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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʦʪʜʝʣʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ ʖʞʥʦʛʦ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʅʘʫʯʥʳʡ  

ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʈɽɿʅʀʏɽʅʂʆ  ʃʘʨʠʩʘ ɸʥʜʨʝʝʚʥʘ 
(ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʀʀ ʬʠʟʠʢʠ, ʦʪʜʝʣ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, 

ʟʘʚʝʜʫʶʱʘʷ) 

ʆʬʠʮʠʘʣʴʥʳʝ  

ʦʧʧʦʥʝʥʪʳ: 

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʇɸɺʃʆɺ  ɸʥʜʨʝʡ ʅʠʢʦʣʘʝʚʠʯ 
(ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʢʘʬʝʜʨʘ çʌʠʟʠʢʘè, ʧʨʦʬʝʩʩʦʨ) 
 

ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ɻɸɼɾʀɽɺ  ɻʘʜʞʠ ɻʘʤʟʘʝʚʠʯ 
(ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʠʤʝʥʠ ʍ.ʀ. ɸʤʠʨʭʘʥʦʚʘ ɼʅʎ ʈɸʅ, 

ʣʘʙʦʨʘʪʦʨʠʷ ʪʝʧʣʦʬʠʟʠʢʠ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʪʚʘ, 

ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ) 

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ:  ʖʞʥʦ-ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭ-

ʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʅʇʀ) ʠʤʝʥʠ ʄ.ʀ. ʇʣʘʪʦʚʘ 

ɿʘʱʠʪʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪʩʷ  28 ʜʝʢʘʙʨʷ 2018 ʛʦʜʘ ʚ 12
00 
ʯʘʩʦʚ ʥʘ 

ʟʘʩʝʜʘʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 212.208.05 ʧʦ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʥʘʫʢʘʤ, ʩʧʝʮ. 01.04.07 ï ʌʠʟʠʢʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʖʞʥʦʛʦ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʚ ʟʜʘʥʠʠ ʅʀʀ ʬʠʟʠʢʠ ʖʌʋ ʧʦ ʘʜʨʝʩʫ: ʈʦʩʪʦʚ-ʥʘ-

ɼʦʥʫ, ʧʨʦʩʧ. ʉʪʘʯʢʠ, 194, ʘʫʜ. 411 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ɿʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʙʠʙʣʠʦʪʝʢʝ ʠʤʝʥʠ 

ʖ.ɸ. ɾʜʘʥʦʚʘ ʖʌʋ ʧʦ ʘʜʨʝʩʫ: ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʫʣ. ɿʦʨʛʝ, 21 ɾ ʠ ʥʘ ʩʘʡʪʝ ʖʌʋ: 

http://hub.sfedu.ru/diss/announcement/4e8f3d0a-7d43-4016-a20d-14a25d54c99e/ 

ɸʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʟʦʩʣʘʥ                         ç____è ʥʦʷʙʨʷ 2018 ʛʦʜʘ 

ʆʪʟʳʚʳ ʥʘ ʘʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩʝʨʪʘʮʠʠ (ʫʢʘʞʠʪʝ ʜʘʪʫ, ʧʦʣʥʦʩʪʴʶ ʩʚʦʠ ʬʘʤʠʣʠʶ, 

ʠʤʷ, ʦʪʯʝʩʪʚʦ, ʫʯʸʥʫʶ ʩʪʝʧʝʥʴ ʩʦ ʩʧʝʮʠʘʣʴʥʦʩʪʴʶ ʠ ʟʚʘʥʠʝ, ʦʨʛʘʥʠʟʘʮʠʶ, 

ʧʦʜʨʘʟʜʝʣʝʥʠʝ, ʜʦʣʞʥʦʩʪʴ, ʘʜʨʝʩ, ʪʝʣʝʬʦʥ, e-mail ʠ ʩ ʥʫʤʝʨʘʮʠʝʡ ʩʪʨʘʥʠʮ) ʩ 

ʟʘʚʝʨʝʥʥʦʡ ɺʘʰʝʡ ʧʦʜʧʠʩʴʶ ʠ ʩ ʧʝʯʘʪʴʶ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʦʩʠʤ ʥʘʧʨʘʚʣʷʪʴ ʚ 2-ʭ 

ʵʢʟʝʤʧʣʷʨʘʭ ʫʯʝʥʦʤʫ ʩʝʢʨʝʪʘʨʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 212.208.05 ʧʨʠ ʖʌʋ ʧʦ 

ʧʦʯʪʝ ʥʘ ʘʜʨʝʩ: 344090, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʧʨʦʩ. ʉʪʘʯʢʠ, 194, ʅʀʀ ʬʠʟʠʢʠ ʖʌʋ, ʘ ʪʘʢʞʝ 

ʚ ʬʦʨʤʘʪʝ .pdf ʥʘ e-mail: geguzina@sfedu.ru ʠ/ʠʣʠ gal-geg@rambler.ru 

ʋʯʸʥʳʡ ʩʝʢʨʝʪʘʨʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ 

ɼ 212.208.05 ʧʨʠ ʖʌʋ                         ɻʝʛʫʟʠʥʘ ɻʘʣʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

mailto:geguzina@sfedu.ru
mailto:gal-geg@rambler.ru
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʟʦʩʢʦʧʠʯʝʩʢʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜ 

(ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʢʦʤʧʦʟʠʪʦʚ) ʚʩʝ ʝʱ yʦʩʪʘʪyʩʷ 

ʦʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʉʠʣʴʥʳʤʠ ʩʪʦʨʦʥʘʤʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʠʭ ʜʝʰʝʚʠʟʥʘ, ʚʳʩʦʢʘʷ 

ʢʦʨʨʦʟʠʡʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʨʘʜʠʘʮʠʦʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦ ʩʚʦʡʩʪʚʘʤ ʩʨʝʜʳ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʭʠʤʠʯʝʩʢʦʡ ʢʦʤʧʦʟʠʮʠʠ. ʂʝʨʘʤʠʢʘ ʩʦʩʪʦʠʪ ʠʟ ʦʛʨʦʤʥʦʛʦ ʯʠʩʣʘ 

ʢʨʠʩʪʘʣʣʠʪʦʚ, ʨʘʟʤʝʨ, ʬʦʨʤʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʷʶʪ ʝ y ʩʚʦʡʩʪʚʘ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʧʨʠʙʦʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʝʨʘʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʀʥʪʝʨʝʩ ʢ ʦʙʲʝʢʪʘʤ, ʦʙʣʘʜʘʶʱʠʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʘʛʥʠʪʥʳʤ ʠ ʵʣʝʢʪʨʠʯʝʩ-

ʢʠʤ ʫʧʦʨʷʜʦʯʝʥʠʷʤʠ, ʥʘʟʳʚʘʝʤʳʤ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʤʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʦʩ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ  ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʠʭ ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʊʘʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʉɺʏ-ʪʝʭʥʠʢʝ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ [1], ʘ ʪʘʢʞʝ 

ʚ ʜʘʪʯʠʢʘʭ  ʧʝʨʝʤʝʥʥʦʛʦ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʩʠʩʪʝʤʘʭ ʥʘʚʠʛʘʮʠʠ 

ʠʣʠ ɻʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʭ. ʇʦ ʪʦʯʥʦʩʪʠ ʪʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʦʩʭʦʜʠʪʴ [2] ʘʥʘʣʦʛʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ  ʵʬʬʝʢʪʝ ʍʦʣʣʘ ʠʣʠ 

ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɸʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʛʜʝ ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ ʤʦʛʫʪ 

ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ, ʷʚʣʷʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ ʧʘʤʷʪʠ (MRAM, Magnetoresistive 

Random Access Memory) [3] ʠ ʩʧʠʥʪʨʦʥʠʢʠ, ʚ ʪʦʤ, ʯʠʩʣʝ ʥʝʡʨʦʩʝʪʠ [4], ʫʟʣʘʤʠ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʧʠʥʪʨʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ.  

ʆʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʠʟʫʯʝʥʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʷʚʣʷʶʪʩʷ ʬʝʨʨʠʪ ʚʠʩʤʫʪʘ 

BiFeO3 (BFO) ʠ ʬʝʨʨʦʥʠʦʙʘʪ ʩʚʠʥʮʘ PbFe1/2Nb1/2O3 (PFN), ʢʦʪʦʨʳʝ, ʙʣʘʛʦʜʘʨʷ 

ʩʚʦʠʤ ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʠʥʪʝʨʝʩʥ  r ʠ ʢʘʢ ʤʦʜʝʣʴʥʳʝ ʦʙʲʝʢʪ r ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠ ʢʘʢ ʦʩʥʦʚ r ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʛʥʠʪʦ-

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʧʨʦʪʠʚʦʨʝʯʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠ ̫ ʠ ʬʦʨʤʠʨʦʚʘʥʠ ̫

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʜʘʥʥʳʭ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ ʠ ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ, ʪʝʤʘ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʩʠʥʪʝʟʘ ʠ ʩʧʝʢʘʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ BFO ʠ PFN ʠ ʪʚʸʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ (ʊʈ) ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʫʪʸʤ ʠʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʶ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠ ʵʪʦʤ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ,  ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʢʘʢ ʜʣʷ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.   

https://ru.wikipedia.org/wiki/%D0%AD%D1%84%D1%84%D0%B5%D0%BA%D1%82_%D0%A5%D0%BE%D0%BB%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D1%84%D1%84%D0%B5%D0%BA%D1%82_%D0%A5%D0%BE%D0%BB%D0%BB%D0%B0
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ʎʝʣɹ ʨʘʙʦʪʳ: ʫʩʪʘʥʦʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʢʨʦʦʪʢʣʠʢʦʚ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʥʘ ʦʩʥʦʚʝ BFO ʠ PFN. 

 ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

¶ ʧʨʦʠʟʚʝʩʪʠ ʘʥʘʣʠʟ ʠ ʦʙʦʙɦ ʠʪʴ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʦʙ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʘʭ; 

¶ ʩ ʧʦʤʦʱʴʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ SciVal ʚʳʷʚʠʪʴ 

ʜʠʥʘʤʠʢʫ ʧʫʙʣʠʢʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʩ ʘʢʮʝʥʪʦʤ ʥʘ 

ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʙʣʝʤʳ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʤʫʣʴʪʠʬʝʨʨʦʠʜʥʳʭ ʩʨʝʜ;  

¶ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ BFO ʠ PFN, 

ʩʦʯʝʪʘʶʱʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʠ ʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠ ̫ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ ʢʦʤʥʘʪʥʦʡ; 

¶ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʤʝʪʦʜʘʤʠ; 

¶ ʧʨʦʚʝʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ PFN ʠ BFO ʠ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʭ ʙʝʩʧʨʠʤʝʩʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ; 

¶ ʠʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʦʤʦʨʬʠʟʤʘ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʧʫʪʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʠʭ ʩʚʦʡʩʪʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝʤ ʠ ʘʪʦʤʘʨʥʳʤ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝʤ n-ʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʊʈ ʥʘ ʠʭ ʦʩʥʦʚʝ; 

¶ ʘʜʘʧʪʠʨʦʚʘʪʴ ʚʳʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʛʣʘʤʝʥʪʳ ʢ ʢʘʞʜʦʡ 

ʢʦʥʢʨʝʪʥʦʡ ʢʦʤʧʦʟʠʮʠʠ; 

¶ ʧʨʠʛʦʪʦʚʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ, ʧʨʦʚʝʨʷ ̫ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ 

ʠʭ ʩʚʦʡʩʪʚ ʚ ʢʘʞʜʦʡ ʧʘʨʪʠʠ; 

¶ ʧʨʦʚʝʩʪʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʠ ʧʦʩʪʨʦʠʪʴ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ 

ʩʠʩʪʝʤ; 

¶ ʠʟʤʝʨʠʪʴ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʦʚ ʚ 

ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ; 

¶ ʩʦʧʦʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 

ʤʘʢʨʦʦʪʢʣʠʢʘʤʠ ʦʙʲʝʢʪʦʚ ʠ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʫʩʪʘʥʦʚʠʪʴ ʚ ʥʠʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ 

ʩʚʷʟʠ ʩʦʩʪʘʚ ï ʩʪʨʫʢʪʫʨʘ ï ʩʚʦʡʩʪʚʘ; 

¶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʩʪʨʦʝʥʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʧʝʢʪʨʦʚ, ʚʳʷʚʠʪʴ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʠʟʫʯʘʝʤʳʭ ʩʠʩʪʝʤʘʭ ʠ ʨʘʩʢʨʳʪʴ 
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ʤʝʭʘʥʠʟʤʳ ʥʘʙʣʶʜʘʝʤʳʭ ʷʚʣʝʥʠʡ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʤʦʜʝʣʝʡ; 

¶ ʨʘʟʨʘʙʦʪʘʪʴ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʦʚ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʘʞʥʳʝ ʤʘʪʝʨʠʘʣ rʠ ʩʧʦʩʦʙʳ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʧʨʦʠʟʚʝʩʪʠ ʠʭ ʧʘʪʝʥʪʦʚʘʥʠʝ. 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

¶ ʢʝʨʘʤʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ PFN ʯʠʩʪʦʛʦ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʚʝʨʭ-

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠ 1 ʤʘʩʩ. %, 2 ʤʘʩʩ. %  ʠ  3 ʤʘʩʩ. % ʢʘʨʙʦʥʘʪʘ ʣʠʪʠʷ Li 2CO3 

(PFNL1, PFNL2, PFNL3) ʠ ʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ MnO2 (PFNM1, PFNM2, PFNM3), 

¶ ʢʝʨʘʤʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʊʈ (1-x)BiFeO3-xATiO3, ʛʜʝ A ï Pb, Ba, Cd ʠʣʠ Sr,  ʚ 

ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 0.1 Ò x Ò 0.5 ʩ ʰʘʛʦʤ  æx=0.1; 

¶ ʢʝʨʘʤʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʊʈ (1-x)BiFeO3-xATiO3, ʛʜʝ A - Pb, Ba ʠʣʠ Cd, ʚ 

ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 0.25 Ò x Ò 0.35 ʩ ʰʘʛʦʤ æx=0.05, ʯʠʩʪʳʝ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʚʝʨʭʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠ 0.5 ʤʘʩʩ. % ʦʢʩʠʜʦʤ ʤʘʨʛʘʥʮʘ Mn2O3, 

¶ ʢʝʨʘʤʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʊʈ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ (Bi1-x-yPbx+y)(Fe1-x/2-yTiyNbx/2)O3, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʚ ʩʝʤʠ ʨʘʟʨʝʟʘʭ: 

y = 0.05 ʠ x = 0.175é0.325, y = 0.10 ʠ  x = 0.125é0.275; y = 0.15 ʠ  

x = 0.075é0.225 ʚʩʝ ʩ ʰʘʛʦʤ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ x  ȹx  = 0.025; 

x =  0.05 ʠ y = 0.175é0.325; x =  0.10 ʠ  y =  0.125é0.275;  x = 0.15 ʠ  

y=(0.075õ0.225) ʠ ʚʩʝ ʩ ʰʘʛʦʤ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ  y  ȹy=0.025; 

x = 0.1125é0.1875 ʩ ʰʘʛʦʤ  ȹx = 0.0125 ʠ  y = (0.1125õ0.1875) ʩ ʰʘʛʦʤ 

ȹy=0.0125. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʚʧʝʨʚʳʝ 

¶ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʠ ʩʧʝʢʘʥʠʷ ʚʳʩʦʢʦʧʣʦʪʥʦʡ, 

ʙʝʩʧʨʠʤʝʩʥʦʡ ʢʝʨʘʤʠʢʠ PFN, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʚʝʨʭʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠ 3 ʤʘʩʩ. 

% Li2CO3 ʠ MnO2, ʢʝʨʘʤʠʢ ʩʦʩʪʘʚʘ (1-x)BiFeO3-xATiO3, ʛʜʝ A - Pb, Ba ʠʣʠ Cd, ʚ 

ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 0.25 Ò x Ò 0.35 ʩ ʰʘʛʦʤ æx=0.05), ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʚʝʨʭʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠ 0.5 ʤʘʩʩ. % ʦʢʩʠʜʦʤ ʤʘʨʛʘʥʮʘ Mn2O3, ʢʝʨʘʤʠʢʠ ʩʦʩʪʘʚʘ 

(Bi1-x-yPbx+y)(Fe1-x/2-yTiyNbx/2)O3, ʧʨʠʛʦʪʦʚʣʝʥʥʦʡ ʚ hʝʩʪʠ ʠʟ ʩʝʤʠ ʚʳʙʨʘʥʥʳʭ 

ʨʘʟʨʝʟʦʚ, ʚʳʷʚʣʝʥ ʠ ʦʙʲʷʩʥʸʥ ʤʝʭʘʥʠʟʤ ʚʩʪʨʘʠʚʘʥʠʷ ʢʘʪʠʦʥʦʚ Li
1+

 ʠ Mn
4+

 ʚ 

ʩʪʨʫʢʪʫʨʫ ʬʝʨʨʦʥʠʦʙʘʪʘ ʩʚʠʥʮʘ ʧʨʠ ʝʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʢʘʨʙʦʥʘʪʦʤ ʣʠʪʠʷ ʠ 

ʦʢʩʠʜʦʤ ʯʝʪʳʨʝʭʚʘʣʝʥʪʥʦʛʦ ʤʘʨʛʘʥʮʘ MnO2; 

¶ ʦʙʲʷʩʥʝʥ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʞʠʜʢʠʭ ʬʘʟ ʧʨʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʤ 

ʩʧʝʢʘʥʠʠ ʢʝʨʘʤʠʢ PFN ʠ ʊʈ ʥʘ ʦʩʥʦʚʝ BFO, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʤʘʢʨʦʦʪʢʣʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ; 

¶ ʫʩʪʘʥʦʚʣʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ ʧʦʜʪʚʝʨʞʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʯʪʦ, ʥʘʨʷʜʫ ʩ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʤʠ ʠ ʨʝʟʦʥʘʥʩʥʳʤʠ ʩʧʝʢʪʨʘʤʠ ʜʠʵʣʝʢʪʨʠʢʦʚ, ʚʦʟʤʦʞʝʥ ʥʦʚʳʡ, ʥʝ 

ʦʧʠʩʘʥʥʳʡ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʚʠʜ ʩʧʝʢʪʨʦʚ ï ʘʥʪʠʨʝʟʦʥʘʥʩʥʳʝ ʩ ʙʦʣʴʰʦʡ (U > 1 eV) 

ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ. ʆʙʩʫʞʜʝʥʘ ʩʚʷʟʴ ʘʥʪʠʨʝʟʦʥʘʥʩʥʳʭ ʩʧʝʢʪʨʦʚ ʩ ʷʚʣʝʥʠʷʤʠ 

ʧʨʳʞʢʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ; 

¶ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ 
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ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʈ (1-x)BiFeO3-xATiO3, ʛʜʝ A ï Pb ʠʣʠ Ba) ʚ 

ʤʦʨʬʦʪʨʦʧʥʦʡ ʦʙʣʘʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʥʘ ʥʠʭ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʦʢʩʠʜʦʤ ʪʨʸʭʚʘʣʝʥʪʥʦʛʦ ʤʘʨʛʘʥʮʘ Mn2O3; 

¶ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ, 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ (Bi1-x-yPbx+y)(Fe1-x/2-yTiyNbx/2)O3 ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʟʨʝʟʘʭ; 

¶ ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ (Bi1-x-yPbx+y)(Fe1-x/2-yTiyNbx/2)O3 ʚ ʠʥʪʝʨʚʘʣʝ ʊ = 350é550 

ʂ ʦʙʥʘʨʫʞʝʥʳ ʠ ʦʧʠʩʘʥʳ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʬʬʝʢʪʘʤʠ 

ʤʘʢʩʚʝʣʣ-ʚʘʛʥʝʨʦʚʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ  ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ  

ʨʘʟʨʘʙʦʪʘʥʳ: 

¶ ʩʝʛʥʝʪʦʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣr ʜʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʝʞʠʤʝ 

ʧʨʠʝʤʘ, ʘ ʯʘʩʪʥʦʩʪʠ, ʚ ʜʘʪʯʠʢʘʭ ʜʝʪʦʥʘʮʠʠ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ 

(ʧʘʪʝʥʪ ˉ 2571465); 

¶ ʅʆʋ-ʍɸʋ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ:  

- ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʝʛʥʝʪʦʧʴʝʟʦʢʝʨʘʤʠʢ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʭ ʨʝʛʣʘʤʝʥʪʦʚ ʩʧʝʢʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʧʨ. 

ˉ 235 ï ʆɼ ʦʪ 10.60.2016 ʛ.); 

- ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʨʘʥʠʮ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʧʴʝʟʦʤʘʪʝʨʠʘʣʘ (ʧʨ. ˉ 

238 ï ʆɼ ʦʪ 15.06.2016 ʛ.); 

- ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʠ ʦʧʪʠʤʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʫʣʴʪʠʬʝʨʨʦʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʥʦʚʦʡ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩ-ʜʠʘʛʥʦʩʪʠʢʝ 

ʩʝʨʠʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʩ ʚʘʨʴʠʨʫʝʤʳʤ ʩʦʩʪʘʚʦʤ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʚʳʙʦʨʝ 

ʦʙʣʘʩʪʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʩʚʦʡʩʪʚ ʧʴʝʟʦʢʝʨʘʤʠʢʠ (ʅʆʋ-ʍɸʋ, ʧʨ. ˉ 

267 ï ʆɼ ʦʪ 22.06.2016 ʛ.). 

ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

 1. ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʬʝʨʨʦʥʠʦʙʘʪʘ ʩʚʠʥʮʘ PFN ʣʠʪʠʝʤ ʠ ʤʘʨʛʘʥʮʝʤ 

ʧʨʠʚʦʜʠʪ ʢ 

- ʩʥʠʞʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʶ ʩʨʝʜʥʝʛʦ 

ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʢʝʨʘʤʠʢʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʩʧʝʢʘʥʠʷ 

ʦʙʲʝʢʪʦʚ ï ʦʪ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʢ ʩʧʝʢʘʥʠʶ ʩ ʫʯʘʩʪʠʝʤ ʞʠʜʢʦʡ ʬʘʟʳ; 

- ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʤyʘ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʧʝʨʦʚʩʢʠʪʥʦʡ ʷʯʝʡʢʠ ʟʘ ʩʯʪy 

ʚʩʪʨʘʠʚʘʥʠʷ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʢʘʪʠʦʥʦʚ Li
1+

 ʠ Mn
4+

 ʚ ʥʝʨʝʛʫʣʷʨʥʳʝ ʧʦʟʠʮʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ; 

- ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʪʝʤ ʙʦʣʴʰʝʤʫ, ʯʝʤ ʚʳʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʚʦʜʠʤʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ; 
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- ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʤʫ çʩʤʷʛʯʝʥʠʶè ʢʝʨʘʤʠʢʠ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʫʚʝʣʠʯʝʥʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʝʸ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʧʦʣʝʤ, ʘ ʪʘʢʞʝ ʚ ʨʦʩʪʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ PFN. 

2. ɺ ʊʈ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ ʩʦʩʪʘʚʘ (1-x)BiFeO3-xATiO3, ʛʜʝ A - Pb, Sr, Cd, ʧʨʠ 

T > 500 K ʚ ʠʥʬʨʘʥʠʟʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʦʧʠʩʘʥʥʦʝ ʨʘʥʝʝ 

ʷʚʣʝʥʠʝ çʘʥʪʠʨʝʟʦʥʘʥʩʘè, ʧʨʦʷʚʠʚʰʝʝʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʛʠʛʘʥʪʩʢʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ e
*
¡ ʠ 

e
*± ʦʪ ʢʨʫʛʦʚʦʡ ʯʘʩʪʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ w. ɼʣʷ çʘʥʪʠʨʝʟʦʥʘʥʩʘè ʭʘʨʘʢʪʝʨʥʘ 

ʙʦʣʴʰʘʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ U > 1 eV, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʩʚʷʟʴ ʩ ʷʚʣʝʥʠʷʤʠ 

ʧʨʳʞʢʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ.  

3. ɺ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤʘʭ ʊʈ ʩʦʩʪʘʚʘ (1-x)BiFeO3-xATiO3, ʛʜʝ A - Pb, Ba ʠʣʠ Cd, 

ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 0.10 Ò x Ò 0.50 ʩ ʰʘʛʦʤ  æx=0.10 ʥʘʙʣʶʜʘʝʪʩʷ: 

- ʩʜʚʠʛ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʚ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩ ʨʦʩʪʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ATiO3, ʢʨʦʤʝ ʩʦʩʪʘʚʦʚ ʩ A ï ʉd, ʜʣʷ ʢʦʪʦʨʳʭ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʭʦʜʘ 

ʫʩʪʘʥʦʚʠʪʴ ʥʝ ʫʜʘʣʦʩʴ; 

- ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʜʥʦʡ ʤʦʨʬʦʪʨʦʧʥʦʡ ʦʙʣʘʩʪʠ ʚ ʩʠʩʪʝʤʘʭ ʩ A ï Pb, Ba ʠʣʠ Sr ʠʣʠ 

ʜʚʫʭ ï ʚ ʩʠʩʪʝʤʝ ʩ A - Cd; 

- ʚʳʨʘʞʝʥʥʘʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʊʈ ʩ ɸ ï Pb ʠʣʠ Ba ʚ ʠʥʪʝʨ-

ʚʘʣʝ  ʢʦʥʮʝʥʪʨʘʮʠʡ 0.20 Ò ʭ Ò 0.40, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʦʨʬʦʪʨʦʧʥʦʡ ʦʙʣʘʩʪʠ. 

4. ɺ ʪʨʭyʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʝ ʊʈ (Bi1-x-yPbx+y)(Fe1-x/2-yTiyNbx/2)O3, ʚ 

ʨʘʟʣʠʯʥʳʭ ʝʸ ʨʘʟʨʝʟʘʭ ʥʘʙʣʶʜʘʝʪʩʷ: 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʦʙʣʘʩʪʝʡ ʩ ʨʘʟʣʠʯʥʳʤ ʭʘʨʘʢʪʝʨʦʤ 

ʧʨʦʷʚʣʝʥʠʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ, 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ ʩ ʨʘʟʤʳʪʳʤ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ-ʨʝʣʘʢʩʦʨ;r 

- ʫʩʣʦʞʥʝʥʠʝ ʚʠʜʘ ʟʘʚʠʩʠʤʦʩʪʝʡ Ůô/Ů0(T) ʠ tgŭ(T) ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʨʝʣʘʢʩʠʨʫʶʱʠʭ ʵʢʩʪʨʝʤʫʤʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʘʢʩʚʝʣʣ-ʚʘʛʥʝʨʦʚʩʢʦʡ ʨʝʣʘʢʩʘʮʠʝʡ ʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʠ ʵʬʬʝʢʪʘʤʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʦʙʠʷ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ; 

- ʚʳʩʦʢʘʷ ʘʥʠʟʦʪʨʦʧʠ ̫ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ: Kt/Kp ~ 3.5é5.5 ʚ 

ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ:  y = 0.05 ʠ  0.225 Ò x Ò 0.3. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

- ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʦʙʨʘʟʮʦʚ ʚ ʫʩʣʦʚʠʷʭ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʠ ʦʙʳʯʥʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ; 

- ʢʦʤʧʣʝʢʩʘ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ ʠ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠ 
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ʧʦʚʝʨʝʥʥʦʡ, ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʦʩʩʠʡʩʢʠʤʠ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ; 

- ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʚ ʪʦʤ ʯʠʩʣʝ, ʘʚʪʦʨʩʢʠʭ, ʨʘʩʯʸʪʦʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʳʭ ʩʨʝʜ; 

- ʩʝʨʠʡ ʦʙʨʘʟʮʦʚ ʦʜʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʠʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩ ʥʘʠʙʦʣʴʰʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; 

- ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʠʨʦʜʝ ʠ ʤʝʭʘʥʠʟʤʘʭ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʷʭ ʩʦʩʪʘʚ ï ʩʪʨʫʢʪʫʨʘ ï ʩʚʦʡʩʪʚʘ ʚ 

ʩʝʛʥʝʪʦʘʢʪʠʚʥʳʭ ʩʨʝʜʘʭ. 

ʅʘʜʸʞʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʘʢʞʝ ʠʭ 

ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴʶ ʦʩʥʦʚʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʠ ʩʦʛʣʘʩʠʝʤ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʣʠʪʝʨʘʪʫʨʥʳʤʠ  ʜʘʥʥʳʤʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 
ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ, ʩʠʤʧʦʟʠʫʤʘʭ ʠ ʩʝʤʠʥʘʨʘʭ: 

- ʤʝʞʜʫʥʘʨʦʜʥʳʭ: XIII  ʄʝʞʜʫʥʘʨ. ʥʘʫʯʥʦ-ʪʝʭʥ. ʢʦʥʬ. çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʨʘʜʠʦ - ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷè. (ʄʦʩʢʚʘ, 2014); II , III , V ʠ VI 

ʄʝʞʜʫʥʘʨ. ʤʦʣʦʜʝʞʥʳʭ ʩʠʤʧ. çʌʠʟʠʢʘ ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʘʢʪʠʚʥʳʭ ʠ 

ʨʦʜʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʨʘʟʚʠʪʠʷ)è (ʈʦʩʪʦʚ ʥʘ/ɼʦʥʫ ï ʊʫʘʧʩʝ, 2013, 2014, 2016 ʠ 2017); V ʄʝʞʜʫʥʘʨ. 

ʢʦʥʬ. çɼʝʬʦʨʤʘʮʠʷ ʠ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ  (ʄʦʩʢʚʘ, 2013);  

ʖʙʠʣʝʡʥʦʡ ʍʍ ʠ ʍʍI ʄʝʞʜʫʥʘʨ. ʥʘʫʯ. ʢʦʥʬ. ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯyʥʳʭ çʃʦʤʦʥʦʩʦʚè (ʄʦʩʢʚʘ, 2013, 2014); ç2014 Intern. Symp. on Physics and 

Mechanics of New Materials and Underwater Applicationsè (Khon Kaen, Thailand,  

2014); ʄʝʞʜʫʥʘʨ. ʩʠʤʧ. ç2015 Intern. Symp. on Physics and Mechanics of New 

Materials and Underwater Applicationsè (Russia,  Azov, 2015); ç2016 Intern. Symp. 

on Physics and Mechanics of New Materials and Underwater Applicationsè (Surabaya, 

Indonesia, 2016); ç2017 Intern. Symp. on Physics and Mechanics of New Materials 

and Underwater Applicationsè  (Jabalpur, India, 2017); ʄʦʩʢʦʚʩʢʦʤ ʄʝʞʜʫʥʘʨ. 

ʩʘʣʦʥʝ ʦʙʨʘʟʦʚʘʥʠʷ. (ʄʦʩʢʚʘ, 2015); II  Intern. Workshop ñModern 

Nanotechnologiesò (Yekaterinburg, Russia, 2016). 

- ʚʩʝʨʦʩʩʠʡʩʢʠʭ: ʍʍ, XXI  ɺʩʝʨʦʩ. ʢʦʥʬ. ʧʦ ʬʠʟʠʢʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ  (ʄʦʩʢʚʘ. 

2014 ʠ 2017); ɺʩʝʨʦʩ. ʢʦʥʬ. ʩʪʫʜʝʥʪʦʚ-ʬʠʟʠʢʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ (ʈʦʩʪʦʚ-ʥʘ-

ɼʦʥʫ, 2014, ɺʦʣʛʦʛʨʘʜ, 2015, ɽʢʘʪʝʨʠʥʙʫʨʛ, 2016 ʠ  ʀʞʝʚʩʢ, 2017). 

- ʨʝʛʠʦʥʘʣʴʥʳʭ: ʈʝʛ. ʥʘʫʯ.ïʧʨʘʢʪ ʢʦʥʬ. çʆʪʢʨʳʪʳʝ ʬʠʟʠʯʝʩʢʠʝ ʯʪʝʥʠʷè. 

(ʃʫʛʘʥʩʢ, 2015, 2016, 2017); IX, X, XI , XII  ʠ XIII  ɽʞʝʛʦʜʥ. ʥʘʫʯ. ʢʦʥʬ. ʩʪʫʜ. ʠ ʘʩʧ. 

ʙʘʟ. ʢʘʬʝʜʨ ʖʅʎ ʈɸʅ (ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ,2013, 2014, 2015, 2016 ʠ 2017).  

ʇʫʙʣʠʢʘʮʠʠ ʘʚʪʦʨʘ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʚʩʝʛʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 85 ʨʘʙʦʪ, ʠʟ 

ʥʠʭ 16 ʛʣʘʚ ʚ ʟʘʨʫʙʝʞʥʳʭ ʤʦʥʦʛʨʘʬʠʷʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ɹɼ Scopus, 7 ʩʪʘʪʝʡ ʚ 

ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ɹɼ Web of Science ʠ Scopus ʠ 7 ʩʪʘʪʝʡ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ɹɼ ʈʀʅʎ ʠ ʠʟ ʇʝʨʝʯʥʷ ɺɸʂ. ʆʩʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ï ʧʘʪʝʥʪʳ, 

ʅʆʋ-ʍɸʋ, ʩʪʘʪʴʠ ʚ ʩʙʦʨʥʠʢʘʭ ʪʨʫʜʦʚ ʢʦʥʬʝʨʝʥʮʠʡ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʠ ʪʝʟʠʩʳ 
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ʜʦʢʣʘʜʦʚ. ʉʧʠʩʦʢ ʦʩʥʦʚʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʘ, ʩʥʘʙʞʝʥʥʳʭ ʣʠʪʝʨʦʡ ɸ, ʧʨʠʚʝʜʝʥ 

ʚ ʢʦʥʮʝ ʘʚʪʦʨʝʬʝʨʘʪʘ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʦʧʨʝʜʝʣʝʥʳ ʟʘʜʘʯʠ, ʩʦʙʨʘʥʳ ʠ 

ʦʙʦʙʱʝʥʳ ʚ ʚʠʜʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ; ʚʳʙʨʘʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʛʣʘʤʝʥʪʳ, ʠʟʤʝʨʝʥ r ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʚʥʝʰʥʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʦʙʨʘʙʦʪʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. ʉʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ, ʧʨʦʬ. ʈʝʟʥʠʯʝʥʢʦ ʃ.ɸ. ʚʳʙʨʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥ rʮʝʣʴ ʨʘʙʦʪʳ, ʦʙʩʫʞʜʝʥ rʠ ʦʙʦʙʱʝʥ rʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ 

ʚʳʚʦʜʳ, ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪ rʧʨʠ ʫʯʘʩʪʠʠ 

ʇʘʚʣʝʥʢʦ ɸ.ɺ., ʖʨʘʩʦʚʘ ʖ.ʀ. ʠ ʧʨʦʬ. ʊʫʨʠʢʘ ɸ.ɺ., ʘ ʪʘʢʞʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʚʳʚʦʜʳ ʧʦ ʨʘʙʦʪʝ ʠ ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

ʉʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʅʀʀ ʬʠʟʠʢʠ, ʖʅʎ ʈɸʅ:. ɺʝʨʙʝʥʢʦ ʀ.ɸ., ʉʦʨʦʢʫʥ 

ʊ.ʅ., ʐʠʣʢʠʥʦʡ ʃ.ɸ., ʅʘʟʘʨʝʥʢʦ ɸ.ɺ.. ɻʣʘʟʫʥʦʚʦʡ ɽ.ɸ., ʂʦʥʩʪʘʥʪʠʥʦʚʳʤ ɻ.M. ʠ 

ʅʘʛʘʝʥʢʦ ɸ.ɺ. ʠʟʛʦʪʦʚʣʝʥ ʦʩʥʦʚʥʦʡ ʤʘʩʩʠʚ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʧʨʦʚʝʜʝʥʳ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠ.̫ 

ʆʙʲyʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʨʘʟʜʝʣʦʚ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ 

ʠʟ 179 ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ ʩʧʠʩʢʘ ʩʦʙʩʪʚʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʘ, ʠʟʣʦʞʝʥʥʳʭ ʥʘ 

193 ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʷ 91 ʨʠʩʫʥʦʢ ʠ 12 ʪʘʙʣʠʮ. 

ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʨʘʙʦʪʳ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʝ yʮʝʣʴ ʠ ʟʘʜʘʯʠ, ʦʧʨʝʜʝʣʝʥʳ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʢʘʟʘʥʳ 

ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʨʦʚʝʜʥyʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ, ʦʧʠʩʘʥʳ 

ʘʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ, ʣʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ.  

ɺ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ  

ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠ ̫ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʠʭ ʦʩʥʦʚʝ. ʈʘʩʩʤʦʪʨʝʥʘ ʝʛʦ ʙʦʣʝʝ ʯʝʤ ʧʷʪʠʜʝʩʷʪʠʣʝʪʥʷʷ ʵʚʦʣʶʮʠʷ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʆʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʤʠʨʦʚʳʝ 

ʥʘʫʯʥʳʝ ʢʦʥʢʫʨʝʥʪʳ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʫʣʴʪʠʬʝʨʨʦʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʠ ʬʝʨʨʦʥʠʦʙʘʪʘ ʩʚʠʥʮʘ. ʆʩʫʱʝʩʪʚʣʸʥ 

ʘʥʘʣʠʟ ʢʦʤʧʝʪʝʥʮʠʡ ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʚʳʙʨʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʦʙʟʦʨʘ. ʆʮʝʥʝʥʘ ʜʠʥʘʤʠʢʘ 

ʧʫʙʣʠʢʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʤʠʨʦʚʘʷ ʧʨʘʢʪʠʢʘ) ʟʘ ʧʷʪʠʣʝʪʥʠʡ ʧʝʨʠʦʜ 2013 ï 

2017 ʛʦʜʳ ʩ ʘʥʘʣʠʟʦʤ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 
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ʧʣʘʪʬʦʨʤʳ SciVal. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʟʦʨʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ 

ʨʘʙʦʪʳ. 

ɺʪʦʨʦʡ ʨʘʟʜʝʣ - ʤʝʪʦʜʠʯʝʩʢʠʡ, ʚ ʥʝʤ ʦʧʠʩʳʚʘʶʪʩʷ ʦʙʲʝʢʪʳ, ʜʘʸʪʩʷ ʬʠʟʠʢʦ- 

ʭʠʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠʭ ʚʳʙʦʨʘ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʦʙʨʘʟʮʦʚ. ʉʦʩʪʘʚ ʠʟʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʊʈ ʦʪʚʝʯʘʝʪ ʬʦʨʤʫʣʘʤ, 

ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʨʘʟʜʝʣʝ çʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷè. ʆʩʥʦʚʥʦʡ ʤʝʪʦʜ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʦʙʨʘʟʮʦʚ ï ʪʚʝʨʜʦʬʘʟʥʳʡ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ ʧʦ 

ʦʙʳʯʥʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʂʦʥʢʨʝʪʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʛʣʘʤʝʥʪʳ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʜʘʣʝʝ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ ʚ ʢʘʞʜʦʤ ʨʘʟʜʝʣʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʦʙʨʘʟʮʦʚ: 

ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʤʝʪʦʜ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʘ 

ɼʈʆʅ-3 (FeʂŬ-ʠʟʣʫʯʝʥʠʝ; Mn-ʬʠʣʴʪʨ; FeKɓ-ʠʟʣʫʯʝʥʠʝ; ʩʭʝʤʘ ʬʦʢʫʩʠʨʦʚʢʠ ʧʦ 

ɹʨʵʛʛʫ - ɹʨʝʥʪʘʥʦ), ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ JSM ï 6390L (JEOL) (ʗʧʦʥʠʷ) ʩ ʩʠʩʪʝʤʦʡ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʦʚ ʬʠʨʤʳ 

Oxford Instruments (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), ʦʧʨʝʜʝʣʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ, ʠʟʤʝʨʝʥʥʦʡ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʝʡ ʢʝʨʘʤʠʢʠ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ; ʪʘʢ ʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ï ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʬʬʝʢʪʘʤʠ 

ʤʘʢʩʚʝʣʣ-ʚʘʛʥʝʨʦʚʩʢʦʡ ʨʝʣʘʢʩʘʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʣʠ ʦʙʲʤyʥʫ  ʁʠ ʠʟʤʝʣʴʯʥyʥʫ  ʁʢʝʨʘʤʠʢʫ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʩʢʣʶʯʠʪʴ 

ʚʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʵʬʬʝʢʪʦʚ, ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʝʢʩʪʫʨ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʧʨʦʮʝʩʩʝ ʝʸ ʧʦʣʫʯʝʥʠʷ. ʈʘʩʯʪy ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦ 

ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ [5]. ʇʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ: ʣʠʥʝʡʥʳʭ ȹa= ȹb= ȹc= Ñ(0.002é0.004) ¡; ʫʛʣʦʚʳʭ 

ȹa=3'; ʦʙʲʝʤʘ ȹV=Ñ0.05¡
3
 (ȹV/V*100%=0.07%). ʈʘʟʨʝʰʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ ʜʦ 1.2 ʥʤ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 30 ʢɺ (ʠʟʦʙʨʘʞʝʥʠʝ ʚʦ 

ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʘʭ), ʧʨʝʜʝʣʳ ʫʩʢʦʨʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ï ʦʪ 0.5 ʜʦ 30 ʢɺ, 

ʜʠʘʧʘʟʦʥ ʫʚʝʣʠʯʝʥʠʡ: ʦʪ ʭ5 ʜʦ ʭ300000, ʪʦʢ ʧʫʯʢʘ ʜʦ 200 ʥɸ., ʥʘ ʮʚʝʪʥʦʤ 

ʣʘʟʝʨʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ 3D - ʤʠʢʨʦʩʢʦʧʝ KEYENCE VK-9700, ʘ ʪʘʢʞʝ ʥʘ 

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Hitachi TM1000. ɼʣʷ ʘʪʪʝʩʪʘʮʠʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʊʈ ʠʟʤʝʨʷʣʠ ʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ 

ʵʣʝʢʪʨʦʫʧʨʫʛʠʝ ʧʘʨʘʤʝʪʨ rʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʆʉʊ 11 

0444-87. ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʣʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ (Ů33
ʊ
/Ů0) ʠ ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʳʭ Ů/Ů0 ʦʙʨʘʟʮʦʚ, ʧʴʝʟʦʤʦʜʫʣʠ |d31|, d33, 

ʫʜʝʣʴʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ Ὠ ‐ ‐ϳϳ , ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʚʷʟʠ ʧʣʘʥʘʨʥʦʡ ʤʦʜʳ ʢʦʣʝʙʘʥʠʡ Kp, ʤʝʭʘʥʠʯʝʩʢʫʶ ʜʦʙʨʦʪʥʦʩʪʴ Qm, ʪʝʤʧʝʨʘʪʫʨʫ 

ʂʶʨʠ ʊʉ, ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ tgd, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 
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ʢʦʵʬʬʠʮʠʝʥʪʳ (ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ) |g31|, g33. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʤ ʩʪʝʥʜʝ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʮʠʟʠʦʥʥʳʭ LCR- ʤʝʪʨʦʚ Agilent 4980A, WayneKerr 6500B ʠ 

Agilent 3290 ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʊ = 25é600 ÁC ʠ ʯʘʩʪʦʪ f = 20é10
6
  ɻʮ. 

ʇʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ Ů/Ů0, Ů
ʪ
33/Ů0 Ò Ñ 1.5%,  

Kp Ò Ñ 2.0 %, |d31| Ò Ñ 4.0 %, d33Ò Ñ 10 %, Qm Ò Ñ12%. 

ɺ ʪʨʝʪʴʝʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʝʥ rʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 

ʢʘʨʙʦʥʘʪʦʤ ʣʠʪʠʷ Li2CO3 ʠ ʦʢʩʠʜʦʤ ʤʘʨʛʘʥʮʘ (IV) MnO2 ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ, 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʨʝʚʝʨʩʠʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʝʨʨʦʥʠʦʙʘʪʘ ʩʚʠʥʮʘ PFN. ɺʚʝʜʝʥʠʝ Li2CO3 ʠ MnO2 ʧʨʠʚʝʣʦ ʢ 

ʩʥʠʞʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʡ ʊʩʧ ʢʝʨʘʤʠʢ ʩ 1373 ʂ (PFN) ʜʦ 1343 ʂ (ʜʣʷ ʚʩʝʭ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ), ʧʨʠ ʵʪʦʤ ʚ ʢʝʨʘʤʠʢʘʭ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ Li2CO3, 

ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʙʦʣʴʰʦʝ ʩʥʠʞʝʥʠʝ ɟʦʪʥ, ʘ MnO2 ï ʦʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʣʘʩʴ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʟʥʘʯʝʥʠʷ ɟʦʪʥ ʙʳʣʠ ʚʳʰʝ 91%, ʯʪʦ ʧʨʠʝʤʣʝʤʦ ʜʣʷ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʦʙʳʯʥʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

   

   

 

 

ʈʠʩʫʥʦʢ 1 - ʌʨʘʛʤʝʥʪʳ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʩʢʦʣʦʚ ʢʝʨʘʤʠʢ PFNL1 (ʘ), PFNL2 (ʙ), PFNL3 (ʚ). 

PFNM1 (ʛ), PFNM2 (ʜ), PFNM3 (ʝ), PFN (ʞ).  

(ʄʘʨʢʝʨʳ - 30 ʤʢʤ) 

 

ɸʥʘʣʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ (ʨʠʩ. 1) ʧʦʢʘʟʘʣ, ʯʪʦ 

ʦʪʤʝʯʝʥʥʦʝ ʨʘʥʝʝ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʊʩʧ ʢʝʨʘʤʠʢʠ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʩʧʝʢʘʥʠʷ: ʦʪ ʪʚʝʨʜʦʬʘʟʥʦʛʦ (PFN) Ÿ ʢ ʩʧʝʢʘʥʠʶ 

ʘ ʙ ʚ 

ʛ ʜ ʝ 

ʞ 
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ʩ ʫʯʘʩʪʠʝʤ ʞʠʜʢʦʡ ʬʘʟʳ, ɾʌ, (PFNL, PFNM). ɺ ʧʦʣʴʟʫ ʵʪʦʛʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠ 

ʧʨʠʩʫʪʩʪʚʠʝ "ʜʚʦʡʥʳʭ" ʛʨʘʥʠʮ ʠ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʳʭ ʧʨʦʩʣʦʝʢ ʚ PFNL, ʘ ʪʘʢʞʝ 

ʫʩʠʣʝʥʠʝ ʩʧʘʡʥʦʩʪʠ ʟʝʨʝʥ ʚ PFNM. ʀʩʪʦʯʥʠʢ ɾʌ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ï Li2CO3 ʩ 

ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ, ʚʦ ʚʪʦʨʦʤ - ʦʢʩʠʜ Mn, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʝʘʢʮʠʷʭ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɺ ʭʦʜʝ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ 

ʧʨʠʚʝʣʦ ʢ ʨʦʩʪʫ ʧʘʨʘʤʝʪʨʘ ʷʯʝʡʢʠ a, ʦʙʲʝʤʘ V ʠ ʫʛʣʘ Ŭ ʈʵ ɻʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

PFN. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʷʯʝʡʢʠ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʚʩʪʨʘʠʚʘʥʠʷ 

ʠʦʥʦʚ Li
1+

 ʠ Mn
4+

 ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʙʘʟʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʀʦʥʳ Li
1+

 ʠ 

Mn
4+

 ʤʦʛʫʪ ʟʘʥʷʪʴ B-ʧʦʣʦʞʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ, ʪʦ ʝʩʪʴ ʟʘʤʝʩʪʠʪʴ Fe
3+

 ʠʣʠ Nb
5+

 (ʭʦʪʷ, 

ʟʘʤʝʪʠʤ, ʚ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʥʘʧʨʠʤʝʨ, ʚ LiNbO3 ʠ LiTaO3 Li
1+

 

ʨʘʟʤʝʱʘʝʪʩʷ ʚ ɸ-ʧʦʟʠʮʠʷʭ, ʥʦ ʯʘʩʪʴ ʝʛʦ ʚʩ-yʪʘʢʠ ʣʦʢʘʣʠʟʫʝʪʩʷ ʠ ʚ ɺ-ʧʦʜʨʝʰʪyʢʝ ʠ 

ʚ ʤʝʞʜʦʫʟʣʠʷʭ). ʇʨʠ ʵʪʦʤ ʦʙʲʤy ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʩʣʝʜʫʷ ʣʦʛʠʢʝ ʠʟʤʝʥʝʥʠʷ 

ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢʪʘ - "ʭʦʟʷʠʥʘ" ʠ ʤʦʜʠʬʠʢʘʪʦʨʦʚ: Pb
2+

(1.26 Ȕ)Ÿ 

Fe
3+

(0.67 Ȕ) Ÿ Nb
5+

(0.66 Ȕ) Ÿ Li
1+

(0.68 Ȕ)ŸMn
4+

(0.52 Ȕ), ʜʦʣʞʝʥ ʙʳʣ ʙʳ ʣʠʙʦ 

ʩʦʭʨʘʥʠʪʴʩʷ (ʚ ʩʣʫʯʘʝ ʩ Li), ʣʠʙʦ ʫʤʝʥʴʰʠʪʴʩʷ (ʚ ʩʣʫʯʘʝ ʩ Mn), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʳ 

ʥʘʙʣʶʜʘʝʤ ʦʙʨʘʪʥʦʝ. ɺʝʨʦʷʪʥʦ, ʯʘʩʪʴ ʚʚʦʜʠʤʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʟʘʥʠʤʘʝʪ ʥʝ 

ʪʦʣʴʢʦ ʨʝʛʫʣʷʨʥʳʝ ʧʦʟʠʮʠʠ, ʥʦ ʠ ʥʝʨʝʛʫʣʷʨʥʳʝ, ʬʦʨʤʠʨʫʷ ʊʈ ʚʥʝʜʨʝʥʠʷ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʚʦʟʨʘʩʪʘʥʠʝ ʦʙʲʝʤʘ ʷʯʝʡʢʠ, ʯʪʦ ʤʳ ʠ ʥʘʙʣʶʜʘʝʤ. 

   

   

 

 

ʈʠʩʫʥʦʢ  2 - ʇʝʪʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ 

ʢʝʨʘʤʠʢ ʈFNL1 (ʘ), ʈFNL2 (ʙ), ʈFNL3 (ʚ), ʈFNʄ1 (ʛ), 

ʈFNʄ2 (ʜ), ʈFNʄ3 (ʝ), ʈFN (ʞ) 

 

 

ɺʚʝʜʝʥʠʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʢʩʠʤʫʤʫ Ů'/Ů0(T) ʥʘ ʯʘʩʪʦʪʝ 10
5
 ɻʮ, ʧʨʠʯʝʤ c ʨʦʩʪʦʤ 

ʘ ʙ ʚ 

ʛ ʜ ʝ 

ʞ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʜʠʬʠʢʘʪʦʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ TC. ɺ PFN, PFNL1, PFNL2 ʠ 

PFNM1 ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʢʩʠʤʫʤʘ Ů'/Ů0(T) ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʧʝʨʝʤʝʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ  PFNL3, PFNM2, PFNM3 ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʷʚʣʝʥʠʝ ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʳʭ ʤʘʢʩʠʤʫʤʦʚ ʥʘ ʟʘʚʠʩʠʤʦʩʪʷʭ Ů'/Ů0(T), 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʜʠʩʧʝʨʩʠʠ ʚ ʦʙʣʘʩʪʠ TC [A1-A4].  

ʈʘʟʤʳʪʠʝ ʉʕŸʇʕ ʧʝʨʝʭʦʜʘ ʠ ʩʥʠʞʝʥʠʝ TC ʧʨʠ ʚʚʝʜʝʥʠʠ ʢʘʢ Li
1+
, ʪʘʢ ʠ 

Mn
4+
, ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʫʩʠʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʛʦ ʙʝʩʧʦʨʷʜʢʘ ʚ PFN 

ʠʟ-ʟʘ ʚʩʪʨʘʠʚʘʥʠʷ ʵʪʠʭ ʠʦʥʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʙʘʟʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʨʘʩʩʝʣʝʥʠʷ ʚ ʥʝʨʝʛʫʣʷʨʥʳʭ ʧʦʟʠʮʠʷʭ ʠ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʳʭ 

ʧʨʦʩʣʦʡʢʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʫʯʠʪʳʚʘʷ ʩʧʝʮʠʬʠʢʫ ʥʠʦʙʘʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʠʭ ʙʣʦʯʥʦʝ 

ʩʪʨʦʝʥʠʝ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʧʣʦʩʢʦʩʪʷʤʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʪʝʪʨʘ- ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʧʦʟʠʮʠʷʤʠ ʚʥʫʪʨʠ ʤʝʞʙʣʦʯʥʳʭ 

ʢʦʣʦʥʦʢ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʨʘʟʤʝʱʝʥʠʝ ʚ ʥʠʭ ʵʪʠʭ ʠʦʥʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʘʣʠʦʚʘʣʝʥʪʥʳʝ ʠʦʥʳ ʤʦʛʫʪ ʧʨʠʪʷʛʠʚʘʪʴʩʷ ʧʣʘʥʘʨʥʳʤʠ 

ʜʝʬʝʢʪʘʤʠ, ʚʥʦʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʢʘʞʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʫ. ɿʜʝʩʴ ʨʘʟʤʝʱʝʥʠʝ 

ʠʦʥʦʚ Li
1+

 ʠ Mn
+4 
ʚʜʦʣʴ ʧʣʘʥʘʨʥʳʭ ʜʝʬʝʢʪʦʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʠʚʝʣʦ ʢ 

ʫʩʣʦʞʥʝʥʠʶ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ - ʧʦʷʚʣʝʥʠʶ ʜʠʬʬʫʟʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, 

ʫʩʠʣʠʚʘʶʱʝʛʦʩʷ ʩ ʨʦʩʪʦʤ ʫʛʣʘ ʜʠʬʨʘʢʮʠʠ [A17, A18]. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʧʨʠʚʝʣʦ ʢ ʚʳʧʨʷʤʣʝʥʠʶ ʧʝʪʝʣʴ, ʧʨʠ ʵʪʦʤ ʚʚʝʜʝʥʠʝ 

Li2CO3 ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʦʩʪʫ PR ʠ EC ʜʦ ʟʥʘʯʝʥʠʡ ~0.22 ʂ/ʤ
2
 ʠ ~1.8Ŀ10

5
 ɺ/ʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ MnO2 ï ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʭ ʩʥʠʞʝʥʠʶ ʜʦ ʟʥʘʯʝʥʠʡ ~0.175 

ʂʣ/ʤ
2
 ʠ ~1.55Ŀ10

5
 ɺ/ʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉ ʫʯʪyʦʤ ʪʦʛʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ  ʦʙʦʠʭ 

ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʫʚʝʣʠʯʠʚʘʣʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʫʧʨʘʚʣʷʝʤʦʩʪʴ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (Kp, ƅd31ƅ ʠ  d33) ʦʙʲʝʢʪʦʚ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʝʢʦʪʦʨʦʤ ʉʕ "ʩʤʷʛʯʝʥʠʠ" Li- ʠ Mn- ʩʦʜʝʨʞʘʱʠʭ ʢʝʨʘʤʠʢ. ʕʪʦ, 

ʩʢʦʨʝʝ ʚʩʝʛʦ, ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʦʚ 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʢʝʨʘʤʠʢʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʷʯʝʡʢʠ, ʘ ʩ 

ʜʨʫʛʦʡ ï ʨʝʟʢʦʛʦ ʩʥʠʞʝʥʠ ̫ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ  

(ɟV ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʨʦʩʣʦ ʩ 2.9Ŀ10
7 
ʆʤĿʤ (PFN) ʜʦ 2.6Ŀ10

10 
ʆʤĿʤ ʠ 

7.2Ŀ10
9 
ʆʤĿʤ, ʚ PFNL1 ʠ PFNM1), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʥʠʞʝʥʠʝ ʵʢʨʘʥʠʨʦʚʘʥʠʷ 

ʩʧʦʥʪʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʦʙʦʜʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʟʘʨʷʜʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʩʠʣʝʥʠʶ ʧʦʜʚʠʞʥʦʩʪʠ ʉʕ ʜʦʤʝʥʦʚ [A24, A25]. 

ʏʝʪʚʝʨʪʳʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʥy ʚʳʷʚʣʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʯʝʩʢʠʭ ʊʈ (1-x)BiFeO3-xATiO3 (A ï Pb, Ba, Cd ʠʣʠ Sr, 0.1 Ò x Ò 0.5, 

æx=0.1), ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʊʈ (1-x)BiFeO3-xATiO3  

(A - Pb, Ba ʠʣʠ Cd, 0.25 Ò x Ò 0.35, æx=0.05) 0.5 ʤʘʩʩ. % ʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ Mn2O3. 
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ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣ (ʨʠʩ. 3), ʯʪʦ ʚʩʝʤ 

ʊʈ ʚʠʜʘ (1-x)BiFeO3-xATiO3 (A ï Pb, Ba, Cd, Sr) ʚ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 

0.1 Ò x Ò 0.5 ʩʚʦʡʩʪʚʝʥʥʦ ʥʘʣʠʯʠʝ ʤʦʨʬʦʪʨʦʧʥʦʡ ʦʙʣʘʩʪʠ (ʄʆ). ʆʙʲʝʤ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʊʈ (ʨʠʩ. 3, ʘ - ʚ) ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʄʆ ʧʨʝʪʝʨʧʝʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʟʘʯʘʩʪʫʶ ʥʝ ʩʦʛʣʘʩʫʶʱʠʝʩʷ ʩ 

ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠ [A6-A12, A16, A19].  

 

  

  
ʈʠʩʫʥʦʢ 3 -  ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚ ʢʝʨʘʤʠʯʝʩʢʠʭ ʊʈ (1-

x)BiFeO3-xATiO3 (A ï Pb (ʘ), Ba (ʙ), Cd (ʚ), Sr (ʛ)) 

 

ɺ ʦʢʨʝʩʪʥʦʩʪʠ ʄʆ ʫ ʚʩʝʭ ʊʈ (1-x)BiFeO3-xATiO3 (A ï Pb, Ba, Cd ʠʣʠ Sr) ʥʘ 

ʟʘʚʠʩʠʤʦʩʪʷʭ  ʊʉ(ʭ) ʥʘʙʣʶʜʘʣʩʷ ʠʟʣʦʤ (ʨʠʩ. 4) [A20, A23].  

ɸʥʘʣʠʟ ʟʝʨʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʳʷʚʠʣ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʊʈ ʩʦʩʪʘʚʘ (1-
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x)BiFeO3-xATiO3 (A ï Pb, Ba, Cd, Sr) ʧʨʠ ʭ Ó 0.20 ʭʘʨʘʢʪʝʨʥʘ ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ 

ʩʪʨʫʢʪʫʨʘ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ~Ò 5 ʤʢʤ. ɺ ʨʷʜʝ ʦʙʨʘʟʮʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, 

0.9BiFeO3-0.1PbTiO3) ʥʘʤʠ ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʳʭ ʧʨʦʩʣʦʝʢ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʩʤʝʥʝ  

ʭʘʨʘʢʪʝʨʘ ʩʧʝʢʘʥʠʷ ʦʪ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʢ ʞʠʜʢʦʬʘʟʥʦʤʫ. ʀʩʪʦʯʥʠʢʘʤʠ ɾʌ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʣʝʛʢʦʧʣʘʚʢʠʝ Bi-ʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ [A26].  

 

   

ʈʠʩʫʥʦʢ  4 - ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʉʕ-ʇʕ ʧʝʨʝʭʦʜʘ ʜʣʷ ʊʈ  

(1-x)BiFeO3-xATiO3 (A ï Pb (ʘ), Ba (ʙ), Sr (ʚ)) 

ɺ ʢʝʨʘʤʠʢʘʭ ʊʈ (1-x)BiFeO3-xATiO3, ʛʜʝ A ï Cd, Ba ʠʣʠ Sr, ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʤʠ ʥʘʙʣʶʜʘʣʠʩʴ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ 

Ů*' ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů* = Ů*' - iŮ*'' (Ů*'' ï ʤʥʠʤʘʷ ʯʘʩʪʴ 

ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ) ʚ ʦʙʣʘʩʪʠ ʠʥʬʨʘʥʠʟʢʠʭ ʯʘʩʪʦʪ. 

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʷʚʣʝʥʠʡ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʜʭʦʜ [6], ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʢʝʨʘʤʠʢʠ ʧʘʨʘʣʣʝʣʴʥʦ 

ʚʢʣʶʯʝʥʥʳʤʠ ʝʤʢʦʩʪʴʶ C ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ G = 1/R = (G1 - iG2). 

ʂʦʤʧʣʝʢʩʥʳʡ ʘʜʤʠʪʘʥʩ Y
*
 ʠ ʢʦʤʧʣʝʢʩʥʘʷ ʝʤʢʦʩʪʴ C
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 F/m ï ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʘʢʫʫʤʘ. (ɿʜʝʩʴ ʩʠʤʚʦʣʘʤʠ ʩʦ 

ʟʚʝʟʜʦʯʢʦʡ ʦʙʦʟʥʘʯʝʥʳ ʧʘʨʘʤʝʪʨʳ ʢʝʨʘʤʠʢʠ, ʘ ʩʠʤʚʦʣʘʤʠ ʙʝʟ ʟʚʝʟʜʦʯʢʠ ï 

ʧʘʨʘʤʝʪʨʳ ʛʦʤʦʛʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ). 
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ʧʘʨʘʣʣʝʣʴʥʦʡ RC - ʮʝʧʠ ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘ (ʨʠʩ. 5). ɻʠʧʝʨʙʦʣʠʯʝʩʢʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ e*¡ ʠ e*± ʦʪ ʯʘʩʪʦʪʳ w ï ʩʣʝʜʩʪʚʠʝ ʧʨʳʞʢʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʇʨʠʯʝʤ 

ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʥʪʠʨʝʟʦʥʘʥʩʘ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ e*¡ ʜʦʩʪʘʪʦʯʥʦ, 

ʯʪʦʙʳ ʜʠʵʣʝʢʪʨʠʢ ʠʤʝʣ ʥʦʨʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ e¡, ʙʦʣʴʰʫʶ g¡ ʠ ʤʘʣʫʶ g±. 

ʂʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ, ʥʘ ʢʦʪʦʨʦʡ e*¡ = 0, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ wc = 2ˊnc = g ±/e0e¡. ɼʣʷ 

ʘʥʪʠʨʝʟʦʥʘʥʩʥʳʭ ʩʧʝʢʪʨʦʚ ʭʘʨʘʢʪʝʨʥʘ ʙʦʣʴʰʘʷ (U > 1 eV) ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ, 

ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʬʦʨʤʫʣʝ ɸʨʨʝʥʠʫʩʘ Ű = Ű0*exp(U/kT), ʛʜʝ Ű0 - 

ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ, U - ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ, k - ʧʦʩʪʦʷʥʥʘʷ 

ɹʦʣʴʮʤʘʥʘ [A21]. 

 

ʈʠʩʫʥʦʢ 5 ï ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ (1) ʠ (2) 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʊʈ 0.7BiFeO3-0.3SrTiO3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 700Á ʉ. 

 ʇʷʪrʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʥy ʫʩʪʘʥʦʚʣʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʥʳʭ,      ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ,         ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ,   ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ  

 
ʈʠʩʫʥʦʢ 6 - ʊʨʝʫʛʦʣʴʥʠʢ ɻʠʙʙʩʘ ʩʠʩʪʝʤʳ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ 

ʨʘʟʨʝʟʘʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʪʦʯʢʘʤʠ 
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ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʈ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ (Bi1-x-yPbx+y)(Fe1-x/2-

yTiyNbx/2)O3 (ʨʠʩ. 6). ɺ ʭʦʜʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʢʝʨʘʤʠʢʘ ʩʦʩʪʘʚʦʚ ʨʘʟʨʝʟʘ x=0.05, y=0.175é0.325, ȹy=0.025 ʥʝ ʦʙʣʘʜʘʶʪ 

ʜʦʩʪʘʪʦʯʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯ-ʥʦʩʪʴʶ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʠʭ 

ʩʚʦʡʩʪʚ, ʧʦʵʪʦʤʫ ʦʪ ʠʭ ʨʘʩʩʤʦʪ-ʨʝʥʠʷ ʧʨʠʰʣʦʩʴ ʦʪʢʘʟʘʪʴʩʷ ʠ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ 

ʦʩʪʘʣʴʥʳʭ ʰʝʩʪʠ ʨʘʟʨʝʟʘʭ. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ  

ʧʝʨʚʳʭ ʪʨʸʭ ʨʘʟʨʝʟʦʚ ʠʤʝʝʪ ʈʵ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ, ʘ ʚ ʦʩʪʘʣʴʥʳʭ ʨʘʟʨʝʟʘʭ ʧʨʦ-

ʠʩʭʦʜʠʪ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʠʟ ʈʵ ʬʘʟʳ ʚ ʊ ʬʘʟʫ, ʧʨʠʯʸʤ ʚ ʢʦʥ-

ʮʝʥʪʨʘʮʠʦʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʜʥʦʛʦ ʨʘʟʨʝʟʘ ʜʘʥʥʳʡ ʧʝʨʝʭʦʜ ʧʨʦʠʩʭʦʜʠʪ (ʨʠʩ. 7) 

ʧʦʣʥʦʩʪʴʶ ʪʦʣʴʢʦ ʚ ʨʘʟʨʝʟʝ IV. ɺ ʨʘʟʨʝʟʘʭ II  ʠ III  ʚʳʷʚʣʝʥʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʠʤʝʩʥʦʡ ʬʘʟʳ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʬʣʫʢʪʫʘʮʠʶ ʟʥʘʯʝʥʠʡ ʦʙʲʸʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ 

   

   

 

 

 

ʈʠʩʫʥʦʢ 7 ï ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚ ʨʘʟʨʝʟʘʭ I (ʘ), II  (ʙ), 

III  (ʚ), IV (ʛ), V (ʜ), VI (ʝ), VII  (ʞ)  

 

ʘ ʙ ʚ 

ʛ ʜ ʝ 
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ʷʯʝʡʢʠ. ʉʘʤʘʷ ʦʙʰʠʨʥʘʷ ʄʆ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʘʟʨʝʟʝ V, ʛʜʝ ʩʣʝʜʳ ʊ ʬʘʟʳ 

ʧʦʷʚʣʷʶʪʩʷ ʫʞʝ ʧʨʠ y=0.15, ʥʦ ʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʦʥʘ ʧʦʷʚʣʷʝʪʩʷ ʣʠʰʴ ʚ 

ʊʈ ʩ ʫ=0.20. ʌʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʊ ʬʘʟʫ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚʧʣʦʪʴ ʜʦ ʫ=0.2725. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Nb
5+  
ʜʦ ʫ=0.05 ʨʘʩʰʠʨʷʝʪ ʄʆ ʠ 

ʩʜʚʠʛʘʝʪ ʝʝ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʠʪʘʥʘ. ʇʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʚ ʊ ʬʘʟʝ ʚʝʜʫʪ ʩʝʙʷ ʥʝ ʤʦʥʦʪʦʥʥʦ, ʯʪʦ ʷʚʣʷʝʪʩʷ, ʩʢʦʨʝʝ 

ʚʩʝʛʦ, ʩʣʝʜʩʪʚʠʝʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʊʈ ʢ ʨʝʛʣʘʤʝʥʪʘʤ ʩʠʥʪʝʟʘ ʠ 

ʩʧʝʢʘʥʠʷ.  

    

    

   

ʈʠʩʫʥʦʢ 8 - 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ 

ʯʘʩʪʠ Ůô/Ů0 ʠ 

ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ tgŭ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ  

f= 25é2Ŀ10
6
 ɻʮ 

ʜʣʷ ʩʦʩʪʘʚʦʚ ʠʟ 

ʨʘʟʨʝʟʘ I 
   

 

ɺ ʩʦʩʪʘʚʘʭ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ 0.175 Ò ʭ Ò0.2 ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʊ = 500é700 ʂ ʥʘʙʣʶʜʘʝʪʩʷ (ʨʠʩ.  8), ʘʥʦʤʘʣʴʥʦʝ 

ʧʦʚʝʜʝʥʠʝ Ůô/Ů0, ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʪʦʯʝʢ ʧʝʨʝʛʠʙʘ, ʩʤʝʱʘʶʱʠʭʩʷ ʚ 

ʦʙʣʘʩʪʴ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʜʘʥʥʳʝ 

ʘʥʦʤʘʣʠʠ ʩʚʷʟʘʥʳ ʩ ʵʬʬʝʢʪʘʤʠ ʤʘʢʩʚʝʣʣ-ʚʘʛʥʝʨʦʚʩʢʦʡ ʨʝʣʘʢʩʘʮʠʠ, ʢʦʪʦʨʳʝ ʙʦʣʝʝ 

ʷʚʥʦ ʚʠʜʥʳ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ Ůô/Ů0 ʚ ʯʠʩʪʦʤ ʬʝʨʨʠʪʝ ʚʠʩʤʫʪʘ.  

ɺ ʮʝʣʦʤ ʞʝ ʧʦʯʪʠ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʥʘ ʟʘʚʠʩʠʤʦʩʪʷʭ 

ʩʠʣʴʥʦ ʨʘʟʤʳʪʳʭ ʨʝʣʘʢʩʠʨʫʶʱʠʭ ʤʘʢʩʠʤʫʤʦʚ, ʩʤʝʱʘʶʱʠʭʩʷ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʦʙʣʘʩʪʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 
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