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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʟʦʩʢʦʧʠʯʝʩʢʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜ 

(ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʢʦʤʧʦʟʠʪʦʚ) ʚʩʝ ʝʱʸ 

ʦʩʪʘʸʪʩʷ 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 ʝʸ 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, ʠʥʪʝʨʝʩʥʳ ʠ ʢʘʢ ʤʦʜʝʣʴʥʳʝ ʦʙʲʝʢʪʳ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠ ʢʘʢ ʦʩʥʦʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʛʥʝʪʦ-

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʧʨʦʪʠʚʦʨʝʯʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

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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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 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.   

ʎʝʣʴ ʨʘʙʦʪʳ: ʫʩʪʘʥʦʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʢʨʦʦʪʢʣʠʢʦʚ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʝ PFN ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ BFO ʠ PFN. 

 ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

¶ ʧʨʦʠʟʚʝʩʪʠ ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʠʪʴ 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 ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ ʢʦʤʥʘʪʥʦʡ; 

¶ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʤʝʪʦʜʘʤʠ; 

¶ ʧʨʦʚʝʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ 

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

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʭ ʙʝʩʧʨʠʤʝʩʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ; 

¶ ʠʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʦʤʦʨʬʠʟʤʘ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʧʫʪʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʠʭ ʩʚʦʡʩʪʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝʤ ʠ ʘʪʦʤʘʨʥʳʤ 
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ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝʤ n-ʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (ʊʈ) ʥʘ ʠʭ 

ʦʩʥʦʚʝ; 

¶ ʘʜʘʧʪʠʨʦʚʘʪʴ ʚʳʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʛʣʘʤʝʥʪʳ ʢ ʢʘʞʜʦʡ 

ʢʦʥʢʨʝʪʥʦʡ ʢʦʤʧʦʟʠʮʠʠ; 

¶ ʧʨʠʛʦʪʦʚʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ, ʧʨʦʚʝʨʷʷ 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 ʚʳʷʚʠʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ 

ʩʦʩʪʘʚ ï ʩʪʨʫʢʪʫʨʘ ï ʩʚʦʡʩʪʚʘ; 

¶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʩʪʨʦʝʥʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʧʝʢʪʨʦʚ ʚʳʷʚʠʪʴ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʠʟʫʯʘʝʤʳʭ ʩʠʩʪʝʤʘʭ ʠ 

ʨʘʩʢʨʳʪʴ ʤʝʭʘʥʠʟʤʳ ʥʘʙʣʶʜʘʝʤʳʭ ʷʚʣʝʥʠʡ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʤʦʜʝʣʝʡ; 

¶ ʨʘʟʨʘʙʦʪʘʪʴ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʦʚ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʠ ʩʦʟʜʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʦʩʥʦʚʳ ʠʭ ʧʦʣʫʯʝʥʠʷ, 

ʧʨʦʠʟʚʝʩʪʠ ʠʭ ʧʘʪʝʥʪʦʚʘʥʠʝ. 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

¶ ʢʝʨʘʤʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ PbFe1/2Nb1/2O3 ʯʠʩʪʦʛʦ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʩʚʝʨʭʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠ 1 ʤʘʩʩ. %, 2 ʤʘʩʩ. %  ʠ  3 ʤʘʩʩ. % ʢʘʨʙʦʥʘʪʘ ʣʠʪʠʷ 

Li 2CO3 ʠ ʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ MnO2, 

¶ 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 
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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 

¶ 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 ʢʝʨʘʤʠʢb 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. 
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¶ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ 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 ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʟʨʝʟʦʚ; 

¶ 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. 

ʅʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ: 

1. ʩʝʛʥʝʪʦʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʝʞʠʤʝ 

ʧʨʠʝʤʘ, ʘ ʯʘʩʪʥʦʩʪʠ, ʚ ʜʘʪʯʠʢʘʭ ʜʝʪʦʥʘʮʠʠ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ 

(ʧʘʪʝʥʪ ˉ 2571465); 

2. ʅʆʋ-ʍɸʋ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ:  

- ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʙʝʩʩʚʠʥʮʦʚʳʭ 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.). 
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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 ʦʙʲʸʤʘ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʧʝʨʦʚʩʢʠʪʥʦʡ ʷʯʝʡʢʠ ʟʘ ʩʯʸʪ 

ʚʩʪʨʘʠʚʘʥʠʷ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʢʘʪʠʦʥʦʚ Li
1+

 ʠ Mn
4+

 ʚ ʥʝʨʝʛʫʣʷʨʥʳʝ ʧʦʟʠʮʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ; 

-  ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʪʝʤ ʙʦʣʴʰʝʤʫ, ʯʝʤ ʚʳʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʚʦʜʠʤʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ; 

-  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 ʠʥʬʨʘʥʠʟʢʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʦʧʠʩʘʥʥʦʝ 

ʨʘʥʝʝ ʷʚʣʝʥʠʝ çʘʥʪʠʨʝʟʦʥʘʥʩʘè, ʧʨʦʷʚʠʚʰʝʝʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʛʠʛʘʥʪʩʢʠʭ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ e*¡ ʠ e*± ʦʪ ʢʨʫʛʦʚʦʡ ʯʘʩʪʦʪʳ 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; 
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-  ʩʣʦʞʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʜʥʦʡ ʚ ʩʠʩʪʝʤʘʭ ʩ A ï Pb, Ba ʠʣʠ Sr ʠʣʠ ʜʚʫʭ ï ʚ ʩʠʩʪʝʤʝ ʩ A 

- Cd ʤʦʨʬʦʪʨʦʧʥʳʭ ʦʙʣʘʩʪʝʡ; 

- 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 ʪʨʸʭʢʦʤʧʦʥʝʥʪʥʦʡ 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: ʢʣʘʩʩʠʯʝʩʢʠʡ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢ, 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢ ʚ ʩ ʨʘʟʤʳʪʳʤ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢ-

ʨʝʣʘʢʩʦʨ; 

-  ʫʩʣʦʞʥʝʥʠʝ ʚʠʜʘ ʟʘʚʠʩʠʤʦʩʪʝʡ Ůô/Ů0(T) ʠ tgŭ(T) ʚ ʚʠʜʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʨʝʣʘʢʩʠʨʫʶʱʠʭ ʵʢʩʪʨʝʤʫʤʦʚ ʩʚʷʟʘʥʥʳʭ ʩ ʤʘʢʩʚʝʣʣ-ʚʘʛʥʝʨʦʚʩʢʦʡ ʨʝʣʘʢʩʘʮʠʝʡ 

ʠ ʵʬʬʝʢʪʘʤʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʦʙʠʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ; 

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

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

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʦʪʜʝʣʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʅʀʀ ʬʠʟʠʢʠ ʖʌʋ ʩ 2012 ʛʦʜʘ  

ʚ ʨʘʤʢʘʭ  

- ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ (ʙʘʟʦʚʘʷ ʠ 

ʧʨʦʝʢʪʥʘʷ ʯʘʩʪʠ):  

o ʅʀʈ ˉ 1927 ʧʦ ɿʘʜʘʥʠʶ ˉ 2014/174  (01.01.2014ï31.12.2016);  

o ʙʘʟʦʚʘʷ ʯʘʩʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ï ʚʥʫʪʨʝʥʥʠʡ ʛʨʘʥʪ ʖʌʋ ˉ 

213.01-2014/012-ɺɻ (01.01.2014ï31.12.2016);  

o ʅʀʈ ˉ 3.6371.2017/ɹʏ (01.01.2017ï31.12.2019);  

o ɿʘʜʘʥʠʝ ˉ 3.1246.2014/ʂ (01.01.2014ï31.12.2016); 

- ʌʝʜʝʨʘʣʴʥʳʭ ʮʝʣʝʚʳʭ ʧʨʦʛʨʘʤʤ: 

  çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ 

ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 2014-2020 ʛʦʜʳè 
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(ʤʝʨʦʧʨʠʷʪʠʝ 1.2). ʉʦʛʣʘʰʝʥʠʝ ʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʩʫʙʩʠʜʠʠ: ˉ 

14.575.21.0007 ʦʪ 17.06.2014ʛ. (17.06.2014ï31.12.2015); 

  çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè ʥʘ 

2009-2013 ʛʛ. (ʤʝʨʦʧʨʠʷʪʠʝ 1.3.1ïI ʦʯʝʨʝʜʴ), ʛʦʩ. ʢʦʥʪʨʘʢʪ ˉ 16.740.11.0587 

ʦʪ 30.05.2011ʛ. (30.05.2011ï25.10.2013); 

ʧʨʠ ʧʦʜʜʝʨʞʢʝ 

- ʉʪʠʧʝʥʜʠʠ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʥʘ 2016/17 ʛ.ʛ.;  

- ʉʪʠʧʝʥʜʠʠ ʛʫʙʝʨʥʘʪʦʨʘ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ 2016/17 ʛ.ʛ. 

- ʛʨʘʥʪʦʚ ʠ ʧʨʦʝʢʪʦʚ ʖʌʋ: ʧʦ ʇʨʦʛʨʘʤʤʝ ʨʘʟʚʠʪʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʩʪʫʜʝʥʯʝʩʢʠʭ ʦʙʲʝʜʠʥʝʥʠʡ ʖʌʋ ʥʘ 2012-2013 ʛʦʜʳ (ʄʝʨʦʧʨʠʷʪʠʝ 1.5. 

çʉʦʟʜʘʥʠʝ ʤʦʣʦʜʝʞʥʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʙʠʟʥʝʩ-ʠʥʢʫʙʘʪʦʨʘ ʖʌʋè).  
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1 ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʙʣʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʘ ʧʨʤʝʨʝ PFN ʠ BFO (ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʟʦʩʢʦʧʠʯʝʩʢʠ-ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜ (ʧʦʣʠʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʠʭ ʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʢʦʤʧʦʟʠʪʦʚ) ʚ ʥʘʰʝ ʚʨʝʤʷ ʚʩʝ ʝʱʝ 

ʦʩʪʘʝʪʩʷ 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. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʣʶʙʦʝ ʢʝʨʘʤʠʯʝʩʢʦʝ ʠʟʜʝʣʠʝ ʩʦʩʪʦʠʪ ʠʟ ʦʛʨʦʤʥʦʛʦ ʯʠʩʣʘ ʢʨʠʩʪʘʣʣʠʪʦʚ, 

ʨʘʟʤʝʨ, ʬʦʨʤʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪ ʠʭ 

ʩʚʦʡʩʪʚʘ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ 

ʧʨʠʙʦʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʝʨʘʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʥʪʝʨʝʩ ʢ ʦʙʲʝʢʪʘʤ, ʦʙʣʘʜʘʶʱʠʤ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʤʘʛʥʠʪʥʳʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʫʧʦʨʷʜʦʯʝʥʠʷʤʠ, ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ 

ʥʘʟʳʚʘʝʤʳʤ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʤʠ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʦʩ ʚ 

ʩʚʷʟʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʟʘʧʠʩʠ 

ʠ ʩʯʠʪʳʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʉɺʏ-ʪʝʭʥʠʢʝ, ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ ʠ ʜʨ. [1].  

ʉʘʤʘ ʧʦ ʩʝʙʝ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʪʝʤʘʪʠʢʘ ʥʝ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ. ʆʥʘ 

ʠʤʝʝʪ ʙʦʣʝʝ ʯʝʤ ʚʝʢʦʚʫʶ ʠʩʪʦʨʠʶ ʠ ʩʚʷʟʘʥʘ ʩ ʪʘʢʠʤʠ ʠʤʝʥʘʤʠ ʢʘʢ ʇʴʝʨ 

ʂʶʨʠ ʠ ʃʫʠ ʅʝʝʣʴ, ʧʨʝʜʩʢʘʟʘʚʰʠʤʠ ʚ ʩʚʦʠʭ ʪʨʫʜʘʭ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʘʢʦ, ʜʦ ʩʝʨʝʜʠʥʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʦʙʥʘʨʫʞʝʥʳ ʥʝ ʙʳʣʠ. ʇʨʦʜʚʠʥʫʪʴʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʜʘʣʝʝ ʘʙʩʪʨʘʢʪʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʧʦʟʚʦʣʠʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʨʘʙʦʪʳ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʯʝʥʳʭ ʃ. ɼ. ʃʘʥʜʘʫ, ɽ.ʄ. ʃʠʬʰʠʮʘ [5], ʠ ʀ.ɽ. 

ɼʟʷʣʦʰʠʥʩʢʦʛʦ [6], ʨʝʟʢʦ ʩʫʟʠʚʰʠʭ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʠʩʢʦʚ. ɺʩʢʦʨʝ ɼ.ʅ. 

ɸʩʪʨʦʚʳʤ ʙʳʣ ʦʪʢʨʳʪ ʧʝʨʚʳʡ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʢ ʉʛ20ʟ [7]. 

ʅʠʞʝ ʤʳ ʧʦʧʳʪʘʝʤʩʷ ʦʧʠʩʘʪʴ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʙʣʝʤʳ ʚ 

ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʫʣʴʪʠʬʝʨʨʦʠʜʥʳʭ ʩʨʝʜ, ʦʩʪʘʥʦʚʠʚʰʠʩʴ ʥʘ ʥʘʠʙʦʣʝʝ 
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ʷʨʢʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʷʭ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʤʘʪʝʨʠʘʣʦʚ ï ʬʝʨʨʦʥʠʦʙʘʪʝ ʩʚʠʥʮʘ 

(PFN) ʠ ʬʝʨʨʠʪʝ ʚʠʩʤʫʪʘ (BFO). 

1.1. ʌʝʨʨʦʥʠʦʙʘʪ ʩʚʠʥʮʘ PbFe1/2Nb1/2O3 

ʄʫʣʴʪʠʬʝʨʨʦʠʢ ʬʝʨʨʦʥʠʦʙʘʪ ʩʚʠʥʮʘ PbFe1/2Nb1/2O3 (PFN) ʙʳʣ ʦʪʢʨʳʪ ʚ 

1958 ʛ. ʛʨʫʧʧʦʡ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʯʣ.-ʢʦʨʨ. ɸʅ ʉʉʉʈ, ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ.  ɻ.ɸ. 

ʉʤʦʣʝʥʩʢʦʛʦ [8]. ʀʤ ʞʝ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

(ʌʇ) ʠʟ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ (ʉʕ) ʩ ʧʘʨʘʵʣʝʢʪʨʠʯʝʩʢʫʶ (ʇʕ), ʨʘʚʥʘʷ 

112 Áʉ  (385 ʂ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ [9] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ PFN ʦʙʣʘʜʘʝʪ 

ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʈʕ) ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʝʨʦʚʩʢʠʪʥʦʡ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a = 4.014 ¡ ʠ Ŭ=89.92
0
, ʚ ʢʦʪʦʨʦʡ ʠʦʥʳ ʥʠʦʙʠʷ ʠ ʞʝʣʝʟʘ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʦ                ʟʘʥʠʤʘʶʪ              ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ           ʧʦʟʠʮʠʠ.  

 

ʈʠʩʫʥʦʢ 1.1 - ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (1) 

ʠ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (2) ʦʙʨʘʟʮʘ PbFe1/2Nb1/2O3. [10] 

ʕʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʠʣ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʬʝʨʨʦʥʠʦʙʘʪʝ ʩʚʠʥʮʘ ʚʦʟʤʦʞʥʦ 

ʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʟʘ ʩʯʝʪ ʢʦʩʚʝʥʥʦʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʘʪʠʦʥʦʚ Fe ʯʝʨʝʟ ʘʥʠʦʥʳ ʢʠʩʣʦʨʦʜʘ. ʅʘʣʠʯʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ PFN ʙʳʣʦ 

ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ɺ.ɸ. ɹʦʢʦʚʳʤ [10], ʢʦʪʦʨʳʡ ʦʙʥʘʨʫʞʠʣ 

ʥʘ ʟʘʚʠʩʠʤʦʩʪʷʭ ɢ(ʊ) ʠ 1/ɢ(ʊ) ʧʨʠ 143 ʂ ʠʟʣʦʤ (ʨʠʩ. 1.1), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 
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ʤʘʛʥʠʪʥʦʤʫ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ ʠʟ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ (ʇʄ) ʚ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ (ɸʌʄ) ʩʦʩʪʦʷʥʠʝ. ʊʘʢʞʝ ʘʚʪʦʨʘʤʠ [10] ʙʳʣʦ ʦʪʤʝʯʝʥʦ, 

ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ ɢ(ʊ) ʚ ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ ʠʟʣʦʤʘ ʥʝ 

ʧʦʜʯʠʥʷʣʠʩʴ ʟʘʢʦʥʫ ʂʶʨʠ-ɺʝʡʩʘ, ʯʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʣʘʙʳʭ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ PFN 

ʧʦʩʚʷʱʝʥʦ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ ʨʘʙʦʪ [11-31]. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʜʦ ʩʠʭ 

ʧʦʨ ʦʩʪʘʶʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʣʠʯʠʷ ʨʝʣʘʢʩʘʮʠʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ï ʧʘʨʘʵʣʝʢʪʨʠʯʝʩʢʦʛʦ      ʬʘʟʦʚʦʛʦ            ʧʝʨʝʭʦʜʘ.  

ʇʦ ʤʥʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʘʚʪʦʨʦʚ, ʪʘʢʦʝ ʥʝʩʦʛʣʘʩʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ: 

1. ʈʘʟʣʠʯʥʦʡ ʪʦʧʦʣʦʛʠʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ï ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ 

PFN, ʢ ʧʨʠʤʝʨʫ, ʯʘʱʝ ʚʝʜʝʪ ʩʝʙʷ, ʢʘʢ ʨʝʣʘʢʩʦʨ; ʨʘʟʤʝʨ ʟʝʨʝʥ ʚ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʘʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ PFN ʨʘʟʣʠʯʘʣʩʷ ʦʪ ~1.5 ʜʦ ~7 ʤʢʤ, ʯʪʦ ʪʘʢʞʝ 

ʤʦʛʣʦ ʚʣʠʷʪʴ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

2. ʉʠʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʛʣʘʤʝʥʪʦʚ 

ʩʠʥʪʝʟʘ ʠ ʩʧʝʢʘʥʠʷ ʦʙʨʘʟʮʦʚ 

 

ʈʠʩʫʥʦʢ 1.2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʝ(ʊ) ʜʣʷ ʯʠʩʪʦʛʦ PFN ʠ  ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʉ, Sr, K, Mn, La ʦʙʨʘʟʮʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 300 ʂÒʊÒ500 ʂ [32] 
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3. ʅʘʣʠʯʠʝʤ ʚ ʩʪʨʫʢʪʫʨʝ PFN ʠʦʥʦʚ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ (Fe, Nb), 

ʧʨʠʚʦʜʷʱʝʤ ʢ ʧʦʷʚʣʝʥʠʶ ʜʝʬʝʢʪʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ (ʘʥʠʦʥʥʳʝ ʠ 

ʢʘʪʠʦʥʥʳʝ ʚʘʢʘʥʩʠʠ, ʧʣʦʩʢʦʩʪʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ ʠ ʪ.ʜ.). 

 

ʈʠʩʫʥʦʢ 1.3 ï ɺʣʠʷʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʥʘ ʧʝʪʣʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʛʠʩʪʝʨʝʟʠʩʘ ʚ PFN ʢʝʨʘʤʠʢʝ: (a) PFN, (b) PFN+MnO2, (c) PFN+Cr2O3, (d) 

PFN+K2CO3, (e) PFN+La2O3, (f) PFN+SrCO3 [32]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʥʝʛʘʪʠʚʥʳʝ ʬʘʢʪʦʨʳ, ʬʝʨʨʦʥʠʦʙʘʪ ʩʚʠʥʮʘ 

ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʙʦʨʘʭ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ 

ʧʨʦʙʣʝʤʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʦʡʩʪʚ PFN ʦʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʨʝʜʳʩʪʦʨʠʠ 

ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʬʝʨʨʦʥʠʦʙʘʪʘ ʩʚʠʥʮʘ ʥʘ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ.  
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ʊʘʙʣʠʮʘ 1.1 

ɺʣʠʷʥʠʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʥʘ ʙʘʟʦʚʳʝ ʧʘʨʘʤʝʪʨʳ PFN ʢʝʨʘʤʠʢʠ [32]. 

 

ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʨʘʙʦʪʘʭ [32-

34], ʧʨʠʯʝʤ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʦʪʤʝʯʘʣʘʩʴ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ PFN. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [32], ʛʜʝ ʚ 

ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ï ʦʢʩʠʜ ʤʘʨʛʘʥʮʘ 

(IV) MnO2, ʦʩʢʠʜ ʭʨʦʤʘ (III ) 

Cr2O3, ʦʢʩʠʜ ʣʘʥʪʘʥʘ (III ) La2O3, 

ʢʘʨʙʦʥʘʪʳ ʩʪʨʦʥʮʠʷ ʠ ʢʘʣʠʷ 

SrCO3 ʠ K2CO3, ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ PFN ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʠʧʘ ʚʚʝʜʝʥʥʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ (ʨʠʩ. 1.2 ʠ 1.3).ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

 

ʈʠʩʫʥʦʢ 1.4 ï ɿʘʚʠʩʠʤʦʩʪʴ Ů(ʊ) ʜʣʷ 

ʯʠʩʪʦʛʦ PFN ʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ Li  (f = 1 ɻʮ) ï 0, 0.5%, 1.0%, 

1.5%, 2.0%, [33]. 
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ʚʚʝʜʝʥʠʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ PFN, ʥʦ ʠ ʥʘ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. (ʪʘʙʣ. 1.1). 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʨʷʜʝ ʨʘʙʦʪ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʥʘ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ PFN. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ [33] 

ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʘʨʙʦʥʘʪʘ ʣʠʪʠʷ, Li 2CO3, ʥʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʝʨʨʦʥʠʦʙʘʪʘ 

ʩʚʠʥʮʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ Li 2CO3 ʟʥʘʯʝʥʠʷ 

ʤʘʢʩʠʤʫʤʦʚ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ Ů(ʊ) ʚʦʟʨʘʩʪʘʶʪ, ʘ ʩʘʤʠ ʤʘʢʩʠʤʫʤʳ ʩʤʝʱʘʶʪʩʷ ʚ 

ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʪʘʢʞʝ ʠʟʤʝʥʷʝʪʩʷ ʬʦʨʤʘ ʧʝʪʝʣʴ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ (ʨʠʩ. 1.4, ʨʠʩ. 1.5) 

 

ʈʠʩʫʥʦʢ 1.5 ï ʇʝʪʣʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʯʘʩʪʦʪʝ f = 1ɻʮ ʜʣʷ: (a) PFN, (b) PL0.5FN, (c) PL1.0FN, (d) 

PL1.5FN, (e) PL2.0FN: 0, 0.5%, 1.0%, 1.5%, 2.0% Li 2CO3 [33] 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʚʚʝʜʝʥʠʷ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʥʘ 

ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʢʝʨʘʤʠʢʠ PFN ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʸʪʩʷ ʜʦʚʦʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʙʠʙʣʠʦʛʨʘʬʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʘʢ 

ʯʠʩʪʦʛʦ, ʪʘʢ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ PFN, ʜʦʚʦʣʴʥʦ ʦʙʰʠʨʥʘ. ʇʦʠʩʢ, 

ʧʨʦʚʝʜʝʥʥʳʡ ʚ ʙʘʟʝ ʩʪʘʪʝʡ Scopus, ʧʦʢʘʟʘʣ, ʯʪʦ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ 
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PFN ʚ ʨʘʟʣʠʯʥʳʭ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʷʭ, ʘ ʪʘʢʞʝ ʊʈ ʩ ʫʯʘʩʪʠʝʤ 

ʬʝʨʨʦʥʠʦʙʘʪʘ ʩʚʠʥʮʘ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ ʚʦʩʴʤʠʩʦʪ. ɻʨʘʬʠʢ 

ʧʫʙʣʠʢʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ (ʨʠʩ. 1.6), ʯʪʦ ʠʥʪʝʨʝʩ ʢ ʜʘʥʥʦʤʫ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʫ ʥʘʯʘʣ ʨʘʩʪʠ ʩ 90 ïʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʠ ʜʦ ʩʠʭ ʧʦʨ 

ʦʩʪʘʝʪʩʷ ʥʘ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. 

 

ʈʠʩʫʥʦʢ 1.6 ï ɼʠʥʘʤʠʢʘ ʧʫʙʣʠʢʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʩʚʷʱʝʥʥʦʡ PFN 

(ʯʠʩʪʦʤʫ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤʫ), ʘ ʪʘʢʞʝ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʘʤ (ʊʈ) ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ 

ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʫʙʣʠʢʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʜʘʥʥʦʡ 

ʪʝʤʘʪʠʢʝ ʧʦʢʘʟʘʣ (ʨʠʩ. 1.7), ʯʪʦ ʈʌ ʚʭʦʜʠʪ ʰʝʩʪʝʨʢʫ ʣʠʜʝʨʦʚ ʚ ʜʘʥʥʦʡ 

ʦʪʨʘʩʣʠ, ʫʩʪʫʧʘʷ ʉʐɸ, ʂʠʪʘʶ, ʗʧʦʥʠʠ, ʀʥʜʠʠ ʠ ɻʝʨʤʘʥʠʠ. ʆʜʥʘʢʦ, ʩʨʝʜʠ 

ʦʨʛʘʥʠʟʘʮʠʡ ʩ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʠʤ ʦʪʨʳʚʦʤ ʧʝʨʚʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʖʞʥʳʡ 

ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʚ ʢʦʪʦʨʦʤ ʠʩʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ PFN ʠ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʝʛʦ ʫʯʘʩʪʠʝʤ ʚ ʚʠʜʝ ʢʝʨʘʤʠʢʠ ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʝʝ ʪʨʠʜʮʘʪʠ ʣʝʪ. 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʫʙʣʠʢʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʨʦʚʝʜʝʥʥʳʡ ʧʨʠ 

ʧʦʤʦʱʠ ʧʣʘʪʬʦʨʤʳ SciVal, ʧʦʟʚʦʣʠʣ ʦʮʝʥʠʪʴ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʩʪʘʪʝʡ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ ʟʘ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʠʤʳʭ ʧʫʙʣʠʢʘʮʠʡ (Scholarly Output) ï 

239, ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʮʠʪʠʨʫʝʤʦʩʪʠ ʧʫʙʣʠʢʘʮʠʡ (ʚʟʚʝʰʝʥʥʳʡ ʧʦ 

ʜʠʩʮʠʧʣʠʥʝ ʬʘʢʪʦʨ ʚʣʠʷʥʠʷ ʮʠʪʠʨʦʚʘʥʠʡ ï Field-Weighted Citation Impact) ï 
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1.26, ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʧʨʦʩʤʦʪʨʦʚ ʧʫʙʣʠʢʘʮʠʡ (ʚʟʚʝʰʝʥʥʳʡ ʧʦ 

ʜʠʩʮʠʧʣʠʥʝ ʬʘʢʪʦʨ ʚʣʠʷʥʠʷ ʧʨʦʩʤʦʪʨʦʚ ʧʫʙʣʠʢʘʮʠʡ ï Field-Weighted Views 

Impact) ï 1.73. ɿʥʘʯʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ ʛʦʚʦʨʷʪ ʦ ʜʦʚʦʣʴʥʦ 

ʚʳʩʦʢʦʤ  ʠʥʪʝʨʝʩʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟ ʚʩʝʭ ʩʤʝʞʥʳʭ ʦʪʨʘʩʣʝʡ ʢ ʦʙʣʘʩʪʠ PFN. 

 

 

ʈʠʩʫʥʦʢ 1.7 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʫʙʣʠʢʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʩʚʷʱʝʥʥʦʡ 

PFN ʠ ʊʈ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, ʧʦ ʩʪʨʘʥʘʤ ʠ ʦʨʛʘʥʠʟʘʮʠʷʤ ʩ 1977 ʧʦ 2018 ʛʛ. 
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʡ ʧʫʙʣʠʢʘʮʠʦʥʥʳʡ ʚʢʣʘʜ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʤʘʪʠʢʠ PFN 

ʚʥʦʩʷʪ ʯʝʪʳʨʝ ʩʪʨʘʥʳ ï ʂʅʈ, ʀʥʜʠʷ, ʉʐɸ ʠ ʈʌ (ʨʠʩ. 1.8). 

 

ʈʠʩʫʥʦʢ 1.8 ï ɼʠʘʛʨʘʤʤʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʩʷʪʠ ʩʪʨʘʥ, ʚʥʦʩʷʱʠʭ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ 

ʦʙʣʘʩʪʠ PFN ʩ 2013 ʧʦ 2017 ʛʦʜʳ. ʈʘʟʤʝʨ ʢʨʫʛʦʚ ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʩʤʦʪʨʦʚ 

ʧʫʙʣʠʢʘʮʠʡ (Views Count) 

ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ ʦʪʥʦʩʠʪʩʷ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʯʠʩʪʦʛʦ ʬʝʨʨʦʥʠʦʙʘʪʘ ʩʚʠʥʮʘ (ʨʠʩ. 1.9). ʆʜʥʘʢʦ, ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʘ ʜʦʣʷ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʵʬʬʝʢʪʘʤ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ PFN, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʶ ʊʈ ʩ ʫʯʘʩʪʠʝʤ ʬʝʨʨʦʥʠʦʙʘʪʘ 

ʩʚʠʥʮʘ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʚʠʪʠʠ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʦ 

ʪʦʤ, ʯʪʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ PFN ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʝʛʦ ʫʯʘʩʪʠʝʤ 

ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʧʣʘʥʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʨʝʜʠ ʧʫʙʣʠʢʘʮʠʡ ʟʘ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ ʜʦ ʩʠʭ ʧʦʨ 

ʚʝʣʠʢʘ ʜʦʣʷ  ʠʩʩʣʝʜʦʚʘʥʠʡ (ʙʦʣʝʝ 15%), ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ 

ʯʠʩʪʦʛʦ ʬʝʨʨʦʥʠʦʙʘʪʘ ʩʚʠʥʮʘ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʯʝʤ 

ʧʦʣʫʚʝʢʦʚʫʶ ʠʩʪʦʨʠʶ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ PFN ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 
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ʈʠʩʫʥʦʢ 1.9 ï  ʂʨʫʛʦʚʳʝ ʜʠʘʛʨʘʤʤʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʤʘʪʠʢʝ 

PFN 

ɽʩʣʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʩʣʝʜʥʠʝ ʩʪʘʪʴʠ, ʢʘʩʘʶʱʠʝʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ PFN, ʪʦ ʙʫʜʝʪ ʚʠʜʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʚʷʱʝʥʦ 

ʢʝʨʘʤʠʢʝ. ʆʜʥʘʢʦ, ʬʝʨʨʦʥʠʦʙʘʪ ʩʚʠʥʮʘ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʪʘʢʞʝ ʠ ʚ ʜʨʫʛʠʭ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ï ʧʣʝʥʢʘʭ ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ ʚ [35] ʘʚʪʦʨʘʤʠ ʠʟʫʯʘʣʠʩʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ PFN. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚ ʧʣʝʥʦʯʥʦʡ ʬʦʨʤʝ ʬʝʨʨʦʥʠʦʙʘʪʫ ʩʚʠʥʮʘ ʩʚʦʡʩʪʚʝʥʥʦ ʨʝʣʘʢʩʦʨʥʦʝ 

ʧʦʚʝʜʝʥʠʝ, ʧʝʨʝʭʦʜʷʱʝʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~170 ʂ ʚ ʩʦʩʪʦʷʥʠʝ ʩʧʠʥʦʚʦʛʦ 

ʩʪʝʢʣʘ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʯʘʩʪʴ ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

PFN. ʅʘʧʨʠʤʝʨ, ʚ [36] ʠʟʫʯʘʣʠʩʴ ʨʘʟʣʠʯʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 

ʨʘʟʣʠʯʥʳʭ ʬʘʟʘʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ PFN. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʤʦʱʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʌʕʉ) ʩʧʝʢʪʨʳ ʚʘʣʝʥʪʥʦʡ 

ʟʦʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ PFN ʚ ʉʕ ʠ ʇʕ ʬʘʟʘʭ. ʅʘʙʣʶʜʘʚʰʠʡʩʷ ʚ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʜʚʠʛ Pb6s ï ʩʦʩʪʦʷʥʠʷ ʙʳʣ ʧʦʜʪʚʝʨʞʜʝʥ ʨʘʩʯʝʪʘʤʠ ab initio 

ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʧʦʣʥʦʛʦ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. 

ɺ [37] ʘʚʪʦʨʘʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ PFN 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ. ʆʥ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʚʩʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʪʝʤʧʝʨʘʪʫʨʫ ʅʝʝʣʷ TN, 

ʪʝʤʧʝʨʘʪʫʨʳ ʌʇ ʠʟ ʈʵ ʬʘʟʳ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ (ʊ) ʠ ʠʟ ʊ ʬʘʟʳ ʚ ʢʫʙʠʯʝʩʢʫʶ 

(ʂ), ʪʝʤʧʝʨʘʪʫʨʫ ɹʝʨʥʩʘ Td, ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ T*). ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʏʠʩʪʳʡ 

PFN, 25, 

16% 

ʄʦʜʠʬʠ

ʮʠʨʦʚʘʥʥ

ʳʡ PFN, 

65, 41% 

ʊʈ ʥʘ 
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ʘʚʪʦʨʳ [37] ʚ ʦʯʝʨʝʜʥʦʡ ʨʘʟ ʜʦʢʘʟʘʣʠ ʨʝʣʘʢʩʦʨʥʦʝ ʧʦʚʝʜʝʥʠʝ PFN ʠ ʦʧʠʩʘʣʠ 

ʜʠʥʘʤʠʢʫ ʟʘʨʦʞʜʝʥʠʷ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʝ ʧʦʣʷʨʥʳʭ ʥʘʥʦʦʙʣʘʩʪʝʡ. 

ɺ [38] ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ PFN ʠ PʊN (ʬʝʨʨʦʪʘʥʪʘʣʘʪ ʩʚʠʥʮʘ PbFe1/2Ta1/2O3) ʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʛʠʦʥʝ. ɸʚʪʦʨʘʤʠ ʚ ʨʘʡʦʥʝ ~9 ʂ ʚ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʷʭ 

ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʤʘʛʥʠʪʥʘʷ ʘʥʦʤʘʣʠʷ, ʢʦʪʦʨʫʶ ʩʚʷʟʘʣʠ ʩ ʧʝʨʝʭʦʜʦʤ ʚ ʩʧʠʥ-

ʩʪʝʢʦʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʊʘʢʞʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʘʛʥʠʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ PFN ʠ ʤʘʛʥʦʥʠʦʙʘʪʘ ʩʚʠʥʮʘ Pb(Mg1/3Nb2/3)O3 (PMN) ʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ. 

ʂʘʢ ʥʘʤʠ ʨʘʥʝʝ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʫʜʝʣʷʶʪ ʚʥʠʤʘʥʠʝ ʠʟʫʯʝʥʠʶ ʢʝʨʘʤʠʢʠ PFN (ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝ ʙʫʜʝʪ 

ʠʩʢʣʶʯʝʥʠʝʤ). ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ. 

ɺ [39] ʩʪʨʫʢʪʫʨʘ ʢʝʨʘʤʠʢʠ ʬʝʨʨʦʥʠʦʙʘʪʘ ʩʚʠʥʮʘ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʠ 

ʧʦʤʦʱʠ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ. ɸʚʪʦʨʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʈʠʪʚʝʣʴʜʘ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʫʪʦʯʥʠʪʴ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ PFN. ʇʦʤʠʤʦ ʵʪʦʛʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʪʣʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʝʜʠʥʝʥʠʷ. 

ɺ [40] ʘʚʪʦʨʳ ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ 

ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ PFN. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ 

ʧʦʤʦʱʠ ʛʝʥʝʨʘʪʦʨʘ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ SHG ʠ ʤʝʪʦʜʦʚ ʧʦʨʦʰʢʦʚʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ PFN ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʤʫ ʜʘʚʣʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦʤʫ ʧʝʨʝʭʦʜʫ ʠʟ ʉʕ ʬʘʟʳ ʚ ʇʕ. 

ʀʟʤʝʨʝʥʠʷ ʛʝʥʝʨʘʪʦʨʘ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʧʦʢʘʟʘʣʠ ʥʝʧʨʝʨʳʚʥʦʝ ʩʥʠʞʝʥʠʝ 

ʩʠʛʥʘʣʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʠ ʧʦʣʥʦʝ ʝʛʦ ʠʩʯʝʟʥʦʚʝʥʠʝ ʧʨʠ 7,1 ɻʇʘ. ɺ 

ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʦʧʪʠʯʝʩʢʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʘ 

ʧʝʨʝʭʦʜʘ. 

ɺ [41] ʘʚʪʦʨʳ ʥʝ ʪʦʣʴʢʦ ʫʪʦʯʥʠʣʠ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʬʘʟʦʚʫʶ ʜʠʘʛʨʘʤʤʫ, 

ʥʦ ʠ ʧʦʧʳʪʘʣʠʩʴ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ 
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ʨʘʩʧʨʝʜʝʣʝʥʳ ʠʦʥʳ Fe ʠ ʢʘʢʫʶ ʦʥʠ ʠʤʝʶʪ ʚʘʣʝʥʪʥʦʩʪʴ. ʄʝʪʦʜʳ 

ʄʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʚ ʦʙʝʠʭ ʬʘʟʘʭ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʦʥʦʚ ʠʤʝʶʪ ʚʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ Fe
3+

 ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʥʫʪʨʠ 

ʢʠʩʣʦʨʦʜʥʦʛʦ ʦʢʪʘʵʜʨʘ. ʆʜʥʘʢʦ, ʢʘʯʝʩʪʚʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʠʦʥʳ Fe
2+

 ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʩʪʨʫʢʪʫʨʝ ʙʘʟʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʭʦʪʷ ʠ ʚ 

ʜʦʚʦʣʴʥʦ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ. 

1.2 ʌʝʨʨʠʪ ʚʠʩʤʫʪʘ BiFeO3 ʠ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ. 

ʇʦʤʠʤʦ ʬʝʨʨʦʥʠʦʙʘʪʘ ʩʚʠʥʮʘ, ʥʝ ʤʝʥʴʰʝʝ ʚʥʠʤʘʥʠʝ ʚ ʥʘʫʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʫʜʝʣʝʥʦ ʜʨʫʛʦʤʫ ʧʨʝʜʩʪʘʚʠʪʝʣʶ ʢʣʘʩʩʘ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ, ï 

ʬʝʨʨʠʪʫ ʚʠʩʤʫʪʘ (BiFeO3, BFO). ʌʝʨʨʠʪ ʚʠʩʤʫʪʘ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʭʠʤʠʯʝʩʢʦʡ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ, ʠʥʪʝʨʝʩʝʥ 

ʢʘʢ ʤʦʜʝʣʴʥʳʡ ʦʙʲʝʢʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟ ʧʝʨʚʳʭ ʧʨʠʥʮʠʧʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

BiFeO3 ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʩʚʷʟʘʥʦ ʩ 

ʨʝʢʦʨʜʥʦ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ (ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ, Tʉ = 

1083 ʂ) ʠ ʤʘʛʥʠʪʥʦʛʦ (TN = 643 ʂ) ʫʧʦʨʷʜʦʯʝʥʠʡ [42]. 

 ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠ ʠʩʢʘʞʝʥʥʦʡ ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʷʯʝʡʢʠ. ʈʘʥʥʠʝ 

ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [43] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ BiFeO3 ʩʫʱʝʩʪʚʫʝʪ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ G-ʪʠʧʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʘʪʦʤ 

ʦʢʨʫʞʝʥ ʰʝʩʪʴʶ ʘʪʦʤʘʤʠ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʩʧʠʥʘ. ɹʦʣʝʝ 

ʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʚʨʝʤʷ-ʧʨʦʣʝʪʥʦʤ ʥʝʡʪʨʦʥʥʦʤ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ [44], ʚʳʷʚʠʣʠ ʥʘʣʠʯʠʝ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʧʝʨʠʦʜʦʤ, ʥʝʩʦʨʘʟʤʝʨʥʳʤ ʩ ʧʝʨʠʦʜʦʤ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʄʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʠʦʥʦʚ ʞʝʣʝʟʘ, ʩʦʭʨʘʥʷʷ 

ʣʦʢʘʣʴʥʦ ʚʟʘʠʤʥʫʶ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʫʶ ʦʨʠʝʥʪʘʮʠʶ G-ʪʠʧʘ, 

ʧʦʚʦʨʘʯʠʚʘʶʪʩʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʚʦʣʥʳ 

ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ. 



25 

 

 ʆʩʦʙʝʥʥʦʩʪʠ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ BiFeO3 ʨʘʟʨʝʰʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ 

ʥʝʤ ʣʠʥʝʡʥʦʛʦ ʄʕ-ʵʬʬʝʢʪʘ, ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ, ʧʨʠ 

ʦʙrʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʪʠ ʵʬʬʝʢʪʳ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʚʦʟʥʠʢʦʥʦʚʝʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʩʧʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʥʘʣʠʯʠʝ ʢʦʪʦʨʦʡ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʩʧʦʥʪʘʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʭ -  ʢʦʤʧʦʥʝʥʪʝ ʚʝʢʪʦʨʘ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ L , 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʤʝʥʷʝʪ ʟʥʘʢ ʠ ʚ ʩʨʝʜʥʝʤ ʟʘ ʧʝʨʠʦʜ ʨʘʚʥʷʝʪʩʷ ʥʫʣʶ. ʊʦʣʴʢʦ ʧʨʠ 

ʧʦʜʘʚʣʝʥʠʠ ʩʧʠʥʦʚʦʡ ʮʠʢʣʦʠʜʳ ʠ ʧʝʨʝʭʦʜʝ ʚ ʦʜʥʦʨʦʜʥʦʝ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʥʘʙʣʶʜʝʥʠʝ ʩʣʘʙʦʛʦ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʜʘʚʠʪʴ ʩʧʠʥʦʚʫʶ ʮʠʢʣʦʠʜʫ ʚ ʬʝʨʨʠʪʝ ʚʠʩʤʫʪʘ 

ʚʧʦʣʥʝ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʊʈ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. ʇʦʵʪʦʤʫ 

ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʘʩʪʦ ʩʪʘʥʦʚʷʪʩʷ ʊʈ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ [45-

65] ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʊʈ ʥʘ ʦʩʥʦʚʝ BFO 

ʷʚʣʷʶʪʩʷ BiFeO3 ï PbTiO3 ʠ BiFeO3 ï BaTiO3. 

 

ʈʠʩʫʥʦʢ 1.10 ï ʄʘʛʥʠʪʥʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ (x, T) ʩʠʩʪʝʤʳ 

(1ïʭ)BiFeO3 ï ʭPbTiO3 [69] 

ʈʘʙʦʪʳ [66-69] ʧʦʩʚʷʱʝʥʳ ʠʟʫʯʝʥʠʶ ʊʈ ʥʘ ʦʩʥʦʚʝ BiFeO3-PbTiO3. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 0.17 Ò x Ò 0.31 ʚ ʜʘʥʥʳʭ ʊʈ 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʨʬʦʪʨʦʧʥʘʷ ʦʙʣʘʩʪʴ (ʩʦʩʫʱʝʩʪʚʫʶʱʠʝ ʈʵ ʠ ʊ ʩʪʨʫʢʪʫʨʳ). 

ʂʘʢ ʧʦʢʘʟʘʣ ʦʙʟʦʨ ʠʤʝʶʱʝʡʩʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, 
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ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʠʥʪʝʨʚʘʣ 0.20 Ò x < 0.40. 

ʇʦʤʠʤʦ ʵʪʦʛʦ ʚ [69] ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʦʩʪʨʦʠʪʴ ʤʘʛʥʠʪʥʫʶ ʬʘʟʦʚʫʶ ʜʠʘʛʨʘʤʤʫ (ʨʠʩ. 1.10). 

ɹʠʙʣʠʦʛʨʘʬʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ ʠʟʫʯʝʥʠʶ ʊʈ ʥʘ ʦʩʥʦʚʝ BFO, ʜʦʚʦʣʴʥʦ 

ʦʙʰʠʨʥʘ. ʇʦʠʩʢ, ʧʨʦʚʝʜʝʥʥʳʡ ʚ ʙʘʟʝ ʩʪʘʪʝʡ Scopus, ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʊʈ ʩ ʫʯʘʩʪʠʝʤ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 

ʙʦʣʝʝ ʪʳʩʷʯʠ. ɻʨʘʬʠʢ ʧʫʙʣʠʢʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ (ʨʠʩ. 1.11) 

ʚʟʨʳʚʥʦʡ ʨʦʩʪ, ʥʘʯʠʥʘʷ ʩ 2000 ʛ., ʠ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. 

 

ʈʠʩʫʥʦʢ 1.11 ï ɼʠʥʘʤʠʢʘ ʧʫʙʣʠʢʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʩʚʷʱʝʥʥʦʡ ʊʈ ʥʘ 

ʦʩʥʦʚʝ BFO ʩ 1993 ʧʦ 2018 ʛʛ. 

ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʫʙʣʠʢʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʨʝʜʠ ʩʪʨʘʥ ʧʦ ʜʘʥʥʦʡ 

ʪʝʤʘʪʠʢʝ ʧʦʢʘʟʘʣ (ʨʠʩ. 1.12), ʯʪʦ ʈʌ ʚʭʦʜʠʪ ʰʝʩʪʝʨʢʫ ʣʠʜʝʨʦʚ ʚ ʜʘʥʥʦʡ    

ʦʪʨʘʩʣʠ,     ʫʩʪʫʧʘʷ   ʉʐɸ,   ʂʠʪʘʶ,   ʗʧʦʥʠʠ,    ʀʥʜʠʠ ʠ ɻʝʨʤʘʥʠʠ.  

ʉʨʝʜʠ ʊʆʇ-10 ʦʨʛʘʥʠʟʘʮʠʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʵʪʦʡ ʪʝʤʘʪʠʢʦʡ ʰʝʩʪʴ 

ʧʦʟʠʮʠʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʝʨʚʫʶ) ʪʘʢʞʝ ʟʘʥʠʤʘʶʪ ʢʠʪʘʡʩʢʠʝ ʫʯʨʝʞʜʝʥʠʷ. ʕʪʦ 

ʦʪʨʘʟʠʣʦʩʴ ʠ ʥʘ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ (ʨʠʩ. 1.13) ï ʂʠʪʘʡ ʠ ʀʥʜʠʷ 

ʢʘʢ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʫʙʣʠʢʘʮʠʡ, ʪʘʢ ʠ ʧʦ ʧʦʢʘʟʘʪʝʣʶ Views Count (ʧʨʦʩʤʦʪʨʳ 

ʧʫʙʣʠʢʘʮʠʡ), ʩ ʙʦʣʴʰʠʤ ʦʪʨʳʚʦʤ ʦʧʝʨʝʞʘʶʪ ʦʩʪʘʣʴʥʳʝ ʩʪʨʘʥʳ. 
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ʈʠʩʫʥʦʢ 1.12 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʫʙʣʠʢʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʩʚʷʱʝʥʥʦʡ ʊʈ 

ʥʘ ʦʩʥʦʚʝ BFO, ʧʦ ʩʪʨʘʥʘʤ ʠ ʦʨʛʘʥʠʟʘʮʠʷʤ ʩ 1993 ʧʦ 2018 ʛʛ. 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʫʙʣʠʢʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʨʦʚʝʜʝʥʥʳʡ ʧʨʠ 

ʧʦʤʦʱʠ ʧʣʘʪʬʦʨʤʳ SciVal, ʧʦʟʚʦʣʠʣ ʦʮʝʥʠʪʴ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʩʪʘʪʝʡ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ ʟʘ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ. ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʪʘʢʠʝ 
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ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʠʤʳʭ ʧʫʙʣʠʢʘʮʠʡ (Scholarly Output) ï 602, 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʮʠʪʠʨʫʝʤʦʩʪʠ ʧʫʙʣʠʢʘʮʠʡ (ʚʟʚʝʰʝʥʥʳʡ ʧʦ 

ʜʠʩʮʠʧʣʠʥʝ ʬʘʢʪʦʨ ʚʣʠʷʥʠʷ ʮʠʪʠʨʦʚʘʥʠʡ ï Field-Weighted Citation Impact) ï 

1.15, ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʧʨʦʩʤʦʪʨʦʚ ʧʫʙʣʠʢʘʮʠʡ (ʚʟʚʝʰʝʥʥʳʡ ʧʦ 

ʜʠʩʮʠʧʣʠʥʝ ʬʘʢʪʦʨ ʚʣʠʷʥʠʷ ʧʨʦʩʤʦʪʨʦʚ ʧʫʙʣʠʢʘʮʠʡ ï Field-Weighted Views 

Impact) ï 1.39. ɿʥʘʯʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ ʛʦʚʦʨʷʪ ʦ ʚʳʩʦʢʦʤ  

ʠʥʪʝʨʝʩʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ BFO. 

 

ʈʠʩʫʥʦʢ 1.13. ï ɼʠʘʛʨʘʤʤʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʩʷʪʠ ʩʪʨʘʥ, ʚʥʦʩʷʱʠʭ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ 

ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʊʈ ʩ ʫʯʘʩʪʠʝʤ BFO ʩ 2013 ʧʦ 2017 ʛʦʜʳ. ʈʘʟʤʝʨ ʢʨʫʛʦʚ 

ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʩʤʦʪʨʦʚ ʧʫʙʣʠʢʘʮʠʡ (Views Count) 

 

  

ʈʠʩʫʥʦʢ 1.14 ï ʂʨʫʛʦʚʳʝ ʜʠʘʛʨʘʤʤʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʊʈ ʥʘ ʦʩʥʦʚʝ BFO 
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ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʧʦ ʪʝʤʘʪʠʢʝ BFO ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʢʘʯʝʩʪʚʝ 

ʚʪʦʨʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʪʘʥʘʪʳ (ʨʠʩ. 1.14). ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʣʷ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʪʨʦʡʥʳʤ ʩʠʩʪʝʤʘʤ ʩ ʫʯʘʩʪʠʝʤ BFO, 

ʨʘʚʥʦ ʢʘʢ ʠ ʧʨʦʮʝʥʪ ʨʘʙʦʪ ʩ ʫʯʘʩʪʠʝʤ PFN, ʜʦʚʦʣʴʥʦ ʤʘʣʳ, ʧʦʩʢʦʣʴʢʫ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ 

ʩʦʩʪʘʚʘʤ (ʪʠʪʘʥʘʪʦʤ ʩʚʠʥʮʘ PbTiO3 (PT), BaTiO3, ʮʠʨʢʦʪʠʪʘʥʘʪʫ ʩʚʠʥʮʘ 

Pb(Zr1-xTix)O3, PZT). ʕʪʦʪ ʬʘʢʪ ʜʝʣʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʊʈ ʩ ʫʯʘʩʪʠʝʤ 

BFO ʠ PFN ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʟʘʜʘʯʝʡ. ʆʩʪʘʥʦʚʠʤʩʷ ʧʦʜʨʦʙʥʝʡ ʥʘ 

ʦʩʥʦʚʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʈ ʥʘ ʦʩʥʦʚʝ 

BFO c ʨʘʟʣʠʯʥʳʤʠ ʪʠʪʘʥʘʪʘʤʠ. 

 

ʈʠʩʫʥʦʢ 1.15 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʊʈ (1ïʭ)BiFeO3 ï ʭPbTiO3  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ [70] 

ɺ ʨʘʙʦʪʝ [70] ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʪʨʫʢʪʨʫʨʥʳʝ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʝʨʘʤʠʢʠ (1-ʭ)BiFeO3 ï ʭPbTiO3 (ʭ = 0.0, 

0.1, 0.2, 0.3). ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʈʵ ʩʪʨʫʢʪʫʨʫ, ʘ 
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ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʊʘʢʞʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʜʚʝ ʘʥʦʤʘʣʠʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʨʠʩ. 

1.15). ʇʝʨʚʘʷ ʠʟ ʥʠʭ (ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 473-498 ʂ), ʢʘʢ ʧʦʣʘʛʘʶʪ 

ʘʚʪʦʨʳ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʌʇ (ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʡ 

ʦʢʨʝʩʪʥʦʩʪʠ ʫ ʜʘʥʥʦʛʦ ʊʈ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ TN), ʘ ʚʪʦʨʘʷ (ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʜʠʘʧʘʟʦʥʝ 653 ï 673 ʂ) ï ʦʪʥʦʩʠʪʩʷ ʢ ʌʇ ʠʟ ʉʕ ʬʘʟʫ ʚ ʇʕ. 

ɺ ʨʘʙʦʪʝ [71] ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʉʕ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʊʈ (1ï

ʭ)BiFeO3 - ʭPbTiO3 (ʭ = 0.2, 0.3), ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʪʨʦʥʮʠʝʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʝʪʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʙʳʣʠ ʥʝ ʥʘʩʳʱʝʥʥʳʤʠ ʚ 

ʩʠʣʫ ʙʦʣʴʰʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʨʘʟʮʦʚ (ʧʦ ʧʨʠʯʠʥʝ ʧʨʠʩʫʪʩʪʚʠʷ ʙʦʣʴʰʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ BFO). ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣʠ 

ʥʘʣʠʯʠʝ ʩʣʘʙʦʛʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ (ʨʠʩ. 1.16). 

 

ʈʠʩʫʥʦʢ 1.16 ï ʇʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʊʈ (1 Ӈ x)BiFeO3-

x(Pb0.90Sr0.10)TiO3 ʩ x = 0.2 ʠ 0.3 [71]. 
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ʈʠʩʫʥʦʢ 1.17 ï ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʟʤʝʨʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʊʈ 0.65BiFeO3 ï 

0.35PbTiO3 ʦʪ ʜʘʚʣʝʥʠʷ [72] 

ɺ ʨʘʙʦʪʝ [72] ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʊʈ 0.65BiFeO3 ï 0.35PbTiO3. ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʜʠʘʧʘʟʦʥʝ ʚʥʝʰʥʠʭ ʜʘʚʣʝʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʪʝʨʧʝʚʘʝʪ ʯʝʪʳʨʝ  ʩʪʨʫʢʪʫʨʥʳʭ ʌʇ: ʠʟ ʊ ʬʘʟʳ 

(ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P4mm) ʚ ʤʦʨʬʦʪʨʦʧʥʫʶ ʦʙʣʘʩʪʴ ʈʵ-ʊ 

(ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʛʨʫʧʧʳ P4mm + R3c), ʧʦʪʦʤ ʚ ʯʠʩʪʫʶ ʈʵ ʬʘʟʫ (R3c), ʘ 

ʟʘʪʝʤ ʚ ʢʫʙʠʯʝʩʢʫʶ (ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ Pm3m), ʘ ʟʘʪʝʤ ʦʙʨʘʪʥʦ ʚ 

ʈʵ ʬʘʟʫ. ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʙʲʝʤʘ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʨʠʩ. 1.17). 

ɺ ʨʘʙʦʪʝ [73] ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ 

ʢʝʨʘʤʠʢʝ (1ïʭ)BiFeO3 ï ʭPbTiO3 (0.20 Ò ʭ Ò 0.35, æʭ = 0.05) ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʨʠʩ. 1.18). 

ɸʚʪʦʨʘʤʠ [73] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʘʥʦʤʘʣʠʡ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʷʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʘʤ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʬʘʟʘʭ (ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ 

ʥʘ ʛʨʘʬʠʢʘʭ ʨʠʩ. 1.18), ʯʪʦ ʚʳʷʚʠʣʦ ʩʣʦʞʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʛʥʠʪʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʨʷʜʢʘ, ʚʳʟʚʘʥʥʦʝ ʩʧʠʥ-

ʬʦʥʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. 
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ʈʠʩʫʥʦʢ 1.18 ï ʄʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʢʝʨʘʤʠʢʝ (1ïʭ)BiFeO3 ï

 ʭPbTiO3 (0.20 Ò ʭ Ò 0.35, æʭ = 0.05) [73] 

ɽʱʝ  ʦʜʥʘ  ʯʘʩʪʦ  ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ  ʩʠʩʪʝʤʘ  ʊʈ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ 

ʚʠʩʤʫʪʘ ï (1-ʭ)BiFeO3 ï ʭBaTiO3. ɽʸ ʠʟʫʯʝʥʠʶ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ [74-79]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʊʈ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ (ʧʨʠ ʭ Ò 0.50) ʠʤʝʶʪ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʈʵ ʩʪʨʫʢʪʫʨʫ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ R3c.  

ʊʘʙʣʠʮʘ 1.2. 

 ʇʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʊʈ (1-ʭ)BiFeO3 ï ʭBaTiO3 [80] 
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ʇʦʤʠʤʦ ʵʪʦʛʦ, ʘʚʪʦʨʘʤʠ [79] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʙʳʣʘ ʭʘʨʘʢʪʝʨʥʘ ʩʠʣʴʥʘʷ ʯʘʩʪʦʪʥʘʷ 

ʜʠʩʧʝʨʩʠʷ, ʚʳʟʚʘʥʥʘʷ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʠʟʦʩʪʨʫʢʪʫʨʥʳʤ ʌʇ ʠʟ ɸʌʄ ʬʘʟʳ ʚ ʇʄ 

ʬʘʟʫ.  

 

ʈʠʩʫʥʦʢ 1.19 ï ʇʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʢʝʨʘʤʠʢʝ (1ïʭ)BiFeO3 ï

 ʭBaTiO3 (0.10 Ò ʭ Ò 0.50, æʭ = 0.10) [80] 

 ɹʦʣʝʝ ʜʝʪʘʣʴʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʊʈ (1-ʭ)BiFeO3 ï 

ʭBaTiO3 ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ [80]. ɺ ʪʘʙʣ. 1.2 ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʩʪʘʚʦʚ.ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʊʈ (1-ʭ)BiFeO3 ï ʭBaTiO3. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʩʩʣʝʜʫʝʤʘʷ ʢʝʨʘʤʠʢʘ ʧʨʦʷʚʣʷʝʪ ʧʦʚʝʜʝʥʠʝ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʩʣʘʙʳʭ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ. ʊʘʢʞʝ ʘʚʪʦʨʘʤʠ [80] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʪʣʠ 

ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʢʝʨʘʤʠʢʠ (1-ʭ)BiFeO3 ï ʭBaTiO3 (ʨʠʩ. 1.19), ʧʨʠʯʝʤ 

ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʭ = 0.10 ʠ 0.20 ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʩʣʘʙʦʛʦ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 
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ʚʢʣʘʜʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ  ʠʟʤʝʥʝʥʠʝʤ ʫʩʣʦʚʠʡ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ Fe-O-Fe. 

 

ʈʠʩʫʥʦʢ 1.20 ï ʇʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʢʝʨʘʤʠʢʝ (1ïʭ)BiFeO3 ï

 ʭBaTiO3 (0.00 Ò ʭ Ò 0.15, æʭ = 0.05) [81] 
 

 

ʈʠʩʫʥʦʢ 1.21 ï ʇʝʪʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʢʝʨʘʤʠʢʝ (1ï

ʭ)BiFeO3 ï ʭBaTiO3 (0.00 Ò ʭ Ò 0.15, æʭ = 0.05) [81] 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ (1-ʭ)BiFeO3 ï ʭBaTiO3 (ʚ ʜʨʫʛʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ï 0.00 Ò ʭ Ò 0.15, æʭ = 0.05) ʠʟʫʯʘʣʠʩʴ ʠ ʚ 

ʨʘʙʦʪʝ [81]. ɸʥʘʣʠʟ ʧʝʪʝʣʴ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ (ʨʠʩ. 1.20) ʧʦʟʚʦʣʠʣ 

ʘʚʪʦʨʘʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʠʪʘʥʘʪʘ 

ʩʚʠʥʮʘ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʫʰʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʤʦʜʫʣʠʨʦʚʘʥʥʫʶ ʩʧʠʥʦʚʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʦʩʪʘʪʦʯʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʦʜʥʘʢʦ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ x ʟʥʘʯʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ 


