʉ 

(ʙ) (  ̔= 4 ɸ/ʜʤ2)  

ɺʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʩʠʥʪʝʟʫ ʷʢʽʩʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ  

ʉo-Mo-Wʆʭ ʟʘʜʘʥʦʛʦ ʩʢʣʘʜʫ ʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʅ ʝʣʝʢʪʨʦʣʽʪʫ, ʦʩʢʽʣʴʢʠ  

ʧʨʠ ʧʽʜʢʠʩʣʝʥʥʽ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʦʢʩʦʘʥʽʦʥʽʚ,  

ʘ ʚ ʣʫʞʥʽʡ ʦʙʣʘʩʪʽ ʤʦʞʣʠʚʝ ʬʦʨʤʫʚʘʥʥʷ ʛʽʜʨʦʢʩʠʜʽʚ ʽ/ʘʙʦ  

ʽʥʠhʭ ʛʽʜʨʦʢʩʦʩʧʦʣʫʢ ʢʦʙʘʣʴʪʫ [230]. ʊʘʢ, ʟʦʢʨʝʤʘ, ʚ ʜʽʘʧʘʟʦʥʽ ʨʅ 1ï6 

ʬʦʨʤʫʶʪʴʩʷ ʧʦʢʨʠʚʠ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʘʜʛʝʟʽʾ ʜʦ ʧʽʜʢʣʘʜʢʠ, ʥʠʟʴʢʠʤ  

ʚʤʽʩʪʦʤ ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʚʠʭʦʜʦʤ ʟʘ ʩʪʨʫʤʦʤ ʥʘ ʨʽʚʥʽ  

15 ï 43 % (ʨʠʩ. 4.3).  
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ʘ ʙ 

ʈʠʩʫʥʦʢ 4.3 ï ɺʧʣʠʚ ʢʠʩʣʦʪʥʦʩʪʽ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʦʩʬʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ 

ʥʘ ʩʢʣʘʜ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʉo-Mo-Wʆʭ (ʘ) ʪʘ ɺʉ (ʙ) ʧʨʠ =̔4 A/ʜʤ2 

ʆʜʥʘʢ, ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ pH ʝʣʝʢʪʨʦʣʽʪʫ ʜʦ 8 ï 10 ʚʽʜʙʫʚʘʻʪʴʩʷ  

ʟʨʦʩʪʘʥʥʷ ʷʢ ʚʠʭʦʜʫ ʟʘ ʩʪʨʫʤʦʤ, ʪʘʢ ʽ ʩʫʤʘʨʥʦʛʦ ʚʤʽʩʪʫ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ. 

ʎʽʢʘʚʠʤ ʚʠʷʚʠʚʩʷ ʪʦʡ ʬʘʢʪ, ʱʦ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ 

ʽʥʪʝʨʚʘʣʽ ʨʅ = 1 ï 6 ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʧʦʩʪʽʡʥʠʤ ɤ(W + Mo) Í f(ʨʅ), 

ʘʣʝ ʧʦ ʤʽʨʽ ʟʘʣʫʞʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ɤ(ʄʦ) ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ɤ(W) ʟʤʝʥʰʫʻʪʴʩʷ. 

4.2.2 ʌʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-ʄʦ-Wʆʭ ʫ 

ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ  

ɿʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʷʢʽʩʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ  

Co-ʄʦ-Wʆʭ ʦʢʨʽʤ ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʣʽʪʫ ʤʘʶʪʴ ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʪʘ ʯʘʩ 

ʦʩʘʜʞʝʥʥʷ. ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʚʤʽʩʪ ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ 

ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʟʤʽʥʶʻʪʴʩʷ ʩʠʤʙʘʪʥʦ (ʨʠʩ. 4.4). ʊʘʢ, 

ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ, ʦʪʨʠʤʘʥʽ ʟ ʝʣʝʢʪʨʦʣʽʪʫ ʧʨʠ  ̔ = 6 ɸ/ʜʤ2, ʤʽʩʪʷʪʴ ʥʘ  

5ï6 % ʙʽʣʴʰʝ ʚʦʣʴʬʨʘʤʫ ʽ ʤʦʣʽʙʜʝʥʫ, ʥʽʞ ʧʨʠ  ̔= 2 ɸ/ʜʤ2. 

 



134 
 

 

 

ʈʠʩʫʥʦʢ 4.4 ï ɺʧʣʠʚ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʥʘ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʚʦʣʴʬʨʘʤʫ ʟ 

ʤʦʣʽʙʜʝʥʦʤ ʽ ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʧʦʢʨʠʚʽʚ ʉo-Mo-Wʆʭ 

ʊʘʢ ʩʘʤʦ ʟ ʢʘʪʦʜʥʦʶ ʛʫʩʪʠʥʦʶ ʩʪʨʫʤʫ ʟʘʢʦʥʦʤʽʨʥʦ ʟʨʦʩʪʘʻ ʽ ʰʚʠʜʢʽʩʪʴ 

ʦʩʘʜʞʝʥʥʷ ʂɽʇ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ɤ = f(ʽ) ʥʦʩʠʪʴ ʝʢʩʪʨʝʤʘʣʴʥʠʡ 

ʭʘʨʘʢʪʝʨ ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ  ̔= 6 ɸ/ʜʤ2. ʎʝ ʞ ʟʥʘʯʝʥʥʷ ʻ ʚʝʨʭʥʴʦʶ ʤʝʞʝʶ 

ʢʘʪʦʜʥʦʾ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ, ʚʠʱʝ ʷʢʦʾ ʷʢʽʩʪʴ ʧʦʢʨʠʚʽʚ ʟʥʠʞʫʻʪʴʩʷ ï 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʛʦʨʷʥʥʷ ʦʩʘʜʫ ʽ ʧʦʛʽʨʰʝʥʥʷ ʘʜʛʝʟʽʾ ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʧʘʨʮʽʘʣʴʥʦʾ ʨʝʘʢʮʽʾ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ. ʈʦʟʩʽʶʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

ʝʣʝʢʪʨʦʣʽʪʫ ʟʘ ʚʢʘʟʘʥʦʾ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ 61 %. ɼʦʙʽʨ ʥʠʞʥʴʦʾ 

ʤʝʞʽ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʚʽʜʙʫʚʘʚʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘ ʚʽʟʫʘʣʴʥʦʶ ʦʮʽʥʢʦʶ 

ʷʢʦʩʪʽ ʦʩʘʜʽʚ. ɿʘ ʛʫʩʪʠʥ ʩʪʨʫʤʫ ʤʝʥʰʠʭ 2 ɸ/ʜʤ2 ʧʦʢʨʠʚʠ ʤʘʶʪʴ ʩʠʥʻ-

ʢʦʨʠʯʥʝʚʝ ʟʘʙʘʨʚʣʝʥʥʷ, ʧʨʠʪʘʤʘʥʥʝ ʦʢʩʠʜʘʤ ʚʦʣʴʬʨʘʤʫ ʽ ʤʦʣʽʙʜʝʥʫ 

ʧʨʦʤʽʞʥʠʭ ʩʪʫʧʝʥʽʚ ʦʢʠʩʥʝʥʥʷ. 

ɺʧʣʠʚ ʯʘʩʫ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʉo-Mo-WOx ʥʘ ʾʭ ʩʢʣʘʜ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.5, ʘ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ, ʚ ʧʦʯʘʪʢʦʚʽ ʩʝʢʫʥʜʠ ʝʣʝʢʪʨʦʣʽʟʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ 

ʦʩʘʜʞʝʥʥʷ ʩʫʮʽʣʴʥʦʛʦ ʪʦʥʢʦʛʦ ʤʦʥʦʰʘʨʫ ʢʦʙʘʣʴʪʫ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ. ʇʽʩʣʷ 

ʮʴʦʛʦ ʪʫʛʦʧʣʘʚʢʽ ʤʝʪʘʣʠ ʩʧʽʚʦʩʘʜʞʫʶʪʴʩʷ ʫ ʧʦʢʨʠʚ ʉo-Mo-WOx ʢʦʥʢʫʨʝʥʪʥʦ 

ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʝʡ ʧʘʨʮʽʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʨʝʤʠʭ 

ʩʢʣʘʜʦʚʠʭ ʟʽ ʟʤʽʥʦʶ ʧʦʣʷʨʠʟʘʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʩʪʫʧʦʚʦʛʦ ʟʙʘʛʘʯʝʥʥʷ 
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ʧʦʢʨʠʚʽʚ ʤʦʣʽʙʜʝʥʦʤ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʚʦʣʴʬʨʘʤʫ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʪʨʠʚʘʣʦʩʪʽ ʝʣʝʢʪʨʦʣʽʟʫ. 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.5 ï ɺʧʣʠʚ ʯʘʩʫ ʦʩʘʜʞʝʥʥʷ ʥʘ ʚʤʽʩʪ ʚʦʣʴʬʨʘʤʫ ʽ ʤʦʣʽʙʜʝʥʫ(ʘ) ʽ 

ɺʉ(ʙ) ʧʦʢʨʠʚʫ ʉo-Mo-WOx 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʯʘʩʫ 

ʦʩʘʜʞʝʥʥʷ ʥʘ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ (ʨʠʩ. 4.5, ʙ). ʊʘʢ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʉo-Mo-WOx ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ 

ʝʣʝʢʪʨʦʣʽʟʫ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʜʦʩʠʪʴ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʚ ʤʝʞʘʭ 70ï80 %. 

4.1.2 ʌʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-ʄʦ-Wʆʭ ʚ ʽʤʧʫʣʴʩʥʦʤʫ 

ʨʝʞʠʤʽ  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʛʦ ʨʝʞʠʤʫ, ʘ ʪʘʢʦʞ ʚʘʨʽʶʚʘʥʥʷ ʩʢʣʘʜʫ 

ʢʦʤʧʦʥʝʥʪʽʚ ʝʣʝʢʪʨʦʣʽʪʽʚ ʥʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʷʢʽʩʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ 

ʉo-Mo-Wʆʭ ʽʟ ʩʫʤʘʨʥʠʤ ʚʤʽʩʪʦʤ ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʣʴʰʝ 20 %. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʩʧʨʠʷʻ ʟʙʘʛʘʯʝʥʥʶ ʧʦʢʨʠʚʚ̔ 

ʣʝʛʫʶʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʘ ʟʤʝʥʰʝʥʥʶ ʚʤʽʩʪʫ ʥʝʤʝʪʘʣʽʯʥʠʭ ʜʦʤʽʰʦʢ. ʂʨʽʤ 

ʪʦʛʦ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʝʣʝʢʪʨʦʣʽʟʫ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʫ ʜʦʩʢʦʥʘʣʫ ʧʦʚʝʨʭʥʶ ʧʦʢʨʠʚʽʚ ʟ 
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ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʤʽʢʨʦʧʦʨ ʽ ʪʨʽʱʠʥ (ʨʠʩ. 4.6), ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ, ʷʢ ʧʦʢʘʟʘʥʦ ʚ [24]. 

ɯʤʧʫʣʴʩʥʠʡ ʝʣʝʢʪʨʦʣʽʟ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʢʨʠʚʽʚ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʙʝʟ ʟʤʽʥʠ 

ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʣʽʪʫ ʰʣʷʭʦʤ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʝʡ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʽ 

ʭʽʤʽʯʥʠʭ ʩʪʘʜʽʡ ʧʽʜ ʯʘʩ ʧʦʣʷʨʠʟʘʮʽʾ ʪʘ ʧʝʨʝʨʠʚʘʥʥʷ ʩʪʨʫʤʫ. 

  
ʘ ʙ 

  
 

ʚ   ʛ 

ʈʠʩʫʥʦʢ 4.6 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ (ʭ100) (ʘ, ʙ) ʽ ʢʦʤʧʦʥʝʥʪʥʠʡ 

ʩʢʣʘʜ (ʚ, ʛ) ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ (ʤʘʩ.%) Co-ʄʦ-Wʆʭ, ʦʩʘʜʞʝʥʠʭ ʟ 

ʝʣʝʢʪʨʦʣʽʪʫ ˉ4,  ̔= 4 ɸ/ʜʤ2 ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ (a, ʚ) ʽ ʽʤʧʫʣʴʩʥʦʤʫ t  ̔= 2Ŀʤʩ, 

tʧ = 10 ʤʩ (ʙ, ʛ) ʨʝʞʠʤʘʭ. ʊʝʤʧʝʨʘʪʫʨʘ ʊ = 50 Áʉ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʥʘ ʚʤʽʩʪ ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ  
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ɺʉ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ (ʨʠʩ. 4.7). ʊʘʢ, ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ  

ʉo-Mo-Wʆʭ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʤʧʣʽʪʫʜʠ ʩʪʨʫʤʫ ʽʤʧʫʣʴʩʫ ʽ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʜʦʩʠʪʴ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ 70ï80%. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʛʫʩʪʠʥʠ 

ʢʘʪʦʜʥʦʛʦ ʩʪʨʫʤʫ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʦʢʨʠʚ ʟʙʘʛʘʯʫʻʪʴʩʷ ʪʫʛʦʧʣʘʚʢʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ.  

 

ʈʠʩʫʥʦʢ 4.7 ï ɺʧʣʠʚ ʛʫʩʪʠʥʠ ʽʤʧʫʣʴʩʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʚʤʽʩʪ ʪʫʛʦʧʣʘʚʢʠʭ 

ʤʝʪʘʣʽʚ ʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʘʭ ʉo-Mo-Wʆʭ ʽ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʧʨʠ 

t  ̔= 5 ʤʩ, tʧ = 10 ʤʩ. ʊʝʤʧʝʨʘʪʫʨʘ ʊ = 50 Áʉ 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʘʤʧʣʽʪʫʜʠ ʽʤʧʫʣʴʩʥʦʛʦ ʩʪʨʫʤʫ ʪʫʛʦʧʣʘʚʢʽ  

ʤʝʪʘʣʠ ʩʧʽʚʦʩʘʜʞʫʶʪʴʩʷ ʫ ʂɽʇ ʉo-Mo-Wʆʭ ʢʦʥʢʫʨʝʥʪʥʦ ʚʥʘʩʣʽʜʦʢ  

ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʧʘʨʮʽʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ  

ʟʽ ʟʤʽʥʦʶ ʧʦʣʷʨʠʟʘʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʩʪʫʧʦʚʦʛʦ  

ʟʙʘʛʘʯʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʉo-Mo-Wʆʭ ʚʦʣʴʬʨʘʤʦʤ ʟʘ  

ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʤʦʣʽʙʜʝʥʫ (ʨʠʩ.4.8) ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʥʝʟʥʘʯʥʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʩʦʪʢʫ ʢʠʩʥʶ (ʜʦ 8 ʤʘʩ.%) ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ 

ʚʦʣʴʬʨʘʤʫ Wʆʭ.  
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ɿ ʘʥʘʣʽʟʫ ʟʘʣʝʞʥʦʩʪʝʡ (ʨʠʩ. 4.7, 4.8) ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʦʩʘʜʞʝʥʥʷ ʧʦʢʨʠʚʽʚ ʉʦ-Mo-Wʆʭ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 

ʛʫʩʪʠʥʽ ʽʤʧʫʣʴʩʥʦʛʦ ʩʪʨʫʤʫ  ̔= 4 ï 10 ɸ/ʜʤ2. 

 

ʈʠʩʫʥʦʢ 4.8 ï ɺʧʣʠʚ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʥʘ ʩʢʣʘʜ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ  

Co-ʄʦ-Wʆʭ, ʦʩʘʜʞʝʥʠʭ ʟ ʝʣʝʢʪʨʦʣʽʪʫ ˉ5; ʘʤʧʣʽʪʫʜʘ ʩʪʨʫʤʫ tʽ = 5Ŀʤʩ, 

tʧ = 5Ŀʤʩ 

ʇʨʠ ʽʤʧʫʣʴʩʥʦʤʫ ʝʣʝʢʪʨʦʣʽʟʽ ʚʧʨʦʜʦʚʞ ʽʤʧʫʣʴʩʫ ʩʪʨʫʤʫ  

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ ʧʘʨʮʽʘʣʴʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʚʠʜʽʣʝʥʥʷ ʤʝʪʘʣʽʚ ʽ 

ʚʦʜʥʶ ʥʘ ʢʦʨʠʩʪʴ ʤʝʪʘʣʽʚ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ 

ʟʘʣʫʞʝʥʥʷ ʧʨʠʢʘʪʦʜʥʦʛʦ ʰʘʨʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʩʪʨʠʤʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ ʛʽʜʨʦʢʩʠʜʽʚ ʢʦʙʘʣʴʪʫ. ʆʮʽʥʶʶʯʠ ʨʦʟʧʦʜʽʣ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʦ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʚʽʚ (ʨʠʩ. 4.9, ʘ), ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʩʢʣʘʜ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʜʦʩʪʘʪʥʴʦ ʦʜʥʦʨʽʜʥʠʡ (ʨʠʩ. 4.9, ʙ). ʇʽʜ ʯʘʩ  

ʧʘʫʟʠ, ʧʦ-ʧʝʨʰʝ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʧʦʚʥʝʥʥʷ ʧʨʠʝʣʝʢʪʨʦʜʥʦʛʦ  

ʰʘʨʫ ʝʣʝʢʪʨʦʜʥʦʘʢʪʠʚʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʫʟʽʾ ʪʘ ʩʚʦʻʨʽʜʥʘ 

ʨʝʣʘʢʩʘʮʽʷ ʩʢʣʘʜʫ ʮʴʦʛʦ ʰʘʨʫ ʪʘ ʦʩʘʜʽʚ. ɸ ʧʦ-ʜʨʫʛʝ, ʩʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ ʜʣʷ 

ʭʽʤʽʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʤʽʞʥʠʭ ʦʢʩʠʜʽʚ ʤʦʣʽʙʜʝʥʫ ʽ ʚʦʣʴʬʨʘʤʫ ʘʜ-ʘʪʦʤʘʤʠ 

ʚʦʜʥʶ.  
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ʘ ʙ 

ʈʠʩʫʥʦʢ 4.9 ï ʄʦʨʬʦʣʦʛʽʷ (ʘ) ʽ ʝʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ (ʤʘʩ. %) (ʙ) ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʢʨʠʚʽʚ ʉʦ-Mo-Wʆʭ, ʦʜʝʨʞʘʥʠʭ ʽʤʧʫʣʴʩʥʠʤ ʝʣʝʢʪʨʦʣʽʟʦʤ ti=5Öʤʩ, tʧ=5Öʤʩ, 

=̔10 A/ʜʤ2, T = 60 Áʉ. 

ɿʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʽʚ ʚʠʱʝ 20 ʤʩ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʧʝʨʝʥʘʧʨʫʛʠ ʚʠʜʽʣʝʥʥʷ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ʫ ʧʦʢʨʠʚʠ ʪʘ 

ʧʦʛʽʨʰʝʥʥʷ ʾʭ ʷʢʦʩʪʽ ʧʦʢʨʠʚʽʚ [231], ʘ ʪʨʠʚʘʣʦʩʪʽ ʧʘʫʟ ï ʜʦ ʟʥʠʞʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʣʽʟʫ. ɿʘ ʮʠʭ ʦʙʩʪʘʚʠʥ ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʧʣʠʚ 

ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ (ʨʠʩ 4.10) ʥʘ ʚʤʽʩʪ ʤʝʪʘʣʽʚ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ. ʍʽʜ 

ʟʘʣʝʞʥʦʩʪʝʡ ʥʦʩʠʪʴ ʜʦʚʦʣʽ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨ, ʦʩʢʽʣʴʢʠ ʧʨʠ 

ʬ̔ ʢʩʦʚʘʥʦʤʫ ʯʘʩʽ ʧʘʫʟʠ ʟʨʦʩʪʘʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ ʟʤʝʥʰʫʻ ʚʥʝʩʦʢ 

ʭʽʤʽʯʥʦʾ ʩʪʘʜʽʾ ʚʽʜʥʦʚʣʝʥʥʷ ʚ ʨʝʘʣʽʟʘʮʽʶ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʽ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ.  

ʇʨʠʯʦʤʫ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ ʙʽʣʴʰʝ 10 ʤʩ ʚʤʽʩʪ 

ʚʦʣʴʬʨʘʤʫ ʧʘʜʘʻ ʟ ʦʜʥʦʯʘʩʥʠʤ ʨʦʩʪʦʤ ʚʤʽʩʪʫ ʤʦʣʽʙʜʝʥʫ (ʪʘʙʣ. 4.2.). ɸʥʘʣʽʟ 

ʚʧʣʠʚʫ ʯʘʩʪʦʪʠ ʽʤʧʫʣʴʩʽʚ ʥʘ ʩʢʣʘʜ ʧʦʢʨʠʚʽʚ ʚʽʜʦʙʨʘʞʘʻ (ʨʠʩ. 4.11) ʟʘʛʘʣʴʥʫ 

ʪʝʥʜʝʥʮʽʶ ʱʦʜʦ ʚʢʣʶʯʝʥʥʷ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ʜʦ ʩʢʣʘʜʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʢʨʠʚʽʚ. 
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ʈʠʩʫʥʦʢ 4.10 ï ɺʧʣʠʚ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ ʥʘ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʽ ʚʤʽʩʪ 

ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʉo-Mo-Wʆʭ ʚ 

ʽʤʧʫʣʴʩʥʦʤʫ ʨʝʞʠʤʽ ʝʣʝʢʪʨʦʣʽʟʫ ʧʨʠ =̔10 ɸ/ʜʤ2, tʧ = 20 ʤʩ. ʊʝʤʧʝʨʘʪʫʨʘ  

ʊ = 25 Áʉ, ʨʅ = 8. ɽʣʝʢʪʨʦʣʽʪ ˉ1 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.11, ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʯʘʩʪʦʪʠ ʽʤʧʫʣʴʩʽʚ ʚʽʜ 30 ʜʦ 90 ɻʮ 

ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʪʘ ʚʤʽʩʪ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʘʭ 

ʉo-Mo-Wʆʭ ʟʨʦʩʪʘʻ. 

ʊʘʙʣʠʮʷ 4.2 ï ɺʤʽʩʪ ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʧʦʢʨʠʚʘʭ ʉo-Mo-Wʆʭ 

ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ ʚ ʽʤʧʫʣʴʩʥʦʤʫ ʨʝʞʠʤʽ ʝʣʝʢʪʨʦʣʽʟʫ ʧʨʠ 

=̔10 ɸ/ʜʤ2, tʧ = 20 ʤʩ. ʊʝʤʧʝʨʘʪʫʨʘ ʊ = 25 Áʉ. ɽʣʝʢʪʨʦʣʽʪ ˉ1 

ɺʤʽʩʪ ʤʝʪʘʣʫ, ʤʘʩ. % ʊʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ, ʤʩ 

2 5 10 20 

ʄʦ 15,7 16,3 18,8 18,5 

W 5,9 6,0 3,7 3,4 
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ʈʠʩʫʥʦʢ 4.11 ï ɺʧʣʠʚ ʯʘʩʪʦʪʠ ʽʤʧʫʣʴʩʽʚ ʥʘ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʢʨʠʚʽʚ ʉo-Mo-Wʆʭ ʧʨʠ =̔4 ɸ/ʜʤ2. ʊʝʤʧʝʨʘʪʫʨʘ ʊ = 25 Áʉ, ʨʅ = 8. 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʮʠʭ ʤʝʪʘʣʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʯʘʩʪʦʪʽ 88 ɻʮ 

(t  ̔= 2 ʤʩ, tʧ = 10 ʤʩ), ʘ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʚʠʱʝʥʥʽ f ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʩʧʦʣʫʢ 

Mo, W ʽ ʫ ʩʢʣʘʜʽ ʂɽʇ ʟʤʝʥʰʫʻʪʴʩʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ 

ʽʤʧʫʣʴʩʽʚ ʚʠʱʝ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʧʝʨʝʥʘʧʨʫʛʠ 

ʚʠʜʽʣʝʥʥʷ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ʫ ʩʢʣʘʜ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʧʦʢʨʠʚʽʚ, ʘ ʪʨʠʚʘʣʦʩʪʽ ʧʘʫʟ ï ʜʦ ʟʥʠʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʝʣʝʢʪʨʦʣʽʟʫ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʚʤʽʩʪʫ ʤʝʪʘʣʽʚ ʟʘ ʪʦʚʱʠʥʦʶ ʂɽʇ 

Co-Mo-WOx, ʦʜʝʨʞʘʥʠʭ ʽʤʧʫʣʴʩʥʠʤ ʩʪʨʫʤʦʤ ʥʘ ʧʽʜʢʣʘʜʢʘʭ ʟ ʤʽʜʽ, ʚʠʷʚʠʣʠ 

ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʽʜʩʦʪʢʫ ʚʦʣʴʬʨʘʤʫ ʫ ʥʘʧʨʷʤʢʫ ʚʽʜ ʧʽʜʢʣʘʜʢʠ ʜʦ 

ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʪʷ (ʨʠʩ. 4.12, ʘ). ɯʩʪʦʪʥʦ, ʱʦ ʮʝ ʚʽʜʙʠʚʘʻʪʴʩʷ ʽ ʥʘ ʟʤʽʥʝʥʥʽ 

ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 4.12, ʙ). ʇʨʠ ʟʨʦʩʪʘʥʥʽ ʚʤʽʩʪʫ ʤʦʣʽʙʜʝʥʫ ʫ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʘʭ Co-Mo-WOx ʚʽʜʩʦʪʦʢ ʚʦʣʴʬʨʘʤʫ ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ 

ʜʦʚʦʜʠʪʴ ʢʦʥʢʫʨʝʥʪʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʤʝʪʘʣʽʚ. ɿʤʽʥʶʻʪʴʩʷ ʽ ʤʦʨʬʦʣʦʛʽʷ 

ʧʦʚʝʨʭʥʽ: ʨʦʟʤʽʨ ʟʝʨʝʥ ʜʝʱʦ ʟʤʝʥʰʫʻʪʴʩʷ, ʘʣʝ ʟôʷʚʣʷʶʪʴʩʷ ʛʣʦʙʫʣʠ ʽ 

ʢʦʥʛʣʦʤʝʨʘʪʠ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ (ʨʠʩ. 4.12, ʙ).  



142 
 

 

 

 

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.12 ï ʈʦʟʧʦʜʽʣ ʤʝʪʘʣʽʚ ʧʦ ʪʦʚʱʠʥʽ (ʘ) ʪʘ ʟʤʽʥʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ 

ʧʦʚʝʨʭʥʽ (ʙ) ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-Mo-WOx. ɯʤʧʫʣʴʩʥʠʡ ʝʣʝʢʪʨʦʣʽʟ 

 ̔= 4 A/ʜʤ2, t  ̔= 5 ʤʩ, tʧ = 10 ʤʩ. ɽʣʝʢʪʨʦʣʽʪ ˉ5, ʊ=25Áʉ 

4.2 ʂʦʤʧʦʟʠʮʽʡʥʽ ʝʣʝʢʪʨʦʣʽʪʠʯʥʽ ʧʦʢʨʠʚʠ Co-ʄʦ-ZrO2 

4.2.1 ɽʣʝʢʪʨʦʣʽʪ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-ʄʦ-ZrO2 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʦʛʦ 

ʝʣʝʢʪʨʦʣʽʪʫ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ Co-ʄʦ-ZrO2 ʥʘʥʦʩʠʣʠ ʥʘ ʧʽʜʢʣʘʜʢʫ ʟ ʤʽʜʽ 

ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʦʤʧʦʥʝʥʪʽʚ ʨʦʟʯʠʥʫ [232]. 

ɿ ʧʦʣʽʣʽʛʘʥʜʥʠʭ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʧʨʠ ʨʅ 6,4ï10 

ʦʩʘʜʞʫʶʪʴʩʷ ʙʣʠʩʢʫʯʽ ʦʜʥʦʨʽʜʥʽ ʧʦʢʨʠʚʠ ʟ ʚʠʩʦʢʦʶ ʘʜʛʝʟʽʻʶ ʜʦ ʧʽʜʢʣʘʜʢʠ 

[233]. ɿ ʝʣʝʢʪʨʦʣʽʪʫ ˉ5 (ʪʘʙʣ. 4.3) ʦʩʘʜʞʫʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʷʢʽʩʥʽ ʙʣʠʩʢʫʯʽ 

ʂɽʇ ʩʽʨʦʛʦ ʚʽʜʪʽʥʢʫ, ʪʦʤʫ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʦʤʦʣʽʙʜʘʪʽʚ ʚ 

ʝʣʝʢʪʨʦʣʽʪʽ ʚʠʱʝ 0,06 ʤʦʣʴ/ʜʤ3 ʥʝ ʻ ʜʦʮʽʣʴʥʠʤ. 

ɼʣʷ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʣʷ 

ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ Co-Mo-ZrO2, ʭʘʨʘʢʪʝʨʥʦ, ʱʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ pH ʟʥʠʞʫʻʪʴʩʷ ʩʪʫʧʽʥʴ ʧʨʦʪʦʥʫʚʘʥʥʷ ʣʽʛʘʥʜʽʚ (ʮʠʪʨʘʪʫ ʽ 

ʧʽʨʦʬʦʩʬʘʪʫ), ʘ ʚʽʜʧʦʚʽʜʥʦ ʙʫʜʝ ʟʨʦʩʪʘʪʠ ʤʽʮʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

ʢʦʙʘʣʴʪʫ, ʽ ʧʦʪʝʥʮʽʘʣ ʡʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʙʫʜʝ ʟʤʽʱʫʚʘʪʠʩʷ ʫ ʥʝʛʘʪʠʚʥʠʡ ʙʽʢ ʽ 

ŭŸ 
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ʟʙʣʠʞʫʚʘʪʠʩʷ ʟ ʧʦʪʝʥʮʽʘʣʘʤʠ ʚʽʜʥʦʚʣʝʥʥʷ ʤʦʣʽʙʜʘʪ-ʽʦʥʽʚ ʽ ʮʠʨʢʦʥʽʶ [202] 

(ʨʠʩ. 4.13).  

ʊʘʙʣʠʮʷ 4.3 ï ʉʢʣʘʜʠ ʝʣʝʢʪʨʦʣʽʪʽʚ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ 

Co-ʄʦ-ZrO2  

 ʉʢʣʘʜ ʝʣʝʢʪʨʦʣʽʪʫ ʂʦʥʮʝʥʪʨʘʮʽʷ, ʤʦʣʴ/ʜʤ3 

1 2 3 4 5 

CoSO4 0,1 0,1 0,1 0,15 0,15 

Na2MoO4 0,02 0,02 0,02 0,06 0,06 

Zr(SO4)2 0,05 0,05 0,05 0,1 0,05 

Na3C6H5O7  0,2 0,2 0,1 0,25 0,2 

K4P2O7  0,2 0,1 0,1 0,1 0,1 

 

 

ʈʠʩʫʥʦʢ 4.13 ï ɺʧʣʠʚ ʢʠʩʣʦʪʥʦʩʪʽ ʨʦʟʯʠʥʫ ʥʘ ʝʣʝʤʝʥʪʥʽʡ ʩʢʣʘʜ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʉo-Mo-Zrʆ2, ʦʩʘʜʞʝʥʠʭ ʚ ʽʤʧʫʣʴʩʥʦʤʫ ʨʝʞʠʤʽ: 

=̔8 A/ʜʤ2, t =̔5 ʤʩ, tʧ=10 ʤʩ. ʊʝʤʧʝʨʘʪʫʨʘ ʊ=25Áʉ. 

ʆʜʥʘʢ ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʦʡ ʬʘʢʪ, ʱʦ ʟ ʧʝʨʝʭʦʜʦʤ ʫ ʣʫʞʥʫ 

ʦʙʣʘʩʪʴ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʝʙʝʟʧʝʢʘ ʬʦʨʤʫʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʣʽʪʽ ʛʽʜʨʦʢʩʠʜʽʚ 
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ʢʦʙʘʣʴʪʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʭ ʥʝʙʘʞʘʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʧʦʢʨʠʚʽʚ. 

ʂʨʽʤ ʪʦʛʦ, ʢʠʩʣʦʪʥʽʩʪʴ ʨʦʟʯʠʥʫ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʽʦʥʥʽ ʨʽʚʥʦʚʘʛʠ ʫ ʨʦʟʯʠʥʘʭ 

ʦʢʩʦʤʝʪʘʣʘʪʽʚ, ʧʨʠʯʦʤʫ ʟ ʨʦʩʪʦʤ pH ʧʦʣʽʦʢʩʦʤʝʪʘʣʘʪʠ ʜʠʩʦʮʽʶʶʪʴ ʥʘ ʤʦʥʦ-

ʬʦʨʤʠ, ʨʦʟʤʽʨʠ ʷʢʠʭ, ʘ ʪʘʢʦʞ ʟʜʘʪʥʽʩʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʛʝʪʝʨʦʷʜʝʨʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʽʩʪʦʪʥʦ ʚʠʱʝ [23]. ɺʪʽʤ ʚʽʜʥʦʚʣʝʥʥʷ ʤʦʥʦʦʢʩʦʤʦʣʽʙʜʘʪʽʚ, ʷʢʽ 

ʟʚôʷʟʘʥʽ ʫ ʤʽʮʥʽ ʢʦʤʧʣʝʢʩʠ, ʷʢ ʽ ʮʠʨʢʦʥʽʶ (IV), ʷʢʠʡ ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʽʩʥʫʻ ʧʝʨʝʚʘʞʥʦ ʫ ʚʠʛʣʷʜʽ ʦʢʩʦʘʥʽʦʥʫ HZrO3
ï, ʫʩʢʣʘʜʥʶʻʪʴʩʷ. ʆʪʞʝ ʚʧʣʠʚ pH 

ʝʣʝʢʪʨʦʣʽʪʫ ʥʘ ʩʢʣʘʜ ʧʦʢʨʠʚʽʚ ʟʜʘʻʪʴʩʷ ʥʝʦʜʥʦʟʥʘʯʥʠʤ ʪʘ ʧʦʪʨʝʙʫʻ 

ʜʦʩʣʽʜʞʝʥʥʷ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʤʽʩʪ 

ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʘʭ ʉo-Mo-Zrʆ2 ʟʥʠʞʫʻʪʴʩʷ 

ʟ ʧʽʜʚʠʱʝʥʥʷʤ pH ʨʦʟʯʠʥʫ. 

ʇʘʨʘʣʝʣʴʥʦ ʟ ʨʝʘʢʮʽʻʶ ʚʽʜʥʦʚʣʝʥʥʷ ʤʝʪʘʣʽʚ ʧʨʦʪʽʢʘʻ ʽ ʨʝʘʢʮʽʷ 

ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ, ʷʢʘ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʢʨʠʚʽʚ. ʆʩʢʽʣʴʢʠ ʚʽʜʥʦʚʣʝʥʥʷ ʚʦʜʥʶ ʟ ʣʫʞʥʦʛʦ ʨʦʟʯʠʥʫ ʧʝʨʝʙʽʛʘʻ ʧʨʠ 

ʥʝʛʘʪʠʚʥʽʰʠʭ ʧʦʪʝʥʮʽʘʣʘʭ, ʮʽʣʢʦʤ ʟʘʢʦʥʦʤʽʨʥʠʤ ʚʠʛʣʷʜʘʻ ʧʽʜʚʠʱʝʥʥʷ 

ʚʠʭʦʜʫ ʟʘ ʩʪʨʫʤʦʤ ʂɽʇ ʟ ʧʽʜʚʠʱʝʥʥʷʤ pH ʝʣʝʢʪʨʦʣʽʪʫ (ʨʠʩ.4.14).  

 

ʈʠʩʫʥʦʢ 4.14 ï ɺʧʣʠʚ ʢʠʩʣʦʪʥʦʩʪʽ ʨʦʟʯʠʥʫ ʥʘ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʉo-Mo-Zrʆ2, ʦʩʘʜʞʝʥʠʭ ʚ ʽʤʧʫʣʴʩʥʦʤʫ ʨʝʞʠʤʽ: 

=̔8 A/ʜʤ2, t =̔5Öʤʩ, tʧ=10 ʤʩ. ʊʝʤʧʝʨʘʪʫʨʘ ʊ=25Áʉ. 
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4.2.2 ʌʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʉo-Mo-Zrʆ2 ʫ 

ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ  

ɿ ʣʽʪʝʨʘʪʫʨʠ ʚʽʜʦʤʦ [234], ʱʦ ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ  

ʮʠʨʢʦʥʽʡ ʥʝ ʩʧʽʚʦʩʘʜʞʫʻʪʴʩʷ ʚ ʧʦʢʨʠʚʠ ʟ ʢʦʙʘʣʴʪʦʤ ʽ ʤʦʣʽʙʜʝʥʦʤ. ɸʣʝ  

ʥʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟ ʢʦʤʧʣʝʢʩʥʦʛʦ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʦʛʦ  

ʝʣʝʢʪʨʦʣʽʪʫ ʫʪʚʦʨʶʶʪʴʩʷ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʽ ʨʽʚʥʦʤʽʨʥʽ ʧʦʢʨʠʚʠ 

ʢʦʤʧʦʟʠʪʘʤʠ ʉo-Mo-Zrʆ2 (ʨʠʩ. 4.15) ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ  

ʛʫʩʪʠʥʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʚʤʽʩʪ ʮʠʨʢʦʥʽʶ  

ʫ ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ ʩʠʤʙʘʪʥʦ ʟʤʽʥʶʻʪʴʩʷ, ʘ ʟʘʣʝʞʥʽʩʪʴ  

ʚʤʽʩʪʫ ʤʦʣʽʙʜʝʥʫ ʤʘʻ ʝʢʩʪʨʝʤʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 

  ̔= 6 ɸ/ʜʤ2. ʆʜʥʘʢ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʚʠʭʦʜʫ ʟʘ ʩʪʨʫʤʦʤ ʧʨʠ ʚʠʩʦʢʠʭ ʛʫʩʪʠʥʘʭ 

ʩʪʨʫʤʫ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʠʡ  

ʨʝʞʠʤ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʛʦ ʧʦʢʨʠʚʫ  

ʉo-Mo-Zrʆ2 (ʨʠʩ. 4.15). 

 
 

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.15 ï ɺʧʣʠʚ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʥʘ ʚʤʽʩʪ ʤʦʣʽʙʜʝʥʫ ʽ ʮʠʨʢʦʥʽʶ (ʘ) ʽ ɺʉ 

(ʙ) ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ ʉo-Mo-Zrʆ2, ʦʩʘʜʞʝʥʦʛʦ ʟ ʝʣʝʢʪʨʦʣʽʪʫ ˉ5 

ɺʧʣʠʚ ʯʘʩʫ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʉo-Mo-Zrʆ2 ʥʘ ʾʭ ʩʢʣʘʜ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.16.  
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ʘ ʙ 

ʈʠʩʫʥʦʢ 4.16 ï ɺʧʣʠʚ ʯʘʩʫ ʦʩʘʜʞʝʥʥʷ ʥʘ ʚʤʽʩʪ ʤʦʣʽʙʜʝʥʫ ʽ ʮʠʨʢʦʥʽʶ (ʘ) ʽ ɺʉ 

(ʙ) ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ Co-ʄʦ-Zrʆ2, ʦʩʘʜʞʝʥʦʛʦ ʟ ʝʣʝʢʪʨʦʣʽʪʫ ˉ1 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʚʽʜʩʫʪʥʽʩʪʴ ʮʠʨʢʦʥʽʶ ʫ  

ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ ʧʽʩʣʷ ʧʝʨʰʦʾ ʭʚʠʣʠʥʠ ʝʣʝʢʪʨʦʣʽʟʫ,  

ʱʦ, ʽʤʦʚʽʨʥʦ, ʧʦʚ'ʷʟʘʥʦ ʟ ʢʘʪʘʣʽʪʠʯʥʦʶ ʜʽʻʶ ʧʽʜʰʘʨʫ ʢʦʙʘʣʴʪʫ ʥʘ  

ʨʦʟʨʷʜ ʦʢʩʦʤʦʣʽʙʜʘʪʽʚ. ʇʦʜʘʣʴʰʝ ʚʢʣʶʯʝʥʥʷ ʮʠʨʢʦʥʽʶ ʚʽʜʙʫʚʘʻʪʴʩʷ  

ʚʞʝ ʫ ʧʦʢʨʠʚ Co84-ʄʦ16 ʽ ʫʪʚʦʨʶʻʪʴʩʷ ʂɽʇ Co-ʄʦ-Zrʆ2. ɿ  

ʧʽʜʚʠʱʝʥʥʷʤ ʯʘʩʫ ʦʩʘʜʞʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ  

ʮʠʨʢʦʥʽʶ ʜʦ 0,8 ʤʘʩ.% ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʙʘʛʘʯʝʥʥʷʤ ʤʦʣʽʙʜʝʥʦʤ ʜʦ  

17ï19 ʤʘʩ. %. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʯʘʩʫ 

ʦʩʘʜʞʝʥʥʷ ʥʘ ʚʠʭʽʜ ʂɽʇ ʟʘ ʩʪʨʫʤʦʤ (ʨʠʩ.4.16, ʙ). ɺʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ  

Co-ʄʦ-Zrʆ2 ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʯʘʩʦʤ ʦʩʘʜʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ 

ʤʦʣʽʙʜʝʥʫ ʟ ʮʠʨʢʦʥʽʻʤ ʫ ʧʦʢʨʠʚʽ Co-ʄʦ-Zrʆ2 ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ 

ʧʝʨʝʥʘʧʨʫʛʠ ʚʦʜʥʶ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʾ 

ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ. 
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4.2.3 ʌʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ Co-ʄʦ-ZrO2 ʚ ʽʤʧʫʣʴʩʥʦʤʫ 

ʨʝʞʠʤʽ  

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʣʽʟʫ ʥʘ ʩʢʣʘʜ, ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʠʭʽʜ 

ʟʘ ʩʪʨʫʤʦʤ ʧʦʢʨʠʚʽʚ Co-Mo-ZrO2, ʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʭ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʟ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʧʦʢʨʠʚʽʚ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʛʦ ʨʝʞʠʤʫ ʜʣʷ 

ʦʩʘʜʞʝʥʥʷ ʧʦʢʨʠʚʽʚ Co-Mo-ZrO2, ʘ ʪʘʢʦʞ ʚʘʨʽʶʚʘʥʥʷ ʩʢʣʘʜʫ ʢʦʤʧʦʥʝʥʪʽʚ 

ʝʣʝʢʪʨʦʣʽʪʽʚ ʥʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʷʢʽʩʥʽ ʧʦʢʨʠʚʠ ʟ ʚʠʩʦʢʠʤ ʚʠʭʦʜʦʤ ʟʘ 

ʩʪʨʫʤʦʤ. ʊʦʤʫ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ ʝʣʝʢʪʨʦʣʽʟʫ.  

ʇʽʜʚʠʱʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʛʫʩʪʠʥʠ ʽʤʧʫʣʴʩʥʦʛʦ ʩʪʨʫʤʫ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ 

ʧʦʩʪʽʡʥʦʛʦ, ʚʽʜ 5 ʜʦ 12 A/ʜʤ2 ʧʨʠ ʩʪʘʣʽʡ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ ʪʘ ʧʘʫʟʠ ʩʧʨʠʷʻ 

ʟʙʘʛʘʯʝʥʥʶ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ ï ɤ(Mo) ʜʦ 16,2 

ʤʘʩ.% ʽ ɤ(Zr) ʜʦ 2,1 ʤʘʩ.% (ʨʠʩ. 4.17).  

 

ʈʠʩʫʥʦʢ 4.17 ï ɺʧʣʠʚ ʛʫʩʪʠʥʠ ʽʤʧʫʣʴʩʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʚʤʽʩʪ ʤʦʣʽʙʜʝʥʫ ʽ 

ʮʠʨʢʦʥʽʶ ʚ ʢʦʤʧʦʟʠʮʽʡʥʦʤʫ ʧʦʢʨʠʚʽ Co-Mo-ZrO2, ʦʩʘʜʞʝʥʦʤʫ ʟ ʝʣʝʢʪʨʦʣʽʪʫ 

ˉ3 ʧʨʠ ti=2 ʤʩ, tʧ=10 ʤʩ, T = 25 Áʉ  

ɿʙʘʛʘʯʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʣʝʛʫʶʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʟ 

ʛʫʩʪʠʥʦʶ ʩʪʨʫʤʫ ʻ ʮʽʣʢʦʤ ʧʝʨʝʜʙʘʯʫʚʘʥʠʤ, ʦʩʢʽʣʴʢʠ ʚʽʜʥʦʚʣʝʥʥʷ ʮʠʭ 
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ʤʝʪʘʣʽʚ ʻ ʱʦʥʘʡʤʝʥʰʝ ʜʚʦʩʪʫʧʝʥʝʚʠʤ ʧʨʦʮʝʩʦʤ ʽ ʚʠʤʘʛʘʻ ʙʽʣʴʰʦʾ 

ʧʦʣʷʨʠʟʘʮʽʾ ʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʭʽʤʽʯʥʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ ʧʨʦʤʽʞʥʠʭ ʦʢʩʠʜʽʚ 

ʤʦʣʽʙʜʝʥʫ ʘʜʩʦʨʙʦʚʘʥʠʤʠ ʘʪʦʤʘʤʠ ʚʦʜʥʶ Hʘʜ. ɼʽʡʩʥʦ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʥʪʝʨʚʘʣ ʧʦʪʝʥʮʽʘʣʽʚ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ 

Co-Mo-ZrO2 ʩʪʘʥʦʚʠʪʴ ï(1,8ï2,8) ɺ (ʨʠʩ. 4.18).  

 
ʈʠʩʫʥʦʢ 4.18 ï ɺʧʣʠʚ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʥʘ ɺʉ ʽ ʧʦʪʝʥʮʽʘʣ ʦʩʘʜʞʝʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-Mo-ZrO2 ʟ ʝʣʝʢʪʨʦʣʽʪʫ ˉ3 ʚ ̔ʤʧʫʣʴʩʥʦʤʫ ʨʝʞʠʤʽ 

ʧʨʠ ti=2 ʤʩ, tʧ=10 ʤʩ, T = 25 Áʉ  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʧʦʪʝʥʮʽʘʣ ʝʣʝʢʪʨʦʜʫ 

ʟʤʽʱʫʻʪʴʩʷ ʚ ʥʝʛʘʪʠʚʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʱʦ ʟʙʽʣʴʰʫʻ ʧʘʨʮʽʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ 

ʚʽʜʥʦʚʣʝʥʥʷ ʮʠʨʢʦʥʽʶ (IV) ʽ ʦʢʩʦʤʦʣʽʙʜʘʪʽʚ.  

ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʦʜʫ ʟʘ ʩʪʨʫʤʦʤ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ ʚʽʜ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʤʘʻ ʝʢʩʪʨʝʤʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 4.18): ɺʉ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 20 % ʽ 

ʩʷʛʘʻ 63 % ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʚʽʜ 5 ʜʦ 8 ɸ/ʜʤ2; ʦʜʥʘʢ ʧʦʜʘʣʴʰʝ 

ʧʽʜʚʠʱʝʥʥʷ i ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʨʫʤʫ ʜʦ 44 %. ʊʘʢʘ ʧʦʚʝʜʽʥʢʘ ʤʦʞʝ ʙʫʪʠ 

ʧʦʚ'ʷʟʘʥʘ ʟ ʽʥʪʝʥʩʠʬʽʢʘʮʽʻʶ ʧʦʙʽʯʥʦʾ ʨʝʘʢʮʽʾ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʧʨʠ ʟʥʘʯʥʠʭ 

ʢʦʣʠʚʘʥʥʷʭ ʢʘʪʦʜʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ.  

ɽʥʝʨʛʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʫʤʦʚʠ ʧʝʨʝʙʽʛʫ ʝʣʝʢʪʨʦʣʽʟʫ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʽ ʂɽʇ. ɼʽʡʩʥʦ, ʧʨʠ ʛʫʩʪʠʥʽ ʩʪʨʫʤʫ 
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3 ɸ/ʜʤ2, ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ t /̔tʧ = 2/10 ʤʩ ʬʦʨʤʫʶʪʴʩʷ 

ʩʚʽʪʣʽ ʧʦʢʨʠʚʠ ʟ ʤʽʢʨʦʛʣʦʙʫʣʷʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ (ʨʠʩ. 4.19, ʘ). ʇʽʜʚʠʱʝʥʥʷ 

ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʜʦ 8 ɸ/ʜʤ2 ʟʘ ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚ ʮʽʣʢʦʤ ʟʤʽʥʶʻ  

ʤʦʨʬʦʣʦʛʽʶ ʧʦʚʝʨʭʥʽ ï ʟôʷʚʣʷʶʪʴʩʷ ʤʽʢʨʦʪʨʽʱʠʥʠ ʚʥʘʩʣʽʜʦʢ ʟʨʦʩʪʘʥʥʷ 

ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʫ ʧʦʢʨʠʚʘʭ, ʫʪʚʦʨʶʶʪʴʩʷ ʦʢʨʝʤʽ ʩʬʝʨʦʾʜʘʣʴʥʽ 

ʢʦʥʛʣʦʤʝʨʘʪʠ ʽ ʛʣʦʙʫʣʠ (ʨʠʩ. 4.19, ʙ) ʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʝʥʥʷʤ ʢʦʣʴʦʨʫ 

ʂɽʇ.  

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.19 ï ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ (Ĭ3000) ʧʦʚʝʨʭʥʽ ʂɽʇ Co-Mo-Zrʆ2, 

ʦʩʘʜʞʝʥʦʛʦ ʟ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʚ ʽʤʧʫʣʴʩʥʦʤʫ ʨʝʞʠʤʽ 

ʧʨʠ tʽ = 2 ʤʩ, tʧ = 10 ʤʩ, ,̔ A/ʜʤ2: ʘ ï 3, ʙ ï 8; T = 20 ï 25 ÁC 

ʆʮʽʥʶʶʯʠ ʨʦʟʧʦʜʽʣ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦ ʧʦʚʝʨʭʥʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ, 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʩʢʣʘʜ ʂɽʇ ʥʝ ʻ ʦʜʥʦʨʽʜʥʠʤ: ʥʘ ʚʠʩʪʫʧʘʭ 

ʧʝʨʝʚʘʞʘʻ ʉo, ʚ ʪʦʡ ʯʘʩ ʷʢ ʚ ʫʧʘʜʠʥʘʭ ʟʥʘʯʥʦ ʙʽʣʴʰʦʶ ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʫʩʝʨʝʜʥʝʥʦʶ ʻ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʥʶ (ʨʠʩ. 4.20). ʇʽʜʚʠʱʝʥʥʷ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ 

ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʩʦʪʢʫ ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʭʦʯʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʥʶ ʟʘʢʦʥʦʤʽʨʥʦ ʟʨʦʩʪʘʻ, ʽ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʧʦʢʨʠʚʽʚ ʉʦ-W [235] ʚʤʽʩʪ ʚʦʣʴʬʨʘʤʫ ʟʥʠʞʫʻʪʴʩʷ ʟ ʨʦʩʪʦʤ 

ʘʤʧʣʽʪʫʜʠ ʩʪʨʫʤʫ.  

ʏʘʩʦʚʽ ʧʘʨʘʤʝʪʨʠ ʽʤʧʫʣʴʩʥʦʛʦ ʝʣʝʢʪʨʦʣʽʟʫ (ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ ʪʘ 

ʧʘʫʟʠ) ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʦʤʧʦʟʠʪʥʠʡ ʩʢʣʘʜ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʧʦʢʨʠʚʫ 

Co-Mo-ZrO2. ʄʽʥʽʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʽʤʧʫʣʴʩʫ ʤʘʻ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ 
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ʜʦʩʷʛʥʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʩʧʽʣʴʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʤʝʪʘʣʽʚ ʫ ʂɽʇ, ʘ ʤʘʢʩʠʤʘʣʴʥʘ ï 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʣʽʟʫ. 

 
 

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.20 ï ʄʦʨʬʦʣʦʛʽʷ (ʘ) ʽ ʝʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ (ʤʘʩ. %) (ʙ) ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʢʨʠʚʽʚ ʉʦ-Mo-Zrʆ2, ʦʜʝʨʞʘʥʠʭ ʽʤʧʫʣʴʩʥʠʤ ʩʪʨʫʤʦʤ =̔4 A/ʜʤ2 ʧʨʠ ti=5 ʤʩ, 

tʧ=10 ʤʩ, T = 25 Áʉ. 

ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʯʘʩʫ ʽʤʧʫʣʴʩʫ ʚʽʜ 0,5 ʜʦ 5,0 ʤʩ 

ʧʨʠ ʩʪʘʣʽʡ ʘʤʧʣʽʪʫʜʽ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ (i = 8 A/ʜʤ2) ʪʘ ʧʦʩʪʽʡʥʽʡ ʪʨʠʚʘʣʦʩʪʽ 

ʧʘʫʟʠ 10 ʤʩ ʚʤʽʩʪ ʤʦʣʽʙʜʝʥʫ ʚ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʘʭ Co-Mo-ZrO2 

ʟʤʝʥʰʫʻʪʴʩʷ ʟ 15,9 ʜʦ 13,7 ʤʘʩ. %, ʘ ʮʠʨʢʦʥʽʶ, ʥʘʚʧʘʢʠ, ʟʨʦʩʪʘʻ ʚʽʜ 0,8 ʜʦ 

1,5 ʤʘʩ.% (ʨʠʩ. 4.21). ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʽʶʯʦʛʦ ʩʪʨʫʤʫ ʟʘ ʨʘʭʫʥʦʢ 

ʧʦʚʥʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʧʦʪʝʥʮʽʘʣ ʦʩʘʜʞʝʥʥʷ 

ʮʠʨʢʦʥʽʶ ʫ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʦʢʨʠʚ. ʎʷ ʟʘʣʝʞʥʽʩʪʴ ʪʘʢʦʞ ʧʦʢʘʟʫʻ ʨʽʟʥʽ 

ʤʝʭʘʥʽʟʤʠ ʦʩʘʜʞʝʥʥʷ ʮʠʨʢʦʥʽʶ ʪʘ ʤʦʣʽʙʜʝʥʫ ʚ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ ʚ 

ʜʦʩʣʽʜʞʝʥʠʭ ʫʤʦʚʘʭ. 

ʇʦʜʦʚʞʝʥʥʷ ʧʘʫʟʠ ʚʽʜ 5 ʜʦ 50 ʤʩ ʧʨʠ ʩʪʘʣʽʡ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʪʘ 

ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ (2 ʤʩ) ʟʘʙʝʟʧʝʯʫʻ ʟʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ ʮʠʨʢʦʥʽʶ ʚ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʘʭ ʚʽʜ 0,8 ʜʦ 2,1 ʤʘʩ.% ʟ ʧʦʜʘʣʴʰʠʤ ʟʤʝʥʰʝʥʥʷʤ ɤ(Zr) 

ʧʨʠ ʙʽʣʴʰʠʭ ʟʥʘʯʝʥʥʷʭ ʩʪʨʫʤʫ (ʨʠʩ. 4.22). 

1 

2 
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ʘ ʙ ʚ 

 

ʛ 

ʈʠʩʫʥʦʢ 4.21 ï ɺʧʣʠʚ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ ʥʘ ʤʦʨʬʦʣʦʛʽʶ (t :̔ 2 (ʘ), 5 (ʙ), 

10 (ʚ) ʤʩ) ʽ ʚʤʽʩʪ ʤʦʣʽʙʜʝʥʫ ʽ ʮʠʨʢʦʥʽʶ (ʛ) ʫ ʂɽʇ Co-Mo-ZrO2, ʦʩʘʜʞʝʥʠʭ ʟ 

ʝʣʝʢʪʨʦʣʽʪʫ ˉ3 ̔ʤʧʫʣʴʩʥʠʤ ʩʪʨʫʤʦʤ 8 ɸ/ʜʤ2 ʧʨʠ tʧ=10 ʤʩ, T = 25 Áʉ  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʢʩʠʤʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʮʠʨʢʦʥʽʶ ʫ ʂɽʇ ʜʦʩʷʛʘʻʪʴʩʷ 

ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ t /̔tʧ = 2/10 ʤʩ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʚʤʽʩʪ ʤʦʣʽʙʜʝʥʫ ʚ 

ʢʦʤʧʦʟʠʮʽʡʥʦʤʫ ʧʦʢʨʠʚʽ ʟʨʦʩʪʘʻ ʟ 16,0 ʜʦ 22,0 ʤʘʩ.% ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ 

ʪʨʠʚʘʣʦʩʪʽ ʧʘʫʟʠ ʚʥʘʩʣʽʜʦʢ ʙʽʣʴʰ ʧʦʚʥʦʛʦ ʧʝʨʝʙʽʛʫ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʤʽʞʥʠʭ ʦʢʩʠʜʽʚ, ʫʪʚʦʨʝʥʠʭ ʧʽʜ ʯʘʩ ʧʦʣʷʨʠʟʘʮʽʾ. ɺʠʭʽʜ ʟʘ 

ʩʪʨʫʤʦʤ ʟʥʠʞʫʻʪʴʩʷ ʟ 60 ʜʦ 36% ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʯʘʩʫ ʽʤʧʫʣʴʩʫ, ʘ ʧʦʜʦʚʞʝʥʥʷ 

ʧʘʫʟʠ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʂɽʇ Co-Mo-ZrO2. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʨʫʤʫ ʩʷʛʘʻ 78 % ʧʨʠ tʧ 50 ʤʩ ʪʘ t  ̔2 ʤʩ.  
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ʈʠʩʫʥʦʢ 4.22 ï ɺʧʣʠʚ ʪʨʠʚʘʣʦʩʪʽ ʧʘʫʟʠ ʥʘ ʚʤʽʩʪ ʤʦʣʽʙʜʝʥʫ ʽ ʮʠʨʢʦʥʽʶ ʫ 

ʂɽʇ Co-Mo-ZrO2, ʦʩʘʜʞʝʥʠʭ ʟ ʝʣʝʢʪʨʦʣʽʪʫ ˉ3 ̔ʤʧʫʣʴʩʥʠʤ ʩʪʨʫʤʦʤ 8 ɸ/ʜʤ2 

ʧʨʠ t =̔2Ö10ï3 ʩ, T = 25 Áʉ  

ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ʫ ʩʢʣʘʜʽ ʂɽʇ (ʨʠʩ 4.23, ʘ) 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʯʘʩʪʦʪʽ ʽʤʧʫʣʴʩʽʚ 88 ɻʮ (t /̔tʧ = 2/10 ʤʩ), ʘ ʧʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʯʘʩʪʦʪʠ ʤʘʩʦʚʘ ʯʘʩʪʢʘ Mo, Zr ʪʘ ʚʤʽʩʪ ʢʠʩʥʶ 

ʟʤʝʥʰʫʶʪʴʩʷ.  

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.23 ï ɺʧʣʠʚ ʯʘʩʪʦʪʠ ʽʤʧʫʣʴʩʽʚ ʥʘ ʩʢʣʘʜ (ʘ) ʽ ɺʉ (ʙ) ʂɽʇ Co-Mo-

ZrO2, ʦʩʘʜʞʝʥʠʭ ʟ ʝʣʝʢʪʨʦʣʽʪʫ ˉ3 ʽʤʧʫʣʴʩʥʠʤ ʩʪʨʫʤʦʤ 4 ɸ/ʜʤ2, T = 25Áʉ. 
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ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʯʘʩʪʦʪʠ ʽʤʧʫʣʴʩʽʚ ʚʽʜ 30 ʜʦ 50 ɻʮ ʚʠʭʽʜ ʟʘ  

ʩʪʨʫʤʦʤ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-Mo-ZrO2 ʟʨʦʩʪʘʻ (ʨʠʩ. 4.23, ʙ), ʘ 

ʧʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʪʦʪʠ ʽʤʧʫʣʴʩʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ  

ʟʤʝʥʰʝʥʥʷ ɺʉ.  

ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʦʣʽʪʫ ʜʦ 50 Áʉ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ 

ʚʤʽʩʪʫ ʢʦʙʘʣʴʪʫ ʪʘ ʮʠʨʢʦʥʽʶ ʫ ʂɽʇ Co-Mo-ZrO2 ʧʨʠ ʟʥʠʞʝʥʥʽ ʚʽʜʩʦʪʢʫ 

ʤʦʣʽʙʜʝʥʫ (ʨʠʩ. 4.24).  

 
 

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.24 ï ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʩʢʣʘʜ (ʘ) ʽ ɺʉ (ʙ) ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʢʨʠʚʽʚ Co-Mo-ZrO2, ʦʩʘʜʞʝʥʠʭ ʟ ʝʣʝʢʪʨʦʣʽʪʫ ˉ3 ʽʤʧʫʣʴʩʥʠʤ ʩʪʨʫʤʦʤ 

4 ɸ/ʜʤ2, ti=5ʤʩ, tʧ=10 ʤʩ, T = 25 Áʉ. 

ɿʙʽʣʴʰʝʥʥʷ ʚʠʭʦʜʫ ʟʘ ʩʪʨʫʤʦʤ Co-Mo-ZrO2 ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ (ʨʠʩ. 4.24, ʙ) ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʝ ʪʽʣʴʢʠ ʧʨʠʩʢʦʨʝʥʥʷʤ  

ʜʠʬʫʟʽʾ ʝʣʝʢʪʨʦʜʥʦ-ʘʢʪʠʚʥʠʭ ʯʘʩʪʠʥʦʢ ʜʦ ʧʦʚʝʨʭʥʽ ʢʘʪʦʜʘ ʪʘ  

ʟʨʦʩʪʘʥʥʷʤ ʛʨʘʥʠʯʥʦʾ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ, ʧʨʠ ʷʢʽʡ ʤʦʞʣʠʚʦ ʦʩʘʜʞʝʥʥʷ  

ʷʢʽʩʥʠʭ ʧʦʢʨʠʚʽʚ, ʘʣʝ ʽ ʧʨʠʩʢʦʨʝʥʥʷʤ ʩʫʤʽʱʝʥʠʭ ʨʝʘʢʮʽʡ ʚʽʜʥʦʚʣʝʥʥʷ  

ʤʝʪʘʣʽʚ ʫ ʂɽʇ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʤʝʪʘʣʽʚ ʟʘ ʪʦʚʱʠʥʦʶ ʧʦʢʨʠʚʽʚ  

Co-Mo-ZrO2, ʦʩʘʜʞʝʥʠʭ ʽʤʧʫʣʴʩʥʠʤ ʩʪʨʫʤʦʤ ʥʘ ʧʽʜʢʣʘʜʢʠ ʟ ʤʽʜʽ,  

ʚʠʷʚʠʣʠ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ ʤʦʣʽʙʜʝʥʫ ʽ ʮʠʨʢʦʥʽʶ (ʨʠʩ. 4.25, ʘ). 
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ʇʦʚʝʨʭʥʷ ʢʦʤʧʦʟʠʪʽʚ Co-Mo-ZrO2 ʩʪʘʻ ʙʽʣʴʰ ʨʦʟʚʠʥʝʥʦʶ ʽ 

ʤʽʢʨʦʛʣʦʙʫʣʷʨʥʦʶ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʪʦʚʱʠʥʠ ʧʦʢʨʠʚʽʚ (ʨʠʩ. 4.25, ʙ). ʇʨʠ 

ʫʪʚʦʨʝʥʥʽ ʮʠʨʢʦʥʽʡʚʤʽʩʥʠʭ ʂɽʇ ʤʦʣʽʙʜʝʥ ʽ ʮʠʨʢʦʥʽʡ ʢʦʥʢʫʨʫʶʪʴ ʟ 

ʢʦʙʘʣʴʪʦʤ, ʧʨʠʯʦʤʫ ʧʦʢʨʠʚʠ Co-Mo-ZrO2 ʟʙʘʛʘʯʫʶʪʴʩʷ ʪʫʛʦʧʣʘʚʢʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʽʜ ʧʽʜʢʣʘʜʢʠ ʜʦ ʧʦʚʝʨʭʥʽ.  

 

 

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.25 ï ʈʦʟʧʦʜʽʣ ʤʝʪʘʣʽʚ ʧʦ ʪʦʚʱʠʥʽ (ʘ) ʪʘ ʟʤʽʥʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ 

ʧʦʚʝʨʭʥʽ (ʙ) ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-Mo-ZrO2, ʦʩʘʜʞʝʥʠʭ ʟ 

ʝʣʝʢʪʨʦʣʽʪʫ ˉ5 ʽʤʧʫʣʴʩʥʠʤ ʩʪʨʫʤʦʤ 4 A/ʜʤ2 ʧʨʠ t =̔5 ʤʩ, tʧ=10 ʤʩ, 

ʊ=25Áʉ  

4.3 ɽʣʝʢʪʨʦʣʽʪ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-W-Zrʆ2 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʣʽʪʫ ʢʦʤʧʦʟʠʮʽʡʥʽ 

ʝʣʝʢʪʨʦʣʽʪʠʯʥʽ ʧʦʢʨʠʚʠ Co-W-Zrʆ2 ʥʘʥʦʩʠʣʠ ʥʘ ʧʽʜʢʣʘʜʢʫ ʟʽ ʩʪʘʣʽ ʉʪ3 ʫ 

ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ [236]. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʩʦʣʝʡ 

ʩʧʣʘʚʦʪʚʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʝʣʝʢʪʨʦʣʽʪʽ Co2+:WO4
2ï:Zrʆ2+ ʚʘʨʽʶʚʘʣʠ ʚ 

ʜʽʘʧʘʟʦʥʽ 1:2:1 ï 1:5:2 . 

ɿ ʧʦʣʽʣʽʛʘʥʜʥʠʭ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʧʨʠ ʨʅ 6ï10 

ʦʩʘʜʞʫʶʪʴʩʷ ʙʣʠʩʢʫʯʽ ʦʜʥʦʨʽʜʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ ʟ ʚʠʩʦʢʦʶ ʘʜʛʝʟʽʻʶ 

ʜʦ ʧʽʜʢʣʘʜʢʠ [237].  

 

ŭŸ 
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ʊʘʙʣʠʮʷ 4.4 ï ʉʢʣʘʜʠ ʝʣʝʢʪʨʦʣʽʪʽʚ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ 

Co-W-Zrʆ2  

ʉʢʣʘʜ ʝʣʝʢʪʨʦʣʽʪʫ ʂʦʥʮʝʥʪʨʘʮʽʷ, ʤʦʣʴ/ʜʤ3 

1 2 3 4 5 

CoSO4 0,1 0,1 0,1 0,1 0,15 

Na2WO4 0,02 0,02 0,02 0,02 0,06 

Zr(SO4)2 0,05 0,1 0,05 0,05 0,05 

Na3C6H5O7  0,2 0,2 0,2 0,3 0,2 

K4P2O7  0,2 0,2 0,1 0,1 0,1 

ʇʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʽʨʦʬʦʩʬʘʪ-ʽʦʥʽʚ ʫ ʨʦʟʯʠʥʽ ʩʧʨʠʷʻ 

ʟʙʘʛʘʯʝʥʥʶ ʂɽʇ ʚʦʣʴʬʨʘʤʦʤ ʽ ʮʠʨʢʦʥʽʻʤ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ 

ʢʦʙʘʣʴʪʫ (ʨʠʩ. 4.26, ʘ), ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʨʘʥʽʰʝ ʚʩʪʘʥʦʚʣʝʥʠʡ ʬʘʢʪ 

ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʟʛʘʜʘʥʠʭ ʤʝʪʘʣʽʚ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʣʘ ʣʽʛʘʥʜʽʚ ʫ ʩʢʣʘʜʽ ʢʦʤʧʣʝʢʩʽʚ ʢʦʙʘʣʴʪʫ, ʘ, ʚʽʜʧʦʚʽʜʥʦ, ʽ 

ʟʘʛʘʣʴʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʟʘʨʷʜʫ ʝʣʝʢʪʨʦʜʥʦ-ʘʢʪʠʚʥʠʭ ʯʘʩʪʠʥʦʢ, ʟʨʦʩʪʘʥʥʷ 

ʤʽʮʥʦʩʪʽ ʢʦʤʧʣʝʢʩʽʚ, ʱʦ ʚ ʨʝʰʪʽ ʨʝʰʪ ʽ ʚʠʢʣʠʢʘʻ ʛʘʣʴʤʫʚʘʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ 

ʢʦʙʘʣʴʪʫ. ɼʫʞʝ ʮʽʢʘʚʦʶ ʚʠʷʚʠʣʘʩʴ ʟʘʣʝʞʥʽʩʪʴ ʚʤʽʩʪʫ ʣʝʛʫʚʘʣʴʥʠʭ ʤʝʪʘʣʽʚ ʫ 

ʂɽʇ Co-W-Zrʆ2 ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʨʢʦʥʽʶ (IV) ʩʫʣʴʬʘʪʫ (ʨʠʩ. 4.26, ʙ). ɿ 

ʧʽʜʚʠʱʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʨʢʦʥʽʶ (IV) ʚ ʝʣʝʢʪʨʦʣʽʪʽ ʚʤʽʩʪ ʮʴʦʛʦ ʤʝʪʘʣʫ ʫ 

ʧʦʢʨʠʚʘʭ, ʥʘʚʧʘʢʠ, ʟʤʝʥʰʫʻʪʴʩʷ. ʊʘʢʘ ʩʘʤʝ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʘ ʽ ʜʣʷ 

ʢʦʙʘʣʴʪʫ, ʪʦʜʽ ʷʢ ʚʽʜʩʦʪʦʢ ʚʦʣʴʬʨʘʤʫ ʫ ʂɽʇ Co-W-Zrʆ2 ʟʨʦʩʪʘʻ. ʇʨʠʯʠʥʫ 

ʪʘʢʦʾ ʧʦʚʝʜʽʥʢʠ ʩʣʽʜ ʰʫʢʘʪʠ ʫ ʩʭʠʣʴʥʦʩʪʽ ʮʠʨʢʦʥʽʶ ʜʦ ʫʪʚʦʨʝʥʥʷ ʩʫʣʴʬʘʪʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ, ʽʤʦʚʽʨʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʷʢʠʭ ʟʨʦʩʪʘʻ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʣʴʬʘʪʽʚ ʚʽʜʥʦʩʥʦ ʽʥʰʠʭ ʣʽʛʘʥʜʽʚ. ɼʽʡʩʥʦ, ʟ ʝʣʝʢʪʨʦʣʽʪʫ ˉ2 

(ʪʘʙʣ. 4.4) ʟ ʧʽʜʚʠʱʝʥʽʤ ʚʤʽʩʪʦʤ ʮʠʨʢʦʥʽʶ (IV) ʩʫʣʴʬʘʪʫ ʦʜʝʨʞʘʥʦ ʤʘʪʦʚʽ 

ʨʠʭʣʽ ʧʦʢʨʠʚʠ ʩʽʨʦʛʦ ʚʽʜʪʽʥʢʫ, ʪʦʤʫ ʦʧʪʠʤʘʣʴʥʦʶ ʧʨʠʡʥʷʪʦ ʢʦʥʮʝʥʪʨʘʮʽʶ 

Zr(SO4)2 0,05 ʤʦʣʴ/ʜʤ
2. 
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ʘ ʙ 

ʈʠʩʫʥʦʢ 4.26 ï ɿʘʣʝʞʥʽʩʪʴ ʩʢʣʘʜʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-W-Zrʆ2 ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʽʨʦʬʦʩʬʘʪ-ʽʦʥʽʚ (ʘ) ʽ Zrʆ2+(ʙ), ʩʪʨʫʤ 4 ɸ/ʜʤ2, ʨʅ 9,0  

ɿ ʧʨʘʢʪʠʢʠ ʚʽʜʦʤʦ, ʱʦ ʢʠʩʣʦʪʥʽʩʪʴ ʝʣʝʢʪʨʦʣʽʪʫ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ï ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʪʘ ʷʢʽʩʪʴ 

ʧʦʢʨʠʚʽʚ. ʅʘʚʽʪʴ ʥʝʟʥʘʯʥʘ ʟʤʽʥʘ pH ʝʣʝʢʪʨʦʣʽʪʫ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʧʦʨʫʰʝʥʥʷ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʣʽʟʫ ʽ ʦʩʘʜʞʝʥʥʷ ʥʝʷʢʽʩʥʠʭ ʧʦʢʨʠʪʪʽʚ. 

ɼʣʷ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʚ ʜʘʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʂɽʇ Co-W-ZrO2, ʭʘʨʘʢʪʝʨʥʦ, ʱʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

pH ʟʥʠʞʫʻʪʴʩʷ ʩʪʫʧʽʥʴ ʧʨʦʪʦʥʫʚʘʥʥʷ ʣʽʛʘʥʜʽʚ (ʮʠʪʨʘʪʫ ʽ ʧʽʨʦʬʦʩʬʘʪʫ), ʘ 

ʚʽʜʧʦʚʽʜʥʦ, ʟʨʦʩʪʘʻ ʤʽʮʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʢʦʙʘʣʴʪʫ, ʽ ʧʦʪʝʥʮʽʘʣ 

ʡʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʙʫʜʝ ʟʤʽʱʫʚʘʪʠʩʷ ʫ ʥʝʛʘʪʠʚʥʠʡ ʙʽʢ ʽ ʟʙʣʠʞʫʚʘʪʠʩʷ ʟ 

ʧʦʪʝʥʮʽʘʣʘʤʠ ʚʽʜʥʦʚʣʝʥʥʷ ʚʦʣʴʬʨʘʤʘʪʽʚ ʽ ʮʠʨʢʦʥʽʶ [202]. ʊʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ W ʽ Zr ʫ ʂɽʇ Co-W-ZrO2, ʦʩʘʜʞʝʥʠʭ ʟ ʜʦʩʣʽʜʞʝʥʠʭ 

ʝʣʝʢʪʨʦʣʽʪʽʚ ʧʨʠ ʨʅ > 7 (ʨʠʩ. 4.27, ʘ). 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʤʽʮʥʽʰʽ ʢʦʤʧʣʝʢʩʠ ʨʦʟʨʷʜʞʘʶʪʴʩʷ ʟ ʙʽʣʴʰʠʤʠ 

ʫʩʢʣʘʜʥʝʥʥʷʤʠ, ʘ, ʚʽʜʧʦʚʽʜʥʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʢʨʠʚʫ, ʱʦ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ɺʉ (ʨʠʩ. 4.27, ʙ). 
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ʘ ʙ 

ʈʠʩʫʥʦʢ 4.27 ï ɺʧʣʠʚ ʢʠʩʣʦʪʥʦʩʪʽ ʨʦʟʯʠʥʫ ʥʘ ʝʣʝʤʝʥʪʥʽʡ ʩʢʣʘʜ (ʘ) ʽ ɺʉ (ʙ) 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʉo-W-Zrʆ2, ʦʩʘʜʞʝʥʠʭ ʽʤʧʫʣʴʩʥʠʤ ʩʪʨʫʤʦʤ 8 A/ʜʤ2 

ʧʨʠ t =̔5 ʤʩ, tʧ=10 ʤʩ. ʊʝʤʧʝʨʘʪʫʨʘ ʊ=25Áʉ. 

ʆʜʥʽʻʶ ʽʟ ʟʘʛʘʣʴʥʠʭ ʧʨʠʯʠʥ ʟʥʠʞʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʝʣʝʢʪʨʦʣʽʪʫ ʻ 

ʟʘʣʫʞʝʥʥʷ ʧʨʠʝʣʝʢʪʨʦʜʥʦʛʦ ʰʘʨʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʪʽʢʘʥʥʷ ʧʦʙʽʯʥʦʾ ʨʝʘʢʮʽʾ 

ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ, ʥʘ ʷʢʫ ʚ ʨʦʟʛʣʷʥʫʪʠʭ ʧʨʦʮʝʩʘʭ ʚʠʪʨʘʯʘʻʪʴʩʷ ʜʦ 80 % 

ʩʪʨʫʤʫ. ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʤ 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʉo-W-Zrʆ2 ʻ ʜʽʘʧʘʟʦʥ ʨʅ 7ï9 [232]. 

ɿʘʣʫʞʝʥʥʷ ʨʦʟʯʠʥʫ ʜʦ ʨʅ ʙʽʣʴʰʝ 9 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʟʤʝʥʰʝʥʥʷ 

ʚʠʭʦʜʫ ʟʘ ʩʪʨʫʤʦʤ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ ʉo-W-Zrʆ2, ʘ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʨʅ 10 ʚ ʝʣʝʢʪʨʦʣʽʪʽ ʪʘ ʧʨʠʝʣʝʢʪʨʦʜʥʦʤʫ ʰʘʨʽ ʫʪʚʦʨʶʻʪʴʩʷ ʥʝʨʦʟʯʠʥʥʠʡ ʦʩʘʜ 

ʛʽʜʨʦʢʩʠʜʽʚ ʢʦʙʘʣʴʪʫ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʧʦʢʨʠʚʽʚ. 

4.3.1 ʌʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-W-Zrʆ2 ʫ 

ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ  

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʣʽʟʫ ʥʘ ʩʢʣʘʜ, ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʠʭʽʜ 

ʟʘ ʩʪʨʫʤʦʤ ʂɽʇ Co-W-ZrO2 ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʪʝʭʥʦʣʦʛʽʾ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʚʤʽʩʪ ʪʫʛʦʧʣʘʚʢʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʽ 

ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 8,7 ï 10,0 ʤʘʩ.% (ʨʠʩ. 4.28). ɿʘ ʛʫʩʪʠʥ ʩʪʨʫʤʫ, ʤʝʥʰʠʭ 
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2 ɸ/ʜʤ2, ʦʩʘʜʞʫʶʪʴʩʷ ʧʦʢʨʠʚʠ ʩʠʥʻ-ʢʦʨʠʯʥʝʚʦʛʦ ʢʦʣʴʦʨʫ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ 

ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʦʢʩʠʜʽʚ ʚʦʣʴʬʨʘʤʫ. ʆʪʞʝ ʥʠʞʥʴʦʶ ʤʝʞʝʶ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʩʣʽʜ ʚʚʘʞʘʪʠ 3 ɸ/ʜʤ2. 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.28 ï ɺʧʣʠʚ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʥʘ ʚʤʽʩʪ ʚʦʣʴʬʨʘʤʫ ʽ ʮʠʨʢʦʥʽʶ (ʘ) ʽ ɺʉ 

(ʙ) ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ Co-W-ZrO2  

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ɤ = f( )̔ ʻ ʣʽʥʽʡʥʦʶ ʚ ʽʥʪʝʨʚʘʣʽ ʛʫʩʪʠʥ 

ʩʪʨʫʤʫ ʚʽʜ 3 ʜʦ 6 ɸ/ʜʤ2 [238]. ʆʩʪʘʥʥʻ ʟʥʘʯʝʥʥʷ ʩʣʽʜ ʚʚʘʞʘʪʠ ʚʝʨʭʥʴʦʶ 

ʤʝʞʝʶ ʢʘʪʦʜʥʦʾ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ, ʚʠʱʝ ʷʢʦʾ ʷʢʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ 

ʟʥʠʞʫʻʪʴʩʷ ï ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʛʦʨʷʥʥʷ ʦʩʘʜʫ ʽ ʧʦʛʽʨʰʝʥʥʷ ʘʜʛʝʟʽʾ ʚʥʘʩʣʽʜʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʘʨʮʽʘʣʴʥʦʾ ʨʝʘʢʮʽʾ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ.  

ɺʧʣʠʚ ʯʘʩʫ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʉo-W-Zrʆ2 ʥʘ ʾʭ ʩʢʣʘʜ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.29, ʘ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʫ ʧʝʨʰʽ ʩʝʢʫʥʜʠ ʝʣʝʢʪʨʦʣʽʟʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ 

ʦʩʘʜʞʝʥʥʷ ʩʫʮʽʣʴʥʦʛʦ ʪʦʥʢʦʛʦ (ʤʦʥʦʰʘʨʫ) ʢʦʙʘʣʴʪʫ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ. 

ʇʽʩʣʷ ʧʝʨʰʦʾ ʭʚʠʣʠʥʠ ʝʣʝʢʪʨʦʣʽʟʫ ʚ ʩʢʣʘʜʽ ʧʦʢʨʠʚʽʚ  

Co-W-Zrʆ2 ʥʝ ʚʠʷʚʣʝʥʦ ʮʠʨʢʦʥʽʶ, ʱʦ, ʽʤʦʚʽʨʥʦ, ʧʦʚ'ʷʟʘʥʦ ʟ ʢʘʪʘʣʽʪʠʯʥʦʶ 

ʜʽʻʶ ʧʽʜʰʘʨʫ ʢʦʙʘʣʴʪʫ ʥʘ ʨʦʟʨʷʜ ʦʢʩʦʚʦʣʴʬʨʘʤʘʪʽʚ. ʇʦʜʘʣʴʰʝ  

ʚʢʣʶʯʝʥʥʷ ʮʠʨʢʦʥʽʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʞʝ ʫ ʧʦʢʨʠʚ Co72-W28. ʇʽʩʣʷ 5 ʭʚʠʣʠʥ 
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ʦʩʘʜʞʝʥʥʷ ʚʤʽʩʪ ʮʠʨʢʦʥʽʶ ʫ ʂɽʇ Co-W-Zrʆ2 ʩʢʣʘʜʘʻ ~1,0 ʤʘʩ. %, ʘʣʝ  

ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʯʘʩʫ ʝʣʝʢʪʨʦʣʽʟʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʮʠʨʢʦʥʽʶ 

ʫ ʧʦʢʨʠʚʘʭ ʜʦ 0,4 ʤʘʩ. % ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʙʽʜʥʝʥʥʷʤ ʟʘ ʚʦʣʴʬʨʘʤʦʤ ʜʦ 

12 ʤʘʩ. % (ʨʠʩ. 4.29, ʘ). 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.29 ï ɺʧʣʠʚ ʯʘʩʫ ʦʩʘʜʞʝʥʥʷ ʥʘ ʚʤʽʩʪ (ʘ) ʚʦʣʴʬʨʘʤʫ ʽ ʮʠʨʢʦʥʽʶ ʪʘ 

ɺʉ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-W-Zrʆ2 (ʙ), ʦʩʘʜʞʝʥʠʭ ʧʨʠ ʛʫʩʪʠʥʽ ʩʪʨʫʤʫ 

6 ɸ/ʜʤ2 

ɺʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ Co-W-Zrʆ2 ʧʽʩʣʷ 10 ʭʚʠʣʠʥ 

ʦʩʘʜʞʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ ʝʣʝʢʪʨʦʣʽʟʫ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ 

35ï40 % (ʨʠʩ.4.29, ʙ).  

4.3.2 ʌʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-W-Zrʆ2 ʚ ʽʤʧʫʣʴʩʥʦʤʫ 

ʨʝʞʠʤʽ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʛʦ ʨʝʞʠʤʫ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʂɽʇ  

Co-W-ZrO2, ʷʢ ʽ ʚʘʨʽʶʚʘʥʥʷ ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʣʽʪʽʚ, ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ 

ʷʢʽʩʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ ʟ ʚʤʽʩʪʦʤ Zr ʙʽʣʴʰʝ 0,7 ʤʘʩ. %. ʊʦʤʫ ʙʫʚ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʽʤʧʫʣʴʩʥʠʡ ʝʣʝʢʪʨʦʣʽʟ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʙʝʟ ʟʤʽʥʠ ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʣʽʪʫ. 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʥʘ ʩʢʣʘʜ ʧʦʢʨʠʚʽʚ (ʨʠʩ. 4.30, ʘ) ʽ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ɺʉ (ʨʠʩ. 4.30, ʙ). ɿʘ 

ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ 4 ɸ/ʜʤ2 ʦʪʨʠʤʘʥʦ ʧʦʢʨʠʚʠ ʽʟ ʚʤʽʩʪʦʤ ʚʦʣʴʬʨʘʤʫ 22 ʤʘʩ.% 

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʘʤʧʣʽʪʫʜʠ ʽʤʧʫʣʴʩʥʦʛʦ ʩʪʨʫʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʚʦʣʴʬʨʘʤʫ ʫ ʂɽʇ Co-W-ZrO2, ʘ ʚʤʽʩʪ ʮʠʨʢʦʥʽʶ, ʥʘʚʧʘʢʠ, 

ʟʨʦʩʪʘʻ ʽ ʩʷʛʘʻ 3,6 ʤʘʩ.% ʧʨʠ 10 ɸ/ʜʤ2. ʇʦʢʨʠʚʠ Co-W-ZrO2 ʤʽʩʪʷʪʴ 

ʥʝʤʝʪʘʣʝʚʽ ʜʦʤʽʰʢʠ, ʟʦʢʨʝʤʘ ʢʠʩʝʥʴ ʽ ʚʫʛʣʝʮʴ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʧʨʠʩʫʪʥʽʩʪʶ ʚ 

ʝʣʝʢʪʨʦʣʽʪʽ ʮʠʪʨʘʪʽʚ, ʘ ʪʘʢʦʞ ʚʢʣʶʯʝʥʥʷʤ ʥʝ ʧʦʚʥʽʩʪʶ ʚʽʜʥʦʚʣʝʥʠʭ ʦʢʩʠʜʽʚ 

ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ʚ ʤʘʪʨʠʮʶ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ. ɺʤʽʩʪ ʚʫʛʣʝʮʶ ʫ 

ʩʢʣʘʜʽ ʧʦʢʨʠʚʽʚ Co-W-ZrO2 ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʽ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 3,5 ï 3,7 ʤʘʩ.%. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʚʤʽʩʪ ʢʠʩʥʶ ʟ ʛʫʩʪʠʥʦʶ 

ʩʪʨʫʤʫ ʟʨʦʩʪʘʻ ʟ 5,7 ʜʦ 10,9 ʤʘʩ.%, ʘ ʚʽʜʩʦʪʦʢ ʚʦʣʴʬʨʘʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʧʣʘʚʽʚ ʉʦ-W [239].  

 

 

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.30 ï ɺʧʣʠʚ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʥʘ ʩʢʣʘʜ (ʘ) ʽ ɺʉ (ʙ) ʂɽʇ Co-W-ZrO2, 

ʦʩʘʜʞʝʥʠʭ ʚ ʽʤʧʫʣʴʩʥʦʤʫ ʨʝʞʠʤʽ ʧʨʠ t  ̔= 2 ʤʩ, tʧ = 10 ʤʩ. ʊʝʤʧʝʨʘʪʫʨʘ ʊ = 25 

Áʉ, ʨʅ = 8 

ʅʘ ʧʽʜʩʪʘʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ 

ʦʩʘʜʞʝʥʥʷ ʷʢʽʩʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-W-ZrO2 ʦʧʪʠʤʘʣʴʥʠʤ ʻ 

ʽʥʪʝʨʚʘʣ ʘʤʧʣʽʪʫʜ ʽʤʧʫʣʴʩʥʦʛʦ ʩʪʨʫʤʫ ʚʽʜ 4 ʜʦ 8 ɸ/ʜʤ2. 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʥʘ ʚʠʭʽʜ ʩʧʣʘʚʽʚ ʟʘ ʩʪʨʫʤʦʤ ɺʉ (ʨʠʩ.4.30, ʙ). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʭʽʜ 

ʟʘ ʩʪʨʫʤʦʤ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ Co-W-ZrO2 ʟʥʘʯʥʦ ʤʝʥʰʠʡ ʟʘ ɺʉ ʉʦ-

ʄʦ-WOx, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʤʝʥʰʦʶ ʦʢʠʩʣʶʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʚʦʣʴʬʨʘʤʘʪʽʚ ʽ 

ʮʠʨʢʦʥʽʶ ʧʦʨʽʚʥʷʥʦ ʽʟ ʤʦʣʽʙʜʘʪʘʤʠ.  

ɿʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʚ ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ʬʘʟʠ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʽ 

ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʩʦʪʢʫ ʘʤʦʨʬʥʦʾ ʩʢʣʘʜʦʚʦʾ ʦʩʘʜʽʚ (ʨʠʩ. 4.31). ʆʩʦʙʣʠʚʦʩʪʽ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʦʢʨʠʚʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʦʨʬʦʣʦʛʽʶ 

ʧʦʚʝʨʭʥʽ, ʧʨʠʯʦʤʫ ʥʘʡʙʽʣʴʰ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʛʫʩʪʠʥʘ ʢʘʪʦʜʥʦʛʦ ʩʪʨʫʤʫ. ʊʘʢ, 

ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʰʚʠʜʢʽʩʪʴ ʟʘʨʦʜʞʝʥʥʷ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʟʨʦʩʪʘʻ ʚ ʙʽʣʴʰʦʤʫ ʩʪʫʧʝʥʽ ʧʦʨʽʚʥʷʥʦ ʟʽ ʰʚʠʜʢʽʩʪʶ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ, ʦʪʞʝ, 

ʨʦʟʤʽʨʠ ʟʝʨʝʥ ʟʤʝʥʰʫʶʪʴʩʷ, ʽ ʂɽʇ ʩʪʘʶʪʴ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʤʠ (ʨʠʩ. 4.31). 

   

ʘ ʙ ʚ 

ʈʠʩʫʥʦʢ 4.31 ï ɺʧʣʠʚ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʥʘ ʤʦʨʬʦʣʦʛʽʶ ʧʦʢʨʠʚʽʚ Co-W-ZrO2, 

ʦʩʘʜʞʝʥʠʭ ʽʤʧʫʣʴʩʥʠʤ ʩʪʨʫʤʦʤ ʛʫʩʪʠʥʦʶ, ɸ/ʜʤ2: 4 (ʘ), 6 (ʙ), 10 (ʚ) ʧʨʠ t  ̔= 

2 ʤʩ, tʧ = 10 ʤʩ. ʊʝʤʧʝʨʘʪʫʨʘ ʊ = 25 Áʉ, ʨʅ = 8 

ʇʽʜʚʠʱʝʥʥʷ ʢʘʪʦʜʥʦʾ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ  ̔ʧʦʥʘʜ 10 ɸ/ʜʤ2 ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʧʫʭʢʠʭ ʧʦʢʨʠʚʽʚ Co-W-ZrO2 ʯʝʨʝʟ ʧʦʩʠʣʝʥʥʷ ʚʧʣʠʚʫ ʜʠʬʫʟʽʡʥʠʭ 

ʫʩʢʣʘʜʥʝʥʴ ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʪʘʜʽʻʶ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ. ʂʨʽʤ ʪʦʛʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʘʣʫʞʝʥʥʷ ʧʨʠʢʘʪʦʜʥʦʛʦ ʰʘʨʫ ʽ ʧʽʜʚʠʱʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ 
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ʛʽʜʨʦʢʩʠʜʽʚ ʢʦʙʘʣʴʪʫ, ʷʢʽ ʚʢʣʶʯʘʶʪʴʩʷ ʜʦ ʩʢʣʘʜʫ ʧʦʢʨʠʪʪʽʚ ʽ ʧʦʛʽʨʰʫʶʪʴ ʾʭ 

ʷʢʽʩʪʴ. 

ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʽʚ ʥʘ ʩʢʣʘʜ ʧʦʢʨʠʚʽʚ Co-W-ZrO2 

(ʨʠʩ.4.32, ʘ) ʜʦʟʚʦʣʷʻ ʢʦʥʩʪʘʪʫʚʘʪʠ ʟʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ ʮʠʨʢʦʥʽʶ ʽ ʢʦʙʘʣʴʪʫ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʚʽʜʩʦʪʢʫ ʚʦʣʴʬʨʘʤʫ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʯʘʩʫ ʧʦʣʷʨʠʟʘʮʽʾ. ɺʦʜʥʦʯʘʩ 

ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʟʤʝʥʰʫʻʪʴʩʷ (ʨʠʩ.4.32, ʙ) ʧʨʠ ʧʦʜʦʚʞʝʥʥʽ ʯʘʩʫ ʽʤʧʫʣʴʩʫ. 

ʊʘʢʫ ʧʦʚʝʜʽʥʢʫ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʻʶ ʧʦʙʽʯʥʦʾ ʨʝʘʢʮʽʾ 

ʚʽʜʥʦʚʣʝʥʥʷ ʚʦʜʥʶ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʯʘʩʫ ʧʦʣʷʨʠʟʘʮʽʾ.  

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.32 ï ɺʧʣʠʚ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ ʥʘ ʩʢʣʘʜ (ʘ) ʽ ɺʉ (ʙ) ʂɽʇ Co-W-

ZrO2, ʦʩʘʜʞʝʥʠʭ ʽʤʧʫʣʴʩʥʠʤ ʩʪʨʫʤʦʤ 6 ɸ/ʜʤ
2 ʧʨʠ tʧ = 10 ʤʩ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʊ = 25 Áʉ, ʨʅ = 8 

ɺʧʣʠʚ ʯʘʩʪʦʪʠ ʯʝʨʛʫʚʘʥʥʷ ʽʤʧʫʣʴʩʽʚ ʥʘ ʩʢʣʘʜ ʧʦʢʨʠʚʽʚ (ʨʠʩ. 4.33, ʘ) 

ʚʽʜʙʠʚʘʻ ʟʘʛʘʣʴʥʫ ʪʝʥʜʝʥʮʽʶ ʱʦʜʦ ʟʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ ʚʦʣʴʬʨʘʤʫ ʽ ʟʤʝʥʰʝʥʥʷ 

ʚʽʜʩʦʪʢʫ ʮʠʨʢʦʥʽʶ ʫ ʂɽʇ Co-W-ZrO2, ʱʦ ʮʽʣʢʦʤ ʢʦʨʝʣʶʻ ʽʟ ʚʧʣʠʚʦʤ ʯʘʩʫ 

ʽʤʧʫʣʴʩʫ.   

ʆʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ʫ ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʢʨʠʚʫ Co-W-ZrO2 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʯʘʩʪʦʪʘʭ 70ï90 ɻʮ (t  ̔= 2ï5 ʤʩ, 

tʧ = 10 ʤʩ), ʘ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʯʘʩʪʦʪʠ ʽʤʧʫʣʴʩʽʚ ʤʘʩʦʚʘ ʯʘʩʪʢʘ Zr 
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ʚ ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʚʦʣʴʬʨʘʤʫ ʟʨʦʩʪʘʻ. ɺʉ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-W-ZrO2 ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʯʘʩʪʦʪʠ 

ʽʤʧʫʣʴʩʽʚ ʟ 30 ʜʦ 90 ɻʮ (ʨʠʩ. 4.33, ʙ) ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʂɽʇ ʉo-Mo-Wʆʭ ʽ  

Co-Mo-ZrO2 [240].  

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.33 ï ɺʧʣʠʚ ʯʘʩʪʦʪʠ ʽʤʧʫʣʴʩʫ ʥʘ ʩʢʣʘʜ (ʘ) ʽ ɺʉ (ʙ) ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʢʨʠʚʽʚ Co-W-ZrO2, ʦʩʘʜʞʝʥʠʭ ʟ ʝʣʝʢʪʨʦʣʽʪʫ ˉ3 ʽʤʧʫʣʴʩʥʠʤ ʩʪʨʫʤʦʤ 

4 ɸ/ʜʤ2, ʊ = 25 Áʉ, ʨʅ=9 

ʊʝʤʧʝʨʘʪʫʨʘ ʝʣʝʢʪʨʦʣʽʪʫ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʤʦʨʬʦʣʦʛʽʶ ʧʦʚʝʨʭʥʽ ʪʘ 

ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʂɽʇ. ʊʘʢ, ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʬʦʨʤʫʶʪʴʩʷ ʧʦʢʨʠʚʠ ʟ 

ʥʝʚʝʣʠʢʠʤʠ ʤʠʢʨʦʪʨʽʱʠʥʘʤʠ. ɼʣʷ ʂɽʇ Co-W-ZrO2 ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʮʠʨʢʦʥʽʶ ʩʪʘʥʦʚʠʪʴ ʥʝ ʙʽʣʴʰʝ 0,5 

ʤʘʩ.% ʽ ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʦʣʽʪʫ, ʘ ʟʘʣʝʞʥʽʩʪʴ 

ʚʤʽʩʪʫ ʚʦʣʴʬʨʘʤʫ ʚ ʩʢʣʘʜʽ ʧʦʢʨʠʚʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʤʽʥʽʤʫʤ 

(ʨʠʩ. 4.34). 
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ʘ ʙ 

ʈʠʩʫʥʦʢ 4.34 ï ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʩʢʣʘʜ (ʘ) ʽ ɺʉ (ʙ) ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʢʨʠʚʽʚ Co-W-ZrO2, ʦʩʘʜʞʝʥʠʭ ʟ ʝʣʝʢʪʨʦʣʽʪʫ ˉ4 ʽʤʧʫʣʴʩʥʠʤ ʩʪʨʫʤʦʤ 

8 ɸ/ʜʤ2 ʧʨʠ t =̔5 ʤʩ, tʧ=10 ʤʩ, ʨʅ=7 

ʈʽʟʥʠʡ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʩʢʣʘʜ ʂɽʇ Co-ʄʦ-ZrO2 ʽ Co-W-ZrO2 

ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʫ ʤʝʭʘʥʽʟʤʽ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʚʽʚ, ʷʢʽ 

ʦʙʫʤʦʚʣʝʥʽ ʨʷʜʦʤ ʧʨʠʯʠʥ. ʇʦ-ʧʝʨʰʝ, ʜʦʩʠʪʴ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʪʫʛʦʧʣʘʚʢʠʭ 

ʤʝʪʘʣʽʚ ʫ ʧʦʢʨʠʚʽ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʜʦ 20 ÁC) ʧʦʚ'ʷʟʘʥʠʡ ʟ 

ʥʝʟʥʘʯʥʠʤ ʚʥʝʩʢʦʤ ʛʽʜʨʦʣʽʟʫ ʚ ʟʘʛʘʣʴʥʠʡ ʙʘʛʘʪʦʩʪʘʜʽʡʥʠʡ ʧʨʦʮʝʩ 

ʬʦʨʤʫʚʘʥʥʷ ʂɽʇ. ʇʦ-ʜʨʫʛʝ, ʨʽʚʥʦʚʘʞʥʽ ʧʦʪʝʥʮʽʘʣʠ ʚʽʜʥʦʚʣʝʥʥʷ ʤʦʣʽʙʜʘʪʽʚ 

ʚʠʱʽ ʧʦʨʽʚʥʷʥʦ ʽʟ ʚʦʣʴʬʨʘʤʘʪʘʤʠ, ʽ, ʦʪʞʝ, ʧʽʜʚʠʱʝʥʥʷ ʛʨʘʥʠʯʥʦʾ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʠʭ ʧʦʢʨʠʚʽʚ ʟ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʧʣʠʚʘʪʠʤʝ 

ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʩʘʤʝ ʥʘ ʩʠʩʪʝʤʠ, ʱʦ ʤʘʶʪʴ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʚʦʣʴʬʨʘʤ [241].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʦʜʥʦʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʦʩʪʘʻ 

ʰʚʠʜʢʽʩʪʴ ʜʠʬʫʟʽʾ ʽʦʥʽʚ, ʱʦ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʠʪʠ ʛʫʩʪʠʥʫ ʩʪʨʫʤʫ, ʧʨʠ 

ʷʢʽʡ ʱʝ ʥʝ ʧʦʯʘʣʠ ʫʪʚʦʨʶʚʘʪʠʩʷ ʜʝʥʜʨʠʪʠ ʽ ʛʫʙʯʘʩʪʽ ʦʩʘʜʠ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʦʣʽʪʫ ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ 

ʢʨʠʩʪʘʣʽʚ, ʱʦ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʛʨʫʙʦʟʝʨʥʠʩʪʠʭ ʩʪʨʫʢʪʫʨ. 
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ɿʙʽʣʴʰʝʥʥʷ ʚʠʭʦʜʫ ʟʘ ʩʪʨʫʤʦʤ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʦʣʽʪʫ 

ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʝ ʪʽʣʴʢʠ ʧʨʠʩʢʦʨʝʥʥʷʤ ʜʠʬʫʟʽʾ ʝʣʝʢʪʨʦʜʥʦ-ʘʢʪʠʚʥʠʭ 

ʯʘʩʪʠʥʦʢ ʜʦ ʧʦʚʝʨʭʥʽ ʢʘʪʦʜʘ ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ ʛʨʘʥʠʯʥʦʾ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ, ʘʣʝ ʽ 

ʧʨʠʩʢʦʨʝʥʥʷʤ ʩʧʨʷʞʝʥʠʭ ʨʝʘʢʮʽʡ ʚʽʜʥʦʚʣʝʥʥʷ ʤʝʪʘʣʽʚ. ɼʣʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʢʨʠʚʫ Co-W-ZrO2 ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʩʷʛʘʻ 90 % ʧʨʠ 60Áʉ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʚʤʽʩʪʫ ʩʧʣʘʚʦʪʚʽʨʥʠʭ ʤʝʪʘʣʽʚ ʟʘ ʪʦʚʱʠʥʦʶ ʧʦʢʨʠʚʽʚ 

Co-W-ZrO2, ʦʜʝʨʞʘʥʠʭ ʽʤʧʫʣʴʩʥʠʤ ʩʪʨʫʤʦʤ, ʚʠʷʚʠʣʠ ʪʝʥʜʝʥʮʽʶ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʚʽʜʩʦʪʢʫ ʚʦʣʴʬʨʘʤʫ ʽ ʮʠʨʢʦʥʽʶ ʫ ʥʘʧʨʷʤʢʫ ʚʽʜ ʧʽʜʢʣʘʜʢʠ ʜʦ 

ʧʦʚʝʨʭʥʽ (ʨʠʩ. 4.35, ʘ).  

 

 

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.35 ï ʈʦʟʧʦʜʽʣ ʤʝʪʘʣʽʚ ʧʦ ʪʦʚʱʠʥʽ (ʘ) ʪʘ ʟʤʽʥʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ 

ʧʦʚʝʨʭʥʽ (ʙ) ʂɽʇ Co-W-ZrO2, ʦʩʘʜʞʝʥʠʭ ʟ ʝʣʝʢʪʨʦʣʽʪʫ ˉ4 ʽʤʧʫʣʴʩʥʠʤ 

ʩʪʨʫʤʦʤ 4 A/ʜʤ2 ʧʨʠ t =̔5 ʤʩ, tʧ= 10 ʤʩ, ʊ=25Áʉ 

ɯʩʪʦʪʥʦ, ʱʦ ʮʝ ʚʽʜʙʠʚʘʻʪʴʩʷ ʽ ʥʘ ʟʤʽʥʝʥʥʽ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʪʦʚʱʠʥʠ (ʨʠʩ. 4.35, ʙ). ʅʘ ʧʦʚʝʨʭʥʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ  

Co-W-ZrO2 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʨʦʟʤʽʨʽʚ ʛʣʦʙʫʣ ʧʨʠ ʪʦʚʱʠʥʠ ʧʦʢʨʠʚʫ 

10 ʤʢʤ ʽ ʩʚʦʻʨʽʜʥʝ ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʨʦʬʽʣʶ ʧʦʚʝʨʭʥʽ.  

ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʚʦʣʴʬʨʘʤ ʽ 

ʮʠʨʢʦʥʽʡ ʢʦʥʢʫʨʫʶʪʴ ʟ ʢʦʙʘʣʴʪʦʤ ʧʨʠ ʦʩʘʜʞʝʥʥʽ ʂɽʇ Co-W-ZrO2. ʆʪʞʝ ʯʘʩ 

ŭŸ 
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ʝʣʝʢʪʨʦʣʽʟʫ, ʘ ʚʽʜʧʦʚʽʜʥʦ, ʽ ʪʦʚʱʠʥʘ ʧʦʢʨʠʚʽʚ ʩʪʘʻ ʚʘʞʝʣʝʤ ʢʝʨʫʚʘʥʥʷ 

ʩʢʣʘʜʦʤ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ. 

4.4 ʈʦʟʩʽʶʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʮʠʪʨʘʪʥʦ-

ʧʽʨʦʬʦʩʬʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʦʩʘʜʞʝʥʥʷ ʂɽʇ  

ʆʜʥʽʻʶ ʟ ʧʝʨʝʜʫʤʦʚ ʦʜʝʨʞʘʥʥʷ ʷʢʽʩʥʠʭ ʛʘʣʴʚʘʥʽʯʥʠʭ ʧʦʢʨʠʚʽʚ ʻ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʨʦʟʯʠʥʽʚ ʝʣʝʢʪʨʦʣʽʪʽʚ (c), ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʷʢʦʾ ʩʧʨʠʷʻ 

ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚ ʝʣʝʢʪʨʦʣʽʪʽ, ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʷʢʽʩʥʽ ʧʦʢʨʠʚʠ. ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

(ʪʘʙʣ. 4.5), ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʢʦʤʧʣʝʢʩʥʽ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʽ 

ʝʣʝʢʪʨʦʣʽʪʠ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʧʦʢʨʠʚʽʚ ʥʘ ʦʩʥʦʚʽ ʩʧʣʘʚʽʚ ʢʦʙʘʣʴʪʫ ʤʘʪʠʤʫʪʴ 

ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʨʦʟʩʽʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ.  

ʊʘʙʣʠʮʷ 4.5 ï ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʮʠʪʨʘʪʥʦ-ʧ̔ ʨʦʬʦʩʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ 

ʦʩʘʜʞʝʥʥʷ ʂɽʇ 

ʇʦʢʨʠʚʠ ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʝʣʝʢʪʨʦʣʽʪʽʚ (ʆʤï1Ŀʤï1) ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (K) 

298 303 313 323 

ʉʦ-Mo-WOʭ 7,4Ŀ10ï2  8,2Ŀ10ï2  9,6Ŀ10ï2  1,1Ŀ10ï1  

ʉo-ʄʦ-Zrʆ2,  5,8Ŀ10ï2 6,9Ŀ10ï2 7,6Ŀ10ï2 8,7Ŀ10ï2 

ʉo-W-Zrʆ2 5,6Ŀ10ï2  5,9Ŀ10ï2  6,7Ŀ10ï2  7,4Ŀ10ï2  

ɽʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʢʦʤʧʣʝʢʩʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ, 

ʨʦʟʨʘʭʦʚʘʥʘ ʟ ʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ 22ï29 ʢɼʞ/ʤʦʣʴ, ʱʦ ʻ ʦʟʥʘʢʦʶ 

ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʽʚ ʤʘʩʦʧʝʨʝʥʦʩʫ ʫ ʜʠʬʫʟʽʡʥʦʤʫ ʨʝʞʠʤʽ. ʇʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʝʥʰʫʻ ʛʘʣʴʤʫʚʘʥʥʷ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʧʨʠʷʻ 

ʧʽʜʚʠʱʝʥʥʶ ʨʦʙʦʯʠʭ ʛʫʩʪʠʥ ʩʪʨʫʤʫ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʝʤʧʝʨʘʪʫʨʥʫ 
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ʟʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʝʣʝʢʪʨʦʣʽʪʽʚ ʟʘʪʨʝʙʫʚʘʥʘ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʆʩʢʽʣʴʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʽ ʚʝʣʠʯʠʥʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

ʨʦʟʯʠʥʽʚ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʦʢʨʠʚʽʚ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʤʝʞʘʭ c = 

0,055  0,07 ʆʤ ï1Öʤ ï1, ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ 25ï30 Áʉ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʦʧʪʠʤʘʣʴʥʠʤ. 

ɺʘʞʣʠʚʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʻ ʨʦʟʧʦʜʽʣ ʣʦʢʘʣʴʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʦ ʧʦʚʝʨʭʥʽ 

ʧʽʜʢʣʘʜʢʠ, ʷʢʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʧʦʜʽʣʦʤ ʩʪʨʫʤʫ ʧʦ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʦʙʨʦʙʣʶʻʪʴʩʷ [242]. ʉʪʦʩʦʚʥʦ ʜʦ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʪʘʢʠʤ ʧʦʢʘʟʥʠʢʦʤ ʻ 

ʨʦʟʩʽʶʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ (ʈɿ), ʧʽʜ ʷʢʦʶ ʨʦʟʫʤʽʶʪʴ ʟʜʘʪʥʽʩʪʴ ʝʣʝʢʪʨʦʣʽʪʫ 

ʟʤʽʥʶʚʘʪʠ ʧʝʨʚʠʥʥʠʡ ʨʦʟʧʦʜʽʣ ʩʪʨʫʤʫ, ʦʙʫʤʦʚʣʝʥʝ ʪʽʣʴʢʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʈɿ ʩʚʽʜʯʘʪʴ, ʱʦ ʟ ʨʦʩʪʦʤ 

ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʈɿ ʝʣʝʢʪʨʦʣʽʪʫ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʉo-

Mo-Wʆʭ ʟʥʠʞʫʻʪʴʩʷ (ʨʠʩ. 4.36). ʆʜʥʘʢ ʚ ʽʥʪʝʨʚʘʣʽ ʛʫʩʪʠʥ ʩʪʨʫʤʫ 0,5ï2,0 

ɸ/ʜʤ2 ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʢʣʘʜʘʻ ʙʽʣʴʰʝ 85%. 

 

ʈʠʩʫʥʦʢ 4.36 ï ɺʧʣʠʚ ʛʫʩʪʠʥʫ ʩʪʨʫʤʫ ʥʘ ʨʦʟʩʽʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʝʣʝʢʪʨʦʣʽʪʫ 

ˉ5 ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ ʉo-Mo-Wʆʭ 
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ɿʜʘʪʥʽʩʪʴ ʮʠʪʨʘʪʥʦ-ʧʽʨʦʬʦʩʬʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʥʘʥʝʩʝʥʥʷ ʂɽʇ  

Co-Mo-Zrʆ2 ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʪʠ ʤʝʪʘʣ ʧʦ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʫ ʚʠʟʥʘʯʘʣʠ 

ʧʨʠ ʨʽʟʥʠʭ ʛʫʩʪʠʥʘʭ ʩʪʨʫʤʫ. ʆʪʨʠʤʘʥʥʽ ʂɽʇ ʤʘʶʪʴ ʨʽʚʥʦʤʽʨʥʠʡ ʤʘʪʦʚʠʡ 

ʪʝʤʥʦ-ʩʽʨʠʡ ʢʦʣʽʨ, ʣʠʰʝ ʥʘ ʧʝʨʰʽʡ ʽ ʜʨʫʛʽʡ ʩʝʢʮʽʷʭ ʢʘʪʦʜʘ, ʷʢʽ ʙʫʣʠ 

ʥʘʡʙʣʠʞʯʝ ʨʦʟʤʽʱʝʥʽ ʜʦ ʘʥʦʜʫ, ʧʦʤʽʪʥʦ ʧʦ ʢʨʘʷʭ ʟʘʪʝʤʥʝʥʥʷ ʧʦʢʨʠʚʫ, ʱʦ 

ʧʦʚôʷʟʘʥʦ ʟ ʧʝʨʝʚʠʱʝʥʥʷʤ ʛʨʘʥʠʯʥʦʾ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʥʘ ʮʠʭ ʩʝʢʮʽʷʭ ʽ 

ʥʘʜʤʽʨʥʠʤ ʚʠʜʽʣʝʥʥʷʤ ʚʦʜʥʶ.  

ɿʘʣʝʞʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʤʝʪʘʣʽʚ ʧʦ ʩʝʢʮʽʷʤ ʢʘʪʦʜʫ ʧʨʠ ʛʫʩʪʠʥʘʭ ʩʪʨʫʤʫ 

5 ï 8 ɸ/ʜʤ2 ʤʘʻ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 4.37, ʟʘʣʝʞʥʦʩʪʽ 1 ï 3). ʊʘʢ ʥʘ 

ʧʝʨʰʽʡ ʽ ʜʨʫʛʽʡ ʩʝʢʮʽʷʭ ʢʘʪʦʜʫ ʧʨʠʨʽʩʪ ʤʘʩʠ ʦʩʘʜʫ ʤʘʡʞʝ ʫʜʚʽʯʽ ʙʽʣʴʰʠʡ, ʥʽʞ 

ʥʘ 3 ï 6 ʩʝʢʮʽʷʭ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ 

ʨʦʟʩʽʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ. 

 

ʈʠʩʫʥʦʢ 4.37 ï ɿʘʣʝʞʥʽʩʪʴ ʧʨʠʨʦʩʪʫ ʤʘʩʠ ʢʘʪʦʜʘ ʚʽʜ ʥʦʤʝʨʫ ʩʝʢʮʽʾ, ʝʣʝʢʪʨʦʣʽʪ 

ˉ3 (1 ï 3) ʪʘ ʝʣʝʢʪʨʦʣʽʪ ˉ3 + 50 ʛ/ʜʤ3 Na2SO4 (4) ʧʨʠ ʛʫʩʪʠʥʘʭ ʩʪʨʫʤʫ, 

ɸ/ʜʤ2: 1 ï 5; 2 ï 6, 5; 3, 4 ï 6 

ʇʦʣʷʨʠʟʦʚʘʥʽʩʪʴ ʧʨʠ ʦʩʘʜʞʝʥʥʽ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ Co-Mo-Zrʆ2  

ʻ ʥʝʚʠʩʦʢʦʶ, ʦʩʢʽʣʴʢʠ ʬʦʨʤʫʚʘʥʥʷ ʚʽʙʫʚʘʻʪʴʩʷ ʟʘ ʚʝʣʠʢʠʭ ʛʫʩʪʠʥ ʩʪʨʫʤʫ  

(3 ï 10 ɸ/ʜʤ2). ʎʠʤ ʧʦʷʩʥʶʻʪʴʩʷ ʟʥʘʯʥʘ ʨʽʟʥʠʮʷ ʧʨʠʨʦʩʪʫ ʤʘʩʠ ʥʘ  

ʩʝʢʮʽʷʭ ʢʘʪʦʜʫ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʢʦʤʽʨʮʽ ʍʫʣʣʘ ʥʘ ʨʽʟʥʠʭ ʚʽʜʩʪʘʥʷʭ ʚʽʜ  

ʘʥʦʜʫ (ʨʠʩ.4.37), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʨʦʟʩʽʶʚʘʣʴʥʫ  

ʟʜʘʪʥʽʩʪʴ ʝʣʝʢʪʨʦʣʽʪʫ. ʊʦʤʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʨʦʟʩʽʶʚʘʣʴʥʦʾ 
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ʟʜʘʪʥʦʩʪʽ ʜʦ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʚʚʦʜʷʪʴ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʫ ʜʦʙʘʚʢʫ ï 

50 ʛ/ʜʤ3 Na2SO4. ʎʝ ʜʝʱʦ ʧʦʢʨʘʱʫʻ ʨʦʟʩʽʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ, ʪʦʙʪʦ  

ʩʧʨʠʷʻ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʫ ʤʝʪʘʣʫ ʧʦ ʧʦʚʝʨʭʥʽ ʢʘʪʦʜʫ  

(ʨʠʩ. 4.37, ʟʘʣʝʞʥʽʩʪʴ 4). ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʚʠʤʽʨʶʚʘʥʴ  

ʨʦʟʩʽʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʈɿ 

ʝʣʝʢʪʨʦʣʽʪʫ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ ʉo-Mo-Zrʆ2 ʥʝʟʥʘʯʥʦ 

ʟʨʦʩʪʘʻ (ʨʠʩ.4.38).  

 

ʈʠʩʫʥʦʢ 4.38 ï ɺʧʣʠʚ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʥʘ ʨʦʟʩʽʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʮʠʪʨʘʪʥʦ-

ʧʠʨʦʬʦʩʬʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ˉ3 ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ 

ʉo-Mo-Zrʆ2 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʨʦʟʩʽʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʝʣʝʢʪʨʦʣʽʪʫ ˉ5 ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʧʦʢʨʠʚʫ ʉo-W-Zrʆ2 ʩʚʽʜʯʘʪʴ, ʱʦ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʈɿ ʝʣʝʢʪʨʦʣʽʪʫ ʟʥʠʞʫʻʪʴʩʷ (ʨʠʩ.4.39). ʊʘʢʘ 

ʧʦʚʝʜʽʥʢʘ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʘ ʟ ʘʤʦʨʬʽʟʘʮʽʻʶ ʩʪʨʫʢʪʫʨʠ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʢʨʠʚʽʚ ʉo-Mo-Wʆʭ ʽ ʉo-W-Zrʆ2.  
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ʈʠʩʫʥʦʢ 4.39 ï ɺʧʣʠʚ ʛʫʩʪʠʥʫ ʩʪʨʫʤʫ ʥʘ ʨʦʟʩʽʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʮʠʪʨʘʪʥʦ-

ʧʠʨʦʬʦʩʬʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ˉ5 ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʚʫ ʉo-

W-Zrʆ2 

ɸʣʝ ʧʨʠ ʦʩʘʜʞʝʥʥʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʉo-W-Zrʆ2 ʧʨʠ ʛʫʩʪʠʥʽ 

ʩʪʨʫʤʫ ʜʦ 4 ɸ/ʜʤ2 ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʢʣʘʜʘʻ ʙʽʣʴʰʝ 85%. 

4.5 ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʫ ʘʥʦʜʽʚ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʂɽʇ ʉo-Mo-Wʆʭ, ʉo-ʄʦ-

Zrʆ2 ʽ ʉo-W-Zrʆ2 

ɽʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʥʘ ʦʩʥʦʚʽ ʩʧʣʘʚʽʚ ʢʦʙʘʣʴʪʫ 

ʟ ʮʠʪʨʘʪʥʦ-ʧʠʨʦʬʦʩʬʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʯʫʪʪʻʚʝ ʜʦ ʟʤʽʥʠ ʾʭ ʩʢʣʘʜʫ, ʪʦʤʫ ʜʦ 

ʘʥʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʪʘʢʽ ʚʠʤʦʛʠ ʷʢ ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʨʝʘʢʮʽʡ ʦʢʠʩʥʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʝʣʝʢʪʨʦʣʽʪʫ, ʱʦ ʧʨʠʚʦʜʷʪʴ ʜʦ 

ʟʤʽʥʠ ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʣʽʪʫ. ɼʣʷ ʛʘʣʴʚʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʥʦʜʠ ʟ ʪʦʛʦ ʞ ʤʝʪʘʣʫ, ʱʦ ʽ ʧʦʢʨʠʚʠ. ʆʜʥʘʢ ʢʦʣʠ 

ʟʜʽʡʩʥʶʶʪʴ ʝʣʝʢʪʨʦʣʽʪʠʯʥʝ ʦʩʘʜʞʝʥʥʷ ʙʘʛʘʪʦʛʦʤʧʦʥʝʥʪʥʠʭ ʧʦʢʨʠʚʽʚ, ʧʽʜʙʽʨ 

ʨʦʟʯʠʥʥʦʛʦ ʘʥʦʜʫ, ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟ ʜʝʢʽʣʴʢʦʭ ʤʝʪʘʣʽʚ, ʫʩʢʣʘʜʥʝʥʠʡ ʨʽʟʥʦʶ 

ʰʚʠʜʢʽʩʪʶ ʨʦʟʯʠʥʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʘ ʚʽʜʧʦʚʽʜʥʦ, ʟʙʘʛʘʯʝʥʥʷ ʝʣʝʢʪʨʦʣʽʪʫ 

ʪʽʣʴʢʠ ʦʜʥʠʤ ʪʠʧʦʤ ʽʦʥʽʚ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ  

ʦʪʨʠʤʘʥʽ ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ ʘʥʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  
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ʆʩʢ̔ʣʴʢʠ, ʚʽʜʥʦʚʣʝʥʥʷ ʤʝʪʘʣʽʚ ʻ ʥʝ ʻʜʠʥʠʤ ʧʨʦʮʝʩʦʤ, ʪʦ ʪʘʢʽ ʟʘʣʝʞʥʦʩʪʽ  

ʻ ʩʫʤʘʨʥʦʶ ʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʜʥʦʯʘʩʥʠʤ ʧʨʦʪʽʢʘʥʥʷʤ ʫʩʽʭ ʘʥʦʜʥʠʭ 

ʨʝʘʢʮʽʡ.  

ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʥʘʫʢʦʚʮʽʚ ʧʨʦʚʦʜʠʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʽʥʝʨʪʥʦʛʦ ʝʣʝʢʪʨʦʜʘ [243], ʧʨʠʯʦʤʫ 

ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʣʘʪʠʥʫ ʘʙʦ ʥʝʨʞʘʚʽʶʯʫ ʩʪʘʣʴ. ɿ ʦʛʣʷʜʫ ʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʧʣʘʚʦʪʚʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ 

ʩʢʣʘʜ ʧʦʢʨʠʚʽʚ ʪʘʢʠʡ ʧʽʜʭʽʜ ʻ ʮʽʣʢʦʤ ʚʠʧʨʘʚʜʘʥʠʤ, ʦʩʢʽʣʴʢʠ ʽʥʝʨʪʥʽ 

ʝʣʝʢʪʨʦʜʠ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʤʽʩʪ ʝʣʝʢʪʨʦʜʥʦʘʢʪʠʚʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʝʣʝʢʪʨʦʣʽʪʽ 

[244]. ʆʩʦʙʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʥʘ ʦʩʥʦʚʽ 

ʢʦʙʘʣʴʪʫ ʧʦʣʷʛʘʶʪʴ, ʟʦʢʨʝʤʘ, ʫ ʚʽʜʤʽʥʥʦʩʪʽ ʥʝ ʪʽʣʴʢʠ ʢʘʪʦʜʥʠʭ ʨʝʘʢʮʽʡ, ʘ 

ʪʘʢʦʞ ʘʥʦʜʥʦʾ ʧʦʚʝʜʽʥʢʠ ʦʢʨʝʩʣʝʥʠʭ ʤʝʪʘʣʽʚ, ʪʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʯʠʥʥʠʭ 

ʘʥʦʜʽʚ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʪʝʤʦʶ ʚʝʣʠʢʦʛʦ ʦʢʨʝʤʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʪʽʤ, ʫ 

ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʚʝʜʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʝʨʪʥʠʭ ʘʥʦʜʽʚ ʟ 

ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʽʥʪʝʨʚʘʣʠ ʛʫʩʪʠʥʠ ʘʥʦʜʥʦʛʦ ʩʪʨʫʤʫ, ʧʨʠ 

ʷʢʠʭ ʧʝʨʝʙʽʛ ʘʥʦʜʥʦʾ ʨʝʘʢʮʽʾ ʥʝʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʙʫʜʦʚʫ ʽ ʢʽʣʴʢʽʩʪʴ 

ʝʣʝʢʪʨʦʜʥʦʘʢʪʠʚʥʠʭ ʯʘʩʪʠʥʦʢ.  

ʇʨʠ ʦʩʘʜʞʝʥʥʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʉʦ-Mo-Wʆʭ, Co-Mo-ZrO2,  

Co-W-ZrO2 ʧʦʪʝʥʮʽʘʣ ʘʥʦʜʘ ʥʘ ʩʪʘʣʽ ʍ18ʅ10ʊ ʟʩʫʚʘʻʪʴʩʷ ʚ ʧʦʟʠʪʠʚʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʛʫʩʪʠʥʠ ʢʘʪʦʜʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʥʝ ʧʝʨʝʚʠʱʫʻ  

1,9 ɺ ʫ ʽʥʪʝʨʚʘʣʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʛʫʩʪʠʥ ʩʪʨʫʤʫ ʢ̔ (2,0  12,0 ɸ/ʜʤ2) 

 (ʪʘʙʣ. 4.6).  

ɼʦʩʣʽʜʞʝʥʥʷ ʘʥʦʜʥʦʾ ʧʦʚʝʜʽʥʢʠ ʨʽʟʥʠʭ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʨʦʟʯʠʥʘʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʜʦʟʚʦʣʷʶʪʴ 

ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʠʡ ʚʠʩʥʦʚʦʢ. ɺʽʜʩʫʪʥʽʩʪʴ ʥʘ ʘʥʦʜʽ ʟʽ ʩʪʘʣʽ ʍ18ʅ10ʊ ʙʫʜʴ-

ʷʢʠʭ ʘʢʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʽʥʪʝʨʚʘʣʽ ʧʦʪʝʥʮʽʘʣʽʚ ʜʦ +0,8 ɺ ʜʣʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʢʨʠʚʽʚ ʉʦ-ʄʦ-WOx ʪʘ +1,2 ɺ ʜʣʷ Co-Mo-ZrO2, Co-W-ZrO2 ʧʽʜʪʚʝʨʜʞʫʻ 

ʬʘʢʪ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʘʥʦʜʽʚ ʷʢ ʽʥʝʨʪʥʠʭ. 
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ʊʘʙʣʠʮʷ 4.6  ʇʦʪʝʥʮʽʘʣ ʘʥʦʜʘ ʧʽʜ ʩʪʨʫʤʦʤ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʧʦʢʨʠʪʪʽʚ 

ʩʧʣʘʚʘʤʠ (ʘʥʦʜ  ʩʪʘʣʴ ʍ18ʅ10ʊ; Sɸ : Sʂ = 10 : 1) 

ʇʦʢʨʠʚʠ  

ʇʦʪʝʥʮʽʘʣ ʘʥʦʜʘ ʧʽʜ ʩʪʨʫʤʦʤ ɽʘ, ɺ 

ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʧʦʣʷʨʠʟʘʮʽʾ ʢ̔, ɸ/ʜʤ
2 

2,0 4,0 6,0 8,0 10,0 12,0 

ʉʦ-Mo-Wʆʭ 1,42 1,50 1,58 1,66 1,74 1,82 

Co-W-ZrO2 1,48 1,61 1,70 1,78 1,85 1,79 

Co-Mo-ZrO2 1,43 1,54 1,62 1,69 1,75 1,90 

ʗʢ ʚʽʜʦʤʦ [245], ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʨʦʟʯʠʥʥʠʭ ʘʥʦʜʽʚ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʷʢʽʩʪʴ ʧʦʢʨʠʚʽʚ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ. ɸʥʦʜʠ ʟ ʢʦʙʘʣʴʪʫ 

ʨʦʟʯʠʥʷʶʪʴʩʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʉʦ2+ ʧʨʠ ʥʝʟʥʘʯʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ ʟ ʚʠʩʦʢʦʶ 

ʰʚʠʜʢʽʩʪʶ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʩʪʨʽʤʢʝ ʟʨʦʩʪʘʥʥʷ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʥʘ 

ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʘʭ (ʨʠʩ. 4.40ï4.42).  

 

ʈʠʩʫʥʦʢ 4.40 - ɸʥʦʜʥʽ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ ʥʘ ʢʦʙʘʣʴʪʦʚʦʤʫ (1), ʛʨʘʬʽʪʦʚʦʤʫ 

(2) ʪʘ ʩʪʘʣʴʥʦʤʫ ʍ18ʅ10ʊ (3) ʝʣʝʢʪʨʦʜʘʭ ʚ ʨʦʟʯʠʥʽ ʝʣʝʢʪʨʦʣʽʪʫ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʉʦ-ʄʦ-WOx; s = 2Ā10ï3 ɺ/ʩ  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʯʠʥʥʠʭ ʘʥʦʜʽʚ ʟ ʢʦʙʘʣʴʪʫ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʣʠʰʝ 

ʢʦʤʧʝʥʩʘʮʽʶ ʚʠʪʨʘʪ ʢʦʙʘʣʴʪʫ ʧʽʜ ʯʘʩ ʝʣʝʢʪʨʦʣʽʟʫ ʪʘ ʧʦʜʦʚʞʝʥʥʷ ʨʝʩʫʨʩʫ 
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ʝʣʝʢʪʨʦʣʽʪʫ [243, 246], ʘʣʝ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʦʤʧʣʝʢʩʦʪʚʽʨʥʠʢʽʚ ʫ ʨʦʟʯʠʥʽ, ʦʩʢʽʣʴʢʠ 

ʜʦʩʷʛʪʠ ʚʽʜʧʦʚʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʦʟʯʠʥʝʥʥʷ ʢʦʙʘʣʴʪʫ ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ 

ʤʝʪʘʣʘʤʠ (ʮʠʢʨʦʥʽʻʤ) ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʢʣʘʜʝʥʠʭ ʘʥʦʜʽʚ ʥʝ ʚʜʘʻʪʴʩʷ. ʊʘʢʦʞ 

ʧʽʩʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʯʠʥʥʠʭ ʘʥʦʜʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʣʫʞʝʥʥʷ ʽ ʟʤʝʥʰʝʥʥʷ 

ʨʝʩʫʨʩʫ ʝʣʝʢʪʨʦʣʽʪʫ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʛʽʜʨʦʢʩʠʜ-ʽʦʥʽʚ ʫ ʧʦʙʽʯʥʽʡ 

ʨʝʘʢʮʽʾ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʽ ʚʽʜʩʫʪʥʽʩʪʶ ʤʦʞʣʠʚʦʩʪʽ ʢʦʤʧʝʥʩʘʮʽʾ ʾʭ ʚʧʣʠʚʫ ʥʘ 

pH ʟ ʙʦʢʫ ʘʥʦʜʥʦʾ ʨʝʘʢʮʽʾ, ʦʩʢʽʣʴʢʠ ʥʘ ʨʦʟʯʠʥʥʦʤʫ ʘʥʦʜʽ ʚʠʜʽʣʝʥʥʷ ʢʠʩʥʶ, 

ʷʢʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʽʜʢʠʩʣʝʥʥʷʤ ʨʦʟʯʠʥʫ, ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. 

ɸʥʦʜʥʽ ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʛʨʘʬʽʪʦʚʦʛʦ ʘʥʦʜʘ (ʨʠʩ. 4.40 ï 

4.42 ʟʘʣʝʞʥʽʩʪʴ 2) ʤʘʶʪʴ ʧʣʘʪʦ ʧʨʠ ʧʦʪʝʥʮʽʘʣʘʭ 0,7 ï 0,9 ɺ ʜʣʷ ʂɽʇ ʉʦ-ʄʦ-

WOx, Co-Mo-ZrO2, Co-W-ZrO2, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʾʭ ʷʢ ʘʥʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

 

ʈʠʩʫʥʦʢ 4.41 - ɸʥʦʜʥʽ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ ʥʘ ʢʦʙʘʣʴʪʦʚʦʤʫ (1), ʛʨʘʬʽʪʦʚʦʤʫ 

(2), ʩʪʘʣʴʥʦʤʫ ʍ18ʅ10ʊ (3) ʪʘ ʮʠʨʢʦʥʽʻʚʦʤʫ (4) ʝʣʝʢʪʨʦʜʘʭ ʚ ʨʦʟʯʠʥʽ 

ʝʣʝʢʪʨʦʣʽʪʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʉʦ-ʄʦ-ZrO2;  

s = 2Ā10ï3 ɺ/ʩ  

ʆʪʞʝ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʝʨʪʥʽ ʘʥʦʜʠ 

ʽʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ, ʧʨʠʯʦʤʫ ʘʥʦʜʥʫ ʛʫʩʪʠʥʫ ʩʪʨʫʤʫ, ʷʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.42, 
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ʩʣʽʜ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʘ ʨʽʚʥʽ 0,2 - 0,3 ɸ/ʜʤ2, ʪʦʙʪʦ ʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ ʘʥʦʜʫ ʜʦ 

ʢʘʪʦʜʫ ʤʘʻ ʩʪʘʥʦʚʠʪʠ Sɸ : Sʂ = 10 : 1 [247]. 

 

ʈʠʩʫʥʦʢ 4.42 - ɸʥʦʜʥʽ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ ʥʘ ʢʦʙʘʣʴʪʦʚʦʤʫ (1), ʛʨʘʬʽʪʦʚʦʤʫ 

(2), ʟʽ ʩʪʘʣʽ ʍ18ʅ10ʊ (3) ʪʘ ʮʠʨʢʦʥʽʻʚʦʤʫ (4) ʝʣʝʢʪʨʦʜʘʭ ʚ ʨʦʟʯʠʥʽ 

ʝʣʝʢʪʨʦʣʽʪʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʉʦ-W-ZrO2;  

s = 2Ā10ï3 ɺ/ʩ  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʪʝʨʽʘʣ ʘʥʦʜʫ ʚʧʣʠʚʘʻ 

ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ: ʧʨʠ ʦʩʘʜʞʝʥʥʽ ʧʦʢʨʠʚʽʚ ʉʦ-ʄʦ-WOx ʚ 

ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʧʨʠ  ̔= 4 ɸ/ʜʤ2 ʟ ʢʦʙʘʣʴʪʦʚʠʤ ʘʥʦʜʦʤ ɺʉ ʚʠʱʝ, 

ʥʽʞ ʟ ʚʦʣʴʬʨʘʤʦʚʠʤ (ʪʘʙʣ. 4.7).  

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʘʥʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʦʢʨʠʚʽʚ ʉʦ-ʄʦ-WOx ʚ ʽʤʧʫʣʴʩʥʦʤʫ ʨʝʞʠʤʽ, ʧʨʠ  ̔= 10ɸ/ʜʤ2 ʟ ʪʨʠʚʘʣʽʩʪʶ 

ʽʤʧʫʣʴʩʫ 5 ʤʩ ʽ ʧʘʫʟʠ 20 ʤʩ ʧʽʜʪʚʝʨʞʫʻ (ʪʘʙʣ. 4.7), ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʙʘʣʴʪʦʚʦʛʦ ʘʥʦʜʫ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʪʫʛʦʧʣʘʚʢʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ 2% ʽ ʟʙʽʣʴʰʠʪʠ ɺʉ. 

ɺʦʣʴʬʨʘʤʦʚʠʡ ʘʥʦʜ ʧʽʜ ʯʘʩ ʝʣʝʢʪʨʦʣʽʟʫ ʚʢʨʠʚʘʻʪʴʩʷ ʪʦʚʩʪʦʶ ʦʢʩʠʜʥʦʶ 

ʧʣʽʚʢʦʶ ʽ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʥʝʨʦʟʯʠʥʥʦʛʦ ʘʥʦʜʘ, ʘ ʜʣʷ ʡʦʛʦ ʘʢʪʠʚʘʮʽʾ ʥʝʦʙʭʽʜʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʟʘʩʦʙʠ, ʟʤʽʥʶʚʘʪʠ ʢʦʤʧʦʥʝʥʪʥʠʡ ʩʢʣʘʜ ʝʣʝʢʪʨʦʣʽʪʫ 
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ʚʚʝʜʝʥʥʷʤ ʽʦʥʽʚ-ʘʢʪʠʚʘʪʦʨʽʚ ʪʘ ʽʥ., ʱʦ ʥʝʦʜʤʽʥʥʦ ʧʦʟʥʘʯʠʪʴʩʷ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʪʘ ʷʢʦʩʪʽ ʧʦʢʨʠʚʽʚ.  

ʊʘʙʣʠʮʷ 4.7  ɺʧʣʠʚ ʤʘʪʝʨʽʘʣʫ ʘʥʦʜʘ ʥʘ ʚʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ ʧʦʢʨʠʚʽʚ ʉʦ-ʄʦ-WOx ʪʘ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʚ 

ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʽ ʽʤʧʫʣʴʩʥʦʤʫ ʨʝʞʠʤʘʭ ʟ ʝʣʝʢʪʨʦʣʽʪʫ ˉ5 

ɸʥʦʜ ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ, ʤʘʩ. % ɺʉ,% 

ʉʦ ʄʦ W 

ɻʘʣʴʚʘʥʦʩʪʘʪʠʯʥʠʡ ʨʝʞʠʤ ( ̔= 4 ɸ/ʜʤ2) 

ʂʦʙʘʣʴʪ 82,3 16,2 1,5 71 

ɺʦʣʴʬʨʘʤ 86,1 11,8 2,1 34 

ɯʤʧʫʣʴʩʥʠʡ ʨʝʞʠʤ ( ̔= 10 ɸ/ʜʤ2, ti = 5 ʤʩ, tʧ = 20 ʤʩ) 

ʂʦʙʘʣʴʪ 77,4 16,3 6,3 85 

ɺʦʣʴʬʨʘʤ 79,4 15,3 5,3 33 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʚʠʩʥʦʚʢʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʨʦʙʦʪʘʭ 

[23, 24, 200, 225 ï 233, 236  240, 242, 248  256]. 

4.6 ɺʠʩʥʦʚʢʠ  

4.6.1 ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-ʄʦ-Wʆʭ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʦʤʧʦʥʝʥʪʽʚ ʝʣʝʢʪʨʦʣʽʪʫ 

ʩ(Co2+) : ʩ(MoO4
2ï) : ʩ(WO4

2ï) = 1,0 : 0,4 : 0,8 ʽ ʣʽʛʘʥʜʽʚ ʩ(Cit3ï) : ʩ(ʈ2ʆ7
4ï) = 

1,0 :2,0; ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ 2ï8 ɸ/ʜʤ2 ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʽʥʪʝʨʚʘʣʽ 

293ï333 ʂ. ʅʝʚʠʩʦʢʠʡ ʚʤʽʩʪ ʚʦʣʴʬʨʘʤʫ ʚ ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʦʩʘʜʞʝʥʠʭ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʥʘʜʘʻ ʧʦʢʨʠʚʘʤ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ ʪʘ ʟʥʠʞʫʻ ʨʽʚʝʥʴ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʽʤʧʫʣʴʩʥʦʛʦ ʨʝʞʠʤʫ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩ/ʧʘʫʟʘ, ʤʩ: (1 ï

 10)/(5ï20) ʪʘ ʘʤʧʣʽʪʫʜʠ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ 4 ï 20 ɸ/ʜʤ2 ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʦʜʝʨʞʘʪʠ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ Co-ʄʦ-Wʆʭ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ 
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ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ, ʟʦʢʨʝʤʘ ʚʦʣʴʬʨʘʤʫ ʜʦ 20 ʤʘʩ.%, ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʢʠʩʥʶ 

ʚʜʚʽʯʽ ʪʘ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʽʚ ʧʦ ʧʦʚʝʨʭʥʽ ʧʦʨʽʚʥʷʥʦ ʟʽ 

ʩʪʘʮʽʦʥʘʨʥʠʤ ʨʝʞʠʤʦʤ.  

4.6.2 ʂɽʇ ʉo-Mo-Zrʆ2 ʦʩʘʜʞʝʥʦ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʢʦʤʧʦʥʝʥʪʽʚ ʩ(ʉʦ2+):ʩ(Cit3ï):ʩ(ʈ2ʆ7
4ï):ʩ(ʄʦO4

2ï):ʩ(Zr4+) = 1,0:1,4:0,7:0,4:0,3. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʽʥʪʝʨʚʘʣʽ ʛʫʩʪʠʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʽ =2 ï 8 ɸ/ʜʤ2 

ʫʪʚʦʨʶʶʪʴʩʷ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʽ ʧʦʢʨʠʚʠ ʉo-Mo-Zrʆ2. ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʚʤʽʩʪ ʮʠʨʢʦʥʽʶ ʫ ʩʢʣʘʜʽ ʧʦʢʨʠʚʫ ʩʠʤʙʘʪʥʦ ʟʤʽʥʶʻʪʴʩʷ, ʘ ʚʤʽʩʪ 

ʤʦʣʽʙʜʝʥʫ ʤʘʻ ʤʘʢʩʠʤʫʤ ʧʨʠ  ̔= 6 ɸ/ʜʤ2, ʘʣʝ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʥʝ ʧʝʨʝʚʠʱʫʻ 

35 %. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ ʩʪʨʫʤʫ ʘʤʧʣʽʪʫʜʦʶ 3 ï 10 ɸ/ʜʤ2, 

ʪʨʠʚʘʣʽʩʪʶ ʽʤʧʫʣʴʩʫ t  ̔1ï10 ʤʩ ʽ ʧʘʫʟʽ tʧ 5 ï 50 ʤʩ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ 

ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʝʣʝʢʪʨʦʣʽʪʠʯʥʽ ʧʦʢʨʠʚʠ Co-Mo-Zrʆ2, ʷʢʽ 

ʤʽʩʪʠʪʴ ʜʦ 4  ʤʘʩ. % ʮʠʨʢʦʥʽʶ ʪʘ ʜʦ 25 ʤʘʩ. % ʤʦʣʽʙʜʝʥʫ ʧʨʠ ʚʠʭʦʜʽ ʟʘ 

ʩʪʨʫʤʦʤ 50 ï 80 %. 

4.6.3 ʆʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʦʤʧʦʥʝʥʪʽʚ ʚ 

ʝʣʝʢʪʨʦʣʽʪʘʭ ʜʣʷ ʦʩʘʜʞʝʥʥʷ Co-W-ZrO2 ʩʪʘʥʦʚʠʪʴ ʩ(ʉʦ2+) : ʩ(Cit3ï) : ʩ(ʈ2ʆ7
4ï

) : ʩ(WO4
2ï) : ʩ(Zr4+) = 1 : 3 : 1 : 0,2 : 0,5. ʆʧʪʠʤʘʣʴʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʨʅ ʻ 7ï9. ɿʽ 

ʟʨʦʩʪʘʥʥʷʤ ʛʫʩʪʠʥʠ ʩʪʘʣʦʛʦ ʩʪʨʫʤʫ ʚʤʽʩʪ ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʧʦʢʨʠʚʽ 

ʉo-W-Zrʆ2 ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 8,7 ï 10,0 ʤʘʩ.%, 

ʘ ʚʤʽʩʪ Zr ʚ ʩʢʣʘʜʽ ʧʦʢʨʠʚʽʚ ʥʝ ʙʽʣʴʰʝ 0,7 ʤʘʩ. %, ʧʨʠ ʮʴʦʤʫ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ 

ʩʢʣʘʜʘʻ ʜʦ 30%. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʥʽʧʦʣʷʨʥʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ 

ʩʪʨʫʤʫ ʟ ʘʤʧʣʽʪʫʜʦʶ 4 8 ɸ/ʜʤ2 ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩ / ʧʘʫʟʘ 

(2  10) / (10) ʤʩ ʟʘʙʝʟʧʝʯʫʻ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ 

ʧʦʢʨʠʚʽʚ Co-W-ZrO2 ʟ ʜʽʘʧʘʟʦʥʦʤ ʚʤʽʩʪʫ ʚʦʣʴʬʨʘʤʫ  13  23 ʤʘʩ %, 

ʮʠʨʢʦʥʽʶ  1  2,5 ʤʘʩ. % ʽ ʚʠʭʦʜʦʤ ʟʘ ʩʪʨʫʤʦʤ 40  60 %. 

4.6.4 ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʧʦʜʽʣ ʚʤʽʩʪʫ ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ 

ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-ʄʦ-Wʆʭ, Co-Mo-ZrO2 ʽ Co-W-ZrO2 ʟʘ 

ʪʦʚʱʠʥʦʶ ʧʦʢʨʠʚʽʚ ʤʘʻ ʥʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ, ʪʘ ʟʤʽʥʶʻʪʴʩʷ ʩʠʤʙʘʪʥʦ ʜʦ 

ʪʦʚʱʠʥʠ ʫ ʚʠʧʘʜʢʫ ʄʦ ʽ ʘʥʪʠʙʘʪʥʦ ʫ ʚʠʧʘʜʢʫ W. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ 
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ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʷʢʽʩʥʽ ʂɽʇ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ ʟ ʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ʦʩʘʜʞʫʶʪʴʩʷ ʣʠʰʝ ʟʘ ʊ > 30 ϲʉ, ʪʦʜʽ ʷʢ ʟʘ 

ʽʤʧʫʣʴʩʥʦʛʦ ʩʪʨʫʤʫ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ ʊ = 20 ï 30 ϲʉ ʙʝʟ 

ʚʪʨʘʪʠ ʷʢʦʩʪʽ. 

4.6.5 ɺʩʪʘʥʦʚʣʝʥʦ ʨʦʟʩʽʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʽ ʧʠʪʦʤʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ 

ʝʣʝʢʪʨʦʣʽʪʽʚ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ Co-ʄʦ-Wʆʭ, Co-Mo-ZrO2 ʽ 

Co-W-ZrO2. ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʣʽʥʽʡʥʦ ʨʦʩʪʝ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʝʣʝʢʪʨʦʣʽʪʫ, ʘʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 25ï30 Áʉ ʾʾ ʟʥʘʯʝʥʥʷ ʜʦʩʪʘʪʥʽ ʜʣʷ 

ʦʩʘʜʞʝʥʥʷ ʷʢʽʩʥʠʭ ʧʦʢʨʠʚʽʚ ʥʘ ʜʝʪʘʣʽ ʩʢʣʘʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ.  

4.6.6 ʆʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʝʨʪʥʠʭ ʘʥʦʜʽʚ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʠ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʘʢʪʠʚʥʠʭ ʘʥʦʜʽʚ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ ʯʝʨʝʟ ʨʽʟʥʫ ʰʚʠʜʢʽʩʪʴ ʨʦʟʯʠʥʝʥʥʷ ʤʝʪʘʣʽʚ, ʱʦ 

ʩʧʽʚʦʩʘʜʞʫʶʪʴʩʷ ʫ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ. 

4.6.7 ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʾ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʩʧʦʩʦʙʠ ʢʝʨʫʚʘʥʥʷ ʝʣʝʤʝʥʪʥʠʤ, ʬʘʟʦʚʠʤ ʩʢʣʘʜʦʤ ʽ ʩʪʨʫʢʪʫʨʦʶ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ ʧʦʢʨʠʚʽʚ ʉʦ-ʄʦ-WOx, ʉʦ-ʄʦ-ZrO2 ʽ ʉʦ-ʄʦ-

W-ZrO2.  
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ʈʆɿɼɯʃ 5 

ʌʋʅʂʎɯʆʅɸʃʔʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʂʆʄʇʆɿʀʎɯʁʅʀʍ 

ɽʃɽʂʊʈʆʃɯʊʀʏʅʀʍ ʇʆʂʈʀɺɯɺ ʉʦ-ʄo-Wʆʭ, ʉʦ-ʄʦ-Zrʆ2 ʽ Co-W-Zrʆ2 

ɺ ʨʦʟʜʽʣʘʭ 3 ʽ 4 ʧʽʜʚʝʨʜʞʝʥʦ ʟʘʛʘʣʴʥʫ ʛʽʧʦʪʝʟʫ ʧʨʦ ʦʩʘʜʞʝʥʥʷ  

ʟ ʨʦʟʯʠʥʽʚ ʝʣʝʢʪʨʦʣʽʪʽʚ ʥʘʥʦʢʦʤʧʦʟʠʮʽʡʥʠʭ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʧʦʢʨʠʚʽʚ  

ʟʽ ʟʤʽʮʥʶʚʘʣʴʥʦʶ ʬʘʟʦʶ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ in situ ʚ ʝʣʝʢʪʨʦʜʥʦʤʫ  

ʧʨʦʮʝʩʽ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʫ ʟʨʦʩʪʘʶʯʦʤʫ ʰʘʨʽ 

ʧʦʢʨʠʚʽʚ. ɿʘʚʜʷʢʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʝʥʥʶ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʦʢʩʠʜʽʚ 

ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ʫ ʤʝʪʘʣʽʯʥʽʡ ʤʘʪʨʠʮʽ ʟʨʦʩʪʘʻ ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ, 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ, ʢʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʫ ʛʝʪʝʨʦʛʝʥʥʠʭ ʦʢʠʩʥʦ-ʚ̔ ʜʥʦʚʥʠʭ 

ʨʝʘʢʮʽʷʭ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʧʦʢʨʠʚʽʚ ʽ ʢʦʤʧʦʟʠʪʽʚ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʷʢʽʩʥʦʛʦ, ʢʽʣʴʢʽʩʥʦʛʦ ʽ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ, 

ʤʦʨʬʦʣʦʛʽʾ, ʪʦʧʦʣʦʛʽʾ ʽ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ, ʨʦʟʧʦʜʽʣʫ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦ 

ʧʦʚʝʨʭʥʽ ʽ ʪʦʚʱʠʥʽ ʧʦʢʨʠʪʪʷ. ʇʝʨʝʣʽʯʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʣʽʪʫ ʽ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ, ʱʦ ʙʫʣʦ 

ʦʙʛʦʚʦʨʝʥʦ ʫ ʨʦʟʜʽʣʽ 4. ɺʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ ʩʢʣʘʜʫ ʂɽʇ ʥʘ ʦʩʥʦʚʽ ʩʧʣʘʚʽʚ 

ʢʦʙʘʣʴʪʫ ʥʘ ʨʝʣʴʻʬ ʽ ʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʽ ʻ ʦʙʦʚôʷʟʢʦʚʠʤ ʝʣʝʤʝʥʪʦʤ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʦʥʢʦʰʘʨʦʚʠʭ ʩʠʩʪʝʤ. 

5.1 ʊʦʧʦʛʨʘʬʽʷ ʽ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʚʽʚ ʉʦ-ʄo-Wʆʭ,  

ʉʦ-ʄʦ-Zrʆ2 ʽ Co-W-Zrʆ2  

ʇʦʨʷʜ ʟ ʤʦʨʬʦʣʦʛʽʻʶ, ʜʦʩʠʪʴ ʚʠʯʝʨʧʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʨʫʢʪʫʨʫ 

ʧʦʢʨʠʚʽʚ ʜʘʻ ʘʥʘʣʽʟ ʪʦʧʦʛʨʘʬʽʾ ʽ ʚʠʟʥʘʯʝʥʥʷ ʢʣʘʩʫ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ 

ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʠʭ ʧʣʽʚʦʢ [257]. ʋ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʽ ʰʦʨʩʪʢʽʩʪʴ ʚʠʩʪʫʧʘʻ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʦʙʨʦʙʢʠ 

(ʰʣʽʬʫʚʘʥʥʷ, ʧʦʣʽʨʫʚʘʥʥʷ ʪʦʱʦ) ʤʘʪʝʨʽʘʣʫ. ʇʨʠ ʦʩʘʜʞʝʥʥʽ ʛʘʣʴʚʘʥʽʯʥʠʭ 

ʧʦʢʨʠʚʽʚ ʮʝʡ ʧʘʨʘʤʝʪʨ ʥʝ ʪʽʣʴʢʠ ʚʽʜʜʟʝʨʢʘʣʶʻ ʩʪʫʧʽʥʴ ʰʦʨʩʪʢʦʩʪʽ ʧʽʜʢʣʘʜʢʠ, 

ʘʣʝ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʙʽʛʫ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʥʘ ʧʽʜʢʣʘʜʮʽ ʟ ʯʫʞʦʨʽʜʥʦʛʦ 
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ʤʘʪʝʨʽʘʣʫ ʽ ʥʘʩʪʫʧʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʮʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘ, ʚʦʜʥʦʯʘʩ ʟ ʤʦʨʬʦʣʦʛʽʻʶ, ʤʦʞʝ ʙʫʪʠ ʜʦʜʘʪʢʦʚʠʤ ʽʥʜʠʢʘʪʦʨʦʤ 

ʩʪʫʧʝʥʷ ʨʦʟʚʠʥʝʥʥʷ ʧʦʚʝʨʭʥʽ [258]. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʨʝʣʴʻʬʫ 

ʧʦʚʝʨʭʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʧʨʦʚʦʜʠʪʠ ʦʧʝʨʘʪʠʚʥʽ ʪʘ ʤʘʩʰʪʘʙʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʥʘ ʨʽʚʥʽ ʥʘʥʦʤʝʪʨʽʚ ʪʘ ʧʦʣʷʭ ʦʙʩʪʝʞʝʥʥʷ ʫ ʜʝʩʷʪʢʠ 

ʤʽʢʨʦʤʝʪʨʽʚ.  

ʇʽʜʛʦʪʦʚʣʝʥʘ ʜʣʷ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ, ʚʽʜʧʦʣʽʨʦʚʘʥʘ ʧʽʜʢʣʘʜʢʘ ʟʽ ʩʪʘʣʽ 

ʉʪ3 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʦʩʠʪʴ ʨʽʚʥʦʤʽʨʥʦʶ, ʘʣʝ, ʷʢ ʩʚʽʜʯʘʪʴ ʛʽʩʪʦʛʨʘʤʠ 

ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ ʪʘ ʨʦʟʧʦʜʽʣʫ ʢʫʪʽʚ ʥʘʭʠʣʫ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ, ʥʝ 

ʚʧʦʨʷʜʢʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ (ʨʠʩ. 5.1, 5.2).  

   

ʘ 

 

ʚ 

 

ʙ 

ʈʠʩʫʥʦʢ 5.1 ï 2D- ʽ 3D-ʢʘʨʪʠ (ʘ), ʧʨʦʬʽʣʴ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʥʽ ʤʽʞ ʤʘʨʢʝʨʘʤʠ 

1 ʽ 2 (ʙ), ʛʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ, ʢʫʪʽʚ ʥʘʭʠʣʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʜʽʣʷʥʦʢ 

ʧʦʚʝʨʭʥʽ ʪʘ ʢʫʪʽʚ ʦʨʽʻʥʪʘʮʽʾ (ʚ) ʜʣʷ ʧʽʜʢʣʘʜʢʠ ʉʪ3. ʇʣʦʱʘ ʩʢʘʥʫʚʘʥʥʷ 

48 Ĭ 48 ʤʢʤ. 
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ɸʥʘʣʽʟ ʧʨʦʬʽʣʶ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʥʽ ʤʽʞ ʤʘʨʢʝʨʘʤʠ 1 ʽ 2 ʧʦʢʘʟʫʻ,  

ʱʦ ʨʦʟʤʽʨʠ ʟʝʨʝʥ ʧʽʜʢʣʘʜʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 2  4 ʤʢʤ (ʨʠʩ. 5.1, ʙ; 

5.2, ʙ). ʍʘʨʘʢʪʝʨ ʛʽʩʪʦʛʨʘʤʠ ʢʫʪʽʚ ʦʨʽʻʥʪʘʮʽʾ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ 

(90̄  Ÿ 270Á) ʚʢʘʟʫʻ ʥʘ ʽʟʦʪʨʦʧʽʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ 

(ʨʠʩ. 5.1, ʚ; 5.2, ʚ).  

   

ʘ 

 

ʚ 

 

ʙ 

ʈʠʩʫʥʦʢ 5.2 ï 2D-, 3D-ʢʘʨʪʘ ʧʦʚʝʨʭʥʽ (ʘ), ʧʨʦʬʽʣʴ ʧʝʨʝʪʠʥʫ ʤʽʞ ʤʘʨʢʝʨʘʤʠ 1 

ʽ 2 (ʙ) ʽ ʛʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ, ʢʫʪʽʚ ʥʘʭʠʣʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʜʽʣʷʥʦʢ 

ʧʦʚʝʨʭʥʽ ʪʘ ʢʫʪʽʚ ʦʨʽʻʥʪʘʮʽʾ (ʚ) ʧʽʜʢʣʘʜʢʠ ʉʪ3. ʇʣʦʱʘ ʩʢʘʥʫʚʘʥʥʷ 

10 Ĭ 10 ʤʢʤ. 

ʂʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʚʠ Co-Mo-Wʆʭ (ʨʠʩ. 5.3, 5.4, ʘ, ʙ) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʚʠʥʝʥʦʶ ʛʣʦʙʫʣʷʨʥʦʾ ʧʦʚʝʨʭʥʝʶ,  

ʨʝʣʴʻʬ ʷʢʦʾ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʽʜʢʣʘʜʢʠ (ʨʠʩ. 5.1, 5.2), ʥʘ ʷʢʫ  

ʚʦʥʠ ʥʘʥʝʩʝʥʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʦʧʦʛʨʘʬʽʾ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʚʫ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʩʧʣʘʚʦʪʚʽʨʥʠʭ ʤʝʪʘʣʽʚ Co60Mo23W17 ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ɸʉʄ ʜʘʶʪʴ  
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ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʨʦʟʤʽʨ ʟʝʨʝʥ ʽ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ.  

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 5.3, ʧʦʢʨʠʚ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʟʝʨʝʥ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ  

ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʶ ʱʽʣʴʥʽʩʪʶ, ʦʜʥʦʨʽʜʥʽʩʪʶ ʽ 

ʨʽʚʥʦʤʽʨʥʽʩʪʶ ʩʪʨʫʢʪʫʨʠ ʟ ʥʘʷʚʥʽʩʪʶ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʩʦʢʠʭ ʧʽʢʽʚ ʜʦ 

870 ʥʤ. ʗʢ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʨʘʥʽʰʝ [247], ʬʦʨʤʫʚʘʥʥʷ ʩʪʝʨʦʾʜʥʦʾ 

 ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʧʨʠʩʫʪʥʽʩʪʶ ʩʘʤʝ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ʫ 

ʂɽʇ. 

  

 

ʘ 

 

ʙ ʚ 

ʈʠʩʫʥʦʢ 5.3 ï 2D-, 3D-ʢʘʨʪʘ ʧʦʚʝʨʭʥʽ (ʘ), ʧʨʦʬʽʣʴ ʧʝʨʝʪʠʥʫ ʤʽʞ ʤʘʨʢʝʨʘʤʠ 1 

ʽ 2 (ʙ) ʽ ʛʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ, ʢʫʪʽʚ ʥʘʭʠʣʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʜʽʣʷʥʦʢ 

ʧʦʚʝʨʭʥʽ ʪʘ ʢʫʪʽʚ ʦʨʽʻʥʪʘʮʽʾ (ʚ) ʂɽʇ ʥʘ ʦʩʥʦʚʽ ʉʦ60Mo23W17.  

ʇʣʦʱʘ ʩʢʘʥʫʚʘʥʥʷ 48 Ĭ 48 ʤʢʤ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʽ ʜʦʩʠʪʴ ʚʠʩʦʢʦʤʫ 

ʚʤʽʩʪʽ ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (39ï41 ʤʘʩ.%) ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʚʽʚ 

ʬʦʨʤʫʻʪʴʩʷ ʩʽʪʢʘ ʪʨʽʱʠʥ ʯʝʨʝʟ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʛʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʩʦʢʦʶ 
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ʰʚʠʜʢʽʩʪʶ ʦʩʘʜʞʝʥʥʷ ʽ ʚʽʜʤʽʥʥʽʩʪʶ ʪʠʧʫ ʽ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ 

ʩʧʣʘʚʦʪʚʽʨʥʠʭ ʤʝʪʘʣʽʚ. ɸʥʘʣʽʟ ʜʘʥʠʭ ɸʉʄ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʥʦʛʣʦʙʫʣʷʨʥʠʡ 

ʭʘʨʘʢʪʝʨ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʚʽʚ ʉʦ-Mo-Wʆʭ (ʨʠʩ. 5.4, ʘ, ʙ), ʥʘ ʷʢʽʡ ʫʪʚʦʨʶʶʪʴʩʷ 

ʢʦʥʫʩʦʧʦʜʽʙʥʽ ʘʩʦʮʽʘʪʠ ʜʽʘʤʝʪʨʦʤ 2ï5 ʤʢʤ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʨʦʱʫʚʘʥʥʷ ʜʨʽʙʥʠʭ 

ʛʣʦʙʫʣ ʜʽʘʤʝʪʨʦʤ 20ï80 ʥʤ.  

      

 

ʘ 

 

ʙ ʚ 

ʈʠʩʫʥʦʢ 5.4 ï 2D-, 3D-ʢʘʨʪʘ ʧʦʚʝʨʭʥʽ (ʘ), ʧʨʦʬʽʣʴ ʧʝʨʝʪʠʥʫ ʤʽʞ ʤʘʨʢʝʨʘʤʠ 1 

ʽ 2 (ʙ) ʽ ʛʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ, ʢʫʪʽʚ ʥʘʭʠʣʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʜʽʣʷʥʦʢ 

ʧʦʚʝʨʭʥʽ ʪʘ ʢʫʪʽʚ ʦʨʽʻʥʪʘʮʽʾ (ʚ) ʂɽʇ ʥʘ ʦʩʥʦʚʽ ʉʦ60Mo23W17.  

ʇʣʦʱʘ ʩʢʘʥʫʚʘʥʥʷ 5 Ĭ 5 ʤʢʤ. 

ʇʦʢʨʠʚʠ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʩʧʣʘʚʦʪʚʽʨʥʠʭ ʤʝʪʘʣʽʚ ʉʦ62Mo33Zr5, 

ʦʩʘʜʞʝʥʽ ʽʤʧʫʣʴʩʥʠʤ ʩʪʨʫʤʦʤ ( ̔= 4 A/ʜʤ2), ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʷʢ ʚʽʜ  

ʧʽʜʢʣʘʜʢʠ, ʪʘʢ ʽ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʛʦ ʧʦʢʨʠʚʫ ʉʦ60Mo23W17 

ʙʽʣʴʰ ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ. ʇʦʚʝʨʭʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʢʦʥʽʯʥʠʭ ʘʩʦʮʽʘʪʽʚ ʜʽʘʤʝʪʨʦʤ 5ï 7 ʤʢʤ (ʨʠʩ. 5.5, 5.6, ʘ, ʙ), 
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ʨʦʟʤʽʨʠ ʷʢʠʭ ʧʝʨʝʚʠʱʫʶʪʴ ʧʦʢʘʟʥʠʢʠ ʧʦʢʨʠʚʫ ʉʦ60Mo23W17 ʫ 1,5 ï

 2,5 ʨʘʟʠ.  

ɸʥʘʣʽʟ ʧʨʦʬʽʣʶ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʥʽ ʜʽʣʷʥʢʠ ʤʽʞ ʤʘʨʢʝʨʘʤʠ 1 ʽ 2 ʚʢʘʟʫʻ 

ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʜʨʽʙʥʠʭ ʢʦʥʫʩʦʧʦʜʽʙʥʠʭ ʟʝʨʝʥ ʨʦʟʤʽʨʦʤ 0,2  0,3 ʤʢʤ ʪʘ ʾʭ 

ʧʦôʻʜʥʘʥʥʷ ʚ ʢʨʠʩʪʘʣʽʪʠ, ʨʦʟʤʽʨ ʷʢʠʭ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 1,5  3,5 ʤʢʤ 

(ʨʠʩ. 5.5).  

  

 

ʘ 

 

ʙ ʚ 

ʈʠʩʫʥʦʢ 5.5 ï 2D-, 3D-ʢʘʨʪʘ ʧʦʚʝʨʭʥʽ (ʘ), ʧʨʦʬʽʣʴ ʧʝʨʝʪʠʥʫ ʤʽʞ ʤʘʨʢʝʨʘʤʠ 

1 ʽ 2 (ʙ) ʽ ʛʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ, ʢʫʪʽʚ ʥʘʭʠʣʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʜʽʣʷʥʦʢ 

ʧʦʚʝʨʭʥʽ ʪʘ ʢʫʪʽʚ ʦʨʽʻʥʪʘʮʽʾ (ʚ) ʂɽʇ ʥʘ ʦʩʥʦʚʽ ʉʦ62Mo33Zr5. ʇʣʦʱʘ 

ʩʢʘʥʫʚʘʥʥʷ 48 Ĭ 48 ʤʢʤ 

ʇʝʨʝʭʽʜ ʜʦ ʥʘʥʦʨʝʣʴʻʬʫ (ʧʣʦʱʘ ʩʢʘʥʫʚʘʥʥʷ 5 Ĭ 5 ʤʢʤ) ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʧʦʚʝʨʭʥʽ ʦʢʨʝʤʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʘʛʣʦʤʝʨʘʪʽʚ, ʥʘ ʷʢʠʭ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʨʽʙʥʽʰʽ ʩʫʙʩʪʨʫʢʪʫʨʠ, ʨʦʟʤʽʨ ʷʢʠʭ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 

1,4  1,8 ʤʢʤ, ʟʘ ʬʦʨʤʦʶ ʪʘ ʨʦʟʤʽʨʦʤ ʧʦʜʽʙʥʘ ʜʦ ʟʝʨʝʥ ʦʩʥʦʚʥʦʛʦ ʰʘʨʫ 
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ʧʦʚʝʨʭʥʽ (ʨʠʩ. 5.6).  

  

 

ʘ 

 

ʙ ʚ 

ʈʠʩʫʥʦʢ 5.6 ï 2D-, 3D-ʢʘʨʪʘ ʧʦʚʝʨʭʥʽ (ʘ), ʧʨʦʬʽʣʴ ʧʝʨʝʪʠʥʫ ʤʽʞ ʤʘʨʢʝʨʘʤʠ 1 

ʽ 2 (ʙ) ʽ ʛʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ, ʢʫʪʽʚ ʥʘʭʠʣʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʜʽʣʷʥʦʢ 

ʧʦʚʝʨʭʥʽ ʪʘ ʢʫʪʽʚ ʦʨʽʻʥʪʘʮʽʾ (ʚ) ʂɽʇ ʥʘ ʦʩʥʦʚʽ ʉʦ62Mo33Zr5. ʇʣʦʱʘ 

ʩʢʘʥʫʚʘʥʥʷ 5 Ĭ 5 ʤʢʤ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʦʧʦʛʨʘʬʽʾ ʂɽʇ ʉʦ-Mo-Zrʆ2 ʟ ʚʤʽʩʪʦʤ 

ʤʦʣʽʙʜʝʥʫ 31 ʘʪ. % ʽ ʮʠʨʢʦʥʽʶ 3,5 ʘʪ. %, ʦʩʘʜʞʝʥʦʛʦ ʫʥʽʧʦʣʷʨʥʠʤ 

ʽʤʧʫʣʴʩʥʠʤ ʩʪʨʫʤʦʤ ( ̔= 6 A/ʜʤ2), ʪʘʢʦʞ ʩʚʽʜʯʘʪʴ ʧʨʦ ʬʦʨʤʫʚʘʥʥʷ ʙʽʣʴʰ 

ʨʦʟʚʠʥʝʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦʨʽʚʥʷʥʦ ʽʟ ʤʘʪʝʨʽʘʣʦʤ ʧʽʜʢʣʘʜʢʠ. ɼʣʷ ʦʙʣʘʩʪʝʡ 

ʩʢʘʥʫʚʘʥʥʷ 48 Ĭ 48 ʤʢʤ ʽ 5 Ĭ 5 ʤʢʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʽʣʴʰʘ ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʧʦʢʨʠʚʦʤ ʉʦ62Mo33Zr5  ʨʽʟʥʠʮʷ ʚʠʩʦʪ ʚʠʩʪʫʧʽʚ ʪʘ ʫʧʘʜʠʥ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ 

(ʨʠʩ. 5.7, ʚ).  
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ʘ 

 

ʙ ʚ 

ʈʠʩʫʥʦʢ 5.7 ï 2D-, 3D-ʢʘʨʪʘ ʧʦʚʝʨʭʥʽ (ʘ), ʧʨʦʬʽʣʴ ʧʝʨʝʪʠʥʫ ʤʽʞ ʤʘʨʢʝʨʘʤʠ 1 

ʽ 2 (ʙ) ʽ ʛʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ, ʢʫʪʽʚ ʥʘʭʠʣʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʜʽʣʷʥʦʢ 

ʧʦʚʝʨʭʥʽ ʪʘ ʢʫʪʽʚ ʦʨʽʻʥʪʘʮʽʾ (ʚ) ʂɽʇ ʥʘ ʦʩʥʦʚʽ ʉʦ65Mo31Zr4. ʇʣʦʱʘ 

ʩʢʘʥʫʚʘʥʥʷ 48 Ĭ 48 ʤʢʤ.  

ɸʥʘʣʽʟ ʧʨʦʬʽʣʶ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʥʽ ʜʽʣʷʥʢʠ ʤʽʞ ʤʘʨʢʝʨʘʤʠ 1 ʽ 2 ʚʢʘʟʫʻ 

ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʜʨʽʙʥʠʭ ʢʦʥʫʩʦʧʦʜʽʙʥʠʭ ʘʛʣʦʤʝʨʘʪʽʚ, ʜʽʘʤʝʪʨ ʦʩʥʦʚʠ ʷʢʠʭ 

ʩʷʛʘʻ 1,5 ʤʢʤ (ʨʠʩ. 5.8, ʙ). ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʢʨʠʚʽʚ ʉʦ-Mo-Wʆʭ, ʭʘʨʘʢʪʝʨ 

ʛʽʩʪʦʛʨʘʤʠ ʢʫʪʽʚ ʦʨʽʻʥʪʘʮʽʾ ʚʢʘʟʫʻ ʥʘ ʘʥʽʟʦʪʨʦʧʽʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʤʝʞʘʭ ʚʩʽʻʾ 

ʦʙʣʘʩʪʽ ʩʢʘʥʫʚʘʥʥʷ (ʨʠʩ. 5.8, ʚ).  
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ʘ 

 

ʙ ʚ 

ʈʠʩʫʥʦʢ 5.8 ï 2D-, 3D-ʢʘʨʪʘ ʧʦʚʝʨʭʥʽ (ʘ), ʧʨʦʬʽʣʴ ʧʝʨʝʪʠʥʫ ʤʽʞ ʤʘʨʢʝʨʘʤʠ 1 

ʽ 2 (ʙ) ʽ ʛʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ, ʢʫʪʽʚ ʥʘʭʠʣʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʜʽʣʷʥʦʢ 

ʧʦʚʝʨʭʥʽ ʪʘ ʢʫʪʽʚ ʦʨʽʻʥʪʘʮʽʾ (ʚ) ʂɽʇ ʥʘ ʦʩʥʦʚʽ ʉʦ65Mo31Zr4. ʇʣʦʱʘ 

ʩʢʘʥʫʚʘʥʥʷ 5 Ĭ 5 ʤʢʤ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʦʧʦʛʨʘʬʽʾ ʧʦʚʝʨʭʥʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʚʽʚ ʟʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʩʧʣʘʚʦʪʚʽʨʥʠʭ ʤʝʪʘʣʽʚ (ʤʘʩ. %) ʉo91W7Zr2, ʦʩʘʜʞʝʥʦʛʦ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʨʫʤʫ (ʨʠʩ. 5.9, 5.10), ʽ ʉo86W13Zr1, 

ʦʩʘʜʞʝʥʦʛʦ ʽʤʧʫʣʴʩʥʠʤ (ʨʠʩ. 5.11, 5.12) ʩʪʨʫʤʦʤ, ʤʝʪʦʜʦʤ ʢʦʥʪʘʢʪʥʦʾ 

ʩʠʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʢʘʥʽʚʥʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ (ʨʠʩ. 4.31). ʆʙʠʜʚʘ ʤʝʪʦʜʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʦʚʝʨʭʥʷ 

ʧʦʢʨʠʚʽʚ, ʩʬʦʨʤʦʚʘʥʠʭ ʫʥʽʧʦʣʷʨʥʠʤ ʽʤʧʫʣʴʩʥʠʤ ʩʪʨʫʤʦʤ (ʨʠʩ. 5.11, 5.12), ʻ 

ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʚʠʥʝʥʦʶ ʧʦʨʽʚʥʷʥʦ ʽʟ ʦʩʘʜʞʝʥʠʤʠ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ 

(ʨʠʩ. 5.9, 5.10) [259].  
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ʘ 

 

ʙ ʚ 

ʈʠʩʫʥʦʢ 5.9 ï 2D-, 3D-ʢʘʨʪʘ ʧʦʚʝʨʭʥʽ (ʘ), ʧʨʦʬʽʣʴ ʧʝʨʝʪʠʥʫ ʤʽʞ ʤʘʨʢʝʨʘʤʠ 1 

ʽ 2 (ʙ) ʽ ʛʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ, ʢʫʪʽʚ ʥʘʭʠʣʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʜʽʣʷʥʦʢ 

ʧʦʚʝʨʭʥʽ ʪʘ ʢʫʪʽʚ ʦʨʽʻʥʪʘʮʽʾ (ʚ) ʂɽʇ ʥʘ ʦʩʥʦʚʽ ʉʦ91W7Zr2. ʇʣʦʱʘ 

ʩʢʘʥʫʚʘʥʥʷ 48 Ĭ 48 ʤʢʤ.  

ʄʦʨʬʦʣʦʛʽʷ ʽ ʨʝʣʴʻʬ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʚʽʚ Co-W-Zrʆ2 ʩʭʦʞʽ ʟ ʉʦ-Mo-Zrʆ2 

(ʨʠʩ. 5.7, 5.8), ʦʜʥʘʢ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʚʦʣʴʬʨʘʤʫ ʚ ʩʧʣʘʚʘʭ, 

ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ ʫʤʦʚʘʭ ʝʣʝʢʪʨʦʣʽʟʫ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʢʨʠʚʘʤʠ ʉʦ-

Mo-Wʆʭ (ʨʠʩ.5.3) ʽ ʟʤʝʥʰʝʥʥʷ ʚʽʜʩʦʪʢʘ ʮʠʨʢʦʥʽʶ ʱʦʜʦ ʧʦʢʨʠʚʫ Co-Mo-Zrʆ2 

(ʨʠʩ.5.7). ɿʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʘʩʦʮʽʘʪʽʚ (ʘʛʣʦʤʝʨʘʪʽʚ) ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʪʨʽʱʠʥ ʫ 

ʂɽʇ ʤʦʞʥʘ ʧʦʚ'ʷʟʘʪʠ ʟ ʚʧʣʠʚʦʤ ʚʦʣʴʬʨʘʤʫ ʥʘ ʧʨʦʮʝʩ ʝʣʝʢʪʨʦʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

ʈʝʣʴʻʬ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʚʽʚ ʉo-W-Zrʆ2, ʦʩʘʜʞʝʥʠʭ ʫ 

ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʽʜʢʣʘʜʢʠ ʽ, ʥʝʟʘʣʝʞʥʦ  

ʚʽʜ ʧʣʦʱʽ ʩʢʘʥʫʚʘʥʥʷ, ʻ ʙʽʣʴʰ ʫʧʦʨʷʜʢʦʚʘʥʠʤ ʽ ʨʽʚʥʦʤʽʨʥʠʤ. ʅʘ  

ʧʦʚʝʨʭʥʽ ʚʠʷʚʣʷʶʪʴʩʷ ʦʢʨʝʤʦ ʨʦʟʪʘʰʦʚʘʥʽ ʢʦʥʫʩʦʧʦʜʽʙʥʽ ʘʛʣʦʤʝʨʘʪʠ 1 ï
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 4 ʤʢʤ (ʨʠʩ. 5.9, ʙ), ʷʢʽ ʫʪʚʦʨʝʥʽ ʥʠʟʢʦʶ ʜʨʽʙʥʽʰʠʭ ʽ ʛʦʩʪʨʽʰʠʭ ʟʝʨʝʥ ʟ 

ʫʩʝʨʝʜʥʝʥʠʤ ʨʦʟʤʽʨʦʤ 150 ï 500 ʥʤ (ʨʠʩ. 5.10, ʙ). ɯʩʪʦʪʥʦ ʪʘʢʘ  

ʛʣʦʙʫʣʷʨʥʘ ʩʪʨʫʢʪʫʨʘ ʦʙʫʤʦʚʣʝʥʘ ʚʢʣʶʯʝʥʥʷʤ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ʜʦ 

ʩʢʣʘʜʫ ʧʦʢʨʠʚʽʚ. 

      

 

ʘ 

 

ʙ ʚ 

ʈʠʩʫʥʦʢ 5.10 ï 2D-, 3D-ʢʘʨʪʘ ʧʦʚʝʨʭʥʽ (ʘ), ʧʨʦʬʽʣʴ ʧʝʨʝʪʠʥʫ ʤʽʞ ʤʘʨʢʝʨʘʤʠ 1 

ʽ 2 (ʙ) ʽ ʛʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ, ʢʫʪʽʚ ʥʘʭʠʣʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʜʽʣʷʥʦʢ 

ʧʦʚʝʨʭʥʽ ʪʘ ʢʫʪʽʚ ʦʨʽʻʥʪʘʮʽʾ (ʚ) ʂɽʇ ʥʘ ʦʩʥʦʚʽ ʉʦ91W7Zr2. ʇʣʦʱʘ ʩʢʘʥʫʚʘʥʥʷ 

5 Ĭ 5 ʤʢʤ.  

ɻʽʩʪʦʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ, ʦʨʽʻʥʪʘʮʽʾ ʥʦʨʤʘʣʽ ʪʘ ʨʦʟʧʦʜʽʣʫ ʢʫʪʽʚ 

ʥʘʭʠʣʫ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʜʘʶʪʴ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʨʦʟʤʽʨʠ ʽ ʛʝʦʤʝʪʨʽʶ ʟʝʨʝʥ ʽ 

ʘʛʣʦʤʝʨʘʪʽʚ ʥʘ ʚʩʴʦʤʫ ʧʦʣʽ ʩʢʘʥʫʚʘʥʥʷ ʟʨʘʟʢʘ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʩʚʽʜʯʘʪʴ, 

ʱʦ ʜʣʷ ʧʦʢʨʠʚʽʚ, ʦʩʘʜʞʝʥʠʭ ʩʪʘʮʽʦʥʘʨʥʠʤ ʝʣʝʢʪʨʦʣʽʟʦʤ, ʧʝʨʝʚʘʞʘʶʪʴ ʛʦʩʪʨʽ 

ʚʠʩʪʫʧʠ ʨʽʟʥʦʾ ʚʠʩʦʪʠ, ʨʦʟʧʦʜʽʣ ʟʝʨʝʥ ʧʦ ʧʦʚʝʨʭʥʽ ʻ ʨʽʚʥʦʤʽʨʥʠʤ, ʧʨʦʪʝ 
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ʚʽʜʩʫʪʥʽʩʪʴ ʥʘ ʛʽʩʪʦʛʨʘʤʽ ʨʦʟʧʦʜʽʣʫ ʢʫʪʽʚ ʥʘʭʠʣʫ ʟʝʨʝʥ, ʷʢʽ ʤʘʶʪʴ ʢʫʪʠ ʟ 

ʚʝʣʠʢʠʤ ʥʘʭʠʣʦʤ (ʨʠʩ. 5.9, ʚ; 5.10, ʚ) ʩʚʽʜʯʽʪʴ ʧʨʦ ʜʦʩʠʪʴ ʨʽʟʢʽ ʧʝʨʝʧʘʜʠ ʤʽʞ 

ʚʠʩʦʪʘʤʠ. 

     

 

ʘ 

 

ʙ ʚ 

ʈʠʩʫʥʦʢ 5.11 ï 2D-, 3D-ʢʘʨʪʘ ʧʦʚʝʨʭʥʽ (ʘ), ʧʨʦʬʽʣʴ ʧʝʨʝʪʠʥʫ ʤʽʞ ʤʘʨʢʝʨʘʤʠ 

1 ʽ 2 (ʙ) ʽ ʛʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ, ʢʫʪʽʚ ʥʘʭʠʣʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʜʽʣʷʥʦʢ 

ʧʦʚʝʨʭʥʽ ʪʘ ʢʫʪʽʚ ʦʨʽʻʥʪʘʮʽʾ (ʚ) ʂɽʇ ʥʘ ʦʩʥʦʚʽ ʉʦ8613Zr1. ʇʣʦʱʘ ʩʢʘʥʫʚʘʥʥʷ 

48 Ĭ 48 ʤʢʤ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ ʨʝʞʠʤʫ ʝʣʝʢʪʨʦʣʽʟʫ ʩʧʨʠʷʻ ʟʙʘʛʘʯʝʥʥʶ 

ʧʦʢʨʠʚʽʚ ʚʦʣʴʬʨʘʤʦʤ, ʦʜʥʘʢ ʚʤʽʩʪ ʮʠʨʢʦʥʽʶ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 0,5 ʤʘʩ.% 

(ʨʠʩ. 5.11). ʇʝʨʝʭʽʜ ʜʦ ʥʘʥʦʨʝʣʴʻʬʫ (ʧʣʦʱʘ ʩʢʘʥʫʚʘʥʥʷ 5 Ĭ 5 ʤʢʤ) ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʧʦʚʝʨʭʥʽ ʦʢʨʝʤʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʘʛʣʦʤʝʨʘʪʽʚ, ʥʘ ʷʢʠʭ 

ʚʽʟʫʘʣʽʟʫʻʪʴʩʷ ʜʨʽʙʥʽʰʘ ʩʫʙʩʪʨʫʢʪʫʨʘ, ʟʘ ʬʦʨʤʦʶ ʪʘ ʨʦʟʤʽʨʦʤ ʧʦʜʽʙʥʘ ʜʦ 

ʟʝʨʝʥ ʦʩʥʦʚʥʦʛʦ ʰʘʨʫ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 5.12). ɺʪʽʤ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʣʦʱʽ 


