
ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʋʂʈɸɰʅʀ 

çʂʀɰɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊ 

ʽʤʝʥʽ ɯɻʆʈʗ ʉɯʂʆʈʉʔʂʆɻʆè 

ʍɯʄɯʂʆ-ʊɽʍʅʆʃʆɻɯʏʅʀʁ ʌɸʂʋʃʔʊɽʊ 
 (ʧʦʚʥʝ ʥʘʡʤʝʥʫʚʘʥʥʷ ʽʥʩʪʠʪʫʪʫ,  ʬʘʢʫʣʴʪʝʪʫ) 

 

ʂɸʌɽɼʈɸ ʍɯʄɯʏʅʆɰ ʊɽʍʅʆʃʆɻɯɰ ʂɽʈɸʄɯʂʀ ʊɸ ʉʂʃɸ  

 (ʧʦʚʥʘ ʥʘʟʚʘ ʢʘʬʝʜʨʠ  

 
çʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫè 

ʋɼʂ ______________ 
çɼʦ ʟʘʭʠʩʪʫ ʜʦʧʫʱʝʥʦè 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

____________ ɹ.ʖ. ʂʦʨʥʽʣʦʚʠʯ 

          (ʧʽʜʧʠʩ)           (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ) 

 ç___è ʪʨʘʚʥʷ 2018 ʨ. 

 

 

ʄʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ 

ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ ʤʘʛʽʩʪʨʘ 

ʟ̔ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 161 çʍʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʞʝʥʝʨʽʷè 

ʥʘ ʪʝʤʫ: çʅʦʚʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʧʦʪʨʽʡʥʦʾ ʩʠʩʪʝʤʠ ZrO2 ï CeO2 ï Eu2O3è 

 

ɺʠʢʦʥʘʣʘ:  

ʩʪʫʜʝʥʪʢʘ VI ʢʫʨʩʫ, ʛʨʫʧʠ Xʄ-61ʤ  

ʐʝʥʜʨʽʢ ɸʣʽʩʘ ʆʣʝʛʽʚʥʘ __________ 

ʂʝʨʽʚʥʠʢ:  

ʢ.ʭ.ʥ., ʜʦʮʝʥʪ 

ʉʧʘʩʴʦʥʦʚʘ ʃʘʨʠʩʘ ʄʠʢʦʣʘʾʚʥʘ __________ 

ʈʝʮʝʥʟʝʥʪ: 

 

 __________ 
 

 

 

ɿʘʩʚʽʜʯʫʶ, ʱʦ ʫ ʮʽʡ ʤʘʛʽʩʪʝʨʩʴʢʽʡ 

ʜʠʩʝʨʪʘʮʽʾ ʥʝʤʘʻ ʟʘʧʦʟʠʯʝʥʴ ʟ ʧʨʘʮʴ ʽʥʰʠʭ 

ʘʚʪʦʨʽʚ ʙʝʟ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʩʠʣʘʥʴ 

 

ʉʪʫʜʝʥʪʢʘ ____________ 

 

ʂʠʾʚ ï 2018 ʨʦʢʫ 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʍɯʄɯʂʆ-ʊɽʍʅʆʃʆɻɯʏʅʀʁ ʌɸʂʋʃʔʊɽʊ 
 (ʧʦʚʥʝ ʬʘʢʫʣʴʪʝʪʫ) 

 

ʂɸʌɽɼʈɸ ʍɯʄɯʏʅʆɰ ʊɽʍʅʆʃʆɻɯɰ ʂɽʈɸʄɯʂʀ ʊɸ ʉʂʃɸ  

 (ʧʦʚʥʘ ʥʘʟʚʘ ʢʘʬʝʜʨʠ)  

 

ʈʽʚʝʥʴ ʚʠʱʦʾ ʦʩʚʽʪʠ ï ʜʨʫʛʠʡ (ʤʘʛʽʩʪʝʨʩʴʢʠʡ) ʟʘ ʦʩʚʽʪʥʴʦ-ʥʘʫʢʦʚʦʶ 

ʧʨʦʛʨʘʤʦʶ  

ʉʧʝʮʽʘʣʴʥʽʩʪʴ  ï 161 çʍʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʞʝʥʝʨʽʷè 

Cʧʝʮʽʘʣʽʟʘʮʽʷ   ï  çʍʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʢʝʨʘʤʽʢʠ ʽ ʩʢʣʘè 

 

ɿɸʊɺɽʈɼɾʋʖ 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

                                                                               ____________ ɹ.ʖ. ʂʦʨʥʽʣʦʚʠʯ 

                                                                                    (ʧʽʜʧʠʩ)           (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ) 

                                                                          ç___è ʪʨʘʚʥʷ 2018 ʨ. 

 

ɿɸɺɼɸʅʅʗ 

ʥʘ ʤʘʛʽʩʪʝʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ ʩʪʫʜʝʥʪʫ 

ʐʝʥʜʨʽʢ ɸʣʽʩʽ ʆʣʝʛʽʚʥʽ 

1. ʊʝʤʘ ʜʠʩʝʨʪʘʮʽʾ çʅʦʚʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʧʦʪʨʽʡʥʦʾ ʩʠʩʪʝʤʠ ZrO2 ï CeO2 ï 

Eu2O3è, ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜʠʩʝʨʪʘʮʽʾ ʉʧʘʩʴʦʥʦʚʘ ʃʘʨʠʩʘ ʄʠʢʦʣʘʾʚʥʘ, ʢ.ʭ.ʥ., 

ʜʦʮʝʥʪ, ʟʘʪʚʝʨʜʞʝʥʽ ʥʘʢʘʟʦʤ ʧʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʽʜ ç23è ʢʚʽʪʥʷ 2018 ʨ.             

 ̄1208-ʩ 

2. ʊʝʨʤʽʥ ʧʦʜʘʥʥʷ ʩʪʫʜʝʥʪʦʤ ʜʠʩʝʨʪʘʮʽʾ 22.05.2018 ʨ. 

3. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʪʨʴʦʭʬʘʟʥʘ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʽ ZrO2 ï CeO2 ï Eu2O3 

ʧʨʠ 1100-1500Áʉ ʪʘ ʜʚʦʬʘʟʥʘ ʩʠʩʪʝʤʘ CeO2 ï Eu2O3 ʧʨʠ 600-1500 Áʉ ʚ ʫʩʴʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ. 

4. ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʚʯʝʥʥʷ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʫʪʚʦʨʝʥʠʭ ʬʘʟ. 
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5. ɿʘʚʜʘʥʥʷʤ ʻ ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʧʨʦ ʪʨʴʦʭʬʘʟʥʫ ʩʠʩʪʝʤʫ ʪʘ 

ʨʦʟʨʦʙʢʘ ʚʠʩʥʦʚʢʽʚ ʚʽʜʥʦʩʥʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫʪʚʦʨʝʥʠʭ ʬʘʟ, 

ʟʥʘʭʦʜʞʝʥʥʷ ʛʨʘʥʠʮʴ ʨʦʟʯʠʥʥʦʩʪʽ ʪʘ  ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ. 

6. ʄʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ 33 ʨʠʩʫʥʢʠ, ʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʘʭ ʪʘ ʝʣʝʤʝʥʪʠ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. ʊʘʢʦʞ ʚʦʥʘ 

ʤʽʩʪʠʪʴ 7 ʪʘʙʣʠʮʴ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʟʨʘʟʢʽʚ ʪʘ 

ʧʘʨʘʤʝʪʨʘʤʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ. 

7. ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 62 ʣʽʪʝʨʘʪʫʨʥʠʭ ʧʦʩʠʣʘʥʥʷ. 

9. ɼʘʪʘ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ  16.03.2018 

ʂʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ 
ˉ 

ʟ/ʧ 

ʅʘʟʚʘ ʝʪʘʧʽʚ ʚʠʢʦʥʘʥʥʷ  

ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ 

ʊʝʨʤʽʥ ʚʠʢʦʥʘʥʥʷ ʝʪʘʧʽʚ 

ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ 
ʇʨʠʤʽʪʢʘ 

1. ʈʦʟʨʦʙʢʘ ʣʽʪʝʨʘʪʫʨʥʦʛʦ ʦʛʣʷʜʫ  16.03.18 ï 31.03.18  

2. ʆʧʠʩ ʤʝʪʦʜʽʚ ʧʨʠʛʦʪʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʪʘ 

ʤʝʪʦʜʽʚ ʽʭ ʜʦʩʣʽʜʞʝʥʥʷ 

31.03.18  - 9.04.18  

3. ʋʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ 

ʩʠʩʪʝʤ ʪʘ ʩʪʚʦʨʝʥʥʷ ʚʠʩʥʦʚʢʽʚ 

9.04.18 ï 4.05.18  

4. ʈʦʟʨʦʙʢʘ ʽʥʥʦʚʘʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʜʦʩʣʽʜʞʝʥʥʷ 

4.05.18 ï 11.05.18  

5. ʇʽʜʛʦʪʦʚʢʘ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ 11.05.18 ï 20.05.18  

    

    

    

 

 

ʉʪʫʜʝʥʪ                                                  _________  ______________________ 

                                                                                 (ʧʽʜʧʠʩ)                               (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ) 

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜʠʩʝʨʪʘʮʽʾ                   _________  ______________________ 

                                                                                     (ʧ̔ʜʧʠʩ)                               (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ) 
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ʉʇʀʉʆʂ  ʋʄʆɺʅʀʍ  ʇʆɿʅɸʏɽʅʔ 

 

ʉʪʨʫʢʪʫʨʘ  ̔ʧʦʟʥʘʯʝʥʥʷ ʬʘʟ: 

ɸ ï ʛʝʢʩʘʛʦʥʘʣʴʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʦʢʩʠʜʽʚ ʈɿɽ 

ɺ ï ʤʦʥʦʢʣʽʥʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʦʢʩʠʜʽʚ ʈɿɽ 

ʉ ï ʢʫʙʽʯʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʦʢʩʠʜʽʚ ʈɿɽ 

ʅ ï ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʦʢʩʠʜʽʚ ʈɿɽ 

ʍ ï ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʢʫʙʽʯʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʦʢʩʠʜʽʚ ʈɿɽ 

F ï ʢʫʙʽʯʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʪʠʧʫ ʬʣʶʦʨʠʪʫ 

M ï ʤʦʥʦʢʣʠʥʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʦʢʩʠʜʫ ʮʠʨʢʦʥʽʶ 

T ï ʪʝʪʨʘʛʦʥʘʣʴʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʦʢʩʠʜʫ ʮʠʨʢʦʥʽʶ 

Py ï ʧʨʦʤʽʞʥʘ ʬʘʟʘ Eu2Zr2O7, ʷʢʘ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʚ ʢʫʙʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʪʠʧʫ 

ʧʽʨʦʭʣʦʨʫ  

< > - ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʥʘ ʦʩʥʦʚʽ ʬʘʟʠ, ʷʢʘ ʟʘʟʥʘʯʝʥʘ ʚ ʜʫʞʢʘʭ  

ʦʩʥ. ï ʬʘʟʘ, ʱʦ ʩʢʣʘʜʘʻ ʦʩʥʦʚʫ 

ʩʣ. ï ʩʣʽʜʠ ʬʘʟʠ 

ŷ - ʚʤʽʩʪ ʬʘʟʠ ʟʙʽʣʴʰʫʻʪʴʩʷ 

Ź - ʢʽʣʴʢʽʩʪʴ ʬʘʟʠ ʟʤʝʥʰʫʻʪʴʩʷ 

 ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ 

 

ʃʈʉɸ - ʣʦʢʘʣʴʥʠʡ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ 
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ɺʉʊʋʇ 

 

ʅʘʨʘʟʽ ʧʦʪʨʝʙʘ ʚ ʥʦʚʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʟʨʦʩʪʘʻ ʚ ʤʽʨʫ 

ʨʦʟʚʠʪʢʫ ʽʩʥʫʶʯʠʭ ʪʘ ʧʦʷʚʠ ʥʦʚʠʭ ʛʘʣʫʟʝʡ, ʩʘʤʝ ʪʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ  ʬʘʟʦʚʠʭ 

ʨʽʚʥʦʚʘʛ ʚ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʤʘʻ ʷʢ ʧʨʘʢʪʠʯʥʠʡ, ʪʘʢ ʽ ʥʘʫʢʦʚʠʡ ʽʥʪʝʨʝʩ.  

ʄʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʦʢʩʠʜʽʚ ʮʠʨʢʦʥʽʶ ʪʘ ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 

(ʈɿɽ) ʤʘʶʪʴ ʨʷʜ  ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʚʦʥʠ ʷʚʣʷʶʪʴʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʝʥʝʨʛʝʪʠʮʽ, ʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʤʝʜʠʮʠʥʽ, ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. 

ɺʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʥʦʩʦʩʪʽʡʢʽʩʪ,ʁ ʪʝʨʤʦʩʪʽʡʢʽʩʪʶ,  ʚʠʩʦʢʦʶ 

ʤʽʮʥʽʩʪ,ʁ ʭʽʤʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ, ʽʦʥʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ, ʱʦ ʦʙʫʤʦʚʣʶʻ 

ʤʦʞʣʠʚʽʩʪʴ ʰʠʨʦʢʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ 

ʩʪʚʦʨʝʥʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʢʝʨʘʤʽʢʠ ʟ ʧʽʜʚʠʱʝʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [1-16].   

ʉʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʦʢʩʠʜʽʚ ʮʠʨʢʦʥʽʶ, ʮʝʨʽʶ ʪʘ ʣʘʥʪʘʥʦʾʜʽʚ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʝʧʣʦʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ ʽ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʦʢ 

[17-27]. ʂʨʽʤ ʮʴʦʛʦ, ʮʽ ʩʠʩʪʝʤʠ ʩʧʨʦʤʦʞʥʽ ʜʣʷ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʷʜʝʨʥʽʡ ʝʥʝʨʛʝʪʠʮʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʙʝʟʧʝʯʥʠʭ ʪʘ ʥʘʜʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫʪʠʣʽʟʘʮʽʾ 

ʚʽʜʭʦʜʽʚ ʘʪʦʤʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

ɼʽʦʢʩʠʜ ʮʠʨʢʦʥʽʶ, ʩʪʘʙʽʣʽʟʦʚʘʥʠʡ ʦʢʩʠʜʘʤʠ ʈɿɽ, ʤʘʻ ʫʥʽʢʘʣʴʥʫ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫ ʽʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ, ʷʢʘ ʻ ʥʝʦʙʭʽʜʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʛʘʟʦʚʠʭ ʩʝʥʩʦʨʽʚ ʪʘ ʜʘʪʯʠʢʽʚ, ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʭ 

ʤʝʤʙʨʘʥ, ʝʣʝʢʪʨʦʣʽʟʝʨʽʚ, ʢʦʤʽʨʦʢ ʜʣʷ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʽ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʊʚʝʨʜʽ ʨʦʟʯʠʥʠ ʥʘ ʦʩʥʦʚʽ ʜʽʦʢʩʠʜʫ ʮʠʨʢʦʥʽʶ ʩʪʘʥʦʚʣʷʪʴ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʽ ʝʣʝʢʪʨʦʣʽʪʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʨʠ ʧʦʤʽʨʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʦʩʢʽʣʴʢʠ ʾʭ ʽʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʪʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʢʠʩʥʶ 

ʥʘʙʘʛʘʪʦ ʚʠʱʘ, ʥʽʞ ʫ ʦʢʩʠʜʫ ʮʠʨʢʦʥʽʶ ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ ʦʢʩʠʜʦʤ ʽʪʨʽʶ. 

ʊʝʧʣʦʟʘʭʠʩʥʽ ʧʦʢʨʠʪʪʷ ʟ ʧʦʜʚʽʡʥʠʤ ʢʝʨʘʤʽʯʥʠʤ ʰʘʨʦʤ ʟ ʦʢʩʠʜʫ ʮʝʨʽʶ ʪʘ 
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ʬʘʟʠ ʪʠʧʫ ʧʽʨʦʭʣʦʨʫ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʘ ʨʦʙʦʯʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, 

ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʭʽʤʽʯʥʫ ʽʥʝʨʪʥʽʩʪʴ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʪʝʧʣʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʰʠʨʝʥʥʷ ʟ ʤʝʪʘʣʽʯʥʦʶ ʧʽʜʣʦʞʢʦʶ, ʛʘʨʥʫ ʘʜʛʝʟʽʶ 

ʜʦ ʤʝʪʘʣʽʯʥʦʾ ʦʩʥʦʚʠ ʪʘ ʥʠʟʴʢʫ ʰʚʠʜʢʽʩʪʴ ʩʧʽʢʘʥʥʷ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʄʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʜʽʦʢʩʠʜʫ ʮʠʨʢʦʥʽʶ ʽ ʩʧʦʣʫʢ 

ʪʠʧʫ ʧʽʨʦʭʣʦʨʫ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʥʠʟʴʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʚ ʧʦʻʜʥʘʥʥʽ ʟ 

ʧʦʣʽʧʰʝʥʠʤʠ  ʤʝʭʘʥʽʯʥʠʤʠ  ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʦʞʫʪʴ ʙʫʪʠ  ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʨʤʦʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ [3, 15, 24].  

ɺ̔ ʜʦʤʦʩʪʽ ʧʨʦ ʬʘʟʦʚ ̔ʨʽʚʥʦʚʘʛʠ ʚ ʧʦʜʚʽʡʥʠʭ ʪʘ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤʘʭ 

ʦʙʤʝʞʝʥʽ. ʇʦʪʨʽʡʥʘ ʩʠʩʪʝʤʘ ʚʠʚʯʝʥʘ ʤʘʣʦ, ʱʦ ʽ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʽʘʛʨʘʤ ʩʪʘʥʫ ʮʽʻʾ ʩʠʩʪʝʤʠ ʪʘ ʦʙʤʝʞʫʶʯʠʭ 

ʧʦʜʚʽʡʥʠʭ ʩʠʩʪʝʤ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʽ ʢʦʥʮʝʥʪʨʘʮʽʡ. ɿʥʘʥʥʷ 

ʜʽʘʛʨʘʤ ʩʪʘʥʫ ʦʢʩʠʜʥʠʭ ʩʠʩʪʝʤ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʩʢʣʘʜʽʚ 

ʢʝʨʘʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʫʤʦʚ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ 

ʜʦʩʣʽʜʞʝʥʴ ʤʘʻ ʙʫʪʠ ʜʦʩʠʪʴ ʰʠʨʦʢʠʤ, ʦʩʢʽʣʴʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʘʣʝ ʽ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʮʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʻ ʥʘʛʘʣʴʥʠʤ ʧʠʪʘʥʥʷ ʦʥʦʚʣʝʥʥʷ ʫ ʩʬʝʨʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʨʽʰʝʥʥʷ ʯʦʛʦ ʤʘʻ ʩʪʘʪʠ ʝʢʦʥʦʤʽʯʥʠʤ ʽ 

ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʤ ʰʣʷʭʦʤ ʽ ̒ ʯʠ ʥʝ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʤ ʪʘ ʛʣʦʙʘʣʴʥʠʤ 

ʟʘʚʜʘʥʥʷʤ, ʷʢʝ ʩʪʦʾʪʴ ʧʝʨʝʜ ʥʘʫʢʦʚʮʷʤʠ ʽʥʰʠʭ ʢʨʘʾʥ. ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʩʝʨʡʦʟʥʠʤʠ ʝʢʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʙʣʝʤʘʤʠ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʰʢʽʜʣʠʚʠʭ ʧʨʦʜʫʢʪʽʚ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ ʚ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘʭ ʽ ʜʚʠʛʫʥʘʭ ʘʚʪʦʤʦʙʽʣʽʚ ʽ ʤʘʰʠʥ  

ʚʠʢʠʜʘʻʪʴʩʷ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɺ ʟʚôʷʟʢʫ ʟ ʯʠʤ ʩʪʚʦʨʶʻʪʴʩʷ 

ʧʘʨʥʠʢʦʚʠʡ ʝʬʝʢʪ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʥʘ ʧʣʘʥʝʪʽ. 

 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ: 
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ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʬʘʟ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʚ ʧʦʜʚʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ZrO2 ï CeO2 , ZrO2 ï Eu2O3, 

CeO2 ï Eu2O3  ʪʘ ʧʦʪʨʽʡʥʽʡ ʩʠʩʪʝʤʽ ZrO2 ï CeO2 ï Eu2O3  ʚ ʫʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡ. 

ɿʘʚʜʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ: 

ɺʠʚʯʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫʪʚʦʨʝʥʠʭ ʬʘʟ. ɺʠʟʥʘʯʝʥʥʷ 

ʛʨʘʥʠʮʴ ʨʦʟʯʠʥʥʦʩʪʽ, ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʨʝʢʦʤʝʥʜʘʮʽʷʭ ʱʦʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʩʣʽʜʞʝʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ ʥʦʚʦʛʦ 

ʧʦʢʦʣʽʥʥʷ. 
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1 ʃɯʊɽʈɸʊʋʈʅʀʁ ʆɻʃʗɼ ɺʃɸʉʊʀɺʆʉʊɽʁ ʆʂʉʀɼɯɺ ʎʀʈʂʆʅɯʖ, 

ʎɽʈɯʖ, ɽɺʈʆʇɯʖ ʊɸ ɰʍ ʉʀʉʊɽʄ 

 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʢʩʠʜʽʚ ʮʠʨʢʦʥʽʶ, ʻʚʨʦʧʽʶ ʪʘ ʮʝʨʽʶ 

ʧʦʣʷʛʘʶʪʴ ʫ ʧʨʠʨʦʜʽ ʩʘʤʠʭ ʈɿɽ, ʚʦʥʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʯʠʩʣʘ ʥʘʡʙʽʣʴʰ 

ʪʫʛʦʧʣʘʚʢʠʭ ʩʧʦʣʫʢ  ʢʠʩʥʶ ʪʘ ʤʝʪʘʣʫ. 

1.1 ɺʣʘʩʪʠʚʦʩʪʽ ZrO 2 

 

ʅʘʡʙʽʣʴʰʫ ʩʪʽʡʢʽʩʪʴ ʧʨʦʷʚʣʷʻ ʦʢʩʠʜ ʮʠʨʢʦʥʽʶ, ʟʘʚʜʷʢʠ ʩʚʦʾʤ 

ʘʤʦʨʬʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʥʝ ʨʦʟʯʠʥʷʪʠʩʷ ʫ ʨʦʟʧʣʘʚʘʭ, ʙʽʣʴʰʦʩʪʽ ʣʫʛʽʚ ʪʘ 

ʢʠʩʣʦʪ, ʤʘʻ ʜʫʞʝ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʘʚʣʝʥʥʷ ʊʧʣ = 2900 Áʉ. 

ʇʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʪʠʩʢʫ ʦʢʩʠʜ ʮʠʨʢʦʥʽʶ ʽʩʥʫʻ ʚ ʪʨʴʦʭ ʧʦʣʽʤʦʨʬʥʠʭ 

ʤʦʜʠʬʽʢʘʮʽʷʭ ï ʤʦʥʦʢʣʽʥʥʽʡ, ʪʝʪʨʘʛʦʥʘʣʴʥʽʡ, ʢʫʙʽʯʥʽʡ, ʩʪʽʡʢʠʭ ʫ ʧʝʚʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽʥʪʝʨʚʘʣʘʭ. ʇʨʠ ʚʠʩʦʢʦʤʫ ʪʠʩʢʫ (>50 ʇʘ) ʽʩʥʫʻ ʱʝ ʦʜʥʘ, 

ʯʝʪʚʝʨʪʘ ʤʦʜʠʬʽʢʘʮʽʷ, ʩʪʨʫʢʪʫʨʘ ʷʢʦʾ ʦʜʥʦʟʥʘʯʥʦ ʥʝ ʚʩʪʘʥʦʚʣʝʥʘ. 

ʄʦʥʦʢʣʽʥʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʟʚʦʨʦʪʥʦɹ ʧʝʨʝʭʦʜʠʪʴ ʚ 

ʪʝʪʨʘʛʦʥʘʣʴʥʫ ʬʦʨʤʫ. ʌʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʪʠʧʫ ʤʘʨʪʝʥʩʠʪʥʦʛʦ, 

ʪʦʙʪʦ ʚʟʘʻʤʥʦ ʧʝʨʝʭʽʜʥʽ ʩʪʨʫʢʪʫʨʠ ʻ ʙʣʠʟʴʢʠʤʠ ʽ  ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʦʜʥʘ ʚ 

ʦʜʥʫ ʙʝʟ ʨʦʟʨʠʚʫ ʟʚô̫ ʟʢʽʚ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʛʽʩʪʝʨʝʟʠʩʫ 

ʧʦʣʽʤʦʨʬʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʽ ʟʤʽʥʦʶ ʦʙôʻʤʫ. ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʤʦʥʦʢʣʽʥʥʦʾ 

ʤʦʜʠʬʽʢʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʥʽʟʦʪʨʦʧʥʝ ʨʦʟʰʠʨʝʥʥʷ, ʧʨʠʯʦʤʫ ʽʥʪʝʥʩʠʚʥʦ 

ʨʦʩʪʫʪʴ ʪʽʣʴʢʠ ʧʘʨʘʤʝʪʨʠ ʘ ʪʘ ʩ [28], ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʧʽʜʛʦʪʦʚʢʦʶ ʜʦ 

ʧʝʨʝʭʦʜʫ ʫ ʪʝʪʨʘʛʦʥʘʣʴʥʫ ʤʦʜʠʬʽʢʘʮʽʶ.  

ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ  ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 2200 ÁC ʪʝʪʨʘʛʦʥʘʣʴʥʘ ʤʦʜʠʬʽʢʘʮʽʷ 

ʦʢʩʠʜʫ ʮʠʨʢʦʥʽʶ ʧʝʨʝʭʦʜʠʪʴ  ʚ ʢʫʙʽʯʥʫ (ʪʠʧʫ ʬʣʶʦʨʠʪʫ) [29]. 
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ʈʠʩʫʥʦʢ 1.1 ï ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ M-ZrO2 [30] 

 

 

 
ʈʠʩʫʥʦʢ 1.2 ï ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʊ-ZrO2 [30] 
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ʈʠʩʫʥʦʢ 1.3 ï ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ F-ZrO2 [30] 

 

1.2 ɺʣʘʩʪʠʚʦʩʪʽ ʉʝO2 

 

ʎʝʨʽʡ, ʟʘ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ, ʧʨʦʷʚʣʷʻ ʩʪʫʧʽʥʴ ʦʢʠʩʥʝʥʥʷ 4+, 

ʫʪʚʦʨʶʶʯʠ ʦʢʩʠʜ ʉʝO2 , ʷʢʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʱʝ 1500 Áʉ ʧʝʨʝʭʦʜʠʪʴ ʫ 

ʩʝʩʢʚʠʦʢʩʠʜ ʉʝ2O3. ʆʢʩʠʜ ʮʝʨʽʶ (ɯV) ʚ ʧʨʠʨʦʜʽ ʻ ʫ ʚʠʛʣʷʜʽ ʨʦʟʩʠʧʫ ʱʽʣʴʥʦʛʦ 

ʪʦʥʢʦʟʝʨʥʠʩʪʦʛʦ ʧʦʨʦʰʢʫ ʞʦʚʪʦʛʦ ʢʦʣʴʦʨʫ ʟ ʊʧʣ = 2400 Áʉ. 

ɼʣʷ ʦʢʩʠʜʫ ʮʝʨʽʶ (ɯV) ʩʪʘʙʽʣʴʥʦʶ ʻ ʢʫʙʽʯʥʘ (ʉ) ʤʦʜʠʬʽʢʘʮʽʷ 

(ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ ɯʘ3), ʘ ʜʣʷ ʦʢʩʠʜʫ ʮʝʨʽʶ (ɯɯɯ)  - ʛʝʢʩʘʛʦʥʘʣʴʥʘ (ɸ) 

ʤʦʜʠʬʽʢʘʮʽʷ (ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʤʘʻ ʬʦʨʤʫ ʦʢʪʘʝʜʨʘ) [31]. 
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ʉʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1.9 -1.10. 

 
ʈʠʩʫʥʦʢ 1.9 ï ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ F-ʉʝO2(ʪʠʧʫ ʬʣʶʦʨʠʪʫ) [31] 

 

 
ʈʠʩʫʥʦʢ 1.10 ï ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʉʝ2O3 [31] 

 

 

 

1.3 ʇʦʣʽʤʦʨʬʽʟʤ 
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ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽʦʥʥʦʛʦ  ʨʘʜʽʫʩʫ ʢʘʪʽʦʥʽʚ R ʨʦʟʨʽʟʥʷʶʪʴ 

ʧôʷʪʴ ʧʦʣʽʤʦʨʬʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʦʢʩʠʜʽʚ ʈɿɽ: ʛʝʢʩʘʛʦʥʘʣʴʥʘ (ɸ), ʤʦʥʦʢʣʽʥʥʘ 

(ɺ), ʢʫʙʽʯʥʘ (ʉ), ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʘ (ʅ), ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ 

ʢʫʙʽʯʥʘ (ʍ). ʂʨʠʩʪʘʣʽʯʥʽ ʩʪʨʫʢʪʫʨʠ ʚʩʽʭ ʧʦʣʽʤʦʨʬʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1.4.-1.8 [32-33]. 

 
ǒ - ʢʠʩʝʥʴ; ǒ - ʈɿɽ 

ʈʠʩʫʥʦʢ 1.4 ï ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ A-ʪʠʧʫ ʦʢʩʠʜʽʚ R2O3 [34] 

 

 
ǒ - ʢʠʩʝʥʴ; ǒ - ʈɿɽ 

ʈʠʩʫʥʦʢ 1.5 ï ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ɺ-ʪʠʧʫ ʦʢʩʠʜʽʚ R2O3 [34] 
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ǒ - ʢʠʩʝʥʴ; ǒ - ʈɿɽ 

ʈʠʩʫʥʦʢ 1.6 ï ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʉ-ʪʠʧʫ ʦʢʩʠʜʽʚ R2O3 [34] 

 
ǒ - ʢʠʩʝʥʴ; ǒ - ʈɿɽ 

ʈʠʩʫʥʦʢ 1.7 ï ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʅ-ʪʠʧʫ ʦʢʩʠʜʽʚ R2O3 [34] 
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ǒ - ʢʠʩʝʥʴ; ǒ - ʈɿɽ 

ʈʠʩʫʥʦʢ 1.8 ï ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʍ-ʪʠʧʫ ʦʢʩʠʜʽʚ R2O3 [34] 

 

ɺʩʽ ʨʽʜʢʦʟʝʤʝʣʴʥʽ ʝʣʝʤʝʥʪʠ (ʈɿɽ) ʫʪʚʦʨʶʶʪʴ ʦʢʩʠʜʠ ʪʠʧʫ ʄ2ʆ3. 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʢʩʠʜʽʚ ʈɿɽ, ʩʪʨʫʢʪʫʨʘ, ʧʦʣʽʤʦʨʬʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʯʽʪʢʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʣʝʢʪʨʦʥʥʦʾ ʙʫʜʦʚʠ ʘʪʦʤʽʚ ʣʘʥʪʘʥʦʾʜʽʚ, 

ʟʦʢʨʝʤʘ ʟʤʽʥʽ ʯʠʩʣʘ ʝʣʝʢʪʨʦʥʽʚ ʥʘ 4f- ʧʽʜʨʽʚʥʽ [35-36]. ɽʣʝʤʝʥʪʠ ʨʷʜʫ La-Lu 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʩʪʫʧʦʚʠʤ ʟʘʧʦʚʥʝʥʥʷʤ ʚʥʫʪʨʽʰʥʽʭ 5d- ʪʘ ʟʦʚʥʽʰʥʽʭ 4f- 

ʦʙʦʣʦʥʦʢ. ɿʛʽʜʥʦ ʢʦʥʬʽʛʫʨʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʨʝʯʦʚʠʥʠ, ʧʨʠ ʫʪʚʦʨʝʥʥʽ 

ʢʦʥʜʝʥʩʦʚʘʥʦʛʦ ʩʪʘʥʫ ʨʝʯʦʚʠʥʠ ʟ ʽʟʦʣʴʦʚʘʥʠʭ ʘʪʦʤʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʧʦʜʽʣ 

ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʮʠʭ ʘʪʦʤʽʚ ʥʘ ʣʦʢʘʣʽʟʦʚʘʥʽ ʽ ʢʦʣʝʢʪʠʚʽʟʦʚʘʥʽ. 

ʃʦʢʘʣʽʟʦʚʘʥʘ ʯʘʩʪʠʥʘ ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ 

ʧʝʨʝʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʫ ʩʧʝʢʪʨ ʢʦʥʬʽʛʫʨʘʮʽʡ, ʥʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʤ ʟ ʷʢʠʭ ʻ 

ʚʽʣʴʥʽ, ʥʘʧʽʚʟʘʧʦʚʥʝʥʽ ʪʘ ʧʦʚʥʽʩʪʶ ʟʘʧʦʚʥʝʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ. ɼʣʷ ʣʘʥʪʘʥʦʾʜʽʚ 

ʪʘʢʠʤʠ ʢʦʥʬʽʛʫʨʘʮʽʷʤʠ ʻ ʥʝʟʘʧʦʚʥʝʥʘ ʦʙʦʣʦʥʢʘ f7, ʝʥʝʨʛʝʪʠʯʥʦ ʤʝʥʰ ʩʪʽʡʢʘ 

ʧʦʚʥʽʩʪʶ ʟʘʧʦʚʥʝʥʘ f14 ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʷ f0,ʪʦʪʦʞʥʘ ʥʠʞʯʝ ʨʦʟʪʘʰʦʚʘʥʽʡ 

ʢʦʥʬʽʛʫʨʘʮʽʾ s2p6. ʇʨʘʛʥʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʦʙʦʣʦʥʦʢ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʢʦʥʬʽʛʫʨʘʮʽʾ f7, f14 ʪʘ f0 ʚʝʜʝ ʜʦ ʪʦʛʦ, ʱʦ ʧʦʨʷʜ ʟ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ 

ʈɿɽ ʩʪʫʧʝʥʝʤ ʦʢʠʩʥʝʥʥʷ 3+ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʪʘʢʦʞ ʙʽʣʴʰ ʚʠʩʦʢʽ 4+ ʪʘ ʙʽʣʴʰ 

ʥʠʟʴʢʽ 2+ ʩʪʫʧʝʥʽ ʦʢʠʩʥʝʥʥʷ. ʎʽ ʚʘʣʝʥʪʥʦʩʪʽ ʧʦʷʩʥʶʶʪʴʩʷ ʧʝʨʝʭʦʜʦʤ 

ʜʦʜʘʪʢʦʚʠʭ ʝʣʝʢʪʨʦʥʽʚ ʟ 4f- ʫ 5d- ʰʘʨ ʽ ʥʘʚʧʘʢʠ. ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʘʪʦʤʥʦʾ ʤʘʩʠ 

ʣʘʥʪʘʥʦʾʜʽʚ ʨʘʜʽʫʩ ʧʦʟʠʪʠʚʥʦʛʦ ʽʦʥʘ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʱʽʣʴʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ. 
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ɯʤʦʚʽʨʥʽʩʪʴ ʟʤʽʥʠ ʩʢʣʘʜʫ ʽ ʩʪʨʫʢʪʫʨʠ ʩʧʦʣʫʢ, ʷʢʽ ʤʽʩʪʷʪʴ ʈɿɽ, ʥʝʦʜʥʘʢʦʚʘ ʥʘ 

ʨʽʟʥʠʭ ʚʽʜʨʽʟʢʘʭ ʨʷʜʫ ʈɿɽ. ʆʙʣʘʩʪʽ ʢʨʠʩʪʘʣʦʭʽʤʽʯʥʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ 

ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʨʷʜʫ ʈɿɽ ʟʘʢʦʥʦʤʽʨʥʦ: ʜʦ ʦʙʣʘʩʪʽ 1 ʚʽʜʥʦʩʷʪʴ ʝʣʝʤʝʥʪʠ, ʫ ʷʢʠʭ 

4f ʦʙʦʣʦʥʢʠ ʟʘʧʦʚʥʝʥʽ ʝʣʝʢʪʨʦʥʘʤʠ ʥʘ 1/4, ʜʦ ʜʨʫʛʦʾ ʦʙʣʘʩʪʽ ï 2/4, ʜʦ ʪʨʝʪʴʦʾ  

ʦʙʣʘʩʪʽ ï 3/4. ʅʘʡʩʪʘʙʽʣʴʥʽʰʠʤ ʚʽʜʨʽʟʢʦʤ ʨʷʜʫ ʈɿɽ ʻ ʡʦʛʦ ʢʽʥʮʝʚʘ ʜʽʣʷʥʢʘ ï 

Er-Lu. 

ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ  ʄ2ʆ3  ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʦʜʝʨʞʘʥʥʷ, ʽʦʥʥʦʛʦ 

ʨʘʜʽʫʩʘ ʈɿɽ,  ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʩʣʽʜʞʝʥʴ.  

ɸ-ʬʦʨʤʘ. ʆʢʩʠʜʠ ʈɿɽ ʟ ʥʘʡʙʽʣʴʰʠʤ ʽʦʥʥʠʤ ʨʘʜʽʫʩʦʤ ʚʽʜ La ʜʦ Nd ʤʘʶʪʴ 

ʩʪʨʫʢʪʫʨʫ ʪʠʧʫ ɸ (ʛʝʢʩʘʛʦʥʘʣʴʥʘ). ʎʝʡ ʪʠʧ ʩʪʨʫʢʪʫʨʠ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʪʨʠʛʦʥʘʣʴʥʦʾ ʩʠʥʛʦʥʽʾ [37-38]. 

ɺ-ʬʦʨʤʘ. ʄʦʥʦʢʣʽʥʥʘ ʩʪʨʫʢʪʫʨʘ ɺ, ʜʝ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘʣʝʞʥʽʩʪʴ ɺ-ʬʦʨʤʠ 

ʜʦ ʤʦʥʦʢʣʽʥʥʦʾ ʩʠʥʛʦʥʽʾ ʽ ʚʢʘʟʫʻ ʥʘ ʤʦʞʣʠʚʽ ʧʨʦʩʪʦʨʦʚʽ ʛʨʫʧʠ ʉ2/ʤ, ʉ2 ʘʙʦ 

ʉʤ [38-41]. ɽʣʝʤʝʥʪʘʨʥʘ ʛʨʘʪʢʘ ʤʽʩʪʠʪʴ ʰʽʩʪʴ ʬʦʨʤʫʣʴʥʠʭ ʦʜʠʥʠʮʴ ʄ2ʆ3. ʋ 

ʤʦʥʦʢʣʽʥʥʽʡ ɺ-ʬʦʨʤʽ ʢʦʞʝʥ ʘʪʦʤ ʈɿɽ ʤʘʻ 7 ʩʫʩʽʜʥʽʭ ʘʪʦʤʽʚ ʢʠʩʥʶ. 

ʉ-ʬʦʨʤʘ. ɺʩʽ ʦʢʩʠʜʠ ʪʠʧʫ ʈɿɽ ʪʠʧʫ ʄ2ʆ3 ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʫʪʚʦʨʶʶʪʴ ʢʫʙʽʯʥʫ ʉ-ʬʦʨʤʫ. ʇʨʠ ʟʚʠʯʘʡʥʠʭ ʪʠʩʢʘʭ ʚʦʥʘ ʩʪʽʡʢʘ ʜʣʷ ʦʢʩʠʜʽʚ 

ʝʣʝʤʝʥʪʽʚ ʟ ʤʘʣʠʤʠ ʽʦʥʥʠʤʠ ʨʘʜʽʫʩʘʤʠ ʢʘʪʽʦʥʽʚ ( Ho -  Lu) ʽ ʤʝʪʘʩʪʘʙʽʣʴʥʘ 

ʜʣʷ ʦʢʩʠʜʽʚ ʝʣʝʤʝʥʪʽʚ ʟ ʚʝʣʠʢʠʤʠ ʽʦʥʥʠʤʠ ʨʘʜʽʫʩʘʤʠ [37,39,41].  

ʉʪʨʫʢʪʫʨʘ ʉ ʥʘʣʝʞʠʪʴ ʜʦ ʧʨʦʩʪʦʨʦʚʦʾ ʛʨʫʧʠ  ɯʘ3 ʟ 16 ʬʦʨʤʫʣʴʥʠʤʠ 

ʦʜʠʥʠʮʷʤʠ ʚ ʝʣʝʤʝʥʪʘʨʥʽʡ ʢʦʤʽʨʮʽ. ɺ ʽʜʝʘʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ ʢʘʪʽʦʥʠ ʪʘ ʘʥʽʦʥʠ 

ʨʦʟʤʽʱʝʥʽ ʫ ʚʫʟʣʘʭ ʛʨʘʪʢʠ ʪʠʧʫ ʬʣʶʦʨʠʪʫ. ʂʘʪʽʦʥʠ ʟʘʡʤʘʶʪʴ ʚʩʽ ʢʘʪʽʦʥʥʽ 

ʧʦʟʠʮʽʾ, ʘ 25% ʘʥʽʦʥʥʠʭ ʤʽʩʮʴ ʚʘʢʘʥʪʥʽ. ɯʩʥʫʚʘʥʥʷ ʮʠʭ ʚʘʢʘʥʩʽʡ ʚʝʜʝ ʜʦ 

ʜʝʬʦʨʤʘʮʽʾ ʩʪʨʫʢʪʫʨʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʪʨʠ ʢʘʪʽʦʥʠ ʟ ʯʦʪʠʨʴʦʭ ʟʤʽʱʫʶʪʴʩʷ 

ʚʽʜʥʦʩʥʦ ʾʭ ʽʜʝʘʣʴʥʠʭ ʧʦʟʠʮʽʡ. ʇʘʨʘʤʝʪʨ ʢʦʤʽʨʢʠ ʧʦʜʚʦʻʥʦ ʧʦʨʽʚʥʷʥʦ ʟ 

ʢʦʤʽʨʢʦʶ ʬʣʶʦʨʠʪʫ: 32 ʢʘʪʽʦʥʠ, 48 ʘʥʽʦʥʽʚ ʪʘ 16 ʥʝʟʘʡʥʷʪʠʭ ʘʥʽʦʥʥʠʭ ʚʫʟʣʽʚ. 

ʇʦʣʽʤʦʨʬʽʟʤ ʦʢʩʠʜʽʚ ʈɿɽ ʚʠʚʯʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʚʽʜʧʘʣʫ ʽ 

ʟʘʛʘʨʪʫʚʘʥʥʷ, ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʘʥʘʣʽʟʫ, ʪʝʨʤʽʯʥʦʛʦ 
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ʘʥʘʣʽʟʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʤʝʥʝʚʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʽʚ, ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ 

ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. ɹʫʣʦ ʟʥʘʡʜʝʥʦ ʜʚʽ ʢʨʠʩʪʘʣʽʯʥʽ ʬʦʨʤʠ: ʅ ʪʘ ʍ. 

ʅ -ʬʦʨʤʘ. ɯʩʥʫʻ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʠʱʝ 2000 Üʉ ʜʣʷ 

ʦʢʩʠʜʽʚ ʈɿɽ, ʢʨʽʤ Lu. ʅ- ʬʦʨʤʘ ʦʢʩʠʜʽʚ ʈɿɽ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʛʝʢʩʘʛʦʥʘʣʴʥʽʡ 

ʩʠʥʛʦʥʽʾ (ʈ6/ʤʤʩ). ʇʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʩʪʘʪʠʩʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʜʚʦʭ ʘʪʦʤʽʚ 

ʤʝʪʘʣʫ ʪʘ ʪʨʴʦʭ ʘʪʦʤʽʚ ʢʠʩʥʶ ʚ ʝʣʝʤʝʥʪʘʨʥʽʡ ʢʦʤʽʨʮʽ ʦʜʝʨʞʫʻʪʴʩʷ ʰʣʷʭʦʤ 

ʢʦʤʙʽʥʫʚʘʥʥʷ ʢʦʤʽʨʦʢ ʤʦʜʝʣʽ. ɽʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʤʽʩʪʠʪʴ ʦʜʥʫ ʬʦʨʤʫʣʴʥʫ 

ʦʜʠʥʠʮʶ. ʂʘʪʽʦʥʠ ʈɿɽ ʩʝʤʠʢʨʘʪʥʦ ʢʦʦʨʜʠʥʦʚʘʥʽ ʢʠʩʥʝʤ. ʌʦʨʤʘ   ʅ ʙʽʣʴʰ 

ʩʠʤʝʪʨʠʯʥʘ, ʥʽʞ ʬʦʨʤʘ ɸ. ʇʘʨʘʤʝʪʨʠ  ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʘ ʽ ʩ ʅ ʬʦʨʤʠ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ɸ ʬʦʨʤʦʶ  ʽ ʟʤʝʥʰʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩ/ʘ [39-

40] . 

ʍ ïʬʦʨʤʘ. ɺʠʷʚʣʝʥʘ ʧʦʙʣʠʟʫ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʥʷ ʫ ʦʢʩʠʜʽʚ ʧʦʯʘʪʢʫ 

ʨʷʜʫ ʚʽʜ La ʜʦ Gd. ɰɰ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʤʝʪʦʜʽʚ ʥʝʡʪʨʦʥʥʦʾ ʜʠʬʨʘʢʮʽʾ  ʽ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʘʥʘʣʽʟʫ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʮʷ ʬʦʨʤʘ ʤʘʻ ʢʫʙʽʯʥʫ ʦʙôʻʤʥʦʮʝʥʪʨʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ ɯʤ3ʤ. ʉʠʤʝʪʨʽʷ ʍ 

ʬʦʨʤʠ ʥʘʡʚʠʱʘ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʬʦʨʤʘʤʠ ʦʢʩʠʜʽʚ ʈɿɽ. ɽʣʝʤʝʥʪʘʨʥʘ 

ʢʦʤʽʨʢʘ ʤʽʩʪʠʪʴ ʦʜʥʫ ʬʦʨʤʫʣʴʥʫ ʦʜʠʥʠʮʶ ʄ2ʆ3 . ʉʪʨʫʢʪʫʨʘ ʷʚʣʷʻ ʩʦʙʦʶ 

ʞʦʨʩʪʢʠʡ ʦʙôʻʤʥʦʮʝʥʪʨʦʚʘʥʠʡ ʢʽʩʪʷʢ ʟ ʘʪʦʤʽʚ ʈɿɽ, ʚ ʩʝʨʝʜʠʥʽ ʷʢʦʛʦ 

ʫʪʨʫʜʥʝʥʦ ʣʦʢʘʣʽʟʘʮʽʶ ʘʪʦʤʽʚ ʢʠʩʥʶ. ʂʠʩʥʝʚʫ ʧʽʜʛʨʘʪʢʫ ʤʦʞʥʘ ʫʷʚʠʪʠ ʷʢ 

ʢʚʘʟʽʨʦʟʧʣʘʚʣʝʥʫ [42] . 

ʄʦʜʠʬʽʢʘʮʽʾ ʅ ʪʘ ʍ ʩʪʽʡʢʽ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʌʘʟʦʚʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʚʦʨʦʪʥʽ ʽ ʟʜʽʡʩʥʶʶʪʴʩʷ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ. 

ʊʝʤʧʝʨʘʪʫʨʠ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʦʢʩʠʜʽʚ ʈɿɽ, ʜʦʩʣʽʜʞʝʥʽ ʚ 

ʥʝʡʪʨʘʣʴʥʦʤʫ ʪʘ ʚʽʜʥʦʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʘʭ, ʱʦ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʜʘʥʠʤʠ, 

ʦʜʝʨʞʘʥʠʤʠ ʚ ʧʦʚʽʪʨʽ [38]. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʚʫʟʴʢʽ ʦʙʣʘʩʪʽ ɸ ʪʘ ɺ ʬʦʨʤ 

ʦʢʩʠʜʽʚ ʈɿɽ ʻ ʫ ʚʩʽʭ  ʦʢʩʠʜʽʚ ʩʝʨʝʜʠʥʠ ʽ ʢʽʥʮʷ ʨʷʜʫ ʣʘʥʪʘʥʦʾʜʽʚ. ɰʭ ʫʷʚʣʝʥʥʷ 

ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʽ 

ʚʠʩʦʢʦʯʫʪʣʠʚʠʭ ʧʨʠʣʘʜʽʚ. 
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ʇʝʨʝʭʽʜ ɺ=ɸ ʤʘʻ ʦʩʥʦʚʥʽ ʨʠʩʠ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʥʘ ʚʽʜʩʪʘʥʽ, ʤʝʥʰʽ ʟʘ ʤʽʞʘʪʦʤʥʽ [38-

39]. ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ɸ=ʅ ʭʘʨʘʢʪʝʨʥʦ ʧʦʜʦʚʞʝʥʥʷ ʦʩʝʡ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʘ ʽ ʩ ʽ ʟʤʝʥʰʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩ/ʘ . 

 

ʈʠʩʫʥʦʢ 1.9 ï ʌʘʟʦʚʘ ʜʽʘʛʨʘʤʘ ʧʦʣʽʤʦʨʬʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʦʢʩʠʜʽʚ ʈɿɽ [40] 

ʊʝʤʧʝʨʘʪʫʨʘ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʨʷʜʢʦʚʦʛʦ 

ʥʦʤʝʨʫ ʣʘʥʪʘʥʦʾʜʫ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʽʦʥʥʦʛʦ ʨʘʜʽʫʩʘ ʢʘʪʽʦʥʘ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷʤ ʟʚôʷʟʢʫ ʄ-ʆ , ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ  ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʆʙʣʘʩʪʽ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʬʦʨʤ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʪʚʝʨʜʞʝʥʥʷʤ, ʱʦ ʪʠʧ ʩʪʨʫʢʪʫʨʠ  ʦʢʩʠʜʽʚ ʈɿɽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘ 

ʨʦʟʤʽʨʦʤ  ʢʘʪʽʦʥʘ. 
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1.4 ɺʣʘʩʪʠʚʦʩʪʽ Eu2O3 

ʆʢʩʠʜ ʻʚʨʦʧʽʶ ʚ ʧʨʠʨʦʜʽ ʥʝ ʽʩʥʫʻ ʫ ʯʠʩʪʦʤʫ ʚʠʛʣʷʜʽ, ʻ ʜʫʞʝ ʨʽʜʢʽʩʥʠʤ ʽ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʧʨʠʨʦʜʽ ʫ ʚʠʛʣʷʜʽ ʬʦʩʬʘʪʫ ʨʘʟʦʤ ʟ ʽʥʰʠʤʠ ʈɿɽ. 

ɽʣʝʤʝʥʪʘʨʥʠʡ ʻʚʨʦʧʽʡ ʻ ʜʫʞʝ ʘʢʪʠʚʥʠʤ ʤʝʪʘʣʦʤ, ʥʘ ʧʦʚʽʪʨʽ ʚʽʥ ʰʚʠʜʢʦ 

ʦʢʠʩʣʶʻʪʴʩʷ. ʊʧʣ=2350Áʉ. ʆʢʩʠʜ ʻʚʨʦʧʽʶ(III) ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʨʦʰʦʢ ʙʽʣʦʛʦ 

ʢʦʣʴʦʨʫ ʟ ʨʦʞʝʚʠʤ ʚʽʜʪʽʥʢʦʤ [41-42]. 

Eu2O3 ʩ̔ʥʫʻ ʚ ʥʘʩʪʫʧʥʠʭ ʘʣʦʪʨʦʧʥʠʭ ʤʦʜʠʬʽʢʘʮʽʷʭ: 

ʂʫʙʽʯʥʘ(ʉ) ʦʙôʻʤʥʦʮʝʥʪʨʦʚʘʥʘ ʪʠʧʫ ʙʠʢʩʙʽʪʫ (ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ Ia3), 

ʩʪʘʙʽʣʴʥʘ ʜʦ 1050-1100 ÁC. 

ʄʦʥʦʢʣʽʥʥʘ (ɺ)  (ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ C2/m) . 

ɻʝʢʩʘʛʦʥʘʣʴʥʘ(ɸ) , ʩʪʘʙʽʣʴʥʘ ʚʠʱʝ 2040 ÁC. 

ɺʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʘ (ʅ), ʩʪʘʙʽʣʴʥʘ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚʠʱʝ 2140 ÁC. 

ɺʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʢʫʙʽʯʥʘ (ʍ), ʩʪʘʙʽʣʴʥʘ ʚʠʱʝ 2280 ÁC. 

ʊʘʙʣʠʮʷ1.1 - ʉʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʬʘʟʦʚʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʦʢʩʠʜʽʚ ʮʠʨʢʦʥʽʶ, ʻʚʨʦʧʽʶ ʪʘ ʮʝʨʽʶ [43]  
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1.5 ɼʽʘʛʨʘʤʠ ʩʪʘʥʫ ʧʦʜʚʽʡʥʠʭ ʦʙʤʝʞʫʶʯʠʭ ʩʠʩʪʝʤ 

1.5.1 ɺʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤʠ ZrO 2 - CeO2 

 

ɺʟʘʻʤʦʜʽʶ ʜʽʦʢʩʠʥʫ ʮʠʨʢʦʥʽʶ ʟ ʦʢʩʠʜʦʤ ʮʝʨʽʶ ʜʦʩʣʽʜʞʝʥʦ ʚ ʨʦʙʦʪʘʭ 

[44-46] . ɼʽʘʛʨʘʤʫ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ZrO2 - CeO2   ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ (ʨʠʩ.1.10). 

ʆʜʥʘʢ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʝʷʢʽ ʨʦʟʭʦʜʞʝʥʥʷ ʚ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʱʦʜʦ 

ʜʽʘʛʨʘʤʫ ʟʚôʷʟʢʫ ʟ ʥʝʜʦʩʪʘʪʥʴʦʶ ʚʧʝʚʥʝʥʽʩʪʶ ʢʦʦʨʜʠʥʘʪ ʝʚʪʝʢʪʦʾʜʫ 

ʤʦʥʦʢʣʽʥʥʦ-ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ZrO2
 ʪʘ  ʽʩʥʫʚʘʥʥʷʤ ʬʘʟʠ 

ʉʝ2Zr3O10 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ >1600 Áʉ ʯʝʨʝʟ ʤʦʞʣʠʚʠʡ ʧʝʨʝʭʽʜ ʦʢʩʠʜʫ CeO2  ʚ 

ʩʝʩʢʚʽʦʢʩʠʜ Ce2O3. 

ɺ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʦʙʣʘʩʪʽ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ZrO2 - CeO2 

ʚʠʷʚʣʝʥʦ ʽʩʥʫʚʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʬʘʟ : ʤʦʥʦʢʣʽʥʥʦʾ  M- ZrO2 ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0 ʜʦ 

1 ʤʦʣ.% CeO2 ʧʨʠ 1100 Áʉ , ʪʝʪʨʘʛʦʥʘʣʴʥʦʾ  T- ZrO2 ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0 ʜʦ 18 

ʤʦʣ.% CeO2 ʧʨʠ 1500, 1450 Áʉ ʽ ʚʽʜ 2 ʜʦ 18 ʤʦʣ.% CeO2  ʧʨʠ 1100 Áʉ ʪʘ 

ʢʫʙʽʯʥʦʾ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʪʠʧʫ ʬʣʶʦʨʠʪʫ F- CeO2 ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 56  ʜʦ 100 

ʤʦʣ.% CeO2  ʧʨʠ 1500 Áʉ,ʚʽʜ 60 ʜʦ 100 ʤʦʣ.% CeO2 ʧʨʠ 1450Á ʉ ʽ ʚʽʜ 73 ʜʦ 

100 ʤʦʣ.% CeO2  ʧʨʠ 1100 ʉ.   

ɿʥʘʡʜʝʥʦ ʰʠʨʦʢʫ ʜʚʦʬʘʟʥʫ ʦʙʣʘʩʪʴ (F+T) ʚ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ 18-

56 ʤʦʣ.% CeO2  ʧʨʠ 1500 Áʉ ,18-60 ʤʦʣ.% CeO2  ʧʨʠ 1450 Áʉ ʪʘ ʜʚʽ 

ʛʝʪʝʨʦʛʝʥʥʽ ʦʙʣʘʩʪʽ ʧʨʠ 1100 Áʉ : ʰʠʨʦʢʝ ʜʚʦʬʘʟʥʝ ʧʦʣʝ (F+T) ʚ ʽʥʪʝʨʚʘʣʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡ 18-73 ʤʦʣ.% CeO2   ʽ ʚʫʟʴʢʘ ʜʚʦʬʘʟʥʘ ʦʙʣʘʩʪʴ (M+T)  ʚ ʽʥʪʝʨʚʘʣʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡ 1-2 ʤʦʣ.% CeO2 .  

ʊʝʪʨʘʛʦʥʘʣʴʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ZrO2 ʥʝ ʟʘʛʘʨʪʦʚʫʻʪʴʩʷ, ʟʘʤʽʩʪʴ ʥʝʾ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʫʪʚʦʨʝʥʥʷ ʤʦʥʦʢʣʽʥʥʦʾ ʬʘʟʠ ʄ-ZrO2 [47-49]. 
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ʈʠʩʫʥʦʢ 1.10 ï ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ ʧʦʜʚʽʡʥʦʾ ʩʠʩʪʝʤʠ ZrO2 - CeO2[45] 
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1.5.2 ɺʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤʠ ZrO 2 ï Eu2O3 

 

ʌʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʚ [41]. ʊʚʝʨʜʠʡ ʨʦʟʯʠʥ ʟ 

ʢʫʙʽʯʥʦʶ ʛʨʘʪʢʦʶ ʪʠʧʫ ʬʣʶʦʨʠʪʫ ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʥʘ ʜʽʘʛʨʘʤʽ ZrO2 ï Eu2O3 

ʧʦʢʘʟʘʥʽʡ ʥʘ ʨʠʩ.1.11. ʅʘ ʜʽʘʛʨʘʤʽ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʡ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ 

ʛʦʤʦʛʝʥʥʦʩʪʽ  ʚʽʜ 10 ʜʦ 55 ʤʦʣ.% Eu2O3. ʋ ʩʢʣʘʜʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ 27-39 ʤʦʣ.% 

Eu2O3 ʥʘ ʦʩʥʦʚʽ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ F ʬʦʨʤʫʻʪʴʩʷ ʬʘʟʘ Eu2Zr2O3, ʷʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʧʨʘʚʣʝʥʦʶ ʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʠʧʫ ʧʽʨʦʭʣʦʨʫ. 

ɻʨʘʥʠʮʷ ʦʙʣʘʩʪʽ ʛʦʤʦʛʝʥʥʦʩʪʽ ʮʽʻʾ ʩʧʦʣʫʢʠ ʚ ʙʽʢ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ZrO2 (ʊ = 

800 - 1400Á ʉ) ʥʘʣʝʞʠʪʴ ʜʦ ʭ = 1.48 ʤʦʣ.% Eu2O3 [41]. 
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ʈʠʩʫʥʦʢ 1.11 ï ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ ʧʦʜʚʽʡʥʦʾ ʩʠʩʪʝʤʠ ZrO2 - CeO2 [50] 

2 ʄɽʊʆɼʀ ʇʈʀɻʆʊʋɺɸʅʅʗ ɿʈɸɿʂɯɺ ɯ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɻʆ 

ɼʆʉʃɯɼɾɽʅʅʗ ɼɯɸɻʈɸʄ ʉʊɸʅʋ ʉʀʉʊɽʄ  ZrO2 ï CeO2 ï Eu2O3  ̔        

CeO2 ï Eu2O3 

2.1 ʄʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʟʨʘʟʢʽʚ ʜʣʷ ʚʠʚʯʝʥʥʷ ʬʘʟʦʚʠʭ ʨʽʚʥʦʚʘʛ ʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʫʪʚʦʨʝʥʠʭ ʬʘʟ ʚ ʩʠʩʪʝʤʘʭ 

 

ʄʝʪʘ ʨʦʙʦʪʠ - ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʬʘʟ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫʪʚʦʨʝʥʥʷ 

ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʚ ʧʦʜʚʽʡʥʽʡ ʩʠʩʪʝʤ ̔CeO2- Eu2O3 ʪʘ ʧʦʪʨʽʡʥʽʡ ʩʠʩʪʝʤ ̔ 

ZrO2-CeO2-Eu2O3 ʫ ʚʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

1500 Áʉ, ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʨʦʟʯʠʥʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʫʪʚʦʨʝʥʠʭ ʬʘʟ, ʙʫʜʦʚʫ ʽʟʦʪʝʨʤʽʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʜʽʘʛʨʘʤ ʩʪʘʥʫ 

ʩʠʩʪʝʤ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʚ ʩʠʩʪʝʤʘʭ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ 

ʨʝʯʦʚʠʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʮʠʨʢʦʥʽʣ ʘʟʦʪʥʦʢʠʩʣʠʡ Zrʆ(NO3)2, ʮʝʨʽʡ 

ʘʟʦʪʥʦʢʠʩʣʠʡ ʉe(NO3)3Ā6H2O ʤʘʨʢʠ ñʯò, ʘʟʦʪʥʫ ʢʠʩʣʦʪʫ ʤʘʨʢʠ ñʯ.ʜ.ʘ.ò Eu2O3 

ʤʘʨʢʠ òɽʚʦ-ɾñ, Dy2O3 ʪʘ Yb2O3 ʟ ʚʤʽʩʪʦʤ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ 99,99 %. 

 ɿʨʘʟʢʠ ʛʦʪʫʚʘʣʠ ʟ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʤ ʢʨʦʢʦʤ 1-5 ʤʦʣ. % ʽʟ ʨʦʟʯʠʥʽʚ 

ʥʽʪʨʘʪʽʚ ʟ ʥʘʩʪʫʧʥʠʤ ʚʠʧʘʨʶʚʘʥʥʷʤ ʪʘ ʨʦʟʢʣʘʜʦʤ ʥʽʪʨʘʪʽʚ ʥʘ ʦʢʩʠʜʠ ʰʣʷʭʦʤ 

ʧʨʦʞʘʨʶʚʘʥʥʷ ʧʨʠ 1200 Áʉ ʧʨʦʪʷʛʦʤ 2 ʛʦʜ. ʇʦʨʦʰʢʠ ʧʨʝʩʫʚʘʣʠ ʚ ʪʘʙʣʝʪʢʠ 

ʜʽʘʤʝʪʨʦʤ 5 ʽ ʚʠʩʦʪʦʶ 4 ʤʤ ʧʽʜ ʪʠʩʢʦʤ 10-30 ʄʇʘ.  

ʅʘ ʨʠʩ. 2.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʧʽʜʛʦʪʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʠʭ ʨʽʚʥʦʚʘʛ ʩʠʩʪʝʤ ZrO2 ï 

CeO2 ï Eu2O3  ̔    CeO2 ï Eu2O3. 
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ʈʠʩʫʥʦʢ 2.1-  ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʧʨʠʛʦʪʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʟʨʘʟʢʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʠʭ ʨʽʚʥʦʚʘʛ ʩʠʩʪʝʤ ZrO2 ï CeO2 ï Eu2O3 ʪʘ 

CeO2 ï Eu2O3 

2.2 ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʠʭ ʨʽʚʥʦʚʘʛ ʚ ʧʦʜʚʽʡʥʽʡ ʪʘ ʧʦʪʨʽʡʥʽʡ 

ʩʠʩʪʝʤʘʭ 

 

ɺʠʚʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʚ ʩʠʩʪʝʤʘʭ ʧʨʠ ʥʠʟʴʢʠʭ ʽ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʟʘʟʚʠʯʘʡ ʧʨʦʚʦʜʷʪʴ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʮʝ ʧʦʚôʷʟʘʥʦ ʟʽ 

ʰʚʠʜʢʦʩʪʷʤʠ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʥʠʭ. ɺ ʦʙʣʘʩʪʽ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʬʘʟʦʚʽ ʨʽʚʥʦʚʘʛʠ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʧʨʦʮʝʩʠ ʨʦʟʧʘʜʫ ʪʘ ʚʧʦʨʷʜʢʫʚʘʥʥʷ, 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚʢʨʘʡ ʧʦʚʽʣʴʥʦ ʯʝʨʝʟ ʤʘʣʫ ʰʚʠʜʢʽʩʪʴ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʢʘʪʽʦʥʥʽʡ ʧʽʜʛʨʘʪʮʽ. 

ɺʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʬʘʟ ʚ ʩʠʩʪʝʤʘʭ 

ZrO2 ï CeO2 ï Eu2O3  ̔  CeO2 ï Eu2O3 

 

ʇʨʠʛʦʪʫʚʘʥʥʷ ʥʘʚʘʞʦʢ  

ʇʨʠʛʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʽʚ ʥʽʪʨʘʪʽʚ ʪʘ ʾʭ ʚʠʧʘʨʶʚʘʥʥʷ 

ʇʨʦʞʘʨʶʚʘʥʥʷ ʚ ʤʫʬʝʣʽ ʧʨʠ t = 800 ÁC, 2 ʛʦʜ. 

ʇʦʜʨʽʙʥʝʥʥʷ ʪʘ ʛʦʤʦʛʝʥʽʟʘʮʽʷ ʰʠʭʪʠ ʚ ʘʛʘʪʦʚʽʡ ʩʪʫʧʮʽ 

ʇʨʝʩʫʚʘʥʥʷ ʟʨʘʟʢʽʚ 

ʊʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ( ʚʠʧʘʣ ʧʨʠ 600, 1100, 1500 ÁC) 

ʈʌɸ 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ( ʧʦʙʫʜʦʚʘ ʽʟʦʪʝʨʤʽʯʥʠʭ ʧʝʨʝʨʽʟʽʚ 

ʧʨʠ 1500, 1100, 600 ÁC ʜʽʘʛʨʘʤ ʩʪʘʥʫ ʩʠʩʪʝʤ ZrO2 ï CeO2 ï Eu2O3, 

CeO2 ï Eu2O3 
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ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʠʭ ʨʽʚʥʦʚʘʛ ʚ ʩʠʩʪʝʤʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ (ʈʌɸ). ʊʘʢʦʞ ʜʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʪʘ ʥʘʦʯʥʦʛʦ 

ʚʠʚʯʥʥʷ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʥʽʡ ʤʝʪʦʜ ʧʝʪʨʦʛʨʘʬʽʾ. ʉʢʣʘʜ ʟʨʘʟʢʽʚ ʢʦʥʪʨʦʣʶʚʘʣʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʪʘ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʙʽʨʢʦʚʦ. 

2.3 ʊʝʨʤʦʦʙʨʦʙʢʘ ʩʠʩʪʝʤ ʟ ʦʢʩʠʜʘʤʠ ʮʠʨʢʦʥʽʶ, ʮʝʨʽʶ ʪʘ ʻʚʨʦʧʽʶ 

 

 ʊʝʨʤʦʦʙʨʦʙʢʫ ʟʨʘʟʢʽʚ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (1100, 600 Áʉ) 

ʧʨʦʚʦʜʠʣʠ ʚ ʧʝʯʽ ʟ ʥʘʛʨʽʚʘʯʘʤʠ H23U5T (ʬʝʭʨʘʣʴ) ʥʘ ʧʦʚʽʪʨʽ. ɿʨʘʟʢʠ 

ʥʘʛʨʽʚʘʣʠ ʚʽʜ ʢʽʤʥʘʪʥʦʾ ʜʦ ʧʦʪʨʽʙʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽʟ ʰʚʠʜʢʽʩʪʶ 3.5 ʛʨʘʜ/ʭʚ. 

ɺʠʧʘʣ ʟʨʘʟʢʽʚ ʙʫʚ ʥʝʧʝʨʝʨʚʥʠʤ. ʏʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ ʧʝʨʝʚʽʨʷʣʠ ʧʦʚʥʦʪʫ 

ʩʠʥʪʝʟʫ. ʇʦʪʽʤ ʟʨʘʟʢʠ ʧʝʨʝʪʠʨʘʣʠ, ʧʨʝʩʫʚʘʣʠ ʪʘ ʧʽʜʜʘʚʘʣʠ ʥʘʩʪʫʧʥʽʡ 

ʪʝʨʤʦʦʙʨʦʙʮʽ. ʆʭʦʣʦʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʨʘʟʦʤ ʟ ʧʽʯʯʶ. 

 ʊʝʨʤʦʦʙʨʦʙʢʫ ʟʨʘʟʢʽʚ ʩʠʩʪʝʤʠ Zrʆ2-ʉʝʆ2-Eu2O3 ʧʨʠ 1500 Áʉ 

ʧʨʦʚʦʜʠʣʠ ʫ ʜʚʽ ʩʪʘʜʽʾ: ʚ ʧʝʯʽ ʟ ʥʘʛʨʽʚʘʯʘʤʠ H23U5T (ʬʝʭʨʘʣʴ) ʧʨʠ 1100 Áʉ 

ʧʨʦʪʷʛʦʤ 452 ʛʦʜ. ʽ ʫ ʧʝʯʽ ʟ ʥʘʛʨʽʚʘʯʘʤʠ ʟ ʜʽʩʠʣʽʮʠʜʫ ʤʦʣʽʙʜʝʥʫ (MoSi2) ʧʨʠ 

1500 Áʉ ʧʨʦʪʷʛʦʤ 150 ʛʦʜ. ʥʘ ʧʦʚʽʪʨʽ.  

 ʊʝʨʤʦʦʙʨʦʙʢʫ ʟʨʘʟʢʽʚ ʚ ʩʠʩʪʝʤʽ CeO2-Eu2O3 ʧʨʦʚʦʜʠʣʠ ʧʨʠ 1500 Áʉ 

(170 ʛʦʜ.), 1100 Áʉ (16800 ʛʦʜ.), 600 Áʉ (33061 ʛʦʜ.). ʊʘʢ ʩʘʤʦ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʚ ʩʠʩʪʝʤʽ CeO2-Eu2O3 ʧʨʠ 1500 Áʉ 

ʪʝʨʤʦʦʙʨʦʙʢʫ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʫ ʜʚʽ ʩʪʘʜʽʾ: ʚ ʧʝʯʽ ʟ ʥʘʛʨʽʚʘʯʘʤʠ H23U5T 

(ʬʝʭʨʘʣʴ) ʧʨʠ 1100 Áʉ ʧʨʦʪʷʛʦʤ 17 ʛʦʜ. ʽ ʫ ʧʝʯʽ ʟ ʥʘʛʨʽʚʘʯʘʤʠ ʟ ʜʠʩʠʣʽʮʠʜʫ 

ʤʦʣʽʙʜʝʥʫ (MoSi2) ʧʨʠ 1500 ÁC ʧʨʦʪʷʛʦʤ 170 ʛʦʜ. ʥʘ ʧʦʚʽʪʨʽ. 

 ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʬʘʟ ʚ ʩʠʩʪʝʤʘʭ ʧʨʦʚʝʜʝʥʽ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ  

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʝʪʨʦʛʨʘʬʽʾ. 

2.4 ʈʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ 

 

 ʂʦʨʠʩʪʫʶʯʠʩʴ ʫʷʚʣʝʥʥʷʤʠ ɺʫʣʴʬʘ ʽ ɹʨʝʛʛʘ ʧʨʦ ʪʝ, ʱʦ ʜʠʬʨʘʢʮʽʶ 

ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ  ʧʨʦʤʝʥʽʚ ʥʘ ʢʨʠʩʪʘʣʽ ʫʤʦʚʥʦ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ 

çʚʽʜʦʙʨʘʞʝʥʥʷè ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ ʚʽʜ ʧʫʯʢʘ ʘʪʦʤʥʠʭ ʧʣʦʱʠʥ  
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(ʨʠʩ.2.2), ʤʦʞʥʘ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʫʤʦʚʫ ʚʟʘʻʤʥʦʛʦ ʧʦʩʠʣʝʥʥʷ 

çʚʽʜʦʙʨʘʞʝʥʠʭè ʧʨʦʤʝʥʽʚ ʚʝʢʪʦʨʥʦʶ ʜʽʘʛʨʘʤʦʶ, ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʥʘ ʨʠʩ.2.4, 

ʜʝ   - ʢʫʪ, ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʫ ɺʫʣʴʬʘ ï ɹʨʝʛʛʘ: 

                                                      (1) 

ʊʫʪ   - ʨʽʟʥʠʮʷ ʭʦʜʫ ʧʨʦʤʝʥʽʚ, çʚʽʜʦʙʨʘʞʝʥʠʭè ʚʽʜ ʜʚʦʭ ʩʫʩʽʜʥʽʭ 

ʧʣʦʱʠʥ ʟ ʤʽʞʧʣʦʱʠʥʥʦʶ ʚʽʜʩʪʘʥʥʶ dhkl , Ej- ʚʝʢʪʦʨ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ, ʨʦʟʩʽʷʥʦʾ ʽ-ʦʶ ʧʣʦʱʠʥʦʶ.  

ʇʨʠ ʮʴʦʤʫ: 

                           ,                     (2) 

ʜʝ N - ʯʠʩʣʦ ʧʘʨʘʣʝʣʴʥʠʭ ʧʣʦʱʠʥ ʫ ʧʫʯʢʫ. 

ʗʢʱʦ   , ʨʽʟʥʠʮʷ ʬʘʟ ʤʽʞ ʭʚʠʣʷʤʠ, ʨʦʟʩʽʷʥʠʤʠ ʩʫʩʽʜʥʽʤʠ 

ʧʣʦʱʠʥʘʤʠ: 

                             .                                       (3) 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʩʽʶʚʘʥʥʷ ʥʦʩʠʪʴ ʢʦʛʝʨʝʥʪʥʠʡ ʭʘʨʘʢʪʝʨ ï ʚʩʽ ʚʝʢʪʦʨʘ 

Ei ʙʫʜʫʪʴ ʧʘʨʘʣʝʣʴʥʽ ʦʜʠʥ ʦʜʥʦʤʫ, ʩʫʤʘʨʥʠʡ ʚʝʢʪʦʨ çʚʽʜʙʠʪʦʾè ʭʚʠʣʽ ʤʘʪʠʤʝ 

ʤʦʜʫʣʴ E0 , ʨʽʚʥʠʡ  NE1(ʨʠʩ. 2.4) . ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʜʠʬʨʘʢʮʽʡʥʦʾ ʣʽʥʽʾ 

ʧʨʦʧʦʨʮʽʡʥʘ ʢʚʘʜʨʘʪʫ ʤʦʜʫʣʷ ʩʫʤʘʨʥʦʛʦ ʚʝʢʪʦʨʘ, ʪʦʙʪʦ: 

                                                                        (4) 
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ʈʠʩʫʥʦʢ 2.2 ï ɼʠʬʨʘʢʮʽʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ 

 ʗʢʱʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʚʟʘʻʤʦʜʽʶ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʭʚʠʣʴ, çʚʽʜʦʙʨʘʞʝʥʠʭè 

ʚʽʜ ʩʫʩʽʜʥʽʭ ʧʣʦʱʠʥ ʮʴʦʛʦ ʞ ʧʫʯʢʘ ʧʽʜ ʢʫʪʦʤ, ʷʢʠʡ ʪʨʦʭʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

, ʪʦʙʪʦ: 

                                            ,                                   (5) 

ʪʦ ʜʣʷ ʥʠʭ ʨʽʟʥʠʮʷ ʭʦʜʫ ʙʫʜʝ: 

    ,    (6) 

ʘ ʨʽʟʥʠʮʷ ʬʘʟ: 

,         (7) 

ʜʝ 

  .                                             (8) 

 ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʝʢʪʦʨʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ, ʨʦʟʩʽʷʥʠʭ ʚʽʜ 

ʩʫʩʽʜʥʽʭ ʧʣʦʱʠʥ ʧʫʯʢʘ, ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʦʜʠʥ ʱʦʜʦ ʦʜʥʦʛʦ ʧʽʜ ʢʫʪʦʤ 2ˊŮ 

(ʨʠʩ. 2.3), ʽ ʩʫʤʘʨʥʠʡ ʚʝʢʪʦʨ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ, 

ʨʦʟʩʽʷʥʠʭ ʫʩʽʤʘ ʧʣʦʱʠʥʘʤʠ ʧʫʯʢʘ, ʙʫʜʝ ʧʦ ʤʦʜʫʣʶ ʟʥʘʯʥʦ ʤʝʥʰʝ ɽ0 , ʷʢʱʦ 

ʯʠʩʣʦ N ʧʣʦʱʠʥ ʫ ʧʫʯʢʫ ʚʝʣʠʢʝ. ɺʽʜʧʦʚʽʜʥʦ ʙʫʜʝ ʽ ʤʘʣʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʜʠʬʨʘʢʮʽʡʥʦʾ ʣʽʥʽʾ. 

 ʗʢʱʦ ʞ ʢʨʠʩʪʘʣʠ ʤʘʣʽ (ʾʭ ʨʦʟʤʽʨ ʧʦʨʷʜʢʫ 100 ï 1000Ȕ ), ʪʦ N ʤʘʣʦ, ʽ 

ʤʘʣʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʢʫʪʘ 0 ʥʝ ʜʘʻ ʽʩʪʦʪʥʦʛʦ ʩʧʘʜʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ɯ ʣʠʰʝ ʧʨʠ 

ʚʝʣʠʢʠʭ   ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʧʘʜʝ ʜʦ ʥʫʣʷ. ʆʪʞʝ, ʧʨʠ ʤʘʣʠʭ ʨʦʟʤʽʨʘʭ 

ʢʨʠʩʪʘʣʠʢʽʚ (ʤʘʣʠʭ N) ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʽ ʚʠʭʦʜʠʪʴ ʰʠʨʦʢʘ ʜʠʬʨʘʢʮʽʡʥʘ ʣʽʥʽʷ, 

ʘ ʧʨʠ ʚʝʣʠʢʠʭ    (ʚʝʣʠʢʠʭ N) ï ʚʫʟʴʢʘ (ʨʠʩ.2.3). 
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ʈʠʩʫʥʦʢ 2.3 ï ʈʦʟʩʽʶʚʘʥʥʷ ʢʦʛʝʨʝʥʪʥʦʛʦ ʭʘʨʘʢʪʝʨʫ 

 

 

ʈʠʩʫʥʦʢ 2.4 ï ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʢʨʠʩʪʘʣʽʚ 

 ɿʘʟʚʠʯʘʡ ʰʠʨʠʥʫ ʜʠʬʨʘʢʮʽʡʥʦʾ ʣʽʥʽʾ ɺ ʚʠʤʽʨʶʶʪʴ ʥʘ ʧʦʣʦʚʠʥʽ ʾʾ 

ʚʠʩʦʪʠ, ʪʦʙʪʦ ʜʣʷ  J = 1/2Jmax. ɿ ʨʠʩ. 2.5 ʚʠʜʥʦ, ʱʦ ʢʦʞʝʥ ʚʝʢʪʦʨ ɽ i-1, 

ʧʦʚʝʨʥʫʪʠʡ ʥʘ 2ˊŮ  ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ɽ , ʪʦʤʫ ʢʫʪ ʧʦʚʦʨʦʪʫ 

ʚʝʢʪʦʨʘ ɽN ʱʦʜʦ ɽ1 ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 2ˊŮN. ʑʦʙ ʨʦʟʨʘʭʫʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ, 

ʪʨʝʙʘ ʟʥʘʡʪʠ ʩʫʤʘʨʥʠʡ ʚʝʢʪʦʨ ɽ (ʨʠʩ. 2.5). ɼʣʷ ʮʴʦʛʦ ʯʝʨʝʟ ʢʽʥʮʽ ʚʝʢʪʦʨʽʚ ɽ ̔

ʦʧʠʰʝʤʦ ʢʦʣʦ ʨʘʜʽʫʩʘ R  ʟ ʮʝʥʪʨʦʤ ʚ ʪʦʯʮʽ ʆô. 
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ʈʠʩʫʥʦʢ 2.5 ï ʈʦʟʩʽʶʚʘʥʥʷ ʢʦʛʝʨʝʥʪʥʦʛʦ ʭʘʨʘʢʪʝʨʫ 

 ʋ ʚʠʤʽʨʶʚʘʥʫ ʰʠʨʠʥʫ ʜʠʬʨʘʢʮʽʡʥʦʾ ʣʽʥʽʾ ʜʘʻ ʪʘʢʦʞ ʚʥʝʩʦʢ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʰʠʨʠʥʘ ʣʽʥʽʾ  b, ʦʙʫʤʦʚʣʝʥʘ ʰʠʨʠʥʦʶ ʜʽʘʬʨʘʛʤ, ʷʢʘ 

ʦʙʤʝʞʫʻ ʧʫʯʦʢ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ, ʨʦʟʭʦʜʞʝʥʥʷ ʧʫʯʢʘ, ʥʝʪʦʯʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʟʨʘʟʢʘ ʚ ʡʦʛʦ ʪʨʠʤʘʯ. ʎʶ ʰʠʨʠʥʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʟʥʽʤʘʶʯʠ 

ʝʪʘʣʦʥ ï ʟʨʘʟʦʢ ʟ ʜʦʩʣʽʜʞʝʥʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʽʣʴʥʠʭ ʚʽʜ 

ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʛ ʢʨʠʩʪʘʣʠʢʽʚ, ʨʦʟʤʽʨʠ ʷʢʠʭ ʥʝ ʙʽʣʴʰʝ 10-3 ʩʤ. 

 ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ (ʈʌɸ) ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ 

ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʫ ʥʘ ʫʩʪʘʥʦʚʮʽ ɼʈʆʅ-1.5 ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (Cuʂa - 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ). ʐʚʠʜʢʽʩʪʴ ʩʢʘʥʫʚʘʥʥʷ ʩʢʣʘʜʘʣʘ 1-4 ʛʨʘʜ/ʭʚ ʫ ʜʽʘʧʘʟʦʥʽ 

ʢʫʪʽʚ 2q ʚʽʜ 15 ʜʦ 80.̄ ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʙʘʟʫ 

ʜʘʥʠʭ ʤʽʞʥʘʨʦʜʥʦʛʦ ʢʦʤʽʪʝʪʫ ʧʦʨʦʰʢʦʚʠʭ ʩʪʘʥʜʘʨʪʽʚ (JSPDS International 

Center of Diffraction data 1985). ʇʝʨʽʦʜʠ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ ʨʦʟʨʘʭʦʚʘʥʦ ʧʦ 

ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʛʨʘʤʫ LATTIC ʟ 

ʧʦʭʠʙʢʦʶ ʥʝ ʥʠʞʯʝ 0,0001 ʥʤ ʜʣʷ ʢʫʙʽʯʥʦʾ ʬʘʟʠ.  

ʈʝʥʪʛʝʥʽʚʩʴʢʫ ʱʽʣʴʥʽʩʪʴ ʚʠʟʥʘʯʘʣʠ ʟ ʤʘʩʠ ʪʘ ʦʙôʻʤʫ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ:  

V ek

ZMÖÖ
=

6604,1
g

,                                                                     (9) 
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ʜʝ ʄ ï ʤʦʣʝʢʫʣʷʨʥʘ ʚʘʛʘ ʩʢʣʘʜʥʦʛʦ ʦʢʩʠʜʫ, ʛ.; Z ï ʯʠʩʣʦ ʬʦʨʤʫʣʴʥʠʭ 

ʦʜʠʥʠʮʴ ʚ ʝʣʝʤʝʥʪʘʨʥʽʡ ʢʦʤʽʨʮʽ; Vek ï ʦʙôʻʤ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ, ʥʤ
3 

ʄʘʩʫ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: mek=ɛz/Na, ʜʝ Na-

ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ (6,022Ŀ1023 ʤʦʣʴ-1);  ɛz-ʤʦʣʷʨʥʘ ʤʘʩʘ ʩʢʣʘʜʥʦʛʦ ʦʢʩʠʜʫ. 

ʆʙôʻʤ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʠʭ ʨʦʟʨʘʭʫʥʢʫ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʽʨʢʠ, ʦʪʨʠʤʘʥʠʭ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤ ʤʝʪʦʜʦʤ: 

ʢʫʙʽʯʥʘ ʩʠʥʛʦʥʽʷ:          Vek = ʘ3                                                     (10) 

ʤʦʥʦʢʣʽʥʥʘ ʩʠʥʛʦʥʽʷ:     Vek = ʘĀbĀcĿsinɓ                                       (11) 

ɺʠʟʥʘʯʝʥʥʷ ʧʨʦʮʝʥʪʥʦʛʦ ʚʤʽʩʪʫ ʢʫʙʽʯʥʦʾ ʬʘʟʠ Zrʆ2 ʚ ʛʝʪʝʨʦʛʝʥʥʽʡ 

ʦʙʣʘʩʪʽ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ : 

[ % ZrO2 (ʢʫʙ.)].= (ɯ111
ʢ/ ɯ

111
ʢ+ ɯ

111
ʤ)Ŀ100,                                   (12) 

 

ʜʝ ɯ111
ʢ ï ʽʥʪʝʛʨʘʣʴʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʽʢʫ ʢʫʙʽʯʥʦʾ ʬʘʟʠ; 

   ɯ111
ʤ - ʽʥʪʝʛʨʘʣʴʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʽʢʫ ʤʦʥʦʢʣʽʥʥʦʾ ʬʘʟʠ.  

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ( ʦʙʣʘʩʪʴ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ) 

ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʫʪʚʦʨʝʥʠʭ ʬʘʟ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʬʦʨʤʫʣʫ ʐʝʨʨʝʨʘ: 

D = 0,89Öl/cosQÖɓ,                                                                 (13) 

ʜʝ ɓ ï ʽʩʪʠʥʥʝ ʬʽʟʠʯʥʝ ʫʰʠʨʝʥʥʷ ʣʽʥʽʡ ʨʦʙʦʯʦʛʦ ʟʨʘʟʢʘ; 

    Q - ʢʫʪ ʜʠʬʨʘʢʮʽʾ; 

    l - ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 

ɓ= W̄/2Ö1 ʨʘʜ                                                                        (14) 

W  ̄- ʥʘʧʽʚʰʠʨʠʥʘ ʣʽʥʽʾ ʚ ʛʨʘʜ. 
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ςȢυ ˝́̒̓̑̏̃́ ̆̌̆̋̓̑̏̎̎́ ̨̨̠̍̋̑̏̒̋̏̐ ̨ ̝̌̏̋́̌̎̉̊ ̝̑̆̎̓̄̆̎̏̒̐̆̋̓̑́̌̎̉̊ 

̨́̎́̌̈ 

 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʚʠʚʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʩʪʨʦʚʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʧʨʠ ɯʥʩʪʠʪʫʪ ̔ ʇʨʦʙʣʝʤ ʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ 

ʽʤ. ɯ.ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅ ʋʢʨʘʾʥʠ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʨʦʬʝʩʦʨʘ ʆ.ʈ. 

ɸʥʜʨʽʻʚʩʴʢʦʾ. ʃʦʢʘʣʴʥʠʡ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ (ʃʈʉɸ) ʚʠʢʦʥʘʥʦ ʥʘ 

ʫʩʪʘʥʦʚʢʘʭ SUPERPROBE-733 (JEOL, Japan, Palo Alto, CA) ʽ JUMP-9500F 

(JEOL-Japan, INCA Penta FETĬ3, Oxford Instruments) ʫ ʟʚʦʨʦʪʥʦ (BSE) ʽ 

ʚʪʦʨʠʥʥʦ ʚʽʜʙʠʪʠʭ (SE) ʝʣʝʢʪʨʦʥʘʭ. ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʰʣʽʬʽʚ ʚʠʧʘʣʝʥʽ 

ʟʨʘʟʢʠ ʟʘʣʠʚʘʣʠ  ʩʽʨʢʦʶ, ʰʣʽʬʫʚʘʣʠ ʥʘ ʘʙʨʘʟʠʚʥʦʤʫ ʧʘʧʝʨʽ ʨʽʟʥʦʾ ʟʝʨʥʠʩʪʦʩʪʽ 

ʽ ʧʦʣʽʨʫʚʘʣʠ ʘʣʤʘʟʥʦʶ ʧʘʩʪʦʶ. ɼʣʷ ʚʠʚʯʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʟʨʘʟʢʠ 

ʟʚʽʣʴʥʷʣʠ ʚʽʜ ʩʽʨʢʠ ʽ ʧʽʜʜʘʚʘʣʠ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʚʠʧʘʣʫ ʫ ʧʦʚʽʪʨʽ ʚ ʧʝʯʽ ʟ 

ʥʘʛʨʽʚʘʯʘʤʠ H23U5T (ʬʝʭʨʘʣʴ) ʧʨʠ 800 Áʉ ʧʨʦʪʷʛʦʤ 2 ʛʦʜ ʜʣʷ ʚʠʜʘʣʝʥʥʷ 

ʟʘʣʠʰʢʽʚ ʩʽʨʢʠ.  

ɺʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʥʝʪʨʘʚʣʝʥʠʭ ʰʣʽʬʘʭ, ʷʢʽ ʧʦʧʝʨʝʜʥʴʦ 

ʧʽʜʜʘʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʽʡ ʦʯʠʩʪʮʽ ʫ ʘʮʝʪʦʥʽ ʟ ʧʦʜʘʣʴʰʠʤ ʥʘʧʠʣʝʥʥʷʤ 

ʟʦʣʦʪʦʤ.   

 

 

ʘ) 
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ʙ) 

 

ʈʠʩ.2.5.1   ï ʋʩʪʘʥʦʚʢʠ  ʘ) SUPERPROBE-733 (JEOL, Japan, Palo Alto, 

CA),  ʙ)JUMP-9500F (JEOL-Japan, INCA Penta FETĬ3, Oxford Instruments) ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ ʃʈʉɸ. 
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3 ʅʆɺɯ ʄɸʊɽʈɯɸʃʀ ʅɸ ʆʉʅʆɺɯ ʇʆʊʈɯʁʅʆɰ ʉʀʉʊɽʄʀ  

ZrO 2 ï CeO2 ï Eu2O3  

 

ɺʠʚʯʝʥʦ ʬʘʟʦʚʽ ʨʽʚʥʦʚʘʛʠ ʚ ʧʦʪʨʽʡʥʽʡ ʩʠʩʪʝʤʽ Zrʆ2-Ceʆ2-Eu2O3 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 1500, 1100 ʪʘ 600 C̄ ʪʘ ʧʦʜʚʽʡʥʽʡ ʩʠʩʪʝʤʽ Ceʆ2-Eu2O3 ʚ ʪʦʤʫ ʞ  

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʫ ʚʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʛʦʪʫʚʘʣʠ ʟʨʘʟʢʠ ʧʨʠ ɯʥʩʪʠʪʫʪʽ ʇʨʦʙʣʝʤ 

ʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤ. ɯ.ʄ. ʌʨʘʥʮʝʚʠʯʘ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʨʦʬ. ʆ.ʈ. 

ɸʥʜʨʽʻʚʩʴʢʦʾ. 

 

3.1 ʉʠʩʪʝʤʘ ʉʝʆ2-Eu2O3 

 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʠʚʯʝʥʥʷ ʪʚʝʨʜʦʬʘʟʥʦʾ ʚʟʘʻʤʦʜʽʾ ʉeO2 (ʪʠʧ ʬʣʶʦʨʠʪʫ, 

F) ʪʘ Eu2O3 (ʤʦʥʦʢʣʽʥʥʘ ʤʦʜʠʬʽʢʘʮʽʷ, ɺ) ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʦʚʝʣʦ, ʱʦ ʚ 

ʩʠʩʪʝʤʽ ʉʝʆ2-Eu2O3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1500 Áʉ ʫʪʚʦʨʶʶʪʴʩʷ 3 ʪʠʧʠ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ: ʢʫʙʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʬʣʶʦʨʠʪʫ F-CeO2 ʪʘ ʉ-Eu2O3  ̔

ʤʦʥʦʢʣʽʥʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ɺ-Eu2O3. ʎʽ ʬʘʟʠ ʨʦʟʜʽʣʝʥʽ ʜʚʦʬʘʟʥʠʤʠ ʧʦʣʷʤʠ 

(F+ʉ) ʪʘ (ʉ+ɺ) (ʨʠʩ. 3.1.2).   

ɼʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ 

(ʈʌɸ), ʩʫʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʫ ʨʦʟʰʠʬʨʦʚʮʽ ʨʝʥʪʛʝʥʦʛʨʘʤ. ʎʝʡ ʤʝʪʦʜ ʙʽʣʴʰ 

ʜʦʢʣʘʜʥʦ ʦʧʠʩʘʥʠʡ ʫ ʨʦʟʜʽʣʽ ˉ 2. 

ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 600 Áʉ ʢʽʣʴʢʽʩʪʴ ʬʘʟʦʚʠʭ ʧʦʣʽʚ 

ʟʤʝʥʰʫʻʪʴʩʷ ʪʦʤʫ ʱʦ ʤʦʥʦʢʣʽʥʥʘ ɺ - Eu2O3 ʽʩʥʫʻ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1000 ʉ̄ . 

ʍ̔ ʤʽʯʥʠʡ  ̔ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʟʨʘʟʢʽʚ ʟ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʠʧʘʣʫ 1500, 1100, 

600 ʉ̄, ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʬʘʟ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ ʧʨʠ 

ʟʘʟʥʘʯʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ,ʘ ʪʘʢʦʞ ʛʨʘʥʠʮʽ ʦʙʣʘʩʪʝʡ ʛʦʤʦʛʝʥʥʦʩʪʽ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ F-CeO2, C-Eu2O3 ʽ B-Eu2O3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1500 Áʉ, 

ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 3.1.1-3.1.3. 
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ʈʠʩʫʥʦʢ  3.1.1 -  

ɼʠʬʨʘʢʮʽʡʥʽ ʢʘʨʪʠʥʠ ʚ 

ʉʝ1īxEuxO2īʭ/2  ʩʝʨʽʷʭ: (ɸ) CeO2; 

(b) Ce0.6Eu0.4O1.8; (ʩ) 

Ce0.45Eu0.55O1.60; (d) Eu2O3 . F = 

F-ʪʠʧʫ ʨʝʰʽʪʢʠ, ʉ = ʉ-ʪʠʧ 

ʨʝʰʽʪʢʠ, ʄ = ʤʦʥʦʢʣʽʥʥʘ . * - 

ʧʨʝʜʩʪʘʚʣʷʻ ʧʨʠʩʫʪʥʽʩʪʴ ʧʽʢʽʚ 

ʥʘʜʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ 

C-ʪʠʧʫ ʬʘʟʠ . 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.1.2 - ʌʘʟʦʚʽ ʨʽʚʥʦʚʘʛʠ 

ʚ ʩʠʩʪʝʤʽ CeO2-Eu2O3 ʧʨʠ 600-1500 

C̄  

(ƺ - ʦʜʥʦʬʘʟʥʽ,  - ʜʚʦʬʘʟʥʽ 

ʟʨʘʟʢʠ) 

ʇʨʠ 1100 Áʉ ʛʨʘʥʠʮʽ ʦʙʣʘʩʪʝʡ 

ʛʦʤʦʛʝʥʥʦʩʪʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ 

ʦʩʥʦʚʽ F-CeO2 ʪʘ C-Eu2O3 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʢʣʘʜʘʤʠ, ʱʦ ʤʽʩʪʷʪʴ 

20-25 ʤʦʣ. % Eu2O3 ʽ 90-99 ʤʦʣ. % 
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Eu2O3. 
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ʊʘʙʣʠʮʷ 3.1.1 - ʍʽʤʽʯʥʠʡ ʽ ʬʘʟʦʚʠʡ ʩʢʣʘʜ, ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʢʦʤʽʨʦʢ ʬʘʟ ʩʠʩʪʝʤʠ CeO2-Eu2O3 ʧʽʩʣʷ ʚʠʧʘʣʫ ʟʨʘʟʢʽʚ ʧʨʠ 1500 C̄, ʟʘ ʜʘʥʠʤʠ 

ʈʌɸ 

ʍʽʤʽʯʥʠ

ʡ ʩʢʣʘʜ, 

ʤʦʣ. %  

ʌʘʟʦʚʠʡ 

ʩʢʣʘʜ 

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʬʘʟ, ʥʤ 

(ʘ ° 0.0002) 

ʉ

eO2 

Eu2O3  <

F> 

<ʉ

> 

<B> 

 a a a b c ɓ 

1 2 3 4 5 6 7 8 9 

0 100 <B> - - 1.4

328 

0.3

579 

0.8

636 

9

2.30 

1 99 <B> ʦʩʥ. + 

<ʉ> 

- 1.0

854 

1.6

388 

0.3

626 

0.8

644 

9

7.11 

2 98 <B> ʦʩʥ. + 

<ʉ>ŷ 

- 1.0

841 

1.4

146 

0.3

596 

0.8

711 

8

7.80 

3 97 <B> ʦʩʥ. + 

<ʉ>ŷ 

- 1.0

839 

1.4

404 

0.3

573 

0.8

892 

8

9.36 

4 96 <B> ʦʩʥ. + 

<ʉ> 

- 1.0

841 

1.5

552 

0.3

596 

0.8

667 

9

3.88 

5 95 <B> + <ʉ> - 1.0

837 

1.5

601 

0.3

668 

0.8

727 

1

01.20 

1

0 

90 <ʉ> ʦʩʥ.ŷ + 

<ɺ> 

- 1.0

855 

1.7

250 

0.3

647 

0.8

810 

9

9.60 

1

5 

85 <ʉ> + <ɺ> ʩʣ. - 1.0

844 

- - - - 

2

0 

80 <ʉ> - 1.0

856 

- - - - 

2

5 

75 <ʉ> - 1.0

863 

- - - - 

3

0 

70 <ʉ> ʦʩʥ. + <F> 

ʩʣ. 

- 1.0

853 

- - - - 

3

5 

65 <ʉ> ʦʩʥ. + <F> 

ʩʣ. 

- 1.0

863 

- - - - 

4

0 

60 <ʉ> ʦʩʥ. + <F> 

ʩʣ. 

- 1.0856 - - - - 

4

5 

55 <ʉ> ʦʩʥ. + 

<F>ŷ 

0.5

423 
1.0

863 

- - - - 

5 50 <ʉ> ʦʩʥ. + 0.5 1.0 - - - - 
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0 <F>ŷ 423 860 

5

5 

45 <ʉ> + <F>ŷ 0.5

423 
1.0

845 

- - - - 

6

0 

40 <ʉ>Ź + <F>ŷ 0.5

425 
1.0

867 

- - -  

6

5 

35 <F> ʦʩʥ. + 

<C>Ź 

0.5

410 
1.0

820 

- - -  

7

0 

30 <F> ʦʩʥ. + <C> 

ʩʣ.Ź 

0.5

424 
1.0

847 

- - - - 

7

5 

25 <F> + <C> ʩʣ. 0.5

423 
- - - - - 

8

0 

20 <F> ʦʩʥ. 0.5

425 
- - - - - 

8

5 

15 <F> 0.5

423 
 - - - - 

9

0 

10 <F> 0.5

418 
 - - - - 

9

5 

5 <F> 0.5

413 
 - - - - 

0 100 <F> 0.5

409 
 - - - - 

ʇʦʟʥʘʯʝʥʥʷ ʬʘʟ: <ɺ> ï ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʥʘ ʦʩʥʦʚʽ ʤʦʥʦʢʣʽʥʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ Eu2O3; <ʉ> ï ʪʚʝʨʜʽ 

ʨʦʟʯʠʥʠ ʥʘ ʦʩʥʦʚʽ ʢʫʙʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ Eu2O3; <F> ï ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʥʘ ʦʩʥʦʚʽ ʢʫʙʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʟ 

ʩʪʨʫʢʪʫʨʦʶ ʪʠʧʫ ʬʣʶʦʨʠʪʫ ʉʝʆ2. ɯʥʰʽ ʫʤʦʚʥʽ ʧʦʟʥʘʯʢʠ: ʦʩʥ. ï ʬʘʟʘ, ʱʦ ʩʢʣʘʜʘʻ ʦʩʥʦʚʫ, ʩʣ. ï 

ʩʣʽʜʠ ʬʘʟʠ, ŷ ï ʚʤʽʩʪ ʬʘʟʠ ʟʙʽʣʴʰʫʻʪʴʩʷ, Ź ï ʢʽʣʴʢʽʩʪʴ ʬʘʟʠ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʊʘʙʣʠʮʷ 3.1.2 - ʍʽʤʽʯʥʠʡ ʽ ʬʘʟʦʚʠʡ ʩʢʣʘʜ, ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʢʦʤʽʨʦʢ ʬʘʟ ʩʠʩʪʝʤʠ CeO2-Eu2O3 ʧʽʩʣʷ ʚʠʧʘʣʫ ʟʨʘʟʢʽʚ ʧʨʠ 1100 C̄, ʟʘ ʜʘʥʠʤʠ 

ʈʌɸ 

ʍʽʤʽʯʥʠʡ 

ʩʢʣʘʜ, ʤʦʣ. 

%  

ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʽ ʧʘʨʘʤʝʪʨʠ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ, ʥʤ  

ʟʘ ʜʘʥʠʤʠ ʈʌɸ 

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʢʦʤʽʨʦʢ ʬʘʟ, ʥʤ (ʘ ° 0.0002) 

ʉ

eO2 

Eu2O

3 

 <F> <ʉ> 

 a a 

1 2 3 4 5 

0 100 <B-Eu2O3> (a = 1.4882, b = 

0.3562, c = 0.8960, ɔ = 90.2562) 

- - 

1 99 <ʉ-Eu2O3> ʦʩʥ. + <B-Eu2O3> 

ʩʣ. 

- 1.0840 

2 98 <ʉ-Eu2O3> - 1.0844 
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3 97 <ʉ-Eu2O3> - 1.0843 

4 96 <ʉ-Eu2O3> - 1.0838 

5 95 <ʉ-Eu2O3> - 1.0843 

10 90 <ʉ-Eu2O3> ʦʩʥ. + <F-CeO2> ʥʝʟʥ. 

ʩʣ. 

- 1.0846 

15 85 <ʉ-Eu2O3> ʦʩʥ. + <F-CeO2> 

ʩʣ. 

- 1.0843 

20 80 <ʉ-Eu2O3> + <F-CeO2> ʩʣ. - 1.0842 

25 75 <ʉ-Eu2O3> ʦʩʥ. + <F-CeO2> ŷ - 1.0847 

30 70 <ʉ-Eu2O3> ʦʩʥ. + <F-CeO2>ŷ - 1.0840 

35 65 <ʉ-Eu2O3> + <F-CeO2> - 1.0845 

40 60 <ʉ-Eu2O3> + <F-CeO2> 0.5431 1.0857 

45 55 <ʉ-Eu2O3> ʦʩʥ. + <F-CeO2>ŷ 0.5431 1.0857 

50 50 <ʉ-Eu2O3>Ź + <F-CeO2> 0.5430 1.0868 

55 45 <ʉ-Eu2O3>Ź + <F-CeO2>ŷ 0.5431 1.0861 

60 40 <ʉ-Eu2O3>Ź + <F-CeO2>ŷ 0.5424 1.0864 

65 35 <F-CeO2>ŷ + <ʉ-Eu2O3>ŹŹ 0.5434 1.0867 

70 30 <F-CeO2> ʦʩʥ. + <ʉ-Eu2O3>ŹŹ 0.5425 1.0861 

75 25 <F-CeO2> + <ʉ-Eu2O3> ʩʣ. 0.5427 - 

80 20 <F-CeO2> ʦʩʥ. 0.5425 - 

85 15 <F-CeO2> 0.5422  

90 10 <F-CeO2> 0.5420  

95 5 <F-CeO2> 0.5412  

0 100 <F-CeO2> 0.5409  

ʊʘʙʣʠʮʷ 3.1.3 - ʍʽʤʽʯʥʠʡ ʽ ʬʘʟʦʚʠʡ ʩʢʣʘʜ, ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʢʦʤʽʨʦʢ ʬʘʟ ʩʠʩʪʝʤʠ CeO2-Eu2O3 ʧʽʩʣʷ ʚʠʧʘʣʫ ʟʨʘʟʢʽʚ ʧʨʠ 600 C̄, ʟʘ ʜʘʥʠʤʠ 

ʈʌɸ 

ʍʽʤʽʯʥʠʡ 

ʩʢʣʘʜ, ʤʦʣ. %  
ʌʘʟʦʚʠʡ ʩʢʣʘʜ  ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʢʦʤʽʨʦʢ ʬʘʟ, ʥʤ (ʘ ° 0.0002) 

ʉe

O2 

Eu2O3  <F> <ʉ> 

 a a 

1 2 3 4 5 

0 100 <ʉ-Eu2O3> - 1.0837 

1 99 <ʉ-Eu2O3> - 1.0838 

2 98 <ʉ-Eu2O3> - 1.0821 

3 97 <ʉ-Eu2O3> ʦʩʥ. + <F-CeO2> - 1.0846 
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ʩʣ. 

4 96 <ʉ-Eu2O3> + <F-CeO2> ʩʣ. - 1.0847 

5 95 <ʉ-Eu2O3> ʦʩʥ. + <F-CeO2> ʩʣ. 

ʥʝʟʥʘʯ. 

- 1.0840 

10 90 <ʉ-Eu2O3> + <F-CeO2> ʩʣ. - 1.0840 

15 85 <ʉ-Eu2O3> ʦʩʥ. + <F-CeO2> 

ʩʣ. 

0.5420 1.0840 

20 80 <ʉ-Eu2O3> + <F-CeO2> ʩʣ. ŷ 0.5422 1.0844 

25 75 <ʉ-Eu2O3> ʦʩʥ. + <F-CeO2> 

ʩʣ. 

- 1.0833 

30 70 <ʉ-Eu2O3> ʦʩʥ. + <F-CeO2> 0.5420 1.0840 

35 65 <ʉ-Eu2O3> + <F-CeO2> 0.5416 1.0828 

40 60 <ʉ-Eu2O3> Ź + <F-CeO2> ŷ 0.5416 1.0842 

45 55 <ʉ-Eu2O3> ʦʩʥ. + <F-CeO2> 0.5414 1.0840 

50 50 <ʉ-Eu2O3>Ź + <F-CeO2> 0.5416 1.0829 

55 45 <ʉ-Eu2O3>Ź + <F-CeO2>ŷ 0.5410 1.0821 

60 40 <ʉ-Eu2O3>Ź + <F-CeO2>ŷ 0.5414 1.0829 

65 35 <F-CeO2>ŷ + <ʉ-Eu2O3>ŹŹ 0.5415 1.0827 

70 30 <F-CeO2> + <ʉ-Eu2O3> 0.5416 1.0832 

75 25 <F-CeO2> ʦʩʥ. + <ʉ-Eu2O3> ʩʣ. 0.5411 1.0821 

80 20 <F-CeO2> ʦʩʥ. + <ʉ-Eu2O3> 

ʩʣ.ŹŹ 

0.5414 1.0828 

85 15 <F-CeO2> ʦʩʥ. + <ʉ-Eu2O3> 

ʩʣ.ŹŹŹ 

0.5422 1.0820 

90 10 <F-CeO2> ʦʩʥ. 0.5410 - 

95 5 <F-CeO2> 0.5410 - 

0 100 <F-CeO2> 0.5409 - 

ʇʦʟʥʘʯʝʥʥʷ ʬʘʟ: <ɺ> ï ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʥʘ ʦʩʥʦʚʽ ʤʦʥʦʢʣʽʥʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ Eu2O3; <ʉ> ï ʪʚʝʨʜʽ 

ʨʦʟʯʠʥʠ ʥʘ ʦʩʥʦʚʽ ʢʫʙʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ Eu2O3; <F> ï ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʥʘ ʦʩʥʦʚʽ ʢʫʙʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʟ 

ʩʪʨʫʢʪʫʨʦʶ ʪʠʧʫ ʬʣʶʦʨʠʪʫ ʉʝʆ2. ɯʥʰʽ ʫʤʦʚʥʽ ʧʦʟʥʘʯʢʠ: ʦʩʥ. ï ʬʘʟʘ, ʱʦ ʩʢʣʘʜʘʻ ʦʩʥʦʚʫ, ʩʣ. ï 

ʩʣʽʜʠ ʬʘʟʠ, ŷ ï ʚʤʽʩʪ ʬʘʟʠ ʟʙʽʣʴʰʫʻʪʴʩʷ, Ź ï ʢʽʣʴʢʽʩʪʴ ʬʘʟʠ ʟʤʝʥʰʫʻʪʴʩʷ. 

 

ʇʽʜ ʯʘʩ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʨʦʙʢʠ ʜʦ 600 Áʉ  ʚʩʽ ʛʦʤʦʛʝʥʥʽ ʦʙʣʘʩʪʽ 

ʚ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʘʭ ʥʘ ʦʩʥʦʚʽ ʉ-Eu2O3 ʽ F-CeO2 ʩʪʘʶʪʴ ʚʫʞʯʠʤʠ ʽ  

ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʢʣʘʜʘʤʠ, ʱʦ ʤʽʩʪʷʪʴ 10-15 ʤʦʣ. % Eu2O3 ʽ 97-98 ʤʦʣ. % Eu2O3, 

ʚʽʜʧʦʚʽʜʥʦ (ʪʘʙʣ. 3.1.3).  
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ɺ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʘʭ ʟ ʩʪʨʫʢʪʫʨʦʶ ʪʠʧʫ F-CeO2 ʨʦʟʤʽʨ ʯʘʩʪʦʢ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ 41 ʜʦ 81 ʥʤ (ʪʘʙ. 3.1.4) 

ʊʘʙʣʠʮʷ 3.1.4 - ʈʦʟʤʽʨʠ ʯʘʩʪʦʢ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ F-ʉʝʆ2 ʚ ʩʠʩʪʝʤʽ CeO2-

Eu2O3 ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 600-1500̄ C 

 

ʉʢʣʘʜ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ 

ʈʦʟʤʽʨ ʯʘʩʪʠʥʦʢ, ʥʤ 

1500 Áʉ 1100 Áʉ 600 Áʉ 

Ce0.95Eu0.05O1.95 54 65 81 

Ce0.9Eu0.1O1.925 44 65 81 

Ce0.85Eu0.15O1.9 41 54 54 

 

ɿʤʽʥʘ ʧʝʨʽʦʜʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ F-CeO2 ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ Eu2O3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.1.3.  

ɿ ʧʨʠʚʜʝʥʠʭ ʚʠʱʝ ʜʘʥʠʭ ʚʠʭʦʜʠʪʴ, ʱʦ ʨʦʟʯʠʥʥʽʩʪʴ Eu2O3 ʚ F-

ʤʦʜʠʬʽʢʘʮʽʾ CeO2  ʟʨʦʩʪʘʻ ʟʽ ʩʤʝʥʰʝʥʥʷʤ ʨʦʟʤʽʨʫ ʢʦʤʽʨʢʠ.  

ɺ ʟʨʘʟʢʘʭ ʦʩʥʦʚʥʦʶ ʻ ɺ ʬʘʟʘ ʽ ʚ ʥʽʡ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʨʽʙʥʽ ʪʘ ʽʥʦʜʽ ʙʽʣʴʰ 

ʢʨʫʧʥʽ ʚʢʣʶʯʝʥʥʷ ʽʟʦʪʨʦʧʥʦʾ ʩʚʽʪʣʦʾ, ʧʨʦʟʦʨʦʾ ʬʘʟʠ ʉ-Eu2O3. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʚʤʽʩʪʫ ʦʢʩʠʜʫ ʮʝʨʽʶ ʢʽʣʴʢʽʩʪʴ ʽʟʦʪʨʦʧʥʦʾ ʉ ʬʘʟʠ ʟʨʦʩʪʘʻ. ɼʣʷ ʟʨʘʟʢʽʚ ʚʽʜ 10 - 

15 ʤʦʣ. % ʉʝʆ2 ʉ-ʤʦʜʠʬʽʢʘʮʽʷ ʦʢʩʠʜʫ ʻʚʨʦʧʽʶ ʻ ʦʩʥʦʚʦʶ. ʉ-ʤʦʜʠʬʽʢʘʮʽʾ ʽʟ 

ʩʪʨʫʢʪʫʨʦʶ ʪʠʧʫ ʬʣʶʦʨʠʪʫ (F) ʉʝʆ2 ʧʦʯʠʥʘʶʪʴ ʟôʷʚʣʷʪʠʩʴ ʟ 30 ʤʦʣ. % CeO2-

70 ʤʦʣ. % Eu2O3. ʋ ʜʚʦʬʘʟʥʠʭ ʟʨʘʟʢʘʭ, ʷʢʽ ʤʽʩʪʷʪʴ 65-75 ʤʦʣ. % ʉʝʆ2 ʦʩʥʦʚʫ 

ʩʢʣʘʜʘʻ ʢʫʙʽʯʥʘ ʤʦʜʠʬʽʢʘʮʽʷ F-CeO2 (ʪʘʙʣ. 3.1.1).  
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ʈʠʩʫʥʦʢ 3.1.3 - ʂʦʥʮʝʥʪʨʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ 

ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ F-CeO2  ʚ ʩʠʩʪʝʤʽ CeO2-Eu2O3 ʧʽʩʣʷ ʚʠʧʘʣʫ ʟʨʘʟʢʽʚ 

ʧʨʠ   (̖) 1500 ÁC, (ǒ) 1100 Áʉ ʽ (æ) 600 Áʉ 

 

ʆʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʽ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ B-Eu2O3 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 1100 Áʉ ʤʘʣʘ (< 1 ʤʦʣ. %).  ʇʽʜ ʯʘʩ  ʟʘʤʽʱʝʥʥʷ  ʽʦʥʽʚ Eu3+ (r = 

0.0985 ʥʤ) ʽʦʥʘʤʠ ʉʝ4+ (r = 0.090 ʥʤ) ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ, ʩʪʘʙʽʣʽʟʘʮʽʾ B-Eu2O3  

ʥʝʤʘ. ʉʪʝʨʠʯʥʠʡ ʬʘʢʪʦʨ ʦʙʫʤʦʚʣʶʻ ʙʽʣʴʰʫ ʧʨʦʪʷʞʥʽʩʪʴ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ 

ʦʩʥʦʚʽ F-CeO2 ʚ ̔ʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 1500-1100 Áʉ, ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ 20. 

ʤʦʣ. % ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʠʤ (ʨʠʩ. 3.1.3). 

ɿʨʘʟʢʠ, ʦʪʨʠʤʘʥʽ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ɯʥʩʪʠʪʫʪʫ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤ. 

ɯ.ʆ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅʋ ʽ ʚʠʧʘʣʝʥʽ ʧʨʠ 600 Áʉ, ʦʜʝʨʞʘʪʠ ʱʽʣʴʥʦ ʩʧʝʯʝʥʽ 

ʟʨʘʟʢʠ ʥʝ ʚʜʘʣʦʩʷ. ɺ ʟʨʘʟʢʘʭ, ʱʦ ʤʽʩʪʷʪʴ 1-2 ʤʦʣ. % CeO2-99-98 ʤʦʣ. % Eu2O3 

ʽʩʥʫʻ ʦʜʥʘ ʽʟʦʪʨʦʧʥʘ ʧʦʨʠʩʪʘ ʬʘʟʘ  ʞʦʚʪʦʛʦ ʢʦʣʴʦʨʫ, ʷʢʘ ʥʘʣʝʞʠʪʴ ʉ-Eu2O3. 

ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʘʥʠʤʠ ʈʌɸ (ʪʘʙʣ. 3.1.3). ʈʽʩʪ ʟʝʨʝʥ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʶ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ. ɼʘʣʽ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʫ ʮʝʨʽʶ ʢʽʣʴʢʽʩʪʴ ʬʘʟʠ <ʉ-Eu2O3> ʧʦʤʽʪʥʦ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ 
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ʚʤʽʩʪ ʬʘʟʠ <F-CeO2> ʧʦʯʠʥʘʻ ʟʨʦʩʪʘʪʠ ʽ ʻ ʦʩʥʦʚʥʦʶ ʟ 75-85 ʤʦʣ. %. ɻʨʘʥʠʯʥʘ 

ʨʦʟʯʠʥʥʽʩʪʴ Eu2O3 ʚ ʢʫʙʽʯʥʽʡ ʤʦʜʠʬʽʢʘʮʽʾ F-CeO2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 600 Áʉ 

ʩʢʣʘʜʘʻ 10 ʤʦʣ. %.  

ʅʘ ʨʠʩʫʥʢʘʭ ʥʠʞʯʝ ʧʨʝʜʩʪʘʚʣʝʥʽ ʤ̔ ʢʨʦʩʪʨʫʢʪʫʨʠ ʜʚʦʬʘʟʥʠʭ ʟʨʘʟʢʽʚ (ɺ + 

ʉ) ʩʧʝʯʝʥʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1500 Áʉ. ʋ ʟʨʘʟʢʘʭ ʻ ʜʚʽ ʩʪʨʫʢʪʫʨʥʽ ʩʢʣʘʜʦʚʽ, ʱʦ 

ʜʦʚʦʣʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʚʦʾʤ ʢʦʥʪʨʘʩʪʦʤ (ʨʠʩ. 3.1.4, ʘ). ʉʚʽʪʣʘ ʬʘʟʘ ʻ ʤʘʪʨʠʮʝʶ 

ʪʘ ʟʘ ʜʘʥʠʤʠ ʃʈʉɸ ʥʘʣʝʞʠʪʴ ʤʦʥʦʢʣʽʥʥʽʡ ʤʦʜʠʬʽʢʘʮʽʾ ʦʢʩʠʜʫ ʻʚʨʦʧʽʶ (ɺ). 

ɼʨʫʛʫ ʬʘʟʫ ʚ ʚʠʛʣʷʜʽ ʪʝʤʥʽʰʠʭ ʚʢʣʶʯʝʥʴ ʤʦʞʥʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ, ʷʢ ʢʫʙʽʯʥʫ 

(ʉ) ʤʦʜʠʬʽʢʘʮʽʶ Eu2O3. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʧʽʜʪʚʝʨʜʞʝʥʘ ʜʘʥʠʤʠ ʈʌɸ (ʪʘʙʣ. 

3.1.3). ʋ ʚʽʜʙʠʪʦʤʫ ʩʚʽʪʣʽ ʻ ʪʝʤʥʘ ʘʥʽʟʦʪʨʦʧʥʘ ʬʘʟʘ ɺ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦ ʁ

ʦʩʥʦʚʫ(ʤʘʪʨʠʮʶ), ʚ ʥʽʡ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʨʽʙʥʽ ʪʘ ʦʙʦʩʦʙʣʝʥʽ  ʢʨʫʧʥʽʰʽ 

ʚʢʣʶʯʝʥʥʷ ʽʟʦʪʨʦʧʥʦʾ ʩʚʽʪʣʦʾ ʽ ʧʨʦʟʦʨʦʾ ʬʘʟʠ ʉ-Eu2O3. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʚʤʽʩʪʫ ʦʢʩʠʜʫ ʮʝʨʽʶ ʢʽʣʴʢʽʩʪʴ ʽʟʦʪʨʦʧʥʦʾ ʉ ʬʘʟʠ ʧʦʯʠʥʘʻ ʟʨʦʩʪʘʪʠ. ɺ 10-15 

ʤʦʣ. % ʉʝʆ2 ʚʤʽʩʪ ʉ-Eu2O3 ʩʢʣʘʜʘʻ ʦʩʥʦʚʫ (ʨʠʩ. 3.1.4 ʚïʝ). ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ 

ʥʘ ʨʠʩ. 3.1.4 ʜ, ʝ ʉ-Eu2O3 ʤʘʻ ʧʦʨʠ ʽ  ʢʨʠʭʢʘ. ʇʽʜ ʯʘʩ ʨʦʩʪʫ ʚʤʽʩʪʫ ʉʝʆ2  ʚ 

ʟʨʘʟʢʫ ʟ ʚʤʽʩʪʦʤ 25 ʤʦʣ. % ʦʢʩʠʜʫ ʮʝʨʽʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʩʢʣʘʜʥʝʥʥʷ 

ʨʝʣʴʻʬʫ ʥʘ ʧʦʚʝʨʭʥʽ ʰʣʽʬʘ, ʘ ʟʘʛʦʩʪʨʝʥʽ ʢʨʘʾ ʚʽʜʙʠʚʘʶʪʴ ʩʚʽʪʣʽʰʠʤ ʢʦʣʴʦʨʦʤ 

. ʉʣʽʜʠ ʉ-ʤʦʜʠʬʽʢʘʮʽʾ ʽʟ ʩʪʨʫʢʪʫʨʦʶ ʪʠʧʫ ʬʣʶʦʨʠʪʫ (F) ʉʝʆ2  ʟôʷʚʣʷʶʪʴʩʷ ʫ 

ʟʨʘʟʢʫ, ʱʦ ʤʽʩʪʠʪʴ 30 ʤʦʣ. % CeO2ï70 ʤʦʣ. % Eu2O3. ɿʘ ʜʘʥʠʤʠ ʝʣʝʢʪʨʦʥʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ ʫ ʟʚʦʨʦʪʥʦ ʚʽʜʙʠʪʠʭ ʝʣʝʢʪʨʦʥʘʭ (BEɯ) ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʚʽ ʬʘʟʠ 

(C-Eu2O3 + F-CeO2), ̫ ʢʽ ʻ ʨʽʟʥʠʤʠ ʟʘ ʢʦʥʪʨʘʩʪʦʤ  ʪʘ ʤʦʨʬʦʣʦʛʽʻʶ ʧʦʚʝʨʭʥʽ. 

ʇʨʦʷʚʣʷʶʪʴʩʷ ʦʨʽʻʥʪʦʚʘʥʦ ʩʧʨʷʤʦʚʘʥʽ ʩʚʽʪʣʦʩʽʨʽ ʧʦʣʦʩʢʠ (C-Eu2O3) ʪʘ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʘ ʪʝʤʥʘ ʬʘʟʘ ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʬʝʨʠʯʥʽ ʯʘʩʪʢʠ F-CeO2 . 
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ʈʠʩʫʥʦʢ 3.1.4 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʟʨʘʟʢʽʚ ʚ ʩʠʩʪʝʤʽ CeO2ïEu2O3 ʧʽʩʣʷ 

ʚʠʧʘʣʫ ʟʨʘʟʢʽʚ ʧʨʠ 1500 C̄ 

ɿ  ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʣʦ ʚʽʜʦʤʦ, ʱʦ ʦʩʥʦʚʫ(ʤʘʪʨʠʮʶ) 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʟʨʘʟʢʘ ʩʢʣʘʜʘʻ ʽʟʦʪʨʦʧʥʘ ʪʝʤʥʘ ʬʘʟʘ Eu2O3 ʟ ʩʚʽʪʣʠʤʠ 

ʽʟʦʪʨʦʧʥʠʤ ʚʢʣʶʯʝʥʥʷʤʠ F-CeO2. ɺʘʞʣʠʚʦ ʻ ʪʝ, ʱʦ ʢʦʣʴʦʨʠ ʬʘʟ ʟʘ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʈʌɸ (ʪʘʙʣ. 3.1.2). 

ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʫ ʮʝʨʽʶ  35-55 ʤʦʣ. % ʉʝʆ2 ʫ ʜʚʦʬʘʟʥʠʭ ʟʨʘʟʢʘʭ (ʉ + 

F) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʧʦʨʠʩʪʦʩʪʽ ʪʘ ʫʩʢʣʘʜʥʝʥʥʷ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ, 






















































































