
 

ʅɸʎɯʆʅɸʃʔʅɸ ɸʂɸɼɽʄɯʗ ʅɸʋʂ ʋʂʈɸɰʅʀ 

ɯʅʉʊʀʊʋʊ ʄʆʅʆʂʈʀʉʊɸʃɯɺ 

 

 

 

                                                                                   

                                                                                            

                                                                              ʋɼʂ [548.522:546.66]:539.1.074.3 

 

 

 

 

ɺʦʣʦʰʠʥʘ ʆʣʝʩʷ ɺʘʩʠʣʚ̔ʥʘ 

 

 

 

ʆʊʈʀʄɸʅʅʗ ʊɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʉʇʆʃʋʂ REAO4  

(RE ï ʈɯɼʂɯʉʅʆɿɽʄɽʃʔʅʀʁ ɽʃɽʄɽʅʊ, ɸ ï V, Nb, Ta)                                                

ɼʃʗ ʉʎʀʅʊʀʃʗʎɯʁʅʀʍ ɿɸʉʊʆʉʋɺɸʅʔ 

 

 

05.02.01 ï ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ 

 

 

 

 

 

ɸɺʊʆʈɽʌɽʈɸʊ  

 

ʜʠʩʝʨʪʘʮʽʾ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ  

ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

 

 

 

 

 

 

                                                 

 

ʍʘʨʢʽʚ - 2017



 

ɼʠʩʝʨʪʘʮʽʻʶ ʻ ʨʫʢʦʧʠʩ. 

ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ɯʥʩʪʠʪʫʪʽ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʅɸʅ ʋʢʨʘʾʥʠ. 

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ:   ʢʘʥʜʠʜʘʪ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ 

                                        ʩʧʽʚʨʦʙʽʪʥʠʢ  

                                        ʉʽʜʣʝʮʴʢʠʡ ʆʣʝʛ ʎʝʟʘʨʝʚʠʯ 

                                        ʟʘʚʽʜʫʚʘʯ ʚʽʜʜʽʣʫ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʱʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ  

                                        ɯʥʩʪʠʪʫʪʫ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ʆʬʽʮʽʡʥʽ ʦʧʦʥʝʥʪʠ:     ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, cʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ 

                                        ʇʠʣʠʧʝʥʢʦ ʄʠʢʦʣʘ ʄʠʢʦʣʘʡʦʚʠʯ 

                                        ʚ.ʦ. ʚʯʝʥʦʛʦ ʩʝʢʨʝʪʘʨʷ, ʥʘʯʘʣʴʥʠʢ ʣʘʙʦʨʘʪʦʨʽʾ ɯʥʩʪʠʪʫʪʫ  

                                        ʬʽʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʽʣʘ, ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʪʘ ʪʝʭʥʦʣʦʛʽʡ                                       

                                        ʅʅʎ "ʍʘʨʢʽʚʩʴʢʠʡ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ"  

                                            ʅɸʅ ʋʢʨʘʾʥʠ 

  

                                        ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

                                        ʉʦʣʴʩʴʢʠʡ ɯʚʘʥ ʄʠʭʘʡʣʦʚʠʯ 

                                 ʥʘʯʘʣʴʥʠʢ ʚʽʜʜʽʣʫ ʬʽʟʠʢʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʥʦʢʨʠʩʪʘʣʽʚ 

                                        ʩʢʣʘʜʥʠʭ ʦʢʩʠʜʽʚ 

                                        ʅɺʇ ñʂɸʈɸʊò 

 

ɿʘʭʠʩʪ ʚʽʜʙʫʜʝʪʴʩʷ 17 ʞʦʚʪʥʷ 2017 ʨʦʢʫ ʦ 14.00 ʛʦʜ. ʥʘ ʟʘʩʽʜʘʥʥʽ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʚʯʝʥʦʾ ʨʘʜʠ  ɼ  64.169.01  ʧʨʠ  ɯʥʩʪʠʪʫʪʽ  ʤʦʥʦʢʨʠʩʪʘʣʽʚ  ʅɸʅ  

ʋʢʨʘʾʥʠ ʟʘ ʘʜʨʝʩʦʶ: 61001 ʍʘʨʢʽʚ, ʧʨ. ʅʘʫʢʠ, 60. 

ɿ ʜʠʩʝʨʪʘʮʽʻʶ ʤʦʞʥʘ ʦʟʥʘʡʦʤʠʪʠʩʷ ʚ ʥʘʫʢʦʚʽʡ ʙʽʙʣʽʦʪʝʮʽ ɯʥʩʪʠʪʫʪʫ 

ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʅɸʅ ʋʢʨʘʾʥʠ (ʤ. ʍʘʨʢʽʚ, ʧʨ. ʅʘʫʢʠ, 60) ʪʘ  ʥʘ  ʚʝʙ-ʩʘʡʪʽ 

ʽʥʩʪʠʪʫʪʫ ʟʘ ʘʜʨʝʩʦʶ http://isc.kharkov.ua/page-specialized_concuil.html. 

 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʦʟʽʩʣʘʥʠʡ ñ____ò ʚʝʨʝʩʥʷ 2017 ʨʦʢʫ 

 

 

ɺʯʝʥʠʡ ʩʝʢʨʝʪʘʨ  

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʚʯʝʥʦʾ ʨʘʜʠ ɼ  64.169.01 

ʢʘʥʜʠʜʘʪ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ                                    ʄ.ɺ. ɼʦʙʨʦʪʚʦʨʩʴʢʘ 

 



1 

 

ɿɸɻɸʃʔʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈʆɹʆʊʀ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ. ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʜʝʪʝʢʪʦʨʽʚ ʚ 

ʥʦʚʽʪʥʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʬʽʟʠʢʠ ʚʠʩʦʢʠʭ ʝʥʝʨʛʽʡ ʽ ʤʝʜʠʮʠʥʽ ʻ ʩʮʠʥʪʠʣʷʪʦʨʠ ʽʟ 

ʚhʠʜʢʠʤ ʟʘʛʘʩʘʥʥʷʤ ʣʶʤʽʥʝʩʮʝʥʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʙʨʦʙʣʷʪʠ ʚ ʩʪʠʩʣʽ ʪʝʨʤʽʥʠ 

ʟʥʘʯʥʠʡ ʦʙôʻʤ ʽʥʬʦʨʤʘʮʽʾ. ɿʚʘʞʘʶʯʠ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʦʙʤʝʞʝʥʥʷ ʫ 

ʰʚʠʜʢʦʩʪʽ ʟʘʛʘʩʘʥʥʷ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʩʮʠʥʪʠʣʷʪʦʨʽʚ,  ʱʦ ʘʢʪʠʚʦʚʘʥ,̔ ʥʘʧʨʠʢʣʘʜ, 

ʉʝ
3+

, Pr
3+

, Eu
2+
, ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʻ ʨʦʟʨʦʙʢʘ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʚʣʘʩʥʦʶ 

ʣʶʤʽʥʝʩʮʝʥʮʽʻʶ. ʉʝʨʝʜ ʦʩʪʘʥʥʽʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʚʽʜʦʤʽ ʦʢʩʠʜʥʽ ʩʮʠʥʪʠʣʷʪʦʨʠ 

ʚʦʣʴʬʨʘʤʘʪ ʩʚʠʥʮʶ PbWO4 ʪʘ ʛʝʨʤʘʥʘʪ ʚʽʩʤʫʪʫ Bi4Ge3O12, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘ̒ 

ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ʅʘʧʨʠʢʣʘʜ, PbWO4 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʚʠʜʢʦʶ 

ʣʶʤʽʥʝʩʮʝʥʮʽʻʶ (ʯʘʩ ʟʘʛʘʩʘʥʥʷ Ű = 12 ʥʩ), ʘʣʝ ʜʫʞʝ ʥʠʟʴʢʠʤ ʩʚʪ̔ʣʦʚʠʤ ʚʠʭʦʜʦʤ 

ʧʦʨʷʜʢʫ 300 ʬʦʪ./ʄʝɺ.  ʉʚʽʪʣʦʚʠʡ ʚʠʭʽʜ Bi4Ge3O12 ʧʦʨʷʜʢʫ 8000 ʬʦʪ./ʄʝɺ ʻ 

ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʴ, ʘʣʝ ʥʝʜʦʣʽʢʦʤ ʻ ʟʘʥʘʜʪʦ ʚʝʣʠʢʠʡ Ű = 300 

ʥʩ. ʊʦʤʫ ʧʦʰʫʢ ʥʦʚʠʭ ʩʮʠʥʪʠʣʷʪʦʨʽʚ ʽʟ ʰʚʠʜʢʦʶ ʚʣʘʩʥʦʶ ʣʶʤʽʥʝʩʮʝʥʮʽʻʶ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʢʦʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ. 

ʆʜʥʠʤʠ ʟ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʫʪʴ ʩʪʘʪʠ ʩʧʦʣʫʢʠ ʽʟ ʟʘʛʘʣʴʥʦʶ ʬʦʨʤʫʣʦʶ 

REAO4, ʜʝ RE ï ʈɿɽ, ɸ ï ʝʣʝʤʝʥʪ ʧôʷʪʦʾ ʛʨʫʧʠ ʇʝʨʽʦʜʠʯʥʦʾ ʩʠʩʪʝʤʠ (V, Nb, Ta). 

ɺʽʜʦʤʦ, ʱʦ ʚʘʥʘʜʘʪʘʤ ʧʨʠʪʘʤʘʥʥʘ ʷʩʢʨʘʚʘ, ʘʣʝ ʧʦʚʽʣʴʥʘ ʣʶʤʽʥʝʩʮʝʥʮʽʷ. ʋ 

ʚʽʜʦʤʠʭ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʪʘʥʪʘʣʘʪʘʭ (ʥʘʧʨʠʢʣʘʜ, GdTaO4) ʯʘʩ ʟʘʛʘʩʘʥʥʷ 

ʩʢʣʘʜʘʻ ʩʦʪʥʽ ʥʩ, ʘʣʝ  ʩʚʽʪʣʦʚʠʡ ʚʠʭʽʜ ʥʝ ʥʘʙʘʛʘʪʦ ʧʝʨʝʚʠʱʫʻ PbWO4. 

ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʫ ʟʤʽʰʘʥʠʭ ʢʨʠʩʪʘʣʘʭ ʥʘ ʦʩʥʦʚʽ 

ʽʟʦʚʘʣʝʥʪʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʤʦʞʣʠʚʦ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʠʪʠ ʩʚʽʪʣʦʚʠʡ ʚʠʭ̔ʜ 

ʧʦʨʽʚʥʷʥʦ ʜʦ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ. ʅʘʧʨʠʢʣʘʜ, ʚ ʘʢʪʠʚʦʚʘʥʠʭ ʉʝ
3+

 ʟʤʽʰʘʥʠʭ 

ʛʨʘʥʘʪʘʭ ʈɿɽ ʧʨʠ ʟʘʤʽʱʝʥʥʽ Al
3+

/Ga
3+

 ʩʚʽʪʣʦʚʠʡ ʚʠʭʽʜ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 4 ʨʘʟʽʚ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ. ɺʽʜʦʤʦ ʙʘʛʘʪʦ ʽʥʰʠʭ ʧʨʠʢʣʘʜʽʚ 

ʧʦʣʽʧʰʝʥʥʷ ʩʚʽʪʣʦʚʦʛʦ ʚʠʭʦʜʫ ʚ ʟʤʽʰʘʥʠʭ ʢʨʠʩʪʘʣʘʭ ʷʢ ʽʟ ʚʣʘʩʥʦʶ, ʪʘʢ ʽ ʟ 

ʘʢʪʠʚʘʪʦʨʥʦʶ ʣʶʤʽʥʝʩʮʝʥʮʽʻʶ. ʉʝʨʝʜ ʤʘʪʝʨʽʘʣʽʚ REAO4 ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ 

ʪʽʣʴʢʠ ʟʤʽʰʘʥʽ ʪʘʥʪʘʣʦʥʽʦʙʘʪʠ ʽʪʨʽʶ, ʘ ʜʘʥʽ ʧʨʦ ʩʠʥʪʝʟ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ 

GdNbxTa1-ʭO4 ʫ ʧʦʚʥʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ ʨʷʜʫ ʟʘʤʽʱʝʥʥʷ Ta/Nb ʙʫʣʠ ʚʽʜʩʫʪʥʽ 

ʥʘ ʤʦʤʝʥʪ ʧʦʩʪʘʥʦʚʢʠ ʪʝʤʠ ʨʦʙʦʪʠ.  

ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʱʝʚʠʢʣʘʜʝʥʝ ʤʦʞʥʘ ʟʘʢʣʯʁʠʪʠ, ʱʦ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʦʪʨʠʤʘʥʥʷ ʢʝʨʘʤʽʯʥʠʭ ʪʘ ʢʨʠʩʪʘʣʽʯʥʠʭ ʟʨʘʟʢʽʚ ʩʧʦʣʫʢ 

REAO4 (ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʟʤʽʰʘʥʠʭ ʢʨʠʩʪʘʣʽʚ), ʘ ʪʘʢʦʞ ʩʠʩʪʝʤʘʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʾʭ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʪʘ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ 

ʘʢʪʫʘʣʴʥʠʤʠ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ.  

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ɯʥʩʪʠʪʫʪʽ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʅɸʅ ʋʢʨʘʾʥʠ 

ʪʘ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʟʛʽʜʥʦ ʽʟ ʪʝʤʘʪʠʯʥʠʤʠ ʧʣʘʥʘʤʠ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ: 

- çɺʘʥʘʜʘʪè (2009) ï çʆʪʨʠʤʘʥʥʷ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʢʨʠʩʪʘʣʽʚ ʚʘʥʘʜʘʪʽʚ 

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚè, ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0109U005403; 



2 

 

- çʊʘʥʪʘʣʘʪè (2011) ï  çʈʦʟʨʦʙʢʘ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʪʘʥʪʘʣʘʪʽʚ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚè, ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 

0111U001893 

- çʂʘʪʽʦʥ-2è (2013-2015) ï  çɺʥʝʩʦʢ ʣʦʢʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʥʘ 

ʧʨʦʮʝʩʠ ʧʝʨʝʥʦʩʫ ʝʥʝʨʛʽʾ ʫ ʟʤʽʰʘʥʠʭ ʦʢʩʠʜʥʠʭ ʩʮʠʥʪʠʣʷʪʦʨʘʭè, ʥʦʤʝʨ 

ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0110U001610. 

ʄʝʪʘ ʪʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʄʝʪʘ ï ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʦʩʥʦʚʽ ʩʧʦʣʫʢ REAO4 (ɸ ï V, Nb, Ta). ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʫʚʘʣʠʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ: 

- ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʦʪʨʠʤʘʥʥʷ ʢʝʨʘʤʽʯʥʠʭ ʪʘ 

ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʟʨʘʟʢʽʚ ʥʘ ʦʩʥʦʚʽ ʩʧʦʣʫʢ REAO4 (ɸ ï V, Nb, Ta); 

- ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ, ʦʧʪʠʢʦ-ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʪʘ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʩʧʦʣʫʢ REAO4 (ɸ ï V, Nb, Ta); 

- ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʢʘʪʽʦʥʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʥʘ ʣʶʤʽʥʝʩʮʝʥʪʥʽ ʪʘ 

ʩʮʠʥʪʠʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʤʽʰʘʥʠʭ ʪʘʥʪʘʣʦʥʽʦʙʘʪʽʚ YNbxTa1-ʭO4 ʽ       

GdNbxTa1-ʭO4.  

ʆʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʠ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʩʪʨʫʢʪʫʨʥʽ, ʦʧʪʠʢʦ-ʣʶʤʽʥʝʩʮʝʥʪʥʽ ʪʘ ʩʮʠʥʪʠʣʷʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘ ʦʩʥʦʚʽ ʩʧʦʣʫʢ  REAO4 (ɸ ï V, Nb, Ta).  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʫʤʦʚʠ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʫ, ʬʘʟʦʚʠʡ ʩʢʣʘʜ 

ʦʪʨʠʤʘʥʠʭ ʢʝʨʘʤʽʯʥʠʭ ʪʘ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʟʨʘʟʢʽʚ REAO4 (ɸ ï V, Nb, Ta), 

ʟʘʣʝʞʥʽʩʪʴ ʦʧʪʠʢʦ-ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʪʘ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʤʽʰʘʥʠʭ 

ʢʨʠʩʪʘʣʽʚ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Nb
5+

/Ta
5+

 ʚ ʤʘʪʨʠʮʷʭ YNbxTa1-ʭO4 ʽ GdNbxTa1-ʭO4. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʽ ʢʝʨʘʤʽʯʥʽ ʟʨʘʟʢʠ ʦʪʨʠʤʘʥʽ 

ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʫ, ʘ ʤʦʥʦʢʨʠʩʪʘʣʠ ï ʽʟ ʨʦʟʧʣʘʚʫ ʤʝʪʦʜʦʤ 

ʏʦʭʨʘʣʴʩʴʢʦʛʦ. ʉʪʨʫʢʪʫʨʘ ʟʨʘʟʢʽʚ ʚʠʟʥʘʯʘʣʘʩʷ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ 

ʜʠʬʨʘʢʮʽʾ. ʃʶʤʽʥʝʩʮʝʥʪʥʽ ʪʘ ʦʧʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʟʥʘʯʘʣʠʩʷ ʤʝʪʦʜʘʤʠ 

ʦʧʪʠʯʥʦʾ, ʩʝʣʝʢʪʠʚʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʽʟ ʯʘʩʦʚʠʤ ʨʦʟʜʽʣʝʥʥʷʤ. ʉʮʠʥʪʠʣʷʮʽʡʥʠʡ 

ʩʚʽʪʣʦʚʠʡ ʚʠʭʽʜ ʧʽʜ ʜʽʻʶ ʛʘʤʤʘ-ʦʧʨʦʤʽʥʝʥʥʷ, ʘ ʪʘʢʦʞ ʝʥʝʨʛʝʪʠʯʥʝ ʨʦʟʜʽʣʝʥʥʷ 

ʚʠʟʥʘʯʘʣʠʩʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʘʤʧʣʽʪʫʜʥʠʭ ʩʧʝʢʪʨʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʪʘʥʜʘʨʪʥʠʭ ʤʝʪʦʜʠʢ ʚʠʤʽʨʶʚʘʥʥʷ. ɿʘʛʘʩʘʥʥʷ ʩʮʠʥʪʠʣʷʮʽʡ ʚʠʟʥʘʯʘʣʦʩʴ ʧʨʠ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʤʫ ʦʧʨʦʤʽʥʝʥʥ̔. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʜʠʩʝʨʪʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʱʦ 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚʧʝʨʰʝ:  

1. ʇʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʪʘʥʪʘʣʦʥʽʦʙʘʪʚ̔ ʨ̔ʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʟʦʢʨʝʤʘ, ʛʘʜʦʣʽʥʽʶ, ʫ ʧʦʚʥʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ ʨʷʜʫ ʟʘʤʽʱʝʥʥʷ 

Nb
5+

/Ta
5+

 ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʫ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʯʠʥʥʠʢʫ. ɺʤʽʩʪ ʬʘʟʠ ʪʘʥʪʘʣʦʥʽʦʙʘʪʽʚ ʈɿɽ ʫ ʟʨʘʟʢʘʭ 

ʧʽʩʣʷ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʫ ʩʢʣʘʜʘʚ 95-97 ʚʘʛ.%, ʱʦ ʦʙʫʤʦʚʣʝʥʠʡ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʜʚʦʬʘʟʥʦʾ ʩʠʩʪʝʤʠ Ta2O5-Nb2O5, ʘ ʩʘʤʝ, ʦʜʥʘʢʦʚʠʤ ʟʥʘʯʝʥʥʷʤ 



3 

 

ʽʦʥʥʠʭ ʨʘʜʽʫʩʽʚ Ta
5+

 ʪʘ Nb
5+

 (0,64 ¡) ʪʘ ʙʣʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʦʩʪʝʡ ʽʦʥʽʚ (ʟʛʽʜʥʦ ʰʢʘʣʠ ʇʦʣʽʥʛʫ 1,5 ʜʣʷ Ta ʪʘ 1,6 ʜʣʷ Nb).   

2. ʄʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʴʢʦʛʦ ʦʪʨʠʤʘʥʦ ʢʨʠʩʪʘʣ ʪʘʥʪʘʣʦʥʽʦʙʘʪʫ ʛʘʜʦʣʽʥʽʶ ʟ 

ʚʤʽʩʪʦʤ ʥʽʦʙʽʶ ʚ ʤʘʪʨʠʮʽ 20 ʘʪ.% (GdNb0,2Ta0,8O4), ʷʢʠʡ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʚʘʞʢʠʤ ʩʮʠʥʪʠʣʷʪʦʨʦʤ ʟʽ ʱʽʣʴʥʽʩʪʶ 8,4 ʛ/ʩʤ
3
, ʩʚʽʪʣʦʚʠʤ ʚʠʭʦʜʦʤ 1400 

ʬʦʪ./ʄʝɺ ʪʘ ʯʘʩʦʤ ʟʘʛʘʩʘʥʥʷ ʛʦʣʦʚʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʣʶʤʽʥʝʩʮʝʥʮʽʾ 17 ʥʩ. 

3.  ʇʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʥʘʜʘʪʫ ʛʘʜʦʣʽʥʽʶ ʚ ʷʢʦʩʪʽ 

ʩʮʠʥʪʠʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʂʨʠʩʪʘʣ GdVO4, ʦʪʨʠʤʘʥʠʡ ʤʝʪʦʜʦʤ 

ʏʦʭʨʘʣʴʩʴʢʦʛʦ, ʜʝʤʦʥʩʪʨʫʻ ʥʘʩʪʫʧʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʘʙʩʦʣʶʪʥʠʡ ʩʚʽʪʣʦʚʠʡ 

ʚʠʭʽʜ 12000 ʬʦʪ./ʄʝɺ, ʝʥʝʨʛʝʪʠʯʥʝ ʨʦʟʜʽʣʝʥʥʷ 15,7 % ʥʘ ʝʥʝʨʛʽʾ 662 ʢʝɺ, ʯʘʩ 

ʟʘʛʘʩʘʥʥʷ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ï 13 ʤʢʩ. 

4. ʇʦʢʘʟʘʥʦ ʚʧʣʠʚ ʢʘʪ̔ʦʥʥʦʛʦ ʟʘʤʽɦ ʝʥʥ̫ Nb
5+

/Ta
5+

 ʥʘ ʩʮʠʥʪʠʣʷʮ̔ʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʟʤʽʰʘʥʠʭ ʢʨʠʩʪʘʣʽʚ RENbxTa1-xO4 (RE=Y ʘʙʦ Gd, ʭ=0 ï 1), ʱʦ 

ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʚʽʜʥʦʩʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʩʤʫʛ ʣʶʤʽʥʝʩʮʝʥʮʽʾ, ʧʦʚôʷʟʘʥʠʭ ʽʟ 

ʛʨʫʧʘʤʠ TaO6 ʜʣʷ RENbxTa1-xO4 (RE=Y ʘʙʦ Gd, ʭ=0) ʪʘ NbO6 ʜʣʷ RENbxTa1-ʭO4 

(RE = Y ʘʙʦ Gd, x=0,2 ï 1).  

 ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʦʚʽ ʩʮʠʥʪʠʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʪʘʥʪʘʣʘʪʫ ʛʘʜʦʣʽʥʽʶ 

(ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ ˉ109744 ʥʘ ʚʠʥʘʭʽʜ), ʷʢʽ ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʚʣʘʩʪʠʚʦʩʪʷʤ (ʚʠʩʦʢʘ 

ʱʽʣʴʥʽʩʪʴ, ʰʚʠʜʢʠʡ ʯʘʩ ʟʘʛʘʩʘʥʥʷ ʩʮʠʥʪʠʣʷʮʽʡ) ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ 

ʨʝʻʩʪʨʘʮʽʾ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʯʘʩʪʠʥʦʢ, ʟʦʢʨʝʤʘ, ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʬʽʟʠʢʠ 

ʚʠʩʦʢʠʭ ʝʥʝʨʛʽʡ ʽ ʤʝʜʠʮʠʥʽ.  

 ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʠʡ ʚ ɯʉʄɸ ʅɸʅ ʋʢʨʘʾʥʠ ʣʘʙʦʨʘʪʦʨʥʠʡ ʨʝʛʣʘʤʝʥʪ ˉ105:2016 ʥʘ 

ʦʪʨʠʤʘʥʥʷ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʢʨʠʩʪʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʪʘʥʪʘʣʘʪʫ ʛʘʜʦʣʽʥʽʶ. ʈʝʟʫʣʴʪʘʪʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤ ʘʢʪʦʤ.  

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʘʚʪʦʨʘ ʚ ʦʪʨʠʤʘʥʥʷ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʧʦʣʷʛʘʻ ʚ ʫʯʘʩʪʽ ʫ ʧʦʩʪʘʥʦʚʮʽ ʤʝʪʠ ʪʘ 

ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʙʨʘʥʥʽ ʧʨʝʜʤʝʪʽʚ ʪʘ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʥʽ 

ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʟʘ ʪʝʤʦʶ ʨʦʙʦʪʠ. ɸʚʪʦʨʦʤ ʜʠʩʝʨʪʘʮʽʾ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʤʦʞʣʠʚʽ ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʟʨʘʟʢʽʚ ʥʘ ʦʩʥʦʚʽ 

REAO4 (ɸ ï V, Nb, Ta) ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʰʠʭʪʠ [4] ʪʘ 

ʢʝʨʘʤʽʯʥʠʭ ʟʨʘʟʢʽʚ ʮʠʭ ʩʧʦʣʫʢ, ʱʦ ʜʦʟʚʦʣʠʚ ʦʪʨʠʤʘʪʠ ʥʦʚʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ 

ʪʘʥʪʘʣʘʪʫ ʛʘʜʦʣʽʥʽʶ [3, 7].  

ʉʧʽʣʴʥʦ ʟ ʢʦʣʝʛʘʤʠ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʴʢʦʛʦ ʟʜʦʙʫʚʘʯ ʦʪʨʠʤʘʣʘ ʟʨʘʟʢʠ 

ʢʨʠʩʪʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʩʧʦʣʫʢ ʽʟ ʟʘʛʘʣʴʥʦʶ ʬʦʨʤʫʣʦʶ REAO4 (ɸ ï V, Nb, Ta)        

[1, 5]. ʉʧʽʣʴʥʦ ʽʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ ʨʦʙʦʪʠ ʪʘ ʩʧʽʚʘʚʪʦʨʘʤʠ ʟʜʦʙʫʚʘʯ 

ʧʨʠʡʤʘʣʘ ʫʯʘʩʪʴ ʚ ʦʙʛʦʚʦʨʝʥʥʽ ʪʘ ʦʙʨʦʙʮʽ ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʪʘ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ [3, 2], ʦʧʪʠʢʦ-ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʪʘ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ [1-3, 5, 6], ʩʠʩʪʝʤʘʪʠʟʫʚʘʣʘ ʪʘ ʘʥʘʣʽʟʫʚʘʣʘ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, 



4 

 

ʛʦʪʫʚʘʣʘ ʧʫʙʣʽʢʘʮʽʾ ʥʘʫʢʦʚʠʭ ʩʪʘʪʝʡ, ʧʨʘʮʶʚʘʣʘ ʥʘʜ ʜʦʧʦʚʽʜʷʤʠ ʪʘ 

ʧʨʝʜʩʪʘʚʣʷʣʘ ʾʭ ʥʘ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʦʧʦʚʽʜʘʣʠʩʷ 

ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʀʥʞʝʥʝʨʠʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʨʘʜʠʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè (ʀʉʄɸʈʊ-2010), ʋʢʨʘʠʥʘ,  ʍʘʨʴʢʦʚ, 14-19 ʥʦʷʙʨʷ, 

2010; International conference ñFunctional materialsò (ICFMô2011), Crimea, 

Ukraine, October 3-8, 2011; 4
th
 European conference on crystal growth (ECCG4), 

Glasgow, UK, 17 - 20 June, 2012; Advanced scintillation materials (ASM-2013), 

Ukraine,  Kharkov, 23-27 September, 2013; 3
rd
 International scientific and technical 

conference for young scientists çLuminescent processes in condensed state of 

matterè  (LUMCOS-2013),  Ukraine, Kharkov, 18-22 November, 2013; International 

conference on oxide materials for electronic engineering fabrication, properties and 

application (OMEE-2014), Ukraine,  Lviv, May 26 ï 30, 2014; 4-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʀʥʞʝʥʝʨʠʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʘʜʠʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠè (ʀʉʄɸʈʊ-2014), ɹʝʣʘʨʫʩʴ, ʄʠʥʩʢ, 12-16 ʦʢʪʷʙʨʷ, 2014; 9
th
 

International conference on luminescent detectors and transformers of ionizing 

radiation (LUMDETR- 2015), Tartu, Estonia, September 20 ï 25, 2015; 4th 

International scientific and technical conference for young scientists ñLuminescent 

processes in condensed state of matterò (LUMCOS-2015) Ukraine,  Kharkov, 7-8 

October, 2015; 7
th
 International symposium on optical materials (IS-OM-7), Lyon, 

France, 29 February  ï  4 March, 2016.  

ʇʫʙʣʠʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ 18 ʥʘʫʢʦʚʠʭ 

ʨʦʙʦʪʘʭ. ɿ ʥʠʭ ï 5 ʩʪʘʪʝʡ ʫ ʧʨʦʚʽʜʥʠʭ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʢʦʨʜʦʥʥʠʭ ʬʘʭʦʚʠʭ 

ʚʠʜʘʥʥʷʭ, 1 ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʽʜ, 1 ʩʪʘʪʪʷ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʢʦʥʬʝʨʝʥʮʽʾ ʪʘ 

11 ʪʝʟ ʜʦʧʦʚʽʜʝʡ.   

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙôʻʤ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʚʩʪʫʧʫ, ʰʝʩʪʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʪʘ ʜʦʜʘʪʢʽʚ. 

ʇʦʚʥʠʡ ʦʙôʻʤ ʜʠʩʝʨʪʘʮʽʾ ʩʢʣʘʜʘʻ 125 ʩʪʦʨʽʥʦʢ, ʜʠʩʝʨʪʘʮʽʷ ʚʢʣʶʯʘʻ 59 ʨʠʩʫʥʢʽʚ 

ʪʘ 18 ʪʘʙʣʠʮʴ. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʣʽʪʝʨʘʪʫʨʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ̔ 193 

ʥʘʡʤʝʥʫʚʘʥʴ. 

 

ʆʉʅʆɺʅʀʁ ɿʄɯʉʊ ʈʆɹʆʊʀ 

ʋ ʚʩʪʫʧʽ ʦʙʛʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʨʦʙʦʪʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʪʘ 

ʟʘʜʘʯʽ ʨʦʙʦʪʠ, ʦʧʠʩʘʥʦ ʦʙôʻʢʪ ʪʘ ʧʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʦ ʥʘʫʢʦʚʫ 

ʥʦʚʠʟʥʫ ʪʘ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʚ ʨʦʙʦʪʽ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʱʦʜʦ 

ʩʧʦʣʫʢ, ʱʦ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʫ ʧʦʜʚʽʡʥʠʭ ʩʠʩʪʝʤʘʭ RE2O3 ï A2O5 (RE ï 

ʈɿɽ, A=V, Nb ʘʙʦTa), ʪʘ ʾʭ ʩʪʨʫʢʪʫʨʠ. ʆʧʠʩʘʥʦ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ 

ʤʘʪʝʨʽʘʣʽʚ REAO4 (ɸ ï V, Nb, Ta) ʫ ʚʠʛʣʷʜʽ ʷʢ ʧʦʨʦʰʢʫ, ʪʘʢ ʽ ʤʦʥʦʢʨʠʩʪʘʣʽʚ, ʪʘ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʥʝʜʦʣʽʢʠ ʢʦʞʥʦʛʦ ʟ ʥʘʚʝʜʝʥʠʭ ʤʝʪʦʜʽʚ. ʊʘʢʦʞ ʦʧʠʩʘʥʦ 

ʣʶʤʽʥʝʩʮʝʥʪʥʽ ʪʘ ʩʮʠʥʪʠʣʷʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ REAO4 (ɸ ï V, Nb, Ta). 
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ʃʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ ʟʘʚʝʨʰʫʻʪʴʩʷ ʚʠʩʥʦʚʢʘʤʠ, ʚ ʷʢʠʭ ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ 

ʚʠʙʦʨʫ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʤʝʪʘ ʪʘ ʟʘʜʘʯʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ 

ʦʪʨʠʤʘʥʥʷ ʢʝʨʘʤʽʯʥʠʭ ʪʘ ʢʨʠʩʪʘʣʽʯʥʠʭ ʟʨʘʟʢʽʚ ʤʘʪʝʨʽʘʣʽʚ REAO4 (ɸ ï V, Nb, 

Ta). ʆʧʠʩʘʥʘ  ʪʝʭʥʽʢʘ ʪʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ 

ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ.  ʊʘʢʦʞ ʥʘʚʝʜʝʥʽ ʤʝʪʦʜʠʢʠ ʚʠʤʽʨʶʚʘʥʥ̫  ʦʧʪʠʢʦ-

ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʽ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʜ̔ ʜʽʻʶ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ, ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ, ʬʦʪʦ-, ʋʌ- ʪʘ ɺʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʤ ʧʫʯʢʦʤ. ʉʫʢʫʧʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ  

ʤʝʪʦʜʽʚ  ʙʫʣʘ  ʧʽʜʽʙʨʘʥʘ  ʪʘʢʠʤ  ʯʠʥʦʤ,  ʱʦʙ  ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʚʥʦʪʫ  ʜʘʥʠʭ  ʱʦʜʦ  

ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʪʘ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʨʠʤʘʥʠʭ ʚ ʨʦʙʦʪʽ 

ʤʘʪʝʨʽʘʣʽʚ. 

ʊʨʝʪ̔ʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʶ 

ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʪʘ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʠʩʪʘʣʽʯʥʠʭ ʟʨʘʟʢʽʚ YVO4 

(YVO) ʽ GdVO4 (GVO) ʚʘʥʘʜʘʪʽʚ ʽʪʨʽʶ ʪʘ ʛʘʜʦʣʽʥʽʶ.  

ʐʠʭʪʘ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʫ 

ʟʽ ʩʪʝʭʽʦʤʝʪʨʽʯʥʦʾ ʩʫʤʽʰʽ ʚʠʭʽʜʥʠʭ ʦʢʩʠʜʽʚ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ 

ʩʠʥʪʝʟʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʠʟʢʫ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʚʘʨʽʶʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʦʞʘʨʶʚʘʥʥʷ ʩʫʤʽʰʽ ʚʠʭʽʜʥʠʭ ʦʢʩʠʜʽʚ ʚʽʜ 400 ÁC ʜʦ 800ÁC. ɻʣʠʙʠʥʘ ʧʝʨʝʙʽʛʫ 

ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʦʮʽʥʶʚʘʣʘʩʷ ʟʘ ʩʪʫʧʝʥʝʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʽʪʨʽʶ ʪʘ 

ʛʘʜʦʣʽʥʽʶ, ʱʦ ʚʠʟʥʘʯʘʣʘʩʷ ʷʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥʠ ʦʢʩʠʜʫ, ʱʦ 

ʚʩʪʫʧʘʻ ʚ ʨʝʘʢʮʽʶ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʜʫʢʪʫ, ʜʦ ʧʦʯʘʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥʠ 

ʦʢʩʠʜʫ. ɿʛʽʜʥʦ ʨʠʩ. 1, ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 400 ÁC ʜʦ 600 ÁC, ʩʪʫʧʽʥʴ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʘ ʜʦʩʷʛʘʻ 0,9. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʨʽʟʢʝ 

ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 500 ÁC ʜʦ   

600 ÁC, ʱʦ ʦʙʫʤʦʚʣʝʥʦ  ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʧʝʨʝʥʦʩʦʤ ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦ 

ʧʦʚʝʨʭʥʽ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ V2ʆ5           

(680 ÁC). ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 600 ÁC ʜʦ 800 ÁC, 

ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ Gd2O3 ʽ Y2O3 ʩʷʛʘʻ 1. 

 

 

 

 

 

ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʶ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʽʪʨʽʶ ʪʘ 

ʛʘʜʦʣʽʥʽʶ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʦʞʘʨʶʚʘʥʥʷ 
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ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʢʽʥʝʪʠʢʫ ʚʟʘʻʤʦʜʽʾ Y2O3 ʘʙʦ Gd2O3 ʪʘ V2O5. ʇʦʢʘʟʘʥʦ, 

ʱʦ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 400 ÁC - 600 ÁC ʣʽʤʽʪʫʶʯʦʶ ʩʪʘʜʽʻʶ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʫ 

YVO4 ʘʙʦ GdVO4 ʻ ʭʽʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʚʠʭʽʜʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʘ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 600 ÁC - 800 ÁC  -  ʜʠʬʫʟʽʷ ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʢʨʽʟʴ ʰʘʨ 

ʧʨʦʜʫʢʪʫ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ. ʊʦʙʪʦ, ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʫ ʤʝʥʰʝ 

600 ÁC ʰʚʽʜʢʽʩʪʴ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʜʫʞʝ ʥʠʟʴʢʘ ʪʘ ʩʠʥʪʝʟ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʚʽʣʴʥʦ. ɼʣʷ ʧʦʚʥʦʛʦ ʧʝʨʝʙʽʛʫ ʩʠʥʪʝʟʫ ʥʝʦʙʭʽʜʥʽ ʙʽʣʴʰ ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʧʨʦʞʘʨʶʚʘʥʥʷ ʩʫʤʽʰʽ 

ʚʠʭʽʜʥʠʭ ʦʢʩʠʜʽʚ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 800 ÜC ʧʨʦʪʷʛʦʤ 8 ʛʦʜ. ʻ ʦʧʪʠʤʘʣʴʥʠʤ 

ʨʝʞʠʤʦʤ ʦʪʨʠʤʘʥʥʷ ʰʠʭʪʠ YVO4 ʪʘ GdVO4 ʽʟ ʚʠʭʽʜʥʠʭ ʦʢʩʠʜʽʚ.   

ʂʨʠʩʪʘʣʠ YVO4 ʪʘ GdVO4 ʙʫʣʠ ʚʠʨʦʱʝʥʽ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʴʢʦʛʦ ʟ 

ʽʨʠʜʽʻʚʠʭ ʪʠʛʣʽʚ ʜʽʘʤʝʪʨʦʤ 60 ʤʤ ʽ ʚʠʩʦʪʦʶ 60 ʤʤ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʟ ʚʤʽʩʪʦʤ 

ʢʠʩʥʶ ʤʝʥʰʝ 1 ʦʙ. %. ʈʦʟʩʪʝʭʽʦʤʝʪʨʽʷ ʨʦʟʧʣʘʚʫ ʚʥʘʩʣʽʜʦʢ ʚʠʧʘʨʦʚʫʚʘʥʥʷ V2O5 

ʢʦʤʧʝʥʩʫʚʘʣʘʩʷ ʜʦʜʘʚʘʥʥʷʤ ʜʦ ʚʠʭʽʜʥʦʾ ʰʠʭʪʠ ʥʘʜʣʠʰʢʫ V2O5 ʫ ʢʽʣʴʢʦʩʪʽ       

1ï3 ʤʦʣ. %, ʢʽʣʴʢʽʩʪʴ ʥʘʜʣʠʰʢʫ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʝʤʧʽʨʠʯʥʦ. ɺ ʷʢʦʩʪʽ ʟʘʪʨʘʚʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʽʨʠʜʽʻʚʠʡ ʜʨʽʪ ʜʽʘʤʝʪʨʦʤ 1 ʤʤ. ʐʚʠʜʢʽʩʪʴ ʧʽʜʡʦʤʫ ʟʘʪʨʘʚʢʠ 

ʩʢʣʘʜʘʣʘ ʙʣʠʟʴʢʦ 1,5 ʤʤ/ʛʦʜ., ʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʨʝʛʫʣʶʚʘʣʘʩʴ ʚ ʤʝʞʘʭ    

10ï25 ʦʙ./ʭʚ. 

ʆʪʨʠʤʘʥʽ ʢʨʠʩʪʘʣʠ ʚʘʥʘʜʘʪʽʚ GdVO4 ʪʘ YVO4 ʤʘʣʠ ʙʣʽʜʦ-ʞʦʚʪʝ 

ʟʘʙʘʨʚʣʝʥʥʷ, ʦʙʫʤʦʚʣʝʥʝ ʫʪʚʦʨʝʥʥʷʤ ʢʠʩʥʝʚʠʭ ʚʘʢʘʥʩʽʡ ʫ ʢʨʠʩʪʘʣʽ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʪ̒ʩɹ ̫ʨʝʟʫʣʴʪʘʪʘʤʠ ʈʌɸ: ʚ ʟʨʘʟʢʘʭ ʢʨʠʩʪʘʣʽʚ ʧʦʨʷʜ ʽʟ ʦʩʥʦʚʥʦʶ 

ʬʘʟʦʶ ʚʘʥʘʜʘʪʫ ʽʪʨʽʶ YVO4 ʪʘʢʦʞ ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʟʙʽʜʥʝʥʘ ʢʠʩʥʝʤ ʬʘʟʘ 

4Y2O3ĿV2O5 (ʨʠʩ. 2ʘ).  

  
(ʘ) (ʙ) 

ʈʠʩ. 2. ɼʘʥʽ ʈʌɸ ʘʥʘʣʽʟʫ ʜʣʷ ʰʠʭʪʠ (ʘ) ʪʘ ʚʠʨʦʱʝʥʦʛʦ ʢʨʠʩʪʘʣʫ (ʙ) ʚʘʥʘʜʘʪʫ 

ʽʪʨʽʶ: 1 ï YVO4, 2 ï YVO3, 3 ï 4Y2O3ÖV2O5 (ʘ) ʪʘ ʩʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ ʢʨʠʩʪʘʣʫ 

YVO4 ʟʘʚʪʦʚʰʢʠ 2 ʤʤ (ʙ): 1 ï ʚʠʨʦʱʝʥʠʡ ʢʨʠʩʪʘʣ, 2 ï ʧʽʩʣʷ ʚʽʜʧʘʣʫ ʧʨʠ 1250ÜC 

ʧʨʦʪʷʛʦʤ 24 ʛʦʜ., 3 ï ʧʽʩʣʷ ʚʽʜʧʘʣʫ ʧʨʠ 1250ÜC ʧʨʦʪʷʛʦʤ 72 ʛʦʜ., 

4 ï ʧʽʩʣʷ ʚʽʜʧʘʣʫ ʧʨʠ 1500ÜC ʧʨʦʪʷʛʦʤ 72 ʛʦʜ. 
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ɼʣʷ ʚʠʜʘʣʝʥʥʷ ʮʝʥʪʨʽʚ ʟʘʙʘʨʚʣʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʧʽʩʣʷʨʦʩʪʦʚʠʡ ʚʽʜʧʘʣ 

ʢʨʠʩʪʘʣʽʚ ʚ ʘʪʤʦʩʬʝʨʽ ʧʦʚʽʪʨʷ ʟʘ ʥʘʩʪʫʧʥʠʭ ʫʤʦʚ: ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʤʝʞʘʭ 1000ï

1500 ÁC ʪʘ ʯʘʩ ʜʦ 100 ʛʦʜ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʦʧʫʩʢʘʥʥʷ ʟʨʘʟʢʽʚ ʟʥʘʯʥʦ 

ʧʦʢʨʘʱʫʻʪʴʩʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ, ʪʘ ʩʣʘʙʢʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ 

ʪʨʠʚʘʣʦʩʪʽ. ʆʧʪʠʤʘʣʴʥʠʤ ʨʝʞʠʤʦʤ ʚʽʜʧʘʣʫ ʟʨʘʟʢʽʚ ʻ ʪʝʤʧʝʨʘʪʫʨʘ 1500 ÁC ʽ 

ʪʨʠʚʘʣʽʩʪʴ 72 ʛʦʜ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʟʘʙʘʨʚʣʝʥʥʷ ʟʨʘʟʢʽʚ ʟʤʝʥʰʠʣʦʩʴ, ʘ ʧʨʦʧʫʩʢʘʥʥʷ 

ʫ ʤʝʞʘʭ ʜʦʚʞʠʥ ʭʚʠʣʴ 350ï550 ʥʤ ʧʦʢʨʘʱʠʣʦʩʴ ʥʘ 5-25 % (ʨʠʩ. 2ʙ).  

 ʂʨʠʩʪʘʣʽʯʥʽ ʟʨʘʟʢʠ YVO4 ʪʘ GdVO4 ʧʽʩʣʷ ʚʽʜʧʘʣʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3. 
 

 

 

 

ʈʠʩ. 3. ʂʨʠʩʪʘʣʽʯʥʽ ʟʨʘʟʢʠ ʚʘʥʘʜʘʪʽʚ 

ʽʪʨʽʶ ʪʘ ʛʘʜʦʣʽʥʽʶ 

ʉʧʝʢʪʨʠ ʟʙʫʜʞʝʥʥʷ YVO4 ʪʘ GdVO4 (ʨʠʩ. 4ʘ) ʧʨʘʢʪʠʯʥʦ ʽʜʝʥʪʠʯʥʽ, ʽʟ 

ʤʘʢʩʠʤʫʤʦʤ ʙʣʠʟʴʢʦ 342 ʥʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ ʚʽʜ ʽʦʥʫ ʢʠʩʥʶ ʜʦ 

ʽʦʥʫ ʚʘʥʘʜʽʶ (O
2-
 Ÿ V

5+
) ʚ ʛʨʫʧʽ VO4

3-
. ʉʧʝʢʪʨ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ GdVO4 (435 ʥʤ) 

ʟʩʫʥʫʪʠʡ ʜʦ ʯʝʨʚʦʥʦʾ ʦʙʣʘʩʪʽ ʧʦʨʽʚʥʷʥʦ ʽʟ ʩʧʝʢʪʨʦʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ YVO4 

(418 ʥʤ) (ʨʠʩ. 4ʘ). ʉʧʝʢʪʨʠ ʨʝʥʪʛʝʥʣʶʤʽʥʝʩʮʝʥʮʽʾ ʢʨʠʩʪʘʣʽʚ GdVO4 ʪʘ YVO4 

(ʨʠʩ. 4ʙ) ʟʘ ʬʦʨʤʦʶ ʧʦʜʽʙʥʽ ʜʦ ʩʧʝʢʪʨʽʚ ʾʭ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʽ ʤʘʶʪʴ 

ʤʘʢʩʠʤʫʤʠ ʙʣʠʟʴʢʦ 445 ʥʤ. ɼʝʢʽʣʴʢʘ ʩʣʘʙʢʠʭ ʧʽʢʽʚ ʥʘ ʩʧʝʢʪʨʽ GdVO4 ʚ ʦʙʣʘʩʪʽ 

550 ʥʤ ʪʘ 650 ʥʤ ʧʦʚôʷʟʘʥʽ ʽʟ ʥʘʷʚʥʽʩʪʶ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʜʦʤʽʰʦʢ ʫ 

ʚʠʭʽʜʥʦʤʫ ʦʢʩʠʜʽ ʛʘʜʦʣʽʥʽʶ Gd2O3. 

  
(ʘ) (ʙ) 

ʈʠʩ. 4. ʅʦʨʤʘʣʽʟʦʚʘʥʽ ʩʧʝʢʪʨʠ ʟʙʫʜʞʝʥʥʷ ʽ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʚʘʥʘʜʘʪʽʚ (a) ʪʘ 

ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʩʧʝʢʪʨʠ ʨʝʥʪʛʝʥʣʶʤʽʥʝʩʮʝʥʮʽʾ ʦʨʪʦʚʘʥʘʜʘʪʽʚ ʽʪʨʽʶ (YVO) ʽ 

ʛʘʜʦʣʽʥʽʶ (GVO) (ʙ) 

 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ YVO4 ʪʘ GdVO4 ʚ ʷʢʦʩʪʽ 

ʝʪʘʣʦʥʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʟʨʘʟʦʢ ʢʨʠʩʪʘʣʫ Gd2SiO5:ʉʝ (GSO:Ce) ʘʥʘʣʦʛʽʯʥʦʛʦ 

ʨʦʟʤʽʨʫ (ʨʠʩ. 5ʘ). ʉʚʽʪʣʦʚʠʡ ʚʠʭʽʜ, ʝʥʝʨʛʝʪʠʯʥʝ ʨʦʟʜʽʣʝʥʥʷ ʥʘ 662 ʢʝɺ ʪʘ ʯʘʩ 
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ʟʘʛʘʩʘʥʥʷ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʧʽʩʣʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ cʢʣʘʣʠ               

6300 ʬʦʪ./ʄʝɺ, 16,1 %, 15 ʤʢʩ ʜʣʷ YVO4 ʪʘ 12000 ʬʦʪ./ʄʝɺ, 15,7 %, 13 ʤʢʩ ʜʣʷ 

GdVO4.  

ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʝʥʪʛʝʥʣʶʤʽʥʝʩʮʝʥʮʽʾ YVO4 ʪʘ 

GdVO4  (ʨʠʩ. 5ʙ) ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 150 ʂ ʚʦʥʘ ʫ 4 ï 5 ʨʘʟʽʚ ʚʠʱʝ, 

ʥʽʞ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʆʪʞʝ, ʫ ʢʨʽʦʛʝʥʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʤʦʞʫʪʴ ʙʫʪʠ 

ʜʦʩʷʛʥʫʪʽ ʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʦʛʦ ʩʚʽʪʣʦʚʦʛʦ ʚʠʭʦʜʫ ʜʦ 40000ï50000 ʬʦʪ./Mʝɺ.  

 

  

(a) (ʙ) 

ʈʠʩʫʥʦʢ 5. ɸʤʧʣʽʪʫʜʥʽ ʩʧʝʢʪʨʠ YVO4, GdVO4 ʪʘ Gd2SiO5:ʉʝ (ʘ) ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʩʚʽʪʣʦʚʦʛʦ ʚʠʭʦʜʫ YVO4 ʪʘ GdVO4 (ʙ) 

ʏʝʪʚʝʨʪʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʜʦʩʣʽʜʞʝʥʥʶ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʪʘ 

ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʥʪʘʣʘʪʽʚ RETaO4 (RE=Y, Gd, Lu, La ʪʘ Sc).  

 

ʂʝʨʘʤʽʯʥʽ ʟʨʘʟʢʠ ʪʘʥʪʘʣʘʪʽʚ ʦʪʨʠʤʘʥʦ 

ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʫ. ɺ 

ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʦʢʩʠʜʠ 

ʚ̔ ʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʙʫʣʠ 

ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʞʘʨʝʥʽ ʜʣʷ ʚʠʜʘʣʝʥʥʷ 

ʘʜʩʦʨʙʦʚʘʥʦʾ ʚʦʣʦʛʠ ʪʘ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ ʽ ʟʚʘʞʝʥʽ ʟʛʽʜʥʦ ʤʦʣʷʨʥʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ 

RE2O3:Ta2O5=1:1 (RETaO4), ʘ ʧʦʪʽʤ 

ʟʤʽʰʘʥʽ ʚ ʘʛʘʪʦʚʽʡ ʩʪʫʧʮʽ. ʊʘʙʣʝʪʠ 

ʦʪʨʠʤʘʥʦʾ ʰʠʭʪʠ ʧʨʦʞʘʨʶʚʘʣʠʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 1400 ÁC ʧʨʦʪʷʛʦʤ 30 ʛʦʜ. 

ʚ ʘʪʤʦʩʬʝʨʽ ʧʦʚʽʪʨʷ. 

ɼʘʥʽ ʈʌɸ ʘʥʘʣʽʟʫ ʟʨʘʟʢʽʚ ʧʽʩʣʷ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʫ (ʨʠʩ. 6) 

ʩʚʽʜʯʘʪʴ, ʱʦ ʚʤʽʩʪ ʬʘʟʠ ʪʘʥʪʘʣʘʪʽʚ 

ʩʢʣʘʜʘʻ 92ï98 ʚʘʛ. %.  

ʈʠʩ 6. ɼʘʥʽ ʈʌɸ ʘʥʘʣʽʟʫ ʢʝʨʘʤʽʯʥʠʭ                    

ʟʨʘʟʢʽʚ ʪʘʥʪʘʣʘʪʽʚ ʈɿɽ:  ʘ ï YTaO4,             

ʙ ï ScTaO4,  ʚ ï LuTaO4, ʛ ï LaTaO4, ʪʘ       

ʜ ï GdTaO4 
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ʊʘʥʪʘʣʘʪʠ ʈɿɽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʰʠʨʦʢʫ ʩʤʫʛʫ ʚʣʘʩʥʦʾ ʣʁ ʤʽʥʝʩʮʝʥʮʽʾ ʟ 

ʤʘʢʩʠʤʫʤʦʤ ʙʣʠʟʴʢʦ 320ï350 ʥʤ (ʜʣʷ YTaO4 ʪʘ LuTaO4) ʪʘ 540-550 ʥʤ (ʜʣʷ 

GdTaO4), ʧʦʚôʷʟʘʥʫ ʽʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʛʨʫʧʠ TaO6 (ʨʠʩ. 7ʘ). ʇʽʢ ʟʙʫʜʞʝʥʥʷ 

ʛʨʫʧʠ TaO6 ʜʣʷ ʚʩʽʭ ʟʨʘʟʢʽʚ ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʨʠ 220 ʥʤ (ʨʠʩ. 7ʘ). ɼʦʜʘʪʢʦʚʠʡ ʧʽʢ 

ʧʨʠ 273 ʥʤ ʥʘ ʩʧʝʢʪʨʽ ʟʙʫʜʞʝʥʥʷ GdTaO4, ʧʦʚᾷʷʟʘʥʠʡ ʟ  ʧʝʨʝʭʦʜʦʤ 
8
S Ÿ

6
I  ʚ 

ʽʦʥʽ Gd
3+
, ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʝʨʝʥʽʩ ʝʥʝʨʛʽʾ Gd

3+
ŸTaO6. 

 

 

 

 

(ʘ) (ʙ) 

ʈʠʩ. 7. ʉʧʝʢʪʨʠ ʟʙʫʜʞʝʥʥʷ ʽ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʪʘʥʪʘʣʘʪʽʚ ʽʪʨʽʶ, ʣʶʪʝʮʽʶ ʪʘ 

ʛʘʜʦʣʽʥʽʶ (ʘ) ʪʘ ʩʧʝʢʪʨʠ ʨʝʥʪʛʝʥʣʶʤʽʥʝʩʮʝʥʮʽʾ ʪʘʥʪʘʣʘʪʽʚ ʈɿɽ (ʙ) 

 

ʉʧʝʢʪʨʠ ʨʝʥʪʛʝʥʣʶʤʽʥʝʩʮʝʥʮʽʾ YTaO4 ʽ LuTaO4 ʤʘʶʪʴ ʧʦʜʚʽʡʥʠʡ ʧʽʢ ʟ 

ʧʝʨʰʠʤ ʤʘʢʩʠʤʫʤʦʤ ʚ ʦʙʣʘʩʪʽ 320ï350 ʥʤ, ʧʦʚᾷʷʟʘʥʠʤ ʽʟ ʣʶʤʽʥʝʩʮʝʥʮʽʻʶ 

ʛʨʫʧʠ TaO6,ʪʘ ʜʨʫʛʠʡ ʤʘʢʩʠʤʫʤ ʟ ʧʽʢʦʤ ʙʣʠʟʴʢʦ 410 ʥʤ, ʱʦ ʦʙʫʤʦʚʣʝʥʠʡ 

ʣʶʤʽʥʝʩʮʝʥʮʽʻʶ ʛʨʫʧʠ TaO5Vo, ʜʝ Vo ï ʢʠʩʥʝʚʘ ʚʘʢʘʥʩʽʷ (ʨʠʩ. 7ʙ). LaTaO4 ʟʘ 

ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ ʜʝʤʦʥʩʪʨʫʻ ʣʶʤʽʥʝʩʮʝʥʮʽʶ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʥʪʘʣʘʪʽʚ ʈɿɽ ʚ ʷʢʦʩʪʽ ʝʪʘʣʦʥʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʪʘʙʣʝʪʘ ʧʦʜʨʽʙʥʝʥʦʛʦ ʢʨʠʩʪʘʣʫ BGO, ʚʠʛʦʪʦʚʣʝʥʘ ʫ ʪʠʭ ʞʝ 

ʫʤʦʚʘʭ, ʱʦ ʽ ʪʘʙʣʝʪʠ ʪʘʥʪʘʣʘʪʽʚ. ʅʘʡʷʩʢʨʘʚʽʰʘ ʣʶʤʽʥʝʩʮʝʥʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ 

YTaO4 ʪʘ ʩʢʣʘʜʘʻ110% ʚʽʜʥʦʩʥʦ BGO, ʽ ʯʘʩʟʘʛʘʩʘʥʥʷ ʩʢʣʘʜʘʻ 550 ʥʩ. ʋ GdTaO4 

ʩʚʽʪʣʦʚʠʡ ʚʠʭʽʜ ʥʠʞʯʠʡ (43 % ʚʽʜʥʦʩʥʦ BGO) ʪʘ ʯʘʩ ʟʘʛʘʩʘʥʥʷ ʣʶʤʽʥʝʩʮʝʥʮʽʾ 

ʥʘ ʧʦʨʷʜʦʢ ʧʦʚʽʣʴʥʽʰʠʡ  (5 ʤʢʩ). 

ʇôʷʪʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʶ 

ʩʪʨʫʢʪʫʨʥʠʭ, ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʪʘ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʤʽʰʘʥʠʭ 

ʩʧʦʣʫʢ ʥʘ ʦʩʥʦʚʽ ʟʤʽʰʘʥʠʭ ʪʘʥʪʘʣʦʥʽʦʙʘʪʽʚ ʽʪʨʽʶ ʪʘ ʛʘʜʦʣʽʥʽʶ (RETa1-xNbxO4, 

RE=Y ʘʙʦ Gd, x=0 ï 1). 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʙ̔ ʦʪʨʠʤʘʥʥʷ ʩʮʠʥʪʠʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ 

ʪʘʥʪʘʣʘʪʫ, ʟʦʢʨʝʤʘ, ʛʘʜʦʣʽʥʽʶ. ɹʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʪʚʝʨʜʦʬʘʟʥʠʡ ʩʠʥʪʝʟ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʯʠʥʥʠʢʫ. ɺ 
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ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʦʢʩʠʜʠ Y2O3, Gd2O3 (Stanford 

Materials Co, ʉʐɸ) ʪʘ Ta2O5, Nb2O5 (Lanhit, ʈʦʩʽʷ) ʟ ʯʠʩʪʦʪʦʶ ʥʝ ʥʠʞʯʝ 4N. 

ɺʠʭʽʜʥʽ ʦʢʩʠʜʠ ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʞʘʨʶʚʘʣʠʩʷ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʘʜʩʦʨʙʦʚʘʥʦʾ ʚʦʣʦʛʠ 

ʪʘ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʟʚʘʞʫʚʘʣʠʩʷ ʚ ʤʦʣʴʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʢʦʤʧʦʥʝʥʪʽʚ  

RE2O3: Z = 1: 1, ʜʝ RE = Y ʘʙʦ Gd, ʪʘ Z = Ta2O5, Nb2O5 ʘʙʦ ʾʭ ʩʫʤʽʰ ʭ Nb2O5 + 

(1-x) Ta2O5, ʭ = 0 õ 1, ʘ ʧʦʪʽʤ ʙʫʣʠ ʧʝʨʝʤʽʰʘʥʽ ʚ ʘʛʘʪʦʚʽʡ ʩʪʫʧʮʽ ʟ ʜʦʜʘʚʘʥʥʷʤ 

ʘʙʩʦʣʶʪʥʦʛʦ ʝʪʘʥʦʣʫ (C2H5OH). ʆʪʨʠʤʘʥʫ ʰʠʭʪʫ ʟʘʧʨʝʩʦʚʘʥʦ ʚ ʪʘʙʣʝʪʠ 

ʜʽʘʤʝʪʨʦʤ 10 ʤʤ ʟʘʚʪʦʚʰʢʠ 2 ʤʤ, ʱʦ ʧʦʪʽʤ ʙʫʣʠ ʧʨʦʞʘʨʝʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

1400 Áʉ ʧʨʦʪʷʛʦʤ 30 ʛʦʜ. ʚ ʘʪʤʦʩʬʝʨʽ ʧʦʚʽʪʨʷ (ʨʠʩ. 8).  

 

 

 

ʈʠʩ.8. ʌʦʪʦ ʢʝʨʘʤʽʯʥʠʭ ʟʨʘʟʢʽʚ ʪʘʥʪʘʣʦʥʽʦʙʘʪʽʚ 

ʛʘʜʦʣʽʥʽʶ 

ɿʚʘʞʘʶʯʠ ʥʘ ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʨʘʪʦʢ ʪʘʥʪʘʣʦʥʽʦʙʘʪʽʚ ʽʪʨʽʶ ʪʘ 

ʛʘʜʦʣʽʥʽʶ (ʪʘʙʣʠʮʷ 1), ʤʦʞʥʘ ʟʘʢʣʶʯʠʪʠ, ʱʦ ʫʪʚʦʨʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʾ ʥʠʟʢʠ 

ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʫ ʚʩʴʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʘʬʽʢʩʦʚʘʥʝ ʪʽʣʴʢʠ ʚ 

GdTa1-xNbxO4, ʘ ʜʣʷ YTa1-xNbxO4 ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0 < ʭ < 0,2 ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ 

ʚʽʜ ʤʦʥʦʢʣʽʥʥʦʾ P12/ʘ ʜʦ ʤʦʥʦʢʣʽʥʥʦʾ  I2/ʘ ʩʠʤʝʪʨʽʾ. 

                                                                                                     ʊʘʙʣʠʮʷ 1 

ʇʘʨʘʤʝʪʨʠ ʛʨʘʪʦʢ ʪʘʥʪʘʣʦʥʽʦʙʘʪʽʚ ʛʘʜʦʣʽʥʽʶ ʪʘ ʽʪʨʽʶ 

ɺʤʽʩʪ Nb, 

x 

ʊʠʧ 

ʢʦʤʽʨʢʠ 

a, ¡ b, ¡ c, ¡ ɓ, ʛʨʘʜ ʈʦʟʨʘʭʦʚʘʥʘ 

ʱʽʣʴʥʽʩʪʴ, 

ʛ/ʩʤ
3
 

YTa1-xNbxO4 

0 P1 2/a 5,299 5,456 5,111 96,412 7,56 

0,2 I 2/a 5,322 10,935 5,057 95,386 7,16 

0,4 I 2/a 5,317 10,938 5,059 95,232 6,75 

0,6 I 2/a 5,314 10,943 5,065 95,045 6,34 

0,8 I 2/a 5,306 10,946 5,069 94,808 5,94 

1,0 I 2/a 5,299 10,949 5,073 94,561 5,53 

GdTa1-xNbxO4 

0 I 2/a 5,405 11,060 5,081 95,620 8,76 

0,2 I 2/a 5,401 11,072 5,087 95,460 8,37 

0,4 I 2/a 5,395 11,080 5,092 95,276 7,98 

0,6 I 2/a 5,387 11,085 5,097 95,042 7,58 

0,8 I 2/a 5,379 11,090 5,102 94,812 7,19 

1,0 I 2/a 5,372 11,095 5,107 94,563 6,80 
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ʅʘ ʩʧʝʢʪʨʘʭ ʬʦʪʦ- ʪʘ ʨʝʥʪʛʝʥʣʶʤʽʥʝʩʮʝʥʮʽʾ ʰʠʨʦʢʽ ʩʤʫʛʠ ʧʨʠ 415 ʥʤ ʪʘ 

455 ʥʤ ʜʣʷ YTa1-xNbxO4 ʽ GdTa1-xNbxO4, ʚʽʜʧʦʚʽʜʥʦ, ʧʦʚôʷʟʘʥʽ ʽʟ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʛʨʫʧʠ NbO6 (ʨʠʩ. 9). ɺʽʜʧʦʚʽʜʥʽ ʩʤʫʛʠ ʫ ʪʘʥʪʘʣʘʪʘʭ ʟʩʫʥʫʪʽ ʜʦ 

ʜʦʚʛʦʭʚʠʣʴʦʚʦʾ (ʯʝʨʚʦʥʦʾ) ʦʙʣʘʩʪʽ ʪʘ, ʚʦʯʝʚʠʜʴ, ʧʦʚôʷʟʘʥʽ ʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 

ʛʨʫʧʠ TaO6, ʷʢ ʨʘʥʽʰʝ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʜʣʷ ʪʘʥʪʘʣʘʪʽʚ ʈɿɽ.  

  

  
 

(ʘ) (ʙ) 

  

(ʚ) (ʛ) 

ʈʠʩ. 9. ʉʧʝʢʪʨʠ ʬʦʪʦ- ʪʘ ʨʝʥʪʛʝʥʣʶʤʽʥʝʩʮʝʥʮʽʾ YTa1-xNbxO4 (ʘ, ʚ) ʪʘ    

GdNbxTa1-xO4 (ʙ, ʛ)  

 

ʅʘ ʩʧʝʢʪʨʘʭ ʨʝʥʪʛʝʥʣʶʤʽʥʝʩʮʝʥʮʽʾ ʥʘʷʚʥʽ ʪʘʢʽ ʞ ʩʘʤʽ ʧʽʢʠ, ʱʦ ʦʙʫʤʦʚʣʝʥʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʛʨʫʧ NbO6 ʪʘ TaO6 ʟ ʤʘʢʩʠʤʫʤʘʤʠ ʙʣʠʟʴʢʦ 425 ï 450 ʥʤ ʜʣʷ 

ʪʘʥʪʘʣʦ-ʥʽʦʙʘʪʽʚ ʽʪʨʽʶ ʪʘ 450 ï 475 ʥʤ ʜʣʷ ʪʘʥʪʘʣʦʥʽʦʙʘʪʽʚ ʛʘʜʦʣʽʥʽʶ (ʨʠʩ. 9). 

ʏʘʩʠ ʟʘʛʘʩʘʥʥʷ ʰʚʠʜʢʦʛʦ ʪʘ ʧʦʚʽʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʜʣʷ 

YTa1-xNbxO4 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Ta/Nb ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ                 

130 ï 390 ʥʩ ʪʘ 1,95 ï 2,67 ʤʢʩ, ʚʽʜʧʦʚʽʜʥʦ. ʋ ʚʠʧʘʜʢʫ ʛʘʜʦʣʽʥʽʻʚʠʭ 

ʪʘʥʪʘʣʦʥʽʦʙʘʪʽʚ ʰʚʠʜʢʠʡ ʢʦʤʧʦʥʝʥʪ ʽʟ Ű = 5 - 93 ʥʩ, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʨʦʟʛʦʨʷʥʥʷʤ ʣʶʤʽʥʝʩʮʝʥʮʽʾ, ʱʦ ʧʦʯʠʥʘʻʪʴʩʷ ʚʽʜ 50 ʥʩ, ʪʘ ʩʠʣʴʥʦʶ ʧʦʚʽʣʴʥʦʶ 
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ʣʶʤʽʥʝʩʮʝʥʮʽʻʶ ʽʟ ʚʥʝʩʢʦʤ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʥʝ ʤʝʥʰʝ 81 %. ɼʣʷ 

GdNb0,2Ta0,8O4 ʧʦʚʽʣʴʥʠʡ ʢʦʤʧʦʥʝʥʪ ʟʘʛʘʩʘʥʥʷ ʧʦʚʥʽʩʪʶ ʚʽʜʩʫʪʥʽʡ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʩʚʽʪʣʦʚʦʛʦ ʚʠʭʦʜʫ ʪʘʥʪʘʣʦʥʽʦʙʘʪʽʚ ʚ ʷʢʦʩʪʽ ʝʪʘʣʦʥʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʪʘʙʣʝʪʘ YTaO4, ʦʪʨʠʤʘʥʘ ʟʛʽʜʥʦ ʤʝʪʦʜʫ, ʦʧʠʩʘʥʦʛʦ ʫ ʨʦʟʜʽʣʽ 

4. ʉʚʽʪʣʦʚʠʡ ʚʠʭʽʜ ʟʨʘʟʢʽʚ GdNbxTa1-xO4 ʜʝʤʦʥʩʪʨʫʻ ʙʣʠʟʴʢʫ ʜʦ ʣʽʥʽʡʥʦʾ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦ ʚʤʽʩʪʫ ʥʽʦʙʽʶ ʚ ʤʘʪʨʠʮʽ. ɼʣʷ YNbxTa1-xO4 ʙʫʣʦ 

ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʟʙʽʣʴʰʝʥʥʷ ʩʚʽʪʣʦʚʦʛʦ ʚʠʭʦʜʫ ʜʦ 6 ʨʘʟ ʚʽʜʥʦʩʥʦ YTaO4 ʧʨʠ 

ʚʘʨʽʶʚʘʥʥʽ ʚʤʽʩʪʫ ʥʽʦʙʽʶ ʚ ʤʘʪʨʠʮʽ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʢʘʪʽʦʥʥʦʛʦ ʟʘʤʽʱʝʥʥʷ Nb
5+

/Ta
5+

 ʥʘ ʦʧʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʥʪʘʣʦʥʽʦʙʘʪʽʚ ʙʫʣʠ ʚʠʤʽʨʷʥʽ ʩʝʣʝʢʪʠʚʥʽ ʩʧʝʢʪʨʠ ʟʙʫʜʞʝʥʥʷ ʽ 

ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʮʠʭ ʩʠʩʪʝʤ. ʇʦʢʘʟʘʥʦ, ʱʦ ʷʢ ʜʣʷ ʥʽʦʙʘʪʫ, ʪʘʢ ʽ ʜʣʷ ʪʘʥʪʘʣʘʪʫ 

ʽʪʨʽʶ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʚʽ ʩʤʫʛʠ ʣʶʤʽʥʝʩʮʝʥʮʽʾ: ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʘ (415 ʥʤ ʜʣʷ 

YNbO4 ʪʘ 320 ʥʤ ʜʣʷ YTaO4), ʧʦʚᾷʷʟʘʥʘ ʽʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʨʝʛʫʣʷʨʥʠʭ ʛʨʫʧ 

NbO6 ʪʘ TaO6, ʪʘ ʜʦʚʛʦʭʚʠʣʴʦʚʘ (460 ʥʤ ʜʣʷ YNbO4 ʪʘ ~ 450 ʥʤ ʜʣʷ YTaO4), ʱʦ 

ʷʚʣʷʻ ʩʦʙʦʶ ʝʤʽʩʽʡʥʽ ʮʝʥʪʨʠ, ʧʦʚôʷʟʘʥʽ ʟ ʜʝʬʝʢʪʘʤʠ ʩʪʨʫʢʪʫʨʠ, ʟʦʢʨʝʤʘ, ʩ 

ʢʠʩʥʝʚʠʤʠ ʚʘʢʘʥʩʽʷʤʠ. ʇʨʠ ʩʝʣʝʢʪʠʚʥʦʤʫ ʋʌ-ʟʙʫʜʞʝʥʥʽ ʷʢ ʥʽʦʙʘʪʫ, ʪʘʢ ʽ 

ʪʘʥʪʘʣʘʪʫ ʛʘʜʦʣʽʥʽʶ, ʥʘ ʩʧʝʢʪʨʽ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʻʜʠʥʘ ʩʤʫʛʘ, 

ʧʦʚôʷʟʘʥʘ ʽʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʝʤʽʩʽʡʥʦʛʦ ʮʝʥʪʨʫ ʟ ʜʝʬʝʢʪʦʤ. ɺʣʘʩʥʘ 

ʣʶʤ̔ʥʝʩʮʝʥʮʽʷ YNbO4 ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʤʦʞʣʠʚʦ, ʯʝʨʝʟ ʾʾ ʪʝʤʧʝʨʘʪʫʨʥʝ 

ʛʘʩʽʥʥʷ. 

ʐʦʩʪʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʜʦʩʣʽʜʞʝʥʥʶ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʪʘ 

ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʠʩʪʘʣʽʚ ʪʘʥʪʘʣʘʪʫ ʛʘʜʦʣʽʥʽʶ GdTaO4 (GTO) ʪʘ 

ʪʘʥʪʘʣʦʥʽʦʙʘʪʫ ʛʘʜʦʣʽʥʽʶ GdNb0,2Ta0,8O4 (GTNO).  

ʂʨʠʩʪʘʣʠ (ʨʠʩ. 10ʘ) ʚʠʨʦʱʝʥʦ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʴʢʦʛʦ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ 

ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʠʩʥʶ ʜʦ 1 ʦʙ.%.  

  

(ʘ) (ʙ) 

ʈʠʩ. 10. ʌʦʪʦ ʚʠʨʦʱʝʥʦʛʦ ʢʨʠʩʪʘʣʫ GTNO (ʘ) ʪʘ ʢʨʠʩʪʘʣʽʯʥʽ ʟʨʘʟʢʠ GTO ʪʘ 

GTNO (ʙ) 

ɺ ʷʢʦʩʪʽ ʟʘʪʨʘʚʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʽʨʠʜʽʻʚʠʡ ʜʨʽʪ ʜʽʘʤʝʪʨʦʤ 1 ʤʤ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʝʢʩʪʨʝʤʘʣʴʥʦ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ (~2100 ÁC) GdTaO4, 

ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʨʦʟʧʣʘʚʣʝʥʥʷ ʽʨʠʜʽʻʚʦʛʦ ʪʠʛʣʶ ʨʦʩʪʦʚʠʡ ʚʫʟʦʣ ʙʫʚ ʜʦʜʘʪʢʦʚʦ 

ʪʝʧʣʦʽʟʦʣʴʦʚʘʥʠʡ. ʐʚʠʜʢʽʩʪʴ ʚʠʪʷʛʘʥʥʷ ʟʘʪʨʘʚʢʠ ʩʢʣʘʜʘʣʘ 1ï2 ʤʤ/ʛʦʜ., ʘ 

ʰʚʠʜʢʽʩʪʴ ʾʾ ʦʙʝʨʪʘʥʥʷ ʚʘʨʽʶʚʘʣʘʩʷ ʚ ʤʝʞʘʭ 10ï20 ʦʙ./ʭʚ. ʇʽʩʣʷʨʦʩʪʦʚʠʡ ʚʽʜʧʘʣ 

ʚʠʨʦʱʝʥʠʭ ʙʫʣʴ ʧʨʦʚʦʜʠʚʩʷ ʚ ʘʪʤʦʩʬʝʨʽ ʧʦʚʽʪʨʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1500 ÜC. 
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ʂʨʠʩʪʘʣʠ ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʚ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʤʫ 

ʥʘʧʨʷʤʢʫ (010), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʣʦʱʠʥʽ ʩʧʘʡʥʦʩʪʽ. ɼʝʷʢʽ ʯʘʩʪʠʥʠ ʙʫʣ ɹʙʫʣʠ 

ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʤʠ ʘʙʦ ʤʽʩʪʠʣʠ ʚʢʣʶʯʝʥʥʷ. ʇʨʦʪʝ, ʦʙᾷʻʤ ʧʨʦʟʦʨʦʾ ʯʘʩʪʠʥʠ ʙʫʚ 

ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʨʘʟʢʽʚ ʜʣʷ ʦʧʪʠʯʥʠʭ ʽ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

(ʨʠʩ. 10ʙ). 

ʐʠʨʦʢʘ ʩʤʫʛʘ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʢʨʠʩʪʘʣʫ GTO (ʨʠʩ. 11ʘ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʤʘʢʩʠʤʫʤʦʤ ʙʣʠʟʴʢʦ 570 ʥʤ ʪʘ ʤʦʞʝ ʙʫʪʠ ʧʦʚᾷʷʟʘʥʘ ʟ ʜʝʬʝʢʪʘʤʠ, 

ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʧʦʙʣʠʟʫ ʪʘʥʪʘʣʘʪʥʦʾ ʛʨʫʧʠ. ʉʧʝʢʪʨ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʢʨʠʩʪʘʣʫ 

GTNO (ʨʠʩ. 11ʙ) ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʫʟʴʢʠʡ ʧʽʢ ʧʨʠ 313 ʥʤ, ʧʦʚôʷʟʘʥʠʡ ʽʟ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʽʦʥʫ Gd
3+
, ʘ ʪʘʢʦʞ ʜʚʽ ʰʠʨʦʢʽ ʩʤʫʛʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ 

ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ, ʟ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 405 ʥʤ  ʽ 570 ʥʤ.. 

 
 

(ʘ) (ʙ) 

ʈʠʩ. 11. ʉʧʝʢʪʨʠ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʢʨʠʩʪʘʣʽʚ GTO (ʘ) ʽ GTNO (ʙ) ʧʨʠ ʋʌ-

ʟʙʫʜʞʝʥʥ̔  

 

ʂʦʨʦʪʢʦʭʚʠʣʴʦʚʘ ʩʤʫʛʘ ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 405 ʥʤ ʧʦʚôʷʟʘʥʘ ʟ 

ʣʶʤʽʥʝʩʮʝʥʮʽʻʶ ʛʨʫʧʠ ʟ ʜʝʬʝʢʪʦʤ NbO5VO. ɼʦʚʛʦʭʚʠʣʴʦʚʘ ʩʤʫʛʘ ʟ 

ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 570 ʥʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʢ ʫ ʢʨʠʩʪʘʣʽ GTNO, ʪʘʢ ʽ ʚ ʢʨʠʩʪʘʣʽ 

GTO ʪʘ ʧʦʚôʷʟʘʥʘ ʟ ʪʠʤ ʩʘʤʠʤ ʮʝʥʪʨʦʤ ʣʶʤʽʥʝʩʮʝʥʮʽʾ, ʘ ʩʘʤʝ ʟ ʜʝʬʝʢʪʥʦʶ 

ʛʨʫʧʦʶ TaO5VO. 

ɸʤʧʣʽʪʫʜʥʽ ʩʧʝʢʪʨʠ ʢʨʠʩʪʘʣʽʚ GTO ʽ GTNO ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʜʞʝʨʝʣʦʤ 
137
Cs (662 ʢʵɺ) ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 12ʘ. ʂʨʠʚʽ ʟʘʛʘʩʘʥʥʷ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʢʨʠʩʪʘʣʽʚ 

GTO ʽ GTNO ʧʽʩʣʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ (ʨʠʩ. 12ʙ) ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ 

ʰʚʠʜʢʦʾ ʢʦʤʧʦʥʝʥʪʠ ʪʘ ʩʠʣʴʥʦʛʦ ʨʦʟʛʦʨʷʥʥʷ ʣʶʤʽʥʝʩʮʝʥʮʽʾ, ʧʦʜʽʙʥʦ ʜʦ 

ʢʝʨʘʤʽʯʥʠʭ ʟʨʘʟʢʽʚ ʪʘʥʪʘʣʦʥʽʦʙʘʪʽʚ ʛʘʜʦʣʽʥʽʶ. 

ʉʮʠʥʪʠʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʚ GTO ʪʘ GTNO ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 2. 
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(ʘ) (ʙ) 

ʈʠʩ. 12. ɸʤʧʣʽʪʫʜʥʽ ʩʧʝʢʪʨʠ (ʘ) ʪʘ ʢʨʠʚʽ ʟʘʛʘʩʘʥʥʷ ʣʶʤʽʥʝʩʮʝʥʮʽʾ (ʙ) ʢʨʠʩʪʘʣʽʚ 

GTO ʽ GTNO ʧʽʩʣʷ ʟʙʫʜʞʝʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ  

                                                                                                                     

                                                                                                                       ʊʘʙʣʠʮʷ 2 

ʉʮʠʥʪʠʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʚ GTO ʪʘ GTNO (ʧʘʨʘʤʝʪʨʠ Ű ʪʘ ɸ 

ʚʠʨʘʭʫʚʘʥʽ ʧʨʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʢʨʠʚʠʭ ʟʘʛʘʩʘʥʥʷ ʬʫʥʢʮʽʻʶ                  

I=I0+A1Ĭexp(-t/Ű1)+A2Ĭexp(-t/Ű2) 

ʂʨʠʩʪʘʣ Ű1, ʥʩ (A1, %) Ű2, ʤʢʩ (A2, %) ʉʚʽʪʣʦʚʠʡ ʚʠʭʽʜ, 

ʬʦʪ./Mʝɺ 

GTO 23 (3%) ~1 + ʨʦʟʛʦʨʷʥʥʷ 

(97%) 

1250 

GTNO 17 (94%) ~1 (6%) 1400 

 

ʆʉʅʆɺʅɯ ʈɽɿʋʃʔʊɸʊʀ ʊɸ ɺʀʉʅʆɺʂʀ 

ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘ ʦʩʥʦʚʽ ʩʧʦʣʫʢ ʽʟ ʟʘʛʘʣʴʥʦʶ ʬʦʨʤʫʣʦʶ REAO4 (RE ï ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʡ 

ʝʣʝʤʝʥʪ, ɸ ï V, Nb, Ta), ʟʦʢʨʝʤʘ, ʟʤʽʰʘʥʠʭ ʪʘʥʪʘʣʦʥʽʦʙʘʪʽʚ ʽʪʨʽʶ ʪʘ ʛʘʜʦʣʽʥʽʶ ʫ 

ʧʦʚʥʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ ʨʷʜʫ ʟʘʤʽʱʝʥʥʷ  Nb
5+

/Ta
5+
, ʤʝʪʦʜʘʤʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʪʨʠʤʘʥʥʷ ʢʝʨʘʤʽʯʥʠʭ ʘʙʦ ʢʨʠʩʪʘʣʽʯʥʠʭ ʟʨʘʟʢʽʚ. ɼʦʩʣʽʜʞʝʥʦ 

ʣʶʤʽʥʝʩʮʝʥʪʥʽ ʪʘ ʩʮʠʥʪʠʣʷʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ REAO4 (RE ï 

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʡ ʝʣʝʤʝʥʪ, ɸ ï V, Nb, Ta).  ʆʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʥʘʫʢʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ: 

1. ʆʪʨʠʤʘʥʦ ʢʝʨʘʤʽʯʥʽ ʟʨʘʟʢʠ ʟʤʽʰʘʥʠʭ ʪʘʥʪʘʣʦʥʽʦʙʘʪʽʚ ʽʪʨʽʶ       

(YNbxTa1-xO4, x=0-1) ʪʘ ʛʘʜʦʣʽʥʽʶ (GdNbxTa1-xO4, x=0-1) ʢʣʘʩʠʯʥʠʤ ʤʝʪʦʜʦʤ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʫ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʯʠʥʥʠʢʫ. 

ʇʦʚʥʠʡ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʨʷʜ ʟʘʤʽʱʝʥʥʷ ʪʘʥʪʘʣʫ ʥʽʦʙʽʻʤ ʚ ʤʘʪʨʠʮʽ ʪʘʥʪʘʣʘʪʫ 

ʛʘʜʦʣʽʥʽʶ ʩʠʥʪʝʟʦʚʘʥʦ ʚʧʝʨʰʝ. ʅʘ ʩʧʦʩʙ̔ ʦʪʨʠʤʘʥʦ ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ. 

2. ɺʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʢʘʪʽʦʥʥʦʛʦ ʟʘʤʽʱʝʥʥʷ Nb
5+

/Ta
5+

 ʚ ʤʘʪʨʠʮ ̔ʪʘʥʪʘʣʘʪʫ 

ʥʘ ʣʶʤʽʥʝʩʮʝʥʪʥʽ ʪʘ ʩʮʠʥʪʠʣʷʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʤʽʰʘʥʠʭ ʢʨʠʩʪʘʣʚ̔ 

RENbxTa1-xO4 (RE=Y ʘʙʦ Gd, ʭ=0 ï 1). ɿʦʢʨʝʤʘ, ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʟʘʤʽʱʝʥʥʽ 

ʪʘʥʪʘʣʫ ʥʘ ʥʽʦʙʽʡ ʚ ʤʘʪʨʠʮʽ ʪʘʥʪʘʣʘʪʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʩʚʽʪʣʦʚʦʛʦ 


