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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʠʦʢʩʠʜ ʮʝʨʠʷ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʫʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʋʥʠʢʘʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʣʝʛʢʦ 

ʤʝʥʷʪʴ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʮʝʨʠʷ ʩ +4 ʜʦ +3 ʠ ʦʙʨʘʪʥʦ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʢʘʢ 

ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ, ʪʘʢ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʯʪʦ ʧʨʠʤʝʥʷʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʜʚʠʛʘʪʝʣʷʭ. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ CeO2 ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʪʨʝʭʤʘʨʰʨʫʪʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʫʩʢʦʨʷʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʮʝʩʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ NO ʜʦ ʘʟʦʪʘ, ʦʢʠʩʣʝʥʠʷ 

ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʜʦ CO2, ʘ ʪʘʢʞʝ ʜʦʛʦʨʘʥʠʝ ʛʘʟʦʦʙʨʘʟʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [1]. ɺ ʮʝʣʦʤ ʨʷʜʝ 

ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʚ ʩʦʩʪʘʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʦʯʠʩʪʢʠ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʦʪʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ [2, 3], ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ 

ʥʦʩʠʪʝʣʷ [4ï6] ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʣʦ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʠ ʧʦʜʣʦʞʝʢ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʉeO2 ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʝʘʢʮʠʷʭ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʠ 

ʜʝʛʠʜʨʦʛʝʥʠʟʘʮʠʠ [7ï9]. ɼʠʦʢʩʠʜ ʮʝʨʠʷ, ʜʦʧʠʨʦʚʘʥʥʳʡ ʤʝʪʘʣʣʘʤʠ ʩʦ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ ʥʠʞʝ 

+4 (ʥʘʧʨʠʤʝʨ, Sm3+, Gd3+), ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʢʠʩʣʦʨʦʜʥʳʤ ʧʨʦʚʦʜʥʠʢʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ 

ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ [10, 11]. ʇʦʤʠʤʦ 

ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʜʠʦʢʩʠʜ ʮʝʨʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʙʨʘʟʠʚʥʦ-ʰʣʠʬʦʚʘʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ [12, 13], ʚ ʵʣʝʢʪʨʦʭʨʦʤʥʳʭ ʧʦʢʨʳʪʠʷʭ ʠ ʩʝʥʩʦʨʘʭ [14], ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ 

ʘʙʩʦʨʙʝʥʪʦʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʣʫʯʝʡ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʷʭ, ʧʦʛʣʦʱʘʶʱʠʭ 

ʋʌ ʠʟʣʫʯʝʥʠʝ [15, 16]. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ 

ʠʩʩʣʝʜʫʶʪʩʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ 

ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ 

ʦʨʛʘʥʠʟʤʝ [17, 18]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʥʦʨʘʟʤʝʨʥʳʡ CeO2 ʤʦʞʝʪ ʩʪʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʣʝʢʘʨʩʪʚʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʙʦʨʴʙʳ ʩ ʙʦʣʝʟʥʷʤʠ, ʚʳʟʚʘʥʥʳʤʠ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʩʪʨʝʩʩʦʤ, ʢ 

ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪ ʟʘʙʦʣʝʚʘʥʠʷ ʢʦʞʠ, ʩʝʨʜʮʘ, ʙʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ ʠ ʜʘʞʝ ʦʞʠʨʝʥʠʝ [19, 20]. 

ɺ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʪʨʝʙʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʪʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʅʘʧʨʠʤʝʨ, ʚ ʢʘʪʘʣʠʟʝ ʪʨʝʙʫʶʪʩʷ 

ʘʛʣʦʤʝʨʠʨʦʚʘʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ (ʛʨʘʥʫʣʷʪ) ʩ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, 

ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʪʨʝʙʫʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʦʢʩʠʜʘ ʮʝʨʠʷ, ʩʧʦʩʦʙʥʳʝ 

ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʬʦʩʬʦʣʠʧʠʜʥʳʝ ʤʝʤʙʨʘʥʳ ʢʣʝʪʦʢ, ʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʢʩʠʜʘ ʮʝʨʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʪʨʝʙʫʶʪʩʷ ʯʘʩʪʠʮʳ ʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ. 

ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ CeO2, ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʞʠʜʢʦʬʘʟʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʚ 

ʚʦʜʥʳʭ ʠ ʥʝʚʦʜʥʳʭ ʩʨʝʜʘʭ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʦʩʘʞʜʝʥʠʝ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ 
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ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʮʝʨʠʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʠʣʴʥʳʭ ʦʩʥʦʚʘʥʠʡ [21], ʛʦʤʦʛʝʥʥʳʡ 

ʛʠʜʨʦʣʠʟ [22], ʩʠʥʪʝʟ ʚ ʤʠʢʨʦʤɻʫʣʴʩʠʷʭ ʠ ʦʙʨʘʪʥʳʭ ʤʠʮʝʣʣʘʭ [23, 24] ʠ ʜʨʫʛʠʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʩʠʥʪʝʟʘ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ï 10-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ. ʊʝʨʤʠʯʝʩʢʦʝ 

ʨʘʟʣʦʞʝʥʠʝ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ - ʦʜʠʥ ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʝʧʘʨʘʪʠʚʥʦʡ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʣʢʠʭ ʯʘʩʪʠʮ. ʕʪʦ ʧʨʦʩʪʦʡ ʠ ʜʦʩʪʫʧʥʳʡ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʘʪʴ 

ʥʘʥʦʯʘʩʪʠʮʳ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ [25]. ʇʨʦʜʫʢʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʙʨʘʟʫʝʪʩʷ ʚ ʚʠʜʝ ʧʦʨʠʩʪʦʛʦ ʢʦʤʧʘʢʪʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʦʭʨʘʥʷʶʱʝʛʦ ʬʦʨʤʫ ʠʩʭʦʜʥʦʡ 

ʯʘʩʪʠʮʳ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. ʇʦʩʢʦʣʴʢʫ ʬʦʨʤʘ ʯʘʩʪʠʮ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʦʩʪʘʸʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʪʦ 

ʚ ʪʦʧʦʭʠʤʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʫʶ ʤʘʢʨʦʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʥʘʟʳʚʘʶʪ 

ʧʩʝʚʜʦʤʦʨʬʦʟʦʡ. ɺ ʧʩʝʚʜʦʤʦʨʬʦʟʝ ʥʘʥʦʤʝʪʨʦʚʳʝ ʯʘʩʪʠʮʳ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʧʨʦʯʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ ʠ ʦʙʨʘʟʫʶʪ ʧʦʨʠʩʪʳʡ ʪʨʸʭʤʝʨʥʳʡ ʢʘʨʢʘʩ ï 3D ʥʘʥʦʩʪʨʫʢʪʫʨʫ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʦʙʲʸʤ ʧʫʩʪʦʪʳ (ʧʦʨ) ʩʦʠʟʤʝʨʠʤ ʠʣʠ ʜʘʞʝ ʧʨʝʚʳʰʘʝʪ ʦʙʲʸʤ ʪʚʸʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʨʠʩʪʳʡ ʛʨʘʥʫʣʷʪ ʥʘʥʦʯʘʩʪʠʮ, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʝʩʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚ 

ʢʘʪʘʣʠʟʝ.  

 

ʈʘʟʨʘʙʦʪʘʥʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʷʚʠʣʦʩʴ ʤʥʦʞʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ 

ʜʘʥʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʤʝʪʦʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʦʚ ʟʘʜʘʥʥʦʡ ʤʦʨʬʦʣʦʛʠʠ. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ 

ʦʢʩʠʜ ʥʘʩʣʝʜʫʝʪ ʩʘʤʫʶ ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ: ʢʫʙʠʢʠ, ʠʛʦʣʢʠ, ʩʪʝʨʞʥʠ, 

ʧʣʘʩʪʠʥʢʠ ʠ ʜʨ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʘʚʪʦʨʳ ʥʘʙʣʶʜʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʩʝʚʜʦʤʦʨʬʦʟ, 

ʠʩʩʣʝʜʫʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʦʜʥʘʢʦ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ ʨʘʙʦʪ, ʛʜʝ ʙʳ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʚʣʠʷʥʠʷ ʩʪʘʜʠʡʥʦʩʪʠ ʠ 

ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʥʘ ʪʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ. 

 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ð ʥʘʡʪʠ ʧʦʜʭʦʜʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʪʝʢʩʪʫʨʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʢʩʠʜʦʚ CeO2, ʘ ʪʘʢʞʝ Ce0.9Gd0.1O1.95 (10GDC) ʧʨʠ ʠʭ ʩʠʥʪʝʟʝ ʤʝʪʦʜʦʤ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʢʩʘʣʘʪʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ï Ce2(C2O4)3Ā10H2O 

ʠ Ce1.8Gd0.2(C2O4)3Ā10H2O. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʙʳʣ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʨʷʜ ʟʘʜʘʯ:  

1. ʀʟʫʯʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ, ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ Ce2(C2O4)3Ā10H2O. 
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2. ʀʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʩʪʘʜʠʡʥʦʩʪʠ ʠ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʥʘ ʜʠʩʧʝʨʩʥʦʩʪʴ ʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. ʆʧʨʝʜʝʣʠʪʴ ʬʘʢʪʦʨʳ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʠ 

ʧʦʨʠʩʪʦʩʪʴ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. 

3. ʇʦ ʘʥʘʣʦʛʠʠ ʠʩʩʣʝʜʦʚʘʪʴ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩʤʝʰʘʥʥʦʛʦ ʦʢʩʘʣʘʪʘ 

Ce1.8Gd0.2(C2O4)3Ā10H2O. 

4. ʈʘʟʨʘʙʦʪʘʪʴ ʦʙʱʫʶ ʩʭʝʤʫ ʢʦʥʪʨʦʣʷ ʤʦʨʬʦʣʦʛʠʠ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʢʩʠʜʦʚ  

Ce1-xGdxO2-ŭ (x = 0, 0.1) ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʦʢʩʘʣʘʪʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. 

5. ʀʩʩʣʝʜʦʚʘʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʩʠʜʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʪʝʨʤʠʯʝʩʢʠʤ 

ʨʘʟʣʦʞʝʥʠʝʤ ʚʳʙʨʘʥʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

1. ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʜʝʛʠʜʨʘʪʘʮʠʠ Ce2(C2O4)3Ā10H2O ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʤʦʨʬʦʣʦʛʠʶ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʦʜʫʢʪʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʚʝʜʝʥʠʝ ʜʝʛʠʜʨʘʪʘʮʠʠ ʚ ʚʘʢʫʫʤʝ ʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʜʘʚʣʝʥʠʠ ʧʘʨʦʚ ʚʦʜʳ 

ʤʝʥʝʝ 15 ʤʤ ʨʪ. ʩʪ. ʧʨʠʚʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʶ ʧʩʝʚʜʦʤʦʨʬʦʟʳ, ʧʨʠ ʵʪʦʤ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ 

ʷʚʣʷʶʪʩʷ ʧʣʦʭʦ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ. ɼʣʠʪʝʣʴʥʘʷ ʜʝʛʠʜʨʘʪʘʮʠʷ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ 

ʧʘʨʦʚ ʚʦʜʳ (100ï140 Áʉ, ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʝ ʫʩʣʦʚʠʷ) ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʛʠʜʨʘʪʦʚ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʢʨʠʩʪʘʣʣʘ ʥʘ 

ʯʘʩʪʠʮʳ ʤʝʥʝʝ 5 ʤʢʤ. ʇʨʝʜʣʦʞʝʥʳ ʤʝʭʘʥʠʟʤʳ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʡ ʧʨʦʜʫʢʪ ʦʙʨʘʟʫʝʪʩʷ ʠʟ-ʟʘ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ ʮʝʨʠʷ ʠʟ ʩʦʩʝʜʥʠʭ ʮʝʨʠʡ-

ʦʢʩʘʣʘʪʥʳʭ ʩʣʦʸʚ. ɺ ʩʣʫʯʘʝ ʤʝʜʣʝʥʥʦʛʦ ʦʪʚʦʜʘ ʚʦʜʳ ʦʪ ʦʙʨʘʟʮʘ ʧʨʦʠʩʭʦʜʠʪ ʩʜʚʠʛʦʚʦʝ 

ʩʪʨʫʢʪʫʨʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʩʪʨʫʢʪʫʨʘ ʮʝʨʠʡ-ʦʢʩʘʣʘʪʥʦʛʦ ʩʣʦʷ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʝr ʠʟʤʝʥʝʥʠʷ. ʉʪʨʫʢʪʫʨʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʨʝʣʘʢʩʘʮʠʷ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʶ ʠʩʭʦʜʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ 

ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʕʪʠ 

ʧʨʝʚʨʘʱʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʣʠʯʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ ʨʘʟʨʫʰʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʢʦʥʪʨʦʣʠʨʫʷ ʫʩʣʦʚʠʷ ʜʝʛʠʜʨʘʪʘʮʠʠ, ʤʳ 

ʤʦʞʝʤ ʚʣʠʷʪʴ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʠ ʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. 

2. ɺ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʳ ʬʘʢʪʦʨʳ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʤʦʨʬʦʣʦʛʠʶ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ 

ʦʢʩʠʜʦʚ Ce1-xGdxO2-ŭ (x = 0, 0.1), ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʝʘʢʮʠʠ, ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʦʙʱʘʷ ʩʭʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʂʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ï ʵʪʦ ʢʦʤʧʘʢʪʥʳʝ ʘʛʣʦʤʝʨʘʪʳ 

ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʝʨʝʰʝʡʢʘʤʠ ʠ ʨʘʟʜʝʣʝʥʥʳʭ ʧʦʨʘʤʠ. ʄʦʨʬʦʣʦʛʠʷ 
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ʘʛʣʦʤʝʨʘʪʦʚ ʟʘʜʘʸʪʩʷ ʥʘ ʩʪʘʜʠʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʦʤ ʠ ʛʘʙʠʪʫʩʦʤ ʢʨʠʩʪʘʣʣʦʚ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ, ʠ ʫʩʣʦʚʠʷʤʠ ʜʝʛʠʜʨʘʪʘʮʠʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ ʚʦʜʳ). 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ (ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ ʠ ʧʦʨʠʩʪʦʩʪʴ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʷʤʠ 

ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ (ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʪʝʨʤʦʣʠʟ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʤ 

ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʧʩʝʚʜʦʤʦʨʬʦʟʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ 5ï6 ʥʤ ʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʩ ʧʣʦʱʘʜʴʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʦʣʦ 140 ʤ2/ʛ ʠ 40%-ʦʡ ʧʦʨʠʩʪʦʩʪʴʶ. ʕʪʦ ʨʝʢʦʨʜʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʜʠʦʢʩʠʜʘ 

ʮʝʨʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʠʟ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. 

ʂʦʥʪʨʦʣʠʨʫʝʤʳʡ ʦʪʞʠʛ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦʟʚʦʣʷʝʪ ʫʢʨʫʧʥʷʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʜʦ ʥʝʦʙʭʦʜʠʤʳʭ 

ʨʘʟʤʝʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʛʫʣʠʨʫʷ ʠʩʭʦʜʥʳʝ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʫ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ, 

ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʘʛʣʦʤʝʨʘʪʳ ʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ 

ʮʝʨʠʷ ʩ ʟʘʜʘʥʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʠ ʧʦʨʠʩʪʦʩʪʴʶ.  

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪ r

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ 

ʧʦʤʦʛʘʶʪ ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʫʩʣʦʚʠʷʤʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ (Ce1-

xGdx)2(C2O4)3Ŀ10H2O (x = 0, 0.1) ʠ ʥʘʙʣʶʜʘʝʤʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʧʦʜʭʦʜʳ ʢʦʥʪʨʦʣʷ ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʪʨʫʢʪʫʨʳ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʜʨʫʛʠʭ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʦʢʩʘʣʘʪʥʳʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ɺʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ ʦʢʩʠʜʦʚ ʧʦʢʘʟʘʥʳ ʚ 

ʛʣʘʚʝ 6 ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ʇʦʣʫʯʝʥʥʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʢʩʠʜ ʮʝʨʠʷ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʥʦʩʠʪʝʣʷ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʝʪ 

ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ï 130ï150 ʤ2/ʛ. ʆʢʩʠʜ ʮʝʨʠʷ, ʜʦʧʠʨʦʚʘʥʥʳʡ 

ʛʘʜʦʣʠʥʠʝʤ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʚʸʨʜʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʜʣʷ ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ 

ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʊʆʊʕ), ʧʦʩʢʦʣʴʢʫ ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦ 

ʢʠʩʣʦʨʦʜʫ. ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʧʘʩʪʳ ʠʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ 

ʧʦʨʦʰʢʘ 10GDC ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʘʟʦʧʣʦʪʥʦʛʦ ʩʣʦʷ ʪʚʸʨʜʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʪʦʣʱʠʥʦʡ 5ï20 ʤʢʤ ʜʣʷ 

ʤʠʢʨʦʪʨʫʙʯʘʪʳʭ ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʊ ʊʆʊʕ). ʇʦʜʘʥʘ ʟʘʷʚʢʘ ʥʘ ʚʳʜʘʯʫ 

ʧʘʪʝʥʪʘ ʈʌ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ.  

 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʣʦ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ:  

1. ʇʦʣʫʯʝʥʠʝ ʠʩʭʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ (Ce1-xGdx)2(C2O4)3Ŀ10H2O (x = 0, 

0.1) ʤʝʜʣʝʥʥʳʤ ʜʦʙʘʚʣʝʥʠʝʤ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ 

ʥʘʩʳʱʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ pH ʨʦʩʪʦʚʦʡ ʩʨʝʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 
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ʢʠʩʣʦʪʥʦʩʪʠ ʥʘ ʨʘʟʤʝʨ ʠ ʛʘʙʠʪʫʩ ʧʦʣʫʯʘʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʡ 

ʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ). ʉʪʨʫʢʪʫʨʘ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ). 

2. ɼʝʛʠʜʨʘʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ: ʚ ʚʘʢʫʫʤʝ, ʥʘ ʚʦʟʜʫʭʝ 

ʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧʘʨʦʚ ʚʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʜʝʛʠʜʨʘʪʘʮʠʠ, 

ʛʘʙʠʪʫʩʘ ʠ ʪʦʣʱʠʥʳ ʠʩʭʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʨʦʜʫʢʪʦʚ ʜʝʛʠʜʨʘʪʘʮʠʠ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ in situ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʉʕʄ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʚʣʠ̫ʥʠʷ ʫʩʣʦʚʠʡ ʜʝʛʠʜʨʘʪʘʮʠʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʪʦʚ ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʘʤʠ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩ ʫʪʦʯʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʧʦ ʤʝʪʦʜʫ 

ʈʠʪʚʝʣʴʜʘ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

3. ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʪʝʨʤʦʣʠʟ ʧʨʦʜʫʢʪʘ ʜʝʛʠʜʨʘʪʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʦʪʞʠʛ ʢʦʥʝʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʠ ʪʝʢʩʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʘʤʠ ʉʕʄ, ʇʕʄ, ʄʋʈʈ ʠ ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʦʢʩʠʜʦʚ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʪʝʨʤʦʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʚʦʜʦʨʦʜʦʤ.  

4. ʇʦʣʫʯʝʥʠʝ ʢʠʩʣʦʨʦʜ-ʧʨʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʦʢʩʠʜʘ 

Ce1.9Gd0.1O1.95 (10GDC) ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʩʧʝʢʘʥʠʷ (SPS). ɹʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʢʝʨʘʤʠʢʠ. ɹʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʘʩʪʳ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ 10GDC ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʠʢʨʦʪʨʫʙʯʘʪʦʛʦ ʪʦʧʣʠʚʥʦʛʦ 

ʵʣʝʤʝʥʪʘ (ʄʊ ʊʆʊʕ) ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʬʘʟʦʚʦʡ ʠʥʚʝʨʩʠʠ ʠ ʤʝʪʦʜʘ ʧʦʢʨʳʪʠʷ ʧʦʛʨʫʞʝʥʠʝʤ 

(dip coating). ʇʦʣʫʯʝʥʳ ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʙʨʘʥʥʦʛʦ ʄʊ ʊʆʊʕ. 

 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʋʩʣʦʚʠʷ ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ (Ce1-xGdx)2(C2O4)3Ŀ10H2O (x = 0, 0.1) 

ʚʣʠʷʶʪ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʤʦʨʬʦʣʦʛʠʶ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ. ʇʨʦʚʝʜʝʥʠʝ ʜʝʛʠʜʨʘʪʘʮʠʠ 

ʚ ʚʘʢʫʫʤʝ ʠʣʠ ʥʘ ʚʦʟʜʫʭʝ (ʧʨʠ ʜʘʚʣʝʥʠʠ ʧʘʨʦʚ ʚʦʜʳ ʤʝʥʝʝ 15 ʤʤ ʨʪ.ʩʪ.) ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʩʝʚʜʦʤʦʨʬʦʟʳ, ʧʨʠ ʵʪʦʤ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʧʣʦʭʦ 

ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ. ɼʣʠʪʝʣʴʥʘʷ ʜʝʛʠʜʨʘʪʘʮʠʷ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧʘʨʦʚ ʚʦʜʳ (100ï

140 Áʉ, ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʝ ʫʩʣʦʚʠʷ) ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʛʠʜʨʘʪʦʚ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʯʘʩʪʠʮʳ ʤʝʥʝʝ 

5 ʤʢʤ. ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʠʜʨʘʪʦʚ ʩʦʩʪʘʚʘ ʉe2(C2O4)3Ț6H2O ʠ 

ʉe2(C2O4)3Ț4H2O. ʆʧʨʝʜʝʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʉe2(C2O4)3Ț6H2O. 

2. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ Ce2(C2O4)3Ā10H2O 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 
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ʨʘʟʣʠʯʥʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʣʠʯʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʟʨʫʰʝʥʠʷ. ʇʨʠ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʚ ʚʘʢʫʫʤʝ ʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʚʷʟʳʚʘʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ ʩʦʩʝʜʥʠʭ ʮʝʨʠʡ-ʦʢʩʘʣʘʪʥʳʭ ʩʣʦʸʚ. ʇʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ 

ʚ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʩʜʚʠʛʦʚʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʛʦ ʩʪʨʫʢʪʫʨʘ ʮʝʨʠʡ-ʦʢʩʘʣʘʪʥʦʛʦ ʩʣʦʷ ʧʨʝʪʝʨʧʝʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ. 

3. ʄʦʨʬʦʣʦʛʠʷ (ʬʦʨʤʘ ʠ ʨʘʟʤʝʨ ʘʛʣʦʤʝʨʘʪʦʚ) ʦʢʩʠʜʦʚ Ce1-xGdxO2-ŭ (x = 0, 0.1), 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʢʩʘʣʘʪʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʦʤ ʠ ʛʘʙʠʪʫʩʦʤ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ, ʠ ʫʩʣʦʚʠʷʤʠ ʜʝʛʠʜʨʘʪʘʮʠʠ 

(ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ ʚʦʜʳ). ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ (ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ ʠ ʧʦʨʠʩʪʦʩʪʴ) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʷʤʠ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ (ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʪʝʨʤʦʣʠʟ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ) ʠ 

ʤʦʞʝʪ ʢʦʥʪʨʦʣʠʨʫʝʤʦ ʤʝʥʷʪʴʩʷ ʚ ʭʦʜʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʪʞʠʛʘ. ʈʘʟʨʘʙʦʪʘʥʘ ʦʙʱʘʷ ʩʭʝʤʘ 

ʢʦʥʪʨʦʣʷ ʤʦʨʬʦʣʦʛʠʠ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʢʩʠʜʦʚ Ce1-xGdxO2-ŭ (x = 0, 0.1) ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ 

ʨʘʟʣʦʞʝʥʠʠ ʦʢʩʘʣʘʪʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. 

4. ʆʧʨʝʜʝʣʝʥʘ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʨʦʰʢʦʚ ʦʢʩʠʜʘ ʮʝʨʠʷ CeO2, ʧʣʦʪʥʦʩʪʴ ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ SPS ʠʟ ʧʦʨʦʰʢʦʚ Ce0.9Gd0.1O1.95 (10GDC), ʘ 

ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʠʢʨʦʪʨʫʙʯʘʪʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ 

ʧʦʨʦʰʢʘ 10GDC. 

 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʝʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʢʘʥʠʨʫʶʱʝʡ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʦʧʪʠʯʝʩʢʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʩʠʥʭʨʦʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, 

ʛʝʣʠʝʚʦʡ ʧʠʢʥʦʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʠʢ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʦʚʨʝʤʝʥʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʠ ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʰʣʠ ʘʧʨʦʙʘʮʠʶ ʥʘ 

ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ. 

 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʈʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 

ʥʘʫʯʥʳʭ ʩʝʤʠʥʘʨʘʭ ʀʍʊʊʄ ʉʆ ʈɸʅ, ʘ ʪʘʢʞʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ "ɻʦʨʷʯʠʝ ʪʦʯʢʠ 
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ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ: ʤʝʭʘʥʠʟʤʳ ʪʚʝʨʜʦʬʘʟʥʳʭ ʧʨʦʮʝʩʩʦʚ" (ʅʦʚʦʩʠʙʠʨʩʢ, 2015, 2019); Japan-

Russia Joint Seminar çAdvanced Materials Synthesis Process and Nanostructureè (ʉʝʥʜʘʡ, ʗʧʦʥʠʷ, 

2016); VIII  ʅʘʮʠʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʉʫʟʜʘʣʴ, 2016); ʈʦʩʩʠʡʩʢʦï

ʗʧʦʥʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ "Advanced Materials: Synthesis, Processing and Properties of 

Nanostructures ï 2016ò (ʅʦʚʦʩʠʙʠʨʩʢ, 2016); VI ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ 

ʥʘʥʦʤʘʪʝʨʠʘʣʘʤ ʩ ʵʣʝʤʝʥʪʘʤʠ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʜʣʷ ʤʦʣʦʜʝʞʠ ʅɸʅʆ-2016 (ʄʦʩʢʚʘ, 2016); III 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʈʦʩʩʠʡʩʢʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ "ʍʠʤʠʯʝʩʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ" (ʅʦʚʦʩʠʙʠʨʩʢ, 2017); 10th Annual International 

Workshop on Advanced Materials (ʈʘʩ-ɸʣʴ-ʍʘʡʤʘ, ʆɸʕ, 2018); Russia-Japan Joint Seminar çNon-

equilibrium processing of materials: experiments and modeling" (ʅʦʚʦʩʠʙʠʨʩʢ, 2018), Twenty-first 

YUCOMAT 2019 & Eleventh WRTCS (ʍʝʨʮʝʛ-ʅʦʚʠ, ʏʝʨʥʦʛʦʨʠʷ, 2019). 

ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʛʨʫʧʧʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʀʥʩʪʠʪʫʪʘ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠ ʤʝʭʘʥʦʭʠʤʠʠ ʉʆ ʈɸʅ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ çCʠʥʪʝʟ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʜʣʷ ʠʦʥʠʢʠè (ʥʦʤʝʨ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ɸɸɸɸ-ɸ17-117030310281-

3). ʅʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʨʘʙʦʪʘ ʙʳʣʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʦʜʜʝʨʞʢʠ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣ ʈʌ ˉ ʅʐ-8390.2016.3 (2016-2017 ʛʛ.), ʛʨʘʥʪʦʤ ʈʌʌʀ 

ʨ_ʤʦʣ_ʘ ˉ 17-48-543264 çʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʠ ʩʦʟʜʘʥʠʝ ʤʠʢʨʦʪʨʫʙʯʘʪʳʭ 

ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠè (2017 ʛ.), ʛʨʘʥʪʘ ʜʣʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʩʪʘʞʠʨʦʚʢʠ ʚ ʠʥʩʪʠʪʫʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʋʥʠʚʝʨʩʠʪʝʪʘ ʊʦʭʦʢʫ 

(ʗʧʦʥʠʷ), ʪʝʤʘ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ çInvestigation of the effect of green GDC (Gd-doped ceria) 

powder morphology on the properties of the ceramics sintered using different techniquesè (2019 ʛ.). 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɺ ʦʩʥʦʚʫ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʠʣʠ 

ʧʨʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʩ 2011 ʧʦ 2020 ʛʛ. ʇʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʣʠʯʥʦ ʘʚʪʦʨʦʤ. ʇʦʜʛʦʪʦʚʢʘ ʠ ʧʨʦʚʝʜʝʥʠʝ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʣʠʯʥʦ ʘʚʪʦʨʦʤ, ʣʠʙʦ ʧʨʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ. 

ʆʙʨʘʙʦʪʢʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠ ̫ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʥʘʧʠʩʘʥʠʝ ʩʪʘʪʝʡ 

ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʦʚʦʜʠʣʦʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ.  

 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ  

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 30 ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 6 ʩʪʘʪʝʡ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʙʘʟʫ ʜʘʥʥʳʭ Web of Science, 1 ʛʣʘʚʘ ʚ ʤʦʥʦʛʨʘʬʠʠ ʠ 23 
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ʪʝʟʠʩʘ ʜʦʢʣʘʜʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʧʨʦʰʣʠ ʘʧʨʦʙʘʮʠʶ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʘʫʯʥʳʭ 

ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ ɺɸʂ. 

 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 1 çʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 

ʪʚʝʨʜʦʬʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚè, ʧ. 2 çʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʚʠʜʦʚ ʠ ʪʠʧʦʚ 

ʪʚʝʨʜʦʬʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚè, ʧ. 3 çʀʟʫʯʝʥʠʝ ʪʚʝʨʜʦʬʘʟʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, 

ʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʢʠʥʝʪʠʢʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʪʚʝʨʜʳʭ ʬʘʟ, ʘ ʪʘʢʞʝ ʪʦʧʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʘʢʪʠʚʠʨʦʚʘʥʠʷ 

ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʛʝʥʪʦʚè, ʧ. 8 çʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ, ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʘʟʦʚʦʛʦ 

ʩʦʩʪʘʚʘ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʦʙʣʫʯʝʥʠʷ ʠ ʜʨʫʛʠʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ 

ʭʠʤʠʯʝʩʢʠʝ ʠ ʭʠʤʠʢʦ-ʬʠʟʠʯʝʩʢʠʝ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʦʬʘʟʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚè ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 02.00.21 ï ʭʠʤʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 140 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 13 ʪʘʙʣʠʮ ʠ 89 

ʨʠʩʫʥʢʦʚ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, 

ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʟʘʢʣʶʯʝʥʠ,̫ ʧʝʨʝʯʥʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʦʢʨʘʱʝʥʠʡ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. 

ʉʧʠʩʦʢ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 126 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʦʩʦʙʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʢ.ʭ.ʥ. 

ʄʘʪʚʠʝʥʢʦ ɸ.ɸ. ʟʘ ʨʫʢʦʚʦʜʩʪʚʦ, ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʠ ʦʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʚʩʝʤ ʩʦʪʨʫʜʥʠʢʘʤ ʛʨʫʧʧʳ ˉ15 ʀʍʊʊʄ ʉʆ ʈɸʅ ʠ 

ʩʦʪʨʫʜʥʠʢʘʤ ʜʨʫʛʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʀʍʊʊʄ ʉʆ ʈɸʅ: ʜ.ʭ.ʥ. ʅʝʤʫʜʨʦʤʫ ɸ.ʇ., ʢ.ʭ.ʥ. ɻʝʨʘʩʠʤʦʚʫ 

ʂ.ɹ., ʜ.ʪ.ʥ. ɼʫʜʠʥʦʡ ɼ.ɺ., ʢ.ʬ.-ʤ.ʥ. ɹʫʣʠʥʦʡ ʅ.ɺ., ʢ.ʭ.ʥ. ʐʘʮʢʦʡ ʉ.ʉ., ʢ.ʭ.ʥ. ʇʦʧʦʚʫ ʄ.ʇ., ʢ.ʭ.ʥ. 

ʋʭʠʥʦʡ ɸ.ɺ., ʢ.ʭ.ʥ. ʋʣʠʭʠʥʫ ɸ.ʉ., ʘ ʪʘʢʞʝ ʩʦʪʨʫʜʥʠʢʘʤ ʜʨʫʛʠʭ ʥʘʫʯʥʳʭ ʫʯʨʝʞʜʝʥʠʡ: ʜ.ʭ.ʥ. 

ʂʦʣʝʩʦʚʫ ɹ.ɸ. (ʅɻʋ), ʢ.ʭ.ʥ. ʂʦʥʜʨʘʪʝʥʢʦ ɽ.ɺ. (ʀʥʩʪʠʪʫʪ ʢʘʪʘʣʠʟʘ ʛ. ʈʦʩʪʦʢ, ɻʝʨʤʘʥʠʷ) ʤ.ʥ.ʩ. 

ɽʩʠʢʦʚʫ ʄ.ɸ. (ʀɻʠʃ ʉʆ ʈɸʅ), ʢ.ʭ.ʥ. ʊʫʤʘʥʦʚʫ ʅ.ɸ. (ʋʥʠʚʝʨʩʠʪʝʪ ʅʘʤʶʨ, ɹʝʣʴʛʠʷ), ʢ.ʭ.ʥ. 

ɿʘʭʘʨʦʚʫ ɹ.ɸ. (ʅɻʋ, ʀʂ ʉʆ ʈɸʅ), ʢ.ʭ.ʥ. ʃʦʩʝʚʫ ɽ.ɸ. (ʅɻʋ, ʀʂ ʉʆ ʈɸʅ). 

ɸʚʪʦʨ ʧʨʠʟʥʘʪʝʣʝʥ ʩʚʦʝʡ ʤʘʤʝ ʄʘʩʣʝʥʥʠʢʦʚʦʡ ʊʘʤʘʨʝ ʄʠʭʘʡʣʦʚʥʝ ʟʘ ʚʝʨʫ ʠ ʧʦʩʪʦʷʥʥʫʶ 

ʧʦʜʜʝʨʞʢʫ ʚ ʧʨʦʮʝʩʩʝ ʥʘʧʠʩʘʥʠʷ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

 

ʇʦʩʚʷʱʘʝʪʩʷ ʩʚʝʪʣʦʡ ʧʘʤʷʪʠ ʤʦʝʛʦ ʦʪʮʘ  

ʄʘʩʣʝʥʥʠʢʦʚʘ ɺʣʘʜʠʤʠʨʘ ʌʸʜʦʨʦʚʠʯʘ  
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 ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

1.1.  ʆʢʩʠʜ ʮʝʨʠʷ, ʩʪʨʦʝʥʠʝ, ʩʚʦʡʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʆʢʩʠʜ ʮʝʨʠʷ (IV) (ʜʠʦʢʩʠʜ ʮʝʨʠʷ) ï ʩʦʝʜʠʥʝʥʠʝ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʦʤ ʬʣʶʦʨʠʪʘ (CaF2), 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ Ὂάσά (ʢʫʙʠʯʝʩʢʘʷ ʩʠʥʛʦʥʠʷ). ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ CeO2: ʠʦʥr ʮʝʨʠʷ ʦʙʨʘʟʫʶʪ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʢʫʙʠʯʝʩʢʫʶ ʷʯʝʡʢʫ, ʘ 

ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʮʝʥʪʨʘʭ ʚʩʝʭ ʚʦʩʴʤʠ ʦʢʪʘʥʪʦʚ. ʊʦ ʝʩʪʴ ʥʘ ʦʜʥʫ ʵʣʝʤʝʥʪʘʨʥʫʶ 

ʷʯʝʡʢʫ ʧʨʠʭʦʜʠʪʩʷ 4 ʘʪʦʤʘ ʮʝʨʠʷ (ʟʘʥʠʤʘʶʪ ʚʝʨʰʠʥʳ ʠ ʮʝʥʪʨʳ ʛʨʘʥʝʡ ʢʫʙʠʯʝʩʢʦʡ ʷʯʝʡʢʠ) ʠ 8 

ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ (ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʮʝʥʪʨʝ ʢʘʞʜʦʛʦ ʦʢʪʘʥʪʘ ʢʫʙʠʯʝʩʢʦʡ ʷʯʝʡʢʠ), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʯʠʩʣʦ ʬʦʨʤʫʣʴʥʳʭ ʝʜʠʥʠʮ CeO2, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʦʜʥʫ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ, ʨʘʚʥʦ ʯʝʪʳʨʸʤ.  

 

ʈʠʩʫʥʦʢ 1. ʄʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ CeO2 (ʘʪʦʤʳ ʮʝʨʠʷ ï ʩʚʝʪʣʳʝ ʰʘʨʠʢʠ, ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ï 

ʢʨʘʩʥʳʝ ʰʘʨʠʢʠ). 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʬʣʶʦʨʠʪʘ, ʜʘʞʝ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʦʚ ʷʚʣʷʶʪʩʷ ʜʦʚʦʣʴʥʦ ʫʩʪʦʡʯʠʚʳʤʠ ʠ ʜʠʦʢʩʠʜ ʮʝʨʠʷ ï ʥʝ ʠʩʢʣʶʯʝʥʠʝ, ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʦʥ ʩʦʭʨʘʥʷʝʪ ʬʘʟʦʚʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ (ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʬʘʟʦʚʳʝ 

ʧʨʝʚʨʘʱʝʥʠʷ) ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 2750 ʂ [26]. ɺ ʦʢʩʠʜʝ 

ʮʝʨʠʷ (IV) ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʳʭ ʬʣʫʢʪʫʘʮʠʡ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʢʚʘʟʠʭʠʤʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʟʥʘʯʝʥʠʡ ʜʝʬʝʢʪʦʚ ʧʦ ʂʨʸʛʝʨʫ-ɺʠʥʢʫ: 

ʈʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʧʦ ʐʦʪʪʢʠ: çOè ź V''''Ce + 2VÅÅO; 

ʈʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʧʦ ʌʨʝʥʢʝʣʶ ʚ ʘʥʠʦʥʥʦʡ ʧʦʜʨʝʰʸʪʢʝ (ʧʦ ʘʥʪʠ-ʌʨʝʥʢʝʣ)ʁ: çOè ź O''i + VÅÅO. 

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʢʚʘʟʠʭʠʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʚ ʩʣʫʯʘʝ ʨʝʘʣʠʟʘʮʠʠ ʠ ʪʦʛʦ, ʠ ʜʨʫʛʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʫʶʪʩʷ ʢʠʩʣʦʨʦʜʥʳʝ ʚʘʢʘʥʩʠʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ 

a 
b 

c 
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ʩʦʙʩʪʚʝʥʥʳʤʠ ʪʦʯʝʯʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʚ ʦʢʩʠʜʝ ʮʝʨʠʷ. ʆʙʨʘʟʦʚʘʥʠʝ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʧʦ 

ʤʝʭʘʥʠʟʤʫ ʌʨʝʥʢʝʣʷ ʚ ʢʘʪʠʦʥʥʦʡ ʧʦʜʨʝʰʸʪʢʝ, ʦʧʠʩʳʚʘʝʤʦʝ ʢʚʘʟʠʭʠʤʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ çOè 

ź CeÅÅÅÅi + V''''Ce, ʤʘʣʦʚʝʨʦʷʪʥʦ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ [27, 28], ʟʥʘʯʝʥʠʝ 

ʵʥʝʨʛʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʧʦ ʪʘʢʦʤʫ ʤʝʭʘʥʠʟʤʫ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ 

ʤʝʭʘʥʠʟʤʦʚ ʧʦ ʐʦʪʪʢʠ ʠ ʧʦ ʘʥʪʠ-ʌʨʝʥʢʝʣʶ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ ʜʦʩʪʦʚʝʨʥʦ 

ʩʢʘʟʘʪʴ, ʢʘʢʦʡ ʠʟ ʵʪʠʭ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʦʢʩʠʜʝ ʮʝʨʠʷ, ʧʦʩʢʦʣʴʢʫ 

ʵʥʝʨʛʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʙʣʠʟʢʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦ ʨʘʟʥʳʤ ʨʘʩʯʸʪʘʤ ʦʪ 3 ʜʦ 4 ʵɺ (ʚ ʩʣʫʯʘʝ 

ʤʝʭʘʥʠʟʤʘ ʌʨʝʥʢʝʣʷ ʚ ʢʘʪʠʦʥʥʦʡ ʧʦʜʨʝʰʸʪʢʝ ï ʦʪ 7 ʜʦ 11 ʵɺ) [27, 28]. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʝʬʝʢʪʳ ʚ ʦʢʩʠʜʝ ʮʝʨʠʷ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʫʜʘʣʝʥʠʠ 

ʢʠʩʣʦʨʦʜʘ ʠʟ ʦʢʩʠʜʘ. ʕʪʦ ʩʦʙʩʪʚʝʥʥʳʝ ʜʝʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʜʝʬʝʢʪʳ ʥʝʩʪʝʭʠʦʤʝʪʨʠʠ). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʫʶʪʩʷ ʢʘʢ 

ʠʦʥʥʳʝ ʜʝʬʝʢʪʳ ï ʦʧʷʪʴ ʞʝ ʢʠʩʣʦʨʦʜʥʳʝ ʚʘʢʘʥʩʠʠ, ʪʘʢ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʜʝʬʝʢʪʳ ï ʵʣʝʢʪʨʦʥʳ, 

ʢʦʪʦʨʳʝ ʣʦʢʘʣʠʟʫʶʪʩʷ ʥʘ ʘʪʦʤʘʭ ʮʝʨʠʷ ʠ ʧʨʠʚʦʜʷʪ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʮʝʨʠʷ ʜʦ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ +3. ʄʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʚʘʟʠʭʠʤʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʠʭ ʜʝʬʝʢʪʦʚ: 

4Cex
Ce + 2Ox

O ź O2ŷ + 4Ce'Ce + 2VÅÅO 

ʋʥʠʢʘʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʩʪʨʦ ʠ ʦʙʨʘʪʠʤʦ ʤʝʥʷʪʴ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ 

ʮʝʨʠʷ ʩ +4 ʜʦ +3 ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʩʪʨʫʢʪʫʨʫ 

ʬʣʶʦʨʠʪʘ, ʧʨʠʚʣʝʢʘʝʪ ʠʥʪʝʨʝʩ ʢ ʦʢʩʠʜʫ ʮʝʨʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʦʢʩʠʜʘ ʮʝʨʠʷ. 

ʆʢʩʠʜ ʮʝʨʠʷ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʪʨʝʭʤʘʨʰʨʫʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʫʩʢʦʨʷʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʨʦʮʝʩʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ NO ʜʦ ʘʟʦʪʘ, ʦʢʠʩʣʝʥʠʷ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʜʦ CO2, ʘ ʪʘʢʞʝ 

ʜʦʛʦʨʘʥʠʝ ʛʘʟʦʦʙʨʘʟʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʚ ʮʝʣʦʤ ʨʷʜʝ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʚ ʩʦʩʪʘʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʯʠʩʪʢʠ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʢʘʢ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʦʤʦʪʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʣʦ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʙʳʩʪʨʦ ʠ ʦʙʨʘʪʠʤʦ ʤʝʥʷʪʴ ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ ʦʪ +4 ʜʦ +3, ʦʢʩʠʜ ʮʝʨʠʷ ʜʝʡʩʪʚʫʝʪ ʚ ʢʘʯʝʩʪʚʝ ʢʠʩʣʦʨʦʜʥʦʛʦ ʙʫʬʝʨʘ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʦ ʚʨʝʤʷ ʢʦʣʝʙʘʥʠʡ ʩʦʩʪʘʚʘ ʚʳʭʣʦʧʥʦʡ ʩʤʝʩʠ, ʟʘʭʚʘʪʳʚʘʷ 

ʢʠʩʣʦʨʦʜ ʚ ʩʚʦʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʸʪʢʫ ʚ ʦʙʝʜʥʸʥʥʳʭ ʪʦʧʣʠʚʦʤ ʩʤʝʩʷʭ, ʠ ʦʩʚʦʙʦʞʜʘʷ ʝʛʦ ʚ 

ʙʦʛʘʪʳʭ ʩʤʝʩʷʭ [29, 30].  

ʄʦʞʥʦ ʟʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʢʘ 

ʢʠʩʣʦʨʦʜʘ (ʦʙʝʜʥʸʥʥʘʷ ʩʤʝʩʴ): 

CeO2īx + xNO Ÿ CeO2 + x/2N2; 

CeO2-x + xH2O Ÿ CeO2 + xH2; 

CeO2-x + x/2O2 Ÿ CeO2. 
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ʀ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʢʠʩʣʦʨʦʜʘ (ʙʦʛʘʪʘʷ ʩʤʝʩʴ): 

CeO2 + xCO Ÿ CeO2-x + xCO2; 

CeO2 + CxHy Ÿ CeO2-(2x+0.5y)) + xCO2 + 0.5yH2O; 

CeO2 + xH2 Ÿ CeO2-x + xH2O. 

ʆʙʳʯʥʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʪʨʸʭʤʘʨʰʨʫʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʢʘʢ ʠ ʚʦ ʤʥʦʛʠʭ 

ʜʨʫʛʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʦʢʩʠʜ ʮʝʨʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʷʟʢʝ ʩ 

ʙʣʘʛʦʨʦʜʥʳʤʠ ʠʣʠ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ Pt, Pd, Au, Ni ʠ ʜʨ. ʅʘʧʨʠʤʝʨ, ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʢʩʠʜʘ ʮʝʨʠʷ ʩ ʧʣʘʪʠʥʦʡ ʫʚʝʣʠʯʠʚʘʝʪ ʘʢʪʠʚʥʦʩʪʴ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ [31], ʘ ʩ ʧʘʣʣʘʜʠʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʢʠʩʣʝʥʠʷ CO [32]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʨʝʘʢʮʠʡ ʛʠʜʨʠʨʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʚ ʢʦʪʦʨʳʭ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʢʘʟʳʚʘʣʠ ʢʘʪʘʣʠʟʘʪʦʨʳ 

Rh/CeO2 [33] ʠ Au/CeO2 [34]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʢʩʠʜ ʮʝʨʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʪʘʣʠʟʝ, ʦʥ ʦʙʣʘʜʘʝʪ 

ʩʚʦʡʩʪʚʘʤʠ, ʠʥʪʝʨʝʩʥʳʤʠ ʠ ʜʣʷ ʜʨʫʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʡʩʪʚʫ Ce4+ ʚ 

ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʜʦ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 3+ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦ 

ʦʢʠʩʣʷʪʴʩʷ ʦʙʨʘʪʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ, ʢ ʜʘʥʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ ʪʘʢʞʝ ʧʨʠʢʦʚʘʥʦ 

ʚʥʠʤʘʥʠʝ ʫʯʸʥʳʭ-ʙʠʦʣʦʛʦʚ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʵʪʦ ʫʥʠʢʘʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʢʩʠʜ ʮʝʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʤʠʤʝʪʠʢʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʥʘʧʨʠʤʝʨ, ʯʪʦ ʥʘʥʦʨʘʟʤʝʨʥʳʡ ʦʢʩʠʜ ʮʝʨʠʷ ʩʧʦʩʦʙʝʥ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʠ ʪʘʢʠʭ 

ʬʝʨʤʝʥʪʦʚ ʢʘʢ ʩʫʧʝʨʦʢʩʠʜʜʠʟʤʫʪʘʟʘ ʠ ʢʘʪʘʣʘʟʘ. ʉʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘ (ʉʆɼ) ï 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʡ ʬʝʨʤʝʥʪ, ʢʦʪʦʨʳʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʢʣʝʪʢʠ ʠ ʫʤʝʥʴʰʘʝʪ ʧʦʚʨʝʞʜʝʥʠʷ, 

ʚʳʟʚʘʥʥʳʝ ʩʫʧʝʨʦʢʩʠʜʦʤ O2
ǒ-, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʪʠʧʦʤ ʩʚʦʙʦʜʥʳʭ 

ʨʘʜʠʢʘʣʦʚ ʚ ʦʨʛʘʥʠʟʤʝ. ʂʘʪʘʣʘʟʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ï ʵʪʦ ʬʝʨʤʝʥʪ, ʢʦʪʦʨʳʡ ʢʘʪʘʣʠʟʠʨʫʝʪ 

ʨʘʟʣʦʞʝʥʠʝ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ H2O2 ʥʘ 

ʚʦʜʫ ʠ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ. ɺ ʨʘʙʦʪʝ [35] ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʤʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʠʷ 

ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʦʢʩʠʜʘ ʮʝʨʠʷ ʧʦʜʦʙʥʦ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʬʝʨʤʝʥʪʘʤ. ʅʘ ʨʠʩ. 2ʘ ʧʦʢʘʟʘʥ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤ ʜʠʩʤʫʪʘʮʠʠ ʩʫʧʝʨʦʢʩʠʜʘ (ʬʫʥʢʮʠʷ ʉʆɼ ʚ 

ʦʨʛʘʥʠʟʤʝ) ʜʠʦʢʩʠʜʦʤ ʮʝʨʠʷ. ʇʨʠʤʝʤ (4) ʟʘ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʉʫʧʝʨʦʢʩʠʜ ʤʦʞʝʪ 

ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ ʢ ʢʠʩʣʦʨʦʜʥʳʤ ʚʘʢʘʥʩʠʷʤ, ʢʦʪʦʨʳʝ ʦʢʨʫʞʝʥʳ ʜʚʫʤʷ Ce3+ (5). ɿʘʪʝʤ ʦʜʠʥ 

ʵʣʝʢʪʨʦʥ ʧʝʨʝʭʦʜʠʪ ʦʪ Ce3+ ʢ ʢʠʩʣʦʨʦʜʥʦʤʫ ʘʪʦʤʫ. ɼʚʘ ʧʨʦʪʦʥʘ ʠʟ ʨʘʩʪʚʦʨʘ ʤʦʛʫʪ 

ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ ʢ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʤ ʢʠʩʣʦʨʦʜʥʳʤ ʘʪʦʤʘʤ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʜʥʦʡ 

ʤʦʣʝʢʫʣʳ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʘʷ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ (6). ʂ ʦʩʪʘʚʰʝʡʩʷ ʢʠʩʣʦʨʦʜʥʦʡ 

ʚʘʢʘʥʩʠʠ ʤʦʞʝʪ ʧʨʠʩʦʝʜʠʥʠʪʴʩʷ ʚʪʦʨʘʷ ʤʦʣʝʢʫʣʘ ʩʫʧʝʨʦʢʩʠʜʘ (7). ʇʦʩʣʝ ʨʝʘʢʮʠʠ 

ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʚʪʦʨʘʷ ʤʦʣʝʢʫʣʘ H2O2 ʠ ʠʩʭʦʜʥʳʡ Ce3+ ʦʢʠʩʣʷʝʪʩʷ ʜʦ Ce4+ (1). ʆʜʥʘʢʦ ʨʝʘʢʮʠʷ 
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ʥʘ ʵʪʦʤ ʥʝ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʂʠʩʣʦʨʦʜʥʘʷ ʚʘʢʘʥʩʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʘʡʪ ʜʣʷ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ H2O2 (2). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ H2O2 ʠʛʨʘʝʪ ʨʦʣʴ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ. ʇʦʩʣʝ 

ʫʭʦʜʘ ʧʨʦʪʦʥʦʚ ʜʚʘ ʵʣʝʢʪʨʦʥʘ ʧʝʨʝʭʦʜʷʪ ʥʘ ʜʚʘ ʘʪʦʤʘ ʮʝʨʠʷ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʠʭ ʜʦ Ce3+(3). 

ɿʘʪʝʤ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʢʠʩʣʦʨʦʜ, ʠ ʤʳ ʚʦʟʚʨʘʱʘʝʤʩʷ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ (4). ʅʘ ʨʠʩ. 2ʙ 

ʧʦʢʘʟʘʥ ʤʝʭʘʥʠʟʤ ʜʠʩʤʫʪʘʮʠʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ (ʬʫʥʢʮʠʷ ʢʘʪʘʣʘʟʳ ʚ ʦʨʛʘʥʠʟʤʝ) ʜʠʦʢʩʠʜʦʤ 

ʮʝʨʠʷ. ʅʘ ʜʘʥʥʦʡ ʩʭʝʤʝ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʣʫʨʝʘʢʮʠʶ ʦʢʠʩʣʝʥʠʷ ʠ ʧʦʣʫʨʝʘʢʮʠʶ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʇʦʣʫʨʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ (1Ÿ4). ɺ ʜʘʥʥʦʤ 

ʧʨʦʮʝʩʩʝ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʨʝʘʛʠʨʫʝʪ ʩ Ce4+, ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʝʛʦ ʜʦ Ce3+. ʇʨʠ 

ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʪʱʝʧʣʝʥʠʝ ʧʨʦʪʦʥʦʚ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. 

ʇʦʣʫʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʢʘʟʘʥʘ ʩʥʠʟʫ (4Ÿ1). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʣʝʢʫʣʘ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʢʠʩʣʦʨʦʜʥʦʡ ʚʘʢʘʥʩʠʝʡ, ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ Ce3+ ʜʦ Ce4+ ʠ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʜʚʫʭ ʧʨʦʪʦʥʦʚ. ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪʱʝʧʣʝʥʠʝ ʜʚʫʭ ʤʦʣʝʢʫʣ ʚʦʜʳ 

ʠ ʜʠʦʢʩʠʜ ʮʝʨʠʷ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

 

 

ʈʠʩʫʥʦʢ 2. ʇʨʝʜʣʘʛʘʝʤʳʝ ʤʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʠʷ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʘ) ʉʆɼ-

ʤʠʤʝʪʠʢʘ ʠ ʙ) ʢʘʪʘʣʘʟʘ-ʤʠʤʝʪʠʢʘ [35]. 

 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʪʘʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʤʠʤʦ O2
ǒ- ʠ H2O2 ʥʘʥʦʯʘʩʪʠʮʳ 

ʦʢʩʠʜʘ ʮʝʨʠʷ ʩʧʦʩʦʙʥʳ ʩʚʷʟʳʚʘʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ ʚ 

ʦʨʛʘʥʠʟʤʝ, ʚʢʣʶʯʘʷ HOǒ, NOǒ and ONOO- ʠ ʜʨ. [18]. 

ʇʦʤʠʤʦ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʦʢʩʠʜʘ ʮʝʨʠʷ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʙʨʘʪʠʤʦʤ ʧʝʨʝʭʦʜʝ 

Ce4+źCe3+, ʩʫʱʝʩʪʚʫʝʪ ʝʱʸ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʯʠʩʪʦʛʦ ʜʠʦʢʩʠʜʘ 

ʮʝʨʠʷ, ʢʦʪʦʨʳʝ ʫʞʝ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚʦ ʚʚʝʜʝʥʠʠ.  

ʇʦʤʠʤʦ ʯʠʩʪʦʛʦ ʦʢʩʠʜʘ ʮʝʨʠʷ, ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʢʩʠʜʳ ʮʝʨʠʷ, ʜʦʧʠʨʦʚʘʥʥʳʝ 10ï20 ʤʦʣ. % ʤʝʪʘʣʣʘʤʠ ʩʦ ʩʪʝʧʝʥʴʶ 
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ʦʢʠʩʣʝʥʠʷ +2 ʠ +3. ɺʚʝʜʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʪʘʢʠʭ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʚʘʣʝʥʪʥʦʩʪʴʶ (ʥʘʧʨʠʤʝʨ, Gd3+, Sm3+, La3+, Ca2+ ʠ ʜʨ.) ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ ʚ ʦʢʩʠʜʝ ʮʝʨʠʷ. ʇʨʠ ʵʪʦʤ ʢʚʘʟʠʭʠʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʘʢʘʥʩʠʡ ʢʠʩʣʦʨʦʜʘ ʙʫʜʫʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

M2O3 Ÿ 2M'Ce + VÅÅO + 3Ox
O; 

MO Ÿ M''Ce + VÅÅO + Ox
O. 

ʋʚʝʣʠʯʝʥʠʝ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʠʩʣʦʨʦʜʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ, ʧʦʵʪʦʤʫ 

ʢʝʨʘʤʠʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʧʦʨʦʰʢʘ ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʪʚʸʨʜʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʜʣʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. ʅʝʩʦʤʥʝʥʥʦ, ʚʘʞʥʫʶ ʨʦʣʴ 

ʜʣʷ ʪʘʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʠʛʨʘʝʪ ʪʠʧ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʦʧʘʥʪʘ, ʵʪʦ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ 

ʚʣʠʷʶʪ ʥʘ ʚʝʣʠʯʠʥʫ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʫʯʘʝʤʦʡ ʢʝʨʘʤʠʢʠ. ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ ʢʚʘʟʠʭʠʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʧʨʠ ʜʦʧʠʨʦʚʘʥʠʠ ʦʢʩʠʜʘ ʮʝʨʠʷ ʜʚʫʭ- ʠ 

ʪʨʸʭʚʘʣʝʥʪʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʧʨʠʤʝʩʥʳʝ ʘʪʦʤʳ ʦʙʣʘʜʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʟʘʨʷʜʦʤ 

(M''Ce ʠ M'Ce, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʵʬʬʝʢʪʠʚʥʳʡ ʟʘʨʷʜ ʢʠʩʣʦʨʦʜʥʦʡ ʚʘʢʘʥʩʠʠ ʨʘʚʝʥ +2. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʘʩʩʦʮʠʘʪʳ (ʥʘʧʨʠʤʝʨ, 

(M''CeV
ÅÅ

O) ʠ (M'CeV
ÅÅ

O)Å), ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʜʚʠʞʥʦʩʪʠ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʫʤʝʥʴʰʝʥʠʶ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ ʨʘʙʦʪʘʭ [28, 36] ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʤʝʩʷʤʠ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʵʬʬʝʢʪʠʚʥʳʤ 

ʟʘʨʷʜʦʤ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʚʘʢʘʥʩʠʷʤʠ ʢʠʩʣʦʨʦʜʘ ʠ ʙʳʣʠ ʧʦʩʯʠʪʘʥʳ ʵʥʝʨʛʠʠ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʘʩʩʦʮʠʘʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ ʠʦʥʘ ʧʨʠʤʝʩʠ 

ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʘʢʘʥʩʠʷʤʠ ʢʠʩʣʦʨʦʜʘ ʜʦʣʞʝʥ ʙʳʪʴ ʙʣʠʟʦʢ ʢ ʪʝʤ, ʯʪʦ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʣʫʯʘʝ Gd3+ ʠ Sm3+. ʇʦʵʪʦʤʫ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʮʝʨʠʷ, ʜʦʧʠʨʦʚʘʥʥʦʛʦ 

ʛʘʜʦʣʠʥʠʝʤ (ʧʨʠʥʷʪʳʝ ʩʦʢʨʘʱʝʥʠʷ ï GDC ʠʣʠ CGO) ʠ ʩʘʤʘʨʠʝʤ (SDC ʠʣʠ CSO) ʚ ʧʨʝʜʝʣʘʭ 10ï

20 ʤʦʣ. % ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʚʸʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʜʣʷ ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʊʆʊʕ) ʠ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʠʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ 

ʥʠʟʢʠʤʠ ʨʘʙʦʯʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʪʚʸʨʜʳʤ 

ʵʣʝʢʪʨʦʣʠʪʦʤ YSZ (ʦʢʩʠʜ ʮʠʨʢʦʥʠʷ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʠʪʪʨʠʝʤ). ʂʠʩʣʦʨʦʜʥʳʝ ʧʨʦʚʦʜʥʠʢʠ 

ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʮʝʨʠʷ ʜʦʩʪʠʛʘʶʪ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 10-2
 ï 10-1

 ʉʤ/ʩʤ 

ʫʞʝ ʧʨʠ 500ï600 ÁC, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʵʣʝʢʪʨʦʣʠʪ YSZ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʪʘʢʠʤ ʟʥʘʯʝʥʠʷʤ ʪʦʣʴʢʦ 

ʧʨʠ 800ï1000 ÁC [37]. ɽʱʸ ʦʜʥʦ ʚʘʞʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʪʚʸʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ 

ʮʝʨʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʥʝ ʨʝʘʛʠʨʫʶʪ ʩ ʩʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ 

ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʤʠ ʢʘʪʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ 
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ʮʠʨʢʦʥʠʷ, ʚ ʩʣʫʯʘʝ ʢʦʪʦʨʦʛʦ ʧʨʠʭʦʜʠʪʩʷ ʚʚʦʜʠʪʴ ʤʝʞʜʫ ʢʘʪʦʜʦʤ ʠ ʵʣʝʢʪʨʦʣʠʪʦʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʙʫʬʝʨʥʳʡ ʩʣʦʡ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʙʫʬʝʨʥʦʛʦ ʩʣʦʷ, 

ʟʘʯʘʩʪʫʶ, ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʮʝʨʠʷ [38, 39].  

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʮʝʨʠʷ, 

ʫ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʝʩʪʴ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʦʢʩʠʜʘ ʮʝʨʠʷ ʷʚʣʷʝʪʩʷ 

ʪʨʫʜʥʦʩʪʴ ʩʧʝʢʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ ʜʦ ʛʘʟʦʧʣʦʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʦʥ ʩʧʝʢʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʚʳʰʝ 1500 ÁC). ʋʤʝʥʴʰʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʧʝʢʘʥʠʷ ʤʦʞʥʦ ʚʚʦʜʷ 

ʨʘʟʣʠʯʥʳʝ ʩʧʝʢʘʶʱʠʝ ʜʦʙʘʚʢʠ, ʦʜʥʘʢʦ, ʪʘʢʠʝ ʜʦʙʘʚʢʠ ʤʦʛʫʪ ʚʥʦʩʠʪʴ ʚʢʣʘʜ ʚ ʵʣʝʢʪʨʦʥʥʫʶ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʵʣʝʢʪʨʦʣʠʪʘ, ʯʪʦ ʙʫʜʝʪ ʩʥʠʞʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʠ. 

ɼʨʫʛʦʡ ʚʘʨʠʘʥʪ ʫʤʝʥʴʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ 

ʤʝʪʦʜʠʢ ʩʧʝʢʘʥʠʷ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʛʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ [40], ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʝ 

ʩʧʝʢʘʥʠʝ (SPS) [41], ʘ ʪʘʢʞʝ ʬʣʵh -ʩʧʝʢʘʥʠʝ [42]. ʕʪʠ ʩʧʦʩʦʙʳ ʩʧʝʢʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʣʘʥʘʨʥʳʭ ʊʆʊʕ, ʦʜʥʘʢʦ ʦʥʠ ʥʝʧʨʠʤʝʥʠʤʳ ʧʨʠ ʩʙʦʨʢʝ ʘʥʦʜ-

ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʤʠʢʨʦʪʨʫʙʯʘʪʳʭ ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʊ ʊʆʊʕ), 

ʧʦʩʢʦʣʴʢʫ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʨʦʰʢʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʭʦʨʦʰʠʭ 

ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠʟ-ʟʘ ʬʦʨʤʳ ʘʥʦʜʥʦʡ ʧʦʜʣʦʞʢʠ, ʠ ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ 

ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʦʛʦ, ʨʘʚʥʦʤʝʨʥʦʛʦ ʠ ʧʨʠ ʵʪʦʤ ʛʘʟʦʧʣʦʪʥʦʛʦ ʩʣʦ̫ ʪʚʝʨʜʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʪʨʝʙʫʝʪʩʷ ʦʢʩʠʜ ʩ ʨʘʟʣʠʯʥʦʡ 

ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʪʝʢʩʪʫʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʦ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ CeO2. ɺʩʝ ʵʪʠ ʤʝʪʦʜʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʛʘʟʦʬʘʟʥʳʝ, ʞʠʜʢʦʬʘʟʥʳʝ ʠ 

ʪʚʝʨʜʦʬʘʟʥʳʝ. ʂ ʛʘʟʦʬʘʟʥʳʤ ʤʝʪʦʜʘʤ ʩʠʥʪʝʟʘ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ, 

ʥʘʧʨʠʤʝʨ, ʬʠʟʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ [43] ʠ ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ 

[44]. ʆʜʥʘʢʦ ʪʘʢʠʝ ʤʝʪʦʜʳ ʩʣʦʞʥʳ ʚ ʨʝʘʣʠʟʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠ,̫ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦʟʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ ʩ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ ʩʠʥʪʝʟʘ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʞʠʜʢʦʬʘʟʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʚ ʚʦʜʥʳʭ ʠ 

ʥʝʚʦʜʥʳʭ ʩʨʝʜʘʭ: ʟʦʣïɹʛʝʣʴ ʤʝʪʦʜ [45], ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

[46]; ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʤʝʪʦʜ; ʦʩʘʞʜʝʥʠʝ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ 

ʮʝʨʠʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʠʣʴʥʳʭ ʦʩʥʦʚʘʥʠʡ [21], ʛʦʤʦʛʝʥʥʳʡ ʛʠʜʨʦʣʠʟ, ʪ.ʝ. ʦʩʘʞʜʝʥʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʛʝʥʪʦʚ ʩʧʦʩʦʙʥʳʭ ʤʝʜʣʝʥʥʦ ʛʠʜʨʦʣʠʟʦʚʘʪʴʩʷ [22], ʩʠʥʪʝʟ ʚ 

ʤʠʢʨʦʠʤʫʣʴʩʠʷʭ ʠ ʦʙʨʘʪʥʳʭ ʤʠʮʝʣʣʘʭ [23, 24]. ɾʠʜʢʦʬʘʟʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʦʨʬʦʣʦʛʠʶ ʧʦʣʫʯʘʝʤʳʭ ʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ 

ʩʠʥʪʝʟʘ (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ, ʩʤʝʥʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʪ.ʜ.), ʦʜʥʘʢʦ ʟʘʯʘʩʪʫʶ ʦʥʠ 

ʩʣʦʞʥʳ ʚ ʨʝʘʣʠʟʘʮʠʠ ʠ ʥʝ ʵʢʦʣʦʛʠʯʥʳ ʠʟ-ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʛʫʙʠʪʝʣʴʥʦ 

ʚʣʠʷʶʱʠʭ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʂ ʪʚʝʨʜʦʬʘʟʥʳʤ ʤʝʪʦʜʘʤ ʩʠʥʪʝʟʘ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʜʠʦʢʩʠʜʘ 
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ʮʝʨʠʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ [47], ʘ ʪʘʢʞʝ ʤʝʪʦʜ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʩʠʥʪʝʟʘ 

ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ. ʕʪʦʪ ʪʚʝʨʜʦʬʘʟʥʳʡ ʤʝʪʦʜ ʠʥʪʝʨʝʩʝʥ ʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʧʨʦʜʫʢʪʳ ʚ ʚʠʜʝ ʧʩʝʚʜʦʤʦʨʬʦʟ ï ʢʦʤʧʘʢʪʥʳʭ ʘʛʣʦʤʝʨʘʪʦʚ ʥʘʥʦʯʘʩʪʠʮ, ʧʦʚʪʦʨʷʶʱʠʭ 

ʬʦʨʤʫ ʠʩʭʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ.  

1.2. ʇʩʝʚʜʦʤʦʨʬʦʟʳ ʢʘʢ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʪʚʝʨʜʳʭ 

ʚʝʱʝʩʪʚ 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ï ʦʜʠʥ ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ʧʨʝʧʘʨʘʪʠʚʥʦʡ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʣʢʠʭ ʯʘʩʪʠʮ [48]. ʕʪʦ ʧʨʦʩʪʦʡ ʠ 

ʜʦʩʪʫʧʥʳʡ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʘʪʴ ʥʘʥʦʯʘʩʪʠʮʳ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ. ʇʨʦʜʫʢʪ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʨʘʟʫʝʪʩʷ ʚ ʚʠʜʝ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ï ʧʦʨʠʩʪʦʛʦ 

ʢʦʤʧʘʢʪʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʦʭʨʘʥʷʶʱʝʛʦ ʬʦʨʤʫ ʠʩʭʦʜʥʦʡ ʯʘʩʪʠʮʳ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. 

ʇʦʩʢʦʣʴʢʫ ʬʦʨʤʘ ʯʘʩʪʠʮ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʦʩʪʘʸʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʪʦ ʚ ʪʦʧʦʭʠʤʠʯʝʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʫʶ ʤʘʢʨʦʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʥʘʟʳʚʘʶʪ ʧʩʝʚʜʦʤʦʨʬʦʟʦʡ. ʇʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʨʘʩʪʫʱʠʡ ʩʣʦʡ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʩʦʭʨʘʥʷʝʪ ʬʦʨʤʫ ʠʩʭʦʜʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ, ʨʝʘʣʠʟʫʷ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʸʤʘ ʧʨʠ ʨʝʘʢʮʠʠ ʚ ʚʠʜʝ ʧʫʩʪʦʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʤʝʭʘʥʠʟʤʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʚ ʨʘʩʪʫʱʝʤ ʩʣʦʝ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʸʤʘ ʧʨʠ ʨʝʘʢʮʠʠ. ɺ 

ʧʩʝʚʜʦʤʦʨʬʦʟʝ ʥʘʥʦʤʝʪʨʦʚʳʝ ʯʘʩʪʠʮʳ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʨʦʯʥʳʤʠ 

ʢʦʥʪʘʢʪʘʤʠ ʠ ʦʙʨʘʟʫʶʪ ʧʦʨʠʩʪʳʡ ʪʨʸʭʤʝʨʥʳʡ ʢʘʨʢʘʩ ï 3D ʥʘʥʦʩʪʨʫʢʪʫʨʫ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʙʲʸʤ 

ʧʫʩʪʦʪʳ (ʧʦʨ) ʩʦʠʟʤʝʨʠʤ ʠʣʠ ʜʘʞʝ ʧʨʝʚʳʰʘʝʪ ʦʙʲʸʤ ʪʚʨyʜʦʛʦ ʚʝʱʝʩʪʚʘ.  

ʌʘʢʪ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʠʩʪʦʡ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʨʠ ʨʝʘʢʮʠʷʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʠʟʚʝʩʪʝʥ ʜʘʚʥʦ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʨʝʘʢʮʠʡ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʩʠʥʪʝʟʘ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʘʜʩʦʨʙʝʥʪʦʚ, 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʛʣʦʪʠʪʝʣʝʡ ʚʨʝʜʥʳʭ ʛʘʟʦʚ ʠ ʪ.ʜ. [49]. 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʨʠ ʨʝʘʢʮʠʷʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʦʪʤʝʯʘʣʘʩʴ ʝʱʸ ʚ 

ʥʘʯʘʣʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʪʦʧʦʭʠʤʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ. 

ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʵʪʦʤʫ 

ʚʦʧʨʦʩʫ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʬʘʢʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʩʝʚʜʦʤʦʨʬʦʟʳ, ʩʨʘʟʫ ʚ ʥʝʩʢʦʣʴʢʠʭ ʥʘʫʯʥʳʭ 

ʛʨʫʧʧʘʭ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʦʜʭʦʜʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʨʠʩʪʳʭ ʦʢʩʠʜʦʚ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ 

ʤʦʨʬʦʣʦʛʠʝʡ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ʊʘʢ ʚ ʨʘʙʦʪʘʭ 

ʛʨʫʧʧʳ ʢʠʪʘʡʩʢʠʭ ʫʯʝʥʳʭ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬ. Shi [25, 50ï52] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʤʝʟʦʧʦʨʠʩʪʳʝ ʦʢʩʠʜʳ Al 2O3, ZrO2, TiO2, Mn2O3, NiO, Ŭ-Fe2O3, NiFe2O4 ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ 
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ʨʘʟʣʦʞʝʥʠʠ ʩʫʣʴʬʘʪʥʳʭ ʠ ʦʢʩʘʣʘʪʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ʄʦʨʬʦʣʦʛʠʷ ʦʢʩʠʜʘ ʨʝʛʫʣʠʨʦʚʘʣʘʩʴ 

ʥʘ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʤʝʟʦʧʦʨʠʩʪʳʝ ʦʢʩʠʜʳ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʦʛʨʦʤʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʨʘʟʤʝʨʦʚ ʠ 

ʬʦʨʤ (ʠʛʦʣʦʢ, ʧʣʘʩʪʠʥ, ʜʠʩʢʦʚ, ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʚ, ʢʫʙʠʢʦʚ, ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ, ʟʚʝʟʜʦʯʝʢ, 

ʰʘʨʠʢʦʚ, ʪʦʨʦʚ ʠ ʪ. ʜ.). ʄʦʨʬʦʣʦʛʠʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʫʩʣʦʚʠʷʤʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʧʦʜʙʦʨʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, pH ʨʘʩʪʚʦʨʘ, ʚʚʝʜʝʥʠʝʤ ʇɸɺ. ɼʘʣʝʝ ʧʨʠʚʝʜʝʥʳ 

ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʫʧʨʘʚʣʝʥʠʷ ʤʦʨʬʦʣʦʛʠʝʡ ʦʢʩʠʜʘ ʮʝʨʠʷ ʥʘ ʵʪʘʧʝ ʩʠʥʪʝʟʘ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ.  

ɺ [53] ʜʣʷ ʩʠʥʪʝʟʘ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʡ ʤʝʪʦʜ. 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʩʠʜʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʮʝʨʠʡ-ʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ CeCl3Ā7H2O ʠ 

Ce(NO3)3Ā7H2O, ʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʤʝʪʠʣʦʚʳʡ ʠ ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʥʝ ʦʢʘʟʳʚʘʣ ʚʣʠʷʥʠʷ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ. ʄʦʨʬʦʣʦʛʠʷ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠʩʭʦʜʥʦʛʦ ʮʝʨʠʡ-ʩʦʜʝʨʞʘʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʚʨʝʤʝʥʝʤ 

ʚʳʜʝʨʞʢʠ ʚ ʨʝʘʢʪʦʨʝ. ɺ ʩʣʫʯʘʝ ʭʣʦʨʠʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ 

ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʩʪʝʨʞʥʠ, ʢʦʪʦʨʳʝ ʧʦ ʜʘʥʥʳʤ ʈʌɸ ʩʦʩʪʦʷʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʛʠʜʨʦʢʩʠʜʘ 

ʮʝʨʠʷ (ʨʠʩ. 3ʘ). ɺ ʩʣʫʯʘʝ ʥʠʪʨʘʪʘ ʮʝʨʠʷ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʩʬʝʨʳ, ʢʦʪʦʨʳʝ ʧʦ ʜʘʥʥʳʤ ʈʌɸ 

ʩʦʩʪʦʷʣʠ ʠʟ ʯʠʩʪʦʛʦ ʦʢʩʠʜʘ ʮʝʨʠʷ (ʨʠʩ. 3ʚ).  

 

 

ʈʠʩʫʥʦʢ 3. ʘ) ʆʙʨʘʟʝʮ, ʧʦʣʫʯʝʥʥʳʡ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʠʟ ʉeCl3Ā7H2O (ʛʠʜʨʦʢʩʠʜ 

ʮʝʨʠʷ); ʙ) ʧʨʦʜʫʢʪ ʝʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʠ 500 ÁC (ʦʢʩʠʜ 

ʮʝʨʠʷ); ʚ) ʦʙʨʘʟʝʮ, ʧʦʣʫʯʝʥʥʳʡ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʠʟ ʉe(NO3)3Ā6H2O (ʦʢʩʠʜ 

ʮʝʨʠʷ); ʛ) ʩʦʭʨʘʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʦʢʩʠʜʘ ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ 500 ÁC 1 ʯʘʩ [53]. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʥʘ 

ʚʦʟʜʫʭʝ ʧʨʠ 500 Áʉ ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʘ ʮʝʨʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʢʩʠʜ ʮʝʨʠʷ ʧʦʩʣʝ 

ʦʪʞʠʛʘ ʩʦʭʨʘʥʠʣ ʬʦʨʤʫ ʠʩʭʦʜʥʳʭ ʯʘʩʪʠʮ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ (ʨʠʩ. 3ʙ ʠ ʨʠʩ. 3ʛ). ɺ ʩʣʫʯʘʝ ʩʠʥʪʝʟʘ ʠʟ ʥʠʪʨʘʪʘ ʵʪʦ ʧʨʝʜʩʢʘʟʫʝʤʦ, 

ʧʦʩʢʦʣʴʢʫ ʫʞʝ ʜʦ ʦʪʞʠʛʘ ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʯʠʩʪʳʡ ʦʢʩʠʜ ʮʝʨʠʷ, ʚ ʩʣʫʯʘʝ ʞʝ ʩʠʥʪʝʟʘ 

ʠʟ ʭʣʦʨʠʜʘ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩʪʝʨʞʥʝʡ ʛʠʜʨʦʢʩʠʜʘ ʮʝʨʠʷ 

a ʙ ʚ ʛ 
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ʧʨʦʠʟʦʰʣʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʩʝʚʜʦʤʦʨʬʦʟʳ. ɺ ʨʘʙʦʪʝ [54] ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʛʠʜʨʦʢʩʦʢʘʨʙʦʥʘʪ ʮʝʨʠʷ, ʧʦʣʫʯʝʥʥʳʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʘʚʢʠ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʤʦʨʬʦʣʦʛʠʶ 

ʧʦʣʫʯʘʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɹʝʟ ʜʦʙʘʚʢʠ ʇɺʉ ʢʨʠʩʪʘʣʣʳ ʠʤʝʣʠ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʜʦʙʘʚʢʠ ʜʦ 1 ʛ/ʣ ʢʨʠʩʪʘʣʣʳ ʧʨʠʦʙʨʝʪʘʣʠ çʰʘʪʪʣʦʚʠʜʥʫʶè ʤʦʨʬʦʣʦʛʠʶ. ʂʨʠʩʪʘʣʣʳ 

çʰʘʪʪʣʦʚʠʜʥʦʡè ʤʦʨʬʦʣʦʛʠʠ ʠʤʝʣʠ ʪʦʣʱʠʥʫ ʦʢʦʣʦ 800 ʥʤ ʠ ʜʣʠʥʫ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʤʝʪʨʦʚ 

(ʨʠʩ. 4). 

 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʛʠʜʨʦʢʩʦʢʘʨʙʦʥʘʪʘ ʮʝʨʠʷ ʪʘʢʦʡ 

ʤʦʨʬʦʣʦʛʠʠ ʧʨʠ 500 Áʉ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ ʙʳʣ ʧʦʣʫʯʝʥ ʦʢʩʠʜ ʮʝʨʠʷ (IV) ʚ ʚʠʜʝ 

ʧʩʝʚʜʦʤʦʨʬʦʟʳ (ʨʠʩ. 5). 

 

 

 

ʈʠʩʫʥʦʢ 5. ʇʩʝʚʜʦʤʦʨʬʦʟʘ ʦʢʩʠʜʘ ʮʝʨʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ "ʰʘʪʪʣʦʚʠʜʥʦʡ" ʤʦʨʬʦʣʦʛʠʠ [54]. 

ʈʠʩʫʥʦʢ 4. ʂʨʠʩʪʘʣʣʳ ʛʠʜʨʦʢʩʦʢʘʨʙʦʥʘʪʘ ʮʝʨʠʷ "ʰʘʪʪʣʦʚʠʜʥʦʡ" ʤʦʨʬʦʣʦʛʠʠ [54]. 
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ɺ ʩʪʘʪʴʷʭ ʛʨʫʧʧʳ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟ ʊʘʡʚʘʥʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ [55, 56] ʙʳʣ ʧʦʣʫʯʝʥ 

ʦʢʩʠʜ ʮʝʨʠʷ ʤʝʪʦʜʦʤ ʨʘʩʧʳʣʠʪʝʣʴʥʦʛʦ ʧʠʨʦʣʠʟʘ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ɼʣʷ ʨʘʩʧʳʣʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ 1%-ʳʝ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ: ʘʮʝʪʘʪʘ ʮʝʨʠʷ (CeA), ʥʠʪʨʘʪʘ ʮʝʨʠʷ (CeN) 

ʠ ʥʠʪʨʘʪʘ ʮʝʨʠʷ ʘʤʤʦʥʠʷ (CeAN). ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 1%- ʝr ʨʘʩʪʚʦʨʳ ʩʤʝʩʝʡ ʵʪʠʭ 

ʩʦʣʝʡ: ʘʮʝʪʘʪ ʮʝʨʠʷ ʠ ʥʠʪʨʘʪ ʮʝʨʠʷ (1:1 ʧʦ ʤʦʣʷʤ), ʘʮʝʪʘʪ ʮʝʨʠʷ ʠ ʥʠʪʨʘʪ ʮʝʨʠʷ ʘʤʤʦʥʠʷ (1:1 ʧʦ 

ʤʦʣʷʤ), ʘ ʪʘʢʞʝ ʥʠʪʨʘʪ ʮʝʨʠʷ ʠ ʥʠʪʨʘʪ ʮʝʨʠʷ ʘʤʤʦʥʠʷ (1:1 ʧʦ ʤʦʣʷʤ). ʇʨʠ ʫʜʘʣʝʥʠʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʩʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

ʨʘʟʤʝʨʦʤ ʦʪ ʜʝʩʷʪʢʘ ʜʦ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ, ʘ ʟʘʪʝʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʨʘʟʣʘʛʘʣʠʩʴ ʜʦ ʦʢʩʠʜʘ 

ʮʝʨʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350 Áʉ ʥʘ ʚʦʟʜʫʭʝ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʠ ʵʪʦʤ 

ʩʦʭʨʘʥʷʣʘʩʴ ʩʬʝʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʯʘʩʪʠʮ, ʪʦ ʝʩʪʴ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʩʝʚʜʦʤʦʨʬʦʟ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʧʨʝʦʙʣʘʜʘʣʠ 

ʨʘʟʣʠʯʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʪʠʧʳ ʢʦʥʝʯʥʦʛʦ ʦʢʩʠʜʘ ʮʝʨʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 6. 

ɸʚʪʦʨʳ ʚʳʜʝʣʠʣʠ 7 ʨʘʟʣʠʯʥʳʭ ʤʦʨʬʦʪʠʧʦʚ: I ï ʥʝʧʦʣʳʝ ʩʬʝʨʳ, II ï ʧʦʣʳʝ ʩ ʝʜʠʥʠʯʥʦʡ ʧʦʨʦʡ, 

III  ï ʧʦʣʳʝ ʚʦʛʥʫʪʳʝ, IV ï ʧʦʣʳʝ ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʧʦʨʘʤʠ, V - ʢʨʘʪʝʨʦʧʦʜʦʙʥʳʝ ʩʬʝʨʳ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʚʦʛʥʫʪʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, VI ï  ʪʠʧ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè, VII  - ʤʘʢʨʦʧʦʨʠʩʪʳʝ 

ʩʬʝʨʳ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʢʘʟʳʚʘʝʪ ʠʥʪʝʨʝʩʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʘ ʮʝʨʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʤʦʨʬʦʣʦʛʠʠ.  

 

 

ʈʠʩʫʥʦʢ 6. ʇʕʄ ʩʥʠʤʢʠ ʦʙʨʘʟʮʦʚ ʦʢʩʠʜʘ ʮʝʨʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

 ʘ) CeA; ʙ) CeN; ʚ) CeAN. ʛ) CeA+CeN; ʜ) CeA+CeAN; ʝ) CeN+CeAN [55, 56]. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʘ ʮʝʨʠʷ 

ʩ ʟʘʜʘʥʠʝʤ ʤʦʨʬʦʣʦʛʠʠ ʥʘ ʵʪʘʧʝ ʩʠʥʪʝʟʘ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. 

ʆʢʩʘʣʘʪʳ ʧʝʨʝʭʦʜʥʳʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ ʦʢʩʠʜʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʣʸʛʢʦʩʪʴʶ ʩʠʥʪʝʟʘ, ʥʠʟʢʦʡ ʮʝʥʦʡ, ʭʦʨʦʰʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʭʨʘʥʝʥʠʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴʶ 

ʨʝʘʢʮʠʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʨʠʩʪʦʛʦ ʦʢʩʠʜʘ ʮʝʨʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ 10-ʛʠʜʨʘʪ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ (III ). ɼʘʣʝʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ 

ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʵʪʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ.  

1.3. ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ Ce2(C2O4)3Ā10H2O 

1.3.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ Ln2(C2O4)3Ā10H2O (ʛʜʝ Ln ï ʈɿʕ) 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 10-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ (III) ʙʳʣʘ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʘ ʚ 1968 

ʛʦʜʫ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʠʟ ʄʶʥʭʝʥʘ ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ 10-ʚʦʜʥʳʤʠ ʦʢʩʘʣʘʪʘʤʠ 

ʣʘʥʪʘʥʦʠʜʦʚ [57]. ɸʚʪʦʨʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʧʠʩʳʚʘʣʠ 

ʩʪʨʫʢʪʫʨʫ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʩʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʪʠʧʦʚ ʩʣʦʝʚ, ʯʝʨʝʜʫʶʱʠʭʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ (010). ʇʝʨʚʳʡ ʪʠʧ ï ʵʪʦ 

ʮʝʨʠʡ-ʦʢʩʘʣʘʪʥʳʡ ʩʣʦʡ ʩʦ ʟʥʘʯʝʥʠʷʤʠ y=0, y=1/2, y=1, 

ʚʪʦʨʦʡ ï ʩʣʦʡ ʚʦʜʳ ʩʦ ʟʥʘʯʝʥʠʷʤʠ y=1/4, y=3/4 ʠ ʪ.ʜ. 

ʂʘʞʜʳʡ ʢʘʪʠʦʥ Ce3+ ʦʢʨʫʞʝʥ ʪʨʝʤʷ ʦʢʩʘʣʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʝhʩʪʴ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʙʣʠʞʘʡʰʝʤ ʦʢʨʫʞʝʥʠʠ ʮʝʨʠʷ, ʧʨʠʥʘʜʣʝʞʘʪ ʦʢʩʘʣʘʪ-

ʘʥʠʦʥʘʤ. ɽʱʸ ʪʨʠ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʙʣʠʟʢʦʤ 

ʨʘʩʩʪʦʷʥʠʠ (å2,52 ¡), ʧʨʠʥʘʜʣʝʞʘʪ ʤʦʣʝʢʫʣʘʤ ʚʦʜʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʮʝʨʠʷ ʨʘʚʥʦ ʜʝʚʷʪʠ (ʨʠʩ. 

7). ʆʢʩʘʣʘʪ-ʠʦʥ ʚ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʷʚʣʷʝʪʩʷ ʙʠʜʝʥʪʘʪʥʳʤ 

ʣʠʛʘʥʜʦʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʘʞʜʳʡ ʦʢʩʘʣʘʪ ʢʦʦʨʜʠʥʠʨʫʝʪ ʜʚʘ ʢʘʪʠʦʥʘ ʮʝʨʠʷ. ʊʘʢ ʦʙʨʘʟʫʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʩʪʨʫʢʪʫʨʥʳʡ ʵʣʝʤʝʥʪ ï ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʮʝʨʠʡ-ʦʢʩʘʣʘʪʥʘʷ ʩʝʪʢʘ (ʨʠʩ. 8ʘ). ʊʘʢʠʝ ʩʣʦʠ 

ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʩʦ ʩʜʚʠʛʦʤ ʥʘ İ ʵʣʝʤʝʥʪʘʨʥʦʡ ʪʨʘʥʩʣʷʮʠʠ ʩ, ʦʙʨʘʟʫʷ ʩʣʦʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 8ʙ). ʇʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ ʪʨʠ ʢʠʩʣʦʨʦʜʘ ʚʦʜʳ ʚ ʙʣʠʞʘʡʰʝʤ ʦʢʨʫʞʝʥʠʠ Ce3+ 

ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʣʠʛʘʥʜʦʚ, ʦʥʠ ʪʘʢʞʝ ʩʚʷʟʳʚʘʶʪ ʮʝʨʠʡ-ʦʢʩʘʣʘʪʥʳʝ ʩʣʦʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ.  

ʈʠʩʫʥʦʢ 7. ɹʣʠʞʘʡʰʝʝ 

ʦʢʨʫʞʝʥʠʝ ʮʝʨʠʷ ʚ ʩʪʨʫʢʪʫʨʝ 

Ce2(C2O4)3Ā10H2O 
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ʅʘ ʨʠʩ. 9 ʠʟʦʙʨʘʞʝʥʘ ʩʪʨʫʢʪʫʨʘ Ce2(C2O4)3Ā10H2O ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʸʥʥʳʭ ʚ ʨʘʙʦʪʝ [57]. ʉʪʨʫʢʪʫʨʥʳʝ ʬʨʘʛʤʝʥʪʳ, 

ʠʟʦʙʨʘʞʝʥʥʳʝ ʥʘ ʨʠʩ. 7 ʠ ʨʠʩ. 8, ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʸʥʥʳʭ ʚ ʩʪʘʪʴʝ 

ʥʝʤʝʮʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʅʘ ʚʩʝʭ ʧʦʩʪʨʦʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʞʸʣʪʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥ ʘʪʦʤ 

ʮʝʨʠʷ, ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ï ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ ʦʢʩʘʣʘʪʘ, ʯʸʨʥʳʤ (ʩʝʨʳʤ ʥʘ ʨʠʩ. 7) 

ʮʚʝʪʦʤ ï ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ ʦʢʩʘʣʘʪʘ, ʩʠʥʠʤ ʮʚʝʪʦʤ ï ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʚʦʜʳ ʠʟ 

ʙʣʠʞʘʡʰʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʮʝʨʠʷ, ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ ï ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʚʦʜʳ ʚʥʝ 

ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ ʮʝʨʠʷ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʮʝʨʠʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ. ʇʦʩʢʦʣʴʢʫ ʯʝʨʝʜʦʚʘʥʠʝ ʮʝʨʠʡ-ʦʢʩʘʣʘʪʥʳʭ ʩʣʦʸʚ ʠʜʸʪ ʧʦ ʪʠʧʫ 

ɸɺɸɺé, ʪʦ ʜʣʷ ʫʜʦʙʩʪʚʘ ʚʦʩʧʨʠʷʪʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʵʜʨʳ ʚʦʢʨʫʛ ʘʪʦʤʦʚ ʮʝʨʠʷ ʠʟ 

ʩʦʩʝʜʥʠʭ ʩʣʦʸʚ ʦʙʦʟʥʘʯʝʥʳ ʨʘʟʥʳʤ ʮʚʝʪʦʤ ï ʞʸʣʪʳʤ ʠ ʟʝʣʸʥʳʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 8. ʘ) ʎʝʨʠʡ-ʦʢʩʘʣʘʪʥʳʡ ʩʣʦʡ; ʙ) ɼʚʘ ʮʝʨʠʡ-ʦʢʩʘʣʘʪʥʳʭ ʩʣʦʷ ʩʦ ʩʜʚʠʛʦʤ ʥʘ ʩ/2 

ʈʠʩʫʥʦʢ 9. ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 10-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ (III ). 
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ʇʦ ʧʦʚʦʜʫ ʦʩʪʘʚʰʠʭʩʷ ʤʦʣʝʢʫʣ ʚʦʜʳ (ʜʣʷ 10-

ʛʠʜʨʘʪʘ ʠʭ 2 ʥʘ ʢʘʞʜʳʡ ʮʝʨʠʡ) ʘʚʪʦʨʳ ʦʪʤʝʪʠʣʠ, 

ʯʪʦ ʧʦʟʠʮʠʠ ʵʪʠʭ ʤʦʣʝʢʫʣ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʛʦ 

ʫʪʦʯʥʝʥʠʷ ʠ ʧʨʠʚʝʣʠ ʠʭ ʚ ʪʘʙʣʠʮʝ ʩ ʘʪʦʤʥʳʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʩ ʧʦʤʝʪʢʦʡ ç?è (ʩʤ. O10 ʠ O11 ʚ 

ʪʘʙʣʠʮʝ 1). ʊʘʙʣʠʮʘ 1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʨʠʛʠʥʘʣʴʥʫʶ ʪʘʙʣʠʮʫ ʘʪʦʤʥʳʭ ʢʦʦʨʜʠʥʘʪ ʜʣʷ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ 10-ʛʠʜʨʘʪʦʚ ʦʢʩʘʣʘʪʦʚ 

ʣʘʥʪʘʥʦʠʜʦʚ, ʩʦʩʪʘʚʣʝʥʥʫʶ ʘʚʪʦʨʘʤʠ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʚ ʜʘʥʥʦʡ ʪʘʙʣʠʮʝ ʢʠʩʣʦʨʦʜʳ O1ïO6 ʧʨʠʥʘʜʣʝʞʘʪ 

ʤʦʣʝʢʫʣʘʤ ʦʢʩʘʣʘʪʘ, O7ïO9 ï ʤʦʣʝʢʫʣʘʤ ʚʦʜʳ ʠʟ ʙʣʠʞʘʡʰʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʮʝʨʠʷ, ʘ 

O10ïO11 ï ʢʠʩʣʦʨʦʜʳ ʪʦʡ ʩʘʤʦʡ ʥʝʜʦʩʪʦʚʝʨʥʦ ʦʧʨʝʜʝʣʸʥʥʦʡ ʚʦʜʳ. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ 10-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʣʝʜʫʶʱʠʝ: ʇɻʉ ï P21/c, a 

= 11,347 ¡, b = 9,630 ¡, c = 10,392 ¡, ɓ = 114,52Á. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʷʯʝʡʢʫ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʧʦ-ʨʘʟʥʦʤʫ (ʨʠʩ. 10), ʯʪʦ ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ ʚ ʩʚʦʝʡ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ 

[58]. ʅʘʧʨʠʤʝʨ, ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ [59] ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʝʛʠʜʨʘʪʘʮʠʠ 10-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ 

ʩʘʤʘʨʠʷ ʜʣʷ ʫʜʦʙʩʪʚʘ ʦʧʠʩʘʥʠʷ ʚʳʙʠʨʘʣʘʩʴ ʷʯʝʡʢʘ ʩ ʫʛʣʦʤ ʤʦʥʦʢʣʠʥʥʦʩʪʠ 119Á. 

ʊʘʙʣʠʮʘ 1. ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʘʭ 10-ʚʦʜʥʳʭ ʦʢʩʘʣʘʪʦʚ ʣʘʥʪʘʥʦʠʜʦʚ [57].  

 

 

ʈʠʩʫʥʦʢ 10. ɺʘʨʠʘʥʪʳ ʚʳʙʦʨʘ 

ʷʯʝʡʢʠ ʜʣʷ ʩʪʨʫʢʪʫʨ 

Ln(C2O4)3Ā10H2O [58].  
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ɽʱʸ ʚ 1909 ʛʦʜʫ ɽ. ʃʝʚʝʥʰʪʝʡʥ [60] ʦʪʤʝʯʘʣ ʩʧʦʩʦʙʥʦʩʪʴ ʛʠʜʨʘʪʦʚ ʦʢʩʘʣʘʪʦʚ ʣʘʥʪʘʥʘ, 

ʮʝʨʠʷ ʠ ʠʪʪʨʠʷ, ʤʝʥʷʪʴ ʩʦʩʪʘʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ 

ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʪʠʚʦʨʝʯʠʷ ʧʦ ʧʦʚʦʜʫ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʛʦ ʛʠʜʨʘʪʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ 

ʛʦʚʦʨʠʪʩʷ ʦ 10-ʛʠʜʨʘʪʝ, ʦʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 9- ʠ 9,5-ʛʠʜʨʘʪʦʚ 

[61, 62] ʠ ʜʘʞʝ 8-ʛʠʜʨʘʪʦʚ [63]. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʩʭʦʜʥʳʡ ʛʠʜʨʘʪ ʷʚʣʷʝʪʩʷ ʬʘʟʦʡ 

ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʦʙʨʘʪʠʤʦ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʧʨʠʤʝʨʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ 

ʬʘʟ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ [64, 65]. ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʝ ʜʘʥʥʘʷ ʬʘʟʘ ʷʚʣʷʝʪʩʷ ʪʚʸʨʜʳʤ ʨʘʩʪʚʦʨʦʤ ʚʳʯʠʪʘʥʠʷ ʠ ʧʦʣʫʯʠʣʘ 

ʩʧʝʮʠʘʣʴʥʦʝ ʥʘʟʚʘʥʠʝ çʚʘʢʘʥʩʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘè.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ çʚʘʢʘʥʩʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳè ʚ ʩʣʫʯʘʝ 10-ʛʠʜʨʘʪʦʚ 

ʦʢʩʘʣʘʪʦʚ ʈɿʕ, ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʠʟ ʩʪʨʫʢʪʫʨʳ ʯʘʩʪʠʯʥʦ ʚʳʭʦʜʠʪ ʥʘʠʤʝʥʝʝ ʩʚʷʟʘʥʥʘʷ 

ʤʝʞʩʣʦʝʚʘʷ ʚʦʜʘ, ʩ ʫʪʦʯʥʝʥʠʝʤ ʧʦʟʠʮʠʡ ʢʦʪʦʨʦʡ ʚʦʟʥʠʢʣʠ ʧʨʦʙʣʝʤʳ ʚ ʨʘʙʦʪʝ [57]. ɼʘʞʝ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ ʩ ʢʦʨʨʝʢʪʥʳʤ ʫʪʦʯʥʝʥʠʝʤ ʧʦʟʠʮʠʡ ʜʘʥʥʦʡ ʚʦʜʳ. ʂ 

ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʜʣʷ ʩʣʫʯʘʷ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʝʩʪʴ ʪʦʣʴʢʦ ʦʜʥʘ ʨʘʙʦʪʘ, ʛʜʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʧʦʧʳʪʘʣʠʩʴ ʜʦʩʪʦʚʝʨʥʦ ʫʪʦʯʥʠʪʴ ʧʦʟʠʮʠʠ ʚʥʝʰʥʝʩʬʝʨʥʦʡ ʚʦʜʳ [66]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʘʞʜʘʷ 

ʚʥʝʰʥʝʩʬʝʨʥʘʷ ʚʦʜʘ ʙʳʣʘ ʫʧʦʨʷʜʦʯʝʥʘ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʨʠʩʪʘʣʣʳ ʠ ʨʘʩʰʠʬʨʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʦʢʩʘʣʘʪʘ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ ʮʝʨʠʷ ï 

ʧʨʘʟʝʦʜʠʤʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʘʚʪʦʨʳ ʧʨʦʚʦʜʠʣʠ ʩʠʥʪʝʟ ʦʢʩʘʣʘʪʦʚ ʮʝʨʠʷ ʠ ʧʨʘʟʝʦʜʠʤʘ ʚ 

ʘʙʩʦʣʶʪʥʦ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʣʫʯʝʥʥʳʡ ʛʠʜʨʘʪ ʦʢʩʘʣʘʪʘ ʧʨʘʟʝʦʜʠʤʘ ʩʦʜʝʨʞʘʣ ʪʨʠ 

ʚʥʝʰʥʝʩʬʝʨʥʳʭ ʚʦʜʳ ʥʘ ʢʘʞʜʳʡ ʘʪʦʤ ʣʘʥʪʘʥʦʠʜʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʩʪʘʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ 12-

ʛʠʜʨʘʪʫ. ʇʨʠ ʵʪʦʤ ʚ ʫʪʦʯʥʸʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʦʜʥʘ ʚʥʝʰʥʝʩʬʝʨʥʘʷ ʚʦʜʘ ʟʘʥʠʤʘʝʪ ʧʦʟʠʮʠʶ ʩʦ 

100%-ʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʘʞʜʘʷ ʠʟ ʜʚʫʭ ʜʨʫʛʠʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ ʧʦ 

ʜʚʫʤ ʧʦʟʠʮʠʷʤ.  

ɺ ʨʘʙʦʪʝ [67] ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ 10-ʚʦʜʥʦʛʦ ʦʢʩʘʣʘʪʘ ʜʨʫʛʦʛʦ 

ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ ʮʝʨʠʷ ʧʦ ʪʘʙʣʠʮʝ ʄʝʥʜʝʣʝʝʚʘ ï ʣʘʥʪʘʥʘ. ɸʚʪʦʨʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʠ 

ʫʪʦʯʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʪʘʢʞʝ ʟʘʜʘʚʘʣʠ ʯʘʩʪʠʯʥʦ ʟʘʥʷʪʳʝ ʧʦʟʠʮʠʠ ʜʣʷ ʤʦʣʝʢʫʣ ʚʥʝʩʰʥʝʩʬʝʨʥʦʡ 

ʚʦʜʳ, ʢʦʪʦʨʳʭ ʚ ʩʫʤʤʝ ʧʦʣʫʯʠʣʦʩʴ ʩʝʤʴ ʥʘ ʢʘʞʜʳʡ ʘʪʦʤ ʣʘʥʪʘʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʘ 10-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ, ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ 

ʦʢʩʘʣʘʪʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ, ʙʳʣʘ ʨʘʥʝʝ ʧʨʠʚʝʜʝʥʘ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʦʜʥʘʢʦ ʫ ʚʩʝʭ ʘʚʪʦʨʦʚ ʚʦʟʥʠʢʘʣʠ 

ʧʨʦʙʣʝʤʳ ʩ ʫʪʦʯʥʝʥʠʝʤ ʚʥʝʰʥʝʩʬʝʨʥʦʡ ʚʦʜʳ. ʇʦʩʢʦʣʴʢʫ ʵʪʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʩʠʣʴʥʦ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ, ʪʦ ʙʳʣʦ ʧʨʠʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠʭ ʫʪʦʯʥʝʥʠʷ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʧʦʟʠʮʠʷʤ. 
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1.3.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ Ln2(C2O4)3Ā10H2O (ʛʜʝ Ln ï 

ʈɿʕ) 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʳ ʚʩʝʭ 10-ʛʠʜʨʘʪʦʚ ʦʢʩʘʣʘʪʦʚ ʈɿʕ ʠʟʦʩʪʨʫʢʪʫʨʥʳ, 

ʧʦʵʪʦʤʫ ʨʘʟʣʠʯʠʷ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʦʙʲʷʩʥʷʶʪʩʷ ʪʦʣʴʢʦ ʨʘʟʤʝʨʘʤʠ ʠ 

ʩʚʦʡʩʪʚʘʤʠ ʘʪʦʤʦʚ ʣʘʥʪʘʥʦʠʜʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʩʢʣʦʥʥʦʩʪʠ ʮʝʨʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ ʜʦ 4+, ʨʘʟʣʦʞʝʥʠʝ Ce2(C2O4)3Ā10H2O ʥʘ ʚʦʟʜʫʭʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ 10-ʛʠʜʨʘʪʦʚ 

ʦʢʩʘʣʘʪʦʚ ʈɿʕ ʥʘ ʩʪʘʜʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʪʝʨʤʦʣʠʟʘ. ʇʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʦʣʥʦʝ ʫʜʘʣʝʥʠʝ ʚʦʜʳ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ ʢ ʤʦʤʝʥʪʫ ʩʦʙʩʪʚʝʥʥʦ ʨʘʟʣʦʞʝʥʠʷ ʦʢʩʘʣʘʪʘ. ɹʳʩʪʨʦʝ ʝʛʦ 

ʨʘʟʣʦʞʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʝʱʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ å 0,5 ʤʦʣʝʢʫʣ ʅ2O [68]. ɼʘʥʥʳʝ ʧʦ ʩʫʱʝʩʪʚʦʚʘʥʠʶ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʛʠʜʨʘʪʦʚ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳ: ʙʳʣʦ ʦʪʤʝʯʝʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʜʣʷ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʛʠʜʨʘʪʦʚ ʩ n = 3 [69]; 1,5 [70]; 0,5 [68, 70]. ʇʨʦʤʝʞʫʪʦʯʥʳʭ 

ʛʠʜʨʘʪʦʚ ʩ n> 3 ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ɼʝʛʠʜʨʘʪʘʮʠʷ 10-ʛʠʜʨʘʪʦʚ ʦʢʩʘʣʘʪʦʚ ʙʣʠʞʘʡʰʠʭ ʢ ʮʝʨʠʶ 

ʣʘʥʪʘʥʦʠʜʦʚ La, Pr ʠ Nd ʧʨʦʪʝʢʘʝʪ ʧʦʭʦʞʠʤ ʦʙʨʘʟʦʤ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʛʠʜʨʘʪʦʚ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʚʦʜʳ (75ï90%) ʫʜʘʣʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 160ï180 ÁC, ʝʱʝ 

ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʅ2O ʫʜʘʣʷʝʪʩʷ ʧʨʠ 210ï230 ÁC ʜʦ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ ʦʢʩʘʣʘʪʘ [68]. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʦ ʚʩʝʤʫ ʨʷʜʫ ʦʢʩʘʣʘʪʦʚ ʈɿʕ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ 

ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ɺ ʨʷʜʫ ʣʘʥʪʘʥʦʠʜʦʚ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʣʝʛʢʠʭ ʢ ʪʷʞʝʣʳʤ ʵʣʝʤʝʥʪʘʤ 

ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʜʠʡ, ʥʘ ʢʦʪʦʨʳʭ ʫʜʘʣʷʝʪʩʷ ʚʦʜʘ, ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʫʩʠʣʝʥʠʝʤ ʢʦʦʨʜʠʥʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʵʥʝʨʛʠʝʡ ʛʠʜʨʘʪʘʮʠʠ) ʠʦʥʦʚ Ln3+ ʚ ʵʪʦʤ 

ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʦʙʱʝʤ, ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ Z (ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʜʠʫʩʘ ʢʘʪʠʦʥʘ) ʚ ʨʷʜʫ CeïEr 

ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʪʝʥʜʝʥʮʠʷ ʚʳʜʝʣʝʥʠʷ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʚʦʜʳ ʚ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ 160ï170 ÁC 

ʠʟʤʝʥʷʝʪʩʷ. ɺʦʜʘ ʫʜʘʣʷʝʪʩʷ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠʯʝʤ ʫʜʘʣʝʥʠʝ ʧʝʨʚʳʭ 

4ï6 ʤʦʣʝʢʫʣ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʩʝ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (110ï140 ÁC), ʩʚʷʟʴ ʧʦʩʣʝʜʥʠʭ 

2ï3 ʤʦʣʝʢʫʣ ʚʦʜʳ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʯʥʝʝ, ʠ ʧʦʩʣʝʜʥʠʝ ʵʣʝʤʝʥʪʳ ʨʷʜʘ ʦʙʨʘʟʫʶʪ ʫʩʪʦʡʯʠʚʳʝ 

ʥʠʟʰʠʝ ʛʠʜʨʘʪʳ. ɺʩʝ 10-ʛʠʜʨʘʪʳ ʠʟʦʩʪʨʫʢʪʫʨʥʳ, ʚʦʜʘ ʚʭʦʜʠʪ ʚ ʩʪʨʫʢʪʫʨʫ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʦʵʪʦʤʫ ʨʘʟʣʠʯʠʷ ʚ ʧʨʦʮʝʩʩʝ ʜʝʛʠʜʨʘʪʘʮʠʠ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʣʘʥʪʘʥʦʠʜʥʦʛʦ ʩʞʘʪʠʷ.  

ʉʠʩʪʝʤʘʪʠʟʠʨʫʷ ʜʘʥʥʳʝ ʧʦ ʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʦʢʩʘʣʘʪʦʚ ʈɿʕ ʥʘ ʚʦʟʜʫʭʝ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ Z (ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʜʠʫʩʘ Ln3+) ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʦʢʩʘʣʘʪʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʧʦʚʳʰʘʝʪʩʷ. ʃʘʥʪʘʥʦʠʜʥʦʝ ʩʞʘʪʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʭʠʤʠʯʝʩʢʠʤ 

ʵʬʬʝʢʪʦʤ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 11, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʣʦʞʝʥʠʷ 

ʦʢʩʘʣʘʪʦʚ ʦʪ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ [68]. ʀʩʢʣʶʯʝʥʠʝ ï Ce ʠ Eu, ʦʢʩʘʣʘʪʳ ʢʦʪʦʨʳʭ 

ʨʘʟʣʘʛʘʶʪʩʷ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [71]. 
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ʈʠʩʫʥʦʢ 11. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʥʘʯʘʣʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ Ln2(C2O4)3ĀxH2O ʦʪ ʨʘʜʠʫʩʘ Ln3+ (1, 2 ï x = 6; 1ô, 2ô ï x = 10) [68]. 

ʉʪʘʜʠʷ ʨʘʟʣʦʞʝʥʠʷ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʧʨʦʪʝʢʘʝʪ ʠʥʘʯʝ, ʯʝʤ ʨʘʟʣʦʞʝʥʠʝ ʦʢʩʘʣʘʪʦʚ ʜʨʫʛʠʭ 

ʣʘʥʪʘʥʦʠʜʦʚ. ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʟʣʦʞʝʥʠʷ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʥʘ ʚʦʟʜʫʭʝ ʩʦʩʪʘʚʣʷʝʪ 250ï300 ÁC, ʯʪʦ 

ʟʘʤʝʪʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʦʢʩʘʣʘʪʦʚ ʜʨʫʛʠʭ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʩʨʝʜʥʝʤ ʥʘ 100ï150 ÁC. ɺʦʟʤʦʞʥʦʩʪʴ 

ʢʘʪʠʦʥʘ ʮʝʨʠʷ ʤʝʥʷʪʴ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ (Ce3+ŸCe4+) ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʦʙʲʷʩʥʝʥʠʠ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʚ ʤʝʭʘʥʠʟʤʝ ʨʝʘʢʮʠʠ. ʈʘʥʝʝ ʚ ʨʘʙʦʪʝ ʄʘʢʣʝʥʘ [72] ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ 

ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʦʢʩʘʣʘʪʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ Fe (II ), Mn (II ), Co (II ), Ni (II). ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ ʪʘʢʠʭ ʦʢʩʘʣʘʪʦʚ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʙʦʣʝʝ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. ʈʘʟʥʠʮʘ ʚ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ ʦʢʩʘʣʘʪʘ ʩʦʩʪʘʚʣʷʣʘ ʦʪ ʚʩʝʛʦ ʣʠʰʴ 7 Áʉ ʚ ʩʣʫʯʘʝ ʦʢʩʘʣʘʪʘ 

ʥʠʢʝʣʷ (II) ʜʦ 192 Áʉ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʦʢʩʘʣʘʪʘ ʞʝʣʝʟʘ (II). ʄʘʢʣʝʥ ʧʨʝʜʣʦʞʠʣ, ʯʪʦ ʧʝʨʚʦʡ ʠ 

ʦʯʝʥʴ ʚʘʞʥʦʡ ʩʪʘʜʠʝʡ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʦʢʩʘʣʘʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʝʥʠʝ 

ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ ʜʦ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 3+. ɼʘʣʝʝ ʦʢʠʩʣʝʥʥʳʡ ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ, ʷʚʣʷʷʩʴ ʩʠʣʴʥʳʤ 

ʘʢʮʝʧʪʦʨʦʤ ʵʣʝʢʪʨʦʥʦʚ, ʧʝʨʝʥʦʩʠʪ ʥʘ ʩʝʙʷ ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʚʷʟʠ CïC, ʦʙʣʝʛʯʘʷ ʝʝ 

ʨʘʟʨʳʚ ʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʣʦʞʝʥʠʝ ʦʢʩʘʣʘʪʘ. ʇʦʩʢʦʣʴʢʫ ʦʢʠʩʣʝʥʠʝ Ni2+ŸNi3+ ʠʟ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʪʘʣʣʦʚ ʧʨʦʪʝʢʘʝʪ ʪʨʫʜʥʝʝ ʚʩʝʛʦ, ʪʦ ʚ ʩʣʫʯʘʝ ʦʢʩʘʣʘʪʘ ʥʠʢʝʣʷ ʨʘʟʥʠʮʘ ʚ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʠ ʠʥʝʨʪʥʦʡ ʩʨʝʜʘʭ ʙʳʣʘ ʩʘʤʦʡ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʪʝʨʤʦʣʠʟʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ 

(III) ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʜʦʙʥʳʡ ʤʝʭʘʥʠʟʤ, ʠʥʠʮʠʠʨʫʝʤʳʡ ʦʢʠʩʣʝʥʠʝʤ ʢʘʪʠʦʥʘ Ce3+ŸCe4+. 

ʇʦʩʢʦʣʴʢʫ ʮʝʨʠʡ ï ʝʜʠʥʩʪʚʝʥʥʳʡ ʠʟ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʘ 

ʫʩʪʦʡʯʠʚʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ 4+, ʪʦ ʠʟ ʚʩʝʭ ʦʢʩʘʣʘʪʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʦʣʴʢʦ ʚ 
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ʩʣʫʯʘʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʥʘ ʚʦʟʜʫʭʝ ʥʘʯʘʣʦ ʦʢʠʩʣʝʥʠʷ ʦʢʩʘʣʘʪʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 300 Áʉ. ɽʱʸ ʦʜʥʦ ʚʘʞʥʦʝ ʦʪʣʠʯʠʝ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʝʛʦ ʦʢʠʩʣʝʥʠʠ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʥʠʢʘʢʠʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʪʝʨʤʦʣʠʟʘ ʷʚʣʷʝʪʩʷ CeO2.  

ɼʝʩʷʪʠʚʦʜʥʳʝ ʦʢʩʘʣʘʪʳ ʙʣʠʞʘʡʰʠʭ ʢ ʮʝʨʠʶ ʣʘʥʪʘʥʦʠʜʦʚ La, Pr ʠ Nd ʜʝʛʠʜʨʘʪʠʨʫʶʪ ʙʝʟ 

ʦʙʨʘʟʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʛʠʜʨʘʪʦʚ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʱʠʝʩʷ ʙʝʟʚʦʜʥʳʝ 

ʦʢʩʘʣʘʪʳ ʪʘʢʞʝ ʥʝʩʪʘʙʠʣʴʥʳ ʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʦʯʪʠ ʥʝʤʝʜʣʝʥʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 390ï460 ÁC. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʩʪʘʙʠʣʴʥʳʝ ʜʠʦʢʩʦʢʘʨʙʦʥʘʪʳ 

ʩʦʩʪʘʚʘ Ln2O2CO3, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʥʘ ʢʨʠʚʳʭ ʧʦʪʝʨʠ ʤʘʩʩʳ ʦʪʤʝʯʘʝʪʩʷ ʦʙʣʘʩʪʷʤʠ 

ʧʣʘʪʦ. ʈʘʟʣʦʞʝʥʠʝ 10-ʛʠʜʨʘʪʦʚ ʦʢʩʘʣʘʪʦʚ SmïDy ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʈʘʥʝʝ ʩʯʠʪʘʣʠ, ʯʪʦ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʥʝ ʦʙʨʘʟʫʶʪʩʷ. ʆʜʥʘʢʦ ʧʨʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘʥʠʷ (4 ʛʨʘʜ/ʤʠʥ) 

ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʬʠʢʩʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʦʢʩʦʢʘʨʙʦʥʘʪʦʚ ʜʣʷ SmïTb, Dy 

[73]. 

 

1.4. ʋʧʨʘʚʣʝʥʠʝ ʤʦʨʬʦʣʦʛʠʝʡ ʦʢʩʠʜʘ ʮʝʨʠʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ 10-

ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ (III ) 

ʆʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʫʪʝʡ ʫʧʨʘʚʣʝʥʠʷ ʤʦʨʬʦʣʦʛʠʝʡ ʦʢʩʠʜʘ ʮʝʨʠʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ 

ʨʘʟʣʦʞʝʥʠʠ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ï ʩʠʥʪʝʟ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʟʘʜʘʥʥʦʡ ʤʦʨʬʦʣʦʛʠʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ 

ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʦʢʩʠʜ ʮʝʨʠʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʠ 

ʬʦʨʤʳ ʠʩʭʦʜʥʳʭ ʯʘʩʪʠʮ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʙʦʪʳ, 

ʧʦʩʚʷʱʝʥʥʳʝ ʢʦʥʪʨʦʣʶ ʤʦʨʬʦʣʦʛʠʠ ʦʢʩʠʜʘ ʮʝʨʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʢʨʠʩʪʘʣʣʦʚ 10-ʛʠʜʨʘʪʘ 

ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ (III ), ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. 

ɺ ʨʘʙʦʪʝ [74] ʩʠʥʪʝʟ ʢʨʠʩʪʘʣʣʦʚ Ce2(C2O4)3Ā10H2O ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ: 

ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʧʦʨʷʜʦʢ ʠʭ ʜʦʙʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ pH 

ʩʨʝʜʳ. ʇʨʠ ʵʪʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʩʭʦʜʥʘʷ ʤʦʨʬʦʣʦʛʠʷ ʢʨʠʩʪʘʣʣʦʚ ʦʢʩʘʣʘʪʘ ʚʣʠʷʝʪ ʥʘ ʨʘʟʤʝʨ ʟʸʨʝʥ ʢʦʥʝʯʥʦʛʦ ʦʢʩʠʜʘ. ʊʘʢʞʝ 

ʘʚʪʦʨʳ ʦʪʤʝʯʘʣʠ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʪʦʣʩʪʳʭ ʦʙʨʘʟʮʦʚ ʨʘʟʤʝʨ ʟʸʨʝʥ ʢʦʥʝʯʥʦʛʦ ʦʢʩʠʜʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ 

ʩʣʫʯʘʝ ʦʙʨʘʟʮʦʚ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʦ ʦʜʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ (ʧʣʘʩʪʠʥʦʢ). 

ɺ ʨʘʙʦʪʝ [75] ʢʨʠʩʪʘʣʣʳ Ce2(C2O4)3Ā10H2O ʧʣʘʩʪʠʥʯʘʪʦʡ ʤʦʨʬʦʣʦʛʠʠ (ʨʠʩ. 12ʘʙ) ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʙʳʩʪʨʳʤ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʘ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʚ ʨʘʩʪʚʦʨ ʥʠʪʨʘʪʘ ʮʝʨʠʷ 

ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʪʝʯʝʥʠʝ ʯʝʪʳʨʸʭ 
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ʯʘʩʦʚ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 450 ÁC ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ, ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʣʘʩʴ 

ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ (ʨʠʩ. 12ʚʛ). ɹʳʣʦ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʥʝʙʦʣʴʰʦʡ ʜʦʙʘʚʢʠ 

ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ (ʇɺʇ) ʧʨʠ ʩʠʥʪʝʟʝ ʠʩʭʦʜʥʦʛʦ ʦʢʩʘʣʘʪʘ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʦʣʫʯʘʝʤʳʭ 

ʢʨʠʩʪʘʣʣʦʚ: ʜʘʥʥʘʷ ʜʦʙʘʚʢʘ ʧʦʤʦʛʣʘ ʠʟʙʝʞʘʪʴ ʩʠʣʴʥʦʛʦ ʘʛʣʦʤʝʨʠʨʦʚʘʥʠʷ ʧʦʣʫʯʘʝʤʳʭ 

ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ.  

ɺ ʨʘʙʦʪʝ [76] ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 10-ʚʦʜʥʦʛʦ 

ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʢʫʙʠʯʝʩʢʦʡ ʤʦʨʬʦʣʦʛʠʠ. ʉʠʥʪʝʟ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʩʷ ʠʟ ʨʘʩʪʚʦʨʦʚ ʥʠʪʨʘʪʘ 

ʮʝʨʠʷ ʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʚ ʩʨʝʜʝ ʚʦʜʘ-ʛʣʠʮʝʨʠʥ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʡʙʨʦʤʠʜʘ ʧʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʝ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʡ 

ʚʘʨʴʠʨʦʚʘʣʘʩʴ. ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʢʨʠʩʪʘʣʣʦʚ 10-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ 

ʮʝʨʠʷ ʢʫʙʠʯʝʩʢʦʡ ʤʦʨʬʦʣʦʛʠʠ ʩ ʜʦʚʦʣʴʥʦ ʫʟʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʨʘʟʤʝʨʘʤ (ʦʪ 2 ʜʦ 4,5 ʤʢʤ). 

ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʫʶ ʤʦʨʬʦʣʦʛʠʶ ʥʘʩʣʝʜʫʝʪ ʠ ʦʢʩʠʜ ʮʝʨʠʷ (IV), ʧʦʣʫʯʝʥʥʳʡ 

ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʜʘʥʥʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 400 Áʉ (ʨʠʩ. 13). ʇʣʦʱʘʜʴ 

ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʦʢʩʠʜʘ ʮʝʨʠʷ, ʠʟʤʝʨʝʥʥʘʷ ʧʦ ʤʝʪʦʜʫ ɹʕʊ, ʩʦʩʪʘʚʠʣʘ 

98,7 ʤ2/ʛ. ʅʘ ʨʠʩ. 13ʙʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʧʨʦʩʚʝʯʠʚʘʶʱʝʤ 

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ. ʕʣʝʢʪʨʦʥʦʛʨʘʤʤʘ ʧʦʣʫʯʝʥʥʦʛʦ ʦʢʩʠʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 13ʛ.  

a ʙ 

ʚ ʛ 

ʈʠʩʫʥʦʢ 12. ʇʣʘʩʪʠʥʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ 10-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʇɺʇ (ʘ, ʙ); ʦʢʩʠʜ ʮʝʨʠʷ ʚ ʚʠʜʝ ʧʩʝʚʜʦʤʦʨʬʦʟʳ, ʧʦʣʫʯʝʥʥʳʡ ʪʝʨʤʠʯʝʩʢʠʤ 

ʨʘʟʣʦʞʝʥʠʝʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʚ ʪʝʯʝʥʠʝ 4 ʯ ʧʨʠ 450 Áʉ ʥʘ ʚʦʟʜʫʭʝ (ʚ, ʛ) [75]. 
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ʈʠʩʫʥʦʢ 13. ʇʩʝʚʜʦʤʦʨʬʦʟʘ ʦʢʩʠʜʘ ʮʝʨʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ 

ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʢʫʙʠʯʝʩʢʦʡ ʤʦʨʬʦʣʦʛʠʠ [76]. 

 

ɺ ʨʘʙʦʪʝ [77] ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʦʢʩʘʣʘʪʥʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʦʢʩʠʜʘ ʮʝʨʠʷ ʜʚʫʭ ʪʠʧʦʚ 

ʤʦʨʬʦʣʦʛʠʡ: ʧʣʘʩʪʠʥʯʘʪʦʡ (ʨʠʩ. 14ʘ) ʠ ʙʦʣʝʝ ʠʟʦʪʨʦʧʥʦʡ ʙʣʦʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ (ʨʠʩ. 14ʙ). 

ʈʘʟʣʠʯʥʘʷ ʤʦʨʬʦʣʦʛʠʷ ʜʦʩʪʠʛʘʣʘʩʴ ʜʦʙʘʚʢʘʤʠ ʛʣʠʮʝʨʠʥʘ ʠ ʛʣʠʢʦʣʷ ʧʨʠ ʩʠʥʪʝʟʝ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. ʇʨʠ ʨʘʟʣʦʞʝʥʠʠ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʦʢʩʠʜʳ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʪʘʢʞʝ ʚ ʚʠʜʝ 

ʧʩʝʚʜʦʤʦʨʬʦʟʳ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʦʜʫʢʪʳ ʩ ʨʘʟʥʳʤʠ ʪʝʢʩʪʫʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʨʘʟʣʠʯʥʦʡ 

ʧʣʦʱʘʜʴʶ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʣʦʱʘʜʴ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʟʣʦʞʝʥʠʝʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʧʨʠ 450 ÁC, ʚʳʯʠʩʣʝʥʥʘʷ ʧʦ ʤʝʪʦʜʫ ɹʕʊ, ʦʪʣʠʯʘʣʘʩʴ 

ʟʥʘʯʠʪʝʣʴʥʦ: 8,6 ʤ2/ʛ ʚ ʩʣʫʯʘʝ ʧʣʘʩʪʠʥʦʢ ʠ 66,7 ʤ2/ʛ ʚ ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣʦʚ ʩ ʙʣʦʯʥʦʡ 

ʤʦʨʬʦʣʦʛʠʝʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʦʢʩʠʜʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʙʘʪʘʨʝʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣʦʚ ʙʣʦʯʥʦʡ 

ʤʦʨʬʦʣʦʛʠʠ ʩ ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʴʶ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʤʝʪʥʦ ʣʫʯʰʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʪʘʨʝʡ: ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʸʤʢʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 460 ʤɸĀʯ/ʛ, ʪʘʢʞʝ ʙʳʣʘ 

ʧʦʢʘʟʘʥʘ ʭʦʨʦʰʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʩʣʝ 100 ʮʠʢʣʦʚ ʟʘʨʷʜʘ-ʨʘʟʨʷʜʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʩʣʫʯʘʝ 

ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʸʤʢʦʩʪʴ ʧʘʜʘʣʘ ʜʦ 290 ʤɸĀʯ/ʛ. ʕʪʦ ʷʨʢʠʡ ʧʨʠʤʝʨ ʪʦʛʦ, ʢʘʢ ʢʦʥʪʨʦʣʴ 

ʤʦʨʬʦʣʦʛʠʠ ʠʩʭʦʜʥʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʧʦʟʚʦʣʷʝʪ ʚʣʠʷʪʴ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʦʥʝʯʥʦʛʦ ʦʢʩʠʜʘ.  

a ʙ 

ʚ ʛ 
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ɺ ʨʘʙʦʪʝ [78] ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ 9-ʛʠʜʨʘʪʘ (ʢʘʢ 

ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʣʘʞʥʦʩʪʠ ʩʦʩʪʘʚ ʛʠʜʨʘʪʘ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ) ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʦʡ 

ʤʦʱʥʦʩʪʠ (200, 500 ʠ 1000 ɺʪ) ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʨʠ ʵʪʦʤ ʟʘ ʚʨʝʤʝʥʘ ʥʝ ʙʦʣʝʝ 10 

ʤʠʥʫʪ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʣʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʦʢʩʘʣʘʪʘ ʜʦ ʦʢʩʠʜʘ, ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ 

ʈʌɸ. ʅʘ ʨʠʩ. 15 ʚʠʜʥʦ, ʯʪʦ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʧʦʣʫʯʘʝʤʦʛʦ ʦʢʩʠʜʘ, ʚʳʯʠʩʣʝʥʥʳʡ ʠʟ ʫʰʠʨʝʥʠʷ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʨʝʬʣʝʢʩʦʚ, ʩʠʣʴʥʦ ʟʘʚʠʩʝʣ ʦʪ ʤʦʱʥʦʩʪʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʚʨʝʤʝʥʠ 

ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʚʪʦʨʳ ʟʘʤʝʪʠʣʠ ʥʘʩʣʝʜʦʚʘʥʠʝ 

ʬʦʨʤʳ ʠʩʭʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʯʘʩʪʠʮʘʤʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʦʢʩʠʜʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʦʟʜʝʡʩʪʚʠʝ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʧʩʝʚʜʦʤʦʨʬʦʟʳ, 

ʧʨʠ ʵʪʦʤ ʤʦʱʥʦʩʪʴʶ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʞʥʦ ʚʣʠʷʪʴ ʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʧʩʝʚʜʦʤʦʨʬʦʟʳ. 

a ʙ 

ʚ 

ʈʠʩʫʥʦʢ 14. ɼʚʘ ʪʠʧʘ ʤʦʨʬʦʣʦʛʠʠ ʢʨʠʩʪʘʣʣʦʚ ʦʢʩʘʣʘʪʥʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [77]. ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʘ ʪʘʢʞʝ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʢʩʠʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʜʘʥʥʳʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʦʙʦʟʥʘʯʝʥʳ ʧʦʣʦʞʝʥʠʷ ʨʝʬʣʝʢʩʦʚ 

ʜʣʷ ʬʘʟʳ ʯʠʩʪʦʛʦ 10-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ. 
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ʈʠʩʫʥʦʢ 15. ɺʣʠʷʥʠʝ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ ʚ 

ʧʩʝʚʜʦʤʦʨʬʦʟʝ ʦʢʩʠʜʘ ʮʝʨʠʷ [78]. 

 

1.5. ʄʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʨʠ ʨʝʘʢʮʠʷʭ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʧʦʣʫʯʝʥʠʶ ʧʦʨʠʩʪʳʭ ʦʢʩʠʜʦʚ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ 

ʨʘʟʣʦʞʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ ʩʠʥʪʝʟʘ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʩ 

ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʠʟʫʯʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʦʢʩʠʜʦʚ. ʈʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʬʘʢʪʦʨʦʚ, ʝʸ ʦʧʨʝʜʝʣʷʶʱʠʭ, ʦʯʝʥʴ ʤʘʣʦ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʩʚʦʡʩʪʚ ʧʩʝʚʜʦʤʦʨʬʦʟʳ (ʧʦʨʠʩʪʦʩʪʴ, ʨʘʟʤʝʨ (ʬʦʨʤʘ) ʯʘʩʪʠʮ ʠ ʧʦʨ) 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ ʤʝʭʘʥʠʟʤ ʝʸ ʦʙʨʘʟʦʚʘʥʠʷ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʘʢʪʠʚʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʘʢʮʠʡ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʠʩʪʦʛʦ ʧʨʦʜʫʢʪʘ 

ʤʘʣʦ ʠʟʫʯʝʥ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʜʭʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʩʝʚʜʦʤʦʨʬʦʟʳ (ʨʘʟʤʝʨ ʠ ʬʦʨʤʘ ʯʘʩʪʠʮ ʠ ʧʦʨ) ʠ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ 

ʨʝʘʢʮʠʠ ʥʘ ʵʪʠ ʧʘʨʘʤʝʪʨʳ. ʀʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʘ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ, ʩ ʮʝʣʴʶ ʝʛʦ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢ ʧʦʣʫʯʝʥʠʶ ʧʦʨʠʩʪʳʭ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʝʥʠʝ ʪʨʝʭ ʟʘʜʘʯ: 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʦʝʥʠʷ ʧʩʝʚʜʦʤʦʨʬʦʟ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʚʦʡʩʪʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷ. 

ʀʤʝʝʪʩʷ ʧʨʦʙʝʣ ʚ ʧʦʥʠʤʘʥʠʠ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʩʝʚʜʦʤʦʨʬʦʟʳ. 

ʀʟʣʦʞʠʤ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʧʨʠ ʨʝʘʢʮʠʷʭ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ. ʇʝʨʚʳʡ ʤʝʭʘʥʠʟʤ ʚʚʝʜʝʥʠʷ ʧʫʩʪʦʪʳ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 
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ʧʩʝʚʜʦʤʦʨʬʦʟʳ ï ʵʪʦ ʨʘʟʨʫʰʝʥʠʝ, ʧʨʦʠʩʭʦʜʷʱʝʝ ʧʨʠ ʨʦʩʪʝ ʯʘʩʪʠʮ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ 

ʚʩʣʝʜʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʘʜʦʢ ʧʨʠ ʨʝʘʢʮʠʠ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʝʜʣʘʛʘʣʩʷ ʜʣʷ 

ʦʙʲʷʩʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ, 

ʛʠʜʨʦʢʩʠʜʦʚ, ʢʘʨʙʦʥʘʪʦʚ ʠ ʪ.ʜ. [79ï81].  

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ ʚʚʝʜʝʥʠʷ ʧʫʩʪʦʪʳ ʚ ʧʩʝʚʜʦʤʦʨʬʦʟʫ ï ʵʪʦ ʜʠʬʬʫʟʠʦʥʥʳʡ ʨʦʩʪ 

ʧʦʨ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʬʨʦʥʪʝ ʨʝʘʢʮʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʦʩʪʦʤ ʬʘʟʳ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʨʘʩʪʫʪ 

ʧʦʨʳ. ʆʙʲʸʤ ʧʦʨ ʨʘʚʝʥ ʫʤʝʥʴʰʝʥʠʶ ʦʙʲʸʤʘ ʧʨʠ ʨʝʘʢʮʠʠ. ʈʝʘʢʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʨ, ʛʘʟʦʦʙʨʘʟʥʳʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʫʜʘʣʷʝʪʩʷ ʠʟ ʩʪʨʫʢʪʫʨʳ, ʘ ʦʩʪʘʚʰʠʝʩʷ ʢʦʤʧʦʥʝʥʪʳ 

ʜʠʬʬʫʥʜʠʨʫʶʪ ʢ ʨʘʩʪʫʱʠʤ ʚʳʜʝʣʝʥʠʷʤ ʪʚʸʨʜʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ 

ʧʩʝʚʜʦʤʦʨʬʦʟʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʪʨʸʭʤʝʨʥʫʶ ʷʯʝʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʜʫʢʪ 

ʨʝʘʢʮʠʠ ʧʨʦʥʠʟʘʥ ʣʘʙʠʨʠʥʪʦʤ ʧʦʨ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [82] ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ 

ʤʦʨʬʦʣʦʛʠʠ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʢʘʣʴʮʠʪʘ. ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʘʤ [83ï

85], ʧʦʜʦʙʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʦʢʩʠʜʦʚ 

ʤʝʪʘʣʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʥʷʪʥʦ, ʢʘʢ ʧʩʝʚʜʦʤʦʨʬʦʟʘ ʦʙʨʘʟʫʝʪʩʷ, ʠ ʠʤʝʶʪʩʷ 

ʧʨʠʤʝʨʳ ʨʝʘʢʮʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʭʘʥʠʟʤʳ ʚʚʝʜʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ. ʇʨʦʙʣʝʤʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʝ ʤʝʭʘʥʠʟʤʳ ʧʣʦʭʦ ʧʨʦʨʘʙʦʪʘʥʳ.  

ɺ ʣʘʙʦʨʘʪʦʨʠʠ, ʛʜʝ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʷʜʘ ʨʝʘʢʮʠʡ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʨʠʩʪʦʩʪʴ ʦʙʨʘʟʫʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʨʫʰʝʥʠʷ, 

ʢʦʪʦʨʦʝ ̫ʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʨʝʣʘʢʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʝʘʢʮʠʠ ʠʟ-ʟʘ 

ʠʟʤʝʥʝʥʠʷ ʦʙʲʸʤʦʚ ʠ ʩʪʨʫʢʪʫʨ. ɹʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ [86ï92], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʨʘʟʤʝʨ ʠ ʬʦʨʤʫ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʧʨʦʜʫʢʪʘ ʠ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ. ʉʦʛʣʘʩʥʦ 

ʜʘʥʥʦʤʫ ʧʦʜʭʦʜʫ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʠ ʧʦʨʠʩʪʦʩʪʴ 

ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. ʆʙʲʸʤ ʧʦʨ ʚ ʧʩʝʚʜʦʤʦʨʬʦʟʝ ʙʣʠʟʦʢ ʢ ʠʟʤʝʥʝʥʠʶ ʦʙʲʸʤʘ ʧʨʠ ʨʝʘʢʮʠʠ, ʪ. ʝ. 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʲʸʤʥʦʡ ʫʩʘʜʢʦʡ. ɽʩʣʠ ʨʝʘʢʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʚʝʱʝʩʪʚ (ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ), ʪʦ ʫʩʘʜʢʘ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʵʪʘʧʥʦ. ʅʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ 

ʩʪʨʦʝʥʠʝ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʤʦʞʝʪ ʧʨʝʪʝʨʧʝʚʘʪʴ ʠʟʤʝʥʝʥʠʷ. ʉʪʘʜʠʡʥʦʩʪʴ ʫʩʘʜʢʠ ʦʙʲʝʤʘ ʤʦʞʝʪ 

ʧʦ-ʨʘʟʥʦʤʫ ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʢʦʥʝʯʥʦʤ ʩʪʨʦʝʥʠʠ ʧʩʝʚʜʦʤʦʨʬʦʟʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʝʣʠʯʠʥ ʫʩʘʜʢʠ ʠ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʣʠʙʦ ʦʙʱʝʝ ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʘ ʧʩʝʚʜʦʤʦʨʬʦʟʳ (ʚʢʣʶʯʘʷ ʦʙʲʝʤ ʧʦʨ ʠ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ), ʣʠʙʦ 

ʧʦʵʪʘʧʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʧʦʨ, ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʩʦ ʩʥʠʞʝʥʠʝʤ ʦʙʲʝʤʘ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʣʠʙʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʧʦʨ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʨʠʩʪʦʩʪʠ. ɺ ʩʣʫʯʘʝ 

ʝʩʣʠ ʧʦʨʠʩʪʦʩʪʴ ʧʨʠ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʫʰʝʥʠʷ, ʪʦ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʧʨʦʜʫʢʪʘ 

ʨʝʘʢʮʠʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʘʠʙʦʣʴʰʝʡ ʠʟ ʫʩʘʜʦʢ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʡ ʨʝʘʢʮʠʠ, ʘ ʥʝ ʧʦʣʥʦʡ 

ʫʩʘʜʢʦʡ ʧʨʠ ʨʝʘʢʮʠʠ. ʇʨʠ ʦʜʠʥʘʢʦʚʦʡ ʦʙʲʸʤʥʦʡ ʫʩʘʜʢʝ ʯʘʩʪʠʮʳ ʧʨʦʜʫʢʪʘ ʙʫʜʫʪ ʠʤʝʪʴ 
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ʥʘʠʤʝʥʴʰʠʡ ʨʘʟʤʝʨ ʜʣʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʢʮʠʷ ʧʨʦʭʦʜʠʪ ʚ ʦʜʥʫ ʩʪʘʜʠʶ, ʪ. ʝ. ʙʝʟ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʦʧʨʝʜʝʣʷʝʪ 

ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʩʝʚʜʦʤʦʨʬʦʟʳ. ʆʙʱʠʡ ʦʙʲʸʤ ʧʦʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʲʸʤʥʦʡ ʫʩʘʜʢʦʡ ʧʨʠ 

ʨʝʘʢʮʠʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʘʜʠʡʥʦʩʪʴʶ ʨʝʘʢʮʠʠ ʠ ʚʝʣʠʯʠʥʦʡ 

ʫʩʘʜʢʠ ʥʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ, ʘ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʠʙʦʣʴʰʝʡ 

ʠʟ ʫʩʘʜʦʢ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʡ ʨʝʘʢʮʠʠ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʩʧʝʢʘʥʠʷ. ʆʙʘ ʵʪʠ ʬʘʢʪʦʨʘ ʜʦʣʞʥʳ ʧʨʠʚʦʜʠʪʴ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʘʩʪʠʮ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʩ 

ʥʘʠʤʝʥʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ, ʨʝʘʢʮʠʶ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʋʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʧʨʦʜʫʢʪʘ ʫʤʝʥʴʰʘʝʪ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ. ʕʪʦ ʜʦʣʞʥʦ 

ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʢʣʘʜʘ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʩʧʝʢʘʥʠʶ ʦʙʨʘʟʮʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʝ ʨʝʘʢʮʠʠ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʯʘʩʪʠʮ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ 

ʥʘʠʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ ʪʨʝʙʫʝʪʩʷ ʦʨʛʘʥʠʟʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʦʪʚʦʜ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʨʝʘʢʮʠʠ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʳ. ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ (ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʘʟʦʚʳʜʝʣʝʥʠʷ) ʚ ʚʘʢʫʫʤʝ, ʠʣʠ ʚ 

ʵʬʬʝʢʪʠʚʥʦʤ ʧʦʪʦʢʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʷʚʠʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ 

ʤʥʦʛʦ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʯʘʶʪ ʬʘʢʪ ʦʙʨʘʟʦʚʘʥʠʷ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʜʠʦʢʩʠʜʘ 

ʮʝʨʠʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ 10-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ (III ). ʇʨʠ ʵʪʦʤ ʤʥʦʛʠʝ ʘʚʪʦʨʳ 

ʘʢʮʝʥʪʠʨʫʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʤ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʜʘʥʥʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʦʨʬʦʣʦʛʠʶ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʦʢʩʠʜʘ ʮʝʨʠʷ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʦʢʩʠʜʦʤ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʠʥʜʫʩʪʨʠʠ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ 

ʩʠʥʪʝʟʘ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʠʟʫʯʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʦʛʦ ʦʢʩʠʜʘ ʮʝʨʠʷ. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʙʳʣʦ 

ʥʘʡʜʝʥʦ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʙʳ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʢʦʥʝʯʥʦʛʦ ʦʢʩʠʜʘ ʫʩʣʦʚʠʡ 

ʧʨʦʚʝʜʝʥʠʷ ʦʩʥʦʚʥʳʭ ʩʪʘʜʠʡ ʨʝʘʢʮʠʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 10-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ (III ) 

ï ʩʪʘʜʠʡ ʜʝʛʠʜʨʘʪʘʮʠʠ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʪʝʨʤʦʣʠʟʘ. ɺ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʢʘʞʜʦʡ 

ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ ʠ ʚʳʷʚʣʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʤʦʨʬʦʣʦʛʠʠ ʦʢʩʠʜʘ ʮʝʨʠʷ. ɺ ʨʘʙʦʪʝ 

ʨʘʟʨʘʙʦʪʘʥʘ ʦʙʱʘʷ ʩʭʝʤʘ ʢʦʥʪʨʦʣʷ ʤʦʨʬʦʣʦʛʠʠ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʢʩʠʜʦʚ Ce1-xGdxO2-ŭ (x = 0, 

0.1) ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʦʢʩʘʣʘʪʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ.  
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 ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

2.1.1.  ʆʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʄʦʨʬʦʣʦʛʠʷ ʠʩʭʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Biolar (PZO, ʇʦʣʴʰʘ) ʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ Neophot 21 (Carl Zeiss, ɻʝʨʤʘʥʠʷ). 

2.1.2.  ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʄʦʨʬʦʣʦʛʠʷ ʠʩʭʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʩʢʘʥʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʤʠʢʨʦʩʢʦʧʦʚ TM-1000 (Hitachi, ʗʧʦʥʠʷ), Ultra55 (Carl Zeiss, 

ɻʝʨʤʘʥʠʷ) ʠ 3400N (Hitachi, ʗʧʦʥʠʷ). ʕʣʝʢʪʨʦʥʥʳʝ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ 

ʤʠʢʨʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʪʝʨʤʦʣʠʟʘ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʤʠʢʨʦʩʢʦʧʘ JEM-2200 FS (Jeol, ʗʧʦʥʠʷ). 

2.1.3.  ɸʜʩʦʨʙʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ɼʘʥʥʳʝ ʦʙ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʥʘ ʫʩʪʘʥʦʚʢʝ ʊʝʨʤʦʩʦʨʙ TPD 1200 (ʂʘʪʘʢʦʥ, ʈʦʩʩʠʷ) ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ASAP 2400 ʠ ASAP 2020 (Micrometrics, ʉʐɸ).  

2.1.4.  ʇʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ ʠ ʧʦʣʥʦʧʨʦʬʠʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦ ʤʝʪʦʜʫ 

ʈʠʪʚʝʣʴʜʘ 

ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʣʫʯʘʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D8 Advance ʩ Cu KŬ-

ʠʟʣʫʯʝʥʠʝʤ, ʦʜʥʦʤʝʨʥʳʤ ʜʝʪʝʢʪʦʨʦʤ Lynx-Eye ʠ ʬʠʣʴʪʨʦʤ Kɓ. In situ ʨʝʥʪʛʝʥʦʚʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʘʤʝʨʝ HTK 1200 N ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʨʫʥʜʦʚʦʡ ʢʶʚʝʪʳ ʜʣʷ ʦʙʨʘʟʮʘ. ʅʘʛʨʝʚ ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʚʦʟʜʫʭʝ ʦʪ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 300 ÁC ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 6 ʛʨʘʜ/ʤʠʥ (ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ Ñ 0,1ÁC) 

ʩ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤʠ ʚʳʜʝʨʞʢʘʤʠ ʜʣʷ ʟʘʧʠʩʠ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʨʠ 30, 100, 150, 200, 

275 ʠ 300 Áʉ.  

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʠ ʫʪʦʯʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʈʠʪʚʝʣʴʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Topas 4.2 (Bruker AXS, ɻʝʨʤʘʥʠʷ). 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʚʢʣʘʜ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ [93]. ʋʰʠʨʝʥʠʝ ʨʝʬʣʝʢʩʦʚ ʠʟ-ʟʘ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʦʚ ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ ʩʚʝʨʪʢʦʡ 

ʣʦʨʝʥʮʝʚʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʠʟʤʝʥʷʶʱʝʡʩʷ ʚ 2q ʢʘʢ ʬʫʥʢʮʠʷ 1/cos(q). 
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ʉʪʨʫʢʪʫʨʘ 6-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʟ ʧʦʨʦʰʢʦʚʳʭ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ï ʨʘʩʰʠʬʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 6-ʛʠʜʨʘʪʘ 

ʦʢʩʘʣʘʪʘ ʩʘʤʘʨʠʷ [59]. ʋʪʦʯʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ ʚ ʧʨʦʛʨʘʤʤʝ Topas 4.2.  

ʆʧʠʩʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ 

ʢ.ʭ.ʥ. ɹʫʣʠʥʦʡ ʅ.ɺ. (ʀʍʊʊʄ ʉʆ ʈɸʅ) ʠ ʢ.ʭ.ʥ. ʋʭʠʥʦʡ ɸ.ɺ. (ʀʍʊʊʄ ʉʆ ʈɸʅ). 

2.1.5. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ɼʣʷ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ) ʙʳʣ ʚʳʙʨʘʥ ʢʨʠʩʪʘʣʣ 

Ce2(C2O4)3Ŀ10H2O ʩ ʙʘʟʘʣʴʥʦʡ ʛʨʘʥʴʶ (100), ʧʦʣʫʯʝʥʥʳʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʧʣʘʩʪʠʥʯʘʪʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʛʦʨʷʯʝʛʦ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ 2ʄ HCl ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ ʨʘʩʰʠʬʨʦʚʢʝ ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʭ.ʥ. ʊʫʤʘʥʦʚʳʤ ʅ.ɸ. 

(ʋʥʠʚʝʨʩʠʪʝʪ ʅʘʤʶʨ, ɹʝʣʴʛʠʷ). ɼʘʥʥʳʝ ʈʉɸ ʩʦʙʠʨʘʣʠʩ ɹʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Oxford Diffraction 

Gemini Ultra R (CCD-ʜʝʪʝʢʪʦʨ Ruby, ʠʟʣʫʯʝʥʠʝ Mo KŬ). ʈʝʞʠʤ ʩʙʦʨʘ ï ɤ-ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʠ 

295 (2) ʂ. ɼʘʥʥʳʝ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ CrysAlisPro 

[94]. ɹʳʣʘ ʧʨʠʤʝʥʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʯʠʩʣʦʚʘʷ ʢʦʨʨʝʢʮʠʷ ʧʦʛʣʦʱʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ 

ʤʥʦʛʦʛʨʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʮʝʜʫʨʦʡ ʢʦʨʨʝʢʮʠʠ ʧʦʛʣʦʱʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʩʢʦʣʴʢʠʭ ʩʢʘʥʠʨʦʚʘʥʠʡ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ CrysAlisPro. ʉʪʨʫʢʪʫʨʘ 

ʙʳʣʘ ʨʘʩʰʠʬʨʦʚʘʥʘ ʧʨʦʛʨʘʤʤʦʡ SHELXT [95] ʠ ʫʪʦʯʥʝʥʘ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʚ 

ʧʦʣʥʦʤʘʪʨʠʯʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ SHELXL-2016/4 [95] ʠ shelXLe shell [96]. ɼʚʝ 

ʚʥʝʰʥʝʩʬʝʨʥʳʭ ʚʦʜʳ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʜʚʫʤ ʠ ʪʨʸʤ ʧʦʟʠʮʠʷʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʭ 

ʚʦʜʦʨʦʜʥʳʝ ʘʪʦʤʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʨʘʟʥʦʩʪʥʦʡ ʢʘʨʪʝ ʌʫʨʴʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ 

ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚ ʫʪʦʯʥʝʥʠʝ. ʅʝʚʦʜʦʨʦʜʥʳʝ ʘʪʦʤʳ ʙʳʣʠ ʫʪʦʯʥʝʥʳ ʘʥʠʟʦʪʨʦʧʥʦ, ʦʛʨʘʥʠʯʝʥʠʷ 

ISOR (ʪ.ʝ. ʘʪʦʤʳ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʠʟʦʪʨʦʧʥʳʤʠ) ʧʨʠʤʝʥʷʣʠʩʴ ʪʦʣʴʢʦ ʢ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʤ 

ʘʪʦʤʘʤ ʢʠʩʣʦʨʦʜʘ. ʇʦʟʠʮʠʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʨʘʟʥʦʩʪʥʦʡ ʢʘʨʪʳ ʌʫʨʴʝ ʠ ʫʪʦʯʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʟʘʜʘʥʥʳʭ ʢʘʢ 1,5Uʵʢʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ, ʢ ʢʦʪʦʨʦʤʫ 

ʧʨʠʥʘʜʣʝʞʠʪ ʚʦʜʦʨʦʜʥʳʡ ʘʪʦʤ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʨʘʩʩʪʦʷʥʠʷ OïH. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Sm2(C2O4)3Ā10H2O ʙʳʣʘ ʨʘʩʰʠʬʨʦʚʘʥʘ ʢ.ʭ.ʥ. ɿʘʭʘʨʦʚʳʤ ɹ.ɸ. 

(ʅɻʋ, ʀʂ ʉʆ ʈɸʅ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Oxford Diffraction Gemini Ultra R (CCD-ʜʝʪʝʢʪʦʨ, ʠʟʣʫʯʝʥʠʝ Mo 

KŬ). ʉʪʨʫʢʪʫʨʘ ʙʳʣʘ ʨʘʩʰʠʬʨʦʚʘʥʘ ʧʨʷʤʳʤʠ ʤʝʪʦʜʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

SHELXS (Sheldrick, 2008) ʠ ʫʪʦʯʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ SHELXL (Sheldrick, 2015) ʩ X-STEP32 

(Stoe & Cie, 2000) ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ɼʚʝ ʚʥʝʰʥʝʩʬʝʨʥʳʭ 

ʤʦʣʝʢʫʣ ʚʦʜʳ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʯʝʪʳʨʝʤ ʧʦʟʠʮʠʷʤ. ʇʦʟʠʮʠʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʵʪʠʭ ʤʦʣʝʢʫʣ 
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ʥʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʨʘʟʥʦʩʪʥʦʡ ʢʘʨʪʝ ʌʫʨʴʝ. ɼʣʷ 

ʤʦʣʝʢʫʣ ʚʦʜʳ ʠʟ ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ ʩʘʤʘʨʠʷ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʙʳʣʠ ʩʥʘʯʘʣʘ ʦʙʥʘʨʫʞʝʥʳ ʠʟ 

ʨʘʟʥʦʩʪʥʳʭ ʢʘʨʪ ʌʫʨʴʝ, ʘ ʟʘʪʝʤ ʫʪʦʯʥʝʥʳ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ 0,9 ¡ ʥʘ ʨʘʩʩʪʦʷʥʠʝ O-H, ʩʦ 

ʩʪʘʥʜʘʨʪʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ 0,05 ¡. ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟʦʪʨʦʧʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʜʣʷ 

ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʙʳʣʠ ʟʘʜʘʥʳ ʢʘʢ 1,5Uʵʢʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ, ʢ ʢʦʪʦʨʦʤʫ 

ʧʨʠʥʘʜʣʝʞʠʪ ʚʦʜʦʨʦʜʥʳʡ ʘʪʦʤ. ʆʨʠʝʥʪʘʮʠʷ ʨʸʙʝʨ ʢʨʠʩʪʘʣʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ CrysAlisPro 

(Rigaku Oxford Diffraction, 2016). 

ʄʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ Sm2(C2O4)3Ā6H2O ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʜʣʝʥʥʦʡ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʠʩʭʦʜʥʦʛʦ 10-ʛʠʜʨʘʪʘ ʚ ʩʠʣʠʢʦʥʦʚʦʤ ʤʘʩʣʝ ʥʘ ʥʘʛʨʝʚʘʪʝʣʴʥʦʤ ʩʪʦʣʠʢʝ (ʩʤ. 

ʨʘʟʜʝʣ 2.3.2). ʈʘʩʰʠʬʨʦʚʢʘ ʩʪʨʫʢʪʫʨʳ ʠ ʝʸ ʫʪʦʯʥʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʪʦʯʥʦ ʪʘʢʞʝ ʢʘʢ ʜʣʷ 

Sm2(C2O4)3Ā10H2O.  

ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʘʩʰʠʬʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ Mercury 4.2.0 [97]. 

2.1.6. ʊʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʉʠʥʭʨʦʥʥʳʡ ʊɻ-ɼʉʂ ʘʥʘʣʠʟ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʧʨʠʙʦʨʝ NETZSCH 

STA-449F1 ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʥʘʛʨʝʚʘ 3ï5 ʛʨʘʜ/ʤʠʥ ʚ ʩʤʝʩʠ ʘʨʛʦʥʘ (80 %) ʩ ʢʠʩʣʦʨʦʜʦʤ (20 %), ʘ 

ʪʘʢʞʝ ʚ ʯʠʩʪʦʤ ʘʨʛʦʥʝ. ʉʠʥʭʨʦʥʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣ ʢ.ʭ.ʥ. ɻʝʨʘʩʠʤʦʚ 

ʂ.ɹ. (ʀʍʊʊʄ ʉʆ ʈɸʅ). 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʩʪʘʚʘ ʛʠʜʨʘʪʘ ʦʪ ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʢʠʥʝʪʠʢʘ ʨʝʘʢʮʠʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʪʝʨʤʦʣʠʟʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʡ 

ʫʩʪʘʥʦʚʢʠ B70 (Setaram, ʌʨʘʥʮʠʷ).  

2.1.7. ʂʈ ʩʧʝʢʪʨʦʩʢʦʧʠ ̫

ʇʦʣʷʨʠʟʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʥʠʤʘʣʠʩʴ ʩ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʥʘ ʂʈ-ʩʧʝʢʪʨʦʤʝʪʨʝ T64000 (Horiba Scientific, ʗʧʦʥʠʷ). ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʜ.ʭ.ʥ. ʂʦʣʝʩʦʚʳʤ ɹ.ɸ. (ʅɻʋ). 

2.1.8.ʄʘʣʦʫʛʣʦʚʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ (ʄʋʈʈ) 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʦʢʩʠʜʘ ʮʝʨʠʷ ʚ ʧʩʝʚʜʦʤʦʨʬʦʟʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʄʋʈʈ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ SAXSpace (Anton Paar, ɸʚʩʪʨʠʷ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CuKŬ ʠʟʣʫʯʝʥʠʷ ʠ ʣʠʥʝʡʥʦʡ ʢʦʣʣʠʤʘʮʠʝʡ ʧʫʯʢʘ (0,3Ĭ20 ʤʤ). ɼʘʥʥʳʝ ʄʋʈʈ 

ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ SAXSquant ʠ GIFT ʚ ʧʨʠʙʣʠʞʝʥʠʠ 

ʨʘʩʩʝʷʥʠʷ ʦʪ ʧʦʣʠʜʠʩʧʝʨʩʥʳʭ ʩʬʝʨ.  

http://www.youtube.com/watch?v=UyPHgSmmUUo&feature=share&list=PLVPW8NM5rINJBXtTd5Dk-5TfeGyFOhRGb&rel=0
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2.2. ʄʝʪʦʜʠʢʠ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ 

ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʛʘʙʠʪʫʩʘ. ʉʠʥʪʝʟ ʠ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ: ʧʨʠʢʘʧʳʚʘʥʠʝʤ ʨʘʟʙʘʚʣʝʥʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʥʘʩʳʱʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʨʘʟʙʘʚʣʝʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ. 

ʉʠʥʪʝʟ ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ Ce2(C2O4)3Ā10H2O ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʤʝʜʣʝʥʥʳʤ 

ʧʨʠʢʘʧʳʚʘʥʠʝʤ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʠʪʨʘʪʘ ʮʝʨʠʷ ʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ. ɼʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ Ce(NO3)3Ā6H2O ʤʘʨʢʠ ʏɼɸ ʠ H2C2O4Ā2H2O ʤʘʨʢʠ ʍʏ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʠʩʣʦʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ HCl ʤʘʨʢʠ ʍʏ. ʇʨʠʢʘʧʳʚʘʥʠʝ 1%-ʳʭ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʥʠʪʨʘʪʘ ʮʝʨʠʷ ʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩʦ ʩʢʦʨʦʩʪʴʶ 36 ʤʣ/ʯ ʚ 

ʧʦʜʢʠʩʣʝʥʥʫʶ (10 ʤʣ HCl ʥʘ 150 ʤʣ H2O) ʛʦʨʷʯʫʶ ʚʦʜʫ (å 80 Áʉ). ʇʦʩʣʝ ʚʳʜʝʨʞʠʚʘʥʠʷ ʚ 

ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʧʦʜ ʨʘʩʪʚʦʨʦʤ ʢʨʠʩʪʘʣʣʳ ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʚʘʣʠ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʠʥʪʝʟ ʢʨʠʩʪʘʣʣʦʚ Sm2(C2O4)3Ā10H2O ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʘʥʘʣʦʛʠʯʥʦ, 

ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʨʝʘʛʝʥʪʘ ʚʤʝʩʪʦ Ce(NO3)3Ā6H2O (ʏɼɸ) ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

Sm(NO3)3Ā6H2O (ʏɼɸ). ʉʠʥʪʝʟ ʢʨʠʩʪʘʣʣʦʚ ʩʤʝʰʘʥʥʦʛʦ ʦʢʩʘʣʘʪʘ Ce1.8Gd0.2(C2O4)3Ā10H2O 

ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʦʛʠʯʥʦ, ʪʦʣʴʢʦ ʥʘ ʩʪʘʜʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʛʦʪʦʚʠʣʩʷ 

ʨʘʩʪʚʦʨ ʥʝ ʯʠʩʪʦʛʦ ʥʠʪʨʘʪʘ ʮʝʨʠʷ, ʘ ʩʤʝʩʠ ʩ Gd(NO3)3Ā6H2O ʤʘʨʢʠ ʍʏ ʚ ʟʘʜʘʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

(ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Ce:Gd = 9:1). 

ɺ ʨʘʤʢʘʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ pH 

ʩʨʝʜʳ ʥʘ ʨʘʟʤʝʨ ʧʦʣʫʯʘʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜ r ʧʨʦʠʩʭʦʜʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʢʨʫʧʥʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. ɼʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʛʦ ʬʘʢʪʘ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʥʘʩʳʱʝʥʥʳʝ 

ʨʘʩʪʚʦʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʊå80 Áʉ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʷʭ pH ʩʨʝʜʳ. ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʤʝʜʣʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʊʘʢʞʝ ʩʠʥʪʝʟ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʨʘʟʙʘʚʣʝʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. ɻʦʪʦʚʠʣʠʩʴ 5%- ʝr ʨʘʩʪʚʦʨʳ 

Ce(NO3)3 ʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ ʧʦʤʝʱʘʣʠʩʴ ʚ 1ʄ 

ʨʘʩʪʚʦʨ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ (ʨʠʩ. 16). ʏʝʨʝʟ 10ï12 ʜʥʝʡ ʚʳʧʘʣʠ 

Ce(NO3)3 

5 % 

H2C2O4 

5 % 

HCl 1M 

ʈʠʩʫʥʦʢ 16. ʉʠʥʪʝʟ 

ʢʨʠʩʪʘʣʣʦʚ Ce2(C2O4)3Ā10H2O 

ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ 

ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ 
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ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʬʠʣʴʪʨʦʚʘʥʳ ʠ ʚʳʩʫʰʝʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʘʢʠʤ 

ʩʧʦʩʦʙʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ, ʠʤʝʶʱʠʝ ʬʦʨʤʫ 

ʠʛʦʣʦʢ, ʰʠʨʠʥʦʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚ. 

2.3. ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ (Ce1-xGdx)2(C2O4)3Ŀ10H2O (x = 0, 0.1) 

2.3.1. ʀʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʘʚʘ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʦʪ ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʚʦʜʳ 

ʅʘ ʫʩʪʘʥʦʚʢʝ B70 (Setaram, ʌʨʘʥʮʠʷ) ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʘʚʘ ʦʪ ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʚʦʜʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40 Áʉ. ʆʙʨʘʟʝʮ ʚʳʜʝʨʞʠʚʘʣʩʷ ʚ 

ʧʦʪʦʢʝ ʚʦʟʜʫʭʘ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʣʘʞʥʦʩʪʴʶ ʜʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʩʘ. ʉʦʜʝʨʞʘʥʠʝ 

ʚʦʜʳ ʚ ʦʙʨʘʟʮʝ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʦ ʠʟʤʝʥʝʥʠʶ ʤʘʩʩʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʛʠʜʨʘʪʘ. ʄʘʩʩʘ 

ʥʘʚʝʩʢʠ ʦʙʨʘʟʮʘ ʙʳʣʘ ʦʢʦʣʦ 90 ʤʛ. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʣʘ Ñ 0,1 ʤʛ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʩ ʪʦʯʥʦʩʪʴʶ Ñ 0,5 ÜC. ʅʝʦʙʭʦʜʠʤʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ 

ʩʦʟʜʘʚʘʣʘʩʴ ʧʨʦʧʫʩʢʘʥʠʝʤ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ LiCl, ʢʦʪʦʨʳʡ ʚʳʜʝʨʞʠʚʘʣʩʷ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ LiCl  ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʪʝʨʤʦʩʪʘʪʘ. ʊʦʯʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʣʘ Ñ 0,5 ÜC, ʚʣʘʞʥʦʩʪʴ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʛʠʛʨʦʤʝʪʨʘ ʩ ʪʦʯʥʦʩʪʴʶ Ñ 0,1 % ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ. 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʚʦʜʳ ʩʦʩʪʘʚʣʷʣ ʦʪ 2 ʜʦ 20 ʤʤ ʨʪ.ʩʪ. 

2.3.2. ɼʝʛʠʜʨʘʪʘʮʠʷ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ ʩʪʘʜʠʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʢʠʥʝʪʠʢʫ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʠ ʩʚʦʡʩʪʚʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, 

ʫʜʘʣʝʥʠʝ ʚʦʜʳ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ (ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ 

ʧʘʨʦʚ ʚʦʜʳ). ʇʝʨʚʳʡ ʩʧʦʩʦʙ ï ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʙʳʩʪʨʘʷè ʜʝʛʠʜʨʘʪʘʮʠʷ, ʢʦʪʦʨʘʷ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʚʘʢʫʫʤʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 100ï120 ÁC ʚ ʪʝʯʝʥʠʝ 5ï6 ʯʘʩʦʚ. ɺʪʦʨʦʡ ʩʧʦʩʦʙ 

ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʚʦʜʳ ï ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʧʨʦʚʦʜʠʣʘʩʴ çʤʝʜʣʝʥʥʘʷè ʜʝʛʠʜʨʘʪʘʮʠʷ ʦʙʨʘʟʮʘ. ʈʝʘʣʠʟʦʚʳʚʘʣʦʩʴ ʧʦʚʳʰʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ 

ʚʦʜʳ ʥʘʜ ʦʙʨʘʟʮʦʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ ï ʦʙʨʘʟʝʮ ʧʦʤʝʱʘʣʠ ʚ ʩʪʝʢʣʷʥʥʳʡ ʙʶʢʩ ʩ ʧʨʠʪʸʨʪʦʡ 

ʢʨʳʰʢʦʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʶʢʩ ʚʩʪʘʚʣʷʣʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʥʪʝʡʥʝʨ ʩ ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ 

ʢʨʳʰʢʦʡ. ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʳʰʘʣʘʩʴ ʜʦ 125ï150 ÁC, ʚʨʝʤʷ ʜʝʛʠʜʨʘʪʘʮʠʠ ʪʘʢʞʝ 

ʩʦʩʪʘʚʣʷʣʦ ʦʪ 12 ʯʘʩʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ ʥʘʩʢʦʣʴʢʦ ʧʣʦʪʥʦ ʙʳʣ 

ʟʘʢʨʳʪ ʦʙʨʘʟʝʮ ʠ ʦʪ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʉʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʤʘʩʩʳ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʤʝʥʝʥʠʠ ʤʦʨʬʦʣʦʛʠʠ ʚ ʧʨʦʮʝʩʩʝ ʜʝʛʠʜʨʘʪʘʮʠʠ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ in situ ʦʧʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. 
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ʂʨʠʩʪʘʣʣʳ ʧʦʤʝʱʘʣʠʩʴ ʥʘ ʦʨʠʛʠʥʘʣʴʥʳʡ ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʩʪʦʣʠʢ ʩ ʧʨʦʟʨʘʯʥʳʤ ʧʦʢʨʳʪʠʝʤ ʠʟ 

SnO2, ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʧʨʦʧʫʩʢʘʣʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ 

ʧʦʤʦʱʴʶ ʤʝʜʴ-ʢʦʥʩʪʘʥʪʘʥʦʚʦʡ ʪʝʨʤʦʧʘʨʳ, ʟʘʢʨʝʧʣʝʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ. ɺ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʬʦʪʦʩʲʸʤʢʘ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʘʧʧʘʨʘʪʘ Canon 

DS126151. çɹʳʩʪʨʘʷè ʜʝʛʠʜʨʘʪʘʮʠʷ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʩʪʦʣʠʢʝ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 

ʧʦʩʪʝʧʝʥʥʦʡ ʧʦʜʘʯʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʜʦ ʪʦʛʦ ʤʦʤʝʥʪʘ, ʢʘʢ ʤʦʨʬʦʣʦʛʠʷ ʢʨʠʩʪʘʣʣʦʚ 

ʧʝʨʝʩʪʘʚʘʣʘ ʠʟʤʝʥʷʪʴʩʷ. çʄʝʜʣʝʥʥʘʷè ʜʝʛʠʜʨʘʪʘʮʠʷ ʢʨʠʩʪʘʣʣʦʚ, ʪ. ʝ. ʟʘʤʝʜʣʝʥʠʝ ʦʪʚʦʜʘ ʚʦʜʳ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʠʣʠʢʦʥʦʚʦʛʦ ʤʘʩʣʘ, ʢʦʪʦʨʦʝ ʢʘʧʘʣʦʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʯʪʦʙʳ ʨʝʘʣʠʟʦʚʳʚʘʣʦʩʴ ʜʨʫʛʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ 

ʙʳʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʷʪʴ ʦʪʚʦʜ ʚʦʜʳ ʦʪ ʦʙʨʘʟʮʘ. ʄʳ ʧʦʧʳʪʘʣʠʩʴ ʧʨʦʚʝʩʪʠ in situ 

ʦʧʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʜʝʛʠʜʨʘʪʘʮʠʠ 10-ʛʠʜʨʘʪʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʥʘʛʨʝʚʘʪʝʣʴʥʦʤ ʩʪʦʣʠʢʝ ʚ 

ʟʘʢʨʳʪʦʤ ʢʦʥʪʝʡʥʝʨʝ ʩʦ ʩʪʝʢʣʷʥʥʳʤʠ ʦʢʥʘʤʠ, ʥʦ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʧʨʦʙʣʝʤʦʡ ʧʦʜʜʝʨʞʘʥʠʷ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʚʦʜʳ ʠ ʟʘʧʦʪʝʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʦʢʦʥ. ʅʘʤ ʫʜʘʣʦʩʴ ʩʦʩʪʘʚʠʪʴ ʦʙʱʝʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʦʮʝʩʩʝ, ʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʦʮʝʩʩ ʚ ʜʝʪʘʣʷʭ ʠ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʬʦʪʦʛʨʘʬʠʠ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ. ʏʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʟʘʧʦʪʝʚʘʥʠʝ ʚʝʨʭʥʝʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ 

ʙʳʣʘ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʨʝʘʢʮʠʦʥʥʘʷ ʷʯʝʡʢʘ, ʚ ʢʦʪʦʨʦʡ ʥʘ ʚʝʨʭʥʝʝ ʩʪʝʢʣʦ ʪʘʢʞʝ ʙʳʣ ʥʘʥʝʩʸʥ 

ʧʨʦʚʦʜʷʱʠʡ ʩʣʦʡ ʦʢʩʠʜʘ ʦʣʦʚʘ (IV), ʪ.ʝ. ʧʨʠ ʧʦʜʘʯʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣ ʧʦʜʦʛʨʝʚ ʦʙʦʠʭ 

ʩʪʸʢʦʣ ʷʯʝʡʢʠ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʢʦʣʴʮʦ ʠʟ ʚʘʪʥʦʛʦ ʪʘʤʧʦʥʘ ʧʨʦʧʠʪʳʚʘʣʦʩʴ 

ʚʦʜʦʡ ʠ ʧʦʤʝʱʘʣʦʩʴ ʚʥʫʪʨʴ ʟʘʢʨʳʪʦʛʦ ʨʝʘʢʪʦʨʘ ʩ ʧʦʜʦʛʨʝʚʘʝʤʳʤʠ ʩʪʸʢʣʘʤʠ. 

2.3.3. ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʪʝʨʤʦʣʠʟ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʦʢʩʘʣʘʪʘ 

ʥʘ ʪʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʦʢʩʠʜʘ. ɼʣʷ ʵʪʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʪʝʨʤʦʣʠʟ 

ʦʙʨʘʟʮʦʚ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʚ ʚʘʢʫʫʤʝ ʧʨʠ 100 Áʉ ʚ ʪʝʯʝʥʠʝ 

ʯʝʪʳʨʸʭ ʯʘʩʦʚ, ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 230, 250, 280 ʠ 300 Áʉ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʪʨʝʙʦʚʘʣʘʩʴ ʨʘʟʣʠʯʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ, ʧʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʠ ʜʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ. ɺʨʝʤʷ 

ʦʢʠʩʣʝʥʠʷ ʚ ʩʣʫʯʘʝ 230, 250, 280 ʠ 300 Áʉ ʩʦʩʪʘʚʣʷʣʦ 87, 15, 7,5 ʠ 7 ʯʘʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʦʪʞʠʛʘ (300 ʯʘʩʦʚ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʩʠʥʪʝʟʘ 250 Áʉ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʦʪʞʠʛʘ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 500 Áʉ ʠ 750 

Áʉ ʥʘ ʪʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʘ.  

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʛʦ ʬʨʦʥʪʘ ʧʨʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʪʝʨʤʦʣʠʟʝ. ʕʢʩʧʝʨʠʤʝʥʪ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʨʦʚʦʜʠʣʦʩʴ 

ʦʢʠʩʣʝʥʠʝ ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʚ ʚʘʢʫʫʤʝ ʦʙʨʘʟʮʘ ʧʨʠ 265 ÁC ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ ʨʘʟʣʠʯʥʦʛʦ 
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ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ 3, 6, 9, 12 ʠ 15 ʯʘʩʦʚ. ʊʦʣʱʠʥʘ ʩʣʦʷ, ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʦʢʩʠʜʘ, 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʘ ʩʣʦʤʘʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

2.4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʯʠʩʪʦʛʦ ʠ ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʦʢʩʠʜʘ 

ʮʝʨʠʷ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ 

2.4.1. ʊʝʨʤʦʧʨʦʛʨʘʤʤʠʨʫʝʤʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʩʠʜʦʚ ʮʝʨʠʷ ʚʦʜʦʨʦʜʦʤ 

ʆʢʠʩʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʦʢʩʠʜʘ ʮʝʨʠʷ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ 

ʪʝʨʤʦʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʜʦʨʦʜʦʤ (ʊʇɺïH2) ʚ ʛʨʫʧʧʝ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʢ.ʭ.ʥ. ʂʦʥʜʨʘʪʝʥʢʦ ɽ.ɺ. ʀʥʩʪʠʪʫʪʘ ʢʘʪʘʣʠʟʘ ʠʤ. ʃʝʡʙʥʠʮʘ (ʛ. ʈʦʩʪʦʢ, ɻʝʨʤʘʥʠʷ). ʇʨʦʮʝʩʩ 

ʧʨʦʚʦʜʠʣʠ ʚ ʢʚʘʨʮʝʚʦʤ ʨʝʘʢʪʦʨʝ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʷ ʧʝʨʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʙʳʣʦ ʚʟʷʪʦ ʧʦ 50 ʤʛ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ. ʇʝʨʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʪʨʠ ʩʪʘʜʠʠ: 

ʚʳʜʝʨʞʢʘ ʦʙʨʘʟʮʦʚ 2 ʯʘʩʘ ʚ ʩʤʝʩʠ ʘʨʛʦʥʘ (95 %) ʩ ʢʠʩʣʦʨʦʜʦʤ (5 %) ʧʨʠ 250 ÁC, ʟʘʪʝʤ 

ʦʭʣʘʞʜʝʥʠʝ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʦʢʝ ʯʠʩʪʦʛʦ ʘʨʛʦʥʘ, ʠ ʧʦʩʣʝʜʥʠʡ ʵʪʘʧ ï ʵʪʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʙʨʘʟʮʘ ʚʦʜʦʨʦʜʦʤ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʤʝʩʴ ʛʘʟʦʚ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 5 % ʚʦʜʦʨʦʜʘ ʠ 95 % ʘʨʛʦʥʘ. ʅʘʛʨʝʚ ʦʪ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 900 ÁC 

ʧʨʦʚʦʜʠʣʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 10 ʛʨʘʜʫʩʦʚ ʚ ʤʠʥʫʪʫ. ɺʪʦʨʦʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʜʚʘ ʮʠʢʣʘ. 

ʇʝʨʚʳʡ ʮʠʢʣ ʧʦʚʪʦʨʷʣ ʦʧʠʩʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʝʜʠʥʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ï ʵʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʣʘ 750 ÁC. ɿʘʪʝʤ ʧʨʦʚʦʜʠʣʦʩʴ ʦʭʣʘʞʜʝʥʠʝ ʦʙʨʘʟʮʘ ʚ 

ʯʠʩʪʦʤ ʘʨʛʦʥʝ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʮʠʢʣ ʧʦʚʪʦʨʷʣʩʷ. ʉʭʝʤʘʪʠʯʥʦ ʫʩʣʦʚʠʷ ʜʘʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 17.  

 

ʈʠʩʫʥʦʢ 17. ʋʩʣʦʚʠʷ ʊʇɺ-H2 ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʩʠʥʷʷ ʦʙʣʘʩʪʴ ï 5 % O2 ʚ ʘʨʛʦʥʝ, ʩʝʨʘʷ 

ʦʙʣʘʩʪʴ ï ʯʠʩʪʳʡ ʘʨʛʦʥ, ʢʨʘʩʥʘʷ ʦʙʣʘʩʪʴ ï 5 % H2 ʚ ʘʨʛʦʥʝ) 
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2.4.2. ʉʠʥʪʝʟ Ce0.9Gd0.1O1.95 (10GDC) ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʤʠʢʨʦʪʨʫʙʯʘʪʳʭ 

ʊʆʊʕ 

ʉʤʝʰʘʥʥʳʡ ʦʢʩʠʜ Ce0.9Gd0.1O1.95 (10GDC) ʧʦʣʫʯʘʣʠ ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ 

ʦʢʩʘʣʘʪʥʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ Ce1.8Gd0.2(C2O4)3Ā10H2O, ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʢʦʪʦʨʦʛʦ ʦʧʠʩʘʥʘ ʚ 

ʨʘʟʜʝʣʝ 2.2. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʚʦʜʠʣʘʩʴ ʜʝʛʠʜʨʘʪʘʮʠʷ ʜʘʥʥʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʧʨʠ 

ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧʘʨʦʚ ʚʦʜʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 125 ÁC ʚ ʪʝʯʝʥʠʝ 3 ʩʫʪʦʢ. ɼʣʷ ʩʦʟʜʘʥʠʷ 

ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʚʦʜʳ ʩʪʝʢʣʷʥʥʳʡ ʙʶʢʩ ʩ ʢʨʠʩʪʘʣʣʘʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ 

ʧʦʤʝʱʘʣʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʥʪʝʡʥʝʨ ʩ ʢʨʳʰʢʦʡ ʩ ʨʝʟʴʙʦʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʯʪʦʙʳ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʙʳʩʪʨʦʝ ʫʜʘʣʝʥʠʝ ʚʦʜʳ ʠʟ ʦʙʨʘʟʮʘ ʚʦ ʚʨʝʤʷ ʥʘʛʨʝʚʘʥʠʷ ʧʨʠ 125 ÁC. 

ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʪʝʨʤʦʣʠʟ ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 300 ÁC ʚ 

ʪʝʯʝʥʠʝ ʩʝʤʠ ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ 10GDC ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 10GDC/NiO, ʠʟ 

ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʤʠʢʨʦʪʨʫʙʯʘʪʳʝ ʘʥʦʜʥʳʝ ʧʦʜʣʦʞʢʠ, ʠ BSCFM5/10GDC (BSCFM5 ï 

ʦʢʩʠʜ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ Ba0.5Sr0.5Co0.75Fe0.2Mo0.05O3-ŭ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ) ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʄʠʢʨʦʪʨʫʙʯʘʪʳʝ ʘʥʦʜʥʳʝ ʧʦʜʣʦʞʢʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʬʘʟʦʚʦʡ ʠʥʚʝʨʩʠʠ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʨʝʤʝʰʘʥʥʘʷ ʠ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʘʷ ʥʘ ʙʠʩʝʨʥʦʡ ʤʝʣʴʥʠʮʝ ʩʤʝʩʴ ʧʦʨʦʰʢʦʚ 10GDC ʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ NiO 

ʩʤʝʰʠʚʘʣʘʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ Dispermat ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ N-ʤʝʪʠʣ-ʧʠʨʦʣʣʠʜʦʥʦʤ ʠ ʧʦʣʠʤʝʨʥʳʤ 

ʩʚʷʟʫʶʱʠʤ ʧʦʣʠʩʫʣʴʬʦʥʦʤ. ʇʦʣʫʯʝʥʥʘʷ ʧʘʩʪʘ ʚʳʜʘʚʣʠʚʘʣʘʩʴ ʚ ʩʦʩʫʜ ʩ ʢʦʘʛʫʣʷʥʪʦʤ, ʨʦʣʴ 

ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʣʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ. ʊʘʢ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʘʥʦʜʥʳʝ ʟʘʛʦʪʦʚʢʠ, ʢʦʪʦʨʳʝ 

ʧʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ʙʳʣʠ ʦʪʦʞʞʝʥʳ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʦʪʦʢʦʣʫ: 2 ʯ ʧʨʠ 

600 ÁC ʜʣʷ ʚʳʞʠʛʘʥʠʷ ʧʦʣʠʤʝʨʘ, ʟʘʪʝʤ 6 ʯ ʧʨʠ 1200 Áʉ. ʕʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʡ ʠ ʢʘʪʦʜʥʳʡ ʩʣʦʠ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʧʦʛʨʫʞʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʘʥʦʜʥʦʡ ʪʨʫʙʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʘʩʪʫ ʠ 

ʚʳʪʷʛʠʚʘʥʠʝʤ ʝʛʦ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ å 40 ʩʤ/ʤʠʥ (ʘʥʛʣ. dip coating). ʇʘʩʪʳ ʵʣʝʢʪʨʦʣʠʪʘ 

10GDC ʠ ʢʘʪʦʜʘ BSCFM5/10GDC ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʤʝʰʠʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʨʦʰʢʦʚ ʩ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʜʠʩʧʝʨʩʘʥʪʦʤ ʠ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʤ (ʪʦʯʥʳʡ ʩʦʩʪʘʚ ʠ ʧʨʦʮʝʜʫʨʘ ʧʦʣʫʯʝʥʠʷ ʧʘʩʪ 

ʛʦʪʦʚʠʪʩʷ ʢ ʧʘʪʝʥʪʦʚʘʥʠʶ). ʆʪʞʠʛ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ 1400 Áʉ ʚ ʪʝʯʝʥʠʝ 

ʰʝʩʪʠ ʯʘʩʦʚ ʥʘ ʚʦʟʜʫʭʝ, ʢʘʪʦʜʥʦʛʦ ï 1200 Áʉ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ ʥʘ ʚʦʟʜʫʭʝ. 

ʀʟʤʝʨʝʥʠʝ ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʦʛʦ ʄʊ ʊʆʊʕ ʧʨʦʚʦʜʠʣʦʩʴ ʢ.ʭ.ʥ. 

ʇʦʧʦʚʳʤ ʄ.ʇ. (ʀʍʊʊʄ ʉʆ ʈɸʅ) ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʧʠʨʘʣʴ ʠʟ ʩʝʨʝʙʨʷʥʦʡ ʧʨʦʚʦʣʦʢʠ 

ʙʳʣʘ ʨʘʟʤʝʱʝʥʘ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʪʨʫʙʢʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʨʘʟʦʚʘʣʩʷ ʭʦʨʦʰʠʡ 

ʢʦʥʪʘʢʪ ʩ ʘʥʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʆʙʨʘʟʝʮ ʄʊ ʊʆʊʕ ʥʘʛʨʝʚʘʣʩʷ ʜʦ ʥʫʞʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ 

ʵʪʦʤ ʧʦʣʥʦʩʪʴʶ ʥʘʭʦʜʠʣʩʷ ʚ ʙʝʟʛʨʘʜʠʝʥʪʥʦʡ ʟʦʥʝ ʧʝʯʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʢʠʩʣʦʨʦʜʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ (ʧʦʪʦʢ 250 ʤʣ/ʤʠʥ). ʏʠʩʪʳʡ ʚʦʜʦʨʦʜ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ 
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ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ (ʧʦʪʦʢ 100 ʤʣ/ʤʠʥ). ɼʠʘʤʝʪʨ ʩʝʨʝʙʨʷʥʦʡ ʧʨʦʚʦʣʦʢʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ 

ʪʦʢʦʩʲʝʤʘ, ʩʦʩʪʘʚʣʷʣ 0,3 ʤʤ. ʈʘʟʤʝʨ ʦʙʨʘʟʮʘ ʄʊ ʊʆʊʕ: ʚʥʫʪʨʝʥʥʠʡ / ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ = 1,0/ 

2,0 ʤʤ; ʦʙʱʘʷ ʜʣʠʥʘ = 50 ʤʤ; ʜʣʠʥʘ ʢʘʪʦʜʘ = 15 ʤʤ; ʘʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ = 0,94 ʩʤ2. ʇʦʪʦʢʠ ʛʘʟʘ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʚʦʛʦ ʩʤʝʩʠʪʝʣʷ ʋʌʇɻʉ-4 (ʉʆʃʆ, ʅʦʚʦʩʠʙʠʨʩʢ). 

2.4.3. ɺʚʝʜʝʥʠʝ ʩʧʝʢʘʶʱʠʭ ʜʦʙʘʚʦʢ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ 10GDC 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʧʝʢʘʶʱʠʭ ʜʦʙʘʚʦʢ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʩʧʝʢʘʥʠʷ ʦʢʩʠʜʘ, ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʨʦʰʦʢ 10GDC, ʩʠʥʪʝʟ ʢʦʪʦʨʦʛʦ ʦʧʠʩʘʥ ʚʳʰʝ. ɼʘʥʥʳʡ ʧʦʨʦʰʦʢ ʧʨʦʧʠʪʳʚʘʣʩʷ 

ʨʘʩʪʚʦʨʘʤʠ ʥʠʪʨʘʪʦʚ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ (Li, Co ʠ ʉu) ʚ ʨʘʩʩʯʠʪʘʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ 3 ʤʦʣ. % ʜʦʙʘʚʢʠ ʧʦʩʣʝ ʠʭ ʨʘʟʣʦʞʝʥʠʷ. ɿʘʪʝʤ ʧʦʨʦʰʦʢ ʚʳʩʫʰʠʚʘʣʩʷ ʚ ʩʫʰʠʣʴʥʦʤ 

ʰʢʘʬʫ ʧʨʠ 70 ÁC, ʧʝʨʝʥʦʩʠʣʩʷ ʚ ʢʝʨʘʤʠʯʝʩʢʠʡ ʪʠʛʝʣʴ, ʢʦʪʦʨʳʡ ʩʪʘʚʠʣʠ ʚ ʤʫʬʝʣʴʥʫʶ ʧʝʯʴ ʥʘ 

650 ÁC ʥʘ 2 ʯʘʩʘ ʜʣʷ ʧʦʣʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʥʠʪʨʘʪʦʚ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʢʩʠʜʦʚ. ɿʘʪʝʤ ʯʠʩʪʳʡ 

10GDC ʠ ʧʦʨʦʰʢʠ ʩʦ ʩʧʝʢʘʶʱʠʤʠ ʜʦʙʘʚʢʘʤʠ ʧʨʝʩʩʦʚʘʣʠʩʴ ʚ ʪʘʙʣʝʪʢʠ ʜʠʘʤʝʪʨʦʤ 12 ʤʤ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ 2000 ʢʛ/ʩʤ2. ʉʧʝʢʘʥʠʝ ʯʠʩʪʦʛʦ 10GDC ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 1300 Áʉ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ, 

ʪʘʙʣʝʪʢʠ ʩʦ ʩʧʝʢʘʶʱʠʤʠ ʜʦʙʘʚʢʘʤʠ ʩʧʝʢʘʣʠʩʴ ʧʨʠ 1300, 1200 ʠ 1100 ÁC ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʣʠʪʠʡʩʦʜʝʨʞʘʱʠʝ ʩʧʝʢʘʶʱʠʝ ʜʦʙʘʚʢʠ ʚʚʦʜʠʣʠʩʴ ʚ ʘʥʦʜʥʫʶ ʤʠʢʨʦʪʨʫʙʯʘʪʫʶ 

ʧʦʜʣʦʞʢʫ ʠ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʡ ʩʣʦʡ 10GDC ʧʦʣʫʷʯʝʡʢʠ ʄʊ ʊʆʊʕ. ɺʚʝʜʝʥʠʝ ʜʦʙʘʚʢʠ ʚ 

ʘʥʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʩʪʘʜʠʠ ʧʦʣʫʯʝʥʠʷ ʧʘʩʪʳ ʜʦʙʘʚʣʝʥʠʝʤ 3 ʤʘʩʩ. % 

ʢʘʨʙʦʥʘʪʘ ʣʠʪʠʷ ʢ ʠʩʭʦʜʥʳʤ ʧʦʨʦʰʢʘʤ 10GDC ʠ NiO. ɺ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʣʠʪʘ 3 ʤʘʩʩ. % ʥʠʪʨʘʪʘ 

ʣʠʪʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 10GDC ʨʘʩʪʚʦʨʷʣʠ ʚ ʙʫʪʠʣʛʣʠʢʦʣʝ ʠ ʜʦʙʘʚʣʷʣʠ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ 

ʧʘʩʪʳ. ʉʦʚʤʝʩʪʥʦʝ ʩʧʝʢʘʥʠʝ ʘʥʦʜʥʦʡ ʧʦʜʣʦʞʢʠ ʠ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʪʝʯʝʥʠʝ ʰʝʩʪʠ ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1250, 1350, 1400 ʠ 1500 ÁC. 

ɻʘʟʦʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʢʘʧʠʣʣʷʨʥʦʡ 

ʜʝʬʝʢʪʦʩʢʦʧʠʠ, ʚ ʢʘʯʝʩʪʚʝ ʧʝʥʝʪʨʘʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʤʤʝʨʯʝʩʢʠʡ ʧʨʦʜʫʢʪ NORDTEST 3000, 

ʧʨʦʥʠʢʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʛʘʟʘʤʠ. 

2.4.4. ʉʠʥʪʝʟ ʧʦʨʦʰʢʦʚ 10GDC ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʨʦʰʢʘ ʦʢʩʠʜʘ ʮʝʨʠʷ, ʜʦʧʠʨʦʚʘʥʥʦʛʦ 

10 ʤʦʣ. % ʛʘʜʦʣʠʥʠʷ (10GDC), ʥʘ ʩʧʝʢʘʥʠʝ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʩʧʝʢʘʥʠʷ (SPS). ɼʣʷ 

ʵʪʦʛʦ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʜʚʘ ʪʠʧʘ ʧʦʨʦʰʢʦʚ 10GDC ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ 

ʩʤʝʰʘʥʥʦʛʦ ʦʢʩʘʣʘʪʘ Ce1.8Gd0.2(C2O4)3Ā10H2O ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʫʩʣʦʚʠʡ ʜʝʛʠʜʨʘʪʘʮʠʠ:  

1) ʉʠʥʪʝʟ ʧʦʨʦʰʢʘ 10GDC ʧʝʨʚʦʛʦ ʪʠʧʘ (10GDC-ʧʩʝʚʜʦ). ʆʢʩʘʣʘʪʥʳʡ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ 

ʧʣʘʩʪʠʥʯʘʪʦʡ ʤʦʨʬʦʣʦʛʠʠ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʤʝʜʣʝʥʥʳʤ ʧʨʠʢʘʧʳʚʘʥʠʝʤ ʨʘʩʪʚʦʨʦʚ ʠʩʭʦʜʥʳʭ 

ʨʝʘʛʝʥʪʦʚ, ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʘ ʢʨʠʩʪʘʣʣʦʚ ʪʘʢʦʡ ʤʦʨʬʦʣʦʛʠʠ ʙʳʣʘ ʦʧʠʩʘʥʘ ʚ ʨʘʟʜʝʣʝ 2.2. 

ʂʨʠʩʪʘʣʣʳ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʧʦʜʚʝʨʛʘʣʠ ʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʥʘ ʚʦʟʜʫʭʝ, ʢʦʪʦʨʦʝ 
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ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʜʚʝ ʩʪʘʜʠʠ. çɹʳʩʪʨʘʷè ʜʝʛʠʜʨʘʪʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 7 ʯʘʩʦʚ ʧʨʠ 100 Áʉ 

ʥʘ ʚʦʟʜʫʭʝ, ʙʳʩʪʨʳʡ ʦʪʚʦʜ ʚʦʜʳ ʦʪ ʦʙʨʘʟʮʘ ʦʙʝʩʧʝʯʠʚʘʣʩʷ ʤʘʣʦʡ ʪʦʣʱʠʥʦʡ ʟʘʩʳʧʢʠ. ɺʪʦʨʘʷ 

ʩʪʘʜʠʷ ï ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʪʝʨʤʦʣʠʟ ʦʢʩʘʣʘʪʘ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 300 Áʉ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ. ʇʨʠ 

ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʨʘʟʣʦʞʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʦʚ ʩʦʭʨʘʥʷʝʪʩʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʨʦʰʦʢ ʧʝʨʚʦʛʦ ʪʠʧʘ ʩʦʭʨʘʥʷʣ ʧʣʘʩʪʠʥʯʘʪʫʶ ʤʦʨʬʦʣʦʛʠʶ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. 

2) ʉʠʥʪʝʟ ʧʦʨʦʰʢʘ 10GDC ʚʪʦʨʦʛʦ ʪʠʧʘ (10GDC-ʂʈ). ʉʠʥʪʝʟ ʦʪʣʠʯʘʣʩʷ ʪʦʣʴʢʦ 

ʫʩʣʦʚʠʷʤʠ ʜʝʛʠʜʨʘʪʘʮʠʠ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝ ʞʝ ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ, ʫʩʣʦʚʠʷ ʦʢʠʩʣʝʥʠʷ ʪʘʢʞʝ ʙʳʣʠ ʦʜʠʥʘʢʦʚʳ ï 300 Áʉ, 12 ʯ. ʈʝʘʢʮʠʶ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʚ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 125 Áʉ ʚ ʪʝʯʝʥʠʝ 20 ʯʘʩʦʚ, ʪʦ ʝʩʪʴ 

ʩʢʦʨʦʩʪʴ ʫʜʘʣʝʥʠʷ ʚʦʜʳ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʦʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ 

ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʳ ʧʦʤʝʱʘʣʠ ʚ ʙʶʢʩ ʩ ʥʝʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʪʦʡ ʧʨʠʪʸʨʪʦʡ ʢʨʳʰʢʦʡ, ʯʪʦ 

ʧʨʝʜʦʪʚʨʘʱʘʣʦ ʙʳʩʪʨʦʝ ʫʜʘʣʝʥʠʝ ʚʦʜʳ ʠʟ ʦʙʨʘʟʮʘ ʠ ʜʝʛʠʜʨʘʪʘʮʠʷ ʧʨʦʭʦʜʠʣʘ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ 

ʜʘʚʣʝʥʠʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ. ʇʦʨʦʰʦʢ ʚʪʦʨʦʛʦ ʪʠʧʘ ʩʦʩʪʦʷʣ ʠʟ ʯʘʩʪʠʮ ʤʝʥʝʝ 5 ʤʢʤ, ʢʦʪʦʨʳʝ 

ʧʦʣʫʯʠʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʚ ʧʨʦʮʝʩʩʝ 

ʜʝʛʠʜʨʘʪʘʮʠʠ. 

2.4.5. ʉʧʝʢʘʥʠʝ ʧʦʨʦʰʢʦʚ 10GDC ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ 

ʩʧʝʢʘʥʠʷ (SPS). ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʦʡ ʢʝʨʘʤʠʢʠ 

ʇʦʨʦʰʢʠ 10GDC ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʪʘʙʣʝʪʦʢ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʩʧʝʢʘʥʠʷ (SPS ʦʪ ʘʥʛʣ. spark-plasma 

sintering). ʕʣʝʢʪʨʦʠʩʢʨʦʚʦʝ ʩʧʝʢʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʜ.ʪ.ʥ. ɼʫʜʠʥʦʡ ɼ.ɺ. 

(ʀʍʊʊʄ ʉʆ ʈɸʅ, ʀɻʠʃ ʉʆ ʈɸʅ) ʠ ʤ.ʥ.ʩ. ʀɻʠʃ ʉʆ ʈɸʅ ɽʩʠʢʦʚʳʤ ʄ.ɸ. ʕʢʩʧʝʨʠʤʝʥʪ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ Labox 1575 (SINTER LAND Inc., ʗʧʦʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʨʘʬʠʪʦʚʳʭ ʧʨʝʩʩ-ʬʦʨʤ. ʇʨʦʪʦʢʦʣʳ ʩʧʝʢʘʥʠʷ ʜʣʷ ʧʦʨʦʰʢʦʚ ʙʳʣʠ ʦʜʠʥʘʢʦʚʳʤʠ: ʙʳʩʪʨʳʡ 

ʥʘʛʨʝʚ ʜʦ 1100 ÁC (~ 60 ʛʨʘʜ/ʤʠʥ), 6 ʤʠʥʫʪ ʧʨʠ 1100 ÁC ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦʝ ʦʭʣʘʞʜʝʥʠʝ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠʢʣʘʜʳʚʘʝʤʦʝ ʜʘʚʣʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 40 ʄʇʘ. ʇʦʢʨʳʪʠʝ ʠʟ ʥʠʪʨʠʜʘ 

ʙʦʨʘ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʦʙʨʘʟʮʳ. ʇʦʚʝʨʭʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʪʱʘʪʝʣʴʥʦ ʦʯʠʱʝʥʘ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ ʠ ʧʨʦʤʳʪʘ ʚ 

ʚʦʜʝ ʠ ʵʪʘʥʦʣʝ. ɼʣʷ ʚʳʞʠʛʘʥʠʷ ʦʩʪʘʪʢʦʚ ʫʛʣʝʨʦʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʞʠʛ ʪʘʙʣʝʪʦʢ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʚʦʟʜʫʭʝ ʧʨʠ 1200 Áʉ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ. 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʟʥʘʯʝʥʠʷʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ 

ʤʘʩʩʳ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʬʦʪʦʛʨʘʬʠʷʤ ʩʦ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʚ ʧʨʦʛʨʘʤʤʝ Image Pro. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʦʜʠʣʦʩʴ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ 

ʚʟʚʝʰʠʚʘʥʠʝ ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩ ʧʦʤʦʱʴʶ ʛʝʣʠʝʚʦʛʦ 

ʧʠʢʥʦʤʝʪʨʘ AccuPyc 1330 (Micrometrics, ʉʐɸ).  
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ʀʟʤʝʨʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʭ.ʥ. ʋʣʠʭʠʥʳʤ 

ɸ.ʉ. (ʀʍʊʊʄ ʉʆ ʈɸʅ). ʀʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠʟʫʯʘʣʘʩʴ ʥʘ ʪʘʙʣʝʪʢʘʭ ʩ ʩʝʨʝʙʨʷʥʳʤʠ 

ʟʘʧʨʝʩʩʦʚʘʥʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʚʫʭʧʦʣʶʩʥʦʡ ʩʭʝʤʦʡ ʥʘ ʚʦʟʜʫʭʝ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 620ï973 ʂ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʮʠʟʠʦʥʥʦʛʦ LCR-ʤʝʪʨʘ HP-4284AP ʥʘ ʯʘʩʪʦʪʘʭ 20 ɻʮ ï 1 ʄɻʮ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʠʟʤʝʥʷʣʘʩʴ ʩʪʫʧʝʥʯʘʪʦ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʪʝʨʤʦʩʪʘʪʦʤ çTermodat 11Eè ʩ ʪʦʯʥʦʩʪʴʶ Ñ 2 ʂ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʧʝʨʝʜ ʢʘʞʜʳʤ ʠʟʤʝʨʝʥʠʝʤ ʦʙʨʘʟʝʮ 

ʚʳʜʝʨʞʠʚʘʣʩʷ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ.  
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 ʀʉʉʃɽɼʆɺɸʅʀɽ ʀʉʍʆɼʅʓʍ ʂʈʀʉʊɸʃʃʆɺ ʇʈɽɼʐɽʉʊɺɽʅʅʀʂɸ 

Ce2(C2O4)3Ā10H2O ʀ ʇʈʆʎɽʉʉʆɺ, ʇʈʆʀʉʍʆɼʗʑʀʍ ʇʈʀ ʀʍ ɼɽɻʀɼʈɸʊɸʎʀʀ 

ɺ ʈɸɿʃʀʏʅʓʍ ʋʉʃʆɺʀʗʍ 

3.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ, ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʘʚʘ ʠ ʩʪʘʜʠʡʥʦʩʪʠ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ Ce2(C2O4)3Ā10H2O 

3.1.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʣʫʯʘʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ Ce2(C2O4)3Ā10H2O 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʪʫʪ ʧʣʘʩʪʠʥʯʘʪʳʝ 

ʢʨʠʩʪʘʣʣʳ Ce2(C2O4)3Ā10H2O ʜʚʫʭ ʪʠʧʦʚ, ʦʛʨʘʥʢʘ ʢʦʪʦʨʳʭ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ. ʂʨʠʩʪʘʣʣʳ ʧʝʨʚʦʛʦ 

ʪʠʧʘ ʠʤʝʶʪ ʙʘʟʘʣʴʥʫʶ ʛʨʘʥʴ (100) (ʨʠʩ. 18ʘ ï ʣʝʚʳʡ ʢʨʠʩʪʘʣʣ), ʚ ʢʨʠʩʪʘʣʣʘʭ ʞʝ ʚʪʦʨʦʛʦ ʪʠʧʘ 

ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʛʨʘʥʴ (010) (ʨʠʩ. 18ʘ ï ʧʨʘʚʳʡ ʢʨʠʩʪʘʣʣ). ʅʘ ʨʠʩ. 18ʙ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ, ʥʘ ʢʦʪʦʨʦʡ ʦʪʤʝʯʝʥʳ ʦʩʥʦʚʥʳʝ ʦʛʨʘʥʷʶʱʠʝ ʢʨʠʩʪʘʣʣ ʧʣʦʩʢʦʩʪʠ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʮʝʨʠʡ-ʦʢʩʘʣʘʪʥʳʝ ʩʣʦʠ, ʬʦʨʤʠʨʫʶʱʠʝ ʩʪʨʫʢʪʫʨʫ Ce2(C2O4)3Ā10H2O, 

ʨʘʩʧʦʣʦʞʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ b, ʪʦ ʝʩʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʛʨʘʥʠ 

ʢʨʠʩʪʘʣʣʘ (010). 

 

 

 

ʈʠʩʫʥʦʢ 18. a) ʂʨʠʩʪʘʣʣʳ ʉe2(C2O4)3Ā10H2O ʨʘʟʣʠʯʥʦʛʦ ʛʘʙʠʪʫʩʘ; 

 ʙ) ʦʛʨʘʥʢʘ ʢʨʠʩʪʘʣʣʦʚ [98]. 
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ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ Ce2(C2O4)3Ā10H2O ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʠʢʠ: 

ʦʩʘʞʜʝʥʠʝ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʩʦʚʤʝʩʪʥʦʤ ʜʦʙʘʚʣʝʥʠʠ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ (1%-ʳʝ ʨʘʩʪʚʦʨʳ 

ʥʠʪʨʘʪʘ ʮʝʨʠʷ ʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ), ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʦʨʷʯʝʛʦ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʢʩʘʣʘʪʘ 

ʮʝʨʠʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʘ ʪʘʢʞʝ ʩʠʥʪʝʟ ʢʨʠʩʪʘʣʣʦʚ ʚʩʪʨʝʯʥʦʡ ʜʠʬʬʫʟʠʝʡ ʨʘʟʙʘʚʣʝʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʩʦʚʤʝʩʪʥʳʤ ʜʦʙʘʚʣʝʥʠʝʤ ʨʝʘʛʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ 

ʚʪʦʨʦʛʦ ʪʠʧʘ, ʠʤʝʶʱʠʝ ʬʦʨʤʫ ʧʣʘʩʪʠʥʦʢ ʩ ʙʘʟʘʣʴʥʦʡ ʛʨʘʥʴʶ (010), ʪʦʣʱʠʥʦʡ ʧʦʨʷʜʢʘ 10 ʤʢʤ 

(ʨʠʩ. 19).  

 

 

ʈʠʩʫʥʦʢ 19. ʂʨʠʩʪʘʣʣʳ Ce2(C2O4)3Ā10H2O, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠʢʘʧʳʚʘʥʠʝʤ ʨʘʟʙʘʚʣʝʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. 

 

ʄʝʪʦʜʦʤ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʛʦʨʷʯʝʛʦ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʙʦʣʝʝ ʪʦʣʩʪʳʝ ʢʨʠʩʪʘʣʣʳ Ce2(C2O4)3Ā10H2O (ʨʠʩ. 20). ɼʘʥʥʳʤ ʤʝʪʦʜʦʤ ʨʦʩʣʠ 

ʢʨʠʩʪʘʣʣʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʨʚʦʛʦ ʪʠʧʘ ï ʩ ʙʘʟʘʣʴʥʦʡ ʛʨʘʥʴʶ (100), ʧʨʠʯʸʤ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, 

ʯʪʦ ʜʦʣʷ ʢʨʠʩʪʘʣʣʦʚ ʪʘʢʦʡ ʦʛʨʘʥʢʠ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ ʫʤʝʥʴʰʝʥʠʝʤ pH ʩʨʝʜʳ. ʊʘʢʞʝ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ, ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʢʨʫʧʥʝʥʠʝ 

ʧʦʣʫʯʘʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. ʅʘ ʨʠʩ. 20 ʧʦʢʘʟʘʥʳ ʢʨʠʩʪʘʣʣʳ, ʧʦʣʫʯʘʝʤʳʝ ʚ 

ʨʦʩʪʦʚʳʭ ʩʨʝʜʘʭ ʩ ʨʘʟʣʠʯʥʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ ï ʚ 0,4 ʄ, 0,7 ʄ ʠ 1 ʄ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ. ɺʠʜʥʦ, ʯʪʦ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 1 ʄ HCl ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʘʤʳʝ ʢʨʫʧʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ï ʪʦʣʱʠʥʦʡ ʜʦ 1 ʤʤ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʵʪʠ ʢʨʠʩʪʘʣʣʳ ʦʙʣʘʜʘʣʠ ʦʛʨʘʥʢʦʡ ʧʝʨʚʦʛʦ 

ʪʠʧʘ. 
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ʈʠʩʫʥʦʢ 21. ʂʨʠʩʪʘʣʣʳ 

Ce2(C2O4)3Ā10H2O, ʧʦʣʫʯʝʥʥʳʝ 

ʚʩʪʨʝʯʥʦʡ ʜʠʬʬʫʟʠʝʡ ʠʩʭʦʜʥʳʭ 

ʨʝʘʛʝʥʪʦʚ. 

 

 

ʈʠʩʫʥʦʢ 20. ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʚ ʩʨʝʜʘʭ ʩ ʨʘʟʣʠʯʥʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ:  

ʘ) CHCl å 0,4 M; ʙ) CHCl  å 0,7 M; ʚ) CHCl  å 1 M. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʠʥʪʝʟʘ ʚʩʪʨʝʯʥʦʡ 

ʜʠʬʬʫʟʠʝʡ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʨʫʧʥʳʝ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʪʦʣʱʠʥʦʡ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚ (ʨʠʩ. 21). ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʩʘʤʳʝ ʙʦʣʴʰʠʝ ʧʦ ʨʘʟʤʝʨʫ 

ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ 

ʜʝʬʝʢʪʥʳʤʠ ʠ ʩʦʜʝʨʞʘʣʠ ʚʢʣʶʯʝʥʠʷ ʨʘʩʪʚʦʨʘ, 

ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʨʦʩʪʘ. 

ʆʛʨʘʥʢʫ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʦʧʨʝʜʝʣʠʪʴ ʙʳʣʦ 

ʩʣʦʞʥʦ, ʧʦʵʪʦʤʫ ʦʥʠ ʥʝ ʧʦʜʭʦʜʠʣʠ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ 

ʦʪʣʠʯʘʣʠʩʴ ʩʪʝʧʝʥʴʶ ʧʝʨʝʩʳʱʝʥʠʷ ʠ ʭʠʤʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ ʨʘʩʪʚʦʨʦʚ. ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ 

ʨʘʟʣʠʯʠʝ ʚ ʛʘʙʠʪʫʩʝ ʚʦʟʥʠʢʘʣʦ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʛʨʘʥʝʡ (100) ʠ (010) 

ʦʪ ʧʝʨʝʥʘʩʳʱʝʥʠʷ ʠ ʚʣʠʷʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʘ ʥʘ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʵʥʝʨʛʠʠ ʵʪʠʭ ʛʨʘʥʝʡ [98]. ʂʨʦʤʝ ʪʦʛʦ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ, ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʅ ʨʦʩʪʦʚʦʡ ʩʨʝʜʳ: ʯʝʤ ʚʳʰʝ ʢʠʩʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ, 

ʯʝʤ ʙʦʣʴʰʝ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʦʚ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʩʦʟʜʘʚʘʷ ʪʝʤ ʩʘʤʳʤ ʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

Ce2(C2O4)3Ŀ10H2O ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʜʚʫʭ ʪʠʧʦʚ ʛʘʙʠʪʫʩʘ. ɻʘʙʠʪʫʩ ʧʦʣʫʯʘʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʟʘʚʠʩʝʣ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʠʢʠ ʚʳʨʘʱʠʚʘʥʠʷ. ʈʘʟʤʝʨ ʧʦʣʫʯʘʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ ʦʧʨʝʜʝʣʷʣʩʷ 

ʢʠʩʣʦʪʥʦʩʪʴʶ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʣ ʠʭ ʨʦʩʪ. 

3.1.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʈʌɸ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʦʚ ʧʦʣʫʯʝʥʥʳʭ ʤʝʜʣʝʥʥʳʤ ʧʨʠʢʘʧʳʚʘʥʠʝʤ 

ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ. ʇʦʣʫʯʝʥʥʘʷ ʧʦʨʦʰʢʦʚʘʷ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 22. ɺʠʜʥʦ, ʯʪʦ ʧʦʣʦʞʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ 

ʩʦʚʧʘʜʘʶʪ ʩ ʧʦʣʦʞʝʥʠʷʤʠ ʧʠʢʦʚ ʦʙʨʘʟʮʘ ʩʨʘʚʥʝʥʠʷ ʠʟ ʙʘʟʳ PDF (01-075-7101), ʢʦʪʦʨʳʝ 

ʦʪʤʝʯʝʥʳ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ. ʆʜʥʘʢʦ ʠʤʝʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʨʘʟʣʠʯʠʷ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʪʝʢʩʪʫʨʦʡ ʧʨʦʜʫʢʪʘ. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ, ʥʘʙʣʶʜʘʝʤʦʝ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ï 

ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʘ (020), ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 18Á (2ɗ). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʠʩʭʦʜʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʧʣʘʩʪʠʥʯʘʪʳʡ ʛʘʙʠʪʫʩ ʩ ʙʘʟʘʣʴʥʦʡ ʛʨʘʥʴʶ (010). ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʘ ʚʢʣʶʯʘʣʘ ʧʝʨʝʪʠʨʘʥʠʝ ʚ ʩʪʫʧʢʝ, ʪʝʢʩʪʫʨʘ ʚʩʸ 

ʨʘʚʥʦ ʥʘʙʣʶʜʘʣʘʩʴ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʧʝʨʝʪʠʨʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʦ ʧʣʦʩʢʦʩʪʷʤ ʧʘʨʘʣʣʝʣʴʥʳʤ ʧʣʦʩʢʦʩʪʠ (010). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʨʝʬʣʝʢʩ (010) ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ, ʧʦʩʢʦʣʴʢʫ ʧʦʛʘʩʘʝʪ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʦʪʢʨʳʪʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ ʚ ʩʪʨʫʢʪʫʨʝ, ʘ ʠʤʝʥʥʦ ʚʠʥʪʦʚʦʡ ʦʩʠ 21 ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ b (ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʨʝʬʣʝʢʩʳ (0k0), ʛʜʝ k = 2n). 

 

ʈʠʩʫʥʦʢ 22. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʜʣʝʥʥʳʤ 

ʧʨʠʢʘʧʳʚʘʥʠʝʤ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ (ʢʨʘʩʥʳʤ ï ʰʪʨʠʭ-ʜʠʘʛʨʘʤʤʘ PDF 01-075-7101). 

(020) 
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ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʪʝʢʩʪʫʨʳ ʚ ʦʙʨʘʟʮʝ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʜʝʛʠʜʨʘʪʘʮʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʘʷ ʨʝʛʠʜʨʘʪʘʮʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. ɼʝʛʠʜʨʘʪʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʆʙʨʘʟʝʮ ʚʳʜʝʨʞʠʚʘʣʩʷ 1 ʯʘʩ ʚ ʚʘʢʫʫʤʝ ʧʨʠ 120 Áʉ, ʧʨʠ ʵʪʦʤ ʜʝʛʠʜʨʘʪʘʮʠʷ 

ʧʨʦʭʦʜʠʣʘ ʧʦʯʪʠ ʜʦ ʢʦʥʮʘ, ʫʜʘʣʷʣʦʩʴ ʦʢʦʣʦ ʜʝʚʷʪʠ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʈʝʛʠʜʨʘʪʘʮʠʷ ʧʦʣʫʯʝʥʥʦʛʦ 

ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʵʢʩʠʢʘʪʦʨʝ ʩʦ 100%-ʦʡ ʚʣʘʞʥʦʩʪʴʶ ʚ ʪʝʯʝʥʠʝ ʪʨʸʭ ʩʫʪʦʢ. ʅʘ ʨʠʩ. 23 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʨʦʜʫʢʪʘ ʨʝʛʠʜʨʘʪʘʮʠʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. ɺʠʜʥʦ, 

ʯʪʦ ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ʙʣʠʟʢʠ ʢ ʧʦʣʦʞʝʥʠʷʤ ʧʠʢʦʚ 10-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ˉ 01-075-7101 ʠʟ 

ʙʘʟʳ ʧʦʨʦʰʢʦʚʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʦʪʤʝʯʝʥʳ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ (ʥʝʙʦʣʴʰʦʝ ʩʤʝʱʝʥʠʝ ʧʠʢʦʚ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝʤ çʚʘʢʘʥʩʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳè ï ʩʤ. ʨʘʟʜʝʣ 3.1.4). ʂʨʦʤʝ ʪʦʛʦ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʝʬʣʝʢʩʘ (020) ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʣʘʩʴ.  

 

ʈʠʩʫʥʦʢ 23. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʨʝʛʠʜʨʘʪʘʮʠʠ. ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʦʪʤʝʯʝʥʘ 

ʰʪʨʠʭ-ʜʠʘʛʨʘʤʤʘ PDF 01-075-7101. 

 

3.1.3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ Ce2(C2O4)3Ŀ10H2O ʠʟʦʩʪʨʫʢʪʫʨʝʥ 10-ʛʠʜʨʘʪʘʤ ʦʢʩʘʣʘʪʦʚ ʜʨʫʛʠʭ 

ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʠʪʪʨʠʷ [57, 99]. ʆʩʥʦʚʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʵʣʝʤʝʥʪʦʤ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʤʝʪʘʣʣ-ʦʢʩʘʣʘʪʥʘʷ ʩʝʪʢʘ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʚʦʢʨʫʛ ʠʦʥʘ ʤʝʪʘʣʣʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʝʚʷʪʴ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʰʝʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝʞʘʪ ʦʢʩʘʣʘʪ-ʠʦʥʘʤ, ʘ ʪʨʠ 

ʜʨʫʛʠʝ ï ʤʦʣʝʢʫʣʘʤ ʚʦʜʳ. ʄʝʪʘʣʣ-ʦʢʩʘʣʘʪʥʳʝ ʩʣʦʠ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʩʦ ʩʜʚʠʛʦʤ 

(020) 
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ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ c ʥʘ İ ʚʝʢʪʦʨʘ ʪʨʘʥʩʣʷʮʠʠ. ɽʩʪʴ ʜʚʘ ʪʠʧʘ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ 

ʩʪʨʫʢʪʫʨʝ: ʚʥʝʰʥʝʩʬʝʨʥʘʷ ʚʦʜʘ ʠ ʚʦʜʘ ʠʟ ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ ʮʝʨʠʷ. ʅʘ ʢʘʞʜʳʡ ʘʪʦʤ ʮʝʨʠʷ 

ʧʨʠʭʦʜʠʪʩʷ ʪʨʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠʟ ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ ʠ ʜʚʝ ʤʦʣʝʢʫʣʳ ʚʥʝʰʥʝʩʬʝʨʥʦʡ 

ʚʦʜʳ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚʥʫʪʨʠ ʠ ʤʝʞʜʫ ʤʝʪʘʣʣ-ʦʢʩʘʣʘʪʥʳʤʠ ʩʣʦʷʤʠ. ʉʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ 

ʫʪʦʯʥʝʥʠʷ ʵʪʦʡ ʚʥʝʰʥʝʩʬʝʨʥʦʡ ʚʦʜʳ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʧʦʜʚʠʞʥʦʡ ʠ ʤʦʞʝʪ 

ʟʘʥʠʤʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʦʟʠʮʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʭʦʜʝ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ, ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ). ʊʘʙʣʠʮʘ 2 ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʧʠʩʦʢ ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ ʩʠʤʤʝʪʨʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʦʡ ʯʘʩʪʠ 10-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʊʘʙʣʠʮʘ 2. ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʩʠʤʤʝʪʨʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʦʡ ʯʘʩʪʠ ʩʪʨʫʢʪʫʨʳ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. 

 Ce2(C2O4)3Ŀ10H2O 

ʇɻʉ P21/c 

a, b, c (¡) 11.3168(2), 9.6401(1), 10.4142(2) 

ɓ (Á) 114.573(2) 

 x y z S.O.F. 

Ce 0.31090(2) 0.54635(2) 0.66837(2) 1 

C1 0.4653(2) 0.4301(2) 0.9975(2) 1 

C2 0.5545(2) 0.4743(2) 0.5692(2) 1 

C3 0.0000(2) 0.5507(2) 0.4426(2) 1 

O1 0.50697(15) 0.35959(17) 1.10885(17) 1 

O2 0.37381(17) 0.39874(19) 0.88367(19) 1 

O3 0.53013(17) 0.47415(18) 0.67630(19) 1 

O4 0.65777(16) 0.43619(19) 0.56437(19) 1 

O5 0.10560(15) 0.60465(19) 0.46057(19) 1 

O6 -0.10718(15) 0.57060(17) 0.33989(19) 1 

O7 0.2019(2) 0.6929(3) 0.7931(3) 1 

H7A 0.132(3) 0.699(5) 0.756(5) 1 

H7B 0.238(4) 0.768(4) 0.818(4) 1 

O8 0.3310(2) 0.7973(2) 0.6143(2) 1 

H8A 0.313(4) 0.827(4) 0.543(4) 1 

H8B 0.377(4) 0.849(4) 0.684(4) 1 

O9 0.2907(2) 0.3033(2) 0.5751(3) 1 

H9A 0.354(3) 0.254(4) 0.566(4) 1 

H9B 0.241(4) 0.254(4) 0.590(4) 1 

O10A 0.1112(13) 0.5473(13) -0.0531(16) 0.193(7) 

O10B 0.0899(14) 0.5146(17) 0.0847(18) 0.259(10) 
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O10C 0.1625(6) 0.4037(7) 0.1762(9) 0.548(9) 

O11A 0.0619(6) 0.2014(10) 0.3751(8) 0.411(10) 

O11B 0.0763(5) 0.3074(7) 0.2964(7) 0.589(10) 

 

ɹr ʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʨʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʮʝʨʠʝʤ, ʟʘʥʠʤʘʶʪ ʧʦʟʠʮʠʠ ʚ 

ʙʣʠʞʘʡʰʝʤ ʦʢʨʫʞʝʥʠʠ ʤʝʪʘʣʣʘ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 1, ʘ ʜʚʝ ʦʩʪʘʚʰʠʝʩʷ ʤʝʞʩʣʦʝʚʳʝ ʚʦʜʳ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʜʚʫʤ ʠ ʪʨʸʤ ʧʦʟʠʮʠʷʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʘ. ʊʘʢ ʢʘʢ ʧʦʤʠʤʦ ʧʦʟʠʮʠʡ 

ʚʥʝʰʥʝʩʬʝʨʥʦʡ ʚʦʜʳ ʢʦʦʨʜʠʥʘʪʳ ʦʩʪʘʣʴʥʳʭ ʘʪʦʤʦʚ ʙʣʠʟʢʠ ʢ ʪʝʤ, ʯʪʦ ʨʘʥʝʝ ʧʨʠʚʝʜʝʥʳ ʚ 

ʣʠʪʝʨʘʪʫʨʝ (ʩʤ. ʨʘʟʜʝʣ 1.3), ʥʘ ʨʠʩ. 24 ʠ ʨʠʩ. 25 ʘʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ ʘʪʦʤʘʭ ʢʠʩʣʦʨʦʜʘ 

ʚʥʝʰʥʝʩʬʝʨʥʦʡ ʚʦʜʳ. ʇʦʵʪʦʤʫ ʜʣʷ ʫʜʦʙʩʪʚʘ ʚʦʩʧʨʠʷʪʠʷ ʵʪʠ ʘʪʦʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʰʘʨʠʢʦʚ, ʘ ʦʩʪʘʣʴʥʳʝ ʘʪʦʤʳ ʠʟʦʙʨʘʞʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ çcapped sticksè 

(çʧʘʣʦʯʝʢè). ɽʩʣʠ ʥʘ ʨʠʩ. 24 ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ ʚ ʧʨʦʝʢʮʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ b, ʪʦ ʥʘ ʨʠʩ. 25 ʧʦʣʫʯʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 10-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧʨʦʝʢʮʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ a, ʪ.ʝ. ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʩʣʦʠ ʨʘʩʧʦʣʦʞʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʨʠʩʫʥʢʘ. ʇʦʷʩʥʠʤ ʦʙʦʟʥʘʯʝʥʠʷ 

ʘʪʦʤʦʚ ʮʚʝʪʦʤ: ʞʸʣʪʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥ ʘʪʦʤ ʮʝʨʠʷ, ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ï ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʚ 

ʤʦʣʝʢʫʣʝ ʦʢʩʘʣʘʪʘ, ʩʝʨʳʤ ʮʚʝʪʦʤ ï ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ ʦʢʩʘʣʘʪʘ, ʩʠʥʠʤ ʮʚʝʪʦʤ ï ʘʪʦʤʳ 

ʢʠʩʣʦʨʦʜʘ ʚʦʜʳ ʠʟ ʙʣʠʞʘʡʰʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʮʝʨʠʷ, ʟʝʣʸʥʳʤ ʮʚʝʪʦʤ ï ʘʪʦʤʳ 

ʢʠʩʣʦʨʦʜʘ ʚʦʜʳ ʥʝ ʠʟ ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ ʮʝʨʠʷ, ʢʦʪʦʨʘʷ ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ ʧʦ 3 ʧʦʟʠʮʠʷʤ, 

ʬʠʦʣʝʪʦʚʳʤ ʮʚʝʪʦʤ ï ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʮʝʨʠʡ-ʦʢʩʘʣʘʪʥʘʷ 

ʩʝʪʢʘ. ʇʨʘʚʠʣʴʥʝʝ ʥʘʟʳʚʘʪʴ ʪʘʢʫʶ ʩʝʪʢʫ ʢʚʘʟʠʛʝʢʩʘʛʦʥʘʣʴʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʥʝ ʷʚʣʷʝʪʩʷ 

ʘʙʩʦʣʶʪʥʦ ʧʣʦʩʢʦʡ ʠ ʫʛʣʳ CeïCeïCe ʥʝ ʨʘʚʥʳ ʩʪʨʦʛʦ 120Á. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʤʦʣʝʢʫʣʘ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʉɸ ʦʢʘʟʘʣʘʩʴ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʧʦ 3 ʧʦʟʠʮʠʷʤ, 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʢʚʘʟʠʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʢʦʣʴʮʘ. ʊʘʢʠʝ ʢʚʘʟʠʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʩʝʪʢʠ 

ʦʙʨʘʟʫʶʪ ʩʣʦʠ, ʢʦʪʦʨʳʝ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʩʦ ʩʜʚʠʛʦʤ ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʦʩʠ ʩ ʥʘ İ ʚʝʢʪʦʨʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʪʨʘʥʩʣʷʮʠʠ. ʄʦʣʝʢʫʣʳ ʚʦʜʳ, ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʝ ʧʦ ʜʚʫʤ 

ʧʦʟʠʮʠʷʤ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʝʞʜʫ ʵʪʠʤʠ ʩʣʦʷʤʠ.  
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ʅʘ ʨʠʩ. 26 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʦʝʢʮʠʷ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʪʨʝʪʴʝʡ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ ï ʦʩʠ ʩ. ʆʪ ʧʨʝʜʳʜʫʱʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʦʥʘ ʦʪʣʠʯʘʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʥʘ ʥʝʡ ʦʙʦʟʥʘʯʝʥʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʵʜʨʳ ʚʦʢʨʫʛ ʘʪʦʤʦʚ ʮʝʨʠʷ. ʊʘʢʦʡ ʩʧʦʩʦʙ 

a 

c 

ʈʠʩʫʥʦʢ 24. ʈʘʩʰʠʬʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ 

Ce2(C2O4)3Ŀ10H2O. ʇʨʦʝʢʮʠʷ ʩʪʨʫʢʪʫʨʳ, ʥʘ ʧʣʦʩʢʦʩʪʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ 

ʦʩʠ b (ʮʝʨʠʡ-ʦʢʩʘʣʘʪʥʳʝ ʩʣʦʠ ʣʝʞʘʪ ʚ ʧʣʦʩʢʦʩʪʠ ʵʪʦʡ ʧʨʦʝʢʮʠʠ). 

c 

b 

ʈʠʩʫʥʦʢ 25. ʈʘʩʰʠʬʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ Ce2(C2O4)3Ŀ10H2O. 

ʇʨʦʝʢʮʠʷ ʩʪʨʫʢʪʫʨʳ ʥʘ ʧʣʦʩʢʦʩʪʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʦʩʠ a (ʮʝʨʠʡ-

ʦʢʩʘʣʘʪʥʳʝ ʩʣʦʠ ʨʘʩʧʦʣʦʞʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʵʪʦʡ ʧʨʦʝʢʮʠʠ). 
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ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʚʳʙʨʘʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʮʝʨʠʡ-ʦʢʩʘʣʘʪʥʳʝ ʩʣʦʠ 

ʛʦʬʨʠʨʦʚʘʥʥʳʝ, ʧʨʠʯʸʤ ʤʦʣʝʢʫʣʳ ʚʥʝʰʥʝʩʬʝʨʥʦʡ ʚʦʜʳ, ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ, 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʨʘʩʰʠʨʝʥʥʳʭ ʤʝʩʪʘʭ ʤʝʞʜʫ ʩʣʦʷʤʠ ʠ ʦʙʨʘʟʫʶʪ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʧʣʦʩʢʦʩʪʷʤ (100). ɺʝʨʦʷʪʥʦ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʵʪʠʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʧʨʠ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʙʣʠʞʝʥʠʶ ʮʝʨʠʡ-ʦʢʩʘʣʘʪʥʳʭ ʩʣʦʸʚ ʠ ʜʘʞʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʧʦʣʠʵʜʨʘʤʠ ʩʦʩʝʜʥʠʭ ʩʣʦʸʚ.  

 

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʤʦʪʠʚ ʧʦʣʫʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʩʦʚʧʘʜʘʝʪ ʩ 

ʦʧʠʩʘʥʥʦʡ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʝʞʩʣʦʝʚʦʡ ʚʦʜʳ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʫʪʦʯʥʝʥʠʷ ʜʚʫʭ ʤʦʣʝʢʫʣ ʤʝʞʩʣʦʝʚʦʡ ʚʦʜʳ ʧʦ ʧʷʪʠ 

ʧʦʟʠʮʠʷʤ. ʂʘʢ ʫʞʝ ʦʙʩʫʞʜʘʣʦʩʴ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ, ʫ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʦʟʥʠʢʘʣʠ 

ʪʨʫʜʥʦʩʪʠ ʩ ʢʦʨʨʝʢʪʥʳʤ ʫʪʦʯʥʝʥʠʝʤ ʵʪʦʡ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʝʞʩʣʦʝʚʦʡ ʚʦʜʳ. ʇʨʠʯʝʤ ʪʘʢʦʝ 

ʩʠʣʴʥʦʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʵʪʠʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʚʩʝʭ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ 10-

ʛʠʜʨʘʪʦʚ ʦʢʩʘʣʘʪʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʠʪʪʨʠʷ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʦʥʢʨʝʪʥʦ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ, ʪʦ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʪʦʣʴʢʦ ʦʜʥʫ ʨʘʙʦʪʫ, ʛʜʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʯʘʩʪʠʯʥʦ ʟʘʥʷʪʳʝ ʧʦʟʠʮʠʠ ʤʝʞʩʣʦʝʚʦʡ ʚʦʜʳ 

[66]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʘʞʜʘʷ ʚʥʝʰʥʝʩʬʝʨʥʘʷ ʚʦʜʘ ʫʪʦʯʥʷʣʘʩʴ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʙʳʣʘ ʫʪʦʯʥʝʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 10-ʛʠʜʨʘʪʘ 

ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʨʢʘʩ ʩʪʨʫʢʪʫʨʳ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʨʘʥʝʝ ʚ ʣʠʪʝʨʘʪʫʨʝ [57, 66]. ʆʜʥʘʢʦ ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʦʟʥʠʢʘʣʠ ʧʨʦʙʣʝʤʳ ʩ 

ʈʠʩʫʥʦʢ 26. ʈʘʩʰʠʬʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ Ce2(C2O4)3Ŀ10H2O. 

ʇʨʦʝʢʮʠʷ ʩʪʨʫʢʪʫʨʳ ʥʘ ʧʣʦʩʢʦʩʪʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʦʩʠ ʩ (ʮʝʨʠʡ-ʦʢʩʘʣʘʪʥʳʝ 

ʩʣʦʠ ʨʘʩʧʦʣʦʞʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʵʪʦʡ ʧʨʦʝʢʮʠʠ). 

b 

a 



56 

 

ʫʪʦʯʥʝʥʠʝʤ ʧʦʟʠʮʠʡ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʚʥʝʰʥʝʩʬʝʨʥʦʡ ʚʦʜʳ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ 

ʚʘʨʠʘʥʪ ʫʪʦʯʥʝʥʠʷ ʧʦʟʠʮʠʡ ʤʦʣʝʢʫʣ ʵʪʦʡ ʚʦʜʳ. 

3.1.4. ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ çʚʘʢʘʥʩʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳè 

Ce2(C2O4)3ĀnH2O 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ, ʝʱʸ ʚ 1909 ʛʦʜʫ ɽ. ʃʝʚʝʥʰʪʝʡʥ [60] ʦʪʤʝʯʘʣ 

ʩʧʦʩʦʙʥʦʩʪʴ ʛʠʜʨʘʪʦʚ ʦʢʩʘʣʘʪʦʚ ʣʘʥʪʘʥʘ, ʮʝʨʠʷ ʠ ʠʪʪʨʠʷ ʤʝʥʷʪʴ ʩʦʩʪʘʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʜʘʚʣʝʥʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʪʠʚʦʨʝʯʠʷ ʧʦ ʧʦʚʦʜʫ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʛʦ 

ʛʠʜʨʘʪʘ. ʄʥʦʛʠʝ ʠʩʪʦʯʥʠʢʠ, ʢʦʪʦʨʳʭ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ, ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ 

ʛʠʜʨʘʪʘ 10 ʤʦʣʝʢʫʣ ʚʦʜʳ, ʦʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʛʦʚʦʨʷʪ ʦ 9-, 9.5- ʠ ʜʘʞʝ 8-ʛʠʜʨʘʪʝ. ɺ ʭʦʜʝ ʥʘʰʝʡ 

ʨʘʙʦʪʳ ʪʘʢʞʝ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʤʝʥʷʝʪʩʷ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʠʤʝʝʪʩʷ ʜʚʘ ʪʠʧʘ 

ʤʦʣʝʢʫʣ ʚʦʜʳ: ʪʨʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʥʘʭʦʜʷʪʩʷ ʚ ʙʣʠʞʘʡʰʝʤ ʦʢʨʫʞʝʥʠʠ ʮʝʨʠʷ ʠ ʜʚʝ ʤʦʣʝʢʫʣʳ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʉɸ ʵʪʠ ʜʚʝ ʤʝʞʩʣʦʝʚʳʝ ʚʦʜʳ 

ʟʘʥʠʤʘʶʪ ʥʝʩʢʦʣʴʢʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ (ʜʚʝ ʠ ʪʨʠ ʧʦʟʠʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ 

ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʠ ʤʦʛʫʪ 

ʦʙʨʘʪʠʤʦ ʫʜʘʣʷʪʴʩʷ ʠ 

ʚʦʟʚʨʘʱʘʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʫ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʩʭʦʜʥʳʡ ʛʠʜʨʘʪ 

ʷʚʣʷʝʪʩʷ ʬʘʟʦʡ ʧʝʨʝʤʝʥʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʚ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʘʥʠʝ 

ʚʦʜʳ ʦʙʨʘʪʠʤʦ ʤʝʥʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʣʘʞʥʦʩʪʠ 

ʚʦʟʜʫʭʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ 

ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʧʨʠʤʝʨʦʚ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʬʘʟ 

ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ 

[64, 65]. ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʝ ʜʘʥʥʘʷ ʬʘʟʘ 

ʷʚʣʷʝʪʩʷ ʪʚʸʨʜʳʤ ʨʘʩʪʚʦʨʦʤ 

ʚʳʯʠʪʘʥʠʷ ʠ ʧʦʣʫʯʠʣʘ 

ʩʧʝʮʠʘʣʴʥʦʝ ʥʘʟʚʘʥʠʝ 

çʚʘʢʘʥʩʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘè. 

ʈʠʩʫʥʦʢ 27. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʛʦ ʛʠʜʨʘʪʘ ʦʪ 

ʚʣʘʞʥʦʩʪʠ ʧʨʠ 40 Áʉ. ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ 

ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʥʠʞʝʥʠʠ 

ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʚʦʜʳ, ʩʠʥʠʤ ï ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʜʘʚʣʝʥʠʷ. 
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ʏʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʬʘʟʳ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʠ ʝʸ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ 

ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʚʦʜʳ ʥʘ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ ʠʩʭʦʜʥʦʛʦ ʛʠʜʨʘʪʘ (ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʦʪ ʚʣʘʞʥʦʩʪʠ ʠ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ). ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʚ ʢʨʠʩʪʘʣʣʘʭ ʦʪ ʜʘʚʣʝʥʠʷ 

ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 27. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ 40 ÁC ʩʦʜʝʨʞʘʥʠʝ 

ʤʦʣʝʢʫʣ ʚʦʜʳ ʦʙʨʘʪʠʤʦ ʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 8,8 ʜʦ 10. ɺ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʳ ʥʝ 

ʫʭʦʜʠʣʠ ʧʦ ʜʘʚʣʝʥʠʶ ʧʘʨʦʚ ʚʦʜʳ ʥʠʞʝ 2 ʤʤ ʨʪ. ʩʪ., ʧʦʵʪʦʤʫ, ʚʦʟʤʦʞʥʦ, ʥʝ ʜʦʩʪʠʛʣʠ ʥʠʞʥʝʡ 

ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʩʪʠ çʚʘʢʘʥʩʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳè. ʆʜʥʘʢʦ, ʧʦ ʜʘʥʥʳʤ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʩʤ. ʨʘʟʜʝʣ 3.1.5) ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʘ, 

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʧʨʦʜʫʚʢʫ ʩʫʭʠʤ ʘʨʛʦʥʦʤ, ʦʙʨʘʟʝʮ ʙʳʩʪʨʦ ʪʝʨʷʝʪ ʦʢʦʣʦ 4 % ʤʘʩʩʳ, ʘ 

ʜʘʣʴʥʝʡʰʝʝ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɽʩʣʠ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʩʭʦʜʥʦ ʚ ʩʪʨʫʢʪʫʨʝ ʙʳʣʦ 10 ʤʦʣʝʢʫʣ ʚʦʜʳ, ʪʦ ʧʦʪʝʨʷ 4 % ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʜʘʣʝʥʠʶ ʧʨʠʤʝʨʥʦ 1,6 ʤʦʣʝʢʫʣ ʚʦʜʳ ʠʟ ʩʪʨʫʢʪʫʨʳ. ʉ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʵʪʘ ʧʦʪʝʨʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ çʚʘʢʘʥʩʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳè. 

ʄʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʦʙʨʘʟʮʦʚ, ʚʳʜʝʨʞʘʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʚʣʘʞʥʦʩʪʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʚʦʜʳ ʚ ʦʙʨʘʟʮʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʸʪʢʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʛʠʜʨʘʪʘ. ʅʘ ʨʠʩ. 28 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʨʘʛʤʝʥʪʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʚʫʭ ʦʙʨʘʟʮʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ: ʚʣʘʞʥʦʛʦ ʦʙʨʘʟʮʘ (ʩʨʘʟʫ ʧʦʩʣʝ ʩʠʥʪʝʟʘ) ʠ ʚʳʜʝʨʞʘʥʥʦʛʦ 10 

ʤʠʥʫʪ ʚ ʚʘʢʫʫʤʝ.  

 

 

ʈʠʩʫʥʦʢ 28. ʆʙʣʘʩʪʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ (   - ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ 

ʦʪ ʩʚʝʞʝʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ,   - ʦʪ ʦʙʨʘʟʮʘ, ʚʳʜʝʨʞʘʥʥʦʛʦ ʚ ʚʘʢʫʫʤʝ). 
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ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫ ʦʙʨʘʟʮʘ, ʚʳʜʝʨʞʘʥʥʦʛʦ ʚ ʚʘʢʫʫʤʝ, ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʘʢʩʠʤʫʤʳ 

ʩʤʝʱʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʫʛʣʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʫʤʝʥʴʰʘʶʪʩʷ. ʀʟ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ: ȹ a/a = ī0,34 

%, ȹ b/b = ī0,58 %, ȹ c/c = ī0,22 %, ɓ = 114,52Á Ÿ 114,083Á, ȹV/Vo= 0,8 %. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ b, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʮʝʨʠʡ-ʦʢʩʘʣʘʪʥʳʝ ʩʣʦʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʩʦʩʪʘʚʘ ʦʪ 8,8 ʜʦ 10 ʤʦʣʝʢʫʣ ʚʦʜʳ 

ʩʦʭʨʘʥʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʠʩʭʦʜʥʦʛʦ 10-ʛʠʜʨʘʪʘ, ʪ. ʝ. ʦʙʨʘʟʫʝʪʩʷ çʚʘʢʘʥʩʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘè. 

ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʦʙʨʘʟʮʝ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʘʚʣʝʥʠʝʤ ʧʘʨʦʚ ʚʦʜʳ. 

3.1.5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʜʠʡʥʦʩʪʠ ʨʝʘʢʮʠʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

Ce2(C2O4)3Ā10H2O ʤʝʪʦʜʘʤʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ in situ ʈʌɸ 

ɹʳʣ ʧʦʩʪʘʚʣʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʜʠʡʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 10-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ (III). ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 3 ʛʨʘʜ/ʤʠʥ ʦʪ 40 ʜʦ 

500 ÁC ʥʘ ʫʩʪʘʥʦʚʢʝ Setaram B70 (ʨʠʩ. 29). 

ʀʟ ʧʦʣʫʯʝʥʥʦʡ ʪʝʨʤʦʛʨʘʤʤʳ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʜʚʝ 

ʩʪʘʜʠʠ. ʇʝʨʚʦʝ ʧʣʘʪʦ ʥʘ ʪʝʨʤʦʛʨʘʤʤʝ 

(ī22,5%) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʜʘʣʝʥʠʶ 

ʧʨʠʤʝʨʥʦ ʜʝʚʷʪʠ ʤʦʣʝʢʫʣ ʚʦʜʳ. ɺʪʦʨʦʝ 

ʧʣʘʪʦ (ī52,5%) ʧʦ ʠʟʤʝʥʝʥʠʶ ʤʘʩʩʳ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʥʦʤʫ ʧʨʝʚʨʘʱʝʥʠʶ 

ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʚ CeO2. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʣʘʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʪ 40 Áʉ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ 10-

ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ (III) ʠʤʝʝʪʩʷ ʜʚʘ 

ʪʠʧʘ ʚʦʜʳ: ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚ ʙʣʠʞʘʡʰʝʤ 

ʦʢʨʫʞʝʥʠʠ ʮʝʨʠʷ ʠ ʧʦʜʚʠʞʥʘʷ ʤʝʞʩʣʦʝʚʘʷ ʚʦʜʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 25ï100 

ÁC ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʫʜʘʣʝʥʠʝ ʤʝʥʝʝ ʩʚʷʟʘʥʥʦʡ ʤʝʞʩʣʦʝʚʦʡ ʚʦʜʳ. 

ʊʘʢʞʝ ʦʙʨʘʟʝʮ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʤʝʪʦʜʦʤ ʩʠʥʭʨʦʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʊɻïɼʉʂ) ʩ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʩʤʝʩʠ ʘʨʛʦʥ-ʢʠʩʣʦʨʦʜ (20% ʢʠʩʣʦʨʦʜʘ) 

(ʨʠʩ. 30). ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʧʦʣʫʯʝʥʥʦʡ ʪʝʨʤʦʛʨʘʤʤʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ 

ʈʠʩʫʥʦʢ 29. ʊʝʨʤʦʛʨʘʤʤʘ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 3 ʛʨʘʜ/ʤʠʥ. 
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ʜʦ 90 ÁC, ʘ ʪʘʢʞʝ ʪʦ, ʯʪʦ ʧʝʨʚʦʝ ʧʣʘʪʦ ʥʘ ʪʝʨʤʦʛʨʘʤʤʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ī18,5 % ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ. 

ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʧʨʠʤʝʨʥʦ ʥʘ 4% ʤʝʥʴʰʝ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʫʩʪʘʥʦʚʢʝ Setaram B70. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʘ ʧʝʨʝʜ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʚʢʣʶʯʘʣʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʜʫʚʢʫ ʦʙʨʘʟʮʘ ʩʫʭʠʤ ʘʨʛʦʥʦʤ, ʢʦʪʦʨʦʝ ʧʨʠʚʝʣʦ ʢ ʫʜʘʣʝʥʠʶ ʤʝʥʝʝ 

ʩʚʷʟʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ (ʧʨʠʤʝʨʥʦ 1,6 ʤʦʣʝʢʫʣ ʥʘ ʦʜʥʫ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ). ɺʠʜʥʦ, ʯʪʦ 

ʧʦʯʪʠ ʚʩʷ ʚʦʜʘ ʫʜʘʣʷʝʪʩʷ ʠʟ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʘ ʜʦ 200 Áʉ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʩʚʷʟʘʥʥʳʡ ʩ ʫʜʘʣʝʥʠʝʤ ʚʦʜʳ. ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʪʝʨʤʦʣʠʟ 

ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʳʰʝ 250 ÁC. ʄʝʪʦʜ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝ ʚʩʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʫʜʘʣʷʶʪʩʷ ʜʦ 200 ÁC, ʧʨʠʤʝʨʥʦ 0,5 

ʤʦʣʝʢʫʣʳ ʚʦʜʳ (ʚʳʯʠʩʣʝʥʦ ʠʟ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʘ) ʚʳʜʝʣʷʝʪʩʷ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʪʝʨʤʦʣʠʟʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ. ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʪʝʨʤʦʣʠʟ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʠʣʴʥʳʤ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ, ʯʪʦ ʚʠʜʥʦ ʥʘ ʢʨʠʚʦʡ ɼʉʂ, ʘ ʪʘʢʞʝ ʘʢʪʠʚʥʳʤ ʚʳʜʝʣʝʥʠʝʤ ʜʠʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ. ɼʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʛʘʟʦʦʙʨʘʟʥʳʤ ʧʨʦʜʫʢʪʦʤ ʨʘʟʣʦʞʝʥʠʷ 10-

ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʧʦʤʠʤʦ ʚʦʜʳ. ɺ ʦʙʱʝʤ ʚʠʜʝ ʫʨʘʚʥʝʥʠʝ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: Ce2(C2O4)3Ā10H2O + 2O2 Ÿ 2CeO2 + 

6CO2 + 10H2O. 

 

 

ʈʠʩʫʥʦʢ 30. ʊʝʨʤʦʛʨʘʤʤʘ Ce2(C2O4)3Ā10H2O (3 ʛʨʘʜ/ʤʠʥ., 80 % Ar  + 20 % O2). 

ʊʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʠʥʭʨʦʥʥʳʡ ʊɻ-ɼʉʂ ʘʥʘʣʠʟ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ï ʚ ʧʦʪʦʢʝ ʯʠʩʪʦʛʦ ʘʨʛʦʥʘ (ʨʠʩ. 31). ʇʨʠ ʵʪʦʤ ʥʘ ʪʝʨʤʦʛʨʘʤʤʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʦʢʩʘʣʘʪʘ 
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ʮʝʨʠʷ ï ʨʘʟʣʦʞʝʥʠʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 370 ÁC, ʯʪʦ ʥʘ 100ï120 ÁC ʚʳʰʝ, ʯʝʤ ʧʨʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʪʝʨʤʦʣʠʟʝ ʪʦʛʦ ʞʝ ʩʦʝʜʠʥʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʦʪʣʠʯʠʡ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʦʪ ʨʘʟʣʦʞʝʥʠʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʤʠʤʦ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʧʦ ʜʘʥʥʳʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

ʚʳʜʝʣʷʝʪʩʷ ʝʱʸ ʦʜʠʥ ʛʘʟʦʦʙʨʘʟʥʳʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ - ʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘ. ʆʢʠʩʣʝʥʠʷ ʮʝʨʠʷ ʚ 

ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʦʙʨʘʟʫʝʪʩʷ ʦʢʩʠʜ ʮʝʨʠʷ (III). ɺ ʦʙʱʝʤ ʚʠʜʝ ʫʨʘʚʥʝʥʠʝ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: Ce2(C2O4)3Ā10H2O Ÿ 

Ce2O3 + 3CO2 + 3CO + 10H2O. 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʧʦʪʦʢʘʭ CO ʠ CO2 ʩʚʷʟʘʥʦ ʩ ʨʝʘʢʮʠʝʡ 

ɹʫʜʫʘʨʘ: 2CO = C + CO2. ɼʦ ʧʨʠʤʝʨʥʦ 500 Áʉ ʵʪʘ ʨʝʘʢʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʫʛʣʝʨʦʜʘ 

(ʵʪʠʤ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʯʝʨʥʝʥʠʝ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ) ʫʤʝʥʴʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ CO ʚ 

ʩʦʩʪʘʚʝ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ CO2. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 

500 Áʉ ʥʘʯʠʥʘʝʪ ʜʦʤʠʥʠʨʦʚʘʪʴ ʦʙʨʘʪʥʘʷ ʨʝʘʢʮʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʦʢʘ CO ʠ 

ʫʤʝʥʴʰʝʥʠʶ ʧʦʪʦʢʘ CO2, ʯʪʦ ʦʪʯʸʪʣʠʚʦ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʪʝʨʤʦʛʨʘʤʤʝ. 

 

 

ʈʠʩʫʥʦʢ 31. ʊʝʨʤʦʛʨʘʤʤʘ Ce2(C2O4)3Ā10H2O (5 ʛʨʘʜ/ʤʠʥ., ʚ ʯʠʩʪʦʤ ʘʨʛʦʥʝ). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʤʝʥʝʥʠʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʠ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ Ce2(C2O4)3Ā10H2O ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ in situ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

(ʨʠʩ. 32). ʅʘʛʨʝʚʘʥʠʝ ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʚʦʟʜʫʭʝ ʦʪ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 300 ÁC ʩʦ 

ʩʢʦʨʦʩʪʴʶ 6 ʛʨʘʜ/ʤʠʥ ʩ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤʠ ʚʳʜʝʨʞʢʘʤʠ ʜʣʷ ʩʲʸʤʢʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʥʠʤʘʣʘʩʴ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʚʝʱʝʩʪʚʘ ʧʨʠ 30, 150, 200, 275 ʠ 300 Áʉ. 
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ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ 30 Áʉ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʭʦʜʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ. ɼʘʣʝʝ ʧʨʠ 

150 ÁC ʠ 200 ÁC ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʘʙʝʚʘʝʪ, ʦʙʨʘʟʫʝʪʩʷ ʧʣʦʭʦ 

ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʝ ʚʝʱʝʩʪʚʦ, ʘ ʧʨʠ 275 ÁC ʫʞʝ ʥʘʯʠʥʘʶʪ ʧʨʦʷʚʣʷʪʴʩʷ ʤʘʣʦʠʥʪʝʥʩʠʚʥʳʝ ʧʠʢʠ 

CeO2. ʇʨʠ 300 ÁC ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʫʰʠʨʝʥʥʳʝ ʨʝʬʣʝʢʩʳ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ, ʠʤʝʶʱʝʛʦ ʢʫʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʬʣʶʦʨʠʪʘ. 

 
 

ʈʠʩʫʥʦʢ 32. In situ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ 

Ce2(C2O4)3Ā10H2O ʥʘ ʚʦʟʜʫʭʝ: 1 ï 30 Áʉ; 2 ï 100 Áʉ; 3 ï 150 Áʉ; 4 ï 200 Áʉ; 5 ï 275 Áʉ; 6 ï

 300 Áʉ. ɺʩʝ ʥʘʙʣʶʜʘʝʤʳʝ ʨʝʬʣʝʢʩʳ ʧʨʠ 300 Áʉ (ʧʦʤʝʯʝʥʳ ʟʥʘʢʦʤ ç+è) ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ CeO2 (ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʬʣʶʦʨʠʪʘ). 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʝʘʢʮʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 10-

ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʦʪʝʢʘʝʪ ʚ ʜʚʝ ʩʪʘʜʠʠ: ʜʝʛʠʜʨʘʪʘʮʠʷ ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʪʝʨʤʦʣʠʟ. ɼʘʣʝʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʝʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ. 

3.2. çɹʳʩʪʨʘʷè ʜʝʛʠʜʨʘʪʘʮʠʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʠ ʚ ʚʘʢʫʫʤʝ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʜʝʛʠʜʨʘʪʘʮʠʠ ʥʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʨʝʘʢʮʠʠ. ɼʝʛʠʜʨʘʪʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʘʢʫʫʤʝ 

(P< 10-2 ʤʤ ʨʪ. ʩʪ.), ʥʘ ʚʦʟʜʫʭʝ (ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ ʚʦʜʳ ʤʝʥʷʣʦʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ ʦʪ 

3 ʜʦ 15 ʤʤ ʨʪ. ʩʪ.) ʠ ʚ ʫʩʣʦʚʠʷʭ, ʙʣʠʟʢʠʭ ʢ ʨʘʚʥʦʚʝʩʥʳʤ (ʟʘʢʨʳʪʳʡ ʢʦʥʪʝʡʥʝʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 
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ʤʝʜʣʝʥʥʳʡ ʦʪʚʦʜ ʚʦʜʳ ʦʪ ʦʙʨʘʟʮʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ 125 ʜʦ 150 ÁC, ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ï 

ʜʦ 120 ʯʘʩʦʚ). ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʚ ʚʘʢʫʫʤʝ ʠ ʥʘ 

ʚʦʟʜʫʭʝ ʙʳʣʠ ʘʙʩʦʣʶʪʥʦ ʠʜʝʥʪʠʯʥʳʤʠ ʠ ʢʘʨʜʠʥʘʣʴʥʦ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʥʘʙʣʶʜʘʝʤʳʭ ʧʨʠ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ.  

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʠʣʠ ʚ ʚʘʢʫʫʤʝ ʧʨʦʠʩʭʦʜʠʪ ʜʝʛʠʜʨʘʪʘʮʠʷ ʢʨʠʩʪʘʣʣʦʚ 

Ce2(C2O4)3ĀnH2O ʚʧʣʦʪʴ ʜʦ n = 1ï2. ʅʘʯʘʣʦ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʦʯʝʥʴ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʚʦʜʳ. ʊʘʢ ʚ ʚʘʢʫʫʤʝ (P <10-2 ʤʤ ʨʪ. ʩʪ.) ʜʝʛʠʜʨʘʪʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩ ʟʘʤʝʪʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʧʨʠ ʜʘʚʣʝʥʠʠ ʧʘʨʦʚ ʚʦʜʳ ʦʢʦʣʦ 3ï4 ʤʤ ʨʪ. ʩʪ. 

ʜʝʛʠʜʨʘʪʘʮʠʷ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 60 ÁC.  

ʇʦʩʣʝ ʨʝʘʢʮʠʠ ʢʨʠʩʪʘʣʣʳ ʩʦʭʨʘʥʷʣʠ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʬʦʨʤʫ, ʪ. ʝ. ʦʙʨʘʟʦʚʳʚʘʣʘʩʴ 

ʧʩʝʚʜʦʤʦʨʬʦʟʘ. ʊʦʥʢʠʝ ʢʨʠʩʪʘʣʣʳ ʦʩʪʘʚʘʣʠʩʴ ʧʨʦʟʨʘʯʥʳʤʠ, ʘ ʙʦʣʝʝ ʪʦʣʩʪʳʝ ʨʘʩʩʝʠʚʘʣʠ ʩʚʝʪ, 

ʧʦʢʨʳʚʘʷʩʴ ʪʨʝʱʠʥʘʤʠ ʩ ʤʘʩʰʪʘʙʦʤ ʥʝ ʤʝʥʝʝ 10 ʤʢʤ. ʅʝʦʞʠʜʘʥʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʦ 

ʦʪʩʫʪʩʪʚʠʝ ʧʦʨʠʩʪʦʩʪʠ ʧʦʩʣʝ ʨʝʘʢʮʠʠ ʜʝʛʠʜʨʘʪʘʮʠʠ. ʀʟʤʝʨʝʥʠʷ ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʥʝ ʧʨʦʠʟʦʰʣʦ ʠ 

ʚʥʫʪʨʝʥʥʷʷ ʧʦʨʠʩʪʦʩʪʴ ʥʝ ʚʦʟʥʠʢʣʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʩʪʨʫʢʪʫʨʘ ʙʝʟʚʦʜʥʦʛʦ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ 

ʥʝʠʟʚʝʩʪʥʘ, ʧʦʵʪʦʤʫ ʚʳʯʠʩʣʠʪʴ ʫʩʘʜʢʫ ʧʨʠ ʨʝʘʢʮʠʠ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ. ʅʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩ,ɹ ʯʪʦ 

ʧʦʪʝʨʷ ʧʦʯʪʠ ʜʝʩʷʪʠ ʤʦʣʝʢʫʣ ʚʦʜʳ ʜʦʣʞʥʘ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʦʙʲʸʤʘ. ʕʪʠ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠʩʴ ʧʠʢʥʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ. ʇʣʦʪʥʦʩʪʴ ʧʨʦʜʫʢʪʘ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʩʦʩʪʘʚʠʣʘ 3,1 Ñ0,1 ʛ/ʩʤ3, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʯʪʠ 40%-ʦʡ ʫʩʘʜʢʝ ʧʨʠ ʨʝʘʢʮʠʠ. 

ʂʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʧʨʦʠʟʦʰʣʦ ʠʟʤʝʥʝʥʠʝ ʦʙʲʸʤʘ ʧʨʠ ʨʝʘʢʮʠʠ?  

3.2.1. ʆʧʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ çʙʳʩʪʨʦʡè ʜʝʛʠʜʨʘʪʘʮʠʠ 

ʆʧʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ 

ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʦʚ. ʇʨʠʯʸʤ ʫʩʘʜʢʘ ʧʨʠ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʢʨʘʡʥʝ ʘʥʠʟʦʪʨʦʧʥʦ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʘ ʚʜʦʣʴ ʦʩʠ b (å 30 %) ʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʡ ʘ ʠ ʩ (å 5 %). ʅʘ ʨʠʩ. 33 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʬʦʪʦʛʨʘʬʠʠ ʢʨʠʩʪʘʣʣʦʚ ʛʘʙʠʪʫʩʦʚ (100) (ʚʝʨʭʥʠʡ ʢʨʠʩʪʘʣʣ) ʠ (010) (ʥʠʞʥʠʡ ʢʨʠʩʪʘʣʣ) ʜʦ ʠ 

ʧʦʩʣʝ ʜʝʛʠʜʨʘʪʘʮʠʠ. ɺʠʜʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʰʠʨʠʥʘ ʢʨʠʩʪʘʣʣʘ ʛʘʙʠʪʫʩʘ (100) 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʣʘʩʴ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʷʚʠʣʠʩʴ ʪʨʝʱʠʥʳ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʟʤʝʥʝʥʠʷ 

ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʦʚ ʛʘʙʠʪʫʩʘ (010) ʥʝʟʥʘʯʠʪʝʣʴʥʳ. ʈʘʟʨʫʰʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʦʩʥʦʚʥʦʤ ʧʦ ʧʣʦʩʢʦʩʪʷʤ (010) (ʨʠʩ. 34). ʄʘʩʰʪʘʙ ʨʘʟʨʫʰʝʥʠʷ ʧʨʝʚʳʰʘʝʪ 10 ʤʢʤ, ʧʦʵʪʦʤʫ 

ʢʨʠʩʪʘʣʣʳ ʛʘʙʠʪʫʩʘ (010), ʠʤʝʶʱʠʝ ʪʦʣʱʠʥʫ ʤʝʥʴʰʝ 20 ʤʢʤ ʥʝ ʨʘʟʨʫʰʘʶʪʩʷ ʠ ʦʩʪʘʶʪʩʷ 

ʧʨʦʟʨʘʯʥʳʤʠ. (ʨʠʩ. 35). ɺ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʩʚʝʪʝ ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ 

ʚʝʜʫʪ ʩʝʙʷ ʧʦʜʦʙʥʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤ, ʦʜʥʦʨʦʜʥʦ çʛʘʩʥʫʪè ʠ çʟʘʛʦʨʘʶʪʩʷè ʧʨʠ ʚʨʘʱʝʥʠʠ ʚ 
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ʩʢʨʝʱʝʥʥʳʭ ʥʠʢʦʣʷʭ. ɺʝʣʠʯʠʥʘ ʠʟʤʝʥʝʥʠʷ ʦʙʲʸʤʘ (ʦʙʲʸʤʥʦʡ ʫʩʘʜʢʠ) ʧʨʠ ʨʝʘʢʮʠʠ, 

ʚʳʯʠʩʣʝʥʥʘʷ ʠʟ ʠʟʤʝʥʝʥʠʡ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʦʚ, ʠʤʝʝʪ ʚʝʣʠʯʠʥʫ ʦʢʦʣʦ 40 %. ʕʪʦ ʟʥʘʯʝʥʠʝ 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ ʧʠʢʥʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ.  

 

ʈʠʩʫʥʦʢ 33. ɼʝʛʠʜʨʘʪʘʮʠʷ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʛʘʙʠʪʫʩʘ. ʋʚʝʣʠʯʝʥʠʝ x100. 

 

 

ʈʠʩʫʥʦʢ 34. ɸʥʠʟʦʪʨʦʧʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʪʦʣʩʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʙʘʟʘʣʴʥʦʡ ʛʨʘʥʴʶ (010) 

(ʩʣʝʚʘ) ʠ ʙʘʟʘʣʴʥʦʡ ʛʨʘʥʴʶ (100) (ʩʧʨʘʚʘ). 

 
 

ʈʠʩʫʥʦʢ 35. ʊʦʥʢʠʝ ʢʨʠʩʪʘʣʣʳ (<20 ʤʢʤ) ʧʦʩʣʝ ʜʝʛʠʜʨʘʪʘʮʠʠ ʚ ʚʘʢʫʫʤʝ. 

a ʙ 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʤʝʥʝʥʠʠ ʤʦʨʬʦʣʦʛʠʠ ʚ ʧʨʦʮʝʩʩʝ ʜʝʛʠʜʨʘʪʘʮʠʠ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ in situ ʦʧʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘ 

ʚʦʟʜʫʭʝ. ʅʘ ʨʠʩ. 36 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʢʨʠʩʪʘʣʣʦʚ ʛʘʙʠʪʫʩʘ (100), ʧʦʢʘʟʳʚʘʶʱʠʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʥʘ ʬʦʪʦʛʨʘʬʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʢʨʫʞʥʦʩʪʠ ʠ 

ʵʣʣʠʧʩʳ, ʚ ʢʦʪʦʨʳʝ ʵʪʠ ʦʢʨʫʞʥʦʩʪʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʬʦʨʤʘʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʝʡ 

ʧʨʠ ʨʝʘʢʮʠʠ. ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʘʢʮʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʷʚʣʝʥʠʷ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥʯʘʪʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʢʨʘʩʥʦ ʚʠʜʥʳ ʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʩʚʝʪʝ (ʨʠʩ. 36ʙ). ʇʣʘʩʪʠʥʢʠ ʨʘʩʪʫʪ 

ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ (010) ʚʜʦʣʴ ʦʩʠ ʢʨʠʩʪʘʣʣʘ [001] ʠ ʧʨʦʥʠʟʳʚʘʶʪ ʢʨʠʩʪʘʣʣ ʥʘ ʚʩʶ ʝʛʦ 

ʪʦʣʱʠʥʫ. ʊʦʣʱʠʥʘ ʧʣʘʩʪʠʥ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʤʝʪʨʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʜʝʬʦʨʤʘʮʠʷ ʢʨʠʩʪʘʣʣʦʚ ʚʜʦʣʴ ʦʩʠ b ʥʘʯʠʥʘʝʪʩʷ ʩ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʧʣʘʩʪʠʥ. ɼʦ ʵʪʦʛʦ 

ʤʦʤʝʥʪʘ ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ ʥʝ ʤʝʥʷʶʪʩʷ. ʇʣʘʩʪʠʥʳ ʧʦʩʪʝʧʝʥʥʦ ʟʘʧʦʣʥʷʶʪ ʚʝʩʴ ʢʨʠʩʪʘʣʣ, ʠ ʦʥ 

ʦʧʷʪʴ ʚʳʛʣʷʜʠʪ ʦʧʪʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʳʤ (ʨʠʩ. 36ʚ). ɺ ʵʪʦʪ ʤʦʤʝʥʪ ʩʞʘʪʠʝ ʚʜʦʣʴ ʦʩʠ b ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 18ï20 %. ɼʘʣʴʥʝʡʰʝʝ ʫʜʘʣʝʥʠʝ ʚʦʜʳ ʚʳʟʳʚʘʝʪ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʩʞʘʪʠʝ ʚʜʦʣʴ ʦʩʠ b ʜʦ 30 % (ʨʠʩ. 36ʛ).  

  

ʈʠʩʫʥʦʢ 36. ʉʚʷʟʴ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʢʨʠʩʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʝ ʜʝʛʠʜʨʘʪʘʮʠʠ ʩ 

ʜʝʬʦʨʤʘʮʠʝʡ ʚʜʦʣʴ ʦʩʠ b (Ů) ʠ ʩʦʩʪʘʚʦʤ ʛʠʜʨʘʪʘ (n ï ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʛʠʜʨʘʪʝ 

Ce2(C2O4)3ĀnH2O). ʋʚʝʣʠʯʝʥʠʝ 100x. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʘʡʪʠ ʩʚʷʟʴ ʤʝʞʜʫ ʜʝʬʦʨʤʘʮʠʝʡ ʢʨʠʩʪʘʣʣʘ ʠ ʩʪʝʧʝʥʴʶ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠ 

ʨʝʘʢʮʠʠ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʣʠʩʴ ʦʧʪʠʯʝʩʢʠʝ 

ʥʘʙʣʶʜʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʷʭ ʧʨʝʚʨʘʱʝʥʠʷ. ʅʘʙʣʶʜʝʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʧʣʘʩʪʠʥʯʘʪʳʭ ʚʳʜʝʣʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʪʝʨʝ ʦʢʦʣʦ ʜʚʫʭ ʤʦʣʝʢʫʣ 

ʚʦʜʳ, ʪ. ʝ. ʧʨʠ ʚʳʭʦʜʝ ʟʘ ʧʨʝʜʝʣʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ çʚʘʢʘʥʩʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳè. ʉʣʝʜʫʝʪ 

  

  

ʀ = 24 % 

n = 3 

 

  

ʀ = 18 % 

n = 6 
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ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ ʢʨʠʩʪʘʣʣ ʧʦʤʝʩʪʠʪʴ ʚ ʘʪʤʦʩʬʝʨʫ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʘʨʦʚ ʚʦʜʳ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʨʝʛʠʜʨʘʪʘʮʠʷ ʦʙʨʘʟʮʘ: ʧʣʘʩʪʠʥʳ ʧʦʩʪʝʧʝʥʥʦ ʠʩʯʝʟʘʶʪ, 

ʘ ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ ʚʦʟʚʨʘʱʘʶʪʩʷ ʢ ʠʩʭʦʜʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʆʜʥʦʨʦʜʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʦʙʲʸʤʘ 

ʢʨʠʩʪʘʣʣʘ çʧʣʘʩʪʠʥʢʘʤʠè ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʪʝʨʝ 

ʯʝʪʳʨʸʭ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʪ. ʝ. ʩʦʩʪʘʚ ʚʝʱʝʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 6-ʛʠʜʨʘʪʫ. ɺ ʵʪʦʪ ʤʦʤʝʥʪ 

ʜʝʬʦʨʤʘʮʠʷ ʢʨʠʩʪʘʣʣʘ ʚʜʦʣʴ ʦʩʠ b ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 18ï20 %. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, 

ʯʪʦ ʧʣʘʩʪʠʥʯʘʪʳʝ ʚʳʜʝʣʝʥʠʷ ʠʤʝʶʪ ʩʦʩʪʘʚ 6-ʛʠʜʨʘʪʘ. ʉʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʧʣʘʩʪʠʥ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʜʥʦʟʥʘʯʥʳʭ ʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʠʷʭ ʤʝʞʜʫ ʬʘʟʦʡ 6-ʛʠʜʨʘʪʘ ʠ 

ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʡ ʜʝʛʠʜʨʘʪʘʮʠʠ ʢʨʠʩʪʘʣʣ ʧʨʦʜʦʣʞʘʝʪ ʩʞʠʤʘʪʴʩʷ ʚʜʦʣʴ 

ʦʩʠ b, ʥʦ ʧʨʠ ʵʪʦʤ ʦʩʪʘʸʪʩʷ ʦʧʪʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʳʤ. ɺ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʩʚʝʪʝ çʧʦʛʘʩʘʝʪè ʚ 

ʩʢʨʝʱʝʥʥʳʭ ʥʠʢʦʣʷʭ, ʪ. ʝ. ʦʙʣʘʜʘʝʪ ʦʧʪʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ. ʇʦʪʝʨʷ ʚʦʜʳ ʜʦ ʩʦʩʪʘʚʘ 

Ce2(C2O4)3Ā2H2O ʚʳʟʳʚʘʝʪ ʩʞʘʪʠʝ ʢʨʠʩʪʘʣʣʘ ʚʜʦʣʴ ʦʩʠ b ʜʦ 30 %. 

3.2.2. ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ çʙʳʩʪʨʦʡè ʜʝʛʠʜʨʘʪʘʮʠʠ. 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ (ʩʤ. in situ ʈʌɸ ï ʨʠʩ. 32), ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʥʘ ʚʦʟʜʫʭʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʠʩʭʦʜʥʦʡ ʬʘʟʳ 

ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʫʝʪʩʷ ʧʣʦʭʦ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ 

ʧʨʦʜʫʢʪ. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʤʘʢʩʠʤʫʤʳ 

ʥʘʯʠʥʘʶʪ ʧʦʷʚʣʷʪʴʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʦʢʠʩʣʝʥʠʠ ʦʢʩʘʣʘʪʘ ʜʦ ʦʢʩʠʜʘ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʠ ʧʨʠ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʚ ʚʘʢʫʫʤʝ ï ʥʘ ʨʠʩ. 37 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ 

ʦʙʨʘʟʮʘ, ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʚ ʚʘʢʫʫʤʝ ʧʨʠ 

100 Áʉ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. ʇʦ ʠʟʤʝʥʝʥʠʶ 

ʤʘʩʩʳ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 2-ʚʦʜʥʦʤʫ ʛʠʜʨʘʪʫ. ʆʙʨʘʟʝʮ, 

ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʜʝʛʠʜʨʘʪʘʮʠʠ ʥʘ ʚʦʟʜʫʭʝ, 

ʷʚʣʷʝʪʩʷ ʧʣʦʭʦ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤ. 

3.2.3. ʀʩʩʣʝʜʦʚʘʥʠʝ çʙʳʩʪʨʦʡè ʜʝʛʠʜʨʘʪʘʮʠʠ ʤʝʪʦʜʦʤ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʊʘʢ ʢʘʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʛʠʜʨʘʪʘʮʠʠ ʚ ʚʘʢʫʫʤʝ ʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʣʦʭʦ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʤʝʪʦʜ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʥʝ ʷʚʣʷʝʪʩʷ 

ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʛʦ, ʢʘʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʚ 

ʈʠʩʫʥʦʢ 37. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ, 

ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʚ ʚʘʢʫʫʤʝ. 
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ʢʨʠʩʪʘʣʣʝ. ɽʜʠʥʩʪʚʝʥʥʳʡ ʚʳʚʦʜ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ï ʚ 

ʢʨʠʩʪʘʣʣʝ ʥʘʨʫʰʘʝʪʩʷ ʜʘʣʴʥʠʡ ʧʦʨʷʜʦʢ. ɼʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʪʦʛʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ, ʙʳʣʠ ʩʥʷʪʳ ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʂʈ-ʩʧʝʢʪʨʳ ʩ 

ʠʩʭʦʜʥʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʠ ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ (ʨʠʩ. 38 ʠ ʨʠʩ. 39), ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʘ 

ʂʈ-ʩʲʝʤʢʘ in situ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. 

 

ʈʠʩʫʥʦʢ 38. ʂʈ-ʩʧʝʢʪʨʳ, ʩʥʷʪʳʝ ʩ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Ce2(C2O4)3Ā10H2O ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʷʨʠʟʘʮʠʷʭ 

 

ʈʠʩʫʥʦʢ 39. ʂʈ-ʩʧʝʢʪʨʳ ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ. 
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ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʦʢʩʘʣʘʪʦʚ ʤʝʪʘʣʣʦʚ ʦʢʩʘʣʘʪ-ʠʦʥ ʩʚʷʟʘʥ ʪʦʣʴʢʦ ʩ ʦʜʥʠʤ ʠʦʥʦʤ ʤʝʪʘʣʣʘ, ʥʦ 

ʚ ʩʪʨʫʢʪʫʨʝ ʦʢʩʘʣʘʪʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʦʥ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʙʠʜʝʥʪʘʪʥʦʛʦ ʣʠʛʘʥʜʘ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʥʘ ʂʈ-ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʝ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ: ʦʜʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʤʤʝʪʨʠʯʥʳʤ C=O 

ʢʦʣʝʙʘʥʠʷʤ (1650ï1680 ʩʤ-1), ʘ ʜʨʫʛʘʷ CïO ʢʦʣʝʙʘʥʠʷʤ (1390ï1410 ʩʤ-1). ɺ ʩʣʫʯʘʝ ʦʢʩʘʣʘʪʦʚ 

ʣʘʥʪʘʥʦʠʜʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʘ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʧʨʠ 1480 ʩʤ-1. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, 

ʯʪʦ ʚʩʝ ʯʝʪʳʨʝ ʩʚʷʟʠ CïO ʵʢʚʠʚʘʣʝʥʪʥʳ ʧʦ ʵʥʝʨʛʠʠ [100]. 

ʅʘ ʨʠʩ. 38 ʧʨʠʚʝʜʝʥʳ ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʂʈ-ʩʧʝʢʪʨʳ ʠʩʭʦʜʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 10-ʛʠʜʨʘʪʘ 

ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (aa, bb, ʠ cc ʧʦʣʷʨʠʟʘʮʠʠ). ʀʟ ʵʪʠʭ ʩʧʝʢʪʨʦʚ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ɺʦ-ʧʝʨʚʳʭ, ʚʦ ʚʩʝʭ ʪʨʝʭ ʧʦʣʷʨʠʟʘʮʠʷʭ ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʘ 

ʧʦʣʦʩʘ ʧʨʠ 1480 ʩʤ-1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʣʝʙʘʥʠʷʤ CïO, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʙʠʜʝʥʪʘʪʥʦʩʪʠ ʣʠʛʘʥʜʘ 

C2O4
2- ʚ ʠʩʭʦʜʥʦʤ ʩʦʝʜʠʥʝʥʠʠ. ʂʦʣʝʙʘʥʠʷ ʩʚʷʟʝʡ CeïO ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 500 ʩʤ-1, 

ʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʣʝʙʘʥʠʷ CïC ʧʨʠ 920 ʩʤ-1, ʚ ʦʙʣʘʩʪʠ 3000ï3700 ʩʤ-1 ʧʨʦʷʚʣʷʝʪʩʷ ʰʠʨʦʢʠʡ 

ʧʠʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʣʝʙʘʥʠʷʤ OïH ʩʚʷʟʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʦʞʝʥʠʷ ʚʩʝʭ ʣʠʥʠʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʦʞʝʥʠʶ ʣʠʥʠʡ ʚ ʂʈ-ʩʧʝʢʪʨʘʭ ʦʢʩʘʣʘʪʦʚ ʣʘʥʪʘʥʦʠʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʣʠʪʝʨʘʪʫʨʝ. ɺʦ-ʚʪʦʨʳʭ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʦʣʝʙʘʥʠʷʤ CïC ʠ CïO, ʟʘʤʝʪʥʦ ʥʠʞʝ ʚ bb-ʧʦʣʷʨʠʟʘʮʠʠ, ʯʝʤ ʚ aa ʠ cc. ʊʘʢ ʢʘʢ ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ 

ʩʧʝʢʪʨʳ ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʦʩʪʦʷʥʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʢʘʢʦʡ-ʣʠʙʦ ʤʦʜʳ ʠ 

ʦʨʠʝʥʪʘʮʠʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʚ ʢʨʠʩʪʘʣʣʝ [101], ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʩʚʷʟʠ CïO ʦʢʩʘʣʘʪʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʣʦʩʢʦʩʪʠ ac. ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʵʪʦʪ 

ʚʳʚʦʜ, ʚ ʨʘʩʰʠʬʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʫʛʣʳ ʤʝʞʜʫ ʚʩʝʤʠ 

ʩʚʷʟʷʤʠ CïO ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʦʩʷʤʠ a, b ʠ c. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 3. ɿʥʘʯʝʥʠʷ ʫʛʣʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 

ʩʚʷʟʠ CïO ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ b. ʅʘ ʩʧʝʢʪʨʘʭ 

ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ (ʨʠʩ. 39) ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʥʘ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʧʨʠ 1480 ʩʤ-

1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʣʝʙʘʥʠʷʤ CïO ʩʚʷʟʝʡ. ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʢʩʘʣʘʪ-ʠʦʥ 

ʦʩʪʘʝʪʩʷ ʙʠʜʝʥʪʘʪʥʳʤ ʣʠʛʘʥʜʦʤ, ʩʚʷʟʳʚʘʝʪ ʜʚʘ ʘʪʦʤʘ ʮʝʨʠʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʦʠʩʪʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʦʭʨʘʥʷʝʪʩʷ, ʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʘ ʜʝʬʦʨʤʘʮʠʷ 

ʩʣʦʷ ʠ ʩʚʷʟʳʚʘʥʠʝ ʩʣʦʸʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʊʘʢʞʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩʳ ʉïʆ 

ʢʦʣʝʙʘʥʠʡ ʧʨʠ 1480 ʩʤ-1 ʚ bb-ʧʦʣʷʨʠʟʘʮʠʠ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʣʘʩʴ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʝʢʪʨʦʤ 

ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦʢʩʘʣʘʪ-ʠʦʥʳ 

ʤʝʥʷʶʪ ʩʚʦʶ ʦʨʠʝʥʪʘʮʠʶ ʚ ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʦʤ ʦʙʨʘʟʮʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʪʝʨʷʝʪʩʷ 

ʘʥʠʟʦʪʨʦʧʠʷ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʢʩʘʣʘʪ-ʠʦʥʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. 
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ʊʘʙʣʠʮʘ 3. ɿʥʘʯʝʥʠʷ ʫʛʣʦʚ ʤʝʞʜʫ ʩʚʷʟʷʤʠ CïO ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʦʩʷʤʠ.  

 a b c 

CïO1 64,48Ü 69,13Ü 54,91Ü 

CïO2 84,93Ü 55,25Ü 38,78Ü 

CïO3 15,97Ü 74,13Ü 68,10Ü 

CïO4 58,35Ü 86,28Ü 8,05Ü 

CïO5 55,18Ü 76,97Ü 61,28Ü 

CïO6 26,47Ü 63,60Ü 69,87Ü 

ʉʨʝʜʥʠʡ ʫʛʦʣ 50,9Ü 70,9Ü 50,2Ü 

 

ɽʩʣʠ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʧʦʣʦʩʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʦʣʝʙʘʥʠʷʤ CeïO, ʪʦ ʤʦʞʥʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ aa- ʠ bb-ʩʧʝʢʪʨʘʭ ʦʥʘ ʠʤʝʝʪ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: ʚʢʣʘʜ ʦʪ ʩʚʷʟʠ ʘʪʦʤʘ ʮʝʨʠʷ ʩ 

ʦʢʩʘʣʘʪʦʤ ʧʨʠ 505 ʩʤ-1 ʠ ʚʢʣʘʜ ʦʪ ʩʚʷʟʠ ʮʝʨʠʷ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʧʨʠ 515 ʩʤ-1 (ʨʠʩ. 40ʘ). ɺ cc-

ʩʧʝʢʪʨʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʣʝʯʘ ʧʨʠ 515 ʩʤ-1, ʦʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʚʷʟʠ ʮʝʨʠʷ ʩ 

ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʣʦʩʢʦʩʪʠ ab, ʯʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʰʠʬʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ. ɺ ʩʧʝʢʪʨʝ ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʚʦ ʚʩʝʭ ʪʨʸʭ ʧʦʣʷʨʠʟʘʮʠʷʭ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʪʦʣʴʢʦ ʦʜʠʥ ʧʠʢ, ʤʘʢʩʠʤʫʤ ʢʦʪʦʨʦʛʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 505 ʩʤ-1 (ʨʠʩ. 40ʙ). ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʫʜʘʣʝʥʠʝ ʚʦʜʳ ʠʟ ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ ʮʝʨʠʷ.  

 

a ʙ 

ʈʠʩʫʥʦʢ 40. ʏʘʩʪʴ ʂʈ-ʩʧʝʢʪʨʦʚ ʚ ʦʙʣʘʩʪʠ ʢʦʣʝʙʘʥʠʡ CeïO ʩʚʷʟʠ:  

ʘ) ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ; ʙ) ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ. 
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ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʥʷʪʴ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʚ ʧʨʦʮʝʩʩʝ ʜʝʛʠʜʨʘʪʘʮʠʠ, ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ in situ ʂʈ-ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʅʘʛʨʝʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʜʦ ʧʦʷʚʣʝʥʠʷ 

çʧʣʘʩʪʠʥʦʢè (ʦʢʦʣʦ 70 ÁC). ɿʘʪʝʤ ʣʦʢʘʣʴʥʦ ʩʥʠʤʘʣʠʩʴ ʂʈ-ʩʧʝʢʪʨʳ ʚ ʤʝʩʪʘʭ, ʛʜʝ ʫʞʝ ʧʦʷʚʠʣʠʩʴ 

çʧʣʘʩʪʠʥʢʠè (ʦʙʣʘʩʪʴ 2), ʘ ʪʘʢʞʝ ʪʘʤ, ʛʜʝ ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʝʱʝ ʥʝ ʥʘʯʘʣʦʩʴ (ʦʙʣʘʩʪʴ 1) (ʨʠʩ. 41ʘ). 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʩʧʝʢʪʨʳ ʩʥʠʤʘʣʠʩʴ ʚ bb-ʧʦʣʷʨʠʟʘʮʠʠ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʙʣʘʩʪʠ 1 ʢ ʦʙʣʘʩʪʠ 2 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʘʜʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʘ ʧʨʠ 3000ï3700 ʩʤ-1, ʢʦʪʦʨʳʡ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʝʙʘʥʠʷʤ OïH ʩʚʷʟʝʡ (ʨʠʩ. 41ʙ). ʊʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʘʜʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʦʣʦʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ ʮʝʨʠʷ ʩ ʢʠʩʣʦʨʦʜʘʤʠ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʘʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʝʱʸ ʩʠʣʴʥʝʝ ʧʘʜʘʣʘ (ʨʠʩ. 42). ʀʟ 

ʵʪʠʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʧʣʘʩʪʠʥʯʘʪʳʭ ʚʳʜʝʣʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʬʘʟʳ ʛʠʜʨʘʪʘ ʩ ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ. ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʵʪʦ ʬʘʟʘ 6-ʛʠʜʨʘʪʘ 

ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʣʦʩ ʤʝʥʷʝʪʩʷ ʬʦʨʤʘ ʣʠʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʉʝïO ʢʦʣʝʙʘʥʠʷʤ, ʪʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʩʚʷʟʘʥ ʩ ʫʜʘʣʝʥʠʝʤ ʚʦʜʳ ʠʟ 

ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ ʮʝʨʠʷ, ʪ. ʝ. ʠʟ ʧʦʣʠʵʜʨʘ. ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʮʝʨʠʷ ʭʘʨʘʢʪʝʨʥʦ 9-

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʝ ʦʢʨʫʞʝʥʠʝ, ʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʟʘʤʝʱʝʥʠʝʤ ʤʦʣʝʢʫʣʳ 

ʚʦʜʳ ʢʠʩʣʦʨʦʜʦʤ ʦʪ ʦʢʩʘʣʘʪʘ ʩʦʩʝʜʥʝʛʦ ʩʣʦʷ ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ CeïOïCe ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʩʣʦʷʤʠ ï çʧʝʨʝʰʠʚʘʥʠʶè ʩʣʦʸʚ. 

 

 

a ʙ 

ʈʠʩʫʥʦʢ 41. ʘ) ʇʦʷʚʣʝʥʠʝ ʧʣʘʩʪʠʥʯʘʪʳʭ ʚʳʜʝʣʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʧʨʠ 70 ÁC; 

ʙ) ʂʈ-ʩʧʝʢʪʨʳ, ʩʥʷʪʳʝ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʜʝʛʠʜʨʘʪʘʮʠʠ, ʩ ʦʙʣʘʩʪʠ 2, ʛʜʝ ʧʦʷʚʠʣʠʩʴ 

ʚʳʜʝʣʝʥʠʷ ʠ ʩ ʦʙʣʘʩʪʠ 1, ʢʦʪʦʨʘʷ ʚʠʟʫʘʣʴʥʦ ʥʝ ʠʟʤʝʥʠʣʘʩʴ. 
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ʈʠʩʫʥʦʢ 42. ʏʘʩʪʴ ʂʈ-ʩʧʝʢʪʨʦʚ ʚ ʦʙʣʘʩʪʠ ʢʦʣʝʙʘʥʠʡ CeïO ʩʚʷʟʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ bb-ʧʦʣʷʨʠʟʘʮʠʠ 

 

3.2.4. ʇʨʝʜʣʘʛʘʝʤʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠ çʙʳʩʪʨʦʡè 

ʜʝʛʠʜʨʘʪʘʮʠʠ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 43. 

 

ʈʠʩʫʥʦʢ 43. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʥʘ ʚʦʟʜʫʭʝ ʠʣʠ ʚ 

ʚʘʢʫʫʤʝ.  

ʅʝʫʧʦʨʷʜʦʯʝʥʥʘʷ çʧʝʨʝʰʠʚʢʘè 

ʩʣʦʝʚ. çʇʝʨʝʰʠʚʢʘè ʧʦʜʦʙʥʘ ʪʦʡ, 

ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʘʭ 

Pr2(C2O4)3ĀnH2O [102, 103] 
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ɼʝʛʠʜʨʘʪʘʮʠʷ ʚ ʚʘʢʫʫʤʝ ʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʦʪʝʢʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʥʘʯʘʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʫʜʘʣʝʥʠʝ ʧʦʜʚʠʞʥʦʡ ʤʝʞʩʣʦʝʚʦʡ ʚʦʜʳ, ʦʙʨʘʟʫʝʪʩʷ ʪʚʸʨʜʳʡ ʨʘʩʪʚʦʨ 

ʚʘʢʘʥʩʠʡ ʚʦʜʳ ʚ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʝ ï çʚʘʢʘʥʩʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘè. ʇʦʩʢʦʣʴʢʫ, ʢʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ çʚʘʢʘʥʩʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳè ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʫʩʘʜʢʘ ʚʜʦʣʴ ʦʩʠ b ʩʦʩʪʘʚʣʷʝʪ 0,56 %), ʪʦ ʚʠʟʫʘʣʴʥʦ ʩ 

ʢʨʠʩʪʘʣʣʦʤ ʥʠʯʝʛʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɺʳʭʦʜ ʟʘ ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ çʚʘʢʘʥʩʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳè 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ çʧʣʘʩʪʠʥʦʢè ʠ ʩʞʘʪʠʝʤ ʢʨʠʩʪʘʣʣʘ ʚʜʦʣʴ ʦʩʠ b. ʇʣʘʩʪʠʥʢʠ ï 

ʚʳʜʝʣʝʥʠʷ ʥʦʚʦʡ ʬʘʟʳ, ʠʤʝʶʱʝʡ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʪʣʠʯʥʳʝ ʦʪ ʬʘʟʳ ʠʩʭʦʜʥʦʛʦ 

ʛʠʜʨʘʪʘ. ʇʨʠ ʩʦʩʪʘʚʝ ʦʙʨʘʟʮʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʪʝʨʝ 4 ʤʦʣʝʢʫʣ ʚʦʜʳ, ʧʣʘʩʪʠʥʢʠ ʟʘʧʦʣʥʷʶʪ 

ʚʝʩʴ ʦʙʲʸʤ ʢʨʠʩʪʘʣʣʘ. ɺ ʵʪʦʪ ʤʦʤʝʥʪ ʜʝʬʦʨʤʘʮʠʷ ʢʨʠʩʪʘʣʣʘ ʚʜʦʣʴ ʦʩʠ b ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 18ï20 

%. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʦʙʨʘʟʮʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʭʫʜʰʘʝʪʩʷ. In situ ʣʦʢʘʣʴʥʦʝ ʂʈ-ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʧʣʘʩʪʠʥʢʘʭ 

ʤʝʥʴʰʝ, ʯʝʤ ʚ ʠʩʭʦʜʥʦʤ ʢʨʠʩʪʘʣʣʝ. ʇʨʠʯʝʤ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʩʳ ʩʧʝʢʪʨʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʉʝïO ʢʦʣʝʙʘʥʠʷʤ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʜʘʣʝʥʠʠ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠʟ 

ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ ʮʝʨʠʷ. ɺ ʩʪʨʫʢʪʫʨʝ ʠʩʭʦʜʥʦʛʦ 10-ʛʠʜʨʘʪʘ ʮʝʨʠʡ-ʦʢʩʘʣʘʪʥʳʝ ʩʣʦʠ ʥʝ 

ʧʣʦʩʢʠʝ, ʦʥʠ ʛʦʬʨʠʨʦʚʘʥʥʳʝ. ʇʨʠʯʸʤ ʵʪʦʪ ʛʦʬʨ ʭʦʨʦʰʦ ʚʠʜʝʥ, ʝʩʣʠ ʩʤʦʪʨʝʪʴ ʚʜʦʣʴ [001] (ʩʤ. 

ʨʠʩ. 26). ʋʚʝʣʠʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʤʝʩʪʘʭ, ʛʜʝ ʣʦʢʘʣʠʟʫʝʪʩʷ 

ʚʥʝʰʥʝʩʬʝʨʥʘʷ ʚʦʜʘ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪ ʮʝʧʦʯʢʠ ʚʜʦʣʴ [001]. ʏʘʩʪʠʯʥʦʝ ʫʜʘʣʝʥʠʝ 

ʚʥʝʰʥʝʩʬʝʨʥʦʡ ʚʦʜʳ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʳʨʘʚʥʠʚʘʥʠʶ ʩʣʦʷ ʠ ʫʤʝʥʴʰʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʩʣʦʷʤʠ. ɼʨʫʛʠʤ ʩʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʩʙʣʠʞʝʥʠʝ ʧʦʣʠʵʜʨʦʚ ʠʟ 

ʩʦʩʝʜʥʠʭ ʩʣʦʸʚ. ʇʨʠ ʩʙʣʠʞʝʥʠʠ ʧʦʣʠʵʜʨʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ 

ʤʝʞʜʫ ʧʦʣʠʵʜʨʘʤʠ ʩʦʩʝʜʥʠʭ ʩʣʦʸʚ. ʋʜʘʣʝʥʠʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠʟ ʧʦʣʠʵʜʨʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʪʦʤʫ, ʯʪʦ ʝʸ ʤʝʩʪʦ ʟʘʡʤʸʪ ʦʜʠʥ ʠʟ ʢʠʩʣʦʨʦʜʦʚ ʦʢʩʘʣʘʪʘ-ʠʦʥʦʚ ʠʟ ʙʣʠʞʘʡʰʝʛʦ ʧʦʣʠʵʜʨʘ 

ʩʦʩʝʜʥʝʛʦ ʩʣʦʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʠʵʜʨʳ ʩʚʷʟʳʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʤʝʨʘ ʩ 

ʦʙʱʠʤ ʨʝʙʨʦʤ. ʂ ʩʦʞʘʣʝʥʠʶ, ʜʣʷ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ Ce2(C2O4)3ĀnH2O ʥʝʠʟʚʝʩʪʥʳ ʩʪʨʫʢʪʫʨʳ ʩ n 

<10. ʅʦ ʘʥʘʣʠʟ ʙʘʟʳ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ ʮʝʨʠʷ ʚ ʨʷʜʫ 

ʣʘʥʪʘʥʦʠʜʦʚ ʧʨʘʟʝʦʜʠʤʘ ʠʟʚʝʩʪʥʳ ʩʪʨʫʢʪʫʨʳ Pr2(C2O4)3Ā4H2O [102] ʠ Pr2(C2O4)3Ā6H2O [103]. ʕʪʠ 

ʬʘʟʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ. ʍʘʨʘʢʪʝʨʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

Pr2(C2O4)3Ā4H2O ʠ Pr2(C2O4)3Ā6H2O ʷʚʣʷʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʚʩʝʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʚʦʢʨʫʛ ʠʦʥʘ ʧʨʘʟʝʦʜʠʤʘ, ʚ ʜʠʤʝʨʳ ʩ ʦʙʱʠʤ ʨʝʙʨʦʤ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 

ʘʪʦʤʘ ʧʨʘʟʝʦʜʠʤʘ ʚ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨʘʭ ʨʘʚʥʦ ʜʝʚʷʪʠ, ʦʥ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʜʚʫʤʷ ʢʠʩʣʦʨʦʜʘʤʠ ʚʦʜʳ 

ʠ ʩʝʤʴʶ ʢʠʩʣʦʨʦʜʘʤʠ ʦʢʩʘʣʘʪʦʚ. ɺ ʩʪʨʫʢʪʫʨʝ Pr2(C2O4)3Ā6H2O ʜʠʤʝʨʳ ʠʟ ʧʦʣʠʵʜʨʦʚ ʩʚʷʟʘʥʳ 

ʦʢʩʘʣʘʪʥʳʤʠ ʤʦʩʪʠʢʘʤʠ ʠ ʦʙʨʘʟʫʶʪ ʪʨʸʭʤʝʨʥʳʡ ʢʘʨʢʘʩ. ɺ ʧʫʩʪʦʪʘʭ ʵʪʦʛʦ ʢʘʨʢʘʩʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʤʦʣʝʢʫʣʳ ʚʥʝʰʥʝʩʬʝʨʥʦʡ ʚʦʜʳ. ʉʪʨʫʢʪʫʨʘ Pr2(C2O4)3Ā4H2O ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʩʣʦʠʩʪʳʡ 
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ʭʘʨʘʢʪʝʨ. ɼʠʤʝʨʳ ʠʟ ʧʦʣʠʵʜʨʦʚ ʦʙʨʘʟʫʶʪ ʜʚʫʭʩʣʦʡʥʳʝ ʧʘʢʝʪʳ, ʢʦʪʦʨʳʝ ʫʢʣʘʜʳʚʘʶʪʩʷ ʜʨʫʛ ʥʘ 

ʜʨʫʛʘ ʩʦ ʩʤʝʱʝʥʠʝʤ ʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ. ɺʩʷ ʚʦʜʘ ʥʘʭʦʜʠʪʩʷ ʪʦʣʴʢʦ ʚ 

ʙʣʠʞʘʡʰʝʤ ʦʢʨʫʞʝʥʠʠ ʧʨʘʟʝʦʜʠʤʘ, ʤʝʞʩʣʦʝʚʘʷ ʚʦʜʘ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʨʘʙʦʪʝ [104] ʙʳʣ ʧʨʦʚʝʜʸʥ 

ʘʥʘʣʠʟ ʬʫʥʢʮʠʠ ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ (ʈʈʕʇ) ʧʨʦʜʫʢʪʘ 

ʜʝʛʠʜʨʘʪʘʮʠʠ Ce2(C2O4)3Ā10H2O ʚ ʚʘʢʫʫʤʝ ʧʨʠ 120 ÁC ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. ʆʙʨʘʟʝʮ ʠʤʝʣ ʩʦʩʪʘʚ 

Ce2(C2O4)3Ā3H2O ʠ ʙʳʣ ʧʣʦʭʦ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥ. ɸʥʘʣʠʟ ʬʫʥʢʮʠʠ ʈʈʕʇ ʧʦʢʘʟʘʣ, ʯʪʦ ʣʦʢʘʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʘ ʜʝʛʠʜʨʘʪʘʮʠʠ ʙʣʠʟʢʘ ʢ Pr2(C2O4)3Ā4H2O (Rwp =0.28).  

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʙʳʩʪʨʦʛʦ ʦʪʚʦʜʘ ʚʦʜʳ ʦʪ ʦʙʨʘʟʮʘ ʩʙʣʠʞʝʥʠʝ ʧʦʣʠʵʜʨʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʘʩʪʠʯʥʦʛʦ ʫʭʦʜʘ 

ʚʥʝʰʥʝʩʬʝʨʥʦʡ ʚʦʜʳ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʫʜʘʣʝʥʠʝ ʚʦʜʳ ʠʟ ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ ʮʝʨʠʷ 

ʧʨʠʚʦʜʷʪ ʢ çʧʝʨʝʰʠʚʢʝè ʧʦʣʠʵʜʨʦʚ ʠʟ ʩʦʩʝʜʥʠʭ ʩʣʦʸʚ. ʄʝʩʪʦ ʫʰʝʜʰʝʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʧʦʣʠʵʜʨʝ ʟʘʥʠʤʘʝʪ ʢʠʩʣʦʨʦʜ ʦʢʩʘʣʘʪ-ʠʦʥʘ ʠʟ ʙʣʠʞʘʡʰʝʛʦ ʧʦʣʠʵʜʨʘ 

ʩʦʩʝʜʥʝʛʦ ʩʣʦʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʜʠʤʝʨ ʠʟ ʧʦʣʠʵʜʨʦʚ, ʠʤʝʶʱʠʭ ʦʙʱʝʝ ʨʝʙʨʦ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʜʠʤʝʨʘ ʧʨʠʚʦʜʠʪ ʢ ʢʘʨʜʠʥʘʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʛʝʦʤʝʪʨʠʠ ʩʚʷʟʝʡ ʩ 

ʙʣʠʞʘʡʰʠʤʠ ʧʦʣʠʵʜʨʘʤʠ, ʘ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʝ ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʚʳʟʳʚʘʝʪ ʥʘʨʫʰʝʥʠʝ ʜʘʣʴʥʝʛʦ 

ʧʦʨʷʜʢʘ ʠ, ʚ ʠʪʦʛʝ, ʘʤʦʨʬʠʟʘʮʠʶ ʦʙʨʘʟʮʘ. çʇʝʨʝʰʠʚʢʘè ʩʣʦʸʚ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ ʠ ʩʞʘʪʠʶ ʢʨʠʩʪʘʣʣʘ ʚʜʦʣʴ ʦʩʠ b ʧʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨʳ ʩʣʦʷ ʤʝʥʷʶʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʥʘʙʣʶʜʘʝʤʫʶ ʜʝʬʦʨʤʘʮʠʶ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʨʝʘʢʮʠʠ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʦʣʦʩ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʜʝʛʠʜʨʘʪʘʮʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʢʦʪʦʨʦʡ ʣʦʢʘʣʠʟʘʮʠʠ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩ ʚʜʦʣʴ ʦʩʠ ʩ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʩʦʭʨʘʥʝʥʠʷ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʮʝʨʠʡ-ʦʢʩʘʣʘʪʥʳʭ ʩʣʦʸʚ (010) ʚ ʬʘʟʝ ʧʨʦʜʫʢʪʘ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʧʣʘʩʪʠʥʢʠ 

ʟʘʧʦʣʥʷʶʪ ʚʝʩʴ ʦʙʲʸʤ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʩʦʩʪʘʚʝ ʦʙʨʘʟʮʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʪʝʨʝ ʯʝʪʳʨʸʭ 

ʤʦʣʝʢʫʣ ʚʦʜʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʞʘʪʠʶ ʢʨʠʩʪʘʣʣʘ ʚʜʦʣʴ ʦʩʠ b ʥʘ 18ï20 %. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʫʜʘʣʝʥʠʠ ʚʦʜʳ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʝʨʝʰʠʚʢʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ. ʇʦʪʝʨʷ ʚʦʜʳ ʜʦ ʩʦʩʪʘʚʘ Ce2(C2O4)3Ā2H2O ʚʳʟʳʚʘʝʪ ʩʞʘʪʠʝ ʢʨʠʩʪʘʣʣʘ 

ʚʜʦʣʴ ʦʩʠ b ʜʦ 30 %. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʜʘʥʥʳʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʥʦʝ 

ʫʜʘʣʝʥʠʝ ʚʦʜʳ ʠʟ ʧʨʦʜʫʢʪʘ ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʨʠ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʪʝʨʤʦʣʠʟʝ 

ʦʢʩʘʣʘʪʘ (T> 275 Áʉ).  

3.3. çʄʝʜʣʝʥʥʘʷè ʜʝʛʠʜʨʘʪʘʮʠʷ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧʘʨʦʚ ʚʦʜʳ (ʚ 

ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ) 

ʇʦʤʠʤʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʜʝʛʠʜʨʘʪʘʮʠʠ ʥʘ ʚʦʟʜʫʭʝ ʠ ʚ ʚʘʢʫʫʤʝ, ʜʝʛʠʜʨʘʪʘʮʠʶ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ. ɼʣʷ ʩʦʟʜʘʥʠʷ 

ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʚʦʜʳ ʩʪʝʢʣʷʥʥʳʡ ʙʶʢʩ ʩ ʢʨʠʩʪʘʣʣʘʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ 
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ʧʦʤʝʱʘʣʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʥʪʝʡʥʝʨ ʩ ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʙʳʩʪʨʦʝ ʫʜʘʣʝʥʠʝ ʚʦʜʳ ʠʟ ʦʙʨʘʟʮʘ ʚʦ ʚʨʝʤʷ ʥʘʛʨʝʚʘʥʠʷ ʧʨʠ 125 ÁC. ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʫʜʘʣʝʥʠʝ ʚʦʜʳ ʦʪ ʦʙʨʘʟʮʘ ʧʨʦʠʩʭʦʜʠʣʦ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʘʢʠʝ ʫʩʣʦʚʠʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʧʦʯʪʠ ʨʘʚʥʦʚʝʩʥʳʤʠ. ɼʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʪʘʢʠʝ ʫʩʣʦʚʠʷ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʤʠ. ʆʯʝʚʠʜʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ 

ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʝʛʠʜʨʘʪʘʮʠʠ, ʧʦʵʪʦʤʫ ʜʝʛʠʜʨʘʪʘʮʠʶ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʙʫʜʝʤ 

ʥʘʟʳʚʘʪʴ çʤʝʜʣʝʥʥʦʡè. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʭʦʜʝ çʤʝʜʣʝʥʥʦʡ 

ʜʝʛʠʜʨʘʪʘʮʠʠè ʢʘʨʜʠʥʘʣʴʥʦ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʪʝʭ, ʯʪʦ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ çʙʳʩʪʨʦʡè ʜʝʛʠʜʨʘʪʘʮʠʠ ʚ 

ʚʘʢʫʫʤʝ ʠʣʠ ʥʘ ʚʦʟʜʫʭʝ.  

3.3.1. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠ çʤʝʜʣʝʥʥʦʡè 

ʜʝʛʠʜʨʘʪʘʮʠʠ 10-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠ ̫

ʇʨʦʜʫʢʪʳ ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʚ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ). ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʟʳ, ʙʣʠʟʢʦʡ ʧʦ ʠʟʤʝʥʝʥʠʶ ʤʘʩʩʳ ʢ 6-ʛʠʜʨʘʪʫ, ʢʨʠʩʪʘʣʣ ʧʦʣʥʦʩʪʴʶ 

ʨʘʟʨʫʰʘʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʙʣʦʢʠ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 5 ʤʢʤ (ʨʠʩ. 44) [105]. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʜʘʣʴʥʝʡʰʘʷ ʧʦʪʝʨʷ ʚʦʜʳ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʚʠʜʠʤʳʤ ʠʟʤʝʥʝʥʠʷʤ ʤʦʨʬʦʣʦʛʠʠ ʧʨʦʜʫʢʪʘ 

ʨʝʘʢʮʠʠ. ʊʘʢʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʥʘ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 6-ʛʠʜʨʘʪʘ ʦʢʘʟʘʣʠʩʴ ʜʣʷ ʥʘʩ 

ʥʝʦʞʠʜʘʥʥʳʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʡ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʙʣʠʟʢʠʭ ʢ ʨʘʚʥʦʚʝʩʥʳʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʜʝʬʝʢʪʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ 

ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʢʘʣʴʮʠʪʘ [106]). ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ 

ʜʘʣʝʝ, ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʜʝʛʠʜʨʘʪʘʮʠʠ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ, 

ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ.   

 

 

ʈʠʩʫʥʦʢ 44. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ Ce2(C2O4)3Ā10H2O ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʚʦʜʳ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʚ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʩʝʚʜʦʤʦʨʬʦʟʳ. ʅʘ ʨʠʩ. 45 (ʮʠʬʨʘʤʠ 1-2-3-4 ʦʪʤʝʯʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʬʦʪʦʛʨʘʬʠʡ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ in situ ʥʘʙʣʶʜʝʥʠʡ ʨʝʘʢʮʠʠ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʠ (ʜʝʪʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʝ 2.3.2 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ). ʇʨʝʚʨʘʱʝʥʠʝ ʥʘʯʠʥʘʣʦʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 100 Áʉ, ʥʘ ʧʝʨʚʦʡ 

ʬʦʪʦʛʨʘʬʠʠ ʠʟʦʙʨʘʞʝʥʳ ʢʨʠʩʪʘʣʣʳ ʩʨʘʟʫ ʧʦʩʣʝ ʥʘʯʘʣʘ ʧʨʝʚʨʘʱʝʥʠʷ. ɺʠʜʥʦ, ʯʪʦ ʚ ʮʝʥʪʨʝ 

ʧʣʘʩʪʠʥʦʢ ʥʘʯʠʥʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʪʘʤ ʥʘʯʘʣʘ ʟʘʨʦʞʜʘʪʴʩʷ ʬʘʟʘ 6-ʛʠʜʨʘʪʘ, ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʚʦʟʥʠʢʘʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʠʩʭʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʬʨʦʥʪ ʨʘʟʨʫʰʝʥʠʷ ʥʘʯʠʥʘʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʠʟ ʮʝʥʪʨʘ ʧʣʘʩʪʠʥʦʢ ʢ ʢʨʘʷʤ, ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʪʨʝʱʠʥ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʟʘʣʴʥʦʡ ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʦʚ ï ʛʨʘʥʠ (010). ɺ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ 

ʨʘʟʨʫʰʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʦʩʪʘʥʦʚʠʣʦʩʴ, ʠ ʜʘʣʴʥʝʡʰʘʷ ʜʝʛʠʜʨʘʪʘʮʠʷ ʥʝ ʧʨʠʚʦʜʠʣʘ ʢ ʠʟʤʝʥʝʥʠʶ 

ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʷʯʝʡʢʘ ʥʝ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʛʝʨʤʝʪʠʯʥʦʡ ʠ 

ʢʦʛʜʘ ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʚʦʜʳ ʩʪʘʣʦ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʪʦ ʨʝʘʢʮʠʷ ʧʝʨʝʰʣʘ ʠʟ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʛʦ 

ʨʝʞʠʤʘ ʚ ʨʝʞʠʤ çʙʳʩʪʨʦʡè ʜʝʛʠʜʨʘʪʘʮʠʠ. 

ʈʠʩʫʥʦʢ 45. ʅʘʙʣʶʜʝʥʠʝ ʜʝʛʠʜʨʘʪʘʮʠʠ Ce2(C2O4)3Ā10H2O ʚ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚ ʟʘʢʨʳʪʦʤ ʨʝʘʢʪʦʨʝ ʩ ʧʦʜʦʛʨʝʚʘʝʤʳʤʠ ʩʪʸʢʣʘʤʠ. 
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ɹʳʣ ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥ 

ʜʨʫʛʦʡ ʚʘʨʠʘʥʪ ʩʦʟʜʘʥʠʷ 

ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʧʘʨʦʚ ʚʦʜʳ ʧʨʠ 

ʜʝʛʠʜʨʘʪʘʮʠʠ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʠʣ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʦʮʝʩʩ 

ʨʘʟʨʫʰʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ï 

ʦʙʨʘʟʝʮ ʚ ʢʘʧʣʝ 

ʩʠʣʠʢʦʥʦʚʦʛʦ ʤʘʩʣʘ ʤʝʞʜʫ 

ʜʚʫʤʷ ʧʦʢʨʳʚʥʳʤʠ 

ʩʪʸʢʣʘʤʠ ʥʘʛʨʝʚʘʣʩʷ ʥʘ 

ʥʘʛʨʝʚʘʪʝʣʴʥʦʤ ʩʪʦʣʠʢʝ. 

ʇʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʚ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʧʦʯʪʠ 100 % 

ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʚʨʘʱʘʣʠʩʴ ʩ 

ʨʘʟʨʫʰʝʥʠʝʤ, ʦʜʥʘʢʦ ʟʜʝʩʴ 

ʙʳʣʠ ʩʚʦʠ ʧʨʦʙʣʝʤʳ ʩ 

ʥʘʙʣʶʜʝʥʠʝʤ ʧʨʦʮʝʩʩʘ ï 

ʢʨʠʩʪʘʣʣʳ ʚ ʭʦʜʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ʫʧʣʳʚʘʣʠ ʚ 

ʩʠʣʠʢʦʥʦʚʦʤ ʤʘʩʣʝ ʠʟ 

ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʫʜʘʣʦʩʴ ʧʨʦʚʝʩʪʠ 

in situ ʦʧʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʜʝʛʠʜʨʘʪʘʮʠʠ ʚ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ 

ʦʙʣʦʤʢʝ ʢʨʠʩʪʘʣʣʘ, ʢʦʪʦʨʳʡ ʥʘ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʟʘʜʝʨʞʘʣʩʷ ʚ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ (ʨʠʩ. 46). 

ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʣʦʢʘʣʠʟʦʚʘʥʦ. ɺ ʦʧʨʝʜʝʣʝʥʥʦʤ ʤʝʩʪʝ ʢʨʠʩʪʘʣʣʘ 

ʥʘʯʠʥʘʝʪʩʷ ʦʪʢʘʣʳʚʘʥʠʝ ʯʘʩʪʠʮ, ʦʙʨʘʟʫʝʪʩʷ ʬʨʦʥʪ ʨʘʟʨʫʰʝʥʠʷ, ʢʦʪʦʨʳʡ ʜʚʠʞʝʪʩʷ ʧʦ 

ʢʨʠʩʪʘʣʣʫ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʧʦ ʢʨʠʩʪʘʣʣʫ ʩʥʘʯʘʣʘ ʧʨʦʭʦʜʷʪ 

ʙʦʣʴʰʠʝ ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʪʨʝʱʠʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ (100) ʩ ʙʣʦʢʦʤ 

ʜʨʦʙʣʝʥʠʷ ʦʢʦʣʦ 20 ʤʢʤ, ʘ ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʩ ʙʦʣʝʝ ʤʝʣʢʠʤ ʤʘʩʰʪʘʙʦʤ. ɺ ʠʪʦʛʝ 

ʢʨʠʩʪʘʣʣ ʨʘʩʩʳʧʘʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʥʝʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʠʤ 5 ʤʢʤ. ɺ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ ʨʝʘʢʮʠʠ ʧʦ ʢʨʠʩʪʘʣʣʫ ʧʨʦʠʩʭʦʜʷʪ 

ʩʤʝʱʝʥʠʷ ʠ ʧʦʚʦʨʦʪʳ ʢʨʠʩʪʘʣʣʘ ʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʯʘʩʪʠʮ. ʅʘ ʬʦʪʦʛʨʘʬʠʠ ʩʦ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʈʠʩʫʥʦʢ 46. ʅʘʙʣʶʜʝʥʠʝ ʜʝʛʠʜʨʘʪʘʮʠʠ Ce2(C2O4)3Ā10H2O ʚ 

ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʩʠʣʠʢʦʥʦʚʦʤ ʤʘʩʣʝ ʤʝʞʜʫ 

ʜʚʫʤʷ ʧʦʢʨʳʚʥʳʤʠ ʩʪʸʢʣʘʤʠ (ʥʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ - 

ʥʘʯʘʣʴʥʦʝ ʠ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʨʠʩʪʘʣʣʘ, ʥʘ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠ 

ʜʝʛʠʜʨʘʪʘʮʠʠ). 
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ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʩʥʷʪʦʡ ʩ ʯʘʩʪʠʯʥʦ ʧʨʝʚʨʘʱʸʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʤʦʞʥʦ ʦʪʯʸʪʣʠʚʦ ʫʚʠʜʝʪʴ ʤʦʨʬʦʣʦʛʠʶ ʠ ʤʘʩʰʪʘʙ ʨʘʟʨʫʰʝʥʠʷ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʡ 5 

ʤʢʤ (ʨʠʩ. 47). 

 

3.3.2. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ çʤʝʜʣʝʥʥʦʡè 

ʜʝʛʠʜʨʘʪʘʮʠʠ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʝʛʠʜʨʘʪʘʮʠʠ ʚ 

ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʧʨʦʮʝʩʩʝ ʜʝʛʠʜʨʘʪʘʮʠʠ ʙʶʢʩ ʩ ʦʙʨʘʟʮʦʤ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʳʥʠʤʘʣʠ 

ʠʟ ʢʦʥʪʝʡʥʝʨʘ, ʚʟʚʝʰʠʚʘʣʠ ʠ ʦʪʙʠʨʘʣʠ ʯʘʩʪʴ ʦʙʨʘʟʮʘ ʜʣʷ ʈʌɸ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 48. ɺʠʜʥʦ, ʯʪʦ, ʢʦʛʜʘ ʧʨʠ æm= ī5 %, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʪʝʨʝ ʧʨʠʤʝʨʥʦ 

ʜʚʫʭ ʤʦʣʝʢʫʣʳ ʚʦʜʳ (ʨʠʩ. 48, ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ˉ2), ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʜʠʬʨʘʢʮʠʦʥʥʳʤ 

ʤʘʢʩʠʤʫʤʘʤ ʠʩʭʦʜʥʦʛʦ 10-ʛʠʜʨʘʪʘ, ʧʦʷʚʣʷʶʪʩʷ ʨʝʬʣʝʢʩʳ ʥʦʚʦʡ ʬʘʟʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʪʘʢʘʷ ʬʘʟʘ ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʥʝ ʙʳʣʘ ʨʘʥʝʝ ʦʧʠʩʘʥʘ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʇʨʠ ȹm = ī11 % 

ʦʩʪʘʶʪʩʷ ʪʦʣʴʢʦ ʨʝʬʣʝʢʩʳ ʥʦʚʦʡ ʬʘʟʳ. ʇʨʠ ʵʪʦʤ ʠʩʭʦʜʷ ʠʟ ʧʦʪʝʨʠ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʦʩʪʘʚ ʧʨʠ ʵʪʦʤ ʙʣʠʟʦʢ ʢ ʩʦʩʪʘʚʫ 6-ʛʠʜʨʘʪʘ. ɼʘʣʴʥʝʡʰʝʝ ʫʤʝʥʴʰʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʨʫʛʦʡ ʥʝʠʟʚʝʩʪʥʦʡ ʬʘʟʳ, ʜʠʬʨʘʢʮʠʦʥʥʳʝ 

ʤʘʢʩʠʤʫʤʳ ʢʦʪʦʨʦʡ ʦʪʤʝʯʝʥʳ çʟʚʸʟʜʦʯʢʘʤʠè ʥʘ ʨʠʩ. 48. ʇʨʠ ȹm = ī13,7 % (ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ 

ˉ4) ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ˉ3 ʠ ˉ5. ʇʨʠ 

ʈʠʩʫʥʦʢ 47. ʄʦʨʬʦʣʦʛʠʷ ʨʘʟʨʫʰʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ Ce2(C2O4)3Ā10H2O ʧʨʠ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʚ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʫʜʘʣʝʥʠʶ 6,5 ʤʦʣʝʢʫʣ ʚʦʜʳ (ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ˉ5), 

ʥʝʠʟʚʝʩʪʥʘʷ ʬʘʟʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʯʠʩʪʦʤ ʚʠʜʝ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʵʪʘ ʬʘʟʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 4-ʛʠʜʨʘʪʫ. 

 
 

ʈʠʩʫʥʦʢ 48. ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʝʛʠʜʨʘʪʘʮʠʠ 

Ce2(C2O4)3Ā10H2O ʚ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ (125 Áʉ, ʟʘʢʨʳʪʳʡ ʢʦʥʪʝʡʥʝʨ): 1 ï 

Ce2(C2O4)3Ā10H2O; 2 ï æm= ī5 % (ī20 % ʤʦʣʝʢʫʣ ʚʦʜʳ); 3 ï æm= ī11 % (ī44 % ʚʦʜʳ); 4 ï 

æm= ī13,7 % (ī55 % ʚʦʜʳ); 5 ï æm= ī16,2 % (ī65 % ʚʦʜʳ); 6 ï ʧʦʟʠʮʠʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʤʘʢʩʠʤʫʤʦʚ ʜʣʷ ʬʘʟʳ Ce2(C2O4)3Ā10H2O; 7 ï ʜʣʷ ʬʘʟʳ Ce2(C2O4)3Ā6H2O. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ Ce2(C2O4)3Ā10H2O ʚ 

ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʝʛʠʜʨʘʪʘʮʠʠ 

ʦʙʨʘʟʫʶʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦ ʠʟʤʝʥʝʥʠʶ ʤʘʩʩʳ 6- ʠ 4-ʛʠʜʨʘʪʫ 

ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ. ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 6- ʠ 4-ʛʠʜʨʘʪʦʚ ʜʣʷ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʨʘʥʝʝ ʥʝ 

ʦʧʠʩʳʚʘʣʘʩʴ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʥʦ ʝʩʪʴ ʥʝʢʦʪʦʨʳʝ ʨʘʙʦʪʳ, ʛʜʝ ʘʚʪʦʨʳ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʛʠʜʨʘʪʦʚ ʜʣʷ ʦʢʩʘʣʘʪʦʚ ʜʨʫʛʠʭ ʣʘʥʪʘʥʦʠʜʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [70] 

ʫʢʘʟʘʥʦ, ʯʪʦ 10-ʛʠʜʨʘʪʳ ʦʢʩʘʣʘʪʦʚ SmïTb ʪʝʨʷʶʪ ʚʦʜʫ ʚ ʪʨʠ ʵʪʘʧʘ, ʦʙʨʘʟʫʷ 6-, 3,5-ʚʦʜʥʳʡ ʠ 

ʙʝʟʚʦʜʥʳʡ ʦʢʩʘʣʘʪʳ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ, ʯʪʦ ʧʨʠ çʤʝʜʣʝʥʥʦʡè ʜʝʛʠʜʨʘʪʘʮʠʠ ʦʙʨʘʟʫʶʪʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʛʠʜʨʘʪʳ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʠʪʴ ʤʝʭʘʥʠʟʤ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ, ʥʝʦʙʭʦʜʠʤʦ 
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ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʪʨʦʝʥʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʦʣʫʯʠʪʴ ʤʝʪʦʜʦʤ ʈʉɸ, ʦʜʥʘʢʦ, ʚʦʟʥʠʢʘʝʪ 

ʧʨʦʙʣʝʤʘ ï ʧʨʠ ʪʘʢʦʤ ʧʨʝʚʨʘʱʝʥʠʠ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʟʜʝʣʝ 3.3.1, ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ 

ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʢʫʩʦʯʢʠ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 5 ʤʢʤ. ʊʘʢʦʛʦ ʨʘʟʤʝʨʘ ʦʙʨʘʟʮʘ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ 

ʠʩʩʣʝʜʦʚʘʪʴ ʝʛʦ ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʣʘ ʠʜʝʷ 

ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʝ ʠʟ ʧʦʨʦʰʢʦʚʳʭ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ, ʯʪʦʙʳ ʫʪʦʯʥʠʪʴ ʩʪʨʫʢʪʫʨʫ 

ʠʟ ʧʦʨʦʰʢʦʚʳʭ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʦ, ʚʦ-ʧʝʨʚʳʭ, ʧʦʣʫʯʠʪʴ ʦʯʝʥʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʧʦʨʦʰʢʦʚʫʶ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʫ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʠ, ʚʦ-ʚʪʦʨʳʭ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʭʦʨʦʰʫʶ ʠʩʭʦʜʥʫʶ 

ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʫʪʦʯʥʝʥʠʷ [107ï109]. ʄʦʜʝʣʴ ʤʦʞʝʪ ʧʨʝʜʣʘʛʘʪʴʩʷ ʠʟ ʢʘʢʠʭ-ʪʦ ʢʦʩʚʝʥʥʳʭ 

ʟʥʘʥʠʡ ʦ ʩʪʨʫʢʪʫʨʝ, ʦʙʱʠʭ ʧʨʠʥʮʠʧʘʭ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʦʙʨʘʪʴ 

ʭʦʨʦʰʫʶ ʩʪʨʫʢʪʫʨʫ ï ʟʘʜʘʯʘ ʥʝʧʨʦʩʪʘʷ. ʆʜʥʘʢʦ, ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʤʦʜʝʣʠ ʫʧʨʦʱʘʝʪʩʷ, ʝʩʣʠ ʝʩʪʴ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʨʦʝʥʠʠ ʢʦʪʦʨʳʭ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʨʘʥʝʝ. ʅʘʤ 

ʧʦʚʝʟʣʦ, ʧʦʩʢʦʣʴʢʫ ʧʘʨʘʣʣʝʣʴʥʦ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ [59] ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʜʝʛʠʜʨʘʪʘʮʠʷ 10-ʛʠʜʨʘʪʘ 

ʦʢʩʘʣʘʪʘ ʩʘʤʘʨʠʷ ʠ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 6-

ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʩʘʤʘʨʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʘʟʤʝʨʘ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʨʘʩʰʠʬʨʦʚʘʥʘ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʈʉɸ. ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ (ʩʤ. ʨʘʟʜʝʣ 3.3.4), ʧʦʨʦʰʢʦʚʳʝ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʨʘʩʰʠʬʨʦʚʘʥʥʦʡ ʬʘʟʳ 6-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʩʘʤʘʨʠʷ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ, 

ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ çʤʝʜʣʝʥʥʦʡè ʜʝʛʠʜʨʘʪʘʮʠʠ 10-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʜʦ ʩʦʩʪʘʚʘ 6-ʛʠʜʨʘʪʘ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʤʘʩʩʳ, ʦʯʝʥʴ ʙʣʠʟʢʠ ʧʦ ʧʦʣʦʞʝʥʠʷʤ ʧʠʢʦʚ ʠ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʘʩʰʠʬʨʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ 6-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʩʘʤʘʨʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ 

ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʥʝʠʟʚʝʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ. 

 

3.3.3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ 

Sm2(C2O4)3Ā10H2O 

In situ ʦʧʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʜʝʛʠʜʨʘʪʘʮʠʠ 10-ʚʦʜʥʦʛʦ ʦʢʩʘʣʘʪʘ 

ʩʘʤʘʨʠʷ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ (ʭʘʨʘʢʪʝʨ ʢʦʪʦʨʦʛʦ ʦʯʝʥʴ ʧʦʭʦʞ ʥʘ ʪʦʪ, ʯʪʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʣʫʯʘʝ çʤʝʜʣʝʥʥʦʡè ʜʝʛʠʜʨʘʪʘʮʠʠ 10-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ) ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʥʘʜ 

ʦʙʨʘʟʮʦʤ. ʆʜʥʘʢʦ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʥʝ ʚʩʝ ʢʨʠʩʪʘʣʣʳ (ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʦʚ) ʧʨʝʪʝʨʧʝʚʘʶʪ 

ʨʘʟʨʫʰʝʥʠʝ ʚ ʭʦʜʝ ʧʨʝʚʨʘʱʝʥʠʷ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʚʨʘʱʘʶʪʩʷ ʙʝʟ 

ʨʘʟʨʫʰʝʥʠʷ, ʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʬʦʨʤʳ. ʏʪʦʙʳ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩ ʜʝʛʠʜʨʘʪʘʮʠʠ, 

ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʢʘʧʣʝ ʩʠʣʠʢʦʥʦʚʦʛʦ ʤʘʩʣʘ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʜʦʣʷ ʢʨʠʩʪʘʣʣʦʚ, 

ʜʝʛʠʜʨʘʪʘʮʠʷ ʢʦʪʦʨʳʭ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʠʟʤʝʥʝʥʠʝʤ ʬʦʨʤʳ, ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʣʘʩʴ. ʅʘ ʨʠʩ. 49 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ, ʦʪʨʘʞʘʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ 
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ʧʨʝʚʨʘʱʝʥʠʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʘ. ʀʩʭʦʜʥʳʡ ʢʨʠʩʪʘʣʣ ʠʤʝʝʪ ʛʘʙʠʪʫʩ (010). 

ʇʨʝʚʨʘʱʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʷʚʣʝʥʠʷ ʫʟʢʦʡ ʧʦʣʦʩʢʠ ʥʦʚʦʡ ʬʘʟʳ, ʯʪʦ ʚʠʜʥʦ ʥʘ ʧʝʨʚʦʡ 

ʬʦʪʦʛʨʘʬʠʠ. ɺ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʩʚʝʪʝ ʯʸʪʢʦ ʚʠʜʥʦ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʠʩʭʦʜʥʦʡ ʠ ʢʦʥʝʯʥʦʡ 

ʬʘʟʦʡ, ʢʦʪʦʨʘʷ ʦʪʢʣʦʥʝʥʘ ʧʨʠʤʝʨʥʦ ʥʘ 6 Ñ1Á ʦʪ ʧʣʦʩʢʦʩʪʠ (100). ʕʪʘ ʛʨʘʥʠʮʘ ʦʯʝʥʴ ʙʳʩʪʨʦ 

ʧʨʦʭʦʜʠʣʘ ʯʝʨʝʟ ʢʨʠʩʪʘʣʣ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ [100], ʧʨʠ ʵʪʦʤ ʝʸ ʜʚʠʞʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ 

ʩʜʚʠʛʦʤ ʚʜʦʣʴ ʧʣʦʩʢʦʩʪʠ (100) ʚ ʥʘʧʨʘʚʣʝʥʠʠ ππρ. 

 

ʈʠʩʫʥʦʢ 49. ʀʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ Sm2(C2O4)3Ā10H2O. 

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʬʦʪʦʛʨʘʬʠʷʭ, ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʘ, ʢʦʪʦʨʘʷ ʠʩʭʦʜʥʦ 

ʠʤʝʣʘ ʬʦʨʤʫ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ, ʩʪʘʣʘ ʙʦʣʝʝ ʧʨʷʤʦʫʛʦʣʴʥʦʡ. ʕʪʘ ʧʨʝʚʨʘʱʸʥʥʘʷ ʦʙʣʘʩʪʴ 

ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʤʦʥʦʢʨʠʩʪʘʣʣ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʵʢʩʪʠʥʢʮʠʝʡ ʚʩʝʛʦ 

ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʝʛʦ ʚʨʘʱʝʥʠʠ ʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʩʚʝʪʝ. ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʝʚʨʘʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʷʨʢʠʭ ʠ ʧʦʢʘʟʘʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʨʪʝʥʩʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ [110]. ɼʣʷ ʧʨʝʚʨʘʱʝʥʠʷ çʤʦʥʦʢʨʠʩʪʘʣʣ Ÿ ʤʦʥʦʢʨʠʩʪʘʣʣè 

ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʘ ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ.  

ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩ ʙʘʟʘʣʴʥʦʡ ʛʨʘʥʴʶ (010) ʨʸʙʨʘ ʢʨʠʩʪʘʣʣʦʚ ʧʘʨʘʣʣʝʣʴʥʳ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʦʩʷʤ a ʠ c ʤʦʥʦʢʣʠʥʥʦʡ ʷʯʝʡʢʠ. ɸ ʫʛʦʣ ʤʝʞʜʫ ʵʪʠʤʠ ʨʸʙʨʘʤʠ ʩʦʚʧʘʜʘʝʪ 

ʩ ʫʛʣʦʤ ʤʦʥʦʢʣʠʥʥʦʩʪʠ ɓ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʨʠʚ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʸʙʝʨ 

ʢʨʠʩʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʫʛʦʣ ʤʝʞʜʫ ʥʠʤʠ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʘʨʘʤʝʪʨʳ ʨʝʰʸʪʢʠ a, c ʠ ɓ ʧʨʦʜʫʢʪʘ 

ʜʝʛʠʜʨʘʪʘʮʠʠ. ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʧʘʨʘʤʝʪʨ b, ʧʨʦʚʦʜʠʣʘʩʴ ʜʝʛʠʜʨʘʪʘʮʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩ ʙʘʟʘʣʴʥʦʡ 

ʛʨʘʥʴʶ (100). ʕʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʘʨʘʤʝʪʨ b ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʚ ʭʦʜʝ ʪʘʢʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ. 

ʀʟ ʜʘʥʥʳʭ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʘ ʧʨʝʜʩʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʫʶʱʝʛʦʩʷ 6-

ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ. ʕʪʘ ʨʘʙʦʪʘ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ [59], ʧʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠʟ 

ʜʘʥʥʳʭ in situ ʦʧʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʠʩʘʥʘ ʚ ʬʘʡʣʝ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʢ 

ʩʪʘʪʴʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʧʨʝʚʨʘʱʝʥʠʷ, ʢʦʪʦʨʘʷ ʜʘʣʝʝ ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʪʘʙʣʠʮ r4 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʩʭʦʜʥʦʡ ʬʘʟʳ 10-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʩʘʤʘʨʠʷ, ʘ ʚ ʧʨʘʚʦʡ 
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ʯʘʩʪʠ ʪʘʙʣʠʮʳ ï ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ 6-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʩʘʤʘʨʠʷ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʣʫʯʝʥ 

ʜʝʛʠʜʨʘʪʘʮʠʝʡ ʠʩʭʦʜʥʦʡ ʬʘʟʳ ʥʘ ʥʘʛʨʝʚʘʪʝʣʴʥʦʤ ʩʪʦʣʠʢʝ ʚ ʢʘʧʣʝ ʩʠʣʠʢʦʥʦʚʦʛʦ ʤʘʩʣʘ. ɸʪʦʤʳ 

ʢʠʩʣʦʨʦʜʘ O10 ʠ O11 ï ʘʪʦʤʳ ʚʥʝʰʥʝʩʬʝʨʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʘʚʦʡ ʯʘʩʪʠ ʪʘʙʣʠʮʳ, ʚʩʷ ʚʥʝʰʥʝʩʬʝʨʥʘʷ 

ʚʦʜʘ ʫʜʘʣʷʝʪʩʷ ʚ ʭʦʜʝ ʧʨʝʚʨʘʱʝʥʠʷ ç10-ʛʠʜʨʘʪ Ÿ 6-ʛʠʜʨʘʪè  

 

ʊʘʙʣʠʮʘ 4. ʇʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨ ʠ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʠʩʭʦʜʥʦʛʦ Sm2(C2O4)3Ŀ10H2O ʠ 

ʧʨʦʜʫʢʪʘ Sm2(C2O4)3Ŀ6H2O. 

 Sm2(C2O4)3Ŀ10H2O Sm2(C2O4)3Ŀ6H2O 

ʇɻʉ P21/c P21/c 

a, b, c (¡) 11.5863 (5), 9.6080 (2), 10.1371 (2)  8.4368 (3), 9.7963 (3), 9.4986 (4) 

ɓ (Á) 118.906 (2)  90.393 (3) 

 x y z x y z 

C1 0.0006(4) 0.5526(3) 0.5578(4) 0.4333(7) 0.5195(6) -0.0541(6) 

C2 0.4453(4) 0.5257(4) 1.0161(4) 0.0238(6) 0.5716(6) 0.5237(6) 

C3 0.4670(3) 0.4290(4) 0.4695(4) 0.5257(6) 0.5738(6) 0.4837(5) 

O1 -0.1074(3) 0.5733(3) 0.5547(3) 0.2934(5) 0.5211(4) -0.0081(4) 

O2 0.1080(2) 0.6083(3) 0.6447(3) 0.4766(4) 0.5458(4) -0.1765(4) 

O3 0.3392(3) 0.5634(3) 0.9061(3) 0.1256(5) 0.6316(4) 0.4502(4) 

O4 0.4717(3) 0.5259(3) 1.1523(3) -0.0420(4) 0.6212(4) 0.6288(4) 

O5 0.3740(3) 0.3961(3) 0.4923(3) 0.4480(5) 0.6363(4) 0.3920(4) 

O6 0.5118(2) 0.3574(3) 0.4010(3) 0.6393(4) 0.6214(4) 0.5539(4) 

O7 0.2033(3) 0.6848(3) 0.4040(4) 0.2910(6) 0.7448(4) 0.1795(5) 

H7A 0.237(5) 0.758(4) 0.404(6) 0.345(7) 0.801(6) 0.228(6) 

H7B 0.124(4) 0.691(6) 0.353(5) 0.261(7) 0.778(6) 0.108(5) 

O8 0.2895(3) 0.3072(3) 0.7162(4) -0.0130(5) 0.5873(4) 0.1529(5) 

H8A 0.358(4) 0.260(5) 0.781(5) -0.079(7) 0.536(6) 0.120(7) 

H8B 0.230(4) 0.283(6) 0.730(6) -0.019(8) 0.669(4) 0.135(7) 

O9 0.3310(3) 0.7886(3) 0.7140(4) 0.2046(6) 0.2865(5) 0.1464(5) 

H9A 0.378(5) 0.840(5) 0.694(6) 0.250(8) 0.240(7) 0.083(6) 

H9B 0.288(5) 0.826(5) 0.756(6) 0.162(8) 0.227(6) 0.206(7) 
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Sm1 0.30947(2) 0.54402(2) 0.64049(2) 0.25243(3) 0.51101(3) 0.25099(3) 

O10ɸ 0.1601(15) 0.4063(17) 0.991(2) ʦʪʩʫʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʫʝʪ 

O10B 0.100(2) 0.501(3) 1.026(3) ʦʪʩʫʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʫʝʪ 

O11A 0.0587(10) 0.2069(15) 0.6815(13) ʦʪʩʫʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʫʝʪ 

O11B 0.0779(6) 0.3185(8) 0.7916(10) ʦʪʩʫʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʫʝʪ 

 

3.3.1. ʋʪʦʯʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 6-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ 

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʧʦʣʦʞʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʦʙʨʘʟʮʘ ʦʢʩʘʣʘʪʘ 

ʮʝʨʠʷ, ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʜʦ ʩʦʩʪʘʚʘ 6-ʛʠʜʨʘʪʘ (ʧʦ ʠʟʤʝʥʝʥʠʶ ʤʘʩʩʳ), ʦʯʝʥʴ ʙʣʠʟʢʠ ʩ 

ʧʦʣʦʞʝʥʠʷʤʠ ʨʝʬʣʝʢʩʦʚ ʥʘ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ 6-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʩʘʤʘʨʠʷ (ʨʠʩ. 50). 

ʆʜʥʘʢʦ ʟʘʤʝʪʥʳ ʨʘʟʣʠʯʠʷ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʢʩʪʫʨʦʡ, ʘ ʪʘʢʞʝ ʚ ʩʣʫʯʘʝ 

ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʫʛʣʦʚ 2ɗ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʠʮʝʡ ʚ 

ʨʘʟʤʝʨʘʭ ʘʪʦʤʦʚ ʮʝʨʠʷ ʠ ʩʘʤʘʨʠʷ. 

 
 

ʈʠʩʫʥʦʢ 50. ʉʨʘʚʥʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ 6-ʛʠʜʨʘʪʦʚ  

ʦʢʩʘʣʘʪʦʚ ʩʘʤʘʨʠʷ (ˉ1 -ʯʸʨʥʘʷ) ʠ ʮʝʨʠʷ (ˉ2 ï ʢʨʘʩʥʘʷ). 

ʇʦʩʢʦʣʴʢʫ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ [59] ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ 

ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩʪʨʫʢʪʫʨʘ 6-ʚʦʜʥʦʛʦ ʦʢʩʘʣʘʪʘ ʩʘʤʘʨʠʷ (ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʚ ʨʘʟʜʝʣʝ 3.3.3), ʪʦ 

ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʸ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 6-ʛʠʜʨʘʪʘ 

ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʠʟ ʧʦʨʦʰʢʦʚʳʭ ʜʘʥʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʨʘʩʰʠʬʨʦʚʘʥʥʫʶ ʨʘʥʝʝ 
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ʩʪʨʫʢʪʫʨʫ 6-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʩʘʤʘʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ (ʘʪʦʤʳ ʩʘʤʘʨʠʷ ʙʳʣʠ 

ʟʘʤʝʥʝʥʳ ʥʘ ʘʪʦʤʳ ʮʝʨʠʷ), ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦʣʥʦʧʨʦʬʠʣʴʥʳʡ ʘʥʘʣʠʟ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ 6-

ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ. 

ɼʣʷ ʧʦʣʥʦʧʨʦʬʠʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣ ʚʳʙʨʘʥ ʦʜʠʥ ʠʟ ʯʘʩʪʠʯʥʦ ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʚ 

ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʮʦʚ ʩ ȹm = ī9,4 %, ʧʦʩʢʦʣʴʢʫ ʦʥ ʠʤʝʣ ʣʫʯʰʫʶ ʩʪʝʧʝʥʴ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ. ʌʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʦʙʨʘʟʮʝ ʧʦʤʠʤʦ ʬʘʟʳ 6-ʛʠʜʨʘʪʘ 

ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ (ʧʦʜʦʙʥʦʡ 6-ʛʠʜʨʘʪʫ ʦʢʩʘʣʘʪʘ ʩʘʤʘʨʠʷ) ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʩʭʦʜʥʦʡ ʬʘʟʳ 10-ʛʠʜʨʘʪʘ ï ʦʢʦʣʦ 4 %.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ, ʘ ʪʘʢʞʝ ʨʘʟʥʦʩʪʥʘʷ ʢʨʠʚʘʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 51. ʉʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʫʪʦʯʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ 6-ʛʠʜʨʘʪʘ 

ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 5 ʠ 6. 

 

 

ʈʠʩʫʥʦʢ 51. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ (ʚʳʜʝʣʝʥʘ ʢʦʣʴʮʘʤʠ) ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ (ʚʳʜʝʣʝʥʘ 

ʢʨʘʩʥʳʤ) ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʠ ʨʘʟʥʦʩʪʥʘʷ ʢʨʠʚʘʷ (ʩʧʣʦʰʥʘʷ ʯʸʨʥʘʷ) ʜʣʷ ʦʙʨʘʟʮʘ 

ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʜʦ æm= ī9.4 %. ʇʦʣʦʞʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʦʪʤʝʯʝʥʳ 

ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʤʘʨʢʝʨʘʤʠ: ʜʣʷ 6- ʛʠʜʨʘʪʘ ʩʠʥʠʤʠ, ʘ ʜʣʷ 10-ʛʠʜʨʘʪʘ ï ʟʝʣʸʥʳʤʠ. 
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ʊʘʙʣʠʮʘ 5. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨʳ Ce2(C2O4)3Ā6H2O ʧʦʩʣʝ ʫʪʦʯʥʝʥʠʷ ʤʝʪʦʜʦʤ 

ʈʠʪʚʝʣʴʜʘ. 

ʇʘʨʘʤʝʪʨʳ  

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʤʦʥʦʢʣʠʥʥʘʷ 

ʇɻʉ P21/c 

a, ¡ 8.55587(17) 

b, ¡ 9.82211(20) 

c, ¡ 9.69190(18) 

ɓ, Á 90.6898(11) 

V, ¡3 814.416(28) 

ʇʣʦʪʥʦʩʪʴ, g/cm3 2.660308(90) 

ɼʠʘʧʘʟʦʥ, Á2q 5ï90 

Rexp, % 2.61 

Rwp, % 5.78 

Rp, % 4.48 

Goodness of fit 2.21 

RB, % 2.71 

 

 

ʊʘʙʣʠʮʘ 6. ɸʪʦʤʥʳʝ ʢʦʦʨʜʠʥʘʪʳ Ce2(C2O4)3Ā6H2O. 

 x y z 

Ce1 0.25190(30) 0.51159(18) 0.25023(27) 

C1 0.4333 0.5195 ī0.0541 

C2 0.0238 0.5716 0.5237 

C3 0.5257 0.5738 0.4837 

O1 0.2934 0.5211 ī0.0081 

O2 0.4766 0.545 ī0.1765 

O3 0.1256 0.6316 0.4502 

O4 ī0.0420 0.6212 0.6288 

O5 0.4480 0.6363 0.3920 

O6 0.6393 0.6214 0.5539 

O7 0.2910 0.7448 0.1795 
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H7A 0.345 0.801 0.228 

H7B 0.261 0.778 0.108 

O8 ī0.0130 0.5873 0.1529 

H8A ī0.079 0.536 0.120 

H8B ī0.019 0.669 0.135 

O9 0.2046 0.2865 0.1464 

H9A 0.250 0.240 0.083 

H9B 0.162 0.227 0.206 

 

 

3.3.2. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠ çʤʝʜʣʝʥʥʦʡè 

ʜʝʛʠʜʨʘʪʘʮʠʠ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 6-ʛʠʜʨʘʪ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʭʦʜʝ çʤʝʜʣʝʥʥʦʡè ʜʝʛʠʜʨʘʪʘʮʠʠ ʚ 

ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ, ʠʟʦʩʪʨʫʢʪʫʨʝʥ 6-ʛʠʜʨʘʪʫ ʦʢʩʘʣʘʪʘ ʩʘʤʘʨʠʷ, ʢʦʪʦʨʳʡ ʨʘʥʝʝ ʙʳʣ 

ʧʦʣʫʯʝʥ ʚ ʚʠʜʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʠ ʠʩʩʣʝʜʦʚʘʥ ʤʝʪʦʜʦʤ ʈʉɸ. ɽʛʦ ʩʪʨʫʢʪʫʨʘ, ʢʘʢ ʠ ʩʪʨʫʢʪʫʨʘ 10-

ʛʠʜʨʘʪʘ ʧʨʠʥʘʜʣʝʞʠʪ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʠ ʠʤʝʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ ʩʠʤʤʝʪʨʠʠ 

P21/c. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʇɻʉ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ, ʩʪʨʫʢʪʫʨʘ ʪʘʢʞʝ ʩʦʩʪʦʠʪ ʠʟ ʮʝʨʠʡ-

ʦʢʩʘʣʘʪʥʳʭ ʩʣʦʸʚ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ b, ʦʜʥʘʢʦ, ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ï ʢʚʘʟʠʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʩʝʪʢʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʚʘʟʠʧʨʷʤʦʫʛʦʣʴʥʫʶ. ɹʣʠʞʘʡʰʝʝ 

ʦʢʨʫʞʝʥʠʝ ʮʝʨʠʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʪʘʢʞʝ ʨʘʚʥʦ ʜʝʚʷʪʠ, ʦʜʥʘʢʦ ʚʩʷ 

ʚʥʝʰʥʝʩʬʝʨʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʘʷ ʚʦʜʘ ʫʭʦʜʠʪ ʠʟ ʩʪʨʫʢʪʫʨʳ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʥʝʝ ʬʘʟʘ 

ʤʦʥʦʢʣʠʥʥʦʛʦ 6-ʛʠʜʨʘʪʘ ʮʝʨʠʷ ʥʝ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʣʠʪʝʨʘʪʫʨʘ, ʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʥʘ 

ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚʧʝʨʚʳʝ.  

ʇʦʩʢʦʣʴʢʫ 10-ʛʠʜʨʘʪʳ ʦʢʩʘʣʘʪʦʚ ʮʝʨʠʷ ʠ ʩʘʤʘʨʠʷ, ʘ ʪʘʢʞʝ ʤʦʥʦʢʣʠʥʥʳʝ 6-ʛʠʜʨʘʪʳ 

ʦʢʩʘʣʘʪʦʚ ʵʪʠʭ ʈɿʕ, ʢʘʢ ʤʳ ʧʦʢʘʟʘʣʠ, ʷʚʣʷʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʪʦ ʤʝʭʘʥʠʟʤʳ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ç10-ʛʠʜʨʘʪ Ÿ 6-ʛʠʜʨʘʪè ʜʣʷ ʮʝʨʠʷ ʠ ʩʘʤʘʨʠʷ ʩ 

ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʳ. 



85 

 

 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ 6-ʛʠʜʨʘʪʘ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʟ 10-ʛʠʜʨʘʪʘ ʩʜʚʠʛʦʤ ʩʣʦʸʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʤ (100) ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ππρ  ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʣʦʚʠʥʫ ʧʘʨʘʤʝʪʨʘ ʩ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʩʞʘʪʠʝʤ ʩʪʨʫʢʪʫʨʳ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʥʦʨʤʘʣʠ ʢ ʵʪʠʤ ʧʣʦʩʢʦʩʪʷʤ. ʇʦʩʣʝ ʧʨʝʚʨʘʱʝʥʠʷ ʬʦʨʤʘ ʷʯʝʡʢʠ ʚ ʩʝʪʢʝ 

ʩʪʘʥʦʚʠʪʩʷ ʧʦʯʪʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ (ʨʠʩ. 52). ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʨʠ 

ʧʨʝʚʨʘʱʝʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʦʨʤʳ ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʘ, ʛʜʝ ʧʨʦʠʟʦʰʣʘ ʨʝʘʢʮʠʷ. ʕʪʦ 

ʦʯʝʥʴ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʨʠʩ. 49 ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ Sm2(C2O4)3Ŀ10H2O. ʀʟʤʝʥʝʥʠʝ 

ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʨʝʘʢʮʠʠ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʨʝʘʢʮʠʠ. 

ɹʳʣ ʧʨʝʜʣʦʞʝʥ ʩʣʝʜʫʶʱʠʡ ʤʝʭʘʥʠʟʤ ʧʨʝʚʨʘʱʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʨʠ ʫʜʘʣʝʥʠʠ 

ʚʥʝʰʥʝʩʬʝʨʥʦʡ ʚʦʜʳ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʩʝʪʢʘ 10-ʛʠʜʨʘʪʘ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʩʝʪʢʫ 6-ʛʠʜʨʘʪʘ. ʕʪʦ ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʜʚʠʛʘ ʤʝʪʘʣʣ-

ʦʢʩʘʣʘʪʥʳʭ ʮʝʧʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ [001]. ʂʘʞʜʘʷ ʮʝʧʦʯʢʘ ʩʜʚʠʛʘʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ (100) 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ππρ ʥʘ ʧʦʣʦʚʠʥʫ ʧʘʨʘʤʝʪʨʘ ʩ. ʉʪʨʫʢʪʫʨʘ ʮʝʧʦʯʝʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ʦʩʪʘʸʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. ʆʜʥʘʢʦ ʦʢʩʘʣʘʪʥʳʝ ʛʨʫʧʧʳ, ʩʦʝʜʠʥʷʶʱʠʝ ʮʝʧʦʯʢʠ, ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʶʪ 

ʩʚʦʸ ʧʦʣʦʞʝʥʠʝ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʩʤʝʱʝʥʠʝ ʮʝʧʦʯʝʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʦʨʦʪ ʦʜʥʦʡ ʛʨʘʥʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʵʜʨʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʩʪʨʫʢʪʫʨʘ ʧʦʣʠʵʜʨʘ ʩʦʭʨʘʥʠʣʘʩʴ, ʘ ʢʠʩʣʦʨʦʜʳ ʦʢʩʘʣʘʪʥʦʡ ʛʨʫʧʧʳ ʠ ʤʦʣʝʢʫʣʘ 

ʚʥʫʪʨʠʩʬʝʨʥʦʡ ʚʦʜʳ ʧʦʤʝʥʷʣʠʩʴ ʤʝʩʪʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ʮʝʨʠʡ-ʦʢʩʘʣʘʪʥʦʛʦ ʩʣʦʷ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʦʙʨʘʟʮʘ ʥʘ ʤʠʢʨʦʥʥʳʝ 

ʯʘʩʪʠʮʳ ʧʨʠ ʨʝʘʢʮʠʠ. ɹʦʣʴʰʠʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʧʨʝʚʨʘʱʝʥʠʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʧʨʠʯʠʥʦʡ ʥʠʟʢʦʡ 

ʩʢʦʨʦʩʪʠ ʟʘʨʦʞʜʝʥʠʷ ʵʪʦʡ ʬʘʟʳ. ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ 6-ʛʠʜʨʘʪʘ ʪʨʝʙʫʝʪʩʷ 

ʚʳʧʦʣʥʝʥʠʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʡ. ʇʝʨʚʦʝ ʫʩʣʦʚʠʝ ï ʵʪʦ ʤʝʜʣʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʚʦʜʳ ʚ ʩʪʨʫʢʪʫʨʝ, ʯʪʦʙʳ ʥʝ ʜʦʩʪʠʯʴ ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʝʪʩʷ 

ʈʠʩʫʥʦʢ 52. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʧʨʝʚʨʘʱʝʥʠʷ M2(C2O4)3Ā10H2O Ÿ M2(C2O4)3Ā6H2O 

(ʛʜʝ ʄ ï Ce ʠʣʠ Sm). ɺ ʩʣʫʯʘʝ ʮʝʨʠʷ ʪʘʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʪʦʣʴʢʦ ʚ 

ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥʳ ʧʣʦʩʢʦʩʪʠ (100), 

ʨʦʟʦʚʳʤʠ ʩʪʨʝʣʢʘʤʠ ï ʩʜʚʠʛ ʥʘ å ʩ/2, ʩʠʥʠʤʠ ʩʪʨʝʣʢʘʤʠ ï ʩʞʘʪʠʝ ʧʦ ʥʦʨʤʘʣʠ ʢ (100). 



86 

 

ʫʜʘʣʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʚʦʜʳ ʠ çʧʝʨʝʰʠʚʢʘè ʩʣʦʸʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʤʦʨʬʥʦʡ ʬʘʟʳ. ɺʪʦʨʦʝ 

ï ʵʪʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ, ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʟʘʨʦʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ 6-

ʛʠʜʨʘʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʚ ʚʘʢʫʫʤʝ (ʠʣʠ ʥʘ ʚʦʟʜʫʭʝ) ʠ ʚ 

ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘ ʪʦʧʦʪʘʢʩʠʘʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʕʪʠ ʧʨʝʚʨʘʱʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʣʠʯʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʟʨʫʰʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʢʦʥʪʨʦʣʠʨʫʷ 

ʫʩʣʦʚʠʷ ʜʝʛʠʜʨʘʪʘʮʠʠ, ʤʳ ʤʦʞʝʤ ʚʣʠʷʪʴ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʠ ʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. 

ʋʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʦʙʲʸʤʘ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40 %, ʥʦ ʧʨʠ ʵʪʦʤ 

ʤʘʩʰʪʘʙ ʨʘʟʨʫʰʝʥʠʷ ʨʘʚʝʥ ʦʢʦʣʦ 1 ʤʢʤ ʚ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʙʦʣʝʝ 10 ʤʢʤ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʚ ʚʘʢʫʫʤʝ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʜʝʬʦʨʤʘʮʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʦʠʟʤʝʥʝʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ, 

ʢʦʥʪʨʦʣʠʨʫʷ ʫʩʣʦʚʠʷ ʜʝʛʠʜʨʘʪʘʮʠʠ, ʤʳ ʤʦʞʝʤ ʚʣʠʷʪʴ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʠ ʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʪʘ 

ʨʝʘʢʮʠʠ. 

3.4. ʌʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʤʦʨʬʦʣʦʛʠʶ ʧʨʦʜʫʢʪʘ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ 

Ce2(C2O4)3Ā10H2O 

1) ɺʣʠʷʥʠʝ ʛʘʙʠʪʫʩʘ ʠʩʭʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ɸʥʠʟʦʪʨʦʧʠʷ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʪʦʣʱʠʥʘ ʠ ʛʘʙʠʪʫʩ 

ʢʨʠʩʪʘʣʣʦʚ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʨʦʜʫʢʪʘ ʜʝʛʠʜʨʘʪʘʮʠʠ. ʅʘ ʨʠʩ. 

53ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʢʨʠʩʪʘʣʣʦʚ ʛʘʙʠʪʫʩʦʚ (100) (ʚʝʨʭʥʠʡ ʢʨʠʩʪʘʣʣ) ʠ (010) (ʥʠʞʥʠʡ 

ʢʨʠʩʪʘʣʣ) ʜʦ ʠ ʧʦʩʣʝ ʜʝʛʠʜʨʘʪʘʮʠʠ. ɺʠʜʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʰʠʨʠʥʘ ʢʨʠʩʪʘʣʣʘ 

ʛʘʙʠʪʫʩʘ (100) ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʣʘʩʴ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʷʚʠʣʠʩʴ ʪʨʝʱʠʥʳ. ʇʨʠ ʵʪʦʤ 

ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʦʚ ʛʘʙʠʪʫʩʘ (010) ʥʝʟʥʘʯʠʪʝʣʴʥʳ.  

2) ɺʣʠʷʥʠʝ ʪʦʣʱʠʥʳ ʠʩʭʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʈʘʟʨʫʰʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʧʣʦʩʢʦʩʪʷʤ (010) (ʨʠʩ. 53ʙ). ʄʘʩʰʪʘʙ 

ʨʘʟʨʫʰʝʥʠʷ ʧʨʝʚʳʰʘʝʪ 10 ʤʢʤ, ʧʦʵʪʦʤʫ ʢʨʠʩʪʘʣʣʳ ʛʘʙʠʪʫʩʘ (010), ʠʤʝʶʱʠʝ ʪʦʣʱʠʥʫ ʤʝʥʴʰʝ 

20 ʤʢʤ ʥʝ ʨʘʟʨʫʰʘʶʪʩʷ (ʨʠʩ. 53ʚ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʛʨʘʥʢʘ ʠ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ ʚʣʠʷʶʪ ʥʘ 

ʜʠʩʧʝʨʩʥʦʩʪʴ ʧʨʦʜʫʢʪʘ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ. 

3) ɺʣʠʷʥʠʝ ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʚʦʜʳ 

ʇʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʚ ʚʘʢʫʫʤʝ ʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʨʦʜʥʦʝ ʩʞʘʪʠʝ ʪʦʥʢʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʠʣʠ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʥʘ ʢʨʫʧʥʳʝ ʙʣʦʢʠ (ʙʦʣʝʝ 10 ʤʢʤ) ʪʦʣʩʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʧʩʝʚʜʦʤʦʨʬʦʟʳ (ʨʠʩ. 53ʛ). ʇʨʠ ʤʝʜʣʝʥʥʦʡ ʜʝʛʠʜʨʘʪʘʮʠʠ ʚ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʭ 

ʫʩʣʦʚʠʷʭ (ʟʘʢʨʳʪʳʡ ʢʦʥʪʝʡʥʝʨ ʩ ʥʝʙʦʣʴʰʠʤ ʦʪʚʝʨʩʪʠʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʤʝʜʣʝʥʥʳʡ ʦʪʚʦʜ 
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ʚʦʜʳ ʦʪ ʦʙʨʘʟʮʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ 125 ʜʦ 150 ÁC, ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ï ʜʦ 120 ʯʘʩʦʚ) 

ʢʨʠʩʪʘʣʣ ʨʘʟʚʘʣʠʚʘʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʙʣʦʢʠ ʨʘʟʤʝʨʦʤ ʜʦ 5 ʤʢʤ (ʨʠʩ. 53ʜ). ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ 

ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʜʝʛʠʜʨʘʪʘʮʠʠ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʩʚʷʟʘʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 6-ʛʠʜʨʘʪʘ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʘ ʨʘʟʣʠʯʥʳʭ 

ʪʦʧʦʪʘʢʩʠʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʨʘʟʣʠʯʥʳʤ ʚʝʣʠʯʠʥʘʤ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʜʝʬʦʨʤʘʮʠʠ ʚ ʢʨʠʩʪʘʣʣʝ. ʈʘʟʣʠʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʚʦʜʷʪ ʢ 

ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʚ ʢʨʠʩʪʘʣʣʝ. ʈʝʣʘʢʩʘʮʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʨʫʰʝʥʠʷʤ ʩ ʨʘʟʣʠʯʥʳʤ ʙʣʦʢʦʤ ʜʨʦʙʣʝʥʠʷ ʠ ʘʥʠʟʦʪʨʦʧʠʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʨʦʜʫʢʪʘ ʜʝʛʠʜʨʘʪʘʮʠʠ ʚʣʠʷʶʪ ʨʘʟʤʝʨ, ʦʛʨʘʥʢʘ ʢʨʠʩʪʘʣʣʘ 

ʠ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ (ʨʠʩ. 53). ʄʝʥʷʷ ʵʪʠ ʧʘʨʘʤʝʪʨʳ, ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʤʦʨʬʦʣʦʛʠʶ ʠ ʜʠʩʧʝʨʩʥʦʩʪʴ ʧʨʦʜʫʢʪʘ ʜʝʛʠʜʨʘʪʘʮʠʠ [111].  

 

ʈʠʩʫʥʦʢ 53. ʌʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʤʦʨʬʦʣʦʛʠʶ ʧʨʦʜʫʢʪʘ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ 

Ce2(C2O4)3Ā10H2O [111].  
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 ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊɸɼʀʀ ʆʂʀʉʃʀʊɽʃʔʅʆɻʆ ʊɽʈʄʆʃʀɿɸ 

ɼɽɻʀɼʈɸʊʀʈʆɺɸʅʅʆɻʆ ʆʂʉɸʃɸʊɸ 

4.1. ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʪʝʨʤʦʣʠʟʘ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʦʜʫʢʪʘ 

4.1.1. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʜʠʦʢʩʠʜ ʮʝʨʠʷ ʦʙʨʘʟʫʝʪʩʷ ʚ 

ʚʠʜʝ ʧʩʝʚʜʦʤʦʨʬʦʟʳ. ʅʘ ʨʠʩ. 54 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʜʚʫʭ ʢʨʠʩʪʘʣʣʦʚ 10-ʛʠʜʨʘʪʘ 

ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 1 ʛʨʘʜ/ʤʠʥ ʥʘ ʥʘʛʨʝʚʘʪʝʣʴʥʦʤ ʩʪʦʣʠʢʝ. 

ʆʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ in situ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ 

ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʥʘ ʚʦʟʜʫʭʝ (ʩʤ. ʨʠʩ. 29, ʨʠʩ. 30 ʠ ʨʠʩ. 32), ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ 190 Áʉ ʧʨʦʠʩʭʦʜʠʪ ʫʜʘʣʝʥʠʝ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʠ ʦʙʨʘʟʫʝʪʩʷ ʧʣʦʭʦ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ ʧʨʦʜʫʢʪ ʜʝʛʠʜʨʘʪʘʮʠʠ. ʅʘ 

ʨʠʩ. 54ʙ, ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩ ʢʨʠʩʪʘʣʣʘʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʨʘʟʥʦʡ 

ʪʦʣʱʠʥʳ (ʚʝʨʭʥʠʡ ʢʨʠʩʪʘʣʣ ʠʤʝʝʪ ʪʦʣʱʠʥʫ ʦʢʦʣʦ 50 ʤʢʤ, ʥʠʞʥʠʡ ï 15 ʤʢʤ). ʇʦʩʣʝ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʪʦʥʢʠʡ ʢʨʠʩʪʘʣʣ ʦʩʪʘʸʪʩʷ ʧʨʦʟʨʘʯʥʳʤ ʜʣʷ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ, ʧʨʠ ʵʪʦʤ ʚ ʙʦʣʝʝ 

ʪʦʣʩʪʦʤ ʢʨʠʩʪʘʣʣʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʪʦʤʫ, ʯʪʦ ʩʚʝʪ ʨʘʩʩʝʠʚʘʝʪʩʷ ʥʘ ʥʸʤ 

ʠ ʢʨʠʩʪʘʣʣ ʩʪʘʥʦʚʠʪʩʷ ʪʸʤʥʳʤ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 300 Áʉ ʧʦ ʜʘʥʥʳʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʠ in situ ʈʌɸ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʵʪʦ ʧʨʝʚʨʘʱʝʥʠʝ ʥʠʢʘʢ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʨʦʟʨʘʯʥʦʩʪʴ ʪʦʥʢʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʪʦʣʩʪʳʡ ʢʨʠʩʪʘʣʣ ʝʱʸ ʩʠʣʴʥʝʝ ʧʦʢʨʳʚʘʝʪʩʷ ʪʨʝʱʠʥʘʤʠ ʠ ʩʪʘʥʦʚʠʪʩʷ ʘʙʩʦʣʶʪʥʦ 

ʥʝʧʨʦʟʨʘʯʥʳʤ ʜʣʷ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ.  

 

ʈʠʩʫʥʦʢ 54. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʢʨʠʩʪʘʣʣʦʚ 

Ce2(C2O4)3Ā10H2O: ʘ) ʠʩʭʦʜʥʳʝ ʢʨʠʩʪʘʣʣʳ; ʙ) ʧʨʦʜʫʢʪ ʜʝʛʠʜʨʘʪʘʮʠʠ (ʥʘʛʨʝʚ ʜʦ 190 Áʉ); ʚ) 

ʜʠʦʢʩʠʜ ʮʝʨʠʷ (ʥʘʛʨʝʚ ʜʦ 300 Áʉ). ʋʚʝʣʠʯʝʥʠʝ 100x. 

ʅʘ ʨʠʩ. 55ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʪʝʭ ʞʝ ʢʨʠʩʪʘʣʣʦʚ ʧʦʩʣʝ ʥʘʛʨʝʚʘʥʠʷ ʜʦ 300 Áʉ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɺʠʜʥʦ, ʯʪʦ ʚʩʷ ʧʦʚʝʨʭʥʦʩʪʴ 
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ʪʦʣʩʪʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʦʢʨʳʪʘ ʪʨʝʱʠʥʘʤʠ, ʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʘʙʩʦʣʶʪʥʦ ʥʝ 

ʚʠʜʥʦ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʵʣʝʢʪʨʦʥʥʳʝ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʨʦʜʫʢʪʘ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʪʝʨʤʦʣʠʟʘ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʇʕʄ). ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʤʠʢʨʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʘ (ʨʠʩ. 55ʙ). ʇʩʝʚʜʦʤʦʨʬʦʟʘ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʩʦʩʪʦʠʪ 

ʠʟ ʥʘʥʦʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 5ï6 ʥʤ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʩʥʠʤʢʘʭ ʩ 

ʇʕʄ. ʇʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʦʥʦʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʦʢʨʫʞʥʦʩʪʠ ʠ ʥʘ ʥʝʡ 

ʥʝ ʚʠʜʥʦ ʦʪʜʝʣʴʥʳʭ ʨʝʬʣʝʢʩʦʚ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʯʘʩʪʠʮʳ ʚ ʧʩʝʚʜʦʤʦʨʬʦʟʝ ʠʤʝʶʪ ʩʣʫʯʘʡʥʫʶ 

ʦʨʠʝʥʪʘʮʠʶ, ʦʙʨʘʟʝʮ ʥʝ ʦʙʣʘʜʘʝʪ ʪʝʢʩʪʫʨʦʡ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ 

ʩʪʨʫʢʪʫʨʳ ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʠ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ, ʤʝʞʜʫ ʥʠʤʠ 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʠʡ. 

 

ʈʠʩʫʥʦʢ 55. ʘ) ʉʕʄ ʩʥʠʤʢʠ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ; ʙ) ʧʦ ʜʘʥʥʳʤ ʇʕʄɺʈ ʠ 

ʵʣʝʢʪʨʦʥʦʛʨʘʬʠʠ ʧʩʝʚʜʦʤʦʨʬʦʟʘ ʩʦʩʪʦʠʪ ʠʟ ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ, ʠʤʝʶʱʠʭ 

ʨʘʟʤʝʨ ʦʢʦʣʦ 5 ʥʤ. 

4.1.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʤʝʪʦʜʘʤʠ: ʈʌɸ ʠ ʄʋʈʈ 

ʅʘ ʨʠʩ. 56 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ 10-ʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʮʝʨʠʷ ʚ 2 ʩʪʘʜʠʠ: ʜʝʛʠʜʨʘʪʘʮʠʷ ʚ ʚʘʢʫʫʤʝ ʧʨʠ 

100 Áʉ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ, ʟʘʪʝʤ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʪʝʨʤʦʣʠʟ ʦʢʩʘʣʘʪʘ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 250 Áʉ ʚ 

ʪʝʯʝʥʠʝ 15 ʯʘʩʦʚ. ɺʠʜʥʦ, ʯʪʦ ʧʦʣʦʞʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ, ʘ ʪʘʢʞʝ ʠʭ 
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ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʦʞʝʥʠʷʤ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤ ʧʠʢʦʚ ʠʟ ʢʘʨʪʦʯʢʠ ʙʘʟʳ 

ʧʦʨʦʰʢʦʚʳʭ ʜʘʥʥʳʭ JCPDF 34ï0394 (ʥʘ ʨʠʩ. 56 ʦʪʤʝʯʝʥʳ ʢʨʘʩʥʳʤʠ ʣʠʥʠʷʤʠ). ʊʘʢʦʡ ʥʘʙʦʨ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʨʝʬʣʝʢʩʦʚ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʦʤ ʬʣʶʦʨʠʪʘ (ʩʤ. 

ʨʠʩ. 1). ɺʠʜʥʦ, ʯʪʦ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʤʘʢʩʠʤʫʤʳ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʷʚʣʷʶʪʩʷ ʫʰʠʨʝʥʥʳʤʠ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʘʣʦʤ ʨʘʟʤʝʨʝ ʯʘʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʭ ʧʩʝʚʜʦʤʦʨʬʦʟʫ. ʀʟ ʫʰʠʨʝʥʠʷ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʧʠʢʦʚ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʚ ʧʨʦʛʨʘʤʤʝ TOPAS ʙʳʣ ʚʳʯʠʩʣʝʥ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

(ʦʢʦʣʦ 5 ʥʤ) ʠ ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ (0,5427 ʥʤ). 

 

ʈʠʩʫʥʦʢ 56. ʇʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʦʢʠʩʣʝʥʠʝʤ 

ʦʢʩʘʣʘʪʘ ʧʨʠ 250 Áʉ 

ɺ ʣʠʪʝʨʘʪʫʨʝ [112] ʠʤʝʪʁʩʷ ʜʘʥʥʳʝ ʧʦ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʦʪ 

ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ CeO2 (ʨʠʩ. 57). ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʘʨʘʤʝʪʨ ʨʝʰʸʪʢʠ 

ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʚʳʰʝ, ʯʝʤ ʫ 

ʤʘʩʩʠʚʥʦʛʦ ʦʙʨʘʟʮʘ ï ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ 

ʯʘʩʪʠʮ ʤʝʥʝʝ 10 ʥʤ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ 

ʚʦʟʨʘʩʪʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ʢʫʙʠʯʝʩʢʦʡ ʷʯʝʡʢʠ. ʕʪʦ, 

ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʪʦʤʦʚ ʠ ʯʘʩʪʠʯʥʳʤ ʫʜʘʣʝʥʠʝʤ 

ʢʠʩʣʦʨʦʜʘ ʠʟ ʩʪʨʫʢʪʫʨʳ. ɺʟʘʠʤʥʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ 

ʈʠʩʫʥʦʢ 57. ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ 

ʨʝʰʸʪʢʠ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ CeO2 [112] 
























































































